
0861 


Vd~H UU3~OW ~OHHOHO~-OHh"~JVh"£V8~ 8 

HUAVll VUHTIHUdll ~3hA 

BHHIr°W'U'X 


ZZ-OQ-td 

(' cP~ 5/?:1 

eHO,r 
IIHelOr81991 
IIIIHdar. 
l'1119HI 
IIIIHHI IWIllgO 



P4·"U-22MOIll.,Ha X, 11. 

Y4eT npHH~Hna naynH B K88SH48CTH4HO-¢QHOHHOA 

MOAenio1 IIApa 

B paMKaX nOnYMI1KpOCKOnH4ccK0'1 'TeapHH MApa H3Y430TCA 
BIlHRHl1e KoppenR~HH B OCH08HO,", coeTOIU'HH ~ta OAHO- H ABYX
IjloHOHHble COCTOAHHA 4cTHO-4CTHblX Ae$Op'*1pOllaHHIoIX "Aep. 
nonY4eHO ceKynRpHoc YPDBHCHl1e AnI! OAHO$OHOH~X 8036Y~AeHH~, 
Y4HT"'8a~ee 8 CpCAHCM T04HblC KO~YTa~HOHHble COOTHOWeHHR 
Me~AY onepaTopaMH K883H48CTI1U. OpeAno*eHO npH6nH~eHHe, 
CBOAR~ee BCTpe4a~HeCA CYM,",W no OAHO$OHOHHOMY npOCTpaHCTBY 
K HHTcrpany no nap8MCTpy. 3TO npH6nH~CHHe, 3aH,",CTBOBaHHoe 
113 MeTOAa CHnOBblX ~YHK~H~, MO~CT OKaa8TbCR none3HblM npH 
paC4eTax cpeAHero 411cna K8a3H4aCTHU B OCHOBHOM COCTORHI1I1. 
OOKa3aHO, 4TO Y4eT KoppenRUHI1 B OCH08HOM COCTORHI1I1 MO~eT 
cy~ecTBeHHo BnHRTb Ha HOPMY A8YX~OHOHHblX KOMnOHeHT BonHO

80i1 4>YHK1Vtl1. 

Pa60Ta 8b1nOnHeHa B 11a60paTopHH TcopeTH4ecKoi1 

~H3HKH OHIH1. 

npenp~Hr 06~eA~HeHHoro MHeTHTYTA RAepHW~ HccneAo.aHH~. AY~Ha 198D 

Mol ina H. L. P4·80 ·22 

The Paull Prlnc.lple in Quasiparti c le 
Phonon Nuclear Model 

The.J nfJ ucnce . o r_f c. 1 a t1 on. I n on~

KBa3114aCTI14HO-$OHOHHaR MOAenb RApa, nOCTpoeHHaR B paMKax 

n0I1YMI1KpOCKOnI14eCKO~ TeOpHI1, CqJOPMYI1HpOBaHa / 1,2/ B pe3YI1bTaTe 

OnHCaHI1R HI13K0I1e~a~HX COCTORHI1~ RAep KaK KBa3114aCTH4H~X 11 OA

HOqJOHOHH~X, 0606~eHI1R qJOHOHOB 11 B3aI1MOAe~CTBI1R KBa3 11 4aCTI14 

C qJOHOHaMI1. MeTOAbl Onl1caHI1R HI13KOne~a~l1x COCTORHHi1 6blI111 0606

~eHbl J.1 npl1MeHeHbl K 113y4eH~1O CTPYKTYPbl COCTORHI1~ npl1 npoMe~y

T04HbiX 11 BblCOKI1X 3Hepr11RX. KBa3114acTH4Ho-$oHoHHaR MOAenb KOP

peKTHO OnI1C~BaeT OAHOKBa3114aCTH4H~e 11 OAHOqJoHoHH~e RAepH~e 

COCTORHI1R, pacnpeAeneHl1e cl1n TaKI1X COCTORHI1H no 3HepreTI1

4eCKI1M ypOBHRM npOMe~YT04H~X 11 B~COKI1X 3Heprl1H. npl1 3TOM CBOH

CTBa B~COKOne~a~I1X COCTORHH~ OnI1CaH~ 6e3 CB060AH~X napaMeTpOB, 

noc Kon b Ky KOHCT aHTbl B3al1MOAeHCT BI1H $11 KCl1pOBaHbl npl1 aHanl13e 

HH3K0I1e~a~I1X COCTORHI1H. 60nbWHHCTBO paC4eTOB B paMKa x 3TOH 

MOAenl1 npOAenaHbl B KBa3J.16030HHOM npI16nl1~eHI1I1, npl1 KOTOPOM T04

Hoe KOMMY Ta 4110HHoe COOTHOWeHl1e 13 1 
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npo~CXOA~T 4aCT~4HOe HapyweH~e np~H~~na nayn~. nOCKOnbKY BOn
HOB~e ~YHK~~~ B KBa3~4aCT~4HO-~OHOHHO~ MOAen~ AApa cOAepmaT 

