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NPEAUCJ/OBHE K IHECTOMY H3JIAHHIO

lectoe Maganue NepBOrO TOMA, NO CPABHEHHIO C NATHIM H3Ja-
#HHeM, BEIXOAMT NMouTH 6e3 M3MeHeHHi: Marepuas NaHHOTO TOMa 006-
Pa3yloT B OCHOBHOM BONpOCH HACTOJNbKO NPOYHO YCTAHOBUBILHECS,
4o He OblJI0 HEOGXOAMMOCTH IIOABEPrarTh 3TOT MaTepHas] CKOJbKO-
Hubyns cymiectBeHHoit nepepaborke. Ilpu momrotoBke K meyarH
¥cnpaB/ieHbl 3aMeueHHbIe HETOUHOCTH, NPOU3BECHB HEGoabLINE CO-
kpaiienus. Oco6o caenyer oroBoputh aABa ofcToATeNbCTBA. Bo-mep-
BBIX, Hapsgy ¢ nocrosiuoil Ilnanka kA, tam rie 3To Gbulo meneco-
o6pa3Ho, BBeAeHa nocrosHHas h = h/2;; BO-BTOpHIX, HECMOTpPs Ha
TO, YTO B GOJNBIIMHCTBE OTHEJOB (PU3UKK BBEICHA MeXKAyHaponHas
cucrema epuuuy CH, B HaHHON KHUre, KaK M B npeAllecTBYIOIIHX
uszganusax ee, coxpanena cucrema CI'C (rounee — rayccoBa cucre-
Ma epunun). [IpuunnHa 3TOro COCTOMT B TOM, YTO IJS KBaHTOBOH
mexanukn cucreMa CH ue TobKO He HyXkKHA, HO U KpaHHe Heymol-
"Ha. D710 06CTOATENbCTBO CHENHaJbHO NMoxuepkusBan A. 3Gommep-
$enbn — MHUIKATOD BBENCHUS MEXKIYHaPONHOH CHCTEMbI B 3J€K--
TPOAMHAMHKE.

ITpy moAroTOBKe K mneyaTd 3TOrO ToMa OOMbHIyIO MOMOLIbL OKa-
sana mue T. H. BosoruukoBa, KOTopoil f BhIpaxkalo 34eChb HCKPeH-
HIOIO 6AaTOAAPHOCTb.

Mocksa — ¥Y3koe, mioas 1973 r, 3. Hlnoavckuli




W3 MPEJMCHOBHS KO BTOPOMY H3ARUIO

Co BpeMeHN BLIXOLA TMEPBOFO HIJAHHSA STOH KHHCH [POLLIO yHe
yeThpe rofla. B Teyenye 5TOr0 Mepuoia # MMEJ BOZMONHOCTb Npo-
BEpHTb N0CTYNHOCT H3JOMEHHS H LeNecoOB6pasHOCTb [OCTPOEHHs
KHUTH, TOMb3YACh €10 B NPENOAABAHAU B ABYX MOCKORCKHX BBLICIUHX
yueGubix aapenenuax. LIeHIbIM MaTepHAJOM AN MEHs ObUIN TaKxKe
NncbMa umraTeell, 4acTh KOTOPHIX CAMOCTORTE/IBHO H3ydana aToM-
Aylo HU3WKY Do 57Ol KHHTe HIH CHCTeMaTH3HpOBaJa pakee npuod-
peTeHible paspostieHHLIe 3nanna, Mror Beex 3THX Habmoesnil OKa-
3a]C8 B NIOAb3Y BLIOPAHHOTO XAPAKTEPA HINOKEHUA W IIIAHA KHHTH.
B uacTHOCTH, 06illee 0400penHe BRI3BAN0 NaPAINENbHOE PACCMOTpe-
HHe 3KCNEPHMENTANbHON 1 TEOPETHUECKOH CTOPOH BONpOCA, a TalKe
BBEJICHHE BCIOMOTATENbHLIX IdB HIW Haparpados, Hazaraiolmnx
HeKoTopHe HeOOXOIMMBIE CBENEHHA H3 ADY'HX D23/leJIOB TEOpCTHUE-
ckoli ¢muamky. Bce 370 noGyauio Mens NOJHOCTBIO COXpanuTb Xa-
paKTep KHHTK TaKXe H BO BTOPOM H3JaluHA.

TeM He MeHee KUHra HOABEPriiach BechbMa CYNECTBEHKON mepe-
paGotke. Bes npeyBe/MueHns MOKHO CkasaTh, 4TO OHa B 3HAUM-
TeNbHON CTeNeHd Hamucana 3anoBo. $1 crapancs mpexie BCere
YCTpaHHTL Bee 3AMEUEHHble HETOUHOCTH, RENCHOCTH M, N0 BOIMOX-
HOCTH He pacuInpaf COAEPMANHA, Cllenath Hanoxenne Gojee oTuer- '
auBbM. JloGaBaennsi, clefiakHble B MIepBOM NMOJOBHHE KHHCH, NIOUTH
WCKMOUNTENBHO OTHOCATCA K  IKCHEPHMENTANbHBIM  OCHOBaBHAM
ATOMHOI (PHIUKH, TaK KaX HaJI0XKeHHe HeKOTOPHIX SKCIEPHMEHTOR B
NepBOM M3NAHHH MHE TENEPb KAKETCA UPEIMEPO SACMEHTapHuM.
Kpome Toro, neobxoanmMo Gbino noapobuee OCBETHTb T€ BONPOCHL,
KOTOpHe 3a HCTEKIIHH [epHOA BBUABHHYTR CAMHM Da3BHTHEM
HayKH.

Buixogamui ceiac nepBuii TOM B OCHOBHOM IOCBSIMLEH SKCme-
PHMCHTANbBEY, OCHIOBAHHAM SICPHOM TEODHI aTOMa M KBAHTOROR
¢uankn. OH 3aKaHURBACTCA PACCMOTPERHEM BONHOBBIX CBOficTS mMa-
Tepud, a B NIOCAEANel Tape, NO NPHMepy NPEABLIYIIEro B3AANHA,
yeranapnpaetcs ypasuenne [lpénrarepa n paccMatpupaiorcs ero
DpOCTE/lINE NPHMEHEHHS — NOUTH HCKIIOUHTENBHO K OXHOMCPHLIM
samavan, TakuM 06pasoM, 3TOT TOM jpelcTaBideT coGol A0BONBHO
33KOHUEHHOE Le/I0e H IUIA HEKOTOPHX KAaTeropuii unTaTeneli MOmeT
HMeTh CaMOCTOATEbHEIH HuTepec,

- 3. Mnorvcxuit.
Mocxga, 1948 r. *

TJIABA 1

AJNEKTPOH, ET0 3APAJ H MACCA

§ 1. OTKphITHe 3NEKTPOHA

OTKpHTHE AHCKpeTHON CTPYKTYDEN SACKTPUIECKIX 32pa 108 GLLIO
CledaHo KAK BLBOH H3 3akoHoB Papanes 00 5aeKTpOaH3E. Iano-
MHIIM XOf PacCy:KAenun, NPUReIILHl K 5TONY OThPBITHIO.

Ua 3axonos dapancd CIeyCT, YTO eCAH MPOHYCKaTe OLHO 4 TO
JKe KONMUECTED SJeKTPHYECTBA Yeped pas.JHYHBIC SJACKTPOINTH, TO
KOJNYecTBA BEILeCTRa, BLLAEJAeMbie B PacTBOPAX OAHOBAREHTHAIX
HOHOR, OyAYT MpOMOPUHOHAXbIb aTOMHLIM BecaM nonos. Ecan a10
KOTHUECTBO SJAEKTPHUECTBA KaK Pa3 TKOBO, UTO OHO BHLIEIALT OAHI
FpamM-aToM OflpelEeNiEX HOHOR (T. € KONHUECTRO FpamMOB Be-
1WECTna, paBHOC €ro aTOMHOMY Becy, Hanpuyep 107,88 2 cepebpa,
35,45 2 xa0opa # T. 1), TO B M0BOM APYTOM BACKTPOIHTE, COICpH-
[IC\ OTHOBAJIGHTHBE WOHBI, OHO BHUIENHT TOXKeE ONHMH FpaMM-aToM
uonos. TaK Kax BJIEKTpHUECKHil TOK B SJEKTPOMiTe OByC/OBAEH
IBUIKEHEM HOUOB, TO Mbi MOXKeM (OpMYAHPOBATH YCTaHOBAeRHwil
(aKT, YTBEpIHKAAN, YTO OXUH [PANM-ATOM TOOLIX OIHODANEHTHEX
HOHOB HeceT ¢ c0GO0I0 BCeria OANO 1 TO Ke KOJIMUECTBO 5ASKTRH-
WecTEa, Blie 3aBHCHMOCTK OT MPHPOIBL 5THy HOHOR. JTO KOAHTECTRO
sIeKTpUYeCTRA, HaskBacMoe yncaoy Papazen F, pasno 96 491 y-
aony, #ad 2,892-10% alcomOTHBIY  SACKTPOCTATHYICCKHX LRI
Ecdu Temepb 0pouyckaTh TOK Hepe3 DACTBOPHl ABYXBAMCHTHLIX
1IOHOB, TO OKA3bIBAETCS, 4TO ONMN (ApALECcB 32pAn NEPEHOCHTCH
JOIOBUHON rPAaMM-aTOMa [BYXBAJEHTHOrO HOWA, a B TPEXBAIEIIT-
UbIX 3JeKTPONHTAX — OAHOR TPCTBIO TpaMM-aTOMA, WM, HHage ro-
BOpA, OIMH TpPAMM-aTOM NBYXDAMCHTHBX HOHOB HECRT ¢ €060l
viiRoeHHL (papajfieeB_3apsil, a OIMH [PAMY-ATOM TPEXBaMCHTIEIX
HOHOB — yTpOel bl Tak Kax, ¢ Apyroii CTOpORE, NO 3aKORY ABo~
ranp0 OARH TPAMM-aToM JIO6OTQ REHCCTBA BCerla COLEDXKHT 01u0
H TO e KOMNYecTBO yacTH N M TaK Kak Mbi ¢ NOJHEIM OCHOBA-
Uuey MOMEM TPEANOOKHTb, YTO Rech 3apsi, NePEHOCHMLII OIHIM
rpan¥-aTOMOM, paBHOMEpHO pACTpeIeadeTea lia Bee sTH N uacTul,
TO 3apfA, NEPEHoCHMEH Kad(IbM ORHOBAMEHTHMM HOHOM, OyAeT
HMeTb COBEDILEHHO ONPENCALHHYIO BEAHUNRY €, PABHYI0

e=FIN. 18



12 SAEKTPOH, EFO 3APSI W MACCA s

3apai, nepeuocuMblﬁ KaXIblM l.lByXBaJleHTHblM HOHOM, 6}’1{81‘
9e —2FIN,

1 BOOGiLE k-BAJERTHHM HOBOM
ke=FkFIN.

YTaK, MB BHAMM, UTO DAsAHYHBle HOMBL MOFYT HECTH Ha cebe
sapauis, pashbie ¢, 2¢, 3¢, ..., HO He BCTPEYAIOTCA HOBH € Sapailom,
pasHuiM 1,5e unn 2,5e. Orciona H cAeAyeT BIBOA, € ocobeHnol oT-
GeTAHBOCTBIO COPMYAHpOBakHbl TeAbMIOJBUEM B Pedl, NPOHSHE-
censolt B uecte Papamen: «Ecnu M NPUFMMaeM CYiIECTBOBaHHE
ATOMOB BAEMEHTOB, TO MH HE MOKEM 3bemath B Janbhellilere
CREICTBHS, — UTO # SJGKTPHUCCTBO, KK FOJONKHTENLHOE, TAK R
oTpHnATeNbHOE, PASNENEHO HA ONPEACNCHRbIE BIEMENTAPHEE KOJTH-
4ecTBa, KOTOpHIE BEAyT Cebs, KaK aToMBl 2MeKTPHUECTBAY.

Ogobenno CymecTBesHylo poJb B NO3BaHWH aTOMBCTHUECKOR
pHpPOAH SIEKTPHUECTBA CHIPANO H3YUEHHE NPOXOKIEHRA SMEKTPU-
4ecTBa B radax. B WaCTHOCTH, MCCHENOBAaWKe paspslla B paspexed-
WX T43aX M B3YU cBOKCTB BC AX NpPH 3TOM KaTORMBIX
nydeli NOKa3aaH, uTO ATOME OTPRNATEJbHOTO SJIEKTPHYECTEA MO-
YT GHTH ACTKO NOAYUEHH B CBOGOLHOM COCTOREIH, HE CBASAMHbIMIE
¢ OGBIMHEIMHM aTOMaMH BeiecTBa. 32 STHMH arTOMaMH OTpHUATENb-
HOTO SACKTPHUECTBA HCTODHYECKH YTBEDARIOCH HASBAHHE S.IEK-
TPOHOB.

' § 2. Onpenenenge 3apsajia aeKTpona

IpAMOe 10KA3ATEALCTBO RHCKPETHOCTH SJEKTPHIECKHX 3RpaRom:
H mepBlie TOYRHIE ONpENC/EHHA BeNIMHEL 3aDANa SACKTPOHA HyTe
AXOHK XeHHH 3ApAI0B OTIEAbHHX YaCTHL ObUIH BHNOHEHH Musin-
xanoM B 1911 r. Onpenenensie 3apsiia 31eXTPOHOB, ocpoGomaaEMBIX
neficTBHeM cBeTa ((OTO((EXT), O METORY, aHALOTATHOMY METOAY
MuandksHa, GbUIO BhNOMHERO B 1918 1. A. @, I/Io%?;e,

DxcnepumenTaiplisti MeTOR, NpHMEHEHHBA MIJIAKSROM, sa-
KMI0UaNCsE B BENOCPEICTBEHHOM HIMEDEHHH 33apsifa OUeHb ManeHb-
KixX KaneJex Macia. 11peACTaBuM ce6e TaKywo Kanerbxy mexay o6-
KAaIKam# TOpH3OHTATLHO PACTIONOKEHHOTO Konaencaropa. Eemn na
NAACTHHB KOMJEHCATOpa He HaJoMeHO noJe, TO Kamaa Oyper CBo-
S0AHO NagaTh. BeaeAcTBMe Maibix pasMepoB Kanas Oyler mazath
PABHOMEPHO, TAK KaK ¢ BEC /g YDABHOBEUIMBALTCH ChaO# COMPO-
THRJCHHSA BO3AYXa, paBHOR Mo sakony Crokca

F = 6mnav,, 2.1y
TRE Ug— CKOPOCTb Majemusi, 1 — KOS((RUMENT BHYTPRHHEro Tpe-
HiA BOSAyXa M @ — palHyc KaliH. Ycaosre

mg = 6mn’av 2.2)

517 ONPEACIEHHE AAPALA SAEKTPOHA 13

1aeT BO3MONKHOCT BEIUHCANTH pajuyc Kamnmy. B camom nene, 06o-
SHAUMM IWIOTHOCTb BEILleCTBA KaliM dYepes o, IJOTHOCTb BO3AyXa
yepes p. Toraa, npuEHAMas BO BREManHe, WTO Ha HIADHK C BECOM

4 M -
mg =5 nateg, najaoNwi B BO3AYXC, ALHCTBYET WO 32KOWY Apxu-

4
Mejla eie CHIA, WANpABJIEHHAash BECPX H PaBHas 7 mapg, Ml MO-
JeM Mepenucath pasencTso (2.2) B pume ,
4
gna3 (o0 — p) g=Bnnav,,
OTKyAA
3 A
g
T e hol "
V2 (e—p)g"
fipencrasuM cebe Temepb, HTO Ha JUIACTHBBI KOBIEHCATOpA Ha-
JI0eBa pasHOCTb NOTENUHAJO0B, BEJHUHHA  HanpaBieHne KOTOPO#
$OLOGpaHbl TaK, 4TOGE Kameabka ol AeHCTBHEM SJEKTpHIECKOro
noAs noAEKManach BRepx. OGosHauas yepes Vg CKOPOCTH ITOTO
ROZbeMA, KOTOpHUL, KaK n najenke, GyAET MPORCXOAHTH paBHOMEp-
HO, MBI MOYKEM Hallucatb B
&e — mg=06mavg, 2.4
te & — HANPSIKENHOCTD M0/ BHYTPH' KOHAHCATODA. Wz (22) u
(2.4) nonyyaem

a= 2.3)

6rma
e=—z— (g + vz}
HAH, 32MeHRB HEJOCT yiHbI PeACTBEHROMY PEHHIO pafHyC
Kanis a ero supaxkenneM (2.3) uepes v,
Vag'h
= Y
e=9YVY?2 £ — (v, + Ug) 2.5)
4 é“((f*p)”’g/'(g+ =) @5

Hopnays BOSAyX MeXJy IVIaCTHHAME KOHAEHCATOpa (nanpumep,
IpH NOMOIIH EHTTEHOBCKUX Jydedl), MOXKHO WSMEHHTL 3apfi Kam-
an. ECAH NpH STOM BEANMHHY N@nPSKEHNOCTH TOJS  OCTABATH
npesKieis, TO CKOPOCTb Karnii H3MEeHUTCH H CTaner paBHOM Up; MB
HMeeM

sl

_ 2
a=9V?2 (o _gp)‘/: P (v, + vE)-

KomGuunpys 910 Buipaxenne ¢ (2.5), Bafigem
. Voo ol

B2
Ae

_ ' ,
—e=08V2 —(0p— VE)- 2.6

=9V Flo—pte" (07— 1) 2.6
Hamensis HeCKOAbKO A aapii, MOKHO C OfuON 1 TO e Kanjeit
BPOH3BECTH GOALIIOS YHCAO H3Mepentty

(3
o —
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§ 3. TlpakTuueckoe ocylllecTBACHHE OnbITa MUILIMKIHA

TmareanHo OTIWIH(OBAHHbIE NAACTHHB KORWjeHcatopa Py u Py
(puc. 1) yrepiuBaoTCA Ha ONpPEAENEHHON paccTOSIMH TOUHO na-
paanenbHo Apyr Zpyry npH

oMo H30JBPYIOeH
npoxnazku JJ.  Bepxuasg
naactuaa Py HMeeT B cepe-
nuue orseperne O, depes
KOTOpOE BHYTPh KOHAEHCZ-
T0pa MOMAajaloT HCMhITY
Mble KaneJbKH Macaa, pac-
AHSIEMOTO  11pit TOMOMLN
nyabBepH3aTOpa B lH-
anuap  C. Msseetno, uto
TP PACOBVICRHH KHIKOC-
Pre. [. Cxewa xomzencatopa Mmamiksua, efi o6pasylowHecss Kamin
IECYT 3JEKTPHYECKHH 3a-

PAN, TEK yTO BHYTPh KONJGHCATOpAa NONANAOT yHKe 3apsiKeHHbie
kanau. Yepes okowtko Fy xaneabka ocnelaercn oGYHO CBCTOM AYTH;

K wacory

el

ST
|

Puc. 2. Cxewa yeraposkn Mulnixona: a — ucrounu caeta: w, d — QUABTPM

148 NOTAOIIERNT TEWIORNX Ayuel; P, Py— koHgencatop, AD — mymsnepH3aTop

RNs NOAYMEHHS Kanenex Macaa: G — Macasmas Bamwa (Tepmocrar); B — GaTa-
pes; i — vanomerp; R — penTrenosckas TpySka.

HaBTOAEHHE e BCACTCH IpH OMOILH MHKDOCKOTA Yepes OKOWIKO £y,
Tax xax naluonenne 1POUCXOAHT B HANPABJENHH, NEPREHAHKYISID:
HOM K OCBellaKmeMy nyuKy CBeTa, TO BuOpannan Kamelhka B HOJfe

§4 NIPAKTIUECKOE OCYIIECTRAFHME OIBITA MEITMKIHA 15

3peHHs] MHKPOCKOIA BHIHA, KAX ADKAA 3BE3/J0UKA Ha TEMHOM (one
(xax B yaprpamMukpockone). OKHO Fp cayuT KIS BbIXOAA AyyKa
CBCTA, TAK KaK, NONIOUIASCL CTEHKAMM KAMEpH, CRET Bh3Ban Out
EHYTpH Hee HEpABHOMCpHO® HarpeBaHHe M MOTOKH BO3NYXd, MeIaip-
wre pabmonckusiv, Uepes 10 e oKouko Fy BRYTPb KOHAEHCATOPA
MOTYT ObITh NIPONYIICHB PCHTTEHOBCKUE JYUH, CO3LAIOLIHE HOHH3A-
U1 BO3AYXa, B Pe3YJAbTATE KOTOPOH 3apiA KaledhkKH MOXKeT Gbilb
H3MeHey. Tlonnas cxema VCTail0BKH UAJHKIRA IpHBEACna na
puc. 2.
VisMepesne cKOPOCTH MANEHHS HAK TOABEMA KajempKy Opoms-
BOZWAOCL TyTeM ONpejeieHus MPOMEKYTKA BpeMend, neobxom-
MOTO Al RPOXOXENHS MeXAy ABYNS HUTAMH, PACHONOKCHHLIMi
B (OKaJBHON INIOCKOCTH MHKPOCKONA; 3a Mepy cKopoctd Gpanxach
cOpatias BeqHyMHa 9TOrO NPOMEXyTKa BpeymcHM. B tabauice 1 npy-
BEIEHO NECKOJABKO pe3yabTaTos Hamepennit Mmanuxsna. Coraacio
(2.6) H3MeHenne BeNHYHHBl 32PAAA NMDH HEPE3ADAIKE JOIKHO OuTH
TIPOROPLHOHANBED DASHOCTH CKOPOCTCH U — 0. Ecam sra pas-
HOCTb OKAKETCA LEJBM KParHHM Ofnofl M TOfi e Beldymie, TO
MOXKIIO YTBEDHKIATh, YTO H3MECHEHHE 3aDsla nPOHCXOAHT HE Hempe-
PHIBHO, @ KOneuHyMH nopuuaMy. YersepTil # naTbii cronoust Tab-
Myl HOKA3LIBAIOT, YTO TO HMCET MECTO HA CamOM Aede: ¢ Tou-
HOCTHIO 10 HECKOJbKHX EIHHHIL B NATON SHaKe 3apan H3Mensierces
wa 6, 7, 1, ... exunuu, nppYem cama eiumHuua nepesapsikn (nd-
TLit cToA6el Tabanile) MMeeT NMoCTOSHHOE 3jauenke (B nperemax
OWHOKI OMbITA).

Tadauua |

Odpar- | Paswocrs
Tpua. | B saek- nepazapuaka_ | mazemum | Sy
nate T, 171 T | # noanesal 2P
g, nae —_ LI R
cex L sl S C g
e

80,708 [0,01236 0,09655 | 18 0,005366
003234 | 6 0,005390 §)

22,375 |0,04470 012887 | 24 0,005371
003751 7 0,005358 —7]

140,565 | 0,00719 0,09138 | 17 0.005375
0005348 1 0,005348 1

79,600 |0,0125¢ 0,09673 | 18 0,005374
00616 | 3 0,005387 3|

34,785 | 0,02870 0,11289 | 21 0,005376

*) Cpeanee fy== 11,880, rie iy — BpewR DaAeHNA B MO CHAN TAKECTH,
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Dopmyna (2.5) nmoxasusaer, uTo afCOMOTHAS BEJIHUHHA 3apAad
Kanan A0A%HA ObIT MpONOPIHOHAMsHA CyMMe Ug + Ugp (wecToit
cronGen Ta6aMUbl). ECAn 9TH CyMML1 OKamyTCsl KpaTHBIMH 0LHO# 1
“TOfi K& BeMUMHE, TO 3TO O3HAUAET, UTO 3apAj CKAAAHBACTCH H3
AHCKDETHbIX efmumi. CeapbMOH U BOCHMOH CTORGULI MOKA3BIBAIOT,
uTO M 370 HMeeT MecTo B neficTBéTesbirocTH. Haxonen, us cpasHe-
HHS NATOTO M BOCHMOTO CTOAGUOB BHAHO, YWTO €AMHHUA NEpe3apialkH
W eHHANA 3apANa Mex1y OGO COBNAajaloT, OMATH-TAKN C TOUHO-
CTHIO [0 HeCKOJAbKHX eAHHHI B nstom sHake. Takum oOpasoM, axa-
JIH3 TAGnMUGL 74eT T0JHOE M HEMNoCpeiCTBeNHoe J0KasaTelbeTBo
JMCKpeTHOM MpHPOAL MEKTPHUECKOro 3apsila — aTOMHUCTHKH 3JeK-
TPHHECKHX SBACHHH.

Jinst TOYHOro ONpesieieRus aGCOMOTHOM BeJHUNHE 3apAAA HIEK-
TpoHa B GHCIA, HOAYYeHHbe mpH moMomd Gopmynn (2.5), Heobxo-
KHMO BHECTH CyilecTBesHHYIo MOnpasky. B caMoM jese, 0Kazaioch,
9TO €CM OMpEfeNATh 3aDH KanesdeK pasiMiHOro paamyca, To Mph
YMeHbUIeHHH MOC/AEAHET0 BHAUANE nOAYYAIOTCS NOCTOSHHLIE 3HAYe-
RAS e, KO LA OUCHb MA/JeHbKHX Kafelek e OhiCTpo BO3pacTaer ¢
yMenbiltenyeM paauyca. Taknm o66pasoM, BHXOANT, UTO 3apAk HIEK-
TpOHA He HMEET NOCTOSHHOTO 3HAYEHHS, a MOKET 3aBMCETh OT pas-
M@poB KaneJIbKH.

MIIIHKOH OOBACHHA STOT ABHO HECOOGPA3HBIE DE3yAbTAT TeM,
uTo 3aKkoH CTOKCA HEIb3 NMPHMEHATh K ABUKEHHIO OUEHb MajeHb-
xux kanesek. JeficreurenbHo, 3akon CTOKCa BLBOANTCH B MpEATO-
JI0eHHN, YTO ABHNKymeecs Teao nveer GopMy Hiapa H 4TO Cpena,
B KOTOpOJ IPOMCXONHT ABAKenHe, — Henpepbiha. Tlocaennee mpei-
FO/0KERNe 3aBeJOMO He ONpABABBACTCH, XOTAA MU ABHKEHHM B
rase pasMepbl KANeNbKH CTAHOBHTCA CPABHHMBIMH CO Cpeimedi Ann-
HOB CBOGOHHOTO NYTH ra3osnix MoJexysn Taxmu o6pasom, oTHowmse-
Hue Aa cpeRueit AJHHbL CBOSOAHOTO MYTH K DALHYCY Kamld MOXeT
CAYXKHTb KPUTepHeM NPHMEHHMOCTH #IH HENPHMEHHMOCTH 3aKOHA
CToKca: ecau 3T0 OTHOWeHMe Mano (A/a < 1), To 3akom Croxca
NpPUMEHSATh MOXNKHO, B NDOTHBONOJOKHOM clyiae — 3akon CTokca
HEenpPAMEHHM. -

Jan toro 4106w yyecTs OTCTyNJeHus OT 3akoHa CTokca aJsi
OueHb MaJeHbKHX Kaflesiex, GBIO MpeUIOKeHO NMOMb3OBATHCA BMe-
cto (2.1) CAenyOmAM HCIDABJEHHBIM BhIDAXKEHHEM AAA CTOKCOBOf
CHITBL

6anas
R )

t+4 e
rie A — HeRoropas mMocTOsHHAN. KaK BHAHO, 9TO BEIpaiKen#e mo-
CTpOeHO TaK, uto mpH A > 0 ono nepexoaur B hopmyay Crokca
(2.1). Tpn nomomu 3Toft HcApaBiAerxodl GOpPMYAw MM mOJyuaeM

&4 TIPAKTUUECKOE OCYIHECTB/EHHE OTNBHITA MHJJMKIHA 7

A8 aBCOMOTHON BEJMYHHM 3apsxa BMmecTo (2.5) crenyomee Bbi-
pamenne: w
VT ™ol (vg-k vy
CETIT P VLI
o
Yt06bl HAJTH aGCOMOTRYIO BeANYHHY 3apsia no 31O (opmyse,
Hajgo 3HaTh nocroamdy A. Oxnaxo Muniumkss noxasas, Kakum
06pasoM MOMHO HaliTh UCTHRMYIO BeAWSMHY 3a8Dfja, ne mpuberas
K Ompe/leNeH I STof TOCTORHHON.
3 conocrapnennd Gopmya (2.5) u (3.2) Jerko HaiTH oTiioule-
HHe BEMKUHHB €9 K 3apAAy, BLUUCTEHHOMY 0e3 NOnpaBKi:
€ 1

o (I+A%yh;

y A
en/’(1+.4;)—eh
Ho anuHa cBOGOAHOro Tpofera A 0GPATHO NMPONOPUHOHAIbHA AaB-
JIeHKIO ra3a p, MOSTOMY
e (14 Blpa) =¥, @3
e B — HeKoTopas nosas HOCTOSIHAL.

Ecnn u3MensiTh JaBJCHRE p H 418 KaXK7OTO 3RAUEHNS RABJCHUS
BLMMCAATE KaXymylocd BeMumny sapana e (Oes mompaskm), TO
cornacho  dopMyre  (3.3) ”
mexay e u 1/pa pomxnua /

e=

(3.2)

wn

HMeTb MECTO Jt sa-

BHCHMOCTb. /
Tlpu  57TOM, TaK Kax

wien Blpa B QopMyle sy ,

(3.3) mrpaer poxb Maxoil & L~
QONIPABKH, TO B KAuecrse %

pammyca Kamin @ MOKHO
B35Th BCAHUMILY, BEIYHCIAE
My©> N0 HEHCHpaBAeHHOH
popmyne Crokca [em. hop- gl

myay (23)]. B camom nexe, [, 7z 907
KOHCTaHTa B, COTNAcHO H3- //pa
MepeHHEM MuaT4K3nd, Pric. 3
paBHa

B =0,000617,
ec/IN p M3MepeHO B CAHTHMCTpAX PTYTHOTO cronfa H @ —B CauTH-
MeTpas.

Puc. 3, rae na ocH aBCHHCC OTJOKeHb! 3ha4eHHA 1/ pa, a na ocu
opnumar ¢*- 108, noxasuipaer, uro Tpebyemasn (opMy/IOdH (3.3) -
HeliHas 3aBHCHMOCTb CYIECTBYET B AefCTBHTEIbHOCTH.
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Tlonaras B dopmyae (3.3) 1/p = 0 unH @ == 00, T. e. Mepexois
% TpefelbHOMY Clyuao, koraa 3akon Crokca fomsen OmTh cnpa-
BeLNHB (paunyc 4acTHUE GECKOHEHO BeNuK NO CPABHEHHIO €O Cpet-
Hefi AAMHOA cBOGOMHOTO MyTII), Haﬁucme"‘:egi um e=ey. Ta-
kUM 06pasoy, AN HAXOKAEHHS UCTHHROIO 3HANCHUA 3apsla SleK-
TPOHA € JIOCTATOMHO SKCTPANOAHPOBATE UPAMYIO IO TepeceuenHs ee
€ 0ChIO OpIHHAT.
I1a puc. 4 npHBeieHp YeThipe NpsMble, NOCTPOSNHBE TAKHM He
€1i0co00M 1A 4acTHil pasnuunofi Rpupomn: [ — Kanenbku macaa
I 14 B posayxe, /I — xanensku
& I Macma B BOOpOAC, Hr—
KAICALKH PTYTH B BO3AYXE,
. # ]V —yacTHUW Weajaxa B
5 Boafyxc. Bee uerblpe nps-
N MBle 1epeceKaloT och Oplu-
) HAT B OOHON TOUKE: 3apsii
s" 37€KTPONA ne 3ABHCHT 1l
@ OT DpUPOAbl YACTHL, HHOT
e TIPHPOABl ra3a, OKpYHKaio-
Hero YacTHUEL
Ontity Munnrsna
umcoT  G0abWOe NPHAMH-

Wﬂ o 700 360 499 500 TnanbHOe 3naueHHe, TaK
Yz XKaK OHW C MOAHON OUeBHI-

Puc, 4. HOCTBIO NOKA3BIBAIOT aTO-
MHCTHYECKYIO TpKpoRy

snekTpuuecKoro 3apsana, Uro e kacactes abcomoTHOMO 3HAYEHHS
€, 10, Kak BHIHO u3 (GopMy/anl (3.2), TOMHOCTH €T0 ONnpENEseHns Cy-
MECTBEHHO 3ABHCHT OT TOYHOCTH ONpENIE/IeHHsT KO3 (hdHIEEHTa BHYT-
peHHETo TpenHa 503ayxa 1. CpelHee U3 HOBMX Hambosee TOUHBIX
H3Mepenuil naeT ANA M BeAnvHRy 0 = 1832.10-7, C 31uM 3navennem
M Ras 3apaia sIekTpona mnodyuactes e = 4,805.10-1 CIC3. Oa-
Hake HauGosee TOUHOE SHAYCHHe 3apANa SICKTPOHA NOJYYaeTCs
KOCBCHHBIM IEyTeM — I'pn NOMOuy aGCONIOTHLIX M3MepeHHfl Aquubl
BOMIHL] PERTTEHOBCKUX Jyuel (cm. §§ 37—38).

YnpaxHenns: 1. Kakyio pasnocts NoTeuuRalToR HYMno RAIOKHTE 1ra
MAACTHFH KOHIGHCATODA, PACCTOSHME MEMIY KOTOPLIME DaBHo § MM, 414 TOTO
TOGH YPaBHOBECHTS MACIAEYIO KANembKy, eCYMmyio 3apsal, pakneh 5 3apaxai
snextpona? Macca Kanin paswa 3,119- 10757 2. (Oreer: 19.2 6.) .

QIOB‘uuumm'b CKOPOCTE IATCHHs KATAH Macia mioTnoctio 098 ¢ pamny-
coM 10°* ca B BO3DYXe TpH Aastenud 76 ci. KoddduuHciT BHYTPEHHErG
Bosnyxa 00001832, (Orser: 00117 cjcex ) Gpucnt uuyTpeasero rpexia

3. PaarocTs motenluanoB B 315 6, npaaoxennas x NaacTHHAM KOmACHcA-
Topa, OfcTommu Ha | Ca, 3ACTABIAST 3APMXENNYID KANMO Macaa ARMTaTeCH
BRCDX CO CKopoctiio 10 AcacHmit b 10 cex (50 xcremuh — I am) Ckopoets
Razeniin nox ncicTenen CRAN TkecTi— 10 Gememwii B 100 cex Kosgdmmment
BryTpenkero Tpeia sosayxa DO00I8 [laowoots xaman 0.9, Mevacwme sosiyxa
76 ca. pr. cr. Cxoteko 52¢KTpON0B necet Kanas? (Oreer: o)
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§ 4. JlBr:KeHne aNeKTPOHA B NEKTPHIECKOM B MATHUTHOM NOASX

Hapaay ¢ 3apsiaoM OCHOBHOl KOHCTaHTOH, XapaKTepayomed
IMEKTpON, ABNSETCA €r0 Macca. Jra Macca OYeHb Mana, dTo ciae-
IyeT x0T Bul B3 TOTO, 4To MpH HAGNOLEHHAX B KounencaTope Mui-
JHKSHA MOTCpst HAM NpHOGPCTERNE HECKOMbKHX SJCKTPOKOB TpH
mepesaps/ke He OKa3pBaeT 3aMETHOro BWsHHS Ha CKOPOCTb Mlaie-
HHE YacTHUH, XoTd No (opmyae (22) cKOPOCTb DABIOMEPHOTD
NajcAks MpoNOpUHMOHANia Macce. Hamrane ineprHol Macch ¥
ajgexTpona CKA3MBaeTCs, GAHAKO, B TeX CJIydasX, Korjaa 2icK1pony
€OOOmMACTCH YCKOPEHHE NOM AeACTBHEM 31eKTPHIECKOTO Ul MATIHT-
Horo monf. [1osToMy BCC MeTOZBl OfpCACIEnnA MacCh 3JEKTpona
OCHOBaHbl Ha H3YYERHH €r0 NBHKENHS B HICKTPHYECKHUX H Maruut-
HbX MomAx, U hama GrjKafmas 3a43ua 3aKAOYACTCH B TOM, UTO-
6Ll PACCMOTPCTh BIUANKE TOTO H APYroro Noxch 11a ABHKEHHe 240K~
TpOHa.

Kak M3BCCTHO *), cnaa, ACHCTBYIOUAST €O CTOPOMM SJACKTpomar-
HUTHOTO OMA Ha HacTHily, HCCynlyilo 3apsl ¢ {TaK HasmBaewan
«cpaa Jlopenua), BupaKaeTcs popMynoit

F=B+ T [viEl. @1

3pech MepBbil uneH NPEACTABASET CHAy, AElCTBYIOLLYI0 Co €To-
POub BIEKTPUUCCKOrO MOJS, BTOPOil — €O CTOpOHb MArHuTHOrO **y,
fpennonaraercs, YTo 3apsii e BhpPaKeHd B 31eKTPOCTATHUECKO CH-
cTeme efnnun. Hanpiefilige paccyKieHvs MLl NpOBeleM MIf 10-
JOKHTENLHO 3aPAKENHON 4aCTUllbi, OMNAKO OUH TPHAMCHHMLI k K
IBHIKENWO OTPAIATENbuO 3apsxenuux wacryi. [1azo Toasko mo-
MHMTb, KOrla peuh MieT 00 34€KTpOHE, UTO OH Hecer OTpILaTelp-
Hufl 32pAL 1 HANPaBJCHEE er0 OTKAOHCHRA BCeria OyNeT npoTHso-
TOMOMHO HanpabJenHo OTKAOHCRHA MOJOKITENLHO  3apiKeHHOR
YaCTHIbI

Cornacio BropoMy sakony IlboTona, cuta F pasda npoussese
HHIO MACCH 71 Ha ycKOpenue v:

F=mv, .19
Mpupashupas npasbie yactn (4.1) u (+.1"), nonyuacm
my =8 + = [v). 4.2

PaccMOTpHM Telleplh OTAGNbAO IeficTBAE MCKTPHUECKOro H Mar-
nuraoro poaei, [lonarad B (4.2) &= 0, nonyyaem

mv =2 [v36]. 4.3

) Cu., panprwep, M. E. Tamm, Ocnopu Teopns dackipuuectas, «Ha-
ywar, (966

i) B poswweluien wu Gyaew mnoria waswsats canofi Jlopemia pTopof
aneq Gopmymy (4 1), CBRsauHtA ¢ MANINTHLIN BOSCN.
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Oqub 4acTo npu pﬂCCMOTpeHHH JBHXKeHHd 33})5{[[8 B MariHTHOM
noie NOJB3YIOTCS SMEKTPOMATHHTHOH cHcremod emunudn.  Torua
(4.3) npuunmaer sun .

mv=e[v¥#],
oTky1a
v = [viE]. “4.49

Tax xaKk cHna, XEACTBYIOWAS CO CTOPOHLI MAarHNTHOIG TIOJS, BhHpa-
7KaeTCsl BEKTOPHbIM NpOH3BeeHHeM, TO TpH Bextopa i, v, F obpa-
3)10T IPABOBUHTOBYIO CHCTEMY (pHC. B).

BextopHoe ypasuenne (4.4) SKBUBANEHTHO CAELYWOWHM TpPeM
CRAAPHLIM ypaBHEHHAM:

dy e 1
T = (0,36 — 0.76,),
do, e )
= (V5 — V236, 44)
dv,
st % (0:96, — 0,3).

Hurerpuposanne sToli cicreMp ypabHeHHii B SOsBLIMRCTBE Cay-
HaeB MpeicTaBAseT cof0fl TpyLHY® MaTeMaTHuecKyw sajgady.
Peuwtenne ee anf psia caydaep gz
6o10 gano C. A. BorycaBckuM,

Pre. 6, TlomomaTensko sapmiei
WA MECTHUA B MATRHTHOM HOJC,

Mu paceMoTpuM Ipocrefiniaii cayyali, ycIOBHs KOTOpOTO, OAHAKO,
OTBEYal0T OOLNHON HOCTAHOBKe /1aBODATODHBIX 3KCNEPHMEHTOB, H
yie~GyjleM 3aHMMATbCS BLIUMC/IEHHEM TPACKTOPHH, a HAilieM Jumb
BeWYHRY OTKJIOHEHHS NAPAJIENLHOTO NYYKA 3apHIKEHHEX HaCTHL
B MaranTHOM mode. flpenmonoxum, uro B Moment =0 cxopocTb
SaCTHUBI HAanpaBJena No OCK X, T. €. 4TO npi { =0 vx =10, v, =
= v, = (. OTIOCHTEbHO MArHUTHOTO MOMNS M5l TOXOMKUM, YTO, OHO
HOCTOSHHO BO BPEMEHH, HAanpaBJIeHO N0 OCH ¥, HO, BOOINE TOBODA,
HEOIHODOANO, T. €. MOXer OuTb 3amucaHo kax 6 == 76 (x). Taxnv
06pasoM, Fbx = H, =10, by = # () — . JonycTum, uto nOAE
AelicTsyeT Ha nporswennu OA =« (prc. 6) ¥ ¥To Ba paccrosHuH

ity

§41 BMEKTPOH B ONEKTPUYECKOM H MATHHTHOM TIOJSX 21

OB = I, BooGme roeops, ne pasHoM OA, momemaercs iyopecid-
pyromHuii KpaH, Ha KOTOPOM NPOM3BONUTCS H3MepeHHe OTKJIOHEHUA.
Tak Kak nofle Ba BCeM NPOTSKEHHH IANPaBAeHO MO OCH ¥, TO CO-
craBasiomas cmisl Fy = e(v,#, — v,56;) paBHa Hyawo (vy =0y,
¥ JBHKeHWE NPONCXOZHT B IVIoCKocTH ¥Z. [lockoabKy Hac muTepe-
CyeT OTKNOHEHUE YACTHIb 2 IpH X = /, a He ee TpaeKTOpHs, Mbl BOC-
NONLIYEMCS TOJNBKO TPETbHM H3 ypaBHeHH# (4.4"). Ecan orxiouenne
MaJo, TO ¢ TOUHOCTBIO 10 BEAHUHH BTOPOTO NOPHAKA M:'ainocm MOMIHO-
Ha BCeM NpOTSKEHHH MyTH TNONOXKHTh U= Uy Ti)zi" AefcTBR-

TeabHo,
vz \2 T4 [ [0z

visa =i+ G e e (G + e

Wnrepecylomee Hac TpeTbe M3 ypaBReHHi (4.4°), OueBHINO, naeT

d?z e dx -
= % (45)

TaK KaK BTOPOH uMeH CIpaBa papeH HyMo. ¢ a
x
Jlance, IpHBHMas BO BHHMAaHHe, UTO —5r =7~ * 7y« MB MOMeM

nepenncath (4.5) B Buae
d (dz dx) dx e dx %

2

v=

wlea) wwa
d
npDHSBOHﬂ COKpaL‘.‘eHHe H 3aMeHHB CHOB& T’; ‘IepeS v, nO.YIy‘{“M
d (dz e
()=

Vnrepecytomee HAC OTKJIOHEHHE Z MBl HailjeM OTCIONA ABYKDATHBIM
unterpnposaiuen. Hepsoe HHTeTpHpoBatie B Npeiciax oT 0 mox
naet ’

Lf%’dx.
m g

Bropoe m;h-erpnposaﬂne oT Hyas 10 [ (paccrodHEe OT Havana noga

110 3Kpana) paer . .

z %ufdx!%dx‘ -

BHino/IHKM HHTETpHPOBAHNE NO YACTAM, MoJjaras

*
L
q

dv = dx; TonyunM

p=-t z!%dx—!%;:h}:ﬁjmt—x)dm .6
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B stait popmyse HBrerpasn
!
A:fmu-x)dx (4.7)
0

©CTb, OYEBHAHO, IOCTOANHAA NMPHGOpPA, TAK KAK er0 BeAMYHHA 32BH-
CHT TO/ILKO OT HATPSIKEHHOCTH HOMs J6 M paccToAnua [ oT MecTa
BX0a 3JEKTPOHOB 10 3kpana, [lonbayace obosuauenwem (4.7), Ha-
XOmHM ’

e
z2=A—
A (4.8)
B uacruocTy, ecan nose ogHOpomHo (¥ = const) u mpoctu-
paercs or x =0 10 X=2a, a B HaTEPBANE OT X==a 10 X =
# =0, 10

a
A=a(i—%) .
2
Harxouren,, ecan 3Kkpan pacnoNoxen BIMIOTHYIO y KOHIE NOJAIOCOD
‘MarHuTa, T0 [ =a 1
A= %
T
B onuopontonm nose, nanpasienioM NePeHAMKYIAPIO K CKOPO-
CTH, JIETKO HafiTH U TPAEKTOPHIO YacTdilbi. B camoM Jese, Tak Kak
2 cuna Jlopeiua Beerxa MepNeHARKyYIapHa
¥V, TO OHaZ MEHFAET TOJIbKO NampaBienue
CKOPOCTH, HO HC €e BRAHIHHY, NO3TOMY
SJEKTPOH Gyler ABHTATHCA IO OKpyKHO-
CTH, PARHYC KOTOPO# p Mul HailneM, upd-
PaBITKBAK JIOPCHUOBY CHAY e0H ueHTpo-
OexHOH Chie WHepUHH:

IHHTIIEIIEIIILEND.

2
evdh mp” .
earsesiririvessrsicss |
[N OTKYyaa
ma |
Pue. 7. Torowirenbio 3a- e & 4.9)

pAKeNHAN faCTHLA B SACK-

TPOCTATHIECKOY TOAe. BoluncauM TENCpb OTK/AGHEHHE 3apA-
JKEUHOH UACTHUbI B NOMEPETHOM IJNCK-
TpocraTiyeckonm nose. Ilyers mo-mpexwemy ckopocrs dactnust B
MOMCHT BXONlA ee B NPOCTPAHCTBO MLy MAACTHHAMH KOHAHCA-
20pa GyACT HanpaBriena O OCH £, 2 N0 KOuAeRCATOPa — HANIPAB-
sicHO 110 OCH 2. BCe ocTalbiible YCNOBHA Mbi COXPAHAEM NIPEXHERMH
(puc, 7). Tax xak % =0, 10 (4.2) naer

mv—eé.
JlpuruMas Bo BRMMaRHE, 9T0 &y =&y =0, &, =&, nonyuacm

56 SKCTIEPHMEHTH 110 OTIPEAEREHMIO YAEJBHOrO 3APALA 25

B atoMHoil (H3NKe FHEPTHIO OueHb YaCTO BEIPAKAIOT B NEKTPON-
BoAbTax: | 98 ecTh Ta SHepTH#, KOTOPYio MPHOBpPeTAeT SJEKTDOH,
fipoBerasi yCKOPAIOILYIO PAaSHOCTL MOTEHIHANOB B 1 e Hs (54)
nosysaem

480107103 12
—366'__1'60' 1077 ape.

1 2MeKTPOH-BOJBT ==
Sueprua B | 99, paccunrannas Ha N = 6,023-1028 (1 moab) ek~
TPOHOB, paBHA -

1 97eKTpOH-BOMT - #0ab~" =9,64 - 10" spe - moas™
,304 - 101 K@ - moae™
3,04 xxaa- moas™'

Ecnu M3BecTia SHEDIMA BACKTPOHOB, BLHIPAMEHHAA B SJEKTPOIi-
BOABTAX, TO CKOPOCTb U B CAM/CEK MOMHO NENOCPEACTBCHHO BhitHC-
xuth #3 (5.4°):

e v =5,93 . 107 YV (sommT) cujcex. (5.5

U=V %o
§ 6. aKCﬂep"MeH’lﬂJlb“Ne METOAR Bﬂpeﬂeﬂeﬂﬂﬂ yAe.nbm)ro 3apsaa

B ocHOBe SKCTEPHMEHTATbHLX METOACB ONpefeents e/m nexar
PesyLTaTH HCCHAENOBAHHA ABHKEHHA IMEKTPOHA B SJEKTDPHYECKHX
3 MaTHUTHHIX MORAX, BENOJHEHHOTO HAMY B IIPEAMECTBYOUIHX ABYX
naparpaax.

Heo6xoquMo, ONHAKO, HMETh B BRAY, TO KaK B C/Iyuae SJEKTPU-
YecKOTo, TAK B B Cydae MarHHTHOTO NOJA OTKJIOHEHHE B Monepeu-
HOM TI0JIe 33BACHT HE TOJBKO OT €/, HO W OT U: MAarHHTHOe OTKJOHe-
HRe onpexenseTcs (daxTopoM e/mv, a 3nNeKTpUdeckoe — hakToOpom
efmv?, E1)'1031'01\/xy ONHT ¢ OTKJOHEHHEM B KAKOM-JHGO OLHOM Nofe
eme He KaeT BO3MOXKHOCTH HalTH e/m.

B nepBhx paBorax OGHUHO MOCIEAOBATCALHO H3MEPAIU OTK/O-
ieHHe B TOM H ADYTOM NMOAAX W K3 ABYX ypapuenil (4.8) u (4.11)
cpasy BHMMCASAH efm W v. TIpR STOM NydKH SAGKTPOHOB OCymicCT-
BASJHCh B BHIE KATOIHHX Jyued B TPyOKax ¢ paspexeHHEIMH ra-
3aMU (MaBJeHHe TOPSUIKA HECKONBKUX COTHIX ax pr.cT.). Passutne
TeXHHKH NOJyueHRs BAKyyMa 33 ToC/eAHUe XECHTHACTAR [O3BOAAET
NPOH3BOMUTH HTH HIMEDERAR B GoJiee ONPENesCHHLIX H AydLIe Kou-
TposMpyeMEIx yeoBusx. Ha puc. 8 npencrapaera cxeMa COBpeMeH-
Horo mpu6opa sl ONpejeNenns e/m u v. Hakaqmpaemusi xatox K,
noMenieRIEA B TPYOKY, OTKAUaHHYIO KO NpejeNa, AonyCcKaeMoro co-
BPEMEHHOH TEXHWKON BAKYyMa, SBJRETCA OBRIbHEIM HCTOMHHKOM
3JIEKTPOHOB. DTH 9/IEKTPOHE! YCKOPAIOTCS Garapeefi By, DOJOKUTENb-
Hufi HOAKC KOTOpOIl RPHCOEIHHEH K MeTaNAHYeCKOdl NacTHHKE
(anomy) A, B HeNTpe KOTOPGH HMEeTCR OTBCDCTHE. DIEKTPOHEI,
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TIPOMICTIINE HEPC3 STO OTBCPCTHE, ABKIAfCh NPAMOAHHENHO, AalOT
Ha crenke TPYGKH S, NOKPLITOR (UIyOPECUMpPYIOMHM BELLCCTBOM,
€heTI0e NATHLIIKO F, PAcnoNoKeH10e 1IpOTHE 0TBEpCTHA B anofe A,
fla nytn mexpy A n F s/ICKTpOHEL TUPOXOAAT MEXAY NAACTRHAMI
KoHgencatlopa €D, K KOTOPEIM MOXET Gellb DPHAOKEHO HanpsKe-
ume o1 Gatapen By Ecan BrA0GHTE Garapeio By, To HyYoK 9AKTPO-
HOB OTK/OHAETCA /€K1 DHUECKAM 0JIEM, BOJINKAIOWEM MCHAY N4
CTHHAMH, § DATIBULKC NepeMenaelcs B NooxeHue F'.

Cosnanag Mexiy naacTeiamu xonpexcatopa CD Taime # Of-
TIOPOAIOE MATIHTIOE UONE, NEPUERAMKYAAPHOE XK TJIOCKOCTH dep-
TeXa (Ha PHCYHKE N0KA3AUO TOYKAMH), MOXKHO Bhi3BaTh OTK/IOHEHHE

é_ s

\

il
iy
&

Pue. 8. Cxema MeTOAA ONPEARNeHAS YACALIONO 32PAAA 1O OTKJIGHEHHIO
8 SAEKTPHYCCKOM H MATHETIOM MOMAX.

HihE
b

MATALIIKA B TOM Xe HAH B 0OGpaTHOM Hanpasieuud. Ecnu usmepurs
06a OTKIOHensl, TO npk HOMOILM ypaBHenuii (4.8) u (4.11) moxno
BLIMHCAHTS €/m W v. IlpakTHuCCKA ymOGHeE NPOCTO CKOMIEHCHPO-
BaTh MArUATHLIM [01EM TICPBOHAYANBHOE JIEKTPOCTATHUECKOE OT-
Kaouenue. B 31om cityyae He0GX0RUMbIE H3MEPRHHA CBOAATER K TOY-
HOMy OUDEJECHHIO HANDIKEHUOCTeH OFOKX fOeH — 37CKTpHYe-
CKOTO H MariuTIoro.

Kak ckasano Bbile, l1aganbHble CKOPOCTH 2/MEKTPOIOB, OCROGONK-
JMBEMLIX H3 TOPSUCTO Ka1oxa, Marsl. Hanpumep, ecin xatonom ciy-
2KMT BOJIb(PAMOBAs cnupans, narperas no 2400° K, 1o scero awumb
0,1% ascxTporos o6napanot suepruefi, npepocxonsimeit 1,42 saek-
TpoH-BoALTA, B 0,0001% — smeprueit, npesocxopsmen 2,85 saek-
pou-soabra. Ecan nostoMy yexopsiomee nose He caumikom caao,
TO MOXHO CYHTATb ¢ AOCTATOMINO{ TOYIOCTBIO, YTO HAYAMLHAR CKO-
POCTL OCBOGOKAAEMBIX TEKTPOHOB paBua nymo [lycTe pasrocTs
TOTEHUHANOB MEKAY KATONOM M anojloM (Rampumep, Mexay K u A
#a puc. 8) pasna V soner. Torxa oxoHuaTennHylo CKOpOCTh siek-
‘TPOHOB MBI iaXOJUM U3 YPaBHCHHS

mu eV ,
PR (5.4)

5
i

§7 METOJl IBYX KOHIEHCATOPOB 2

TlosToMy, sKast V, Mbl y)Xe 3HaeM R CKOPOCTh ACKTPOHOB. JTO OCBO-
Boxpaet Hac OT HeOGXOAUMOCTH HCIOAB30BATH U SJMEKTPHUECKOE, 1
MAarHUTHO- OTKJIOHeH e AN Haxoxaenus e/m W v. HocTaTouno soc-
N0AL30BaTHCH ANGO 3AEKTPHUECKAM, ANG0 MATHWTHLIM NOJeM; BTO-
poe ypasHenne Bceraa paet gopmydia (5.4°).

B crenywoinux naparpacdax ML DpuBeieM 13 Gogbluioro uncaa
COBPEMEHUMX METOROB ONpPEeeHUs YAGILHOrO 3apsna ABa HanGo-
Jee XapakTcpPHBIX. B neppoM NPHMERFETCS SACKTPHUCCKOC NOJE, BO
BTOPOM — MArlHTHOE.

§ 7. Onpenenenne yAedbHOT0 3apsja 3neKTpoHa
N0 METONy ABYX KOHAEHCATOPOB

OuHHM H3 CAMUIX TOMHEIX COBDEMCHIIBIX METONOB ONPENCIAeHH:H
OTHOLIEHHS €/m ABJSETCSH METOA HBYX KOWIEHCATOPOB. DMeKTpOHbE
or unTH Hakana F (puc. 9) yCKOPAKTCS NMOJACM MexAy XaTogoM F
1 anogom A. Ilpoins uepes oreepcrye B anone A w pdagparmy D,

-
il
umn—J

Puc. 9. Cxema MeTOJa ONpPCACJEHIS YReNLAGIO 3aPAaa UPH noMOull JRYX
KOHAEHCATOPOB.

NYHOK SJEXTDPOHOB NONa1aeT B NepBuifi KoHneHcarop K, na KoTophit
HaKAaALIBACTCS NEPeMEHHAas PAsHOCTh MOTEHUMAJZOB O BLICOKOYAC-
TOTHOTO TeHepaTopa B. ﬂon BJAHAINHEM 3TOT0 ﬂepeMeHHOFO noss
DCpROAHYCCKY H3MEHASTCS HanpapJjcnne Mywxa, H, BooGiie TOBOPS,
MYY0K 3alepKuBaeTcs 5KpaHoM Py Tonbko Te sHEKTpOHE, KOTOpbIE
1IPOJIETAIOT Yepe3 KOHAEHCAaTOp K; B MOMCHT, KOTja KpHBafl MOTeH-
1#aNa TPOXOAMT Wepe3 Hyap (puc. 10), OKa3nDBaOTCS ClOCOGHLIME
TIPOTH yepe3 Manoe oTBepctHe Dy B SKpaHe Pz BTH SMeKTpoHb
TOBAZAKT 3aTeM B KOHZEHCATOD Ko, NPHCOCAMHEBHHIR K TOMY Xe
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Tenepatopy, 4re M K\, BeeacTsue gero noss B 060HX KOHIEHCaTo-
pax Bcerila HAaXogarTcsa B oguHakosofi hase. TakuM oGpasom, nsa
pasa B TeueHHe KaAMIOro NepHona B KoHpeHcatop Kp monazaot
S/IEKTPOHEI U OTKJIORSITCHA B GOJBINEH W/d MeHblleR CTENEHH BBepX
A BHU3 B 32BUCHMOCTA OT (hasht TeRepaTopa B MOMEHT NpOXOxkie-
HU3"3JEKTPONOB Yepe3 KOHZencarop K. Hetpymno yGenntses B TOM,
HTO HMEETCH TONbKO fBA CHMMETPHYHBHIX HANPABJECHHS, B KOTOpHIX
MOTYT OTK/IOHHTbCS 3JICKTDORB fpH NMPOXOXIEHMH Mepes BTOpOi
rounercarop K, Ecam, na-

g NpHMep, MPOMEXYTOK Bpeme-
HH, HEOGXONMMBI 3MeKTpOHY,
YTOGE NPOAETETH OT KOHAEH-
caropa Ki RO KOuUAGHCATOpa
Kz, pasen f; = 04 (pnc. 10),
% TO BO BTOpOM KOHIEHCATOpE
K> onun 3MeKTpOHBI 3acTaHyT
nmotennnran  AB= 4V, a
JipyTHe ~— notennuan A

—V,, TosToMy na ¢ayopecnupyomeM Kkpave S NOABATCA ABA
CHMMETpHYINO paCNONONEHHBX NATHA.

Bapbfipysl CKOpOCTb BJCRTPOHOS M3MEHEHHEM YCKOpSIOWEro mo-
TelnHaNd, MOXHO KOGHTHCH TOLO, yTOGH BPeMs f| CANANOCH pas-
HbM foAymepHony reueparopa /2 mau sooGwe nT/2. TIpr atom
YCMOBUM SJIEKTpOHB (IPOJETAT U BTOPORt KOHIEHCATOp (3 OTKIOHe-
HHUA, H ABA TSITHA Ha (MTYOpecUMpYIOiueM SKpaHe COJbIOTCH B OAHO,
Ecan paccroaune Memay Ki # Kz pasno [, a uacrora remepatopa f,
TO CKOpOCTb TAKHX SJAEKTPOHOB GYAeT

vi

|
4 3 3

Puc, 10,

v = 2T =2If .
naH, soobine,
0 =2/nT = 2Ufin. (7.1)
C npyro#i cTopoHsl,
ot

eV=2,

(5.4)
rae V — ycKopsomuaA noTeHnuan, TIpUAOKeHHb} Mexny F u A. U3
(7.1) = (5.4) moayuaem

o o
v ny

7.2

Bonbmoe nperMymecTs0 MeTOxa ABYX KOHAEHCATOPOB COCTOMT
B T0M, 4TO OH ABJAETCA CBOETO POAA «HYJEBBIM»> METOLOM U He Tpe-
6GyeT HUKAKNX M3aMepeHHil OTKNONEUNs, OGHUHO CBA3AHHHX C TpYARO
yerpanuMuivi owdGkaMH. Beawunna ymensmore sapwma, moaygen-

§8 METON ©OKYCHMPOBKH TIPOROMBHEM MATHUTHEIM TIONMM 29

Has TAKHM cI0coGoM, Ioce BHeCeHHs BCeX MONPaBOK paBHa *)

—-=(1,7590 = 0,0015) - 107 CT'CM - 2.

§ 8. Onpenencnue yIeabHOro 3apsaa SJMEKTPOHA NO METOLY
OKYCHPOBKH MPOAOIbHBIM MArHHTHHIM MOJEM

Jpyrodt TOUHLIA METOA Ofpefe/ eRna e/m CESI3aH C HpHMeHeHHeM
1IpO/LOLHOTO MATHATIOTO TIOJA.

PaceMOTPHM nNpexie BCero AefiCTBHe MaTHATHOrO TOXA Ha pac-
XONAWHACS TYHOK SMCKTPOHOB, BLIXOZALLMI U3 ONHON TOUKH (OTBED-
cras ruagparmul), Cuna, KefCTBYIOWAR HE 3JEKTpOH CO CTOPOHEL
MATHHTHOTO NOJIA, paBHA (MPEANONATAETCH, YTO € BLIpAKEHO B
3J1eKTpOMATHATREIX eAMRUNAX)

F=e[v#]

Ec/n 371eXTpOH JCTHT TOL oM a, He papubiM O #an 90°, € Ha-
P! ° P s
TpaBJENRI0 MATHUTHEIX CWIOBHIX JIMHWH, TO eTO CKOpOCTh MOMKHO
PA3NOKHTD HA JIBE KOMIOHEHTBL: [POJIOABHYIO U; K NONCHEUNyIo Up:

U =0Cose, U,=vsing. (8.1)

PaccMOTpHM BJMAHAE MACHHTHOTO MOJSl H2 KAXJYK H3 STAX
KOMIOUEHT OTAeAbHO, Ha 3JeKTpoH, Jerfimi NepueHIHKYaspHO
K MO0 €O CKOPOCTBIO Up, melicrByeT cuna Fp = ev,d4. Tax Kax
cuna Fp Besle mepReHHKyIsApla K Up, TO SMEKTPOH ORHMET OKpyX-
HOCTb, pafgdyC KOTOpOfi MBl Hafile, MpHpaBHAB Fp LeHTpOGeXHOM
CHJie HHEPUHH:

mvz

ev,H=—",
p

oTKYy A2
B £ e
P  ? :7%&
—
m

BpeMs f, neoGX0AHMOe AAs TOrO, ur0Gbl SJIEKTPOH OmHCcan Noi-
HY10 OKpYKHOCTH, Gyaer

8.2)

*) B €OOTBETCTBER C WCTOPEYCCKH YCTAIOBHBWACH NPAKTHKOA MH BHpa-
aeM yAenbHBE 3apEf SJEKTPORa e/m B exmnmnax CI'CM.z!, torma kax sa-
PAR 5dekTpopa £ oOHUNO BWpaxaerca B eammanax CTCD. B Tex caywamx, xo-
T1a 06e BEAWMERH ¢ ¥ e/ BXONAT B (OPMYIB B KAKHX-HHOYAb KOMOHEAAAX,
BMECTO e/m crelyer aucats efme,
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OxasuBaercs, c/1€108aTesbHO, UTO { HE 3aBHCHT OT pajuyca p.
Taxum 06pasom, CCiH HpPEACTABUTL cefe HECKOAbKO SJEKTpOHOB,
CAIOBPEMEHHO BbIXOAAIMX A3 OHON TOMKH € pasTHUHLIMA CKOpO-
CTAMM Uy, TIEpTIEHIKKYIAPHHMA k 34, 10 Bee 5TH M€KTPOHbI, OMH-
€aB OKpYKHOCTH DASIHYHOTO pPAZAYCA, ONHOBPEMEHHO BEpHYTCH
B ICXOMMYI0 TOUKY. DTO NOKA3aHO Ha puc. 11 cupasa, rxe n3obpa-
JMEHbl TIPOEKIAI MYTeH 3JEKTPpOHOB, 00JANAICIAX pASAHUHEIMH CO-
CTABJAIOIAMY CKOPOCTH Up, HA INIOCKOCTb, NepUeHARKYIApHYIO K
HaNpaBACHAIO MATHHTHOIO 10AA.

Puc, 11, Cxema wCTOXa ORPEAENCHNS YACTRHORO SapAAa C MOMOMEI TPOAOb-
KOTO MATHATHOTO 1O

Ha nposionbhyio KOMIOHEHTY CKOpOCTH MAarHHTHOE (0Je He OKa-
shiBaer auAnmi. [109TOMy 8a NpoMexcyTOK BpeMeHM [ SMeKTpOHb!
TpOABHHYTCA BIOML OCH COJIEHOWA4, CO3JAIOWEro MoJe, Ha pac-
cTosHAe

[—pp =T (8.3)
%
n
Ecan yroa « a1, 10 cosa & |, u (8.3) npunnmaet sug
2o
[— pos (8.4)
m

1. €. BCe 3eKTPOHLI, BRUIETAIOMHME B3 OTBepCTHA JMAdparvty ¢ of-
HOil U TOH Xe aGComoTHOA BeMYHIION CKOpOCTH ¥, 32 NIpOMEXKyTOK
BpEMEHH, B TeyeRHe KOTOPOro NPOCKIM ITHX HMEKTpOHOB Ha ILI0-
CKOCTD, MEPUCHANAKYAAPHYIO K OCH CONCHOMAA, ONHCLIBAIOT TIOMHYIO
OKpYKIOCTD, ngoxnﬂralmcst BAOJIb OCH COJenOKAa Ha ONHO M TO Xe
paccrosiiiie L OTCIOAa CEyeT, 910 pACXORAMMACA uYIOK SIEKTPO-
HOB OIMIAKOBOA SHEpruU TOA NEACTEHEM fpOAONLHOIO MATHHTHONO
A0J5 CHOKYCHPYETCH HA paACCTOSHEM [,

310 GoKyCcHpyIoILee 1efiCTBRE CONEHOMIA H JEKHT B OCHOBE Me-
TOXA HPOROJLROrO MArHUTHOTO 110J5. DMEKTPOHB!, BLIXOSIHE *H3
otneperas auadparmsl S (puc. 11) u passepnyraic Tipe/BapHTEbHO
B pACKOARIMMACA MYOK UEPEMEINLIM SNeKTPHIECKHM f0MeM &, mo-

s MFTOA ®OKYCHPORKU TTPOROIBLHBIM MATHUTHBIM T10.1FM 31

anaoT sHyTpb cosenonAa. [lonbupas cOOTBETCTBYIONLYIO BeMUHIy
HAOpsAKEHROCTH TOAS 36, MOKHO KOGHIbCS TOTO, 4TOGH TyUOK JMeX-
TPOHOB (OKYCHPOBAJICA KaK Pa3 y MPpOTHBONOMOKIOTO K AHapparse
KORIla COJICHOHNA, Tl TOMEICH (Myopecunpylomui skpaf, 3Has
HeolXonuMoe JUIA 3TOTO 10Je, MOKIO Cefidac JKE BBIYHCIUTB efm.
JeficteHTenbHO, H3 (8.4) HaxonnM

I e

V=g %

IMoncraBasAs 3TO BHPAMKEHHE AN CKOPOCTH B ypaBHEHWe SHepruy

mo?

=V, (5.4)
JIETKO TIOTYqHM
:
T )

Pesyabrar nocneannx (1939 r.) uamepeuni, BHIONHEHHLIX 3THM
METOAOM, TAKOB:
e

— =(1,7586 =+ 0,0023) - 107 CTCM - &7,
n

HanGodee TogHOe 3HAYeHHe YALILHOTO 3apsfia SMEKTpORa, HOMy-
YenHOe B Pe3yfbTaTe KpHTHUECKOH OUEIIKH W3Meperuil, BuNOJIeH-
HBIX pasAHYIBIME METOLAMY, €CTb

== (1,7592 = 0,0005) - 107 CTCM.- &L, (8.6)
CpaBiuM TeRepb MAacCy 3JEKTpOHA € MACCOH BONODOAHOTO atoMa.
JInst 3TOTO RyXHO Npeskie BCEro UAUTH BEJAHWHNY €/mu, T. €. OTHO-
meHRe 3apaja 3JeKTpOoHa K Macce aioMa Bofopona. Jlerko sunets,
UTO $TO TOCAENHCE OTHONEHHE PABHO OTHOWCHNIO uHena Papanes F
Kk aromuoMy secy Bogopofia H. HefictehrensHo, Tak xak F = Ne
(N — nocroswnas Asoranpo) u HI = Nmy, 1o FIII' = efmy. Us
HanGosee TOqubX H3Mepennit F u H' nonyqaeres

2= (9573,5 = 1) CTCM - ¢~1, 8.7
L

Kom6unnpys (8.6) u (8.7), naxogum

My

1837,5.

Wirax, macca anextpora B 1837,5 paza Meubme Macchl BOZOpOA-
HOro atoMa.
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§9. @

p " TH3AUAA NYYKOB
3aPAKEHBHIX YACTAL

PaceMOTpHM 31tech DOMYTHO METOLB MOJAyYeHHA BYYKOB HacTHL
TIOCTOAHHOM CKOpOCTH (MOHOXPOMATH3AUMs, GHABTPH CKOpOCTeh) H
MeTONEl (BOKYCHDOBKH NY4KOB 3apiienHblx HacTHl. 3HAKOMCTBO
¢ STHMH MeTORaMH NOHANOGHTCA HaM B LajbHeHIeM.

Camuifi pocTOft GRABTP CKOPOCTEH YCTPOSH TaK: fMy4oK 3apf-
JKeHHBIX UacTHI MpoilyCKaeTes ONHOBPEMERHO Yepes SACKTpHyecKoe

W MarHHTHOE TOJIS, HAlpabeH-

A oo r————— HbiC TepNCHAMKYJASIpHO Xpyr K
LILI D Lpyry K DpHTOM T2K, uTO ORY
.o A210T OTKJAOHEHHS B TIpOTHBONO-
L —~=  JONHEIX HAllpaBACHHAX.

M Ha pnc. 12 maranTHOE nose

HaNpPaBICHO  NepleHAHKYATPHO
K [JIOCKOCTH YepTera H ACHCT-
BYeT _Ha MGJOKHTENBHO 3aps-
HENHYIO HacTHlly ¢ CHJIOA evdf,
Puc, 12, Cxema matpa cxopoetell  Mexainefi B INIOCKOCTH depTeXd.
SAPAKEUHNX HACTHI, B roft ke IMOCKOCIH JEXHT H
cuna e&, ¢ KOTOpO# neficTAyer
Ha 3apsill SJEKTpHUECKO® Mone KOHmeHcaTopa AB. Ecnu BHIGpaTh
HanpaBIenue Moyl TaK, 4To6H 06e CHIbl GBUIH HAlpaBJEHH B NpO-
THBODOJIOXKHBIE CTOPOIB, TO pe3yAbTHpyIOmAs cHaa bynet evH—ed,
Tox sausHAeNM 5TOi CHALL UacTHUA ABWXKETCH, BOOGIIE FOBOpH, IO
KpHBOfi ¢ pafnycoM kpususubl p. [lpupasnusan cuay, aeiicreyiomyo
Ha WACTUIY, LEHTPOGEKHOH CHIIe HHEpLHH, NOAyYaEM

mo®

ev%—elf—*p—-, 9.1)

OvernsHO, uTO uepe3 KOBACHCATOD MPOJAYT TOJALKO HACTHLE, CKO-
pOCTb KOTOPLIX TAK0BA, UTO 06e Cnabl evds u e& npyr apyra CKOM-
RercHpy0T. B 3TOM cilyuae

evH—e&E=0 u v=_E/%. (9.2)

YacrhlLl €O CKOpOCTAMH, HE YIOBJCTBOPAIOMAMH COOTHOWEHHIO
(9.2), GyAyT OPUTSHYTH NAACTHHAMH KOMAEHCATOPA M yAa’eubl H3
IyuKa, N, BO BCAKOM CIyuae, Saiepannt Auadparmoq D.
Jlas GOKYCHpOBKM YACTHR OYEHb HACTO NOJABSYIOTCA NEHiCTBHEM
OZHOPOAHOrO MONEPEYHOr0 MATHHTHOTO NOJS.
YCTb HCTOYHHK MACTHIL HAXOAWTCS B S (pHc. 13) H mycts mce
YACTHLEl XapakTepH3YIOTCSl ORHOA H TOM e BEJIHUHAOH mufe. Ya-
CTHIA, BHIIETAIOmas BCPTUKAALIO BBEPX, ONHIIET FOJYOKDYKHOCTD

po i, e

§9 @OKYCHPOBKA OYUKOB 3APAKCHHHX HACTHL 33

nnramerpom SA=2 % = 2p; xaxasi HHGyab Apyras YacTHUA, Bbl-
HeTalonian Mo YrAOM « K TepBOfl, TEM Xe pajdycoM OMHILET nyry

i 5

7 gA

Prec. 13, GoKycHPOBKa HOTCPEUNEN OANOPOXHEM MATHATHEY NOEM,

Kpyra, KoTopas nepeceuer mpamyn SA e Touke B. Jlerko punets,
uTo

AB=2p(1 —cosa)
Ecnm yroa o LOCTATOYHO Maj, TO MOXKHO BOCIHOJIL3OBATHCA pasio-
KCHEEM KOCHHYCAa B CTENEHHON pfin cosa = 1 —a?24,.. 4 83T
TOALKO [EpBLe ABa ulena; ToraAa

AB=pa?,

Hanpumep, ecit p =5 ca, o =3 =005, 10 AB = 1,25.10-2 cam.
QuesHHO, YTO BCE YACTHIL, HANpPABNEHHS KOTOpLIX (IpH BLLIETE K3
S Jexar B mpeaeNax yraa &, OHCas COOTBET-
CTBYIOWIYIO Lyry, NCpecekyT SA Mexmy A w ot +
B. TlosToMy, €CJIH HCTOYHHKOM S cayxut 5
melb, Yepe3 KOTOpYlO NMPOXORAT 4aCTHIS!, TO
AB GymeT «H300paeHHEM» STOfl WICIH B _
F=c&

BHAe V3KOH HAHH, TOTepeuHOe ONNOpOAHOE
MargHTHOE TOME AeHCTBYET, TakuM 06pa3om,
KaK URIHHIPHIECKAS JIUH3A, b
= ue, 14, Tlonowu-
JIpyToft THE GUALTPOB, MONYUHBIUHA B 10~ o 0% o o

cleaHeC BpeMA MIMPOKGC pPACTPOCTPANCHHC, ypcruya »  pamuale-
OCHOBan Ha JEfiCTBMM pANWAJIBHOTO BMEKTpH-  HOM  3JIEKTDIUECKOM
YCCKOrO MOAA B NHIHIAPHUECKOM KoHJEHCaTo- 1ot uﬂﬂzﬂggﬂ“s‘“’ro
pe. PaccMoTprM YacTuiy ¢ 3apsioM e, moma- KOHEHCATOPA
Aoyl & LHAHIpHYECKHHA  KOHASHCATOp .

(puc. 14). OueBumuo, uT0 YacTHUa GeclpertiTCTBeHHO NpOHIET Uepes
KOHJIEHCATOp B TOM CJyHae, eciy AeficTsyiouas Ha nee o CTOPOHLL
U0JIA cHna ed GyleT pasHa UenTpOGEXHON CHie HHEpUHMH:

. mu?
e& .

2 3 B llneasckut, v T
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B upapHIpHuecKoM koHjeHcaTope NOMe 001a7aeT pafuanbiof
CHMMeTpHefl, B ToTOMY

=

dp
Craenopatesbho, ycnosHe GECOPENSTCTBEHHOro NpOXOKAERHR da-
CTHIE uepes KOHIeHcatop GyreT .
dy __ mo?
K
Bripaxasn kuneTHZeCKylo SHepruio mu?/2 depes yckopsomul noTex-

e (9.3)

pan; mu®=2eVy, W pa3nenss NepeMeHHhle B ypasuernu (9.3)
TONyUHM ’
dp |
o~y 4V

[Tonarass paxuychi BHemHe/l W BHyTpeHHed OGKIAOK DaBEBLIMH
COOTBETCTBEHHO P ¥ pr, NOTEHUMA] BHEmHeH OGKAZAKE — paBHLIM

l{utdu :
n

SRS

Puc, 15, Llpmanapuuecksali KOEAEACATOD KAK (GHABTP ckopocted. (Crpeaamu
0G03HAYEHH CANOBHE JHHHE 3AEKTPHYECKOPO O, COPABA HA IPAPUKE 7 — HHCAO
WACTAIl, U — WX CKOPOCTE,}

Vx» @ BRYTpERHeH — paBusiM 0 W MHTETpPHDYA NpH STHX YCTOBHSAX

TOAYYHM
®

Py v,

4 1
f 0 =W, I av,
[0 1]

V=2V, ln:—i.

oTKyla

©4)

s T

]

§ 10 3ABHUCHMOCTD MACCH 3JIEKTPOHA OT ErO CKOPOCTH -85

Mu BHIEM, TakaM 06Pa3OM, UTO KaXKIOH PAsHOCTH MOTEHUHATOB
Vi Ha OOKIafKaX KOHAEHCATOpA COOTBETCTBYET SHEPLHS SMEKTpO-
HOB Vo, IpH KOTOPOH ONA MOryT NIPOATH uepes KOHAEHCATOp.

Ha prc. 15 n3oGpaxeHa cxema JAeHCTBHS UHMHHAPHYSCKOTO KOH-
nencatopa Kak QuALTpa cxopoctell. BHAHO, 4TO €caH ¥epes welb
By n0CTYTAeT MyH0K 3JeKTPOHOB, CKOPOCTH KOTODHIX JeXaT B HHTEp-
Base v = Av, TO ueped weab By npofinyr auem%:mm €O CKOpOCTRAMH,
JeKZIEMA B GoJee Y3KOM HHTepBaie U e B NpaBofi dacTd pH-
cy#ka Hano rpagudeckoe
H306pakeHye pacnpexene
HHS 3/EKTPOHOB [0 CKOPO-
crAM R0 GHALTpalmx H
nocne nee (3amITpHXOBAH-
Has uacTh).

HauGonce samedaTenb-
Hasg OCOGEHHOCTb paccMa-
TpHBACMOTO GABTPA CO-
CTOHT B TOM, 4TO OH 0GJia-
AT CHIOCOBHOCTBIO (POKY-

Pue, 16, Doxycapylomee ACKCTEHE PARNATL-
oT6 SAEKTPHACCKOTO  noad: A — BCTOWAK

CHpOBaTh  DACXOIFMHMECH  gapmxenuuk nacti; B — dapanees uhuisap,
nyuxe. K03 B PONAHCKMH ), Cp— DMACTAHH MUMMHIPINECKOTO ROk
[OKa3adH TEOpETHUCCKHM nemcaropa; S, Sy — mex,

pacueToM K TOATBCPARIH .
SKCTEpAMEHTANLHO, 9T0 PACKONAMMACH HOK, ERIXOAR NI H3 WETH
S, BHOBb (OKyCHpYETCA, ONKCAB B MMREAPHUISCKOM KONZEHCATOpE
Ayry af V2= 127°17" (puc. 16).

Taxum 06pasoM, paHa’bHOe SJEKTPHUCCROE NoJe WHAHRLpIHE:
CKOFO KOMIEHCAaTOpa AGHCTBYeT Ha pacxoifmuiics MOTOK 3apimmet-
HEIX 4ACTHU COBEPIICHHO TAK Xe, KAK MOUEpeunoe OLHOPOAKOE Mar-
ITHOE TIosie. B HEKOTOPHIX OTHOMEHHSX, O/IAKO, NPRMEHEHHE deK:
TDHYECKOrO [OA BMECTO MArHMTHOTO MpEACTABAACT MpeHMymecTBa.

anpHMep, ipH NOMOIH SKPAHOB TOPALO Jerue OrpauiHTh aneK-
TpHYeCKOE N0JE, UeM MATHHTHOE.

§ 10. 3aRMCHMOCTb MACChl 9eKTPOHA 0T €r0 CKOPOCTH

Ilpi CKOPOCTSX BAEKTPOHOB, GAMIKHX K CKOPOCTH CBTA, o6Ha-
pYXKHBAETCA 3aBHCHMOCTS MACCH OT CKOPOCTH. [TepBoe sKCnepHMEH-
TaNbHOE IOKA3ATENLCTBO STOTO BAXKEEHWEro (aKra mpAHALTENHT
Kay®many, paGota KOTOpOro Gula onyGmukoBada B 1901 r., T &
eme 9a ueTbipe rojia Ao MOABJCHMS TEODHH OTROCHTEALHOCTH, co-
IMACHO KOTOpO# JI0Gas MAcca, HeSaBNCAMO OT TOTO, HECeT JH oHa
S/eKTpHYECKHIT 3apsil W HeT, ZOKHA 3asHCeTh OT CKOpOCTH 110
dopmyne

my

Yi—o%e?’
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TAg ¢ — CKOPOCTb cBeTa b mycrore. Xora paGota Kaybmana b na-
crofiiee BPEMs HMEET TOALKO HCTOPHRECKHI HITEPEC, MU NO3HAKO-
MHMCSL C HIeell ero MeTOAa, TaK Kak STa Mies NOJAYYMIA MHPOKHE
NpEMeHeHHSl B ONEITAX € 3APFKCHHEIMM yacTHUaMH. B wacrrocty,
Ha 2HAJOTHUHOM NpHHLHIE OCNORAH «MeTOx mapabons Jlx. Tk,
Tomcona (§ 13), puepshie MPHMEUCHHLIE MR OlpeAeneHAs FCTRH-
HUIX MAacC aTOMOB.

Cympoct, Merona Kay@mawa COCTOMT B TOM, 4TO 2ACKTpOHEL
TPONYCKAO1CA 0HOBPEMENHO 4epe3 MOMepesHule 3eKTPHISCKoe H
MarsuTHOE OIS, PACIONO-
KCHHBIE TAPANJeNLHO HAN
a[THIIAPALICALEO, TAK 4TO
OTKJIOHCHHST B TOM # Xpy-
TOM NOJSX TNEPNenaAHKy.isp-
HEL ApYT K Apyry. [lapaa-
JIeJIbHBI  [YHOK  ICKTPO-
noB, 00aajamwmux ORHOH
H TOIl e CKOPOCTBIO, Npo-
XOIHUT MEXIY NIaCTHHKAMA
KOHAEHCATOPA, B NPOCTpaH-
CTRE MCKJY KOTODHIMH BO3-
GYXIeNO TaKXKe U Maruur-
Puc. [7. aextpomst » nonepeyssix sxextpu. MO nOKe (pue. 17). Ha-

MeCkOM W MATHATHOM NOJAX. NpaBIEHHA nOMeR NoKasa-
HLI R ;
OTKIJIOHEHHE B 3/1SKTPHUECKOM TOAe GyneT ;ar}xm:ryz;:gc oane
PABIO, Hampume, =X ; e Sren
A pHmep, , OTKJOHCHHE B MArHHTHOM noJe GymeT
HANPABJEHO BBEPX K pasuo, nanpumep, OB =z (cmeayer nonvn?m
uTO 3JIEKTPOUL] HECYT OTpHUATeblLI 3apsa; mo3ToMy DTKJwHeHul;
HOJIOKHATENBHO 3aPANCHHEIX MACTHI GBUTH Gbi, COOTBETCTREITHO
BO 1 BH3). Popmyan § 4 paior ’ e, e

.

=Ass (4.8)
.

r=Bow. @11

E?S A 1 B — nocrosunne nputopa. Bee 3ekTpOHH, HMewmAe mo-
noﬂ;:]ﬁ);z:;;;gc;g}ﬁynyr ncl‘la}lii_’;b floce TIPOXOKACHEA Uepes o6a
onnactraxy. Tlyers Teneps my

Y0K HEOTHOPOIeH

H CONCDMKHT IMEKTPOHL BCEBOSMOKHBIX cKopoC're)ﬁ. B stom chg’:ae
CIe/IBI 3NEKTPOHOB HA (POTOMAACTHHKE PACTIONOKATCA 110 HeKOZr(-)pol’I
g}(,g;g?, q;op]gay KOTOPOH Mbl naiifleM, nckmouns ®3 (4.8) n (4.11)

b v. BO3BeA Mepnoe U3 WHX B KBanpat u B
EEN(S -
poe, nosyqaem r pasaern e fre
2 A e
. TS E (1e.1)
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Ecan E/m TIOCTOAHKO Y, CAeJ0BATeJNbHO,
A e
“F o = K=const,

O

=K, (10.2)

H HCKOMAasd KpHBAs JOJKHA GLITh OTPE3KOM 1apaGomsl. Tepekmouast
aNeKTpUUECKOE IoJIe TO B OIHY, TO B APYTYIO CTOPORY, IR NeHIMEH-
HOM HANPABICHEM MATHHTHOTO NOJS Mbi RO;KHBL GELTH OF! MOAYUNTE
£pa oTpesKa MapaGodbl, PaCcTONOKeEH-
HEIX Tak, aro OGuedi KacareJbrOl HX zt
B rouke O cayxur ock 2 (puc. 18,4).
B onpirax Kaymara, BEHINOJHEHHBIX
¢ TAKMM DACHOJIOMEHHEM Y C mpena- |
aToM pajMs B KauecTBe HCTOUHHKA
3,IeKTPOHOB, 0GHAPYNHIOCH, UTO OT-
Pe3KH KpUBHIX, TOMyueHHbe B pe-
3yabTaTe OMbITA, Ne ABASIOTCS OT-
peakaMu mapaboge. Yxe 3710 MOKa- Puc. 18.
amBaer, uto ¢/m B (10.1) me ocraetca
noCTOHHBM, T. €. qTO Macca saBHcAT 0T ckopoctn. Hla prc. 18,6
CXeMATHUECKH MpeNCTaBAeH BRI (oTOrpaduu, noayuensofi Kaygpma-
HOM. [ITHO, BHI3BBAHHOE REOTKIQUAEMLIMH B MATHHTIOM H JEKTDH-
YeCcKOM TOAAX y-TydaMi DAIAA, GUKCHPYET naqa’o koopauHar. Bua-
HO, OAKAKO, 4TO OTPE3KH KPHBEIX HE NOXOAAT 10 Haudla KOOpIuHAT,
HeCMOTpSL HA TO, 4TO B Nyuke NPHCYTCTBOBAMH 3/IEKTPOHEL CO CKO-
POCTSIMH, MaN0 OTIHYAIOWAMHE OT CKOPOCTH CBETa. Braio taxxe,
410 Kacatesbibie, TPOBENEHHbEe K NPOLOIKEHH M OGOHX OTpE3KoB
& Touxe O, He COBNAAAIOT C OCLIO 2, N0 0GPasyIoT ¢ HCHl yroi ¢, 0T+
AMuHb OT Ky, [T03TOMY 2/% HMEET KOHEWHOE SHAUEHUC pH 2 0,
z

zy

z
a caemopatensEo, - =—2=0. Taxue Taganna [
(OoTOrpagun  N03BOATIOT Hafita e/m mnf ]
PasTHYHBIY cKopocTell 3JeKTPOHOB, KaKoBa 0. cxfces crcﬂlvlt"-;—'

651 HH GbiTa hopMa caenio. B camom fene,
H3MEDPHB KOOPIHHATHI KAKOI-HG0 TOUKH oo horg | ar, o
KpHBOH, MOMHO BBIYMCANTH efm ® v lpH 259 (010 007+ 107
noouyt gopwya (48) B (411). Bamly  2s3.qom | 063 (07
Toro, WTO CUEMB!, NOTYuaeMbe Ha GoTO-
[LIACTHRKE, IOBOMGHO Da3MbiTel, Goabwolt
TOUHOCTH TAKHE M3MEperia AaTh HE MOryT; DAHAKO OHH Ka4YeCTBEH-
HO NMOKA3b{BAI0T BHE BCAKOrD COMIEHAS, WTO MAcca BO3pACTAET Co
cxopoctsio. Harprmep, Kaygmau nonywi caefylomue  Pesyio-
tatit (em. Ta6a, 11).

Tin KOMWYECTBCHHOrO yCTAUOBJCHUS BHAA 3ABHCHMOCTH MACCH!
OT CKOpOCTH TOYHOCTD OMLITE KaypMmaHa nelocTaTowHA.
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B To BpeMs, Korla Oh UDOU3BOAMJ CBOH OMBITH, PeYb MOrJIA
MATH © Bsi6Ope Mexay AByMa dopmynamm: 1) popmyroi AGpa-
rama, B OCHOBe BBIBOLA KOTOPOH qeman0 NPefcTaBAeHRe 06 3Jek-
TPOHE KAK O KECTKOM H HECKHMAEMOM lIaphKe:

a[(l+ﬂ?1 [—B 1).

M=y N5 —

18
(s=2).
¢

OTBEU2I0Iei NPEACTABICHAI0 06 MEKTPOHE, CKHMAIOMEMER 0 Ha-
UPABJICHHIO ABMMEHNA, NOCAGAHAS (GODMyna BhTeKaer TAKME M3
TEOPHH OTHOCHTENBHOCTH. BBUTY GOnbIOf NpPHHHHMRAIBHOM Ra-
HOCTH EmIeHHsT BONPOCA O TOM, KAKAA U3 ITHX ABYX (OPMY.I Jyure
COOTBETCTBYET ACHCTBHTEALHOCTH, 3a paGotofi KayhMaHa mocieno-
BaJl AMUHHEIA PAL JpYTHX PaGoT ¥ BO3HWKIA mojeMBKa Ilpmumma
STOr0 3AKJIOYAETCA B HCKJNIOYHTENBHO[ TPYAHOCTH COOTBETCTBYIO-
X IKCIEPHMCHTOB M MAnOfi Pa3iuile B YACACHHHIX AAHHBIX, Aa-
B4EMBIX OGCHMH (BODPMYAAMH.

He ocranasuBasce na MCTOpHM BOMpoca, ME PacCMOTPHM
TOJBKO DE3YJNbTATbt NOCACAHUX PAGOT, B KOTOPHIX YYTEHH BCE BO3-
PaeHu, CleraNHbe N0 TNOBOMy NPEAMECTBYIOMHEX HCCASLOBANMLN.
B onwitax Tpukkcpa Gua UCnOMb30BAHA CXeMA, TPEMJIONKEHHAS
. JI. Kanuued nas asanusa s7eKTpOHOB 0 CKOPOCTAM. CxeMa s1a
110 CYIeCTBy NPeACTAB/ALT COGOA «(POKANLRLL MOHOXPOMATOPS KIS
3IEKTPOUOB, AHAROTAUHBIA MOMOXPOMATODAM TOIO JKE HA3BAHMA
NPHMEHAEMbIM A8 MOHOXpOMATH3AUKH cBeta. PHC 19,4 moscuser

2

" 2) ¢opmyioi Joperua

"=

Pue. 19, a) «doxasuk Movoxpomarops xaw ceera. 6) Cxema omwra Kamaus—
. KKepa.

ACHiCTREE STOTO MOHOXPOMATOPA B ONTMHECKOM Crydae. Pacxoms-
LpAcA 1ydOK JIyued OT MCTOMINKA cBeta S MPOXOHT Yepes auHay

, epe KoTopoll moMemena Koabesas nuadparma AB, Hasnaue-
BHE 3TOil AHAQPArMbl COCTOHT B TOM, YTOGH yGHparb napaktuann-
HEIe JIYWH § OCTABJIsi (L IV4H, TAAAI0MHE KA KDaA JHHSLI, T. €. pac-
AORAIACCA TOX ACCTAT0YHO GONBIIAM YIIOM. BcnencTBP{é XpomaTy-
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ueckofi aGeppaudn AMHSHL MyYH C Pa3THYHEIMK AHHAMA BOTH (o-
KYCADYIOTCSt B PasiHuHbiX TO9Kax olTHueckolt ocu S, 7, 87,
KOPOTKOBOJTHOBEIC /YUK (POKy CHPY(OTCA GJMKe K JIHH3C, MJIHHHOBOA-
HOBLle — Ja/bIc OT Hee. ﬁepemcmaﬂ nuagparmy C,. MOKHO BE-
fycKaTo U3 €¢ OTBEPCTHS JIyuH J10GOfi AJTHHBl BOJHEL

B merofe Kamnust — Tpurxkepa poJib JRH3H BLINOJHACT npo-
AONBHOE MATHHTHOE ToJe ¢ OceBoil cnMMeTpRed, T. e. coaenohi Lo-
JeUOWI B HaHHOM Cyvae SBJAETCS JUVIAUHON MATHATHO JTHH3OH.
Kag Mbl Buienn B § 8, 57€KTPOHbl (OKYCHPYIOTCSH TaKofi HUSOH
Ha paccrossnnyu /, paBHOM

; an cos (8.3)
2%
]

Tpy saganHbx # A o paccTOsHKe / 3aBHCHT OT U U e/nm. CxeMa
«(pOKANBHOTG MOHOXPOMaTOpa» JUIA BMEKTPOHOB H30GpaeHa Ha
puc. 19, 6. Pacxofdmuiics ny4OK SJEKTPOIOB OT MCTOUHHKA S, Ko-
TOPBIM YK/ PaUOAKTHBHDHI [IPenapar, HCNyCKaBMUi 3101 IPOKbL
€O CKOPOCTAME 0 B == 0,8, NPOXOINI uepes KOIbIEBYIO AHAPPArMy
AB 1 ¢oxycHpoBancs MPOROLHBIM MAarHATUBM TTONEM CONCHOHIA.
Tpu 5TOM, KaK H B CyJae ONTHUCCKO{ AHH3EI, SACKTPOKEI C pASIHUY-
HbIMU CKODOCTAAMH - (JOKYCHPOBAMHCL B pA3HLIX MECTAX ONTHIECKOD
ocH. F— CBMHUOBEI GAOK AJA 32iuMTH OT NOTMAAaHHA PEETIEHOB-
CKHX Jlydefl, BOSHWKAIOIHMX (DK TOPMOMKEHWH 3JIEKTPOHOB B fHA-
¢parmax. Huagparmy D moxuo Gewio sapskarh no +5000 6
TeM caMbIM yCKopATb WA 3aMelisTe amekrponsl. Ilpu cxo-
pocTH p = 0,8, KOTOpOil COOTBETCTBYCT YCKOPATOIH T ToTeHiyat
340,5-10° 8, orHOmenue mmo no opyyae Jlopenua — Diinmreiina
pasro 1,666. ViaMerenne yCKOpAIOWLCro NOTeHNWaa Ha 5000 & BEI-
apBaeT M3MeHeHme Macchl scero na 0,06%, urto Jemur sa npele-
naM# omuGoK onbira. ITostomy mose B 5000 & saMmeTuo yckopsier
WM TODMOSKT SJICKTPOHH, HO NPAKTHUECKH He MIMEHACT HX MACCHl.
Hs ¢opumyas (8.3) crenyeT, 9To H3MereHHe CKOPOCTH Ha Av cMme-
maet GoKyc Ha

2m Avcosa

Al=———.

— %

m
3uag Av ¥ J6 U H3Mepas Al, MOXHO BHUHCIHMTL BeAHTHUY €/m i
JAKHO# CKOPOCTH,

Hamepenna TpUKKEPA [OKa3a/H, 4T0 IPH CKOPOCTAX BJCKTPOHOB
BIVIOTH A0 0,8 CKOPOCTH CBeTa H3MEHCHHe MACChl CO CKOPOCLTHIO Ll
ayer ¢opmyie Jloperna — DiiHmredina ¢ TOUHOCTBIO 1—2%, Toraa
KaK pashHua MERAY PC3YIhTaTaMiu, 1aBaCMEIMH Gopmyaama AGpa-
rama u Jlopenua — DiiHIITeEa, COCTaBser NPH STHX yC/NOBHAX
okono 5%. .
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Jlpyrojt MeTOX ompeneNenHs 3aBHCHUMOCTH MAcCCEl OT CKOpOCTH
6eu1 npumenen Llanom n Conceom (1938 r.). Mnmes atoro meropa
COCTOMT B CJIGAIOIEM.

Myets B A (pre: 20) pacnonowmen ncrounuk saekTpoHos, Ecan
HMeeTCst OHOpOIHOE MATHUTHOE Mode 5%, nepneHIRKyIApHOC K M0~
CKOCTH PHCYHKA, TO Wwenn Sy 4 Sp BbUIEIAT H8 MyuKa Te SMEKTPOHEI,
CKOpOCTH KOTOPLIX YIOBNETBOPAIOT YCJOBHIO

mo?

e =ev#, . (10.3)

e p—— paaMyc KpHBU3HEI TPAGKTOpHH, ONpeleNseMOil pacluoIoxKe-
HueM wenefl Sy, S, S3. SnexTpoHs!, IPOUWENIIYE YEPCS LT Sy H S,

A

Puc. 20. Cxeva onuta Llawa u Cricea.

nonagatoT gateM B KounencatTop C. Beuly HAJIUUHs MArHHTHOTO
nosIsl, NCPNeHAUKYASIPHOTO K 3NeKTpHUECKOMY, 3TOT KOMACHCATOp
GAYKHT GUAbTPOM (CM. § 9), KOTOPbII MpOUIBOAKT Gojee TOUHYKO
MOHOXpOMATH3AIKIO CKOpOCTefl 3MeKTponos. B G pacmosoxen noc-
NpRHEAMAOIRKI OpHOOD, IpH MOMOIMH KOTOPOTO MOMHO CMIATh OT-
AenpHble au'leKTpOHbI, npomeslne qepez BCE [UeJH H KOH,‘:[SHCGTQ})v
Onpr cocToMT B TOM, 4TO mpH MAHKO{ BEJTHUMHE MATHHTHOTO MOJf
noAGHpalOT pA3HOCTL MOTEHLHANOB KA ILTACTHHAX KOHIEHCaTOpa
TaK, 4T06H 9HCAO HEKTPOHOB, perHETPHpyeMbIx cuerunxoM G, G0
makcuMaabEuM. Eenu & — nanpsakenocts nos B KOHAeHCaTOpe,
TO COTIACHO dopMyle (9.2) uepea HEro NpOfiayT TOMLKO Te HIEKTPO-
Hbl, CKOpOCTH KOTOPHIX Y/IOBACTBOPAIOT TpeGOBAHHIO

o=, (0.2

Kombrunpyst 51y dophyny ¢ (10.3), nosmysaem

e _ &
= (10.4)

Oneirh Lana u Ckcea, Tak ke Kak # onbiter Kamuisr — Tpuk-
Kepa, nOKa3auH, 9TO PACXOKIEHHE MeNCLy pe3y.IbTaTaMA, BLUACIeH-
EbMH 10 GopMyde Jlopenua — DiifinrrefiHa, n pesysbTaTaMy sKcre-
pnmeg-r’]i5 He mpesocxomasr 1,3% mam ckopocrell  saeKTpoHOB
p= 10,745
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BB nacTosmee BpeMs BOTPOC O 3ABUCHMOCTH MACCH! GHICTPO MBH-
JKYMAXCA HacTHIl OT CKOpOCTH TpHOGpen OrpoMioe TEXTHYRCKOR
3HauenHe, 7K KAK CaMblil (PAKT 3aBHCHMOCTH MacChl OT CROpOCTH H
(OopMya, KOTOpOHl KONHUECTBEHHO Bhpaxa@ercd 5Ta 3aBUCHMOCTE,
Jleskar B OCUOBE COBDEMEHHbIX LHMKJIHUECKHX YCKOpHTNE(l SaeMeH-
TapIbIX YACTHIL, TPEACTABAAIOWHE COGOH rpar/HosHEle TeXHHUeCKHe
CcoOpyHKeHHA. B 1HX YCKOpHEMEIE HaCTHLEL npoGeraT o Kpyry pa-
AnycoM z0 100 MCTpOB M npmolt_ilpeTalo-r SHepruH MOpAJIKA NECATKOB
MHaJRap/l0B 3AekTPoi-B0abT. [lpy pacdere sSTaX Maumix OCHOBHYIO
pOBb HrpaeT 3ABHCHMOCTh MACCH OT CKOpOCTH, i camoe [IHYTOX10€
oTCTYILICItHe OT HMCHONBSYEMOh (OpMYJIE Jlopenna — SHAMTeHA
npHBeno Gu K TOMHOA HEBOSMOMHOCTH paGoter Mamunb, Takum
06pasoM, B IaHHOE BpeMaA 51a (OopMyNIa IO/MKHA CUMTATECA TOA-
IBEDAICHHON BO BCEM HIITEPBANS JIOCTYNHEIX CKOPOCTEH.
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ATOMBL. U30TOINBI

§ 11. Beenenne

[pensayman r1aBa Gb1a NOCBAILEHA JICKTDOHY KaK OMHOH M3
BaXKHEHMMX /IeMEHTAapHREIX uacTHl, Mbl PacCMOTpestH NOKa3aTelb-
CTBA PeanbIOCTH SAEKTPOHA, @ TAKKe HenocpenCTBEHHbIE onpenede-
HAS BEJHUENE ero 3apAia W macch, B HacTosmef riaBe Mhl mepe-
XOmMM K paccMoTpeHHIo aToMoB seiectsa. Jlokasatenbersa peasb-
HOCTH aTOMOB XODOMIO K3BECTHLI H3 SMEMEHTADHMX KYPCOB (HIHKH
W XAMHE, NO3TOMY Mbi e GyJieM OCTAHABIMBATBCSA HA HHX M COCpe-
NOTOURM BHHMaHKE IDeXjle BCEro Ha BAXKHE{IIle§ XapaKTCPHCTHKE
aTomMa — ero Macce,

B xumu# 06LYKO 10L3YIOTCA 1€ aGCOMIOTHBIMH, 2 OTHOCHTE/bL-
HLIMH aTOMHBIME M4CCAMH WJIH aTOMHbIMH BeCaMH, MpHyeM 3a
ycnoBHylo efmummy Gepercs 1/12 maccw atoMa n3oTOna yriue-
pona C'2. Onpenenelne aTOMHMX BeCOB MPOM3BOAHTCH C MAKDOCKO-
DMYeCKUMH KOJHUECTBAMH BEIUECTBA NPH [OCDENCTBE XHUMHUECKHX
ananusos. TlomydacMible TAKHM IyTeM 4YHCAA HMelOT OrpOMHOE
NpakTHYECKOE 3HAueHWe M JIeXKaT B OCHOBEe BCCX XHMWUECKHX pac-
qetoB. Ecnu mpeanosoxute, Kak 510 H 1eaanoch A0 CPABHHTNBHO
HejaBHErO BpeMeHH, YT0 BCe aTOMB JAMNOro 3JeMeHTa HMeloT op-
HAKOBYIO Macey, TO, NOJb3yAch 3aKOHOM ABOraipo, COrjacko KoTo-
POMY B ONHOM MOJe JIOGOro BemecTsa COMePKUTCS ONHO H TO XKe
KOJIHYECTBO MOJ[eK)'.H’ MOXKHO pH TOMOIH XHMHUyeCKOro aToMHOro
Beca BHYACAHTb 1 aGCOMIOTHYIO MACCy aToMa,

B sroit rqaBe Mbl YBHIRM, OQHEKO, YTO XMMHYeCKHe ATOMHBIE
Beca He 0T BO3MOKHOCTH BLUHC/IATh AGCOMOTHEIE MacChi aTOMOB.
Tem He MeHee HCTOPHUCCKHC 3HAHHR XHMAUSCKHX ATOMHBIX BeCOB
Gbit0 BAXKHO He TOAbKO C NPAKTHICCKOH TOUKH 3DEHAS, HO H HO-
TOMy, YTO C HMX TOMOiNbIO OhiIa OTKPHITA BaXKHelmas 3aKoHOMep-
HOCTb, CBA3LIBRIOINAS ATOMEI DARJNMYHBIX 3MEMEHTOB MEKIy COGO,
3Ta 3aKOHOMEDHOCTb TDOSBASETCA B NEPHOAHUECKON CHCTeMe 3de-
mentos Jl. M. Menpeneesa, ¢ paccMOTpeHHst KOTOPOft MH H HaduHem
3Ty TIABY.

§ 12. Tepnonuueckan crcteMa onemenros JI. H. Menxenecsa

K cepepnne X1X . GbLIO OTKDPHTO GOMbIIOE KOJMHYCCTBO XHMH-
4eCKHX 3JEMEHTOB, H, eCTECTBEHNO, BOSHHK BONDOC — CBA3RHL JN
3TH 3MEMeHTH Kak-HHOYIb MeXny cOGOfl WaM HX cBOACTBA COBep-
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WeKHO CJYuaiiHEl W He 3aBHCAT ADPYr OT Apyra. Pasinunsie uacTHne
BaKOHOMepHOCTH GbUIM OTKPLITLL CDADHMTENBHO DPAHO, HO TONBKO
JI. U, Mengenceny ypanoch BUepBble HaliTH oGiunil 3aKOH, CBA3H-
BAIOIHA BCe 3JIEMEHTHl B @IMHYIO CHCTEMY, KOTODAd SIBJIACTCA RaH-
GoJce APKUM BLIP2IKEHHEM OGLHOCTH B CTPOSHHH aToMoB, Jlns toro
qr06bl MPABHJALIO OIENHTb [SHHAJLHYIO HHTYHIHIO, 61arofaps Ko-
TOpOii MeHIeseer OTKPbUI CBOIO CHCTeMY, HEOGXOAHMO HANOMHHTE
HeKoTophie (GaKThH,

Tepsas rtaGmmua Gewia onyGauxopana Menneneessim B 1869 .
K 3TOMy BpeMeHH Obulo H3BECTHO oxodo 63 snementos. OXnaxo
NpH PACTIONOKEHKE UX B CHCTEMY BHIACHHAOCH, UTO TOABKO 35 aae-
MEHTOB MOJKHO PasMeCTHTb YBEDEHUO B COOTBETCTBHH C HX aTOM-
HeIMA Becamu, lTonoKeHHe 8 5/eMeHTOB BHI3bIBAIO HejoyMeHHe,
Hanprmep, Gello memonaTHo, mowemy Zn, Cd w Hg monajaior 3
onHy rpymny ¢ Mg, Ca, Sr, Ba; eiye Goabllee HelOoyMEHHE BBI3bBAI0
noMemenne Mn B ofHy rpynmy ¢ raaoreamu (r. e. 3 VII rpymny
[epUONKECKOil cHCTeMer). HakKouel, piis ocTanbHeix 20 smeMeHTOR
MenzeneeBy TpHOUTOCH H3MEHHTh JHGO HX aTOMHbie Beca, JHGO
nopsiioK cnexpoBanns. Hepeaxo sTH MsMeHeHusl GblIM BeCbMa Cyine-
CTBEHHEIMH: TaK, HaIpuMep, aTOMHLU BeC NEPHS CYHTAJCH DABHBIM
92, MenyeneeB NpUOHCAA eMy aTOMHHI Bec 138 (compemenHOe 3HA-
uerne 140,12); atoMubie peca TOpHS M ypaHa, 10 AAHHHM TOro
BpeMeHH, GbLH COOTBeTCTBeHHO 116 M 120. Menpeneen Xe yxasan,
4TC 9TH aToMHbBie Beca JO/UKHH Ghith 232 u 240. Hakonen, nekoro
poie Mecta B tabainle Meunesnees oCTaBUJ MYCTHMH, yKa3aB Ha TO,
4T0 9TH MeCTa LO/KHBI GITL 3ausfThl e Ke OTKPBITHIMH 3JeMeH-
TaMR. B qacTHOCTH, OH TPeICKasal CymecTBOBAHKE TPeX S/IEMEeHTOB,
KOTOpHIE OH 11a3BAl 3Ka60DOM, SKAaAMOMHHHEM H 3KaCHIHLUEM, U
onmcas BX csoiicTsa. Bekope moene 3toro, B 1875 1, 6m OTKPBIT
sJleMeHT, HaaBaKHbill rajsinem. MeHTesdees TOTuac XKe yxasan Ha To,
4TO TFalNHH H €cTh MPEICKA3AFubA HM IKAAMOMUHAR B 4TO OH AOJ-
KeH HMeTh aTOMHBI Bec okoao 68, ylemsubii Bec 6,0—5,9 n aroM-
Hbii o6beM 11,5 Ha caMoM feie aTOMHLUi Bec railius OKasajcs
pasHbIM 69,7, yneaprEi Bec 596 1 aToMHbtr 0GBem 11,7,

OcHoBEOj (GaKT, 43 koToporo uexomna M. M. Mennenees mpn
TIOCTPOEHHH CHCTRMELI SJIeMEHTOB, COCTOHT B TOM, uTO €C/IH PAcmolIo-
KNTh MeMenTsl B NOPALKE DO3PACTAHHS ATOMHLIX BECOB, TO 3ae
MEHTH C AHAJOTHYHBIMH CBOJCTBAMR IEPHOIHYECKH MOBTOPSIOTCA.
Vcxonsl B3 3TOro, EMy YAanoch MOCTPOHTL «@CTECTBEHHYIO CHCTEMY
3/1eMEHTOB», KOTOPAs OKas3alach MpaBUAbHOM, HECMOTPA HA TO, WT0
ATOMUBI BEC, KaK BRICHHIOCH BOOCAENCTBHH, e MOMET CuHTATbCS
KOHCTAHTOIl, OHO3HAYNO ONpefiensiomeli UHANBHAY allbHble CBOHCTRA
aroMa. JleficTBHTENbHO, HHKe MBI yBHIMM, UTO CYINeCTBYIOT Beiye-
CTBA, KOTODbE B XMMHUYECKOM OTIOINEHWH Benyt CeGfl NPaKTHUeCKH
ONHIIAKOBLIM 06P230M, HECMOTDS HA TO, UTO Hx ATOMHBIE BeCA DASIHY-
#ul, Takue pemecTBa HA3LIBAIOTCA 43IOTONAMHU, TAK KAK BCIepCTBde
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HX XHMHOCKOfl TOXKICCTBEHHOCTH WX HEOBXOAHMO mnOMellars ua
OZHO U TO e MEcTO B HMepHONHYECKOH CHCTeMe (CJIO0BO <H3OTOMbBI
B GyKBAALHOM IepCBOJe ¢ TPEURCKOlI0 O3HAUART «3aHUMAIOIKE OLHO
H TO Xe Mecto»). XUMAUECKHE 3JEMEHTH Ha CamMOM JCA€ ABIHIOTCHA
CMecAMU W3OTONOB, a HX aTOMHBIE Beca, Onpejeasicubie OGBIYHbIMY
XHMHUECKIIMH METOJaMH, — CPEIKHMH U3 ATOMIEIX BEcOB BCeX of-
pasylowux #x wsotonos. Hapagy ¢ aromann, obaalaioulimi overs
GIU3KUMH CBOfCTBAMY NpH PASTHIRBX ATOMIBIX BECAX, CYWLECTBYIOT
TaKxKe aTOMH, 06JajaowHe pasIHyHHMU CBOACTBAME NpU OMHa-
KOBBIX aTOMEBIX Becax (H308aphi).

Hecmorps na stu daxrh, cosfannas . Y. MeuaenceBuiM me-
pHOJLANECKAT CHCTEMA SIEMEHTOB ARIRETCS NPABMIbHON ¥ ee
CemyeT TOTOMY paccMaTpHBaTh KaK @yHOAMEHTALbHbUL 3QKOR
npupodol. .

TlockodbRy XHMHYECKHE aTOMHbIfi Bec B ACHCTBHTCABHOCTH Re
eCTb CYWeCTBEHNbIf NpPASHAK GTOMA, OCHOBHOH XapaKTepHCTHKOA
3/1eMeHTa ABJSAETCA €ro NOJMOXKeHHe B IepHOIHYECKOH CHCTEME, a 3T0
[OJOXKEHHe ONpeNesieTcss HOMEepOM MeCTa, 3aHHMAeMOro JAHHLIM
sneMeHTOM B Tabanue Mendencena. I'ayBokas npHyHHA BAXKHOCTH
5TOTO UHMCNA, HAZBIBAEMOTO UTOMHOLM HOMEPOM, COCTOHT B TOM, 4TO
OHO fABJfETCS Ha CAMOM Aefe He NPOCTO NMOpPALKOBbIM HOMEPOM, HO
OOl K3 OCHOBEHIX (PUBH4ECKHX KOHCTAHT aToMa, Kak 370 Byier
TIOKA3aHO HUXKeE.

Bo3SMOXIIOCTh pacloIOKeHHs MEMEHTOB B NPABHIIbHYI0 CHCTEMY
TpH TIOMOLIH ATOMHEIX BECOR OCROBAHA HA CACAYIOIEM 3aMeuarenb-
HOM (haKTe: €CHNH XapaKTepH30BaTh AAHNbIf JIEMEHT ATOMHbIM Be-
COM, OnpefensieMbiM XHMHYCCKHMH METONAMH K ABJAIOULUNCA Cpel-
HHM H3 aTOMHBIX BECOB BCCX H30TONOB JAHHOTO SJIEMEHTA, TO MEXIY
STHM CpeNAM ATOMUBIM BECOM H aTOMHBIM HOMEDOM CIlIecTByer
1pOCTas MOHOTOHHAS 3@BACHMOCTH (pnc. 21). B meMHOTHX CaIyuasx,
gorga »10 coorserctsue Hapymacrea (K—Ar, Te—I, Co—Ni),
Mengesee ¢ reBHATLHON HUTYHUMER pacnofoKui SAeMEHTH Hpa-
BHJbHO, BONPEKH HX aTOMHLIM BecaM.

Ha puc. 22 ¥ 23 npHBEReHH HEKOTOpLIe NpHMEpE! NepHonHue-
CKOro MOBTOpeHHs CBORCTB aToMoB. Puc, 22 mpencrasnser KpHoyio
ATOMHBIX 06BEMOB: [0 OCH aBCUHCC OTIOXKeHE! ATOMHB{E HOMEpa, [o
aTouHul Rec

IIGTEOCTE )' Ha pHC. 23
npexcTaBiell Ha OfHOM JHArpaMMe XOX HECKONBKHX (H3A4ECKux
CBOMCTB B 3aBHCHMOCTH OT aTOMHOrG HOMepa, & HMEHHO — BepXHsaa
KpHBas /1T X0 OBPATHLIX BETHUHH TeMNIepaTypel N1aBAenHs, Cpen-
HAs KpuBas — XOIL KO3 GUUAEHTOD THREHHOIO PaCIIUPCHHA B HHXK-
B — CXAMaeMOCTH. BHINO, UTO Bee 5TH CBOBCTBA He TOMBKO Me-
pUOIMUECKH HAMCHSIOTCA TipH MOHOTONHOM BO3PACTANKN aTOMHOTO
HOMepa (CpelHero aTOMHOTO BeCa), HO UTO MaKCHMYMbl W MHHH-
M3MEL y BCEXx KpHBbIX NPHXOLATCH Ha LK H Te XKe 3HAYEHHA aTOM-

OCH OpJHHAT — aTOMHEe OGBLEMbI (=
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HOTO HOMepa, 7. €. UTO Bee 9TH CBOACTBA O6NApYKMBAIOT OOURIKO:
84J#0 TIEPHOLUUHOCTD. .

Buemrue hopMEl, KOTOpie MOLYT GuTh DPHAAHEL €CTECTBEHHOH
CHCTEME 3]EMEHTOB, BCCbMA  pa3HOQBpasHbl. Hau6osee pacnpo-
CTpaHeHHLIMH HBAAOTCA TABAAUE ABYX BHIOB — C JUIHHHLMH
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Prc 21, Atowmnii Bec Kax QYHKWIA ATOVIOIO HOMCPA.

H KOpOTKHMH IepHONAMH, Teopetuyecky Gosee ofockosana 1abania
¢ RauHHEIMH nepronamu (taGanua 111 #a cTp. 48). )

PaccMOTpuM TOCIEROBATEAbHBIE DAL aroft Tabmiusl. ITepBaiil
pAIL COCTOHT BCETO H3 JIBYX SJEMCHTOB: OH HAIANACTCA OJIHOBAJIEHT-
HBIM SI€MEHTOM BOZOPOAOM H 3aKaHUMBAETCS GArOPOLHLIM TasoM
requeM. Tpe1nii »JeMeHT — aHTHIi — ChOBa OANOBAJEHTER; OF #B-
nfeTcs THNMYHLIM METAIoM H 061ajaer pe3KO BEIpaXMEHHBIMI
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meqoSHLME cBoficTBaM#. [10 Mepe MpoABHKenws Bipapo ofa 3T
CBOMCTBA 32METHO OCNAGASIOTCA H NOCTENEHEO MPOSBAAIOTCA CBOA-
CTBA NPOTHBOMONOXKHbIE; HAKOHEI, EBATHI JeMenT — $TOp — OKa-
3LIBAETCHA ANTHMOAOM JHTHS: OH SBJSETCA THIHYHBIM METANIONIOM
W 06Aa7aeT PESKO BipAKEeHHHIMH KHCAOTHBIMH CBOACTBAMH. Hanee
CJleflyeT GAATOPOARILIL T'a8 HEOH, a 3a HM MENOYHOR MeTa HATpHit

”

Prc. 2. TlepnommutocTs duonuecknx cpoficts. Bepxussn xppai — opatabie

Temicpatypi masbaenwn (/T)+ 10°, CPETINA KpHBAT — KODGGUUASHT MHHEAROTO

pacwmperus - 10% HUAKHAR KPHB3R — KOSGOHHUACHT CKUMAEMOCTH 2+ 108,
B mectax, YIKTHPOM, X CHENCHHH HET.

(M 11), # BCA KapTHHA BpeHAYLIEro NEPHONA HOBTOpRETC, Tax
9O Yepes BOCEMb 3JeMEHTOB (CUHTAd H naTpHA) Mbl BHOBb BCTpe-
qaeM UIeOUHOH METaNI KasHfl, KOTOpOMY NpelIecTByeT 6taropof-
e ras aprou (Ne 18).

[Tepex0/ OT THOHYHbIX METAJIOR K THIHIHBIM METAMIONIAM MO
HCXORHD Huepe3 «aM{OTepHEIi» aneMenT — kpeMpuil (N 14), xoTo-
phift OGnanAeT ABYMS MOMHQHKAUHAMA: MeTaJuHuecKoi H HeMeTal-
Tnueckod. CIGAyIOUIMH, YerBepThlfl, NepHoi, Hadusaiowmufics xa-
JTHeM, COCTORT yXe He H3 8, a 13 18 3neMentos, Tak Kak caeyontu
3a Kaguem MEeNOYHOH METal1 — pyGuaui — CTOHT yiKe Ha 37-M Me-
cre. 3a pyGunueM crciyer HOBbH GoMbInOf NepHOA, TAKKe coCTof-
it u3 18 sacmenToB H 3akamuABaoMiics na 54-M MecTe 6raro-
ponuby rasom xcesonom. [lanee cHOBA HAET MenouHof MeTaunl
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ueanit (Ne 55), KOTOpPHIii OTKPbIBAET CAMLIfl AMHIHBI ICPUOM, CONEp-
xampii 32 anementa. Cpeln 3Thx 32 5ieMeHTOB 0coGylo rpynmy
06pa3yioT caenyiomue 3a JapTanoyM 14 agementop ot 58-ro 10
71-r0— pefkHe 3eMmu BRI «IAUTANRIH», — 0BIANAIOEHKE CTOMb
GAU3KMMH XHMHUECKHMH CBOHCTBAMH, 4TO Pa3fleneline UX NPEACTAB-
JSeT IS XUMEKA OYeHb TpYARYIO 3ajauy. Mmenno penencrsue sToft
GAH3OCTH XHMAYECKHX CBOMCTB MAHTANUNOB B TabARIC HM yAeneHa
onHa K7eTKa, a Bech pAj IpHBOIHTCSA OTAeNbHO. [Tocne HEU NepHOlL,
OTKpbiBaionLHiCH 87-M S/IEMEHTOM, COCTOMT H3 HEYCTORUHBBIX ecTe-
CTBEHHO paNHOAKTHBHBIX aseMentos. CaMulii TAXeNbIf U3 BCTpedaio-
HHXCS B PHPOE 5AeMeHToB — ypan (Ne 92) 1o Helanuero BpeMeHH
6Bl H TMOCAEHUM 3MEMEHTOM MEepHOXHYECKON CHCTeMb B mocret-
HMe TOIB, OMIARO, YAANOCh HCKYCCTBEUHO ROJIYYHTL paAl Sonee Ts-
HKEJbIX — «TPalICypaHOBLIX» — 3/IEMEHTOB BIUIOTh JC JneMeHTa ¢
HoMeponm 104. HICcirenoBakke HX XHMUNECKHX CBONCTB H MepecMOTp
XMMHYeCKHX CBOfICTB IpeNIIECTBYIOIMX 3JEMENTOB NpHBENH K 3a-
KITIOUeRHMIO, §To cAenyomufi 3a aktuadeM (Ne 89) anement TopHi
{Ne 90) oTKpbiBaeT rpynmy GH3KHX MO XHMHYECKHM CBOACTBAM 3Jle-
MEHTOB — aKTHHHZOB», ONOGRYIO TPYINe perKo3eMenbHEIX MeTan-
JIOB — «MaHTABNWAOB>.

3HaunTelbHO B0Mee paACTpOCTPAHCHEON ARAAeTCs Apyras dhopma
eCTeCTBEHHOM CHCTEMEl 2JICMENTOB — TalJAla € KOPOTKUMH MEpHO-
famu (taBauna IV na crp. 49). Ee rasHHM NpeHMyLiecTBOM fiB-
JisieTcs KOMNAKTHOCTL, NELOCTATOK — B TOM, YTO pachpexeneHue
BCeX 2JeMEHTOB B BOCEMb IPYAI OCYHIECTBJAAETCS NOBOMLHO HCKyC-
CTBeHHBIM NyTeM BBeJeHHs Hoxrpynn H «rpuan» (B VIII ipynme).

§ 13. Onmpeneacnue HCTHHHBIX Macc aToMoB. Merton napaGoa

M3 npeabiymero naparpaga CACAYer, 4TO Onpefe’eHHe HCTHH-
HLIX, @ He CpeHUX ATOMHBX Macc ABJAETCS OueHb Ba¥uof 3axanei.
HanGosee TOUHLIE COBPCMEHHBE ONpENENelHs aTOMHBIX Mace, OCHO-
BaHEbE HCKIIOUHTENBHO HE pO3AU4lt MACC WAXEBHAYATBHBIX
ATOMOB K He 3aBHCAmHE OT KakuX G TO HH OblIO JpyrHX uX
CBOfCTB, OCYHIECTBIAOTCA NIpH NOMOIIH OTKJIONENHS MONOB PasfHy-
HBIX rasoB B SNEKTpHYCCKHX H MarsuTHuX NMOJAAX. Breppble Taxoi
meton 6u1 npenaoxen JIxk. Jix. ToMcoroM.

Ecau 8 Katofle paspamnofi Tpy6kH, paboOTAIOnell HPH NMOHKKEH-
HOM JABJEHHHM (COTBIC NOAH MM pT.cT.), CHedaTbh OTBEpCTHE, TO
HOlb;, HANPABJAIONIKCCA K KATOAY, NPOXOQAT Yeped IT0 OTBepCTHE
H 06pa3yloT 32 KATOJOM NOTOK Jyuefl, HAIbIBACMBIX KAHAAOGHLMN.
DTH KAHANOBLIE JyUH COCTONT B OCHOBHOM H3 IIOJOXHTENLHbX HOHOB
TeX ra3oB, OCTATKH KOTOpHIX HAXONATCS B paspsalnofl Tpyoke; B HX
COCTAB BXOAST B MENBILCM YACAe TAKXKE HfTpadpHLe YACTHIE H OT-
pHLATe/bHEIE KOHE!, BOIHKAIOMHE MPH PEKOMOUHALMAX MONOXKH-
TeJbHLIX FOHOB H 37EKTPOHOB B MPOCTPAHCTBE 32 KATOLOM.

§13 OTIPEJEJIEHUE HCTUHHBIX MACC ATOMOB METON TAPABOJ 51

Meton ToMcoHa NO3BOJIAET ONPEAENATL OTHOCUTENbHEIE MACCH
OTAEALHBIX WACTHI, BXOLANIHX B COCTAB IyyKa KAHAJNOBLIX Ayded,
. caenyiomuyM 06pasoM. Kananossle Jyuu moayuaiores nyteM mpo-
XOXKIeHES HOHOB, KOTOPHe BO3HHKAIOT B YCKODHAIOTCH B paspaHOi

(
4

Puc. 24, Cxema meropa napaon.
Tpybxe, Yepes Kauan K (puc. 24) 1MHOWL B 2 CH H AHAMETPOM B
0,1 sy Baarogaps 3HaudTenuHON MMHE KaHAMA MydOK MOJNydaercs
NOWTH NAapaUICJAbHLIM; OH CONepIKHT
yaCTHIL DA3NMYHBIX SHEpIHil BIAOTH
10 MakcaManbHOH, ONpefiensieMoll Ha-
LpsiKenHeM ua Tpybre. [Tyuok Kaua-
JIOBLIX 4ACTHI[ [OABEpraercss 3aTeM
NefCTBHIO TOMEpeuHbIX Noel — a/1eK-
TPHYCCKOTO ¥ MACHWTHOrO, Halipad-
NenHbIX nﬁpamenbno W aHTHIApad-
aenvuo. Ilpu oroM 3apaxeilabie ua-
CTHUDBI OTKJAOUSAIOTCH SJEKTPHUCCKHM
A MATHETHBIM NOJSMH BC B3aHMIO
MeplenAnKyAApEbiX HAMPABNCHAIX, H,
kak Mel Bumean B § 10, ecan myuok
COCTOAT H3 UACTHIL ONMHAKOBO{ ‘Mac-
Cbl, HO PpA3NHYHBIX CKOPOCTeil, TO N
3JEKTpUYeCKOe ¥ MAaTHHTHOE MOMAf Puc. 25.
pasBCpTHIBAIOT €O TaK, uT0, Majas ya
(ayopecnupyOnEE 5KPaH, HOCTABNCHHBIA TePNCHINKYIAPHO K nep-
BOHAYANbIOMY [ANpAaBJCHAIO MyYKa HAE Ha (GOTOTAACTHEKY, OH
OCTaRJAET CJlej B BUIE OTpe3ka mapaoabl, GoJee NOAPOGUO H3O-
Gpaxennof Ha puc. 25. ’

z
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TTycTp 3A€KTPHYECKOE OTKJOHCHHE HANPARJEHO NO OCH £, a Mar-
autHOe — o ock z. Torga, xak 6wno noxasano s § 10, mexny z u
X IOJHKHO HMeTh MeCTO COOTHOICHHE

2 A e

x B m’

(10.1)

rae A u B — nocrosnnsie npu6opa (cm. § 4). Us (10.1) noayuaem

g A
P =g (13.1)

3apal noHa MOKET BuTh TOMLKO UETHIM KPAaTHHIM 3apsia dJex-
TpoHa (T.e. MOXer 6HTh paseH ¢, + 2¢, ...) Ecau sce Honbi 3a-
pFRAEHB OXHOKPATHO, TO, KaK TOKa3pBaer dopMyaa (13.1), npu
TOCTOAIIOM 3HAYCHHH aBCUUCCH ¥ MacChi HOHOB OBpaTHO NpOIIOp-
1IMOHAMLHEl KBAApaTaM opAHNAT (oM. pHC. 25).

Hauano KOOp/mHAT (PHKCHpYeTCs Ha (OTOMJIACTHHKE Hesapd-
JKEHHBIMH HaCTHLUAMH, KOTOPbe He OTKJIOHSAIOTCH B SJEKTpHYECKOM
W MATHHTHOM TOJfX, HO HHKaKHX OCefi KOOPJMHAT Ha NJACTHHKe,
KOHeuno, He uMeetcsl, J1s Toro 4To6H CAENaTh BOSMOXHBM npoMep
OpjlUHAT, 1eOBGXONHMLIA 117 ONpeleneHHs Mace, HanpasjieHHe Mar-
BUTHOTO NOJIA B TEYeHHe OHLTa MepsfAeTes (B OTMHYME OT ONHTA MO
OrpejieNienHio 3aBHCHMOCTH MAcChl SJIEKTPOHE OT CKOPOCTH, OMH-
caHHoro B § 10, rfle nepexsoyaeTca SMeKTPHYECKOE NOJE), H TAKHM
nyTeM, KpOMe OTpeskos napadon M, P(g, TOYTAIOTCA elle CHM-
MeTpHuible OTPE3KH MN, PIQY,

Ecnu B nydke Hapaly € OZHOKpATHO 3apsXKENNbiM# HOHAMH
BCTPEUAIOTCA I ABYKPATHO 3apskennbie (Hampumep, O n O™), To
nocncAnye AAKT napafony, COOTBETCTBYIOULYIO MOJOBUHHOH Macce
(manpuMep, napaBona O+ coorsercrayer Macce 8). Oxnako cyme-
CTBYIOT BHeIIlke TPA3HAKH, NPH TMOMOIIH KOTOpHX MOXKHO OTIHYAaTh
napaGoJbi MEOTOKDATNO 3apSIKEHHBX HACTHL OT Napabor wactdl,
3apsKEHBb(X ONIHOKPATHO.

Ha prc. 26 npupefeHs lse (oTorpadmu napaod, nodyuennse
3THM MeTOZOM, HO Ha COBPEMEHHOH YCOBEPIUGHCTBOBAHHOH ycra-
sonke, Ha nesoit (otorpaduy OTYeT/NHBO BHAHH 1Be napabossl,
ofpasopanubie ONHOKPATHO 3aDAKEHHBIMH HOHAMH ONHOTO H TOro
JKe BemecTBa — HEOHA, — ¢ OYeBUNOCTHIO YKA3LBAIONIHE HA Cymic
cTBOBaHHE Y HEro H3OTONOR ¢ MaccaMm 20 u 22, Dt dororpaduu
[OKA3LIBAIOT, yTO WPH COOTBETCTBYIOmwEH KOHCTPYKUHMK JeTa’ch H
npaBRAbHOM pacuere MpUEOpa MOKHC moaydaTh mapabosil 8 BHIe
OueHb TOHKHX C/e[0B, PA3JENEHHBIX XOCTATOTHO GOJBUIMMH MpO-
MeXyTKaMy IpH §eGoibioM pasauinn Mace. Makcumaabnas pas-
pemamwmas CocoBHOCTb, KOTOpast Gblna mosyYena TaKHM 0GpasomM,
paBHa oo, T. €. JBE NHNUH, COOTBETCTBYIOUHE MACCAM, PASNIHYAIO-
mEMcs Ha Yeo CBOGH BENWuHHBI, Cme BHIHL pasfeqbuo (/pH
20-kpaTHOM yBeanyennn). ONHAKO CYINECTBEHHEI HEAOCTATOK NPH-

§14 MACC CRIEKTPOTPAGDBL 53

Gopa 3aKAKOUAETCH R €ro KpailHe Manoil «CBeTOCHIe»: AR mojyde-
HUSL Pe3icHX JMAHE TPHXOMMTCA AEATh OyeHb Y3Kie WICAH, a SJeK-
TpHUECKOE H MArHTHO® 015 PAacTArHBAIOT, KPOME TOTO, MOTOK Ha-
CTHIU, DGAEJCTBHE UCTO WHTEHCHBHOCTh CJIeAa OKa3bBaeTCA O¥eHb
Mauof., Yea0Bus 9TH HECKOJBKO HAMOMHNAIT TO, 4TO HMeeT MECTO

Pitc. 26, TapaGonsi HOHOD PasAHiHHY ras0s.

B (OTOTpagHuCCKOll kaMepe C MajLiM OTBEPCTHEM Be3 OGDBeRTHEA:
yMeHbiias AAMETp OTBEPCTHS, MOXHMO NOJYWHTb CKOAL yrOANO
peakoe n30GpaeHie, 110 SKCTOIALUA UpH ITOM yREMIMHBAETCA JO
NIpaRTHYECKH HENpHEMIeMOk AT IbHOCTH

§ 14, Macc-cniexrporpads

BonpuIHM TIpEHMyLIECTEOM Nepel MeToloM mapagon ofnananr
Te METOw), B KOTOPHIX NPH NOMOLIH PASTHUHLX KOMOIAUMH SJeK-
TPHUECKUX f MarHATHLLX TOJEl IOCTHIaeTCH (JOKYCHPOBKA 3apiier-
NBIX 1ACTHL, YCTPOEHHLC TAKHM 06pasoM NpuBopL HashBAWTCH
Macc-CiiekTporpadiaMa;, NepBbif U3 nHX Gl OCYWECTRILH Actonom.

Bror cnexTporpad HMEET creylomiee YCTPORCTBO. TToaoauTeMD-
HO 3apSIKCHHBIC HOHDI TIOAYdAIOTCS NpH paspaie b TpyBKe ¢ MOHU-
SKCHUBIM AaBaennes. epes oTepcTHe B KATOAE STH HOHLL ONAJAI0T
B 3akaTONHYI0 4acTb B BuAC DyyKa KANAJOBhIX YacTHLIl R MOLBEp-
ratoTea anpainsy. C 5TOf 1eabio 1Iyuok Npeie BCero Jeaactesd na-
paafensHblM [PH NOMOmH ABYX KOJHMATOPHLIX meleH Bi n By
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wupuston 0,02 sa (puc 27). Konpencatop P1P; pasneprhiBaet a1om
Ny€q0K, napas UACTHHAM OTKJIOHEHHe, NPONOpLHOLATbIOE ¢/mu?.
Yacth 3T0r0 pasBepHYTOro nyuka, BhifedemHas 3kpadoM C co
Weapo Bg, TnonajaeT 3aTeM B MarHuTHOe foJe, Co3/lapaeMoe 3/Iex-
TPOMArHHTOM ¢ MOJIOCHHIMH HakoHeunnkaMu M. B oranune or Me-
Tofa Tomcona, TAc MarHUTHOC NOMe HANlpaBJen0 NapaatenbHO HaH
AHTHRAPAJIENbHO SJICKTPHIECKOMY, B mpHBope ACTOHa MArHHTHOE
nOJe HaNpaBieHo NeprexOUKyAApHO K 3JICKTpHUecKoMy. Bpnuay

S Y

\ g
T~ T

Puc. 27. Cxema ‘wacc-cnextporpaga Acrons.,

STOTO OTK/OUEHHC UACTHI roA AeHCTBHEM MArHHTHOIO HOJAH 34ech
TIpOKCXONUT B TOM K€ MIOCKOCTH, UTo H 37EKTPHYECKOe OTKJIONCHHE,
a CTOPOHA, B KOTOPYIO HANPABAEHO MAarHUTHOE MOJC, BhIBHpaercs
TaK, YTOBLI YACTHIb B HEM OTKJIOISUIHCL B HANlpaBJeHUH, IPOTHBO-
TIONOMNHOM HX S/EKTPHYECKOMY OTKiIOHeHHio. IIpH TaKux yc/loBRAX
MarHKTHOE T0Je, B KOHIe KOHIOB, COBKpAET YaCTHUL, 06/aa0mue
OIMHAKOBOH Maccoil (TouHee, OJMIIAKOBON BENMYHHOH OTHOLIEHHS
e/m), HO pa3nUUHLIMH CKOPOCTAMH, B oBmeM (oKyce Ha ¢oTomia-
crunike S. B camoM neile, OTk/IOHEHHE, HCILITHBAEMOE HOHAMH B
KOHJIGHCATOPE, NPONOPLHOHATLHO €/mv?, a paiuyc KpuBHSHE Tpa-
€KTOpHH B MAarHHTHOM noxe no dopmyre (4.9) nponopuuoraneH
fmvfe TlosToMy Te 4aCTHUL, KOTOpLIE HCMBITAMM GOJIblIee OTKIOHE-
HHE B 3JGKTPUYECKOM [OJe, BYAYT ONHCHBATL B MATHHTHOM Hoje
TPAEKTOPHIO C MENbIIHM PAfHyCcOM KpHBU3HEL (puc. 27). B pesysn-
TaTe MATHUTHOE [IOJle CBEJeT PACXOAAHICS [1yYOK KOHOB B OGIIeM
poxyce. Tloxasaunas na qeprexe CleUMabHAT (OPMa MOMOCHBIX
HaKOHEYHUKOB yiydImnaer $hoKyCcHpPOBKY.

Caenyomas ONTHYECKAs amasorH# MO3BoJIseT Aydlle MOHATH
JeficTBHe MpHGOpa: nAPaAnedbliBfi TydoK Jyuefi 6eaoro cBera
(puc. 28), mpoiiaa uepes npuamy P, pasBepThHIBAETCH B CHEKTp.
Bropas npusma Py, pacnonoxesHas BeplIHHOf B CTOPOHY, IPOTHEO-
HOMOKAYIO TepBOf, H HMeIomas BOMbIYI0 AHCTIEPCHIO, BHOBb COBH-
paeT BCe PASIWTHO OKpameHHbe Jyul B Beamli «pokycs. 3mech
niepBast MPH3Ma OTHEYALT BICKTPHACCKOMY MO0, BTOpAs, — MATHHT-

e
e

4
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§ 14 MACC CTEKTPOTPA®HI 55

HOMy; Jy4H pasnuunoll JUIHAB BOMHL — UACTHUAM pa3NHIHBIX CKO-
pocreit.

Tounas teopust NpHGOpa AcTona xoBoMbHO CoXKHa. Mul nphse-
HeM 3fech TONbKO HEKOTOpLIE NpOCTHle COOGPAKEHHs, PasbiCHAO-
mye yenosus $oKycHposkH vactuu, Ilycts df Gyner yraosas mi-
PHHA NyuKa, pasBEpHYTOro 3JCKTpHUECKHM MOJNEM H MpOMyUeHHOro
mexsio B, Ecain [ ectb paccrosiide o1 cepefiiHb KOHIEHCATOPA A0
LeHTpa MAarHATHOTO MOJIsl, & F — PACCTOSIHHE OT LUEHTPA MATHHTIOTO
11049 10 hOKyca, TO B OTCYTCTBHC MArHATHOTO FOJS NYYOK, passep-
HYTHIl S/IeKTpHYECKHM MONeM Ha paccrosnin [ -+r, npHobpen bl

Prc 28, OnTHYecKan 9KBHBAICHTHAR CXCM8 MECC-CHERTPOTPa(A.

wapuny ({4 r)dd. Lan Tore 4706 OCYmCCTBUNACH HOKYCHPOBKA,
374 WApHEA AOMKGA ObITh KOMIEHCHpOBAaHa MATHHTHLIM OTKIOHe-
HEeM, BallpaBJeHHsIM B MpOTHBOMONOXKHYIO ctopody. Ecau d ects
yrioBas WmEpHIZ, KOTOpYlO MpHoGperaer HyIOK BCrecrphe Mar-
HHTHOrO OTKJIOHCHHs, TO rd Byler ero nUHEHHOW WMpHHOA Ha
paccrosuun r. Jlas (oOKycHpOBKE Tpeyercd, 4toGbr OTKIOHEHHe
B 5€KTpUYECKOM TOJIE KOMIEHCHDOBANOCh OTKAOHEHHEM B MArimT-
HOM Tosle, DTO LaeT yCI0BHE

({4+ndd—rdp=0. (14.1)

PaccMOTpHM cHauala MydoK, OAHOpOMIB MO Maccam, T.e. No-
JIOXKHM, 9TO JJ1s BCEX uacTHn nyuka ejm = const. OTkionenue z
Napa/nebHOro NYYKa §acTHL B OJHOPOXHOM SJEKTPHUECKOM rone
no dopyysam (4.11) n (4.12) Gyner

e
2im0®

z &a?,
Tle @ — 1TuEa Koudencatopa. OTcioga IAs ManbiX yriloB OTKJOHe-
Hus & nmeeM 3
z e
G~ tgd=-7 ez &2

H, CJEOBATENbHO,

e
Go 3 o Ea=const.
Tuppepentnpys, nonydaen v?d¢ 4 2v6do = 0 wnn
L (14.2)
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Pannyc KpHBH3HBI TpaGKTODHH B OLIIOpOAHOM MATHUTHOM NoJe L0
(4.9) pasen
me |

e #°

OTciofa yroa OTKNOHCHHS @ B MarEHTHOM moae

L e
- L78,

@ 2]
rme L —jaauHa nyTH B MarkuTHOM noge. Tax Xe, Kak H paHblue,

nonyyacM quzi L3 —const, gdv +vdg
Y o [}

dy _ __do

o & (14.3)

Tloncrasnss d§ u de u3 (14.2) u (14.3) B (14.1), Haxoaum
4 (g —20)r — 28] =0.

Tak kax dvfv 5= 0, 10 370 ycnoBHe GyJIET BhUIONHEHO, €CJIH Bbipa-
MEHHE B CKOBKAX paBHO HYJIO, T.C.

(p—20)r =218. (14.4)

TeoMeTpHYeckuii CMLICA 3TOr0 COOTHOWE(HS MOXUC MOSCHHTH
npn noMongu puc. 29. Ilyers Z—cepeinna S/MeKTpHYECKOTO NOASA

Puc, 29. K yCuOBHIO (hOKYCHPOBKH B Macc-cliexTporpade Acropa.

konfencaTopa, O — cepeiHa MarHHTHOrO nojs, F— (oxyc, B Ko- K3
TOpPOM COBHpAIOTCS YacTHibl BolGpaHHolt namu maccel. ZN ecth Ha-
NpasaeHHe NoJeTa KaHAJOBHIX H2CTHY J10 TOTO, KAK OHU WCNLI1AAHM
oTiioHenne. Ecu » Tpeyroasiuke OZF yroa npu Z papen 20, gax
NOKA3aHO Ha YepTelke, TO HA OCHOBAHHH TPHIOHOMETPHYECKOH «<Teo-

L .
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peMbl CHHyCOB» NOJy4aeM, NPHHUMAs BO BHEMauwe, 4To ZO ==/ 1u
OF =r (cM. pue. 27),

Sn20 | sn(g—20) (14.5)

Jlnsi MadBIx yIa0B cOOTHomicHHe (14.5) cpasy maer (l4.4).

Jlo cHX nop MBl HMCITH B BHMy YaCTHIb! C ONPeeNeHHLM slaue-
mueM e/m. OKasLBaeTcd, OJHAKO, YTO €CH pacloNoKuTh hoTonaa-
crunky FP tak, utobb npamast ZF nemana B ee NIOCKOCTH, TO Ha
[7aCTHHKE OJHOBPCMCUHO pACHOAOKATCH (BOKYCH A pa3THYHLIX
efm. B caMoM fene, BrfepeM 3a moasipilylo ock mpamyio OX, na-
panembylo ZF. Torna pamuyc-sextop, BpoBeleumbiii x F, Syder
pasell r, a nONApHLI yTOA W, KaK BAAHO H3 YepTexka, paden ¢ — 26.
Paccrosuue @ Mexay ZP u OX 6yner pamio rsin (@ — 28), uau no
(14.5)

a=rsin(p— 20)=1sin 20 ~ 2/0.

Ho tak kax yron § gpuKcHpoBau pacnonoxennucy wean Bs (pnc. 27),
To @ ecro nocrosnuar  eeaudtna. Ilonw3yacs 0603HAYCHUAME

@—20 =, 28 = a, u3 (14.4) noayyaey

(14.6)

BBHAy TOro, 4T0 @ —IOCTOAHHAA Beduuuua, (14.6) ecTn ypap-
llenue THIEpGOINUECKOA Crnupany *). Dra Coupadb eadeT BecKo-
HeuHoe UHCA0 060pOTOB, NPHOMUMKAACH K HAYANY KOOpAHUAT, HO e
nonajas B Hero; OHAa MMEeT ACHMITOTY, NapajienbHylo IoadpHolt
ocH W OTCTOSILNYIO OT hiee ua paccrosHuu 4. [TostoMy, ecin pacno-
NIOKKTh (HOTOMIACTHIKY T4aK, UTOGH 3Ta AcCHMITOTA LAXORHAACh
B CC ILIOCKOCTH, TO BCe (hOKYCH, KOTOPHIM COOTBETCTBYIOT YL 1,
MeHbUIHE HCKOTOPOfi OTpeleneHHOH BeANYHHb, BYNYT AeKATD B 110+
CKOCTH (OTOMIACTHHKY, ueM M OGecneqHBacTcs De3KOCTb JHRuk
B MacC-CrIeKTpe.

Ha puc. 3pO IpHBEIEHO HECKONbKO MACC-CIEKTPOB, CHATHIX IpH-
GOpoM ONHCAHHOrO THIA. BHIHO, HACKOABKO pesKH JHUHH 3TuX
cuekTpoB. Paccrostiust MeK1y HEMH (AHCRepCHS NpHGOpA) HACTOME-
KO BCJHKH, UTO H3MEDEHHS MacC W pasieneune BAHIKHX Mace MOXKHO
IIpOX3BONHTD C BLICOKOH CTENeusio TounocTd, B cayom nxexe, mph
ANUEE CIEKTpa B 16 ¢4 Ha HEM YKIa[bBalOTCH JHHHH aTOMOB, KO-
TOpHIM COOTBETCTBYIOT MACCHI, pas/AHYAIONIAECS HEMHOTO 60/1ee yeM
B 1Ba pasa; H3MECUEHHE MACCHl HAa OIMH NpOLEHT COOTBETCTBYeT
paccrosnmo aunufl oT 1,6 Do 3 a4 (B pasibix YacTiX IVIACTHHKM),

#) Cw, nanpiwep, B M. Cuupsos, Kype puciveit Matemarnky, 1 1, «Ha-
yia», 1967, cip 19
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Js onpenesienns Mace no STHM CIEKTpaM MOCTYNAIOT CaAefyio-
M 0B6pasom, Bo-NepBLX, HYXKHO BHBPATL KAKylo-MHBYIb OMpene-
AICHHYI0 MACCy B Ka4eCTBE «CTAHAAPTA», TAK KAK UpH MOMOmH Macc-
CMEKTPOB MOIyT GbITh ONpEledeHbl TONbKO OTHOCUTEALHbIE BENH-
UHHB Macc. B tak Ha3biBaeMoll pHIMUCCKON [Kase MaCC 32 OCHOBY
Gepertca mMacca m3otona yraepona C'2 = 12. Bo rophix, xaa oflpe-
JeneBHs NEU3BECTHBIX MAacC CAEAyeT NOCTpOHTH TpallyHpOBOYHYIO

Pc, 30. HeCKOBKO THIRUX Wace-CieKTpOB,

KpUBYIO, OTKIA/bIBA HA OCH AGCUHCC paCCTOSIHHUE JIMIUA OT ONHOH
OMpeeIeHHo) TOUKH [ (GOTOMIACTHHKE, a Ha OCH OpAMHAT — COOT-
BETCTBYIOmHe Macchl. DTa mKala Mace MOXeT GLITh yeranoBJeHa
TipH NOMOIIM AWHWI, CBASAIMBX C MaccaMy, O1HOLIEHAE KOTOphIX
TOURO U3BeCTHO. Hanpumep, 1HHNAM aTOMa H MOJICKY/IE KHCAOPOKA,
O n O, cxenyer npunucaTs Macce 16 u 32; ONHO- H ABYX3apAMNLIM
noraM Ot u O+ wago mphuucars Macent 16 u 8 u 1. I

Ha puc. 31 npHBenen npAMep rpagynpoBOWIOd KpHBOH CHEKTpO-
rpaga Acrona. Kak Buano, owa Maio oTaumuaercs o1 OpAMOl, 4TO
oBervaer ZOCTHXeHHe BLICOKOH TOMHOCTH. JIisi NOJyYeHHS MaKCH-
MajbHOK TOYHOCTH NpHMEHHIOTCH Bo/ee CiloxHule MCTOAH, Ha OMH-
CaHWHM KOTOPBIX Mbl OCTAHABAHBATHCH fie Bymed *).

*) Cu T.P Pux, Mace cnestpockonns, Focrexusmar, 1953,

AT T
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Bsitn6praxk HCNOMB3OBAM B CBOEM NpuOpe COBepiIeRHO HHYIO
KOMBHHAIMIO 3/JeKTPHAUECKOr0 W MarHATHOFO nosedl, ITocTpoerHbidl
MM Macc-CMeKTporpad XapaxTepHayercss YpesBbi1afiHOf MpOCTOTOM
KOHCTpYKIWH, HO JIA€T pedynblaTsl He MeHee, a B HEKOTOpHIX Cay-
yasx faxe Gomee TOUHbie, Hewean cmekTporpapy Acrona. Cxema
npuGopa Baitubpunika Taxona: nydwox kaHaNOBLIX Nyued yejacrcs
NapaflicAbHLIM OpH LOMomH ABYX KOTIHMaTopHEIX wetedl S 1 Sp
(puc. 32). dtor napalmenbHBIi NYHOK, cONEPKAmHA HOHBL pasany-
BBIX MaCC H pasHulibiX CKOpOCTed, NIOCTYNAET 3aTeM B KON[eHCAaTOp

“ e
/(
a0
amegpeiveckos
01 ALTUNNL

PSR PR S S TSN
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g

Pac. 31. T'paaynpopotsas kpuRas ciexTpo-  Prc. 32 CXCMa  MACC-CHEKTPO-
rpada Acrona. rpaga Bafiudpunka ¢  GuabTPOM
cropocTef.

PPy, KOTopEA HAXOANTCA B NONEpeuHOM MArRHTHOM NONE, NepleR-
LKy IAPHOM K TIoCKoCTH ueprexa. Taxas cnctema, Kak 6o noka-
3ago B § 9, mpescTasaseT coBoll (HABTP CKOpOCTEH. HHHCYTCTEHE
3T0r0 (GRIBTPA B OrpOMHOA CTENenH yrpomaer aeno. JeicTsurens-
HO, (pUAbTp NpOMYCKaeT Hepes menb S3 HOHB pasyHYHBIX Macc, HO
OzHOU W TOH ke CKOPOCTH vo. IIpOfns uepes medb Ss, 9TH HOHB
OIHMCHBAKT KpyroBbie TPACKTOPHH B NONEPEIHOM OHOPOAHOM Mar-
HATHOM NOJe, Paluychl KpHBH3HBL STHX TpaekTOpHd No (opyse
(4.9) TPOMOPIMOHATLHbI KOJIHIECTBAM ABHIKEHUA HOHOB:

p="22, 4.9)

a TaK Kax CKOpOCTb Ug Y BCEX HOHOB ONMHAKOBA, TO paANHYCH KpH-
BUSHH HOIOB DA3NHYHBIX Mace GymyT NpoONOPUNCHAVIBHBL MaccaM:

p=const - m.
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TlosToMy paccTosinue JIMEHA OF {IGKOTOpOi JHHWH, BHGpanHoll Ha
toronnactaHke 3a nauano orcucra, OyAeT TaKkKe CTPOTO mponop-
IHORAMBEO Macce. JlunefiHoCTb IMKam bl 3Toro MpHGOpa, a Takxke
ocoGeHno CHMMerpHUHas (opMa JHHui, {103BOJKIONLAS TPOU3BO-
JIATh CpABHEHHE AMHHHA, NaXKe CHIBHO OTJIHYAIMAXCA APYT OT Apyra
0 MHTEHCHBHQCTH, RAIOT 3TOMY NpHGOpY GOMbIUIME MpEHMYmCCTBA
nepen crekTporpadom ActoHa.

Pue. 33, Tlpumepsl MAce-COEKTPOB, CHATHX cnekTporpagom BsityGprana.

Cacha ma#n MOTOMM MHMUKA, TEPMAHAA M TEANYpd; CNpapa — CMEKTPhL, MOX-

TBeDARANOMEE CYINECTBOBAING AIOTONA BOTOPOXA ¢ waccolt 2. Hikmid cuektp
TIOATBEPIKTALT OTCYTCTBHE MIOTONOB y BepHaAMA.

Ha puc. 33 npHBefEHO HECKObKO MAce-CNIeKTPOB, CHATHIX MpH-
Gopoy DBaitGpuika, Bricokas paspewaiomas CNOCOGHOCTs 3TOrO
cektporpata BMIAHA W3 TOTO, UTO JIHHHH MONCKYJbi BOZOpoAa
W AByX3apsAAHOro WMona renus Hett panexo OTCTOST mpyr ot
Apyra.

Tpocrofi no nxee crextporpad BshinGpumsa wa camou neme
npencrasasier coGofi rpomosjkoe coopykerne. Ero raasuas oco-
GeHIIOCTS — OrpOMHBI 3/M€KTPOMArHKT, NaomHii OI1i0pojHoe Mar-
nnTHOe none 8 15000 3pcTel Ha MVIOmANH MOAYKpYra JAHAMETpOM
40 c# TpH paccTOSNHH MeXZY NoMocamn B 1,8 cau

§ 18 MACC-CIEKTPOMETPII 61
§ 15. Macc-CleKTpOMETPH #  Macc-CnekTporpadet
¢ aeoHHOM (BoKycHpoBKOH

Onncandle B npeAbylymeM Naparpade Mace-ClleKTporpade: mo-
3B0.IK10T TPOH3RO/IHTL OMpPETeJCHUA ATOMHBIX MACC HHIWBA[Yalb-
HbIX THTIOB 4TOMOB C OTpOMHOM CTeNeHbI0 TOWHOCTH (C MATHIO Aecs-
THYHBIMH 3HakaMu). [Tonbaysach MeTonaMu (ororpadHuecKoir poto-
MeTpuH, MOXKHO, KOHEUI0, N0 BEIMYHHE MOYEpHENUns (HOTONNACTHHKH
8 ONpeleneRHbIX JHITEAX CTEKTpAa POUSEONATH TAKNKE CpaBHENHE
NpOLEHTHOMO CONEPHAKHS MACC, COOTBETCTEYIOUHX STHM [THUHAM.
OjaKo, BO-NEpBLUX, METOIH (OTOrpaduueckoll ho10MCTPHH Kpaline
KpONOTAHBL H He NAIOT TOWIBIX pESYaIbTATOB, A BO-BTOpHIX, ONpelie-
JlenHe TPOLEHTHOTO COIEpXKAHHA WIOTONOB MOMNHO IPOH3BOIUTE
ropasfo GbicTpee U TOUHeE ¢ NMOMOmbio NPHEOPOR, HAsbLIRACMBIX
Macc-CeKTpoMeTpaMH. B a1HX npuGopaX perncTpauiis HOHOB ofpe-
Heneuroll Macchl NMpOHSBONHTCA BCerna He (pororpaduyeckuM, HO
S7EKTPHUECKHM [yTeM — 10 BEJIHYHNE 33apfAna, NepeROCUMOro WOHA-
Mp OMpeleNlenHoll MACCH, WaH NO CHAC Hounoro Toxa. Baarozapa
3TOMY Olpefenenne NMpOIEHTIOro COolepiKaHus nie TpeGyeT aotol-
HUTCABHBIX H3MCPEHUH: 1OKA3AHHA 3JEKTPOH3MEPHTE/IBLOro Npu-
6opa MpOCTO NpONOPLUHOHANBIIb WHCy HOHOB Xamioro Tuna.

Macc-CrieKTpoMeTpbl TTO3BOJIAKT ONPEIENATs TAKKE H aTOMOEE
Macch, HO € MeHBIICH TOUHOCTBIO, HENOJR Mace-CleKTporpadir
Onu mpHOGpenn 3a TocAellee BpeMs GOJbIIOE NPAKTHYCCKOC
3uauCHHe B CBASH C pasBUBAIOmHEMHCH IpUMEHEHHAMH WA I8 XH-
MHYECKOr0 rasoporo amaamsa (HagipHMep, ANA aHANH3a YIJIEBOLO-
DONOB), @ TAKNKe H 1OTOMY, YTO YCTAHOBKH JUISl BJEKTPOMATHITHOO
Pa3ICACHNA H3OTONOB, O KOTOPLIX peub 6yrer unxe (§ 19), npen-
CTaBaTIOT cOBOH Macc-CrIeKTPOMCTpLl GOMBIICH MOMIHOCTH.

Ofuoit 13 CymecTBellbX OCOBCHHOCTCH Macc-CIeXTpOMCTPOR
sRgAeTes. GOKYCHPOBKA PAaCXONAIIMXCA HORHLIX fiydxos. [Tpn pac-
CMOTpeHHN Macc-CieKTporpada ACTOHA Mbi BuJenH, 4T0 oA ¢o-
KyCHPOBKOH B 3TOM [ipu60pe pasyMelT coGHpalue B thoxyce wacTHn
O/IMAAKOBOH MAacchl, O pasjHuHbX CKopocTCH. C 3710l Desbio, 01-
HaKO, MyOK HOHOB Tpeiile BCCrO JNAt0T NapalielblbiM, Npoly-
ckas ero uepes JBe y3KHE IeJH, DACNOOXKeRHLIE Ha GoabmoM
pACCTOANHMH ApYT OT dpyra (B1 u By na puc. 27). Ho ato semer
K ToTepe GONBINOTO KOMHICCTBA HOHOB, TOBOPA fSHIKOM ONTHKH
npu6op BEMFPLIBAET B PESKOCTH 1306paeHus, HO NpOHFpLBAET B
cBerochae. [l KOHCTPYKUH{T MACC-CIeKTPONETpOB XapakTepHO HC-
MOIL3OBARAC CAMBIX Pa3HOOGDASHEIX ME10710B (OKYCHDOBKH Pacxo-
IAgHXCA MOHEBX Y9KOB, T. ¢ METONOB (JOKYCHDOBKH HalpaBJenn,
2 He ONIHX TOIbKO CKOpOCTeit, KaK B macc-cmexrporpade Actoma,

Pemenne 3Toll 3a7aud B HACTOSmICe BPEMS 3UAYHTEABUO o6Jer-
uaetcs 6narofapd pasBUTHIO TAK HA3biBaeMOH MEKTPOHHOH reo-
MeTpUUEeCKOj ONTAKH, T. €. HCNOMb3OBAHMIO 3AMeYaTCIbHON AHATOTHH



62 ATOMBI H30TOTH ra. mn
MesKJIy MEXaIHKOH H reoMeTpHuccKod onTUROf A pacsera myTeh
3apfUKEHIIBIX UACTHIl B SIEKTUUECKHX 1 MATHHTHEIX noasx. Me-
701 STOT XOCTWr 3a TOCHExHee BpeMs Boqbioro paspuTHA 6na-
Yoxaps pasHOOGPASHEIM NPAKTHYECKHM KOTPeGIIOCTAM, B TOM uHCIe

noTpeGHOCTAM Te/IEBHICHHA, HOCTpOCHHs 9EKTPOHHLIX MHKPOCKO- -

TIOB M T. .

HanBosee craphiil H INHPOKO MpuMeHseMbiil B KOHCTpYKIMAX
MACC-CHeK1pOMETpOB METOf (hOKYCHPOBKH HaMpaBJCHUH ECTh ho-
KyCHpOBKA MOMEpEUHbIM MATHHTHHM HOJEM Ha paccroanms 180
(unu 7 paguan). B § 9 Mu BHAeaH, UTO caabo pacxopduBAca ny-
oK HOHOB C OMpezie/leHHBM 3HAYEHHEM e/ (oKycHpyercs, omucan
HOMYyOKpyXHOCTL B OXHOpOIL-
HOM TIOMEpeyHOM MarvHTHOM
nosie, AeACTBYIOMEM HA BCEM
npoTaMeHuy fyTh HoRos. Ha
STOM OC{IOBaHa CJAEAyOmasn
KOHCTpYKIHMA ~ MacC-ClieKTpO-
MeTpa, BUEpBHE MOCTPOEHHO-
ro JemcrepoM (puc. 34)
10YTH OFHOBPEMCHRO C Macc-
criextporpagon  Actona (8
1918 r.). Monbi, cospasaeMble
HCTOYHUKOM (Ha camoM
fleme WOHH TOMyvawoTca Y-
TeM HarpeBaHWA COMU  HC-
caenyeMoro Metania *)), TproGpeTaioT BCe ONKHAKOBYIO JHEPIHIO
[Of ReiCTBHEM pA3HOCTH TOTCHMHANOB V, MpUIOKCHHOM MeXN
A 7w C. Uepes westb S pacxoasuyifics yuOK HOHOB NONALAET B 00-
N1acTh, Tle AeRCTBYeT HONEpeuHOe OHODOJHOE MATLHTHOE MOJe 3.
Uonsi, 06aanaomte pasinuibiMe e/, BOKyCHPYIOTCS, KaK IOoKa-
3aHo Ha uepTeXe, B pasAMuHLIX MecTaX. Ecai, KaK sro uMeer MecTo
B aHHOM Cly2ae, SHEpTis HOHOB ONHA U Ta Ke, TO MEXIy paluy-
€OM KpHBH3HDI, ONPeRSIAUOUHM rondxenne Hokyca, 0 Maccoll (Tou-
Hee, mfe) NIETKO yCTANOBHTH MPOCTO® COOTHOUIEHHC. B camom Jene,
MBI HMEEeM

Puc. 34, Cxeua mace-crextpoverpa ¢ $o-
kycupoBkol #a T Pazuan.

eV, 4
p=1. (4.9

¥) EcH (1 aKOL [AHECTA COMb METAMNA H UONOTPETH e, To npa paspane
5 paspemensoy rase Of amOia WAST HOTOK MOMOMHTCALHWX HONOB Metaida B
BAfe TaK HaswBAEMHX aHOAUHX JAYUef, mpiues, # 3to 0COBEHHO BAKEO, SHEPriA
06pasyIOIIKEXCA HOOB QUEHb Mana; BO BCSKOM caysae, Oia 3HAYUTENbHO Meltbllie
TOR, KOTOpYW WOHW 1P npu 6aarofapa
wemy BCe HoHW moxyyalored © OAuEaKOBOR Spepreefi, Tak aKk IefonbwHe pA-
qMuks B AbROK 3HEpTHE

P
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OTKyla Cpasy mnoJdyuaercs
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P V.

Tlox6Hpas BeAHYHHY YCKOPHIOUIEro NoTEHUHANA TaK, uTOGHl mpH
NanoM mje pamdyc KpHBH3HEI p UPHOGpETan oNpeneseHHOE 3Ha-
ueHHe, HampuMep 5 cA, KaK Ha pHC. 34, MOXHO BBITyCTHTb Hepe3
BHXOAHYIO Wedb Sp WOHDI moBoll Maccw. [ToTenunas, 1o xoToporo
aapfxkaeTca NpH 3TOM KonekTop £ (MAM CHIA TOKA HOHOB Ha
9TOT KOJLIEKTOp), CIyXKHT Mepoil KONHYECTBA HOHOB AAHHON MacCHL.

YcoBepIIeCTBOBANHA, CIEAAHHLE 33 MOCACIHUe T[OALI B 3TOM
MeTONe, CBA3AHBI €O CTpEMJEHWEM HOJMyYaTh BO3MOXHO BOabllne
xosuyecTa uouos. Hampumep, B Macc-
criekTpoMeTpe Baskuu, koTOpbUI mocay-
K TDpOTOTHNOM 1A pAja MOSAHEAWIAX
KOHCTpYKUHA, 5TO JOCTHTAETCA CeAyio-
mum o6paszoM. Hokbl cozgaorcs B Tipo-
cTpancTBe MeXAy saektpopoM Pr o m
meapo Py {puc. 35) NOTOKOM S7AeKTpo-
HOB, TEpTEHIHKYNAPHBIM K TJIGCKOCTH
pucyHKa u mepccexawomum ee B S. Co-
sienons J ¢o3aeT NONepedHoe ONHOpOA-
HOe MArHHTHOE IOfie, TAKXKe Neplefi-
KYJApHOC K NAOCKOCTH weprexa (T. e
napaJeNbioe MyyKy SIEKTpOHOB), He
NO3BOJAIOMEE MUKy HAEKTPOHOB pacuIH-
paThea, OBpazoBaBlInecs HOWBl BLITATH-
BAIOTCH CMaGhM 3AEKTpHYECKHM IOJEeM
mexay P u Py B MpoCTpaHCTBO Mexiy
measivi Pp u Py, rae geficTByer Gojiee CHAbHOE 3JIEKTPHYECKOE
nose. [lpofias gepes weae I‘ga, HOHB (POKYCHPYIOTCH MAarHur-
HBIM [OJEM Ha DacCTORHMH f paidan, Kak 370 BbLIO pasbACHENo
sbime. [Jonfupas CoOTBETCTBYIOULYIO BeNHYHHY MArHHTHOTO NOJ,
MOJKIO 3aCTABHTb MOHBI IpPOMTH 4Yepes melb 1¥4 B umarnap Papa-
ges F, sapaja KOTOPOTO CIYXHT MEpOH CHJIbI TOKA HOHOB NaHHOH
Macchl. Bee wean HMEOT 60MbLIyIo AAMHY NJs yBEJHyeHHs Quc/ia
OpoXONAmHX Hepe3 HHX HOHOB,

Ha puc. 36 npHsejen B KayecTBe NpHMEpA aHAMM3 W30TOMIOro
coctaBa KaIMHsl, BLINOJHEHHbIH YCOBEepIUEHCTBOBAHHBIM CIIEKTpO-
MeTpom omucakunoro Tuma. Llupper Ha ocu abeumce MpelcTaBAsIOT
COB0Il OKpYI/IeHHb(E ATOMHBIE MacChl H3OTOMNOB; pC3KHe MAKCHMYMBL
COOTBETCTBYIOT H30TONaM Kaamus ¢ Maccamu 106, 108, 110, 11i,

Pric. 35. Cxema_ macc-cuek-
ponerpa Baskui.
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112, 113, 114 n [16. OTHOLICHHS HONHBIX TOKOB, BENHUMHE KOTO-
pLIX OTCUMTEIBAIOTCA IO OCH ODIMHAT, Cpasy 7a10T TPOLEHTHOE CO-
KepikaHHe H30TONOB, ONO TAaKORO:

Maccoroe medao .

‘ 106 ' 108\ 110 ~ 111 112 | U3

i i 16

28,86 | 7,68

Mponenmioe coaepiante

1,2[5} 0,875‘ l2,39| 12,75 24,07| 12,26

TMonepeutoe OAHOPOAHOE MATHETHOE HOJE, JelicTByIONEE HA NPO-
TsKeRHE Beefi NOMYKPYFOBOH TPAEKTOPHMM HOHOB, C TOHYKH 3peHns
SACKTPOHHOH ONTHKH ABNAETCS WHAMHAPHYECKOR JRHSOH, AalomeR
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Pac. 36. MaoTonsiit cocran KaIMud.

casobpamenues menn S B 37eKTPOHHON ONTHKE NOKA3HEBACTCA,
0INAKO, UTO LHIHHADAYECKO AHHA0A ABAACTCA TAKIKC M OMHOPOL:
HOC TONEpETHOC MAMHTHOE 10Re, AehcTeylomee B OTpadHueHHOn
oGxacTh, OPOPMIEHHO! B BHIE CEKTOpa ¢ YIVIOM 9, npr YCIOBUA,
ecan BEHTPALUBI MY DACXOIAIErocs MyHKAa HOHOB BXOAKT &
Hoste 1 ELIXOLH1 3 HEro HODMATbIO K FPANHIAM MOAR (pHC. 37).
TIput 510M QOKYCHPOBKA MMEET MECTO, KaKOB 6ol HH GBLT Yrod Ccex-
Topa, Mo yrAm B, y 1 O JOMKHE GHTE CBA3AHL COOTHOLICUHEM
B-+y+ 0= DTO COOTHOWeHHE BLNOIMACTCH, KOria HCTOUHHK

»
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WOHOB, BepLIHEA CceKTopa H (OKyc Jemar Ha ORHOA TMpAMOH.
B uacrHoCTH, KOrZa U = %, Mbl IOAYYaeM YiKe pacCMOTpeHHLLE cy-
uaji GOKyCHPOBKH KPYTOBBIX TPAEKTOpHUH.

PajnanbHoe SMEKTpHUECKOe [OJe HUJHIAPHYECKOr0 KOHIehca-
TOpa Takke MOMXKeT GbITb HCTOIB3OBAHO AASL POKYCHPOBKH pacxo-
AANEXCS MydKOB HOHOB, B STOM CJydae, KaK Mul BHiean & § 9,

Puc. 37. ®oKycHPOBKA HAOPABJEHNH OTpandYeHHLIM MATHATHHM NoJeM.

QoKyc oTCTORT OT HCTouHHKa Ha 127°17’, wam n/ Y2 panmanos.
OcoGenno 3¢heKTHBEOA ABAACTCH KOMOHUAUEA paAHATBHOTO /K-
TPHYCCKOTO M MONEPEYHOTO MarnuTHO-
ro foaefl, TPHMeRsieMas B HEKOTOPhIX
Mace-cnekTpoMerpax (puc. 38).

Pupaives

9<\ Gunidy
Puc. 38. Macc-enexrpo- Puc. 39. Cxema yeomepuer-
Metp co  Cxp -

SMCKTPAVECKAM § MaTHHT- rpada o beftnbpiaxy u am”g.
BEM 007MB, nany.

Meofinas (oKyCHpPOBKA DAZHANbHLIM SJEKTPHUECKHM 1 CeKe
TOPHLIM MarHETHEIM TOASME @bIa HCIOAB30OBAHA B3fmbpummen
# JIXopmauoM INJi1 [OCTPOGHHSL Macc-cnektporpada  Hoabmoh
CBETOCHIH H OCOGCHHO BHICOKOW pa3pemapliels CIOCOGHOCTH.
B otom npuope (puc. 39) pacxommmuitca myuoKk HOUOB CHauaxa

3 9. B. lnomscxui, 7. 1
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ORYCHPY®TCS Pa/BaNIbHLIM SASKTDHUECKEM ToseM, a 3aTeM CeKTop-
o6 MATHUTHOE T0JE ¢ yTOM B 60° aeT Ha HOTOMEACTHIKE TIOCKHA
cnextp Mace. «CpeTocHia» 3Toro npuGopa Takoea, uTO MR APKUX
JBWHA BPEMA DKCTIO3KIMH MOKET GuTh goselleno mo 1—5 cek,
2 as caMBX CaGuiX YBeJIHUHBAETCA 10 180 cex. Paapeumraiomas
cnocoGROCTD, T. €. OTHOLICHHE MBNEMaAbHOK paaHHiu Macc AM,
npy KOTOpOH JHHHH BUAHM PasASTbHO, K caMofi macce M B 3aBh-
CHMOCTH OT WIHPUHEL LLe/H KoaefueTes o7 {/s000 2O !/15000-

§ 16. Maccw B OpOUeHTROE COflepIKAHHE H3OTONOB

Tlpu msywe#HE XHMEIECKHX CBOBCTS PALHOAKTHBHBIX BIIEMEHTOB
yKe B 1906—1910 rr. 6510 OGHAPYIKEHO, uTO CyILeCTBYIOT 3JIe-
MeHTH, KOTOpHE He YIAeTCs DasieNHTh XUMHYECKHM TyTeM, XOTsi
aromphe Beca WX pasqmunbl. Taxosbl, HAampEMED, napsl 37eMeH-
TOB — MOHHA ¥ TOPHH, MeSOTOpH 1 panmi. JIK. JIK. TOMCOH, TOAb-
3yfCh OTKPBITEIM UM METOROM napaéon, B 1913 r. mokasaln, uTO
HepaaHOaKTMBHBIA [a3 REOK NpeicTaniier co6oil TaKKe CMech ABYX
XHMHUECKY HePa3THIMMBIX, T. €. HAOTONHLLX, COPTOR 4TOMOB ¢ Mac-
cans 20 u 22 (cm. puc. 26,a), TOrAA KaK NpHHATEIA 8 XFMHH aTOM-
eIl BEC HeoHa €CTh 20,2. OTcoRa caefoBano 3aKJIOYHTDL, YTO STOT
«XAMUYECKUil» ATOMHBI BeC 20,2 Ha caMoOM Iene ABASETCS CPCA-
HUM U3 aTOMHHX Becos 0GOHX d30[OIOB 20 n 22. ActoH, npuMeHss
LOCTPOEHHBIA  HM Macc-CIeKTporpad, OGHApYKMI BHOCACACTEIH,
w70 SAeMEHTH, BMEIOUUe ABa HAB NECKOADKO U3OTONOE, BOBCE He
ABAAIOTCA MCKIIOYeHHeM; Kak pa3 Ba060pOT — HCKAIOYEHHAME SIB-
ARIOTCH TE HeMHOrHe SJEMeHTHl (sarpui, PTOp K T. 1.), y KOTODHIX
e obnapyeno ugorono. Ho aaxe o @ 3THX CRyuasix OTKpHTHE
HCKYCCTBEHHO! palnoaxThsiocT noKa3ano, YTO HAa CaMoM Aene
orcyTCTBYIOT cTaGUABADLE (T. e nepajKOaKTUBHHE), WO BCeraa
MMEIOTCH H30TONBl PAAHOAKTHBHBIE (paanoakTHBHBIE Na?, Na? na-
pay Co CTAGHILRBIM u3OTONOM Na® u 1. &.).

Tounoe ONpefeienue ATOMHHX Mace H30TONOB NPOMSBOAHTCS
TIpH BOMOLA macc-ciexrporpaos. Tloabaysice MeTOnaMu pororpa-
¢uueckoli (HOTOMETPHUH, MOKHO onpesiendTs T2KXKe W NPOLEHTHOS
cojiepKapne H3OTONOB IO JHTEHCHBHOCTH MOuepHenHs $orounna-
cTHEKH. OJIBAKO TOuHce H NpoLle NPOHSBOLITH onpenenenys po-
eNTIOT0 COAEPHKANKA MACC-CIEKTPOMETPANH, PacCMOTPEHHEMH B
npenrymeM naparpage. Jlast BeEX HEX XapakTepho 10, WT0 Npo-
feNTHOE COREpXKaHHe ompeiensercs ¢ HX noMompio GHETPO H C
BBICOKOH TOUHOCTBIO.

Ve Mepabie ONPEASNeHis HCTHHHBIX ATOMHULIX macc, poH3Be-
fleHnbie ACTOHOM € ToyHocTbo o 0,001, noxaszaim, §T0 MaccH
aroMOB BCETA BHPAKAIOTCH TOUTH LEJILIMH yHCAAMA [0 OTHOLIe-
udio K Macce KUMCROpOAd, npunatoll 3a 16,000, Hckaoueruem s[B-
JAeTcA BOJIOPONL, aTOMHas Macca KOTOporo B YKa3aHHBIX Mpejenax

-
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TOYHOCTH PE3KO OTIRYAETCS OT eAMHMUM W pasHa 1,008. Xumuae-
CKue aTOMHBE Beca MBJIMIOTCS CPEAHHMH H3 Macc BCeX H30TONO8
AAHHOTO SJMeMeHTa, H 3THM OGDBACHSIOTCS 3WAUHTEJIbHbe OTCTYMAe-
HHS XMMWHECKHX ATOMHEIX BECOB HEKOTOPHIX (BUPOUEM, HEMHOTHX)
seMenTOB OT lenbix wncen. Tak, Hampumep, MATHUE AMEET Clle-
AYIOUIMH H3OTOMHBLT COCTAB!

HsoTomm . . . . . . o 24 25 ’ 26

Tponesrsoe coxepxanae| 7860 | 1011 l 11,20

Owoz:_(a nofyuaeTcs cpenss macca 24,33, B TO BpeMs Kak XMMu-
ueckni aTOMBBIi Bec Marmws pasel 24,31. Ananormunas taGmuua
ana xanMas Guia npaBelicHa pavblue.

OnpejiesienHe aTOMHBIX MacC ¢ YeTHIPLMsA HIM NATHIO AeCATHI-
HBIMA SHAKAME IIPOH3BOAMTCA C TOMOWPBIO YCOBepLIEHCTBOBAHHBEIX
Macc-cnekrporpados. [Ipy Takofi TOYROCTH DOMydalCmHuecs UAPPH
0BHapyKHBAIOT HeGOMbLIAE OTCTYIMIEHRS OT UEBIX YHCEN. P

§ 17. Paafenenue n30TONOB C NOMOLIbI0 METOROB,
OCHOBaHHBIX Ha RHBQy3HH

XuMHuecKHe 3JMEMCHTH, CYNECTBYIOUHE B NpHPOME, Mpenctas-
ot cofolt cMecH yeToRunBHX n3otonos. [Ipy atom, 32 OueHD He-
MHOTFIMH HACKJIOUERHSIMH, COCTaB 3THX CMeccH CTpO’l‘D [OCTORHEH
KoHeuHo, CymecTBeHEbi HHTCDEC MPEICTABASET NIOyIeHHe oTnens-
HbIX H30TONOB B YHCTOM BHTe. DTa 3ajaya HMCET B Hacroduee
BpeNs OueHb BAXHOE HayuHOe H Texnuyecxoe spasenne. Ee anau:;e-
HUe 0COGEHHO BO3POCJC B CaMBle MOCAELHHE TOALl B chisH ¢ pas-
BHTHEM fINePHOIT 31IePreTHKHU. P

3agaya Nonydenns YHCTHX HIOTONOD KJH fakKe CYIIeCTBEHHOro
oforauess cMecH H30TONOB OZHHM H3 HHX Ouewb Tpymua. B ca-
MOM JHede, IJAS Dasjiedenus H30TOMOB TPHXOAHTCA NOALIEBATHCS
TeMH CBOJC1BAMH HX, KOTOpwe 3aBHCAT OT Maccy. Ho mpeuentnas
pasEMIa B Maccax HMeeT 3aMeTHbIe 3NAUeHNs TOIBKO LIS H3OTO-
NOB camBiX JerkHx sieMentos. HampuMep, A1s Bogopoda pasuuua
B maccax tmKesoro (H2 wam D) u serxoro (H!) nsorona coctas-
ssier 100%, Bo yake Ads #soronos yraepopa C'2 u CI% ata pasn
pasra 835%, 2 masm wsoronos ypama U u U““——Bcer%‘ lg‘g/l.,a

[pekae yeM NEPEXOARTL K PACCMOTPEHHIO PABAHUHMX MeTon0n
pasjielieBns H30TOHOB, YCJIOBUMCS O TeDMEHAX, KOTOPHIMH Mbi Gy-
ZleM nop3oBaThest B Aanbrefmen. [Tycrs pasyiene o nonsepraeTg’sl
CMech ZBYX HSOTONOB pasjmuHON Macesl H NycTh ¢ GVieT 4YacTh
Beero WHCA@ ATOMOB, KOTOpAs NPEXOJHTCS Ha 1OJIO ORAOTO M3

3%



€8 ATOMBI M30TOTIEI fid/ i)

H30TONOB A0 pasjenenus, a } = | — ¢ — HoJs ApYTOro M30ToOna TaK-

e 110 pasHe/eHHsl; COOTBETCTBEHHO, MYCTh GyAeT T A =1—3 Te

Xe JOAH nocae pasjenenus. Bewmummy g, ompemenieMyio paseH-
CTBOM i

3

9= g% " (17.1)

Mel GyseM HasblBath Xo3dduuHeHTOM paspexenusa. Hampumep,

HeoH, BCTpeyawonufics B TpHpoRe, COCTONT u3 90% aToMOB ¢ Mac-

coif 20 u 10% —c maccoli 22. Ecnu MBL XOTHM OGOraTHTL 3TY

cMech TSXKeJOH KOMIOHGHTOW Tak, 4ToGbl ee A0Is B CMeCH CTana

pasHoft 50%, TO KoS(OUUHEHT pasicAenHA JOIKeH OnTb paseH

0,5/05

N ITYY

Us npoueccos, 3aBHCAMHX OT MACChi, @ MOTOMY IPHIOJIHEIX A
pasfeTeHUs HIOTONOB, PACCMOTPHM NMpeskie Beero aupdysmo. [lycrn
Mbl HNeeM Ias, [PeACTaBASomHil Co00f CMech wacTHI, IsyX COPTOD,
pasanuapmuxca csoefi Maccoit. Tax xax ras naxogutcs B teMuepa-
TYpHOM DAaBHOBECHW, TO Cpefiiiie KHHeTHYCCKAE SHEprHH WYaCTHI
06OHX COPTOB ONMHAKOBBI: /1,0j= M U, a MOTOMY CpCLNHE CKOpO-
CTH 06PATHO MPONOPLHOHANDINE KODHAM KBALPATITHIM H3 MACC

L]/"’_z

vy my

Bauny storo Gomee JCTKHE uacTHLE! NpH MudPysun Gymyt saberath
Blepel, a Gojiee THAIKeARE — OTCTABATD.

03MOKNOCTE PA3ACNEHHUA CMECH IBYX Ta30B MyTeM audPysun
depea MOPHCTYIO MeperopONKy TEOpETHYECKH paccMaTpHBanach Pa-
seeM yxe B 1896 r. [IyCTe B nauanbHbli MOMERT Mo OXHY CTOpOHY
HeperopoKH HaXORKTCA ras, COCTONIIMA W3 MOJEKYN IBYX COp1OE,
pasaHualomuxcs MACCOH, a MO APYIY!© CTOpoHY — BakyyM. B pe-
ayapTarc jiMpPyauu raz Gymer o00ramaTbCst JErKofl KOMIOHEHTOR
[0 OfHY CTopORY INeperopOik¥ H TAXKEIOH — No APYrywo. Yciaonns,
IpH KOTOpHX pOCTHraetcsi Hambonbuiee pasiedenne, o Paseso, co-
CTOST B TOM, 4rOGbi, BO-fiepBLIX, BEJKYMHA NMOp GHIA 3HA'THTEILHO
MeHbLIC cpefHeli AJMHB CBOGOIHOTO mpofera MOIEKYyd, W, BO-BTO-
pbix, uTOGE MeAJeHuee TnPPYHAUpYIOmas KOMIOHEHTA He CKOMIS-
J1ack Ha [OBEPXHOCTH HOPHCTOR MeperopojKH,

Kpome TOTo, caieflyeT HMETh & BHLY, UTO cOCTaB Mpoanddyia-
poOBaBINe CMECH 3aBUCHT HE TOABKO OT COOTHOWIEHHS CKOpOCTell
TAKEALIX H JETKHX MOJEKYJ, HO H OT OTHOCHTILHON KOHUEHTpallus
STHX MOJIEKYJl B MepBOHAuaAbHOR cyecH. DT0 06CTOATENbCTEG OyeHb
CYmecTBenHo, Tak KaK B npouecce AHGOYSHH mcXoxHas cmech Gy-
JeT HNOCTENeBHo oGeNHATHCH JCTKHMH MOJEKyIaMu, H TOTOMY CO-

Py
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CTaB ra3a, NPOXORAWErO yepes MOPHCTYIO MeperopoAKy, GYAeT Bce
MeHbIle OT/IHYATBCA OT HCXOAHOTO,

[Tycrs reneps AnOYHIUpYIOWME Ta3 npeacTapJasier coGoit cMech
ZBYX H3OTONOB, pAasIMYAMOMHUXCH MO MACCe HE3HATHTENLHO (KK
570 # GLIBaeT Ha CaMoM Jiene); Toraa, no Paseio, kospduikeHT 060-
TameHHd TAXKeIOH KOMIOHEHTOR 1enpoaHddyHAHpOBaBIIero rasa
Bbipaxaercs Hopuyaoi

,
HagaJnLEEE 06bey ”
o=V Dt ar.)

_mtm
e V= oo (m; u mg—maccel aToMoB OGOHX H3OTOMOB).
[IpumenuM 5Ty ¢oOpMyJy K cayyaio Heona, Maccel ero H3oTonos
my =20 u my=22; ciexoBateasHo, v=21. B paHHAX oOmLITaX

[0 pasieleHHio HIOTONOB HEOHA, BHLITIOIHEHHLIX ACTONOM, OTHOWIE-
He 0GBeMOB Gbulo, HaBsepHoe, Goasme 500 m Mebme 10000. [To
dopmyae (17.1°) a5 kosPduiHenTa PAIALACHHS HOTYIAETCH THCIO
mexay 1,3 7 1,5, T. e. B 6—7 pa3s Menpme TOro, Kakoe Heofxo-
AnMO, YTOBE cMech oforaTwjach TSKelOR KoMnoxenTofi ao 50%.
B cayuae maotonmos x/mopa ¢ MaccaMu 36 u 38 An(dysuu noasep-
raercs HCL; aua storo caydast noxasarens v B dopmyne (17.1°)
pascH yxe 37, H pH H3MeHeHun ofbema B 10 pas xosdumHeHT
©0GOrameRns Noaydaercst paBHeiM 1,3,

PaccMoTpeHAbie IPHMEpEr NOKASEBAIOT, 4TO MyTEM OAHOKPATION
AMhy3HE MOKHO OCYHWECTBHTb JHIb HeGOMbIIoE H3MEHeHHE CO-
crasa cmecr H3gTonoe, COBepLIEHHO WHOM peayabtat Homyuaercs
TIpH HCHO/Mb30BAHUM MHOTOCTYNEHYaTOTO HJIH KaCKajHoro MeTosa,
Bnepspie paspagotanHoro I'. T'epuem. Anmaparypa, nprmencHHast
HM, COCTOMT M3 PfAa NMOCHENOBATENbIO CORAMHEUHLIX 3IBEHLEB, H3
KOTOPBIX KakK[10€ pasiaraer BXo-

ASIUWG B jero NMOTOK rasa pia T

ABC YaCTH, HEMHOTO pa3JIHYAIo- 7

muecs 0o cocrapy. Jas Ttoro

4robul MOHNTb YCTPOHCTBO H pa- 2 4

60Ty STOrO Kackajia, HeoGXOmH- ~—

MO Crrayand paccMoTpeTh ero ot-

Jenoe paﬂl;lenMTCJ]prOC 3BEHO. Pac. 40, ,22:::2;’21“;::‘“3 pasze~
Mpocrefimee ycrpoficTso Ta-

KOro 3BCHA H306pakeHo Ha

puc. 40, O1o COCTONT H3 BHyTpeHHeH TPYOKHU, CHENAHHOA B3 NOpHC-

TOrO MaTepHasia ¥ NOMCIIEHHON Briytph GoJee MMPOKOH CTeKIANOf

Tpy6k. Ecan cnpasa B A nonrtexaer ras, cocTosmui M3 ABYX cop-

TOB 9aCTHI PA3MHYHOA MaccLl, TO yacTb ero, NpORH(PyHAHpOBaB-

masi BO BHELIHIOW TPYOKY, GyNeT cllerka OfOramiera Jerkod KoM-

TOHERTON; BTY Yacth MOXHO fipH TOMOLLM Hacoca NepeKavaTh yepes

B B cocesmee nmpaBoe 3BeHO, A OCTANbHAA wacTb, OGOrameHHasd
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THKENON KOMNORERTOH, nocTynuT yepes D B coce/iHee JeBOE 3BEHO.
TaguM 06pa3oM, OTAENBEOE 3BEHO NeACTBHTENBHO Oynier pasnarath
NOTOK Fasa ma gBe€ YACTH, HEMIOrO DA3nMYAONHECH MO COCTasy:
BJIEBO GYleT NMOxaBaTbCH ras, oforamennbiil TAKEN0H KOMIOHENTOH,
a snpaso — Jjerkoit. Hepocratox aroro ycTpoiictea COCTOMT, O
naxo, B caexywomeM. ['a3, Texymuit BHyTpU NOpHCTOH TpyGiH, a0
Mepe NPQABHIKeHUA Brcpex oforamaercs TAKENOH KoMEONCHTON.
TloaromMy ra3, AUdYHIHPYOULHI B JEBOM KOHUC 3BeHA (s6mus3u D),
Gyzer No COCTABY YXKe MajJ0 OTIAYATbCA OT rasa, NOCTYHAoUlero
uepes A,

Puc, 41, syeiixa,

Jlas toro uroGel MPeONOMeTH STOT HemocTartok, Tepu paspenua
Kawioe 3BeHO Ra JBE 9aCTH, KAk moxasawo na pHe. 41. Tompko
ra yactb rasa, Kotopas XHGQYHRupYeT wepes R m oGoramaeics
JIETKOJ KOMIOHeHTOl, OTKauyhBAeTCs ucpes B B coceaxee npasoe
sgeno. OcranpHas YacTh moctynaer B T, ¥ TaK Kak COTVIACHO CKa-
sanHOMy JHGQYHIUpYOUL2s 31ech uacTb 0OaaNaeT HPHMEPHO TEM
K€ COCT2BOM, YTO H MOCTYNAomas B 3BEHO, TO Olid OTKAUWBALICA
pacocoM P ucpes C u BHOBb TMefiaercsi y A K Hauady 3eHa C 7eM,
4TOGH BHOBb NOXBEPrHYTHCH HUDOY3HE H COOTBETCTBYMOLIEMY o6o-
FameHHIO.

& | P i B .
5.{ T A ,q: X = 7
i ) )

124 t ¥ o

Phc. 42, Kackas AHQQYSMOHHHE Ateek.

Ha pnc. 42 nsofpaxer HeBonplmoN RacKaj, COCTOAMUE H3 Tpex
pasmenHTeRbHEIX FueeK. Vi H Vi — GalIOHH, B KOTOPHX CKOIIAETCS
ras ¢ upeoGnanaHHeM COOTBETCTBEHHO JETKOH WAH TAWENOH KOM-
nofenTst. Uepea 5T Ga/lIONE ra3 CHOBA BO3BPAmMACTCH B pASKe/H-
TeJbHbE SUeiKH, GJIATOfAPA YeMY B KOHIE KONLOB YCTAHABAHBAETCH
cralMonapHoe cocrosHke. HeGosbmas TARBARAST Tpy6Ka cacsa OT
GanoHa Vi meficTByeT He KaK pasmenHTembHas Auefka, HO CIyKHT

N
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Ansi PerynHPOBAHWA CKOPOCTH Ta3a, UHPKYJHDYOWEro yepes Gai-
JOR B OCTYHAOWEro OGPAaTHO B COCEAHIONW DASACHTENBHYIO
FYEHKY .

JlelicTBre YCTaHOBKA MOACHACTCS CXeMaTAYeCKHM PHC. 43. 3xech
Kaxfias fvefika oGo3naueHa KpagpaTHKOM. B Hauanomom cocros-
HHH Bech KacKajl 3amo/IHeH CMecbio HOpPMalbioro cocrasa, B pe-
syasiate NHMDy3u Kaxaas sigeiixa Gymer nofasaTh HanpaBo ras,
o6ar. i merkoi Toft, a Haneso — ras, oforamenssil
Tamenol komnowentoi. Ha puc. 43 norok cmecn, oBorauleHHOM

Pic, 43, Cxema padomss rackaza AudY rueex: a) cocrost-
RS 6) YCTAHORMATIEECH COCTORALE,

JeTKOl KOMMOBEHTON, 0f03HaueH IMyHKTHPOM, a MOTOK cMecd, 060-
ramendol  TANENOH  KOMEOHeHTOR, — cnvrownofi  suuuedr.  HMa
pHC. 43,4, H306pAKA0MErc HaYaILHOE COCTORHHE, BUAHO, UTO
BefiecTBHe PaBoTH PasjeNuTeabHLIX AueeK B CHCTeMe YCTaHaBJiH-
BaeTCR JBa [OTOKA: BNPaBO — MOTOK, OGOTAmeHHHA Jerkoll KoM-
MOHEHTOH, BJEBO — NOTOK, OGOTAMIEHHBI TAMKENON KOMIOHEHTOH.
B pesyabraTe 3TOr0 IBHMeHHA COCTaB rasa B Gawronax Vi n Vs
COOTBETCTBEHHHM OGP ca. M He COCTABd CMECH
Gyner GPOHCXONMTD J0 TeX NOp, 0KA He YCTAHOBATCR CTAIEOHAPHOE
COCTOSIINE, IPH KOTOPOM COCTAB Ia3a, HOXYYaeMOre Kax(mol syedi-
Kot OT COCeJHHX, CTAHOBHTCA OJMHAKOBLIM C cOCTaBaMm cMecefl,
nepefaBaeMbiXx 3Tofl mueliKoki ofemm cocemnuM. Ho rax kax 1pn
3TOM 06a NOTOKA, MepefaBaeMplX KaxI0k fyelkoll BNpaso i BJAEBO,
[O-TIPeXKHEMY OTIHYAOTCA [0 CONEPIKAHHIO JIeTKOH W TAMEN0) KOM-
MOHENT Ha HEKOTOPHH KO3QAUHEHT ¢, TO B CTAIHOHAPHOM COCTOS-
HHM COCTAB rasa, LUPKYABPYIOmEro MexXIy MapaMH MOCICAOBATENb-
HHIX 3BEHLEB, OTAHYAETCS OT COCEHETO HMEHHO Ha 3TOT KOddoa-
LHeHT g. D10 NoKA3aHo Ha puC. 43,6 pasngHOH IyCTOTOR WTPH-
X0B: CApAaBa CMeChb, WHPKYIRPYOMmAs MEKIY NOCAEANEN SUEHKOH A
GasnnonoM Vi, g HanGoabLIel cTeneHn oforamena nerkoll KOMIoHeH-
Toll — UITPHXOBKA CaMasi PellKast; OTHOCHTENblias KOHUEHTpAlHs 1a-
JKEJIOH KOMIOHEHTH B COCTaBe CMECH, LHpPKYJHpyomed Mexay no-
chemnch W NpednoCAeNHefi fueliKaMH cnpasa, B g pas Gosplie

(- =e .

— m1pHXOBKA GoJee IycTas; Ala cleayiomed nap:

(Fha= e ()= (5,
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H T. A, OUesHANO, UTO €CAH KACKaj COAEPKHT Z 3BEIbEB, TO COCTAB
cMecH B JeBoM GannoHe Ve Gyfer OTiMuaThesi OT COCTasa CMECH
B fipaBoM GauioHe Vi yke Ha KOSQOHIHCHT 4% TaxuM oGpasoM,
noAHb KOIGGALUHERT pasfeqeHus BCero kackaga Q pasen

Q=g (17.2)

Ilna BEHYACHEHHS g HeOGXQAHMO 3HATh, KAKas NOJA [ MOTOXA, [O-
CTYMAIOUIET0 B PASACAHTEbHYIO SUCHKY, nuddyHARpyeT deped mo-
pucryio Tpy6ky R (puc. 41). BooGme roBopf, NOTOX, nocTynalonmHi
B pA3fEJHTENbHOE 3BEHO, PASNENMICH HA TPH YaCTH: ORHA IUQ-
Gymaupyer uepes R B oTkawnmaeTcss yepes B B coceduee mpasoe
3Beno, Apyrad — Auddynaupyer depes T B oTKayuBaeTcs HACOCOM I4
ANS PELUpKYJAANKE B TOR XKe fiueliKe M TpeThs — uepes D nocrynaer
B COCEAHIOW Jeeyw AuefKy. Ecan qaunsl R u T 0fMHAKOBEH, TO BCe
TpH YacTH NOTOKa MERIY cooft pabun U f = '/5, Ecau ke R 1 T
HEOLUHAKOBL, TO | 3ABHCHT OT COOTHOMEHHS HBX IJHH [r W Ir.
HMeHno, B 06meM Cayyae, KaK NOKa3HBAET MPOCTOH pacder,
t
—— 17.3
P (7.3)
(npu [y == [p, OYEBHINO, ToxydaeTcs HO-IpexHeMY f = /). Bege-
Aennast TepueM dopMyna [ KOIPUUHEHTE pA3ACTEHHS OTAeNb-
1I0ro 38eHA TaKoBa:

[N - 7
A= (74
rie e
=

< ),

®

a noTOMY HOJMHBI KOSOOHUHEHT pasieleHHs Kackaiaz MO (17.2)
Gyrer
(——fu—)z (17.5)
- ’

Tile Z— 4HCAO 3BEHLEB B KAcKane.

JlAs nofcHenmMs paccMOTpHM BHOBL npmmep neoxa. B mepsoit
yeranogke Fepua MAMHL TPYGOoX R M T Gbulm OAMHAKOBE, BBUAY
vero = 5. Tag kak p 2?2 0,954, 7o no dopmyse (17.4)
paxo1uy g = 1,089. Eciu KacKaj cOCTOMT H3 24 3BEHLCB, TO Anf Q
yKe 1I0ydaeTcst

Q=

Q = (1,089 =7,73,
a LI Kackala us 48 3Benben
Q =(1,089)* =59,75,
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Mul BuIuM, TakuM o6pasoM, 4TO Gnarozaps HCHOMb3OBAHHIO Ka-
CKaja KOS(QUIHEHT PA3NeNeHHus Bo3pactaer HacTOMBKO, WTO cTa-
HOBHTCH BO3MOJKHBIM JIAJICKO MAYIee pa3ienciiHe H301010B.

Onucannbit MeTofl 6Lt ¢ caMoro Hayasja MpHMeHer K pasjere-
HHIO W3OTOMOB psifia JErkuX aicMeHTos, JlAs pasjelenns H30TO-
noe HeoHa GOLUT HCHOJBL30BAH Kackal W3 24 seembee. Papnosecue
YCTaHOBHAOCH wepes 4 yaca, [Ipu 3TOM BMeCTO HOpMAJdbHOrO CO-
crBa Ne®:NeX =9:] B pesepsyape Ha <TAKeJIOM Koliue» ycTa-
HOBKH CKONMJach cMcch cocraBa Ne?®:Ne?? = 1,25: 1. Konmvectso
5TOr0 KOHEUHOTO NPOAYKTA NpH ATMOCHEPHOM NABIEHHH COCTaB-
aano 4 cad. C kackanoM us 48 3BeHseB Guli Nonydven uncrsii Ne??,
Bulau moanocTsio pasiieqCHbl TAKKE W30TONbi BOAOPOJA H NMpOH3Be-
neHo OfOTaumleRMe THKeJALIMH KOMIOHEHTAME )Iaepoja H asora
(u3oronmamu C® y NI%)

Jlast paGothr Kackaja OYeHb Ba)kHOe 3HAUCHHE HMeeT nopucras
neperopofika, uepes KdTOple RECT AuGp¢ysus. Kax yxe yKasoisa-
a0ck, HarGosec GarompHATHLIE S PasfeneHusl YCIOBAsA TpegyloT
CrellHassHOrO BEIGOpa MopucTofi Neperopoakd. Tepi noabsoBasics
0c0B0 MPHrOTOBICHHBIMH MIHHAHLMH TpyOKama., Onmako oHu He
BIOJING YAOBAETBOPSIAN TpeGOBALUAM, BBHLY HEro OH BHIOUZMEHH.T
MCTO TAKHM 06pa3oM, 4TO NKHpdY3Us NPOECXONWIA HE Yepes mo-
PHCTYIO NMEPEropofiky, HO B CTPYIO MapOB PTYTH, KOTOpble YHOCHAH
¢ cofofi 1a3, oGoramenybli Jerkoii KoMjOHeHTON. PasienurtensHoe
3BEHO 2TOrO BTOPOTO MCTOAA MOKHO OXapaKTepusoBaThb KaKk IH(-
(Y3HOHHBI Hacoc, OTKAYUBAIOmMHH NPEHMymECTBEHHO OIHY KoM-
TOHEHTY cMecH. M3 mMopoGHLIX 3BEHLEB TAKHKE COCTABMSIOTCA K-
CKa1bl, COMIepIKAMUE HECKOJIBKO RECATKOB 3BeHbed (10 50). [Ipennty-
LIECTBO 3TOTe MCTORA Tepei TEpBEM COCTOHT B Gosiee GHICTPOM
yeTanoenekHn paenopecus, [Ipn ero moMomu Tepn ® pan mpyrux
HeeneloBaTelell IPOH3BEIH paslesenie WIH 06orameRHe pAaa H3o-
TOMOB JICTKHX SJeMeKTOB (HEOH, KHCIOPOZ, 2proH u Yriepod).

Ynpanuenuc, Buuncauis ponume KOSQQUUHEHTH Daziedewnsi YCTEHOR-
xu lepua, cocronmeli #3 24 sseubes, nodaras f= 0,0 02; 0,3; 0,4, 05, u mo-
CTPOUTH KPHBYIO 3aBHCAMOCTS Q OT [.

§ 18. Pasjenesne H30TONOB METOAOM TepMonnEl)rbysnn

Qme K3 HauGoJee SOQPEKTHBHBIX METOXOB PASACJACHHS H30TO-
MOB CBA3aH CO CBOEOODA3HLIM sSBJEHHEM, HAa3hBAEMLIM TCPMOAHG-
¢ysHell. JIas TOr0 YTOGH MOHATDL, B HeM 3AKA0O4ACTCS ITO ABJICHHE,
HEOGXOINMO nPeRIC BCero yACHHTh cefe ero OTaIMuME OT OGHIUNOH
angdyaud, KIaccHYeCKuil OnblT, NeMOHCTPHDYMOMHE XHPDYSHIO,
COCTONT, KK W3BeCTHO, B cnexyomeM, Ilpeacrasum cebe 3amKuy-
TOC [pPOCTPAHCTBO, B KOTOPOE B HAUAMbHBHl MOMCHT BBEJCHHI jBA
rasa C pasAMUHLIMH MOJEKYJsPHBIMH BECAMH H [PHTOM Tax, arofbl
Goee TsKESBA [23 HAXOAWJCH BHE3Y, a Goaee JIETKHH — HaBepXxy.
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B rakoM cayuae BeaeacTBHe AuddysHE MOJeKyas Gonee THKeNOro
rasa GyayT lepeMeliaThes BBEpX (T. €. NPOTHB AGACTBHS CHVIBI TH-
HeCTH), a MOJIeKYJIbl GoJiee JIerKoro — Buu3, Uepea HERKOTOpUIA Hpo-~
MeyTOK BpeMEHH NIOJYUYHTCA COBEPLICHNO OIHOPOLHAs CMech 060UX
rasor. Takum 06pasoM, AeficTeue OCbIYHOR HQQysnH CcBORUTCS
K CMelIWBAEWIO rasos, KOTOpHE B Hasambublil MoMent Gbutd pas-
LeNent.
Snzerue TepMORUpOY3nH OKashiBaeT ofparroe dedcTaue: Beaea-
cTBHe TepMOIH(QY3HH NPH HANHIHE B CMECH Ta30B [PAfHEHTa TeM-
TepaTyphl NPOHCXONHT YacTHYHOE pasjefieHHe
00 cMecH. DT0 MOMHO HNOSICHHTH NDHMEPOM, Hpex-
cTaB/eHuBIM Ha puc. 44. [Tpexcrasum cefe LUK,

SO 5T, B KOTOPOM HAXOJHTCS COBepWeEHHO OHHOEOﬂHaﬁ
cMecb MOjeKya Kmcaopoga B asora: 50% O+
- 7T 4 50% Na. Ecan tenepb noANepKHBAT HHKHION

CTeHKy smuka ppH Temnepatype 0°C, a Bepx-

Pure. 44, ol —npr 500°C, 10, KaKk nOKa3LBaeT OMIT,

Y BepXHell, T. €. GOJlee HArDETOH, CTEHKH COCTaB

rasa Gynet 50,27% N2+ 49,73% O, a y wmxned, Goaee XoxoaHnof,

creHkH 49,73% Np + 50,27 % Og. Takum 06pa3oM, BCIENCTBHS TePMO-

IHGQY3HH y Gonee narperofi CTEHKH OKA3bBAETCA HIGBITOK JErkux

MOJICKYl, @ y XOJOJHOH — H3GBITOK TSAKENHIX: TepMOMUDPYsus Ha~

pyLIaeT OFHOPONHOCTb CMECH H BH3HIBAET YACTHYHOE DasleNeHHe
ee TAKEJION U Jerkoft KOMMOHEeHT.

QGo3HaunM KOHUCHTPAUMO OAHOK H3 KOMNOHeHT CMecH (Ha-
npuMep, Gosee serkoit) depes c. Torma H3GLITOK ITOM KOBIEHTpa-
Houu y GoJee HarpeTod CTEHKM CBA3aH C TeMfeparypaMn ofenx
cTeHek Ty H Ty CEfy10MHUM COOTHOLICHHEM:

Ac=x]n%, (18.1y

Db

HEHT % Test ppuy M Tepmodud-

rie Ko
Gyau.

CymecTBoBaHHE TEPMOAA(DY3HH GHLIO CHauada TPELCKA3AHO
TEOPeTHYECKH, a 3aT€M M NOATBEPXKIEHO SKCIepHMeHTaabho. Teo-
pHsi 9TOTO SIBJCHES BCKpbLMa CaCNYIOINee HHTEPECHOE 0GCTOATENb-
ctB0. B KHHeruueckoli TeOpuM rasoB COYLapeHHS MeMIYy MOJeKy-
JMAMH Ta3a MHOTAA PACCMATPHBAKTCA HPOCTO KAK YA4p HACANBHO
yupyrax mapes. OAHAKO Takoe MpeACTARICHHE 3aBEIOMO CTpajacT
ypesMepHolt YIPOWCHROCTbI0. T'0pasio npasHbHee BMECTO NPOCTHIX
«yZapOB» paccMaTpHBATL BIAUMONEHCTRES MexAY MOJEKY/IaMd, KO-
TOphie NMPOAABASIIOTCH B OTTANKHBAHHH IPH WX CONMKEHUH HA OMEHb
Maable PacCTOSHHS. 3aKOH 3TOr0 B3aHMOJEACTRHS MOKHO npei-
CTaBUTb B BHAE CONSt/rY, Iie r— PaccTOsnue H v — HeKOTOpHIH No-
kasaTenas creneHd. OKasbiBAaeTCR, UTO A TepMonnddy3ur Teope-
THYECKH TOJYHAlOTCH CYMECTBEHHO DA3IMINEE PesyibTaThl B 3a-

Y
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BHCHMOCTH OT BeJHUHHEl nokasarteas v. Tak, manpuMep, ApH HeKO-
TOPBIX BHAYENHAX v TEPMONHGPOYSHA MOKeT H3MeHHTb CBOR 3HAK
HIA Jlaxe COBCEM OTCYTCTBOBaTh. B wacTHOCTH, mocienkee umeeT
MECTO lpH v = 5.

DTOT pesyabTaT MHTepeceH ¢ MCTODHUECKOH TOUKH 3pennusi, Tak
Kak Makcpeasi, pa3pHRas KHHETHUECKY1 TEODHIO ra3ob, BOCHOMb30-
BaJICs FRIIOTE30M, COrTACRO KOTOPOH OTTANKHBAHHE MEX-

Jy MOJEKy/NaMHu NOIUBHSETC HMEeHHO 3akody const/r—s, I
H TOSTOMY he OBHADYKHI HEOBXONHMOCTH TepMoaud-
Pysun.

U3 ckasaHHOro UpH OMACARME [pomecca tepMomud-
DyauH yme SICHO, YTO STO ABJIEHHE MOXKHO HCHOJb3OBATH
IS pasjedeHds u30TONOB. B caywae, Korga remmepa-
TypHOe N0J€ YCTAHABIKBAETC B KyGHUECKOM SALIHKE,
TIPO1HBORONOKHEE CTEHKH KOTOPOro TOANEPKHBAIOTCA
npH rteMneparypax Ts # Ty, AAS ROIDOAuMEHTA pasfie-
JIEHUA NMOMYTAeTCsl CAEAYIOUIAR mpocTaf dopMyaa:

Xorograr
Tennay

2 =y Ty ==

—1gp2momy, Ty
I=1+5 0w T, Puc. 45,

TIpumensiss 91y opMyay K cayyaio Heowa (m, = 22, mg=20) u
nosarast Tp = 900° u Ty = 300°, noayuaeM
a Q=1,03.

Dra BENAYAHA TOTO Ke MOpALKA, YTO U LS OxNOro
spera B Kacxkage [eplia, oTkyga cJefyer, u4to TepMO-
Inddysns MoMET GbiTh HCMOJAbIOBANA JJ1 pasfesne-
Hus u3oTonos. [lobsysich KackanoM H3 2 3BEHbES,
TOJyyaeM, KaK BCErad, MOMHLIN KOIGOULBCHT pasfe-
JeHus Q = g7

Jlns yenenns sd@exra pasfeNeHnT HCNOAb3YeTCs
Hapay ¢ TepMonu¢dysued eme # Kouexund. Pac-
CMOTpHM Y3Kul NPSMOYrOMbHWN suuk (pue. 45),
CTEHKH KOTOPOro HMMEIOT PA3JHUHYI0 TCMICPATYpY,
Kak NoKaza®o na pucynxe. ¥ Gofee TeIIOH CrenkH
ra3 GyAcT pachiMpsThCst H MOAHUMATbCA BBEPX; Y Go-
Jiee X040aHOH —onyckarses BHU3. To Xe caMoe MOMK-
HO OCYLKECTBHTb, €CJH BMECTO [IPSIMOYTOJBHOrO SIEHKA
BOCTO/b30BATECS UHAHHADOM PAAHYCA Ra, BUYTDH X0+

Tenngn.

Kargdnrs,
Taaadnan

@—:«HKEL‘ TOPOr0 KOAKCHANbHO MOMEIEH ApYTod LHTAHAD pa-

2 amyca R;, Harperhifi 0 Gojee BBICOKOH Temmeparypal

Prc. 46. (NpOBO/OKA, HArpeBaeMas 9JACKTPHUECKAM TOKDM,
puc. 46).

Urax, B pesyasTate KOMEEKyud CO3NAOTCA fBA TOTOKA, HAY-
mEe B TPOTHBOMOMOMHEIX Hanpasaexusix. Eciu B sugike wam s
TpyGKe HMeETCA CMeCh [IBYX 4308 DASJHMHOTO MOJEKYJIsPHOTO
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Beca, TO TepMONHOPY3UA BHI3HIBAET, KpOMe TOrO, IOTOK, Hanpas-
JEHIHI MepleHARKYIAPHO K KOHBEKIHOHHOMY TaK, 4TOGH KOHIeH-
Tpaius Godee JETKHX MONGKYN y HATDETONH CTeHKH Chuia Goabiie,
Hexemn y xoxoasol. CosMectuoe feficTBHe 0GOHX 3QexTOB NipH-
BOMMT K TOMY, YTO MEMy BEpXOM H RH3OM BO3IMKAET 3HAYHTENb-
Hast_pas|iocTh KOHUEHTpAUHH.
Pasfepem 570 sBAeHKe Heckonbko ttonpobiee. [pencrasum cele
BHOBb TPSMOYTOMBHBI AMMK (pHC. 47), NPOTHBONONOKHEE CTEHKH
KOTOPOrO NOJAEPZRMBATCS NpH  PAIMAYHBIX
‘,Z Temieparypax ({3 > Ty). Pacnonoxenne oceft
T KOOpAMHAT BO3BMEM TaxoOe, KaK NMOKJsaHo Ha
2T puc. 47, u GyieM paccMarpusarth cCuavana
{ \ TO/BKO TMOTOK, O6YCAOB/IEeHHbIA TepMoXupdy-
smeft u OOulkHOBenHON nugpoysueir. Ecan &
SImUKe N1aXOIMICA CMcCh ABYX Ta30B pasfmi-
i HOTO MOJRKY/IADHOIO Beca H eCIH £, Xak H
N J paHblle, GyAcT KOHUeHTpauuef Gozee nerxoit
A KOMIIOHeHTEl, TO TepMoAn(dysns RI3ORET
NepeHoc BCLIECTBA, MpHYEM KONMYeCT30 nepe-
HOCHMOr0 BRILECTBA GyfeT NMPONOpUACHATBHO
Prc. 47. AT
5% {en. dopmyny (18.1)1 Crnaa repmorud-
¢y3HORHOTO TOKA, T. €. KOAHUCCTBO BEMECTBa, NEPEHOCHMOrO B elH-
ULy BpeMend uepe3 IMIOmMaib, TEPUSHAUKYIAPHYO K NOTOKY, Byner
pasHa

a0

pDx 20T (18.2)
rae p — mioTHOCTL ra3a ¥ D — xovpryient xupdysuu. B peayirs-
Tate TepMOAEQGYIUM MeXAy HArpeTodl H XONOZHOH CTeHxaMu
BO3HUKAET PA3HOCTb KOHUEHTpALMA TAKEOi H JICTKOH KONTOHEHT.
3Ta pasHOCTb KOHIEHTpaud#l BLI3OBET NOABJEHHE HANpPABJENHOro
B 0GPaTHY0O CTOPOHY TOKA OGHKHOBEHHON XHDY3HH, CTpeMAmEHCs
BLpaBISiTh KOHiEHTPALUH Bo beeft macce rasa. Chna storo mo-
CJCAHCTO TOKa, OYCDUAHO, paBHA

—pD—. (18.3)

Monuyio cuny roka J j10/1yunM, yykThiBas 06a mpolecca, T. €. Nojhb-

sysicb popMynamu (18.2) n (18.3):

AT e

7=pD(x 20T 223, (18.4)

B ycTaHOBHBIEMCS COCTOAHUM MOJIHAs CHAa TOKA, OBYCJOBAEN-

HOTO TepMOfHpDy3Hel H Auddy3uch, paena HYTO, # Mb DOAyYaeMm
3 (18.4)

dinT
dx

2
ax

. (18.5)
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Hrax, coemectroe aedcrsue TepMoiHd@ysHH H OBHKHOBEHHOH
ARQyauu IpH HAJMYMH TPALMEHTA TEMIIEPATYPEl MEHAY CTeNKaMu
T HoSIBJIeHHE 2 @ KOWHCHTPAYUY KOMIOREHT CMECH.
[Tycrs Temepb B mHMKC KaKAM-1860 06pasoM BH3BAaNa UHpKYIIUHS
123a B HaNpaB/JeHHH, NOKA3aHHOM Ha puc. 47 cTpenkamu. [Ipu atoM
KOJTHYECTBO ra3a, NOTHAMAIOMErocs BBEpX Y Npa-
pofi cTeHkH, ByaCT paBHO KOJIMUECTEY rasa, ony- ’
CKalouerocs BEH3 y JCBOH CTeHKH. Bmuay aroro
NIONHLIY TIOTOX 8€t4eCTsa Yepes MoGoe ropraoH-

TANbHOE CEYEHHe Gyler paseH HyJo. 2
ORHAKO NOTOK PASJHYHEIX KOMAOHEHT CMCCH

rasoB Gyfer OTAUYeH OT HYARL, TAK KaK COLIac

HO QopMyse (18.5) Bcaeactsue TepMORUPDysnH TN

B CTAUHONAPHOM COCTOSHHH AOMNKEH CyLLECTBO-
BATL MpaJIHeNT KOHUEHTpAUMd JIErKofl KOMIOHeH-
Thi, HANDABNEHHBI B CTOPOHY HATPETOM CTCHKM.
TlosToMy UMpKYAAIHS HAOANAMACT BEEPX GOMb
mee KOJIHYECTBO JCTKO)l KOMMONEHTR Y Ha-
IpETOfi CTEHKH, HEXeNH OnyCKacT BHW3 Y XOJOM-
10fl cTeHKH. DTO BEAET K TOMY, yTO MOCTENEHIO
YCTAHABIAHBACTCA BEPTUKAALHOLE TPANMEHT KO-
LCHTpalMK, TMpHYEM BBEpXy MnoaydacTcA wnabhi-
TOK JIErKOR KOMIIOHEHTBI, @ BHU3Y — U3GLITOK
TSZKEI0h,

LcnuocTs 0HCAHHOTO METOAa COCTOUT B TOM,
UTO pUPKYJSHMS raza, 3HAYEHHe KOTOpoll Boisc-
HCHO HB3JI0KEHRBIME C000pajeHusiMH, yCTaRaB-
muBaerca cama coGof 10K AefiCTBHEM CHWIBI TS~
secTH, Pasymeercs, Bce ckasaHHOoC [0 CHX Top
O CMECH T430B C Pa3IHUNBIMH MOJEKYASPHBIMH
BECAMM LEITMKOM OTHOCHTCA ¥ K CMECH H30TOHOB
Le paSﬂH‘lHMMH MaccaMmu.

Ha puc. »48 TIOKa3aHO YCTPORCTBO TpyOKH, Pric. 48. Tepuord-
NpUMEHABIULICA ANA PA3NENCHUA H30TONOB XJIO-  pysmomman paime-
pa. TpyGka peficTByer MO MPHHLANY UMAMNAPH-  .uTetssan Tpybua:
YECKOH pa3fCAHTCABHOf HAYCHKH, NOACHASMOMY I —nogeos  ToKa;
DHC. 46. BUyTpeHHMM UHIHHAPOM CAYMHT Harpe- 2, IONAda  rasa;

b - 3 — oxnaxnenye,
BAaeMas TOKOM IVIATHHOBAR TIPOBOJIOKA TOJLKIHCOH — PTYTh.
0,4 44; quamerp BHEWHe TPYOKH paBcH 8,4 i
Beero Las pasieenus H30TONOB XI0pa GhiI0 HCNOMB30BANO0 5 coe-
JIMIIEHHBIX KaCKagoM Tpy6ok. Janya ux Geura 7 4, 8 #, 2 Tpy6xn o
6 » u onua B 9 #. OBmas mauHa TpyGOK cocraBaser, TakbM oGpa-
30M, 36 #. Jlas pasgenenns Gl HCIOJb3OBAH XJAOPHETLIA BOAOPOX,
npesctapasionui coGoi cMeen monexys HCI® u HCI7. ITpn srom
Ha THKEJOM KOHIE Noayyanocs exeanesHo 8 cu® HCI ¢ concpka-
mueM 994% CI¥, a Ha gerkom — 25 ca® HCl ¢ comepkanneM
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96,6% C1%, BrocleAcTBAN yAaJI0Ch TOAYIHTD HCl ¢ copepxanueM
B 99,6% CI% npu obwmeit e py6 B 20 #.

Tot e MeTOf OB TPUMEHEH K pasfefeHHio M30TONOB HEOHa,
npHUEN YIanOCh MOMYYHTH HECKOJBKO JHTPOB WHCTOrO Ne®. Bauio
JOCTHTHYTO TaKKe OCOrallenHe YLIEpOLa TAMENOH KOMIOBEHTOH
CB o 6,6% (HOpMadbHbHi cOCTaB Yr/IepoAa Cil2:CB=99,1)
¢ BHIXONOM B HECKOMBKO M2 MpORYKTA B ACHD. \

Mertos TepMOAHGQYSHH OKA3ANCA Taxime MPHUMOAKBIM AR pas-
JefleHHs KHAKHX cMeCell H30TORoB. TaK, HampEMep, GhUI TOABEpr-
Hy1 TepMoaHd@ysuu pacrsop ZnS5Q,, mpHdeM pacTeop noMemancs
Mexay AByMA TJlacTHHKaMH AnuHoR B 90 i, pACTIONOMEHHBINI HA
paccTosHRE 0,025 Ct; Mexily MIACTHHKAMU NOIEpKHBAAACh pas-
HocTs Temricpatyp B 50°. HopMasnbro orsoueHHe CONEPHAHHi H30-
Tom0B MMHKA 64 W 68 papHO 2,93; mocae TepMOINGOYINH Ha TAKe-
JIoM KouLe OKasaoch Zn®t:Zn® == 27, na merkom Zn®:Zn® =
=32

INpouecc ycranosneHns PabEOBECHT B CaYuac KMAKHX CHCTEM
HAeT MeLJeiio, KO AN pasfieneHus TPEOYIOTCH KOMOHKH Melibiek
JJHEDI, UEXeTH B Cayuae rasoB. -

Hecmorpst Ha kpaliioio IpOCTOTY ONHCAHHOTO yCTpOHCTBZ, OHO
0OKA3a/I0CH yPE3BHYAKHO 3QPEKTHEHBM [IA PA3AETCHHs HIOTONOB.
Jlan cpasHCHMs TOTO METOAA C AMGOYIHOMHHIM METONOM GLuIM
IIpOM3BEIeHH! ONLITH C pa3ie/ieHneM HAOTONOR TAMENOro rasa Kee-
HOHA TP MOMOLLE PAa3NeAHTCAbEON TpyOKH JIHHOA B 2,5 4 H gua-
MeTpoM B 5 MA C UEeHTPAIbHOR [pOBOJOKON, Harpesasiuelica Ao
1200—1750° C, # ORBOBPEMCHHO TIpH NOMOLIH Kackaja M3 12 zud-
ysuoHHbIX adeex. OKasanoch, 910 SOHEKTHBHOCTD TPyOKH IO
B | & TaKas e, Kak y 12 nudGyanoHHLIX sueex.

§19. Pas ¢
3JHCKTPOMATHHTHBIX METON0B

BeceMa 3¢deKTHBHEIM CPEICTBOM ISl PA3jeJIeHAs H3OTONOB 8-
J0TCH SACKTPOMATHETHEIE MeTOfbL. B camom nede, xamieli macc-
criexTporpady HiH, B 0COGEHHOCTH, MACC-CHEKTPOMETD B CYMIHOCTH
siBasieTcA NPHOOPOM A5 HOMKOTO pasiesenuss B301ouos. Ecam mpen-
crapure ceGe Ha puC. 34 B MECTaX, COOTBETCTBYIOULHX MOJAOMCHHAM
GOKYCOB A5 HYMEBIX MACC, LIENH, 32 KOTOPHIMH pACIONOMEHH
RpHEMHUKH, TO B 3THX NpHeMHUKaX GyiyT coGHpaThCs UHCTHE H30-
TOMBE.

BelefcTBHe MaaOH CHJIBL HOHHOMO TOKA KOJMHMUECTBO BEIIECTBA,
KOTOpOE MOMer ObiTh COBP2HO TAKHM NDHEMHMKOM, HMUTOMHO: B
OGHINHBIX MaCcC-CTEKTPOMETpPaX CKXOPOCTb HAKOMeHHs BemecTba —
NOPAAKA THCAYHBIX L0 MMKPOTPaMMA (107° ¢) B uwac.

TakuM 06PasOM, METOR MACC-CIEXTPOrpaga ABAAETCH WALANL-
HEM B TeX CayYanx, KOrAa AOCTATONHO MOMYdaTh OYeHb Mawnle KO-

-
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AKYECTIBA PA3ACNEHHEIX W3OTOHOR, HO Aust NOJyueHHs GOJIbLIUX KO-
aWteCTE MpH MOMOULY STOTC METOLA EBCTPeuaercs ABA IMIaBHBIX 34-
TpyxHenus. Bo-TepesX, HOCKOJbKY BEmECTBO B MAacc-CUeKTporpade
epeHOCHTCs HONHBIM TOKOM, AdSl MOJMyYeRHs GOJIbUIMX KOJH4CCTE
H30TONOE TOKH AONKHB GbiTh OUeHb CHAbEBIMH. 3T0 BGHLABMraeT
Ipofinesy NOCTPORHII MOTIHOTO NCTOMHRKA HOHOB. BO-BTODHX, Aame
B TOM cJydae, KOia HMeeTCs JOCTATOUHO MOIINBI HCTOHHK HOHOB,
yBedHUeHK e CHABl TOKA BHIUC HEKOTOPOTO MPEAENbHOro SHAueHus
OKa3LBAETCS HEUEeco0Gpas3HEIM, TAK KaKk DPOCTPAHCTBEHHE 3a-
DL, BOSHHKAIOUM TIPH CAABHOM HOHHOM TOKe, DE3KO MOuMaer
Paspellaloylo CIOCOGHOCTL  MAcC-CHEKTporpaga, M yBelduerue
Cuabl TOKA He [aeT BHUTPbA B CKOPOCTH HAKONJIEHHS pasleneH-
HHIX_H30TONOB.

PaaGepem 3TOT BOMPOC HECKOJBKO nonpoGHee. [Tyctb mer umeen
[IOTOK, COCTOSIIH{ 43 HOHOB AEYX H3OTONOE ¢ MaccaMH (s rpam-
max) M; # M. OaropogHoe NOMepeuoe MarsurHoe nofe, Kak Mul
snaem (§ 15), Gyner QOKyCHPOBATh KAXKIHA K3 HIOTONOB B CBOEM
@otyce, IpHTeM TOJDKEHEE 9TOTO HOKYCA ONpeslenierca painyCod
Kp b KpYFOBOH TpAaeKTOPHH, 0l HOHOM JaHHOro
copra. Jlna  BLIYHCHEHHS
3T0T0 pajHyca KpHBU3HL
ML DonssoBadmuch B § 15
dopsyrolt (4.9), BhTeKaIO-
uieft W3 yCJIOBUSI PABEHCTBA
MEKALY JNOPERUEBOH CHIOH
F#ev u neurpobexHolt cr-
Jofi UHCPREE mufp:

2
—'"p"—=,75eu (19.1) 4
Puc. 49. TIyTH HOIOB NBYX HIOTONOB € Mano-

TlocMOTPUM TeNepb, KAKOE  pasjymaouamsucs MaccaM B 37eKTpOMAT-
BaHAHEE Ha OCTPOTY (OKY- HHTHOM cemapaTope.
ca Oxa3sblBaeT TNPOCTPaH-
crpenubit sapsi, Ha puc. 49 BOCTIpOM3BCACHB CIVIOLIHEIME  H
DyHKTHDHbIME AHEMAMH DYTE HOHOB C MAa0 pasAHIAlouaMucd
MACCAMH B-TIONCPEYHOM OIHOPOAHOM MarumthoM nose. Jlas ynpo-
RN PAcueToR MBL IIPEANONIOKHM, YTO NPOTHNMEHHE MORHHIX Byl
KOB B HANpABICHRH, TEPNEHLHKYIADHOM K ILMIOCKOCTH uepTeKa,
ouenb pesuko. ECaH NOJHAs CHAA HOHHOTO TOKA HA @IHUHLY AJMHHGL
IepUeHANKyYIAPHO K IIOCKOCTH deprea paBHa J, 10 KOIMueCTso
SHeKTpHYECTSA, NPHXOAsUICECS Ha eIHHHIly JUIMUBL Nepleriuxy-
ASPEO K IJIOCKOCTH Yeprexa, Gyzer, OYeBHAEO, J/v, TAE ¥ — CKO-
pocTb HOHOB. Co3AaBaCMEIA TAKHM myTeM RpPOCTPAHCTBEHHD 32 PRI
B CBOIO Oyepelb MeficTByeT Ha HOHBL

PaccMOTPEM Tellepb 1B KPAHHHX IYTH HOHOB B KAXJOM H3 myd-
xoe. [Tpeanonaras, 4r0 H3MeHeHHE KPMBH3Ub [yTH HEBENHKO NpH
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nepexojie OT ORHOrO MyuKa K APYroMy, NMOAYUYHM, NMPHMEHSH Teo-
pexy Taycca — OcTporpaicKoro, cirefiyiouiee BHpaKeHHe s CHAb,
IeHCTBYIOULE HA HOHBI HA TOM M JPYTOM MyTH €O CTOPONEI Mpo-
CTpaRCTBERHOTO 3apaia;

F

J
2 e, (19.2)
rie e—3apfi HOna. ITa cusia Bceraa GyneT nanpaBaeHa HapyXKy
10 OTHOWERWIO K NYYKy, T. €. Ha MOH, MBHXYIIUHCA MO BepXHEMY
nyTH, 6YZeT LEHCTBOBATL CHJA, NANPABNEHHAS OT HEHTPA TPAEKTO-
puu (OKpyKIOCTH), @ HA HOH, IBHIKYUIMACS NO HHKHEMY NYTH, —
K uextpy. ViMemio nostomy mpocTpaHeTBEmibli 3apan Oyner pas-
MHBath (OKyC, Modyuaembifi B ero OTCYTCTBud. J[isi BHIMHCIEHHS
WHpHNB NydKa B (OKyce HYXKHO BMECTO coOTHoulenus (19.1) wa-
UHCATh YCAOBUE DABEHCTBA MY HEHTPOGEKHOH CcHAOH HnepLHn
# cunofi JlopeHUa n.4/0¢ cu.aa, 0eicTEYIOWas CO CTOPORbL RPOCTPaK-
crgennoeo aapada. [TpuHUMAS BO BHUMAHHE CKA3aHHO® OTHOCHTENb-
10 HANPABJACHHA ITOH CHJB, NOJNYUHM CAexywmlie ypaBHeHnd Iid
HOHOB, ABHXYLLHXCS 11O KpARHAM TPaeKTODHAM:
My? =%eu+2n£, 1
1 v
Mu?
0z

(19.9)

=9€ev—2n%, J

OTKYAa [0y4acMm
pr—pi _ Anle
0102 Mv3*

OGoanauas uepes p pajiyc OYTH B OTCYTCTBHH HPOCTPAHCTBENHOIO
3apsia B NOAAras gy & p?, MOAYYHM s WHPHNB MydKa i pac-
crosEun 180°

8re Jp?
As=2(p, — p) =g+ (19.4)

Tak Kak pasHuua Macc pacCMaTpHBAEMBIX JBYX H30TONOB Maaa, 10
COOTBOTCTBYIONME MM GOKYCH Y B (phic. 49) aemar oveHs Gansxo
Apyr K apyry. [TosToMy MOXHO CupTath, 4TO HyTtH HX HOMOB NOUTH
Ha BCeM NPOTAKENHH COBNAZAIOT, 4 TOTOMY H CHHTATh TaKike, YTo
WIKPUHA MYYKOB OKONO B 1as 0GOKX cOpTOB HOHOB Gyier oaana-
KOBA U paBHa AS.

B OTCYTCTBHH NpOCTPAHCTBEHHOTO 3apHla pACCTOAHME MEMKTY
$OKycaMH HOHOB ¢ MACCAMHA M, u M; Gyper

Ax IMe— 31|

. (19.5)

OuenpaHo, 9t0 3P GCKTABHOCTE YCTPOHCTBA AAA [OJYUEHHS JHCTLIX
H3OTONOB OnpefensieTcsl COOTHOLICHHeM Mewiy Ax m As. MoxHo

- N

§ 19 PA3JEJEHUE ¥3010NOB JTEKTPOMAIHH (HBIMU Wk O4AMI 8l

noKasath, 9To Hanboaee GrarompHsTHLIE YCaAOBKS GYAyT B TOM Cay-
uae, ccii Ax = As. B camoM Iene, 1A yBenHuenus CKOpPOCTH Ha-
KOTIERNs BCLIECTBA CCTECTBEHO NOBumath Cuiy toxa J. Ho u
mupusa $okyca As GyleT ONHOBPCMENHO yBENHUHBATBCH IpoNOp-
unonanbHo J. Eciu As'craser Gosibme Ax, TO CKOPOCTb HAKOMAENHHS
YUCTHLX MAOTONOE HA €IHHHIY WHPWIIE NyYKa B HANpPABJEHUH, 11Cp-
MeHAHKYIApHOM K MAOCKOCTH dYepTexa, GYAeT NpomopHHONanbHA

A% ; Tak kox mmpuHa As, B CBOIO oRepedk, MPOROpLHOHALLIA J
2s 4 K 1Hp f 1epeib, MpOnop asna J,

To, OYEBHANO, MBL HHYET'0 HE BEIUTpaeM, yreauyusas J tak, utoGsr AS
crana Goapme A¥. M3 ycaosus Ax = As npu nomomu (194) u
(19.5) mosnyuaem

M | M. — My
Brep :

(19.6)

1

Bocnonb3oBasuics Tenepb coothomennsinn Mio?/p = Fevje (e—
B SJEKTPOCTATHUECKHX exmnuuax) u M2 =eV, rae V— ycro-
PAOLIAH NOTERLKAN HONOB, NOCAe HeKOTOPHX NpeobpasosaHHi no-
Jyunm Aas KOJHYECTBa HAKOTIEMOro BemecTaa

e Lo (4]
n[2] =310 107 LRl vag,

Iile 1} — OTHOLIEHAC KoHLUEHTPaWiil H30TOMOB B Bemectse, Az u A —
OKpYIVIEHHEE 20 LCJBIX YHCEN X aTOMABE Maccs; V—B BOAbTax
1 36 —B sperenax. BuGpan xas mpumepa cayvall pasnescHus H3o-
Tonoe Kadpuus Ca* m Ca®, rme v = 1/20, noayudM aaxe npu
oucnb BHCOKMX 3nauenusx V m 36, nampumep npu V= 50000 s,
% = 15000 apcred

(19.7)

ne
n=012,-,

a CoOTBeTCTBYIOIAR NOMHAA CHAA TOKa 0OKasLBacTCA paBHOl“i BCCTO
1,6 ma ua ca, nadbhefillee ee NOBHIEHHE, TIO CKA3AWHOMY, Heyeae-
cooBpasno. Ma 3Toro clenyer, 4T0 MeToA Macc-CnexTporpada s
nony4eHHs YHCTHIX M30TONOB B GOJbLIMX KOJHYECTRAX MOXeT CTaTh
NpaKTHYeCKH ﬂpl/erxH!ﬂM JHIUE NPH YCIOBHH HEUTpadH3alHd npo-
CTPAHCTBEHHOTO 3apfia, A0 KPaHHOCTH CHHKAIOWErOo 3(GCKTHD-
BOCTb 3TOrC Metola.

