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CBepxTeKyqag MOAenb SIApa, Y'IHTbIBaIOmag B KaqecTBe 

OCTaTO'IHbIX B3aHMOAefiCTBHfi: napHbie KOppenRUHH. CBepxnpOBOASIII1ero 

THna H MynbTHOOnb-MynhTHnonbHbie B3aHMOAefiCTBHSI, nonoi,mna 

Haqano lliHpOKOMy H3y'leHHIO CTpyKTyphl SIAep Ha OCHOBe nonyMHKpO

CKOllH'leCKoro llOAXOAa. 

MaTeMaTH'leCKOfi: OCHOBOfi 9TOfi MOAenH cnymHT MeTDA npH6nH

meHHOro BTOpH'IHDro KBaHTOBaHHSI, npeAnomeHHblfi H.H. BoronI0-

6oBblM 111 , H MeTOAbl, pa3BHTbie npH nocTpoeHHII TeOpHH CBepx

npoBOAHMOCTH 121• H.H. BoronI060B nepBbIM -/3/ yKa3an Ha B03MOm

HOCTb c:BepxTeKy'leCTH m1epHofi: MaTepHH, GaTeM A. Bop H AP• 141 .. . . 
nocTaBHnH Bonpoc O cymeCTBOBSHHH CBepxTeKy'IHX COCTOSIHHfi:'B 

aTOMHblX SIApax. TeopHSI napHbIX KOppenRUHfi: B aTOMHbIX SIApax 6bma 

nocTpoeaa He38BHCHMO B.r .. · ConoBheBbIM 151 H C. T.' BengeBbIM/BI. 

B AHCC:epTauHH B paMKax CBepxTeKyqefi: MOAenH RAPE! C HCIIOnb-

30BaHHeM OAHO'laCTH'IHbIX aHeprHfi H BOnHOBbIX qiyHKUHfi: no'teHuHana 

CaKCOHa-ByAca npoBeAeao HCcneAOBaHHe CTpyKTyphl uenoro pSIAa 

Aec!>opMHpoBaHHblX SIAep peAK03eMenbHbIX aneMeHTOB H HeKOTOpb!X 

H30TOllOB, raqiHHSI H TaHTana. J,fay'leHbl CBOfiCTBa KOnneKTHBHblX aepo-
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TauHOHHblX COCTOHHHli: qeTHO-qeTHblX H.r:tep ( riiaaa 2) H CBOHCTBa 

HepoTaUHOHHbIX COCTOHHHlt He"leTHbIX H.r:tep ( rnaBa 3). Bonbwoe BHH

MaHHe y.r:teneHO cpaBHeHHID TeopeTH"leCKHX H aKcnepHMeHTanbHhlX 

,[{aHHbIX. 

B nepaofi rnaae .r:tHccepTaUHH .r:taHo Hano*eaue nonyMHKpocKonu

qecKoro onucaHHH cno~hIX H.r:tep, 

B !l 1 noKaaaao, KaK, Hcnonb3YH o6o6meHHblH BapHaUHOHHblll 

npHHUHn XapTpH-~OKa-Boronro6oBa, H3 B3aHMo.r:teltCTBHSI caMoro 

o6mero THOa cTporo Bhl.r:tenHeTcH cpeaaee none H.r:tpa H aaaHMo

aeficTBHe, npHBO,[{SIIIIee K napHbIM KoppenHUHHM CBepxnpoBO,[{HIIIero 

THna / 7/. 

B §2 o6cy~aeTCSI o6mufi BH,[{ raMHllbTOHHaHa cBepxTeKyqelt 

Mo.r:tenH, B CBepxTeKyqefi MO.r:tenH B3aHMO.r:teltCTBHe Me*AY HYKllOHa

MH B H.r:tpe pa3.r:teneHO Ha TpH qacTH! 

H H + H . + H 
av pa,r coll 

, r11e 

H - cpe.r:taee none H.r:tpa, KoTopoe o6bI'1Ho B npaKTH"leCKHX uccne-
av . . 

.r:toBaHHSIX 6epeTCSI B BH,[{e ¢eHOMeHonorH"lecKHX H.r:tepHhlX noTeHuHanoB. 

B _.r:tuccepTaUHH pacqeTbl npoBo.r:tHTCH Hll OCHOBe co6cTBeHHhIX aHep

rufi H BOllHOBb!X ¢yHKUHll aKCHanbHO-CHMMeTpH"IHOro noTeauuana 
' .. . 

CaKcoaa-By.r:tca; no cpaaaeauro c paaee ynoTpe6nHeMbIM noTeauua-

noM HHnbCCOHa noTeHUHan_ CaKCOHa-By.r:tca HBnHeTCSI 6onee peanHCTH

qeCKIIM, oH·HMeeT Koaeq,ayro rny6uay H paaMblTb1lt Kpafi. Ero aon

HOBb1e ¢yHKUHH HMeroT 6onee npaBHllbHOe IlOBe.r:teHHe Ha rpaHHue 

n nepu¢epnn H.r:tpa. 

H pair -aaanMo.r:teiicTane, npnBO.r:tHmee K napHblM KoppenH-

UIISIM HyKnOHOB CBepxnpOBO.r:tS111Iero THna. TTpHHSITO C"IHTaTb, 'ITO 

ocTaTO"IHbie B3aHMO.r:tefiCTBHH, npHBO,[{!IIUHe K napHblM KoppenHUIISIM 
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HyKnOHOB CBepxnpOBOAHWero Tnna, SIBllSIIDTCSI KOpOTKO.r:tellCTBYIDIIIHMH, 

B HaCTOS111Iefi .r:tnccepTaunn, KaK n B pa6oTe /7 /, MllTPH"IHble aneMeH

Tbl OT aTHX B3aHMO.r:tefiCTBHfi no co6cTBeHHblM BOnHOBbIM ¢yHKUHSIM 

cpe.r:tHero nonH npn6nn*eHHO C"IIITaroT<:;H nocTOSIHHbIMH. 

H coll co.r:tep=T MYllbTHnOnb-MYllbTHnonbHOe B38HMO.r:teficTBlle, 

OTBeTCTBeHHOe aa KonneKTHBHbie CBOltCTBa SI.r:tep. B npoBe.r:teHHblX 

pacqeTax 6bmli npHHS!Tbl BO BHHMaHHe KBa.r:tpynonb-KBa.r:tpynonbHOe 

li OKTynonb-OKTynonbHOe B3aHMO.r:teltcTBHSI. 

