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PACCESIHUE ~-ME3OHOB HA HYKJIEOHAX

B. Il. Carun u B. . Paiin6zpe

BBEJEHVE

B nocnenHee BpeMfl SHAUMTEALHHIE MHTEPEC BHISBAMH 3KCIIEPHMEHTANb=
Hble paGOTH MO PACCETHUIO ‘TW-ME3OHOB HA HYKJEOHaX, IT0 OOBaCHIeTCH
TeM, 4TO Mpodjeva BIAUMONEHCTBUS 'JIEMEHTAPHBLIX YACTHIL M B OCOGeH-
HOCTH B3aMMOLEHCTBYE TMKEMHX SIEPHMX UYaCTHIl, HYKJEOHOB (SIepHbie
cuibl), ABATETCH NEeHTPaNpHOH npobGievoll cospeventolt ¢uanku. O npu-
pore Cuil, HeHCTBYIOIMX Mextly HyK/JeOHAaMH, Ml 3HaeM IIOKAa OdYeHb
mano, TTockoAbKY 3TH cuibl, MO kpafiuell Mepe 4YacTHUHO, OGYCJOBAEHH
W-ME30HAMH, BBLIICHEHHe XapakTepa B3aUMONEHCTBMA STHX IOCIEIHHX
C HyKI/eOHaMH HMEeT BAKHOE SHAUEHHE IJf NOCTPOEHHSt IHOC/IeIOBATE/b-
#0l TeOpUM SINEPHBIX B3AUMONEHCTRUMH.

B srom Bompoce 0c0o00e MeCTO IPHHALIENUT ONBITAM II0 PACCESHHIO
®-ME30HOB Ha HYKJEOHAX, TAK KAaK B HUX, B OT/MuMe, HampuMep, or Go-
TOPOM NeHUs T-ME30HOB HA HYKJIeOHaX !, IPU LOCTATOYHO GOJLINNAX SHEPTUSX
( > 20 M) B3amMOIEHCTBHE YacTHI C SJEKTPOMATHHTHBIM TOJAEM Mpe-
HeOpewnMO Malo ¥ OCHOBHYIO DOJIb. UIDAeT YHCTO fLePHOE paccedHie,

Hactosuuit 0630p NOCBAUIEH OOGCYKIAESHHIO KaK SKCITEPUMEHTANEHLIX
paGoT 1o pacCesHHI0 T-ME30HOB Ha HYK/ISOHaX, TaK M [ONLITOK TeOpeTH-
YECKOTO HCTOJKOBAHMSA OOHADYMEHHHX B ONBITAX 3aKOHOMEpHOCTEH.

B § 1 cofpanbl pesyibTATH 3KCHePUMEHTANEHEX paGOT M0 pacCesHUIo
T-ME3CHOB Ha BOJOPOLE M nelTepum,

[ naBubie pesyanaTu OILITOR TaKOBHI. BO-[eDBHX, OTHOWICHUE Cedye-
HUH paccesnysi TOJIOKHUTE/BHAX M OTPHLATEIEHBIX (BKJIOYAs NEPe3apsaKy )
7-ME30HOB H4 BOJOPOLE 3IMETHO TpeBHINdeT eipnuuy Iipd 60 Mss,
a g 150 AMsze 310 OTHONIEHHE [OCTHrdeT NPUMEPHO 3.

Paccesnue NoOJOWHTEJAbHBX U OTpHIATENFHLIX T-ME30HOB HA nefite-
PHU OKa3niBaeTCH OLHHAKOBLIM. .

Bo-BTOpLIX, 3aMeTHHIH BKJAL B paccesuue nHaét S-pomna (B cBA3H
C YeM B YIUOBOM pACTIpelleleHAH NOAB/IIOTCA WIeHs ~ oS b). B-TpeTbux,
CeueHus paccesHusi OHICTPO PACTYT C SHepruefi; mpu suepruss ~ 200 Mas
CeYeHHe NI OTPHUATEAPHBIX T-MESOHOB [OCTHraeT . HAChIEHAH (414

1 voH, r. L, umn. 3
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7 T-Me30HOB ceuene uaMepeno mpubausutensHo o 150 Mag). Iony-
YeHHOE B OIHITAX OTHOILIEHUE MEMIY CeUEHMAMH IJg T T- ¥ = —-Me30HOB
B BOJAOPOLE W jeHTepuM, NOBHAMMOMY, TIOATBEDKIAET THIOTE3y O 3apd-~
IOBOH He3aBUCHMOCTH fAepHBIX chi. B nanbonee oOiieM BHAe, HE3ABHCH-
MO OT KOHKDETHOTO BA[IA B3amMOJeHcTBMS (Tpeiriojaras 3apaioByIo hHasza-
BHCHMOCTE ), YKa3aHHBE COOTHOIIEHUS MEHKIY CEYeHHSMA MOTYT OHITh Tojy-
UeHH B TEOPUH KB0TONMYECKOTO CNFHA. IJTOMY BODPOCY NOCBAMIER § 2.

HecMoTpst Ha OTCYTCTBHe IOCHNOBATEJNbHOM TEOPHH B3AMMOIEHCTBMS
T-ME30HOB U HYKIEOHOB (CM., HanpHMep, %), BawHbe 3aKMOUEHHS O Xapak-
Tepe CWJ, HAeHCTBYIOMIMX MeXIy STHMM UACTMLAMYH, VIA&TCH CretaTh
Ha OCHOBE (HEHOMEHONIOTHYECKOTO aHAJM3a ONBITHRIX JABHHIX 10 pacces-
uuio. B § 3 mpopoiuTcs TaKOH apain3, MCXOAA M3 BechbMa OOIMX HOJA0-
aceHnit (DA30BOK TeOPHU paccedHHs. ITOT. aHAMM3 NO3BOJsieT HallTH  COOT-
HOMIEHNE MeAy BK/IQZOM B PAaccesipe OT PASIMUHHIX  COCTOSHMH yuact-
ByIOIMX B paccesuun (S- u P-poms). HamGonee cyliecrsennnm pesyin-
TATOM TIPH -3TOM dBAZETCH TO, UTO BKJAN. B paccesHhe OT S-Bomm
OKA3BBAETCS CPABHHMBIM C. BKJAIOM OT /-BOJH.

. B saxnmouenne aTOoro naparpada nenaeTcs FIONHITKA HaRTH BKCTpaIIO-
nﬂumHHym@opMyny [l 3aBHCHMOCTH IOJHOTO CeYeHHs OT SHEPrHu, -

Hakonen, § 4 TOCBAUIEH CPaBHEHWIO C - ONHITHHIMA JAHHBIMU:  CYlie=
CTBYIOIIEH ME30HHOH TeOpMH - B3aMMONCHCTBHA T-ME30HOB M HYKACOHOR
B npubmnxenn c1aboil M cuiABHOH CBSI3M; a TakiKe C YuETOM 3aTyXaHusi,
[Ipu sTOM paccMarpuBaeTCd TONBKO OJIMH ‘M3 ,BAPUAHTOB TEOPUM, 4 MMEHHO
CHMMETpHUHAA IICeBLOCKAMNADHAS ME30HHAY TEOpUs € INCEBIOBEKTOPHOR
(rpanuentHoOH) cBaspio. Takoe orpanuuenue OOYC/OBICHO TeM, 4TO K3
pAla IKCHEPUMEHTOB MOXHO 3aKmodats 2 22 yro w-Me30HH SBIATIOTCH
nceBNOCKaNgpHEMY  HacThuaMH, pyrue OHbITH, B YaCTHOCTH OBICTPHIK
POCT - Ceuenusl PACCEsHHUT TW-ME30HOB ¢ AHEPrueH, YaCTHUHO MoryT GHITH
TIOHHTH C TOYKM 3PeHHs T'PALHEHTHOH CBS3H.

Cpapuenyie Pe3yJbTATOB ONYOIHKOBAHHBIX HA CETOAHAUIHAH "neHs Wc-
CjelOBanuil 10 PacCestHUI0 T-ME30HOB, OCHOBAHHBIX HA TEOPHMH ME30HHOTO
NOJS, C SKCIEPUMEHTAILHBIMU AdHHBLIMHM [PUBOINT K HEyTeUINTENbHBIM
BHIBOOAM: * B 0COOGEHHOCTH = BAWHO TONYEPKHYTH, UYTO B DPACCMOTPEHHBIX
npuOmKennsx Me30HHag TeOpHs, INpPeoJaraiomas I'PaiueHTHYIO CB3b
ME30HOB. C HYK/JCOHAMH, HE B COCTOSHHH OOGBACHUTH IOsiBleHKe GOJb-
woH S-BOMHEL TIPK pacCesHuu.

B konue § 4 oGcyxparorcs HeKOTOpre BO3MOMNHBE NyTH Oﬁ’bﬂCHe-
HIAL 9KCIIEPAMEHTATLHEIX Pe3yJIbTaToB.

§ L SKCHEPI/IMEHTAHBHHE PE3VJIBTATHL -

KOqueCTBo nmezom,uxca B macTOmIee BpeM  SKCIePUMEHTAIbHLIX
paloT 1O pACCEAHMIO T-ME30HOB HeBelHKO. OIHaKO yHe W3 HMEHIHXCH
IaHHEIX MOMCHO CIEJATH DAL ‘MHTEDeCHHX 3aKJIOYeHwH.

Mul He OyleM pacCMaTpPUBATL Pe3yAbTATHI axcuepnmemanbﬂmx pa-
60T, B KOTOPHIX H3Y4ajoch  pacCcesHHe T-Me30HOB HA CJONKHBEIX SIpax,
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TOCKOJBKY -BIMSHUE CTPOERHS AP 3HAUMTENHHO YCIONKHSET 3TO ABICHUE,.
4 OTPAaHWUNMCS JMOIL PACCMOTPEHHEM PACCeSHHS’ T-Me30HOB Ha  NPOTOHAX .
vi-Ha jnefitepoHax. IIpw STOM paccesHme m-Me30HOB Ha JeHTEPOHAX MH.
PaccMOTPHM TOCTOJBKY, NMOCKOABKY B psilie CIyudeB MOXKHO INpeHeOpeub.
BRAMMOAEHCTBUEM HYKJEOHOB NeHTepoHa.

HanBosee Gorateidy 1O pe3yipTaTaM #BASIOTCE paboTw 18, -B stux:
paGoTax MONyYeHa SHEPreTHUecKas 3aBUCHMOCTL NOMHHX cedeHuit pacces—
HHS OTPHUATETbHBIX 4 M 1OJOMHATENEHBIX. T-ME30HOB HA . NIPOTOHAX ® u Ha
nedirepun 6. Kpome TOro, mOAyueHO COOTHOMIGHHE CedeHui yIpyroro pac-
CcesHHT OTPHUATENbHBIX T-Me30HOB Ha TPOTOHAX M MX DACCESHHS C Iie-
PesapsiiKOf T, a Takke H3yYeHA YriOBAA 3aBHCHMOCTb DAacCesHHs OTpHILa-
TeJbHBIX M TOJOWHMTE/NLHBIX T-Me30HOB HA MPOTOHAX °.

JTOT Me KPYT BONPOCOB MCCIRAOBANCH TAKKe IPY MEHEIIMX SHep-
resix  JPYTMMH  aBTOpaM# Kak cxOfHbvMu > 01 “tag u wHEME - MeTO-
namu 12 18, .

B padorax =8 m-Me30HB OOPA3OBLIBAMMCE TIPY CTOAKHOBEHWSIX € MEi-
HelME Wi GepriyIMeBEIMKM MMILEHSMH OHCTIDHIX NPOTOHOB, YCKOPEHHBIX 1O
sHepriM 450 Mas. Tlocite 06pa3oBanusd m-ME3OHEl OTKAOHSIHCH MATHHT-
HEIM TOJeM (haSOTPOHA M BXOZMIM B KaHATH, BHBOASUIME Me3OHH 43 (a-
sorposa (puc. 1). IIps 5TOM IyHOK TOJNOKATENLHEX TE-MESOHOB OKA3HI-
BaJCsl MEeHee WHTEHCHBHEIM, Hexeau

IVYOK - OTPUHATENEHBIX  T-ME30HOB. ‘
Tlocnensee CBABAHO € TeM, YTO BH- \“
BOJMMbe ¥3 A30TPOHA OTPHIATENb- ™ Nozaomumens
HHe m-Me3OHH HCIyCKAIOTCH B Ma- Muwens )
otoson, “2 |
HPABJEHUH IYUKA IPOTOHOB, a IIOJO-

\

WUTE/bHE e — UCIYCKAOTCd B 00paT- . “‘RT-;}‘
HOM HaNpaB/eHud, NPHYEM MHTEHCHB- /
HOCTb WCHYCKaHHS w-Me30HOB Hazal ' C'smmxzu,vu
MEHbIIe WHTEHCHBHOCTU VICHYCKAHUS
BIIEpE.L. TlyuoK m-MesOHOB, BHBELCH- oy oo, IKCIePHMEHTaTbHO
wertk ¥3. GasoTpoHa, MOHOXPOMATH30- YCTAHOBKIL,
BAJCS ¥ OUMIIANCS, NPHYSEM OBl TONY-
YeH XOPOINO KOJMMMMPOBAHHHIE My4YOK T-MEBOHOB C SHeprHed, onpene-
J8HHOK ¢ TOWHOCTRI ~=3%. Kpome m-Me30HOB, NyUOK COLEpWAN p-Me-
30HEL W SJNEKTPOHH € TeM K€ WMIIYJIbCOM. B CBS3M € 3TUM BBOIWINCEH
COOTBeTCTRYIONIME - HONPABKY, YYWTHBAIOWIME KYJNOHOBCKOE pacCesHe.
[.-ME30HOB ¥ 3JMEKTPOHOB. KOJHYECTBO p-ME3OHOB KO/MeGaloCh MeXiy ns-
TBIO U [IecAThI0 NPOIUEHTAMH, KONMYECTRO M€ SJIEKTPOHOB IIH NYYKOB,
c suepruedt Gosplte 100 Mss Owo npeneGpexumo Mamo. Ilpu Meds-
IIMX SHEPrUAX UMCIO 3NeKTPOHOB OmicTpo pocno. IlosTomy nas wmamepe-
Huit  TpW - HeCOMBIIMX  SHEPTHAX  HCIOML30BAICH IIYyHOK  T-ME3OHOB
¢ sHepruet 122 Mss, pa MyTH KOTOPOrO CTABHICS GepUILTHEBRIH TIOTI0-
THTE/b, [OHMKAIOWIME SHEPruio IIyuKa.

Jinsi vsMepenus NOJHBIX CeYeHul paccesHus TMPUMEHNACh CeAyIomas’
MeTOANKA. [lyuoK 7-Me30HOB (PMKCHDOBAJCST “ABYMA CLMHTHIISAOHHBIMHA

1—.\"
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KPUCTA/LMYECKIMM - CUSTUMKAMH TIOTaAbI0 ~ 6,5 ca?, HAXO LSILUMKCH - Ha
PACCTOSHUM METPA-Ipyr - 0T npyra. CoBnagenus 9TUX ABYX- . CUBTUMKOB
YKa3HBAIM UACNO HaCTHI, BXOAMUINX B KaMepy paccesuns, Kamepa moraa

Tabanma 1 Tad6numa II
{loamoe ‘cedeHne PACCERHHA IOKOKH- [Monnoe ceyenwie pacceduns OTpHULA-
TeJbHBIX ®-ME30HOB HAa BOAOPOJE TEABHBIX 7-ME30HOB HA BOJOpOJE
- Dueprus Ceuenue 1 Juepiusa Ceuenne
[Mss] 10~ ca2) ' C [Masl | (17T ca)
i , ! |
. 5648 20410 | 894-8 ’ 2148
8247 - 50+13 11246 31+9
11846 91+ 6 13546 5246
13646 152+ 14 { l6x6 666
i - - 21716 6016

HAMOJHATBCSA. MUAKAM BOXOPOJOM M OHNOPOWHATECH, YacTunsl, He BHBe-
JeuHble W3 Iy4YKa paccemsareneM, (UKCHPOBAMICH COBIAAECHMEM JBYX
cunmmnﬂunonﬂux CUBTYMKOB, OIWH M3 KOTOpHLIX MMen mpwaverp 7,6 ci,
~ a Bropoii — 10 ¢cx. B onwmre

:‘5 PEruCTPHPOBAIACH = IBOHHHE COB-
‘s najgeHus n[epBHIX JBYX CYETYHKOB
50k + H OXHOBpEMEHHO YeTBEPHHE COB-
HajeHdst BCeX 4YeTHPEX CYETYHKOB.

; Ocmabinenue NyYKa ONPEAEIAnoCh

00+ ' + B3 CpaBHeHHd OTHOIIGHHA YerBep-
" HHX ¥ [BOHHLIX CcOBNaLeHHH B

50 f;(m}“-}-__,@__ﬂ_._a._ cliyyae HamojHeHHOH pacceuBaro-
LyM BemieCcTBOM ¥ B Cayuae Iry-
+ - croli kavepsl. [Toayuaembie oTClO-

2 L L I 04 MoJHble SPQPEeKTHBHLIE  CeUeHUd

fo W0 150 200 pacCesHus TOJIOKATEMbHEX W OT-

M 2§ PULATENLHEIX  T-Me30HOB Ha BO-

Puc. 2. Tlomoe spdextusHOe cevemue AOPOIE TMpeicTaBiesm B Tal-
paccesHus notoxuTedbusix (+) u or- Junax [ u Il w wa puc. 2.

punareapHsix (I:]) ©-Me30HOB Ha BOLO- Paccesnve  TOJOMUTENBHBIX

PoJe Kax QYHKUMT SHEPIMA NAAAOMAX o yesouoR HBMEpeHO AJ SHEpruil

- ME30HOE.

or 60 Mse no 150 Mas, a

OTPHUATENEHEX — T-ME30HOB — OT

80 Mss 10 230 Mss. B ofmactn sHepruii >> 100 Mss ceuenne pacce-

STHUSL TIOJIOWMTEJIBHBIX To-ME30HOB OKA3LIBAETCS MPUMEPHO B TpH pasa GOIb-

OIAM . CeYeHHS PACCesHHs OTPHULATENEHWX T-Me30HOB. [lo/mioe ceuenme

pacCestHusl OTPUUATENEHLIX T-ME30HOB HA BOLOPOAe OHICTPO PAacTéT W IpH
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150 Mss nocruraer «reomeTpHueckoro» smavenns 7 (fi/pc)?, mocke uero
OCTA8TCA HPUMEPHO IMOCTOSTHHEIM,

Ha puc. 2 npuseleHH Takie pesyibTaTh pador *—!1 u 13, B pa60-
Tax ®-11 adderTrBHOE CceueHHe pacCesiHU® T-Me30HOB HAa BOJOPOIE . Onpe-
HLENgNoch 10 PasHOCTH Ocaab/eHuil Myuka 7-Me30HOB B yriepoie H LOJU-
ITHACHE, & [J PErMCTPAUMM UACTHI IPHMEHSMHCh cudtunku, [Ipu s1OM
B® 1J1 LONHOrO CedeHHsT PACCESHHS OTPHUATENEHHIX T-ME3OHOB C BHEp--
rueit 85 Mas monyueno smauenne o(p—)=(13,3==1,1)-10~%¥ cu2 B
i cpeiHedt sHepruy Me3onoB 58 Mss oxazanoch

o (pt) = (27,8 222,5)- 10~ cu?, o (p~) = (17,6 == 2,2) - 10— cu?.

