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Conoabea B.r. P4 - 11732 
0nBC8RBe ReilTpORRhiX H 1"H1"8RTCKHX pe30il8HCOB B p8MK8X 

KB83H'18CTII'IRQ-cjloROUHOi! 1'.-IOilena HllP8 

H3nOJKeHhl OCHOBUhte nonOlKeHIIH KB83H'I8CTU"'Ho-<jloiiOHHOft MOilenn C.:tOlKHhlX 

srnep. 
fi011y'18Hhl CHCTeMbl OCHOBHhiX ypaBHellHil H HX llpH6.:tnlKeHHble pewe

IIJISI. fipa!ln&lKef'Re Bb16pano TBK,"'T06ht nony"!HTb nan6onee TO'IHoe onncanae ue 

BCeA BO.:tROBOil <jlyHKUH11,8 TOnbKO ee M8.:tOKB83H'l8CTH"'HblX KOMIIOI!eHT. l13.:tOlKeH 

M8T0Jl CR.:IOBhiX <jlyHKUHA, arpSIOWHi! peWSIOIUYIO ponb B npaKTH"'eCKOil pe8JIH38UHH 

KB830"18CTB'IHQ-cjloROHHOil MOJle.:tH A.:tH OUHCSHHH pstll8 CBOliCTB C.:tOlKHbiX Slllep. 

Onpe11eneaa o6nacTb npaMeneHHH KBB3H"'SCTH"!Ho-,Pououuoii MOilen!l stapa: Mano

xaa3H"'SCT!I'IHbie KOMIIOHeHTbl BO.:tHOBbiX <jlyHKU!Iil llpH HH3KHX,IlpOM8lKYTO"'HblX 

H BbiCOKRX s&eprRHX B036ylKJleRHH,yCpeJlHeHHhle B HeKOTOpblX 3HepreTU"'eCKHX 

anTepaanax. B paMKBX aToi! Moaenn aay"!ena ljlparMeHTBUIIH OJlHO"'aCTH"'HbtX co

CTOHIIHA B JletjlopMIIpOBaRHbiX RllpaX, IICCneooBaHa 30BIICHMOCTb HeilTpOHHbiX 

CH.:tOBbiX tjlyRK!lBli Jl.:JR peaKUHil OJlHOHyK.:tOHRhlX nepellB'l TUlia (dp) II (dt) 
oT aaepra11 aoa6ylKJlenaR. Pacc"!nTaH&I s- , p- , d -aonuoaue uellrponH&Ie 

CRIIOBhle <jlyHKUHH npa aueprBH casraa aeiiTpoaa 11 nonyqeuo xopowee cornacue 

C OllhiTOM. fionyqeHO XOpOwee OIIHC8HH8 p8JlH8UHOHHbiX CI!nOBbiX cj>yHKUHli D cljle

pH"'BCKRX llllP8X0H3y'leiiO BllHHHHe XBOCT8 rnraHTCKOro JliiiiOnhHOrO pe30II8HC8 H8 

El -cunoB&Ie <jlyuxnan.Pacc"!HTSHbl aueprau n EA -canoa&Te <jlyuxuuu anR t•nrauT

cxax MYnhTHIIO.:tbHbiX peaouaacoa a cljlepH"'eCKIIX H oeljlopMupoaaHHblX Hapax, 

II nony'leHO npaBHnbHOe OIIBC8RH8 HX WHPHH. 

npenpBHT 06'bal1HH8HHOI"O HHCTHTyTa Slll8pHblX HCC.:t8D.OB8HHil. lly6ua 1978 

Soloviev V.G. P4 - 11732 
Description of Neutron and Giant Resonances within 
The Quasiparticle-Phonon Nuclear 'VIodel 

The general assumptions of the quasiparticle-phonon model of comp 
lex nuclei are given. The system of basic equations and their approxi
mate solutions are obtained. The approximation is chosen so as to obtain 
the most correct description of few-quasiparticle components rather than 
of the whole wave function. The method of strength functions is presented, 
which plays a decisive role in practical realization of the quasiparticle
phonon model for the description of some properties of complex nuclei. 
The range of applicability of the quasiparticle-phonon nuclear model is 
determined as few-quasiparUcle components of the wave functions at low, 
intermediate and high excitation energies averaged in a certain energy 
interval. The fragmentation of single-particle states in deformed nuclei 
am the dependence of the neutron strength functions for the one-nucleon 
transfer reactions of type(dp)and (dt) on the excitation ener15Y are studied 
within this model. The s-, p-and d-wave neutron strength functions are 
calculated at the neutron bindin<2, energy and a good agreement V~<ith e::pe
riment is obtained. The radiative strength functions are well described in 
spherical nuclei. The influence of the tail of the giant dipole resonance on 
the El-strenglh functions is studied.The energies and E.\ -strength func
tions for the giant multi pole resonances are calculated in spherical and 
deformed nuclei, and a good description of their widths is obtained. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 06'bellllBBBBbl/l BBCf'B't'yf' MepBbiX BCCR8/10BBRBil /1y6HB 

1. KBA3Hf/ACTHqHo- 4JOHOHHAH MO,l(EJih JI,aPA 

OcHOBHwe nono*eHHB nonyMHKpocKonaqecKoro onaca
HHB s.nepHoi cTpyKTypw cne.nyromae /l/ : 

l. MeTo,n XapTpa-cl»oKa-lioromo6osa acnon&JyeTCB 
.IVIB nonyqeHHB JaMKHYTOB CHCTeMW ypaBHeHHB ,nnB ci>YHK
:UHB nnOTHOCTH H KoppenB:UHOHHWX ci>YHK:UHB. 

2. Bw6apaeTcB npe,ncTasneHHe, r.ne MaTpH:ua nnoT
HOCTH ,nHaroHan&Ha, a KOppenB:UHOHHaB ci>YHK:UHB HMeeT 
KaHOHHqecKHi sa.n. B 3TOM npe,ncTasneHHH see BJaHMo
.neicTBHB Me)I(JJ;y HyKnoHaMH B B,npe CBO,nBTCB K cpe,nHeMy 
nomo H B3aHMO,neiCTBHBM, npHBO,nBII.UIM K cnapHBaHHIO. 

3. Bw.nenseTCB cpe,nHee none H nocTynapyeTcB, qTo 
sw6op cpe,nHero nons cooTBeTcTsyeT swweynoMBHYTOMY 
npe,ncTasneHHIO .nns ps.na qeTHo-qeTHwx s.nep, ne*aii.UIX 
B 30He 6eTa-cTa6HnhHOCTH. 

4. Bso,nBTCB BJaHMo,neicTBHB, npaso.nsmae K napHWM 
Koppens:uHBM csepxnposo.nsmero THna. Bo36Y*.neHHble co
CTOBHHB onpe,nenBIOTCB KaK O,nHO-, ,nByX-, Tpex- H T .n. 
KBa3HqacTHqHbJe COCTOBHHB. 

5. BH6pa:UHOHHWe COCTOBHHB CBB3aHW C He,naaroHan&
HWMH 3neMeHTaMH MaTpH:UW nnOTHOCTH, ,nnB HX onHCaHHB 
BBO,nBTCB Myn&THnOn&·Myn&THnOnhHWe H CnHH·Myn&TH· 
non&Hwe-cnaH-Myn&THnon&Hwe canw. 

6. PoTa:UHOHHWe, KBaJaqacTaqHwe H cl>oHOHHWe soJ-
6y)I(JJ;eHHwe COCTOBHHB CBB3aHW Me)I(JJ;y C060i KOpHOnHCO• 
BWM B3aHMO,neiCTBHeM H B3aHMO,neBCTBHeM KBaJHqacTH:U 
C ci>OHOHaMH. 

B paMKax nonyMHKpocKonaqecKoii TeopHH aTOMHoro 
s.npa nocTpoeHa KBaJHqacTHqHo-cl>oHOHHas'Mo,nen&, Ha oc-
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HOBe KOTopoH nonyqeHo eAHHoe onucaHHe ManoKBaJuqac

THqHwx KOMnOHeHT BOnHOBhlX ~YHKUHH CnO~HWX SAep npH 

HH3KHX, npoMe~yToqHhlX H BhlCOKHX 3HeprHSX B036Y~Ae

HHS. KaaJuqacTHqHo-~oHOHHas MOAenb SApa c~opMynupo

BaHa B peJynbTaTe pa3BHTHS OnHCaHHS HH3KOne~aiUHX 

COCTOSHHH SAep KaK KBaJuqaCTHqHhlX H OAHO~OHOHHhlX nyTeM 

o6o6meHHS ~OHOHOB H BJaHMOAeHCTBHS KBaJuqaCTHU C ~o
HOHaMH. 

KaaJuqacTuqHo-~oHOHHas MOAenb ocHOBWBaeTcs Ha 

cneAYIDmHx nono~eHHsx/2-4/: 
1/ ABYXKBaJuqaCTHqHhle H BHfipaUHOHHhle COCTOSHHS 

paCCMaTpHBaiOTCS KaK OAHO~OHOHHhle; 
2/ CBS3b OAHoqacTHqHoro H KOnneKTHBHOrO AB~eHHH 

OnHChlBaeTCS B ~OpMe BJaHMOAeHCTBHS KBaJHqacTHU C 

~OHOHaMH; 

3/ OCHOBHOe npH6nH~eHHe BhlfipaHO TaK, qT06hl nony

qHTb HaH6onee TOqHoe OnHCaHHe He BCeH BOnHOBOH~YHK· 

UHH, a TOnbKO ee ManOKBaJHqaCTHqHhlX KOMnOHeHT. 

BonHoawe ~YHKUHH awcoKOBOJ6y~AeHHwx cocTosHHH 

cno~HhlX SAep COCTOST Hl HeCKOnbKHX MHnnHOHOB KOMnO

HeHT. HaRTH Ka~AYIO TaKyiO BOnHOByiD ~YHKUHIO JaAaqa oqeHb 

cnO)I<:HaS. 3TO npOAeMOHCTpHpOBaHO, HanpHMep, B /5/ MS 

cnyqas nerKHx sAep, rAe npu awqucneHHH JHeprHH H aon

HOBhlX ~YHKUHH npoBeAeHa AHaroHanHJaUHS MaTpHU oqeHb 

awcoKoro nopsAKa. HccneAoBaHHS B paMKax noAXOAa, 

OCHOBaHHOrO Ha onepaTopHOH ~OpMe BOnHOBOH ~yHKUHH /a/, 
npOAeMOHCTpHpOBanH, qTO TaKHe XapaKTepHCTHKH BhlCOKO

B036Y~AeHHhlX COCTOSHHH, KaK nonHhle ceqeHHS ~OTOBOJ· 
6y~AeHHS, cneKTpOCKOnHqecKHe ~aKTOphl peaKUHH OAHO· 

HyKnOHHhlX nepeAaq, HeHTPOHHhle CHnOBhle ~YHKUHH, nap

UHanbHhle paAHaUHOHHhle CHnOBhle ~YHKUHH AnS npSMhlX 

nepeXOAOB Ha HH3Kone~all(He COCTOSHHS H PSA ApyrHX, 

onpeAenSIOTCS ManOKBaJHqacTHqHhlMH KOMnOHeHTaMH HX 

BOnHOBhlX ~YHKUHH. 3aAaqa CyiUeCTBeHHO ynpOIUaeTCS, 

ecnu Heo6XOAHMO nonyquTb xopomee onucaHHe TOnbKO 

ManOKBaJHqacTHqHhlX qacTeH BOnHOBhlX ~YHKUHH COCTOS

HHH B HeKOTopoM JHepreTuqecKoM HHTepaane. B JTOM 

cnyqae HY~Ho aocnonhJOBaTbCS ~opManHJMOM paJHoro 

THna CHnOBhlX ~YHKUHH. B paMKaX KBaJuqacTHqHo-~OHOH
HOH MOAenH paccquTwaaeTcs ~parMeHTauus /pacnpeAene-
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HHe CHnhl/ OAHOKBaJHqaCTHqHhlX, OAHO~OHOHHhlX H( KBaJH· 

qacTHUa nniOC ~OHOH ) - COCTOSHHH no MHOrHM SAepHhlM 

YPOBHSM. 

raMHnbTOHHaH MOAenH COCTOHT Hl cneAYIOIUHX qacTeH: 

cpeAHero nons SApa B ~opMe noTeHuuana CaKcoHa- ByAca; 

BlaHMOAeHCTBHH, npHBOASIUHX K napHhlM KOppemiUHSM 

CBepxnpOBOASIUero THna; MynbTHnOnb·MynbTHnOnbHbiX H 

cnuH·MynbTHnonbHblx-cnuH·MynhTHnonbHhlX cun. HJyqe

HHe HHlKOne~aJUHX COCTOSHHH noJBOnHnO ~HKCHpOBaTb na

paMeTpbl noTeHuuana CaKcoHa- ByAca. 

BoJMO~HOCTb BhlAeneHHS cpeAHero nons .IIApa - JTO 

He MaTeMaTHqeCKHH npHeM, a OTpa~eHHe ~YHAaMeHTanb
HhlX CBOHCTB aToMHoro SApa. BwAeneHHe cpeAHero nons 

SApa o6ycnoaneHo, ao-nepawx, AeHCTBHeM npHHUHnallaynu 

H, BO- BTOphlX, OTHOllieHHeM HMnynbca noBepXHOCTH <l>epMH 

K uMnynhcy oTTanKHBaiDIUeH cepAueauHw HyKnoH-HyKnoH

Horo noTeHuHana. Hanuque cpeAHero nons SApa unu SAep

HhlX o6onoqeK OTBeTCTBeHHO la pa3H006pa3He CBOHCTB 

aTOMHhlX SAep. Il03TOMY aTOMHhle SApa HenblS paCCMaTpH

BaTb KaK OCKOnKH SAepHOH MaTepHH pa3HOH BenHqHHhl, 

a HY~Ho HJyqaTb CTPYKTYPY Ka~Aoro SApa. 3AeCb nposa

nseTcs ~YHAaMeHTanbHOe OTnHqHe, HanpHMep, OT KpHCTan

na, rAe HeT CMhlCna HJyqaTb CTpoeHHe KpHCTannoB OAHOrO 

Tuna, HO paJHhlX paJMepoa. 

Ponh cpeAHero nons aTOMHoro SApa BeCbMa B~Ha 

H qpe3BhlqaHHO MHOrorpaHHa. CpeAHee none OTBeTCTBeHHO 

Ja OTnHqHe CTpyKTypw B036Y~AeHHhlX COCTOSHHH OAHOro 

SApa OT Apyroro. CpeAHee none nposanseTcs B psAe YHH

BepcanbHhlX CBOHCTB SAep, TaKHX KaK ruraHTCKHe MYnb· 

THnOnbHhle peJOHaHChl. 

CneAyeT OTMeTHTb, qTo B cnyqae runoTeTuqecKoro 

CBepxnnOTHOrO COCTOSHHS aTOMHOrO SApa, B03MO~HO, He 

fiYAYT BhlnonHSTbCS ycnOBHS, Heo6XOAHMhle AnS BhlAeneHHS 

cpeAHero nons. TorAa BMecTo rpoMaAHoro paJHoo6paJHS 

SAepHhlX CBOHCTB B CBepxnnOTHOM COCTOSHHH MOryT OKa

JaTbCS 6eJnHKHe SApa, KaK KYCKH SAepHoro BeiUeCTBa paJ· 

Horo pa3Mepa. 

BpaiUaTenbHOe ABH~eHHe H ero CB.IIlb C KBaJHqaCTHq· 

HbiMH 'H ~OHOHHhlMH B036y~AeHHSMH HrpaiOT B~HYIO ponb 

B aTOMHhlX .IIApax. B KBaJHqacTHqHO-~OHOHHOH MOAenH 
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.H,D,pa, KaK npaBHno, npeHe6peraeTcJI CBJI3LIO c spaJ.UeHHeM, 

a caMo spaJ.UeHHe onHcwsaeTCJI rpy6o. 3To o6ycnosneHo 

TeM, qTo He paCCMaTpHBaroTCJI BWCOKOB036y~,IJ,eHHhle co

CTOJIHHJI C 6onLWHMH CDHHaMH. B COCTOJIHHJIX C He6onLWH

MH CDHHaMH npH npoMe~yTOqHOH H BhlCOKOH 3HeprHH 

B036y~eHHJI CBJI3L C Bpai.UeHHeM He npHBO,IJ,HT K 6onLWOMY 

nepepacnpe,IJ,eneHHro H3 O,IJ,Horo 3HepreTHqecKoro HHTepsa

na B ,IJ,pyroi CHnhl ManOKBa3HqaCTHqHhlX KOMDOHeHT BOnHO

BhlX cPYHKUHH. B Heo6XO,IJ,HMhlX cnyqaJIX MO~O BBeCTH CBJI3L 

BpaJ.UaTenLHOrO H BH6paiJ;HOHHOrO ,IJ,B~eHHH. IlpH H3yqe

HHH HH3KOne~aJ.UHX COCTOJIHHH CBJI3L C BpaJ.UeHHeM cne
,IJ,yeT yqHThlBaTL B Ka~,IJ,OM KOHKpeTHOM .II,D,pe. 

raMHnLTOHHaH KBa3HqaCTHqHo-clJOHOHHOH MO,IJ,enH .II,D,pa 

npHBe,IJ,eH B /4/. OH co,IJ,ep~HT MynLTHnonL-MynLTHnonLHLie 

H CDHH- MynLTHDOnL- CDHH- MynLTHDOnLHLie H30CKan.HpHhle 

H H30BeKTOpHhle CHnhl B qaCTHqHO-,D,hlpoqHOM H qaCTHqHo

qacTHqHOM KaHanax. qT06LI npoHnniOCTpHpOBaTL npe

o6pa3oBaHHe raMHnLTOHHaHa, orpaHHqHMCJI O,IJ,HHMH MynL

THDOnL-MynLTHDOnLHhlMH H30CKan.HpHhlMH CHnaMH B KaHa

ne qacTH:u;a-,D,hlpKa: 

(A) 
KO Ap. (+) Ap.i 

H s = l f(q) B(q ,q)-- ~, ~ ,f (qq') Uqq'g q' 
q 4 11 qq q 

~ Ap. , ( +) Ap.i + + + + 
k f (a_q')U ,g ,[Q, .o. .,+Q, _,Q,. +Q, .Q, .+ 

q2q; '"l:! 2' q2q2 ~q2 1\p.!'Ap.I AP.J 1\p.l 1\P.J 1\P.J 

(A) 

~I, 
- 2 ...j'l" 

+ QAp.i QAp.i' ] 

Ap. (+) Ap.i Ap. , V (-) 
I, ,f (qq') Dqq' gqq' I, ,r (q2q2) q q' X 
qq q q 2 2 

22 

X [(Q:- +Q, .)B(q q')+B(q q') (Q{ +Q, .)] . 
1\p.j 1\p.J 2 2 2 Z 1\p.j 1\P.J 

/1/ 

3.IJ.eCL onepaTop po~eHHJI clloHoHa 
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+ 1 Ap.i + Ap.i 
QA. ==-2 ~ I q.r ,A (q,q')-¢ , A(q,q') I. 

