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1. BBE,4EHHE 

TeopCTB'ICCKHC HCCDC)J.OBaHBjl CBOiiCTB KOllllCKTHBHbiX 

COCTOl!HaH canhHO.[Ie<jJOpMapoaaHHblX ll.[lep MOlKHO pa3)1enHTh 

Ha .[IBe rpynnbl. K nepaoii rpynne cne.~:~yeT OTHeCTH pa6o­

Tblll-3/, OCHOBb!BaiOIJI}IeCll Ha MHKPOCKOna'!eCKOM raManh· 

Touuaue a:,Apa. Pe3ynLTaTh1 3THX Hccne.noaauaii 3aBHCJI.T 

TOllbKO OT UapaMeTpOB cpe.n.uero DOll.H H OCTaTO\fHOrO B3a­

HMO,IJ,CiiCTBHJl, lCOTOpbiC B OCHOBHOM H3BCCTHbi. 0)J.HaKO 

a Taxax pa6oTax npe.n.nonaraeTcx, l.fTO u raMBllbTouuau, 

B pa3DH"'HLIC O)J.HO'IaCTB"'HblC onepaTOpbi MO>KHO CTpOHTb 

B BHJ].C pJIJl.OB DO CTCDCHJIM onepaTopa MOMCHTa opaiUCHH.R, 

"'TO AODYCTHMO TODbKO .D.llJI COCTO.RHBii C HCfiOllbWHMH 3Ha • 

"'CHBJI.MH MOMCHTa. 

B pa6oTax ·aTopoii rpynnhl na6o cymeCTBeHHblM o6pa-

30M BCR0Db3YCTCR ~CHOMCHODOrHqCCKHB raMHllbTOHH­

aH /4 • 5/, J1J160 .[lenaiOTCll HaKaK He o60CHOBilHHhle. MaKpO­

CKOllB'ICCKH npe.IJ.DODOlKCHH.A. 0 CBMMCTpBH KOllllCKTHBHbiX 

cocTOl!Haii B canhHO.[Ie<jlopMapoaaHHblX li.J:Ipax 161 . Pac'leTbl 

Be.[lyTCll c napaMeTpaMa, KOTOpble no.~:~6apaiOTCll .!lnll KalK.!Io­

ro ll.[lpa ae3aBaCaMO a CBll3h KOTOpb!X C napaMeTpaMa 

MaKpOCKOlla'!eCKaX MO.[Ieneii He JICHa. 0.!1HaKO B paMKaX 

ylKe c.~:~enaaHblX npe.~:~nonolKeHaii 3a.[la'la pewaeTcll TO'IHO 

.[lnll n1061>1X 3Ha'!eHaH MOMeHTa BpameHall. 

B pa6oTe/i I 61>1n pa3BaT MaKpocKona'lecKaii MeTO.!I 

DOCTpOCHHJI KODDCKTBBHOrO raMHllbTOHBaHa H)J.pa. B 3TOM 

MCTO)J.C HC Y'IBTblBaCTC.R CB.R3b KOnneKTBBHblX KBa~pynonL­

HbiX BeTBeii B036y)f(,Q.eHHfl C HeKonneKTHBHLlMB, HO llOCne­

.!IYIOU1ee paCCMOTpeHae KOnneKTaBHOrO .[IBalKeHall OCYJUeCT­

sn.aeTc.R TO'IHO, 6e3 npe~nono:>KeHuii o cna6ocTH CBJI3H Ko­

ne6aHaii c BpameHaeM ana o ManocTB qacTOTbl apameHall. 

3 



B ornH'-IHe oT/4, 5,6/ a raKoM no.n.xo.Il.e crpyKTypa xonnex­

THBHoro raMHIIhTOHHaHa H ero napaMeTpM nonHOCThiD on­

pe)].eJIHIOTCJI CTpyKTypoii H napaMeTpaMH MHKpOCKOllH"leCKO­

ro raMHJlbTOHHaHa, a napaMeTpbl KOJIJieKTHBHOrO raMHJib­

TOHHaHa MOryT 6MTb Bbipa>KeHhl yepe3 napaMeTpbl MHKpo­

CKOflHYeCKOrO raMHJibTOHHaHa. Ha OCHOBe flOJiytt:eHHOrO KOJI­

neKTHBHOrO raMHJlbTOHHaHa 6hlll BblllOJlHeH pactt:eT CBOiiCTB 

xonneKTHBHhiX cocTOJIHHii nepexO.IJ.HhiX H30Tonoa Sm, Gd /8/ 
H \lo 19 / H 6biJIO nonytt:eHo y.n;oaneraopurenhHOe cornacue 

C 3KCnepHMeHTOM. B ,ll;8HHOH pa6oTe Mbl XOTHM paCCMOT­

peTb B paMKBX 3TOrO MeTO)\B CHflbHO)Ie<jlopMHpOBBHHble B)lpa. 

