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I. BBEAEHHE 

AnR On~CaH~R CBOHCTB B~6pa~~OHH~X COCTORHHH Ae¢opMHpoBaHH~X 
RAep 6~a paae~Ta npocTaR MaAenb c nap~MH H cenapa6enbH~MH 
3¢$eKTHBH~M~ esa~MOAeHCTBHRMH /eM., HanpHMep, I t / /. B MOAenH 
~CnOnb3yeTCR ~eHOMeHOnOrH4eCKHH aH~30TpOnH~H 060n04e4H~H no
T~H~~~n. 3~~eKT~BH~e C~n~ HMe~T npOCTy~ paA~anbHy~ ¢QpMy T~na 
r 1 · r 2 I A- MynbT~non bHOCTb/, a cHnoa~e KOH CTaHT~ AnR Ka~AOH 
MynbTHnOnbHOCT~ HaXOARTCR H3 cpaeH eHHR C On~TH~M~ AaHH~MH . 

0CHOBH~M HeAOCTaTKOM TaK~X B3aHM0AeHCTBHH RBnReTCR HapyweH~e 
np~H~Hna pOTa~~OHI·IOH ~HBapHaHTHOCT~ H B~TeKa~erO H3 Hero yc-

/ ~ 6 / 
noa~R cornacoeaH~R - , KaTopoe noaeonReT CBR3aTb 3~eKTHBHble 
C~nW C nOTeH~HanOM H pacnpeAeneHHeM nnOTHOCTH H B~4HCnHTb CH
nOBWe nap aMeTp~. npo~eAYPa caMocornacoeaHHR npHBOAHT K TeCHOH 
CBR3H 3$$eKT~8H~X CHn H pacnpeAeneHHR nnOTHOCTH, K 3aBHCHMO
CT~ eaaHMOAeHC TBHH OT napaMe Tpoe Ae¢opMa~HH. KpoMe Taro, 
YCTP8HReTCR npOH3BOn B B~6ope KOHCTaHT B3aHMOAeHCTBH~ H ae
TOMaTH4eCKH OTAenA~TCI'I 11AYXOB~e11 COCTORHHR, CBR3aHH~e C Ha
pyweHHeM POT8~HOHHOH HHBapH8HTHOCTH . 

~OpManH3M CaMOCOrnacoeaHHOH MOAenH noAp06HO H3nO*eH B pa6o
TaX 11 

•
8 1

. B HaCTORUieH pa6oTe npeAcTaeneH~ peaynbTaTbl 4HcneHHblx 
pac4eTOB Ann KBaApynOnbHbiX B036Y*AeHHH B aKCHanbHO-C~MMeTpH4-
HbiX peAK03eMenbHbiX RApax ~ npoeeAeHo cpaeHeH~e c 3KcnepHMeH
TanbHbiMH AaHHbiMH. 

2. 3¢¢EKTHBH~E CH~ 

Hano~HM KpaTKO npo~eAYPY cornacoeaH~R 3~eKTHBHbiX esaHMO
AeHCTBHH c noTeH~HanoM H pacnpeAeneHHeM nnOTHOCTH. Kn~4eBbiM 
e npo~eAype caMOcornacoeaHHR RBnReTcR ypaeHeHHe, ceR3biBa~ee 
3¢$eKTHBHble CHn~ C pacnpeAeneHHCM nnOTHOCTH H OAH04aCTH4H~M 
noTeH~HanoM: 

/I/ 

rAe :f - 3~~eKTHBH~e CHnbl, a oll H Op npeACTaBnR~T COOOH corn
Be TCTBCHHO BapHa~H~ nOTeH~Hana H nnOTHOCT~ npH npeo6pa30BaHHRX 
CHMMeTpHH. 8 4aCTHOCTH, npH HH~HHHTe3HManbHbiX nOBOpOTaX CHCTe Mbl 
KOOPAHH8T 
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s u <1) - [ j J.L . u Cr) 1. s P Cf)- [ j J.L • P <f) 1. /2/ 

rAe jJ.L - ~HKJlH4eCKHe KOMnOHeHT~ onepaTopa yrnoaoro MOMeHTa 
(J.L ,. 0,±1). PaccMOTpHM cny4a11 aKcHallbHoH CHMMeTpHH H pa3JlOlKHM 
ace aenH4HH~, aXOAilUIHe 8 /1/ , no MYJlbTHOOJli!M: 