PI qq' qq qq 
/2/ 

r,IJ,e 

+ + + 1 '5' + + 
A (q,q') paBHO yfa aaq,-<Jaq'a HnH -

1- I, 
...j'l"a a • 

aq'a qa /3/ 

B (q, q ') paBHO ~ aq~ aq a l a a+ a , . 
a q-a qa 

HnH 

KBa3HqacTHqHa.ll 3HeprHJI f ( q) = v C2 + (E (q) -A )-2 
• r,IJ,e 

C - KOppenJIIJ;HOHHaJI cPYHKUHJI, A - XHMHqecKHH DOTeH:u;Han, 

E(q) - O,IJ,HoqacTHqHaJI 3HeprHJI, COBOKYDHOCTL KBaHTOBLIX 

qHcen (qa) xapaKTepH3yeT O,IJ,HoqacTHqHwe COCTOJIHHJI B 

npOTOHHOH H HeiTpOHHOH CHCTeMax, a =±1. HcnonL3y

IDTCJI cne.D.YIOJ.UHe o6o3HaqeHHJI 

(+) 
uqq' == uq vq'± uq,vq • 

2 1 v =- !1 -
q 2 

E (q)-A 1 • 
f(q) 

(±) 
vqq'"'uq uq'±vq vq'. 

u2 
== 1 - v2 

q q 

Ma TpHqHWH 3neMeHT OT on epa TOpa MynLTHDOnLHOrO MOMeH

Ta A c npoeK:u;Hei 11 o6o3HaqeH qepe3 rAp. (qq ') , gAP.i, = 
= q.r Ayi + ¢ Ail) . qq 

qB O,IJ,HJ&oHOHHOM npH6nH~eHHH, HnH B RPA, OCHOBHOe 

COCTOJIHHe 'J1 O JIBn.HeTCJI cPOHOHHWM BaKyyMOM, a B036y~
,IJ,eHHhle COCTOJIHHJI onpe,D,en.HIDTCJI KaK O,IJ,HOcPOHOHHLie 

+ 
QAp.i q.r o • /4/ 

Cne,IJ,y.H/1/, ceKy~.HpHoe ypaBHeHHe nonyqHM B BH,IJ,e 

(A) (f p. (qq')Uq~) )
2 

E(qq') (A) Ap.i 
1 =2 K 0 qlq r-----:2""( ') X = K 0 X . /5/ 

f qq -w p.i 

r,IJ,e E ( qq') "'l( q) + l( q') . BocnonL3yeMcJI TeM, qTo /eM. 

CTp. 478 s/1/ I 

K<A) ~ u<+),rAP. (qq') gAp.~ 
0 qq' qq qq 
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2 K (A) (f"-fl(qq ') uw 12 c(qq ') ___ o_ ~ . 1 
, 

..j2 YJ..
11 

qq 
( 

2 
(qq ') - (t)~fli ..j2 Y,\

11 

"-fl (+) 2 
j ~ (f (qq) Uqq ) c(qq') WA_flj 

YA = ~ 
f1 , [ 2 ( ') 2 ]2 

/6/ 

rAe 

qq c qq -wAfli 

IlOJTOMY C y'leTOM CeKyn.apHoro ypaBHeHHJI /5/ raMHnbTO

HHaH /1/ MO:>KHO ITpHBeCTH K cneAYJOIQeMy BHAy: 

( 
"-fl , (+) 2 

H 8 =~<(q)B(qq')-.!_~_1.,.. ~ f (qq)Uqq') c(qq') + 

q 2 i Y~ qq' c 2 (qq) _ w2 Q "-fliQAfli-
fl "-fli 

1 -- ~ 
4 1 

1 

'yi 
y "-fl 

~ ,r"-fl (qq')v<-;[(Q~ .+Q, . )B(qq') + 
qq qq l\f11 l\f11 

+B(qq') (Q,+. +Q' . )] 
l\f11 l\f11 

/7/ 

HnH K BHAY 

+ 
H s = ~ w Afli Q A11i QAfli -

1 

.!_~ . 
-4 i ./y1 

v "-fl 

1 "-11 , (-) + , 
~ , f ( qq ) V , [ ( Q 'fl rr- nfl. ) B ( qq ) + 

qq qq 1\ 1 1\ 1 

+ B (qq ') (Q~ .+ Q' ) ] . 
l\f11 l\f11 

/7'1 

0TCJO,IJ,a BB.li.HO, 'ITO ecna peweHo ceKyn.apHoe ypasHeHae 

/5/, TO O,IJ,H03Ha'IHO onpe,IJ,eneHO KBa3H'IaCTH'IHO-~OHOHHOe 
B3aHMO,IJ,eHCTBHe. 
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llacno KopHe:ii wAfli ceKyn.apHoro ypasHeHH.II /5/ pasHo 

'IHCny ABYXKBa3H'IaCTH'IHiaiX COCTO.IIHHH C JTHMH :>Ke 3Haqe

HHJIMH K TT B HeHTpOHHOB H npOTOHHOH CHCTeMaX. 3HeprHH 

ABYXKBa3H'IaCTH'IHiaiX COCTOJIHHH CYTb ITOnJOCa ypaBHeHH.II 

/5/. EcnH KOpeHb W Af1i YAaneH OT COOTBeTCTBYJO~ero 
DOnJOCa, TO COCTO.IIHHe JIBnJieTCJI KOnneKTHBHbiM. llo Mepe 

npH6nH:>KeHHJI KOpH.II K DOnJOCY COCTO.IIHHe CTaHOBHTCJI ABYX

KBa3H'IaCTH'IHbiM. B 6onbWHHCTBe cnyqaes KOpHH wA11i AO

BOllbHO 6nH3KH K DOnJOCaM <(qq '), a COCTO.IIHH.II .IIBnJIIOTCJI 

cna6o KonneKTHBHiaiMH. 

B ceKynxpHOM ypasHeHHH /5/ Y'ITeHo B3aHMOAe:iicTBHe 

Me :>KAY KBa3H'IaCTHUaMH B KaHane qacTaua- AblpKa. Ecna 

q-qacTH'IHOe COCTO.IIHHe, q'- AlaiPO'IHOe COCTOJIHHe, TO 

( U ~~), ) 2 :2 0,5 , B 6onbWHHCTBe cnyqaeB ( U(±) ,)2 6nH3KO 

K eAHHHUe. EcnH o6a OAHO'IaCTH'IHiaiX COCTO.IIH~j& q H q' 

JIBnJIIOTC.II HnH 'laCTH'IHbiMH, HnH AbiPO'IHiaiMH, TO BenH'IHHbl 

( U (~4') 2 O'leHb Manbl H TaKHe COCTOJIHH.II npO.IIBn.IIIOTCJI 

KaK 'IHCTble ABYXKBa3H'IaCTH'IHble COCTO.IIHH.II. 3TH COCTO.a

HHJI ~aKTH'IeCKH He OKa31a1BaiOT BnHJIHH.II Ha KOnneKTHBHiale 

CBOHCTBa .IIAep. liT06bl y'leCTb ponb TaKHX COCTOJIHHH, He-

06XOAHMO BBeCTH B3aHMOAeHCTB __ H.II B KaHane 'laCTHUa-qac

THUa. 

TaKHM o6pa3oM, KOPHH ceKyn.apHoro ypasHeHH.II /5/ 
H COOTBeTCTBYIOIQHe OAHO~OHOHHble BOnHOBiale ~YHKUHH OITH

CiaiBaJOT DOnHyJO CHCTeMy COCTO.IIHHH C AaHHiaiM 3Ha'leHHeM 

K rr. CpeAH HHX HMeJOTc.a KonneKTHBHble, cna6o KonneKTHB

Hble H ABYXKBa3H'IaCTH'IHiale COCTO.IIHH.II. 

CeKyn.apHoe ypasHeHHe An.ll onacaHH.II OAHO~OHOHHbiX 
cocTO.IIHHH c BKnJO'IeHHeM H30CKan.apHo:ii K S"-> H H3oseKTop

HoB: K (1) KOHCTaHT MynbTHDOnbHiaiX CHn HMeeT BHA 

(K~) + K(~) ) (Xt (n) + Xt (p))-

4K(A)K(A)xt(n)Xt(p)=1, 
- 0 1 

t = "-fl i ' 
/8/ 

r,IJ,e 
t tt( ')-ft ( , (+) 2 

X (n)=2~, 88 ss)(Uss')f(ss') 
s,s 2 ( ') 2 ( ss -<.Ut 
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t 

t t rn (s) 
f (ss") = f (ss')- t os,s', &(s) =E(s) -A . 

Yn 

t_I 4C~-w~+4&(s)@(s') 
Y-, 2 2, 2, 2 

n ss f(s) (4r(s)-wt) f(S )(4f (s ) -w t) 

t 2 2 . 
t f (s2s2)[4Cn-wt+4&(s.z)&;(s~p-4&(s)&(s2)+4&(s)@(s2)] r (s) == I , ·.--
n ss 2 2 2 2 

2 2 f (s2)[ 4f (s2 )- w t] f (s2 )[ 4f (s2) -w t] 

/8' I 

B KBa3H'IaCTH'IHO·clloHoHHOB Mo~ens Jl~pa MeTo~ nps-

6nH)I(eHHoro BTOpH'IHOrO KBaHTOBaHHJI HCDOnL3yeTCJI ~nJI 

nony'leHHJI CeKynJipHhiX ypaBHeHHB, peweHHJI KOTOphiX ~aiOT 

3HeprHH O~HOcllOHOHHhiX COCTOJIHHB.)J;nJI Ka)I(~OB MynLTHDOnL

HOCTH Bhi'IHCnJieTCJI HeCKOnLKO COT KOpHeB CeKynJipHhiX 

ypasHeHHB H COOTBeTCTBYIO~HX BOnHOBhiX cllYHK:QHB. )J;nJI 

ODHCaHHJI O~HOcllOHOHHLIX COCTOJIHHB C nJ06LIMH 3Ha'leHHJIMH 

K rr B ~ecllopMHposaHHLIX Jl~pax H nro6wMH I rr B ccllepsqecKHX 

Jl~pax HCDOnL3YIOTCJI MynLTHDOnL·MynLTHDOnbHLie H CDHH

MynLTHDOnb-CDHH·MynLTHDOnbHble B3aHMO~eBCTBHJI C nJO• 

6b1MH A, B TOM 'IHCne c 6onLWHMH MynLTHnonLHOCTJIMH. 

YnoTpe6nJIJOTCJI cne~yJOUUie npassna clloHOHHoro onsca

HHJI: 

1/ ~nJI COCTOJIHHB C cllHKCHpOBaHHhiM 3Ha'leHHeM {{ TT B 

~ecllopMHposaHHhiX 11~pax H Irr s ccllepsqecKHX Jl~pax pewa

IOTCJI CeKynJipHble ypaBHeHHJI: a/ C MynLTHDOnLHhiMH CHna

MH, 6/ CO CDHH·MynLTHDOnbHhiMH CHnaMH, ecnH HeT Mynb

THDOnbHhiX CHn HnH OHH 6onee BLICOKOB MynLTHDOnbHOCTH; 

2/ Y'IHTLIBaeTCJI B3aHMO~eBCTBHe B KaHane 'laCTH:Qa

~pKa; 

3/ B3aHMO~eBCTBHe B KaHane 'laCTH:Qa- 'laCTH:Qa DPHHH

MaeTCJI BO BHHMaHHe DpH BLI'IHC.TieHHH: a/ O~Ho4IOHOHHLIX 
0+ COCTOJIHHB BO BCeX Jl~pax, 6/ O~HOcllOHOHHLIX 2+ COCTOJI· 

HHB s oT~enLHLIX ccllepH'IeCKHX Jl~pax; 

4/ ~JI O~HOcllOHOHHLIX COCTOJIHHi C cllHKCHpOBaHHLIMH 

K17 sns I rr pewaJOTCJI ypasHeHHJI c csnaMH MHHHManLHoii 

MynLTHnonLHOCTH. lips BLI'IHcneHHH B(EA)-seJIH'IHH yqs-

10 

ThiBa.IOTCJI Bee COCTOJIHHJI C I = A H pa3JIH'IHhiMH 3Ha'le

HHJIMH K. 
IlOJIHOTa clloHOHHOrO DpOCTpaHCTBa DO~TBep)I(.AaeTCJI XO

pOWHM cornacHeM paCC'IHTaHHOB DnOTHOCTH Jl~epHhiX co

CTOJIHHB C 3KCDepHMeHTanLHhiMH ~aHHhiMH DpH 3HeprHH 

CBJI3H HeB:TpoHa B /7/. 
KoHcTaHThl MynLTHnonLHhiX H cnHH·MynLTHnonLHhiX csn 

sw6spaJOTCJI cne~YJOUUIM o6pa3oM: 

1/ 3neKTpH'IeCKOe ~HDOnLHOe COCTOJIHHe (As1)-H3o-

BeKTOpHaJI KOHCTaHTa K\1) onpe~enJieTCJI H3 3KCDepHMeH

TanLHOrO 3Ha'leHHJI MaKCHMyMa El -rsraHTCKoro pe3oHaH

ca; ~nJI HCKnJO'IeHHJI ~YXOBOrO COCTOJIHHJI BBO~JITCJI H30· 

CKanJipHble ~DOnLHhle CHnhl C KOHCTaHTOB K ~1 ), KOTOpaJI 

DpHBO~HT K o6pa~eHHIO B HynL nepsoro KOpHJI COOTBeTCTByJO· 

~ero ceKynJipHoro ypasHeHHJI; 

2/ H30CKanJipHble KOHCTaHThl K ~2 ) , K ~) onpe~enJIJOT• 
CJI H3 3HeprHB nepBhiX KB~~pynonLHOrO H OKTynonLHOrO 

cocTOJIHHB, a OTHoweHHJI K) ) I K (~) - H3 nono)l(eHHJI 

COOTBeTCTBYJO~ero H30BeKTOpHoro pe 30HaHca; 

3/ ~nJI A ~4 HCDOnL3YJOTCJI O:QeHKH /8/ 

(A) 
Ko 

4rr ---2.\+1 

2 
mwo 

A~·x.,.._;..,2..-->-

K (A) = _ _rr_V __ _ 

1 A<r2A> 

/9/ 

/10/ 

r~e V = 120 M3B; 6epyTcJI HecKonLKO MeHLWHe 3Ha'leHHJI 

3THX KOHCTaHT, 'IT06LI COOTBeTCTBYIOUUie nepBLie COCTOJI· 

HHJI He ODYCKanHCb HB3KO H He 6LinH CHnLHO KO.TI.TieKTHBH-

3HpOBaHHLIYH; 

4/ ~JI M1-pe3oHaHcos scnonL3yeTCJI o:ueHKa/
9

/ 

(1) 28 
K = -4rr -M3B. 

la A 

I K~~ I $ I K<;~ I . /11/ 
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TeH30PHble CBnbl ne~eHopMBpyiOT KOHCTaHTY Kdl), f103TO· 

MY MO:>KHO 6paTL K bla =0. a 

KaK npo,IJ,eMoHcTpuposaHo BbiWe, ecnu cPOHOHbl cPBKcupo

BaHbl nyTeM peWeHBJI CeKynspHbiX ypaBHeHBH, TO COOTBeT· 

CTBYJOmue qacTB MynLTBnonLHbiX u cnuH- MynLTBnonLHbiX 

CBn, ODBCbiBaiOll.lBe B3aBMO,IJ,eHCTBB11 KBa3B'IaCTiilJ; C cPOHO • 

HaMu, O.IJ.H03Ha'IHO onpe,IJ,eneHbl. Ecnu peweHbl ceKynHpHble 

ypaBHeHB11 ,IJ,n11 cPOHOHOB, TO BCe napaMeTpbl MO,IJ,enB OKa· 

3biBaJOTC11 cPBKcuposaHHbiMB. B3aBMO.IJ.e8cTBBe KBa3BtJac

TBU C cPOHOHaMB, CB113biBaiOll.lee O,IJ,HOKBa3B'IaCTH'IHOe 

B ( KBa3B'IaCTBUa DJIIOC cPOHOH) • COCT011HB11 OKa3biBaeTC11 

TeM 6onLWe, 'leM CBnLHee KOnneKTBBB3BpOBaH cPOHOH. 