Bo3wmoxHoCTL l!El‘/‘lTpEJ‘ll/ISH[H/IH TpOCTpaHCTBEHHOTO 3apfna, ox-
Hako, nmeetcsi. [Tpejcrasum ceGe, uto BHyT'?b HOHHOTO TIyYKa BBe-
JeHo HEKOTOpoC KO/IHYECTBO 3JIKTPOHOB. /lErKO BHAETH, YTO 3TH
SIEKTPOHBL GyllyT ocTaBarbed BLIYTPU 1yyka H CBOHM OTpUNATENH-
HbIM 3dpAJOM HCﬁTpaJIHSOBaTb YacTb MOAOKHTEALHOr0 3apeana
HOROB. camMov aenae, npOCTpaIICTBeHHMﬁ 3apsAl, KaK yXC YKashl-
BAJIOCH, co3gaer MoJe, nanpasneunoc HapyXy 00 OTHOIIEHWIO K
HOHHOMY ITY4KY. HO3TOMY Ha OTpHUATeNLHBIE 3JEKTPOHBL Gyner
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efCTBOBATh CHAA, HANPAB/IEHHAS BHYTPb NyHKa, KOTOPAA HE N03BO-
JMT SJEKTPOHAM NOKHAAThb NHYYOK B TNOGEPEYHOM HANPABACHHH.
DNeKTPORE MOTYT JBHFATbCA TONBKO BLOAL OCH Nywka. OIHAKo no-
TEHILAANE SIEKTPOAOB MOTYT ObiTh BHGPaHbl Tak, 4TOOH He MO3BO-
JATH SJEKTpOHAM YXOLATb M B STOM HanpaBneHkn. Tak Kak, kpome

F

\f
Puc. 50. Ty saexrponon BHytp Bownoro nyaxa (F— cnna, achersyomas
- Ha snextpon).

TOTO, AMEeTCA enie NOTepeuHoe MarKUTHOE [ONIE, TO SAEKTPOHH Oy~
AYT ABATATHCH N[O 3aMKHYTBIM LHKJAOHAO0GDASHBIM TPACKTOPHAM,
KaK NOKa3aHo Ha pHc. 50, u npH 3TOM OyOyT BecbMa 3(erTnaHO
KOMIEHCHPOBATb MPOCTPAHCTBEHHBIA 3aPsJ HOHOB.

§ 20. Pasnenenne HIOTONOB C NOMOIWLI METONOB
(PaKIUOHH POBAHHON NEPETOHKA H OGMEHHBIX Peaxuni

PasneneHne cMecedl JBYX MKHAKOCTeH myTeM Q)pﬂKLlHOl{IHpDBaH-
110ji TIeperoRKH — MPOLeCC, AaBHO H3BECTHLIA M MHPOKO NpHMeRse-
Muji B n1aGopaTOPHO# M 3aBOACKOH mpaxThKe. [IpM neperopke B
[epBYIc 0Yepeib AMCTUJIHDYETCA Ta KHIKOCTb, Y KOTOPOA TeMme-
parypa KAmenmsi HmKe (yNpYrocTb mapa Bbille); MOSTOMy AMCTHA-
a7 GyAer 060ramaThcs GOEE JErKO KHNslel KULKOCTEIO, a 0CTa-
TOK — MHJKOCTBX C MeHplied ynpyrocteto mapa. [losropss sty
OnepaANAI0 HECKOJBKO DA, MOMHO PA3ieNHTb 06e KHAKOCTH.

VYupyrocTh Napa M30TONOB SABHCHT OT MX MACCH, MOITOMY Me-
701 (pAKNMOEMPOBARHO} TePerOHKM B NPHHUANE MPHMEHAM A
paanenenus u3oronos. QNNaKo pasnHuHe B YNPYrOCTA napa B Iak-
HOM CJy4ae HACTOJBLKO Majo, YTO NPHMEHEHRe 3TOre METoAa 0Gbd-
HEIM D ) Heueaecooop Ha npaktake ayu-
IIHe PesyJbTaThi NAaeT «METOA MPOTHBOTOKA», XOTOPHIA COCTOHT B
TOM, 4TO B PasNe’HTENbHOH KOJMOHKE HAYT HABCTPEYY ApYT APYTY:
cundy BBEPX —Tap, a CBEPXY BHHS — MUAKOCTb, UPH STOM MPHHH-
MaoTcs MepH K TOMY, yTOOB MOBEPXHOCTb COMPHKOCHOBEHHA M-
KOCTH ¥ Mapa Obita BO3MOXHO GoJbiledl. TIpn oGMeHe MOJeKyIaMu
MEXKIY KULKOCTHIO H NAPOM MONEKYJbl HKHIKOCTH, uMeomeld 6615+
myl0 yOpyrocTs napa, 06HADYKHBAOT GOAbIIYIO TEHIEHIHIO KOH-
WeHTPHPOBATLCA B Tas0BOA (ase. MeToL 5TOT NPEMEHHM TOALKO

-
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K TeM M30TONAM, KOTOpHe OG1aldIoT He CAMINKOM Manof pasHuied
B TeMIEPaTypax KHICHHS.

Mo cymecTsy GMH3OK X METOAy (paKUMOHHDOBAuMA, HO gHa-
umienLio 3¢pdekrHsHee, METON OOMEHHbIX Peakluli, KOTophi Co-
CTOHT B caefyiomeM. PaceMOTpAM AByX(asiyio CACTCMY: XKAIKOCTb
# Hap ueh ra3. [lycTs, HanpuMep, 370 GyAeT rasooGpasHelil aMMHAAK
NH; u pacTsop aMMEaka B BOje WM B aiKOTONe RAH, HaKoueil,
pactsop asorsokucsoro ammonns NHNO; (naccourmposanmbii
B pactBope Ha NHf u NO3). B 1akoM cnyuae GymerT NpOMCXOUTH
ofMeHHAsA peaKils: asor ra3000pasHOro amMMHAaKa OYAET MEHATbCs
MecTaMu ¢ 430TOM avMHaka B pacTsope. Dta Peaklisi MOKeT HATH
B Ty W APYTYIO CTOpOHY H JiaeT pasHOBeche. Ecii MCHAOTCA Me-
CTAaMK H3OTONLl OAHHAKOBON MAcCH, TO peakumio soofme HuKax
o6napymurh Heabss, Ho momer cayuntses, ato N Gyger cramo-
BuThCS na Mecto N'S wim Hao60por, TaK 9re peaxuns GyAeT WATH
110 ypaBHEHHIO

N3H; (ras) + N'H; (pacrop) == N'“Hy (ras) + N'*H, (pactsop).

Teopm] ¥ ONBIT NOKA3bBAKOT, 4TO B 3TOM caydae NETKH{l H30TOT ﬁy-
Jer HMeTb TeHHeHUHIO KOHHBHTPHPOBZITBCH B ra3oBoit Q)aae, a Ta-
Keasl — B )KH}ZLKO]:L D10 cKaMercs B TOM, HTO KOHCTAHTA pPaBHO-
BecHd peaKuHPl, onpexenﬂemaﬂ TI0 3aKOHY JleﬂCTByiOH_U/IX Mmacc
K = [NVHS] ras [NUH) prcrsop
(N¥H,) ras (NWH,| pacrsop *

Gyzer OTMHWATBCH OT IUWKLE, TOTAA KAK B CAyuae oOMeHa aTo-
MaMH ONWHAKOBOH Macchl OHA A0/XKNa GbiTh B TOUBOCTH paBHa L.
B cayuae pasuoscchsi aMmuaxa K = 1,033, Jlerko Bugers, ato 3710
1 Gyxer KO2(QHIEEHTOM pad/lesleHust JAHHOro mpouecca. B camom
neae, K mMoxer OHTb 3aMHCAHO B BHIE
AL pactaop
K= [N*H,]
ANSHGL
[N/Hy]

7. e, N0 onpefencanio K = g, a nockoiabky K > 1, 370 A 03Hauaer,
gro TAMENMI H30TON Gyfer HMETh TeHIEULHMI0O KOHUEHTPHPOBATHCH
B JKUAKOH (ase.

CymecTBYIOT U Jpyrke OGMeHHbe PEAKNAN, TPHrOAHEIE L pas-
Jlenenksl H30TONOB, HANPHMED
$40y (ras) 4+ HS®0, (pacTsop) <= S0, (ras) + HS¥0; (pacTsop);
Aas ol peakun g = K = 1,012.

Kak u B cydae rasosoil An(pdysu, xoyGdrunert pasgenenns
Ouenb MaJl, ONHAKO K TYT OH MOMeT Obitb 3HATHTEILHO NOBHIIEH
MyTeM HCOOMB30BAIMA KACKAKA: €CIH Kackal COCTOHT H3 Z 3BeHbeB,
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TO TMOARBI K03 hULHeHT pasnenex—mx XaK H B caydae au(p@ysun,
Gyner Q == g*.

B xosoHKe, HCMOJb30BaBLIelics [As KOHUEHTPHPOBAHNA N30TO-
ToB kucaopona O u asora N¥, 6sut0 621 3Beno. Bea xosonKa npen-
cTaB/sa co60f CTaabHylo TpyGy C BHYTpEHHHM AnaMeTpoM B 15 (m
u phicoToli 10,7 #. BHa MCNOnb30BaH MeTOX TPOTHBOTOKA — HHI-
KOCTb N1ajlania BHH3, a nap HalpasJfscsi sBepX.

OKa%a.’iOCb 4TO 3TOT MeTOH MOXeT JdaBaThb KOHueHTpaTlﬂ H30TO-
nos C'3, NS OB, $% p koaHuectse NmOpaaKa OZHOrO IpaMma B
CYTKH.

§ 21. Pas M30TOTOB neHaTpuyrup

Ias pasnedenisi B30TONOB MOMHO BOCHONB30BATBCA TeM (aK-
TOM, WTO CHAA TRMOTeHHs npONOpLHCHATbHa Macce. [103TOMy B rase,
SIBAAOIIEMCH CMECbK) H30TOIIOB, TpH paBHOBECHM KOHLIEHTpALHI
aroMoB ¢ Gonbulefi mMaccolt GyieT OTHOCHFENbIO GOJbLIell BEH3Y.
Tlpasaa, HanpAXKCIIOCT: 3€MHOIO MO TArOTEHHA CAMLIKOM Mana
A TOTO, YTOOLI MOXKHO ObiI0 KAK-HUBYNb TPAKTHYECKH HCTOTb30-
Bath 370 pasanure. ONHAKO MOXKHO BOCIOMb3OBATLCH HCKYCCTBEN-
HBIMA TOJISMH, B KOTODbIX HANDSKEHHOCTb B COTIH THICAY pa3
GoMbILe, HEXKENH B 3eMIOM rpaBMTAUHONNOM Hofe. Tak Kax ueH-
TpoGeKHEe CHJb, KAX H CHAL TATOTCHA, NpoMOpLHOHAIbHE Macee,
TO HCKOMBE HCKYCCTBEHHDIE MY (CeBAOTpPABHTALHOHHBIE [0S OCY-
LECTBAAIOTCA B LERTpHbYre.

Halizem pacnpenesedne wactiu B UeHTPH(Yre Ha pasTHUHBIX
paccrosHuAX oT ock. Ilyets p Gymer mAOTUOCTD rasa, r — paceros-
HHe OT OCH, o — YIJ0BAaA CKOPOCTL BpaLieHHs. PaccunraeM nasie-
HHe Ha paccTOstHHH 7 0T ocH, LleRTpobexHoe yckopenne pasHo ro?,
a Macca ¢10S rasa ceueH#eM B | cm? M roaurunoll dr Gyret pdr.
TlosToMy NaBJCIHE CJIOS C paguycaMmu r 4 r -+ dr Gyner

dp=npdr-ro @2Lu
(o) )lpyl‘Oﬁ CTOPOHEI, MO 32aKOHAM HIeaJpHbIX Ta3oB
RT
P=="3r 0 21.2)

rae M — monexyaspipii (atoMpniti) sec. M3 (21.1) u (21.2) mo-
JyuaeMm

d, Ma?
=,
HJIH, ERTETPHPYS, e
p=pe *,
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4 Tak KaK, ¢ JpYroil CTOPOHEI, A@RJEHHe IPONOPLUHOHAMBHO MUCTY
uacTHIl B | c#®, TO AMIA pachpenesieHMs UHCAA waCTHI Ha PA3JAHY-
HBIX DACCTOAHHAAX IONYUACM

Muirt
==nge BT, (21.3)

Tlpeanonokum renepb, aT0 Hall ras SBJISETCH CMECHI0 JaCTHI[
nerkux My, np n takeanx Ms, #s. Tlpn paBHOBecHM COOTHOIEHHe
(21.3) OGyaeT mMeTb MECTO /A YacTHI KaMJOTO COpTa, a TMOTOMY
Ha PACCTOAHHH 7 OT OCH OTHOIIENHe YHCEI YacThy GyieT

Mp—Mg) wir?
" (M —Ms) oir

J‘;(ﬂ)ﬂe m™ (21.4)

g ng

rae (np)o B (ns)ufv-mcna 4acTH TOr0 ¥ LpYyroro copTa Ha OCH.
Kosdduuuentom paszfenesns Gymner CIyKHTb OTHOWEHHe unced
ngfng 1a rpannue noxs (r == ro) W Ha och (r =0), 1. e.

(Ms,) ¥}

(nsinr) KT R (21.5)

(ns/nr)y

3aMeuaTelbHO, 4TO B OTRUTHE OT APYTHX MeETONOB, i€ Kod¢-
UUHEHT PA3NCAeHHA 3aBHCIT B TOH WIH HHOH (OpMe OT OTHOUIEHUR

Mace |HanpuMep, B mMeToxe NH(PYsHH — OT 3 [ B AaunoM

L
cnyqae OH ONMpemeJsieTca PasHocTsio Mace Mg— Mp. D10 sBasercs
GOMbUIMNM OPEUMYIECTBOM MeTola LenTpHdyruposaHHs. Bo-mep-
BblX, KOS(OUUAEHT DA3ACJCHUA, OUEBHIHO, OyJeT OAMNAKOB BHE
3aBHCUMOCTH OT TOTO, B KAKOE COEAMIENHe BXOAAT H3yuaeMbie H30-
TONB, BBHIY 4Ero BCErAa MOXKIIO NONoCpaTh TAKOe COSXHHEHHR, pa-
6ota ¢ KOTOpBIM BCero ynoGhee. Bo-BTOpbiX, B ciTyuae Tameawx
BJEMEHTOB 3TO CBOHCTBO GAArONpHATHO CKAHIBARTCS M HA BOH-
unNe KodpduMenTa pasienerna. Hanpumep, Mpu pasieacHHH n30-
TOMOB ypaHa Ta3o06pasHbiM COeNHHEHHEM ABJASETCA LIECTHTOPR-
crbit ypan UFe; Xpajpatatil KOpeRb 3 OTHOMIENHS MOJIEKYATPHBIX

352

Becos UP®Fg u U2PFg pasen 3ig = 1,0043, 3 10 ppems kak

ANA MeTOfa LeHTpH$YTHPOBANRA B Ccayuae, Koria pasHocrs Ms—
— Mr == 3 npu JuHelHOji CKOpOCTH Ha TepH{epHH LEHTPHDYTH
B 5:10% catfcex w mpu TemnepaType 300°K, KosdduumeHT pasiene-
Hua paseH 1,16,

amee, Xak BHIHO K3 Qopmyns (21.5), ¢ cuibHO B3aBmCHT
OF TeMNePaTyPbl X Bo3pacTaeT DpPH MOHMMEHRH TeMmepaTypbl.
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Hanpnmep, nps v = 5-10* cufcex n Mg— My = 3, ¢ umeer caenyio-
IlMe 3HAYCHHA NDH PAa3RbIX TeMIIEPATYpAX: .

7, °C 300 200 90 20

¢ 1,16 1,25 1,65 9,68

Bayc noctpoun GricTpoxomsie HeNTpH(YTH CICHHAILHO Ast
pasziesieHHsl M30ToNoOB. lleHTpHpYyra NpeicTaBiseT COGOR WHIHHAD
#3 XpOMOMOAHGNEHOBOR CTann; BHELIHWA AMaMeTp unauuapa 10 ca,
TOJIIHHA CTEHOK 12 ma. LIAHIAD NpHBOMMTCA BO BpAIeRHe CKa-
TEIM BO3AYXOM. MaxcuManbHas CKOpoCTs Bpawienusi, jonyckaemas
[pOUHOCTBIO MaTepRana, COOTBETCTBYET JHHEHHOH CKOpOCTH ¥ ==
= 8.10* cu/jcex.

DPeKTABROCTL UGHTPHYIH AVIsl pA3eNEHUs H3OTONOB MOMKET
GBITh HOBB{LIEH (IYTEM KOMOHHHDOBAHMA €€ NCeBNOTPABHTALHONLOFO
moas ¢ AH¢pdysrer. C 3T0i Leabi0 MOTOK Dapa HAaNpaBAseTCs BO
BHeLIHE} 4aCTn UANMIApA BRHS, a B akcHaabHOR — BBepX. Ha rpa-
HHle MKy ABYMS NIOTOKaMH MpOHCXOJHT HelpepbiBHas Auddy3us
MOJIEKYJ H3 OHOTO NOTOKa B ApYrofi. [leRTpoGexHoe noje ycua-
Baer ne%exon Gosiee TsAeJbIX MOJCKYN N0 HANpABJIEHMIO K NepH-
¢epun. TTo5TOMY KOHUEHTpAIWA TSIKENOrO H3OTONA Ha NepHdephH
Gynet Gosbue, ueM B UedTpe. [laf JErgoro H30TONA HMeeT MeCTo
ofpaTuas XapTHHA.

Ynpaxuenne. PaccurTats KOSQOHMIMERTH DA3ICNCHES AIA OCHIPHGYTH
BPH CROIVIOIMK YOAORHAX: ARHCARAR CKOPOCTD © — 5+[0% cajcer; pasHocT
wmace m3oTonop Ms — My . 2, Temnepatyps 300, 200, 90°C (n1a pa3-
HocTH Ms — My = 3 npoaeputs N ps, TPUBEACHHbE B TeKCTe).

§ 22. Noayuenue TaXenoro m3orona soxopoma (mefirepus)
H TRXKEN0H BOLL

Taxeanli usoton Boaopona— aelirepult (D) —urpaer Takyiwo
GoabIIYI0 PO B COBpEMEHHOl (H3AKE H XHMuH, UTO Ha ero MoJy-
UCHHA CJIelyeT OCTAHOBHTHCA OTNENbHO. Oco60e 3HaUCHHE TANKEI0ro
H30TONA BOAOPOAA CBA3AHO, MEIKAy IPOUHM, C TEM, UTO O ABIAAETCH
©[UHCTBEHHBIM H3OTONOM, MAcca KOTODOTO OT/AHYAETCS OT MAacCh
OCHOBHOrO RH30TONM& Ha 100%, BBHAY Yero 3TH ABe PA3HOBHAHOCTH
BOXOPOfla B PASAHIRLIX XHMHYECKHX N (PHIHUCCKHX IpOLECCAX Be-
AyT CebH CYIIECTBEHHO HEOAWHAKOBHM 00pasoM.

B 06uiuHOM BOAOPOAE, BCTPEUAOMEMEs B IipHpOLe, NPOUEHTHOS
CcOollepIKARKE THHEAOTO BOAOPOAR cocrasaser scero 0,02%. B kon-
neHTpHpOBAHHOM BHJE AeATepHAl NOMYyuaeTcs B BHAE TANEA0H 8006t
Tax KaK He TOAbKO BONOpOI, KO H KHCIOpOA HMeeT H3oToms (O,
OY, O'%), 1o cpeu MOJEKYN BOIBI BCTpeuaoTea Easnuquue KOM 6H-
Hauny usoronop, Hampumep D,0%, HDO, H,0#D,08 u 1. 1. Ox-

» N
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HaKo NOX HMEHeM TAXKENON BOXBI DASYMEIOT BOLY, MOJEKYJb KOTO-
Poit umeoT cocras DO, Onanveckue cBOCTBA TAKENOR BOMB OT-
ARMYANOTCH OT CBORCTB OCLIKHOBEHHOM, HJH JIErKOR, BOIM, Kak 3T0
BHAHO H3 TaGaHubl V. .
TaGanua V
HexoTopue gmanteckue crofictna Taxedoi (D,0) & aerkolt (H,0) Bonst

CgolicTra D0 H0
Taotnoets 430 . . . . v u .. 1,1059 0,9982
TeMUCPaTyPa 3aMEPSANHA . . .« « + o » ,82° G ,00°C
TeMnepaTypa KHNeHRA . . . . . . .. .| 101,42°C 100,00° C
MaXCHMYM TAOTNOCTH TpH . . . . . . . 11,60° C 400°C
Basxoers 109 CTC . . . ... .... 2,60 10,09
TlomepxnocTioe HaTAxenne & OUN/CH 67.8 72,75
TTokasarems Ipesomtehs nly . . . . . 1,32844 1,33300

Bcexope nocsie oTKpHTHS TAXKENON0 BOJOPOAA GBS0 OGHApYKEHO,
YTO NpH SJEKTPOJH3E BOIHHIX PACTBOPOB BOXa oforamjaercs nefi-
TepHeM, TOrAa Kak ocBoGoKIaeMbli rascolpasubiii Bogopon ofo-
TamaeTcs JErkuM n3oTomoM. Ha 3ToM Gbl1 0CHOBAH MeTOX NOfyde-
HH DBDAKTHUCCKH YHCTOM TSXKeNodi BORH (¢ comepaHmem DO
B 99,9%) myreM amexTposH3a.

B nacrosimee BpeMs Taxemas BOAA HIrOTOBJSETCS B GOBLINX
KOJMUECTBAX 3aBOACKHM CAOCOCOM, MpHYeM HCNIOAB3yeTcs KOMOH-
HUpOBAHHbI MpOlece MeKTPOiH3a H QOMeHHOH peakunn (cm. § 20).
Ecuan ofmentan peakuis, npH KOTOpOit BOXOPOA BOAEI 0GMeHHBaeTCS
Ha NefiTepHil M3 rasoo6pasioro BOAOPOAA, BENETCR B NpHCYTCTBHR
KaTaju3aTopa, TO NpH pABHOBECHH KOHUEHTpaluHsi AeATepHd B BOAE
NpHMepHO B TpH Pasa 0OAbINE, HEXEJH B ra3osoil pase.

CxeMa mpoilecca TNOJiydeHHs Tsbkeaoli BOABI TaKOBA: BOja INO-
naeTcs Ha BepX KOJOHKH H CTEKAaeT BHH3 HaBCTpedy I0JHHMAOIie-
MyCsl Mapy, CMEAHHOMy C BOXOpOAOM. B mpuCyTcTBHEM KaTaausa-
TOpa MeXIy BOZODOAOM K TapOM DPOKCXOAHT OOMEHHAs peakins,
MpH KOTOpOR vacTh MefiTeps KONLEHTPHpYETCss B Mape H 3aTe
nepeXolMT B BOLY. BHHSY KOJOHKH BOLA pasnaraercs SJCKTpHue-
CKHM TOKOM, NpHYeM B HepasJOXHBLIECs BOJe MpOMCXONHT Aafb-
Hefimast KOHUEHTpauua ASHTEpHS, 8 BOAOPOA BMECTE ¢ MapOM NOA-
HMMAaeTes BBepX HABCTPeuy MOTOKY BOAbL. [1010GHOrO poxa KOJIOHKH
pacnionaraioTcsi KackagoM. [loayueHHe TsKeBOH BONM CBA3AHO
¢ notpeGiieHHeM GOJBLINX KOJHMUECTB 3JICKTpHUeCTBa, BBULY dero
3aBOJIH VIS MOJAYUeHHs TSAXENOR BOAB pacnosaramoTCl B Mectax,
e HMeeTCst AELIeBAR SNCKTPOIHepTHs (THADONIEKTPHUECKHE YCTa-
HOBKH).

B ‘sakniouenne Mbt TPHBOAMM TabamIy cTaCHILRLIX H30TOMOB
¢ yKaasuHeM uX pacOpocTpaHeHHectd (1abua. V).
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Tasanua VI Mpodo.scenue

CTaGuakubie HIOTOMB M WX PACHPOCTPRHEHHOCTS - OriocH- Orioe-
ean . renian
Ommoon- Orac- ‘ Counos | ATonasn | Maseome | pacnnor | Cawson | Aouis® | M| pacive;
Crmnon A:g::;m Macconoe | peetiat || o | Arownus | Maccosoe | OISR it et b
Frparien- Fparan:
Hotre % Hocre, % As 33 7 |100 Pd 6 102 080
104 9.30
4 74 87 -
H 1 U] 9998 | Ca 2 40 | 9692 se 8 76 g:oz 1051 2280
D 2 0014 42 0 . 77 758 % | e
7 N 43 0,120 78 | 2352 o | 135
44 213 8 | 4982 o
He 2 3 |13-10- 15 0003 o o5 Ag 47 07 | 51,02
4 48 0178 g 109 48,08
Li 3 6 7,30 s 2 s |0 Br 35 79 | 5053 cd 8 106 1215
. 7 92,70 < Nk 8t 1947 108 0,873
Be o i 2 18 795 5 ne | 123
B 5 10 | 188 a | 775 Kr * Bl S | en
i 81,17 @8 | 755 82 | 1156 1z | 2407
c 6 1 98,892 49 551 8 | i 13 | 1226
13 1108 50 534 24 550 Hg (]
14 10— v 23 51 0,23 8 7.7 ’
N 7 14| 9963 51 | 9977 1.3 In 9 n3 | a2
15 0365 | ¢ 2 50 4312 R a7 85 | 7220 115 | 9577
o 8 6 | 99759 A 87 | 2780 sn 50 I+ 08
17 0,0374 53 955 st 38 84 0,65 e o
18 0,2036 54 2,38 8 9,75 ¥ :
3 s 16 | 1436
F 9 1 |100 Mn % 55 |10 O A nz .
Ne 1o 20 | %002 Fe % 54 581 274 18 | o432l
21 0,257 5 | 9104 Y 39 8 |10 19| 845
22 9,823 57 29 zn 10 90 51,46 120 83,11
Na 1 2 100 58 0.3t ao| e 5 55
M, 12 2 78,98 C 27 59 il :
¢ 25 | 1005 © 190 9 | 1740 | sb 51 21 | 573
o | 109 Ni 28 58 | 67,77 % 730 13 | 4575
Al 13 27 |00 b Nb £ 93 1100 Te 52 120 | 009
si 14 28 9218 | . 62 366 Mo 12 %2 15,84 122 2413
69 s 123 0.85
29 471 6t 116 4 9,01 o bt
30 3112 Cu 2 63 | 63014 %1 B2 15 | 698
P 15 31 100 65 31,06 % 16,53 126 18,70
N ~ 9 97 9,46 ¥
s 18 32 | 95018 | zn 30 64 | 4889 o | onrs 128 | 3185
33 0.750 66 | 27,81 100 a1 130 | 3458
34 4215 67 4,07 99 ) [ 53 127|100
36 0017 68 | 1881 Te 3 n Xe 54 124 0,09
a 17 35 | 7540 70 0,62 Ru “ 9% 568 156 oo
a7 24,60 Ga 31 69 60,16 98 222 128 1,919
Ara)| 18 38 0,337 71| 308 S| aa 120 | o824
38 0063 || Ge 32 0 | 2052 . g 130 | tors
40 99,600 [ 2743 1ot .98 131§ 2113
K 19 39 93,800 73 776 102 314 132 | 2630
40 00119 74 | 355 1ot 1827 134 | 1044
4 6,9081 76 776 Rk % 103 |00 136 X
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Mpodonxenue Ipodoanenue
Othocx Orroca- Orgocn: 1?1‘;?:;:;
Temsuan Tensuan rennan Avonan | Macconoe | T&7
Cunmog | Apoasntht | Maceonoe pacrpo- | Cmuson Aoa®| Maee Jacomo- oo | Aromia® | Mintoee paciper | Crason oD wneao | B en
60STh, % wocrs, % 0CTh, % uoiTs, %
Cs 55 133 100 Er [ 162 0,154 He 80 196 0,15 Bi 83 209 100
Ba 56 130 0,102 164 1.606 198 | 1012 Po 8 210 -
132 0,98 166 33,36 199 17,04 At 85 210 —
134 242 167 22,82 200 239 Rn 86 222
135 6,59 168 27,02 201 13,18 Er 87 228 -
136 7.81 170 15,04 202 26,54 Ra 88 226 —
137 11,32 Tm 69 169 0 204 6,72 Ac 89 227 -
138 | 71,66 Yb 70 168 013 T 81 203 | 2946 Th 90 232 100
La 57 138 0,089 170 3,03 205 | 70,54 Pa 91 231|100
139 | 99911 171 | 1a97 Pb 82 204 154 u 92 234 0,008
Ce 58 136 0,19 172 2177 206 22,62 235 0,720
138 0,2 173 16,08 207 22,62 238 99,274
140 | 88149 174 13192 208 | 5322
142 | 1107 176 | 1280
Pr 59 141 00 Lu 7l 175 | 9740
Nd 60 142 | 25 176 60
3 12,12 Ht 2 174 0,199
141 | 2391 K 176 593
145 835 177 18,55
146 | 17,35 178 | 2723
148 578 179 | 1373
150 569 1w | %07
Pm o1 ut - Ta 7 180 | op123 -
Sm 62 144 295 181 99,988
| taez w 7 180 | 016
. 182 | 2635
M9 1356 183 | 1432
150 7.7 181 | s0a
152 | 2734 1ss | gy
154 | 2329 g
Eu 63 151 47,77 Re 75 185 37,07
153 | 5223 187 69,93
Gd 6t 152 02 Os 7% 184 0,018
154 216 185 1582
155 | 1468 187 161
156 | 2036 188 | 1327
157 | 1564 189 1 1614
158 | 2495 190 | 2638
160 | 2211 192 | 4097
Tb 65 159 100 1r 77 191 38,5
Dy 66 156 00525 193 | 615
158 00905 | Pt 78 199 0012
180 2,207 192 1. 08
161 1888 94 | 302
162 | 2553 195 | 352
i63 | 2497 195 | 266
164 28,18 198 7.2
Ho 67 185|100 Au 7 197 {100




TTABA 01

SIAEPHOE CTPOEHHE ATOMA

§ 23. dddexTuBHOR cevenne 1A paccesHHS HacTHI

Ho cux nop Mbl paccmarpuBagyu aToM Kak nesoe. Temeps Mul
CONOCTABAM Te (aKThi, HA KOTODHIX OCHOBAHBI COBpEMEHHHE mpex-
CTaRJERAs 06 aTOMe KAK O CHCTEMe, COCTOSINEH M3 TAMENOro Aapa
H OKPYKAIOWHX r0 3JCKTPOHOB,

OxnH B3 JyWIHX CHOCOGOB HCCHENOBAHMA CTPYKTyphl aToMa
32KI0YAETCS B «30HIUPOBANHH? €10 GLICTPBIMH JACTHIAMH — /K-
TpOHaMn GOMpIINX CKOPOCTEH HAM @-4aCTHOAMH PATHOZKTHBHBIX
BeruecTs. ITponecch, KOTOpble TIPOHCXOMSAT NPH MPOXOKICHHH [OTO-
KOB OBLICTPBIX Y2CTHIL Yepes BeILecTEO, BOOGILE roBOPH, Pa3koo6pas-
Al K CAOXKHBL. 1lac Gynyr muTepecoBaTb B 3TOM M B Gammaiiimux
CICIVIOUUX Naparpagdax TOJNbKO SBJEHHH PAcCesHUA UacTAL, T, e.
ABAeHHs, OOYCIOBJICHHbIE OTKJIOHCHHEM UACTHI OT HX TNePBOHAYATL-
HOr0 MyTH. PacCMOTpedwe STHX #BJEUHH NOSBOJINT HAM Cynurh
O CTElenH 3ano/HCHNS BELICCTBOM NPOCTPAKCTBA, 3AHATONO aTOMOM,
70 PACTIPEE]CHUN B HeM MOJOKHTETbHOIO H OTPHUATENBHOTO SJIeK-
Tpuuectea. OfHAKO TPeKae BCEro Mpl PACCMOTPHM HEKOTOpHE O6-
LIHE BOMPOCH, CBA3AHHLIEC ¢ PACCESHHEN 4aCTHIL

Pacemotpum wacThiy, ABHAKYUIYIOCH CPenH HeNOABHKIBX Xao-
THUECKU PACTPEACIEHHEIX LIAPOR, ¢ KOTOPLIMH OHA MOZKET HCIBITH-
BaTb coyaapeuns. Coynapenve ABMKyWEHcA YACTAIL ¢ KAKHN JHOO
HWapoM ecTh SBICHHE CiydafiHoe. OUeBRIHO, OMHAKO, UTO BepoAT-
HOCTb HPONTH PACCTOAHUE X, He UCABITAS COYOAPerus, eCTh KAKAA-TO
dyuxuns d1oro paccroirus f(x). C apyron CTODOHEL, MBI MOzeM
CYHTATe, UTO BEPOATHOCTb UCALITATS COYNAPeHUe WA GeCKolleqno
MaJloM orpesxe di UpONOPUHOHATbHa dX, T. €. paBua adx, a Bopo-
ATHOCTL NPOATH Ges COyRapeHns STOT OTPESOK DABHA MOITOMY
| — adx. BeposTitocTs npoittn 6e3 CoyAapeHus paccTosnme x + dx
MBl MOMeM Temeph BLPa3HTb ABYMs CHOCOGAMU: C OHOM CTOPOHH,
9T0 ecTh $YHKURA f(X + dx); ¢ APyroft CTOPOHE, MOKHO paccMa-
TPHBATL MPOXOKAERHE OTPe3KAa AMMHEL X - dX KAK COBHITHE CIOZK-
HOe, COCTOANN€e K3 JBYX STANOR: NMPOXOMAGHHA DACCTOAWHS X
ZajibHellIero paccTosfuns OT %' o ¥ + dx. BepostuocTs rakoro
CJIOZKHOTO COOLITHSI PABHA IPOMIBENEHHIO BEPOATHOCTER OGOHX CO-
Obitail, 1. €. pasHa f(x) (1— @ dx). Mbt umee, TakuM 06pa3oM,

fx+d9) —F (0 (1—adx),

-

§ 231 SOOEKTUBHOE CEYEHME JII PACCESIHUS HACTHII 93

MR C TOYHOCTHIO A0 GECKOHEYHO MAJIbix BTOPOTO NOpsiaKa
LHE)]

700+ 4y =) — af () ax,
OTKyHa 1M0C/Ie HeGOJbLIUX MPeo6pasoBanuil
dfff =—adx,
HIH, WETETPUDYS,
f=ce—%.

TlocTosNIyI0 HHTETPHPOBAHAA HAflICM U3 OYEBHIHOTO YCIOBHA, UTG
BePOATHOCTh HpofiTn Ge3 CcOylapeHus myTe X == ( eCTb AO0CTOBED-
HOCTb, T. €. 1. DT0 Aaet ¢ = | u OKOHYaTENBHO

flxy==e (23.1)

Hrak, BeponTHOCTs MPOHTH KAKOH-THGO CIOH BemecTsa Ges coyaa-
perHa yt‘)bmae'r SKCIOHEHNHANBHO ¢ yBe1HYeHHEM TOTIHHB 0.

BuisicriuM Tencpe (HIMYECKHA CMbICR TIOCTOAHHON . 3ameTum
Tpekae BCEro, UTO 3Ta BEAWUMHA MMueeT Pa3uepnocTh 06paTHOl
ZARHEL, TAK KaK NOKA3ATENb CTENeHH ax JoJXeH ObiThb Ge3paamep-
HOft BEIHYHHOM, [l YCTAHOBJENHS (HIHUECKOTO CMBICAA @ ME! BLI-
HHCAHM CPENHiol0 IJIHHY CBOGOAHOrO MpoGera YacTHibl, MOAb3YACh
dopmyaoit (23.1). YacThusl, KOTOPhIE HCMHTHLIRAIOT COyLapeHue HA
orpeske MeXiy X ¥ X + dX, npomin 6e3 COylapeHHs OTpPesoK X.
BepoartHocts npofiTA 6¢3 COyAAPCHUS myTb X eCTb MO MPCABLIYIIE-
MY e79%, 8 BepOATHOCTb WCIBLTATH COylapeHHe Mexay X it X + dx
ectb @ dx. ITo3TOMY BEPOSITIIOCTD TOTO, UTO AAHHA CBOGOAHOTO myTH
€CThb X, P3BHA NIPOU3BEICHHIO

ae~* dx.

Cpenusta L1HRa cBOGONHOTO NYTH A M0 (OPMyde Mid CPEAHHX 3HA-
welni *) paBHa

A

= f xae ¥ dx=a I xe~ % dx, (23.2)
0 o

HurerprponanreM 00 wacTaM wailiem

A

°

(—— ; xe-’“)w-l——;fe‘“ dx
0 0

TakuM 06pasoM, NOCTORHHYI @ MBI MOMeM HCTOMKOBaTh KaK 06-
PATHYIO BeJHunHy CpelHell Minub CBOGOAHOrO myTH

a=1/A (23.3)

*) Cu. npnaowene [  KOHDe KARTH,
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® dopmyay (23.1) nepenucatep B BHe

x
fy=e *. (23.4)
Mpl MOXeM aTh NOCTOAHHOH & elie OZHO, 0COGEHHO BHTEpeCHOE
JUSL Hac ceffuac, HCTOJKOBaHHE, Pa3MepHOCT @, KaK MBI 3HaeM, ecTh
Ca~1, MOXKHO €@ NpeACTABHTD ellie H Tak:
[a] = cu*fead == cu™l,

TlycTh YHCAO HENOABHXKHBIX DACCEHBAIOIMX UaCTHIl B eIHHHIE
ofbema Gyzer n. 3 Kaxaylo p 10 HacTHLY MH-
LIeHbK) B BHAE KPYKKA pAANYCOM fo W FWIOWANSIO O, BIOpaHHOH
TakuMm 06pasoM, 9TO KaXaas ABWKYLIARCHA UACTHIA, KOTOpasd mpok-
IeT BHYTpH 3TOH MHuIeHN, HCNLITAET OTKIOHeHWe («coyAapedne»),
Jlerko BHAETD, Y4TQ pa3MepROCTb 70 pasHa cu~t
i

A

no]l=—z cs?=cu™',

Tlnowas o NasbBaercss «3pEKTHBHLIM CEYenueM> M PACCESHHS
H, COOTBETCTBEIINO, fo— paiuycoM 3ddpeKTHBROrO cevennus. [Ipons-
BeJleHHe N0 HASHIBACTCS MAKDOCKONHYECKHM CEUeNHeM; OHO mpell-
cTaBaseT coboil cyMMy sdheKTHBHEIX CeyeHHii B eApBIHELE o0beMa.
Bsuay TOro, 4T0 pasMepHOCTb @ COBNANALT ¢ pASMEPHOCTHIO 110, Mbl
MOXKEM HCTONKOBATb @@ TaK XKe, KaK CyMMy 3¢eKTHBHLIX CeueHHi
B efuENne 06bEMA H MpelCTABHTb B BYIE NC.

CTaTHCTHUCCKUH EMLICH 3¢CKTHBIOrO CEUeHHS MOKRO TIOACHHETH
cneflyoluM c6pasom. [IycTh NAOTHOCTh MOTOKA pACCEHBAIOWUKCS
vacThu Ng papna 1, 1. €. nycrs uepes | cu? B | cex npoxonwT 1 va-
cruna. Yneso paccenBaioHX NEHTPOB B CAHNLE 06beMa, 7, NyCTh
Takxe pasHo 1, TOrAa BepOATHOCTL HCTAITATh pAcCessHHe MOXKHO
BHIPASHTH KAK OTHOIIEHHE TIOIALH 5(hdeKTHBHOrO CCYERUS O K Ce-
UeHKIO «IOTOKa», T.e. K 1 cu?. MiTax, ¢ ecTh BepOATHOCTh MCTHITATh
paccestHe MpH NPOXOXKACHUH CI051 TOJUIMHON B 1 3, Copepxkamero
ONlly WACTHIY, & Mg — BEPOSTHOCTb KCHbLTATh DACEEAHUE, ecilH
IMIOTHOCTD WACTHIL B ¢JI0€ paBHa 71, )

PacemoTpuM Tenepb 0CA1a6ACHHE NOTOKA YAaCTHI MpH NpOXOKITe-
npH €KBO3b CA0OH MOGCH TOMLHHBL, UMEA B BHAY, UTO Kaaad uya-
CTHIla, ACTILITABLIAS «COYAApenues (T. €. NpOUIeNIIas BHYTPH KDYk~
Ka pajuycoM, paBHbIM 3(pEKTHBIOMY CeuellH0 &), BBINAET H3 Ha-
pa/JeNbHOre HOTOKA # He Oy#eT 3aperHcTpHpoBAla lpHEMHHIM
ycrpofictBoM. Pa3ofbem Bech Cllofi Ha GeCKOHeYHO TOHKHE CIOH dX.
Yneno pacceHBAXOIMMX YACTHI, NPAXOAALMXCA HA KaXAWH cM?, Gy-
AeT 7 dx, cyMMa HX 3)GEKTHBHBIX ceuenuli paped on dx.

Ecan ya nepellfiol0 TOBEepXEOCTh HAWEro GCCKOHEUHO TOHKOTQ
CJI081 Hagaer NapaJesblisll TOTOK YACTHI BROTHOCTHIO N, TO 0cara6-
JIeHHe noToxa byier

—dN =Nm}“dx, (23.5)

$20 30HJUPOBAHWE ATOMOB 3JIEKTPOHAME N 95

OTKYZa, HHTErpUpYS, NoxydaeM
x

Nog—os == Noe T,

N = Nogror

Te Ng-— IJIOTHOCTb TIOTOKA YaCTHIl, BXOAALMHX B TOJCTHIA CJIOM.

§ 24. onmHpoBauye ATOMOB 3AEKTPOHAMH

O6pataMCA Tenepp K pACCMOTDERHMIO DACCEAHUS DJIEKTPOHOR.,
TIpn NpOXXKASHHH NydKa OSJICKTPOHOB Yepes BELECTBO NY4OK
ocaabasietest, T. €. YHCIO 31eKTpOHOB B HeM yOHBaeT, NO ABYM NpH-
udnam. Bo-nepBuIX, 3MEKTPOHB! MOIYT TEpSTH CBOIO 3HeprHIO, pacxo-
Ayd ee Ha pA3VIHUHKE MpPONECCH, BOSHUKAIOWIME APH TPOXOKACHAU
ObICTPOra JMEKTPOHA Yepes aToM (MOHH3AUMA M BO3GYXKAeHHe, CM.
T VI1); BO-BTOpbLIX, OHH MOTYT KCHBITHIBATG YNpyrHe COyAapeHHs,
B pesyAbTaTe KOTOPHX JHEPTHA HE TePALTCH, HO 3JEKTPOH B HEKO-
TOpLI] MOMERT pe3Ko K3MeHsieT CBOE janpapieHHe H BHOHBaer H3
nyyka. Ocaabaenne MyuKoB 3JMEKTPOHOB BCAGACTBHE pACCEAHU K3Y-
yajgoch ewe B Hauage 90-x rosos mpouuioro croaetns Jlenapaom,
KOTOpHI MOKA3al, uTO MpH MPOXOXKACHHA uepes CJOj BelleCcTBa
TOJLMEG X HHTEHCHBIOCTb OTOKA JMEKTPOHOB yMEHbINAETCS C yBe-
JIMUEHHEM X N0 SKCIOHeHIHANLHOMY 38KOHY:

N

& B
e,

No

rEe Ny — HHTEHCHBHOCTb Dajaiowero myuka, N — HiTeHcHs-
HOCTB TyYKa, NpoLIEALEro eA0H X, a KO3(HUAeHT « Xapak-
Tepuayer oclaGlleHHe Nyuka BCMEACTBHE paCCesHHA Ha eAMHHLE
JUTHHBI TTYTH,

JIerko BHAETD, YTO KO3(GUUHEHT ¢ HMEET TOT XKe CMBICA, UT0 H
K03()HUHEHT @ TPEABIRYILETO Aaparpaga; ero MOKIO HCTOJKORATL
KaK CymMMy 5eKTHBRBIX CeueHHH aTOMOB BelecTBa AMi pacces-
HIA AEKTPOHOB.

Mayuenlie CBOJICTB 3TOr0 KO3(HUHGHTA NPH BCEBO3MOKHOM
BapbHPOBAHKMH YCIOBMI OMLTa 0CHapYMUI0 3aMedaTedbubti QaxT:
0Ka3aJoch, TO NPH ONpEleeHHOA CKOpPOCTH MIeKTPONOB o He 3a-
BHCIT HH OT HIAHBHAYAJLHLIX CBOACTB pAacCEMBAKIIErO BEU{eCTBA,
HHL OT €r0 arperaTHOrO COCTOAHYA, 2 3aBHCHT TOJLKO OT ero mIoT-
HOCTH p; MpE 3TOM G € GOMbIIOH TOYROCTBIO MpPONOPUUOHATLHO p,
T&K 4TO OTHOIIEHHE &P MpH JAHHOMH CKOPOCTH MEKTPOHOB OCTaeTCs
ROCTOAHHBIM. OJHAKO &/p HE OCTAGTCA NOCTOSHHBIM MDH H3MEHEHHH
CKOpOCTH 3JIEKTPONOB, a GHICTPO yMENbWARTCS NpH YBEJMUCHHH CKO-
POCTH 3eKTpOHOB (rpyGo roBopd, 06paTHO MPOMOPUHOHAILIO YeT-
BepTOM CTENeHH CKOPOCTH) .
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B ra6auue VII NpHBEIEHO HECKOABKO UE(P, ALMOCTDHPYIOLIHX
3TO pesKoe yBEAHUEHHe NPO3PAYHOCTH BENICTRA [UIH SJEKTPOHOB
[pH BO3PACTAHHH UX CKOPOCTH.

Ta6auma VII

bt [foeon)l e | Eesen)

0.90 6 0,40 24 102
0,80 13 0,20 360+ 10?
0,70 2 0,10 8. 10°
0,60 83 001 58+ 108
0,50 22-10

Tloabaysich Taéauneii VII, MOKHO IOICYHTATL BEJMUUHY O A
PA3THIHBIX cxoimc-reﬂ snexrpoRoB. Jas fi = ofe 0,04, 1. e. pas
v == pc = 1,2-10° cmfcex, u3 TAGAMUL HAXOMMHM &fp 58105, Tax
KAK 5TO OTHOUIEHWE HC 32BHCHT OT MPUPOAH HOTJAOL{ENNIEr0 Benle-
CTBa, TO MO BEJMuHHE @fp MOMKHO BLIUHCHHTL CYMMY () (heKTHBHBIX
ceuenmil MOJeKyJ BO3NyXa HpH HOpMajbumx yeaosEAX (0°C A
760 sm pr. cr.) B atom cayuae p = 0,00129 u, crenosaTelsHO,

a=rno=58-10"-1,20 107° =75 10" ca’fes’.
Dra BeAHuHEA 6;1M3KA K CyMMe CCueHwdi rasoBuix MosmeKya B 1 cu®
rasa npH HOPMAALHLIX YCJIOBHSIX, BBUHCACHHOH H3 HAHHBIX KHHETH:
neckoil Teopun rasos (Aub¢y3Hs, TERJIONPOBOAHOCTH). B camom
nene, YACAO MOJEKya rasa B 1 c#% npH HOPMAJBbHBIX yCMOBHAX
paBuo 2,7 10%; npu ro = 10~° naxonnm

no=2,7-10".3,14. 107 =8,5 10" s’/ ea’s

TIpn GOJpIIHX CKOPOCTAX MCKTPOHOB afp Pe3KO naiaer, HampH-
Mep, ans vfc =09, T. e v==27 10" csfcex, a/p= "6, otkyma
== 6-1,29.10-3 = 7,7-10~%, 1. e. npuGauanTesono B 10° pas meub-
Ime, 4eM B PACCMOTpEHHOM paHee cayyae.

D10 03HAYAET, UTO HCTHHHBIN OGBEM, 32UATHLI BEMECTEOM, T. €.
37EKTPONAMH 1 IOJOKHTEbHO 3apieHELIME UacTALAMH, B chepe
paanyea ry == 10—° c# (cepa aTOMa MO KMHETHYECKOH Teopit: ra-
30B) COBEPLICHHO HUYTOXKEH.

B naunane sroro naparpaga 6ui10 ykasano, uTo paccMOTPeHlbre
pe3yaLTaThi HMEIOT MECTO ANsA HE CRUMIKOM GHCTPHIX B HE CTHIIKOM
MeANeHHEA 3JEKTPOKOB, B aTux ipalmux cyuasx ckasniBaercs
uedbrit pAA $AKTOPOB, CYHIECTBENHO MEHAIONIHX KapTHHY TPOXOMK-
JeHUA SNeKTPOHOB Yepe3 Bewectso, FIMenHo, B ciyyae oYeHb mel-
JICHHBIX 3J€KTPONOB (SNePrHs MOpANKA A0JeH 3/1eKTPOH-BONBTZ) HA
nepouiil [ian BHICTYNAIOT ABJIEHNS, OGYCROBACHHIE BOJLOBOMN MpH-
POIOIT JAEKTPOIrA, ¢ KOTOPOT My O3HaKoMumcs B riase X (B wdcT-

§ 25 CBOMCTBA @ YACTHIL or

HOCTH, TaK HasbiBaeMulli adidext Pamaayspa, cocToAmuli B yBeaH-
MeHMH NpPO3PAUNOCTH aTOM2 JIA MeMVICHHBIX 3aekTpoHoB). Hanpo-
THB, B Cly4ae OueHb OLICTDHIX 3/EKTPOROBR (C 3HEpruel MOpsaKa
10°—10% 58) mpeoGnafawiee 3Hauenye HMEET Lebll paj BechbMa
CHOKHLX [POLLCCOB, CBA3AIIBIX CO CTPYKTYpOHl SJeMeHTapHbIX 4a-
£THI, H3 KOTOPBIX NOCTPOEKO BEHIECTBO.

§ 25, CeolicTBa g-yacThi

Ente Gosee onmpeneneHibie pesylbTaTh OTHOCHTENBHO PONH i10-
JIOMHMTENLUOTO 3MEKTPHUECTBA B ATOME GBUII MOJAyueHHl NpH «30H-
IHPOBAHHH» ATOMOB o-yacTHUaMH. [IpuBesem weKoTopble OCHOBHBIG
Zaluble, KaCAOMMECH UX TpHPOAbL.

o-9ACTHIB HCNYCKAIOTCH MHOTHMH pAAMOAKTHBNBIMI BEIECTBA-
Mu (WanpuMep, paauen). To, u4To OHR mpeAcTaBAfoT cOGOH nOTOK
4aCTUY, RENOCpeNCTBEHHO BHANO na Qotorpagisx ux myred B Ka-
mepe Bunbcona, npumep KoTopux mpHBefen Ha puc. 51. o-uacTHitb

Puc. 51, Tyra a-uacThu B Kamepe Buabcowa.

OTKAQHAOTCH B MEKTPIMCCKHX # MATHHTHBIX NOJSX, OTKYia cae-
JyeT, uTO ONH HECYT 3AeKTpHuecKuii 3apsi. Hanpasnenwe, B xoto-
pom npOHCXO)lHT 2TO OTKMNCHEHHE, yKBShlEaET Ha TO, uTO 3apni 70T
noaoscureses. OfnaKO TMOAs, KOTOPHIE BHIBIBAIOT 3aMETHOR QTKJIO-
nenne 3.’IeKTp0HDB, He OKasbuiBAKT BAHAHUA Ha TpaEKTﬂpHIO o-ya-
CTRI, OTKyHa CaelyeT, uro OHW 06Aanalr Gonbuoil Maccoil no
CPaBHEHHIO ¢ MAaccOH 3nexTpoHa. JleiCTBHTERBHO, /s TOro uToGb
coTorpadgHpoBaTh TPACKTOPHH ¢.-UACTHI, MCKPHBAEHHBIE MArHHT-
HEIM HOJMEM, MOH2J0GHIOCh NOMECTHTb Kamepy Bu/ibcoHa B odeHb
cupHOe MarHuTHO node Bnepsuie 310 ynanock caenars 1, JI. Ka-
nnue; ogsa u3 $ororpaduii, noNydeHHbIX HM C MATHUTHHM [OJEM
B 43 000 3pcred, npusenesa na puc. 52.

4 2, B. Wnoaecxnd, 1. 1
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KonnuecTBo @-YacTHU, HCIYCKAEMBIX DPAJIMOAKTHBHLIMH Bele-
crpaMu, GLITO H3MEPEHO TNYTCM  HENOCpEACTBENHOr0 Moicdera
uMcna BeNbiLeK Ha ayopeclupylomeM dkpane (CUMHTHIMAUNI),
BLIBLIBAEMBIX TYSKOM (-9ACTHL ¢ OUedb MaNbM TCAECHbM YIJIOM.
TloaHoe YHCIHO @-9acTyL, HCMycKaeMbix 1 2 panus B I cex, okasaoch
pasiem Q = §,7-10%. 3apaz, NepeHOCHMbIH  OfHON a-vqac"mueu,
bL1 HaMepen TaKKe CaMbiM HENOCDEACTBENHEM 00pasoM: o-4actTu-
uel TpeNapara OMpeseneHHol CHAb MONANAiH D MeTALMMYECKMH
KoaneKTop (apafees URIRHIp), 3apfil KOTOPOrO OMpeiesica &
MOMOIIbIO 31CKTpOMETpa, UHCIO o-4acTHU MOXHO GO ompeje-
aNTh, 3Has @ H reOMeTpHio pAacroioe-
ansl onuta (pacCTOHHE MEKIy HCTOu-
HEKOM W KpyTJI0i fradparmoii, pacnono-
KERHOH Tepen  KOMJIEKTOpOM, pasMepst
nuadparmbl). TH OMLITEL MOKAIANH, UTO
3apad, nepenocumbitl a-wacrutel, pases
+2e, 1. ¢ ynsoeHpofl abcoaOTHOH Be-
J@uHHe 3apsifa  adexTpoma. Hakomern,
Y3 OMBITOB ¢ MATHHTHBIM OTKJIOHeIHeM
(MpOMOPIHOHATbIEIM &/MD) W 3ACKTpH-
YeCcKAM  (MpOTIOpUHOHANLHLIM  &/mo?,
rae &—3apAi ¢-uacTHIEI) MOXK{O GLUIO
ONpeienHTh Maccy H CKOpOCTH G-¥a-
CTHIL

Jast ckopocTH a-yactHU panust C npn
5TOM MOJYYHIOCH

v=1,992- 10° cujcex,

Puc. 52 IMymi a-uacren B @ JUIS efffg

yamepe Buticona, nowemen- .
HOR B CasbuOe ' MArHHTHOE o= 1,446 - 101 CIC3 - 2~
@

wore (M. JI. Kanuma).

Cpasany 3Ty sennyuuy ¢ ornomexuem F/H', 1. e. ¢ oTwomennem
aapsiia dapajes K Macce rpaMM-aToMa BOAOPDAA:

F - -
Jo—288- 104 Crea o,

C gpyrofi CTopoHEl, TIPHHEMAA BO BHHMAHHE, YTO & — 2¢ H yM-
HOMas 9HCANTENb H 3HAMCHATENb OTHOLIEHHS 2€/M, Ha TOCTOSH-
nyio Asoragpo No, nosryuaem

o2 Py a10m CrC. e,

Ty n | Ma

rae M, = my-No— nacca rpavn-aToMa «-4acTHI ¥ F=¢ Ny—

§ %) CBOMCTBA a-YACTHIL 99

3apsn Papages. [Tosromy
P . oF My 288- 10!
2HT T L4107

0TKyAa
Mo

e =4

T. € o-YaCTHUA HMEET MacCy aToMa reus,

To, uTo a-uacTuie Mo CBoeit mpupoRe TOKAECTBENHE! ¢ TeNkeM,
GbIJIO MOKA3aHO TAKHKE CHELYIOMHM OMBITON Pesepdiopaa u Pofiaca
(puc. 53).

Boaslice koauiecrso pasuoaxTusHoro rasa pafola G610 BBe-
Aeno B TOHKOCTEHHYI0 CTEKJAHHYO TPYOouKy A, ToNmEua cTemok
KOTOpoli 6L TAKOBA, YTO GOMBIIMECTBO  @-9acTHI NpOXOARIO

Tt Gz s sy

e .
W § 6 V7074 F A
Pacemoniae om genmpa =

Puc, 53 Ouwr Puc. 54, Hactota pacces®in a-aactan ha maawe yrau.
Pescpbopia 11 JLas XAPAKTEpNCIAKH PACCEAHH MOACUATHEEA0CE YICAO
Poica, YACTHI, MONATAKIMUX B pasHNE TOVK (uyopecur
DyiouIero sxpana; I — paccessuue o-9acTAU B Bo3nyXe;
2= [ICCCRNIE G-4aCTAL TOHKNM 30.0THN ZMCTOUKOM;

— paccesiufe ABYMS 30.30THMH JHCTOURAMH.

CKBO3b HHX. 3Ta Tpy6ouKa Gewla OKkpywena Gojee WHpOKGH TpyS-
kon T, K KOTopofi 6blna npHnastHa paspsinHas TpyGouka V co Bna-
SHHEMH snekTponayd. Tpy6ka T Guaa mepex HawanoM ombita
TIMATENLHO OTKAYAHA. -YaCTHIM, CKOMsiBlKecH B T, 06pasoshiBa-
4 143, KOTOpbIH NyTeM NONUSTHA yPOBHA DTYTH MOT GHITb CHKAT H
nepedeaen o Kanunasp V. [ponyckas paspan sepes V, Mowuo 6buio
Yepe3 ABa JlHst MOC/e HaYala OFbTA O6nApyXHTb B HCIYCKAEMOM

4%
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cBeTe JKeATYIO MHAIO TeJHS, @ Yepes LIeCTh AHeH — NoAHbIA crekTp
TesHs. .

TlapaniebHsIl NYUOK o-4ACTH, NpOFiAA CKBO3b COJI BEIECTBA,
paccewBaeTCs: -4aCTHUB HECKOJLKO M3MEHSIOT CBOS HampaBieHHe.
Mcenexopanue paccesinsi TOHKHMH METAlaMveCKHMH JHCTOURAMH
TI0Ka3a/0, YTO OueHb 4acTO HAGMIONaeTCH OTKAOHEHHE @-TACTHL Ha
neGonbuide yrabl, B cpenne 2—3°, W paclpereseHye a-1acTay fo
yraM B TOWHOCTH Ca€fyeT CTATACTHUECKOH KPHBOH CAYYaHHBIX 8-
newnit (puc. 54). Hapagy c Taxwm paccesdnnem Ha MaiLie yriili
cotpyanukn Pesepdopra [eiérep u
Mapcaen 06HapYKHIIH, 4TO HEKOTOPOE
uHca0 o-uacTdy (mpHOamsHTCABHO 1
ua 8000) paccensaercs Ha O4YEHb
GoALIIKE YK, MHOTAA NPEBbLILIAIO-
nie 90° H JOXOAAIME B HEKOTOPLIX
cayuasx moutn no 180°. O6bacHuT,
5TH GosibLIHE yriisl pAacCesHis Haxon-
JIEHHEM CAY4aiHbIX MaJbiX OTKJOHE-
HR{i O0Ka3aJ10Ch HEBO3MOKHBIM, TaK
KaK H3 CTATHCTHUECKO KpHBOH pac-
CeHHA C/eNYeT, UTO HHCAO 9acTHI,
KOTOpHie MOrAH Oby HUCUHITATb CTOMb
3HAUHTENbHOE OTKJOHEHHe, I0JIKHO
6LTh BO MHOTO pa3 MeHbure, uewm 1
Ha 8000.

Boaplne yrawl paccesuus nabaio-
RAIOTCA KAK NpH TPOXOKIEHHH G-ua-
CTHI, YCPC3 META/HILCKHE JHUCTOUKH,
TAK W B rasax, K HX MOxHO obHapy-
WHTB Ha (GOTOTpauaAX myTeil o-ua-
crun B8 kamepe BHabcoma. Omna w3
TAKEX ¢oTorpagHuit ipuseseHa Ha
puc. 55, rae Hsobpaxen cief c-ua-
CTHUH B KUCAOPONE: KOpOTKHA CeX
MPHUBANEXKHT ATOMY KHCAODOAA, NpH-
BEACHHOMY B GblCTPOC HBHKeHHE, 60-
Jiee AJHHHbUL — 0-UacTHUe, OTKIONeH-
HOff OT NepBOHAYANLHOTO HalpasJe-
HUA HA yrod oxono 90°. 3ra dororpa-
dust O MOKA3LIBACT, YTO GOJIbIIHE
YIAB OTKAOHEHHsS MOJYYalOTCS OTHIONL fl¢ B pe3y/bTaTe HAKONJe-
HHA MaJBIX OTKJOHEHEH, HO B pe3ynbTaTe OZHOIO-eAHHCTBERHOTO
COyLApeHHn.

PeseppopA yKa3aa Ha 10, 9TO STO BOSMOXKHO, ECIH BHYTPH aT0-
Ma uMeeTcs Ype3BhUARHO CUJIBHOE IJNEKTPHUECKOC M0Je, KOTopoe
«C03/1A€TCA TIONOKHTEALHLIN 3apAL0OM, CBA3AHHLIM ¢ GoAbIIOl Mac-

Puc. 55 Paccessne a-wacTRd
B KHCTOPOAL.

"

5 2] TEOPHA PACCESHUS a-YACTHI( 1

COM 1 CKOHUGHTPHPOBAHUBIM B OueHb Manom ofbeme (paiWyc mo-
paaka 10~** ca). Orciona H BO3HHKAA «AAEpHAR» MOAEJb ATOMA,
COr/IacHO KOTOpOH aTOM YCTpOeH Hamonofue NAAHETHON CHCTEMBL:
Majoe 110 pasMepaM, TMONCKUTENLHO 3apiiKeHHoe SAPO, B KOTOPOM
€OCPEAOTOYHA NIOUTH BCHA Macca aToMa, H OTPHUATe/NbHbE 3JeK-
gponbl, ofpamaomuecss OKOAC 3TOT0 fpa (10 3aMKHYTHM Op-
HTaM.

§ 26. Teopun paccCesinns a-4acTuu,

Ha ocuoBaumu stva mpeacrasnennii Pesepdopi passun xomuue-
CTBEHHYIO TCODHIO PACCETHHS 04-HACTAL,

Tlyers 8 (puc. 56) nomemaercss paccenpaomee fipo. Oue-
BHIHO, ¥TO 3apAA ero mo abCoMOTHON BENHUHHC A0JKEeH ObiTh pa-
BeH UCAOMY KPATHOMY 33pANa 3/MCKTpOHA, TAK KAK B HeHATpasbHOM

Prc. 56.

ATOMe TQIOKHTNBHEI 3apsil fApa NOMKEH B TOUHOCTH KOMIEHCH-
POBATHCA CYMMOJ OTPULATENbHLIX 3APAA0B SACKTPOHOB.

O6osuauum 3apai snpa, nomemtaoweroca 8 O, uepes +Ze, rae
Z—1g0C MHCJI0, B TPEANONOKHM, 4TO MACCA 3TOrO fipd HACTOALKO
Go/ble Macchi ®-4acTHIBL, YTO TPH B3AHMOJGHCTBHH ¢ rocaeagef
PO MOXKHO CYUHTATh HEROABHKHbIM. [IpeanonoxuM, HakoHer, 4TO
CHAa B3AaWMONEHCTBUA MCKAY AKPOM H o-4aCTHIH TOAUMHAETCS
sakony Kysioma, T. e. uTo 3ta cuia 06paTHO NPONOPUHOHANbNA
KBajpaTy pACCTOSHHA Mexly oOeHMH uwacrauamu, HeoGxomamo
JNaTth cebe ficiHbii OTYET B TOM, YTO 3TO MOCAEANEE LPERTONON e
HA TepBhIX NOpaX FBJIAETCS TOMALKO THIOTE30H M ONpaBIblBaeTCs
JIRLG TOCAENYIOIHM COTJIACHEM TCOpME ¢ 3KclepuMentoM. B ca-
MOM Jefe, Y HAC HET HHKAKMX OCHOBAHH 3apalee CYHTATH, 4TO
B3AHMO/CHCTBHE OYEHb MAJBIX YacTHU, CONMKAOIMHXCA HA HHUTOXK-
HO Malele pacCTOMHHA, AOKAO yIpaBAATbes 3akonom Kysona,
CNpaBeIMBOCTL KOTOpOro Ge3ydpeulo YCTAaHOBIeHd TOMLKO AJs
MAKPOCKOTHYECKHX TelT.

Knaccnueckast MexamHKa MOKA3BIBACT, 4TO MpH BCeX STHX mped-
TIONIOXKEHNAX (-4aCTHNA KOJKHA ONKCHIBATH OTHOCHTENBHO spa O
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runepbony. OBo3uaunn mMaccy -uactuusl uepes M, ee ckopocTs Ha
60:1bLIOM PACCTOSIHAY OT PACCEHBAMILErO Spa — yepes v. Ecau 6
«-4acTHRA HC B3AHMOXCHCTBOBANA € HAPOM, TO OHA Npoutra Gbl Ha
paccrosEH p (pdc. 56) oT #Apa (TaKk Ha3biBaeMOe «TpHUEALHOE
pacctosiune»). Bbruncienine, KoTopoe Ml OTI0KWM Ao § 53, noKa-
3vlBaer, 4TO ﬂfyl‘ﬁﬂ OTKJOHEHHSl @-4acCTHIbl, OTTAAKEBAIOLICHCH
or siapa no sakony KyIoHa, BelpaKaeTcd Wepes yHasawHbie napa-
MCTpBI CJeI} 0NN 06pasost:
¢ Muv2p 5

ctg 5 =gz (26.1)
Buito 6b1 6€Cn0Ie3HO NLITATLCA NPOBEPUTH STy (OpMyay Hemocped-
CTBEHHO IKCMepiMCHTOM, TaK KaK B liee BXOJHT HEeJCCTYNHOe H3NC-
PEHNIO NpHIEIbHOE PACCTOANNE p.

Mbl MOXCM, OMIAKO, MOAOKHTL opmyay (26.1) B ochoBy cra-
THCTHYCCKOl] TEOopun, KOTOpas [AacT naM BulpakeHue aas sddex
THBHOrO €CUCHHS pACCEssHus
B 3aBHCHMOCTH OT NapaMer-
POB, HOCTYIIHHX 9KCIepHMen-
TaNbHOMY ONpCHRTCHHIO.

Tlpeacrasum ceGe ciepy,
B UenTpe KOTOpOH pacholo-
MEH pACCeMBAIOHE JIHCTOK

Prc, 57. F (puc. 57). [lyctb ma stor
JIUCTOK B CHMHHIYY BpEMEHH
naxaet ANy g-vyactnu. Tlpn nauGozee AETANbHOM H3YYEHHH pac-
CEAHHS OUPCACAALTES cpemnee uncao wacrull, N(8), paccesupbix
B Npepeaax Teaecnoro yraa dQ¥ B wanpabJeRHH, xapaKTepH3ye-
Mo yriamu & 1 @. Beanwnma Tenecnoro yrma dQ® pasna otHo-
UWICHHIO  3eMeHTa  [OBepXHOCTH
ctepbr X KBampaty paauyca
0@ — B2 sinRﬂydﬂ do

=sin® dbdg.  (26.2)

B onurax Pesepdopia u ero
COTPYAHUKOB  qame  H3y4asnoch
CpEAHCe UHCAO YACTHUI, pacceuBae-
MBIX B MpefeiaX OGIacTH, Jexa-
wel MexIy ABYMA TCASCHBIMHA yr-
JaM#, XapaKTepH3yeMBIMI OTBep- Pue. 58
ctuaMn ¢ u ¢ 4 d8 (puc. 58). Oue-
BHIHO, UTO COOTBETCTBYIOINHH STOMY CJyualo TeJACCHLHI yronm dQUr
(nau upocTo dQ) noayudrea nytem METerphpoBanrms (26.2) mo ¢
B npeneaax ot 0 mo 2n:

40 = dQ® = 2x sin & db. (26.3)

§ 26 TCOPUA PACCFSHUS & UACTHI 103

DipeKTHBHOR CeuCHEE AL PACCEHHA B nmpenedax dQ Mbl U Gy-
€M _BEIYHC/ATD.

TTon0KMM, UTO ¢ YBCTHUS A0 pACCEABHS JETAT MADPAIEbHEIN
notoxon. Tax Kak npn NpOUHX DABHBIX yCJOBHAX YrOJA OTKIOHEHHS
o "acTHmM 0 gopmyne (26.1) onpencnsercs NpHUEIBLHBIM pac-
CTOSIHHEM P, TO, OYEBH/HO, KA YrOMN, NeXANWi B NpeAenax MeRLy
¢ B 8- dB, OTKAORATCA o-9ACTHUHL, ¥ KOTODHIX NPHUETBHOC pac-
CTOSIHE KT MEXKAY p i p —dp, T.'e. -uacTHusr, npoaeraoume
BHYTpH KOJIEI MEXAY KpyraMH ¢ pa-
JMYCaMy, 3AKMIONSHITIME MCKIY p &
p—dp, OTHCAHHBIME OKONC KAXKAOTO
13 PaCCeHBamHX uenTpos (puc.59).
Tgowane kamgoro takoro Koabla
paBHa 2pdp, n Wb MOMeM yTBep-
JKAATh, YTO CPEIHEC YHCIO &-4dCTHIL,
OTKJIOHEHHEIX HA yro Mexay ¢ K
@+ d8, 1. e. netamEx nocne paccesi-
HHES| BHYTDH TEACCHOTO yraa d, mpo-
NOpUHORANLHO 2stp dp.

Hrax, spdextusroe ceuenre aipa
*dG A9 pacCeAHNs a-4aCTHU paBHO

do = 2np dp. (26.4) Puc. 59,
Ecan wmbl Temeps Hafizew p u3 (26.1) u Bo3BENnEM B KBaLpaT, TO
nOTYIHY
2Ze* \2 &
2 2 _—
P (i) e
Juddepenunpys, HaxonuM cCAyIOmee Bblpazelne:
0
by LT
PO ="\ et [
sind -
7
H, nojcTasass B (26 4) *), noayyaem
&
tg— df
o | (2zer\2 %7
’1"*2”?(”101) LT
i 5

Bsenem eme cona renecusifl yron dQ no dopmyse (26.3):

)2 B (26.5)

sin! -5
2

*) 3mak WHKYC we myeeT : on ayure
na 10, wro c ymer ; 7 yron @

(1 _naoSopor). TlosToMy B AdTshefilless HCNONBIYC1CH TOABKO AOCOTOTHOE 3Ha-
acune pdp.
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Aro B ects dopmyna Pesepdopaa Ans paccesHus o-yacTHil.
Jinsi cpaBmennst C De3syNLTATAMH SKCOEDHMEHTE HYKHO HaWTH
MaKpOCKONUYeCKOC ceuenuc X, T. € CyMMY d((EeXTHBHLIX cevenmil
Beex paccemalollix saep B 1 ca®. Ecau 10nyeTnts, 4T0 Bee spa B
NWCTKe pacnpeliedienbl PABHOMEPHO M HE 1IePEKpHIBAS ADYT ADYra,
TO OUEBHIHO, UTO
. Z=ndo,

TRe n— uHCAO paccenBaolmux azep 8 1 e’ Tloapaydace (26.5), no-
Jysaem:

Zer \2  dQ
s=n (2] 5. (26.6)
i

Ecau teneps 0603naunTh uepes N HHCIO0 q-4aCthil, Najaomyx B
1 cex Ha NOBEPXHOCT: PACCEMBAIOLIErO JHCTKA, TO CPEHEe WHCAO
@-4aCTHL, PACCCSHHLIX Ha yrod ¢ B Mpefesiax TenccHoro yraa dQ,
GyHeT, OUEBHIHO,

(26.7)

aN =Nz =N (LS )2—"“7

Mot e 2
2
Kax BUAHM, 4HCAO PACCESHHBIX Q-UACTHI OYEHb CHJABHO 3aBHCHT OT
yIaa ¢ 1 GHICTPO BO3PACTAET ¢ yMenbiTenneM §.
§ 27. IkcneprMentaabnan nposepra bopmyas Pesepdopna

®opumyaa Pesephopra 6ena nomsepriyTa TINATEAbHOR 3Kcne-
puMeBTaNbHON npoBepxe. s (26.7) cnenyer

AN - sint o= N ( ze* )2 da.

Mo?

Taxam 06padoM, €C/H, COXPaHsa Bee OCTaJbEbIe YCIOBHS, H3Me-
HATb TOABKO Yron 8, TO NOJKHO GHTh

dN - sint % = const,

ITor BEBOA M GbI NPOBEpen B nepeyo ouepelb. C 970l Lennio
npumenancs caexyouai ppubop (pne. 60). Meramnuueckas kopo6-
Ka B B dopMe nwiMeipa yxpemisnach Ha Kpyre A, cnaiesHonm
neneHusMB. Kopo6Ka BMecTe ¢ KpPyroM MOIJa BpAIIaThCs 04 LIAH-
¢e C. PanumoakTupEumii npenapar R M pacceuBaiommi jucTok F
YCTaHABAHBAMACH Ba 0co6Oil TpyOke T He3aBHCHMO OT KODOGKH;
ITHM JIOCTHIallach HEH3MEHAEeMOCTb NojoxeHns R u F upy iosopo-
Tax ocTanbuoi cucreMel. dkpan S (npospauHmiil) ycTaRaBAUBANCK
nepes MHKpOCKOBOM M, HENOABHXHO CKpeNJIEHHHM ¢ KopoGKoil B.
Tlosopaunsas kpyr A, MOXHO G6bL10 YCTAHABAMBATL MUKpOCKON AR
H3MEPEeHUs YHCAA PACCESHHBIX Q-YACTHL NpH J1060M yrae pacces-

T —
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anda. KopoGka sakpbiBanach CBepXy CTEKJSHHOW naacTuukofi P o
OTKaYKBANACh uepe3 Tpy6Ky T Ansd TOre, uro6m wibexkarto AOMON-
HHTENBHOTO paccesivus B Bosayxe. B Teuenwe seefl paGorer Gbrio
goxcukTaso ceplte 100 000 cnyvnTUANSLHIA.
Moaysennbie pesyibTatni ans paccesHus B 30,0T€ NpUBENEHD
» tabanne VII, U3 KOTOpoil BUEHO, 4TO, HECMOTPS Ha TO, UTO Be-
anynda 1/sin*(4/2) u umcao cumm-
THAMALIMA  H3MEHSIHCH B  OueHb
WHPOKHX TpefienaX, NpOoH3BesCHHE
dN sin*(8/2) ocrasanocs npHEAH-
3UTEJLHO NOCTOSIHHBIM B COTJACHH
c TKCGOEHHHCM TCopnu ¥y,
NAJOTRYHBIM  O6pasoM  Gelna
H3yueH2a 3aBHCHMOCTb DACCESTHHS OF
TOJHKEl JHCTKOB H OT CKOPOCTH
a-vactin. Bo Beex cayuasx pas
PpaccesiHus B JIHCTOYKAX A3 THKC-
JIBX METAJVIOB YCTAHOBJEHO XOPO-
inee cornacne SKCNepHMCHTATBHBIX
PesynbTaTos ¢ TPeGOBAHUSAMH TEO-
pHH. 37O COIMIACHC ONHOBPEMEHHO
SABASETCS JIOKA3ATCIBCTROM OpHMe-
HEMoCTH 3akona Kysowa k Baau-
MOZE{ICTBHIO MEXAY o-4aCTHUAMK
¥ DacceduBaOMEMs SAPAMH NDH TCX YCEOBHAX, B KOTOPHIX GbIIH
TPOU3ECAEHBl ONBITH, T. € IS TSKENBIX AACH H e CJAHIKOM GHi-
CTPHIX G.-4ACTHL,

Puc. 60. Tpusop mim

Hsydenns
3ABHCAMOCTH  YHCAS  PACCEARNEX
@-YACTHL, OT yraa PacCesuHs,

Taganua VI

Q-wacTHy

vrox oo E—

o 0 | GEE | e | aN o om
150 118 33,1 28
135 138 130 31,2
120 179 509 29
105 253 95 275

7 7% 211 291
60 160 77 28
45 466 1435 208
B 223 7800 350
15 3415 132000 354

Hpyroit cmoco6 3IKCNEPHMEHTAMBHON OPOBEPKH TEOPHR Che-
UHATBHO A CAyYas DacCesiHus B rasax COCTOMT B TOM, 4TO

*} B camom gene, TA0sHuA NOKASHBACT, 4T0 B To npeMa Kax 1/sint(9/2)
#ismensercs npaMepio » 3500 pas, @N sin' (9/2) msMenserca Tobko na 30%.
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NpPOU3BOIHTCHA GONBIIOC KOMHYRCTBO BUABCOHOBCKUX poTOTpadnil my-
Tell ¢-YaCTHI B Tase, H3MEPSIIOTCH YIVILI OTKJIOHEHHS W NMOJICYHTHI-
BAETCH, KAK UacTo BCTPEAIOTCs ONpefelleriHble YIABL paccesiHus.
Taxoii merox Gbit npHMenel BAsKeToM raBHBIM 06DasoM C Lenbio
H3YUCHHS rpaHAL mpuMeHHMOCTH 3axoHa Kysona. Oxasanocs, 4to
A APTOHA B NIpeeaX paccTONHKE Mexy LeHTpaMH A1pa H a-ua-
crumst ot 7-10712 1o 10~ ¢ w Ans BosLyXa B npedenax or 310712
20 510 ea 3axoH KyJoHa MMCCT MeCTO,

U3 sToro, 01HAKD, HC CAe;yer AeAaTh BbBOXA 06 YHHBEpCAWlb-
Ol MpUMERHMOCTH 3aKoHa Kysnowa i siepHuix B3aHMONeHCTBHIL.
TlanpoTuB, H3yuYeHHe pacCCAHHS G-UaCTHI /AE2KuM4 SUPAMA NOKa-
32:10, YTO KOTA@ PACCTOSHHC MEXKIY B3AHMOAEHCTBYIOUINMH HacTH-
namu ymenpmaeres go 10t car, HaGMOAAOTCH PESKHUE OTKIOHEHHA
ot aakoHa KynoHa, a Ha paccrosnmsx, mehbluux 10-* c#, obuapy-
JKHBaercs JIeHcTBHE GBICTPO YGLIBAIOMINX ¢ DACCTOSIHHEM C4A Rpu-
TANCCAUA, NEPEKPHIBAIONIHX NeficTBHE KYJOUOBCKHX CHJl OTTAIKHBA-
HUS MeX 1} OJAFHaKOBO SEPHX(EHHMMH HacTHUIAMH.

§ 28. Onpenenenne 3apaja ajapa

Dopmyna Pesephopla 103BOAET SKCIEpHMEHTANbHLIM jIyTeM
HalTH 90CI0 Z, T. €. YHCIO HIEMENTAPHEIX NOJOKHTENBHLIX 32DPSI0B
aapa. B caMoM nene, MOACUHTHIBAS 11a (TYOPECHHPYIOWEM KpaHe
YHCO CUMHTWANA(ME N, CO31aBaeMbiX NajlaloWUMH Q-uaCTHUAMH,
H upcno  cuuntHAasumi dN, cosmapaeMblX  o-4ACTH{AMHE, pAac-
ceHHLIMH Ha yroa 0, Mbl GyieM 3HaT, Beamuuny do = dV/N.
B npasyio xe uacth Gopmyan Pesepdopaa BXOASIT, KpoMEe HCKO-
woli BeJIMYRHL Z, anGo BCIHUMNL n3BecTHBle (1, €), Nu6o BeaH-
YHHL IOCTYNELIE SKCIEpHMEHTANbHOMY omnpeneneduo (Mo?, 8).
TakuM 06pasom, st OThicKAanusi Z HYXKHO NPOMIBCCTH UOLCHET
Yreta CuupTHAALRGE N u dN. [nagBas TPYAHOCTb SKCMCpHMEHTA

o6ycioBi€HA TeM, uTO 3TH
YHCaIa Ouenbh CHVIBHO pasnu-
YapTCeA MEXKAY co6oli. B rep-
pux onbirax uwena N ou dN
MFl u3MepsnuCs ma pasSHLIX yCTa-
NOBKAX, T. € B pA3NLIX YCIO-
BUSYX, UTO ABAANOCL HCTOUHH-
KOM 3HAYHTEhHbIX OWHGOK,
Yagpux BCNOML30BAN pac-
FO0KERKE ONbira, HpH KOTO-
pom 06a uncna N v dN Moryt
6LITh H3Mepent; Ha ONHON M TOfl JKe ycranoBre, BCIAEACTBHE YCro
CMY };1a10Chb ONpEIesuTE Z ¢ Goablueit tounocTsio. Maest onvita
Ya1puKa 3akawuaeTcs B Cacayomen, Paccensawomasn (oabra nye-
er BuI Koabua AA’ (pue. 61); npenapar R » skpan S w3 ZnS

Pue, 61 Cxema onuta a,181Ka,
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YCT2HABJAHBAIOTCH Ha OJMHAKOBOM pacciosHun r oT A4’. Us-
MCpSETCS YHCNO G-4ACTHI, PACCCANHLIX HA OTuH ONpeledcHbill
yroa 9, BmGpanHBlid (X9 YupoleHHa pacieTa) Tak, uTO6H oOf
Gl B1BO® 6OMBIIC yTMa MCKIY Ocbio RS H HanpasaeHHCM ay-
ueil, fylax o1 R K toavre (puc. 61). Pacyonaras BEYTpH Koabila
Mexay R u S SKpan, Henpo3pauubifl NS o-4aCTHU, MONHO 6bLIO
CYHTATL OMIH TOJIBKO PACCETIMILIC G-MACTHIILI, HAO6OPOT, 3aKpLBAs
IKpAHOM KOAbIO AA’, MOKHO 6BINO CUNTATL YuCaO uactuil N B ma-
Jaomey nyuxe, Tak KaK 3T0 MHCAO CAHLWKOM BEAUKO A% TOTO
uTOOH MOMHO GO HETOCPEACTBENNO MOLCHHTHIBATH CHUHTHAIS-
Uni! TepBHYHBIX 0-9ACTHIL HA Kpane (HampnMep, RA% TOTO, 4TOGHI
YACHO CUMHTWNSRNA OT pacCesiapbiX o-yacTHil cocTaBasiio 30 B
MEUYTY, & AOMKHO 6biTs pasHo 20 000 B mimiyTy), T nepe1 S pac-
T04aT20CA BPAMATOWHIC ANCK € YSKHM BRpCSOM, IPI TOMOH[H
KO10pOro yHCAO CUMHTHIASALME MOKHO GLITO MpONIBOJILHO YMEHDL-
waTh B JA1060e YHCa0 pas.

Taxnm nyrem Yazpnk wawea cnexyomue suayenus Z s maa-
THHb, cepebpa n Memuw: PL(78)— 774, Ag(47)— 463; Cu(29)—
29,3, Uncaa, croflpe B CKOGKAX MOCAE XHMIMECKHX CHMBOJOE Sie-
METOB, 03HaYAI0T HOMCp MECTa COOTRETCTBYIOILErO SIEMEHTa B ne-
proluyeckos cucteMe Mennencesa (atomubut Homep). Takum o6-
pAsOM, onbithl JaiBHKa NOKA3HBAIOT, 4TO UNCAO BJACMCHTApHLX
TIONOMKIITEAbHBIX 3APANCE A1pa pABHO aTOMBOMY HOMEpY COOTBET-
CTB}IOIETO SAEMEHTA, D10 NpaBuao0, NONTBCRNKACHHOE ApYFuMH
HCCAEOBATENIME JUISl LEIOrO Psfia MEMEHTOB, CBORMT 321aYy 06
OupEIENCHNIH 3apAa flpa K TOWHOf (HuKCAWMH ATOMHEIX HOMEpoB
Beex saeMelToB. Cpe/CTBO I8 9T0TO NMAIOT HAM pEHTrEHOBCKHE
CNEKTPLI, ¢ KOTOPLIMU Mbl ¥ TO3HAKOMHMCH B CAEIYIOMEN Traase,



TITABA IV

PEHTFEHOBCKHE JIY4H M UX NPUMEHEHHE
K ONPEREJEHWIO ATOMHBIX KOHCTAHT

PeHTreHoBCKUE JIyMH HLpaioT BAMBYIO pOfb B H3YUEHHWH aTOMa.
B § 28 yse ykasuisanoch, Hanpumep, 4TO CNEKTPHl PEHTTEHOBCKHX
nyaefl TMO3BOAAIOT TOMHO (HKCHPOBATh ATOMHblE HOMEpA RCEX 3Me-
MEHTOB, T. €. ONpEASNISTb 3apfjB WX Axep. Kpome Toro, MeToAbi
PEHTTCHOBCKOH CIEKTPOCKONMH ¢ GOJIBIURM YCTIEXOM NPHMEHANKCH
JUIl TONYUEHUS HAHGONee TOUMEX SHAYEHRH NIOCTONHROM ABOTaipo,
3apAia SNEKTPOHA €, 4 TAK¥We YHeMbHOTO 3apsifa 3JIeKTpOHA e/m.
B ‘panbEeflinx IMIaBax Mb HEpelkO GyleM O6pamaTbCs TaKKe K
PACCMOTPEHNIO PASJHIHLIX ABNCHHI, CBASAHHBIX C DEHTTEHOBCKHMHE
Jyaamp. Beugy s70ro HaM HEO6XORMMO C CaMOTO Hauaja O3HAKO-
MUThCS ¢ HX NPEPONOH ¥ cBOHCTBAMA.

§ 29. Penrrenosckne ayun

PeHTrenoBCcKye yuH BOSHHKAIOT NOJ NEHCTBHEM GHICTDHIX SJeK-
Tponod. B Tak HaselBaeMbiX peHTTEHOBCKUX TPYGKaX NPOTHB KaTOXa
PACnoJaraeTcs MeTaNJiHuecKasi MIACTHHKA (B Tpy6Kax, mpuMesdse-
MbIX B MeIHHMHE H JII5 TEXHHYECKHX NpOCBEUHBAHHM, — BOAb(pa-
m0Baf), npH 6OMGapAHpPOBKE KOTGpOit 3MEKTPOHAMH W BOSHHKAIOT
PEHTTEHOBCKHE JyuH. DHEprHA BO3GYMAAICIINX SNEKTHOHOS B OGHIY-
HBIX TeXBHUECKUX YcTanOBKax mnopsixa 100000 se. CywecrmyiorT
TaKke YCTAHOBKHM, LAIOLHE PEHTICHOBCKHE JyYH NDH SHEPrHH 3MeK-
TPOHOB B MHJLIMOH 3JEKTPOH-BOJLT, & AAs ledell ARepHON pusHkd
B nOclelHee BpeMsi MOCTpOeHs! CTCHHANbHDIE YCKODHTENH SMEKTO-
HOB, NO3BOASIOULHE MOAYHAT PCHTTEHOBCKNE JYIH NpH TOPMONKEHHR
3IeKTPOHOB ¢ sneprreil 10 100 MUAIHOHOB 3MCKTPOH-BOJBT.

PCHTTeHOBCKKE JydH, HEBHHMBIE A5 r71a3a, 061afalorT cnoco6-
HOCTLIO BHI3LIBATL ADKYIO BHIHMYIO (BJYOpECHENNHI0 B NEKOTOPBIX
CCTECTBENNBIX KpHCTAJNIHIECKHX BEMECTBAX (IIATHHOCHHEDOIACTLI
Gapiit, IlHHKOBAS OGMAHKA H Mp.) H B HCKYCCTBEHHO HSTOTOBJSC-
MEIX MOpoWIKax (MmompHogpopax). Oud geficTBylOT Ha (oTorpadh-
4eCKYI0 NJIZCTHHKY ¥ BI3LIBAIOT ROHM3aLMIO B rasax. Beomu stuvu
ABJCHHAMH NONb3YIOTCA AT OGHAPYKEHH U HCCAEIOBAWHA peHTre-
HOBCKHX Jyveil,

Ilo cpoel pUpOKE PEHTTEHOBCKHC qyuYH TOXKAECTBEHHH CO CBe-
TOM H OTJHYAKTCH OT HerO TOJABKO TeM, UTO HMEKOT MEHbLHEe T1d-
npt Boan. Tak e K&K B CBET, PEHTTEHOBCKRE Ny 0GAaAaloT BOJ-
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HOBBIMH CBOICTBAMM, KOTOpHe OGHAPYMHBAIOTCA ONLITAMH ¢ HHTEP-
(epenmueit # andpaxuuedt, Bnepsbie unTepdepeHURONHHA OnmT,
AHAJNOTHYHBIA OMHITY ¢ 3epKaJaM# QpeHeNs, ¢ PEHTTENORCKHMH JIY-
4aMA 6BUT OCYIIECTBAEH COBETCKHM (uamkoM B. I Jluuunkom. Ha
puc. 62 npuBeieHa (oTorpadHs NRPPAKUHOHHON KapTHHBL, LOAY-
YeHHON IPH NPOXOMACHHH DEHTTEHOBCKUX Aydell 4epes Y3KyIO medlb.
DTV OnbITH OYEHb TPYAME, TAK KAK BCAEACTBHE Malofi MJIKHbI BOJ-
Rbl HIeAb ROMKHA GHITb OueHb Y3KOH M poTorpadmio, Kpome Toro,
TIPHXORHTCS TIOABEPTaThH
NOCAEAYIOWEMY  YBEJH-
YEHRIO AJt TOTO, WTOGH!
BHISBHTb CBETIHE I TEM-
nble mosocul. Qororpa-
$us, NpHBENeHHAT HA
puc. 62, 6el1a noayyeHa
€O ImeJblo LHpHHOR B
6 MKM B TIOEBEpTHYTA
26-KpaTHOMY ~ yBeJIHue-
HHIO. 3Has TeoMeTpuuCc-
CKHe YCJOBRA ONWTa Prc. 62 JIndpakums pentrenomckux nyueh mpx
(paccTOSHHE OT eau  TPOXOWACHNR epes YaKywo uemy (Wipima
RO (GOTONIACTHHKE) e 0,006 4x; ypémuuente B 26 pas).
H3Mepss paccroauue

MEXLY 110CAEL0BATENbEIIME CBETIBME NOJOCAMH, MOXHO BHIUHC
RHTb [JHTY BONHbl PEHTTEHOBCKHX Jyuefl COBEpUIEHHO TaK e, Kak
370 menaercss B ontike *). M3 dororpadun, npuseaennol ua puc. 62,
NS JLAHHB BOJKB NOJYuMa0CH 8,33 A ¢ TOUHOCTBIO B 0,5% (wano-
MHHA€M, 4T0 JIMHA BOJHB KpafiHuX eme BHZUMBIX TN1a3y ¢Honero-
BBIX Jayueit — 4000 A). 310 — caydaidl AIMHIOBOIHOBONO PEHTICHOB-
cKoro namyuenns. JIAMHBI BOJH DCHTTEHOBCKMX JIyueil, KOTOpLIMH
TOAb3YIOTCA A8 MeJMIHHCKHX NPOCBCYMBaHuil, — NOPAAKA EXUHU-
bl AHTC1pEMA.

PaanuuaioT 18a THNA PEHTTEHOBCKHX Jyuell. Ecnin sHeprus siek-
TPOHOB, WCTHITBBAIOWHX TOPMOMERHE HA AHTHKATONE, HE yIpenbl-
MlaeT OnpefencHHON, XapakTepHOl VA BEIECTBA aHTHKATOLA Be-
JEUEHL, TO BOSHHKAKMICC U3/YYEHHC HAasuiBaeTCs TOpstoIntii. OHO
pasjiaraeTcss B CIVIOMIHOA CneKTp Hanopobue GEJMOrO cBeTa, BBUIY
Yero TOPMOINCE H3NYYERHE HAILIBAIOT WHOTAA <GeNbiM> PEUTTeHOB-
ckuM nanyyenner. CnoMno# CrexTp TopMOSHOro H3AYYCHHS lIMeRT
cAenylouIHe XAPAKTCPHBIC OCOGENIOCTH, Pacmpe/eneine HHTCHCHB-
HOCTH B 34BHCHMOCTH OT AJHHBI BOJHB B 3TOM Cil€KTpE NpeICTaB~
afercsl KprBOfi, MMEIOmeli MAKCHMyM IIpn ONDENENCHHOH IMHE
posHE (cM. puc. 178, cTp. 380). Cnananne HHTEHCHBUOCTH OT 3T0ro

+) Cu, wanpimep, T. C. JlauncSepr, Ommka, TFocrexusnor, 1957,
erp. 64,
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MaKCiMyMa B CTODOHY [LIHHHBIX 1l B CTOPOHY KODOTKHX BOJH Npo-
HCXOJHT PAAAHYHBIM O6PAsSOM: B CTOPOHY IAMHHLIX BOAN KpHBAR
CIIAJAET NONOFO, ACHMITOTHYECKH IPHEAMKAACH K HYAI0 MO Mepe
YBEAHUCHHS LHIL BOMHbI, HANPOTHB, CnajaHue B CTOPOHY KOPOT-
KHX BOJIH NpPOHCXOJHUT KPYTO, Bl CMERTp PE3KO 06pLIBAGTCH NpH He-
KOTOpOH Ompezeneniofi ATHNE BONHE. JTa KpPHTUYECKAs MAJHHA
BOJkI ~— KODOTKOBOJHOBAs TpaiHUa CIVIOMHONG CrieKTpa — 3aBH-
CHT OT yCKOpAIOIETO NOTCHLHAAA 3JeKTPOHOB, FIMenuo, el sror
NOTCHUNAR PABEH V Ki408046TQ}, TO JINHA BOJHLI MpamKUL, Bbi-
paxentias B eXMIMILAX AHICTpeM4, paBHa

(29.1)

Takuw o6pasom, np V = 100 6 HakGonee KOPOTKAT MJHHA BOAHE
B CNA0MKOM cnekTpe ecrs 0,123 A. Cymectsenno, 10 o XapakTep
CIIOULIOTO CNEKTpa HE 3ABHCHT OT NpHpOALI aHTHKATOAa, HO OMpe-
ZensieTes TONBKO YCKOPRIOWHM TOTERIIHAIOM.

Kak yike cka3aHo, CINIOIUHON CIEKTp BOSHHKAET B TeX cayyanx,
XorRa Heprud BO3GYMKAAIOMHX 31EKTPOHOB HE NpEBOCXOAHT HEKo-
TOPOIi KPHTHYECKOR BemuMHbI. ECIM 3Ke SHeprua MeKTpoHOB papHa
Hn GONbIe STOH KpHTHUECKON BEAHUHHEI, TO BOSHHKAET H3Myuc:
Hile, HASLIBAEMOE XAPAKTEPUCTUHECKUN, TAK KAK OHO XapaKTephiyer
BELICCTBO aHTHKATONA B TAKOH e CTeNeHu, B KaKOil ONTHYECKHi
CHCKTp HCNYCKaHMS [a3a WIH Napa XapakTePCH [AS BEmecTsa,
CnekTp XapaKTepHCTHYECKOTO H3yueimss — nnueliub. 3ameua-
TEILHO TpH STOM, UTO KakIMA 37eMEHT Aaer OmpcaeaeNumil,
NpUCYNIAE eMy CNeKTp He3aBHCHMO 0T TOTO, BO3GYKAACTCHA Ma 3TOT
SIEMEAT K DEHTreHOBCKOMY H3NAYYEHHIO B CBOGOJHOM COCTOARMH
HIH DXOAHT B XHMHYECKOE COEAHHEHHE. ITHM peHTrenoBCKHe
CEKTDEH! CYNECTBEHHO OTIHYAIOTCA OT ONTHYECKHX, TAK KAK OAHO W
TO € BEWECTBO /laeT PAS/AHYRLIE ONTHYCCKIE CNEKTPH! B ATOMHOM
H B MOEKyJASPHOM COCTORHHSX (HAMpHMED, ONTHUECKHe CreKTphi
atoma O, mosexyan Op u yorenyaw H,O COBEPIIEIHO pA3IHUHb]
H OTHIOAL HE CKAANMBAIOTCA AAANTHBHO H3 CIEKTPOB 4TOMOE, BXO-
ALK B COCTAB MOJICKYJIb).

Ha puc. 63 npusegen uatcpecnntii TIpHMEp H3MEHCHUS peHTre-
HOBCKOIO CMIeKTpa fpil BOSHIKHOBEHWH XapaKTRpHCTHYECKOTO HAJTy-
denns. 3ReCh 110 0CH 26CLHCC HAHECEHEr JTHHBI BOTH, 10 OCH OpaH-
HaT — WATEHCHBIOCTH, PASHURLE KpHBLIE CHATLI NPH pasubix smep-
THAX BOSGYIKAA0WMAX SNEKTPOHOB. AHTHKATOR BO BCEX Cryyamx —-
poauesbiii, Buio, «to npu 23,2 ke cnextp eme CIAOMHOH, KO npy
31,8 k6 ma cnaommoll crekTp wakmapbBaercs JLUNefTHLIE, COCTON-
IAi A3 PESKO BLIpAMEHHbIX CTIEKTPAILHEIX JHBHI; npu 40,0 kg xa-
PaKTEp CIEKTpA OCTAETCHA 6€3 H3MEHEHHS, HO HTEHCHBHOCTb MMM
BOSPACTACT HACTONLKO, YTO CAMAS ApKAS H3 NHX He YKIaAWBAETCH
Ha UCpTEKe B MPHHATOM MacliTabe,

o9

§ 201 PFHTTEHOBCKUE JIYHT 11
IToT JMHeNHBI| CheKip I MPHIALICAKHT XapaKTeplCTHICCKOMY
H3JY4CHHIO BEIECTBA aNTHKATONA, B AAMIOM Cilyyae — DOANd (Rh}.
Cnektpanbebie JUHAH XapaKTCPHCTHYCCKOFQ M3Iyuesnd 00pa-
3y10T 3aKOKOMEPHbIE [OCAENOBATCASHOCTII WIIH CEpHl, PACHONOKEH:

ot
s
- T;z
g
v ~
ihaz T
R, d
h
B E
Iy
i &
f 5
l 4%
| 2
i H
i H
1 i
1
|
=
3 i;
Rh)»‘ | rue -
v
|
! ~
'
i
2k
-1 LT T L
997 48 7591 7

Prc, 63 Bonuncuoese K-cepin XapasTeprcTAneckord HSAVIRMT poiic
o T 2 L a  JJHHA BO Tkl PEHTTEM
skaroaa. Tlo oen abouiice OTAOKCHA AT x
B T s st RO KOPOTHOBOHOPOR TPAMIILS KERIOT CTEKTDA
JKKT PYTENHio, HAXOIAIGYYCE B 06Pase POMNE B BHIE
npAMECH.)

B2JIVIERUT H YK
{Junrs @ — Ry nprEajac

Hbie B pA3/HyHLIX HACTAX PEHTTeHOBCKOrO CNeKTpa. I}? HLCT?‘%HLIG-
CKMM NpHYEBAM 3TH CephH oGosnayaiorest Gyxpami K, L. L .
Cepust K — camas KOPOTKOBOAHOBAR, cae}lyromaﬁvs CTOGp‘l(:g]yag“b‘e
HuX BOAH — cepHsi L, nanee miyr cepuu M u ) p Ha JST:{: crisie.
BrpoUeM, TONbKO y TAmKeAmx ollementos. [loapoGuee p
Gynyr paceMoTpenty B § 35.
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§ 30. MoraoueHne PEHTreHOBCKHX ayuel

K udeny nauGoiiee 3aMeqaTeNbHBIX OCOBEHHOCTEH PenTreHOBCKHX
Jryuelt OTHOCHTCS MX CBOEOBPasHulfl 3axod noriomenms, Oxaswl-
BaeTca, MpekAe BCEro, TG MOIMOIIENHE DPEHTICHOBCKMX Myded Be-
IIECTBOM COBEPMIEHHO 1€ 3aBHTHT OT CrO ONTHYeckux cBofcTs. Tak,
HanprMep, GecUBeTOE H NIPO3PAUHOE AIA CBETA CBHHIOBOE CTEK/O
TIPAKTHYECKH NO/IOCTHIO TIONIOMACT PEHTTEHOBCKHE JydH H NOTOMY
HCMIONL3YeTCS 1A 33LWATHl NepCOHANA, OfCIYKHBAOMEIC DEHTre-
HOBCKile yCTaHOBKH. HanporHs, ToHKufl JHCTOK alioMuHwd, Hempo-
3pauHuil [Nl CBETa, OYeHb MO MOrNOUAET PEHTIEHOBCKHe Jydd
W IS Ayqedt, MCIYCKAEMsIX TEXHHYECKHMH DCHTICHOBCKHMH TPY6-
Kamu (npH noTCHuMANaX mopaaxa 100 xe), noyrH coBepieirHO npo-
3paver.

[Iprmenenne PeHTrEHOBCKHX Jywell 17 MAMUMHCKUX HIH TeX-
HAYECKAX UPOCBEYHBAHHA OCHOBAHO 114 32KOHAX MOrJOMIEHHS peHT-
FeHOBCKAX Jyuell, ¢ KOTOpLIMH MBI cefvac
u osuakoMuMcs. Ecam mapasnenbubiil ny-
HOK peHTreHOBCKHMX Jyyell NpOXOAHT depes
CAGH BepICCTBA, TO NMy4OK MCHOBITHIBAET OC-
nabaenue, 1. €. HITEHCHBHOCTb €0 yMeub-
maerca. IT0 0CTAGALHHE ABASETCA Pe3yiib-
TATOM JBYX MpOLECCOB: 1) paccessHHm M
2) morsomenns. JTH Ba NpoLecca cyme-
CTBEHHO PA3MNUHBI:

1) Ocnadnenue BeMeNCTBHE paccesnns
renosckax aygeir mpw  OGYCJOBJEHO TEM, YTO YACTh JyyeH OTKIO-
mpoxuNACKAE wepes me-  HAETCS B cTOpoHy (pHc. 64) H noromy Bhi-

WECTBO. BOAMTCA M3 TADPAMLIENLHONO myuka, Slsie-

IHE 37O COBEPUIEHHO 2HANOLHUHO pacces-

HHIO, KOTOPOE HCHBITHBAET CBEer MpH MPOXOWKJEHHW uepes MyT-
Hy0 cpefly. - Pasudia TOJAbKO B TOM, UTO MYTHOCTH Cpeibl JJs
BeTd OOYC/IOBJEHA BSBEUIEHHBIMH B HOH JOCTATOYHO KpYIHBIMH
HACTALAMA ¢ OKA3aTCaey NPeJOMICRHS, OTIHUNBIM OT NOKA3aTeNs
Tpenomaennst epelbl. Jlat peHTIEHOBCKUX e Jiydeil BCIENCTBHE UX
MaNofl JUMHLI BOJHB J06af NpO3pauras IS CBETA Cpema As-
JAETCS «MyTHOM». B 9ToM ciysae pacceHBaIOmUMN LEHTpAMH f1B-
JIAIOTCA CAMH aTOMbI MIIH MOJEKY/Tbr BEINecTBa. Anajlornysoe Mose-
KyasipHOe paccednne naGionaerca n ana csera. Ho owo mpencras-
Jfer coboft B cayuae csera ouesb CadLilt spdexr. Jas cpasrenns
MOXHO npHeecTd cieryioue unppsl. [lapansensunit nyusok caera
BCJIE/ICTBHE DacCesHHd OCRaGaAfAeTCs B e (~27) pas ciceM vHCTOH
BOABI TOAWMHON B | KM; NyuOX perTeencsckux aydeli ocnaGasercs
B T0 JKe gHCIO pa3 MyTeM OJIOr0 TOJIbKO DACCERHHS (T. €. HCKJI0-
2 TOrzomenne) Cl0eM BOIL B 5 ¢ Has toro 4robe Monekyaap-
HO® PACCEAHC CoETA CTANO NETKO 3AMETHDIM, HEO6XOAAMO, YTOGH B

Pc. 64, Paccesume pont-

18

§ %01 TOTJIOMIEHHE PEHTIEHOBCKUX JIYVER 113

£pede BOSHIKaAH B GOABMIOM KOJMMCCTBE MECTHLIE YIJQTHCHES H
paspexedys (GAYKTYanHH IIOTHOCTI), KAK 3TO HMCET MECTo, nd-
DpUMCP, /A BCAKOTO BEMIECTBA BOMM3H Cro KpurHiecKoii Temnepa-
TYDbi (Tak na3bBaeMan «KPUTHYECKAR ONafecieHuusi»).

2} Ocnafaenue BCJAENCTBAE NOCNOWCHHT HIH a()cogﬁunu o6~
YCJOBJEHO TEM, UTO UaCTh HEPPKH PEHTIEHOBCKHX Jyuedl HCMLITel-
Baer HCTHHHOE NOrAOmEHHE B BEmecTse, T. €. R KOICYHOM cucTe
TIpeRPANIACTCS B TEILIO.

Ecau napanjieabHblll MydOK peHTrEHOBCKHX Jryueil MOHOXpOMa-
THYeH, T. €. COCTOUT H3 Jydeu OAHCH OfpeleneHHoh AAHHb BOJIHKJ..
To ocnabAenke ero GeCKOHEUHO TOHKHM C/GEM REHIECTBA TOAMMHOA
dt NOAUMHSETCE NPOCTOMY 3AKOHY

—d] =pl dx,

rie J — MHTEHCHBHOCTbL MyuKa, LANAIOWEro Ha CAOH, a p — Ko3p-
duinedt, xapaktephaylomuii ocnadnenie. FaTerpupys 3to ypas-
HCHpe (CM. aHAIOrHuHoe ypaBHewwe B § 23), monyuaem 3axkoH
OC/IABERHS PENTIEHORCKIX JIydell C/I0eM KOHCHHOf TOMUHub! d:

J =T, (30.1)

rie Jo— WHTEHCHBHOCTD NapainensHoro myska npn 4 = 0. Pasmep-
HOCTh KOSQQHIHenTa nornouesus pu ects [cul], tak xax moka3sa-
Tenb crenenu pud oqKeH GHITb 6e3pasMepHON BeaHuHHOM.

[ockoabky ocnaBaense NMydKa MPOHCXCHHT KaK 3a CreT ICTHI-
HOrO TOTVIONIEHHS, TAK M 34 CUET paccesHus, — KOIQHHIUEHT Oc-
naGrenpns p ABARETCS CyMMOH ABYX KO3 (ULHEHTOB' KO3t HUHEH-
74 WCTHRHOrO NOTJOWICHHS T W KOS(QUIHEnTa paccesnus o:

p=t-+o. (30.2)

Ofa Koappulnenta T H 6, & CEAOBATORLHO U [, TPONOPIHOHALITb!
Macce BemecTBa. BBmAY 3TOro yRofuce noiL3oBaThcs Tak Hasbl-
BaEMLIMH <MACCOBLIMH KOI(OHUKEUTAMH», T. €. OTHOMICHIIAMH /o,
t/p W afp, TAe p — wioTHOCTe BemecTBa. OUCRALIO, 9TO BOpMyIa
(30.1) moxer 6LITb NepenHcana B Buae

&
J=1e7 " 03)

[ponspeneniie pd ects Macea BemecTsa B CTOAGe ceuennen B 1 cu?
H Tommuroll 4 p/p nveer pasmepuocts [t ex?]
w

Ecan pd = 1, 10 I =Jp¢ P, oTkyxa cacayer, uTo p/p XapakTe-
pu3yer ocnaGedne PeHTIeHOBCKAX sygeit cnoey, coiepkamum | 2
BeylecTRa Ha KaAbli KBANDATH. CAHTHMETD.

Jlan TeOpeTHnecKnX pacueroB enle yIoGHEC NOAb3OBATHCA TAK
HA3LIBAEMBIME QTOMHBIMI KOIPOUUUEHTAMU |la, Ta. Oa, KOTODbIE
noayyalTCE W3 3naweHdit plp, t/p M o/p A8 ONpELENERHOre
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9M€MEHTa NyTeM )MIIOKCHHS ia abCOMOTHYIO Maccy atoMa, T. e,
Ha OTHOIIENHE TPAaMM-aTOMA JANHOTO JeMenTa A K OCTOARHOH
Aporappo N: 4 N 4
T s
ua:_‘;w, ey g O =G (30.4)
Taxum ofpasoM, nanpuMep, pa Xapaxtepuiyer ocnadlierne B
croe, comepxamer 1 atoy Ha cu CTont OTMETHTb TaKMKe, 4TO
PasMEPUOCTb 2TOMBBIX KOI(OUIUHEHTOB (L4, To H O, KK JMETKO yie-
nuTbes, ecTh [eu?]. TloaToMy HX MOYXKHO MCTOAKOBATb KAK 3hiheKTHB-
Hble Ceneniis aToMa COOTBETCTBENHO ISl 0C/ia6AeHns, MOTIOWEHHs
MM DAcCesHus pelTTeHOBCKHX JTyuel.
JMONpUUECKH YCTAHOBJEHO M JOBOJBHO TOWHO CO6AI0fAETCS
C/Ieflyiomee COOTHOMERRE:
Ta=cZ'3, (30.5)

rJle - HexoTopas MoCTORHHAA, Z — aTOMHbll HOMep BewecTBa 0
A — aauna poassl, Otciona nmpu nomomn onpexerenuit (30.4) Aast
MaccoBOro K03 (GuuHeHTa NOMIOWERHS NOTYYaCTCH

Tl eV gy 306)

o i a

win
I 70 (¢ —eN 30,6/
t—4 (¢ =M, (30.6)

M3 atnx GopMya BuAHO, 4TO NOIIOWEHHE qydeli Onpepesennol
AAHEBL BOJAHGLL OYeHb GLICTPO BO3PACTAeT C yBeIMuenHeM AaTOMHOIO
HoMepa (NPONOPUHONANBHO 4eT6epToll cTenent Z).

BTopast samenatenbHas 0COGEHHOCTb MOTMONIEHHS peEHTIEROB-
CKHX Q1y4ell COCTOUT B TOM, HTO OHO SBJIRETCH YHCTO aTOMHBIM CBO-
CTBOM: NOSTOMY HOAEKYAAPHOUL KOIPHUUUEHT NOTIOWEHAS AAH-
THUBHO CK7aXbIBACTCA W3 ATOMUBIX KOS(h(HHUMEHTOR MEMEHTOB, BXO-
LAmEX B cocTab MoJiekyapl, Bparomapst sTomy s BhWACAEHHS
MOJEKWIAPUBIX KODththHIHEHTOB BCero GECKOHEYHOTO MHOTO0Dpasu:
XHMUYECKAX COCAMHENH[I XOCTATOYHO 3HATH ATOMHbIE KODdhHLHeH-
Thl OTVIOUICHUSA 3AEMEHTOB.

@opmyas (30.6) n (30.6") w amTHTHBHOCTH MorJowleUHst pPCAT-
TEHOBCKHX Jyuedl €KAT B OCUOBC HX NPHMEUSHHS Ans [1POCBeUHBaA-
HHS, Cpammm, HanpuMmep, KodthpHuHeHTs NOrJomenus Kocren
Thaueli uenoBEUCCKOrO Tena. BemecTBo KoCTH ecTh (ocdoploKie
aptt Kanbunit Caz(PO.)s; MOTMOmEHHe TKAHU TIaBHBIM ofpasom
06yC/a0B1EHO BXOAAmEH B €e cocTas BOIOH (H20), Yunrbisas, uto
atomebic Homepa Ca, P, O n H coorsercTsenuo pasuui 20, 15, 8 B
|, HaxozuM, 4TO OTHOMIEHHE aTOMHEIX KOIGDILUHEHTOD NOTNOMERHS
OBOHX BEmecTs GyICT paBHO

320" +2.15148.8¢ P54 /15
e ~3E) RS s
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7. €. Kospduunedr noraomenns Cay(PO.), npumepno 8 150 pas
6onblle ATOMHOTC KOI(h(pHUHEHTA NOTMOMEHHS BOLK (TKaMi}. Has
NpPaKTHUECKAX LeJel, OQHAKO, BAXNKHCE OTHOWEHHE MACCOBHLX KO3~
(utientos. ECAR npHMEHHTb K AHTCpECYIOUIEMY HAC Cayda ¢op-
Myny (30.6), To OTHOIIEHHE MONYYWTCK paBHEM MpHMepHO 68, uto
YKe BIOJNHC OBDACHSET, NOYEMY Ha DeHTTEHOTPAMMAX TeHb OT KO-
cTell TAK pe3KO BLIAGAAETCA.

Dopmyant (30.3) 1 (30.6) noKasuiBawT TaKXKe, UTO NONIORIEHKE
PEHTIEHOBCKHX Ayuell DHICTPO BO3PACTACT MpH YBEAUMEnHH ANHHLI
Boansl. HaoGopoT, 4em MeHblle ANHHA BOJALI, TeM GoJblIie TEPONH-
Kaomas Cnoco6HOCT, pEHTTEHOBCKUX JIydef, TeM GO/blue uxX KecT-
xocTh, Ec1ir OTNOKHTS NO ocH afeunce MIHELL BOJIH, a MO OCi Op-

papiel
nurat V t/p, T0 B coorBerctBul ¢ topMyiamu (303) u (30.6)
151 XaHHOTO 3JEMCHTA XOX NOTVIOHICHHS B 3aBICHMOCTH OT J uso-
Gpasures npamon (puc. 63). OnHako np OnpenelIeHHol manue

. TF,
® 7
3
Lyg
v
34
34 it
3 /|
S
sy
4 3 g
7 S RS
b =
~ -~
0 420406 06 16 12 14 16 16,20
A

Puc. 65, 3aBUCHMOCTD NOTJONIEINST P ITTEHOBLK TX
ayeet oT aadEm poagel (Kg-munust  cepebpa 1
mean),

ROAHEI MONIOMICHIE HCMBITHBAET PE3KME CKauwoK, a 3aTey CHOBA
H3MeHsietcs uHedino. Kak BuaHo H3 pac, 65, 1as mein Takoil cka-
4ox HaGmogaerca Opu A = 1,3785A, xna cepeGpa —npu A =
= 0,4851\. STi KpHTHYECKHE JJIHHL BOJH HMEIOT Cielylouee 3Ha-
verne, Ecin ocBemaTh Kakoki-HGo snement (Hanphmep, Cu wad
Ag) MOHOXPOMATHYECKMMH pEHTreHOBCKHMH Jyyamu yObiBaomeit
AJHHL BOJIBI, TO, HAYHHAA CO CTPOLO ONPETEIeHHON AMAHE! BOHbE
BO36YMAAIOIUX PEHTIEHOBCKHX Jyuefl, aJement nrauuHaeT H OpH
RalbHERICy YMEHbIICHHN IIMHE BOJIHB NPOAOMRaeT IICNYCKaTs
CBOE COBCTBEHHO® XApaKTCpHCTUMCCKOe M3dyueHHe B BHAE uszyue-
Hus payopecyeryty, KpUTHueckne MaHHBL BOJN, NpH KOTOpHIX
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HabMORAeTCA CKAUOK NMOTIOWEHHA, KAK PA3 COBIAAAIOT ¢ KpUTHUE-
CKHMH [NHHAMH BOJIH AAS BO3GYKICHHS XapaKTepHCTHYECKOTE H3-
JiyueRnsl (hiyopecueHuHd ZAHHOK IJIHEH BOJHH, BosnukHosenne
CKaYKa NOIZOWEHHA YUHThiBaerca B ¢opMynax (30.5) u (30.6)
TeM, WTO KOSQHUUMENT ¢ HMeeT pasnbie SHAueHHA NO Ty H APYrYi0
CTOPORE! KPUTHYeCKOH AJHHB
BOJHEE,
uip Ynpaxuesnsn: 1. OcraGie-
A iRy e penT KHX Jy9ell npr mpo-
XOMEEHUH Vepe3 BeUlecTBO NACTO
XZPAKTEPHIYIOT  yKAIaHHEM  TOX-
WMHLL €08 BENIeCTBa, OCA3GARI0-
0,16 14 38 LEro  PEeHTTeHOBCKAE NyWd B nBa
1 54 pasa  (TonM@Ha NOTOBHHKONG 1O~
15 73 — raowenns, d, ). Hokasats, uro dy,
nupax(aerégs uepez pfp dopsysod

oo
oTmT
20
S

4= Tafprp
2 M B amoMRHAH, cepebpe B cBMHTE
A9 TEKOTODELS. AT BOJIH RaKH B TaCAMTE. ’
BHunCIHTo SOOCKTHRHBIE COUENHA ATOMOB ARS TOTMOWICHRS YKASAHHBIX RIHH
BOAIS % TONIMHLS CAOES [OOBHRHOTO MOTAOMIERDA,

§ 31. Paccesnse penTreHOBCKHX ayueit

Paccesiiie peHTreHOBCKHX Jyqell OGHAPYKUBAET 3AKOHOMEpHO-
CTH, OT/IIYHbE OT 3aKOHOMEpHOCTell PaccesHAS CBETa B ONTHYECKOH
HACTH CHEKTpa (T. . B O6A2CTH BANHMBIX HJH yaAbTpahHONETOBLIX
ayseit). Kak ussectHo, B ONTHYECKOH WacTH chexTpa, rie MIHEA
BONB NOpsiAka 107% cit, 1. €. 3HAMHTENBHO GOABIC ATOMHLIX pas-
MepoB (mopsiuka 1 A = 1078 cu), paccesiHue o6parHo fpOnopIRA0-
HALHO 4ETBEPTOHl CTNEeNH JJIMHLl BOJIHE (32KOH Pa/ied, 0GhICHSIO -
muit roay6oli uset #e6a), B o6ractu pentreHobeknx Mydedt Aiuna
BOJNEL TOrO e MOPSAKA BEAHYHHLI, YT6 ¥ pasveps atoMa.. Oka-
SLIBAETCH, UTO H 3aKON DACCERHUR 3ReChb HROW. HMenno, paccesnue
penizenosekux ayued we sasucut or Oaunsl oantt. Paccmatpusas
aCcesinHe Kag pesyNbTaT BHImYWACHIEX ROICCAHHA 3MEKTpOHOB
Hon peficTsiteM SNEKTpOMATHATHOTO NOAR NAZAIOIEH peHTreHOB-
cnoit Boambl, [k, [Ux. Tomcor eme B pannmi NEPHON H3YuenHs
PEHTTENOBCKAX JIy4eil BLIBEN CHEAYIOWYIO (hOPMYTY JLis ATOMHOrO
hOS(DPUIUEHTA PACCOTHRAR:

8 et
Go=g o2, (31.1)
TAC € W 11— 33pAll H MACCA SAEKTPOHA, £ — CKOpOCTb CRETa. ATom-
ubilt oMep saeveHTa Z, BXOATWMA B STy Popryay, paBen umcay
SJEKTPOHOB B HEliTpasbnoM atoMe. C apyroi CTOpOHBI, 0g, KaK yiice
Yrasbinanoce, HMEET pAa3MepHOCTe INIOWAjH. TakHM  06padom,

531 PACCESHHE PERTFCHOBCKHX JVYER ur

Oa ~—s;' —':‘ MOMHO DACCMATPHBATL KakK IpheKTHBHOE cedeHue
3 mie i
OIHOTO S7eKTpoHa AdA pACCennns pentreHoscxux nyselr. IMoncras-
RIS CIOfia HIBECTHHE 3HAUEHUST

e=4,80107"°, -2-=1,759.107, ¢=2,997.10",
nonyyaeM 3pPEKTHBHOE CeyeHHe IEKTPORa

g .
0a =T =657 107" o, (31.2

Pannyc 3TOr0 IHHERTHBHONO CEUEHUSA DABEH
57 - 1077 e, (31.3)

R o

Sra BeNHYKMHA TOTO XK€ NOpAAKA, YTO B TaK Ha3bBaeMBblf] «KJaccu-
Y i pannyc MIEKTPoHA».
‘ec}g:pay?lay(m.l) guna ucroapaopaa TomcoHom Axst onpezeie-
B UNC/A JJEKTPOHOB B aTOME (paBHOTO 3apsiiy sipa Z) Clelylo-
UM HHTEDECHBIM cnoco6oM.
Tak Kak N0 ONpefeNeRmio aTOMHBX Kosdpumientos (30.4)
_o A
Og T

7O JIS MACCOBOTO KOadh(hHLHEHTA paccessHRA popmyna (31.1) naer
8x et NZ (31.4}

3wt A

N0AL3YACH, PEBYABTATOM BLIUHCAenui (31.2), niMeem
86,574 107 .6,02. 1% % ~ 0,40. &, (31.5)
[

DKCIepEMeRTalbRas Nposepka (opMyast Tomcowa nokasaja, 4o
AJf JerKHX 3JeMEHTOR OHa JOBOJBHO XOPOLIO ONDABALIBACTCH.
Halinennas #3 OnbiTa BEAHYRHA O/p OKa3alach He 3aBHCAwEH oOT
IiHRE BosHbl W pasHofl 0,20, IMoncrasass sto sHavenue s (31.5),
nosysaeM 2

0,20=0,40 -

z__1
i 4= (31.6)
T. €y JIerKHX 71€MEHETCB (aa ACKAIOYCHHEM BO}lOpO,ﬂa) aTOMHBbiE
TioMep JNOMKEH 6bITh papsen TOJOBRHE ATOMHOTO Beca, 310 CoOTHO-
llleHNe Ha CaMOM Aele anGJlH)KEllHCI OﬂpaBﬂl:lBa.ET(‘ﬂ B HajaJe ne-
puonHueckoi creremb [He(Z =2, A=4), Li(Z=3, A=7).
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C(Z=16,A=12), n 1. 1]. Onanveckne NPHYAIL, BEAYmHE K Co-
orrouenuio (31.6), cef3antl ¢ IpUPOAOH ARephbIX Cu, K pacemo-
TPEHHIO HHTEPECHBIX M BAXILIX CBOKCTB pacCestHHOro PeHTreHoB-
CKOrO H3ZyueHHS MBIl ellle BepieMca B §§ 123 u 124,

Ympamnenne [Momayncs dopsynoii (311) n sKcmepasenTammmum 3Ha-
SCNIeM G0, BHITICINTD WHCI0 SAEKTPONOS 5 | CpaMM-aTOME,

DH_TOMOLLH 5TOFO YHCIA ONPEAEHTL, NAJCE, YHCAO 3AEKTPOHOD B [ atome

KHCAODORE, A30TA H YIdepoaa.

§ 32, Audpakurs penrrenosckux Jayuei
B KPHCTAMIMUECKOH pellieTke

B § 31 Mul BUAeAH, 4TO ¢ PEHTTEHOBCKHMH JMY9aMHB MOWKHO ocy-
UICCTBIATO TE K€ AHGPAKUHOHHbLIE HBJENHS, YTO H CO CBETOM,
Osnaxo nanbosee npocToii H MPAKTHUECKH HAWGOMEE BAKHBL CTO-
OO MOMYWRHHA MH(DpAKUUK DEHTIElOBCKHX Myuell OCHOBAH na mpu-
MEHRUNH KpuCTarf@ B KauecTse AudpakukouHoi pemerkd. [pu-
UAHA  JIErKOCTH  OCYULECTBJISHIIS  RH-
PPAKIKA  pEHTICHOBCKHX Nydeli ¢ ro-
MOWDIO  KDUCTANNOB COCTOHT B ToM,
UTO MOPAAOK BEJAYHHE! ME3/IYATOMHBIX

Puc. 67, Ingpacunn na aunefinofl pemrerxe,

Prc. 66. Kybrueckan pe-
merKa,

PACCTONHHI B KpACTANNE — TOT e, 4TO W NOPALOK AMMHG BOANG
PENTIeHOBCKUX Jyyedt (11\). Kak nssectro, umenno mpn TpoxoRae-
HHH pEHTTeHOBCKHX Jyueil Yepes KpHCTAMML Gbina Briepsbie o6Hapy-
HKeHa NUGPAKIHA DEHTICHOBCKUX Jydedt (Jlays, 1912 r.), oxomia-
TeNBKHO LOKA3ABIAS TOKAECTBO HX NPHPOAL CO CBETOM,

KpucTant npencrasnser cobofi COBOKYNHOCTE 3aKOUOMEDHO pac-
UpCEIECHILIX B NPOCTPAHCTBE ATOMOB, TPyl &TOMOB WK HOHOB
(«npoc'rpaun-xcmennaﬁ pelleTka», HanpuMep, pHe. 66, rie usobpae-
Ha NPOCTCHIIAA KpHCTAMIHYecKas pemerka). JIAs TOTO 4T06b Hafi-
T YCAOBUS AHOPAKUHN HA TAKAX NpaBAAbHBIX TPEXMEDHLIX CTPyK-
TYpax, ML pACCMOTDHM TMOCAENOBATEASHO ORHOMEpHYID (umef-
1yI0) | IBYMEPUYIO H TpexMepHyI0 pelerTky.,

Tlycts M umeem pan paccemBamouux uetpos 0, 1, 2, 3, 4, 5
(aToNOB), pacnonoKeHubix Ha OZHOK npauok (pue. 67), H nycts
R STy JuHeluyio pemleTKy MapaeT miockasm modHa Nox YIIAOM o

§32 JUGPAKIING B KPUCTALAMYECKOH PEHIETKE ng

Kaxneil 3 paccensaomnx nentpos 0, 1, 2, 3, ... aBjasercs HeTou-
HHKOM HOBOH c(hepHuecKol BOMHEI, N ITH KOrepeHTHHE chepuiechhe
BONHBI paCXO}[ﬂTCﬂ BO BCeX HaﬂpﬂHJleHHﬂX. PaCCMOTpHM Kaxoe-HH-
Gyzb MPOM3BOALHOC HANpABJICHHE, XapaKTepHyeMoe yriom «. Pas-
HOCTb XOAA JBYX Jyuel, IpOXOASwHX Uepe3 Kaxylo napy cocea-
unx atomon (0, 1; 1, 2 ...), kak BHAHO u3 pHC. 67, paBua
a(cos o — cos @), JiAn TOro uToGH B HAUPABNEHHH o MONYUHIACH
JAAGDPAKLHOEHbIE MAKCHMYM, ReOGXOIHMO BHITIONHCHHE YCIOBHA

a(cos @ — cos o) = A, (32.1
rae £ — uenoe gucao, Ms (32.1) caenyer
€OS & == COS (1,,«[»}1-21~ (32.2)

JTo noKasHBaer, YTO JuueltHasA pemlerka HeflcTBYCT KaK cnek-
TpaslbHbI NpHGOp, TAK KaK AMS KaXzoi ARUNB BOJHE A Holy-
waeTes csoc anayeHne yra «. [Ipu 4 = | osnnxaer, Takum obpa-
30M, CI€KTp NEPBOr0 NOPAAKA, nph A = 2 — BTOPOrO nNOpsiKa,

I Pz 2% noprdok

Prc. 68. Hutepgepennnonnsie mosock Japelkoli pemersi,

# T. A. B cHMMeTpHUIIbIX HanpaBnerusax npw A= —1, —2 1 T &
BOJHUKAIOT TAKKC CIEKTphl — I-To, —2-To B T A, nopsaxos. Coso-
KYNHOCTh HX 06pasycT, TAKEM 06pas’oM, OQHOMEpHOe Muor?ospaaue.

Ecnu Mul Tencps 1pHMeM BO BHAMaHHe, HTO KaXKJBI§ pacced-
BaioILHil IEHTp ABNAETCH HCTOYHUKOM Cheputecknii BOFUE, TO Ha-
NpABJCHUS, COOTBETCTBYIOUIHE MAKCHMYMY HHTEp(EPEIUH onpese-
JIGHEOTO (HAnpHMCp, UEpBOTO) MODAAK Jist ABHHON LANIL BOMNE,
B NpOCTPARCTEC NCKAT HA NOBEPXHOCTH KOmyca ¢ YOJIOM IPU Bep-
mnye ¢ Ha puc. 68 6yxsofi L o6oskauewa nHHelnam pemerka.
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OucBrAKO, YTO €CHH DACTONOKKTL (MIYOpecHupyomuil SKpar HAR
(OTONIACTHHKY HA HEKOTOPOM PACCTOAHAH OT DELETKH, TO CJIEAb!
nHETeD pePeHUUOHHbIX KOHYCOB JIaAYT HA 3TOM
SKpaHe THIep6ONsl, M0 KOTOPHM 6YAYT Pacno-
MOKEHH MAKCHMYMBI HHTED pEPCHUHH A5 Ol
peAeneHHof JIKHE BONHbI.

PaccmoTpaM Tenepb IUIOCKyI0, T. €. RBY-
MepHylo pelleTky (pHc. 69). Slcno, yro sty
pelleTKy MOMKHO paccMaTpHBATbL Kak ABOM-
HOe MHOTO0GpA3sHe JApuelHBIX DeLeTOK, pac-
TOJOKEHHBIX NAapaleNbHo 0cAM X K ¢, ITycth
Teneph Ha 5Ty PCIUETKy Mafaer MAOCKAH BOM-
Pre, 69, Tlrockas pe-  1fa, HOPMA/L K KOTODOH 06pasyer ¢ OCAMH X

merka. H gy yraB 0o B fio. PaccMarpuBas, Kak u paHs-

We, KamAbil LeNTD DEIIETKH KaK MCTOYRHK

cepuyeckoil BOAHL, MBl BHAMM, YTO HANPABJACHHS, B KOTODHIX

DONYYATCH HHTEDPEDEHUHONHBIE MaKCHMyMbl, GyAyT XapaKtepH-

30BaTLCA yIUIaMH @ U f, yA0B-

JETBOPAIOWMUME  ABYM  YCIIO-
BHAM:

a (cos & — cos ap) = A, }
a(cos i — cos fo) = hoh,
(32.3) 11
e hy 4 hy— ucabie uncaa. I
Tlepsoc K3 9THX YCNOBHI €CT6, =
OUEBHAIO, YCIOBHC MAKCHMY- | |

Ma HHTephepeHnHA AR JH-
HefinbIX PeIeTOK, MapasIeNs-
HBIX OCH %, BTOpOE — TO Xe
YCIOBHE IS PEETOK, Napa-
neabHbix ock y. Ecanm pacno-
JIOKHTD HA HEKOTOPOM pac-
CTOSTHAH OT MWIOCKOH DEWETKH  Pre. 70. CuekTpw, OoAyyacbte oT mio-
bayopecunpyom it 3kpat, 10 CKOA pemreTxh.

KNS U3 CACTEM JHHEHHBIX

peLIeTOK, Ha KOTODHIE MLl DA3GHBAEM MMOCKYID DELETKY, AacT Ha
3KpaHe CBOIO CHCTCMY rinep6oi M, OueBHIHO, 06a ycaoBis (32.3)
GYRYT VAOBAETBODEHB! ANS TOUEK, MERANHX HA NEPECCHCHHH STHX
Tunep6oa (pnc. 70). Onpeseass us (32.3) cosa u cos B, HAXOAHM

cosu=cosa3+h[%, ]
N (32.4)
cos f=cos fig 4+ 4, . l

T i i e E g o i
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Orciona creayer, uTo NS KAMAOH NIAHB BOJHLL A NOJyYanoTes
CBOW 3HaYeHHs o ¥ B, T. € M DJOCKAA DEIlETKd DPasjaraer Hsmy-
dedpne B cnektp. [Ipu sroM, OjlRako, B OTIHYHE OT JAnHeHHOM pe-
WeTKH fOAYYaeTCsl He TIPOCTOe, HO OB0HHOE MHOrOO6pasme CHEK-
TpoB. B camom jeNe, onpereseyHmil cleKTp XaparrepHayercs
napoit uncen (hy, hz). Tannm 06pa3oM, noayuawres, anpuMep,
cnekTpel nopaaxos (41, 1), (41, 42}, ..., a Takxke HO(S)SL'LKDB
(41, —1}, (+1,—2) ® 7. 1. 10 x0poWO BEZIO Ha pHc. 70.
PaccMoTpHM, HAKORELW, npoCTpancTaennyo pewetky. Ee moxuo

PasGHTL BA TPH CHCTCMBI JHREHBBIX PEIIETOK, Napa/ienbiLIx OCsM
%, y u z. Nuteppepenunonnbic MAKCUMYMBl B 5TOM Cydae momy-
YalOTCA B HANPABNENHAX, XapAKTEDUIYEMLIX yrJaMH o, B, Y, KOTO-
pbie ROMKHEl YIOBAETBOPATL ONHOBPEMEHIIO TPCM yCJOBHAM:

a (oS & — cos 0y} = Ay A,

a(cos f— cos B} = hyh, (32.5)

a(CoS y ~— €OS Yo) = hgh.
Onpenennn u3 STHX yCA0BHIl HADPaBASIOUHE KOCHHYCH /ISt HHTEp-
(EpeHHHORHBIX MAKCHMYMOB

A
€08 6= C0s O +- Ay -,

€05 B =cos B, 4 hz%, (32.6)
cosy:cosvu-i—hg%A |

3nech, Kax BHIHO, NOPANOK MHTEPPEDEHUAH ONIPeNeNsieTcs yiKe Tpe-
M3 uucnamu (hy, ko, fg), Buecre ¢ Tem 06BApYXKHBAELTCA H HOBOE
OGCTOATENBCTBO, 4 MMEHHO, YTO HHTEp(EpEHLHOHEbIE MaKCHIYMbE
BOIMOXKHE He A JIOGHIX AJUH BOME, a TOMBKO IV HEKOTODHIX,
COBEPLIEHNO Onpeselienubix. B camom nede, wapamy ¢ ycaoBHAMU
(32.5) ana 406020 nanpabJednst B HPOCTPAHCTBE ABTOMATHHECKH
YAOBIETBOPAIOTCS e yCAOBis

€0s® ay 4- cos? By 4 cos?yg =1, cos?a 4 cos?B 4 costy=1. (32.7)
Mostomy n3 (32.5) onpexensiorcs He TOABKO Hanpapasiouge Ko-
CHHYCLI MBKCHMyMa HHTepdepesunn, Ho W O4una 60AHGL, AL KO-
TOpOf 9Ta HHTEDQEPEHIHA uMeeT MecTo. JleficTBHTENbIO, BO3BOAS
B KBagpar DaBeHCTBa (32.6), cHAalbBas HX M npHIMMad BO BIH-
Manue popMyasr (32.7), nafinem

A A
T=14 27 (i + 3+ h) 42 5 (hycos oy 4 hy cos B+ hycosyy),

OTKyAa

— —9q fucostotacospothycosyy (32.8)

B+ i
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970 M 03KAYAeT, UTO PR AAHHOM HATIPABJIEHHH NAXAIOWEN NIOCKOH
BOJKb[ (32panikie o, fo, Yo) MAKCHMyM WHTCD(hEPCHLMM onpenerner-
HOre nopsaxa (&, his, h) TMONYHaeTCH TOAGKG ANA LNMHBI BOAHBI,
ynosaersopsioueli pasexcrsy (32.8).

Ceomerpuyeckas wIa0CTpallis, KOTOPOH Mbi HOAb30BASHCH PH
paccMOTpesUd AHHEHOM M MA0CKOM pellleTok, N03BOJSET JICIKO 1o
HATL IPHYMHY STOrO OrpaHmYcHud. TIDEANOMOKHM IS npocTOTS,
10 HOPMafbL K Nafaiomiedl 110CKON BONHE HANpaBjeHa fo OcH 2
H 4TO 3KpaH PACTIONOKeH TAKIKE HOPManLno K ocu z. Toria wanpa

BJCHHS MaKCHMyMOB HHTep-

tepeniluy LI AHHEHHBIX pe-

e10K, napa.n.ne.nbx-xbxx OcH 2,

PACTONOKATCH 110 MOBEPXHO-

CTH KOHYCOB, KOTOpBIE NARYT

Ha SKpaHe CHCTEMy Kpyros *)

(puc. 71), npuueM KamAblit

Kpyr GyAeT COOTBETCTBOBATH
$ ONpCACACHHOK MUIpHE BOHbBL

X M OIpenefeHiioMy NOPAAKY

nnTepiepentun  Hg = const.

C npyro#t cropopsl, Kakgas

H3 INIOCKHX PemleTok, napad-

ReNbHbIX NJOCKOCTH Xff, AacT

U5 TAHHOK JJIHHBI BOJIHEL CO

\ BOKYNIOCTb KHTCD(HEPEHLHOH-

HbIX MaKCHMYMOB, JeXamux

Puc. 71. Teomerpuyeckas uamoctpauus HA NEPECEUCHAH ABYX CHCTEM
YenOBHA HuTepepenudn B npoctpan-  THNCp6oAa (cM. puc. 70). Mas
c1BeuHOH peluerke. Toro 4To6Li npd A = const

GLIMH yAOBJETBOPEHb BCC TPH

yeaosua (32.6), HyxHO, 4To6b Kpyrd PHC. 71 IPOLLIK Yepe3 TOMKH
nepeceyCHus THNCDGOJ, YTO MDA WAJHYHH OFHOH ONpenefenuoch
AMHEBI BOJHb KpafiHe Ma/obepoATHO. TakuM 06DasoM, npn OCEe-
LICEHE IPOCTPAHCTBCHHOA DELICTKH MOHOAPOMATHYCCKHM H3MyUe-
HUEM WU M3AyuerHeM C JUIeNIbiM CHeKTpOM BO3HHKHOBENHE Hi-
Teppeperiun KpaliHe ManoBepoATHO. HanpoTde, mpu ocemendu
PEIIETKH H3NYUEHHEM CO CHMOIIbBIM CHEKTPOM BCerda Haitaercs
NORXO0AAAsA NIUHA BOJNHBI, yIOBJETBOPSIOMAR BCEM yCJAOBUSM HH-
TeppepeHiK. TakuM 06pa3oM, LOCC NPOXOXKTEnus 4Yepes [po-
CTPANCTBCHHYIO PCLICTKY BOJNA, 06.1aKa10mast CONOWHLIM CICKTpOM,
PasGHBAGTCS 114 CHCTCMY MOHOXDOMATHUECKHX MHTCD(DCPCHUHORHIX
Jlywedt, RAOWEX HA 3kpane (hOTOMIACTHHKE) COBOKYHHOCTL CHM-
METpHUII0 PACTOAOKEHHWX WHTCp(epeHMUOHHBIX NATEH, M ecan 6l

#) Ecam G HAUPADTEHME PENIE)0K HC COBHAMEN0 € OCHIO 2 HAH SKpaw
61 pACUOAOED TOX MOGHS YFIOM K STOR OCH, TO BMCCTO KPYTOB NOAYYHCH
6B SAAHNCH, HO BCE DACCYHMUAS OCTAOTCH B CHAS W ST STHX CiIyyaes.

§ 2y DRSPAKIWA B KPHCTANIMYECKOM PFIETKE 123

MBI MOTJIM HX HENOCPEACTBEHHO BOCMPHIHMATD [a30M, TO OHH nped-
CTABHAKCH 6L HAM DABJHTHO OKPANIEEKbIMH,

3aMernM B 3aKMOUEHHC, YTO NpedbAylIHe PACCYXMRCHHS [pU-
MEHHMpI ANS M0G0l JJHHE BOJHL M HJAS PEIETOK C MOGHM pac-
CTOSHHEM MKy LEHTPAMH CO CAeAYIOWUMH OrpaHMMeHHs Mu: RIH-
Ha BOJIHBI A AOJKHA GbITb MENbUIE NapameTpa PelleTkH 4, Tak Kak
WpH AZza h%> I, n yenosus (32.2), (32.7) w (32.6) He MoryT
GbiTh yNOBJCTBOPEHH HA A KAKOH AAHHBI BONHBI (KOCHHYC He MO-
xer 6HTh Goabute 11}, C apyrofi cTopokul, ecan A < a, ™ ycaoBust
HHETED(hEPEHIE MOTYT 6biTh YIOBNETBODEHH, HO Yribi o, f, Y OKA3ki-
BAIOTCA OYEHb MablMH W HaGMIOReHHe WnTephepeHuun CTAHOBHTCH
saTpyuuTenchuiM. Mueuno nostomy ana METepdepesunH peutre-
HOBCKHX JTyueil B &pucT@44aX 0COGRHHO GAArONDHSTHO TO, UTO ANH-
Ha BOJHBI PEHTTENOBCKUX Jyiedl — TOTO iKe HopslKa BeAHUHHL!, 4TO
¥ MEKyaTOMHBIE PACCTOAHHA B KPuCTanne.

Prc. 72 Huppakuis cmeTa Ka OpOCTPaHCIMENHON peweTke, OGPA30BAHHON
B KCHAOAC TPOMS YABTPAIRY BOHAWH, HAND: 1w o, yraos 90° (a),
yraom 120°(6).

Ras DOy YeHHA NPOCTPAHCTBCHHOA PEIIETKH C [1€PHOAOM &, H0J-
XOAALKM AJs] M PAKNHY BUAKMOrO CBETE, OAL3YIOTCH yabTPasBy-
KOBb{MI! BOIHAMA. YJbTPA3BYKOBLE BOJHEI B HHAKOCTAX H TBEDABIX
Te1ax MOryT Gbith AOJyueHel ¢ JVIMHOH BoJHBL mopsaaka |0~
10-5 cu, Gnuskolf K ;aMHam Boam muammoro crekrpa (7.10-
4.10-% cu). TMosTOMy, eci 06Pa3OBATL CTOAUME MAOCKHE YaAbTpa-
3BYKOBLIE BOJIHEI B KHIKOCTH MM B TEBEDIOM Tele, TO BOSHHKAIO-
was CHCTeMa yIJIOTHENHi ¥ DA3PEMenuli Co3/laeT nPeKpacuyo JH-
(ppakuHoHHyl0 pemerky AN cseTa. ECTCCTBEHHO OXHAATL, YTO TPW
y/bTPASBYKOBbIE BONHEL, HANpaBJeHHbie BIAHMHO MEpleANKyNApHO
HAW 0N KAKKM K- HUGY /b APYTHMH yrAGME, 1aAyT NPOCTPAKCTBEHHYIO
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PEUIETKY C IepHONOM, NOAXORAWHM &5l AUPPAKUMH BULKMOTO
cpeTa. 310 OMHAAHHE AelCTBHTENBHO onpasjbisaercs. Ha puc. 72
IpHBERCHE 1Ba NpEMepa doTorpaduil, MOTYuSHHHX NPH OpomycKa-
HUHM CBeTa 4CPe3 MKHAKOCTh (KCHAOA), B KOTOpol BO3OYKAATUCH
TpH YILTPA3BYKOBEE BOMNbI OAHHAKOBOro nepwona: Judpakimmon-
HBIE [ATHA BH}lHH 3peck oueHb xopowo. Cpasuenwe ¢ puc. 74
(cM. nrxe), TaK AAGP. Kap-
thHa Jlay3, nonvqeﬂﬂaﬁ [pH OpONYCKAHWA PEHTTEHOBCKHX Jyuel
yepes KpHCTA/LI KBAPIlA, IOKA3bIBACT, NTO AHPPAKIUKSA CBETA HA HC-
)’CCTBQHHDH TPOCTPAHCTBRIHON pemieTke KpHCTaana (@ — nopsixa

% M, T. . MOPSAKA ANMHBI BOJHBI PEHTIEHOBCKHMX Jyueil) Aaer
CUBEDLUEHHO aHaJorHuMb € KapTHHbl.

§ 33. dkcnepHMenTanbHOE OCYWeCTBICHUE AHDPAKIAH
PeHTreHOBCKUX Jyued

B npeannymem naparpage Mbi paccMOTPesH XHPPAKUMIO perT-
TCHOBCKHX Jyuell npH momomu Meroga Jlays. JxcrephMenTafbuas
YCTAHOBKA IS RAGMIOACHHK AADPAKUAH 0O STOMY METOLY O%eHb
npocra. Y3kuii Ny4OK PEHTCEHOBCKMX AyueH, BHASAAEMbil KpyrabM
OTBEPCTHEM B TOJICTOM
CBHHLOBOM  3Kpauwe B
(pHc. 73), mpOXOAHT uepes
kpuctana K. Bosmmxaro-
gue ApH 3TOM AHQPAKLH-
OHHbIe TyUKH GUKCHPYIOTCA
B BHAE msiTeH Ha (OTOMAA-
cruKe P, pacnosoxeuroi
TIePNICHAAKYNAPHO K MYYKY
nyuedt. B kauectse npume-
pa gororpaipuii, moxyuae-
MbIX 0 3TOMY MCTORY, Ha
pHc. 74 npupexesa KapTH-
Ha xudpaku#u B KpuCTam-
Puc. 73 Cxeva noayyens audpaii pestre e xpapra. Ha o0CHOBAHMK

HORCKHX Jy4ued no merony Jlays. CKA3aHHOrO B  IIpEXLIAY-
meM naparpade Aas moay-
ueHHst HPpakiUKK N0 MeTony Jlays neoGXOXHMO NOML3OBATACA TOP-
Moame PCHTTCHOBCKHM H3/y4eHHEM, HMEIOIMMM CIVIOWHOM CreKTp.
T. Bparr u ¥. JI. Bparr (otew U ChiH), a TakKe, He3aBHCHMO
oT uix, pycckuli gusuk-kpucrasnorpad 0. B. Byavd npeanosxuan
ApYrOH MeTOJl PACCMOTPEHHMS H PACueTa ANpPAKUHMH EHTLEHOBCKHX
Ayuefi. KopoTko TOBOpS, 3TOT METOZ COCTOMT B TOM, UTO Kaioe
TATHO PCHTreHOrpamMmer Jlays paccMaTpuBaeTcst KaK pesyabTaT uh-
TepPepenyoRt020 OTPANERUR PEHTICHOBCKHX ayuefi. Obpatumcn K
fpocTeliieMy Cy4aio KyGHUECKOHR KPHCTAaNNUUecKON pemerky, Hao-
Bpaxennolt na pue. 76.

B st
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Tlpencrasnm cebe ocu KOOpHHNAT, NPOBEACHHKE TaK, UTOOH GCH
X, y, @ ObIH HanpaBJeHs BAOAb pefep Kyba; Torxa pacniogokenne
4TOMOB B NJIOCKOCTH XY npexcTaButest pHe. 75. JIo6as IMOCKOCTh,
mepeceKaman  KpHCTaml
TICPICHAKKYIAPHO K NJOC-
KOCTH Xy, OCTABHT B 3T0f
TVIOCKOCTH  Cep B BHAE
npaMolt (nampumep, ! win
1, 2 nau 27). Ouesnaio,
TIPRIKTE BCTO, YTO Ml MO-
KCM  pasOuTL BCCb  KpH-
cTaja pa pAf mnockoctedt
1,0, ... um 2,2, ... 0a
PANNeSHHEIX er0 eCTeCTReH-
HeIM  rpanaM.  3TH  [I0-
ckocTH  GyAyT OAMIAKOBO
TYCTO yCesiHbl aToMaMH H
6ynyT OTCTOATH [Apyr oOT
ApyTa Ha OJMHRKOBO® pac-
crosuve d pasHoe peGpy
BJICMCHTAPHOH XyGHyecKolt
auelixn, OnHako M3 toro
Ke pHCyHKa BHIHO, U4TO
AHAJIOTHYHOE  pasbHCHHE
MOXHO OCYICCTBUTH MHO-
KeCTEOM JPYTHX Cloco6OB. Taxoser, Halpumep, naockocry 5, 3
4 ; OHH OTJHualoTes OT Myockocred 1, 1%, ... u 2, 2, ...
TOMBKO rycm'rou 34MOJAHEHHS
ATOMAMH K MEXIJIOCKOCTHBIM
PaccToANUCM.

Paccmorpum Tenepn oxmy u3
TAKHX CcACTEM ILIOCKoCTed, wa-
[pHMEp IIOCKOCTY, Napaddens-
HbiC, ec‘recmer—mou rpaHH (T. e
L2, ). H)cw
A HHX nanacr ﬂapa'[.ﬂcﬂbl{blﬂ
Ty40K MOHOXpOMATHUECKHX Jy-
ueh ¢ nannod sonuut A. Pacemar-
pHBAS ATOMB KaK UEHTpPHI HOBLIX
KOrepenThsix 3neMeHTapHBIX
BOJIH, MbI TIOJIy¥aeM 18 Kaxuok
M3 TIOCKOCTeH OTpakKeHHe Hy-
JIEBOTO  TOpSAAKA [OX  YIVIOM,
pasumM  yray nagesrd. Ilpn
STOM OTpaXcerue A5 OHOH eIHHCTBEHNON AMOCKOCTH GYACT.Ipo-
HCXORUTh COBEPUICHHO OZUHAKOBO /st /OGO IJAMHSE BOJMHBI, TaK

Pac. 74, JInpaxuns pemrrenobckx aywelt
B KpHCTAJIE KBAPUA.

Puc. 75. CeTyarhie IIOCKOCTH.



126 : PEHTTEHOBCKHE JIVHH U ATOMHBIE KOHCTAHTS [ v

KaK LAHIL MyTCH IS BeeX Jyel Mexay CO60ﬂﬁaBHbl, a caegoBa-
TesbHO, M PA3HOCTH XOia BCerda paBHul uymo. IlpumeM reneps mo
BUBMAHHE, UTO OTpAaXKEHHE NPOHCXOAHT He OT ONHOH MIOCKOCTH, HO
OT CHCTCMbI PAaBNOOTCTOAL{HX MocKocTedl. B »TOM ciiywae KapTHHA
OCNOXKHAETCA HNTepepCHIHell KOrepeHTHBIX Jy'ed, OTpaKeHHbIX o1
PA3AUYHBIE ITIOCKOCTR, H OTPaXenne Ha CamMoM JeJe TOJyuHTe He
Aast 11060# IAUNE! BOIHLI,
a TONBKO ANSl HCKOTOpHIX,
BHOJHC ONpesiesIeHNbIX,
Iedicrnutenbno, aydn I #
2 (puc. 76), orpamenubic
ot nmaockocTelr I U 11, ume-
10T pasHOCTh X0, PABHYIO,
KaK JCrko yCMOTpeTh H3
® s & e & =+ e s e geprexa, 2dsind, rpe O—
yTOM CKOMBKEHU, T. €. 10-
e ¢ * * e o & ¢ ¢ nomenne go 90° K yray
Pu>. 76. K nemoiy ypamsewns Byseda — lagcuus, [lostoMy orpa-
. KenHe OyIeT MMETh MCCTO
TOABKO AAA TCX BOJH, AJA
KOTOpLIX 3T4 pa3nocTb X0lla pasna LeaoMy uucay nmun sosm. Mrtak,
JA9 HHTEPPEPEHIIMOHIIOr0 OTPAKEHHs PelTreHOBCKAX Ayuell LouK-
110 ObiTh COGII0AENO YCROBHS
2dsinb=nA (n=1, 2,...). (33.1)

310 n ectb opmysa Byasga — Bpszeza, nexaunias B ocHose Beef
CHEKTPOCKOTIHH PENTTeIIOBCKHX Jyneit.

B neficTBuTeNbROCTH OTpaXKeHHE NPONCXONHAT OT MHOrHX [VIOCKO-
crell, T. € HHTEePhepupYIOT MeKly cobof He ABa myuka, HO MHOrG
nvykoB. ONHAKO BJMSHUe STHX MHOrOKDATHHIX OTPAKeWHH He Me-
ST YCIOBHS MaKCHMyMa MHTEp(QepeHIlHH, a COBEPUIENHO TAK MKe,
Kax B ONTHKE *), CKa3LIBAETCH TONBKO B TOM, YTO BMECTO WHDPOKHX
UNTEPPCPCHIUMOHKEIX TOJOC MOAYIAI0TCA Y3KHE JNHHHA, T. €. OKagbi-
BAETCS OueHb OJarONpUATHBIM 1S TPUMEHCHHS STOTO METOjA B
CMEKTPOCKONIHY DENTIeNnoBCKuX Jyued. YcaoBue xe (33.1) Anst ot-
PAENHsS OCTACTCH §€3 H3MEHEHHS.

Mel paccMaTpHBaNN KO CHX NOp OTpAJKEHHE OT CHCTEMBI ILIOCKO-
cTeft, NapasIe/bHEIX eCTECTBEHHON rpaHu xpucTaaad. Huuro e Me-
WaeT HaM, OAHAKO, DACCMATPHBATL ¢ TEMH JKE pe3y/ibTaTaMH H
OTpaKeNus oT APYTHX CHCTeM TIOCKOCTel, Bpode 8,8, ... 4,4/, ...
B T. A MOXHO NOKA3aTs COBEpmIEHRO CTOro **), uTo KakIoe NAT-

) Caf, #anpyep, TeOpHI0 HeTephepomerpa Padpu — [lepo Amn maacThmKH
Jlymmepa —Tepxe n kiwre: I. C. Janxcepr, Onmuxa, locrexnsmar, 1957,
ep 111

**} [oK&aaTelscTRO ASCTCH B KYPOAX pCITTEHOCTPYKTYDHOLO awagnsa {(cu
nanphl\le&, I' B Bolixuh, M A Topafi-Komnun, PerTreHOCTpYKTYPHRIR
anaans, Maa no MTY, 1964, ctp. 182).
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HO DEHTIHOrpamMMul J1ays ABJSACTCH Pe3yabTaTOM Hi1epdepeHLHO
HOTO OTPAMEHNS OT OMpEeNeHHON CHCTEMBl CeTHaThiX MIAOCKOCTEH.
Taxuy o6pasom, meroa Bymbda — Bpsrra, kax cnoco6 paccMorpe-
HHSL, SKkBHBaJeHTeH Metony Jlays. Onmaxo meron Byanga — Bpar-
ra uMeeT H GOMbLIOE CaMO-
CTOATE/bHOR 3HAUCHHE BBH-
Ny TOTO, 4TO OH, KaK yxe
yKA3BIBAJIOCL, JIEKHT B OC-
HOBE CIEXTPOCKOIUH pEHT-
FemoBCKHX ayuell, a Tak-
JKe — OqHOro 43 mnaubogce

TIONOTBOPHLIX  METOIOB
adajunsa KPHCTHJU[OEA
Mpocreiiman cxeMa

PEHTTEHOBCKOrO  CNEKTpo-
rpaga  u3obpaxcena ma
puc.  77. Hapanacasnsii
Ty4OK pEHTFCHOBCKHX Ay~
ueft nagaer na kpuerana K,
PACITONOKEHHNA HA Bpa-
atomencs cromuke; PHe. 77. Cxewa peHTTeHORCKOTO cmekTpo-
FPF’— gotonzenka. Bue- rpaga.
CTO  (OTOMIEHKH HHOrAZ
TIpEMEHSCTCS HOHH3ALMOHHAS Kamepa, NOBODAUHBAIOIASICH OIHO-
BpEMEHHO ¢ KPHCTaqJOM Ha ABOHHON yrosm (0GbsiciHT mouemMy!).
z Crna HoEwsaumonHoro 10-
4 KA, BO3MMKAIOWErO B KaMe-
pe mox meHcTBHeM pentre-
HOBCKHX JyYcht, sBaseTcs
MEpOH HHTeNCHBHOCTH 3THX
ayycht. Ecan uaaygenue 06-
MaAa€T JIHHEHHBIM ek -
POM H COCTOHT u3 HECKOJb-
KHX JLTHH ROMH Ay, Ap ...,
TO KaMpas ANHHA BOJHE!
OyzmeT  oTpakarscst  mpu
ceoeM yrae O, onpegensie-
o 8w B w0t 50 Jﬂ_‘Tiu;” W pom (t,oypmy,m;, B)’?ni‘@a_
Bparra. Taxum o6pasom,
Pre. 78. Kpunan orpmennn pentrenoscius  gpunas HHTEHCHBIOCTH
ayseit o1 xpucratia NaCl. PCHTTEHOBCKHX 1yuch B 3a-
BHCHMOCTH OT yrila noBopo-
Ta KPHCTAINA GyJeT HMOTs DAI MAKCUMYMOB, KOTOPLIC AOMKHEL (10~
DBTOPHTLCA B PASNIHUKLIX NOpAAKaX OTpaenns. Ha pre. 78 nprsenen
UpHMep TAKOH KpHBOH, MOJYYCHNON UpH OTpaeRHn OT Kpucranaa
NaCl nanmysenns peHTreHOBCKOM TPYGKH ¢ MAATHIORbIM AHTHKATOLIOM.

Homencubsosms ampaceses
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Tpn pe3kux MaKCHMYMa 5Tol KpuBOk Ay, By, €y, nocnegosareasHo
OBTOPAIOIRMXCA B TPEX NOPAAKAX OTPAKEHHH, COOTBCTCTRIOT TpeM
ciekTpanbBpM AEHAAM maaThun Ko, Kg u Ky To ofcrosredscteo,
uTO HHTEHCHBIOCTH OT-
75 paXenHs BHE IUHNR He
paBHa yMO, HO CH-
CTEMATHYECKH BO3pacTa-
er NpH yMEHEIEHUH yr-
4 OTpaKeHWA, HMeeT
CREAYOWYIO  TIPOCTYIO
npHukHy: mpH GomGap-
AHPOBKE  TNTATHHOBOO
AHTHKATONA 3ICKTPONa-
MU, KpOMe XapaKTepH-
CTHUECKOTO  MAMIyUCiHA,
BO3HHMKACT CIf¢ H TOP-
MO3H0E H3JYWHHC, KO-
TOpOe HMeeT ¢MJIOUHON
crexrp. Braroiaps sro-
My COCKTpadbribie JHHHH
NAATHHE HAKA2 (BIBRIOT-
Cf HA COIOIIOE (hOH.
TMpumepsi HOTOrpamil pEHITCHOBCKHX CIEKTPOB HpHECAGHBI IHKeE
na pac. 84 u 85.

POME paccMOTPEIHIBIX ABYX METOROD TONyYeHHs Andpaxiun
PEHTIEHOBCKHX JNIydeli, CYIIECTBYCT €mue TpeTdii MEeTOH— MeTOR
KpHCTA/IHGECKHX  N0pOIll-
KOB, NOMyYHBILHA BecbMa
IMpOKOe NpHMeHeHHEe B
dHAIH3e CTROLHHS TBEPALX
Teq Nph HOMOmH peHTre-
nosckHX  Jryueii. B ostom
MeTone, TIpeJII0KCHHOM
Jle6aev u Meppepom, Bue-
CTO 60abIAX KPHCTAMIOB,
HEOOXOAUMBIX 17 TIpHhe-

Puc. 79. Cxema noayuenus Ru(pakiusd pewrre-
HOBCKHX vyuell 10 MeTONy KpMCTAJIHTECKHX
TOPOINTKOS.

lcHust  MeTonoB Jlays w
Byawipa — Bparra, uenons-
aYeTcs MO  BO3MOMHOCTH

MCJAKO pactepTril KpueTad-
JIHYECKHUH NOPOIOK, Crpec-
COBaBHbLI B UMAWHIpHIE-
ckii cronbux (Kua puc.79).
Ecnm npomycruts uepes 1aKOH CTOJAGHK MOHOXpOMATHYECKOE peHT-
TeHOBCKO® H3/JyyeHHe, TO BCTeXCTBHE NOMHOf XaoTHUNOCTH B OPHCH-
THPOBKE MHKDOXDHCTAJJNO0B NMOpOiIKa B CroAGHKe Beerna Kadiayres

Puc. 80.

§34 OTPENENEHNE AfIMHBl BOJHBI CMEKTPANDHLIX JHHUM 129

KpHCTALIHEH, DACTIOJIOKEHHLIC NO OTHOUGHHIO X Jydy NOA YrioM,
YAOBNETROpAIOWEM yeioBHIo Byasda — Bparra Aast AauHOl maunst
Boanisl, [Ipi 5TOM OTpaKeHHbie JyuH HAYT MO MOREPXHOCTH KOHyca
¢ yriIoM npH Beplunue, pasnbiy 20 (puc. 80). Ecau OKpyKuTth CTOM-
GHK (pOTOMIEHKO!, KAK NI0KA3aHO HA pHC. 79, TO ITH KOHYCH OCTABAT
Ha JICHKE Cellb B BHAC KPHBBIX RN, KaX1ast M3 KOTOpHIX COOT-
BCTCTBYET ONpeACHEHNON AMHHE BOHL H ONPCACHSHHOMY NOPAIKY
orpaxenns. IlpkMep Takoi (oTorpaduy, monyuernofl mo Meroxy
KpHCTA/THYECKHX TIODOWKOE, NipHBeAeH Ha pue. 81,

Puc. 81, Jadpakuust peHTreHOBCKHX Jydell B KpucragdmHueckoM mopouxe NaCl,

Ol‘pOMHOe TNpeHMyLeCTE0 MEeTOda KDHCTAAJIHYECKHX MOPOIUKCB
COCTOHT IIMEHHQ B TOM, HTO OH He Tpeﬁye'r 6OMbIIUX KpHCTaJLHOB
ﬁeSyKOpHBHEHHOl‘O xavectna, JInwob HEMHOrHE BEIICCTBA B anpO}.IE
BCTPEYAKTCH B BHIE TAaKHX KpPHCTAJLAO0B, a Bblpall.lHBaHHe KpucTan-
JIOB yZAaeTCd NaJleKO He BO BCEX Cay4anx.

Yopakuenne Orpasenue Nepnoro DOPIKA CCKTPAkHOR ANMHE MEXR
¢ Annnoh Bonubl 1,542 A (qmmust K, MeAu) OT ecrecTBeruoli rpamt Kpicfaina
KAMERHOfi CO/IM TIPOHCXOAHT IPH YIiie croxbiewns 15°15/. Qupefiennte Beu-
anny d fan

§ 34. Onpexenenne BHHHGI BOJHE DEHTIEHOBCKHX
CHEKTPANLHBIX JIHHAK

Ypasaewue Byasga — Bparra (33.1) nozsosnser onpeneants
AJHIY BOAUE PEeHTrenoBCKNX Jyyell N0 yriy OTpaKeRds O, ecan us-
BeCTHAa BEAINWHA d — DACCTOAHME MeXIy COCeLuMMM ATOMHBIMH
TIOCKOCTAMIL B KplicTaise. 3Ta BeMuYHHA MOXKET OHTb BEUHCACHA
HE3ABHCHMBM NyTEM CaeAylouthM 06pa3oh, [IyeTb Mbt HMeeM KpH-
CTa/LT TpABUABHOH CUCTEMEI, T. €. Taxofl, SMeMeHTaphad fueiika
KOTOpOTO HMeeT ‘tf\?ley Ky6a. TIpHMepoM MOXET CJIyXRUTb KpHCTAaMLT
kamennolt conu (NaCly. Oxra rpamm-Monekyna NaCl umeer maccy
M = 58,454 2 u B ueil sakmouaercs sucao Mosnekyn NaCl, pasmoe
nocrosnnok Aporagpo N; mostomy wucao wuosos Nat n Cl-
B Heli Gyxer pasHo 2N,

PaccMoTpuM 3neMeHTapuyo sfuefiky kKpHetaana NaCl. Usyuenne
CTPYKTYpH 3TOr0 KpuCTadna NOKA3ako, HT0 B BepillMHAX 3/eMeH-
TapHoTO Ky6a pacnonaraircs ne moxekyib NaCl, Ho wonbi Nat
CI- (puc. 82). Takum o6pasom, 5 8 pepwHnax KyGuHueckol syeiikn
11OMENIa0TCH 8 HOHOB, HO TaK KaK KaXJaf W3 BepWHN sABJASCTCH
obuieit 1aa 8 COCEIHHX SAYEEK (3TO XOpOINO BUZHO HA pHC. 82 s

5 2. B Wiouwckad, .
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HeHTpadpHoro wona O), TO Ha KakIyI0 #UCHKY HPEAOALTCS 1O
onHoMy HoHy. Ecam minua pe6pa sueiikn papHa d, TO oSmeM’ ee
6yner %, a Bech 06BEM OXHON TPaMM-MOJCKYJL, 3akauaoelt 28
HOHOB, 6yaeT 2Ng%, C npyroit CTOpOHLL, TOT ke O6LCM pasel OTHO-
ieHm0  macehl M K IIOTHOCTH KpHCTamaa p, Ik Ml NOJYyvaeM
2Nd3—%£ R

1 M
T W (34.1)
Hs sToit GOpMY/ILE BHHO, YTO ApaBHABHOCTL Oupelenenns d, a
CNICJOBATEIbHO, H A CYNIECTEEHHO 3aBHCHT OT HOCTOBEpHOCTH 3ia-
HUA OCTORHHOH ABOTAZpO. goupoc 3roT
P uMeeT GOJbllOC 3HAYSHHE JAA ATOMHOA
(H3UKH, B Mbl K HCMY €HIC BepHeMcsa B
§ 38. TMoka e 3aMeTuM, 4TO €CJIH MpH-
HsiTh A dNaci CTAHAAPTHOE 3HAUCHHE

d=2,814004,

TO AASl AJHHbE BOMubt AHHHE Ko Menn
nosygacres

= (1,637302 + 0,000031) - 10~ cx,

L2

Kak BHHO, TOYNOCTb 1TACTONBKO BbE-
Illﬂie Sz.x ;(;WCTBMWISCKZH coka, uro 1A 1078 cat) oxaswiBaercst
TKa XIOPHETOrO HATPHA. A
Cacrane - kpysici— nony  HLECH HeyTOGHOY eIMHKLCH, TAK KaK JHC-
xnopa (CI7); wepiste wpyw- 10 AOCTOBEDHBIX TECATHYRLIX 3HAKOB MO-
KH — HOBH hHarpsa (Na*). dyqacTes CHHIKOM Gombitny *), TMosto-
. MYy B CHEKTpOCKOMHMH PeUTreHOBCKHY Ty
uefl B GOJNBIMOCTEE C/AYYASH HDHMCHSCTCA Jpyrad eNHHHUA, Hadbi-
BacMad X-eAHHHILEN:
3 =1
1IX=10"A= 107" ca. (312)

B sTmx eamumuax Banucamnas BhWe IEHA BOMMILE n306pazuTes
YHCAOM

A= (1537,302 = 0,031) X.

§ 35. Cnexrphl peHTTEHOBCKHX Jyueli

Ha puc. 83 nauna cXeMa peHTreHOBCKHX CNEKTPOB 3JCMEITOB, OT
KHCTOpOAA 10 YpaHa. YKe Gerabmi B3rusin Ha 5TOT pUCYHOK oGHa-
PYKEBACT 3AMEYATENLHYI0 OCOGEHHOCTL PCHTICHOBCKAY CNEKTPOB —

*) Creliyer, OfHaKo, 3aVETHTH, Y10 NPKICIEHHOC WACO 3AKTOYACT B cede

DYIO CHCTEMATHUECKYI0 .0 KoTopofl peul Gynet B § 37 3ixech

AAMEA BOJtHl Ky AIUHH MEIW MPRBOAMTCS JMlb AMA \APAKTEPHCEHIKH loRa 3HA-

KOB, ¢ KOTOPHIMH MOTYT GLITL YKA3aubl XAHHL BON B CHEKTPCCKOING PCHITTEHOB-
CEHE ayued,

§3 CHERTPH PEMTIEHOBCKHX JYUEM 131

BX npocToTy 1l eAMHOOGpasHe. B TO BpeMs Kax ONTHUECKHE CHEKTpH
HePeKo OdeHb COMEH u HHOTAA COCTOAT H3 COTEH BJIN faMe THI-
CAN NuHuA (HampHMep, CHEKTp Keneaa), pCHTTEROBCKME CIEKTphl
XapakTepHsyioTCsi Maibin GHCIOM AHHEH. IIpH mepexosie or sie-
MeBTa K SJEMEHTY ONTHYECKHMe CIEKTPhi Pe3KO H3MeHFIOTCs, ofna-
pYXKHBas B CBOH CTPYKType NepHOLHIHOCTb, HAYILYIO NapaLlenbHo
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Puc. 83, CXeMa PEHTIEUNORCKHX CNERTPOB pasmHuubix sgementos, ([To ocu opja-
HAT OT/JOKEHb aTOMubie ROMEDA 9ACMEHTOS:)

¢ TMepHOANYHOCTRIO OCTANBHLIX CBOHCTD 3,78MERTOB, HAMPOTHE, peHT-
FeHOBCKHe CIEKTpLi MOCTPOERLi COBEPIIEHHO OLHOTHIHO, EHKAKO#
NepHOAHYHOCTH HC NOKASbIBAIOT I CMHCTBEHHOE H3MEHEHHE, KOTO-
poO€ HaG.JI0LACTCH IPK MepCXOje OT JErKuX HMEMCHTOR K TAMENLIM,
3aKMI04AETCH B MOHOTOHHOM CMEUIEHWH JIAHEH B CTOpOHy KOpOT-
®ux soqH, Hakomell, KaK ymxe 6buIo yKas3ano B § 29, peHTreHOBCKAS
CNIEKTB! ABAAIOTCA YHCTO 2TOMHLIM CBOHCTEOM H B TIEpBOM MpHGN-
KEHHH BOBCE He MEHSIOTCS, KOTfa aToM BCTyNaeT B Kakoe-yuGo
coefuHenue.

Kak MB yBHIMM Jajee, 3T pe3Kas pasHHNA B XapakTepe onTH-
Yeckux B peHTrerloBCKHX CNEKTPOB 06YCIOBAEHA TeM, YTO T& H Apy-
rue CmeKTph BOINKKAOT B PASHBIX YACTAX aTOMai ONTHYECKHE Clek-
TpH OBYCNOBACHLE ABHKERHANU NepHPEpHYSCKUX BJEKTPOHOB, B TO

5%
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BPEMS KaK pEHTIEHOBCKHE CNEKTPhl BO3HHKAKT BO BHYTPEHHHX ua-
CTAX aToMa.

Prc. 83 noKaseisaeT Takike, 4TO JHEHH B DEHTICHOBCKNX Criek-
Tpax cofpaHit B HecKOALKO IPynn win cepuil. Camas KOpOTKOBOM-
y §fqar HOBAT M3 STHX CCDHi HasmBATCH Ce-

pHeit K, crenyionas b cTopoHy AMHH-

As HBIX BOJH — cepueit L, mance umyr ce-
pur M u N, nabsogaembic, BIpoyeM

‘ H s TOJIBKO y TSOKCIIEIX SeMenToB. B nefi-

&

CTBHTE/bHOCTH, OKA3LIBACTCA, 4TO BCC

STH CepMH HMEIOT eCTECTBEHHOE IIpo-
” gp ROKENHE B ONTHYECKOH UaCTH CHEKT-

pd, ONHAKO COOTBCTCTBYIOLIME JIHHAH
U BO36YKIAIOTCA JUIUb OpH COBEpIleH-

Rb o ocobuix yeaosusx. V3 seex cepil
peutre HX CNEKTpOB  uambogee

sp TIPOCTON CTPYKTYpO# XapaKTepH3yeTcs

" ceprsi K. Ona COCTOHT K3 TpeX JIBHHIL,
, I " KOTOpLIe TIpHHATO nas3eiBaTh Kg, Kg o

Ky. JInnna K, — camast 1AUHEOBOAHO-
Bas u BMecTe ¢ TeM Haubojee fpKas.
Ona snaseTcs OTYETJUBO pasiensio-
WHMCs y6A€TOM M COCTOHT H3 ABYX
KOMDOREHT o H op Jluuma Kp—

=
S

Pie. 84. Cuexrpu K-cepin fexo-

TOPHX DAEWENTOB. CHIeRYIOlaf 0O JIJHHE BONHLI H 0O

VHTCHCHBHOCTH; OlA TAKKE SIBISETCH

ZyOJETOM, HO OHCHb TECHBIM H HE BO BCeX CHy4afX paspellleHHELIM.
Jiunns Ky — caMas KOpOTKOBOMHOBAS.

Pre. 85. ®otorpadus cmexrpa L-cepun soabdpama.

Tunwursiv npuMepoM cepurt K MOXKeT cJIyXKurth CIEKTP DOLHS,
n306paxenssiit Ha puc. 63. 3meck BuAHO, UTO 3TA cepusi COCTOMT H3
Tpex duuuit — Kg, Kp, Ky. Kax yxe Gbio ckasado, nusua K, fB-
JIeTCS AYGAETOM, T. €. COCTOMT M3 [ByX TECHO DACHONOKEHHHX

§ 3 3AKOH MO3FTH 133

H 32KOHOMEPHO CBASAHHLIX Mexay cofoll auruit. OnHako Ha puc. 63
3Ta «TOHKAs CTPYKTypa» JHHuI He BHAHA BCAENCTBAE MAJoi pas-
peinatoweil ¢noco6rOCTH npuGopa. Ha puc. 84 1prBereHo HECKOIb-
xo otorpaduil cepun K pasandupix saevedtos, 1ia puc. 85 B Ka-
uecTBe NpHMCpa INpHBENeHa (ortorpapua cepun L sombdpana.
Bunuo, uto 3Ta Cephs uMCET 3HAUATENBNO GoNee CAOKNYIO CTpyK-
TYpY, nexenn cepna K, XOTH BCe emie COCTONT 13 HeGOJBIIOTO THC:
2a JHHWE.

§ 36. 3arkou Mosenu

Tipn HCCAENOBAHHE PeNTTENOBCKAX CrEKTpoB aementos Moseau
(1913—1914 rT.) ycTAHOBHMI mpOCTOM 3aKOH, CBA3BIBAIONINE YaCTOTY
ClEKTpabHBIX AHHHA ¢ ATOMHBLIM HOMEpOM HCHOYCKAIOWIEro HX sie-
MeHTa.

3ra 3aKoHOMepHOCTb 6pocacTest B Ta3a NpH TPOCTOM paccMo-
TpeHuH pHc. 83, 31ecy CleKTpl pACNONIOKEHE NO HIKAle A1AH BOIH,
KOTOpHiE HAHECeHH HA TODU3OHTAJBHOH OCH, a mO BEpTUKAMbHOR
OCH OTMedeHs aToMlible HOMepa, Tax Kak BCe CHeKTpbl COBEpIIEHHO
OJHOTHIIHEI, TO MOJKHO NDOC/IENNTb CMEMIeNHe KaKoi-unbyab ompe-
Aenennoil auund (HanpHmep, ofHOH H3 AmHMi cepun K) npm ype-
JIpYeHHH aTOMUOrO HOMepa. [IpH 3TOM JICrKo 3aMeTHTb, YTO KpHBas,
ﬂpe}lCTaBJ‘ﬂlOl].laﬂ 3aBUCHMOCTb AJHUHLI BOJIHBI OT ATOMHOFO HOMEpa,
nMeer By napa6osbi. Bonee mpocras 3aKOHOMEDHOCTb NOMyUaeTCs,
eclIM BMECTO [MJIHH BOJH DAaCCMATpHBATh HACTOTLI €/ HAH 0pOCTO
ofparubie Anus Boas 1/A. Torna OKaswisaercd, ¥ro KBaAparHbifi
KopeHb U3 06paTHOH JJAUHE! BOJHEL, V1/A, cBRsan ¢ aTOMHBIM HO-
MepOM Aureldnoll 3aBUCAMOCTRI0. Ocobento HuTepecHsl W TeopeTu-
ueckd BAXKELIH BHA NprOGPeTaeT 3Ta 3aKOTOMEPHOCTD, €ClH BBECTH
B paCcCMOTPCRHC €I YHHBEPCAJBbHYIO KOHCTAHTY, BXOAALLYIO BO BCe
CMEeKTpalbHBle 3aKOHbl, — TAK HASLIBAEMYIO NOCTOAHHYIO PHIGep-
ra R, paBiyio 109 737,42 cu~t (e, ron. VIT1). Mosenn noxasan, uro,
Hamphdep, IS JAHIH K, uncio (k. DOCTpOBHHOC Cienyouthy o6-

pasoM:
Q, = I/VK“ 36.1
Ko 3R @36.1)

, Ha SIMHHLly MeHblle aTOMHOrO HOMepa
Qu,=Z—1 (36.2)

3ro BuaHo 3 Tabauin 1X.
Hs (36.1) u (36.2) noayyaem l/ T

TpeSICTABHTD B BHJIE
1
v, =R(Z—1y (7__

rae v =
a
”

=Z—1, 4TO MOXHO

(36.3)
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Tadauua IX

g =z
Srewent ]/ Ko )z} saewent ]/ JKa | g
YR R

Ca 19,00 0 Fe 24,99 %
Ti 2090 22 Co 26,00 27
v 21,96 23 Ni 27,04 28
Cr. 20,98 2 Cu 2801 2
Ma 2399 % Zn 0 30

AHaNOTHUHBIE COOTHOWCHHS HMEIOT MecTo K ATS JNAHHA IpyrHX
cepHil pemTreHoscxoro crektpa. HanpuMep, mas cepnm L cooto-
wenue Mosean HmeeT BHI

w=REZ—0p (33, (36.4)

Tle 0 — HEKOTOpOE MOCTOSAHIIOE YHCIO,

DopMyan (36,3) u (36.4) yKe CBOHM CHMMETpPHUHBIM BHZOM
TIOKA3EIBAIOT, YTO Mbl HMEEM JCO ¢ K2KOH-TO CYmeCTBeHHON 3axo-
HOMEpPUOCTBIO [pUHUHMONANLHOTO Xapakrepa. B janbHefuieM Mbl
YBHIHM, YTO STH (OpMyJbi SIBJAIOTCS YaCTHHMH CIydasMH OBIMX
(OpMYJT CIEKTpALHBIX CepHi, HMEIOWAX ACHOE TEOpeTHYeCKoe HC-
TOAKOBaHHE. 3jech Ke BAKHO OTMCTHTb, HTO 3aKOH Mosean aas
BCCX Cepuil peHTreHOBCKOTO CMEKTpa yCTAHARMMBAST JHHEHHYIO
CBSASb MEMy KBANpaTHBIM KOpHEM u3 OOpAaTHOR IMIb: BOJAHBI
CHEKTPAJLHBIX JuHHA B ATOMIBIM HOMepoM (puc. 86). Dr1a ceass
TI03BOAIET N0 M3MepeHHOH JJHHEe BOMHHI TOWHO YCTAHOBHTH aTOM-
Hblit HOMep NAHHOTO d.deMenta, a CAeNOBATEABIO, — 3apsiy €ro
Azpa.

3iaueHue 3T0T0 3aKOHA CAEAAETCA OCOGEHNO ACHLIM, €CJTH IpH-
HATh BO BHUMAHNUE, YTO DPACHOJOKCHHE 3JEMEHTOB B liepHONHUECKON
CHCTeVie, OCHOBAHNOE 113 ATOMHLIX BeCAX H XMMHYECKHX CBOFCTBAX
3JIEMENTOB, 12/1€K0 HE BO BCEX C1y4anx BHII0 CLeqano ¢ ool yse-
PeHUOCTRIO. B pasauyHbix 4acTAX NepHONHYSCKON TaGIMLbi GbL1d
TNycThie MeCT4, OTBEYAIOn(HE HCOTKpLITHIM 3JeMCHTaM; jalee, yua-
cToK oT Z=58 50 Z=71 (BO BpeMa Mosean cumransocs no Z =
=72) 3aHAT SIEMENTAMH pPeAKHX 3CMeib, XUMHYECKHE CBOHCTBA
KOTOHIX DASMMHAIOTCH HACTOMBKO MA/MO M ATOMHEHE BECa KOTODHIX
HepenKko OLWIA HacCTONbKO HEIOCTOBEpHEI, §TO NpaBHILHOCTH HX
PACHOJIOKENHA N0 TNOpAAKY BO30ykAana Goapumne comHenws. 3a-
ko Mosenu yerpanua sce 3TH 3aTpyaHenHs, OH ogasad ¢ MO0
ONpeNeentoCTbIO, 4TO MEKAY BOAOPOAOM M YpaOM AOMKNO Cy-
IECTBOBATL poBHO 92 THO2 aTOMOB C pa3iMMHBIMU ATOMHBIMH HO-
MCpaMHB, H TeM CaMulM TOYHO YKa3al WiCAO enje HEOTKDHTHX B TO

§ 361 3AKOH MOBEJIM 135

Bpemd saeMentos. Kpode TOrO, ON YCIpaHHA taKiKe BCSAKHE COMIte-
HHSL B NpaBUILHOCTH DA3MEILEHUS TEX HMeMEHTOB, KOTOphie GbIiH
pacnoyokens MenjeneessM B NMOpAMKe, NPOTHBOPEUHBIIEN 3HAUE-
HUAM HX atoMHEX BecoB (Co—Ni, Ar—KE) Te—1). Bumecte ¢ Tem
3TOT 34KOH BriepBhbie NOKA3AJN, UT0 He aTOMBLi; BeC, HO aTOMUbiii HO-
Mep, pasHuill 3apsNy fApa, OlipefeNseT XHMHUECKYI HHIAMBHIyalb-
HOCTb aToMa. DTOT BLIBOK HAMIEN 3aMeYaTeqbuoe MOATBepHKCHHE
B OTKDHITHY H3OTONOB.
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Pre. 86, Tuarpavna Mosean.

3aMCTHM B 3aK/IIOUEHHE, YTO B 3TOM 33KOHC OUeUb OTYETIHRO
BHIpaXeHa OfHd CymecTBeHHAs O0COGeHHOCTL, Xapaxrepras st
PCHTIEHOBCKUX Jyuefl: peinTreHoBCKHE CIeKTPhl U3MEHAIOTCH MONO-
TOHHO TpH H3VCHCHHH aTOMHOro Homepa Z. C ITUM Cllepyer Co-
NOCraBHTL TOT (AaKT, YTO MuOrHe CBOMCTBA aToOMa, Kak, HampH-
Mep, XHMMUECKasl BaJeHiHoCib, yAeNbiubHt O6LeM H pAX ApyTHX
CBOHCTB, yKasamibix B § 12, H3veHswoTCA nepuoduuecky ¢ ypenu-
dennem Z.

Puc. 87, rlie na OXHOM YepTexke MpelcTaselsl JIpAMble, Bbipa-
Kawonue 3akod Mosean, B KpHBas aTOMALIX 0GLEMOB, MMeIonias
DAL pP3KUX MAKCHMyMOB H MUHRMYMOB, MOJYepKHBAaeT 3Ty OCOGEH-
HOCTL PEHTICHOBCKUX ayuell 0CoGeno fpxo.

O6bAcCHeHHe 3TOTO PasJHYHSA COCTOWT B TOM, UTO peHTIeHOBCKHE
CHEKTpH, KaKk Ml YBEIHM B rJase BTOpOr0 TOMa, BOSHHKAIOT BO
BHYTpEHHHX YacTAX aTOMAa i NOKa3hbBAIOT, TAKHM 06pasOM, 4TO 3TH
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BHyTpeHHRe, Onmxaiimie X sipy o6mactn atoMa 06aafaior y pas-

).ﬂlllz/i . JHUHLIX aTOMOB 0JUNGKOBOU CTpykTypol, B TO BpeMs KaK BESILHHe,

HepHpbepHISCKHE HACTH ATOM2 XaPAKTepH3yloTesd nepHORHUEcK: no-
BTOPAIOIEEHCH CTPYKTYPOH.

§ 37. AGconOTHOE ONpefeNeHne IJHHBE BOJNHE!

PEHTFEHOBCKHUX JTyyeil

Bi AtFr AcPz

e

tlokasarte b NpeJOMIeHHA PEHTrEHOBCKHX Jyuel OUeHb Malo OT-

sanuaerca ot 1. Jloaroe mpeMs AyManH Aaxe, ur0 pPEHTIEHOBCKHE

i niyan Boobme ne mpesomisiores. Ofmaxo GbIO 3aMeYeHo, UTo A

NA
Ll

PEHTTEHOBCKHX Jyuelt GOJbUIOH AJBHB BOJHLI (2—3A) natmo-

1
y
R 4%

Hi{WI0s1P HglPb!PoiRniRalTh U

NAIOTCS CHCTEMATHYECKHe OTCTYNJeHHst OT ¢opMynsl Byabda —

Bpsrra, KoTophie OBigH HCTOJKOBAHBI KAK C/AEICTBHE TOTO, HTO

PEHTTeHOBCKHE Jy 44 UCILITHBAIOT NMpenoMyeHHe B KpHCTALIES (npu

BhBOZAE (opMyabr Byabga —DBpsrra nokasarean npenoMaenus

nprnnMaeTess pasubiv 1!), Xapakrep 9THX OTCTYNJIeHHA yKaskpai

Ha TO, 4TO NOKA3Tedb MPEJOMJICHHsS PRNTIeHOBCKUX JY9el NpH me-

I pexoge 43 BO3AyXa B KPHCTAIL Menblie 1. U3 atoro cnenosano,

g?’rdj

/57|

4TO peHtr He JyuH pH Tep U3 BO3lyXa B TBEDLOE TEIO

0
&

]

MOTYT HCHBITHBATh f0AHOE OTpaXCeHue COBEPIIGHRO aHAIOrHYHO

i
|
b

TOMy, KaK CBET NMpH TIEPeXoAe U3 CTEKNa B BOSAYX NpH yIaax maie-

A

1 {Hst, GOABIIMX KPHTHUECKOrO, KCNBITLHIBAET MOJHOE OTpaiKeHHe, Ha-

PrLad

4l

3pBaeMoe o6uiyHo BHyTperHHM. A, Komnron B 1923 r. nokasaa, uto

I
i

[0SHOE OTpakeHHe PEHTreHOBCKUX Jyveli upH Ilepexoxe 3 BO3LYXa

A

2198 8 (48| 52|

B TBEpNOE TENO NICHCTBHTENbHO Ma0MONaeTCs, H, ONPENENHs KpHTH-

ueCKH YroJ, HalleJl NOKasaTedb MpesOMICHHS, Jlnst AAMHBL BOJHBEI

1,279 A XpHTHYECKH} Yrosl B Cayyae KDOHriaca C MJIOTHOCTHIO 2,52

oKa3zancs paBHHM 117, u4To COOTBETCTBYeT MOKA3ATEN0 mpesomie-

s, Menpiteyy 1 Ha 5-107 (. e. p == 0,999995),

310 OTKpHTHE NOKa3ano, YTO BO3MOXKHO MOJNyYEnHe CIEKTpOB

ig__.

PEHTIEHOBCKHX Jyueil oT O6LIKHOBEHHOH IH(PAKUHOHHOR peleTkH,

SCAW el0 NOjb30BATLCH KAK OTPAXKATENBHOK DRIUCTKOH TNpH yraax

nanenus, GOABIIHX KpHTHYECKOTO, T. @ IpH OUYeHb MabX yNIax

ckoapkeHHst. Tak KaK MakCHMAbnbift yFOd MOJHOIO OTPAKENHA

IAS pasHHuEbIX JULMH BOJH ¥ DaSAHYHBIX BEIMECTB MEHSeTcs B npe-

aenax ot 107 1o 8°, To MHGPAKUMONKLIC PEMICTKH, KOTOPHIMA Hajl-

Pric. 87. Conoctanicne AHArpamyst MOSSIH ¢ KPRBOH aTOMANX OSBEMOB.

Ary

JIEIKHT TIO30BATHEA B CIIydae PEHTTEHOBCKHX Jydeli, A0MKubI OBITE

rpy6ee, BEXEH DmerKH, OOHMHO TpHMEHSEMbe B ONTHKE. 310

MOXET NOKAa3aTbCd Ha Nepsbll B3NS NapaloKcadbnbiM, OIHAKO,

caexyeT HMeTs B BHLY, UTO NPH MAJBX YIIAX CKOJLKEHHS 4

i peilleTka ¢ NepBORCM d peifictByer Kak %_e!.ucn(a ¢ nepronoM dsin ¢

npH HOpMANBHOM MNaLeduH nyse *), Tak xax cunyc 10" pasen

(B
HeiBed
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R 3 ) *ﬁ) Cw., manpuvep, T. C JamacGepr, Onmxa, locrexasgar, 1957,
(2] W0 PronnoLly crp. 1
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8.107%, 10 sdexTuBEMi OepHOL Nake ouenb TPyOOl peleTkE npH
TAKHX YIAaX CKOMbKEHHS CTAHOBHTCA HACTOADKO MAMbIM, 4To MoO-
AYUAeTCR BO3MOKHOCTL BAGMONATE NU(paKIHI0 DEHTIEHOBCKHX Jy-
ueit. Tak, Hanpusep, Npu TAKOM yTvie peilieTKa BCCTO ¢ 50 AuHUANH
HA MM ReHCTBYeT, Kak pe-
werka ¢ 17000 annuft Ha
MM, @ Jyyilme COBpeMCH-
uble peilletkd HMCcior 1200
ausni na sl

Ha puc. 88 usobpaxena
CXeMa OIHTa IS moayye-
HUA AHPPAKUHOHNNX CleK-
TPOB OT OHTHUECKOH peitier-
KW, a HA pHC. 89 mpuBeme-
HBl (JOTOrpadHu CrekTpos
(lfegﬂﬂ K Menn (AnHHL BOTH

Pty

Al

Puc. 8. Cxeva omwra xam noaysemis
CHIEKTDOB PENTTCI[OBCKHX Jyuch OT AHQPIK- 92 A 1,542 4) u xpova
nwooR pomoran. (Mapnira wmeneh Sy 0 S, (WIHHE BOaH 20844 u
pamsa 0,01 wx, paccrosmre memay mawn 25291 A), noaydenmnsie ¢ pe-

2 ) IIETKAMH € WHCIOM NHHHH,
VKa3anHbIX B ToMurncH
(nauboapuiee wncao dubui — 287 Ha sst). Lagpy 1, 2, 3, ... o3na-

YaIOT TOPANOK CHCKTPA.

His onpenelienHs IMMH BOMH 1O STHM CHEKTpay MOAsAYIOTCS
YpABHHNEM JN(PAKLHOKHOH pelleTkH MpH KOCOM Majewui ay-
ueit *) :

d(sini—sine) =nah,

Te {—yroX NaieHHd, a r— yron AHppakuuu. 3amenss yriw i u r
YIJIAMK CKONbMEHUS $ M ¢, NOKA3aHHWMA Ha puc. 88, morywaem
YpaBHEHHe peilleTKH B TOM BHIE, B KAKOM KM NPAKTHUECKH MOADL-
3YIOTCH B CHEKTPOCKOMHME DeHTICHOBCKHX Jryuet,

d[cost —cos (0 + o)] == nd, (37.1)
HIH
24 5in 2 F 2 gin & —a. @37.1)

70 ypaBHEHHe TMO3BOMACT MPOHBOMHTE AGCOTIOTHOE ONpefencHie
LAHHGL BOJHEL DEHTTENOBCKHX Jyuell, 1. e. OmpeleneHue, He AaBH-
cmee OT Blanusi KAKHX-THOO KOHCTAHT, MOAyuaeMbX KOCBEHHbiM
obpaszom (cp. § 34). MeficTeuTeasHO, mociosinan AM(paxLEOHRON

) I.C.JlawacGepr, Onmuxa, Tocrexiagar, 1957, crp 167,
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pewe1kE d Mower GuiTb JHGO M3MEpEHa HeNocpeACTBEHHO Kowmma-
paiopoM, JHGO ompefescna OGLMIHM B OfTHKe CNOCOGOM, T. e
NyTeM rpaXyMpOBKH pEIleTKH TO ONHOMY M3 CMEKTPOCKONHYCCKHX
CTanAapToB, & yras ¢ M & BeMOCpe/CTBEHHO H3MepHAI0TEA C BHICOKOH
crencHbio TouHoerd. [lpakruuecku ams onpemesiends d mOnb30Ba-
NHC, 3elCHofl JHHWEN CneKTpa napoB Memu A ==5153,25 A, Tou-
HOCT, TAKHX AGCOMIOTHLIX H3MEPenuii UM BOJH pEHTTENOBCKHX
ayuedt Gsi1a oueneHa 8 0,002—0,004%.

Puc. 89. TunuiBbie penTreHoBexne CHEKTPH OT pemerxn (yne-

MEICHANC MpHMepno B 2 pasa) D — npawofi yk; O - Hyaerof nopaaok (siyd,

HCMHTARLIEA TOMHOR OTpawelle). PoTorpadin [—7 DEHTCIORCKHE CHEKTDH

K-cepuit Mejn, DOAyuenHbie € hOMOWbIo pelmeTox, mmelomsx 50; 287, 60 ®

148 ammun Ba | s, otorpagms 5 — K-cepus xpoma; pemetka ¢ 387 mIptiME
Ba ]

K W3yMJIeruIo HCC/e/l0BaTe ) OKa3ai0Ch, Y10 a5 OLUAX H TeX
e CNEKTpaNbEHX JIMHYA JUIMHL BOJH, H3MepeHHLE C NOMOMIbIO
KPHCTANOB, OTIHYAIOTCS OT JUIMH BOJH, H3MEDEHHLIX aGCOMIOTHO,
B OAUY M Ty %€ CcTopony B cpenmeM Ha 0,15%, T. e. Ha Bemmunmy,
npeBoexoasuyio omnbry H3Meperns nouth B 100 pas!

Tlocae AMATEABIBK Ge3yCOEiHbX MONbITOK OTHCKATh HCTOUHHK
0wnGKRE B H3MEpEHs:X VIEH BOAN 10 METOLY KpHCTA/IOB, peiTTeHo-
CHERTPOCKOMHCTEl TpHILTH K 33KMIOYEHHIO, 410 HCTOYHHK 3TOT —
He B H3Meperusx, a B NMpuesitoM B 10 BpeMs (1931—1935 rr.) sna-
YeHHHE HOCTOSIIHOf ABOrajipo, 3HakHe KOTOpOii HeoOX0InMo At
BLIYACAGHHS MOCTOSHHOR KpHeTaiia d mo ¢opyyae (34.1). Llere-
€006pasio H0ITOMY PaCcCMOTpeTs METONES ONpeACAeHHA MOCTORHHOI
Asoranpo, uTo # GyAer CAeNaHO B CAEAYOIeM naparpage.
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§ 38. Onpepenenie NOCTOAHHOK ABOTZAPO M 3apAfa SAEKTPOHA

[psMoik Merol onpelenenns nocTosHHOk Asorazpo N ocHosaH
Ha u3yueHHH OpayHOBcKoro Aswkenna. [lpn s10M 06biuHO RGO
HAXOLHMTCA pAaclpeliesiende MO BHICOTE MHKPOCKONHYECKHX YacTHL
SMyJIbCHH, THO0 H3MEpAETCS CPelHHA KBAApAT CMEmeHHa YacTRIH,
cosepmaiomeli GpayROBCKOE ABIKEHHE B JKHAKOCTH WIM ‘B rase
(B 4ACTHOCTH, TaKHe ONpeNe/NeHHs MpPOU3BOAMIHCE C MACIAHBIMA
KaneJlbkaMH B xOHfeHcarope Muanaxsua). OnHako TOYHOCTH THX
. OnpefleNleHti HeBesnka: 3Haue-
nue N, nonyuennoe s xaaccuuec-
Kux paGorax [leppena, orau-
uaercss OT COBPEMEHHOrO CTaH-
AaprHoro 3pasepns Ha 25%. To-
pasflo Gosiee TOUHBIE pe3yJbTaThl
GUJIH MOMyueHB MpH H3YueHHH
BpAL[ATENLHOTO  OpayHOBCKOrO
nBuweHns.  Ecin  momsecnth
OueHb JIETKOE 3€PKa/bile HA TOH-
%Sf Coubndilod]  KOA KBApIeBOH HHTH H Habaio-
Phc. 90. Habmonenne nemocromictsa ~a1p 1 AOCTATONHO yAATeHHOU
Hyzesoro noioxends noxsemengoro UKAJNE 32 OTPANKEHHLIM OT 3¢p-
sepkaibna BCJencTsHe Gpaymomckoro  Kadblia ayuoM ceera (puc. 90),

BpANATeABHOTO ABHKEIH. 70 3aliuHK HE OCTAETCS Ha MecTe,

HO COBEpIiaeT HeperyNApHEe KO-

ne6aHni OKOMO NOMOKEHHS PABHOBECHA. 3TO GHENOCTOSHCTBO HyJs»

n0ABeIICHHO CHCTEMDI €CTh pe3yJIbTaT BpALIATENLHOTO 6payHOBCKO-

o IBHKEHHS NOA xeficTBHeM yMapoB CO CTOPOHL MOJEKYJ BO3yXa.

Tak, HanpuMep, ¢ 3epranblleM pasmepoM 0,8X1,6 s, nonsenren-

HBIM Ha KBapuesoll HHTH TONIIHHOM B HECKOJNBKO JECATHX MHKPOHA,

Ha wxane, OTCTONmEl OT 3Cpkaabua Beero Ha 1,5 4, mabmogarucs
CMeL(eHns 3aAYRKA B HECKOJLKO CanTHMETpoB.

Coriacko OfHO K3 BAXHEHIINX TEOPeM K/IACCHICCKOH CTATHCTH-
4ecKOR MeXaHHKH — TaK Ha3hBaeMOl TeopeMe O PaBHOMEpUOM pac-
IipeneneHnH SHEprHH IO CTefleHAM cBoboxsl (cM. § 85) — cpennaa
KHHETHYeCKAs SHeprus, NPHXOAAMANCA HA OfHY CTeNeHb CBOGOAHI,
pasia 'y kT, rae k—mociosrHas BonpumaHna, paBuas yHusep-
canbHOfl Ta30Boi NOCTOSHHOR R, ICACHHOR Ha NoOCTosHHylo ABO.

ragpo N:
k=RIN. (38.1)
[Ipn 9TOM COBepHIHHO 0e3NA3AUUHO, KAKOBA HMEHHO 3Ta CTe-
TIeHb CBOGOMBE AJIAL CHHOATOMHOK MOJMERyJHl ras3a, COBepilalomie
nocrylaTe/ipHoe JIBHKEHHE, CTENeHH CBOOOIM CyTh AEKAPTOBH KO-
OpAHHATE UEHTPA THKECTH MOJEKYNbl, a /It CHCTEMBI, CnocoGHoit
cOpepwaTh Bpamarenibibe Komeahus O0KOO eNONBHMKHOK OCH,
eAHCTBEHHAS CTeleHb CBOGOABl XBDAKTEDH3YETCH YIIOM 3aKpydh-

933 OMPEIEJNEHHE NOCIOAHHOR ABOTAIPO W 3APSIIA SMFKTPOHA 14t

- anns . [IpB TeIMOBOM DABIOBECHH Mpk TeMmeparype I cpexuss

KUHeTHUCCKas Sneprif NOCTYMATEBHOIO IBHKERHS MOJNEKYJEr BO3-
NyXa, MPHXOIKILAACA HA OAHy CTENens CBOGOAMI, H Cpeluss 3Hep-
THa OpayHOBCKHX BpallaTeqbinix KojeGaHRl sepKalblla, moise-
HIEGHHOro B BO3AYXe, OZHA ¥ Ta e H pasHa Y AT. KuneTnyeckan
SHeprHA STHX BpamaTenbuix KodeGabkfi pasha 1/2J¢% rae J—
MOMeHT Hueplni. [Ipu 3akpyuMBawHH HHUTH Ha yroa @ BO3HHKaeT
norenuuanbiian Cprus, pasHas if2A¢% rme A — wekoropas ynpy-

raa koncranta uutH Jlaa ma-

aAbiX KOACOaREE cpefHAd Ki- Mm
jeTHyecKas 3HCprAs  pasHa

cpezHefl MOTEHUKANDHOR (CM. a

§ 46), rak uto

LiF=1 a7 (382
Tlo TeopeMc 0 paBHOMepHOM
paCﬂpE}lCﬂeHHM SHCpl'HPl

b3 1

AP =g kT, (38.3) P
TakuM 00pasoM, 3nas ynpy-

Iyl KOHCTAaHTY A W cpeanee

3uaueHne (%, MOXHO Heno-

CPENCTBCHHO HAlTH £, a oTCIO-

2a no (38.1) BLuHCAHTE N.

Onbitsl ¢ BpamaTesbribM 8

GpayHOBCKUM LBHIKEHHEM LSl Pue, 91, Bpaywomckne Qyryalui DOL-
TOYHOTO ompefencuus N GbIK , semenuoro seprabita: a? KaBJeRHE ATMO.
TIpOK3BeACcHH ¢ 6Obiltofl Tia-  cheproe; 6) nasrenne 4. 1073 sm; 6) Ra-
TebHOCTLIO KanmaepoM. OT- xenne 107" .
KJOHEHHS 3Cpkaiblla perk-
CTpHPOBAJHCH (hOTOrpacphieckn Ha ABUWKyuieicsa potonenxe. [pu-
Mephbl TAKHX PETHCTPALHOHNHIX KpHBLIX, NOAYYGHHBIX B Pa3HYHBIX
yCNOBHSX, NpHBejens Ha phc. 91. Mnrepecuo oTMeTHTh, wr0 MpH
aTMocdepHOM faBaennn (KpuBas 91,4) KomeGanmsa 3epxalbna co-
Bepilleni0 XAOTHYHE, HO MO Mepe NONIKEHAs [ABACHAS (KpHBHE
91,6 u 91, 6) koneGaHus sce Goxee NpHOARKAIOTCH K CHNYCOHAAIb-
HBIM € TEPHOACM, COOTBETCTBYIOMUM COOCTBCHHEIM KOAEGARKAM KpY-
THILHOO MASITHAKE, KAKOBLIM fBAsieTcA sepkadple. CymecTseHHo,
OZHaKO, uTO BO BCEX CAYNasX CPCAHAS BENAUMHA (? OCTAETCA ONHOA
H 1Ol Ke.

Perucrpupyd nogo6HbIM o6pasoM KosebaHusi 3epKafibua B Te-
uenne 101 waca mpu Temueparype 287°K, Kamuiep mamred, uto g?
NpH 3THX yca0BHAx paben 4,178-107 paanau. Tloctosnnas xpyue-
uis puTR A 6BlAa ONDEXeACHA B OTAGABHOM ONEITE € TOWHOCTLIO AO
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40,2%. B spesym;ra're 6BIO TiOAYueHO Iua N 3naueHne N =
== 6,009 10% ¢ TouHOCTBIO, KOTOpAA Gbiga OUeHeHa B 1%,

ITa TOYHOCTb, ONHAKO, HE yIOBJETBODAET TeM BBLICOKHM Tpefo-
BAHUAM, KOTOpHE NPEeABABAAKICS B HACTOSIEC BPEMs K 3HAUC-
HHSM OCHOBHBIX YHHBEDCANBHBIX KOHCTaHT. BoJjce ToUuHOe craHuapT-
HOe 3HAucHHe N HAXOAMTCH, OAHAK0, KOCBeHHnIM myTem. 3api
3J1eKTPOHA MOXeT GBITh BHIPAXKCH KAK 4ACTHOE OT jeMNenus 3apima
Dapanen F na nocroannyio Asorazpo N (em. § 1):

£
e=—y-

Tak Kax 3 onbiTos MHANHK9HA 3Dl € CUMTANCS M3BECTUBM C 4O~
CTATGUHOM TOUHOCTBIO, TO N HAXOMUIOCH TIO aHHEIM € H F:

v=L,
e

Takum_06pasoM, TOUHOCTH ONpepe/ieHHs N SdBHCEda OT TOUHOCTH,
€ KaKOi HIBCCTeH 3apsy 3eKTpoHa. CHCTeMATHUCCKOE pacXox AeHHe
BeJIMUKNH }, HafilenHHIX npu NOMOIIM JH(PAKUMOHHOH peIeTKH H
UPH OMOWH KPHCTAMIA, AAJ0 TONHOK K MpoBepke peayJanTaTtoB
Munnuxsna, Tax xax 3 GopMyny (34.1), ups noMOIRM KOTOpOH BhI-
HHCISETCs] TOCTOAHHAA KpHueranna d, Bxogut . Oxasasnoch, Kak
y&e Gbli0 yxa3aro B § 3, uro peaysipTaThi Mumauksna Henopuensr
Ne[OCTATOUHO TOYHLIM SHAUENHEM BASKOCTH BO3LYXA 1), KOTOPOS OH
HUCTONB3OBAJ B CBOWX pacueTax.

ExnHcTBEHHEI BLIXON H3 3aTpYIHCHHS COCTOAN B TOM, UTOGH!
NOCTORHHY0 KpHCTalna d ONPENCAHTe IKCICPHMEHTANbio Mo ab-
COJIOTIOMY 3HAHEHHIO AMMULI BOaHBI, MOJOGHO TOMY Kax B ONTHKE
FPafyHpYIOTest AUPPAKIHOHHbE PEINETKH.

CAMOM Jlene, €M H3BECTHA aGCOMNIOTHAs IIHHA BOMHb A,
HailjeHRas npH NOMON OTPAKATEABNOH PEIETKH, H CCM Olpe-
JelHTh pH NOMOIYH PEHTIeHOBCKOrO CREKTpolpada ¢ KpHCTALIoM
Yroa-@, Npi KOTODOM nOMy4aeTcs OTpaKeuke STOH MUHITH BOJHLI
B NepBOM Nopsinxe, O 10 ¢opMyse Byavpa — Bparra

A=2dsing
MOXEO OMpexeauts MocTosndyo Kpucraana d. Tlopo6uoe ompefte-
JIeHHe TIOCTOSHHON peileTKn KanLIUTa (CaCOa), 06blyHO NpHMC-
HAIEMOTO B PEHTreHOBCKON CIeKTPOCKOIHH, TOCTE BHECEHHS Heo6Xo-

AMMbIX MOPABOK (B TOM MECTE NMONPABKA Ha NOKA3ATENL npestoM-
JleHHs peHTIEHOBCKUX JyYeit) Xajo Besnuudy d pas 18°C:

d=3,03560- 10™° ca.

3Hast 3Ty BeaMuUHy, MOKHO HAlTH NOCTOSIHY0 ABOTaAPO CAenyio-
muyM 06pasom; u3 dopmyns (34.1) caemyer, urto gas KpHCTALNE
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npasuaeHoit crctemer (NaCl)
I, (38.4)

B cayuae KamubluTa, ¥ KOTOPOro 3ieMeHTAapHON sueiKoii ABJAETCS
ge wyG, a pom6054p, hopMy.1y (38.4) cieflyeT HEMHOrO HIMEHHTS.
Ecau B cc1b Tymoll yroa Mexay pebpamu poM6osapa, p=s101°54°,
TO 06Bey HICMeHTAPHOR Auefiky SyneT d°® (B), rae

(14 cos By
O )= g Facsp

u popMyaa (38.4) npumer BAR
M
R — 38.5
N=smGp- (38.5)
Ec/y TNOICTABHTE CON2 TOMHLE JAuHee AN BCEX BEJNHUHHI
M=100,090 (no xuMuueckoii ixanec); dise = 3,0356.107% ca;
Poe == 2,71025 1 M(B) = 1,00695, To maa N moxywaercs
N =(6,0228 2 0,0011) - 10% (38.6)
— BeqHYHna, CyUCCTBEHHO OTHYaomascs OT NpHHATOTO paHee
craHfaprHOTO 3tatenus (6,06-10%).
3Hag noctodnnyo ABOraipo, MOXKHO BHYUCAHTL H 3apsl 3JM€K-
Tposa no dopiyie e=I/N. 3apan Dapanen, T. e. KOAHYECTRO
SNICKTPHYECTBA, ePelOCHMOR [pH SJEKTPOJH3E ORNAM rpaMM-3KBH-
BaJeHTOM JIOGLIX HOHOB, IO HAaAG0/ICC TOWHEIM ONpeneNeHHsM paBeH
(N0 XMMHHCCKO# WIKAJE)

F=(2,89247 = 0,00030) - 10" CTC3 - 2-3x&

KomGuuupys 510 HHCIO €O sHavorneM N (39,6), noayuaem 10U
HOC 3HAUCHHE 3apA/A 31EKTPOHA

e —(4,8025 = 0,0010) - 107" CTC3.

§ 39. Yaeanoiii 3apaa aJeKTpoHa

UsyucHue PEHTICIOBCKHX CIEKTPOB OTKpHIBAET HOBYIO BOSMOXK
HOCTb B JI5 TOUNOrO OMpCHeNeHMs yICABIOro 3apsila 3JeKTpoEa
e/m. 3JeKTpOHHAA TeopHA NHCEPCHU NPUBOANT K CACLYIOIEMY Bbi-
DPAMEHHIO L% TOKA3ATENs NPeIOMICHHS B Cayuae Clabo CBASANHEIX
SMCKTPOHOB K XOCTATOWNO KECTKHX DEHTIEOBCKHX Jyueit:

ne?

W=t

(39.1)

Ifle f—uKCI0 33enTponos B 1 ¢y M v —uacToTa peHTIeHOBCKHY
ayuerr. Uncao SIeKipoOHOB A MOXKHO * BHPA3UTL  CAEAYIOLHM
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06pa3oM: GMCIO SMEKTPOHOB B OJHOM MOJE BELIECTBA C ATOMHBIM
nomepoM Z paHo NZ, a B 1 cad

n=N, (39.2)

rae M —atomusdi Bec. Eciu ¢ BbIpameHo B 3/€KTPOCTATHUECKHE,
a F—p 3JeKTPOMArHWTHBIX enunmnax, to Ne = Fc¢; samenss v
uepes ¢/, noayyaem u3 (39.1) u (39.2)

FZol® e
pe = e
oTKyAa, o6osHadad 1 - p, HaxomUM
e ;M 8 _
?=W'TTCFCM'3 L (33.3)

N -
Orcoga caenyer, 4TO 118 OUpefleNeHus ¢/m (T. e. yAeNbHOTO 3a-
pAfa B 3EKTPOMArHUATHLIX @AMHHUAX) AOCTATOYHO OMPEJeNuTh ToU-
o § u 2a6COOTRYI0 LMY
BOJIHBEI PEHTTEHOBCKHX Jyded.
Jns 370fi ueAm 6bIA ECNOMDL
30BAaH COCKTP pCHTTEHOBCKHX
nydefi, NOAYUCHELI ¢ mo-
MOLIBIO TIPpH3MEI, KOTOPOH CIy-
KA GOALIIOH anMa3 (BecoM
Puc. 92. Mprsmatmeeckmit cnextp K-ce- 13 wapat). Ha puc. 92 npuse-
PHE MeIL ACH ClUEKTp H3ayueHHAa K-ce-
pHH MEIH, NOJYYeHHMI ¢ Ta-
Koii npuamo#t. Onpejesenne JJHH BOJI 1O 3THM CUEKTPAM 1aJ0 pe-
3yALTAaTH, XKOPOMIO COTJIACYIOU[HECA C HANJEHHBIMH H3 H3MepeHuil
¢ nudparunounol pemerkodi. Onpeneaus, KpOMe TOTO, TOWHEALINM
©6pasoM MJOTHOCTh anMasa [P 3TOM NOMydIUnOCh
' o = (38,5154 £ 0,0001) e.ca~?]
H BOCTOMb30BaBIIHCE DopMmyoll (39.3), Bapaen mamen xas efn

s ==(1,7601 % 0,0003) - 107 CICM - ™!

—— YHUCTIO, 6GaH3KOE K NONYYeHHOMY H3 HEHNOCPEeNCTBeHEBIX onpene-
nenufi (cM. §§ 7, 8).

TJTABA V

CTPOEHME ATOMA H KJIACCHYECKAS ®H3HKA

A. KJTACCHMECKASL MEXAHHKA W CTPOEHUE ATOMA

§ 40, .RT()MHHE Mopenu

B upenblaywHx IJIaBax Mbl NPHBENU A0KA3aTeAbCTBA TOTO, ¥TO
aTOM NpeicTaBisier COGOI0 CAOKNYI0 CHCTCMY, COCTOSIIYIO U3 00-
JIOKATEARHOTO SJEKTpHYeCTBa 4 Z 3A¢KTpoHoB. Ha nepsbix cragmax
PA3BUTHS TEOPWH CTPOGHHS ATOMA TPeINOAaranoch, uTO BCH 3Ta
chcTeMa sBadercs craThueckofi. Jlas Toro 4TOGH MOMKHO GBUIO
paccMaTpUBATh SMEKTPORH KAK YACTHIH, HAXOAAIIMECH B PaBHO-
BECHH, TIPHLIIOCH AOMYCTHTH, YTO MOJOMUTEJbHOE 3AEKTPHYECTBO
pacTIPesCASHO CIIOWHEBIM 06pasoM i 3aHmMaer cepy ¢ paiHycoM
nopsiiKa pajkyca Beero atoMa, T. €. 107% ca, a SJCKTPOHHL Kak
66 TnaBAlOT B «06JaKe» TOJNOKHTENBHOrO 3geKTpuuectsa. He-
nycKaHue CBETA ATOMOM DACCMATDHBANOCH KaK DESYJBTAT MajbIX
KOJIeGaHNi 31eKTPOHOB OKOMO HX NOJIOKEHWA DaBlonecHs (MOLeb
. . Tomcona). OgHaKko ONBITHL ¢ PACCESHHCM @-4acTHu, ATA
O6BACHEHHST KOTOPHX NOTPeGOBaNOCh BBEACHHe THEOTE3H O CY-
IIECTBOBAHWH OYeHs MaJIOre MOXOKHTENbHOr0 - AApa (nopsaka
10712—1071® ¢}, rae cocpenoTodena néuTH BeA Macca atoMa, 8a-
CTABUM COBCPIIEHHO OTKA3aThCHA 0T CTATHYECKON MONEMH B mepeditd
K MOZesd [LIZHCTADHOH, T. €. PAacCMATPHBATH SJCKTDOHE KaK
qaCTHIH, OGpamialomuecss BOKDYT fApa NO OlpedelelHsM Op-
Gutam.

B s7oif FIaBe Mel safiMeMcs paccMoTpeHueM Toro QOpManbHOrQ
annapata, KOTOpHIl AaeT Kiaccxieckas QHINKA, —a UMEHHO, Kiac-
cHyecKas MeXaHWKa M 3ACKTPOLHHAMHUKA, — [JA TEOPETHUECKOro
n3yuenns npoBAeMbl CTPOGHHS aTOMa, H, KpoMe TOro, DacCMOTPUM
OCHOBHBie BHIBOLbI, K KOTOPHIM OHa TpuBoauT. [lpu 3ToM BMecTo
TOT0, 4TOGHl PACCMATPHBATL ATOMHLIC CHCTEMEL BO BCEfi HX CIOM-
HOCTH, MBI GYIeM NOAL30BATHCA NPOCTEAHMH MCXQIIMUECKHMH MO-
nensivn, OB6pasuoM CHCTEMH, copepuiaomedi Kone6anns, Oyaet amsi
Hac CAyKWTh 9YACTHIA, KOAEGMOWAAcA NC npAMOA — auncinbil
0cYuAARTOP; 06pPA3LOM CHCTEMBI, B KOTOpOH NPOHCXONHT 0Gpaute-
HHe OKOJO HEMOKBHIKHOTO UEHTPA, ByAeT CAVKHTb SMeKTPOH, 06pa-
WAOmHACA BOKPYT TONOKHTCABHOTO A1pa.



146 CTPOEHME ATOMA ¥ KJTACCHUYECKAS OM3HKA rn. v

§ 41. 3aKOH COXpaHeHHA 3HEPCHH B MeXaHHKe

B ocHOBe KJ4CCHUCCKON MeXAHHKH JesKaT NbIOTOHOBb «aKCHO-
Mbi, W 33KOWBl NBHNCnHS». MareMariueckas (opmyaHpOBKa B
BUNC YpaBneHui IRWKEHAH RETEKAET, KAK KSBECTHO, H3 BTOPOTO
3aK0na, COTJACHO KOTOPOMY NPOM3EOLHAA TO_BpeMeHH OT KOJIH-
yecTBA NBMKEGHHS DABHA UPUJIOMKEHHON CHIE. JEas ofnofl yacTHIEL
3TOT 3aKOU jlaeT TPH AH(HEpeHIHANbKEIX YPaABIEHHA

dpy dpy dpz

x, Zroy, F=z, (411

rae X, Y @ Z—Npoeuud CHIs HA OCH KOOPAMnAT. JTH TPH CKa-
JAPIBIX YPABUEHHS MOKHO 3aMEHHTH OJHKM BCKTODHBEIM

p=F 41y .

(IpOU3BOSINYIO 10 BpeverH Mbl GygeM 0GOSHAuaTh TOYKOA).
Vpasnenne XsHmcnHd, Hanacannoe s dopye (41.2) c mpous-
BOANOA OT KOAU4ECTBQ OBUOCEHUS B JIEROH HACTH, IPHTOLNO Kak
NI CIY9as MATHX CKOPOCTell (N0 CpaBHCIHIO CO CKOPOCTLIO CBETa),
tak H ana Soabmux {v/c ~ 1). Fo T0/MbKO B TOM Cayuae, KOTR2
vj¢ € 1, Maccy MOKIO CuMTATh e 33aBHCAINCH OT CKOpOCTH, R Hpo-

u3BOMIAR P == (MV) B ITOM cYuAe CCTb HPOCTO MV HAH AT,

rAe r--paaHyc-BexTop, ofpencasomuil noaomenne vacruusl. Ipu
3TOM YCJIOBHM JL1fl MaJibix CKOpOCTEfl TpH CKANADHLIX yPaBUCUHS
(41.1) moxno HanucaTs B OGBIYHOM BULE

mEE=x, mTY=y, miE=2z (1.1
a BekTOpnOE ypasHcHHe (41.2) —B BAIC
mi =F. (41,29
VMIOKHM TeNepb ypaBHCHHC (4] 2) CKaAApHO HA CKOpPOCTH r
met = Fr. (41.3)
JleByIo 4acTh NOMYYEHHOTO PABEHCTBA TPCOGpasyeM Tax:
i = (i) = (L ) = (L ).
Besmugnna
T L2mv2=%mv2 %m(.\':z-[»y”-{»z'?) {41.4)

Ha3blBaeTcs KuneTw4eckoil snepened, Htak, B jesofi yactH (41.3)
Mbl uMeeM ﬂpOHSBD[lH)’lO no Bpemenu 0T KUHETHYECKOf SHeerH

(41.5)

§ 41 3AKOI COXPAIEHUSI 2HEPTUU B MEXAHHKE 17

I3 (41.3) u (41.5) momysacm
dT =Frdt=Fdr. (41.6)

Ho Fdr ccte paGora cullel Ha 3JeMeHTapuoM nepeMcienmu dr,
caenoBaTeNbEO, pa6oTa CHIb PaBla NMPHPAICHA KHHETHYECKOH
SHEPTHH.

Bo MIOTMX cayuasx COCTARMRIOLIME CHIH MOTYT GLITL Bhipa-
JKeHbl KaK B3fiThie CO 3HAKOM MHHYC YaCTHHE NPOH3BOINHE MO KO-
OpaAMHATAM OT HeKOTopoll ¢yHKUKY koopiuuar U *):

8U 12} 4
X=—n, Y=—Gr, ZI=—"7, (1.7
nau, B BeK‘TDpHOﬁ topume,
F=—gradU. {41.7%)
B arom cayvae
(. (20 dr | QU dg  oU g
Fe—(R ot aat e w) @8

Ecau U ecTh ¢ynkius CANMX TOJBKO KOOD/MHAT, TO B MPapofi ya-
crn (41.8) MBI HMCeM TogHbI RAphepenunal
. du
Fim 20 @19
Pa6ota cuib Ha 3JeMeHTapnoM mepemellesun dr GYECT TORAa
. di
FdreFidi=— 5L dt=—aU,

a paGoTa CUsbl Ha KOHCUROM NyTH OT TouKH A 10 Touky B

B B

[Fae=— [av=v,—Up.

a A

Ecan U ects, Kpove TOro, ¢pyHKUHS 0JHO3HAYNAR, TO pa6oTa CHIEL,
KK BHIHO, Ne 3ABHCHT OT NyTH K paBHA pasuccTy snadennsi U
B HAUAJLHON M KOleuHOH touxax nyrtd. @ymkuusa U, ofaanawinas
CBOMCTBOM, BHPAKeHNbIM paBeHcrsaMu (41.7), BooGimme massisaercs
notenunanbuol dynkupel. Eciu oma He 3aDHCHT ABIO OT BpeMenH
U ABAAETCA OJHO3HAYHOH (QyIKIMeHl KOOpIUHA1, TO OHA HaslBaeTcs
ioTenuuanyEoll sueprueil.

*) TlpocTefiurky IPHMEPOM MOKET .1y KHTb CHI4 TAKeCTH, pasuad mg. B atow
enyuae U = —mgz, n cocrasasomue 6yayt

X =

U
Y=o, Z——n=ug
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s (41.3), {41.5) u (41.9) crenyer
ar @Ww d
=" wTtU)=

T+ U==const=E.

(41.10)

oTRyaa
(4111

10 1 eCcTh MeXaHHYECKH|l 3aKOJ COXpAleIUA SHEPTHHI CYMMa KH-
HeTHYeCKOfl M HOTEHUKA/LHO 3NMEPrHil eCTh BEJAHYHHA NOCTOSBHAS.
Tlone cun, uMewmux notennyan U, He 3aBUCAIMNA SBHO OT Bpe:
MEHH, HAa3biBAETCS KOUCEPBATHBHLIM.

Busaor, opnako, cnygau, korma dyskuus U, obaajaoman
ceoficTBOM (41.7), cymectBye:, Ho ona 3aBucHt OT Bpemenn *). Pac-
CMOTpHM, HaNpHMep, ABUMKEHHE 3aDPSKEHION YACTHIL BHYTPH KOH-
ZeHCaTopa, MeX/y MIAacTHHAMH KOTODOTO MMCETCH PASHOCTH 3jIeK-
TPHYECKEX HOTEHIMANOE V, MepHONNYECKH MEHSIOAACH CO Bpe-
MeneM, HanpHMep no 3aKony Kocunyca V = Vi cos of, Ilponssene-
HHe 3apaAa e Ha

U=eV=¢V,cosf

o6a2jaeT TeM CBOHCTBOM, 4TO CHJIA, MEACTRYIOmAEN HA YacTHLy o
CTOPOHBI IOJA B KaXKAE MOMEHT, ecTb rpajuenT U:

F= —gradU,

Ho dyuruma U, a Buecte ¢ Hell W cana F A5HO 3aBHCAT OT BpeMenH.
Cymma T+ U B 3TOM ciydae He HMeeT [OCTOAHHOro 3HAUEHHHA.
B camom pese,

~au U ( oU dx

A U dy |, U de
af 2 5 ar T

o @ty twa

Cueposarensho, (41.8) teneps naer

;174 lilg
Fe=—<g o

LU

D10 TOKA3LBAET, UTO CHCTEMA <PE3AMKHYTa», T. €, 4TO OHA
TIPEACTABJACT TOJILKO 4acTh GOMbINEd CHCTEMBI, A8 KOTOPOA B le-
JIOM 3aKOH COXpaHeHHsl SHEPTHH, KOHEqHO, HMEET MecTo,

Berpewaiotea ciyuaH, KOria CHIbl 3aBHCAT OT CKOpocTH. Ilpm-
MepOM MOXKeT CJAyXKHTb CONPOTHBICHH® CPelIE ABUKYIIHMCA TeJaM:

*) Tlo mosony u
umana, KOTOPLLR BA3bIBATH
I. ToaacTein, Kraccuueckan mexanuxa, Focrexusaar, 1957, c1p. 32 u crea,

0 QT BpeMeHH NOTCH-
oM,

T v B e
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TaKOBa CTOKCOBA CHAa CONPOTHBJIEHMA BosiyXa F = 6amav, ¢ ko-
TOPOI Mbl ECTPCTHJIHCH B § 2 HPH PACCMOTPEHHH NAREHHs MACASHBIX
kapenex. O603HAYMB KO3((GHIHEHT IpY U ¥epes & B NpHuUMAs BO
BHpMaHWe, 4TO CHJA COTIPOTABNEHHA R BCErsa HAampasfena mMpoTH-
BOTOJIOKHO CKOPOCTH, MOXHO HamHucalb BOOGIIE

R==—ku.

VpasHende ABHMEHUS dacTHUM NOX Aefictsuem cuasl F B cpene
¢ conporusaeriemM R Gymet

mr=F +R.
YMHOXKas 0Ge 9aCTH Ha F =V, noJydaeM

Fr -+ RP.

mre

Ha ocuopanur opmya (41,1) u (41.2) ¥ mpunuMas BO BHEMAHHE,
F = —ho? o £ — — byl
uto Rr = —kv?, nonysaem -7 (T + U)= — ko?,

Mul BHIHM, 9TO, KaK m B NpeblyimeM ciyaae, cymma T 4 U
He ocraeTcst HOCTOSNHOA; Tak Kak, gadee, u? scerma >0, To
—ku? << 0 u, crenopatensuo, T 4 U co BpeMeneM yOLIBaeT: CHJIM
Tpeﬂﬂﬂ HeKOHCepBaTHEHH.

BasKHbIM CydaeM CiJ, 3ABUCAIINX OT CKOPOCTH, ABAAETCA CHAA,
HeficTBYIOAs CO CTOPOIH MArHATHOTO MOAS Ha ABWXKYIIyiOCH 8-
pAKEHAYIO qacTuily, ITa CHAA, BHPAKAOINAACE BEXTOPHLIM [POE3~
BeAeHHeM

[ .
- F = [v#],

nephenduryASpHG K CKODOCTH U TOTOMYy e npou3eodur nuxakod
paboroL.

B 3aKmoueHHe HAOMHUM, YTO TaK KAK NOTEHUHAN ONpeiesseTcst
Yepes CBOH POW3BOAKbiE [(ODPMYJIbl {41.7)}, — TOAbKO pasHOCTL
NOTeHUHAOB HMEeT OUpPELCJEHAYIO Berunty, AGCOMOTHOR XKe 3Ha-
yeKHe NOTEHNHaa BKIOYAeT HEKOTOPYIO MPOH3BOJBHYIO HOCTOSH-
HYI0, BCAEACTBHE 4€r0 HyJb MOTEHINANa MOXeT GbiTh BEIGPAH MpoO~
H3BOJbHO.

§ 42. Morenunanvneie KpHBbIE

3aKOH COXpaHEHHS PHEPrHM Jaer COOTHOLIENHNE MEXIY NepBLIMH
NpOMBBOAHLIME KOODIHHAT NIO BPEMeHH, KOTOPOe MOMer Obitb fc-
[0/b30BAI0 OPH peillehHE MeXaHHUeCKux 3anad, OcoGenHo yAoGHO
TONB30BATLCA HM B CydYae OHOMEPHOrO JBHKeNHs 4aCTHUB, KOrAa
3TOPO OJIHOFO COOTHOLICHHE H gocTartouHo. I10J0muM, 4T0 uwacTHUua
nBuKeTes NO mpsmof. Ecam Mbl BhGepeM STy MpAMYO 8a OCb X,
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To TIOTeBLuaAbHas sueprus GyAeT QyHKuuel TOJLKO ONIOH KOOp-
auwatsl U = U(x). 3axon coxpanenun SHepruyu AaeT Toraa

%m)'cz—l— U{x)=E,
oTKyaa
dx /2
=V wE-U),
PP (R SN @2.1)

rae fy— NpOU3BO/bHAA TOCTOAHHAS.

3uas ABHOe BHIPAXKENHEe NOTEHUMANLHOH 3SHEPTHH, Mbl MONEM
TIpH TOMOIIH q:o(]JJMynm {42.1) naiity 3axor asnenus. Tlonowmum,
Haupumep, ure U = Y3 [¥%, Tie f— nekotopas noJomuteabHas io-
croaunas. Torna gopuyna (42.1) naer

t—tc=( dx /,_TJ dx @2

J /i(f—%f’c’) } i

nt

1/%~x2

TlonoxuTensHae uncao 2E/] Mbl MOXKCM 0603uaunTh yepes a? (Jerko
BHZETH, YTO @ UMEET PasMEPHOCIb JUIHIEY), U TOTAA

Vs

otkyaa
L tﬂ) .

m

waw, 0603nauas nocrosutyio )/
x:asin(l/L f— 6),
n

Urak, npu U = [¥?/2 nsumenue npencrasiger cofoy rapMoli-
ueckoe xoneGanue.

3nanne NOTEHUKANBION SHEPIHU B CAYJIAC OJIOMEPHOro ABHXKe-
HEsl [I03BOAAET YCTAHOBHTL KAYCCTREHHEI] XapaKTep IBHMKEHHS, CO-
BCEM He MOJb3YACH AHATHTHICCKHMH cpofeThamu. Jlaa storo mo-
CTATOYHO LOCTPOUTH KPHBYIO, H306paXaioUmylo MOTEHUHATBIYIO
SHEPryic s 3aBHCUMOCTH OT KOOPJHHHTH. T;ume KpHBblC HA3LIBAKOTCA
TOTENUHaIBHBIME KD HABBIMA.

o i TR
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Tlycre, nanpuep, moTennnainHas Kpusas HMeCT BHI, H306pa-
sernslfi na puc. 93. Torma ME MOXCM, He BLIYHCIIS WHTerpasa,
CTOAIEro B NMpaRroil yactd {42.1) (M daxe uc 3Has TOYHOrO aHAIH-
THUCCKOTO RBIPAIKEHUS TNOTENUHAJBION SHGBI‘HH), YCTaHOBHTL He-
KOTOpLle BAXKIEIC OCOGEHNOCTH TBHKeHHs. BosbmMew xaxoe-nm6yas
31aueHHE TIOVIHON SHOPTHH, Ha-
npumcp [, W mponemeM Ha
uepTeke NPAMYIO, Mapasies-
HYI0 0CH abCuUCe, Ha paceTos- |

aun Ey oT wee. Jta mpamas g u £
OCpeceKaer NAMY NOTenud-  f \

a/llbHYI0 KpuBylo B TOuKax B, £ i LN -
C, D ¢ a6ewnccamu X, Xa, Xs \/ |

OuesHmro, uTo  dopuyaa ‘ N [

(421)  wmcer  gmsuveckui 4 z -

CMBICT (C TOUKH 3peHHS Kaac-
CHYECKOH MCXAHHKFH) TOABKO  Puc. 93. IMpumep noteaunansuoit xpasoh,
B TOM CIyuae, KOTAA pamH-

2 .
waJa W(E*U) ReicTeyTeaen, 1. e koraa £ = U. Ha pucyaka
MLI BHIHM, UTO 3TC OCYUIECTRASETCS MpH yCNODIM, €Cill
<< 0
WK TpH YCIO0BHH
=X [49))

Taxum o6pasom, Koria uacihla Haxoaarcss B ofaacTd /,— ee
JBMKEHHe TAKOBO, YTO OHA He MOMKET BHHTA 3a UpCARTH 3TOH 06-
fgactd. B cavom mene, ec aGelcca He MOXCer CTAaTh MEIBHIC X
M GOJbIIe X2, TAK KAK B 3TOM Caynae ee MOoTeniuaiblias SHeprus
craga 6b Gosblue MOTHOR, & CKOpOCTL ¥ CAGNANACE 6H MHHMOM.
Mz a10r0 caefyer, uTo ABHMKEHHE YaCTHLel B o6sactd J CCTb Koue-
Gauue. Kpa;’h—me NOJIOJKEHHUT JOCTHUTAIOTCS TpH X == X] H X = X,
korga U cranosurcs pasmbiM £, [lepuod xomeGamis, OucBHAHO,

paBeH
X

dx

2, /2
LY mE-

B ofinacth // yacrulla npoHUKHYTR He MoxcT, Ho ecam, o6ia-
Jlas monHo# sHeprue Ly, OHA HaXOIMTCA B TOUKe X = X3, TO CC
aBeiucca MOKeT BOSDACTaTh /10 GECKOHEUHOCTH, TaK Kak MpH BOCK
SHAUEHHAX X 2> X3 NOTelUHANLHAS SHEPrUs MelbIe Moo,

Tlycrs Tencpe uacthua obnanaer samacom sweprun By > B
TTpoBOAS, KaK DAHBIIE, Hd UCPTEKC UPHNYIO Bd BLICOIC Fa, Vbl
BIIMM, Y10 BUPaBO OF /) GUCTHUA  MONCT NepCMCUIATBCS A0
655!{0“\“”'10(5“1- TAK Wil THAI €e [OH1as JUENTI BCIOXY 60ablie




152 . CTPOEHHE ATOMA M K/IACCHUECKAS ®HSVKA v

noTenuuanbHofl. BaeBo ke o7 A KBHKEHUIO YACTHIL MPeNATCTBYET
HenpeonoAuMEIA Gapsep (o6aacte £ < Uy.