Ilpu cpenueit suepruum myuxa 37 Mse B!! wuccaenosaioch ToimOe
ceueHHe paccesHusl MONONCUTENEHHIX T-ME3CHOB Ha Bomopone. Mamepennoe
ceuenne Oxasanoch paBHeM (12,4 7= 38)-10—% cu?. TeoMeTpyus CUETUUKOB
HCK/IOUAZA BO3MOIKHOCTD PErHCTPALMH YACTHI, PACCETHHLIX TIOX MajbiMH
yriaamu, TlostoMy naf DOMyYeHHS NOJMHOTO CedeHus] He0GXONUMO GhLIO
cllefaTh NPeLNONOMeHHe O XapaKTepe YINIOBOro pacnpenenenus. . [Ipen-
nonoKenne 00 M3OTPOIHOCTH CEYEeHHS B CUCTEME IleHTpa MHEPLH TIPH-
BONAT K c_(16 6= 4)-10—2" ¢x? -3axon pacnipenenennst cos®d nagr
20,8 - 10—27 cx?, a sin?® padr o = 14,9.10—%¥ cu?,

B pa6oTax 12 u '3 paccesmme Habmonailoch B Kawepe Bumbcoma.
B3 npu sueprmu 53 Mse nas paccesHud NOJOMHUTENEHLIX T-MESOHOB
NPOTOHAMM TIOJYYeHO Cedenne BeamuuHOH (20 —=4)-10—2 ¢?, Ilpu sHep-
run 60 Msg B 2 HaGmonanoch paccesHue OTPHUATENEHHX T~ME30HOB Ha
Bomopone. [lonyuennoe Tam ceuenwe paBro ~ 3-10—27 ‘fMg Cﬂeﬂye'r
yKa3aTh, UTO STO CeHeHHe COOTBETCTBYET MPOUECCY, OTIMUHOMY OT Ha-
6II0aeMoro B MeTOlle, MCHOJL3YIOIIeM oclafleHue nyuka. '

JlefiCTBUTENEHO, TIOMHOE CeueHye PACCESHWs OTPHUATENEHHIX T-Me3CHOB
CKJAIHLBAETCS U3 CeueHHH TPEX NPOLECCoB

4 p— " -p, 1)
T4 p—w -2y, (19
n——-]—p—»n—le'{, o (1.3}

B meToze, HCHOMB3YIOMEM OCTaG/leHNe ITyuka, H3MEPAETCH CEuEHHE
Bcex TpEX mponeccos. Hamporus — B 12’"H3K4‘epﬂe'rc;1 JVIIb CeYeHHE Npo-
uecca (1.1) (ynpyroe paccesiHue OTPHUATENEHBIX T-ME3OHOB).

[Ipn wayuenun paccesHMs] w-MESOHOB Ha *NeHrepuu b mamepsiiach pas-
HALAa ochafieHus Tyuka w-Me30HOB ‘Ha -MumleHsx- H,O u D,0O. Kamepa
paccesHus B OOOMX CJAy4agx MMeJa  OJMHAKOBYIO (OpMYy 'K DasMephl
¥ COIepXKaiad NpPHMEPHO OIMHAKOBOE WWCAO aTOMOB na 1 em?. 310 npu-
BOLWJIO K TOMYy, UTO NOTEPH SHePTHH,. KYICHOBCKOEe paccesHHe, a Takke
saepHble ¢dekTr, 00YCIOBIeHEbE HalWures KHCA0poaa, GbUIN TPUMEPHO
OIMHAKOBE B OCOMX Clydasx. CJIeILOBaTemEHO, NOJIypasKOCTh Habmofae-
Mex shdextiennx ceueHu#t paccesmug wa D,0O m H,O naér passocts
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ceyeHMH paccesHus T-ME30HOB Ha JefiTepunm HW BOJOpOLe. ITa' PA3HOCTD
3p — oy ¢ y4éTOM nompaBok mpuseiena B Tabiuue Il B nepsom cronbie
3T10#, TAOMMIBl YKA3aH TeJeCHHH YTOJ, N0 KOTOpPhHIM BHIEH M3 paccem-
-BAOIEN MuMIeHH nocAenHmii CYETYMK, DTOT Yroa XApAKTEpH3yeT Kaue-
CTBO «TeOMeTpHM» SKCIeDHMEeHTa. BaXHO, YTO 3HAYeHHd .CedyeHHs pacced-
'HUS TP PAa3AMyHOH TreoMeTpuH (PasiMuHbé TeJeCHBIH Yroa) COTJACYIOTCH
-C TOYHOCTBIO JO- OHIMOOK OIBITA.

TaGuauuma I

SQ)QJGKTHBHOE CEUCHHE pacCedHus ITOJAOKUTEILHBIX W OTPHUATCABHBIX
. T-ME30HOB Ha ,uemepzrm

}'{l;%nﬂec(f(l“r;lg dHeprus 9 %y §H °p
paIuan) (Mas) (10~ cu?) (10~ cu2) (10~% cu?)
: T (ol L
0,63 794-10 34410 48410 - 54413
0,63 109415 724 5 80+10 103+10
0,088 1154 9 884- 7 95415 124+11
0,63 115+ 9 84418 — —
0,43 127415 84+ 8 125 +15 129411
0,63 133+ 9 76415 135415 1284-16.
0,088 - | 164+ 9 139+13 — 1198412
10,63 .} 1644+ 9 128414 — =
0,088 179+ 9- 172410 — 234412
0,63 179+ 9 | 16312 — -
0,43 209415 1314-25 — 192426
ot at ot
0,43 72417 24+ 6 15+ 8 604 9
0,63 79410 31413 20+ 8 79415
0,43 109415 29412 31+ 9 109+16
0,43 127415 26415 45410 151421

Bo BTOpoM croafue mNpHBEeNeHH SHEPIHH T-Me30HOB. JbPeKTHBHOE
CeueHue pACCEsHUS T-Me30HOB Ha JelTepun mnoayyaercd no0aB/eHUEM
gyg K op —opg. C TOWHOCTBIO 10 OMIKXOOK OMNBITA OHO OKa3HBaeTCd He
BABUCTIMM OT 3HAKA 3apsia Te=me30HOB. Tako#l e pesyabraT OBLT NOJAY-
uen BIY num paccesnws Ha. mefirepuu Me30HOB CO cpeauedt sHeprued
58 Mss. ViMenHo TaMm HOmyMeBO: .

a(dY) = (38,323,1)- 102 e 5 (d-) = (32,822 3,1)- 10~ e,
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Ha puc. 3 mpencTasineHo ceucHMe pacCesHHs m-ME30HOB Ha Aefite-
pHM, a Takxe AJs CPaBHeHWs npuBengHa cymma oy (nt) oy (). Ha
CpapHeHNM STHX LAHHLIX Mbl OCTaHOBHMCS HHIKE,

Bepuémcsi BHOBb K PAaCCESHMIO OTDMUATENbHEIX T-Me30HOB, OIEHKH,
OCHOBAHHBIE HA TPHHIUIE NeTaIbHOTO PABHOBECHS, YKASHBAIOT HA TO, YTO
ceuenne nporecca (1.3), apasmioiiierocs o6paTHEM mpoueccy GOTOPONIe-
HUfl ®-Me30HA 7-KBAHTOM Ha HeiTpOHE ', HMeeT BeNMUHHY NOpALKA He-
cxoapkux . exunat, 10—27 cu%, a ClaenoOBaTesNbHO, MHOTO MeHbIe HOJHOTO
CeueHMs pacCesyds OTPHIATENBHEIX T-M@30HOB, KOTOpOe IIpM SHEpruu
120 Mazs cocrtanager upumepHo 40-10—27 cx?, Jlanee, BawHO DPa3lLeNUTh
BKJaAH B 9Ty ' BeJUUMHY OT ) )
npoueccos (1.1) u (1.2). vy Tt 4

Metonnka wucerenosamnsi’ oS 20044 6,07 LI’ *
paccedgHus ¢ IlepesapsiKod o 1 4 6@ e () 4
[mpouecc (1.2)] meswaumtempro  x " " ?i
OTMMuAnack OT HMenoub3yemoi  © 100 1 %
1pY H3YUYEHMH NOJHOrO pacce- 1 +
SIHUS. U TpexIe BCero TeM, UTo _ R S —
TpeTuil ¥ YeTBEPTHIE CUBTUHUKA 0 - &0 100 150 200
yiKe He CTaBHIMCh Ha NyTA . E. M3
ryska, & PACHOMrAMCH WOL  p 0 5 ommoe Da”q)cpexmsﬂoe ceuenye
yraios 90° K YUKy R-ME3OHOB.. paccesust T-M30HOB Ha Xefirepuu. [l

st permcTpanmu - Y-KBaH-

. CpaBHEHHs HAHECEHHl TOUKH, COOTBETCTBY-
TOB Mepell TPeTbUM CUETYHKOM -~ jomHe T (1) + oy (7).

Oplla  PaCONOmeHa CBUHLIOBAA . )
macTuHa TomuuHO ~ 0,6 cx. lVsMepenme CBOAMIOCE K OHNpEAENEHHIO
OTHONICHUS uHCeJd pACCESHHBIX W IANAIONMX  YACTHI, TIPU HANAYHH
BOJOPOAAa B Kavepe paccesums W -0€3 Hero, a TakKe CO CBHHIOM
u Gea wHero. [lpm 3TOM: MOWHO TPOBeCTH pasieieHHe COObITHH,
00y C/OBJCHHRX PACCESHHRIMM OTPHUATEIBHBIME  T-ME30HAMHA, U COOHITHI,
O6YCNOBAEHHBIX 7|-KBAHTaMH. [IIF TENECHOTO YIid, TOL KOTOPEHIM BHIHBI
¥3 peccedBaTenst BTOPble B4 CUSTUMKA, OTHOIICHHE UYETBEPHHIX COBHAZe-
HUH K IBOHHEM, 00YCJOBJEHHOE T-ME30HAMI, PAacCEHBAIONIAMUCH C SHeprHel
118 Mss, pasmo (0,34=0,12)-10—*, a oGycrosienroe (oTOHAMH
(1,412 0,32)-10~*. [ng noJyueHus MOJAHHIX CeYeHHH NPOLECCOoB (1.1)
u (1.2) neoGxonuMo CHE/dTH MPEINOJOKEHUE O XapaKTepe YIVIOBOTO
pacipenenenus. Ecau NPUHATH YIVIOBOE pacTpefefenie B CHCTEME LEHTPa
MHEpIUY M3OTPOMHLIM M YUYECTh, UTO Y-KBAHTH O0OPasyIOTCH THapamy Tpw
pacmaze He#TpAaILHOTO m-Me3OHa, TO cedenns mnpoueccos (1.1) u (1.2)
OKA3LIBAIOTCS COOTBETCTBeHHO paBhbu (10224)-10—% cu? u (20=
==5):10—2 ¢cu2. Taxum 006pasom, paccesHue C nepesapsikofl oGmanaer
CeYeHMeM, TIPUMepHO B B2 Pasa NPEBHLIUAOMMM CedeHHe YIPYroro pac-
cesnnA OTPMUATENLHLIX T-ME30HOB,. DTOT pEesyabTaT TNOLTBEPKIAETCH.
¥ B ONHITE 10 MCCae0BAHMI0 YTIOBOro pacrpenenerus (1aba, IV cm. c1p. 332).

Vamepenns nnddepetunanstpx  9ddekTHBHHX cevennit B8 mposonu-.
JHCH HA OCHOBAHMM TOH € MeTOAMKH., BTopad napa CyéTuMKOB pacroJa-
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Tabauwga IV

1

— i N
LN X 3
Dmepras o SI8 SI§ SI§ a %
[Mse] |- Iponece rNI 5 5 2 3
' 2 2 = o &
T ~— N =R L
Q N [ ey T
110 | at—>=t | 3,540,6 | —4,640,8| 7,24+1,8 | 74,5454
135 | at>at | 3,842,2 | —6,842,7 | 17,546,6 | 121419 |
185 | o~ > | 1,240,2 |—0,140,3| 0,340,7 | 16,242,3 |
185 | o~ | 1,140,6 | —2,540,5| 6,3+1,9 | 40,6+2,3

rajach IOA TeM YIIOM K TYYKy w-MEe30HOB, IO KOTOPLIM H3YYalHCE
NPOLYKTH paccesHus. Paccesnune ¢ nepesapdikoi OT/MYaIoCh 0T YIPYroro
paccesHys OTPHLATENEHBIX T-ME30HOB IyTEM MOMEINEHHd CBMHIOBOH IId-
CTHHKM nepel BTOpOH napoit cuéTuukOB. DHIO M3MepeHO YIioBOEe pacrpe-
LeNleHle YIpyroro paccesdds NOJOMUTENEHBX 7-Me30HOB npu 110 Moas
u 135 Mas, a Taxwe ynpyroe paccesHue U paccesHue C mepe3apaikoi
OTpHIATEJbHBIX T-Me30HOB IpH sueprim 135 Mss, Halmonemnus npous-
BOAMWIMCH TIOJ yriaMH K IIYHKY Me30-

o et Tt HOB (B JaGOPaTOpHOH CHCTeMe KOOp-
~ _T_ Jrenepumenm ) ° ° °
5 I Wzomppnus nuHar) 45°, 90° n 135°,
© ~~0— (0528 B cucreme ueHntpa wHepuUMH De-
‘] O 1+360s@ GLIT
@ . 3YALTATHL MOrYT OLITh BHIPAXEHH C
3L T i TIOMOLTLIO  (POPMY JILE
= R ' .
prmpmnee.-gisugnng k— Sy 2 § 1.4)
2L 5 —e— I a-+ b»cosm“r—k ccos?, (1.4)
- » Kosthduuuentst @, & n ¢ npu-
r '—-—-ﬁ—,-——- BefeHsl B TaGmme IV Buecte co
L, T, CTaTHCTHYECKMMA ClunGkamu. HomHble

cedenys, IIOAyyaeMble WHTeTPHPOBa-~
mvey (1:4) no yraay, HaxomArcd B.
XOpOLIEM  COPJIACHM CO  SHAYEHUSMA,,
npuBe1éuHbMy Bome (cx.tabim [ ull).

¥raoBoe pacnpenenewmne IPH pac-
CesiHNM  HONOMUTEJBHLIX  T-ME30HOB.
¢ os”eprueit H3 Mse Ha WPOTOHAX
Ha6mopanoch B Kamepe Buibcona'®. Tlomyuenroe mpu stom zuddepenun~
anEHoe ceuenue (puc. 4) Ompefelero co sHauMTenrHol ommbkoi. Ho
HecMOTpd Ha 970, OHO BCE e, NOBHIWUMOMY, I'OBODHT O TOM, 4TO YO~
JBOE pacipe]elieHye 3aMeTHO OTKJOHSIETC OT W30TPOHHOTO. »

0 20 &0 60 80 100 120 M0 160 150
Maf

Puc. 4. ¥Yraosoe pacupelefieHue IIo-

JOXHTENbHDIX T-MEZOHOB, pacCedH--

HBIX HA NpOTOHaX MpU 3HEPrHM
53 Mas, :
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§ 2. TEOPUS M3OTOIMUHECKOIO CIIMHA

BaanvMoneHcTBYS C 3apMmKeHHHIMH T-ME30HAMH, HPOTOH M HeHTPOH
MOTYT TpeEpawiathcsi Apyr B Apyra. (Hampumep, nporon, noruomas
OTpMUATE/LHEE ®-Me30H, nNpespamiaeTca B HefTpon), Ilpn paccmoTpenvn
TAKHX NpeBpalieHnit y06HO TPaKTOBaTh IPOTOH M HeHTPOH Kak IBa
COCTOAHMS ONHOH M TOH e YacTHIL, KOTOPYIO Ha3HBAIOT HYKJICOHOM,
OGa CcOCTOSIHEA HYKJEOHa XaPaKTepysyOT SHaueHHeM 3apsiOBoil IepeneH-
HOil (3apana), mpuuéM OHAa paBHa 1 B NPOTOHHOM COCTOSHMM HYKJ/COHA
1 O — B HeHTPOHHOM.

Bosmosast ¢yHKuMA HYKIEOHa, IOMMMO KCODIVHAT ¥ CIHHA, IOMKHA
BaBHCETh OT 8apsnOBOM nepemeHnoH, npoGeraiowelt npa 3Havenws, Ilo
aHanorv¥ ¢ OGLIYHLIM CIEHOM MOMCHO  BBECTH 3TY 3aBHCHMOCTb, HPENCTa-
BAB BOJHOBYIO (DYyHKIHMIO HyKJIEOHa B BHIE

_ %) \
b= ). (2.1)
VcnoBre HOPMMPOBKHM BOJZHOBOH (IYHKIMM HA eAMHMIY HajaraeT Tpe-
GoBanye ’
912 P =1.

Ecmm remeps IpelroNiomNTh, YTO B HPOTOHHOM COCTOSHHH HYK/EOHZ
OT/MYHA OT HyJd BepXHAY KOMHOHeHTZ ¥, & B HECHTPOHHOM — HMKHAA, TO
BOJIHOBHIE (YHKIMM DTHX COCTOSHUE OYAYT MMeTh CAeAyIOn{MH Bui:

t="{5)s tw={1)- (22)

[To ananmoruu ¢ Teopuell CIHHA ONEPATOPH], IeHCTBYIOUIME HA 3APALO-
BYIO fleDeMeHHYIO (WIH, UTO TO Xe €aMoe, Ha IBYXKOMIOOHeHTHhE (DyHK-
wa (2.1) u (2.2)), HasEIBAlOTCS ONEPATOPAMH M30TONMYECKOTO CIIMHA *).

Moo BBeCTH TP MATPHIN *[y 7., '/, %, U '[y7,, 0Opasylomue Bek-
TOP MSOTOMMYECKOrO CHHHA T

0 1 0 —1¢
1/2Tx:1/2 10 3 1/2Ty:I/2(i 0>;
1 '
1.1212:1/2 (0 __O>’ (23)

KOTOphie 10 BHAY MOJHOCTBIO COBNAZAIOT C Matpuuamm '[,6,, 1,5,
u '[,0, OOBYHOrO CHOKHA, HO WMEIOT COBEPUISHHO OTJHUHBE OT HUX
¢usuuecknt cupica, Ecam B Teopun cnmHa cOGCTBeHHHE 3HaYeHMd oOmne-
patopa !/,5, ONpeleNfIOT INPOEKIMI0 CHMHA Y4CTHLLL HA OCh 2, TO

2~z
omepatop '/,T, B TEOPHH MBOTONMYECKOTO CIIMHA HElOCPEICTBEHHOTO

*) BuepBble H30TONMYECKHH CNMH GHIX BBENEH B T€ODHIO IIPH PACCMOTPEHHU
§-pacnana 14, ’ .
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(usrueckoro cMbica He uMeeT. OJHAKO C ero TNOMOLBI0 MOXKHO NOCTPOUTH
ollepaTop 3apsila HyK/IeoHa ¢. JeHCTBHTENHHO, HETPYIHO NPOBEPHTD, UTO

orreparop
14 10
g=15=(10), ‘ (2.4)

Oyayun HpI/IMeHEH K C})YHKU.I/II/I b, AAET eDMHUNY, & K QYHKLUA Yy — HYTb.
-Cle10BaTebHO, COGCTBEHHbBIS *3Havenms sroro omepatopa paBHBl h.== 1
‘0 A==0, B 3aBUCHMOCTH OT TOrO, HAXOJUTCR HYKACOH B HpOTOHHOM Had
HEHTPOHHOM COCTOSHMAX (3aPSA HYKICOHa PaBeH el).

Bmecro IBYX ApYrux OIepaTopos T, M T, B TEOPHH HAUlE NOMH3Y-
10TCH OllepaTopaMd BOSHUKHOBEHWT M WCUE3HOBeHHMT 3apsia © u t* 17, 18,
KOTODHIE BLIPAKAOTCH B BHIE JuHeHHOH KOMOWHAMH T, U T

B4
1:_1/2(1%—{—51),)::(? g 25)
:1/2('tx._-iﬂcy):(g é . .