Mbi He 6y.neM BhiYHCJIHTb napaMeTpbl xonneKTHBHoro ra­

MHJihTOHHaHa C flOMOill.hiD MHKpOCKOJIHYeCKOii MO.[lCTIH H.[lpa. 

Hama u,enb COCTOHT B TOM, YT06bi BbiJICHHTb, B KaKOU 

CTeneHH CTpyKTypa H CHMMeTpH.R nonyYeHHOrO B /7/ KOJI· 

neKTHBHOrO raMHJlhTOHHaHa COOTBeTCTBYIOT 3KCnepHMeH­

TBflbHOB CHTYBI.IHH B CHflbHO)Ie<jlopMHpOBBHHbiX li.I\PBX. 

2. KOJIJIEKTHBHblB FAMHJibTOHHAH 

2.1. 06UIUU 8UO KO/I/IeKMU8H020 2QMUIIbMOHUaHa 

B pa6oTe /
7 I 6btnO noKa3aHo, 'ITO npu nocTaTO'IHO 

ofitu.BX npeJJ;DOJlO>KCHHHX 06 OCTaTOYHblX CHJlaX, .o.eiiCTBYJO· 

ll.IBX Me>K)Iy HYKflOHBMH B ll)lpe, KOflflCKTHBHbiB raMHflbTO· 

HHRH B onepaTOp KBBi\PYllOflbHOrO MOMeHTB HMeiOT CflCi\YIO" 

ll.IYIO CTPYKTypy: 

(\ ' v + + ' A 

u=h 0 +h1 N+h 2 L (-1) (b2vbz-v y'(N-N)(N-1-N)+h.c.) + 
v 

v + + ,.. 
+h 3 L(-I) (h2v[h 2 hz] 2_vv'N-N + h.c.) + 

v 

+ L hu[h~b;lLM [hzbzlLM 
L,M /1/ 

4 

• + •• ,, [+ l 
Ozv~"t(bz,.\'1-N +,•N-N(-1) b2-v)+"z bzb2 2• •/Ia/ 

A + + 
rne JY= L h2 , bzv ; bzv (bzv) · onepaTOpbl po>KneHHll 
/yHH'ITO>KeHHH/ KBanpynonhHhiX <!>ououoa. KaanpaTHble cKo6 • 

KH ( ] 2 v 0603HaYaiDT BeKTOpHyiO CBH3b. KOHCTaHTbl 

h o, h 1 , h 2 , h 3 , h 4 L , w 1 , " 2 conep>KaT uu<jlopMBI.IHIO 

06 OJl.HOl{aCTHYHblX 3HeprHJIX, OCTaT01..JHbiX CHJiaX H MaT­

pH1..JHbiX 3JieMCHTaX onepaTopa KB8.[lpyflOJibHOrO MOMeHTa. 

BenHYHHa N xapaxrepnJyer MaKCHManbHO B03MO>KHoe YHC­

JIO 6030HHbiX B036y>K,neHHii B CHCTeMe. ToYHbie Bblpa>KeHHSI 

JJ.IIH xo34Mbuu.ueHroa ho, h 1 , h 2 • h:1, h.tL• '' 1 , '\"l 

npuaeJl,eHbl a !i 1 

raMHnhTOHHaH /1/ u Q2 ,, nocTpoeHhi H3 onepaTopos: 

h;- fl \-' N - N ' \' N - \ h 2 I ' h -·2 I. h 2 I I' /2/ 

H npeJJ.CTaBnHtoT co6oiJ: KOM6HHaU.HH JIHHeH:HbiX H KBa,upaTH4-

HbiX no creneHRM 3THX oneparopos Ynenoa. B cao~ oye­
pe.I\h, 35 onepaTopoa /2/ no 6o3ouua• peaJIH3BUHH 

anre6pbl SlJ( 6) Jl.IIH CHMMeTpHYCCKoro npe,a.crasneHH.R. xa­
paxrepH3yeMoro KBaHTOBbiM t.~ucnoM '\. TaKHM o6paJuM, 
raMHnhTOHHaH I 1/ nuarouaJIH3HpyeTcH s npocTpaHCTBe <i>YHK­

u,uH, peanH3YJOLUHX npe.n.crasneuue anre6pbi ....,, lh) c 

KB8HTOBbiM YHCJlOM ·\. 