KOMnOHeHT~ KBa3~4aCT~~~ nn~c ~OHOH, ABa ~OHOHa ~ T.A., npo~c

XOA~T e~e AononH~TenbHoe HapyweH~e np~H4Hn a nayn~. Y4eT T04

HblX nepeCTaHOB04HbiX COOTHoweH~~ !l>OHOHHbIX onepaTopoB C npeHe
6pe)l(eH~eM Koppenm~~~ B OCHOBHOM COCTOAH~~ BblflonHeH AJlA Ae~op

M~pOBaHHbIX AAep B pa60Tax / 4.6/. B AaHHm1 pa60Te Mbl Y4TeM 3~
!l>eKT KoppenA~~~ B OCHOBHOM COCTOAH~~, B OAHO~OHOHH~X ~ AByX

!I>OHOHHblX COCTOAH~AX 4eTHO-4eTHbIX Ae~opM~pOBaHHbIX AAep. AnA 
peweH~A OCHOBHO~ TPYAHOCT~, BCTpe4a~~e~CA np~ 3TOM ~ CBA3aH

HO~ C CYMM~pOBaH~eM no nonHOMY OAHO~OHOHHOMY 6a3~CY, npeAno
>KeHO np~6n~>KeHHOe ~HTerpanbHoe npeACTaBneH~e COOTBeTCTBY~~~X 

CYMM. 

1. PaccMoTp~M raM~nbTOH~aH, BKnI04a~U\~';; C~MMeTp~30BaHHble 

4aCT~4HO-A~p04H~e B3a~MoAe';;cTB~A 

H = ~f(i)B .. _~~KA [ ~ft.llu. (A+ + A )1 2 /6/
0, II 4 t.1l ik lk lk ik ik 

rAe ft.~ - Marp~4Hble 3neMeHTbi OT onepaTopa MynbT~nonbHoro MO

MeHTa ~ C npoeK~~e';; II, Kt. - KOHCTaHTa MynbT~nonb-MynbT~nonb-
Horo B3al-lMOAe';;CTB~A, f(i)=v'C 

2
+ (EO)-A,)2,rAe EO) - OAH04ac

T~4HaA 3Hepr~A, C - KoppenA~~OHHaA !l>YHK4~A, A' - XI-IMI-I4eCK~~ 

nOTeH~~an, ulk=uivk+ukvi' rAe ui,v i - K03!1>~I-I~I-IeHTbl npe
06pa30BaH~A DoronlO60Ba. OTKa>KeMCA OT ycnoB~A /4/, TorAa, ~c
nonb3YA ypaBHeHI-IA AB~>KeH~A 
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HeTPYAHO nonY41-1Tb B~A o606~eHH~x KooPA~HaT ~ ~MnynbcoB 

f fk f ikuik 	 f It W g Uikpg=_l_ 	 X g = _1_ 
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W f i~ V ik j r U j r f j r
Y = ~ ~ / 10/ 

g 2 ikj r f 2 _ W 2
jE g 

rAe ~HAeKc g = All n, n - HOMep KOpHA. C nOMOU\b~ /7/, /9/, /10/ 
Ha i1 AeM ceKynApHoe ypaBH~H~e AJlA c06cTBeHHbix 4aCTOT C~CTeMbI: 
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OHO AOn)l(HO pewaTbCA COBMeCTHO C ypaBHeH~eM AnA V ikjP , BbITeKa~
~~M ~3 T04Horo COOTHoweH~A / 1/ . OAHaKo B Aan bHe';;weM Mbl cAena
eM np~6nl-l)l(eHl-le 
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TorAa HeTPYAHo nonY4~Tb ~3 /1/ ypaBHeH~e AnA P ik : 
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OCHOBHa~ T PY~HOCT b Hen~He~Horo ypaBHeH~~ / 16 / CB~3aHa C CYM 
M~pO BaH~eM no Bce M OAHO$OHOHH~M peweH~AM C~CTeM~. n03 TOMY 
CBe~eM 3TY CYMMy K ~HTerpany, ~ cnonb3Y~ np~6n~~eH~e, ~AeHT~4-
Hoe MeTO~y c~nOB~X $YH K I1 ~i1 18, 9 ,10 ' 