B § 3 paccMaTpHBaroTCSI CBepxTeKy"IHe CBOfiCTBa CllO*HblX 

si.r:tep B npn6nn*eHHH He3aBHCHMblX KBaanqaCTHU. Ha OCHOBe .r:taHHblX 

pa60Tbl _1 11 nony"leHa CHCTeMa ypaBHeHHlt ,[{IlSI onpe.r:teneHHSI ·KoppenH

UHOHHOfi 4iyHKUlili li XHMH"leCKoro noTeHUHana. TTpHBe.r:teHo Bb!pa*eHne 

,[{llSI aHeprHH npOH3BOllbHOro KB83H"laCTH"IHOro COCTOSIIIHSI C y"leToM 

a4i4ieKTa 6noKHpOBKH (BnHHHHe H~cnapeHHhlX '18CTHU Ha CBepxTeKy

"IHe CBOfiCTBa CHCTeMbi}. 

!l 4 nocBS111IeH !13Y"leHnro B3aHMO.r:teltCTBHSI KBaanqacTHU B paMKax 

MeTo.r:ta npn6nu*e1111oro BTOpli"IHOro KBaHTOBaHIISI, nonyqeHbl ceKy

nsip!lb!e ypaBHeHHSI ,[{llSI onpe.r:teneHHH a11eprHlt KBa.r:tpynonbllb!X H OKTy

nonbHblX COCTOSIHHH n BOll!IOBbJe $yHKUHH aTHX COCTOSIIIHH /8/. B 

,[{HCC8pTaunn H3yqaroTCSI TOllbKO 0,[{HO$OHOHHb!e COCTOSIHHSI B rapMOHH

qecKOM npH6nH*eHHH. 

BTopaS! rnaBa noCBSIIII8Ha HCCne.r:toBaHHro KonneKTHBHblX HepoTa

UHOHHb!X COCTOSIHHll .r:te$opMlipOBaHHblX qeTHo-qeTHblX SI.r:tep B o6naCTH 

150 < A · < 176 ;g, tot. 
- -
B !l 1 o6cy~aroTcsi oco6eHHOCTH peweHnfi ceKynsipHbIX ypaa-

HeHHfi ,[{llSI KBa.r:tpynonbHblX H OKTynonbHblX COCTOSIHHll li BOilHOBb!e 

$yHKUlili aTHX COCTOSIHHH. B CBepxTeKy"lelt _ MO.r:tenH BOllHOBbie $yHKUHH 

KonneKTHBHblX HepoTaUHOHHblX COCTOSIHHH paccMaTpHB8IDTCSI, KaK 
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cynepno3HUHH OBYXKB83HqacTnqHhlX COCTOHHHA. B cnyqae, xoroa 

sHeprHH KonneKTHBHOro COCTOHHHH npn6nHJK88TCH K nonIDCY cexy

nHpHoro ypaBHeHHH, BOllHOB8H cpyHKUHH 9Toro COCTOHHHH nepexonnT 

B OBYXKB83HqacTnqHyID BOnJIOByID cpyHKUHID. Koroa )1(8 3HaqeHH8 nep

BOro KOpHH cexynHpHoro ypaBH8HHH cymecTB8HHO M8HbW8 3HaqeHHH 

nepBoro nonIDCa, nepBoe OOHOcpOHOHHOe COCTOHHHe CHllbHO KonneKTH

BH3HpOB8HO, T.e. BOnHOBSH cpyHKUHH 9Toro COCTOHHHH BKnIDqaeT 

3HaqnTenbH08 qncno OBYXKB83HqacTnqHblX COCTOHHHA. 

B § 2 o6cyJKOaIDTCH napaMeTpbl pacqeTOB xapaKTepHCTHK OOHO

cpoHOHllbIX COCTOHHHH. ToqHoCTb B npoBOOHMb!X pacqeTax cymecTBeH

llhlM o6pa30M 38BHCHT OT Toq11ocTH OilHC811HH cpeo11ero nonH. ITos

TOMY n3yqe11ne xapaKTepHCTHK on11ocpo110Hl1hlX COCTOHHHA B paCCMaT

pHB88MbIX HOpax npOBOOHnOCb C OOHoqaCTHqlfbIMH s11eprHHMH H Bonno

Bb!MH cpyHKUHHMH noTeHUHana CaKCOHa-Byoca. HeccpepnqHOCTb Hnpa 

H pa3Mb!TOCTb ero KpaH 6bmH T8K)K8 yqTeHbI H B CilHH-op6HTanbHOM. 

qne11e n0Te11unana Caxco11a-Bynca. CnenyeT oTMeTHTb1 qTo pacqeTbI, 

npoBOOHMbie na 6ase a11ns0Tpon11oro noTeHuHana CaxcoHa-Bynca, 

HM8H pHO npenMymecTB nepen pacqeTSMH C IlOT811UH8nOM HnnbCCOHa, 

B To JKe BpeMH coxpaHHIDT Bee ifx cnn&11b1e cTopo11b1 ( ac11MnT0Tliqec

xne KB811TOBbI8 qncna OOHOqaCTHqHb!X COCTOHHHH H T.o.) • K TOMy, )1(8 

9TH pacqeTbl HBllHIDTCH H 6onee nocnenoBaTenbllb!MH, T,K, 0011oqac

THqJlb!8 s11eprHH H BOllHOBb!8 cpyllKUHlI n0Te11unana CaKCOHa-Byoca 

BblqHcnHIDTCH C 00.HHMH H T8MH )1(8 napaMeTpaMH onH Bcex noo

o6onoqeK 6es nonon11n:Ten&11hlx coBnroB ypoB11eii H noAo6onoqex, 

qTo 06b1q110 oenaeTcH B pacqeTax c noTeaunanoM Hnn&ccoHa, 

C yqeToM Toro, qTo onnoqacTnq11b1e a11eprnn n Bon110Bbl8 

cpy11xunn noTeaun:ana CaxcoHa-Bynca saBHCHT oT Maccoaoro qncna A, 

BCH o6naCTb nsyqaeMbIX Hnep 6bma pas6nTa Ha TPH 30HbI: . A = 155, 
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A = 165 H A = 173, nnH Ka)KOOH 30HbI, C ncnonb30B8HH8M Me-