B3aBMO.IJ.e:HcTBHe KBa3B'IaCTBU c ciloHoHaMB BMeeT cne

.Il.YIOIUBe npeBMyiUeCTBa DO cpaBHeHBIO C ,IJ,pyrBMB THDaMH 

3cPcPeKTBBHbiX B3aBMO,IJ,eBCTBBB: 

1/ COBMeCTHOe B COrnacoBaHHOe ODHCaHHe KBa3H'Iac

TH'IHbiX H cPOHOHHbiX COCT011HHH BX CBJI3B; 

2/ O,IJ,H03Ha'IHbiH Bbi60p BH,IJ,a H KOHCTaHT B3aHMO,IJ,e8-

CTBH11; 

3/ DpHMeHHMOCTL ,IJ,n.ll ODHCaHHJI npH HH3KBX, npoMe:>Ky· 

TO'IHbiX B BbiCOKHX 3HeprH.IIX B036y:>K,IJ,eHH11. 

raMHnLTOHBaH MO,IJ,enH, CO,IJ,ep:>Ka(UHH B30CKan1lpHble B 

H30BeKTOpHble MynLTHDOnLHble H CDHH·MynLTHDOnLHble CH· 

nbl B KaHane qacTuua-.IJ.blpKa, cne,IJ,yH /4/ ,3anuweM s cne

.IJ.YJOIUeM BH,IJ,e: 

t (±) 2 

HM= ~ f(q)B(q,q)-~2: 
q 2 t 

1 (f (q,q')Uqq')£(q,q) + 
-- 2: -------y Q Q -
Y , 2 2 n,p t t 

t qq f (qq')-wt 

- _!_ :>.: l r t I(Q+ +Q )B(qq') +B (qq') (Q+ +Q ) !. /12/ 
2 t qq' q q' t t t t 

3TOT raMHnLTOHHaH MO:>KHO TaK:>Ke 3aDBCaTL KaK 

12 

+ 
H =lwtQtQt 

M t 
!.. 2: 2: r + , 1 < Q 7 + Q t) 3 < qq,) + 
2 t qq qq 

+B(qq') (Q:+Qt)!. /13/ 

],IJ,eCL MaTpB'IHble 3neMeHTbl f t (qq ') H Y t OTHOC.JITC.JI 

K MynLTBDOnlaHbiM H CDHH·MynLTBDOnLHbiM CBJiaM; u(+), 

V q(;) ODBCbiBaiOT MynLTBDOnLHble CBnbl; U~~), , V(+), qq 
ODBCbiBaiOT CDBH·MynLTBDOnLHble CBnbl; t =/..1-Li; qq 

(1=) 

t 1 v , 
r ,,.. - 9.9. f t ( qq,) Y. t /14/ 

qq 2 
..; y t 

n,p 

(A) (A) t 
t t ( K o - K 1 ) X (n) 

y ""1. y p .. (i\) (X) t : /15/ 
n 

1-(K 0 +Kt ) X (p) 

t 2 
Yt "'Yt (n)+ (yp) Yt (p) · 

i 
Yt (n) = YA/-L (n) ; 

/ 

/15' I 

BH,IJ,eKCbl n B p OTHOCJITC.JI K HeHTPOHHOH B npOTOHHOH CBC

TeMaM. llpB'IeM, B cnyqae CDBH·MynLTBDOnLHbiX CBn 6e

peTCJI ciiYHKUB.JI, CXO,IJ,Ha.ll C X t /CM./4 / /. ,1J;n.11 ODBCaHB.II 

Q+coCTO.JIHBH K raMBnLTOHBaHy cne,IJ,yeT ,IJ,06aBBTL 'faCTI>, 

CO,IJ,ep:>Kall.lyiO B3aBMO,IJ,eBCTBB.JI B KaHane tJaCTBIJ;a·qacTBUa. 

3Ta qacTL ,IJ,aua s /4/, 
llpHBe,IJ,eM OCHOBHble ypaBHeHB11 MO,IJ,enB. BOJIHOBYIO 

ciiYHKUBIO uetJeTuoro N ·.IJ.ecilopMBposauuoro .II.IJ.pa 3anBWeM 

B BB,IJ,e 

TT 1 n + -n + -n + + 
'I' ( K ) = - 2: C s I as a + l C s as a + l D g (a Q ) g + 

n yrz- a 0 0 s g 
s~ so 

1 -+ -- I F n (a+ Q+ Q+ ) ! 'I' 
..j2 G G G 0 

/16/ 

Ycnosse HOPMBPOBKB BMeeT BB.IJ. 

(C n )
2 11+2: (Cn) 2+l (Dn)

2+l (Fn)
2 ! .. 1, /17/ 

sO s s g g G G 
s~ so 

3,IJ,eCL qepe3(sa) 0603Ha'JeHbl KBaHTOBble 'IBCna O,IJ,HO'IaC-

TB'IHbiX ypOBHeB B HeBTpOHHOB CBCTeMe 3a BCKJIIO'IeHBeM 

HeKOTOpOrO Bbi,IJ,eneHHOrO COCTO.JIHB.JI So , g .. qt , Q ... qt 1 t2 • 
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Cpe.IJ;Hee 3Ha'leHHe H M /12/ no COCTO.IIHHIO /16/ HMeeT 

BH.IJ; 

('P* (K") HM 'P (K")) =(C n )2 l€(s
0

) +l €(s)(C n ) 2 + 
n n s

0 
s s 

-n2 -n2 -n 
+~p(g)(Dg) +l p(G)(Fa) -2l f'BogDg -

-2l rsg csnD'~ -2l rgan; r~ 1. s,g g,a 

r.IJ;e BBe.IJ;eHbl ciJyH.IJ;aMeHTaJILHble nomoca 

p(g)=dq)+wt, 

p(G)=€(q)+w +W , 
t 1 t 2 

H HCllOJib30BaHbl 0603Ha'leHHJI 

r ,. -{ 
[' t , - .IJ;JI.II MynbTHllOJibHbiX CHJI, 

qq 

-1 t , - .IJ;JIJI CllHH- MYJibTHllOJibHbiX CHJI; qq 

/18/ 

-[[' 'ot +f' 'ott)- .IJ;JI.IIMYJihTHllOJibHbiXCHJI, y.?: qq ,t1 qq • 2 i 
1 t2 q 

['gc= __ 1_[['t~o +It~ o ) - .IJ;JIJI CllHH-MYJibTHllOJihHbiX 
...rE qq t,tt qq t,t2 CHJI. 

C llOMOIQhiO BapHaQHOHHOrO npHHQHlla 

0 I 'P * ( l{") H 'P ( l( TT) -77 [ ( 11'* ( K TT) 'P ( K")) -1 ) l "' 0 
n Mn n n n 

llOJIY'IHM CJie,IJ;yiO~YIO CHCTeMy ypaBHeHHH /10/: 

14 

j=s (7]) .zdso)-7] -l [' on ,.,o, 
0 r( n g so g g 

- n -n 
(€(S)-7]n)Cs-l f'sgDg =0, 

g 

/19/ 

/20/ 

/21/ 

(p(g)-7] )D n_l [' C n_l 1 Fn =l 
n g s sg s a ga a s 

0
g /22/ 

(p(G)-7] ) Fan -l [' aDn =0 n g g g 
/23/ 

.flo/ 
B llOKa3aHO, 'ITO CTpOrO BblllOnH.IIeTCJI COOTHOWeHHe 

(C: o) -2 = - I 
7]=77n /24/ 

- n - n 
llO.IJ;CTaBHM ciJYHKUHH C s H3 /21/ H Fa H3 /23/ B ypaa-

HeHHe /22/ H llOJIY'IHM 

(p(g)-7]n)f5; -i, Kso(g,g')D~, =lsog• /25/ 

r.IJ;e 

r r , r r , 
K s ( g ,g ') ,.. l ~~ + l __...K_Q__g_Q_ 

0 sJso€(S)-7]n a p(G) -77n 

,lJ.eTepMHHaHT CHCTeMbl ypaBHeHHH /25/ 
pe 3 e ( s 0 ; 17 ) • 

PeweHHe ypaBHeHHJI /25/ HMeeT BH.IJ; 

0 =' e g c so ; 17 ) 

g e c so ; 77 ) 

/26/ 

o6o3Ha'IHM qe-

/27/ 

r.IJ;e e g ( S 0 ; 1]) nonyqaeTC.II H3 e( S 0; 7] ) 3aMeHOH CTOJI6Qa g 

Ha cao6o.IJ;Hhle qneHbl /25/. llo.IJ;CTaBHM /27 I B /20/ H nocne 

npeo6pa3oBaHHH HMeeM 

/28/ 
( ( s o ) - 77 is og 1. 1sog N 

1 F (7])= ) 
so ecs ·17 

0 

[' p(g1) -77-K (g1g1) ... -Ks (g1gN) 8
0g1 so 0 ., 

[' -Ks(g _ _g1) ... p(gN)-7]-K (gNgN) 
sO g N 0 W sO 
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r.D;e N - 'IHcno cocTOJIHH:ii g. PacKpoeM .D;eTepMHHaHT, npo
se.D;eM neperpynnHposKy qneuos H nony'IHM /to/ 

(}("!) 
~s ("')=(dso)-"1) /29/ 

o O(s 0 ; 71 ) 

onpe,D;enHTem. O("')oTnH'IaeTcJI oT 0 (s0 ;71) TeM, 'ITOBMec
TO Ks 0( g, g') CTOHT l{ ( g g ') , y KOTOporo npOBO.D;HTCJI 
cyMMHposauHe no seeM s , BKmo'laJI so. Haii.D;eM 41YHKI(mo 
C ~, B ypaBHeHHe /21/ llO.D;CTaBHM /27/: 

-n 1 -n 1 ~ ( . ) 
C = l f' D = ;gls Q s , "' . 

s €(s) -"! g sg g (f(s)-"1 )O(so;"') g g o n 
n n n 

PacKpoeM .D;eTepMHHaHT, npose.D;eM neperpynnuposKy 11ne
HOB H nony'IHM 

0 f' ..... . 
sg 1 

.rg . . . . s N 

- n 1 
c =- ·--- lr. ( s (€(S)-"' )O(s ·n) 8 ogtP gt)-"'n -Ks (gtgt) ... -Ks (gtg ) 

n 0''1 n 0 0 N' 

f' -K (g g ) .... p(g )-"1 -K (g g ) 
s OgN s 0 N t N n s 

0 
N N 

~Cso,s; "~n) 

0( s 0' "~n ) 
/30/ 

Co6cTseuu~e 3Ha'leHHJI 3HeprHH CHCTeMLI uaxo.D;HM H3 
ypaBHeHHJI 

(}("! ):0. 
n /31/ 

IIpHBe,D;eM OCHOBHLie ypaBHeHHJI MO.D;enH .D;nJI cnyqag 
'leTHO-'IeTHOrO c4!epH'IeCKOrO JI,l\pa/tt/. raMHnLTOHHaH MO
.D;enH 3anHWeM a BRAe 
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r.D;e 

HM=Hh+H h=l w..Qt. Q,.-p qp \ . /\1 /\f-£1 /\f-£1 
/\f-£1 

- - 1- ~ (-1l-f.l + 
2y2Af-ti (QAf-ti+ 

/32/ 

+(-1)A-f.lQ ) l r\jtj t vic:! 
A-p.i . . l 2 B(j ,j A-f-t)Y t +h.c., 

t 2 n,p JtJ2 .--VY 
Ai 

'+ 
!3(jtj2.Af.l)=!. <jtmtj2m2!Af-t>(-1)J2 m~: a.-. 

mt m 2 Jt m t J 2 m 2 
BonHOBYIO 41YHKI(HIO B036y)I(.D;eHHOrO COCTOJIHHJI B03LMeM 
B BH.D;e 

+ 
'P n ( J M) = l ~ R i ( J n) Q JMi+ 

1 

+ l 
A,f-t,i 

"-2 f-£2 i2 

A . + + 
P,11t(Jn)[QA ·QA .JJMI'Po 

/\2 i2 tf.lt 1t 2f.lt 12 

/33/ 

BocnonL3yeMcJI sapHai(HOHH~M npHHI(HnoM H uaii.D;eM cne
.D;YIOI.Qee ceKynJipHoe ypasueuHe: 

~ ( 71 ) = det I ( w . -71 ) o .. , -
n J 1 In 11 

Alit Atit 
UA,zi2 (Ji)UA2i iJi ') 

! 1=0, 
At it w A i + w A i - "'Jn 

t t 2 2 
A2 i 2 

/34/ 

r.D;e 

UAtit(Ji) =('P* Q H [Q+ Q+ ] 'P ). 
A i 0 JMi qph A f.l i A f.l i JM 0 
22 222 ttt 

/35/ 
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2 
<l>yHKUHJI R i (Jn) onpe,l\enJieT BKJiaA OAHociloHOHHoro co-

CTOJIHBJI i B HOpMHpOBKY BOJIHOBOH cilYHKUBH /33/, OHa 

HMeeT BHA 

HnH 

R~ (Jn)"' - (_a_ JJ!LL) -1 I . 
aTf Mii Tf=TfJn 

2 
R i (Jn) = 

2 
Mii 

I ( M ) 2 !__ ~ ( ~ Mu' ~ _i2 ( J i '))2 
. , .. , + k ·~ 12 
r u 2A· 11 1 

,\ . 
2 1 2 

w,\ . +W,\ i -TJ Jn 
1 

1
1 2 2 

/36/ 

/37/ 

rAe M ii - anre6pauqecKoe AOnonHeHHe onpe,l\enuTenJI ypaa

HeHHJI /34/. 
B HaweM npu6JIH)KeHHH MY TpaKTyeM <}loHoHw KaK 6o3o

HW, npeHe6peraJI HX cilepMHOHHOH CTpyKTypoii:, H nOJTOMY 

MY B HeKOTOpOii: CTeneHH HapywaeM npHHUHn llaynH npH 

nOCTpOeHHH ,1\ByX<}IOHOHHWX KOMnOHeHT. B/4/noKa3aHO, qyo 

B paMKaX KBaJHqaCTHqHo-<}IOHOHHOH MO,l\eJIH Jl,l\pa MO)KHO 

npoBOAHTL pacqeTw c "ucTHHHYMH" 6oJoHaMH. TorAa 

B K~AOM npH6JIH)KeHHH CTpOrO BblnOJIHJieTCJI npHHUHn llay

nH. rnaBHOe H3MeHeHHe npH HCnOJib30BaHHH "HCTHHHbiX" 

6030HOB, no cpaBHeHHIO C ,1\aHHOH TpaKTOBKOH, CBO,l\HTCJI 

K CMe~eHHIO 3Hepruii: ,1\ByX<}IOHOHHYX noniOCOB. 3TOT 3<}1<}1eKT 

MO)KHO B 3HaqHTeJ1bHOH Mepe KOMneHCBpOBaTb nepeHOpMH

pOBKOH KOHCTaHT K bA), KOTOpYe no,l\rOHJIIOTCJI no 3KCne

pHMeHTaJ1bHYM 3HepruJIM nepayx At" ypoaHei. KpoMe 

TOrO, MY BBO,l\HM CJie,l\yiO~e orpaHuqeHHJI Ha BOJIHOBYIO 

<}lyHKUHIO /33/. 0AHH HJ <}loHOHOB a AByx<}lououHoii qacTu 

AO~eH 6YTL KonneKTHBHYM. B pe3ynLTaTe aoJIHoaaJI <}lyHK

UHJI /33/ He CO,l\ep)KHT KOMnOHeHT C ABYMJI HeKOJ1JleKTHB· 

HbiMH cilOHOHaMH, KOTOpYe KaK pa3 HapyulaiOT npHHUHn 

llaynH. ll03TOMY MO)KHO YTBep~aTb, qyo HeToqHOCTH 

pacqeTOB, CBJI3aHHble C HapyweHHeM npHHUHna llayJIH, 

He npeawwa10T ,1\pyrux norpewuocTeii HaWHx awqucneHuii:. 
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2. HH3KHE H IIPOME)J(YTOlJHblE 
3HEP FHH B03JiY)J(,4EHHJJ 

HH3KOJ1e~a~He HepOTaUBOHHYe COCTOJIHHJI qeTHo-qey

HYX AecilopMHpOBaHHYX Jl,l\ep HennOXO OnHCYBaiOTCJI KaK 

ABYXKBaJHqacTHqHye B 0,1\HOcilOHOHHWe / 1 •12/. llpHMeCH K 

ABYXKBaJHqaCTHqHWM COCTOJIHHJIM C 3HeprHJIMH ,l\0 

2-:-2,5 M3B HeaenHKH 1131. llpHMecu ABYXciloHOHHWX KOMno

HeHT K nepBWM BH6paUBOHHWM COCTOJIHHJIM, KaK npaBHJIO, 

He npeaywaroT 5-:-10~ / 13/.yqeT 6onLworo qHcna ABYxcllo

HOHHwx KOMnOHeHT B BOJIHOBWX cilYHKUHJIX nepBWX BH6pa

UHOHHYX COCTOJIHHH HeCKOJibKO ynyqwaeT BX onHCaHHe, 

BKJia,l\ 0,1\HOcilOHOHHOH KOMnOHeHTW B YCJIOBHe HOpMHpOBKH 

npeawwaeT 90~. 