Onepatopsl © ¥ % neficTByIOT Ha §, M Yy caenyiomuM oGpasom:

= (3 ) (3)=(2) =t =0, |

gm0 = (3 ()= (D)=

OnepaTop T NPEBpaiiaeT MpOTOH B HEWTPOH, omepaTop t* — HeHTPOH
B [POTOH.

3aMeTHM, UTO eCTM PAccMATPUBaTh (P-DYHKUMIO HYK/IEOHA KaK CHMHOD
B HEKOTOPOM TPEXMEPHOM M30TOIMYECKOM INPOCTPAHCTBE, TO it ity, it,
GynyT npencrapiith coGoit omepatopsl GeCKOHeUHO MAJOTO  IOBOPOTA
cmutopa ¢. Ha sswixe teopun rpymn '® rosopdr, uro MATPHUBL T, Ty T,
M enuHMuHAad Matpuila 00pasylorT NpeicTaBleHNe IBYXMepHOU rpyrmb[
BpaujeHnii B TPEXMePHOM H30TONHYECKOM IIPOCTPAHCTBe.

B ToM ciyude, KOrAa HYKIEOHR B3auMONeiCTBYIOT KaK C 3apsmikeH-
HEIMM, TaK W ¢ HeHTpalbHBIMA ME30HAMH, OKA3HBAETCS TIOLOTBOPHEIM,
TIOMHMO H30TONMYECKOr0 CIIMHA HyK/JeQHA, BBeleHMe TaK@e ONepaTopoB
MSOTOINYECKOro crnuHa mesoua 20 21, JleficTBUTeIbHO, TPYU COPTA T-ME30HOB!
7w+, m— u w0 MOMHO PACCMATPHBATL KAK TPH PA3MMUHBIX COCTOSHUA OLHOH
U TOH e vacTulbl. Bosxopad ¢(yHKuMS TaKO# 4GacTMUH, B OTJMUYHE OT
BOMHOBOH (DyHKU¥M HykJeowa 2!, fo/nkHa OGNanaTh TPeMs KOMIOHCHTAMH

%1 ’ .
P= ( Yo > ) . ‘ (2'7)
@3 : )

COOTBETCTBEHHO TPSEM BOZMOMHEIM SAPILOBLIM COCTOHHMAM T-Me3oHa. [lpu-
MeM, C 'yu8TOM HODMMDOBKH, YTO IJIf MHOJOXKMWTENbHOTO, OTPULATEILHOTO

(2.6)
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" HeﬁTpaﬂbl{Ol‘O T-ME30HOB @ HMECT BUIL

TSN N R

AHanorsyHO M30TOMMYECKOMY CIHHY HYKJIEOHd T MOXHO BBECTH BEKTOD
ugoromigeckoro cmuHa wmesoHa T. Ilockoapky BomnoBag ¢yukuug (2.7)
uMeeT TPH KOMIIOHEHTH, NPOEKLWH OHepaTopa Ha pasiuuHbie ocd GyAyt
OpeiCcTaBagth coG0M MATPUUBI C TpeMs CTPOKAMH M CTOJOHAMH, DTH
MATPHILL UMEIOT CJIelyionpt Bun ' ¥):

0 1/y2 O 0 ilya 0 :
T,=(1y2 o 1)y2 |, T,= —ily2 0 iy2i,
0 1y2 o 0 —ifyZ 0
' 1o o _
=0 0 . .
i <0 0 —01> (29

ITo Bupy OHM B TOYHOCTH COBIANAOT C MaTpuuamu -M /I/Iy, M,
OpOMTANbHOTO MOMEHTAa KOJMYECTBA JABKHXEHMS B COCTOSHHM ¢ =1
(opGuranbhbli MOMEHT paBen eiunmile) ', ITosTomy mHOrZa Omepatop u3o-
TOITMYECKOT'0 CIIMHA Me30Ha HA3LIBAIOT ONEepaTopoM OpOHTAILHOrO M30TONH-
4eCcKOro MOMEHTa, '

CoGcteennnie suavyeHns omepatopa 71, B coctommmax ., $_ u Y,
paBHbl COOTBeTCTBeHHO ~4~1, —1 u.0.

Mpr BunyM, TakuM 00pasoM, uYTO AJd MEe30Hd, B OT/MYHE OT cayyas
HYK/IeOHa, OIlepaTop 3apdia NPOCTo paseH I, — HPOCKUMH U30TONMYECKOTO
ChMHa Me30Ha Ha ock Z. '

BoumoByio ¢yHKUMIO Me30Ha (2.7) MOMHO DACCMATPHBATbL KAK BEKTOP ¢
B M30TOIMYECKOM TPOCTPAHCTBe. KOMUIOHEHTH TOrO BEKTOpA @, @, M ¢,
MOTYT OHITb BHp@QAEHB Yepes BOAMOBHE (yHKIMM ¢i, $_ M @, NOIO-
AUTEABHOTO, OTPULLATEABHOTO K HeHTPANBHOro Me3oHOB. Mmenno:

9, = ,/L‘ (@rte-) g=—mm@e—er)  w=% (.10

Tlpu pasmrunnix npeoOpasoBanMdXx B H30TONMYECKOM NPOCTPAHCTBE 3TH
BEJMYMHEL TPe0OpasyIoTcs APYyT B APYyTa.

[Tpoexuun BeKTOpa HIOTONMUECKOTO CiuHa MezoHa T, Gynyuw yMHO-
eHbl Ha £, SBAGIOTCS ONeparopamMyu GecKOHeuHO MAlOro IOBOPOTZ BEKTO-
pa ©® B HSOTONMYECKOM IPOCTPAHCTBE M COBMECTHO C eIMHHYHOM MATDHIIEH

*) Oneparop T MOXHO BHPa3WTh TaKxke depe3 ONepaTOphl MOTJAOLIEHHS
Y HCIYCKAHUS Me30HOB a* u a: T==i(a* a), Tle npoexmud a (COOTBETCTBEH-
HO a¥) OTHOCAICH K PasqHIHbIM 3aPAJOBHIM COCTOSHWSIM 7-Me30HA 22.
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8a0al0T TPEXMEDHOE MNpeNCTaBieHWe TPEXMEPHOM rpynmel BpaweHuHl B

3TOM IIPOCTPAHCTBE.
Iepeitném Teneps Kk PACCMOTPEHMIO UBOTOMMYECKHX CBOMCTB LpOCTeLIusik

cuCTeMbl, 00pasoBAHHOH U3 T-Me30HAa *) M HyKJeoua.

Takyio cucreMy, TakK e Kak ¥ KOKAYI0 BXOASILYIO B He§ vacTHuLy,.
MOXKHO XapaKTepH30BaTh NONHLIM H30TOMMYeckuM MomentoM I, omneparop.
KOTOpOro OyheT CKAaAHBaThCd M3 OIePaTopa M30TONWUECKOro CIIMHA HYK-
JeoHa 1/2 T u onepaTopa’ W3OTOIMYECKOTO CnuHa Mesona T

=1/2+T. 2.11)

Ornepatop HOMHOIO 3apAla CUCTEMBI ME3OH ~—— HYKJIEOH OYIET DABHATHCHL
CyMMe OIepaTOpOR 3apsia KawcIoH UacTHLRL

e=g¢+T, =+ +1, (2.12)

Yro6r NoiyuuTh cOOCTBEHHBIE (DYHKIIMA CHCTEMEL, COCTORIIEH W3 m-Me-
30Ha M HYKJNEOHa, MHl JO/KHBI HOCTDOMTE BCEBO3MOXHBIE IPOU3BENEHHs
u3 dyuxumd $ u ¢, Bcero umeercd IMIECTs Pa3IUUHBX  COOCTBEHHBIX

- yuxumii
Pr) =919 @7 )=9-9, (@)=2", } @.13)
(T )=91by, (17)=9-9x5 (0°)=2yby.

3nech uepes (Pt ) oGo3Hauena BYHKUMA CHCTEMBI, COCTOMINEH W3 TO-
JIOXUTENBHOrO ME30HA W UPOTOHA W T. 1. Bumncamuuie dyHKuuy, BCOSIIE
roBops, He sBASIOTCE COOGCTBeHHBIMK (QYHKUMAMA KBanpaTa oleparopa
IO/HOTO W30TOmIYecKoro MoMenta cucremsr (I)2,

OxHaxo, B3B8 onpelendHinie JTuHeRnse KomGunauuw dyuxuui (2. 13)
MOXHO TocTpouTh cobcreensnle dynxmma (I)3, oxHoBpemeHHO mpuHan-
NexKalye 3a1aHHOMY 3HAYEHMIO IPOGKUMA [, MONHOrO MOMEHTA Ha OCh Z.

Beero rakux QyHxmmi O6yneT Takue meCTb, npuuéM ase OynyT Opu-

Hagiexkath cocrogHuio, B kotopom (I)>=1/y (*/;-+1) (mag mpocrorst
MEl Oynem mmxe roBopHTb, uro [ =1[,), a [, z*:tlfi, i yeTLpe — Co-
=3/ .

crosumio, B xoropoM [ =3[y, a I, mpuxuMaer sHaueHus = [, 228/
STH (PYHKIME WMEIOT cneﬂyfomlflﬁ “ain 21y 2 %)

l/ = Vl '3 Po ‘Pp ‘V2/3 CP-*—"?N) . (2 143)
' R . I° ,‘.’
Dl =— V¥ 0 b, v 59 Uy
#) Tlon m-Me30HOM Mbl 37eCh HOZP23YMeBaeM, KaK W Bbliie, 4acTHAIY, MO-

FYUIYIO HAXOZHTBCA B TPEX 3apHAIOBHIX COCTOSHHSX.
*#) B tom,ut0 ()2 @2 =300 1) @) /* ( cootsercrBenno xan &y i )

MOXHO Y6EllHTbCﬂ HeHOCpe,ZlCTBeHHOK HpOBepKOH.
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Juist cocTosHuil, B KoTopux J=1[,, u

D=, Bi= s abpt Vs o1 tm

. L ' P (2.146)
(I)_s% = @ d?N; q)'—?’/‘z = 1/1/3 <?"' q)p—}_ l/z/:? (PO L‘K)N

a cocrosmmit ¢ [ = 3/,. Bepxuuit numexc B 9TuX (OPMyIAX YKa3bl-
BaeT sHauewwe [, a HMmcumil — 3navyenue [,. Bce dyuximn (sz OpTOro-

‘HaJrHH MeX1y coGO#f M HOpPMMpOBaHBl Ha enyHuy. M3 dopmyn (2.14}
B Y4CTHOCTY, BHITEKAET, YTO B CHCTeMe, COCTOsIUEed N3 TNOMOWUTENEHOro
T-Me30HA M NPOTOHA HAM W3 OTPHUATEJLHOrO R-ME30HA W HeHTpOHA Kax
oMY M2OTOMMYEcKWH MOMEeHT I, Tak M ero npoexuus [, UMeiOT onpe-
JeiiSHHble 3HAYSHUI.

dynxuny (2.13) B cBOIO OuepeAb MOryT OuTh MPEACTABIEHB C 1O-
Mompio dopuyn (2.14a) u (2.146) B Buie CYNEPHO3UUWH COCTOMHWH
< onpegenénnbMu [ u [,

(pr)=®f; )=V DLy Vs OBy
0°) = vV, Oy, — Vi Bls (o )V B2 B (2.15)
(n_) = (I)Z?a/, 3 (no) = VE/; (D:;_{:’x[g + I/T[E (I)ffr/g,

B ofmem ciyuae npu NpOM3BOILHOM B3aWMOAEHCTBHE T-ME30HA ¢ HYK-
AICOHOM IOJyueHHble BhuTe cootHoumraHus (2.14) u (2.15) npuHocdr mManyio
nons3y. HanporuB, B ciydae Tak HashBaEMOTO CHMMETPHYHOTO B3auMOneli-
cTBus 24, NpUBONMINErO, B YACTHOCTH, K 34pSAOBOH HE3ABMCHMOCTH suep-
Heix cun®), ua dopuyn (2.14) u (2.15) MOKHO TONYUHT DAIL MHTepec~
HeX pe3ynbTaToB. CrenuduueckuM LI CHMMETPUUYHON TEOPHH B3aUMO-
LefiCTBAN ABATETCA PEAIIOJIOKEHHE O TOM, YTO NPOTOH M HeHTPOH 06/1akaI0T
ONMHAKOBLIMA KOHCTZHTAMM B3AMMOAEHCTBHS C 3apsDKCHHRIMM MEe3CHAMW,
a KOHCTaHTBHl MX B3aMMOJEHCTBHS C HEATDANEHHMM ME3OHAMH MMEIOT MPo-
THBONOIONKHBE 3Haku, OTcCiona ClIelyeT, YTO raMUIbTOHHaH B3aHMOAEHCT-
BYSL B CHMMETDPHUIHOM TEOPHH UPOTIOPLKOHAIEH CKAISIPHOMY NPONIBENEHUIO TP
OIeparopa ¥3OTOMMYECKOro CIMMA HYK/JEOHa T M BEKTOpA @ M SBANETCH
HHBADHAHTOM OTHOCHTEALHO BpAIeHHA B W30TONMYECKOM NPOCTPaHCTBE.
Vi3BecTHo, ONHAKO, WYTO MHBAPMAHTHOCTh FaMMJIBTOHMAHA OTHOCHTEIEHO
HEKOTOpPOro npPeoGpasOBanus 03HAUAET, YTO B NpOLecce BIANMONEHCTBUS
COXpaHAeTCs onpenensuuad (uanyeckad peauunHa. B NaHHOM Cilyuae uMBa-
PUAHTHOCTL IaMMJBTOHHAHA OTHOCHTENBHO NOBOPOTOB B HSOTOIHMYECKOM

FY o

) Hlox 3apanoBoi HE3ABHCHMOCTRIO SHECH IO/PASYMEBALTCA PABEHCTEO CHI
%{e}my HYKJICOHAMY, HAXOHFIIAMYCH B Da3JHYHBIX 3apSAOBBIX COCTOAHHAX 2.
ApAN0Bas HE3aBHCUMOCTD SACPHBIX CHJI, IOBH AHMOMY, NOLTBEPH1aeTC HA ONHITE,
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TPOCTPAHCTBE CBSI3aHA C COXPAHEHHEM IIOJHOLO HSOTONHYECKOTO MOMEHTA
CHCTeMEl, OOPa3OBaHHON M3 T-ME30HA M HYKJEOH2. 3aMeTHM, YTO COXpaHe-
HHE IONHOrO WIOTOMMYECKOTO MOMEHTA  O3HAYaeT Heuro GoMpiliee, ueM
IPOCTO  COXpaHeHwe IOMHOTO 3apdaAa cHcTeMbl. [locaennuit coxpausercs
npu JOOBIX B3AaMMOLEHACTBAAX, B TO BpeMf Kak I1d coxpaHednst | Tpe-
6yeTcsl MHBADUAHTHOCTL T'AMUIBTOHHAHA OTHOCHTEIBHO BPAIIGHHMH B H30TO-
HMYECKOM TIPOCTPaHCTBe ¥),

Vverotca OCHOBaHMS IOJATATh, YTO COXpaHEHUWE TOMHOTO HIOTONMuE~
‘CKOr0 MOMEHTA NpH SAEPHHX B3auMOAEHCTBHAX (AKTHUECKH MMEeT 'MecTo
B nprpone *¥), Ilo3T0My €CTECTBEHHO MOJOKHTE B QCHOBY JAlbHEHIIEro
PaccMOTpeHHs He KOHKDETHHIl BHI raMMIbTOHHAHA B3dUMOJEHCTBHSA, CBOKH-
CTBEHHOTO CHMMETPUYHOH. TEOPHH, a HMEHHO NPEANQNOKeHHe O CoXpa-
HEHUM IIOMHOTO M3OTONHYECKOro MOMenTa I B JIOGLIX Hpoileccax SAepHOro
B3aUMO/ICHCTBUS T-Me30HOB C MyKIeoHaMu ¥#¥), )

[lpamenuy 310 TONOMEHME K PACCESHMIO T-ME30HOB HYKIEOHAMH.
OGosnauiyM MaTpudHble SIEMEHTH IEPeXOia M3 HAYAILHOrO COCTOSHHUS
B KOHEuHOE uepe3: (p+, pt)— Add paccedHus mOIOKHUTENLHOTO T~MEe30HA
Ha npoToHe; (P, P ) — LA DACCESHMS OTPUUATEJBHOTO T-Me30Ha Ha
npotoue, (1, P~ ) — AN paccesHmsi OTPHUIATEJLHONO T-ME30HA ¢ Tiepe-
3apIAKOH, W aHANOTHYHO A pacceduud Ha Hejfrpone. Mcrionpsys sakox
COXpaHeHHs II0HOrO H30TONMYECKOTO MOMEHTA (KOTOPHIH MPOABATCE B TOM,
YTO "MATPHUHEIE IEMEHTH IEPeX0a Me¥Ly COCTORHWAMH C PASIMHBIME
1 [, JOMKHB UCYe3aTh), C MOMOLIBI) BOJHOBLIX byHkuu# (2.14) Haxonum:

-

(p+’ pt ) ES ((I)a/zl(ba/z)’ _
() =g (D) - 2O D)), (2.16)

(n® P")‘—“L/;—_- (D D)) — (D P*h)} }

M ananoruudbie GOpMyn A paccesHud Ha ueitrpowe. [Ipoeknua u20To-
NUYECKOro CIMHA He BHIIUCHBAGTCH, TAK KAK B3aUMOACHCTBHE HE 3ABUCHT
or [, mpu 3agauHom I. :

#*) B mepBoM Hencde3aoumieM NPUGMKEHHH TEODHH BOSMYLIGHHA CAMMET-
puYHAd TEOPHA INPHBOJUT K NOTeHNHANYy B3auMOAEHCTBMA JABYX HYKJICOHOB,
B KOTOPHIH BXOXAT TOJABKO MHBAPHAHTHHIE KOMOHMHAIMH THIA (Ty1s) TAE T; — OIe-
PaTop MBOTONMYECKOTO CHHHa i~ro HykaeoHa (i =1, 2).

*%) 3aMeTHM, 9TO B CiAydae B3auMOZeHCTBHA € 3JEKTDOMATHHTHBHIM DOJEM
33KOH COXPAHeHWA NOJNHOTO H3OTONHUECKOTO MoMenta Hapymaercd. Hampuwep,
JBa OPOTOHA B S COCTOSHHH B3auMOJEHCTBYIOT MHade, 4eM JBa HEHTPOHA B TOM-
We COCTOAHHH, GIarofaps HAMMUMI0 KYIOHOBCKHX CHJ MEKJY NPOTOHAMH.

#%%) EnuHCTBEHHOEe TpeOOBaHWE, HAJATAEMOE TIPH 3TOM HA IaMHJIbTOHHAHDBI
B3aUMOJieHCTBY,— HHBAPHAHTHOCTh OTHOCHTEJLHO IOBOPOTOB B H30TONHYECKOM
npocrpancTBe. Taxoe BaammozeficTsue Mpi B ofMieM ciydae OyleM HA3HBATB
3apA/10BO-HEe3aBUCHMBIM, i
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[na ceyenui, KOTOpbie nponopunonanbnu KBaleaTaM MATPHYHEIX 371€.
MeHTOB, moaydaercs?!: 2

dd(p+,p+):ds/2,

dG(P“,p"‘)—— [ G L 4dc'ls - 4 (do*ls ds' s cos o,

ds(n% p~)= [dss/a 4 ds'ls — 2 (ds"s do'l )'/x cos <p]

‘|
!(2.17)
!

co]w co[

B

rune: . .
' ds’lr = l((I)“/-zXII):’/g)l?, ds'ls — l((I)‘/ei‘(I)‘/g)?,
2 (dslfe ds'la )1/2 cos @ —

= (®*2 ¢%)%(¢wv¢w)(¢w;¢w)(¢%]¢%%

COS © — HeONpeIeISHHBIA (paaoBbm MHO}KI/ITEJH:, saBHcmm/Iﬁ OT 3IHEprun
W yIJOB.