KayecTReHHBI XapakTep ABMCAHA MOKHO YCTAHOBHTb TDH MO-
MOIIM TIOTEHLHA/NLHOR KPHROR, NOJB3YACH caegyiomen HariasaHoR
pamocrpanyeil. [lpencranum cefc nIeaipno MIALKYIO JOPOXKY,
CHenaHBYI0 TakK, UTO ee Npofmib Kax 3)63 COBMajaer ¢ MOTERLHAIb-
woll kpuboi. B cyuae xpupoft puc. 93 70 Gymer CHyCK, CMeHsio-
wmiics HeGOMBIIUM TOABEMOM W 3aTM CHOBA NPOAOKANOIMMACS.
TlosoKHUM Ha 5Ty AOPOKKY TSKenniii Waphk ua suicote £ u mpexo-
cTaBuM ero camomy ce6e. [llapHK nOKaTHTCS BHHS, H €TO ABHKEAHE
GyIeT mOuTH TOYHO TpEACTABASTH ABHMEHHe HHTepecyomed Hac
yacTHub. Ecau NouaTh ero #a sucoTy Ei, TO on GYACT kaTaTsest
B3aj W Bheped B yray6aenun [ n HC CMOMKET «NepecKOYUTH» Hepes
6yrop II; ecnu MOAHATH €ro Bhille A0 YPOBHA Es, 10 0B cBOGOMHO
nepeKaTHTCA yepes Gyrop /7 M yRIET 8 6ECKOHeUHOCTb.

[Tpuunna, NO3BOAMIOMAR HAM [OMBL3IOBATHCS 9TOfl WAMOCTPA-
LHefl, COCTORT B TOM, YTO NQTEHIHAMLHAS SHEPTHN TAMENOro Ma-
pUKA IPOTIOPUHOHANBHA ero BricoTe. HeGonbmas KCTOUHOCT: WIIO-
CTpalHK OGYCAOBAEHA TEM, UTO YACTh YHEPFUH MAPHKA PACXOAyeTCs
Ha CO3NAHNE €ro BPAIICIHs.

§ 43. 3axon coxpawenna nMnyanca

Jlo crx MOp Mbl pAcCMaTpHBAAW JIBHMEHHe OAWOH 9acTHIBI B
none Kakux-na6o cui. PaccMoTpEM Temepb NpocTefimrylo cucreMy,
COCTOAMIYIO U3 JBYX YacTHI, U MPeANOAOKHM, 4TO STH HACTHUL
HAXOASTCH TOJLKO MO AEHICTBHEM CHJ, IEHCTBYIONIHX MEXAY HUMA.
Taxue CHNbI HaSHBAIOTCA BHYTPEHHUMH B OT/MYHe OT CHI, KOTOpLIE

JefCTBYIOT Ha 4aCTHIB! CHCTEMB H3BHE H HA3HIBA-

! 10TCA TIO3TOMY BHCHInEMu. ByzeM oTMeuats napa-

Tz MeTpH, OTHOCAIIMECA K UACTHUAM COOTBETCTBEHHO
napexcamu [ u 2. Tlonoxenne nepsofi YacTHUH OT-

s, ?  HOCHTENbHO MPOW3BOALHOTO LeRTpA O XapaxTeph-

3yeTes PalHYCOM-BEKTODOM Ty, & HOJIOKEHHE RTO-

T POl — paxUycoM BEKTOPOM fp (pUC. 94). Ypasuenus
ABHMEHHS OGeHX YaCTHL GYAYT

0 mr, =Fp, (4.31)

Puc. 84, myty=Fy, (43.2)

rae Bektop Fiz 03HauaeT cunty, IeHCTBYIOINYIO Ha NEPBYIO YaCTHIY
co cropoHst Bropofi, a Fy — cuay, nefietBylolyjo na BTOpYIO 4a-
cruny co croporil mepsoi, Ilo TpeTwemy sakony Heiotoma aTh
CHH DaBBH TNO BEJHUAHE M TPOTHBOTIONONHBl NO HAMPABNEHHIO,

TakK 4T
Fiz 4 Fo==0. (43.3)

§43 3AKOH COXPAHEHMA IMITVJIACA 153

Crmagnipan (43.1) n (43.2) n ywntuBan (43.3), notyuaeM

i+ oty
d ., - S
=7 (mir 4 myts) = 0.

OTKyaa CAERYET, uTO .
myr, - myry == comst, (43.4)

HITH, 4TO TO 3€ CAMOe,
mvy | myvy = const.

BeKTopHast BENMUHNA Myf = MVy HASLIBACTCR UMAYALCOM, WIH KO-
AUMECTEOM OBUNEHUS HALTUYbL. .

PaneHcTBO (43.4) DBbpAKAST 3AKOH COXAHEHWA HMNYJbCa,
HMEOIIM{t MECTO B CHCTEME ABYX 4acTill, HAXOAAIINXCA nmOA Aed-
CTBHEM JIOGLIX BHYTPEHNHX ChA. JIerko oGOGLIMTH STOT 32KOH HA
CHCTeMY 71 HACTHIL, HAXOAAIIMXCA M04 AeHCTBHEM OMMHX TOABKO BHY-
TpEHKHX CHI. YDaBHOHNS NBHIKEHHA A-f YACTHILG €CTh

Mty = ;/ Frts ’ (43.5)

Ile UPABAA WACTb OSHAUAET CymMMy BCEX CHA, ASHCTBYIOIINX HA
-0 uacTHUY CO CTOPOKHl OCTaMbHLIX HaCTHL CHCTEMDL IHrpux
y 3HaKa CyMMbi O3HAuaeT, 4TO cymma Gepercs mo BCeM  sHaue-
Busy [, 3a uckaouennen ! = k. Hanucas ypapHeBHS JBHMEHUS
7S BCeX UACTHI CHCTEMEL U B3fIB MX CYMMY, MOAYSHM, MPEACTaBfs
AIERYI0 4ACTH B BUAC NEPROIl NPOHIBOAHON O BpeMEHI:

‘ddT E mt, E/F”.

i

Jlerko BUieTb, oJHAKO, 4TO NpaBas 4aCTb pamua Hymo. B camom
Aeste, B mpaBoli YacTH Aas Kampore uiena Fi naiizerca coorser-
creyiomufi emy Fuw Ilo Tpetemy 3akomy Helotona mna Kaxpoll
napst

Fay + Fia =0,
a noaTeMy

myr; = const, 43.6)

YTO M Tpe6oBanoch A0Kas3aTh.
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§ 44. Coynapenus

[TpuMenny SaKOHE COXPAHCHHA NMMYJbCa W HEpIHH K peme-
HHIO 33724l O COYMADCHHSX iBYX yactmil. Ilyers cropoerd wactuu
¢ MaccaMu miy My GyIyT A0 COYAAPeHHS Vi H Va, 3 NIOCJE COVAApe-
HUH €y H Co

Belle ML BuIGTH, UTO 3aKOH COXpaHGHHS HAIY/IbC2 AOMKEH
HMEeTb MEcTO HpH JI0G0M XapakTepe cha paanmonefictsus. Coraac-
HO 3TOMY 3aKOmy, LOJUBIN HMNYIRC CHCTEMbl COXpaHsercd, T. e
cyMma HMNYJhCOB 0Gedx JacTHIL A0 COYIapeins JOMKHA paBHATHCH
CyMMe HX HMTYJILCOB NMOCAE COYAApeHHS.

O6osnayas HMIYIaCH YACTHIL KO COYAApEHHs Yepe3 py U pz, a
TOCJe COYAAPCHUSH, COOTBETCTBEHHO, Yepe3 P| U ), HMCEM

P+ P =p +pi 4.0y

Uro kacaercd 3aKOHa cOXpaHEHMs MeXaHWYECKO!i SHeprHu, TO OH
OyleT nMeTn MECTO TONBKG B TOM C/lyuac, ecfH TpH COyAapeHHyu
1€ BBIICASETCH H i€ NONIONAETCS SHeprHs, TOYHCE TOBOpS, €cnn
B DCSYILTATE COYAAPCHHA HE H3MEnsieTcs BRYTpemsis SHepTHs
4acTH.

Sro ycaosue uacto ne cobmiofaerca. Hanphmep, mpn coymape-
HUAX ATOMHBIX sAep, BeAyllHX K AAEpHLIM DeaKIHusiM, OGLIMI0 Bh-
NEJI0TCA  (peske ~— [OrI0maoTca) GOahuHe ' KOJIHIECTRA SHepTHI,
TIpH COYAApeUuN 3JEKTPOHOB ¢ ATOMAMH NPH ONpPCACHEHHLIX YCJI0-
BuAX (cM. § 9 u couefyiQmAe) Hactb MM BCA  KHICTHYECKAS
3H€pl‘l/lﬂ OTHOCHTENBIOIC NBRXKEHUA obenx 4aCTHIL MOXKCT ﬂCpCﬁTI/l B
SHEPTHIO KOIGYXKACHHS aToM4, T. €. GyAeT HMCTH MECTO [OTVIOmeHHe
3HCprud. B nactosiilicm maparpade Ml 6yAcM PacCMaTpHBATH TO.Ib-
KO yIpyrue COynapeHHs, T. €. TaKue, IpH KOTOPLIX HMeEeT MeCTO

, COXPAHCHIC MCXAHWUECKOll HHCprui. DT0 1aeT B 106aBIeNie K nex-
TOpHOMY YpaBsuenuio (44.1) ewe craaspHOe ypaBuemie, KOTOpoe
Mbl HAMHIIEM, BEIPAXKAH KIHETIYECKAC SHEpruH Uepes MMITY/IEChL.

I I S
Tur Ty = Ty T oy (44.1)

Tyers wactuna 2 Ko coyaapenus NOkommacs, T. e./nych pz=0.
910 ycroBUE B GOJBLIMHCTBE CYMACE C AOCTATOMHON TOWIOCTHIO
OCyIECTBAACTCS B ONBITAX, BLIMONAONIMXCS B ATOMHON (uH3HKe.
Hanpuwmep, npu H3yueHun COYAZpenuH MEKTy 5ACKTpOIAMH U ATO-
MaMi 06LIUHO 06CTPeTMBAIOT ATOMLL MyYKOM SJICKTPOIIOB, }CKOpeH-
HBIX TIPUAOKEHHbIM HANpsKerueM. TIpk 3TOM CKOpOCTh SAEKTpOHOB
1aCTOMRKO GoablIe ra30KHHCTHYRCKUX CKOpOCTed 06CTpequBaeMbix
2TOMOB, YTO NOCTEIHHE CKOPOCTH MOKHO NOJONHTH PABHBIME YO,
To e camoe elle B GONbLIEH CTENCHM UMCCT MECTO NMpH HIYUEHHH
pacceAHHa AACPHLIX HACTHI HaW TPH HAEPHBIX PEAKLUSX.

§ 44 COVIAPEHHA 158

[Ipw ps = 0 ypabuenwe (44.1) MEpEXORHT B BEKTOpHOE paBei-
P =9+ % (44.2)
UTo6h; 5T paBENCTBO GO YAORJETBOPEHO, TpH BEKTOpa p,, pi H

g

CTBO

p,  momKusl 0GpasoBLBATL
3aMKHYTHI Tpeyroabink OBA .
(puc. 95). [oxamenm Temeps, i
4TO, KAKOBO Obl HU GLIIO Ha- \
mpasaenne NofeTa YacTHIn 2 !
nocae coymapcus, Touxa B— o !
Kowen Bekropa  HMmyieca YT T

STOjT uacTHIE P DOCAe CO- 0
yAapeHyus JEKHT HA OKpYH- Pue. 95.

noctr. KoopauuaThl TOUKH B
OTHOCHTELHO CHETCMBI ¢ Hawanoy B O yAOBIETBODSAIOT YpaBHEHIO

. (44.3)

(44.4)

;
B (44.5)

m, ny my "
2
Moxcrasnss & (44.4) Bupakenne pj n3 (44.5) 1 nozb3yAch (44.3),
noMyuaeM nocie DpoCTHX areGpaieckux npeobpasosanni

2
x3+y2—2ﬁp1x =0. (44.6)

70 ypaBHelye Merko MOKET GLrTh IPUBCKENO K BHLY
U TR U Uy (S ﬁ 44.6"
s R o vl (44.6)
Ho 370 — ypaBHenne OKpKHOCTH, NpOXOASmeH depes TOUKy B
H HMeiolejt paanyc

ms 1

—_— —_—r 44.7

ot P T 4 44.7)
g

PaccMOTpEM Temeph HEKOTOphle HuTepecHble HacTHbE Ciydad.
[TycTh f1; = g, TAaKOH cayyafi OCYINECTBARETCA MpH COYAApeHUH
Q-YaCTHUBI C AIpOM reausl WM TpoTOHa C AIpOM ICTKOTO BORO-

pona. M3 (44.7) myeen npu my =, r—35 .
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B 3T0M caydae AuaMerp OKPYMHOCTH PaBeH HMMYJALCY HAJETaMIIeH
HaCTHUDI, T. €. OKPYMKHOCTb NPOXOLHT HE TOALKO 4ePes Touky B, Ho
1 yepes Touxy A, U3 sroro crenyer (puc. 96), uTo mocne coynape-
HHSL YaCTHUB PA3JETAIOTCA MOX
OpAMBIM YIVIOM HPYT X ADYTY.
Ha puc. 97 npusenena crepeo-
cxonmueckas doTorpadus  co-
YAApeHnst o-9acTHbl ¢ SAPOM
reand. BuaHo, wro mocre yxapa
o6e uacTHIE pa3NeTATCA MOX
npaMeiM  yrioM, HckaouenneM
spnsercss cyda, xorga p; =0
(«roGonoit ynap»). B stom cay-
yae §3 3aKOHa COXPAHCHMS HM-
OyAbca M0JyYyaeM, BHIHCHBAs
ABHBIE BLIPAWMEHHA AAS HMIYIb-
OB

Pue. 96.
MUy = mgly,
uTO Raer ([pH M, = M) &= v, DTO 03HauaeT, uTO TPH A0GOBOM
yAape HaNeTaia® 4aCTHUA OCTAHABJHBAETCH M MepesaeT CBOM
HMITyJIbe 06CTPEHBAEMON YacTHIE.

Pue. 97, Pue. 98.

B xauectse BTOPOrG mNpHMEpa pPacCMOTPHM Caydal, KOTHA
Mafmy = 4. 10T cAyYal OCYIIECTBASETCA NPU COYAAPEHUR NIPOTORA
¢ AApOM TeTHS WIH o-JacTHUB C SAPOM KHCAOPOAA.

H3 (44.7) nonynaem

=4

r=*p.
Prc. 98 naer mocrpoenue, NO3BONAMEe paccudTaTh YL MOMETa
OfEHX YACTHI NOCAEe COYIApeHnsi NpH H3BECTHOM BeJHUMHE HM-
[vAbca Hasjetalomeldl MacTHIbE NOCAE COyJAapends.

§ 43 UEHTP WHEPLMT 157

Hrrepec mpencrasnfer Takme cayduad o6paTHOH BeJHYHHB CO-
OTHOLIGHHS Mace My/y= 1/, (HanmpHMep, COyAapeHHC o-YaCTHUH

8 .

rfme,

Puc, 99.

¢ mpotoniom), B atoum cayuae no (44.7)
r="%sp:.
Kax sHaHO H3 pdc, 99, B 3TOM ClIyyae p) BCerMa 3HAYHTENLHO
MeHbIIe pr.
§ 45, lenTp HHepuun
Bo BeAkoli cHCTEMe JBYX 4aCTHI CY[IECTBYET 3aMeyaTedsHas

TouKa, YEHTpOM P Ee pammyc-Bexrop ompe-
JeNSIeTCH  CAAYOMEM  06pa3oM
{puc, 100): m, r 7y
Ty 4
= . (451
= T m 5.0
Jlerko MokasaTe, WT0 B CHCTeMe 7 7

JBYX YACTHI ICUTP WHEPUHH NEKUT

Ha nPSIMOf, coeluHsiiomed ofc va-

CTHUE, H JITHT 3Ty NPAMYIO B OT-

HOWIEHHH, O6GPATHOM OTIOIIEHHIO

Macc. B camom nere, ns (45.1) 2

caeflyer, uto Pre. 100,

my (r¢ —t) ==yt —re), (45~?)

HO 3TO 037aYaeT, TO BEKTOPH g —f; ¥ F¢—fy TAPALIEILHH, a
TAK KaK OHH HMeIOT 06myo Touky C, 10 TpH ToukH my, C u ms fe-
Kar Ha OJHOW paAMofi. TakuM oGpasom, nepsast MOJOBHHA HALIETO
YTBepKAeHus XOKasaBa. Bropas uacTh BHAHA HEMOCPECTBEHHO
M3 paBeHCTBa (45.2), KOTOPOE MOXKHO mepenucaTe B BAAE

el _m
Irg=re|  m” #53)
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OOpatumMcsi TenePb K pacCMOTpPEHHIO CBOACTB HENTpa HHEepLHH.
3aKOH COXpAHEHHS HMIysbCa B CHCTEME ABYX UCTHU B BEKTOPION
thopMe BripaKacTesl paseHcTBOM

mur, + mot, = const. (45.4)

Hal':IJIEM TPOU3BOIHYID MO BpeMeHH pagHyca-BCKTOpa LeHTpa HHCD-
UHH
ity + mars

fo=
c 1y Aty

CpasnuBas 5To Bhipamenue ¢ (45.4), BHINM, 4TO
f¢ =const, (45.4°)

Mrax, B cucTeMe NBYX YaCTHU, He NOABEDMKEUHHX IEHCTBHIO Breml-
HUX CUJ, UCHTP WHEDUHH IBMIKETCH NPSMONWHENHO M paBHOMEPIO.
CucTeMy KOOpIHWHAT, B KOTOPOH uMeeT MecTo (45.47), B aTom-
HOil (H3uKe OOBIYHO HA3HBAIOT «I1a6OpATOPHOI», MOTOMY HYTO OCH
NexApTOBLIX KOODIMHAT B NANEOM CIyuae ONpeiensliorTcd, HAmpH-
Mep, TiepeceyeHneM NJIOCKOCTEll ABYX CTeH ;1aGopaToprofi KOMuaTh
¢ MAOCKOCThI0 Mosa. Mbl MOXMeM, ONHAKO, BBECTH CHCTEMY KOOPAH-
HAT, TIOMECTHB €€ HAUAJNO0 B UCHTpe MHepuui. Takas CHCTENA KOOD-
NMHAT, HA3LIBAEMASl CUCTEMOU YEHTpa uHepyull, 0611aNaeT, KaK ME
ceftyac ypUaHM, PAIOM TpeHMYIIECTB. ~
Cropocts UGHTPA HHEPUUH B AaGOPATOPHON CHCTEMe KOOPAMHAT
paBHa
Vormto = Uty 4 Anafe _ mivy - mavs
my + my S+ my
Tae Vi H Va—CKOPOCTH O0€HX YaCTHN Takke B JaBOPaTOpHOH CH-
cTeMe KoOPIHHAT. UTOGbI HATH CKOPOCTH 4ACTHI B CHCTEME UEHTpA
ia{uepuan, IYKHO H3 Vi K V3 BEIYCCTh CKOPOCTb UGHTPE UHEPHHMH V.
Tak,

vt my, iy .
MUY e ), (£55)
vy vy m _
B ke (V—vy). (45.6}

Tloaubit UMIYJIBC B CHCTEME UEHTpa HueplHn GyicT
P

"
P+ P2 =¥+ myv;

U, MpHHAMAR BO BHMMAHHe (45.5) n (45.6), BU1HM, uTO

§43] UEHTP HHEPUWH 159

I/ITaK, B CHCTEME KOOpjuHaT uSHTpZ HICPILHH NOMHBIR HMIIyabC
CHCTCMbI HaCTHIL He TOMBKC TMOCTOANCH, HC H paBen HYJI0. HC])CXOI{
K CHCTeMe KOODHHHAT I[CI1Pa HNEPUHU BO MHOTHX CaY4asix Ledcco-
ofpaser, TaK KaK B STUX KOOpAHHATAX Mbl pACCMATPHBAEM OTHOCH-
TebHLIE BMMCIU BIYTPH CHCTGMLI YACTHE, OTBAEXAsch OT JBH-
JKeHHSI CHCTEMb Kak Renoro. OHAako Ipu 3UEPreTHUCCKUX pacuc-
TaX, KaK Vbl Cefiuac YBUAMM, i1e1b3s 3a6bBaTs O ABMKCHIH CAMOTO
LLeHTpa HICPIHA.

B camoy #ode, BHYHCAUM NONEYI0 KHHETHYECKYIO SUEPTHIO CH-
creMsl AByX HacTHi. JLIs 3TOTO, 0YCBHAHC, HAT0 CKOpOCTH HACTHI
OTHECTH K jaBoparopHod cucleMe KoopauHat. Hrak,

1 , o 1 ’
3 (V[ Vo) g (VAo =

1 1
r 2 Ly
Lpas =5 07 & 5 303

)

{ 2 [
1,0} meg (e )04 (Y ) ve,

Tocaening wpell paeH Hymio Beaefctsde (45.5) n (45.6); Mel mo-
nyuaem

1
Erw=E A g(m 4 m)od 45.7)

.

dra gopuyna oueub BakHa PaccMOTpHM KaKOH-HHOYIE Ipo-
Tece, NPOUCXOAAMKA B PC3YALTATE HEYNPYTOro €oyIapeHun AByX
yactull, D10 MOKET OLITh, UANDHMCP, UOIH3AUMS ATOME WM JHC-
COUMALNS MONEKYAB (01 AeHCTBHEM COYAApCUHs C 3ACKTPOHOM
WAy SlepHas peakuua moji feficTREeM OHICIPOA YACTHUS! WaH Ka-
kofi-itu0yab Apyro#i apanormynbid npogece. KputHueckas suepris,
HeoB6XONAMAA JIA OCYIICCTBJACHHSA [POLeCca (IUeprus HORH3AUHH,
SHEPrus NHCCOMHAUMM W T. T.), OUERHIHO, paBHa Ly« Ho top-
Myna (45.7) nOKa3LIBAeT, 4TC FHCPIHA HANETAICLIEH YaCTHLH (DJeK-
TPOHA, NPOTOHA B T. 1) HOMKHA GbiTb Godbme En o Ha BeaMunHy
KHHCTHUECKOA JHEPrHH neHTpa HUEPUHK, B KOTOPOM COCpelaoTouYeia
BCSL MACCa CHCTEMBL

Pacyer a6 BLTIOIHARTC 0COGEHHO MPOCTO, KOTAA MOMKHEO HO-
MOMHTH PABHOH IFYITI0 Vg — CKODPOCTL OOCTPCAHRACMO 4ACTHIL (MH-~
wepk). B sTom cayvac

L

_ @ ve 1 AL mymy
Frs=gmyu}, £ moy + 5 m g % T, Ay

-
Tak Kax vy = 0. TaxuM o6pasov,

Eas _ tm g Emtm
o= o Bas=Lyu .
o 1y my

Orciona caefyer, 9T0 TOJBKO B TOM Cayuae, koraa Mg my,
MOMHO cunTath Eqas = Ly y.



160 ’ CTPOEHME ATOMA H KJACCHYECKAS ®U3UKA v

mpamiuenre Dweprua sephoh peaxumn N - Het— OV + 1 pan-
#a 1,13 Mag (I Moss = 10° 28). Kaxosa RomXua OBTh MHHHMAJLHAH 3HEprud
o yaCTHnM AJS TOTO, UTOGH 3T& PCAKUHA OCYWlecTBRAIACH (Orger: 1,45 Moa)

§ 46. JiuneciiHbii rapMORHYECKHH OCUAINATOP

Tlycts yacTHna ¢ Maccodl m ABHKETCA Ho npAMofi Nox AeficTBUeM
CHATBL, MPONOPLUHOHALEIOH OTKAOHENHIO HACTHILE OT NOJOKEHHT DaB-
HOBECHS K NNATIPaBJEHHON BCErAa K MOJOKEHHIO PABNOBECHI. Taxas

KoncGaTe/bHag CHCTEMa HA3bBaercd  JHHCHHEIM
rapwoniueckiy ocuuansntopom. OGpasuom ee Mo-
Ker CAYHHATb TANEABH MAPHK, MOABEWCHHEbI Ha

- yupyroii npyxupe (puc. 101). Baextpon, comep-
manomui KoacGauns 10X AeHCTBHEM 3/IEKTPAYECKO:
ro TmoJf, TaKKe SBAACTCH JBHCAHBIM TapMOHHuE-
CKAM OCUMILIATOPOM TPH YCIOBUH, 4TO Cuna, Aed-
CTBYIOmAs HA SAEKTPOH CO CTOPOHBI NOJR, IPOMIOP-
LHOUAALHA TepBofl CTeNeHH ero YHaieHus Or Ho-
JIOKEHHS DABHOBECHS W HANPABJCHA K 3TOMY IO-
noxenno. [To-ananornu ¢ ynpyrof cusofi Bce CHAB,
YIOBJIeTBOPAIOIIAE YKA3auHOMY BLIle TPCOOBAKHIO,
HA3HBAIOTCH KOAIUYNPYRUML.

Prc. 101, Mo- T o
nenh aupeliHOTo ak KaK ABHIXKEIHE YACTHIH B JUHE/HOM OCuHA-
Fapwornueckoro  AATOPE MPOUCXOAUT IO [psiMOK, TO Mbl BCErpa MO-
oeLuANETOPA.  JeM B3STH 9Ty UPAMYO 8a och Koopmumar. Tlycte

370 GyAeT 0Cb X, M MYCTh HAYal0 KOOPAMHAT COB-
pagaer ¢ TOMOKEHHCM PABHOBECHS HacTHUb! (puc. 102). ¥Ypasneunc
JIBHKENHS B 3TOM Cjydae TakoBo:

mi=—fx, (46.1)
Ifie f— NOCTOSHUBI KOSchHEHENT MPONOPUHOHANLHOCTH, paBueid
cuse, BOSHHKAOMeHl TPH OTK/IOHeHWH X =1, ou HasbBaeTCA «lO-
CTOSHHOA KBASHMYHPYTOH CH- [
ap». [TepenmmeM ypaBHenue —~—
(46.1) caenyomuM o6pasoM: .
f 4
. 1 . z
F et (46.2)

Puc. 102,

WM, TpUHEMAS Bo BHMMaHue, uT0 f/m >0, m BBONA O6O3HAueHUe

(46.3)
(46.4)

YacTHEIME peeHIAMH yPaBHeHUs (46.4) Gymy?
. xm=cosof, x=sinw, {46.5)

7
b2
i
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124;31\;{ MOXHO yGeAHTbCA HeROCPEACTBEHHON NOACTAHOBKOA WX B

Tlo ussecTHOMY CROMCTRY JIHHEAHBIX NHGpGhEPEHIIHAILHBIX ypPaB-
Heuu oflee pemeHte GYAeT JHHEAHOH KOMOWHALKe! 9aCTHBIX pe-
mennfi (46.5):

x=¢;cos 0f + ¢y sinwf, (46.6)

€ JIBYMsl TIDOUBBOMILULIMH NMOCTOSHHBIMA € H Co. DTH NOCTOSHHBIE
MOKHO HafTH H3 HayaJbHBIX YCJAOBHA: eC/lm, Hampumep, npu f =0
<X = Xg, £ == Up, TO, KAK AeTKO yGeAUTLLSA, €| = Xo, C2 == Uo/®, H 1O~
aroMy (46.6) npumEMAaeT BuA !

X = X, 08 ©f +1m"~ sinof. (46.7

Jns namux nenei obmee pemenue (46.6) yRoGHee MpeACTaBHTH
B HECKOJpKO HEOM BHue. Tlepenumem (46.6), BriHecs 32 CKOGKH €1

x=e (cosmt -+ ;—:sin mt) .
Tlonaras cofc; = tg 8, monysnm

€
€08 &

x=c;(cosof 4 ig § - sinof) = cos (of —8) =
. = Vel + ¢ - cos (@t ~ ),

WIH, NOJAB3YSich oGo3naueHweM /¢ e
TeNbHO

@, [OJNYYHM OKOHYA-

x=qacos (ot —9), {46.8)

Te & ¥ § — HOBbIE NPOH3BOJbLHBIE OCTOSHHELE.,

JBixenne, ONMHCHBaeMoe (GoOpMyJod (46.8), GyneT, oueBHaHO,
TNIepHOAMYECKRM, TAK KaK BPeMs BXOAuT B (46.8) uepes mepHopHue-
CKYI0 hyHKIHI0. DTo 3HATNT, ITO CYINECTBYET TAKON NPOMERYTOK
Bpemenn T, uto

cos (wf — &) =cos[o { + T)—d].
W3 aToro crenyer, uto
of =2n, o=2n/T;
© Ha3bBaetcs YLIoBof yacToTodl, a ofpatHas BeNHTHHA IepHOAA
T — nuuefHoi JacTOTOR v:

= /T =of2n,
_Vg—
e

Cornacko (46.3)

(46.9)

46.10)

6 9 B. Dnomsesus, 7. T
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BhiuMCIHM Teleps dHEpeuio OCyuAAnTopa. KhHeTHueckas sHep-

m, . N
rus pasHa By =5 &%, HIH, TAK KaK £ = —dosi {ot —d), TO

1 N
By =5 maa?sin® (of —9). (46.11)
Ecu 3a HyJlcBoe SHaueHHe MOTEHIWA/BIOH SHCPrHy NpHNATH ee
BENHUMHY B TOT MOMEHT, KOTJA YacTHUA HaXOLHTCA B TOJOMEHUH

pABHOBECHA, TO NOTCHLHALIAS SHCPrUs B HEKOTOPOM MOMOKCIHN
¢ xoopaunarofl x¥ yrer

Ep=~ffdx:ffxdx=%. (46.12)

ToxeraBus ¢01a X 13 (46.8) W NpHHSIB BO BHHMATHe, uTO no (46.9)
f=ma?, naiigem

1 et cost (@t — ). (46.13)

Ey=3

Tlpu noMown (46.11) u (46.13) maxoaum MoJIyiO SHEPruio:
E=E,+E,= 17 ma’a? [sin? (wf — 8) + cos? (wf — §)] -«% mae?,
(46.14)

@opMyab (46.11) U (46.13) mokashBaIOT, YTO KHIETHUECKAA U
noTeHIlRANbHAS SHEPTHU MENAOTCA BO BPEMEHH Kax KBAlparsl CH-
Hyca u Kocruyca. [109TOMy U1l OTHCKAHHS CPEARHX SHAYEHHA SHCp-
ruH 3a NONHb HepHOA AOCTATOUHO BHMHCIHTH CPEIHHE KBaJpaTos
KocuHyca u cHHyca. IlpH 3ToM Hamnuue $asoBoii MOCTORHHON 8, 1e
saBucAmell OT BPpeMeHH, oUCBHAHO, He Wrpaer HEkakofi poau. Ilo
OnpefieneHHIO CpefiHero 3HAUCHHS 3a Nepholl T Mel HMeeM

+T72 +I2

— 1 5 1 14cos2at ., 1

cos* of = 7 f cos? ot df = J — G —dt=, (46.15)
~Tp2 ~12
+I +IR

— 1 9 _ 1 I—cos?f . 1

sinfof = f sin’ of dt = f ————di=-. (46.16)
T —Tr

3aMeTHM ee, 9T0 CpefHHe 3uavenns ¢os’of # sin® of 32 TpOMERY-
TOK BpEMellﬂ, oueHs GONLIION MO CPAaBHEHHIO C TepHOAOM, TAKKe
pabust nosopute. Ilyeth fi GyZer TAKHM NPOMCKYTKOM BPEMEHH:
#13> T. Mbi uMeen

£
—— (1 20t 1
cos? of T‘J‘chﬂdt=%+msm2mt.
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]
Ho mtI:ZnT‘, u ecnd £ 3> T, T0 @/ eCTh QUCHB GOJBLIOE YHCTO,

a notomy BTODOM 4AeH OYERb MaJ M HM MOXHO mpeneGpeub. Hrax,
IS 0CTATOUHO GOMILINOTO MPOMEXKYTKA BpeMelH

cos? of = 1/2.
TouHO Tak xe
sin?of = 1/2.

Takum 06pasoM, AAs cpefiledi KHEETHYECKOfl SHEprHH 32 MepHOX
AaH 32 TPOMENYTOK BpEeMeHH, 10CTATOYHO GOJABIIOH O CpABHEHHIO
¢ neprogoM, H3 (46.11) u

(46.15) moayuaem ”T
= _ 1
Ep=7 a®mo®  (46.17)
W A7 Cpeddcit MOTeHUHATb- [
HOA 3Hepran
o 1
E, =7 me?.  (46.18)
Cpasienne  (46.17), (46.18) z
u (46.14) naer 4
o Pae. 103, [oTenyMaTenas KpuBas rapMo-
v=E,=5E (4619 UHHCCKOTO OCLHMIATOPE.

1. €. Ind JubefiHOro rapMOHHYCCKOrO OCHHJIATOPA CPElHAS 3a
GoJIb1IOf MPOMERYTOK BPEMEHU KMHETHYECKasd SHeprus pasHa cpel-
Heil MOTenuMAALIOA SHEPrHH, H 06 paBHBl MOMOBUHE NOAKOH 3Hep-
THH.

Tax Kak NoTCHiWajbHAs nepris {/ 0ponopuHOHaibia KBadpaTy
cmemrerns U == [4%/2, TO NOTeHnUagbHAS KpHBAA TapMOHHYECKOrO
ocuuaIRTOpa ecTh napabomra (puc. 103).

§ 47. Komniexcnoe npencrasienne KoxeGaunii
O6mee pellleHue ypapHenua Koue6anuil rapMOHMYRCKOro OCILUI-

nATOpa
=acos (of —0) (46.8)

Mbl MOKEM HAIACATh B HECKOJIbKO WHOM BHIE, MpelCTaBARIOeM
Soplke MpedMyIIECTBA ¢ (HOPMATLIOA TOUKK Spednd. Jia sroro

ME TIpENIe BCEro BCIOMIAM, 4TO 1O u3BeCTHOH TEOpeve aHajnsa
BCAKOR KOMILTEKCHOE qHCIO

4— G+ bi=r(cosq 4 ising) (47.1}
6
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MOJKHO NIPESCTABHTh B BHAE SKCIOHEHIMANbHOA QYHKIHN € MHAMBIM
NIoKa3aTeneM
u=re'®, (47.2)

rEe r Tcs MORYJEM KOMIL 0 uncia W 0603HaYaeTCA
Takxe uepes |u|, ¢p— apryMeHT WM ¢asa. Eciu mpl saMenuM B
A7) u &7.2) { Ha — i, TO MOy 4HM KOMILICKCHOE YHCIO

" re=ie, (47.3)

u

KOTOpOE HA3HIBAETCA KOMILICKCUO cOMpsikeRHnM ¢ u. [Tpoussenenne
ZBYX KOMIUICKCHO COMpSKEHHLX 9HCEl paBHO KBANpaTy HX O6ULEro
MOAYJISI, TAK KaK

r(cosg —ising)

uu® = rei® . re=1® =lup.
JlerKo BHIETL, UTO KOMIVIEKCHOE BLPaXEHHE
x==a(cos of + i sin of) = ae'®! (17.4)
B C ITHM KOMIWIEKCHO CONPSEHHOC
"= a (cos ©f — i sin vf) = ae—i* (47.5)

YAOBJACTBOPAIOT AH(depeHIlHAILHOMY YPABHEHHIO IapMOHHIECKOTO
ocuanaTopa (46.4), TaK Kak OHH CONEpXKAT JAHieRnbe KOMOHHALKH
€ro yacTHeIX pemteHHH. [To3TOMY @opMaroro Ml HMEEM NpPaBo NH-
catb POpMyay KoleGanuii He TONLKO B TPHIOHOMETDHHECKOM, HO H
B 9KCIOHeHUHaubHOM BHIe (47.4) unn (47.5). Takas 3aMena ueie-
€006 paskEa MOTOMY, 4TO BO MHOIMX CEY4anX MaTeMaTHYeCKHe omepa-
UMK ¢ 9KCIOHEHIHAMBHBIMH (YHKIHSAME BHIIOJHSIOTCH 3UAMATENLHD
npoute. yeM ¢ TpHrouoMerpuueckiMH. ONHAKO € QHIAYECKOH TOUKH
3peks GOpMyaa X == ae'®! COmepXUT NMPOTHBOpEUHE, MOTOMY 4TO
B JeEOl 4ACTH ee CTOHT AeHCTBHTe/NLHAs BeqHuHna (KOOpAHuaTa),
a B DpaBoil — KoMilekcHas. [as TOro 4TOGH, HECMOTp HaR 9TO,
COXpAHHTb BO3MOKHOCTb ONCPHDOBAKHA C 3KCNOHEHUHANBHEIMH
GYHKUHAMH, CTABHTCH yCMOBHE — MOJL30BATLCA STHMH DYRKIHAMH,
HO B OKOHYATENBHOM De3yJbTare 6paTh TOJBKO JefiCTBHTENbHYIO
yacTh MOAYYCHHOTO KOMTUIGKCHOTO uhcAa. DTa neficTBHTENbUAs
.uacTb B TEX CAYasx, KOrLA MOKET BOSHHKHYTb COMHeHMe, 0603Ha-
qaeTcs CHMBOJMIOM Re, MOCTAaBJICHHBIM Mepejl KOMILICKCHBIN UUCTOM:
Reel®=cosg.
QOuerHIHO,
Re e#! = Re ¢~#! = cos af,

BCJAC/ICTBHE Yero ¢ ONHHAZKOBHM MpaBOM MOXKHO NOJb530BaThCA JIO-
OLIM H3 JIBYX KOMIIJIEKCHO COMpAXKEHHEX Huced.
OOwHi nuTerpas ypasHeHHs JIHHEHHOTO OCHHAIATOPA

X% = a cos (of — §)

§ 48] - PA3JIOXEHUE B CHEKTP 185

HaNKOIeTest NPH 3TOM YCHOBHE B BHJIG
x = Re get©@t-0

Ente Goabiige YNPOLGeHHe JOCTHIAETCS BEBEAEHHEM KOMMACKCHOM
amnauTydsl, 3aMeTHB, uTO @e'®i=% = ge—%. 19!, pRefleM KOMIIEKC-
Ayl0 aMIIHTYLy A == ae~i. KoMil1eKcHO conpsakeHHas aMIVIUTYAA
6ymer A*==0e®, a KsalpaT IelicTEHTEJABIION AVNIIATYAL @ Hai-
Aetcd Kak IpoH3BeleHune

AA =qe~® - qed=a?=| AP

Toab3yach KOMILIEKCHEIMH aMIIHTYAME, OpMYITy rapMOHHYECKHX
KOMeGaHHI MOYKHO BCersia MHCaTh B BHIE
x=Re Ae™*
HITH [POCTO
x = Aet®*,
NOMHS, 4TO HayadbHas (asa & BIIOYACTCA B KOMIAEKCHYIO aM-
IAUTYLY.

VKaaaHHb{l B 3TOM Naparpade Cmoco6 KOMIIEKCHOro MnpelcTaB-
NeHHST KONeGaHHii KaeT MpABHIbIbE pesyJIbTaThl JHIIL IO TeX NOp,
[0Ka MEr UMeeM JIeNlo ¢ JHHeAHLIMHE BEpameHnsMi. Eciy ke mepro-
JIHYCCKA MensoUlascs BeJHYHHA BXOJZHT B KBajgparte maH B Gosee
BEICOXO}! CTENeHH, HIIH, HAKOHCI|, €C.11 ML HMeeM Ael0 C NpOH3Bene-
HHAMH TAKHX BEIHYHH, TO HEOGXONUMO BHOBb NEPEXOAHTH K TDHIO-
HOMCTpHICCKHM QYRKIHAM. ITO CACAYET U3 TOTO, YTO NeHCTBHTEb-
Has 4aCTh KBaZpaTa KOMILIEKCHOTO YACNA He paBHA KBaIpaty ero
RefiCTBATEIBbHOH YacTH:

(@ + bi)*==(a + bi) (¢ + bi) =(a® — ) + i2ab,

TaK 4TO
Re(a + i # o

Touno T4K JKe NefCTBHTeNbHAS UACTb NMPOH3BELEHHA KOMILIEKCHHX
quces me pasHa NpONSBefleHMI0 HX HeficTBuredblmix dacted. Ecun,
OANAKO, XEJATEJbHO ¥ B ITOM CIyuae DOAb30BATHCH SKCIOHCHUH-
aTLHBIMH (YNKUHAME, TO 1EOGXONUMO 3aMeHaTh KOCHHYCH pony-
CYMMOA KOMIVIEKCEO CONDSKEHHBIX QYHKUMA MO H3BECTHOR ¢op-
Myne Divepa

cosq %(ei"‘ +e-i9),

§ 48. Pasnoxensne ® CHEKTp
KoneGaHHs NHHENHOTO rapMONKYECKOTO OCUHAINTOPA (PEACTAB-
5107 COG0I0 MpOCTeHIKH Cydail NepHOAHIECKOTO Nponecca. Ouens
4aCTO BCYPEUAKOTCH IIPONECCH, KOTOPHE ABIAIOTCA NePHONHIECKAMH,
#o He rapMonmueckuMH. Tax, HanphMep, npouecc, H306paKkaeMelf
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HEOFpAHMYEHHHM NOBTOPEHHEM BJIEBO H BIPABO CIVIOWIHOH KpHBOf
puc. 104, ccTh, HECOMHCHHO, NpOUCCC MEpHOAHUECKN{, HO OH He
spaserca rapMonuueckaM. Ha pue. 104, oxHako, NMOKasaHo, 4TO
criomHan KpHBAA MOKET GblTb IOMydeHa NyTeM CyMMADOBAHH:
IBYX CHHYCOHJ € UACTOTaAMH
© ¥ 2m, @ HMEHHO,

r=asinot+ %sin 2ut.

MoxHO TaKke CKasatb,
4TO KOJIe6aHHE, H30GpaKeH-
t noe ma puc. 104, pasaaraercst
B CHEKTP, B KOTOPOM UMeeTCH
OBC CINEKTpaJbHLEIE JHHHH C
vacToTaMd @ M 2@ (Wid v H
2v, cCIH TPEANOYTHTEIBHO
[0b30BATHCA JMRECHHLIMH, 2
HE YIJOBLIMH YacToTaMu).
Puc. 104. Tlpamep HerapuMoHHYECKOTO me- B MareMaTHyeckeM aHa-
PHOIFUCCKOrO MpOLELca. JH3C JNOKaSLIBARTCS, UTO 4/0-
bas wpusas *), n306paKkaw-
was meproAHYecKHi MpOLeCe HacTOTH @, MOXET OhTb NpercTas-
JeHa K4K pesyJbTAaT NaJOKEHHA GECKOHCUHOr0 UHCIa CHHYCOMA
M KOCHHYCOH[I ¢ uactoTaMn @, 2w, 3w, ... Ilogo6uoe pasnoxenne
NepUOAHIECKHX, HO He FapMOHAYECKHX npoueccma Ha UHCTO rapMo-
HHYECKHC €CTh W3BECTIOE pasaokchue B paj Oypbe. Ycaopus cxo-
JIMMOCTH 5TUX DSNOB HCQIEAylOTCl B MATEMATHUECKHX pYyKOEOL-
cTBax **). Msl 3)€Ch 3aMETHM TOMILKO, 4TO AMA (yHKUHi, HuTepe-
CYIOWUX 1ac B 3T0H KHure, pagsl Pypbe CXOIATCS NMOBCIOAY paBHO-
MEpHO, TaK 4TO HX MOKHO HOUMCHHO MepeMHOMaTs, NH¢(epeHIpo-
BaTh H MHTETPHPOBATh, JL/s OMpELETEHHOCTH 6yieM NpeAnoaaraln,
4TO Hallefi gpyHKUHeN sBaseTcss cMeuierke x(f). Toraa

X(t) = "Yzby + b, cos @gt + by cos 2000 +
. esinag 4+ esin20¢ 4 ... (48.1)
Koagguient 1, 8 nepoM ujeHe BBENeH U3 COOGpaKeERHi

yAO6CTBa H CHMMETPUH (hOPMYJL, KaK 3T0 6YAET BHAHO H3 AandbHeli-
LIETo.

*) YcnoBEA, KOTOPEIM AC/MXIIA YAOBAETBOPATh (GYHKINA, H306paKa0man ne-
PHOMMIECKTHI npOLIeCE, 118 [OX0 UTOGH £6 MOKHO GHLIO LIONBEPIEYTE PARNOKERHID
B pan Pypbe, BACTOABKO WHDOKH, 4T0 UM NPAKTBCCKH YIORJETROpAeT mobad
dysraeaz, Haoﬁpw(ammaﬁ peansuiili gusHueckai npomece

W Tpusanos Pamu Qypse, Tocasnar, 1930, amn moGofi yued-
HHE Mﬂ’reMaTu\vECKoro ananusa, wanpudep, B. M. Cuupnos, Kype sucmed ma-
Temarmsw, 7. 11, <Haykas, 1967, erp. 435,
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HanomunM npocTofi cnocol SBHURCHIEHHs KOd(HUHEHTOR psija
@ypbe. OH 0CHOBAH Ha CJENYIOUIMX (OPMyNax, JErko OIpaBAhBae-
MBIX [IETIOCPEICTBENHEIM BEYACACHAOM:

+T2

4] npr m < a,
_i[/; cOSs ot - cosnmotdtz[_;_r npi m o= (48.2)
+re 0 npn  me4n,
sinmogt - sinnagd dt =1 1 48.3)
~ir ’ ’ . {7T fpH fm =1, 83
+Tr
f SI0 Moy - cos ningt dt =0, (48.4)
-T2

Jlnsr oTLICKARHA KO3 HUREHTA D yMHOXHM 0Be yacTH (48.1)
HA COS Mot U NpoHRTerpupyem oT — 7/2 po 4 T/2. Torza Bce uH-
Terpajibl NpaBOH uACTH Ha OCHOBAHHY ¢opMys (48.2) u (48.4) 6yayT
PABHB HYJIO, 33 HCKIKUEHHEM HHTErpaia, yMHOXAIOLeroca Ha
KO3¢hpHUUEHT D, Ko'mpbm pasen T/2. Taxum o6pasoM, moaysaem
+T72
bm:T f X (t) cos magt di, (48.5)
—T2
To4HO TaK e J151 OTHICKAHHS KOSHINSHTA Cn YMHONKACH 00
wactu (48.1) Ha sinmaot u wnrerpupyem ot — 7/2 10 + T/2. B pe-
ayabTaTe MOMydaeM
+712
X (t) sin moyt dt, 48.6)
e

Haxonen, nna oTbickanust by unrerpupyem (48.1) or —7/2 no

4 7/2 1 nonyuaen
772 n nonysac +7r

2
by=7 J‘ x(f)dt.
-TR
OneBHAHO, YTO OCTOARHBIA WIEH pa3NONKEHHs
+172

1
b= f Xty di

€CTb CpefiHee 3HaYeHWe QYHKUWA X(f) 3a NMepHON, H ECAH KpHBas
x(1) CHMMETpPlNHa OTHOCHTeABHO OCH { (Kax, Bampumep, KpHpas
puc. 104), 10 5 by =0.
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OtMeruM anech ewe Ase ApyrHe hopmsl psxa Pypee. Obbenu-
HAs TONMApHO UMEHM C CMHYCAMH H KOCHHyCAMH by, cos kaet +
+ ¢y 5in kot B 9aenbt BHAA a5 COS (Roof +8x) (oM. § 46) u oGosna-
4as ceOGOAHM YieH uepes !/xdo, MOMYHUM
X (t) = 1/280 + @) 08 (&gt + b1) + @zc08 (20 + 85) +

+azcos(Bof +8) + ... (48.7)

Ocoferro ynoGHa AAs HAIWMX Tledeli KOMIneKcuas ¢opMa paaa
dypre. 3amenuM B (48.7) KOCHHYCHl NOyCYMMaMH KOMILIEKCHO
CONPAKEHHBIX IKCIOHSHIHATBEBX hyHKIHH
cos (st 4 6) =" [¢f (0t +85) + o (‘"’n'*"s)] . .

1)y (o750 s om0

H BBeLeM KOMILIEKCHbIE aMIIMTYAR, 0603Hauas HX, COOTBETCTREHHO,
uepes Ay H A, Agu Ao BT R

A=Thaet, A=‘hae i,

Ay ==1pa5",  Ag== e,

48.8)

A, =1hae’, A=1pae ",

Ay="ha,.

Toraa paz (48.7) NMpUMeT BHA
% (t)= Ao+ Aig® + Agei® 4 ...

- 4 ised
e F At LA et L= 3 Asers (48.9)

-15)

HJH, €CTH C TIOMOUIBIO COOTHOWEHHS @o = 25V 3aMEHHTb YIVIORBIE
HACTOTH JHHEHHEIMH: - .

£ )= Ay A L Attt L
o .
ALt L A et = 3 A, (48.10)
=
11.}[5] OTBICKAHHS KO3 HMLUHEHTOB NOCTYNaeM CJeXYOUuHM o6pa-
P D

30M: yMHOKHM ofe uactd (48.10) ma e”*¥! W MpoHNTerpHpyeM
ot — T/2 jo + T/2:

+IR +T2 oo
f x(t)- et dt = f 2 Agetens—rivd gy,
—fp. I sm—e

Jlerko yGeiutbcss B TOM, YTO B MpaBofi 1acTé BCe WieRk 06pa-
mMATCA B HyJIb 3a HCK/IIOWEHHeM wieHa woMep r. [leficTauTeabio,
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a) mpH s 1
7,
4112 . ) 4 +TE -
(=) Vil fff oz e 8 (pl2 (5= 1) et =
J‘ Ase vt i2nis—r)ve (e )

) ~Tr

- ———# in{s—1) —in{s=r] —
=G e e =0,

6) npu s =1

+T42

D Adt=A,T.

=T

Us storo caexyer, 410
+Tr
A=t | e, @s.11)

=T

AHANOTHYHO STOMY [Jsl OTHCKAHHS KO3dduuuenta A, yMHO-
waeM ofe uactn (48.10) na eV y umterpupyem or — 7/2 a0
~+ T/2. B pesyhbrate noayuaeM

+112
. A f x (f) vt g, (48.12)
~17
ITpu ¢ == 0 nonyyaem -
+Tf2
f x{t)dt. (48.13)
-7

3aMeTHM cure, 9T0 ecad X(f) — pyRkuna AeficTBHTENbHAH, TO
koapduunenrs Pypve Am U A-m 0GA3RTENBHO KOMIWIEKCHO COTpS-
JKEHBI:
Ap=A-n

[cot. opmyiar (48.10)], Tax Kak ToJbKO B 9TOM CcAyIae ¥ mpasas
yacte (48.10) Gyaer AeficToutennta, .

Mu BHAEM, TaKuM 06paaoM, uTC ecd byHKIHS x(t) npencras-
JseT NepHOAHYECKHH NPOUECC, TO ee BCeria MOXKHO DasnoKHTL Ha
rapMoHnYeckre cocrakisiouie. Ha Ashike $u3HKH 310 O03IHAUAET,
9TO mepHOAMYECKHil NpOUECC MOKHO pA3AOHUTO 6 CnekTp, ITOT
CIeKTp GyReT AUCKPETHBIM, T. € ON GYEeT COCTOATH M3 OTAEJbHHX
HIea’ibHO TOEKHX JIHHH{, YaCTOTE KOTOpHX 00pasyor apHdMeTHue-
ckult pan vo, 2vg, 3vo, ... OuCHb 4ACTO NOABIYIOTCS TepMHHOJIOTHEH
aKYCTUKH U HA3HMBAIOT Vo OCHOBHOMU 4acToroll, a 2vo, 3vo, ... —ee
oBepTonanmu,
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OQuerHAHO, 910 KO3 HLHeHTH Pypbe MpeACTABNAOT AMILTHTYAB
COOTBETCTBYIOUWMX 0CepTOHOB. B TO BpeMs KAk aMINETyla MOMKeT
GLiTb TOJOMKHTEBHO! HJIE OTPHUAPENRHOH, UHTEHCUBROCTL €CTh Be-
JHYHHA CYUIECTBEHHO NOMOKHUTENbIAn; OHA HSMEpeTCs KBaapaToM
amnanTynn. Takum 06pasoM, KBaxpatsl Kosdduuncrtos Dypve
NpeNcTaRIOT HHTEHCHBIIOCTH [ADMOBHYECKHX COCTABISIOUEX Me-
DHORMYECKOTO MPOUECCa WMH, ¥TC TO 1Ke CaMoe, HHTEHCHBNOCTH
CHeKTpaJIbHBIX JHEHH.

B 3akmoueHHe 3aMeTHM, 41O pasJoxenne Pypbe MOKeT GHTb
NpUMEHEeHO TaKkike H K HENepHOJHYECKOMY OpOuSCCy, 3alaHHOMY,
OIHAKO, B OZPAHWHEHHOM WHTepede (nanpamep, B OrpallHuEHHOM
HHTepBaNe DpeMeBH OT fo 10 £). B 3ToM caydae MBI MOXKeM Kpi-
BYI0, U306paKamOUIyI0 NpOLece, paccMaTpuBaTs KakK OXHH NepHoi
nepHoKuecKoli pyhkmmm. Tax Kak, ONHako, pasnoxenne Dyphe
Gyner NpeACTABMATE (GYHKUMIO MEPHOJHYECKYIO, TO OHO GyaAer npa-
BUILAC M306pakaTh X0 NpOUECCA TOJNBKO B Hpellellax 3afaHHOro
nuTepBana *).

§ 49. lUenTpasbebie cuanl, KuHeTnyeckas anepras
B DNOASPHBIX KOOPAHHATAX

Vlsyuns cBoficTBAa AUIEHEOrO OCUHJTATODA, MBI TEPEXONHM X
pACCMOTPEHHIO MOJENTH, COCTOSIEl H3 9MEKTPOHA, 06pALAWEroca
OKONO HENOABMKHOTO neHTpa. Takoe JBHKCHRE ABNAETCS YacTIBIM
cay9aeM ABWMKCNHS B OJNC UEHTPANLUBWX CHJ, T. €. CHJ, Hallpasic-
IWe KOTOpHX BCe BpeMst MPOXOJRT uepes OANY TOUKY, & BeJHuHHA
ABAfeTCH (yIKUUER TOALKO pACCTOSANNA OT ITOH TOUKH.

[Ipn pelieHud BCAKOE MeXaHWYeCKOHl 8alaul OYCHb GOJbIIOE
3laveHHe HMELT pAIHONAIBHEL BEIGOp cHcTeMbl Koopantar. O6srHO
3afaua gerye BCETo PEIIAETCA B TAKOH CHCTEMe KOoOpunat, Kotopas
OTBeYAeT CHMMETpHM caMofi 3anaud. [TosTomy caeflyer OXHAaTh,
4TO AJIA IBHKEHH: B UEHTpaNbHOM DNOJe HauGonee noxxonsiued 6y-
ZieT MoNApHas CHCTEMa KOOpHHAT.

[Ipu paccmoTpeHHH IiakeTaproil Moxean atoma (§ 51) mal Boc-
1I0AIb3yeMCH 3aKOHAMH COXpaHEHNs SHEepiid U MOMENTa KOJHIECTBa
IBAMCIHA. B KauecTse MOATOTOBKH K 9TOMY PacCMOTPEHHIO Mbl Bhi-
ReeM BBIpaKeHHC JU1Al 9HEPrHH B NOJSPHLIX KOOpAMHATAX.

[ToaoKeHHe TOYKH HA IIOCKOCTH onpeiexsieTesl ABYMS HOASp-
HHIMH KOODJAMHATAMH 7 B (, CBA3AHHBIMH C IEKAPTOBLIME COOTHOLIe-
HHUSMH

x==rcosq, y=rsing, (49.1)
KuHeTHUECKAR SHEPrHst B JEKAPTOBHIX KOOpAMHA1aX BHIpAKAETCH
B BHJlE

FTEH (49.2)

*) Ca, oanaro, § 72.

§ 49 LEHTPAJILHHE CIUIB. [OJSPHHE ROOPOWHATLY 171

Ho us (49.1) cnenyer, uto

feose—rsing. ¢, g=rsing4rcosg . (49.3)
[loacrarasa s1o 8 (49.2), HafileM nOCAe NPOCTHIX BhHIUUCHEHU

T=3 (2

. (9.4

DT0 W €CTh BEIDAKEHAE KAHETHUECKOH SHEPIHY B LOJIIPHbLIX KOOpAH-
HaTaX Ha NJO0CKOCTH.
Kom6uenpya popmyast (49.1) u (49.3), nerko nomyanm

P, (49.5)

DTO COOTHOLIENHE HAM TOHATOGHTCA BIOCASACTBHH.

CdepHueckAME NONAPHLIME KOOpAHHATAMH TOYKH P B HpOCTpaH-
cree caykar (puc. 105): pajuyc-sekTop £, NOIOCHOE paccTosuue &
(tonosHeHne K wmupore g0 90°) u

JOATOTA (p, OTCUMTHIBAEMAs OT Ka-

KOrO-HHGYAb NCPBOCO MEpHAHANA.

CooTHOMIEN e MEXK LY NEKAPTOBLIMH

H DOJSIPHRMH KOODIHNATAMH BHA- A

WO HENOCPeACTBENHO H3 HCpTCXKA:

x=rsindcosg, y=rsindsing, ‘

z=rcost. '
Ortcrona noaysaem ‘h
x=rsinbcosg +
4 récos ¢ cos p— r¢sindsing,

g=rsindsing 4 rd cosdsing +

+ r¢sinfcosg,
7 cos ¢ —rd sing.
[MosicTaBsia 570 B BHIpaKeHHe KHHETHIECKON SHEPTUH Uepes pekap-
TOBBI KOOP/IHHATEL B MIPOCTD AHCTEE

1y —yx

2

T=3 (247 +2), (49.6)
nafiiem mocre YOpouleHH#
T =3+ rh 4 sin’d - ¢) (49.7)

— BEIpaiKehHe IS KHHETHFeCKOl SBeprul B chpepRUeckOfl MOAApHOA
CHCTEME KOOpHHAT,
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§ 50. Jlpuxenye B UEHTPANLHOM nose

JlAn ODMCAHAS UEHTPANLHOTO ABHIKEBEA GOJbLIOE 3HAUEHHE
HMeeT IAUAMHUCCKAs BeJMMMHA, Ha3bIBAEMas MOMEHTOM KOJKue-
cTBa ABmKeHHs. BO3bMEM HbIOTOHOBO ypaBHeHle IBHXKEUHs B BeK-
TOpHOH popme .
mv=F

H
H YMHOXKHM CTO 6eKTOPHO LA€6Q HA pAjHyC-DEKTOp I
[rmv]=[rF}. (50.1)
3ameuas, uTo

% [rpl= th— [emv) = m{fv] 4 m [rv] = m [vv] + {rmv]=[rmv]

([v¥] = O xax nponsBelekite KOMHHEAPHBIX BEKTOPOR!), MOKEM Te-
penncars (50.1) 8 BHIe
2 tepl=DrFl. 50.2)
By
eKTOp L—1rp] ©0.3)

Ha3uBAETCS MOMEHTOM KOIHYECTBA JBIKEHHS MaTepBasbHOi TOUKH
oTHocHTenbHO ToukH O (pHc. 106). Ero cocrasngoulie no Aekapro-
BLIM 0CAM KOOpIHHAT TAKOBEL

Ly = {yp. —2p,) = m (42 — 2},

Ly = (2p,— pz) = m (24 — x2), (50.4)

Ly = (xpy— ypx) = m (t§ — y%)-

YpasHeume (50.2) Tenepn NpuHEMaeT BRI
L=I[sF]. (50.5)

Pre. 106. Fean, OXUAKO, KBHIKCHRE — YEHTPGALHOE,

70 t u F Hanpap/iCHL; OIIHAKOBO HJIH Mpsi-

MO TpPOTHBOTIOJOMKHO, TAK UTO B 3TOM CIydae [rF] = 0, u ypaBuenue
(50.5) naer .

L = const, (50.6)

T. €. IpH UEHTPANBHOM ABIKERMH MOMEHT KOJHUCTSA ABHKEHUA
Kkak sexTop coxpausiercsl, Hs s1oro caefyer, B uacTioCTH, uT0 Tpa-
eKTOpHS yACTHLL TIpH UEFTPAbOM JIBHKCHAN JEHHUT B OXHOA WI0-
CKOCTH, TAK KaK TOJbKO B 3TOM Clyyae Bektop L Gyier coxpansirh
01HO H TO K€ HAlpABJEHHE BO BCE BPEMs IBHIKeHHS.

§ 51) KETUIFPOBA 3AJAUA 173

Ecau miocKocTb opGuTH BLIGPATL 33 IICCKOCTb XY, TO OYCBHIHO,
uto sexrop L 6yser sampasJeH no ocH z, ¥ Toraa

Ly=L,=0, L=,

Taxk qTo
L==L,=m(xg— y%). (50.7)

Bo MHOTHX clyyasiX DpH DACCMOTPEHHH UEHTPANBHHX ABHIKEHHI
yao6Hee MOXb30BATHCA NOMAPHLIMH XOOpiHMEarTamu, [lpupmmas 80
BHHManue, ut0 [cM. (49.5)]

*j— yE =17,

MOXEM NpelCTABHTL BLpAMeHHe MOMEHTAa KOMHYECTBA JIBHIKEHHs
(50.7) B Buge

L=mrp. (50.8)

MoMeHT xoaHdeCTBa IBHKEIHA MOXKeET OblTh BEpAMKEH Yeped Ki-

HEMATHUECKYIO BEJHUHIY C, HA3LBAEMYIO CeKTOPHABIOH CKQpPOCTHIO.
ITo onpenenenuio

!
C—=73 [rv]
H CJIE/I0BATeIbHO,
L == 2mc.

U3 3akoHa coxpaHeHMS MOMEHTA KOJHYECTBA NBHXEHHS Hero-
cpesieTRenuo creyer Bropolt 3axkon Kenvepa. B camoM nerne, ecn
L-== const, 10, ouesH1HO, B ¢ — const, a 310 U ecTb BTOPOA 3aKOH
Kennepa.

§ 51. KenaepoBa safava

PaccMOTpHM ABIKERKE IEKTpOHA, 00pamalowerocs oKoio 8apa
¢ 3apsAoM + Ze R Maccoff, HACTOAbKO GOJBIMOA 1O CPABHEHHO C
maccofl 3MeKTpOHA, yTO CaMO AP0 MOXKIO CUUTATH HCHOABHIKHHLIM
uentpoM. Tax kag onbtyr Pesepdopfia ¢ paccesndeM o-yacTall mo-
Kasaay, 910 BOVIOTb 10 paccrofHuil nopaxka 1012 cu saxon Kymona
HMeeT MeCTO, TO CHJa B3auMOANCTRIS MEeKIY SAPOM H INeKTPOHOM
Gymer Ze*/r?, a moTeHURANbEAS IHEPIHA

U=—%,
;

1.1y

OueBHIHO, UTO HpH TAKHX YCTOBHAX Halla 3agayd TOMKAECTBEHHA
¢ 3aiauell O IBHKEHHH MIAHETH BOKPYT COJIHLA, N0YEMY ee U Hasbl-
BaKT Kensieposoft 3a1aueit. Jlns peienns aTof 3a1a9K Mbl BOCIOMb-
ayeMcsl 33KOBaMH COXpAHeHHS SHeprHK H MOMEHTA KOJHYeCTBa ABH-
Kenusn. B moasphuX KoopAmHarax fcM. gopmyns (49.4) u (50.8)]
STH 3aKOHBI 1A10T

5@+ P 612
mr¥p =P, 61.3)
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rae E n P— nocrosmune; 13 (51.3) nmeeM
(51.4)

Tlanee MEl mepeflich OT NPOHIEOMIILIX N0 BPEMEHH K IPON3BOMILIM
70 YTy @ H C 3TOR UMb BOCTIOML3YEMEs COOTROMCIHEM

dr dp __ P dr

F=gyar = dy" (51.5)

Iogerasnas (51.4) u (51.5) B (51.2), uainem

m [ P (dr\?

T[mm (Tw) +
HH, 110CTe HeGOIBLIKX NpeoGpasoBaHiil,

L (dry? 2mE 2mZe® 1 1

) =+ 619

. o

i
BaexeM HOBYIO NepeMeHIlyIO, TONOKAB @ == ~—. Tak kax il

d—;, To (51.6) mpUMeT BHR

Td
dp\2 __ 3mE | 2mZe
(W) =InE L

Jlns uHTerpnposakua ypassewns (51.7) ymo6HO ero eme pas
npoxHepeKLHpoBaTL:

p— (51.7)

o d _wnze by
g
3ro ypannenue. MBI HepeHHL\lCM B BHAC
do
a5 \dg?

Tax xak dpfdg, 6006ie 20s0pa, # 0, T0 10/KUO GBITE PABERO YO
BHpaKeHHe B CKOGKaX *). Mul MosyuaeM, TaKHM O6pasoM, Mad o

) Kax Gyser snimo 3 famumeitmero [cv dopayay (51.14) u cremyiommi
32 HeR texer] dp/dg oOpaLLBeTCH B AyAn, BOOGUIE TODOPA, TOALKO B NBYX TOUKAX
TpaexTopHH, CoOTBETCTRYiOMLX (1pi E < 0) adieAmo H NepHrewio opouTLL Ypan-
Herme k¢ dp/dg — O 2300 6w pemenre p = const L A0CwX duauennk ¢ 1o,
OUEBHANO, MNMEET MOCTO TOALKO B CAyTae KpyroBoH opSuTs Herpyaso, oamaxo,
YOEIHTECA B TOM, PO B CAYHa KPYTOBOH OPGHTH (T. e. MpH ycaosun p = const
BO BeeX TOUKax OPOHTH) JJIA P NOJYYAeTes BbPAKEHHE
mZe?
0=—ps

Ho, Kak BHIMO H3 TEKCTA, T0 — UACTHOE pClllenue Py HEORLOPOIHOLO YpabHe-
o np ckobKax TaKn oBpasoM,
0 e 13T LOKOFO PEWEHHS 1O CPABHEHIO C OUIEHUAMH YpdB-

A, NOAY
yenosue dp/d
weyma (51.8).

§ 81 KETIIEPOBA 3ANAUA 175

clcayioiee THHEHHOe TIeCAHCPONHCe Ilﬂcbq;epeHL\Ha.HbHOe ypasﬂe-
HHe B'lOpOl'O HOpﬂﬂKa:

d' mZe?

T re="5 (51.8)

O6nMii HHTeTpajl €ro, KaK H3BECTHO, DABEH YACTHOMY pelieRmio
{IeOAHOPOMIOrD YpaBHEHUS LJIOC OSWHH MHTEIpald COOTBETCTBYIO-
niero oaHoponnoro. Cpasy BHAHO, YTO HACTHLIM DCLIEHHEM HEOLHO-
POAHOTO yPABHEHHA GYAET

mZe?
o= "pr

oBuwuit e METErpas OXIOPOAHOTO ypasielns
a’p
e + =0
ecTh
p;=Acosg+ Bsing,

rne A u B — npOA3BOBKKE NOCTOANKBE, ONpCACAREMbE H3 HaYallb-
HBiX yeaosdil. HrTak,
m

p= Zfz-;—Acosq)—l»Bsinq). 619

EcH Mbi YCIOBHMCA OTCUMTHIBATL YTOl @ OT TOFO NOJOMEHHS
paiHyca-sexTopa, UpH KOTOPOM s HMCET MuHAMAILHOE SHavemie:
F — Fom, @ CICAOBATENBHO, p == |/r = Pmasx, TO MBI NOJYIHM -

dp =
N g ¢=10 d—q)40, (51.10)
# Tak Kak 1o 151.9)
dp R
e Asing + Beosq,
10 yemosue (51.10) maer B == 0. Pentenne (51.9) nmpu 3TOM IpHHH-

MaeT BHJL
mZe?

—+ Acosq. (61.11)
370 @ ecTh ypantieHHe OpGHTh dnckTpona. CpaBHHM ero ¢ ypas-
\leHHEM KOIMUECKAX CCUeHHIl B NONAPIBX KOOp#UATAX OTHOCH-

TCABHO oK} Ca:
a(l —e%)

r=frat (51.12)

e @ — 60dbMAs TOIYOCh H E-— FKCHENTpHcHTeT. MBI HAXONHM OT-
clona g p = l/r Buipakenye

i +ecosq
o= 51.13)
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QOuesnano, uro (51.11) u (51.13) coBnazaior, ecay NOJOKHTL

mzet 1 At

PT T a(l—e) T a(l—e "
D70 03HAuaeT, YTO TPAEKTOpHEH SJEKTpOHA ABJAETCH KONHUECKOE
ceuenne (mepsuifi 3akon Kenrepa).

Jlaa roro uro6bl HafiTH YCHOBHE, HpH KOTOPOM 3TO KOHHYECKOe

ceueHye GyfeT AUNCOM, OTHIEM YCIOBHE MAKCHMYMa H MHHH-
MyMa p. HeoGXxogumoe yc/oBHe sKCTpeMyMa p ecTb

do __
= 0.
MMoaaras B (51.7) dp/dp = 0, noayunM KBajpariioe ypaBHCHHE
Ze? 2mE
p2— 205 p — =0 (51.14)
Ilo crofictay kopHel KBaipaTHOro ypabHeHus u3 (51.14) uaxomum
2mZe? 2mE
Prnex + Omin =z, PmexPata == — —pi—« (51.15)

Ecnu sueprua £ oTpruarensia (£ <C0), 70 pmaxfmm > 0, 1, cleo-
BATE/BUO, CymeCTBYIOT ABa NOJOMHTEIbIbLIX SHAUCHHS p (4 3HAYHT,
4 r), npu KoTopbiXx dp/dp 0Bpamaercs B Hyh; U3 HUX OJHO COOTBET-
CTBYCT MAKCHMyMy ¢ (MHHHMYMy r, HepHreanfl), a Apyroe — MHIH-
MyMy p (MaxcEMyMy r, abenuin). Urax, apu E << 0 opGuroit Gyaer
2a4unC.

Hanporus, nipi £ >0 pmayprmm < 0. DTo 3HAUMT, UTO ABYX no-
AOHCUTEAHOX IHATCHUE (, COOTBETCTBYIOWMX MAKCHMYMY H MHHM-
MyMy 7, He CyiNecTByeT, HO OfHO H3 HHX HOJOKHT@ABHO, 8 Apyroe
OTpHIATENBIO0. [10A0MKATE/IbHEE W OTpKUATeJBHEIE 31[aYeHRs pajtH-
YCa-BEKTOpa COOTBETCTBYIOT ABYM DAa3MHUHLIM BerBaM 2zunepoiol.
Hrax, npk £ > 0 op6utolt Syaer rinep6oaa.

Hafires eme nosesnde COOTHOmIEHHE, CBASHEBAOmEe SICPrHIO
¢ Gosbmioli momyocelo. M3 (51.13), mpHREMas BO BHMMaHue, 4TO
npa @ =0 p = Pmas, @ TpH ¢ =R P = P, NOAyTAEM

. 1te __ 1 I e 1

Prax = Tl —e) —a(l—2) O™ T T Fer

TMoncrapasis 370 B Jenyio YacTh (51.15), Haxonum

2 omze?
T 2, (51.16)
1 mE
O = (3117
u3 (51.18) u (51.17) caenyer:
(1 —
E=_ﬂz%}z%‘:2)_ (51.18)

R

e

§ 51 KETUIEPOBA SALAUA 177

Paspenns (51.16) na (51.17), naiimen:

Ze?
=i (51.19)
CoorHomenne (51.19) NOKA3LIBAET, YTO SHEPIUs IMEKTPOHA MpH
JIaHHOM 3apfile 3aBHCHT TOMNBKO OT GOMBMIOH MONYOCH Cro OpGHTEL,
HO i€ 3aBUCHT OT SKCUEHTPHCHTETA: BCEM OPGHTAaM C OAHUAKOBOA
601b1110fi HOMYOCHIO COOTBCTCTBYET H OAMHAKOBAA SNCPTHI,
Brisesiem, HAXOHEl, NIpH NOMOWY HAHJACHHBIX COOTHOWEHHH Tpe-
Tufi sakon Kennepa. Ecnu cexropuannHas CKOpOCTb 3JEKTpOHd
paBHA ¢, TO 3a MOJHMBI Neprox 06paweHns T pagnyc-BeKTOp OMH-
meT n1onalh
S=cT.

Ho TaK KaK CexkTOpHANbHAg CKOPOCTL MOMeT GLITh Bhipamena
depe3 MOMEHT KOMHYECTBA ABMXKeHHs ¢ == L/2m (cM. § 50), 10, mO-
naras L = P, noaydaem

(51.20)

C xpyroii cTopoHsl, S Kak Maomanb IHINCA ¢ NONYOCAME @ H b
BbIDA3UTCA B BH/IE

S=nab=na’ Y12, G121y

TaK Kak b—a}l . Cpapuwpan (51.20) u (51.21), noayuaem
PT =2nma? Y T— e (51.22)

Coornoutenine (51.16) AaeT BOIMOKHOCTL BHIpasHTs P2
Pr=mZea(l —e?). (51.23)

Bossona B kBagpar (51.22) u moacrapass (51.23), noayunm nocne

TIPOCTHIX COXp i # npeolp i
Ze?

e (51.24)

4n%m

unu, tak gkax 1/7 pasuo uyHeay ofpawenufi v B eNMEHLY BpeMeuH,
(51.25)

Ze?

332 =
avt = .
4ntn

[Mocgoabky B npaBofi vactu (51.24) CTOMT BeJHUHIIA, HOCTORUHAN
1ipH JAHKCY 3apafe Anpa Ze, Mbl HAXONHM
&

77 == const.

7o 4 ecTh Tpernii 3akoH Kensepa.
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§ 52. w-yacTuna B I0Je 2APA

PaccMOTpuM Telleps ABHIKENHe o-1acTHIL B 10/e HeNOABIKHOTO
sgpa B CyYae, KOTAA OTTAAKUBQIOWOA CiAA NOJIMMHAGICA 32KOHY
Kynona. [TycTb 3apsii aapa GyAeT NO-peXRHEMY +Ze; 3apan o-uac-
THIE, KAK MBI 3HAEM, paBen - Z¢, H NOTEHLHaMbHas SHEprua Syser
T0aTOMY

v=22, (52.1y

3aKOHH COXpANEHHS 3GEPIHHM M MOMEHTA KOJHUeCTBa NBHKEHHS
AaioT

) Mo s gy + 22—k, (522

=

Mrg=P, 523

rne M-—macca g-uactuunl. CxeMa RainHejidlero pewieHHs 3alayn
[OTHOCTLIO COBNALAET CO CXEMOM, HCMOMb30BAHHOR B Npe/biiyleM
naparpage, TaK KaK MCXOIHHC YpaBHCIHS C TOUHOCTBIO Jlo 3H2K2
TIOTEHIHANLEON SHEDFHH B TOM H JPYTOM CIyqasXx OLHHAKOBU [cM
gopuyabt (51.1)— (51.3)]. TosToMy MEr He 6yAeM MOBTODATH ACTa-
Jell BHIqHCTCUKE H Cpasy HaNuIeM pesyJbTar, K KOTOPOMY IpHEO-
147 ypaphenns (52.2) W (52.3) nocie 1pecGpasoBaHuii H BBeseHUs

. - 1
HOBOH mepeMeRHOH p=—1!

;
(&

2ME 9 2MZe

P2 I

Tludepesnnpys 970 ypashcuue eille pas, MPOHIBONS DAInNHUHbE
COKpAUICUHA H NePECTANOBKH, NoTydaeM

4
T +e=C, 62.4)
rae
2MZe?
C=—"F" (52.5)
O6uee peuwiciiae ypasHerus (524) rakono:
p=C + Acosg-+ Bsing. (52.6)

Henoabsyem Teleph HauagbRble yeaosus. Ouesnano (puc. 107),
4TO NIpH ¢ = 1 7 = €O U, CIeAOBATenbHO, p = 0. DTO jacT npH noi-
crauoBke B (52.6)

A=C. (52.7)

|
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Bropoe ycrosne mbl momyunmM cueayomuM o6pasoM. Opaukata
NI0GOH TOURK TPACKTOpHH CBH3aHa ¢ / U ¢ OUEBHAWHM COOTHOMe-
nyem y == rsing win

JLISS B
y  rsing  sing
Bacnoassosasmuce (52.6) u (52.7), nafizem
1 C{l4cosq)
v slng +8.

[pu @ = m cpaunaTa y PaBUa <IPUNCALIOMY DPACCTOAHHIO> p,
2 nepBblil yieH B Mpasoll yacTu 06pamnaeTca 8 HyJdb. Mol noaygaem,

7
7
L]

-z

Puc. 107, TTyrs a-ugeTuusl B noJe sipa, HAXOLAMCrocs B Touxe O.

Takum 06pasoM, B = 1/p, u pemenne (52.6) NpUHHMAeT OKOHua-
TebHLIH BHL

pa=C( +c05q;)+;7sin 9. (52.8)

OTKJIOHeHHe @-YacTHIBL, ¢, OYEBHIHO, paBHO yray ¢ Memmy
ACHMATOTaMH rnep6oby, 4 A8 HANpABAEHHSA MOJETA MOCTe OTKJAO-
eunst p = 0, [Tostomy n3 (52.8) Mul mojyuaem

i 1 4 cos &

=1t g L (52.9)
HJIH, IpRHHAMAs BO BRHMaHne sHauekne C u3 (525),

ot = gy (52.10)

HakoHel, MOMEHT KOJHYCCTBA JBHXKEUHSI P MOKHO BBIpA3HTb
Yepes MpHUETLHOS pacCTOsKKe P CKOpOCTH Ut
p=Mpo.

IToacrasus 510 B (52.10), momywun

olg 5 =207 G211
I10 # ecth GOpMYJa ANA Y[ OTKIOHEHHA ¢ YACTHUE, KOTOpOk
MBI §JKe BOCHO/IL3CBANHCh B § 26.
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§ 53. Tpusegennas macca

Boue Ml Buflead (§ 45), uro B cacTeMe ABYX 4acCTll, HaXomA-
HMXCS TONBKO MOX J€HCTBHEM CHJI B3aMMOJENCTBHSA, OGe dacTuubi
ABHMKYTCH OTIOCHTENLHO HX HeHTpa WHCPHHH. [TokaskeM Temepn, uto
u3yycHKe ABHXREHHS TAaKOW CHCTEMBI ABYX SacTHil MOXUO 3aMEnHTb
PacCMOTpeRHeM JBMXEHAs OJHOA GHKTHBHOA YACTHUM, pacmono-
JREeHHOHl Ha PAcCTOSIHHN OT HEMOARMKIIOrO LEHTPA, PABHOM PaccTof-
HHIO MEXXLY YaCTMLUAMH H o6Ja/laomen Maceol

mymg

b=t

VI3 yparHennil ABHXKCHES OGeux JacTHL BMeeM

1
7;,7‘1‘]5, (53.1)
1
Ty ,,—LZF21~ (63.2)
Brrutenm (53.2) us (53.1)
P 1
T _1'2=7!F12—,,—,2
Ho tak xax 1o tpeTscMy sakouy Herorona
Fy=—Fs,
TO
Monaras
t 1 1
=y (63.3)

H MPHHHMAst BO BHHMAHHUE, YTO PaslioCTb BEKTOPOB j— 2 =1 (CM.
puc. 100) ecTb BEKTOp r, HANPABACHHBL OF M2 K fMy, NONYIHM

[
r —TFw,
LRt . .
(53.4)
npuyem mo (53.3)
mym,
W =—m. (53.5)

MBI BHAHM, UTO 33/1a4a O ABMIKEHHH CHCTEMBI ABYX YACTHL SKBH-
paieHTa 3aJauc O JBHXKEHHH ONHOM yacTulel, Haxondmefics na
PACCTOSIHUM [ OT HENOIBHIKHOTO WEHTpa H ofyafammel Maccog,
BHpPaXCHIIOR yepes Macchr ofenx wactau dopmymoh (53.5). Macca
| HasHBaeTcs npusedernol Maccot.
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Tenep, ACHO, 4TO Pe3YAbTaThl, KOTOPhIE MBI MOAyYAAH A0 CHX
nop, paccMaTpuBas HanmpHMep, ABHIKEHHMe SNekTpoHa ¢ Maccoli m
OTHIOCHTENBHO Spa C Maccoll M, cuuTas HOCIefHee HeMOABHIKHLM,
He TOUHBI, TAK KaK Ha CaMOM JeJie Halo Gbl0 PacCMaTpHUBATh ABH-
JREHHE M 9JICKTPOHA, K sApa OTHOCHTENbUO KX OGNIGro HenTpa HHEP-
ann. Onwaro, cornacro ypashernio (53.4), pesyabraTel GYAYT
BOJHE TOYHBIMH, €CH PACCMATPHBATL ABMKEHHE OTHOCHTC/LIO
HEMOIBHKHOTO AApa PHUKTUDION HUACTHUH € MACCOA, pABHON npHBE-
JIeHHOf Macce L fApa 4 deKTpoua.

OueHnM OWHGKY, KOTOPYIO Mbl BHOCHM, NpeHeGperas coGeTae-
HLM JIBHIKeHUeM sapd. [TpHDefenHas Macca siapa M # smexTpoua m
BbIPASHTCA TAK:

Mm _ _m
s R
M
Tax kax M/m = 1836,1, T0 B opMyJnl, B KOTODHE BXOAUT Macca
3NEKTPOHA, CAElyeT BMECTO /M MOACTABHTE (I, IPHUCM B Pe3yanTaTe
NOABATCS MOUPABOUNBLE hakTOp

1

_
H Ta36

Kaxk Mbr yeunum snociescteut (§ 107), B Bonpocax cneKTPOCKOMHH,
Iie TOYHOCTb H3MEPEHHH OUCHb BHICOXA, TAKOH MONPaBOYHEN dak-
TOp, HCCMOTPA HA CBOJO MAJYIO BCIHUHHY, BHOCHT B PeSy/IbTar Bhl-
JUCTEHHH W3MeHEHHe, JeXKALlEe BHE TPEeNOB OMHEKE IKCIEpH-
MenTa,
OTMeTHM, B 3aKIIOUEHHUe, UTO NpH yueTe ABHIKEHHS sApa Bhpa-
JKEeHHe TPeTbero 3akona Kemnepa
a Ze?
TT T dnem

(51.24)

JCJAKHO GblTb yTouHeHO NyTeM 3aMeirb; Maccoi 3JIEKTPOHA /1 HA IPH-
BeAEHHYIO MacCy W:

@ __ze

T e (1 + )

§ 54. O6o6uiennble koopanHaTH. CoCTONHWE CHCTEMBL

m
M

Jlo cux mop Mby HMEJH JIeNO € [BYMA CHCTEMAMH KOODIHHAT:
AeKapToBOl H NOMApHOH. B Mexawuke, oauako, Goapliyo nommsy
NpHHOCHT TOJL30BALKE TAK Ha3biBaeMLIMH 0006uennbLiu K00pdu-
HATAMMU, TOX KOTOPLIMH PASYMEIOTCH JI0GbIe TapaMeTpbi, NOAUOCTbIO
onpefensonIHe <KOHGHIYpaUHo» cucTeMbl. Tax, nampHMep, cHcTe-
Ma H3 ABYX B3aMMOAEHCTBYIOUMX UACTHI MOYKET OHITB 0XapaKTepH-
30BaHa TpeMs KEKApTOBBIMH KOOPAMHATAMM HX OOW(Ero UEHTpa
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HHEpLHHK, paCCTOARMEM HACTHU T ABYMS YraaM, ONpCAC/sIONIHMHA
NOJA0KERHE NpAMOi, CORNALSIOMER JaCTHIL.

Brifpanubie OGOGUICHALIE KOOpAHHATEL OGLIKHOBEHHO 0603HA-
wawored ofnofl M Toll ke GYKBOH ¢ C DA3THYHLIMH HHIEKCAMI
g1, g2, gs, ... [IpERMYIeCTBO TAKOTO CHOCO6A 3AKMOYALTCH, MEKIY
NpOYHM, B TOM, UTO YHCIO O6OGieHHLIX KOOpAHHAT B HEKOTOpHX
CAYHaAX MOMKET GbITb H MeHblIe TMOJHOTO YHCAA JeKApTOBBIX HIR
MONApHEIX KOOp/HuaT, Hampumep, ecal Mbi HMEEM CHCTEMY H3 ABYX
TOYEUHBIX MacC, HaXONALIHXCSl HA HEH3MEHHOM paccTOSuMM d JpyT
OT Apyra, TO MKy (IECTbI0 NEKapTOBLIME KOOpAHEATAMH STHX
YaCTHI, HMeeTCs 0AKO COOTHOLCHHE (YCa0BHE CBAH)

(1 — %P + (1= paf + (2 — 2 =27,

M3 KOTOPOrO MOMKET GbITh ONpeAcdena 0AHa KOOpAHHATA B (yHKUMH
naTe ocradbHeX, Takuwm 06pasoM, B 3ToM CIyude KOHArypauks
CHCTCMEI TIOJHOCTBIO OTpelense1cs NATLI0 Ae3ABUCUMbLMY TIADAMET-

aMH, a 1OTOMy H JOCTATOUHO MfiTH 0606ieHHLIX KoOpiuHat. Bo-
O6we, ecAu cucTeMa H3 A YACTHN MOJuMiena K yCHOBHAM CBA3H
nedkdy KOOpOUHATAME NACTHI, TO M3 37 KOODAMHMAT HC3aBHCHMBIMHU
GynyT

f=3n—k

KOOpAHHAT; OCTAMbHLE £ KOODNHWHAT ONpENeNSTCs W3 YCTOBHA
cBI3M. DTO YHCIO [ HE3AaBHCHMLIX MapaMeTpoB, HEOGXOAHMOE AJs
IOJROrO OnpefeseHHs MIUOBEHHON KOH(Hrypamun CHCTEMBI, Ua3Li-
Baerca uucAom cTenesel c¢60060dot. Ecnu sanane ece 0606imeHHEe
KOOpJMHATH 1, g2, .., §f B BCE 0BOGIIeMNIIbIE CKODOCTH, T. €. Mpo-
H3BOAHBIE OT OGOGIIEHHbX KOOPAHHAT U0 BpEMEHH 1, Gg, --., §s, TO
TeM caMbiM NOJHOCTBIO ONpelesieiio COCTosHue cucTeMbl. B kmaceu-
yecKofi MeXaHHKe, TAKHM 06pA30M, MEHOBEHHOE COCTORNUE CUCTEMbL
ompenessiercss 2f He3aBHCHMBIMH NiapaMeTpamMy.

§ 55. Dynkuua Jlarpanxa. Ypaenewus Jlarpawka

TMocKoabKy Mbl BBOLMM OGOGIUIEHHBIE KOOPAMHATH, LeJecoos-
a3HO OTEICKATH YpABHCUHS JBIKEHNS, KOTOpbIE AMEOT MECTO b Jo-
6blx CHCTEMAX KOOpAMHAT. TaKHM CBOHCTBOM 061a7a10T YpaBHCHHS,
orkpbitaie JlarpamKkeM A 1a3blBaeMele JarpamKeBbiNH ypaBHeHHIMH
IBUKEHHA; yacTO HX Ha3eBAOT Takke ypaBeeuuamu Jlarpamka
Broporo poaa. C HHMA ML ¥ O3HAKOMHMCS TeTiepb.
yCTb MBI HMEEM CBOGOXHYIO uacTHiy. [Tosoxenue ee xapakre-
pusyercs BOOGie TPCMA KOOpAHHATAMH. DTO MOryT GbiTh AeKap-
TOBBl KOODAHHATH X, ¥, 2, HO MOTYT 6LlTb M mOGble IpYrde Koopiu-
HATH G, G2, gs. JIOMYCTHM, YTO HaM U3BECTHEl (hOPMY/IH, BHPAKAIQ-
WHE X, ¥, 2 Yepes 4y, 42, qa!

=%(q I g Y (55.1)

2=2(q; G2 %)

¥(q1 g2, %3),

e e e

<

S
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(cp., nanpunep, gopMyan (§ 49) Aas nepexona or AeKapTOBKIX Ko-
OpIHHAT K NOJAPHBIM). llanumeM ypasHeHus ABHKEHHd B AeKap-
TOBLIX KOOpJHHATaxX

mi=2X  mi=Y mi=1Z.

. %
YMHOXKHM TeTleph Mepsoe U3 STUX ypanweuuil Ha g?, BTOpOe Ha
1

ﬂ— Tperbe Ha 0_2 H CJIOZKHM HX:
g, P 501 ;
(o 85 | . 3y | . 9z ox 3y 3z
m{f =—+§j = —) =X = - = B
( 9 +i 3 +# dm) 29, 7 a4 +z 9 (55.2)

INpaByIo wacte TOAYUEHNOTO YpABHCHEA 0GO3HATHM AAS KpATKOCTH
uepes Qr:

ax ay 2z
XAy Az = .
aq ¥V T 25 (35.3)
3ameruB, uTo, HalpHMep,
05 _ d (., dx\ . d(0x)
A R r A S LR
MBI MOXKeM rleperncath ypasrente (35.2) B Bume
(e D g, 0y
ar [m( e T 5g, T2 ﬁrh)
Ld o\, . d (o), ,d{é:
e g (g )+ i g )+ 2 (5] 5549

Iuddepenuppys popmyabt (55.1), dbt Dodywnd BelpameHHs 1A
NOJHLIX MPOK3BOIHBIX X, ¥, Z 7O BpEMend, paccMaTphBad ¥, ¥, 2
Kax cAcoKHbE (QYHKIHH BpemcHH. Hanpumep,

- dx ax dx . =
f==q +=—4 —-—q. 55.5
o Gt G it e ¢ (55.5)
Orcrona cpasy Haxoanm
ot o
[T 7
ANaforHuHO UoydacH
By 0z oz ©5.6)

o7, 04 o4,

Jlance, pHAMMAS BO BIMMAaHHe, uTO pesy/uTar Anddepeuivipopa-

HUA € 3ABKCAT OT HIOPAAKA, B KOTODOM TIpOHABOAATES [BA NOCTEN0-

paTeblbiX AA(depeHuHpoBauns, IMeeM
d(dx);d;f d(ay)irm
dT Vg )T ogy e Nag T a
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Vimes » BuLy cooTHowenns (55.6) n (55.7), Mu MOXeM nepemHcaTh
ypasreHue (55.4) B BuRe
d L 9% . 8§ , . 0%
wlmleag o g e
. 0% . 3y g
—mp g pa )= (558

Benomumy Telleph, 9T0 KHHETHYECKas SHeprus I Hawed wacTHLE
BHIpaXaeTcsl uepe3 COCTaBAAOWME CKOpocTedl %, §, 2 crelyiouum
ofpaaom:

T= 3@+ +2)
Mbl HMeeM NO3TOMY
L )

o6 4 o0 T * g -
O _ (g 25y 9 00
341 _m(x aar Tiog T2 qu)‘
Vpasnenue (55.8) mpunuMaer Tenepb BHL
d (ar oT
dt (dé‘) G Qe (55.9)

Ecau cwna, nox meficTBAeM KOTOPOJ {IPOHCXOAHT [BHKENHE,
mmeer notennnan U(x, y,2), TaK 4To

=2, Y=—"T[;, z=-2,
70 BHpaxenne (55.3) 4TS Q) MOKHO HamHCATh TaK:
Q[ )
\ 0 TN z 0q; 99
Tenepe ypasrenne (55.9) npumer Bun
%(%)—%=_% (55.10)

Beenen, HakoHell, HOBYIO QYHKUMIO L, PABHYIO pasHoCTu Mexmy
KHHETHYECKOH H MOTEHLMAMbHOH SHEPTHAMU (He CMEWHBATH C NOJ-
HOl SHeprHeil, KOTOpast paBHa CyMMe KHUETHUECKOH M MOTeHUHAb-
HOR sHepruiil):

L=T—-U. (85.11)
Sra dyuxusa HaswiBaeres gyuxyued Jaepansea IR KUHETURECKI
noteryuasom. Tak Kax NOTeHUHANbHast IHEPrUR He 3ABUCHT OT CKO-
s o e oL T = -
pocreit g, §2 gs, TO o= =57, H ypasHeHuc (85 10) upmnoGpe-
1

Taer MpocToil BHJA qaL
) (55.19)

o Dy
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310 u ecTs mepsoe ua ypashenui Jlarpanxa. Msa Apyrux mony-
4aI0TCs COBEPMEHHO aUaJOrMYHEIMA NPeoCpasoBaHAsIMuU:
d(aL\. oL __ d oL\ _ oL _ ”
EA R U L U
IMpenmyniectBo ypaBvewnii JlarpanXa nepeil HSIOTOHOBHIMH C
0COGENHOR ACHOCTBI0 BEICTYMAeT B TOM C/yyae, KOTAa JBHXEHHE
HACTHI TORYHHEHO CBS3siM., B 9TOM cayyae WHCHO HESAGUCLMbIY
TapaMeTpoB, XapaKTepH3yIiHx KOHQHIypaumo cHcreMel, Oyxer
yiKe lle 3f, HO MeHbINE 3TOTO UHCA2, 3 MMEHHO, Wx OyleT CTOMLKO,
CKOMBKO cTeneneil cBoBojab y cHCTeMHE! (cM. § 54): 41, g, -.., 41,
3n — k. Cronbxo Xe Gyfer u ypaprenni Jlarpanxa. Ecan, na-
npuMep, peub HAET O NBHXEHHH OLHOM YaCTHUB! N0 3alaHHON NO-
BEPXHOCTH (OIHO ypaBlieuwe CBASH), TO AOCTATOYHO NBYX ypasHe-
wnf Jlarpawma; ANs OTHICKAHHS JIBHKCHEA WacTHUL N0 3aTaHHOM
KPHBOR LOCTATOYHO OJHOrO ypasHeHus Jlarpanxa.

§ 56. Mpamenenne ypapHennit Jlarpanka k sagaye
0 UEHTPAALHOM IBHXEHHH

B kauecTBe npEMepa DpuMeHeHHs ypashenn#i Jlarpamxa pac-
CMOTPHM BHOBb 32%aUy O ABHCHHU 3/MEKTPOHA B MOJE MOJOKHTENb-
Ho sapskeHHoro snpa. CHMMeTpUs 327aud YKASHIBAET HA TO, YTO
HanGonee YAOGHBIMA GyIyr 37ech TOAAPHLE KOOPNHMATH 7 H @,
CBSI3aHHDIe C IeKAPTOBRIMH COOTEOLIGHAAMHA

x=rcosp, y=rsing.

Ypasuenus Jlarparxa 6yayT (41 =71, g2 =¢)

— 2o (56.1)

Ip

£(%)-2
dt \ or ar

Has oTwckauns $yHKUMH JlarpaHma Jas 3TOTO CJyuasi BCIOM-
HEM BHPaXeHHA KHHeTHUECKoH M MOTeHIHMAJbIOf SHeprufl B noasp-
HbIX KOOpAMHATaX *)

r=2 g U=—22
Dynxuns Jlarpanxa Gyaer nostomy
L=T—U=2@ 4+ 2 (56.2)

*) Ecau MBI XOTHM Y4ecTe COGCTBeHHOE IBHKCHHE A1pa, TO B Qopmyny A
KUHETHUECKOH SHEDTHH HYKGO BBSCTH BMECTO MACCH SMKTPOHA NDUDENERHYIO
macey saextpona 4 aapa (§ 53). .
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HanumeM ee 4acTREIe TPOHIBOHLIE:

aL oL o Zet AL

—mi 2 o — 22 OL
T T ML gy =M, mr )
moxcrasasa 910 8 (56.1), noayuum
A miy —mrgr 4 28 <o, 56.3
dt r
d -
< (mrtg) =0. (56.4)

Bropoe ypaBleHue cpasy Aaer
mrip="F, (56.5)

rge P — NOCTOSHHAS HHTerpHpoBapHs. DTO —He 4TO HHOE, KaK 3a-
KOIl COXpaHeHHs MOMeHTa KOMHuecTsa fiBHakenus. ITeppoe xe ypas-
HCHME MOXKHO MEpelucars B BHIe

mi=—25 4 mrig. (56.6)

910 ypaBHeHHe ONHCLIBAGT COCTABJSIOLLYIO HBIHMKEIUHS MO pagHyCy-
BexTOpy. Cripasa HanucaHa cHaa, MefCTBYIOImAA HA 3H€KTPOH BAOAD
pannyca-sektopa, Ee BEpaenne COCTOHT H3 IBYX UMeHOB: MepBhifl
npexcTapasger coG0f KyAOLOBEKYIO CHIY; MOABJEHHE € BTOPOTO Ha
nepsbift B3MIAZ Kamercs HeoXHTaHEnM, OzHako NpH GJHXaimeM
PaCCMOTpEHAN STOT 4ieH mr{® OKaabBaeTCA NPOCTO UEHTpOGeKHOH
CHJIOf HHEepLHH.

Tenepn Ml MOXeM TepefiTH K HHTECPHDOBAHHIO YpABHEHHs
(56.8). Jlasr 3TOr0 NOACTABUM B 1ErO BhlpameHHe ¢ U3 (56.5)

H pasneauM ofe yacTH Ha m:

2z | p
+ e

f——
mr?

910 ypaBHeHHe MOXKIO NPeACTABUTL B BHAE

= o) 6.7
YuuoxuB 00e yacTH 3TOFO ypaBHeHusA Ha 27, MOMYHHM
=g = )
OTKYZA NOCAE HUTETPHPOBAHNA UMeeM
- (56.8)
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Tlle ¢ — NOCTONHHAS HITErpAPOBAHHA. B 3T0M ypanHeHHH MHl 3aMe-
HUM /' uepes N

._dr . P ar

i i e

4T0 nocne HeGoabwHX NpeoGpa3oBaHuil naeT

1L fdra2 2m7Ze® 1 1

7(%) 7w te

rae C = cm?/P?; uaH, BBOMS HOBYIO TIepeMeRHyIo p == 1/r,

do\? _ 2mZe =
(Ti) =-—pr—p—0*+C. (56.9)
.

Ho ypasuenne (56.9), ouesunuo, cobnagaer ¢ (45.7) 4 HHTerpH-
PyeTcst OAMNAKOBLIM € KM ofpasom. [TosToMy MBI 3Kech He GyleM
TOBTOPATH BHYHCIGHMH, BHITOAHEHNEX B § 51 H NpUBOIANHEX B KO-
HEYHOM Pe3yJIbTaTe K yPaBLCHHIO KOHHUECKHX CEueHHMH.

B sakimouenye MB JAaXHM 110/1€3HYI0 KAYECTBEHHYIO HIMIOCTPa-
uuio ypasHenns (56.6). Hana storo mul mpumeneM ero k Buay (56.7)
U TMepenuueM Tak:

(56.7%)

70 ypasllelne, OUEBHANO, COOTBETCTBYET OZHOMEPUOMY IBHIKCHHIO
B TI0JI€ ¢ MOTERNHAIOM
Ze? P
Ut (56.10)
3necy mepeBii uieH MpecTaBAseT co0oi MOTeHIHAS KyJMOHOBCKOH
CHJIBI, BTOPOil — NEKOTOPLIA GPHKTHBHBIA NOTEHIHaN, O6YCAOBIEHHbIA
HaJTHYHeM UeHTpOOEKHON CHIbl HNepUHH.

[TocTpouM Temepb MOTEHIHANbUYI0 KpHBYIO, OTRIARLIBAS 7 MO
ocn abeunce w U-—mno ocn opiuBar. 2t1a KpHBas OJIKHE HMETb
BH _KpHBOii /, u300paxennol Ha puc. 108.

JeitcteutensHo, Mg GOMBUINX 3HauciHit r BTOPHIM UM€HOM B
(56.10) mozno mpeneSpeys no cpasHeruio ¢ nepeuM, 1 U orpuna-
TeabHo. HaoBopor, Aas MaawiX r BTOPOR uied npeoGiajaer Hag
TIepBLIM, H IOTEHUHAJhIAN 3lePrusi CTAHOBHTCH NOJIOKHUTENBHOH.
TTo3ToMy 1pH ONPEACTeNNOfl BENHUHHC r KpHBAS NPOXOHT Yepes
MUHHHMyYM, OBICTPO 1OMHKMAACh BBEPX NpPH Ka/bleflleM yMeHblie-
HHH £,

3Ta KPUBAs HATIAHO NOKA3bIBAET, MOYCMY MpH MOJIQHKHTEALHOMH
nonHO# sueprik opbura runepGonnyeckas, a NpH OTpHLATEALHON —
sanunTaYecKas. Jlas 9Toro ymoSkee BCErO BOCMOMB3ORATHCA HWILIIO-
crpanuel ¢ TAKEIBIM WmapukoM (cM. cTp. 152). Ouepnano, 910 ma-
prK, MOAuATHli HA BhicoTy Ey>>0, ckatares B «amy» ABC w
yimer B Geckouewsocrs. HaoGopoT, npn OTpHUATEJbHON SHEPTHH
(E2 <C0) wapux Gyaer karathea Tyaa u cioga s yrayGaenna DBF,
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W COOTBETCTBYION[As CMy YacTHUA Bce BPCMsl OYReT OCTABATBCS Ha
KOHEYHOM PACCTOSAHAW OT NMPHTATHBAIOMEro UeHTpa, COBepulas OT-
HOCHTENBHO HEro MepHOIHYeCKOS NBHKCHHE.

EcJiH HMeeT MecTo He IIPHTAMKEHHe, HO OTT2NKHBAHHE, TO Nepebifi
aner B (56.10) mososuTeNeH H NOTEHUHANLHAN SHEDFHA NIPH JI0GOM

V4
1\ \
< El

\/F z
z

Puc. 108, [MoTeHuuanruas KpuBas AMS pPamHaikioli COCTARJIAIOWCH KCMISPOBA
RBHxenu: | — cayeali npaTdkenns; /f — cayuali OTTANKABAIKT.

<

r noaoxutenbua. IloTenliHanpian Kphpas Tefeph HMEeT BHI KPH-
Boii /] puc. 108. B 3TOM cayuae Wapuk, NOAHATLIR Ha JIOGYI0 Bbl-
€OTY, YKaTHTCA B GECKOHEUHOCTD.

§ 57. O6o6wennnie HMOYABCH

Ypaguenns Jlarpanxa BcerAd npUBOAST pellenHe 3a5aH K MH-
TerpHpOBAHIHI0 OGHIKEOBEHHbIX AUGdEpeHIHANbHEIX YPABLCIHA BTO
poro nopsAaka. Bo MHOCHX ClydadX, ORHAKO, YAOGHO NOMBIOBATECS
BMECTO ypaBHEHHIi BTOPOrO MOpsjKa YABOSHUBIM HHCAOM yparnenui
nepsoro nopsaka. {aa Toro yToGhl Lanncats TAKHE ypABHCRMSA, Mbl
NOMKHE [peK/e BCETO BBECTH HOBOS NOHATEE — 0600ugennsil um-
nyave. Kamaoh #3 0GoGmeHnBX KOOPAMHAT MLI GyieM CONOCTaB-
NATH OTBEUalOMui eff 0GOOmEHHE HMIYIbC, KOTOphIl Mul onpeje-
auM  QopManbHO (B Ayxe Mexauukm Jlarpaika) kak 4acTHylo
npousBoXHy0 0T dynkuun Jlarpamxa no cooTBETCTRyIOmER 0606~
HEHHOA CKOPOCTH:

oL
Pe=g (57.1)

st caywan CHA, HMEIOmMHX NOTeBLEAN U, XOTOpH ABAseTcs PyHK-
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unelt KOOpAUHAT, Ko ne ckopocredt, L=T—U (g, ..., g, ...) 1

oL __ T )

P

Jns Toro utoGr ysacuuTh cefe GHuandecknfl cMbica 06o6meHHbX
HMDYJLCOB, NOME3HO BEIYHCAHTL HX SIBHBIC BBIPAXEHHS B PaInu-
HLIX KOOpjHHaTaX. J1s TOUKH, OTHECeHIOH K JeKApTOBLIM KOOPIHW
naram,

m,. o s
T= (£+5*+;
03TOMY

& aT

T . .
px =gy =mi, p,=— ~=mz, (57.8)

2

T. €. B 3TOM CAy4ae 0GO0meRHER HMIYAbCH TPOCTO ABAMIOTCS NPOSK-
NHAME KOJHYeCTBA ABKIKEHUS MV HA 1CKAPTOBL OCU KOOpAHHAT.

B npyrux KoopauuaTtax oGOGIIEHEbe UMIYJABCH MOTYT HMeTh
IPYrofl CMBICT I HHYIO pasMepHOCTs. Haiinesm, nanpumep, HMIly.TbChi
OTBCUAIOmHE NONAPUBIM KOODAAHATaM r B ¢. Kunetnseckas suep-
Hsl B NOMAPHLIX KOOpAHHATAX

m . .
T=5 (P4 e
COOTBETCTBYIOIHE 000GHEHHER HMITYIRCH GYyT

57.4)

(57.5)

Kax BHIUO, paTHaIbHBE UMOYABC P, HMECT DAIMEPHOCTb KOAHYE-
CTBA JBHMKCUHS, TOrAR KaK a8MMyTadbHLI pq — PasMEpHOCTb MO-
MEITA KOJHYECTBA NBHKEHHUSA,

Bocnosb3oBaBuuch TOHATHEM OGOBIEHHOIO UMIYJIbCA, MOKHO
npunare ypaBHenusM Jlarpamxa wosywo ¢opmy. Hamumem st

ypasuenua B w
oL
?(m)‘m 0 (k=1,2 ..., 0
W, 3aMeHHB B IHX Io onpeacacpuo (57.1) % epe3 pr, HMeeM
&
dpy - 0L -
= k=1,2.... P (57.6)

Tlpncoenunas ciola onpeje/neHue o§oGmEeHHOr0 HMITYIbca

k=1, 2, ..., (67.7)

TIOMYYHM CHCTeMy 2f ypaBHeHul nepeoeo nopsdka.



190 ' CTPOEHHME ATOMA M KJIACCHYECKAS ®M3UKA v

§ 58. T'amn ¥p

Ypasuerns (57.6) n (57.7), nOMy4EHHEIC B KORIle MPEABTymEro
naparpada, 0TBCYAIOT HAWEMY KEJAHHUIO 3aMEHHTb YPABHCHHs BT0-
POro MOpSAKA YpAaBHEHWSMH Nepnoro mepsixa, OIHAKO OBH OueHb
recHMMeTpHuEBL. Ha npakTHke 0GbIAHO MOAB3YIOTCSt APYTO# (hopMOit
ypaBHeHHls MEPEOrO NOPAAKA, HMERHO, TAK HASLIBACMEIMU 2QMI1b-
TOHOBLLMU KAHORUHECKIUMY YPABHEAUAMHU, KOTOPbIE OTIHYAIOTCA 0CO-
Goit MPOCTOTOl U H3AMECTBOM.

PaccMOTpHM CHAaaa caMsiii npocTofl caysad. [lyers yMur nveem
fleo ¢ ofiHON YacTHUeH, ABMKymelica npaAMoAunteiino. Tpaekropuio
3TO{i 4aCTHUE MBI MOXEM BHIOpAaTh 3a OCb X, H TOLAA IO/0XKCHHE
YACTHUB ONPEeJHTC ORHOH KOOPAMHATOR g =X, 4 COOTBETCTBYIO*
M el 0GOGImEHHBIM UMIYAbCoM Oyier p = mi¥ [cM. (57.3)] Bee-
NeM Tenepb HOBYIO (PynKumio H, KOTOPYIO MLl ONPENETHM KK CyM-
MY KUHETUeCKOt & NOTeHYUAIbROU dHepettl, BpuHe KUKETUNCCKYIO
SHepeuro Mbt BULPABILM HE Hepe3 CKOPOCTb, & HEPes uMNYAbC p:

H=T+U=4 +U. (58.1)

Dty (ywkumo H Mbl MOXKey cBs3aTh ¢ dyhxuned Jlarpauxa L.
Jlas 5TOr0 3aMETHM NPeA[C BCEro, 4T0 KHIETHUECKAas SHepTHS MO-
HeT OLITh IpencTaBaciia B Bule
ey 1,

= pk
m 2 F

Tenepb JAerko NPOBEPHTH, YTO

pt— Lo pi—T 4 U = pk =g pit - U=k pi b U=T +- U= 1,

(58.2)
Boasmem ToaHbiil Anddepennnan or ofenx vactedt (58.2):
df = pdi -+ #dp— 9% dx — Tk dx. (58.3)

Ho cornacko (57.2) 0L/0% = p. Tlostomy nepsbift 4nen B Npapoil
gacTH (58.3) cOKpamaeTcs ¢ YETBEPTHIM, M MLL [IONySaeM

dH=sdp—25 gu. (58.4)

Hanumewm renepb nonnnii angdepennnan H, nMea B BHLy, yTO H
cCTb (DYHKLHEA ¥ H p (HO He X):
o

=4 o
dH= F7 dp+ o dx,
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Cpasuusas 3to Bupakenne ¢ (584) u Bcnomuman, uto no (57.6)
dL/3x == p, naxomum

L_oH . oH

F= i=—r (58.5)

9T ABA ypaBHEUWs NMEPBOro MOPIKA H ABJNIOTCH 2AMUIGTOHO-

G6LMU KAHOHUMECKUNU YPAGHENUAMU JISL PACCMATDPUBAEMOTO MpO-
creifiero cayuas. JICTKO EHACTb, 4TO'B STOM CAyude KAHOHHUECKHE
ypaBHEHHs 558.5) BCIYT K XODOWO 30ZKOMbIM pesyabTaraM. Tak
kak H = p?f2m 4- U, 10 dH/0x = dU/dx, Of{0p = p/m, n ypaBue-
und (58.5) nawor

dr ax °

4o

[TepBoe 13 9THX COOTHOWENHIT AACT p = mi, T. €. ONpeieNeHHe KO-
JIMYECTBA JBHXKEHHA, BTOPOe NpPEACTaBiieT COGOH [BIOTOHOBCKOE
YpaBHeHHe ABHKCHHSA /A 4acTHILI, IBMKymeHics no 0cu .

Mol cefiyac moxaxen, yTo H B o0meM cayuae CHCTEME ¢ f cTe-
TEHAMY CROGO1b KaHOHWYECKMe YPABHEHHS HMEIOT TaKOA e BHI,
KaK ¥ (58.5), TOMBLKO UHCIO ypABHEHHHi COOTBETCTBEHHO GoJbule.
TycTs KOHGUIYPALUS CHCTEMBI ONPEACAACTCS f O6OGIMEHHBIMHE KOO~

HMHATAMH g1, g2, ..., g7 Oynxuua Jlarpauxa L 3aBHCHT OT 0606-
IEHHEIX KOOPAKHAT, 0600neHHbIX CKOpOCTelt g1, s, ..., ¢;, 4 TAKKe
BOCOmE TOBODH, H OT BpeMenH:

L=L(gs, g, ¥,

TpHYeM Yepes g» 0GO3HAYEHA COBOKYMHOCTL BCEX OGOBIENHBIX KO-
OpAMIIAT, & UePe3 gn — COBOKYIHOCTh BCEX OGOGIEHHHX CKOpOCTedl.
Ot ¢ynxumn Jlarpanxa bt Tenepb nepefiieM K ¢ynKuHd [aMuis-
Tona H, Bocnosbaosasmuch npeoGpasosanuer (58.2), pacnpocTpa-
HEHHLIM Ha f creneHell cBoGoxH:
i
H= 2 gepr—L. (58.6)
BosbMeM TOAHBIA nudihepeHuHan npaBoi H Jiesofi sacTeli (586):
. . . aL aL oL
H— — Y = dge— Y, o dg— 2=
dH =Y pr dgs+ X dudpe— Y e — 3 ~ dga—Srat.

Tax kak 110 (57.7) OL/gn = pe, TO NepBast u weTBEPTAT CYMMHI CO-
KpAIaioTCs, # Mbl OJyYaeM

N aL aL
dH= N4 dpk_‘Equd%—Wdt. (88.7)

C Apyrofi CTOpOHEI, MOJMHLI AHppepeHuHan H — GyHRUHH Gn, ph
(HO Re gr) U {— IOMAKEH HMETb BHY

I N N OH 3H
= gy dost Xgydan G .
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Cpasuusas ¢ (58.7) © npunuMas BO BEHMawue, uto mo (57.6)

3
i a0 noayuaem
dq, oH dp, oH
= =y k=L (58.8)

Oty anddepenunanbiblie YpaBIeHnsS [EpBOro NOpPAAKA H ABASIOTCH
KaHOUMUCCKHMH ypABHEHHAME LI CHCTEM € f CTEMeHs iMH CBOGOLBL.

Hx ofmee 9Hcao paBHO 2f, T.€. B ABa pasa OOJDLIE YHCAA ypaBHe-

HER BTOpOro mopsaxa. O6ofmenHas KOOpAMHATA ¢x H COOTBETCT-

BylomHil efi 0606meHHb AMIYALC p; HASBIBAITCA KAHOKUHECKH

CONPAHCCHROIMIL.

Jlnst cHcTeMB! ¢ TpeMsl CTENEeHsMH CBOGOXH (Hanmpumep, s
OZLHOf qACTHIB, ABKKEHHE KOTOPOfi He OTpAHHUEHO CBHISIME) KaHO-
HHYeCKHX ypaBHEHH# GyxeT ncero mecth. Tak KaK MEl EMeeM [Jeqo
37eCk C LIECTBIO YPABHEHHUAMH NEPBOTO MOPSNKA, TO B OKOHUATENb
Hbll pesynbTaT BOAAYT €me LIECTb IPOH3BOALIEIX TOCTOSHHBIX.
3pas HayagbHOe cocToAnHe cHcTeMbl (§ 54), T. e. COBOKYMHOCTB
3HaueHHHl gn H pp N8 { = 0, H NpOHHTerpuposas ypasHenns (58.8),
Mbl MOMeM MpeACcKasaTh ee cocToARHe aaa moforo Synymero Mo-
MenTa BpeMeHu. TaxuM oGpasoM, raMHJIbTOHOBb KAHOHHYECKHE ypa-
BHeHHS 10 CBOGH (pOpMe RBJSIOTCA HauGolee OTHETNUBLIM Bbipame-.
HHEM K/I2CCHUECKOrO MPHHUANA NPUIHHHOCTH.

§ 59. ®r3nyeckuéi cmbica bynkuun TaMKIbTORA

B wauaje NpeAbIAymero Naparpaga Mbl OMPeReNHIH (YHKIEIO
TaMHIbTOHa LIS Caydas Of PHOTO ABUKEHHR, OT re X
JIeKApTOBBIM KOOpAMIATAM, KAK CYMMY KHHETHYECKON M MOTeruH-
anbHOM SHepTHI, BLIPaKEHHEIX Uepes KOOpAMHATEI H HMIMyJbCH. 3a-
TeM Mbl I0KA3aJiH, UTO STO ONpEfCJeHHE TOKIECTBEHHO ¢ ONpeede-
HyeM yepe3 dynKuMio Jlarpanxa

He=ip,—L,

H 3710 fl0C/esHee Onpexenense Mb 0GOGmHEMM Ha cayuad f mo6uix
0606meHnbIX KOOpAHHAT, IOAras B STOM Cayyae

H= g Gupe— L (ges G, £). (58.6)

BuisicuiM Tenepb, KAKOB CMBICA (GYHKuMu [aMUJILTOHA B 9TOM Gonee
ofmeM cayuae.

OxaspiBaercsd, 410 B TeX Clryuasx, Korga dgynxums Jlarpamxa,
a Takke (yhxkuEa TaMunbtona H we sacucar ssno or apemenu, H
€CTb TAaK Xe, KaK H B ApocTefilleM clydae, CyMMa KUHETHUECKOH U
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norenuHanLuok sReprufi. lokameM mpexie vcero, uto, korga H
OT BPEeMEHH fIBHO li¢ 32BHCHT, 0lid PABHA NOCTOAHHOM:

H= H (g, ps) = const.
At nokasareascrsa painem noanyio nponssoanyo H no spesenn:
dH 8H oH

an_on o o .
CZmir ok (el vk e e el Frddhs

A eH NV OH . eH
+ap2 P2t 0p3pa+~-~ E(‘(;qu/z‘f'a‘%/jk)A

Mogeravaas ciona g # fn ws (58.8), noayunm

dn OH OH _ oH oH
a ?(ﬁu 9y Oy 01, @0
OTKYRA
H = const. (59.2)

Tenepr mu ofpaTHMcst K BLIACHERNIO huSHUECKOTO CMbicaa H.
o onpeneneio

H=pgi+pd+ o+ ... —L g prge—L.  (59.3)
Jnst KoHCepPBATHBHON CHCTEMbI

L=T—U, (59.4)
¥ Tak Kag U sasucur TOJLKO OT KOOpHHHaT, TO
oL a7
= . (59.5)

Taxnm o6pasom, noaywaem
. ar
Eplzqk = qun (59.6)
&
H, CJIEA0BATCIBHO, y
ar =
H¥§W4k~b (59.7)

Teneps 1COGXOAUMO MPHUATH BO BUANANHC, YTO B AOGHX 0606-
IMEHHBIX  KOOPAHHATAX KACTHYECKAR SHEPLUS  eCTh 00KOpoOHas
DYHKIWHA CKOPOCTC Gn 8TOpoz0 ussepeniin. Jlns JekapToBLIX u
TOAAPIBIX KOngIU/HIBT MU B STOM yBeanaHch HemocpencTBeilro
{cM. §§ 41 u 49): 10 Ke MOXKHO MOXasaTs # B cayyae oGofmienHbxX
koopurar *). Ifo reopere Dilnepa 06 OIHOPOAHLIX (hYHKLHSIX, ECAH

o, nanpnvep, J1 /L. Tanzay n E M 7 :
o, 1965, rp 5 T, Toshcredn Kon A Mesana, iy
o ’ ’

7 3 B. Wioascxnd, T [
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F(%, 4. ..., 8, U) — OAHOPOANAA YHKIUS /1-TO H3MCPElUS, TO

o af LA Sy 50.8

xT£+yT)7+"'+uau +v 5, af. ¢ )

IMpumenss o1y Teopemy k cymme (59.6), nonyuaen
Yo 2l =0T, (59.9)
¥ %

3G,
u (59.7) naer o U4y G010
Hzqum—L:ﬂ—— LU= 8 .
¥

Wtak, aas KOHCepBAaTHBHBIX cHCTeM H ecTh MPOCTO CyMMa KHHe-
THUeCKOl M MOTEHIHANbHON SHEPTHH, BHPAMEHHAs ycpes Koopad-
ATkl ¥ HMIYJIBCHL.

[pHBeXeM HeCKOJbKO NIPHMEPOB DYHKINH FayuasToHa,

a) YacTHlla B TOJC C NOTEHIMAIOM

T=%m E+PR+D)+ U, 92
Cornacno § 55 ps = mi, py = my, p, = mz. CrepoBatensio,
L2+ g2 402 50.11
H=g (it o+ +UE 8 2 (59.11)

I I
6) Jinneitwii ocunanatop: T = mit, U=,

— g 59.12

He=5_p*+5 [ (59.12)

B) DJAeKTpOH B KyjloHOBCcKOM moze: T :%(r’z + 7 U=

2%,
=T o
pr=mt, po=mry,
1 1 Zet -
H=ae{pt 2 2} = 55 (59.13)

§ 60. Lluxnueckue KOODAHHATHI

®yukuua CaMrabTona H B ofmem cryiae 3aBHCUT OT BCeX KO-
opHaT u 060GWEHHEIX UMMY15C0B. OMIAKO B HEKOTOPHIX MACTHEHX
carydanx OKasbIBaeTCs, 4T OARA WM HECKOJLKO KOOPIHLAT MOryT K
e BXonTy B BHpaxelne H. Takue KOOpUHATL 1:A3LBAIOTCR YuK-
auteckust. BosbMeM, HAIpuMep, raMHIbTOHOBY (DYRKUHI 3]ICK-
TpOHa, ABHKYMErocst B KyJIOrOBCKOM nofe #1pa:

1 1 zet
=m(ﬂi+,—z/’§)—7~ (59.13)
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Mzl BHAMM, WTO H3 ABYX KOODAHHAT r H @ TOJABKO ¢ BXOAHT B BEIpA-
KeHue H, CIem0BaTENBHO, @ CCTh KOOPAHHATA UHKIHYECKAS.

B xauecTBe Broporo mpEMepa paccMOTPHEM (yukumi0 [aMias-
TOMA NS ABHMCHHA YACTRULL B NOJE TATOTCHMA 3EMJH. 31ech 10-
TeHUHAJbHAS SUEPTHS 3ABHCHT TOJLKO OT PACCTOAHHA waCTHUB OT
Beman: U= mgz. Creaosareasuo [em. (59.11)],

H =g (8 0+ ) -+ mgz. (60.1y

Kax Mer supuM, B Bupamenne H He BXOIAT KOOPAMHATEL X U y; OHH
TaKKe ABMAOTCA UHKIHICCKHME KOOPIHHATAMH.

Ecan Kakas-#uyab H3 KOODAMHAT SEJIseTCA UHKJRYECKOf, TO
COOTBeTCTBY MM efi 0606 meR bl HMIYABC KOMKeH GLITh HOCTORH-
Hb. TTycTe, Hanpuyep, koopanHata ¢; He BXoauT B H:

H=Hgs g5 «++, 45 p1, 2 + o0 pp)
. d,
Torna 13 kanoHHuCCKHX ypabmennit (58 8) caenyer ——‘Z’ =——gf =
7y
=0, otryzia py = const. Takum 06PasoM, NOCKOMNLKY B FaMHILTO-
HoBy ¢yukuuo (59.13) He BXOAHT kOOpAHUATA ),

Py == mr’p = const. (60.2)

B ¢yuxumo H Tamuaptora (60.1) He BXOAAT KOOPAHHATH R
BCJICACTBHE Yero

px=mi=const, p,=my=const. (60.3)

OcoGerHD BameH TOT Cayuail, KOTAA 62 KOOPIHHATH — UHKAH-
veckne. B sToM cayuae, Kak Mbl cefisac MoKaWCM, BCe HMITY.abCH
ABJIAOTCA NOCTOAHHEIME, @ BCe KOODAHHATH -— JIMHEAHBIMY (DYHK-
uusivy ppemchd. HanGonee npocTin npuMepom nomoSuoro cayeas
MOKCT CayXuth POTATOP, T.€. yacTHUA, 06PAMRIOWANCA N0 KhpyFy
OKONO HEMOJBMXKUOTO ueHTpa. KuHeTHUecKas SHepTEA Takoii ua-
CTHIH, KaK H3BeCTHO, paBHA

T

5 At 60.4)

rae A == mr? ee NoTeHUMANbHAS SHEPTHS PABHA HYJIO. OGo6men-
HBIfi HMITYJILC, COOTBRTCTRYIOmAN ¢, Gyaer

Py =5 =49 (60.5)
H, C/1e10BATENDI0,

(60.6)
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Tak Kax eIWHCTBeHHas KOOPAHHATa = MUKAHYECKAT, TO Do =
— const #, COPNACHO KAHOHHYECKHM YpaBHENHAM,

dp 0H 3 (p;) Po

T Tpg = Opg \ZA, =7~ =const.

O6osHaunp coust vepes o, ROXYHUM rociTe RETeIpHPOBAHHY
p=of +a,

THe o — MOCTOSIHHAS HHTETPHpOBAHUA.
Foau cucteMa uMeeT | cremeneli cRoGojsl B BCe KOOpAMHATEL
LUMK/AHYeCKHe, TO H(p1, Pooeevs pr), B RIS JM:060r0 HMIYAnCa P

HMEeM

KanounueckHe ypapHenua Torna Aaior

dq, __ oH
LA e 2 = const =0,
opy t=a

dt
dyy _ O =
T = const = o,
dqf _ oH e
T—d—pf——cons =ay,
orkyza .
g=ot -t oy =0 o .. g=0f T

My BHIEM, UTO, AeHCTBHTENBHO, B CAYHAE, KOrAa BCe KOOpAMHa-
Tl UHKJGHYECKHE, BCe WMMYALCH SBATIOTCA NOCTOAHHBIME, a KOOp-
JMHATH — JHHCHHBIME (YHKUHAMH BpeMeHH.

§ 61. Ckofku Iyaccona. 3akomnt coxpanedus

MosioxHuy, UTO Mbl HMeeM KaKyio-HEGYIb QYHKUHIO KOOpAHHAT,
UMIYJIbCOB H BpEMEHH: F(qx, pr,t), TAe gn H pr — COBOKYMHOCTIl
6rex KOODAHHAT B UMIYJbCOB; HaflleM MOJHYIO MPOHSBONHYIO F o
BpeMCHE

dF _oF | OF dgy | OF dp
dr ot og, dt q; dt co

OF dpy  OF dp,
Fpy dt T dp, al T

oF oF dq,  OF dp,
W*’; oq, df +z)pk dt)‘
SaMenss B npasoﬁ 4acTy MpOH3BORHBIE no BpeMéH}l or KOOpHPlHaT

# HMIyJbCOB Yepes MPOHIBOIHBIE raMuibTOHHAHA H n3 kadoHHYe-
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O aH
CKHX YDaBHEHHB g =G Pe= — o nionysaem

=+ X\ T, 90— 5 e

daF __ aF 2( dH_ aF aH_ aF
d\0p), 94, 04, oPk)'
Bropoft unen B npasofi wacTH Hasb
1BaeTCs CKoGKa
oGo3nauaercs uepea (H, F): wa [yaccona

H, F OH OF _ OH OF
5 ;(% 9, o, ap,,)’ k=12 ..., [ (LY

II/;ITaK. TIONIHYIO NPOH3BOANYIO NO BpeMEeHH BCSKOR ) yHKUHA
(gn. pai £) MBI MOXKEM Hanuears B BHAC

dr OF

=5+, B (61.2)
Ecau F siBHO He 3aBHCHT oT BpEMENH, TO %’li= Oun
aF ’
ar =(H, F). (61.3)

Moo cxasats, TakuM 0Gpa3oM, uTO ANA BCAKOH hYHKUHE KOOp-
amyat v uMayascoB F(ge pe) ckoGkn Tlyaccona naioT eepamenye
€e [10JHOH NPOH3BOANOH NO Bpemenu. [ToIb3ysick 3THM 3aMevanuem
MBI [IPEICTREMM KaHOHHYECKHE YpaByeHns '
dg, _ oH  dp, oH
dt dp, Al 8gy
npH nomotwy ckoGok [lyaccona B HOBOM BHIe.
Coraacuo (61.3) Mul nmeem
dq, dp,
—k LI
= g, gt =(H, pa). 61.4)
Oruintem teneph ckoBku (H, gr) B (H,pr):
ol aq, aH z?qk) aH
9y 04, O, Opy)  Opg "
(aH Op, O dpk) oH

3py 07, 99, 0Py el

Msr BuIHM, uTO ypaBuewns (61.4 B

HOHHYECKHMH pagueﬂmmm( ) Reicrarensio cosnazaior ¢ wa-
Ecnu nas F(gs, pr) croGxu IMyaccoua (H, Fy pasust HymO,

10 (H, =0, (61.4)

daF
4 =0, F(gs, ps)=rconst.
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DTHM MOKHO BOCHOJb3OBATLCA A OTHICKAHHS 3aKOHOB COXpaHe-
BAsL UM MePBLIX WHTETPANOB YPABHEHAN JIBHKEHHS, O] KOTOPbIMY
pasyMeIoT TaKHe COOTHOWHHA MexAy KOOpIMHATAME K WX fep-
Gbimy TIPOU3BOAHEIMH 7O BPEMEHH, KOTODble COXpAHSIOT CBOE 3ga-
meHHe BO BCE BpeMs JBHAEHAS NPH JNIOOBIX HAYANLHEIX YCTOBHAX.
Haitgem, nanpumep, ckokn (H, H):

OH OH _ OH OH )=
“ H)_g(% 9, 04, O

OTRYZA
Y H=const,

HAH, B PACKPHTOM BHJE B I€KAPTOBHX KOOPANHATAX
1 s | o _ .
H=7r;‘—(p§ +py+ )+ U (, y, @) = const. (61.5)
D70 COOTHOWEHKE, BLIPAXKAIONEe 3aKOH COXDAHEHWT SHEPTHH, H
ecTh OJHH U3 NEPBHX HHTETPAtOB ABUKEHHT — HMEHHOd;;lHTerpaJ]
smeprin, 3aMCTHM 37€Ch, TO, OTHICKHBAS NPORIBOIHYI0 —7~ B § 59,

MBI yKe BOCMOAB3OBATMCh YacTHetM cayuaem cxafox Ilyaccona
fem. (59.1)]

B KauecTBe BTOPOTO NpHMEpAa DPACCMOTPHM ABHIKEHHE HACTHLBI
B [OJI¢ UCHTPAAbHOA CHNBL Hatizem ckoGxu Tlyaccona (H, L), rae
L, — MOMEHT KOJHUeCTBA ABHKEHHS OTHOCHTRIBHO OCH 2t

Lo=xpy~— Ypx- (61.6)

Hcxromue cxobxa Ilyaccosa no (61.1) 6ymyT

(#, Ly
Tpmunmas o ruManne (61.5) u (61.6), nonydaenm
244 U
H Ly=y57 — 55

Jlas BEIKCACHHS NpaBOf 4acTH nepefiieM K NOJSAPHLIM KOOpIHHA-
TaM, BOCHO/b30BABUIHCE HOPMyAaMH
x=rcosp, H=rsing.
3amerus, 4TO
oy __oU 0 L U 05 | oU ez
e T 0xr 09 ay 09

dz o

] o ou ot
=—751n¢0—x+rcoscp?y—— -‘I——y T
nonyyaem X
ou
H, Ly=—5r.
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Ho rax xax B ciyyae uenTpatrHOl Ciisl NOTeHnMAlbHas SMeprHT
Il 3aBUCHT OT @, @ SABLCHT TOJBKO OT £, TO
(H, L)=0 » [,=const.

B xauectne ynmpaxueHus Npelsaraercii NOKazare ¢ NOMOMBIO
ckobox Ilyaccoma, wro L. = const u L, = const. My mogyyaeM
TPH 3AKOUA COXPAHCHNS, & HMEIMNO, 3AKOHL COXPANICHIS COCTABAAD-
L{HX MOMEHTA KOJKUECTBA ABIMKERIA.

3aKONL COXPAHEHINS NOAHOTO MOMEUTA KOJTYECTBA ABHIKEHHA
HNEIOT MECTO TaKxe N 1AS 130IUPOBAHEON clucTems: wacTui. B aTom
caysae

Lo=Z @y — fepaa),
1 5 )
H=Y Ty, (P P P2+ U (1, 40 2),
C

Te CYMMHDOBaHue DACHDPOCTPAHACTCA Ha Bee 4acTuyol Bruncie-
Hite, araAorioe npoacaantoMy 8 (61.7) s ondoir vactamnm, gaer

dL. N/, U U
az ‘f(-‘/* ax,  k m)‘
ﬂpu qepexone K TIOJAADHBIM KOOpAaHnaTaM X = Ta COS @r, Yx =

== fp S11 @ TIONTYHECM
L, _ U
ey

1lo TaK Kak a9 H30AHPOBAHHOH KOHCEDBATHBHOR CHCTEMBI apH no-
BOPOTE BCCfl CHCTEMBI HAa OTui W TOT e YroJl MOTeHHHAbHAN D~
Tist HC MeHAeTCH, TO

=1,

diL,
=0 n L,=-const.

Tlpunenan ananOruyRbIT IpHEM, MOKHO LOKA3aTh, 4TO IS H30-
JUAPOBAHHOW CHCTEMLI £ YaCTHIl HMEIOT MECTO 3aKOILI COXpAHCHHS
CJATAIOLHX TIOTHONO KOMHYeCTBA ABUKCHus Py, Py, P, npuuem

Px=§pxkv P, %pw; Pz=§pzk~
HelicTuTensHo,
dPx:(HP):Z( O JPx__t?H DPz) _2 OH __EOU
af AT i\ Gp, O, 0, Op,, &5z, 5%,
{cymuupoBanwe pacnpocrpanserca #a nee wactuusl). Ho rak xak
TOTRNIHANbIUAS SHEPTHS CHCTEMbt HACTHI, 33BHCHT TOABKO OT HX
B30UMHOIX DACCTOAIMA B HE MEHSeTCS, eCAH BCE OHM CMECTATCH
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o
Ha OJHHAKOBOE pAcCTOsfNe NOOCH X, TO e 0 u P,=const.
3
%

Ananorudi0 LOKA3LBAETCH, UTO
Py= const, P, = comst.

Ecan Mbl RpHCORMHUM CIOIA €IIE 3AKOH COXPAHEHHT SHEPIILI
(61.5), 10 NOAYUHM CeMb BAKOHOB COXPAHEHHS RIH MEpBLIX HHTE:
IpanoB ypaBBeHUH NBHKERH.

Cxofkn ITyaccona MOXHO ONpEleMHTb ¢ TOJNLKO AAA fapel
@ysrusi H 1 F, vo v s M0G0k Naplt yHKLHA KOODIHHAT H HM-
nyabeoB f u g B 3TOM ciydae onpejlelieHHe TaKOBO:

(. 8 2( o -?g——-af——a’i)v (61.8)
-

Tp, 89, 04, 0Py
IMycts f = p 1 g = ¢; TOTAR, QUEBHIKO,

o =008 222 619
npHf=gHg=q

09 9q _ 99 0q _,
@ D=3y a7 "o

(61.10)

Touno tak xe u (p, p) = 0. Tor daxr, ¥ro juis napsl KaHOHHUECKH
COUpAKEHHEIX KOOPAHEAT U HMIyJIbCOB ckoGxu [Myaccona pasesr t,
MO0 pACCMATpHBATe KAK ONpCAENEHHE KAHONHYCCKH CONpRiKeil-
4B DEJWUHH: B BEANIRIE Py 1 gk Mbl SyNeM HasuBarb KaHORH-
uecKH COMpAKERHbIME, eCIH

(gar g =0, (pr: p)=0

(pes gy =1

§ 62. JipmKeHHe B 3JCKTPOMArHUTHOM Hoje

B npenuiecTaylomyx 1aparpadax 3TOji [Ja@Bbi Mbl UHTEpLCOBa~
JHCH MCKIIOMUTENbHO CIYYaRMH, KOFLa ABHKEHHE NPOUCXOLUT B [0~
TeHIUANBHOM [oJe, T. & B 101, B KOTOpOM CHJA, JEHCTByIOLIAs Ha
qaCTHIy, MOKET GbITh NPEACTABICHA KAaK IpaJUeHT Hekotopolt cKa-
asipuoi PyHKIAR . [IpHMEPOM TAKOrO MOJld ABJACTCA MOCTONUNOS
saeKTpocTaTHIECKoe none. Pabora mpu ne(bpememeuuu 3apsKeHHOR
wacTHIH B TAKOM ToJde He 3aBHCuT OT (OpMbL MYTH, a 38BHCHT
TOJBKO OT IIOJOKCHES HAqaNBHOH H KOHCHNOH TOUEK.

BaxubM Cayidem IBIXEHRA ABAACTCH IBHMEHHE 10X led-
CTBUeM 3AEKTPOMATHNTHOTO 10, Cula, ACHCTBYIOWAS HA 3api-
JKEHHYI0 YACTHIly B TAKOM TNOJE, KAK HIBECTHO, BLIPAKALTCR bop-
wmyqoit Jlopenna

F:e%—{—%{v]ﬂ.
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Bropoi wien SToil (opMyJib BRpaaer chay, AeficTsyouyo co
cropons MarkuTiOro moas. Kak yke Gemio yKasano (eTp. 149),
cuia

F=Z[v¥]

paGoTH He cOBepIiAeT, TAK KAK OHA HANpABJEHa IepIedHKY/IfAPHO
K CKOpOCTH. BaxHLIM CBOHCTBOM MarHUTHOTO HOMA ABASETCH TO,
YTo 3TO NOJE 1€ HMEET HCTOUHHKOB. 310 06CTOATENBCTBO BRIpa-~
xKaeTes yCJlOBPleM

div# =0.

BeaeacTre 31010 YCOBHs HAIpaMXeHHOCTb MAarHWTHOTO NoOJs 7
MOMKET GbiTb NPEACTABIEHA KaK BHXPb HEKOTOPOro BEKTOpa A, na-
3bIBaEMOT0 BEKTOPHEIM NOTEHL(HAIOM

F=r1ot A

[kax W3BeCTHO H3 BEKTOPHOTO aHAMH3A, A JOGOr0 BEXTOpa & HMCeT
Mec¢to ToKmectso: divrota = 0; mostomy divd =diviotA=0,
T. €. yKASaHHOE YCJAOBHE BHTOMHAETCHA].

HanGonee ofmuM HBJNSETCA CAydall MepeMEHHOro BO BpeMeHd
SJIEKTPOMATHUTHOrO M0/, J{Jisi BHITHCIEHHT TaKOro moJf B 21eK-
TpOAMHAMHKE BBOAATCS TAK HASLIBAEMbE JICKTpOJHHAMHUIECK e NO:
TeHUHAIb — CKa/IApHbIf § ¥ BEKTOpNBIA A?f, H HanpameHBOCTH
nonel ~— 3MEKTPHYECKOro & K MArHUTHOTO Jf — BHUHCAAOTCA 1O
popuyiam

1 8A
& =—gradp— 5. }
F =rot A,

HbI0TCHOBE YDABHCHHS [BHMKEHH UaCTALB! C MAccodl m K mo-
JOXHUTEIbHLIM 33PAJOM € B 3JeKTpOMArHHTHOM ToJe TaKOBBL

mit =8, + < [v¥H), =&, + = (496, —236,),

(62.1)

J elme ABa aHAJOIUWMBIX ypaBHends st ocefi y u z. [Tokaxen re-
neps, 4TO STH YpaBHEHHS MOryr ObiTh MOJAydeds u3 dynknuu Jla-
rpaHKa. BLIGPAHHOH CABIYIONIHM 06pa3oM:
e
L=T—eq+-;(VA), 62.2)
HIU B PACKDHITOM BIIe B CKaPTOBLX KOOPIHATAX

L g #) —op 2 (A 0, 4. (623)

L

) Cu,, panpuvep, H E Taww, Ockosu Teopin srextputectea, «Haykar,
1986, crp 218; S, 11 ®peukean, Kype Teopenpaecrot mexauwih, [ocrexuanar,
1940, esp 212]
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Hast pokasaTenbcTBA MBI mpescde BCero Halilen 060BmenHme um-
AyALChl, COOTBETCTBYIOMNC KOOpaupatast X, ¥, 2. Ilo onpefencHmio
aL

H T. K, YTO J4CT, ecIH BOCNOIb3oBaTLCA dyuxuui L

P =5
(62.3),
pr=mit S Ay py=mito Ay, pe=mE 4 A, (62.4)

W B BexTOpHOT Qopme

e
p=mv+_A (62.5)
Tamniuen TCHCpl: JiarpalKesbl ypanlieRns ABHKeHUud
4 (oL L
TtT(W)“ —0, k=1,2...., |
r AL

I Siangr=x1

ETI, WTO ==, MOAYHHM

{©2.6)

Jlas mempcoeny ppoyaes el f s eves napeoit M3 Gap-
by qug Ay
S e dAg
7Rt i
. d
Baxuo myerh B BIULY, YTO [pll BEIMHCIENHI npousnoauon%cne-

AyeT 6paTe AOAHYO NPOHSBOIHYIO HIM HPONIBOMIYIO BAOJb TPACK-

TOpHI ABHIKYINEHCA yacTHUE *):

dAy oAy | L 0As | . 0Ae |, 0A,
@ o thg tig it
npﬂl!y.l\‘[ﬂﬂ 3TO BO BHHMAHHC, HMEEM
doy 34y Ay 04,

e . o, Ay
at _””‘“’?( T Bttt azxz)' (©2.7y
Hanee, nponuddepenmporas (62.3) no x, naxoauy

oL ap | ef 04, .8l oA,
P ra At +yw+27x>- (62.8)

Tloxncrannns (62.7) n (62.8) B (62.6), no1yuaen

2y

. 0 e ddy | el Jod, Al o4, oA
oIS ol Oy | Ohk) qoh o)
m. LT c@tTc[y(z?x ] Tz ox ]

« 25 (1 .

) Mosman (1tu cyGCTanuAatenan) NPOUIDOIHAM nO ! XAPAKTEPUIYCT Have-
HeRIC A 37 Qusoil 44cTer, TOTIA KaK WACTRAE (M Ao\afbuar) TpOM3zON-
Hasl XapakTepuayer asMefie;e A p NAIHONM MCCTe,
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Ho, npuneMas Bo BauMaunme (62.1), ouennano, Hmeem

04, A
y(dx - ay)_z

=ygrot,A—zrot, A = gF,— ¥, = [vH],.
Hrax, Mbl nosaytaen
mi=e&y+ %[v]t’]x.

@ynkuud FaMuIbToHa COMIACHO 06IMeMy ONMpCASIEHUIO ecTh

H = ips+ ipy + 22— L. (62.9)

Tcau Mbl CIOfa MOICTABHM BMECTO fx, Py, P: BLIPEIKEHHS KUHETUYe-
crux UMOyancoB (624) B gymxuuo Jlarpanxa (62.2), To nomyunm

H=t(mit A,,)+g (my+%/ly)+é(mé+§/lz)——
— g m 8 oo — L (A 4 gA, +2A).

Bunoards npocThie agreSpaHyecKue npeofpalvBaHHsA H OpHBEJE-
HUsl, Mbl YBRIBM, YTO 4jelbl, COXEpiKaliye COCTABIAOLHE BEKTOP-
noTelunana, COKpamaroTea ¥ pe3yabraT Takos: R

(0% 1y )+ ew,

T. ¢, H no-mpemneMy SBASeTCA CYMMOH KMBETHYECKOR H moten-
nnaqbHOfi Aueprid, a Kaxkne-THGO WIGHL, COOTBETCTBYIOIMUE Mar-
HUTHOMY DOJI0, OTCYTCTBYIOT, STOTO H CACAOBANO 0KAAATH, TAK Kak
cnaa Jlopennia #EKaKoft pagorsl ae comepuraet (cM. § 41).

Haitnen Teneph siBHoe Buhipaxenue dyHxkuud [amuabroua uepes
KOOPAHIATH U COOTBETCTBYIOUIHE MM 00OOweHHne EMnyaschl. Has
sroro B (62.9), a Takme B BrIpaseHun dyHKuuU Jlarpanxa (62.3)
caeiyer 3aNeHuTb £ §, 2 X BLIDAKEHURNMH 4epes px, Py, Pz

TpeoBpasyem cnanasa dyuxumo Jlarpanxa

1

H=gm(# i +2) Fop=

"

L=tmv—ept+S(vA)=
! (p ~%A)2—ecp+%% A(p —%A),

™
e NoT P pasyMeeicA KHRerHueckufi nynysine (62.5). ®@yaxumio a-
MIIbI0Ia HamglleM st KpaTrOCTH TaK#&C B BeKTOPHOU (opie

e 1

B bop Ao AT b £ AL ~ )
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Jlerko yGenutbcs B TOM, 9TO TePBLIH W MOCAEHHMA 4NeHB BMe-
1 e o\2
cTe AaoT -,;L—(p — - A) . B camon nene, nanpunep,

pe(pe =5 As) =% Ax(pe— 5 Ad) =
€ 22 2
=pi—2,p A+ 74 (px_7 Ay
HOSTOMy ME! TOJ1yYaenM nocJae npHBeIenua

Tiﬂ—(p——i-i\)2+eq>= .

. [(p—% Ax)2 +(p—% Ay)2 +(p: =%

¥l +eo. ©210)

D10 ¥ ectb uckovas (yHKIEA aMunbTOHA.
CpasrnBas (62.10) ¢ BuipaxenneMm ¢yakiun Iayumasrona ana
cayyan SMEKTPOCTATHICCKOrO OIS

He= o (Bt Pyt P) v, 62.11)

rae uepes Py, P,, P, 0603HadeHs COCTABASIOUEE KONHYECTBA LBI-
#enn (Py = mX H T. 1.), Mbl BHIAM, U4TO NEPEXON K CAYYAUO 34°K-
P £020 TOJS OCYIIECTBISIRTCS NPH NOMOIILH BECbMa NPOCTO~
ro mprema: #ago 8 (62.11) samenuth cocTasasoumpe OGHKHOBeH-
noro HMOyabca Py Py, P; COOTBETCTBYIOLIHMH COCTaBAAKMUMH
KHHETHMECKOTO BMIYAkca

P)_,=p,,—%,4,c BT I

§ 63. Mexannka GuICTPOABRKYIHMXCA HACTHIL.
Mpeo6pazosauns Jlopesua

B Tex caydYasx, KOFZa CKOPOCTh YACTAIlEl CPABHAMA CO CKOPO-
CTbiO CBETA, CACAYET MOAb30BATECA 3AKOHAMH TEOPHH OTHOCHTCAL-
HOCTH. Myl He MOWeM 3eCh CHCTeMATHHECKH H3JATaTh Teopu:O
OTHOCHTENBIIOCTH, 4 NPHBEACM B ITOM B CAGAYOmHX Naparpadax
TONLKO NEOOXOANMEIE CBEACHHA, KOTOPHIMH HAM MPHAETCA BOCMOAL-
30BaThes B AalbHelniey ¥).

*) Ha pycckoM ASLIKe HMEETCH PAR XOPOIIAX W3Ol TeODHU OTHOCHTE.Ib-
HOCTH, HanpuMCp: B &k K € p, DMeKTpoLIan TCOpUA; B e pr i an, Teopis OTROCH-
TeAbHOCTH, KpaTROS, HO OWEIfe SCHOR WIOMCHHC TCOPHK OTHOCHTEALNOCTH W ce
SKCNepAMEHTATHILX OCHOB A2KO B KHKre I, C. JlauacGepra Onruka, ra. XVI,
VicTOpHs COBMABHA TEOPHH OTHOCHTEABHOCTH TPEICTABASET aueHb GOBLION Rirre-
pec. ‘OHA YBJEKATENLi0 H3IOWEHZ B JCKUHAX 0O 1COPHN  OTHOCHTEABIOCTH
JI. Y. Manseabwtama (JIGKIHA [0 ONTHKE, TEOHH OTIIOCHTEABIOCTH X KBaTOBOM
wexantke, <Hayka, 1972, c1p 83).
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B ocHOBe TeOpHH OTHOCHTENLHOCTH JEXaT A8a NOCTy1aTa:

I.TMocTyaar OTHOCKTEh 0CTH. HuKakaMn MeXaunue-
CKUMH WIH  5HEKTPOMATHATHEIMH (B WACTHOCTH — ONTHMECKHMH)
SKCIepHMEHTaMH, NPOHIBONKMEIMU BHYTDH CHCTEMbI, HEBOIMOWHO
O6HapYKHTH PABHOMEPHOE NPAMONUHEHHOE IBHIKEHHE STOH CHCTeN b

Sror noctynar ssaserca oGofulenneM OTKPHITOrO euwie Tann-
JleeM TIPHIMETA OTHOCHTENDHOCTH KJACCHUECKOR MeXxamukm, coraiac-
HO KOTOPOMY BCE MEXAaHHUECKHe ABIEHHS MPOTEKAIOT COBEPUIEHHO
OMHRAKOBO, HE3ABUCHMO OT TOFO, HAXOIWTCA J¥ CHCTEMA B MOKOS
BAM B DABHOMEDHOM NPAMONUNEHHOM, T. €. HHEDIHANLHOM, ABH-
SEHHH.

31eCb, 0AHAKO, HyKHa HeGOABMIA OFOBOPKA® €CIH HMEIOTCH RBe
CHCTeME, HAXOJAMKECH B NIPAMOIUHEHHOM PABHOMEPHOM IBHIKEHHU
OTHOCHTEABHO APYT APYra, TO NPUKIHI OTHOCHTENRNOCTH HE yTaep-
acdaer, 4r0 Kakoe-100 JaHHOe SBAeHAE NPOTEKaeT OAIHAKORO B
oenx cicremax. HanmpuMep, eclii Te0 NOKOUTCH B Ofuol chcTeme,
70 B ApYroit OHO ABIRKETCS. HO MPHHIAN OTHOCHTEARHOCTH YTBEPH-
Zaer, 4r0 €CAH HauadbHble YCIOBHA B OGenX cHCTeMax GyAyT onu-
HAKOBEL TO H CAMH JIBHMKEHHS 6Y1yT ONMHAKOBHIMIL

TloctynaT OTHOCHTEdbHOCTH Jfmultefiia PacmpocTpanser 5To
YTBEDHICHHE TAKXKe 1 HA SJACKTPOMATHNTHLE ABIeHHd. ITOT 10~
cTyaaT Moxer OniTe (DOPMYBHDOBZH UECKONbKO HHaue, ecly BoC-
1104630BaTECA NOHATHEM 06 HIEPUHANbHEX CHCTEMAX, T. €. O TAKHX
CHCTEMAX, B KOTOPLIX 1IMEET MecTo 3akon uuepluu. [Ipn sTom nphh-
I OTHOCHTENBLHOCTH (DOPMYJHPYETCH TaK: 80 JAKOHbL MEXAHUKIL
1 ONTUKL OOURGKOBL! B0 BCCX UHEPYUANLNDIY CUCTEMAX.

2 TMocTyaaT noOCTOANCTBA CKOPOCTH cBETA Cxo-
pocth cBeta B MyCTOTe ONUHAKOBA BO BCEX CHCTEMaX, Hesapn-
CHMO OT OTHOCHTENbBOTO ABH-
JKeHuA HCTOYHMKZ M Habmo- &
natens.

B knaccrdeckoli MCXaHuke
AAS fepexona OT OLHOH cH-
cTeMBl KOODIHNAT K APYIoil,
JBHKYMERCA pPABHOMEDHO OT-
HOCHTEJIEHO TEPBOH, HCHONb-
3yI0TCA TAK HA3LIBaEMBIe nipe- 7. 7 &fz]
o6pasosagust [annaes. Pac- Vi
CMOTPHM ~ ABE  ACKapTOBH
UPAMOYTOABHLIE CHCTEMEl KO-
opauHat, S{x.4,2) B §'(x', ¢, 2’} (puc. 109). [Iycts Aqa apocToTH
HX OCH X COBOAJAKT H MONOMKHM, UTO CHCTeMa S’ paBHOMEDHO JBH-
JKETCA CO CKOPOCTBIO V OTHOCHIeAbHO S BOAL OCH X, NPUYEM B MO-
Mert £ =0 Bauana KOODAMHAT OGenX CHCTEM cobnaianT. B Takom
cayyae B CBOIO Ouepelb cucTeMa S ABHIKCICH OTHOCHTCABHO S/ co
CKOPOCTBIO — V. TI03TOMY MC¥Y KOODIHUATAMH TOYKH B CHCTEMAX
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8’ u S uMeT MECTO COOTHOUICHHA:

M=x—-Vi
¥=y (63.1)
2=z

R K atiM TPeM COOTHOMIEHNSIM ANS NPOCTPAHCTBCHHLIX KOOpPAUHAT

caelyeT 106aBKTh elle COOTHOmIeHHe 15 BpEMCHH! BpeMs B ofenx

CHCTEMAN € TOYKHK 3peHHI KAACCAYECKOlT MeXaHlKH OAHHEKOBO,
=1 (63.1a)

Dopuyast (63.1) u (63.1a) npeacrasasior coboit umeoue Me-
CTO B HRIOTONORON MeXalliike npeodpasosanus lannacs. Jerko yoe-
HHTLCH B TOM, UTO yPaBeHHs HbIOTOHOBOH MEXAHHKH HE H3MEeNfioT
CBOEIo BHIA yP¥ YaMene KOOPIHHAT I BPEMEHH COIMAacHo stulM (op-
Myaay npeoOpasoBanus. Huaue TOROPS, ypaBHeHHS MeXaHHKH
HuioToHa unBapuaHTHE OTHOCHTENBHO npeoGpasoBanuit [anumes.

B camoM fneae, HanuieyM KbIOTOHOBO YpAaBHEHHE JBMKCHHA AMs
KOOPIHUATH £
d2x
ar

OueBHAHO, 4TO MOCACAYIOWNE PACCYKACHHUST GYAYT CTPABEAIHEL
TaKXKe W [AAf yPABHCHHUI, naNUCAHHBIX 144 JAOGOH KOOpPIHHATH X,
¥ und z. QopMyas npcobpasoBanuit lannaes aalor 448 koopau-

mis=F,. 63.2)

HaTH X
x=x+ Vi
Audepenunpya no 7, noaydaem: ’
dx dx”
@ =ar tV
nan
v,=0 +V. (63.3)

D70 — p3BECTIAN TEOPEMA CJAOKenHs CkOpocTeff MexaHnKn [any-
Jed — HeloTona: ¢KOpPOCTL HACTHHEL B cucteMe S paBHa CKOPOCTH
5TOf YACTHIW B cHeTeye S/ mAc CKOPOCTh OTHOCHTENLHOrO ABHNE-
HHS 06CIX KOOPAHHATHBIX CUCTEM.
[Muddepenunpya no x propofi pas, nodyuaen:
dix d2x’
TR 63.2a)
lrax, JeBbie 4aCTH HLIOTONOBLIX YPABHCHUN NBHWKEEHA HE Me-
HAIOTCA Mpu npeobpasoBaumsx [agmacs. B npaBbix wacTsx 3THX
ypaBiennfi HaXOLATCA KOMIIOHEHTL CHAb. Ho B MeXaHuKe CHABI
B3aEMOIEHCTRHS MEXIY ABYMR TeNaMH ABASIOTCS CHAAMH MpHTH-
MCHUS HAH OTT2IKHBaHMA. TaKue CHIB 3aBHCAT OT PacCTORNIS
MEKTY ABYNA relasiy T € OT pasnocredl KoOpAMHAT, A He OT ca-
mix Koopauuat. [lostony, npeodpasosanus [anuies He MeusoT

L3
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KOMIIOHEHTOB CIVIM, T. C.

Floo= Py, {63.26)
Homcrasasa (63.2a) n (63.26) = (63.2), momyuaem:
d’x’ F
= Fu

D10 1 MOXASLIBACT, YTO NpeoBpasoBadus [anuies He MeHAOT BHAA
HRIOTOHOBHIX YPABHEHHH NBHZKEHHS: HLIOTOROEB YPABHEHUA ABINE-
HHs HRApRAHTHEI OTHOCUTENBHO npeoGpasoeannmit ["aannes.

UuBapHaRTHOCTb ypaBHERHH RBHXEHHS OTHOCHTEJBHO Ipeodpa-
soamiy [anuies MPENCTaBAAET coGoli MaTEMATHHECKYO (opMYaH-
pPOBKY MPHHIATIA OTHOCHTENLHOCTH K1aCCHYECKOH MEXaHHK(: 3aKOHEI
IBWMKEHAA OJIMHAKOBE BO BCEX CHCTEMAX KOOpAMHAT, paBHOMEpIO
JBHIKY IHXCA OTHOCHTRNIBHO APYT Apyra. [1epBBIdl mocTyjaar TCOpHH
OTHOCHTENBHOCTH COTJIACyeTcss C STHM NMpHHUHNOM H ofolmiacr ero
Ha 3aKOHBl pacnpoctpanenus ceera, ONHAKO OLNOBPEMEHHOE NDH-
MeHenue OGOHX NOCTYJATOB NAXOINTCA B MPOTHBOpEUHH C IpeoG-
pagoBanuaMH ['amdacs. B camoM nene, ma mpeoGpasopanmiy ['a-
AAdCA ABTOMATHUECKH BLITEKAET TeopemMa CIOWKeHHsd cKopocTel
(63.3). Ho ecniu mpuUMCHHTL 5Ty TeOpeMy K CKODOCTH DACTpOCTpa-
HeuHA CBETA, TO [OAYUaeTed, YTO €CiH CKOpoCTh CBeTa B cucreme S
pabua ¢, T0 B cuCTeMe S OHA AOMKHA OLITH papha

cd=c+V,

YTO TPOTHBOPCUAT BTOPOMy MOCTYAATY TEOPIH OTHOCHTEIBIOCTH.

Taxg Kak, 0fHaKo, 06a 3TH NOCTYJarTa NMOATBEPIKAAIOTCA BCEMU
U3BECTHHMA SKCNEPHMEHTATbublMK  (aKTam, TO MpoTHBODEUIlE
MMeeTCsl HC MEXKAY CAMIIMU NOCTYyaataMmH, a MeXJy HOCTy.aTamu
u nmpeoSpasopaunsinu Taandes: mpeoGpasosanna Tanunes wenpu-
MeHUMB K PAaCIpOCTPAlieHHio CBETA A K JIBHIKEHHAM CO CKOPOCTAMH,
GAUBKUMIE K CKOPOCTH CBETa.

Ditmmrefn M3 caMuix o6LX COOOpaueHH 0 CBOACTBAX Mpo-
CTpancTBa U BpEMEHH Hamie Takue NMPeoGpasoBauks, KOTOpEE CO-
raacyioTed ¢ 0G0HMH HOCTYNIATAMH TEOpHU OTHOCHTEILHOCTH # 9acT-
HBIM CIyuaeM KoTophix (Iph V/e € 1) SBASOTCA npeoGpasosanus
Tamutes. DTH npeodpasosanns panee Guau HafAeHw (opManbuo
Jlopeniiom, BEHIY 4ero omi HaskiBawores mnpeodpasopanasi Jlo-
penua. OHl HMEIOT CENYIoW Al BHA:

(63.4)
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Baxuoft ueproil stux npeoGpagoBaniii ABAAETCA TO, UTO NpH
nicpexofie OT OAHOH HHEPUHANBHOJ CHCTEMb K APYroil npeoGpa-
3yIOTCS He TOABKO NPOCTPAHCTBeHKBIE KOODAMIATH, HO H BpeMs:
BpeMsl TEUeT B DA3UUHBIX HHEDUHAMLEEIX CHCTEMAX, PABHOMEDUO
JBUXYIHHXCS OTHOCHTEALHO APYT ApYra, N0-PA3HOMY.

Jlerxo Buners, uto npr V/e « I, 1. e. B yemopusx, korna pepna
mexanuka HuioTona, npeoBpasosanns JIopeHUa ABTOMATAYECKH me-
PCXORAT B npeoGpasosanus Laauiest (63.1). ,

Boipasum renepb u3 (63.4) x, y, 2, { depes ¥/, ¢/, 2/, . Tloxy-
uaeM:

AV |

T YTY
Vi-=

Vo
o

Z2—=2, fe=me———

Vet
1/’—7

D10 — Te xe GopMyan npeobpasonanuit Jlopewua Anst chcTe-
Mbt S, IBIKyn{eficd OTHOCHTENbHO S’ €O CKOPOCTBIO — V.

Mu ve Gynem BLBOANTh TpeoGpasomanus Jlopewua, mo anas
ONpaBianns KX NOKaXem, YTO 1IMEHHO OHH 0feCneYuBalT OTCYT-
CTBHC TIPOTHBOPEUHA MEKAY 060UMH OCHOBHLIME HOCTyJaTaMH TeO-
puM OTHOCHT@dbHOCTIL. PAccMOTpHM AN 310r0 CiioBa JBE HHep-
LHaAbHbie CHCTeMbt S ¥ S’; MYCTh HX Hadaiaa CORNATAIOT B MOMENT
t = 0. TlpeanosoxuM, uTo B STOT MOMEHT H3 HA4ana KOOPAMHAT
BLIXOZHT KODOTKUA CBETOBOM cHrian. Uepes mpomexyTOK BpeMeHu
dt cBETOBOH CHIHAN PACHPOCTPAKHTCA B CHCTeme S Ha paccrosie
cdt u noctHrger COCPUYECKOl NOBEPXIOCTH ¢ pagnycoM R = cdi,
YpaeHenHe 3Tof cpepUUecKOil NMOBEPXHOCTH ¢ UEHTPOM B Touke O

ecThb
A+ dy? + d2? = c2df. (63.6)

TTpoisBeaem Teneps nepexon oT CHeTewb S K cucTeve S, BOCIosb-
3osaBwich npeoGpasosanusmu Jlopenua. ITocrasasis s (63.6) pol-
paxenus 10 dx, dy, dz, df w3 (63.5), Haxoamm:

63.5)

Vdy\2
R ar 2
de LV dioy ?
(dx' ' ) +dy’2+d2'z o2 ( ‘;z .
ra -

Tlocae mpocthix anreGpaHdeckiX NpeobpasoBadyfl modyunM:
Ay’ o dy” 4 d2 =2 di”?, (63.7}

T. €. CHOBA YPABHEHHC CACPUUECKOR 1OBEPXHOCTH, [0 C LCH-
Tpom B O,
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M Buaum, uTo Graronaps npeolpasoBanusiv Jlopenua u no-
CTOSIHCTBY CKODOCTH CBETa ¢ (BTOPOil MOCTYJIAT) yAOBAETBOPAETCH
T2KHKC U NOCTYMAT OTHOCHTEIBHOCTH: BOIHA, BEIXOAAMAT K3 06mero
Hauana KOOPRHHAT B MOMEHT f =0, ocTaetcst c)epuueckoll Kak
NepDoil CUCTEME OTHOCHTENbHO Hayafa O, TaK H BO BTOPOH CHCTeMe
OTHOCHTGJBHO cBOero Havana O'. C TOYKH 3peHHs 1peolpasosanuil
Tanunes 510 6510 Gul HEBO3MOXKHO *).

Taxum o6pasom, npeoBpasosarusi Jlopenua yeTpansior Kaxy-
LEECA NPOTHBOPEUHE MeXIy OGOMMH OCHOBHHIMH NOCTYJATaMK Teo-
PHH OTHOCHT@TBHOCTH,

B coorsercTenu ¢ npeo6pasosasuamu Jlopeua HaxoHTCA
TEOpeMa CHOXMENHS CKOPOCTCH TEOpPHH OTHOCHTENBHOCTH. Paccmo-
TPHM npocreliliuii cryuait, Koraa wacTuua gBEEKercss no ocd x. Uz
(63.4) naxomm:

dy dit —Vﬂ V dx

R

de’ _ di dr dr’ dr o
di v " dl
Vi-& 4

KomGuunpys 06a BLIDAXEIINS, nOAyIaen:

s o=V
] AR

1

v (63.8)

OTCIOII&, BbIpaMaA HEWTPUXOBAHHEIE BCJAHUHHE! Hepe3 QITpHXOBaH-
HBle, HAX0ANM!

vV
oy
7

v, =

. (63.9)
[

Pasenctoo (63.9) npeacrapaser Teopemy CJIOXKEeHus CKopocTelf
B TeOpui O0THOCHTEIbHOCTR. [lpn V/e & | aBTOMaruueckn moas-

yaem:
v, =uv,+V

— Teopeny C.ioKenka ckopocrefl Mexammkn [anmies — Hoorona.
Bmecre ¢ Tem gopmyaa (639) nacr pesyabrars, coraacymouue-
€A €O BTODhIM NOCTYJATOM TEOPHW OTHOCHTEJBHOCTH. Pac-
cMoTpum kpafianll cnyuak. IlyeTs nafo sunCAUTE CKOPOCTH CBCTA

*) Ha mepeuéi B3nif KaeTen WNOHATHEY, KAKHW 0OPASON reomerpie-
CKOE MECTO TOMEK, KOTOPHIY JOCTHPACT 5OMHA B ABMAYIIEHCH CHCTEMe, QCTaeTcy
cepoil oTHOCHTRARHO O', Pa3 OHO ABAACTCA CHOPOR B HCMOABIKNON CrcTenc,
Dr0T KURYVILHACK N1PATOKC PasPEUIACTCH Tew, UTO COGHTAR, OIHOBPEMElHe
B OIuOK cHCTENC KOOPAMNAT, HE GYAYT o, B JP)}TOA CHCTeMe.
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oTHOCKTENLNO CHCTCMH S, ecn ©f = ¢ H cucteMa S’ ABWAKCICA OT-
nocHTeBHO S TaKKe co ckopoersto V = c. Torla, no (63.9),
cte
—

B

Uy

KaK ¥ CAeLOBAN0 0RHAATD.
§ 64. OcHOBEI PeNSITHBHCTCKON AYHAMHKA HACTHUL
a) 3asHCUMOCTL Macchl OT CKOPOCTH

Hay HeoGXOMUMO Teneph 03HAKOMHTLCH C TeMH BaiKHLINH H3Me-
HeHMsIMH, KOTODLIE TeopHus OTEOCHTENbHOCTH Buecla B JARAAMHLY
Hpioroita. C 10 NeLio yI0GHO 1adaTh ¢ PACCMOTPENNA 1POCTOrO
MeXAHWUCCKOro TPOLLCCA: COyAAPEHNA JBYX TOMIECTBEHHLIX YNpy-
FHX L1apOB, ABIXYILHXCS HABCTPEUY KDY ApyTy MO OCH X. B ocnosy
paccMOTpENHs MH TOJOMHM B KAUeCTBe NMOCTyNaToB /Ba BCChMA
06X TT0A0:KeHHS; NPUHIHI COXpaHERH MACCH

>\ my ==const (64.1y

JL IPHNIKIT COXPaHeNHA HUNYIhca
>\ m,v; = const (64.2)
AN, B KOOPRANATAX,

S myo;o=const, 3 myv,, —const, | myu,,==const. (64.2a)
i i i

B paJbHCHIICM TPOIECC YNPYroro coylapedns Oymer paccua-
TpHEATKCA ¢ TOMKN 3PEHHA JIBYX CHCTEM KOODLHHAT, PABHOMEPRO
ABHEYULXCT OTHOCHTCILNO APYT Apyra. Pasdiua Mexcay paccuo-
TpeHuey 57010 Tpoiecca B mexanuxe llbwtona # B Teopii om0
CHTENBHOCTH GYIET COCTOATL B TOM, 4TO B NMepBOV ciyuae OVAYT
{1CTOab30DaHE Tpeofpasosarnsa l'asnaed, a BO BTOPOM — npeoGpa-
soBanuA Jlopenna, TouHce — BHITEKAIOWHE H3 STHX npeotpasosaini
3aKOIDL CAOKENHA CKOpOCTell. -

MTax, pacCMOTPHM JBa luapa, JBEAYIIEXCS B CucTCMe S’ ne
ocu x €O ckopoctanH +0” B —¥’. TIoCKOIbKY 1peinoaaraercs, uro
coyaapciiue AAeasLHO YRPYroe, oba mapa npi COYAapeini chauala
OCTAHABAWBAIOTCA, 4 3aTeM IO BJHANHENM DAa3BHBAIOULIXCA YHp)-
FHX CUJl 0MEHHDAIOTCA CKOPOCTAMMU: liepsLili ABMKeTCA 06paTHO CO
CKOPOCTBI0 —¥’, a BTOPOH — €O CKOPOCThIO SR

BrejleM Tenepl emfe 0y MIepLHaNbHYIO CHCTEMY KOODIHHAT S,
KOTOpas ABKETCH OTHOCHTCARNO S’ CO CKOPOCTHIO —V. Yuptesas
sapaee TOIMOKHOCTH UIMCHENINH MACC 1iapoB B 3ABHCINOCTH OT
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CKOPOCTH, O6O3HAUMM HX MAcCh B STOi CHCTEME Yepes my M my
Tycrs M Gyser cymMa HX MAacC B MOMENT OCTAHOBKH, T. e,1 Torn;'
KOraa ofa INApa UMEOT OAHy H Ty e CKOPOcTs V. OTHOCHTGHbHO
CHCTCMB; 5. 3aKOHH COXPAHEHHA MACCH! M HMIYJbCA, CIIPABEANHBEIE
TaKhe H B HOBOW CHCTEME KOODAMHAT, AAIOT TONNA:

m+m=M, (64.3)
oy - mavy =MV, {64.4)
Mbll_yGemmcﬂ Ceilac, UT0 TeOpeMa CIOKEHHS CKOpocTell Mexa-
umgnt Taaunes — Helotona Bpeter K TPHBHANLHOMY pe3ylbTaTy
;= my. [leficTutennho, coriacHo a1ofi TeopeMe CKOPOCTH mep-
BOTO 1apa OTHOCKTeabHo S Gyaer
o —v 4V,
a BTOpOIO +
vp=—v 4 V.
Tloctapass 910 B (64.4), momyyaey:

mo’ +mV —mp' 4 mV

OTKYA2

{my—mp)o’ =0,
Wi

My = My,
uTQ 1 TPeGOBAIOCH MOKAZATh.

B JuiaMHKE TCODHH OTHOCHTE/IBEOCTH MBI JOJIKHL[ NOJb3OBATH-
€l TEOPEMOHl CJaoxenns cKopoctell DiinmrefiHa, BhTeKaomel u3
npeoBpasosatui Jloperua. CoraacHo 1ol Teopeme

,
PR A

(64.5)

Tlorcrapnasn (64.5) B (64.4) 2
\ . 4) W MOIB3YACL 3AKOHOM COXpaH
MaccH my 4 my = M, nonyuaem: K paneund
vtV —v+V
my——r 4 My ——pm =mV 4+ myV,
? = ra

OTKY1a, OC/Ie MPOCTLIX a1reGpanyeckux npeolpasoBanull, HAXOMHM:

vV
My 1+ vL'Z
——— (64.6)
-
:

Yro6L MOMY4HTH OKOHYATEADHDLIN pesyabTaT, Hav ocTaeTcs
TOJMILKO BLINOMHHTE HEKOTOPHIE YHUCTO aareGpauyecKne BhIYUCICHUS,
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HOIIOJIb30BAB TEOPEMY CIOKENHs CKOPOCTE (64.5). Benomnuas 3Ha~
yeHye CKOPOCTH Uy, BHYHCIAEM:

()

Ve S

07(1+%)2 N

gi}j (0 4 Vi 20V)

T, 647)

Coenuuas 1AYANC U KOHEHW 5TOfl UenH PaBeHCTE, NOTYyYaeM:

-
P l/
Vi-2 .

AuanoruuHLIMY BLIMHCTEHHAMH HAfileM:

P53

IMpH NOMOUE TOJYUEHHHIX COOTHOMERHIl JIErKO NpHBEAEM (64.6)

X BHZY /_ .
I L_X;T: . (64.8)
s 1/1 _:—E

Me BuInv TakmM 00pasoM, Y10 MacCht TeT1 NDH PAIAYHEX

CKOpOCTAX ~ HE OAUHAKORM, HO 0GpAaTHO  MPONOPUHONANILHLY
i
— 2, BooGmie
z
: const

{
]
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Tipy v =0, m = my 1 Ml TPUXOJEM K YiKe H3BeCTNOA Ham (op-
myae Jlopenua — Diinmeitna

m

B npusenedtoM BLiBome paccMaTpHBaics mpocrefilimii caydajt
«1060Boro» coyaapennus AByX Macce, OIHAKO MOXHO I0Ka3aThb, YTG
3TOT BEIGOp HACTHOro ¢/Tyyast He Of paHHYMBAET OOUIHOCTH MOJyYeH-
HOTO pesyibTaTa u YTO Ta e caMaf (opMyna nodyuaercss mpu
paceMOTpendy JMIOOHX KOChX CO)AapeHuft. [IpH 3TOM 3akombl cO-
XPaHeHUs] UMIYIALCA H MACCLI YICBJIETBOPAIOTCH, €CAH B KAUeCTBE U
B GOpMYsTy BXOIHT NOIHAA CKODOCTE.

Bhute (§ 10) Mbl BHIeNH, 410 9xcneprMeliTalbHble paGoThy, Be
CBA3K C KaKOH-HGO TeopHell, C BEICOKOH CTENEeHbIO TOUHOCTH II0-
TBEPKAAT (GopMyay Jlopesna — DubmTeiina A8 3aBUCHMOCTH
MACCH OT CKOPOCTH B CJyYae 3apsXeHHBX uaCTHI{— 3JEKTPOHOB,
MPOTOHOB, ALED TAKENOTO BOXOPOAA (AATPOHOB), Afep renns. [1pu-
BelleHHbIH B 5TOM maparpade DHIBON MOKA3HLIBACT, 4TO Ta Xe (op-
Myda AO.uKHA OuITh CHpABEAJIHBA, HE3ABHCHMO OT TOro, MMeeT JIH
Te0 MCKTPHYCCKHA 3aPHA UIU OHO HelTpambHO,

6) Cnaa u sueprus

Tponommum Tencps paccMoTpCHHE OCHOBHBIX TTOAONennfi peas-
TUBHCTCKON AMHAMMKH YacTHilel. Mb GyAeM NpH 3TOM HCXOHTh H3
HAHTEHHOTO BLIMIE PE3YJIbTATd, a HMEHHO, 9TO IKCNePHMEHTAbHO
€ BBHICOKOH CTEMeHbIO TOYHOCTH ONpaBiaHHbiii (GAaKT 3aBHCHMOCTI
MACCH OT CKOpOCTH mo (opmyne Jlopenna — Dianmrefina B pens-
THBHCTCKOH JMHAMHEKE NOMYuAETCS KaK CIEACTBHE NpH paceMoTpe-
HHU ApoCTefillero MexaHHIeCKOro MPOLEecca — COyRAPeHHH YIpyrix
apoB, — eCIM HCXOMMTh M3 33KOHA COXDAHCHHST HMOYAbCA. 10
fI0Ka3biBAET, YTO B JHHAMHKE TEODHH OTHOCUTEJbHOCTH 34KOH CO-
XpaHeHUA [MIyJbca HMEST MecTo. [IpHHHMAas 3T0 BO BHHMAaHWe,
PACCMOTPUM Tenepb, KAK JOMKHbI OBITh ONpeleneHs OCUOBHbE IH-
HAMHYECKHE BeMHYHHLI, YTOGB MOAY4HIaCh CHCTEMA COMACOBAHHEIX
MeIKIy coGofi OnpeACTCHUE.

1y Cuzra. B xJaCCHYECKOI MeXaHHKE Mbi olnpeaensien Cuay 2ubo
KK NPOHIBENEHHE MACCHl 12 YCKOpEHHe, 4400 XaK MPOoH3BOAHYIO
OT HMIIYabCa NO Bpemenu (cp. § 41}, T. e.

,% (mv)=F. (64.9)

B mexanjxe TeOPHH OTHOCHTENDHOCTH 3TH ONlpENEIEHHA HE paBHO-
3HA9HH, TAK KaK MAacCa 3aBUCHT OT CKOPOCTH H, CJIEIOBATCJIBHO,
d

4 v
a5 (mv) 7= m—ar.
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Herpyaso BHIETh, 9T0 B PEAATHBACTCKOH MEXAHHKE M3 YKaSaHHEIX
HEYX DBOSMOXHHIX ONpelleacHiil Lenecoofpasuo BeGpatb BTOpOE,
T. 'e. ompenelienue, BhipawaeMoe (HopMYJIOR (64.9). B camoM nene,
10 3aKOHY PaBeHCTBA JeHCTBHA M MpOTHBOAGHCTBHA (cM. § 43)

d d

a7 (mv) =Fis, gp (mvy)
OTKYAa B
7 (mv; + mvy =0
1

mv, + mv,= const.

D10 H N0KAILBACT, UTO NIPH ONPENeACHRH CHEl nO Gopmyre (64.9)
VAOBJAETBODATCA H 3aKon COXPAHEHIiA UMIY/InCE, T. €. MOJyyaloTes
BHYTPEHHE COrNIACOBalibIe ONPeneneHis.

Oamaxo 3 onpefeicusa cunn (64.9) crepyer, 470 B peaATH-
BUCTCKOH MEXaHHKe, B OmIi4ne OT Mexawuxu [bioTona, cuna H
ycKopetne, BooGILe TOBODA, He GyIyT NAnpaBaenLl ofkuHaKoso. Jed-
CTBUTEABUO, TAK KAK Macca m B (popmyre (64.9) yxe ue aBiserca
NOCTOANION, TO B Pe3yJbTare AMG(CPeHUUPOBAHHT B NPaBOH yacTH
{64.9) noayraem:

dv ] i
Mo B g (s v (6t10)
s Vi-=w

P

dv dm
F=mar+v=

Myl BAAUM, UTO CH/I@ NPCACTABAAETCS CYMMO[} ABYX BEKTOPOB,
13 KOTOpBIX OJIE Napajienel YCKOPEHHIO, @ APYroi — napaienes
yXKe CyLecTnyoneli CKopoctit. D10 H MOKA3LIBAET, YTO CIIA H YCKO-
penne, BOOSLLE '0BOPA, fie GYAyT nanpaBieHIl OLHIAKOBO.

* Cpaa Gyner Hanpabfieta OHHAKOBO ¢ YCKOPEHAEM B ABYX yacT-
blx caysasx: @) Korga cwia F wanpasnena nepnesiukydfapro K
yiKe cymlecTByomei ckopoctn v B 6) xoraa cuia F wanpasnesa
Dapa/lenbio yKe cyniectBylomeif ckopocrs v. B cayyae a) cxo-

N dv M
POCT OCTAETCS MOCTOAHHOA MO BeRUyHire (W »O)H BTOPO# .ured
B npabofi yacth (64.10) paBeH HYMO, TaK YTO
m dy
F L (64.11)
= d
-5

B cnyuae 6) ofa unena p npasoit yacth (64.9) e pabusl ayaio, 0
Mbt rlo.'xyqaeM TOCJI€ BbIIOJHCHUS ﬂﬂqjqjepel{ul/lpoﬂalﬂ/lﬂ BO ETCpOM
uJIeHe:

dv

e (64.12)
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TpusnMas Bo BuEManye, 470 B 3TOM Ciyuae vv—’% 02%, Haxo-
REM, TOCHE MPOCTHX AJre6pPalveckHy mpcoGpa3osaui,
= (64.13)

Cxaanpuue Koo HiuenTL, cTofmne nepes yCKOpenuem B dop-
My1ax (64.11) u (64.13), kak BHEHO. Heogunakomw, B caywac ay
OTHOWIENHE CHJIbI K YCKOPEHHIO P2BHO

{64.14)

a B caydae §) OHO paBHO

o
ACH
(1= 7)

v

4.15)

OueBHaHo, uTO TOALKO popMyna (64.14) npencTaBader Bhpaxcnne
PCAATHBUCTCKOM MACCH, TAK KAK HMERNIO 3TO DhipaX<eHhe BilyTpeltde
€OTVIACOBANO C MpPELIAYUIHMH One]e}:le.'leﬂﬂﬁMH u yAOBNETEOpSET
Koy COXpawedds MMiysbca. Uro e KacaeTcd BbIpamenna
(64.15), 70 04O NOKa3LIBACT, UTO, KOTRA CHIA COBNAAAET MO Hanpa-
BJICAIUIO € yXe CYNMECTRYIOLIE/i CKOPOCTbIO, H3MEHEHWe HMmy.Ibca
BABHCHT HE TONbKO OT H3MCHEUHS CKOPOCTH, 110 H OT A3MeHernus
Macesl €O CKOPOCTBHIO.

2) PaGora u xuneruseckas swepeus. Daemenrapnas padora
cuabt F MOxeT GuiTh Onpegenena B penaTHBuCTCKOfl AMHAMIKE TAK
Ke, KaK B JutiaMAKe 11bI0TOna Kax CKAANPHOE MpoHaBesenne cHis
H IepeMentenns

dW =Fdr, (64.16)

B TOM Clydae, KOTA2 pabora CoBepilaercs gax CBOGOAMOH ua-
CTHIEIL, 32TPAYCHHAR PABOTA, TIO 3AKOhY COXDAHEHUS SHEPTIH, pam-
Ha paMeneHHo KntteThyeckolt sueprau. Orcona:

d ds
dE F([r=(md—:,'+7rv)dl‘=mdv% +dmv%—
=mydv +vvdm=modo 4 v’dm. (64.17)

Tloabayich BapaXenueM PEAATHBHCTCKON BaBHCHMOCTH MAacCh
OT CKOPOCTIL K IIPHHUMAs BO BiHMaHue, YT0

v
My — dv
L

v\ fa?
(1-%)

dm=
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rafirem u3 (64 17):

do=—"0200 - (64.15)
=

=

TIpoBepKolt yOEXNAEMCH, UTO HMERT MECTO TOKALCTBEIRO
du.

Baverus 370 H uHTErpHpys (64.18) o1 0 10 ¥, HAXOAMM!

o o
tige? nge?
EK,“:J' mpdo [ @ (e — BT et
wVE g dy T v
o (‘—7 2 =
(64.19)
D10 B ecTb PEASTHBHCTCKOE BLPAKEHHE IAA KHHETHUSCKOH 3HEp-
2t
run. Pasnaras (1 —':—,) B CTENEHHOMH DSN, Monyyaem:
;
v2\ " 192 30
(1*7) =l+sgz—gat
B cayuae, KOTAa CKOPOCTh U Mana [O CPABHEHMIO ¢ ¢, T. €

v'c & |, NocTaTOUHO B3STH NEPBbIE [BA WN€HA DARA. TTpe atOM
yeaosnu (64.19) naer

2
E g == 116" (1 + %'p’—,) — Iy mgo’. (64.20)

Mbl NOAYUHAY, KK H CICAOBANO OXMIATh, BHPAMEHHE HBIOTO-
HOBOf MEXaHHKH /LI KHHETHYECKO! SHEpTHR.
KomGurupys (64.17) n (64 18), noxysaen:

dE = c*(m — Mg). 64.21)
Bripaxenue .
me? — — =
s

HA3LBAIOT PENRTHBUCTCKOM NOAHOR 3nepruefl, 3 Bhpaxenne moc® —
aueprueli moxos. @opuyna (64.21) rokaswkiBaer, uro HImeHckHE
KHHETHUECKOi SHEPrMH TeAa, BBIPAKEHHOe B Sprax, paplio Blipa-
KCHIOMY B IPaMMaX H3MCHCHHIO DE.ISTHBHCTCKON MACCl, YMIOMKCH-
HoMy Ha C%, T. C

AE=c?Am uan Am=AE[c%

TloayueHnOe BaKHOE COOTHOMIEHHC MEH1y DeAATHBHCTCKAMM Be-
AMUAHAMA— Maccol H Jvuepruafi — OTHOCUTCH lie TOJbKO % KHHETH-

i
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ueckol sHeprum. B caMom fee, BeDHEMCS K BhBOAY (POpMyant
PeNsTUBHCTCKON MACCH, A@HHOMY B TOAnaparpagpe aj), re pacema.
TpHBAJCH MPOUECC UEHTPAIBHOTO COYAAPEHHA JBYX TONIECTBEHHBIX
1apoB, ABWXYIULHXCH HaBCTpedy APYT ApYry € OZRHAKOBHIMH (10
aGCOMOTHO BeMHile CKOPOCTAMH. B MOMent coypaperns 062
Wwapa DOKOATCS OTHOCHTEALHO APYF APYra, BO ABUTAIOTCR ¢ OAHOR
¥ TOf e CKOPOCTBIO V, OTHOCHTENBHO BTODOl BBeleHHO{l B BhBUIE
cucremsl koopaunat. Tlonitas Macca mapoB mpH cKOpocTm ¥ pasita

ry

HeTpyRko noKa3aTh, 4TO NONHasd Macca OGOHX HIAPOB MIEPEA CO-
yaapeHueM pasHa

m;+mz:—/—2”’:'ﬂ, re m=
| irs

Ho oyeBHAHO, 4TO /M > Mo, BBUAY HETO

m1+m2>-2-__‘

Mo
T

Vi

DT0T HA MEPBHI BAMVISL NPOTHBODEUHBHIH pe3ylpTaT HMeeT Npo-
cToe ofbAcHeRHe Tak KaK maphl, N0 NPeANON0HKeInio, yIpyrue, To
B MOMEHT OCTAHOBKH B CHCTEME BO3HAKaeT MOTCHUHAIbHAS Heprus
ynpyrofi aeopyaiiy AE. DToli NMOTEHUHANLROA 3MEDIHH COOTBET-
cTByer Macca, paBHas AE[c?, koropas KaK pas M KOMIEHCHpyer Ka-
YOLYIOCA HOTEPIO PENATHBHCTCKOM Wacesl.

§ 65. O cBA3H MexAY Maccofl H sneprueii *)

CooTHOmIERHe MexAy MACCOll B dHeprueil; BuBenentioe B § 64,

AE
Am=27 65.1)

ApAfercH Ovellb BAMHLIM DPE3YAbTATOM TEOPHH OTHOCHTEILIIOCTH.
B Hactosiiee Bpemsl 5TO COOTHOUIENHE INEET OrpoMHOC NpaxTiue-
cKoe 31jaucHUe, BBULY TOTO, UTO ONO JEXKHT B OCHOBE BCCH RACPHON
3HepreTHXH Kak B eC MHPHOM HCHNOAb3OBAHHN (SACPUbIE peaKTOph,
aTOMIIbie SVEKTPOCTANUMH 1l T. 1L}, TAK H B HCHONB3OBANHH a5l
BOeHHBLIX Ledeft. [105ToVy HAM HEOGXOAMMO BO3MOXHO OTUET/NMBEE
¥ a1y 6Ke pasofpathCa B CMHCHE (GOpMyisl Diinmrefina (65.1) n 8
BLITEKZIOMAX U3 Hee CNCACTBHAX. D10 Tem Gojee ie0GXOQHMO, UTO

*) Iag aynuero 03Ka ¢ . pacewaTpupae-
MBIMH B, STOM Naparpadic HACTOATEIBHO PCKOMENTYeTCs H3YNEHUC MPCHOCROLROR
craton M, Jlays, Wucpmus u snepras; pycciih kepepog STofi CTarky noweiuen
o mypRane «YeTetH QraRtecKIly Kayk», Tox 67, ¢1p. 721 {anpens 1059 r.). Ce.
rarke cGoprk: Makc Jlay o, Clares u pedn, sHayxar, 1969 1, erp 163—197,
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B JHTepaType, 0COGeI0 NOnyJASpHOL, HepeKo BCTPedacTes myTa-
HHIIA B TEDMUHOJNOrMH # B (OpMyJdIPOBKAX.

Haupem ¢ TOro, Yyro mpHBeAeM npHHajnexawmii DhnmTelny
npoctofl BuBOA STo#t (opMyan. B sTom BRIBOgE CymecTsenHyio
ponb Gyler WrpaTh CBETOROC HABJICHME, NMpeAcKasaHnoe Makcpe-
JIoM 1 GICCTsMIE NOATBEPKACHHOe SKemepumentanbdo 1. H, Jlege-
AesbiM, BejiMuiia CBETOBOTO [1aBJEHHA (PU HOJHOM MOLIOWCHIH
cBeta paBHa Efc, rae E — notox suepruM sneKrpOMaruuTHOro W3-
syuenns HanomuuM enle, yTo B cuy 0GOGMIEHHOrO 3aKOH2 COXpa-
HCHHS UMAYAbCA NPH UCAYCKAHUM CBCTA M3/Iynaloliee Te10 Nody-
YaeT HMIYJAbC OTAAYH, HANPaBENUHA B NPOTHBOMOJOKHYID CTO-
pORY U paBuhil Takxe Efc.

O6patumcs Teneps K BuBoAy (GopMyabr dfimrefiHa.

BooGpasum omopoxryo TpyOy Auukel L, paxoaduyocs s pan-
HOBeCHH 8 mycTote (puc. 110). Tlycrb Ha NpPOTHBOMOAOKHEIX KOH-
nax 3ToH TpyGul HAXOAATCA ABA
Tena A n MAcChl  KOTOPHIX
MaZbl NO CpaBHCHHIO C Maccofi
TpyGur M, Tak uto B Tex ciayua-
AX, KOTAA y4HTLIBAETCA mOAWAA
Macca CHCTEMDL, 0114 MOXeT GuThb
nonoxena pasioi M. Tlycrs,
KpoMe Taro, Teno A no cpasHe-
HHO ¢ Te10M B wMeet H36TOK sHeprin AE, KOTOpBI OHO MOXET H3-
JIYWHTDL B BHIC SAEKTpOMArHUTHO BOAHb 10 HANDABIEHHI K Teay B.

PaceMorpum cielyownti kpyrosoii nponece. B HCKOTOpHIEL Mo-
MedT Ten0 A wanyuur cBOf W3OLITOK stiepriu AE B BEAE «BCTBIMKN
CBeTa%, BLAGACTBE M€ro B Tpy6C HAUHET PACTpOCTPAHATLES Clena
HanpaBo KOPOTKHil NIOTOK SJEKTpOMATHHTILIX BOMH. [T HCTewennn
BpeMeny { = Lfe¢ 3707 notok nouser go teaa B u 6GyaeT uv norJao-
uen. Bo pema ncnyckanns teao 4, a Buecte ¢ HRM H Bew cHcTema,
BEACACTRLE OTAANH, NOMYUHT HMAY.ILC, HANPABAEHNLH BIAEBO ¥ pan-
HBI g Efc. Tlon sausumeM 3toro UNIyIbca Tpy6a mpuier B
ABMKEHIE, KOTOROC GYXET MpOAOKATBCA AC TeX MOD, TIOKA H3IyHe-
HUE He ROfiAeT A0 Telda B M B ueM moanocTso noraoTHICH. Toraa
Ten0 B, a Bwecte ¢ HHM BeA Tpy6a WCMBITANT AaBMelHe cpeta,
DIanpasentoe BRparo u Takke pabuoe g = AE/c, Kotopoe u ocra-
HOBHT IBYIKEHHE TpyOLl.

CKOpOCT: U, KOTOPYIO NpHOGpeTeT HAma CUCTEMA MOX AeACTBHEM
oraavyn g Gyaer (maces Ten A u B npereGpexnMo Manbil):

Puc. 110.

L4
v= =
M Me ®
3a BpeMﬂ H ILEHTp Macc CHCTeMpI T€peMeCTUTCA Ha pAaccTosnue
_ gl _ L AE
Ax=vt= W = et (65.2)
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TPH 3TOM MBI IPEANONAraeM, yro Jnua TpyGHl AOCTATOURO BJIHKA,
TaK YTO BpeMeHa HCIYCKAHHS W NOTJIOUIEHH: CBeTa HHUTOXHO Malb
[0 CPABHEHHIO ¢ £

Tlocne toro, Kax Telo B NOrnoTHT cBET, MEPEMECTHM €ro fpit
TIOMOL{H [KOTOPOTO MEXAHU3MA, AC/ICTBYIOMErO BHYTPHE CHCTEMbI,
7. €. IpH NOMOuLE OJHHX TOJABKO BHYTDEHHHX CIL1l, O CONpHKOCHO-
pennn ¢ tenom A. Ipn stom teqo B oraact csoli u3GHITOK sueprun
ofpatHo Teay A, mocAe Yero Mp; CHOBa BepHeM Teno B ma ero
IHpexXHEee MECTO HA NMP2BOM KOHIE TpYGh, ONATb-TaKd MpH NOMOULR
OJHHX BHYTpeHHHX €. B peayibrarTe Bes cHCTeMa NpHIET B HC-
XOJ(HO@ COCTOSHHE, 10 €e HeHTP Macc HCNHTaeT CMenleHHe. [Ipeano-
.1aras BOSMOMHOCTL CBA3M MENCAY SHeprieil W Maccofl, Mbl AOANKIIb[
CIHTATh, YTO Macchl Tena B, uMelomero u36uirox sueprun AE u or-
AaBuiero ero, GyAyT pasiHYNL; OGO3HAUMM HX COOTBETCTBEHHO ue-
pea my A My B TaKOM ciyuae cMemeine UeuTpa Mace CuCTeMbl
Tipt NepeHoce H3GwTKa sepruu ot A K B, T e. Ha paccrosnue L,
Gyner

m
_LT’
a npu oGpaThoM nepeHoce Gyner
L
L—M—.
TToHOe CMEmenHe IeHTpa Mace, IpHRHMAS BO BHMMAHRE CMeIeHAe
BCIEACTBHE OTAAuH, GyAer
£ (A A my—m). (65.3)

Ho 310 cMeuleHHe 0683aTeNbHO A0MKAO GHITL paBHO HY/MO, TAK
KaK MRAue NOJYqHIOCh Obl, 2TO CHCTEMA, NMOJNHOCTBLIO COXpAHMBIIAS
CBOIO KOKW(HIYpaudIo, NepeMecTia cama ceGa 6e3 feficTByA Byew-
uux cua. OQueBHIAHO, 4TO pasencTso Hyao (65.3) ecTh caencrsue
3aKOHA COXPAHEHHR MOJHOTO HMIYJAbca (MEXaHHYECKOTO - SJIEKTpO-
maruutHoro). HUrak:
' m; — ma= Am = OE/[¢?,

.
uTé 1 TpeGoRanoch A0KasaTh.

B paccMOTpEHHOM KpyroBOM mpouecce H3GHTOK sHeprin AE
Bosspamaics Tedy A myTeM mepeRoca Tela B mOCTYnaTenbHO HA
paccrosiniie L. MoxHO NOKasaTh, OZRAKO, YTO 5T0 NMPENONONKEHHE
HE eAMHCTBEHHOE, H YTO NO3TOMY HA HETO He C/AeXYET CMOTPETh KaK
Ha OrpaHiueHHe 0GIHOCTH BHBOAA. ) .

Ofpatimest Tenepb X anaqusy cooThomenHn dinureina, B§64
ML ZOKA3aAH, 4TO €CAH pAacCMOTPETh NMpOCTElmiMi mpouece coyAa-
pemus KByX YIpyTHX WADOB, MOJOKHB B OCHOBY 3aKOIbi COXpaHe-
HHS MacCH M HMAYABbCA, TO B TEOpHH OTHOCHTEJBHOCTH 0GOBM STHM
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3aKOHAM MOXKHO yIOBJETBOpHTb TOJNBKC NpH YCAOBHH, UTO Macca
3ARICHT OT CKOPOCTE MO (hopmyse Jlopenna — dhnmreiina

Hs toro daxra, uTo B ocEoBe BmBOma (opMyaLl Jioperua — dia-
mTeliHa AeXKHT 3aKOH COXPAHEHHT MACCHI CNIeNyeT, UTO pesaTusuct-
€Kas Macca ylOBJeTBOPSET 3aKOHY COXpaHeHHs. JIeTKO BHIETh,
OIHAKO, YTO U3MEHEHHe peJATHBHCTCKON MACCEI CO CKOPOCTBIO yie
BKTIOYAET 3aKOH SKBHBAJSHTHOCTH MacChl M Heprun (65.1).B stom
Mb npome Beero yOefuMcs, paccMaTpHBas cayuyafi, KOrfa Cko-
POCTH U He CHMMIKOM BeJdHKa. B camom fese, pasnaras BepakeHHe
{1 —v¥c®)~" B cTemedHOfi pAA, MEl MOMKeM B cAy4ae, Koria
v/c <1, B3ATh TOJbKO NEPELIC ABA WIEHA H MONYy4aeM

Eyun
N

1 mpv?
m=my A5 = =my +

3nech NepBhifl YJIeH CIPaBa NPEACTABILET HHBaPUAHTHYIO (T. e, He
3aBECAMYI0 OT CKOPOCTH) MACCY NOKOSL M, 4 BTOPOf ulieH — Kak
Pa3 1 BLIPaZaer H3MEHeHHe MaCCLl CO CKOPOCTHIO. Mer BHIHMM, 4TO
STOT BTOPOIT UIIeH B TONHOCTH COOTBETCTBYET 3aKOHy DitHuitedina

Am= AE/c?.

PaccMoTpuM Teneph CHCTEMY H3 HCCKOMBKHX TN, TaK WIH HHAYe
mexay cofof B3anMOACHCTBYIOWUX. TIOCKOMbKY peAsTHBUCTCKAA
Macca NOJYHHSLTCA 3AKOHY COXDAHEHHS, MMeeM:

const

Mo puX0fEM TakEM 00pasoM K BaXKiOMy BLIBOLY: B pe3ydbrate
npouecca COXpaHATCS CYMME MAcCH MOKOA O My H Macchl, €o-
5!

- . E
OTBETCTBYIOWEH KH{eTHYeCKOl 3Heprhk CHCTEMH—%HOCAE 3a-

DeplicHia NPOLECca, HO He Macca nokos 3, my, Ilpumen Tenepb
BO BEHMaHHe, 4T0 KMHETHYECKAs SMEPrHs 10 B NOCAe Npouecca, so-
orte roBOpA, HEONHHAKORA; ECMH, HANPHMEp, NPONCXOAHT pacmen-
JiegHe aTOMHOr0 fA1pa, TO B CHCTeMe KOODAMHAT, Te HCKOIHOE
AP0 MOKOIITCS, ero KHneTHieckas SEepris pasHa HYJi0, HO BOIHH-
KaomHe B MpONECce JIeNeuHs OCKOJKH npHOGpETAIT KHHETHYRCKYIO

i

X5
SHEPTHIO. nOSTOMy =z BO3pacracr, a caenosaTesto, Em‘,

ZOMIKHA YMEHbUTLCA. ITO npoucxodutr scaedcrsue SaKoxa coxpa-
HeHun peasrusuctckol maccot. Vtak, macca nokos He mogdHHAETCH

TR, SR ;e

e
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3aKOHy COXDANCHHs, HANDPOTHB B De3yJbTaTe MPOUECCA, CONPOBONK-
nmatomerocs BeifieNeHueM areprul AL mpomcxoguT nOTEpA Macck
riokost, pashasi AE/c2. MoXHO cKasaTh M HAoGOpOT. H3MEHEHHIO
Macchl NOKOS Ha BeMuuHHy Amg COOTBETCTBYET OCBOGOKEnHe SHep-
run AE = (Ampg)c?

COOTHOWEHHE MEKLy Maccoil # IHepruefi NOMYUHIO HCHEpMHI-
Baioniee SKCMEPHMEHTANLHOE TIONTBepIKeHue. Tak Kax, ONHAKO, B
popmyne Am = AE[c? B 3nameHaTese CTOHT ¢% — BequynHa, Gu3-
xasa K 102, To mpH XHMWYECKHX HpoUEccax, e BeAHUHHA AE po-
panka 100 xxar-uoab~1 = 4,18-10% spe- soa6~, nsmeHenne Macchl
TIOKOA PABHO 80 100 ,

Am= =g =46 .10 ¢
— BeJHYKHa HHYTOKHO Magas.

Ha pyGexe X1X u XX crometsi, T. €. eme A0 BOSHHKHOBEHHS
TEOpHH OTHOCHTENHHOCTH TepMABCKHil (rauko-xumuk P. Jlamponst
BLITOJHHA LIWHAYIO CEpHIO SKCIepHMEHTOB, KOTOphIe peiCTaBsIH
cofoi noBTOpeHue onHTOB JloMoHocosa u Jlapyasse, Ha HOBOM, 3HA-
uHTeNbHO 00/ee BBLICOKOM YPOBHE SKCHEPHMERTAJbHOM TEXHHKH.
Onb(TH COCTOSVIH B MPOBEJEHHH PALA XMMUYSCKUX peakuuii B mos-
HOCTBIO UBONHPOBANKOM MPOCTPAHCTBE € LEALIO MpeAympexieuHd
MARCHINCH yTEUKH BEwecTBAa H mpH TOYHOM KOHTpOJNE Macchl CH-
cTeMLl A0 ¥ mocae peakiud. [JHRAKOr0 H3MEHEHHS MaccChl MPH 3TOM
oGnapyxeno ge Obimo. C wamefl HHHeIIHell TOYUKH 3peHHd, HO-
CKOABKY cHCTeMa He Ghla H30JNHPOBAHZ SHEpreTHHecKH, Tendo,
BLIENSBLICECS TIPH PEaKLHH, PACCEHBAJOCh, H MACCA MOROSA CHCTE-
Mbl oJXHa Obila yMenbmuTeea. OxHako B onntax Jlapnonsra sta
noteps Maccy He OBLIAa YCTAHOBAEHA, TAaK KaK yyBCTBUTENbHOCTH
NpHMEHABINUXCS BECOB ObTA HeOCTaTouna [AS OGHApyHenns
CTOMb a0 BESHHHEL

Takum 00pa3oM oObYHEE XHMHYeCKHE DEaKUHH He MOTYT Cly-
WATL MOJXOAAUM OGBEKTOM ANA NMPOBEPKM COOTHOIEHHS MEXAY
Maccofi u sHepruei. TIpH mjepHLIX peaKUHAX, HANPOTHB, OCBOGON-
RAIOTCA OTpOMIbie KONKYECTBA SHEDTHH H M3MEHEHHEe MacChl NOKos
CTanOBHTCA BUOJAHE AOCTYIHBIM 1A H3Mepennit. SIpKuM npuMepoM
MONET CAyHHTb DEakiuys, JeXawas B OCHOBE BCeli COBpeMeHHO
AACPIOi SHepreTHKH: TaK nasbiBaeMoe NenenHe anpa. B pesyabrate
3Tofi peaKudu TSXENOe SAPO ypana AEAHTCH MPHOIH3HTEILHO mO-
1ONAM, npHueM OCBOGOKI2ETCH Sueprus, paBHas npubiH3HTENBHO
200 mMuaaHOHAM 3aeKTpou-BoJbT. IIpH pacyere wa mous, T. e. ua-
npumep ~240 2 ypana, nonydaem:

AE=200-10°.1,6-107".6,02-10%=19,3 - 10° spe.
Tloteps mMacchl npH I1OM Gyfer

9,3 1012
Am= 19,3 - 10!

E 0,21 e,
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®, CJef0BATEIbHO, IPH AEIEHHH OANOrO KWIOTpaMMa ypana noteps
MacChl COCTABHT yiKe OKoato rpammal .

JlAs mpoBepKH cOOTHOWEHHR DinmTelHa OBMIM HCMOMb30BAUE
sUKepHLIE peaKUnH, B KOTOpHX SHEPrHA peaklun morda OwTh onpe-
mefiera ¢ OANOM CTOPOHB RENOCDENCTBEHHLIMH H3MEpEHHAMH H C
Apyrol —no BenmyHHe notepH Maccr. Bo meex caydasx mouayua-
J0Ch COBNAAEHHe TeM Gojiee TOWnOe, 4eM TOwuee ObUIH HEMOCpCI-
CcTBeH(bE H3Mepenwst SHepriu. B Kauectne nphmepa MOXHO ipu-
BECTH CASAYIOWIMHA PeaylbTaT: IS CEpuH ANEPHHIX peakuuii myTeM
COMOCTABJIGHHS HenocpeACTBEHHO HaMepernbix AL B Am w3 cooT-
HomeHns DAnWTeliHa BLIYHCAANACH CKOpOCTb cBeTa. TAaKHM NyTeM
6n10 noaydero ¢ = 2,98.1010 cu/cex; TOrRa Kax TOYHOE 3HAUEHHE
¢ =2,99.10° cu/cex. Pasunua cocrasaser 04%. 3t AaHHLIE
IpHBOAATCS TOMbKO B KAYecTse MphMepa. B Hacromulee Bpéms na
OCHOBAHHH Bcell COBOKYNHOCTH PE3YAbTATOB SHEpHOH (HUINKH HE
MOXeT GbiTb HMKAaXOro COMHEHHf B aGCOMIOTHON TOUROCTH COOTHO-
nienus DfinwiTefHa,

B amTepatype HCPERKO MOXKHO BCTPETHTH YTBEpKAEHUE, HTO NpH
mpoleccax, CONpOBOXKAAIOUIAXCS OCBOGOXKAEHHEM SHEprHn (HAMDH-
Mep, NpPU SIEpHBX peAKUHAX) NpOMCXOAHT IpeBpauenne Macchl
B 3Hepruio», Takas (OpMysUpOBKa MO CYNIECTBY HE BEPHA H BLI3EHI-
BaeT TOJBKO NyraHuy. Macca W sBeprus HepaspheIBHO CB3AHBI
Mexay co6oi, OHH NpefCTARTIOT KAK Obl ABE CTOPOHEI OAWOro H
TOTO Xe YHHBEpCaNbHOTO CBOMCTBA MATEpRY K NOSTOMY He MOMyT
«npespamiaTbeas Apyr B Apyra. Bepno, KomeuHo, uTo mpu mponec-
cax, COMPOBOXKZAIOWHXCS yBENHUCHHEM KHHETHMECKOH 3HepruH,
Macca MOKOS D) /Mo, HCOLITHBACT GOOTBETCTEYIOL{CE yMEHbIIEHHe.
Ho n36hiTKy Knuerdueckoii sHeprin AEum, BO3HUKIIEMY B De3yilb-
AFiun

]

TaTeé peaxluy, COOTBETCTBYET Macca , B TOYHOCTH KOMIIGHCH-

pyIOm(as yMeHbLIRH e D) My, TAK e KaX MOCIeNHell BeTHUHHE CO-
OTBETCTBYeT SHeprus X myc?, Kotopas  cyMme ¢ AEym B TOWHOCTH
pasha Pme? go peaKuHH,

OTKpbiTite 3KBHBAJNEHTHOCTH MACCh{ U SHEprHu NOBAEKJQ 32 CO-
Goit HEOGXOAHMOCTb CYNIECTBEHHOTO W3MEWeHHS CAMOTO MHOHSTHA
o macce. B mexannke HbloToHa Macca onpeessnach, Kax Koaude-
CTBO BeecTB3, W PacCMATpUBANACH, KAaK DBBIpaXKenue MarepHalib-
HOCTH Tesa, 3TO npeicTaBieHHe NPHIINOCH OCTABHTB eme 10
NOABACHAA Teopul otHocHTeapHoCTH. Korza Kaygpmaw w npyrue
HCCENOBATENN TIOKA3aMH TPAMBIM  3KCHEPHMCHTOM, 9TO Macca
3JeKTpOlia 3aBHCHT OT €r0 CKOpOCTH, 3T0T (GAKT HeAB3A Gblio co-
BMCCTHTB ¢ TIPENCTABJEHHEM O Macce, KaK O KOAHUECTBC Berectsa,
TlepBoHaRa/bHO MLITANHCL BHIATH W3 3aTpYmHeHWA, paccMarpuBad
yBeNHueHHe MacCel CO CKOpOCTBIO, KaK C/ICACTBHE MOSIBAEHAS A06a-
BOunOH MiCPUMM, OGYC/JOBJACHHON 3.CKTPOMACHUTHBIM TIOJEM ABH-

4§68 SNEMENTAPHLIE LULHTPHL HCIYCKAHHUA GBETA 223

#yuterocst saextpona (k. Tomcon) u sra noSasounast nuwepunst
Ghijla HA3BAHA «KaMymciics Maccoit»., Onuako, BIOCKENCTBEH OKa-
38J10Ck, 410 CCIR CTATH 1A STY TOUKY 3penli, TO BC0 Maccy 3apsi-
KCHHOTO Te/Ia CCAYeT pacCMATPHBATL KAK SKaKymyooss (IeK-
TPOMATHHTHY10) Maccy. [{akoHel, Teopust OTHOCHTCBIOCIH OKa3a-
na, 410 0624 Macca, HEIABHCHMO OT HAJMAHS MAM OTCYTCTBHS
SJEKTPAYECKOr0 32PSA4, NOMKHA 3ABHCETh OT CKOPOCTH 1O TOMY
e 3aKOHY, KOTOPbil GLil YCTAHOBJEH SKCIEpHMCHTANBHO AMA 3a-
PSKCHHBIX HacTHU. DTO NOBAEKIO 3a cOGOA pacCMOTperHLe BEmC
CIE/ICTRAS, KOTOpble ¢ OCOBCHHOH SICHOCILIO TOKA3AWN, 9TO Olpene-
JIEHRC MACCh, KAK KOJIHYECTBA BCNICCTBA JIHIICHO ¢)H3HYCCKOTO
CMBICTIA.

70, ONHEKO, HC MEMIAeT HAM DACCMATPHBATH PEJATHBHCTCKYIO
(3ABHCANIYIO OT CKODOCTH) Maccy, KaK Mepy HHePTHOCTH Tella, Tax
Kag OTHOIIGHWE CHALI X DENSTHBHCTCKOM Macce OCTAETCH DABHLIM
YCKODEHHIO Teaa.

B. KJIACCHYECKAA TEOPHSl JJNEKTPOMATHHTHOrO H3NY4EHHA
§ 66. DneMenTapHLIE LEHTPbl MCOYCKAHHS cBeTa

TlpoSaema nanyueHMs cBeTa 3aHMMAET HEHTPA/LHOE MECTO B
TEOPHIl CTPOCHUA ATOMA, TAK KAk CBET NOCTAB/ACT naM HanGoJb-
Liee KO/HYeCTBO CBeCHHi O BHyTpenHeM ycTpolictBe atoma. Pac-
CMOTpEHNIO 3TOl NMpobaeMEl, X0Topast GyAeT 3asuMaTh HAC TIOYTH BO
Beell xuure, Mhl MpefTONNIEM KPATKHH 0630p HEKOTOPHX BONpOCOB
KJACCHYECKOH TeOpHH SAEKTPOMATTHTHOIO M3JYUeHNs, 3HAKOMCTRBO ¢
KoTOPO/ HEOBXOAHMO A5t MONAMAHKA COBpEMEHHEIX MpeACTaBIenH.

Tlocsie OTKpBITHA SAEKTPOHOB CTAMO RCHO, YTO HMEHHO HX IBH-
MeHHAMA O0yCcacBAGHO HCMYcKaHHe cBeTa. C Ocobeunoll yoeanTe b
HOCTBIO 3TO BbITEKARO H3 OTKpmTOro B 1896 r. 3eemMaHoM BaHsHmMs
MOZHUTHO?0 IONS HA HCNYCKAHKe CReTa (3pderT Secnana), Teopus
3TOr0 fiBAednd, padpaGoraknas JIOPEHUON, NOSBOJIHIA BHUMCIHTY
BEJHUNHY e/ Ias 3MeMetTapHLIX UEHTpOB H3/NYYCHHA, H OKasa-
J10Ch, 4TO OHA YAOBJAETBOPHTENBHO COBNANAET C BeAWYKHON yaeadb-
HOrO 3apsiia A CROGOAHBIX 5JI€KTPOIOB,

MEr L0JIHE! PACCMOTpCTD. TaKAM 06pa30M, MEXANU3M Hemycka-
HHA CBETA COMMIACHO KJIACCHYecKoil (uauke, OKasaloch, uTo, He-
cMOTP#A 1a 00myI0 HECOCTOATENBHOCTb CTATHICCKOH MOLETH aTOM4,
GOMBIION Kpyr ONTHYECKHX SBJICHHE MOKHO YIOBJETBODUTENbHO
OOBACHHTD, PACCMATPUBAS SMCKTPONLI KAK MHKDOCKONHUECKHE 8UG-
paTOpbL, MOCLINAIOUIAE BAEKTPOMATHHTHEIE BOJHE. TlpocTeiimedi Mo-
HEMbl0 SAeMEnTapHOro UCHTPA, NDHTONKOH B HEKOTOpO[ CTemeHH
Ans obnacuenns pAfa (paKTOB HCMYCKanMs CBETa, MOKET CYNKHTh,
TakuM 00pa3oM, JuHefuli OCUHAANTOpP, ¢ MEXAaHUYECKHUMA CBOM-
CTBaMH KOTOPOTO Mbl NO3HAKOMUAUCH B § 46,
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§ 67. DnexTPOMArHHTHOE W3XYueHHe NMHERAHOro OCURANATODA

Tlpencrabuy ceGe, UTO MOMOKUTENbRAIE 3apij CBA3AM C Ha-
CTOIBKO GOJBUIOH MAaccoll, UTO ero MOMKHO CHHTAThb HENOABUKHLIM,
a oTphuaTeIbHBI 3aps, MO a6ComOTHON BeIMYHHE paBHHI NONO-
JKHTENbHOMY, — COBEPUIAET KOJNEGARHA OTHOCHTENBHO ITOr0 Hermo-
NBHAKHOTO MOMOKHTEALROTO 3apsila; TAKas CHCTEMa U GYAeT JUHCH-
HeM ocunAaaTopoM. C 51eKTPRUECKOll TOUKH 3peHHS 3Td CHCTexa
ABJASIETCS JHITOJNEM. JEKTPHYECKHe CBOHCTBA AHNONS XapaKrepH-
3y10TCA BedWURHON, HaskiBaeMOl OunoAbkbiM MOMEHTOM. Jlnnoas-
Hbifl MOMEHT 3TO — BEKTOp, PABHBI *

p=cer, (67.1)

e T — paAHyC-BeKTOp, HAUPABJEHHBHT OT OTPHUATENBHOIO 3apsaa
K mojoxuTenpHOMY. TaK Kak NHIOJbHBf MOMEHT HE BaBUCHT OT
BLIGOpa Havala KOOpAMHAT¥), TO yHOOHEE BCEro NOMECTATh MOJO0-
JKHTEbIbHL 3apAj B HAYa0 KOODAMKAT; TOTA2 COCTABJSIOUMMH P
6ynyT
Py=¢€x, py=ey, P=ez, {67.2)

BuiyncaeHye SAeKTpOMATHHTIONO NoJs JHNONS, COBEpUIAIONEro
XoneGauus, MOKHO BHIIOAHWTL TpH rmoMomu ypasnenwii Make-
Besta.

He noBTop#isl 30ech JOBOSBHO JAUNUBIX W HECKOJBKO YTOMHTENDb-
HBIX BLINHCJEHUl, NMpUBENeM HX pesyabrar **}. DieKTpHueckoe B
MaruuTHOe Mosis KOMeGJIoUerocs: IO Ka 00CTATOYHO GOoAbUIUX
paccTosnuax o1 lero (TAK uasbiBaemas BOAHOBAs 30H2) XapakTe-
prayloTes HanpsoxerHoeTamn € u Jf, paenemH mo aGcomorHolt
BeJHUKHE H B3aHMIO DEpHeHINKYJIAPHBIME MO Hampasaenmio. (ns
cayyas CKOpOCTCH, MaABIX N0 CPaBHENWIO €O CKODOCTBIO CBETa
(v’ ¢), abeomoTHEE 3navedus manpsmennoctelt | &) u |H| B
Touke M (puc. 111), orcTOANle OT LUNOASL HA DPACCTOSHHH R, Bhl-
pakawTes HopMyJIoh

|$|:\Jg\:p(’+§msmﬂ***), (67.3)
3jeck ¢ — CKOPOCTh CBETA B NMycTOTe, # — Yrol Mexay mpsiMoil,

BN0AL KOTOPOH COBEpUIAIOTCH KomeGaWHs, M NAUpaBAeRHEM B TOY-
xy M: crmBoat p{t — Rfc) nmeer caeayowuii CMHCI: 370 BTOpas

\
*) Cw. ¥ E. Tamm, Ocvosst Teopnn sacktpucctna, «Haywas, 1967,
crp. 9.
4 Cw, nanpmwcp, 1. E. T2 m m, Ockosst Tcopyn saekTpacctsa, § 99, «Ha-
yia», 1967, nan §I. M. ®penikens, nexrpomumavua, 1. 1, crp. 154, OHTH,
%) Croxrt » dopwyre (67.3) TpRMCHAOTER TOMBEO ATA yIOGCTEA HabOpa,
NIt YRaBMRAIOT HA TO, 4TO P €CTs hynKyR | — Rfc.
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DNPCH3BOJHAS AUMNOJLHOro MOMENTa, B3%Tas, OAHAKO, He and Bpe-
MCHE {, @ ANS MPEIMICCTBYIOUEr0 MOMeHTa ¢ — Rjc. Ouesuano, uto
R/c ectb Bpems, koTopoe TpebyeTes AAS TOTo, uTOGH MpoUECe, pac-
NpOCTPARSIONIUECA €O CKOPOCTBLIO ¢, nowen oT O 10 TOUKH HAGI0-
nenuss M. Takum 06pason, mosesenne 5 dopyyie (67.3) samasmsi-
BaIOUEro snayeHus p(f— R/c) yxasusaer na KOHEUHYIO cmpocﬂ;
PACTPOCTPALLIHSA SIEKTPOMATHATHOTO MO KoaeCawltuiicss veK-
TPHUSCKBI JHTIONb NIOCHLNART SACKTPOMATHATHLIC BOJIH, KOTOpHE
TIepeMenlanTesa CO CKOPOCTHIO ¢,

TMphHuMas 5O BHUMaKHe, UTO P = €r, Mbl BHIHM, UTO OpH npo-
URX PABHBIX YCMOBUHX & u 46 Ma Goawwkx paccrosumax ot O za-
BHCHT OT §CKGPEHUA IICKTPOHA F.

Hanpagaemnn & u J6 onpemenmortess cnefyomuM o6pason:
npelcTasuM ceGe cpepy, omucannyio k3 O paamycom R. Tlpumem
82 NOAHpNYIO OCh HANDABAEHRE NpAMOM, BAOML KOTOpOH COBEp-
WAOTCS KONCOAKHS THNOAs, U HAMETAM Ha cepe MepHIMAHL K
napaanend. Torfa BeKTop & Gyler mampasjen To KacatenbHofl K
MepHANaHy, MpoXolsmeMy Yepes M, a BekTop # — no KacareasHON
¥ Napannend, NpOXOIALICH wepes Ty ke
TOYKY W DPHTOM TaK, Kak 3TO nOK23aHO Ha
pHe. 111,

T1IOTHOCTL SHCPTHU SICKTPOMATUHTHOTO
noast pasna

3

o &+ )

MK, €CN IPHHATL BO BUHMANKE, 41O B AaH-
HOM Cayyae

1 ape
=272
et (67.4)
Pac.  11l. Hanyvenne
Taxk kak nodae Konebarrolerocs AUNONA pac- AHIOMA. v

TPOCTPAHSETCH €O CKOPOCTBIO ¢, TO uepes
KAWAWH KBANDATALA CANTHMCTp B HADDABIGHRH HOpMasd R
(puc.  1H[)  emecexyHIHO NPOXOAMT KOMHUECTBO sHeprud 8,
paBHoe

apz

S—=pc

(67.5)
Beauyuna S €CTh, OQUEBHJHO, He yTO HHOe, K4aK YHCJIeHHOe 3Ha-
YeHne ROTOKa SHepruy, TpoxXoAAero uepes JaHHYIC TOYKY. oHﬂ,,

KOHEYHO, MOKET GLiTh BHYHCAGHA T4K K, KAK YucAeHHOe 3HAYelue
BexTopa ¥Ymosa — [ToiinTuara S B nanHoi touxe

S=18 | =1 (6] | =5 &6 sin (58).

8 3 B. Wnossckaf, . 1
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B posHoBol s0He & = J¢ u & L %, uto naer cpasy
c
S==&%
1. e. popmyay (67.5).
MMoxcrasasas cio1a snadenne & w3z (67.3), Haxonum
2 22

8= gl sinte = < e SO (67.6)

(3uauernua j waH F OTHOCHTCS X MOMenTy f— Ryct).
U3 3T0fl OpMY.IB BHJHO, YTO HETEHCHBHOCTb H3JyHEHHA NPAMO
[pOTIOPIHOKATLHE KBAAPATY YCKOPEHHS H 0BpaTHO 11PONOPLHONALL-
na KBagpaTy paccroaund, Kak H
CJeN0BaJI0 OKHAATb, [OTOMY YTO
) NOAHBH TIOTOK 3NEprHH uepes cge-
py Boxpyr O ocraercd mocrosi-
MBIM, 2 OBEpXHOCTb cepbl pacreT
DpONOpLHOHANTbHO  KBAJpaTy pa-
piyca. Haaee, npucyrcrsue 8 Gop-
Myae (67.6) sin® ¢ Baeuer sa CoBOA
Puc. 112. TTonApras qua pawsa pac-  nepaBHOMCDHOCTb B pacapencaesud
""el‘e"c“"ier;’,Tel:;ﬁ:g’:;CT" U3YT ypTEUCHBHOCTH N0 pASAHYHLIM
- UANPABJCHAAM: B  HANpaBJSHUH
npsmoli, BAOAb KOTOPOH TPOHCXORAT koaebauua ($=0 n 71),
ofta pasiia NIYUI0, A MAKCHMANbHON BCIMUHNE JOCTAIACT B HAMpaB:

JICHIK, Mepeliukyafip- w° o
HoM K 9TOf MpAMOH - @° 7
(8 = n/2). Ha puc. 112

npuseneHa  HoAspHan
amarpaMma pacnpenele:
HHA RHTEHCHBLOCTH H3-
AydenHA  mo  yraaM.
OnbiT NOATEepIKAAET T2~ .
xoc pacnpexencuwe uwn- 20
tencnsroctH. OmnuM 43

naubonee HarafpuetX  27°
OTHOCALAXCA CIOXA MpH-
MCpOB ABACTCA BOSHHK: o0

FOBCHHE pEHTTENIOBCKHX  fznel
ayuell IpH TOPMOMKEHUH 77}
(OTpHUATCIBHOM  YCKO*
peHHH) SMEKTPONOB HA  puc. 113, Yraopoe pacmpeledeHue WTenche-
agturatoge. Hapuc. 113 noctu 10pyo3noro pentrenoRCKOro Hsiysens.
npUBesiens pe3yaAbTaTH

SKCIEpHMCHTANLHO0 FACCACROBAUNA 3ABUCHMOCTH HNTEHCHBHOCTH
TOpMOZHOTG pCHTICHOBCKOTO H3iyuenust o1 yraa © lpi padtuunbix
CKOpOCTAX SJeKTROMNOB. Kak Buxio, BO BCEX CAYHasx ipH 4=0

§ 68 MOJIHOE M CPEIHEE H3JYUEHUE QCLUIATOPA 227

H % = r UBTCHCHBIIOCTb DABHA NY.II0; AJfl 3MEKTPOHOB ManbiX CKO-
pocret (B = vfc = 1/20) MaxKCHMyM MHTEHCHBHOCTH MOJyYaercs
B6amsu ¢ = q/2; maa Goapwux ckopocted (B = 1/3, /4) manpas.e-
HHe MaKCHMyMa CMELeHO B CTOPOHY JBIKEHHs 3JeKTpoHos. ITO ie-
coorBerctBHe ¢ opmyaoli (67.6) ofbsacHseTca TeM, dTo dopMy”na
3Ta BHIBEACHE AIs CIYYas MafblX ckopocTefl 6e3 ydera peafTuBH-
ctekux s¢pdextos. [as Gombuiux cxopocrelt JomMepdeann noayunn
dopMyny .
_ 5 sin?
S=arrE T—fesdy &0/
XOpOUIO COrAacyioul}ocs ¢ OMBITOM NpH JOGbIX 3HAYCHHAX B.

§ 68. Moanoe u cpemnee wanyueHue OCUUAAATOPA

Dopuyna (67.6) nacr sbipakelue 1/ NMOTOKA SHEPTHH, MPOXO-
NA10CT0 B XAHHBIH MOMENT yepe3 BLIBPAHHYIO TOUKY B HANPABJIEHUH,
XapaKTepu3ycMoy yryIoM ¥, Had, HHaye, MTHOBEHNYIO HUTEHCHBHOCTD
51€KTpOMArFUTHOR BOJHLI B ONMPEXCACHHOM HanpaB/leRud.

Eciu HyXHO BLIYHCHTL NOJIOE KOJIHUYECTBO SHCpIHW, H3dyda-
eNofi OCUHIATOPOM B eIMiluliy BpCMEHH, TO XOCTATOUNO LiafiTH BC-
JIHUBNY HHTEl pasTa

I

[ sdo, (68.1)

paclpocTpanus HETErpHPOBANNE Ra NOBEpXHOCTb CepH, onpcas-
Holt u3 O (pne. 111).

IMpHHUMas Bo BHUMaHHe, Y10 SJGMCHT MOBEpXIOCTH B cdepu-
UECKHX NOAPHLIX KOOPAKLATAX paBell

do= R%sin® do d,
wanumey HHTerpan (68.1) B ABNOM BHIE, NOJICTABHB BMECTO TO-

Toka, S ero BemdguMy k3 (67.6):
21 n

X :
= ff 4n53RZ sin® BR%sin & d9 d¢=%f do {sin%}dﬂ:
] o
a

n
2 [ sinsvap=2 [ (1—cost0) sin 0

pr 555 | (L—cos?)sin &dB. (68.2)
o o

Jlas RLINKCAEHHS TOCIEAHETO HUTETpafa BBENeM HOBYIO Mepe-
MeHHyto £ = coS® H NpHMEM BO BRUMaHUe, UTO fIpejelsl Hilferpiu-
POBAHHS MO ITOH NepeMerHoR Gynyt 4! u —1:

] +

f{!—cosgﬂ)sinﬂdf*:f (1—E)ds -
0

T
-1
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Bosspatascs x (68.2), nosyuacM OKOH4aTCILIO

9 oo
e (68.3)

IMonyuenraa Gopmyna xaer, OHEBHINO, BEJIHUEHY TOJHOH 3Hep-
THH 6 Oannoul soment. Tax xax fi meprogHyecKn MEHSIeTCs co Bpe-
MEHCM, TO H3MeHHeTCH ¥ NoJaHaa Sﬂepl‘ﬂi{ 1. C npak-mqecxoﬁ TOUYKH
3peHUsA OCHOBnON HMnTepec NpeACTABJsET 3HaKKe cpeduerd, a ne
MIHOBCHROM 35B€PTHH, TOTOMY UTO BCAGICTBHC BHCOKOR YaCTOTLI
KONCOaHui cBeTa (A BHIMMO YacTH CNCKTpa v mOpsika
10" cexl) Bce NPHGOPH, B TOM WHCIE H [NIA3, HE YCIEBAIOT CIEL0-
BaT 3@ KO/e6AuMAMUY H PeardpyOT 1a CpelHion suepruio. Bu-
UHCITM TCHepb 3Ty CPEONIOR0 IHEpaLiro 38 LOCTATOUHO BOALIOR npo-
MEIYTOK BpCMeNH, (anphmep 32 | cex. Ona paBHa cpefemy 3a
O/IMIl TIePHO _

=2 (68.4)

3¢3 "

Ecau ﬂﬂﬂOﬂbelﬁ MOMEHT H3MEHALTCH IO 3aKCHY rﬁpMOllH'{CCKHX
KonebaHui: p = po cos wi = py cos 2nvi, To

p==— t?p,cos of = — 4n’’p, cos 2avt. (68.4)
Tloncrasasa sto sHavenue j B (68.3), nonyyaenm
4 iyt R
= % picostof = 323% pgcos? 2avt,

Cpeanee sHauenne  6y1er

20t iyt
1 % g cos? of 7l P} cos? 2avi
UK, TAK KaK c0s? of = cos? 2nvt =/,
at leatyt
=gz m=—35r (68.5)

Tlvers Tencepb MOMOKHTCJLHLM 3apal XHIOad 1OKOHTCS B ua-
Yaje KOOpIMNAT, & OTPHIATCALHLI COBepIIAeT KOJMeGAHHA MO
ocH x. Torfa p = ex; cpefiiee H3IyyeHHe 3a ONHH MEpHOM HA OCIO-
BaHuH (68.4) Bupasurcs B Buie
2e?
B

T (68.6%

Ecau ronefaHus rapMOuHUCCKUE, TO X == & COS f = @ COS 2vf, H
BMecTo (68.5) mel moayyaem

wtela? 16atviela?
=g =75 (68.6)

§ 69 CHEKTF HETAPMOHHUECKOTO OCLIMIIATOPA 229

§ 69. IMeKTPOMATHUTHLIL CNEKTP HerapMonmuecKoro OCUHAIATOpA

Crporo rapMOHHYeCKHE CHHYCOMAAILHBIC KOTCHAHUA SBASIOTCS
MaTeMaTiueckoll aBCTpaKuker 0 B MPHPOTE HUKONIA HE OCYIIECTR-
AsmoTes. B cayuac MeXxaHHUECKHX KONeGAHMA Kvasmyunyrufi 3akoH
CHILI HMEET MECTO TOMBLKO WIS MaJbliX OTKTOHeuHii [Ipr Gombmmx
OTK.IOHCHUAX B Bblpa){(?l‘llll/l CIVIb] NOABIAOTCH- 4IeHbl C BBICIUMMH
CTEIRHAMH CMCIICHHR, & B MCXQHHHECKOM CIEKTpe HAPANY C OCHOB-
Hofl wactoTolt —ce o6epToubl. PaccMoTpust Teleps, KakOB cniektp
3JEKTPOMATUHTHON BOJHEL, BOSHHKAIOMLCH TpH KOTeGARHAX, KOTO-
phle ne ABASIOTCH TApMOHHUECKMMH, HO MPOHCKOIAT M0 KaKOMy-
HubVIL Bodee cAoKuOMy 3aKkony, DrH KoaeGaHHA Mbl MOKa euje
ByneM CUNTATh CTPOrO LiEpHOANIECKHMH B MaTeMATAUCCKOM CMpicde.

CpEIHIOo S1i€pTHI0 OCUKNA10pE, KOMCBMIOWErocs MO nerapmo-
HHUCCKOMY 3aKOLY, MBI GyneM BHIMMCIATE No (popmyic (68 6):

907 —
I =g

, (69.1)

Tlockonuky cMeulenne x NpCACTABASCT COBOIO  7nepuOBUUECKYIO
DYIKIHO Bpemenk, Mbl MOXKEM pasaokHuTL ee B pal Pypbe

o
x— X At - (69.2)

Beruucanm Teneps BTOPYIO MPOHIBOLHYIO OT X, MPOHIBECM yCpell-
HEeHMe N0 BpeMeHH H NONCTABUM 3a1eM peayantat B (69.1). Bropas
TpousBoxnas no f oyner

—_— 2t 2 o et
= [Almﬂe"“s + Ay (20g) et L

s Al £ A GagPetad 1] (69.3)

AT RLIYHCIEHAS CPENHEro 3a GOMBINOH MPOMCKYTOK BpeMeHH
ZOCTATOWNO HARTH cpenee 3a OZHM TepHOX T = Ifvy = 2m/wg.
Cpennee knaipara # Gyier noatomy

T 2njoy

j.)'c'?dt

0

2dt. (69.4)

Tonctasny cona #, Kotopoe HaifieM myTem BosBefeHHA B KBai-
Par (69.3), u GyaeM uHTerpupoBaTh nowicHHo. Iph stom Ham TpH-
AeTCSl HAXOZNTb HUTCIPATH BHAA

21w,

A/iA,[ of (N0 gt
g
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Jlerko 3y GexATECA HKENOCPENCTBEHHBIM BHIUACAEHHEM, uTC BCE STH
HHTETpATH pABHH HYJIO, 38 HCKIIOYEUHeM TeX CAYy4acs, Koraa =
= —k. OKOH4aTeNbHO HaineM

2[4, A_ 04+ AA_y (20 oo F A A (koo 1] (895)

umi, Tax Kak (no § 48) 24,4y = anf2,

—f—; ajub L af (20 -

+ o (kog)' + -

Moxcrasass 370 B Gophydy (69.1) Aas cpeamero u3nyuesus, Gy-
IeM HMeTb

o5 (o +

2
= (30y) + - (69.6)

o’
3¢t

L, TIepexolsl OT yrIOBLIX YacTOT K AKHEHHbM © = 2mv,

4.1 4 1+
167", 22 4 167 (2vg)
3¢ 4 3%

a2 4 2 ... (69.6)

16m (3v,)*
3%

CpapunBasg 5TOT pesy’ibTaT ¢ (68.6), MH BHIMM, ¥TO CpeiHec
nanyteHHe OCHMIATOpA, COBEpIIAIONIEro MNepHOAMUECKOE, HO He-
rapMOHHYECKOE NBHKEHHE, COCTORT K3 CYMMIJ WIEHOR, KAXILA H3
KOTOpUIX NpEACTABIACT COGOI cpeAnee HM3IyueHHe rapMOHINECKoro
OCHKAAATOPA, NPHUEM YaC10TH STHX OCLMLISTOPOB 0OpasyioT psn
vo, 2vo, 3vo, . .. 310 O3Hayaer, UTO 9NEKT POMASHUTHOUL CREKTp Hezap-
HOHUHEEKO20 OCYULARTOPA COOCPHCUT Te 2e 4aCTOTbL, UTO U €20 Ae-
XanutecKull cnexTp.