AHrapMOHHqHwe 34lcileKTY a ccllepuqecKHX JI,l\pax urpa10T 

6onee B~HYIO ponL no cpaaHeHBIO c AecllopMHpoaaHHWMH 

Jl,l\paMH. TeM He MeHee B nepBbiX 2+ H 3- COCTOJIHHJIX 0,1\HO· 

ciloHOHHble KOMnoHeHTbl JIBJIJIIOTCJI ,1\0MHHHPYIO~HMB /14/ • 

Yqey 6onLworo qucna ABYXciloHOHHLix KOMnoHeHT a aonHoawx 

cilYHKUBJIX 2+ H 3- COCTOJIHBH HeCKOJlbKO ynyqwaeT HX OnH

CaHHe. B PJIAe ccllepuqecl<:ux JI,l\ep c HeJanonHeHHWMH o6o

noqKaMH npH awqucneHBH 3HeprHii: H BOJIHOBbiX cilYHKUHH 

2+ H 3"" COCTOJIHBH cne~yeT yqHTWBaTb MYJibTHnOJib·Mynb

THnOJibHble CHJIW B KaHane qaCTBUa-qaCTHUa /15/. 
BOJIHOBYe cilYHKUHH HB3KOJ1e~a~HX COCTOJIHHH Jl,l\ep C 

HeqeTHYM qHCJIOM HYKJIOHOB CO,l\ep~aT 0,1\HOKBaJHqacTHqHye 

H (KBaJuqacTBUa nnroc cilOHOH)-I<OMnOHeHTW/1/.BJaHMO,l\eii:

CTBHJI KBaJuqacTHU C cilOHOHaMH BrpaiOT B~HYIO pOJib. 3TO 

noATBep)K,l\aeTCJI pacqeTaMH a /16/ u aHanuJoM 3Kcnepu

MeHTanLHYX AaHHwx B /17. 18 I. B AecllopMupoaaHHWX JIApax 

CJie,l\yeT yqHTYBaTb KOpHOJIHCOBW CHJIY. 0,1\HOBpeMeHHWH 

yqeT B3aHMO,l\eHCTBHJI KBa3HqaCTHU C cilOHOHaMH H KOpHo· 

nHCOBYX CHJI npHBO,l\HT K ,1\0CTaTOqHo XOpOWeMy onucaHHIO 

HH3KOJ1e)Ka~x COCTOJIHBH /19/. B /20/ noKa3aHO, qyo npH 

3HeprHJIX 1 M 3B H BYWe 3aMeTHYJO pOJib HrpaiOT KOMnO

HeHTY BOJIHOBOH cilYHKUHH THna KBaJuqaCTHUa nnroc ,1\Ba 

clloHoHa. BJaHMOAeiicTBHe KBaJuqacTHUY c OAHHM onpeAe

neHHYM cilOHOHOM MO)KHO OnHCaTb TOqHee, qeM B KBaJuqac

THqHo·ciloHOHHOH MO,l\eJIH Jl,l\pa/4/. 0,1\HaKO CJie,l\yeT yquyy

BaTb B3aHMO,l\eHCTBHe KBaJuqacTHU C 60JibWHM qucnOM <}lo-
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HOHOB. Heo6XO,!J;HMOCTL HCnOJIL30BaHHJI 60JILWOro «ilOHOHHO· 

ro npoCTpaHCTBa B03pacTaeT C pOCTOM JHeprHH H3y'laeMLIX 

COCTOJIHHB. 

Mo*HO c.nenaTL BLIBO,n, 'ITO JKcnepHMeHTaJILHoe H3y

'leHHe H TeopeTH'Iecxoe onucaHHe HH3Kone*a~x cocToJI

HHii cpaBHHTeJILHO npOCTO. 3TO CBJI3aHO C TeM, 'ITO B HX 

BOJIHOBbiX «ilYHKI{HJIX HMeeTCJI no O,!J;HOB ,D;OMHHHpyiOll{eii 

KOMnOHeHTe, KOTOpaJI H3MepJieTCJI H onHCLIBaeTCJI. 

C pOCTOM 3HeprHH B036Y*AeHHJI yBeJIH'IHBaeTCJI nJIOT

HOCTL COCTOJIHHB B aTOMHLIX JI,D;pax H yCJIO*HJieTCJI HX 

CTpyxTypa. Ocyll{eCTBJIJieTcJI nepexo.n OT npocTLIX HH3Ko

ne*ali{HX COCTOJIHHB K 6onee CJIO*HLIM COCTOJIHHJIM npH 

npOMe*YTO'IHbiX H BLICOKHX 3HeprHJIX B036Y*AeHHJI. llpo

l{eCC ycno*HeHHJI cTpyxTypw cocToJIHHii c pocToM JHep

rHH B036Y*,D;eHHJI HeO,D;HHaKOB ,D;JIJI COCTOJIHHB C pa3JIH'IHLI· 

MH CnHHaMH H pa3JIH'IeH B pa3HLIX JI,D;pax. llpH H3y'leHHH 

CTPYKTYPLI cocTOJIHHii npoMe*YTO'IHOii H Bwcoxoii JHeprHH 

B036y~eHHJI B a TOMHLIX JI,D;pax B~HYIO pOJIL HrpaeT 

«ilparMeHTaQHJI O,!J;HO'IaCTH'IHLIX COCTOJIHHB, T. e. pacnpe

,neneHHe CHJibl O,D;HO'IaCTH'IHLIX COCTOJIHHB no MHOrHM JI,nep

HLIM ypOBHJIM. B MO,D;eJIJIX He3aBHCHMLIX 'laCTHI{ H KBaJH· 

'laCTHI{ O,!J;HO'IaCTH'IHaJI CHJia CKOHI{eHTpHpOBaHa Ha O,!J;HOM 

ypoBHe. B npe,neJILHoii CTaTBCTH'Iecxoii Mo,nenH oHa xao

TH'IHO pacnpe,neneHa no seeM JI,nepHLIM ypoBHJIM. Me*.nY 

HH3KOJie>Kali{HMH COCTOJIHHJIMH, KOr,D;a H3Y'IaJOTCJI xapaKTe· 

pHCTHKH Ka*,noro OT,D;eJILHOrO YPOBHJI, H COCTOJIHHJIMH 

npe,neJILHOB CTaTHCTH'IeCKOB MO,D;eJIH, KOr,D;a HC'Ie3Jia HH,D;H· 

BH,D;yaJILHOCTL OT,D;eJILHbiX JI,D;ep, B TOM 'IHCJie nponaJI J«il· 

«ileKT o6onoqex, ne*HT 6onLwaJI o6nacTL npoMe*YTO'IHbiX 

H BLICOKHX 3HeprHB B036Y*,D;eHHJI aTOMHOrO JI,D;pa. 3xcne

pHMeHTaJILHOe H3y'leHHe cTpyxTypw cocTOJIHHii npoMe*y

TO'IHbiX H BLICOKHX 3HeprHii B036y~eHHJI BCTpeqaeT 60JIL

WHe TPYAHOCTH. CosepweHHO JICHO, 'ITO npaxTH'IecxH He

B03MO*HO H3MepHTL OCHOBHLie xapaKTepHCTHKH K~,D;OrO 

H3 MHOrHX TLICJI'I ypoBHeii. 113- 3a yCJIO*HeHHJI CTpyKTYPLI 

COCTOJIHHB He06XO,!J;HMO 3KCnepHMeHTaJILHO H3MepHTL 60JIL

woe qucno xapaxTepHCTHK ,nnJI xa*,noro ypoBHJI. Mo*HO 

YTBep*,D;aTL, 'ITO TeopeTH'IeCKH HeB03MO*HO npaBHJILHO 

OnHCaTL CTpyKTypy Ka*,D;OrO ypOBHJI ,ne«ilopMHpOBaHHOrO 

R,npa c JHeprueii B036Y*AeHHJI 6onLwe 2-3 M 3B. 

20 

~JIJI H3y'leHHJI CTpyKTYPLI COCTOJIHHB npoMe*YTO'IHLIX 

H BLICOKHX 3HeprHB B036y~eHHJI HY*HO BLIJICHHTL OCHOB· 

HLie 3aKOHOMepHOCTH «ilparMeHTai{HH O,D;HOKBa3H'IaCTH'IHLIX, 

,D;BYXKBa3H'IaCTH'IHLIX H MHOrOKBa3H'IaCTH'IHLIX COCTOJIHHB. 

Peaxuuu o,nHoHyxnoHHLIX nepe,naq JIBJIJIJOTCJI B~HLIM HH

CTpyMeHTOM H3Y'IeHHJI «ilparMeHTai{HH O,D;HOKBa3H'IaCTH'I· 

HLIX COCTOJIHHB npH npoMe*yTO'IHLIX 3HeprHJIX B036y*

,D;eHHJI. B xaqecTBe nepsoro wara HY*HO H3MepJITL JK

cnepHMeHTaJILHO H OnHCLIBaTL TeopeTH'IeCKH CHJIOBble «ilYHK· 

I{HH peaKI{HB O,D;HOHYKJIOHHbiX nepe,naq, KOTOpLie ,D;aiOT CBe

,neHHJI 0 BeJIH'IHHaX O,D;HOKBa3H'IaCTH'IHLIX KOMnOHeHT, yc

pe,nHeHHLIX no pJI,ny B036y~eHHLIX cocTOJIHHii. 

B /21/ c.nenaHa HHTepecHaJI nonwTxa nony'IHTL cse.ne

HHJI 0 HeiiTpOHHbiX CHJIOBLIX «ilYHKI{HJIX B ,ne«ilopMHPOBaHHLIX 

JI,npax. B /22.23/ nony'leHLI cse,neHHJI o «ilparMeHTai{HH 

rny60KHX ,D;LipO'IHbiX COCTOJIHHB B c«<lepH'IeCKHX JI,D;pax. 

Hau6onLWHii HHTepec npe,ncTasnJieT JKcnepaMeHTaJILHoe 

H3MepeHHe CHJIOBbiX «ilYHKI{HB ,D;JIJI peaKI{HB O,!J;HOHYKJIOH

HLIX nepe,naq C «ilHKCHpOBaHHLIM nepe,naHHLIM op6HTaJILHLIM 

MOMeHTOM p HJIH Ha KOHe'IHble COCTOJIHHJI C «ilHKCHpOBaH· 

HbiM yrnoBLIM MoMeHTOM I. 
llpH OnHCaHHH xapaKTepHCTHK B036Y*,D;eHHLIX COCTOJI• 

HHB CJIO*HLIX JI,D;ep HaMH WHpOKO HCnOJIL3yeTCJI MeTO,!J; 

CHJIOBLIX «ilYHKI{HB /4, 10, 11, 24/ • 3<1l«ileKTHBHOCTL 3TOrO 

MeTO,D;a npOHJIJIIOCTpHpyeM npH H3y'leHHH «ilparMeHTai{HH 

O,!J;HO'IaCTH'IHbiX COCTOJIHHB H npH Bbi'IHCJieHHH CHJIOBLIX 

«ilYHKI{HB peaKI{HB O,!J;HOHYKJIOHHbiX nepe,na'l B ,ne«ilopMHpOBaH

HLIX JI,D;paX • 

BonHosyro «ilYHKilHJO He'leTHoro N - .ne«<lopMHposaHHoro 
2 

JI,D;pa B03LMeM B BH,D;e /16/. BeJIH'IHHa ccsno) onpe.ne-

JIJieT BKJia,D; O,D;HO'IaCTH'IHOrO COCTOJIHHJI S 0 B HOpMHpOBKY 

aonHosoii «ilYHKUHH I 16/. Bw'IHCJIJIJI JHeprHH cocToJIHHii 

TJ n H BeJIH'IHHbl (C~0) 2 , Mbl Haii,neM «ilparMeHTai{HIO 

COCTOJIHHJI SO no MHOrHM JI,D;epHbiM ypOBHJIM. llOCKOJILKy 

nJIOTHOCTL B036Y*,D;eHHbiX COCTOJIHHB BeJIHKa, TO, Hanpa

Mep, a/24/no,nC'IHTbiBaJIHCL CYMMbl THna ~ (C~0 ) 2 
,!J;JIJI 

COCTOJIHHB, ne*ali{HX B HHTepsanax 200 K3B, H pe3yJIL· 

TaTLI npe,ncTaBJIJIJIHCL B BH,ne rHcTorpaMM. B TaKHX pac

qeTax HaXO,D;HJiaCL 3HeprHJI K~,D;OrO COCTOJIHHJI, BLI'IHC· 
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nJinHCb KOMDOHeHTbl /a HX MHOrO TbiCJI'I/ BOnHOBbiX cllYHK

IUIH, a HCDOnb30BanOCb 3Ha'leHHe TOnbKO OAHOH H3 KOMUO

HeHT. H3 6onbwoii nony'leHHoii HHcllopManHH HcnonblOBa

nacL TOnbKO O'leHb ManaJI ee 'laCTb. Il03TOMY B03HHKna 

Heo6XOAHMOCTb B TaKOM MaTeMaTH'IeCKOM annapaTe, C no

MOIUbiO KOTOporo MO)K}IO 6wno 6w cpa3y Bbi'IHCnJITb pac

npe,neneHHe Hy:>KHbiX BenH'IHH B Bb16paHHOM HHTepBane 

3HeprHii B036y:>KAeHHJI. TaKHM annapaTOM JIBHnCJI MeTOA 

CHnOBbiX cllyHKnHii, T.e. MeTOA HenocpeACTBeHHOrO Bbi'IHC

neHHJI ycpeAHeHHWX xapaKTepHCTHK 6e3 AeTanLHoro pac

'leTa Ka:>KAOrO COCTOJIHHJI. 

BepHeMcJI K paccMoTpeHHIO cllparMeHTanHH OAHOKBa3H

'IaCTH'IHoro cocTOJIHHJI. IIocTpoHM «llYHKnHIO 

<ll s ( TJ) = ~ ( C ~ ) 2 p ( TJ n -TJ ) ' 
0 n 0 

/38/ 

rAe 

A 1 
p ( TJ"" - TJ) = _~ - -----y-2- . 

n 2rr (TJ-TJn) +ll /4 
/39/ 

3HepreTH'IeCKHH HHTepBan A onpeAenJieTcnoco6npeACTaB

neHHJI pe3ynLTaToB pac'leToB. EcnH B3JITL !\ o'leHL ManwM, 

TO nony'IHM orH6aiOIUHe cllYHKnHii ( C ~J 2 
AnJI Ka:>KAOro 

cocTOJIHHJI n. EcnH B3JITb A AOCTaTO'IHO 6onLWHM, TO nony

'IHM ycpeAHeHHwe 3Ha'leHHJI 3THX BenH'IHH. 3Ha'leHHe A 
MO:>KHO Bb16paTb, HanpHMep, paBHbiM 3HepreTH'IeCKOMy,pa3-

peweHHIO B COOTBeTCTBYIOJ:neM 3KCnepHMeHTe. IlyTeM BBe

AeHHJI BenH'IHHbl f1 MO)K}IO 3cllclleKTHBHO y'leCTb WHpHHbl 

KBa3HCBJI3aHHbiX OAHO'IaCTH'IHbiX COCTOJIHHH UOTeHnHana 

CaKCOHa- ByAca. BBeAeHHe napaMeTpa f1 npH BW'IHCneHHH 

CHnOBbiX cllYHKnHii MO)K}IO CBJI3aTI. C nonyclleHOMeHOnOrH

'IeCKHM y'leTOM BnHJIHHJI MHOrocllOHOHHbiX KOMDOHeHT BOn

HOBbiX cllYHKIUIH, KOTOpwe JIBHO He Y'IHTbiBaiOTCJI. B 3TOM 

cnyqae CTOHT 3aAa'la Bbi'IHCneHHJI 3Ha'leHHJI f1 • 
BocnonL3yeMcJI cllopMynoii /24/ H npeAcTaBHM «llYHK-

nHIO <lJ ( TJ ) B BHAe 
so 

a 'I so ( TJ ) -1 
<ll s (TJ) = -~ c a )11=TJ p(TJ -TJ). 0 TJ ., n n 

/38'/ 

Bwpa3HM cllYHKnHIO /38' I qepe 3 KOHTypHwii HHTerpan, 
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oxBa TWBaiOIUHH nonroca, KOTopwe cyTL peweHHJI ypaBHe

HHii /31/. B pe3ynLTaTe nony'IHM 

<ll ( TJ) = _-_1 _!1 f __ d_Z_ --=-1- 2 • I 40 I 
so 2rri 277 f,p 'Js

0
(z) (7]-Z) 2+(f1/2) 

KOHTYP ep npeACTaBneH Ha puc. 1. Y'IHTWBaJI, 'ITO KOH

TYPHWH HHTerpan no oKpy:>KHOCTH 6ecKoHe'IHoro paAHyca 

ReZ 

ImZ 

Puc. 1. KoHIIYP UHIIezpupoeaHu.R e KOMnAeKcHoiJ nAocKo
cmu z. 

B KOMnneKCHOH nnOCKOCTH Z paBeH HyniO, nepeiiAeM OT 

HHTerpana no KOHTYPY f p K ABYM KOHTypHWM HHTerpa

naM f 1 , f 2 , oxBa TWBaiOJ:nHM nonroca z 
1 

= TJ + i !1/2 

z 2 =7]-if1/2, 

<lJ (7]) = 
so 

1 
2rri 

!\ { dz 
-2rr f..+-_ 'Is (z) 

r P2 0 

1 
(7]-Z)2+(ll/2)2 /40' I 

IIpoBeAeM npocTwe BW'IHcneHHJI/1°/H nony'IHM 
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<I> (77) so 
!l 1 

277 77-Z 

1 
1

6 
(z) 

0 

I .. 
Z=7l ±ifl/2 

1 1 l . 
.. _ Im I 1 ( 7l+ill/2 

17 so 
1411 

~parMeHTaUHB O~HoqacTHqH~X COCTOBNHB B HeqeTH~X 
~ecPOPMHpOBaHH~X g~pax HJyqeHa B /10,25/, 3HaHBe cllpar

MeHTaUBB O~HOKBaJBqacTBqH~X COCTOBHBB D03BOnBeT B~

qucnBTL CBnOBble cPYHKUBB HeBTpOHH~X pe30HaHCOB H peaK· 

UBB o~HoHyKnOHHbiX nepe~aq, B cllopMynbl MB KOTopblx 

BXO~BT B~pa)f(eHBB BB~a 

(I asK U C n ) 2 
s fy s s . 