U(7) .. I UL(r)YL•0 ("ii), p(t) = I pL(r )Y~0 ("n), 
L L 

1(r,r')= L~ 1L\r.r' ) Y~JO > v Lt.t(n'). 
/3/ 

rAe D H n'- eAHHH4H~e BeKTOP~ HanpaaneHHH. noACTaBJlllll /2/ 
H /3/ ·a /1/, nony4HM COOTHOWeHHe 

U L(r) = f 1L(r . r ')p L(r')r'
2 

dr ', L =2 . 4, ... , /4/ 

Ca1!3~Ba0Uiee HeC~epH4eCKHe KOMnOHeHT~ nllOTHOCTH H nOTeH~Hana 
C 3~eKTHaH~MH CHJlaMH . YcnOaHe COrJlaC08aHHI! MOIICHO HCOOJlb30aaTb 
Aflll a~4HCJleHHR TJL no 3aAaHHOMY 8HAY 3¢l¢eKTHaH~X CHJl JlHOO 
KOHCTpyHpOaaTb 3~eKTHaH~C CH11~, e CJlH H3BeCTH~ U L H p L . 
HMeHHO aTOPOH nOAXOA H HCnOnb30aancR a pa6oTax 16-8 / . npH 3TOM 
Afl" npocTOT~ nonaraeM 3~eKTHBH~e cHn~ cenapa6enbH~MH. Pa
AHaJlbHaR ~pMa HX H KOHCTaHTa, YAOBJleTBOpll~UIHe YC1108H~ /4/, 
04e81o'!AH~: 

1 L ( r , r ') =XL U L ( r ) U.. (r '), 

x ~~ = f UL(r)p L ( r)r
2

dr = f uL(r)YL0 (n)p (i)ct ? .. 

A 

:; < 0 ! I UL(rk)YL0(nk) !0 > , 
k :ol 

/5/ 

/6/ 

rAe CpeAHee 8~4HCJllleTCR no Ae~pMHp08aHHOMY OCHO &HOMy COCTOR
HH~. 

nocTpOeHH~e TaKHM 06pa30M 3$¢eKTH8H~e CHJl~ COAepliCaT TOilbKO 
4eTH~e KOMnOHeHT~ L • 2, 4, ... • JlHW b 8 CJly4ae OC~H11111lTOpHOrO no
TeH4Hana THna HHnbCCOHa 3~eKTHBH~e CHJl~ coanaAa~T C 06~4HO 
HCnOJlb3ye~MH KBaApynOJlbH~MH CHilaMH. AJ111 KOHe4H~X nOTeH4Ha-
1108 3~eKTHBH~e CH11~ HMe~T noaepXHOCTH~H xapaKTep, T.K . UL(r) 
CYUieCTBeHHO OT11H4H~ OT HYJlR TOJlbKO Ha noeepXHOCTH I!Apa. 4epe3 
napaMeTp~ Ae~pMa~HH 3~eKTHaH~e CH11~ 3aaHCI!T OT pacnpeAene
HHR MOTHOCTH . 

npH Mall~X Ae~pMa~HRX {3-. 0 MOIICHO paanaraTb U H p B PllA 
T - v 191 eHnOpa, npH4eM B HHIICaHWeM nOPI!AKe no napaMeTpy Ae~OpMaUHH 

2 

UL(r) -au/a r. P L(r)- ap j a r . 171 

TorAa AJlll BCeX MYJlbTHnOilbHOCTeH nony4aeTCR OAHa KOHCTaHTa ~
CI>eKTHBH~X CHJl: 

- t au ap 2 
K -= f -- · -- r dr . a r ar /8/ 

T04HO COBnaAaQU~aR C B~palKeHHeM, KOTOpoe nolly4aeTCR H3 yCJlOBHR 

TpaHC111l~HOHHOH HHBapHaHTHOCTH / 10,11 / . 
npo~eAypa cornaco e aHHil /4/ npOBOAHTCR He3aBHCHMO AllR H30 -

CKallRPH~X H H308eKTOPH~x KOMnoHeHT noTeH~Hana. CooTaeTcTBeHHO 
nony4a~TC1l H30CKanllpH~e H H30BeKTOp~e 3~eKTHBH~e CH~ C KOH
CTaHTaMH X ~) H X~l)· C nony4eHH~MH B3CIHMOAeHCT BHRMH 8 Me TO,Qe 
CJly4aHHOH ~a3~ pewa~TCI! ypaBHeHHil AJ11l OAHo¢oHOHH~X BHfipau HOH
H~X COCTORHHH, xapaKTepH3ye~x K8aHTOB~M 4H C110M K npoeK~HH 
yrnoaoro MOMeHTa I!,Qpa Ha OCb CHMMeTPHH. npH 3TOM KBa HTOBOe 
4Hcno L He coxpaHAeTCR, T.e. OAHOBpeMeHHO ace MynbTHOOnbHOCTH 
y4aCT8y~T B ~pMHpOaaHHH BH6pa~H0HH~X COCTORHHH, 4TO TaKlKe 
npHBOAHT K OTJ1H4HC Hawer O noAXO,Qa OT MO,Qe11H C napH~MH H Mynb
TH nOJlbH~MH cH.naMH. CooT8eTCTBYIOIIIHe ypa8HeHHR H AeTanH peweHu A 
HX C y4eTOM CTaTH4eCKOrO MOHOnOJlbHOrO cnapHBaHHil AaH~ 8 pafio