Tooa, npennoJKeHHoro · B pa6oTax 1111 , 6bmH pacc.qnTaHbI co6cTB8HHb1e 

3HaqeHHH sHeprnA H BOnHOBhl8 cliyHKUHH noT8HUHana CaxcoHa-Bynca, 

nnH KSJKOO!l: 30Hbl no A 6bmH ncnom:,3oB8HbI CBOH napaMeTpbl 

noTeHunana CaxcoHa-Byoca, H83HaqnTen&Ho H3M8HHIDIIIH8CH (B npene

nax 3%) npn nepexooe PT onHoll: 30HbI x' npyroll:. B pasnoJKeHHH pa-

. nnyca Hopa no MynbTHnonHM 6bma yqTeHa TOllbKO KBaopynonbHSH 

oecliopMaunH. nan&neawee yToqHeHHe cpenHero nonH, nyTeM yqeTa 

rexcanexanon&Holi: necpopMaunn, 6bmo npoBeoeHo B TpeT&ell: rnaBe • 

Bb1qncneHHH B soHax A = 155 n A = 165 npoBeoeHbI npH necliop-

MSUHHX f3 20 = 0,31, a B soJie A 173 npH {3
20 

= 0,26. C Bon-

HOBbIMH cpyHKUHHMH noTeHunana CaKCOHa-Byoca 6bmH paccqHT8HbI 
>. . 

MaTpnqHbie sneMeHTbI OT onepaTopoB r Y >.µ • Kax npaBnno,MaTpnq-

Hbie aneMeHTbI, paspeweHHbie no npaBnnaM oT6opa no acnMnToTnqec

KHM KBSHTOBbIM qncnaM, OOCTSTOqHo 6nH3KH npyr K I opyry onH --
noTeHUHanoB Caxcoaa-Byoca n Hnn&ccoHa. OnHaKo, B CBH3H c TeM, 

qTo BOllHOBbl8 cpyHKUHH noTeHunana CaxcoHa-Bynca HM8IDT 6onee 

npaBHllbH08 nOB808HH8 HS rpaHHU8 H nepn~epHH Hnpa, PHO MaTpHqHhlX 

sneMeHTOB cymecTBeHHO pa3HHTCH no Bennqnne. HanpnMep, MaTpnq

Hbie sneMeHTbI Bnna: 

.<N, n A I r >. Y, I N ± 2, n' A > 
z l\j! z 

B cnyqae, ecnn n
2 

cnn&HO oTnnqaeTCH oT n i , MoryT oTnnqaT&-

CH no Ben11qnHe Ha OBS nopHnxa. 

KoHCTaHTbl napHoro B38HMOOell:CTBHH 6bmH Bb16paHbl TaK, qTo-

6bI nonyqHTb npaBHllbHbl8 3HaqeHHH napHblX 9Heprnll:. 11cnonb3YH 43 

Hell:TpOHHblX H 40 npoTOHHblX ypOBHell: cpenHero nonH, pacnonOJK8HHblX 

CHMM8TpnqHo OTHOCHT8llbHO noBepxHOCTH <l>epMH,Mbl nonyqnnn cneoyID

mne 3HaqeHHH 9THX KOHCT8HT: 
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·c 
N 

0, 150 MaB, ·c z = o, 192 MaB. 

KoHcTaHTbl KBa11pynonb-KBa11pynonhHblX H OKTynonh-OKTynonhHblX 

B38HMOJlefiCTBHii Bb!6HpanHCb TaK, 'IT06b! nony'IHTb HaHny'lwee onuca

Hlle' aHeprHii nepBblX ·Y -:BH6pauHOHHblX H OKTynonhH!>IX COCTOSIHHfi. 

3aBHCHMOCTb aTHX KOHCTaHT OT A 6bma B3S!Ta B BHJle: 

. (2) 

(2) K 
K 

A 1h ; 
(3) 

K 

K<Jt 

A3 

B pac'le.Tax 6bmH ncnonh30B8Hbl cne11y10mne 3H8'18HHSI KOHCTaHT 

MynhTHnonh-MynhTHilOnhHOI"O B38HMOJlefiCTBHSI: 

MaB 

K 
(2) -3 4 

(3t-2,7)·10 /fm, 

K 

M~ 
(4,24 t- 4,06) • 10-5 8 

/fm 6 

1T 
JlnSI COCTOSIHHH· C K = 1 

K.(
3) = (4,46 

JlnSI COCTOSIHHH C K 
17 = 0-• . 

H 2 H 
. _

5
MaB 6 

t- 4,06)• 10 · · /fm 

B § 3 paCC'IHTb!BSIOTCSI aHeprHH u CTpyKTypa KBaJlpynonhHblX 

Bos6y:HCJl8HHbIX COCTOSIHHii /g/ ., nony'leHO JlOCTSTO'IHO xopowee onnca,-. 

HHe aHeprHfi ,y -BH6paUHOHHbIX ·coCTOSIHHfi, npH'18M paC'l8Tbl C 

BOnHOBbIMH ~yHKUHSIMH CaKCOHa-By11ca ny'lwe cornacyIOTCSI c aKcne

pHMeHTanhHbIMH Jl8HHblMH no cpaBHeHHIO C pac'leTaMH C BOnHOBb!MH . 

~YHKUHSIMH noTeHUHana HnnhCCOHa. TeopHS! 11aeT JlOCTSTO'IHO npaBHnh

Hoe onncaHHe H3MeHeHHii 8HeprHii ·Y -BH6pauHOHHbIX COCTOSIHHii npH 

nepexo11e oT 011Horo si11pa K 11pyr0My. TTpaBHnhHO onncaHo onycKaHH8· 

aHeprHH aTHX COCTOSIHHfi B H30TOnax JlHCilp03HSI H ap6HSI H pOCT 

aHeprHH B H30Tonax caMapnsi, ra11onHHHSl1 HTTep6HSI H ra~HHSI. 
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PaccMaTpHBaeMbie HH:HCaiiwne K =2 - COCTOSIHHSI SIBnSIIOTCSI 

B 6onhWHHCTB8 CBOeM KOnneKTHBHblMH, B HX BOnHOBbie ~YHKUHH 

11aeT BKnaJl 6onbwoe 'IHCno JlBYXKB83H'l8CTH'IHblX KOMilOH8HT. HcKn10-
+ 172 174 

qeHHe npeJlCTaB,QSIIOT HH:HCaiiwHe 2 - COCTOSIHHSI 5 Yb H Hf ' 

siBnsi10mnecsi npaKTH'18CKH JlBYXKBasn,wcTH'IHblMH. BTopb1e 2+ -cocTosil

HHSI B aTHX S!Jlpax OKasanncb KOnneKTHBHblMH. 'llTo KacaeTClt BTOpb!X 

2+. - COCTOSIHHii B 11pyrnx S!Jlpax, TO OHH oKasanHCh KonneKTHBH3Hpo

B8HHbIMH 3H8'1HT8nhHO cna6ee nepBbIX 2+ - COCTOSIHHfi. 