Xapaxrepuiad OCOGEIHOCTb TOr0 cHEKTpa COCTOMT B TOM, 4TO
B HErO BXOZAT OCHOBHAS UACTOTA Vo H C€ 2apMONUNECKUe 0BepTonel,
7. e, ¢CIM WB0ODA3HUTL CIEKTp B ilKaje HACTOT, MOMYIHTeA PAR
passoorcTonuux Aunud. OKASHBACTCA, UTO HMEHIO TAKOH CMEKTp
TaioT 5eKTpOMATHUTHBIE BOJHb, M3aYYaeMble AUTEHHOH paiuore-
nerpada; HEppaKpacHele KoneGaums FHONOB B MOMEKy’ax naioT
CIeKTp, COCTABJEHHMI K3 JuKHA, NprOJIASHTENBHO TONUHASIOMAXCH
3TOMY 3aKOHY, HO REMHOTO COMMKAIIUXCA 710 MCpe yBeTHueHns
nepsnka oGeprona. Hakomell, cnekrpit, 00ycuoRenHble JBHIKe-
HUSIMI SJEKTPOHOB (BHIEMBE H YIbTpa(QHOTETORbIE), yie COBep-
NEHHO HE CAEAYIOT STOMY 3aKOHY: B HUX JHHHE N0BOALNO Geictpo
cBamkaloTcs 0 Mepe Tepexofia X0 Bee Gonee BEICOKHM HacToram
BIAOTG &0 TOAKOTO causnms (e, ra. V1), Kax mul ysuuny s
xambHCHweM, JHHHH B BHJNMBIX H YJbTpA(QHONETORBIN CEKTpaX
MOAYRHAIOTCS COBEPLICHHO ApYTHM 3akoHaM, 0GBACHEHHE KOTOpLIX
MOrMIO GBiTb LAHO TOJAbKO HA OCLOBE TEOPHH KBAHTOB.

§ 70t BATYXAHUE KOJEBAHUA 231

§ 70. 3aryxanue koaeGanuii

Jlo cux 1Op Mbl MOAYAJHBO MpEITIONAralH, uTo SHeprus OCIUA-
JAATOpA OCTAETCA TOCTOSIMHOH, T, € YTO OCUHANATOP HEOTpAHHIEBHO
J0Ar0e BPCMS HCIYCKAGT HE3AT)XAIOLINE SJEKTPOMATHHTUEE BOJHLI.
Takoe NpEANONOKEHHE, CTPOrO TOBOPS, HE OTBEUAET JEHCTBHTENb:
HOCTH, TAK KaK fIpH CBOGOMMBIX KOMeGANHIX OCLHANATOPa S71EKTPO-
MATHWTHast BOJHA YHOCHT SHepruio. Bouay 3T0ro sanac suepTRE
GCHMANATOPA HOCTENIEHHO YOHBART, B KOJIEGAHNs 3ATYXAIOT.

Haiigem npexie BCEro 3aKOoH yOblBaHuS SHEpriH CO BpeMeHeM.
Pasauuible SKCICpUMEHTANbMbIE NAHHBIC YKA3HBAK1 HAa TO, 4TO
3aTyxaHHe WMyualolEX atoMos Majo. Hanpumep, usyueHne HHTEp-
(epeHunH cBeTa npH GONBLINX DABUOCTAX XOa HPHBENO K BLIBOLY,
YTQ ANMHA pSAA BOJH, MCMyCKAEMLIX aTOMOM 0@s saTyxaHms, €O-
otBercTayer Gonee yem 100 mmimonam paun Bond. [prrumas so
BHUMaHHE 370 06CTOSITENLCTBO, MBI MOKEM CyHTaTh, 4TO KOJeGanHs
3JeKTpoNa Maao OTIHYaloTcA o rapmommuecknx. Ho mis cryvas
FapMOHHUECKHX KOJEGAHHH, KAX MH( SHACM, CDEMHST SHEDTUS, YHO-
CHMasi 3NeKTPOMATHUTHOR BOJIHOR B JIHHALY BPEMEHH, pABHA

4,22

we
T=—ps (68.6)

VY6uab SHeprHH caMoOro OCUMIIATOpA 3a eaunuly Bpemend GyreT
paBlia KaK pas 51olt senuymue /, 7. e.

dE  o'day .

4t 36%
HIH
w'e’al
dE =~ —go— 70.1)
[Mosnast sHepritdl FApMOHHYECKOTO OCHHAAATOPA paBila
ma2m2
E=—p. (46.14)
Paspeaus (70.1) ma (46.14), nonysaem
dE 2w%?
T @03
BeemeM oGo3HAuEHHE
20e?
ST (70.3)

Torxa (70.2) nepenvueTcs B BHAC
dE

— ydt.




932 CTPOETHE ATOMA M KJACCHYECKAS ®ASHMKA ra v

OTCIOE.H HHTETPAPOBaIMEM 11AXOJIEM
E==Epe, (70.4)

MEl BHIEM, UTO SHEprHSL OCHHMIRTOpA AOJIKHA yOBATL €O Bpe-

MEHEM 10 SKCTIOHEHLKATBIIOMY 3aKOHY.

[MoctorKKan vy, BBeeHnas naMi cootHoweHnem (70.3), nmeer
onpeneneHHblit BH3MYECKHA CMEICT. 3aMeTHM mpexie BCCLO, 4TO
pa3sMepHOCTe 37O hocTosinHof ecTb [cex~!]. B atom sicrko yGe-
RHTbCSA, 3aMeyad, 9YTO UpoH3BEende Y/, CTOfIIEe B T0KA3aTene
(70.4), nonxuo OuiTh Gespasmepuoil pennynHo#. Benmunpa, obpar-

Has y, ACJK1A NO3TOMY NpeACTABIATL COG0H KEKOTOPHI lIPOMEFKY~

Tox Bpemend. OGo3naunM ero yepes T; Toraa

A i 3mc? 3me®
v 2% Bnfviet ©

(705

Cootuowenne (70.4) MOKHO Teflepb HANKCATL B BHIE
E —Eer. (704

Orciona Buuuo, uro mpu t =1, £ = Egfe, 1. e.——4T0 T ecTb mpo-
MeX YTOK BPCMCHHU, B TeHEHHE KOTOpOro SLEprus OCIHAAATOpA yObI-
Baer B ¢ = 2,718 pasa. Tax ¥ak no (70.4’) c BospacTanuen f sHep-
rHA MpHGNKACTCA K HYJIIO aCHMITOTHYECKH, TO HMKAKOW Onpeie-
JERHON BEJMYHIIB BpeMeHH, B Teuenne KOToporo eue IpoRoaKaloTes
KoneGaHKR, yKasaTh Hesb3A. B KayecTse ycaoRuO# Mephl 2TOro Bpe-
Menn yAOGHO HONb3CBATLCH BEAH4HION T, KOTOpAas HA3BIBAETCS
8pemenen peaarxcayuu. VITax, TOCTOAHHAA 3aTyXauns y ects oGpar-
1.a8 BeHYAHA BpeMeHH peJaKCalni,

Jlast Toro 4ToGE COCTABUTDL MpEACTABJCHHC O NOPSAKE BENHYHIb
5TOrC BpeMElH, BLIUMCIUM Cro YMCJEHHOE 3naueHKe AR ACOYCKa-
Huf TonyGoil JIHNAW BOAODOMHOIO CHEKTpa (TAK nasbiBaeMas au-
Hus ffg), HOTOpORl €OOTBETCTBYeT AJHHA BOJHBI A = 486133 X
X 107% ca. B otoM cayuae

one 2n-3-101°
i 4861,33- 1072

® =3,87 - 105 cex

Moncrabnns 5 (70.5) 270 sHaueHHe ®, a TaKKe 3RAYEHHA YiH~
BepcalbHLIX Koncradt m=9-10~% & e¢/fmc = 176-107, nafizem

_ 3.3.10
2.(3,87-10°).9. 1072 (1,76 - 107)2

107" cen.

D10 MOoKaskBaeT, ut0 AGCOAIOTHAR BENMUHUA BpEMEHM CBevenis
ouenp Mana. ONHaKO OTHOCUTEAbNGR BeAHYHHA €r0, 4 HMEHNO, OT-
HOWeEHHEe T K TMepHORy KodeGanHh, mpubausuTeasHo pasta 6-10°,
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T. €. OYCHL GOJIBIIOH BeMMUHlC: ITEKTPON 1OJKEeN COBEPLUHTL 6 Mua-
JIiOHOB KOaeGaluil, MPCHE YeM erO 3Heprus yMeHbUHTCA B € pas.

Henocpencrsennoe SKCIepHMEHTasbIl0e ONpefieieHe BEJHYHIA
BpeMeHH PeAaKcaliin Gbl0 BNepBbie OCYIIECTBIEHO MPH HOMOLLH
KaHamoBbIx ayued. [Tyuox cscTamMxcs BOROPONHEIX KAHAOBHX M-
ueii Yepes OTBEDCTHE B KaI0AE BHIMYCKAACH B NDOCTPAHCTBO, rie
TIOXZEPXKUBAACH CTOMb BHCOKHI BAKYYM, YTO ATOMbBI MOLIH <BBL-
CBeyHBATbCS» MpaxTHueckH Ges coyiapenuii. [To yGuisanuo nuren-
CHBHOCTH BOJb CBETSINETOCA NydKa NMPH WIBCCTHON CKOPOCTH Ka-
HAJOBEIX 4ACTHIN MOMRO OO Onpefennts 1. OKasanocs, uTo pe-
PSANOK BENMUHNBL ITOr0 BpPEMEHH COBLIAZAET C YKA3AHHBIM BLILWE
(1078 cex aast b = 5-107% caur).

§ 71. Jlyuncroe Tpenmne

Ml yeTaHOBHAM, TaKuM OGpasOM, 4TO Hepraf NHIONA, COBCp-
WAKEre KoseGaHus, yGbBaeT co bpeMenem no 3akony (70.4) Hiu
(704"). Ecau caaa, moj meficTBHEM KOTOpOH NPOHCKGAAT KoxeGa-
HUS, — KBASHYNPYTas, TO MOKHO BEYHCAHTL CyMMy [OTCHUHANBHON
H KH[IETHYCCKOHA SHEpruil ocuminatopa. dta CyMMa, ONHAKO, He 6y-
_HeT TOCTONHHOM BEMNY HANMYHA 3aTyXanHs. B mexawuxe Mol erpe-
HaeVCsl C AHANOPHMHBIM CIYYACM: KOTKA KONMEGaNHs MEXalHIeckoro
OCHHAIATOPA TPOHCXOMAT B BASKOM Cpele, TO 3aHacC ero Mexauhue-
CKOft SHeprup (KHHETHYeCKas -- IOTEHHmANLHAN) € TeYeHHEM Bpe-
Menu youiBaeT. [TosToMy B Ganance SHeprHH TMOSBAACTCA AeqWIHT:
SHEprist pacxoflyercss HeoGpaTAMBIM OGpPA3OM M B KOHEYHOM CyeTe
TpeBpalaeTes B Temio. Mul BuxedH, 0AHAKO, B § 41, ut0 3TOT fe-
GHIBT MOXKIO yYecTb, BBEAA HEKOTOPYI0 MUCCHNATHBHYIO CHIY R
(7. e. cuay, Bedymy!d K paccesnnio dHepruu) — cuay rpetns. Co-
OTBETCTBEHHO, B NpaBOil 4aCT ypaBlieHHs KodeSanui napsiay ¢ Kpa-
BHYTIPYro#i CHJIOK — X MOSBASETCSH €€ CHAA TpeHus.

AnanoruunsiM 08pazoM MOKHO BOCCTaHOBMTH Gananc sHepruu
TakKe H B CIYUae 3aTYyXAIOWHX SAEKTpOMALHUTHbLY KOJeGandil
OCUHATATOPA: Mbl MOXCM ceGe NpeacTaBHTh, uTO 3TH KoJeGaHHS
TOPNOAATCA IHCCHNRTHBHON CHAOH, KOTOPYIO Nenecoolpashe Ha-
3BaTL «CHAOH JyuHeTO10 TpenHs». OueBMRHO, 4TO 3Ta CHAA TMOAB-
JseTCs B pe3ylibraTe 06paTHOTO BOBAGHCTBHA TOAH HITyYeHRHs
OCHLIAATOPA 11a CAMBLF OCHHATATOP,

3aftMcMCs Tenepb yCTAHOBACHHEM SIBHOTO BhIpAMEHHA AN ITOH
cnabl. B Mexanuxe 06LINHO TPHIHMACTCA, 4TO CHIIA TPEBHS 3ABUCHT
OT CKOpDOCTH, T. €. OT Mepsoit TMpoH3somuci £ (MpH HE CAMLIKOM
Go/IbWHX CKOPOCTAX CHIA TPCHHA R MpOCTO MpOHOpHHOHANBNA X).
Koileuno, y nac Her HHKAKUX OCHOBAHMA §€3 NpelBAPHTEALHOIO HC-
C/eJlOBAHKS TIEPEHOCHTb STY 3aBHCHMOCTb H 1 CHAY Jy4UCTO20
Tpehns  JAA OTHCKAanus BHPAKEHHA STOR CHJIH TIPOME BCero
NOCTynurb caexyiomum 0o6pasoM. Buigucoum cpepmce snayenne
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paGOTEl CHIIBI JIYSHCTOTO TPEHHs 32 NPOMEKYTOK BpCMeHH, J0CTa-
Touno GOABUION MO CPABHEHUIO C NMEpHOIOM KosmeGauui. PaGota
cuabl R 3a npomemyTox Bpemenn df pasna Rdx = Ridf; cpemiee
3HaucHHe pabOTH 3a UPOMENKYTOK BpeMenu Of 0 1o ¢ ByAer nosToMy

. f R dt.
0

HOCI(U./‘ley Mbl BBENU CHJY JYYHCTOTO TRCHHS AJ13 ONHCAHHA
yOLLIH SNeprHU, OUeBHAHO, YTO CpelHee 3navueHue paGOTBI STOi
CHJIbL JOJKIO OBITH paBHO CpelneMy 3HAYEUHIO 3Hepruu, HcOoymen-
HOMN OCHHJLIATOPOM 3a TOT XK€ TpPOMeXYTOK BpEMeHH. Tlocaennee
no dopmy.ae (63.6") Gyxer

26*
3¢?

+
2 1 [ .
3 T J. 22 dt.

¢
Hrak, MLy HMeeM

¢
1 . 22
TJ. Rt dt=—5
o

3
J‘)’c’zdt. (7.1}

bl

TlpocThiMy MpecGpa3oBaHAsiMy M HETETPHPOBAHHCM [0 WACTAM Ha:
X0oIoHM

Tax Kak CKOpOcTb ¥ H yCKOpeHHe & MEeHSIOTCS B KOHEUILX Npefe-
Jax, 10, BLIGpAB NOCTATOWHO GOJLIION NPOMEKYTOK BpEMENH, Mb¥
MOMCM NepBEIi YicH ClesaTh CKOsb yroaHo manbiM. [lostomy
ypasHenne (71.1) maer

:
1 Lo 20 R
TJ‘ Ri dt = 55t ‘J. Xxi dt.

a

st T0ro YTOGLI 3TO PABCHCTBO GHLIO YAOBJETBOPEHO, AOCTATOUHO
TICNOKHTb

712
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DT0 ¥ ecTh MHTEpecyOllee HAC BHIPAKEHHE CAJH JNYYHCTOTO Tpe-
Hs *). 3aMeTHM, YTO Mbl 3/1Ch BIEPBHIC BCTpeuaeMcs ¢ CHIOH, 3a-
BHCAICH OT Tperved TPOMABOAHOH CMEmeHHS 1o BpeMeHH. B Me-
XaHHKe TaKHe CHJIL e H3BECTHBI.

TlocKonbKy Mbl Teleph 3HAEM BBIPAMKEHHE IS CHJBL JYYHCTOTO
TpeHHs, Mbl IOKHEl YIECTh Ty CHIY NPA COCTABJIEHHH YpaBHeHHs
KOJeGanuit 3MeKTpOMATHHTIOT0 OCUKMIATOpA. ITO YpaBHeHHe B G-
weM BH1e MHercd TaK:

mi=—fr+R;

noicTasasa MR R BHpameHRe (67.2), nosyuaeM )paBHeHne kofe-
Galruii ¢ yueToM JYYHCTOrO TpeHH:A

mE=— x4+ 2 @13
3 -3)
Mupt mosyuum aHNeliHOC RHpdepeHinaipioe ypaBHenude TpeTLEro
nopsika. OTHICKUBAS €r0 pelleHne B BuIe X = e/, Mbl Opuiev
K XapaKTEDHCTHYCCKOMY YpABHEHWIO TpeTsel crenenn. Oanako Mt
MO#EM BOCIOAB30OBATHCA MCTOIOM MOCJEN0BATEMbHEIY NpHGaHKe-
Hult 7 paccyxaaTh CAEAYIOAM O6pa3oM, B uyaesoM NpHGIHKeHUH
MOXHO B ypaBHeHHR (71.3) or6pocdtb Maanifi BTOpOH 4ied B mpa-
BO# yacTH. Mbl BepHeMCs TOrAd K ypaBHeHHIO xoneGaHuh ocunia-
TOpa Ges yyera TpeHus
mx - fr=0, (71.4)

pelleHne KOTOpOTO eCcThb X == e'®!, Tre o l/f/m. 310 peurenne

Mul mogcraBaM B (71.3) n, 3ameuas, uTo — fojetort = — o,
T0aYIHM
_ 2% | -
mi=—fr——m= 1. {71.5)
Tlonara«, xak ¥ panblie,
26%0]
T =¥ (70.3)
NepenkieM ypaBHERKE (7/L5) B BHIE
%4-yiofr=0, (71.6)
CAe OF=[/m, TPHYCM ®o — 4ACTOTA HESATYXAWWHX KOJICGAHHH

OCLHIIATORA.

*) Quesiao, UTO 370 33KIOUCHHE HMEET TONBKO JOCTATOUHB, HO HE HEOG:
xoaumui xapaktep. OAako Goice CTPOTHA BHEON, OCHOBAHIMH Ira PACCUOTPEUAN
DPeAKILH N0%A, NPUBONUT K TOMY e BHIPAXCCHAIO. HHTEPeCyIOUyIXCs STiM BONpo-
com H ¢ min
orcuaaen k kuure B, [afitaepa, KsanToBaa Teopus pan
ctp. 89,

e

KT Mt
aeitn, W71, 1956,
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Pewenue ypasHenus (71.6) umem 5 Bune

Ioncrapans ato pemenne B (71.6), mosyuaeM nocle coxpaue-
HHE Ha et

—nttiyn+ o}

Otciona nonyyaem s n

OGoanaunm

L)’/' ) .7y

0]
Tax Kax y — Manoe uncyo, a @y — GOAbLIOE, TC

v
—— <1 (71.8y
g

H NOTOMY € IlOCTaTO'ﬂlOﬁ TORIOCTHIO
1= 71.9
, [ At B
! 0( Smﬂ)' (

@; eCTb WacTOTa garyxaioufitx KoaeGanu#l, OQuesmuno, 4ro @ TeM
MeHLIIC OT.IHHACTCA OT @, YeM MeHbllle IOCTOSHUAA 3a1yXaHHA y.
B caysae ONTHYECKHX YaCTOT 3dTYXAHHC HACTOALKO MAajo, 4TO:
MOMHO [aXe MOMOKHTE @y & (. [103TOMY B JaHHOM Caywae ¢ jo-
CTaTOUNBIM TpHOJHKEHHEM MOXKHO NONOKHTL .

n=i%’ + @

¥ pemienne X = e'®! IpHHMMAaeT BRI

X
]

e et ot

OGyee pewenne ypapHesnn (71.3) n03TOMY TaxoBo.

hid
T (Aetust - Be-fout), (71.10y

x

3zecb B JICBO{ uaCTH CTOMT AEHCTBHTEJbHAS BEAMYHHA (CHeige-
HHE X); IiH TOTO UTOGh # NMpapas 4acTh Oblia XEHCTBHTEALHA, KO-
sppuunerT A 4 B, BooGme roBopsi, KOMIJIEKCHBIE, 1OJKHL ObiTh

§ 72 HHTETPAZ ®YPLE K CILIOWHOM CHEKTP 237

KOMIIIEKCHO CONPAKEHHBIMUL
B =A.
Ecan oGosnauntn o6uuii Mopyab A n B uepes a/2, a pasy vepes 8,
T0
i 1 .
A= S ae®, B= 7 e~

u (71.10) naer .

hi i3
xzéae 7 gt it +0) gt i +0] — qe” ¥ cos (wgf - 8) =

. .
= ae”vT cos (2nvef 0} (71.11)

J1a opMyaa oNHCHBAET KoJMeGaTelbHOR ABHMKEHHE, DU KOTO-
POM aMIJIHTYZA yGbiBaeT CO BpemeneM MO SKCTIOHCHUHATLHOMY 3a-
KoBy e, OyeBHAHO, YTO ITOT 3aKOH COOTBETCTBYET 3aKOHy yGbI-
BaHWs SHEprAH

E= Epe~¥,

TaK KAK IHepria HpONOpLUUONAIbHA KBaApaTy aMIWIATYIAH.

§ 72. Huterpan Pypbe u COAOWHOR cleKTp

3aryxaioliuc KOMeGaHHA OCUMJNATOPA NpeACTABAAIOT COGOR
TIponece, KOTOpLll MBI yixe He MOKEM HA3BaTh NepHOAHYECKHM, TaK
K4K OB He YAOBJETBOPSET OCHOBHOMY YCAOBHIO NEDHOAHMHOCTH —
HEOrpaHKueHHOMY NOBTODEUUIO OAKHX H TeX Me aMILIMTY]d uepes
GAULAKOBLIE MPOMEKYTKH BpeMeHH. B caMom Nese, IpH 3aTyXaio-
Ta4X KoJIeGRHUAX OIMHAKOBEIE AMIIKTY/B BoOGLIE He BCTpedaloTes,
H XpOME TOro, Bechb NMpOLeCC AUMHARTest B OppeleseHHBIH MOMENT,
2 CJIeR0BATEABHO, TPOCTHPACTCS He OT —o0 A0 00, a TOABLKO OT 0
o +-oo. Takuar 06pasoy, 3aTysamoulre KOIEGAHHS ABISIOTCH NpH-
MepOoM HellepHOZHUYeCKOro IpoLecca.

PaccMoTpiM Teneph Baiblii RONPOC O CHCKTPAILHOM Dasao-
JKCUMH 1IeNepHOANYECKHX npoUeccos. Briue My BHxeaH, uto 106yio
(QYHKLHIO, NPEACTABAAIONIYIO NCPHOLHYCCKUI 1IpOLECE, MOKHO pa3-
J0xuTb B AN Dyphe, T, ¢, NPCIACTABHTD KAK pe3yabTaT Cylepio-
3UNMM CTPOrO TAPMONFMUCCKHX koaeGauufi ¢ wactoraMi Ao = /7,
2vo, 8vo, ..., rlie T —ocHOBHON TepHOA pasaomenys. To, yro wva-
TEMA1HUeCKH BHITOJHAETCA TIpH NOMOLE pAia dypbe, ua ONbTe
Momer OuiTb OCYHIECTB/IELO LIPH MOMOILY COOTBETCTBYIOETO alla-
JM3aTOpa, HanpHvep AHQPAKUMOHHON DPELIETKH, €CIH pedb HIeT
o cserosLix XoancBanusix. Miak, cuextpanbHoe pasiomenne NepHo-
JweCKO10 TIponeccd, rakKHM Gul MyTeM OHO HH GLLIO BHUIOJHEHO,
JAaeT Aunenuatell cnektp,
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[TycTh Temepb Mbl HMEEM HEKOTOPYO (yUKUHIO f(tg, KoTopasi Ha
unreppate AC (puc. 114) nsobpawaetca xpusoit ABC, a ua rpa-
Hulax HATepBada, T. e. B touxkax A n C, obpaiaerca ® uyas. Ota
(yHKLHS, O4eBH[II0, MPCACTABAACT HENepHOLHyecKHil nponece. Mel
MOMKEM DA3NOKHUTL €e B HH-
Teppane A ... C B paua
Dypre, cunras T = AC; B3as
NOCTATOYHO® UHCJO  UJIEHOB
5TOr0 pAja, MOJAYYEM Tpa-
BHJIbHBH XO4 (QyHRUAN, 0OHA-
K0 T0.16K0 6 npedesax untep-
sasa AC, Breso ot A o pripa-
Bo ot C naw pag 4act nepro-
auucckoe moptopenuc kpnsoft ABC. Tenepb Mbl MOMCM DacCHIHPHTD
HiTepsad, uanpHvep saeso 10 £ supueo 10 D, npunucas Haled
@y BKUAA 3Ha¥CHHE Hysb Ba yuactkax AE u CD. B 31oM paciunpen-
LIOM MiTepBAsIe MOKHO BHOB BLMONIHTL pasnomeniue Dypoe, TpH-
wem DCHOBHBIM TEDHONON pasnoxennd Gyxer ywe 7 = ED. OuesH1-
HO, uTo MuTepnan pasioxenus E ... D moxuo pacuiupste Gearpa-
nuno, otoskras Toakk E r D e GeckoneHocTs. [pn 5TOM 0CHOBHOK
nepiodl pasnomeinn T Gynet GesrpanuuHo BO3PACTATh, 4 COOTBCT-
cTBylomas OcHoBuas 4actota vo= L/T Gesrpaumyno yOmBatn.
BeacOcTBHe 3TOrO apryMeH1Ly MOCel0BAaTeNbHBIX Y/elioB  paad
Pyppe g2t Py yeCquyeHdH S GyiyT CTANOBUTRCA Bee Giume
RpYT K ApYTy, H MOXHO MOKA3aTh, YTO NpH TakOy Gearpanuutom
pACLIHPENHH OCHOBHOTO HHTEPBANA PASJOKEHUS G B KOHUC KOH-
UOB MepefiicT B HIITErpA, B3ATHI OT — 00 10 00,

OrH coolpazeHns CTaHyT elwe SCHEC, €ClH Ml HX HOBTODHM
na dopmynax. Mrax, mycrs AaHa werlepHoIMueckas gyrkuna f(#);
DA3TOKUM ee B KOHEuliOM UHTepBa’te OT —T/2 10 +T/2 B pan
Pypse

Puc. 114,

+oa
= E Aelmsvt | vy —

(72.1y
Mo useecTof GOpMyae A1A KO3(GRUHEHTOB paASNOKEHHA
+T12
; F () ezt g 72.2)
—ir

3aMeHHB 31eCh BPEMCHUO 0GO3HAYeHHC f HA o W IPHHAB BO BHH-
MaHHe, UTO OCIOBHAS ¥actota vy = 1/7, mepemmuen GopMyry
(72.2) B BHIE
+Ti2

+ [ e

s
e

do. (72.3)

————e
S
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10 Bhipamente A As Mbl MOxeM MoAcTasuTh B pif (72.1), xo-
TOPBIH TPU STOM NPHMET BHI

. e 2nsa | omst
fy=+% TJﬂf(a)e T dule T, (72.4)

OGosznauny teneps s/T ucpes v. Taxk Kak § — 1eJoe YHCO, TO
uacToTe §/T = v, BXOAAAC B pasaomeRne (724}, H3MCHAIOTCA
TPH NOCTEIOBATENbHOM H3MENEHHH § KOHeUHBIMH CTYNeHAMH

s41 s !
v=="
A T

i s

Tlpuuumas 370 BO BHuMaKKe, pall (72.4) MOXKHO NpEICTABHTH B BHIE

472
fo=3

[ Flay emame g | et v, (72.5)
- —T/2

Tenepb MLI IpOU3BeleM yKA3AHHEIT MIEPEXON K MDefley, a AMCI-
10, MBI LPeAIIOJOKHM, YTO HHTepsan —7/2, +T/2 pacuupsercs
0T —o0 10 4-00. Torjia, Kak 3TO CTPOr0 XOKA3LIBACTCA B MaTema-
THYECKHX DYKOBOACTBAX *}, cyMMa B npasoft sacti (72.5) obpa-
1a€TC B HHTC]‘paﬂ

Hoo [T oo
T = J‘ ff(m>e-i2nvuda el gy,

OTO MOXKIO 3arHCATL B BHIC
o

fy= f a(vyes ™t dy,

(72.6)
rie
.

[ t@emvea

a ()

UM, BO3BPAIASICh K NPEKHAM OGO3HAUENMSIM, T. €. BHOBb 3aMe-
HSs @ depes £,
feo

a(v)= f Fly e 12wt dy. (72.7)

J10 W ectb (GOpMYMIR, BLIPAKAIOWAR 3ABUCHMOCTD KOS(HHLHCHTA
DaSIOKEHHsT HeeDHONHYCCKON QYHKIUH OT YACTOTHL

*) Cw, B. M Cumpion, Kype secwed watewarnns, 1 11, «Haykas, 1967,
cap. 501 ’
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PopMyasl (72.6) u (72.7) nO3BOJAIT NPOMIBOAHTb CEK1pasb-
HOB pasf0Kenie HemepHONWYCCKUX PONCCCOB, B YACTHOCTH 3aty-
XaUKX Konebauni.

C usuueckoll TOUKH 3PCHHA MEKAY Pasa0enHCM HepHOLHUe-
ckoli QyHxuun B paAn Pypbe H pPasiOKeHHEM LENEPHOXHIECKOH
gyuxmm B unrezpas Pypbe UMeeTCA CYECTBEHNOE pasanyue. Pad

ypbe COCTOMT H3 4I¢HOB, COACPMKAIUMX MPOCThIE NepHOLMHECKHE

15
§
©
- L1
R s
8 N
sz £ 4]
§0 1 § 4
82 It
g VT Y
£ 7T 17 (7] ]
< Bpema 6 ek Sacmonma & cen™

Prc. 115. Mepronueckuh npouece pagnaraetcs B aumedwarsh crewtp.

DYUKUHH ¢ OUCKPETHO UIMCHTIOUUMUCE HACTOTAMY Vo, Dvo, Svg, ...
B unTezpare Pypve MHTErpHPODAnHE NMPOMIBOLHTCA TO YacToTaM,
T. €. DpEANONATaercsi, UTO YacTOThl H3MEHSIOTCS Henpepbisxo.
B nepBoM Clyyae MLI HMECM JEJO € paso’KeHHEM B JHHeHYaThH
cnexip, Bo BTOPOM —B CIIOWHOK. D10 passmime OUeHb XOpowIo

B
N
N7 ’[
] )
§2§ 3,
s Srw
3¢ N
wL__d__‘ S
Sy =
1 o a0 a3 N7
S Bpewn & cex “rcmama g con

Puc. 116, Hemepronuueckiii Ipoliece paasaraercs B coiowmiof cuextp.

wanocTplpyetes puc. 115 u 116, rae ciesa NpeacTasaenb ABe Kpu-
Bobie KOJeGaHRH, & CpaBa — HX CreKTpsl (10 0cH aGCUNCE OTIOMEHb!
BacTOTH B CeX!, a HO OCH OpAWHAT — AMIANTYAM, T. e. KO3¢ibt-
upenter Pypbe). BepXuas KPHBaA ©306paxact Npouecc He CHIYCOH-
HasbHbil, HO 11epHOAHYECKHI, €e CmekTp — ArHeHdartod. HimHan
KpHBas NMPC/CTABIACT OLHO 3BENO NPeAbULyiel KpHBOH, 310 3Ben0
He sBAReTCA 11epHOAHUECKOH KpHBOH, TaK KaK Mbl 34eCh He HMeeM

B T SR

oy,

[

§ 73 LCTECTBEHHAR WIMPUHA CIIEKTPAJILHAIYX NUHUA 241

1IEOTPRKNYCHHOTO MORTOPCHIS PABHBIX AMILIHTY/] Yepe3 oAKIAKOBbIE
TPOMEKYTKY Bpement. CHpasa MOKAa3auo, YTO IPK STOM OTAEALHEIE
JMHHH HACTOABKO COAMKAIOICH, 4T PAJOKEnHe AaeT CIUIOLIHYIO
NONOCY, OXBATLBAIONLYIO LRIl HATEPEAL YACTOT — yYaCTOK CHAOUL-
HOZO CneKTpa.

§ 73. EcrectBeHnan wpmna cnek1panbHHX NHBMG

3aryxaoue koJeGaHua OCUHLIATODA

v
ae 2 lcos(?rwut +8)

TpeACTABASIOT o0l HAa OCHOBAHMHM CKA3AHIIOTO B MpeABAYHIEX N1a-
parpaQax TMpoLece He TONbKO HErapMOHHMECKHNl, HO  Hemepwo-
AMYCCKHIL
MosToMy st MATEMATHAECKOrO PA3MOKCHHS €ro B COCKTD Clae-
AyeT BOCHONIL3OBATHCA ne pAnoM, a uuTerpanoym Pypse. Otcoga
caenyer, 4ro cneKTp GyaAeT cnaownod, TouHce roBops, BLIMHCICIHHE
[OKA3EIBAET, UTO BCAGACTBHE 3aTyXalHA KoseGannii CHekTpanbHas
JUHUA pACUIUPAETCA; OHA OXBATHDAET YUaCTOK CIUIGWIHOTO CIEKTpa,
HIMPHHA KOTOpOTO Av ONpeAieasierca saryxaurey y. JLia Toro uto6u
noxXasaTh 5T0, CleAyeT NpeMIe BCero 3anaTh PyHKuuw f(f) B nu-
Teppate 0T —oo Ao ~++00. Mul MoxeM 31O Clenath CJlEAYIOmMM
ofpasom:
0 pn (<0,
fo—y _a @3.1)
_{ae TeP™ qipn £220.
Coryaciio cxasankoMy B TNpeIbAymeM Naparpage, CHEKTpaabHoe
pasioxeute QYHRKiMR f(¢) KaeTcs popmyach
P
fr= | a@emtay, (73.2)
—e

T1e aMITHTYAA & (V) ONpenenseTcs popMyJIoh
too
a(v)= ff(t) e-itnvt gy, (73.3)

Toacranana ciona f(f) us (73.1) n sameuas, uro f(f) =0 B HH-
TepBaJe oT —oo A0 0, noayuaen
toa
a(v):f ae

4

Y
- a

R ryr— dt

(73.4

~— 2 (v — V)

Jlaa  OTHCKAanHMA paclpCAcends HHTEHCHBHOCTH B CNeKTpe B
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33BHCHMOCTH  OT S4CTOTHl C/€A)yer BLIUHCAHTb KBAApaT MO1y-
asa(y) *):

2
|2 B=— a a &

. (78.5)
%—i?n(v—vg) %-;-mn(vﬂ—v) 4n2(vn—v)2+‘T

Ecas Tenepb BOCIHOMb3OBaTHCA (opmyaolt (68.4) u npoussecrir
yepenuesie Ana GOIhLOr0 NPOMEmyTKA BPEMERH, TO B PeaypTate

167 Mvge
noayuntea I, = 3/__kaola(v) P [cm. dopuyay (68.6)], momcras-
R nas BMecto |a(v)|? Buipamerne (73.3),
ez nosyyaem
16xc'vie?a? 1
3¢ 2 2, ¥
4n? {vo — VP 4+
16n*vie?a® 1
.
3 w2y 4 L il
¥ 4wy
(73.6)
Brona oGosnauerus vjvo = X, yfvo==T,
7 uepepitem $opmyay (73.6) B Buae
=, " 16m'vie®a? 1
’ Z b= e - 00
Puc. 117, Kowtyp crextpao-
ot aHHAM. Popuyab (73.6) u (73.7) naoT pac-

npereenic KUTCICHBHOCTH B 3aBHCHMO-
CTH OT YaCTOTLI, T. €. KAPTHHY CNEKTPa 3aTYXAIOWEro OCuiIISTOpa.
Ha puc. 117 npeicTasicu Xon MHoxuTens

)i
X) =g
FO =gy
Kak BHAHO, KpHBas HMeeT Pe3KHil MAKCHMIM ppd ¥ = | aay v =
=0, T. € M1l 4acToTH COGCTBenHbIX KoJdcOanuii HesartyXaowero
ocuuianropa. Makcumanbuoe 3navennc f(x) cern

1=z

*) Tloaysaemas 1 pesyabtaTe Bhrnc e (73.4) aMAANTY A @ (v)— KoMACKE-
has, [L18 ROAYveHNR BRUICCTBENROTO RMPAMEHHR aIIMTYAN CACAOBATO bl NOT-
BCPrEYTS PASJOMCHNI0 DyPLe Moy CYMMY KOMIIEKCHO COMpAMENMIX (yAKWAR,
3aMeIOLUIX €08 (201vof - O) B dopMyJie 3aTyxalommX KoneSaHAH, 110 Tax Kak Hac
HHTEPeCcyeT TOTbKO WHCICHHOE 3HAweHHe aMINIMTYAE, TO NOCTATONHO OrpaHMuHTEDs
BbHCACHHCH KDAAPATa MOIY# KOMIGKCROTO BLipasenks ¢(v), 410 U CAGIZHO
5 gopuyae (735), [oapobiiee 06 stow cm. Makc Bopn, Onrixa, Xapikos
1937, cip. 566 1 caenyompe nui P, Bergep, Teopun snextpuvecTsa 1. 1,
8§ 14 u I5.

&,

§ 7  JIPYTHC TIPHMEPBI CIIEKTPA HETCPUOZMUCCKUX MPOLECCOB 213

QueBHIHO, uTe 3uauenHe [(X), PaBHOe MOJICBUHE MAKCHMAJXBLHOTO,
MOAYUaeTCHA IPH YCIOBHY
2n(l —x) =14l

W14, IPAHAMAA BO BUHMaHHE, 4YTO X = v/vg H [ = y/v,, ¥ obosna-
was v — vg B 3TOM Cayyae uepes Avi,

Av, = v/ {73.8)

Av, n23bBAeTC TIONYLWUPHHON CHEKTPAdblOl JHHHM, KAk BHING,
OHA IEJHKOM ONPEIeaseTcs 3aryXaHuey y.

MMonymuaphHa Avy, B ONTHYECKOM CIEKTpe odenb saga. Ha
puc. 117 mpeacTasaer KONTYP CHNEKTPAbuOil JMHHH I "= 1/5;
MCKIY TeM AAsl VIKAX CreKTpaibublx anuii I'— nopaika (07—
10-%, rax 4TO WHMpHHA JHHUYU, H30-

GpakeHHAs Ha DHCYHKE, upeamep- T
110 IIpeyBeHYeHa. _
. pHHEMAsi BO BHHMauHe CBASb H 7
Meay y H BpeMeHeM pPeaKcauii i ~ :
1/7), MB MOXeM TNepernH- 7 "ﬂfl - i

(v
cartb (73.8) B BHAC
T AV’/. =/, {73.9)

§ 74. Mpyrre npumepst
CIEKTPANBHOIO  Pa3N0KEHHS
HEMEPHOLHUECKHX NPOLECCOR

PacemoTpuy elue ABa TpAMepa
CNexTpaIbHOIO pasgoKeHus iere-
PHOZHUCCKAX MPOLECTOB.

a) Tlycre KoseGauye MPOHCXO-

ZHT B TCUGUHE OrPaHHYCRIIOTO Mpo-
MexyTKa BpeMeHd Af, RO Ha 3TOM
OrpanuyeHHOM HAnTepBaie N01uh- BA
HReTcA rapMOHHYeCKOMy 3aKoHy Jz 2r  m .
(prec. 118, a). Taxne Kosebanus Mul a
6yleM HA3BIBATL KERIUMOHOXHOMA-
Tuteckunmi, QueBHIRO, uTG BCE pe-
anbHble KoJeGanHd, KOTOpbie Mul
TpaK[HUECKH CUATAeM MOHOXpoMa-
THYECKHMU H He3aTyXaIOLUMH, B AEHCTBHTC/BHOCTH ABAAITCA KBa-
ZHMOHOXDOMATHYECKUMIL, TAK KAK OHH AAATCA OTUPAaHHYEHNO0E BpeMs.
ITyers GylleT TepHOA, a vo = 1/T —uacToTa 3TOr0 KOsM€baHus,
OTbilien ero CleKTpanbHoe pPasntomenne.

TlockoapKy KodeGanue se AguTCs OT —o0 10 ~-90, OUO mpel-
craBaser cobolo Npouece wenépuoduweckud U Aas CHeKTpasbHOTrO

o am

Puc. 118w @) Ksasmonoxpomataie:
ckoe KoneGamne, 6) Cuektp 5100
Koaebauud,
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PA3VIOKERHS €TI0 CJleayeT BOCTIONb3OBATLCA HETEIPAIOM, a He PHIOM
Dypre. QYHKLHA, KOTOPAs MOMIEKHT DAa3NOKEHHIO, TAKOBA:
[ Aget™ or — A2 no -+ AY2, 74.1)
f :{ 0 or —oo  J0 —~AH2 1 ot +A#H2 1o Foo. .

HicxoMoe passoxeHHe ecTh

o
Ho= [ ae ay,

Tae aMuaATyaa ay BhIpaKaeTcs
oo
av= [ j@Oe-imdr.

Tipunnmasn Bo BHumanne (74.1) u To, uTo f(f) %= 0 ToaBKO B Mpe-
nedax —Al2, 4At/2, nonyuaem

A2 FAL2
ay = ( F ) o=t df = 4, j PRR Nt Jf —
—ine -4tz
4 sinm(v
=4, . (149
DTOT peaybTaT MOKHO TaKKe NPECTABHTL B BHIE
sinm (vy — ¥) Af
ay AﬂAtT(v(n“_—M— (74.3)
nan, oboshadas AoAf = A v w{vo — v)Af =E,
sing
a,=A =
Dynkuus 5'25 HMeeT CeAyIOuil X014 ee TAABHbI MAKCHMYM pac-
sing

noaowen npu £ =0, rne

npit § ==z, 4=2x, ..., z=mn. B npoMexyTKax ona HMeer BTOpO-

CTeNeRHble MAKCHMYMLI TIpH 3HAYeHMsX &, YAOBIETBOPSIOUIMX §CJI0-

a0 {gE ond Taxosul: E==1430n =449; 24591 =773,
in2t

3471 =1090 n t. 1. 3HaueHns s'gk’ B MaKCHMyMax TaKOBbI:

= 1; maace, oHa ofpamaerca B ByJIb

3 l 0 449 ‘ 7,73 I 10,90

1 0,047 ! 0,016 0.008

§ 74 APYTHE TIPMMEPH CIIEKTPA HENEPHOAMHUECKWX TIPOLECCOB 245

Hs atoro crenyer, uto ¢ omn6xoi, Re npesocxonsied 5%, MoKHO
sin?
CHHTATDL, YTO BeCh XON PYHKUKM —> COCPEAOTONCH Ha HHTepBane

§==ctm 3a npexenaMmu STOro HHTEpBANa QYHKUMI (B YKA3AHIEIX
Dpejle/aX TOYHOCTH) MOKHO CUHTaTh ofpamiawmefics B Hydb. TaK
Kax
PSETS sin§)2= E[Sinn(vu—v]\tr
Loy o A B8 = (4, app [ SRl M
TO |ay|? MMeeT ThaBRBR MakCHMYM npH v = v {puc. 118,6), T e.
NpH HacTOTe KBA3HMOHOXPOMATHYECKHX KOJCOaHHA, H ofpawiacTes
B HyJIb IipH
|2t (v, — %) At [=m. (74.4)

Me nunum, takum 06pasoM, 4To, X0Ts? yacToTa vo = /7 npes-
CTaBiena ¢ HauOGOJbLIEH HHTEHCHBIOCTbIO, CTEKTD OXBATHIBAET
CIVIOMIHOA UHTEPBAZ HACTOT v-—vp=Av. U3 (74.4) nenocpen-
CTBEHHO C/eAYeT COOTIIOLICHHE MeXAy Av H JJHTABLHOCTBIO Af
HE3aTYXalmuX KoJeGanu

MAI=1. (74.5)

Ecan npunsite B0 BnuMmanue wue
TOMLKO TAABHRH MaKkCHMyM, 110 M

BTOPOCTENeHHBIE, TO BMECTO YCA0-
Bust (74.4) Mul moayynM . A L
|5t (v— ) At |= ma, 4 ¢
uto naer AvAf=2,3 ..., m, 1ak
uTo BMecTo (74.5) MB MoXeMm na- layi?
NHCaT> HEPABENCTBO =
Avaiz1. (T48) puc 119, Enmuont  svayane

3T0 HepancHCTBO MOKA3LIBAET, yTo H Cro. caerTp.

ueM B0JbIIC ATHTENbHOCTE Af KBa-
3MMOHOXpOMATHYECKAX KOMeBannii, TeM Yi&e CHEKTpatbiblil muTep-
Bax Av, H HaoBopoT.

6) B xauecrse BTOPOro NpuMepa paccMOTPHM eIMHHYHOE BO3-
MyIlIeHHe, ONHChIBaeMoe QyHKLKeR

Fy=ert

{CM. BepxH:010 KPHBYIO Ha puc. 119),
Mapamerp B, nmewowrdi pasmepuocts [cex™], xapakTepuayer
OCTPOTY BOSMYmicHHS. VIMeHHO, Mcpoil 3Tl OCTPOTHI Cayur

MpOMEXYTOK Bpement Af==y, 5 Tedenue KOTOPOro avIamTyia
BOIMYILEIH HM3MeNsieTcs B e pas. AMIINTYAA CHEKIDPAJbHOro
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PAJNONKCHHS BHYKCIAETCA N0 HIBCCTHOIN GopMyse
+oo 4o
a4, — f et df= f B2 g

TlokasaTens CTENeHM NOA HITErpasfioM MOXHO fpeofpasosaTh
TaK"

— (@ i2mvty= — [ 2t 4 (B )2] + (“;J)i_

2 g
-5

TaK uT0

IToaaras

TOAYSHM

OTKy12

Pacnpeficsieline SHEPTUH B CHCKTPE 34BHCHT, O9EBHJHO, OT 9KCMO-
Hennuagniioro MuoXuvens. [luprua Kpusoft onpenensercs ycao-
BHeM

2 (Av)?
2n(xv)=

1

WM, TaK Kak f = [/Af, 10 ]\/EnAvAt|=
AvAI=1/V2x

Kak # B paccMOTpeHHLIX paHee CRyqasX, QIHpHHA CINIOMIHOrO
CheKTpa HAXOJHTCH B OOPATIOM OTHONIEHHH K IJHTENbHOCTH HM-
nyfsca Af.

Jlna Bcex NPHMEPOB, PaCCMOTPEHHBIX B MOCAEAHUX ABYX napa-
rpadaX, XapaKTeped CAENyIOmMil OOwHA BHBON: MEXAY MAHTCIb-
HOCTBIO BO3MyINeHUS f(f) U NpOTsKeHHeM CNEKTpa 4aCTOT HMeeTcs
ofpaTHOE COOTHOWIGHHE! UYeM KOpoYe IJHTCA BO3MYyenue, TeM
mMpe CueKkTp, U 1a060poT.

JI. M. MaupesbwTay B CBOMX NEKHHAN NOACHI 3TO0 Caelyomel
sipkofi maiocrpanueir. ITycts Jayd cpera nanaer Ha IVIACTHIKY,

T. €.

§ 75} TUMAHETAPHAS MORCNIb ATOMA 247

GhICTPO ABHAKYIYIOCSH B CBOEH MIOCKOCTH NMepneHuKYIApHO K Ayvy
JnuHa crema, OCTaBieHHOrO JyYOM Ha NJACTHMKE, H €Clb Mepa
ILANTEABHOCTH BOSMYymeHHs féf). TlocTaBuM Temepn TUIacTHHKY B
crekTporpad, cocrosmuil U3 NpH3ME H anB3sul. Ecan f{f) ecrs cn-
Hyc (BesrpanMynoe so3MymieHne), TO B (OKaNLHOM TNOCKOCTH MBI
N0AYYAM TOYKY, COOTBETCTBYIOLIYIO OXHOM ONpelNCACHHOR uacToTe v.
Ho ecan [(f) ue ccTh CHHYC, 70 BMeCTO OfHOH 9YaCTOTH Iia ILIa-
CTHHKE NOSBJAETCS DPacTAHYTHit crekTp. YeM xopoue uepra na
JBHKYmeRCa 1ACTHHKE, TE€M HIMpe pacTAHYT CNexTp, B 1:2060poT,

§ 75. MaaseTapuas Moseds aToMa

Jlo cux mop Mbl MoAb30BAMMCH B KAUECTBE MOJEIH HMCTOYHIKA
CBOTA TOJLKO JIHIEHUBIM OCURANATOPOM, T. €. JHIOMEM, COBEpIIAIO-
mHM KOACGaHHsl N0 FapMOHHYCCKOMY HJH HCTapMOIKUCCKOMY 3a-
xony. OnHako corsacHo I1awerapHoM mojend Pesepdopra atom
cieflyer paccMaTpuEBaTh Kak POTATOp, T. €. OTPHLATEILHO 3apd-
KeUHyl0 uacTuiy, 00pAwAomylocs MO 3aMKHYTOH opbute OKOJO
NOAOKHTENBEOrO Aipa. 1leTpyABO yGefHTbCA B TOM, UTO 31€KTpO-
Mareginble CBONCTBA Takofl MOJENH 1€ CONEPKAT HUUEro Cymle-
CTBEIHO HOBOTC NMO CpAaBHEHHIO ¢ YIKC HANJICHHBIM MM H3NyYeHHs
JNHUHCHHOTC OCLHNATOPA.

Tlpencrasum cefe cHauana B Kayecrse NpOCTEHICTC caydas
SJeKTPOH, pasHoOMepno 06pamanWMics OKOJ0 AApa HO KpyToBoh
op6uTe. Takoe ofpameine OyierT IBAMKCHHCM YCKODEHHMLIM] 1O-
3TOMY OHO NOJIKHO CONPORONKIATHCA RBAYUEHHEM SACKIpOMATHHT-
HLIX_BOJIL

Jlag TOro uTOObi BRIMACAHTS HHTEHCUBEOCTH 3TOTO W3/YUeHHS,.
Pas3nomHM paBﬂOMepHoe prrOBOE JIBHKEHHe Ha JBa r‘apMoHqu-
CKHX KoneBaKus no 0caM X B y:

=acosef, y=asinof,

OueBnaHO, YTO BMECTO 5,J€KTpOid, paBIOMEpHO 06pamalonmerocs
no KpyroBoM OpGHTC, MOKHO DACCMATPHBATh H3Jyucnhe NBYX Ju-
noacH, copeplialoiux goncGamus ¢ ONMHAKOBOA YacTOTON © 1
ONMHAKOBOH AMIIHTYIOM 4 MO B3AUMHO NepneHIuKyJAfpHbIM na-
ﬂpaﬂ.}]eHHﬂM.

Corqacio Qgopmyaam § 68 MBI EMeeM IJIA HHTEHCHBHOCTH 43-
syuends o6onX ABRONei

__ 2!

Iy =5 costef, ] —— sin® ot.

__ 2%
3¢

Tlonnoe usnysenue Kpyrosoii opburh Gyaer, Taknm obpasom,
_ 2elatn’! _ 3omiylela?
J=litly=—F—="gs
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CpapuuBasi NOJyYeHHEIH pe3yabTaT ¢ GOpMYJIol INA Cpeatero Ha-
nyueRHs AUnond 3a tiepHof (68.6), ML BHAMM, 4TO MOMOe H3AY-
ueHNC Kpyromolt OpGHTH He 3aBHCHT OT BPCMCHW ¥ B IBa pasa
GoIbile CpeiHero HMYJeHUR JUTONSA, YTO BIIOJHE TOHATHO, TAK KaK
naayueHie o6oux aunonedr J. a Jy MOAAPHIOBAHO BO BIAHMHO mep-
ﬂeH}lHKy.']ﬁprlX AOCKOCTAX.

Ileckoabko caomiee oBCTOMT fiemo B ToM cayvae, KOrna pac-
cMaTpuBaetcs o6Tiee ABUKCHAC N0 KeNAeposy SAALNCY INEKTPOHR,
CBA3IAMIOTO ¢ ALPOM KYJOHOBCKOH cunol B stoM caywae cocras-
JFOWHE HBUNKEHAS MO OCSM KOODJMIAT X H gy yHKe de ABAAOTCH
TIpOCTHIMH [apMOHHUECKUMH KoaeGanusMy. ONHAKO OHM BCerAa Mo-
TYT BBiTh pasnomeni! s pifer Pypue, 1. €. IpeACTaBNEHbr KAK pe-
3YaBTaT CYNCPROIAMMM DPOCTHX [APMOHUYECKHX KoaeGauuit. Bor-
GHpast 33 OCH KOOP/MBAT [MABHLE OCH HIHICA, HMCeM

x —acoswf + a’ cos 20f -+ a” cos 3uf,
4 =bsinot + b sin 20f - &7 sin 3o,

Ecan sbudcauTts, Kak B § 69, cpeHMe HHI€HCHBHOCTH, COOTBET-
<TBY!OmKe goNeGaHuAM N0 OCH X W [0 OCH Yy, ¥ CAOKATL ITH HH-
TEHCHBHOCTH (KO/IC6AHAR BO B3AHMuO NepHeHJHKY/AAPULX HANpas-
JIERHSIX 1€ HHTCPQepHPYIOT!), TO OKAaXKeTCH, YTO H3dyueHde COOT-
BeTCTBYeT Halopy OCUMARATOPOS € HACTOTAMH @, 20, 30, ...

Taxum 00pazoM, saeKkTpoH, opawlaomHuiics no KenaepoBy -
JANCY, A3AYyYAET UEALH CNeKTp uacToT, COCTOSMmKil U3 OCHOBHOR
UaCTOTH H e FapMOHHYECKHX 0GepTOHOB.

§ 76. OpGuransHbit MarHuTRbE MOMenT W Teopema Jlapmopa

Snextpol, obpamarwuinics no op6ure, fApescTasaser cofoix
kpyrosoi tox. ITo 3akonaM ;eRTPOMNIHAMUKH TAKOE KpyroBoil TOX
noaKer 0GNafaTh ONpelefeHHbIM MAFHHTHHIM MOMEHTOM, T. €. Be-
CTH Ceffl B MArGUTHOM MNOJe KaK Mardurdeui Aupoxs. C apyroft
CTOPOIfbl, C MCXAHHUECKOH TOUKH 3DCHHA, SNEKTPOHHBIL KpyroBolf
TOK_BCAEACTBHE OLICTPOFO BPAIIEHUA SIEKTPOHA IOMKeH 06/a1aTh
CBOACTBAMH BOMMKA. HweeTca omnpenedentioe cOOTHOmEHHe MeXnay
MarHHTHLIMA CBOHCTBAMH 371€KTPORHOB 0opGMTLI, KOTOpbie Xapaxre-
MSYIOTCA ee MarHMTHBIM MOMEHTOM H €e MeXaHHUeCKAMH CBofi-
CTBAMH, MepOfl KOTODBIX ABJSETCA MOMEHT KOAHYECTBR NBHKEHHA.
Brisenem 310 cooTHojUeHHe.

Kak u3BeCTHO M3 3NEKTpOJMHAMHKA *), MATHUTHBLUI MOMEHT
SEMKHyTOI‘O TOKa pzﬂeﬂ

i
M=21ys, (76.1)

Tamm, Ocuonm Teopun saexTpuscctra, «Haykas, 1967,

4 Cm H.
«<T1p 253,
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rae J—cuna Toxa (B 5CKTpOCTATHUECKHX efunruax), §— nao-
1a/1b, 06TEKaEMaR TOKOM, H € — CKOPOCTH cBera. Ecnu uucao o06o-
pOTOB 3MEKTPOHA TO Kpyrosofi opGire Gyxer v= /T, rme T —
Ttepiojl 0Gpawensi, To, OYEBHJIIO,

J=ev=e¢/T, 76.2)
IMoatomy
M

1
— evnr?
3

RJIH, 3aMeHSAS v YIIOBOM 4acToToll v = o/2n,

= o=
=gy or Tz 0. (76.3)
Ho mr?e = mr2%p, ouesugno, npeAcTasaser co60i MOMEHT Komnye-
CTBA [BHKEHUA [ 37eKTpOnnoi op6uter. Mrak, N
e N
M=l (6.4)

ST0 M eCTb HCKOMOE COOTHOMCHIME.

Mpeucrasum cebe TeNeph, 4TO HAml aTOM, cofepkamMii OpGH-
TAnBKLE SNEKTPON, HOMEIIEH B MarHHTHOE nose. Tak KaK, mo cka-
3aHHOMY, aTOM O6JMAfA3eT OupENeNeHubIM MATHHTHBIM MOMEfTO)
TO O JIOINKEH BCCTH Ce6sl BO BHEMIHEM Noje KAK MATHAT, T. e. 104-
el yCTAayaBAUBATLCS CBOHM MATHHTHLIM MOMEHTOM NapallienbHo
WM aRTHNApaaIenbHo noao. Ho 3ToMy mpemistcTByeT To, uTo aTOM
OXHOBPCMEHEO ABasieTca W BoMukoM. OTcioia caefyer, uro B mar-
HHTHOM [OJI€ aTOM JOJKeH BECTH Ce6f COBepmIeHHO Tak KC, KaK
OGLIKHOBEHUbI BOMUOK BEAET Cebal B NOAE 3EMHOTO TAFOTEHRA, T. €.
ATOM JIOJKEH COBEpIIATL MpEUeCcCHOHHOE IBHKEHHE OKOAO Haupas-
ackus nons. Ecau remepy, pacematpuaTs opbHTY daextpona o
TOUKH SpEHAS HCHONBAAKHON CHCTEMB KOODIMUAT, TO OHA Mepectaer
GHITh IIOCKOIl U CTAHOBATCA BOOGwE OYeHD CHIOKHOH. PaccMoTpenwe
SHANHTENLNO YNIPOMIACTCH, CCIH BBECTH NOABHIKHYIO CHCTEMY KO-
OpIHIAT, UPELECCHPYomYI0 ByMecTe ¢ opburois. B rakoit cucreme
KCOpIUHAT Op6HTA COXpaHSET CBOIW (OpMY, H OCTAETCH TOJNLKO
OIIPERENHTD YTIOBYIO CKOPOCTH 1IPRUECCHH.

Brenem Zse cicTeMBl KOODAMHAT: ORMY W3 HHMX CBSIKEM C 1ia-
DpaBICUMEM MATHATLOFO noaf € 3Ty CHCTEMY MBI GyfeM HaseiBaTh
<HCTICIBHKHOM. BTOpas cHCTeMa —NONBUKHAT — IpOUHO cDS3ARA
€ OpBHTOH 5MEKTPOHA M NPEHECCHPYeT OTROCHTCABHO SHENOMBHIK-
HOl» CHCTEMDI; OCh NDEUCCCHH COBNARAET C WampaBleHueM moss.
Ilycrh yraosas cKOpOCTL MpeueccHn Gyier o] CKOPOCTH IEKTPOHA,
ABKKYILErocst 10 OpGHIe, MycTh Gyler B HenOABHKHON CACTCME KO-
OpAHHAT U, B DOABWKHON — v'. B TOABRKKON cucTeme ga SJ1EK1poH.
ACHCTBYIOT A00ABOYNBIC CHAB  HHEDHHH — UeHTPOSeRiast mpo?,
TAS p— DACCTORHHE SACKTPOHA OT OCH IpELECCHN, B KOPHOJMHCOBa
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C = 2m[v’o]. Tlonaras, uT0 JHuelHHAs CKOPOCTh, COODIIACMAS SaeK-
TPOHY TIpENECCHORNBM [BUKEHAEM, Maua 0 CpABHEHHO & Opba-
TAABHON CKODOCTBIO 3/IEKTPOHA B OTCYTCTBHH NMpELECCHH, T. & 47O

po L v,

‘Mbl MOXeM UpeHeOpeub HEHTPOGEInOll CHiOfi MNepUHMN @O CpaB-
JIGHUIO C KOPRONACOBOH cuitoii. Onenxa crenenn NpHOIMKERHA (CM.
fike), CBR3AHAOLO ¢ 3THM IONYILCHHEM, BIOJHE ONpABIBIBALT €ro.
Jlaace, B npexenax TOTO e NPUGIHKENHS, MOKHO B BLIDAKElHH
KOPHOZHCOBOM CHIIB CKOPOCTD 0 3aMEHHTb CKOPOCTEIO U N0 OTHOWIC-
% MHIO K HCIONBHKHOH CHCTEME KOOpAH-

nat. Urak,

C=2m|[vol. (76.5)
Mel 3uaem, OHAKO, 4TO Ha 3JEKTPOM,
NBHKYLIMACA B MATIMTHOM 1i0JI€ CO CKO-
pocTbio v, feficTsyeT cuna

=—Z[vi6l. (76.6)

e [ ——

3uak MHHyC OGyCJAOBJEH TCM, HTO 3a-
PAL aMekTpona oTpAuATedeH. Ecrd Ha-
npasaeHyie TMof napaanenpto OcH
NpCUECCHE, TO, KaK HETPYAHO yGexuThes,
olipenesisia MO H3BECTHOMY MpABHIY A
BEKTODHOTO NPOH3BEJSHUS HampaBJIeHHS
Pue. 120, cun C u F, a7H Ut ReHCTBYIOT NpsiMO
NpOTHBONOIOKKO Apyr Apyry. Ilostomy

RNS TOrO, 4TOGH OpGUTA COXpAHMAA CBOW pasMepbl H ¢0%My, oju

TOMKibl ObTe UKCIEHHO ApyT Apyry paBHbl, C= —F. TAKOM
caysae (76.5) u (76.6) naor
PR e . 5
2muo sin (Vo) = - vk sin (v46). {76.7)

Tak KaK och npelieccny napasiefbia HANPABJIEHUIO HOML, TO

~ o~
sin (Vo) = sin (v36)
# (76.7) naer
o= . (76.8)

Tonydennnii pesyabTaT MOKHO OpMYIHpOBaTh Cleldyouuy 06pa-
30M: SJIEKTPON OTIHCHIBAGT B CMAGOM MaTIHTHOM NOJE Ty Ke 0p-
GHTy, YTO H B OTCYTCTBEM TOJSA, HO ([0 OTIOLIEHHIO K CHCTEME KO-
opamnat, Kotopas TpCICCCHPYET OTHOCHTENbHO MACHHTHONO NOJA
€ YTJ10B0# 4acTO 08

.

0= Zn; #-
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HeiicTote MA2HUTHOZ0 NOAR HA IAXTPOHNYIO OpBUTY MOXCHO CBE-
€Tit, TaKuMm 06pasoM, K coobujenuro 1ol opbure Apeyeccul co cko-
pocrsio o (puc. 120). B atom u cocrout 1eopema Jlapmopa.

Vopaxnenne YCIOumIX cBETa TOMEMEH B MArnMTHOC j0J¢ € Hanps-
sensocTbio 40000 5percs Buumcants NapMOORCKYID UACTOTY NPENECCH SieK-
TPONHON OPGMTH W ONDENEAHTL ANNNY BOMNH, COOTBETCTBYIOLIYIO 3Toii vacToTe.
(Oreer b= 051 cu)

§ 77. dddexr 3eemana

Hanectno, uTo B KOHue cBoell KHU3HKH Qapaineil yCHICHHO HCKAM
SBJCHUA, KOTOpble yKashiBann Obl HA CBA3b MeX[y SJEKTpOMar-
IMTHLIM ToAeM H cBetoM. Oun cfpeMmica, 1Mo ero coGCTBeHHOMY
BHIPAMKEHHIO, <OCBETH (b CIJIOBLIC JMIIMH H 1laMarduTaTh cBeT». Ha-
BECTIIO TaKKe, UTO eMy YIa/10¢h OGHAPYKH b <HAMATIHURIHC CBETa»
B BHLE OTKPHITOTO MM BpalleHHs TIOCKOCTH nOAApH3ALHM B Mar-
nuTHOM ToJe (3¢@ert Papanen). Mas raabme B 370M Hampasie-
HHE, on muTtancs (B 1862 r.), no 6esycrnemno, OTKpHThH BiHsiHe
MarHUTHOTO NOJA HA COCKTpasbibic AuHAK. Jlumb 34 ropa cmycrs,
B 1896 r., SeeMmany mps nomowH
3HAUNTE/bIIO Gosee MOWHLIX MOJeH
M TOHKHX CNIEKTPA/BLHEIX MPHOOPOB 4y
yHan0cs 00HApYXKUTh, UTO npy HO-
MeUen N HCTOUHMKA CBeTa MEeXAY ———y
noM0caMy  3MEXKTPOMArnura chek-

TpAdblibic NRHHH HCONTLBAIOT PAC- /e x o
wen.acnue,

Slpaense 370 OHIO  KOJIRUC-
crBeHno oflLsacneno Jloperion na z
ociose 3aeKTpoNHOH TeopuH. CO-  Puc 121, Cxema pacusentenna crex-
raacko Teophk JIOpenUa MpH HA-  Tpassnofi aHEA B npocTOM Sdger-
6A10neHUH TepneHANKYASpuo K Ha- e Beemana.
DpaBICHHIO TOMS  CHEKTpaabHAs
JuKMS HONKHA DACWCIIATHCA HA TpH KOMIONENTH, AaBas CHM-
MeTpHuRYI0 KapTHHY (phe. 121, 6), npiueM paccTosiune MeRiy cpen-
Mell JMHHCH M KaX[0ji M3 KpaiiHuX B IIKaJe 9acTOT AOMNKHO ObiTh
paBllO

~ ~

.y

Pacmen.ﬂeunbvie MMEMH AONKHH 06HApyKHBATbL JUHEHNYIO MONspH-
sajmio: _ Kpalinue —NepAeNANKYAAPIYI0 K DOMIO; CpeAHsAs — no
noae. Tlpu BAGTIORERHH e BIOJb NOAR CPEUHSA JHIHA LOMKOa
OTCYTCTBOBATL, @ KPAiiHHE — OOHADYKHBATE KpYTOBYIO NOMAPA3A-
LMK C MpOTHBONOMOKHBIM HANpaBJICHUEN BpalllenHs (puc. 121, a).

Bce 3T npelcKasaHAM TEODHM BO MHOMX CAYSaAX NOATBEpAM-
JHCh ¢ TOpa3sHTenbnofi TOuHOCTHIO, BMecTe ¢ TCM OKasanochb, uTo
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HMeeTCsT GOJbBIOE MMGJO CAYYaeR, KOLAa KapTHEA paclenenus
SHAUUTENbIO CI0KHEE: YHCAO0 KOMIOHRHT GOMbINE TPEX, W BeTHUHIA
CMeweRAA He COBNAjaeT ¢ BEIUNCACHHON no dopmyre (77.1), xora
§ CRA3AHA C HEll pOCTLIM OTHOMICIUCM.

Pacmenienue, caeayomee TeopHu Jlopeuila, HazbiBacTes Kop-
MAAbHBLE MH APOCTOLM 3¢ifexTos 3eemana. Bo BeeX oCTaNbLHBIX
cayyadx naGlolaeMasn KapTHHA Ha3hiBARTCS QHOMAAbHOLM HIH
CAOMHOIM IPPeKTOM Seesmana.

TIocMOTPHM Tefiepb, B HeM 3aKTI0UAeTCA OBLACHRNHE TPOCTOro
3(PeKTa ¢ TOUKH 3IpenMs KIACCHUCCKO[ SJ1eKTpOHHOH TcopkH. Pac-
CMOTpUM 3JeKTPOH, ofpaltammuiics no Kpyrosoi opOuTe. Ilycts
370 GyneT, HanpHMep, BOAODOAHLE ATOM C SAPOM, HMeowlM 3a-
Pl --e, OKOAO KOTOpOro o0pamacrca OXUMH 3MeKTpoH. Maruutioe
fione nycTh BYACT HALPABIEHO Tep-
NCHAHKYJAPHO K MJAOCKOCTH OpGH-
T (puc. 122). .

Cuina, yHoepXunaomas 3Iex-
Tpo# Ha OpOnTe, Mo abCcomoTiioln
BeqHyuie paBia

:
F=2. (77.9)

r

Ora cuna F paBHa UEHTpOGeKHOA
CHNE MHePLHH

e? 9
- = mref, (77.3)

i rlle (g —— YACTOTA OOPAWCHHR STk~

! TpoHa B OTCYTCTBHH MATHHETIONO
Puc. 122, nost. TIpH BKAKUEHHH MarHUTHOTO
[OAS Ha HAEKTPOH KpOME KYJIOHOB-

ckofl cuaul (77.2) neitcrsyer eme cuaa Jlopenua, papHas % [va6].

ECJ!H -Tellepb BOCMOJIb30BATLCH  H3IBECTHHIM npammom HpaBOrO
BHHTAa [ast omnpefefleuusd Hampaejeuus cuik Jiopenna, 1o 3
pic. 122 nerko ycMOTpers, YTO 91@ CHAA HalpaBaeHa 10 pajuycy.
Ten ne meuee BAUAHHe MArHHTHOTO JI0A CKA3LIBAGICH HE 8 TOM,
470 paduyc OpGuUTH. YECAUNUBALTCR LA YMEHOULALTCR, 3 B TOM, 4TO
M3MEHSIeTCsl Yra0Bas CKOpOCT> OCpAmeHHT SJEKTpOHA FpH HeHs-
MEHHOM pajHyce opOuThl.

« D10 yTBepKEEHHE KAXETCA HeOMHAAlHbIM, OXHAKO, OHO MOKET
GBITL A0KA3aH0 CTPOrMM pacuetom *). Mt 3fiech 3TOT pacyer NpH-
BOLHT, He OYXeM, HO OrPAHHYHMCH CCRYOmHMA PAIhACHEHHUSMH.
Tlpu B7IOMEHAM MAarHATHONO NOAA OHO de Cpa3y AOCTHraer CBoeh
KOHEUHOH BEINYHHB, HO YCTAHABAWBAETCA B TEueHHE H3BECTHOTO

*) Coe. mpwaoscine 11 B KoKUC Knira.

§m SDDOEKT IEEMAHA 253

IpOMEXK) Tkd BpeMEHH. ITOT IPOMEKYTOK HACTOILKO BETHK [0 CPAB-
HEHHIO ¢ NepHOLIOM 00paienus SIEKTPORA, UTO BCCh NPOUECT MOKHO
PACCMAaTpHBATE KAK OECKONCUHO Me[/IEHHBIH, nalogobHe atnata-
THUECKHM TpolleccaM B TepMOLHHAMEKe. T105TOMy B KaXIhii Mo-
MEHT NOIKIO COBMIONATHCS PaBEIICTBO MCXKAY CYMMOM KyJIOHOBCKO}
Cubl ¥ cHabl Jlopenna, ¢ omHoil cropons!, 1 ACHTPOOCIKHOA CHIIO
HHCPUHH — ¢ Apyroft. D7a NOCTCIHRSA, 01H2KD, GYAET MeHATHCA No-
TCMY, 10 BO3pacranue MATHHTHOIO MO 1O SAKOKY 3EKTPOMar-
RHTHON niAyKMa Papaness (10wice rosops, RJAEACTBHe BTOpOTO
VpaBHEHUA 3aexkTpolHHaMHKH Makcpenta) sieuer 3a coo 10as-

¢ JIELUC BUXPEBOTO SJEKTPHIECKOrO 1104 € OCHIO CHMMCTpHM, COB-

nagamed ¢ AnpABICHHCM MATHHTHOTO 0O, WMeHHO 3T0 Bixpe-
LO€ 54EKTPHUECKOE 1012 BOBLCHCTBYCT Ha I.CKTDON, YCKODAT WM
samenass ero. To, 410 mpoicce A0AMKeH MPOTEKAaTh OMICAHRLIM 06
pasoM, BHAHO YKe H3 TOIO, WTO caMa CHia Jlopemua je Mower
HIMEHHTh 4aCTOTy OCpAICHHA, TaK KAK OH2 nalipamieHa Nepled-
ZHKYIHDHO K CKOPOCTH H, CIE/0BATENHHO, HHKAKOR pPador e
CoBepmIaet.

PasHOBeCHE MCKAY CHAAMH, [eHCTBYIOmMM Ha SJEKTPOH, U
LeHTPOOEKION CHIOA HHCDUKH, KAK CKA3AHO, AOMKHO HMCTH MECTO
B R MOMEHT BpeMeHH, B TOM WHCAE, KOREUNO, ¥ B YCTaHOBHS-
HICMCA COCTOSINUY, KOI2 MATHHUTHOE T0J€ LOCTHTAET CBOEH Cralino-
'apHol BejuuHinl J6. OGo3nauas yYLMOBYIO CKOpOCTH 2ueKTpOHA
B 9TOM COCTOANHH Yepe3 ©, HMeeM, BO-NCpBHIX, IAA qHCJCHHON Be-

P

e
SHuHin cHabt Jlopenua —rodf, TaK Kak v=ro un sin(v#) =1;

TIOC;ICIHEE BCNEACTRHC TOIG, U0 N0 MEPNERAMKYAAPHO K MIOCKO-
cru opburki. Bo-BTOphX, yxasaphoe ycnoshe pasuosecus Gyier

&2 e
5+ —red = mro?
r ¢
u1y Besercrrue (77.3)
e
mr.ug + - o8 = mro?, -
OTKY A3
2% e o? -
@ g o — o} =0. {77.4)

Kos@@runent npu ® 80 810poM wieme crena, OYeBHINO, paBCH
YAROCHHOH mapMOPOROH YACTOTE 0, TAK KaK
e

e % (76.8)
11, CAEAOBATENBHO,
. 0f — 200 — 0F=10. (77.5)
Pewas 370 kBaxpaTioe ypasHenie OTHOCHTEABHO ®, NoJy4aeM
o=o0x Val 1o (77.6)
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Bequumria o Majta N0 CpaBueHHI0 € @o. B camom nedc, nanGoxee
HNTEHCHBHbIE MATHUTHblE 110V, KOTl}[;!:le yAaBajnoch KO CHX NOp
ocymecTsHTh (u3BecTasie onprrer I JI Kanunw), nocrurain npi-
GausuTeasno 500000 sperex. B rakux moasx

0=%_”%%=0’5. 1,76 - 1075 1P =4,4 - 10'? cex™.

Mex gy TeM og Has CHCKTpasblibix JIMHHA, feXag¥X B BHINMOM
HIR )nuTParpuoneToaoﬁ qacTH CHEKTpa, HMEET MOpHIOK BETHIHHE
105 vex~, CnemosareanHo, (ofwg)?—mopaska 107 n Mpr umeed
noasoe ApaBo npenefpeulb NOL paiHKaJiOM B (77.6) Benuunnof o?
10 cpaplienuio ¢ O H Hanuears
@ =@+ 0,
Taxum 06pasomM, uacTora 3JeKTpOHA, 00pamalomerocs DpoTHE
4acoBoil CTPeNKH (€CTH CMOTpETb 3 KOHUA BEKTOpA Noad) B Mar-
HHTHOM NOJE, YBEJHYHBACTCA HA 0, @ YACTOTA 3JEKTPORA, ABHKY-
merocst B OBpaTUY0 CTOPOHY, YMEHBINACTCS Ha Ty Ke BequvuHy.
Ecan Tenepb nepefiT OT }rMOBOH 4aCTOTHL K JHIEHHOM, TO Mb
noayyacM

@==0 @y HIH @y == — 0+ 0. 77.7)

o e
—=
23 — dnme

310 # ectb popMyaa Jopenna (77.1).

Av 26 cex. (77.8)

§ 78. 3@dexr 3eemana, O6muit cayvai

B mpedbiiymeM Naparpage Mbl paccMOTPEH wacTHBIA C. juail
P Y parp P P

BARAHHS MarltiTHOTO TOMA U4 3IEKTPOHHYI OpOHTY, IMIOCKOCTH
KOTOpOIi MepneHIuKyaspna & Hampasdeunio noaf. Ilpn 31oM Mbi
y6enHuCh, UTO H B 9TOM Cy4ae HSMEHEHHE YIMIOBOH MacToThi 06-
pameHis SMCKTPOHA KaK pa3 paeHo J1apMOpOBCKOfi uactoTe o [en.
(77.7)]. PaccMoTpuy Teflepb Gonee o0wpA CIygyai B MoKaxey, YTo
TeOpHA TOYHO ONMCHIBACT BCe CTOPOHBI ABJEHNS, BKIIOUAS COCTOR-
HUQ TOJSPH3ANHHA IRAHA.

Tlycrs Mbl HMeEM AUNOb, NpHYEM NMOJOKUTCARHbI 3apiX nycTh
GyzeT aakpelieH b Hauane KOODIMHAT, @ SMEKTPON C 3apAnoM — e
CcBfI3aN ¢ (OACKHTETbHBIM 32DALOM KBa3HyNpyroh cuaol. Ypasme-
HYe cBOGOMBIX KOJAeGaHHI] 27eKTpoha eCTh

mr 4 fr=0.
B npicyTCTBAE MATRHTHOrO moasl Nossaserca cmia Jlopenua

e N
— —[v#}, u ypasHcune xoseGannii nocae AeJeHHS HA M H 3aMeHbl
f/m ucpes wj IpuHEMAET BHL

£ afr

—%[v%]. (78.1)

.

X .
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Iosoxum Tene
: pb, UTO MAarHHTHOE TNOge Han
om0} pasaexo mo ocm 2,
Hy=H,=0, IB,—3k.
e
3ameThs, ur0 — - J6 CCTb YABOGHHAs ApMOPOBCKAR 4aC10Td, HA-
TIHNEM TpH CKAMADNBIX YpaBHENHS, COOTBE
y TCTDY IOWHX BeK:
ypasieruo (78.1): PO pesopnony
4 o+ 205 =0, '
" . {
i oy — 208 =0,
£ ofz =90.

(78.2)

Pemenus ne:
pBBIX  ABYX JHQOepeHnHANbHBX  ypasl i
HCKATb B BHlE P ypasucHic Gyaem
x = agl®*,

y==bhe'e!, (78.3)

e aMmIkTYRH @ 1 b, BooGwe rosopd, —
3 ps, — KoMmIeKcHbe. Tlo -
ass (78.3) B (78.2), nonyuaem reras

a(0f — ©% + 2fonb =0, }

b{wg— m?) — 2ioma = 0. (784
Mb! TosTyuRAN CHCTeMY MHHeRULIX ONHODORUBIX ypasHenmi nia
HENIneCTILX @ ¥ b. Kax u3Bectno, Taras CHCTCMA HMeeT peilienma
OTINuHEe OT HyJIfl, TOABKO IpH YCJAOBHH paBCHCTBA HYJIO Onpefe-
JNTENS M3 KO3)QULHEHTOB, T. €. P
o — 0% 2o

— %%, af—o? |0 (78.5)

OTKYAA, PACKPLIBAS OMpENeTUTEND, HAXOLHY *)

(0 — 02 — 40%?, (78.6)
Mol noayqaem, TakHM 06pasom, 282 KBaIpaTHLIX ypasenis
@ — 0= 200, 0f — 0} = — 200, (78.7)

) Venoatie (785) mweer secesa npocTol ewuca 3 mepsoro ypasnems
. 2 o2
(784) noaysaew & 2iow 0 — @
. —=— 2, W sToporo r= N ¢
7 o poro Slon —+  Aar Tor0
00K pemennn ofoux ypanHeut G
; 1M convecTHME, npan
PaBCHCTE JOMKN GHTH HENAY COG0R paBier  IPERHE MeeTh MapRcatLx

P o — o
—— T
of —a? 2006

Orcioza cpasy noayuaes (78.6).
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U3 uersipex pelielkii STHX ypaseHWH TOJbKO A8d NOMOKHTELHE
2 2
o, =—o0-+ VoIt o, o,=o-+ Vet (78.8)
Orciofla, NpHHEMas BO BHHMaHBe, uT0 0 K @y (CM. CTp. 254),
e
Oy=0y—0, ©y=0y+0, 0 —e=2%="1=3%,

a cMemenKe JUHEAnOH 4acTOTH OTHOCHTEJbHO Vg, KaK H parblie,

Gyer
b —

- 5. (78.9)

Av

e
Anme

TaxuM 06pa3om, MACTOTH KOMCGaHRI, NpOHCXOAFUEX N0 OCAM £
Wy, T. €. NCPUEHAMKYIAPHEIX K NOJI0 J6, CMCINAIOTCA KaK pas ua
Beauunny, LaBaeMylo popmyaof Jlopenna.
Mel MOKeM TelCDb YCTAHOBHTh TaKiKe COCTOANHE NMOAPH3ALAA
o6enx cMewelbix KOMNOHeHT. M3 (78.4) nmeem
i

RN LI {78.10)
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Toncrasass cloxa @ — @, T. € 4aC10Ty KOMNONEHTH, CMCIICHHOH
6 KpacHyio CTOpOHY, U 3aMedas, NT0 COLTACHO nePBOMY H3 ) paBie-
Ruit (78.7) ZOmI_mg;m{, noayyacM afb = —i mag @ = —ib =
= pe—™2, 70 03HAYAET, Y10 KosebaHHe IO OCH X OTCTAET N0 (Hase
or Kosefanus ne ocu y Ha n/2. Oba xolebaHHR RAOT Kpyroeoe
BpalleHHe U NPHTOM, MPUHIMAs BO BHEMANHE YKA3AHHOE COOTHOLe-
upe (as, BpaleHHC N0 4acoBoll CTPCAKC, T. € NPAaBOKPYrOBYIO 1o
NAPUBALHIO.

Adanorduno, moacrasads B (78.10) @ == wg, 7. €. 4ACTOTY KOM-
MONERTL!, CMEINeHKOi B (PHOJETOBYIO CTOPOHY, M BpHHHMAS BO BilH-
Manwe BTOpOe H3 ypasueuufi (78.7), noayvacm

a/p=t umm a—he?,

OTKyAa CJIefyer, YTO KOMIOHEHTA ©p NOJADH30BRHA 10 2060y
kpyey. Haxomel, TpeTbe ypabhexue crcreMsl (78.2)
t4 =0

NOKa3bIBAET, YTO KOJeGaHHe MO OCH Z MpOMCXOAUT 6e3 uaMmeneius
uacToibl; olio uMeer anHelinyw noaspusanuio. OnHako naGmona-
Teab, CMOTpAINHA HABCTPeyy CHIOBHM JMNHAM MArHATIIONo N0
(11p0.101bHOE HATIDABIEHNE), i€ YBHIUT 9TOH TPETbEd KOMUOHEHTH,
Tak Kag H3JyueHHe AHNO/S B HanpasieHHH KosieGauuil pasHo Hymo.

Hrax, B NpoIT0JbHOM HANpasieHHu KapTHHA 3@dekra 3eemana
VX CMeujen by JUHNI, o6e NONAPU3OBAHB 1O KpyTV,
pHYeM JAHHHS, CMEILEnHas B KPacHyIo CTOPOHY, MoispH3cBania No
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TIpaBOMY KDYTY, & NHHHA, CMeleHHAst B (HOIETOBYIO CTOPOHY, —
[0 JIeBOMY. N

HaGmonarens, cMoTpsimpi NepneHIUKyJIpHO K HATpABJCHAIO
MArRETHOTO NOJA, HAaNpPHMCP 1O OCH X, YBHIHT HeCMeUeHHYyI0 H-
HUI0, TAK KaK KONeGARHa [0 OCH 2 JAK0T MaKCHMalbHoe H3fyueHHe
B NepNeHARKYIADHOM Hanpasjenud. OH yBUAHT Takke obe cMe-
LICHHBIE KOMNOREHTH N0 Caefyomel NpHyuHEe: AHMONb, KOJAeGAI0-
wufics N0 OCK X, 1le JaeT H3Nyvenhn B HaNpasieHAn 310K ocy. Ho
06a KoneGaHns B INOCKOCTH Xy AAIOT KOMiOHEHTH, NOJAPU3ORAH-
HEte o Kpyry. [lostomy HaGmonarens, koTopsit cMOTpHT HaBcTpedy
OCH X, yBHIHMT NPOEKUHA KPYrOBBIX KOJC62HWE HA OCb Y, a Hab.i0-
nlaTe/b, CMOTPSAWHA N0 OCH Y, YBHAUT UDOSKUMH KpPYrOBBIX Koie-
Ganuit Ha ocb x. TakuM 0GpasoM, KapTeMa NOMepevHOro soexra
3eeMaHa COCTOMT H3 Tpex JHHHM: HECMEUIeHHOH H ABYX CME[IEHHBIX,
Bee ananu noJIsTp : HMeeT KoJeGa-
HHSl S1€KTPHYECKOTO BEKTOpA N0 HANpABJCHHIO O/, CMELIEHHEE —
NepnesauKyIApHO K MO0,

Kak yXe OBLIO yKasawo B Hauajge 5TOro naparpaga, aas cay-
uas npocrozo ppekTa 3eeMana Bce HIIOKEHHLE PESyJbTATH Teo-
PHE NOLATEEPAKAAIOTCS COBEPUICHHO TOUHO. 3aTO CROKHBA SPQeKT
MOT GHTb 0GBACHEH TOIBKO B pAMKaX KBAaHTOBOK TEODHH.

§ 79. Hanyuenne Basmnosa—Yepenkona

B § 67 Mbt BHzesn, uto cOrsacHo KFacchyeckof 3JeKTPOHHA-
MHKE H3YueHHe S/IEKTDOMATHHTHBIX BOJIH BOIHHKAET HpH yCKOpell-
HOM, T. €. HEDABHOMEDHOM IBHXKERHH S/EKTPOHOB HJAH BOOGme
sapseHnbix wacTHU. Ilpu sroM, bnumakoe, momyanueo npeanonara-
JIGCh, UTO CKOPOCTH W3JYYAIOMKMX yacTHI MeHblle CKOPOCTH CBETa.
C Apyroii CTOpOHB, ye AaBHO GHWIO HIBECTHO, 4TO B CAydde Mexa-
HHYCCKHX CHCTEM TDH DAGHOMEPHOM NBHKEHHM Tes1a 6 cpede co
CKODOCTLIO, mpeBhiaontell CKOpOCT pacNpOCTpaHeHHA yIpyrux
BOMH @ 3TOL Cpede, BO3HHKAET 0COGOrO pona sonna. Ha puc.” 123
Dpusefeda Qotorpadus  aersmedt NyaH, CcAeNaHHas MeTONOM,
HO3BOAAWILMM  BHIABUTL H3MCHEHHE NOKA3aTesds MperOMieHHs
BO3nyXa (Tax HasbiBaeMblt Meron Tensepa). Buaro, uto fersimas
OyJsl CONpPOBOXNAETCA BOJHOK CryUEHHN; HMEHHO 3Ta BOAHA H
00yCnoBAHBAET XapaKTepHslli CBUCT HJH  BOM, CONpOBOXKNAKLIAR
Jetamui cHapax. BceM, KoMeuyHo, TaKkxKe XOPOUIO H3BECTHA «HOCO-
Bas BOJHA» Ha noselgxaoc-m BOIH, BOSHHKAIOMAA TpH GLICTPOM
IBHKEeHHM riuccepa. Bo Bcex 3THX cayuasix MexaHuaM BOSHHKHOBe-
HHSL BOJHBL, T. €. M€XdHHSM H3yYeHHs DABHOMEPHO NBHXYLErocs
TeNa — OfluH H TOT XKe.

OxasmiBaercs, uTo ¥ PaBHOMEPHO ABHKywmECS B cpene 9iek-
TPUUECKHA 3apaj (B YACTHOCTH — SIEKTPOH) MOMET H3MydaTs
SJIEKTPOMATHHTHYIO BOJIHY, MPH YCIOBHH, YTO CKOPOCTh ABHKEHHS
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3apsia GoMbIle CKOPOCTH CBeTa B JaHHOH cpene. CrelyeT moasepk-
HyTb, 970 peub MIET HMEHHO O CKODOCTH CBETa 8 Cpede, HO He 8 Ry-
c7o7e. 3HaueHue 3TOA OrOBODKH COCTOUT B TOM, 4TO CKOPOCTH CBETA
B mycrote ¢ = 3-10!° ca/cek, cornacno TeOpHE OTHOCHTE/BHOCTH,
€cTb TpeflebHas CKOPOCTh: HHKAKOE Tel0 HC MONKET IBHrafbCs Co
CKOpOCTHIO, paBHOW HaM Goabitew 37ofi cxopocts. Ho cxopocty
cBETA B Cpejle paBHA C/f, rjfe 71— NOKasaTeab 1pelOMIEHNT — Be-
ARruuHa, OoAbmIas eIMHHLE B 06JaCTH HOpMasibHoM JHCICPCHH H,
NOCKOALKY ¢/ < ¢, Orpanuue-
Hue, HANAraeMoe Teopued OTHO-
CHTENBHOCTH, B CJyYae ABHKE-
HHSl B Cpefe He HMCeT MecTa.
[Ips 37oM, roBOps O CKOPOCTH
cBeTa, Mbl MMeeM B BHAY §aso-
BYIO CKOpOCTh, T. €. CKOpOCTh
nepememeHHs OBEpXIOCTH paB-
nok gasm {cum. § 136).
DJeKTpoMarHuTHoe  Haayge-
Hie, CONpOBOKIAMNILEE ITEKTPO-
Ibl, TBHKYmHECS B CpeAe co
CBEPXCBETOBON CKOPOCTHIO, GHIIO
otkphiTo B 1934 r. IT. A. Hepen-
KOBbIM, paGOTaBIIKM MOX pyKO-
sogcreom C. M Basunoga. Ifo
370l MpHYHHE ML HA3HIBAEM 3TO
Puc. 123, GoTorpagun serameh nym.  ganydeHHe HMaiydenueM Bapm-
088 — Uepenkona *). [lepsona-
qagbHas sajaua UepeHKopa COCTOANE B HCCASJ0BAHHM CBEHEHHS
pACTBOpOB NOX JeficTBKeM y-Jyuedl panus. Bugumoe caeuenne wull-
KocTefl ToAL AeficTBAEM PANMOAKTHBHBIX H3ayYeHWH HaGn01anoch
eme Mapued Kiopn npuO/IE3UTENBIO 32 25 ser g0 paGorsl Uepen-
Kkoga. OfHako Kiopy HpHIHCHRANa 570 cBeyeHHe 06LIUHOM JTIOMHLeC-
enngn. Tawke 1 B paGoTaX ¢pannysckoro gusuka Maaae (1926—
1929 rr.), xoTOpUe, BNpOYeM, He Gbwik H3BCCTHBI HepeHKOBY, 310
CBeueHHe He NOMYNHI0 NpPaBUABHOA WHTepNpeTatit.
BrinosiHAA uCCNEIOBAHUC CBeqeHus pacrsopoB TNOA HAeiCTBHeM
y-yueit paaps, UepeHKOB N0Kasalm, 4T0 napsily ¢ MIOMHHecleHnneR
actsopa mabmonaercss clafoe CBedeHHe CaMEX pacTBOpHTEed.
K23aJ0¢b, UTO TAKOE CBedeHHe 0GHADYXKHBAIOT BOOGme Bee YH-
CTHC KHAKOCTE —BOAA, OeHsoa M Hpyrie. Ho HauGoice sawmubili
pesyaLTaT STHX HEpBHIX HCCAENOBAHUI COCTORM B AOKASATENHCTBE
TOro, 4to 318 C1AGOE CBEUEHHE HE ABARETCA JIOMUEECUCHUHCH. D10
6610 BAXKHO TOTOMY, YTO MHOCHE BECbMA YHCTHIE KHIKOCTH, Ha-

%) B murcpaType 570 MNy%erlle 9aCio aRa¢ics nPOCTO MaTyueRney Ue-
peuKoBa.
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npHMep BOAa, TIOJL IeHCTBHEM YJTbTPAQHOMETOBOrO OCBelleHus NAl0T
cnagoe cunee CBeueHue, KOTOpoe 70 BCEM CBOHM CBOHCTBAM He-
COMHEHHO JOMKHO Obith OTHECEHO K MiOMEHecHeHuun. Mexay TeMm
HEKOTOpble CBOMCTBA CReyeHMsl N0 JeHCTBueM y-Jyuell paiHs, u3y-
uapuerocs epeHKoBBIM, Pe3KO OTAUYATM €C0 OT JIOMHHECUCHIHH.
31 ocobuie crofictea Hepenkos yCTaHOBHJ NyTeM KOJHULCTBEHHBIX
SKCTepUMeH10B, 0YCHb TpyAHBIX BCIENCTBHE €1200CTH CBeYeHHS.
OHH COCTOAIT B CJARNYIOIIEM: JIOMHHECUEHIHNA PACTBOPOB «TACHTCS»
HEKOTOpLIMH TNpHMECAMH, NPHCYTCTBYIOMMMH B PACTBOpE B MaSHX
KOHLeHTPaLUAX (f]O;LHCTE:Iﬁ Kajyil, aHWIHE M Jp.) — CREeueHue uH-
CTHIX KHUJKOCTEA MOA AEiCTBuEM y-Tyuell TAKOro MamICHUSA He HCMbl-
ThHBaeT, Aajee, CBET JIOMHHECHEHIUH OGHapYKHBAET OMpejeNneH-
Hy10 FOASpH3AIMIO, KOTOpAs Takke MOXer Ourb ocxabumeda Temu
e «TyLIHTEASME> UAH IPOCTO HarpesaHueM — chevetne Hepenkosa
TaKoro BAMSHMA HA TMOJApHIAIMIO HE WCAHTHBAeT. Bee 310 ykasw-
BAJO, YTO B OTJIHUHE OT JIOMHHECIEHIHH, KOTOpasi XapaKkTepHayercs
KOHCUHO} JIHTCAbIOCTbIO {1077—107® cex), cBevenue Basunoa —
UepeHKORA fBAAGTCS «MriOBeHHbIN». Haxonen, Bckope 6wiro mo-
KA3aHO TAKKE, UTO H3JMyUeHHe BhI3LIBAETCA HE CAMHMHK y-JyYaMH,
HMeIOMUME SIEKTPOMACHHTHYIO NpHpOLY, 110 CO3NABAEMULMH HMH
B BemecTBE 3JeKTPOHAMH: W3MyuyeHue C TeMH e OCoGhiMU CBOM-
CTBaMK BHISLIBAIOCh Takike OTOKOM GHCTpHIX SJEKTPOHOB B BHAE
B-nyuell pagHoakTHBuMX Bemects. Ocofenuo BaxHO OO TO, 9TO,
KaK 110xasaqy AanpHefke onbitel, usayuenne Basunosa — UepeH-
KoBa o6;amaeT OfpeAeNeHHON HAaNPABAEHHOCTHIO! OHO HCIYCKAETCs
TONBKO BNEPEeN UOX ONPeASeHtnM YIIOM K HAupABJCHHIO paclpo-
CTpaHeHHa y-ayueii, TOFAa KAaK CBET JIOMHHECHEHLMH H3JYYaercs
PABHOMEDHO 10 BCEM 11aNpaBneHnsIM.

D70 CBOKCTBO H JICTVIO B OCHOBY NpaBHJIbHOTO 06 bACHEHMs CBe-
uenns Basunosa — YepeEKOBa, KaK cBeYeHHS, BHI3EIBAEMOIC 3JeK-
TpOHAMH, JBHK) WEMHCS CO CBEDXCBETOBOH cKopoerhio. Takoe o6
sAcHeHu¢ Guao Tano M. M. @panxom u U. E. Tamvom o 1937 r. %)

Uro6L MOHATL, KaKHM 06pasos MOKET BOSHHKHYTL SJEKTpoMar-
HUTNOE H21yyeHHEe NpH GLICTPOM LBUKCUHH SJEKTPOHA B CPCIC, pac-
CMO1pHM CHAYAd BONPOC KayecTBeHHO. [TycTh 3JeKTpOH ABHAKeTCH
B cpenie, KOTOPYIO Mol MpEANONOKHM KECTKOH, uT00b HE OCADNK-
HATb yCqOBHA PACCMOTpCHHA, T e. NMyCTb 310 Gy/eT, nanpemep,
crekae. Ha_pue. 124,a AB — tpaextOpHst 3JeKTpoHa. Moaexyan
Cpeisl Mul MOKEM CUHTATh C%epn'—leCKMMH. Ho BOKpyr ABHMKYmerocst
3apafa, HATPUMEP B TOUKe P, Cpeia NONFPHIYETCH' MOJICKyJIbl fe-
(OPMHpYIOTCS TAK, UTO NONOKHIEAbHLIE 3APALL CMEwaoTcs no
HaypaBIGHI0 K ABHKYIIEMYCH SMEKTpOHY, @ OTpHUATe/bHbe — DB
NpOTHBONONOKHOM HANPABIEHUH; IPH STOM MOJIeKy Ll NpHOGpeTaior

%) B 1959 1. pafota T1 A Uepcuosa, H M ®pauxa n U, E. Tamya Ghtaa
ommesesa HoGeaencxoi mpentich.
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CBOMCTBA 3JEMEHTapHEIX NHIOJE, OfpeneneHHEIM 0fpasoM OpHer-
THpPOBaHHBIX OTHOCHTenbHO P. TIpu mepexome u3 ToukH P B Apyryio
TOURY TpaeKTOpHH, RanpuMep P’, nonspusauns B P 7cuesact, 4ro
BeneT K BO3HHKHOBEHHIO KODOTKOTG 3JEKTpOMArHHTHOrO HMIYJbCa.
OpHake' BCACNCTBHE [(OMHOH CHMMETDHW HOJADH3ALUHH KAK OTHO-
cuTeAbho ocl PP, Tak H N0 a3HMYyTY OTHOCHTENBHO TOUKH P, moae
a BOMbIIAX DACCTOANMAX, @ CACAOBATENbHO M HIJydenHe, Oyxyr
OTCYTCTBORATD. .
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Pre. 124, K wexanssMy BOSHAKHOBEHWR HaJyvex#s Basuioea — Uepenkona.
Monsipraaunst uesexTpuka TON NeACTBHEM npoJeTaloneli 3apAKeHHOH yacTHLH:
@) npn Manok ckopocTH; 6) mpu Goawwoh ckopocta {no Jlxeana)

Teneph crefiyeT NpHHATL B BHHMAHHE, 4TO HCYe3HOBEHHe NOAS-
PH3ALUHH TPOUCXOAUT He MIHOBEHHO, HO TpebyeT HEKOTOpOrO Bpe-
MerH (BpeMs penakcanuu). Ecni axe smexTpon ABHmkeTcst €o cxo-
POCTBIO, GJAMIKOf K CKOPOCTH CBETa B Cpeke, TO 3T0 MQKeT HOBECTH
K HapyLICHUIO CUMMETpHH NOMAPH3AUMH CpeAbl, KaK 370 NOKA3aHO
Ha pHC. 124, 6. Tlonapusaiust B 06aacTH, e 3EXTPOH HAXOLHACHT
paHbIIe, eme He ycHeeT HCYe3HYrth, TOrA2 Kak B obaacts P mojs-
pH3ZUKS Yie YCTaHOBATCA. DTo papymieHue CHMMETpHH MOBEAET
K TOMYy, 4TO B Ka/[OM TOuKE NMYTH 3/EKTPOHA GyleT BOSHHKATL
MIHOBEHHDBIE 21€KTPOMArHuTHBIE HMIYIbC, COSAAI0MMI NOAe TAKKe
H Ha OOJBHIHX pacCTOsHHsX. ONHAKo AAf TOro, 4robul M3 3THX
MPHOBEHHBIX HEKOMIICHCHPOBAHALIX HMIYNLCOB CAOKHAACH pacnpo-
CTPAHAIOU(AACA B NMpOCTPARCTBE BOMHA, MexAy HMMy/AbCaMd, BO3-
HHK2IOWHMH B pa3/HYHEX TOYKAX TPREKTODHH IJEKTPOHA, LOKHO
BBINOAHATLCA OMpeAesIeHHOe YCAOBHE KOTepeHTHOCTH, KOTOpOe Mbl 0
HajifIeM, MoAb3YsiCh SNEeMEHTAPHBIM ocTpoeHHeM Ioiirenca.
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PaccMoTpiM 3MeKTpOH, ABIKYIiCcs B HanpasgeHEd AB (cm.
pHc. 125) B cpese C TMOKa3aTeneM NpEJOMJEIHA A €O CKOPOCTbIO
v > ¢/n. OuepHifto, 410 TIOATCHCOBBL BOMHEL (3JEKTpOMAarHHTHbIE
HMIYAbCH), WCXONSMHE H3 TOUCK Py, Pz, ... TPAaEKTOpHH 3eK-
TpOHA, UpHAYT K HekoTopolt mnockocth BC B onmmaxosoli dase,
pacnpocTpaHsscs  NMOA  TaKHM
yraoM € K HanpasiaeHuio noiera
3JIeKTPORA, IPH KOTOPOM BOJIHA, HC-
xoxsmas 43 A, npofimer nyre AC, 4
paBHbll (c/n)Af, 3a Bpems, B Te-

YeHHe KOTODOro 3JeKTpOH Npoiijer
nyts AB, paeHeii vAf. Bo seex
ApyTHX HaNpaBJIERASX 3JeMeHTap-
ble BOJHB! NOTACATCH BCJIGACTBHE fo g
untepepesnnn. Ho, kak Hemocpen-
CTBeNHO BMZHO H3 DHCYBKa, 0pH
sToM yenosuu (c/m)Af = vAfcos 9. A
Orciona °

cos®=1/pn, rme B=v/c. (79.1) B r

Hs 310r0 papeHCTBa, KOTOpOS
Npe/ICTABAET OCHOBHONH pesyanTaT 7
TEOpHH, CAENYeT, YTO H3AyueHHe _
BOSMOKHO JHUIb [OpPH  YCAOBHH p
pr>1, 1. e v>>c/mn Yenosre ~
pr =1 onpemeiser TnOpOroBy© 8
IHEprui0, NpH KOTOPOH CTAHOBHTCA
BO3MOKIEM H3Nyuenne. Dta 3Hep-

THsI, OYCBHIHO, 3aBHCUT OT 1I0Ka3a- Prc. 195. Iocrpoene Tiofirenca
TEJIsl NpeJIoMACHAS 71 L5 OGBACHEHHT  KOrePEHTHOCTH

Hanpasnenrocrs  M3jydeRns HayeHU.

6blna OKasana epenxoBbiM crie-
AyIOuHM OTBITOM (pHC. 126). Vakmii nydox y-aydeji IpoXoAHT B Co-
eyl ¢ kuakocTso A. BosHHKaomee B cocyle H3IyueHue nocae oT-
padeHHs B KOHHUECKOM 3epKase Ionajaer B OGBEKTHB Qoroanna-
para. Ha prc, 127 npencraseHs! nosiyuentsle TaKHM 06pasoM ¢o-
Torpatuu. PHC. 127,a naer KapTHHY, KOTOpad NOJyyaercsd, Koraa
B CcOCyAC HAXONWTCH NIOMKHECHMpYIOWMA pACTBOp: paBEOMEpIO
ocBemeHHoe KOJBHO TOKA3LBAET, 9TO UHTEHCHBHOCTh JIOMHHECIEN-
MM HC 33BHCHT OT HalpasieHHa. Puc. 127,6 u 8 npencrasasior
pacnpefieNienke UO HANDABACHHSM MHTCHCHBHOCTH nanyueus Ba-
Bua0Ba — Uepenkosa A% NBYX KHAKOCTeH ¢ DABJHUHBIMH nOKa-
3arensMu npenoMdents. SICHO B8HIHO, UTO B ITOM CJyuae BMeCTo
PABHOMEDHOFO KOJbHA NOJyyaeTcs JBA MATHE.

B Tom cayuae, xoraa H3iyvenue Basunora — Yeperkosa Bosby-
K7aeTcsl y-1ydaMu, reoMeTpHa ONHTA HEAOCTATOUHO ONpEleVenHa,
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TaK KaK M3AYYENHe BHISLIBAIOT HE CaMH Y-AYYH, HO COSJaBacMbie
HMHE BIOJb BCCIO TyTH 3JICKTPOHBL. [103TOMY, XOTS OMACAHHLIA TOJL-
K0 yr0 onbit Ucperkosa HMei Oyenb GOJLIIOS TPHHIUNHAILHOE 3Ha-
ueHMe, TAK KaK OH jI0K23a] HaaWuMe HAaNpPaBJeHHOCTH B H3aYue-
HuH, HO, BBHIy HEONpEIeNeHHOCTH

T e w g iE reoveTpuH, OH [IONYCKAJ TOMPKO
KaYeCTBEHHYIO NPOGEDKY COOTHOLE-

nua (79.1). Komuycersennaa npo-

} BepKa TOTO COOTHOILCHUS H, B
! 4aCTHOCTH, 3ABHCHMOCTH yraa § or
{ nOKa3aTe]n NPETOMICHHS  CPEbi,
) Guwia ocymecrnaeda s 1938 r. Koa-
1 aHRcOM W PefimaromM, ¢ mydxoM
#-31€KTPOHOB, OCTYMHBIM CTPOrof
KOATHMalKH. CXema 3TOro OnkiTa
nokasana mna pue. 128, [lywox
SIEKTPOHOB CO CTPOrO OMpeeeH-
1Ty snepruell 8 2 Mss, noayuen-
HHl Ha 3JEKTPOCTATHYECKOM reHe-
PATOpE, NPOXOIMJ yepes CHCTeMy
wedted  (Kodnumarop). [loayueHnbili takuM o6pa3oMm crporo ma-
panneabHLA NYYOK MAfa] HA TOBKYI MACHKY, NOJABCLICHHYID Me-
Ky 3epKadaMi, pacTionOKeHdbIME TOJ yraoM 45° 1pyr K Apyry,

Sspwary

Prc. 126, Cxema onura eponkona
L5 KOKAIATENhCTBA  HANPARJEH-
110CTR M3TyHenH,

Prc. 127. ®oTorpagus yLIOBoro pacnpenedenis MurcueHuocTu: @) (ayopec-
LHDYIOIEro pacTBOpa; 6) h 6) WCTHX MAAKCTCH Dpi o — |,5804 (sTHaMEHRA-
Mat) i n— 13371 (noga).

KaK MokasaHo Ha pHC. 128, ¢. Bemencrsue Manoll ToMwuHHL NIENKH,
TPOTAHENIOCToIO 06TaCTH, [MIe BO3NHKANC u3iyuende Bapuioba —
Ueperkona, MOXHO GLLIO npexedpeus B MACIUTaGe pasMepos MpH-
G0pa M paccMATPUBATL M3TyyeHHE KaK OLi BLIXOASWHM H3 OLHOH
TOUKH, yrO U 110Ka3aHo CXeMaTHUECKH Ha pHeymie. Puc. 128,6 mo-
KasblBaeT paciion0Kerie MaTeH, ToJdyqaomeces na GOTOMIACTHIKE.
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C 970/ ycTaHOBKOM GLLAH MOJYYCTb LIS JIHCTOYKOB CIIOAM, CTeKia
A Ueanopana ¢ n 1,59; 1,47 n 1,53 coorBeTcTBEHHO CAGAYIOWIHE
gnauenns §: 53°30"; 45°15’; 50°0’, Toraa xax gopmyaa (79.1) naer
52°10", 46°30’; 49°22'. TIpHnuMAs BO BHHMAHHE HeW3OGeRIble OMHG-
KH, CBA3AHHBE C YIpOWAIOWHMH IONYWEHHAMYE UpH pacueTe, H
OGHIYELe OMMOKH H3MEPCHHA, CaefyeT CUHTATh COBIIAZCHHE INpe-
KPacHBIM.

Tpyauocts NMepeuX ONBITOB YepeHKoBa Ouaa cBA3ana Npekie
BCErO € MaJIofl HHTEHCHBHOCTLIO HCHOIB30BANIBIX 11y 4KOB y- 1 B-Jy-
qei CTECTBEHHO-DAJIHOAKTHBHBIX BEILECTB, H, BO-BTOPLIX, C OTCYT-
CTBHCM ROCTATOMHO 4yBCTBHTEIbHAX NETEKTOPOB BHAMMOLO H3JY-
yenusa. B Hactosutee BpeMs ONLITH C HagygeHHeM Bapunosa — Ue-
PCHKOBA BOCTIPOM3BORATCA Jlerko. B caMom nene, B KauecTse He-
TOUHHKOB H3JYUEHHS MOIYT CAYXKHTb CTPOTO apauenblibic HYYKH

o)

Prc. 128. Cxewa W pesymrar omsros Kommmnca m Pefumira. a) Hpubop:
1 —'nydox saekTporoB ¢ sHeprned 2 Mss, 2 — auctox; 3 — mu3a. 6) Hsobpa-
Kelne ga HOTOMIACTHHKE,

sapAKERHBIX YACTHI OTHOCKTENBHO O4eHb GOBILON HHTENICHBHOCTH,
TOJIYHACMbIE 1A YCKOPHTRAIX, KAK B ONHCAHHOM Onbire Kodnuuca
# Peitnnra, a B KauecTse JETEKTOPOB MOTYT MpHMEHSTbCS KaK (o-
TOMMacTHHKH, TaK H 3J€KTpOmIbie YMHOXuTEnH, obaanaiomue
OrpOMpOii  UYBCTBHTEALHOCTHIO. K TOMY Ke YMHOMKHTeNH MOTyT
GBITb HCITIOJK3OBAHEL B PA3HOOBPASHMX PAAMOTEXHHUECKHX CXeMaX
yeHaeiua.

Puc. 129 u 130 uA1I0CTPHPYIOT HATJAMHBIE LEeMOHCTPALKOIILL}
ONbIT, BhitoAHEnHbH B OGLeAHHEHHOM MHCTHTYTE SAEPULIX HCCne-
nomanuii fas IloGeaesckoii nexuun II. A. Yepenxoea. [Ipocras
cxeMa onbiTa H300paxeHa Ha pue. 129: MyYoK LpPOTOHOB OT YCKO-
puteas {CHEXpOLHKJIOTPORA) ¢ suepruch 660 Mas nanpasasacs na
o6bekT R, B KOTOPOM BO3NHKano usayuenne Bamusosa — ‘epen-
KoBa. JTO Wanygelue NAagano Ha GOTOMIZCTHUKY F| pacmosokeR-
HYIO NEpUCIUMKYJSpIO K HAaNpaB/iendio myuxa Mportoros. Tak Kax
Hanyuedie Basuaosa — YepeHkoBa B NPOCIPANCTBE HIET 00 10-
BCDXHOCTH KOHyCa C YIIOM TpH BepumiHe, paBHbiv 28, 10 ua



%4 . CTPOFHUE ATOMA ¥ KJIACCUMECKAS GU3UKA rn v
MAACTHKKe NOJIKIO MOJYYHTHCH KOJBLO — CeUeHHe KOHyca [JIOCKO-
€Thi0 MAAcTHHKA. Prc. 130 [OKA3BIBALT, 4TO STO HMEET MECTO Ha ca
MOM Hesie; BHAHOE Ha QOTOrpadHH, HApALY ¢ KONbUOM, HHTEHCHBHOE
UEeHTpaabHoe MATHO 06pa30BaHO MyYKOM NPOTOHOB, HPOIEALIAX Ye-
pes ofwextus. LlenecooGpasto OTMETHTb, 9TO KOHeuHas WIADRHA
KoAbUa ofycaOBMeHa TeM, 9TO NOKA32TeNb NPEJOMICHHS n Jad ny-
well pASINUNON AJMHH BOJHB HMEET pa3MHynylo BeNWUHNy, BBRLY
4ero MyuoK, HAYUIHA MO MOBEPXHOCTH KOHYCA, HCAHTHIBAET B CAMOH

° cpelle CHeKTPaMbHOE Pa3JOKeHHe, NpHYeM BHYTPEHHAR YacTe KOJb-

Ua NOMAKHA HMeTb KpacHbill UBET, a HapyXHas QuHoneToBoiit. Bu-
[oAHEHble UBeTHUE GOTOrpaguy MOATBCP AT U 3T0.

Pc, 129. Cxema omsra Aas o6map poctp
wsayaennn Banuaona — Uepemcopa.

Hsnyuenne BaBuiosa — Uepenkosa TOMHMO CBOeH NpHHLUIN-
anbHOR BAMHOCTR IpHoGpeno GoMblIOe MpAKTHYECKOC 3HAYEHHE.
VhoMsHeM 3nech NpeKAe BCere CYETUMKH OHICTPLIX YacTHu, pado-
raiomue Ha ocroBe sddexta Basmnosa — Uepenkosa. Kamnas
GLCTpas 4aCTHUA, NPOXOAA uUepes CpeRy, BHSHIBAET BCOBIIKY.
TIpaBaa, BHTEHCHBHOCTb 3TOf BCMBIIKR OYeHh Mana (Ha 1 ca myTH
B cpene ¢ n == 1,5 H3ayuaetca npuMepro 200—300 goronos). On-
HaKO MHEIO SJEKTPOHOB, BOIHHKAIOIIHX Ha (OTOKATORE, yke B
caMOM YMHOMKHTEN® yBEJHUHBAETCS B MHJHORB pas, a KPOMe TOro
YMHOXHTe/ BKIIOYAETCS B PAAMOTEXHHUECKYIO CXeMY, B KOTOpOI
HMIlyAbC HCILITWBAET JOMONHHTE/NbHOE YCHJAEHHe, H 6aaronaps
3TOMy UACTHNA MOXKer ObiTh 3aperictphpoBaHna. IlonoGHule, Tak
HassBaeMBle «UeDCHKOBCKUE», CUTUHKM MOJYUHJH IMPOKOE pac-
npocrpanenue. B page oTHOWIERnil oun 061aRaI0T NPEHMYIECTBAMH
nepen ApYTHMH CYUETIHKAMH 3APAKEHHBIX 4acTHL
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B nocneanee Bpess ykasaHs W o6CYykIaioTcAa pasHooOpasHble

- ApyTHe BHAHl HpHMeHeHuh 3¢oexta Basunosa — Yepenkopa — oF

TIOJY4EHHS MHMTHMETPOBBIX SMCKTPOMArKHTHEX BOJH KO KOHCTpYH-
POBaHHA YCKOpHTEJEH 4acTHIL

B sakmouenne oTMETHM HHTepecHOe H MOYMHTENbHOE OBCTOS-

TEJICTBO W3\ HCTODHH OTKPBITHA HANYYeHHS 3apSIKeHHbIX YaCTHL,

ABUXYULIHXCA CO CBEPXCBETOBOH CKOpocTblo. B 1904 r., T. e. 3a rox

Puc. 130. ®ororpadus, B QUETE ¢ P pacnpenene-
HHCY HETEHCHBHOCTH uiaydenud. L[enTpasbHOe HATHO QGPa3OBAHQ NYYKOM HpO-
ToHOB.

RO TOSIBJCAHA TEOpHA OTHOCHTedbHOCTH, A. 3oMmepdensn onyGan-
KOBa/N DPaboTy, B KOTOPOR BAUHCHANOCH H3NMyuYeHHe 3apala, RBH-
WyLeroest B BaKYyMe €O CKOPOCTR0, Goabliell CKOpOCTH ¢BeTa B fy-
crote. OnHako depes rof 6biia ONyGAHKOBala TEODHS OTHOCHTENb-
HOCTH, COrIacHo KOTopofi TakOe JABHKCHUE [€BO3MOMIO, H pagoTa
3ommepdenvaa Guia sabura. Owa crana napectHoit ®padky W
TamMy TOJABKO NMOCHe 3aBepiieHHst WX paboTul. B sroit cBsi3H mpen-
cTasagOT GoMbLION HETEpec cnenyioude sameuawus M. E. Tamma,
caeaaunsie B ero HoGesnesckoh Aekunn: '

«Br BHRWTE, WTO MEXaHH3M 3TOTO H3AYUEHHA YPE3BHSARHO
npocr. Camo 370 ABJEHHE MOTIO GHITH M@TKO NPENCKAsaHo Ha OCHOBe
KJACCHUecKOi SMEKTPOANKAMKKH 33 MHOTO IECATH.ITHH RO TOrO,
KaK OHO 6b10 (aKTHYCCKU OBHapymeHo. [ToueMy e 3TO oTKphitHe
cToab 3amoasaio? Mue KaxeTcs, 9TO MLl MMeeM 37eCb IeJO ¢ no-
YUNTEAbHLIM [PHMEPOM OTHIOAb He peRKOR B DASBHTHH HayKH
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CHTYalHH, KOTAA HAay4HA HPOTPECC TOPMOSHTCA HEKPATHYCCKAM
NpHMeHEHHEM NDAaBHITbHLX QU3HICCKHX NPHHUKIOB K SBIEHHAM, BBl
XONSUMM 33 NPefie/ibl TPHMEHHMOCTH STHX TPUHUMIOB.

B TeueHHe MHOTHX JECHATKOB JCT BCeX MOJOMBIX (PHIUKOB y4HMIH,
4TO CBCT (M 37eX 'POMArHKTHBE BOJHLI BOOGLIE) MOTYT H3AyyaThes
TONLKO NPH, HePABHOMEDHOM [BHMCHHH IJNEKTPHYECKHX 3apFI0B.
Tpu AoKasaTeabCTRE ITOH TEOpEMbl, HEHO HJH W€ SBHO, HCNONb-
ayercd TO1 (aKT, 4TO TEOPHS OTHOCHTENBHOCTH W JONYCKAET BH-
JeHHl €O CBCPXCBETOBOH CKOPOCTBIO; COTVIACHO 3TOH TEOPHH HHKA-

KOE MaTepHaJbHOe TeN0 He B COCTOSHHH JlaXe JOCTHYbL CKOPOCTH °

ceera. TeM nie Mehee B TCUEHHE JOJITOrO BPeMCHH 3Ta TeOPeMa CuH-
Talach COPABELIHBON 6C3 BCAKHX OTOBOPOK.

Boaee roro, koraa U. M. ®pank u 7 yxe Eaapaﬁomnn MaTe-
MATHYECKH HPABHABHY!0 TCOPHIO u3ayuemus Baemiosa — tepen-
KOBa, MBbl BCE CLIC THTAMHCL DA3WBIMH COCoGaMH, KOTOpHE mas
Hac CaMHX CErORHA y¥e HENoCTHHKHMLL, HPHMHDHTL Halid pe3yiib-
TATH ¢ YTBCPMKECHHEM, YTO % H3JyueHUs HEOGXOZHMO YCKOpeHHe.
M aump Ha caciyiowsil jAeHs Mocje NepBOTO Haumero foxmana o6
9TOH TeOpHH Ha KOMJIOKBHyMe (H3WYECKOTO WHCTHTYTZ ME BHe-
3anHO y3pesn NpOCTYI0 MCTHHY: (IPEICNbHON CKOPOCTBIO AN Ma-
TepHAAbHBIY TeA ABJACTCS CKOPOCIL CBeTa B BaKyyMe (060-
sHauaeman HaM¥ vepes C), TOTRA KAk 3apsil, ABAKYIHACK B
cpeae ¢ NOCTOAHION CKOPOETHIO U, HAYHILAET HSMYYaTh NPH YCMO-
By 0>>¢" (), NpHtieM 3HaYCHKE ¢’ (») ORPenessercs CBOACTBAMM
cpensi. Ecmn ¢/(@)<{e, TO 3TO YCAOBHe BIOJHE MOKET OlThb
BRIIOJHEHO 603 HapyUleHHs TPeGOBAHUI TeOpHH OTHOCHTEILHOCTH
{c' <v <)

TOABA VI

U3NYYEHHE ABCOJHIOTHO YEPHOIO TEJA
H MNOTE3A KBAHTOB 3HEPI'MH

§ 80. Kaac duznka 4 npobaeMa TeMIOBOTO w3iyyeHWs

B npeamaymei jaase s NOKa3aH, KAKHM OGPA3OM KAACCHYE:
ckas (uanKa o6LACHAET 3ICKTPOMATHHTHOE H3MYUEHRC aTOMOB. Ml
BRIEH, YTO pAJ CAEACTBHHA M3 S/EKTPOMATHHTUON TEODHH CBETA H
SJEKTPOHHOH TEOpHH XOPOILO COBHATACT ¢ Pe3y/IbTATAMH SKCHEepH-
menrta. Ciofla OTHOCSTCS, HALpPHMEp, PACTIPRACACHHE HBNYYEHHS TO
PA3JHUIEIM HANPABACHUAN, HIHPUHA CHEKTP3AbHLIX AHHLH, npocToR
shpexT 3eeMaHa K psif ApyTHX ABJACHHE, HE 3aTPOHYTLIX B HalmeM
nanoxenny. Hapsiny ¢ sTuM Mut 06panianu BHHMAHue Ha To, ¥T0
HEKOTOpHE CNeJCTBHA JAH6O HPOTHBOPEHAT ONEITY, JAHGC HMEOT
OTPAIHUSHIYIO (PUMEHHMOCTb. Tak, HalpuMep, Xapaktep JuHeit-
HOTO 3./18KTPOM8]‘HHTHOTO ClleKTpﬂ Jhue B obaactu AJIHHHBIX BOJH
{AnMHHOBOMHOBAA HHpPAKpacHas 06aacTb W DaJHOBOJHBI) OTBE-
uAeT TPEBOBAHUAM KJIACCHYECKOH TEOPHH, a B OnTHYECKOHd 06aacTH
CICKTpa peskKo edl NpOTHBODEuHT.

Osaako 0COBEHHO Cepbe3iioe nopaeHie moTephela KAACCHYC-
cKas ¢u3NKa, KOrAa oha BLUIa TpHMEHeHA K MpoBJeMe TervIoBOro
usnyuenns. HMMEHHO Npu M3yseHHU 3TON NpoBaeMs! BhepBuie ofna-
PYHHIUCH CIaBpie MECTa KAACCHYECKON MEXaHHKHM M SIeKTPOLAHA-
MHKU, M TI0TpeB6OBAIOCH BheJeHHe THNOTesh KBANTOB, DEMIHTCHBHEIM
06pazoh DpOTHBOpEUAUICH BCeMy AYXY KMACCHYSCKOH (UAHKH.

Jaa T0ro uroBk ¢pa3y BBECTH YHTATENS B CYLIeCTBO Lena, Mbi
npexae BCEro NOKaxeM, K KaKHM HCMpUMHPHMEIM [POTHBOpEUHsM
(IpHBesa KNAcCHYRCKAs (GH3HKa B 5T0M BOMPOCE.

KamnonHepHLifi onbiT yunT wAac, wTO TBEpALIE Tedaa, Oynyuu na-
TPeTH 10 J0CTATOYHO BHICOKOH TEMNEpAaTyPhi, HAKAMAOTCA, T. €. HA-
YHHAOT HCOYcKaTh BrAuMbil cpeT. Ognako u npy Oeaee HHSKOM
TEMIIEpAType OHH HINYUAIOT SHEPTHUI0 B BH/IC TAK HA3HIBACMBIX Tel-
JIOBLIX BOJI, T. €. HH(bPAaKpacHulX ayyeh.

TosToMy B AanbuelileM MLi GyAeM FOBODHTb O TENJAOBOM H3Ny-
ueHyH, He UMest B BHIY CIIERHAJLHO JVIHHEbIE HiIPaKpacHbie BOMHbI,
K 6yleM NOab30BaTLCH STUM TEPMHHOM — «TEIUIOBOE H3Myuenke» —
TOMBKO [IfISt TOTO, YTOGH MORYEPKHYTH CNOCOD €ro BO3NHKHOBEHHS.

Tpeactapny cebe Tenepb HECKOJBKO Tea, HATPETHX A0 PAIMHY-
HOH TEMNeparTyphl, H AJHA NOMHON ONPEXCJCHHOCTH NOMECTHM 3TH
TeMa B NOJIO0CTb, OKPYKEHHYI0 060M04YKOH ¢ HIeadblio OTPANKAIOUIN-
M cTeHRamy. Ecam paxe BHYTDH 3TOH NOJOCTH GYAET a6COJOTHLI
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BaKyyM, Tena GyAyT OGMEHHBATHCH SHepruefl mexay coboil uepes
nocpencTro uaayscsust. Tlpr sTOM, XOTS Ws/yvelne KaXJOro Tena
3aBHCHT TCJBKO OT €r0 COGCTBEHHOH TeMNepaTyphl, a He OT TeMfie-
paTyph okpyXKawoumx Ten (3akon Ilpeso), Gonee Tenasie teaa Gy-
NYT OXMaXAaThed, TAK KAK OHH HCOYCKAIOT GOJblUee KOMHYECTBO
SHEprHH, MeM [OAyYaiOT OT OKPYKAIODIMX Tel, a MeRee Harperhie
Tena — HarpeBarshes, LOTOMY YTO OHH ToJy9YaoT Goxvlie, uyeym OT-
paor. Tak Kak, KpoMe TOro, JeKTpOMArHHTHLIE BOJIHH, H3MYHae-
Mble BCEME 3THMH TeJaMu, PACnpOCTpAHSIOTCS € KONeYHOH CKO-
POCIBIO, TO POCTPAHCTBO BRYTPH NOJOCTH GyAT BCerla 3aNlonHERO
ayuuctofi sHeprueli. Oneir noKA3LIEALT, YTO B KOHIE KOHUOB 06s13a-
TENBHO YCTAHABAMBAETCS CTALMOKAPHOE COCTOAHHE, Npu KOTOPOM
BCE Te/1a NpHOGPETAIOT OAMKAKOBYIO TEMAEpATYpY, T. €. NOrIoWanT
B eIUHALY BpEMEHH pOBLO CTOMLKO SHEDIHH, CKOJbKO OTHAAIOT ee,
a NJIOTHOCTh H3AYYeHHS B NPOCTPAHCTBE MEXAY LMMH NOCTHRAeT
HEKOTODOR ONpeAeCHHOA BeJMUMHE, COOTEETCTBYIOMIEH AaHHOM
TeMMepaType.

OT10T PaKT HACTOADKO HW3BECTEH, YTO OH MpCACTABIAETCA AaKe
BUOJIHE €CTECTBEHHBIM BLIBOJOM H3 32KONOB KAACCHYECKOH (H3HKH,
a MCXKIY TCM, eC/M BAYMATHCA AYGKe, TO OH OKA3biBaeTcss COBEp-
IIEHHO HENOHATHLIM HMEIO C TOYKH 3pEHHst KAACCURecKod GUINKH.

TTosicuuy 570 npocThiM npuMepom. Ilpencrasum ceGe, uTO B Ha-
el nONOCTH IOMeLeH KYCOK Kenesa, H MOJMIOKHM, UTC 0BepXHOCTh
€ro 3ayepyena TaK, yTO OHa NOMIOMIAET NOMHOCTLIO BCIO Ma/Al0MyI0
1 mee 3Hepruio. M3BeCTHO ¢ M0JIHOH ONPEeASSEHHOCTHIO, UTO TaKOH
KYCOK Xenesa npH teMuepatype B 0 °C 6yeT Waiyuath ¢ KaXacro
KBapaTHOrO caHTvMerpa cBoelt mobepxHocTH 3-10° ape B cekyuny,
4 NpH TeIVIOBOM pP2BHOBECHH — OJHOBPEMEHHO M NOMOWATh H3
OKpYKAIOUIEro NPOCTPAHCTBA POBHO TAKOE YK€ KOJMUECTBO SHEPrHH
B cexynny. CTosip e J0CTOBepHO HIBECTHO, 4TO B 1pOCTpaHCTBE
MeHJy CTEHKAMY NONOCTH M MOBEpXHOCTHIO HAUIETO KyCKa JKede3a,
BOOGIe 8 TOf HOCTY NPOCTPUHCTSN GHYTPU NOAOCTH, KOTOPUR HE
BAHATA HACTULOMYU BEU{ECTEA, DABROBCCHASA MUIOTHOCTL SHEPTHR HpH
0°C 6yner pasua 4-107° spe/cu’. C mpyroin cTOpomBI, NIOTHOCTH
TeMIoBof SHEPTHHM BHYTpH CAMOTO KYCKa JKese3a pH Tofi iKe Tem
nepaType pabua npuéausureanho 8-10° spejcm® 1. e. B 2.10% pas
60JIbIIC MIOTHOCTH SHEPrMA HAAYUERHS. DTa TCIUIOBAS SHEPrHs, Kak
H3BECTHO, 3AKMOYAETCS B KOJeBANMAX aTOMOD JKele3a OKOMO 00~
HeHui paBHOBecHs. MBI NPHXORMM, TaKHM 06pasoM, K 110pasHTEb-
HOMY BBIBOAY: NpH TepMOAHHAMUYCCKOM paBHOBCCHH MCHKIY Kones-
JIIOLLNMHACA ATOMEMH BeUIeCTBA H SJleKTpDMal'HHTHHM n3nydeHuem
TIOYTH BCS 3HEPIHST COCPENOTOUEHA B KOAEGMIOIMXCA ATOMAX, M
S, HHYTOXKAS YacTh € NPUXOANTCS HA JOMIO H3Iyuelinsi, Haxo-
ASLETOCS ¢ UMK B pABHOBECUH,

Hmeiro 10T QaKT SBASCTCS COBEDUICHHO HCNOHATHBIM ¢ TOUKH
3peHds KJaaccuueckoli Mcxanuku. Ilpefcrasum cefe caenyiomyio
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APOCTYIO MOAEAb DACCMOTPEHHOTO BHILIE ONLITA: Ha NOBEPXHOCTH
BOMBL, HAJUTON B KaKOA-HHGY/b pesepsyap, nnasaioT npobKH, co-
eJMHeHHBIE NpYXHHAMH, TAK 9T0 OHM MOTYT KOAeGaThes OTHOCH-
TenbHO Apyr Apyra. IlpuBexeM sTH IpOGKY B KosteSanusi; TOTka OHH
GyAyT OTXABATb CBOIO SHEPTHI0 (<H3My¥aTe») BOAe, Ha TIAagKOH
NOBCPXHOCTH KOTOPOW MOABATCA BOMHHL. DTH BOMMH GyRYT 60pos-
AHTP OBEPXBOCTE B paSANYHEIX HANDABJCKHSX, OTPaKaTbCs OT CTE-
LOK pesepByapa, pasapobassch na Bee Godee MEAKHE BOMHHL, H
BC/IGACTEHE BSSKOCTH UX 9HEPFMd GyJer NOCTENeHNO npeBpalarhest
8 tenno, CoBepIIENAO OYEBHAHO, YTO OKOHUATE/bHBIA pE3YALTAT
OfBITa IONKeH COCTOATh B TOM, u4TO NMPOSKH NMpeKparsit CBOH KOJe-
Gaunust, a BCSA MX 3HeprHs 6yneT Nepenana oKpyxawumel cpexe.

HesosmokHO NMpeACTaBUTb cebe, YTOGH B KOHEUHOM COCTOSHHM
Npo6Ke HAXOMMAKCL B HHTERCHBHOM KOJeSaHMH, a BOAa HE NOay-
umnaa Guf nukakofi sHeprun. Ho nMeHHO 9TO HMeeT Mecto B cayyae
pAaBIORECHS MEXK/Y HATPETHIM MATEPHANBHEIM TEMOM H H3JIyUeHHEM.
Tam, KaK Mbl BUAC/H, OUTH BCS BHEPTUA COCPEOTOYEHE B KOJICHA-
HHSIX ATOMCB, & HA H3JyYeHUe MpHXOAMTCS JHIIL HUYTOXKHAS KOMR
SHEpTHH.

Baccmmpnm Telleps Apyrof Mogedbbit ommT. Ilycts Mexawu-
UECKON MOJENbIO H3AYUAIoMero Texa SYIYT ClyXHTb BMECTO Mpof-
KOBBIX INADUKOB JADOSHHKH, T2KXKe COSAHHEHHDIe JIETKWMH MpYMXHH-
Kamu A NOABEMIENURBIC 5 33MKHYTOH KaMepe, coxepiamei BOSRYX.
Ecau Teneps npaBectH 37H ApOGUHKH B CHABHbE KONEGaHHS M Npe-
JOCTaBHTL CaMuM cefe, TO OHM BO3BYIAT B BO3RYXe AKYCTHYECKHE
BOJHE, KOTOpHE GYAYT TMOCTENeHHO pasApobAfATses u 3aMHpath
BCJIEACTBHE BSA3KOCTH BO3AYX3, COBEPIIEHHO TaK e, KaK BOJHBI Ha
TIOBEPXHOCTH KHAKOCTH. OKOHUATENLHEIM COCTOSHHEM CHCTEMBI 6Y-
ZeT TaKOe, B KOTOpOM APOGHHKH TTOKOSITCS B MX NMOJOKEHHSIX PABHO-
BECHH, @ BECh MX NEpBOHAWAMbIbI] 3a17aC SHEprUH Hepeiiler K Mo~
AeKy/aN Boslyxa. Tounee roBOpS, ApoBumku GylyT coBepmarh Gec-
KOEYHO Mafibie 6payHOBCKHe KOJEGaHHA CO CKOPOCTIMH, COOTBET-
cTBylomuMH #X Macce. ONBAKO M NIpH STOM YTOMHEHHU fpaKTHYCCKR
BCH SHEPTHsA, KOTOPO# 06/12JaeT CHCTeMa, GyAeT NpHHALICKATD MO-
JleKyJiaM rasa.

Kusernyeckas Teopust rasos RaeT NoaHoe OGDBACHEHHe MpHUHHEI
TAKOTO XOAA MEMeHHs. B caMomM lede, KuneTHUeCKas sleprus ABYX-
ATOMHHIX MOACKYZ BOSAYXa b DABHOBECHOM COCTOMHMH MpH TeMie-
patype T paBHa, xaK H3BECTHO, 5/ynkT, Tlie f — UHCIO MOREKyJ;
KUHeTHyecKas SHeprus n’ ApOGHHOK, COBEpIAIOMAX 6payHOBCKOR
Anxenne, pasua °fyn'kT. TIoanas SHeprasl Beeii CHCTeMUl Npw pab-
HOBECHH KOJKUA OHTb I03TOMY (5/,n+3/?n’)kT, Tak Kak wuCao
MONEKyJ 7 HEHAMEpPHMO 60MbIIe YAcia APOSHHOK #’, TO ACHO, U0
BCSl SHCPTHA NpaKTHYeCKw pasHa *fpnkl. Jpyravu ciosamu, npy
PABHOBCCHH SHEPTAS JIONKHA UENHKOM repefiTh o1 ApOSHHOK X Mo-
JIeKyniaM BO3AyXd.
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Mut BHEM, TAKHM 06pasoM, YTO ONHCAHEAS KaPTHHA ABJCHNA
AMs «HaAYuAOMeli> CHCTEMB YaCTHIL H Cpelbl, B KOTOPO# pacupo-
crpansercn Hsiyyemue, npAMO NPOTHEOMOAOKIA TOM, KoTOpasm
HMeET MECTO CO2AACHO OfbiTY B Clydae DPABHOBCCHS MATEpHAILHOTO
Teda M 3IEKTPOMAriMTHOTO no/s (Temionoe Haaydeipe). 3aTpy:
HeHHe, KOTOpOE BOSHHK/IO B CBA3H C OpOGJEMON TeIIoBOIo M3ay4c-
Hisi, COCTONT HMEKHO B TOM, YTO, KaK OXUSHIBAETCH, CO2L0CHO KAAC-
cusecKkol usuKe TAKKE U 8 CAYNQE PABROSECUS IACKIPOMALHUT-
HOZO USAYHERUA MATEPUAALHDIX TEA 8 3AMKHYTOU NOAOCTU NPAKTH-
YeckH BCS SHepris JOMMKHA MepeliTH K 51CKTPOMarHHTHOMY NOMIO.

§ 81. PamnosecHoe H3ayuende B N0N0CTH

3aliMemca Tellepb PACCMOTpPEHHEM NPOBAEMbI M3y “eHHs, YTo6k
yGeNUTEC B OPABHALHOCTH BBBOAE, CAETAHHOTO B KOMUE MPeALLAY-
wero naparpaga. [1pencranuym cebe, KaK H paublie, 00JI0CTb, OKpy-
KEHHYIO TEIIOHeNPOHHIIAeNBIMA CTERKAMY, HArPETBIVH 10 HEKOTO-
poit onpenesenHoiil temnepatyphl 7. Crerkm nonoctn 6yiyr sny-
4aTh 5AeKTPOMATHHTIBIE BOJNHL B NOTIOLIATE BOJKDY, najaioline Ha
HUX U3HYTpK TIOJNOCTH; IIpY panHopechn B | cex Gyder HaiyuaThes
CTOMBKO k€, CKOJBKO U TMOMIOUIAThCS, H TaK Kak M3Jyyenue pac-
POCTpAHSIETCS € KOHEWHO[I CKOPOCTHIO, TO BHYIDH (0JOCTH Byier
CYLIECTBOBATH SJEKTPOMATKHTHOE 110fe ¢ HOCTOSHHOM [IOTHOCTBIO
snepruu

= (B4 567), ®L1)

Bmecto 06bemMuEOl MJIOTHOCTH H3TydeiMs & yAOBHO, OCOBEHHO
AN TpaKTHYeCKHX leleii, MOJb30BAThes APYrofi  BEaHunnod —
yACALHOR HHTEHCHBHOCTBIO MM MOBEPXHOCTHOR APKOCTBIO H3Iyue-
HHs, 37a BEIUUMHA OTpelensiercs CCNYIOUEM O6pasoM: paccMo-
TPHUM B [OJie HalyueHus MIIOwaiKy @0, OpHCHTHPOBAIYIO JIOGHIM
o6pasoM. Uepes 3Ty INOwaAKY BO BCEBOSMORHLIX HANPABNCHHAX
NpOXORNT aiydende. Mul MOeM ceGe npeACTaBuTb ABOHHOE MHO-
rooBpasie SIEMENTaPHX KOHYCOR, ONHPAIIUCA Ha IMOMAIKY do,
¥ npencrasurb cee, jasee, 4to 13TYelue pacnpoCTpaHsieTcs BHY-
TPH 3THX KOHYCOB. KoaHuecTso swepruu, npoxoasiiell 5 efdnuny
BpeMeRY uepes nioMmanxy do BHYTph KOHyca dQ, 0Cl KOTOPOro ¢o-
cTaBaser ¢ HOpMAMLIO K MoManKe yrod #, panuo

d® =1 docosHdQ. (81.2)

Beapunna [ HABEIBAETCS YACJbHOE HHTEHCHBHOCTHIO n3iydenus. 1o
ecthb, C/ENOBATENLHO, 3HEPIETHYECKM NOTOK, npoxeismuii B enu-
Huuny BpeMenn depes mWiOMAAKy do==1 cu? H pacnpocTparsio-
LUHHCS BHYTpM CAMHHUHOrO TEAECHOTO YNJA B HAUDABNEIH HOp-
MaMn K DAOmanke, [Jig TOro YTOSH NOAYSuTh BENHYHHY NOJHOTO
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TOTOKA, MpOXOASHIETO Yeped dG B EAMHHILY BpeMeHH B OIHY CTO-
PpOHy, HyKHO NpOMNTErpHpOBaTb BRIpaxenue (81.2) me BceM aan-
MytaMm ¢ ot 0 1o 2n u 0o BeeM yraaM © ot 0 1o m/2. Npuuumas
BO BHHMAHHC, TO

dQ =sin® dddo,

HMeeM
23| :m!l
(I>=dUJ do J Isin®cos® db.
0 0

Ecnu usnyucnue nsorpomio, 1. e. ecmir [ He sapucuT OT yraa, to
O =ual do.

Ouesusino, uto Benuumua [ Arpaer s MyNeHHT TaKyo Ke
POJIb, KAK BOJH4MIIA IOBEPXHOCTHOH (3HEPTeTHYEecKofl) sipKoCTH IS
HCTOYHHKA, BBHAY uerc / 4acto Ha3hiBAIOT MOBCPXHOCTHOA SpPKO-
CTBIO HBJIYUENHs.

Mexay spKoCTbIoO / # OBLEMHofl INIOTHOCTBIO HSAyueHHS &
WMEETCHl NpOCTOE COOTHOIMEHHEe. PacCMOTPHM KaKyio-HHBYIb TOH-
Ky O BHYTpH 10AS H3JIyueHHs u Boo6pasdy cQepy, omACAHUFIO
u3 O, kax w3 ucntpa. OueBnino, 4TO BCE AyuW, NPOXOAZILNE UEpE3
Toyky O, MOMiHB TPOHTH Yepes 3Ty Chepy, H KaXKAbil H3 HAX BHO-
CHT CBOIO J0.110 B O6BEMHYI0 NIOTHOCTbIO H3aywenus okoao O. Iy-
TeM HMHTETpHDOBARHA H Ha COCHOBAHHH [POCTBIX EOMETDPHMMECKIX
Coo6pakesuil *) HeTPYAHO 110KA3aTh, yTO AAA CAYYad JHHEAHO mo-
JISIPUBOBANHOTO HIJYUeHHs

=2 (81.3)

Janee, nyxno npHEATE BO BHHMaHHe, 4TO TEINIOBOE U3AyueHHe
B DOMOCTH HMCeT CTJIOLINCH cnexTp. JIisi pacCMoTpeHust ero Cre-
TPAILHOTO ¢OCTaBA LEOBXOAHMO HApsilly ¢ HHTErpajbibiMA BESHUH-
HaMA & U [, B KOTOpbIX yUHTBIBAIOTCS HANYYeHHS BCEX HMEIOLIUXCS
“aCTOT, BBECTH CHEKTpadbulie BenHyHHel. [ast 6eCKoHeuHO Manoro
HHTEpBAIa 4ACTOT @V Mbi MOKEM CyHTATh CHEKTPAdbHYI0 06beM-
BY10 IUIOTIOCT didy NPONOPUHOHANBHON HHTEpBANY dv:

duy =pydv.

Kos@uunedT p, HasulBaeTci CHEKTpanbuofl (O6BeMHON) maoTHO-
CTbI0 H3AyueHHs. s CIIOUIHOTO CHeKrpa, OXBAaTHBAIOWETO Bce
4acToTsl 0T 0 10 00, HMeeM

u= fduv = fp, dv,
¢ 0

Hapany ¢ p, MOXHO BBECTH COEKTpa/bHYIO NOBEPXHOCTHYIO fp-
KOCTb HM3nyueHns /,, ONpelesns ee 10 AHANOTHH C TeM, KAK STO
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(2506} caenano ans HBUTETpaJbHbIX BEJARYKH. Me)Kny (s lv UMeeTCsR
B TaKOM CJy4ae 70 ¥e COOTHOUIEHHE, yTO H Me)Kﬂy un l:

4n

Ay, (81.4)

I3

[

HavKoHeu, HYXHO IPHBATL BO BHHMAHHE, yTO H3JyYeHue onpeme-
JIERACH YacCTOTH 1 ONpENENEHHOIO HANPABJIEHHA XADPAKTEPH3YeTCH
€Ille CBOMM COCTOsHHeM nosspusaiuy. Hsmyuerue suytpa mosoccru
BroAKe Henonapusosano, Ho HemoMApnsoBanuKl dyy B OTUOMenHH
NePeHOCHMOM SHePriud SKRUBAMCHTEH ABYM JyYaM, MOJASPHIOBAHHBLIM
BO BIAMMHO NePREHAHKYIADHBIX IVIOCKOCTAX H UMEIOUIAM OMHHAKO-
BYI0 CPeIHIOI0 HHTEHCHBHOCTE, [10STOMY AJI% HENOASpH3OBARHOMD
H3NyyeHns

=2[rav
0

H AN HENO/APHUIOBAHHOTO OAHOPOJHOTO HIOTPOMTHOTC HITYYEHHS
Mbl HMEeM

I

®
oz

oy (81.5)

§ 82, 3axon Kupxroda

TepBeiit KPYNHbIT AT B TEOPETHYECKOM HCCAENOBAHHH CEOHCTS
PABHOBECHOTO H3NyueHns Gbul cnesan KHPXrodom, KOTOpri TEpMO-
AHHAMHYECKHM MYTeM [OKA34J, 4TO MpH HOCTOAHHOA Temmepartype
CHEKTPaNbHEs IOTHOCTD H3AYueHHS py COBEPLICHHO He 3aBHCHT OT
NPHPOAL! H CBOUCTB Tel, HAXOLSUAXCA BHYTPH NOJOCTH (B TOM
YHCTE B CTEHOK CaMOfl monocTh), HampEMep, ot xapaktepa MX f10-
BEPXHOCTH, HAIKYHS HIH OTCYTCTBHS Y UHX MOJOC CeJeKTHBHOH oOfi-
THUECKOH aGCOPBUHH H T. 1. ITa OCOGEHHOCTh PABHOBECHOTO H3MY-
HEHHA BhTEKAET HENOCPEICTBEHHO W3 BTOPOrO Hauana TEPMOLARA-
MKy, B camMom zene, romycTam oBpaTHoe, T. €, 4TO MACTHOCTb H3-
AydeHus mph PaBHOBECHH KAKHM-TO OBPAasoM 3aBUCHT OT MPHPOLH
TeJ," HAXOATIHXCA BUYTPH TOAOCTH. TOrRa, B3AB /Be PABHOBECHbIE
CHCTEMEL, . HAXOARUUECA NPH ONHHAKOBOA TeMNEpaType, no 3aKio-
JalQllke pasnLie Tella, W yCTauOBUB MEKAY HHMH COOBLIeHHE, MBI
61t HAPYLINAA pasHOBEcHe. 3TO MoBEAO 6bl K YCTaHOBJCHHIO Mé)«ay
0GeuMu CHCTEMAMH Da3HOCTH TeMNEParyp, KOTOPYIO MOKRO 610
Or1 MCOAB30BaTh A5 nocTpoenns perpetunm mobile BTOPOTO poaa.

Kipxrog, naiee, Hames pakHoe COOTHOmEHUE MEXKAY HCMycKa-
TELRO U TOTJIOWATEVIBHOA CIOCOBHOCTAMY Tela IS AAHHOH 4a-
CTOTHE, ¢ ORHOA CTOPOHEL, W CIEKTPANLHON APKOCTBIO [y (a 3Hayu,
A pv) — ¢ Apyrofi. Bo usBexanne nefopasymenni veoSxonamo, ox-
HAKO, PEK/Ie BCEro yCAOBUTECA O TEPMHHAX, !

§82 3AKOH KMPXTO®A 213

Ecay wa Telo magaer u3nyieHde, TO 9acT, ero HeH3GeXHO OT-
pakaercs na NOBEPXHOCTH pasfeNia MeXAy TefoM H Cpeaod, a
ocTadbEAR 4acTh NPOBHKAeT BuyTph Teaa. 3Ta npoHHKmas BHYTPb
SYUHCTAR SHEPTHA HACTLIO MOMVIOUIASTCH, NBPEBPANIAfACh B TeIJIO,
YACTHIO K€ [OC/IE OAHOrO HIH HECKOMLKHX OTpaXeHull BHYTpH Teaa
BHOBb BBHIXOZWT HapyXy, [oas Bceft nadarowed sHeprud Rausoro
HuTepBana 44cTOTH v, v+ dv, KOTOpad oOcTaeTcst BHYTpH Tena H
MpeBpalIaeTcs B TCMJO, HA3LIBAETCA 02404ATEABHON CROCOBHOCTOI
TeAq pas JARHONM 4acTOTH W oBosHauaercs depes Ay (6eapasmep-
HOe udcno). Ee He clefyer CMEWHBATL ¢ KOS(GUUUEHTOM MOrIO-
IIEHHA Qy, M3MEPAIOUIHM OTHOCHTENBHOE Ociablenue Napaienb-
HOTO Ny9Ka Jyuell Ha efnHuue ANKHbL, Teno MOXKeT uMeTb Maublil
KO3()ALACHT MOMVIOLIENHsl, HO TPH 3RATHTE/NBHOM NPOTHKEHHH —
GoJbmyic NOTAOMATENLHYIO CHOCOGHOCT,. DHEprus, Hajnydaemas
1 cu? B | cex, HasHBAGTCA UCHYCKATEALHOU CROCOGHOCTHIO M OGO~
sHauaercst uepes E,. VYcraropnennoe Kupxrogom cootHomesue
IVIACHT:

Lo, (62.1)

[nocnensee —mo (81.5)], 1. e, OTHOMIEHHE HCUYCKATENbHOH CIOCOG-
HOCTH TeNa K €r0 NOMIOATCNLHON COOCOBHOCTH PaBHO TOBEPXEOCT-
HOMl SPKOCTH HAXONALWErces ¢ HUM B PaBUOBECHY 4sayyeHus. Tak
KaK CreKTpanbhaf nJIOTHOCT p, (a Takke /y) ue 3aBHCHT OT OpH-
PORE TCM2, TO cooTHOmEHHE (82.1) o3nauaer, WO OTHOMLEHUE UuCnY-
CKOTEAbHOL COCOBROCTU TeAd K €20 NO2AOWATEALROE CROCOGHOCTY
daa ecex Tea 00Ho u TO awe. DTO OTHOWEHHE, NPONOPUUOHATLHOE
CTEKTPA/ILHON MOTHOCTH PaBHOBECHOrO M3JYYeHHR, ABAfeTCH, Ta-
KEM o6pasoM, ynubepcanbHofl (yHKnHed, 3aBucsiell TOJMBKO OT
TEMOCPATYPh B YACTOTHL.

Cpend Beex Tel MaKCHMabROE 3Hauenue Ey NOMKHO HMETb Ta-
KOe Telo, ¥ KOTOpOro NOMOMIATeNbiasi COOCOBHOCTh paBHA efld-
HHLE; TaK KaK 5TO TeJO HOTJIowaeT BCI0 70dar0wyio Ra Rero snep-
ruio, 70 Kupxrogy HasBanm ero abcoaorno uepnvin. [Tonoxum, yro
HaM YAAAOCH NOCTPOHTH Takoe TeAo, u3 cootHomenus (82.1) mpm
Ay = | noaysaem

O (82.2)

3T0 3HAYHAT, yTC HCIOYCKATEJBHAS CTOCOGHOCTh aBCOMIQTHO YEPHOTO
TeNa TAKKe ABAACTCH yHuBepcanbuoll ¢pydKnued YacToTH H Temne-
paryps Ecan nmostomy TeoperHyeckn kalinesa ¢opMyna, naownas
sBgoe Bupaxendc p(v,T), u eciu skcnepuMeHTanbHasi npoBEpKa,
BLINOAEERNAsA TOJABKO A ORHOTO a6COMIOTHO UePHOTO Tesia, Hoi-
TBEPKAECT 3Ty GOPMYiy, TO MH MOKEM BHIYHC/HTL DACRPeAeAeHne
SHeprHW B CUCKTPe AJA JIOGOTO Te1a, 3HAf €ro NOrIOMmATeb-
Hyl0 CNIOCOGHOCTb, KOTOPYIO MOXKHO HaliTu MPH HOMOLIH CieKrpa
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abcopbuun u reoMeTprueckux coobpaxenuir. OTciofa NOHATHO TO
Gonbioe BHMMaune, KOTopoe MpHBaekna K cebe npoiaeMa Teope-
THHECKOTO OTeICKaNua ¢ydkunu p{v, T).

B 1cHiCTBUTENILHOCTH BH OIHO TeMO B NpHPOAE He MOXET Cup-
TaTbesl A6COTIOTHO YepHbiM, M HE CYLIECTBYET TAKOM KPACKH, KOTO-
pas, Byiyun HaHecena HA NMOBEPXNOCTH Teda, CBeJa Obl K HYMO ero
Kosguuuent orpamennd. Onsako 3akonm Kupxroga OTKpwiBaer
BO3MOXHOCTb HCKYCCTBERHOFO TIOCTPOCHHMA aBCOMIOTHO HepHOTO Tella,
MAs 370r0 MOCTAaTOYHO B3sATH NOJOCTH, OKPYKEHEYIO paBHOMEpHO
HArpeTbin  CTCHKAMH  (HaNpHMEp, MY(eibHyl0 5a8KTpPHYECKYIO
Tedp); TOTla pAaBHOBECNOE H3NYYCHHE, YCTAlaBJIMBAIOLIEECA BHYTpH
noJ0CTH, ByAer XapaKTepHIOBATECS pACTIpENE/ICHEEM 3HEprau B
CIERTPC, TOKIECTBEHHLM C abCoMmoTHo yepHbM Tetom. Ilostomy,
€C/IM CAenaTh B CTEHKE NOJOCTH Madoe OTBEpCTHE, TC H3 3TOrQ
OTBepCTHS GyACT BWIXORMTb M3JAYUCHHE, TOMIECTBEHHOE ¢ H3Ayye-
HHeM aSCOMIOTHO yepHOro Teda. OTHOCHTENBHO IPaKTHUECKOTO OCYy-
IIeCTBJCKHEA MOJ0GHOTO HCKYCCTBEHHOrO a6COMIOTHO YepHOro rtefa
cm. § 84,

§ 83. 3axoub H3nydYeHus aGconoOTHO uepHOro Teaa

OcroBriofl BEIBOX, K KOTOpOMY NPHBOIHT 3aKoH KHpxroga, mo-
HeT 6LiTh 3anHcan CIe/yiOlAM 06pason:

pydv=F(v, T)dv, (83.1)

rae F(v,T)— uekoropas vumsepcaibHas dyuxuns, Caenylomasn
3ajaka saK/|0YacTed B PacKpwTAN BANa 3TOf ¢ydxunn. Haubonee
SHAYATENbHLIA AT B 3TOM HanpaBieHHH nocie Enna BAaKHBIX pa-
60T pyccknx pusuko B. A. Muxeiscona n B. B. l'oanumma 6uin
cacnay Buwom, koTophit BOCTOMb30BaNCH, KpoMe TepUOTHHAMHKH,
elle B SIEKTPOMArRHTHOM TeOpHel ¢Beta.

B pesyabrate oy ycTaHOBEN CrefyiomIyle GOpMydy *):

ov dv—-vaF(%) dv, 83.2)

3nece F(v/T) — dyukuns, packphiTs BHX KOTOPOH NpH noMoud Tep-
MOJINBAMHYECKHX COOBPAMEHHA, T, €. Ge3 BCAKAX THIOTES O MoJe-
KYASDHOM MEXanH3Me HCOYCKaHHA M OOIVIOMEHHs, 0Kasaloch He-
BO3MOXKHBIM,

Hecnotps na stor nefocrarok, ¢popMyra Brna cuirpana ouers
BaxHy0 poib, Bo-mepBuix, ona cpesa oreickaHme ¢yHKLAM AByX

*) Bunon saxona Buma Moo waiitn B Gomuuom yacie PYKOROACTE 1o Teo-
peTiueckoii Gusmce, p ToM urcic & kuarax M I1aauxa, Teopus TeII0BOTO Ha-
ayuenna, OHTH, 1935, u Bsenene b reopeThueckyio pusixy, 3. V, OHTH, 1935
Kpatxoe reo/{;ua X HCKMTIOBHTEAbHOR A+
noctbio, Aano B kaure I A Jlopentna, Teopus wsaysenns, [ocrexnagat, 194]
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mepeverubix v 4 T K ¢yHKUHH OfHOA nepemensol v/7, a sTo oT-
KpLIBANO BO3MOKHOCTb N0 3aNaHHOM KpHBO{ pacnpencenus sHep-
THH B CHeKTpe AJs Kaxof-HuOYAb OAHOA TeMmeparypbt BHYHCAATH
KpHByio Aas o060 apyrofi. [1onoxuM, wanpumep, uro HaM Aama
KPHDBAs Aas TCMOEpaTYpbt T, B Mbl XOTHUW BRIMUCTHTH KpHBYIO A/
TeMiteparypbl Ti. JIA 4acToTh vi, yAOBAETSOPTIOINE! YCMOBHIO
vi/Tr = v/T, 1. & vy = T1v/T, popuyaa Burta nact

v v 7} v I
p (v, T)=viF (T:).=VJ,F (7> T VIF (7)=T—;p(v, 7).

Takum 06pa3oM, AOCTATOYHO OpAMHATY KaXIOH TOuKH KpuBOQ
o{(v.T) ymMHOMHT WA oTwomense 73/7% uT06LI MOJyYHTH KPUBYIO
pv, T1).

Bo-BTOphiX, MOCKOAbKY (OpMyna BuHa BLiBeNeHA DpH AOMOLIM
TEpMOAMHAMUKH, OHa 6€3ycaOBHO BepHa, BCJAENCTBHE yero Jobas
Hpyras ¢popMyla, MOMYIeHRAs (pH 1OMOLIF KaK#X-1nb0 cretuals-
4bIX PRNOOKEHHA O MEXAHH3ME H3NIFyeHuA, 06AIaTENRIO NOMK-
Ha yIOBJCTBOPSTh TpeGOBAMHAM, BLpaEHHBIM B 3Tolt (opMyJe,
T. €. COAEpXATh (KpOME MOCTOSNHBX) Ky6 4actoTut H hYHKIHIO OT-
somenns v/T.

Haxouey, HecMOTDA Ka IpHCyTcTEHE nesBHOA ¢ynkuud F(v/T),
¢opMyra Buna Beaer K HEKOTOpBIM COBEpIIEHHO OMpEAENeHHEIM
KOJHUECTBCHHLIM COOTHOMIGHHAM.

B 3T0M MOKHO yO@AHTHCA, IPERAE BCero BHYHCIKE MpH (OMOI(H
STOM HOpMYNTHI BHTETPAABEYIO MVIOTHOCTE H3AYUEHHS L

u= fpv dv— f vF (%) av.
0

)

Bgozsi HOBYIO epeMeHHY0 v/T == E, Mbj Hveen
u=Ti f EF () d.
o

Ecay mb 0603HAauuM BRANYHHY, MOAYYAOBIYIGCA NDH BLIYHCJACHHH
HHTErpana, uepes &, TO DOLYYHM

=aT, (83.3)

1. e. yssecTrbil axon Cregana — Bosvyuana.

Jlan Ranbueimero 1ienecooBpasHo mepedTn OT pacnpeaeTeHHs
NO YacTOTaM K pacnpeleseHnio N0 AJEHAM Bok. C STOf LEJbio He-
06XOAMMO MpHHATH BO BHHMARHE npexae BCEro, uTo SHEprHs, 3a-
XAIOYeHHAS B MHTepBaje 4aCTOT OT v A0 v+ dv, paBHa pydv (Ho
He pyl); Ta e SHEprHs, BHpaXKeHHast Yepes JIHHLI BOJH, paBHa,
oueBuiHo, padh. TM03TOMy Aasi mepexoia OT pACTpENEVERHS 110
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4aCcTOTaM K PACIpE/elelIHIo 10 IANHAM BOJH CeAyeT NoAb30BaThes

COOTHOUICHHEM
Py dv=p, di; {83.4)

JaJee, HAJO 3aMeHUTb v U dv uepes3 A 1 dh:
v==, lavi=rdh (83.5)

TIpHRUMAS BCe 3TO BO BHHMAIHE, NIONTYUUM

or.dh =gy dv —=VF (F)dv= £ F(T”T) . 83.6)

4o,
Bocooansyemest Tenepb yclcpHEM MaKchyMaT;f=0. rdde-
penuwypya (83.6), nonysaem
V(L) 45 L) -
W(W)F (M‘)+ a8 F(M =90,
AaIY, HAKOHEll, BBOAS 0603Hauenye #—: M H cOKpamas,
() + 5F (1) =0. (83.7)
Pewas 310 ypasueHue, MEl noMyauM A/ 7 K2KOE-TO ONpeAEdeRHOe
umCIeiHOE 3HAUGHHE n = cONSt, a 3T0 Aaer - ”T =const, rae
max
yepe3 Amar 06O3HZUERA [JIHHA BOJHEI, OTBEWAIOMAs Ppay? BIH, TAK

KAK C eCTb BeJHuHITa MOCTOSHAAS,
Amax T == const =5, (83.8)
Ho 310 — x0powmo HsBecTHwifl 30K0H cmewenus Buma: namua soa-

HEI, OTBEYAI0IIAs MAKCHMAJIbROA SHEPTHH B CIeKTpe, 0GpaTHO mpo-
TIOPUHOHAbAA AGCOMOTHON TeMuepaType.

§ 8. 3 TaabHOe HCC. 32KOHOB
TENJIOBOTO H3NYUERHSA

B § 82 Mbl Bumesn, uTo WCKYCCTBEHHO@ NOCTPOGHHE MOMENH' -
COMIOTHO HYEDHOTO Teia IO3BOJSET H3y4aTh IKCHEPHMErTaNbHLIM
nyTeM CBOACTB2 PABHOBECHOIO H3NY4EUds H, B YACTHOCTH, — HCCe-
A0BaTh pacnpefie/ieHke SHEPIHA B CUEKTpe 3Toro wanyuewus. Jus
NIPAKTHIECKOTO OCYUIECTBACKHS MOJEAH YEPHOTO Teaa HeoGXOAMMO
00€CTIeYHTh BO3MOKHOCTL DPABHOMEPHOrO HATPEBAHHS CTEHOK novsio-
CTH H BHIXOA H3Ayueuusi napyxy vepes Majnoe orsepcrde. Ha
prc. 131, a usobpaleno uepmoe Tesio, BIepBEie NOCTpoenHoe JIym-
Mepom u Tlpunrcrefimom. Ono mpescraBascr co6o10 MeTaLTHyecKEf
COCYA ¢ ABOHHLIMM CTeHKaMH. [lpocrpancTso Mexay creukaMu
BCHOABIYETCA B KAYECTBE <TEMNIePATYPHOH 6anH» LA NOLIEpKAUHA

§ 8

000"

WCCIEJOBAIIHE 3AKOHOB TETIOBOTO U3NYUEHUS

a7
e monenn ueproro Tema: a)

patypuok Ganefl, 6) weproe Teo,

Prc. 132, Kpuptie pacupexeneria swep-

HE B CUGKTPE AGCOMOTIO

(pocTeiiinas MOXSNs ¢ Te

. NPHMEHSIEMO® JUI§ MCCAETOBAHHE H3TY-

Pue, 131,

ueptoro
oraoKkera
npuxo pamedcs

opauHAT
HA KAKAYI NAMRY BOJHHL

ITo ocu

Tena.

HeHMA NPU BHICOKHX TEMUEPATYpax.

9Reprum,

HAOTHOCTH

277
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‘OUpeIeIeHHOM U paBHOMCDHOM TeMnepaTyphbr. 370 nocturaercs ny-
TeM HpOHyCKaHI/IS{ napa wunaules BOAbr MAU — AJI1 HU3KAX TeMIE-
paTyp — NYTéM HANOJHEHHS JABLIOM, TBEpAOH YTJEKHCJAOTOH, XHA-
KHM PO3IYXOM H T. 1.

Jas nccienoBanus UaAyuelHs 1P BHICOKHX TCMIEPATYDAX TPH-
MElAeTCS ueploe Teo HBOH KOHCTpyKump (puc. 131, 6). Huanaip
H3 MIATHIOBOM KECTH, uepes KOTOPH NpONyCKAeTcs saeKTpHye-
CKHHl TOK, CAYRHT [Js DPaBHOMEDHOTO parpesaHHs BHYTpeHero
¢papgoposoro uwarHapa P. Temnepatypa BHYTpH UMAHHIpA H3pe-
paercs TepMonapoli E; mnadparmer 1, 2, 3, ... Npenoxpausor ot
OXJIAKEBIsl NPOHHKAIOLIMM CHAPYKH BO3JYXOM.

[py nomold nonobkex MOnenel yepHOro Tera Gbuty SKCIepH-
MEHTAJbHO HCCAEN0BANb 3AKOHH H3NYUEHHR, TOYHO ONpeeeirbl ero
KOUCTHTH U H3YYeHO CNIEKTPAJNBHOE DACIpCISNeRHe FPKOCTH H3IY-
uennsi. Psijl KpUBbIX paclpeseneBust 3HepriH B CHeKTpe abeooTHO
Yepuoro Teja JUIT pasdanuHbIX TEMIepaTyp upHBeneH Ha puc. 132,

ce KPHBLIE HMEIOT pesko BHIPAKeHHbifi MaKCHMyM H OGHApYXKu-

BaOT MpH NOBLIIEHHY TEMNEpaTyYphi CMELIEIHE STOFC MAKCHMyMa B

CTOpOlry KODOTKHX BOJH, TpeOyenoe 3aKoKoM Buna.

§ 85. TeopeMa o paBHOMEpHOM pacnpeneieBHU 2HEPrHI
no crenenaM csoGoasl

B reopernyeckoM Hecaenopaniu npoBneMb; M3MyuenHs a6co-
JIOTHO YEDHOrC Tena BaXBEyo poab Chlrpata OAHa BechbMa ofwas
TCOpeMa KIACCHYECKOH CTATHCTHYECKON MEXaHHKH — TaK Hashpae-
Masi TCOPCMA O PAaBHOMEDHOM PACNPENCHEHMH SHEPTHM 10 CTENEHHM
csoGoar. HanomunM comepxanue stofi Teopembl. [ aToro Mt
paccMOTPUM Cuauaia B KayccrBe NpOCTEHIIEr0 npHMepa CHCTEMBI,
COCTOSWIEH B3 BOJLIIONG TUCAA YaCTHL, 0OHoaTOMHbLE ras. [lonnas
SHEPIHl 3TOrO rasa €CTb CyMMa KHHCTHUECKMX SHeprHil rocryna-
TCABHOZO BIKEHU ero MoAeKyl. Ecim 6n Mel MOran usMepsts
KHRETHYECKYIO S1EprHI0 OTASIb{HX MOAEKYA, — ML O NOJAYqmIH
LA pasHbIX MOJEKyn BCCHMA DAsAHuHbeE 3Hauenna. ONHZKO Npn
NOCTOSHKOM TCMIepaType CpeXBAR KHHeTHUeCKAA SHCPTHsl, Nphxo-
AALLASCH HA OAHY MOJEKYAY, ecTb BHOJie ONpCAeSeHHas BEAUUHIA.
Ecn mbr BEIETHM KaKyiO-HHOYIb uacTh 06bEMA rasa, COCTORULYIO
43 0CTATOYHO BOJBIIOTO YHCAA MOMEKY], T0 CpEeHSAA Kuileldie-
CKasl BHEPrUi MOJEKYNHl, BLYHCACHHAS IMA 3TOH 4acTH 0BbeMa,
GymeT paBHa CpeRHell KHUETHYECKO[ 3HEprHH, BHYBCASHHOH NJS
Apyrofi uacTH 06BbeMa NpH YCAOBUM, YTO TeMIEpPATYpa rasa Besie
opunakopa. To ke GyneT BepHO B B ToM Cyuae, ec/l ra3 ABIfeTcs
CMEChIO IBYX rasoB, MOJEKYJH KOTODHIX HMEIOT Da3IHUNYI0 MACCY:
CPEMIIAs KMHETHYECKas SHEPrus TeX M JApYTHX MOJEKy] GyAeT ofHa
H Ta Xe; 570 GyLeT BepRO U TOTa, Koraa ofa rasa He CMewmaHe H
(AXONATCH B TEMIEDATYPHOM pABHOBECHHU.

§ 83 PACNPEAENEHHE 3HEPTUW 1O CTETCHSIM CROBOJB 279

KHHCTH‘{ECKGH 3Heprug MO.YIeKy.YI OJHOrc MOJsT OAHOATOMHOTO
raza paspa Ep = oNmov? n tax xak, ¢ npyroft CTODOHBI, COTNIACHO
KUHETHUECKOH Teopuu rasos pv = RT = 3Nmv2, 10 mo? =
= 3RINT =3kTn

E,=3,N&T.

Ecnu MoneKysb: 0nH0aTOMIOr0 ra3a paccMaTpHBaTh KaK TOYeU-
HbIE MACCEl, TO KOHGUrypauns CHCTeMsl N TakMX Mace NOMHOCTHIO
onpefeastercs ux 3N NexapTOBEIMH KoopAdraTaMi. Mpr robopnm,
47O CHCTeMa HMeeT 3N cTeneHeli csoBonrr. [lyctb KOOpIHNATH LeH-
Tpa THKeCTH -l Maccel GYAYT X4, Y1, Z; COOTBETCTBYIOUIAC HM CO-
CTaBAAIOIIAE CKOPOCTH BYAYT £;, ¥, #;. Knnetnveckylo snepruio sceit
CUCTeMbl MBI MOMKEM HaMUCaTb B BULe CYMMBL SN KﬂaﬂpaTﬂ‘HIHX
UNIeNoB:

Ey— tpmi o Yo 4 omB o il 4 Yoragh 4 ama,

Cornacio Teopeme O PABHOMEDHOM DACpeNeNCHHH SHEPIAH, CPel-
Hsfl SHeprusl, MpUXOASIIARCA HA KaXK[TblH 9fleH 3TOH CyMMBI, T. €
na KaXAyIo CTencHb CoGOfn NOCTYNATEAbHOrO ABHXKEHHA, — Ofna
u 1a Xe n pasHa YoRT. B camom 1ese, ecau KamioMmy KbaipaTuu-
HOMY y/ieHy 3TOH CYyMML! MDUMKCATL OJHY H Ty e CpelHIO KHEHe-
THYECKYIO SHEPTRIO, paBHy '/RT, TO modHas sHeprusi rasa Gyier
pasHa *NkT 5 cormacuu ¢ mpefbIywUM.

PaccMOTpeBublit NpUMEp ONHOATOMIOIO Fa3a OTIHYACTCH 0CO-
GeHHOM NPOCTOTON NOTOMY, UTO MOJEKY.Ibl ORHOATOMHOrO Ta3a MOM-
HO DACCMATPHBATH KAK TOUEUibIe MACChi, KaX[as M3 KOTODLIX Ha-
XOLHUTCA TONLKO B UOCTYIIATEALHOM ABHXeHHH. Knacciueckas cra-
THCTHYECKAR MEXAHMKA, OCHOBAHHA# Ha McXankke 1lboTona, noka-
SEIBACT, OHAKO, UTO TOT ke De3Y/bTaT HMeeT MeCTo W B caMoM
ofulen cayuyae. IlycTb HampuMep, Hall ra3 COCTOHT U3 JBYXaToM-
BBIX MOJeKYa. Kaxnad U3 HEX HMCET NATb CTenexce#l ceo6onbl: Tpu
CTerern CBOBOIB MOCTYNATEbHOTO MEpeMELIeHHSA NEHTPa TIHKECTH
H JBC CTeNenH CBOGOAL Bpawenus OKOMO ABYX ocefl, NepleHAuKy-
JAPHBEIX K JAHHHH, COCNRHAIOWEH aTOME (BpalICiRe BOXPYT OCH, IIpo-
XolAllel yepea oba aToMa, I AONKHO YuUTHIBATBCA, €CAH ATOMLI
pACCMATPUBATL KaK Toueurnbie Macchl). M B 3Tom ciysae 2as ebr-
ugCIeNNs NONHOH 3HEPIHH rasa CIEAyeT KaXIoll CTeNeHH CBOGOMbI
(1. ¢. Kak cTemeHaM CBOGOMbr OOCTYMATENbILIX nepeMeimlednfi, TaK
M CTeneHsM CBOGOAM BPAIIGHHA), MpHMHCATh OJHY M Ty e Cpef-
WIOI0 SHEPTUIo, PaBHYIO YokT.

[lyctb, HakoHel, Ml HMeem JIOByio CcHCTeMy, KOUGHUrypanus
KOTOpPOi TOJHOCTBIO ONpeletseTcs [ qarpaHiKeBbMi 060BLIEHHEIMA
KOOpAHHATAMH §;, §2, ..., §s, TAK yTO CHCTemMa HMCET f cTenmemefi
cBoBonsl  Kunerdycckast sHeprus Takofi CHCTEMBl NpeACTABATCS
OZHOPONHOft  KBagpaTHYHOH  hopMOfi, coRepxamefl uWieHn ¢

s
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KBajlpaTaMH 0606 IIEHHBIX CKOpOCTe! B, BOOGIIE rOBOPA, TAKKe wie-
HEL C HX TOMApHBIMH UpOH3BeAeHHsMHY *). MoxKrO BHOpaTh, 0aHaKo,
KOOpMMHATE 1, gz, ..., g7 TAKHM 06pasoMm, uTo6Bl KHHeTHYecKas
9HEprUsl NMPeACTABHJACh CYMMO# [ WICHOB, CONEpMAIIHX TOMBKO
OfIHH KBAADATH 06OGIICHREIX CKODOCTEH, T. e. HMEIOMAX BHA a4
TIPH 3TOM KOS(@HUUHEHTH &;, BOOGIIE rOBOPR, yXe He 6YIyT mpocro

aBHbBI MaccaM m;. Hanpumep, B noaspHLIX KOOpaAMRATax Ads i-#i
YACTHULI

T =g mflt g myit 4 & mpisin 8, @,

TAK TG @i, = m,, s, = mf; Ge = ms; sin®@i Kaxoent 6,
ofHaKo, uk ObulH BHLODARHHE KOODAMHATH!, €CJAH KHueTHYecKas
SReprusi CONEpKNT TO4bKO KBAaAPaTHUHLIE WIEHH, HAa KAXARA 13
STHX [ WIEHOB, T. €& Ha KaXAyIo CTeNers CBOBOALI, MPUXOAHTCA CO-
TNIACHO YROMSAHYTOH TeOpeMe CTATHCTHYECKOH MeXanHky ofHa M Ta
He CpeOusn KHHETHUECKas 3HeDIUs, paBHas 1,kT.

Jlo cux mop peun WA TOMBKO O KHHETHUECKOA SRepruu.
Humeores, oasako, cyuan, Koraa # NOTEHUHATbEYIO SHCPrHIO MOXK-
HO BBIYHCANTD CTOJb XKe MPOCThIM cnocoSom. Ecinn, nampmmep, co-
CTEMa COCTONT H3 JIMHCHLIX [ApMOHMYECKHX OCLAMISTOPOR, TO
BZHAY TOTO, UTO CPEAHAA NOTEHUMATbIAS SHEPFHA JHHeHAHOro rap-
MOHHYECKOro OCLUMANATOpA pABHA €ro CpepHell KHHETHYECKOH, na
KaxAylo  CTemeub  CBOGOAM — NpHAETCA  3HEprudA,  pasHas
kT - kT = kT.

B ofwem crysae cucTembi, CnOCOGHON COBEpWIaTh Masbie Koje-
GanHd, BCerld MOKHO HAfTH TaKHe KOODAHHATE, B KOTOpHIX He
TOJBKO KHHETHuecKasd SHeprud TPEACTABHTCE B BHAE CYMMEl KBa-
ApaTHYHbX YIGHOB BHAA /34,43, HO ¥ noTeuunaNbHas SHEprus Gy-
HeT CyMMOj# KBaJDaTHUYHBIX UN€BOB Y2b,g%; wHCIO MOCAEAHUX TaK-
e PABHO YHCAY CTefleHell cBoBoan chcTeMul *), BuGpautbie Takum
06pa3soM HOpMAAbHbIE KOOPOUKATbL XBPAKTEDUIYIOTCS TeM, Y10 s
KaxA0k H3 HHX 3ABUCHMOCTH OT BPEMEHH NDENCTABMACTCA NPOCTOf
CHHYCOHRAAbHON (YHKIHCH, 8 CpeRRss KHReTHUECKAS SHEpryd Co-
OTBETCTBYIOLUHX COGCTBEHOBIX KOACGaHMii paBlia CpelReit moTeH-
UHAABHOR (CM. yMpakHende K 3Tomy naparpady). JBmkemue ci-
creMet 6yIeT B 5TOM Cayuae CyneprosduMel f JuiuefiHLX rapMou-
UeCKHX OCURAJRTOPOB; HOAnast SHeprus Gyner cymmod 2f Kpajpa-
TEYHBX wieHoB. Ha xamnpii wied mpuxoautes cpeduss 3ueprAd,
paeHan kT, crenosaTenbHo, MoMEas sneprust Gyxer fR7. B sToM
H COCTOHT TeOpeMa O PABHOMEDHOM pacnpeleleRRN SHEpruu.

*) Cw, nanpuwep, JI. JL. Jlanaay, E. M. Jludpuwu, Mexa Hayk
1965, cvp. 85 u caen, i, Mosanmsa, <Hayie,

§ 881 GOPMVJIA PANES — IKUIICA 28!

Ynpamuenne Kiuerhseckan ¥ TOTEHLMATGHAN SHEPTHH CHCTEM, Cno-
cobof copepmaTh MamHe B HOpMAIL p
ARIOTCR © PHIE

T=Yoai gt amdd .. Vaadh U=thbigt + Ybygk+ .. + bjah

J B 9THX

Hanucate H yGennTbca B TOM, UTO

pemsciins W OyayT

gy = A cos (]/_ﬂ z+a,), ga= A cos (]/ ﬁt-ﬂsz),
@ ’ az

IMoabayacs SThM, nANBCATH BpAXEEMs AA% NOTCHOMAMSION M KHHCTHUCCKOR
SHCPTHA AN XaMAOro 13 COBCTBEHHBIX KoACCaHAl # YONMTbCH B TOM, 9T0 KX
cpeAHUe 3iranenas mexy coSoR pasnml.

§ 86. ®opmyaa Pazes — JlKunca

Paieii BnepBLie BOCIOMB3QBAJCH TEOPEMOH O PABHOMEPHOM pac-
npefie/lediy SHCPTHE SIS BHYHCACHHS (VIOTHOCTH S/IKTPOMArHMT-
HO BHeprMH B 3aMKHyTOji wontocTw. OcHOBAHEEM MR NpHMEHEHHS
370ii TeopeMsl B JAHHOM CIyyae MOrYT CIYXHTb CAEAylOimHe c006-
paxesns. IlpencrasuM ce6e noaocts ofbeMa V, He cogepmamyio
MaTepH# (T. €. BAKyyM) H OKpYXKEuHyiO HIRAMbHO OTpaKIOWEMH
CTEHRAMH, HArPETHIMH 10 Temmeparypht 7.

Tax Kak CTEHKR 3T0A NOJOCTH TpW MoBofi TeMmepaType H3Iy-
4ajoT 3IEKTPOMArHHTHHE BOJHM B BUJE CBeTa (B UACTHOCTH, mpH
HU3KOH TeMlepaType — HHPAKpPACHOro CBeTa), TO BiYTpH NOMOCTH
6yHET CywecTBoBaTy HEKTPOMATEHTHOE NOMe. TO 3ICKTPOMArHET-
HOe NoJie MOXKHO PasJOKHTL B4 CHCTEMBl CTOSUHX BOJH DasimuyHON
9aCTOTH H PA3HOrO HANpaBAEEHS; KaxAad TAKas CTOAyas BOJHA H
npesicTasasier o600 JeMerTapHOe COCTOMHIE S/CKTPOMATIHTHOTO
nosi. TeopeMa 0 paBHOMEPNIOM DACHPCAE/ENHHA YTBED K14eT, YTO H
B 5TOM CJy9ae NPH DABHOBECHH MEXAy CTCHKaMH IOJOCTH H 3JeK-
TPOMArHUTHAIM MOJEM Ha KakAyo CTOAMYIO BOJAHY LOJKHA NpHXO-
INTbCR cpenusia sHeprus, papuas k7. IIpw stom nojo6Ho TOMYy Kak
CcpeziHaf PHEPLUsl rapMOHHYECKOro OCUM/AATODA CKAAIBIBACTCS H3
cpenuell KHHETHyeCKofl sHepruH, paBHOfl 1/pk7, W cpexmedl motew-
LHaNbHOA SHEPTHH, Takxe paBHOH !okT, B clyvae SIEKTpOMArkuT-
HOFO TONS CTOSIYAX BOJH NOMHAR Cpefdsia sHeprus k7 ckaanbi-
BAETCH M3 Cpe/HHX SHEprdil SMKTPHYECKOTO H MErHHTHOrO noael,
B OTAEALHOCTH pasHbix pkT Kaxnasn.

TakuMm 06pa3soM, TONCUET SHEPrUE noJs VIS JaHIOro HuTepsasa
4acToT v, v+ dv CBOXMTCA K OTHCKAHKO YHC/A SJEMEHTADHBIX
CTORYHX BOJH, T. ¢. YHCJIA CBOSOAHEIX COGCTBEHHBIX KOMeBannir 06D-
ema V, 3aNOMHEHHOro CIVIOLHOM Cpejoh, MpHHAAAeKamuX K yka-
3aHHOMy WHTepBAany wacToT. 3Has NOMHYI0 SHEpruio 0oas B 0GB
cme V, pasuyio Vpydv, MOXKHO HaliTh R [JOTEOCTS SHEPLHH 0udv.
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BoluncieHne nUIOTHOCTH SHEPTHH NOAA Py dYv UPH TOMOLIM Teo-
peMbt O PABHOMEPHOM pacupesenenud Gbilo cacaano Jkuxcom no
MeTofy, yKasannomy Panecw. Ilonyuensas um ¢opmyna HOCHT No-
aToMy HasBaHue Qopuyabt Panes — [ixunca. Xors 313 dopmyna
B IpUMEHEHHH KO BCewy CIIeKTpy OKasanach HeBepHof, ona Chrpa-
aa 60abIYIG oMb B PA3BUTHH TEOPHH H3Ayuenna B Beefl coBpe-
MeHHOl ()M3HKH, TAK KaK OHA OTYETIHBO BCKpHLIA MPHHUANHANL-
HBIC 3aTPYAHEHHA KAACCHICCKON (HIUKH.

PaccMoTpum BuBOA ¢opmyan Panes — Jlxuuca W HaydeM ¢
nozicHeTa uucaa COBCTRENHbX Kone6anui nois. Jionycthn aas npo-
CTOTHI, YTO MOJOCTb, B KOTOPOH YCTAHABAHBAETCS CTALMOHADHOE
(T. e. He 3aBMCSNICE OT BpEMeHu) BONHOBOE MOJe, umMeeT (GOpMy
Kyba ¢ pe6pom a. Kak yxe 60 CKa3ano, CTAlMONaPHOE BOAHOBOE
no/ie MOXHO PaccMaTpHBATh KAK COBOKYMHOCTL CTOAYHMX BOXH. Pac-
CMOTpHM CHAYana DOJHbI, HOPMATb K KOTODHIM MEpNeHAMKYJIspHa
K ABYM NapaiiedhibiM FpausiM Ky6a. Ilagawiine 1 oTpaxenHule
BOJIHBY, HIYLUKE [1ADAJINIednHO STOMY HANPABJEHHIO B Ty H APYIYiO
CTODOHy, 06pasy(Or CTOswHe BOJKEL [IpH 3TOM Ha CTEHKAX LOJOCTH,
B 3aBHCUMOCTH OT IPUPOLE BOH, GYAYT pacnofarathes JHGO yaiby
J60 DyYHOCTH, HANPUMEp, B Clyuae SMEKTPOMArHITHLIX BOJH 3/eK-
TPHUYECKOE HOJIé Ha CTEHKAX O6Padyer yadbl, 4 MarHHTHOE — Iyd-
HOCTH. OfIHAKO B TOM H APYrOM Cyuae YCAOBHEM CyLIECTBOBAHUS
CToA4el BOJIHE: ABAAETCA TpeGOBAanUe, UTOOL HA NPOTSIKEHHH LAH-
HBL @ YAOXMIOCH UEMOe YHCO M10/1yBOJH.

st onperesenHoCT: Mbi GyI€M CHAwana paccMaTpHBATH TOAb-
KO TAKHe CTOFdue BOJHE), KOTOpbie UMEIOT Ha CTEHKax y3awl. Hrak,
YCIOBHE CYLIECTBOBAIHS CTOAYMX BOJH, NApA/MWIEbHEIX RMJIOCKO-
CTH Y2, COCTOUT B TOM, UTO

2afh =y (7, — Neaoe 4ucaO).

Auanornunsie yc0BHA Gy AYT HMETo MECTO JJISl CTOAUHX BOJK C
TAOCKOCTAMII PABHOH (hasbi, NApAneNbubiMH MIOCKOCTAM Xy H X2:

2a/k = ny, 2a/h=n;

PaccmoTperHbie CHCTEMBI CTOSIYHX BOAH C HOpPMANsSMH, napadt-
SIEMLHBIME OCAM KOOPAMHAT, ABAAOTCS YACTHHIMH Clygadmu, B mo-
JIOCTH MOTYT CYIIECTBOBATEL CTOSUHE BOJHB ¢ (OPMANAMH, HANpas-
JERRBIMM JE0GBM 06pagom. -

Paccuorpim 3107 obupill cyyall moxpobuee. MycTe My umeem
CTOSI4YIO BOJIHY, HOPMaub X KOTOPOH 06pasyeT ¢ OCAMH £ 4 y yram
o U i COOTBETCTBEHHO, @ MIOCKOCTU pasuolt ¢assi (nanpumep, ys-
NIOBHE LIOCKOCTH) — Napaddesbybl BepTHKalbHOMY pebpy Ky6a,
copnafatoweymy ¢ ochio z. Ha puc, 133 ksazpar usobpaaer oxuo
w3 OCHOBAHHl Hallero Kyba, T. e. Ipams, Mapale/bHyl0 KOOPAH-
HATO} TMIOCKOCTH XY, A CHCTEMA NMAPAJIENbHLIX MPAMbIX — CTeflbl
YBIOBREX BAOCKOCTE(l. ¥ CNOBHE CYIISCTBOBAHMHY TAKHA CTORWUX BOJH

5 86) POPMYJIA PRJIEA — MKHUHCA 283

3AK/IOYaeTCs B TOM, YTOObt PACCTOSRHR MEXIy KX Y3/IOBBIMH NNO-
CKOCTAMH, M3MCPCHHLIC N0 HODMAMAM K IpapsaM Kyba, yKJIaablBa-
JHCh lieJ0e wICao pas B pebpe 4, T. €.

2acosa 2q cos B
3 =y T =

3TH yenoBHS NONYYAIOTCH M3 paccmoTperus prc. 133. Ouesus-
HO, 410 B CAMOV OBl CJydae, KOTHAa HOpPMAAh K Y3JOBBIM MIO-
cKocTsM ofpasyer ¢ OCAMM KoOpIH-
HaT mobLie yrael o, f, y, AOAKiubl ‘ ‘ ‘ ‘ Il

GbiTh OJHOBPEMEHHO YROBJIETBOPEHbI
TpH yCJOBHA. T
|

2acoso Zmeosp
[ DR

ny, 3 A

ay . \apM2 M ‘

BNy, @.0)

7y
BOSBO:U( B KBaIpdT B CKAanbBas

3TH Tpﬂ paBeHCTBa, nonyJyaem

7
o nl ﬂ3=(277)2 (_M )2, (86.2) Puc. 133.

i

rac ¢ — CKOpOCTH HEPEMEMICHHS NNOCKOCTH paBHOM (asml (daso-
Basf cKOpocTh) B nanoll cpene Ho ato — ypapherme cdepor ¢ pa-
Iy COM
2av
R——". (86.3)

OTCI0Ra BAMO, YTO KAK10H TPOHKE LEALLX Hucea fy, Rz B Mg
COOTBETCTBYCT ONpeleqerEas yacToTa

V=L VR, (86.4)

Boenem Tcnepb [€KApTOBY CHETeMY KOOpIMHAT, H& OCAX KOTO-
off oT0XHM, BeIGpaB 3a eqMHHmy €/2a, gesible UHCAA fy, My U Na.

cuay (86.4) Kaxmomy HaGopy 3HAUCHHH STHX wHcenm COOTBeT-
CTBYET Onpexc/eHHas 4acrota. B Hame#l cucTeme KOOpAMHAT, Ko-
TOpYI0 Mbl OyIeM HA3LBATL <NPOCTPAHCTBOM YACTOT», 374 YacTOTa
TpeAcTaBATCA TOUKOH ¢ KOODNHHATAMU ry, Mg, #3 (MsobpaXkaniuasn
Touka). OUeBRAHO, ONHAKO, UTO BCEM LJBly YRCIAM fg, Mg H Mg,
CyMMa KBaJpaTOB KOTOpHIX MMeer INOCTOSIHHOE 31iaueHue, COOTBET-
CTBYIOT UHCAERHO paBHHE yacToTh TeM HC Meree oTH paBHbIe wa-
CTOTB: MPCACTARAFIOT COBOH pasiuusvie coBCTBEHELE Kodebanus
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Hallero KOHTHHYYMA, TaKk KaK KaX[A0H M3 HUX COOTBETCTBYET CROR
CHCTEMA CTOSTHX BOJH, PASIHYAOIIUXCA N0 HANPABACHHIO *).

Jins HawHx Lesell CYIeCTBEHHO, YTO BCe TAKHE paBHBIE MEXIY
€060l 4aCTOTH NPEACTARJIAIOTCA DPA3JNHUHBIMH TOUKAMH MpOCTpaH-
€TBa 4acCToT.

Telneph MBI MOXKEM MOACYHTATH NOJAHOE YACKO COGCTBEHHLIX ua-
¢1oT 01 0 210 v. TlocTponM JIA STOTO CHCTEMY TOYEK, COOTBETCTBYIO-
LIY10 BCEBO3MOKHBIM LEAbIM MOJONKHTEIbHLIM SIHAUCHAAM Ny, My, M3
Oueslano, YTO 574 CHCTEMA TOUEK 06pasyeT KyOHUECKYio pEmeTKy,
nprueM pedpo sMeMeHTapHOIO KyGuKa GyAer pasHOo 1, a obbem —
Takxke 1. Ecm Anuna BOMHB JOCTATOUHO MaJla MO CPABHEHHIO C JH-
HeMHLIMH pasMepaMu II0JIOCTH 4, TO CyMMa OOBEMOB Bcex 3JeMeH-
TApHWX sueeK (KYOHKOB) OYner ¢ AOCTATOUHOR TOYHOCTBIO paBHA
06neMy 0fHOR BOCLMOA cdephl papuyca R, ompemenseMmoro yeao-
pramu (86.3) u (86.4). ITockobKy 06ben Kam ol SuelKn pased 1,
MBI MOXEM YTBEpKAaTh it 00paTHOE, — 4TO O6BCM OKTaHTa (C yKa-
3aHHOM CTENeHbLIO TOUHOCTH) DABEH 4UCAY SMEMEHTAPUBIX AUeeX.

Ecan tenepb Mul GyJCM 3HATb, CKOJIbKO H30OpaKAaOUHX Touer
APHXOAMTCHA HA CAHY ‘AueKY, TO MEI BMECTE ¢ TeM HAalAeM H NOJIHOE
YHCHO COGCTBEHHLIX TACTOT Halleli MOJOCTH, JeXAUMX B Npeaenax
or 0 o v. Ho copepmenHo tax ke, Kax B cayuae KyOGHUecKOM HOH-
Hofi pewetkH (M. § 34) Ha KamAyio AYERKY NPHXOANTES MO OAHOMY
HOHY, Mbl MOXKEM YTBEP¥KAaTb, 4TO B B AAHHOM CIyqae Ha KaiKAbK
aJleMeHTapHulA KyOHK NpHXomATes Mo 00xO# M30OPaKalowel Touke,
Hrak, nckomoe MACR0 YACTOT CBOGOAHLIX KOJACOAHHE pCAEHIO paB-
HO 00heMY OKTaHTa, T. €.

e rE

3 e 3 e

4
=
3

DT0 W €CcTb UHCAO COGCTBEHHBIX KoAeGauuii B mpejedax ot 0 1o v.

Yucno KomeGanuit B Ipenenax oT v M0 v + dv paBHO 4HCIY H30-

OpaxaloWHUX TOUEK, KOTOPHE PACNIONOHEHEl BHYTPH OAHOH BOCHMOf
. av 2a (v dv

CEPHIECKOTO €O C pajMycaMn —;— i 2a(vtdv) ;— , 4 3T0 YUCI0

H306paKAOMWHX TOYEK, N0 NPeAbIYUIeMY, pABHO 00bEMY ykKa3aH-

HOTO ¢TI0, T. €.

AN =22 o g,

73
¢

*) D10 COBNANCHRE UACTOT, COOTSETCTBYIONMX PASTHREIM HASODAM ncen
Ry, M W fis ODH YCAOBHE, STO CyMMa n}+ s+ n} DaBRa onpefeNeHsOMY waCAy,
ecTs wacraod caguat, it cayuaem B
OTOMy, WTO Mi DACCMATpHBEEM 0OheM B (OpMe Kyoa, OHO HMEJO OB MECTO
TaKie A B TOM CAYYaC, €CA OBl Mn BHODAAH OGHeM B (OPME MapalneAemKNeRa
¢ peGpaMn, JLIHRE KOTOPBIX BLIPAXAIOTCH COHSMEPHMEIMA OTpeaKaMH. OfHako, Ko-
rRa AnARSl peGep na , yerp: "
KaMaoMy naGopy wHcen ni, fz M fis COOTRETCTBYeT TOMBKO OAHA dactoTa. CMuica
3TAX 0COGEHHOCTERA CTAHET ACHHIM THTATENMIO NOCAe 03LAKOMIKHAA ¢ § 161.

§ 86| GOPMYJA PJIEA — IKMHCA 285

Ecau peyb umer 06 snextpoMarnuTHEIX BoaHAX, KOTOpbIE TOJILKO
H HHTepECYIOT HAC B JIAHHOM CIy4ae, TO Mbl MOJIKHLI el MpHHSATH
BO BHHMaHHE, YTO KaxJ0f 4actOTe v COOTBETCTBYIT J62 BOJNHBI CO
B3AHMHO NEPIEHANKYIAPHEIMH NIOCKOCTAME NoAApa3aLan. [10sTomy
HaHJCHHOE YHCIO CHelyeT YABOHTb, A Mbl LOJyuaeM, 0603Hauas
o6bem Kyba a® uepes V,

dN

et
-V av.

TO U ecTb UHCIO CBOGOMHBX COGCTBEHHLIX KoMeGaHUA Hawero 06b-
ema V. Tlo Teopeme o paBHOMCPHOM pachpeNeNeHAN SHEPIHH Ka-
ZOMY M3 HHX CI€AyeT NPHIHCATh CpeAHiio sHepruio k7. Caexosa-
TeNbHO, IIOHas SHEPTHA B 06HeMe V Gyaer
8niv?
VET dv,

oF

4 TIUIOTHOCTb IHEPTHH TNOAYWWM OTCIA4 TNPOCTLIM JefeHHeM Ha
obmeM V:
8av?

pydv—= kT dv. (86.5)

310 1 ecTs hopmya Panes — Mixnnca.

JlaA mpakTHUECKHX NpHMeHeHRH ylo6uee mepefitm ot pac
AENeHUA MO YACTOTAM K pacnpelefeBMio N0 AJTHEAM BOJH. IFM
HHTEpBANA JTWH BOMH A, A + dA HMeeM, mo mpeamaymemy,

. oy dv=p, dA (83.4)

[ dv|=-Fdh. (83.5)
[Tpu noMowy 5THX cooTHOWeNHA MoMyYaeM #3 GOPMyael (86.5):
op dh = 85tkTA ™ dA. (86.6)

[1151 NOBEPXHOCTROf APKOCTH HITyueHHs [, HAXONEM U3 (86.6)
IDH NOMOL(H COOTHOWIRHAS Ik=§ph

Tydh=chTA " dp. (86.7)

3amerTM B 3akaOuenHe, 4T0 pOpMyay Psites — [ixunca B Bne
pacnpejesiednd no AamaM Boan (86.6) MOKHO Jerko nosyunts u3
coobpaxennit pasMepHOCTH. B caMoM jeJe, OueBRAHO, 4TO WHCAO
CBOGONHLIX COGCTBEHHEIX xomebanuit f(A)dA o6bema V, otHocs-
WMXCS K HHTEpBady MIHH BOAH A, A 4 dA, A0MKHO GbiTh nponop-
LHOHAMLEO V M HATepBany dh -

FRdA=Co @)V da,
rae C — mocrosnnoe uncio. Ho Tak kak [(A)dA AOMKHO GuTe
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GeapaaMepHbiM YHCAOM, a Vd) nMeeT pasMepuocth cut, 10 Q1)
JOKNa HMCTh pasMepHOCT cxt, Urak, @(M)=a"*n
FOydA=CAT Y dh.
Jra Gopuyna HMCET MECTO A4 MGOH CHIOMHON cpefsr H, COOT-
BETCTBEHHO, JUIA a1060f Npupomsl BomH. IpunncuiBas KamAOMY
COGCTBEHHOMY KOsefaHPio, 10 TeOpeMe O paBHOMEPHOM pachperne-
Betiuu HepI'HH, CPENHIOw 3Hepruio &7, nodyyaeM IS NOJMHOA IHep-
run ofvema V'
CRTL™V da,
a A5 IUIOTHOCTH SHepIHH
pr.dd= CETA ™ d,

T. €. BHIpAJKEHHE, COBMNANAIOWCe ¢ TOUHOCTIO 10 MHCJEEHOTO MHO-
®uteas C ¢ popmydofr Panest — Jlkuuca. ITOT MHOMHTeNs MOKET
GBITh TOMYYCH YHCTO BHIMHCTHTEABHBIM nyTeM. MHTepecHo ormetsTs,
9TO B cayyde, KorAa OGBEeM V 3amoiHeH rasoM, B KOTOpOM B03-
MOXHBI TOJHKO NpOACAbHBle BOJHM, Aaa C moayuaerca 4s; nas
3J€KTPOMAIHHTHOrO NOAf, B KOTOPOM CYWCCTBYIOT TO/BKO TNome-
PEUHLIC BOIHbI, HO HMEGTCS ABA Ne3aBUCHMBIX THIA BOJH CO B3aHMHO
Neples UKy IAPIBIME (IOCKOCTAMH noaspusaniu, C = 8z u, Hako-
Hell, A TBEpHOTO TeNa, IAe BOSMOXHbl 003 BANA MONEPEUHBX
BOJH, @ TaKKe H NpOACHbHbE — C = 125

Vrnpamuenue. [[ORIBECTH TONCHET WHCia COBCTRERNHX KOMRCAHHA 0 .-
eMa, MMCIOWETO BOPMY MADAMIENENHTERa ¢ PEOPaMH Ly, la, Iy, REDaRacMLINK

11GCOMGNEPAM UM HCAQNE  (cM. TpHNenarne Ha ctp. 284). llokasars, w0 u
B STOM cy4ae s AJIOTHOCTH SHEPTHM Togydaercs dopMyaa Pawes — dwusca

§ 87. «¥Yav1paduonetosas xaractpodar

TipoaHaanaupyem Teneps ¢popMyay Paaes — JlxuHca H nocMor-
pEM, B KAKOH CTCNEHA OHA Naer peayJIbTaTsi, COTJACHLIE ¢ SKCTe-
pHMEHTOM. 3aMeTHM Tpexae Beero, ut0 Gopuyia Paied — Hunnca

8nv?
= v 87.1
pydv kT d 87.1)

sakoHy BuHa pydv =

YNOBISTROPAET  TepMOJUIIAMHYECKOMY
= v3F(v/T)dv, TaK KaK ee MOXHO NepenhcaTh B BHAE
Savd T
pydv=—r k- dv.

Hecnotpst ta 370, popMyna Psjea — Jlxunca Befer K oyeBui-
Howy a6cypay. JeficTBHTENbHO, BLIUHCARM OpH foMowH (87.1)
HRTErpa/bHyI0 IWIOTHOCTb H3YYeHH:

o o
8rkT
= f pydv =5 fv?dv_oo[
0 0

§87 <¥IIbTPAGHONETOBAS. RATACTPO® A» 287

310 osHauaer, 4To pasHOBCCHe Meay MATePHANBHBIMA TEAAMH 1
H3AYUEHHEM MONIO GEl HACTYNUTL TOMBKO MpH GeCKONCUHOH MAOT-
HOCTH HanyueHHst (cM. xoHen § 80). Mpyrimm ciopayu. ocHua-
JATOPEL HIJYIAIOWEr0 TeAa AOMKUBL GblTH 6l1 HahyuaTh snep-
THO 10 TeX nop, HoKa WX TeMMepatypa He ymaaa G 40 a6eo-
AJOTHOTO Hyasl.

B § 80 Myl yxe PAYBACHHIA, UTO MMEHNO TakKofi pesyabral K
AOJIKEH TMOMY4aThCH, €CIH RONYCTHTb IPHMERHMOCTb KAaCCHIECKOR
MEXaKN K MHKDOCKONHYECKHM H3TYNamuluy cucieMaM. C npyroi
CTOpOHEI, OAUAKO, 3TOT PO3YNLTAT CAMLIM PeakuM oGpasom npoty-
BOPEHHT ONLITY, KOTOpbIf MOKAILIBACT, UTO paBUOBECHe MeXKITY W3-
JIYUCHACH # €r0 MaTepHANWHBIMA LCHTPAMH BO3MOKIO NpH OGO
TeMIiepaType H TO NpH STOM paBHOBECHH, KAK pas Hao6opoT, MAOT-
JOCT SHEPIUN U3NYYeHUs 04eHb Maia [0 CpaBHENHIO C INIOTHOCTHIO
9HEPTHH, IAKIMOUADMENCT B MaTepHaILHbIX 1e1aX,

CMOTPA HA ABHYIO OMHEOUHOCTH opMyasi Paned — Munca,
HHTEpecHO CpaBHHTL €C C pE3yAnTaTanH onb1a. Jas 210ro yao6.
HEE BCCFO BOCHOJB3OBATLCA 3TOH (OPMyJNOR B BmIe (86.6) wam
(86.7), rne naetca pacnpenene-
Hue Mo pauEaM BosH. OGpatus-
mHCh K pHe. 132, Ha koTOpOM
TpHBENeHLl SKCHep AMEHTaNbHble
KpHBLE PACTPENENeHAR 3Hepruy
B CHEKTpe abCOMOTIO YepHOro
Teaa NpH padsHUHbiX TeMmepa-
Typax, Mbl BHIHMM, 470 BCe 3TH
KpHBBle MMEOT MAaKCAMYM H
KPYTO CNAfawT B CTOPOHY KO-
POTKEX AauH BosH, Hamporus,
topmyna Panes — [Ixknnca naer
MOHOTOHHOE® H NPHTOM GLICTpOe
(A*1) Bospacrarme s CTOpOHY
XopoTkux BoaH. OfHako aia
LJHHHBIX BOJH WAH AN BbICO-
KHX TCMMepaTyp ola XOpOWIO Co-
DAACYeTCA € 3KCIEepHMeHTOM.
AT0 CXeMaTHUECKH MOKa3aHo Ha
pHc. 134, Tak xak bopmMyra Pasess — [IxuHca, OnHpaowancs Ha
KIACCHYIECKYIO (HIAKY, B pESKOM pOTHBOpEUHH ¢ ONBITOM, NpHBO-
ABT K SAKMOUEHHIO, YTO B CHEKTpe TEIIOBOro HAMyuennst Goabman
HacTh SHEpIMH MPUXOAHTCA HA KODOTKOBOJHOBYIO wacTh cnextpa,
TO 510 TO/OMeHHE GblI0 HABBAHO ONHHM M3 OCHOBOMOAOKHAKOS
KBanToBOK Teopun I1. C. Jperecrom «YIBTpaPHOTETOBOH Kara-
CTpohoity,

ToaBoAs HTOT CKA3AHHOMY, MB BHIUM, YTO B TEODHH Tenso-
BOTO HBIYHEHHA KIaCCHYECKad (H3NKA NOTEpNeNa peATelsioe

Puc. 134, Cpasnenre aicnepimentany.

HOA KPHEOA pacnpenencuna BHEPTHA

B enexTpe (MyHKTHPHAR KPHBAS) ¢ KpH-

Bofl, pacCuuramnof w0 popuye
'saer — JlKHuca,
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nopaxenne. 110 06pasHOMy BHPaKeIHIO Jlopenna, «ypasHeuns
KNACCHYECKOH (DM3MKH OKASAJHCH HCCMOCOGHEIMH OOBACHHTH, MO-
qemy yracuias Teds He HCIYCKaeT KeATwX Jayuyell Hapdlly C Haay
yeHdeM GOJLIIEX JUIHH BOGH»,

§ 88. ®dopmyaa Maanka

Popmyaa Psnen — JKHHCE, KaK MB BHICTH, OCHORAHA Ha ca-
MEx OGLINX 3aKOWAX KJACCHUECKOfl (M3MKH H He Tpefyer ans
CBOErO BHIEOAA HHMKAKHX cllelMaibibix ramores. B 1896 r. Bun
NPeIoKUA APYTYIO (OPMY.TY, XOPOLIO COrAacylOYiocs ¢ pesyns-
TATAME 3KCIEPHMEHTA Kak pas B Toff 06Aactd COCKTpa, rie bop-
myaa Panes — JIxunca Henpumennma *). 31a popmyna Buwa, 6y-
Ayun Hamucawa pus [a, TaKoBa:

B I=cp e (88.1)
FRe ¢i M Cs— NOCTOSIHHBIE. [l BLIBOAA CBOH (opMynsl Brp noa-
JeH GBI CIeAATs HEKOTOphle TMNOTE3LI 0 MEXAHWBME HCNYCKaHHs
Wajyuenus;, B COOTBETCTBHA C KOTOPWMH pACMpPEfe/eHHe HIyIeHHs
110 4ACTOTAM JOJUKHO GHTh aHANOTHIHO MAKCBEOBCKOMY pacipe-
LeIeHHIO CKOpOCTelt Mex Ay Mosekysamn rasa. B omiuune or gop-
myas Panesi — [Dkunca, dpopuysna BuHa napana MakcnmyMm mist
KpHBO{i pACNpE/IENCHNA SHEPTHH B CNIEKTPE.

Omnako GopMyaa Bupa oxasanach IpEMEHHMOf TOJbKO s
KOpOTKOBOJIHOBO/i BeTBH KPHBOfi pacrnpeReJcHHsl SHEPrdH B CheK-
Tpe abcoioTho uepHoro Teqa. Taxum oGpasom, K KOHUY XIX cro-
JIeTES CYWCCTBOBAMH JABE OPMYJH, KAXKIas U3 KOTOPHX COOTEET-
CTBOBaMa SKCMEpAMEHTANbHLM JauHHIM B OpaHUYEHHOM YUacTKe
CrieKTpa, HO HH OIHA U3 HAX We ONACHBAJA BCIO SKCIEPHMEHTANL-
nyto kpusyo. Oxono 1900 r. [L1auky yAajioch naliTH CHavana 4nucTo
SMIIH pHYIECKH (GOPMYJTY, XOTOpAs XOpOWIO COTJIACOBHBANACH C MaH-
HEMM OOHTA W B JABYX Npelelbuux cayuasx (aas AIHHHBIX H AJs
KOpOTKHX BOJH) NMEPEXONMAA CODTBETCTBEREO B GOpMYIy Panest —
Ikrnca q6Go B popMysy Buna. Gopmyna [laanka aas [, raxosa:

I ! (88.2)

-

[ e
Jlerko yOeAuTbCA B TOM, 4TO 372 HOPMYJa Ha CAMOM Jlele pel-

CTaBasieT COOOI0 Pe3yJbTaT HATepHOMAUMA MexAy dopMylamn Ps-

sesi— Jsuica u Buna. [eiicreutesbio, ana AT > 1 (nannHbe

BOJAHBL MJM BBICOKHE TEMMepaTyph) MOXHO pasnoXBTb B pPAI

SKCHOHEHUHAJLHBIA uieH B 3Hamenarene GopMyasl [LiaHka,

*) Bun nonydm CBOIO (OPMYNY HA OCHOBAHKH FHNOTESL! O TOM, uTO pac-
npefeAenKc SUEPrUR DO HACTOTAM HANOTHUHO MAKCBEIIOBCKOMY DACTpEiEeHHI0
Monekyn rada fo cKopocTaM, DTa naes paree Bima Gbila BLICKA3AIIA PYCCKAM (H-
aukom B, A, Muzesnbconom,

-y

§ %) POPMYJIA TIJIAHKA 289

OrpaHNUHBIINCE NEPBLIMH ABYMS YICHAMH pasioiKeHns:
e = L,
T+Z2+ .
B stom cayuae dpopuyna [Lnanxa naer
i L =2
= AT,
4TO, 0MEBHAHO, COBNANaeT ¢ GOpMYyoil Paaes — xurca
—4,
5 =ckr™'T, (86.7)

Hanporus, mna caynas AT <1 (ko
5 2 POTKUC BOMNB KA HH3KHE
Temnepatypl) /AT >1 # B snaMeHatese Gopmyan Ilranka
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Puc. 135, Oxenepuvertaisas nposepka popwyms [lranxa,

MOXHO npedefpeds | Mo CPABHEHHIO ¢ IKCHOHEHURATLHLIM HIEHOM,
Tipu stou dopiyaa [lnanka menocpeacrsento aaer
Iy = e~ 3,
T. €. ePeXOINT B hopMyay Buma (88.1).
CTelleHN COOTBETCTBHS MeXRY dopMynofi [lnaHka u skcue-
PUMCTITANLHEIMA AARHLIME MOXIIO CYAUTH MO pHC. 135, rie no ocu

10 8. B. Linoascxud, 7, 1
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OpAHBAT OTMIONKENE NpOUeHTHEIE OTKnoHenus, KpyikKaMu u Kpecrh-
KaMi HaHeceHbl SKCUEpAMEHTAbHEIE pesynbTatsl. [lpuseneiibe na
TOM ke pHCYHKe KpHBbI€, HOCTpOGHHEE MO HOpMYTaM Buua u Ps-
Jest — JImHCA, XOpOIS0 HMGCTHPYIOT aCHMITOTHISCKHE XapaKTep
BSTEX GOpMYTL.

§ 89. FunoTesa KBAHTOB 3HEPTHH

dopmyaa Tlianka, Kax ObiI0 NOKA3AHO B MpelblAyweM napa-
rpage, pemnIa 3aiady 00 OTHCKAHHH MATEMATHUECKOrO phipaie
HiA 33KOHA pACHpEAC/CHHS SHCPTHH B CHEKTpE AGCOMOTHO YEpHOrO
Tea, OKa3a10Ch, OMIAKO, U10 L8 BLBOAA STOH (OpMyIsl HeoXo-
MO CHeRaT, TEIOTe3y, KOpeHHBIM 06pa30M NpOTHBOpERAWmyI0 Beed
CcrcTeMe NpeNCTaBIeHkH K2CCHUECKOH (MIHKH, A BMEHHO - rumo-
Tesy O TOM, UTO SHEprH MHKDOCKOTIHUECKHX CHCTEM (aTOMBI, MO-
JieKynbl) MOXET TIpHHHMATb TOAbKO OMpEASNeHHUIE, RHCKpeThbie
3HaueRHS.

Tipn BuiBoRe cBoell GopMyans [Iank cxeMaTH3NpOBAL H3NYHAL0-
e MatepHalbHble HEHTpL, PACCMATPHBAT HX KAk Miiefilble rap-
MOHHUECKHE OCLH.LISTOSI, HECYIMe 3JIEKTpHUECKHE 3apan, NpH
[OCpencTBe KOTOPOro OKH MOTYT OGMEHHBaThCH SHEPIHei ¢ OKpY-
JKAOWAM SACKTPOMATHATHNM TosieM. ['Hmotesa, koTopyio Ilmak
oAWK B OCHOBY CBOSTO BHBORA B COBpeMeHHOH, Gozee Tounok
(HOpMYIHpOBKE, TAKOBA: OCHUAAATOPbL KOZYT HAXOQUT6CA TOABKO
6 HEKOTOPbLE UIBPAHALIX COCTOSHUSY, 8 KOTOPLLL UX BHEpUR R6-
ASICTCH YEALLM KPATHbUM HOUMEHbUILZ0 KOAUMECTOA SHEPULL &yl

[
npu uaAYHeRUL UAU NOLAOWEHUY OCHUAARTOPbL NEexodar ua 0d-
H020 12 BTUX COCTOAHUL 8 Opyeoe CKAHKOM, MURYR NPOMENYTOUHDIE
COCTOARUR.

Ha ocsobaHBH: 5T0fi THIoTesH [liaHK BhBEN gopMyay aas 06s-
eMHO CTEKTpAMbEOH MIOTHOCTH H3NYUCHHS py B CAGAYIOWEM BUAL:

1 2
__ 8my’ 2o @9.1)

= T mR

HEgy oe e}

Ho mio6ast npaBRbHas HOPMYA HAYUEHNS AOMKHA YEOBICTBOPAT
TepMOLNHAMHEECKOMY 3akoHy BrHa oy v3F (v/T). Jlerko BuzeTb,
4T0 Asl TOTO, 4TOOBl (opMyna (84.1) ymopIeTBOpsifa STOMY 3a-
KOHY, HeOGXOXHMO TIONOKHTD

gy =hv, (89.2)

FEe v — uacToTa KoJeGannil ocuﬂnnmopa(v _'2711-7 |/ % }. a h—
yHREBepCaabhas NOCT , p pHOCTL  f3teprius X
X Bpems]. Mexannueckas Be/HUNNA, HMEIOmMAs TAKYI0 pasMepHOCTh,
HaskiBaeTcs QelicTauen.

§ 89 TWIOTE3A KBAHTOB SHEPTHH 20t

Toncrapaas (89.2) B (89.1), umeem

8rhv® 1
O PO 7 (89.3)

D710 u ectb dopmyna [Inavka B TOM BUIE, B KAKOM €10 OGbITHO
NOJbL3YIOTCS B TEOpETHYECKOH (H3HKeE.
s (89.3) cmelyer BLpajkeHHe IS CHEKTpAJbHON SPKOCTH H3-
c
nyeHsss  [y=g—0y, 2 HMeHHO,
v 1
Lh=——wm—
v 2 GBVIRT (89-4)
Jast TOFO 9TOGH OT HOpMyJbl (89.4) mepelite Kk QopMyne 1A [x,
KOTOpOf, KaK CKA3aHO, NOJb3YIOTCA B IPAKTHYECKHX NPHMEHENHAX,
CHELYeT BOCHOBb30BATHCH OGLIYHBIMH COOTHOWEHHAMH

Iydv=T,d, ldv|=£xdz&,
Dopmyna (89.4) mpu 5TOM aAaeT
ket 1
Ih‘““_?_—gn/nn_ [ (89.5)
Tloaaran
he %”———cz,
npueesieM gopMyay (89.4) k muny
-5 1
hdh=c\ W_—d?u, (89.6)

coBnazanoieMy ¢ GopMyoir (88.2) npeawinywero naparpaga.

YHHBepcanbHasA NOCTOSHBag fi—rmectosrnas Ilnanka, - xak
H3BECTHO, HTpaeT B COBpEMEMIION ¢H3NKe BHRammlyloca pons. Ee
3Hayenne MOXKCT GLITb ONMpeNeeHO S3KCIepHMEHTA bHO CaMBIMH pas-
HOOOpA3NHIMH METONaMH. B 4acTHOCTH, 3aKOHH H3MyueHUs- abeo-
JIOTHO YePHOrO Teaa RawT

h=6,53-10"7 apz - cex.

Meronul Gonee TOUNOTO OnpeflefleRHs /i Gynyr paccMOTpeHH B ria-
Be 1X. 3zeco Mbl OTMETHM TOJbKO, YTO HMEHHO KpaiiHe Manas Be-
npuuRa h (nopAaka 107 spe.cex) ABAfETCS MpRUMHOM TOroO, UTO
NpepHBAOCTS, TpeOyeMas 3aKOHAMH ATOMHON (BUSHKM, COBEpIEHHO
He CKasbiBaercsl PH H3YYCHWH MAaKpOCKONHYSCKHX SIBJASHMIY.

Jlan cayvas hv < kT, 7. e. AN MaNbIX 4aCTOT (AJMHHBIX BOJH)
HIH BHICOKHX TEMDEpaTyp, HMeeM NpHONHKERRO

Av

oVIET = v
T+ 47
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u popmyaa Tnanka (89.3) xaer

oy =2 kT ®7.1)

— qopmyay Pares — Ixurca Aasi pv. Ins cayuas xe hv > kT,
7. €. 19 BHICOKMX HACTOT WA HUSKEX TEMIIeparyp, popuyia Tlnau-
ka (89.3) mpuBOZHT K (OpMyJe, COBIALANOMEN ¢ GOpMYI0H Buna
A% Py

oy % VT 89.7)

OTMeTHM, TAKOHEL, 4TO HHTErpafibpas IOTHOCTb H3JyUeHAR
u J pydv
)
oy YyaeTcsl KOHEUHOM, ecn LSt py B3ATH GOpPMyay Tlnanka (89.3).

A HMenHo, BEYBCIEHHE MOKa3bBAET (CM.”YIPAXKHEIHe K 9TOMy na-
parpady), 4T

u zﬂf ¥ gv=1,08 2
o

3 GPRT =

(enoRaTenbHO, (pOpMYaa I1nanka YCTpaHAET «YIbTPAGHOALTOBYIO
katactpogy» (cM. § 87). TIpruriry 3TOr0 NMOHATL HETPYARO. Kak Mar

supean B § 87, pacXOAMMOCTL MHTETpana Jpv dv B cayuae, ecan

3
a5 py Geperca gopmyaa Psaes — JIxuHCa, 06ycioBIeHa TeM, YTO
5Ta OpMYAI2 OCHOBAHA HA TEODEMe O PABHOMCDUIOM DACHpeieseHnit
suepryu Mo crenensiy ceoGoan. CornacHo ke 9TOA Teopese Ha
Ka#dyro cTemeHb CBOGONb HPHXORUTCR ONIHA H T4 KC CPEIHAA suep-
rust &= kT. ComocraBum temepb ¢opMyas Pades — [Ixuuca ®
Tlnanxa ats pv:

0y kT,
1 8mv? hv
[T R 72 et I R T S

Tak xax, cornacno § 86, 8nv?/c® ecrp uHCAO cTeneHedt cBOGOIb
HSAYuEHHS C UACTOTAMH MEXIY v ¥ v+ dv, 70 U3 NpaBHILHOCTH
dopMyan Ilnanga eaenyer, 970 CpelHAA SHETUR, NPUXOAALWAACH
Ha OfHY CTENEHb CBOGONM, Ae 00URaKosa Bas CTOMUX G0N C pas-
AuaHbLMG HacTOTAMY, A HMeHHO, H3 GopMyasl laanka caenyer, 4ro

Av
Tt

898)
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Mul BHAMM, TAKEM 06pa3oM, YTO & B 9TOM CIydYae GHCTPO yOulBaeT
TpH BO3PACTAHKH v, YeM H OOBSCHAETCS CXOZHMOCTb HHTErpana

j o, dv. OTMeTHM emte, 40 MPHHATHE GOPMYH (89.8) Ans cpemuefi
3

SHEPrAH, NpPUXOAAWEHCA HA ONHY CTeneHb CBOGOABI, ycTpaHser
TaKAC cepbesHble 3aTPYANEHHA B KAACCHUECKOfi TEOPUH TEIIOeMKO-
cTel, KaK 3TO NOKazaJ DfHIITEHAH,

Hs VKa3aHHBIX [I)aKTOB BHIHO, YTO YCTAHOBJCHHE q)OpMy!lbl
Tlranka 3HaMenoBano rayGOKU paspsiB ¢ KAACCHUECKOR (H3HKOH
B cpay Toro, uto ¢opmyna [lmaska maxomurcs B mpoTHBOpEUHH
€ TeopeMOf O pABHOMCPHOM pacrpeieaerdy smeprun, Ho 3ara rteo-
pema ABJACTCH HeH3GEMHLIM CCICTBUEM CTATHCTHUECKON MEXaHWKH,
OCIOBAHHON HA KJIaCCHYECKOR MEXaHHKe B €¢ TaMHABTOHOBOH (op-
me Taxum oGpaszoM, 1900 r., xoraa enepsuie 6bl1a GOpMYAHpOBAHA
THOTC3a KBAHTOB SMEpruy, Gbll HE TOMBLKO MEPBHIM FOAOM HOBOrO
CTOMICTHS B KAJCHAAPNOM JETOCYKCACHHH, HO M HAUaiOM HOBOR
Spbl B pA3BHTHH TEOPCTHUECKOH |HIUKH.

Yapamuenne Tlomssyacs gopuyaoit [lnanka Aas py SHAACAHTS MHe
Terpanbiyi0 IOTHOCTS HATYUeHHS

u=[oyav
f
# nokasats, 410

48kt 1 1
am B (1 g gk )

BHCTPO CXORMIMACA PAZ, CTORUlRR B cxofkax, pascw 1,08, TaK uTo

48mpt
1,08 =5 T

(pupont saxona Cregpana — Bomsumana 3 dopuyas Taaika), [Vxasanse. Cuae
Saza HAKO YORRHTECA B TON, 4TO

1 —RURT | o= 2RURT

— T
__ 1 _ SeemnRVET 4
T —

Tocae Takoro NPeOGPAsOBAHHA WHTSTPUPOBARHE BBINONNASTCA Jerko.]



B FIAABA VIT

YPOBHH 3HEPTHH ATOMOB

§ 90. Nuarerapras Mojens atoMa W KBanToBHe mocryaats Bopa

B raase 1l ME BHIeAM, YTO aTOM DOCTPOEH H3 TSHKENOTG MO-
JIOKHTENLHO 3APSIKEHHON0 AAPA H OKPYMAIOWHX ero 3JeKTpOHOB.
Tlo KJaccHuecKofl MeXaHHKe TaKas CHCTEMa MOer HAaXONNTLCS B
pABHOBECHH JIHIIb IDK YCAOBHH, €CIH SeKTpOHH 6YAYT 06pamartses
BORYT siZipa [0 KaKMM-To opGuraM. OAHAKO, C TOUKH 3peHRs Kiac-
cuueckol aaeKTpodunasmuKy, Takol aroM Gbi1 6bl Bee ke HeyCTolt-
upB, TAK Kak NpH IBWIKEHHH C YCKODEHHeM SMEKTpOHH LOJKHEL
6o 65l H3AYyuaTh 7epruj0o B BHAE SJIEKTPOMArHHTHBIX BOJH
(§ 75) m, caeflopaTenbEO, IOCTENEHHO MaXaTh K AIpY. Bmecre ¢ reM
W wacroTa ofpawenus NpH STHX YCHOBHAX 0/kBa Ghita Obi He-
TIpePHBHO MEMATLCS, B Mbl NOXYYWIR Obi CIUTONIHOf ClexTp BMeCTO
PESKHX CIeKTpadbHbiX MEuHi. Tor (pakt, yTO 3TOTO ha caMoM dete
HC naGalonaeTcs 0 aTOMhl HCMYCKAIOT pE3KHe CeKTpasibHbie JHHRH,
yK23HBaeT Ha MX 3aMeqareNbHYI0 YCTOH9HBOCTB, MpOTABOPEYAYIO
KJaCCHUECKOf B/ICKTPONHHAMHEKE.

B npenmayliel raase Mbi BHAEJH, ¥TO NOCTYJAaT O CYWeCTBOBa~
HHH YCTO{f3HBHIX CTAKOHAPHBIX COCTORHM OCUH/INATOPOR ABJIAETCH
HeOGXOAMMOf FpENNOChUIKOf JNsi BHIBOAA NPaBHILHOR $opMyITH
Halyuekns a6couoTHO YepHoro Tena. Humecy Bopy (1913 r.) mpn-
HAAJeNKUT 3aCAYTa OTUETIHBOH (OPMYIRPOBKH 3TOTO MONOKEHHH 1
0606w esns ero Ba 40bbie atomnbie cucresol. TeM caMbiM BriepBhie
¢ DOJN®H SICHOCTHIO (b/id NOKa3aHa HeNpHMEHHMOCTh KJIACCHUECKOH
(MSHKH K BHYTDHATOMHBIM AEHxeHHAM. Mlges o kmanTax, BhiCcKa-
3annas [11aHKOM B NPHMEHEHHH K OGMEHY SHEDIUH MEAY nomeM
H3IyueHus! H JMHeHHBIMH OCIMIIATOpAMH, IPHOGpENa yHHBepCallb-
HOe 3HaueHHe KaK BEpaKeHHe HauGoJee XapaKTepHON CCOSCHHOCTH
NpOLECCOB BHYTpHATOMHOTO MUDA.

B ocHOBY pasBHTOM MM KRAaHTOBOH TEOpHH cTpoeins atoma Bop
MOMOKEN CEAYIOUIHe NBA [IOCTYIatTa:

1. ATOME M aTOMHble CHCTEMB MOTYT AJIHTENLHO MpeGuiBart
TOALKO B ONPEENEHEBIX COCTOSIHHUAX — CTALHOHADHBIX COCTOS-
HUSX, — B KOTOpBIX, HECMOTPA HA NpPOHCXONAWHE B HHX IBHKEHHT
3apsKeHHsIX YacTHll, OHH He M3MYIaioT-H He NOrIOWAIT IHEpraio.
B 3TEX COCTOSHHAX aTOMHBIE CHCTeMbl 06/1a1ai0T SHeprusMi, o6pa-
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3viowuMn Ouckpersund pan: Ei, Es, ..., En.. COCTOSHHS 3TH Xa-
DAKTEPHIYIOTCSA CBOEH YCTONUMBOCTBIO; BCAKOE M3MEHEHHE SHEprHE
B pesyybTate MOTIOWEHHS HJH WCOYCKARHS 31EKTPOMATHHTHOTO
H3IYUCHHS HIA B Pe3Y/IbTaTe COYNaPCHHS MOXET MPOHCXOAUTD TOMb-
KO IIpH MOAHOM Nepexoie (CKAYKOM) H3 OHONO H3 3THX COCTOAURA
B n];yroeA

1. Tlpw mepexoie M3 OLHOTO CTAHOHAPHOTO COCTOSHES B HpYy-
TOE aTOMb MCHYCKAIOT HIH NOLJOUAIOT H3YSeHHe TOJBKO CIpOro
onpenenennol yacrorH. Hanyyenue, nenycxaeMoe Han noraouiaemMoe
TpH Nepexoie H3 COCTOSIHNST Em B cocTosHMe En, MOHOXpPOMATHUHO,
M €T0 YacToTa v OfpeleNseTcs H3 yC/I0BUs

hv=FE,—E, (90.1)

(yenosre uacror Bopa).

O6a atn nocrysiata pesko mpOTHBOpeaT TpeGORaHMSIM Kiac-
CHUECKOl 3NEKTPOANHAMHKH, TaK KaK 1O fEPBOMY NOCTYNaTy
ATOMBI He H3JIYJaloT, HeCMOTpA Ha T0, 9TO 0Gpasyloume HX SMeK-
TPOHE! COBEpmIAIOT YCKOPEHHOE ABHIKeHHE (HamMpHMep, o6paumeHue
U0 3aMKHYTEIM OpOHTaM), a MO BTOpOMY — MCIYCKaeMble YacToThi
He HMEjOT HEYEr0 Ofwero C 9acToTaMH NepHOAHYeCKHX ABHKEnHil
BVIEKTpOHOB.

§ 91. Onbiter ®panka u Cepna

PopMysHpoBaHAbe B TpeNbIIYWEM Naparpage KBAHTOBHE MO-
<tyaata Bopa Hamm HauGosee HemocpencTaeHnoOe SKCIepHMeH-
TaJbHOe HOATBEpXAenHe B onuirax [x. ®panka n [ycrasa lepua,
K ONUCAHKIO 3THX ONBITOB MBIl H MEPEXONHM.

Vijess 3THX ONBITOB 33KMIOYAETCR B CJCAYIOW(EM: ATOMb HJIN
MOJIeKyJb foiee MM MeHee paspexeHHOro rasa OGCTpeNHBaIOTCH
MEJUICHHBIMH 3JIEKTPONAMH; TIpH 3TOM HCCTeNYRTCH pachpeleleHHe
CKOPOCTEH SJMCKTPOHOB X0 M TOCTe coylapeHHi. Ecam coymapeHus
TIPOACXOAT YNPYro, 10 pacHpeleseRHe CKOpOCTeli B pesyibrate
COYNapeHW He H3MEHSeTCd, M HaoGO0poT, NpH HenpyrHX COYAape-
HHSAX yaCTb SJIEKTPOHOB TEpSAeT CBOIO SHEPrHio, OTAABAS €& aTOMaM,
© KOTOpbIMH OHH HCIBITAMH COYAApeHHd, H PACHpEneIeHHe CKOpo-
<Tell MeHaeTCs.

B pesyaprate onuitoB Ppanxa u lepua okasanocs, 4Te:

1. Ilpy cKOpOCTAX 3JCKTPOHOB, MEHBIIHX HEKOTOPOf KPHTHUECKOfH
CKOPOCTH, COYAApeHHE NpOHCXOQHT BIOJNHE YRDYTO, T. €. 3IeKTPOH
He NepeiaeT aToMy CBOEH SHEpIHH, HO OTCKAKHBACT OT HETo, HaMe-
HAS HIIp HAMpaBJIenHe CBOEH CKOpOCTH.

2. Tlpu cKOpOCTSIX, AOCTHIAOWHX KPUTHYECKOH CKOpOCTH, YAap
TIPOMCXOIHT HEYNpYTO, T. €. MEKTPOH TepsieT CBOIO SHEPIHIO H Me-
pexaer ee aTOMY, KOTOpBIA TPH 3TOM MNepexOXHT B APYroe CTalHo-
HapHOe COCTOsIHNE, XapaKTepusyeMoe Goabmedt IHepruet.



206 YPOBHU OHEPTHH ATOMOB ra vt

Takmem o6pasoM, atoM Hid BooOye He BOCMPHHWMAET 3Hep-
rmio (ynpyrHii yAap), a €cA BOCHDHAHMAeT ee, TO TONBKO B
KOJIMUECTRAX, PABHBIX PASHOCTH SHEPIHl B ABYX CTAUHOHADHMX CO-
CTOSHHAAX.

Tlpexze YeM NEpeXOLHTh K 0aee jerambHOMy OMMCAWHMIO STHX
ONLITOR 1 MX DE3yabTATOB, PACCMOTPHM HEKOTOpLIE BOMPOCH, CBA-
3aBKble ¢ OCYECTBJEHHeM THX OfiToB. OcHOBEIE TpCGOBAHMA,
KOTODHM JIOTKHA YAOBJIETBOPATD SKCIEPHMCHTAIbHAR yCTAHOBKA,
fipepagHatennas /s HIYUEHHst COYIaPeRHil MeNEHHHX 31eKTpO-
HOB ¢ ATOMaMH, 3aKIIOHAIOTC B CAEAYIOmeM:

1. VlcTOWHHK 3.JeKTPOHOB LOJIKER 1aBaTh A0CTATOYHO Goablioe
GMCAO0 MeAJEHHEIX 3JeKTPOHOB C ONpefeneHHbM HaqalbHbHIM pac-
TpenescnneM CKOpOCTedt.

2. DTHM 3MIEKTpONAM MOKHO COOGUIATE M:0GY10, 3apaHee HIBECT-
HYIO CKODOCTb IyTeM BOSNEHCTBEA NPUAOKEHHOTG H3BEE YCKOpAIO-
ugero MoTeHNAasa.

3. YcxopeHHble SIEKTpOubl AOMUKHHL HCNHITHIBATY COYAPEHHS C
HecaeNyeMBMH ATOMAMH HIH MOJEKyiaMH B OfpeAe’eHEOM MecTe
anfnapata.

12151 (0/1y4eHHs NYYKOB MeA/eBHBIX 3JeKTPOHOB, YAOBACTEOPMIO-
WX yKasaHHEM TpeGOBAauMAM, MOMB3YIOTCA TOPAIUMH KaTOXAMH.
NexTpOHbL, B K3OOHIMA NOTyUAEMEIE OT STHX KATONLOB, YCKOPMOTCA
NpHAGKEHiLM K KATOAY NOTEHIMANOM V, KOTOpHI MOKer MEHATbCs
no mponssony. Ckopocth ¢ (B cafcex), KOTOpYIo npHofperaer He-
RONBIKHBI 3JeKTPOH MO HeHCTBHEM YCKOPSIOwero NOTCHUAANZ
V BOMLT, HAXOAWTCS W3 COOTHOUIGIHS

[P 4
& mo* =,

OTKyHa, noaaras

—1,76 - 10°CT'CM - &~

£ 5,27 107CICa - 2,
nonydaeM
e V__ 503107 YV L

“m 300 cex *

v

TakuM 06pasoM, NpH yCKOPHIOWEM MoTeHUmane B 1 8 cxopocTs
BMEKTPOHOB COCTAB/ISET OKOJIO 6-107 cafcex. Orcofa BHIHO, HYTO
TCPMHH «MEAJCHHHE S/eKTPOHBL> HMeET BeChMa OTHOCHTENbHOE
3HAYCHHE.

Ecnu ucclefoBaTh 3aBACHMOCTL CHABl TOKa OT YCKOPAOWEro
nampsKeRRA M 3aTeM DOCTPOMTL Fpaguk, OTKIaAHBAL NO OCH 26-
cuce yeKopsiow Ui NOTENTHan, a o OCH OpAKKAT — COOTBETCTBYIO-
Lyl0 CHAY TOKA, TO NOJYYaeTCsi KpHsad (Tax HasppaeMas BOMbT-
amuepuas XapaKTepuCTHKA), THNHYELE BAL KOTOpOYl U30GpaKER
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Ha puc. 136, ¥ 370k kpuBOil 06pamaoT Ha cefis BHEMaHE CNEXYIO-
wHE XAPAKTEPHHIC YepTHI:

1) TIpu HeKOTOPOM NOTEHLHAJe CHJI2 TOKA CTAHOBWTCA [E3ABH-
CHMOH OT HEUPIKEHHS, TO — <TOK HACLILEHHA», BOIKHKHOBEHHE
KOTOPOIO OGBACHACTCA TeM, YTC BCE S/EKTPOHE, OCBOGOKIAEMbE B
enEuUIly BpeMeHM NPH JAHHOH TEMIEPATYpe Ilakana u3 KaToAa,
MepenocaTes K aHOMy.