Te 18 1. HHIICe o6CY*AaCTCI! pe3YllbTaT~ 4H CJleHH~x pac4eTOB. 

3. PAC4E~ H 06CYlnEHHE PE3YJlbTATO B 

4HcneHH~e pac4eT~ npoaeAeH~ AfiA Tpex THnH4H~x pe,QK03eMenb
H~X I!Aep: 152 Sm, 158 Dy H 17\Ir. Hcn o nb3oaancR aKcHanbHo-cHMMeT

PH4H~H noTeH~Han ByAca-C aKcOHa 8 napaMeTpH3a~HH 4enypH08a
1 12

' . 
npH 3TOM H30BeKTOPH~H nOTeH4Ha11 nonaraeTCil nponop~HOHaJlbH~M 

H30CKallApHOMy: 

1 _, "1-Z 
U ( r )rz = -TJ-A-U 0 (l )rz, 191 

rAe '1 - H3oaeKTOpH~H napaMeTp (TJ = 0,63 ), r z = -+ 1 AfiA Hei:npOHOB 
H -1 - AJ1R npOTOHOB. napaMeT~ KaaApynOJlbHOH {320 H reKca,QeKa
nOJlbHoH /3

40 
CTaTH4eCKHX Ae~pMa~HH aapbHpOBaJlHCb B pac4eTaX, 

/ 13 
npoaOAHBWHXCil no nporpaMMe · 

B pa3nolKeHHH noTeH~Hana no MYllbTHnonRM y4HT~aanHCb cnarae-
M~e c L = 0 , 2 H 4. OcTanbH~e oT6pac~aanHCb BBHAY ManocTH cal!-
3aHH~x C HHMH 3¢¢eKTOB. (OOTBeTCTBeHHO y4H~BaJlHCb TOJl bKO 
KBaApynoJlbH~e H reKCaAeKaOOJlbH~e 3~¢eKTHBH~e B3aHMOAeHCT8HR. 

HaMH 81>14HC11R11HCb KOHCTaHTbl B·3aHMOAeHCTBHR, MOMeHTbl, 3Hepn1H 
H APYrHe xapaKTepHCTHKH HHlKaHWHX KBaApynonb~x eH6pa~HOHHbiX 
COCTOI!HHH, npaBHJla CYMM AJ1R E 2 -nepexO,QOB. .QOMHHHPYIOIIIYC pQJlb 
npH onHCaHHH TaKHX COCTORHHH HrpaDT H30CKa11RPHble KBaApynOJlbHble 
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Cl1fl~. C y4eTOM napH~X KOppen~UHH KOHCTaHT~ /6/ AnR H30CKanRpH~X 
H H30BeKTOpH~X CHn MO*HO 3anHCaTb 8 BHAe 

(X (O)) -1 - 2 I ( U o y ) v 2 • 
L 11 > 0 L LO 1111 11 /10/ 

(x (1) ) - 1- 2 I (U 1 Y r ) v 2 , 
L II >O L LO Z w 11 

rAe V~ - 411Cna 3anOnHBHHR OAH04aCTH4HbiX COCTORHI1H Ill > ; CyM
MI1pOBaHHe BeAeTCR no COC TORHHRM C nOnD*I1TenbHOH npoeKUHeH 
yrnoeoro MOMeHTa Ha OCb CHMMeTpHH. 3aBHC11MOCTb OT Ae¢opMa4HH 
COAeP*HTCR 8 MaTpi14H~X 3neMeHTax, napaMeTp~ napH~X KOppenRUI1H 
BXOART 8 4HCna 3anonHeHI1R, 