2.2. 'JaCMHble peJUeHUR ypaeHeHUR illpeOUHZepa 

Ecnu s I 1/ h2 ~ h 3 ~ 0 _ TO raMHnhTOHHaH KOMMYTHpy­

er C .\i, a era C06CTBCHHhJC <bYHKU,HH xapaKTepHJYIOTCH 

onpe.ll,eneHHbiM Y:HcnoM KBaJJ.pynonbHbiX ¢oHOHOB. CneKrp 

C06CTBCHHhiX 3Ha1..J:eHHH raMHJlbTOHHaHa HMeCT BH,IJ,: 

E(l,n,v)~atn" azn 2 · a3"('- II ·• a~ Ill' I), 

rJl,c I · MOMeHT, n Y.Hcno $OHOHOB, v ceHbOpuru, 

., = h, -0.6h40-
l \ 5 12 

-.-.-h -- h :1o H :J.) 44 • 

5 



a 2 
2,/ 5 

~o 2h +--h 
• 40 35 42 

6 
+-h 

35 44 

"3 ~- 0,2h40 + 
2\ :) l 
---h - -h 

:35 42 :35 44 

l 
"4 21 h 44 

7 \ ._) 
h H ' 

)].ns KJiaCCH$HKaUHH COCTOHHHB C '-IHCJIOM $OHOHOB
1 
6onb­

UIHM 5, Tpe6yeTCH ,UOllOJIHHTeJibHOe KBaHTOBoe '-IHCJIO. ECJIH 

a 2, a 3 H a 4 MaJihi no cpaaHeHHIO c o 1 , To Mbl nonyqaeM 

cneKTp cna6oaHrapMOHH4eCKOrO llHTHMepHoro OCUHJIJIHTO· 

pa /puc. Ia/. 

Ecnu a onepaTope Q2 ,. Ko3¢<1JHLIHeHTw2 ~ 0, TO 1111~ 

aepoJITHocreB E2 -nepexo.noa c TO"iHOCThlO .uo nonpaaoK 

- ~ Mbl llOJlyl.faeM Te )f(e COOTHOllleHHH, 1.JTO H B MO,Il;CJIH 

r8.pMOHHY.eCKHX KBa;::tpyllOllbHhlX KOJie6aHH8. 

Ecnu K03¢<jJHL\HeHTbl a /1/ 3a)laTb cnciiYIDUIHM o6pa3oM: 

h 1 ~ h {3 + ( .J, 25 + 2N) a , h 2 ~ - a , h:J==\1 -u, 

h40 = 0.25a- 6{3, 19 a _ 
h42 = 8 3\ 5{:3, h44 = ~5a +12{:3, 

rAe a H (3 • npOH3BOHbHblC, TO raMHHbTOHHaH /1/ MOlKHO 

3aJ1HCaTh CJIC,II,YIOlUHM o6pa30M: 

tl =- -"- }; (-l) v Q Q + {3 }; (-l)" I I . 
B 21· 2-~' I/ -v /3/ ,, 

B 3TOM Bhipa)KeHHH 

Q2, 
- + " .... 1/ 

_, Blb2vvN-N +vN-N (-ll 

1,. =\ 10 [ h;b21t,. 

6 

\ 7 + . 
b2-p+ --[b2 b212 v). 