B paMKax paccMaTpHBaeMOI"O IlOJlXOJla H3Y'l8Hbl 8Heprm1 H 

CTpyKTypa B036y:HCJleHHbIX o+ - COCTOSIHHfi. Pac'leTbl npoB8Jl8HhI 

(2) . 
co 3H8'18HH8M K , JlOC:aTO'IHO 6nH3KHM K T8M, C KOTOpbIMH C'IH-

TanHCb aHeprHH y -BH6paUHOHHbIX COCTOltHHfi. PaCC'IHT8HHbI8 3Ha-

+ . 
'18HHlt aHeprHfi O - COCTOSIHHfi H8CKOnhKO xy:HCe OilHCbIBaIOT COOT-

BeTCTBYIOIUH8 aKcnepHM8HTanhHbI8 JlSHHbie rio cpaBHeHHIO C - aH8J)I"HSI

MH 2+ - COCTOSIHHfi. O11HaKo pesynhT8Tbl paC'l8TOB Jl810T JlOCTaTO'IHO 

npaBHnhHYIO 06my10 KapTHHY Il0B8Jl8HHlt nepBblX o+ - C0CT0SIHHii. TaK, 

aHeprHH aTHX C0CT0SIHHfi onymeHbl Jl0CTaTO'IH0 HH3K0 B Ha'lane o6nac-

TH H3y'la8Mb!X S!Jlep, 11anee 0HH pacTyT C yBenH'l8HHeM A 

Ha 0CH0BSHHH npoB8Jl8HHbIX HccneJl0BSHHfi y -BH6pauHOHHbIX 

COCTOSIHHfi qeTH0-'18THbIX S!Jlep M0:HCHO C)le.ilaTb BbIB0Jl, 'IT0 HaH6onee 

Ba:HC~aSI ( onpe11ensi10mast CB0fiCTBa 8THX COCTOSIHHfi) '18CTh S!Jl8pHbIX 

CHn y'IT8H8 npaBHnhHO. noaToMy JlnSI no11aBnS110IU8I"0 6onhWHHCTB8 

stJlep nony'leHo BnonHe . xopowee onucaaue aKcnepuMeHTanhHbIX 

3H8'18HHfi aHeprHii (cM. Ta6nHuy 1). 
§ 4 Il0CBSIIUeH H3y'leHH10 aHepI"HH H CTpyKTypbl 0KTynonhHbIX 

Bos6y:HCJ1eHHblX COCTOSIHHfi / 
101• PacqeTbl IlOK83hlB8IOT, 'IT0 T80pHS1 

Jl0CT8T0'IH0 xopowo 0ilHCbIBaeT aHepI"HH nepBblX OKTynonbHbIX C0CT0SI

HHfi. B 6onhWHHCTBe H3Y'l88MbIX S!Jl8P OKTynonhHbie C0CT0SIHHSI C 
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K" 0 , I H 2 HOCHT KonneKTHBHblli xapaKTep. qTO KacaeTCH 

Tr -
COCTOHHHli C K = 3 I TO OHH no CBOeli CTpyKType 6nH3KH K llByx-

KB83HqacTHqHblM, HX sHeprHH npaKTHqeCKH coana11a10T co 3HaqeHHH

MH nepBblX non!OCOB, a npHMeCH B HX BonHOBblX IPYHKUHHX OT 11pyr11x 

COCTOHHHli, KaK npaBHno, He npeBbllllSIOT 1%. 

B § 5 paccMaTpHBSIOTCH npHBelleHHbJe aepoHTHOCTH nepeXOllOB 

Ha KonneKTHBHbJe COCTOHHHH /~, lO~ naHHbJe no npHBelleHHblM BepOHT

HOCTHM sneKTpOMarHHTHblX nepeXOllOB lla!OT HenocpellCTBeHHbJe CBe-

11eHHH o CTpyKType B036yl!{JleHHblX COCTOHHHli. ITpHHHTO cqHTSTb KPH

TepHeM KonneKTHBHOCTH COCTOHHHH yaennqeHHe npHBelleHHOli BepOHT

HOCTH EA -nepexo11a no 'cpaBHeHHIO co 3HaqeHHeM, COOTBeTCTBylO

JUHM OllHQqaCTHqHoMy napexo11y. 

PacqeTbI acex npnae11eHHbIX aepoHTHocTeli nepexo11a 6bmH 

npoae11eHbl C OllHOli H TOH lKe BenuqnHoli s<jxl>eKTIIBHoro aapHlla 

e elf = 0,2. ITonyqeHHbJe 3HaqeHHH, B(E2) (Ta6nHua 1) 6ml3KH K 

sKcnepnMeHTanbHbJM. ~ nollT~eplKll8!0T c11enaHHble paHee BbJBOllbl O 

TOM, qTo nepBbJe COCTOHHIIH HBnHIOTCH qeTKO BbJpalKeHHbJMH KOnneK-

172 174 
TliBHblMII COCTOHHliHMH ( HCKnroqemie Yb H Hf ) • 

Ha aHanH38 8 ( E 3) BenHtJHH cne11yeT, qTo OKTynonhHble 

COCTOHHHH a Haqane o6naCTH HayqaeMblX Hllep HBmIIOTCH 6onee 

x·onneKTHBHblMH no cpaBHeHHIO c COCTOHHHHMH B cepe11nae H KOHue 

STOli 06nacT11. nnH 6onblllHHCTBa Hllep OKTynonbHbJe COCTOHIIHH C 

K" = O - KonneKTHBH3HpoaaHbI cunbHee,, qeM cocTOHHHH c K "=I ""i1 

2 • Cne11yeT OTMeTHTb, qTo,cornaCHO pacqeTaM, CHnbHO yBenHqu-

r, - -
nacb KonneKTHBH38UlfH COCTOHHHfi, K = I H 2 no cpaBHeHHIO C 

pacqeTaMH, npoBelleHHblMH co cxeMoA HnnbCCOHa. 
150 . 