OTMeTHM, YTO YIEHH, NPONOPHHOHANBHEE COS @, . MOSBIIOTCS BCJE/ -
crpue uHTepdepeHuun Npu paccedHus P-BOMH, OTBEUAIOMIMX BHAUSHUSIM
moaHoro u3oronuyeckoro Momenta I =3[, u */,. TloiHoe ceuenne mis
OTpHLIATEJEHHIX T-ME30HOB, OIHAKO; HE 3aBMCHT OT 9.

Us, dopuyn (2.17) oueBuawo, uro, BooGme rosops, d3(p+, pt) #
#ds (p~, p~) L4 NPOM3BONLHOTO B3AMMOZEHCTEBHUS, MHBAPUAHTHOIO OT-
HOCHTEJILHO TI0BOPOTOB B MBOTONHHECKOM TPOCTpAHCTEE: OrHomenye ceye-
‘HE# 19 - 1wt -me3oH0B HA MpOTOIfe COrACHO (2.17) pasmo

~ L. Li’(lj 05 s @) ()

¥ MOXET MEHIThCH B IMMPOKHMX Hpefedax oT /3 10 NPOM3BOALHO Goltb-
10 BeJII/I‘II/IHbI B 3aBUCHMOCTH OT BE/MUMHHL B3aMMOJEHCTBHIL B COCTOSHHH
cl=

SKcnepMMeHTaanue nanHble (cM. § 1) ykasbBaloT Ha TO, UTO 3T0
orHOmeye Gusko K *[;. OTciona Clepyer, YTO OCHOBHOM BKIaj B pac-
cesiHHE T-ME30HOB HA HyK/JEOHAX [AlOT COCTOSHUS C NOJHEIM H30TOMHue-
ckum MomeHtom [ =3/, B TOQ BpeMsl XaK B COCTOsHuH c / :’1/2 pac-
CETHNE TQBHIMMOMY, 3aMeTHO ciabee.

Ecan npennonowuts, uro ds'/e == 0 (B3amMojeficTBue B COCTOSHHSAX
¢ I =1/, monsocTsio OTCyTCTByeT), TO M3 (2.17) BhITEKaeT -

ds(pt, pt ). ds(p—, p~)ids(nd, p~) =9:1:2. (2.19)

Cootnomenne (2,19), 1o Bcell BEPOATHOCTH, NMOATBEPHI4€TCA HA ONEITE,
YTO CBMAETeNLCTBYeT B II0Jb3Y 3apsSlOBO-HE3aBHCHMOrO (¥ B YACTHOCTH
CHMMETPHYHOI0) B3aUMOAEHCTBUS.

st cevennft paccesHus 7-ME30HOB HA HeHTpOHE MOXHO IOJYYHTD
opMyaLl, coBeplilenno apanoruunsle Gopuymam (2.17), npHuEM OKasbi-
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BasTCA, YTO v

ds(n—, n—~) =ds (pt, pt);

ds(nt, nt)=ds (p—, p~); (2.20)
ds (p% nt )=ds(n% p—).

Crie0BaTe/IbHO, MEXAY ITUMH CEUEHHSIMU HMEIOT MeCTO COOTHOIIEHVS
(2.18) u (2.19) c samenoit B Hux ™+ Ha w.

Dopuymnt (2.20) MOryT OuITh TpPOBepeHH B ONBITAX [0 PACCEAHUIO
T-ME30HOB Ha AefTeponax. Ecau npuuATE, 9TO wacTHMUL AeHTEPOHI pacceu-
BAIOT ME3OH 5 HESABUCHMO, TO TIOMHOE CedeHne paccesuus Ha defiTepone Gyner
paBHO cyMMe ceueHuit HAa MPOTOHe N HelTpoHe ¥)

ds(d+, d*)=ds(pt, pt)-ds (nt, nt),

ds (pp% dt ) == ds (p°, nt), _
ds(d—,d=)=ds(p—, p~) +ds(n—, n—), (221)
ds(nn®, d—) =ds (n° p—).

" oty (2.20) us (2.21) CJIeLyeT, uTo
ds(d¥, dt) ~-ds (pp®, dt)=ds(d—, d~) -} do(mn?, p—). (2.22)

TaxuM 06pa3oM B YIDEALOJMKEHAN HERABHCHMOTO PACCEAHNS T-ME30HOB
HYK/eOHAMH fefiTepoHd 3apaiCBO-HE3aBHCHMAA W, B YACTHOCTH, CHMMeT-
pHuHad TeOpPHA NMPHBOIAT K PABEHCTBY NOJHEIX CEYEHMH PACCESHUS [OJO-
WUTEMEHHX H OTPRUATEN! HHX T-MEe3CHOB Ha lefitepone. Taxoe paBeHCTBO,
MOBHIMMOMY, TOATBepxkraetcs onerroM (§ 1)

C nomotupio dopyyn (2.17), (2.20) u (2.22) nommoe cedyenne pacce-
UM 3APKEHHHIX T-ME30HOB NEHTepOHOM MOMHO TPEICTAaBHTh B BUle

ds (dF) = da(d=) = 4}y ds" -2y do (2:23)

B npenmonoxenuu, uTO B3auMozelcTie B cocTodHnax ¢ [ =1/, caato,
BMOMHO TpeHeOpeub BTOPHM caaraembn B (2.23). Torma noayuwres, 4to

ds(d*):ds(pt, pt):[de(p—, p~)t-ds(n’ p—)] ==4:3:1. (2.24)

OTMeTHM, YTO TOUHOCTh MMEIOIIMXCS B HACTOSIEE BpeMs SKCHEpHMeH-
TalE HBIX JAHHBIX el Hel0CTATOUHA, YTCOLl ONHOZHAYHO 33KMIOUHTH O POJH
B pACCEAHMM COCTOSHME ¢ IOJHHIM MSOTONMHUECKMM “MoMenToM [ =1/,

Bcé mpomenansoe Bbluie MOWeT ObiTh 000CIIEHO Ha Ciayvall cucTew,
COCTOSIUIAX U3 TIPOM3BOJBHOIO YHCIA ME30HOB W HYKJIEOHOB.

*) 3nech M HWXE He NPHENIMAIOTCA BO BHEMANMe peaxmua THua (2p, dT)
a (2p,dT), maymHe ¢ OTHOCTENHHO MANLiM CEeHHeM IIPH HEPIHAX ~ peZ
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§ 3. OEI]J.AH TEOPI/IH PACCEHHMﬂ TC-MEBOHOB HYKJIEOHAMU
11 VHTEPITPETALIVSI OFIbITHbIX I[AHHI)IX

Jlng TOro yToGH TOMYYATH BOSMOKHOCTH ~MHTEPIDPETHPOBATH Pe3Y.Ib-
TATH KCTIEPUMEHTOB IO PaCCESHUIO T-ME3OHOB HYK/IEOHAMH, HEOOXOLHMO
pacmonaraTh HeKOTOPEIMY OCHOBHRIMU €hopMyTaMut Teopul paccessus. [Ipexne
BCero Mel HoayumM GopMysl A9 9PEHeKTHBHBIX ‘CeUeHHH paccesHus m-Me-
30HOB HYKIEOHAMHY, BHpaxeHHbie depe3 (pasnl. 3aBUCHMOCTL (as oT 3Hep-
MK MOWET ObTh I[OJy4YeHa W3  CPABHUTENBHO MPOCTHIX = KaueCTBEHHBIX
npexnonoxenuit, Huxe Takke OyLyT HOMyueHBl BLIpAKEHWd Aa1 adiek-
THBHEIX ‘CeUeHHl paccesiHusl R-ME30HOB Kak (byHKLmu SHepPruM CTANKMBAIO-
IMXCH YaCTHIL.

3anaya 0 paccedHUM - - ME3OHOB HyKﬂeOHaMI/I CBOIUTCA K 3ajave IBU-
JEHHUS OJHOrO Tefa C TOMOUIBI0 OOBLIYHOTO MepexOid K CHCTeMe KOOpAH-
HAT, B KOTOPOi IOKOUTCH LEHTD WHEPIMH CTANKUBAIONTRXCH YacTull. MMy ase
W TOJHYI0 SHEPTMIO MEe30Ha B STOM CHCTEMe KOOpA4HAT 00O3HAYAM' [O-
cpencieoM k u 6, a yrox pacceﬂﬁuﬂ nocpeacTsoM ©. JLag BenuumH B Ia-
GOpaTOPHOH CUCTEMe KOOPIMHAT, B KOTOPOH HYKJCOH TOKOHMTCH, WUCIONb-
3yeM uxezxyromue O6O3HAYEHHS: ¥ -— WMIOYJIbC NANAONIEr0 Me30Hd

E = V/x? -[- p? — p - xuneTnieckas SHEPTUs Me30H, [t — MACCa ME3OHa
(Beane npumuMaeM cucreMy emmmal f — ¢ =1), 0y — yroa paccesnua
T-Me30Ha, 0, — yroa mexcny HanpaBleHueM ABHKEHMS HYKJEOHd OTJauH
u mmynbcom [AJaI0Ier0 T-ME30Ha.
9 u k crenyoumM 06pasoM CBSSAHEL C SHEPrHEH M YTJaMH OTKIO-
Henns YacTdl, B JaGOPATOPHOH CHCTEMe KOOpAMHAT ¥):
1

k= pr@Eronfipe et (57 6

cos b, = & (E 'IT,H:/ITM) —(E ~3—%’01\’1— p2 ’ (3.2)
ERE +2wle : :
_(EA+up+M) (& — s
6, = ,
“cos 2 EhGE 120 h v (3.3)
e’ ‘
' - ME(E-L-2 ‘ :
81 =E-+p— o - Mz—(I—QMEP?{— Mg (1—cosd), (34
62:M+E+P"—é’1- (3.5)

‘Hume M Besne OyleMm MOJb30BATBCH CHCTeMOH KOOPIMHAT, B: KOTO-
POHl OKOUTCH 1UEHTD HHepid, a dopmyas (3.1)—(3.5) crenyer ncnoab3o-
BaTh IJis NlepecuéTa mpH Nepexole OT JaOopaTOpHOH CHCTeMBl KOODAMHAT,
' Boanoat $yuxuus CHCTeMBl, COCTOAIUEH M3 T-Me30HA W _HYKJEoHa,
npencrasmeg cOGOH “MHOTOKROMIOHeHTHYI0 dyHKuMo. [Ipy 3TOM, Kak MH

%) B cBasu ¢ stuMu dopuyaaMu oM, T,

2 yoH, T, L, Bum. 3
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yiKe BHAeMH B.NPelbLylieM maparpade, oHa MOmeT GOHTb mMpeicTasiela
B BUIE CYIepIOSHLMM 1IEeCTH (QYHKUUH, COOTBETCTBYIOUMX WIECTH BO3-
MOKHBIM 3apSH0BBIM CocTOauuaM, [lajee, KawlOe COCTOSHHE C ONpele-
ACHHLIMM 3HAYECHUSMY H3QTOIMYECKHX KBAHTOBHIX uHeed (HOJHOCO H30-
TONMYECKOr0 MOMEHTA M €ro IPOeKUMK Ha OCb 2Z), KPOME TOrO, NOMKHO:
XapaKTepH30BATLCH HANPABJEHWEM CIMHA HYKJACOHA ¥ SHAKOM ero. SHep-
rap, [Tostomy xaxnas ©3 sapsafoBex Oynkuui#t caya no ce6e a0mgpHa
HpelcTaBaAsTh coGoft Oucnunop [upaka, [Ipocroror panu mui cHauina,
OrpaHHYMMCSL  PACCMOTPEHHEM OJHOFO. 3apilI0BOr0.  COCTOSHMA. Togé‘na.

BO/HORAsE ()Y HKUAS, OIMCHIBAIONIAS pACcestiie B TAKOM 3dPSIOBOM COCTOS-

HHUM, HMEeT YeThIpe KOMIIOHEHThH &P{" ]z, L!)é IZ, q.;g" ]2, ‘{)A{’ IZ, ACHMIITOTH~

YecKkoe IOBeleHHe KOTOPHX HA GOJbIIMX PACCTOSHUAX OnpelensieTcs
dopmy o 28 :

I, I ikr
L1, o Lgirz 1. T 2(h e N
Yp o a2 E 2—1—_&_..7_“ (p=1, 2, 3, 4). (3.6)

- Ecau paccmatpuBath HYKIEOHH HEPEJATHBHCTCKY, TO MOXHO OFpaHu-
YUTHCS JBYXKOMIOHEHTHHIMA (DYHKIMAMHM, COOTBETCTBYIOUIUMY CIIMHODAM
Tlayma, OnHako ¥ TIpH PeaSTHBHCTCKOM DAacCMOTPeHHH  HYK/JEOHOB
B 3adaue paccesHMs MOMHO OTDAHMUATBCH JIMIIb 1BYXKOMIIOHEHTHHIMA
OYHKLHAME, DTO 00YCIOBICHO TE€M, YTO UETHIPE BEIHUYHMHBI Oy, & B CBOIO
ouepenb W UYeTHPe BENMUMHB f, HE SBISIOTCS B3AMMHO HE3aBHCHMBIMH,
NPUYEM He3ABMCHMHIMY SIBAMIOTCH JMIUDL 1BE KOMIIOHEHTHl COOTBETCTBEHHO
JBYM BO3MOXKHHIM ODHEHTALASM CIMHA HyKJeoHa®). Yurd 8T0, NOAyyaeMm
ciaenylouiee Ruipakenre Aaf  IMPPePeHLHATbHOTO  CEUEHHUS PacCesTHus
Fat s il

5 2 de. 3.7y
C ) R ]aly + I aZl
BonHoBas YHKUMA CHCTEMBl W3 T-ME30HA M HYK/JeOHa MOXeT ObiTh:
NPeACTaBieHA B BHIE PasiOkeHUsS B- Pal NO . COOCTBEHHBIM (PyHKUMAM
HOAHOro MomeHTa. Jlus -IBYXKOMIOHEHTHHX CIHHOPHBIX (YHKUMH Taxoe
pa3ioKEeHNe WMEeT ClelyIoumil Bum 2% '

__..__————T- N N
. )r 1 ,ﬂ, B ;
Vicens 5 Vinon o R 1)+

Aol 1z =

q)]» Iz — Z ai’_;l_z -
, m ) 1
o :ﬂ?;l—“—o ———]/l——m—P'Q‘ Yl»m'l"'/s (8”’?)
. ' Q—‘—_—‘lg .
Y. oo Vl'—m_}_ T Yl’ a— 1y (8’ '\?)
I 1,
’+ Z 'al—,m . _—q—_—_l_ L Sy
coms =1 L ];/l—{—m—}~ o Yl m—i—‘/g(ﬂ’ ) /

: #) B ‘cHCTeMe KOODJMHAT, TIe ME3OHM TIOKOWTes, (BYHKINs na,uamuieif’l qa-
‘CTHIfH MOMET OBITh, IPEACTABJIEHA KaK Demienwe ypasHenws [lupaka nist TLioc-
KOit BoaHbL TOTHZ | ay/as) = lag/ayl: ARaJOTHiHOE COOTHONIEHHE - MOXET OBITH

‘ R;'__Iz (). (338)

HANKHCAHO H 1JId BeJHYMH sz g
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LI
3xech al z

W COGCTBEHHBIX SHAYeHHH momenta () ¥ ero npoekuuu Ha oce 2 (m),
4 TAKKE H30TOIIUYECKUX KBaHTOBLIX uucexr [ u [, [ —  OpOUTANLHBIE
MOMEHT, CBH3aHHBIE € TOJHBIM MOMEHTOM j ¢ NOMOUIBIO COOTHOIIEHHS
! = j==%,, B COOTBETCTBMM C ABYMA BO3MOWHHIMH B3AVMHLIMH OPHEH-
TaILHHMPI ClEHA HYKJIEOHA M OTHOCHTEJLHOTO OPOHTANLHOTO MOMEHTA HYK--

NeOHZ W T-Me30Hd. PanuaibHble QYHKIHM Rl]’+1 Z(r) nomxust GHTH OUpe-

— K03 dALKEeHT, - ABAIOLHecs . QYHKLUUAME  SHEPrHA

JefeHB M3 COOTBETCTBYIONIErO BOJHOBOTO yPaBHEHHS. Ipobnema ycra-
HOBJIEHMA TaKOTO YpaBHEHHHd JUIA CHCTEMbl HyKJ/eOHa M T-Me30Ha IIpH CTPO-
rofl MOCTaHOBKE BONPOCA He MOXET CYMTAThCd pemidHuoff. Femu ke pac-
CMATPHBATh HYKJCOHHI HEDEJNATUBUCTCKH, TO, MCXOHLS U3 CYHIeCTBYyIOIIel
KBaHTOBOH TEOPHHM BOJIHOBBIX NOJEH, MOMHO TMPUIATH. K YPaBHEHHIO BHIa ¥)

[Ez e (1 +E) A+ v]np =0, (3.9)

rae V — cloxHHH HHTETpabhblil ONepaTop, NeHCTBYIOIMA KaK HA KOOp-
IVHaTHEE, TaK M CIHHOBHIE T€peMeHHhle BOJHOBOH (PYHKIHMM U XapakTe-
PU3YIOIMIA B3aMMOJEHCTBHE, T-Me30HA M HYKJEeOHaA.