1421 

sK n 2 
(2 ae1 V C). 

s s s 142 I 

k O~HoqacTBqHble sonHOBble cPYHKUBB ¢
6 

npe~cTaBnBIOTCB 
B BB~e pa3nO)f(eHBB DO CcPepuqecKOMy 6a3BCY 

k 2 sk sk ~ sk 
¢s =N£I aN£I ¢N£I' afi = N aN£I ' 1431 

Us , Vs - K03cPcPBUBeHT~ KaHOHBqecKoro 

Boron106osa. 
npeo6pa3oBaHHB 

Bse~eM cunos~e cPYHKUBB 

pK sK n 2 s e· ( 17 ) ,. 2 p ( 17 -17 ) I 2 a ~I u c I . 
1 n n 8 L ss 1441 

s~K(77) =I p (17 -77) I I a~IK v en I 2. 
LI n n s L s s 

1451 

~YHKUBIO Sf/ npeo6paJyeM cne~YIOll.tBM o6pa30M: 
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sPIX77)=2p(77 -77)2 (a~Ku )2(Cn)2+ 
£I n n 6 LI s s 

sK s'K n 2 -
+ 2 P ( 11 -17 ) I a fi a £I U U , ( C ) C n, 

n n ss' s s s s 

s~ s' 

= - 2 P (17 -17) 2 ( a~KU ) 2 ( a 1s (77n) -1 
n n s LI s ) 

a17 n 

-2 p(17 -17) I a~Ka~'Ku U (a1sC77n>) 
n n ' ti d s ' s,s s a 

I ' 17 Srs n 

!l{s,s';77) 

O(s,77) 

,L(anee npose~eM TaKBe )f(e npeo6pa3oBaHHB, I<aK npu BbJ· 

so~e 4JopMynbl 1411, H B peJynLTaTe nonyquM 

pK 1 sK )2 Im l--1---l + S n ( 17) = -- 2 ( a£I Us 1 ( 17 + i ll/2) LI 17 S S 

/461 

+ ~ 2 asK as'Ku U , Im I ll(s, s ';Tz+ill/2 l 
> , £I fi S S e ( . A 12 ) 

11 s s s;77+1 Ll 

~YHKUHB s e~k ( 17) nonyqaeTCB H3 I 461 3aMeHOH us ' us' Ha 

vs 'vs'· 
llpB B~qucneHBH CBnOBbiX cPYHKUBB He HY)f(HO ~Haro-

HanB30BaTL MaTpHUbl ~OCTaToqHo BbiCOKOrO DOpB~I<a, 3ne· 

MeHTbl KOTOpblx ecTL cyMMbl cnO)f(HbiX cPYHKUBB. Hy)f(HO 

BbJqBcnBTL HX MHBMble qacTB DpB pa3nBqH~X 3HaqeHBBX 

3HeprHB. 3TO 3HaqHTenLHO nerqe, D03TOMY yMeHLWaeTCB 

speMs: cqeTa Ha 3BM npuMepHo B 103pa3. B peJynL.TaTe 

OKa3biBaeTCB B03MO)f(H~M BbJqBcnS:Th pa3nHqH~e xapaK· 

TepBCTHKB MHOrBX g~ep DpH npoMe:>KyToqH~X B BbiCOKHX 

3HeprBBX B036y)f(~eHBB. 

B HacTos:utee speMs: HaMH nposo~s:Tcs: pacqeTbl 4Jpar

MeHTaUBH rny60KBX ~blpoqHbiX COCTOBHBB B CcPepuqeCXBX 

s:~pax, HanpBMep no~o6onoqKB g 9; 2 B B30Tonax onosa B 

Tennypa. 
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3. HEHTPOHHblE H P~HOHHblE 
CHJIOBblE <PYHKQHH 

llpHCTynHM K H3y"leHHIO CHJIOBblX ci>YHKD;HH ,IJ,JI.H Heii:TpOH· 

HhlX pe30HaHCOB, T.e. ,IJ,JI.H COCTO.HHHH, Jie)KaUUIX HeCKOJILKO 

Bblwe 3HeprHH CB.H3H Heii:TpoHa B . Oco6oe MecTo Heii:T-
n 

pOHHhlX pe30HaHCOB CB.H3aHO He C HX Bbl,IJ,eJieHHhlMH ci>HJH· 

'ieCKHMH CBOHCTBaMH, a C HaJIH'iHeM HaH60Jiee fiOJIHhlX 

H TO"'HblX 3KCnepHMeHTaJILHhlX ,IJ,aHHblX. 

Heii:TpOHHa.H CHJIOBa.H ci>YHKUH.H onpe,D,eJI.HeTC.H TaK: 

f s - < r > 
e - <D > /47/ 

r,IJ,e r! - HeiiTpOHHa.H npHBe,IJ,eHHa.H WHPHHa, D - paccTO.H

HHe Me*.IJ.Y ypoBH.HMH c ,IJ,aHHblMH 3Ha'ieHH.HMH I 17
• B HawHx 

0603Ha'ieHH.HX S- , p- H d ·BOJIHOlJble ci>YHKD;HH Bblpa)KeHbl 

qepe3 ci>YHKUHH Si;K(77) cne,IJ,YJOID;HM o6pa30M ,·10/: 

S
0 

= (15K3B) A -1/1;p 1/2 
0 1/2 ' 

S
1 

= (5K3B) A-1/ 3 ! s P 1/!s P 1/2 gP 3/2 
t,l/2 1,3/2+ 1,1/3 I 

S = (9K 3 B)A-1/3! gP 1/2 +S p 1/2 +S p 3/2 +SP 3/2 
2 

2,3/2 2,5/2 2,3/2 2,5/2 

/48/ 

/49/ 

p 5/2 

+
8

2,5/21. 

/50/ 

CXO,IJ,HhlH BH,IJ, HMeiOT ci>opMyJibl ,IJ,JI.H HeHTpOHHblX CHJIOBbiX 

ci>YHK:u;Hil · B cnyqae ccl>epH'ieCKHX .H,D,ep. B/26/pacc"'HTaHhl 

S-H p ·BOJIHOBble HeHTpOHHhle CHJIOBhle ci>YHKD;HH ,IJ,JI.H p.H,D,a 

H30TOfiOB OJIOBa H TeJIJiypa H fiOJiy'ieHO npaBHJILHOe OfiHCa

HHe S ·BOJIHOBhlX ci>YHKD;HH B paHOHe ee MHHHMyMa. 

Bf101>acC'iHTaHbl S- , p-H d ·BOJIHOBble CHJIOBble ci>YHK· 

:u;HH B He'i~THhlX ,IJ,eci>opMHpOBaHHhlX .H,IJ,pax /"leTHO·"leTHble 

MHWeHH/. Pac'ieTw BhlnonlleHhl c napaMeTpOM ~ = 0,4 M3B, 
BO MHOrHX C~yqaJIX pejyJILTaTbl CJia6o 3aBHC.HT OT BeJIH· 

"'HHhl ~' HO eCJIH 3HeprH.H 77 = Bn HaXO,IJ,HTC.H B6JIH3H JIOKaJIL

iloro MaKCHMyMa HJIH MHHHMyMa, TO HJMeHeHHe ~ MO)KeT 

npHBeCTH i< H3MeHeHHIO S r BnnoTL ,IJ,o .IJ.BYX paJ. PeJyJILTa-

26 ,-
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I 
i 

I 

\ 

Tbl pacqeTOB CHJILHO 3aBHC.HT OT K03cl>cl>HD;HeHTOB atrK B 

paJJIO)KeHHH O,IJ,HO'iaCTH'iHhlX BOJIHOBhlX ci>YHK:u;HH no ccl>epH

qecKOMY 6a3HCy. ,lJ,JI.H KBa3HCB.H3aHHblX COCTO.HHHH Toq

HOCTL paC'ieTOB orpaHH'ieHa HeBblCOKOH TO"'HOCTLIO Bbl· 

.l.{HCJieHH.H K03cl>cl>H:u;HeHTOB afiK , BblfiOJIHeHHhlX B /27 (TioJiyqe

HO ,IJ,OCTaTO'iHO XOpowee OfiHCaHHe S- H p ·BOJIHOBhlX CH· 

JIOBhlX ci>YHKD;HH ,IJ,JI.H HeHTpOHHblX pe3oHaHCOB. llpHBe,IJ,eHbl 

TaK)Ke peJyJILTaTbl paC'ieTOB d-BOJIHOBhlX CHJIOBhlX ci>YHK

:u;HH, ;}JI.H KOTOpbiX fiOKa HMeiOTC.H TOJILKO BeCLMa npe,IJ,Ba

pHTeJILHhle 3KCnepHMeHTaJILHble ,IJ,aHHhle. CornacHe pe-

3yJILTaToB HaWHX paC'ieTOB C 3KCnepHMeHTaJILHhlMH ,IJ,aH

HblMH He .HBJI.HeTC.H TpHBHaJILHblM, T .K. paC'ieTbl OCHOBaHbl 

Ha npH6JIH)KeHHOM Bhl'iHCJieHHH ci>parMeHTaD;HH O,IJ,HO'iaCTH"l

HhlX COCTO.HHHH H He CO,D,ep)KaT ci>aKTH'ieCKH HH O,IJ,HOrO CBO· 

6o,IJ,Horo napaMeTpa. 0TMeTHM, 'iTo B HawHx pac'ieTax 

Mbl He MO)KeM npeTeH,IJ,OBaTL Ha npaBHJILHOCTL fiOJIO)KeHH.H 

H BeJIH'iHHy TOrO HJIH HHOrO JIOKaJILHOrO MaKCHMyMa HJIH 

MHHHMyMa B 3aBHCHMOCTH CHJIOBOH ci>YHKD;HH OT 3HeprHH B03-

6y)K,IJ,eHH.H. 

Bbi'iHcneHHe pa,IJ,Ha:u;HOHHblX cHJIOBblX ci>YHK:u;HB: Bwnon

HHM ,IJ,JI.H cny'ia.H 'ieTHo- 'ieTHhlX ccl>epH'iecKHX .H,D,ep. BonHo

BYIO ci>YHKD;HIO B036y)K,IJ,eHHOrO COCTO.HHH.H B03LMeM B BH,IJ,e 

/33/. PaCCMOTpHM nepeXO,IJ,bl H3 OCHOBHhlX COCTO.HHHH 'ieT

HO- 'ieTHhlX .H,D,ep B B036y)K,IJ,eHHble COCTO.HHH.H C I = A 

llpH npeHe6pe)KeHHH "'HCJiaMH -a+ a B onepaTope y -nepe

xo,IJ,a B(A) _-BeJIH'iHHhl Bhlpa)KaJOTC.H qepeJ R
1 

(Jn) cne

.IJ.YIOIUHM o6pa30M: 

B(A; o+ .... An) =I 
g.s. 

+ 12 I R1 (An) y B(A;Og.s.-•Ai)RPA , 

/51/ 

+ . 
r ,IJ,e B (A ; 0 -+ A 1 ) R p A - npHBe,IJ,eHHa.H Bepo.HTHOCTL g.s. 
y - nepexo,IJ,a, pacc"'HTaHHa.H B RPA- npH6JIH)Ke~HH. CHJIOBYJO 

ci>YHKD;HIO ,IJ,JI.H y -nepeXO,IJ,OB H3 OCHOBHOrO COCTO.HHH.H "leT

HO·"leTHOrO .H,D,pa Ha ypoBHH c I = A B 3HepreTH'ieCKOM 

HHTepBaJie 77 -~/2 , 77 +1"1/2 3anHWeM B BH,IJ,e 

+ 
B (At; 77) = ~- I ~ Og s .... An) , /52/ 

2rr n (77-77An)2+~2/4 
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r~e cyMMHpoBaHHe n npoBo~HTC.Il no ypoBH.IIM, ne)l(aUUIM 
B HHTepBane OT Tf - 1"1 /2 ~o Tf + 1"1 /2 . llpoBe~eM TaKoro 
)l(e THna npeo6pa3oBaHH.Il, KaK npu BbiBO~e <}lopMynbl /41/, 
H B pe3ynLTaTe ~n.11 E A -nepexo~oB nony'IHM 

B (EAt;.,.,)= LIm l _f
2 

(Tf + iL\/2 ) l , /53/ 
2rr S: ( Tf + i 1"1/2 ) 

r~e 

f
2

(Tf) = ~ Mii'fifi', 
jj' 

/54/ 

(A) Ai (A) Ai Ai 
f = 

1 
- l e X (n)+Cl+e )yp X (p)l '/54' I 

y y Ai 

3~eCb o603Ha'leHH.Il CXO~Hble C /15/, /15 'j ~n.ll ~e<}lopMH
poBaHHbiX .ll~ep, e (A) - 3clJ<lleKTHBHbiH 3ap.ll~, 

r~e 

1 ftC.,.,+iL'i/2) 
B (MA,Tf) "'-1m 1----- l. /55/ 

2rr S: ( Tf + i 1"1/ 2 ) 

2 
fM(Tf) =~ M .. ,L.L.,, 

.. , 11 1 1 

/56/ 

11 

j1+j2-1 
(-1) 

A ) <-) )2 c· . ) f1 (hj2 (Uj 1 j 2 f liJ2 gn,p 

L i = ~ 
j1 j 2 

~- -·· 
n,py2YAi 2 (. . ) 2 

f ]1]2 -wAi 

(n,p) (n.ry r ] 
X [ ( g s ) e !f a j 1 j / ( g r e ff j 1 j 2 . 

X 

/56' I 

IllupoKo ucnonL3YJOTC.Il cne~YIOll.lHe onpe~eneHH.Il pa

~auuoHHbiX CHnOBbiX <}lyHKUHH: 

< k (E A) > = 
~ f:yo (EA, TfA ) -(2A+ 1) 

n~L'i n ( M3B ) 
E 2A+11"1 A 2A/ 3 

/57/ 
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E+L'i/2 
3 

~ ry0 (E1, 17 A )=0,35 f Tf b(E1, 17 )dTf(3B), /58/ 
nG;. 1"1 n E-1"1/2 

E+L'i/2 
-7 5 

~ ryo (E2 ,TfAn) =1,61·10 f Tf b(E2 ,Tf)dTf ( 3B) , 
nt;;;L'i E-1"1/2 /58' j 

<k (M1) > 
ntL'irYo (M1, Tf ln) ( M3B) -3 

E31"1 

E+L'i/2 

/59/ 

~1"1 IYo (M1,Tf1n)=3,76 f .,., 3
b(M1,.,.,)dTf (M3B). /59/ 

r{:. E-1"1/2 

3~ecb E - 3HeprH.Il, npH KOTopoii Bbi'IHCn.lleTC.Il cunoBa.ll 

<}lyHKUH.Il, B(M1,Tf) 6epeTC.Il B e~liHHuax ( .!ll:L) M3B-
1

• 
2mc 

Cpe~Hee ce'leHHe ~HnonLHoro <}loTonornoll.leHH.Il HMeeT 
BH~ 

E+L'i/2 
E 

a (E) ,.4,025- f b(E1,.,.,)dTf M6. 
y t 1"1 E -1"1/2 

/60/ 

,I(n.11 3HeprHH B3BeweHHoro npaBHna cyMM ( EWSR) B 3Hep
reTH'IeCKOM HHTepBane 1"1 Mbl HCDOnb3yeM cne~yroiUee Bbl· 
pa)l(eHHe: 

E+L'i/2 
81"1 (E)=~ Tf 3(EA,Tf ) = f Tfb(EA,Tf)dTf 

r{;. 1"1 n An E-1"1/2 

/61/ 

B paMKax KBa3H'IaCTH'IHO·<}loHOHHOH MO~enu .11~pa pac
C'IHT&Ha <}lparMeHT&UH.Il O~HO<}!OHOHHbiX COCTO.IIHHH, 'ITO ~a
eT B03MO>KHOCTb Bbi'IBCn.IITb npHBe~eHHWe Bepo.aTHOCTH y -
nepexo~OB H3 OCHOBHbiX COCTOJIHHH 'leTHO·'IeTHbiX .a~ep. 
a/2WnoKa3&HO, 'ITO 6naro~ap.a <}lparUeMT&UBB DORBnaiOTCJI 
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1- COCTOJIHHJI C 3aMeTHhlMH O,IJ.H04IOHOHHhlMH I<OMITOHeHTa
MH npu 3Hepruu 4 M3B H BhlWe B clllepuqecxux JI,IJ.pax. 0HH 
onpe,IJ.eJI.RIOT El - CHJIOBhle lllYHI<UHH. P acc':IHTaHHhle B 128/ 

H 3I<cnepuMeHTaJILHhle 3Ha':leHH.II El- H E2 -pa,IJ.Ha.UHOHHhlX 

CHJIOBhlX lllYHI<UHH npHBe.D.eHhl B ma6A. 1. B pac':leTax HeT 

mtpo 
56 Fe----
90zr 

Sn 

--

Ta6Auija 1 

P a.D.Ha.UHOHHhle El- H E2 - cunoBhle lllYHI<UHH 

8.7 
IO.O 
II,3 
II,9 
---
6.4 
7,0 
8,6 

.( K ( E XJ >-; /Ogi_;]-=-tiJ;-;Tj-----
-l----1-=-3¥£neSZtJr;~:f]=CC!:!J@?::::J::_-:::::::::=Pil£~t5::::: 