2) Tpr yckOpfIOWEM NOTEHLHAN, PABIOM HYJI0, TOK He TOJILKO
ne nagaer A0 HYMf, HO MPOLOMIKAET OCTABATHCH HE3aBHCHMBIM OTF
HanNpAMEHRA TaKke u
npd moreHnuanax of- 4
paTiiore  3HaKa, T. €.

TIPH TOPMO3AWHX NOTEH-

nHafax, BIVIOTh A0 HC- I
KOTOPOro  MOTeHIHAna H
—K. Tlpr pancHeiuicM '
YBeJHUCHHH TOPMOBSIILE 1
ro noteHIHasa oK yGhi- |
Baet, mocTenen o cnanas H
K HyJiO. !

Has o6 bECHCHASA k =y
sTHX ocofeHliocTeli cre- K
Iyer mpescae beero npr-  PHe 136 Bomranepwas  xapasiepucrnxa
HTb BO BHEMAHHE, UTO TPYGRH € rOPRYHM KaTOLOM.

KaToX # 2hOX B TPyGke

¢ TOpSYMM KATOROM BCerAa GHBAIOT CAeNaHbl H3 PASARUHBIX MeTas-
sios, T109TOMy MCKIy KAaTOAOM U AilOJOM B OTCYTCTBHH BHEMWINCro
HanpsKeHus O06A3218b10 HMETCs KOMTAKTAAA DPA3HOCTL NOTCH-
wnanos, Ecnu Temeps BHOWUAR YCKOPAOmHH NOTEHINAN CTAHOBHTCA
pABULM HYJO, 10 HEKTPOHL € NOXrOHAIOTCH 370 KONTAKTHOH
pasBoCThI0 TMOTeHuHa05. [as koMhercaunu ee neoGxoiuMo npu-
JNOKNTb HEKOTOPbilt T0pMO3AUuE oTeRMan K.

Korma 3TOT TOTeHUHAnm MPHJOKEH, TO CHIa TOKA BCe Cme
ocTaeTcA OTAHYHOM OT HyAsl [OTOMy, TG SMEKTPOHM BHIXOAAT H3
KATONa we C HYNEBOH CKOPOCTbIo, HO 0G1aRAI0T KOHEUHBIMH CKOpO-
cTaMH, pacupefeaeHHLMH mo 3axony Makcseana. Toubko Toraa,
KOTa 321ep/KHBAIOUH 1OTCHUKAN JOCTArAeT TAKOH BeJAMYHHLI, UTO
ero 1te MOTYr NPEONONETh CaMmble GbICTpble S€KTPOUH, CHIA TOKa
CTAHOBATCS PABHOM HYJIIO.

Villest OOBITOB, H3NAraeMbX B CICNYIOIUX TTaparpadax, Kak yxe
6110 YKA32HO, COCTOMT B TOM, §TO JICKTPOHAM, NOdyYHBUIHN Olipe-
nescufOe YCKOPEHHC, NPeAOCTaBAAETCA BO3MOKHOCTb HCILITHIBATL
coylapeRna ¢ aTOMAMH ra3cs, BBOJMMLIX DpH BeGOLIIEX AasJe-
Husx B TpyOky, s TOro urofim yCTaBOBHTR, KaxoB Xapaktep
SUHX COYAApERRHl, — yUpyrHe OHH HIH KeympyrHe, oueHb 4acto Gai-
BaeT HEOGXOAHMO HCCIENOBATH ROCHE COyAApeHHE pacrpeleleHHe
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CKOpOCTelt MekAY SMEKTPOHAMH, DTO OCYIECTBAACTCA TPH MOMOWH
MeTONA 3ajlepXKHBAIOWEro NOTeHIHANE,

Tlyers D —ropaunk Katon (pde. 137), K KOTOpOGMY NpHIOMEH
YCKOPAIOULHIT NOTEHIHaN V. YCKOpeHHbie 3/eKTpoHbl Hangas.rmloTcH
K nactHRKe A, Nepen KoTopoil pacrionoxena cetka N. Ecan sapi-
AWTH 3Ty CeTKy A¢ NOTeHuHana 4V, 10 B npocTpancrse mexay N

n A smexTpoHH OyRyT HBH-

v, A raThes B TOpPMO3fleM LOJE.

:4 ToaBKO Te M3 HHX, KOTOpbIe

74 obnanaor KMHeTHUECKOH
U sHeprHell, AOCTATOUHOH AJS

! NpeoROIeHHs  TOPMO3ANLETD
i 104, IOCTHIRYT BAaCTHHKA A,
i Tlocrennssi yepes raabBaHo-
! merp G coenuneBa ¢ 3eMae.
Pre. 137. Cxema merona safiepwupaio- TaKHM 00padoM, 3/eKTpOHEL,
Ero mOTERUAAE. AoctaTaluHe A, paor TOK,
OTMeyaeMblif  rajlbBaHOMET-
pom. Caenyer nMerb B BHAY, YTO TOpMOSAili IOTeHUMAN P, Mpenst-
CTBYIOU] NOMAJAHHIO JMEKTPOLA HA TIACTHHKY A, onpenenseTes
He TIONHOH €KOPOCTHIO U SJIEKTPOHA, HO ee COCTABARIO Wel Us, HopMab-
noit kK A (puc. 137)1 ROCTHrHYTH A MOTYT TONBKC T€ SJEKTpOHEL,
AJISl KETOpHIX BMeeT Mecto
COOTHOIIEHHE

Tanan

1 1
?mﬁ;WeP. 91.1)

Ecan rnocTemeHio ybe-
AHYMBATS P H OHOBpeMeH-
HO H3MepsTh TOK [albBaHo-
Merpa (, T0 B pesymbTaTe
HoJAYYaeTC HeKoTopast
BOAbTAMNEepHAR  XapakTe-
pHeruka [ (puc. 138). dra
BOJIbTAMNEPHAS  XapaKte- — 77
PHCTHKA NO3BOJIFET 8bi4Ul- AT
AuTh  pacnpeiesieHHe CKO- . pye, 138, BomsTaMNepHas XapakTepHCTHKE,
poCTEl  MEXNY 3JMEKTpO-  cusras NO METOAY 3aJEPKHBAIOLIErO QOTEH:
HAMH_ CICAYIOWHM 06pa- s,
gom, Eciu TOpMO3a it mo-

TEHIHAX pasex P, TO COOTBeTETBYIOWAS CH/IA TOKA Jp Mpomopluo-
Ha/bHA HCLY 3JEKTpOHOB, OOAaNAOMHX dHEprHed, paBHOM uAK
Goapledi P 31eXTpOR-BoAbT. [Ipn TOpMOSAIIeM NOTEHUHATE P A

cuna roxa Jp —AJ, npomOpLHOHANbHA UMCHY SJAEKTPOHOB C SHeps
ruefi, onbmelt uaH pasHoli P+ AP snexTpouBoast. TakuM oGpar
30M, BeIHUHHA (AJF}JAP)AP €CTb Mepa HHCAA SJeKTPOHOB, NpHXOY
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ASIMXCSL HA HHTepBas SHCPrEH Mexay P u P 4 AP, Tlostomy, ecan
NpeAcTaBATh KOJARYECTBO 3JICKTHOBOB, 06NaNAIOHX SHEPTHIMA Me-
xay P u P+ dP, s pune f(P)dP, rae f(P) ects dyHxupsa pacipe-
AeMeHHs JeKTPOHOB TIO JHEprHAM, TO OUEBHIHO, 4TO

F(P)=dJidP.

W3 21010 crepyer, 4TO AN HAXOMKIAEHUS KpHBOM pacnpeAencHus
SHEPrEE (CKOpocTell) MEXKIy SMeKTpOHaMH HeoGXOAMMO IpOHSBECTH
rpa?mqecxoe AuddhepeH B poBaRHe BOAbTAMIEPHON XapaKTepHCTH-
ku [ (puc. 138).

KpuBasi, IOJyyeRHas B pedyJnTaTe MHpGEpeHUEpOBAHHUS BOJBT-
aMjIepHOR XapaKTepHCTHKH [, nokasaHa NyHKTHpOM (Kpubas /[,
puc. 138).

§ 92. ¥npyrue coyRapeHus

®pank 1 epl nokasanu npesx/ie BCErc, UTC eCIH Sleprus Jek-
TpOHOB ITe [PEBOCXOJMT HEKOTOpOH KPHTHYECKOf BEAHIHHEL, TO CO-
YIapeHHS MEXAy 3JCKTpORAMA M ATOMAMH TPOHCXOART, BHOAHE
yripyro. 310 SHAUAT, UTO SJEKTPOH B PE3YJIb-
TaTe COYAApEHHS M3MEHseT TOMbKO HUApasAe-
Hie CKOpOCTH, He Tepas cBoeir sHepruu. [uas
ZOKA3aTe/bCTBA 3TCTO OBIO MOCTABJEHO He-
CKOJIbKO QMBITOB, H3 KOTOpbiX Mbl ONHIIEM
TOJIBKO ORHH.

B ueHTpe MeTasaHuecKoro jgucxka A
(puc. 139) uMeercst OTBepCTHE, B KOTOPOM MO-
Mewaerca HATe Hakana D. Jluck monselled e
Ha HATAX B NPOCTPAHCTBE, [Ne MOXer Co3Aa-
BaTbest aM0Goe XaBaeHne rasa, Ilpn nomoum
CTIeLHANbHOTO pHCIOCOOACRHS, AelCTBYIONe-
IO uepes WUIHp, ANCK MOxer GHITb NOAHAT
R ONymeH 6e3 Hapymienns BakyyMa. B mpo-
CTPanCcTBe Mex(xy BTOpBIM auckoM B n cer-
koit C Moxer OblTb CO3AaHO 3aepIKHBALILEE
oJe, TIpH IOMOMH KOTOpOro H3Mepsered pac-
mpeneJelne CKOPOCTeH MeXAy SMeKTpoHaMH.

apncnue rasa BHOHpaeTcs TAKHM, YTOGH B Prc. 139

ApPOCTPAHCTBE MEHKAY CeTKOH C H BOCIpHHH-

Malouet IIACTHHKOR B 3JEKTPOHE! MO BOSMOXHOCTH He HCIBITHL-
panu coysapeHnit, Ha puc. 140 npeacrasiaeHo paclpenefienye dSuep-
THH 5]€KTpOHOB B re.THE NIpH A2BJEHHE 1,3 A 1 MpH YCKOpRIOWeM
notenuuane 18 6. Kpusas / uamepena npy paccrosuun AC, pasnom
4 mm, kpuBad [I — mpu paccrosunm 18 ms. Hecworps ma 7o,
YTO 3JEKTPOHBI BO BTOPOM CJIyyae FMCTBHITHIBAIOT HEHSMEpHMO §O.b-
illee 9HCAO COYAApeHHH, YeM B NEPBOM, 06e KpEBLIE IOUTH TOYHO




300 YPOBHU SHFPTHH ATOMOB ra vi

coBnagalor. OTCIONA CAGAYET, YTO YAAPHI MEXY JEKTPOHAMH ¢
SHeprueft B 18 26 1 aTOMAMM Te/RS NPOMCXORAT @llle BNIOJHE yHpYro,
[tynxrnpran xpusast /1] na pac. 140 ecTh TeopeTHyecKas Kph-
Bast, paccumtaunasi B NpENVIONOMEHUH, YTO BCJIEACTBHE Coynape-
HEl CKOPOCTH SIEKTPOHOB MEHSIOT CBOC HANpapfeHHe TaK, 4TO
SMeKTpOHEI, NPOXOAANHC CKBOSH OTBepCTWA CetkH C, MMeioT Bce-
BO3MOKHEIe HAIpABJEHHS B NMperenax noxycdeps. Kak suauo, sra
P B . KpHBas GIM3KO NOLXOIHT K 3KCHe-
" T PHMEHTAMLHEIM KPHBHIM,
i Xapaxtep KpHBHIX Tpefyer Ao-
| MOJIMATETLHOTO PAIBACHEHHS.
| Otpam@zer Ha cebst BHUMaHue
TOT (HAKT, 4TO HYHKUMA pacrpele-
JICHUS  3JEKTPOHOB N0 3HepruaM
NpHHUMaeT HanGombiiee 3naueHHe

N

3 al

Prc. 140,

npH sueprum, pasHoll mymo. [fpHunHa 5TOro — YHCTO reoMeTpHuE-
ckaa. Teoperuyeckast Kpusas [/], Xak yxe CKa3aHO, MOCTpOEHA
B NpENONOKCHHH, 4TO CKTPOHBl B pe3ybTate COymapenil, ne
MeRsE CBOEH CKOPOCTH 0 BeAl4UHE, UMEIOT B MIPOCTPAHCTBE MERILy
ceTHOH C M BHOXOM BCEBO3MOXHHE Hampabneuusi. [anee, neo6xo-
AHMO NpHAATH BO BHHMaHHMe, UTO B ME107C 3a/lep KHBAIOLICTO NOTEH-
UHana HpH MIOCKHX 3JEKTPONAX HUMEET SHaUeHHE TONBKO HOPMLAbL-
nas cocrasasiomasn cxopoctn (cM. § 91). [lpH coBepuieHHO pasHO-
MEPHOM pACTIpeflelIeHH) CKOPOCTeli N0 HANpABJEHHIO uHCHIO 3JeK-
TpOHOB, TOMAjaloMmMX BHYTph TedecHoro yraa dQ = 2asinado
(puc. 141), 6yner

AN = Ny d = 2N, sin ado.

Us 3TOTO CAeNyeT, uTo HauGoasliee YHCAO JEKTPOHOB MPUXOLATCS
Ha yroa o, pabneri 71/2. Ho znsi TakMX 3M€KTpOHOB HOpMambHAs
coCTaBAIONAS CKOPOCTH paBHa HYn. TO H OGDBACHSET NOTbEM
KpHBO} Np# Mepexole K Hydesolt skeprmd. HeGomumoll MarcmuyM,
HMEIOIHACA HA IKCEpHMEHTANbHHIX KpHBHX NDH SHEPIHH, He-
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CKOBKO MeHbiue |8 96, HeCOMHEHHO, 0GyCaOB/IEH TEM, YTO pacrnpe-
zenenye N0 HANpABJACHMSIM MIEKTPOIOB, NMpOXOAMIMX Hepes CETKY,
He BNOANE XAOTHYeCKOE: 3aMeTHAA ROJS 3JeKTpOHOB COXpaHsieT Ha-
TIpaByieHHe CKOpOCTH, GAK3KOE K HOpMAamy,

§ 93, Heynpyrre coynapenus. Kputuueckde noteHuHanst

Jlas HokasaTeascTBa CyLIECTBOBAKHS HeYNpYTHX COYAapeHHH
Dpankom M IepueM 6hmia MENOAb30BAHA CIEYIOMAA YCTAHOBKA,
DJieKTpokl 0T HUTH Kakana D (puc. 137) yekopaanch otpuuaredb-
HHM MOTENUHAI0M, HAJI0KEHHEIM Ha HATb. B MpOCTpanCcTBE MERIY
D u N 5TH 3JeKTpOHb HCMBITHIBATH MIOTOYACACHIbIE COYAApERHA X
NOARANH B KORNE KOHUOB Ha BOCTIpHUEMAoMmyl naacthhxky A.
Tanbsasomerp G, coenumendblit ¢ A, ¥3Mepaa TOK NaACTANKH. Cer-
Ka N, sapfxenHas cnaGo MONOKHTEILHO OTHOCUTEILHO A (B Goab-
wUncTBe Caydaes 10 noreruuana 0,5 8), nomemanacs Henocpen-
crsenno mepen TuiactHHKoM A. Haswauedme ceTkn sakmodancch
8 TOM, qTOOb BHLUTABJIMBATL SJEKTPOHHI, TIOUTH [OJNOCTHIO MOTEpSAB-
1pe CBOI0 3HEPrHi0 BCIEACTBHE HEYNpYFHX cOoyAapeHuil. Omuit npo-
H3BOAUACA B Mapax pTYTH npd OTHOCHTENbHO BLICOKOM /aBJIEHHH
(0Xon0 1 #it) ¥ COCTORN B H3-
MepeHHH TOKa MJIACTHRKH A d0
32BUCHMOCTH  OT  YCKODSIOIEro

[OTeHUHAnd, HANOKEHHOro HA  JO

nurs D, /
[IpH yBeRMYERHH YCKOPAIO- 2807

ufero nortesudana ot HyaIs TOK f !

[EpBOHAYATLHO BO3pAcTad %

(puc. 142), mpHuen Kpupas ToKa ™ ! /

uMena oOLMHER BUL BOJALTAM- 757

mepnslX XapaKTepHCTHK Tephio- / / \ /

noTeHuuate oKono 4,1 8 Tox BHC-
3aHO pesxo Majan;, a saTeM 7 i
BHOBb mauMHan Bo3pacrathb A0

norernuana 9,0 6, Npa KoTopoM

3JeKTpOHKEIX npuopos. Ho npu 7a0 / / \/

BHOBb OOHapyKHBAJIOCH DPesKoe J 7 75
najeHue TOKa H HOBOE ero Bos- Va
pacranue 1o Noterunara 13,9 6. Puc. 142,

TaguM 0O6pasoM, BCl KpHBas

NpescTaBislia COGOI0 AN OCTPHIX MAaKCHMYMOB, OTCTOSIIHX Iy

OT Apyra Ha paCCTOAHHA 49 8. ToT (akT, YTO pacCTOSHHE MEXLY

JIByMSl COCCIHMMH MAKCHMyMaMH BCerfa COCTaBaano (¢ Tou-

socreio mo 0,1 8) 4,9 s, a neppeip MakcumyM oOHapyRHBaICA
4,1 @, nerko OGDBSCHAETCH TeM, 4TO K HANOKEHHOMy H3BHe

YCKOpRIOmEMy NOTeHURANy NpHG2BAfAETCA KOHTAKTHA DAasHOCTH
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NOTeRNHANOB, KOTOpas Kak Obl CMemiaeT BCIO KDHBYIO BJIEBO, He
HaMelss pacCTOFHHA MeXIY MaKCHMYMaMH.

HMcTonKOBaHHE MAKCHMYMOB KDHBOH Ha OCHOBAHHH CK43aHBOro
B § 91 He mpencraBasger satpyamermfi. o Tex mop, moxa sHeprus
3/1eKTpOua He AOCTHTHET 4,9 8, OH HCHBITHIBAET C ATOMAMH PTYTH
YIpYTHE COYXApeHHs, H TOK BO3DACTAET C YBEIHYGHHEM NOTEHLHANA
70 o6LiyHOMY 3akoHy, IIpH noTeHuua’te 49 6 ynap CTasoBHTCA
HEYNpYIHM, 3JKTpoE OTIdeT HpH COYAApeHHH aTOMYy DTYTH BCIO
CBOIO SBEpIHMio. DTH MEKTpOHH He NONAgyT Ha MAACTHEKY A, rax
KaK OHH OyAYT BBUIOBAeHB 06paTio ceTkofi N, sapsiKeHUOH nxo
~0,5 6, H TOK NIACTHHKU pe3ko ynajger.

Ecan 3HeprHs 57eKTpOHOB 3aMETHO Npepocxondt 4,9 &, O ra-
KHe JeKTPOHEI, [IOTEpHB 9acTb CBOGH 3HEPTMH NpH HEyIpYroM Co-
yA2pelHny, COXPAHSIOT A0CTATOYHHI M3OiTOK SHEPrHH H NOTOMY, He-
CMOTPS Ha HAJNuHEe NOJNOKHTENbHO 3APHKEHHOH CETKH, NOCTHTaloT
fAacTHEKY A, — TOK BHOBb HAyHHAET BO3pACTaTh.

3aMeTUM, ¥TO, KaKkoBa Obr HH Oblla SHeprsi 3J1EKTpOHOB, HUCHbi-
TLIBAOWHX [epBOe HEYNpYroe COyAapemHe, OLH BCe NPUAYT K MJa-
ctuAke A ¢ ogHoOll ®m ToM ke sHeprmeil. Ilpeacrasnum cebe aas
Gouibllie[ ACHOCTH, YTO NOTEHUHAN KATONA pABeH HYJI0, MOTeHUHan
naacTHHKE A pasen 4V, KpUTHUeCKHE MOTEHUAAX pabeil Va
(B nannOM ciyuae Va = 4,9 8), ¥ NOJOKHM, 4To ceTka N ynanena.
lagenne noTeHusana Vp MpOHCXONAT Ha BCeM NpoTsikennd o1 D
no A. Tlycts 5A€KTpOH HCMHTLIBAET HEYIPYTOe cOYlapeHHe B MecTe,
FHe NOTERUHAN paBeH Ve JLORAS IO STOTO MECTA, OR HAKONHT 3Hep-
ruio eVy, a IpH HEYRpYTOM COYNapeHHH OTAACT 3Hepruo eVa. Ta-
KHM 00pa3oM, TMocRe CcOymapeErs oR OyneT ofxaxats SHepried
e(Ve— Va). Pa3HOCTb NOTEHUHANOB Ha OCTAOWEMCE NYTH A0 Maa-
cruHkn A Oymer Vp — Ve Ha 3TOM NYTH 3JEKTPOB IIAKONHT ewe
suepruio e(Vp— Vy) ¥, CIENOBATENbHO, NpUAS K f1acTHEKe 4, Oy-
IeT obnasars SHepTHed

eVe—VatelWV,—Vi=el,—Va).

Kax abl BHIAHM, 5Ta SHEprus COBEpLICHHO He 33BUCHT OT TOrO MeCTa.
e MpOH3OWJIO NEpBOe HeYNpyroe coyhapenne. Ecan yekopsiomui
noTeHiMan Vp NOCTATOWHO BEJHK, TdK 4To Vp— Va4 >>49 6, 10
Ha OCTAMEMES NMyTH MEKTpOH MOXeT HCHEITAThb eme OAB0 HAM
IBa (B 3aBHCHMOCTH OT BeJHYHNbl Vp-— Va) Eeylnpyrux coyaape-
HHS, H B 3TOM 8aK/i09aeTcst NpHIHHA IepHONHUECKOTO NMOBTOpeHHs
MaKCHMYMOB.

My BHAMM, TaKHM 00pasoM, 4to sReprus B 4,9 38 uMeer ocoboe
3HayeHHMe A/ ATOMOB PTYTH. MeHbInyio SHepTH:0 OHH BOCHpHHATH
He MOryT, TaK Kak HpH MeHbinell Syeprud OOMOApAHPYOWHX HX
3J1eKTPOHOB yZap MPGHCXOAHT BIOJHE YIIpyro; SHepruio xe B 4,9 38
ony BoCHpHHHMaT no/anoctso. Ho 310 M oaHayaer B cormachn
¢ mepsHM noctylaToM Bopa, uto aTom pTyTH MOxer ofaanato me

T e
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JMOCHME 3anacaMm SHeprMH, a TOAbke nsbparmbeMd. Ecan £
6yner 3anac sHepruu «HeBo3BYKACHHOrO» aTOMa PTYTH, TO CAEAYIO-
iee BOIMOKHOE 3HAUCHHE 3HEpruu atoMa Oyner £1+ 4,9 s6. Yeko-
pAouuA noTeRlKan 4,9 @ Ha3biBaercs «OepBHIM KPHTHYECKHM MHO-
TEHUHAAOM» HJIH «Pe3OHAHCHBIM IOTEHLMAan0M» atoma pTyTH. Ta-
KHe e Pe3OHanCHble NOTeHUHANbl HafACHb U ANA APYTHX aTOMOB.
HanpuMep, /8 Kanus Pe3oHaBCHH MoTenunas pasen 1,63 &, nas
Hatpua — 2,12 6, nas renust —21 6 H T. A

Cawmo coBolo pasyieercsi, 9T0, KpOME 3HEPriH, COOTBETCTBYOWEH
MepROMY KPHTHUECKOMY MOTEHUHANy, aToMbi MOryT o6nanate H
ZpYIEMH, GOMee BLICOKMMU CTYNENSMH SHEDrHE BOSOYRIeHH:. DT
GoJee BBICOKHE CTYNeNH BOaGyxEeuHs MOryT ObiTh TaK:Ke Haiifewsl
TpKk MOMOmE METOXa SMeKTpOHHHX coyapemit. Oanako sxcnepu-
MeHTanbHash MeTOAMKA JJIsl 3TOH UGJIH KOMKHA ObTb BUIOH3IMeE-
Heila, K 3TOMy BONpOCY Mbl BepHCMCA B cllefyoomHX naparpadax.

§ ¢4. Y P T P TaAbHOM vl

Onucaunslit MCTOZ NpHM MHOTHX NpeBMymecTBax onapaer cy-
(ECTBEHELIMH HEI0CTATKAMH, B wacTHOCTH, OH Re JaeT BO3MOKHO-
CTH pasjesiTh TECHO JexaurHe MaKCHMYMbI, 4 MeXAy TeM CayuaH,
Xoraa MMcioTes 6au3ke pacno- i
AOKenHbe CTYynen# BosOymie- 4 i
HHsl, BCTpe4aioTes HepeAxo. Pac-
wer liokasuiBaet, aTo GopMa XpH-  ,
BHIX CYmeCTSeHHO 3aBMCHT OT —d 7

1
[
(
0
{

BEMMUMHL MaJeHus TOTEHIHana
Ha TIpOTSKEHMH OfIHOTO cBoGO-
Horo mpofera A, T. €. OT BenH-

A
WHHb A’Tx' UeMm MeHbLIC 3Ta « gogansimt (Femom

BEMYMHA, qEM OCTpPCE MAKCHMY- Pre. 143

MBI, TEM TOUYHee OMpenchsinTCs

KpUTHueCKHe MOTEHUHANBl H TeM OTUST/IHBee paapellaioTcs Gr1H3KO
nexaue crynedu BosGyxieHust. Ecanm, onxako, Buibparth ycnosud,

B KOTOpBIX A7~ NOCTATOHO M2J0, TO CTAHOBHTCA HEBOSMOKUEIM

olipejiesieRHe GoJiee BHCOKUX CTyNeRelt BoaOyxyenns. [lan nadexa-
HESA 3Tor0 HegocTatka @paHk # Iepu BEXCH3MEHAMH METONHKY Tak,
uTO HAKOIJICRHE SHEPIMH 3JEKTPOHOM TPOMCXONHAO B OZHON wacTH
npH6opa, a cTOJKHOBehHe — B Apyroft. C 3tolt itembio 0OKasamsoCH
JOCTATOYHLIM BBECTH BTOpYIO «ceTky» Ny (pHe. 143}, pacnoaoxen-
HYIO OT HNTH Hakaja D Ha paccTOfHHH, MafoM MO CPABHEHHIO €O
cpefiHell AAHHON €BOGORHOrO myTH snexTpoma. B Takom cayrae
3/1eKTPOHLI, Oy UKBIlKE BCHO CBOIO SHeprHio Ha nporakennn D — Ny,
nonajaloT B cBOGONHOE OT MOJS NPOCTPAHCTBO R MERAY KBYMA
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MCTANHYECKEMH CeTKAMH M TaM HCIBITHIB2IOT MHOTOUHCISHHLIE CO-
VA4peHAs ¢ aTOMaMu rada. IIpH BHIXOJe 3M€KTPOHOB H3 3TOrO Hpo-
CTPAHCTBA Yepes OTBEPCTUA CeTKU N Te H3 HHX, KOTOpHE mOTepsid
CBOIO 3HEPIHi0, BHOBb BbLIABAMBAIOTCA 3TOH CeTKOH, 3apaiKeHHOH
no notenlnana -+0,5 6, ¥ MOBTOPAETCA KapTHHA, ONHCAHHAS B IIpe-
AblIyileM naparpade.

HauGosnee wasmuoe BUmOM3MeHedHe 3TOrO MeToa Gulio mpesd-
snoxeno T'eplieM, OCywecTBUBWMM clelylomylo cxemy (puc. 144).
DAeKTpoHsl OT HUTH Hakana D ycxopsaucs B
npocrpaticrBo DN, u ckBO3b OTBepCTHA CETKH N
Tonagany B cBOGOAHOE OT NOJSA NPOCTPAHCTEO R,
OKpYXeHHOe UMAHHApuueckol ceTkol N,. ocie
MHOTOYHC/ICHHBIX  COYAApeNHi STH  SJKTPOUb
nutdyHAUPOBANE Yepes OTBepCTHA CeTKH Ny B
NPOCTPANCTBO Mexay Ny U COIOUIHbIM Meraniy-
B ueckuM uumuEapod P. Ilpuw nomours rasbsano-

v METpa TOK LHJHHAPA H3MEpANCA ABAXMABL B OT-
Pue. M4, Cxewa CYTCTBHE TONA MexXay Np # P u npu safiepixu-
weroxa lepua. -

BawweM notenndane 5 40,2 8. B nepsom cay”
uae Ha P nonaganu Bce SAEKTPONsl, Mubhynmu-
poBaBUIHe B NpocTpanctso NaP, BO BTOPOM — «OTCEMBAMHCH® 3JIeK-
TPOHSI, NOTEPABUIHC SHEPruio BCACNCTBHE NeYNpYTHX COyAapeHuil.
PasnocTs 060uX 3HaueHHA TOKA, AeieHHAs Ha BeNWUHHY TePBHUHOTO
TOKa, OUEBHAHO, MOMKHA aBaTh MAKCHMYM NPH KPHTHUECKOM 3Wa-
UCHHH YCKOPSIOWEro MOTCHIHANA, TaK KAK B TOM clyyae aHAYH-
TeIbHO® KOMHUECTBO 3JEKTPOHOB TEpSieT CBOIO IUEPTHIO U TOK MpH
HaJIMYHN 337eDIKHBAIONIETO NOTEHINANa CTAITOBHTCA BEChbMA MAMbIM.
Tlps noMowA 3TOrC METONA OKASA/MOCh BOIMOXKHBIM PasiensTh Mak-
CHMYMBI, OTCTOfIMINE HA JOJH BOJbra, H OBIAPYKHBATb C/IAGO BbI-
pamKeiiibie MakCHMyMEL.

§ 95. OunoBpeMennoe OnpefedeHne BCeX CcTyneRel Bo3GyK/eHHs

MEl yiKe yIOMEHANH, YTO ONHCEHHbIE METO/ILl MOXHO IPHMENHTH
N A8 oupefieNenus BeICWHX cTymenell anepruu. C 37oii Hedbio He-
00XOHHMO BHIOPATL TaKHe YCMOBHA OMNLITA, YTOOLI NabfleHHe rasa
GbL10 BOSMOKHO Menbuie. STO CYLIECTBEHHO NOTOMY, YTO NpH BHICO-
KOM JaBJeHHH UACAO COyJapeHHil qeKTpona ¢ aTOMAMHM lasa Ha-
CTOMIBKO BEJHKO, YTO 3.JEKTPOHY NIOCTATOUHO HAOpaTh 3HEPrHIo, pas-
HYIO HJIH EMIOrO [PEBOCXOAAWYI0 NePBbdl KPHTHYECKHHA [oTeH-
LHaJ, 9to0b BEPOATIOCTL ee Mepexayd aToMy Chelalach BecbMa
3HAuNTeNbHOH. [IpH AOCTATOUHO MHSKOM [aBJeHHH H JOCTATOUNO
BBICOKOM YCKOpSTIONIEM NOTeHIHa’e OTKPLIBARTCS BOZMOKHOCTL BO3-
Oymxjerus # 10 GoJee BHCOKHX CTAIMOHAPHLIX COCTOSHHIL

Oagako HenocpelCTBEHHO NOMYyHaeMLIe H3 ONBITA 3HAYENHH KpH-
THYECKKX NOTEHLHAJIOB eme He NAT HCTHHHBIX 3HAYEHHH cTyneHeil

§63

Humencusnocms

OMPEAEAEHME BCEX CTYNEHEH BO3BYXATHUA

Pue. 145, Cxema MeTofa onpexedenus

BCEX CTyNeHeH ROIOYIKJEHHA.

7
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o, || [ 1]
|l L1
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= 4 L
| ; WEMTH T | 1 L
A & 74

28 % 14
Tlomepu sepery ~——

Puc. 146, CoexTp CnOpOCTEH 5/€KTPONOR C MEPRONAHATHHOA SHEPIHER
50 98 mocae coynapeHnit ¢ ATOMAMHM rEAug.
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SHepTHE, TAK KaK BOSMOMHOCTL ABYKpAaTHOH HIH BOOGWLE MHOrO-
KpaTHO# OTAQUH SHEPTHHU BCe €l He HCKIIOUALTCH. DTo ACHO BUIHO
na caenyiomero npaMepa. HenmocpeACTBEHHBIME HAGHIONCHHUAMH B
napax pTYTH NOJAYYAIOTCA ClEIyIOUlne SHAUEHHS KpHTUYECKHX mno-
renunanos 4.9; 9.8; 11,2, 135 14,7, 16; 17,6; 19,3; 20,2 21,2 6.
B IeHCTBHTELEOCTH e BCe 3TH NOTEHUNaJbl SB/IOTCH KOMOURA-
LUAMH ABYX OCHOBHLIX: @ = 4,9 8 1 b = 6,7 6, npuyem BTOpOii 01-
ZleasHO BOBce He HafuiofactcA. B camom gede,
nerko sumerh, urto 9,8=2z, 112~ a-b;
135=20; 176z a+20;21,2=38a+bur &
Taxum 06pasoM, HATepHpeTaLHs MOMYHAOWHXCA
MaKCUMYMOB aJieKO He MpocTa.

3nauHTeAbHO HATNANHEE T XKe BbCUIHE YPOB-
HU SHepTHH MOTYT GbiTb Ompefiesessl NpH NOMO-
wH Meteaa, npenaoxennoro I0zom, Poxanckum
L n Mak-Munnanom. Wfea onpra coctont B cile-
AYIOLEEM: CTPOr0 ONHOPOAHDI NYUOK SJCKTPOHOB
C 3HEpTHEH, NpeBOCXOAAwEeH HanGOAee BHICOKYIO
CTyMeHb BOSOYMXAeHHsI H3ygaeMhiX atoMos, My-

£

§ ckacTes B BecbMa paspexenHut ras. Ilpu me-
YIpPYMHX COYNApeHHAX pasiRuHble 5AEKTPOULI Te-

1555, pAIOT YACTH CBOHi 9HEprHH, OTBevualomue Bo3-
= MOMHEIM CTYIeHsM BO3CYMIgHHA aTomoB, Tak

Pre. 147, Cxema KaK- ra3 CHIbHO paspexen, TO BepOATHOCTh Mo-
ypomme#t remms.  BTOpHBIX coymapenuil BecMa Mana. Eciu remcps
- DABNOKHTL B CNEKTp CKOPOCTEH MYYOK SIEKTPO-
HOB, HCABHITABWHX COYAApeHHs, TO 3TOT CNEKTp Cpasy AacT Bee Mpo-
HCXOAAWME NIOTEPH 3HEPTHH, & BMECTE C TEM H BCe BOBMOXHHE CTY-
neny shepriu. CaMuili ONHT OCYECTBARICSH CHRAYIOLIHM 06pasoM.
TIy9ox 3JeKTpOHOB ¢ SHeprueli B 50 98 Noayuaics MpH NOMOWE
«anexTpoHHofi mywxu» G (puc. 145). ITOT mywok Hanpaenicd Ho
ZHAMETPY METAJUTHYECKOTO LHIHHAPA, 3aKMIOYARWEro rennii mpH
0ueHD BEICOKOM paspexenuy. Ucpes menn Sy i Sy MOTIM NPOHUKATE
TOMIbKO T€ SJIEKTPOHBI, KOTOpHIE HCIHTAMR COynapenne B Uentpe M
LA W GEIE NpH 3TOM OTKJOWEHH & Ranpasienuu 0. Jlse nu-
JMHAPHIECKH HIOTHYTHIE MAACTHIKK Py it Py, B NpOCTpaHCTEO MEXKIY
KOTOpbIMH OONliaii  [ajee MCKTPOHBI, NPEACTABASIN COGOi
«riIbTp» cKOpocTell (cM. § 9); npofina uepes weab 83, amexTpOHH
nonananu B cﬁapaneen wanagp K, 3apa; KOTOPOre MOXHO OwLIO
H3MepATh pU MOMOWH 3AEKTpoMeTpa. Tax Kak NpH Onperencinoi
pASHOCTH NOTEHUHANOB Ha pUMbTpe PrPy CKBO3H Hero MOIJH Npoxo-
RHTb MEKTPOHBI TOMLKO CTPOTO ONpeleNeHHOM CKOPOCTH, TO, H3Me-
HAR HANpSKEHHOCTH NOJA B NPOCTPaHETBe P1Py, MOXKHO GLUIO Hemo-
CpE/ICTBEHHO HaiiTH DACIpefe/eHHe N0 IHeprHM SMIEKTPOHOB, pac-
cesnHbIX MO yrioM 0. HaMenenne yria 6 np ON3BOXHAOCH C NOMOILIO

[
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nepeMeltenust INeKTponuoi nywsu G B HaNpapleHHAX, YKA3aHHBIX
crpeakamu na puc. 145.

TloayseHHbI{i TAKHM IYTeM SHCPreTUYECKU) CNeKTp 3MEKTPOHOB
¢ BayaapHO anepruei B 50 28 nocte COyAapeHHit ¢ aToMaMu reJnst
nipefctanied Ha puc. 146. Kak BHIHO, B 3TOM cuekTpe, NOMHMO
MAaKCHMYMa, COOTBETCTSYIOWEr0 HauaibHOM 3HEpTHH  3/MEKTPOHOB
50 26, umerotca MakenMymsl y 28,8, 27,2, 26,38 2. U3 atoro cie-
Jyer, UTO [pH HeympyrHX COyAapeHHsX 3eKTpOHOB ¢ aTOMaMH
Te/aus 3NEKTPOHBl MOTYT TCPATH TOMLKO CTPOrO OmpefefenHbie nop-
LHH 3HeplHH, a HMCHUO: 50— 28,2 == 21,2; 50— 27,2 = 22.,8; 50 —
— 26,4 = 23,6 26.

EcaH yCROBHO MpUHATL 32 HyJb SHEPrUIO ATOMOB TEJHH A0 CO-
yhaperua (opMaibHOe COCTOSHHE) W u306paXaTh BOSMOXKHLIE
SHepreTHYeCKHe COCTOSHMA rOPUSOHTAJLHLIMH NPAMLIMH, Paciono-
JKEHHBIMM Ha COOTBRTCTBYIOUIEH BBICOTE, TO MOMYYHTCS CXeMa «yPOB-
Heft SHeprHu» aToOMa reNiHs, NpuBEACEHAas Ha pHc. 147. dsepram
PAasTNUHbIX YPOBHEH, NOKasaunble Ha 37O CXEME, BHIUUCACHH H3
COCKTPOCKONUUECKUX NanHbIX. Kak Bumio, coBnamenus ¢ audpamy,
NOJIyueHHBIMH H3 ONBITOB C COYIApeiMAMH, BIOJHe YIOBETBOpHU-
TeabHEL TakuM O6pas’oM, 5TH ONBIThl MOXKEO paccMatpHBATh Kak
HCKTIOUUTEAbHO FACHOC 3KCIEpUMENTANbHOE NOATBEpIKAEHUe Npa-
BHIBHOCTH fepBoro mocrynara Bopa.

§ 96. Omp HOHHBIX DO 108

Bce onucanmbie METONM, KaK yikKe OBNIO YKA3aHO, NG3BOJSIOT
HAXOAHTL PASHOCTH SHAUEHMIL SHEPTHH B PAa3NUYHLIX CTALMOHApPHLIX
coctosusx. Hampimep, Mbl MOKeM CKa3aTb, 4TO [/ aTOMa PTYTH
pasuocts Ex— Ey pasna 4,9 6. Oxuako caMbie SHaY€RHs smeprmi
E,, Es, Es, ..., En 9THMH MeTOLAMH naineHs 6biTo ne Moryr. Jlis
TOro uToBH HANTH 5TH 3HAYCHHA, OYEBUAHO, HOCTATOMHO Ompele-
AHTL, KAKYIO 3HCPTHIO HAZO 3ATPATHTL, YTOOH OT aTOMa, HaXOAsule-
TOCH B ONpENCICHHOM SHEPreTHUeCKOM COCTOSHUH, NONHOCTDIO OTAe-
AUTH 3MeKTpoH. JLpyruMu caoBaMu, 3ajava O HAXOXKIEHHH abco-
MOTHEX 3uavenuii suepriu Fy, ..., En coBnagaer ¢ sajauei o6
ONpeNeNCHNE TNOTEHNHAIOB WUOHU3AULH B DAIMUUHBIX IHEpreTHYe-
CKHX COCTOAHHUAX.

Jins ompefieenus NOTEHUAANOR HOHUUMH GBLIO MpEANOKEHO
MHOXECTRO MeTOXOB. Mbi onnweM sHwe Metofl I'epua, omuuaio-
muifics 0coBentolt npoeroToft U TounocTho. leGonuumoe gobasaenue
K omucaHHofl B § 94 cxeMe ['eplia NO3BOJIAET HAXOAHUTH NPH MOMOILU
TOro ke npubopa M MoTeHUHAME HoWMsaums. JLoGasaerue 370 3a-
KJiouaeTes BO BTOpOH HUTH Hakada G (puc. 148), pacuoiomerioi
BryTpH npoctpancrsa R. Ecan coenunnts cerky N ¢ ummungpoy P
¥ 3aflaTb PA3HOCTH MOTeHUManos Mexny G ® Nz, 10 raibBaHoMerp
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noxaxer TepMosnekTpounkli Tox Mexay G n Np. Ilpn ypennuennu
Toxa Haxana HuTH G TepMOSMEKTPOHHLIH TOXK OyACT BO3pacraTh,
O/HAKO, JHIIb A0 ONPEIEICHBOro NMpefea, Iocie KOTOporo Bu3pa-
cTanne npeKpaTHTCs. D70 OGLACHIETCA TeM, UTO NpH CRJbNBIX TO-
Kax HaKana B NPOCTpaHCTBE BOKpYr HHTH G ofpasyercd mpocTpan-
CTBEHHBI/i 8apsii, TNpenATCTBYIOUHA RasbHefilliemy
BLIXOJly 3JEKTPCHOB H3 HHTH.

Tpencrasny ce6e Tenepb, 410 B lgOCTpaHCTBO R
NONANaoT 3MEKTPOHLI OT KaToxa U, yCKopreMue
€00TBeTCTBYIOMUYH NoTeHUHanamu. Ecan sueprus
STHX 3JeKTPOHOB JOCTATOYHA IJS TOrO, 4T0DbE
L HOBU30BATb aTOMMI rasa B R, TO NIpH KaKIOM axrte

"ﬂ MOHH3ANMN MOABAAOTCH TsKenbie (IO CPABIEHHIO

¢ 3JEKTPOHAMM), MEATCNNIO JBHIKYIUAECA 10N0KH-

Puc. 148. TeMbHLIE HOTEl, KOTOpLle KOMNEHCAPYIOT YacTb Ipo-

CTpaHCTBEHHUFO SBpﬁ,:la. BcﬂeJCTBHe 3TOTO ﬂpPl no-
ABJEHHH 1aKUX WOHOB TepMOSJEKTpOHHmili TOK Mexmy O n Np
Pe3KO DO3pacTaeT.

Ha6.mi0na51, NpH KAKOM yCKOPRIOUIEM HOTENLKANE MCKAY DuN,
HAYHHACTCA 5TO BO3PACTARWE TOKA, MOKHO OMDENENHTh ROTEHUNAN
nounzaumu. Ha puc. 149 mpusc-

f i

CLE

fpararapariy

JleHa AJsi IpUMepa KpHBas, CHA-
Tas B HeOHE; peakoe buspacra- Y {
HHE TOKa OKollo 2le cpasy Gpo- & vl
caetcs B raasa. TakHM nyreM

HaRIens HOHH3ALHMOHHLIE NOTeN- 6

nuanb 145 6OALUEro uHCaa aTo-

MOB  NEPHONKYECKOH CHCTEMb 4 %

(cu. Tabauny X). oo

Honnsanuonkbil nmoTeHumar 2
ABARETCA THNHUNBIM TepHbeph-

4eCKMM CBOHiCTBOM aToMa, mo- 0

CKOMbKY pedb WECT 06 oTpwpe © M 4 2 & av
erewinix nexTponos, Kax u sce Puc. 148

ocrabHbe neprdepuaeckne

CBOMCTBa, HOWH3AUHOHHEE [OTEHLUAJE! OGNAapYKHEAIOT NtepHOLHYe-
CKyI0 3aBHCHMOCTb OT aTOMHOro Homepa (puc. 150). Us puc. 150
BHJIHO, UTO B MAKCHMyMaX KpHBOH pacnonaraiorca Gaaropoinbie
TasH, KOTOpbl€ XapakTepusyiOTcA HHEPTHOCTbIO H B XHMHUECKOM
ordowennd. HaoBopor, menounme merasast (Li, Na, K, Rb, Cs),
O/HOBAJICHTHbIE H B BLICWE[ CTeTeHH CHOCOGHBHIE K XHMHUECKHM
peaxnuan, 061aKaI0T MHHEMAJIbHEIME UOHH3AUMOHIILIME NOTEHIHE
JaMHU.

Ilo cHX NOp Mbl UMENH B BHJY TOAbKO Aepabie HOHH3AUHOWHbIE
NOTEHNHANb, T. €. JHEpTHH OCBOBOKIEHHS OAHOTO SICKTPOHA H3
HeliTpaabHoro aToMa. Murepec mpepcTapasor TakKe paboTul 0CBO-
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Tagasua X

noTeHIuA TN
Avouusiit N TlepBuA HOHHAAN. AToMuni#t Tepsuit Honnzau.
oM | Snacur otenuwran o | aement boteinan
B anEKTPOH-BOILTAX o A SJEKTPOH-BO *h=ax
i H 13,539 14 Si 7,39
2 He 24,45 15 P 103
3 Li 5,371 18 S 10,31
1 Be S, 17 o] 1296
5 34 18 Ar 15,70
6 C 11,217 19 K 4,32
7 N 14474 20 Ca 6,09
8 [¢) 13565 21 se 6,57
9 F 18, 22 Ti 6,81
10 Ne 21,482 23 v 676
11 Na 5.116 2 Cr 6,74
% Mn 740
12 Mg 761 §
13 Al 59 2% Fe 783

GOKIEHHS BTOPOTO, TPeTbero H T. J. WIEKTPOHOB. YCTAHOBKH Omi-
CaHHOrO THIA LIO3BOJAIOT 3aK/IIOYHTh O MOABJIEHHH NOJOKUTEIbHBIX

T
T
I
T

Tl -
[

<

T
16 el oot
! I ‘L{(‘

[T T
5 6 65 2 4 B H &
oy

Ammgprsio
Pic. 150 [Tepeiii HOWRIAUHOKRE DOTGHUNAI KaK (yHKNHR ATOMHOO nOWEPa.
HOHOB (Ha’-laJIO HOHHSQHHH), HO He MAI0T BO3MOMKHOCTH CyAHTH

© TpHpOAE HOHOB, B “aCTHOCTH O TOM, NOABJAIOTCA JH HOHE C O~
HAM HJIH HECKOJbKHMU 32paiaMu.



310 YPOBHU 3HEPTHH ATOMOB ra it

Jlns m3yuenns nociefoBaTeNbHbX CTAANit MOHH3ANMH W OTpefe-
ZeHHsl PHPOXBI NOOKHTENLHLIX AOHOB NOJB3YIOTCA MACC-CIEKTPO-
MeTpuueckumi Mertonamu (cM. § 15). Tak xak Macc-cnexrpoMerp
onpeReNseT OTHOuERUA 3apana K Macce E/M, To won ¢ a 3apaxamn

. ]

§
=
Cs”
cf
c" o
£ 8 ”
G5 s
A A L o
7 # k4

Puc. 151 Ananua napos uesHs, HORH3HPORAH-
HBIX S1€KTPOHAMH C SHepried 700 se.

E = ne cootnerctByer macce % (”We— Me}n) Kpusas, npubenes-
Han Ha puc. 151, mpencrasaser cofoii Macc-CMEKTP HOHOB, BOSHH-
Kaluux B napax Lesns npH GOMOApAHpOBKE HX 3JMEKTPOHAMM C
snepruefi B 700 s8. CeMmb MaKCHMYMOS, BHIHEIX Ha DHCYHKE, COOT-
BETCTRYIOT CCMH NOCNEACBATeNbHBIM CTAaAHAM WOHH3ALHA aToMa
nesns. 3HAYERHA COOTBETCTBYOIHX MNOTEHUHANOB HONK3AUMU Ta-
KOBBL!

Yo s | Cs2+ | Cst | Gt | Cstr | cet Cs™
Toresunan
somasawnn, 98 | 39 | 274 | 62 113 171 275 1410

s HM3NYYEHUE BO3BYXAEHHBX ATOMOB 31t

§ 97. HanydeHne BO3GYKAECHHBIX ATOMOB

Atom, notyunBuinii WSGLTOK IHEPTHH NpPH COYAAPEHHH C BjeK-
TPOHOM, COXDHAET €ro B TeueHHe HEKOTOPOTO BpEMEHH, @ 3aTeM
TOJ BAMAHHEM BO3MYWieHuii OTAaer OBpaTHO, BHOBb Nepexois B
HOpMaJbHOe cocTognne. Ecan naBneHue rasa 1ocTaToyEO Masno, TO
naBbosee BepOATHBI CIOCOG STOTG OBPATHOrD Hepexoia 3aKiiio-
uaeTcs B HCIYCKaHHM SHePruH B Buje cBeTa. OTCiOAa OTKpHBaeTCR
1OBbIM NYTh AR IKCTEpHMeHTAIbHON NpOBepKM mocTyaaTos Bopa.
Paccmorpum, Hampmmep, atoM pryTH. Ero TIepBLIA KpHTHYECKH
DOTeHLMAN paseH 4,9 g¢, T. e.

Ey,—E =49 s6.
To sropomy nocrynary Bepa Bes sta sHepris npu mepexofe b

HOpMaJbHOE COCTOSAHHE LOJKHA HCNYCKATHCH B BUAE OAMOrO KBAHT2
MOHOXpOMaTHYeCKOI O CBeTa:

Ey— E|=hv=he/h

Orciopa noayunm i A
~27 10

A=t 86 U078 107 gy 107 o= 25204,
E,—E, 49+1,6- 10

Wrax, ecni TeopHs BepHa, TO NMaphbl PTYTH, NOABEpraeMLie GoM-
6apAupoBXe IEKTpOhaMH ¢ smeprhefl 4,9 38, NOMKHEL 1aBaTh
CMeKTP, COCTOALEHA JHWL H3 ORHOK yALTpahHONCTOBOK JHHHE
A =~ 2520 A. OnbiT 0GHapyKHBAET AEHCTBRTENBHO OAHY YIbTPADHUO-
JeToByI0 MuEMIO A & 2537 A.

B TOM, YTO 9Ta NMHHA BO3HHKACT TMPH NEPEXOAC H3 NEpgozo BO3-
GyXIEHHOrD COCTOAHMSA B HOpPMAMNbHOE, MOKHO YOEAHTHCS W3 OIbI-
TOB C ee ONTHYECKHM BO3BykAeHueM. ECIH ocBemsath paspexeHube
faphi  pTYTH MOHOXDOMATHUECKHM CBETOM C JUIHHOH BOJIRBI
A~ 2537 A, 10, no mpesbiiymEEMy, NOTVISIKAIONIHE ATOMBI JOJKHLE
DEPEXONHTH B COCTOSHMUE C BHEprKel B 4,9 96 M TpH 06paTioM nepe-
XOfle B HOpMallbHO® COCTOSHHUE — H3NYYaTh TOJABKO ONHY JIHHIO C
Toll e camol Gaunol 604xbt, ecnu Mexpy Ey M Ep HeT wuxagux
APOMEXYTOUHBIX yposhell. OnbiT TOATBepKNAeT H ITOT BHBOL. Ta-
KHe CNeKTpajibHble NHHHU HA3LIBAIOTCS DEIOHAHCHbIMI, TAaK KaK HX
RAANEA BOJNHH B TOYEOCTM DABHA MOIVIOLIACMON JUTHHE BOJHLI MpH
ONTHyecKoM BOsOyxAekun. QueBAAHO, UTO, ONpeNeNsA ANHRY BOIKbI
PE3OHAHCHBIX JIHHUA, MOMXHO BBLIYHCAHTbL H IepBblA KpHUTHISCKH{
TIOTeHLHAT.

Ananornynas KapTHHA MMeeT MECTO m B [APYTHX OJHOATOMHBIX
rasax uau napax, Ha puc. 152 B KavecTBe npuMepa IpHBefeR
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CMIeKTp NapoB Mardus, BOIOYXKIaeMHX ylapaMi SJMeKTpOHOB ngn
yckopatoueM noTeknnane 3,2 6. Kaxk BRAHO, IpH noTeHunane B328

4571

Puc. 152 Chextp napo marmid, BOSOYWIeMHH SKTPOHAMH C sHepruei

CHEKTp COCTOMT H3 OXHOA auuun 4571 A (pesopancHbIi moTeRUKAN
2,65 6). 3 puc. 153 sumHo, uTo npH BO3OYKARIOLEM [OTERLHANE
B 6,5 4 BOUHKAIOT yiKe ABe THHHA: NPEXKAsia JuREs 4571 A u ropas

) N N
2852 w571

Piic. 153. Crektp mapos Marmw, BOaCyWIacuili SISKTPOHAMA C 3HCPrHEH

¢ RO BOAHL, pasHoil 2852 A. [lpn eme Gosee BHICOKOM MOTEH-
unate (10 6) MOXeT Gbith noJyYen NOAHBIN CNEKTp Napo MArHuA.

§ 98. CnoHrannge Hcnycxanue

B npeAbiAylien naparpage Ml yKe Depellli OT JOKA3aTeNbCrn
CYILECTEOBAIAA YpOBHCl SHEPruM K CNOCOGOB HX UEMOCPeACTBEH-
HOTO OTpPENe/CHAN K PACCMOTPEIUI0 NEPEXOLOB MEKAY PaSNHYNEINT
ypoBHAME. BBHIY BAXHOCTH STHX NpOUECCOB NEPEXOAa HAM HEOS-
XOIUMO Telleph IyOKe NpOAHANNSHPOBATH HX C TEOETHYECKOH
TOUKH Sperhs. DTOT ANaNW3 NO3BONNT BHIICHHTL HEKOTOpEHIE CBOE-
06pasubie OCOBEHNOCTH KBAHTOBLIX SIBAEHUH, a B KaéecTBe HENo-
CpeJCTBEHHOrO MpHMEHEHNI Pe3yabTaTos H METOLOB pAcCyMOTpeHHs
MBl JAAEM NPOCTO} H BMECTE ¢ TeM Gesynpednbiii BHIBOA Gophyist
TlaaHka, NpHHaAnekalguy DiHwTelty.

Mtax, paccMOTpHM aTOM, LXOASIMKHACH B CBOGOIHOM NpoCTpaH-
CTBE H He NOMBEDIKEHHbIHl BAUAHMAM H3BHE. ATOM MOKET Haxo-
IIHTbCSL B DASMHYHBLIX KBAHTOBGLIX COCTOSIHHAX, KOTODHIM COOTBET-
CTByeT JHCKDETHHIA pAj ypOBHel snepruu. JAs mpoCTOTH MH pac-
CMOTPHM TOMbKO 1BA W3 THX COCTOSIHMA € 3HEPrASMH E, u Ea
(puc. 154). Btu cocTosHHs MBI GyeM KOpOTKO BaspiBaTh: COCTOR-
HHe | M cocroskue 2.

Ecny atom B HEKOTOpLIA MOMEHT ! HAXOXMTCA B BO3OYIKZERHOM
COCTOAHMY 2, TO B CAEAYION{HA 33 STHM HKTEPBAJN BpeMERH df on
MOXKeT JHGO OCTaThesl B TOM JKe COCTOSIHEH, AKOO NMEPENTH B HHXK-
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Hee coctosinue 1, oTaapas usbuitok sxeprun E» — Ey B Buze H3fly-
YeHns.

B 310M H cAeLyloWRX naparpadax Mel yGelHMCS, YTO HEPexolbl
© HCIYCKAHHEM MOryT NPOHCXONHTb JRGO HE3ABHCHMO OT ACHCTBHA
BIIEWHCrO NOJA, B KOTODOM HAXOAHTCS BO3BYXmerHbiil atoM, 1100
NOL KeUCTBMEM 3TOré nois. B meppoM cllyuae Nepexoipl Hash-
BAIOTCA CHOHTAMAbLML, T. @ <CAMOINpPOH3BOJBHEIMHY, BO BTOPOM ~—
BoLHYHOCHHOLMY.

Mbl HayeM ¢ pacCMOTPCHHA COHTAHUBIX Nepexonos M Oyaem
pAcCMaTpyBaTh HX CTATHCTHUCCKM. DTO 031auaer, UTO Mbl le MOXKeM
¢ Q0CTOBepHOCTHIO TPEICKA3aTh, NPOM3OAAET MAW HE NPOUsOfizeT
6 OanHOM aTOME MEpexOi B TeueHue 1 cex., cielylowell sa momen-
TOM f, HO MOXEM TObKO yKasaTh ero geposrHocTe. Hasobem sty
BCPOATHOCT CMORTAHKOrO Miepexona 2> | B efuHHUY BpeMeHH Ag.
TIOCKO/IbKY CTIOHTaHHbBI! NEpexos eCTs Npouece £
cnyuaftubiil, Npeanonaraetrcs, 4To Az He 3aBH- | 1 ¢
CHT OT BpeMeHH. i

Tlyerb Temepb Mbi HMeeM COBOKVIHOCTH 1
OYCRE GOMBWOr0 wHCTa aTOMOB, KOTOPLIC, Ofi-

HaKRo, 06pa3yioT HACTONBKO CHILHO paspeken-

HHIl ras, YTo B3aHMOJCHCTBHEM MeX[y aTo- &
MaMu MOXHO npereGpeub. Ilyers Ny n3 uncna Puc, 154,
9THX aTOMOB B MOMEHT { HaXOAATCA B COCTOSI- .

HEK 2. B npoMexyTox BpeMcHE Mexay ! W f--df wacte n3 HuX
cnontanso nepeiiner & cocrosrhe . [IOCKOLKY TaKne NMCPEXOIE —
spjeHde CAydYaiiHoe, TO ™Mbl He MOXeEM yKasaTb, KGKue HMCHHO
ATOMBI COBCPIIAT IEpEXOLl, 1O, 3HAS BEPOATHOCTH Az, MOXKEM npel-
cKasaTh, CKOAbKO aTOMOB B CpelHeM COBEPUWHT NepexoA. Vmenno,
ugCao nepexonos dZs 3a MPOMEKYTOK BpeMeny di ByacT, cueBui-
HO, NpONOPUHONANEHO YACAY aTOMOB Ny HAXONSWMXCA B COCTON-

HREH
dZy = AyNy dt. (98.1)

Tak Kak nNpH KaXoM U3 5THX ne%exoﬂon COPIACHO YCROBIIO YaCTOT
Bopa nsnyuaercs suepris Ey— Ey = hv, 70 3a 70T e mpOMexy-
TOK BpeMeHu GyJIeT HCMYIICHA Skeprhs, paBHadn

W dZy = Ay N hvdt. (98.2)

Tenepb MBI MOXEM HARTH 3aKO yGHBaRHA UHCIA BOIGYMien-
HHIX ATOMOB CO BPCMENEM M CpeAHEE «BpeMd KH3HUI» ATOMA B BO3-
6yKIEHHOM COCTOHHH.

OueBHAHO, UTO WHCIO MEPEX0R0B dZpy 33 MPOMEKYTOK BPEMeEHH
df paRKO yMEHLWEHHIO YHCAA 3TOMOB, HAXOMMBUIMKCE K MOMEHTY !
B BO3GYMKHEHHOM COCTORHWM, dZy = —dNg. Tlostomy dopmyna
(98.1) naer

— Ny = Ay Nodt. (98.3)
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Unterprpys, HaXoxHM
Ny= Nayge= 4t (98.4)

re Ny —9YHCAO ATOMOB, HAXORHBWIUXCH B COCTOAHHM 2 B MOMEHT
Tpunnmas 5o sHuManne hopmyay (98.2), mbr HAfKeM sHeprumo,
HCIYCKAaeMYI0 B @IMHUILY BpeMeHH, T. e, HHTEHCHBHOCTL CBEUEHHA

= Ay Nyge= At iy == J g~ 4 | (98.5)

Tae Jo == AyNphv. Taxum o6pasom cseuenne Bo3GyXIeHHOro rasa
JOIKHO YOBIBATL CO BPEMEHEM IO SKCIOHEHIHAALHOMY 3aKOHy.
Cpenuion NpoxOKHTENLHOCT: KUSHH B BO3GYKIEHHOM COCTON-
HEH Mbl TENepb BEYUCAHM CIEAYIOUHM ofpasom. Yuedo aTomoB,
COBepWAIOIEX Nepexon Ly — Ey, '8 NpOMeXyTOK BpeMenn Mexny ¢
4 {+di paBio AuNadf 310 BMecTe ¢ TeM eCTh uHCAO aTOMOB,
«NPOXMHBUWIHX> B BO3OYKACHHOM COCTOSHHMH ¢ ceX. CyMMa #X mpo-
JKOMKHTEABHOCTEi KH3NH pasHa noatomy (AyNydi, a CyMMa npo-
JOMKUTEILHOCTE/ JKM3HM BCEX aTOMOB, HCMGITABUIAX Nepexod 3a

Bpemst o7 O go oo, Symer J‘tAﬂdet. Orciona CpENHAs IPONOMKH-
o
TeJRHOCTD JKU3HE T GyZeT

[ toiw, at
[
T T
HIH, NpUHHMAs BO BHHManue (98.4),
T=Ay [te=dutay, (98.6)
]

Hurerprupys no yacTsam u noacrasias Tpexen (cum. cTp. 93), Haf-
zem

1

e (98.7)
Dopuyny (98.5) Jiin MHTEHCHEBHOCTH, TDRHHMAS BO BHUMAnHe

(98.7) 1 oBosuauas Nudahv uepes Jy, MoKHO nepenHcaTth B BHAE

=t (98.8)

B § 70 M yxe paccmatpupanm satyxamme MaAyweHHS mHEed-
HOro OCUHANATOPA C TOYRH SPeHHA KJAACCHUECKON BMEKTPOMHiaMuKH
H NpHWIY K cp%pMyne (70.4';, hOpMasbHO TOXKKECTBEHHOM ¢ thop-
myioiy (98.8). B dopuyay (704°) exomnt takke B Kauecrse Koli-
CTaHThI, XaDAKTEPHIYIOIMEA 3aTyxaHWe, BpeMsl T, KOTOPOC Mbl ha-
3BANH TaM BpeMeHeM peaxcanuu. OnHaKO (PHIHYECKHH CMBICH, KO-
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TOpHIfl Mpl BKAAABIBAEM B NOHATHC «CPefHell [pOROJIKHTENBHCCTH
JKU3HH» B BO3OYKIEHHOM COCTOSHMH, Pe3KO OTJHUAETCH OT CMbicHa
«BpeMeHN pefakcani». COTIACHO KIAacCCHYecKofi aneKTpOAHHAMHKE
BCE H3AYUAKOWHE LHNONK OAHOBDPEMEHHO COBEpUIAIOT BBIHYKACHHLE
KOJeBanus, W BpeMS T, PABHOE BPEMEHH YMEHbUIEHHS KBaApaTa
AMINATYAB B € pa3, OAMHAKOBO NJA BCeX AHNOJel NaHHOTO poid.

3peck xe ML paccMaTpHBaeM NPOUECC H3AyYeHusl KaK COBOKYII-
HOCTh HE3ABHCHMBLIX KBAHTOBHIX NEPEXOXOB, NpOHCXOAAWMX B pas-
JUYEBIX BO3GYKIAEHHBIX 2TOMAX B CaMble PA3HOOOpa3HBiE MOMEHTHI
Bpemeng. [Iponsofizer nn B Jannbill MOMEAT BpeMeHW NEPEX0I HIH
He NpOH3OANeT, ONpeAeNsieTcd SaKOHAMH CAYuan: OfHI H3 BO3DYXK-
RenHBIX aTOMOB MOKET BepHYThCA B HOPMANbHOE COCTOSHHE YEpE3
Ouenb KOPOTKHH NpOMExYTOK BpeMeHH, a JHpYroft — MOXeT <«mpo-
JKHTb» B 3TOM COCTOSHUH QueHb A0aro. Ho, Kak BeCrnia BuiBaeT mpu
MACCOBHX TIpoueccax, cpednee BpeMs KH3HH 1Jisi aTOMOB HAIHOr0
pOXA uMeeT ONpeleNeHHYIO BeNHUHHY.

OKCHepUMenTaNbRas NpOBEpKa 32KOHA 3aTyXaHHA CBeyeHus H
OnpeliesIeHlst CpeHCH NPOAONIKHTENBHOCTY KUHH B BO3GYNKACHHOM
COCTOAHMK HAHBONEE HEMOCPEeNCTBENHO GBIH NpoH3BeneHs Bumom
B ONBITAX CO CBEUEHHEM KaHA/MOBEIX Jydell. IIyuoK Bogopommmix Ka-
HAJIOBBIX Jiyyeil depes mesb wupuroio s 0,1—0,25 A BBITYCKAMCH
B NpOCTPAHCTBO, THE NOMNEPIKHBANCH CTONb BEICOKHI BaKyyM, ur0
BO3OYKICHHBIE ATOMBl MOIJIN «BEICBEUUBATBCA> NDPAKTHYECKH Gea
coynapewnii. Ilps sTOM mosysancs CBeTRIMHMECH H 3aTyXaowui
BJOAb CBOGH JJIMNH NyuoK XailaJMoBHIX Jyueli, KOTOphA noMewasucs
Ha Mecre UIeJH KBapleBoro cnekrporpata. Keapuesas nphswa pas-
Narajda 3TOT MYYOK B CIEKTp, TAK UTO 3aTyXaHHE CBEYCHHS MOXKHO
GEIO NpOCARANTL ISl KaKAOH CNEKTPANbHOA JUNEH OTAEABHO.
Ecau v ects ¢KOPOCTh KaHAAOBLIX JydeH U y — pacCTOSIHHE KAKOfi-
NHBO TOWKK OT Hagaja nyuka, To = y/v ¥ et = e¥/*%, Takum
06pasoM, BpeMs T MOKNO GHIO OMPeAENuTs, NpOCIERHUBAT YOLIBA-
HHe HHTEHCHBHOCTH BXOJIb yyKa KaHAJOBLIX JAyuefl,

DrHM METOROM IAIA KpACHOA JHHUM Bojopona H, (A = 6562 A)
6buo noNyueHo T == 1,5-10~® cex; 144 pe3OHAHCHON JNMEHH PTYTH
(A == 2537 A) nonyuero v = 9,810 cex B xopoweM coyqacui ¢
Pe3YIbTATOM BRIYHCAEHUI T KOCBEHHEIM MyTeM.

CrarucriyecKuli Xapakrep CHOHTAHIOIC UCIYCKAHHs BjeweT 33
COBOfl CeAyIOllee BAKHO® CHRACTBUE: CNOWTAHNOE UBAyueHue He-
Kozepen1HO. TIOCKONBKY aKTH CHOHTAHHOrO HM3/YYEHHS MPOHCXOLAT
B P23JHYHLIX NPOCTPANICTREHHO PA3JENENHbIX dTOMAX B pasHHIe MO-
MEHTH BpCMEHH, MEXAY (ha3aMH BOJH, HCNYCKAEMBIX DaSTHUHBIMH
aToMaM¥, HeT HWKAKOK 3aKOHOMEpHOl ¢Bsi3n. TAKHM O6pasoM, HH-
Tep(epuponaTh MeKiy coBO#t MOryT TOAbKO BOMHBI, HCIYCKaeMue
OJNHHM ONPEeNCREHEBIM ATOMOM, MOCIC PA3JC/CHHs 3THX BOJH Ha
J(Ba TOTOKA T€M WAH HHBIM YCTpoHCTBOM. MHTepepeHUHOHHbE ke
KapTHNE, CO3/aBAeMble BONHAMH, HCIYCKAEMBIMU PASTUUHBIMH
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aTOVaMH, POCTO CKAALBIBAIOTCH MekIY COBOA. DTO ofcToATeABCTEO
HaKIaJbBaET OUpefedeHHble OTpAHHYERH 13 BOSMOKHOCTb OCyllle-
cTBrenHs uHTEp(epeHU H KaXe oT OHOTO ucroynuxka. Taxosbr, Ha-
DpuMep, pOfib TPOTSKEHNOCTH HCTOYHAKE, HEOOBXOAMMOCTL HCMONb-
30BaKAHS LIGAH MKy HCTOUHMKOM H HHTepfhepeHmHOHHBIM yCTpOii-
CTBOM H T. T *).

§ 99. TMoraomenne U BbIHYXACHHOE HCAYCKAHHE

PaccMOTpeHHBre B MpeLUIYIeM Naparpade CroHTammsie mepe-
XOJIBI HC 3ABHCHT OT 3IEKTpOMATHHTHOTO MOJA, OKpYXKAIONIEro 503-
Gymnennbe atoMbl. OOpaTHMCH Telepb K MpONeccaM, HpOHCXOLS-
UM 04 AeficTBHEM 3TOrO NOJA.

HenoafykACHHbE aTOMB, HAXONAUlMEcs HA WHIKHEM YpOBHE
suepruy Ej, GyAyT NOX BJIMAHWEM MOMS TepeXONWT: B Bo3byinen-
Hoe cocrosiiue Eo, normomas suepruio Ez — Ey = hv u3 oxpyxaio-
wiero no,is. ITH MpOUECCH, TAKIKE KaK H COHTAHHBIE NEPEXOAL, MEl
6yacs paccMarpusath cTaTHCTHueckk. OYeBHAHO, 4TO BEPOSTHOCTD
Depexola ¢ OTJIomeHUer B KATEpBase YacToT v, v + dv Oyner npo-
i10DIHOKAIbHA TIOTHOCTH SHEpTHH MOJS (vdv B 3TOM HHTEpBAnE R
HeKoTopomy Koadduunenty By, xapakTephayiouleMy BepOSTHOCTH
BO3ByKIeNns NaHKOH ATOMHOf cucTeMbl. MITak, BeposiTHOCTL NOrIO0-
WeHHs (Ha eMHUYAbIT HHTepRan) Gyner pyBie

OxasblBaeTcsi, OIHaKo, 4TO NOIJIOUIGHHEM HE OrpaHHYHBAIOTCA
11pOecCh, MPOHCXOAALLIE MO JAeACTBHEY NoNis. DAHIITe/in BrepBLe
06patiLt BAUMAHNE HA TO, YTO eC/IM yYeT BJBSHHUS [OMS OrpanAuATs
Ipolleccamu MOTJIOLIENHA, TO IpH BHIBOAE OPMYTbl HINyUeHHs I10-
Jysaercss gopmyaa Bunra, a ne Ilnanxa. Tlosromy on BBea B pac
CMOTpeHHe ele OAMH BUJI NPOLECCOB NOA BAHAHHEM MO SHIHYMN-
Qennble uau uROYyUPOSaHHble nepexolel ¢ uzryuenuesm (B paiuo-
thuaHdeCKOll JIATepaType STH NpOUCCCH YACTO HASLIBAIOTCS TAKmKe
CTHNYJIHpOBAHHLIME nepexofamh). HesosbyueHune atoMsl MOryT
704 AeACTRHEM MO COBCPINATH TOABLKO NEPEXOAbl ¢ NOTVIOIIer e,
HO aTOMB, HAXOMAIIHECS B BO3OYKNIEHHOM COCTOSHUN (HalpuMep —
#a yposue Ez) Morys, no dimwreiiny, 4160 moraomar, SHEpruo H3
noJis, Nepexoiid Ha Gosiee BHICOKHH ypoBewb, 100, Ha0BopoT, — OT-
1aBaTh SHeprHio noAs (Ranpumep — sHepruio Ea — Eq = hv), Bos-
BpAIAACh Ha Gosee HU3KMil ypOBeHb SHEPrHH. ITH MOCTENHAE Mepe-
XO0Ibl B ABJAAIOTCS HHAYIH] OBQHHBIMH, OHN OﬁyC-ﬂUBﬂHBa)OT HHﬂy'
uMpOBaHHOe H3ayyeHne. BeposTHOCTH 3THX MEpEX0A0B B EAMHHLY
BpeMeHH ecTb oy B

Jonyme e BbIHYHIERHOr0 HCIYCKARAS ONpaBABIBANOCH MEKLY
TIPOUMM CCHUIKOIi HA KIIACCHYECKY IO aHA/MOTHIO: KAACCHIeCKHH OCRI-

*) [eramviwi anafHs NOHATHA KOTePEuTrOCTH U YCIOBHA €€ OCYUGETBICHHA
o 5 wware [. C. JawngcGepra, Ontika, Pocrexnsaar, 1957, ctp. 161,
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JIATOp B BOJHOBOM [10J€ B HEYCTAHOBHMBIIEMCH COCTOAHHH BO1U3H
pe3OHaHca MEKAY YacToTolt moss M coBCTBenKOl 4actOTOH OCLHM-
JATOpa MOMKeT JIHBO NOToIaTh SHeprHio H3 noas, NHEO OTAABATH
ee nomo. Kaxoii 3 3THX XBYX NMPONECCOB ROMKEH MpOHIOHTH — 3a-
BUCHT OT COOTHOWCHAS has MO/ U OCLALIATOp A,

B Hacrcsmee BpeMs HMEOTCS MpsMEE IKCnepHMeHTaNbHEE A0~
Ka3aTe/NbCTBa PealbHOCTH HHAYUMPOBAHITHIX NepexofoB. K atomy
Bompocy Mbr etile Bephemes B § 101, rie GyAyT paccMOTpeHs TakKe
1I€KOTOpBIE BaKHbIE CBOACTBA HHIyUHPOBAHHOrO H3MYUCHHS.

§ 100. Buwop dopmyas Maranka no Jiivmreiiny

O6parumcs Tenephb X suBofAy dopmynw [lranxa. B ochose atoro
BLIBOJIA JIEKHT TAK HABKBAEMEI APUNKUN OETAALHOZ0 pasHOBECUR
(nHOrna HagmBaeMBIll TAKKe DNPHHUHNOM MHKPOCKONIYECKOH 0Gpa-
TumocTH). COrMacno TOMy TpHAHuENY, DPH TEPMOANHAMUIYCCKOM
pABHOBECHH KAKAOMY {[PONECCY MOXKIIO CONOCTABATL B TOUHOCTH O~
PATHBIT CMY 1POUECC, H WACKO TeX M LPYLHX MpOTECCOB B SIHHHLY
BpeMeHH JOMTKHO GbiTh OJHHAKOBO.

PaccmOTpHM CHCTCMy B3 ATOMOB H H3AyUCHUS, HaxXoAfllylocs B
paBlOBECHH U TYCThb MO-TIPCIKHEMY, YHCAO ATOMOB B HHIKHCY CO-
crostiun (smeprus Ey) Gyjer Ny, 2 B BepXHeM COCTOSHWHM (IHEeprust
£3) — Np. ATOME! HCIIYCK2IOT U DNOFIOIMAIOT SMEKTPOMArnuTioe Ha-
Jydenne, coBepiiasi B NMepBOM ClIyyae Mepexoibl 2 -1 (umcmycka-
HHe), a BO BTOPOM | —2 (orsioulenne). B cuay NpHHUHIE AeTanb-
HOTO paBHOBECHS CTATHCTHYECKOE paBHOBECHE MEKXY NpoLeccamH
HCHyCKAHHA H DONIOWEHHS RACTYIHT TOrAad, KOrfa UHCIO Nepexo-
KOS 2--1 B eIHHHNY BpeMeHH OyJeT PABHO YHCTY IepeXofioB
t 2. Tlepexon ¢ HCMyCKaHHEM IIPOHCXOAAT KGO crOHTAHHO, MHBO
uHLyunpoBaHHo. [1oaas BepoATHOCTL TeX M JpyIHX NepexonoB
<cTb Az + Bapy, @ CpesHee uHCI0 MEepexOA0B B eAHHHMY BpeMCHU

PabHo
dZy = (Ay + Byoy) Ne-

BepoaTHOCTh NEpeX0R0B © MOMOWEHHEM ecTs Bipw, M, COOTBeT-
CTBEHHO, CpeAiiee YHCIO Tepexosos 1 — 2 B eJHHUUY BpeMEHH paBHO

dZip=Bio,N,.
Tlpn paBrosecHd dZy = dZj;p ¥ MBI HOMywaeM:
Ny (A + Byioy) = Brpy Ny (100.1)
Orciona
Ny Bys0y

By = ot By (1002

Ho Tak xak paBHOBeCHE HMEET CTATHCTHUECKH] Xapakrtep, TO OTHO-
menne Np/N; uMcexr aTOMOB B BepXHeM M HHXHEM COCTOSHHSX
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MOKeT GLITH BHIpaKeHO TaKXKe NPy NOMOILH pacrpenenetns Boasu-
MaHa. A HMEHHO, eCH CHCTeMa MOMKET HAaXOJMMThCH B COCTORHUAX
¢ nackpertnM panom snepruii Ep, Es, ..., Em, ... 1O BeposTHOCTH
CHCTEME HAXOXUTHCA B COCTOSHHH ¢ 3Hepruefl Ep ecTh (cM. mpuno-
xenue I, crp. 555)

W,, = Cle— Bkl (100.3)

rie C’ — nocTosinHast, XOTODasA HOPMEPYeTCs TaKHM O6pasoM, uTo-
bt BepOSITHOCTL ATOMY UMETb KaK0e-THGO H3 BO3MOMKHEIX 3HAUCHHH
SHepriH (XOCTOBEpHOE COObITHE) PABHANACL eNHHBIE.

Jns nanvuefiniero cl)OpMyﬂg Bonbumana ueaecooBpasno nank-
catb B Oonee oOmeM BHIE. aTOMHOH (DH3HKe NEPeAKO BCTpe-
waoTes cldyyan (M. Hanpumep § 113), Koria WMeerTCs HECKOAbKO
PasANYHBIX COCTOAHMI, B KOTODHIX aTOM KMeeT OfHY H Ty ke SHCp-
MU0 (TaK HasbiBaeMble Cyuan BLPOXKAeRHA). OueBHIHO, UTO B Ta-
KHX CRYMafiX PAsAuuHLHM 3HAu€lHgM SHEPrHH COOTBETCTBYET PAsHEIH
crarucTudeckud éec, KOTOpulfi B KBAaHTOBOH (pH3HKe XapaKTCpH-
3yeTCs MHCIOM COBNIAMIAICIIRX ypPOBHEH IHEPrHH.

Tlostomy B oBmeM cayuae dopMyla Bosbnmana Hanmuwercs B
BHIE \

W = Cgme—Em/*T, (100.4)
rAe gm W €CTb CTATHCTHYECKHH Bec, paBHmifl 1 B caydyae HpOCTBIX
(HEBBIPOXKIEHHLIX) ypOBHEI! 3HEPTAN.

Taxkwm 06pasoM, H3 OOIIHX‘ CTATHCTHYECKMX COOGpaiKeHul,
HMeeM

e _ g oM
= S (100.5)
CpasrnBas (100.2) m (100.5), noayuaen:

Bap. g | TR
— Lty 82 ¢ 100.6;
A+ Bupy @ TRFTY (1008

OTKyAa .

Py = (100.6)

Biog e EEVRT g, g, "

Ho, no yeaosuio uactor Bopa E; — Ey = hv 7, clefoBaTeabHo,

— Ango 100
O BT B, (000

D70 B ecTb GOPMYNA pacnpexeSeRHs SHEPIHY B CNEKTpe PABHOBEC-
HOTO H3ydeHRs. JLas onpeneierna kosdprumentos A m B Mbi Hc-
DO0b3YEM CNeJyIONTHe MPEEebHEIE YCAOBHS:

1) TIps T —co, 1. & nph Av & kT DAOTHOCTL pv KOJIKHA CTpe-
MHTBCA K GECKOHEUHOCTH, T. €, 3HaMmeHaTedb B (100.7) —k HyJio,

Al
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D10 Rager cpasy
2By = g:By,
nan
&
Bp= 2% B (100.8)

Tpu ToM ke yenoshk hv < kT gomxHa 6HITh CpaBeannBa hop-
Myda Panes — Jikuuca
2
py=" .
Tpuramas o euimarne (I100.8), nepemmmem (100.7) B cae-
Ayl0LieM BHAE:

— Loy i
P P I (100.9)
Tlpu Av/kT < | uMeeM B HepBOM IPHOJHKeHHH
AviRT — v
T — | - .
u (100.9) npunnMaer BUZ
— @An | RT
=B,
Cpasuupan ¢ popmyaoli Paies — J[Kutca, moayyaem
Gadyy __ Bmhv®
P (100.10)
u (100.9) mpusuMaer BHX
__ Bmaw? 1
=5 T

A 510 1 ecTb popmyaa [nanka.

Jiaa mocleaylomux cooGpaskeHHii Mbl MOkKeM Ge3 ymep6a aaa
OBIGHOCTH NOKOXKHTD gz = ¢ = |, T. €. pacCMaTpHBATE MEPEXOAH
MEHIy TIPOCTEIMH, HEBBIPOXKAEHHBIMH ypOBHAME. PopMyan (100.8)
H (100.10), ycramapaupamomiue CBE3b MEXXY KOS(duUHeHTaMA
DiigmTeiHa, HAWIIYTCA NPH 3TOM B BHAC

Brhv®
Ay =5 By, Brp=By, (100.11

/I, DEPEXONIA OT 42CTOT K AAHHAM BOJH,
8ath
Ap =< By Bu=Bp (100.12)

Boitle Mt yKashiBanH, 9TO B TOM Cilydae, KOTKa B YCHOBHH pas-
HOBeCHSl B KAueCTBe NEPEXOOB C HCNYCKAHHEM YUHTHIBAIOTCA
TOAbKO CNIOHTAHABIE NEPEXONbl, XapaKTepHsyeMble KO HHUHEHTAMH
Amn, BMecto ¢opmyns Tlnanka noayuaercs hopMyaa BuHa.
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JleucTsHTeNLIO, Monaras B (100.7) paBHHM HYNIO KOSQuUHeHT
MHLYIHPOBANHLIX TepexolioB By H HpHNUMAd BO BHUMARHE (100.11),
noay4aem soios
o =2 =T,

a 370 W ecTh dopmyaa Buna [cp. (89.7)]. Ho Mbr yxe sHaeM, ur0
gopMyna Buia Xopowo ojuchisaer HabmiofeHALe PE3yAbTaTul B
OG6HacTH BbICOKHX WacToT, T. €. B KOPOTKOBOJIHOBOM KOHUE BHAIMOTO
cpeTa B yabTpadHoseTe. M3 51010 Gaeyet, 4T0 B 210 oGaactd
epexOnbl ¢ BEMYMICHHHM HOIYCKAHREM HIpaioT Hllb MALYI0
poab, a Bee HCNYCKAHme NpaKkTHieckn RPONCXOMHT MIABKbIM o6pa-
30M 33 CYeT CMONTAHHMX nepexofos. C Ipyroft CTOPOHDI, B pafHo-
4aCTOTHOM (MHKPOBOJIIIOBOM) XMANAa30HE CIEKTPA BCJICACTBIE Cillb-
HOTO BO3PACTAHAA (~ A%) KO3(OUUHEHTA HHAYIHPOBALHEIX NIEPEXO-
HOB By H YBETHUECHHSA MIOTHOCTH M3MYUCHHST Py, pOMb CIOHTALHBIX
HCPEXOJOB HHYTOKIIO MaTa.

§ 101, CpoficTea WHAYLUHPOBAHHOTO HCIYCKAHUS

PaccMOTpHM TeNeph HECKOAbKO JIeTaisiiedl CBOMCTBA KBAHTOBLIX
TIepexojios, XapaKreprayeMLIX KO3hHIHEHTAMH Binwmrteina Bp u
Bai, T. €. TIEPEXOLOB, COMPOBOKAACMLIX MOIJIOIEKYUEN CBETA (SJEK-
TPOMATHATHBIX BOJR) H, COOTBETCTBEHNO, HHJYLHPOBAKEEIM (CTH-
My/HpoBauHLIM) Hemyckannem. OcoGoe BHUMAHHE Mbi YASIHM Hi-
LYIPOBANHOMY MCOYCKAHHIO, TaK KaK B camoe MOGIEAHEe Bpemi
0HO MPHOGPEAO HCKIIOUKTeNLEYIO TEOPETHUECKYI0 H NPAKTHUECKYIO
BaXHOCTh., JLOCTATOWHO CKasaTh, WTO HiAyIHPOBaBKOE KCNyCKaHde
JeXKHT B OCHOBE HOBOf GHICTPO pasBHBAIONLEACA o6aacTH pagHopu-
SHKH H PAIUOTEXHHKH — KBAHTOBON paXHOTEXHHEN.

CHAUAIA Mbl PACCMOTPHM MHKDOCKONHMYECKYIO KAPTHHY TEX BH-
0B B3aUMONEHCTBHS SJI€KTPOMATKRATHOTO H3IYYeHHA H aTOMOB Be-
eCTBa, KOTOPEIE XapaKTepH3YIOTCs KO(PGUUHEHTAMHE Buun, 8 32TEN
YCTAHOBUM CBASb MEXJY 3THMH KO3DOHIKEHTAMU H MAKpOCKONH-
Yecko#l XapaxTepHCTHKOH NOrIOLIERHS.

Yrobbl 1epeNTi K DUTIOJHEHHIO NEpBOi NOJNOBHHBL 370# TIpO-
FpamMmbl, HANOMITKM, UTO, KAK 3TO XODOLIO H3RECTHO H3 SAeMEeHTap-
HDIX MaJ0Kenmi AaTOMEOH TEOPHH H KaK Gyner noipobuc 060CHO-
pano mike (cM. Ta. 1X), KBaHTOBHe CBOHCTBA DNpOABISIOTCA HE
TOIbKO B CYLIGCTBOBAHRK JIKCKDETIBIX YPOBIEH SHEPrHH ATOMIIHIX
cpcTeM, HO CaMO W3NYYeHHe HMeeT JBOMCTBEHHYIO MpHPOIY: COxpa-
K5 BOJHOBRIC CBOHCTBA, Ono BeicT ceB TaK e, KaK MOTOK «da-
cruup, GOTOROB, OGAANAKIHX 3MEprHel Av B EMDyIRCOV Av/e.
PaccyloTpM ¢ 97T0fi TOUKH SpeHHsl B3auMOLEHCTBIE H3IYueRid C
HeBO3GYHAGHNEIM 11 € BO3OYHCiennbiM aTomaMu. Puc. 155—156 na-
SN0 [IPCACTABINIOT CXeMY B3anMONeHCTBHA NPA NOrVOEHNH, Ha
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pHc. 155, @ mpeicTaBdeHbl 11eB030YKACH R aToM W TpH QOTOHA KO
B3aHMONEHCTBHA; HA pHC. 165, 6 nokasano, yto B pesyabTare B3aR-
MOMeNCTBHA aTOM MOCJIOTHA OZWMH (OTOH (xosdduunent Bi), ne-
peilns B BOSGYKACHHOE coctostine £ — Es 2 Ipa GoToHa mponod-
K0T CBOe ABHKEHHE, He M3MENAs HH CBOMX CBOHCTB, HH CBOETO
nanpasienns. [la puc. 156 n3obpaxena cxema HHAYLHPOBANTIOTO
HaayueHusi: caesa (pHc. 156, @) BO3OYMIeHHbH arOM ¢ SHEpTHed
Tepeme] B KOPMafbLHOC CO-

KASCTBEHHLIX oTOHA Mpo-

Bo3byxpenna Ey — E; = hv 11 iBa QoTOHZ ¢ TOR Ke uepruel Av
CTOsIHHE, HCTYCTEE (GOTOH C
KOJMKAIOT CBOe [DHXEHHe B

0 B3AHMOEACTBUs: CrlpaBa
TOH Ke 3Hepruen Av 0 TeM Ke a i/}

(puc. 155,6) —xapTuHa moc- o
Jle  B3aHMOAEHCTBHS.  aTOM —O
HMOyALCOM Av/c, ¥TO ¥ fa-

C s Puc. 185,
naomnis oTON H BCe TPH To- e 165

napamieNbENX  Hampasie: O

HHSIX. -
Mul BuguM, uTo cayuaii [ —

COOTBETCTBYET ~ OCAAGAEHAIO, @ )

T. €, MOTVIOWEHNIO U3JIYUCHHS,
B cayuae ke [/ HHTEHCHB-
HOCT, H3nydcliusi BO3pactaeT -
83 CUET BLIHYKIGHHHX NEpEXOXOB H, NOCKOJbKY MPH 3TOM GOTOH
H3JyuaeTeA B TOM )Ke HANPABJICHUH, uTO U NAKAIOWMH, MOKHO TO-
BOpHTH 06 0Tpuyareabsos nozioujenus. Boaee peranchuil aHAmH3
NpOnecca NOKA3LIBAET, yT0 JIEKTPOMATHHTHOE H3TYUEHHE, HCIyCKae-
MOe TIpH HEAYIKPOBAHIBIX NIEPEX0/aX, TOXIECTBENHO ¢ NAIAIOWLAM,
He TOJbKO N0 YACTOTE, HO M COXPAHAET C HHM HENPEpLBHOCTR N0
¢aae: OHO KOrepeHTHO € nafaomin.

D70 CBOHCTRO HACTOJABKO BaXKHO, yTO 1nd HeM CAERYeT OCTaHo-
BHTbC. OQUEBHIHO, 4TO NOrIOLYEHHC H BHIHYXK/CHIOE HCNYCKAHHE —
B2 B TOWHOCTH B3aUMHO OGpaTHmX mpouecca. O7To, B 4ACTHOCTH,
AcHO M3 puc. 155 u 156: mauampeoe cocTOfnKe MEPBOrO Mpoiecca
CoBNanaeT ¢ KOHEWHbM COCTORBHeM BTOporo ¥ Haobopot. Jlaaee,
XOpOIG H3BECTHO, YTO IpH TOTJIOLICHHH YMEHBIARTCA HHTEHCHUR-
HOCTL CBETa, HO MOMNOCTLIO COXpABAIOTCS CBOACTBA KOTEPEHTHOCTH.
D10 BHIHO M3 TOrO, UTO HpH JIOGHIX BHTEpPHEpeHNHOHKHX OnbITAX
DpOXOKAeHKE NaAAI0NIEro NyyKa CBETa Yeped norIoLaoNtyio cpeny
(HanpuMep, cBeTOGNABTP) ne paspymaer HHTEPhEPCHIHOHHYIO Kap-
TrHy. Jipyroit npuyep: NOMEIeNne CBETOMUALTPA Nepes auH3ol He
BHOCHT IMKaKMX HCKajKeHHH B H3oOpaiende. M3 sToro caenyer,
YTO B pesyJIbTaTe NOLMOWEHHSA (MOJI0NKHTEbIOrO) COCTORHHE KOre-
PEHTIOCTH HE H3MEHSeTCs.

Puc. 156

11 3. B Wnozscxad, . 1
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Ecau Teneps DPUHATH BO BHAMAHHE, YTO NOIMIOLGEHHME H BEIHYXK-
JIeHHOe HCIYCKAHKE, WIH HHAYe — [OOKHUTEbHOE H OTpHIATebHOe
NOrMOLEeHHE — ABa TOJHOCTLIO B3aHMHOOGPATHLIX mpomecca, To, B
CHJY 32KOHOB CHMMETDHH ABJEHUN, Mbf JOJKHbLI OKHAATS, YTO WH-
AYNHPOBAHHOE HSAYUEHHE NOMIKHO ObITh KOTEPEHTIIO ¢ MAAAIOLIHM.
Taxnu 06pasom, Dpu NpOXOKAEUHH CBET2 YePe3 Cpeay,'cofepKa-
11yI0 BO3OYKIEHHEE ATOMH H CNIOCOGEYIO K BBIHYXIEHHOMY HCIy-
CKAHHIO, CBETOBOH INOTOK N0 Mepe NPOXOKICHHS HEApepbiero
Y8eAudUBAET CBOIO MHTENCHBHOCTb, COXPAHAS KOTePeHTHOCTh, T. €.
ABJIRHAE NOJKHO NPOTEKAaTh B TOUHOCTH CHMMETPHYHO ¢ KapTHHOH,
uMeoLeli MECTO TIpH NOJIOKHTEALHOM NOINIGUIEHHH, TIPH KOTOPOM,
OJIHAKO, HHT Th NOTOKA ¥ e, Kak mer ysumuy, sro
CBOACTBO BHIHYXJEUHOMO HCNyCKanus HMECT DCLIAIOMIEEe 3naueHHe
ZJIS €TI0 HeNOCPeACTBEHHOro 2KCIep TalbHOTO OBHApYHKEHHS.

OGparumess 7emeps Ko BTOPOA yacTH Hawell nporpaMMb — K
YCTAHOBJICHHIO CBASH MEXy OOHSHOH «MaKpOCKONHIECKOR> XapaK-
TEPHCTHKO# NOTIOWEHAT 1 Kos@@uunentann Jfumreiina By u Bay.
Tlycrb M1 HMEeM MapallienbHEl MOHOXPOMATHUECKHE NIOTOX AHCK-
TPOMArHHTHOTO H3/TyYEHHH yactothi v. [locae MpOXomKIeHHS Cllost
BeIECTBA TOMEHHEL AX HHTEHCHBIOCTD H3NyueHHs yGmBaeT. Corac-
HO OCHOBHOMy 3akomy (otometpru (sakou Byrepa) ocnabaenne
HBTEHCHBHOCTH NMPONOpUHCHAMNBHO NAJAIOMEH HITEHCHBUOCTH U 3/Ie-
MEHTY TOMIEHHL C0A Ax:

— Al =k, Ax, (10L.1y
WK, B HHTEr paJbHO! (opwme,

Iy=1Ige A,
rre d — noaHas ToaumHa cnod. MEowuTenb ky (pasMepROCTL (201
# ecTb Koa(GHIHeHT IOT/IoMmEH s,

BBUACINM Tenepb HIMEHEHHE HHTCHCHBHOCTH 4€pes KoS(@uiu-
eHTH DApWTelHa Buma. UHCI0 aT0MOB, HaXONSIGHXCH Ha HIKHENM
YPOBfl€ U 3aKMOYEHHLIX B O0beMe CedeHueM B | ciZ M TOAIGHHON A,
papHO NiAx. [lpuHKMas BO BHHMAHHe, uTO KaMblii aKT HCTHHHONO
(MONOKHTEABHOr0) MONIOWEHHN yIANET 3 NOTOKA H3Jyyenus
O/IUH KBAHT /v, HAfifIeM, uTO yMeHblieHHe WHTEHCHBHOCTH BCJEL-
ctBHe nepexonos E; — E, pasuo

Ny Ax Bpp, iv.

Ha ocHoBanns anasornuupx cooGpaxkenuil HafieM, YTo BCTeACTBHE
HBIyUHpOBAHKLIX nepexonos E;— Ey B nOTOK noctymaer speprus
NaAx Byp,, hv.

DHepreTHyecKHii GanaHc 060HX BHAOB MOTJIOEEHHR  (TIONOKHTRNb-

HOTO M OTPHUATENBHOrO) paBeH
— Aly= (N Bro— N3Bay) p, hv Ax. (101.2)

§ 101] CBOFMCTBA MHIYIIMPOBAHHOTG UCIIVCKAHVS 323

TIn0THOCTS H3JAYYEHHS py B NMAPALNEAbHOM MyuKe H3/MYyUeHH: ceue-
HHeM | c#?, pacpocTpaHSIOLEerocs Co CKOPOCTHIO £, OUEBHIHO, paBHA

oy =1Lje.
Tloacrapnss o BepaxenHe B (101.2), monyyaem
— L= (B — Ny I, A

Cpasynsas ¢ (101.1), suanm, uro KO3G(RMHERT NOMIOIEHHA BEIP2-
JKATCH Yepes SHHIITEHOBCKHe KOap@HIMenTh TaK:

by =" (N1 Big— NBa)-
TprREMast BO BHUMAHHC, 9TO NPH g1 = g2} By = By noayuaem

5 NBe (1 — )

ky
Tpn pasHOBECHH, B CHIY pacnpeienerus Bonsumana,

Vo om(EvmBORT = g=hIhT,
N,

¥ Ml OJTyqaeM

ko =22 N\ Ba (1 — e=eT),

Bropoi uieHl B CKOGKax Memblie E[HRHMUM, HanpuMep MIs A =
= 4000 A, v = 7,5-10% u npn T = 300 °K
v [
*T 1,4-1071%. 300

1210 . grur0KHO MaJiasl BeAHYHRA. JIerko BHIETb, 4TO 970 BCerfa
Gyner HMeTb MECTO B SHLHMOH yacTH CHeKTpa W HDH HE CIIHIKOM
BEICOKHX TeMnepaTypax. [103ToMy TpH paBHOBecHH BCeTla

ke >0,

T. €. CyMMapHbifi KOI(@HIUEnT NOTIOWEHUS BCeriad NONOKHTEIEH,
WIH PHAUE — aKTH NOJOXKHTENbHOH aGCopOIlMH NMPEeBaiHpYIOT HAax
akramu abcopbumu orpHuaTenvHod. IlpuuiHa 3Tore B KOHEUHOM
cuete COCTOMT B TOM, 4TO YHCIO ATOMOB HAa HOPMAaibHOM ypOBHE
npu pasHoBechn (pacnpexenenne Bomsumaualy Beerna Gonsune
qyc/1a BO3OYKAEIHBLX ATOMOB.

UTo6H CO3ATh CPERY C OTpUHATEALHOLM NOSAOUEHUEN W TAKEM
06pasoy SKCIEPHMEHTANLHO BEIABHTh HHAYUHPOBAHHbE MEPEXOALL
HEOBXOMHMO OCYIIECTBUTh HEPABHOBECHOE COCTOSIHHE, MpH KOTOPOM
yHC0 BO3BY:HACHHHX aTOMOB ObUIO Gbi GOMblUe wHCIA ATOMOB, Ha-
XORAmHXCA B HOpMasblioM coctosuuy. Takoe nepapHOBeCHOe co-
CTOMITHE YACTO YCJAOBHO HA3bBAIOT COCTOSHHEM C OTPHUATE/IBHON

10~

=1,2-10%,

i



394 . YPOBHU 3HEPTHH ATOMOB [t vir

TeMnepaTypoll no cnefyowed npuuuse. Ms pacnpeneaenns Bonbu-
Mana, mojaras NO-MpexHeMy g = g (UTO He MelseT oOmHOCTE
BLIBOAA), HAXOJHM
PO a1
Fln (Nof V) '

Tak Kax, no ycnosuio, Eo > Ey, a No/Ny < 1, T0o T >0, Kak u cne-
NOBAJ0 OMMAATH (paBHOBECHOE COCTOSHHE), HO mpH No/Ny > 1,
T < 0-— TeMnepaTypa OTpHLATENbHA. TepMHI «OTpHLATCALHAS TeM-
nepatypas H3-3a NPAKTHYCCKOIO YIOGCTBA IMHPOKO NPHMEHAETCS,
XOTS MOHSITHE TEMIEPATYPLl K HepABHOBCCHBIM COCTOSIHHSM HEMpi
umennmo. Ha 3107 TepMHDl crefiyer cMOTpeTb [IpOCTO Kak Ha
CHHOHAM COCTOSIHHs C OGDAIUEHHBIM DAacUpejeseHHeM aToMOB MO
YPOBHSAM SHEPTHH.

Hmeercs Jiespiit psin ciocofoB €O37TaHUS CPelbl ¢ OTPHUATENb-
Hoit Temneparypoil. C artofi uenpio an6o CTpeMATCA KOCBeHHBIM
nyTem co3faTh U3GLITOK aTOMOB l1a 60/lee BLICOKOM yPOBNE II1ePIHH
[0 OTHOIEHHIO K HEeKOTOpOMY Gollec HH3KOMY (HC O6S3aTElBHO ca-
MOMY HH3KOMY) YPOBHIO, J#60, H2060DOT, — HCKYCCTBEHHO MOHM-
aHTL HacelNeHHOCTh §ofiee HH3KOTO YpoOBHS MO OTHOUlewnio K Goee
BbicokoMy. OUeBHIHO, UTO B TOM H IPYTOM CJIyuae OCYIIECTRJACTCS
ofpaliedroe pacnpe/CIeHIC aToMOB N0 YPOBHAM U, CNeIOBATENLHO,
«OTPHNATENBHAS TEMIIEPATYDA» s BRIGPAHHOH Naphl YPOBHEIL.

TIpocredimee nposnaeRHe HUIYIHPOBAHHOTO HCIYCKAHHS B yCa0-
BUSAX OTpHLATENLHON TEMIEpaTYphi COCTOMT B OCYLIECTB/EHHH OTPH-
LATeAbHOTO [OTTOLeHHs, T. €. B O6HApY:)euun xoadduiuenta npo-
3payHOCTH GoabINero enunuusl., TaKHM myTem COBETCKMM (H3HKOM
B. A. @adpurantoM eme B 1939 r. OblIn 06HAPYKEHB! HHAYILHPO-
BAHHbIE TMEpexXOfsl B BHAMMON yacTH CNeKTpa B MAPax pTYTH, BO3-
GyslednpIX [PH 3JCKTPHYECKOM DA3psiie B HEKOTOPHIX CIeLHasb
Hbix ycrosusx. MM ke Ol BrepBble CHOPMYNMPOBAH NPUHLHN
MOJIEKYJISPHOrO YCHICHHS.

§ 102. Teneparopnl cera

Boiny2iennibie Nepexojibl NOTYYHAN BaXKHIC NPAKTHIECKYE MPH-
menenns, Ha nx ocHOBe co31aHn MOJEKYJfPHEIE TEHEPATOpH U
YCHJMTeNN B CAHTHMETPOBOM IHANA30HE DBAUOBOIH (MasePsl), a
TaKxKe OUNTHYECKHE KBAHTOBHE lenepaTops (gasepdl *)), — HcTOY-
HUKH CBeTa B YJbTPAQHONLTOBON, BUIHMOA ¥ WH(paKpacHOn ob-
JacTsx, oﬁnanalolune YHHRAMBHBIMA CBOHCTBAMH,

*) B1n cROCOOPAIHHIE RAINAHMS ABJSIOTCS CORDANIEUHAMH TOJHMX NA3nagid
maser — microwave amplification by slimulated emisslon of radiation (ycuaeune

> HAL T i nanyuenns) laser — light amplification
by stimulated cmission ol radidtion (ycwnene cheta wniyumposamnbM menyc-
KallieM H3nytents),

§ 102 TEHEPATOPBI CBETA 3928

Brifop pabouero BeleCTsa JJIS ONTHUECKUX KBAUTOBLIX reHepa-
TOPOB ONpENEJSETCs TAABEBIM 0OPA30M BO3IMOKHOCTBIO AOCTAKEHHA
MHBEPCHO HACENEHHOCTH JUIl HEKOTOPOH Maphl YPOBHEHl SHEprHH.
PeXHM TeHepalldil HACTYNaeT B TOM CJydae, KOTAA hdexT ycmme-
HUS CBeTa KOMMEHCHDYET NOTepH 3HEPTHH 3a CHET NPOLECcoB pac-
CESIHHA, Nepenoraouless # T. M. JNs resepalny CBeTa HCIOMb-
ayloTesl KAK KPHCTAIHL, TaK W KHAXOCTH M raspl. Hecmorpst Ha
CYNIECTBEHHEE PA3MYHS B CHCTEMaX SHEPreTHUECKHX ypOBHEH, 5O
BpEMeHAX JKHIHH BO3CYMICHHLIX COCTOSHHA DPASJMYHBIX COGIHIE-
HUH, MCHOMb3yeMbIX B DA3JMUHLIX Ja3epaX, OCHOBHHIE [pUHIHITLL
neficTBHs. KBaRTOBHIX TeHepaTOpos CBeTa ofmHakosul. Kpatko pac-
CMOTPHM 3TH IIPHHUHIbI, A TAKKE CBOHCTBA HAAYYEHHA reHepaTopon
cBeTa HA TIpHMEpE PyOHHOBOTO Jasepa.

Kpuerasa pySuHa npeicTaBaser cof0fl OKHCb alIOMHUHMS, B KpH-
CTaJHuecKofl pelleTKe KoTOpOro nekoropoe umcao aromos Al sa-
MeHeHO TpexsanenThbiME HomaMi xpoma Cr®*. Tlpu moraowmexHn
cBera MOHHI XpOMa TepexomsT )
¢ HOPMA/BLHOTO Xpom-m A, na  ABZAZZZZZZZ
Bosbyxaeunsfi Ay (puc. 157).

TlocieAiHnA NpencTaBaser, cob-
CTBEHHO, He YpOBEHn, a JOCTa-
TOYHO WKMpOKyIo monocy. Bosby-
K JeHHble B IPeieNax 3Tof moao-
CH HOHBl XpOMa 3aTeM YaCThIo
NepexosT Ha HEKOTOphill ypo-
Bele M, Ha KOTOpOM ORE 3aKep-
JKUBAIOTCA B TeuEHHEe HECKOIb- Pre. [57.

KHX MRIJIKCEKYHI, T. €. B Teue-

HHe BpeMely Ha 4—5 NMOPSAKOB seAWuuEb §0bIIero LopMansHoro
BpEMEHH XKH3HH BO3GYXKICHHOTO COCTOAHUA (1077—1078 cex). Baa-
roLaps ST0MY Ha yposHe M (KOTOpLIM na3wBactess meractabitb-
HbLM) HAKAIVIWBARTCS SHAUMTENbHOE UHCAO BOSOYMIIEHHBIX HOHOB.

Tloka KomlieHTpaliksi BO3BYHleHHslx HoHOB ne moctHraer 50%
BCEro YHCJa WOHOB, DOZBPAIICHHE Ha HODMaqnHbill yposeHb Ay co-
NpoBOZKAeTCH OBLIYHON Kpacuoi dayopeciuenutell pySuaa ¢ yKa-
3aHHOY cpexHell MPOJIONHHTENBHOCTEIO B HECKONBKO MAIIHCEKYHIL. *
Ho Kak TOMbKO YACAO BO3GYMIGHHHX HOHOB IpeB3oiler YHCIO
HOHOB Ha HODMA/bNIOM YPOBHE, CO37laeTcA Cpeéja ¢ OTpPHUATENBHON
TeMIEpaTyPOi M BCIELCTBHE 3TOTO BO3HHKAET BO3MOKHOCTb BEICBE-
YHBAHHS 32 CYET BBIHYIKIEHHBIX IIEPEXCLOB.

Jins HaGMOLEHHS 3TOTO SIBJEHMA KPHCTAL1 pyGuHa Oepercs B
BuJle CTepeHbKa WIH MPH3MbI JUIHNOH B HCCKOJNBKO CAHTHMETPOB
¢ ONTHYECKH OTHOAHDOBAHHBIMM CTPOTO Napa/LACTbHHIMI Noceped-
PeHHBIMH TOPLOBBIME TDAHAMY, OAHA H3 KOTOPBIX IEJAETCs mody-
TipoapauHoit. JIOCTATOUHO HECKOMBKHX (OTOHOR, OCBOGOMIIEHHBX Y-
TeM CNOHTAHHBIX [€PEX00B, YTOOH HAYANCH NPOLECC BEIHYKACHHEIX

4



396 YPOBHH SHEPTMY ATOMOB LI
1{epexonoB, NPHYEM OCBOGOKIAEMEe YOTOHLL B CBOIO OYEpENb BH-
3BIBAOT HODbE BEIHYXKICHHBIE NepeXobl, H TakHM 05pa3oM Rpouece
71aBHHO06P23HO HapacTaeT. DTOMY CNOCOGCTBYIOT MHOMOKpaTHbie
OTpaXeHHA HApACTAWMeA JIABUHHE Ha IpOTHBONOJOKHLIX TOp-
1I0BBIX rpaHsix. [Ipu 3TOM JiaBHHA pacyeT, pacnpoOCTpaHsiAck TyAa H
clofia BHYTpH KDHCTAJia NapallielbhO er0 OCH, TaK KaK OTOHEL,
cAyYalHO KCTyIlEHHbe B ApYTHX HANDABJEHHSX, YXOXAT H3 KpH-
CTaJaa 4epes ero GOKOByIO NMOBEL Tb. Korfa uut b aa-
BHIIB (OTOHOB IOCTHTRET HEKOTOPOA KpUTHUECKOH BeHyHHBI, YacTh
€e, MpOHAA wepes MOJYNpO3pauHy0 TpaHb, BHXOANT M3 KpHCTAMIa
H DACMPOCTPAHAETCS B BUXE Y3KOIO NOYTH CTPOTO NapaireJbHOro
nyuKa

3To wuanyyenne OGAANAET DPAROM COBEpUIEHHO 3aMEYATENbHEX
cBoficTs, Bo-nepBEIX, TeJeCHBIfi yroM pacTBopa Myuka HACTOILKO
MaJ, 4T0 6€3 KakHx Obl TO HH GBLIO ONTHYECKHX CPEACTB B BHIE
3€pKaJ HAR JIRH3 TY4OK COXpaHseT NAPAMIeNLHOCTb HACTOMBKO,
YTO PACXOKIEHUE €T0 HA DACCTORHHH KHJOMETpA — NOpSAKA BOEro
onuoro metpa *). Ecin xe nenomb3osate HeGOMbIIOE CHcaTHe Myd-
Ka, TpONYCTHB €ro B 0GpaTHOM HANMPABJEHHH Yepe3 acTpOHOMHYe-
CKy1o TpY6Y, TO, KAK HOKA3LIBACT MOJACYET, MOXiIO ClpOCKTHPOBATE
ga JIyBy WATHO AMameTpoM Beero B 3 KMAOMETpa. TAK KAk MOTOK
SHEpTMH B HaNpaBJEHHOM NyYKe mpomopurnoHateH /,dQ (dQ — te-
JIECHBIfi yTOJI DACXOXEHHA HyYKa), TO, BBHAY HHUTOKHON BeaH-
apubl dQ, ApKOCTH NyYKa HMEST rpaHANO3HYIO BeTHHHY.

Baaronapst 3T0My ¢ NOMOMIbIO CHENHANBHLIX OTpaKaTedell, yera-
HOBJIGHHEIX Ha AYHOXOAE, yA@1OCh OCYmECTBHTb ONTHYECKYIO N0KA-
1o JIyHbL

Iance, B pyGunOBOM TeHepaTOpe HENOCPENCTBEHHO 43 KpHCTAL-
J1a BHIXOMT BCHEIIKA MOWIHOCTER0 10% 6T mpR CeueHHR, Memnmien
I ca? Ecnn CKONLEHTPHPOBATH €€ C NMOMOLIBIO KODOTKO OKYCHOH
JIMHSEL, TO B NOJYYAIOMIEMCS MATHE pasBUBACTCS MOLIHOCTh, B Tl
CATK pas NPCROCXOAAWAN TO, YTO MOKET GHTh NMOAYEHO myreM
KOHUEHTp AUHH COMHEUHOTO CBETA.

BaHbM CBOACTBOM H3NYUEHWS NOZOGHOrO TeHepaTopa cBeTa
SABJISETCH HEAOCTHNMHMAA nUKAKHMH JPYTUMH CHOCOGAME MOHOXPO-
MaTHINOCTb. Brinyskzentoe HCnycKaHHe eCTh pesonancHbiil mpouece,
BBHIY HEro OHO BO3GYXKAAeTCA ¢ HauGOALLISR HHTENCHBHOCTBIO
y makcumyma KpiBofi 4actothl, [103TOMy ORHOBpEMEnNO C JIABHHO-
OOpasHbIM BO3PACTAUHEM HITCHCUBHOCTH HAET MpONECe CHATHS Hi-
TepBana 4acTor. B pesyaprare BosHHKaeT MOHOXpOMATHUECKOE H3-
JyueHne CO CNeKTPAILHOA WHPHHON, 3HAYRTETHHO Menbliedl ecte-
CTBEHHON NMMPHIB CHEKTpaNLHON mueuK (M. cTp. 241). Ocodenno

*) JLis cPaDHEHNA 3ANGTHM, WO RYUOK, 0BpA3yCME OPOMERTOPUAM Sep-
KaOM RHAMETPOM OKOMD ABYX METPOB, JaeT pacxowmienne d© = 1°, 4to ¢ooT-
BRTCTBYET Ha PaccTonkuy 1 K4 myuky Anamerpom 17 a,

§ 102 TEHEPATOPB! CBETA 327

BHIFOZeNl B STOM OTUOMIEHHH [a3oBwiil reHepatop (reamif o HeoH),
KOTOPLIi Raer Midpakpacioe HaTyuenHe CO CIeKTpaNbHON NIHpH-
HOW, MCHbLIEf! OJHOro KHUJOrepia IpH secymedl sacrore 105 Meg.

JpyraM BaMHbM CBOACTBOM HIIYUHPOBARHOTO HBMYIEHRS SB-
JISETCS €ro KOTepeHTHOCTh. Kak yie ykaswBamoch, CHORTAHHOE
FCIyCKaHKE B MPOTSNEHHOM HCTOYHWKE BOSHHKACT B padMMuHBIX
cayualino pacupeAenCHEbIX B NPOCTPAHCTBE TOUKAX H B cAydaiiubie,
He CBASAHHEIC MEXAY COG0H MOMeHTsl BpeMenH. [To3ToMy oho Hexo-
TepeHTHO: He TOJIBKO JIYYH CBETA OT DA3THYHLX HCTOUHUKOB, HO H
JIy4H CBETA OT Pa3HBIX TOYEK OAHOTO M TOrO Xe HCTOYHHKA MEXAY

H

PybunoBai | =
3nguamengy

FHE g

9
Puc. 158,

coGofi we unTepdepHpyior. UToGL OCYIECTBHTh ¢ TAKMM H3Iyde-
HHEM HHTEPEPEHLAIO, HeoBXOHNO NOML3OBATECH HCTOYHHKOM ‘M-
JIOTO pasMepa, pasAeaiTb OXMI HCXOMIBIN NMyd4OK 11a XBA WIH He-
CKOJIbKO, KOTOpbie 3aTeM Mex]y cofoil uHTepgepHpyior. [Ipu 3toM
HHTEPHEPHPYIOT B CYIHOCTH NOTOKH BOJIH, HCXOASIUME OT ONHOrO
aTOMa, W pas/UuHBe MHTepdepelLHOHHbEE KApTHHH IpOCTO CKJa-
AHIBAIOTCS MEXAy COGOM.

HanGonee uaraspubiy HHTEpQEPESHUHOHELIM ONBITOM SIBASTCS
onbir FOHra ¢ gBYMf meASIMH: CBET OT yAAJ€HHOr0 HCTOYHHKA Ma-
JIOT0 paaMepa (WIA OT [ueldH, OCBEIAEMOH yAANEHHBIM HCTOMHH-
KOM), Tpoitis uepe3 1se NapajleNbHbie Wed, AAeT Ha yxaJeHHOM
9KpaHe TUNHYHYI0 HiTEPHEpEHBUOHNYI0 KapTHHY, COCTOAWYIO H3
TIOC/IEROBATEALHOCTH YCPENYIOMHXCH CBeT/IBX H TEMHHIX I0J0OC.
ORnako 3TOT OMIT He YXAaeTCs, eCIH HCTOYHHK CBETA CAKIIKOM Be-
JIHK WUTH pACnoNoNen CTHIIKOM 6IH3KO K Kpany.

Hanyvennc nasepa sBaSeTcA NOMHOCTBIO NpPOCTPAHCTBEHHO-
KorepenTHslM. [10310My HETepepeHIMs GecnpensaTCTBEHHO BO3-
HEKAeT, eCIU CAeJaTh ABE [IeJH NpAMO Ha TNOJYNOCepeSPeHHOR
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TOBEpXHOCTH, Yepe3 KOTOPYIO BHXOXHT HapyXy HiLLyNHpOBAaHHOE
HaJyuenne. JT0 NOKA3LIBAET, YTO BHIXOAAMAN M3 KDUCTAsIa BOJHA
HMeeT AeHCTBHTENBHO NVIOCKUY QPOHT ¥ pasinuHble NPOCTPAHCTBEN-
1O-pasfieVieHHbIe TOUKH 9TOH BOMHM Xorepentus. Puc. 158 mirio-
crpupyeT cxeMy onsira [OBra ¢ pySunoseim manysatenem. Crpasa
Ha gﬂcym{e npHBenexna pororpagHs HHTEPHEPEHIHORHO) KAPTHHEL

aMeuaTenbHble CBOMCTBA HIAYUHPOBAKHOTO HILYYEHHT WIHPOKO
HCNOAB3YIOTCS B HAYUNBIX M mpaxTHuecknx neasx. Cospanre Ksak-
TOBHIX TeHEPATOPOB N0 CYIIECTBY 03RAYalO BOSHHKHOBEHHE HOBBIX
pasNesos GUIHKA — KBAHTOBOW panHOPHINKH H KBAHTOBOH OII-
THKH *) .

*) Cu, manpumep, A. JL Mugasasw, M. JL Tep-Mukasaag
10: T, Typxos, Onrndeckue rencpatopsl wa Tacpiom Tene, «Cos. pajkos, 1967,
Hax. Buph6ayw, Onrudeckhe KBanToBbe reneparops, «Cos. paguon, 1967,

FHABA VI

CNEKTPAJIbHLIE CEPUW U YPOBHU 3HEPTHA
BOAOPOAHOIO ATOMA

§ 103. Cepna Barbmepa

CreKTpa/ibiible JHHHH &TOMHOTO BOLOpOAA B CBOGR mocienosa
Te/LEOCTH O6HApYXHBAOT NpoCcTHe saxonomepHoctd. Ha puc. 159
npuseseHa GpOTOrpadHA CHEKTpa HCHYCKAHUS aTOMHOTO BOLOpOLA,

Puc. 159, Ce;lm( PansMepa B CHEKTPe HCTyCKAKWA atoMaproro mozopona: Hg,
6 Hy, Ho— Bupuyue aunna, Ho, — npenea cepaf

nofyuennas B AabopaTopHLX yCAOBHAX, 4 Ha puc. 160 — pororpa-
¢ust Toro xe cnektpa (B abcop6uun) B spesne [ Tauri. Cymectso-
BaHNE 3AKOHOMEDHOH CBASH MEXJly CNEKTPANbHHMH JAHAAME Ha

Puc. 160. Cepun Bammepa B cnektpe norfomenus {ameana [ Tauri), saganas
© Hy 1o mpeena cepun.

108 ¥ Apyroy ¢ororpadusx mpsMo Spocaetes B riasa, M meficrsn-
TesbHO, yxe B 1885 I. Bamvmep nokasan, uto AJIMHBEN BOJIH uyeThipex
JMUEHH, JeXam@x B BHAHMON YacTd H 0603nayaeMux CHMBOJAMH
H,, Hg, Hy, Hy (puc. 159), Moryr 6uTh oueHb TOMHO NpEeACTaBACHDI
SMIKPHYECKOH ) OpMyIOf

=82, (103.5)
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THe BMECTO n CaeiyeT NOLCTABHTL Uenne uncaa 3, 4, 5, 6 n B—
sMnEpuueckas KOHCTanta, papnas 3645,6-10°8 cx = 3645,6 A. Ha-
CKOJIBXO TOUHO COBNAARI0T BLIYHCGHHEIE MO 3TOK (GOPMyTe AJIHEH
BOJH C JAHHEIMU HENOCPEACTBEHHHX H3MepeHuil, KOTOpLE OLLIM H3-
BecTH: Bambmepy, BHnHO M3 Tabanne X1.

Ta6aunma X1

e e | Tlo mauepeunm | e,

Junas Baaycpa, “"“}:“e"a‘ o
H, 6562,08 656210 +0,02
Hy 4860,80 860,74 —0,06
Hy 4340,00 4340,10 +0,10
H, 4101,30 4161,20 —0,10

TToMuMO YeTHIpEX BHAMMBIX JIHHHI B TO BpeMsi SLIO H3BECTHO
nsITh yABTPAQHONETOBHIX B 3EMHBIX HCTOURHKAX ¥ 10 — B cekTpax
Geabix 3sesd. Ilogctasnas 3 gopMyny DadvMepa fasnbHeilmine me-
abe ypena n =78 ... MOXHO GbUIO NOAYYHTL TAKXKE H JMWHLI
BOJMH STHX yaALTPadHONETOBHX JuHUi. ONUAaKO COBNAAHHE BLIYHC-
JIGHHBIX N HaGJMIONEHHBIX AAMH BOMn Aasf STHX JIMIIEA OKasanoch
HECKOJIBKO XyMLIMM, uTO, BOpOueM, OODBACHSETCS HCKMOUATENbHO
HETOWHOCTBIO, C KAKOY B TO DpeMs GBIN H3MEpelb; STH JMHHUH.

3akoHOMepHOCTb, Bhipakaemas Qopmyioit Bambmepa, crano-
BHTCH 0COGEHHO HATJIAAHON, eCn MPEACTABUTL 5Ty HOPMylly 3 TOM
BHZE, B KaKOM €10 OGLIuHO NMOAL3YIOTCA B HacTosuee Bpems. C 5Tod
neMbio CleiyeT NPeoSpasoBaTh 3Ty GOpMydy Tak, YTOGL OHa T0-
3BOMIANA BLIYHCASITS HE JJIHHL BOJ, 10 YACTOTHl HJH BOJMHOBLIE
uhcna. [lo uasectHofl Gopmy.ie yactoTa (yncno Konebaunit B 1cex)
BLIpaxaeTcs B BHAE

c
v =-——cex"I,
A

TAE € — CKOpOCTb CBeTa B NYCTOTE M Ag—- AJAHA DBONHLI TaKke B
nycrore. Boanosoe 4ucao ecrb 0fpaTHAS ANUHA BOMHLL WIN YHCIO
BOJIH, yKAafbIBaonuxes Ha 1 ca:

1

~1
7e T

v

B CHeKTPOCKONMHH NOJB3YIOTCA NPCATNOYTHTEABIO BOMHOBLIMH YHC-
namu (B cu7!), TAK KaK JIHHH BOJH ONpeRe/fioTes B HacTosuiee
BpEMS ¢ OTPOMHOII TOYHOCTLIO H, CJIEAOBATENbHO, C TOIO e TOHHO-
CTbI0 M3BECTHbI H BOJIHOBGLIE 4YHC/a, TOTJA KaK CKOPOCTh CBeTa, a
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3HAYUT, H YacTola ONMPRJE]EHbl €O SHAUHTEJABHO MeHbIIEH TOU-
HOCTBH).
Ha (103.1) nonyyaem
1_ 1 n“—4__<4<l 1)

== T

A B B

(103.2)

OGosuauas nocrosuuylo 4/B uepes R (nepsas 6yksa dpaMuiann Bel-
NAI0Werocs MBEJCKOTO CHeKTpocKonkucTa Puadepra, MMeHeM KOTO-
pOro HasBaHa 3Ta MOCTOsWHAA), mepennmenM (103.2) Tak:

v:R(Z,L,_an) (=3, 4, 5,...). (103.3)
10 1 ecTb 06LIUHEY BHA GopMyan Basbmepa.

Hs dopmyaw (103.3) BHAHO, yTO MO Mepe yBequueHHd n pas-
HOCTb MEX/y BOJHOBBIMH YHC/1AMH COCEAHAX JNARAH yMeHblLIaeTCHd,
H OpH 4 = 0o Mbl NOJAyYaeM NOCTOJHHOE 3Hauenne v = R/2%, Ta-
KHM 06pa30M, JHIHH ROJDKHE MOCTENEHHO COMMKATLCH, CTPEMSCH
K npeflebHOMy MOJIOKEHHIO v = (R/4) cx~!, DTO XOpOLIO BHAHO Ha
dortorpaguax puc. 159 n 160, Teopernieckoe MOJMOKeHHe mpe-
Aesa CepH yKasako Ba puc, 159 cumsonom He.. Habmoaenwe no-
Ka3bBaeT, KpOMe TOr0, 4TO C yBeJUueHHeM HOMepa JHHHH £ 38KO-
HOMEpHO yYMeHbIIAeTCS ee HITEUCHBHOCTb. TaKHM 06pasoM, ecau
CXeMATHYECKH NpEACTABHTh DACHO/OKEHHE CHEKTPAAbHBIX JIHHHAM,
oxsareiBaeMblx GopMynoi (103.3), # yenosHo usobpakath AJIHHOM
JHEHY MX HHTGHCHBHOCTE, TO MOJIyYMTCS KapTHHA, NOKA3AHHAs Ha
puc. 161.

2 g
Puc. 161. O6man cxeMa CneKTPATbHOR CePHH.

COBOKYNHOCTb CIEKTPabHbIX JHHH, OGHAp yKUBAOIHX B CBOEH
NOCIEA0BATEALHOCTH H B DACTPE/SCHHA MHTEHCHBHOCTH 3aKOHO-
MepHOCTb, KOTOpad CXeMAaTHUECKH NMpejcTaaena na puc. 161, nasu-
Baercs BooSWe crnexTpasbioi cepueld. TlpenensRoe BOJIHOBOE THCIIO,
OKOO KOTOPOTO CryW{AOTCA JHRHA NPH 7 —> 00, HA3HBAeTCA 2pa-
Huyed cepuu.

Tlonyuesne GOMLIOIO KOJAHYECTSA VIHHAH aTOMHOIO BOAOPOAA
IpA [ONOIH 3eMEBIX HCTOUHEKOB CBA3AHO C DA3NAYBHMHA SKCMEPH-
MeHTaNbHEMU TPpyAOCTAMH. [lostoMy Toneko 8 1920 r. Byay yaa-
foch cotorpagrposare 22 K npomeputh 20 waenos cepiu Banmb-
mepa. Haufombluee KOJNHUECTBO JHHHYE 3TOH CEpHH MOXHO GBLIO
1pOMEPHTh B CNEeKTpe COMHeyHod xpoMmocdeps U NMpoTySepaHuen
{no 37 unencs).
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§ 104. Cepun Jlaiimana, lauexa o p.
Q6o6mennan dopmysa BansMepa

Hapsy ¢ cepreit Baibmepa B CIICKTPE aTOMHOTO BOJOpOLa Gbin
onapyXeH pAj ApYTHX CEHE, GpeiCTABAASMLIX COBepIIeHto ana-
RoreunLMH opsrydamu. Tax, B Kpajiell yabTpad HOMETOBOI 4acTH
cnextpa Jlaiimat OTKpbi cepuio

1 1
v=R(]—7—7) (n=2,3, ...). (104.1)
B nudpakpacuoii yacTH taileno TpH cepHu:
cepus Tamena .
1
v=R(g,—~7) (n=45 ...} (104.2)

I
cepns Bpakera

v=R(%—%) (n=5, 6, ..., (104.3)
cepnst [Tpynaa
v= R(%—%) (n=6,7,.. (104.4)

Orciona BHAHO, 9T0 BCC W3BECTHHlE CepHi aTOMHOrO BOLOpONA
MOJKHO TIpeACTABHT 0fuiel opmyiol
v= R - (104.5)

Tz

rfe m HMeeT B KaxAOM JaHNOW cepHH TMOCTOAHHOE SHAUEHAE
(m=1,2,3 4, 5), an—pat leaux aHayeHuil, AUMHAIOUIHKCA C
uncsa, Ha eamiudy Soabmero m. @opmyaa (104.5) nasbiBaetes
obobmentoi popMyaoit Banbmepa.

B rabauite £11 NpHBEIEHE AJHEBI BOJH B DASNHIHHX CEpHAX
aTOMHOTO BOZOpONA, BEIYKCICHHEIE U H3MEpEHHEE HENOCPEACTRRNHO
(ans cepun Banpbymepa mpHpeneHo 10 unenos s npoMepenHbx 36).
Sra TAGAENA RaeT BOIMOXKHOCTh CYIHTb O TOUHOCTH, € KaKo#f mo-
3BOMAIOT BLUHCARTD ANUHE BOJIH OpMYJb CHEKTPAJIbHEIX CepRH-

Ta6anua XIl

063op cepult aTOMHOTO BOAOPOAR

Cepus Makinana v:R(_]]i,——_l—)

rd
" Agay (12613 My (BoHCa) ¥ ppanca)
2 1215,7 1215,68 82958,3]
3 1026,0 1025,73 97491,36
4 9727 972,54 10282294

T

§ 104

CEPHY JIAVIMAHA, TATIEHA B JIP.

Mpogonmenne rada XII

333

Cepun Baaswmepa V:R(‘ZIT_%)
,‘ }‘su:n {nada) A aqg (BHAECL} v (BBrdHCL)
3 6562,8473 6562,798
: gaeass 562, 15233,216
4861,3578 861,327
: oL 20564,793
4340,497 340,466
: a0t 4 23032,543
41017346 101,738 25181055+
7 3970,0740 3970,075 24373343
8 38890575 388,052 25705,957
9 3835,397 3835,387 26065,61
10 3797.910 3797.900 26322,90
Cepus av=R[-L —
pust Mamenav R( 5 p

" Faoan (M26T) Agosy (BERCE) I v (BuTncn)
4 187513 18751, 5331,58
5 128176 128181 7799,33
6 1,09 s 100381 13984
7 100498 100494 9948,13
8 95462 9516,0 10472,74
9 92207 92291 . 1083240
10 90153 90119 1108969
1 88634 8862,9 11280,03

Cepun Bpsxera v:R< !

n Mgoan (BA0) ’ goat [au;ﬂcn.} v (BeancH)
5 4,05 sk 40310,4 267,75
s 2,63 k' | 262506 380%‘.26

Cepus Mpynxa v=R(L_
57w

" A natir) A et 1 v @men)
6 740 wka 74578,0 | 1340512
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§ 105. CmexTpanbHsle TepMbl. KomMGUHAUMOHHBIA MPHHUMI

Cpaprusas mexay coboit popmyas (104.1)—(104.4), aerko sa-
MeTHTb, 9TO NOCTONHHEI mepBbill Wien KaxIoM H3 sTHX dopmya
ABJISETCA OZHMM W3 MepeMeHREX uiaenos 5 npyrofi. Hanpumep, mo-
cTosHHE wiel dopMyan cepun [lamena R/3* ABASETCS NepBHIN 13
BOSMONHBIX ICPEMENIILIX wICHOD, opMy Ll cepun Bambyepa 1 sro-
pHM — A5 hOpMyJN cephu JlaiiMana;” MOCTOAHABI WISH CepHH
BanbMepa, B cBOIO OYepesib, ABASETCS OANMM H3 1EPEMEHHBIX Wie:
HOB B dhopMyae cepud JlajiMana 7 1. 1. ITOT akKT ocobento ACHO
BHzeH B Hanncanuu oSobuenHoll gopmyis Biibmepa (104.5), KO-
Topas NOKa3LBaeT, YTO BOJHOBOE uKCNO OGO CHEKTpallbloh
JMHEH BOJIODONHOTO CNEKTpa MOKHO [DENCTABUTH KAX pA3HOCTH
JIBYX WIEHOB THma R/m? Tpu KakEX-HHOYAb ABYX UEIHX SHawe-
HUSX m. B 310M 3aK/Iowaercs cospemerias (OpMYIHpOBKAa TaK
H 0ro Ki n sy

Brogst 06o3nayenns

Tm)=o, T(n=-=%, (105.1)

i
Myt Moxem 3anwucaTb (104.5) B BuAe pasHOCTH NBYX QYHKUHA ue-
JIBIX YHCEN

v=T(m)—T(n). (105.2)

Uucaa T(n), T(m) na3HBAOTCE CREKTpaAbHLLML TEpMAsL AIH TIPO-
c10 TepMaMu. JLad BOZOpORHOTO aTOMa BCA CHCTEMAa TEpMOB MOy~
HaeTcA U3 ONHOM 06men GOopMyas
R
- T=— (r=12...)

nZ

(105.3)

M3 (105.3) cuenyer, uto, SHAA CHCTEMy TEPMOB JJA AAHHOTO
aTOMa, MBI MOXKEM MOJyyHTs BOXHOBOE WHCIO J10G0H CneKTpaabuod
JIMHHH KaK pa3HOCTb JBYX WIEHOB STOH CHCTEMBI.

Mbi MoXeM 1aTb KOMOHHAUNOHROMY NPUHIMIY HECKOIBKO HHYIO
(OpMYJHPOBKY: €C M3BECTHH BOJALOBHE YHCAA JABYX CIEKTpaib-
HEIX JIHHHAH OXHOM W TOfl Xe CPHH, TO HX PasHOCTL Oyier Takme
BOJAHOBBIM UHCJOM HEKOTOpOI TF[eTbefl COEKTPAJIbHOM JHHHM, TipH-
nagnexamell ToMy xe atomy. [lycth, HampHMep, AaHEI BOJLOBbIE
aucaa AByX JuHRA cepuu JlaiiMana:

=T —Ty u v,=T,—Ts.

Torza PA3HOCTD V2 — Wy GYIICT BOJIHOBbIM 4YHCIOM HepBOﬁ JINHHA ce-
pun BaasMepa
Vo— v, =Tp,— T3 U T. A
B camom pene, M3 mocheamero cronbua rabmune XII Haxomnm

v, =82 258,31, vo=097 491,36.
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Pasnocrs stux uncen paBra vy —v, = 15233,05. B Toil e Tad-
JEle AIS O€PBOrO uieHa cephn Banomepa (n = 3) Haxomum v ==
= 15233,216 — uncJio, coBIANAPIIEE € vz — V| B npefenax OWHEOK
HabIoNeH .

KomGunankounslyi NpHELHT GbUT OTKPHT YHCTO SMIHDHYECKHM
TyTeM H, MOZOGHO MHOTAM ADYTHM 3aKOHOMEpHOCTSAM B CHIEKTpax,
OH Ka3aicst BHAauane KaKum TO UYHCIOBHM KypbesoM. [nyBokumit
CMBICH 3TOMO OPHHIHNZ OTKPBHIICA TOMBKO NOCAE TOro, Kak OHLEH
(opMyANpOBaKE KBaHTOBHE NOCTyIaTh Bopa.

Hetpyaro y6CAHTLCS B TOM, UTO 3aKOHOMEDHOCTh B YaCTOTaX,
Bblpakaenast 3TUM NpUEIANOM, PE3KO NPOTHBOPEUHT KIACCHUECKOH
¢usnxe. B camom nede, ecin NpENMCATL SMEKTPOBY OMHY CTeNeinb
€BOGOAL, TO CHEXTp XOMIKEH Ouill bt COCTOSATL H3 ONHOMN YACTOTHl M
ee 00epTOHOB; ECJIA XKe CBf3b IEKTPOHA TAKOBA, UTO €MY C/ENOBa-
A0 Obi NPMNECATS TpH CTENEHW CEOGOMBI, TO ME HMedH 6bl TpH
OCHOBHEIE 4ACTOTH M HX 06eproHbl. Oxnako Ha CaMOM Iejie B aTOM-
HbIX CNeKTpax BooSue He Halnoaercss HHKAaKux OGEPTOHOB, T. €.
4actoT, 06pasylomuX rapMouHuecKuil ps.

Brepsbie Bop ¢ moxRo#l OTYETIIHBOCTBIO YKASAL HA TO, 4TO XOM-
GHHALHOHHBI/ NDUHLUI SBAAETCA APKHM BbipdKeHueM CBOeoSpas-
HLIX KRAHTOBBIX 32KOHOB, YNPABIAIOMMX BHYTPHATOMHBIMH ABHIKeE-
HusMIL O606mast o OpMyaHpys TouHee rkmoTesy IliaHxa, BHCKa-
3QHHYIO NS YACTHOTO C/Y4Yast AMHEAHBIX OCUWIAATOPOB, OH YBHIeN
B KOMOUHAIMOHHOM NPHHNKNE yKasaHHe HA TO, UTO ATOMBl MOTYT
HAXOJUTHCH TOJIBKO B ONPEAETEHREIX COCTOSINHSX, SHEPIUH KOTOPLIX
06pasyioT IHCKpetnuill psig. Takue 06pasom, KaKAOMY repMy oTBe-
HAET ONpENSAEHNOE CTAUHOHADHOE JHEpreTAIeckoe coctosnke, u
yesioske wactor Bopa,! ¢opmymnposanHoe B § 90, mpencvasaser
06010 He UTO HHO®, XaK KOMOHHALMORIIBI NPWHUHI, BbipaiKeHHBbl
UHBIM CTIOCOGOM, & HMEHHO TAK, YTO K&KA4S U3 HCNyCKaeMblX ya-
CTOT CBSI3LIBAETCS C ABYMS CTANHORADHBIMH COCTOSHHAMH. Ecan Mul
Gyxem 0603HauaTh 4epe3 v BONHOBOE YHCIO, BHIDANKEHHOE B CM~!
TO MaCTOTA, BblpaxenHas B cex~!, 6ymeT pasHa Cv, H yCAOBHe ua-
cror (90.1) manuwercs B BRIE

hev=E,—Ep,
OTKyAa
v == Egfhc — Epfhe. (105.4)
Ecar nomoxuts .
T (1) =— Enlhe, (105.5)

70 (105.4) npencTaBHTCH B Buie
v=T(m)—T(n),

T. @ Mbl TIOAYYAEM YXKe H3BeCTHYI (OpMYIMPOBKY KOMOHHANHOH-
HOTO MpuHuuna. 3uak musyc 5 (105.5) HmeeT yeaOBHOe 3HAYEHHE:
KAK MBI 3HA@M, S3HePTHs! (HEpeATHBHCTCKAS) SMEKTPOHA, CBA3AHHOTO
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B KYJIOHOBCKOM T0JIe, BCErZa OTpHLATENbHA (§_5l), B TO BpeMs KaK
TepMaM YROGHCE MDHIHCHBATH TONOXHTELHBIA SHAK.

Beexs B (105.4) smpaxenue tepMa uepes NOCTOSHHYIO Pui-
Gepra no oupexerenno (105.1), Ml MOXeM BLIPA3HTD H IHEPrHIO
ATOMOB 4€pe3 3TY MOCTOAHHYIO:

Eq=— Rhe[n®, (105.6)

B atofi popmyse h u £— yHuBEpCAlbnible NOCTOAHELE, 11— leq08
YHCAO U TOMBKO R — sMmmpuueckas Koucranta, Hama dopwyra
npio6pesa 6bl MCUEPNLIBAIOIE FCHOE (HIUMECKOC SHANENHE, eCad
6bl MBI CyMeNid BLIpAsuTh Takxe M mocTostiuyio Puagepra R uepes
yHuBepcaaphle KOHCTaHThL 3TO yaanoch cxenarb Bopy yxe B nep-
BOM HaGpOCKE ero TEOpHH CTPOSIUSA aToMa.

§ 106. KpanTpsaHke Kpyroemx op6uT

B ocroBe Teopiu Bopa JexaT KBAHTOBHIE NOCTYAATHl, GOPMY-
aupoBanube B § 80, 2 HMEHNI0, NOCTY/AT O CY[ECTBOBAHHU CTALKO-
HADHBIX COCTOAMMiI M YCNOBHE HacTOT. JTH TOCTYAATH, KaK yxe
HEOXHOKDATHO YKA3BIBaJAOCh, HAXONATCA B DE3KOM NPOTHBOpeYnH
 sakoHaMy Knaaccuyeckofl pusuku. B camom mene, B To Bpems Kak
nocTyaatsl Bopa Tpe6yioT CYmECTBOBaHHA AHCKPETHOH MOC/Ienosa-
TE/IBHOCTH YPOBHEH 3HCPTHE, KOTOPHIM COOTBETCTBYeT B aTome H3-
GpaHMEl ANl KBQHTOBAHHMK ODGHUT, — KNACCHUECKAS MeXaHHKa
NPHBOABT K HENPEpHBIOMY MIOXKECTBY OpBHT. 370 NMpOTHBOpEUHE
HMeer BecbMa 06LIMA xapakTep, COBOKYNHOCTb (h2KTOB OXHO3HAYHO
yKa3uBaer Ha 710, UTO B ABJEHHSX ATOMHOTO MHpa NDOABMIETCSH
TNIpepsIBHOCTh, XapaKTepH3yeMas KOHEuHON BeNHUMHOM (HepameH-
CTBOM HyJm0) moctosinHof [Tnawka. HaoGopor, mas sBaenui makpo-
CKONHYECKOro, T. €. GOAbINOro, MacmrTaba XapakTepia HMEHHO He-
TPEPBIBHOCTD.

Bl NpPHXOAHM, TAKUM 06Pa30M, K BHBOLY, HTO KJaccHYecKas
MEXaHHKA C €e HeNpephiBHO H3MEHFIOIMMHCH BENUYHHAMU Henpu-
MEHHMa K aTOMHbIM sBJendstM. B tambueimeM, B riase X, MH yBu-
ZHM, YTO HA CAMOM JeJe 3TOT paspbiB OUEHb MIYEOK, Tax KaK OKa-
3HBALTCH, UTO OYEHb MAJEHbKHE UACTHIE — JEKTPOHL, TPOTOHH
¥ 1. I — UpH CBOMX NSIXEHHSIX TONUHHSIOTCS COBEPLIEHHO CBOEOG-
Pa3HBIN KBQHTOGHLM 3AKOHAM, DE3KO OTJHMYAIOWAMCS OT 3aKOHOB
KJIACCHYECKOH MEXAHHKH., 370 OGCTOATENbCTBO, OAHAKO, OLUIO OT-
KDEITO JIMMb ueped JBeHaauarb Jer Nocie yCTAHOBIGHHS WOCTYMa-
top Bopa. Ha mepBuix e craamsx passHTHA- ATOMHOH MeXauuku
IpHIAOCE BOCNOAB3OBATECSK CNIEAYIOMMM JIOTHIECKH NpPOTHBOPEUH-
BLIM METOJOM: CHAYaJNa 33jaua pellanach UPH NOMOMH KAacCHye-
CKOJi MeXaHMKH (32BEJOMO HENPUMEHMMOH NOJHOCTLIO K BHYTPH-
ATOMHBIM JBHMKEHWSM), a 3aTeM H3 BCero ENPepLIBHOTO MHOMe-
CTBA COCTOSIHUA ABWMEUHS, K KOTOPHIM UPHBOJMT KJAaccuyeckas

§ 108) KBAHTOBAHWE KPYIOBLIX OPBUT 337

MeXaHHKa, OTGHpanuCh Ha OCHOBAHWH CHELWANBIIONO TOCTYIATA H3-
GpaHube, KBaHTOBBIE COCTOSKHA. HecMOTpS Ha Bee HecOREpLIEHCTBO
STOTO MeTOi4, OH NMpHBes K OueHL GogbluM ycmexay. JocTaToduHO
GLLT0 TMOAMETHTb RCKOTOPLIE CBOEOGDA3HBIE YepThi aTOMHHIX MpO-
LeCCOB H CNEMaTh H3 3TOT0 HEOBXOAHMBIE BLIBOIMI, YTOGH MOJAYYHTH
BO3MOXKHOCTb DaCNyTaTh CHOXKHbIE 3AKOHOMEPHOCTH B ATOMHBIX H
MOJEKYASPHHIX CHEKTpax, 3UAUNHTENLHO GJinKe NOJONTH K NOnAMa-
HEIO XHMHUECKEX MPOIECCOB # T. 1.

DopuMynupyeM Tpexie BCero TOT creupaibHLT Rocryaar, Ha
OCHOBE KoTo%Jro B teopHd Bopa nponaBoAmacs BHEOp KBAHTOBAH-
HBIX OPGHT. Mul GyzeM Upu 9TOM HCXORATH H3 camOil IPOCTON Mo-
ZeH aTOMa: UEHTPRJABHOE MONOKHTEILHO 3apANenIioe sApo, OKOa0
KOTOpOro o6pamiaercst 31eKTpOH NG Kpyroboit copéure. Heckoapko
Goslee CAOKHBIA CIYuail BILANTHIECKHX OpGUT MBI KOPOTKO PaCCMO-
TpuM Buxe, B § 113,

Tloctyaat s BLIGOpa KBAHTOBAHHBIX OPGHT, KOTOPbI HAM He-
06XOIHMO (OpMYTHPOBATD, MPEACTABAAET COGOI0 NedecoobpasHoe
oBobmenne nocrynata [lnanka Nas Bu6Opa KBAITOBHX COCTOSHHI
ARHeHHOTO ocnmaaTopa. Coracko sToMy mOcRelHeMy NOCTyJAaTy
U3 BCeX BOSMOXHLIX COCTOSHER JHHEHHOTO OCHHILINTOPA OCYIIECTB-
JSOTCA TOABKO TAKHE, S[IEPTHA KOTOPHX paBHa

A (108.1)

DopyyaupyeM CHauasa 5TO yCIOBHE, IPHMEHUMOR TONBKO K JAH-
HEfiHOMY OCHHJLIATOpY, HECKOALKO WHLIM 06pazoM. JIis 3Toro Msl
TipexK e BCEro NepemtiieM ero B Buie

Efv=nh. {106.2)

Hanncannoe B Taxom Bue ycnosHe Mkl GyleM paccMaTpuBaTh Kax
ofmee TpeSOBaKHE, 3aKMOUAIOIEECH B TOM, 4TO B ATOMHBEIX CHCTe-
MaX MeXaHWueckas BENHUEHA, HMEONAS DasSMePHOCTDH [%]
WM, 410 TO ke, [3Heprua X Bpems| u HagninaeMmas JeNCTBHEM,
JOmKHa GHTb KparHoh nocrosnuoh [Inarka A Bompac teusps ceo-
RUTCA K 1e/IeCO06pasuoMy BLGODY 5TOf BEMHUHHbLI A KaXKIOrO
aCTHOTO cayuas.

Urobbr ykasaTe O6wiee npaBUIO, aBTOMATHYECKH [IpHBOAsIee
K TpaBWIbHOMY BbIGODY COCTOSIHH{, Mbl CHOBA DACCMOTPHM JHHE:H-
ubifi ocumatop. Ero cocrosinme B Kaaccuieckoi mexannuke xapak-
TePH3YeTCH 1eKapTOBON KOODAHHATON X H COOTBETCTBYIOIHM eil
KOJHUECTEOM JBHMKEHHS mA. OG03HauuM >TH NapaMeTpbl COCTOSHMS
yepes ¢ H p H OyneM H30§paxaTh COCTOSHHE OCLUWMIATOPE TOWKOH
B ()a30BOM NpPOCTPAHCTBE, ‘KAK 5TO HPHHATO B CTAaTUCTHUECKOH Me-
xawuxe, TIoCKONBKY B NaMHOM Cllyyae COCTOSHME CHCTEMbI MOJ-
HOCTbIO X@pAKTepPHIYETCH ABYMs mapameTpaMi p 4 ¢, ¢$hasosoe
«IPOCTPAHCTBO»  ABASAETCA TROCKOCTHIO, W KAMACE COCTOSIHHE
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CHCTeMbI, XapaKTCpH3yeMOoe NaHHBIMH 3HAUCHHAMH p H g, MpeAcra-
BHTCS TOYKOH Ha 3TOR NioCKOCTH. [IpM ABHMKEHHM B CHCTeMe 372
TouKa GYJIET HENPEpHiBHO MEHATb CBOE MOJOKEHHE, ONHCLIBAA HEKO-

< T0py10 $Hasosyro Tpaektopuno (pHc. 162). [TocMoTpumM, Kakosa 6y-
JIET 378 Ti)_IaeKTOpﬂﬂ AN OCHHIIATOPA, 06/1aNAK0Ero AaHHO SHEp-
ruelt E. anMlleM BolpameHne s noarod sueprun (T - lg)
ocuuaasTopa (cM. § 46)

E=T+U=mTW+%=2L;+ii;- (106.3)
Paspennm o6e uacty (106.3) na E:

»” ¢ .
5mE T _—1,

BBOASt 0603HAUSHAA
a=V3mE u b= <. (106.4)

e
wtw

TOAYYHM

L. (106.5)
Ho (106.5) ecTs ypaBuenue sannnca, Tak 4T0 ¢has3oBas TPaeKTOPHS
JIERERHOTO OCUW/IIATOPA €CThb SMUIHIC, OCH KOTOPOTO COIMIACHO
(106.4) mra mawmroro ocumaagTopa (sazamume m u f) ompexe-
n10Tcs sHepraefi £. Beumenum temeph NAomaib HALEro SJUIAm-

? ca. [lnomane, orpanHiHsaemas

KpUBO# y = f(x), paBua J‘ydx;
€ ApYrofi CTOPOUBI, MAOIAKD JJI-
|,|||IIIIII|%
ﬂll"‘-'llm,,
||||’IInnvnnmlmllll“III

aunca  pasha wab. Ilostomy
g §pdq= nab, rae Kpy®oK y
HHTErpata yKashBaer, YTo Bhl-
YHC/AENHE €r0 CJIeAYeT BECTH [0
3aMKHyTOMY KOHTYpYy. Ho mo

(106.4)
nab=n Y 2ImE Y2E]] =
Prc. 162, = 9nE Vmlf.
Tak Kax aasg TapMGITHIeCKOro OCHHIAATOpA V= ]/T, T0
§pdq~mzb=2n5 Vol =Elv (100.5!
HJtH, TIpHHHMAs BO BRUMaHue (106.2)r
§Spdq=nh. (106.7)

§ ta71 TEOPHS BOPA 339

Teneps Ham ocTanocs ciedars nocaesnmit mar: gopmyay (106.7)
MEl GyNeM pacCMaTpuBaTh Kak ofulee yCnoBHe KBAHTOBAHAS IS
MOGkIX CHCTEM ¢ ONLON CTeeHblo CBOGORE, CJH TOLKO MOX § N p
pasymers 0606uennyio KOOpARHATY B COOTBETCTBYIOIIHA efl 0606~
LERHBI HMITyIbe,

TlpuMenunm 370 obluee ycoBKe K Hallefl MOReNH 37€KTpoHa, 06~
PamaoIEroes o0 Kpyrosofi opGure. 3nech B KauecTse KOOPAHHATH
Ne/1eco06pasHo BLIOPATh MOMAPHLIN YTOA @, XapaKTepusylomMui mo-
JIOMEHHE IeKTpoHa Ha opbute. CooTBeTCTBYIOIAM €if 00061 bM
umnysibcoM Gyaer feM. (57.5)] MOMEHT KOMHYeCTBA JABHMEHHA
pe= mr2(p. Ecan mb Teneps noxcrasum B (106.7) @ u p, BMecto
g ¥ p u NpHEMeM BO BHHMAHHE, UTO COTACHO 3aKOHY COXpaHeyns
MOMEHTa KOJHUECTBA JABHMEHHS po = const, TO MOAyUHM,

2% 2
Ylh=§pdq: J‘ Py e =py J‘ dp =2mp,,
s g

OTKyjxa Cpasy HMeeM

L 7

Po=1 5. (106.8")

To ¥ ecTb HCKOMOE <MpABHJIO KBAHTOBAHHA» KPYTOBHIX OpOHT:

B3 BCEX BO3MOXNKIBIX COTVIACHO KaaccHyeckofi mexaHuKe opOUT B aeh-

CTBATENLHOCTH OCYHIECTBASIOTCS TAKHE, Y KOTOPbIX MOMEHT KOJHde-

CTBa ABHenust ecrb KpaTHoe /A/2m. Tlocaemusa sennduna Af2n

siBasercs], TaKHM 006pasom, KBAHTOBOH eIuHMuell MOMEHTA KOJHYe-

cTBa ABMkeHHd. Ee npuasito 06038auath yepes fi.

B rakoM cnyuae gpopMyaa (106.8) npurumaer BHA:

po=nh. (106.8)

§ 107. Teopus Bopa

O6parumest Temeps k teopud Bopa. Byiem paccMatpHBats Tak
Ha3uBaeMufl «<BOAOPOZONONOOUBA aTOM>, T. €. CHCTEMY, COCTOAILYIO
n3 sifpa ¢ sapsinoM -Ze (Z — Lenoe HMCA0) H QAIIOTC SMEKTDOHA.
Tlpn g— 1 TaKas CHCTeMa MpeAcTasiseT coBoi coGCTBEHHO BOXO-
PONHEL aTOM, EpH Z = 2 -— OAHOKPATIIO MOHU3OBARHLIE aTOM re-
nua He*, npn Z = 3 — AByKpaTHO HOWH3OBaHHHI atom fuTHA Lit,
npn Z = 4— Be** u T 4.

M3 knHerHueCckoil TEODHH [a30B M3BECTHO, UTO «pasMepbt» aTo-
MoB — nopsinka 1078 cu. C Apyroit cTopoHsl, M3 ombiToB Pesep-
¢opaa ¢ paccearneM a-uactuy (§ 27) cnenyer, uto sakon Kyrona
HMeeT MECTO BIVIOTb 1O PACCTOSHHI mopsaka 10712 ca; m03TOMY MBI
MoeM ObiTb YBEpeHBl B TOM, 41O B3amMoJeHCTEHE 3/eKTpoHa ¢
AAPOM B Halleli MOASTu NofuuHAeTc 3akoHy Kysoua, T. e. cunia, ¢
KOTOpO# SAPO YACPHKUBAET MEKTPOW, NOTXKHA OHTH paBHa Ze*/rk.
Ecau Mbr 10NyCTHM, YTO ABHKEHHE 3JEKTpOjia B aTOME HOL4HHSETCS
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3aKOHAM KJacCHUeCKOH MeXaHHKH, TO Mbl CMOXeM MePeHecTH Ha
namy MOAeAb Bee pe3yabTaTsl, MOJAyyeHHbie NpH  peLIeHHH
KeIIepoBOl 3aauk B KAACCHUecKof Mexanuxe (§ 51); B uacTHOCTH,
nosHas 3neprus (KHHeTHYecKad -+ MOTEHLHA/bHAS) TAKOA CHCTEMH
IoJKHA BLITH paBna
Ze® y

-5 (51.19)
Fhe @ — GoJIbliast IOMYOCh HMMNNCA HIH B JAHHOM Cyuae — Pajnyc
Kpyroeofi op6uts. [To Tperbemy sakouy Kemtepa (§ 51) pamnyc
cBsI3all ¢ nepuogoM obpamenns 7 cooTHOIIEHHEM *)
Ze?

= )
4nm

(51.24)

Bropoe COOTHOIEHH® XACT HAM NPABHAO KBAHTOBAHHSA, YCTAHOB-
JIGHHOC B IPelblIymeM naparpage:

a
7T

! Py ==nii, (106.8)
Jlafiee, IO ONpeNe/IeH IO,
po=ma2p=ma’s =nma’v’, 107.1)
oTKyAa, NpHHUMas Bo Buumaine (106.8)
. nh

v = (107.2)

Kom6unnpya (107.2) n (51.24), nerxo nanmem
(107.3)

Tlpu Z=1 n n =1 (mepeas op6ura BOZOPOAHOrO ATOMa) MBI
noayuyaeMm
5

me2

=0,528- 107" ca.

a = L (107.49

9ra KoMGHHALMA YHHBCPCATHHLIX HOCTOSIHHGLIX GyleT BCTpe-
9athesd DPH BHIUHCACHHAX W B JajpHefllleM, Mbr ee Bcerja 6ydem
ofosHauath uepes ai. [loncrasnsa suavenne (107.3) B (51.19), mo-
Jy4nM

(107.5)

*) B cayuae Kpyeosoix opbur cootsomenme (51.24) Momer GHTs MoAYHeHO
TAaKME CNEIYIOUHUM MPOCTHIM cnocofoM. TTpRpaBEMBAA KYNOHOBCKYIO CHIY IDHTA-
Jenhst MEKIY AIPOM ¥ 3JEKTPOHOM HEHTPOGCHKHON CHNE HHePUEH, HMeeM

mutfa = Ze?a?,
Hmes B BHAly, UT0 © = a® = 2[WaY*, JICTKO ROMYYHM
2
v = Zetfanzm
— (opmyaa {51.24),
a5 OTAH4HS OT BOANOBOTO WHCAQ UAacTOFa, (3vepsacMas b cek™!, ofosnadena
snech gepea v¥,

T

§ 107 TEOPHA BOPA ‘ 341
AaBas A MOCAENOBATENbHEI PAA Heabix aHauenuy 1, 2, 5, ..., MH
H [OMYYHM KBAHTOBAaHHHIE 3uauenna sueprun £y, By, ...
‘Bocnoas3oBaBLIKCy yCIOBKeM 4actor hicy = 2nficy = En—Ex
HoicTaBasa cofa suipaxenna Anx B, # Ep uz (107.5), noxyunm
o6o6mennyo Gopmyny BaneMepa Lns BOAOPONOHONOGHHX ATOMOB

B BHAE
nziet (1 1)
- c T W)

(107.6)

[Moaaras sgecs Z = 1, noayunm ¢opMysy Baabmepa crnetuaibHO
LA BOJOPOJHOrO aToMa, a MHONHTENb NEpei CKOOKaMm # Gyaer
HCKOMBIM BLIPAXCHHEM NOCTOANION Prifepra ueped yHHBepcandb-
Hul€ MOCTOARHLIE!
_ Ontmet ___me!
R= R 4nhic *
JLas BLIUHCAEHHS R BOCTIOJb3YEMCH COBPEMERHEIMH HanGolee TOU-
HbIMH 3HAYEHHAMH YIMBEPCAJLHBIX KOKCTANT ¢, e/m, f, ¢

==2,09793 - 10° carjeer, h=1,0544 - 1077 sp2 - cex,
4,8080 - 107°CPC, = =1,7589 - 107 CPCM - &3

107.7)

(107.8)

gopuyaa (107.7) xacT toraa clenyiomee TEOPETHIECKOE 3HAYCUHE

ang Ri
R=109737,303 cu™, (107.9)

TOTAa KaK BeJHUuHHAa RH, IMIHPUYECKH HalifleHHas H3 TOYHEAI X
CHEKTPOCKONIHUECKIIX H3ME[}EHH1;I, eCThb
Ru = 109677,581 ¢, (107.10)

CoBrnafeHne TEOPETHYECKH BBIUHCISHHOTO H 3KCIEPHMCHTAJb-
HOTO 3faueHHil R HacToabKo GI#3KO, 4TO OHO fie OCTABJSIET COMHe-
WMl B mpaBwibHOCTH Hajifewsoin Bopom gopmyam (107.5) ans
YPOBEE SHeprHH BOLOPOACTIONOBUbIX 2TOMOB. B nelhicrautensnoctn
370 coBmajienHe Jy4lie, ueM MOXeT MOKalathesl npn Hemocpex-
crBenHoM cpasuenun (107.9) u (107.10), leno B ToM, 4TO STH ABA
3Hayenus B CYIIHOCTH Mexny COGOK HECPaBHUME, TAK KAk MpH
BEIBOJe (hopMyan (107.7) chemaHo ORi0 NONYILIGHUE, HE ONpaBLbl-
BaeMoe TOUHOCTHIO COBPEMEHHBIX CHEKTPOCKONHYCCKHX H3MEPEeHHH.
A MMeHHO, MBI IpeANOnara /i, YT0 AP0 BOAOPOAONOAOGHOrO aToMa
HeIONBMKHO, TOTAA KAK N0 3aKOHAM MEeXaHHKH C/eJlyeT paccMaTpH-
BaTb JBWXEHRAE 3ICKTpOHA B Allpa OKoNC HX o6mero UeHTpa
mnepunu. Jonymelne HenolBrikHOro sapa 6bl10 Bbi oNpasjano
(cM. § B0) ammb B TOM CIyuae, cCaH Bbl Maccy fipa MOXHO 6p1710
cuuTaTh GecKoHeuno GOMLIION MO CPABUEHHIO € MACCON ACKTPOHA.
B zefiCTBHTENLHOCTH K€ OTHOIIEHHE MAacchl BOJOPOXHOTO fAApa K
Macce »AeKTPOHA pABHO

Mu/m = 1836,1,
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 npH OrpOMHON TOYHOCTH COBDEMEHHBIX CEKTDOCKOIMYEChHX M3ne-
pesuil NpexefpeiKenne KOHEYHO[I BEJHUHHON MACCH silpa Helomy-
CcTHMO.

Herpyaro, ONHAKO, BHECTH TNONDABKY, yYHTHIBAIOWY® 3T0 06-
crosteascrso. Kak mel BHnean B § 53, 1 TOUHOTO peinerus 3a-
naun 0 ABYX teqax B gopuyiae (107.5) BMECTO Macch SJEKTPOHA
HEOBXOLHMO BBECTH MpHBEXEIRYI0 MACCY 2eKTpola H sipa:

mM
e
m+ M,
rme Mz —Mmacca sgpa ¢ atomheiM nomepon Z. Popmyra (107.7)
TIpH 5TOM MpUMeET BHA
m'es mM et met
Re =iy = Taie m 4 90;) — Fie (i)

107.11)

Has soxopona Mz = My u ,

me
Rll:m)—_ - (107.12)
Tlpn Mz = oo Qopmyaa (107.11) nepexomut B (107.7). Tlostomy,
ecny ofo3HadyuTh BCIAHYHHY R, Aasaemyio (107.7), uepes Re, TO
(107.12) npumer sug

Reo -
Rﬂzm, (107.13)
a ofwas gopmyaa (107.11) mpencTaBuTCs TaK:
R,
=T 107.14;
Re =T w031z (107.14)

TIpn momomu ¢popmyast (107.13) M MOXEM MpOH3BECTH OKOH-
9aTeNbHYI0 POREDKY TEODHH CAGAYIOMM OGpa3OM: NOXCTABHM B
(107.13) HamGosce TouHOE 3KCHEpHMEHTANbHOE SHAUERHe Ruy =
= 109677,581 u u3 (107.13) BuYHCAHM Re; DpHHuMas m/Mg
== 1/1836,5, nonyuaum

Re== RH](I + MLH) = 109677,581(1 + ﬁ%)

CpasnuBas 310 co 3navenneM 109 737,303, BHMACICHEBIM Hemocpes-
CTBEHHO T0 hopMyae (107.7), Mbl BHAUM, UTO COBNAageHHEe HE OCTAB-
JISICT JKEAATH JYYLIErO,

109 736,807 ca~".

§ 108. Cepun Mukepuura m cmekTpb BOAOPOZOMONOGHLIX HOHOB

B 1897 r. actponom I1ukepuAr OTKpbil B CIEKTpe 3Beans § Pup-
piS CeKTpanbuyo CepHIO, KOTOpasl 04eHb HANOMHHANA CepHio Bajb-
Mepa, C McropHeli 9T0ll cephn CBs3aka OMra M3 GAECTAIUHX MOGEA
KBaHTOBOW TeOpUM CTpOeHHs aroma. Puc. 163, Ha KoTOpOM cxema-
THYCCKH H300paKeHH 00e CepHH, MOKA3LIBART, UTO JIHHHH CEpHE

§108]  CEPHQ IWKEPMHTA M CHEKTPH BOJOPOJOTIONOBHBIX HOKOB 343

Tluxepurra MOXHO pa3sGuTb Ha XBE TpYNNE: JHAHH OAHOM TpYMMEI,
aCTONOMkenHble 4epes OXHY, NOYTH COBMANAIOT C JIMHMAMH CEpHH
anbMepa, a NPOMCKYTOUHHE JAWAH He HMEIOT analdoroB B CepHH

Banbmepa. Punepr mokasas, uTo 9Ta cepust MOXKeT ObiTh mpe-

cragnena Qopmynoii Bassmepa, B koTopoil, oxnago, n uMeer Kak

Leake, TaK B NOJOBHHHLIE 3HAYeHHs:

v=R(§l;—7lz—) (n=25: 3; 3,5; ) (108.1)

HeAbIM 3HAUEHHAM COOTBETCTBYIOT JNMHHH, COBHAAAIOmHe ¢ 6aibMe-

POBBINMH, a NOJOBHHABIM — [IPOMEIKYTOUHBIE,

Kak wp mBITanuct NOMYUETL 3Ty CEPHIO C 3€MHHIM BOJAODOAOM,
3To He ynasaioce. [losTomy cepnsi [TMkepmHra 6blia NpumHcaHa

Hy
s
Ho r
(ponage ¢ l
FRTTNR I T I
,4 N
2500 an” 20007 ﬁf‘/‘m

Prc. 163. Cepun Baivyepa u ITukepwyra. Jltumw cepuw  DaseMepa wWsopas
JKeHH (o1ee JAHHAHMA HePTOUKaMH.

BOZOPOAY, HAXOAAMEMYCH B 3BE3AAX B KAKOM-TO OCOBOM COCTOSHHH.
Hakonen, ynanoch NOJAyuHTb 3Ty CepRIO B 1aGOpATOpHH, HO OKasa-
110Ch, 4TO JUIA YCIIEXa ONbITA K BOAOPOLY 0GA3ATENbRO MOMKEH GhiTh
NpuMewan reanii. 3Ty NPOTHBOPEUHBYIO COBOKYMHOCTb (JAKTOB pac-
nyraa Bop, NpeAnlonoxsmp, uro cepia [IMKepHHTA NPHHALICKHAT BO-
BCE HE BOAOPOAY, HO HOHM3OBANHOMY refHio. B caMoM xese, T4k Kax
Ha ocHosauny (107.6) v mponmopluonansho Z° u mas reaust Z =2,
TO CIEKTPaJbHbIE CepHH HOUM30BawHoro remns Het momkwsl yxaa-
ABIBATLCA B GopMyay

V=R — ) (108.2)

B

Eeau nonoxurh 3neck m == 4, 10 GopMysa NpUHHMAET BHE
1 1
v=4Ruo (gr —g5) (15, 6,...),

HO €€ MOMHO TaKXKe NPEACTABRTL 4 B BUAE

v = Rue (37—~ )
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nan, ecn 0603HAUUTH /2 uepes k,
1 ! X
v=Rue(gr—r) (=253 35 4 ...

Ho 570 u ecTh (Qopmyaa cepur [Tukepuura. Bemencrsue pasmmuust
Mace BOIOPORA M TeqHa KoHcTanta PraGepra Rye LOMKHA HEMHOTO

OTIHYAThCH OT Ry. [109TOMY M JIS UENLIX 3BAUEHUI & JHITAY CEpHE

TInkepHATA AOMKHEL GbiTh HEMHOTO CMENICHbl OTHOCHTENbHO Ganb-
MepOBMX JIRHUE BOAOpPOLA.

BDru npefckasanun Bopa Guuma moftsepkAenn [lamenos, KoTo-
Pl TOKa3aN, YTO cepust [IMKepuHra Nerko MOXKeT OhiTh MOfyueHa
B WMCTOM TeJHH 6e3 BCAKHX CJIEXOB BOZODPOAA, HO Ne MOXKeT OBITh
nosyueHa B YACTOM BOZOPOAC, H HTO JHHHH STOH CEpHH IS HensiX

TaGanua XN 9600\ |—

& He* H

3 6560,1 65628 (H)

35 5411,6 —

4 48593 1861,3 (Hy)

45 45616 ~ s o

5 43387 43105 (H,) i u_Ge
55 41999 |- — T
8 4100,0 41107 (Hy)

Puc. 164, Wamenenae mocroaaHofl
Paa6epra # 3aBHCHMOCTH OT MaCCHI
aapa,

3Hauennit 2 cMemeHsl OTHOCHTENBHO GaNbMepOBBIX JHHHE B (huOTe-
TOBYIO CTOpPOHY, KaK K CJel0Bal0 OXuzath no ¢opmyne {108.2).
Hamoctpaliiy 3TOr0 CMeleHHs MOXHO Hafitd B raGmuue XIII, rme
NpHBeneHb HaMepenHsle [laleroM Townble RJIUHBL BOJH B CIEKTpe
HOHU30BAHHOTO refHs, a PAXOM — IJHEE BOJH GanbMepoBoii cepHR
BOJOPOAA, COOTBETCTBYIOLIKE LeMbIM SHAUCHUAM 7,

Crepytonmmu 3a He* BOTOPOAOTIOZOGHBIMH HOEAMH SBASIOTCS
IBYKpATHO MOHH3OBAHHbIA MUTHE Lit* (Z = 3) ¥ TpexkpaTHo HOHH-
3oBaBHHE Gepunamii Bet (Z=4). Hx cnextpaiabHble CepHR
JIOMKKBL IORUUHATLCS Bopmyaam

)

m? n*

v=16Rse (57 — )

oo iy

§ 109] OTKPHITUE TAXKENOIO M30TOMA BOLOPOIA 345

Tlepebie unensr cepiy JlaimMasa (m == 1) nas STHX HOHOB Ha
caMoM nefe yAAJA0Ch HafTH B Jafexol yAnTpauoNeToBOll YacTH
cnexrpa.

Ha puc. 164 rpaduuecku npeicrasieH0 H3MeHEHHE MOCTOAH-
Ho¥ Pugbepra B 3aBACHMOCTH OT MacCH #Apa.

Ynpasuesns: 1 Jlawia Roanw nepnoh mumud cepan Jlahmama Ima
HOHHAODaHHOTU Teaus papma A == 303,797 A Buacante: @) mocromrayl PHa-
Gepra 27 GecKancdno GOLION Maccu; 0) Sneprimo HOH3ANAH Hoxa He*, Bupa-
3UB €€ B 37eKTPOII-BOBLTAX.

2 Msmepcunbie ATMELI BOAIl B COeKTpax momos Li** n Be* nueor cnenymo-
me snavensin (n cunAmiax A):

1 Bett

135,01
11392

75,94

Brukcan i, tepsuie Tpy Tepma moHa Liv' u mepme mpa Tepma Betth.

§ 109. Tlpumenenne TNpeamayuieli Teopun.
OTKpbiTHE TSKEJNOr0 M30TONA BOACPOAA

3aBuCHMOCTb nocToAHOA PrEBepra or Macchl Aapa Gura ue-
N0JIb30BaHa TPH OTKPHITHE TSKEIOTO H30TOma BOXOpOAa. STamsl
ITOr0 OTKPLITHA OUeHh HANOMHIAIOT HCTOPHIO OTKPHITHA GaAaropox-
HbIX [430B, HAUHHAS C aproua, B aTMocdepe, TOMUKOM K KOTOPOMY
[OC/YKUNO, KaK H3BCCTHO, HEGONBLIOE DACXOKACHHE MeXKIy BeaH-
4HHAMH A4TOMNOTO Beca aTtMochepHoro asoTa H ATOMHOTO Beca
a30Ta, NOMYYCHHOrO B 1aGOpATOPHLIX YCIAOBHSX M3 DASRHYHBIX Xd-
MHUECKHX COSJMHCHH[. DTa HCTOpHs SBJAEICS NPEBOCXOAHON he-
MOHCTpAUHER CMbic/ia TOYHALIEro ONPEAeJEHH KOHCTAHT M OYeHb
XOPOLIO NOXTBEPHKAACT OCTPOYMHOE 3aMeuaHue OJHOro H3 €CTecTBO-
uenuitatenei xouua XIX cToeTHA: «CKONIBKO Mg OTKPLITHE TaHTes
BOKpYT LIECTOrO JecATHUHOro 3HaKals.

glcw;)m OTKPLITRS TAXEIOra BOAOPOAA BRparue Takoba. Ompe-
neNleHHe ATOMHOrO Beca BOAODOA, BLIOMHEHHOE AcTomOM mpH mo-
Mo Mace-criekrporpada, zano 1,00778 & 0,000015 no otHowenno
K aTOMHOMY Becy KHCIOpOAia, yCaoBIo MpHAATOMY 3a 16,00000. dta
BeHUMHA OUeHb XOPOLIO COBMajada € ATOMHLIM BECOM BOJOPOAA,
HalieHHLIM #3 XAMHYeCKHx ompeiesenuit: 1,00777 % 0,00002.

B 1o BpeMd, KOrAa npOH3BOMHIHCH STH H3MEpeHHH, npeanoJa-
rasoch, uTo KHCJIOPOA HE HmeeT u30Tonos. Omuako Bckope Owizio
oBuapyeno, 4T0 aTMOCHepnblil KHCAOPOX TNpEACTaBaAneT CcoGok
cMech AByx msoronos: O u O, koawmuecTBa KOTOPLIX HaXORATCA
B mocroangom otsourennd 630 : 1. Yunthisas 910 OBCTOATENLCTBO,
Bepmx u Menuens o6paTHiH BHAMAaHHe Ha TO, UTO COBHAjeHHE
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BeJAHUMH ATOMHOTO BEC2 BOAOPOAA W3 MacC-CReKTporpaduueckux
XHMUYECKHX ONpeJe/ieHH] Ha CaMoM Jeie WO3OPHO Y OCHOBAHO
Ha MpUHLUOMAALHOK ouMOKe. B camoM gese, Kaxias Juius B
MACC-CIEKTPOrpage OTBEYAeT ONHOMY ONpEXENIeHHOMY p3oTony. Jlu-
Hust, XOTOPOIl MpHIHCHBaeTcs Macca 16,00000, na camoM neae mpH-
HandexuT usotony kueaopopa O, B TO BpeMa KaK B XMMU-
YECKHX ONpefesenusix Macca 16 HempasHJbHO MpUINHCHIBACTCL
cmecn O'8 - 1/500'% Ecne ycaosino npHmHcaTs JHHUM KHCAOPOA2
B MAacc-CIEKTpE Ty CPe;HIOI0 Maccy, KOTOpYIO HMEST KHCHOPOL B
XHMHUECKEX ONBITAX, T. e. O - 1/5001%, To /il aTOMHOrO Beca BO
10pORA, MPHBEREHHOro TAKHM OGPA3OM X XHMHUECKOR wWKate, mO-
JyuaeTcst 3aMETHO Menbuiee HHCIO: 1,00756. Tor gaxt, 4T0 aTOM-
Hil Bec ROXOPONA, OMpexesieHHbi XHMHUECKHM CIOCOGOM, Ha
1,00777 — 1,00756 = 0,0002}, T. ¢ npuONHSHTENLHO Ha 0,02%
Goabie, nobyzus Bepika u Menuens BEICKasaTh THNOTESY, IT0 H
O6bIuHbIE BOAOPOA, C KOTOPHM HMEIOT JEM0 XHMHKH B CHOHX OIbI-
Tax, B mefiCTBHTEALHOCTH NPEACTABJSET CMECh 1O KpahHeH mepe
ZBYX M3OTOTIOB: NIETKOTO C Maccoll mprGuusHTenpHo 1 w rsiesoro
¢ maccoit (B KpyrsX mugpax) 2. M3 pasBOCTH MacC-CIEKTpOTpa-
(hMueCKOTo 1 XHMHYECKOTO ATOMHHIX BECOB OHM ONPEASIWAH OTHO-
LIeHHe KOJHTECTB HSOTONOB B OOLYHOM EOZOPOAE H IOJYYHIH
H!:H2 = 4500: 1.
* BOSMOKHOCTH OTKDHITHA TSXeAOro H30TONA CIOCOGCTBOBANO He-
oBLluaiino GAATONPHATHOE COOTHOUIEHHE MAacC OGOHMX H3OTONOB.
TO BpeMA Kak OGHYHO
pasHHUA B Maccax HM30TO-
TIOB  OTHOCHTENBHO OUEHb
Mafa, BCASACTBHE Hero MX
CBOMCTBA HACTOABKO GIM3-
KH, 4TO HaKONJeHHe KaKo-
ro-HBGynb HM30TOMA Kpafi-
He 34TPYRHUTEJbHO, 37eCh
Macca OZHOro H3OTONA B
.xBa pasa GoJsbule Macchl
apyroro. Benencreue aroro

Puc. 165. dotorpadus neppHX uerspex .
gyaepos cepun JlafiMana y JRTKOro # TH- UX (CBOHCTBA BeCbMa 3a-

MENOTQ RONOPOLR. MeTHBM 06pa3oM pasauua-
fores.  Bocmoas3osaswnc,
stiM, I0pH ¢ COTpYAHHKAMH AOGHJCS HCKYCCTBEHHOrO YBEJHuEHHS
NpOLEHTA THKENOT0 BOROPONA CIEAYIOIUM O6pa30M: OHU NONBEPIIHN
34 JKUAKOTO BOAOPOAA OCTOPOKHOMY HCIAPEHH!O NpH NABMCHEH B
HECKO/BKO M pT. c7. Tak KaK CKOPOCTh HCMAPEHHS JETKOro BOAO-
poza AOKHA OBITH GOJbLIE, UM TAKEJOTO, TO MO Mepe HCMapeHus
[OCTenHER AOIKeH 651 HAKOWIATbCA B cMecH. JIoBOAA KOJHYECTBO
JKHJKOTO BOJOPORA OF 34 4O HOJej KyGHIECKOro CaHTHMETpd, OHH
BBE/IR OCTATOK B pA3pSAHYIO TPYOKY M chOTOrpacdhHpOBAIH CIEKTP,

§ 110 CTERTPOCKOMUYECKOE OIPEAENEHHE 3APSAA DNEKTPOHA 347

PACCUNTHBAR 1 TO, 4TO BCASNCTBUE PAIJNMYUA B BEJWUHHE NOCTOSII-
Hoit PuaGepra JHHUM TAKENOTO BOZOPOXA NOAMIIE GHIT CMEMCHB
OTITOCHTENBHO JIETKOro. 370 M HOATBEPAHNOCE Ha
cawoy nese. Ha puc. 165 mpusenenn gororpa-
QHHE TepBBIX UETHpEX UNeHOB cepHu Jlaimama
ana cuecn Jerxoro (HT) u raxenoro (H?) sozo-
poxa. Cwemicrue JmHpii BuIHO BIOMNE OTHET-
suB0. COOTBETCTBYIONME AHHE BOMH MPHBEICHH
B rabanle XIV, rge auHum TaKemsOr0 BOZOpPOAA
0003HaueHEl Yepes Ap (TRNENbI BOXOPOA HOJIY-
unil ocoboe Hasmamue — Oedirepud, u eMmy TpE-
CBOCH XHMHueckHi cuMboa D). B aByx mocnen-
HHX CTOIBIAX TaGauUbl NPHBEREHB PASHOCTH AA,
HM3MepeHHble W BLHC/ICHHBIE IPH HOMONH 3HAUe-
HHi nocrosindoi Punepra xns H u D. Cosnane-
HUE BHIUMCIEHHBIX H HAGMIONCHHBX SHaueHHl A}
H 371€Ch TIPEBOCKOANO.

Puc. 166 opencrasssier gotorpadrio nepsoi
ankur (H,) cepuu BaibMepa JeTKoro n Tsike-
J0TO BOZOpONA.

Tsxeabili BOAOPOR — Aeitrepuii — He TOMBKO Puc. 166, Cpasne-
HHE JTHH BOJH Hg

MHTEPECCH KAK 3AMECTHTENb JIETKOTO BOAODPONA  (uwmpssn ammas) o
B PA3MMUHBIX COTHHENNAX, HO BECbMA BAKER MO Dy (sepxnsn aunus),
CBOHM OpHMEEEnHAM B ANepHOE  (QH3HKe, Trxe

ALPO Nefrepus — AeHTepPOH — ABAACTCH ONHHM H3 nanbotee Yob-
HBIX «CHBPSZOB», IPUMEHSEMBIX AN pacmellienust Aep.

Taganna XIV

ip s &y g ek Al mamea, AA nabax
1215,664 1215,334 0,330 0,330
1025718 1025,439 0,279 0,279
972533 972,969 0,264 0,266

§ 110. O crexTpoCKONHUECKOM ONpefeNeHNN
YAEABHOTO 3apsfa AEKTPOHR

B § 39 yKe ymoMHEAMOCh O TOM, UTO M3 CHEKTPOCKOMHHECKHX
NaKHEX MOXKHO ONPEAENHTH YNENbHBIE 3apsig sAeKTpona. [lokamenm
Temepb, KaK 3T0 NeTaeTcs.

animen BhPAXKEHHS NOCTOAHHON PHAGepra ANs KakHX-BHOYAL
JBYX aToOMOB, HalpEMep IAd Bogopoaa (H):
0

Reo
Ru TF iy 110,1)
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u gerepus (D): 2
RD=———!+n:7MD s (110.2)

rre My u Mp — macens aToMEBIX sgep. M3 (110.1) u (110.2) noay-

uaem
Rp _!+mMy Rp—Ry ™ Mp— My
Ry T+ my Ru Mg Mp+m
oTKyAR
m _ (Ro—Ry(Mptm (110.3)
My Ry (Mp—Myu) *

Maces szep Mp & My, Bxofaiiye B 5Ty QOpMyly, BrlpaatoTcs
uepes atoMrLie Macce H 1 D 1 Maccy SICKTPORA CHCAYIOULEN 06-
pasom: . o

Mu=5 —m, Mp=—m

(N — nocrosiunasi Asoranpo).
3apsin Papagest F ecTs NponsBesienHe sapaja s1eKTpoLa Ha Ho

CTOAHHYIO ABOranpo
F=Ne. (110.4)
Us (103.3) u (103.4) monyuaem
i__f__ FRy (Mp — Mp) _
m . Nm N {(Rp— Ry) (Mp+m) My -
F D—H
_ Ry ( ) . (1105)

= o Ry D(H—Nm)

TpusnMas BO BHHMAHEe, UTO NpOMIBCAenHe Nm_ («atomunifi Bec»
3/EKTpOHA) — BENUIHHA MaNas N0 CPABHCHHID C HuD,

Nm=6,02210° 9,108 - 107®=5,48 . 107,

MBI MOYCEM ¢ JOCTATOUHON TOYHOCTHIO BOCTIOAB30BATHCSA A BHUHC-
nenns efm Bmecto (110.5) cnepywomei popmyrnoft:

N e F Ry D—H

m ®o—RnHE D

Ecnu MOACTABKTL CIOfA TOUHbIE 3HAUEHHS KOHCTAHT, TO HA OCHOBA-
wHH ocAeqHEs usMepeHui cnextpos H @ D noaysaercs
e
2 =1,7589 . 107 CTCM -2~

m

Kak BHZHO, HAHGONEE TOYHLIC BHAUEHHA €fm, NOMYYEHHHE U3
ONBITOB C OTK/JOHEHUEM 3JIEKTPOHOB B 3JEKTpOMAaCHUTHBIX NOJSAX,
6JHSKH K STOMY CHIEKTPOCKONEUECKOMY SHAUEHHIO e/fM.

s AUATPAMME! YPOBHEN SHEPrUH 349
§ 111. Anarpammu yposnelt anepras

Togsons wTory CKasasHOMY B TpeAbylux naparpadas, Mb
BHIHM, 4TO HaHGOJIee CYILECTBEHHLIM PE3Y/bTATONM aHaNH3a CIeKTpa

Bansm,
159
I
2
"
w5
4
. Cepun Gommepa
4000
8
7
s
§ 3
g &
3 2000
5 §
N
&
4
90
3
H
! 1a0am
4 1

Puc. 167, Juarpamma ypoBHeR Sieprum a10Ma BOAO-
poxa.

AB/SETCA YCTAHOBJGHHE CHCTEMB TepMOB. JleHCTBHTENLHO, KOMGU-
HEPYs TepMbl AONAPHO, MEl IIPAMO [OJyYdel BOJHOBLIC unca cnek-
TpANbHLIX JIHHHEH; YMNOXAA 4HCJA, BEIpaalomHe TEpMB B MY,
Ha AC, ME NOJYTaeM NOI0MKHTENbHbE 3IAUEHHS SHEPrHH aTOME;
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B pasMMUHEX KBAHTOBAHHBIX COCTOAHUAX, DTH Beﬂﬂqﬂﬂb:)l::lhe‘grgg:
6; l:J(yvm BHpaMEHL B 3JeKTPOIl-BOMBTAX, AAOT msmauux e a0
Tzﬂuﬂanu aToma B pASAHIHEIX COCTOAHUAX, & PASHOCTH 1
B BO3OYKACHHUS. .
u"a["lnﬁ Torg 97068 6bICTPO 0603peTh BCIO coaoxym—xoc'rbﬁ cB:n:cuex:g
06 aTtome, KOTOpHe Mbl, TAKHM OOpa3oM, nonyq?iem, yaﬁomr;li Doero
[0Ib30BATHCS ABArPAMMANH YPOBHE! SUEpTHH. pom:C an i o
KHX [AHarpaMM st aToMa BOJOpona npnsaesnﬂe::H:‘: gse‘pre'rﬁqecxne
eueHbl p
H3OHTANLHEMH TIPAMbIME OTM
zoogmﬂum it nocrppoenm HX, cow‘lac7ko2 cEasammMy, gfﬁ:g;z:ﬂz
’ g:1
Hat gnauenusn RfkZ Tlo mepe y!
OTVIOKHTE MO OCH OpAM! cpe yuenmienua &
HEIMH YpOBBAMH VM
MEXIy HOCNeNOBATCIb] g
D enene fb, BEIMlE MECTA CAUSHES DACIOO:
exene o6paniaerca B Hylb. -
fke?{l; Izn.noumé\)ﬂ ofaacts HEKBAHTOBAHHEIX “OJEO’K“TM”;':‘XO:?:ST
H TEpMOB.
i eIEH bl LIKAJNE SHEPrHHE T
ruil. Crpana H CleBa HOM  epyon, Orcuer
i i enaercsi OT MecTa CIH yp .
no Toll m Apyrof WKajde A )
TaK Kak JlJIEiyKBaHTOEaHHle cocTosmull SREprEH O’I‘pﬂl.la‘l'e.llb!;bl;w:
TepMBl MOJIOKHTENLHL, TO SHepris yGusaer cHua;;Kx;ngib;E;egM
acTaIoT B TOM 8
e paboTe HOHH3AIHH) BO3p
I(“F:‘:-};ﬁ )K% AHATpaMMe CTPENKAMH TOKA3aHE BOIMONHHE nepexon:
5TOM CepHH.
oTMeneHnl 0Opasywoinuecs mpu
MeXIy YpPOBHSAMH ¥ Ton cepun.
nepexole Ha HUNKHEE yp
JKIas Cephs BOSHHKAET fpH 0
Ecixuahlme;emamux yposueil, Bonnosmie '{HCJ:; cnexrpa;m-xm;a;:lg
it noMoImy Tpasoll WKaaAbl KakK p -
HEfi MOXKHO OTCYUHTHIBATb TIpH -
CTH TepMOB, COOTBETCTBYIOUIAX KOHe4HOMY R HATaNbHOMY COCTOR
HHSM.

§ 112. Fpanuunmii CIUIOLIROf CHEKTp ATOMHOTO BOAOPOAA

Bo BCAKOM CepHaNIbHOM CMEKTpe K FpAHuLE CepHH, T. €. gnye;;y-
CAWSHAS NHHHH, BCETAA MPUMBIKAET CIVIOWIHOR CHEKTp, Ipoi MCIOJ)KHO
IEACA B CTOpOHY KOPOTKHX BosH. DTOT CIAOWIHOK BcneprHOBeme
Ha6AI0ZATh KAK B SMHCCHHM, TaK H B abcopOunu. O”SHHKHOJ‘O)KH_
eTo CBAgaHO ¢ MEPEXONaMH SIEKTPOHOB H3 COCTORHMA ¢ nozoRil
Tenbpofl SHeprHedl B COCTOAHHS C OTPHEATENBHOH SHepOl;)TOSIHHﬂx
naoBopor. Kak Ml yXe sHaeM, BO BCex KBaI!TO}JaHHOblx [ CroniiX
amekTpoH OBaafaer -OTpAUATNbHON sHepruei, OTpuuar J‘c Hm_
3HaK 3echb OGYCIOBIEH MPOH3BOJILHOCTHI0 BhGOpa cocwﬂﬂme m):i
ReBoj mOTEHURANBHOK dHEpruei. OfHuHO moTeHuKakpHAS SHCP Y

apHan Hy/O, MPHIUCLIBAGTCH SJEKTPOHY, KOTOPHIi NOKOHT ﬂe.’:l_
6eckolleuHo GobLIOM PaccTOARHE OT Aapa. [losToMy orphuaT l:ﬂ
Hbiil 3HAK NOJHOA SHEPrHU yKa3slBaeT MPOCTO HA TO, YTO aﬂeprne
3/1€KTPOHA b TAKHX COCTOSHHAX MEHBIIE ero SHEprid B Torvéoc;lby‘ziv;
KOrza OH OTHEJCH OT aToMa H MOXOuTesl Ha Geckoneuto oabiLoN
PACCTORHHH, T. €. Ha TO, YTO MBI HMEeM JE0 €O CBA3aHHS!

: S;araemoro smepraa, coor

s 12 TPASHUHBIN CTOMHOA CHEKTP ATOMHOIO BOZOPOLA 351

TpoHOM *), OTCIOAA CJeAyer, KTO MOAOKHTEALHON SHepruel no/mKen
00i1ana1n 4eKTPON, OTeeHHBE OT aToMa M HMelomui H3GLITOK
KEHETHUECKOH suepruu Haj moTeHunanbhofi. Tlo Kuracchueckoft Me-
XaHIKe TAKOH 3JEKTPOH AONKeN 06pamaThes oKogo AApa 1O runep-
Goamueckol opbute (puc. 168). Oanaxo HepBLil noctyaar Bopa
Tpebyer, uTobm npu OBpanies y no srojt OpOHUTE SIeKTPOH He Ua/Fy-
Jal; HBNYUEHHE JKe MOKET NPOHCXOANTb TOJBKO TOTa, KOrAa oH
TePeCKaKUBACT ¢ 5TOh THOep6o.IRMECKON OpbiTsl Ha 3aMKHyTyio
(#anprmep, Kpyrosyo). C  mpyroi
CTOpOHEI, COTNACHO OBWMHM dpHiUH-
T1aM TEOpHK KBAHTOB (CM. Calelyiomuii
naparpa) KBAHTOBAHHMIO NOAJIexAT
TOALKO TIEPHONMYECKHE HAH YCJIOBHO-
TepHONIHIECKNE  JIBHIKEHRR,  BCaell-
CTBHE Hero s/exTpons, 06pamatonpie-
€Al 00 runep GONUYECKHM 0pBUTAN, MO-
YT 06/2a%aTh JMOGHMH, HempephiBHO
gacupeneneﬂﬂmm 3amacaMu SHepruu.
THM H 00BACHAETCA CIUIOWHOf Xa-
PaxTep chekTpa.

Jelictsutenso, BoMHOBOE McsO,
OTBeyaloniee nepexoly H3 KBaHTOBAH-
HOTO COCTOAHNS B COCTOANEE C SHep-
PHed, paBHoIt Hyaio, Byner R/m? (rpa-
WHUZ CepUM), a BONHOBOE UHCHO, COOTBETCTBYMOLCE nepexony us
KBAHTOBAHHOTO COCTOSIHMA B COCTOAHHE ¢ LOJOKHTEABHORN 3Hep-
ruej AE, 6yner

Puc. 168,

R AE
V=Tt o
Tax kak AE >0 1 uamenstercs HCllpepsIBlio, To vy Gymer Goablue
BOMHOBOIO MKCA PpaHULL CCDHH H GyAeT HIMEUSTLCS HOmpephBHO,

T € Mbl NONYYHM CIMIOWHOH CriexTp, UpUMHIKAONHEE K TpaiyLe

'CepHY CO CTOPOHE! KOPOTKKX BOTH, OueBuino, RAVIeC, UTO CRAOWIHON
CREKTP NOZAOWENUA YKAZHBACT HA MPOLECCH OTACHEIHS 2/EKTPOHA
OT aTOMA C KOHEUHOH KHHETHeCKofi sweprileir, T. e. Ha HOHWSALHIO,
a-CRAOWROLE CREKTp ucHycranus — na ofpaTHmil mpolece, T. e, na

" PEKOMOBMHAIMIO MONOKHTENBHOrO HoHA ¥ sneKTpoHa. Haxomen,

SHEPril, COOTBETCTBYIOMAst BOIHOBOMY MHCTY Hayala CIJOLIHOro

"CDEKTpa €O CTOPOHEI JVTHHULIX BOJH, I, UTO To e, BOJHOBOMY

GHCTY rpaiHUEl CepuH, A0MXKUA OLITE paBna SHEpPr¥H HMOHH3AUMHU,
T. e. SHeprHH, HeoGXOAMMON M OrAeneHus SJEKTPOIIa OT aroma

*) Ha cavom gene ® TOHYI0 SHEPrHid SMEKTPONA BXOABT €Ulé B KAYECTRE
y cce oK , Moc?, parnas
05-105 96, 7. ¢ smasnTCALHO IPEDOCXOIAWAA  OTPALATENLRYIO MOTEUHANLHYIO

JBHEPIHIO B HOPMAALHOM COCTORNAN.
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T [epesoAa ero B cOCTOsAHME ¢ HyJIeBOll KHHETHIECKOH suepruedt. Ta-
KuM 06pa3oM, BOTHOBOC YHCHO rpaHuuEs Cepuft Jlaiimasa nis so-
nOpona

Ry =109678 cau~'

cpasy faet IMEpIMI0 WOHH3ALEH BOAOPOAROTO atomMa B OCHOBHOM,
Hanbonec ycrohmusom cocrostun. Ecau mepesectn yKasauuoe BOM-
HOBOE UHCHO B SICKTPON-BOJBTEL, TO TOJIYUACTCH 13,527 28 B coraa-
CHII ¢ HeNOCPCACTBENHO MZMEpEHHOH 1pH MOMOLE MCTOZUB, paso-
Gpanuux 8 raase VII, paboTofi HOWM3AUMH BOJOPOJINOrO ATOMA H3

HOpMauIbHOro coctosiuus 13,54 s6.

§ 113. KpanToBanue BOZOpONOHONODHOTO aTOMA
no Bopy — 3ommepiennay

B npeAsAymMX Maparpagax Mbl paccmMorpenmt GONBIIOE YHCIO
cnexetsuii Teopud Bopa, 0GCCTEYHBIIUX MOCHSANEH HCRIOYUTENL:
Hulit yenex. 3oMmepgebl clexan npadpneimuii war B passUTHH
TcopuH. B To BpeMs Kak B nepBosagazpHof Teopun Bopa paccua-
TPHBANHCK TONLKO KPYroBhie OPGHTEHL, 3oMMCpPPEIL HCIONE30BAT
ofee penleHne KenIeposoil 3aj1atH 5 KJaCCHUeCKON MeXaHHKe, T.e.
yuen TakKe W SLIMITHIECKHC OpGUTHL Jlas 3TOTO MOBAROGHACCH
jpexge BCero pacumpenue NpasHaa KpaHToBakud, (OpMyTHpOBaH-
nore B § 106. JeficTeuTeNbHO, MOKA Mhl ‘paceMaTpUBaeM TOMLKO
KpyroBoe JBMMCHAE SMIEKTPOHA, HAM JOCTATONHO Npasilia KBaHTO-
BaBUR AAA OAHOM CremeHn Cs0GOmm. EC/HM e MBI XOTHM yuecTh
TAKXKe H SJUIMITHYCCKHC OpOUTHI, HAM HYXHb NpaBHia KBaHTORA-
st IVIA CHCTEMBI ¢ ZBYMS CTeleHTMA CBOGOABI, TAK KX MOMGKeHHe
ajexTpona Ha OpGHTe B STOM Clyuae Ompejenseics AByMd mapa-
MeTpaMH: PaIHYCON-BEKTODOM. F K HOMAPIEIM yruoM (asumyTOM) @.
Haxotier, eclé Mbi XOTHM OPHEATh BO BHEMaHHE NpOCTpaiCTDeH-
Hyl0 OpHCUTALHIO OpORTHI, SJEKTPOHY CIeJyeT NpHIHCAT: BCe TpH
CTeneHn CBOGOALL.

Taxum oBpasom, ncpsasi safada, KOTopylo HEOGXOMEMO  GLLIO
peututh, COCTOAIA B OTHICKAHWN MpaBHJi KBAHTOSAHHA M1 CHCTEM
€0 MHOTHMH CTeNeHSMHE CBOGOAM. DTy 3ajzawy 3oMmepdenbi Hd,
HesasucHMo OT Hero, I'. A. Bilbcon pémuan Als LOBOABHO 0GmEro
Cayuas CHCTEM — TaK HA3hBAEMBIX YCIOBHO-NIEDHONHUCCKAX CcHCTEM.

TIpoeThiM MpUMEpOM NOJOGHOH CHCTEMb MOXKET CaYXKHTE T2K
HasmBAEMB AHHSOTPONHLI OCHMLIATOD. TIpexcrapuM cefe uac-
Tally ¢ Maccoli 1, KOTOpas JABIKETCA Ha NIOCKOCTH TaK, 410 ee
{pOeKUHE Ha ABC B3ARMIIO NepreslHKyAfpHLIe 0CH KOODARIAT co-
BepIIAI0T NpOCTHE TAPMOHWUECKUC KONEOAIHA ¢ PABNHINLIME uac-
TOTaMH vy H vy. TOTAZ ypaBelmm [BHIKEHHA uaCTHLB OYIy™

mi=— fix, mj=-—=ff,

§ 113 KBAHTOBAHHE BOAOPOZOTIONOBHOTO ATOMA 353
OTKyZLa

x=arcos(2nv,t-+9,), y=a,cos (2av,t -+ 8,),
¥ 4acToTH Gyayt

=L/

P m

Ecau 6bi 06e KOHCTAUTH KBASHYUPYroh CHAH f; W fo GeutH
pasub MeXay coGOi, TO H HaCTOTH vy M vy Gbliu Gl‘ﬂ onn:amau
H Mbi HMEAH Okl OGBIKIOBEHHBII W3OTPONHEE OCHHIATO| Myt
ApeanosaraeM, OfiHAK0, UTO fi ¥ fo: B 9TOM Caydae ocumnﬁ%p na-
suBaercs aHuseTpondnM. HauGosee ofinee ABHXKeHHe TaKOTQ oc-
LHIJIATOPA TIONYHAETC TOTA3, KOTAA vy U vy HecoMaMepMbL IIpu
STOM YCAOBHM 4acTHUA ONUCHIBAGT CJOXKHYI KPHBYIO (QJ.m‘ pa
Jluccaky), COCTOAMY!O K3 P
MHOTHX meTedn (puc. 169) s
K O6Hajalmylo uHTEpec-
HbHIM  CBOKCTBOM: KpHBast
3Ta HUTAE he 3aMBIKAeTCH,;
OHa  3amOAHAeT  HPAMO-
YTONBHEK 2183 C P p-
HOH TIOTHOCTBIO, TaK 410
HBHKYIAACA TOUKA MOXKeT
TO/IOHTH GeCKOHEUHO GaH3-
KO K J060# TOuKe, JekKa-
mel BHYTPH 9TOr0 IpsiMO-
YroAbHHKA. Hao6opor,
€CU vy H vy COM3MEPHMBI,
TO TNOJyYaercss HHCTO [es
PHONHYECKOE IBUKEHUE, HATpUMEp, DU V¢ = vy YACTHIA JHEO CO-
BepulaeT XoJeGaHus M0 npsmoft, .HGO onucugaer Kpyr ua# 8-
::Jr:(f Tlpw kakomM-HHGYAb APYrOM pALHONANBHOM OTIONICHHH actor

yuaercs, BOOGuie roBops, CA0XKias, ONHAKO 0B6A3ATC/ABHO 3aMK-
HyTas KpHBas, BEUIIR M3 ONpeleJeHHOR TOYKH W ONMHCAD GOMee
HIH MeHee CJOKEYIO TPAGKTODHIO, YaCTHUA BHOBh BEPHETCA B o
TOUKY, H [BHXCHHE nauleT HOBTOPATHCA. Bo Beex rakdx ca "-Jaﬁ)!:
MBI HMeeM 1e0 B CYymHOCTH He C HBYMS OCHOBHBIMH qaCTgTaMﬁ
Vx 1 Vy,  TONBKO C OIHOH, TaK KaK BCACACTBHE PALHONAILHOCTH OT-
gomenm vx/Vy BTOPYIO 4aCTOTYy MOKHO BLIDa3HTh 4eped Nepsyio.
c"TcxoLEa SICHO, UTO UHCTO TEepHOIWUCCKOE JBUKEHHE €CTh HACTHBL

ydai ycJAOBHO-NGPHOAHYECKOTO W TPHTOM ocabennnid cmyyaii:
EMECTO ABYX COGCTBENIBIX UACTOT, KOTOPEIMH JOKHA XAPaKTe -
30DAThCA CHCTEMA C ABYMSA CTEMEHAMH CBOGOIB, MEI HMCEM aule)cx,
ﬁg{;o C OOt Mac10TOH, M TPAGKTOpUS HE 3aNONHAET ¢ pABHOMEp-
i [T0THOCTRIO BECh MPAMOYroibHHK. OBLIMHO 10BOPAT, Y70 UHCTG

2,

“az

Pac. 169. Ipamep yoaosio-meproInTeckono
BiKeNHA.

12 3 B. UWnoasckud, 1. 1
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MepHONHIECKOS ABHMKEHHE sBjseTCA CNYHaeM goupodedenus yeaos-
#0-NepHOANHECKOTO,

B paccMOTpEHHOM MpOCTEALIEM CIydae yCJOBHO-IEpHOAMIECKOE
IBUEHHe CBONHTCS K JBYM TNpPOCTHIM TapMOHHUECKHM roneBa-
pusiM, [TosToMy NpaBHAO KBaHTOBAHHA (106.7) MOXHO Teflepb HpHU-
MEHHTb K KaXIOMy H3 3THX KoJeGamuii H notpegosars, YToGh

E{f. Px dx=un.h, E‘;py dy=nyh,

Ifie fiz M fy — leane wdcaa 1, 2,3, ...

OKaapIBaeTCA, uTO BO MHOTHX CIydasX CHCTEM ¢ HECKOJMbKHMM
cTeneHsMH CBOGOBI MOXHO Haf{TH Takne 06061eHAbIE KOOPAHHATH
i, G2 -+, s B KOTODEIX, KK U B PACCMOTPEHHOM IpRUEpE anu-
30TPOMHOTO OCUMIASTOPA, ABMKEHHE «PASIENRETCH HA f rapmonn-
weckHX Kodebanuii; B STHX Ciyyasx BaijenHoe Hamu B § 106 mpa-

B0 KBAHTOBAHEA MOXHO NpHMEHRTh K KAXKJIOW CTENeHH CBOGOIBL.
MEl mOJyuMM TIpH STOM [ K6GKTOS6LY yeaosuii

§ prdgy=m, § pdgy=rah, .- b pdgg=nt. (1131

Hessle uMcAa 4, Nz, ..., 7y HA3HIBAIOTCR KBARTOBLIML  HUC~

Aami,

O6patamca Teneph K BOROPOAONOOGHOMY aTOMY. Tlo cxeme
reopun Bopa HeOGXOIUMO CHauaia pEWHATh B paMkax KJIaccHye
CKOIi MeXaHMKW 3aJawy O IBHMEHHH SJeKTpOHA B KyJOHOBCKOM
nose anpa. OTO peiuetne NOMHOCTBIO BHMOJMEHO HAMR B § 51, rae
Gblan HajAEHbl CACAYIOMHE COOTHOIEHH:

et

E=—%0s (51.19)
250t (1 — o

J S A Gl o (51.18)

U3 5TOro HenpephiBHOTO MEOTO0Bpa3us 3HAYEHHi SHEpruM creayer
oToBpaTe NpH HOMOWA KBAHTOBLIX yCaOBHf THCKpeTHbI pAL.

Tax kak Dpu paccMOTpeHud OpGHTANLHOTO ABUMEHHA SJCKT-
pOHA Mbl JOJDKHB NPHNUCAT: €My ABE crenesd CBOGOMEI, COOTBET-
CTBYIOIIME BYM He3aBHCHMBIM KOOpAKHATaM I H ¢, TO HeoGXoAuMO
DpHMEHHT: ABA KBAHTOBBIX yCIOBHS: B

Eﬁp,dr:n,h; E‘;pwdq>= h. (113.2)

O6o6menlbie HMIYAbCH Py H Pp HR OCHOBANHH § 57 TaxoBsl
p=mmt, py=mr'.

[IpunnMan BO BHHMAHHe, YTO TO 3aKOHY COXpaseHus MOMeHTa
KOAMueCTBA NBIKEHHSl Pg = Mr2p= comst, MBI MOAYYaeM H3

§ u3t KBAHTOBAHUE BOIOPONOIIONOBHOTO ATOMA 355

Braporo yenosus (113.2)

2
gt = § py dp =y | dp=2py,
OTKRYZAA ¢ N
L] —
Py = 11§75 =1 (113.3)

Tlpumenenue neppore ksaHrosoro ycaosus (113.2) Tpe6yer no-
BOMBHO CJOKIEX BEMHCHEINH, KOTOPblE MLl 81eck onycTuM. B pe-
3yabTaTe 3TX BEIYHCACHHE MOJy9aeTcs ciellyomee BLIpaXeHue
A1 SKCUEHTpHUCUTeTa OpGUTHl & Uepes KBARTOBHIE WHCIA M, H Nyt

2

e
G r rgy *

1—

CymMMa 06OMX KBAHTOBBIX YHCEN X, M Ny HA3LIBAETCA 2408HbLM
Ke8anTo8bIM HucA0x. OBO3HAUMB €TO uepes A, nMeeM

1y - n,=n,

(113.4)

Tlonctannas 910 B (51.18) u samensss P == pg uepes neh, moxyunm
E, mZ%*
n =gt . (113.5)

Mpr BIIEM, UTO, HECMOTPA HA TIpHMEHEHHe ABYX KBaHTOBLIX yC-
JIOBHH, OKOHUATEAbHB pe3yNbTaT HHYEM HE OTJIHYAETCH OT NOJy-
uenHoro B § 107 pa1s cayuas Xpyrosmx OpGHT: 3Heprus sasucp‘{'r
OT OZHOTO KBAHTOBOTO UHCAA 71, HA3HIBAEMOTO 2AABHbIM KBAHTOBLLM
HUCADM; TIpH STOM 7 SIBJSIETCS CyMMOH KBAHTOBLIX wuuces #y H 7,
DTOT pesyabraT CBA3AH C TeM, YTO SJLIHNTHYECKOE ABHKEHHE snex?—’
TpOHA ABASETCA BHPOKICHHEIM Cy9acM yCIOBHO-nepHOAMYecKoro
nemkenus, B camMoM nese, HeBHIPOKAEHHOE YCJIOBHO-IEPHONKIECKOE
ABUKEHHe HA IOCKOCTH MOJUKHO NPOHCXOMATH 1O He3aMLKalo-
mefies urype Jluccaxy, Toria Kak ofpameHue IO 3JMUICY ecTh
ZBHKEHHe YHCTO DepHOfHueckoe. Mbl ceiuac yBUIMM, 4TO pesysn-
Tar, BhpaxaeMslil gopmysoit (113.5), osHauaer, uto AN KanLOTO
3HAuEHNUS TVIABHOTO KBAHTOBOLO YHCHA fi HMEETCH 7 COBAAAQIOUUL
no sesnuune yposuel snepzuu,

Jlxa Toro uwto6bl yGemHTHCS B STOM, MOKAKEM, HTO KAXIOMY
3naueHHio 1 COOTBETCTBYET /i PA3MHYHLIX 0pGHT ¢ ONHON H TOH Ke
Goabiwoi nonyocklo, HelicTBHTENBEO, BhipaXeHHe 1a Goabiuol mo-
AyOCH OpGUTHL MBI NOywdM B3 dopmyant (51.19). Berapasa s Hee
KBAaHTOBAHHLIE 3HayeHHs sHeprun (113.5), umeeMm

(113.6)

2*
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M, BOCHO/MBIOBABIUNCH BBefeuHmM B § 107 cokpamenusiM ofo-
sHaveHHeM AJst «GOPOBCKOro painyca» ap [popmyaa (1074}],

a=n (n=1,23,..). (113.7)

MTaK, BeqMunHa GOAbLIOH NOAYOCH B DASJHUHbLX KBAHTOBBIX CO-
CTOANHAR MPOMNOPUHOHAILHA KBAAPATY TMABHOTO KBANTOBOrO HHCJA,

JIna BeluECIeNHa MaJoOR MOJYOCH b BO3bMEM H3BECTiyIo $Op-
MyJly aHaIHTHYECKOR TeoMeTpud b= )/1— e’ 1 BcTaBdM B Hee
y®e HajilctHble KBAHTOBBIC 3Haenns a um VY —e* u3 (1134)
u (113.7):

Anga. (113.8)

Cpashente (113.7) u (113.8) noxasuiBaer, uyT0 GOJIBIIAS NOIYOCH
3aBHCHT TOJIBKO OT [JIABHOr0 KBaWTOBOTO YHC/AA, TOTAA KaK Majas
HOTYOCh 33BHCHT KAk OT IMIABHOTO, TAK W OT a3WMYTalBHOIO KBaw-
TOBOTO yHCHa.

PaccMoTpAM Teneph, KaKHe 3HaYeHA MOXET NpHHUMATh a3HMY-
Ta;bHoe xsanTopoe udcao, Ilpn ne =n (113.8) mepexoaur B
(113.7), u opbura — Kpyrosas; OpA g =0 u b = 0 smadnTude-
cxas OpBHTA BHPOKAZSTCA B MpAMOJMIEHHYIO TPACKTOPHIO, NIO KO-
TOpOIt SMEKTPOH oJKeH Gbl Gel COBepmATh MaATHAKOOGpasibie
aABuKennda. Taxaa op6dra B TeopHd Bopa uckiouaercs Mo teM
coofpaKeHHsM, 4T0 MpA JBHKEHHH 6O Hell 3MEKTPOH HOJKCI BblI
6bi craaxuBaThess ¢ sapod. Mrak, Haumenoinee suauende g ectb 1,
HauGouabumee — 1;

lg—1,2,8, ..., n. (113,9)

Otcioga ClexyeT, YTO KaXaOMy 3HAUEHHIO #, T. C. KaXAOH 60ab-
Woji NOAYOCH OTBeaer f PASTHYHLIX OPGHT C DASHON BETUURHOH
SKCUEHTpHCHIETA: OT BEITSHYTOrO simamca o Kpyra. Hanpumep,

l;=a—Z'=a—prry

_4
n—1, a=-, n

a
b= 27’ — suImmc,

I;:4iz'—— Kpyr,

n,=1, b= 3%—ammnc,

a
b= 63 — saumne,

ny=3, Iz—f)iz‘——xpyr.
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Ha pnc. 170 srivepuenst opbuth masi n = 1, 2, 3. 3amersuM, uro
SJMUNTAYCCKHE OpOHTEL B NMePHTIHH TOAXOAAT K oKycy (Spy)
TeM G/IuNe, UCM MeHbIe 1.

Me BuanM, Takum 06pasoM, YTO IS KAKAOrO 3HAMEHHS TJaB-
1H0r0 KBAHTOROTO UHCAA JGHCTBHTENLHO CYMCCTBYET N pPAIAMUHHX
OpBHT ¢ OnHHAKORON GoabuIof mOMyocwio. Beem stuM 7 opGuram
no gopmyse (113.5) coorBercTBYer OMHO A TO e 3HAYEHHE SHEPrHE
HJH, TOUHCC, £ pABUBIX SMAUEHHH 3HEpPrHH, B 310M B 3axmouaerca
BprO)K;]EHHe. CAH, OAHAKo,
MOSIBAAETCH KaKOe-MHGO BO3-

MymeHse, T0 opGHTE dedop-

MEDYIOTCA pasJIHulibiM 06pa- o @
30M, ¥ i YpOBHCH IHepru, 7=/
KOTOphie paHblle COBLALAIH, =

pasgaeasuores, Ilpuaaro roso-
pHATH, u¥TO BO3MYmieHHE CHU-
Maer BepoNenye.
Ho cux mop mut uHTepeco- \
BAJHCH TOABKO ABHXKEHHEM
SMEKTPORA B INVIOCKOCTH €ro m’)
OpGUTH H B COOTBCTCTBHH C
STHM OpHIHCHBAIH 3JCKTPO-
uy Ase cremedu ceooant. Op- W
HaKO MHONOXKEHWE 3JAEKTpoHa
B (POCTPAHCTBE XApAKTEpH- P
3yercst Tpemst KOODAMHATAMY. o o
Yuurwas nce Tpu cremenw Pwe. [70. Opatst srextpomos mo Bopy
€BOGOXH, Ml TUpHOGpeTaeM
BO3MOXHOCTE ONHCHIBATL HE TOJILKO ABHKCHHe 3JEKTPOH2 N0 ero
opure, HO U IPOCTPAHCTREHHYIO OPHEHTAINIO CAMOR OPGHTbL.
Tlonoxenye s/eXTpoHa B MpOCTPANCTBE XapaxkTepH3yeTcs TpeMs
DOJAPHLIME Koopaunatamu f, & H ¢ (puc, 171), [Tosromy keanro-
Bble YCJOBHSI B 3TOM CJiyuae IpHHUMAOT BHI

$ordr=nch, §pﬂda:nﬂh; §pwd¢=n,‘,h. (113.10)
O606uwenHbie HMIYILCH fr, g, fy BHMHCASIOTCH O O6mEMy mpa-

Buny (§ 57): RyXiO HanucaTe BHPAKEHHe KHHETHYECKOR SHEPTHH
B IOAAPHLIX KOOpAHHATAX r, €, P!

E, G o 1282 - Psin?e ) (13.111)
M HaiiTH NPOU3BOLHEIE N0 OGOGIEHHBIM CKOPOCTAM:
JE, __ 0E o 3Ex . .
P = m#, po=—2t = mrtd, py =W=mr2sm20 ¢

(113.12)
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O6paTHM Temepb BHHMaHue Ha 0606ImEeHEL HMIYALC Py Hs
uc. 171 BHAHO, YTO KOOPIBHATA ' XapaKTepH3yeT ABEXEHHE Upo-
eKUMH 3JEKTpOHA IO SKBATOPY, a COOTBETCTBYIOUA ef 0606meH-
W HMIYJIbC Py €CTb MPOEKIHS NOJHOO MOMEHTA KOJHYUeCTsa
perkennst P Ha ock 2. Hanpabienne 310H OCE QH3HYECKH MOKET
6Lt 3amanc, HampHMep, GECKOHEUHO ManHM MATHUTHAIM IOMeM,
coBmanaloniM MO HANpABIEHHIO C OCbio Zz. Mbl ceflyac yBHmuM,
uTO p, COXpaHSET CBOE 3HaueHme, py = comst. C s70f UeABO Na-
nrweM $yEKIRIO [aMrabTONa, IpHHUMAR BO BHUMAHHE BHDAXEHVS
KnHeTHTECKOH sHepr#H (113.11) 1 BBpaxenus OCOCmEHHEX 1M~
nyascos (113.12):

He= T U=FEy+E,=
i o 1 1 Ze?
=g (2 28 e ) e (1349)

TaK Kak KOOpaMHATA \ B 9TO BHIpAKEHHE HE BXOZMT, TO OHa eCTb
LERINECKAs KoOpaHHATA. [10STOMY CODTBETCTBYWOIMHA HMIYJBC
nocrosiner (§ 60), py= consl.
Bsigy 3TOMO KBaHTOBOE YCJO-

BRE (ﬁpwd\p=nwh naet:

2n
fﬁﬂwdlp: 23 J‘ dp=
]
= 2""\» = n,‘,h,

k
pe=nygr=rgh  (113.19)

Msul BHAHM, TaKHM o6pasom,
UTO HpPOEKUHH MOMEHTa KoaHue-
CTBa HBHIKEHHS HA Hampasae-
Hue TOA HMEIOT KBAHTOBaHHbLiE
3uayedys. D10 NMOKASHBAET, HTO
opueuraunn opbur AB B 1po-
cTpaHcTBe He  Moxer OmTe
[pOM3BOJLEOH, HO CymecTsyeT
RHCKPETHH pAR BO3MOXHMX OpuedTanni. [eficTerrenvHo, Bons
EMECTO CymECTBEHNO MOJIOKHTEbHOTO THCAa 7, DABHOE eMy Io ab-
COMOTHON BeJMUHHE YHCAO /M, KOTOPOE, OXHAKO, MOXKET HMeTh Kak
NONMOKHTeAbHEIE, TAK H OTpHUATENbHbE 3HAUYCHRS, Msl MOAYIUM

Pac, 171

§ 113 KBAHTOBAHME BONOPOJOINOAOBHOTO ATOMA 359

Iycrs, Hanpumep, P = #/2n; Torna g =1 u
cosa=mjng=-+1, 0, —1.

Hrak, npu fig = 1 BOSMOXHBI TOJLKO TPH Pa3JHUNHE OpHeHTa-
UMM OpOUTH; Fph ny = 2 TaKWX OpHCHTAURii GymeT maATh (M =
=2, 41, 0, —1, —2), upr 2, = 3— ceMb ¥ BooOwEe npH JiO-
6oM 1y YHCIO BOBMOKHEIX OpHeHTAUHH pasHo 2nq - 1.

Tlerxo, ofiHaxo, y6eAHTbCA B TOM, UTO BBeXElHBe HAMH JBa HO-
BHX KBAaHTOBHIX WHCJA — «IKBATOPHANBHOE» g H CHIEPOTHOSH
2, — BeCbMa NPOCTO CBASAHE C a3UMyTAALHEIM KBAHTOBLIM UHCIOM
fp. MMenno

Ng =g}y

JephcrsurensHo, B § 59 MBr BHAeNH, 4TO KHHeTHuecKasi 2Heprui T
MOXeT 6hiThb BHpaXeHa cleiyonuM o6pasom:

. aT
o — ¥ids - (69.9)

0603HauaR KHHETHUECKYIO SHEPIUIC deped Exgn B NpHHUMAR BO BHH-
aL

Manue, UTO ——=——=p,, IO,
33y =7, = P TOMYHaCH
2E pn = ; Grbe-

MHTerpupya 310 paBEHCTBO MO ¢ B Ipefeanax NMepuond, 1. e. oT 0 1o

T, HAXOJUM .
«
2 fEmdt—Efpkquzzgﬁpkqu. (113.15)
o

kO k
Ecan mbl BbGEpeM B XaueCTBe KOOPAHHAT ¢ WOJSPHBIE KOOpRH-
HATEL HA IUIOCKOCTH (r M ), TO coracko {113.15)
1

2af Exmdt = § o dr - § py o (113.16)

B cnyuae cepryeckux NONSPHEIX KOOPAUHAT HMeeM
<
2af vt = pedr + $pado +  py .

Dpspasimpas Apyr ApYTy Npabble YaCTH, HAXONUM NOCAE COKpa-

nlepss

§ g do=§podo -+ §pydv
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HAH, NpHHMMAS BO BHEMAHKE KBAHTOBLIE yCIOBUS (113.2),
g ==ty A5, (t13.17)

D710 NOKA3BIBAET, UTO BhipAKEHHe [/Sl NOJHON SHEPTHH SIEKTPOHA
(113.5) moxer GBITb mepenncano B BHAe

mztet mzie mZ%* N
E= = = T, R [CRRENED

CiiefloBarelLHo, N0AHAA SHEPTMA MpH yuere IPOCTPAHCTBCHHOK
oplieTauus OpGHTEL TAK e, KaK M B cayyae IVIOCKOH 3aiaul, 34
BHCHT TOJBKO OT CyMMH BCeX KBANTOBBIX MCEJ, HO ne OT CaMux
KDanTOBBIX unced. [LpyrHMH CNOBAMH, BBIPOKIEHHAE A CaMOM Ae/C
Gouee BHAYHTEINBID, HEXKEIH STO CIEAOBAJIO H3 PACCMOTpenns 1oc-
KOil 3ajlaul: ue TOJBKO BCe BJNIHNCE C OJRHAKOBON GOMbLIOH mo-
JyOChbI0, HO W Bee TAKHe SJUIMICH, pas/HuHbisl 06pasoM OpHEHTH-
pOBaHHEE B TPOCTPAHCTBE, B OTCYTCTBHH BEWHETO MATHHTHOTO

T OAMHAKOBYIO SHEPIHIO, .
ngsl:rl)dxey]omr(i 410 npyn BBC}‘(EEHHH BCEX PACCMOTPEHNBIX yTOUHEHH
(sanunTHYECKNE OPGHTH, LPOCTPAHCTBEHHAS OpHeHTanus) pe-
3yJbTAT MOAYYAETCR TOT JKe CaMblil, 470 U B npocrefillem cnyua:
KPYTOBEIX OPOHT, yuer STHX YCICKHeHHE MOKCT NOKA3aThes i
QULHAM. B AeficTBUTEBHOCTH 9TO He TaK. IIpH moaBIeHHE Biei-
HCO MArHHTHOTO NIOAA YCTPAHACTCA BHPOMICHHC B OTHOLIeHHH
5KBATOPRANLHOIO fy, (M MATHUTHOTO /1) KBAHTOBOTO YHLAA: pas-
nuseM 06pasoM OpHenTHpoBambie opGutsl mpHOGpeTaoT pazmm:
nywo siepruto. [Toc/enoBaleNbHo npoBefeHHbl pacyeT Aaer 0 1>rnc
Henme mpoctoro apgekra 3cemana. Hanee, B C0KHbIX atoMas, rie
HMeeTCs HEeCKOMbKO 3JMEKTPOHOB, BO3MYWICHEE IBHXenus nepmbe-
PHYECKOTO 37€KTpOHA OCTAJALHBIMH 1PHBOJHT K TOMY, YTO B Dbipa-
JKEHUH SIEPrHH ATOMA MOABAACTCH HADAAY C TAABHEIM KBAHTOBLIM
YHCJIOM, PABHEIM CYMMe @, --7r, TAKKC B a3uMyT41bHOC KBANTO-
Boe uMcA0. BCaelcTBHE TONO YpOBHM SHEPIHu C ORHHM H ICM e
FAABHI{M KBAHTOBbIM UHCJOM H PA3MNHBIMH 23HM)TaJIbHbIM, COB-
nanaouue B clyqae OLEOSMEKTPOHUBX ATOMOB, PasIcasiorea. JTo
Zaer BOSMOKHOCTh OGBACHAT: CCOGEHHOCTH CIEKTPOB CqOMNLIX
aTOMOB, MMEIOIMX OJ[HI BajeHTHMH 3eKTpOH (SaeMents! “EI’E?”
rpymmsl nepronuucckoi cucremer Li, Na, K # r. a). Mui, onnaxo,
ne 6yAeM 3/eChb OCTAHABIMBATLCA 112 STOM JAJbHEHIIEM PASBUTHH
Teopnu Bopa, TaKk Kak Ona, HCCMOTPS Ha psij GOABINEX q;c-rﬂblx
YCIICXOB, COXPANMIA Temeph JHillb UCTOpHUECKOe SHanHH% noms-
HyTble € SIBACHHA (CHEKTpb; CMOXHBIX 4TOMOB, apgekT 3eeMana)
MONTYqHIM MHOe OBbACHEnHe B DAMKAX 3HAURTEbO Golee WHPO-
Koro kpyra ssenuii. C 3THM OGbAcCnenneM Mol MOSHAKOMHMCH B
JanbHeRueN,

e s

§ 119 HPUHIUI! COOTBETCTRHS 361

§ 114. Npweunn cootsercraus

Bepremcs tenepb k Bompocy, yxe 3arpoHyromy 8 § 106, umen-
HO, — K BOTIPOCY O B3aHMOOTHOLIERHY 3AKOHOB KJACCHYGCKOD
KauTOBOH (HaWkM. Kak Ml BHZeNH, HepaBencTpo HYJII0 TOCTOSH-
Hoit Ilnanka & Bemer K ToMy, UTO MeXaHWuecKue BEJMUUHDI, XapaK-
TEPHIYIOUHE CHCTEMB ATOMUbIX PA3MEPOB (SHEPTHA, MOMEHT Ko-
JIMUECTBA ABHIKEHWS), BOOGINE TOBODS, HEe MOLYT H3MEHATBCH He-
TPEPLIRHO, 10 MPHANMAIOT AMCKPETHBI PAL 3HAdeHni], OT6upaembIX
TPK NOMOINY KBAHTOBEIX YC/OBHI,

PaBHsiM 06pasoM M 3aKOHH KAAcCCHYeCKOR 3JIEKT POZMHAMUKI
OKaSLIBAIOTCH HENPHMEHHMBIMH K ATOMHBIM CHCTeMaM. B caMom
Aene, COINACHO 3aKOHAM KJIACCHUECKOH SACKTPOIHHAMEKM aiieK-
TpoH, 06palAILHAics IO OpEUTe, NOMKEH H3AydaTs 3JIEKTpoMar-
NATHLIE BOXHEL DTO H3TyYeHue Baeuer sa coColi notepio SHeprim,
DCICACTREE Hero SMEKTPOH AOMKeH Gb Obi MOCTENeHHO HpRGE.
®atecst K supy. Hamporus, ksantoshe nocrynare Tpebyior, uTobu
H3JydeHHE NPOHCXOLMIO TOALKO MPH NEPEXOXE C ONHON CTAlHOHap-
HOA opGHTH Ha Apyryw, Takum 06pasoM, B K/acCHuecKoli KapraHe
SUEKTPOH HENpephIBHO Mafaer K sApY MO CNHpANbHOd opbute, Bee
DpeMA H3/yyas, TOTAd KAK B KBAHTOBOH KAPTHHE OH CHycKaercs
70 CTyMenAM KOHeuno# BEAHUHHE, HSMIYYasl TOJBKO MpH «IIepecKo-
Kax»,

CyluecTByloT, ORHAKO, YCIOBHA, IPH KOTOPBIX 06 KapTHHL
AODKHE! 1aTh COBNAAAIOmKE pesyabTarsl. IlpeacraBum cefe, uro
DPACCTOAHHS MEKIY NIOC/ICNOBATEABHEIME YPOBHAME MAJH mO Cpan-
HEHMIO ¢ BHICOTOR caMHx ypoBHefi. Torma «crymemsxus, no xoro-
DHIM FPOHCXORUT CAYCK, GYAYT OYeHb MEJKHMH, H CHYCK [0 HAM
MaJo OTJMYaeTCsi OT HENpEepHIBHOTO CKOJbIKEHHA BHH3. Takod
UMEHHO Cayyali HMeeT MeCcTO mpH GOMbUMX KBAHTOBLIX WHCAAX.
B camom nexe, paccMoTpEM, HanpHmep GanbMepoRCKHE  ypoRHH
SHepram:

mZ%e*
o (0

Tak kax sueprus OTpHLATENbEA, TO C YBEAHUEHHEM 7 OHA BOI-
pacraer. lanee u3 (100.5), aast cayuas 7 3> 1, naxogum

-
AB,=22¢ pp,

*

U3 srore crenyet, 470, p A0CTATOYHO GOMBIIHX SHACHHAX n, co-
CednHe ypoBHu (An = l) pacnONOKeHH TecHO 7 NpHTOM TeM Tec-
Hee, weM Gonbiwe n. Ecan n ouens sennxo, 10 Mbi 6yneM mmers
AERO C TPAKTHYECKH HENPEPLIBHON MOCANOBATENLHOCTBIO YpOBHeii,
M XapakrepHas OCOGEHHOCTb KBARTODHX HNPOLECCOB — JHCKpET-
HOCTb ~— JOIKHA COBEPIIEHHO CIVIAAMTLCA.
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M cefiuac YBHAMM, UTO DE3YJbTATH, MOTydenHLie Hyaan:ﬁgg:-
0T STOMY T -
adax, BIO/HE YAOBACTBOPA!
et © ; TIOKaXKeM, 4TO s
GZOGHOTO atoMa H ,
nnto. HauneM ¢ BOZOpOZOI e, uro A
e/l GacTOTHl H3JYUeHHs:, BBIYHCIEE
GOJBIUHX KBAHTOBHIX FHC! e e
OBBIM 3AKOHAM, MEXIy C
KJACCHYECKHM M TI0 KBaHT ! ona-
qator. Jlas STOTO Mbl BOCMOJb3YeMCH dopMysaMi § 107. Ko

HEpYR GOPMYAH *)

o S0 107.2)
aivn T 2am (
" n2h? 7.8
On == TZe? (107.3)
HalineM . e

v’l - 2ahin?
Sra dopmyaa jaer gacToTy Dﬁpameﬁﬂﬁu9.19KT£02;ﬂgth’;:eC;r::
ACCHYECKOH IeKTp:
Hapuoil op6ute. CormacHo K
ﬁgﬂo x'g ;(cv.vml:;a 6biTh M UACTOTA HCMYCKAeMOro 3IeKTPOMaTRHTHOTO
nanyenus, Mo AMeeM HOSTOMY

. L omZ 14,0
Vi, ==V = gapis CEKT (

D1y OpMyJy Mbl 3amiileM B Golee KOMIAKTHOM BHAS, BOCIO/b-
30RABLINCH BhIpAXKEHREM MOCTOAHNOE Pradepra:

— M oyt 107.7)
R= gy o4 (
@opmyay (114.1) MOxHO Tefepn ASrko TPHBECTH K BHAY
v =B oo (114.2)
ks

KBaHTOBaA ¥acToTa NpH Nepexofie # — k, Kax H3BECTIO, BbIYKC-
Jsercst o gopmyae Bansmepa B pasHa
' L) cex 1143
Vi, = ReZ? (7 — ) cex '( )
(MEONKHTENb ¢ MOSBHACA MOTOMY, 4TO MBI BLIHHCJIﬂeMMzCTHHH}IO
yacToTy B CeK™\, TOTIa KaK R 0GBIYHO BLIpAKaeTCd Bl 1043)'1( e
Ins cpasuenrst co (114.1) yioGuee mpusectn (114.3)
RytomeMy BAAY:
’ 2 Bk o ReZ
Vi ™= RO — g =

JUELILESY (114.4)

cest, B QTAMUES
) Hanomuyaew, 910 v* 0SHZUACT WACTOTY, BHIPAMKENHYIO B

B
0T v (SOMHOBOE UHCAC), BHIPAKAEMOTQ B CA 7.
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Kax mu1 BrznM, Bhpaxenua (114.2) n (114.3) gas v, 1 v,
Pe3xo pasanvatorcs. [10MOXHM, OZHAKO, UTO £ — GOABIIOE THCIO:
n»1 (114.5)

H IyCTh, KpOMe TOro, 1 — kR = 1; T0rma BCAeACTBHe (1145) 2=

=n+1=n Tlpu stom ycnosnu (114.4) npunamaer sug
s _ 22’ 2ReZ?
Ve S (114.6)

CpasnmBas (114.6) co (114.2), MH BHAMM, 4T0 eCAM KBAHTOBHIE
UHCAA BJIHKH, TO A NEePeXOXOB MEXAY COCCIHHMH KBAHTOBBIMH
COCTOAHHAME

Vi = Viene (114.7)
Ecaqu nph nepexoze riaBHOE KBAHTOBOE WHCAO HIMEHAETCH He
#a 1, a ma 2, 3, ... u BoOGmE Ha An, UpH ycaoBuH, 9T0 An <& 72,
T0
. 2Rez? .
Va="z ln=v_ An (An=2 3, ...,
T. €, ACMYCKaeMBle NMpPH TaKMX NepeXOxaX HacTOTH! 2"1;,‘, 3v:m,

6yAyT cOBManath C MEPBLIM, BTOPLIM WJH GoJiee BEICOKHME obepro-
HOMIU RNGCCHYSCKOR WACTOTH. [INA MaJbX KBAHTOBHX YHCEN TAKOTO
COBNAZeHHfl He HMERTCS, HO CYl4ecTsyeT COOTBETCTBLE, TAK HTO
KaXIOMy KIacCHUeCKOMy OGEpTOHY MOXKHO NMPHBECTH B COOTBET-
CTBHE ODpefeNeHHYI0 KBRHTOBYIO HacToTy.