B Nd I B H30TOnax caMapHH H ra11onHHHH CilnbHO KonneKTHB-

r, - - -
Hb!MH HBnHIOTCH ace TpH COCTOHIIHH c K = o, 1, 2 , npHqeM B_e-

n11qHHbl B(E 3 )s.p.u. llOCTHraroT 3HaqeHHH 10. 

·10 

,} 

~ 

nm1 1130TOnOB Dy xapaKTepHO yMeHbJUeHl!e KonneKTIIBH38UHII 

COCTOHHllfi K rr = 1 - , 2 no cpaBHeHIIIO -c COCTOHHII_HMII K " = 0 
Tr -

nnH COCTOHHllli K = J 38M8THO yMeHbJUeHHe KOnneKTIIBH38UHII C 

164 
pOCTOM N • TaK qTQ B Dy BKnall · nepaoro nonroca B STD _COCTOH-

HHe paBeH 97,8%. CocTOHHHH K "=2 - KonneKTIIBll311POB8Hbl cymecTBeH

HO CllnbHee ( qTQ COOTBeTCTByeT sKcnep11MeHTy), qeM no llSl!HbIM, 

16 2 i64 
nonyqeHHbIM co cxeMoli HnnhccoHa. TaK, B Dy II Dy BKna11 nep-

Boro nonroca B BOnHOBylO IPYHKUIIIO COCTOHHIIH 
Tr - • 

K = 2 cocTaBnHeT 

50%, a TO BpeMH KaK no pacqeTaM co cxeMoli HllnbCCOHa OH 

paaen 97%. 

B H30TOnax sp6HH, IITTep611H H ra!pHIIH cymeCTBeHHO yMeHb-

r, -
rnaeTCH KonneKTIIBll38UIIH COCTOHHHli K = 1 ' TSK qTo llnH 6onb-

lUHHCTBa 1130TOnOB STO COCTOHl!He 6nH3KO K ·11ByXKBa3nqacTHqHOMy, 

PacqeTbl, npoBelleHHbJe BO BTopoli rnaBe, noK83b!B8IOT, qTo llnH 

6onbJUHHCTBa Hllep nonyqeHO YllOBneTBop11TenbHOe on11caHHe 8KCne

p11MeHTanhHblX 3HaqeHHli SHepr11fi H np11Be11eHHblX BepoHTHOCTeli nepe

XOllOB KBallpy:nonbHblX II OKTynonbHblX COCTOHHl!li C ncnonb30B8HHeM 

nlllllb Tpex CB060llHblX napaMeTpOB - KOHCTSHT MynbTHnonbHOro 

(2) (3) 
B3al!MOllelicTBHH K , K H Ben11qnH s!p!peKTHBHoro 38pHll8 e • 

elf 

Ha npoBelleHHblX 11ccne110BaHHli MOlKHO c11enaTb BblBOll, qTQ pacqeTbl 

BH6paUIIOHHblX COCTOHHIIH B qeTHo-qeTHblX 11eipopM1!pOB8HHbIX Hllpax 

B paMKaX CBepxTeKyqefi MOllenu ll8IOT o6myro npaBHnbHYIO KapTHHy. 

nnH 11anhHelirnero yToqaeHHH sToli KapTHHbl, aepoHTHee acero, Heo6-

xollHM BblXOll 38 paMKH KB83H6030HHDro np116nHlKeH1rn. 

rnaBa TpeTbH noCBHJUeHa 113yqeHHIO HepoTBUHOHHblX COCTOHHllli 

B H~qeTHblX Hllpax TOH )Ke MaCCOBOli o6naCTII /12-l 6/ 

ll 



Ta<5JIHit8 I. 
SaeprHH nep:ewc t 1=2+ -COC'tOHllHtt {:e Yan) u B8JIHqHH!i 8(£2;0-q-2·2) 

nepexo~OB O e,JJ=Oj(B o~oqaotaqawc 8~HHitilx)·~a f!Jt8P B 

o<511ao'tH 150.S A~ 174 

8JI8Jl8H!r A SaenrHHK" =2+-coctoHHHD'B Ua:e) B (E2)/B(E2)s.p. u 

8KCII8- 30H8 !r80- nepllliH 3KCII8- !t80pHH 
DIOl8H! no A DKH IIOlIDC DHU:8H! 

Nd II50 I,060 I,O 2,2n - 4,7 
Sm ~52 I,088 I,I 2,2n 3,4 4,I 

II54 I,437 I,I 2,3n 2,7 3,9 
!I56 - I,O 2,3n - 3,8 

Gd !I54 0,998 155 I,I 2,2 n 4,7 4,4 
II56 I,I55 I,I 2,3n 4,0 4,2 
I58 I,I85 I,O 2,3n 2,7 4,I 
!60 0,988 0,95 I,9 n 2,8 3,6 

]~ I56 0,890 0,98 2,2n 8,7 5,0 
158 0,948 0,97 2,3n 6,3 4,7 
160 0,966 0,94 2,3 n 5,7 4,9 

I62 0,890 0,78 2,211 4,8 4,7 
I64 0,76I 0,78 I,8 n 4,4 3,5 

Er 160 - 0,95 2,0p - 4,4 
162 0,897 0,95 2,0p 7,I 4·,2 
164 0,858 I65 0,80 2,0p 7,I 4,I 
I66 0,786 0,78 I,8n 5,8 3,3 
168 0,82I I,O I,8n 5,8 3,8 

Yb 170 0,93! I,3 I,4n 4,0 2,9 
166 - I,3 2;2 n - I,5 
!68 0,986 0,96 2,8n 4,5 2,9 
170 I,I40 I,5 I,8 n 2,8 2,0 

72 I,486 I 5 I,5 n I,3 0,04 
74 I;630 r's I,9 n I,4 I,6 

HJ 76 I,254 1'0 2,In 2,I I,8 70 - !73 r'o 2,0n - 2,5 72 - r's I,7 n - I 8 74 - r's I,5n - 0!02 76 I,343 r:s 2,0n I,4 
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B § 1, cne,ayH pa6oTe , BbIBe,aeao ceKynHpHoe ypaBHeHHe 

.anH onpe.aeneHHH aaeprHH H8pOT8UHOHHbIX COCTOHHHtt B H8'I8THblX 

g,apax. B paMK8X MeTo.aa npH6nH>KeHHoro BTOpH'IHOro KB8HTOB8HHH 

npoae.aeH y'IeT B38HMO.118il:CTBHH KB83H'I8CTHU C <Po.HOH8MH.B pac'IeTax 

o6bi'IHO Y'IHTbIB810T ,1188 HH>Kalturnx <Po Ho Ha C ,\ = 2, µ = o, 2 H 

,\ = 3, µ = 0,1 H 2. TaKoe orpa~H'I8HH8 ,llOCT8TO'IHO onpaB.aa-

HO, T8K K8K OHO coxpaHHeT Bee OCHOBllbie KOnneKTHBHbl8 BH6paUHOH

Hbl8 . COCTOHHHH .ae<fiopMHpOB8HH_bIX H,llep. 