Ha p11c. 1 npoAeMOHCTpHpoaaHa Tl1nH4HaR aae HCHMOCTb H30CKa
nRpHOH~pynonbHoH KOHCTaHTbl OT BeJ111411H~ CTaTI14eCKOH KBar
pynOnbHOH Ae¢opMa4HH. np11 ManbiX ~0~ 0,1 KOHCTaHTa (x~0))--{3~0. 
npH 3TOM ¢opM¢laKTOpbl U2- /320 , H B3aHMOAeHCTBHR /5/ 004TI1 He 
3aBHCRT OT Ae¢opMaUH11 . C pQCTOM fJ20 3aBHCI1MOCTb KOHCTaHTbl 
H ¢opM¢laKTOpoB OT Ae¢opMa4HH 3aMeTHO yCnO*HReTCR, H B uenOM 
TPYAHO CYAHTb o xapaKTepe saa11cHMOCTH 3~eKTI1BHbiX c11n oT Ae
¢opMaUHH nOTeHUHana. 3TO, KOHe4HO, RBnReTCR cneACTBHeM CaMO
cornacoeaHHOrO xapaKTepa B3aHMOAeHCT811H, a&TOMaTI14eCK11 MeHR~
IIIHXCR npH n~6oM 113MeHeHHH pacnpeAeneHHR nnoTHOCTH, Pac4eTbl 
nOKa3anl1, 4TO BCe KOHCTaHTbl cna6o MeHR~TCR npH eap11a41111 napa
MeTpOB napHbiX KOppenRUHH. 

0 Ba*HOCTI1 H30BeKT0 pHbiX KBSAPYnOnbHbiX Cl1fl MO*HO CYAHTb no 
CneAYC!IIeMy OTHOWeHH~ HX KOHCTaHTbl K KOHCTaHTe H30CKanRpHbiX CHn : 

C = -( N -Z )2 (1)/ (0) 
" . x2 x 2 • 

1 ·2 
M3B f {X~1 1" · ~20 

L.OOO 
158Dy 

3000 

0 0 , 1 0,2 0,3 Pm 
PHc. 1. 3aeHCHMOCTb H30CKa-
nRpHOH KBaApynonbHOH KOH-
CTaHT~ OT Ae¢opMa4HH 
a RAPe 158 Dy . 

fJ2o 

4 

/11/ 

KOTOPOe OKa3~aaeTCR nOPRAKa 
1~3 AnR paccMOTpeHH~x RAep. 
3Ha4eHHR reKCaAeKanOnbHbiX KOH
CTaHT (X~0))- 1 H <x£~~-l npi1MepHO 
Ha ABa nopRAKa MeHbWe 3Ha4eHI1H 
COOTBeTCTBYCIIIHX KBSApynOnbHbiX 
KOHCTaHT. Boo~e reKcaAeKanonb
HWe CHn~ 11rpa~T OTHOCHTenbHO 
Many~ ponb 8 ¢opMHpOBaHHH H11-
*aHWHX Bl16pa4HOHHbiX B036Y*AeHHH. 
BnHRHHe 113oaeKTOpHoro ~e¢opMI1-
poaaHHOro nOTeHUHana U2 , a TaK
*e reKCaAeKanOnbHbiX KOMOOHeHT 
OOTeHUHana 11 COOTBeTCTBYCIIIHX HM 
B3aHMOAeHCTBI1H noKa3aHO B Ta6n. 1 
Ha npHMepe f3 - KOne6aHHH , 

Ta6n11ua 1 

--
RAPO 

Bapl1aHT~ pac4eTa 

X (Ol*O 
<I I UC=U I=o 

X(l)F 0 {) 2~ 0 ·l 4 

" 
t52srn 

w~, M3B 1 ,65 1. 37 1,64 

l)(E2) OAH.eA. 1, 7 1 ,2 1,6 

wfJ . M3B 1,60 1. 30 1,68 
t58 Oy 

13(E2) OAH .eA. 0,8 0,5 0,6 

BHAHO , 4TO BKfl04eHHC KBaA
pynonbHOrO H30BeKTOPHOro no
TeHUHana U ~ 11 COOTBeTCTByO
~X B3ai1MOAeHCT811H Cy~eCTBeHHO 

BnHReT Ha 3HeprHI1 /3 - KOne6a
HI1H 11 aepOR THOCTH nepe~OAOB. 
Boapac TaHHe w13 CBR3aHo c 
OTTanKHBaTenbH~M xapar e pOM 
1130BeKTOPH~X Cl1fl. B TO ~e 
epeMR enHRHI1e re KCaAeKanon b
Ho ro noTeHuHana 11 cooTeeT
CTBY~Hx Cl1fl OKa3~BaeTCR cn a-
6~M. 