W3 (3.9) sz R;’ iI Z(r) momyvaeTcsi ypaBHeHHeE

I Iz Ll
R, 2 aR;( g1y
a.'r2 rdr T 2

RNt R 12 = V’ 12R’ Iz, (3.10)

rie

R = (E? — p?) (1 -+ —ﬁ-)_l. (3.11)

~ "Cunbl, JEHCTBYIONIME MEXIY T-Me30HOM H HYKJIEOHOM, UMEIOT HeKOo-
TOpHIH KOWEUHBI!l paguyC AeHCTBHH, MO NOPANKY BeJHYUHEL, [OBUIMMOMY,
paBHBET  f/pe (AA9 w-Me3oHa ¢ Maccod 277  9MeKTPOHHHIX — Mace
flee==1,4-10—13 ¢x). DieKTpHUECKUM KYJIOHOBHM B3aUMOJEHCTBHEM Mbl
npeHeOperaeM, MOCKOMBKY B 3KCIEPUMEHTAILHO WCCIENOBAHHOH 061acTH
3HepTHil T-ME30HOB KYJIOHOBH CWIH CYI[ECTREHHEl JMIIL LN PACCeSHUS
Hd HeGOJbIIMe YIabl, YUST DIEKTPHYECKOTO B3aUMOLEHCTBHS MOMET BhTh.
NPOBELEH COBEPUIEHHO AHATOTHYHO TOMY, Kak 3TO IPOJeNbBAETCH NPU

‘ paccMOTpEHHH pacCesiHHA NPOTOHOB npoTonamu 2%,  Koreunmii . paamyc
JeACTBUA CH/l NPHBOINT K CIeIYIOMIEMY acHMIITOTHYECKOMY BHAY Dalu-
AMBbHBIX OYHKIMH

A
sin (kr — 2 +8 z)
R” kg~ o . (3.12)

*) Ypaeuenne (3.9) npr V= OnM —'%0 nepexoﬂ,m B ypaBHeﬂﬂe caob'o,u.-i
HOR JaCTHIH CO CHWHOM HYJb. , R

2‘6
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I I,
Pasn. 3 e summoTca prﬂxuuﬂmm -3HEepIuY, . BoOOHLE rosopﬂ, pa:-umq-

HEIMH ° 115’ COCTOSHAH ¢ paanuqﬂmmu I, I, v j =121,
»"“,E[anee ACHMITOTAYECKUE BH ‘BOJIHOBOI"I (byﬂxmzm cBOGONHBIX HYK-
neoaa u Tt—MeBOHa MOMKET GI:ITI) MpeCTaBIeH CJIeJIYIOIJ.LI/lM 06pa30M

o -
Zt’(2l+1)Pl(cos«9) <r_" ) (3.13)

d=0

‘Coriacro (bopmyne (3.6)' pasmocTb BOMHOBOH (YHKLUH, OIMCHEBAOMIEH
paccenHue T-Me3oHA HYKICOHOM, H (3 13) na OGomplIMX PacCTOAHHAX
JIOIMKHA TPEACTABAATS co6oit | pacxoamuyloca ;Boany. M3 sToro. ycionus

«cnenyer *),_‘no KO3bPUIHEHTH q z:l: ' . B pasnoxennn (3. 8)- q)yHKuym,

QUHCHBAIOIEH paccesHMe, OT/HYHBL OT ~ HYJS JHIb A~ M :.:"1/2
M WMEIOT CiefyIouiu BAI: '

1_ gy = \/21coc1 Iz]/l exp (LB 1 ’

e = VLY Tonp (01 fz+ifé>

LI iy “l L (3.14)
z‘*’zr/ :|/2mt'z]/l+1exp<w+ ,

1,1, S w3 V'l 1 '3 inl

1+,_‘/,—.:—‘1’ %y -1, exp ‘-,—l— i

.. AMMIATYa pacCesHHs OKA3BIBAETCS paBHoﬁ (cm. raxuce 3%)

>~ ’z(ﬁ,"-@)? ‘ff g{@ zz> [(l -+ 1) exp (‘23 '+”> + .‘

+zexp (m ) -2 — 1] v, 0% 9) FVITFD) [eXp (1) —

: LIy ,
-— exp (128" IZ)]; “2 Y (%) . (315)
RN A :
T 0,9

*) Wcuoab3yeMsle [pH 5TOM BHBOLE coofpanceHud BIIOJHE FIONOOHB ApH-
SUSHASMEM,; DY - MOAYHEHAH  AVILIHTY LBl PACCedHd, ~BHPAKCHHOR qepea tasw,

B CAy4dae ABUXECHHA Hepensxmsﬂcmxou JacTHLL B uﬁﬁ’i’,})aﬂbﬂDM ﬂO:’fﬁ Fat ‘15.. P
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R

Hac mmwe Gyzer uHTepecoBaTb paccesHMe T-MESOHOB Ha HeHOJIHpH-
30BAHHBIX HYKJEOHAX, NOSTOMY NDPH BEIYHCICHHH CEUECHHs ero MOKHO
YCPEIHHTD FIO CIMHOBHM COCTOSHHAM -Hykneong. [lomyuaemoe [cu. (3.7)]
TpY STOM CeueHme MMEeT CreLyIomm BN

chI Z {[(1’+1) exp —LB'+>sl 8 + '
s :

| '+z' exp (— iEZ:-z)fginﬁl;—] [(z+1) exp (m ) in 3y

e ( iaf’-’2> sin éf_"-z] Py, o (_cos 9) Pro (cos8) -
SVITEED D [exp <~ ) sin 3y

—exp (—3,{7) smaﬁ] [exp (;sr )smo,-’ Lo

— exp (iB T ) sin 3 S+ ] Py (cos 8) Py, "1“ (cos 1‘})} dQ.“ (316)

A

f.'

Wsrerpupya (3, 16) mo  yriaw, nonyqaeM cne;lyiom,ee Bb[pame}me s
MOAHOTO CedYeHUs] PACCEedHHUs:

' ® L, o
Iz A . sy # .oonl, I . )
o e A 3 ».{(z+1)asm’§,+, sl (3.7)

‘ pas 3 _ I
Mpy 8, = 3_ dopuyna (3.17) MePEXOANT, ‘B XOPOLIO - HIBECTHOE ~BHPd-
JeHde ANA CedeHnd pacceﬂﬂnﬂ qacmum Ge3 criuHa 15, 16

oo.

6= 47; Z (21+ 1) sin?3,.

‘L_o

Popuymst (3.16) —7(3.17), mouyueHubie B’ NPETNOJOKEHHA. -0 HAIHIHHA
TOJBKO OIHOTO 3apsIOBOCO COCTOSHHS, NPHMEHMME IJIf OIMCAHMS pac-
CesiHi [OMOKUTENBHBIX T-ME30HOR Ha NPOTOHAX, ITOCKOABKY 3TOT clyyait
COOTBETCTByeT COOCTBEHHOMY  COCTOSHMIO  HM30TOIHYECKOrO ‘MOMEHTa
(I=1I,=3],). Naa pacCesHusi -OTPHIATE/BHEIX T-Me30HOB IIPOTOHAMH,
KOrJla COCTOSHUE CUCTeMbl FBJSETCS CyNeprio3MMeldf COCTOSHHH C KO-
HBIMM  M30TONMYECKUMA MOMEHTAMH 8/ u '/, copmyan oxasmBaOTCH
HECKOMbKO  Gonee ' CIOKHHMM, @YHKUMA TPOM3BOJLHOTO  3apSLOBOLO
COCTOHHMT CHCTEMBI M3 T-Me30Ha M HYKJEOHd MOWET OITh IIpercTaB-
JeHad B Buie Cymeprnosuuun (QpyHxiuil cocTostmit ¢ OTIpENeEHHBIMU 3Ha-
YEHASIMH - M30TONUYECKOTO MOMEHTa g

4= Cp1, @ (3.18)

I I,
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L1,

rae f" 2(9, o) OHpEJIeJlSIeTCﬂ opuysoit (3.15), npuqéM B mocHé el
BeJuyrHaMy, saBucsuyMd OT [ W I, seamorcs  dasel & OcoBenHocTsio
3apfAN0BO-He3aBHCHMOr0 B3aUMOILEHCTBHA ABISETCH TO, 4TO (hasel ¢ Omu-
HaKoBHIMM J M pasHeMM {; OKaSHIBAKOTCA *PABHBEIMH (’Honodﬂo‘ TOMY, Kak
asel 3aBMCAT JHMUIb OT BEAHIMHBl MONHOrO MOMeHTa j=1I—=1/, u ne
3aBUCAT OT 3HaUenuit ero npoexuuu mz). Hinke mbl Gynem ripennonara’rb,
YTO B3AUMOIEHCTBHE fBJIAETCH 3apA10BO-HE3aBHUCHMBIM,

PaccmoTpuy ciyuail paccesHus OTPHMUATE/BHBIX T-ME30HOB Ha MPOTO-
Hax. ACI/IMIITOTPI‘{E,CKOB NOBejeHHe BOMHOBOH (DYHKUMM onpejensercs

qyopuyﬂon

’/3 cp‘l*,+1/2q>/a,] (al)e,k2+

ikr
S [ fre =1 (B <P)+1/2‘1’”’wf"" —h@ 9l (8. 20)
r ,/ 3 '

Bropoe cmaraemoe B (3.20) mnpencrasiger coGoli PacXOAMULyIOCT
oy, Ona MOxKerT GHTb NpeACTaBieHd B BUie CYIEPHOSUUMA BOMH,
COOTBETCTBYIOUIUK 3aPANOBBIM COCTOSHUSM (7, p) # (n¥, n). Yura BAL
3apaaoBbIX (YHKUME 9THX cocrosHuit [om. (2.15)], monyuyaem C.He,llYIOLLU/Ie
BLIPAHEHAR LI COOTBETCTBYIOUIIX AMIATY . paccesiHus *): -

F ) = s (B VIO [ (3, )
‘_%__2 Yo —fe (3, (?)I, (3.21)
F 0 = U2 VT 0, — O] [ (0, ) —
| —fh=h(®, @) (3.22)

3,/3

Pasymeercy,
f o) HfE, )= 715 [, fore =
| V2 @ L (3.23)

W3 (3.22), B 4YaCTHOCTH, CJELyeT, YTO €C/J¥ B M30TOMMYECKHX CO-
cromuusx [ =3/, u I =1/, oneparopsl B3aHMOIEHCTBUA T-ME30HA H HYK-~
JeoHa OKaSHBAIOTCH OIMHAKOBBIMH, TO. [PH pacCesHMH OTPHULATENbHHX
T-ME30HOB NPOTOHaMH He . GyIeT . MPOMCXOAMTL mepesapsnxa. Ksaapatw

*) IlpeneGperad OpOIeccoM =  —-p-—ti-{-7.
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a6comotipx “Bemumn (3.21) u '(3.22) naor anbdepenumaibibe ceuenis
YIIPyroro PacCesHus OTPULATENbHHX w-ME30HOB ¥ paccenmud ¢ mepesa-
PsLAKOH. CootsercTRyOIHE GOPMYIL! 1OBOILHO POMOSJLKH, HO, BOODILE FO-
BOpH, JErKO.MOTYT OHITH HOMyueHbi Ha -ocrosaumu (3.15), (3.21) u (3.22).
Boipaneust U NOMHBIX CedeHWH paccesHui HECKOIbKO INPOIIE:

c(p;’ p__)::

P o

s 3 - 1, — = - _3/‘!-_ l/
) {0 sy - 2simay — 5 sin 8 )|+
=0 : L

~+1 [ sin? 3\;/_{—]— 2 sin? 8;/_2_ — % sin? (671 — 8;/_ )]} (3.24)
g(p~,nd) =
QkZE {(l+ 1) sin? ( ;’i — 1/* ) +l sin? (87}_ — 3;@_ )} (3.25)
10 .

Tlomioe ceuenye paccesHysi OTPHUATENLHBIX T-ME30HOB Ha MPOTOHAX Mpei-
crapageT coboit cymmy cedennt (3.24) u (3. 25) ¥ PaBHO!

o(p~)=o{p—, p—)-o(p—, n°) =
SkZZ{(l+1)( 81r12<‘)/2 +251n28’ )+
A1 sin?Bl f-2sin? 32 } (3.26)

CpasruBast (3.26) u (3.17), nmonyuaem:
o (p=) =1/ |- 2fyo, (3.27)

uTO HBOSETCH NpPOSBIeHNeM OOuiell TEOopeMbl, OCHOBAHHOH Wa mpenmo-
JIOXCEHUN O 3apsiIOBOH HE3aBUCHMOCTH B3aumomedcrsus [em, {2.18)].

B o6nactu ueBOALIIMX 3HEPTHH, KOrNA IJWHA BOJHH Me30HA 3HAYM-
TEABHO IPEBBIIAET DPAIMYC [EHCTBHS CHI MEXAY Me30HOM H HYKJIEOHOM,
HEINEKTPOMATHUTHOS B3AMMONEHCTRYE NPHBOIMT K BaMETHOMY pACCEsHMIO
awts B Sy, -COCTOSHMM, T. €. Juinb IIPH JOGOBHX CTOJNKHOBEHWAX, IIO-
CKOJbKY TpHIle/bHBIE MAPAMETPhl YacTHIl, CTAIKMBAIOWKXCH C MOMEHTOM,
OTIMYHEIM OT HYJd, 3HAYATEALHO NPEBHINAIOT panuyc NeHCTBUS Cu
C pOCTOM SHepru¥ CTAHOBMTCA 3aMETHHIM TaK¥e W paccesuue B P-co-
CTOSHHUAX,

OKCIIepUMeHTAbHEE JaHHEE MOTYT OWTh YAOBJETBOPUTENLHO HHTEp-
NPpeTUPOBAHEl ¢ NOMOLIEI Yuéta b coctosuuit ¢ [ < 1. Tloatomy nanee
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MBL. OrDAHHUUMCS . yUETOM =Sy, -, Psjy - 1 Py, ~cocToguui. Bblpa}KeHI/ISI
mm Jlmpcpepeﬁunanbﬂmx ceueHui paccesnmﬂ npnoﬁpe'ralor T@rna Bym

k2ds . . T g
g~ =A+Bcos$-}Ccos?8, _ (3.28y

rae kosdduupentst A, B, C asamorcs dynxiusyvu ¢as. B cayuaé pac-
CesHUs TIONOXHUTENBHLX T-Me30HOB HA IIPOTOHAX OHH HMEIOT Cllelylouiuit
BHA :

; A:,(p‘l'” p+) = sin? 8:)/2 +s1n2(a’;/fl_ - aj/l ), o »;/ ;,(329&)
‘B(p+, p-F) = 3sin?3? + sin? 3+ |- 2sin? 63/" —
—stn (e — ot ) —2ine (84 — 5" ) (3.200)

1 LTAw .
~C(pt,pt) = sin? 3* |- 2sin? 3% —sin? ( 3/ — a'{_’_).' (3.298)
Ecm . mpu’ o10M 8’2 IPURATL paBHOf Hymo, T0 B Takwke o6parurcd
B HyJ b, [loatomy Han6onee APKHAM  TIIPOSIBAEHHEM S-pacce;mna gBigeTcd
HajJuuke B YIJOBOM pacmpelesieHHN UYIeHa, NPONOPIHMOHAIBHOIO cOS ¥, Ipu-
BOASIIErO K - ACHMMETPUH DaCCesHus Bﬂepé,ﬂ. U Hazal. IJTO OTHOCHTCH
W K TpoleccaM pacCcefHMs OTPHUUATENbHBIX T-Me30HOB. Mg ynpyrore
paccesmust ©—-Me30oH0B A, B u C OnpefeidioTcd CIeLyIOuuM 0GpasoM:
oo 1 L2 2 oy ’
Alp— p)= ~sm2 32 -+ 3«51112 82 -5 sin? (&f)/z _— 8(‘){2) -+
+§ sin? (8% =) —5 sm%(‘és!s_j— e/ ) -+
2 in2 (e 5 2730 lo Y —
SRTE g sin’ (31/2_55/2 )—{— g 'sin’ (6/2 — &} 2)
' 2 22 3 1/ 2 1 -2 B N VR
— g sin ( s — 31 )—[——«sm < de -—-81/5'_),. -~ (3.30a)
/ B( —, p—) = sin? 33/2—{—l sin? & -1 2 n" 3!/ —J}—gsin2 8Ys k-
P ) =Sl G 1-+'§Sl PL T SO
»{— 3 sm28/= +2 sm28/2——% sin? (3/s — &if: ) —

2 g (B — B ) — —29—s1r12 (e — ) —

9
———3—81n2(63/2——8/° )— Zsin? (3 — By —
——%51n2(6/°——-8'/2 >-—%s1n2(3/s_a/e>
8

—73 Sin2,<~,aoﬁ.2'.f8‘/'ﬁ*) N (3306)} |
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 Cp™,. p) =sin?dr_-2sin? 82 |- 2sin? s 2 e 4sin? 8y —

— grsin? (s, — ) — g sint (B —84) —.

3
2 e s — ORE ._.2 in? (82 ——8&/ ) —
— g sin® (3, — ) — g sin® (8 - “)‘
2. . 3 ¥
— _3_ sn'l (8 /2 ——-8 /i+> (3.303)

B caydae me paccesmus ¢ Hepeaapmxoﬁ COOTBeTCTByf()ILlHe (popmynw
0Ka3bIBaIOTCH ClIe LY IOUIHMH.

3 A (n° “) == sin? (8”/’2 — 8‘/2) ~}+sin? (6“’/2 — ‘/g ) + '
-+ sm2 (8‘?2 — &2 2 ) — sin? (8% —3 /e+) —sin? (6 I 83/2 )+

— sin? (3 — 82 ) -} sin® (8% ' “/~+) (3:31a)
%B(n", p~) == sin? (s — 82 ) —ssin? (8Ys — & ) — )
' | —2sine (33/ _'a;/1>+2sin2 (e — B2 )+ sin? (3 — & o 2 ) —

77777 f v i\ag — 012.'_)__ 231112 <60/2— 811/‘.’-_{_>, (3.316)“

— ~c (n*“ p—) = sin? {3y, — B2 ) —'sin? (3js, — B ) —
— sz (33/5 —3 1 ) — sin? (a‘/a 83/3_9 —{—_Siné;(a‘/’? _. gx/f_)(3313)

ECJIH B3AMMOLEHCTBIE T-ME30HA M HYKIEOH4 He SIBIAeTCS 3apsioBo+
HesaBI/ICI/IMbIM, TO hasH COCTOHHI/Iﬁ C ‘M30TOUHYECKHM CHHHOM 3[4, BXONI-
e B CedeHue pACCeMHus wT-MeSOHOB M B CRucHUe T —-ME3OHOB, - MOTYT
OKa33ThCsi PasiMunbMA. ITO COOTBETCIBYET TOMY, UTO nemee OTHOCHTCS
K cocrosausM ¢ I, = %/, a Brophie—k cocrosHuay ¢ I; = */,. Kax ywxe
TOBOPHMJIOCH BHIIIE, MBl NpuHumaeM (ashl He:3ABHCAUIMMH OT OPOEKIHHM
M30TONHMYECKOTO MOMeHTa, Hidke MBI YBHIHM, 4TO 3TO HpeINOJONKEHHe
He TPOTHUEOPEHUT IKCIEPUMEHTATHHBIM [AHHbM, A CIEJ0BATENEHO, TO/-
TBEPALACT THHOTE3Yy O 3apaloBOH He3aBHCHMOCTH BSaHMDﬂ,eI/ICTBI/IS{ "N—Me-
30HOB M HYKJEOHOB,

3nauenua a3 MoryT OHTH 6e3 0cOGOTe Tpyla MOAYYEHH Ha. OCHOBA<
HAW - M3MEDEHHOI'O YIJOBOIO paclpeliefleHds PAacCesHHLIX —T-ME3OHOB.
Us . cpapuenus dopuyan (3.28) wu (1.4) creayer, uro xosthduumentst
A B Ce (3.28) cesmsanm c. a, b, ¢ B Ta0n IV ¢ [OMOmIBIO COOTHO-
mennil A = k%a, B = k*b, C = k?®c. Paspemas ypasrenus (3.29), npu
onpenentHHLX TakHM 06pasoM A, B u C orHOCuTenpHO (a3 Mosyyaenm
B ¢jydyae paccegHud w+-me30HOB ¢ suepruest 110 Mzs nporoHamu 1Ba
pentenusi, [lepsoe pelmenue (0603HaqaeMoe HIKe I) NPUBOJUT: K Cle-
Lytouyan: ¢azau &

83/2 =155, 6?1 = 0°, 8?/2_,_ = :24?. )
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Bropoe peutenrie (I1) nadt Takoe e 3HaueHue (aski S-paccesHus, HO
unble (assl P-Bomm: »

Bh=oo15°, - Fh=1234°, 8 =29%

Jasg m-vesoHoB ¢ ameprueit 135 Mpe. uaMepeHo yrioeoe pacnpejieneHue
TPEX NMPOLECCOB: paccesHus wt-ME30HOB HA MPOTOHAX, YNPYTOro pacces-
MU OTPUUATE/NBHBIX T-ME30HOB HA HpPOTOHaX ¥ HX pacceshus C Iepesa-
pazxoii, CoorBercrByloue AeBath K03 puunenTos 4, b u ¢ NpuBeIeHHl
B tabmane IV. Jlag wpTepnpeTallM¥ 3TUX NeBATH SKCIEPUMEHTAVIBHBIX
BeMUUMH TeOpHH, OTPAHMYMBAIOMATCE YUETOM pacceduus JUulb B,cdjcmﬂf
nusx ¢ /<1 v npenmonaraiomias “3apaiaoByi0 He3aBUCUMOCTL B3auMoOiei-
CTBYH, ¥MMeeT B CBOEM pAaCHOPSNEHHHA IIECTh NMapaMeTpPOB — WIECTh (a3
/ Bl &, 8 s 82 8/, B ) Itu urecth ¢as CBA3AHHL C IKCOepUMed-
‘TaJIthIMH ILaHHbIMI/I c HOMOLLLbIO nessTa ypasHennit (3.29), (3.30) # (3.31).