ITpHBO,llHTCH BH,ll ceKynHpHoro ypaBH8HHS! .anH cny'IaH O,llHOBpeMeH-. 

aoro OilHC8HHH .llBYX O,llHO'I8CTH'IHblX COCTOHHH!t C O,llHH8KOBblMH 3H8-

'I8HHHMH K 
11 

• 

Hay'IaeMble ceKynHpHbI8 ypaBH8HHH He HM8JOT HH o.aaoro 

CB060.11Horo napaMeTpa, T.K. xapaKTepHCTHKH <PoHOHOB 4iHKCHpOB8Hbl 

B coce,aHHX 'I8THO-'I8THblX H,llpax. 

B § 2 06cy>K.118JOTCH O,llHO'I8CTH'IHbl8. aaeprHH H BOnHOBbl8 

<fiyHKUHH llOT8HI1Hana CaKCOHa-By.aca, nony'I8HHbl8 C y'IeTOM reKca

.aeKanonbHOlt .ae<fiopMaUHH B <fiopMyne paano>KeHHH pa,aHyca H.llpa no 

MynbTHllOnHM. B peaynbTaTe napaMeTpbl noTeHuHana H8CKOnbK·o BH.llO

H3M8HHnHCb no cpaBH8HHIO C HCllOnb3OB8HHbIMH BO BTopolt rnaae, 

HaH6onbwee H3M8H8HH8 (B npe,aenax 10%) npeTepnenH KOHCT8HThl 

CilHH-op6HT8nbHOro B38HMO.118il:CTBHH H napaMeTpbl ,llH<P4iyaHOCTH. Ha

M8H8HH8 napaMeTpoB noTeHuHana aecymecTBeHHo cKaaanocb npH 

pac'IeTe 6onbWHHCTB8 MaTpH'IHblX aneMeHTOB. BbI'IHCneHHH B 3OHe 

A = 155 npoBE!,ll8Hbl npH KBa,apynonbHOlt ,ae<fiopMaUHH f3 20 = 0,3 

H reKC8,ll8KanonbHOlt .ae<PopM8UHH f3 = 0,04 .anH H,llep C H8'I8THbIM 
40 

'IHCnOM HeltTpOHOB H f3 20 = 0,28 ' 13.40 = 0,06 .anH H,llep C He-

'I8THbIM 'IHcnoM npoTOHOB; B 3OH8 A = 165 npH f3 20 = 0, 28, 

f3 
40 

= 0,02 .anH He'IeTHbIX N- H Z -g,aep; B soae A = 173 npH 

f3 = o. 21:; /:J =.0,02, .anH H8'I8THblX N -H.aep. H f3 = 0, 27; 
20 . I-' 40 20 

f3 =--0;02 ,anH H8'I8THbIX z -H,aep. 
40 
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B § 3 11aytrneTCSI cMenrnBaH11e KOMnoHeHT c AN=± 2 I 14/. 

11MeroTCSI aKcnep11MeHTanbHbie YK838HIISI Ha cymeCTBOBSHlle B pgne 

He'leTHblX gnep penKo3eMenbHOl!: o6naCTII COCTOSIHlll!:, BOnHOBbie 4>yHK

UIIII KOTOpb!X conep:>KaT 3HS'lllTenbHyro CMeCb KOMnoHellT C N = 4 

11 N = 6. Ha np11Mepe COCTOSllllll!: 400 t , 660 t 11 402 ,1, , 651 t s 

1130Tonax caMapllSI, ranonllllllSI II n11cnp0311SI C He'leTllblM 'lllCnOM 

nel!:TpOHOB nOK838llO, 'ITO T8Koe CMew11sa1111e IIMeeT MeCTO II CT8ll0-

BIITCSI oco6ellHO Cllnbllb!M B llllTepsane A /3. 20 = o,o 1 OKono KB8311-

nepeceqe1111g yposnel!:. ITp11'leM aToT 1111Tepsan cymecTse11110 6onbwe 

llllTepsana CMeWIIB8llllSI BOnHOBb!X 4>YHKU11l!: noTeHu11ana H11nbcco11a. 

Bsene1111e reKcaneKanonbnol!: ne4>opMau1111 B 4>opMy Rnpa np11son11T 

It ysen11qe111110 IIHTepsana CMeWIIB8llHSI A f3 20 • 

IToK838HO, KSK BnllSieT 118 CMeWIIB8lllle KOMnoHellT N = 4 

11 N = 6 B3a11Monel!:CTB11e KB8311'l8CTIIU C 4>oHOH8MII. Pac'leTbl npo-

senellbl nng YK838l1Hb!X Bb!We 1130TonoB npll {3 40 0,04 II f3 20 

B HHTepsane 0, 29--0,34. ilnR Ka:lKJioro 3Ha'leHIISI "f3 20 4>onoHbI 

<A> /13/ 
Bbl'lllCneHbl CO 3H8'lellllSIMII KOHCTSHT K o KSK II B • ilnR 

np11Mepa B Ta6n11ue 2 noKa38llbl peaynbT8Tbl pac'leTOB CMeWIIBSHIISI 

KOMnoHeHT_ C N = 4 II N = 6 B6n11a11 TO'IKII KBaa11nepeceqe1111g 

COCTOSIHlll!: 402 ,I, II 651 t npll f3 20 = 0,31 II f3 40 = 0,04. B Ta6n11ue 

np11seneHht nm1 nepBbIX nsyx KopHel!: ( i = 1,2) aHepr1111 soa6y:>Kne-

1111R ( ·11 { 3/2 )-11 .) II BKnanhI ( B npoueHTax) onHOKB8311'laCTll'lHb!X 
i F · 