ET 
EI 
EI 
EI 
--
EI 
EI 
ET 

___ I.7 ___ _j __ _g~ ____ j _____ __l~----

3,25 
5,I 
6,24 
7,I 

-
5-,02 
4.2 
8.35 

30 

30 

2,2 
5,I 
7,2 
9,6 

3.2 
4,6 
9,5 

3,9 

13~ 9:1 IE2 I I. 02xro-4 

13~a 8,6 1 EI I 4,0 

3J I, 2 X ro-·1 

32 ---
I4Dce I 9.08 I EI I 2,2 32 2,I 

.--L-. -----------

CB060,IJ.HhlX napaNeTpOB, T .I<. I<OHCTaHThl B3aHNO,IJ.eHCTBH.II 
onpe,IJ.eJI.IIIOTCR. GDR 11 :meprueii 2+ypoBHei. Pac':leThl 
BLinonHeHw c !1 = 0,2 M3B, 3Ha':lutenLHoe yBeJIH':IeHHe 
!). R3NeH.IIeT pe3ynLTaTLI pac':leToB He 6onee ':leN B 2 pa3a. 
Cne,IJ.yeT no.D.':I:epi<HYTL o':l:eHL xopowee cornacue pe3ynL
TaToB pac':leTOB C COOTBeTCTBYJOUUINH 3I<CnepHNeHTaJIL
HLINH ,IJ.aHHLINH. 
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g'33iJhl':IHcneHhl Ml -cunoBhle lllYHI<UHH. Pe3yJILTaThl pac

':leToB c K l~ , onpe.D.eneHHoii lllopMynoii /11/, K~~ = 0 
/'ITO CJie,IJ.yeT H3-3a nepeHOpMHpOBI<H TeH30pHLIMH CHna-
MH/ K(l) = j_ K(l) ( ....n,p ) =0 8g0 ·Pu ,-1 = 0 6 M3B 

' Oa 2 la ' 5 s eff ' s ' ' 

npe.IJ.cTaBneHLI B ma6A. 2. Ha puc. 2 npHBe,IJ.eHLI cunoBhle 
lllYHI<UHH b (Ml; E) .D.JI.II 124Te . Bhl6op I<OHCTaHT Ki~) 
H Kb~ CO,IJ.ep~T onpe,IJ.eJieHHLIH npOH3BOJI, I<OTOpLIH 

Ta6Auija 2 

Ml - pa,IJ.uanuoHHLie cunoBLie lllYHI<UHH 

fl~po Bn ,.M3B <( K ( M f) >J( !09 r.IoB-J 
pactJeT 

£;~ =0 d(:::; 0.5 J{ ,'/1 OmiT 

58Ni 12,2 0,57 0,54 

60Ni II,4 0,14 0,19 
90zr II,99 I,O 0,4 

II8sn 9,33 4,5 2,6 
120 Sn 9,II 8,9 9,5 
124re 9,41 18,2 14,9 
126re 9,09 30 22 
13680 9,1 47 10 20±7 31 

(80) 
1388a 8,54 44 37 90t35 32 
14Dce 9,1 22 20 37 32 

142Nct 9,8 3,1 
144Nd 7,83 12 34 

BJIH.IIeT Ha 3HepreTH':Iecxoe nono)l(eHHe ruraHTCI<oro .D.H
nonLHoro NarHHTHoro pe3oHaHca. YBeJIH':IeHHe Bepo.IITHo
cTeH Ml -nepexo.D.OB B ps,IJ.e JI,IJ.ep o6ycnoBneHo Haxo)I(.IJ.e
HHeM Ml -ruraHTCI<oro pe3oHaHca B6JIH3H B0 • 3To npHBo-
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20 

b(M11'E) (~)2M3B-l 
' 2mc 12t.re 

10 

Puc. 2. CuAoeaJI fPYHKfiUJI b(Ml t , E) OAJI 124 Te . 

)J;HT K TOMY, qTo B 3THX Jl,D;pax npHBe,D;eHHble BepOJITHOCTH 

El- H Ml - nepexo.D;OB oKa3biBaiOTCJI 6nHJKHMH .D;pyr K .D;pyry. 

CornacHo pacqeTaM /33/, rHraHTCKHe 1\11 -peJoHaHCbl 

B c$epHqecKHX Jl,D;pax )J;OCTaToqHo Y3KHe, OHH HaXO)J;JITCJI, 

KaK npaaHno, B JHepreTHqecKOM HHTepaane 1-2 M3B. 3To 

cornacyeTCJI c peJynLTaTaMH JKcnepHMeHTOB no B036y)K,D;e

HHIO Ml -peJoHaHcoa a peaKUHJIX c JneKTpoHaMH /34/.no

CKonLKy npH nepexo.D;e OT O.D;Horo HJOTona K .D;pyroMy JHa

qHTenbHO MeHJleTCJI 3HeprHJI CBJI3H HeiiTpOHa !3 n, TO cne

.D;yeT O)KH.IJ;aTb JHaqHTenLHoro yMeHLWeHHJI Ml -cHnoablx 

$yHKUHH B TeX H30Tonax, y KOTOpbiX !3n -aenHqHHa ne)KHT 

BHe MaKCHMyMa Ml -peJoHaHca. lihlno 6bl HHTepecHo HJy

qHTb 3aBHCHMOCTb b (Ml t;E) OT 3HeprHH B036y)K.IJ;eHHJI 

nyTeM HJyqeHHJI ( y , n ) - peaKUHH Ha HeCKOnbKHX H30Tonax 

onoaa H uepHJI. 

B HaCTOJllllee apeMJI npoao.D;JITCJI pacqeTbl cHnOBbiX 

$yHKUHH E.\- H M,\ -nepexo.D;oB B HeqeTHbiX A c$epHqecKHX 

Jl.D;pax. BepoJITHOCTH y - nepexo.D;oB B HeqeTHblx A - Jl.D;pax 

Ha O.D;HOKBaJHqacTHqHble HH3KOne)KalllHe COCTOJIHHJI o6ycnoa

neHbl $parMeHTaUHeH O)J;HOKBaJHqacTHqHbiX H ( KBaJHqac

THUa nniOC $OHOH)- COCTOJIHHH. 3TH pacqeTbl n03BOnJIIOT 

BbiJICHHTb pOnb BaneHTHbiX nepeXO)J;OB, .D;nJI KOTOpbiX HaMH 

nonyqeHbl noKa TOnbKO KaqecTBeHHble oueHKH /35/, 
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B oTnHqHe oT napuHanLHblX pa.D;HaUHOHHbiX wHpHH non

Hble pa,D;HanbHble WHpHHbl cna6o H3MeHJIIOTCJI C pOCTOM 

3HeprHH ao36y)K.IJ;eHHJI npH nepexo.D;e oT O.D;Horo JHepreTH

qecKoro HHTepaana K .D;pyroMy. 3To CBJIJaHo c TeM, qTo 

B nonHble WHpHHbl BXO.D;JIT y - nepeXO)J;bl Ha MHOrHe HH3KOne

)KalllHe ypOBHH. il03TOMY $aKTHqecKH Ka)K,D;aJI /H3 MHOrHX 

TbiCJlqj KOMnOHeHTa BOnHOBOH $yHKUHH HeHTpOHHOrO peJo

HaHCa .D;aeT BKna.D; B nonHyiO aepoxTHOCTb y -nepexo.D;a. 

B nonHble pa,D;HaUHOHHble WHpHHbl ,D;aiOT BKna,D; MHOrOKBa

JHqacTHqHble KOMnOHeHTbl BOnHOBbiX $yHKUHH HeHTpOHHbiX 

pe30HaHCOB. 

4. FHFAHTCKHE MYJibTHIIOJibHhiE 
PE30HAHChl 

Mo)I(Ho O)KH.IJ;aTb, qTo cpe.D;H BbiCOKOBoJ6y)K)J;eHHbiX co

CTOJIHHH, T. e. COCTOJIHHH, ne)KalllHX BbiWe 3HeprHH CBJI3H 

O.D;HOrO HyKnOHa B CnO)KHbiX Jl,D;pax, npOJIBHTCJl 6onLWee 

pa3H006pa3He HX CBOHCTB no cpaBHeHHIO C HH3KOne)KalllH

MH COCTOJIHHJIMH. Cne,D;yeT no.D;qepKHYTb, qTo HJyqeHHe 

cTpyKTYPbl BbiCOKOB036y)K)J;eHHbiX cocTOJIHHH Haxo.D;HTCJI a 

HaqanbHOH CTa,D;HH. lionbWOH nporpecc .D;OCTHrHyT B HJyqe-

HHH COCTOJIHHH C oqeHb BbiCOKHMH CnHHaMH. 0co6eHHOCTH 

$perMeHTaUHH ManOKBaJHqacTHqHbiX KOMnOHeHT npo

JlBnJIIOTCJl B BH,D;e rHraHTCKHX MynbTHnonbHbiX pe30HaHCOB. 

r no6anbHble xapaKTepHCTHKH rHraHTCKOrO ,D;HnOnbHOrO pe-

30HaHCa HCCne,D;OBaHbl )J;OCTaTOqHo XOpOWO BO MHOrHX Jl,D;

pax, OT nerKHX .D;O caMbiX TJI)Kenhlx. B nocne.D;HHe ro.D;bl 

3KCnepHMeHTanbHO HJyqaJOTCJl .D;pyrHe MynbTHnOnbHble pe-

30HaHCbl I 36-42/, PaJnHqHbiMH MeTo.D;aMH BblqHcnJIIOTCJl xa

paKTepHCTHKH rHraHTCKHX MynbTHnOnbHbiX pe30HaH

COB /43-52/. B paMKaX KBaJBqaCTHqHo-$OHOHHOH MO,D;enH 

Jl,D;pa paccqHTaHbl xapaKTepHCTHKH rHraHTCKHX MynbTH

nonbHbiX pe30HaHCOB B c$epHqecKHX H .D;e$opMHpOBaHHbiX 
Jl.D;pax /3,11,28,33,52-59/, 

CqHTaeTcx, qTo $opMa rHraHTCKHX MynLTHnonLHbiX 

peJoHaHcoa xopowo onHcblaaeTCJl $opMynoB: lipeB:Ta-BHr-
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Hepa c wupuHoii r · TaKaJI cllopMa nonyqaeTcJI s npe,IJ,nono

)J(eHuu, 'ITO peJOHaHC 06pa3yeTCJI O,IJ,HHM KOnneKTHBHbiM 

COCTOJIHHeM. Ha OCHOBaHHH pac'leTOB MO)J(HO YTBep)J(,IJ,aTI., 

'ITO B CnO)J(HbiX .R,IJ,pax ruraHTCKHH MynbTHnonbHbiH peJo

HaHC cllopMHpyeTCJI MHOrHMH KOnneKTHBHbiMH COCTOJIHHJIMH. 

6naro,IJ,apJI cllparMeHTaUHH 'IHCnO TaKHX COCTOJIHHH CTOnb 

senuKo, 'ITO COJ,IJ,aeTCJI sneqaTneHHe O,IJ,Horo peJoHaHca. 

ruraHTCKHe MynbTHnOnbHble pe30HaHCbl B CnO)J(HbiX JI,IJ,pax 

HMeiOT CnO)J(HYIO cllopMy, H ,IJ,nJI HHX Henb3JI TO'IHO onpe,IJ,e· 

nBTb WHpHHY r, II03TOMY npaBHnbHee BBO,IJ,HTb He WHpHHbl, 

a 3HepreTH'IeCKHe o6nacTH Haxo)J(,IJ,eHHJI ruraHTCKHX Mynb

TunonbHbiX peJOHaHCOB. IIOHJITHe WHpHHbl r HMeeT ycnoB· 

Hblii xapaKTep. TeM 6onee, 'ITO ruraHTCKHe peJoHaHcbl 

npe,IJ,cTaBnJIIOT co6oii oru6a10li.Uie 6onbworo 'IHcna cocToJI

HHH c ManbiMH co6cTBeHHbiMH wupuHaMu. 06bi'IHO ucnonb

JyeMble WHpHHbl r rHraHTCKHX MynbTHnOnbHbiX peJOHaH· 

COB He CBJ13aHbl C BpeMeHaMH )J(HJHH COCTOJIHHH, ne)J(aii.UIX 

B o6nacTJIX ux pacnono)J(eHHJI. 

Jipu Bbi'IHCneHHH ruraHTCKHX MynbTHnOnbHbiX peJOHaH· 

COB B O,IJ,HOcllOHOHHOM npufinH)J(eHHH B ccllepH'IeCKHX JI,IJ,pax 

Haxo,IJ,JIT npasunbHOe nono)J(eHue peJOHaHca, HO He nony

'laiOT npaBHnbHbiX BenH'IHH WHpHH peJOHaHCOB. )J;nJI OnHCaHHJI 

WHPHH peJoHaHcos Heo6xo,IJ,HMO pacc'IHTaTb cllparMeHTaUHIO 

O,IJ,HOcllOHOHHbiX COCTOJIHHH no MHOrHM ypOBHJIM H HaRTH 

cunosble <ilYHKUHH b (E,\, E ) , xapaKTepHJYIOIUHe o6nacTH 

Haxo)J(,IJ,eHHJI ruraHTCKHX MynbTHnonbHbiX peJoHaHcos. Ta

KHe pac'leTbl BblnonHeHbl s 111 •28/. BonHoBaJI <ilYHKUHJI B03-

6y)J(,IJ,eHHOrO COCTOJIHHJI 6epeTCJI B BH,IJ,e /33/. B Heii Y'IH· 

TbiBaeTCJI ,IJ,O 20 O,IJ,HOcllOHOHHbiX 'lneHOB H nop.R,IJ,Ka 10 4 .IJ.BYX • 

clloHoHHbiX qneHoB. Cunosa.11 <ilYHKUHJI b (Eft.. E ) Bbi'IHCnJI

eTcJI no cllopMyne /53/. Ha OCHOBaHHH pacqeTOB MO)J(HO 

C,IJ,enaTb BbiBO,IJ,, 'ITO ,IJ,nJI OnHCaHHJI cllopMbl ruraHTCKHX 

MynbTHnonbHbiX peJoHaHcos Hy)J(Ho Y'IHTbiBaTb He TOnbKO 

CHnbHO KonneKTHBH3HpOBaHHble HH3KOne)J(aii.Uie cllOHOHbl, HO 

TaK)J(e 6onbwoe 'IHcno cna6o KonneKTHBH3HposaHHbiX clloHo

HOB, T.e. HY)J(HO 6onbwoe clloHOHHoe npocTpaHCTBO. 

Ba)J(Hyro ponb BJaHMO,IJ,eiicTBHJI KBaJH'IaCTHU c clloHoHa

MH npo,IJ,eMoHCTpupyeM Ha pac'leTax ruraHTCKoro HJOBeK

TopHoro ,IJ,HnonbHoro peJoHaHca B 124 Te. Pac'leTbiBO,IJ,Ho

clloHOHHOM npufinH)J(eHHH, peJynbTaTbl KOTOpbiX npe,IJ,CTaB· 

34 

neHbl Ha puc. 3a, noKa3biBaiOT, 'ITO ruraHTCKHii El -peJo

HaHc B l24Te o6pa30BaH 60nbWHM 'IHCnOM KOnneKTHB· 

HbiX COCTOJIHHH, nOJIBnJIIOII.UIXCJI B o6naCTH 12719 M3B. 
JipH 3TOM, ecnB O,IJ,HOcllOHOHHble 1-COCTOJIHHJI B 124Te C 

JHeprueii ,IJ,O 30 M3B ucqepnbiBaiOT 98~ JHepruu BJseweH

Horo npasuna cyMM ( EWSR) , TO Ha KonneKTHBHble cocToJI· 

HHJI B HHTepsane 12 ~() M3B npHXO,IJ,HTCJI 84~ EWSR 

BIE11)e2 b 
a) 0.15 

010 12f..re 
1-

0.05 

10 15 20 

0.06~ b(E1t,E)e 2 bM3B-
1 

b) 
0.05 

0.04 

0.03 

0.02 

0.01 

I~ I 

10 15 E M3B 20 

Puc. 3. )1unoAr.Hwil uao6eK•opHwil peaoHaHc 6 
124 

Te : 
a/ pac-.e•w 6 ooHo,PoHOHHOM npu6AWICeHuu, 6/ pac-.e•w 
c !'! = 0,4 M3B, y-.u•r.a6a10111Ue 63auMooeilc•6uJI K6aau-.ac
•ull C tPOHOHtJMU. 
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a caMoe xonneKTBBHoe BJ HBX /c 3Hepruei BOJ6y~eHus 
16,2 M3B/ BC'IepnwaaeT 570/o EWSR. BJaBMo,neicTBBe 
KBa3B1faCTBU C ~OHOBaMB npBBO,nBT K JaMeTHOMy YWBpe
HBIO peJOHaHca. 3To MO.>KBO BB,neTL Ha puc. 36. H3 cpaa
HeHBB C 3KCnepBMeHTanLHhiMB ,naHHhiMB /60/ cne,nyeT, 'ITO 
nony'leHo npaaunLHoe onHcaHue nono)l(eHus, wupuHw u l!>op
MLI ruraHTCKoro .nunonLHoro peJoHaHca (GDR). lionee 
BLICOKBH UeHTpanLHhiH nBK B 6onee CBRLHOe nposaneHBe 
TOHKOH CTPYKTYPLI B pac'leTax no cpaaHeHmo c onwToM, 
nO-BB,nHMOMy, CBB3aHo C TeM, 'ITO B BORHOBOH li>YHKUBB 
/33/ He Y'ITeHLI MHOroi!>OHOHHhle KOMnOHeHThl. 