HecMoTpsl Wa TO, uT0 HOAyuaeMas TakuM 0OGpasoM cucreMa ypaBshe-
Myl gBAfETCH Wepeonpele/dHHO, BCe NEBATb YPaBHEHMH OKA3HIBAIOTCA
COBMECTHLIMH, JTOT Pe3yAbTaT ClefyeT PaccMaTpHuBaTh Kak Xxoporiee
TOATBEPHICHAE MUMOTe3R 3aPANOBOA He3aBHCHMOCTH. 3HAueHHs (baa AR
anepruu 135 Mas npusefenst B Tabmane V.

Ta6anuga V
| E (M35) Sy, P, Py,
1 fl |1 I I I
* | 135 | w250 | 2 | Fi0 | —ae | Fae | o
=" 10 | +15° | +15°| 0° $34° -~ T | Fo
5 r=1/, 185 | +1° l e | 2| -z | g1 | 215

Briuucnenve ¢a3 npeicTaBageT ‘co0OH TepBH HIAr Ha TyTH Teope-
“THMECKOr0 MCTOJKOBAHUS IKCIIEPHMEHTOB [0 PACCESHUIO 7-Me30HOB, Kpo-
Me TOLTBEPMIEHUS TUIOTe3bl 3apAAOBOH He3aBHCHMOCTH, Ha OCHOBAHUU
HalileHHHX 3HA4YeHUH (a3 MONKHO TIONYUMTL CBeleHHT ‘0 BeJddiHe B3au-
MOLeHCTBUI B pa3iMuHEIX cocTosdmMsix. Ilpaeha, B OTHOINGHWM pPACCESHWS
B P-COCTOYHHAX BOSHHKAET JIBY3HAUHOCTH. UYTO Ke Kacaerca S-pacced-
HUfA, TO COOTBeTCTBylomye ¢hashi BBHIYHCISIOTCS OJHOZHAYHEIM - 00Da3oM.
Hpn sT0M B COCTOSHHHM C M30TOMMUYECKHM -CIIUHOM 3/2 S-dasa okasbi-
BaeTCsl cpaBHuMol ¢ ¢asamu P-pomi (cM. Tabn. V). Croap Goubtuas Be-
auumHa S-hasel He HaxoZWT ceGe MCTOMKOBAHMH B CYILECTBYIOUMIMX Ha
CerogHAmMKil [eHb TEOPeTUYeCKHX HCCIeLOBAHHAX IO E3auMOIeHCTBINO
Me30HOB M HykjeoHoB. Mg P-¢as B cHiy yKasaWHOH BHIIE HEOIHO-
BHAYHOCTH CUTYallMsl HECKOJbKO CJOXHee, IOCKOJbKY HEdCHO, Kakue H3
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TOJMyY4eMBIX HPHU BHYMCIeHHSX (baskl clefyeT INPHHATh 334 HCTHHHBE,
QnHako M B 9TOM CJIyYde MOXKHO CKasaTb, 4TO P-paccesmue TaKke He
corjacyeTcss: ¢ - mpencKasaHuaMM Me30oHHOH Teopud moaft. [logpoGro Mut
Ha STOM OCTAHOBHMCH B cJjelylomleM maparpade, rie OyleT IIOKasaHo,
yTO MOKA BCE ew @ HET eNMHOH TeOpeTHuecKOH CXeMb, B KaxoH-11G0
Mepe IOJHO OG'bACHIIOIEH ONBITH HO pacCesHUIO T-Me30HOB, B aTOM OT-
HOMICHUY CUTYauus HECKOJBbKO CXOAHa ¢ co3naBiueiics B 06MaCTH McCie-
JIOBAaHHS B3aNMOIEHCTBHS HYK/IEOHOB,

Ias panpHe#iiiero NOHYMAHMS [AHHBIX [0 PACCEHHHIO T-ME3OHOB He-
06X01MMO BHIICHHUTH BO3MOKHYIO 3aBUCHMOCTh (pa3 ot suepruu. [lockoapky
Hamy CBEeNEHUS O XapakTepe B3auMOJelCTBMS W-Me30HA W HYKJEeOHa
BecbMa OTpaHMUEHbl, TO JKEJATENHHO MOHTH IO MyTH, HCIOJL3YIOLIEMY
HauMeHbIIlee YHCIO KOHKPETHHIX IpelNonoiceHuit 0 3aKoHe cul, NefcTBYIO-
IHX MEXKIY T-Me30HOM. U HYKICOHOM.

Tlpu 3TOM MOMHO HMCXONMTh M3 TIPE]CTABNEHHH, HCIOAb3YEMBIX TPH
OODBICHEHNM PacCesHUs HYK/IEOROB 25 31,

Jeno B ToM, uro ypasHenne (3.10) mad paanambHbIX QYHKUME CH-
CTeMBl M3 T-M€30HAa M HYKJeOHa CXOJHO C COOTBETCTBYIONIMM YDaBHEHHEM,
BCTPEYAIOIIUNCT B HEPEITHBHCTCKOH KBAHTOBOH MeXaHWKe IJd YacTHLL
Gea cmmya, OTmude 3aKmoudetcs B 3asucuMoctn Vi ot k. Fom we

B 00/aCTH MAMBIX SHEPrHH Vi ocraércs KoHeUHBIM npu R - 0, T0 TIpH
DOCTATOYHO MaJhX B 9TOH 3aBUCHMOCTHIO MOXHO nperHeOpeus. ECTb OCHO-
‘BaHHA HoJarark, yro i S- W P-cocrogumit npu R =0 V oTmMuHO OT
Hyag. Torja B ofiacty Maianx snepruft

tg B~ 21+ 1 (3.32)

(! — opGuranpubil Moment). Takum 00pasoM, AJis PACCMATPUBAEMBIX HAMM
S- u P-BoiH B 06/4CTH MaJIBIX SHePrufl, a CJefOBATeNbHO, GOJBLIHX
LavH BOSH (MHOTO OOMLIMX pajMyca HefiCTRUS CUN) HMMEIOT MecTo COOT-
HOILIeHHUS
ketgdy =ap!, kPctgdiy =apf, RPctgd_= a7  (3.39)
D1 coorwomrenus cnpaBeausbl kak aas I =3/, tak u I =1/,. 3xecn
o — sddexTUBIbE JJAMHBL paccesHus, BOOOLle TOBOpH, 3aBHCHIEE OT
H30TONHYECKOro uucaa *),
B obaactu snepruii, rae mavepeHo 3¢p¢eKTHBHOES CeYeHHe pacCesHus
T-M@30HOB, [IJHHA BOJHB! CTAHOBHTCH CDABHHMOH C PanuycoM Ccuwi, neHcT-

h

BYIOIMX MeWIy T-Me30HOM ¥ HYKJIEOHOM (ﬁEk‘—l =,c TPH E=

=0,41 pc'z). Tlogromy ¢opMyasr (3.33) B mHaspauHolf 0GaacTd yxe He

ABASNOTCS TouHniMM. [lpaseie wacTu cooTHomienwit (3.33) mpm sTOM ne
MOFYT TPYHMMATBCS MOCTOSHHBLIMH, 4 [JOMKHHE PACCMATPUBATHCH  Kak

#) Cornacuo %2 gy (3f,) = (3,8 + 0,7) 10~ M car vt 2y (1)) = (0 4= 1) 10— Yo,
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HekoTophle QyHkuun . IIpuGamuEHHO 9Ty . 3aBUCHMQCTD - MOXKHO .yHECTD,.
paa.uoxcma TpaBHie. YACTH MO CTerleHs, k2 M . opp_nuq,m,aumcrj  IIEPBEIMB
HBYMSL . WiEHAMH paanoxcemm Toma BMECTO (3 33)~ no/Ty yaem:

o keglp= ”""(3"/'2)+k2ro(3 ) ‘(3;3‘4;1)‘3}
e :kﬁctga?/_‘*%'ul:_( AR (3/2) . f;(3‘;3;i§)‘
.pctga;/e = a3 Cly) r1+ (3/) , o (3.34m)
| kctgd=arl (1, )&y (1/2) (3.34r)
‘ksctg8/°f-—a—3(1/2)+ (1/) , (3 34n) -
Kctg B = a <1/2) + o 3. 34e>

3nag YIVIOBOE = paclpenesienyie, -4 CeIOBATEbHO, W (hasbl JJs HpO-
LeCCOB PaccesHhd NPH IBYX - SHEPrusxX MOMKHO - BEIYHCAHTD 9pdexTHBHbIE
AJMHEL paccesus @1 abdekTunble painycel nedcTsus cwi r. Jlig npo-
IIECCOB PacCesdHusl “m-Me30HOB YIJIOBOE PACTIpelelieHrie H3MePeHo MPH JBYX
SHEPIHAX TOJBKO I CHIy¥asi PACCESHUS TIONOWMHTENPHEIX T-ME30HOB [PO-
ToHawH. TIOSTOMY W3, ONEITA MOKHO Olpele/UTh JMIIb  KOHCTAHTE, COOT-
BETCTBYIOUIME PACCESHHI0 B COCTOSHHSX c Hsoronmecxpm CITHHOM 3/2-
Crenyer TaKie OTMETHTB, UTO W3MEPEHHS TIPOBEEHEl TIPH CPAaBHUTEIEEO
6/M3KMX SHEPTMAX W CO 3HaduTe bHEME omMOKamu. [losToMmy skcTpamo-
IS SHEpreTHyeckoro xona ¢as ¢ momompio Qopuya (3.34) Bpam m
MOIeT OKA3aThCd -TOuHOH ¥). OmHifako B KauecTBe NpUMepa TPUMEHEHHS
dopmyn (3.34) MBI * PACCMOTPHM, K KaKWM -3aKMOYeHusM 00 3HgpreTHye=
CKOM XOfe OHM IpPUBOAAT 1as ceyewus (pt, pt). Mz dopuya (3:17)
u (3.24) crenyer:

: ] o 4m \ :

‘g (pt )= - —

t, p ) RN~ (l2) 4427 (3/2)]2‘ - |

: 4mt
—ir 6 L 3 k2 z +

k [a]_(/2)+ (3/2)]

' 8mjt

s K
&S +'[a1+(3/2) —l—m]

#) MOXHO 6bIO GH OFPAHHIATECS paCCMorpeHueM pACCESIAS JTHITh B OJi-
HOM_COCTOSHHH, - HAIPHMEP B COCTOSHHE P, aas I =3[, Taxoro pona uccie-
AoBaHue 32 MO3BOSET OnpereIiTh a(m)eKmBnyo JEMHY H acpcpemnsnuu panuyc
HA OCHOBAHWH SHEPreTHUeCKOro xoia. ORHAKO INIDH STOM HE YUHTHIBACTCH
BKJaJ B paccesHye OT WHBIX COCTOSHHH, KOTOprPI, KaK 370 CAGAYeT W3 MpuBe-
JEHHBIX BhIIle 3HaueHHi $a3, He MalL

(33)
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- Yiasirpas BHille - HEOIHOZHAYHOCTD B ONpPeneNeHyii- (a3 paccesmus
TPUBOAUT TaKHKe ‘K -HEOTHOBHAUHOCTH B -OIIPENEIEHUM * ‘KOHCTAHT, BXOAS~
fifix -B-(3.35).- Takum 06pasOM, HCIMOL3Y4 1Ba peluenvis ypasnehiii - (3.29),
M -[OJIy UMM ~JIBE - Pa3IHUHbIE - IHEPTETHYECKHE | 3aBHCHMOCTU- CEUeHHs - pac-
cesiditsT HOMOKITENPHBIX T-ME30OHOB TPOTOHAMH, B kauecTBe 3Hauenmii ¢as
MEL TIDHMEM * TIPHBESHHBIE BHI-- :
due, XOT# “OHM H ONpeNeleHsl
¢ Gomemoft ommbxol - (--5°).
. Tloayuaronisecs » TpA 3T0M
ceuenMs TIpUBESIEHHI Ha PUC. O; 350 L
“TaM -¥e - 1Jisi- CPABHEHMs HaHece-
MLl - SKCHEPUMEHTAALHEIE - TOUKH.
Crexyer ykasath, 4to swepre- 940 |-
THIeCKAN XOI CeUeHUfd CU/IBHO
3aBUCAT -OT W3MEHenus sHaye-
fni Pas,- U0 KOTOPHIM ' BhIUH-
CTIOTCS NIAPAMETPH, BXOAsmIye
B qopuyny (3.35). Tak, wa- 200}
npuvep, usmeneHne S-(hass OT
15 [0:20° npPHBOIAT K CMe- 459
1MeHUI0  MaKcHMyMa — CeyeHus
s(pt) na 60 Mss. Slcro mo-
:9TOMy, uTO DpuBeldHume ma 00 F
pHC. 5 KPHBBIE HOCAT B OCHOB-
HOM - KAYeCTBEHHBI = XapakTep. gy

- Ing - paccesHuss  TOJOMH-
“TeJIbHBEIX T-Me30HOB 00a pemie-
HMS JAI0T He HPOTUBOpevalIie :
ONHTY npenckasamus. Heckom- 0 s 00 150 200 250
KO HHaYe JeM0 OOCTOUT ¢ pac- M3
cesHMeM OTpUNATENbHHX 7-Me-  Prc. 5. 3aBHCHMOCTL IONNOTO CedeHus OT
sonos 0 mporosas. Buoas or - JEEIIE SO0, SHCRICIIOY
COCTOﬂHgﬁ‘ ¢ m30TOmAMeckHM ﬁ-Mes%r)HOB a4 nepsoro (1) u sroporo (1)
covHoM 3, B TIONHOe ceuenue pemenna PasoBuX ypasHenwui
paccesnud T-ME30HOB COCTaB- (cm.-taba-V § 3).-

JiieT ~OAHY TPeThb BLIPAWEHUS

{3.35) Jom. (8.26)]. Tlockombxy u3 TaGmuust V, a Takme ¥3 OTHOMIEHWS
«€eyenwll paccesumsi wF- W WT-ME30HOB - CIEAYET, UTO B COCTOSHEAX C
7 ="/, Bzaumoneiicteue cnaGo, TO TNPW NEPBOHAUANLHOM TPYOOM mOAXOLE
MOMKCHO ATHMH COCTOSHUSMH BOOOIHIe npeHeGpeus.

Ha puc. ‘6 npuBeseno cpapHeHue IKCIIEDHMEHTANbHEIX 3HAYEHMH 110J-
#Oro Cceyénua (T, P) C BKAANOM B 9TO CedeHue OT COCTOSHUM C I =8,
Kak ‘BitAHO M3 pucyHka, neproe peutenne- (1)-naér xopomee. cormacue
F‘-:iOfIHT'OM' -Hanporus, BTOpoe pelenne (II)-mpusoaut X ' cHLHOMY pac-
KO AeHHIO ‘¢ ~ONBITHHIMY ~ AAfHBIMK ¥, - HApUMep, npu sueprun. 176 Mas
HaéT BeJMUMHY CcedeHus, NOYTH B IBA Pa3a NPEBLILAOULYI0 Ha6/o naémoe;

10" %m*

ey

<

xQ
T

i i H 1 I
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B . cBA3U C 9THM MOMNHO [yMaTb, 4YTO B JefICTBHTEILHOCTH OCYIle-
creagerch pemtenye | ypasmenud (3.29), T. e. OcHOBHOM BKJAX B pacces-
uue BHOCMT coctosmue Ps, ¢ [=3[,. Ojnako caenyer ckasars, YTo
IMIOXOH XOJ ceuyeHHsl ¢ sHeprueft, npeickasnBaeMulll B Caydae pemenud I,
MOXeET , GuiTh  OGYCIOBJEH M HETOuHOCTHbio (hopmyn (3.34). YrouHenue
3THX De3YIbTATOR MOWHO OyieT, NOBHIHMOMY, TOAYYHTb B HELAMSKOM

% - Gyayuie™, KOrid B HailieM pac-
&8 T — ). - TOPDKEHUH QKaXercs O0JbIIeE . .

o YUCJO OTBITHBIX JaHHBIX.

250 I S B sakmouenne 3TOro napa-

rpada OCTaHOBMMCE HA HHTe-
pecHoil MOenn, MPeNIoxeHHo’

800 - B 19 19 MUTepnpeTanMn S-pac-
o \ CedHMs B COCTOSIHMM C H30TO-
250 ‘ : nvueckuM cruHoM 3/,. B aTok

pafoTe NpHBELEHH! CleNyIONiie

200 . L SKCIePUMEHTAJBHEE  3HAUCHNS
' R asbt By (%):

' ' npu 133 Mas —=21°,

150 , npu 113 Mss —=13°,
npu 78 Mas —=6°.
100 - CpélBHeHue CTOML  OBICTPOTO
pocra S-hasel ¢ TOMYyYeHHHIM
50 L B3 ONHTOB MO 3aXBATy T-Me-

30HOB B BOIOPOLE 3HAYCHHEM
ay(3ly) = k11 8 (3) k=0

. L
a 50 190 150

i i
p 200 250 IPUBOINT K MHCHM O TOM,
M3 4To B OGJACTH SHEPTHH Me30-
Puc. 6. To xe,9r0 ¥ pHC. 5 And OTpuia- HOB E, =30 — 50 Mas 8 (3/2)
TeJbHBIX T-ME30HOB. meHger suak, Takad sHepreTa-

yeckad 3aBHCHUMOCTE (1)831)1

S-paccesiHiisi  T-ME3OHOB HYKJICOHAMH cxonama ¢ 9HepreTHUeCcKOH  3aBUCH-
MOCTBIO S-hasel paccesuusi HYK/ICOHOB HykjeoHamu *0, ITO CXOACTBO TO-
3BO/ISIET TPE/INOMOKHATD, YTO HA GOJBIIHX PACCTOAHUAX CHIIH, AeHCTBYIONIHE
MEXCIY T-ME30HOM ¥ HYK/EOHOM, SIBIFOTCA CHIAMH TIPUTSRKCHMS, 8 Ha MAJILIX
PAcCTOSHUSIX MMEIOT MECTO CHJIEL orrankupanna (cp. °%). B *° mpopenessl
Boigacienus a3 S-paccesHms T-ME3OHOB HyK/EOHaM# IPU  DasiIMiHbIX
NPENIONONEHUAX O BAKOHE CHM, HNeHCTBYIOUIMX MENLy T-MESOHOM W Hy=
KaeoHoM. Ecimi, Kpome TOro, 9heKTHBHBIH MOTEHLMal C OTTAIKMBAHUCM
HA MAJLX PAacCTOSHMAX MMEET MeCTo w ama P-coctommait ¢ [ =72/,
MONCHO JyMaTh, 4TO COOTBETCTBYIOLLME dasnt P-paccesmms OyayT obpa-
IHaThCA B HYJIb LpH SHEpPruax, OOMbIIMX’ E,. Torna mpu E < E, yrao-
poe pacripeiieienue OYIeT XapaKTepusOBAaThCH MAKCHMYMOM DacCedmus
BHEPED. . . o
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- B obaacty suepruif, npeBbiialomiux Ep, HO BCE e MEHBIUIMX TOH
3uepruu, NpU kotopod P-dass 06paaroTes B HyJb, MAKCHMYM YTJAOBOTO
pacHpeLeients PaccesHusl MESOHOB OKamerTcs OOGpantéHHBIM. ITa KapTHHA
MO(eT ObITb HENOCPeACTBEHHO IIpOBepeHa Ha OmHTe. ™

§ 4. TEOPHMS CJIABOW W CUJIBHOY CBSI3U

o cux mOp Mbl PacCMATPHBAIH DACCEHHHE T-ME30HOB HYKJEOHAMH
WCKAIOUMTEAEHO ¢  (eHOMEHONOTHYRCKO TOUKW 3peHMs, He 83aNaBadch
KakuM-HHOYIb KOHKPETHBIM BHAOM B3aHMOLEHCTBHMS 9THX UACTHI, MeXLY
cobolt. D10 He ABIAETCH CIyYaBHBIM OOCTOSTENLCTBOM, TOCKOJIBLKY B Ha-
cTodlilee BpeMs He CYHIECTBYeT 3aKOHUYEHHOH TeOpMH B3aMMOAEHCTBHS
HYKJeOHOB ¢ T-Me3oHamu. Co3JaHMe TaKOH TeOPHH CTalkuBaeTcs C Cepb-
€3HBIMM TPYIHOCTAMH, DPHUEM B OTHMYHE OT IICKTPOIMHAMMKH 3TH
3aTpy.HeHns, IOBUIMMOMY, HMEIOT Gonee riayOokywo mpupony. Masectro,
uTO0 B SIEKTPOIMHAMEKE BlaWMOAeHcTBHe sfBAZeTCH cnabbiM. ITO TPOB-
JsieTcd, B YaCTHOCTH, B TOM, 4YTO B pale CAy4aeB AJd IIPOLECCOB pac-
cesiHug BCe (PU3MUECKHe pe3y/bTaThl MOFYT ObITh NIpeNCTaB/EeHbl B BuAE
phla TO CTeNeHdM KOHCTAHTHl TOHKOH CTDYKTYDHI O, IIPHYEM CYIIECTBEHHO,

2
gyro @ = 1/137<€ 1 (Teopus BO3MYyIIeHHH; 0@ = % = ¢? B HamWX elu-

nunax). CaaocTh B3aMMOIeHcTBUS 00yC/OBIeHa crmeludHUecKUM BHUIOM
raMIJIbTOHUAHA B3AUMOLEHCTBAS

/_\ A
KOTOprﬁ npencTasager coboi CKaJdgpuoe IpoHsselenne 4-BeKTOpa TOKa
A

Ha 4-BeKTOp-IIOTEHIWAA 3JeKTpoMarHuTHoro mons A. Bepawewus s
cedeuwHl DA3MUUHBIX TIPOLIECCOB, PACCUMTAHHLIE B IIEDBOM HEWCUE3AIOUIEM
1pubIMKeNu TeOpHH BoaMymlernil (koMnToH-3thdexT, TopmosHoe ¥3Iyde-
HYE ¥ Ap.), HAXOASTCS B ONECTSIEM COTJACHM C OTBITOM B JOCTHTHYTOM
cefiuac o0nacTH HEPruu.