k (<1> Itiin ) 2 -. ~ ..Q.... t (<1>AI~n «0)) 2 . d ~ 2 
n ik 	 /18 /n 271 0 l k lW- ")n)~ + ' \ 14 

rAe A - napaMeTp ycpeAHeH~~. To rAa nocne Hecnom H~X npe06pa
30BaH~~ non Y4~M cneAy~~ee ~HTe r panbHoe npeAcTaBn eHMe: 


Iti'
2fik P ik 


d,,) -----. / 19/ 
n 71 «( , H) + i 1\/ 2) (1 / K .\ -x (co + i~/2»

Ik 

KaK HeTPYAHO B~AeTb, CXOA~MOCTb MHTerpana o6ecne4eHa 6~CTP~M 
y6~BaH~eM nOA~HTerpanbHo~ ¢YHKI1~~ Ha 6ecKoHe4HocTM. PaccMoTPMM 
Tellepb ABYXctJOHoHHble COCTO~H~~ Q ~ lQ ~ 2 10 '> . Y4eT npMHI1~na nayn~ 

MomHO npOBOA~Tb!4. 6 ~ B~4Mcn~~ cKan~pH~e npOM3BeAeHM~ 

<Q g I Q g 2Q; 3 Q ; 4> = I) :1 g 2 g ;# 4 + K ( g 1g 2 g 3g 4) 	 /20/ 

Y4I-1TbIBa~ T04Hbie KOMMY Tal1~OHHbie COOTHoweH~~ MemAY C!JOHOHHblM~ 

onepaTopaMM, HeTPYAHO nonY4~Tb B~A Ben~4~H K(glg2 g 3 g4): 


K(glg2 g 3 g 4) =-~ 2. T 
g2ga 

F g4 
g

l /21/2 qlq2 qlq2 Cl l q2 ' 

rAe 

g 2 g 3 	 g g g g
T 2. 1 ( ljI 2\jJ 3 <1> 2 '/l 3)qlq2 q .,; P P qq2 q q 1 qql qq2 ' 

qql qq2 

Pq 	 PF g4 g I 2. .,;~	IjI g41j1 gr + "; _~ ¢ g4 ¢ g 1 
ql q 2 Pqql qq2 qql Pqq2 qql qq2 

KaK M cneAosano o~I-1AaTb, /21/ OTnM4aeTC~ OT nonY4eHHoro B pa
60Tax / 4-6 / BbiPameH~~ An~ K(glg2 g 3 g 4) nMWb npMCYTCTB~eM 

Benl-14MHbi P qq' 


TaK I-1M 06pa30M, y4eT Koppen~I1MM B OCHOBHOM COCTO~H~M B AMaro-
HanbHoM npM6nMlKeHMM /12 / npI-1BOA,1T K nO~BneHM~ BenM4MH p • < 1 
B ceKyn~pHoM ypaBHeHMM An~ HaXOlKAeH~~ co6cTBeHHbix MOA c~~T eMbi. 
3TO ypaBHeH~e AonmHO pewaTbCA COBMeCTHO C ycnoBMeM /1 6/. an~ 
peweHMA 3aAa4M YAo6HO Mcnonb30BaTb ~TepaI1MOHH~~ MeTO~. Ka K 
nOKa3anM 4~cneHHble paC4eTbI, MTepaI1MOHHbI~ P~A CXOAMTC~ AOCTa