Ha p11c.2 noKa3 aH a sae11ci1 -
MOcTb MOMeH TOB 11HeP41111 ,J O , 

rl1pOMarHI1TH~X OTHOWeHHH g R 
11 KBaApynonbH~X MOMeHTOB Q 20 
OT Ae¢opMa41111 {3 20 8 OCHOBHbiX 
COCTORHHRX paCcMaTpi1Bae~X 
RAep. BHAHO, 4TO np11 3Ha4eHHRX 
/320 2: 0, 2 Ha6nOAaCTCR OTKnO
HeHHR OT fli1HeHHOH 3aBI1CI1MOCTH 

Q20 11 Jo OT Ae¢opMa41111. np11 
paeHoeecH~x 3Ha4eHHRX Ae¢op
Ma4H11 / l4/ TeOpeTI14eCKHe 3Ha-

4eHHR Q 2o H ~ xopowo corna
cyoTcR C 3KCnep11Me HTanbH~MH 
AaHH~MH 1 14 ·uv. a 3Ha4eHI1R Jo 
OKa3biBaCTCR npHMepHO Ha 20% 
MeHbWe 3KCnep11MeHTanbH~X, Bbi-

4HCfleHHbiX H3 3HeprHH nepeoro 
BpaUiaTeJlbHOrO ypOBH" 1 16 1. 

J. M1B 
1 

JO 

# 20 

0.5 . [ gil 

0,3l 
~ 
~ 

HI 
HI 10 

a20 ,6ap.; 
Oy 

5 /~{~·~Sm 
~ "' O· HI 

0 v I j -"'~--.J_-
0,1 0,2 0,3 f320 

PHc.2 . 3aBI1CI1MOCTb MOMeHTa 
11HepUH11 Jo , rHpoMarHHTHOrO 
OTHOWeHI1R gR 11 3aPRAOBOrO 
KBaApy nonbHO rO MOMeHTa Q20 
OT Ae¢opMaUHH {320 . 
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0TMeTHM, 4TO npH BW4HCne HHH 3THX BenH4HH Y4HTWBanHC~ BKna
~ ecex OAH04aCTH4HWX COCTOAHHH OT AH8 nOTeH~H8nbHoH AMW. 3TO 
oKaswaaeTcA cy~ecT&eHHWM An~ aenH4HHW G20 . HanpHMeP, e pa6o
Tax 1 17~ a KOTOPWX He Y4HTWB8nCA BKn8A rny60KHX AWP04HWX COCTO~
HHH, BW4HCneHH.We 3Ha4eHH~ Q2o OK83anHCb npHMePHO H8 20-30% 
MeHbWe 3KCnepHMeH.TanbHWX. 

nonHOT a OAH04aCTH4HOrO ~a3HC8 npoaep~naCb TaK*e C noM~b~ 
3H.epreTH4eCKH B3eeweHHwx npaeHn cyMM, KOTopwe AnA EL-nepexo
AOB c npoeK~HeH MOMeH.Ta K =fl onpeAenii~TCA cneAY~IIIHM o6pa30M: 

S( EL , p ) = ~ <OI["'•(EL ,p ). [H 0
, )/ (EL,p)ll !O>. /12/ 

rAe "'(ELo~-~)- onepaTOp EL -nepeXOAa. npH OTCYTCTBHH 38BHC~IIIHX 
OT CKOpOCTH CHn B raMHnbTOHHaHe C noM~b~ rpaAHeHTHOH ¢QpMynw 
H.eTPYAHO nony4HTb KnaCCH4eCKHe OC~HnnATOpH.We nap~HanbH.We CyMMW 
Ani! E 2 - nepexoAOB: 

5ta2 2 2 5fl 2 
S lUI (E2, 11 = 0) - -- Z e < r > + - Q 20 , 

4rrm P 4rrm 

5fl2 2 2 5t2 
S IUI(E2, fl = ±1) = --Z e < r > + -- Q 20 , 

2rrm P 4rrm 
/13/ 

5fl2 5fl2 
S IUI(E2, fl= ±2). -- Ze 2<r 2 > - -- Q 20 . 