TpynuocTy, HpUCYILHE COBPEMEeHHOH SJIBKTPOIII/IH.’:IMHKC CB$I3aHKl TJIAB-
HBIM 00pasom ¢ npobiaeMol GecikonedHOH COGCTBEHHOM 3HEPryM IEKTPOHA.
B ‘mpeojosenun 3THX TpYAHOCTEH 32 TOCTEIHHE TOAB NOCTUIHYT OLpe-
Aenduupii mporpecc. C MOMOINEI0 KOBAPHAHIHOIO METG]A SalUCH Ypag-
HEHHH 2JeKTPOLMHAMUKM YI4JOCh INIPOM3BECTH O/JHO3HAUHOE YCTPaHEHWE
BOBHHKAIONIMX B TeOpHMA GeCKOHEUHHIX BHPAXEHWH B BHICIIMX UpubawKe-
HUSIX TEODHM BO3MYLIEHHA U HHTEPIPETHPOBATH TAKOE BEUMTAHME KAK
TIepeHOPMUPOBKY (Tlepeonpele/ieHie) U3BECTHHIX (DU3MUYECKUX KOHCTAHT ——
Macchl M 3apgfa 3JeKTpoHa. HauGoJMEIMM yCIexoM TeOpHMd B STOM Ha-
TIPABJEHHH CIENYET. CIMTATh BRIMHCIEHHE CBEPXTOHKOTO GMELEHHS B aTOMe
BOAOPOJA M AHOMAMHHOTO MATHHTHOTO MOMEHTA 3JeKTpona &34,

TIpAVMeHnMOCTE * TEODUM BOSMYIIEHHH CYUIECTBEHHO CBS3aHd C BHIOM
raMwibToOHHaHa B3aumonelcTRUS (I) Ecan 6m B 3NeKTPONHAMAKe B
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Ta\?II/IJIbTOHI/IaH BB&I/IMO,U.BﬁCTBI/IH BXOIUNA YISHH BUHA FithYk ) e

04, o4

"Fik o e e TeH30p SJIEKTPOVIEH‘HHTHOI‘O noJnd, TO. TeOpI/IH BO3-
(3)(51- Oxk

MYI{eHHsS B 9TOM clyuae Obiid Obl 'HENPAMEHMME, TOCKONLKY, HAIDHMED,
LIS CEYeHWs DacCesHms CBETAd HA SIEKTPOHE MOJyYaldch Obl BhIpamce-
HHUSl, HEOrPAHMYEHHO PACTYU(ME C SHEPIHell He3aBUCHMO OT BeJMUYHHHI
KOHCTaHTH  p3aumMofeHersus 3 36,  Cneuynduueckne TPYAHOCTH Me30ML-
HAMMKA CBASaHEL ¢ TeM, YTO B TAMMILTOHHMAH B3AMMOAEHCTBHS BXOIST
BHIDAMEHHH, COISPIAmNEe NPOU3BOIHHIE OT BONHOBHX (YHKLMH Me30H-
HOro 1oag 33, , '

Haripuvep, raMUIBTOMMAH B3AMMOACHCTEBEI B CHMMETPHUHOH mCeBmo-
«CKATAPHOH . TEOPHH C  TICEBLOBEKTOPHOI (I‘paﬂ.I/IeHTHOH) CBA3BI0 ~MMeeT
CAeLYIOUIHE BUL:

0%, _
gra{ O'V‘Pa+917}, ‘ Q)

TIe g — KOHCTaHTa B3aWMOZEHCTBMA, a G U D; — W3BECTHHIE UYETHIPEX-
‘panuse  MaTpuibl. CedeHHs paccesinyg ME30HOB Ha HYKJEOHe, BHUUCICH-
‘Hble € TaKMM TaMHJBTOHHAHOM, B I[I€DPBOM HeHCYe3alouleM . Ipub/IKEHHH
‘TEOPMM BO3MYLIeHMH OYAYT HEeOpPaHHYSHHO PpacTH C POCTOM SHepruy,
4TO (pMBHMYECKH HeNONyCTHMO. B OTinune 0T  3JeKTPOAMHAMWKM 3HeCh
He yHa8TCd. TaKie IPOM3BECTH OIHO3HAUHO ycTpadenne GeckoHeuHoctel,
JNOSBIAIOIIUXCS B BHICWINX NPHODKEHUAX TEOPUY BOIMYIUEHMH, |

Be& 5T0 yKaseBaeT HA TO, UT0 B ME30JIMHAMMKE B cjlyyae IPaifent-
HOH CBASM B3aWMOLEHCTBME HeMb3d CUMTATH CHAGHM ¥*), § A NpaBuib-
HOTO penieHHd YypaBHeHuH HANO0 MCKaTh APYrde METOAH, OTJMYHLIE OT
OBLIYHOH TEOpHH BOBMYILEHHH (HEeNpUMeHHMAa TeOpus «CIaCOH CBS3M»).
Takue moMuTKM ObUM CHeladbl B JIBYX HaNpaB/€HUAX: BO-IIEPBBIX, B. TEO-
pHM .3aTyXaHHsi, B'KOTODOH, He HApymlas peJgTUBHCTCKOH MHBAPHAHTHOCTH
‘TEOPHH, NHTAIOTCA YyuecTb 3(heKTsl, 0GyCAOBICHHBE peakuued wusay-
GEHHOTO 10N HA JBHKEHHE HYKJ/JIEOH4, HO HIPOM3BOJILHO OTODACHBAITCH
BCe WHEPLMOHHbE adexTH, cpusaHHHe ¢ peakuyell coGCTBEHHOrO NOAA
HyKJ/leona ¥#¥);  BO-BTOPHX, B TEOPUH MPOTSHKERHHX WCTOUHMKOB (BKIO-
yaiomieli B ce0s Caydall TAK HA3LIBAEMOH «CHALHOM CRA3W»), B KOTOPO#H
HYK/IeOHaM TIPUIUCHBAIOTCA KOHEUHHIE Pa3Mepsl; B TAKOM TeOpHH, MOMMMO
PEaKI MK H3MyuEHHOro noas, yiadred yuectb 3hdexTr, - 06y CNOBICHHBIE
uHepuueli CrvHa; ONHAKO MPEINONOKEHHEe 0 KOHEUHHX pasMepax HYK/eOHa
HAPYIAeT PENFTHBUCTCKYIO0 HHBAPHAHTHOCTH TEOPUH.

*) E)To uMeno Gb MecTo B TOM CIydae, ecim 6u a.nempoa oénanan coo-

-CTEEHHbIM 3HOMAJIbHBIM M&I‘HHTHbIM MOMEHTOM.

*#¥y Cuna BsauMonecTBuA B Cayude CBasu € TPOUSBOIHBIMU onpe/ieliercs
He CTOJNbKO BeliMuHOH KOHCTAHTH g, CKONBKO TeM-(axtoM, uTO BsayxMonenc-r-
BHe PacTéT.C POCTOM DHEPIHA.

“%¥) EclH B3auMOIEHCTBHE Me30HA . € 'HYKJEOHOM 3aBUCHT OT CTIWHOR, TO
B cgﬁcmeunon SHEPTHH HOF{BJISHOTCH ,uononﬂmenbﬂme '-IJIeHbI, CBSISaHHbIe ¢ m—xep-
QMeH ‘CIIHHa HYKIEOHa. ~ .
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Hmke MBl OCTAaHOBMMCS H4 De3YJbTATAX, KOTODHE NAJIYUYAIOTCL B yKa-
33HHLIX BHlllle MEeTONAX (BKMOua® CMAGYI0 CBA3b) NPUMEHMTENBHO. K IPO-
yeccaM paccednns w-MEe30HOB HA Bykjeone. llpm 3ToM . MBl orpanmimMcs
pa3GopoM TOMBKO NCEBJOCKANAPHOH CHMMETPHUHOH TeOpHH € rpagudedTHOH
CBA3BI0, IIOCKOJbKY, KaK OTMEYaloch BO BBEIEHWH, €CTb OEHOBaHMH
[OM4raTh, 4I0 NOJE T-ME30HOB SBAZETCH NCeBAOCKANAPHBIM (I-C.), 3 HX-
CBE3b ¢ HYK/JEGORAMM —— TICEBLOBeKTOPHOH (m.-B.)*). B Teopum cnaboil
CBA3M pacCedHHe I-C. ME30HOB ¢ [L.-B.  CBA3BI0 MCCIEN0BATOEh PasiHy-
HelMi apTopamd 40, Bclogy B 9THX pacydTax [PUXOAWIOCH: - OTPaHH-
qWBATHCH TNEPBHIM HEHWCUE3AIOUIWM IPHOIMMEHHEM TeODUM . BOSMYLIEHHE,
[OCKOJIBKY TOMBITKH YYECTb CAeNyIOUHe NPUGIIKEHHS B TEOPWRE :C rpa-
IUEHTHOH CBA3LIO, KAK YK€ OTMEYaloCh, NPUBOAAT K HelleDeHOPMUPYEMBIM
PaCXONAUIMMCS BRIDAXKEHUM.,

B IepBOM HeuCYe3alomeM NPHOAHKEHMH TeOpHH Bosmymeﬂnu ceyeHns:
paccesHus OKAa3bIBAIOTCH OesrpaHMyHO PacTyLUuMi C YBEJHUEHHEM SHEeprHu;
najaonmx Me30HoB, [losToMy noayyenHsie 34eCh Pe3YILTATH  MOTYT
OHTh CNPABELJMBH JUMIE B O0JACTH MAThX SHePrui (=5 p-).\ g takux, -
Heprufl CHMMeTpWYHAT TeOpHs JalT CAeAyHMOHive Buipawenus Bad Aug-
(epeHLHATEHOTO ceueHrss OOLIYHOrO M OOMEHHOTO pacCesHHd W-MEe3OHOB
HyKaeoHamy 38—8° #¥) (B cucTeme LenTpa HHEpIH)

(4.1a)
(4.16)

(4.18)

(3necy ¥ pambme ucnonb:-syloTCH 0603Haqemm npellbmyumx naparpados;
B OOHuHHX enuHuMuax g'==g'[hC.) B 9Tux" BHpPOKEHWSX ONyHIeHH BCe
ulenbl ~ o/M n GoJee BHICOKOrO NOpALKA MANOCTH, AHajiordyusie ¢op-.
as (ni', nt ds (pO n+)
ae M T gl

OTMeTHM, YTO DIP¥M JOCTATOYHO HHMBKAX  SHePrugX OTOpACHIBATh
uenbl ~ (©/M)* yxe Henb3d, TaK KAK - OHH OCTAKTCI KOHEUHHIMH [P
k— 0, B TO BpeMa Kak qJIeHMm:kl,~ ngyeaaioT. TeM He MeHee uX yu8T
ABAACTCA WBAUIIMUM, TOCKOILKY B TOH. O6A3CTH MATHX SHeprul, rie OHW
A3OT 3aMeTHH BKJAAZ B CPaBHEHHH - C WIEHAMH ~v R*, TJABHYH) pOJb
HayuHAeT UTPATh KYJIOHOBCKOE ._BsauMOEeﬁcIBne T-ME30HOB C HYKJIEOHAMH.

MYJbl UMEIOT MECTO L4

*) He wncxniouero, 9ro BHYTpEHHﬂﬂ YETHOCTH HYKJEOHOB pas/udHA. Omiaxo

H B 3TOM Cllyjae B3amMmojeHcTBHe Oyder mmerb Bun (II). Tosops o meesro-

CKAJSIDHBIX ME30HAX C INCEBIOBEKIOPHOH CBA3bIO, Mbl OyIeM HMETb B, Bnuy
HAMEHHO TaxO# BY B3aHMOZSHCTBHSL.

#*) B atHx paborax Tazme PacCunTaHsl ‘CeUCHHs DPACCeSHHS T-ME30HOB Ha

Hymeoaax ¢ ya€roum ncesﬂ;ocxan@ﬂm CBA3H M KYJOHOBCKOIO Biad dOllEI/ICTBrIﬂ

T-ME30HOB C HYKJIEOHaMH. o o

3 V&H, 7. L, Bum. 3
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Us ¢opmya (4.1a, 6, B) BHIHO, UTO 1pH HEPENATHBHCTCKMX SHED-
ruax  audepenvansupie cedenns ds (pT, pt) u do (p~, p~) ne zasu-
cAT OT YrNOB, T. €. DAcCesyiMe SBASETCS W3OTPONABN. M3zoTpomms
nonyvaetCs B pesynbTaTe  nanowewus Piy,- u P -poan, BoToM, uto
M30TPOTMH CedeHMs HE CBA3aHA C S-BOMHOMH, MOMHO YOeIdThCH XOTH Obl
u3 TOro. paxta, uro cevenms (4.la u ©) nporopuHOHATBHBL k* (B npé-
IpinynieM naparpade OHO TIOKA3aHO,. UTO TNOAOOHAS 3aBHCHMOCTL KAK
pa3 XapaKTepHa MMEHHO A P~ u Psy,-Boin).

.Ceuenne nepesapsnku (4.18) nponopumonaimsko cos?f.  Cpasnenwe
¢ axcrepuventoy (e, §§ 1 u 3) mokaswiBaer, yTo yIsioBOe pacrpenee-
HHE B TEOPHM CJAL0U CBA3KM He COTJIacyerTcsl ¢ ONBITOM. ’

HauGonee cyueCTBEHHOE DAacXOKJEHME CBA33HO € OTCYTCTBHEM
B 1IpeicKasaHdsX TeOPHH 3aMETHOro BkJaza B cedemyie oT S-somsu.” [lo
TEOpHM CAA0OH CBS3H STOT BKAAL ~ (0/M)?; OH WuMeeT PelITHBHCTCKYIO:
APUPOLY W NPUBOZMT K CAMUIKOM Manofi Amine S-paccesums 53

Tloanoe ceuenne pJst BeeX  TPEX NPOLECCOB JETKO NOMYYWTh, WHTE-
rpupys (4,1a, 6, B) mo yriam:

. 7 4 p4 ' .
o (pt, pT)=4x Kf*) N (4'23)
e s k4 ,
cenr==(E) 5 e
4 ps
s (0, p)= "o < . ) = (4.28)

Orciona caenyer, uro
sfphp) 8 (4.3)
s (n% p~)-q (p~5 p) ’

4TO HAXOAMTCH B PA34TEIbHOM [IPOTUBOPEYUH C IKCIEPUMEHTOM.

Ha ouwmite (cM.-puc. 2) yxe mpu sueprusx ~ 60 Msg sto orHo-
HIEHHe CTAaHOBHTCH 3aMeTHO OOJble efuHMitkl, a B paltone 150 Mss ono
AOCTHr2eT NPUMEPHO 3! '

Pasencrso ceuennit s (p¥; pt) m o (p—, p~) 1o Teopnu cmadol
CBA3H TOBODHT O TOM, UTO B 3TOH Teopud d3/: He MalO N0 CPAaBHEHUIO
¢ d3' (e dopuyay (2.18), § 2).

DHepreTHUecKas 3aBACHMOCTb [IOJHOrQ CeueHMs 1O Teopud  CJiaGoH
CBS3Y, TMOBMIMMOMY, HE TPOTHBOPEYMT ONHTHLIM JAGHHEN TIPH  MAJBIX
suepruax. OIHAKO NPY MANLIX HEPTUSX MHTEHCHBHOCTH T-ME30HOB CTONb
Mana, a OLMOKY M3MEDEHHA CTONb BEJMKH, IO TPYNHO CHeJaTh OAHO-
3HauHEIe 3aK/UOUEHHH Ha STOT cudr. KpoMe TOTO, HAZO OTMETMIb, uUTO
aHAJOTMYHOE IIOBEIEHHWE CeueHMs C SHeprueil mpM MalnX 3Repruax OyneT
VMETh MeCTO B JHOOOH TeOop¥M C T'DaAMeHTHON CBSI3BIO. ME30HHOTO TOAA
¢ BYK/JEOHAMH, TaK KaK B 9TOM CAyyae CileldyeT OXMAATH CUJBHOIO
BaauMonedcTBrs B /~COCTOSHAY,

Takum 00pasdoy, peayJbTaTH TEOPHH BOAMYIIERHHl B M.-C. CHMMeTpHU-
HOH TeOPMM C IL-B. CBS3bI0 B OTHOUIEHMH DACCESHWS ~ T-ME3QHOB
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Ha HYKACOHAX He COMacyiorcsd ¢ OOMBINMHCTBOM SKCIEPUMEHTANLHBIX
AANHMX W 33BEIOMO IIPOTHBOPEUAT OfLITY WP SHEPrusix S (L, ,
TTOnBITKH yCTPAHWTH HEOTPAaHUUEHHBEl DOCT CeueHHs ¢ 3Hepryei .
B Teopun cradoft ceman (oM. dopuyast (4.1) u (4.2)) ocuoBaust Ha npen-
FIOACIKEHAN, UTO B3AUMONEHCTBME HA CAMOM [eie HeJbadl CYMTaTh CAaGhiM.
W HALO YUWTHBATH 3aTyXaHHE HAYAMBHOTO COCTOSHUA 3a CulT 08paTHOrO:.
BO3NeHCTRUS W3TYYAEMOTO ME30HHOTO MOMS HA JBANEHHE HYK/ICOHA (Te0--.
pus satyxauug 4—H). Yudr uneHos, o6yCrOBACHHHIX AedCTBUEM HZ JBH— .
WeHUe HYKIEOHA COGCTBEHHOIO ME30HHOTO MOAH (MHEpuMd CruMHA), KOTO-
phie, BOOOLIE FOBOPS, CYUIECTBeHHH 5, B pamMKax DPeMSTHBRUCTCKOH CXeMbl .
IOCAE AOBATENBHO Clenath He yAagres, TaKk Kak BCe BHICWIWE NPRGIMKe- -
MU TEODUM BOBMYLICHHWH, BK/OUAIOMHE WHePUMOHHHE 3PGeKTh, UPHBOIAT .
K GeckoHeudb Beipamenusid, [1osToMy B TeOpud 3aTyXaHWd HE YUUTh-
BalOTCsH SGhQEKTE, CBESAHHBIE C Muepuuell CrMHA HYKIEOHa. _
B cratuueckoM npuGmukeHuy (HYKICOHBl TOKOSTCA) TEOPHH 3aTyXa-
HUS  OPUBOJMT K CACAYIOUIEMY BHIPQWEHMIO LI  TOJHOTO — CeyeHus
paccesis TT-ME30HOB HA TPOTOHE B CHMMETPHYHOM Bapuaute ¥): .

s (pT, pt) =

/g>4 " 1+3< )ws'
"

:”411'\ 2 1+4< 4. ><1+<_>4fi (4.4)

XapaKTepHBIM OTJHUKEM ITOTO BHIpamcenus 0oT Gopyyns (4.2) gsiserca
Haquuve B HEM [ONOQJHWTENLHOIO WIeHAa B KBALPATHHIX CKoOKax, o0g3aH-
HOTO CROUM NOfRMEHMeM YudTy 3atyxauus (g2 B 3HaMenarese).