CooTHOWEHHE MeX/ly KAACCHYECKUMI H KBAHTOBEIMH 3aKOHAMH
B O4eHb OTIETHBOA (OpMe MOKHO BBIACHHTA €Ie CIexylomuM of-
pasom. IlycTh MbI MMeeM CHCTEMY ¢ ORHOM CTeNeHbIO CBOGORML
UacTora 3ayueHHs, HCIYCKAEMOrO STOM CHCTEMOR, N0 KBAHTOBEIM
8aKOHAM BEIYMCISIETCA NPH NOMOmM YCAoBHs vacTor En— Ep
=hy

s = AEfh, (114.8)
<Craunonapusie e coctosHus ¢ skepruamu En u En waxomsres
fIpH TIOMOIGH KBAHTOBOTO YC/IOBHA fp dq=nh. Obosnauns uepes

I murerpan J)‘ pdg, WMelOmA pasMEPHOCTh HeHCTBHS, uMeey
{ == nh. lan ZBYX CTAUHONAPHBIX COCTOSHAN MBI NOJy4HM
ly=*kh, I,=nh
"
Ly—ILi=A0=(k—n)h.
Ecnnn—k =1, 7. e. eclim paccMaTpHBAOTCR COCERRHE COCTOSRHS,
To Al = & Tloactasasna 310 B (114.8p), noayunM
£

o=t

ke ™ AT * (114.9)
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Jlisi BHIYMCIAEHHS COOTBETCTBYIOLIETO BEIPANEHAA é{;{:rcocﬂ\gzi:(“(.)uyf
uacTOTE Mbl BO3bMEM CAyuail JIMHEHHOro rapMOHMYC '

w U

OTKYyRa p = V2m (E— U). Mnterpan AefcTBRA B TaKOM cAydac

Oyzer
I1=§p de=§ V2m(E— D).

PaccMatpusas SHepruio E Kax HeNpephiBHO MSMEHSIOWIMACA mapa-
MeTp, Halilem MPOUBBONKYIO

dx:é;%dx:é;d—;—

my
sasTopa. Dlieprus OCUMIIATOpA paBHA E=—5+U

dx
A $at=T,
dxjdt és

ﬁ_éﬁ m
42 3 Vem(E—D)

e T — meprox koaebanus, Otciona moayuaercs caefyioulce sa-
MeuaTesbHOE BHIpAKEHHe A RKFACCHUECKOH 4acTOTHL

vy, = /T =dE[dl. (114.10)
MosxHO [OKasaTb, 4TO COOTHOLICHHE (“4.10)-AOJI)KHO HMCTO}i
MecTo IIf 40660X MEpHONHUECKHX CHCTEM C OnHOHGCTeneH;lgngio~
6oar. Ho rak xak 10 ofmee J0KaaaTelbCTBO Tpe ye'r,urcaeuﬁ
pandsl anmapaTa, SHAKOMCTBO C KOTOpHM He MNpelnona acmui
uyrareds, To Mbl OTPAHHYAMCS NOATBEpHICHEEM ero Har an;
DpEMepax, IPHBEACHHHX B YNPAKHEHHAX K ITOMY napaepvloglemy
Cpashnpaa (114.9) n (114.}0), MBl TIPHXOIHM X ClI n‘qac ey
AbTaty. M MO RAGCCHUECKOR, H NO KBaHTOBOH TeOpHH uact
pesy MokeT OMTh BHUMC/AENa Kak
ol PEr -
SpEeprdd K NMPUPALIEHRIO fek-
CTBUS, HO, B TO BpeMfl KaK
B MepsoM caAyuae Mpl Geped
GecKOHeUHo Majkie NpHpalle-
HHSl, BO BTOPOM Mbl IOMMKHEL
6paTh KOHEUHbe PABHOCTH.
Prc. 172 xopoio HAAO-
crpupyer aTo. CruomHAas Xp-
Basl Ha ITOM pPHCYHKe Lpen-
CTaBAsIeT SHEPTHIO KaK PyRK-
whi0 HHTErpana AelicTeRs I
KpanToBbie COCTOSHMA H306paaloT TOAbKO Te TOUKH 3101;;4(55
KOTOpHE OTSEYAIOT HEMOYHCICHHLIM  SHAUEHHAM §7 croan
h, 2h, 3h. OQueBBAHO, YTO KBAHTOBaA yacraTa A]g‘/ y)gq_
papHa "raredcy yria HakIOHa Cexyulefi, COSLMNAMUIEH ﬂl‘z;ﬂ‘l)!{e
KH, COOTBETCTBYIOIIHE KBHTOBHIM COCTOSIHHSM, KlaccHueC

J——

Pue. 172,

!
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HaCTOTa paBIla TAHrEHCY YA HAaKNOHA KadaTeqIbHOM, TAK KaK
Vi = dE[dI.

Tlpu s10M B 06racTH GOABNIMX KBANTOBHX UHCed, [Le pasHula
MEXIY HAK/IOHOM KacaTedslblX H CCKYIIMX HCUESAET, Vir == Vrm

To e camoe X0pOWO WIIIOCTPHPYETCS IPHBOLRMON HEXe Tab-
anuedt XV, riie yKasaHbl KIaccHueckHe uacToThl 06palleHHs AAs

Tagauna XV
[EP—— Kontetnoe ‘iacm::q:zzigu;nm Knantozad Yactora cgmgﬁam
cosTomtue cosTonme cocronuni, cor”! cex™ cocronmnm, cex”
n=2 i 0,82+ 1018 2471015 6,58+ 1015
6 5 3,04. 101 4,02- 1012 5.26- 101
10 9 6,58 1012 7,71+ [ 9,02. 1012
2% 2 421101 4,48+ 101 4,76+ 10V
101 109 6,38- 10 6,48+ 107 6,58+ 10°
501 500 523107 5,25+ 107 526177

ABYX COCGIHHX UEJBIX 3HAYCHHJ; 7, BHIUHCAEHHbE ¢ MOMOIUIbIO Gop-
Myar {114.2), M COOTBETCTBYIOLIME KBAHTOBHC YACTOTH], BLIYHCICH-
Hele mo Qopmyae (114.3). Buamo, 4to KBaHTOBHE UACTOTH Jurs
MasbiX # He COBNIANAIOT C KAACCHUECKHMH, HO JEXAT MeXIy HHMH.
OnHAaRO Pa3HNLA MEXIY KIACCHYECKHME H KBAHTOBBIMH 4acTOTAMH
YMEHLIIARTCSH N0 Mepe BO3PACTAHUA 7, H /S KOCTA104HO GOJbLIHX
1 CTAHOBUTCA HHUTONHO MaJof,

TlosTyueHHBIH pesysbTaT MOXKHO CYyMMHpOBATh eme uhave. Us
Tl obmefl QOpMY/RPOBKH, KOTOPYIO MH AaAR KBAHTOBEIM YCII0-
BusM B § 106, crenyer, uTO OCHOBHAs NPHYAHA NPepHBHOCTH Me-
XaHMYECKHX BeJMMHH JJfl OUeHb MAAbiX CHCTEM 3aKJIOHAETCH B
«aTOMHU3ME»> AefCTBUS: CYLIECTBYeT HAHMEHblas BEJAMUHHA AeficT-
BHA, paBHast nocrosunost Ilnauka k= 2nh = 6,62-10~% ape.cex;
OHA-TO M HABJAETCA KaK OBl «aTOMOM» meficTBES. Ecam pasmeps cu-
CTeME H MaCChl YacTHIl TAaKOBH, u4TO ACHCTBHE IS TAKOH CHCTEMbI
CpaBIAMO C A, TO KBAHTOBLIA XapaxTep ABJCHHI CKASLIBAGTCH B NOJ-
HOM Mepe; ecld e AeHCTBHE HACTOJNLKO BEHKO, UTO MOXKHO TOJNO-
KuTb £ =0, TO NPePEIBHOCT: CTAHOBWTCH HEBAMETHOH, H AOMKHEL
YAOBAETBOPATHCS 3aKOHBI KJIACCHYECKOH MeXaHHKH.

OT0T pesy.IbTAT ABJAETCH YACTHHM CAy9aeM OGLIEro NMpKHUHMA,
HIPAIOIET0 BAXHYIO DOJb B COBPEMEHHOH TeopeTHYeckoli (n-
2HKe — frpunyuna cooreercreun. Tak, Hanpumep, GOpMyas Mexa-
HHKH CNeNHANLHON TeOPHM OTHOCHTENBHOCTH ABTOMATHYECKH Repe-
X0#AT B (OpMYAb HBIOTOHOBOH MexaHmKH NpH U <K, T. e.
€CJId CKOPOCTH HACTOJBKO MAJH, YTO MOXKHO MONOXKHTb €—» oq.
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TIpHHUHAN COOTBETCTBHR TpeByer, BOOGILe, YTOOHl BCAKAA HEKNACCH-
weckas TeOpHA B COOTBETCTBYIOUEM Npe/leNbHOM cllyuae Nepexonia
B KN2CCHYECKYIO.

vupamuennn: |, Joxasaty, uto dopwyra (114.10) wmeer wecto ama
poraTopa, T. €. AN UaCTHILL ofpamaomeics 1o KpYry OKOJO HENOXRHKHOTO

ueutpa  {Vigomrue. Mimerpan Achorsus s ciydae poravopa eml=§pwdp,

nprsen pp =V BEA, the A — MOMeRT HyepmAK).

2, Tonsayncs gopuyson (100.5) ans sweprin BOLOPORONONCTHOTG aTOMA
onimZe! anmziet _

Ep=— P ey rae [ = nh —unterpan peficTsng, W mpea-

honaras, 510 | MEWASTCA HCUPEPHIHO, PHMNCITs K moomn (114.10) kiacck-
ecKyo acToTy OOpAICRHA SAGKTPOKS Aan n-fk OPOWTH W NOKa3ATH, ¥TO noay-
GaeMuit TaKiN 06pasoM pesyabrar cosnanaer co (I14.2).

§ 115, Kpusuc teopua Bopa

Teopus Bopa, ¢ KOTOpO# Mbl O3HAKOMWJIHCH B 3TOR T1aBe, ObiAa
BechMa KpyDHbM IIArOM B PA3BUTHH-TEODHH CTPOGHHX ATOMA. Ona
¢ NONROA OTYETAHBOCTLIO fOKA3aja HENPHMEHMMOCTb Kiaccuye-
CKofi QHSHKH K BHyTPHATOMHBIM SIBICHHAM, C OAHOR CTOpOHBI, H
HepBenCTBylolLee 3HAUCHHe KBAHTOBHX 32KOHOB B MEKpOCKONHe-
CKHX cHCTeMax — € Apyroil. OHa MOCAyXKHIA TONYKOM K GONBLIOMy
QHC/Y SKCMEpUMEHTANBHMX paGoT, MPpAHECUIHX psii BAKHbIX pesylb-
TaToB; HO OCOGEHHO BEIHKO OLIIO ee SBDHCTHYECKOE SHaueHHe:
Zake B Tex CAyuan, KOTAA TEODHA HE MOIMA ZATH KONHYECTBEN-
HOTO OGDBACHERHS TON MM ApYroil Tpynmne siBfeHHi, OHa nabajta
DPYKOBOZANLYIQ HUTH AJIA OTYETAmMBOR HX knaccuHKanun W Kaue-
CTBeHHONl MHTepnpeTanEH. TakuM myTeM, HanpHMep, OrpOMHEA
SMIMpHYECKHI MaTepHA CEKTPOCKONMH — 3TOMHOH H MOJIeKyJap-
HOM — TpyAaMH pfifd HMCCIEROBATeNel, CpenH XOTOphxX GombLIoe
anaueHHe MEIOT paboThl pyccKoro yuenoro, axanemnka I, C. Pox-
ZECTBEHCKOFO H YYERHKOB €ro LIKOJHI, Obl1 BMEpBble NMpHBENEH 3
CTpOHHYIO ¥ SICHYIO CHCTEMY.

Hapsizy ¢ 9THMH H MHOTHMH APYTHMH NOJOXHTEILHLIMH CTOPO-
HAMH TEOpHA 064aNaNa CYNeCTBEHHBIMH HEJOCTATKAMH, KOTOpHIE
GhUH ACHBL ¢ cAMOro HayaJa. K uncay MX OTHOCHTCH NMpEKAe BCErs
BHYTpEHHSA JIOTHUECKas NPOTHBOPEUHBOCTL TEOPAH. B camom geae,
Teopnsi Bopa ue Gbla Hu TELHO K A, Hu mo-
CAeI0BATENBHO KBAHTOBOR Teopuedi. Ilo HIyTIMBOMY BHPaXEHHIO
V. T. Bparra, B 97Ol TeOpHM Mbi KaK 6bl NOJKHA GbiH MO MOHE-
ZENbHUKAM, CpefaM W NATHHIAM MOAb3OBATBCA KIACCHUECKHMH 33-
KOWaMH, 4 1O BTOpHKKAM, 9eTgepraM W cy660TaM — KBaHTOBEIMEI

He yIHBHTENbHO, yrO TIOC]E MEPBBIX yCIEXOB TEOpHH Bee ACHEee
u sicmee xgasanu cebs 3uar, ee menouerh. llpexae BCero, naxe B
npoctefiieM cayuae BOJOPOZONOROBNHIX ATOMOB TEOpHA Bopa mo-

s i g
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3BOJIANA BLIYHCAATH TONLKO HacTOThl CﬂeKTpaJleb!X JIHHP“':{, HO Be
WX HNTEHCHBHOCTH. a5t BLINHC/IEHHS HHTEHCHBIIOCTER MPHXOAHNOCH
NIONB30BATECA NPRHLHNIOM COOTBETCTBHS, PACIPOCTPAHAA €0 TAKKE
¥ Ha Majble KBaNTOBHE UMC/Ia H, B KOREYHOM cueTe, MpOH3BOAS
BBITHCJERHA [0 KHACCHUECKOH 3/eKTpOAHHAMHUKE,

OCOGeHﬂHO TATOCTHOH 6biNa HeyAaua BCeX MOMBITOK NOCTPOSHHH
TEOpHH HETpajbHOr0 aTOMa reqns — ONHOrO H3 MPOCTEMIEX aTo-
MOB TIepHOTHYECKOA CHCTEMBI, HRIOCPEACTBEHHO CJEAyIonero 3a
2TOMOM BOAOPOJA U COCTOAWErO W3 TPCX “aCTHN — AApa H ABYX
aneKTponos. XoTs 3agaqa O Tpex TeldaX B paMKaX KJacCHYecKOf
MEXaHMKH ¢ MOXKeT ObLITb penleHa TOYHO, — B HEOECHOR MexaHuke
GhAn yXe A2BHO paspaboraHbl NMpeBOCXOARME NpHOIHKEHHbE Me-
TOAMI, KOTOPHIE MOTJIH Obl aTh pesyJbTaThl ¢ TOUROCTBIO, BROINE
HOCTATOYHOM [Afi CpaBEEHHS ¢ SKcriepuMentoM. Hecmorps ma o,
MHOTOYRCJIEHNEE MONHTKY MOCTPOSHHS TEOpHM ATOMa TeJHA [O-
Teple/iH TMOJHOe KpyLIeHHe,

B nacrosiniee Bpems, nocae OTKpAITH CBOEOGPA3NBIX BOJTHOBHIX
CBOfICTB BeILECTBA, O KOTOPHX peub GydeT B raase X, cOBepLIeHHO
ficHO, 4TO TeopRa Bopa, omupammascsa Ba KIACCHYESCKYIO MeXa-
HHKY, MOTY12 GHTb TOJILKO [EPEXOHbIM 3TATIOM K CO3ZANHIO NOC.e-
JAOBATENbHOR TCODHH aTOMHEIX ABJEiHH.



TTABA IX

CBETOBBIE KBAHThI

§ 116. ®AYKTYauH CBETOBOTO NGAH

Jlo CHX NOp MBI MH1€PeCOBAJIHCH TMPOSBJEHHSMH CBOEOOpasSHbIX
KBAHTOBLIX 3aKOHOB B Q8UINENUAX MHKPOCKOMHYECKUX vacTdm. Mul
YCTAHOBHJM, B YACTHOCTH, YTO NPOLECC HCMYCKARMS CBETa ATOMOM
HPOUCKOAUT APCPLIBHLIM 00pasoM 1pH fepexoiax MeXay pasaui-
THMH CTALMONAPHEIMH COCTOSINHAMH, HO BOMPOC O TMpPHPOAE CaMoil
AYunCTOR 3HEpTHH ME[ TIOK4 OCTABAANM B cropone, ONHAKO yxke B
1995 r. DinuITeliH ykasaa Ha TO, 4TO CYIIECTBYeT GOJIBLLIOE KOJHye-
CTBO IKCNEPAMENTANbHEX (GAKTOB H CEPbe3HBIX TEOPETHYECKHX CO-
oBpasennil, KOTOphE HeH3GeKHO MPHBOLAT K NPEACTABACHHIO O
TIpepLIBIOA IPHPOLE CaMOTO W3Myuenkst. Mbl HauHEM C HSJOXKeHHs
Teoperudeckux coobpaxenni DinuTedna, 2TH cOOGpaKEHHs OCHO-
BaKkl HA4 PACCMOTpEHHH Ciyvafinbix —KoneGanuf  (payKryamu)
IIOTIIOCTH H3MyYeHHS .

PaccMOTpHM CRayaja MaTepHalbHbI{ 143, NOMELUEIHb B 3aMK-
HYTHII pe3eppyap o6beMa V. BHACAHM Tenepb KAaKyWO-HAGYAb YacTh
obbeMa ¥ < V M 6yNeM MBICIGHHO C/A€AHTb B pas/jHYHbE MOMEHTH!
33 qHCIOM MOJIEKYJ Ta3a, HaXonamuxcs BHYTpH v. C MOJeKyIApno-
CTATHCTHYECKOH TOYKH 3peHHS 3TO UHCIO OTHIONb He Gymer CTpOro
HOCTOAHHMM, He OyleT HCmbrislaTh KodeGanms. Ilycrh cpennee
9HCNO yacTHU B 06bemMe v Gyaer 7, Ecam sTor 06beM AOCTAaTOHHO
BEHK H Ia3 HAXOLUTCA IpH HOPMAAbHOM IABAEHUH, TO MTHOBEHHEIE
OTKJIOHCHUSL OT 3TOTO CPeMHEro 4Mcia f GYAVT OTHOCHTEIBHO Ha-
CTOMbKO MaJsbl, yTO WMH, BOOOWE TOBOps, MOXKHO [perebpeub.
Cranem teneps ymeHbulaTh 06beM ¢. Ecn MBI B KOHLe KCnion
npencrasum cebe, yTO 3TOT OGLEM NACTOADKO Mal, YTO B HeM
TOMEmACTCst AHIIL HeGOJbIIoe YHCAO HAacTHI (CKaxeM, B CpeX-
HeM 10), TO cayuafiHbie OTK/IOHEHMS OT CPE/HEro CHeazIoTesi yxe
BIIOJIHE 3aMETHEIMH. Taxue ciyyafiHbie OTK/IOHEHHS H 1a3bIBAIOTCS
dayxryaunsame. Viayuenne ux snserca Oi0H M3 HHTePeCHeAMHX U
BaXHEHLIHX IVIaB COBPEMEHHON CTATHCTHUSCKON (UBHKH.

CMOMyXOBCKHHA, KOTOPE MHOTO 3aHHMAJCSl HayueHHeM (uyK-
Tyaumil, paccMaTpuBal, HanpRMep, CAEAYIOUIYIO 3ajauy: KaKopa
BepOsTHOCTb TOTO, 4TO BCE MOJGKYJIEl rasa, Haxonsiecs B o6veme
V, cobepyrca B 9acTd v 31010 ofbema? OTBer Ha 3T0T BONpOC AATh
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Hetrpyzro *}. Ecau 661 B 06beme V Haxomusmach TONLKO OXHA MO-
JICKYJ1a, TO BCPOATHOCTS HAKTH € B YaCTH v Gy;eT, OUEBHAHO, NpO-
TIOpLUHOHATLHA ¥ M paBua

o= (116.1)

JefictBuTenbHO, ecnd v = V, TO @, = |, 4T0 B FOMKHO OHTh, TaK
Kak HaXOXJeHHe MOJEXYJs BO BCeM 0o0beMe V eCTh CoBbTHE ZO-
crosepuroe. Ilycth, 0IHAKO, B 0GbeMe V HAXONHTCH N ReIABHCHMBIX
moneKkys. BeposTHocTs HalTH 00wy MOJEKYTy- B wactH obbeMa U
Boipakaercss Gopmynoli (116.1); BeposTHOCTH HARTH A HesaBHCH-
MBIX MOJEKYJ B OQHOK M TOK XKe uacTd 0fbeMa, IO TeopeMe yMHO-
JKeHHS BepoSTHOCTEl, GymeT
v

w,,:(v) . (116.2)
U3 aroft popMynsl BUAHO, uTO ecad, hanpuMep, v =1/;V, 10 npu
CKOJILKO-BHOYAL GONBUIMX 3HAYCHHAX f BEPOSITHOCTh Wy, paBHAS

Wn=5rs
6yAeT HHYTOXKHO Maza.

DHHIITEdH paccMOTpeN aHAJNOTHUHYI0 3ajayy Vs caydas H3-
aygenus. TTycTh MEL MMeeM 3aMKHYTHI O6beM V, HanoaHenkbf dep-
HLIM H3JiyYeHHeM mpu temmepaType 7. JHeprus H3Tyyewus ¢ §acro-
TAMH MEXKAY V H v -+ @v, 3aKNI0UeHHAst BHYTPH STOTO 06'beMa, paBHa

E="Vp,dv,

rie py— CHeKTpadbHaf IVIOTHOCTh M3JAyueHHs. 3ajaua 3aKIO-
4aeTCs B BHIYUCJCHUH BEPOSTHOCTH TOTO, UTO BCS 3Ta IHEPTHS CKOH-
uedATpHpYyeTesl B YacTH o6beMa v, Tloabaysick CTATHCTHUECKOH Tep-
MOJHHAMHUKO#R U GOpMYNOi Buna /51 IVIOTHOCTH M3myuennst (cnpa-
sedausoit Jan BHILOKUX 4ACTOT)
BRAVY

e AVIRT
DAnmTeAH HaLle/], YTO HCKOMAS BEpOSITHOCTb paBHa

o \EiRY
w=(5) .

Cpasunsast 370T pesyavrat ¢ gopmyaoir (116.2), Mbr suauM, uro

M3JTydeHHe € ROCTATOMHO KOPOTKMMM JJIMHAMM BOJH BEler cebs

TaK, Kak eCcaH Obl OHO coCTOsNo M3 # = Efhv HesaBuCHMHIX Kop-

nyckya!

DAHMTEH paccMoTpest, pamee, H BOMpoc © QUIYKTyaumsx
MIOTHOCTH M3AyueHus. IIpeAnonoxuM cHagaja, uTO W3NYIEHHE
JERCTBHTENBHO COCTOHT M3 OTAGMBHEIX «ATOMOB» BEJHYHHE Ay, KO-
TOphic Mu OymeM Haselath (poTomamu. B rakoM ciywae paor-
HOCTb H3IyueHHst 6YAET pasHa uHely (OTOHOB B efdHHIE OfbeMa,

pydv=

*) Cu. mpuitoxcune IV B KOHug KHurd,
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yuuoxeHROMY Ra hv. Ho wiCio $OTOHOB B HexoropoM BHOpanHoM
oGbeme, KaK d UHCTO MOJAEKYJ, A0JKNO MCTIBITLIBATh CAyyaiiibe Ko-
feBannA, GpIyKTyalHH. YCTAHOBRM CHAUANA MepY STHX (QAyKTyauRil.
Ecau 7 ecth cpefHee UHC/AO UACTML B 00hEMe v, TO WHCIO YACTHI
114, HAXOLALMXCS B ZAHAHI MOMEHT B 3ToM OfBeMe, 6yzaer, BooOile
FOBGPA, OTAMUHO OT fi: B OZHHMX CAydasx OHO GyjeT Gosbuie A, s
APYTHX -— MeHsme, OTKIOHEHHe OT CpefHero
Ang=np—1i

6yseT MOSTOMY TO TOJOKHTEJLRHM, TO OTpHUATEIbHBIM H _OyJet,
K{)OMe TOFO, HMETb pasiMuHEe abeoNlTHHE snavenud. Onxaxo
cpelnee sHaueHHe An He MONKET CYXKHTb Mepok GAyKTyalui, Tag
Kax OHO, OUEBHIHO, PABRO HYJO

=0,

TlosTOMY B KayeCTBe Mephl OTKIOHEHMA YXOGHEE IO/B30BATHCS
KpagpaToM (n, — )%, KOTOpuH BeerZa nonoxutenied. Cpepuee
3HAYEHHe KBAApaTa OTKAOHEHH:
o =(n, — Ay

ABAseTcs Mepoil «pa3bpoca> OTAEMbHBIX SHAUCHWH ny, HX OTCTYA-
JIeHHsT OT CpeJlRero; * IMO3TOMY Ha3bIBaeTcs KBaJpaTHuRoi $AyK-
ryaumeit #an aacnepcheil. OTKJIOHEHHS OT CpefHETO MOXKHO Xapak-
Tepu30BATh TAKKE KBAKDATHBIM KOpHEM M3 &%, B3ATLIM CO SHAKOM

oc:

o= V7 Vin,—np,
KOTOpEi (M3WKH HA3HBAIOT Cpefnel KBaZpaTHuHOH OWROKOMA, a
MaTeMaTHKH — CTaHZApTOM. Bee STH onpefiesetus MpHMEHHMBL, KO-
HEYHO, He TOAbKO K CIYyualo OTK/IOHEHHHA WACHA YACTHU, HO M K
JOOLIM CTYyaHRBIM GAYKTy ANBAM.

B MaTeMaTH4YeCKON CTAaTHCTHKE JAOKA3LIBAETCR NPOCTON 3aKOH,
HMeionMil MecTO s JIOGHIX Cay4aHHLIX OTKNIOHENHH M COCTORIAHR
B CAEAYOWEM: eClH CpeliHee 3HAueHHe CaydalHO HSMeHAMmeRcs
BeJHuHMELI €CTb A, TO H KBazpatHYHas QnykTyanus e* Takke pasHa

An=(n,—A)==R—

7 *), a MOTOMY Cpente¢ KBaJpdThHUHOE OTKJIOHERUE & =

= V& . CMuica 310r0 3HAKOHA CTARET SICHBIM H3 WHCICHHBIX IIpUME-
pos. HlycTs i ecTh ho-pexHeny cpeaHee uneno wacruy. Eean
7= 100, Torza & Taxxe pasro 100, a V e? = 10 nan, wnaue, Ko-
nebafis uncra 9acTMu B cpenneM coctasasior 10% Bx umcaa;
ecane fi = 100, rog =V e? = 10° uan 10-* %7, a npua= 10%

Ve=10° nan 10-® .

*) Cu. npRaoerne [V 5 KOHIE RRWCH.

' § 1ig]

!
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Ecan nac MHTepecyloT Kosefauus 3HeplHH, TO, ZONYcKas, HTG

SHCPIMA COCTOMT M3 aTOMOB hv, uMeeM
£ = fihv, a noToMy
P =AF=Ant (WP = (- hv)hv=E - hv. (116.3)

DayKTyanun SHeprBH BOSMOXKHEI, OIHAKO, H B TOM cIyvae, €CAH
B3NyuCHHE HMeeT UHCTO BOJNHOBYIO npupomy. B camom gene, 8
9TOM caAywae Mbl CUMTAeM, YTO NMOJOCTb V¥ 6Opo3AAT BO BCEX Ma-
DpaBACHHAX HJEKTPOMAarHHTHLIE BoMHB. Cpefld HMX HMEIOTCA BOJ-
Hbi, 6JH3KHE DO HAaNpABJEHHIO H MO YaCTOTe, KOTOpbe MEXZY Co-
6010 uBTepdepupyoT. Tak Kak, 0ANAKO, HANPABICHEA B (23bl ITAX
BOJH CAyuafHHM 06pa30M MeHAIOTCH, T0 GeCOpAZOYHO MEHReTCs H
pesyAbTaT STHX HHTepepemumili pachpefelede MaKCHMyMOB H
MUHEHMYMOB B NpOCTpancTBE B BO BpeMeHH He OCTAeTCH MOCTOSH-
#bM. FIMeHHO 103TOMy Mbl H Na3biBaeM TaKHe BOJHH HEKOTepeRT-
HLIMH. MAakKpOCKONNYecKue NpEOOphl, KOTOPBIMH Mbl M0Jb3YeMcH,
YCPEAHSIOT STy HENpEphIBHO MEHAOWYICS HHTepdepeHIHOHRYIO
kapTHiy B 0GHAPYKHBAOT KaXKyleecs OTCYTCTBHE HHTEpdEepeHUHH.
OIHAKO ¢ MUKXPOCKOIHIECKON TOUKH 3peHUS Mhl UMeeM B 3TOM Ciy-
yae THOHYHHIC QAYKTYaUHM SHEpTHH.

AMnaMTyAa B AAHHOM MeCTe, BO3RHKAIOWAs B pesyibTaTe HH-
TepdepeHia BOAN ¢ AMIVIATYAAMH @1 H @, KONeOAETCA OT MaKCh-
MaJLHOTO 3HAYERHA @y + dz O MUHMMAJBLHOTO @y — a3 COOTBeT-
CTBEHHO, BHeprua MeHAeTcs OT (ar + @2)® A0 (41— &2)%, DUpoXoxd
uepes MPOMEKYTOURbE 3HAYCHHS, B 3aBUCHMOCTH OT PA3HOCTH (as;
B CpenHeM ke OHa pasHa af -+ aj. Flockonbky cpekiee 3Hayenye
SHEpTHH NpONOPUMOHAILHO KBAJAPATy AMIVINTYJbl, KBAApaTHuhast
(GaysTyauEa sHeprau Gymer NpONOPUMOHA/NbEA UETBETOH CTemelH
aMIIHTYZBL, T. e. KBagpary hepruu. TouHOe Bequcienne *) maer
15 &2 caeflylomyo GopMyly:

8% =

2
= B (116.4)

CraTHCTRYECKAS TepMOAMHAMYKA MO3BOAAET HANTH BBIDAXKEHUS
ZJIA KBAEpATHYUOH (AYKTyauwn SHeprHH Ge3 NOMOmWYM HAMIANBNX
KapTHH, KOTOPHIMH Mbl NOJAB30BanNuCh AO chX mop. [IMenHo, ma
OCHOBRHKE CaMblX OO[MX MOJOMKEeHHE OH3RYIECKOR CTATHCTHKH
(pacnpenenenne [u66ca), Ans KBaRpaTHUHOK (QAYKTyalUUH SHEeprHH
nonyuaerca creayiomas gopmyna **):

) dE.
kT a7

(116.5)

*) 9To BHUAC/EHHE JOROJBHO COKHO, BEHRY 9€T0 M lie NPHBOAMM ero
ageck MuTepecyioumnecss MOrYT nahTa ero B kuure: T. A, Jlopen T, Craructnse-
CkHe Teopnn B Tepmopmanuke, OHTHL, 1935, ctp. 119,

**) BuIBOZ CM. B npHnOKenrn [V B xoHue Kanre. -
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Ho tak kak E = Vpydv, T0 B 3aBHCHMOCTH OT TOTO, KAaKOH M3
$OpMYJT MR NIOTHOCTH SHEPrHH BOCTOZb3OBATLCA NPH BHYHCIE-
HHH, — NOJYYAIOTCH U Pa3Hble PE3yABTATH.

Mb 3naeM, w10 B 06/1aCTH BBICOKHX aCTOT XCpOLIO ONDABALI-
Baerca popmyna Buma:

py V= —HVIET gy,

8rhv®
5
HR060pOT, B OGIACTH HMBKHX UacTOT npuMeHuMa Qopmyna Ps-
aest — JxuHca:

8mv?
g

oy dv— BT dv,
KOTOpas A AOCTATOMHO AJAMHHBIX BOJIH JAET PE3yJbTaThl, XOpOLO
COBN2MIAOMIKE ¢ SKCHePUMEHTaNbHAMH; HaKoHell, dopmyna Ilnanka
oy dv 8mAv® dv 1
v PR S
JideT MpaBBABHbIC PE3Y/ILTATH 80 BCEM CneKTpe.

BemucanM Tenepnb £ ¢ nomouew ¢opmyar (116.5), noapsyscs
TI0Ce fOBATEIbHO BCEMH TPEMA HAMMCAUHEIMH BE[lile 3aKOuaMH pac-
DpellesieHust SHEPTHH Py,

Haunem ¢ gopMyasl Bura. B sTom cyuae mmecy

E= Vs_’;’:ig—hv/rzr dv,

dE Buhv® Ay I o
s —_ o~ hvikT —=——
a7 14 o T dv = Vo, dv= w7 B

Toxcrasnas 8 (116.5), moayyaem

2= hv.E, (116.6)
T. e. dopmyay (116.3). DTo mokaspiBaer, ¥TO MaAyueHHe, MOAuH-
nswmeecs ¢popMyne Buna, neficTBHTEIbHO BegeT cebf Kak cobpa-
HHC <aTOMOB M3JIY4eHH».
PaceMoTpuM Teneph Hpyroit kpadwmi ciyyafi: Bo3bMeM Oast
IIOTHOCTH H3Myyenus Gopmyay Psies — Ikunca. MMeem

ol 8mv?

E=vE prav,

dE 8yt
ria A kdv

dE 2
= k7T = eV B g, (116.7)
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IMpuaumas B0 BHUMaRKe, YTO B ITOM Ciydae

E=Vo,dv=VE¥ pray,
nerko npusectd (1166} x BuRy
N
JE
¢ =gy B (118.8)

— pesyabTaT, coBnagammuii ¢ popmyaoh (116.4), noxygernoli na
OCHOBAHHR DPENCTABJEHUS O BOJHOBOX NpHPOJe H3TydYenus,

MEH BHIMM, TAKHM 006pasoM, UTO CTATHCTHKA NPHBOAHT K Cie-
JyloMeMy CBOCOGPA3KOMy BHIBOAY: B OGJACTH KOPOTKHX BOH (06-
s1acTh IPHMENHMOCTH 3aKOHA BHHA) H3AyueHHe HOJXKHO BecTH Cebst
KaK cobpaEMe YacTHl, (oTOHOB; B 06MACTH NJMHHBIX BOJH, rie
HMeeT MecTo ¢opMyaa Pajies — JIXKHKHCa, OHO NOMXKHO BeCTH cebs
Kak BOnHeL. ONHAKO 002 HCIOJb3OBAHHBIX HAMH 3aKOHA H3ayde-
HHA ABIATCA Npele/bHBIME 3aKOHAMH. BosbMeM, makomew, qop-
myay Tlnanka, cnpasedausyio Oas 4io6bix Qaun 604K, U BRIUHCAHM
IpH ec MOMOLWIK, NOJAB3YACH TOH 3Ke CTATHCTHYECKOR (opMyao
(116.5), kBagparaudyo QAyKTyamHo. B sToM cayuae

8nhv® dv 1

E=V 3 SR _ |

Oas BHUHCICHHS €2 HyXKHO HalTH NpoussonHyw dE/dT. O6oanauu
IR KpaTKOCTH
|
P f,
nMeeM
4f v VT .
ar T et (PR

Jlerko yGenuTbes MpAMbIM BBIYACJEHAEM, UTO
ohIRT e
@R ) .
PyKOBOACTBYACH 3THMN 32Me4aHUAMH, YHTaTe]b 6€3 Tpyla noay-
YHT 479 €% CACAYIOULY:0 GOPMYIY, COCTORUYIO U3 0BYX 4ACHO8:

WE + g B (116.9)

Tlepsutit uaen cosnamaer ¢ gopmysiofi (116.6), 7. e. coorsetcTByeT
YECTO KOpIYCKYJSPHOMY DPEICTABACHHIO O MpHpoxe csera. Bropoi
ujlen copnagaer ¢ gopmynoft (116.8) #u, caelopaTenbHo, COOTBET-
CTBYET YHCTO BOAHOBOMY NpelcTaBreHHI0. Mbl NMPHXOTHUM, TaKuM
06pa3oM, X NOpasHTeNBHOMY BHIBOAY, 4TO CBET AOAXRen obJagars
KaK 6bl ABYMs ACIEKTAMH: KODIYCKyASPHBIM B BOAHOBHIM. TlepBuiit
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HPOABNAETCA € OCOBEHHOM OTWETAHBOCTHIO H B KOPOTKOBOJHOBOMH
wacTu cnexTpa, BTOpoH — B AIHHHOBOAHOBOR. Hu gy ua otHX ac-
TeKTOB CaM N0 Cefe He ZaeT NOJHOA KAPTHHH NpHPOAB! CBETA;
TOJNLKO ¥X COMETANHE TMO3BOJALT MOMHOCTHIO OGBACHATL BCE er0 Apo-
SIBACHHAA.

B macrosmefi raaBe Hac OyAyT HHTEPECOBATb HCKIIOUMTENbHO
KODIyCKyJspHble CBOMCTBA cBeTa. Ham #eoGXOAMMO yBeauTsest B
TOM, YTO CYmeCTByer GOMBIIOA KpyT sIBJEHHH, KOTOpele Hauboiee
HENOCPEeCTBEHHO OOBACHSAIOTCH, €ClIH PACCMATPHBATb CBET KAK 110-
TOK (OTOHOB, SIBjiends e, B KOTOPHIX NPOABIAETCH BOAHOBOA
ACTeKT MPApOAB! cBeTa (unTepdepennus, AUPpPaKUHA), NOCTATOUHO
XOPOWIO H3BECTHBI H3 K/IACCHYECKON ONTHKHU.

§ 117. Poroathpexr n ypasuense Jfinmrefina

K uncay siBACHHE, B KOTOPHX OOHapYyXHBAIOTC KOPUYCKyJaap-
Hule CBORCTBA CBeTa, NPHHAANEXUT NpexJe BCero OCBOGOXieHHe
3JIeKTPOKOB TIOZ AeficTBHeM cBeta — boTospbexT.

B 1888 r. Ienpux Fepu 3amerHi, 4TO NPOCKAKHBAHHE HCKPH
MeX[y UHHKOBHME IWAPHKAMH DPaspiiHHKa 3HAYMTEIbHO oGaer-
gaercsl, ecAH OfHH N3 HHX OCBETHTH yAbTPAUONETOBHIM CBETOM,
D710 fiBJeHHe ObIO NMOAPOCHO H3YyueHO B KRAcCHYECKHX paborax
pycckoro $usnxa A I. Crosetosa, KOTODHIl pPA3paboTas METOAHKY
nceaegosanks dorosddekra (konpencarop CroneroBa) M ycraro-
BHJ psj BaXKHbBX 3akonomepxoctei. OKasanoch, 4TC fBJIEHHe 370
‘OCHOBAHO HA YIaJeHHH OTPUHATEAbHO20 3NEKTpRYECTBA ¢ NOBEpX-
HOCTH MeTa/Jla Nojl HeficTBHeM yawntpaduonerosoro cpeta. Jlamdb-
HefiluMe HCCJEROBAHHA BBHIACIINY, qTO CYWHOCTH (doToaddeKTa 3a-
KJII04aeTcss B OCBOBOXKICHHH 34eKTpo#o8. OCOBEHAO SICHO 510 6blNIo
MOK432HO W3SMIHBIMH OMBITAMH coBerckoro ¢msuka A. @. Hopge
¢ GOTOI)PEKTOM Ha MeTaNJIHYeCKHX MELTHHKAX., MHKpocKonmHyeckne
WACTHUBl MeTaAna, NMONyYaBIHeCs BCJAENCTBHE DACHBUIEHHS 37IeK-
TPOZOB TIPH TOPEHIH AYTH MEXAY HHMM, BBOMIUCH B KOHACHCATOP.
PasiocTs MOTEHUMATOB MEXAY IMIACTHHAMH KOHZEHCATOpa NOAGH-
pazach Tak, YTOOHI 0jNa M3 ITHX NBUIHHOK OCTABAJACh YPasHOBe-
WeRHOH B ToJe 3pelns MuKpockona. flpu ocBellesun yianTpaduone-
TOBbIM CBETOM NBUIHHKA BpeMS OT BpeMeHH H3MeHAna CBOM 3apaf,
W paBHOBeCHe HADYHIaAOCh, BHOBb NOAGMPas COOTBETCTBYIOLIYIO
PasHOCTb TNOTEHUHANOB, MOXHO GHUJIO BepHYTh NMBUIHHKY B HEHTp
110719 3peHHR. 3Has yPABHOBEIIMBANINE TIOTEHKHANE], MOXHO GHIIO
BLIYHC/HTL BRANYHHY 32psij2, KaXAWA Pas TepseMoro MblTHHKOA
(cm. § 3). Oxasanoch, 470 370T 3apfi BCErAa MPEACTABJACT COGOIO
1eJsI0e KpaTHOE 3apsifa 2AeKTpoHa.

KauecTpenHoe obbacHenue GoTosdpexta ¢ BOJHOBOf TOUKH 3pe-
#48 Ha nepeoid 632420 He mpecTaBAser TPYAHOCTH. B camom gee,
9TO OGBACKEHHME MO0 Gbl BHIMIALETH TAK: Nafalouias 3nex’rpomar:
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HHTHAS BOJMHA BbI3LIBAST BBIBYXIEHHLE KOJIEOaHMs 3/EKTDOHOB B
Metaiie; IPH Pe3OHAHCE MEXLY COBCTBERNLIM MEPHONOM KOIe0aHHH
SMCKTpONA W NEPHONOM Majaloulel BOFHEI aMIINTYAA roaebanuf
SMEKTPOHA CTABOBHTCH HACTOALKO OOJbINOA, qrO OH MOXKET Bbl-
pBaTHCA 34 MpefeTE TOBEPXMOCTH Meraina. OUEBMAHO, uTO €CAH
51a KapruHa BepHa, TO KHIETHYECKas SHEPrisl, C KaKOk SIEKTPOH
HOKHIAET METAJLI, JIOJIKHA 32HMCTBOBATLCA Y Tajamomed BOMHL], H
H03TOMy €CTCCTBEHHO OMHAATH, UTO SHEDIHA QOTOSNEKTPOHA AOJK-
Ha NaXOAMTHCA B TIPIMOR CBSI3M C HHTEHCHBHOCTHIO NMaZAIOMCTO
cpera. Ha camoM e jene MHOTOUIEJIEHHBIE OfBITH MOKa3adH, YTo
SneprHs (GOTOSNEKTPOHOB 26COAOTHO HE 3ABUCUT OT UHTEHCHBIOCTH
cpeTa: MOBHLIEANE MBTEHCHBHOCTH YBETHYHBAST JHUIL 440 (oTo-
SEKTPOHOB M TDHTOM B KOJHYECTBE, CTPOro MPOTOPUHOHANLHON
HHTCHCHBHOCTH, — HO He MX CKOPoCTb. Flocmenusiss 3aBHCHT TONHKO
OT WACTOTH MANAOUIETO CBETA, 4 MMEHHO, ¢ YBelAuyeBueM YacTOTb!
AuHedHo BO3DACTART 1 SHEPrust POTO3IEKTPOHOB.

Bee 3TH 3axonB (oTosddexra ApeacTapASIOTCH NETOIATHHMH
C TOUKH 3PCHUs BOJHOBOH NMPUPOJel cBeTa. HesaBHCHMOCTD Snepri
(BOTOSIEKTPOHOB OT HHTENCHBHOCTH CBETA TIHTAINACH, OOBACHHTE TeM,
qTO CBeTy MPHOMCHEBANACH POAb ¢CNYCKHOTO MEXARH3MAY, T. & Mpel-
01T aNoc, YTO 3AEKTPOH BabHpPaeT CBOI0 SHEPruio He 3a CYET ma-
Zaomell BOMBE, HO 3a CYeT TEMVIOBbIX ABHIKCHMA B Merajne, Tak
9To podib CBETA CBORHTCH TOJBKO ¥ OCBOBOXACHHI 3MEKTPOHA.
OpHaKO IIPH STOM OCTAETCA COBEpLICHHO HEMOHATHHIM BJHAHHE 9a-
CTOTHI CBETA M, KPOME TOro, ecln 6h 970 60 Bepo, horoapdext
JOJKeH Obll OB CHTLHO 3@BHCETh OT TEMIEPaTyphl MeTasna, 4ero
Ha CaMOM jiene HeT.

DAHWmTeRH YKa3ad Ha T0, YTO BCE 9TH TPYAHOCTH HCUE3AIOT, ECIT
DPACCMATDHBATG CBET KaK NOTOK OTOHOB BeMMInHul hv, 7. & c1ath
Ha YMCTO KOPIyCKYASIPHYIO TOWKy 3peus. KayectseHnasl KapriHa
MexaHusMa GOTO(h@EKTa C ITOH TOUKH 3PeRHs TakoBa: $OTOH, mo-
TIOwmAnich, OTA2eT CBOIO SHEPrHIO SAEKTPOHY, W €C/N 312 SHEprs
JoCTAaTOUNa JAJIA TOTO, UTOOH OCBOGOMHTL SJEKTPOH OT YAEDKHBAI-
“IqHX ero CBASEl, TO OH BHXOAHT 8a NMPEAeNH MOBEDXHOCTH Meralia.
TaK KaK BepOATHOCTb OJHOBEMENHOro moriomenns AByX {otonos
OIHMM SREKTPONOM HHUTONHO Mana, TO KaM(IHi 0CBOGOXKAENHHIf
SMCKTPOH 33HMCTBYET CBOIO SHEPrHIO y 001020 ¢oToHa (oGpathoe,
BoOGUIe TOBOPA, Ne HMeeT MecTa, T. & ne Kax/blfl TOrOIIeHHbIH
¢OTOI 0CBOBOKIAET BNCKTPOR).

MosToMy #ucA0 OCBOBOXKIEHHHX (OTOSMEKTPOHOB AO/KHO GHTH
POTIOPUHORANBEO YHCHY TMOrAOMEHKBIX (POTOHOB, T. €. MPOMODIHO-
nanLHO HHTEHCHBIIOCTR cBeta (3akoH Cronerosa). Ho snepeus ¢o-
TOSMEKTPOHA 3aBUCHT TOJABKO OT DHEPIHA MOTJIOMISHHOrO HOTOHA;
noceuIsS e paBHA Av, OTKYHa CAEMyeT, YTO JRePrHf (OTONeK-
TpOHA NoNKna JHneiiHO 3aBUceTb OT MACTOTH H BOBCE HE 3aBHCETL-
or uurencusrocTH (uncaa GoTonos).



376 ' CBETOBBIE KBAHTH . ax

DuepreTHUECKHA GaNaHC npH NOMVIOLIEHWH (OTOHA MOXKET GuTs
B caMoM oOlleM Clyyae BbpaXeH CHENyOWUM NpOCTHM ypasHe:
HHEM, KOTOPoe 00biuHO Ha3WBaeTcA ypaBHEHHeM DAHUITeAHA:

hv=P 4 Py eV, (7.1

3pech Py — sHeprus OTpeIBA 3NEKTPONA OT aTOMa (3HEpTHs HOnH3a-
unn); Pp—paboTa BLIXOAa 3/M€KTpOHA aa Mpelesibl NOBEPXHOCTH
Tena u eV — KHHETHYeCKas SHEpTHS O0CBOGOMIEHHOTO (OTOSMEK-
TpOHa.

Meraans xapaKTepHayloTCA TEM, 4T0 y HHX HMeercs 60JblIoe
KONHUECTBO CBOOOAHLIX 3JACKTPOHOB; MO3TOMy MJIsS Merajion Py
MOXKHO CYMTATb paBHHIM Hyd0. 3aTO JUIA BHIXOAA 3a MpegetHl mo-
BEDAHOCTH METaJl/a 3MEKTPOH NO0MKeH MpeoAoseTh noae, 6AArofaps
HaJWYHIC KOTOPOTO S/IEKTPOHb OKa3biBAIOTCS BamepTHMU BHYTpH
MeTanna kKak Obl B IUHKe. PafoTa, KOTOpY:0 HyXHO 3aTpaTHTb Ha
Npeofosenne 3TOT0 Noaf, U ecTb pafora Bexoaa P Takum o6pa-
30M, s META/VIOB ypaBHeRye DiHIITeliHA HMeeT BIA

hv=eV 4 P,. (117.2)

Ouesnzno, uTo ecan hv < Py, 10 SMEKTpoH HE CMOXET BWATK 3a
HpEACAH MOBEDXHOCTH Meraina. TO 3HAUAT, YTO CyMECTBYeT ne-
KOTOpas MHHHMaJbHas uacToTa Ave = P, KOTOpaz ewe cnocobHa
BBI3BATL (HOTO3¢(EKT; IPH MEHbUIHX 4aCTOTax OH He nabiwonaercs
(kpacHas rpaHuua ¢oToaddeKTa).
Heobxoaumocts 3aTpaTel paGoTsl 1S 0CBOGONACHHS S.EKTPOHR
W3 METaJla MpOSBASETCH He TOABKO B cllydae (oToapdexra, HO
TAKXKE U B CAyyae HCIYCKANMSE 3AEKTDOHOB HaKaACHHBIMH TeMaMu
(repmononnag smuccusa). Pabora Bbixoxa MOXeT 6biTh onpexerexa
p TJIBRO, o1 dorosdderTa, UMEHHO myTCM
MCCIENOBAHHA TEPMOMOHHOA sMHCcHu. OHa HMEeT mOpHIOK Bemu-
UHIL HECKONbKHX 3JIEKTPOH-BOJbT.
B rabnuue XV1 gaetca HeckoIbKO npHMEpOB BeTHYRHE! paborst
BBIXOJ]a. -

Ta6snna XVi

PaBota Pabora
Metann | @ Srewrpon | MeTast | (o Smneesen
BOABTAX}
Lt 24 W 45
Na 2l Pd 50
K 20 Pt 63
Cs a7

Crenyer sameTHTs, uT0 Ha BEJHUMHY paboThl BHX0ZA Cylte-
CTBCIIHOE BJANAHAE OKa3biBAeT COCTOAHHE NOBEpXHOCTH METAllIa H B

§ 18 SKCNEPHUMEHTANIbHAS MPOBEPKA VPABHEHMS 3MHEITERHA 377

0COOCHHOCTH HaiWdMe NJIGHKM afcopbHpoBAaHHOrG rasa. Ludprr,
npUBeAeHHbe B TalaAune, OTHOCATCA K METaliaM ¢ 0Gearamenuol
110BEPXHACTLIO.
Ha paboTy BBINOXZ, MOXKHO BHUNCIHTL ATHHY BOJHH KpacHoi
rpalaust GoTo3(peKTa, Ay <
Py=hvy= hefh,.

Taxue BHNRCIEHNA MOKA3LIBAIOT, UTO ISl WIENOIHBIX METANTIOB Ay
JEXAT B BUAMMOK “acTH CICKTpR (manpHMep, A% Kadufl Ay =
= 0,6 mxx), a past Boabdpama, mIaTms 1 ApYTHX METaWIOB € pa-
0OTOM BLXOAA HOpRAKa 5—6 56 — b yabTpagmoneTe (HalpuMep, Aa
ROJIbRpAMa Ao —~ 0,27 ma).

Ynpamnenne BLUNcINTe AAMHE B0AN Kpacuof PAaRHIS JUIN BCEX Me-
TAILI0B, IPHBCACHIIEX B Tacaune XVI.

§ 118 TaAbHAS MPOBepPKa yp AfinuITefina

Ypaesenne DiRmTefina AOMYCKACT SKCNEDHMEHTAABHYIO mpo-
Bepky. Cornacko (117.2) mexfy uwacToTofi namamollero czera
SHCprHed BHIPBAHNLIX HM (OTOSMEKTPOHOE €V AOKHA CYINECTBO-
BaTh JnHeiiHan CBA3b. Takum oBpasom, Bo3byxaas GoroIpdexr
pasTHUHBIMU JAHHAMH BOJH W H3Mepss SHeprHI0 OCBOBOMNMAeMbIX
(OTOIMEKTPOHOB, MOXHO YOEAHTLCA B MPaBHILHOCTH ypaBHeHHs
DinnTeiina u, KpOMe TOr0, OnpenesinTh YHCJAEHHOE 3Hauenwe A Kak
TANTEHC YTV HAKIOHA MOAYYAIONLECs mpaMOf.

Jlnd n3MepeHusl 3HEeprHN (OTOBAEKTPOHOB B GOJBLIHHCTEE CA-
4a€B NOJb3YIOTCS METOLOM «32/epKHBAIONICro NOTEHLHAAA», OmU-
canHbiv B § 91. .

J
M 4
7 ]
:
|
451 25
) '8 7
;
Puc. 173, Pue. 174,

Ecan 6w Bce 0CBOGOXAAMEIE SMEKTPOHb HMENH OJMNAKOBYIO
CKODOCTB, TO 3ABHCHMOCTD CHJbl (POTOTOKA OT TOPMOZSWIEr0 MOTCH-
unana umena 6w BHA, H3OOpaXkenHblt Ha pue. 173: mo Tex mop,
TOKa TOPMO3fWMI NOTEHLHAX ne NOCTHrHET Onpeienennoll Benn-
uHHer V = Vg, cnata ToKa He 3aBHCHT OT noTeHunana, Ipu V — V,
TOK Cpasy CTAHOBATCH paBHBIM Hy/o. ITO HMEHHO TOT HoTenuuan Vg,
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npu KOTOPOM KHHETHUECKAH SHEprus S/EKTPOHA pasHA pabote, Ko-
TOPYI0 SJEKTPOH JOJKEH COBEPUIRTE AMR MPEOAOACHHH TOpMO3A-
LHEro nous

% mv*=eV,.
TakuM 06pasom, 3TOT NpPERS/LABI MOTEALUNAN Vg CAYXHT Mepoi
3HEpTHH (OTOSAEKTPOHOB: OHA PABHA eV BJCKTPOH-BOJILT.

B RefiCTBUTEALROCTH TAKOrO PE3KOro CNafaHus TOKA RHKOria He
uagaofaetcs. KpHBas 3aBHCHMOCTH TOK2 OT TOpMOSALIEro MOTeH-
14ana OGBIYHO MMeeT BHI, H306DaXKEHHbIH HA PHC. 174.

TlocTeneHHoe crafaupe TOKA OOBACHAETCHA TeM, YTO SMEKTPOHLI
OCBOGOKAAIOTCA He C OAHOK ONMpeAeNeHHOH CKOPOCTbIO, HO HMEEeTCH
HenpepLIBHEI HAGOp CKOPOCTER. Tlpu srom kpusas puc. 174, npen-
CTaBAAIOWIAA COG0X BOALTAMIEPHYI XapaKTepHCTHKY, IO3BOJAET
OTHICKaTb W pacTpefielenne 3ACKTOHOS 110 SHepruaAM. [lis sTOrO
HYXHO Tip T rpad nnbdep p He BOJAbTAMIEp-
HOAl XapaKTEPHCTHKH, KaK 3T0 yiKe ObO pashiCHEHO B § 91. On-
Haxo fipu p TaAbHOH TpoBEpKE Yp. ud DiRITeRA HaC
HETEpCCYeT HE pacmpeleeHue SAEKTOHOB MO SHEPrUH, HO MaKCi-
MOAbHAA HEPTUA, TAK KAaK 3TO €CTb WMEHHO T4 SHEPTHS, ¢ KOTOPOH
OCBOBOKAAIOTCA (HOTOIEKTPOHL C NOBEPXHOCTH MeTania.

JlB2 OBCTOATENBCTBA CHILHO 3ATPYNHSIOT MOAYYERHE TOUHLIX pe-
3yMbTaToB. BO-MepBhIX, SKcUepHMeHTanbHad kpwusasdt J/Jo B ?ym(-
uun Vg He mepecekaeT ocb aGCIUHCC, KaK M0KA3aHO HA PHC. 174, wo
ROAXOART K Hell ACHMIITOTHUECKH, BBHIy 9ero MaKCUMAaabHbI 3a-
JEpAHBAOMAY TIOTHUNAN OKA3HBACTCS B W3BECTHOH CTeNeHM He-
onpesenentbM, Bo-BTOPHIX, KaK H BO BCEX MOAOGHBIX OMLITAX, KOH-
TaKTHASL PASHOCTb NMOTEHRHANOB, TPYNHO AOCTYMHAS AAH TOYHOTO
ONpene/enns, CMEINaeT BCI0 KPHBYIO. .

HeuaGexnoe MpHCYTCTBHE 310! KORTAKTHON Pa3HOCTH MOTEHIHA-
JI0B 1 TpYAHOCTb €8 Y4eTa, a TaKKe D] JPYIHX 3KCIEpHMEHTalb-
HETX 33TPYAREHHIT B HCTOYRHKOB OLHOOK — BCE 9TO IPHBENO K TOMY,
yTO Gesynpeusce MOATBepX/EHHE ypaBHERya DiHITeHHA GHLUIO M0
Jyueno e cpasy. I1oc/ie HEKOTOPHX MpeABADHTENbHBIX pador, Bbi-
3BABIINX CEPbE3HbIE BO3DAXKEHHS, MUIRKSHY YAANO0CH NPH NOMOUIH
OCTPOYMHOI, 110 Ou€Hb CJIONHOf YCTAHOBKH, laTh HCKOMOE SKCIepH-
MeH14/bHOE JIOKA3aTeAbCTEBO H TOUHO ONMpeNleNuTs 7.

B macrosimee BpeMsi, 65arofaps yCOBEpILENCTBOBAHUIO TeXHUKH
BLICOKOTG BAKYYMA B NpPHMEHERHIO YAOOHOTO METOAZ C(hepHiecKoro
KOHJIEHCATOPA, M3MEPEHUS UpesBHYaiiR0 yHMpoCTHAHCH. [lpenMyme-
CTBO MeTONla_CEpHIECKOro KOHJIEHCaTopa, BIepBEIe padpabotan-
soro I1. M. JIYyKHpCKHM ¥ MCAOb3OBAHHONG AJS SKCIEPUMEHTA/Ib
HoH mpoBepkH ypassenms inmtefina TII. . Jlykmpckum u
C. C. IpuxexaeBuM, 3aK/T0TAETCH B TOM, 4TO Gsaroaapst 0coben-
HOCTAM JBUIKEHHS 5IeKTPOHOB B Moite TAKOr0 KOHJEHCATOpA KpuBad

§ g SKCTIEPHMEHTAJBHAS TIPGEIPKA YPABHEHUS SPIHMITERHA 379

TOKA B 3ABHCHMOCIH OT 3aJ€PXBBAIOLIErC MOTEHIHAJA CNafaer K
HYJIO KpyTo, BCNGNCTBHE WEro MaKCHMalbHMA 3ajepiKHBAMOILHA
NOTEHUHAA MOKET OhTh ONpEAEJNeH OUEHb TOUHO.

Ha puc. 175 np cxeMa p onbita. 3aech L—
HCTOUHHK cBeTa (KBapuesas pryTaad aamna), FM — xBapuesni

0

*2

Pre. 175, CxeMa nccaexonamus $0TOSMHEKTa NPH ROMOLE chepuyeckoro

KORZEnCaTOpa.

MOHOXpOMATOp, NOSBOMSIOMAA BLASNAT: H3 CHEKTpa OLHY JHMIHIO.
Uepes kpaplesoe OKOWKO A CBeT MoOmamaeT BuYTpb CTEKIRAHHOTO
nocepedpeHHOro HaHYTpH tuapa S, KOTOPDIil caAyXKUT HapyXHOH 06-
Knaakoi Kommencaropa. Meranauwuecknt waprk N, caedanmblii uz
HCCIEIYEMOTO MeTaiia, cay-

KUT BHYTpeRHeH OOKIamkod  J i 1 !T

H OCBEIAETCH MOHNOXpOMATH- Zn
uecKHM cBeToM. Ilorenmmo-
Merp R no3Boafier makmajtl- |
BaThb HA OOKAANKY KOHAenca-

Topa S onpeiedeHHL MOTeH-

Han, HAMEepAEMHIl BOlbTMET- i
poM V. Jlas maMepennsi CHab

$oTOTOKa GBIl TpHMEHeH

«MeTon 3apAiKH»: 1O Mepe

OCBOGOKNEHHA 3JEKTPOHOB M3 MApHKa N, MOKOXHTeNbHHA moTen-
npan (papuka Beapacraer. CKOpOCTs yBeJMueHRs MOTEHUMANA (ua-
PHKA, HIMEPSBUI2ACS NpH NOMOWM KBASpaHTHOTO 3AeKTpoMerpa E,
ClIyKHIa Mepoi Chabl ¢oToTOKa. FlpakTHueckH IAf XapakTepHCTH-
KH CKODOCTH 3apsiIKi H3MEpSJIOCh OTKAOHERHME 3J€KTpOMETpa 3a
OllpeNeIeHK bt NPOMEKYTOR BpeMenu (1,6—2 munyT). Ha pHc. 176
DpHBE/IeHbl TpH KpHBBIC, NOJYUEHHBE TPH OCBEMICHHH IWHKOBOTO
WwapHKa AgmRamu Boam: /—2302A, 2—2537A n 3— 3130 A.

1
R i Ve
Puc. 176. Gotosddext na nuike.
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Hane
Criagakue KpHBBIX HAUMIACTCS JIDH ONHOM H T;;«K );:311;;‘:;: ane
Bl DTOT NOTEHIHAN
HE3ABACHMO OT JUTHHBL BOJIH i ponert wov
OTEHIIMATOB, KOTODAsl, TakHM 06D 8

TOKTHOR pasnoeTi Rores u};nﬁeTcx 6e3  cuenuanblibx
/”’r usmepenpi, Ecan nafitu npn

/ MOMOmH TAKUX KDHBBIX Max-
@) < cHMabHYIO 3HEprHIO  (pOTO-
SACKTPOHOB M MOCTPOHTH I'pa-
/”}- ¢uK 3aBHCHMOCTH 3TOf SHED-
' TMH OT YacToTh, TO [OXY-

HL ‘ 7 vir® J,, qaloTCA  NpAMbIS, [PHBCHACH-
v v . uwe Ha puc. 177. Tem camuim
Prc. 177. NOATBEPKAAETCH JIHHeHHAad

cB3b MeXLy Av B eV rau-
Telc yraa HaKJAOHA STHX DPAMBIX lfasen hle, Tag uro, OnRen:eJ;.P;
VIoM HAK/AOHA, MOXHO BHYHCHHTL R RpH NOMONK H3BECTHOH
UHHLL e

§ 119. Kepor rpannna ci. 0
PEHTIEHOBCKOTO CHEKTpa
Ecst HEPrHs CBAIM BHYTPENHHX SJCKTPOHOB SHAYHTENBHO ‘\;gﬂ::
e sﬁveprﬂu (pOToHa AV, BLI3LBAIOIICTO hoToadpexT, TO B yp:
Hpu DiHITCHHA MOXHO NpEHE-

i - )/
6peub U BeNmYEROH Py, M Bean A
qumof Py no cpasueHuio ¢ hv. n
B srom caydae ypaBheRme Ditn- 701 Sengpom

mrefina DpHEEMaeT caMbti npo-
CTOH BHI
hv=eV. (19.1)

Ecan 310 ypaBlieHHe MDOUH-
TaTh CIeBa HANPABO, TO OHO yKa-
3LIBAET, KAKOBA 3IHEPrHA SJEK-
TpoKa, 0cBOGOXKIAEMOTO $OTO-
HoM hy. Ecim xe ero fpouurars
COpaRa HAJEDO, TO OHO TpeBYeT,
utofH 3a CYET 3IJNEKTPOHZ ¢
oHepruefl eV noaydancst GoTOH
hv. Takoll npollecc MpeBpaeHns
oHepriN GEICTPO JBWKYIETOCH b |78 Koporkopoawosas rpaiiia
SJEKTPOHA B SHEPTH (OTOHA  ¢ngomnoro cnextpa pemreaoncﬂ:}:y-
npeacrasiser co6oo Boaﬂgxﬂo- e npH PAIMMUANE DOTEHILH:

TEHOBCKHX Jiyueli npu
:ggﬁ;ﬁzg;: S.'!eKTpOHgB. HﬂpCaMUM Jlene Mexanu3Mm nanenu:";;
TAK NPOCT, M MPH TODMOXEHHM SJEKTDOHA BOSHHKACT uSﬁH-
CIUIOUINOK CHIEKT] PEHTTeHOSCKRX nydedl. Oanako ypasHende

Hrmencasnocme
R R

45 46 47 48 49 18
2w Aniina cosmel 8 A

$ 1207 TOUHOE OMPEMAEMEHUE MOCTOSHHOW INIAIIKA 38]

wWredHa Gesyc/iosHo Tpebyer, uToGH MaKCHMANbHAA 3HEPTHA MOy~
HAIOUNXCA DR STOM (POTOHOB YJIOBJAETBODANA YCAOBAIO (119.1).

Onur nokaswipaer, 90 pacnpeienenne SHEPTHH B CILIOIHOM
CMEKTPE ~DEHTTeHOBCKUX, ayuell HMeer Bmi, H306paxeHHbli Ha
puc. 178, rae npusenen Wan criomamy CIeKTPOB, NOJYYeHHbIX TpH
DAAMINLIX. NOTEHIHANAX Ha HIEKTPOAAX PEHTreHOBCKON Tpy6KH ¢
BOALOPAMOBEIN AWTHKATONOM. Kamami us stux CIEKTPOB PesKo
Orpaiiuen €O CTOPOHBl KODOTKHX [JMHH BOJH (BLICOKHX 43CTOT),
DMnupHueckn Gui0 HaliIeHO, YTO AJIUBA BOMHL huam, COOTBETCTRYIO-
las KOpOTKOBONHOBOH Ipaiile, CBA3ZHA ¢ OPHIOKEHHBIM [OTCH-
LHAJOM COOTHOIIEHHEM

Aemin V == const, (119.2)

OUEBUIHO, TOXKJECTBEHHHM C YypaBneHHeM DiHWTefina (119.1).
Hefictsutenso, samenss o (1 19.1) v vepes ¢/a, nonyuaem

AmtnV = chje = const. (119.3)

Cootrowenne (119.3) mowio npumesnts gas onpenesenus #;
TIOYYaUeecd npil 5TOM 3HAYCHHE SBAAETCA HauGosee nocTosep-
HbIM.

§ 120. Tounoe onpenenensie nocrosmnon fMaanka

Tax Kak KBanTOBHIE 3aKOlbI OGMENA 3HEpTUEN NMEIT MECTo B
GOILTIOM UHCIE IMICHHR, TO CYMECTBYET MHOKCITBO BOSMOMKHOCTER
BLINHCIEHAA /I N3 SKCHEDMMEHTAIhHLIX RanHulX. Yxamey npene
BCEro, uTO yie 3aKOMLl H3NYUCRHA AB6CONOTHO YEPHOrO Tena fAlOT
TAKYI BO3MOMKOCT. Hanpumep, B popmyner [nanka u Brna, pu-
DAKCHHBIE Hepes AAMIY BOJHLL, BXORHT NOCTORHuAA Cg =Acfh.
JKCIEPHMEHTANLHOE ONpeASTeHHE ITOf MOCTORAION faeT

¢;==1,4384 cu - 2pad,
OTKYAA, MOJb3YSCh SHAYCHUSME ¢ H k:
©¢=2,99793 - 10" cm - cex—!,

£ =1,3806- 107" ap2 - 2pa0™",
oMy aeM

h=—6558- 107" ape - cex.

Boxee nenocpencreenro onpenensieres A w3 poTo3pdexra, B ca-
MOM Jente, HaKNOH NMPAMBIX Puc. 177 maer hfe, TaK 4TO TOYHOCTB
ONpEJeNlettst A STHM NyTEM, NOMHMO TOUHOCTH CAMOTO SKCHEDH-
MeHra, 3aBHCHT OT HOCTOBEDHOCTH eme OAHOH KOHCTAHTh €, TOrna
KaKk B paccMOTPEHHOM Bhllle METofe Tpefyercs sHamue ewe AByx
KOHCTAHT ¢ 1 k. U3 otospdexra nonydeno

h=6,647 - 1077 ope - cex.
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HanGonee TOURBIM METOXOM ONDElesNeHHS '5 cauTaeTes Meng_,
OCHOBAHHBIA HA ONPEAENEHMH KOPOTKOBOJHOBOH TpafMilbl PeHT

ATCS WA M3 Kpu-
a. Camoe OnpefesieHye NPH3BOL
popcare CeRTp P BHX, NOXOOHBIX H30Gpaxen-

HeIM Ha puc. 178, 1.e. H3 pac-

e npeflesients SHEPIUH B CTICKT-
pe lipH TOCTOANHOM HOTEH-
unane (puc. 179,a) uan npu
TOMOIIH MCTOAE €H30XPOMAT».

Yo TV MeTon «H30XpOMaT> 3aKAIO-

a
Pue. 179. a) Kpapaa pacnpeienesns ouep-

yaerce B caexytomeM. Crex-

THH B CRAIOLTHOM DERTEHOBCKOM
&) Haoxpowmara,

CREKTP®  nyuel yeTawaBnHBAeTCs Tak,

uTO6H B HOHH3AaWHOHHYIO Ka-
Mepy NONAfaMH NyyH OAHOH H TOK Xe ONPEXENEHIOR I BOMHEL,
B W3MEPAETCH WHTEHCHBHOCTb B 3ABHCHMOCTH OT HANOMEHHOTO Ha
TpYGKY nor na. Ha DimreiHa

yp
eV = pv == hefh,
PuIbpannas IIEHA BOJRH TOABASETCA UPH CTPOrG ONDENS]eHHOM
norerunane Vo= hic/he; npn RajbHeiilleM yBeJHUEHHH NOTEHIHAIA
HHTEHCHBHOCTD  pacteT

& ; A:07454
O HEeKOTOPOf KpHBOH, » /Z:g‘/liu1 5
HA3BAEMON «HBOXpOMa- R
Toif» (puc. 179,6). Pas- " p II
HHIA MeXJy MeTOROM j A
onpefereHus  Amm H3 ¢ 7

cneKTpanbHolt KpuBoi Pyt
METOlOM M30XpOMaT M-
JocTpRpyercs pue, 179, ¢
Heckonpxo  npuMepos
H30XpOMAT  NPHBEAEHO
Ha puc. 180. Skcrpano-
JHpYS KaXAyl B3 KpH-
BHIX N0 Nepeceverus ¢
510 aBCRUCC, HAXOIAM
({/ﬁ), “; 321-3»4 npn nomomM ypaghenns ODimmrTeiina u k. HanGosee
TOYHbIe H3MepeHUS, BHIIOXHEHHbE B NIOCAERPEE BpeM#, Naln

é— (1,37920 = 0,00009) - 107" spe - cex CPC3™\.
Orciona, Ronaras e = 4,8030-10-© CI'C3, naxonum -
h=6,62- 1077 spe- cex.
B = #/2x monyyaercs 3HayeHHe, IPHUBELRIHOE

bl

/
/

27 26 2830 32 I 3 W ¥xe

Prc. 180. TlpHmepsl HIOXpOMAT.

COOTBETCTBEHHO ANIsSt
Ba cTp. 341:
h_ 662610 ope-cer | (sa (0797 5pe . cen
== = 1,05 pe

TPOMETp AAfl PENTIEHOBCKHX ~

|
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§ 121. Apyrue onuTtw, o6HapyKHBAOmEHE
KOpRyCKyJsIpHbie cBOACTBA cReTa

B § 116 Mo Bumenn, urto Kopnyck)’nﬂpnue cBoficTBa  CcBeTa
ROJXHbL 11aHEOE OTYETAHBO NPOSBIATECA B ONMBITAX C KOpOTKO-
BOSIHOBHIM HM3ayueHweM, He ciyuafiHo BOJNHOBHE croficTna penrre-
HOBCKHX Jiydeif’ 6LIIM OKOHYATEIbNO YCTAHOBNEHL, JHLIL Hepes
17 5eT nocne OTKPLITUS CaMUX Ayued.

U3 MHOrOYHCAEHHHX ONBITOB C DEHTrEHOBCKHME W y-iyuamn,
06HAPY KUBAIOWHX ¢ GONBLIOH TCHOCTLIO KOpIYCKyIApabte CBONCTBA
STHX Ayued, Ml PACCMOTPHM TOJBLKO
ABa: NEepBbIR TPHHARACKHUT A, @, Hog- F X 2
g‘eng H. H. o6ponpasosy, Bropoi: V///////////////////Al

puc. 181 nana cxema MHuuHa-
TIOpHON PeHTreHOBCKON TpyGKm, nph-
MensiBwercs B onbirax Hogde n [lo-
6poupasosa. B rtoacroft sGonuroBoi
IIACTHIKE HPOCBEpJenbl OTBepCTHA R
1 L, Yepes }gns 06pa3opaBLIeics 0
JIOCTH YIANACTCA BO3AYX; Uepes QTBep-
CTRE L, 3aKphITOC KBAPIEBBIM OKOLI-
KOM, OCBEWAeTCH yAbTPAdhHONETOBBM
CBETOM KOHEN aJIOMAHHEBOH MpoBOo-
ku K tomuuoi 0,2 as, OceoGoxnae-
Mble TIPH 5TOM (YOTOBJNEKTPOHBLI YCKO-
pAoTcH norenuManoM 8 12000 6, HamoXeHHBIM Ha MPOBONOUKY K,
- ¥ TOPMOSHATCH TOHKHM AJIOMHRHEBBIM JHCTOUKOM A, 3aKphIBaomuM
CBepXy orsepcTHe B nosoctH, Toammna 37010 NHCTOYKA CTOAL Maja
(5:10~° mm), 9To OH NpaKTHUECKA ne moraOWAeT PeHTTEHOBCKHX
Jayuell, 06Pa3yIOWuXCs MY TOPMOKEHHH 3aeKTponOB. OCBeIERHe
NIpOBOIOYKH NOAGHPAJIOCH 1HACTONLKO CRA6HIM, YTOOGB OHA AaBaja
©0Koa10 1000 §oT09eKTpOHOB B CekyHay, a CREA0BATENBHO, H YHCHD
PCHTICHOBCKHX HMIYJLCOB GLNIO OKoso 1000 8 cekyHny.
AsmoMunuesan goabra A clyKmna BMecTe ¢ tem HAXHeR mia-
CTUHOA KOHAencaropa Muninkswa AB. B KOTODOM ypaBHOBemHBa-
Jlach MHKDOCKONUUECKAA BACMYTOBAA NBUIMHKA W DaxuycoM oKoao
3-10"® ca wa paccrosHHM OT anTMKaToxa A npumepto B 0,02 ca.
Onur NoKasal, 4T0 BpeMs OT BpEMeHH NLIIHEKA BHIXONMT 3
PABHOBECHS, T, € HYTO DEHTreHOBCKHE JySH OCBOGOXAAIOT M3 Hee
gomanex-rpoa. NpHOGDETAIOAN  SHEPIHIO, COIMIACHO YDABHEHHIO
fiHnrTeiina, okono 12000 6 3ro TPOHCXOAHT B CpejHeM 4epes
Kaxaue 30 wunyT. B reuenne stux 30 MmiyT uepes neLIHEKY, npo-
Xoant oxoyo 1,8.10° penTreHOBek#X MMMyabcoB, Ecan 660 SHEpTHsA
STHX MMIYIBCOB PACHPOCTAHANACH B BHLE CHEPHIECKHX BOMH, TO
KaXgvii H3 HUX OTAABAA 6L NEUIMHKS 0YeHb Malylo 4acTb CBOeH

Puc,
Hodge & Hotponparosa,

181 Cxema oneira



284 CBETUBSIE KBAHTBI I 1X
sHepriM BCTEACTBHE Masiofl BeMHUHHEL TEJIECHOr0 YIia, noik KOT(Z:
pHIM BUAHA NEUIMHKA H3 AHTHKATOAA. DTa HEPTHs, KpOME TOl‘D,ga -
npefensiach Ghi MEXAY 0YeBb GONBIIHM UHCAOM aJleKTpOH%lB, om;:aT
3yIOMMX HHUIMHKY, H COBEpIIEHBO HEBEPOATHO, uTOGH! pa3 B quzm
BCE 5TH 3JIeKTPOHBI OTIABATH CBOIO SHEPTHIO K2KHM-TO 3arafio s
MEeXaHH3MOM ORHOMY 3JE€KTpOHY, KOTODBIf IOMKEH TP 3TOM NpH 5
PECTH POBHO CTOJILKO SHEPTHH, CKOMBKO €¢ HMell tporosnemlp;gboa -
DBAHRBI 3 NpOBOJIOYKH H YCKOPEHHBI NOTERUHANOM B .
Taxuy 06pasom, ¢ BOJHOBOM TOUKH 3peHMA pedyJbTaTH Ollbl’l'?[
Hobde n dobponpasosa HenoraTHEL Hanpotus, ¢ KopmycKyapHo !
'TOYKH SpEHHSl OHH Ipef.
CTABJASIOTCA BIOJHE E€CTe-
CTBERHLIMH.
JleflcTBHTEALHO, ¢ 3TOH
TOUKH  3peHHsi, 3neprus
pacrpocTpasseTes B BHAE
JOKANH30BAHHBIX B PO+
CTpAHCTBE  POTOHOB, H
3/€KTPOH BHOBBaeTCS M3
NLTHHKH  TOABKO — TOPAA,
KOrga B Hee momnazgaeT ¢Go-
toH. [Toncynraem sepost-
HOCTB TOrO, 4t0 (GOTOH NO-
najaeT B NBUHEKY. B omLl-
tax Hopde n loGponpanosa paccrosmue OT HLIJIHHKHGLIO aHTHKa-
Toga Guuro d = 0,02 ca, a pamuyc NBUIKEKH © :23- 10 c.u;(;q:epza
panuyca d nMMeer NOBepXHOCTb 4nd? = 412(0,02) = 1610 cu?
[Mnomany, 3annmMaemas MHIIMOKON Ha 3TOH cdepe, T. e. 3dperTHn-
HOe ceverlne ObUIMHKH Gyxer
.« wt=n(3-107
Ecnu cyuTats, YTO 1AA JIBHAERUA OTIENbHOTO pCHTrCHOBCKOTO
(orona Bce HaMpaBACHUA pABHOBCDOATHEI, TO OYEBHMIHO, UTO BEpO-

STHOCTb MOTIAAAHKS (OTOHA B NEWIMHKY GyJeT paBHa OTHOIICHHIO
3(QPERTHBIOrO Ceuen ks MBUIMIKE K MOBEPXIOCTH Cephl, T. ¢. Byzer

Pae. 182, Cxema ommita Bore.

Ym0 10770 o

9xc- 10710 1 c s
Ha 5 = ————, LJIe/I0BATENbii0, B CpPEIHEM OAlH k.
Pasta o o 1800 000

1 800 000 ¢oronos monanaer B ubuEKy. Tak Kak B 1 cex Bhteract
1000 ¢oronos, To B cpenHeM B NLUTHHKY Oyier momazate | Qoros
B 30 Mus, UTO BHOJNHC COrNACYETCS C pe3yabTaTaMH paccMaTpHBae-
MOrO OIHITA.

Onbir Bore nmokasLiBaer, 4TO NpH BO3BYIKAEHHH PCHTTEHODBCKHX
ayuell GpIyOpecueHIHH SHepTHS PacpoCTPaHseres He B Biie cdepr-
HeCKMX BOJIL, 10 B BHAS HANpaBACHHLIX poToHoB. TonKas meneanas
nap metnas goabra £ (puc. 182) nojpemuBasach MCHCTY ABYMSU

§122] DAYKTYALIUM CBETOBOTO MOTOKA 385

cuerunuxamu lefirepa Zy u Z,. Tlepsnunnie pentrenosckue ayun fo-
CTATOYHOH #ECTKOCTH OCBEILANH (OILTY CBepxy (B HanpapJIesun
CTpeaKy P) M BO3BYHAANH €€ K HCTMYCKAHHIO XapaKTEPUCTHYECKOro
H3yqcHnst gayopectenunn. Ecin Gu sEeprus storo TI3NYYeHUs pac-
TPOCTPAHSIAC B BHAE CHEPHIECKUX BOJH, TO 06a CYETUNKA AONIKHBI
Gbuth GBI pearnpoBaTh OAHOBPEMEHTO.

OnuiT noKaskiBaeT, 0AHAKO, YTO 3TOTO HeT: CHeTIHKN pearapyior
COBEDUIEHHO HEGABHCHMO OAMH OT APYrOro, H WICJO COBNANERHil He
TPCBINIACT OMUAAEMOTO UNCAA CAYHGINLLY coBNafeHmit. Bee mpo-
HCXONUT TaK, KAK eCNd Gol BOSHHKAIONIEE H3TyWenHe (uIyopecueH-
U pACHPOCTpAHSIOCh B BUAC HANDABMNCHEHX (HOTOHOB, KOTOpLIE
MOryT MOUAATH AHGO B OXMH, IGO0 B Apyrof caerupx,

§ 122. ®aykryauun cvetororo notoxa

KopnyckyaspHie cpoficrea cpera BJIEKYT 3a coGoll eme ofHO
DAMHOE CNEACTDHE: HCOGXONMMOCTL CYIMECTBOBANNA (IYKTyauna b
CHa0BIX CBETOBHIX MOTOKaX. B caMOM JNeme, cclu CBET MOKHO pac-
CMATPHBATL KAK TOTOK (OTOHOB, TO KamMumii (oOTOn, nomazast s
NPHCMIIOE  YCTPORCTBO ?tpo-roanemeur, HOHH3ALUMOHHYIO  KaMepy
M T. IL), BEILBAET TO WM MHOC AGHCTEHE HE3aBUCKHMO OT ApyTHX
¢oronios. [Tpn OBLIHEIX HETEHCHBHOCTSX YHCNO HTHX SJMEMEHTAPHBIX
8KTOB NOIOLUEIHS HACTOLKO BEHKO, UTO ML HE 3aMeuaeM I[HKAa-
KOMl IMCKPCTHOCTH B maayuennn. [Ipexcrasum ceGe, OIHAKO, YTO no-
TOK HACTOMLKG C125, 4TO ¥HCAO (OTONOB, NONARAMILNY B MpHEMHENK
§ GLUNALY BPEMCHH, HIMEDAETCH eAMHHUAMH HIH ECATKAME; eCIH,
KpoMe TOr0, IPLEMHNK JIACTOMLKO UVBCIBUTENEH, UTO OH Pearnpycr
Ha nomajiague MaNoro YKCAA (GOTOHOB, TO HEHAGEKHO LOMMKIL CKA-
3aThest (UIYKTYRUHH ITOTO UHCTa.

aKHe (QUyKTyauun Ooun 00Hapysels Mpe#e BCEro ¢ OYCHL
KOPOTKOBOAHOBLIM H3TYMCHHEM, UMEHHO C DEHTICHOBCKHME 1 y-y-
‘aMH paZHOZKTUBHBLX Beluects. B T0M cuyuae, Kak yxc neosmo-
KpaTHO YKA3LIRAJNOCh, BCACHCTBHE BHICOKOH 4acTOTH H3JY9eHHS,
Goroun ovews eamku. [Ip mormomcHmH ux  atovami  uAK
MOJNCKYJIaMit TIPOHCXOMAT HOHUSAUNA H OCBOGOMARITCH GhCTphie
SVICKTPOHBL, KOTODHIE B CBOI0 GUEPEilb BEI3LHBAIOT HOHUZALHIO B GOJTL-
(UOM MHCTE APYTHX MOJIEKY HOHNSALAOHKOR KAMEpHl HIH CYCTYHKA,
Taxuv myreM MepBuuUbi 3GMEKT SAEMCITAPIOrG aKTa ToTIomenus
SHAUHTEIbIO YCHIHBACTCSA, U HAGIIOACHIE C1aBOro NOTOKa oBJcr-
uaercst. Pacemorpennbrit 8 § 121 onwit Bote ¢ JIBYMSI CUETYHKAMH,
PEFUCTPRPYIOMMMY HAUDABACHNEIC B HPOTHBOMOMOMILC CTOPOHM
GOTOHb! C1a60r0 PEHT! CHOBCKOTO M3/IYUEHUS K eseaHof dotrn, B
CYUHOCTH OTHOCHTCSH K YHCAY (BIYKTYALUHOHIILX ONLITOB,

OcoBennuit MuTepec npencrasasier obuapyxenite dIyRryaumin
caabLX MOTOKOB Buéju_uoeo ceera Takne (aykTyauuu ua canom
aeae nadmoranuce C. H. BaBHaoBmM # éro COTpYAIIHKAMH B

13 ® B. Ulnoavcxut, 7 1



385 . CBETOBBIE KBAHTHI o Ix

oGmEpROR cepun paGoT, a NOCAe HEro TakKe W PAAOM APYFHX Hecae-
RoBareselr. BOCOpHHMMAIOMUM YCTPOACTBOM BO BCEX ITHX OIbITaX
SBAfETC IJ1a3 UeJICEeKa, KOTOPhIf 06JajaeT UyBCTBHTEABHOCTLIO,
noxa eme He NOCTATHYTOR *) (pOTOMEKTPHYECKAMH npubopamu.
UMeRHO, COTMIACHO OMbITaM BaBHiOBa, 1419 11433, HOCTATOUHO ROJTO
FpOGLIBIErc B TEMHOTE, MAKCHMATbHAR UyBCTBHTENLHOCTS ONPERE-
JeHnoro nepHGEpHUECKOro yUacTka CETYATKH COCTABAHET OKOJIO
200 $OTOHOB U JOBOIBLHO 3HATATENHHO KONEGAETCH Y PASMHIHBIX Hia-
Gatonateneit. 1Ipn 5TOM yKasaHHAs uyBCTBUTEALHOCTb OTHOCHTCA K
sueprau, nadgroweil na Tas. Tax Kak CBET, IPEKe YeM JOCTATRYT,
ceTdaTkH, MPOXOLAT Yepe3 psiA CPed, B KOTOPHIX OH OTPAKAETCA H
YACTHYHO HOTJOHIACTCH, TO MAHAMAJbHOE YHCIO (GOTOHOB, BHIBIBAIO-
X 3PUTEALHOE OMYIIEHYUE, 3HATHTENHHO MEHbIIE YKAZAHHOTO UHCHA
M COCTaBAfeT, NC OleHKe Basiuiosa, HEMHOrO RECATKOB, a MOXeT
GHITh, H HeCKONbKO $OTONOB.

Ilns £0r0 4TOGHI NOCTAHOBKA ONLITCB BaBHAOBa 6bL1a TOMATHA,
HEOGXOXMMO RANOMHETb HEKOTOpHIE (akTsl, OTHOCAIKECH K yerpodi-
CTBY B (HIAOJIOrMIEcKnM QYHKIASM raasa.

Kak ussecTHo, B ceTuarofi 0GOMOUKE rilasa pacmpelesieHsl XBa
THNZ BOCHPHHHMAIOMEX CBET 3JEMEHTOB! KOJIGOUKH ¥ MafOuKH.
KonGouKH npeotagalor B 4acTiax CeTYaTKH, PAclOIOXKEHHRIX BGaM-
34 ONTHANECKOR OCH [71a3a, a Ha mepadepay nx HET COBCEM; Ha060o-
POT, majouKd MpeoGragaior B NepudepudeCcKhX MACTAX CeTdaTki.
DM IBa PONA SJIEMEHTOB BHIOJHSIOT PasiHuHLe QYHKLHH: C KOJ-
GOuKaMu CBA3AH arMapar LBETHOrO 3PEHWs, TOTA KAK Mai0uKH 06y~
CJIOBJIMBAIOT CEpoe, TaK cyMep IR
koe apenue. UyBCTBHTEILHOCTb NAJOUEK BO MHOTO pa3 BhIIIE uys-
CTBHTEJBHOCTH KONGOuek. IloaroMy B OOHTAX IO ONPERGNCHHIO
fpenena SOCOPHHAMAIOUIE] CHOCOGHOCTH 11432, KAKOBLIMI U ABASIOT-
€5 OnBITE! ¢ QUIYKTYaLUAMH, ACUONB3YETCA AMEHHO GeCUBETHOE epH-
(eprueckoe apenne. Bee STH ONBITH OCHOBAHB HA CYUICCTBOBAMHH
PESKOTO 710p02G BPUTEADHOZ0 OUYuenus: ECIH SHEPTHS U3YYCHAT,
NAAA0MEro HA CETUATKY, MEHBIIE HEKOTOPO!l ONPEENCHHOM BRJIH-
yHHB, TO /143 COBCEM HE OIIyIAeT CBeTa. VIMeHHO 3THM CBOKCTBOM
3PHTEALHOrO OMYMEUHA  BOCIOAL30BaCA Bapuos ans naGiioge-
HES KBaHTOBHIX ()iyKTyausfl BuguMoro cmera, IlpeacraBum ceGe,
4T0 H26I0RAETCA KPATKOBpEMEHHAs BCABIIKA CBETA; MYCTbh MOpoty
COOTBETCTBYET Mg (JOTOHOB, TOTJIOMEHNBX 32 BPEMA BCIBIIKA, M
nycTs 2 — ReficTBuTeNbHOR TACA0 GOTOHOB, NOMOMESHNBX 34 TO Ke
BpeMs. B TakoM cayqae raa3 yeudur BCHBIUKY JMIL NpH YCJOBUH
232 ny, CCAN e 2 < My, TO 3pHTeAbEOE omylueHue GYAET paBHO
Hyao, T1a3 HE OGHAPYXHT Takoh BCHBIUKH. OuEBHAHO, YTO eCaH
NepHORMUECKH, YePe3 OUPEJETeHHble IPOMEeXKYTKH BpeMetn I0CkIaT

*) XapaKTepHCTBKOM HEOGLIAliHO UyBCTRHTSALHOCTY TId3a CAYHET CAelyi0-
mas WAGPA. NPH COBRPUIERHO MPO3PAWHON aTMOCPepe HENOBEK MOMET BHACTE
3TAfOHEYIO CBedy HA PACCTOsHAW OKOAS 25 K.

§ 122 @JYKTYALHH CBETOBOTO MOTORA 387

B a3 BCMBIUIKH CTONb Majod WHTEHCHBHOCTH, 9TO, BCJICTBHE
Gaykryannii yncaa GOTOHOB, 2 GYACT TO GOMbILE, TO MEHbIUE Ao, —
rna3 nabmofarens To GyReT, T0 He GYReT OmMymaTh BCHHIUKY.
Taxrum 06pason, cymecTBORARHE OPOTA 3PHTEALHOTO OmYyUICHUA
Baer OCTpHIM KpUTepRii Hanuums QaAYKTyauufi: npr KomeGaHmAx 2
OKCJO BeJHYHHBl Ry CBCT HIM He HAGMIOAAIOT COBCEM, HAM BHAHA
Benwka. Uto xe xacaetcs KoneGaHui HHTHCHBHOCTE B 3aBHCHMO-
CTH OT PAasIUYHOrO YACAA NOT/OMAEMBIX (OTOHOB B YCHOBMAX, KOTAA
222 no, TO MX, MO CBHAETENRCTBY BamunoBa, B 9THX OnmmTax Ha
npefene CneceGHOCTH 13 K BOCTIPHATHIO OGHAPYXRNTh He yAACTCA.
Onutel 6bIRM ACCTaBJEHH CAEAyOmMM o6pasoM (pHc. 183).
Jlas Toro uto6bl CBET BCMBILKH MOMANAT HA OAHMH M TOT K& NCPH-
depuueckui y4acTOK CeTUATKH, INa3 HaGIIOLATENS (GHKCHPOBAJICS

Pric. 183. Cxema yCTaHOKN A% RIMEPEHAR SPHTCALRAX KRARTONMK GaAyKTyaunh.

cnaGoii naMmuouKoi S, CBET KOTOPO{i MPONYCKaJcA Yepe3 KpacHHA
GHIBTP; Ha MOAYYAOlIeeCs KpacHoe NATHO W GhI BCe BpeMs Ha-
nparaen rias naGmorarens. Cer Jpyroil Mamnouku L, otpasmp-
IHCh OT 3€pKaja m, majkan wa muck D ¢ oTBepCTHEM, Bpamas-
HIHiCH CHHXpOHHLIM MoTopoM M (1 oGopor B cexynny). OTeepcrie
HM@JIO TaxHe Pa3Mephl, yTO JMCK JIponyckan cseT B Teyenue 0,1 cex
H 3anepkusan ero 8 reyenne 0,9 cex. Teym caMbiM cosiaBanach
BCMBIINKA AJHTEHEOCTbIO B 0,1 cex, a B tevenne 0,9 cex raas oT-
aeixan. Tlopo6uoe ycTpoficTso HeoGXONUMO JIST TOTO, YTOGH HCKIIO-
YMTb BJANSHHME CNOCOGHOCTH IMa3a AMATENBHO COXPAHATD 3pHTIbHOE
Breqatvienye. 3eaesii guabtp F GbL1 HeOGXOMHM IS mOJyueHus
NOTOKA ONPENeNEeHHOR JTHKEL BOMHBL :

B MOMEHT, Korja Ha@nofarteas BHAET BCOBIIKY OH HaMHMal
KHOTIKY XpOHOTpaa, Ha XBHAYUIEHCA JIeHTe KOTOPOro MoJyuanach
ormerka, Ocofoe yCTPOACTBO CBAIBIBAMO BpamaOWRAC LUCK € Apy-
THM 11epOM XpOHOrpada TaxuM 0GpasoM, HTO Ha TOA ke Jiedre OT-
Meyaacs Kaxaplt 060poT amcka. Bnarogaps STOMY MOMHO Ghl10

13



388 CBETOBEIE KBAHTHI oL X

yCTaHOBHTH, HAGMIOZACTCA MAM He HAGJIORACTCH BCUBIKA, KOTAZ
OTBEpCTHE KHCKA IpONYCKAaeT CBET.

DROCTb 3€EHOTO NATHA MOMKHO GBLIO HENlpepHBHO YMEeHbINATE.
TIpH 3TGM OKA3HBATCA, 4TO BHAYANE HAGMIOKATENS OTMEaCT Kax-
Iy BCORWKY. [TpM AaibHefillier MOHMMEHHH APKOCTH BCHBIUKK
TepecTaloT COOTBETCTBOBATL KAMJOMY NpOXOMAEHMIO OTBEpCTHH
JHCKa; HAGMIONAOTCS (GAYKTYaUHH: NPH OZMHX MDOXOMIEHNAX
BCNBIUIKH BEEHE, TpH APYIHX — mx HeT. Klsytas senty xpomorpada
nocaie ONEITA, MOKKO GbUIO NOXBEPTHYTb HAGMIOACHHA CTATHCTHYE-
CKOMY KOHTpOAi0. C OAHOA CTOPOHBI, OTHOWEHHE WACAA HAGMIONeH:
HBIX BCIIBIIIEK X TOJHOMY gHCly OGOpOTOB JHCKA PABHO BEPOATHO-
¢TH P nossaedns BCHBIWKH; ¢ KpYFOH CTOPOHEI, HEKOTOpbIE ROMOM-
HHTeNbHEHE H3MEDEHHS, Ha KOTODBIX Mbl HE OCTaHaBAWBaeMcd, NO-
3BOJAIH OMpeNNATh OTHOEHUE YHCAA (OTOHOB 1, MO2AOWACHGLL

CeTyaTKOM 3a OfHy BCHHIWKY, K YHCAY

2 $OTOHOB fip, HOTJIOMAEMBIX CeTHaTKOH
40 B yCJIOBHSIX NOPOra 3pHTENBHONG Oy~
ot wieHnst. Ecn 0603HaYHTL 3TO OTHOIIE-

HHe uepes X
& ning==x,
a2 .
10 pacuer, OCHOBAHHBI HA TEODHH Be-

OATHOCTE, XAET TAKGE COOTHOWEHHE
A Y E{e)mly P H‘AZ

Puc. 184 Peayabrars Qayxrya- [
IponAHX abmogenal. P=3—7

Boabuwol 3KCMepAMEHTAMbHBI MaTepHan, molyyeHHbil C. H. Ba-
BHJIOBHIM, OKA3biBa€T BO BCEX (e3 HCKMIOUERUS CAydanx JHHEAHYIO
CBg3b MEXJY BEPOATHOCTHIO P H BENHUHHON (lfx)/Vx. Ha puc. 184
npHBEfeH OJIAH IpHMEp: CRUOWIHAY NpsMasi MpOBejieHa no GopMyJe,
a KpyXKaMH HaHeceHh WaGiiojenHble sHawenus. Bumio, uro skc-
MepHMEHTabHbE TOYKH XOpOIUO JOKATCA Ha NMpAMYIO, TEM CAMBIM
NOXTBEPK1afh CTATHCTHYECKHUR XapaKTep HAG/II0AaeMbIX daryKTyaLmit.

§ 123. Paccesnne penTreHoBckix ayyell (ROAHOBAS Teopua)

Paccesie pEHTTEHOBCKHX Jyuefi NMPHHaMIERHT K uHCAy ABIe-
#Hf, B KOTOPHX C OCOGEHHON SICHOCTBIO CKa3bIBARTCH ABOACTBEHHAR
npﬂgoﬂ.a nanyuenus (cm. § 116).

caMOM jieNe, B HACTORWEM H B C/IEMyOmMX NMaparpadax mel
YBHARM, YTO HEKOTOpbIE CBOHCTBA PACCERHHOrO PEHTTEHOBCKOTO H3-
AyueHHs (NONAPYSALNA, HHTEHCKBHOCTD) MOryT GBITb JIETKO OGBAC-
HEHBI C BOJHOBOM TOUKH 3peHHA, TOrfla KaK JApyrue ceoicrsa (wa-
MeHeHHe YaCTOTLI HPH pacceduny) Ges Tpyma OGBACHAIOTCA, eCId
OpHENHCATL PEHTICHOBCKHM JIyMaM KOpHyCKYJISpHYIO NPHDOAY.

Po—

§ 123 PACCESHUE PEHTTEHOBCKHX JIVUEM (BOJIHOBAS TEOPHS) 389

OJHH 13 BAKHBIX BHBOJOB BOJHOBOM TEOPHU pacCesHMA peHTre-
HOBCKHX JIydelt COCTOMT B TOM, YTO Jaie TOTAa, KOTRA HAARIOUIES
H3fyYeHHe ne MOMFpPHIOBAHO, PACCESHHOE HANyYerHe AOMKHO GHITh,
BOOGLIE rOBODH, YACTHYHO MOMSAPHIOBAHO, 4 IpH ONpEfeNeHHHIX
YCNOBHAX—NOAPHIOBAHO NOIHOCTBIO.

PaccMoTpuM BO3HUKHOBEHHE 3TOH NO- Lz
aspusanud. [Iycts mrockas MOHOXpO-
MaTHYeCKasl SJAEKTpOMAarHHTHAA BOJ-
HA, paclpOCTPAHAIOWAACA B HANpaB-
JIeHHY,  MapalmeqbHOM  ocH 2
(puc. 185), magaer B Touke O Ha
3JACKTPOH.  DIIEKTpHYeCKnil  BEXTOp
3TOA BOAHEL, REACTBYSl HA JIEKTDOH,
34CTABJAET €ro COBeplliaTh TApMOHE-
Yeckue KoaeGaHus, BCJIENCTBHE Yero
3/IEKTDPOH CTAHOBHTCS UEHTPOM CepH-
YecKoli BOJHBI, KOTOpas H NPEACTas-
JsieT COGOI0 paccesHHyIo BOJHY. Pac-
CMOTPHM ~ COCTOSIHME  MOJISIpM3aIHH
3TOH BOMHB B TOuKe P, jexauedi Ha HpOAO/IKEHHH OCH 4, T. & B
HAABJEHKH, EpNEHANKYIAPEOM K HANpaBJEHHIo Najaiowed so1-
HEL Tak KaK Nafaiowas BOJHA He NOASPH3OBAHA, TO €€ SJEKTPHue-
ckuit Bekrop & MoMer HMETh
nioGble HanpaBJAeKNs, HO OH
BCErd OCTAaeTcss B IJIOCKO-
ctH Xy Pasnoxum ero ua
cocrasagoyue &Fr H Fy
B § 67 [cm., nampuMep, ¢op-
mysty (67.6)] Mbt BHRenH, 4TO
HHTEHCHBHOCTh  AHNONBEOTO
H3JMyqeHHs SJSKTpOHA Mpo-
nopuuoHadbHa sin g, rae 4—
yro Mexy HalpaBIeHHeM
roneGaHWA JEKTpOHA H Ha-
TIpaBJIGHMCM B TOuKy nagumio-
neuns. [lostomy KoneGammst
Puc. 196. Cxewa onwra Bapina xus o6- MIEKTpOHA IOl ReACTBHeM CO-
napyemus [OJXApH3auwu pentrenosckux  CraBistiomed &y B Hanpasfe-
aygets. Hup OP He JaloT H3ayuenus
(0 =0). Us sroro cuenyer,
qr0 B TOgKy P MpHXOMMT paccesHHOE HAAyyeHHE, OGYCIOBICHHOE
roeGaHHAMH TOA KEHCTBHEM ORHOH TOjbKO cocTapisiouich &,
T. C. H3JAyuenHe, NHHEAHO NOJApPH3OBaHHOE C HATPABIGHHEM KOJE-
Ganuit 31EXTPHUCCKOrO BEKTOPA, NMEPNEHIHKYASpHLM K TIOCKOCTH,
npoxou;meﬁ yepes HanpaBJeKHue Najaoueli BOAHb H TOYKY HaGmo-
newust P.

Pac, 185
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STor BHBOL NOLTEEPIKAAETCR CACAYIOIEM onbitoM Bapxna, ana-
JIOTHUHBIM HIBCCTHOMY OOTHYECKOMY OMHTY ¢ 3epkanams Hoppen-
Gepra. PenTreHoBCKHE JydH najanT B Hanpasnenun S, (puc. 186)
Ha MAACTHHKY Ry (yrogs MM napadmu), KOTopas HrpaeT poiih I0-
aspraaropa. COLAACHO CKAa3amHOMYy BHINC JYYH, PACCERHHbIC B Ha-
Apas/ennd Sz, AONHKHb GHITh FOJHOCTLIO NOAAPH30BAHHL DTa no-
nApHIALAA OGHADYKNBACTCS IPH TOMOILH BTOPOR MNACTHHKH Ry,
Hepampuel pob aHanK3aTopa. C 97Ol UebIo NIaCTHHKA Ry BMECTe
¢ MONH3aUHOHHON KaMepoli £ MOKeT Bpalarecs OKOJO ocH, napai-
nensRoll S» (Kak rokasado nyHkTHpoM). OmuiT mokasmiBaer, 4TO
kamepa E oGHApyKuBaeT MaKCHMAJblyl0 HHTEHCHBHOCTb PacCesH-
HOTO u3ayueHHs, KoTZa S; mapaanessho S; (KaK Ha uepTexe), #
MHHAMAAbHYIO, Kora Sj NMepNeHAMKYJApHO ¥k S; (T. €. HpH TOBO-
pote na 90° MO OTHOWIENHIO K TMOJOKEHHIO, IOK23aHHOMY Ha CpTe-
se). Ho uMeHHO 3TOr0 H C/ef0Baio 0xH-
faTb, TAK KAK HA OCHOBAHMH CKAa3AHHOTO
BB(IIE, JMCKTpHYECKHH BEKTOp Nagaiomei
BOJHB BO3Gy#AaeT B R» KoJeGanms 3jeK-
TpOHOB, NepNeHNuKyAApHbe K S; U Sy

BbluHcaHM Teneph MHTEHCHBHOCTH pac-
cesHHbIX Jayyeli, PaccMoTpHM aas 3Toro
BBIHYKICNHEIE KOJNEGAHHS JIEKTPOHA, Npo-
HCXOAsIHE TOfl NEACTBHEM IIOCKOA BOIHBL,

Pre. 187, pacrnpocTpansioniefics B HANPaBACHWH OCR

z (puc. 187). [Toroxuu cnauana, yTo BOA-

11a JHHefHO NIOJAPH30BAHA M €e 3JEKTpHUYECKH] BOKTOp & ko/el-
JleTeA B HANIPABACHHH OCH X C 4acTOTOR o

& =&, 123.1)

HHTencHBROCTS Nafalonell BOAHb Gyaer Toraa corvacho § 67 [pop-
myna (67.5)]

Jo=4m &% (123.2)

DaexTpuyeckoe mojae & BLI3BIBAET BHIHYHICHHBIE KONEGAHHT 3/1eK-
TpOHA, COBEpUIAIOLIMECS TI0 OCH X € TO} e YaCTOTOH . DTH Koje-
Ganusi AA10T HavaANO HOBOH CHEPHUECKON BOJHE, MPHOBEHHAS HETEH-
CHBHOCTb KOTOpOH B HEKOTOpOH TOuKe P Ha pacCTOSHEE R OT ek~
TpOHA COrIacHo ¢opmyae (67.6) pasna
et g 9

V= g SIF 8, (123.3)
TAe © — yroJ MeXJly HanpaBieHHeM K Touke HaGJoieRns P 1 Ha-
TipasJenneM KoaeGamuit siekTpOHa. YcKQpeHHe SJeKTpoHA £, ABH-
HYymerocs nof AeficTBHEM CHAH Tods ed, OQSBP:}:[HO, pasHo e&/m,

Topcrasana s10 B (123.3), Haxogum J E%rsinzﬂ. Samenas

§ 120} PACCEAHHL PEHTIEHOBCKUX JIVUEM (BOJHOBASL TEOPUS) 391

8jlech &% ¥epe3 HHTEHCHBHOCTb majawouiedi soxam Jy mo (123.2),
nojydaem

(123.4)

D10 H €CThb BbipaNenne S RHTEHCHBHOCTH pACCESHHOrO HAJNYUSHHs
B Touxe P. Mai mHumM, uro pacmp HHT TH TIO
HANPABNCHUAM B C/Iy4ae, KOria Najaomasi BOAHA JHNeHHo mous-
pH30BaHA, COAEPHHUT sin?d, 1. &. B HanpapJeHuy KoaeGanui HHTEH-
CHBHOCTb PaBHA HYJNI0 B JIOCTATAaer MAKCHMyMa mph ¢ = /2
(cm. § 67). .

B cayuae, KOoraa majaonlas ROJRA He NOAspH30BAHA, 3aBHCH-
MOCTb MHTEHCHBHOCTH pACCeARUS OT HANpABAEHHS HECKOJALKO HHAS,
PaceMoTpiM 3TOT cayyail.

Tlyetb napaiomas BOJHA NO-peRHEMY PacmpocTpansercs ma-
pAJMICABHO OCH Z (pHC. 185); sMeKTpHueckifi BEKTOp NOITOMY Gyxer
JeKaTh B INIOCKOCTH yX. PasfioikHM ero Ha cOCTaBAflomHE &y H
&y 4 BBIYHCIIHM HHTEHCHBHOCTb paCCEANEOrO M3NYUeHHS B Touxe P,
Jexamedl 8 NAOCKOCTH x2. Tak KaX nepBHYHOE M3JyYeHHe HE MOMA-
PH30BaHO, TO SNIGKTPUUECKHH BeKTOp & MOKeT 3aHHMATL JIOGHe
TONIOKEHNST B IIOCKOCTA xYy. CpeREHe 3HAUEHHS KBAADATOB COCTAB-
Asompux &« u &y GyAyT Mexy coGoi paBRbt

TaK uTO MHTEHCHBHOCTH, COOTBETCTBYIOMHE STHM COCTABMSIOLIHM,
GyAyT TaKie PaBHBI

Kaxpas Hs cocTaBusioux &x M &, CO3aeT PACCEAHHYIO BOANY;
HHTCHCHBHOCTH 3THX DACCESHHBIX BOAN B TOuKe Py 1o ¢opmyne
(123.4) Gynyr (cm. pue. 185)

e 1 Ll
J,Wsmﬂ?l—? ngcoszw, (123.5)
e 1 o
J”:]yms;nzﬁ 7J"W (123.6)
sin?dy = I, TaK Kak 82— yron Mexi1y IIOCKOCTBIO X2 H OCLIO §).

aK Kak KoNeGanus &x U &y HeKOTepEeRTHEL, TO [ MOMNYYeHHS N0~
HOH HITEHCUBHOCTH B P, HYMHO CAOKHTh HHTEHCHBHOCTH J' B J”:
2

J=r4 =t e (123.7)
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3KCHSPHMEHT3HBH3H npoBepka noxKagaaa, YTO A5 penTreHOBCKIX
nysell He CAMMKOM KODOTKOH JUIMHEL BOJHbI dopmyaa (1237) aaer
pesyaAbTATS], BOJHE YIOBJETBOPHTENBHO COBMALAIOLLIE C ONBITOM.
Ha puc. 188 crownas KpuBasi npe/CTaBiIier paclpelencHye WH-
TeHCHBHOCTH, BLIYHCAeHIoe no dopmyae (123.7); mynkTpHLIE KpH-
BLie TPeACTABIADY SKCIEpHMEHTAbHbIC Pesy IbTaThl A5 ABYX pes-
KO pa3NUYHLIX JIMH BOXH. Biino, urto Ius GoJee MMHHbIX BOMH
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Pirc, 188, ConocTanaeiwe BOJHOBOH TP PACCETHNA C SKCICPHMCHTATLHLIME
Eri ey

(A ==0,71 A) 4 192 HC CANMKOM MAJLIX yIJOB PACCERHNS SKCHEpH-
MeHTAAbHBE Pe3yabTATH XOPOHIO COrNACYIOTCS € TEOPCTHUECKOR
KpHBofl. CH/ILHOE pAaCXOMICHHE MEXK Y IKCICPHNENTATLHEIME Y Teo-
peTHUECKAMI pe3yabTatamy 115 yIi10B, MeHLUIHX 30°, ofmacnaercsa
TeM, UTO B IPHBEAENIOM MpOCTOM DBIECAE HE YSHTHIBAETCH HiTep-
(epeHiHs BOJH, PACCESNIBIX COCCAHAMH 34eKTDOHAMII aT0Ma.

1{anporus, 1ast Manbix amH o (k== 0,017 A) sgenepumen-
TanbHasd KpHBAs HA BCeM MpOTAKEHWH DPACXOAHTCH C TEOpeTHue-
ckofl. OHa He o6uapyxupaer okono 90° HUKAKOTO MHHHMYMA, Tpe-
Gyemoro Teopuedl, H, KpOMe TOro, SKCIEPUMCHTAJbHO HafileBHas
HOTEHCHBHOCTD DACCESHMS A BCEX yIJIOB 3HAYHTCABHO MEHbuE
TEOPETHYCCKOH,

%TO PACXOMACHAC NIOKA3LIBACT, HTO IS OYEHb MAMBIX ATHH BOJH
KIACCHYecKasl BOANOBAs TEOPHS pPACCESHHS DPEHTreOBCKHX Jyued
CTANOBHUTCS COBEPUICHHO HCYIOBIETBOPHTCALHOM,

§ 124) HOOEKT KOMIITOHA 393

Yupawuewns 1. Momayscs gopuynok (1234), xorasats, uT0 BoAus.
kad 3HeprHd, PAcCeMBACMas SAEKTPOHOM NO BCEM MANDABJCHHSIM, BoDAXAETCH

dopyynoh .
2. Mponest .y ApobLio
% - 100%.

Jloxasats, uTO Kaw ToUeK HAGTOACUMS, JENALHY B 1AOCKOCTH Xy (pic, (85)
floaApusauna noxuas {100%), a 4w TOUEK, JEKAUAX HA OCH 2, TPONEHT MOaH-
PHIAIIM PABEN HYTO.

§ 124. ddbdiext Kommrona

Henocrarounoerh BONHOBOA TEOpHA pacCesiMs PeNTIreHOBCKIX
Jyuell, OGHApYKABAIOMANCH NPH H3YYEHHH HTCHCHBIOCTH pacces-
HIHY QYeHb KOPOTKHX JUIIH BOJM, OCOGEHHO Pe3Ko CKaghbiBacTCA, eCH
06paTUTLCS K PACCMOTPEHHIO HaCTOTHl pac- i
CesHHILIX Jydedt. Coracko BONHOBGH TEO- | 4 Mo
pHU MEXZUMSM DACCEAHHS COCTOHT «B pac-

KauABAHUA» 3/CKTPOUOB  3JICKTPOMATHHT- K e
HBIM NoseM nalapomed Boaubl. EcTectBento
OMULATL HOITOMY, UTO YACTOTA PACCESIHHO

IO H3ayueiust JIoMKHA cosNalate ¢ 9acto- | g M rmemsn
TOll Majaomero WaJTyueHHs. Pumpm i,
4
Vi

Memay TeM yxe craphic maGaoneRns yemarts”
TIOKA3MBANN, YTO NpH DACCESHMH pEHTIe-

Foccesn
P2/ 4

2 u,_l S
L e

|

£ 7° 7

Puc, 189, Cxewa ommra Kommroua. Pac. 190,  3¢dext
KownToua Ka rpagnte.

HOBCKHX H 0COGENNO y-tyyell AnHHA BOJHb H3MEHSETCH, a HMEHHO,
B COCTABC DACCEAHHOIO H3/yYeHHs NOABAAIOTCA GOICE MIHHHEIR
BOJHEL, 0Gafal0mHe Menbuei mpoRylalomel cnocogrocTsio, Tak
KaK 10 OTKPHTHS CHNCKTPOCKONUH pEHTreHOBCKHX JyueH s
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orpeResies AJAMHBL BOJHH TPAXOAHIOCS NOMAB3OBATHCH urpyﬁr::r:
MeTogaMH, OCHOBAHHBIMH Ha pasiduydd aGcopCUuu Jrywelt pasuol
AJWE BOJH, TO B ACTAJAX ABJEHHS pasoGpaThes GLIC TPYAHO H €T0
OGLIYHO NPHAHCLIBAJH BIHSHUIO BTOPHYHBIX HaKTOPOB.
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Puc. 191, B@perr Komnrous pa painaropax pasmwinoli npEPORN
(Kowaton i By).

B 1922—1923 rr. A. KoMnToH, BOCHOAL3OBABIIKCH PEHTIEHOB-
CKIM COEKTPOTpadioM, TIATEAbHO H3YYMI STO SBJEHHE M MOKa3ald,
4TO OHO OTIONb He MOXeT GhiTh CBEACHO K BJMAHHIO NOGOMHLIX
(AKTOPOB, HO HEOCDEACTBENIIO CBASANO C CAMHM MEXalH3MOM pac-
cesinns, CxeMa onbita Komntona npusesesa Ha puc. 189. Hsayue-
HUE peHTTeHOBCKOil TpYGKH ¢ MoAMGAenoBbM awTHKatofoM I pac-
ccuBaeTcs KyCKOM TpagHurta R; paccesHHOe HSlelleHl:le, npoi’iﬂff
vepes paX imenell, MaKAET WA KPHCTAM peATIEHOBCKOFO cnemgo
rpaga. CMemas u MOBOpauMBAA OKOMO DBepTHKAMBHOR OCKH TPYOKY

§ 125 SAEMEHTAPHAS TEOPUS BGGEKTA KOMITTOHA 395

BMECTE C PAfHATOPOM R, MOXKHO GBLIO HAMEHATH YTON PACCEAHHS @,
{lé Tporas octadbliofi yacts mpuGopa. Crextpambuoe pacmpedeste-
HHE HHTEHCHBHOCTH H3MEPSAJOCh NIpH NOMOIIM MOHHIZLHOHHON Ka-
MepEL.

Ha puc. 190 conocrabsent noayuennsie peayabratel. A mpea-
CTaBJsfeT pacnp € HHT TH B Iep Ofl JHHHM (au-
uns K, monnbnena & = 0,712605 A); B, C, D naror CHEKTpa/bHEIR
COCTAB NIMYMEHUS MpH paSIUUHAX Yraax paccennns. MomHo cpasy
YCTAHOBATH CACLYIOIHE OCOGEHAOCTH ABJeREA: 1) B paccesHHOM
HU3Jy4EHHH TPHCYTCTBYIOT KaK NePBOHAYAAbHAA IMHA BOJHH BO3-
GY:#AJIOWEro N3NYUeHHs, TAK H [VIHHA BOAHH, CMEIIEHHAss B CTO-
PORY IHHHBIX BOMH; 2) BeHUBHA CMEIICHUS 3ABHCHT OT yria pac-
CeRlNA, 4 HMEHNO, OHA BOBPACTACT NPH YBEAMYENHH 3TOTO yria;
3) Dpu yBeAHENMH yIJia DaccesHHS MHTEHCUBHOCTb HeCMETISHHOR
JIMHHY T8]2€T, & HHTEHCHBHOCTb CMEISHHON JMHAM BO3pACTaeT.

Ha pre. 191 pesenenst cuextprr aunum Kq cepebpsinoro antu-
KaTona (A = 0,56567 A), paccesHHOR nox oMM B Tem e yraoM
pazaudnsiiu BemecTBamu. MOKHO YCTAHOBHTE CaeRylome oCoGen-
HOCTA DpOLecca: 1) BesuvHua CMEIIeHHs He 3aBHCHT OT mpHpOs!
pazHaropa; 2) Npu BOIPACTAHHH ATOMHOTO HOMepa paRHATOpa HH-
TEUCHBAOCTL HECMeWeHHOR JIMHHA BO3PACTAET, 4 HHTEHCHBHOCTD
CMEUICHHOR quuud magaer. Tak, y AMTUA paccesHHOE Halywemihe
TPAKTHYECKH MOJHOCTBIO COCTOHT K3 CMeweHHOH AMMHL BOJAHH, a
Y MORH HHTEICHBHOCT, CMEMEHHOH JHHUM HEBEANKa MO CpaBHEHHIO
€ HUTEHCHBHOQTBIO JIHHUH HeCMemieHHOk.

§ 125. dnemenrapunan reopus adpexra Komntona

Onucannpie 8 npefsiaymen naparpage OCOGEHHOCTH 3giekra
Komnrona ovens serko- OBBACHATL, eCitn canTaTh, 4TG AINYUCHHE
HMEeT WHCTO KOpIyCKYASpHYIO NpHDOIY, T. €. NpeAcTABATeT CoGoo
TIGTOX (JOTOHOB, H 4TO B pacceAHHH NpHUHMAKT yyacTHe he Bee
OJEKTPOHBL, & TONbKO HEIHAUHTCNbHAs UaCTb HX, HO KAl 316K-
TpPOH paccewsaer Ueduili oTof. [l TOTO 4r06bi [pOBECTH 3TO 06~
fAICHEeHEE N0 KOMIA, HYKHO [ONYCTATb, 4To (OTOM ofaajaer He
TONLKO OHPCAENEHUBIM JANACOM SHCPIHH (Av), HO B ONPeRCNERHBIM
KOMIECTROM RBNEHUA, 1. ¢. Beder ceGs, rpy6o rosops, Kax iBH-
Hyluhcs mapuk. B rakoum cayqae paccesnue ¢oromoD 3NeKTpO-
HAMH CBA3AHO C OGMEHOM IHEpTHH W KOAU4ELTBA J8uiceHns TpH co-
YA4penHuax H, flo 06pasHoMy Bhpamenmio KomnToma, TIPOHCXOAUT
HanoRoGHe wrphl Ha GHAIHADNe (OTOHAMH U 3JEKTpOHAMH.

JLis TOr0 4TOGEI Ha OCHOBE 5FOTO mpencTamdeHHA MpON3BECTH
PACUET CMEUICHAN MNIHHLL BOHBL, ML JOJKKE IpEKIe pacCMOTPETs
HEKOTOpLIE CBOMCTBA (oTOHA. PoTOH KaK wacTULA 06Nan2ET BO BOS-
KOM Cllyyae 0coGLiMH cBONCTBAMH, TaK KaK OH ABHKETCH CO CKo-
pocTbio csera. [TosTOMY OPMyaE KaaccHuecKod MeXaRMKH K
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Apmkennio GOTOHZ HENPHMEHAMB H HYXHO MO0Jb30BATBCS PESTH-
BUCTCKHMHE COOTHOIennsiMH (cM. § 64).

Corstaciio TeOpMH OTHOCHTENBHOCTH Macca YaCTHUB, ABHXKY-
mefics €0 CKOpOCThIO ¥, PaBHa

m:——(l/ =
o
Ho TaK KaK (OTOH ABHKETCH €O CKOPOCTHIO €, TO § = 1, 1 3KaMe-
HaTeNL MpeisiAyuteli GopMysb o6pamaercd B uyab. Ecan Gy mo-
3ToMy Macca TOKos (OTOHA HWMCIA KOHEWHY BEJMYHRY (T. €.
6ra OTAHUNA OT HYJs), T6 Ml OBl NOJYYHIH M == Mof0 = oco.
Orcloma caenyer, uTo Macca Nokod ¢oToia O6A3aTeqpHO IOMKHA
OhTb paBHOl HYAIO. DTiM (OTOH CAMLIM CYLIECTBEHHHIM 06pasoM
OTaHHAeTCS OT TAKHX WAacTHIL, KaK, HATpHMED, SAEKTPOHLI, KOTOPbie
HMEIOT KOHeYITYIO Maccy NMOKOS.

BHMHCAHM Teneph KoJAHYeCTBO ABMMeHMA ¢oTOHa. OucsHAHO,
4TO AN 3TOM LeJH MHL yXe He MOXeM BOCIOJAL30BATHCH OGbYHOM

dopMyoll p=mov lm“vﬂz no yKasauHoil Beme nphurme. On-

HAKO TCOPHS OTHOCHTENBHOCTH NAET APYIYI0 GOPMYNy NI HMIYJb-
ca p, KoTopas NMpHMEHHMAa M K CHyualo YacTHUBl, ABHXKYIEHC: €O
CKOpOCTBIO €. 3Ta hopMysa TaKosa:

(64.16)

B camom nene

JlAs gacTHmB, ABMIKymelicsi CO CKOPOCTBIO CBeTa (¥ = ), moay-
gaeM

p=". (125.1)
Haxoueu, aas ¢oroda E = hv
p=". (12517

D10 H €CTh HCKOMOE BhipaKeHne A8 HMIyanca GoToHa.

Hs 1010 paKTa, uTo GOTOH 0GafAeT OnPEeIeHHBIM HMIYIBCOM,
Ceiyet, ¥To, BCTpeuas Kakoe-HHOyxb NPENATCTBHE, MOTOK (GOTOHOB
JOJKEN OKA3LBATh AABJEHHE Ha 3TO NMpENSTCTBAE TNOROGHO TOMY,
Kak GoMGapiHpoRKa CTEHKH COCYa MOJeKyJaM¥ rasa B CpelHeM
CKJIagLBaeTcs B japienne rasa. Jlasiesne, CO3ZAaBAEMOE MOTOKOM
$OTOHOB, W ecTe CBETOBOE jaBiielnie, SKCMEpHMEHTANbHO YCTAHOB-
JIERHOE B KOMH4ECTBEHHOM COrNachu ¢ GopmyJoh 825,1) 31aMERH-
THMH pafoTamy BhiAaouerocs pycckoro ¢usuka [ H. JleGescsa.

§ 123 SAFMEHTAPHASl TEOPUSI 3®SEKTA KOMIITOHA 397

Tlpn s1oM, Kax HapecTHo, JleGenes [oxasan He TOABKO CYIMECTBOBA-
Hie RABJEHHS CBETA HA MAKPOCKOTAyecKHe TBepihble Tédd, HO M C
NOMNOH HeCOMHEHEOCTbIO YCTANOBHA TOHWalLINi addeKT naBaeHnsd
CBETa §a raabl. 3aMeTHM, ONHAKO, YTO, IpeANPHHNMAN CBOM OMBITLL,
JleGejieB PYKOROACTBOBAJICS HE KODOYCKYJIApEOH Teopuelt cBeTa, HO
SJEeKTPOMarEHTHOH Teopuefl Makcsenna, KOTopas TaKxe MpHBOANT
K BBBOAY O HEOGXOMMMOCTH CBETOROTO AABJAEHUA H AACT IJsl Aasne-
nHs dopMydy, copnanawmyio ¢ (125.1). Cam Makceen, Hexonst us
HaraASABBIX NpexcTaBaernd ®apaied O CHIOBBIX JIHHHAX 3JEKTpH-
YCCKOrO MONA, pacCMATpHBAJ CBETOBOE AABJAEHHC KaK CIGNCTBHE
HONEPEYHOro AABJEHHST CHIOBLIX TpyGok. To, uTo cyulecTsoBaume
CBETOBOTO IABJEHIT H €70 KOJHUCCTECHHOE BHIpAKEHHE MOIYT OHITh
BBIBEJeHbl H N3 KOPNYCKYJASIPHOR ¥ H3 BOJMIOBOH KAPTHH MHpIpoAb
CBEeTa, SBAAETCA OJHHM M3 TNPOSIBJCUHH YXKE HCOZHOKDPATHO OTMe-
wapIcHca NBOACTBEHHOCTH NPHPOAL CBETA.

[TonokuM Teneps, 4TO 3NEKTPOH NO COyAapelHs MOKOHACH, T. €.
EMUYAE €ro 10 COYAZPEHHs ¢ QOTOHOM Ghial paBel HYMIO; Hauaib-

ubili UMIyABC HOTOHA paBeH Avy/C. 4
[Tocne coynapenMs 3JeKTpoi NpH- ol
it

obpeTeT HMIYAbC Mo, Tle Mm=
=my/ V1 — ¥, a nunysape ¢potona
—

CTaHET paBHLIM Av/c.

[Ipuverss 3aKOHBI COXpaHeuHs
SHEpTHH H KOJHYeCTBA ARHIKEHHS,
T. C. pACCYHTHIBAA 3TO COyAape- Puc 102
uHe KaK yAap YOpyTMX Iuapos,
noxyunM JBa ypasHenusi. M3 3akoHa COXpaHeHHA SuepruM uyeeM

moe?
hvg+m002:hv+—————vl“ = (125.2)
e mec® — «Iueprusl MOKos» 31eKTpora. OGOsHatuB AAs KpaTKOCTH
Macey ABHAYMErocsl 31eKTpoHa uepes m, nepenmuied (125.2) Tak:

hvy + g = hy + me? (125.3)

3aKOK COXpAHEHHS KOJHUECTBA IBUKCHHUS AaeT

oy
i,
a

I
=2 1 . (125.4y

M3 ypapremnii (125.3) n (125.4) nepsoe -— cKansipHoe, a BTOpOE —
BEKTOpHOe. [I pacyera C1ex0Bajio 6bl BeKTOpHOE ypaBHeHpe
(125.4) samennts ABYMS CKausipibiMH YPaBHEHmAMH B NPOEKLUSIY
Ha ocH kooprunat. Ho mu noctynum cienyiouiny o6pasoM. Bemcép«
Hoe ypasHende (1254) dukcumpyer tpeyrombunk OAB (puc. 192).
Tlo gopmyse sneMeHTapHON TPHrOHOMETPHH U3 STOrO TPEYrOAbIIHKA
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ompeziensieM KBaapar cropoun AB, pavuoit no Bemuune mo
hz,v';' hlvl
= +—

— 2K %cosw

(125.5)

=h=+

m

Vpasrenne (125.3) mepennumeM B Bage
me? = h(vy—¥) + myc?
H BO3BEJleM B KBaJpaT:
B 4 AN —2KPvv 4 mict 4+ 2hmyc (v — ). (125.6)

mict
Briuntas (125.5) w3 (125.6), noayuum
mPet (1 — v3fe?) = mlc* — 2h%vgv (1—C08 @) + 2myc?h (¥ —v). (125.7)

3ameras, yro m?(1 — v =m?(1 —p*)=mi n npomssens mpo-
crbie npeoGpaszosanus B (125.7), Haliznem

c(vo—9) ——m—i'cvﬂv(l —cos ), (125.8)
B \ .
e e __h B
N T T e (1 Cosg)- (125.9)

Briyacass oTciofa v, Hafinem

Yo Yo (125.10)

e By .9
(l—cosg) 142 umt

Vs
e

=
1+

310 ¥ ecTb GOPMyJIa A1 HIMEHERHOA YaCTOTH,

Hs (125.10) Jerko nosyusm AJsl U3MEHEHUS IJIMHBL BOJHH GOp-
Mydaly, KOTOpOit uame BCErO TMOABb3YIOTcA Ha mpakTuke. [Ipumumas
BO BHHMAHHE, YTO ¢/v = A U Cfvg = kg, HafifeM

A=

A
Ah=m—uc(l — Cos Q)

Ao
Ah=2—sin 5. (125.11)

Beanyuna h/moc, AMEIOMAs pasMepHOCTb JJHHM, €CTh KOMGHHAIML
TpexX YHHBEpCA/bliblX MGCTOSHHBIX; OHA HA3LIBAETCH KOMITOHOBCKOM
AJIHHO} BOIHEL H 0603HAYAeTCA yepe3 A:

3 6626+ 10~

e 94107.2,09. [0 =0,02424.

§ 125 SAFMEHTAPHAS TEOPHS 3®QPEKTA KOMIITOHA 399

Oxonuatenbnas GopMyna A H3MEHEHHS LAMHEI BOAUL GPH pac-
CeHUH HMEET BHR

AR =24 sin® §=0,048 - sin® .. (125.12)

W3 arofi dopMysbl BHANO, 9T0 A1 @ =0 AL =0, aaz ¢ = 90°
Al = A n, naxouey, ;s ¢ = 180° Ak = 2A.

Ha puc. 190 u 191 pbiyucAeHHbBE TONTOKEHHA CMCIUEHHBIX JKIHY
OTMeueHb] BCPTHKAIbHBIMH NpAMBIMY. KaK BHIHO, MakCHMYMH 3KC-
NEPRMERTANLHO H3MEPEHHbX JHNHA OYeHhL XOpOWo COBMaiaoT ¢
iIpefickasarHBIMH 10 dopmyie (125.12). U3 HauGoxee TOYHBIX H3Me-
PCHERA DeluuMKa A/moc nonyyaeTea pasHoR

(—") = (0,02424 + 0,00004) A
Mot Taxen
B XOpOWICM COBIAJEHHH C TCOPCTHUECKOj BEAWUHHOM, BBIUMCINION
10 HanGo/iee TOUHBIM 3HAYCHHAM h, Al K C:

( h ) = (0,024265,, = 0,000005) A.
ceop

ioC

@opmyaa (126.11) NOKasLIBAeT, YTO KOMITOHOBCKO® CMemlenue
He 3aBHCHT OT JJIMHLI BOAHB [EPBHYHOTO Hanyuerud. Ilostonty,
ecan Gbl MOHHO GbUIO HAGIORATH 3d¢eKkT KOMNTOHA B RHARMOM
enékTpe, TO A Kpaiwedl guoaerosoft wactu () = 4000 A) o co-
CTaBAAA OBl THICAYHLIC TOAH MPOLEHTA OCHOBHOH AJHUBI BOMHEL AAS
PENTreHOBCKEX Jiyyell cpelvcil xectRoerd (A ~ 0,5A) ou cocras-
asieT yxe okoao 10%, a aas y-ayyed BeAHYHHA CTO NOPSAKE CaMoi
ZJTHHAL BOJTHBI. -

Ham ocranoch eme OGBSCHHTb, OYEMy B PACcCeSINOM H3JTyvue-
HAH HApALY CO CMEUIeHROM JHHUCH HAGMOJACTC H HecMetdensasn:
H3 TEODHH, H3NOKEHHON BHIUIE, 370 He BhTeKaeT. OnHAKO mpH pac-
CMOTpenHH MexaHH3Ma pacCenHns MLl TpeamoNaraii, 410 ¢OTOH
«COyIApsieTcas o cBOGOMHLIM 3MeKTpoHoM. [l Jerknx aroMen i
A nepHdep KHX, ¢1a60 CBA3aHHBIX 3JEKTPOHOB TAKO€ RPENNO-
JIO¥EHHe BUOJHE ONpABLAHO, Tak KAK SHEpPrilsl CBASK SAEKTPOHA
(HECKO/IBKO 3MEKTPOH-BOJBT) HHMYTOKHO Maida M0 CpaBHCHHIO C
SHeprHell poTOHA PEHTTeHOBCKUX Nyueil. 110 BHyTpenHHe 3MCKTpOHEL,
OCOBEHHO B THHEBX 4TOMAX, CBA3ANBI HACTOJBKO IPOYHO, YTO HX
yKe Heb3s paccMaTpHBarh kKak cBoGonubie. [Tostomy mpH <coyna-
pernny GOTOH OGMEHHBASTCH 3Hepriefi H KONUYECTBOM IBUKEHMH
¢ atomoM B uexom. Tak KaK Macca moCjIefHero ouenb BEJIHKA, TO,
10 3aKOHy COXPAHEHHS KOJHYECTBA NBHMKEUHA, GOTOH HE Neperaer
eMy cBOeli SHEprHH U KOJHueCTBA NBHKEHUS; C/EIOBATETbHO, hv
NpH PacCcesiHUH He H3MEHSETCH,

Ha ocHoBaHHH 3THX C006paikeHH{i MOMHO KayeCTBEHHO OIEHHTDH
COOTHOWEHHE HHTEHCHBHOCTEA CMEmeHHON H HeCMemeHHON JHIui
B 3aBHCHMOCTH OT MacChl aToMa. B JerkHx aTOMaX BCe SJEKTpOHH
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CBAIZaNbl CAa0; HAOGOPOT, B TAKETBIX aTOMAX TOABKO MepHdepuye-
CKHe VIEKTpONL! CBA3ambl cmabo. [Tostomy mommo omuiath, uro
Npu YBEJHMEHHA 2TOMHOrO HoMepa TpPH OXHIAKOBBIX YCJOBHSIX 1a-
GJI0KeH s HBTEHCHBEOCTD CMEMERHON JHHUH fyaer naiate, a WH-
TCHCHBHOCTb HECMEIUCHHO! — BO3paCTaTh. DTO H HAGAIOIaeTcst Ha
CaMOM Jesle, Kax roKasupaer pHc. {91,

Hs anasormunux coo6pamednii cleayer. 9To B BHANMO wacTm
<nekrpa ekt KoMnTona BoBce He MOMCT HaGII0AATHCS,

C onruueckoi (BOJHOBOM) TOUKH 3pelHs pA3NHIHE MEHIY CMe-
IIEHHON 1 HECMCMCHAON .TEHAMU CIRKTDA PACCERHHOTO peHTIEHOE-
CKOTO H3JIYUEHHHA COCTOMT B TOM, YTO B NCPBOM CAYYAC MBI HMeen
48710 € HEKOTepeUTHEIM, 2 BO BTOPOM — C KOTeDEHTHBIM pACCesHHeN.
B camMoM nede, yie TOT $akT, 4TO NpH KOMUTOHORCKOM pacees iy
TPOUCXOANT CHEINEHHe MWL BOAMNL, T. C. H3MEHEHHE 9acTOTEHI,
YRASHIBACT HA TO, NTO MMy MANAIONNIM H PACCEMIAHM Hasyde-
IMeM B 3TOM CTydae KOrepenTHocTs otcyrcrayer. Hamporn, pac-
CEAHHOe M3ryyeHue, NAMONICE NECMEUICHHYIO JIHIHI, KOTEpeHTHO ¢
U2AAIOMUN, 1 pATL BOJH, pacCeAnibX pasHulLIME 2TOMANI, KOre-
PCHTULI My COGOH. D10 BHAHO TAKKC U3 KAPTUHE nuTepdepen -
LHH pCHTTCHOBLIX Jyuell B Kpuctasiax (ci, § 33), ocoGeHn~ Ha-
FASAHO — 113 pacCMOTPEHUA pacCosHAs B KDHCTANIAX MOHONDOMA-
THIECKUX DCHTICHOBLIX Mywed 10 Bparry (§ 34). B stom cIyuae
BOIHBI, paCcCeAHKbie PRSNHYHBIMG CAOSIMH ATOMOB KpHCTA/THYECKOR
PEIICTKY, HHTCPGEPHPYIOT MeKAY COCOM, 1aBad B KOHeunoy pesy.ib-
TaTe HHTEDYEPEHLHOHHOE OTpa/KCHHE, NOZYHHAIOMECCS dopmyte
Byaspa — Bpsrra: nh = 2d sin 6.

§ 126. daektpons ormaun

Jlo cuxX mop Ml COCPCROTOUMBAAM BHEMAHME La IB3MeneHuE
CNeKTpA UpH DACCESHMH pEHTICHOBCKMX Jyuell [poctoir pacyer
CMELICHHS, NpHBEARHHBIE B § 125, mokasuiBaer, Y10 Kamiaui sne-
MEHTApHLI aKT pACCesHHS NOMMCH COMPOBOKIATBCH HOSTBJICHHEN
GHICTPOTO 3JIEKTPONA, MOJYYHBLICIO TOTUOK €O CTOPOIE pOTOUE.
Tloncunraen HsMeneHne KHHETHYeCKO steprin 21€KTpOHA NIpH pac-
CceRHMY

[lo saxony coxpanenns sHeprmu sto mameneume fommmo GHITh
PABHO pASNOCTI SHEPTHH (OTORA JO PACCESHUA W TOCHE pacccAnHs

Ep=hv—hv' = hAv.
Ornomenue Ey x nepBonayanbroi 3Heprui (OToHA pasHO

sty (1261,

Ho
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OTKYta
AR
PEVA

[punuman Bo sunmaknue (125.10), noJyunM

2%
Fe v 24 sin? &

hv v

. (126.2)
A+ 24 sin? 2
2

[ofeuntaem no stofi popuyae, Kakyio HacTs sHeprui nepeuy-
1Oro (POTOHA MOJTYYaeT 3JMCKTPOH OTHAYH. IIpn p = F 0,24 A
(KecTkHE PEHTIEROBCKHE AyuH) K @ = 90° Fx/hv cocTapaser Bcero
i 1 Tonwko s b = A = 0,024 A (06nacts y-nyueir) npH ¢=90"
oromenre Eyjhv = 1/2. Takum 06pasod, 115 He cHUIKOM ecT-
KHX DEHTICHOBCKIX Jlywell 3MCKTPOH OTIA4A 110AYHaeT CpaBHHTENh-
HO MaJyi0 yacTb BCEH Sneprud (oTona. DTo MO3BOMSET OTIMYATH
SMIEKTPOHL OTAAUH OT «(OTOEKTPOHOR, BOSHHKAIOWINX NpH N0J-
HOM MOrJOMEHHH (QOTOHA aTOMOM, TAK KAK COIACHO YpaBHEHHIO
Birwreiina B MOCAERHEM cayuae SACKTpOH MpHOGpeTaeT 3Hepruio
nOpALKa BEAMYHHBI CAMOIO HOTOHA,

Ha pnc. 193 npusenena noaspuas LHarpamsa, NoKashBaoman
COOTIOWIEHKE HANPABACHHIT Hi SHEPrHfi PACCESHHBIX POTOHOD (Av) u
axextponos oraaun (E). Iua-
rpaMMa BbiyepueHa LIA Cayuas
o=\, T. & AT KECTKHX Jy-
eir; MOSTOMY SHEprus 3MEKTPO-
HOB OTAAYA S31eCh COCTABASET
BAMETHYIO JIOMO 3HEPTHH nep-
BHYHOTO oTOHA (Ave). Kak BuA-
L0 N3 UATPAMMBI, IJEKTPOHbI
0TRaYH KOAKIH BHOPACHBATHCS
N0 NpeHMYHECTBY BHepex, MO
HalpasIekio MepBUMIoro ho-

2

TOHA. Puc. 193, Ionspuan quarpavma pace
[Tpeackasande Teopun KOM-  conmax goromos #  sexTponos ot
TTOHA OTHOCHTCJABHO HEQGXOAH- nayn.

MOCTH  NOSBJCHUS  3JEKTPOHOB
OTAA4H NPH PACCESIHUH PEHTICHOBCKAX M y~Iyueii CHIO NeMelIenHO
UOATBEPAJICHO ObiTaMi ¢ xamepoii Buancowa. Ha Qororpaguax
(pc. 194), CUATHIX NpH TPOXOMKACHHH PEHTreHOBCKAX Jydc b Boa-
Zyxe, MOKHO 3aMETHTb HADANLY ¢ JMAHHLIMH TpPACKTODHAMH (OTO-
3EKTPOHOB GOIBIIOE YHCIIO KOPOTKHX TpaCKTODH, pACTOMOMKEINIBIX
no NyTH Jyuedl W HANDABAEHHLIX NpPEHMyWICCTBHIO BIEPE, B CO-
OTBETCTBHH ¢ MOAAPHOA AHAarpamMol phc, 193 Dro n ecTe nyTH
SVIEKTPOHOB OT/IaUH.
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3aMeTHM, uTO TaK Kak Ha COOGIICHHe CKOPOCTH 5JEKTDPOHAM OF-
zayd 3aTpAUABAETCA SHEDFUH, TO C BOIHHKHOBEHHEM HX CBASaHa
a6eop6Isl MANAIOLINX DEHTIEHOBCKHX nau y-yueir. OGoswaunm
koadpunueRT 9T0f adeopGuum vepes o, a ko3dduuHeHT 0GHIYEON
HAK «(OTOSICKTPHUECKOR> a6copluny uepes 1. Torza Mm Moxem
GHHAATH, UTO MEKAY YHCAOM KOPOTKHX TPA€KTODRA S/IEKTPOHOB

N
Puc. 194, Caegn SJ€KTPONOB OFAAuE B xaMepe Buibcora.

ornaum N, u uHeOM JJHHHEIX Tpaektophi dorosnekTponos Np
JROMTKHO HMETB MECTO COOTHOIIEHHE
NN, =0l

Onut MOKasbiBaer, uTo KosdGHUUEBT aGcopOiuH T yGhlBaeT ¢
YMEHSLCHHCM JLTHHBL BOMHb TPOMOPUHOHANEHO A% a ¢ MEAJERHO
H3MERSIeTCR ¢ JAMEHOH BOAHBL [103TOMY npH yMeHBIIEHHH A OTHO-
wenne Ny/Np ZORKHO GLicTpo Bo3pacrtars. Tabnuma XVII noxase-
BaeT, UTO 5TO UMEET MeCTO Ha caMOM zenie. Orciona caenyer, MEKRY
[pOYKM, YTO AGCOpOUMA MECTKHX y-~Myuell MNOuTH HCKAIOUHTENBHO
CBf3ala C pacTpaToli SHepriH Ha CO3RAHKE SJEKTPOHOB OTAAYH, &
He ¢ HOTO3(derToM.

OGumHpHbIe HCCASIO0BANMS HCKTPOHOB OTAAYH GbUIH BEINOJIHEHbE
coperckuM duauxom [, B. CroGembubiusim. JLas onpefiesiesus na-
YaJLHHX DHEpTHH 3THX 9MeKTponoB CKOGEMbLEH HCIOL30BAM 0CO-
6blii MeTOL HaGMIONeNNs, CHIpABIIHA BIOCAENCTBAH BaXHYIO POIb
TpH H3yyeudu GBICTPHIX UACTHU KOCMHUYECKHX Jydell. D1OT MCTCH,
snepsue npumesestbni 1. J1. Kannuefi npi uceaepopanuu npHpobt

§ t271 SJEMEHTAPHLIE AKTH PACCESHHS 'Y 3AKOHS! COXPAHEHUS 403

TaGauua XVII

Burs poams NN, o
071 0,10 027
0,44 .9 1,
0,29 27 38
0,20 9 10

.oy 17 17
0,13 7 32

@-4aCTRIl (CM. cTp. 97), COCTOHT B TOM, uTO KaMepa Buiscona no-
MemaeTcss B CHIBHOE MariWTHO® node M MO pAARYCAM KPHBUIHBI
BUJIHCOHOBCKHX TPAEKTOpHH OMpEACNSAeTCH JHEPIHA SJSKTPOHOB.
Onna B3 TaKHX QoTorpaduit CKoGe bUMHA HpHBeeH2 Ha pHC. 195

Poc. (95 [Tyt 3/€KTPOHOB OTAAUH B MarHHTHOM NOJe.

{paccestmme y ayuefi RaC). Ilpu nomomu atoro metopa CxoGens-
1By YAAMOCH PEINHTH PSR BAaXKHLIX BOMPOCOB, CBA3AHHLIX € MOTIO-*
HEHHeM y-ayYel.

§ 127. Daementapusle akTH M 3aKOHB(

B § 121 Myl punesy, Y10 OIBIT C JeMEHTAPHBIM GOTOIHEKTOM
Ha BHCMYTOBOH NGLLTWHKE €CTECTBEHHEE BCero OGBACHAETCH, el
RpeficTABATS CeGe, UTO SHEpTHA PENTrEHOBCKHX Jydell paclpocTpa-
Hiercs He B BHAE cepuueckHX BOAH, a B Buae doronos. CpeaHnit
TPOMEXYTOK BpEMEHH MEXIy ABYMA SJeMENTApPHLIMH aKTaME (oTo-
adpexTa Kag pas COOTBETCTBYeT BEPOATHOCTH TOro, 4TO ORMH H3
$OTOHOB, Hayfayy «BHICTpeJIHBAEMBIX» K3 AHTHKATOAA, NOMALaeT B
<MHIUEHB», TpEACTABIAEMYI0 BUCMYTOBOH MLIAHHKOK. Dddexr
Komnrona, paccmorpesneni B npeAuiiymux maparpadax, cBume-
TRJLCTBYET 06 3TOM ¢ cuie Gobliedi ACKOCTHIO.
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B camowm fene, BecbMa rpy6as MOJeNb COYAapAOIMUXC G-
apAHLX IIADOE [OBBOJSET JerKo OGBACHHTE BCE CYLUECTBEHHEIC
uepTel Bnenus. Mbl faxe MOMCM HaGa10JaTh OJHH H3 3THX «GHA-
JMApAHEIX LIAPOB» — 3AEKTPOH OTIAUHM, KOTOPLUI ABHXETCA TOCIe
pacCesHuA TOYL B TOUL TaK, KaK €C/H OBl Nepes STHM €ro, no Bbipa-
enno KOMNTOHA, «CTYENyd GOTOH».

Ecan Gul MBI DOMKTaMNCh OGBACHATL 3TC SIBJISHKC C YHCTO KJac-
cHueckol TOUKH 3peHHs], T. €. paccMaTpHBAsi PeHTrRHOBCKAE JYuH
Kak cepHicCKHE BOJHLI, a 3MEKTPOHB — Kak OOBYHbie HaCTHIBI
(rpy6o ToBOpsi, WAPWKH), TO A% 3TOrO TpPHHNOCh Ol mpHHECTH
CANMIKOM TAYKETYIO 3KepTBY: QTKa3aThes OT NPHMEHHMOCTH 3aKOHOB
COXpaHeHNA SHEPrHH M KOAMYCCTBA JBHMEMHS K 3JCMERTAPUBIN K-
TaM paccesHns, DTO BbITEKAaeT H3 CHEMYIOWHX coobpaxenuit. Cee-
prveckasl BOJHA pABNOMEpPHO JefiCTBYeT Ha BCe SASKTDOHL, 3aCTaR-
JsS MX COBEPHIATb BHIYXKJEHHHE KONeGaHHs; BCAEACTBYE HHYTOXK-
HOMl BeNHYHHSl CEUEHHS 3J€KTPOHA Jond 3HEPTHH M HUMIyJIbCa,
TPUXORAINAACH HA KAXALIH 3J€KTpon, <pesBuiualiHo Mara. Mexay
TeM NpH KOMITOHOBCKOM pACCESHHH NOSIBJSIOTCS 3JEKTPOHb OF-
Aaun, KaXbi#i B3 KOTODHIX HECeT 3aMETHYIO JOMIO 3HEpIHH H HM-
UyaAbCca TepBHYHOH BOMHBL JlAs TOro 4yToGet NORATH, OTKYAA OHH
GepyT 3Ty SHEPIHIO M 3TOT MMIYJLC, MPHELIOCH GLl AOMYCTHTD, YTO
MpOHCXOAHT MOCTENEHNOe HAKONJeHHe SHEPTHH B TEUEHHE MJAHTEb-
HWX NPOMeXYTKoB BpeMenn. o 5T0 Helb3A COMIACOBATH € TEM
¢axron, 4o spdext KoMnTona BosnuMKaer Kak ma cnao ceAsan-
IIBIX 3JEKTPOHAX (KOTOpble MOTYT HAKOMIATb SHEPTHIO), TAK H Ha
cBoGOAHBIX JMEKTPOHAX (HarphMep, B METAMNIAx).

JKenas cnactd BosnOBHE npeicTasienus, Bop, Kpamepe n Cas-
Tep B 1923 r. cmeaann naxe DONLITKY NOCTPOMTH TEOPHIO, COTACHO
KOTOPO! 3aKOHE COXpAaHEHHMs SHEPTHH M MMMyMnCa IPH pacCesnuy
BLUTOANSAIOTCH AL CTATUCTUYECKY, B CPEANeM 3a 0OJbmINe MpoO-
MCIKYTKY BDEMENH, HO K JeMEHTADHHIM aKkTaM HenpHMCHuMHL [lo
370 TEOPWH paccesHHE AODKHO TNpOHCXOAHTL HEnpepHBHO, HO
3JEKTPOHEl OTAAYM MCIYCKAKTCH COBepuierHo cayuaito. OGa mpo-
Lecca — pacceiHue BOJIH M WCTyCKaHHE 3J@KTPONOB OTIAYH — MEX-
Ry co6oi0 He KoopauHupoBaikl. TeopHs 3Ta, B OCHOBE KOTODOH Je-
SKHT OTpHUANHE TaKHX TBEPAO YCTAHOBACHHLIX OCHOBHEIX 32KOHOB
TPUPOJBI, KAK 3aKOHL COXPAHEHWs SHEPIMM H KOMHYECTBA IBMIKE-
1usl, HenpreMJaAeMa yXKe ¢ MCTOAONOrHueckol Toukn apenna. Kak n
CHIeROBAIO OXMAATH, HECOCTOATENILHOCT €@ BCKope Gblia TOKa3aHa
9KCIep UMCHTANIBHO. R

OnbiTet, YCTAHOBMEBUINE BLINOHEHHe 3aKONOB COXPAHEHNs SHep-
THH ¥ KOJHYECTBA ABUKEHHS B 3JH€MEHTADHLIX aKTax pacCesHus
DEHTIeNOBCKHX Jyuell, OCHOBAHH Ha CAEAYIOHX COOOPasKEHHAX.
Cornacro «Teopun MIPb Ha GHAAHADAE», TpeGyOWel NPUMEHCHAS
3aKOHOR COXPaHeHHS K 3JEMEHTapirslM aKTaM paccesiims, 06a mpo-
liecca J0KHE ObITh CBA3AHBI MEXAY cOGOR H BO BCSKOM Caydae
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JIOJIKHB TIPOMCXOANTL OZROBpeMeHHo. Ilo cTaTucTHYeCKOf Xe Teo-
pun Bopa, Kpamepca u Casrepa ofa mpollecca coBepimeHHO Hesa-
BHCHMBI JIpyT OT Apyra.

Jlnst npoBepkH TOH M APYro#f TCOPHH OKa3asoch BO3MOMKHBIM
TOCTABNTh COOTBETCTBYMOIWIE ONLITh. EcAu 3aKonpl coxpamenns
SHEPrHH M MMIy/bCa DpUMEHHMbi K SJEMEHTapHLIM aKTaM pacces-
HEA, TO NeH3GekHO NOTKEeH BHIMOTHATLCH pax crexctsufl. Hanpn-
Mep, B NPOTHBONONGKHOCTb TPEGOBAHMIO CTATHCTHUECKOH TeopHn
KaXAOMY 3JMEKTPOIy OTAAUA JOIKEH COOTBETCTBOBATH ONIOBpEMeN-
HO ¢ HBM paccesiHnnifi doron ((oTO3eKTpOR B Hauedl Momenu).
Kpome TOTO, MeXIy YNMAMH NOJIETA 3JeKTpOHA OTZaun M doTona
nocite paccesinus AOJKHO CYNIECTBOBATH ONpPENeeHHOe COOTHOMIE-
nme. 310 COOTHOLIGHME HIUTIOCTPHPYeTCs TMOAspHON Anarpam:oll
puc. 193; oo MOxCT GbiTh NOJYJEHO HENOCPE/ICTBeNHEIM BBIYHCIC:
HHEM, €CJH BOCHOJIL30BATHCA SAKOHAMH COXpaHeHws [(opmymat
(125.2) u (125.4)] u 3aMeruThL BexTOpHOE ypasnenne (125.4) msyMa
CKaJApIbIMI B TIPOEKUHAX fa 0cy Koop guuar. Ilosryuaromeecs coor-
HOLICHHe HMECT BHJ

1
tgg=— Traigt (127.1)

rie o = A/A; 06o3nauenns yrios cM. Ha pnc. 192,

OnbiTsl Gulan noctasiensl B 1925 r. Bore u [eiirepoM, ¢ ongoir
croponsl, H Komnrowom u CafimonoM — ¢ fpyroht. OnuplTw 9TH ¢
NOJHOH  OMpeC]eHHOCTbI0 NOKA3aMH HelpaBHJABHOCTb OCHOBHOM
IIPEAMOCHLIKY CTATHCTHYCCKOH TEODHH O HENPHMEHHMOCTH 3aKOHOB
COXpaHEHMs X 3IeMEeHTApHLIM aKTaM paccesnus. Buecte ¢ Tem ouu
DOCHYKHIN Haudyumell mumocTpaynell ueiecoolpasHocTd Kopiy-
CKyRAPHHX NPEJCTAaBIeHHA i OObACHelus NeKOTOPHX CBOMCTR
cpeta. Brocnencrsun (1936—1937 Tr.) awagornmuAnie OnbITLL GLLIN
NOBTOPENb! BHOBb € YYUHICHHOM TCXHMKOH H B PasHOOGpasHLIX dop-
Max. M B 3THX HOBBIX ONBITAX TaK e, KAK H B NPCKHHX, TOABKO
¢ GoJbLleli TOYHOCTBIO M YGeIuTeIbuoCTbiO, OblI1a NOATBEpHsIeHA
NpHMEHHMOCTb 3aKOHOB COXDANHHS K 3JeMEHTApULM arTaM pac-
CesiHuA PEHTTCHOBCKHX M y-ayuefi, M3 sTHX ONMTOB MLl Omumem
Hanbojee XapaKTepHbie, a MMeHHO, nepemlit onuT Bote u [edrepa
u onuT Konmrona it CaitmMona.

§ 128. DxcnepuMeHTaNbHOE TNOATEEpXKACHHE NPHMEHHMOCTH
34KOROB COXPaHeHHs K 3/IeMeHTAPHBIM AKTaM pacceaHusn

Onur Bore u [elirepa vl mocTaBed gas Toro, yToGer yGe-
ZNThCS B OJHOBPEMEHHOCTH TIOABJEGHHS SJEKTpoua OTAAUH U pac-
ceAanioro (oToHa. Y3KHA DyuOK peHTreHoBCKMX ayued (puc. 196)
MpOXOAMA B aTMoctepe BOJOpOA MexIy ABYMS cueTynxamy [eir-
repa. Bomopoa 6w uaGpau noromy, urto o craGo noraomaer
DEHTreHOBCKHE JyuH, HO JOCTATOYHO CHIbMO HX paccensaeT. Onun
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A3 CYETYNKOB (/eBsiil Ha puC. 196) Guur 3aKpHIT MIATHHOROH Yosb-
‘TOW M HANOAHEH BO3AYXOM, ApYrofi Guld OTKPHIT H, CJACAOBATRALHO,
Hano/iHed BOAOPOAOM. [Ipn STHX yCNOBHAX JIEBHIA CYeTUHK He pea-
THPOBAN Ha 3]KTPOHHW OTAZYH, TAK KAK OHH NOIOLAJHCH MAATH-
HOBOH (0abroft, Ho pearHpoBaa Ha (oToHul, KOTOpsle, Npoiaa yepes
dosbry, MorTE BupBath $o-
TO3MEKTPOH H3 BO3AYXa, CTe-
HOX CYETUMKA HJIH  CAMO#
doabru. [passlil ke cyeT4HK
[OYTH He  pearwpoBal  Ha
$OTORM, TAK KaK OHH BECbMA
cnalo MOrAOINAOTCA BOAOPO-
LOM, HO 3aTO CHJIBHO pearH-
poOBaA HA IJEKTpOHSH OTAAYUH.
Tax kak naxeko ne KaXawti

- $oros, monamaBHA B JeBBIK
uc. 196. Cxexa onita Bore n Tefitepa.  CuerTudK, 3acTABIAN €10 pa-
GoraTs, TO He KamAOMy OT-
‘Gpocy SJEKTPOMETPA, CBASAHHOLO C NPABHIM CYCTYHKOM, MOKHO
6biT0 conocTankTs OTBpoc 3/eKTpOMeTpa J1esoro cyerunka. HaoGo-
pOT, €CHH CORAANCHHE ACHCTEHTENBHO HMEET MECTO, TO KAMAOMY
0TOpOCY CYETUMKE KBAHTOB AOAXKEH COOTBETCTEOBATH orpoc cyer-
9HKA JIEKTPONOB. B IeACTRUTEABHOCTH 5TO COGMIONANOCH He COBCEM
FOUHO, HO MHCJO COBNAACHUA b0 HACTONBKO BEJHKO, MTO HO CTa-
THCTHYeCKOMY noAcuery Bore n Teiirepa Moxuno moctasute 150 000
ApOTHA 1 32 70, 4TO COBHazends we CJHy9aiHbl, HO OGYCAOBJEHH
OLHOBPEMEHHOCTHIO (AKTA DACCEANHA H NOSBACHHA SMEKTPOKOB
OTAATH.

Onbir Komatoua n Calimona u ero ycosep UIeHCTBOBAHHAN MOXH-
dnuKauus, ocymecreaennas KpsinoM, Tepriepom u Typuuom, Guutu
nocrasieHbl ¢ KaMepoii BHILCOua anst TOro, 4TOGH fposeputh, ocy-
WECTBJSETCHA JIH COOTHOUICHHE MExAY YrAaMH NOJeTa SMeKTpoHa
QTAZUN U pACCEHHOrO HOTOHA, Tpebyemoe 3aKOUAMH COXpaHeHHa
{em. mmarpammy puc. 193 n dopmyay (127.1}). UroGer notats Haewo
9TOro Onbitd, 0GpaTHMCA K JHarpamme puc. 193,

Flycts, MampuMep, fApr paccemHAN SeKTpoH OTAAUH mOJeTEN B
HAMpaBIeHNN HIKHEA CTPe/IKH 5, TOTAa, O 3aKoHaM COXpamenns,
-pacceadul (OTOH NOJKEN MONETETL B HANpaBIeHHH  pepxueil
CTpeKH 5. YTaiol Mesly mudKHEH ¥ BepXuelt CTpedKaMu 5 n cTpest-
®0#t  yAOBATBOPSAIOT COOTHOMIENHIO (127.1). Hanpasnetne wuxuei
CTpeMKK B JEHCTBHTENHHOM ONBTE yCTAHOBHTD JIETKO, TAK KK Ka-
Aulli 3TEKTPOH OTAAYH BH3LIBAET B KaMepe BHancoHa 3amerantil
caen. Ho poron cam ne noumsyer sosmyxa; nosromy HafpaBJenye
COOTBETCTBYIOMEN BepXHed crpeskn B Kamepe Baiscona semocpen-
CTBEHHO YCTAHOBHTE HEJb3A. KoceenHplM 06pasoM 510 MOXHO che-
IaTh TaK: ecnn NAcCeAHHb (OTOH GyleT moraowen rie-HHGYab
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BHEYTDH KaMepbl, TO OH AacT AAWHuBYY caen doTosnexrpona. Coenn-
HfiSt HAuajo STOFO AMHHHOTO Cliefla ¢ HAYANOM KODOTKOro cleaa
BNEKTPONa OTAAUM, MOXRO MONYunThL OB cTpenkn. MapecTras He-
OTpeReNleHHOCTb, KOTOpasl NpH STOM O0CTAeTCs, CBA3aHA C TEM, UTO
Heb3s € MOCTOBEPHOCTBIO YTBEPKAATh OTHOCHTEALHO HAHNEHNOrs
oToHa, 4TO 3TO HMEHHO TOT, KOTOPhIi IPH PACCESIHHH BHIBAJ (hHK-
CHPOBAHELH HAMH 37EXTPON oTAauH. FlosToMy BLIBOAB! 3 OllHTA
MOXHO AeaTh TOJLKO HA OCHOBAKMH AOCTATOUHO GOABINOTO CTATH—
CTHYECKOTO MaTepuana.
Cxema onbita A2na Ha puc. 197,

Hempvsus

Puc. 197. Cxema omwta Komutona  Caiwoia (s nocranoske Kpelisa u ap.),

Ouuit Gulll BRINOJAHEH HE ¢ PCHTrHOBCKHMH JIY4aMH, HO € XKeCT-
KAMH y-Jy4yamH, 4TOGBL YBEJIRYHUTD BHepTHK) BJIEKTPOHOB OTAauu w
STHM MOBEICHTb TOYHOCTH OnbrTa. McTounmk y-aywedt nomemancs B
KOHHE y3KOTO XaHala B TOJCTOM CBHRIOBOM GJOKe; uapaiieabHLIR
Ny4oK GHALTPOBAHHLIX y-lyueli, BLfiag H3 KaHa/la, nonajal B Ka-
mepy BHibcona. PaccenBalonum TeJOM CIYKHI KYCOK UCHIYIOHAA,
noMelenHslii B uenTpe Kamepsr Ura6Ll yBENHUATE BEPOSTHOCTD 1iO-
TJIOLIEHRA pacCesHHOro (OTOHA BHYTPH KaMepw, ¢ TOH H Jpyro#
CTOPOR OT PACCEHBAIOILEr0 TEMA pacloNAraioch MO JBC CBHHILOBLIE:
NAACTHHKH. Kamepa NOMemanach B MardutHOC noJe, DepueHAHKy-
aASipHOC K IIOCKOCTH YepTeska. ITO A2BaN0 BOIMOKHOCTb HE TOJBKO
HaHTH HanpasieHne noNETA 3MEKTPOHA OTIa4H, HO H OfpeNeNHTh
110 KpHBH3HE CJIeAA SHEPTHIO STOTO 3MeKTpona (Meto CroGedn-
ubita, cM. § 126). Taxas nocTaHOBKa oOmbiTa HMeda CaeAyiomee
PEUMYIECTBO: N0 YTy MOKeTa SIEKTpOHA OTAAuH H €r0 SHepriy
MOXHO TIpH TOMOIIH TeopHH KOMITORA HafTH COOTBETCTBYIOLIHH
Yroa TmOJETa paccesiMHoro $poTona Ges Kakux Obr TO HH GhJIO mpea-
TIONOKEHNI OTHOCHTENLHO SHEPTHH Najawouiero gotona. 3To mpe-
HMYILCCTBO CYLECTBEHHO NOTOMY, YTO HeJb3A GbiTh YBCpPCHHEIM B
uncTore  QUALTDA[IAH NEPBHURBIX y-1yuell, a CJIeNOBATRILHO,
Heabasl ¢ DONHOA YBEPEHHOCTHIO NpHNHCATL 1afaiOeMy (OTOHY
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onpenenennylo auepruio. Ha puc. 198 & kadvectse IpHMepa mpHge-
Zeubt TPH CHUMKE, Ha KOTOPBIX BUAEH S]CKTOH OTAAuH (B cepenuie
KAMEPBI} M MECTO TOrNOINeHHs paccessHHOro $hoToHa (y KpaliHeil
BepxHeu CBHFUOBON mnactuska). [lpn oGpaGoTie q;o'rorpaq,;nﬂ no
YIAy NofeTa 3MeKTpOHa OTAAYH H €r0 SHepriy BBHIUHCASACH Yroa
noJCTa PACCEANHOr0 hOTORA, H peayabTar BhIHCICHHH CpaBRHBANCH
¢ yraoy, HallleHHBIM Ha ororpadui. Beero GLIIO CAenano 0Kono
10000 dororpaduii, Ha KOTOpHX Gui0 HafizeHo 300 koMGHHaLHi

SJICKTpoH — (hoToH. B pesyabrate 06paGoTKR OKa3aioch, UTO B UHC-
JIe CAy4aeB, AaNeKo IIpeBOCXOAAICM BO3MOXKHOCTE CIYyYafHOTO COB-
najienus, rabmioJeRHLIE yroM noseTa paccesHoro qotoHa coBpa-
JlaeT C BHIYHCIEHHLIM.

Taxum 06pasoy, B HACTOSWee BpeMA HE MoeT GLITb HUKAKOTO
COMHEHHA B TOM, 4TO 3aKOuLi COXPAHEHHs JHeprHH M KOJHYECTDA
JABUKEHHA 1IpH SJEMEHTAPNBIX AKTAaX PACCESHHS PCHTreHOBCKHX H
y-TYYCH BBINOAHRIOTCS,

§ 129. 3ddexr Méccbayapa

B npemmiiynux naparpagax Mel BufeNH, YTO pACCCSHHE PEHT-
TEUOBCKHX H y-Tyyell CBOGOAHBIME S1eKTPOHAMH MOYKHO paCCMATPH-
BAThb KdK YNPYroe «COyaapenne» (oTona ¢ 31eKTporom. IIpn sToM
0X43aJ0Ch, UTO BCE DACUCTH!, OCHOBANNEE HA npUMEHEHHH K n0RoG-
HOTO DOEA «COYAAPEHHAM» 3aKOHOD COXPAHEHHA SHEprHH W M-
NynbCca, BeAyT K pe3yAbTaTaM, GesynpedHo NOATEEpKIA0MHMEK Ha
oneire.
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Oasak0 32KOH COXPAHEHHS HMOYJbCA NOJIKEH HMETh MECTO He
TOABKO NIPH paccesuyy, HO H MpH MOGHX B3AHMOACHCTBASX HOTOHOB
€ aTOMHLIMH OGDBEKTaMu, B UACTHOCTH OH JOJMEHK HMEThb MEcTo
T2KKe TpH MOTVIOIEHHH H HCMYCKAUHH (HOTOHOB ATOMaMm,

B onTHKE W3BECTHO ABJEHHE, HA3BIBAEMOE PE3OHAHCHBIM HATyUe-
HyeM. Ono 3axmodaeTcd B TOM, YTO aTOMBI WEPEAKO ¢ 0COGeHuo
GOMBLIOH BEPOATHOCTHIO MOMIOIAIOT CBET TAKOM WACTOTH, KOTOpas
COOTBETCTBYET pa3HOCTH HEPrHil MEXIY HOpMAIbKBIM YDOBHCM H
GamKafimuM K HeMy BO3GyxkaeuHuM. [IOTJIOTHB CBer 3TO# YacTOTLI,
4TOM [EpeXviHT B BO3GYKIEHHOE COCTOSIFHE H uCPC3 nmpOMEXYTOX
BPEMEHH, pABHbIA BpeMEHH (KH3HH BO3GYIEHHOIO COCTOSHHA
(1T ~ 1077 — 107 cex), BuOBb MCIyCKaeT GOTOH Tod e Camol 4a-
¢roTor, TIpakTHYECKH 310 ABAeHHE HAGJI0ZAeTCd, KOTAa H3Jyuaio-
WAMA A NOMOMAKWUMH ABIAIOTCA ATOMBI OAHOTO B TOrO K€ Be-
wecrsa. Hanpumep, ecnn ocremats nape HaTpHA CBETOM KENTOH
auunn A == 5889,6 A, nanyvaemoli BO3GYMKAEHHHIMH aToMaMH HAT-
pHsi e, TO 3T0T CBCr OyJCT HHTEHCHBHO MNOMMOIIATLCH ATOMAaMH
HATpH#A, KOTOphie GYAyT B CBOIO ouepelb H3AYYaTh CBer TOR Ke
Aantb Bospbl. OTCiofla H  Ha3BaUMe —— DE3OHAHCHOE H3MyueHHe.
Auarnoruunoe fBIEHHe HaGMOAAeTcs B MAPAX PTYTH H BO MHOPHX
JIpYTHX CAydasX.

flpn ofcysaenun yoosiii BOSHUKHOBCHHA 3TOrG pe30HaHCHOro
¥3Myueuns UPUHUMACTCH BO DIMMAHHE TOJALKO OAHO, 4 HMEHHO, uTO
4acroTa noraoviaemMoro GoTora JOAKHA ObTh TAKOH, YToGh 3HCp-
tHs doTona /v Gbla Kak pa3 AOCTATOYHA AAA MepeBoia atoMa ¢
HOPMAJTLHOTO Ha GAHMARIMWE K 11eMy BO3GYKACHHbI ypOBEHD, T. €.
9TOGHE HMEJAO MCcTO paBedcTRO Av = Ly — Ei. Jlpyrumn ciosamu,
VUHTHBAETCH 32KOH COXpAHEUHs 3KEprHu, HO YCIOBUE COXPAaHEHHS
HMIYJTbCa HE HPHHHMAETCS Bo BHHMAaHRe,

Slpa aTOMOB Take UMEIOT KBAHTOBLIE yPOBHE SUEPTHH — HOp-
MaIbRB | BO3GYXKACHHEE — H IIEPEXONbr MEXAY STHMH YpOBHSIMH
BelyT K BO3HUKHOBCHHIO KOPOTKOBOIHOBOTO 3M€KTPOMATHHTHOTO H3-
Ayuenus B BuAe y-aydei. OHAKO HONLITKE OCYIMCCTBHT € y~Ty4aMi
PE30HAHCHOE MOIVIOIEHHE JI0I0e BpCNA He TNPHBOIHAM K MOJIOMH-
TeALHOMY pesyastary. [IpaylHa 3TOro COCTOAIA HMENHO B ToM, 9T0
npu TaKHX NOnbITKAX pYKOBOACTROBRJIHCH OAHIM TOMBKO 3aKOHOM
COXpAHeHHS SHEpruH, T, €. ABTOMATHYCCKH TEpenoCHAH Ha Aipa
aTOMOB M Ha y~Iy4H TO, UTO H3BCCTHO GBALIO A 3AEKTPOHHOM 060-
JIOYKI ¥ LA ONTHYECKOH yacTH cnexrpa. Mexny reM ToT daxnT, uro
1acTOTa, & CACIOBATESLHO TAKKe SUeprif H HMNYJALC y-DOTOHOB HA
MHOTO pOpAAKOB BEJHUHHBI GOJbLIC COOTBETCTBYIOIHX 3HAUEHHH
1715 HOTOHOB ONTHHECKON YaCTH CIEKTpd, Baeder 34 cofofi Heobxo-
IHMOCTL NpHHHMATb BO BUHMaHHE KAK 3aKOH COXpAHCHHA SHEpTHH,
TaK 4 3aKOl; COXpaHEHHA HMIyJbca Iie ToAbKo NpH OGCYMIeHHH
yCa0Buil paccesTHHA, HO W TMOTJAONEHHS y-Jyuct.
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PasGepem sToT Bonpoc Goaee aeransHo. Eciu oton peiicrsu-
TENbHO, NOJA0GHO MaTepHaJIbHON HaCTHIE, 06IaZaeT HMNyAbCOM, TO
ApOLECC H3MY4EHHA €ro ATOMOM WIH FAPOM ROMKEH CONpOBOX-
AAThCH OTAAYEH, COBEpIICHHO TAK K€ KAK BbICTPEN H3 OpYIHA CO-
3jaeT OTAAdy, CACJACTBHEM KOTODON ABJISETCH ABHMEHHE OpYRHA B
CTOpOHy, 06paTilyio Bbiiety cHapafa. Ecas mpu stoM B caydae
aToMa HMIyJABC OTAAUR JAOCTATOURO BEAHK, YTOGbI COOGLATH «Bbi-
CTpeNHBAOMIEMY> ATOMY OTJAHUHYIO OT HYJA CKOPOCTb, TO, XOTA B
cHCTeMe KODP/IMHAT CAMOrO aTOMa 0CBOGOXJAETCA 3HEpIUA, paBHas
pasuocTh ypoHe#t E;— Ey, B aGopaTOpHOH CHCTEME KOOpAHHAT
(cm. § 45) sueprus 0cBOGONKAA®MOrO (oToHA GYMET HECKOIHKO
Merbide ITON BeMUNHIL, TAK KAK YACTb SHEPTHA NMOMAET HA CO0OIE-
HHE CKOpOCTH CaMOMy aTOMy BCJCACTBAE OTAAuH. AnaorMuHO, HpH
HOT , SHEprHd, AMaf A OCyHIeCTBJIEHHA KBANTO-
soro mnepexoma Ey—E; B cHCreMe KOOpAHHAT A4TOMa paBHa
Ey—Ez, u0 B 1aGOpaTOpHOf CACTEME KOOPAMHAT KAA OCYMIECTBJAE-
HHSI 3TOTO NEpeXORa AO/MXKHA OLIThL 3aTpaueHa HECKOJBKO 60461as
SHEPrHE, TAK KaK BEEACTBUE HMMyaaca (POTOHA (CBETOBOE AAB/e-
e} uacTb ee JOMKHA MOWTH Ha COOGIUEHHE HEKOTOPOH CKOpOCTH
BCEMy aTOMy.

OTHM KaueCTBEHHbIM COOGpaXeHHAM Jerko npuaaTsh KogHde-
<rsenHy0 (Qopmy. Mmnyasc oTgaun p, moaydaemuit siapoM npu
HCTCKaHHA (POTOHA, paBer hve/¢, 2 KMHCTHYECKAn SHEPIHs, HpHOG-
‘PeraeMas aTOMOM BCJI/CTBHE OTAAWH, paBHa

Avo)?
R 2
tae M — macca sigpa. Ho, B ciaty 3aK0HA COXpaHEHHS SHEpTHH, 5TA
HeprHs GepeTCH 3a CYeT pa3HOCTH SHepruit yposwed E; — E, aepe-
X0 MEXAy KOTODHIMH, NipH OTCYTCTBMH SaTpaThl Ha OTAady, no-
BeJ 6B K UCTycKaH#£i0 poTona ¢ sneprued hvo = E, — E,, Mrag,
OCBOGOXKACHHDII (POTON JIOJIKEH HMETb SHEpTHIo

Avyen = hvy— R. (129.2)

O6patro, uTOGH BO3GYAMTH AAPO, COOGIHB €My SHepraio
£, — E\, nyxH0 3arpataTh sHeprHio, Goubwyio vy Ha Beruungy R:
H3GLITOK SHEpTHH NEPefaeTcd aToOMy (HAM SApy), 4TO HEOGXORHMO
s cob. 3aKOHA COXp umnynnca. Hrak,

AVoora == hvo 4 R. (129.3)

Taxum 06pa30M, QACTOTH JIHHHL HCTIYCKAHUA H AOTJIOI{EHHS
CMenieHs! OTHOCHTENbHO JApYyr Apyrd HA BRIHIHHY Veorm — Vaor =
= Av, yIORIETEOPAIOIY!0 YCJI0BHIO it Av = 2R.

ToscunTaeM Teneps BeMyny R B JABYX Cllydanmx: a) Aaa cepe-
JBHbL BEAMMOrO CHEXTpa; 6) AAs y-uajayuewns. [lycrs, mas npu-
Mepa, B Cayvae a) A= 5000A =15-10"% c# © MaccoBoe uHCAD
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aroma M = 100 atoMubix eaunuu. [ToACuMTaEM B 5A€KTPOH-BOJbL-
Tax BenunHb fvo u Mc? (1 98 = 1,6-10-123):

he __ 86-107%7.3. 10

hvg=2 —
O he . 5107816102 2,5 28,
. L1078, . 20
Mot — 12 l’TGm‘O— 29—m =~ 10" a8,
Orciona (o ’
v (25 "
R=35 = qgr =27 - 107",

B cayuae 6) NONOXHM A48 BeAHUAUB (pOToma y-Tyued Ave =
== 500 k36 = DH-10° 9a ¥ M — no-npexHeMy 100 aTOMEBIX efHHHIL.
3nece

__ (5. 10%p
R=-5 g =1,25 s6.
Wrak, B caydae a) hAv = 6-10"" 56, 1. e. AMHHH NONIOHIEHHS B
HCYCKAHWA NpAaKTAYECKH TOJHOCTBIO NEpeKpHIBAIOTCS, GAaronaps
ueMy pe3OHaHCHOEe NOrZOMIERHE MOXeT OCymecTsaaThed. Hampo-
THB, B Clyvyae 6) MaKCHMyM&l IOT. H uciy s
Hble Ha BeJHUHNY, PABHYIO 2R, pasjielieHbl GOMIBUIHM DACCTORHHEM

1| Suvas wenyonarun
i

T n0230RENUR
hid

£, = 129236 3

Prc. 199. [Mozoxenne  Gopua aunnd MCOyckamn § NOrgouwenns y-ayued Ir1sr
¢ sneprue nepexona 129 xoa npa T = 300° K.

(25 26). Ha puc. 199 npecTassieHo OTHOCHTEJbHOE pACHOMONE-
HHe HpHBEIX HCYCKAHMA M MOTVIOWEHHS y-lyuedl ¢ SHeprueit do-
TOMa vy = 129 K56, HCNYCKAEMBIX pALHOAKTHBHEIM H30TONOM HpH-
At 1r'%, SIcHo, ATO JIHItL HHNTOXHASA JOJA HEBO3GYMALHHBIX fllep
Ir® cnioco6Ha HCALITATL PE3OHAHCHHI 3AXBAT WBMYueHMS Ave =
== 129 xae.

Uro6E yayuHTL NePEKpPLITHE 0GEHX KpMBLIX H TeM CaMblM Cae-
narth JOCTYNHHIM HAG/MONEHHIO pe3OHAHCHOE NOTOmEHHe, 6RO
TIPEIONEHO 1 C y Heno. 0 ¢ 4acTOTh HHUE
BenycKanka 3a cuet spoexra Honmaepa. B cayuae auAnu Irtes
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fvg == 129 K38, XaK TOKa3blBaeT MOACHET, M KOMIEHCAUHH CMe-
weuns 2R CKOPOCTL HCTOUHKHKA ROJXKHA OITh paBHa 1,1-10° cujcex.
Cxema onnta m3obpaxena #a phc. 200. 3xech H — HCTOYHHK y-H3-
NyueHns, yKpelMeHHsili HA pOTOpE YAbTpalleHTpHpYH, NpHBOAHS-
meficd B GLICTpOE BpameHHe; CKOpOCT BpAmeHus MOKHO GhLIO 110
npoH3BOLY MeuaTk, Ha npoTaxenuu
oTpeaka TmyTd,  H30Gpasennoro
MHpHOfl Ayro# M, y-ayuu HCTOYHH-
Ka MOMVIH BHIXOIHTb HApYXy U3 3a-
muTHOro Amuka Pb; wicmo dgoro-
HOB, NOCAE NpOXOMKJends uepes
noraoTHTeNb [, MOACIHTHIBANOCH
cuerunkoM qoroos J. Ecaun Me-
HATb CKOpOCTb BpamenHs LeHTpH-
(yrH, To BeaencTsue sqpexra Hor-
niepa 6yAeT MeuATbes M UACTOTA
y-aytetr. Ouesano, uTo, YeM MO~
Hee GyNeT DpW STOM KOMIEHCAuHs
OTHOCHTEJIBHOTO  CHBUFA  KpHBBIX
TOrVIOEHHST H MCTIyCKAHHS, Tes cuibnee GyNeT NorioneHHe B 1O-
raoTETene [1 W TeM Menbuiee WACTO (hOTOHOB 3APETHCTPHPYET CUeT-
unk. TakuM nyTeM yaazoch OGHapyXHTb CARGO BHpAKEHHOE
pe30HAHCHOE TOTMIOMCHAE,

HceaepoBanne pe3aoBaHCHOrO H3NMYuEHHA y-/yYel BCTYNHIO B HO-
Byio hasy, Korna B 1958 r. repManckmit dusix P. MéccGayap otkprur
110BOE B BHICIIEH CTENERH 3aMeuarensHoe sBaenne. Ha reopun storo
apaenust (3pdext Méccbayspa) Mul 31eCb OCTAHABAMBATHCA He MO-
KeM *) # orpaHHumMes HamexoM. CyTb B TOM, uTO BOSGY¥IeHHOE
£71p0, KOTOpOE Mbl IO CHX NOp paccMaTpHBaJM KaX CBOGOIHOE, Ha
CaMoM zene BXOAUT B COCTAB KpHCTANIRTECKON pEINETKH, ATOMBI KO-
TOpOHl COBepIIAT KoMeGAHAR OKOAO MONONKEHHA paBHOBECHA, T. €.
ABJSTIOTES. OCUMANATOpAMH. SICHO, UTO B TOM Cayyae, Korda cpeduas
onepens OTAAYH, OGYCJOBNEHHOH H3NYYCHHEM WAH NOTIOERHEM,
SHAUATENLHO MEHbINE SHEprHH OCUHJAATOpA peIeTKH, 60bIIHHCTEO0
11epeX0/i0B B fllpe HE CONpOBONMNAETCA NepeAaveli SHeprHH OCHUH!
AATOpAM, T. €. NpOHCXOnKT 6oz ordaqn. lpu STOM B O6JACTH y-Ty-
ueil, TAK K€ KAK B ONTHUECKOH OGJACTH, CTAaHOBHTCS BOSMOMHBIM
noausifi peaoHarc, JIARAK NOIMOWEHUs B M3Iyuenus NpH STHX YCIO-
BHSIX XapaKTCPH3YIOTCS eCTecTBedHOM WApHHOH (cM. § 72), koTopast
B 06aCTH y-1ydes Ouens Y3K4, KaK 3TO BHIHO H3 IpHBOAMMEIX HH¥XKe
it

1w

Pac. 200. Cxeva omuta AN na-
G6mosIeHA PEAOHAHCHOTO IOrOIEe-
wien y-ayueh.

bp-

Y1o6bl NMOKa3aTh TO H EBMECTE C T€M NpPOMEpHTb XOX KpHBOH
noraongerus, Méccbaysp Bocnonb3oBaica TeM e pacmoiOmennem
onkrTa, KOTOpoe H3obpakeno Ha puc. 200. Bpamas ucroumnk ¢

*) Cu.T. Beprxehm Iddexr Méccoayapa, «Mups, 1966,
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pasJIMYHOR CKOPOCTBIO, OH MeHsul 3a cueT sthgekra Jlounaepa uac-
TOTY y-H3MyYeHusi, TpOXOASINEro uepes NOrIoTHTeAb /1, VIHTeHCHB-
HOCTh H3NYYeHHA 32 NOMVIOTRTENEM, pErHCTpPHpYeMas CueTHHKOM,
XapaxTepH30Bajia HETeNCHBHOCTb NoTnomednst B [1, Oxa3aaoch,
YTO B YCOOBHSX, KOMAA MOIJIOeNHe NpOHCXORAT «6es oTAaum», pe-
30HaHC 0611a71aT HCKMOYKTENbHOl 0CTpoTod. O6 3TOM MOXKHO Cy-
AWTB N0 CACAYIOIMM KAHHBIM: B Ciyuae Ir'®l y.Hanyuenne ¢ doto-
HOM 129 x5 06HapyKHBanO CAa6bi pE3OHAHC MpH CKOPOCTH poO-
TOpa MOpPAAXA HECKOJLKHX HECATKOB THCAY cafcex. HampoTks, B
YCIOBHAX pe3oHaHca 6e3 OTAauyH HOCTATOUHO GELIO CKOPOCTH B He-
CKOABKO CM/ceK, YTOGbr TOMHOCTBIO MONABHTL AACPHOE [OIJMOMeHHe;
HanpHMep, HOIMO[eHHE TNAajaer HaNoJOBHEY TpH  CKOpOCTH
1,5 cafcex! Kpupas puc. 201 AeMOHCTpHpYeT 570 (06parhTh BHE-
Malue ®a mKany v cafcex). [loymuphua JHHKEH TONIOMEHU, 10~
va3aHHO} HA 3TOM pHCYHKe, cocraBasier Bcero 4,5-1076 36,
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Puc. 201. Kpumas pesomaucHOrOo morjomenns 6es oTaaun n Iri?f. Koporkee
BepTUKAANBHHE OTPE3KH XaPAKTEPHIYIOT UPEleNs OmUGKH AT Kax1o# wadig-
AEHHO TOUKH.

OnucanHad KapTHRA pE3OHAHCHOTO HOTNIOMEHHA ETpajaeT He-
KOTOpOH ynpOeHEOCTb0. B AeficTBUTENBHOCTH JIMHHS, XapaKTe-
pH3yeMas OJHOA TONBKO eCTECTBEHHOA ImMpPHHON, He sABisercs
©IHHCTBEHIILIM pe3syAbTaTOM MOINMOMERHA, HO HAKJAAXLBACTCA Ha
3HAYHTEJBHO GoJee LMpORWi (oH. Bicora (Win — touHee — ray-
Guna; cM. pHe. 201) MaKCHMyMa 3Toll JIHHHE OnpeneasieTcd Bepo-
ATHOCTBIO MOMMIOIIEHAS 683 OTAauH, KOTOpas 3HAUHTEALHO MeHblHe
100%. Ksanroas Teopus 3roro mpouecca 6blia passura Mécc6ays-
pOM H NpHKBeaa K (opMy/aM, KOTOpEe MO3BOAIOT 3apaHee OUEHHTH
YCJ0BHS, 61aronpHATCTBYIOIAC BO3MOXHOCTH HAG/IOfEHHs peso-
11aBCHOTO NOTIo[eHns 6e3 oTaauH.
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CpolicTBA MpHBEAEHHOrO B KadecTse NpuMcpa wsorona Iri¥t
(hvo = 129 K968) TAKOBH, uTO 1A HalJiONeHus PE3OHAHCHOro
norJomenns HeoGX0AHMO 0XaxnaTh 00pasen 10 TEMNRPATYpbl XKUA-
koro reaus (T = 4,2°K), O ToM, HaCKONIbKO y3Kasi JIHHHS NPK 3TOM
H3MY4aeTCR, MOKHO CYIHTb IO OTHOMIHHIO NOJAYHIMpHHE JHHHE I
(BHIpaCHHOA B SHEPreTHYECKHX CIUHAMLAX) K 3HepTuu Qotona E;
ns1 5TOR aupHE o#o pasre IVE ==2.10~" u B 10* pas menbule, He-
EMH COOTBETCTBYIOAs BeJNHUHHA [/ BHAHMOM uacTH CneKTpa.

Eme 60/ee GIarOnpHATHbIME CEOACTBAMH 0(/1ajaeT H3OTON XKe-
nesa Fes”. O nosposser HaGniofaTh pe3cHaHCHOE NONOIEHNE YKe
NpH KoMHATHOA TeMmepatype. Otwoumennwe T/E B stoM cayuae
paBHo 3-1073, 7. €. emge Ha ABA NOpANKA MEHMbllle, HEXENH B CIy-
uae [, MsBecreH Takie M pAA ApYTHX H3OTONOB, Y KOTOpbIX Ha-
Gmogaerca s(pext MéccGayspa.

130. Hekotopuie npaMenetns sddexta Méccbayapa
14 P P

Heo6biuafiHo Manasi WHpHHA AHHHH pe30HANCHOTO HCNYCKaHHst
B sdexre MéccGayspa, ocolenno B cayuae Juuuu 14,4 K38 Fe”,
nO3BOJISET HAOMIOAATh HEKOTOpHe OYeHb TOHRHE H BaXHbie 3¢-
dextr. Mbl paccMOTpHM 37ech IBA M3 BOSMOXHBIX HpHMEHEHHH
sppekra MeccGayspa: ponniep-spgext BrOporo MOpAAKa H CMe-
[eHHe CIeKTPAIbHLIX JIHHHA B TpasHTALAONHOM NoJe (TaK Hasbl-
BaeMOe «Kpaclioe CMemeRHe» B 'paBHTALEOHHOM fone).

A Jonnaep-sdpext Broporo nopsnka -Hs on-
THKH H3BCCTHO, UTO CMEMIEHHE CUeKTpaibHOA JMHHMM BCTEACTBHE
soexra Jfonnaepa pasHo

Av

o
=cosa,
[

]
rue U—CKOpOCTb HCTOYHHKA CBeTa B o — YroJ MeXAy HampasJe-
HHEM CKOpOCTH HCTOYHHKA H HallpaB/ieHHEM Ayya 3pe€HHd. Ha6uo-
JAaeMas 4acroTa pﬁBHﬂ

(130.1)

v vo(l ~%cosu)‘

fpr BLBOgE 3TOH (GOPMYJE e ySHTHIBAETCS, YTO B CHelHAMb-
HOit TeOpHH OTHOCHTe/BLHOCTH TpH TepeXoje K APYIof cHCTeMe
KOOpABHAT, paBHOMEpRO NBEXYeHcs OTHOCHTENBHO NepBOk, ng -
00pa3yioTca He TOJBKO NpOCTpaHCTBEHHEIE KOOPIHHATEL (cM. § 67),
HO u BpeMsi. EC/IH NpHHATL BO BHHMAaNHE TipeoOpasoBanHe BpeMeHH,
10 BMecTo (130.1) moaywaercst *) .

v
(1= o)

:
Vi-g

*) Cw, naoprwep, 1. Beprman, Bocicure B TeOPHIo OTHOCHTEMBHOCTH,
U7, 1947, crp. 70.

(130.2)
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Taknm 06pasom TeopHs OTHOCHTEABHOCTH TpeGyer, WTOGH, Ha-
PALY €O CMEIEHHEM, 3ABHCADIAM OT NEpBOi CTENEHH OTHOMIEHHS
/¢, CYlECTBOBAN >hheKT, 3aBUCAMA OT KBANPATa ATOTO OTHOMIE-
HAS B He 3aBRCA|MA OT HalpaBaeuwns . cKopoctw. [ns cmyuas,
xorga vfe € 1, umMeem
i3 L fo\2
g[l »—7cosu+§(7) —+ J
OueBHIHO, 4TO PCARTHBHCTCKHA 3tdexT, 3apucsud ot (v/c)?, cy-
MIECTBEHHO TepeKphiBaeTcA 3HAYHTENbHO GOMbLIMM SddexToM mep-
Boro nopsaxa. IlostoMy obuapyxenue n nameperre sdexra BTo-
POTO NOPRAKA eCTh ACNMKATHAR SKCHEPUMEHTaibnas 3ajawa.
Aiise, KoTIt_)lpr.m BliepBhie NpoBepua dopMyny (130.2) na spH-
Mepe JuHny Hp BOROpoA@, HCmyckaemoil GhiCTpO ABHMYuMHCR
aTOMaMH B KAHANOBBIX Jy4aX, HCKMIOYAT 2PdeKT IepBoro NOPAZKa,
QoTorpagHpys CreKTp ia OAHY ¥ Ty e IACTHHKY ABAKA: B
Hanpab/eHun Monera KananoBuix nyweli (z =0) # B nporuso-
TIOJIONHOM HalpasJennd (o == 180°). 3to naer

wenfi =2+
e[l + 24 L2V

Otciona He 3asHCAmEe OT 3HAKA U PEJATHBHCTICKOE CME[eHHe M0-
Jy4aeTcs NYTeM YCpeaHeaus

v

1o
Vorgor M Av=v*

{,=V:-§v;

i

y= Vo(l — 2—”0,—)

Hurepec u BaxHOCTS 5TOr0 3(pexra o6ycI0BACHH TeM, YT0 B
HeM [pOABMAETCA peAATHBUCTCKUE S(h(IeKT <3aMeANenH: BPEMEHH»
B NBHXYIIHXCR CHCTEMax. B caMOM feje, ROCKOMbKY HM3iyuyacMas
4acTOTa XapaKTepH3yeT CTPOTO NEepHONHYECKH#t MpOUeCe, H3MyYaIo-
WEA aTOM MOMHO paccMaTtpuBath Kak «dace». Ho, cornacko
¢opMynam npeoGpasopanuit Jlopenua ana ppemena (§ 61), npome-
KYTOK Bpemenu Al B ABHXyuwedCH CHCTEMe KOOpIMHAT CBA3an
C NpOMEXYTKOM BPEMEHR B 1a60paropuodl cucteMe Koopaunat Al
COOTHOLICHHEM

AL

At = 2 AV (1 + v2ch.

V1i=vc?

AF = At (1 — 0%26?), (130.3)

T. €. B JABHXYIEHCA CHCTEME BpOHCKOAHT «3aMEMNICHHE BpCMEHH»

B COOTBETCTBHH ¢ GOpMyAamu AAs KofnJaep 3exra BTOPOTO mo-
psiaKa.

Jonmep-9¢heKT BTOPOro MOpAAKa OTUETAHBO HAGAOIAETCA B

Npouecce PESONAHCHOIO NOMMOmEUHs U HCHyckanmst Gé3 oTaaud.

Iostomy
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Slnpa KpuCTaJmnqecKoﬁ pelIeTKy Grarogapsi TEMJIOBEM kojeGa-
RESIM HAXONATCH B HETIpEpLIBHOM IBHJKEHAH OKOIO MOJOKERHS
pasHopecnsi. Beaenctoie 910ro CpeRHSR CKOPOCTL U, a C UEw ¥
fonnaep-spexr TepBoro NopAiKa paBHs HyMo. ORHaKO cpeldas
KBAfpaTHUNAS CKOpOCTL 02/ 33 BpEMSl KHBHH pAjHOAKTABHOIO
aapa (e cayuac Fe¥” — 1077 cex) nproGperaer ycrofuneoe sHaye-
HHe (nepuOnLr KoneGauwmi pemerky nopalka 1072 cex™). Tax xax
mupHua qunun MéccGayspa B Fe¥ ouemp manma (IVE = 3-10°8),
TO ye NpH «DACCTPOHKe» YACTOT M3JAy4arTeds ¥ NOIJNOTHTRAS Ha
ia 10712 v pe3cHayc NpaKTHUECKH MOMIOCTBIO cHEMaercst. Ho wac-
TOTa B JBYXKY[EHCH CuCTEMe (M3myualommec sfpo) cpssapa ¢ yac-
TOTO} B J1aG0OpaTopHOM CHCTEME (TOrNOmalomee SApo) COOTHOLe-
HHEM

sy YI= 07

1 —ujec
a yCpellHeHHe CKOPOCTH JlaeT _
v = (1 —1%2c%,

T. €. KaK pa3 YacTOTy, COOTBETCTBYIOLLYIO peJSITHBHCTCKOM) «3a-
McANenHIo BpeMenu» 10 popmyae (130.3). Tak xax B 5Ty dopMyTy
BXONHT CpelHss® KBAIpaTHUHASL CKOPOCTb, TO caMbiii 3(ipexT noa-
seH 3aBHceTh oT Temneparyph. [lostoMy, ecan msnysawimee ¥ 70~
riomAoOmee ANpa HAXONATCH TipH OAMHAKOBON TeMIepaType, TO
cMeneske B, 0GOMX sapax GyleT ONMHAKOBO H 3(¢CKT ke mnpo-
aputes. HanpoTue, npu pasnuunu Temiepatyp u3jyuatens H IO-
TIOTHTENST OMKKO HAGMIOLaThCS OTHOCHTEABIOC CMEIeHHe JacToT
Tepexojia, paccTpanBaomee De3oHaKC. AMepMKaHCKue (DHIHKH
fayna n Pefka upou3senu cOOTBETCTBYIOIME SKCTCPHMEHTE #
noxasaiu, 4T0 B 32BMCHMOCTH OT DA3UOCTH TeMneparyp Habuio-
JlaeTcs CMEICHHC, BIOJHE YAOBJICTBOPHTENBRO cOraacyiomeccs ¢
BHIYMCICHHEM TEOpETHUeCKH [1s ciyuas Fed,

B CRs3H C 3THM cICAaeM ITOTOAHATENLIO BA 3aMeyaius:

L. Kak Mul Buicsd, XONNuep-3pgexr BTOporo NOopaika ectb
HPOCTO CAENCTBHE PeMNTHBHCTCKOTO 3aMCIJICHHS BpeMeRH B JBH-
Kymuxcsl cucreMax. OfHaKO NposiBaeKYe 3TOrO 3aMeanenus s -
texre MEccGayzpa M ero sxcrepuMenTasgbioe MOITREPKICHHE ON-
paBIBIBAIOT HE TOIBKO S(D(EKT 3aMCNIeNHs BpeMeHH, HO H RbiTe-
Kawompil #3 HEero tag HaspBaeMbIil mapamoxc uacos. Flocaetiuit
COCTOHT B TOM, YTO €CH HMEETCS ADOE TOMACCTBCHHBIX WacOB
B OANOM H TOM XK€ MecTe, TO KX NOKA3aHHs MOT)T OGHAP)KHTH
pasiuuus B 3aBHCHMOCTH OT pa3HHINLl HX DpeabicTopuil. «Hacasms
8 JAHIOM CIyYae ABAAOTCA HIIYUAONIeC K NOMIOWAImEe Sipa.
TIpu 5TOM S7pO MOMMOTHTENS CpaBRHBACT (HAXHYHE NOJHOTG pe3o-
HAHCA WH €T0 pAaccTpofika) yacroTy (mOKasaHke) CROMX UacoB
¢ mOKa3auHsAMM UACOB WIAYIATC]s, 2 yBCTBHTCIBHOCTE K 0fnapy-
HACRHIO pacerpOiiki (B caywae Fed” 1:102) megocrHmuMa un Kast

=v(l 4 vjc—0v%2c?,

§ B HEKOTOPHIE TIPHMEHEHHSl SO®EKTA MECCBAYSPA 4“7

KaknX Ipyrux Merogos. TOT akT, uTo npu pasiamuHEIX TeMIepary-
pax H3NyHaTes H MOTAOTHTCHS OGHApYMHBAETCA CMENIEHHE Peso-
HaHea, KAaK pa3 H yKasblBaeT HA 3aBHCHMOCTb NOKA3aHHH OGOMX
€92C0B» OT HX NpENBICTOPHH, T. €. IOATBEP KIACT «NapaLOKC YacOB».

2. BausivMe TeMNepaTyphl Ha pe3OHAHCHOE NOMVIOpieHHe H HC-
Tyckahye MOXeT OLITb TaKXe WHTEpNDETHPOBAHO SHepreTHUECKH.
Murepriperauns coctout B caenyomeM. Xots npn aio6ok temnepa-
Type H3/MyuesHe W NOrJolenHe NpOHCXOMAT Ge3 OTHAYH, 1. €. HM-
nynbe y-HOTOHA fv/e He MeHAercs scaedcrstie ordadu, peamumpa
hv HEMHOrO H3MeHseTCs NO Apyrof MpHUEHE. 3Ta NpHUHHA COCTOMT
B CAENYIOmEM: TaK Kak MpH H3AyyeHHH fApO NEPEXOIHT N3 BO3-
Gy%ICEHOTO COCTOSIHHS B HOpMAJIbHOE, TO €TO 3Bepriss HaMeHsercs,
4 BCJGNCTBHE STOTO MEHAGTCA M MAcca MO pelsTHBHCTCKOMY COOT-
Houternio AM = Efc? rne E ~— sueprus nepexona. ITostoMy Hame-
BHTCA TaKXe M CpefHssn KHHeTHuecKas 5Heprus. JleiCTBHTEMBHO,
TaKk Kak R = p¥/2M, npuuem p = hv/c = const (uanyueHume Ges OT-
nauxy, TO

P? 2 AM PE M7t
AR:A(W)— T T T eMRE T T IMie
Jlanee, nenity TOrO, UTO SHEPrHA Mepexola ¢ BO3OYXKIAEHHOIO Ha
HOPMA/bHBLIH YpOBEHb pacrpeiessercs Mexay SHeprHei H3ayvae-
MOro qoToHa M 3aTpaTofi Ha yBeJHYEHHE KHHETHUECKOA SHEpIHE
pelleTKH, TO U3/JyyaeMas 3HeprHs GydeT paBha
v? v
E—gr E=(1—55)E,
T. €. yactora $OTOHA, H3MAyYaeMoro Ge3 OTHAUH, MOMNKHA H3Me-
HRTbCsA Ha gakTop (1 — v?/2¢%), TOuHO TAKO¥H XKe, KaKoro TpeGyer
nonnuep -2 heKT BTOPOro NopsIKa.

B. 'paBuraunennoe kpacyoe cMepeHHe CHekT
panbEbX anrui OAEMM W3 CIENCTBAA OOmell TeophH oT-
HOCHTEJBHOCTH, JIOCTYTIHBIX JJI5 3KCTIepHMEeHTANLHOH MpOBEepKH, 5B+
MISCTCA BOINCHCTBUE TPABHTAUMOHHOTG NOAA HA HYACTOTY CHCKT-
panbHbix nuumi OnHaxo 3gdekT STOT OveHb MalN, TaK, HalpHMep,
CBeT, HCXOASINMA OT mopepxHocrd CoJHLa, NOJMEH HCILTHRATH
CMCIeHHE B KPACHYIO CTOPOIY, OTHOCHTCVIRHAS BEIHYHHA KOTOpOro
pasHa

Ee=—

2¢¢

AMR=2,12:107°,

Acrponomiueckue M3MepeHHS!, BHNONHABLINECS pavnaas ¢ 1919 r,
TpH BCeX COMHETHBIX 3ATMEHHSIX, KAUECTBENHO NOATBEp ALK Cy[e-
CTBOBAHEE 3TOTO S(dexTa «rpaBUTALHOHHOTO KpacHOro CMemeRHs
CREKTPANBIHX JHUHA» MyTeM HaGJIOKeHHs CMenelHs TMoNOKeHHs
3BE3/ILI, PACTIONOMCITOf BOAHSH CO.IHEUHOTO AHCKA, ORHAKO H3-3a
MaJIO¥ BeMHYMHLI CMCIUEHHS KOJIMYECTBEHHHE pesyabraTsl GhiH He
Beer1a vOenuTeabHbL.

149 B Minomckns, 1 1



418 . CBETORBIC FBAHTh X

Oueny Manasi muppiKa aupHd Méccbayspa W cBR3aHmas ¢ Hel
BO3MOKHOCTL OOHADYMCHHA CMCIUGHHS 4YaCTOTH B Cciysae Fe¥,
MeHpumero 1072, maBaqa HajeX1y Ha BO3MOXKHOCTb HAOMIONEHHS U
H3MCpeHHs 3(eKTa B Jerko AOCTYNHBIX 3eMHBIX yeaosusix. Ira
HateXNa Ha CaMOM [lese OlpaBAaach.

[Mpeasapurensio 3aMeTHM, w10 B 06meM ciysae SPdexT co-
CTOHT B M3MeHEHWH YacTOTH 3/JEKTPOMATHATHOrO H3NYYeHHs MpH
MIPOXQIKEUKH DPA3HOCTH [PABHTAUMOKHLIX UOTemManon. 3To cMme-
HieHHE MOMKET pacCMATpUBATHCA KaK CAGACTSHE MpUHUUIA SKBH-
BaseuTHOCTH 06mell TeOpHH OTHOCHTEAbuOCTH. JIoCTenHnit COCTONT
B TOM, UTO B Orpanuyenofi 06,1acTy npoCTPAHCTBA M0/1E TATOTEHHS
MOXeT GLiThb 3aMeHEHO 1IOCTOSIHBIM yCKOpPEHHEM CHeTeMbl. BooGpa-
3uM 1a60paTOpuI0, pacnoJoxeudyio B ofnactu, rie none TAro-
TeRH OTCYTCTBYET, M NyCTL B HEi TOYHO Haj TOLJOTHTENCM HA pac-
CTORUMHE [ HAXOZMTCA TOMKAECTBEHHHIA ¢ HAM ucToumuk. Ilycrs 1e-
nepb Nama naGOparOpHs HCNMTHBAET YCKOpeuHe, uanpaBieHHoe
BBepX (1. €. OT NOrVIOTHTE I K MCTOUHHKY) M pasHoe g. ouyeruwm,
4TO HCTOYHUK HCIYCKAET MOIOXpOMATHYECKH{ CHTHAN B BHAE HICK-
TPOMAruuTHOl BOJHL yacToTel v. Bpems, koropoe Tpebyercst Cur-
uany, uroGLl npoiTH OT HCTONHHKA K HOTIOTHTCJIO, PABHO

t==lfc;
32 3TO BpeMs HCTOUHHK mpHoGpeTer cKOpocTh
v =gt=gljc
# Beaenctsue sqbexta Jlonnaepa meproro mopsaika wacrora, soc-
NpHHHMaeMas [OINIOTHTCACM, HCIBITA8T OTHOCHTENbHOE H3IMCHEeHHe
Avfy =vje = gljc? )

Ha6monaemas wactora 6y/eT, TakuM 06pasoM, pasHa
v =v(l- gifed).

Jlns siBaesuii, TpOHCXOAAIMAX BuyTpH Namch «na6opatopuus,
PABIOMEPHO-YCKOPEHIIOE ABHMCHHE € yCKOpEHWeM g, TanpaBicH-
HLIM BECDX, SKBHBAJICHTHO NOMO TSTOTEHS, NANDABICHHOMY BHHS3
C TeM e yckopeHueM g («autr» Jitmmrelta)*).

Ila ocrose NpUENUNa SKBHBAACHTHOCTA BeiuuuHa gl MOKET HH-
TEpIPETHPOBATLCH KAK PA3HOCTh TPABUTAUMOUNHIX IOTEHUHAOB,
COOTBETCTBY10IAs pasHocTH BbicoT [ O603HAuUB ee uepes Ag,
HamuieM

v ==v(l + Ag/c?.

*) Mdoctymioe nsaowenre oM. A. DfigwmTedn, O cneanasnuok u obmed
Teopult | oTHOCATeAbHOCTH, CoGpatie Haywimx Tpyos, T. 1. «Hayka»_ 1965,
crp. 530—b00 (n ocofennoctu §§ 18—23). Cx. rakmc A, D pw e dd n L Hn-

eabn Dpomonns huakki, [oerexnanar, 1948, Trama 111 (8 CoOpannk Haysurux
Tpyaon, tom IV, c1p, 435—513).

§ 1200 HEKOTOPHE IIPUMEHEHMS 3GOEKTA MECCBAYIPA 419

B rtakom muge (opmyna mepha TakKe B AAS  HEOZHOPOIHBIX
TPABHTALHMOHHEIX NOJeH. BBULy NpHCYTCTBHS BeJHIHUB €2 MOpSNKA
10%! B sHAMeHaTese BTOpOro Wieha 'PaBHTAUMOHEOE CMEIeHHe HUd-
TOXHO Mano.

Jins n3yveust TpaBMTAUMONKOrO CMemseHus wactorw Ilayup u
Pebka B ['appapackoM yudBepcHTETE BOCHOIL3OBANUCH DE3OHAHC-
HBIM TIOIVIOUIEHHEM H3nyueHus 14,4 x3s Fe%’. Tax kak Av/v nponop-
HHOHAJLHO BEARYRHE K, TO BAXKHYIO POJib HTPAeT PacCTOsHHeE MO BHI-
COTe MeX(y HCTOUHMKOM 1 noraothreseM. Ho Beneacrsne Heo6ni-
waiinolf uyscTRHTENbROCTH 3 ekra MéccGayspa B Fe¥ okasamoch
BO3MOXHBIM HaGMIONATL TPABUTALMOHHOE CMECHHE, NOMECTHB
HMCTOWHEK B 6amie duduueckolt naboparopun [apsapackoro yuusep-
CHTeTa na BLICOTE BCero B 21 m Ham mornotuteseM *). Urolbi wabe-
KaTh 0CAA6JeHHs nyyka M3-3a TOTMOWEHHS B BO3AYXE, HCTOUHHK
¥ TIOTVIOTHTENL OBITH MOMeIeHs! B aCTMACCOBEI UHAKKAD, HAOM-
HeHHBI! reqneM. B TepBhiX ombiTax ECTPETHAOCh 3aTpyAHElRe, TakK
KaK OGHApYXHAHCh HCPETyJApPHLIE CMEIesHsi YaCTOTHI UCTOUHHKA
OTHOCHTE/BHO 4acTOTh nornoTHrens. OIHaKO BCKOpe 6bli0 BhisiC-
HeHO, YT0 3TH CMemwennst 06ycnoBaenbl K0NeGaRHIMH pa3HOCTH TeM-
nepatyp Mexly HCTOUHHKOM K TIOTJOTHTENEN, KOTODHE B CBOIO OYe-
penb Beld K paccTpofiCTBY pesoHakca BCIEICTBHE KBaJpaTHYHOIO
sggexra Jonmnepa. Pacyer nokasan, YT (AYKTyalua Ttesmepa-
TypH B 1° 0HA BLI3BATh CMCIUCHHC NOYTH paBHOe rpaBHTAUMOH-
HOMy 3(pekty. ITocne TOro, KaK npHYHHA HE3AaKOHOMEpULIX XoJeba-
Hufi Gbl1a YCTAHOBJEUA, HAWAJH KOHTDOAMPOBATH TeMIepaTyphl
HCTOUHHKA § NOTIOTHTENS M BHOCHTb COOTBETCTBYMOIME NONpPABKH.
Tlpn 3TOM pesy/kTaThl CTaad yCTOfiumBbIMU. OTHOMIEHHE CpejHero
H3 BceX H3MepeRHUit K TeOpeTHYECKOH Belnunke glfc? oxasanocs pap-
HeM 0,99 + 0,047, 1. e. B NpefesaX OWHOKH — cOBNIANAOMAM € TIpef-
CKa3aHHOj BenMYnHOA. Tax B Teuewue nECKOJNbKEX Heleab Obna
pemena NpoGaeMa, panee NoTpeGoBaBuias GOALLIAX yCHANH acTpo-
(H3KKOB W CNIEKTPOCKONHCTOB Ha NpoOTsAeHHn 45 ner!

*) Tloapobioe ONHCaRHE STAX SKCUSPHMCUTOB Aano B cTatse [layraa » myp-
j1ane <YCTEXH GRIHUCCKAR Hayky, T. 2. Ne 4, 1960, ctp. 674,

14*



TNABA X

BOJIHBI H YACTHLDBI

§ 131. Beenesue

B npenbilyme# MMase GbIO NMOK23aHo, HTO B ONTHYECKHX fIBJIe-
HHSIX (BKJIOWas OG/AAcTh DEHTTENOBCKHX Jyuel) obHapyxupaercst
cBoeo6pasuLly Ayanusy. Hapsigy ¢ TaknMu CBOHCTBAMH CBETa, KO-
TOpHe Kak Obl CAMbIM HEMOCPENCTBEHKEM 0GpasoM CBHIETENBCT-
BYIOT O ero BOJHOBO{l NpHpOAe (MHTepdepeRuus, Audbpaxuns),
HMeIOTCS H JpyrHe CBOUCTBA, CTOMb K€ HENOCPeACTBEHHO o6Hapy-
JKUBAJOIHE €T0 KOPNYCKyASAPHYIO HPHPOLY ((OTOIdhderT, dpext
Komntona). Xorn Mbl HAKAK HE MOXKeM ce6e NpelcTaBHTh, 4T0GN
OfIHH W TOT e OGBeKT Gbl OTHOBpEMEHHO H UACTHUeH H BOJHOH,
Mbl BLIHYIEHD A7 OGDBACHEHHS BCEro Kpyra ONTHYECKHX fBJERUN
TOJIB30BATLCA H TOH M APyToH KapTHHOH.

B nacrosmell raaBe ME YBHIHM, 4TO 3TOT B BHICIIEH CTenend
MOpa3uTeIbHbIl NyaNn3M HMEeT MECTO K AAs 006beKTOB, KOTOpble MLl
OBBIYHO HA3LIBAEM «UYACTHUAMHE» — /A 3JCKTPOKOB, POTOHOB, aTO-
moB. CymecTByer GosrbInoe YHCAO OGIEH3BECTHLIX OMBITOB, KOTOPHE
¢ IOJHOM OYCBHAHOCTBIO NOKASHBAIT, UTO 3TH 3JAeMeHTapHBIe CO-
CTaBHbIE YACTH BEIIECTBA BEIYT ce6s, KAK JOKANM30BAHHKE B NPO-
crpaHCTRe vacTRUBL. KOIa Mbl paccMaTpHBaeM TyMaHHbe Cjeflibl Ha
BHJIbCOHOBCKUX hOTOTpadusX, y HAC HE BO3HKKAET HHKAKOTO COMHe-
HHsT B TOM, 4TO 3TO — CAeabl MpoaeTeslHX JacThu. U ofuaxo 5 2Toi
TaBe MBl yBHIHM, 4TO CYLUECTBYIOT APyTHE OTIHITH, B KOTOPLIX T& Xe
caMble «qacTHUb» BEIyT Ce0f KaK BOJHbBI, CMOCOGHEE K HMHTEpe-
peHuuU. .

B npenbilymncH rlaBe Mbi OCOGEHHO NOAHEPKHBANH ABJCHHA, B
KOTOpBIX 0GHEPyKHBACTCA KOPNyCKyIApHas npHpoaa ceera, Hacros-
Wyl rMaBy MBl Hausey ¢ 6oJee MOAPOGIOr0 paccMOTpenus 08oud-
CTBEHHOCTI B TIPHPOJE CBETA, — TOFO 3aMEYATeNbHOTO BHIBOLR, K KO-
TOPOMy MpHBENO HaC B KOhle KOHHOB paCCMOTPeHHe (JayKryauui
csetoBoro 1o 51 (§ 116). Tax Kak, oinako, As Janbuefimero HaM
NIOHAXOGUTCA UeJbif PAL CBEeHHt U3 TEOpHH BOJHOBOTO JBHXEHHS,
TO Mbi CHAYANA KOPOTKO HanOMHUM 313 HeoOXOIHMbe CBELCHHS.

§ 132. Taockas MOWOXPOMATHUECKAA BOAHA B ONHODOLHOH cpele

Koria MLl robopiM O BOJHAX, TO NpeRCTaBjsieM ceGe mpexie
BCere BOJHB Ha TOBEPXHOCTH BOMB MIH TONEpeuHbie BOJHDI, Gery-
myie B ynpyTOM MHYpe Nph NEepHOJHUECKOM COTpSICEHHH CIO KOHIA,
KakoBa 6bi, 01HaKO, Hi Obina fpHpoAa BOJH, PACMPOCTpAHEHHE MX
<renyeT ONHEAKoBHM 3aKOHAM,
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PaccMoTpny cHavasa MpPOCTEHINMI BHJ BOJH — IJIOCKHE MOKO-
XpeMAaTHUECKHE HJIM rapMOHHY@:KHE BOIHB — H BhIGepeM nanpasJe-
HHMe pachpoCTpAHEHHs! BOJM 32 OCh X CHCTEMB KOOpAMHAT. Taxue
BOJIHBL IIPeJCTABIMIOTC HOPMYNOH

acos[m(t-——bx—,)+b].

3xech @, ®, ¢ H § — NOCTOAHHDBIE, CMEIC] KOTOpHX GymeT cefyac
YCT2HOBJEH, A 4 — BeNHYHAA BOMHOOGDA3HO pacnpOCTpaHSIOLe-
ToCS BO3MYINEHHA, BAMpPHMEp, OTK/OHEHHE YACTHIbr OT MOJOMEHHS
pAaBHOBECHA B YIPYrofl BOJIIE, KaKag-HHOyAb COCTABANIOas Ha-
Tp#AXEHHOCTH 3JEKTPHUECKOTO HIM MAarHUTHOTO NOJS B 3JEKTPOMAr-
unTiofl Boswe H T. A. [locrosinuas @ eCThb aMIVHTYAa BOJIHEL,
[w(t — x/c’y+ 8] MB HaswiBaeM ¢as3oli BOJHB, a NOCTOSKHyio §,
BXONAMYIO B (ady, — HAYadbHOA (asofi. [losepxHoCTb, BO BCex
TOYKAX KOTOPOH (ha3a MMEeT OHO K TO e 3HAUEHHE, eCTh NMOBEpX-
HOCTb paBHON hasbl. OueBHIHO, YTO B paccMarpuaeMoM chydae,
KOrfla (pasa BaBHCHT JIHHEHHO OT KOOPAWHAThl X, TaKofl mOBepX-
HOCTbio GyfeT MIOCKoCTh X == const, HOpMa/b K KOTOpoli coBmajaer
€ OCBIO X.

TMocTosnHas ¢, BXOAAWAA B (ady, HMeeT CeLylOlHIl CMBICI.
BhifepeM Kakoe-THGO ompejeseHHoe 3HayeHHe (hashi H 110CMOTDHM,
NPK KAKHX YCJIOBHAX OHO GYNeT COXpaHATb ORHY M Ty Xe BEAHUHHY
Npu HaMewennu X W £ OYEBHAHO, YTO AJA NOCTORHCTBA (haswl te-
©060A1MMO 1 JOCTATOUHO, uToGh £ — x/c = const, oTkyXa

u (132.1)

x==¢’t + const.

Orciofia BHAHG, UTO ¢’ eCTb CKOPOCTh MepeMelneHHs IVIOCKOCTH
PaBuOH asH, HIH $ha3oBas CKOPOCTb BOJHHL.

Tak KaK X 4 £ BXOAAT B apryMeHT NepHOAHYECKON (YHKIUHH, TO
BOMUA AOMNHA OGHApYXHBATh MEPHOIHYHOCTL BO BPEMEHH U B
npocTpancree. BeaencTene MepHONMIAOCTH BO BPEMeHH 1OJKen Cy-
meCTBOBATh TMOCTONHHBI TpOMEXYTOK BpeMeHH I, yIOBJAETBOPSIO-
UK yCIOBHIO

cos [m(t —:—,)+6] =cos [m(t +T—Di,)+6].
210 Moxker GHTb TOMBKO B TOM Ciyuae, ecad ol = 2n unn o = 2m/T.
Bpemst T HasLlsaercs NepHONOM BOJHEL, & — YIOBOJ MM UHKJHYe-
ckoii wactoroir; 1/T ecTe JiHHeAHAs 4aCTOTA ¥, TAK 4TO @ = 27V,

Besencrsie MepuONHUHOCTH B MPOCTPAHCTBE MpH AAHHOM ¢ OfiH
M Te e 3HAYEHMT U JOJIKHB TIOBTODATHCA NPH HIMEHEHHH X Ha
HEKOTODEIY OTPe30K A (AMHHY BOJIHBI), T. €. NOOKHO GHITh

cos[m(t—%)-fé] cos[m(f—%,’“)-f&]‘
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27 uwan A == 2n¢’f/o = ¢’/v BAR HaKOnen

2w
2w (132.2)

3To 3HAuMT, UTO WL/C*

— COOTHOEHHE, CBA3LIBAIOIEE (HasOBY0 CKOPOCTb C JIHHOM
BOMHK.

Mycte TeNepb Miockas BOJHA PAcHpOCTpaHAcTca B Jofon Ha-
npasiennn, 0Gpasyiomem ¢ OCAMH KoopuHar yriel o, B, v. Ilo-
BepHeM OCH KOODJHMHAT TaK, YToGbl OChb %, KaK W paHble, COBna-
Zaia ¢ HOpMAJBI0 K MAOCKOCTH papHofl dase. Torda 8 sroif HO-
Boil CHCTEMe KOOpMMHAT OPMysia NJIOCKON BOHHL GyneT
u=acos[co(t— ud )+6].

¢

Ho coraacHo ¢opMysaM mpecGpa3OBaHAsl KOODAMHAT TpH IOBO-
poTe oceit

xcosa-fycospt zcosy,
H MBL [IOIyYaeMm

aws[m(t‘ xcosa-q—yc:sm_zcasv)_}_é]___

u

=acos[(mt— 2:!(xcosa+ylcosﬁ+zcnsv))_}_b]A (132.3)

VpasHeune NqOCKOCTH paBHOM hashi B STOM caysae Gyner
xcosa -} ycos B 4 zcosy— const,

Buenem Tenepb Bektop k, 10 HANpaBJNEHHIO COBNAAAOMKN C NO-
ROXHTENBHON HOPMANBIO K NJAOCKOCTH DPaBHOA (asb, a MO a6eo-
JOTHOM BesjHuMHe paBHbM

o
Tk|—=55. (132.4y
KoMuoHeuTsl 5TOrO BEKTOPA, KOTOphA Mbl 6yJeM HA3bBATb 80AHO-
BbLM GEKTOPOM, WITH BEKTOPOM PACAPOCTPUHEHUR BOAHbL, TAKOBEL!

2 pi3
kx=2fcosu, ky:—}“n—cosﬁ, k. S cosy.

B rakom cnysae

2n(xcosu+y;oss+zcasy) =xk,+yky+zkz=kr, (1325)

Iiie T — pajHyC-BeKTOp, POBEMeHHEN B NPOHIBOAbHYIO TOUKY Ma0C-
xocTH papHol ¢assl. [lpu nomomu ([32.5) popMyna maockok
SOJHBI IIPHBOHTCA K CEAYIOmEMyY KOMNAKTHOMY BHAY:

u = acos[(wf — ki) 4 8] (132.6)
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3aMeTHM, HAKOHEU, UTO Tak Xe, Kak U (Gopmyan nogeGausit
(§ 47), popMyay WICCKOH BONUEL MOXHO NHCATH B KOMILICKCHOM
BHTE

1= get lt—kn+3] (132.7)
HJIH, BBOJS KOMIVIEKCHYIO aMminTyny 4 = aed,
U — Aeiiof—kn (132A8)

[ps 37Oy OepeTcs TONMBKO AeNCTBATC.AbHAR UACTH KOMIIGKCHOIO
gucaa (132.7) man (132.8).

§ 133. BoanoBoe ypamaesme

PaccMOTpeHHAs 8 upedmecTByiomeM haparpade  gopMyaa
TIA0CKCA BOMHB ABASETCH UACTHBIM PELIEHHEM HEKOTOPOro LHdie-
pCHIHANLUOTO ypABUEUHA, 1A3LIBACMOTO BOJTOBLIM YpaBHENUCM,
Hanpumep, M3 OCHOBHLIX ypapueHUi SMCKTPOMATHHTHOIO MOAs B
nycToTe — ypasHeHukt Makceeana — 1R 060K KOMNOHEHTH ua-
NIPAXKEUNOCTH MEKTPHYECKOrO_{¥ MarHHTHOTO DO MOXET GLiTh
MOJAYYeHO CACAYIOICe ypaBHEHHe BTOPOro MOPANKA B YacCTHHIX
TIpOM3BOIHBIX:

% u Pu 1 8
o7 Tt e == am (133.1)

Tae u~moﬁas« KOMHOOUEHTa Hanpﬂ)KeHHOCTH SJECKTPH‘IGCKOFO Axa
MarsutHoro noss. Ypasseuwe (133.1), Kak 10Kasnizaetca B pyxo-
BOJACTBAX IO QJIeKTPOLlHHaMHKE *), ONUCHIBAET BHEKTPOMHFHHTHB]Q
BOAHW, pacnpocTpansiomAecs b NycTOTe €O CKOpOCTHIO C.

Jlerko y6eauTbCA B TOM, 4TO (bOpMYJa TNIOCKOM BOJHLI

U At KO g (KB bRt ot (133.2)

yaopnersopaet ypanuennio (133,1). Heficterrensro, THdpepenm-
pyst (133.2) ABaAD! DO BCeM KOOPAMHATAM H N0 BpeMenH, naXouHM

Fu . o o0
SE =0 R, o = &,
P C 2h? Fu e
5 = —’klu, E = — oV

TlogcraBasis o1d upousvoirbe B (133.1), nonyyaem nocae coxpa-
e Uit )
£=@+@+ﬁ (133.3)

s

*) Boawonoe YpasucHne 1A SACKTPOMATUMTUMY TOAT PHBOTATCH NCHOCPEN-
cThemio B3 ypapuenuit Maxcoeana: cM. Y, E. Tam, Octiopl TeOpun -2IcKrpa-
secisa, <Hayxa, 1966, cTp. 476.
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DTo BaKHOE COOTHOLIEHHE, CBASLBAKUIEE YACTOTY @ C KOMIOHEH-
TaMH BOJANOBOTO BEKTOPA, XapaKTepHO AJA MpHPOAB BOJHEL €ro
Ha3biBAIOT HEOTAA 3aKOHOM RHCTIEDCHH.

BmecTo TOro, yTOGH mMCATh B npaBoi yactH (133.1) cymmy
BTOpLIX UACTHBIX MPOU3BOIHBIX N0 KOOPAHHATAM, MBI MONEM Npei-
CTaBUTb €€ TaK: o o o

e Tay T

=Au,

rie A —Tak Hasbiaemsil onepartop Jlamraca. Hamucas Boanoeoe
ypaBHEeuke B BUAE

! %:Au, (133.4)

Mbi HE TOJBKO MOJABL3YEMCH CHATHIM COCOGOM 3amuCH, HO H 1Oay-
uaem CyllecTBEHHOE 0600uienHe, TaK Kak onepatop Jlannaca moxer
GuTh BhpameH B J0OGOH cHeteme KoopauHar. B gactHoM cayuae
HpPAMOYTOJbHEIX A€KAPTOBBIX KOODAUHAT OH HMEET BHJ
& & >
=—g+ 57 . 33.5,
A=gatoptom (133.5)

B apyTEX cHCTCMAX KOOPAMHAT oneparop A Bbpaxaercs unave. Hs
5THX BhIpameHHA AJf HAC OYEHb BAKHO BLIpAKEHHE Oneparopa A
B epepHYLCKUX NONAPKBIX KooprusaTax. OHO TakoBo:

A 11(2%)_(_1 o

. 9 1 i
ar it or (S99 55 )+ Ty e (1339

[Mepexofi 0T REKAPTOBBIX KOOPAMHAT K MOJAPHHIM MOMKHO, KO-
HeYHO, BHITOJHHETL NyTeM OfbILON 3aMEHb MEPeMEHbiX 10 NpaBu-
aam Auddepenunanbioro neuncaenrs. OQnako BHYHCIEHUT B Cly-
Hae NepeXoia K NPOCTPAHCTBCHHBIM KOOpAHHaTam r, ¢ M @ oxa-
3LIBAIOTCR HACTOJMbKO TPOMOSJAKMMH H YTOMHTC/bHBIMH, 4TO WUATH
TAKMM [IyTeM He PCKOMeHAyercs. B PYKOBOACTBAX [O BEKTOPHOMY
anannsy OOBIUHO H3/1araetcs 0YeHb NPOCTOR M HIAWMLH MeTon Aas
nepexoia K JIOObM KpHBOMHHEMHEIM OPTOTOHANLHLIM KOODAHIIATAM,
KOTOPHIM H MOAL3YIOTCA ANs ToAyyenHs dopmyant (133.6). Mana-
raThb 9TOT METOA 3/€Ch HE MECTO *), M MEl OTpAHHYNMCH DpHBELe-
HueM roToBoil dopMysn (133.6).

BoaxoBoe ypabHeHHe HBJIsieTCs MHHEHHBIM OAHOpOMIbIM Axdde-
PeGLHAILHLIM yPARBHEHHEM B uaCTHBIX TpousBoamubix. Kak Beskoe
Jrefioe ONHODONHOE ypaBHenHe, OHO O0JANACT CAEAYIUINN BaK-
HbM CBOMCTBOM. [IOOMMM, 4TO MM HAULIM YacTHOC pelCHUE
(133.1) uy; TOTRA H Cidy, TAE €4 ~— NPOM3BOJIbHAR NOCTOSHHES, OyACT
Takme peutensem (133.1). Ecu HaM M3BECTi(bl UaCTHBE perenus

*) Cw., wanpuviep, B. M. Crnpnon, Kype smcuch matenataxn, 7. 11, <Ha-
yKan, 1966, cp 381
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41 W Uy, TO 4 = 1ty + Cpda, TAC €[ M C2 — NPOU3BOJbHLE MOCTOAHHBIE,
TaKme GyleT pelleRWeM BOAHOBOTO ypapuenns (133.1). B arom aa-
KAIOYAETCA MATEMATHYECKOE OGOCHOBAHNE H3BECTHOTO MpPHHUMIA HA-
JOKEHHS WM CYTEPIOSHIMA BOJIHOBBIX JBHIKEHHH, KOTOPHAl O3B0~
JIsieT TIpH NOMOULH HAJIOKEHHA IVIOCKHX BOJH CTPOHTH JOGhie BOJ-
HOBLe noas. Mel BOCTIOAb3YEeMCS STHM TNpHHLMNOM B GJHKAMLIHX
naparpadax.

§ 134. Cypepnoasumus miockex Boau

PaceMorpeible B npeamtecTByioliem naparpade NI0cKHe MOHO-
XpOMATHUECKHE BOMHbHI B HPHPOLE HMKOTLA He OCYMECTBATIOTCA.
B camom nee, 110 yc/10BHIO, STH BOAHE NPEACTABATIOT COGOH CTPOTO
TIepHOANYECKAR TIPOULCE, @ AN STOTO OHM JAO/NKHL HMETb GecKOHeq-
HOE NPOTAIKEHHE B NPOCTPAHCTBE H BO BpeMenH. PeaisHbie Xe cBe-
TOBLIE «CHTHANIBI» BCETJIA OTDARMYEHE! B HPOCTPAHCTBE, HCMYCKAIOTCS
B TCYEHHE OrPAHAWYEHHHIX NPOMEMYTKOB BPEMEHH, a NOTOMY M He
ABASIOTCS CTPOTO TapMounueckumy (cM. § 72). [Tostomy M MomKeM
UX pACCMATPHBATD KAK Pe3yaAbTAT Cyneplo3HLMM CTPOTO TapMOHH-
UECKHX, TUIOCKHX BOJH, KOTOpSie B OJHOi uacTH MpOCTPAHCTBR
BCJIENCTBUE HHTepdepeHUMH YCUAHBAIOT APYT APYra, a B OCTAMBHOM
HPOCTPAHCTBE APYT Npyra noramaior. TakKe COKHbE BOTHE HMEIOT
HEKOTOPhie BAXHLIE OCOGEHHOCTH, KOTOPbie Mbl BHIACHMM CHaYala Ha
NpHMepe CYNCPNOZHIAR TOMBKO IBYX JIOCKHX rapMOHHYECKHX BOJM.

[To;iomuM, 4to 0G€ 3TH BOJHEI PaCHpPOCTPAHAIOTCH BAOAb OCH X
H YTO HX HacTOTH o H ®, 4 TAKIKE aGCOMIOTHbIE 3HAUEHHS BOJHO-
BOTO BekTOpa ko M R (ko = 2n/ho, k= 2n/h) odenp mano paaam-
uaptest APYF OT npyra: ko — k= Ak~ 0, wo— @ == Aw. Urak, mul
HMEeM:

up = acos (0 — kex), #y=acos(of — kx).
CKNajpiBast U 1 Us, TOAYIAEM CIOKIYIO BOHY Ui
&= 1y + ty = @ cos (@ — kyx) + acos(of — kx) =

= G0, hk—k @t L2
Qacos( 57—t 7 x)cos(-—z—t———

HIH, BCAGACTBHE GIH3OCTH v U v, Ko U k, MpHGIHIKEHHO

4 ==2acos (A—;—t—% x) €0s (0gf — kyx). (134.1)

[Mosrygennbilt pesysabraT MOKHO HCTONKOBATL CJEAYIOWHM OG-
pasoM. Bropoil MHOMRTENH dopMyan (134.1), cos(2mvef — kex),
apencrasaser $asy BOJMH C 4aCTOTOH vo M BONHOBHM UHCAOM K,
a nepBhi
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— semaenno {Aw—0, Ak—0) u NpUTOM TNEPHOAMYECKH MEHHI0-
nryoest amnautyay. JlpyriMu caosamu, Bomdy u (134.1) mu pac-
CMATpHBAEM KaK BOHY C HACTOTOH (g H BOJHOBMM WHCIOM ko, HO
¢ #00yauposannol annaurydoi. He cnenryer 3aGbBath, OARAKO,
qto BOsiHa, usobpamaemas popmynoi (134.1), cTporo rosops, yie
He GYACT rapyoHHYECKOi: rapMOIMUeCKas BOIHA Ha BCEM MpOTKe-
HUH OT —00 R0 -J-00 QO/IKHA KMETh ORBY H Ty XKC aMuautyly i
ondy onpeleneHayo uactory. Memay Tem BoOABa (134.1)vuMeeT
HePHOTMECKH MEAIOWYIOCS aunAKTyly, H COOTBeTCTEYIOLINE CrIcK-
Tpadbubill (PAGOp OGHAPYKHT B Hell He OJHy uacTory, a ABe:
wp ¥ 0.

70T pesyasTaT EIaKCTpHpyetes puc. 202, THe H3obpaienst
A7 HEKOTOPOrO MOMENTA BPEMEHR IBa yYacTka rapMOHHYECKHX

Pre. 202 O6pasoRarie BOAROBNX TPYRD.