T04HO 6b1CTPO, M B 60nbWMHCTBe cn Y4ae B MOlKHO o r paHM4M T bC~ TpeTb
e~ ~TepaI1Me~. Eonbwa~ TPYAHOCTb, KOTopa~ npeACTaBnAeT co60i1 
CYMM~pOBaH~e no OAHOlDOHOHHO MY npOCTpaHCTBY B ypaBHeH~~ An~ P ' ,qq 
06ner4aeTC~ Mcnonb30BaHMe M MHTerp an bHoro npeACTaBneHM~ /2 0/. 
B ma6.f1 .1 npeACTaBneHbl H~lKai1w~e peweHM~ /13/ /cTon6el1 (u /, 

a TaK)f(e np~6Jl..,meHHbie peweH~~ /cTon6el1 (UR /. KorAa (J • = 1 
AnA AAep l66Er ~ 228 Th . OCHOBHoe Bn~AHMe Koppenfll1~~ Bq(~)cHOBHOM 
COCTOAH~~ OKa3~Ba~T Ha H~lKai1w~e KonneKTMBH~e COCTOAH~A. CABHr 
3Toro YPOBH~ An~ AI_' =22 - OKono 200 K3B, AIlA All ,30 - .. 100 K3B, 

AJlA All : 31. 32 CAB~r He3Ha4~TeJleH. 

Ta6.!lu~a 1 

3Hepr~~ H~ma~WMX OAHOctJOHOHH~X COCTO~H~~ W 

~ np~6n~)f(eH~e (UR(p qq ,=1) 

ll,llpo WR, w 
)..1' l.. 

I( ~ & 10& 'J. r ~H' 
X 

H~£ 	 I 786 962 522 520 0,925 .. 2 2055 2058 521 520 O,92J 
22 3 2J02 2J02 

2,5410- 3 	 4 2400 2J99 

5 2594 2594 


------------------------~-----

1 ' ''cr I 1663 1760 642 522 0,986 
30 2 2207 22J2 642 512 0,9% 

",IS 10- 5 3 2596 2624 403 52J 0,993 
4 2900 2902 615 505 0,972 
5 J007 J008 

1"(;
r 1 1830 18J 4 


J1 2 2073 2078 


3,4IIO- 5 	 3 2J27 2J28 

4 2598 2599 

5 2622 2662 


)\ 
I.. 

---------------- 
Z28 T..: I 977 1060 5Jl 530 . 0,982 

22 2 2IJJ 2IJ4 752 770 0,971 
1,5 10-3 	 3 2J08 2J08 6JI 630 0,966 

4 2389 23139 752 500 0,971 
5 2437 2437 
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B rru6.fl.l TaK)t(e npeACTaBneHbl rn aBHble BenW1V1Hbl () ,. BxoAflUjV1e"qq ,
B CTpYKTYPY nepaoro KOnneKTV1BHOrO COCTOflHV1fl; COCTOflHV1fl XapaK
TepV130BaH~ aCV1MnTOTV14eCKV1MV1 KBaHTOB~MV1 4V1CnaMV1 B MOAenV1 HV1nbC
COHa . nOnO)t(eHV1e nepBOrO KOnneKTV1BHOrO COCTOflHV1fl MO)t(HO ¢V1KCV1
pOBaTb no 3KcnepV1MeHTanbH~M AaHH~M V1 CBeCTV1 3¢¢eKT Koppenfl~V1V1 

B OCHOBHOM COCTOflHV1V1 K nepeHopMHpOBKe KOHCTaHT~ MynbTV1nonb
MynbTV1nonbHoro B3aV1MOAe~'CT eV1 fl. B rru6.fl.2 npeACTaBneHbl nepBble 
2+ COCTOflHV1fl /clion6e~ a/, e cTon6~e 8 - peweHV1fl C Pqq ' =1. ~13
MeHeHV1fl K HeBenV1KV1, V1 npV1 3TOM cneKTpe B 060V1X cnY4aflX V1~eH

TV14H~. B TO~ )t(e Ta6nV1~e npeACTaBneH~ 3Ha4eHV1fl npV1BeAeHHo~ Be
pOflTHOCTV1 3neKTpV14eCK V1X KBaAPynonbH~X nepeXOAOB B 060V1X Ba
pV1aHTax. BV1AHO, 4TO V13MeHeHV1e KonneKT V1B HOCTV1 HeBenV1KO no cpaB
HeHV1~ C paC4eTaMV1 B npV16nV1)t(eHV1V1 p 

qq 
,=1. 