KOMnoHellT p . II p . • 113 Ta6n11Ubl SICHO s11n110 CllnbHOe CMew11Ba-
41 6• 

1111e KOMnoHeHT, 8 peaynbTaTe y'leTa B3811Monel!:CTBIISI KB8311'l8CTIIU 

C 4>oHOll8MII llllTepsan AN=±2 CMeWIIB8llllSI paCWllpSieTCSI no Af3 20 =, 

0,03, a nng OTnenbllblX SIJJ.ep eme 6onhwe. 3To o6cTOHT0nbCTBO 

naeT soaMO:lKHOCTb Ha6nronaTb Ha onh1Te AN= ±2 cMew11sa1111e, Ecn11 

6b1 IIHTepsan A f3 6bm BeCbM8 Man, KBK B pac'leTax, OCHOB8llHblX 
20 

HS noTeH1111ane H11nbCCOHa 6ea y'leTa B3811MonefiCTBIISI KB8311'l8CTIIU 

14 

C 4>0HoHaM11, TO BepoSITHOCTb 3KCnep11MeHTanbllOI"O Ha6nroneHIISI 

AN=± 2 -CMeWIIBaimR 6bma 6bl O'leHb _Mana, TaK KSK ManosepoHT

HO, 'ITO 3HS'leHlle paBHOBeCHOl!: ne4>opMau1111 Rnpa , nonaneT B 3TOT 

Y3Klll!: IIHTepsan. 

B § 4 paCCM8Tp11B8eTCSI BnllHHlle H3MeHeH11SI· paBHOBeCHblX 

nect>opMaIIlll!: B036y:>KJJ:eHHblX COCTOSIHlll!:_ no cpaBHeHIIIO c paBllOBeCHb!MII 

nect>opMaIIIISIMII OCHOBHblX COCTOSIHill!: Ha IIX CTpyKT;py II a11epr11101 16( 

11aBeCTHO, 'ITO p8DHOBeCHble ne4>opMa111111 f3 e B036y:>KJJ:eHHblX onno

KB8311'l8CTH'lllb!X COCTOSIHlll!:, onHo'laCTll'lHSSI a11epr11g KOTOpb!X CllnbHO 

MeHSieTCSI C pOCTOM napaMeTpa ne4>opMau1111, MoryT· 0Tn11qaTbCSI OT 

paBHOBeCHOl!: ne4>opM8UIIII f3 Rnpa B OCHOBHOM COCTOSIHIIII / 181• 
0 ~ 

Pac'leTbl no MeTony ~6ono'le'lHOfi nonpaBKII CTpyTIIHCKoro1191 

paBHOB8CHb!X ne4>opMau11tt OC!IOB!lb!X II B036y:>KJJ:eHHhiX COCTOSIHIIJi 

paccMaTpllB88MblX He'leTHblX gnep n0Kaaan11, .'ITO a4>4>eKT: ( Af3 

= f3. - f3 0 ) IIMeeT MeCTO nng. COCTOSIIIIIA:11505 t ' p 541_,1, II p 404 ,I, • 

B HeKOTOpb!X Rnpax 113Meaen11e KBanpynollbHOli ne4>opM8UHII A f3 20 

nocT11raeT aaaqe1111g no 0,035,. a reKcaneKanonbHott A f3 · - no 
· 40 

0,032. B Tex cnyqagx, Korna A f3 11 f3 · npeab1ma10T 0,01, a4>4>eKT 
2:1 40 

{3 ,/, {3 cnenyeT np11HIIM8Tb BO . BHIIM8Hlle . np11 pacqeTax anepr11l!: 
• , 0 

11 BOnHOBb!X 4>yHKIIIIII: Boa6y:>KJJ:eHHh,IX COCTOSIHHII:. 

IT0Kaaa110, 'ITO yqeT a4>4>eKT8 f3 ./ f3 nng COCTOSIHlll!: 505 t 
e 0 

B !le'leTHblX N -1130Tonax C8M8p11SI, ranonllHIISI II n11cnpo311g, 8 

TSK:>Ke nng ,COCTOSIHIIII: 541,1, II '404 ,I, B He'leTHblX z -1130Tonax 

ronbMIIR, Tyn11SI, n10Teu11SI II' TaHTana np11sen K nyqweMy. cornac1110 

C aKcnepllMeHTOM paCC'lllTSHHbIX anepr11lt, no Cp8BH8HIIIO C pac'leTa

MII, He , y'lHTb!BSBWIIMII 3TOI"O a4>ct>eKTa ./ 13• 151 • Oco6enao 6onbmoe 

\ yny'IW8Hlle nonyqeHo nnR anepr11tt COCTOSIHlll!: 505 t B He'leTHbIX 

N -Rnpax ( cM. Ta6n11uy 3), 34>4>eKT f3 I, f3 ne OK83bIBaeT ey-
e 0 

mecTBeHHOI"O BnllSIHIISI Ha CTpyKTypy COCTOSIHHli, 
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B § 5 paCC'IHT8Hbl aaeprm1 H CTpyKTypa aepoTaUH0HHbIX C0CT0H

HHlt Hi:tep C He'leTHblM 'IHCnOM HeliTp0HOB H C He'leTHb!M 'IHCnOM 

npoToHOB 
112, 

13
, 151• Bcero 6bmo uccnei:toBaao oKono 30 smep, oc

HOBHoe BHHM8HHe yaeminocb smpaM, cneKTpbl KOTOpbIX He 6bmH 

paCC'IHTaHbl paaee. Hay'lanHCb aHepr1rn H CTpyKTypa Boa6y)KJ:t9HHbIX 

aepOTBUHOHHblX COCTOHHHft BITnOTb ao· 1,5 M 8B H HeKOTOpb!X COCTOH

HHlt Bb!llle 1,5 MaB. PeaynbT8Tb! Bb!'IHCneHHft npeacTaBneHbl B BHi:te 

Ta6nuu. B K8'19CTBe IIpHMepa B Ta6nuue 4 ITOK838Hbl peaynbT8Tb! 

"' 161. D B 
pac'leTa aHeprHli H BOnHOBbIX 't'YHKIIHll i:tnH . y • '19TBepTOM 

CTon6ue Ta6nHUbl npHBei:teH nony'leHHblll H3 ycnOBHH HOpMHpOBKH 

BOnHOBOA if>yHKUHH BKnai:t ~B npoueHTax) B HCcneayeMoe COCTOHHHe 

HeCKOnbKHX HaH60nblllHX KOMITOHeHT. 