,D;ns Henocpe,ncTBeHHoro cpaaHeuus c 3KcnepuMeHTanL
HLIMH .naHHLIMB B /28/ BLI'IBcneHw no l!>opMyne /60/ nonHwe 
ce'leHus .nunonLHoro <!JoTonornoiUeHus. Ha puc. 4 npuae-

Gt,t. M6 

soo 
142ce 

0 
8 10 12 14 

tt 

t 
+t 

t 

15 18E,M3B 

Puc. 4. Ce<~eHue dio1flonozAOJII€HUJI ayt OAJI 142ce. To<~Ku, 
coeouHeHHble cnAOWHbiMU AUHUJIMU, - pac<~e111 c L'1 = 0,4 M3B; 
11IO'IKU c owu6KaMu - 3KcnepuMeH1flaAbHble oaHHble U3 /60/. 
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,neHhl peJynLTaThl paC'IeTOB, BhlnOnHeHHhiX B /28/, B 3KCne
pBMeHTaRLHhle ,naHHLie, nony'leHHwe B /60/. Hl pucyHKa 
BB,nHo, 'ITO nony'leHo npaaunLHoe onucauue wupuHw ru
raHTCKoro .nunonLHoro peJoHaHca B 142Ce. 

B paMKaX KBa3B1faCTB'IHO-I!>OHOHHOH MO,nenu s,npa MO)I(
HO BJY'IBTL BnBBHBe GDR Ha pa,nuauuoHHLie El cuno
awe li>YHKUBB. B/28/uJy'leHo BnBBHBe GDR Ha pa,nuauuoH
Hwe CBROBJ.Ie li>YHKUBB b(El,ry) B 3HepreTB1feCKOM HH
Tepaane 6-:-10 M3B .nns MHorux s.nep OT Zr .no Nd 
CHa'lana pacc'IBTWBaeTcs b(Elt , ry) c aonuoaoi li>YHKUBei 
/33/, B O,nHOI!>OHOHHOH 'laCTB KOTOPOB BKniD'IeHLI TORLKO 
peweHBB, ne)l(aiUue B BHTepaane 6-:-10 M3B. «<>yHKUBB 
b(El, ry ) onpe.nensiOTCB l!>parMeHTauuei o,nHol!>oHOHHwx co
CTOBHBH, 3HeprBB KOTOphiX ne)I(BT B paCCMaTpBBaeMOM 
BHTepBane. Pe lYRLTa Thl pac'leTOB, B KOTOphiX He Y'IBTLIBan
cs GDR, .nns 146 Nd npe,ncTaaneHw Ha puc.S wTpBXOBWMB 

b (E1 I~~ le2 ·tl>M 2/M3B 

1.0 

0.5 

I 
I 
I 
I 
L..., 

I 

145Nd 

1..~ 

'-L.. ..,_,"""-___ _ 
0 ~_J I 9 ~M3B 

7 

~UC. 5. TUC1110ZpaMMQ CUA060U diYHKflUU b(El t , ry ) 6 
46 Nd . Pac<~e• c y<~e1IIOM GDR - cnAowH•re AUHuu; 

paC'I€111 6e3 Y'I€JIQ - W111pUX06bl€ AUHUU. 
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JIHHHJIMH. )l,anee paCC"'HTbiBaiOTCJI b (El •77) ·BeJIH"'HHbl B 

3THX )Ke 3HepreTH"'eCKHX HHTepaanax, HO C BOJIHOBOH 'cllyHK· 

UHeH /33/, B O~HOcllOHOHHOH "'aCTH KOTOpo:ii B ~OnOJIHeHHe 
x paHee Y"'HTbiBaeMbiM RPA- peweHHJIM axnro"'eHbl o~Ho
clloHOHHble cocTOJIHHJI, o6pa3yiOIUHe GDR. Pa3HHUa a no

ae~eHHH cllYHKI{HH b (Elt •77), paCC"'HTaHHbiX C BKniO"'eHHeM 

GDR H 6e3 Hero, onpe~enJieT BJIHJIHHe GDR Ha El- pa

~aUHOHHble cHnoable cllYHKUHH. B 146 Nd GDR oxa3waaeT 

6onLWOe BJIHJIHHe Ha El - CHJIOBYIO cllYHKI{HIO, 3TO BJIHJIHHe 

pacTeT C yBeJIH"'eHHeM 3HeprHH B036y~eHHJI. 

Hly"'eHHe BJIHJIHHJI GDR Ha El - cHnoawe cllYHKUHH 

C~enaHO B /28/ nyTeM Bbi"'HCJieHHJI CYMMbl 8~ (E) no cllop

Myne /61/ c yqeToM H 6e3 yqeTa GDR . Pe3ynLTaTbl pac

"'eTOB npe~CTaBJieHbl B ma6A. 3. <l>yHKI{HH 8 ~ (0) pac

C"'HTaHbl C O~HOcllOHOHHbiMH COCTOJIHHJIMH, Jie)KaJUHMH B HH

Tepaane ~ E . <l>yHKUHH S ~ (GDR) Bbi"'HcneHbl c ~on on

HHTenLHbiM yqeToM clloHoHoB, o6pa3YIOIUHX GDR . H3 ma6A.3 
BH~Ho, "'TO a 90 Zr H 118Sn BJIHJIHHe GDR Ha b(El t • 77 ) 
Mano. B ·90Zr cymecTBeHHoe yaenH"'eHHe S ~ (0) a HHTep

aane s+1o M3B npoHCXO~HT' ecnH yqecTL O~HoclloHOHHble 
cocTOJIHHJI, ne)Kall(He BbiWe 10 M3B H HH)Ke GDR. Tax )Ke 

Mano BJIHJIHHe GDR B ~pyrHx H3oTonax onoaa. BnHJIHHe 

GDR Ha «llYHKUHH b (E 1 t , 71 ) B o6nacTH :meprHH CBJI3H 

HeiiTpoHa B n B nonyMarH"'ecxHx Jl~pax HeaenHxo. B 3THX 

Jl~pax cllYHKUHH b (Elt ,ry ) B 3Ha"'HTeJILHOH CTeneHH onpe

~eJIJIIOTCJI cllparMeHTal{HeH O~HOcllOHOHHbiX COCTOJIHHH, Jie)Ka

ll(HX B6JIH3H B n. 

H3 ma6A. 3 BH~Ho, "'TO no Mepe y~aneHHJI oT 3anonHeH

HbiX o6onoqex yaenH"'HBaeTCJI BJIHJIHHe GDR Ha b(Elt ,ry) • 
Tax, B 144 Nd H 146 Nd cllYHKUHJI S~ (GDR) 6onee "'eM 

B 2 pa3a 6onLwe S ~ (0). BnHJIHHe GDR He cao~HTCJI 
I( o6meMy no~'LeMy cllYHKUHH b (Elt • TJ) • Y"'eT ann Be~eT 

x no~'LeMy noxanLHbiX MaKCHMYMOB. B pe3ynLTaTe «llYHKUHJI 

b (Elt ,ry ) B 3aBHCHMOCTH OT 3HeprHH B036y~eHHJI C.HJIL· 

Hee OTKJIOHJieTCJI OT MOHOTOHHOH. 

B /28/ Bbi"'HcneHbl nonHwe ceqeHHJI clloToBo36y~eHHJI 
ayt H pe3yJILTaTbl cpaBHe~bl C COOTBeTCTBYIOIUHMH 3KCne
pHMeHTaJILHbiMH ~aHHbiMH 61 / H C noae~eHHeM nopeHI{e· 

soil xpHao:H. IIoae~eHHe nonHoro ceqeHHJI ~HnonLHoro clio To

nornome·HHJI B 3aBHCHMOCTH OT 3HeprHH B036y~eHHJI CHJIL• 
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HO OTJIH"'aeTCJI OT xo~a nopeHueao:H xpuao:H. 1Io3TOMY 

MO)KHO yTaep~aTL, "'TO npe~cTaaneHHe ce<JeHHJI clloTo

nornomeHHJI B pa:iioHe B n B BH~e nopeHueao:H xpHao:H 

JIBJIJieTCJI o<JeHL rpy6wM. B noae~eHHH nonHbiX ce<JeHHH 

clloTonorJIOil(eHHJI B 3aBHCHMOCTH OT 3HeprHH B036y)K~eHHJI 
~OCTaTO'IHO <JeTKO Ha6nro~aiOTCJI no~CTpyKTypbi /noxanL· 

Hble uaxcHMYMbi/. H3 pac<JeTOB cne~yeT, 'ITO TaKHe no.n

cTpyxTypw a ce<JeHHJIX ~On)I(Hbl cymecTBOBaTL. O~uaxo 

TO'IHOCTL paC'IeTOB TaKOBa, 'ITO HeJIL3JI npeTeH~OBaTL Ha 

TO, 'IT06bl npe~CKa3aTL ~OCTaTO'IHO TO'IHO 3HeprHH, npH 

KOTOpbiX ~On)I(Hbl HaXO~HTLCJI no~CTpyxTypbl. 

IIpHBe~eM pe3ynLTaTbl pac<JeToB rHraHTCKHX MynLTH

nonLHbiX pe30HaHCOB B ~ecllopMHpOBaHHbiX Jl~pax, BLinOJI· 

HeHHbiX a /52-56/ a o~uoclloHOHHOM npH6JIH)KeHHH. Cexy

nBpHble ypaBHeHHJI ~JIJI OnHCaHHJI O~HOcllOHOHHbiX COCTOJI• 

HHH H CHJIOBble cllYHKUHH y ·nepexo~oa onpe~eneHbl cllop

MynaMH /8/ H /52/. JIBHbiH BH~ cllopMyJibl ~aH B /4,62/ • 

H3y'leHHe rHraHTcxoro ~HnonLHoro pe3oHaHca Bblnon

HeHo B /53/ • B o~uoclloHOHHOM npH6nH)KeHHH rHraHTCKH:ii 

pe30HaHC B ~ecllopMHpOBaHHbiX Jl~pax o6pa3yeTCJI 60JILWHM 

'IHCJIOM OT~eJILHbiX B036y)K~eHBH, KOTOpble, B OCHOBHOM, 

onpe~eJIJIIOT ero wHpHHY. H3 pac<JeToB cne~yeT, 'ITO anon

He <JeTxo npOJIBJIJieTCJI pacmenneHHe rHraHTcxoro ~HnonL

uoro pe3oHaHca no xoMnoueuTaM c K .o H K,..l .Cornacue 

C 3KCnepHMeHTaJILHbiMH ~aHHbiMH, nonyqeHHbiMH B /63/ , 

~ocTaTO'IHO xopowee. 

rHraHTCKHe KBa~pynoJILHble pe30HaHCbl H3y<JeHbl 

a/3,54/, CHnoawe «llYHKUHH b(E2, 17 ) ~JIJI nepexo~oa H3 

OCHOBHbiX COCTOJIHHH <JeTHO·<JeTHbiX Jl~ep Ha B036Y*~eH-
Hble cocTOJIHHJI c I 77 - 2 + H K - 0,1,2 pacc<JHTaHbl c 
3«llclleKTHBHbiMH 3apJ1~aMH e ~2 ) .. e ~) .. 0 , ~ = 0,4 M3B. 
Pac<JeTbl noxa3biBaiOT, 'ITO B Jl~pax pe~Ko3eMenLHOH o6-

nacTH 3HeprHJI H3ocxanJipHoro pe3oHaHca - oxono 12 M3B, 
H30BeKTopuoro - oxono 30 M3B. B o6nacTH aKTHHH~OB 
H3ocxanJipHw:ii pe3oHaHc pacnono)KeH a paiioHe 10 M3B, 
H30BeKTOPHbiH - a paB.oHe 28 M3B. Pe3ynLTaTw pac<JeToa 

3HeprHH H30CKanJipHbiX pe30HaHCOB cornacyroTCJI C HMeiO

JUHMHCB 3KcnepHMeHTanLHbiMH ~aHHbiMH /64-67/. IIono)Ke

HHe H30BeKTOpHoro pe30HaHCa onpe~eJIJieTCJI BeJIH'IHHOH 
K <2) • B ~ecllopMHpoaaHHbiX Jl~pax rHraHTCKHe xaa~py-

1 
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'I!I!CJIO 
O,lli!Ocf'O-
HOHIIbiX 

fl .ll p 0 KOMUO-
He !IT 
B (33) 

9 
90zr 

IO 

4 
II8sn 

14 

I24r
8 

6 

14 

8 
136Ba !4 

6 
I388a 

14 

5 
I40ce 

!4 

4 
I42ce 

!4 

6 
I42Nd 

!4 

3 
144Nd 

!4 

4 
I46Nd 

!4 
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Ta6AUfla 3 

BnuJiuue GDR ua 4lyuxnuu s~ 

3uepreT. 3uepreT, 
III!Te)B8JI llliTC)B8JI s. (I,!JIJ • (MJJJ , no 

ejmwt~ B KOTOpOLI KOTOpOMJ 
JieJKaT O.ll- UpOBO,lllfT-
110\liOHOilllble en cyw.111-
KmmoHe!IThl p0B8HIIe B S 

8- 13 9,43 
8 - 13 

8-13; !6 II,2 
6 - ro 1,83 

6 - IO 
6 - !6 !,99 
8- II 2,95 
8 - !6 8 - II 3,82 

8,3 - 10,3 8,6 
8,3 - !5 8,3 - 10,3 14,3 

7 - 9 !0,4 
7 - IS 7 - 9 15,5 
8 - 10 5,03 
8 -IS 8 - IO 6,68 
8 - 9,2 9,34 
8 - !4,9 4,0 - 9,2 16,25 

8,4 - II,3 15,2 
8,4 - 15,8 8,8 - II,3 23,1 

7 - 9 4,12 

7 - 15,9 7 - 9 9,97 
7,5 - 9 3,0 
7 .~ - IS 6,5 - 9 6,6 

SA (GJJR) 

s. (0) 

1;19 

I ,09 

1,3 

!,67 

I,S 

1,33 

1,74 

!,52 

2,4 

2,2 

DOJILHble pelOHaHCLI COCTOJIT Bl CMeCU KOMDOHeHT C K-0,1 H 
2. Ilono:>KeHBJI MaxcuMyMoB peJouaucoa c K = 0,1,2 ue 
COBDa)l;aeT, H 3TO DpHBO,ll;BT K ywupeumo HlOCKaJIJipHOrO 
H BlOBeKTOpuoro pe30HaHCOB B ,ll;e«<lopMBpOBaHHblX JI,ll;pax 
no cpaaueuu10 co c«<lepuqecxuMB JI,ll;,PaMu, 'ITO cornacyeTcJI 
c 3KcnepuMeHTaJILHblMB ,ll;aHHblMH /64-66/. CunoaLie «<lyux
nuu b (E2 , 17 ) )l;JIJI 17° Yb npe,ll;cTaaneubl ua puc. 6. 113 
3TOrO pucyuxa BB,ll;HO, 'ITO K "' 0 KOMDOHeHTa KBa,ll;pynOJIL
uoro pe3ouauca pacnono:>Keua uecxonLxo HB)I(e u «<lparMeu
TBpoaaua B wupoxoB: o6nacTu, MaxcuMyMbl K = 1 u K ,., 2 
xoMnoueuT xaa,ll;pynonLuoro pe3ouauca npaxTBl.fecxu coa
na,ll;aiOT. 

b t E 2 ~ o• -- 2• 1 s p u 1M 3B-1 

6 

170yb 
5 

4 

3 

2 

0 ........ _ __.. ---- .......... 
5 10 E,M3B 15 

Puc. 6. KeaopynoA&HbiU u3ocKaA.JIPH&ru pe3oHaHc e 
170 Yb 

Pac<~em&r e&rnoAHeHbl c ~ = 0, 5 M 3B u K <f> = 1,5 K ~2) ; 

fPYHKfiUU b(E2; ot.s.-+2+K) Ha COCIIIO.JIHU.JI C K, 0 o603HQ
'I€Hbl 1/IOHKOU CnAOUlHOU KpUeOU, Ha COCIIIO.JIHU.JI C K = 1 
wmpuxoeou Kpueou, Ha. cocmo.JIHU.JI c K = 2 - w•pux- nyHK
•upHou Kpueou; cy..w..wa UX - 1110/ICIIOU CnAOUlHOU IIUHUeU. 
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,l],JIJI KBaApynOJibHbiX pe30HaHCOB HMeeT MeCTO He pac

menJieHHe pe3oHaHca no pa3HLIM K, a ero ywHpeHHe. illHpH

Ha H30CKaJIJJ:pHoro KBaApynOJibHOrO pe30HaHCa KOJie6JieTCJI 

B HHTepBaJie 1,5+2,5 M3B, a H30BeKTOpHoro - B HHTepsaJie 

3+6 M3B. Pe3yJI&TaTw HaWHx pac'leToB oTJIH'IaiOTCJI oT 

pac'leTOB B /68/, B KOTOpbiX noJiy'leHO pacmenJieHHe rHraHT • 

CKoro KBaApynOJibHOro pe30HaHca. 

rHraHTCKHH OKTynOJibHbiH pe30HaHC HCCJieAOBaH s/55/. 

Mo)I(Ho yTsep)l());aT&, 'ITO HMeeTCJI TPH nHKa rHraHTCKHX 

OKTynOJibHbiX pe30HaHCOB: HH3K03HepreTH'IeCKHHOKTynOJib· 

HbiH pe3oHaHC (LEQR ), H30CKaJIJJ:pHb1H H H30BeKTOPHLIH. 