2rrm P 2rrm 

3AeC b m - Mace a npOTOH.a, e - ero 38PIIA, Q 20- 38PAAOBbiH KBaA
pynonbHWH MOMeH.T, a < r: > - CpeAH.eK BaApaTH4HWH paAHYC npOTO
HOB 8 OCHOBHOM COCTOJlHHH. Oc~HnniiTOPHWe CY MMW MO*HO 3anHCaTb 
4epe3 OAH04aCTH4HWe M8TPH4HWe 3neMeHTW 8 npH6nH*eHHH KB83H-
48CTH4HOrO BaKyyMa: 

2 (~ 2 S OAH ( E2 , p ) = e I , ( t - t , )( v , 
v v v v v 

2 ) (r 2y ) , , -vv 2tt w /14/ 

rAe lv - OAH048CTH4H.We 3HeprHH, 
MoAenbH.We npaeHna cyMM /14/, 3aBHCJl~He OT nonH.oTw OAH04ac

TH4H.Oro 6a3HCa, MO*HO CpaBHHTb C Kn8CCH4eCKHMH CYMM8MH /13/, 
npH4eM nocneAH.He ycTaH.aenHsa~T aepxH.~~ rpaHH~Y Anll MOAenbHbiX 
npasHn cyMM. Ha pHc.3 npeACTa aneH.bl pe3ynbT8Tbl pac4eTos npasHn 
CYMM E2-nepexoA'O'B'illlAPe 158 0y B 3aBHCHMOCTH OT KBaApynonb
HOH Ae¢oPM8~HH ~20 . BHAHO, 4TO C pOCTOM Ae¢opMa~HH nonHOTa 
6a3HC8 YXYAW8eTCA 3a C4eT KOMnoHeHT C npOeK~HeH MOMeH.Ta 1'=0,±1. 
Anll paeH.osecH.oro 3Ha4eH.HJl Ae¢opMa~HH (~ 0 .. 0,3) H.a pHc.3 npHse-
AeH.bl 4HcneH.H.ble 3Ha4eHHJl OTHoweH.HH S 0AH / SIUI nap~HanbH.biX 
H nonH.WX npaBHn CYMM . 

• 

~ 

'l 

PHc.3. 3HepreTH~eCKH ssee---- ~ ... weHH.We npa aHna CYMM f..:-
ne pexoAOB e llAPe lf>S Dy : 
-- - MOAenbH.ble npa eHna 
CyMM S OAH(E), 
KnaccH4eCKHe SJ(J) (E2). 

HaMH BW4HcneH.bl 3Hep
rHH ~- H y -Kone6aTenb
HWX COCTOAHHH H HCCneAO
eaH.a HX 3aBHCHMOCTb OT 
Ae¢opMa~HH H napaMeTpos 
napH.wx Koppenll~HH. Pe-
3ynbT8Tbl pac4eToe npeA
cTaaneH.w a Ta6n.2. BHA
H.O, 4TO yMeH.bWeHHe 3Hep
reTH4eCKOH ~enH /ocna6-
neH.He napH.wx Koppenll~HH/ 
npHBOAHT K nponop~HOH.anb
H.OMy nOH.H*eHH~ 3H.eprHH W ~ 

H W y, 4TO CBJl3aHO rnae
HbiM o6pa30M C H3MeH.e
HHeM nono*eH.HJl nepeoro 
non~ca ceKynllpH.oro ypaa
H.eHHJl /eM., H.anp., 1 11 I. 

f 
S(E21 

~Z~1B61pt1 2 __ __ _ __ S!E21Kr; 
- - - - ---- -·- -

10 S(E2)0.11H 

158Dy 

l S(E2,}.1 ) 

s ----------------;3:/; -- }P ~ =, 
o::s::::::::::: -

--~----}p· : 2 •;. -- - ---1 
-- - - - - - - - - - - - 73% J ,u • 0 

0,1 0,2 0,3 fJ2o 

Ta6nH~a 2 

3aBHCHMOCTb xapaKTepHCTHK ~- H y -KOne6aHHH OT napaMeTpOB 
napH.wx Koppenll~HH npH ¢MKCHpoeaHHWX napaMeTpax cpeAH.ero 
nonll ({3 2o = 0,3) 

l~Apa 1f>2Sm 1r.s0 Y 174 Hr 

6n. H3B 0 , 78 0,95 1. 13 0,7 0,9 1 • 1 0,65 0,8 0,95 
6p.M3B 0,8 1. 0 1,2 0,8 1 , 0 1,2 0,8 1, 0 1,2 

ws· M3B 1, 12 1,39 1 ,65 1,26 1,6 1 , 9 1,07 1, 35 1 ,63 
BE2~, 1,1 1,4 1, 7 0 , 6 0,8 1 • 1 0,8 0,9 1. 0 OT .eA. 
«>y , H3B 1. 7 2,0 2 , 3 1. 6 1 .97 2,3 1 • 8 2,05 2,3 
B(E2)y. 