IToKaaaHo, 'ITO Boa6y)KJ:t9HHbte COCT0HHHH H9'19THb!X i:teif>opMH

pOB8HHblX Hi:tep HMeroT cnO)KHyro CTpyKTypy, T.e. B HX BOnHoByro 

if>yHKUHIO i:ta!OT BKnai:t HeCKOnbKO KOMITOH9HT Tuna KBa3H'l8CTHUa 

nnroc if>oHoH. 11 TOnbKO HH)KaltlllHe C0CTOSIHHH n HeKOTOpbte H3 Bb!COKO

B036y)KJ:teHHb!X 6nH3KH K OJ:tHOKB83ll'laCTll'IHblM. OTi:tenbHb!e C0CT0H

HHSI HM9IOT 'lllCTO KOnneKTHBHblll xapaKTep ( Bn6paunoHaoro THITa)' 

T.e. B HX BOnH050ll ii>YHKUHH npeo6naaaeT Oi:tHa KOMITOH9HTa KB83H

'18CTHUa-q>oHOH. KpoMe aToro, KOH9'1HO, HM9IOTCH Tp9XKBa3H'l8CTH'l

Hb!e H 6onee cnO)KHbte C0CTOHHHSJ. 

llnSJ KOnneKTHBHblX ,y -BH6paUHOHHblX COCT0HHHli 6bmn pac

C'IHT8Hbl llpHBei:teHHbte BepOHTHOCTll E 2 -nepexoi:toB ( B OJ:tHO'laCTH'l

HbIX ei:tHHHuax) I J:tOCTHraromue BenH'IHH HeCKOnbKHX ei:tll.HHU. 

TeopeTH'leCKHe 3H8'19HHSI aaepruli Hll3Kone)K8IUHX HepoTaunoHHhlX 

COCTOS!Hllli BITOnHe YJ:t0BneTBOpHTenbHO cornacyroTCH C aKcnepnMeH

TanbHb!MH 3H8'18HHS!MH. 

Ha npoBei:teHHhlX B TpeTbelt rnaBe Hccnei:toBaHnll MO)KHO 

Ci:tenaTb Bb!BOJ:t, 'ITO, Y'IHTbIBaH B38HMOi:teliCTBHH KBa3H'laCTHU C it>oao"." 
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Ta~ 4. 
fiJijlo IGIJ)y 

K~ C!J!Yuypa 

5/2+ 0 0 642196%, 660t+0,(22)2% 
3/2- 75 20 521194%, 52It+ °'(22)3% 
5/l- 27 28 5:z3t93%, 52It+ &'L(22)5% 
3/2+ 679 560 65If51%,40212'1%,6601+ ~(22)10% 
1/l- 370 400 52It66% 523♦+ ~(22)19%, 52H+ '1_(22) 14% 
1tz+ 608 780 660136%,40012'1%,651•+ Qt(22)20%, 6421+ ~(_22) 14% 
3/2+ 551 660 402t51%,65lt28%,4001+ OJ.(22)14%, 404f+ lr'1.(22) 3% 
112+ 774 620 40()tll5%,660123%,402t+ ~(22)~. 4021+ 61!(22) 2% 
7tz+ - 760 633.91%, · 52If+ 0.(32) 5% . 
5/l- - 950 512180%,523 t 2%,5101+ ~(22) 9%, 5211+ ~(22) 3% 

II/l- 486 760 505199%, . 
gtz+ - 1120 624ti%, 6421+ t(22)94% 
1/l- - 1~30 53014%, 52If+ (}L(22)92% 
7/l- - IISO 52It+ Ot,(22)99% 
1/2- - 1214 51013%, 523t+&_(22)93%, 5121+~(22) 2% 
9/l- - 1230 5231+ 6H22)100% 
3/2- - 1300 532175%, 530f+BL(22) 14%,6421+ 0L(31) 3% 
5/2+ - 1450 40217%, 52It+~(31) 79%,4001+ 0,(22) 12% 
I/2- - 1460 51015%, . 6421+ 6l(32)86%, 5121+ 611.(22) 6% 
3/l- - 1470 51210,4%, 5211+ 0,(20)99% 
7/l+ - 1480 5211+ 6',(32)100% 
7/2+ 1416 1490 40412,4%,65Il+a(22)82%,523~+ 0_pl) 8% 
3/2- - 1500 · 6421+ 0,(31)100% 
3/l- 1977 1840 512t4%, 52Il+lJ,(22)93% 
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HaMll Ir IIpHHHMaSI BO BHHMaHHe a4xl>eKT /3 ,/, /3 , MOlKHO rrony-
e 0 

qnTb 6onee rrpaBHnbHOe OilllCaHHe aHeprHfi Ir CTpyKTypbl HepoTaUHOH-

HbIX COCTOSIHHH B aeqeTHbIX .tle<!>opMHpOBaHHbIX Si.tlpax IIO cpaBHeHH!O 

C pacqeTaMH B paMKax MO.tlenn He3aBHCHMblX KBasnqacTHU. 

OcHOBHbie pesynbTaTbl, HsnoJKeHHbie B .tlHCCepTaUHH, orry6nn

KOBaHbl B pa6oTax /9, 10, 12-16/ H .tlonolKeHbI aa XIX - XXll eJKero.tl

HhlX coaemaHllSIX IIO CTpyKType Sl.tlpa H SI.tlepHOH CIIeKTpOCKOilllH, Ha 

MelK.tlyHapO.tlHOM CllMII03llyMe IIO CTpyKType Si.tlpa B ily6He ( 1968 r~)' 

rrpe.tlCTaBneHbl Ha MeJKllyHapO.tlHOH KOHcjlepeHUHH IIO CBOHCTBaM SI.tlep

Hb!X COCTO.IIHllll: B KaHa.tle ( 1969 r.)' a TaKJKe 06c~lK.tlanllCb Ha 

KpaKOBCKo-PocceH.tlOpcjlcKOM ceMHHape no CTpyKType Si.tlpa B 

KpaKOBe (1970 r.) n Ha MeJKi:tyHapO.tlHOll: WKOne IIO TeopeTnqecKoll: 

cjlH3HKe B TpnecTe (11TanHSI, 1971 r.). 
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