B OKTynoJibHbiH pe30HaHC AaiOT BKJiaAbl COCTOJIHHJI C K = 
= 0,1,2,3, KOTopwe npHBOAJIT K ero ywHpeHHIO. Y'IHTLIBaiOT

CJI B036Y>KAeHHJI 'laCTHu;a-ALIPKa C ~N = 1,3,5,7 /N rnaBHOe 

OCIJ;HJIJIJITOpHoe KBaHTOBOe 'IHCJIO/. fiOJIHble BKJiaAbl BMO· 

AeJibHOe 3HeprHH B3BeWeHHOe npaBHJIO CYMM (EWSR) CO

cTaBJIJIIOT so36Y>KAeHHJI c ~N - 1 nopJJ:AKa 40~, c ~ N -3 -
nopJIAKa 60~. ,l],OJIJI B036Y>KAeHHH c ~N = 5,7 O'leHb 

Mana. KoH~Hrypau;HOHHoe npocTpaHCTBO B3JITO HaCTOJibKO 

60JibWHM, 'ITO HC'IepnbiBaeTCJI 80+90 ~ 6e3MOAeJibHOrO 

EWSR . Pacc'IHTaHHLie nono>KeHHe H WHPHHa H3oBeKTOpHoro 

rHraHTCKOrO OKTynOJibHOrO pe30HaHCa B 2 33U Haxo

AJITCJI B XOpoweM COrJiaCHH C 3KCnepHMeHTaJibHbiMH ,l{aH· 

HLIMH, nony'leHHLIMH s 1691. LEOR 3KcnepHMeHTaJibHO. 

o6Hapy>KeH s/7o~ rAe noKa3aHo, 'ITO s PJJ:Ae c~epH'IeCKHX 
H Ae~opMHposaHHLIX JJ:Aep BKJiaA LEOR s H30CKanJJ:pHoe 

EWSR COCTaBJIJJ:eT 10.;20~. Pac'leTLI s/11/AJIJI c~epH'Iec
KHX Jl.l{ep XOpOWO o6~JICHJIIOT 3KCnepHMeHTaJibHble AaHHble 

no LEOR . B Ae~opMHposaaawx JJ:Apax BKJiaA s H30CKanJJ:paoe 

EWSR OT o6naCTB 2,5+7 ,5 M3B COCTaBJIJieT 12~. 
liOJibWOH BHTepec npeACTaBJIJieT B3y'leBBe KOJIJieK· 

THBHbiX COCTOJIBBH BbiCOKOH MYJibTBnOJibHOCTB. Bf56/ pac· 

C'IBTaHw ruraBTCKBe E.\ -pe3oBaucw c .\ = 4,5,6 B 7. 
CunosaJJ: ~YBKIJ;BJI b (E4 ;o+ .... 4+) AJIJJ: 

166 Er, pac-

C'IBTauaaJJ: CO 3Ba'leBBeM K l4), AaHBbiM ~OPMYJIOit /10/, 
B c TpeMJJ: 3Ba'leHBJIMB K <a-> , npeACTasneua sa puc. 7. H3 

3Toro pucyuKa BBABO, 'ITO y:wea&weuue K ~> Ba 17~ 
npBBOAHT K yMeBbWeBHIO KOJIJieKTBBBOCTB COCTOJIBBi C 3Bep· 

ruei :weuee 15 M3B. ,D,an&Heilwee y:weu&weuue K ~4> eme 

B 9 pa3 npBBOABT K He60JibWOMY CBBlKeHHIO b (E4 ; 0 + .... 4+' ) 
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b(E4; o• --4•),s pujM3B 
41 

3 

2 

0 10 20 

166Er 

30 40 w,M3B 

Puc. 7. CUAoea.R ibyHKijU.R b (E2 ; o+ ... 4+) e 166 Er , 
pacc'lullaHHa.R c K ~) = -2,3 · 10-6 M 3B•fPM .:.a u cAeOyiO-

JIIUMU 3HQ'l€HU.RM~ K b4 ): 4,2 ao-7 M3B·tPM -8 /cnAOIUHQ.R 
Kpuea.R/, 3,5·10- M3B•fPM-8 /rumpux- nyHKIIUpHa.R Kpu
ea.R/, 4-10-8 M3B.tPM-s /nyHKmupHa.R Kpuea.R/. 

npH 3HeprHH HBlKe 18 M3B. Mo>KHO yTsep)l());aT&, 'ITO rH

raHTCKBii B30CKaJIJJ:pHbiB reKCa,l{eKanOJibHbiB pe30HaHC pac

nOJIO>KeH npH 3HeprBJIX 12-+18 M3B, OH AaeT BKJiaA s EWSR 

OKOJIO 10~. HMeeTCJI BeTBb H30CKaJIJipHoro pe3oHaHCa 

npH 3HeprBB 30 M3B. ruraHTCKHB H30BeKTOpHbiB peJOHaHC 

pacnono>KeH npu 3HeprHH · 40 +50 M 3B, oH AaeT sKnaA 

B EWSR OKOJIO 40~. CHJIOBaJI ~YHKIJ;BJI b (E5 , 0 + .... 5- ) AJIJI 
166 Er npeACTasneHa Ha puc. 8. H3 pucyHKa BBABO, 'ITO npB 

K b5) , Onpe,l{eJIJieMOM /9/ H Ha 22~ MeHbWeM, npOJIBJIJIIOT· 

CJI KoJIJieKTBBHwe cocTOJIHBJI npH 3HeprHH 7 M3B. ITo3TOMY 

cymeCTBOBaHBe HH3K03HepreTB'IeCKOrO (.\.5 ) ·pe30HaH· 

ca npeAcTasnJJ:eTCJI npaBAOnOA06HLIM. B o6nacTH 3HeprHi 

10 + 25 M3B pacnono>KeH H3ocKaJIJJ:pHwii (.\. 5) -pe3oHaHc, 

ero BKJiaA s EWSR - nopJJ:AKa 18~. ,D,ocTaTO'IHO 'leTKO 

npOJIBJIJieTCJI B30BeKTOpHbiB pe30HaHC. 

B OTJIH'IBe OT B30CKaJIJJ:pHb1X KBa.l{pynOJibHOrO B OKTy

nOJibHOrO pe3oHaHcos B30CKanJJ:pHwe E4- B E5 -pe3oHaHcw 

pacnono>KeHLI s 6onee wupoKoil 3HepreTB'IecKoii o6nacTB 

00+30 M3B). YwupeHBe B30CKaJIJJ:pHLIX (.\.4 )-H (.\.5)-
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peJoHaHcos o6'LJICHJieTcJI BKna.D.OM 6onhwero qucna npoeK

IUIH K H 6onhwero qucna oc~unnJITOpHhiX o6onoqeK. He

COMHeHHbiH HHTepec npe.IJ.CTaBnJieT 3KCITepHMeHTanbHOe HJy

"'eHHe COCTOJIHHH BbiCOKOH MynhTHITOnhHOCTH. 

I, 

3 

2 

0 

b(Es;o• ~s-l,spujM3B 

I 

I 
I 

,..; 

10 20 

166Er 

30 1.0 

7.5 
...c. 

50 w M3B 
) 

Puc. 8. CuAoeaJI ii?-,HKijU/1 b(E5 . o+ ... 5-) 8 l66Er J 

pacc'lumaHHa.ll c K I:)) -6,3 .1o-f>.9 M3B·tPM-l~0 u cAeoy~a
JIIUMU 3Ha"'eHUJIM~ KYf : 9,6 ·10- M3B-.tPM- /cnAowHa.ll 
Kpuea.11j, 7,5·10- M3B·tPM-lo /wmpux-nyHK111UpHa.ll Kpu
ea.ll/, 2·1040M3B··tPM-lOjnyHK111UpHa.ll Kpuea.ll/. 

PacqeTbl WHPHH rHraHTCKHX MynhTHITOnhHhiX peJoHaH

cos BbiiTOnHeHbl B /53-56/ B .IJ.efl>opMHpOBaHHbiX JI.IJ.pax B paM

Kax RPA -MeTo.IJ.a. llpe.IJ.cTaBnJieT HHTepec BhiJICHHTh anHJI

HHe fl>parMeHTa~HH O.IJ.HOWOHOHHbiX COCTOJIHHH Ha CHnOBhle 

WYHK~HH b(E .\. Tf) H ua cooTBeTCTBYJOmue wupHHhl. Pac"'eThl 

cunoBhiX WYHK~HH b(E.\, Tf). onpe.IJ.enJieMbiX fl>opMynoB: 

THITa /53/, .D.nJI rHraHTCKHX .IJ.HITOnbHOrO, H30CKanJipHbiX 

KBa.IJ.pynonbHOrO H OKTynonbHOrO pe30HaHCOBB l 54Sm Bbi

ITOnHeHbl a 1711. BonuoaaJI WYHK~HJI B036Y:lK.D.eHHoro cocToJI

HHJI B3JITa B BH.IJ.e /33/, H Y"'TeHa cne~HWHKa .D.efl>opMHpOBaH

HOrO JI.IJ.pa. PaC"'eTbl BhiiTOnHeHbl B cnyqae .D.OBOnhHO CHnhHO 

orpauuqeuuoro fl>ououuoro npocTpaHCTBa. PacqeTbl noKa-

3hiBaiOT, 'ITO y"'eT B3aHMO.D.eiicTBHJI KBaJii"'aCTH~ c fl>oHoua-

44 

MH ITpHBO.D.HT K fl>parMeHTa~HH O.IJ.HOWOHOHHLIX COCTOJIHHH 

H nepepacnpe.IJ.eneHHIO CHnw peJouauca BHYTPH o6nacTH ero 

cymeCTBOBaHHJI. 0.D.HaKO y"'eT B3aHMO.D.eBCTBHJI KBa3H"'ac

TH~ c fl>ouoHaMH a 154 Sm He npHaen K yaenH"'eHHIO WHPHH 

BLIWeynOMJIHYTLIX pe 30HaHCOB. 

3AKJIIO'IEHHE 

ManoKBa3H"'acTH"'HLie xoMnoueHTLI aonuoawx 4>YHK~Hii 
BLICOKOB036Y:lK.IJ.eHHLIX COCTOJIHHH COCTaBnJIIOT O"'eHb Manyro 

qacTb a uopMHpoaxe aonuoawx WYH~Hi. B 172/ npoauanH-

3Hpoaauw HeHTpOHHLie H nap~HanbHLie pa.IJ.Ha~HOHHLie CHnO

awe WYHK~HH H noKa3aHo, 'ITO BKna.D. ManoKBa3H"'aCTH"'HLIX 

KOMITOHeHT B HOpMHpOBKy B~IHOBLIX_j>YHK~HH He'Tf?HHLIX 

pe30HaHCOB COCTaBnJieT 10 - 10 "'aCTb. B 7 npo

.D.eMOHCTpHpOBaHO, 'ITO npaKTH"'eCKH BCJI 3KCITepHMeHTanb

HaJI HHfl>opMa~HJI 0 CTpyKType HeHTpOHHLIX pe30HaHCOB OT

HOCHTCJI K ManOKBa3H"'aCTH"'HLIM KOMITOHeHTaM HX BOnHO

BLIX fl>yHK~Hii. 3To 3Ha"'HT, 'ITO .IJ.a:lKe .D.nJI TaKHX cpaBHHTenh

uo XOpOWO H3y"'eHHbiX COCTOJIHHH, KaK HeiTpOHHble peJo

HaHChl, MLI pacnonaraeM o"'eHh Manoi qacTbiO HHfl>opMa~HH 
06 HX CTPYKType. 

a/73/nocTaaneH aonpoc o BLIJICHeHHH aenH"'HH MHoro

KBa3H"'acTH"'HhiX KOMITOHeHT aonHOBhiX fl>yuK~Hii BhiCOKOB03-

6y:lK.IJ.eHHLIX COCTOJIHHH, B TOM "'HCne HeHTpOHHLIX pe30HaH

COB. liwno BLICKa3aHo npe.IJ.nono:lKeHHe, 'ITO aonuoawe fl>yux

IUIH COCTOJIHHH npoMe:lKyTO"'HOH 3HeprHH B036Y)K.IJ.eHHJI H 

HeHTpOHHLIX pe30HaHCOBHMeiOT .IJ.OCTaTO"'HO 6onbWHe MHOro

KBa3H"'aCTH"'Hhle KOMITOHeHTLI. 3TO CBJI3aHO C TeM, 'ITO 

B3aHMO.D.eHCTBHJI Me)I(.!J.y KBa3H"'aCT~aMH H B3aHMO.D.eH

CTBHe KBa3H"'aCTH~ c fl>ouoHaMH npH 3THX 3HeprHJIX He 

B COCTOJIHHH TaK )Ke CHnhHO fl>parMeHTHpOBaTb MHOroqac

TH"'HLie COCTOJIHHJI, KaK O.IJ.HO"'aCTH"'HLie. 

fiyTH 3KCITepHMeHTanhHOrO 06Hapy)KeHHJI 60nhWHX 

MHoroKBa3H"'aCTH"'HLIX KOMITOHeHT apnuoawx fl>yu~Hii ueB:T

poHHLIX peJouaucoa o6cy)K.IJ.eHw a /S, 24 • 73 /. B uacToJimee 

apeMJI HaH6onee .D.OCTYITHLIM cnoco6oM onpe.D.eneHHH senH"'HH 

HaH60nhWHX MHOrOKBa3H"'aCTH"'HLIX KOMITOHeHT HBnJieTCJI 

HJyqeuHe Ml• El- H E2 -nepexo.D.OB c HeB:TpoHHLIX peJo-
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HaHCOB Ha COCTOJIHHJI C 3HeprHeii ,Ha 1,0+ 1,5 M3BMeHbWeH. 

BoJMO>KHo, sepoJITHOCTH TaKHX nepexo,l(OB MO>KHO oueaHTb 

npH H3y'leHHH IJOCne.l(yiOIUero a - pacna.l(a B036y:>K.l(eaaoro 

COCTOJIHHJI, ,l(eneHHJI HllH BblneTa HeHTpOHa. Ha6nro.l(eHHe 

TaKHX y -nepeXO,l(OB Hllll y ·KaCKa,l(OB, npHBe,l(eHHble BepOJIT· 

HOCTH KOTOpbiX 6nH3KH K O,l(HO'IaCTH'IHbiM, JIBnJieTCJI CBH· 

,l(eTellbCTBOM CYIUeCTBOBaHHJI 60nbWHX MHOrOKBa3H'IaCTH'I

HbiX KOMnoaeaT B aonHOBbiX WYHKUHJix HeiiTpOHHbiX peJo

HaHcos. Cse,l(eHHJI o senH'IHHax OT.l(enbHbiX qeTblpex- H 

WeCTHKBa3H'IaCTH'IHbiX KOMDOHeHT MOryT 6b1Tb nony'leHbl 

H3 H3y'leHHH y-nepeXO.l(OB C HeHTpOHHbiX pe30HaHCOB Ha 

COCTOJIHHJI DpOMe:>KyTO'IHOH 3HeprHH B036y:>K.l(eHHJI. 

BeCbMa MHOroo6emaiOIUHM MeTO,l(OM H3MepeHHJI Be

llH'IHH aaH6onbWHX KOMDOHeHT B sonHOBbiX WYHKUHJIX HeiiT

poHHbiX pe30HaHCOB JIBnJieTCJI H3y'leHHe peaKUHH(n,y, a) 
C nocne.l(yiOIUeB OUeHKOH HHTeHCHBHOCTeH y-nepeXO.l(OB 

Me:>K,l(y HeHTpOHHbiM pe30HaHCOM H COCTOJIHHJIMH, ne:>KaiUH· 

MH Ha 1+2 M3B Hll:>Ke. TaKoro THna 3KCnepHMeHTbl npo

BOAJITCJI B )l;y6Ht/74<10nHxe/754; rpeao6ne /76/, 
HecoMHeHHO, 'ITO aaHny'IWHM cnoco6oM nony'leHHJI 3K

cnepHMeHTanLHoii HHWOpMaUHH o senH'IHHax H pacnpe,l(ene

HHH MHoroKBaJH'IaCTH'IHbiX KOMDOHeHT sonaoswx WYHKUHB 

B036y:>K.l(eHHbiX COCTOJIHHH JIBnJieTCJI H3y'leHHe cneKTpO

CKODH'IeCKHX WaKTOpOB nepe,l(a'IH MHOrHX HYKHOHOB DpH 

B3aHMO,l(eHCTBHH JI.l(ep C JI.l(paMH. 

IIOABOAJI HTOrH ,l(aHHOMY Kypcy neKUHB, MO>KHO yTBep:>K

,l(aTb, 'ITO B paMKaX KBa3H'IaCTH'IHO-WOHOHHOH MO,l(enH Jl,l(· 

pa B03MO>KHO Bbi'IHCneHHe MHOrHX CBOHCTB CllO:>KHbiX Jl.l(ep 

DpH HH3KHX, DpOMe:>KyTO'IHbiX H BbiCOKHX 3HeprHJIX B036y:>K

,l(eHHJI. qaCTb TaKHX pac'leTOB y:>Ke BblnonHeHa. He coM

HeHHO, 'ITO npH npoBe,l(eHHH .l(anbHeHwHX pac'leTOB 6YAYT 

HcnonLJoBaTbCJI ace 6onee H 6onee cno>KHble sapHaHTbl 

MO.l(enH nyTeM BKniO'IeHHJI HOBbiX qneHoB B sonHOBble WYHK

UHH, a TaK:>Ke nyTeM yqeTa HOBbiX CHn. 
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