Ta6.fluu,a 2 

3HeprV1V1 V1 npV1BeAeHHble BepOflTHOCTV1 3neKT pV1 4eCKV1X nepeXOAOB 
HV1)t(a~wV1X 2 + COCTOflHV1~ B 166Zr npV1 P ,< 1 V1 B npV16nV1)t(eHV1V1 

qq 	 A 
p , = 1 C pa3HblMV1 K 

qq 

L W R. W I3(E2)sp (3 (E2)sp 

- 3 -3 0 x: 2,5410 x =2, 6610 In'- 1 
----------- - - . - --.--- ---------- 

786 786 3,44 3,59 

2 2055 2053 0,12'+ 0,122 

3 2502 2302 0,0012 0,0013 

4 2400 2396 0,323 0,304 

5 2594 2593 0,0105 0,0102 

CornaCHO B~pa)t(eHV1~ /20/, AononHV1TenbHoe HapyweHV1e npV1H~V1na 
naynV1 V1MeeT MeCTO npV1 HanV14V1V1 ABYX¢OHOHH~X KOMnOHeHT B BonHO

14 51
BO~ ¢YHK~V1V1 B036y)t(AeHHoro COCTOflHV1fl. KaK nOKa3aHO B pa60Tax ' 
npV1 Pq , =1, BnV1flHV1e npV1H~V1na Ha CBo~cTBa ABYX¢OHOHHbIX COCTOflHV1~ 
rnaBH~M o6pa30M onpeAenfleTcfl BenV14V1HaMV1 K(gg'g'g). 3TV1 BenV1
4V1Hbl onpeAenfl~T V13MeHeHV1e HOPMbI COCTOflHV1~ Q+g Q+, I0> 101 oco
6eHHo BenIo1KV1, KorAa g=g', ecnV1 COCTOflHV1e Q~IO> gV1MeeT CTPYKTY
py, 6nV13KY~ K AByxKBa3V14acTV14HoMY COCTOflHV1~. B 3TOM cnY4ae 
K(gggg) CTpeMV1TCfl K -1. npV1 Y4eTe Koppenfl~V1V1 B OCHOBHOM co
CTOflHV1V1 cV1Tya~V1fl Mo)t(eT cy~ecTBeHHO MeHflTbCfl, nocKonbKY, KaK 
BV1AHO 1013 /21/, K(gggg) 6YAeT CTpeMV1TbCfl K -P~~" EcnV1 P ' 

qQ 

6 

3Ha4V1TenbHO OTKnOHfleTCfl OT eAV1HV1~bl, TO BenV14V1Ha K(gggg) 

MO)t(eT npV16nV1)t(aTbCfl K MaKCV1ManbHO AonYCTV1MOMY 3Ha4eHV1~ 2. 

B rru6.fl.3 nOKa3aHbi BenV14V1Hbl K(gg'g'g), nOAC4V1TaHHble no ¢opMyne 

/21 / /TpeTV1~ cTon6e~/, a TaK)t(e npV1 P , =1 /4eTBepTbl~ cTon6e~/


166 E qqAnfl cnY4afl AI' = 22 B . r. BV1AHO, 4TO a6con~THble 3Ha4eHV1fl 
K(gg'g'g) YBenV14V1Ba~TCfl npV1 OTKnOHeHV1V1 P 

q 
, OT eAV1HV1~bl. 

" 	 qB noc~eAHeV1 CTpOKe V1MeeM Aeno C AByxKBa3V14acTV14H~M COCTOflHV1eM 
Q~23Q;23 :0>, Anfl KOToporo ll'512,520=O,983.BenV14V1Ha P 51 2,520=O,ool 
¢aKTV14ecKV1 onpeAenfleT 3Ha4eHV1e K(223,223, 223,223) =-1,10. 

~TaK, B paMKax KBa3V14acTV14Ho-¢OHOHHO~ MOAenV1 flApa MO)t(HO 
KoppeKTHO Y4eCTb 3¢¢eKT~ aHTV1cV1MMeTpV13a~V1V1 BonHoBo~ ¢YHK~V1V1 

OTHOCV1TenbHO nepeCTaHOBKV1 KBa3V14aCTV1~. 

Ta6.fluu,a 3 

~3MeHeHV1e HOPMbl ABYX¢OHOHHbIX COCTOflHV1i1 K (gl g 2 g2 g 1) npV1 
P ,<1 101 P ,=1 B 166Er 

qq qq 

~1 ~2 	 Kc:,'2~l~,) K(~,:z3~1,) 
____________________~H'~ 

221 221 	 - 0,698 -0,643 
221 222 	 -0,425 -0,35.3 

221 223 	 .{),445 .{),406 

222 222 	 -0,963 -0,852 

222 223 	 .{),516 -0,461 

223 223 	 -1,106 .{),996 

--------------------------------------~-------------
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