BOJH, ¢ Mano pasiuyalomUMHCa Ao H A, B BOJRA, BOSRMKAOWASA B
pesybTate BX cymepriodnuui. Kak BUIHO, 572 CAONMHAA BOJUA pac-
nazgaercs pa PAL TPYMI C aMILTHTYNAMH, MEHSIOLKMACH NO KOCH-
HY CORIANLHOMY 3aKOHY. )

CKopocTs MepeMeuierus OnpeneeHHoll ass Mel GyleM Hasb-
BaThL (PA30604 CKOPOCTOIO 80AK. JIAsL TOTO UTOGH €€ OTLICKATh, Ha-
NHAICM YCJI0BHE NOCTOARCTBA (hassl BOHB

ot — Ryx = const. (134.2)
Oppeseans 0TCIONA NM)OH3BOLKYI0 KOOPAHHATH X N0 BpEMERH, T. €.
BeJqHUHHY %, MBI U HailleM CKOPOCTb NepeMelenns MI0CKOCTed pas-
Hoit dbasul, T. €. $hadoByio cropocts. Ma (134.2) naxomum

dx
00— kogr
OTKyZa, 0603HAUAR (HA3OBYIO CKOPOCTb uepes ¢’
dr B g = 134.3
d=gr =, B ¢’ T ho="vohy ( )

— W3BECTHOE N3 SJCMEHTADHOTO Kypca (H3HKI COOTHOWICHIE,
HMeonee MecTo, KaK BUINM, IS (as060il CKOPOCTU. )

HalieM Teriepb OTAE/bIO CKOPOCTb MEPEMEIEHHS ONpefeneh Ol
aMnauTyAs 8OAHL, OueBHANO, YTO 5Ta MOCNEAHSS CKOPOCTL COBNA-
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I2eT €O CKODOCTbIO MEPEMELIEHHA TPYNNH B ICAOM; OHA HasH-
BAETCSl TIO3TOMY ZPYRMOSOL CKOPOCTHi0. JLsi OTEICKanws ee mHUIEM,
IO 2HAJNOTHU C NPERBUIYNLIM, YCAOBHE NIOCTOSHCTRA AMIMHTYRM:

Aw A .
7= const, (134.2)
Haitsa otciona x, nonyyaem
4 _ o
daF T 8k

Tpesen s7oro Ruipamenus npu Ak — 0 u B GyneM Hasuisath epyni-
nOBOL LKOPOCTHIO

g=. (134.4)

Mu BHAMM TakuM o6pasoM, 4To ofe CKOpoCTH — ha3onasd H
TPYNnoBas, BHIDAMAOTCA pASAMUHLIME popMyname. UTobL paso-
OpaThes B COOTHOWIEHHH MEIKIy STHMH CKOPOCTAMM, HYKHO pACCMO-
TpETh yCJIOBUS pacHpOCTAUEHHS BOJAH B DAAMUHHIX cpexas. Ho
Aaf 5TOTO Mbl NpEekIe BCEr0 ROAKHEI 0GOCMHTL MOAYYEHNLE pe-
3yJLTATEL A C/Iy4aill CAOKEHHST MHOFHX BOAI, YTO H GYIeT cAeaano
B CIAVIOMIEM naparpade.

§ 135. Boanoso#i naxer

[Moxawem remepb, UTO NyTeM CYMEpROSHUHE MJIOCKAX BOAH
MOMHO OCYLICCTBHTH BOAHOBOH MpoLeCe, B KOTOPOM AMILTHTYAA OT-
JHUEA OT Hyfa TOJNBKO B HCGOJBWON uaCTH NPOCTPAHCTBE, a B
OCTAILHOM MPOCTPAHCTBe paBHA Hyaw. ByreM no-mpexuemy s
AIpOCTOTH pacCMaTpHBATh JHMEfHbe NPOUECCH MM, TOYHCE, MJI0-
CKIle BOJKEL, 3aBHCHNIAE TOALKO OT OHON npOCTPAICTBEHHOM KOOp-
JAHBATL! X ¥ OT BPEMCHH.

Ias Toro urofet 06pasoBaTs BOAOBOH APOLECC, HMCOpmi
OrpaunIeHHOC HPOTIKEHUC B NPOCTPAHCTBE, HAIOKEHHS 1BYX MIO-
CKHX BOJH yWe HemnocTartouno. OKasbiBaeTcsl, 0Anaxo, 4T0 TaKOk
fpolCEe MOKIO 06pA30BATE (IYTCM HANOKCHUS BOIH C HENpEphIBHO
MEHSIOMUMICH k B Npenieax HEKOTOPOTo nHTepbana 2Ak, pasvepu
KOTOPOTO MBI yCTAHOBMM BUOCACACTBHH. BhGepey Ra mTepsaie
2Af HEKOTOPYIO CPCAHIOI0 TOUKy ko H MOKaeM, 410 UPH Ompeje-
JIEHHBIX yCIOBHAX, B Pe3yanTaTe CYNEPHOIMIHH, KOTOpa# Teneph
yIKe BCICACTBHE HENPEPHIBHOrO H3MEHEHHS K JO.KIA MpeICTaBUTh-
Cf HE CyMMOM, (10 HHTETPAIOM

kot AR

a= | a(#)cos(or— kx)de, (135.1)
ey~ Ak
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MOIKKO TMOJYSHTh OTpaHHUEHHHI TIOCKHMi BOAHOBOM mMpoiecc HiH,
KaK ero HasblBaloT, BOJHOBON NaKeT.

1o KacaeTcs AMINIHTYAb a(k) CKIALLBAEMbIX [APMOHHYECKHX
BOJH, TO MBI yCAOBHMCS CUHTATH €€ TOCTOSHHON BO BCEM MTEpBATE
=+ Ak u pasHoft a (k). 3aBHCHMOCTL YacTOTE! @ OT k naercsi, 8O-
ofiue, 3aKOHOM AHCIEpCHH BOAH MATEPECYIOWEd 1ac MpHpoRL (4 8
§ 133). Ho kakos Obi Hu BBLI STOT 3aKol, MM Majoro HiTepBa-
7a AR MB MOMEM NpPEACTABHTL o (k) B BHIE CTEMEHHOTrO pina

do 1 d%
(Ry=o0 (kg + (e — ko (G7),_, +T kP () -
(135.2)
Buwuscanm Tenepb uurerpaa (135.1) mpuOauiKeno, mojaras,
4TO WHTepBaA % — Ry HACTOABKO MaJk, UT0 B (135.2) MomHO OTGpO-
CHTb BCE WIGHBL, HAUHHAs C TPETbero, T. €. B3fATh Ang (k) JHHeH-
£0€ BbipaKeHue,

o (k) == () + (& — ko) [

Moncrasass $To Bhlpamenne (k) B (135.1), moayuyaen
ket AR

n=a (k) f cos ot + (&~ ko) (:—;’;)nt— k] de.
hemAk

Jon

UHTerpan STOT JMErXo BHIUHCASCTCA, M MBI HAXOAHM TIOCAE NOACTA-
HOBKR NpeJeA0B H yMHOMEHHS QHCAUTEIR 1 3daMeHaTend Ha Ak

oo [42) =]

da

P,
el
BTOT pesyabTAT MOKHO HCTONKOBATh COBEPIIEHHO AHAJIOTHHHO TOMY,
Kak Mbi TosKOBanH QopMyay (134.1) B mpemsilymeM naparpage:
MHOMHTENL COS (wof — Rox) B (135.3) cmszaH ¢ (asoil Hamero CIOx-
Horo mpouecca, a CTOSmHI fepes HHM MHOMHTENh NpeacTaiier
IepeMeNHyI0 (MOAYTHPOBANNYI) aMmiKTyRy. OGosnawie

do
sef( )=+ =%

Mbl BHAHM, 4TO XapaKTep W3MEHEHUS aMIIHTYAB ONpene/IfeTcst
MHOKHTeReM 2%, DTOT MONYMHpYIOLIMi MHOMHTEb Mul )HKe
BeTpedadn B § 74; IpH HIMEHEHEH apryMeHTa oH HMeeT caeryomul
0L

(135.3)

u==2a (ko) Ak cos (gt — Ryx).

npi g0 fim BE—1,

npy f=x%xn §=0.
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Ilplé ZanbiefiieM YBeNuueHUH aGCONIOTHON BeaWuHHn & yHKLHs
sin

£ TIPOXOLUT ¥epes psifl MaKcHMyMoB W MHumMymoB. Omuaxo ux
BeAMUHHA MaJa N0 CpABIEHHIO C TIABHLIM MaKCHMyMoM fpi & =0
u OwbiCTpo yOBIBaeT C yBe/HWeuHeM apryMewra. TakuMm 0OpasoM,
MOIKHO CK&34Th, UTO B pE3y.IbTaTe CYNEpro3HUKM N0y AeTes NpaK-
THYECKH OJHA TpyDNd, AMIIHTYAA KOTOpOH OTIMYaeTcs OT Hy.af
JRMb B OTPAHRYEHHOA 0GJACTH M B 3TOA 06A2CTH UIMCHSETCH Kak

sing
i - Ha puc. 203 usoGpaxena «MoMenTaibuas (oTOrpagus> ra-

XOfl Tpynmmel, T. ¢ ee
dopma B onpenesennbri
MOMEHT BpeMeHH.

Dopmyna (135.3) no-
KA3LIBACT, UTO B CAyyae n ﬂ
BOJNHOBOrO Nakera, Kax paaAf A i I\!\V Afponn T

H B CAyyae CIOKEHHA
ABYX DAOCKHX BOJIH, pac:
CMOTpEHHOM B Tpembiny-
meM naparpade, MOKHO
[OBOpHTE O IBYX CKOpO-
<TX — $a3oBod HIpyn-
nosoil. Pasa, Kak ymxe
GHUIO CKA3a{o, BXOAMT
B MHOKHTENb COS(Vof — RoX), TpupaBuuBas ady (C\)Qt*‘kQX) no-
croannolt W audpepenuupys, HaxoxUM $asoByi0 CKOpOCTh, KaK B B
HpeablaymeM naparpacge, pasiol

spesfiel o

Puc. 203. Boanropoft naker.

PRy

=i o
Muoxuteas, MOAYIHpYIWHUA aMIIATYIdy, %E npu £—0,
umeeT nocTogHHOe 3HauenHe, pasuce 1. [lpu & = 0 numeem
da
x— (d—k)ut— 0.

3710 NoKa3LlBaeT, uTO AOBEpXHOCTh pABHBIX AMIVIHTYI €CTb IO~
CKOCTb, MEpeMemaloniasncs ¢o CKopoCTI0

w=la@=e

Mzl BRAMM, YTO BHIpameHHe i CKOPOCTH NepeMelieHHs IJIo-
CKOCTM paBHLIX aMILIHTyX COBMAAaeT ¢ HalAeHHOH B mpelbTymem
naparpage Gopmynolt 118 rpynnosoit ckopocTH (134.3). Dto ecth
BMECTE ¢ TeM CKOpOCTb NepeMelleHHs nakeTa Kak Uesoro.

HeoGxonumo Terepb HanOMHETb, YTO BCE NMOJYUEHHBIE 1O CHX
NOP pe3yJbTarhl CBA3aHBI ¢ NpHOAHIKEHHEM, KOTOpOe MEl CHeaand

(135.4)
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B dopmye (135.3), 016pOCHB B DANOKEBHT o (k) unens nopsixa
Bpline TIEpBOTO, H HALO ellle HCCAEA0BATh, KAK BJINSET 5T0 npHGAH-
KeHue A pesylbrar. Ecam ropas npoussonnas (d?o/d¥?)o pasHa
Hya10 (STO MMeET MeCTo NpH OTCYTCTBHH JNCOEpCHU Cpelsl), TO pe-
ayawTaThl coxpansiorcs. Ecan me dio/dk? 7= 0, T0 oGHapyKuBaercs
cleyiolee €Boe0Gpa3HOe CROACTBO MaKeTa: naker He COXpamser
cBoell hOpMBL H ¢ TeueHHen BpeMCHH LedOpMHPYeTCs, NOCTenelto
pacnambasch, Ecan, 0fHaKe, IHCIEpCHs Mana, Tax 410 d2wjdk?
GMH3Ka K HyJIO, TO MOKIO TOBOPUTH 06 OnpedeleHHoét popMe na-
KeTa H O NEPEMEMIEHNH €ro KaK LEJoro ¢ rpylIosodt CKOpocThio g.

Mbl NOJYMHAH TaKiM 06pa3oy TOTHOE ONHKCAle HAMEro BOJHO-
Boro mpouecca. Tloasepkuem Temepe CIELyOMYO Mo 0COGEHHOCTL!
X018 B (popmyay nakera (135.3) BXOJAT $pasoBuIfi MHOKUTENb C
OnpeNleNieHHbIME ©o 1 Ko, B ICHCTBHTENLHOCTH Mul useeh 0eq0 o
CAOHHBIM NPOUECCOM, ¢ KOTOPbIM HEAb3S CBA36IGATL KAKOl-AuGO
0dmon onpedenenroli daunpl 80ansl. Hanpérus, nockoapky mis 06-
Pa3oBaHHA TMAKeTa HEOGAOANMA CYNEpHO3UIHS MHOTHX rapMOHHYC-
CKHX BOJH C HERpEPHBHO MEHSIOMIMMHCH &, CneXTpaIbHLII aHaqus
nakera pasBCpHET €ro B Uesslil yUACTOK Cnaommoro cnextpa. Bo-
Jlee TOFQ, OKA3LIBAETCS, UTO S OGPas0BAHHS BOJHOBOTG 112KTA
3aaI’HOro NPOTHIKERHST AX MATCPBAT CIUIOMIHOIO crektpa Ak ke
MOXET GbiTb Melpie HCKOTOPOH OTpCAeseioii BeAHYHLE.

Hafizenm Telieps 270 OYeHb BAXKHOE NS NOCACAYIONIETO COOTHO-
wenue Moy Ak # AX. Jlna 3TOTO Mbl pacCMOTpHM nakeT B KaKofi-
FUGYIb oupefeseHHLIT MomenT Bpemenn f = 0. Popma nakera on-
peneInTCH TOTAA MHOMKHTENEM

sinAkrx __ sinfy
Aex &

rae & = Ak-x. TOT MHOKUTENL OfpamaeTes B Uyab npu fo = *m.
Ecmn bl BHfepeM Hayano KOOpIHHAT B TO/Ke OCH, COOTBETCTBYIO-
el rTABHOMY MaKcHmyMy (T. €. B TOUKe, COOTBeTCTByMOwed
£y = 0), TO KOOpIHUATH 1lepBHX MHELHMYMOB C/I€BA M CipaBa OT
atoro MakcuMyMa OyAyT ==Ax/2. Ilpurnvas Bo BHHMaHIe, 4TO Cle-
Lylomie MaKCHMYMEL GBICTPO §GEIBAIOT nO BeamnHe (eM. § 74, rae

sin
Goaee neTaabllo PacCMOTPEH XON hyHKLMH EE)’ MBI MOMKEM 33
MPOTHIKEHUE NAKeTa NpUGIHKENHO TpHAATL OTPe3oK AX Memiy
JBYN# CHMMETPHUHBIMHM TeEpBLIMH MHHHMyMaMu. Jina HuX #AMeeM
yCa0BHC

OTKyna noAyuaem Ak-Ax = 2.

Ecau 6u1 Mb 3axoTenn onpefesuTh NpoTSKEHHe Naxera TOuHee
M MpURAIH 33 €r0 JIHHY PACcCTOSHHE MEMAY CHSAYOIHUMH MHHH-
MyMamH, CHMMETPHIELMH OTHOCHTE/bIIO Hayala KOOpAHRAT, TO M
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Gul nosyyuan Ak-Ax = 4a B BoOGIWE
Ak - Ax 3> 2m. (125.5)

Mo cux nop mul paccmatpusasu ofpasosanne Tpyii B OXHOM
HSMEpElHH, HIH «IHHEeRHBIX Tpymm», IS (0Jdy4enus KOTOpHX Mol
CraaabiBany MONOXpOoMAaTHYeCKie BOJHB ¢ OTHHAKOBO Ha]]paﬂ.ﬂel{'
HbiMH BentopaMH K. Tak Kak BCe mpeibiyiiue paccymacHust crpa-
BEJTHOLL [ JII0G0M M3 Tpex ocelf KOOPAHMIAT, TO 115 o6pasonarus
TPOCTPAHCTBEHHOIO AKeTa ¢ MPOTHMKENNEM N0 OCAM KOODAHIAT AX,
Ay 1 Az £04KHB GBITH BLIGONHCHBL TPH YCIOBHS: i

AxAky >, AyAk,>2%r AzAR,>%.  (135.8)

Mur BUIMM, ¥TO MENIy NpPOCTPANCTBENHLM npOTRHKEHHEM na-
Kera B Crpeieaenlki MomenT (f = 0) U CHJOWIHEIM CHEKTPOM rap-
MOIMHYECKIX BOJ, HEOGXOAUMLIX 1A 0OpasoBalluA 2r0ro maketa,
MMEET MCCTO TO KC COOTHOMIEHHC B3aiMIOCTH, KAKOe Mbl HAHVINM
B § 74 aas dynxuuu spement f(f) u pacupefencHus aMmJAETYI MO
uacTotam. Besrpanuuno npoTAMCHHON CHRYCONIAABIOH BONMHE eifs
COOTBETCTBYET ONpeRe’qenHoe k (OmpeiesicHHas JUTHHA BOJIHBE A).
Ho ecan Bona OTpaHHYeHa B MPOCTPAHCTBE, TO OnpefeNeHHOe
OTCYTCTBYeT H EHSOEKHO NIOABAACTES CHeKTp LIKH BOJH, HMEIOWH
wpkHy Ak Takywo, uto Ax Ak ~ 2. '

§ 136. dasosan u rpynnosas ckopocTH

_O6paTumcst Teneps K paccMOTPEHHIO OGEHX CXOpocTelt — (hago-
BOH U IDYNNOBOH — M CpaBHMM HX MeKIy COGOM B ABYX Cayvasix:
1. Cayyalk, korra $azosas CKOPOCTb 0GPASYIOMUX NAKET TapPMO-
BHYECKHX BOAH HE 3aBHCHT OT k. OTHOCHTEMBHO Cpell, O6J1aAaI0MHX
TAKUM CBOHCTBOM, TOBODSIT, yTO Y HIX OTCYTCTBYET ANCHEpCHs.
2. Cayvait, xorzla cpena ofJanaer gHCNepcuedt, T. e. xoria ha-
30Bast CKOPOCTb €CTh (hyHKUHS f.
, OGpathmcd ¥ cayvaio (- U3 dpopmyasl a1s $asosodi ckopocTi
4 afk HaxomuMm © = c’k. Buunenum reneph TPYUNOBYIO CKO-
pocTh
do d ., ,
E=F—gp (CR=c"
Vra, B orcyTCTBUM AMCTICDCHH IPYNNOBAA CKOPOCTL H $hasosas
cxogom OnHHAKOBHI,
cay4ae (2) ¢’ ecTb pyHKUMA & H nOTOMY

a de’
g= g (R =¢ 4k .
Bropoii unen cnpasa npeoGpasyem Tak:
de . dk_de . d (2.1)7 A de

an cdh T aa an\h )T T 2w aa

(136.1)
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Tloacrasasa 8 (136.1), nonyvaem

g=c—12 (136.2)

Mer BuAMM, YTO NpH HaZWYMK JHCNEpCHH TpYIIOBafK CKOpOCTH
e COBIAfiaeT ¢ (pa3oBoil, a WMEHHO, B 3aBHCHMOCTH OT 3HaKa Mpo-

H3BOAHON = TpYMNOBAS CKOPOCTb MoMer OnlTh KaK MeRbiie (a-

4 o (de”
30BOH ‘fi—i> 0), TaKk M GoJbile (ha3oBoi (ﬁ< 0). B omruxe
ocywecTBAIOTCH 00a 3TH caysasi: 1) npu HopManbho# AHCTIepEHH ¢
yBe/muennes A NoKasaTesb BpeJOMICHHS i (7. e. OTHOIHHE C/c’,
Tjle ¢ — CKOpOCTh CBETA B BaKyyMme) YOLIBAeT, T. e. ¢’ pozpacraer i
%>0; 2) npH aHoMaJbHOll MHCTEpCHH, KOTOpas Halmiopaercs
BHYTpK TOJOC NOTJIOWIEHHS, 32BUCHMOCTb L OT ) oOpaTHas w, cie-
o
nosarensho, —5- < 0. Takum 0Gpasom, B Ciydae CBETOBHX BOAH

B BaKyyMe 0G€ CKOpOCTH OJMHAKOBLI; B Cpelle e NpH HOpPMANbHOH
AHCnepcHE g << ¢/, ipH aHomalbHOR g > ¢’

BosHHKaeT BOMpOC: Kakas e H3 NByX CKOpOCTeli W3Mepsercs
Ha ONBITE NMPH ONpeleseHHH CKOpOCTH CBeTa. AHAMMS paTHIHHX
METONOB M3MEpeHWA CKOPOCTH CBeTa NOKasHIB2eT, 4T0 HH ORUH H3
HEX (e 1a€T BO3MOKHOCTH OMpelesaTs (pasoByio CKOPOCTb, HO BCE
OHH 2107 TPYNNOBYI0 CKOpOCTb, ITO BHAHO H3 TOTO, YTO B PasfHy-
HLIX METONAX ONpENeqeHHS CKOpOCTH CBeTa JHGO HAXOAHTCH CKO-
POCTb OHpeleNeHHOTO CHrHANA (MeTos PeMepa — saTMenHs CnyTHH-
koe Onutepa), MMG0 CKOpOCTH OrpEEHYEHHOTC psAa BOJH, MPOMY-
CKaeMoro Bpamamwmumcs 3yGuatbin xonecoM (Meton Puso). Ho
BCAKHME Orp2HHYEHHLIH PRI BOJH MOMKeT GblThb MONBEprHYT aHANH3Y
TIpH TomMomy Huterpata Pypbe U MpeNCTaBleH KaK pe3yanTaT Cy-
Nepro3HuMK MIOCKAX MOHOXpOMATHYECKHX BOAH, 70 3uaudy, uTO
BCAKHH OTp. il psill BOMH NpescTaBasieT CoG0K0 BONHOBON ma-
KeT, I Mbl H3MepdeM CKOpOCTb NaKera, T. €. TpYIIOBYIO CKOpOCTS.
Menee oyesnHO TO e yTBepIKIeHHe B CAyyae MeToNa aGeppaluH
cBera; oxHaKo aHamus, Bubmonwennnt [1. C. Dpengectom, noxasan,
WUTO M B 3TOM clydae Onpenenfercs Tpynnosasi, a e (asoBas CKO-
pocTs *). R

U3 ckasauHoro caefyer, 4To (pa3oBast CKOPOCTh €CTh BEMHUHHA,
HEROCTYNHAR JUIA HerocpexcTerHoro msmepenus. Ho npu pacipo-
CTpaHEHH[ TPOCTPAKCTBEHAO OTPAHHYCHHBIX BOJH (T. €. BOJHOBBIX
naKeToB) B IUCMEPrHpyOulell cpene # caMoe MOHSTHE PA30BOH cKo-
POCTH TEpseT CBOM HeNOCpe/ICTBEHHEIE CMLICT, TAK KK B 3TOM CJy-
Hae Mbl UMeeM AeN0 He ¢ OAnoi (a2ofl, a ¢ hpasamMu GecuHcIeHHOro

*) Cw L. C. JlauacGepr, Ommxa, Toctexnanar, 1957, crp. 351,

—
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MPOXECTBA TapMOMHYECKUX BOMH, KAK/as K3 KOTOPHX paclpocTpa-
HSIETCSL CO €BORH CKOPOCTBIO.

Bosee nonpoGHLIM aHANHS NMOKASLIBALT, YTO H3MEHEHUE CKOPOCTH
TepeMellenna IOCKOCTH paBHOf (aski, RABMOLAENMOe NIpH pacnpo-
CTpaneqkH BOJHBI B Cpefle, HAMOJNHEKHOH DE3OHATOpaMH, OOYCI0B-
JIEHO CABHTOM (ha3hl, BO3HHKAIUIMM TIpH BBIRYMKNEHHBIX KOaeDa-
HUSIX Pe3OHATOpOB mox AeiicrsWem npoxonsmed sogrb. Ms sroro
cliefiyeT, uTo HasoBasi CKOPOCTb B TOUHOM COOTBETCTBHH CO CBOUM
HA3BAHUEM NAET NUIE CKOPOCTh MepeMellieH sl ONpenenentol hasts
H, KaK MOKa3HBaer Gosee NOApOGHLIA AHATH3, COBEpIIEHHO HE CBS-
3aHa, HampHMep, CO CKOPOCTbI) ABHIKEHHS (pOHTA OTpAHUMERHOLO
B MpOCTPAHCTBE pAAA BONH U CO CKOPOCTHIO NBHIKEHHS SHEpTHH.
Hmenno nosToMy BO3HHKHOBEHHE (ha30BOM CKOpOCTH, GOJbHIEH CKO-
pOCTH CBETa B TNYCTOTe, HH B KaKO{l CTeNeHN He MpOTHBOpeysT
YTBEpIKJEHHIO TEOPUH OTHOCHTEABHOCTH O TOM, UTO CKOPOCTb CBET2
B myCTOTe CTb MpeAeNbHAN CKOPOCTD.

B yacTHocTH, B ONTHKE AOKASLIBAETCH, 4TO CKOPOCTH (ponTa
BOAHbL NpH MOOHX YCJAOBHSIX PABHA ¢, T. €. CKOPOCTH CBETA B My-
crote *).

§ 137. KopnyckyaspHo-sonROBO Ryanuam.
lpenomacune cpera

Paccmorpenne gaykryauuit cserooro noas (§ 116) npuseno
Hac K BHBOALY, yTO BOJIHOBbIE H KODNyCKy/NfpHbe CBOMCTBA Nped-
CTAaB/SIOT AB€ paBHONpABHLIE CTOPOHbl OAHOrO M TOO KC ABJe-
HUsl — CBETOBOrO NOJSL. B STOM R B ABYX CAGIyIOWHX maparpagax
MB NOKameM Ha ApyTUX [pHMEpax, uT0 Hedblfl pfAn ONTHIECKHX
ABJEHHI MOMHO PACCMATPHBATE KaK ¢ BOJHOBOH, TaK W C KOpmy-
CKyJMISipHON TOYEK 3pEeHHS.

Mbr HauHeM ¢ paccMOTpERHS SBJAEHHS, BO3MOIKHOCTh HHTCpIIpe-
TalEy KOTOpOro ¢ o0enx ToueK 3peHHs Omia M3BECTHA NABHO, a
HMEUHO, ¢ NIpeOMJIEHNS CBETa.

Xotsi OGBACHENNE NpPENOMICHHS C BONHOBOA TOYKH 3peHns H3-
7araeTcs B SMEMEHTAPILIX KypcaX (UIHKH, — Mbi BOCIDOH3BELCM
€T0 31€Ch AN TOTO, yTOOB NONYEPKHYTb HEKOTOpbIE XApaKTepHEIE
uepTH 97010 0OBsICHEHUS. BoaHOBOE 0GBACHEHWE CBOXNT MpenoMiTe-
HHEe NpH Nepexole U3 OAHOH Cpelst B NpYrylo K H3MEHEHHIO $a3o-
BOH cKOpocTH BoaRLI. [IpencTasum ceGe ABe cpelbl ¢ pasAHUHBIN G
NOKa3arelsiMU  NPeOMICHHS, pasfeleHHble MJIOCKOH Tpanuled
(puc. 204). s OMpeneneHROCTA MONOXHMM, uTO BEepXHAS cpena
ecTb BaKyyM, A€ CKOpOCTb CBera paBHAa ¢; B HmKmedl cpeme

*) Bompoc 0 pACTpOCTPAHeHHR BOJHOBEIX [PYND B AWCUEPTBPyMOUICH cpeie
NPHHSATERHT K WACAY CAMHIX TPYNHHX W TOHKEX BOMPOCOB BO.UOBOR ONTHKH.
Ch. o s1omy nosoay: T, C. JTaw i c6epr, Ontuka, Toctexuanar, 1957, crp. 351,
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€KOpOCTb ¢BeTa MycTh Gyxer ¢/, [Lrockas BoaEa nanaer Ha NoBepx-
HoCTH pasnena fionl yraoM 9. B moment =0 noaomenre naockocrn
pasHof Gaski B BepXKCit cpele n3obpamactes npamok A4’ lycrn s
Modenr ! — ¢ Boaua H3 Touku A’, mpoitaa paccrosuue A'D = ct’,
JOCTMTHCT rpapunbi pasnesa B touxe D, 3a sT0 Bpems BOAHA OT
Touex, Aexamnx Mexay A u D, Bynel pacnpocTpanaThes B nwKuer
cpele .

JlAs OTLICKaHHS MOJOKEHHS ILIOCKOCTH pABHOH (adbi B HINKHEf
cpenc CTpOMM TIOATCHCORbI CbepHUECKHE BOJHBI M3 TOYEK MOBCPX-
nocTH pasgeia Memny A u D u naxoaum ux ormbajomymo. Ove-
BHAEO, 9TQ B MOMeNT f == pamﬁc BTOpHYHON BOMRML, ucXoastdefi

us A, Gyner AB = c’#. Orciona, xak
JETKO BHAETL H3 UepTCiKa,
=in 0 ot” [

sm¥  oF 4

=copst (137.1)
— saxon Cuemruyca.

[TpusNMasi BO BRUMAiHE ONyYeH~
HOe BbilIe COOTHOLIGHHE IS hasOBbIX
cKopocTedt ¢ u ¢’

c=v),

Mbl MOMKEM HpeAcTaBHTh 3akod CHen-
Jayca B BEIE

Puc. 204, TIpenomaenwe. Box
HORAR KapIuHa.

A E
L= (137.1)

.
Tak KaKk NOKa3zaTenb NPEJOMNEHus Cpefbl OTHOCHTENBKO BaKyy:
Ma GOJbuiC eIUHBLH, TO NpH NCREXOJAC H3 myCTOTH B CPely (paso-
Bas CKOPOCTb CBETA YMEHBHIAETCH; B TOHl Ke MCpe YMeHbmAeTed i
[IMH2 BOIub B Cpelle MO CpaBHEKHIO ¢ JIHHOI BOJTHBI B BakyyMe.
Jas Toro uroGLl OGBACHWTE NPENOMJEHHE ¢ KOpAyCKyaspuod
TOUKM 3penus, 40CTATOUHO AOUYCTHTS, YTO CBETOBbIE YACTHilbl USME-
HAOT CBOE KOM4eCTRO ABHIKCHHS NpH nepexoie Hepes noBEpXioCTs
pasneaa obepx cped. [lycTs, B CAMOM IeJ€, KOAMMECTBO ABHIKEHUT
«CBeTOBOH YacTHUE> B Bepxnel cpefe byler p, B Humuel p’, npu-
gem p’ >> p (puc. 203). Belescrsuc CHMMETPHH TaHieHUMalbnas
COCTABAAIOILAS KONKMIECTBA [ABHKEHHS iPH NEDCXONE yepes NoBepx-
HOCTb pa3’flena ne MeHAeTcs:
2= Pl (137.2)
a Mewsercs TOoABKO HOpMainRas cOcraBmsiolias (ph > pa). Hs
uepTea HMCeM

sin® — pl/p,
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uTO A3eT, IpUHUMan BO BHHMaune (137.2),

in &
:i‘:ﬂ' coust, (137.3)

T, e. omsiTh 3aKor Citemanyca.

[TocMoTpuM Temeps, Kakme CIEACTBUS OTHOCHTEALHO CKOPOCTH
CBETa B MYCTOTE W B Cpelle BLITEKAIOT H3 KOPMyCKYJADHOTO BHBO1A
sakona Crenanyca. Ecu paccMaTpusarh «CBETOBLIE YACTHUBI» KaK
HBIOTOHOBY KOPMyCKyJTh, T0 MUMITJIBC p BLIpASHICA 4epe3 CKOpoCTs
YACTIIL U HABECTHOH hOpMYIOi

p=muv,

B stom cayuae u3 (137.3) crenyer
sin @ o
sin ¢

s (137.4)

T. €. MOKA3aTeAL NPEJIOMJISINA PABCR OTHOMIEHHIO CKODOCTH B Cpelc
K CKOPOCTH B BaKyyMe.

Cpasyenue ca (137.1') 10KassBacT, Y10 B KOPMYCKyAAPUOH Hu-
TepnpeTanyy OTHOWEHHE CKOPOCTel OGPATHOE TOMY, KaKoe HKMeeT
MECTO B caydae BOJIHOBOH WHTEprpera-
1uu, T. €. B CJyyae MOKA3aTeNd NpesoM-
Jequd, O0/pwiero 1, CKOpoCTb  ¢BETO-
Boll wactuusl & cpede Gorouie uesm ¢ ny-
crore.

Onuako, He cliefyer 3aGbiBaTb, uTO
fipR BOJHOBOH R IpH KOpNyCKYJ s pHOH
HHTEpApeTallnn BaxkoHa l'lpeJIOM..'!GHMﬂ
y HAC HMTypHpOBATH 1[0 CYmECTBY pas-
wete ckopocth. [Ipk BONHOBOI HHTCpIpe-
TAU®{ CKOpPOCTH ¢ H ¢’ — (ha30BbIe CKO- t
POCTH, TOTMA KaK U W ¥’ — CKOpOCTH Ya-  Pue. 205
CTHIbL, BOBCE HE TOXAECTBEHHBIE C (aso-
BLMH cKopocTAMH. UToBel 5TO yBUJeTH
€ 0cCOEHHOR SCHOCTBIO, 3aMETHM, uTO, PACCMATPUBAS «CBETOBYIO ¥a-
CTHUY»> KK (DOTOH, @ HE KAK HLIOTOHOBY UACTHIUY, Mbl MOMKEM TpH-
Bectd  cooTHomrenwe  (1373) K BuAy, TOMICCTBCHEOMY CO
(187,1"). Hefictourensto, B § 125 Mbl BUREMH, 4TO WMTyJsC GOTOHA
paseH

TIpeaovacate.
Kopnyckyaapiras KapTuha.

hvie,

H, crefoBatensio (vh = ¢),
p=hp, p=hMN.
TNonerapaas sto 5 (137.3), noayuacm
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T e, kak H B (187.1"), moKasatenp npelOMIEHHS paBCH OTHOMEHUID
JMHB BOJKb B BaKyyMe K JUIHAC BOJHE B Cpejie MM, 4TO TO e
canoe, — (PSIMOMY OTHOLIEHHO has3oBLIX ckopocteit. OucsraHO, uTO
TAKO}l PESYNBTAT NMOJYUMACT (OTOMY, UTO B BBIDAKEHHH IS HM-
nynbca oTona p = Av/c $pazoBas cKOPOCTb CTOMT He B HICIHTCIE,
a B 3HAMCHATEJE.

Bo sropoit noaosure XIX croserus, Koraa eme ne Gbino ACHOrO
HONHMAHHA ASTHUHA (asoBON H rpynnoBoil ckopocted, Gbina cre-
nana TONHITKA NOCTABHTb peIIAlOULHil SKCIEpUMENT, KOTOPHIi A0J-
jked Obi1, KaK TOTAA KAa3anoce, JaTh OKOHYATENLHBLE OTBET Ha
BONPOC O TOM, HMEET Jid CBET BONHOBYIO WM KOpPNyCKWIADHYIO MpH-
pody. X0T# Mbl Tenepb NOHAMAEM, 4TO 3TOT M MOCJedyimKe SKCne-
PUMCHTLI TOTO e THIA HA CAMOM JeJe HMKAKOTO OTBETA Ha MOCTa-
BAEHHMI BOMpOC He JaH M He MOrJH 1aTb, OteHb NOJE3HO O3HA-
KOMHTBCS ¢ STHMR DKCTepHMEHTAMH H pasodparthbes B TOM, MOUCMY
OHH He ABASIOTCH <pPeLIAIONIHMEY.

OnuiT, npeANoxKenkbid ¥ nocrasnenuuit @yko (1850) Grur ocuo-
Bay Ha CpaBHeHMMI—?)OpMle (137.1) n (137.4) mst BbipaeHHA 3a-
rona Cuenanyca. He yunteiBam npuHIENHANbHOH pasHOLbl MeKIY
CKODOCTAMH € ¥ ¢/, ¢ OnKO#l €TOpOHL, M v U v/ —c Apyrodl, Dyxo
n01araJ, 4TO AJs PEHICHUS BONpPOCA O NPHPOME CBETA, HYIKHO Hemo-
CpeACTBEHHO H3MEDHTb CKOpOCTb CBeTa B KAKOM-HMOyfb Cpede, a
He CyIHTb O mell HA OCHOBe TOKasarteds Npeaomienus. Ecau sra
CKOpOCTb OKAMETCH MEHbie CKOpOCTH CBETa B NyCTOTE — BepHA
BONHOBASL TEOpHsl, B NpPOTHBHOM Cyuae — BepHAa KOpNycKyJsipHas
(B HBIOTOHOBOM CMBICJIE) TEODHS.

Onut Gbial MOCTABAEH C OnpefeleHieM CKOpOCTH CBETa B BOJe.
OuHa oKasanace Menswie CKOpOCTH CBeTa B NycToTe, oTKyAa ®yko
(npemxIeBpeMENHO) 3AK/IOI, 4TO OKOHUATENbKO MOKA3aHA BOAHO-
sast npupona cseTa. Broocmencrsuu Mafikesbcon npopenan aHaso-
THYKBIE ONKT ¢ GOJblIed TOYHOCTbIO, CPABHHBAA CKOpPOCTH CBETA B
BOJe I B Cepoyriepose CO CKOPOCThIO CBETAa B BO3AyXe (mpaKTHiye-
CKil paBROfi CKOpOCTH CBETa B BaxkyyMe). U 3TOT OMLIT TaKKe moKa-
3as, 4TO COOTHOLIEHHE CKOpocTell B Bosayxe H B Bome pasuo 1,330,
Y7o NPAKTHYCCKH DABHO TOKA3ATENIO NPENOMEHHUsS BOLB IA IKea
TOro CBETa, KOTOphiM ROMb30BaldcAd MafiKesNbcoH (na camoM Xere
(10Ka3aTenb MpeAOMMIEHHS BORel ITOR 4acTu crekTpa pasen 1,333,
Wo pasuuua B 0,003 sexur B npenenax ownbox ombita). C cepo-
yrneponom, Oﬁlla,’lalOLLU/lM BBICOKHM TOKa3zaTeJeM HpeJIO\[JIQHI/IFl H
Goublicll  AHCTepCHEH, pesynbTaT NONYYHICS HECKONLKO HHOML
HnMeRHO, 0Kasasoch, yTO OTHOWeMe cxopocrel paBuo 1,764-0,02,
Toraa Kak fokasatenb npenomierns CS, paper 11263, Takum oGpa-
30M, ONBIT QOHApYMKAN, 4TO CKOpOCTh CBETA B CEpOyrAepoIe MeHb-
me, uCM B BO3AyXe, KaK 370 TpeDyercA BOJNKOBOH TeopHed, O
OTHOMmIEHHE CKOpocTell He paBHO TOKA3aTeNO ipesoMienns. Paa-
rafKa 37010 Kax(ylIerocs NPOTHBOPEYHs JEKHT B TOM, UTO H3Me-
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penust Mailkebcona, Kax H BCAKHE H3MEpeNHN CKOpOCTH CBETOBOTO
cursana (cM. § 136), 22T rpynnoBke, ho He $hasoBbie CKOPOCTH,
OTHOWIEHHIO KOTOpBIX paBed nokasaTedb Wpelomienus. B Bosayxe
U B BOAE, TAE JNMCTEpCHS OueHb Maia, 0De CKOPOCTH OZMHAKOBHL.
Ho s cepoyriepose fHCHepCHst HAcTONBKO BeANKA, HTO pagHMna
Mexy (as3oBOH H rpyNNOBOH CKOPOCTEME AOMKHA OHTb 3ameTna.
Toabaysice popmyanoii X

g=c 24 (136.9)
MOKHO TO0Ka3aTh, UTO OTHOLWIEHHE CKOpOCTH cBeTa B MYCTOTe ¢
K TpyNNoBofi CKOpOCTH CBETa B CpeJie CBA3AHO C MOKa3aTeNeM Ipe-
JIOMJEHHA & COOTHOWEHnEM *)

dp
—a (137.5)

Jlns cepoyraepona c/g okasanoce pasHbIM 1,76; nanee M3 KpHBOW
3aBHCHMOCTH ToKasaTensi mpeiomiennst CSy oT AmuHbl BOAHEL A9

*) B camom sexe, u3s (1362) moayuaen

der
O=g+ A,

oTHYRa s d
e e’ .
=TT (136.2').
Jlerko puperTs, 4TO
L e d ey L de
B dir cdl(c’_ ¢ dh"
de
Onpenensg OTcioRa d_cl. 1 nogctasans B (136 27), naxonun
_r e
woddog”
1w, vossysch phoss (13627,
L A dp A der
T w)
A de”
TipHaHwaT BO BEANAINS, YTO 7o — Manan bemMuNAZ, 0 OTGPACHDAR Ma-
JMe Bemawns BTOPOTO NOPAAKA, HAXOAAN B UEPEOM MPHGABMEINE
e _hd
g [

OTKyZa, HAKOHell, MMes B BAAY, 9T0 e’ — ¢,

410 B TpeGOBANOCH AOKAIAT.
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o . d)
HCNOJI630BaMI0H MaiKeIbCOHOM JUTHIbL BOMEB A ﬁ = —0,126 (no-

Ka3aTeNlb MpeJOMJEHHs YOWBAET C yBe/AHUEHHEM JAJHHL BOJHS).
Takum o6pasom, na (137.4) noayyaercs

13 du ~
L G =176~0,126 ~ 1,63

N

B COTVIACHH C IKCTIepUMEHTANbHBIMH AAHIBIMY.

Taknm 0Gpa3oM, W B KOpNyCKY/sSpHOil KapTHe, MOCKMbLKY «CBC-
TOBLIMH YaCTHIAMH» SABAFIOTCS HOTOHE, (pa30Bas CKOpOCTb CBETA B
cpese A0KHA GHITh MeHbiile (a30BOd CKOpOCTH B fYCTOTE, 4 3TO
©O3Hay4eT, YTO ONLITLI, amaforHuibie onbiry PyKo, UpUANAIHANGED
He MOTYT AaTh OTBCTA HA BONPOC O TOM, KAKYI0 HMCHHO mpHPORY —
BOMIOBYIO (L1 KOPITYCKYMRPHYIO ~— UMEET CBET.

M3 310ro CACAYCT, UTO ONHCAKNbE OMBITG, BONpEKH MHEIHIO,
caoxcusmemycs B XIX CTOMETHH, He pemawT BOpoca O HpHPOLE
€BeTA: OHN He HpPOTHBOPEYAT HI BOMHOBOH, HH KOpIyCKyAfipHoll
Kamexe.

Ormetdst B 3akMOUenHe eie CIeyiomee BaKHOE 0GCTOATCIG-
cTBO. BoJny MLl XapakTepHsyeMm 4acTOTOH @ # IJIHHOH BOMHBL A;
AJ% HacTHDb XapakTephtl ee sneprus E u amuyanc p. Mpr moxem
OIMHUCLIBATL NPETOMIEHEE JHGO € KOPHYCKY/ASpHON, MNGO ¢ BOAHO-
BOH TOYEK 3pCHMA. B NCpBOM Ciydae Mbl mOJb3yeMes BeruduHamu E
¥ p, BO BTOpOM — o H A. Ecan, oIHaKO, MLl XOTHM nepefiTd ot
KOpIYCKYASpHON KAPTHHE! K BOJHOBOR, TO MU JOMMKHE BOCIOIK30-
BATHCA  CACTYIOWIMMHE  HIBECTIBIMH HAM COOTHOMICHHAMH MEKIY
OGEHMH TpynNaMH BeJHYKN:

E=ho (137.6)

B 2l
p= =" 137.7)

"

Mgt BuanM, TakiM 0Gpa30M, UTO B ATHX COOTIHOWEHANX MOCTOSIHAS
Ilnanxa Mrpaer poft NepPCBOAHOTO MUIOKHTEAS HIH KMOya, NO3RO-
JIFIOTIET0 NEPeXOIHTL OF OXHOM KapTHub K Apyrod.

§ 138. KopayckyaspHo-BONHOBOK Ayanu3M.
Bdpderr Nonnaepa

[Tokamxem Temeph Ha ApyrHX NpHMeEpax BOIMOMKHOCTH HCTOJKO-
BAHHA ONTHYCCKHX ABJEHHA C JABYX TOUEK 3pCHUH — KOPHYCKyJsp-
Hol M BoANOBOH. st 3T0r0 0GpathMen cHauana K sdpekry Jon-

nnepa.

Sgbgbelcr Honnaepa, Mmeowdil MECTO KK B aKycTuke, TAK B
ONTHKE, COCTOWT, KaK W3BECTIO, B H3MEHENHH YACTOTE HpH OTHOCH-
TEJBHOM JBWIKEHWK HCTOYHMKA d HaGmozatens. [lyctb mcTouHBK
cBeTa HaxonuTea B A, a naGmogateas —B B, Ecau MCTO4HHK ZBA-
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HKeTes Mol yriaom ¢ & npsmon, coenmmsomeli A u B, co cko-
pUCTh!O ¢, TO 44CToTa, peruc‘rpnpyemaﬂ HaﬁﬂlﬂﬂaTeu'leM ]'lpl’l NBHKE-
HUM WCTOYHHKA, OTIHYACTCH OT YACTOTH, BOCTpHNMMAEMON mpH
MOKOAIWEMCH HCTOYHHKE, HA BEAHUHHY Av, Onpeieasicnyo popmyJiok

Av v

- =jcost (138.1)
TAg € — CKOpOCTh ¢Bera. Bonnosaﬁ TerHﬂ 3TOTO SIBJICHUS OCHOBAHa
na paCCMOTpEHHH H3MEHeRUA AJIMHBI BOJIHBI BCJIEJCTBUC ABIMKEHHA
HCTOYKHKa IIpH COXpaHEHWH CKOpDOCTH pacnpocTpameniin ceera *).

Oxa3splBaeTcs, 0MAKO, YTO ITO IBJEHHE MOKET GbiTh OULSICHEHO
H ¢ KOpNyCKyJspHOH TOYKH 3peRus. Iipn aToM HCmycKauue cBera
pACCMATPHBAETCA KaK «BBICTPENHBAHHME> (OTOMA, U K 3TOMY mpo-
Ieccy NpPUMEHSIOTCE 3@KOHD COXDAHEHHS SHEprMH H  KOMUUECTBa
ABUMKENHs COBEpIIEHNO TAK JKe KaK B
KOpHyeKyJAspHO#l  TCOpHA  3dekra
Komntona.

[Tycts aTtom ¢ maccot M, aBmxy-

mEicR €O CKOpOCTbIO ¥y, T. C. oGna-
NAOUil KONMYECTBOM ABHKenHs Moy,
naxonace B TouKe O, HemycKaer ¢o-
Ton hv (puc, 206). KomusectBo ABH  Phe. 206 K wopmyckyampuoR
MeHUs 3TOT0 HOTOHA paBHO hvjec. Teopun shpexta Jlomaepa.
B cuily 3aKOHA COXpaHeHHs Konuye-
CTBa ABHMKEHHs aTOM mpHOGPCTACT B MOMEHT HCIyCKalust 10Gasou-
Jbifl MMIyJbC —Av/C, HApaBJICHHLA B (IpOTHBEONONOKHYIO CTOPOHY
(otnaua). Ero uMuoyncce ndeae HenyckaHHS CTRUOBATCS paBRbIM Moy
M3 yepTema, TOCTPORNIIOrO HA OCHOBAHHA HMITyJ6Ca, BHLO, 4TO

Av
My, — Moy == M Ay =—-cos & (138.2)
Jlag TOrO UTOGE TEMEpb PUMEHUTL 3aKOl COXpateHus 3HEprhu, Gy-
neM paccyaath crenyouuM oGpasom. Ecau sueprau yokosimerocst
aTOMa B CTALHOHAPHBIX COCTOSHHUAX, BEAYLIHX K HCHYCKANHIO (hOTO-
ua hv, pasaul cootserctBeiio £y u Es, 10

E,—Ey=hv. (138.3)
Duepruas JBHIKYMErOCH aToMa B BO3(YIKAEHHOM COCTOAHWH (mepen
RCnycKaHHEM) paBHA .

E, + 5 Mo},

*) Mur slccs He MOWEM OCTANARMMDATECT i@ ROMHOBON TeopHH Sdierta
Jlonnsepa § Ba CymecTRenubiX PasABUKAX 9TOTO SBACH[A 5 AKYCTHKE H ONTHKe.
Otaocsminecs ci6aa  BORPOCH ¢  GOMMION ACHOCTHIO N3ACKEmN 8  KHHFE
I.C.Jlauxc6epra Ournna, Toctexuamar, 1967, crp 356
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B HOpMaJleUM COCTOSIHHUH (UOCHO HCﬂyCKaHHﬂ) .
i

E,+ 5 Mo},
Dueprust KCNYMICHHOTG (OTOHA paBHa

h(v4 Av).
Ha ocHOBaHHH 3aKOHA COXpaHeHHﬂ 3neprou

i
L MO Ey= g MO3h By b A (v 9) (138.4)

OTKyZa, ApHuEMas Bo BiuMakue (138.3),
—;—M(uf— o) =hAv
EEe)
M Ae sz’ hAv.
[Toasaysich (138.2), BBOAS CpenHow CKOpocTs ¥ = M TIpHHH=
Mas BO BHHMaHue, uTo MAU = (Av/c)cos © (puc. 206), nonynaem
6—% cos®="h Av,

vt U2
2

Av v
- = E—CDS{)'

. e. cooTromenke (138.1), BEIBOAUMOE B BOJHOBOM ONTHKE.

§ 139. KopnycKyasipHO-BOAHOBOH AyamHIM.
Dufpakunonuas peiieTka

PaccMOTpHM OTpaKaTesbilyio MIOCKyI0 AnpaKUHOHHYIO peler-
Ky. Us moanosoil TEOpUH H3BECTHO, YTO €Ca¥ NepHoJl pelieTKH pa-
BEH a H ecAd Ha peleTKy flagaer MWIOCKad MOHOXpOMaTH'{eCKaﬂ
BOJANA NOA YTJI0M © OTHOCHTEJIBHO INIOCKOCTH peIleTKHd, TOo NpH or-
pamKelid B HaNpaBJICHHN, XAPAKTEPHIYEMOM YTAOM 97, MBI IOTyYHM
CBeT TTpH yCIOBUH

a(cos & —cos9)=rnh. (139.1)

PaccMOTpEM Tenepb 5T0 ABJIEHHE C KOpAyCKyAspHOi TOYKH 3pe-
uis, [lycTs Ha peweTky najaer NOTOK ¢0TouoB moa yrioM 9. [lo-
CKOAbKY W3 ONBITA XOPOMIO H3BECTHO, YTO XApaKTep NH(ppPAKLHOHHOR
KapTHHBI He 3ABMCHT OT HMHTEHCHBHOCTH CBETA, HO Onpenenfercs
TOABKO €anoOfl PelIeTKOl B 4eAoM, HaM He CAeNyeT ReTalH3HpOBATH
KapTUHy, — HAllpMep, PACCMATpHBATH OTpAIKEHHE KAMKIOTO GOTOHA
OT ONpeeNIeHHOrO OTpaXaiomero WITpHXA PEMETKH (STOT BOMPOC
MEL pacCMOTpHM HIKe). Mbi MOMKEM, OLNAKO, yTBEPIKAATH, YTO NPH
_nageHun POTOHA HA pEHiCTKY MOCASKHAS NMOJAyyaeT AOGABOUHLIA UM-
MyNLC, a NpH OTpAKEHHH — HCTbITHBAeT oTAauy. B pesysbrate co-
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CTaBARIOWAN HMOY/IbCA PEeTKH B BANDABACHHH OCH X, JeKALCH
B IJTOCKOCTH peieTKH, HAMEHHTCH Ha
Py Py=Apy

[Ipeacrasum ceGe Temepb, WTO peleTka UOABHAKHE, H TyCTh OHA
MOMKET mepeMewaThes, 0CTaBafACL B CBOell NIOCKOCTH; TOTAa HM-
nyabe Aps COOGWHT efi aBHmenue. OueBUIHo, YTO TNpPH mepeMenIe-
HHR PEleTKH B halpasjieHuu OCH X HA pacCTOSHHE, paBHOE ee ne-
PHOLY @, pellieTKa BHOBb COBMECTHTCH CO CBOAM HCXOAHEIM MONO-
endeM. [103TOMy ABHIKeHMe DENIETKH MBl MOMKEM PaccMaTpHBaTh
KaK NepHOJMMECKoe C TEpHoioM a. B TaKoM ciyuae ero MOMKHO
«I1pOKBAHTOBATB, MOJb3yACH KBAHTOBBIMY yeaoBuayMu Bopa — 3on-
meppensna (§ 113)

[ Bpodx=n,
b
OTKyAa
aApy = nh. (139.2)

Tak Kak Macca pEHIETKH OdYelb BENAKA 1O CPaBHEHWD ¢ Maccoll
GOoTOHA, TO M3MEHEBHEM AGCONIOTHOH BeJMYHHL €ro MMmyJibca p
HpH OTpaKeNnn MOKHO TipereGpeub. [ToaToMy

pe=pcost, pl=pcostd’, Ap,=p(cost—cosd),
u (139.2) npunuMaer Bl
u(cost)Acost)')An%A (139.3)

[IpuiuMas BO BHHMaHKE, 4TO p €CTh HMIYJIbC (OTOHA, CBASAH-
M € AJHHOM BOJIHEL COOTHOILEHUEM

p==hfh — 2ahfh (137.8)
W foacTaBAnA 970 BLpaxenue B (139.3), nonyuum
a(cos®—cost) =nh, (139.1)

T. €. hOpMyNY AuchpaKLHOHEOM PEETKH B 0GLYNOM BIJE.

QOpaTuM BHHMaHHe Ba TO, 4TO B (GOPMYIY (139.3) BXORHT uM-
DyJAbC p — BeWUKHA, XApAKTEPHSYIOUAR HacTHuy, & B COOTHOIe-
pue (139.1) — mnwa sonkb. MoxHO CKa3aTh, TAKHM 0(Gpa3oy, uTo
cooTrowennst (139.3) u (139.1) mpenCTaBATIOT OAHY U Ty He GHOp-
MyJay, HAINCAHHYIO, OHAKO, R NEPBOM C/lyyae B TEpMHHAX KOpMy-
CRyJARpHON KApTHHBI, & BO BTOPOM — B TepMUHAX BOIKOBOM Kap-
Tanel. Kak W B OCTAZBHLIX ¢Ayuasix, Nepexoj Ot OAHOH KapTHELL
K Apyroil NPOUSBOAUTCS NpH no;‘vxouu/n2 cﬁocmomcum

A

A

p P
CBA3LIBAIOWETO 0(a aCMeKTa ONTHUECKHX siBAenuit.
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§ 140. Tunoresa Ae-Bpoitna

Jya’uiM «BOJuBI-4ACTHIb» Obul yCTAHOBNEH, KAK Mbl BHIENH,
mpekae BCero Npn M3yueHun npuponst cpera. B 1924 r. Jlyu ne-
Bpofian, fnbiTasch BLATH 13 3aTpyRHeHHll, CBA3AHHDLIX ¢ 3THM Aya-
JIB3MOM, BHUABHHYJ CMENyl0 THIOTE3y, YTO AyaaH3M He sBASercs
0COGERHOCTBIO O4HNX TOALKO ONTHUECKMX SIBAEHM{, HO HMEET YHH-
pepeassiioe allasende. «<B ontke, — rOBOPHT OH, — B TEYEHHC CTO-
JNeTHST CAULIKOM TipercOperas KOpryCKyisiphLIM ClOCOGOM pacemo-
TPEHHS N0 CpABHEHHMIO C BOJHOBLIM; HE JENAACh JM B TEOpHU Ma-
Tepun of6parthasi omnGka? He nymann s Mul CIHIIKOM MHOTO
0 KapTAHe «uacTHi» W He npencOperain H_UPEIMEpHO KapTHIOH
Bosn»? Takon Osia Bompoc, nocrabiekubii e-B poiiem.

K n0nymenno BOJTHOBEIX CBOACTD y MaTEPEANBHLIX HACTHU €ro
npuBeNd Takme clelyiomme Ccoofpaxenud. B nBagnaThix romax
XIX crogeruss TaMubTon OGpaTHA BHHMAHHE HA 33MEYATENbHYIO
ARANOTHIO MEIKIlY reoMETpHYECKOl ONTHKOMN M MeXanuKoil (camo co-
60fi PasyMEeTCH, 4TO B TO BpEMS pedh MOTJA MIATH TOJNGKO O Mexa-
nnxe HbioTosa). OKashiBACTCA, YTO OCHOBHHC 33KOHH STHX JBYX
pasnuuHbIY 06/1acTell MOKHO NpEACTAaBATD B MAaTEMATHICCKH TOXK-
necTBeRHOA (hopMe. DTO 3HAUMT, UTO BMECTO TOTO, 4TG0l paccma-
TpUBarL ABHIKE(HE MATEPHANHHOM HACTHIUEI B AOJME € NOTEllnaIoM
V (%, y. 2), MOIKHO paccMarpHBaTh ABHIKCHHE CBETOBLIX Jyuel B OM-
THYECKH HGOMHOPOAHON Cpele ¢ CODTBETCTBEIHO BEIGpAaUHLIM TOKA-
3aTencM npedommenus p(x, y, 2) m HaoGopor. Sra ananorus pac-
APOCTPAHATACH TONKKO (13 TCOMETPHUECKYIO ONTHKY H KITaCCHUECKYIO
Mcxaiaky Ho Xopomo M3BecTHo, uTO reoMeTpuuccKas ONTHKA HE
MOMET OOBSCHHTH BCEX CBOMCTB cBera. JIns O6bgcHEHHS T2KHX
CBOICTB, KAK WHTEpGEPEHIHT W TAPPAKUHSA, HYXKIO HOML30BATHCS
BOJIHOBO[ OUTHKON, KOTOpas yMeeT Gosice obmee 3uauepue; reoMe-
TPHUCCKAS JKE ONTHKA ABATETCH [peleblbiM CHYYaeM ONTHKM BOJI-
HOBOi (MEIOIIUM MeCTO JUIS OUells KopoTKux WM vosn). C apy-
rOii CTOpOHD, W3BECTHO TAK¥e, UTO i HDIOTOHOBA MCXaHHKA mMCCT
OrpaHMueNIn O NPHMENHMOCTY, OHA, HAUpUMEp, He MOWET ofbac-
RHTb CYWIECTBOBAMS AMCKPETIHLIX YPOBHER SHEPrin B ATOMHLIX CH-
cremax. Unes ne-Bpohaa coctonaa s ToM, 4T0 HEOBXO/HMO pACHIA-
PHTL ANATOTHIO MEXIy MCKaHuKOH W ONTHKOM 4 BOAHOBO ONTHKE
COMOCTABATD B0AHOBYO MeXAHUKY, 60TCC OGULYIO, HCKETY MeXAHUKA
RJacCHYeCKas, H IIPHMENHMYI0 K BUYTpIaTOMHBIM ABUMKEHHAM.

Jlonycxas, TaknM 06pasod, 9TO MarcpHaibiEE «YaCTHIBD -
PALY C KOPIYCKYASpURIMH CBOHCTBAMH HMCIOT TaKKe # BONHOBLIE,
xe-Bpoiine nepeHec na cuydall MaTepHANLHMX «UACTHUY MpaBiia
ncpexoda 0T OAHON KapTHHE! K APYroM, ¢ KOTODBIMH MBI YIKE HeolL-
ROKpPATHO BCTPEYaNHCh, pACCMATPHBAR AyanusM «BONIIM YaCTHILLY
B onTHxe. [IycTh Mul HMeeM MATCPHATBbLYIO «MacTHUyY» (nanpamep,
ayekTpOH) ¢ Maccoii M, ABHKymYIOCH B OTCYTCTBUM MOAS, T. €. pas-
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HOMEDEO co cKopocTbio v. B kopryckyasproii kapruse mur mpumn-
CHiBAEM HACTHIE 3KEPrIO £ W AMNYILC 2; B BOAHOBON KapTHiE MbF
HMEeM HeJIO ¢ 4acTOTOH @ M AAHHON BoaHm A. Ecmn obe stv Kap-
THHBL SBJSIOTCA Pas/YHEIMH 8CTIEKTAMH OAMOTO H TOLO KE OOB-
€KTd, TO CBAIL MMy XaPAKTEPH3yOIBMH HX BeluuHRAMH yCTa-
HABAHBACTCS COOTHOMIEHHSIMA (CM. §y

E=to (140.1)

(140.9)

n

p=2nhjA,
Tie i —noctosunas [lranka, nexeunas ma Q.

B ciiyyae onTHyecKux ABICHMIl MBI HCTONB3OBAIN COOTHOMEHHE

(140.2) nna enpenenenns uMuyabca orona, KoTophil npescras-
JAET 00010 yaCTHI ¢ MACCOi OKOs, paBHON HyJi0, ABHIKYMNIYIOCH
€0 CKOPOCTLIO CBETa ¢. ISl MaTepHANbULX wacTHIL TO JKe COOTHO-
uiedre no fe-Bpofino naer amuny Bomm rex micckmx MOHOXpOMa~
THYECKHX BOJIH, KOTOpbiE CONOCTABAAIOTCH 3THM 4aCTHLAM:

A =2nhp.
B cayuae wactuwn ¢ Maccolt nokofi, we pasmoi HYMO, p = mv,
npuueM IS MAJBX CKOPoCTEM M ccTb NOCTOMHHAS, A  jAIA
CKOPOCTEH, CPZBHHMBIX CO CKOPOCTHIO CBETA, PEASTHBUCTCKAS Macca

g

Vi 3aBHCHT 0T ckopocrd. Urax, nas «uacTHms ¢ Maccoik
n0Kos, K¢ PaBHol Hymo, o ge-Bpoiumo
2nki
mo "

h= (140.3)

Ecan BBecTH BOMHOBO BeKTop K ¢ aBCOSOTHBIM  3itavenuem
|| = 2n/A. 10 Ha ocHoBaHmK (148.2)

p="rk, pe=hky, py—hky, p,=hk,. (140.4)

DopMyna IWIOCKO BOAHL, ONNCHIBaOmed [BHIKEHHE CBOGOIHBIX
MaTepHaNLHbIX «YaCTHL», HMEET NOSTOMy CACAyIOmIME BRI *):

,q,:_Aeimpmn:Aei(xk‘wkywkfm):‘qe% (w,wnyﬂpz—b“l)' (140.5)

§ 141. Ceofictea soun ne-Bpoins

BriuncnnM exopoctb pacnpocTpasenns Bonu Ac-Bpoilas, pasnu-
uas, Kak H BO BCeX ClyuadX, $asosyo M TPyNNOBYIO CKOpOCTH.
dasopasi ckopocTh Gyner

ES T e (1411

B
) To, uT0 b (140.5) nokasatenb MeeT OGPATHHF 3HAK O CPABHEHMIO CO
(1328), Be HMMeeT SnaueHRd, 14K KaK (USHUECKEN CMECI AMEET 10bko KBALDAT
Moxyas |¢2], . e. Prp = AL
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Tak Kak ¢ > v, To $asoBas CKOpocTb BOAH je-Bpoftas Gombwe
cropocTH cBeta B myctore. Ho aTo e XOJNKHO HAC CMYWIATS, TaK
Rax M YiKe 3HaeM, 4T0 ()a3oBasi CKOpOCTH HE XapaKTephsyeT HH
CKOpOCTH ¢CHTHANa», HH CKOOCTH NepEMELIRHUA SHePTHH, & [0TOMY
1 MOKeT GBiTh KAK MeHbllIe, TaK H Golbllie ¢ 1343

T'pyMoBYI0 CKOPOCTD BEMHCAAEM MDH MOMOIIH dopmyas (134.3)

do _ d(ho) _ dE 1412
=g =q(m " 141.2)

Herpyaso Aokasats, uro dE/dp = v, B camom zere, nsMeHendue
smepruH waCTHLH, ABMKYymehics nox Aeficterem chan F wa nymu ds,

di
pasho df = F ds, 5O F=T':—. a moTOMY

ds
dE=S2 ys—dp G =vdp

AR, T2K KaK V ¥ P HANpaBJIeHbl OQHHAKOBO

dE=vdp,

OTKy 1 E
—_—=u.

dp

Virak, Mbl nofysaem u3 (141.2)
=0,

7. ¢, TpyNnoOBas CKOPOCTb BOMM Ae-BpofilA paBHa CKOPOCTH €a-
criubi. K 2T0My 3aMeYaTeNbHOMy COOTHOIIGHHIO MU ellle BepHemcd.
Haiifiem Terieph €BA3b MEXy 4acToTodl BoaH fe-Bpofrs u co-
CTaBASIOMIEMH BOJHOBOTO BekTOpa (3axon jmucnepcui). C oTof
HeAbio MBI CHAMAJTA YCTAHOBHM COOTHOWEHHE Mexiy v u k ans
0fmiero cnyuas PEATHEHCTCKHX HACTHI, BOCMOJB3ORABINACH peni-
THBHCTCKHM COOTHOIUGHHEM MENJly HMIyJbCOM H SHeprued *):

B et pr= i+ (9 A+ P2 (141.3)
TloncTaBnas cona
E=to, (140.1)
pe =Rk, py=hk, po=1k, (140.4)
%) BT0 COOTHOWENNE MOKHO JETO TOAYUHTS U3 BOPMYI ﬂ=-:7 E(crp. 396)
. : =
WE= "’“;:)‘,x (erp. 216). Mueew 2= 22 B B2 = B (11—
BB g =L — ) omyma n nonysaeren (141.3).
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noayyaem
N (A)2 mch
AT (B D D). (1414
Broasa ofosnavenne
2 2
on T Ty, (141.5)
npusozum (141.3) ® Buny
2 2
o 9 2 2 2
?—=7+(k;+k;{+kz). (141.8)

OT0 1 ecThb HCKOMGE DENSTHBUCTCKOE COOTHOMIGHHE. 3aMETHM. 10
A8 MACTHI ¢ MAceol NOKOsl, paBHol Hyao, dopmyna (141.5) naer
@p =0 u {141.6) npunnmaer Bag

o? 2 2 2
el CR R )

~- yiKe H3BECTHOE HaM COOTHOIICHIE, BHITCKAIOUIEE U3 BOJITOBOFO
YpaBHERHA JTA 3JeKTPOMATHHTHEIX BOJH, T. €. [T BOJH, KOTOPLIM
COTIOCTABMSIOTCA HOTOHBI.

PaccMoTpuM, HAKOHEIL, elle 0IHG 3aMevaTeNbHOe CROMCTBO BOJH
ze-Bpoiia. B saementapHoil teopHH BOROPOAONOAOGHOrD aToMa MO
Bopy Ml M0Ab30BANHCL CACAYIOLIEM YCHOBHEM AMA OTGOpA CTALHO-
HApHEIX KPYFOBEIX OpGHT

muoa =nh (n=1,2,...).
370 YCAOBHE MOMHO [epenucatb b BHIE
2nh
my

2ma=n

Mpuanumas Bo BHHMaHUe, uTO 2nh/my ecTb JAHHA BOAHH ne-Bpoi-
S, MEeM:
2na = ni, (14L.7)

T. € JUHA OKPYIKHOCTH CTALMOHAPHON OpBHTH LOMXKHA GHITL paBna
LeTOMY 9HCAY BOJH Me-Bpods.

142, xcmepuMeRTaibHOe NOATBEKAEHHE
P > P
runoTesnl ae-Bpoitan. Meror Bparra

Tunoresa ge-Bpofins oueun Suictpo Geuia GaecTame onpapiaHa
SKCTCPHMEHTANLHO. A HMEHHO, BBIJO NOKABAHO, YTO My4KH SACKTPO-
HOB, UPOTONOR H JaXe LEABIX aTOMOB OGHAPYKHBZIOT ABJENHS WH-
Tep@EPERLHH COBEPIICHNIO TAK K, KAK CBET HAM pEHTIeHBBCKHE
Jyun,

PaceMoTpuM mpexsae BCCro, KAKOB MOPAZOK BEAHUHEbI JLTHHB
BOJHE gie-Dpoirs nas MaTepuanshbix wactm. 3To AacT waM
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e K
YKa3aHne Ha TO, KAKH€ HMEHmo 3KCl|epHMLHT%ﬂbH?;;ﬁ:;gﬂ:;é{;}&)e>
' ; qae jaa oGHapY:

GorTh TPEMEHEHB! B TAHHOM CJIY -
H:lnuu[u l'lly)'cu MBl MMEEM TYYOK MEKTPOHOB, YCKOpAEMBIX ‘:g;rke‘xluo
fmanom’ V' BoAbT; ecly 3TOT TOTEHLMAN HEBEIRK, TaK uTO oxiro
eqle NOJb30BATHCA POPMYAaMH KIACCHIECKOH (Hbyo-rononmézlm
HlP]l-‘KH 10 CKOPOCT 3JEKTPOHOB ONPEXENSLTCS H3 COOTHOMN

mor _ eV 2.1
5= (2.

a ANdHa BOJHBI IIE'BPOFIJIH — W3 COOTHOWIEHHA
=20 (140.3)

mo *

Vickaouas v w3 (1421} u (140.3), noqyuaeM

1/4:8}# 1/ 0 _ 661077 L
FEY RV Y T e st

. 150 12,25
= _V_A=77—A. (142.9)

UWTak Mbi BHIMM, YTO A 3JEKTPOHOB, fCKOpHBMMX ncTe;:w;g:
oM 150 &, mmsa poans ne-Bpoiuns pasHa 1 A; a70 — nopsx
JIHMHHED LAFHLD BOJIEL MATKAX peHTreHOBCY;H)a)J(%‘\I'EVP;M .
SHKa, T 1y
Eciin CKOpOCTb 2IEKTPOHOB BEAHKa, 5 HOTOHO30R
MMEEHMBIME, ¥ HYKHO YMHT

MeXaHHKW CTAHOBATCHA Henp s b pear-
THBHCTCKYIO NOMPABKY Ha 3aBHCHMOCTH MaCCLl OT CKOpOCTeH L
KHX CIywasx AAs ONpeJe’enus h MOKIO MONb3OBATDCH CHLY

Ta6anua XVII

Takna soust (8 A)
Vexopmowmuh

norcunka
B BoTLTax JE— nporoun
_s —s
100 1,24 m_‘ 7.3 10_5
10° 1,2. mi3 27 10‘4
107 120107 9»9 -107
108 087107 29-107
108 3710 9.0-10"
100 0,12 29-107
10° 0,39 90-10
100 0,61 14-1072
200 0,86 20107
50 17 40-107%

0 39 0.9-10
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npubanKennoi Gopmyoi:
2 12,25

T (1—0.489 - 107V &, (142.3)

Jas nporoHos AauHE! BoaHB! Ze-Bpoiias nupn Toit me ckopoctH B
V1836 pas menvme. B tabamne XVl NpHBCAEHH BbIUMCIEHHBIE
SHAUCHUA A AJS 3JEKTPOIOB H TPOTOIOB. ~

M3 cxasanworo mcHo, uto f1a OOHADYKCHHS  HHTEDdEPCHIUH
MaTepHAJbLHBEIX YaCTHIL CANYCT TIONL3CBATLCR TCME JKE METOLAMH,

[ \\—/

o
YAl N

Puc, 207. Paccentile 21611 poHOB MOIMKPHCranaHteckoh HUKeACBOH MAACTIHKOH:
20 MPOKAMBAHMA G) MOCAE MPOKATNBANHE.

KOTOPLIE MPHMENSIOTCA B Cy4ae PEHTTEHOBCKHX AyScl, T €. HATEp-
depennuei B kpreTaandeckofi pemerxe. [Ha casom AeAC, MuTep-
Depening SMEKTPOIHLIX MYSKOD B KpHCTALIAX Ghiia 0BHapyxKeHa
eue Ao noAsaenust Teopuu Ae-Bpoias. B 1921—1923 rr. Haencon
U KsHCMaH HAUMM, 470 IPU PACCERBHE SMEKTPOHOD TOHKHME Me-
TaIMHICCKAMY JHCTOUKAMH HAOMIOAACICA ONPENENCHNO BHIPAKCH-
Had SaBHCAMOCTD HHTENCHBHOCTH OT yIia paccesHus (pue. 207).
Tlpn srom monowmenne w senmwuva moxyYAlmICH MAKCHMYMOB
CYMIECTBELHO $ABHCAT OT CKOPOCTH 3MeKTPOHOR. Ciyuafimoe 06-
CTOATEALCTRO0 10KATAN0, 410 B ITOM SRJGHHE DEmAomyo posn
WIPBET KpHCTAMANYECKAR CTPYKTY]A: BO BPEMSA ONLITOR C Orpawe-
UMM OT HUKC/EPEIX MIACTHHOK CTeKIAHNBI anmapat JONnya
HHKedeBas NAACTHHKA OKNCAHAAch. [Jlas BOCCTAHOBRENMS 3r0f
[JACTHHKA €C MPUIIIOCH 3aTeM NOJITO NPOKAIMBATE B BaKyyMe K
B atMocdepe somopopa. Tlocae  5roft o6paborku  InAACTHHKA
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HenEITAasA PEKPHCTANIN3ANMIO: B_Heli 06pasopasnoch HEKOTOpOE KO-
JIIMeCTBO KPYMHHX KpHCTanaos. JIpH NOBTOPHMX OMBITAX C pacces-
HueM JEKTPOHOB OKA3a0Ch, YTO KapTHha BCJACACTBHE 9TOH peK-
PHCTAH3AIKH PEIKO H3MEHWJNACh: KOAMUECTBO MAKCHMYMOB
CHBHO BO3POCJIO, a CaMA MAaKCH-
MyMB CZeJaJHCh 3HAUHTENBHO Ofl-
pexenennee (cM. pruc. 207,6).
O6mbsichenne a1oft cBoe0Gpasnofi

i
- ““““\\
PR Y CCACKTHBHOCTH B OTPAMKCHHE 3J€K-
H\ / c TpoHOB GbLI0  Kpafine 2aTpyluu-
~ \/\ TeNBEO O TEX NOp, MOKa He moms-
: \

JH, 4TO 31eCh Mbl HMeEeM npHMep

,j// \ \ HHTEP(EPEHIIMOHNOr0  OTPaKeHHs.

e \ \ Caepyomue onbitet J3BHcOna H

PN Sl | Tepmepa NOATBEPARTH TPaBHIL-
e 5 .y i HOCTb 3TOr0 OGBACHEHHS.

TlapaneabHbifi NyYoK IEKTPO-

\\[ nos (pHc. 208) ompepeneHHoit cxo-
puc. 208, Cxeva onurop Jssucor POCTH, NOJydaeMBili mpH [omoumu
#a u epmepa. «amexrpoppoii  mymka» A, Ha-
mpaBasicH Ha KpHcTaaa B; orpa-
JEHHBIE 3J1EKTPOHB YJaBMHBANHCh KOMIEKTOPOM C, coepdneHHbIN
¢ ranbBAHOMETDOM, KOJMIeKTOp MOT yCTAHABAHBATRCH MOT JMIOGHM
YIJIOM OTHOCHTEABHO NAZAIOUIEr0 Mydka, OCTABAACH Bee BpeMa B
OnHOf MIOCKOCTH. M3aMepss CHily TOKA KOJJIEKTOpA TIPH pasHbix mo-
JOKCHHAX €r0, MOXKHO OBLIO CYAWTB 00 HH-
TEHCHBHOCTH OTpAMKEHHS B DasAHUHBIX Ha-
npaBaeHusix. PesybTaT npeACTaBIAICs B BUAS
noasproit AHArpaMMmbl, 06pasel KOTOpOft npH-
seden ma puc. 209. Ha pannmycax-pekropax,
DpOBENeHHBIX 10 PasiHUHBbIMA yruaMi, ot
KanLBaduch OTPessH, fpoNOpUHONAIbREE
KHTEHCIIBIIOCTH OTPaMKEHHsA NOI COOTBETCTBYIO
mump yraamu. Okasanocs, uTO ecau IoMe- Prc. 209, TToaspnas
¢TuTy B B MOROKpHCTAZ HEKEZs, TO NIpH OT-  ARarpaund e
PparKCHIH H?ﬁ"DJIHETCﬁ pesxo BHDLMEHHBIR o o o TD[; oo
CeNEXTABHBI i MaKCHMYM, NI0Ka3sbBATOUIHE, HTO prieTanTa UHKCT.
SEKTPOHEN OTPAKAIOTCH, CHENYS ONTHUCCKOMY ’
3aKONY: KYTOX MajiCHAf paBen yray ortpamenns». Tor e OMHT,
MOBTOPEHHBIt € AOJAHKPHCTAIIHYECKON NIACTRHKO} HHKEIs, COCTOS~
[let H3 MHOMECTBA XAOTHUECKH PACNOJNOKEHHBIX KPHCTAMIHKOR, HE
ofuapy I HHKAKO# CCIEKTHBHOCTH.
Ollbir ¢ TPABHABHEIM OTpaKEHHEM 571€KTpOHOB OT MOHOKpHCTa/L1A
Jja camOM Aede NPEICTABIAeT TOUNYO AHATOMMIO HHTepdepeNIuon-
HOTO OTPAMEHHS PENTTEHOBCKHX Jyueil OT KPHCTALIA 110 METOIY
Bparra (WM MATEp(EPEHLHOKHOTO OTpAKEHHH MOHOXpOMATHSE-
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CKOro CBETa OT TOWKO) IJaCTHHKR). Kak H3BECTHO, peHTreHOBCKHE
gcylm HUCNTBITLBAIOT OTpaKeHHe OT KPUCTAJAA TOLKO B TOM CaAydae
AH X JIMHA BOAILI W YIOJX CKOJIbKERHs !
’ YAOBAETBOPAIOT HOP-
Myse Byabda — Bparra (em. rr. IV, § 33) P oo

<« nA=2dsing. (142.4)

1y dopuyly MONHO HCNOAB3OBATH ANA OGHADYKeHHA HHTep-
Gepentnn ABOsiKEM 06pasoM. Bo-mepsmx, Mosmno HanpaBuTh r?a
KPHCTRJL Jyun ONpeAe/eHHOR JUIMHBL BOJAHB A H, NOBOpAaUMBAS
Kpucraaa, yﬁeumbcx, 4TO OTpaxKeHuf npoHCXomaT 'l"OJIbKO npH on-
peleseHHbX YrIax @, @z, ..., COOTBETCTBYIOIHX 3HAYEHHAM # =
=1, 2 B dopmyse Byanpa — Bparra. Takum o6pasom, mo-
JAy4anTcs CHeKTPhI nepsoro, BTOpPOTO U T. A, TNOpAAKOB. 0~BTl;pl=]X
MOMHO COXpalATh ONHH H TOT Ke YTOO CKOJIb:KEHHS ¢ H HeﬂpepHB:
1[0 MEHSITb JJAHHY BOJIHBL. Hpﬂ 3ITOM OTpa)KeHHH HOMKER  MOJYy-
4aTbCA TOJBKG B TEX CaIyyasx, Korga

1 .
by = -2 sing, (142.5)

T. €. AJIA AAKMH BOMH Ay, Ao = A/2, s = M/S B 1. 4.

B cayuae penTreHOBCKUX Jyuel NOMB3YIOTCH NEPBLIM CnoCOGOM
B _cayyae 3JeKTPOHOB — BTOPHIM, TaK KaK [OTOKH 3J[eKTp0HOH‘
OBBIYNO HMEKT ONPEZeNRHHYIO CKOPOCTb (T. € WM COOTBETCTBYeT
OIIpeliesieHnast IHHA BOARK A = h/MU) H MeHsITb 5Ty CKOPOCTH He-
H3MepHMO TIpOie (H3MeHsIA YCKOPAKILHA MOTEHLAANT), HCKETH 10~
BOPATMBATH KPHCTALI B BAKyyMe. '

KomBunupyn dopmyas (1422) u (142.5), noayzaem

12% 1 .
7 =:2dsmq),
HITH ’
w122
Vi=n s (142.6)

Takum oGpasoM, ecim IpH paClONOMeHHH, H30GpamenoM Ha
prc. 208, nocTeneHHo MeHATh YCKOpA:omuA NOTeRNUA V H Kamasil
Pas M3MEpATh CHAY TOKA KOJJIEKTOpa (T. €. WHTEHCHBHOCTb OTpa-
HeHHS), 7O, OTKNAABIBAS 3aTeM noO OcH abeunce V' a no ocu opgu»
RAT — MHTENICHBHOCTb OTPAKEHHH, MLl AOJJHKHBL ﬂO‘lelll/ITb KpHBYIO
€ pSOM pPABHOOTCTOANMX DE3KHX MaKCHMYMOB ¢ paccroaﬂuyeM
MeKIy MakcHMyMawmH, pasubiv 12,25/2d sin .

Ha puc. 210 npuBenena xpHBast, MOMyueHHAS ¢ MOMOKPHCTA-
JIOM HHKe/s TPA ONpeleNeHHuLx ycaoshsx (p = 80° d = 2,034).

Kak BuiHO, nepnoanveckoe NOBTOpeHHe MaKCHMYMOR ‘Bblpa»
JKEHO oYcHb oractauso. Ha rtom ke wepreme crpenxamu nokasano
TIONIOKeHHe MAKCHMYMOB, BLIMHCJEHHOE no  dopmyse Bysabda —
Bparra (1426). Cpabunenne ¢ nonoienwem MAKCHMyMOB Ha

15 & 8 Minomncku, T I



450 . BOJIHEl M HACTHLIBL X

SKCNepUMEHTANbHOA KPHBOJ NOKASHIBAET, UTO IJIA BHICOKHX SHAUC-
Huit 1 (=7, 8) HMeeTCs TOMHOE COBMANEHHE; s Goqee MH3KHX 7
ofHapyKHBaETCA pacXOmenne ¥ DpPHTOM TeM Goapiee, ueM
MeHbIE 7.

TIocKoNLKY 9TO PACXONIEHHE HMEeT CUCTEMAaTHYCCKEH W 3aK0-
HOMEpHLIt XapaKTep, OHO NOKA3LIBAET, 9TO Kakoli-To akrop He
yuten mpH pacucie. DTOT GAKTOp CCTb NOKABATENib TpCIOMIEHHT

“posn Ac-Bpoias. B ca-

MOM Jlefic TIPH BHBOAC

CophE e P ‘/ 6 dopMyab  Bymbpa —

]A“% | l | l | I Bparra (cu. § 33) noxa-

; saTedh  NIPeJOMJCHHs

cugraercs paBHpiM 1, a

U IAMHA BOJBLI BHE KPH-

b crania  BHyTPH HCIO —

v “ g “ % V7 orupakosoi. ITO BIONKS

Pac. 210. Tlposepka popryast Bymspa — Bparra  NORYCTHMO I/l O9e€Hb

KJS HHTEPHEPCHIUOHHOTO OTPAKERHT SXEKTPO-  KOPOTKHX AMUN  BOMH.

HOB OT MOHOKDHCTZMNA HAKEAN. H"H Bonee JTHHTBEX

BosH B OGMACTH penTre-

HOBCKHX JIy9cit IPH TOYHOM ONpCHENENHH JUIKHE BOMHLT NPHXOHTCA

YUHTHIBATH DIOKASATEAb NPEJOMICHHS K MOAb30BATHER HCnpaBJen-

oM (popMyaoi Bynspa — Bparra, xoropas GyleT phiBeiiena Hike.

To e caMOe IOJIKHO HMerb MecTo m Aas BosH fe-Bpodns. Kave-

CTBENHO 3TO NOATBEPIKAACTEA YKE XAPAKTEPOM DACXONICHHA BBI-

WHCTEHHBIX H 9KCIIEPHMCHTAMBHEX MAKCHMYMOB Orpaienus. B ca-

MOM Jee, paCXONJelme, KAK Mbl BHIENH, YMCHBIIAETCH [ph

yBeMpueHRH f; HO TPH (PMKCHPOBAHHOM YRi€ (@ OTPAKEHHE LA

BO3PACTAIONIUX # COPMIAcHO GOpMyIe (142.5) cyTb oTpamcHAs COOT-
BETCTBCHHO YGBIBAIOIEX LM BOIH A, A/2, 4/3 &1 T. 1.

Yupamnenus | BenmcaHth AQMLY BOMHE, COOTBETCTBYIOULYIO &-4a-
crape RaC’ (swepru a-vactausl pasia 1,22-10-° 9p2)
% i nOTeHNNMA1, COOTRE i nep-

A4 HIKess

BOMO NOPHIKA A HHTED(X ° ot
npy yEae MOKILY NOAAIOUUIM 1 OTPaKEHHBIM UYIKOM B 50°.

§ 143. Npeaomienue SNEKTPOBHHX BOMH
H BHYTPEHHHH DOTeHLHAn MeTamiaa

QOfbacHerHe CMeleHHs MaKCHMYMoOB, HPHBEICHHOE B KOHUE
npeAbinyIErn naparpada, KOAUYECTBEHHO NOLTBEPKAACTCA BEIYHC-
JeHReM BHyTPEHHEro NOTeHUMAIa Meranna H3 HabJiOfeHki Hai
SaeKTpOEHOH HaTepdepenuueh. Beynesenne 570  nNpoM3BOANTCH
caenyomnM o6pasoM. Pasosas ckopocts Boar ne-Bpoiias, kak mal
3HaeM, paBna E/pA Korjia s/ieKTponbl TONAfaoT BHYTPb MeTanra,
TO MX HMIy/JbC MEHAETCA, H 910 HMCHHO €CTh MPHYHHA HperoMie:
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HHsl 3TEKTPOHHEIX NOTOKOB € KOPNYCKYJSPHON TOYKH 3penns (CM.
§ 137). Uamenenwe uMmyJbca TpPE NONANANHM BHYTPh MeTanla
OGBACHRETCS T€M, Ui0 BHYTPH MeTANda HMEETCs 3NEKTpHYECKoe
noae, 06ycnosientoe NOMOKHTENLHBMH HOHAMH, M3 KOTODHIX €O-
CTOHT KPHCTAJMMHYCCKAA peteTka Meraaaa. IloTeHusana 91oro
[oJs, TaKuM 06pa3oM, moaoxuteseH. Ecan Mbr teneph npeacrassm
ccBe npAMy0, MPOXOAAUIYIO 4epe3 PAR MOJOKHTENbIHIX HOHOB Me-
Tajna, TO NpH NEPEMEIeRn 810/b STOA NPSIMOi DOTeHUHAs, Ove-
BHIMO, NOJUKEH MEHATHCA MCPHONUYECKH, TAK KaK HOHBL pacmoo-
JKCHLI Ha PaBIbiX paccTOAHHAX. MbI MOKEM, OHAKO, NPHOIHIKENHO
3aMEHHTh 9TOT NCPHOIHYECKH MEnsOMIKACS TOTeHHHAN HEKOTOPHIM
CPe/IEMM TIOTEHHUHANOM, KOTOPLIi i HA3BIBACTCS BIIYTPEHHAM 110TeH-
HHAJOM MeTajuia.
dasoBas CKOPOCTL 2/EKTPOHHEIX BOJMH Bl MeTajaa paBHa
o=t-r __F _ £
pa mog  Volol omE

rae £ — nonpas sHeprua 27eKTpoHOB. Ec/H MOTCHHMATbHAS 2Hep-
rust JEKTPOHA BHYTPH MeTajana ecTb U, TO HMNyanC BHYTPH Me-
ranna Gymer py=V2m(E— U), a pasosas ckopoCTb 3AEKTPOH-
HBIX BOJH

’ £

P Yom(E=0)

TlokasaTeab NPENOMACHHS i, TI0 OTpefeNeHHIO, PaBeH
_ 089 _ ¢a I/E—-!/ A
b= T I W (143.1)
re @ # @ — yIVIbl CKONbKeRHs, T. & JONOJHeHHst 10 7i/2 X yraam
NafeRHa U IPEAOMAERHA.

Tenepb Hy:KiO TPHHATE BO BHMMaHHe, YTO BHYTPEHHHI noten-
waa MeTama Vo MOJOKHTENeH, 4 3apRi 2IeKTPOHA OTpHiaTesern;
109TOMy NoTellUHaNbHan sHepris U oTpruatenbna:

U=—eVy

noatas sueprus E pripaxaercs, xax oGLIYHO, Yepes BHEWHHit yc-
xopsomuit notenunan £ = eV. TIpuHEMas 8Ce STO BO BHUMAHHE,

nonydaem 3 (143.1)
N VV+v,
Vv
MBI ToSTyunJil, TAKHM 00pa3OM, BLIpaeHne NOKa3aTeNR NpPeaoM-
JenRs uepes sHyTpeHHUi noTeruuar Vo
Besenem Teneps dopmyay Byasda — Bparra aas cayyas, xor-
Aa p 5= 1. PaccMotpEM MBa HHTepdepupylomux Jayya [/ u

(143.2)

15*
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(prc. 211) BeneactsHe TperoMdenns BHYTPEHHHi yrol CKOJbie-
Hu @ He paBeH BHEIIHEMY . Pasnocte xoma ayuweir I u 2, oue-
BHIHO, paBHA

9dsing’ =2d V1— cos’q’
M, IPHEEMAs BO BUHMAHHe, uT0
cosQ

T
2dsin@':2d1/l -t

VenoBre MakcuMyMa npH HutepdepedlHH Telepb faeT

fem. (143.1)] mn
24 V2 —cos? ¢ == nihg. (143.3)
310 1t ectb dopmyna Byaspa — Bperra ans p 5= L 3
[Mpy noMomH 2TOR GOPMyJIHl MOKHO BLINHCIHTS BHYTPEHHHU
MOTeHLHAN METaJjaa clelyiomuM obpasoM. TlojicraBais B (143.3)

150
Ay 7

, noayuaem
2 150
v
7 3aMeHAs 3leck p®  depes
% 14 Vo/V, no dopmyse (143.2)
HAXOIHM
150

Vo= nQW — Vsin?g. (143.4)

Urax, 3naf ycKopsomnf nOTeH-
an H uame, -
Prtc. 211, K pumony popyyms Bymga—  LHAT V i HMEpUB yroa cxos
Bpsrra ¢ yderow mokasatemn mpenow-  KEHES @, MOXKNO BhuMcauts Vo
senus. AAR KPHCTANTa ¢ H3BCCTHOR Be-

JHYHEOk d.

TakHM NyTeM TOJYHAIOTCH, HATIPUMep, 3HaueHus Vo, NPHBEIEH-
nete B TaGumue XIX. Kak BuiHO, 3TH 3HayeHUs JAOCTATOMNO [0~
crostmisl. Ouy COrJacyioTes CO 3HAYEHHAMH, BHUHCICHHBIME H3 TEO-
pHE_METaJJIOB.

BaXEyI0 posb B HCTONKOBAIMHM CRA3M MEKIy BHYTpEHHHN [10-
TEHLHAZOM METAaNIa M HPENOMJCHHEM 3/MEKTPOHHHX BOJH CLI'paH
paBoth coserckoro ¢usuxa B. E. Jlamkapena.

Vnpamueuns 1. Beuuchuts nokasaTes mpesioMseins MEATHEM AMA
y4Ka 3ICKTHOROB C SHCprUch 240 36, MaTAIOMero a TOBEPXMOCTH MAATHEH MO
yraow 30° BayTpemmfi OOTeNWNAn TIaTHHBL DaBe 12 &, nocTosmiHAs peuer-
ke —39A

2. TIpn namRBX NPEAMAYHCH 3A%AUNM BHWHCINTS YrOA NpCIOMASHHA MydKa
3NEKTPOHOB.

4d?(u® — cos?p) =

\4
asimy" sy’ g

@
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Tabauwa XIX

Yexopmon R Ve
Merana norewua Aah n » ontn)
Ni 67 149 3 1,12 17

142 103 4 1,03 16

218 0,33 5 103 4

P 65 1,52 3 110 U4
125 1,09, 1 1,06 15

208 0,84 5 1,03 3

Ag 43 L7z 3 1,15 15
9% 1,25 4 108 15

166 0,95 5 1,04 13

§ 144. Dxcnepumentanbuoe NoATBEpXKAcHHe THNOTE3H Je-Bpodias.
Meronm Jlays u HeGas—Ileppepa

HurepdepeHnng peHTreHOBCKHX ayuelt B KPHCTAIqaX OCYHIECT-
BASCTCA 1€ TOALKO N0 MeToAy Bparra, HO TAKKe M ABYMA IPYTHMH
rAaBRUIMH MeTOZaMu: MetojoM Jlays n weroxom [He6aa — [llep-
pepa. O6a 71 MeTOda MOTYT GbiTb IPHMCHCHLI H AJS OCYECTRIe-
Hus uHTcpdeperunn ¢ Bonamm Xe-Bpofurs. Merox Jlays, upu
MOMOyM KOTOPOr0 HCTOpHYeCKH BrepBele Gbia  OCymecTBIeHa
AHTEp(CPCHIMA PEITIEHOBCKHX JIyuell B KPHCTAIIAX, K&K HIBECTIIO,
3aK/II0YaeTCss B TOM, UTO Y3KHit MyYOK PEHTTEHOBCKMX JIydCil, HMeIo-
uMX CIJIOWEOK CMEKTp, nmponyckaercs uepes kpucram. [Tomyuaio-
uIHeCst TpH 3TOM WHTEPORPCINHONRbIE NYYKH QHUECHPYIOTCA Ha ($o-
TONMACTHHKC B BH1e CHCTEMBI CHMMETPHUHBIX MsiTen (cnm. § 32).

TlpHunHa, BCIEACTBHE KOTOPOA AN OCYIUCCTBAGHHS ONLITA
Jlays HeoBXonuMO, uTOGhI PEHTIEHOBCKHE JYUA HMEIH CHJIOWHOR
CcnekTp, mofpoGho paabpAckena B § 32. OAHAKO B cayuae 3JEKTPO-
HOB TIOJYUeNHe Tyyxa ¢ HaGopom ckopocreff, pacmpedenemibix He-
npepLIBHEIM 00pAa30M, IKCMIEPANCUTAILIO NIEBOIMOKIIO: HAKTPOHE,
BEIXOAAMHC W3 3JEKTPOHHOM NYUIKH, MMEIOT OIHY U Ty MKe CKO-
POCTb, HaH, TOUNEC TOROps, DGJIANAIT PACTPENEJEHHEM CKOpOCTEd
B yskux npetesax. [TosToMy, HaNpaedsas 3JEKTPOHHE Nyd4oK Ha
KpHCTALA, MH, RooO1lle TOBOPS, He yIOBACTEOPHM YCIOBUAM, nCof-
XORAMBIV A1 OCyInecTBaenns wuTepdbepemnny Jlays B srov cay-
yae NPHXOAMTCS WAT 32 IAaroM OTLICKEBATHL yCIOBHS, MpH KOTO-
pBIX BO3HUKACT MAKCHMYVM, COOTBe'lCTB)WOLuH}.:l onpeJeseHHOMY HH-
TephepernOHHOMY YUKy, ICTPCPHRII0 MEHss CKODOCTD 2/CKTPOHOB
(T. e YCKOpsOmMA NOTEHIHAx, HANOMCHHLII Ha TMYMWIKY) K OJHO-
BpEeMEHHO MCHSS TOJONKEHHe KOMJIeKTOPA, IPHIHMAIOUEre OTpa-
K¢HHbIe OT KPHCTa/M12 Su'KeKTpOHbL
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TIpaKTHYECKN OMBIT ¢ 9JEKTPOHAMH, aHaJOTRYNEI onuity Jlays,
G6un mocrasien [ssuconom H lepmepom caexyomuM 0Gpasom.
MoBoKpHCTaxA 1MKeIH, NpHHAASKAIMME K KyOHuECKOR CHCTeMe,
coummgonusa.vlcﬂ, Kak nokasaHo Ha puc. 212 [mapasneasxo mioc-
KOCTAM ¢ KpHuCTaaorpadrueckumn uniexcaMi (111)]. Ha pre. 212

oyt e ayund

Aoumym €

Prc. 2.12. Cxema p AbHOrO aaexTpoHOs
w0 metosy Jaya.

NOKA3aHB TpH XaPAKTEpHBIX 11OJONKEHRs COUMTHPOBAHHOTO TAKHM
o6pasom KpuCTanna. B oxnoM ma wHx (asumyr A) mAOCKOCT, Tpo-
XollAwmas depe3 NMyuwOK M OCh KOMXEKTOpa, NpOXONHT uepe3 ONHY M3
BepWHH TpeyrOAbRHKA, NpH ApYroM (asuMyr B) — oHa meant CT0-
pOHy TpeyROsbHMKA TIONOJaM H NpH TpeTbeM (asaMyT C) —oHa
Napajielbia CTOPOKe TPeyrONbHAKA.

Pasiuuve MeXay yCAOBMAMH ONHTA B ITHX TpeX asuMyTax
BuaHo 13 pHe. 213. CouMngoBaHHAS NOBEPXHOCTH KpHCTAMAA 110-
KpHTa TpaBHMLHEIME pANAMH aToMoB. Fe MOXEO paccMaTpHBaTh
KaK COBOKYIHOCTb JHHERHEIX pewteTok; NpH TOM HOCTOSIHHAR pe-
WeTKH B PASAHYHLX 23HMyTaX HEOIMHAKOBA: HAapHMep, B asuMyTe A
ona pasna 2,154, a 8 asumyre C— [,24 A. DKemepnMeHTansHas
yCTaHOBKA N0BBOJSIA BPALATh KPUCTA/I OKOJIO BEPTHKAJILHON OCH
H, kpoMe TOTD, MepeMeilaTh KOJIeKTOp B J1060e MONOKEHUE OKOAO
BEPTHKAJNBHOR OCH.

B onbire [lspucona u lepMepa INyuoK 3MeKTPOHOB Hampas-
JSICA TepUeHAHKYAAPHO K COULIH(OBAHHOH MAOCKOCTH H ¢ ho-
MOLUPIO KOJIEKTOpA H3MEPANACh HHTEHCHBHOCTb OTPAaKeHHS 9JeK-
TPOHOB 1O/ PA3/HUHBIMH YIIAMU NpH (GHKCHPOBAHHOM MOJNOKEHHH
KpHCTaJaa (B OfHOM H3 TpeX ykasasselX a3#MyTOB). Pesyipratsi
TAKOTG- POJa H3MepeHudl u/MLoCTpapyloTea Ha puc. 214 cepred mo-
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JSAPUBIX THATPAMM WHTEHCHBHOCTH OTpaenns B asumyre A NpH
Pa3MUHBIX CKOPOCTAX SIEKTPOHOB (7. e. NMpH pasHOli AJMne BOJH
ne-Bpoitnn). 3eck BIIHO, 4TO MPH CKOPOCTH 31€KTPOHOB, COOTRET-
cTByiomei 44 38, MakcuMyM MO yrioM 50° egBa HameuaeTcs

Asumr 4 Agumgn £

Asusym &
) (1) .

o

Agungrr &
Y/
O

il
PRt
Prc. 213, Paciorokeine atoMoB B KPACTAMIC RBKCAS B PasMHimbIX MPOeK-

(puc. 214, a); npH 54 96 OH ZOCTHraer MOJHOTO PA3BHTHY W NpH
AanbheiieM yBeJWUEHHH CKOPOCTH BHOBL OCHAGASETCs, TMOUTH HC-
uezas npd 68 6. [lanee ONLIT BHAOH3MEHSICH CAenyIOmMHM 08pa-
303 MOJIOKEHHE KOJJEKTOPA ¥ CKOPOCTH /IEKTPOHOB COXpaBSIHCH

9 4 S16(1674) 646 560
a7 a /4 a7 7
Pac. 214, u & nuxa a asmmyTe A

HEUsMERHEIMH (HalpHMep, COOTBETCTBYIOMUMY JaHHLIM pac. 214, 6),
HO KpHCTaMI NOCTeNeHHO MOBOPAUKBAJICS OKOJO BEpTHKA/bHOH OCH
M Kb pas M3MEpAACS COOTBETCTBYIOMME TOK Ha Koutextop. Hs
puc, 212 BUAHO, UTO BC/AEACTBHE CHMMETPHE NpH NOBOPOTE KpH-
CTaJa OH TPUKIb JOMKER COBMECTHTHCS C HCXOAHBIM HOMOKEHHEM,
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[TosToMy pesKHE MaKCHMYM JOJKeH TOBTOPSITHCA UYeped Kakibie
120°. Puc. 215 noxaswmBaeT, uto 5TO HabJI0faeTcs Ha CcaMoM
neie. HeBosbluke ropGbi, BHLNDIE HA 3TOM pPHCYITKE MEXIy Kax-
AMMHM ABYMs Pe3KUMH MaxcHMyMaME, NpeicTaBasior cobom enBa
HaMeualolWecsi MaKCHMyMbl A AEKTpOHOB B 54 98 B a3HMy-
Tax Br C .

S

To—or—o __ |

HnmenousRocmE

2

Ny

' » 5 8 § N D 8 S »
§ i § 831 § 5

Fl L L L ] |
4° 0° 60° 90° 120° 150° 180° 210° 240° 279° 007 I30° I0°
Asustymansred yaos

Prc. 215, AsuuyTanhHOe pacupEfiencEHe WATCHCHDHOCTH Npu TOBOPOTE Kpi-
crans,

Haxkogel,, & TpeTHit METO H3YYeHHS AUTEpPEPEHIHU PenTIeHOB:
ckux ayueit — metof HeGaa — Lleppepa — taxue Ob1 npuMeren
JTA 10KA3ATENbCTBA CYIIECTBOBAHHA HuTepdepedLHd  3JKTpPOH-
HbIX TywKOB. ECAH TOHKMII Ny4OK peHTIEHOBCKHX JIy9eil NpOXOANT
€KBOSH MEJIKOKPHCTAJVIHUECKHH NOBOLIOK HJM yepe3 TOHKYIO Meras-
JHUECKY (O TIACTHHKY, NPEACTABMRIOWYIO COBOl arperat MHKpOKpH-
CTAJIMKOB, TO Cpellk NHX BCeria HAyTCs TAaKHe, KOTOphE pac-
NONOMKEHB K IajawlieMy [yuKy MO YIJOM, yAOBAETSOPSIOIMUM
cootHowenno Bynoda — Bparra. Ot TakuX KPHCTANTHKOB peHTTE-
HOBCKW@ jlyudl HCTLITEIBAIOT O7paiKEHHS, l'épﬂqu BCC OTpadKeHHbie
Jy4H st AaHHOFO 3HAayenns ¢ B GopMyne Bymwda — Bperra nosiayt
no nosepxHocrh wowyca. [locTaBuE Ha MyTH paceestHHBIX ayuch
GororpadHICCKyI0 nAACTHIKY, PACTONONEHHYIO NEDICHINKYI5PHO
K HANpaBJEHHMIO nepBHYHOTO NyyKa, MBI MOAyYMM Ha HCH pan Ko-
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sen, CoBepIUEHHO Taxas e KApTHHA NO/y4aeTcsl, eciK uepes TOH-
KYI0 MCTA/MIUMECKYIO TUIEHKY TPOTYCKarh IyuOK 3M€KTpONOB: pac-
CeANHLIC 3MCKTPOHB RAOT Ha (OTOrpadiMyeckoll maacTHHKE CHC-
TeMy HiTepHepenmoHHEIX KOMel.

OnEITH ¢ NOAYYeHHEM 34@KTPOROrpAMM 1e6aeBCKOro tana Grim
BricpRble ynauno nocrarienu I'. T1. Tomcowom ¢ GbictpuiME 3es-
Tponamu (17 500—56 500 ss) u I1. C. TaprakosckuM — ¢ OTHOCE-
TeAbHO MEMNEHHBIMH dekTpoHaMu (10 1700 38).

Ha puc, 216—217 npusefeHsl ZBa CiuMKa, TOMyweHHBIX ¢
JIHCTOMKAMH 3040Ta U MenH. Kak BHANO, B TOM H JPYroM Clydasx

Puc. 216. Drextpororpamna
TONKHX JHCTKOR 30M07A.

Pre. 217. aextponorpamma
TONKHX JHCTKOB Medu.

NoAyHa0TC THIHUHbE HATepdepeHnoHE e Koabua. Ouenb npoc-
THIM CNOCOGOM MOMKNO N0KA3aTb, YTO 3TH KOJbna 06pasyiorea ca-
MHMH DaCCCHIBIME 3JEKTPOHAMH, @ HEe BTODHYHHIMH pEHTIeHOR-
CKHMH J1y4aMu: OpH BXIIOUeITHH MAarduTHOTO NOJAA BCA HHTepd)epeH-
DHOUTAS RKAPTHNA CMemaercst U HCKAXKacTCd, B TO BPOMs KaK H¥-
TepdepeHNUOHHAs KApTHHE, NOJyyaeMas ¢ DEHTIEHOBCKHMH Jy-
HaMH, KOHCYHO, OCTAeTCst HEH3MeHHOI.

Komnyecrsennas nposepka Momer GbiTb Mpon3BeneHa CIeyw-
munm o6pazom. M3 reomerprucckux cooBpaiKeHnd NeTkO MOKA3aTh,
uTO LSt AAIHOTO MeTaslTHUCCKOIO JIHCTKA W TIpH HEB3MEHHOM pac-
CTOAHMA OT JAHCTKA R0 (OTONIACTHHKKM MEKALY PARHYCOM AH(pak-
LHOHHOTO KOJBUA 7 W AJAHHOH BOJIB A NOAKHO HMETb MECTO COOT-
HolieH#e

r
- =const. (l44.1)

Tax kag B TMX OMHITAX NMPHXOIMTCA TOAb3OBATLCS SJ1€KTPOHAMY,
SHEPTEM KOTOpPBIX H3MEDAIOTCS KUIOIEKTPOH-BOALTAME (BCIEACT-
BHe CHULHOTO TOTJIOUIEHHA ME[VIENHBX D/EKTPOIOB  METaJIHye-
QKHMH JIHCTOYKAMH), TO MpPOCTOE BLIp@KEHHE A7 AMHMHL BOJHH
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3 = 12,25 V-" ¢cTaHOBHTCA HETOMHLIM H HYIKHO NOJNB30OBaTbest Gop-
MyJI0 ¢ TIONPABKOjt Ha PElATHBHCTCKUE 3P dexrTH *)

12,25 -6
=—2=(1—10,489-107°V). 142.3)
r=—p2(1—04 ) (
Toacranass ato Bupamenne B (144.1), nonyyaem
LA A N ;L’/'—(l +0,489 - 10~°V) = const.
ST 0489+ 1070V) 1225 '
A 1235(1 —0489.107%V) 2 (1442)

B raganue XX npHseAcHul anmbie ONETA € 30J0THMH JHCTOY-
kamn, Kak BHAWO W3 Tperbero croafua TaGaHMn, TpeGyemoe mo-
CTOSHCTBO BHIMOJIHSIETCS YIOBJACTBO-
PHTJBHO.

HakoHen, MOXHO BHUHCIHTb
V {soanT) | 7 (o) rV./‘(HU-m»lO’“V) NOCTOSHAYIO  PEILCTKH pa3JHYHLIX
KpHCTAINIOB M3  feGaf-weppepos-
CKUX CHHMKOB ¢ 2JIEKTPOHHBIMH 1y~
24000 | 250 308 uaMH H CPABHHTH C Pe3yJIbTaTaMy,

s HOMYYEHHBIMY TS TEX 3K KpHeTad-
60 | T it Jrosynpu NOMOuIH PEHTFEHOBCKHX
fyselt. B Tom M apyroM caygasx
nonyvamtcs nHpL, BechbMa YIOB-
JICTBOPHTEILHO MEXKAY COGOI0 COB-
nanaomue (cM. taGaumy XXI[). B sacrosumce Bpems wa OCHOB§
ONIBITOB ¢ MHTEpdepenuuC 3MEKTPOHELX HYTKOB PA3BRJICI MOuHb

- Tagauna XX

*) D10 BHpamense nonysaetcs crenyioiui oGpasow B gopuyne se-Bpoin
A — Afmo caelyer ANA MAcCW M RINTG pEAATHBACTCKO® BMDANEHHE Mt =
m
= ——=0 . Toria noayuntes
V1—2d¥e
el
Bom e -

mov e

A noTedunaN,
BHunGIHM TeTcpb CKOPOCTH U 4€pe3 [ \
BUpaCnHCH KHHETHSCCKO OWEpriA B TEOPHH OTHOCHTENoROCTH (oM § 64)

1

Ek‘=”’n£’( - l)ﬁeV.

7
VT ooV
¢ mee? F eV )

oc
Haxoany otciona

Moncranana 5 gopmyay xe-Bpokan, noayam
&
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METOI 3JIEKTPOHOrpadHUECKOro aHaNnU3a, 10 CBOEH TOUHOCTH H ILIH-
POTE NPAKTHUECKUX MpHMEHEHHit HE YCTYNANUIHE pEHTrEHOrpacH-
HECKOMY aHAAH3Y, 4 B HEKOTOPHX CAYNasX Aaxe Goaee YAOBHEIE *).

TaGauna XXI

Mocroannan pemerxu (s A)
TSR | s mrreppopenunn | s wrrepdeponinn
anexTpoion peaTrenoRcKRux ayten
Al 4,035 4,063
Au 3,99—4,90 406
P{ 3,89 .91
Pb 4,99 4,92
Fe 285 286

Yapamnenne Ilysok siektponos ¢ snepraei 5 30 K36 TPOXOIHT uepes
TOHKi JHCTOR amtoMunis, Jomycxan HpUMEHHMOCTs Gopmymtt Byisda — Bpsrra,
BHMHCANTL YION OTKAOHEHHN N1 HATEPQRPEHUMOHNON KAPTHHE NEPBOTO MOpAKKA
TlocTosnyyio pemetku Al B3nTh Hz Ta6aHun XXI.

§ 145. Harepdepenunonesie ABaeHus
€ MOJICKYAAPHBIMA MyYKaMU K ¢ HelTponamn

Cornacho ranoTese xe-BPofins BOMHOBEIME CROFCTBAMM LOIKHBI
06187aTe 1€ TOAbKO SACKTPOKH, HO W JioBLe MavepHaibHLie gac-
THLEL T, €. TaKXe aTOMb, MOJCKYJNH WAH TAMeAble s1eMeHrapHbie
YACTHUL (NPOTOHEI, HEHTPOHBI), Tak Kak Mo dopmyse ne-Bpoina
MMURa BOMNH A = h/mu 06paTHO NpONOpUHOHANLHA Macce, TO IpH
OJIMHAKOBLIX CKODOCTSX B CJlydae TSKeJHX YaCTHH A JAOJKHa
OHTb 3HAUHTEALHO MENbIle, HOXEAH B Clyyae 3JeKTPOHOB. [lo-
aToMy naGaiofekHe NH$paKuMH o Ae-Bpoias B cayuae atomon
M LpYruX THEXCIX VACTHIL BOSMOXHO NMPH MAJBIX CKOPOCTAX 1O-
caennux. [loacuer mokaskiBaer, ur0 NP KOMHATHOR TeMileparype
AnuHA BOAUB fe-Bpokaa merkux atoMos — mopsinka 10°% e, T. e, .

WA, CCIU YCKOPOWNA MoTeuuman V BMpaKen B SeKTPOR-BOABTAX,

P Sy A 1/ 150 !
oe eV e v 1 / eV
55 Y ([ + GOOchZ) U Somper
TIOACTABIRA WHCKISRHBIE SHANSHAA KOHCTANT, HOYIaCH
=7 D o 2% (6489 10-57)
(10978 107%%)" v

— Qopriyna (142 3), mphmenekias B rekcre
*) Cu 3. T, Nuncrep, Ouppakuns snexrpowor, Uap. AH CCCP, 1949,
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T0ro e MOPSAKA BEIWUHHH, UTO H JUIAHA BOJHB PENTIEHOBCKHX
nyweir. 3naunTeNbrOe YCOBEPIICHCTBOBANNE TEXHHKH PABOTH € TaK
HA3HEAEMBIMH MOJIEKYISDHBIMH TIyUKaMH, T. €. HAaupaBJeHHHIMH
NPAMOJURERHBIMH OTOKAMU HEATpAJbHEIX ATOMOB /A MOJERyJ ),
NOSBOIHAO HAGMIOATE AH(pAaKLHOHHbe ABIEHIs TaKKe u ¢ OydY-
KaMH aTOMOB TeJES # MOJEKyJ Heitrpaabroro sopopona. Tak kax
aToMbr HJIH MONEKyJsl TIPH MaJEHX CKOPOCTAX 1le MOTYT NpONHKATh

SEOK  p/Toasad
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Puc. 218. Muppaxums atomon re- Prc. 219 Jngpauna  Moackya

JHS Or KpHCramia  (TODMCTOTO  BONOPOAA OT KPHCTALNA (TOPH-
JIHTHA, CTOrO THTHSL.

BHYTpb KPKCTA/IA, TO HOCJEAHUH JeficTByeT AnsA sonn ze Bpofis,
KaK EBYSMepHas Orpamaleqbnas pemerka. JHGpaKmus peHT:eHOB-
CKHX fyueil OT TAKOH pelleTkH paccmorpena Havu & § 32 Taw
6bIIO NOKA3aHO, Y4TO 1LI0CKAA pElleTKa JLACT J80dH0e MHO2006pasUe
ANGPAKIHOAHBIX CIEKTPOB, HaIpuMep, cnekTphy nopaxka (+1, 4-1)
amn (-1, —1) # 7. 0. AHagorpuHLIE DE3YJbTAT LOKEH HVeTh
MecTo W B CAyuae OTpawenHs Boad fe-Bpofis or petierku Kpu-
cranaa.

Ha puc. 218 u 219 npusenens xapTuirsl AndpakIdy aTOMOB Te-
Jusl B MONeKy. BCAOPOAa OT xphucranna ¢ropHcroro sutusi. [pa

*) Me101y MOACKYASDHMX MYMKOD H €ro pasnoobpasiblyl NpHMENEIHsM Mo
comena wonorpadEs K MHETa, MoaeKyaApHHe Myukd, BHawarrHs, 1950,
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GOKOBBIX MakKCHMyMa B OGOMX C/yyasx COOTBETCTBYIOT AHPaKUHH
nopanka (-1, —1). Pacuer nooxenns MaKCHMyMoB faeT peaylb-
Tally, O4EHb XOPOWIO COIVIACYIOMHECH ¢ SKCIEPHMeHTaAbHEIMH. Ta-
KUM 00pa3oM, OMBITE ¢ MOJEKyMApHLIME NMyJKAMU HE TOJBKO Ka-
YCCTBEHHO [OXTBEPKIAIOT HAJHUHe BOJHOBHIX CBOACTB MartepHu, HO
H KOJIM4ECTBEHHO ONpaesAblBa0T dopmyly Ae-Bpofing B npumene-
HUH K aToMaM M MOJeKyJnaM.

C 0CoGeRHOM HAMANHOCTHIO HAJHUKE BOMHOBBIX CBOMCTB y Ta-
JKEABIX MACTHI H MpuMeHuMocTh GOpMyasl ne-Bpokns oGuapyxuan
nefirporbr, HeldTpoHr Hapszy ¢ HpOTOHAMH — 3JeMeHTapike CO-
CTaBIble YaCTH aTOMHLIX ANCp; WX Macca NpHOGMHSHTENBHO paBHA

T T T T B
1= 2200 M)IL‘II

=
T
]
7
L

7/ hY
- 4 \
i\
15-2480\ \
1 wjeex \
/ \

mwacumentron demencubaocs

/ A
plz ) I i,
7 2008 4900 000
v, mjcex
Puc. 220. P HelTpoHOB B M (T = 203° K;

c
WIOTHOCTb ¥ OOTOK HEATPOHOB JAHH B (yHKUMH OT U)

Macce npoToha, HO ONE JHlieHE 3MeKTpHYECKOro 3apsia. Baaro-
naps 3TOMY MOC/IeIHeMy CBOFCTBY NERTpOrB CBOGOXHO NMPOHHKAIOT
BUyTpb TBEPAMX Ted H C HHMH MOXHO OCYmECTBETL AM(PAKLHIO
Ha HpOCTPAHCTBEHHOM pelieTre KpHECTania.

Jlas moayueHHs AMQPAKUHE 10 MCTORY Jlays, Kak MBI SHAeM,
HCOGXOIHM CIVIOMHON CNeK1p AmiH BonH. B cayuae HefirpoHos
HyYOK CO CTIOUITBIM CnexTpOM BoJit Ae-Bpofinn (noausnepretHue-
ckuji MIy40K) NOMYHACTCA GAAroZapa TOMY, §T0, MONazas BHYTpb
Tena, HefTpOIb NpPUXOAAT B TCIIOBOE DABHOBECHE C BEIIECTBOM.
Tlpy 3TOM HX CKOPOCTb NOUAHAETCA HBECTHOMY H3 KEIETHYeCKOf
TEOpHH 3aKOHY pachpelencHHs Maxcsenna, rpaQuuecKH npeacras-
JremioMy A KOMiaTHOH TeMnepaTyphl na puc. 220. 31ech Up «nam-
BCpOSTHeAAs CKOPOCTb», AJ KOMHATHOM TeMepaTyphl OHa pas-
Ha 29200 #/cex. Jauna Bomus ge-Bpoinis Ans HefirPOHOB TaKoR

3
i
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CcKopocTH pasfia {,8 A, 1. . HMeeT KaK pas Takylo BemWYHHY, KaKas
HEOGXOZHMA Lisi OCYymIeCTBACHHS THOPAKUMB 1a KpPUCTANTHUECKOH

Dosusmepeemueecnid
3

Horangicmonm

ayeh H nyIROR nelt-

Puc. 221. Merox aug) Jlays xaa pemtren
TPOLON.
pemerke. Bennuyuna 0 = 2480 m/cex — cpenHsis CKOpOCTL HCATpO-
HOB [IpH KOMHATHOj# TeMUeparype; Ha pHCYHKe NYHKTHPOM npen-
craBieHa TAaKKe KpHBAsi paclpefieieHHA AAs JIOTOKA HeATpoHOR

Puc. 222, HefirpororpaMMa kpuctasaa NaCl, noayuennas Ulyanom H Yonaanom

nv, 7. e, YHC/TA HEHTPOMOB, mepeceKAloWUX naomaiky B 1 cu? 3a
CeKyHny.

Ha pnc. 221 npencrasfena cxema onpita ¢ Au(paxiuer mis
TOANZNEPTCTHYECKOrL Myuka HefTpoHOB, a Ha puC. 222 npunenena
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dotorpacus, nonyueHnas HpH NPOXOKIEHHH BEATPOHOB uepes MO-
nokpucrann NaCl. Tunnunoe ans pudpaknns na HpocTpaHCTBEHHOR
peme‘rxe pacnpeueneﬂue NsATeH COOTBETCTBYET CHMMQTPHH Kpl/l’
craqana.

Host nonyuernst su¢paxuuy no Merony Bpsrra TpeByeTcs MoHo-
SHepreTHUCCKAH NOTOK HEATpOHOB. Tlo;yueHHe TAakoro Mydxa A0-
CTHFacTCA MpCABAPHTEABHLIM OTPAKEHHEM mydka HeHTPOHOB oOT
KpHCTal1a, KOTOpOE BBIAENAET HCHTPOKE C OMpEeNCHHOR CKO-
pOCTBIO, @ CAEXOBATEJNbHO, ¢ ONpejeNeHHOH JaHHOA  BoaHE
Ze-Bpound. J1as% ONpenesieHHOro yra CKOMbKCHHA HeftTponusl OT-
pasATCs B TOM C/ydae, ecld GyleT yLOBJETBOPEHG VeAoBHC Byviik:
¢a — Bparra

=2d sin®,
TpHueM

Buupas coOTBETCTBYIOIMHM 06pasom yron &, MOXKHO BEITENHTH
H3 NONHIHEPreTHYECKOro Nyuka HeHTPOHH ¢ n0Gof 1eoBXonuMoit
LIRHOR BOJWME Je-Bpoiis H, MOMB3yACh WMH, HCCICAOBATH CTpOe-
HHe KPHCTAJIOB.

B 'macrosimee BpeMs HCCMENOBAHHA CTPOEHHS KPHCTALIOD NpH
ToMOMmH  AHGPAKIHHA HCHTPOHOB DA3BHIACL B 0COBYI0 06AACTH
CTPYKTYpHOTO aHAaAH32, TAK HA3LIBAEMYIO CTPYKTYPHYIO HeifTpowo-
rpadHio, KOTOpAf CYwleCTBEHHBIM OGpadoM IONOAHSNET ~METOME!
PEHTreHOrpadHUECKOTO H 3JEKTPOHOTpadHuecKoro ananuaa. B wa-
CTHOCTH, HRNpRMep, ONpeAeseHHe MOJIOKEHUS aTOMOB BOXOPOZA B
KpHCTALTHTECKHX DEINETKAX CTaK0 BO3MOMHEIM HMEHHO Gaaroxaps
nudpakudn HeHTPOHOB,

§ 146. Boanomok maker ® yacThua

B vermpex nociesnnx naparpadax Mbl yGeIHJHCH B TOM, 4TO
HHTCpdEpENIUONTIbe ONBITE, NOCTABACHHbE ¢ TAKEMH «YaCTHIAME»
KaK 3JMEKTPOHH MM Jase Uenble aTOMEI, CTOJb e XOPOIIo CBHAE-
TEJICTBYIOT B TMOJb3y BOMMOROH NpPHWPOZbI 3THX <JACTHU», KaK H
COOTBETCTBYIOUME ONBITH CO CBCTOM. Mel BHOBb BCTpEwacMca c
HBOCTBERHOCTDIO, KOTOPYIO BIepBHC 0GHapyxumu y coeta. Oanako
Ha TepBbIX NMOpax passuTHA KBAHTOBOH MeXanuKH Obuia crenasa
3aManuABas TIOMEITKA PA3PEATh NPOTHBOPEUHE BOJHBI-YACTHIE,
paccMatpuBas YacTHUE KAaK 604HoGble nakerol. Ocuopanus aas
3T0r0 GEUIH Caepytombe. DRCKTpOH WM Jpyras MaTepHadbHas
9aCTHIA HC MOXKeT BBTb, KOHeWHO, MIOCKOH TapMONHUECKON BOJ-
HOt, 12K KaK NONoGIas soiHA 6C3rpaKHYHa, a 4acTHNA JIOKAJH30-
Baua B HPOCTPAHCTSC M BO BpEMEHH, T. €. B ONpeeVentbil MOo-
MeHT BPEMCHH 32HHMQET OnpejieieHHOe MeCTO B NPOCTPaHCTBE. Mbr
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BHIENH, oAHako (§ 135), 4ro #3 MAOCKHX RO, nonGupas cooTBeT-
CTBERILIM 00pasoM HX BOJHOBHE BEKTOpH k, MOXKHO CTpOHTH BOJ-
HOBHIC [aKeTbl, HMCIOLHC CKOAb YroAHO Manoe NpoTAKeHUe.
Heawast v paccMaTpuBaTh YacTHLY Kak BOJIHOBOH naket? ITomo6-
Hasg TENOTe3a, Kasajloch Gbl, HAXOAMT ce6e NOATBEPKAECHKE B TOM
3aMeuaTeqblOM CBOMCTBE BOMH Ae-Bpofind, 4ro AX rpynnosas cko-
POCTb, T. €. HMEHHO T CKOPOCTb, C KOTOPOH NepCMelnaeTcs MaKci-
MyM [IAKeT4, KaK pa3 paBHa CKOPOCTH YACTHLLL U

o= (141.2)
CKOIb HH MpUBJIEKATENbHOR KAMeTCH 3TA NpocTAs Hies, npH
GuKajillieM PACCMOTPEHHH OHA OKASKIBACTCS COBEPNICHHO Renpa-
BuabHOi. Pewaomee BospakenHe 3akmouaeTess B cAenyouweM. Te
GaaronpHATHLE CBOHCTBA NaKeTa, KOTopbie Mol Hauiin B § 135, —
AMENHO IO YCTOHUNBOCTL ¥ NBHKEHHE KK UeJOTO ¢ IpyMmil0Boi CKO-
POCTLIO, He A310T (OHOH KAPTHHGI CBORCTB naketa. OHM HaME Ha
CaMOM fiee GLIIH MOMYYennl JHILb B KayecTse NCPBOTC MpHEIHKe-
HUSA, TaK KaK [IpH PACCMOTpeHHH NBUieHHus nakera B § 135 mul Boc-
TIONL3OBANHCE NPHGIHMKEHHBIM COOTHOMEHHEM MEXAY @ U £

@ (B =0 (k) + (e — ) | 52}

0T6pOoCHB BCE HOCASNyOmHe WieHs pasnoxerus. Ecau ke npo-
BECTH BHIYUCICHWE TOUIO, TO HONYYAETCH HECKOMBKO HHOH pesylip-
TaT, & UMEHHO, OKAJLBACTCA, UTO XOTS MaKCHMYM MaKeTa Mepene-

da - -
WAeTCsT CO CKOPOCTBIO  —7=, paBRoOi and soan ne-Bpoind v, ca-

MBI HaKeT IDH ABHEHUH B ANCHeprapyiomel cpeje He coxpanger
€B0efi GOpMbl H pasMepoB, HO MOCTCHEHHO PACIIHPAETCS — PACIIH-
BaeTCs.

Tpuuuny Takoro pacnabiBakyst HE1pyAHO HOHATH H3 CMEAYIOWHX
KAUeCTBEHHBIX COOOpakehnii. [Ton0KAM, Yr0 B HeKOTOpULIH OMpe-
JeNIeHUbIH MOMHT myTeM CYNEPMOSHIHH ILIOCKMX BOJH 06paso-
Bajcd naker. Ilas o6pasopaHusi ero HeOGXOZHMO HAKIAIbBATH
BOJMHE! C AJHHAMHW BOJH WJH, YTO TO e, — BOMANOBEIMY YHCTAMH k,
HEHPepbIBHO H3MEHTIOIHMACH B HEKOTOPOM HHTepsane Ak, Ecan
Cpeia He HMeeT AHCIepCHH, TO BCE 3TH BOAHL pacnpoCcTpalfiores ¢
OJHOK W TO#l K€ CKOPOCTLIO, W MaKeT coxpamsercs. Ho ecan
AHCHEDCHS HMERTCH, TO 06pasylolHe NaKeT MJIOCKAC BOMHb BYIYT
pacnpocTpaHATbCd ¢ pasmiyHoll  (as3osoll  cxopocrsio:  Gosce
Gprctpe 6yayT 3aerats Buepen, a 601ee MeICHHLIE — OTCTABATH.
Benencrsie sroro noaxonsume Aas ofpasosanus nakera (asopsie
COOTHOUICHHS MEKIY IVIOCKHMH BOJHAMH YKe B CeAylOWHi MO-
MeHT apyWiaTcs, W NMaKkeT 6YIerT pAacTATHBATLECH — PACIILBATHCA.
Brictpora sroro pacmuibiBanus xapaxTepHsyeTcs paswuued rpymmo-
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BOR CKOpOCTH  cambx GBICTPHIX H CAMBEIX MeLTEHHBIX BOTH, T. €.
o
di?
Gpocuny Npn NepROM pACCMOTPEHHH NAKeTOB,
Zl080T61I0 TPOMOBAKHE BLI4HCICHHS, KOTODHIE MH 31eCh Ke MpH-
BOHM *), NOKR3HIBAIOT, 4TO €CJH 06pasoBaTb H3 BOAH Ae-Bpoaas
NAKET, aMeiomnft 8 MOMEHT ¢ = 0 QopMy rayccomoii Kpusoii se-

POSITHOCTH
4 (x, 0)= Ce~¥r2¥*,

- . d'e
BCJAUUHHOR Ak, 10 yaen, conepxamui 4T MBIl Kak pas oT-

Tae i ~— AMIVINTYRA NaKeTa B TOUKE ¢ KOOPAWHATOH X, 4 BEIHIHHA
b xapakTepHsyeT NOAYIIUPHNY NAKETA B MOMEHT ¢ = 0, TO HpoTs-
KCUHe NMaKCTa yABAWBAETCA Yepes NpOMEAYTOK BpEMEHH, Bbipa-
Kaembilt popmymon

= b%m
t=Vigs,

TIe M — Macca wacTHuL M § — nocTosrnasn [laauxa. Jas uacTHUbr
¢ maccolr m =1 &, saHUMaImCH NpoTsixerne 2 #u (b =01 cu),
COOTBETCTBYOmHA NaKeT ynsaupaetcs uepes 6.107 jger. Fo amg
UACTHIE ¢ MaCCOH aJexTpona (m=0,9-10"72) npn b ~ 10-2cu
{ & 1,6-107% cex, 1. e. Naker, COOTBEYCTBYIOMHA 3MEKTPOHY, pac-
TUIBIRAJCA Gbi MIHOBEIHO, YTO, KOHEHO, NpOTHEOPEUHT SaeMERTap-
HeRiuM HAGMIOICHUAM.

§ 147. CrartucTuyeckoe WeTONKOBaHMe Boan ge-Bpoiins

B npensiymem naparpade mer s#fed, YTO moMLITKA paccMar-
pusath MACTHUM KaK POMHOBbIe NAKETsl NOTepHeqa Heylauy: na-
KeTH! PAaCIIbIBAIOTCS. B HCUE3AIOT, a «YaCTHIL» STHM CBOACTBOM He
obnanaor.

- Cymectsyor, KpoMe TOTO, H OflIEe COOGPaKENNs, yKA3LBAI0-
WHE 11a TO, YTO MHKPOCKONUYCCKHE UACTHIE! HETb3S pACCMATPHBATH
KaK naxersl Boau. Heo6XOMHMBIM 1pH3HAKOM S/leMEHTapHBIX wac-
THIL SIBJSICTCH X HedequMOCTo. Mbl YTBCpH#Iaew, UTO OTpHuATCIL-
HOE /ICKTPHMECTBO COCTOMT H3 3MEKTPOHOB NOTOMY, TO B mpolecce
MCPe3apPSAKH MOMKET GLITh NepelaHd KOJHIECTBO IJEKTPHUECTBA,
PABHOC 3apiRy JHGO ONKOIO, JHGO NECKOABKHX 3.J€KTpOiOB, HO BO
BCSIKOM Cayuae LEMOTO guchia W He Mekee omuoro. TouHo Tak ke
anansu3 3aKOHOB (oTO3((CKTA MPUBOAHT K BHIBOAY O CyHICCTBOBA-
HHY (BOTOHOB, TaK KAK OKASHIBAGTCH, MTO MOHOXpOMATHYCCKHH CBET
UaCTOTH v MEPEHOCHT SUEPTHIO u MepeldeT ee B NpoUecce MONome-
HHS TOJBKO LEJBIMH (QoTosaMH Av, HO He JIONAMH doTOHE.

*) War cn M OTChAZeM K KHMTe
I, W BaroxrHucsa, OCiOBH RRZETOROR Mexamhki, «Bucman imkosay, 1963,
erp.
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SrHM CBOHCTBOM HCIEAUMOCTH BOJHL He 06nafanT. Ha rparuie
HBYX Cpell ¢ pasanuHOl (a30BOil CKOPOCTHIO BOJHA DA3NENIeTcs Ha
OTPAKEHHYIO H OPEJOMACKAYIO, IPH NPOXOKACHHH Hepe3 KpACTaIT
ona pasGusaeTeA Ha P ANGPAKUHOBKEE Mydkos ¥ T. A. Ecau Gbr
Mb CTAJMH DACCMATPHBATh SICKTPOH KAK arperar BOJH, TO, ianpi-
Mep, NpH AUQPaKUMH OUeHb CIA60TO NMyuKa, KOT/a SNMEKTPOIIB! Npo-
XOIST ONUI 3a APYTHM Yepes KPHCTaMI, KakIbll ANQPaKUHOHNEH
MyYOK AOJMKEH bl 6Bl HCCTH TOALKO YACTh ACKTpOHE, uero Ha
caMOM Jede Het.

Ecai, OIHAKO, LTOCTHOCTh 4ACTHI TPH TAaKUX NPOLECCAX, KAK
oTpaeHHe, NpeJoM/IeHKe, MHPAKUHNS, LOJKHA COXPANATACH, TO
ME MOXEM yTBepkIaTb, uTO NpH MaIeHHH HA NOBEPXHOCTb pas-
Jena JBYX Cpel uaCTHUA 4460 0Tpasutcs, 4u60 NpoHIeT BO BTO
pyio cpeny. Ho B TakoM ciyuae Cpssh MeXAy BONHAMU M UaCTH-
LAMH MOKET 6tiTb HCTOJNKOBAKA TONIbKO CTATHCTHUECKH, @ HMEHHO,
CTenyIOWHAM 06pa30M: KBaApaT aMILIMTY/ILl BOAHE! B AAHHOM MeCTe,
H3MEPAIOmHIl ee HHTEHCHBHOCTb, €CTh Mepa 6EPOATHOCTH HalTH
HacTRIy B HTOM MeCTe.

Il TOro 4TOGL MOSICHHTL 3TO HCTOMKOBAHHC, PACCMOTPUM TH-
THYHBG HHTCp(epeHIHONNbI OMbiT: MIOCKAS BOJHA NajaeT Ha He-
Opo3padnBil KpaH, B KOTOPOM NPOAeTaHul aea oreepcras i # Sp
) (puc. 223). B rakom cayyac ma nocra-
TOYHO YAAJEHHOM BOCTIpEHHMAIONEM 5K-
pane ((poToNaacTHHKA, (AyOPECUHpYIO-

” mHf 3Kpay) BO3HHKaeT HHTEpdEpeHLH-
5/ OHHasl KapTHHA, COCTOAAS U3 IOCHES0-
BATENBHOCTH CBETIBIX W TEMHBIX MOJOC.
I~ O6bacHerne 310/ KapTHHel ¢ BOANOBOH
TOYKH 3pCHHS 061eH3BeCTHO: HANO qpen-
K CTaBHTb Ce6e, 9T Caesa Ha dKpaH I ma-
NaCcT NAOCKAs BOJHA; OTBCPCTHR Sp 4 Sy
CTAaHOBSITCA TPH 3TOM UCHTPAMH JBYX
CepHUeCKHX TIONrCHCOBHMX BOJAH, pac-
NpOCTPaNSIOMHXCSA BIPABO OT IKPAHA K
AHTEp GCPHPYIOLHX Mexay coboit. B tosu
MecTe SKpaKa //, riie pasnocTh X0Aa STHX
Puc. 223. BOJIH DaBna HYJ©O HIH YETHOMY HHCIY
DOYBOAH, Mbl NOMyYHAM M3KCHMAJbHYIO
AMILTETYIy H BMECTe ¢ TeM — MAKCHMYM CBETJOf nOJIOCH TaM Xke,
[Jle PAsHOCTb X0 PABHA HEUETHOMy UHCIY IOAYBOJH, BOJHBI TDH
HHTEp(CpEHLHN TACAT ApYT APYra, AMIJMTYAA PARHA HYJIO, MBI IO«
aywaeM TCMHYIO NOJIOCY.

Kak MOKHO NOHATH BO3HHKHOBEHHE ITHX MOJOC, PaccMaTpuBast
SMEKTPOlB KAK HEACTHMbIE «qacTHUb? [Ipeacrasum cebe, uro ma-
MaomMi MyuoK SIeKTpOHOB OueHb cial. OMblr NOKA3HBAET, HTO
XapaxTep MHTEP(epEeHUMOHHOR KaprTHHH He 3aBUCHT o-i HHTEHCHB-
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noctd. Jlomyerny, 410 $OTONAACTHIKA MOKeT PerHCTpHpPORATH MMO-
Dajanie OTHEALIEX JIEKTPONOB *). B 1akomM cayyae npH Npoxox-
AeHnH caforo MOTOKA JMEKTPOHOB Mepea sxpan J Ha (oTonIacTHH-
Ke CHavana HORBHNHCh Gbl XAOTHYSCKH Pa3pOCaHHbie OTHENbHHE
TEMHBIE TOUKH — clelbl NOMaAants 3/exTponos. MOKHEO 6bL10 61
10JbKO 3aMETHTb, YTO YHC/AO STHX NATHEINEK, T. €. YHCIO NOmaga-
HHH 5/KTPOHOB, GONbLIE B TCX MeCTaX, Te AONKHE GHTh MAKCH-
MyMEl HHTEP(CPEHIHORROH KapTHibL. [TpH A0CTATOUHO WPOROMKH-
TCJIBHOM SKCIepHMEHTE 3TH OTIeNbHble CACAbl JOMKHEI 06pa3oBaTs
HHTEp(QEpERLKHORNbE NOock. TakuM 06pasoM, cser/ble HHTEp(e-
PenLHOnlibie NOJOCH — 3TC MecTa, KyJa JJeKTPOHBl MONMajalor
yallle BCEro; TeMHbIe NOJOCH] — 3TO MeCTa, Kyla OHH BOBCE He MO-
nanaioT **).

Ecii temeph NpAMEHHTh 3TH COOOpaeHns He X coGpaHHIO
GOMBLUOTO YHCJA SNEKTPOIOB, HO K OTHENBHBIM SJEKTPOHAM, TO
MOXHO T2KKe CKa3aTh, 4T0 BEPOSTHOCTh HAXOMIEHHA NEKTpOHA
M3KCHMAMoHA TaM, T aMILIMTYRA BOAHOBOIO NOJS HMeeT MaKCH-
MATLHYIO BeMUMHY W paBHa HyMO TaM, Tle AMIAATYNa paBHa
Hymo. Ho rak Kak aMIUiMTya MOMeT GhITb H NOJOXKHTENLHOR, H
OTPHIATENbHOM, 8 BEPOATHOCTh €CTh BCerfa NOJOKHTEILHOS YACIO,
TO HeOGXOZHMO XapaKTepH3OBATh REPOATIOCTb K6adpaTos aMILiH-
TYARL

YeaoBHBUIHCH B TAKOM CTATHCTHYECKOM TONKOBAHHH BOJH Ae-
Bpoiina, Mol MOXeM COXPaHMHTb  BONHOBHE MaKeTl B KauecTBe
YZIOBHOrD MeTojla paccyaeHus. [TocTpOHM BONHOBOH TaKer Tak,
uTOGE OH 3aHHMal Ty o06MacTh MPOCTPAHCTBA, TIie HAXOARTCA
SJICKTPOH B HEKOTODLIH OTpelleNeRHsIl MOMEHT, W NPeAOCTaBUM ma-
KeT camoMmy ce6e. Ecam Mbl Temepb HalileM (opMy DlakeTa B Ka-
KOH-HHGYIb CIIeflylondil MOMEHT BpeMenH !, TO KBagpaT €ro aMm-
JUTYRbl B TOM HJH MHOM MeCTC Oyner MpONOPUHONAJNEH BeposT-
HOCTH HAHTU SAEKTPOH B ITOM MeCTe B MOMEHT .

§ 148. Coor

p ]

CraTucrHueckoe HCTONKOBANHAE BOAY Re-Bpoiirs, paccMoTperHoe
B Apeflblymiem aparpade, NO3BOMNSLET CBAIBIBATD PC3YJAbTATH, IO+
JIyHCHHbIE TEOPETHYECKHM MyTeM, ¢ IKCIepHMEHTabHEME QaKTaMH,
OxnaKo OHO OCTABASET B CTODONE BONPOC O NPHPUAE MUKDOCKOMH-
YECKHX OGBEKTOB: SIEKTPOHOB, (POTOHOB U T. M. OCHOBHOE SaTpyi-
HCHHE COCTOHMT 3Z€Ch B TOM, YTO JVISl ONKCAIIHS SKCHCPHMEHTANbHBIX
(AKTOB HaM NDHXOAATCH NONB3OBATLCH TO KAapTHHON uacTHL, TO

*) B Rambuefiuest Mil macTo GYIeM [UIA ONPEICACHHOCTH FOROPRTb 06 itek-
TPOHEX, HMEA B BULY MOGWE MEKPOCKONMYECKHE HACTHIIL

**) 3necy mmeerca » suny noswtusuoe nsoSpaxccunc Ha poTommactanke,
€amMo coBoft palyMeercs, MecTa, KY/la NON3LAeT MAKCHMATBHOE MHCAO 3JICKTPOILIO,
BXOZAT TCMIIbBINE,



468 . BOJIHGL M YACTHLBE [ x

gapranoi BoqH. Oin U Te ke OGBEKTH — SMEKTPOBbl — B ONLTE
¢ xaMmepoi Bajbcona OCTAaBASIOT Pesk0 OvepueHHhe CIelH, T. &
BCAYT Ce6A KA Crapsilbl, IBMKYIGHECH O ONPENeNCHIbN TPAeKTO
pHAM, @ B OMNbITe C NPOXOKIEHNEM uepes MHKPOKpHCTAJmIdCCKHe
JUCTOYKH ZAlOT CBE1Jible M TeMHble HUTep(CpeHLHOHILe KOJbIE,
T. € DEAYT CCOS KAK BOJIHBI, NOXYHHSIOUIHECH HpHNLMITY CYTepito-
suuun. [lockonbky, ORHAKO, CBOACIBA UACIHL H BOJH HE TOJBKO
CAHUIKOM DA3AHYHLI, HO M BO MHOIMX OTHOUIGHHAX HCKIIOUAIOT
ApyT IPYTa, a 3JEKTpOithl, HECOMHEHHO, UMEIOT eiuHylo NpHPOLY,
NpAXONATCA 3AKTIOUHTh, YTO ISKTPOHl HA CAMOM jele HC s8-
JMHIOTCA MM TeM, HE APYTHM, TAK UTO KapTHHL BOjy M 4acCTHIl B
B OZHUX CTyYasx HOAXONAT, 4 B IPYFHX OKA3biBAKTCA HENpHroa-
neiMH, CROfCTBA MHKpOYACTHL HACTOJbKO CBOCOOpa3Hbl, MOBECHHE
HX B TAKO{ cTeleHw He NOXOKC La MOBEJleHHe OKpYHAOWHX Hac
B OBBIIEKHOH KH3HH MAKPOCKONHUECKHX TeJ, yTO y HAC HET I HUX
[OAXOXAMHX 06pasos. ONHAKO ACHO, 4TO, NOCKOTbKY MU BHIHYX-
fenbl IAS ONUCANNST OOHUX U Tex te 00eKTO8 Nonb3OBATECA B BOJ-
HOBOH, M KOPIyCKYASpHOi KAPTHHAMHA, MEl yXKe He MOXCM MpHIH-
CbIBATb 3THM OGHEKTAM C€ CBORCTBA WACTHIL H 8C€ CBOHCTBA. BOJNH.
Harpimep, HAIRUAE BONHOBLIX CBOACTE y 81€KTPOHOB HEHIGEKIO
JIOJUKHO BHeCTH KaKHC-TO OrpaliHyendsi B NPHMEHUMOCTH K 3THM
MHKPOYACTAUAM NOHATHH, XAPAKTEPHIYIOMHX YacTully B KIaccye-
CKOR MEXaiHKe.

Mur TCTIeph H LIOCMOTPHM, KAKOBL! e 914 orpanngenus. B kiac-
CuuecKoll MeX4HHKe YACTHULI HMEIOT CIETyIOuic OCHOBHBIE CBOf-
CTBa: BCHKAS yacTHLA B oGO MOMEHT BpCMEHH 3aHHMaer CTpoOro
ONpelcaeHHOE MeCTo B MPOCTpaHCTBe (IpHyeM I10JI KMEcTOM» pa-
3yMeioTcs KOOpAHNATs HeHTpa TAXKECTH) H 06iaiaer ompeesed-
HBIM AMAYILCOM (A waCTH C MAcCOi HOKOf, U PABHOH HyJio

= mo}, onpeneJeHROMy HMIYJbCY COOTBETCTBYET O peiccHiias
cxopocts v]. BOSMOMKHOCTh OOBPEMENHOIO TOYHOTO OMpeEneHns
HOJIOKEHUS B CKOPOCTH ABASETCA CTOJNb XApPaKTEpHBIM CBOACTBOM
MaKpOCKONHYECKHX YACTHI, §TO B KJACCHUECKOH (U3HKE «COCTOS-
HHe» CHCTEMbl HACTHL NOJHOCThIO XapaKTepH3yercs COBOKYNIOCTHIO
BCEX KOOpIHIAT U BCEX COOTBETCTBYIOWMX MM HMIyJbCOB. Mt ceft-
yac yBUAMY, UTO HANHUHE Y 3JEKTPOHOB BOMHOBLIX CBOHCTB BHOCHT
cyuiecTRenIoe OrpasHyeHHe B BOSMOMKHOCTL T@KOZO OMHCARHS CO-
CTOSIAS CHCTEMb MHKpOYACTHIL

IlonyCTHM, B CaMOM Jiese, YTO HaM H3BECTHO NOJOKEHHEe Mu-
KpOUACTHUB HA OCH & C HEKOTOPOH HeTOHHOCTBIO Ax, Tax HT0
MOMHO YTBCPKIATb, YTO HACTHUA HAXONHTCA T[Je-TO MeXly Xy I
Xo -+ Ax. Tencpb Mbl BCUOMHEM, uTO BCE (AKTH aTOMBOIt (PUSHKH
MOpyT GhiTb OMMCAHH TAKKE H C NOMOWbIO KapTHHE BOMH (CM.
§§ 137—139). TOT (aKT, uTO MONOKEHHe YACTHLBl H3BECTHO JHIIL
¢ HEeKOTOPOR HETQUIDCTLIO AX, OMHCHBAETCS B BOJHMOBOH KApTHIE,
OUEBHAHO, TEM, UTO AMIVIHTYAa BOJHOBOH (YHKUHH OTIHYEA OT

§ 48] <ooT HEOTIPENE, CTH 469

HYJISl UMb 1a OpOTSMEnUn OTpe3ka, NpUGIHINTENBHO pABHOO AX.
Takast ¢Qymkums, Xax MBl 3HaeM, MOWer ObiTh MOCTpOEHA WyTCM
CYHepIOSHUKEH TapMOHAYECKHX BOMH, HO CAMa OHa, pA3yMeeTcs, O1-
HIOZb He ARJISETCA IapMolLMuYecKoll BoaHol, Eii mostoMy Hemvss
NPHIHCATL ONPCeJenHbX 3HAYCHHME v U B: OTpaHHUCHHAS B Tpo-
CTPAaHCTEC BOJHOBAA (YUKIHA NpeicTaBJsiel cOBOi 80440804 na-
KeT, AJIsl OCTPOGHHUA KOTOPOro MyTeM CYuCpNO3MiHH CHHYCORAATh-
HLIX BOJIH CACYCT CKA2IbIBATb BOMHLI C JIEIIPEpLBRO MEHSIomH-
MHCA B TNpefelax ONMpENeqenyoro Hurepsana Ak 3HayeHHAMU
BOAIHOBOrO Bektopa k. CoOTOUIEHHE MKy NpOTSKEHHEM NakeTa
Ax 1 HHTepBANOM AR, KaK Mbl 3naeM (§ 135), naerca ycaosnem

Ax Ak, 3> 2m. (135.5)

YMHOMas 06e uacTd 3TOrO HCpABCHCTBA Ha NOCTOAHHYW IliaHka #
# 3aMedas, yTO COfTAcKO Hoctysaary ae-Dpoins hk. = p., moay-
yaeMm ’

Ax Ape > 2mh. (148.1)

U3 97070 COOTIIOLICHHS CENYeT, YTO X H Py e MOLYT OJHOBpe-
MEHHO HMeTh ONpEAEseHUNX SHAYEHHI! €CAH 3HAUEHWE ¥ ONpelle-
NEHHO, T. €. eCIH Ax =0, T0 Apy~> 00, @ 3yAUMT, px He UMCET HH-
KaKOTO ONpejleseHHOro 3a4enns, 1 Hao6opoT. EClR ke ¥ H pe He-
ONpeNesielnbl B H3BCCTHHIX IpenieNax AX H Apy, TO MCKIy 3THMH
HEONpPENCACRHOCTAME HMecT Mecto cootHomende (148.1), us xo-
TOPOTO CAEMYeT, UTO UeM MeHbmie AX, T. €. YeM TOYHEC JIOKAaJH30-
Raio NONOKeHHe yacTHibl, TeM Gonbule Apy, T. €. TeM GOJbLIE Hie-
ONpeJIeVIeHHOCTh COOTBETCTRYIOIISH COCTABAMIOWEN HMITYbea.

Hst AByX Apyrux KOODAHHAT NOAYMHM anajforHuHble Hepa-
Bercrea [em. dopmyan (135.6)]

Ay Ap, =23, (148.1)
Az Ap, >k, (148.17)

OTH_HepaBencTsa Ha3IbIBAIOTCA COOTIOWEHHSIMH HEONpeieseH-
noctn [chacnbepia. Onu npederas 12107 cobol usenno 1o ozpasnu-
HeHUE NPUMENUMOCTH K MUKPOUQCTUHOM KAGLCUHECKUX NOHATHE, O
KOTOPOM 2080puroCh 8 HaudAe 37020 napazpega. B camom nene
AN MAKPOCKONHUECKOH HACTHIbI, KaK yikKe GbUI0 CKA3AHO xapak-’
TepIa BO3MOKHOCTL TOUHO ONMPeReANT: B KAMILL MOMEHT BpeMenn
nosoxenue H HMNyabc. CoorHomenne (148.1) nokasusact, uro
TAKOE ONHCAHWE COCTOSHHS TEPSET CMBICH N5 YaCTHUH MHKPOCKO-
maveckolt. D10 caeRver M3 TOro, WTo B CHAY cootHOmenus (148.1)
Ax 1 Apy e MOTYT GbITb paBHBL myJaI0 00HO8peserno [ananorniroe
HMeeT MECTO JLst Ay 1 Az n cooTeerctBenno LSl Apy B Ap; B cuiy
cootHowenuit (148.1") n (148.17)]. M3 sToro BhiTekaer, yto ne
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HMeeT CMLICJIa 33A4aBaTbCs BOMIPOCOM 06 OﬂHonQMEHHHX TOUNBIX
3HAENMAX X M Px, TAK KAK TAKHX 3HAUCHHE Y MMKpOYACTHIBI
TIpOCTO HE CYUIECTBYET.

Heo6Xomumo 0TYSTIHBO yACRHTL ce6e, UTO CTOMb CTpaHHas 0co-
6ennocTh ecTb HeM3GEKHOE CAEACTBHE TOTO, YTO 3JNEKTPOHME M Jpy-
THe MARPOUACTHIB HApsi/ly ¢ KOpNYCKYJApHBIMH CBOACTBAMH IpO-
SIBAFIOT TAKKE H CBOHCTBA BOHOBLE. [Tanmune KOpNyCKYaspHHX
cpojicts Tpebyer, 4ro6bl UACTHLY MOKHO GBUIC JIOKAJNH30BATh B
npocTpancTse H Bo Bpemenk. Ho Jaike npuGanmikeHHas NoKaJHsa-
mHs (komeuHoe aWavepe Ax, Ay, AZ) Beler K TOMy, uTO COOTBET-
CTBYIOIEE BONHOBOE NOJE JOMKHO HMCTh OTpaHMyeHHOe NpoTsKe-
HHe. A B TAKOM cilyqae Ha CIHeHy BLICTylaeT (akT, HMCIOIMUI
MECTO /ISl JI060T0 BOJHOBOTO NOJS: HUKAKUM CHOCOBOM HEAL3R NO-
CTPOUTE BOAHOBOE NOAE TAK, 4TOGLL OHO UMEAO OZPAHUMEHHOE Npo-
raxenue 1 8Mecte ¢ rem npedcrasasio cofol eoany ¢ onpedesen-
Houm sHauenues o (T. €. ¢ ONpENeNCHHBIM 3Hayenuenm k), Boamoxuo
JM60 OAHC, AHGO ApYroe: AMGO rapMORHYECKast BOJNHA, XapaKTepH-
3yeMas Onpeje/leHHBIM SHAUENHEM JUTHHBI BOAHL A, HO TAKas BOJ-
Ha GesTpaHHYHA, & 3HAYHT, Ke MOMeT ObTh W peud HH O KaKoil
JMoxaqu3aluun, Ju60 OrpaHBYeRHOe BOJNHOBOE NOJE, MO TOTAA Her
BOABLL ¢ ONpeJeNenHbM 3[IaTeHHeM A, a4 HMCETCS BOJHOBOH NaKeT,
KOTOpbll pasaaraercs B CIUIOWHOM CIEKTp, e ) HeMpepHBHO Me-
HAETCS B OTpeflefieHHOM HiTepBase, TeM 00Jiee WHpOKOM, YeM YiKe
TIaKeT, T. €. yeM TOYHee JOKAIH3aNHs.

§ 149. Onpenenente Mecta W HMIYJbCa MHKDPOYACTHIBL

B npenbiaymem naparpade Mbl BHBeAA COOTHOMIERHA HEONMpese-
JICHHOCTH, HCXOAS U3 NBOHCTBCHHOR MpHpOAL saektpoua. Obpa-
THMCS TCIICpb K PACCMOTPRITHIO SKCIePHMENTOB, ¢ TOMOLIbIO Koro&ux
MOJKHO ONMpeflesisiTh KOOpAHHATH 3JEKTPOHA H ero HMIydsc. lpn
3TOM, KaK H B BBIBOAE NpeALIAymero naparpaa, Mbi CCTeCTBeHo
TaKxe GyNeM pyKOBOACTBOBATLCR TBEPAO YCTAHOBNCHHBIM HA ONILITE
$arTOM — HBOHCTBCHHOM, KOPNMYCKYASpHO-BONHOBOIH MpUpPOJIOH MUK-
POYACTHI H Ha KAaXJOM STaNe [aimuX AabrefiliHxX paccykpentit
GyaeM clenTb 38 TeM, KaKhe OTDANMYCIMA B NpHMEHHMOCTb
K MHKpOUACTHNAM CIOCOGA OMHMCAHHS, NPHrORHOTO NS MaKpOCKO-
MTHYECKHMX TCJ, BROCHT HANHYHE BONHOBWIX CBOHCTB Yy MHKpOYACTHL.

O6CyKICHRC SKCNEPUMENTOB, lIpEAHAHAYCIIHX ISl OMpeese-
HHMSL KOODIHHATH 1 MMIYTnCAa MHMKDO4ACTHIE, MOMHMO HATJIAL-
HOCTH, BAXKIO W 1O Apyrod NpHuHHe,

B caMOM jeJe, eClH 6bl OKa3aJ0Ch, UTO TEOPHS [IPHBOAHT K Bhi-
BOJLY, 4TO HeaAb3s TOBOPHTH OO OAHOBPEMEHHLIX TOMHLIX 3HAUEHHSX
KOOpJHHATH H HMITYJIbCA MHKpOYaCTHLE, HO MOXHO GbUIO 6B yKa-
34Th IKCMEPHMCHT, — XOTs 6Bl HEOCYUIECTBHMEI BCMEACTBHE TEX-
HuuecKux 3arpylnenut, — ¢ TIOMOWBIO KOTOPOIO 0G€ 3TH BETHUHHL
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6Bliti 6bt 1OCTYNH JI1A H3MEpeHHs ¢ ;i060H CTenembio TOYHOCTH,
TO 3T0 6bl 03HAYANO, YTO B TEODHH HMEeTCS RIYTpeHHee [DOTHBO-
peuHre.

PaccMOTpuM  SKCREpHMCHTANbHOE 3 CTpOlicTRO, MOsBOASIONEe
TpIMBIM TyTeM ONpelealls TNOJOKenHe 3acKrpoHa. [lyeto ma
3Kpan ¢o weanio A8 mupunoli Ax, KO10puifl MBI Jladbine Gyaem
Ha36IBaTh «AHZ(pArMoit», ClIeRa I1ajaeT SJEKTpOH B HANpPABJCHHH,
TEPOCHIHKYIADPUOM K IJIOCKOCTH Rnagparmbl (puc. 224). Hanpa-
BHM OCB X NApaiensio AHAQParMe, a 0Cb § — MEPNCHAHKYAAPFO
k neft. Ecau My o6Hapy-

JKHM | 3JIGKTPOH cnpasa e 14

o7 anagparMsi, HanpH-
Mep, 10 COHUTHAJISAUKE,
KOTOpYIO OH BHI3BIBAET
HA  ayopecuupyomen 7
axpane CD, unn no nat- o _4z

Hy Ha QoromracTueke, £ t

Jo | )
R

TO MOKHO yTBepHKAaTh,
4TO  JJAEKTPOH mpomien
uepes b AB B atoM
Cllyqae  <MECTO  BJICKT- V]

OHa» 8 MOMEHT npo-

YonmOenun depes wjeap, P 221 Oupepenchue NOIOKEHIA SICKTPORA
O4EBHIHO, MOKHO OMipe- AU MOVOILT SKPAHA CO IS0,

* ACAUTH KaK NOJNOMKCHHE

W@ OTHOCHTE/BHO OCTAJbHBEIX” HacTell mpubopa. B camoM Zeme,
ecly AuadparMa 0CTATOYHO MAcCHBNA H HECTKO CKpemicHa ¢ Oc-
TANLHEIMH YaCTAMH NpHGOpA, TO MONOKEHHC WICAH B AHA(parMe
TeM CaMbiM GYAeT (HKCHpPOBANO OTHOCHTEJBHO 9TOJ CHCTEME OT-
cYeTa, a CACAOBATENbHO, NONOKEHHE SNCKTPOHA B MOMEHT TPOXOXK-
AGIHS 4epe3 miedb GyJeT H3BECTHO ¢ HCTOUHOCTRIO AX, paBHoll wH-
puue mesd, QuesHiHO, 9TO, CyKas WICTb, Mbl MOXKEM ONpeAeNtsTh
TAKUM IIYTeM TOMOKEHHE SJCKTpOHA ¢ Ree GO.bUIefi CTCMeHbIO TOY-
HOCTH, H HCT HAKAKOTO pCACAa /IS 9TOMO NOBBIUEHAS TOYHOCTH
Onpejieslents MecTa 3JeKTpoHa.

[TocMoTprM Tenepb, uTO MOKHO CKa3aTh OO HMIyJbCE 3aCK-
TpoRa, Ha nepBulfl B3IMANL MOKET NOKA3aTLCHA, YTO HMIYIALE H3-
BECTEH HAM TAKKE ¢ MOJHON OnpefeNenHocTso. B caMoM fese, mo-
CKOJIbKY HaNpaRiIeHHe [OJeTa 3JMeKTpOHA CA€6a OT JHadparMsl
TIePIICHANKY/ISPHO K TI0CKOCTH IHAadpalMbl, 10 X-COCTaBATIOMAN
HMIYI5Ca CAC6Q OT OKPANA PABHA HYJIO, 4 Y-COCTARIAIOWANA paBHa,
HaNpHMep, p, T. €. HMIYJbC HMeeT ofpellenenHoe 3naveane. OnHaKo
lpH TpOXOXKIEHUM Yepes melb Muockas RojHa ne-Bpoins, mpen-
crapasionas ABHKelMe CBOGOMUIOTO SWiCKTpOHA, HMCIBITHB2ET -
¢paruno. A 5T0 o3navaer cieaywulee: MpeACTasHM cebe BMeCTO
OFBOTO 3eKTPON2 NapaMaeNbHEHi NOTOK IX, NPOXOASWHAR gepes
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auagparMy B nanpasneRMH ocH y. Toria Ha (OTOMJIACTHIKE MBI
NOAYuAM MGPAKUMOHHYIO KAPTHHY, COCTOSYX H3 DA3MBITOrO
IIABHOr0 MaKkCHMYMa, pACIOJIOKEHHOTO CHMMETPHYHO OTHOCH-
TEABHO OCK Y, M MCHbIINX MaKCHMYMOB GOMlee BHICOKHX NODAIKOR
Mo ofe CTOpOHb OT TWIABHOTO MaKCHMyMa (CM. KpHBYIO B DpPaBoi
wacta puc. 224). V3 suna AnQpakunOHHOH XKapTHIlEl Mbl 34KIi0-
uaeM, 4r0 NOCJE NPOXOKICHHA uepes medp OO.IbWlHCTE0 Saex-
TPOHOB NpOAOAKACT JBHraTeCsl B ICPBOHAYANBNOM RANPABJCNHH,
T, e. coxpasier 3nadenne pr — 0. Ho nmenrcs TakKe aneKTpoHs,
KOTOpLTe H3MeHSOT CBOE HANpaBieHHe W TNONAajaioT B DasjHYHBIC
TOUKH (OTOIIACTHHKH C BEPOATHOCTHIO, COOTBETCTBYOme# Xoiy
KpHBOfi B IPABOA YacTH pHC. 224.

OBpatiy Tenep, BHEMaHHE Ha CJIeAyiOmee Baknoe 06CTOR-
TenpcTBO. OnHcanHas peile AAPpaKIHOUHAA KAPTHHA BO3LUKAET
TOrAa, KOTAA Yepes medb OJHOBpEeMEHHO IPOXOAHT 60/bLide YHCIO
saekTpoHOB, MoxHo Guo Gbi MOAYMaTh, 4TO yHacTHe 6GOABIOTO
uKCAA SJEKTPOHOB HCOBXOZHMO JnA NUQpaKuMH, a OTREbUBLH
SMEKTPOH BefleT cefst KAK-IHOYIb Hiraue. d’uuaxo 370 ne Tax, Y3
OTHKH yike T4BHO H3BECTHO, UTO XapaKrep MUQPAKUHONNOA Kap-
THHBI COBEpUICHHO He SaBHCHT OT MHTCHCHBIOCTH cBerd. To ke
Kacaercs SJEKTPOHOB, 10 HeJaBHO coBerckHe Quaukn JI. Bubepman,
H. Cymxun u B, ®abpukanr nokasaj, 4r0 Kake B TOM ciyuae,
KOT1@ OTAENbHbE 3MEK1pOHB MpOXOLAT uepes AAQparHpyomyo
CHCTEMY MOOIMHOYKE Yepes OTHOCHTENbHO OTpOMHLIE NPOMEXYTKH
BpEMEHH M, CIeNOBAaTeJbHO, Beayr cefs aBCONIOTHO He3aBHCHMO
APYT OT Apyra, — B KOHEyHOM CuETe, IpH NOCTATCYHOR DPOXOJDKH.
TeJBHOCTH OMiTa BO3HAKAST RHQPAKIHONNAS KAPTHHA, B TOUNOCTH
¢OBNAAI0MAR C TOH, KOTOPYIO AAIOT NOTOKH B JECATKA MHIIHOHOB
pas Gosee HHTEHCHBHBIE.

B onsite J1, Bubepmana, H. Cymxuna w B, ®a6puranra npo-
MEXKYTOK BpeMeinH Mex1y ABYMs IO0CIeA0BATeJIbIbIMU [POXOKIE-
HUAMY 5J1eKTPOHA yepes Jngparipyomylo cHCTeMy 6bl1 IPHMepIo
B 30000 pas (!) Goabiie BDeMeHH, 3aTpayHBACMOr0 OJUTHM SJIEK-
TpoHOM HA IIpOXOkNeHne Beero npnGopa. Iecmorpst Ha 370, BO3-
HHKai0mas AupAKUHOHHAS KApTdAHA HMYEM 1l¢ OTIHyajnach OT
KApTHHB, NOJyYalomefics ¢ NYdKamH, WHTCHCHBIIOCTb KOTODHX B
107 pa3 Goaxbwme, D10 NMOKA3bIBALT, YTO HIMEHEHHE HANPABICHUSA
noferd, BeAymee K BOSHMKIOBEHWIO XApaKTCPHOH JM(paKuHOHHOR
KApTHMB, TPOMCXOJHT NPH MHAMBUAYANbHOM TNPOXOKIEHHH 3JIEK-
TPOHOB Yepe3 Audparupyoulyi0 cucTeMy (B HHTEpecymomem Hac
cayqae — Hepes medn).

BO3HHKAeT BONPOC: KAK MOKHO OGBSCHHTb C KOPHYCKYASPHOL
TOMKNL 3pentiss TOT (BAKT, YTO TIPH NMPOXOKIEHHH Yepes jedh Hexo-
TOpble 3MEKTpORLI MeHsoT cpoe Hanpasaenne? QueBnino, uTo
SMeKTPOH-YacTHUA MOT 6H H3MEenuTh CBOE HANpPABJCHHe TOIBKO B
pesysbTaTe B3aRMO1EACTBAA ¢ KPAfiMA WEJH KU CO BCEM SKPAHOM,
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Takum 06pasoy, H3MeHenUe HANPABIENHS B KOPNYCKYJAPHOH Kap-
THHC eCTb Pe3ynbTar TOTO, 410 B MOMEHT NPOXONZeHus uepes
Web 3JIeKTpol NpHOGperaer 106aBounbiii HMIyJbe Ape B nalpas-
fieHud ock X, Ilist GOMpIIMHCTBA 3JICKTPOHOB, 4 HMENHO TeX, KO-
TOpble MPOLUIH Yepe3 AHAGDPATMY (€3 M3MeHEHH:] HANDABJCHHS A
TONANA B MECTO, COOTBETCTBYIOmEE MAKCHMYMY NOYEPHEHHs (HOTO-
TJACTHHKY, 3TOT 106aBOMHEE HMIOYJAbC paseH hymo. Ho rtax kak
NouepHeRHe MJIABHO ymenblIaeTcd B 0o6e CTOPOHBI OT MAKCHMYM4,
TO HApsAy C STUM HMCIOTCA ¥ TaKHe 3JeKTPOIIEl, KOTOpble Moma-
AA10T B pasquqiible MeCTa (GOTOMIACTHIKH, 4 CE0BATeNLHO, — IpH
TpOXOKICHHU depes me/b NpHOGpeTalor N06aBoUHbE HMIYIbC Apx,
OTAHYHEIH OT UYyJAA.

OueBnaHo, ¥TO, MOA06HO TOMY, Kax WHpHHa mestn Ax Xapak-
TePU3YeT HETOUHOCTh, ¢ Kakofl HaM GyJeT H3BeCTHO MOJOKEHHE
3JIEKTPOHA B MOMCHT NpOXOMICHHS uepes mesdb, BeWyuWHa 1006a-
BOUHOrO KMOYJLCA Ap, OYET XapaKTepH3OBATb HETOUHOCTh, ¢ KAKOH
HaM W3BeCTHa X-COCTABJAROWAA HMIy/Ibca,

B camoyM [ede, NOCKOJAbKY 3JEKTPOH HMEET BEpORTHOCTb I10-
nacts B 060 TOUKY ARQPAKUMOHHOM KADTHHH (HpAKTHYECKH —
B npejesax LIaBHOTO MaKCHMyMa), Ap, MOXeT NpHHHMATth Bee
BO3MOMKHEIE 3Hayenusl OT HyJf 0 HEKOTOPOH MPEACNpHOH BeAHUH-
Hbi, 3aBACsSiuiell OT UIAPHHBI FAABHOTO MAKCHMyMa JH(pakUHOHRHOM
KapTHHBL.

Moo, 0A1aK0, TaK BHIOWIMEHHTb YCTAHOBKY, YTOGbI ¢ ee 1o-
MOpl0 GHEIO NOCTYNIHO SKCTIEpHMEHTANBHOE ONpeflesieHue  Apsy.
HMeRno, HMIYJAbC MHKPOUACTANLI MOMHO ONpeeuTh, IpuMeHss
33KOH COXDAHCHHR HMIylbca (KQJIHYECTBA IBHMKEHHS) K BIaHMO-
AeHCTBHIO MHKpOYacTHLBI ¢ AHAapparMofl, CKBoSb KOTOPYIO OHA
TPOXOMHT.

Tak K4k NP ApOXOKIEHHH uepes medb YAaCTHLA NOJAydaeT Jo-
GaBounbiit UMIYIbC, NApanielbHulit AHaDparMe, T. e, B Halpasle-
HHW OCH ¥, TO caMa AHa(ParMa co melbid HCOBITLIBAET OTAAdy
TAKXKe B 1alpaBJentHH OCH X, HO B 0GpaTRyio CTOpoHY. 3uas aTy
OTAAauy, Mbl Obr 3HAJSH M Aps, @ TOCKOJBKY #-COCTABJIAIOMAA OC-
Taetest 6e3 H3MEIENHs, — Mbi TOYHO SHAJM GBI HMIIY/BC 3JM€KTpO-
HA B MOMEHT CIO IPOXOXKIEHHS Mepes e,

Jlas usyepenns OTRAyH HYXKHO AMADPArMY CHEIATh AOCTATOYHO
Jerkoft u moaswkHoi. Ecau guadparMa 10 DpoOXOKIEHHA Diiek-
TPOHA NMOKOWNAch OTHOCHTC/ALHO OCTANbHIX uacTeli npHbopa, 7O,
usMepss CKOPOCTb, KOTOPYX OHZ HOJYYaeT NpH [pOXOKAENHH
IEKTPONE, W 3Hasl ee Maccy, Mbl TeM caMmblM npaizeM 10GaBOYHBL
HMIYaLC Apy, TIpEOGpETaEMLII €10, a CJIefloBATENbHO, H 3J€KTPOHOM.

Tor ¢axt, YTo NOAOBHEI SKCIEPUMEHT HEOCymeCTBHM MO Tex-
HUYECKHM MpHuHHAM, HANPHMEp BCIEACTgHE TOrO, 4TO HEMb3S OCY
ECTBATD CTOMb JEIKHil SKPaH, 4r06hl OH MprOGPE 3aMeTHYIO KO-
pOCTb B pe3yJnTaTe B3AHMOJENCTBHSA C SJACKTPOHOM, HHKAK He
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BAMser Ha NDPaBHIBHOCTh 3AKIIOUeHHl, BLIBOAUMLIX HA OCHOBAHHH
PAaCcCMOTPCHHR OXHAZEMOTO Xofla mpouecca. B camom zere, sto
PaccMOTpCHHE UHUEM He OTJIHuacTes or Teopun sdderta Kommro-
Ha, Tle BO3MOMKHOCTb NpHMCHEHHS 33KOHA COXDAHEHHS HMIYIhca
K COYMapEeHHSM MHKDOYACTHil JOKA3ana SKCIepuMeHTanpho. Mrax,
YCTAHOBKE ¢ MOMBHKEON AHadparMOii no3s0JseT ONperenarb Apy,
3 caejoBaTEJbHO H p, ¢ JOOOK KendeMoli ciefenbic TOYHOCTH.
Onuako, ecan Auagparma GVIET NOJBHKHOM, TO LHA YKe Iie CMO-
KeT CYKHUTh GUKCHPOBAHHON CHCTEMOH OTCYETa AAT OMpEAC]EHHS
TIONOKEHKA MEKTPOHA B MOMENT MPOXOKACHHA €T0 uepes medb.

TakaM 06pasoM, Mpl BHAHM, gTO BOIMOXHbM 183 DA3MHUIBIX
skcnepHMenta, OAUH HO3BOJISIET OMPCACNATS TOJIOKCHHE 3NCKTPOHA
B MOMEHT IDOXOACIHS Yepes medb, WHHMH CIOBAME 3TOT 9KCme-
PHMEHT LACT BO3MOXKHOCTB OCYI(ECTBHTHL NpOCTDAHCTBEHHO-Bpe-
MEHNYIO JIOKaJH3aUKIO 3NeKTpORa. JIpyrof sKcnepuMcHT no3poaser
UCITONH30BATE 3aKOHI COXpAaHeHus HMIYJbCa H SHEPruH IJIf TOH-
HOTO OmpejeNiens MMITybCa 3ACKTDOHA, HO OH TPEOYET 0TKa3a OF
BOSMOXEOCTH NpOCTPAHCTREHHO-BDEMCHHONH  MOKaJH3AUMH  3JeK-
TpOHA.

BepHeMcsl K pacCMOTPEHHIO YCTRIORKH C HENOABHIKHOK JHA-
¢dparMoit. B arom Ciygae, Xax M BUIAHM, YCTAHOBKA IO3BOJAET
H3MepHTD IOJOKEHHE HaCTHUL ¢ lecNpefeNenHocTbio Ax, Kotopas
MOxeT BbiTh CACNAHA CKOMb YrofiHo Majo#. ORHAaKo, MOCKOABKY
TpH KOCTKO 3aKDEMUIeHHO AHadparMe Mbl JHLICHE BO3MOXKHOCTH
yueCTe OTAauy, HCOLITHBAEMY JHAGPATMOH mpH NPOXOHACHHH
4ACTHUBL, LO6aBOYHbIH HMITY/bC, TpHOGpCTaeMbiit HacTHllel, OCTaeTeA
B W3BECTIBIX TpefenaX Ap, HeonpeneseHHbM. JI0KaxkeM, 4To He-
onpeneneHnocTd Ax H Ap, CBA3aHBI COOTHOWERHeM AxApy 2> 2mh.

U3 puc. 224 sugno, 4T0

Aps=psina ="Z sina. (149.1)
C Apyrof CTOpOHbI, €CAH yYHTHBATL NONAJAHHA JICKTPOHA Ha (O-
TOIMACTHIIKY B nPElENax ORHOTO TOJNBKO INIaBHOrG JHQpaKimon-
HOTO MA4KCHMyMa, TO & GyIeT YoM MeX1y OChbio y M Haipasie-
HueM K NepEoMy AH(PAaKUHOHHOMY MusnMyMy. [loaoxenue 3TOro
MUHEMYMa ONpeeIAcIcR ycaAoBdeM, YTOGH DASHOCIb XOAA BOJH,
AUGPATHPOBAHNEIX OT BepXHEr0  HHIKHETO Kpaes jyHaparbi, pap-
aanack A J10 naer (cM, puc. 224)

Axsine=h. (149.2)
Kom6umrpys (149.1) u (149.2), nonyyaem
AxApy=2an. (1493)

Ecxn yuecTs TaKiKe NOGO4HBIE g pAKUKOMHbIE  MAKCHMYMBI, TO
BMecTo ycnosHs (149.3) Gymem mmers AxAp. = n2nl 4, cienosa-
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TeJpHo, BooGme
AxApy =~ b {149.4)
T M €CTh COOTHOMICHNE HEOTIpeNeNenHACTY.

Hnst T0T0 4TOGHI OLEHHTH KONHYECTHEHKYIO CTOPOIy Tex orpa-
HAYIHA NDUMENHMOCTH K MHKDOUACTHNAM KAACCHYECKHX MOHSITHI
KOTOpbIE yCTZRABRUBAIOTCH COOTHOWEHHAMH HEONDEACACRIIOCTH, 0.
JI@3HO BLIDA3NTL p Hepe3 CKODOCTh, p = /MU, H HARTH N3 (149.4)

&
dp~ b, (149.5)

Tak kak § — oueHp manast BeaHuuya,
~
#=1,054-10"7 ape - cek,

TO BENMMMHA AU raaBUbM 06DA30M  33ABHCHT OT COOTHOIICHHS
Mex Ay HHCACHHbMH SuauenusiMu § u m, [punnummansuo rosops
COOTHOLICHHS HEONPRIENENHOCTH NOMKHb HMeTh MECTO NSt JIi0-
GbiX MAcC, B TOM YHCTE H MaKDOCKONHYECKHX, TAK KaK MOKHO 10-
Kasath, 910 KJaCCHUECKas MeXanWKa APNAETCA NpenedAnliBIM ciy-
9aeM MeXanWKH KBaHTOBOI ONHAKO H3 COOTHOmEHHs (149.5) Bux-
HO, 4TO TIDH BO3PACTAHHM MACCH \v CTPEMHTCA K HYJIO, MOCKOIBbKY
DA3YMHbIE 3HAYCHHS AX JIISi MAaXPOCKOMHueCKHX MACC BO BCSKOM
cAy4ae SHa4MTenbHO GOJplie WHCIENHOTo 3uawenus #. Hamporus
ANS MHKPOUACTAIl, NODAMOK BENHUHHH MACCH KOTODHIX GAHIOK X
TODSALRY BeAWSHHb f, HeONpelleferwocTs A Momer mproSpecti
GOJIbLIHE 3HAYCHHS B 32BHCHMOCTH OT TOYHOCTH ONPEAIEHAA MO-
JAOKEHNA, T. €. O1 BeaHunHb Ay TlosicHHM 370 nBYMa UpHMepamu
Ecar pews uger o tene ¢ maccoit m, pasaodi 1 2, To oueBmaHO, gTo
BIIOJIHE  YIOBAETBODHTEALHA TOYHOCTh OMpEAENeNns MOAOKEHAS
LeHTDA TSKECTH, IPH KoTOPOR Ax e Gyxet npesbimiath 1074 car =—
= | mxm. B 310M cayyac

1,054- 10=%
ao=1EE 0 1054 107,

T. €. HEONpENE/eHHOCTh CKOPOCTH IEKHT AaleKo 3a mpefenamu
BOIMOKKOCTH H3Mepenns. Kax u ciefopaso oxmnats, Aas Makpo
CXOMMYECKHX Tl COOTHOMERMA HEOTpeleNeHHOCTH (paKTHGECKH
HE HrpaioT HHKAKOM DOJH.

Ecan, onuako, NpHMENHTL TO XKe COOTHOMEHHE K 3EKTPOHY,
70 pESYIbTAT monyuaeres wnoi. Macca  srekrpoma  pasda
9-107® 2 ~ 107 &, T. e. TOrO e nopanKa BEJHYHMIB, 4TO H B,
B 370M cayqae MOPANOK BenWUMH Av, OHERUAHO, 3ARUCHT OT TOU-
HOCTH OMpENeNenus NoNOKeHus, T, ¢. senduuke: Ax. ITycrs, Hanph-
sMep, TPeOYeTcs YCTaHOBHTH NMPHHANACKHOCTH SA€KTPONA ONpene-
JeHHOMy aTOMy. B s1OM cniyuae pasyMuas TogHOCTH ONpemcreHmA
NONOKERNA NONKRA GbiTh, MO KpafiRe#t Mepe, Ax = 10cy, rak
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Kak pasMepsl aroma — mopsitka 107 cm. Cootnowerme (140.5)
jaer Toraa -
1,054« 10~

1,17 - 10° eatfcex.
09+ 10747107

Av=

Ho npu sseprun mopsifka 10 96 CKOPOCTb 3/IRKTPOHA, BHpa-
xkaemast Gopumynoit (em. crp. 206) ©=1593- 10 V10 E.u/cervc=
= 1,87-10° cat/cex. Mut Buinm, TaKHM 06pasoM, uTO B TOM Clyyae
HCOTIPEAeTeRIIOCTL CKOPOCTH A LCNbIf MOpsANOK BeikuuHbl Gonbue
caMoli n3MepAeMOil CKopocTH, D10 i MOKAIHBAET, UTD B ATOMHBIX
CHCTEMAaX COOTHOMIGHWSI HEOMpeNeJeHHOCTH WIpAIT pellaiouyio
POIb. wer-
ToT ¢aKT, UTo B STOM H AHAJOFHYHBIX CIYYAAX CAMYIO CYI
BeHHyIO POJIL HIpaeT NOPSIOK BEHGHIIB AX, 10SBOMRET pasgbACHATL
KaXyngeecs TapafgoKCalpibiM MOBedeHHe MUKPOUACTHU B KaMepe
Buascona. B camom aene, sfech Mbl HaﬁJIIO%’IaeM nptt GocTaroqno
Goabuiol srep2un YACTUY, CTPOrO MpAMOINHEAHbIE TPACKTODUM U HH-
KAKHX TIPH3BEAKOB HEONpEIeNeRHOCTH HMIYAbCd, CBASANHON ¢ BOJ-
I0BBIMH CBORCTBAMM, HC ofunapyxupaercs. Ilas ofbacHems cne-
LyCT TPHHATH BO BUHMAHHE, UTO HpH DACCMATPHURARKK cpomrpao-
Qi STHX NpAMOJMHEHIEIX TPACKTODHI B MHKPOCKON BHHO, uT
OHH Npencrasasior co60i rMpIAHIy MANEHHKHX Kameaek ryMaua.
Kanenbka npeacrasiser co6oil «H3MepUTenbHbift NpHOOP», OTME-
YajomHii MONOKEHHe MHKpOUacTHU. PasMephl KameneK — NOpsi-
ka 104 cM; HOSTOMY B RaHHOM cayyac Ax = 19—‘ 4 Ap B caylae
anextponos — nopsitka 102, Tag Kax, ¢ pyroit cTOpOIL, HpAMO-
AUneliHLle TPAEKTOPHH HAGJIOAAIOTCS TOabKO TNIpH 0YeHb GOJLLIOK
SHepIH MUKPOUACTHI, T0 Ap GYZeT O¥eHb Mano Mo CpARLEHHIO Cﬁp
H uacTHna B yKalawHHX Npefedax TOYHOCTH 6ymeT pecTH cels
BloJHe KK KIarcHuecKas dactHlla. Boobuwe, npn owens Gorsuux
SHepeusx Oauna BOAHbL Oe-Bpottaa GyOer ouenv maaa, u TaK we,
KaK 6 ONTHKE, Npli 0%CHb MAAbLY OAURGX BOAH BNOIHE LPUMEHUIO
eeomeTpuneckoe npubauxenue. B ontnke npE STOM 6e3 6oMIbIIOH
OUIHGKM MOKHO pacCMATPHBATL CBETOBbIE JYUH, He YYHTLIBAS AB-
Jenuit TAGPAKUKH, a B CayIae MAKPOYACTHL — OmpeleNerHsle Tpa-
eKTOpHH.

g \ICPTHA  C-4ACTHI, HCMYCKACMUY pafien, pamnd
L5t B et coor OB HampeenoiocTH, BN, AR Karon
7OMI0CTH ONPEIEASAKS MOTOKEHHA O-MACTIIIE EIe MOMEO NPEHSOpEraT COMpC-
exeqROCIEO wMnYALca Ap 00 CPARACHNO C BenWIHHON CAVOTD mMnydiCa .
BumoasnTe To e 119 SnexTpopos, oSdalaomns swepruch 108 oo (Jrasanue
Tipe Taroh SRePrHH SJeRTpon BeAeT cebA ywe K;K pelSITHBICTCKAA 9acTHNA,
W €ro BMDY.ALC CaenyeT BEISHCIATE 10 GopMyné p = i/h) i

9. Usiruia «3amepta» B o67acTs, AHnCHEHE DPasMepsr KOTOPOR Mopsiika
10-8 ¢at. Kakoa #ommia GMTh MAHRMAAbAR SHEpris STOM HACTHII, HEOOXOILH-
Mas And TOrO, 9TOGB T p # Gnan YAOBICTBOPEITE?
BHpasut 5Ty SEEDTHIO B SPTAX H B SMCKTPOH-BONLTAX
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3 OHCHATL [OTh COOTUONICHNT COMPEICICHROCTH B WEXANHKE  MOMGKYIH
RONOPOfia. 3Han pasmepwt , ONEHHTH MHHH, yio | TOTHOCTh
OMpRICNeNAT NOTOMEKUT ee ATOMOB & HAHTH COOTRETCTBYIONLYID HeOMpenCIeH-
NOCTb WMIVaILCa.

HIOTOHONA MCXRHWKA CTaHOBHTCA MeTpUMEHNMOli, XKOTHA AIHma BORMN
ne-Bpoftas mopiIIKa pasMepoB HsynacwOl Cheteh PaccMoTpeTs ¢ STOH TouKi
3peiiliss BOMPOC O NPEMEINMOCTH HbIOTOHOBON MEAAWIKW K BOAOPOINOMY ATOMY,
UENNONran, WO SaCKIPOH NBICKETCA RO  KYroOR  opdnTe ¢ pammycou
0.5-10°8 ¢l u 910 €r0 MOMEHT KoauecTBA ABMNCHUn pane A/2v (nepBan 60pos-
exan Bonopoanan opbiTa) HalTh Mo ST TanuuY CKOPOCTS SA€KTPOHA B ATHNY
o ae-Bpofi.

5 BHmomwnts amamoniiinoe PaceNOTDENHe Ann TOMA ROTOPOA) B BOTOpOI-
HO}i Mosekyne Maccy BORODOAHOTO ATONA B3ATo HS TASaEi CKOPOCTE ompexe.
AHTe 00 CACAYIOINAM N2NHHM' MONEKYny BONODON2 CRATATH JUHCANHM OCHHMAIA-
TOPOM B pafiTi CPETN00 KuHETIIECKYI0 onepriio (E == k) atowos mpH Ten-
080N PABIOBECHH npw Temmeparype 300°K  CpaBjnte BeCTeHRYI TawmM
DYTeM LwANY ROJNL Ne-Bpofns ¢ aMIMTYROR KoseSapuir BORopOAHOTO aToma,
mOTaTas, NTO WY wactora paspa 1014 cex~l. Bumogunte Te e Mofcverss 41n pan-
HopecHs npr Tewneparype 10°K 1 cpamnaTe vexay codol ofa caywa.

§ 150. OummGoyuwe ro. cooT! TH

CooTIIoLICHHS HEOTPeNleNeHHOCTH AN IOROA K DasiWeiloiy He-
IPABHILEEIM TOAKOBAHHAM.

Flepenko mpuxoamTcs serpedats crenyiollee ToiKoBamne: «Mu-
KpOYaCTHIL — SJIEKTPONE, NpPOTONE, (OTORB — OMEHL Manbl, Ho
OHH UMPIOT B KAKIBH! MOMCHT BpeMeHH ONIpelCaentbe KOOpIUNATLI
H onpenenenubi UMIYALC, T. € NpeJCcTaBATIOT cOB60I0 KAK 6ol
CHJILHO YMEHbLICHHBIC KOMHA GHAIAADIHMX MMADOR MIH IDOGHHOK,
OTIHUAACh OT HHX JHlb KOAHYECTBEHHO, CBOMMH pasmepawi. Ha-
DALY € STHM CYNICCTBYET 3aKON HPHUDONEL, BbIpa’kaeMalil COOTUOWIE-
HHAMH HEONPECI IIOCTH, KOTOPBIH allpemaeT HaM Y3HABATH OHO-
BPEMEHHO € 06O TOYHOCTBIO WX MOIOKENHC 1 HMIYJAsCs, Takoe
TONKOBAHHE NIPEKIE BCEro RENpHEMACMO ¢ GHnocodekoll ToukH ape-
HHA, TaK Kak OHO YCTAHABINHBA®T Npejied MO3NAHUS H MOTOMY MO-
HeT CIIYKATE 17 060CHOBAIHS ArHOCTHWIMA, T. €. DAHON 13 paa-
HOBHAHOCTE!| naeaausma. Ono, KoHewHo, OMIIBOYHO 1 ¢ dusudecKoir
TouKy 3peHnd UTo6H B 3TOM YOENHTLCRA, PACCMOTPEM euie oNUH
OTBIT,

Mpencranum cebe anadparmy ¢ 08y#a menaMy, Ha docTaTouHo
GOBLIOM DACCTOSHAN OT KOTOPOM moMemena (Goromnacthika. Eenn
Hepes TaKyo AWaQparMy NpONYCTHTh MAPAMICABHBIL NYYOK K-
TPOHOB, TO 13 (POTOMJACTHHKC OMKHA BOHHKHYTH HInCCTIAS Kap-
THHA NNGPAKIUNH OT JBYX menefl, BeeM CBOMM XapakTepoM, 1o
OTHIONL HE MPOCTO HHTCHCHBHOCTDIO, OTAHIAOMANCH OT KADPTHHB
Audpakiuy or onuofi mrean. 3aKpoem OXHY W3 menell; My TOMy-
4AM na (QOTOMNACTHHKE H306PakenuCc OTKDHITOf Wend, TOXK7e-
CTBEHHO® ¢ Cavoli medbi0 (Man, ecid medb RoCTaTOUNA Y3Ka, —
®apTHHY GPaKLHM OT oanok menn) 3akpoenm Ty meds, KOTopas
papec OBUTA OTKDHTE, H OTKPORM RTOPYIO® MM CHOBA NOJAYYHM

o s
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n306paxenne OTKPHTOA menn. OTkpoeM 06e e — pO3HHKAmAT
Ipk 9TOM KapTHHA OTHIOAb He GYAET COOTRETCTBOBATL COMKEHHIO
OBeHX KapTHH, MOJYHalOMHEXCA IPH OXHOH OTKPHITOH meny, Ko 6y-
[ET COCTOATb W3 CBETAbIX M TCMHBIX NOXOC, NOJOKERHe KOTOPbIX
onpenensieTcss obeunt esmi. Ha puc. 225 mpupenenst fise $poTO-
rpaguu B. K. Apxainpesa, WITIOCTDHPYIOIKC CKA3AHHOE. (I)o'roﬁrpa-
(HH TOMYHeHbr CO CBETOM, HO C SACKTPOHANH KapTHEA ROJANA GLiTh
COREpLIEHHO aHANOTHYHOH. )

Prc. 225 Bepxusis (OTOPpAQER CHATa {pW NPOXOKAEHHH CRETE cHavaia §epe:
OnHY, @ saTew ePes APYTYIO WIENb; HAKKAZ GOTOrpadiia MOAYHCHA NPK OXHO:
BPEMEHHOM NDOXOK/IenHH CEETa Hepes 00e IMEJH.

CoBeplIeHHO OueBHHO, UTO STOT OMHT HHKAK He MOMET GHTh
COrVIacOBaH C TMpEJCTABICHHEM 06 3JEKTDOHE KAK O YAcTHue, ABH-
rawomefcst o ONpeleNeHHOR TPACKTOPHH, T. €. 06/afaomed B KaxK-
[bifi MOMEHT BDEMEHH OINpEACTCHHBIMY, XOTS Gbl W MENSBECTHRIMH,
KoopauHaTaMH M EMmyiscoM. [loxobuas uacThna, HarisisbiM o6-
DAIONM KOTOPOIi MOKET CAYKHTE IDOGHIKA, IOBEICHHAR JIO KDAHHX
NIPeAeNIOB MaJOCTH, 06A3aTCbHO ACIKAA NIPOiiTH depes 00Hy onpe-
JleNeHHyID WMeAb. NMPUCYTCTBAE AW OTCYTCTBHE BTODON meiy Re
MoXeT 0KasaTh IHKAKOTO BAUSIHHA 11a ec TpaekTopuio, Memgy TeM
SMIGKTPOHBL H ApYIHe MHKDOUACTHULI BEAYT CEGS CyiecTBeHHO pas-
AlMHbLM 06pa3os B TOM H JIDYrom Clyuasix, T. €. NIpH OTKPHTOA ¢
3aKpHTOH BTOPOR wenu. OmuCanxuf Obit MOKASLB2ET, 4TO K-
TPOHB ¥ Ipyrie MHKpOACTHII UH B KOEM Ciydae He/bds paccma-
TpuBaTh MPOCTO Kak MUKpoxpoGumkH. [Tpencrasienne o6 ouews
MAJeHbKO 1ACTHIE, ABHKYmMEHCS N0 OMpEIeNeHHOH TPACKTODHH 1
offanaolleit & KamIOM TOYKe ITOH TPAEKTOpHH OnpelerenHol
CKOpOCTbIO, MOKA HAJ Hell He UpOusBENEHo H3MEDEeHHd, — Takoe
npEJCTABNGANE OTHIONb M€ MOMET CIyRKHTb KaDTHHON ABHKennd
snexrpopa TlonsiTHe TpaeKTOPHH TepsieT CMLICT 118 SJGKTPOHA, €O

§150] ONIMEKI B TOMKOBAHMH COOTHOIICHMM HEOTIPEAENENHOCTH 479

BEDULENHO TAK e, KAK & BOIHOBOU ONTUKE TEPAET CMbICA MONSTUE
C8eT08020 Ayia.

YnomsuyTait ua crp. 472 onerr Bubepmana, Cymknna u Gabpn-
KauTa ABIIETCH HOBEIM H Cine 60/1e¢ SpKHM 20Ka3aTCAbCTROM TOro,
uTO SJCKTDOHH HAKOHM O6DasoM Helbas pPacCMaTPHBATL KK CO-
GpaHUe «KNAaCCANECKHX» YACTHI, 1. €. YaCTHI-MapHKOB. B camon
RCJR, B STOM ONEITe AHMPArUpPYIOmeH CHCTCMOR CAYKHA KPHCTA/LI
ORHCH Marhusl. SJEKTPOHH, 1ipOJIeTan yepes TaKofl KPHCTALIHK Lo-
OJMHOUKE Wepe3 OTHOCHTENLHO OYeHb GO/BLIME LIPOMEKYTKH Bpe-
Menn, B pesydbTate JU(PAKUMH JCTAT 3aTeM B ONPENeNICHHLIX na-
NDABACHAAX K IHPPAKUHOHHBIM MAKCHMYMaM. SJIEKTPOH-MUKDPO-
apobunka B3AHMONEHCTBOBAN 66l C OXHHM Wili, BO BCAKOM CIyuae, ¢
OueHb HCOOJLIUMM YHCIOM aTOMOB KDHCTANIHYECKOH pEIleTKH;
MCHIY TeM XapakTCp AUGPAKIHOHHON KapTHHEB, pacnpefeteHuc co
MEKCHMYMOB U MUIHMYMOB, ONIDEESCTCH 8Cerf peterol 8 yeiom,
T. € OIpOMHBIM YHCJOM ATOMGB, DACHONOKEHHBIX B THICAYAX CJOEB,
3aMeTHM, KCTaTH, 410 AHATOrAYHbE AU PPAKUHOHHBIE ONBITE OCYLIe-
CTBAAIOTCS TaKkKe W ¢ HeWTPOHAMH, He HMCIOmHMH JIeKTPHIECKOro
33apsia ¥ B3aHMOJEACTBYOINMMH C ATOMaMH DEIETKH uepe3 1o-
CPeACTBO AAEPHHIX Ciil, YPE3BBMUANHO GHICTPO YOHIBAIOMAX ¢ pac-
CTOIHMEM, BBHAY WEr0 BO3MOMKHOCTb HHTEDIDETAUHH ARQDPAKLHOH-
HOll KapTaubl KaK DC3YbTaTa B3AUMOAGHCTBUS HEHTPOHOB ¢ OT-
JIeNBHLIMU ATOMAMU PELIETKH a6COII0THO HCKITIOUEHA.

[TosToMy CMHCH COOTHOIICHH] HEONPENENCHROCTH Be B TOM, YTO
OHH ¢3aNPemaloT» HaM y3HarTh KaKHe-TH6O DealibHO CYUIeCTEYOMINE
CBOJCTBA MHEPOYACTHM, T. € e B TOM, 4TO OHM B KaKOi-1d60 Mepe
OTpAHHYHBAIOT [O3HAHME, 2 B TOM, UTO OHH OTpaHHYHBAIOT HpHMe-
HHMOCTh K MHKDOYACTHLAM MOHATHA K/AACCHYECKOR MCXAHHKH, KOTO-
past ABAseTCsl N0 CYIICCTBY KOphiyCKyARpHOL MexaHHKoi. B waacen-
YECKO MEXAHHKE, KaK YiKe HOJAYePKHBAIOCh, OIHOBPEMEHHOE 3a5a-
HHC BCEX KOODAHHAT g; CHCTCMBl MAKDOCKOMUYCCKAX YACTHI H BCEX
COOTBRTCTBYIOIAX HM HMIYIbCOB p; ABJACTCSH HEOOXOAAMEIM IS
TOMIOTO OMUCAHHA COCTOAHAA cHCTeMel sl MAKDOYacTAnLl TAKOe
ONHACAHUE, KAK Mbl yixe BHIENH, HeocymecTBHMO. M3 npenbiaymero,
OAHAKO, ACHO, 4TO BONPOC 06 00HOBpeMEHH LY SHAYEHNAX KOODIHHAT
H HMIYJIbCOB SJIEKTPOHA BOOGme JIHIIEH Gu3HYeCKOr0 CMBICTA, TaK
KaK 3JEKTPoB no camoil ceoedi npupode ecTh 0GBEKT, KOTOPOMY He
caoticTeenta NOAO6HA XapAKTEDHCTHKA.

Ecan TeM He MeHee ML CTDEMHMCA OMUCHIBATL NOBEJCHHE SMeK-
TPOHA B TCPMHHAX KAACCHYECKON MEXAHMKH, T. €, YKashiBad Omuo-
BDEMEHHO €r0 NMONOKEHHe i UMIyJLC, TO VIS 3TOrO HMeercs Ompe-
Zexennas NDHYHEA. B caMoM zele, cXeMa BCAKOrO SKCTepuMenta,
TIPOK3IBOAUMOrO B ATOMHOH (DUIMKE, TAKOBA, YTO Mbl NpH MOMOH
KaxKo#-IHG60 IKCTePHMERTAaNBHOH YCTAHOBKH XOTHM [OMYYHTH OTBET

.- - Ha BONOC, OTHOCAUECH K NPOTEKAHHIO TOTO HIM HHOTO O6BHEKTHB-

HOro NpOLECCa, MPOHCXOAAINETO B NMPOCTPAHCTBE H BO BpeMeHH.
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SroT BOMPOC MLl CTABHM, NOAB3YACH B KOHEUHOM CyeTe mpubopanmy,
TIpeAcTaBaAsiomEMH  CoB0f  Makpockomuueckne Teda. llonenenne
STHX mpHBOPOB, HANpuMep, NOBOPOT CTPEMKH Ta/bBAaHOMETpA md
ABHACHHE MEpa CaMONHCIA, NOAUUHACTCS KIACCHIECKO] MeXaHuke;
caMa yCTaHOBKa, reoMeTpHUIeCKOe DACMO/IoMKeHHe ce yacTedl — mge-
e, KOHAGHCATOPOB, MATHHTHLIX IOJeR U T. 1. — IPCACTaBAfeT co-
6ot HCKy1I0 IIPOCTPANCTBERHO-BPEMENHYIO CHCTeMy oTcuera, Camo
COBOfL pasyMeeTed, 4TO U MOBEAEHHE HCCHEAyeMBX MHKPOUACTHIL
HaM Heo6XOAUMO ONHCHBATb B TOH Xe HPOCTPAHCTBEHHO-BPEMENHON
CHCTEME OTCYETA, MOAL3YACh TEMH MKe NOHATHAMH KIacCHYECKOH
MeXaHHKH, ¢ NOMOWbIO KOTODPLIX Mpl OmHChIBaen Hally MaKpockKo-
THYECKYIO yCTAHOBKY. Mbi, nampumep, m3MepseM CMegeHHe CBeT-
JIOT0 [ATIA, 06PA3CBAHHOIO HANETAIOMMH SAEKTPOHAMH Ha JKpaHe
KaToAnoro OCHWINOrpada, uild HITEPECYEMCs OTKJIOHEHHEM SJeK-
TPOHA B LaHHOM MeCTe yCTANOBKM H T. . IToCKoMbKy MBI fIpH 5TOM
TPUMEHACM K SJN€KTPOHY WIH K Jpyroff MHKDOUACTHLE HeCBOKCTBEH-
HOC 5THM OGDBEKTAM KJIACCUYECKOS ONHCAHWC, MBI €CTECTBEHHO
RONAHB YKA3ATb 2PAHUYY NPUREHUMOCTY 3TOrO KIACCHIECKOrO
ONACANMST, TaK KAK MUKDOUACTHIbI MOIYHHAIOTCS 3aKOHAM, OTJIHY-
HLIM 01 34KOHOB KJACCHYECKOR MEeXaHHKH, H moCAeAHHE IPHMEHUMBL
K HUM JHWb Npn6anxenHo. CooTHOWEHHS HEOmpeieqeHHOCTH Kak
PA3 H yKa3BIBAIOT 3Ty TpAHHLY.

Tlpn paccMOTpeHHH SKCHEPHMCHTA O ONPeleNCHHO KOOPAHHATbE
H HMOyAbCA MUKpouacTHUul B § 149 Mbl BHACHH, 4TO MpH NOMBITKE
OLHOBDCMEHHOrO Onpefesenns ofeux 9THX BeAuyull BO3HUKART 3a-
TPYAHCHHe: ueM Jyulle yIOBJETEODSET CBOGMY HA3HAYeHHO yeTa-
HOBKA [/ ONpEeNeNeHusl MONOKEHHA 4acTHIB, TEM MeHee [IPHION-
HOIl ORA3LIBACTCH OHA AJIS OnpejedeHns HMmy.dbca. I1pHYARA 3Toro
COCTOHT B TOM, 4TO AMI5l ONPENENEHAS MONOKEHUS AOJKHA CIYKHTD
JKCCTKO  (DUKCHpOBAHHAS B MPOCTPAHCTBE cucreMa orcyerda. Ho
HMEHHO TIOSTOMY MBI JIHIIA@MCH BO3MOXKHOCTH OUpELETHTb COCTAB-
JSIOINYIO NMIYJIbCA, TAK Kax HaNpasJesliblil s npoOTHBONOAOKIYIO
CTOpOHY HMIYJIC OTAAUH YXOJHT B MACCHBHYK 06 yI0 NMOACTABKY,
HeroABHKHOCTD KOTODOH KaK Dpas M rapaHTHPyeT BOSMOMHOCTb
onpefesennn Mecta. HaoGopor, npumeHende 3akona coxparelns
HMITyJbCa X J€rKOo TNOLBHIKHOW Auadparme JIHIIAET HAC BO3MOK-
HOCTH HCHOJIB30BATH STy JHA(parMy iJ8 ONpedeeHHs Mecra
vactaubl. Takas cuTyauns He ABAACTCS NPHCYmel HMEEHO TOi yera-
HOBKeE, KOTOpas paccMOTpera B § 149. AHanns pasHOOGPasHLIX yeT-
pORCTB, KOTOpble MOKHO GLiI0 OB HCHO/B30BATH WIS OPEACTEHHT
MecTa ¥ HMMyJbca MHKPOuAaCTHIR!, BunonnenHsis H. Bopom *), mo-

#) HauGosee moaHO 10T anaids mposesen 5 cratse H. Bopa «lluckyccru
¢ DfuwTefiHOM © npoGaeMAX TEOPHH NO3HAHRA B aTOMHON QHIHKe» Pyccmiy
0EPeBOA KAMEUATAH B KypHATe <VCmeXH QHIMGECKHX yayk». T 66, mim 4,
ctp 571, 1958 OTa cratsd olna Takme o xuury I, Bopa <ATowuan uanka
u Yenobedeckoe osuanue», HJI, 1961,

$1%] ONMBRM B TONKOBAHHN COOTHOMIEHUF HEOTIPEREJIEHHOCTH 48]

kagal, 410 5Ta CUTyalHs Reafetcs obmedr. Oua BoaHuKaerT noTomy.
70, BCICICTBHE KOHCUHON BeMMTMHB (HEpaBeHCTBO HYM0) KBanTa
ACHCTBUA £, B3ANMONIHCTEHEM Mex 1y U3MEDSIEMBIM OGBEKTOM M H3-
MEDHTENLHEIM NpHGODOM HeMn3s mperebperats, xorna peun nger o6
HBMEDEHHAX, BHNONHACMBIX 4] MUKDOYACTHUeH. KOAntecTBeHOE

kax 510 W 610 MOKasaKo B § 149,

Bop, omnako, yreepmuaet, uto ato OBCTOATENLCTBO UMeEeT rury-
GOKHUIl CMBICT M NpH TOM He Tonbko $H3HYeCKMY, HO B drtocod-
ckuil. Muenro, no Bopy Her UPOTHBODOUHA MEHKIy BOJAHOBMME i
KODIYCKYJAPHEIMH CBOHCTRAMH MaTepHH IOTOMY, YTO yCTAaHOBKH
MpEAHAsHANEHHbE 1JIs OOHADYMCHHT BOMHOBHIX CBOHCTB. TOABKG
STH CBOHCTBA U OGHADYKUBAWT, Torna Kkak ADYTHE YCTAHOBKH 0GHa-
DYMUBAIOT TONLKO KODAYCKYASAPHHEE CBONCTBA, Takay 06pasom, no
Bopy, soHosbie 1 KOPIIYCKY.IADHEIE CBOHCTBA ABAMIOTCA HEe B3aHMO-
HCXMOUAIOWHMH, HO JNOLONHHTENbIHME: Mb He MOXeM 1o yKasan-

CBOACTBA MUKDOUACTHL W TONBKO coveratie STHX YCTAHOBOK, 10-
THOMHAT JDYT LPYra, Ha CAMOM jeNe HCHEpNHIBAET Boe, 470 Ml Mo-
HeM y3HaTh O IpesiMere. ’

10 mMpenctasienne B mavate TODOAKIC MHOKECTRO HeRopasy-
MEHHH H HENDABUMBHBIX Kak ¢ OH3NUECKOR, TAaK K durocodexon

Hapmasca H. Bopom b era NEpBbIX CcTaThaX. Bnocrexcrpuu Bop
YTOUHUI CBOK YODMYNHDOBKH W Yarydimmr TEPMHEOIOTHIO, G1aronaps

noctu lefisen6epra «.ycranabmisaior cnass MEXAY 10mycKavm
B SHAUEHMAX KMHEMATHYECKHX W QUHAMINECKHX HEPEMEHHBIX, (k-
CHPYIOIUX COCTOSHUE (HHIHUCCKOH cucrembr», Bop npu,mj;)xaer*
« 0 CAMOMY XapakKTepy $OPMA/LHONO almapata XKBARTOBOL Mexa-
HEKIl TAKUe COOTHOUICHHA HE MOryT Gith, 07HAKO, HCMOML30BAHE
KaK «MOIENbHbIE» CROACTBA O6BEKTOB, T. €. CBOfiCTBA Ol‘alalOuxHeCS;
Ha KAACCIMeCKHe HALANHLIE TIPeNCTaBIeH s >, ’

Aanee: «B CBA3M C 3THV Huoraa ro

Gmionennes, pagHo xak W CroBa «csoficthas 1 «H3MEDEHHE» yro-
TPEGARIOTCA 3NeCh B GMBICIIE, HECOBMECTHOM ¢ OBEIYHLIM A3LIKOM 1
¢ MpaKTHUECKNM HX OmpenenenneM ..Upesshaaiino XADPaKTePHYIO
YePTY atomuofi GUIHKM mpexcTasaser HOBoe COOTHOWIERHE MexAy

16 9 B Iinoascwut, 1. I
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ABJEHHANMH, HA6MIORAEMLIMH TIDH DA3HLIX SKCIEPHMENTaAbHbIX YCI0~
BUAX, JUIA ONHCABUS KOTOPHX NPHXONHTCA NPHMEHATh pasHble 3Je-
MenTapHsle MOHATHA, B camom Aene, KAKUMH Gb MPOTHBODEHHBLIMH
HE Ka3aJHCh, QpH NOREITKE H306pasuTh XOX aTOMHBEIX MPOLUECCOB
B KA4CCHYCCKOM Ayxe, NONydaeMbie IPH TAKHX YCROBUSX OMLITHLIE
JIaBHEIe, HX HAfl0 DACCMATpHBAaTh KAK AONOJIHTENbHHE, B TOM
CMbICHe, YTO OHH MPCACTABJSIOT OAMHAKOBO CYULECTBEHHBIE CBAC-
HOH 06 ATOMHEIX CHCTEMBX M, B3STHIE BMECTE, UCUEpAWBAIOT 3TH
cenchud. fonatue GONOAHUTENbHOCTY HU 8 KOEM (Aytae fe nped-
R04G206T OTKA3A OT HAUIE20 NONOKEHUA HE3AEUCUMBLY HabawdaTe
setl npupodet.» *) (Kypens Mok — 3. U1),

§ 151. CooTHONIEH!A HeoMpeaeNeHnOCTH
W NpHHIHI NPHYHHHOCTH

B 1927 r. 'ciisen6epr s T0if camoli pabore, B KOTOPOi HM Ghlik
ChOpMYIHPOBAB! COOTHOIICHHS HEOTDENENENHOCTH, B KauecTse 06-
1Ero BHIBOAA U3 3THX COOTHOLIEHHH YTBEPKJaJ, u4T0 «KBaHTOBasd
MeXaRHKa ONpele]eHEO YCTAlOBUIA HECOCTOATENBHOCTL 3aKOHA NpH-
yAHROCTH». OCHOBAAMA JIA TAKOrO YTBCDKIEHHS COCTOSUIM B chic-
ayomen. [IpuHIWD mprymnHocTd TpebyeT, 4To6bl HA OCHOBARUH
TOYHOTO SHAHHA COCTOAHHA CHCTEMH JIs KAKOro-HUGYMb ONpelesies-
HOro MOMEHTa MONKHO GLIIO TOMHO mMpeickadaTh ee COCTOsHHe 1A
mo6oro 6yaymero MoMeHra. Knacciyeckas Mexanmra Hbiotona B
NOJHO} Mépe YOBIETBOPSCT STOMY TPeGOBAIHIO, 4TO OCOGEHHO HPKO
TOKA3bIBAET NpHMep actpOHOMMH. Kak H3RECTHO, acTpoOHOMHH (He-
GecnHas MeXaHWKa) N03BOJISET NMPEABbMUC/IATL NBHKEIHs ne6ecHrIX
Tes — HX TPAEKTOPHH M CKOPOCTH — Aad MOG0ro  Gydyluero Mo-
MeHTA DpeMeRH C TOH CTEMeBbIo TOUNOCTH, KAKY0 AOmycKaeT MaTe-
MaTHYeCKOoe pellleHye 3aMaul, ¥ 6Jarofaps STOMy [O3BOJAET TOYHO
DPEACKA3biBATL ACTPOHOMHMUECKUE ABJEHHS (HanpHMep, COTHEuibie
WK JyHHBIE 3aTMENHA) Ha CKObKO YrOIHO BpeMenH Brepen, 31a
BO3MOKROCTE UMEET OT4eT.HBOE BhIpAaXeHHe B CaMOil MaTeMaTHye-
CKoft (popMe OCHOBHBIX YpaBieHH K/IaCCHHeCKOR MeXasuku. ITu
YpaBHEHHS B HaHGOTIee yIOGHOM 1S 06CYKAEHAR MPHHIHIAAILHBIY
BONPOCOB BHAE FaMHJbTOHOBHIX KaHOHHuecKHX ypasHennit (§ 58)
TaKOBhI:

. of N oH 5

qe oy y23 ~ 6 =1, 2

b (IBLD)

B npocrefimiem clysae oXHOH MaTepualbHOR TOYKH, ABHKyLIEHcs
B ONpeleNeHHOM CHAOBOM mose, k== 1, 2, 3, T. e. mmeercs Beero
necTs AnQdepeniualsHLIX ypaBHeHHH NEPBOTO TOpAAKA OTHOCH-

*) HsGpanmble nayunsie Tpyast, 7. 1, «Hayxas, 1971, crp. 486—488.

S wpr.
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TesbHO BDeMeHR, Pellenye 5THX ypaBHEHRH Jlaer BO3MOMKHOCTb BbI-
pasHTb BCe KOOpHHHATHI gx B BCE HMAYJIbCH py B QYHKIHHE BpeMelH
H [UCCT MPOUSBOJIbHLIX IOCTOSHHBIX

felt, Cio o ovey Cods Pe=@x (¢, Ci, Coy vy Cy) (151.2)

Eca1i ONpeNeIiTh BCe KOODIHHATH ¢) H MMIYNbCH pf AJs 11eKOTO-
pOro HauadLHONO MOMeNnTa BpeMenH { = 0, BUIOANHUD IS 3TOTO,
pasyMecTcs, COOTBETCTRYIONIHE H3MepEHHs, TO, NOACTABIAA HTH W3-
BeCTHEE BeAUUNHE ¢) B p) B yparHeHRs (151.2), MOKHO BHIUHCAMTS
vy Hux (mpm f=0) BCe LlecTs TpPOHSBOAbHBIX NOCTOAHHBIX
Cy, ..., Co Ilocae atoro dopmyan (151.2) nospoasat mpenckassi-
BaTh gx B pr As MIOGOTO MOMeNTa £, Tem caMbIM oKasbiBaercd, 4To
M3 HAYANBLHOTO cocTodHust (npu ! = 0), onpedeisesozo cogokyn-
HOCTHIO BCEX KOODOUHAT U 8CEX UMRYAbCOS8, MOKHO TIPENCKa3ath
cocTOstHYE It MI060F0 GYILyILEro MOMEHTA, B IOAHOM COOTBETCTBHU
€ 3aKOHOM NpHYAHHOCTH.

COOTHOIIeHHS  HEOTIpEeNIeHHOCTH  YTBEPHKIAIOT, OAHAKO, dTO
ORIOBDPEMEHHBE 3HAURIHS KOOPAHHAT H HMOYJbCOB MOTYT GLITL H3-
MepeHLl JHUIb ¢ 1IeH36eXHLIMH HeTOUHOCTAMH Agy W Apy, yAOBJIe-
TBOPAIOWBMH COOTHOWIERUAM Agx Apy =~ . U3 sroro [efizen6epr
CHeNan BHBOJ, YTO HAUANbLOE COCTOSNHHE He MOKeT GHTh Olpele-
JIRIO TOYHO, @ HOTOMY 1lé MOKET GhITh TOYHO MPEACKA3aHo M Gydy-
litee COCTOANME — B TPOTHROPCYHHM C 3AKOHOM [PHUHHHOCTH. 70
3aKJoueHHe, 0lHAKO, omubouro. Hecomuelno, Koneuno, yTo oxuo-
BpeMEHHbIC 3HAUEHHA KOOPAMHAT W HMIYJIbCOB MHKPOYACTHIL MO-
rYT GbiTh ONpEeJeNeHbl AHIih C HETOYHOCTSIMH, TpeGYyeMLIMH COOTHO-
nenHavH HeonpenenesHoctH. OMHaKO caMoe NOHATHE <COCTOAINE
CHCTEMbI» B KBAHTOBOM MexaHHKe, 0UeBUJUIO, IOIKHO 6bITb OPMy-
JEPOBAO HHAYE, HEXKENH B MeXAHHKe KIaCCHUECKOW, a MMEBHO, MIft
TOJIHOTG ONpeJeNeRHsT COCTOSIHS TpeGYeTCH UNAR COBOKYNHOCTo
napaxerpos. Memiay TeM KQAUXECTBEHHAA ¢ODMYAHPOBKA 3aKORA
NpHYHHHOCTH BO3MOXKHA JIMIIL B TOM ciyude, KOrAa yKasauk Te
nepexeiribie, KOTOpLIE ONPEACITIOT COCTOSHEE,

Mofickny 370 mpuMepoM. OCHOBHbIE YDABHEHIIA 3JeKTPOMArKHT-
HOro nOMa — ypasHeHHs Maxcsenna — NpefcTaBAfoT COGOj CcH-
cTemy RHHEHHBIX W@ QpepenuHalbyLiX YDABHEHHH NepBOro mopagKa
OTHOCHTEIBHO BPeMEHH IJIs1 HanpsiKewdHocTeii noias & # 44, maor-
HOCTH SAPSNOB p M TMIOTHOCTH TOKOB j, paccMaTpHBAeMBX Kak
¢ylKunsS KOOPAHNAT n Bpemend. [lostomy sapanme &, 36, p n |
A5 ONDEJeNeHHOr0 MOMeHTa BPeMeH[{ NO3BOJSET MpEACKasath HX
SHAYEHHT Aad J6oro (6yidymwero Had npoueimero) MoMexra. Ta-
KHM 06Da30M, IPUHLHI NPHYUHHOCTH IS 3MEKTPOMATHHTHOTO HOAS
MOXKCT ObITb KOJNUUECTBERIIO CHOPMYNUPOBAN ToIbKO B TOM Cryuae,
€CIH «COCTOSIHHE TIOJIS O[IPENensAeTCs: MpaRHAbHBIM BRIGOPOM Hapa-
setpos (&, #, p, f).

qde

16*



484 BOMHLL ¥ YACTHLDI Tra X

Ha sroro mpumepa Mbl CHO BHAMM, 4TO A (BOPMYAHPOBKH
MPHHNHNA UPUIHHHOCTE B TOA uam duOH O6JACTH (PHIHUECKHX
ABJEHHA HEOBXOLUMO OTUETNINBOE ONpefe eH e NOHATHS «COCTOSIHHE
CHCTEMBI» H SIBHOE YKA3aHHe TeX mapaMeTpOB, OT KOTOPBIX 9TO CO-
CTOSIHHE 3aBHCHT.

BepHeMca Tenepb X MUKPOCKONMMYECKHM «YacTHUAMS H K KBAHTO-
Boil Mexanuke. B cienylomux raBax 37Ol KHHIH Mbl YBHZHM, 4TO
COCTOAHHE MUKPOYACTHMHBl ONpeAeNAeTC: HeKOTOpoh Qynruwed 1,
TAK Ha3LIBAEMON BOIIOBOH (YHKUPEH MM NPOCTO -yHKIHERA
{mpocTefimuM NPUMEPOM e¢ MOMKET CIyKMTs (OpMyla IVIOCKOH
BoaHY Ae-Bpoitna b KoMnJekcHom Bmae), kKoTopas ABAgeTcs (YHK-
uHell 00HUX TOABKO KOOPOUHAT 4 6peieny UAX ODHUX TONbKO
UMRYABCOB u GpeMenu. Mbl YBUIHM TaKKe, UTo 97a (hyHKUHS
YROBACTBOPSET AUppepeHUHANPHOMY ypaBHEHHIO (o0Iiee ypas-
nenne [lpénuurepa, cm. § 152) mepsoro nopsaka OTHOCUTENSHO
BpCMERH.

Us aToro crenyer, ute sanaune |-QYHKUHH Qa5 MomenTa £ =0
TIPENONpeNenAcT ee 3HAUeHHA ANA M060ro Gyaymero MOMeHTa Bpe-
MeHHM

Taxum 06pasoM, COCTOSIHE CHCTeMbl MHKDOUYACTHI, ONpejeleH-
HOe B COOTBETCTBHH ¢ TpeGOBaHHAMH K8aHTOB0, a He KIACCHHeCKOH
Mex aHHKH, OJHO3HAUHO BHITEKAeT H3 NPeIIIECTBYIIIET0 COCTOSHHS,
KaK TO20 TpeGyer SaKOoH NpUutdUnHOCTL.

Her muyero yamsMTeN»HOr0 HAH MapagOKCaAbHOTO B TOM, UTO
KOTJa Mbl XOTHM ONHCATb COCTOSHHE MHKDOUACTHIL B HECBOLCTECH~
HOLKX UM MOHATURK KAQCCUMECKOI MeXOHUKHL, MBI He MOXeM CIeaaTh
3TO TOUHO K NMOAb3YeMCs CTaTHCTHIeCKUM onncanuenm. Ho ua atoro
HH B KOeM Cllyqae Heb3fl Je/laTh BEIBOZ O HECOCTOSTENBIOCTH 3a-
KOHA TMPHYMHHOCTH B MUKpPOMHpe, DTO IOKAIHBACT TOMLKO, YTO K
MHKPOYACTHUAM HENPHMEHHMAa KOJMYeCTBeHHas (hOPMYJHPOBKA
TPUKIKNA TPHYHHAOCTH, NpHTOANAR NJA CHCTEMB MaJblX TBEpABIX
Tefell, H YTO ONHMCAHHE COCTOAHWA MHKPOUACTHUB ¢ [OMOIIBIO 3a-
Jlanus ONHOBpeMEHHLIX 3HAYeHH BCeX KOODAMHAT H BCEX HMIIYJb-
COB HE COOTBETCTEYET npupode MUKpOHAcTuybL,

Mexny TeM yTBepXneEHe O TOM, uTO KBAHTOBA® MeXawuKa
AKOGHI €ONPOBEPrIIa» 3aKOH MPHIHTHOCTH, MOCTYXKHIO TOBOKOM AAS
pAla HICANUCTHYECKNX H3BPALLEHKH, BINOTH 10 OGOCHOBAHHA (hu-
IeHaMa,

Tax, vanpumep, A. DLIUHITOH B CBOEil KHMTe «[Ipupona pusn-
uecKoro MEpa» YTRepXKJan falke, uto ... 10BOJbI COBpeMEHHON HAyKH
A2I0T, GEITh MOXET, BOIMOMHOCTh CHEAATh 3aKMIOUEHHE, UTO DesH-
THS CTajla HPHEMAEMOH Anfl 3ApaBOr0 HayyHOro yma, Haumuas ¢
1927 rona.

Bce mosofume YTBepXKJEHHS, pasyMeeTes, He HMEIOT HUKaKoh
TIOYBE HH B COOTHOLIGHHSX HEOTpelleeHHOCTH, HH B KBAHTOBON Me-
XaHuKe.

§ 151 COOTHOIEHHS HEONPEAENEH. W NPHHLMI MPHUAHHOCTH 485

B nocnexrnx Tpex maparpadax Mul paccMoTpenu moxpobHO co-
OTHOLUEHHS. HEOTPENENEHHOCTH W BHITEKAIOLIME H3 HHX CJIENCTRUH.
My BHZENH, YTO 3TH COOTHOWIEHNS BOBCE He CTABAT KaKOTro-nuGo
Tpenenia NOSHAHHIO, HO ABASIOTCA JIMIIL BHIDAXKEHHEM HETpHMEHH-
MOCTH NpeNcTaBjeH kil Kiaccuueckoil MexaHHKH K ABHKEHHI0 MHEKDO-
cKOMUuecKux yacTuil. Toukee roBOpS, 3TH COOTHOMWENHS JAIOT KOJIH-
UECTRENHYIO MCPY TOTO, 0 KAKHX NPENCIOB erme MOXHO OMHCHIBATH
€OCTOAHME MUKPOOGHEKTOB OZHOB)EMEHHAIM 3aLaHHEM KOODAHMIAT H
AMIYALCOB, MOJOGHO TOMY KaK 3TO KesaeTcs B K/IACCHUCCKOH Mexa-
BUKE I MAaKpOCKONHUECKHX Tel: €cly, KaK 3T0 Mbl BHAeNH Ha
[pHMepax, paCCMOTPEHHHIX Ra ctp. 476, IpH pasyMHoil AJIS RaHHOTO
CIyuas HETOUHOCTH ONpejeseHHs KOOPNHHATE Ag COOTHOLIEHHS He-
oupelesneHHOcT AgAp ~ B JaioT aas Ap mpeHeGpexuMo Manyio
BETHYHAY, TO OGBEKT BeAeT ce6s BNOMHE «KIaCCHIECKHS, T. C. MOX-
HO TOBODHTb O ero TDAEKTOPHH H €ro CKOPOCTH B KaMAOA TOuKe
TpaexkTopuu. B npoTuBHOM Ci1yuac o6pa3 «KJACCHYECKOR WacTANB»
OKa3BIBAeTCA HEMPHTOAHKIM H MOHSTHE TPASKTODUH TEPSET CMBICH,
TaK gice Kak 8 00.4GCTY MPUMEHUMOCTU BOAHOGOL ORTUKY TepseT
CMOICA NOHATUE C8£TOB020 Aywa. W3 3TOrO caemyer, 4TO HCTOUHH-
KOM COOTHOLICHHH HEONpene:1eRHOCTH ABIIOTCS CBOeoGpasubie hu-
3HYECKLe CBOHCTBA MEKTPOHOB H APYTHX MHKPOUACTHL, 110 OTHIOLL
He CBOliCTBa MO3HAIOMIEro CyGbexTa.

Orpanudenne ppHMEHHMOCTH KJaCCHUCCKHX NpEACTABACHEH B
06.7aCTH SIBNeHHmi ATOMHOTO MHDA HH B KOeM Cilyude He OsHauaer
OFpaHHyeHHs Hawell CIOCOGHOCTH NO3HANKS, HO O3HAuaeT JHuIb
OTpauKuelie Mexanucruveckod Kapranu Mupa. 31a KapThHa OKa-
3a7aCh JIECOCTOSTENbHOM yiKe B TeopHH 3eKTPOMArHHTHOro MoJs,
MEXAHWYCCKYIO MONEAb KOTOPOrO TMOCTPOUTH HE YAANOCh, ITECMOTDS
Ha MHOroYHCAeRHbLE TONuTKH. Janvueiiniee passutue QU3NKH, TpH-
Teclee CTOMb 3HAYUTENBHLIC YCUEXH B NO3HAHHH BHEWIHCrO MUDA,
B 4aCTHOCTY pa3BHTHe aTOMHON (hHIMKH, KaXABNI pas ¢ noanoit or-
YCTITUBOCTBIO MOKA3BIBAO BCIO OTpaHHYEHHOCTb MeXaHHCTHUECKOro
Muponossperus. Ho Jlerur pasbAcuma B «<MaTepuannsme W sMmu-
pHOXpHTAUU3MED, uTO «[IpH3HaHHe KAKHX-AHEO HCH3MEHHBIX 37Ie-
MCHTOB, «HEH3MEHHO! CYINHOCTH Bemel» M T. [, HE €CTb MarTepHa-
JH3M, 4 €CTh MeTagusuteckud, T. e. aNTHINAICKTHYCCKHI MaTCpHa~
u3ms» *)

C Zpyroft CTOpONH!, Mbl BUZEIN TAKXKC, HTO COOTHOWIEHHS HEOIl-
PeXe/ISHHOCTH, OCHOBAHHBIE HAa OGBEKTHBHEIX CBOWCTBAX DeabHO
CYWECTBYIONHY MMKDOYACTHI, GblIK HCIOMb3OBAHLI HIEAJHCTHYC
CKHMH (bHBHYECKHMH UIKONAMH AN OBOCHOBARUA SKOGH «KPYLICHHS
MRTEPHAIB3NMa», «OTMEHBI» 3aKOHA MPHYHHHOCTH U T. A, BOAOTH KO
<«HAyyHOro» obocaomawua peanrad  (dnawmertor, A. Kommron).
D70 pasauune B MaTePHANHCTHYECKOH H HASATHCTHUCCKOH HHTED-

*) B. Y. Mennn, Mom. cobp, con, 7. 18, crp. 275,



486 ' BOJIHE! M YACTHIIE s

nperauuH OXHHX M Tex Xe (bAKTOB HJH ABJIEHHT, KAK BCeraa ¢ npe-
JeNtsHOM ACHOCTBIO OXapakTepusoBato B, M. Jlenunwim B caenyomux
BaMeuaTeNbHBIX C10BaX: «/IefCTBHTENLHO BAKHEIA TEOPETHKO-IO3HA-
BaTelbERA BONPOC, pasnenawomuil GUICCOPCKHEe HanNpaBieHnd, co-
CTOHT He B TOM, KaKOil CTeleHH TOYHOCTH JCCTHIMIA HAUIH ONHCAHUS
NPHYHHHBIX CBA3EA B MOTYT JIH STH OMHCAHUR GbITb BHPAMENH B TOY-
HO#l MaTeMaTH4YeCKOR hopMysie, — & 8 TOM, ASAACTCA AU UCTOURUKOM
Rauieeo NOBHANUA 3TUX C6R3ell OGDEKTUBHAR 3AKOHOMEPHOCTs npu~
podut, UAU CBONCTER HAWE2D YMA, NPUCYULAR exy €ROCOBROCT no~
3HABATH UBBECTHLIE QNPUOPHbIE UCTURGL 4 T. 1. ¥} (Rypcds MOk, —

%) B. W Meuns, Moan. codp. cou,, T. 18, crp. 164,

TJIABA XI

YPABHEHHE IUPENUHTEPA

§ 152. Ypasuenue lipénunrepa n dusndecknii cMbIca ero penrennii

.

Osna u3 uakGolee 3aMeYaTeNbHLIX OCOGEHHOCTEH MeXaHMKH
MHKPOCKONHYECKHX 4aCTHIL COCTOMT B CYINECTBOBAHUH RHCKDETHHIX
ypoBHe# snepruH. Heo6X0AHMOCTh MOCTYAHPOBAHKS TaKol JUCKpeT-
HOCTH BHACHWIACHL YXKE HA NEPBLX 5TAllaX pasBUTHA KBAHTOBOH
(usukE (cM. ra. V1), OgHaKo B paMKax KNaccHIeckoh thusHKn Jg0-
MylIenHe NHCKPETHOCTH aTOMIBIX COCTOSHHA GLI0  COBEpHICHHO
UYHILIM TIONOKEHHEM, LIeAHY BDA3pe3 €O BCed CHCTEMOir Knaccu
HECKON (pUSMEH. B nacrosimiedt riaBe Mbl yBUIEM, YTO B KBAHTOBOH
MeXauuke THCKPeTHOCTL SHEPrHH HE TOJALKO He NpPOTHBOPEHHT OCHO-
BAM 57Ol MeXaHMKW, HO W BWTCKaeT H3 ee ypasHenmil CToab ke
€CTECTBEHNbIM 06pa30M, Kak, HANPHMEp, CYINECTBOBAEUE rapMOHH-
UECKEX OGEPTOHOB CTPYHBI DLITEKAET H3 ypaBHEnHH KAaCCHYCCKOM
MEXaHHKH. B HCTOpUYCCKOM DASBHTUM KBAHTOBOM MEXAIHKH 3TOT
PESYNLTAT GLLI NIONYYEH ONHHUM H3 IEPRBIX, K O KA3A/CH B TO BPEMS
RanGosee samedatensubiM. OueHb CKOPO, OAHAKO, BHIICHRKAOCH, UTO
H3 OCHOBHOro ypaBEeHHA KBANTOBOH NEXAaHUKH 0 H3 TOMKOBaHMA
CMbicala IO pemcHyil BTEKAlOT M ADPYFHe CAENCTBHA, e MeHce
CBOCOGDA3HEIE, HeXeAN KBANTOBANIE. DTN CEACTBHA LA BOZMOXK-
HOCTL OGBACHHTL HOBBIT OGWIMpHBI Kpyr ABaewnii ¥ o6ecredunu
TI0ROTBODUOCT a3BUTHS KBAHTOBOM MeXaHukm, Haxomen, s kaye-
CTBE 3ABEPUICHHS 3TOTO 374na OKA3AIOCH BOIMONKHHIM MOCTPOMTH
JIOTHACCKH CTPORNYIO, XOTY M COBEPUIENHO CBOCOGPAIMYIO CHCTCMY
KBaHTOBOV MeXaHBiKH.

Umes B BHIY NORTOTOBUTH YHTATEAN K YCBOCHHIO 3TOH CHCTEMH,
MBf DOHLEeM B TABIEM H3JOMEHHH myTeM, 6. H3KHM K HCTOPHYECKOMY,
H B nactosmefi ruase OrpaHHYMMCH YCTAaHOBAEHHEM OCHOBHOLO
ypaBlieuns KBanTOBoil MEXanuKH H HA (pHMepax 3a1ay, ocobento
TPOCTLIX B MATEMATUUECKOM OTHOLICHNH, NOKaXKeM HeKOTOpLie NpH-
MEREHUA 3TOT0 ypapHenus. C caMoll CHCTeMON KBAHTOBOA MEXaHHKH
Mbl TIO3HAKOMHMCS BO BTOPOM TOME STOM KHHLH.

Mo cux mop (rar. X) Mbl paccMaTpUBAZH ABWKerKe TONBKO CBO-
GOIHEIX MHKDOCKONHYECKHX YACTHN H yGeRMNHCL B TOM, YTo 5TO
ABHXCREE ONHCLIBACTCA IVIOCKHMH BONHam# ge Bpofins. Ham we-
O6XORMMO Teleps ONYUHTL BOZMOKHOCT HCCAENOBATH ABHICHHE
UACTHIL B PASNUYHBIX CHIOBHX Mousix. C 9TOf Hedblo Myl HafgeM
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cHayana AHppEpEHIHAnbIoe YpaBHEHHe, KOTOPOMY MOAYHHANOTCA
BONMHE; Ae-Bpofrs, a sateM o6o6IUM 3TO ypaBHEHHE HA cayuali
JZBUXKERUST B CHMOBBIX MoJAX. TakuM myTeMm Mbl TIOJQYUYiiM OCHOBHOS
ypaBHeRHe KBaBTOBOH Mexaruxu — ypapaenne IlIpénunrepa.
JIns monydeHus UCKOMOTO ypaBHeHHS MBI NOCTYNHM CHEAYIOMEM
ofpasom. B § 133 6wo yKasaHo, 4TO BOJHOBOE ypaBHeHue 15
_ NeKTpOMATHHTHEIX BOJH (COOTBETCTBYyIOmEee (HOTOHAM) HeloCpel-
CTBEHHO BLITEKAeT K3 OCHOBHBIX YpABHEHHA SMEKTpOMAIIIHTHOTO
nons (ypasmesnii Maxceenia). Hamicas 570 BOJBHOBOE ypaBHenne
H NOACTZBHB B HErO pelleHHe B BUAE AAOCKAX BOJH, MBI NOIYYHIH
COOTHOMIERHe MEXIy UacTOTON R COCTABJSIOMMMH BOJIHOBOTO BEK-
TOpa (38KOH NMCMEpCHM), XaApAKTEpHOE JNIA MPHPOILS SMEKTpoMar-
HHTHEX BOJH:

R RN E ) (133.3)

3neco Mpl MofifieM OGpATHHIM MyTeM; MOJB3YSChL 3AKOHOM XHCIED-
cun BoaH ne-Bpofias, Hailem cooTBercrBylOmee €My Rupepen-
uuansHoe ypaBHeHHe. B § 141 MBI ycraHOBHAU 32KOB JHMCHEPCHH
BoaH jie-Bpoias:
2 2

d ) 2 . p2 2

FEEARARE (141.6)
Tg ®o == mc#/h. DTOT 3aKOH NOJMyUeH U3 PENTTHBUCTCKOTO COOTHO-
fwdHAd MeXIy MMIYJbCOM B DHeprHeH

™
Z=mie? (o4 p + )

Oxnako mHTepecyiomee Hac ypasHenne Wlpénuarepa we yaosie-
TBOpSieT TpeGOBAHHAM TEODHH OTHOCHTEIBHOCTH — OHO ABJIAETCHA
ypaBHeniey HepenaTHBACTCKM. Ero MH MOJyyHM H3 COOTHOIIEHRHS
Me Iy EMITyJbCOM M SEEpTHEil HHIOTOUOBOH MeXaHHKH. DTO COOTHO-
menie, XaK Mbj 3HaeM, TaKkopo (cM. § 58):

7 1 2 4 g
E= g =g (Pt oyt i) (152.)