0,8 1. 0 0,3 0,5 0,9 0,3 0,4 OTH..eA. 0,5 0,5 
- -------------- ---- -------·-···--
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M)B 

2 

. -- __ '::i':J.~~-
158Dy 

0,1 0,2 0,3 fiXJ 

P1-1c. 4. 3HeprHH 13-!-1 y - BH6pa41-1i1 KaK 
~YHK4HH KB8ApynOnbH~ Ae¢opM841-11A 

B RAPe 158 0y . 

Pac4eT~ noKa3anl-1 HeMOHOTOHHY~ 3a
BHCHMOCTb 3HeprHH OT KBaAPYOOfibHOH 
Ae¢opM84HH /pHc.4/. BHAHO , 4TO npH 
{32 Q '> 0.2 3Hep rHH HHM<8HWHX COCTORHHH 
OK83~B8~TCR 38MeTHO B~We 3KCnepHMeH
TanbH~X. CornacHe pac4eTOB c 3Kcne
PHMeHTanbH~MH 3Ha4eHHRMH t.•f{ H wy 
nony4aeTcR npH yMeHbWeHHH X~> Ha 
10-20%. 3TO CBHAeTenbCTByeT 0 TOM, 
4TO AfiR KOppeKTHOrO OnHC8HHR 3THX 

B036YM<AeHHH Henb3R orpaHH4HTbCR TOnbKO B3aHMOAeHCTBIARMH B Ka
Hane 4aCTH4a-A~PKa. BHAHMO, aaM<HY~ ponb Hrpa~T TaKM<e KOaA
pynonbH~e CHfi~ B KaHane 4aCTH4a-4a CTH48 . 

04eHKY ponH cnapHBaTefibH~X KBaApynonb~X CHn MOM<HO npoeeCTH 
B MOAefiH, npeAfiOM<eHHOH B pa6oTe 1181,rAe TaKHe CHfi~ nony4anHCb 
B ~aKTOpH30BaHHOM BHAe H3 ycnOBHR BOCCTaHOBneHHR rpaAHeHTHOH 
HHBapHaHTHOCTH. rpy6o BnHRHHe KBaApynonbH~X cnapHBaTenbH~X 
ClAn MOM<HO CBeCTH K nepeHOp~pOBKe KOHCTaHT~ X(O) B cny4ae co-

v K" 0 ~ v 2 CTORHHI-1 C ~ , 3aBHCRl!leH OT 3HeprHH 
2 

~(2°twQ)=i0>[ 1 ~a w8
2

). /15/ 
1' 2 4.'\ 

rAe ,'\ - 3HepreTH4ecKaR l!leJlb, aHa4eHHe a.., 0 ,6 04eHeHO B pa6o
Te118 ' .B paccMaTpHeaeM~x RApax xopowee cornac He pac4eTOB c on~T
H~MH 3H84eHHRMH Wfl nony4aeTCR npH a "' 0, 8 71 , 0, 3TH 04eHKH 
noKa3~Ba~T eaM<HOCTb y4eTa KB8APY00fibHOrO CnapiABaHHR npH OnHca
HHH fl- H y -Kone6aHHH. AononHHTeJlbH~e CBHAeTenbCTsa o ea*HOCTH 
KBaApy nOnbHOrO cnapHBaHHR nony4eH~ H3 3KCnepHMeHTO B no B036yM<
AeHH~ 0+ -COCTORHHH B peaK4HRX (p , t) H ( t , p ), 4TO paHee OTMe4a

nOCb, HanpiAMep, a pa6oTe 1 191, 
6onee nocneAOBaTeJlbH~H y4eT B3aiAMOAeHCTBHH B KaHane 4aCTIA4a-

4aCTH4a AfiR Ae¢opMHpoeaHH~x RAeP npoeeAeH e pa6oT~2°1 .nony4eH~ 
KOnH4eCTBeHH~e 3¢¢eKT~ B MOMeHTaX HHeP4HH lA cne KTpax KBa3H4ac
TH4H~X B036Y*AeHHH, 4TO npiABeAeT, ecTeCTBeHHO, K H3MeHeHHRM 
xapaKTepHCTHK BH6pa41AOHH~X COCTORHHH. 0TMeTHM, OAHaKO, 4TO AfiR 

B~ReneHHR 3¢¢eKTOB cnapiABaHHR e aM<HO npoeeCTH caMOcornacoeaHHe 
3¢¢eKTHBH~x aaaHMOAeHCTBHH s KaHane 4aCTH4a-A~PKa. B HecaMO
cornacoaaHH~ MOAefiH 3TH 3¢¢eKT~ M8CKHPY~TCR npoH380nOM B B~6ope 
CIAnO~X KOHCTaHT. 