Ilpu Gospmux sHadeHusx R (k>> A ) ceyenue (4.3) yObiBaeT 1po- -

MOPHHUOHANEHO £ —25 B 06J4CTH MANbX B OHO MEPEXOAHUT B @opmyny (4. 2a).

Hag o (p—, p~) m o (n% p™) B CAMMETPHUHOH TeopUM MOAYYAIOTCH
JIOBOJIBHO CXOLHBIE BBIDAXEHHMH, KOTOPHE Mbl He OYIeM B31eCh . BBIHCH-
Bath. OTMETHM TOJBKO, 4TO OHM, TaK e Kak o (pt, pT), npu mamnix &
TIEPEXOIAT B COOTBETCTBYIOMmME GopMyasl Teopuu ciaboi casiau. (4. 26143)
X0/l 3aBHCHMOCTH CEYeHWs OT SHEPTUM B TEOPHU 3aTYXaHUS KaueCTBEHHO
HAMOMHHAST KAPTHHY, HOyYeHHVIO Ha ombite. CeueHWe AOCTUTAET MAKCH-
MyMa NpH SHEPIHSX MOPAiKa HECKOMbKHX [ ¥ 3aTeM [ajfaeT C POCTOM .
IHEPTUH,

Tem we MeHee yu&T WiIeHOB, OTBETCTBEHHBIX 34 3aTyXaHue, He [efaer
COrjiacHe TEeOPHH C SKCHEPHMEHTOM MOnHbIM, JIeHCTBHUTEAbHO, OTHOUIeHHe
(4.3) B cuMMeTPHUHOH TEOpMM C  3aTYXAHHEM [IOUTM He OTIMYdeTcd OT
COOTBETCTBYIOUIETO OTHOINEHHS B TeOpHM CaGoik CBAsW B 06JacTH 3Hep-
rav < g, Tlpy g2=0,3 u npy k~yp OHO TPHOINDKAETCS K eIMHHIE.

¥) O1u peayanTatsl coofwua Hav B. Muxafinos, B paGore’ atu pacudThi
He NPOJENaHBl N0 KOHIA B MHTepecyioiell Hac OGJACTH SHEprHi.

3%
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C*naiibHeliliAM POCTOM SHEPIHH 9TO OTHOINGHUE CTAHOBUTCH HECKOJbKO
GoElile eIMHHILb, ONHAKO Camu (DODMYJbl OKA3LIBAIOTCH NPA 3TOM yie
He NpPUMeHEHHBIMM (He YYMTHBACTCH OTAAYa HYKICOHOB ¥ COBEPLICHHO
#2 ICHA POJb BBICIHX npnénnmeﬂnﬂ)

YrioBoe pacupelresenye, PACCUHTAHHOe € YUBTOM ‘3aTyXauud, TaKKe
“He corJacyercd € ONBITOM, IIOCKOALKY, KaK W B TeOpAd cladofl CBA3y,
BRMAL OT S-cocTogHmi B pacCesHWe HOCUT YACTO DPElATHBUCTCKUiL
XapakTep. '

OTMeTHM, UTO INOCKOAbKY B3aUVOINeHCTBAE B ~TEOPHHM 3aTYXaHUd He
fpennoaraercy CAaObM, CYIISCTBEHHHH BKaan B (PU3HYECKUE pe3yabTaThi
MOI'YT BHECTH HHEDUHOHHHIE WIeHbl, KOTOPHE IIPOM3BOJLHO OTOpACcHBa-
¥0TC B 3TOH TeOpud, ‘

Tosromy -wwenHo B ToK ofjactw auepruit (> p), rae shdextn
BATYXaHWsl HAUMHAIOT UFPATh BIMETHYIO POJIb, NPABWJIBHBIE BLIPAWEHAT 1%
cedeHns PacCedHHd T-Me30HOB HA HYK/JICOHAX MOTYT HMETH M0 O6HIero
¢ dopuyno#t (44) w avanoruunbvMu  dopwysamn aag o (p—, pT)
u s (n’ p):

OcraHoBuMCcs Teiepb KPATKO HAa Pe3y/ibTardX, K KOTODHIM - IIPMBOLUT
‘TeOpHus, OCHORAHHAS HA TNPEANONOWKEHAM, YTO THMEJBE UACTAUH OGNANAIOT
KOHSHHLIMA pas3vepayu 17 (BBOLLHTCH HOBad (usNuecKad KOHCTaHTa @ — pa-
ZMyC HYKTeOHa). B TakoH TeOpHH OKA3HBIETCH BG3VOWHHM ydecTdb 5¢-
eKTH, CB3AHHHE KaK C PeaKiMeH M3JYYEHHOrO Me30HHOTO IO, TaK
¥ ¢ vHepumel CIMHA HYK/JeOHA. B STOH TEOPUM HYKJACOHB NpEANOJara-
10TCH  NOKOAIVMACHT.  MeSOHBI  MOTYT  TPAKTOBATHCS PElIATHBUCTCKH
{onHaxo ux 9Heprus nomxHa ocraBaThes <& M),

Ecii paccMaTpHBATH OHEPATOPH CIHHA G H HIOTONMYECKOTO CIHHA T
HYKAeOHA KaK KJACCHYeCKHe BEKTOPHl, TO YDABHEHMS IBWXEHHA B TEODUH
DPOTMMCEHHLIX MCTOYHHKOB MOTYT GhiTh P2IIeHHl KIACCHYECKHM CHOCOGOM.

Bolpamzaud A1 CeUCHHH paCCesHus T-WeB0HOB HYKJICOHAMH B CHM-
METPUYHO! TICeBLOCKANAPHOR TEODHH € IICEBILOBeKTODHOH CBA3LI0 GbIM
BoMcaeHE B padorax 2 ¥%), B oSued ciyuae NPOMSBOMBGHONO panmyca
HYKJIEOHA CeUeHHd MMelOT MOBOJALHO TpoMo3zkuil BuA. IIockombky, oaHAaKo,
XapaKTePHHE YEPTH BHPAKEHMS I CeYeHHst PACCEsHWS ME30HOB B Teo-
pUM TIPOTSHEHHBHIX MCTOUHUKOB HBAMIOTCH OOCIMMMM JJIF BCeX BapuaHToB
NCEeBNOCKANIPHON TeOpuH ¢ TPAAMEHTHON CBA3bIO, MBI OTPAHWYMMCS aHa-
mM30M ‘Hauboiee TPOCTOTO Ciaydasd. ‘PaccmoTpuy paccednwe  HefTpaleHOTo
FICEBAOCKANAPHOr0 ME30H2 ¢ TpainentHofi cwa3eio, [losHoe ceuenne
pacceanysi 19 NPOM3BOIEHOTO & B 9TOM c.nyqae Oyner

4 pd 1162 132 ‘
o= b5 (1) ( ) = E;’i%;;‘;314,,2 [G@P  (44)

#) B paborax %6 paccesnue £-ME3OHOB B cuMMeTpuuHON TeopHH S50 pac-
CUHTHO KJACCHIECKHM cnocofoM. Ilomyyennbie Tam pesyabTarsl XaueCTBEHHO
comacyxorcsx c peaynmamun KBAHTOBO-MEXAHHUECKOTO  PACCMOTPEHHs, ¥poBe-
ASHHOTO B : ‘
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31€eCh
2 2
b=y & ("‘Z—'* *‘3)’
(4.46)
— 2 2 K2
=g

a G (k) — dopm-haxTop HykneoHa — (PYHKUUS, 3ABACHAIAT OT KOHKPET=
HHX Tpefnonoxennii o ¢opwe Hykaleona. KoucTanta o  cleaylontuM
o6pazom ceasava ¢ G (k): :

<= %SG‘(k) dk.

B ¢opuyre (4.4a) uientt % 06s33HN CBOMM IPOMCXOMCIEHHEM YUETY
peaKuyy H3Ay4aeMOTO: ME3OHHOIO 1104 Ha NBMKeHHe HYK/eona; uneHs §3
CBE33HEl C HHepUHeH CIMHA NPH PacCesHMH ME30HOB Ha HykaeoHax. [las
TOYEYHOTO UCTOUHUKA {@ —> 0) wiens G2 CTaHOBATCS GeCKOHEUHBIMH.

: 1

B mpesentioM ciyuae, xoria —-3> p (Pamuyc HyKieOHa TOPA3NG

MeHbILIe KOMIITOHORCKOH IJWHEI BOMHHL Me30HA; CAyuail CHIEHOH CBS3u),
1
‘2 Ha SHEPrui0 HAIOWKEHO orpammderne o K- -, G (k)8 (4.4a) mowHO

3aMeHyTb enmnuuefl u npedeGpeus 1o cpasuésmo ¢ £, Toraa momyunres

2 o \2
et () SRy

2 w 213
1*(?9—472)]

. .
‘Ec/m mpu 9TOM KOHCTaHTa CBA3WM CTOJb BeJMKa, YTO §22>>1’T0 MOWHO

: . 2 g2
npenebpeds eNuHMIEH 1O CPaBHEHWIO C <—3— i 25) . Tlomoe ceuenne

OKA2HBAETCH B STOM Cjlydae He 33IBUCAUMM OT g2 M PABHEIM
— Lalpe
c— 8w @ (4.56)

Tak kak (k*/w*) B (4.56) Bcerja MeHbule eJMHMUL, a @ IO MPEANONO-

. 1
WeHno <& “p » TO Mbl TDUXOINM K BHBOLY, WTO B TeOpH CHILHOH

CBH3M CeUeHHMEe pacCesiHMsl W-Me30HOB HA HYKIEOHAX HAMHOPO MEHIIS
‘reomerpudeckoro. Jlast IPOMEKYTOUHHIX 3HAUEHWH Beqvunminl g o/ap?
dopuyia (4.5a) NPUBOIMT K THUIMUHO DE3OHAHCHOH 3aBUCHMOCTH CedeHus
paccesiHys OT 9HEpPTUM NAJAIONIMX MeSOHOB, NPUUSM LIMPYHA - PE3OHAHCHOH
KpHBOHI OnpefelneTcs COOTHOIIEHMEM BeJHuHH v M & u npu v ~§ cra-
HoBuTCH Oau3kofl ¥ wWabmonaeMoii B ONMTAX MO PACCESHUI0 T-ME30HOB
Ha HykdeoHax. OTHOMIeHHe CeYeHMH pacCedHUs NONOWUTENEHHX W OTPU~
HATEILHBEIX T-ME30HOB B TEOPHH HPOTMKEHHBHIX MCTOUHMKOB, HOBHAAMOMY,
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MOXHO COF/IACOBATH C SKCIIEPUMEHTOM KaK IIPH KBAaHTOROM *7, TaK H ripu
KJaCCHueckoM ¢ pemenuu 3amauu, .

-OnHago mONyyalOMIeeCs INpH 9TOM VIVIOBOE paclpeleNeHHe He c¢O-

ﬂep}KHT 4eHOB ~ cos 0, KOTOphIe BOSHHKAIOT 6nar0ﬂapﬂ uHTepdepeHu
S- u P-BosH Tpu paccesmuy,
. B npunuure, yunrsigas orgauy, S-BoMma MOweT OwThb TOMyueHa
' B Teopud NPOTSKEHHHK MCTOUHHKOB, OIHAKO OHA OyAeT HMeTh pesd-
" TMBHCTCKOE TPOWCXONCJCHHE H [ABATh B CeveHUe IIpeHeOPEmUMO MAabli
BKA2N B O6jacTd 3meprufi < p, 9TO He COTJAcyeTcd C . DKCIEpUMenTaib-
Ho pavseme (om. §§ 1w 3).

1 . 1
B npyroM npelejbHOM cayyae — - < p (meoqaﬂ cryyal —- = 0,

a

* KOT'Id BCE. HHepLMOHHEe 3(]deKThl ﬁcqe3a10T)'B dopuye (4.4a) MOKHO

- npeneOpeus £ no cpasuenmo ¢ 7. Temeph I'MapHYIO POMb MrpaioT WiIeHH,
OTBETCTREHHHIE 32 3aTyXaHWe. B 3TOM ciyuyde BHIpaXKeHus, MHO/LyUeHHbIC
. B TEOPUU - IPOTHKEHHBIX MCTOUHUKOB, TP 72> 1 COBRAnaror ¢ TOUHOCTHIO
IO UACJAOBOIO MHOXKHTENS C COOTBETCTBYIOWIMMH (DOpPMYJaMH  TEOpPHH
© 3aTyXAHUS. '

Hozeons xpaTkull wror pesy/sTaraMm, W3JI0MEHHHIM B STOM Hapa-
rpade, MOXHO .CK33aTh, 4TO CYHISCTRBYIOU(ME HCCIEIOBAHNA, OCHOBAHHHIE
HA TEOPHM ME30HHOI'O IOVs, He B COCTOSIHHE HaTh IIOJHOTO OOBACHEHHs
ONBLITOB TIO paCCefHMI0 T-uMe30HOB HYKJeOHaMM. B npeanpunarsix
B TOCJeAHee BPEMs TEOPETHUeCKMX MONBITKAX TaKoro 00bicHenus 26, 46, 47
HCIIOAB3YIOTCS NpencTaBIeHds 06 u3oBapax. CraenyeT NOAYEPKHYTb, 4TO
BBOASUIMECS TIPH 3TOM m300Gaphl OTIMuYaloTca OT u300ap, OOBYHO pac-
CMATPUBAEMEIX Teopuel cuipHoit ceasm 2% 35 cpoell  HeyCTOHUMBOCTHIO,
. CBASAHHON C Tew, 4To WX sHeprus Oomemie Me2 | we?, lupnua suepre-
THYECKUX YPOBHeHM TaKUX M306APHBIX COCTOAHMIA OKasmiBaeTcd GOJBILON.

OTmeTnM, 4TO K3 ~ONKTOB IO PACCESHUI0 T-MEEOHOB HA HYKJ/EOHAX
TIOKA Heb3s CLeJaTh OKOHUATEJbHOTO BHBOJA O CYIIECTBOBAaHWM MaKCH-
MyMa (cM. DHC. 2) B SHEPreTUHECKOH 3aBUCHMOCTH [OJHOTO CEYeHus OT
sHeprun. OJHAKO HalMYMe TAKOTO MAKCHMYMa CJELYET OWHIAATh, TaKk Kak
npu sueprmn 2> 1010 Mag ceuernve BaanMOmeHCTBHS T-ME30HOB C HYKJEO-
Hamy OIMZKO K TeOJ4eTPUYecKOMy, B TO BpeMs Kaxk npu E ~ 150 Mss
"a(pt, p*) npumepno B Tpm pasa Gomblie reoMeTpEYeCKOro. Ecam imm-
 pHHA TaKOTO = MAKCHMyMa OKameTCs - JIOCTATOYHO = Y3KOH®), TO - MOMHO
Oyner roBopuTh 00 u3oGapHoM cocTosuud. Taxue H306apH, HOBUAUMOMY,
'MOTYT OBITh [OAYUEHHl B TaK HABLIBACMON TEOpUW NPOMEIKYTOUHOH cBsizu 5,

MOoxHO . AyMaTh, 4TO ¢ MOMOLIEIO TeOpHY INPOMEXYTOUHOH CBHSH
* MOYKHO OyJAE€T [OCTHYb corjiacusa Teopuu ¢ omuToM. [lpaBma jna nces-
JOBEKTOPHOTO B3aMMOAEHCTBUA, BO BCAKOM Clydae B COBpementofi ¢op-
'MyJHMPOBKE ' TEODHH NDOMEIKYTOUHOH CBSI3H, BpSI JM MOMKHO IOJY4YHTH

. "“) T , €. H.II/IpHHa HSOﬁapHOFO . YPOBHA OXaxeTcsi MHOro. MEHpHIE €ro Bbi-
COTH HaX OCHOBHBIM COCTOSHUVEM.
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BAanTRAbAYO S-Boany. [109ToMy MOMET OKas3aThCH IOJE3HBIM TPHBIEYe-
HMe TICEBJOCKANAPHON CBSI3W, MPUBOgiiell K Hemajiomy S-paccesumio’® 39,

3HaunTeNbHH WHTepeC IpelCTaBAdeT pelieHde 3alaud O paccesHuy
T-ME3OHOB WyKJeoHamu ¢ romoubio Merona M. E. Tawma’!, npeanoxen-
HOTO WM B CBO& BpeMsl U DPeNATHRHCTCKOrO MCCIeIOBaHUA HPOGIEMbl
B3aMMONEHCTBHY [BYX YaCTHI. B HACTOfee BPeMsl NPEANPHHEMAIOTCH
Pas/MuHLe FONBITKA WCIOJB30BATH 9TOT METOH AN TeOPEeTHUECKOro H3y-
yenusd paCCedHMs T-MEBOHOB HyKieOHaMu % 53, OnHako noiHoe uccieno-
BauMe TPOOJeMbl B ATOM HANPABNEHVH eulé [aleKO OT CBOSTO 3aBeprieHus.
Jpyrsm BO3MOWHLIM HYTEM LIS TeOPeTHUECKOR HHTEpUpETauud OnbiTa
MOMET SBUTbCH (DEHOMEHOIOTHUECKOE OIMcaHHe W300apHBIX  COCTOSHMH
€ TOMOUIBIO TEODWH YACTHL C HECKOJbKHMY CIOMHOBHIMH M 3apiaiOBEIMK
COCTOSHHSINY,

B saxjoueHde CaeiyeT, OIHAKO, NOLYEPKHYTH, YTO MJS HOCTpoeHnﬂ
BAKOHYEHHOM TeODHM DPACCesHMs w-ME30HOB HYKJEOHAMH HEeOOXOLHMO
BHAUATEJBHOE YTOUHEHHE WUMEIONIMXCS OMBITHHIX NAHHBIX, a TaKxe IoAyue-
HiWe. SKCIEDUMEHTANbHHIX pe3yabTaToB B oOnacTy OOabMIHMX 3HEPruil

TT-ME30HOB.
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