Bocronbayercs Tenepb KBAHTOBBIMM COOTHONIQHHAMH LISt IKep-

THU H COCTABJISIOMINX AMITYABCA

E=to, py=hky, py=hk, pe="hk,

Ioncrabasa sTn hipaxkenus B (1562.1), Hafgem nocae cokpaime-
Hus Ha fi;

B ). (152.2)

D70 H ecTH HCKOMBIi 33KOH JHCIEpCHK BoaH Ae-Bpodns B Hepe-
JSITHRACTCKOM TIp MG/ HKEHHH.

§ 152 OU3HUECKHA CMHC] PEMIEHHP N 489

YroGer nonyynrs ypasuenne Illpéamnrepa, Boaemem bopmyay
TI0CKOH BoMHH Ke-Bpoias
P Aot 00— 4 (shotutytiky—at)

u NpONKbQhepeHIHpYeM ¢ OAKH pa3 N0 BpeMERH U ABAXKAbI 110 BeeM
koopauHataM. Monyynm

31 N %

Tlf — o, T;f =—ky,
Lia g%
=, Th=—ru.

Hafps orciona e, Ay ky, k, W NOACTABYB B SaKOH JAHCHEpCHH
(152.2), cpasy noxyyum
LTS S | 1)

at at 2m \ 527 ay* 922

TAK YTO
. 0% )
ih2E =— Ay (152.3)

B »Toft IMaBe HAC 6YAYT HHTEpeCOBATh TOABKO pewenns (152.3),
COOTBETCTBYION(HE CTOSYMM MOHOXpOMAaTHuecKuM Boduwawm. s Ta-
KX BOAH peileHhe MOXKET GLTb NpeACT2BAEHO B BUAE MPOHIBEse-
uHA KBYX yHKUul, H3 KOTOphIX OFHA ecTh GYBKUUA TOJIBKO
KOODJHIIAT, @ ApYras — TONBKO BPEMEHH, NpHUEM 3aBHCHMOCTS OT

» L gt
BpeMeHH BHpAXKAETCH MuOXHTeNeM e~ =¢ # ', TaK ur0

I3
Vi 0,2 D=, ¥, e T (152.4)
3amerum npe)KﬂE BCerO, 4YTO AJisi TaKHX pel_ﬂeﬂﬂﬂ Jiepasg 4acTb
(152.3) maer
a
w2 — By, (152.5)

Moncrasasa pewenne (152.4) B (152.3) # umes s suay (152.5),
i

HaxOAuM MOCAE COKpalleHusi Ha BpeMEHHOR MHOMXHTENb e F" n
NepecTaHOBKH WISHOB

A 422 g —

VYpanrenne (152.3) B ABAACTCH HCKOMBIM BOTHOBLIM YpaBHEHRHEM
L5 CBOSOJHOM UACTHIBI, UACTE €ro peIeHHsi, 3aBHCALAS TONLKO
OT KOOpAWHAT, NOLHHHACTCA YDaBHENHO (152.6). B pampHeimenm
Mbl GyneM HCATh yAOBAeTBOpAmY0 (152.6) hyHRUMIO Ges sHavka ®,

(152.6}
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TOMHS, UTO B HACTORLIEH I/1aBe Peub UIET O <MOHOXDOMATHHECKHX»
pemeBusiX ypapHeHRA (152.3), aa7 NOJNyueHHA KOTOpHIX AOCTATOH-
:

HO NpHmHCaTh K W MHOXHTENb e * & .

papeerue (152.6) mul modyumam ANst caywasi CBOGOHOM ME-
XpocKonuuecko#l uyacTrub. [1OCMOTpHM, KK €r0 MOXKHO pasyMio
0GOBIMHUTL HA CAy4all wacTHIM, IBHXYmeics B CHIOBOM MOJe, xa-
pakTepusyemom noTenuuanuuoi swepruedt U, IMojgnast sHeprus 4a-
CTHIH B TaKOM Toae pasHa cymme T+ U = E. B caydae xe cBo-
GOMHON waCTHUBI [IOAHAf SUEDIAS COBNAZAeT C KHHETHUECKOf
(U=0), 1. e. E=T. JInn o606menns, KOTOPOC HAC HHTCPECYeT,
CJIefyeT pelINTs BOMPOC, — KAK MOHIMATL HpU NEpexoaAe K Cryyan
JBHKEHHS B Tode sHeprmio £, Bxoasmyio B ypaBHenue (152.6),—
Kax MOHYI RN KaK KHHETINECKyio? SICHO, uTo ecni GB Mbl CTAIH
paccmatpupats sHeprmwo E Kak NonHylo, To B OGOSLIEHHOM ypaB-
HeduH He Gbao Gbi 4j1eHa, OMMCHBALIEr0 TO WIH uHoe noje. Ecan
Xe, HAOGOPOT, Mul oA £ B cayyae c60609x0 uactuyol Gynem pasy-
MeTb TOJbKO KHHETHUECKYIO 3UepTHIO, TO A5 CIydas ABHKEHHA B
noJe ¢ NOTeHUNANbEOA skepried U Mir 0NKHBL GYIEM TOACTABUTH
smecto £ 8 (152.6) xupetuveckyio sweprmo 7= E— U, u ypas-
Henne (152 6) mpumer Bull

Ayt

e (E—U)b

(152.7)

DT0 M ecTb OCHOBHOE ypaBHENHe KBAHTOBOW MEeXaHHKH — ypaBHenHe
Ulpéaukrepa And 4acTHIL B TOTEHINAILHOM 1O1E.

Camo co6oit pasymeercs, UTO Ha NpHBEIeHHbIE COOGPANKEHHS
CHIeAyeT CMOTPeTh TOJBKO Kak Ha cOoBpajkedus, NOACHAIIHE yeTa-
HoBJIeHne ypapHenus llpéaunrepa, a ne xax ra Busod ero. Kak n
BCe OCHOBHHIC YPaBHeHHS (hHIUKI (manpuMep, HLIOTOHOBEI ypaBHe-
HHA MeXaHHKW MNM ypaBienus MaKcBella Jifl 5n€KTPOMATHHTHOTO
nons), ypasuenne llpénunrepa me mmeer crTpororo BpBoaa. OHo
He BHBOAMTCS, HO YCTAHABAUBAGTCH, H NMpPABHILHOCTL €I0 MOATSEp-
JKNAETCH COTNACHEM C ONLITOM NOIYYAEMBIX ¢ CTO IOMOLIBIO pedyb-
TaToB. A

Ypasnenuio (152.7) cooTsercTByeT GoMee obiee ypapHeHue Ans
(byHKIEY P, 3aBHCAIEN HE TOALKO OT KOODANHAT, HO H OT BPEMelH,
B cayyae KOHCEpBATHBHOrO MO, KOTRA NOTeHUHAAbHAR (yukuna U
He 33BHCHT SIBHO OT BpEMEHH, MOMHO BCerfa NpeioNokuTh, UTO
SaBHCHMOCTb % OT BPEMEHH BBIDAXKAETCA <MOHOXPOMATHYCCKHM>»

~— Et
mirokHTeNeM ¢~%* —¢ * T . [IpynuMan BO BHWMAIHE, UTO B STOM
cayuae WMeeT MeCTO cootHomenre (152.5) u mependcad ypasHCHue
(152.7) B Buge

"
— g O U= B,

§ 159 SHAHUYECKHF CMbICT PEMEHHA 491
e :
o —5 Bt
. Pp=19°(x, 4, 2)e , (152.8)
Hafizem
B a5 0%
— g M+ Up=in G (152.9)

Bro ectb obiwee ypasyenue Llpénunrepa, cosepxamee BpeMs.

B sakmouenne eme o1Ho 3avevadue. TIpH mosyueHwu ypasre-
sus Ulpéaunrepa AnS-CBOGORKON YACTHIL Mbl Gl MOTIHA BOCHIONb-
30BaThCs BMECTO BOJKOBOM (bYHKUAH CBOGONHOH YACTALL, HANHCAH-
#01 B BHIR

== Aet thr-oh),
KOMIIEKCHO CONPSKEHHOH byHKIReR
P = At ot (132.10)
B 3TOM nmOCAGAHEM C/Iyuae, KK JErKO BULETb,
op* reahe 0%
;’; o)\];,—a—gl —kp*u T on
Bmceero ypasreawst (152.3) Mul 651 noayuHin TOrga
B ae
ng 5 A (152.11)

1 COOTBETCTBEHHO M3MerHI0Ch 6bi ypasHenne (152.9). Onuako cefi-
94C Ml YBALHM, 9TO (hH3HUECKHA CMBICA HMeeT He caMa (yHK-
Wus 1P, HO KBAAPAT €€ MoAyas, T. €. Pip*. Beuay storo cosepmenno
Gespasaiuno, B KAKO{ U3 ABYX BOSMOMHLIX (OPM NHCATb ypasHe-
nne Ipéaunrepa.

PaccmoTpAM Teneph (hH3HUECKHH CMbICH pellenii ypasneHHA
Ulpénnurepa. Hanumem BonHOBOe ypaBHeuse kaaccH4eckod dba-
3HKH, C KOTOPBIM Mbj BCTpeTH/IHCh B § 133:

I %
o =Au (133.1)
# cpaBHuM ero ¢ ypabeenuem lllpénunrepa, conepxaminm BpeMms
s 00 k2
ihgy == s M+ Uy, (162.9)

Knacciyeckoe BOAHOBOE ypaBHeHHe, KAK H3BECTHO, HMCET ASHCTBH-
Tesbnbe peuleHns Buma &cos[(kr— of} + 8]. Onnako Hemocpes-
CTBEHHOH NpOBEPKOA JerKO yGeuTbCS B TOM, YTO ypaBHEHHe
Ulpénunrepa STAMH ReACTBHTEJLHEIMH DEMIEHHAMH HE YAOBETEO-
pAeTCH, 1O YHOBJETBOPSETCA TOIBLKO KOMIVIEKCHRIMH peIIeHHAMH,
Hanpumep, TpH U =

= Ae! tir—oh),
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Dta ocobenHocth ypabrerus llpénuerepa ofycnopiiesa TeMm, uto
(B OT/AMYKE OT KAaCCHUECKOTO BOJNOROTO YPABHEHHS) OHO COReD-
AT Nepeyo NPOH3BOANYIO N0 BPpeMEH H BTOpHIEC — MO KOODAHHA-
Tam, Mbl 10KA34JIH, YTO 3TO NOJYUMAOCH NMOTOMY, 4TO MBI HCKami
BOJTHOBOE YDaBHEHHE, KOTOpPOe COOTBETCTBOBAJO Gk 3aKOHY AHCIEp-
cHH BOJIH de-Bpofuifd (B HBIOTOHOBOM NpHGMMKEHHH)

(B 2), (152.2)

conepXKaumeMy NepBylo CTeNeds @ M BTOphie CTENeHH COCTABMARIOMHUX
BOAHOBOTO BCKTOPA.

D7T0T GaKT BechbMa CyLIeCTBEH JJI51 MOHHMAHHS CMbICTA ypaBHe-
wua llpéaunrepa. Ox nOKaswiBaeT, uTo, Xors ypassenue Ilpéuun-
repa B HEKOTOPLIX CyUassX YIOBIETBOPHAETCS NEPHONHUECKHMHE pe-
IICHHSAMH, HUKAKHX PEAJbHBIX BOJH, PACHpOCTPAUSIOMHAXCS B (UH-
weckoil cpede, ouo He onuchisaer. EcJm, HecMOTpst Ha 3710, HHOTAA
TOBOPST O «BONHAX» MATCPHH CTOAYHX K Gerymux, 06 ysnax H Nyuw-
HOCTSX H T. [, TO 9TO AETAETCH HCKIIOUHTENbHO Tif HArASAHOCTH.
CoruacHo npHiATO#d B HAaCTOAmEe BpeMs CTATUCTHHECKOH HHTEpmpe-
TAUMY CMBICH pewrenniil ypasHerus lp&anarepa coscem HHOH.

B camMoM feJe, B npeAbiAyLei TMaBe ME BHANH, YTO HOBEICHHE
CBOGOANOrO 3JMEKTPONA ONMKCBIBACTCA TIOCKOHM BOaHO# He-Bpofias,
HO (u3MYECKUE CMbICT HMeeT TONbKo Keadpar asnaurydsi s7oft
BOJHLI, OYEBHIHO, DABHLIY KBAZPaTy MOAYJS KOMIIEKCHOH |-yTIK-
unH, yiaeeaersopfiomefi ypasrenmo Ilpénmurepa (152.9) upu
U = 0. HeiictBurensHo, npH

,LIJ Ael {ke—wt) aeiﬂ . ei (kr—mt"
== Atet tr—0) = go—iS . o=t thr—of)

®

uMeen
2

@=|AP=1p"}.

DT0T KBAAPAT AMILTHTYZB ML HCTONKOBAJM  CTATHCTUYECKI:
atdt = ™| dr, cornacHo § 147, cetb BEpOATHOCTE HAXOKICHUA ua-
cTunu B ofbeme dt = dxdydz, 1. ¢. B 06JacTy ¢ KOOpIMHATANH
mexay ¥ 0 x +dx, yu y+dy, 2z nz+dz Do cratnetHyeckoe
HCTOJKOBANHC COXpaHSeTCs W ANS peeHuft ypasdeaus (152.9) s
ofiuem cayqae: KBaapaT MOV KOMILTEKCHON (YHKUHH , yXOBme-
TBOPAIOIICH 3TOMY YDABHEHUIO, TOJIKYETCA KAK MUIOTHOCTL BEpOAiT-
HOCTH HaliTi wacThHly B 06TLeMe dT OKOIO TOUKH € KOOpAHIATaMH
X, y. z Cana Xe BePOATHOCT, NPONOpHHOHANbHEA Y§*dT,

@YHKIUA | MO CBOGMY CMBICTY HO/KHA YAOBACTBOPATL HCKOTO=
phIM ecTecTBEHHEIM ycmoBuAM. [Ipexie Bcero OHa AOMKHA ObiTh
BCIOAly HENDepEIBHOA M OXHO3HAYHOH. [lance, DOCKOABKY Mbl HCTOM-
kobeIBaeM W* Y KaK BepOATHOCTb, NOABAACTCA HEOGXOAHMOCTH
HOPMHEDPOBATh STY (YHKIUIO 1 Takuy 06pasos;, 4To6el BEpOATHOCTS
rocroseproro coburus pasisiiacs 1. Tan Kak mekaprToel K0ODAU-

§ 53] TIPOXOXAEHHE YEPE3 MOTEHLMANBHHE BAPBEP - 403

HATHl MEHAIOTCA OT —00 10 +:00, TO IOCTOBEpHOE COBBITHE COCTOHT
B TOM, YTO 4acTAlA HaX0LHTes ede-nubydo B mpocTpanctee. Yeaopue
HOPMHDOBAHHS HOITOMY GYAET TAKOBO!

+oo

[ vwar=1. (152.12)

—w
B yueGHHKAX aHann3a AOKA3WBAETCHA *), 4TO HeCOGCTBEHHBIA HHTE-
TPl ¢ GECKOHEMIBIMH MpeeNaMH CYmecTBYeT B TOM clyuae, ecau
($YHKIHAA OCTATOYHO GHICTPO YGLBAET NpH YHalNeHHH OT hauana
KOODIHHAT, a WMEHHO, (YHKUMA C WHTETpHDYEMHM KBaipatoM
RONKHA Y6LIBATL NO Kpaiiedl Mepe Kak 1/r?, rie p > 1. Mu yeu-
AMM B HACTOAWEH H B CNEAYOIHX TJaBax, yTo NepeulceHHbie
ecTecTBensble YCMOBAS HMEWT B KBAHTOBOH MeXaHWKe OTPOMIIOE
suavenne. CpolictBa peweruit ypapuenus LUpénunrepa Takowsl, uTo
PCLIGHHT YIOBJETBODAIOT STHM TPEGODAHHAM TONBKO IIpH OYEHDb
ONPE/ENCHHBIX YCJIOBUSX, HANDHMED [IPH ONpEALALINELY AUCKDETHBIX
SHAUCHUAX SHEPIUM, BXOASILCH B KAUECTBE NapamMeTpa B ypaBHeNHe.
B a10M, Kak 6yneT MOKa3aHO Ha KOHKDeTHMX NPHMEPAX, JEKHT
K04 K 06BACHCHUIO RANUCKPCTHOCTH MCXaHHUECKHX BearlufiH B KBaH-
TOBOY MEXaHHKe, t

§ 153. OTpaxenne W NpoXoX/aeHHE Yepes NOTEHIHAIbHEI Gapbep

B rnase X M pacCMaTpUBAIH JBHIKCITHE HACTHIB B IpOCTpAH-
CT8¢, CBOBOIHOM OT NoaA. B Kauectse MepBOTO NpHNEpa MpHMeHS-
umst ypasuernsa llpéayurepa paceMOTpHM NODefieHHe “acTHUH nHa
TpaHHUE ABYX o6aactedi [ u [/, B KaXI0l M3 KOTOPHIX HOTCHINANE-
HAS SHEPIHR ACTHIEI NOCTOSIHHA, HO 5TH NOTEHUMANBHEIE SHEDIHH
DAITUIAIOTCA HA KOHEUHyI0 Bearuny, CXEMATHSHpYR pealbHo
BCTPEHRIOMHECA YCIOBHS, MBI NDEANONOXKHM, YTO na TpaHpme 06-
aacreft [ w I/ nOTENUHANbHAS SHEPruA HIMEHRETCH CKAWKOM, Kak
5TO NOKa3aHO Ha pric., 226—227,

BriGepen cuctemy xoopumat tak, uToGh OCh X 6Laa napad-
JeIbHA HANpABAEHAIO ABMKEHHs yactulbt Torga ¢ 6yaer ¢yuk-
upefl TOABKO X, Onepa‘r?p Jlanaca A CBCACTCH NpH 2TOM K MOAHOK

. o d .
BTOPOH NPOK3BOAHOH d;f 1 ypasnenne Lpénnrrepa npumer Gogee
TpOCTOR BHA
d2 2m
T E—vy=0.
Tlpu 5TOM NOTEHLHAIbIAA SHEDIHA 3aNaeTCst YCIOBHANH:
0,

(/) mpu x <0 U=0,
(1) mpu x>0 U= Uy = const.

*) B. U, Csmupnos, Kypc i vares
«Haykas, 1967, P ype mael vaewsin, T 1, crp. 20,
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Ias perueHHsl 3ajadk, BOOGUIE IOBOpA, C/ELYET TMOACTABATL B
ypasuenne Llpénunrepa puipaxenne U B YHKIHH Koopamat m
BHNOAHWT, HHTerpHpoBawke. HoO Tak Xak NpM 3ajaHBeix yeio-
Busix U He MOMeT GbiTh BLIDAMEHO B BHIC AHAMHTHYECKOH (hYHK-
LUK X, TO MB ROCTYMHM CHEAYIOmHM 06paso. Hanuwen ypasuenne
Ilpénuurepa ormenpuo Ans 061acTy / M Ans ofxaactit [/ M HafeMm
pemenks B OGOHX CIYUAsX, T. C. pYHKUUE P K 2. Tax xak pyrk-
HS § JOMKEa GLITh HENpephBHA BO BCEM MPOCTPAUCTBE, TO Mbl MO
TpeGyem, uTO6L Ha TpaHulle oGnacTedl, rie MPOHCXOLHT CKAYOK
ROTEHUHANA, hyHKUHH s H s OBLIK Xpyr Apyry pasnbl. Kak 6y1er
[IOKA3aKo Jafiee, Ha TpaKHmile ofCux o6MacTeil NoMKIa GbiTo Hempe-

BIBHA He TOJMLKO caMa (ydxuua 4, Ho H €e TepBast 1pOM3BoiAHAM,
g)ﬁa YCAOBHA HEMPEpLIBIOCTH — HENMpepLIBHOCTH (hyHKUHH H ee nep-
BO# NPOM3BONHON — NAAYT UAM BO3MOMKHOCTh NOBECTH peleHHC 22
Jlaup IO KOHLA.

Virax, nanumem ypasuenne llpénunrepa:

A5 oBaacT [

. D 20 B =0 (153.1y
Jist obnacthn 1/
‘f,’;&* +%(E—UO) = 0. (153.2)
Bsenem oGo3HayeHHs
b= VImE=12 (153.3)

=4 VIR(E—U) =T =1 (153.9)

rae A ¥ g — COOTBETCTBEHHO LJHHE BOJH Xe-Bpoins B o6aacry /
W B obnacth If. Ypasneaus (153.1) u (153.2) renepb mepenHimyrcs
B BHUC

.
Loy iy, = (153.1')
. . (183.2)

910 — OGLIKHOBEHHEIE  AHdhepeHUHaNbHbe ypaBHEHHR C IO-
CTOFHBHIMI KosdpuuuenTamy. HacTHile pemieRAs HX HMEOT BHR
ex kX H e¥ lk;x.

OQueBUIHO, YTO 3TH YACTHLIE PEMIEHHS NPENCTABASIOT COBOMH M0~
cxHe BonHb ge-Bpoia B o6aact / U B ofnacra //. B camoMm peue,
BO3bMeM KakOe-HHOYNb H3 HHx, HamphMep e, K NpHCOSHHHHM K

i
—— Ei
HEMy «MOHOXpOMATHUECKHIT» BpEMEHHOA MHOXHTENb & &
Mbl DOAY4HM

s
B

| Cpm il L pf L4 —0f)
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Ho 310 U ecTh hopMyna MIOCKO# BOJIH, PACNPOCTpausiomeica B
o6nacTi / B nanpaBAEHHH NOJOKHATENLHON OCH X.
O6mne pemenns ypasnenni (153.1°) u (153.2°) TaxoBb:
= e o by, (153.5)
Po = apetts¥ |- pre=ibt, (153.8y
PacemoTpnM Teneps yCJOBUS nepexola wacTiubi M3 ofaacth [
B 061acTb [/ B IBYX Clydasx: a) Koria noqHas SHeprust wacruirer £
Gospie €e NOTEHUHANLHOH SHepTHH U B obaactn I/ {puc. 226) u
6) Korza E << U (puc 227)

[ —

; 7 u
n |z £ _[_‘ v
7
Pue. 226. Pue. 227.

a) Ipu E > U vactuua, nofd#RsIOmascs KAaccuueckod Mexa-
Huke, 06fi3aTeNbHo (HHAUE TOBODS, ¢ JOCTOBEPHOCTHIO) nepefifer u3
obaacti [ B o61acth /. B camoM mene, nosoxum, 470 314 yacTHuA
HECeT SJEeKTDHUECKHA 3apsix M jBHIKeTcss B ofaactd I caesa na-
npaso. Ha rpannne / n // ona nonagaer B noje 3amepKuBAIOLEro
notenunana U, Ro 1aK kak ee moamast smepras E Goavwe U, 70
4aCTHIA NPEOJOJEBAeT 3TO 3alepKHBAIONee NoJAe H Npono.Kaer
€BoE IBHMNEHHE B 06xaactn // ¢ yMeHbuwennof sHeprued £ — U.

Met cefryac ysuamM, UTo HacTHia, MOAURHSAIOMAACH ypaBHEHWIO
Wp&nunrepa, HanpuMep 3ACKTPOK, A0MKHA BECTH Ce6f cOBepiIen-
HO HHaye. JTO BLITEKAET yiKe H3 CeAYIOUAX KAYECTBEHHHK CO06-
paxennil. JIBHEKEHHE SAEKTPOHA NpPexcTABASETCH NNCCKON BOHOK
Ae-Bpoitis. Ha rpannne nByx oSnacted, rie MpoOHEXOAMT Buesan-
HOe H3MEHEHHe IOTeMIMANa, 3TAa BOAHA NOMKHA BECTH Ce6f TaK,
KaK BeaeT cefs CBeTOBaf BOJNA HA TpawmMle ABYX ofsiactefi ¢ pas-
JMYNHM NOKa3areleM npefoMAenHs (cu. § 143). o suaunr, uto
4 rpanuue obnacreir / w // Boana me-Bpoiia uacThio oTpakaerc,
2 4acTel0 OpOXOMHT B 064acTh [/, Mbt MOXeM TaKke cKasaTe, UT0,
TIepexos U3 OMHOK O6JACTH B APYTyIO, SAEKTPOH HMEET ONpenenen-
HYI0 BEPOATIIOCT!, 0TPAIUTHCS K ONpEIENeHHy0 BepOATHOCT, MpoilTh
nanpine B o6nacts f/.

Hama sagaua Temepb COCTOHT B TOM, 4TOGLI HAWTH 5TH BEpOAT-
noctd. Jlag 5Toro Mu npexne BCero 3aMeTHM, MTO HACTHOE pee-
Hie e't* COOTBETCTBYeT BOMNe, HAYmEH B HampaBReHHH NOJOMKH-
TENLHOH OCH ¥ (CJeBA HANpPaBo), T. €. NafdIUIEH BOANE, A yacTHO®
pelIenne e~i#%¥ cooTBETCTBYET OTpaseHHol Boame. To Xe camoe
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CnpaBefAHBO 1A HAcTHHIX pemenud e**. TlpuBuMast BO BHHMA-
Hue, uTo B O6aacTH / pacnpocTpaHSIOTCS KaK NMAjaiomas, Tak #
oTpaKenHas DBOJHBI, MB BHAMM, YTO JJIA 3Tofi 06MAacTH HMeer
cMbic ofilee pemenne (153.5), cocTosinlee n3 ABYX UJAEHOB:

= ayelts 4 pemth, (153.5)

TpHYeM @} €CTh HNTEHCHBHOCTD Najammed BOJWH, a bi— HHTeH-
CHBHOCTh BOJIHEI OTpaxenHof B o6mactn xe [/ pacnpocTparsercd
ToMBKO Npoxomimad Bonna. Tostomy B (153.6) Crexyer noxoxnTh
by = 0 u Toraa

Wy = ape?®, (153.6"}

IMonoxHM Tenepb, 4To AMMIKTYA najaomed BoHyl gy passa l,
U BWYHCAMM OCTAMbHble IBe AMIUTYRH by H az. JL1s 510r0 Ham
NpPHACTCA BOCITOJBL3OBATHCK «TPAHHUHBIMH
YCAOBHAMH», COCTORIIMMH B TOM, YTO H2
rpaHuIe ofxacTell He TOMBKO caMa (yHK-
Iz p, HO H ee mepBasi NPOHIBOAHAT — He-
npepsisubl. HenpepuisrocTb nepsoil mpous-
BOABOM BBHITEKAET M3 CJERYIOUMX COOGpa-
sxennit. [lpeacTanum ceGe, ITO BepTHRAIL-
Had CTyleHb ¢ieBa Ha phe. 228 3aMenena
HAKJOHHOHA (IIvHKTHp Ha pHC. 228); mycTu
wHpHHA TIepexonHoii o6xacTH pasha 2/ W mOTEHUMan 8 3TO/ ofna-
CTH prenpepHEHO MeHsieres ot 0 no U. [lphusis B0 BHEMaHHe 06O-
snavenne (153.3) u (153.4), nepemuuem o6a ypashenus (153.1°) u
(153.2') B Bupge

Ly — 1y (153.7)

Tlpu srom KoachpuuHe“'r K B o6nactn or —! 10 - HempephBHO
MensieTcsi or & = &y n0 K = k,. ]I 3Tolt 06nacTH Mbl HMCEM, C
onuoft CTOPOHE,
+
ap
f P dx
=1

-

a, ¢ ﬂpyl‘off CTOpOHb], ﬂp}lMeHﬂﬂ TeopeMy o CpeﬂHeM 3Ha4YCHHH K
npasoii wactn (153.7),

+1 -

[ £y dx=2ik™p.

-t
Hrax,

REI
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1K, Nepexois K npegeny npu [ — 0,
dyp — (8
( s )x=ﬂ R( dx )x=D .
Henpepusﬂocu (GYBKIEM 4 Ha TpaHuue oGeMX oiaacTeli gaer
(Br),mo = (Wehomo
uAK, €CAH BOCMOMb3oBaTheA (153.5), mph @ =1 u (153.6%)
I+ by =ap 153.8)
M3 ycnosus HempepblBHOCTH MPOM3BOAHOI
=(£\PL)
. At Jyo N\ % Joy
npu noMomu (1535) u (153.6°) maxomum
{153.9}

Pemas ypaspenus (153.8) u (153.9) OTHOCHTENBHO by M @, mOXY-
uaem

.. .
b= Th T hiE
Tenepb Mbl MOMeM, NOAB3YACh AHANOTHEH C ONTHKOM, onpene-
JUTh KO3(BGULMERT OTpaMeRns R M Xosdduunent npospaunoctn D.
Kosguiiuent OTpameHns pased OTHoOlICHHIO KBAZATOB AMILIHTY
OTpaMERHOA W najalomed BOMH WIW, NPHNHMAS BO BHHMaHWE, UTO
aAMITHTYAA NMAfRioiiledl BOMND! &;, N0 YCJAOBHi0, paBHa I:
Ry ke \2
R=tf=(Hzkf, (163.11)
[Mpy BLIYHCACHHH KOShHUHCHTA TpO3PAUHOCTH D HY/KHO yMHOMKHTD
OTHOLIeHHe KBaIpaToB aMIIUTYA HDPOXOJSIIEH H najaloumedl BOJH
Ha OTHOLIEHHE CKOpOCTeH uacTun B TOit M Apyroli o6ractsax mo cie-
nyomedt npHuuHe. KodpGrIUEHT npo3payHOCTH paBeH OTHOIIEHHIO
IpOXOJAIMEro MOTOKA YACTHU K magajomeny. [Ipeicrasum cebe Uu-
NHEIp C OocrosadueM, pasnbiM | ca?, B BHCOTON, paBHOK CRopo-
oty v. ECaH MMOTHOCTb YACTHI B 9TOM NHIHRIpe paBHA p, To moa-
110€ UHCNO UACTHL B HEM CCTL PU H BCE 3TH YACTHIEL IPOXOMAT UEpes
ociosanue UwMnApa B 1 cex. Hrax, noTox yactui pasen po, a cie-
ZOBATEIBHO, KOIBGUILHCHT TpO3PAUROCTH

(153.10)

D—Ff2 b

P 0r

Ho nJ0THOCTR YacTHU @ NpPOMOPUHOHANbHA KBAAPATY AMILTHTYLBl
BoJHbl Ae-Dpofins, a oTHomeHHe cKOpoCTei

2]
“
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wn, yanreinan (183.3) n (153.4),

I

Ay 1"
T105TOMY HMEEM OKONUATEIHbHO

4 by

53.12
af k, (153.12)

{a; mo mpenbilymemy ectb 1) #, NOAL3YSCh BHIPAMEHHEM ap N0
(153.10), naxoaum

- D Akska
oy + &2 ©

Kosppuunearst R # D Mb MOMEM HCTONKOBATHL ¢ KOPNYCKyJAsIp-
HO¥ TOUKH 3PEHHA CAELyIOLIEM 06GpasoM: R TpPeACTaB/ser BCpOSIT-
HOCTb UACTHLE HCILITATH OTpaenue Ha Tpanmue obnacredl, a D —
BEpOATHOCTH MPOATH B 06JaCTh // WM, KaK NPUHSTO OBODHTH, BE-
POATHOCTD NPEON0/IETh TOTEHNHAAbHEIH Gapbep.

Craanpmas (153.11) u (153.13), naxomum R+ D =1, 4r0 u
CJ1en0BAN0 ORHIATE HA OCHOBAHHH TEOPEMBI COMEHHs BeposATHO-
cTel, TAK KAK MOMKHO ¢ JOCTOBEDHOCTBIO yTBEpIKIATh, uTO Ha rpa-
Huie o6facTell yacTuia ANGO OTPASUTCSA, RGO NPOARET nadbIle,

BLIYHCAIM Teneps KO3(hhHUHEHTE OTPAMKEHUS U NPONYCKAHKS B
BABHCHMOCTH OT COOTHOLIEKHA MeXIy NOJMHOA sHeprueit £ u moten-
nuaabHoi sHepraed U. Mur umeem

b=t VIME="5, k=1 VIm(E—D) =4+

e

Pt [+VI

(153.13)

R ta6anue XXI1 npHBefieH0 necKoNbKO SHCJEHHbIY 3HaueHk# R u D.
- Taganua XXII

UE R D EIU
01 0,0007 09993 1o
05 0,0296 09704 2
08 0,459 08541 1,25
09 0,2700 0,7300 111
10 1,000 0,000 0

Us a7of TabaMubl BHANO, YTO, KOTJAA SIEPrus YacTHIL! BABOE 60Mn-
Ble BLICOTH «MOTeHUHAJbHOA CTymenu» U, BeposTnHOCTh OTpasenus

§ 15 TIPOXOAEHHE YEPE3 TOTEHLUANBHYIA BAPBEP 499

yKe HMeeT BOJHE 3aMeTHYIO Beanuuny (okono 3%), a npu U=F
TPOHJKHOBEHHE B OfJacTe /] BoOGe HEBO3MOXKHO, TOFEa Kak 1o
KJIaCCHYECKOA MexaHWKe B 9TOM CAyuae, TAK e, KaK } B OCTalb-
HBIX, YACTHIA ¢ ZOCTOBEPHOCTHIO NepexORHT B 061acTh /7, Ho ToAbKO
€e KHHETHYeCKasa SHQPI‘HSI Tay pasHa HyJHOA

Tprunna, u3-3a KOTOPOf MW He HAGNIONAEM 3TOr0 KBAHTOBOTO
OTpaxenus B 06 BIKHOBCHHBIX MaKpOCKOHﬂ'{ECKHX OonbITaX C 3JEeK-
TPOHAMH, 33KNIOYACTCA B TOM, YTO NMOTEHIHA] HAa TPAHHDE H3Ne-
HSIeTCS HAa yYacTKe «MAaKpOCKONHHYECKOH» BENMHMHHL, 3 HE BO3pa-
CTaeT BHe3aNHO, KaK Ha puc. 227. Ecin, ofHAKO, IIMPHHA NEPEXOd-
HOR 06s1aCTH HMeeT aToMHble pasmeps (I —10AY, 10 atoT ahpexr
JONIKEN HMETb MECTO H ero HeOGXOLHMO YuHTHIBATL.

6) Ilpu E << U no xaraccuueckoid mexanuxe nepexon u3 obna-
ctr [ B o6aacte /I HeBO3MOM(@H, TaK KaK MpPH 3TOM YCIOBHH (mO-
TeHUHaNbHas sleprus Gofbile MOJHOM) KHHETHYECKAsn SHEeprus ua-
CTHUB B 06/1aCTb / AOMKHA 6bina 6b C€1aThCS OTPHIATEIBHOH, 4
CKODOCTD =~ MHXMOR.

EIYHCIAM KO3(d ALKSHT OTPAaMEHHs R A 3TOrO Cyuasi, Nofb-
sysicb KBaHTOBO{i MexaHumkoil. Ilpexpe Bcero caenyer o6paTuTs
puuMaHde Ha To, uto npi E <C U seanunda k; CTRHOBUTCH HHCTO
MHHMO#:

ey

FVImE—O =14 VImU—B =ik,

1

7 Vem(U— E). Beuny storo npu Beiurcaenk# R mo dop-
syde (153.11) BosBeAeHHe B KBaXpaT C/EIyeT 3aMEHHTh NEPEMHO-
JKEeHHEM KOMIIEKCHO COMPAMEHHHX BCIMUME RR™, HAH, UTO TO e,
OTHICKAHNeM KBaZpaTa MOAyAa:

rae k

, D=1—R=0.

Hrak, npi E << U Ko3(dhHUUHERT OTpaxKeHHsa pabeH 1, 7. e. or-
paxerHe ABAAETCA NOJARHIM. Kak BHAHO, 3TOT pe3ylsTaT BIOJHE
€O0TBETCTBYET OMHAaeMOMY. ONHAKO HEOXHMIAHHLIM sBJASETCs TO,
uTe, KaK Mbl cefgac MOKaXeM, XOTA oTpakeHHe H IMOJIHOE, — HMeeT-
<Al OnpejieneHHan BeposTHOCTh HaWTH YactaAly B ofnactd /. Hpy-
THMU C/IOBAMH, OTDAXCHHE 1€ 06S3aTebHO MPOUCXONUT Ha CaMod
TpaHule 064acTeli, HO HEKOTOpHE UACTHUB 3aX0xaT B o6nacts I/
¢ TeM, YTOGH NIOTOM BepHyTLCA B ofaacth /. B camom gere, Tax
kak npH E <C U KOMpQHUUHCHT By CTAHOBHTCA UHCTO MHHMBIM 1
panuuv ik, To pemtenne ypasueunsi Ulpémunrepa pas oSmacti /1
npuoGperaer sux

Py = apeiti* = gye—H%,
a BepOATHOCTL RABTH YAaCTHIY HAZ eRUNHUE RAWKB 6yJeT nostomy
VTR (153.14

Py =g = age™
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JT0 03HAuAET, UTO HMMETCS BLOJHE ONpEfENeHHAam BEpOATHOCTH
HaliTh wacTruy B o6nactu /1. [IpaBna, 372 BepOSTHOCTS 9KCMOHeH-
LHadbHO (T. €. OYeHb GBICTPO) yORIBAET ¢ yBeNWUEHHeM ¥, HO OHA
OTANYHA OT Hyafi: MAKDOCKONHWECKHE HACTHIB MOFYT IpOHHKATH
B 06J1aCTH, «3aNpenennLe» A YaCTHI MaKpOCKONHYECKUX.

Mojxcunraey, nanpumep, KaKosa OTHOCHTENBHAS BepoORTIOCTb
HAHTH SIEKIPOH Ha PACCTORHMM ¥ = 1 A = 10°8 c# oT rpanuus
npu yeaosuu, ecny U—E =1 98 1,6-107%2 ap2. Me1 umeem

%V'zm(U—E)x=

— 2 VI8 10716 1072 1070 = 1,045,
1.05-10
=105 — 0,29,
Kax BuiHO, BEpOATHOCT: OueHb GOJALIIAs
= 5 A ona crasoutcs pasnoil 82 = 0,005, 1. e. mano#, HO eme
BNOJHE 3aMETHOH, OAHAKO YXKe mpH X 10 A skcmoneHnuaABHBIA
(baKTOp CTaHOBHTCK paBHHIM HHYTOKHO} BesiMukHE e~1045=4 54.10-5,

Meronxosanue noayueHHLX pe3yabTaToB ¢ BOMHOBOH TOUKH 3po-
HH# He MpPeLCTaBAfeT 3aTpyAHeRull, Tak Kak cayualt I << U anano-
THYEH CNYYAl0 MOJHOrO BIYTPCHHETC OTPAMKCHUS B ONTHKe. B caMop
Zesie, ¢ TOUKH SpEHHN TEOMETPUYECKOll ONTHKM IpH NEpEexoie CBeTa
H3 60qee IUTOTHOH CPEfll B MeHee IMOTHYIO, KOTA@ yroa Majienus
Goapllie KPHTHYECKOTO, CBET HE MOMET IpOHHKHYTb B MEHCe MIOT-
myo cpeny. OAuako BOANOBAs ONTHKA NOKASHIBAET, H OMBT NOA-
TBEPIKAALT, UTO B NHCTBHTeAbIOCTH B 3TOH Mewee MIIOTHOI cpere,
Raxe W NPE yrnaX najenus, GOMbUIMX KPUTHUECKOTO, HMEeTes
BOJITOBOE [OJIE C SKCMOHCHHHANBbHO yGwiBamomeid ammuutynoft. Tlpn
9T0M yOLIBaHHE AMIVINTYAB NPHONMBHTEALHO ONpEACHILTCS MIIOMNH-
Teney ek a yGLBaHNe HHTEHCHBHOCTH — MHOWHTENEM e~ _
3aKOH, COBEpUIENHO AHANOrHuHLil 3aKOny yOBIBAaHHS NJOTHOCTA Be-
postHocTh §? maa L < U. anee, Bhuucaenue TOKa3LIBALT, YTO
HCCMOTDH HA NPORHKHOBENHE CBETA BO BTODYIO Cpely, Cpeanee 3Ha-
ueHie COCTaBAAOMCH Dektopa Ymosa — Ilofiuturra (NOTOK suep-
THH), HOPMAJBIIOH K MOBEPXHOCTH pasicea, 32 ACCTATOUHO 6OABLIONK
TPOMCZKYTOK BDEMCHH DABHO Eyqlo. DTO O3HAUAET, UTO NBIKeHd
SHEprui, OMFOCTOPCHKE NAanpaBAEHHOro H3 MEpBOfl CPEIL! BO BTO-
PYIO, He MMEeTCH.

Heranvubii ananus storo cayyas, swnonsesasii A. A. Ditxen-
BAILOM, NOKA32J, YTO NpH MOMNOM BHYTDEHHEM OTPAaNENHH JTHHIH
BCKTOpA YMOBA — TTORHTUNrG OKASLIBAIOTCA KpHBLIMH, OHR 3aXOAHT
BO BTOPYIO CpEIly 1 BHOBb BLIXOTAT B NEPBYIO; OTpaKenye Npofod-
K2CT OCTAaBATLCS TOJHEIM, HECMOTPS U YCTANOBJICHHE NOAS BO
BTOpOlt Cpesie *). B cooTBeTCreud ¢ Stum 7B HAmeM cayuae Kosg-
(uuneAT orpamenns R panen 1, a xospdunuent MPONYCKAakna pa-

*) Cu, nanpiisep, I. C. JlanzcGepr, Onmaxa, Tocrexnazar, 1957, ctp. 416,

{oxono 30%); mnpw
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BeH HYJ 10! YaCTHLb «3aX0RAT» B 06xacTs [/, mpoHMK2I0T Ha HeKo-
TOpOE pAcCTOSIHKE M BHOBb BO3BPALLAIOTCS B 06nacTh /.

EcaH, TaKuM 06pa3soM, BOJIHOBOE HCTOJIKOBAHHE MDOHMKHOBEHHS
B «3aMPELIEHHYIO» 06J18CTh OKa3HIBAETCH OYEHb MPOCTHIM, TO ¢ KOp-
DYCKyJMSpHOA TOYKH 3peHMs 3T ABJIEHWE NpeACTABJAETCA Ha hep-
BHI B3IJIS[ HENOHATHLIM. B camom jene, eclu nMeercs He pablias
HYJ0 BepOSITHOCTb HAalTH YacTHuy cmpaBa or Gapbepa, TO 3HAUKT
ee TaM MOMKHO OGHAapYkuTh. C TOYKH 3peHHS KIacCHUecKo# Mexa
HHKH 06uapyxuTh uacTRuy B obanacth, rae E << U, Kax yxe cka-
3aHO; HEBO3MOXHO, TAK KaK MPOXOMAeHHe HacTHIL M3 o6xacth /
B o6nactb [/ npk E << U 6bia0 611 BA3AHO ¢ HapYIIEHHEM 3aKORA
COXpaHCHHSA SHEPTHH. .

KBAHTOBOH MexaHHKe, OHAKO, HET HHKAKOTO Mapajiokea B TOM,
4TO 4ACTHIly MOXKHO O6napVKuTh B o6nactd, rac E<U. Bo-nepshix,
HEOGXOXMMO BCernd NOMHHTb, YTO A MAKDOCKONHYECKHX yacTH,
B CHJIy COOTHOUIEHHI HEONPeSNEHHOCTH, OJHOBPCMEHHBIE TOUHLIE
3HaueHus X U p HeBoaMoxkEb. [losToMy we MMeeT Cyslcja FOBOPHTH
06 OJHOBDEMEHHBIX ONpeNeJeHHbIX SHAYCHHAX MOTEHIUALHOM
(byHKLIS x) n KumeTHueckoi (dpyuxmma p) smeprad. [amee, yro
3HAYMT HA{lTH YacTHOy CnipaBa OF Gapbepa? [lis storo, ouesmawo,
HAJ0 H3MEDUTh €€ KOOPAUHATY X.

Tpy anaguse uuTepeCYIOMCro HAC BOTPOCA € ITOH TOUKH 3PERHS
OKa3LBACTCS], UTO He BCAKMI CMOCOG USMEpewHs KOOpAMHATH Mpi-
rogen B caysae E < U, a ecnn ol npurosel, TO uacTHua noayuaer
€O CTOpOHHI H3MEPHTEIBIIOTO IpHGOpa TAKYI0 A06aBOUHYI0 NOPUHIO
SHCpIHH, UTO 32KOH COXDAHCHHMA SHEPTHH O0KA3WBAETCA lieHApY-
LIEHHBIM.

Tlpusexem s1oT ananus. [lycts maw ynanzocs MamepHTs KOOpAu-
naTy YACTHUB NPHGAMAEHHO, HO TAK, 4TO 0KA3aJI0Ch, TO HacTnHa
1axOiHTCs re-TO CHpasa OT Gaphepa B Ipefenax OTpesKd, pas-
HOro /. B Takom cyyae KOODAMHATA YACTMILI yKe He GVIET COmep-
esHO HEOMpEICaeHa, HO GyneT HaM H3BCCTHA C NETOUHOCTLIO
Ax == . Ho ecan Mbr yxe ONPCAC.IHIH KOOPAMHATY C HETOUHOCTHIO
Ax = [, To HMIYIIEC JOMKCH NpHOBpECTH HEOTPEIeCHHOCT

A=t (153.15)

OTKyRa MoeT BO3HHKHYTb 3TOT JoGaBounbiii EMIYAbC Ap?
Ytabut ¢ YBepenHocTbio YTBCPHIATS, UTO YACTHIA HAXOMUTCS Cnpa-
Ba, a He CIeBa OT Gapbepa, paspeuiaiomas COOCOGHOCTb OnTHYe-
cKoro npu6opa, ¢ NOMOWBIO KOTOPOTO MPOU3ROINTCS ONpEAeNenHe
KOODRHHATHl YACTHIBI, AOMMga OBITH 10CTATOYHO BLICOKa. A luast
3TOTO, KK USBCCTHO 113 ONTHKY, [JIUNA BOJITH CBETa, MPHMEHSENOTo
AR OCBEmenus 4acTHUB, H0jkuna GuTb coorBercTBenro mana. Ho
B T4KOM Cydde YaCcTHIA NIPH Pacceshili CBETA [OJYYdeT KOMNTO-
HOBCKHUII OT6POC, KOTOPBI] H CO3ZAET NEONpeiesneHnocT HANYIbca.
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Ho reonpegeiedHocTH UMNyAbca Ap COOTBETCTBYeT Heonpefe-
2

o (Bp)
JIEHUOCTL SHEPrHA AE == 5+ Ouenuasm ee. Tak xak BepoaTHocTb

HAXOXKIEHHA 4aCTHLLt RO (opmyne (153.14) yGusaer ¢ yrennye-
HHCM. X SKCHOHEHUHAILHO, TO HMEeT CMBICA OTHICKHBATH HACTHLY Ha
TaKUX DACCTOAHMEX OT Gapbepa, A KOTOPHIX 110Ka3aTedb CTENeHH
B (153.14) nopsiaxa 1, 1. e.

LVmUTE I ~1,

OTKyid
i~ _L_
2Vom(U—8)
Taxum 06pa3om, HeonpeneAeHHOCTs UMIYALCA 1O (1563.15) 6ymer

Ap =2 VIm T —E,

a CACIOBATENBHO, H NIOJABHO

8p> ViU —E).

Tostomy
(Bp)* > 2m (U —E)
"
Gor oy g

Urak, noGasounas SHeprma, KOTOpyl0 NOAywaeT uacTHHA npH
H3MEDERHH KOODUHATE, GO/bIIE PASHOCTH MEXTy NOTEHHANbHOMN
H KHOETHYECKOH 3HEPIHAMH, a NOTOMY BO3MOMKHOCTH OGHApYMXeRws
HacTRIL CNpaBa OT 6aphepa He NMPOTHBOPEUHT 3aKOHy COXPAHEHHS
SHePTHH.

§ 154. Novenunannusifi Gapbep KOHewHOH IHpHHM

TMpooMKuM paccMoTpenye 3afauu o Gapbepax H safMeMen He-
CAENOBAHHEM CAYuAd, KOTAA Gapbep FMEST KOHEHYID wHpHHY,
YeaoBust 3ajlau, KOTOpYI0 MBI GymeM pemath B 5TOM naparpade,
TAKOBBI; 4aCTHIa NBMKETCS CJ€BA HANPABO HAPANLNLNBHO OCH X 5
TI0Jie, KOTOPOE MBI Pa3iesuM Ha TpH 0GAacTH.

B o6xactit [, 1. e.mpi x <O norent, sueprus U =0,

» > I, » > 0<xgd, > »
» » I, » » x>=d, » »

U =const %70,
U=0.

STOT THI Baphepa CXEMATHIECKH MpECTABAACT YCIOBNS, BCTpe-
UAIOWHCCA Mpy peIISHHH MHOTAX 8aJay aTOMHOM (BUIHKM (nampu-

mep, S)MHCCHH SACKTDOHOB U3 META/VIOB, DAaAMOAKTHBHBI pacman
BT A

§ 154 TOTEHUHAABHBA BAPHEP KOHEWHON MIHPHHEL 503

Hannmewm ypasnenne Wpénuprepa aas Kamnoi o6aactn ot-
JenbRo: fasn obnacreit { u [1] (U =0):

d* 2
d—,,‘f%:h—TEw»—O (154.1)
¥ aas o6nactu [/ (U 5= 0):
a* 24
L+ L E—Uyp=0. (154.2)
Perenus 3THX ypasHeRRi GyNyT COOTBETCTBERHO
Py, 1y = €% % (k1=7;‘ VZV"E:QTn)x (154.3)
py=et® (k=4 VIN(E—D) ). (154.4)

B npemsinymem maparpade M paccMOTpeNH Cayuaii mepeXona
yacTHb B GE3rpaHNuHO IPOTAKEHHYIO 061aCTh ¢ HHOW MOTEHUNANb:
HOK SHepryes, ¥ Mbl BULEAH, HTO NpH JIOGOM COOTHOWIEHHH MEXAY
9Hepruell YACTHUB U BHICOTOHA NMOTEHUMANLHOrG Gapbepa HMeeTcs
OTpefenernas BepOATROCTL HaCTHHE HCIBITATH OTpaMeHue W onpe-
Jie/IeRHas BePOATHOCTb NPOHMKHYTs B o6hacts //. B cayyae, Koro-
phlii HAM MpeJCTOMT PACCMOTPETD, MOTCHUHAMbHBIA Gapbep HMeer
KOHEUHYI0 (IHDHHY, MB YBHJHM, YTO 3/€Cb Bcer/a HMeeTcs eme H
OnpejesieHHan BEPOATHOCTh TOTO, YTO HACTHIA NpOfAET ¢£6036 06-
aacte /[ u Buiiger B o6nacte [/, B ocoGeHHOCTH MHTEpecHO, 4TO
zaxe TOTJa, KOTAA TOJHAS SHEPTHA Majaworiedl uacTHUBl MeHbIe
€e MOTEHLWANbHOK 3HEprun B 067actH [/, 37a BepOATHOCTL HMEET
KOHEYHYH0 BEIHYHHy, TPHYEM uaACTHUA B ITOM C/Iyyae BHIXOJHT B
o6aacts 71/ ¢ TOf Xe 3HEpTHEl, KaKojl Ona of/iafgana B obmacry [

Ortanune paceMatp 0 CAyyad OT H3YHEHHOTO B NpeAbLly-
HeM maparpade COCTOHT B TOM, YTO 37€Ch OTPaMEHHE NIMEeT MECTO
KaK Ra rpannne ofaacteit I'w [I, tak u Ha rpanuue obracted // K
/1. B COOTBETCTBEH € STHUM pelIeHUsIMH GyRyT

Wy == etk | po=ikiT,
Py = @pethe” | hye ik,
Pry = aze™r
Tlpy 5TOM, KaKk B B UpexwAymem naparpade, KosppuuHuerr a, mo-
JIOXEH paBHLIM eJIHHHLE.

Ias Beluncienns Kosp@ruuentos R n D HeoGxoguMo mahti
NPEXAe BCEro nocTosuHbe by, by, Gz, a2 C 3700 UeMBIO MK BOCIIONL-
ayemMcsl yCAOBUAMH HEMpepHBROCTH hYHKUMH ' 1 ee NepBofi mpous-
BOAHO} ua rpannuax obaacre# / uw [, [T w /I, t. e. npn x =0 u
nph ¥ = d. Bunuien 3TH yCIOBHSL

Bdemo= oo (o) =02, (549)

(becam s (282) =(%2) . gsany

(154.5)
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3TH yeIoBHS ARIOT

T bi=ay+ by ky—kiby = koay— kyby,

et - bro~Hhit == gethd, ot — bttt == gy B giva, } (154.8)
2

Pewas sty chctemy ypaBHehni, Haliiem CJeAyloWiee BHpRKeHHe
IS s
4= P
s+ k) ™™ — (y — kg ™R
MEl He GyeM BLIACIATH KOIPOUUAEHT OTpakenns R, TAK Kak
STO BHUHMCJCHHE He AAIC Obl HHUEr0 MNPHHUMMHAALHO HOBOrO 0O
CPaBHENUI0 CO CKAasaHHBIM B TNpemsiaylieM naparpage. [lostomy
OCTanbHbie MOCTORKHBIE by, @p, by BaM He monamobatcs. Kospdu-
LHEHT npospaynocTa Gapeepa D [eM. opmyny (153.12)] B mankom
¢aydae papeH NMpOCTO KBAAPATY MOAYJS Os BBHAY TOTO, YTO AJIHMHA
BoJIHEL B o6nacTsx [ 1 []] — oxua W T2 Xe:

(154.9)

(154.10)

Hna nac .npencmamer HHTEPeC Bem
uuHa D B TOM cayuae, Koraa
E < U. Tpn atom yuae "

to=- VIR (E—TD)

6y.ieT, OUCBUAHO, YHCTO MHHMEM THCIOM. TTonoMXnM

ko= ik,
rae
[
k= Vim({U—E). (154.11)

DKCOReHNNAMLHBE  QYHKIMA ettd  BXopsiulMe B 3HAMeEHATeNb
(154.9), 6ynyT Tpy STOM ycOBHM NeHCTBHTE/ILHLIMH YHCAAMA eFAd,
Bumecro (154.9) mbl noayunm

. M kethd o — idkike”t0d
ey Y e — (b — i e ™ 2 (i (g g e
Bsoas runep6oanteckne GpyHKunu

a3

e
chx:e—'*;—e—, shy==

TIDABEREM BBIDAKEHHUS A Q3 H Zl; X BUAY
o 2% kethd N — P2k kel
2 = Te? — i%)sh kd » T . .
(6% — £%)sh &d + 21kk, ch kd (%7 — £)sh kd — ikt ch kd
310 naer

a

1432

D=qgagiee 1" .
BT (R — K sk . k%R kd

§ 154 TOTEHLMATIBHBIPL BAPBEP KOHEYHOP WINPHHE 505

nocie npeoSpasoraniil, IPHHNMAs BO BRUMaRHE, UTO
ch?x —sh?x=1,
TOAYIEM
4k’

— {154,
(&3 + £ sh®ka + 4867 (164.12)

TlpuMem Tefeph BO BHHMAHWE, UTO B 3HAUBTEJABHOM OOJBLIHH-
CTEe MHTEPECHBIX JUISl HAC C/lyuaeR MOWHO cumTaTh sh?kd pasumm
npocto /ze%d, B caMOM Jlenie, H2IIPHMep, AJIS 3IEKTPOHOB NPH

i’js V1075 == 6,28.

U—E=1506 n d=10"cu kd =+

Tlostomy
Mg 9.8 10F, e =¥ =35.107.
Hanucas tenepb D B suIe

4
o P —
ik , & )’ 2kd >
T ( e
MEL 3aMeuaeM, uTo 4 B sHaMeHaTene MOXHO OTOPOCHTbL NO CpaBHe-
nuio ¢ €% u Tak Xaxk #, Mk — OIHOrO NOpAAKa BEAHUHHR, TG C
TOUHOCTHIO O HECYIIECTBEHHOrO MHOMKHTEIS
PO .
L YVEU-E) 4
Do~ ethdomp B . (154.13)
Jra (opMyaa MOKaskBaeT, UTO NPOHANAEMOCT: Oapbepa B odehb
CHJLHOM CTENEHH 8ABHCHT OT €ro MIHPHHLI d.
BHUKCTAM 3HANEHHE DKCHOHEHUHAILHOTO GAKTOPA AVISL SJEKTpO-
HoB. BosnMeM n1st Macch saekTpona m = 9,8-10-%, xas KBaHTOBOM

noctosiuHofl B = 1,05-10~%". EciM pasuocTh MeX1y BHICOTOH Gapue-.

pa U n sHeprueir ieKtpona pasHa V SIEKTPOH-BOJBT Wia
1,6+ 1072 V sprog, 10

2 VEmW—E) =1,08- V7V 10 ca™".

3anasascp passocTbio U-—E ==V =5 26, TOAyiUM CJIeRyio-
iHe 3HAYCHHS SKCHOHERLHANLHOTO MHOXHTENS IIA PASIHUHON (M-
pHHnt Gapbepa:

dm Ay 1 1,3 1,5 ' 1.8 20 50 10,0

0,016 0,008 | 35¢-1077 | 1,4.107"

D ‘ 0,1 0,04 0,03
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Kax suano, ana wrnpusw 6apoepa 5 | A (aToMubie pasmepor)
TIPOHALACMOCT!, JOBONLHO BENHKA (HECKOMBKO IDOIEHTOB), HO yxe
1151 d == 10 A 0B CTAaNOBHTCA HUITOMHO MANOH,

ViTepecno OTMCTHTD, 9T0 MPOXOHACHHE Yepes NMOTEHLHAToHE
0apbep ke CONpOBONRAALTCH AMA MACTHUL MOTepel SHeprid: ona
BEIXOJHT H3 MPENE/IOB §aphCpa ¢ TOIO XKe sHcprrell, ¢ Kaxoll B Hero
nonanaer

Mbl paccMOTperH Cryuail NPOXOKACHHS YaCTHNH uepes noreH-
UHALHLIA GapLep BECHMA  YupoIlemHoi NPAMOYTOIBHO  GOPMbE.
Moxxiro okasars, 110 Kosdduuuent NpO3paUnocTH apbepa Ipous-
BOJILHOTO BHAA (cM. phe. 229)
BBIDAXKAETCH € JIOCTATOUHLIM
NpHEITHKEHAeM  HOpMYNOd,
KOTOpast ABJACTCA CCTECTBEH-
HBIM  0Go6meHueM  dophy.ant
(154.13)

Xy
2 Vin f ViT=E ax
=2, LI, D=Ce X

(154.14)
rae C— HecymecTsennas no-
CTOSHHAS LOPAAKA EXHHHUbL
A1y Gopuyay MBI B AadbHedneN UPHMCHUM K HEKOTODHM KOMKpeT-
HBIM (H3UYeCKHM 3aTauam,

TTpoxox/enne 4epes novemuUanbHb: Sapbep uacto o6pasuo
HASHIBAIOT TYHACAOHOM SthhexTom: pnas npeonposesus 6a bepa ua-
CTHUA HE B3CHPACTCS HA €I BEPUINHY, 110 NPOXOMHT nod Heil Kax
611 yepes TynHean. OCHOBL TEODHH TYHHeIbHBIX MEPeXOA0B GBI
sanoxednt B pagore JI. M. Mangeavairama n M. A, Jleontosuya.

Muorne ssnenns, HEOCTYNHBIE Ai1f OGBACHENHS B KITACCHYCCKOH
Mexallike, IErKO OBACUAIOTCA B KBANTOBOH MeXaHHKe HMEHNO Gaa-
TOAARA pACCMOTPENHMLM B NOCACIRUX /BYX Naparpagpax cBoeobpas-
WEIM CBOTICTBAM MHKPOCKGTHYECKHX vactal. K stomy BONPOCY Mbl
CIILE BCPHEMCS! B CIRAVIOLINX Taparpadax.

Pue. 229, Hotenupaminadk Gapep mpora-
BOIBHOR BOpyLL

§ 155. KonteGauns crpymsi

3azaun, paccMorpenubie B MPCABLYLIEX Raparpaday, cpady
DACKPHIBAIOT le€pen HamH CBOEOGpasuC 3aKOHOB, YNPaBARIOLHX
ABLIKCHUEM OUeHb Maiblx 9actdil. Jla/blue Mbi okaxen. HanpHumep,
kakaM 06pasom ms ypasuenust [lpénunrepa COBEPLIGHAO HeNpuuy-
KACHUO BEITCKAET Y& H3BECTHAs HAM OCOGCHHOCTb ATOMHMX CH-
CTeM, PeSKO OTIHUAIOMAA HX OT CHCTEM, NOAYHHSIMNKCA KAACCHTe-
CKOfi MeXaHHKe: CylleCTBOBaHMe ARCKPETHBIX YPOBHEH Hepruu. Mml
YBHAHM, 9TO 3Ta OCOGEIHOCTb HAXOAMTCA B TECHON CBA3H C HEKOTO-

§ 185 KONEBAHHS CTPYHB! 507

pHIME CBOfCTBAMA A depennnansuoro ypassenas [péaunrepa, —
CBOfICTBAMH, KOTOpEIE GBUIM OTKDEITH YK€ QUeHb AABHO, NPH peuic-
HHH Onp BX 32744 KJ KOl pusuxu.

JLas TOTG YTOGH OGMETURTb NMOHHMAHRE NANbHENIIero, PaccMo-
TPHM CHAYANA OAITY N3 TAKHX KJACCHIECKHX 3a1ad — 32124y O Kolle-
GalusaX HATAHYTON CTPYMbi, HMeloUlel O BCelt AMHHE OQHY B Ty Xe
moTHOCTE (p = const) B omuuakosoe HaTAxewue (T = comsl).

Vpasierue koaeGanui CTPYHL ¥) ecTb BOJHOBOC ypaBHelHe A11
O/IHOTO H3MEpEHHs

| P o (15513
e aw

re i(X,)— OTKNOHEHHE CTPYWB OT TIOJIOKEHHS pPaBHOBECHA, a
€’ —~ CKOpOCTh PacnpoCTPAHERH BOJIL Ha CTPYHE, CBA3AHHAS CHA-
THIKEeRHeM T CTPYHBI R €2 WIOTHOCTBIO p GOpMyof

T
V-
Tipn nocrosnenx T # p, ¢ == const.

TiomoxuM cuavana, YTO CTpyna G3TpaHKuRa, H PACCMOTPUM
caydali, KOrfla BOJHa rapMoHHYecKas (Monoxpomaruuecxas). Torna
KaXIblR YuaCTOK CTPyHBl COBEpLIaeT TapMOHNNECKHE KOMeGaHHd, H
MBI MOJKEM HCKaTh pellesue ypasHenus (155.1) B Bune

u(x, )=y (x) e,

Tioactasus 510 pewenne B (185.1), noayunM nocie coxpaimesns Ha
prmvt

(155.2;

L4

(155.3)

Yy —0, (155.4y

W, 3aMeHsas v/’ vepes 1/},
4n?

Ly 2y (155.5)

o
125
A
D710 ypaBHEHHE YIOBJETBODSAETCS DEIUCHHAMH e . O6wee
eT M03TOM
pelenne Sy y L L
y=Bie ¥ JBe *
Tae By W Br— npoH3BoJibHbe NOCTOSHHBIE, BOOGWE TOBOPS, KOM-
TUICKCHBIE, T. €. BKIOYAXOUINE HayaabBbie pasw & 0 &z (cM. § 47):

By==be™, By==bhei%

(155.6)

*) Buboj ypaBhenus KozeGaumi cvpyrst cM. B, 1. Cmrpros, Kype Buc-
mef maremaTHER, 7. I, § 163, «Hayaz, 1
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Bsond s pewerne (155.6) neficTBHTeNbEEE aMIAHTYRH b, # by,
noxyIHM ,
2 (o
y b(e'(T”+°‘)+b2e_‘ (Tx»,bz)’ (155.7)
Ecnn Mbl Tencpb npAnMeM K KaxaoMy wiewy (155.7) BpeMenuof
-
A

MAOKHTEIL &' » TO NOAY4HM 06mee pelleHHe ypasHeH s
(155.1):

[ wrornss] 2 ety +5

(%, )= be e [ . (155.87)

ﬂel’lCTBﬂTe-ﬂbHaﬂ HacTh paBHa
u(e, = bycos[ 2 (¢4 ) 4 8] + by cos E3 (x—e't)+0,] . (155.8)

Kaxapiit H3 WICHOB 5T0TO pelllenns IpelcTaBafeT co60m BOARY,
paCnpocTpapfiollylocs Ha CTpYHE; MPH 5TOM, eC/IH NCpEBUI WIEH
COOTBETCTBYET BOJIHE, PACHPOCTPAHSIOUICHCS Cl€Ba HANPABO (CKO-
poers - ¢’), T0 BToPoﬁ COOTBETCTBYET BOJIHE, $eryuieil cnpasa Ha-
JIEBO (CKOpOCTh — 7).

Tlonoxny, ut0 by == by = a/2, u npeobpaayeM cymMy Kocduy-
<oB, BXOIAmHX B (155.8). ITomyuum

u(x, t):acos(%x«ké’) cos (%’f—c't-’— é)=
:acos(%—x{- é’)cos(mt+6), (155.9)

Si+8 s =8
e 5 =8/, Z5—==48. OueBuIHO, YTo 70 pellcHue Npex-

CT@BJIET CTOAUME BONHB Ha CTpyHE, Tak KAK NPH TCX 3HAYCHHAX X,
KOTOpble yROBJETBORHIOT YCJIOBHIO

cos (QT" x4 6')

OTKJIOHEHHE 4(X,1) §ymer paBHO yaw HpH JwboM f. ITo 3IHAYUT,
9TO Ha CTpyHEe MMEIOTCA MECT4, rfie OTKJIOHEHHE BCE BpeMs PaBHO
HYJI0, — Y3JIbl, MeHAY KOTOPHIMH PacnosaraloTess MecTa, rAe OHO
HMEET MAKCHMAMLHYIO BENHURNY, — NY4HOCTH.

TIONOKHM Teneps, YTO CTPYHa IKECTKO 3AKPENJeHa C OXHOTO
KOHUA (HANpHMED, NpH X == 0). Mbl uMeeM, TaKHM 0GpA30M, ONHO
Xpaesoe yC/ioBHe:

u(0, fy==0.
70 Kpaesoe YCI0BHE OYAET YAOBACTBOPEHO, ECAH

(155.10)

u(0, =acosd’ - cos (of + 9),

g KOJEBAHMS CTPYHH 509
9TO MOXKET ObITh (HCKJOHYAA TPHBHAMbHBA clydall @ == 0) TOabRO

B TOM ciyuae, Korga & = (2n 4 1) %' T, €.

u(x, t):asinZ—nxAcos of 4 §).
A

(155.11y

Ecnu cTpyHa BMeeT KOHCUHYI0 IVIMHY ! H 8aKpervieHa Ha 0GOUX
KOHUax, T0 pellepue (155.9) MOMKHO yROBMETEOPSTbL ABYM Kpae-
BLIM YCJIOBHAM

u(0, =0 u ua(l, =0

TIpumeRsis nepsOe YCJOBHE, MBI MOJMyIaeM YXKe H3BECTHOC peluc-
nie (155.11); BTOpOe Kpaesoe yCJOBHe, 3alHCAHHOE B ABHOM BHIe,
‘TpeSyer, 4ToSH

asanT"lcos(ml—}-é):O

npH JMOGHX 3HAYeHHAX [ DTO TpeSOBaHKe OYAeT YIOBAETBOPERO,
eCcTH

(155.12)

oTKYyRa

=, (155.13)

Hrak, peluerns, yRoeaeTBOpAOLINAE IHQdEPEHUHAIBHOMY ypaB-
menmo (155.1) m xpaesmn yorosusm (155.12), npencrapasior co-
6010 COBOKYNHOCTS GECKOHEUHOrQ Hueia #36Paniblx hyHKIHA

sin n%cos(mnt-}— &) =sin n"TXcos (n —"f—t-!— 6) (155.14)
n=1, 23,

J1H YHKUUH ONKCHBAIOT DASTHUHLIE CTOSYUC B0AHLI MIH COG-
CTaeHHble KOLLOQHUR, KOTOPHE MOKET COBEpLIAThH CTPYHA, sal;pen-
Jeunas Ha o6oux KoHuax. [efhctsutennso, noaaras B (155.14)
n == |, nofyyaeM pelienne

. X ac’
ul=smnTcos(Tt+é). (155.15)
310 pellleHHe NpelCTABASET CTOAUYIO BOMHY, HMEIOLLYIO ABA Y32 —
npd £=0 # NpH ¥ ==[, T4K KAK TOALKO (PH 3THX 3HAYECHHAX X
¢yuxuus (155.15) oSpamaercs B Hydb Aas JHOOHX SHAUCHHH f,
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Tipk n =2 My nosyuaeM cTORRyio BOARY
u2=sin2%cos(2 et +é),

KOTOpas HMeeT TpH ya.ia NpH ¥ == 0, //2, I, 7. e. ABA ys/1a 0O KOH~
UaM CTPYHH H ORHH — nocpeluse. BooSute, m-s pyaxiuns

—sinm 2 ze
= SINM cos(m 7 t+6)

ONHCHBALT CTOSIUYI0 BOJUY, HMewuyio m + | yanos, 3aMetum_yxe
CeHdac, 4TO LeJOe 4HCRO /7 HrpaeT 34ech Ty CaMyio POJb, KOTODYIO
ETPalT KBAHTOBbIE UKC/AA B 3aaaX aTOMHOM DHSHKH.

JlAnub BOJIH, CIOCOGHUX YCTAHABAMBATLCS RA CTpYHE, SAKpel-
JeHHOK na 06OMX KOBUaX, HalmyTes us dopmyam (155.12):

2
=2 (155.16)
NpHYEM TONBKO 3TH AJHHL BOAH H MOLYT PAacpOCTPaHSTLCA Ha
CTpyHE, TaK XaK B MPOTHBHOM CJy4ae KpaeBHle YCJIOBHS He GynyT
yaoBseTBopentt. COOTBETCTBYIOMMI STHM JUTAHAM BOAR H3GpaHHbU
PAR vacToT Syaer

ve=ng (=123 ...

(185.17)

DT 4aCTOTH HASHIBAIOTCH COBCTBEHNBLMU 4ACTOTAMY KONCGAHUN
crpyust. Kak BHAHO, Onu 06pA3yIOT RUCKPeTHBi pAZ: HaMMeRblias
COGCTBeHHas 4acTOTa paBHA vy = ('/2l; CeAylONIHe yacTOTh 6yayT
vy, 3vy, ...

Breflem ciezyIoutyio TEDMUHONOTHIO, KOTOPOR Mbi GyeM HOMb-
30BaTLCA B RagbheileM. OyHKNUHA

y,‘=smn% (155.18)
YAOBIETBOPAOT An HepeHIanbHOMY YD aBHERHIO
&y 4w -
e S y=0 1155.19)
M KpPaEBLIM YC/NOBHSIM
YO =y

TOJBKO B TOM Clydae, eciu LIuHA BOMHEL A, BXOAAWAR B ypaBREHUE
(155.19) B kanectse mapamerTpa, NPHHMMAET OHHO H3 CIAeRYIOLX
3HaueRHil:

1H InANEHHT MEL OyeM HASHBATH COOCTOEHAbLAL SHAMHUAMU Ta-
paMeTpa, a COOTBETCTBYIOIME UM PYHKUMH — COBCTBCHALIMU yHK-
yusmy padd ABHOTO (155.19).

§ 156 YACTHUA 8 TOTEHIHMAJBHOM SIUIHKER 511

§ 156. YacTha B NOTEHUHANBHOM BILUKE

BepueMes Teneph K ypasHerHio Lp&anurepa n npesxae Beero Ha
€aMOM NPOCTOM NpHMepe MOKAMKeM, KaxuM 00pasoM H3 3TOIO ypan-
HeHHA CJelyeT KBaHTOBaHME SHEPTHH.

PaccMOTPHM MHKPOCKONHMYECKYIO HACTHIY, HAXOZAMIYIOCT B TOJC,
KOTOpO€ XapaKTePH3yeTcA CJAeRyOLMM ofpasoM: OT ¥ == 0 po x==!
noTenIKaAbuad suepras U nocrofuHa H paBHa HyJIO; Ha TpaHHUAX
we obaacth (0, {) U/ Buesanso BO3pacTaeT 30 GECKOHEUHOCTH
(puc. 230). Tlpn Takux ycJAOBHAY MOKIO yTBEpHKZATh, YTO uacTHUa
He BHIXOZMT 3a npefesst obaactu 0, L [Tas
HAMASIHOCTH MOXHO ce6e npeicrabutb ua- |
CTHIl, 3amepTyl0 B AUIMKE ¢ HALANBHO OT- |
PaXalouMMH CTEHKAMH; BHYTPH suMka |
YacTHIA CBOGOZHO KBHMKETCH MEMAY Cro
cTenKaMy, HO 32 Mpenessl SAMAKA BLIATH HE
MOMET.

YCTAHOBHM npemge BCETO KpacBeie ye-
soBHA 5Tol 3agaun. C 310{ UeNBI0 MBI Ha-
nuiiem ypasrexne Wipénuurepa aas oamo-

MepHOTO ﬂ.BH)KeH_ﬂK, napanieabHoro ocH EH a0 A x
2 2
‘;;f + 2 E—U)p=0.  (156.1) Puc. 230,

Tiotenupanbian sueprud [/ B Hawed safade MOAXHA yNOBIETBO-
paTb TpeboBaHuAM:

(156.2)

U={ 0 wpr 0Ty,

oo npu x=0w apu x=1

Tlokaxem, 4TO AAf YAOBAETBODEHHS STMX TpeboBaHul +(¥)
nonxHa obpamartbesi B HYah y CTeHOK fmuKa. [efictnureasno,
o6osnaune dMp/ds? uepes 7, Mbl MOxem muepenmcath (156.1) B
BHjIE

” om
'”T =—2E—0)
Jst Beex 3xauenmn X mexmpuy O H [ sHavenne [J = 0 ® oTHOWeHNE
7/ MMCeT KOHeuHylo Bedmumity; mpn X —0 B X — [ mOTeHuHAI6-
Hasl SHEpIHR CTPEMHTCA K GECKOHEUROCTH. B CHIy CTaHZEPTHBIX
yeaopnit (§ 152, KOHEWHOCTh H HENPEPLIBHOCTb ¥ H ') 3TO MOMCT
OLITh TONBKO B TOM Chydae, Korga (x) —0. Hrax, sanaua cso-
RHTCA X HHTETPHPOBAHHIO Y PABHEHHUS

(156.3)

%-}-i—’;’E\p——O (156.4)
NpH KpaesBulX yC"OB““X
B0 =0, ¥ (156.5)
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Kak BUAHO, 5Ta 3a1aua COBEPLIEHHO TOXKAECTBEHHA ¢ PaccMo-
TpeHHOil B JIpelblIyllem naparpape 3ajaueil o CTOSYHX xoseba-
HUAX CTPYHbL. [109TOMY MEl MOXEM HCIOJb30BATL BCe TOAYUCHHAIE
TaM DE3ylbTATHI, AABdsl MM COOTBETCTByIOUIeE HALIEMY CyHaro HC-
ToMKOBaHHe. A HMEHHO, coOCTBEHHBlE QYHKUNH ypapHEnHd (156.4)
6ymyT (cM. (155.18))

.72
Y =sinn—5. (156.6)

Tlns naxoxzenusi COOCTBEHHBIX FHAUCHMH SHEPrHM MBI NpHMeEM

BG BEMMaHKe, uTO Kos(pdmuent 2mE[h* B ypaBHeu K (156.4y cront

BMECTO douunenta 4n®/A? B

L4 4n2

E A SEy=0. (155.19)
Taxk Kax coScTBennHe 3navenus A B (155.19) onpetensioTes HopMy-
108 A == 2fn, TO 4n?/A5 = 4n?(n/2l)% Mm TOMyuaeM, TaKHM 06-

pazom, ) 5
m n
FE=1(g),
OTKyHa p
Ea=wihe (1=1,23,..) (156.7)

Vtak, MEl BHIHM, uT0 Kpaeshle YCJOBHSA safaun OYAYT yIoBJe-
TBOpeHbl JHIb A AUCKPETHOTO Psifd sHauennii snepruu (156.7).
A 510 H 03Hawaer, yTO 4ACTHIE, «3anepTas» B MOTEHUHATHHOM
SmMKe, MOXET HMETh TOAbKO KBAHTOBAHHBIC 3HAUGHHA 3neprud
(156.7). )

5710T BHBOJ KakeTCs CHauajla HeoRHAAHHHIM. Mbl ceffyac moka-
JKCM, OlHAKO, 4TO faXe JUIs OYeHb MAJoil JACTHLL KBAATOBaHue
CTAHOBUTCA 3aMeTHHIM JMUIG B TOM Ciyuae, KOTAa <sumHK> HMeeT
ATOMHble Pa3Mephi. BEYMCAHM A 2TOrO pacCTOHRHE MEXIY ypoB-
HAMW SHepr#H ISl SNCKTPOHA C wmaccolt m = 9,8-10~2 2, nomeweH-
Horo B MK utkHOw0 [ = | c4. Torna

—27)2
Enzﬂ’&gﬁﬁo—%ﬁ=ﬁ5,4» 1077 gpe=n?- 3,37 - 107" 6.
PaccToSTHHE Mexjy COCEINHMHM yPoBHEMH (An == 1) 6yzer, Takuv
obpasom, .

AE,~ 20337107 56 =6,74 . 10"n 5.

JTi PaCCTOAHKS CTOJIb MAMbI, 4TO NPAKTHYECKH Mbl HMERM Jen0 CO
CIAOMuEIM PAIOM 3HEprHil, B crenyoumes naparpage Mbr yBHIZM,
OAHAKO, yTO HajuYde JHCKPETHBIX YDOBHel laxe B Clyddae Alldka
MaKpOCKOMMUECKHX DA3MepoR HMeeT (osbuloe sHAyeiue A sie-
MeHTApHBIX MacTHN, OGJ2JA0UWHY ONpEJE/CHHBIMH KDAHTOBLIMU
cBOCTBAMH (HANpHMeEp, AJA SJEKTPOHOB, CM. CTp. 516).

§ 1561 UACTHIA B MOTEHUHA/BHOM SIIHKE sis

Tonoxum Tene}{:b, 1O ALIMK HMeeT pasMephl aTOMHOTO NOpsiaKa,
panpumep [ = 10 A = 107 cx. Torna
- 2
E,=5,4-10""0" ap2=0,347" a5,
a paccTOSHHS MeXRy ypoBHSMM NpH An == 1
AE,=10,68n s8.
370 — yiKe BIONHE 3aMeTHbE PACCTOAHAH.

Jlo cax fop Mil MHTEPECOBAIHCH TOMLKO COOCTBEHHBIMH 3Haue-
HUAMH SHEPTHE, PaccMOTpHM Temepb CBOACTBA COOCTBEHHEIX (yHK-
umMil wamei sagaun, JlokakeMm mpeXie BCers, UTO COGCTBEHHBIS
YHERUAR 00AaKAI0T CBONCTBAME OpTO20HAALHOCTU, BHIPAKAEMHM
PaBEHCTEOM -

J. o ()9, () dx=0 upa mn.

ﬂﬂﬂ JOXa3aTeNbcTBA 3AMETHM NpexAe BCerc, uTo B CHJYy KpaeBhIxX
yeaosnit (156.5) pyaxuns + oSpamaetca B Hylb OpH x=01 x=1,
TlosTOMy BHTErpHp mexay Gec H OpefelaMR cBo-
AuTCA K MATETpHpOBalHm oT 0 Ao [ TipnaumMas BO BHuMauye obumee
BHpaxenre co6CTBeHHEX pyHKLMi (156.6), nonyuaem

+oo 3

J- \pm(x)\pn(x)dx='fsinm“—fsinn“—fdx=

o [

1
%J- [cos (m—-n)ﬁf—cos(m—l-n)"’—x] dx=
L]
YT MBl H XOT@AH 10Ka3aTh.

Tipu m == n HETECpaj HE PaBeH HYJO, H 3TO MOIBOJSET HOPMU-
posate x 1 QyHKIEA $n. B camom jere, mycTo Mbl Hallad TakoH
MBOXHTENb Nn, uT0 GYHKIHA Napn OYZICT HOPMHPOBAHA, T. €. GyIeT
BLIIOJHATBCA YCAOBHE

40
2 o
M [ mde=1.
Tlo-npexHemy HuTerpans ot —oo 20 0 4 o1 [ flo oo paBHH RO
BeJIeCTBHE TOTO, Wi (YHKUHA n B 5THX NpPOMEXYTKax paBHA
HYJHO, H MBI IIOJLYyAM
. f2
I—Nfl'fsmzn Tgx=N 5
n
3

Ve

oTKYyZa

17 5. B. lWnoscxut, 7. L
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WTak, HOPMHDYIOLIHA MHOXKHTeNh AaA BCEX (QYHKLM r OXHHAKOB
H HOPMUPOBaHHEIE COGCTBCHELIE (DYHKIHH TAKOBBL:

2 mx P
W=V T s, 11*2=]/1 san%, Ve

HanoMEHM, wr0, KOT[a yacTHLa HAXOIMTCS B COCTOSIFUAIX, OTH-
CHIBAEMBIX COOCTBEIHBIMA (PYNKLAAMH pr, 3aDHCHNOCTL OT BPEVEHH

BRIPAKAETCS ¢MOHOXPOMATHYECKHM> MiOMmTedeM & " ', TaK uto

YHKIRA, OMHCHBAIOMAA COCTORKHE HACTHLH, ofnagaloulen sHep-
tHed Eyp, B I060# MOMCHT BpeMenH TaKkoBa:
: . :
—Lrd L oqmx Bt
Yo (x, = u(x)e * " =sinne T
Tipr 70M COTAcHO CRasansoMy B § 152 BpeMednofl smOXuTeND
JOJKEE OHTH KOMIVIEKCHBIM IO CYLIECTDY, T. €. He CACLyeT Opath

=4
n=4
=3
n=3
=2
n=7 =1

Puc. 231. Tpadukn codersen-

Puc. 232 Pacnpexeeie 1mor
HHX QYHKUME.

HOCTH BEPOSTHOCTH TOMOKCHHR
YACTAUL B NOTEHLIAEHOM FIIHKE.

TOMBKO ero jeficTBHTeNbHYIO uacTh. ORHAKC (HIHIECKHE CMBICH
HMEET He CaMa (yHKURS Pn (X, f), HO KBaXpaT ce MOAy.A

[ (5 D=3 (5 D%, (5, D=1 (x) = sin*n .

OueBUIHO, HTO COCTOSIHHS, OMUChIBAGMEIE (YHRIUAMH Pn (X, ), OT
BpeMeHH He 3aBUCAT: 5TO — (TAYUOHAPHbLE COCTORNNSA. '

Ha puc. 231 npusencHb rpaguiy cOGCTBEHNBIX pynkuni (156.6)
a na puc. 232 — Keafparsl HX Moayuefl. ITo cmbicay HOC.HET.IHPIE’
NpeACTaBAsIOT pacnpelelieHHe BepPOSTHOCTH HalTH MHKpOCKONHue-

NUPRIIE.

5157 SJEKTPOH B MOTEHLHANBHOM SME 515

CKyio HacTHUY 1@ €[IUHHNE [LIuHH B TOM HIH MHOM MeCTe BiyTpn
ALMKA N PASJMMHBIX SHAUCHHAX SHEPIHH HACTHIEL Kaxk Brano n3
PUCYHKE, B HU3LICM SHEPTeTHUCCKOM COCTOAHMUN (n=1) ¢ nanons-
fllell BEpORTHOCTDIO MOXKHO HAHTH 4ACTALY OKOJO CEPEMHBI ALIHKA,
a BepOATHOCTh HAUTH €€ y CTEHOK DABHA Iymio. Dror peaynsTat
pEsKO OTINUATCS OT TOTO, HTO MOKHO OMHIATL TS MaKpOCKOMmIE-
¢xof uactunsl Takyi© YaCTHIY Mul, OUEBWAHO, C PABHOH BEpOATHO-
CTLIO MOXKeM UaiTH B Mo6OoM MeCTe SAIMUKA, TAK UTO XPHBAR IVIOT-
HOCTH BepOATHOCTH N4 HOE A0JKHA WATH Napanyesblo oc abence.
PHCYHOK TOKA3LBaeT, UYTO NPH yBEJMHEHAN SHEPTHM UACTHIE (BO3-
pacTakHe KBAHTOBOTO WHCIIA 1) MarCHMYyMb! KPHBO | |2 pacnoma-
ratorcs Bee Garke W GbKe APYT K Apyry, TAK HTO AIS OueHb
SOJIbILKX 3HAWCHHI KBAITOBOTO HHCJA H TONYuaerca pacmperede-
HEe, COOTBETCTBYIOLICE MaKPOCKOpM4CCKofi gactuc. 310¢L, KaK #
BO BCEX CJy4asiX, IPHHLIT COOTBETCTBHS YROBAETBOpRLETCH.

§ 157. 3nexrpou B NOTEHUHANRHOR AME

B KauecTse [pHMEHEHTI pE3Y/ILTATOB, MNOJYYENHBIX B MPEELy-
MY Maparpagax, PACCMOTPHM NOBEICNHE SJeKTpopa B Honc, H3o-
GparkaemoM NOTEHLMAABION «KPHROE» puc. 233: moTeHUHATbHASL
3NCPrUst SMCKTPOHA BHE FLIMKA HIH
<smiai» OABC papua myao, saytpe  #._ 7 [ e
sMel ona pasia —U. B rakoM
none HAXOLWTCH, HANMPHMEP, Si€K- .

TPOH BUYTpH MeTaina. 7 —

[TockoarKy BHIGOp HyIst MOTCH-

LiHaNbHOf SHEPrUH IPON3BOJH, BHl- Pac. 233
6epeM ero Tak, uro6Ll NOTeHIHAMIL-
Has SHEPTHA NOKOAIETOCT 3/EKTpONa BHYTPR MeTaqra GEIa NoAo-
sKUTEJbHA W paDHA, NanpHMep, ly” (puc. 234). Torna nHe MeTajna
(8 BagyyMe) MOTCHUHATLHAS SHCPrHs NOKOAMEroci SICKTpONa 6y-
JleT TakiKe MOJOXKHTenpHA H papHa U’, a pasHoCTh U—u'=Uu
ecth TyGHEA TON TOTCHIMAILHON ML, BHYTPH KOTOPOR HAXORHTCH
SJ€KTPOH B MeTae.

Ecan 51€KTpOH B MeTajlie ABHKETC, TO €ro NOJHas sHeprus
Gyner Gompme U u paBHa, Hanpumep, E. U36LITOK 3Hepr¥H mo
cpaBnennio ¢ U, 1. e. Beuduna E— U” =T, Gymer mpH 3703,
OueB[IHO, PABCH KHEETHUICCKOH SHEpTHH.

MEt 311@€M, 9TO 3MCKTPOH, OMCIIeHHLf B NOTEHIHANbHEH ALLHK,
MOKET 06JaXATh TOAbKO H3CpaHHBIMI 3nauepuMu  SHEpTHE,
06pas IOIUMH JHCKpeHbIt Pt (§ 156). Tlpaena, npH KOHEUHOH
BeAHuHE KyCKa MCTA1a PACCTOSIHAE MCHKY STHMA YPOBHAMK SHep-
rn Gyner HEgTORHO Maao. OTHAKO HAnlHe hX CKASWRAGTCA Ouekh
onpeteqenHsIN 06pazoM GRArofaps BAXNONY SAKOHY NMpUPOAR! —
rax nasmsaeMonmy npunuuny Hayau. Jeao B TOM, uTO dJeMeuTap:

i
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HbIE HACTHubl (3JEKTPOHH, DpOTOHH, HEHTPOHB H Ap.) 0GmanaioT
0COBEIM CBOMCTBOM, HEM3MEHHO ODUCYLIHM HM B TAKOH XKe CTClienH,
KaK 3apsl H Macca H GOCTOSMHMM B HAMHYHM Yy HHX COGCTBEHHOTO
MOMEHTA KOJIHUECTBA JIBHIKEIMs, Ha3blBAEMOro CITHKOM (aHIVIHACKOe
CIOBO SPin 03HAWaeT HEWTO BpAmAOIEecs) H MArHUTHHM MOMeH-
T0M. BaXkHast 0COGEHHOCTb COMHA 3EKTPOHA COCTOMT B TOM, UTO BeK-
TOp €ro MOXET OPHEHTHPOBATHCS OTHOCHTEABHO BRIGPAHHONO jialpa-
BJIEHHS, B YACTHOCTH — OTHOCHTE/ILHO BEKTOpA CMHHA JPYTOTO JIeK-
TPOHA, TOAbKO O8YMSA CNOCODAMU: NAPAAACABHO UL QHTUNAPAAAEND-
#0. Bo Il-M TOMe Mbl MOCBATHM 3TOMY CBOJCTBY SJ€KTpOHA SHAUH-
TEJbHOE MECTO, a HOKA OTMETHM, YTO B CHAY YAOMSHYTOTO [IpHALANA
TTayan, Ha KaxAOM YpOBHE SHEPTHH SJEKTPOHA B METalie MOXer
HaXORUTLCR TOABKO 082 JAEKTPONA ¢ GHTURAPAANCABHOLIL CALRAMIL,
HO €C/IK NpencTasuTh cefe BHAUAME TOJABKO pELIETKY OOJOKHTCIb-
HOHOB, BHYTpb KOTOPOH
v BHOCATCS OIMH 34 JpYrAM
SMEKTPOHbl TPH  26COMOTHOM
By % / Goggw  HYNE TEMHAEPATYPHl, TO DEpRble
JBA 3IEKTPOHA PACION0KATCH
Ha CAMOM IRDKHGM YpOBHE;
TPETRit SMCKTPOH yXKe He CMO-
KeT TIOMECTHTBES Ha  ITOM
YpOBHe M JAOMKCH Oymer pac-
- TIG/IOKHTBCA HA CIeAyIome,
[ Gosee BEICOKOM YDOBHE, T. €.
Oyrer o6ranatb He TOJbLKO
TOTeHURANLHON SHepruedl, HO
Puc. 234. Morerumanskas Mojem it H HCKOTOpOH HESHAUMTENLIIOH
SJCKTPOHA B METAZTE. kunernieckoi. Tak Kak uHCI0
CBOGOAHMIX 3JEKTPOHOB B Me-
TA/LIE OueHb BEJIHKO (HAMpHMEp, OJMH IPAMM-ATOM ONHOBAJEHTHOTO
MeTasIa, CKaxeM HaTpHs, uMeer N = 6,02- 10%* cBOGOHBIX 3/1€KTpO-
HOB), TO GyAeT 3anoJieHO COOTBETCTBYOIIEE, T. €. BABOE MeHbliee,
UHCIO YpOBHEH SHEpTHH, BepXHUi M3 3THX 3anOAHEHHHIX YpOBHEH
IpH a6COMIOTHOM HyJe 0GPasyeT Pe3kylo TPARHIy MEXIy 3anOJHeH-
HBIMH H CBOGONHBIMH YPOBHAMH. DTOT BEpXHHH YDOBEHb [ Hasbl-
BAETCA KpUTHUSCKMM ypOBHEM HJH rpaHinei Pepmu, OUEBHMIHO, YTO
A OCBOGOKMIEHHA 3KTPOHA M3 MeTala HYKHO COOOuHTL eMy
SNEprHo, Mo Kpafinch Mepe paBRYIO PasHOCTH MeWAY NyGHHOM No-
TEHUHAJIbHOM MBI H KHHeTHYeCKOfi SHeprHell KPHTHIECKOTO ypOBHA
(pHe. 235). Dta pasHocTh

g z

w=Uy—{

n ecCTb paGoTa BB{XOJa 3JIEKTpOHA K3 MeTasia, NpoABAAOIAACA B
porosppexre (cnaraemoe P B ypapuenus Jhnimreiina).

§ 157 SJEKTPOH B MOTEHIMANBHOM SME 57

DNeKTpOH, ONHAKO, MOXKET OHThb OCBOGOXIEH H3 Meradia He
TONIBEKO 10X AeficTBHEM CBETA, HO H BCIGRCTBUE HATpeBaHHs (TepMo-
uonHas 3sMHccus). ITpn TeMmepaTypax Bhille aGCOMOTHOrO GyJd
4acTb JeKTPOHOB PACHONATACTCA 11a BEPXHHX CBOGOLHLIX YPOBHAX,
T.e. Ha YPOBHAX, JeXamux shilue rpawinsl ®epmu. Ecan Beaencrore
HArpeBanksl METAJIA SHEPrHs 3JEKTPOHA CTAHET HacTOMBKO §OMb-
LICH, YTO OH CMOMeET Npe-
oncaers Topmossiee none ¥
M BBIATH 338 Opefie/Bl Me-
Ta/sa, TO BO3HHKHET Tep- I“'
MOHOHIIEIH 3PerT.

XoaodHas smuccusn. 4
OkasbiBaéres, 0fHAKO, UTO
NOZ  BJAMSHHEM CHIBLEOrO
9JIEKTPHYECKOTO TIOJIS SJIEK-
TPOHBI NAYUHRIOT BEIXOLUTH
u3 MeTaaza lpd  CKOJb

7 E3

YTO/IHO HASKHX TEMNEDPATY*  Puc. 235, Pagora nuxola u muytpenudt mo-
pax. Kausecteupo 310 sB-
JepHe MOXKHO OGBACHHTD ¥
¢ KgacCHUYCCKOH TOYKH SPEHHS, HO NOsyyaeMbie TAKAM MyTCM BEJR-
YHHBL CHJB TOKA PE3KO NPOTHBOPEUAT SKCICPHMEHTABLHEIM NAHHbM.

Mereny Baryys
By

K L

Prc. 236, Puc. 237.

KJIaCCHqECKOC OObsicHeHHe 3TOTO SIBJACHUS X62001H020 plzspﬂda
COCTOUT B CaeayfoueM. Pacnpeﬂeﬂeﬂne noTeniiuana BHyTpH MeTat-
Ja B BOJH3U ero nOBCpXHOCTH B OTCYTCTBHE oA anGJ”(DKEHIIO
TpencTaBAfETCS, KaK M pauble, woxanci auineh KLMY (puc. 236).
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TTy¢Th Temeph K MeTANTy NPHIOKEHO SJERTDHIECKoe fofe ¢ ranpd-
xensiocTolo &. Cuia, felicTByolas Ha 3JCKTPOH, HAXOAMMMACS
Bile MeTasJa, CKIAAKBAETCS U3 CAMN eF, ¢ KOTopoll Ha Hero jefi-
CTBYeT nofe, NOC TAX HaghBacMas «Chia Haobpakenmsy. [Tocaen-
HeiS BOSHWKAST BCAEACTBUE TOTO, UTO CaM 3JEKTPOH CO3Maer iia mo-
BEDXHOCTH MeTalsia MyTeM JIeKTPOCTATHYECKOH MILIYKLHR HOJOKH-
TelbHbe 3aPAAEl, KOTODHIE APHTATHBAIOT JEKTpOU Tax, KakK eCiln
1 BHYTpH METalna I1a PACCTOSIHK X OT ero NOBepXHoeTH Obia pac-
NOJKEH 3apAX € — 3epKanhuoe siexTpHueckoe miolbpaxcune
anextpona (pue. 237). Taxuy 00pasoM, nodnas cuna pasHa

&
F=e&— 7,
a noTteniyanbHas HEPrus SJEKTPOHA B oJe STOH CHabl 6y/1e-r
P
U= Uy~ e&x— . (167.1)

Ha puc. 237 nyeKTApOM u306paKeHa Kpuoast 5TOM MOTeHlHaNb-
ol sHepruM. DTa KpHBaf, KaK BAANO, HMCET MAKCHMYM Ha pac-

CTOSEUN X = Xg OT NOBCpXAoeTH. [l OTHICKAHNA Xo NHIIEM
U ' &
Cojp—
05l x5

1./
QTKysa xn=7'l/’7 .TToncraeass 1o %o B (157.1), nonydaen ans
Ty GUHLI NOTEHIRANbHON ML
Viex = Up— V 8.

Ml BHIHM, UTO TOJME ROKUMAET BHICOTY CTEHKA NOTERNHAIBHOH
AMLI Ha BEJHUHRY
Vs,

C To4K 3perus KAQCCUNECKON MEXARUKI SACKTDPOHB BIYTPH Me
Tanaa, UMEIOUIHE SHePrmo, Menbulyio Umax, ele HE MOTYT Baifity
3a Npejeabl CT0 NOBEPXHOCTH, TAK KaK 3TOMY NPENiTCTBYET NOTel-
nuanbHbit Gapbep LQN, no sackrpoubl, oblafaiuiue SHeprued,
Goabieli Umax, yke ocsoSomaampores. Takum 00pasod, B NpHCyT-
CTBRH TMOAS pabOTa BHIXONA 3IEKTPOHA yWEHLIIAETCS H CTAHOBUTCA
papnofl N

w

Unsx—{=Upy— VEE— =

CAe @ — paboTa BHXOAA B OTCYTCTRI NOAA.

OueBHIHO, YTO MAKCHMalbHLill TOK TOJMyuHacst Obl B TOM CIy-
uae, ecnid 6u1 pabora @' obpatHiach B Hyib, HanpsOKeHHOCTD mpH-
JI0XEHHOTO TIOS B 3TOM CaAyvac, oueBuano, 6yxer

w?

=—=T 10%0? efca,

—VeE,
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Jinsa soaAbdpama @ = 4,9 8, nostoMy & == 2108 gjcm. Mexny Tem
MHATUKSH NOMYda) CATbHLE TOKH XOJOMNOrO paspsiia yxe mph
& = 4-10° afcn.

Kuiow K pasraixe STOrO PE3KOrO MPOTHBOpENHs JACT xak pas
CnocoGHOCTD 3JCKTPOHOR COBEpLIATh TgllHeJleble nepexom!, e yuu-
ToiRaeMast KAACCHUECKO! MexannKoi. PaccMoTpuM Cosa noteiuyan
562K TIOBEPXHOCTH METAINA B NPUCYTCTBHH MOAAL. Ecan Mbl He
GyleM YUHILIBATE CHAY u306parketnd (yMeT CHIH H30GpaeHus
4 6w GOaee TOUNBI! PE3YABTAT, HO CHBHO YCAOKHMWA BhidhCie:
Wus1), TO X0 nOTeHNMaN2 H30OpaAINT-
ca nomanon annuei KLMY (puc.238).
SnexTpOH, ofafaolllhf SHEpTHEH E,
10 aGcomoTHOMY 3uA¥enuio MCHbLied
peicorsl Gapsepa U, B CHJIy 32KOHOB
KBAHTOBOH MEXaNHKH MOXeT BHIlTH
H3 MCTajIa IENOCPeNCTBCHHO MyTeM
TYHHENLHOTO TepeXofa. BepOATHOCTH

. 3TOTO BXOJA AAeTCsl NPO3PAYHOCTLIO
Gapwepd, ~paBHOi DO QopMy”e
(154.14)

X2
—% J‘ Vo VU~E dx
D=Ce * N
rre U—- MoTemmanpnas 3Meprus B KaKoi-HuOylb TOUKE 6apbepa,
a E — 5Heprisi wacTULE!, OTCUHTHIBAGMAs OT TOTO & YPOBHA, HTO
7 puicota Gapbepa.
Ouecnano (puc. 238), uro

Pue. 238,

U=U;—e&x.
Iloa-roMy, noJiarast Xy = 0, MOKeM HanucaTs
% x
'f YU—Edx= f VU, —e&v—E de=
§ [ 5 R
5oz Uo— e8x2— Eyt + 5 Uy~ £

Us gepTema HENOCPEACTBEHHO BHIHO, UTO Uy—e&x, = E, Bonen-
oTBHe uero NepBhifi WIEH PaBeH HYMO, H ML TOTydaeM AMf mpe-
spaurocty 6apbepa o
2 —EVh ¥ om t
D=Ce

2, — BV 3m _
nan, oGosiavast —(“’3#— D = Ce®l€,
HMenno Takas 3aBHCHMOCTL «XOMOJHOTO TOKa» OT HANPSKERHOCTH
noJs H Gblia HaligeHa SKCNCPHMEHTAbHO,

=@, HoqyudM




520 YPABHEHUE MPEANHTEPA It Xt
HuTepecno NpHBeCTH A4HHLIE LTSl MPO3PAIHOCTH 6apbepa H CHIbL
XONIONHOTO TOKA NpH PASHBIX HANpIAewwsiX (cM. rabnmty XXiit).
3nech MHTepeceH HeOGHMAHHO GBICTpHIl POCT NPO3PAYHOCTH MPH
YBCAWGEHUH DOMA, 4 TAKKE W TO, 4TO IpH Odenb MAJLIX snade-
Husx D nonyuaoTes Gonbluue TokH. [locnenee ofbACHACTCH TeM,
4TO WHCAO 571eKTPOHOB, GOMOAPINPYIONINX B CEKYRIY CTEHKy Gaph-
epa, CTOMb BEJIHKO, UTO JaXKe TIPH HEWITOKIOH BepOATHOCTH BHXOAA

BO3HHKAOT CHIbIibe TOKH.
Tasanua XXII

E= =25 ‘ E= ~5a
¥ talex)
D I iaicu®) | D I (afes?)
10° 10=* 10" 10— 107
50108 81071 1,510~ 810" 6107
107 13-10~° 100 10" 30107
2.10" 0,013 4.10° 2.107% 31077
3107 1 70108 6.107"° 0,18

Kowraxtnas paswocTe norenyuaos. Ecau npusecTd B cOMpH-
KocyOBeHHe 1Ba MeTadid pasfHynofi TUpHPONsl (BaUpHMEp, Mexb
U LUHEK), TO M@Ky HHMH YCTaHAaBJHBAETCA PasHOCTh NOTEHLHANOB

(KOHTAaKTHAS PaA3HOCTb NOTEH-
i) LH2Ja0B) .
Memann I

o

3710 fBJICHHE, OT-
KphiToe cme BoabTa, CTaHo-
BHTCA NOHATHBIM, €CAH pac-
CMOTPCTb YCOBHS, B KOTOPhIX
HAXOAATCHA 3JMEKTPOHB B 060-
HX MeTaanax.

[IpexcraBum cede ABa Me-
Tanaa € pas/MuHLIMH BHYyT-
peHHHMK [IOTEHLHANAMH W
PasAHIHbBIMH paoTaMH BhIXO-
a Wy U Wz U NyCTh Wy < Wa.
CeénusrM HX TaK, uToSH pac
CTOAHWE MOKMy HX Tnapan-
JeJbHEIME  NOBCPXHOCTAMH
6bIO TOPAJKA ATOMHBIX pas-
Mepos ~ (107% cx). B oM u
ApyroM Meramie Bee YpOBEH
SNCPIHY HHKE TPARHUD PepMH { 3aHSTH HMEKTPOHAMH, BHILIC e¢—
csoGoansl, Ho rpamiina ®epmu B MeTanae [ JeRHT Bhille OTHOCH-
Tenbro Hynceorc yposus OX, mexenn rpamnna QepMu B MeTaje
JI OTHOCHTENBHO 1070 Ke ypoBHS (puc. 239). [I69TOMY 3JI€RTPOBB

K
v el §

Pac. 239.

i

§ 158] JIUHEHHHP TAPMOHHYECKHHA OCUMJNIATOP 521
¢ BepXHHX ypoBHeit Merazna [ MOTYT TEpeXOjdTh CKBO3h NOTEH-
LuaXbHB Gapbep, pasfels0Mul 06a MeTanna (TyHHEIbELM nepe-
XOLOM), Ha CBOGOMIHEE ypoBaH Metanta 1. Ho anexTpoHb MeTa/LI2
71 He MOryT NepexofWTh B MeTaj1 [, TaK KaK BCC ypOBHH STOTO
[OCJENHETO, JdeKallEe Ha OMHOH BhicoTe ¢ {p B HHXE ee B MeTanne
[, 3aHATH NMAPaMH SJEKTPOHOB. [TOITOMY METaiLl 11 Gymer saps-

_ JKaTheAl OTPHUATEILEO, 8 METAMLT J — HMOJOKHUTENBIO. Jrot npotcce

6y/IeT NPOWCXONUTh AO TCX NOP, TIOKA KpHTHUECKHE YpOBMH 060HX
MeranioB ne cpapmsiores. [IpH aToM MCKAY 0GOHME MCTalaaMh
YCTAHOBHTCH BHEWEAS PAIKOCTh MOTENUHANOB, paBnan PasnoCcTH
nx paGoT BBHIXOAA.

5T0M MOKHO YOOAMTbCA H3 CACIYOMEX COOGDameHHit. [yers
Mbl HMeeM JBa CONPHKACAIOLIMXCA METaLla I n Il ¢ paboramu Bo-
X044 @) B Wy, TpHUEM W@ < Wy PaccmoTpuM TO4KY A, pacnono-
JKEHKYI B BaKyyMe BOJHSH NMOBEPXHOCTH MeTalta I, v touxy B—
B6amsN moBepxtocTH Meramaa I1 (puc. 240). [lpu mepexoge ajex-
tpona K3 Towku A BHYTpb mMCTaasa I Ha ypoBenb €ro Ipasisl
®epumu ocBOGOMHTES padoTa @i
IIpH NEpexOAE U3 TOUKHA B BryTpb W_ 4
meranna I Ha yposers ero rpa- A
Huuu PepME 0cBOGORBTCS Pa-
6ora w;. Ho rpanuna ®epmu B Puc. 240.
060UX  COTPHUKACAIOMMXCA Me-
TaNIa%, TIO CKABAHHOMY, yCTARABJAREAETCS Ha OnEo} pricore. Pagora
e BHIXOfA, XapaKTepnas JUIA K&KAOro MeTajja, HE SaBHCAT OT
10r0, 4TO O HAXOAHTCH B CONPHKOCHOBCHHH C JDYTHM METaJlOM.
ECau 10970My @ > Wi, TO NPH OHHAKOBO/ BHICOTC TpaHln Pep-
MH 370 MOXET GbiTh TOJLKO B TOM Cjyuae, €CIH MOTCHIHAN B TOUKE
B Bhwe noTeHnuaia B Touke A KAK pas Ha BEAMUHHY DasHOCTE
Wy — Wy

§ 158, JluneiApit FapMOHUUECKUA OCHKIIATOD

ORHOP H3 BaXHBIX MOJeACH, HCIOMb3YeMbIX B aTOMHOH pusuxe,
spAsierc AMHERHBE TapMOHH4ECKU OCRMIISTOp. B mpelniiyuied
ML ye HEOLHOKDATHO NOALIOBAMHCH HTOH MOLENBIO. Toresnnais-
Has SHEPrHA TADMOHHMECKOIO OCLMINSTOPA, KAK MH 3HAeM, paBHa

ol
2

(158.1)

re Gy ='|/’~'f7 ——4acTOTa KosleGanull OCUHANATOPE, BHHACIAEMAST
no Kraccrueckoi Mexarnuke. CoOTBTCTBYON AN NOTEHUHANBNAR KPH-
Bas ecTh napafosa, H306paxeHHas Ha phC. 241. Jlerko BHAETH, uTO
3Ta noTenmMAJABiAS KpHBas OCpasyer HEdTO BpORe AudKa ¢ OT-
PaKAOMAMM CTEHKAMH, HanOiofue pACCMOTPEHHOrO B § 156.
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Maxkpockonryeckufi OCURAAATOp, AMEIOWHE SHepruo L, Koaebrercs
MRy «CTeHKAMH» TYZa H CIONa, OCTARasch B NpeleJax OTpeska
XiX, T. €. HE NPOHHKAR NpaBee Xz  JMeBee Xy s pellenHs sagaun
© MHKDOCKOTIHRECKOM OCHMJLIATOPE HANO DACCMOTPETH CTOSUMe DO~
Hbl, BOSHHKA(OIME BUYTPH TAKOTC NOTCHUHYAJHLHOTO AIMUKA; B NIPHH-
LuTe Npoue/ypa COREPIIEHHO aHAMOTHYNA OTHICKAHHMIO COGCTREHHBIX
coneGauuii crpynsl. OXHaKo 37cCh MMeeTCst 0COBEHHOCTD, H3-3a KO-
TOpOH MATCMATHYECKH 3a1aia NOBONBHO CHMIbIO OCJIOKHSAETCS; B
OpefeadaX AEKA NOTCHUHANbHAS
9HEPTHSI He HMECT BCIOTY [OCTOSH-
TOTO 3HAYCHUK, HO WIMEHACTCH MO
napabo.sHICCKONY 3aKoHY; n?ammy
h

14

JAVEA BOJHE! A

}2m (E—U)
Ite OCTaeTCs ONNOf H TOM Ke B pas-
HBIX MECTAX SINAKA, HO VBOJHYH-
BACTCK [0 KpasiM €ro H yMCHb-
waeTca Mocpejnte.

Ypasucune Ulpémnnrepa ans
38240 0 TAPMOHHYECKOM GCIAIL-

K4 @& rope wMeer BAX
Puc, 241 Totewwamnan ipwsat % o ke
AEHEHNIO0 FAPVOHHIECKOrO 0CHuI- A E - =0,
asTOpa. de TR 2 i

(158.9)

UpHUEN  QYHKHNA § JOMKHA yAOBJETBOPATH TPeGOBAImO™ TpH
X—>Zoo $(£)=0 ¥ DBCCM OCTATBHBIM CTEHAAPTHLIM YCROBHSIM
(§ 152).

Jinst cokpautennst sanucn Bscaen 0603HAuesyIs

2

S E=2, R (158.3)
ypasnenue Wpénuurepa npu 5Tom mepemuileTes Tak:

P

SE 4 (h— ) p=0. (158.4)

Jas ueTerpupoBanus (158.4) pacemoTpr cradata npeicabhbi
CAydan, KOTia X ouenb BEAHKO, Tak urto ox > A Toria b (158.4)
MOXKHO OTOPOCHTL % KaK BCAMMHITY, M&IYIO HO (PaBlieHno C a2x?,
U MBl IOJyuaey

dahp 2
- T T O

(158.5)

Tlpu x> | 3710 ypasuenne ¢ ;10OCTATOMHOR TOUHOCTSIO YI0BAE-
TROPACTCA peluenneM
= L,

(158.6)

§ 158] JIHHLPHBIF TAPMOHMUYECKMA OCLMJIATOR 523

B camowm jpele, HMceM,
dp o d*p
=¥ — 4 greten? 2R

ax — T g

Ho gpu x> 1 pTopoii unen B Npasoil yaCTH NOCJENHETO PABLICTBA

HECY TIECTBEN 10 CPABHEHMIO C MepBHIM M, CAEIOBATEAbHO, YpaBHe-

HHC (158 5) acnMnTOTHYeCKH yOBReTBOpACTcA pemenueM (158.6).

M3 AByX BOSMOMHLIX 3HAKOB B STOM peLI@HHN 31ECh CAETyeT BSITh

318K MHHYC

Tk x4 gok oz,

TaK KaK pelleHHe CO 3HAKOM ILTIOC GE3rpaHHuiO BO3PACTACT NpH
X ~—> 00, UTO [POTHBOPEYHT ECTCCTBCHHLIM YCNOBHSM, HaK/ialbBae-
sbly Ha GYHERMO § (§ 152). .

TIpukHMad BO BHEHMAHHE pacCMOTpEIMBI Dpexefbulil cayuail,
Gynev pckate petucnde (149.4) B Bune

p=e"""f(x),

r1e f(X)— HeKoTopad, noKa HeusBecrnas QYHKUMA, KOTOpas HOMK-
Ha OLITb NoJobpaHa Tax, utodb (158.7) YLOBIETBOPSIO YpaBleHHIO
(158.4). Ioxzerapiy pemenne (158.7) B (158.4), maina mns atoro
NIpe1e BCero UPOU3BOIHLIE

d 4(—411)“«]»%) =R,

(158.7)

v

y &
‘fi;f (— af — 20,)(% ENE e sz) =02,

Tipousneas moACTaHOBKy B (158.4),
06pasoBanHi M COKpAIIeHIA B et
d* df
L —sax L =) =0.

NOAYNIM TOCTE POCTHIX Tpe-
2

(158.8)

70 ypaBHennue Mbi ClLE 1Pe0bpasyen, BBEIS BMCCTO X HOBYIO He3a-

BHCHMYIO ncpememmo é
E=Va x; (158.9)

E ccTh Ge3pasMcpHOE UNCAO, TyK KAK ¢ HMeeT pasmepnocts [ci-?)
[B yem Aerko yBeln1bCa NEMOCPCICTBCHHO U3 BLIpaKeRHs ¢ (158.3)].
Humeem tenepn

d [~ d\dg d:

@ (‘/adg) dc %@

dx T OdE T

Ypasueune (1588) nocae 3aMeH NepeMEHHON H COKPAUICHHA

Ba o, IpHOGpeTaeT BUA
d*H

i (158.10)
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rae f(¢)— dyHrums, KoTopas noaydaercs mocie 3aMeHs! B f(x)
He3aBHCHMO 1epeMeHHOR X Ha & Dynem uckars H{(E) B Buze cte-
NICHHOTO paAna

HE=a8 + a4 a4 ... = kZ aE', (158.11)

=
Jas Toro yToGH rapanTHpPOBATh KOHEYHOCTh DRWICHHA, ME HAYH-
HaeM pAA ¢ HEKOTOPOM CTeNeHH v H TOJBKO B TIOCHEAYIOUICM OFpe-
DeASeM 3T0 v Tak, uTofL dynxnms H(§) murae ne ofpamasnack B
“GeckoneuiocTs. Bormnmen npoussonnbe ot A (E):
dH —
G =l T v D+ Danat™
&y - -
=7 =1 a2 (v + Dvay T+
FOFAE+ Doyt +
Toncragnas sro B (158.10), noaysum nocie npocTsix Npeofpaso-
BaHui
P— D aE T 4 (0 DV
)
FOFDO+ Dot + oo =[20— (2 —1]]ag+ ...

Tak Kak 3TO paBEHCTBO NO/WKHO HMETH MECTO TOXKJECTBENHO, TO
k03dpULHEATH NpH ONWHAKOBHX CTENeHsx § ciepa H cmpasa
DOJUKHD OBITh PaBubt Apyr [Apyry. Husmuit unen cuesa ects
v(v—1)a,E"2; ero xosdduuuent NOMKeH GuTh paBen HyJ10, Tax
KaKk crpaBa He HMeeTcs uiefia ¢ Takof creneHvio & ITo gaer
v{v—1)= 0, otkyna v = 0 mon v = 1. llpupasnnsas nymo xosd-
duunent npu creflyiomeM uiede, noayyaem v = 0 uan —1, Tlepsoe
pelllenHe He JAeT HUYEro HOBOTO, BTOPOE K€ HENpPHrOAHO, TaK Kak
pAA, HaumHAOmWAuACA wienoM ¢ &1, ofpawaercd B GeCKOHEUHOCTH
opu & == 0.

Cpapunnan KOSGQUIHEATH UPH KAKOM-HHOY/Ib WieHe, COAepiKa-
wem Ef, HaXOAHM

G+ D0+ an=[2— (2 ~1)]a,
OTKyAQ
21— %
G = TITET g

dra dopmyna (pexyppentHas ¢opryna) HOIBOJAAET MOCASOBA-
TebHO BHIUHCAATL RCE WIEH psfa ueped ofuH. Tak xak pia Mo-
Ker HauMHAaTbesl JHOGO €O crenesd v = 0, JAHGO €O CTENEHH v = 1.

(158.12)
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TO pexyppentHas gopmyna (158.12) naer gea psaa, u3 KOTOpHIX
OfIUH COCTOHT TO/BKO H3 UETHBIX WIEHOR:

Bttt ., (158.13)
a ﬂpyroﬂ-— TONLKO K3 HEMETHRIX:
ot aF a4 .. (158.14)

OTH paABl NPENCTARATIOT YacTHHe peluedus ypasuewus (158.10).

HccnenyeM Temepn nosesieive NOMYYEHHLIX psiOB UPH GOJBLHX

snayenusx & BossMeM moGof n3 mux, Hanpumep (158.13), u moka-

3Kepl, 4TO MpR JOCTATOYHO GOMBIIOM & OH Beler cebd, Kak &, Ian

31070 Mul cpapuuM psn (158.13) ¢ pamom aas e¥, Hssectmo, uto
s

Fmlp i 22
i 21 3t b
H, C1e10BaTesbuo,
= o2
T,
(—2—) i (5 + I) 1
IMpu nocTaTouHO GOMBIIOM & MEpEHIE WIeHH 3ITOH CYyMMH He HMET

CYMECTBCHHOTO 3HAYEHHS N0 CpaBHERHIO ¢ BHicWHMH. Ofo3HaumM
KospurinenTH npy E 0 E2 uepes by B byye; OTHOIUGHHE BX

(r/2)! 1
SwEE T AR (158.15)

2 4 6
RS VIS I SRS

+ + ...

Tlpu moctarouso Goxbpliom T B 3nameraTene (158.15) MoxHO oT1-
6pocuib 17
brgr 12 (158.16)

Jla7 OTHOWIEHHS COOTBETCTRYIOMMX uienoB psasa (158.13) pe-
KyppeuTHas dopMyaa naer
s _ 2t 1—Ma
ay r+29C+1"
TNpH ZOCTATOYHO GOMBLIOM T

fee 2, (158.17)
Cpapunsan (158.16) u (158.17), mbl BUAHM, uTO _
E burn _ be = const,
Atz ay

T. €. BLICIINE uleHH HAIUero Pijia OTIHYANTCA OT BRICUIMX UACHOB
psAa € JHIb NOCTOSHHEIM MHOMHTENEM, a 3TO 3HauMT, Yt0 H (E)
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npn 6OAbLIKX & BOSPACTAET, Kak e¥, a CJENOBATeIbNO, NpUHHuMan
Bo Bauvanue (158.7) n (158.9),

= e a2 f ()= e~FIRH @)~ e¥i2,

T. @ Tpu §—> o0 U i —» oo,

OTCIofa BHANGC, YTO peUICHld, NPEICTABISEMbIe CTENCHALIMA i~
AaMp ¢ pekyppenTunofi Qopmyaoit (158.12), poofue roropd, ne
YAOBJETBOPSIOT KpaebhiM ycaoBusin. OAHAKO JIETKO 3aMeTHTD, YTO
npu U3GPaKALIX SHAYEHWsX A/a. 11a1UH psiibi 0GpbIBAIOTCS 1 1EKO-
TOpOM ufewe, T. €. 06pamaloTcs B noannomer. Tak, wampumep, mpn
Ma =5 psa (158.13) cocToMT TOALKO H3 OANOrO ulexa go, Tag Kak
u3 (158.12) BHano, yro npu A/a = 5 Kodpduuuent a, =0, a 3na-
AT, M BCe NOCAeAyiomne Kosdduupents Oyayt Hyasmu. [lpu
Ao =9,13, ... 10T XKC pAN GyleT O6pHBATHCA nd BTOPOM, TPCTHCM
HT. 1. utenax.

Ho eci H (%) cBOZMTCS K MOJAIOMY, TO MPHCYTCTBUC SKCIOHEH-
LHaNBLHOTO MHOMKHTCIR 06eCieyuT ofpaliente § B (y,Ih IpH § —> 00,
Hrak, pemleHus, yIOBJICTBOPAIOMUE CTAHTAPTHLLN TpeGOBAHHAM,
MOMYYAIOTeS! JINillb B TeX ¢aydasx, koraa paas (158.13) u (1568.14)
ofpamaloTes B 1OJHIOMEL 112 oCnoRanmi pexyppenTHOH $OpMYy.ant
(158.12) ™Mb nOMyyHM MONWHOM, 3aKAHYHBAIOMHACE UYJEHOM CTe-
TeHH 71, eClTH

2n 41,

IMoncTapnas clofa snauensus i # o 13 (149.3), noayvaem
QmIEn En— ey

7 7 (@nt1),

2
a

oTKYAa

En—flmﬂ(n—[—%) (1=0,1,2, .. (158.18)

Mbe! BugnM, TakMM 06PasoM, 4TO H3 YNKUK{ 1, yIAOBJICTBOPSIO-
IIHX BOJHOBOMY YPABHEHUWIO OCUMAAATOPA, YNOBAETBOPSIOT BAECTE
¢ TeM H KPaeBbIM YCHOBHSIM TONBKO T€, KOTOpbie COOTBETCIBYIOT
JICKPeTHOMY DsIIy 3Hayewnit smepruu ocumistopa (138.18). O6-
paTHM BHUMAHHE Ha TO, YTO 5Ta (POPMYJA HECKOIBKO OTAHYACTCH
0T $OpPMYJNBI CTapOil KBAHTOROM TCOPHH e

E,=nho,.

Huenno, cornacio popuyne (158.18) kmantonoe yuche auHefiHOTO
OCUWIIATOPA BCETNA BBIPAYKAETCS «MOJOBHIYATHIMY YHCAO0M ni--1/2.
Benencteue 37010 B Fu3liey KBAHTOROM COCTOSHUML (wpn # = 0)
sueprus ocytlaATopa e 06pamacTes B 435, HO PaBHa

Ey=t52, (158.19)

§15] HOPMATHHOE ¥ BOSBY)KIEHHHIE COCTOSHHA OCUMAMATOPA 597

Sro smauenne E, HasLBaeTcs «HyneBoii sseprueit». IIponcxox-
HeHHe ST0r0 HasBaNMA CBA3ANC C TEM, UTO 3HEPrHs '/plidp He ucue-
3der Taxxke n TpH a6COMOTHOM Hyae Temmeparyps. Ee cwmcn m
3HaueHne BYIYT BuSCIEHH B CIEIYIOLIAX naparpadax.

B § 156 My Bujean, yTO KBAHTOBANNWE SHEDIHH HacTHLL B FO-
TEHUHARBHOM SILHKE MOAyYaercs B pe3yJbTaTe NPHUMEHEHWE Xpae-
REIX YCJOBMI, AHAMOTMYHLIX KPaeBBIM YCAOBMSM B 3a1aue O CTpyHe.
B zanaye o JquHEHOM OCLMAJATOPE, PACCMOTPENHOR B HACTOAIIEM
naparpage, KBanToOpauUe OKA3AIOCh CACACTRHEM ECTECTBEHHOTO
yellonuH KOHeMHOCTH YHKUHK BO BEEM [pocTpancTse. BosMoKHoCTs
HoMyuenHa KRaHTOBAHAA B KAUCCTBE MPOCTOTO CHCACTBHS MOXOGHBIX
@CTECTBCHHBIX YCJIOBHR  sIBIsiercs 7Ol 3ameuaredbhoh  0COGeH-
HoeThio ypasHerust Lpéaunrepa, o XOTOpoil ynoMUHAI0CH B § 188,

§ 159. HopmanbHoe 1 BOSOYMKICHHBIE COCTOAHAA
JHHERHOTO OCUHANSTOPA

Kamaomy COGCTBEHHOMY 3HAUENmo SHepruu JupelHoro OCLR-
afTOpA

1
E,L:(n-l—i)limn (n=0,1,2 ...}

COOTBETCTBYET CBOS COBCTBEHHAN QYHKINA

Y= Nue ¥PH, ),
rac Np — MOCTOSHHBIA HOPMApYIOUI MHOXKHTSIL, @ Hp(§)— no-
MuHOM CTENeRH 7, X03hQHILHEHTE KOTOPOTO BLIYUCASIOTCA NpH MO~
MOLH peKyppeHTHOH POPMYTht (158.12) mpu —é—‘——?n-;- 1. Haiftnem
HCCKOMBKO MepBhIX MoanHomMos Hy (2). Koadduuuceut npa &" Bhipa-
3urcst npu moMown (158.12) rak:

[2(r— 2+ 10— @1 __Le
= n—1n wn—1)

Gy =

an

OTKyaa

Jlamnce JCrKO MoaYyHM

( ol —2){n—3)

_ 2)(n—3 a(n—D{r—2){n

Apg=— )(22 ! Gp=——" g wHT L
HckoMbiii posHROM GYIET HOSTOMY TAKOB:

A= D=2 (n—3) -1 _
+5 g ]

a(n—1) -2
(l,;)Sn T

(159.1)

SR——
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fonaraa 8 (159.1) an =2" (n =0, 1, 2, ...}, noayanm cxe-
Rytomne TOMKRHOMBLY

H®=1,
H1(§)=2§|
Hy(B) =482,

Hy (=88 — 128,
Hy ()= 165" — 4882+ 12,
Hy (&) = 3285 — 16083 4 120¢ u 7. a.

30— TaK HasbiBaeMble NOJHHOMB UeGsimeBa — DPMHTA, KOTOpHIE
MOXHO NpPeACTaBHTb B CJAEAYIOMEM, JETKO 3aNOMHHAEMOM Brile:

(159.2)

s (159.2)

B caMoM nelle, HanpEMep, HMecM NpH 1 = |
d

H=—¢" s

-2,
npe n =2
SO AP O g
Hy=e¥ g (e7¥) == o G (= 2e¥) =427 — 2,

uT A

JIAS BHYHCACHHST pA3MHIHBIX HONKHOMOB YNOGHO MOMb3OBATHCH
PeRyppeHTHO! GOpMYJIOH, N03BOATIOMEA O ABYM NOJIMHOMAM BHI-
QHCAHTb TpeThir, DTa GOpMyla NMOJAYHAeTCA CJACNYIOMEM 0GpasoM.
ITo onpenenennio nmeeM

_ av1 g dmH o g g_dt e
Hop (0 =(—1)""e @(e Yo (= 1) o ™). (159.3)
Hanee,

P 4 [ de=¥ dar a3
L (V)= =  Qret) = d’ —
= () = ey = -2 e,
Bocmonbsyemes tenepb HIBECTHOH ¢OpMYMO AN NpOHIBOAHOM
n-TO MOpAAKA NpOH3BEACHNs ABYX (yHKiMH 4v .
i "y du d* s | a(n—1 d*% "%
uvy=1u — —_
2 9 o T T 7 a arr T
C nomoutpio 370# GOpMyJIE NOAYyYaEM
o, o an—1
= —! —
@ (e ¥)=¢ g (e g’)‘l’"F (e7®),

BCJIEICTBHE HEro

dntt

N 23 n—1
W(?“F—?[E £ ¢

et E ),

3

PP o~
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nno (159.3)

" {
Hep @=25(— ¥ S5 () + 2 (—1ef

d
P

¥ =

" " R
=21 S ) — 2 () e @)

ANR, 10 OfIIEMY ONpeIeIeHHio (159.2"),
Hay (8) = 2Hn (&) — 20Hn (O

D10 7 eCTb HCKOMAs peKyppeHtHas GopMyna, CBI3HBAOMAA MEXLY
co608 Hnyt, Hn M Hpos. JIETKO TPOBCPHTH, UTO HOTHHOMEI (159.2)
nonysatotest e Ho & Hy mo atoit gopmyse. Ee MOXKHO npiMCRATS
ISt BHMFCIEHES TOJRHOMA JUOGOro MOpsAKA MO ABYM Npeale-
CTBYIOUIHM.

CobcTnennble GYRKLUEA NAHEANOTO OCLMIATOPA 06/ARAIOT Cle-
ZYIOLLHN BAXKHLIM CBOHCTBOM: OHH OPTOrOHAVIbHH! B MpOMERYTKE OT
o0 0 400, T. €. %}

(159.4)

R o
[ ta(eybn (eydx =0 mpu m A a.

B cayuae m = A ANTETPat
oo
J‘ 2 (x}dx
o

AMeeT KOHCUHOE 3HaueHHe M 3THM MOIKHO BOCIONB30BATHCA A BLl-
yncAens ROpMApyOWETro MEoXKTeas No. VeaoBre HOpMHPOBARHH
(cm. § 152} cocTouT B TOM, 4TO -

.
[ (=1

IMopcrasnss clona Bupa)KCHﬂe q)yHKU.HH ’\pﬂ H HpOHSBOELﬂ BBIMHCAE-
HEs ¥¥), HaBAeM
2 onlnh

M=y,

OTKY et

No=
)

*) JloxasaTebeTs0 CM. B MPHIOKENHI V B Konue KiArd.
#*) Cu. npaaoxsente V B KOHUE KHHIH.
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JIAs HYJNCBOTO COCTOAHAA 1 = 0 HMeeM
oy
— a
No= |/ e
TaknnM 06pa3oM, COGCTBCHRAs YHKIHA HyJ1eBOrO COCTOSIHES €CTb

o () = Noe=¥PH, (¢)

4 COOTBETCTBYIOIAA NNOTHOCTL BEPOATHOCTH

)= ]/% emo#,

>
Kpmaaﬁz} nso6pamaronas o (X), — THIA rayccoBoil KpHBOK OmHGOK
(prc. 242,6). Dra KpuBasm NOKa3kpiBAET, UTO, BHIIOJAHUB BOJLIIOE

] I ] T
, | Cl ]
inEn N AN
iy
3 R e |

~J|

2R A A A A g F 2 7 72
z -~ 7~

Z i
Puc. ?J/ILHQ. CoGcraennas ¢ymnns (o)  pacTpesiesenne nmOTHOCTH BEPOSTROCTA
A1 nyneRoIo rap ocanaTopa (5),

qHCAO OUPeleNcHUH MONOYKeHHA YACTHLE B HYJICBOM COCTOSITI
OCUHIATOPA, MBI waile Beero ByaeM HAXOAUTE C& OKOI0 MOJOKERHH
paBHoBecus (X = (). Kpome T1Oro, ogHaKo, umeercs KOHEUHas Be-
POSATHOCTs HAHTH YACTUUY 1€ TOJ5KO B UPefenax BCEro OTpesKa,
PABHOTO Y/IBOEHHOT AMILINTYIC KoJeGaHHi Kiaacciiieckoro ociuan;
TOPA, HO TAKXKE 1 B 3ANPCIIEHHOH» 06JACTH (BOPaBO 1 BACBO OT
BEPTHKANBILIX TYRKTHPHBIX MPAMBIX), TAC MOTEHNMANBAAS IHEPTHS
4acTHLbE GOJLIIC HoMTOf (car. prc. 242).

HHTepecHO CpaBuHTL ¢ ITO) KPUBOH COOTBETCTBYIONLYIO KPHBYIO
pACOPEACTEHHST BEPOSITHOCTH HafTH MAKPOCKOMHYECKYH) YACTHLY.
COBEpIIAIONLYIO TapMOHKHUECKOe Kouefakne Ha yuacTxe myTH dx, s
xaxoM-yuby I Mecre nyTH. [Ipexcrapnm ceGe, Hanpumep, 410 Mo
HMEEeM MAfATHUK, COBEPIIAIONING Maabe KoseGanus, Gyzx,eM KnHe-
MaTorpadupoBaTh NMOMOKENHS MAPHKA MAATHHKA. He momer 6bTo
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HUKAKOFO COMHEHHsL B TOM, 4TO B Haudo.blleM upcie Kaapoe Mbl
HaliACM WAapuR rae-HHGYIb OKOJO ONHOTC M3 KpahHHX MONOMNeHwil,
TaK KaK B 3THX MeCTaX CKOPOCTb €ro 6yzeT GuaN3Ka K HYJI0; MCHbIIE
BCETO OKAMETcs KALPOB, re MAapHK GYIET HAXOANTBER OKOJO N0J0-
KeHMS PaBHOBECHS, MOTOMY YTO IMEHHO B 9TOM MECTe Of uMeeT
LaHGOABIIYIO CKOPOCTL. OYCBAIHO, UTO BEPOATHOCTL HAATH MAPHK
B ONpENEIRINION MecTe 0GPATHO NpOUOPUHDHAILIA €70 CROPOCTH B
STOM MECTC I 4TO TO 7K€, NPONOPIHONAAbNA 06paTHON BeAMLMHE
KBAAPATHOTO KOPHS U3 KMNICTHUECKOH SNCPTHH, T. e 1/VE—U,rae
F —nonnas sueprus ® U — noremnnasknas 3Hepras. Coorner-
cTByioman KpiBax DBPeICTasICHA NyUKTUPON HA pUC. 242, 6; oHa
CYMIECTBENHO OTINYASTCS OT KPUBOH A5 KBATOBOrO OCLHIIATOPa.

PaccMOTPHM TeTlepb eCKOMTbED oApofHee Pasiiibie COCTORHM
KBAHTOBOTO OCLHJMNTOPA N HAYIEN C HyJeBoro cocrosnd. OcoGed-
HOCTb 3TOTO COCTOSHIIS 3AK/IIOUAETCH B TOM, UTO SHEPrUs OCHHLI-
Topa pasHa ke Ky, a 'z2hwe Mmemno B COOTBETCTBHH C STHM
RBANTOBLI OCUMILIATOP TIpH AGCOMOTHOY IyJIe HE HAXOJHTCS B 70-
KO0e: Mbl MOXKEM OTHICKATb CrO C OlpEeleNeHHofi BEPOSITHOCTBIO B
JIOBOM MecTe OTpE3Ka, PABHOrO yABOEHNOH amMIAuTyI1e KoneGaunit
KJIACCHYECKOTO OCLHANTOPA, W AK€ 3a npedCHaNy STOro OTpesKa.
HeTpyaHo BHICTb, 4T0 STOT GAKT ABAAETC REHIOEKHLIM Cied
CTBHGN COOTHOLIEHHH HeoNpciedewHocTH, B caMom nene, ecau Gil
KBasuyfpyro CBH3AHNAs qacTHuA npu aBCOAOTHOM HyJe NOKOMACD,
7. e. HMEIa OnpENEJeNHyi0 KOOPAHRATY, To 3T0 03Waualo 6, UTo
CYIIECTBYeT COCTOSINHC, B KOTOPOM W KOOPAHHATA MaCTALH M ee MM-
nyaeC onpeseeH Ll (AMIyIbe pasen Hyao). Ho 5T0 MpOTHBOpeunTt
COOTHOMIGHHIO HEONpeAeNentocTd, Bonee TOro, Mbr CCiuAC MOKAKCM,
qTO Hyaesas JHEPIHA lfphwy M €CTb KaK pa3s Ta MURHMANLHAA SHEp-
rusi, KOTOpol Mo Kpaftueu Mepe I0JIKCH of6nazaTh OCUWLIATOD B
HyJeBOM COCTOSIRHH, 4TOGHI COOTHOMIEHS HEONPENeNeHHOCTH [S3%ES
YIOBJETEO PeIrEL.

3a eompeneeRnocTb NON0KeRNs HACTHIL NDHMEM CpeaHION
KBAZPATHUHYIO OMHOKY, T. €. NONOKHTETHLIH KBa#paTHBl XOpeHDh
18 cpenticii KBaLpaTHHOA QAyKTyaunn:

A=V¥

Ho g2 = x*— (¥)2 u Tag Kax es orpanuuennd OBUHOCTR MOKHO
nonoKNTh ¥ = 0 (3T0 03HAYAET TOJHKO, 4TO [1aYano KOOPAHHAT
ClefyeT MOMECTHTb B TOUKE, COBNANAIONEH ¢ rO/I0zKeHHeN PaBHO-
pecus), TO

Urak,

T, (159.5)
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TA¢ @ — aMIIMTYAd KOje6aHufl K1aCcCHIECKoro octtasTopa. Jerko

BHIETb, ONHAKO, 4TO TaK Kak !pmale? = E; (oM. 46), 1O
i .
s 25 2F,
= =% == a notomy
mey

Ty

Janee, anaforuuno uMeeM

1/- m?a

- [STVRR VA Y (159.8)

(159.6)

p=Vp VimE, (159.7)

Hrak,
"oy
Ho cornacuo cooTnomesHAM Heonpeneaenuocts Ax Ap ~ A Tovuas

BeNH4YMHa HHIKHero npejena npoH3BEIeHUS CpeAHuX KBAAPATH'INBIX
omubox ecth fi/2, TaK 4TO

Acapz L (159.9)

Beps saecs suak pasencrsa (T. €. BLIGMpas HHIKIMI OPCLC 1pPOH3-
Beflenus omp6oK) u conocrarass (159.8) co (159.9), naxoanm

B __ & __ fag

o=z B=7%
Hrak, nysnesas sueprua ocumansTopa ecTh AeficTEHTEAbHO MEHH-
MabHA SHEPTHsA, KOTOPOH OCUWIIATOP AOJIKEH 06MajaTh B Hyse-
BOM_COCTOSIHMM 101sl COOMIOAENHST COOTHOWEHUA HEONPCeAC/IeHHOCTH.

Caenyer ewe o6bACHHTD, OyeMy KpHBAs pachpeielenis Bepo-
ATHOCTH NONOKENUA JAET HE paBHbIE YN0 3HAYEHHA 3TOfl BepoAT-
HOCTH 3 TpeAeNaMH KNacCHYecKol TPaeKTOPHU OCUMINATOPA, T. €.
_B 06RACTRX, T€ NMoJAHAA JHEprus MeHblie €ro noTemnuanuhoil [To-
CKOJIBKY, OfIHAKO, TOTEHHHa/bHASl KpHBad OCUMINTOPA MPEACTAB-
JAET OO0 MOTEHUHANBLBI AUIHK (CM. Hauaio § [58) 1 koneGanus
YaCTHLLI MOJKHO D2CCMaTPHBATh KaK «OTpaKEeHHST» OT CTENOK 3TOTG
ALKa, OO BACHENHE 3[€Ch TAKOE XKE, KaK H B Clyuae OTpazenus or
npsAMOYrofieHoro 6apsepa (§ 153).

O6paTtumca Teneps K BO36YMKIEHHLIM cocTosmuaM. Ha puc. 243
NpeacTasnen Xoll co6CTBeHHBIX GYHKUMH AJs HECKOALKHX 3laye-
nufi . Ecia npHcoeauHuTD ele NepHoNKuecKAl BpeMeHHOH MHOKH-
TCab €'%!, To NOJMYSHTCA HEyTo Bpoje CTOAYHX BosH. [IpH =0
(puc. 243) Mbi UMenu ABa y3Aa M MAKCHMyM (KIyyHOCTb») mocpe-
AMTe; pasyMeercd, Y3abl MOAyYaloTes He 114 CTEHKAX NOTeHIHAlb-
HOFO AWHKa, a Ha feckoneanocth. Tlph =1 (puc. 243) Mbr HMeeM
ABa y3na Ha OeCKOHEMHOCTH W ORHMII y3enm B cepeflHHe OTpeska,
€OOTBETCTBYIOLIEre 06/1aCTH KOJACG2RA KNACCHUECKOTO OCLUMIATOP a;
mpH n =2, KpoMe JBYX Y3J0B 11a GCKOHEWIIOCTH, MOMYUAETCs eme
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LY

ye3 Z- 7 §2-1 872 =4 F

Puc, 243, C KR THERTIOTO Tap)
e = 1,%?'3, 4,5, (10 Homumry n Butscony).

B A A B A B ]

Puc. 244, Pacnpegenesne NJOTHOCTH REPOATHOCTH JJIA n=0,
Tloauxry u Buiscony).

1,234 (o
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ABa y3na u T. I. Hpﬂ pachannnaHnH pHCyHKOB JIETKO 38MRTHTD,

MTO Y CepelHHBl KUPHOTO oTPe3ka, Hao6pakaollero KIaccHuecKylo

TPAEKTOPHIO, pACCTOSIHUE MEXK/Y V3, 1aMU Menbllc, UCM y Kpaes. JTo
h

COOTBETCTBYET TOMY, WTO JLTHHA BOAHH fe-Bpohas A = —

i (B —
0KO,10 IIO.IOKEHHs paBHoBecHs, rae U npoXoant uepes Hyﬂen(oe 3Ha-
4enHe, ioNkHA GEITE HanMeHblIef.,

Ha puc. 244 npubesieHst KpHBLIE PACHPCHCICHHS MIOTHOCTH Be-
POATHOCTH || AAS Pa3quYHBEIX COCTOSHHA KBAHTOBOro OCIHH/IA-
Topa (npu n==0, 1, 2, 3, 4) 4 OIHOBPEMEHHO MYHKTIPOM — KpUBas
A5 MaKPOCKOITHeCKoro ociuuasaropa (Wapuk MasTnnka). Mo Bi-
ZHM, 4TO MpH MaJbiX KBANTOBHIX UMCIaX A KBAHTOBLIA OCUHLIATOD
BelleT Cefs COBEpUIenio HIaye, HEXeAH KIacClYecKHi. Habﬁopor,
yeM BBIIE 7, TeM B GONbumed CTCleHH KBAHTOBOE pachpeleveHye
BCPOATROCTH NMpHG/HKACTCH K KRacCHMCCKOMY. DTO Ocobenmo scHo
BUIHO Ha pHC. 243, rpe nano pacmpereaenne aas n = 10. Ecan

T T
= ] T

TS

— [z’

[
I
'|
RNV
|
|
i

=TT
=

| !

[
AN 3 4 8
z

Prc. 245. Pacnipeiesennc NJIGTHOCTH BCPOATIIOCIH
naa n==10 (mo Ioanrry ¥ Buascony).

MPOBECTH CIVIONIHYIO KPHBYIO yepe3 MakCHMyMer KBAHTOBOTO pac-
npeaenentd, 0 5Ta Kpusaa GyLeT nPUGAHIUTCILHO napaieibha
KaaccHyeckofi kpusofl. [IpH NadueRllem yBeJIHYeHnH 7 Makep:
MyMbl COAMKAIOTCR BCE TECHCE W XoI KPHBOH BePOATHOCTH BCe B
Goabiefi cTeNeHH NPuGIHKACTCS K KAACCHIECKONY, KK TOTO 1t Tpe-
6yeT DPHHINN COOTBETCTBUA.

Ynpaxmenns [ Buuscsurs ayiceyo suepriio ofunIITOpa, KacoHic:
CKan 98CTOTA KOXCGAIAR KOTOPOro pasha 1044 cext BupasHTo ee 5 3aezpome
somitax B KSOR UaCTH GEKTDR MCAIT LKA BOAML, COOTMSICTEYOIAR 310
acroTe

§ 1601 CRA3AHHEIE OCHUMJIATOPBL CHIbI BAH AEP-BAANLCA 538

9. OCLAATATOD COCTOHT U3 MaCTAMH ¢ Maccoli | 2, CBSBANHOH ¢ Monoxemsen
paBHOReCHR NpyKAKOR C f — 10° Juscal. BENHCIHT HYIEBYIO SHEPTHIO STOTO
acnuLIATOpa.

BoticuATs KOAITOBOE MHCIO OCURAIATODE BPENBAYIeH SaJa%H, SCMH ero

suepris pasxa AT, tic k — 1,38 1019 3pes2pad- — nocroamnan Bomsumana, a
7 = 300° K. YSeauTbeR B T0M, 4TO IDH STOM KRAHTOBOM <HCWC SUEPTAA OCUHI:
T0pa MENRCTCA  MPAKTHYCCHH (mormeants sweprHn
an=1)

§ 160. Ceazaunvie ocuuaantophi. Cuasl Ban-nep-Baasnca

B § 159 Mbl BHAenH, 4TO PemICHAE 3a1a4H O JHHEHHOM OCUHINSA-
Toé)e B KBZHTOBOJi MeXaHWKe NPHBOAHT K BLIBOAY, MTO Jarxe UpH
aBCOMOTHOM hyJle ACJKHA CYLECTBOBATh HYJ]EBAs SHEPTHA», PaB-
past hwg/2. Kak nr cBocoGpased 3TOT BLIBOL, ONLIT NIOKA3LIBACT, 4TO
[OAyuCHHAA Hawk OPMyNa AR SHEPTHH MUHEHHOro OCHUIIATOpA

Ep= (n + é) fio

Jyume cooTBeTeTayeT (aKTam, UM MpeHIN «IOMyKIacCHyecKad»
dopmyna Ey = nfiwo, KoTOPOH mOAb30BaNcA [lnank. O6 stoM cBU-
NeTenbCTBYET, nanpiMep, HCCieloBaHHe MOJCKYNADHLIX CIEKTPOB,
HO, GLITh MOXET, 0COGCHIIO THTEPECHO TO, YTO CYUIECTBOBAHNE HyJe-
BOH SHEDrH UrpaeT HEOXHIAHHO BAMKHYIO POJAb B OGLACHEHHU He-
KOTODULIX TABo MSBECTHEIX, HO ne MOIIABaBIINxCs ofbAcHenmo AB-
aepufi, Ciofa OTHOCATCS TAK Ha3HBAEMLIE CHIB MOJCKYNSAPHOTO
cuenaenus, KOTopLie NPHBJISKAIOTCS Ausi OGBRCHERKS MOBEPXHOCT:
[OTO HATAMKEHUS, aACOPOUHM 1f APYTHX MOJEKYJSIpHLIX ABMeHHH.
Tak KaK 3TH CHib; UPORBIHIOTCS yZC B Danm AeP-BAaIbCOBOM ypas-
HCHUN COCTOSIMHS PeaqLUbIX rasos

(p .;_%‘)(V—b):RT,

70 HX HasuBaioT cwianu Ban-aep-Baaasca,

He 6bui0 HemOCTATKA B NOMHITKAX OFDBACHHTL 3TH CHIbI B
paMKaX KIaCcCHYCCKOR (HIMKW, MPHUEM BO BCeX OGLACHCHUAX HM,
KOHEuNo, NPHIHCHBATOCH YHC O SICK1pHIECKoE IponcxoMkaeHne. [To-
CROMbKY BaH-IeP BAAILCOBE CHIbI NPOSBAFIOTCA Bo B3AHMOLCH:
CTBHAX MEIKAY NEHATpARhIbIMH aTOMAMH HIH MOJEKyJamy, Cyflc-
CTBOBAHHE BX MOKNO MOHSTh TOMALKO B TOM CJydae, €CNK CUMTath,
9To 3TH R3AMMOIEACTBYIOI(HE HCHTPAMbHBIE CHCTEMVbl ABAAIOTCH
SEKTPUYECKHMH AHOMSIVH MM — B cliyuae Goqee cumMeTPuunbx
cHcTen — hraapyroaaMn CiuTul B3auMOeHCTRHA MEKLY LHIONAMH
y61BaoT 06pATIO NPOROPUIORATLHO HeTBePTOH CTENeRH paccTos-
HES, a CATbl B3RNMOAGACTBHA MeNly KBAApYHOJIiMU — O6paTHO
npONOPUHONANLHO WECTOl cTemei pacerodsni. JTO KAYeCTBERHO
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COTaCyeTcsi ¢ TéM JABHO M3BECTHEIM (PAKTOM, UTO M CHJBI MOJEKY-
ZAAPHOTO B3aUMOAEHCTBNA upe3BHYAfii0 GHCTPO MARAI0T ¢ PACCTOR-
HUeM (BCTIOMEMM O PaAHycaX «Cepn NeficTBHA», KOTOpHE Npup/ie:
KaioTCSl Hp¥ /eMEHTApHOM OFBACHEHHH MOJEKYJSADHEIX CHI).

OHaKO NOMBITKA ACTAABKOTO H, B 0COGEHHOCTH, KOMMYECTBEIHOTO
ofbacnenns MOJEKYAApHEX B3aRMOAelicTBHE B paMkaX xaaccmue
cKofl GHIWKH BCTpeUaH NENpeofOMUMEE NMpensTCTBHs. Bo-nepsuix,
COBepILICHHO 3arajlOYKEIM MPENCTaBLIOCL CymECTBOBANAE MOJe-
KyasIpHBIX B3ANMOLACTBHI Y 612r0pOAIbIX Ta30B. ATOMbI STHX ra-
308 061373107 BLICOKO{l 3JEKTPHUECKON CHMMeTpmed, BBuAy Uero
HEeBO3MOXKHO MPHIIMCHBATL HM B CTATHYECKOM COCTOSRHH MOCTOAH-
WB UKMOMBHBI HIN naXKe KBaZpyNOABIBIA MOMEHT. A MEXIy TeM
BCe OHH MOTYT 6BiTb CyLUCHE! B KHAKOCTH H, CNEJIOBATEbHO, OTipe-
ZeNeHHO OGTapYIKHBAIOT CyIIECTBOBAKHE MOJEKyAspHbiX cui. Ma-
Jtee, TOMBITKH NOCTPOCHHSI KONHYECTBEHHOM TEOPHH JlaKe ISl TAKHX
BEI(eCTB, KaK TaJOMI0BOIOPOAHEIS COCAHHEHHA HCI, HBr, HI, 3a.
BEAOMO 06MANAIOMAX GOIbIIEM JUNOALHBIM MOMEHTOM, NpPHBEIH
K HeyAOBAETBOPHTENLHMM pesydbTaTaM.

3arpypHenns ycTpaHsIOTCH, eclM KpoMe yKasaHHHX yHCTO CTa-
THYECKHX B3AWMOME[CTBHA ydeCTh TaKkKe H BIaNMOJEACTBUSA,
06yCOBIICHEbE GLICTPHMH ABHKEHHAMH S/IEKTPOHOB B MOJEKYJE.
. IIycTs MH HMeeM JBC MOJIEKSIb, y XOTODLIX B COCTORHUL NOKOR
Sapifs pacnpesenens co chepuiecKoll CHMMETpHEH, Tak ¥To MO-
JeKYJTHl MeXKAY COG0I0 He B3aAHMOARHCTBYIOT. EC/IH CMCCTHTL 3 pilel
U3 MX [OJOKEHHA paBHOBECHS, TO MOJEKyJa NpHOGperaeT AHIIONb-
MBI MOMEHT M B3aHMOJefCTBEE CTAHOBWTCA Bo3MOXKHMM. Takoe
CMeUieHHe HA CaMOM [efIC BO3HHKAeT BCJGICTBHE HE HCHE3AIOMUX
HH M4 KAKMX yCHOBHSIX HyJIeBLIX KOMeGanHii ¢ sneprueit Tfolimp Ho
nosiBJen e AUNONLHOTO MOMEHTA B ONHOA MOJeKy/e BLI3bIBAST B
OKpyXKaiolem MpOCTPAHCTBE MOJe H HHAYNHPYET AMNOMBHLI MO-
MeHT B IPyrOf. OTH GBICTPC MEHSIOUINECS JUNOJIbHbE MOMEHTEHL
HaxofisiTesl APYT OTHOCHTENBHO Apyra B Takoif dase, ¥TO B pesyilb-
TaTe RBOSHHKAET mpHTAKenHe. TakoBo KauecTseHHoe OfbACHEHHE
MojiekynispHElX CHI. OBO, K4k BHAHO, HEH36EXKHO CB¥3aHO C Cyme:
CTBOBAHHEM HYJEBLIX KOJIEGAHHH, HEOGXORHMOCTL KOTOPEIX BBITEKAET
B3 COOTHOLLENHA HeOmpeIeNenocTu.

[ToxakeM renepb, ¥T0 974 NpocTas KAPTHRA NO3BOMACT Cpenarh
TAKKE KOJTHYECTBEHHLI! pacyeT H YCTAaHOBUTH 33KOH MONEKYJAPHEIX
psanMoaciictBuit. JIAs 3TOro, ofHaKo, HaM HEOOXONMMO Cnauana
BCMOMHATH, KaK pemaercd B KlaccHUecKofl Mexarnke 3anata O Ko-
neGaHuAX ABYX BIaUMOACACTBYIOIHX AR HHAYe OBODH, CBA3AHHLIX
OCRULIATOPOB.

[TveTs Mb HMEeM JIBA SJEKTPHUECKHX JIHMONSA, OTCTOSILEX ApyT
OT Apyra HAa pACCTOSHMH r H DACNONOKEHHMX BAONb mpAMOT
(puc. 246). Macca, cpsisannas ¢ KaXAWM W8 3apAfoB, Nycrb Oyler
paBHA 7, PACCTOAHHE MEKLY MPOTHBONOJOKHEIMU 3apAAaMH B Nep-
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BoM Aumone Nycrb OYXET X5, BO BTOPOM X». Jueprus n9aHMo;1eﬁ<
cTBEA JHNoNe] 06yCOBIeHA NPHTAKERHAMA NpoTABONOAOKILIX 32-
PSAOB H OTTAAKHBARHAME oauoumennbix. [To sakony KyZOHA OHZ
pasHa

e
Uy r+x;+r+x;——xx+r
e 1 1 1
=t +— =t 1)
T 0 X X=X
R e

Tax Kak £ BCErla 3HAUHTEILHO GOMBIIE Xa M X1, TO Ml MOKEM pas-
J0KHMTE ApOGH, CTOAININE B CKOOKAX, B pifsl 110 ofmel dopMyne

1£=(1+%)_

Ecly OrpaHHYMTLCA B KQXKJIOM H3 STHX PasIOKCHUH NepBbIME Tpe-
M5 UJeHaMH, TO NMOCKe NPOCTRIX BBHIYMCACHHA NOAYYHM

Up=— 25 vyt (160.1)

Do B ects TOTEHNMANbHad sHeprusi, 00yc/OBJEHHAL B3auMogei-

cTBHeM AROOEH.
HyCTb Teﬂepb B HEIHX JHOOJAAX BO3HHKAIOT KoJleGaHns; npn

HeGONBIIMX CMEmEHAAX 3TH [P Zy-
kosMeGanHs GyAyT rapmomnue- [T L

cxuma. Tag Kak MacCh 3ap- > Y %
OB M CUJIbI, CBSI3bIBAIOIIHE ux, H r '

B KajJAOM AAIO/Te ONMHAKO-
BH, TO B OTCYTCTOUL CBAIU
Mesicdy Junosamu (HanpuMep,
B Clyuae OueHDh GOMBIIAX pac-
CTOSTHA] Meimy HuMH) 06a OHu 6yAyT COBepaTH npocThe TapMo-
Hdeckue KOAeBARHI ¢ 0OKOW t TOL %e 4acTo10d Wo!
W=V %

rae f—nocTosHuasn KBA3Mynpyrof CHAH, ONHHAKOBAZ y 060UX
JAHOOseR.

[MpuMem Temeps BO BHHManHe CBA3L MEX1y OCLHAIATOPAMH.
Cwmemente 3apsia, CKakeM, B HEpBOM OCUHIIATOPE BLI3LIBAET B
e KBasHylpyTyio CHlly — f:, cuemente 3apfiia 50 BTOPOM OCILHJ-
as1TOpe BHI3BIBAET B HEM cuay — fxo. Ho BeaencTBHE CBASH MEXRY
OCHHUANATOpAMH H3MEHEHEHE AHMONLHOTO MOMEHTa BTOPOTO OCHUJA-
AsTopa BLIgbEaer NOGABOYHYIO CHIy B MEpEOM, H HaoBopot. ITH
ToBaBoyknie cuakl Fip i Fay MB HailieM, sHas 9uEpro B3AHMOJEH-
crBust Use: BMERHO,

au. 2e? ___z?_[/i___Z’
Flg==— 3,;:7 =Ty ¥ Fy= Bxs
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HAXOMKM
a=acosd 4 bcosdy, O0=a0,sind 4 bo_sins,
O=uacos8 —bcosd, 0=aw, sind, — bu_sin s,

Bropoe u yeTBepTOe ypaBHEHHsS RAi0T

8, =8, =0.

ToricTaBaistst 370 B NEPBOE H TPETHE YpABHEHHS, NOMYyHM

a=b="ljha.

Hrax, npH 3apaHHbix Hauadbublx YCAOBHAX KOAEG2HHA HAEX

OCUBISITOPOD NPEACTABAAITCA GOpMyIaMH:

X = % (cos O_f 4 03 0, #) = Acos-2= ) Las tcosjk% 3

Xp= % (cos o_f — cos ofy= A sin

2% pgin L=b O+ ‘;’m" [

B kakpoM H3 3THX BHpaMeunii Mb HMCeM MELICHHO [ wacTo-
TO# (0-— w4}/2] Mensomuiica MHOXKHTeJb, IpeNCTABIAIOMA MOLY-
JHPOBAHHYI0 AMIMIATYAY, n GbicTps [c yacToTof (w- -+ 04)/2] Me-
asionufica (asossiii MHOKuTEAs, Kpome Toro, biaso, uto KoneSa-
HHA %) H Xp CMEWCHEl APYM OTHOCHTENLHO Apyra mo (ase ua m/2,

Pric. 249, ®ayKTyawin SREPIAH R CBRSAMHHX MATTHHKAX.

T2K 470, KOTAA MEpBBI OCUMAIATOp KOMCEJAETCA ¢ MAaKCHMAIBHOI
aMIVIETYNOA, BTOPOf! HaxoiuTcA B mokoe, [locrenenro amnauryza
TEpBOTo YMEHBINAETCH, 8 AMILIRTY/Ia BTOPOTO YBETHUHBAETCH, H ue-
Pes 4eTBepTh NEPRONA MOAYIHIWH pOAH OCHAMIATOPOE MEHAKTCS,
Toc/e 9erd BECH ApOUECC HACT B o6paTioM Hampasaenny (phe. 249),
DTH «CTPAHCTBOBAHWA» HAH (UIyKTYaUm SHeprum HarasaHee
BCEr0 HaG/:01A10TCS B HSBECTHOM JEMOHCTPAUHOHIIOM OIBITE
BABYMS CBASAHHLIMU ONIHHAKOBBIMY MaATHAKAMH. ’
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Boiunicanm Teneps MOMHYIO SHCPIHIO HALUHX CBA3AHHEIX OCLMIIA-
topos. [ToTeuunancHas SHEPrRA OTAENBHOTO OCUANIATOp pPapBHA
!pmofe?, a MOTEHLHANLHAS JHEPIHS CHCTEMbI CBSI3AHHBHIX OCLHMJIA-
TOpOB, Kak Mul BuIEAH B Hayale $TOro mnaparpada, coxepkwr,
KpOME CyMMbl NOTEHUHANLHEIX HEPrHil OBOKX OCHHIIATOpOB, eule
uien —(2¢%/r¥) xyx;, COOTBETCTBYIOMHIT SHEPrHA HX DIAHMOLEHCTBUS.

Mel uMeeM, TakuM 06pasoM,

U

1 0 2 1 5 9 2¢?
5 mory —+ 3 megx; — T XKy,
KHHeTHyeCKas ¥e 3Heprus pania
Lo 1,
T=7 mi} + 5 mig
CaenonateasHo,

P R s, 1 .2
T4 U _% AL A ] 4 g Mot -5 medd — =,

Ecan 6o B3auMOAeficTBHEM OCHLHIISTOPOB MOXKHO GLLIO NMpeHe-
Bpeub, 0T6pocHB NMOCHERHHH wieu, TO TNONHAA SHEPIrHs CHCTEMDI
6uia 65 POCTO paBHa CyMMe 3HEprHit 0§OMX OCUHLIATOPOB, CO-
BEpIIAOINUX KOJeOaHus €O CBOEH Hen3MeHnod YarToTOi we. Ho Ta-
Koe MpUEARKEHNC TOAUTC TOMBLKO B TOM CIydae, KOria OCLHIIS-
TOpEl 1AXOAATCS 1a GOABIIOM paccTosudH Apyr oT Apyra (r se-
7MK0). Mul MOKCM, ORH2KO, NpE/CTABHTh NOMHYK 3Hcpruio T - U
B TAXOM BHIE, YTOGH ee MOKHO GBUIO pacCMaTpHBAThL KAK CyMMY
SHEPrH{ OCIHIINTOPOB, KOMESIIONIHXCA C USMEHEHHbLMY HACTOTAMU.

Jlas 1oro uTo6Li B 3TOM YGENHTLCS, BBEACM BMECTO Xy U Xp HO-
Bble KOOpARHATE! § H 7, CBA3AHHEIE CO CTAPHIMH NIPR MOMOWIM COOT-
HOIUCIIH

H

Otciona, o6paTao

Et+m), =

W, naace,
. . 2 N ) 1o,
HEB-T40, G4+ 8=8+7, xu=g5E—.

Bocnosh3oBaBILACh STHMH COOTHOIMEHHAMHU, MpeofpasyeM BhipakKe-
KHE [UIA IO/II0H 31ePTHE:

THU=5m@ 430 F 5 mo3 @+ — & @~ =

Lo o1 — 2 N2 Lo 10 2 \ 2
2m§+2mm0(1 ,é)g+2mn+2mmnl+m 7

me'e; oy




540 YPABHEHHE WIPEJINMHIEPA [ra. X1

HAXOMUM
a=acosd + bcoss,, 0=an, sind; J- bo_ sins,,
O=acoss, —bcosd,, 0=aw, sins, — bo_sind,.
Bropoe M ueTBepToe ypasHeHHs Aa0T
Sy=8,=0.

TiogcTaBasns 310 B NEpBOE U TpeThe ypaBHEHHH, MM yuHM

a=}b=1ju.

Hrak, upd 3aianibiX HAYaJbHBLIX YCIOBHSX KOJAEGaHMA HAIIAX
OCHMNATOPOB NMPEACTABIAIOTCA HOpMynasu:

4 (cos @t + coso,f) = Acos 2Ty cosfm‘—';m*— &
(c0s 01 — cos @ f) = A sin 2=+ 4 m’—;'“”“— t

B KaxAOM M3 9THX BHpAKEHHA Mel HMeeM MeAJCHHO [c uacTo-
T0ff (©-— @4} /2] MERRIOMAACT MHOMHTEN b, NpelCTABNSIOIHI MO TY-
JIUPOBANHYI0 aMIMIATYAy, u GHCTPO [ uacToToii (o- 4 o4)/2] Mme-
HOUHANICA $a30BbIA MHOKHTENb, KpoMe TOro, BHAHO, 4TO Kone6a-
HAT X M Xz CMEILNEHbl JApyr OTHOCHTEBHO japyTa no ¢ase ua m/2,

’”{‘M/_nu/,\f‘ ’Mu%ﬁv% |

Puc. 249, GnykTyalHR SHEPrHH B CHf3aHHWX MANTHHKAX.

TaK 4TO, KOTJa NEPBhUI OCHMAAATOP KOJECMETCH ¢ MAKCHMANbHOI
aAMIVIATYROH, BTOpOH HaXonktcad B nokoe. [TocTeneHHo aMmanTyIa
NEpBOrO yMEeRLINACTCH, A aMILIHTYLA BTOPOrO yBeNHMMABAETCH, U ue-
pes yersepTb NepHolla MOAYRLHA pOJH OCHUMAIATOPOB MEHSIOTCH,
TOC/e wero Bech Mponecc MAeT B 0fpaTHOM Hampasaenwnu (puc. 249).

OTH «CTPANCTBOBAHUSA» WM QIYKTYalluy SHEpTHH HalJsiHee
BCer0 HaGMIONaloTCA B H3BECTHOM JIGMOHCTDALHOHHOM ORNBITE §
ABYMS CBA3AHILIMU ONMHAKOBHIMH MARTHHKAMH. -
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BHYACAHM Teepb NMOTHYIO SHCPTHIO HAUIMX CBA3AHHBIX OCIHANIS-
ropos. [loTerinanbHas SHEPTHA OTIENLHOTO OCHAMIATOpZ panha
3fzme3x’, @ NOTEHUHAJbHAA SHEPrUA CHCTEMBI CBA3AHIBIX OCLAMISL:
-gopoB, KaK Mbl BHNeJH B nauaje 3TOT0 Naparpada, COAepiiT,

OME CyMMBl MOTEHHHMANLHBIX SHEPTHH 06OHX OCHHANATOPOB, eme
qaien — (262/r®) ¥1Xs, COOTBETCTBYIOINMI SHEPIHHM HX B32HVMOACHCTBHA.
Mpt HMeeM, TAKUM 06pasom,

Loy, 1 . 20
U=7m")nx1+?m°)%xz‘_ 77 ke

eTHUECKAs JKe 3Heprus paBiia

[
7= mi} + 5 m&.
eJl0BaTE1bHO,

PR NPT | 1 %
T+ U= m& 45 mi} + 5 mojs} 4- 5 mogx; — —5 X%,

Ecnn 661 B3auMOJeACTBIEM OCUHIAATOPOB MOMKHO GbLIO MpeHe-
ub, OTOPOCHB MOCJACIHMA WIeH, TO TNOJAHAA 3HEPTHS CHCTEMb!
WAa 6L POCTO paBHa CyMME 3HEPrfi 060X OCHHIATOPOB, CO-
BplaloWnx KOIe0anus co CBoel HeusMeHHOH 4artotof oo. 1o Ta-
pe MpHOAMKEHHE TOIHTCA TONBKC B TOM CIyuae, KOTjla OCUHANA-
ODEl HaXOHATCA HA GOJbLLIOM DACCTOSIHHH APYF OT fApyra (r BC-
%0). Mbl MOKEM, OIH&KO, NpeACTaButh moanyo suepruwo 7+ U

IH OCHHAAATOPOB, KOMESTIONTIXCA € UIMEHEHHOIMU HACTOTAMU,
(5 TOTO uTOOR B 3TOM YGEAUTLCSA, BBEAEM BMECTO X[ H Xz HO-
Jikie KOOpIHHATH § U 1), CBA3AHHBIC CO CTAPBIMH NIPH NOMOLW COOT-
Howwen ni

(5 — 2

1
G+ m=r @
Ranee,
5 & 2 !
B4 =840 G4E=2+0 zn=5E—".
OCTIONB30BABIIUC, STHMH COOTHOLIEHNAMH, MpeOSpasveM BhIparke-
ANA [ONHOH SHEPTHA:

AU = G @ i) T gma @+ 1) — 5 € —n
I ) . . ) .
—m§2+émmﬂ(14 2 )§2+émnz+émmn(l+i~)nz

2 mr'o} mre}
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HaH, npununMast o BnuManne (160.4) n (160.17),
T U =4 m — 4 molE 4+ mi? S me? v, (160.5)

Msl puanm, Takum o6pasoM, 4TO B STOM IpeoGpas0BaHioM Eule
+ U ect He uTo HHOe, KaK CYMMa SHEPrHA ABYX HEAaBHCHUMULIX
OCLIISTOPOB, COBCPIIADIIAX KOJeOAaHHA ¢ HailelnbiMH paHee
HOPMAJIbHBIMH 4aCTOTAMH 0y H ©_!
Coraacho noayuennoMy B § 158 pesyapTaTy SHeprus sTHX
OCIUIATOPOB UNEET KBAHTOBAIbIE 3HAYCHUS:

E,,+=fz<n+(/t+ +%), E, =hfo. (n, +—;>

H, CJIETOBATEILHO, NOHAS JUEPIUsl CHCTeMBl GyAeT

Evp b Beo=fo (n, + 5] +f0- (n- 4+ 5. (160.6)

Briyncsrny renep, 9acToTH o4 M @_ ¢ ROCTATOYHLIM Aaf Hamielt
LeH TIpHGIHEeHIen.
Bsens specto £ ero puipaxcsne i3 (160.17), monyuuw
2\ ( 26% \ W2
= —_ = —_ — 2
(n+_m0(l r“f) s 0\1-[— r“f) (f=ma}).
Tentepl, BOCIOIb3) CMCH PASAOKEUHEM B PAL

(14- ey

3 £

45—L 4

Mer noayany

— S ) e=wfl 4

o, =m0(1

[oncrasasa ato 8 (160.1), Hajzem
E=En, +E,_

= (r, e o 1) o (1 — 1) = g (it 1)) (160.7)

B rom cryuae, kori1a 06a OCHMANITOpA HAXOASTCH B OCHOBHOM
COCTORHMH, 71, = n_ = 0 1, KPOME TOTO, BTOPOfi U/N€H B KBAIPAT-
HbIX CKO6Kax o6pamxaercs B HyIDL '), Ml DOayyaem

E=n <
= m0(1 ~7gi—,). (160.8)
*) DTOT anew MPECTABIACT Goabiuoll HHTCPEC B TOM CIy94e, KOria OLHH

H3 AumOfel HAXOAHTCS B T. & KOTAA 7y WA A % .
Onaxo Ha 910M cayyae Mel $1ech OCTAGADANBATbCA HE GYACM,
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[puruMas BO BHHMATINE, UTO CyMMa HyJeBbIX riepruil 060X ocus-

NsiTOPOB paBHa Ysfiny - foliwe = Awe, MB BHINM, 410 NONKAA Sitep-
. e

[HS CHCTeMbl MEHRIIE 3TOH CYMML! Ha BEMHIHEY 2]2,5° . Benuunna

e'hiog

57t

U CCTb SHEPrHs CBAIH

etling
2f

We—— (160.9)

—_L
=17,
rae C — HekoTOpas KoHCTanTa, OTpUUATebIBbIA 3HAK yKa3LIBAET HA
To, WT0 CBASL BaWNOMAaeTCA Beerfa B NpHrskenuu. Koncrawry C
IS PA3NUYHEIX ATOMOB MOXKHO BB{UNCAHTb W3 ONTHYECKHX AAHHBIX
M 3HAYennil yHHBEPCAMbITbIX KOHCTAHT € i .

Takny ofpasom, Mbl NpUOBpETaeM BO3MOKHOCTL BHYHCIATL 3a-
paHee SHEPrHIO MOJeRyNApHLIX Bsamvopeitersui C  apyro#t cro-
ponbl, Mepoi 310N dnepruH MOKET CIYNHTb pa6oTa, KOTOPY®
HyHO 3aTpaTHTb, 4TOOLI OCBOGOAMTH aTOM WM MOJeEKyTy OT ee
¢BA3u B TBEpHOA KPHCTA/MIMueCKOHl peleTke, Hay, nHaue, TemaoTa
BoaronkH (cy6unmaunn), HackoJAbko xopomo cOBRAazaioT Mexay
€OGOf BHUHCJEHHbIE MpH Nomomn dopMysb (160.9) u nalimenHsie
Ha OMulTe BeJHUMHLI TEIIOTH CyOauMauun (rpuseiennbie K afco-
JUOTHOMY HyJIiO), NOKAa3BIBaetT

npusoaHMas TaGauua. oot eyGmmam

Bosspamasnch K CKa3aHHO-

storo maparpa- o™

my v Kazane parp
da, MBI NOKakKeM, 410 BO3-
MOKHOCTh  OGDBACHEHHA CHI
cuensienus Bau-gep-Baaasca ]:I,E ?véz ?’gg
06ycqOBACHA NOABACHHEM B Ar 208 203
GopMyse SHepru¥ OCLHIIA- CH, 242 2,70
TOpa CTOMlb CTPaHHOR HA mep-

BBIfj BAraAj HyJeBOfi Suep-
raH 'fohap. B caMom fmente, ecild 651 MBI 15 OKOHYATEJAbHOTO pacuera
BOCNONL30BAIHCH HOMyKAaccuueckolt dopuynoil [Tnanka En=nfiy,
To0 B dopmyae (160.7) Bumany Gbr ABe CRUHMILL (B IepBbIX H 1O-
CNEAHUX Kpy[abIX cKo6Kax). [ToaTomy B OCNOBHOM COCTOSIHWU (WpH
Ny ==n=0) Mb MOMyuwaH Gbi ouf 3HEpTHEH CBA3K HyJb. 10 KaK
pa3 COOTBETCTBYeT TOMy (aKTy, YTO HOKOSmHecs OCLHJIATOPB
COTJIACKO KJIACCHueckofi TCOpHH HE MOryT B3aHMO[EHCTBOBATS,
€caH OHH B CHNY pacipellesienys 3apaioB ne OGJIazaior 3aMer-
HBEIM 3JeKTPHYECKHM MOMENTOM (aToMul Glaropofmbix rasos He,
Ne, Arf).

TakuM 06pasoM, HOREACKIE Cilh MOACKYAAPHDLY 83aumodedcToutl
8 HOPMAAbHOM COCTORHUL C6A3GHO € CYWECTSOSQHUEM HYyie80d
snepautt.
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§ 161. YacTua B TPEXMEPHOM NOTERURANbHOM suzke

B 3azauax, ¢ KOTOPHIMA Mbi HMEJH JJ0 IO CHX NOp, QYRKUAR §
3aBHCEA TONBKO OT OHOM KOOPRAHATH. B 3akiiouenue STOH rnasbl
MBI pACCMOTPHM NpOCTEMIKE MPEMEp TPEXMEpHON safaum.

ITycTh Mbl HMeeM TPeXMepHsli NOTERUHANBHBN SULHK, T. €. OTPa-
HEYERRYIO BO BCEX RANpaBAeHusx 06;acTb, BHYTpH KOTODOHl moTeH-
LMaNbHAA SHEpTHA BCIONY pABHA HYMIO, HO HA TpanHIax K0TOpO#
oBa cpasy Bo3pacTaet KO GeCcKOHeIIOCTH W OCTAeTCs TAKOBO! BO
BCeM OCTafbHOM mpocTpamcTse. I10N0XKAM, TO OGIACTD, TAe MOTEH-
LHaJbHaR SHEPrHA DaBHA Iyi0, MMeeT (OpMY mApalUleNCHuNen
¢ pebpamn I, b, 5. MBI MOXKEM DPEACTAaBHTL U(x,y,2) kak cymmy
Tpex CHAaraeMux:

U(x, y,2)=Ux () + Uy(9) + Uz (2)
nprYeM

apr 0<Cx<Ch Uy=0, npn $<0 v oxz=l Ug=o0,

y 0yl U,=0, » y<0 n yzh Uy=co,
» 0<e<<l U,=0, » 2z2<0 u 2=l Uy=oco.
Vpasnerue IlIpénunrepa Mbl HAMMmEM MVIf STOTO CAYYad B JEKAp-
TOBBIX KOOpAMHATAX!
Py, %y | 0%, m? ;
s Fr] + 5 + E—Us— U,—U)=0. (I6L1)
Do — auddepernuanbHoe YpaByeHHe B UACTHHX TDOHSBOAINBIX.
MeTol pellieHns, KOTOpBIM MLI GyAeM NOJb30BATHCS 3AECH, COCTONT
B TOM, 4TO YpaBHENHE B JACTHBIX NPOH3BOIMLIX CTApAlOTCA pasie-
AWTH Ha TpH OGLIKHOBERHHX ypaBHeRHs. BoaMOXHOCTL STOTO pasie-
JleHusi B BHAUATEJBHOH CTENeHH CBA3aNA C paunOHAJBIHM BhGOPOM
CHCTeMB KOOPAMHAT, 4 BHOOp STOT OOBIUHO NOJICKA3HBAETCA CHM-
merpuell sanaun. B namHoM cayuae pasjeniemiie OCyWIECTRAAETCA
OueHb [pPOCTO.

Bynem HCKaTh § B Bujie NpOM3BEACHHA Tpex GysKIul, KaKnas

H3 KOTOpHX BaBHCHT TOJILKO OT OfROH KOOpAHHATE

Y&y A=X®Y @ Z (). (161.2)
[Moncrasus pemenrue (161.2) » ypasuenne (161.1), pasacnus ote
yacrd Ha XYZ, monyuuM

| &X _ onm LBy 2m
(T LE e v+ (3 G5 )+
1 d%Z __ 2m __om
+(7 O~ 2u)=—FE (1613)

3jecs MepBas Mapa WIEHOB 3aBHCHT TOJBKO OT X, BTOPAT — TOALKO

OT y, TPETH ~— TOMIBKO OT 2, OARAKO CYMMa HX DABHSETCS MOCTOAH-
HOM. DT0 MOMeT GHTb JBIL B TOM Clyyae, KOTAA.Kamjaas us CKO-
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GOK B JICBOI YaCTH camMa paBHa Kakoi-To nocTosHHoi. Wrak,

L dX  om N
T TN

| @z % (161.9)

o Tar T w A=l

Mb ponyanin Tpn OObIKHOBeRHLx Aup(epennnaipiex ypasHe-

HEA — pasjie/ieHie 0Ka3a.10Ch BO3MOKHLM. OUeBHIHO, 1T0

2
Cot €+ Co=—7E.
Ho Bmecto nmocrosupbix Cx, Cy, C, ynoGHo Bpectu apyrue: Ey,
b 7
E,, E. nonaras, nanpumep, C, = —TT—E,r Torna ypabuenus

(161.4) moxHo GymeT nepenucarb B BHIS

42X
dx?t

2m
+FE—U)X=0ur 1 (161.5)
QOueBHANO, 4TO ypaBHEHHE (161.5)\cosnaﬂ.aer c ypam—leﬂneiﬂ (156.1)
3afauy o6 0AHOMEPHOM HOTelnHanbHOM fuke. Kpaesbie ycnosna
Ans obenx 3aKay TaKKe OAMHAKOBLL:

X(0)=X(!)=0. (181.8)
Tlo ananoruy ¢ pemernsMu § 156 Mbl MOXKEeM cpasy HanmucaTh pe-

Ienus, yAOBAETBOpsIOMAE ypasHeRwo (161.5) m xpaesmm ycro-
suaM (161.6). B HopMHpPOBANIOM BHAE OHM TAKOBEL:

EY
Xn=]/ sin ”lj“‘ (re=123, . (161.7)
npH yCIOBHR
B, w=n2 0
o = (161.8)

JIB2 ApyrHX ypasHeHHs b3 rpynmsl (161.4) HMeOT aHAJIOTHYHEE
pemieHns:

2 ngw
Y”—]/l—zsm T

- (ny, n,=1,2,8,...) (16L.9)
Z,,=]/~l—- sin "’lm s
s A
TPH YCAOBHAX
o ntH? g el
By=rr, En=nij . (161.8)

18 3. B, Wroascxni, 7. 1
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Temepp Mbl yKe MOXKEM HANWCATb PELUEHHS KCXOAHOTO ypaBHEHH:,
YAOBJIETBOPAIOULNE KpAeBEIM YC/AOBUAM:

8 max |, gy nynz
\[:,.(x,y,z)—]/msm—ll—sm A sin 2[ , (161.10)
s
IpyueM SHeprH§ MOKeT NpHHEMATD TOABKO CeAyIOUIni i
D aaenh, p AYIOULHH JUCKpeTHBIH
E (4, 1y, 1) = By + E il
2 gy 1) = By + Eny+ Enp =~ T$+T7+t_2 (161.11)
2 3

(ey 1y 12=1,2,8, . ..).

Co6ersennsie ¢Gyskuun (161.10) mawest sagmaun  XapakTepH-
8yI0TCA CaefyiowdM ofpasom (cM. § 166): owu ipeAcTaBAAOT
¢06010 cTOSYHE BOJHbI, HMEIOMHE /iy + 1 Y3JIOBHX OJOCKOCTEH, fa-
pANeNbHEX KOOPIHRATION MA0CKOCTH Y2, fiy + 1 y8a08BIX nAGCKo-
creir, NapansiebHbIX TAOCKOCTH X2, H f1z = 1 Y3JIOBBIX TJIOCKOCTEH
NapascAbHBIX TUIOCKOCTH XY, '

BosmoxBBe sHayeHns 3Heprud cornacke gopmyne (161.11) of-
pasyioT JMCKDETHYIO NOCe]l0BaTeAbHOCTD, TpHdem KamIol Tpoiike
HEARIX UHCER My, My, iz COOTBETCTBYET ONpeieeHHEI YpOBCHD 3Hep-
;;;n.ﬂsm TpH UYHCHA g, fly, f; ABAAIOTCA KEAHTOBLLML HUCLAMU 32-

o H.

Jin HATAAHOrO MPEACTABACHHA BOIMOKHEX COCTOAMI H 3HA-
YeHH{l SHeprHH UACTHUH B AMKe YAOGHO NO/B3OBATHCA CIEyio-

IHM FeOMETPHYCCKUM 0GpasoM.
¥ Ipencrapum ce6e npocrparcr-
BEHHYI0 pCLIETKY ¢ SJCMEHTap-
HOK fdeiikofi B BHAE MpAMO-
YTOJBNOro Napajuleeninena ¢
peGpamn 1/4, 111z, 1/1s (pac. 250) .
O6beM sroft  svelikH  Gymer
1/lilyls. Tak Kak KamKI0S COCTOR~
HHe Y4CTHLB XapaKTephayercs
COBOKYIHOCTHIO LeNLIX 3HAYEHHH
Az, My, Hz, TO Mbl MOXKEM Tpej-
CTABHTb /1060 COCTOANME TeM
A Y3J0M pelieTkd, KOTOpHil AMeeT
KOOpAHHATH Ax/ll, Myfls, fafla.
Suepruio, COOTBETCTBYIOLLYIO
. 3TOMY COCTORHHIO, Mbl HABieM
IpH IOMOUIH HAMEH [EOMETpHYeCKO!l KapTHHBl CAeLylmum 0fpa-
30M. Boo6pasuy BexTop’ A, CORAMHAOUAA HAYAN0 KOOPAHHAT C TOY-
xofl, nsoBpaxamonell cocrostane. Kpalpar ero Lauubi GyacT

A=nt[B+n B+ nl[8 .

et ]

4

Pre. 250,

§ 161 YACTMUA B TPEXMEPHOM TMOTEHUUATBHOM SIIHKE B47 .

[MoToMy SHEprHs NpeACTABHTCA KaK
nPh?
E (1, g 1) = 5 A2,

Tlpu momMOMH ONHCaHHOH reoMeTpHIECKOl KapTHHBL Mbl MOKEM
YCTaHOBHTE upeaBpluaiiio BAKNYIO 0COGEHHOCT, peleHHi Hannol
3agaun. Ecau pefpa MOTEHUHANLHOTO AlMKA 1y, Is, I3 — Heconame-
pHMBIe YHCA, TO KanOoMy COCTORAIUIO COOTBETCTBYIOT CBOSL naofpa-
Kaolas TOuka B CBOE 3HQUEHHE SHeprnd, He o Gyler 8 caydae,
Korna pebpa HaxOXATCA B PALHOHATLROM orromenuH, Ilycts aast
NpOCTOTH MBI HMeeM Je10 C KYGUUeCKHM SIIMKOM, TaK 4TO L=
1. Jlast storo cayuas

=hL=1

B nynx nymy nymz n2h
— — s B o —(n2 2 2
q;—'[/l2 sin—— sin——sin—7—, E=5s (n2 + 12 4 1).
Ouepuno, 40 119 KazIo# COBOKYNHOCTH UEALIX sHaueRHA fix, My,
£, MH Gylen HweTb CBOIO (yHKUHIO 4, HO SHauenia SHEpruu AJA
Beex COCTOSNME, A1A KOTOpBX CyMMa .+ n? 4} HMeeT OIRY B
Ty e BeaudHny, GyAeT MeXIy coboit copmazath. TakuM 0GpascM,
PAsTHYHBIM y3NaM jramedl BooGpazkaeMoil KyGRYECKOl pelleTkH 6y-
IyT BCETAA COOTBETCTBOBATH pas/HuHbIC COCTOANMSI, HO 3HEprHd B
HEKOTOpBIX H3 STHX COCTOSIHHH GyNeT OfNEakoBa.

PaccmOTpEM [UISl ipHMEpa JBA YacTHBIX CAylas, MMyets fx =1,
ny =1, 1, =1; B 310M Cayvae ni—i—nfj—i—n: =3, Tax xax Hembssl
10106paTh TpH ApyrAX UEJHX uHCIE, CyMMa KBAApaTOB KOTOPHIX
pasiia 3, TO COCTOAHHIO (1,1, 1) cOOTBETCTBYET TOMbKO ORHO 3HAYe-
Hue SHepriH. HO HOMOKUM, UTO fx = 1, ny =2, n, = 3. Torna

2 2 2
nx—{—ny-{—nz =14,
J COOTBETCTBYIOLLEE BTIaucie SHepruu Gyret

k2
E=fom 14

STOMy 3Hauenumo SHSPTHH OTBEUAET WIECTH paB.’IH'{Hb\X COCTOﬂHHﬁ
(cm. Ta6nnuy XX1V).

Tagauna XXIV

ny ny 5y n§+n§+n§
1 2 3

{ 3 2

2 3 1

3 1 2 i 14

2 i 3

3 2 1)
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Herpynuo yGe1nTeCa B TOM, uTO B clydae KYGHUECKOTO AUIHKA
NOABAAIONICe GONBIIMHCTBO COCTOAHMA GYIeT XapakTepusopaTbes
TOfl OCOGEHNOCTDIO, YTO HECKOJIBKHM PaSHIHBIM COCTOSIHHAM COOT-
BeTCTBYeT 0iUHaKoBas IReprus. Takne coCTORNHS HA3HBAITCA BLi-
POKIEHHLIMH, & UHCAO COBNAJAIONIMX YPQBHCH SHEIHHM HASHBACTCH
KBAHTOBHM BELOM COCTOSHHSA. B mepBoM H3 pa3oGpaHHLIX NPHMEpOB
KBaWTOBLI Bec paBeH |, BO BTOPOM OH PaBer 8.

Vupamuenns: | PeunyTh 32127y 0 KOAEGAmMTX TPEXMEPHORO HIieiNOr0
counstasopa (M. § 113). TIOTCHUMATbHAR SHEPIWA TAKOTO OCLHAIATOPA BHIPA-

KAETCH CyNMOH

U =hfxx® + ofyy® -+ af 22
tae fx, fy, f:— KOHCTANT ynp; CHIH B TPeX IeKapTo-
X APSMOSTOTUEX OCeR KOOPTANAT. Baoxs COOTBETCTBYIONHE KAACCHICCKHE 1ac
T0Te @x =V f<fi H T. I, MOKHO MPCACTARUTH NOTCHIMANLNYIO SHEPFHIO 8§ BIIIE

1
U= m (a2 ol + 0.2%).

Bocromb30saTLCA 3TN SHDAKCHASH NOTENHATbHQH svepruw s ypandenn HIpé.
ARiMrepa # NOKASaTh, 410 COGCTBEHNME 3ATCHMA SUCPrMi OCUHIIATOPE B STOM
cryuac Takosi

Bagonyn, = B2+ R) Ox + (ty 1) 0, + (7, +'h)©,

e NeNHe HGTA Mv, Ay, fiz — KBAUTOBHE WHCTA NARHOW 32iauf, 3 COBCTOERHHE
DYHKUMH HMRIOT BHL

. —L (e e yia,7) _
By my = 7 i (Va2 o, (VF, ) e (V52

rae

_ om

Gx=

Of B TR

Vxasange. Brinonmats pasiencrue ypasucuna IHlpéiumrepa 10 cveme, paso-
panko b naparpage, # Thea peayabTatamu § 158 ans
OIFONEPHOTO MHIERHOTO OCUAIATADA

2 Voemutbes B TON, ¥TO 1 Cayuac HIOTPOIOre HHEAHOT
OCHAATATOPA COGCTBHHHC SRAUSIHN SHEPTAH GYIYT:

En e (s g -+ ) By == (a0 ) By (8= i+ g + 32).

Flokagats, w10 5ce YPOBRN, 33 NCKIOUEHFEN HYJeOoro (ns = iy = ny = 0), —
(n4+ D12

BHPOKIEHABE, C KBAHTOBLIN BECOM

MPHJIOKEHHSA

1, BHIUHCJEHHE CPEJHHX 3HAYEHHH

PaccMOTpUM CeAY1OMYI0 3anauy. Tlyers My ydactByeM B Gec-
NpOUTpHIIIHOK J0TEpEe, B KOTOpOH HMeeTCA 1y GUACTOB C BHAIPHI-
meM a4 pyﬁneﬁ, ng GUAETOB C BHIATpHILEM & y6aeit n 1. a4 Ka-
KkoB cpemiuil Burph? IIYCTh MOAHOE HHCJO naerop pasho N:

- %

Mt o M ‘2 ny
QueBnRO, UTO Cpeifl BHUTpHIII & Hafinercs 0 <IpaBHly cMeme-
HUS>:

N.

i, F Gofig b oor Mty n iy n,
ot o P AT o My g2 ey, (D
aF iyt e Ty eyt Ty an
Ho orxomenyst AN, na/N, . .. CyTh BEpOATHOCTH 115 YHaCTBYIOULETO
B JI0TEpEE MOMYSHT, TOT HIN HHOH BHIArpoliil *):

w, =N, wy=ngfN, .., wp=ms/N. (1.2)

[Mostomy (I.1) MOKHO Mepenncats B BUAE

d=aw + syt ... +a,wkj‘ (1.3)

Buipakenye, cTofiLec B npasokt yacra (1.3), 7. e. CyMMa npoHs-
BeNIGHNY 3HAuEHHE, KOTOpLE MOMKET pAHUMATL BEARINNa d, K2 co-
01geTCTByIOmMe BepOATHOCTH, B TCOpHH BCpOATHOCTE! OOHMHO HA-
apBACTCH MATEMATHUECKHM OMHAZHHEM. . .

B Gonee ofuiem caydae BETHUNHLE X, TPUHHMAIONIEH JHCKPETHELR
DAL 3NANERNE Xy, X, .., Xn, CPOUH KOTOPHIX MOTYT GHITb 1 OTpHIA-
TeNbHEIC, TIpHYEM BEpOATHOCTH NOJYHHTL STH SHAueHw pasHyl COOT-

BOTCTBERHO Wi, Wp, -, Wr, MATEMATIIECKOE OWKHAaHUe OMpEAe:
neTcs Kak a42e6pauteckan cymmna
F= g, + X+ . o+ X (1-4)

*) Cm., nanpumep, C. H. Beprwrefin Teopus sepoatilocTed, ctp. 17,
Toctexnafar, 1946. -
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3amerum, uto BepositHocTd (1. 2) ofpelencHbl TaKUM ofpasow,

YTO CyMMa BEpOATHOCTER BCEX BOZMOWKIBIX 3HAUEHHH BENHUMHM @
B (1.3) nan x B (1.4) pasra L:

a4 .0y
@ 4wt . .+wk:—T—=l. (1.5)
CMbica  TAKOTO ONpENE]eHHS COCTOHT B CJACAYIOWEM: TaK Kak
@i, s, ..., Gp NCYUCPUIHIBAIOT BCE BOSMOMKHbIE BE/HYKIIN BHUIPHIIA
"

noTepes GeCHpONTpLIIIKASA, TO CyMMa BeposiTHOCTe! Wi+We-. ..
...+ @, 1O TEOpEME CIOKEHHS BEPOSTHOCTEN paBHAs BEPOATHOCTH
NOMYuHTb KAKOH-fuf6y0s BEIAIDHILI, ECTb BEPOATHOCTS NOCTOBEPHOTO
co6birhs. [1o OGLITAOMY YCIOBHIO, EEPOSTIOCTh AOCTOBEPHOTO COGHI-
Tus npunmMaetcs papiok 1. Ecin BCpOSTUOCTH BCEX BOIMOKHEX
3HAUERHI BEHUMHEI YIOBIETBODAIOT YCJORHIO (1.5), TO roBOpPAT,
4TO BepOATHOCTb HOPMHPOBAKA K 1.

B (ussKke B IEKOTOPBIX CAYYASX TPUXOZATCHS HMETh NEIC C Be-
POSITHOCTAMH, HE HOPMHDOBAHHEIMI K L. Moxuo 6o Gk, HanpH-
Mep, BEPOATHOCTL LIOAYUHTL TOf BN HHOM BLIUTDBII XapaKTepH30-:
BATh 4MCIOM GHIETOB, NAIOMHX 3TOT BHHTpHiL. Toraa

W =1y, W=y, .., W= 14,

u no dpopmye (L. 1)

L taw 2{:«“%
Tk Xy
n

2w
Z w, (L6)

_ 4@ e, t
@yt .

unn BMecto (. 4)

Tpupesennyie onpenesenus OTHOCHIICh K BENHUHHAM, PAacIpe-
JIe/eHHBIM AHCKDETHO (HATPHMEp, pasiuuiIsle BO3MOKHbIE BLIHIDHI-
WA a, G, 4y PA3NMUAKTES HA KOHCUHOE uHeJo pybneh). B du-
3HKEe e UaCTO TMPHXOAHTCH HMETb AeN0 ¢ BEJHUMHAMH, H3MEHSIO-
IMMHCSL HelipCpLiBREIM oGpasoM. B 3TOM ciyuae BEpOSTHOCTb
KakOH-1160 BeMuuuie HMCTh SHAUCHHC, NeKAlee B Y3BKOM HuTepRale
Mexny X # ¥+ dx, mponopunoHaibHa BeJHUHHE HMATepRana dx X
BRIpaXkaercst B Bule w(x)dx. 3neco GyHKuns w(r), KoTopas Hadh-
Baercs dynKiuel pacnpelesenus WM RAOTHOCT6IO BePOSATHOCTH,
HMeer caedyomuil cmblch, TlocTponM KpHBYIO, H30Gpaxaiouryio
w(x) (puc. 251); ma maxom yuactke 0T X 10 ¥ -+ dx dpymxumo
W(X) MOKHO CYHTAThb MOCTOAHHOH M NPOU3BENEHHE W (X)dX, H30-
GpaskacMOe MMIOILALLI0 BAMITPHXCBAHHOH IMONOCKH, €CTb BEpOST-
HOCTb TepCMeRHOH BCJHYMHE MMETh 3HAYEHWe, Jexamee B yKasak-
HOM HETepBate. Ecin 3Ta nepemendas BeIHYHHA MOXET HENpEpbiB-

1. BBIUMCIAEHHE CPEJHMX 3HAUEHMF 51

Ho MaMeHATbCA M KOHESHOM HHTepBale OT ¥ =4 g0 x =25, 10
b
BHTErpal Iw(x)dx, H30Gpanaensill MIOMAARIO, orpammnaaemnia

a

KpHBOH MEHLY OPAVHATAME ¥ == & 1 x = b, ecTh BEpOATHOCTD TOTO,
WTO SHAUEHHe X JEKHT TAe-HHOYIb D yKasauod KOHEHHOM WHTEP
paze (a,b). B ToM cnyuae, KOrAa B oM, HHTepBANE 3AKTIOHEHE!

Bce BOSMOMKHBIE BHAUEHHR ¥, MATErpal I w (x)dx NpelCTABIAET

a
BepOSTHOCTL JOCTOBEPHOTO coGurmist, Ecan pynxuns w(x) BrGpana
2K, 4T0

b

Iw(x) d

2

wezt

, @D

TO TOBOPAT, 410 INIOTHOCTb BC-

OSITHOCTH HOpMHEpoBaHa K L.

g yacTHOCTH, 0GAACTBIO A3MEHE-
Mg ¥ MOKeT GbiTh HHTEpBaM OT 2
0 no co HaH Aaxe OT —0©
10 -+oo. UroGe ycmomHe (1.7)
‘MBICJI B 3TOM Caydae,
g’;ﬁif\n; w(x) MOMKHA }loyCTaTO'-lHO GHCTPO beleTb npH BO3pA-
crayun X (M0 Kpafireil Mepe, KaK %2, rie p> 1) %), ab)
Tlns OThCKAHAA CpeiHero sRauedud £ Bech HHTEpBadt ( D)
pABGHBAGTCA HA MAJbIe YACTKR %, x4 dx Ha Ka)K,‘lOgl u3 !:no
w(¥)= @ (%) MOXKHO CuuTath NOCTOABHOM; (%) dX npu. J:MX)I.(e L;X
paBRO BEpOATHOCTH BEAUIHIE ¥ HMeTh SHAUCHHE MEKILY ¥i X,

2 £0dr 4 x

Pue, 251,

Tlpegen cyMmul 3 xw (1) d%, paBHbil HHTErpaTy wa(x) dx, W

;
6yler B STOM CAYyuAE NMATEMATHIECKHM oKuRAHTEM TIH cpeannM
3HaueHNEeM HenpeprBHo H3MCHSAIOIEHCHA BEJIHUUIBL )

b

| o) dx. (1.8)

a

X

[1peinonaraercd Np 5T0M, 410 MJIOTHOCTS BEpOATHOCTY HOpMHDO-
Baua K 1, T. € UTO HMeer MECTO paBeHcTso (1.7). Ecmu xe o(x)
Me HOpMHpOBaHa, TO Juifi BBIAMCICHIA & crenyer MOAb30BATHCR

*) Cit, wanpisiep. B. Il Cuup#os, Kypc swemed maremsmay, t. 1L
Hayxas, 1967, crp. 263.
cHaygas, 1967, 01 B, asareabcroayn_creayer OGPETITCE @ [YKOWOICTORIL
o TEOPHH BEPORTHOCTER, Hangumep, Trepxenxo, Kype teopun Bepow
wocted, «Hayxap, 1969, e1p. 168.
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dopmyaoft, aranornunoi (1.6):
b

{ xweax

H

& . 19
j w(x) de

a

Cpejnee suauenie Ksaapara X2 Gyzer [B cayuae, Koraa @ (x) Hop-
MupoBaual: . .

P fﬁw(x) dx (1.10)
1 BOOGULE CpejRee SHAUeHHE M060d §yRKIHH Fo
b
f@= [jweEdx (L1

Pacemorpum nmpumep. Ilyers
w(x) = e, (L12)
NpHUEM X MOKET NpUHWMATH BCe aauenns or O 1o co. [Tpomepsien
HOpMEpOBANHE PYHKIHH © (X) == ek
J e~M dy=
g
1, €. BEpOSITHOCTL He HOpMuPOBana; Jisl BUYMC/AEHHS CPE/HHX 3HA-
yennli HyXHo Au60 noabsoBarbea popmynol (L. 9), aubo HOpMHUpO-
Barb @ (). OueBHAHO, YTO B AAHHOM cayuae Ae~* m ectb HOPMHU-
poBaHKas IMOTHOCTH BepostHoCTH. Cpelnee sHawenHe X GyAer

L
e

o ®

= f xw(x)ds =4 f xe=* dx,
¢ 0

Wuterpupyewm mo HacTam

™ - o

j.xe‘””dx=fxd(— ! '“) (——% e—’"")

0 o o

(KBOi;lHaﬁ TOACTAHOBKA MpH BepXHEM npejene paer Heonpe/iesIeH-

o
HOCTb BHJA ?; pacprmasl ¢ [0 NpaB#Iy ﬂOﬂﬂTa.’lﬁ, noayuaeM
HYJB).

w
L pas g L
+A’J~e Fdr =g

1

I, BHIYMGJIEHUE CPEAHHMX SHAUEHHRA 553

Urak,
= 1 1
F=Ap=g-

Awnagziornuno,

= f e=redg =1 J £ (——,lue'“) zzj eMydr= %
o o o

TlnoTHOCTS BepOSITHOCTH THNA €7 HEOAHOKpATHO BCTpeyaeTcs B
3TOji KHHTE,



1. BLIBOJ, PACTIPEJEJIEHUA BOJIBLIMAHA
1719 KBAHTOBBIX CUCTEM

TlycTh MBI uMeeM aTOM WIH MOJEKY:y, KOTOphie MOryr Haxo-
JWTLC B KBAHTOBBIX COCTOSHmAX ¢ suepriamu En, Es .
B nasppeiies GyLeM HasbiBarth nHTEpeCyIOmH nac oOmeKT (aToM,
Moqekya) «cHcTeMOH». 3ajaiuMcst BOTPOCOM: KaKOBA BEposr-
nocth HafiTH chcremy B cocToaHmu ¢ sueprueft E.? Jlag peuwlenus
Gyzem MocTynarh Tak, KAK 570 0BLINIO ACHARTCA B CTATHCTHKE: 5O-
oBpasuy odep GOMbIIOC WHCAO N ONMHAKOBHX CHCTEM, HAXOAA-
WAXCA B paSTHYHBIX KBAHTOBBIX COCTOSHMAX B TEILIOBOM DABHOBECHH
mexmy coGoit. [lyctb B cOCTOSHAR C suepruelt Ep Gyier Haxo-
AuTECA Ny CHCTEM, B COCTOSIHMH ¢ dhepruelt Ey — Np cueten H 7. I
Yro6sl naliTH BEPOSTHOCTh TAKOTO PACTpPENEICHHs CHCTEM DO CO-
CTOAHWSM, ONpEASIHM, CKOJDKHMH CNOCOGAMH MOKET GriTh OCYmE~
CTBIEIO 34JAHHOE COCTOAHHE, T. €. COCTOAHHE, XapaKTEepH3yemoe
upenanu Ny, Na, ..., Ng ... 4ad cuCTeM ¢ SHEPrHAME Ly, Eyz,
..., B, ... OT0— THNUYHAs 3anaua TEOpHH ngOﬁTHOCTeﬂ. Ona pe-
maercs crenyiomny cnocoGoM. Flafitem cnadana, CKOJIbKHMH CIO-
cobamm H3 N CHCTeM MOMeET Obirb BLIGpaHo Ny cucrem ¢ suep-
rell Ep. DTO 4ncao PaBHO wHCAY COuETaHmll H3 N snemenros mo Ny,
T e

N )_ 3y
(N, TNV
Teneps HAEN, CKOIDKHMY ciocoBbami 13 ocraBmuxcs N-— Ny
CHCTeM MOKET GbiTh BhOpayo Na CHCTEM B COCTOAHHH C sHepried Eg.
DTo UHCIO pABHO
(N—Nx)# (N —Ny)!
N, )T NAI(N =N, — N
U3 ocraapiux N — Ny — Np sowker Obits BLiGpato Nj CHCTeM duc-
JioM ¢moco60B, PABHLIM
NN —N, )
Ny

— (N =N =Wl

= NN =N, —N; — Ng)l

% 1. A OueBpamo, uTo uHCIO cnOCOGOB, XKakhyM N cucreM MOKer
Grith pacnpenenedo mo Ny, Ng, Ns, ..., Ny, ... rpyfna, pasHo npo-

1. PACTIPEREJIEHHE BOJIBLIMAHA /11 KBAHTOBEIX CHCTEM 555
H3IBEAEHMIO BCEX AHAMOTHYHLIN 06pasoM TOCTpOSHHBIX BeIpaKeHkl,
T. € .

WM (V=N (V= Ny — Na)t
NN =W N (N =Ny~ No)l Nl (N =W, =N, — )t *

Nt
TONMININGL (L
Tak Kak, KpoMe Toro, ofmee YHCJIO CHCTEM H WX TIOJHAS SHEprus
JIOMKHB GBITb ONpeReNeHHBIMH BeJUUHHAMH, TO NOJINHH YACBJIE-
TBOPSTBHCH ABA LOTOJMHHTEIbHBIX YCJIOBHA

Ny Nedb Nyt oo +Nif oo =N, (1L.2)
NE, 4 NoEy + NyEs 4+ .. +NE 4. E. (LY

Yro6by nOAYYHT, HAHBEDOSTHEHUIEe pacTpefiesienue, Halo HakTH
makennym suipaxenus (IL 1) npu 106aBOvHEX YCAOBHAX (11.2)
B (11.3). Buecto ynkuun W Gynem omepHpoBath C ee JOrapHo-
MoM: oueBHANo, 9T0 In W gocTHraeT MAKCUMYyMA NpPH TeX Ke yeao-
BHsx, uto & W.

Vrak, nmem maxcusyy ¢ysrran

mW=MhN—XhN! (I1.4)

[na daxropuanes GOJBMHX uwHCen udeeT mecTo ¢opmyna Crap-
JIHHT&
xl =V omxxres,
TAK 49TO
!
Inxt=zxlnx— x5 In 2nx).

Tpu Gogpliux 3HAYENHSX £ NEPBbIE ABA WicHa AAI0T LOCTATONHO
TOUHBH PE3YJBTAT, T €.
Inxt=xlnx—ux

[lpamerss 5Ty GopMyAay K BeucAeruio npasoil yacty (I1.4) # yuu-
TerBas (1. 2), nomyuum

nW=NInN—N—SNInN + IV =
i i
=N1nN—§N,1nN,. (IL.5)
Jlas Haxompewus Makchvyma InW mpm yeaosmwix (I1.2) m

(11.3), BOCHOJIB3yeMCst METOAOM HEONpCAENEHHBIX KOQQMUHEH-
toB: ymuoxum (I1.2) wa —e, (11.3)—Ha —f, caOXKHM C (11.5) u
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GyneM ucKatb aGCOMOTHB MakcuMyyM PyHKUHR
NlnN—Ei‘N‘lnN,—«u;N[—ﬂEI‘NiE,. (11.6)

Tlo H3BECTHOMY npasm{y ApupaBsHUBAEM HYJI0 YacTHBIE MPOU3BOA-
wwe (IL 6) mo Ny, Ny, ..., Ni, ... D10 maet i ypaBHenuit BULA

—InN;,— 1 —a—BE;

otKyAa

wim, BBORA mocrosnnyo C = e,
Ny =Ce™ %,
TloCTOSRHHAS B HMEeT TO e 3HAUGHHE, KAK I B KJIACCHIECKOH cTa-
THCTHKE .
p=r. a7

rae & — nocronuas Bospumana. 310 caefyeT H3 NMpUHIHNA COOT-
BETCTBMA: NPH GOMBNINX KRAKTOBLIX WACA2X Ble KBANTOBHE BhIpa-
KeHus JIOMKHE NEPEXONNTh B KiaccHyeckre. Ho Tak xak f§ mo
(I1.7) He 3aBHCHT OT KBAHTOBHX UHCEN, TO OHO JIONKHO COXPAHATL
CBOE 3HaYenue W AJS MajapX KBaHTOBHIX yrCes. LITaK,

Ny= Ce B,

D10 u ectb opmyna Bospumana. IToctoannas C JETKO HAXOAHTCS
H3 YCIOBHS HOPMHPOBKH

2N;=N,
i
uro gaet
N=C ST
> ,

N

C= ——p7r
—EJAT

e if
7
B Tex cayyady, KoTAa CoCTOsHEe C sueprueli E; Bripokieno
£,"KpaTHO, T. €. HMEETCA g; COCTOANHI C paBHOI 3HEprHef, B Bbpa-
XKenue N, BOHACT elle MHOKHTENb &,°

Ny =g Ce EIT,

1L K KTACCHYECKOM TEOPHU 99®EKTA 3EEMAHA

Tloka:key, 4TO NPH MEAJEHHOM BO3PACTAHMH MATHWTHOTO MOJS
pajyc OPGHTLI MEKTPOHA HE MCHIETCH, HO MERSETCH TOJBbKO ero
yrnosan uacrora, CoTacHO BTopoMy ypasmewmo Makcpenna B
muTerpaibroll Popme (0GOGIIEHHDIE 3AKOH SJEKTPOMArHHTHON HH-
AYKUHH) LPY H3IMEHEHHH MACHUTHOTO NOJAf S BOZWHKAGT BMXPCBOE
3/IeKTpHuecKoe node & ¢ 0cblo, Hanpasiennofl no 46, npuiem

4D 2
§ods—— 180 Lot (L)
Ecag 32 BpeMs, [I0Ka MATHATHOE fIoJe Bospactaer o 0 1o 6, snex-
TpOH yCeBaeT CAenath A 0GOPOTOB, TO, NPEANORATas, UTO FB. BO3-
PAacTAET PABHOMEPHO, HMeeM

43 ¥

o= (I11.2)

rne T —nepuoa obpameius saextpona. PaGota, cosepmaemas mo-
A€M 112/ 31EKTpOHOM B TeyeHne OIHOro 0GOPOTa, paBua

¥=e§é"sds

wau upHEnNad Bo Bausmanne (111.1) u (I1L. 2),

TaK yTo

A 2, ¢ 2
AW =< -’ = — v’ = = SBwr®.

Jra paloTa 3aTpAYABACTCS NpekKAe BCEro Ha YBENHUEHHE KMHETH
“ecKOfl SHepruu 3MeKTPOHE, a eCiH UIMEHASTCA padluyc OPOUTHL, T(
TaKKC H Ha yBeJHueHke NOTeHuHanbnol sueprun. [losTomy

55 901> = DB+ AByor. (111.3)
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1120?, AE s =m (r* oA + o’rAr), (111.4)

WK, IPHRHMAS BO BHHMANKE DAREHCTDO MY CHIOH MpHTAKEHHs
€2/r% 1 LEHTPOGEIKROM CUOl HHEPHHH Mra?®, HMeeN

AEqor = mra?Ar. (I11.5)
Toncrasaas (HL 4) m (111.5) = (111 3), naxonum
Z—i%mr = m (r*o Ao - 20° Ar).
Pasneasun ofe HacTd 8a mr2e?, nOAydaeM

e # Ao Ar
i et + 2 (111.6)
Iasee, MpUHHMAs BO BIMMaHKE, YTO APH GECKOHCHURO MCAIEHHOM
(a/MAGATHIECKOM ) UIMEHEHHH COCTORRMS B KaiKabiil MOMEHT HMeeT
MECTO PABENCTBO MEN/y CHIAMH, ICHCTBYIOMIUM HA SAEKTPOH (T. €.
KyJIOHOBCKOJ CHAIOH NPHTSKeHRs naoc cana Jlopeuua), o LeRTpo-
GeHOi CHIOH HHEPLHM, A YCTAIOB(IBIIETOCA COCTOAHHS MOTY-
uaeM

mr+ Ar) (@4 A“))2=Tr_:T)7+ %%rm
Hiw, TOCAE YMEOXKeHns na (r 4 Ar)?,

mr+ AP 0+ Moy =

2y £ sre
[anenamy, conepxammmn rAr u (Ar)?, npeneSperaen]. Orciona
ﬂpOCTbIMH npeoﬁpaaoaaﬂnﬂmn HaXO0AHM

Aw 3 Ar e
ST T T e

. 7

Cpasrusas (11.6) u (111.7), moxnyyaem mpexae Beero
Ar=0
H panee
e

Ao =536,

4To K TpeGoBaIoCch AOKa3aTh,

IV. ©OPMYJIA CPEJIHEW KBAJPATUYHON ®NYKTYAUHH

1. Qopysa Cpellneil KBaApaTHUIOl GayKTyauuy

=M= 4

BCTpEUAeTCH B 3T0M KHHFE TaK MACTO, WTO UeNecooGpasko Xath ee
BBIBOJ.

PaccMOTpHN CIEAYKLIYI0 3a7auy KHHETHYECKOH TEOpHH Fa3os:
B HekoTopoM 06memMe V naxozutes N MOJEKYJ; KagoBa BEpOATHOCTD
TOTo, UTO B YACTH 3TOTO 06beMa U HAXOAMTCA 7 MoaeKys? Bepodr-
110CTH TOrO, HTO 'O/iHA MOJIEKYJa HAXOAHTCH B OGbeMe v, ectb 0/V
ém. § 116); BepoaTHocTL TOrO, YTO # onpedeennblx MOJEKYJ CO-
epyrcs B oGbeMe v, ecTh (v/V)", & BEPOSTHOCTD TOFO, U0 N—1
V-2

Moaekya Gyayr B ofbeme V—uv, ects ( Haxonen, Be-
POATHOCTS TOFO, UTO 1 MOJICKYN GyAyT B 0GbeMe U, a OCTadbHbIE
(N —n)— B ofbeme V —1, ecto

(%)” . (" ;”)N'n, .

Sra dopmyla, KaK y7e NONYEPKHBANOCH Bhillle, 12€T BEPOATHOCTH
TOT0, YTO KaKHe-TO Onpedesennsie MONEKYbl YHCIOM 7 1aXOAfTCs
B OGLEMC U MOWKNO, RAuPHMCD, cebe MpemcTaBHTh, uto Bee N Mo-
Jiekya TICPeNyNCpOBaubl I #3 HHX 72 MOJEKYS ¢ TaKHMH-TO HOME-
pamn HaxoaAtcs B ofveve v. Jlag HAc, ONHAKO, HE CYUIECTBENHO,
KaKHe HMENHO MOJEKYJIE! IAXOASTCS B 0fBeMe U, BaKHO, ur0GH HX
uneno Guuto n. Ho ua nanHoro pacnpenedenus N MoJekya mo o6s-
emaM U H V — ¢ MOKHO MONYUHTD ellle

N
al(N — )} (1v.y

pasAWINbIX PACTIpEsieNIenutt, PH KOTOPEIX, OAHAKO, 1 MOJCKYI Gy-
IeT mo-npemiemy B ofbeme U, a N —n—B ofbeMe V—uv. B ca
Mom fesie, H3 N OGBEKTOB MOKHO OCY1eCTBHTh N mepecTaHoBoK,
HO HC BCe 3TH NePecTdHOBKM AaAyT DasiuyHbie PaclpensseHus,
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VIMEeHHO Al mepecTaHOBOK MOJIEKYNn, HAXOASUNHXCS B ofbeme v, H
(N —n)! mepecraHoBOK MONEKys, HaXONSIUHXCs B obbeme V—uo,
T.la}lX[T OIIHO H TO € paciipenenenye. TakuM 0GpasoM, U3 BCETO uHC-
sta N1 pepecTaHoBOK nyXHo HCkmountsh ! (N — n)! mepecranonok,
He MeMSIOIMX paclpeneNieHns MOJEeKyd, H CACAOBATENbIO, YHCAO
TIepecTaHOBOK, NAIOMHX padAuinbie paCpenCienns, Bhipasnted Gop-
myJqoft (IV.2).
Nt

Urax, cyumectsyer scero TN =T
JEHUl, IpU KOTOpHIX # MONEKYJ HAXOAATCH B ofbeMe v, a N—n —
B ofbeme V — v. BepoATHOCTL KaX0ro M3 3THX pacnpefeseHHi
sbipakaercs (opmyaoft (1V.1), a caepoBaTenbHo, BEpOATHOCTH
TOro, 9TO 4066te 1 MONeKys GylyT HAXONUTBCA B 08BEME U MO TeO-
peMe CIoXKEeHHS BePOATHOCTEN, €CTh

mn = (7) (5 av.g)

Ecau, B uactHOCTH, TpeByerca NnafiTH BepoITHOCTH TOro, uto 8ce N
MOJIeKyJ cobepyTes b yacTH v ofbeMa V, 10 B 3T0M cayuae n = N,
n ¢popmyna (IV.3) aaer

aJLTePHATHBHLIX pacnpene-

T. €. BHOBb nomyuaercs ¢opmyJa, NpHBelEeHHAd B Tekcte, ¢Tp. 369,
OuennpHo, 4TO NMpH paBHOMEpHOM pacnpenefiendu N MOJeKya no
0Bbenmy V ua obmem o npHIeTCs Nv))V Monckya. [loasaysics gopmy-
ao#t (IV. 3), MOXHO NOKa3aTh, uTC Takoe pacnpenenenne Gyner
naupeposituefiminy. Ho dopmyna (1V.3) Aaer BepostHOCTH TOTO,
uto B 0GBeMe v GyleT HAaXOMUTHCA JOGOC YHCAO MoiteKyn (<IN),
T. € BEPOSTROCTL COCTOSIHME, MIOBLIM 00pasoy OTKAOHSIOUEXCA OT
Haupeposraeiimiero. Cymma BepositHocreit (1V.3) no Beem n or 0
no N faer BepOSITHOCTb TOrO, 4TO B 06BeMe U OYAeT HAaXONATHCS
raxoe-rubyds uncno Molexyn mexay O u N. Taxoe cofurthe ectnp
N

ROCTOBEHOCTD, 11 MOSTOMY X W, AOMKHA GHTb pasna 1, ecan se-
=0

a
postHocrs (1V.3) HopmupoBana x 1. DTo mMeer mecTo Ha camonm
zene. JlefictBnTedsHo, mpapas yacth (IV.3) ects ofmmi wien Gu-

V~u v AN
HOMa( v +7) , @ IoToMy

N v v
—v ,
o=t +3) =1
=0
3nas BEpOATHOCTb Wn, MOKHO HANTH CPEABEE WHCIO MOJEKYX
B ofLeme v.

(Iv.4)

T g R

V. GOPMYJIA CPEJIHEM KBAJPATUMHON ®©NYKTYALHH 561

OGosnauus 8 (1V.3) —:7 uepes p, nanumey (IV.4) B sBHOM BHae:

N

N " Non
AN —ml P I—p "=
ol

Nt .
E(n—-l)!(N—n)] pI—=p)"" = -
=0

N
— Bt - -
=wY (n—(iv)lw)—n)l =
=0
Bsona ofosnauenns
n—l=n, N—I=N'
W 3amevas, UTo
N —w=[N—D—(n—1)]=N—n,

noayuaeM
»
= Nt e N'—n?
'1=szmp (I—=p)" " |
n'=0

Ho no dopmyre Gunoma cymma pasna (p -1 — p)¥’, T. e. ondte
pagua 1. Hrak,

a=Np=N3. (IV.5)

D70 3HAUAT, UTO CpejlHee UHCJO MOJeRyJ B OGLeMe U pasHO HHCITY

MOJIEKYJ, TIPUXOASIIEMYCA Ba 3TOT OGBEM NpH paBHOMEpHOM pac-

TIpelIeIeHHE 1O BeeMy O6BeMy V, Kax i clenoBaio OKHAATh.
BriyucauM Tenepb CpefiHee 3HRUEHHE KBalpata f, T. €. #2

N
= n%w,.
3amennn 1% depes n(n — 1) + A u Rannmen

N N
Enw,l+2n(n—l)w,,=
n=0 =0

N=r

N
E[n(n—l)—i—n]w,,

~
2 ~
=ﬂ+2”(ﬂ—l)mpn(l—l’)
= Nt Nent
="+E(n—2)1(N—n)rP"(l_P) =
- —oy - -
=a+NE =1 Y g o =
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B cymme nonaraem
N—2=N" n—2=n"
1 3aMeyaeM, uTO
N —p =[(N—2)—(n—2)1=N—n.

Cnenas yKkasagiylo saMeHy, cpasy yBHIHM, 4TO CyMMa no ¢op-
Myne GHEOMa ONATb paBha (p -+ 1-—p)" , T. € paBHA eNUUHLE,
TaK yTo
=i+ NN —1p*=0+ (Np)—Np?=

=i+a—hfp=a"+A(l—p). (V.6)
Tlo onpeneneruo XBanpatuurofl ayKryanun

@nt = (m,— A2

Bo3Bean B XBaApatr B YCPeAHsd, HAXOAUM
(Anp=nl — 27,74 + A2 =t — 7% UV 7)

TMogcrasass ua (IV.6) Bhpakenue 449 /% noxyuaen

TaK 4To0
{Bny=a—np. Iv.8)

Ecnu v — manaa vactb o6bema V, To = v/V— magoe ymeao.
B sToM cayyae BTOpojt wied B (1V.8) MOXHO oTGpoCHTH, ¥ MBI HO-
nydaeM HCKoMYio Gopmyny
An)j=7. (Iv.9)

Camo coGofl pasymeetcs, ur0 312 ()OpMy/Ia MPHMEHHMA HE TOALKO
K GAYKTYan#siM UHCA MOMEXY ra3a, HO H K JIOGHM (aIyKTyamusam.
CMbICa ee MoOsicHed B TekcTe Ha crp. 371,

2. (Dopmwa (116.5) aax KBagpaTHunofi (AYKTYaUHH SHEprHU
(cm. crp. 371)

5 dE

F=kT? o (116.5)
BHBOAATCS CReAyIOMEM o6pasoM. Hmeem mpexae Beero mo (IV.7)

P=F_—F. (IV. 10)

Jas BEIYHCICHUS CpefHero sHaueHHss E BOCHOAb3yEMCA KaHOHHUe-

B

i s e et

IV GOPMYNA CPEJHEW KBAJPATHUHOM ®JIYKTYAUNH 563

CKHM pacupegenennem uGoca *)

f E(p, q) e~E®. 0T gy

E= av.1n

f e=Ep, AT gy

rae dr--3jeMeHT oGbeMa (2308020 mpoctpaHctBa. lnddepenuu-
pys (1V.11) no 7, naxomum

1 t 2
oo [ ac [ 2o [ o ]

T I

g [ [ e _—
=g -7 . .1
brgd fr‘?/” PR J.e_E/kT - ( )
TTpunnMan BO BHENAHYE, STO
f BB gy
=
f e ERT g
BuARM, uTo (1V.12) naeT
kS S F R,
a notomy no (1V. 10) N
T hr2iE
- dr >

uTo H TpefoBanoch A0KA3aTh.

*) Cm, nanpumep, JI K. Jlaugay o E. M, Jln¢uwuu, Cratucruieckas
¢uanka, ¢Hayka», 1964, ra, 111,



V. OPTOTOHAJIBHOCTb ¥ HOPMHUPOBAHHE
COBCTBEHHBIX ®YHKUHKA OCLHILIATOPA

CoGernennbie Gyrkuun ypaphenus Lpéannrepa Mus JuHeAROrO
ocuuaaATOpa 061213107 CBOHCTROM OPTOTOHAJLIIOCTH B NPOMEKYTKE
oT —00 N0 400, T. &

foo

J' P () P (%) d¥ m=n

(TaK KaK n —— JeficTBUTeIbHAS dYREUHA X, TO q;,l = Pm}.
B 370M NpoIle BCero MOKHO YOeauToes clenylomuM o6pasoM.
Hannmen ypasuenne Illpénurrcpa Lis OCUMIVIATOpA B BUAE

&
A

xz)q;—O. (158.4)
CobcTaeHHbIe 3HAYEHHE NapaMeTpa k, COOTBETCTRYIOMHUE COBCTBEH-
HEIM (DYEKIHAM pa, CYTb Ap == 211 4 1. Mt #nMeeM, Taxnn 06pasom

D90 4 90 | — @)y = 0,

Lhe o @mp1—

%) pm
VMHOKaA MepBOe K3 STHX YPABHEHMH Ha Pm, BTOPOC HA 1n, DEIH-
Tast B HHTErpHpyd OT —oo 0 00, TOAYIaeM

4o

j (Wm d;fz" w,l—d‘&—)dx—fZ(m—n) f Yo dX.

JleByio HacTh 3TOTO PaBENCTBA MOXKHO NPEACTABUTL B BHLE
+o 4o

[ (st - ) |

i
g

s

V. OPTOTOHAZILHOCTS COBCTBEHHBIX OVHKUHA OClMnastora  ggg
Tlpunnnan BO BHEMakKe, 4TO COOCTBEHHbe (PYHKIHH CTPEMATCSH K
HYI0 1ipn |x]-> o0, Tak KaK

= Coam2 B (Va0

BHANM, 4TO TOACTAHOBKA AACT HyJbh Kak NpH BepxHeM, TaK H npn
uikuneM npefede Taxuy oGpasos,

j P (D pm (B dx =0, men.

Tlpu m = n unterpai
+o0
[ 1wa(y pax

paBeH KOHEUHOMY 4licay (DBCMeNCTBHe KBaJpaTUUHOM RHTErpHpYyeMo-
CTH QYHKUHA Yn}, H STHM MOJKIUO BOCMONb30BATLCA AR OTHCKAHHA
HOPMHPYIOILEro MEOKATEIA C,. 3aMertum, 4T0 Cr ecTh, BOOGLIE rO-
BOpH, KOMIIEKCHOE 4HCIIO

C,=1C,le7'0

TTocKOMBKY, OMHAKO, MaC WHTE ecye'r KBazpatr #odyis |ya|% mam
JI0CTATOMHO OTHICKATh MORYJb | Cr|; (a30BBIli MHOKUTENL OCTAeTCst
ueonpencaernu. OGosnauns ans kpatkoc™ {Cu| uepes Na,
HMeeM

Lo

2
[iwtar==
E=Vax

3amentin OAHIl U3 1BYX MHOMKHTeJei B H (%) ero BupakeREeM K3

(159.2)

eFH, @) dt

2

Hy= (— et 42

)

(159.2")
TnpeJcTaBHM HHTCCpAT B BHAE
e
@ (e
(= f o Hy ) dk.
J f
Buiroanum HHTETPIPOBAHUE N0 HACTAM, nosaaras

f (p—EY
du:%—’ &, u=H,(®,
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o

TaK 4To ’»g w
i TaK, -
agrt Eg I | gy Pde = LR V.
du="En® e ‘ e ¢
dg 4
Ma yenosus HOpMHPOBAHHA HAXOLHM
TONY4uM ’ oo 2
oo +oo Na on
n (o=t s (g =8 1= | gy Pdx=—=2"nl Va»
i | D g as=- 1 | [Tt me)+ Jrwra=y
- ! - OTKYAA o
e e e ' M=V 5
sy [ BB g

TlprnuMas Bo BEHMaHHe, uTo e*¥ H BCe ero NPOHSBOAHHIC obpa-
mwawTcs B HYJAb Hpﬂ §= =-co, BHAUM, YTO HepEblﬁ yjien Kax l'lpO- [
H3BEJleHHEe OO/MNHOMA Ha e,g: paBeH HYIO. Ecan nOETOpl/ITb HOEUG-
HOE HHTerpHpOBﬁHHC o 4acTtaM # pas, Kﬁ}K}Iblﬁ ‘paS nonaras
& ,—E
dv="2""a
a5

_ d'Ha )
dgt

H samMeuas, uwTO WU Kaxiblfl pas Ha mpeaenax ofpamlaercst B HyJb,
TO B peay/IbTaTe NOAYRUTCH

+oo '
T

f ot () e
dgt

—%
Tax xax Hy(E) ectb NOMKHOM CTENeRY 71, T. e
Ha@=2"" 1.,
TO
AHaE) _gny i
ar =2
Mel moayuaen, TaxuM o6pasom,

+o% +
[ e¥m@Ed=2"nt | eVag=2"1Vz"




V1. TEOPEMA BUPHAJIA

B Konle cBOel Neppoit paGoTel O cTpoenHu atoMa Bop Qopmy-
Jupyer CHENyIOMYI0 Teopemy: «B awfoil cuctene noxosujuxca adep
U 91KTPOHOS, COPAEIOIUXCA RO KpY208bis OpOuUTaM CO CKOPO-
CTAMU, MAABIME 1O CPABNEHUIO CO CKOPOCTbIO CBETR, KUHETUHECKAR
sHEpeUs, € TOUHOCTOI0 0O SHAKA PAGHA NOAOBUHE NOTEHRUAALHOU> *).
ry Teopemy Bop xapakTepHayer, KaK «JIeTKO A0KA2yeMYio», 00HaK0
Jdokasaresvcrsa e npusodur. Mul monyuum teopemy Bopa xak caen-
CTBHE OueHb OOmEl TeOpeMB, Ha3HBaeMOl Teopesod o supuaie.
Oco6eHHOCTb 3TOH TEOPeMbl COCTOHT B TOM, 4TO OHA KMeeT MeCTO
CTATHCTHYECKE, 2 HMCHHO — (1A CDIHUX SHAUCHMIL

Ml GygeM NOJB30BATHCA ISl CHCTEMBl MATEPHAJNBHBIX TOUEK
JeKapTOBHIMH KOOPAMHATAMH, nO 0G03Rauath OyAeM KOODAMRATEI
uepes qi, g, - -+, Gis + -, COOTBETCTBYIOMHUE HMIYIECH GYAYT P1, o, -«

Ceey Pis «-v, IPHIRM Py = ALy = M0, YPaBHEHHSA NBHIKEHHA TOUEK

6ynyT pi=Fy, Tae Fi—Ciasl, AeficTByonne na TouxH. Bossmen
BEJHIHRY
G=Zps4 VL1
# HafiieM ee NOJHYIO MPOH3BOAHYIO N0 BPEMEHH
dG
ﬁl‘=24ipx +EPM~ (V1.2)
i i

TIpeoBpasyeM MepBHIA YJIeH CYMMBI ClpaBa
,

Ziop=Dtmd=Dmgi=Dmot=2T"; (VLY
BTOpOM UJeH HamluilleM B BHIE
Tpa=3Fa (VL.4)

*) H. Bop, Ws6paunne naymase tpyzn. «Hayray, 1970, erp. 105.
**) Mut ex L KAKHMH B

Tex Ke
QCHOBHOM TeRCTe (CW., nanpmyep, gopuyay (59.9)),
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(MLI BOCNO/B3OBAJHCH PABEICTBOM py = F.). Teneps (VI.2) moxHO
Tiepenucath B BHAe

%=%<}]m>:21+ Y, . (VL.5)
i i

Haliges Tencpb cpeuee 3a NPOMEKYTOK BpeMenn f — fr. Hneem
L

i 46 ac = o
fwdt —dT=2T+EiF,-qi.

=4
i

DTo MOMKHO 3aMHCaTh nOI{pDéHO B BUe
1 dG dg T
ey {(Tz)t7 _(F)A} =27 +;

Ecan REHMCHHE — HEeNCPHOHUECKO: H KOOPIUKATEL H CKOPOCTH BCeX
TOueK OCTAIOTCA OFpAHHHENTEIMH, TO, BHIGPAB NPOMEXYTOK BpEMEHH
yCpenuerus (f— f) ZOCTATOYHO GOJDUIM, Mb CHEHACM JEBYIO
wacts (V1.6) ckob yToxio 6Au3KOR K Hylio. B cayuae, Koraa aBH-
Kenue — MePHORKIeCKOe, MB MOMEM B3ATh (fg—1£;) pasHBIM ne-
PHOLY 3TOTO ABHIKEHUA WK GOJBUIOMY YHCAY NEPHONOB # TOTAZ Je-
pas uacte (V1.6) sasenomo Gyler paBHa HyIO. B o6oux cayyanx
(V1.6) naer

Figi. (V1.6

— 1 T
T=—g 3 Fr VL)

Tlpapan acts (V1.7) HaswBaerces Gupudiom Kaaysuyca, a pased-
ctBO (V1.7) BHDa)aer Te0pesy suphail B obueM BuIe *2]

TlpeanoloKHM Teneps, ¥T0 CKAL Fy uyeior notennran U toraa
ay _ -
F"_—a_qiz—- grad U
u Teopema supraita (VI.7) mpuMer sni
1
T ?EgradUw;. (V1.8)

*) Teopema BHpraia B ofeM BHAE HMEST pasHoofpasKbie OPHMEHEHA,
B OCOBENHOCTH B KBHETHNECKOR TeOpEM rasos. Tak, HATPHMEP, JETKO MOMET 22k

HOAY4EAO COOTHOLIEHHE ;
PV = NAT g 3 3rF 0

P — papnenne, V —ofem rasa, T-—sgech aGcomotHas Temne‘garypa. Bropoit
wieH CTIpaBA YRHTHBAET BIYTD CHIE MEMAY chyuae mocra-
TOWHO PaspeKEHNOr0 Tasa BIOPHM HISHOM MOKID npeneSpeub, H MB TOAyTaen
ypaBHEHHe COCTOAHHA HEEAJLHOTO Fasa. VueT BTOPOrQ uASHA TOZBOJACT MOAYYHTR
B RanecTee MEPBOCO UpHbsnKerns Gopuysy Bas-aep-Baansca,
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Ecau Be6paTh NMOTEHIMAN B BHIE CTeNneHHON (QYHKUHMM, wanpumep

(VL.9)

U==ag™*!, 10 cuaa Oyjer paBHa F=—a—lq} =—n+ag";
panxee mo (VI.9)
w1 aU +1 +15
T ggm g=—"5 ag!=—232T.  (VL10)
B cayuae KyJaoHosa nons n = —2. [Moacrasass 5 (VL. 10}, naxoqum
| =
—5 0. (VI 1)
Iast Kpyroseix op6rt T'= T n T = U, 1aK ut0
1
T=—3U, (VI.12)

Ho 370 1 ecTb Teopema Bopa, Gpopmyaupobandas BHauaze *).

*) Cw. ramxe A BomMep@easn Crpocune atoMa W cmekrpsi, roM I
©7p, 529. OroBOpKa OTHOCATENENO U <& ¢ , TAK KK B Pi
Mexaunke cootHomenue (V1. 11) #e nMeer mecta, TOTONY 4TO Tau q;opmyna {V1.3)
He CnpaBelIHBA.
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