CyMMapH~e pe3ynbTaT~ pac4eTos xapaKTePHCTHK {3- H y -Kone6a
HHH AaH~ B Ta6n.3, rAe OHH cpaBHHBa~TCR C pe3yfibTaTaMH paC4eTOB 
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8 HOAeJlH C KBaApynOJl bH~MH CHJlaMH CTaHAaPTHOrO THna H C 3KCne
pHMeHTaJ1bH~MH AaHH~MH 121- 231 cOOT8eTCT8eHHO Anfl ftAep 152 Sm. 
158Dy H 174Hf. 

npH8eAeH~ CJleAY~He 8apHaHT~ paC4eT08: 
I - nOJlHOCTb~ CaMOCOrnaco8aHH~H pac4eT C KOHCTaHTaMH 

/10/ npH t\n -= 1, 13 M3B 8 152 Sm, 0,9 M3B e l58 oy 
11 0, 8 H3B e 174 HC H 6 P = 1, 2 M3B e 152 Sm , 1 , 0 M3B 
B I!\S Dy H 1,0 M3B B 174HC; 

11- CaMOCOrnacosaHH~H pac4eT C nOAOOPOM KOHCTaHT~ )( ~O) H3 
3KcnepHMeHTaJ1bH~X 3HeprHH f3- 11 y- KOJ1e6aHI1H j 

III- paC4eT B HOAeJlH / j / C KBaApynOJlbHOH KOHCTaHToH, COOTBeT
CTBYIOIIIeH 3KCnepi1MeHTaJ1 bH~M 3HeprHAM {3- 11 y- KOJ1e6aHI1H. 

KaK B11AHO, 8 eapHaHTe I B~4HcneHH~e 3HeprHH aaMeTHO npee~
wa~r 3Kcnepi1MeHTaJ1bH~e. AnA Hx cornacoeaHHA Heo6xOA11MO yaeni1-
4HTb KBaApynOJlbHY~ KOHCTaHTY Ha 10-20~ /eapHaHT II /. npH 3TOM 
B ~eJlOM nOJ1y4aeTCA YAOBJleTBOPHTeJlbHOe COrnacHe C 3Kcnepi1MeH
TaJ1bH~MH AaHH~MH no O(E2), eepoftTHOCTH MOHOnOJlbHoro nepexoAa 
p (E 0) 11 3Ha4eHHAM napaMeTpa PacMycceHa X. CpaeHeHI1e c pac4e
raMH B HecaMOcornacoBaHHoH MOAeJlH /aapHaHT m I noKa3~eaeT 
cyutecT seHHoe pa3J111411e aHa4eH11H B(E2) H p(EO). o6ycnosneHHoe paa
J1H4H~M xapaKTepOM 3~CKTI18H~X B3ai1MOAeHCTBHH. 

4. 3AKIJ04EHHE 

CaMocornacoeaHHaA MOAenb e reopeTH4ecKOM nnaHe HMeer PAA 
npeHMyuteCTB no cpaeHeHH~ c rpaAH~HOHHOH MOAenb~ c napH~MH 
H KBaApynOJlbH~MH CHJlaMH. 8 HeH BOCCTaHaBJlHBaeTCA HapyweHHaA 
CHMMeTpHA, YCTpaHACTCA npOH380J1 B 8~60pe ¢op~aKTOpOB 11 CI1J10-
B~X napaMeTpOB 3<l>¢eKTHBHbiX CHJl, ftBHO BbiAeJlAIOTCA 11AYX0Bble" CO
CTOAHHfl, ecTeCTBeHHbiM o6pa30M Y4HTb1BaeTCA HeCOXpaHeHHe KOJ1e6a
TeJ1bHOrO MOMeHTa L, npHBOAAutee K CMeWHBaHHIO pa3J1H4HbiX MyJlb
THnOJlbHOCTeH B ypaSHeHHRX AJ1R BH6pa~HOHH~X COCTOAHHH. 411CJ1eH
Hble paC4eTbl nOKa3anH, 4TO AJ1A AOCTI1lkeHHR COrJlaCHR TeOpHH 
C On~TOM HeAOCTaT04HO y4HT~BaTb TOJlbKO B3aHMOAeHCTBHR 8 KaHane 
4aCTH~a-A~PKa, 3$$eKTbl reKcaAeKaOOJlbH~X CHJl np11 OnHCaHHH ~-
H y-Kone6aHI1H OKa3b1 BaiOTCA npaKTI14eCKH He60J1bWHMI1, 4TO AO He
KOTOPOH CTeneHH 06bACHReT ycnex HOAeJlH C napH~MH 11 KBaApynonb
HbiMH C11JlaMH, 
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