2 

/4/ 

n 1• v 

~~~~~~J o• 1 
1 s• 1 
3 ) 0 3 

J }: ~ 

:=====2 o• o 
2 '. 2 
2 2' 2 

1' I 

----o o• o 

Puc. la. CneKmp KOAAeKmueHbiX 

COC11f0.RHUi1 CAQ60QH2QpMOHU'leCK020 

nJJIIIUMepH020 OCijUAAJliiiOpa. 

MolKHO noKa3an., 'ITO 8 onepaTopoa /4/ o6pa3yJ<n anre6py 

SlJ( 3) , a raMHJTbTOHHaH /3/ ~BJTHeTC~ JTHHeiiHOH KOM· 

6RHal\Heii onepaTopa Ka3HMHpa rpynnbl Sl ( :J) H KBa)lpaTa 

onepaTopa MoMeHTa ;;: (- J) ,. 1,, I_, . CneKTP co6cTBeHHblX 

3Ha'leHRH raMHJlbTOHHaHa /3/ HMeeT BH)I: 

E(I,A,J1)=- ~ IA2 +J• 2 + Ai•+:lA ~ :l,,)+l{l" ~ ulHI • I) /5/ 

3Jl.ech A H 11 ~ 3TO uenbJe nono>KaTenhHhle Y.Hcna. xapaKTe · 

pH3YIOUIHe HenpHBO)IHMbte npe)lcTaaneHHH rpynnbt SlJ( :l) 

Cne.o.yeT HMeTh B BH)ly, 'lf.TO He see HenpHBO.LJ.HMbie npe,IJ,­

CTaBJfeHBH rpynnhi SU( ~n peanuJywrcx a Ka'-lecTae co6crseH~ 

llbiX Q>yHKL\HH raMHHbTOHHaHa /3/, a HHWb Te H3 HHX, 

KOTOpble npuna.n,ne>KaT CHMMeTpH4eCKHM npeJ],CTaBDeHHRM 

rpynnbl SU6) . xapaKTepH3YCMbtM 3a11aHHbiM 3Ha'leHHeM 

N. TaKHe npeiiCTaaneHHH rpynnbl Sl'( :l) MOlKHO uai!TH c no­

MOUibiO McTo)la, onucaHHoro a /to ,tl/. B Ta6n. I nepe­

qucneubi npencraaneHuH (A, 11) ;· npHHa,nne)Kamue CHMMeT-
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Ta6Au!la 1 
flpeocmaeAeHUJI zpynnbl SU ( 3) , npuHaOAeJ«"aUiue CUMMempu­

'<eCKUM npeocmaeAeHUJIM zpynn•r 5!;(6) npu 'i~ 15 

n, c 2 J 4 

(A,rJ" (JC,C)l (26,2)! (2•.~)! (22,4)! (!8,6)1(20,2) 1 (!4,8;!(!6,4) 1(!8,C) 1 

11b' 5 6 7 

;,,r ,· cro,ro)1(I2,6; 2(I4,ZJ 2 (B,8J 1cro,4J 2(!2,0) 2 (6,cJ 1(8,2J 2 

n, 
( A,r /' (~,4)!(6,0) 2 (2,2)1 (O,C)I 

pa'!eCKHM npe.llcTaaneaaRM SL1(6) npa 'i ~ 1:;. BH!IHO, aa­

npuMep, '-ITO npe,U.CTaaneHHSI C Het.teTHblM A. HJ1H ll OTCYT • 

CTBYIOT. 
B 3TOM COCTOHT OCHOBHOe pa3J1HttHe Me>K.D.y CXeMoii 

S U ( J) , BBe.lleHHOH 3nnHOTOM .llnR OUHCaHHll BpalllaTenb· 

HbiX B036YJK.lleHHH ll.l\ep, H paCCMOTpeHHblM HaMH '!aCTHbiM 

perneHHeM ypaBHeHHll !Upe.l\HHrepa C raMHnbTOHHaHOM /1/. 

B cxeMe 3nnHOTa peanHJYJOTCll ace npe!ICTaaneHHll (>.,p.) 

rpynnLt SU ( 3) , xoTll HJ 3KcnepHMeHTa Mbl JaaeM, '!TO pll.ll 

pOTaUHOHHhiX llOJlOC, BMeiO(UHXCH B 3TOii CXeMe, OTCYTCT· 

eyeT B '!eTao- 'leTHblX ll.l\paxo 

KaK BH.l\HO HJ /5/, cneKTP co6cTBeHHblX JHa'!eHHH ra­

MHnbTOHHaHa /3/ - 3TO coaoKynHOCTb poTallHOHHbiX nonoc 

C O.IlBHaKOBbiMH MOMCHTaMH HHCpUHB, fiOCTpOCHHbiX Ha pa3-

nH'IHLIX aayTpeaaux cocTOliHHliX. KaJKAall nonoca xapaKTe­

PHJyeTCll KBaHTOBbtMH '!HcnaMH (>. ,,, , K) . 3AeCb K - .l\0" 

fiOJIHHTCJlhHOC KBaHTOBOC liB CliO, COBfla.ItaJOLI.tee C MHHHMa.pb­

HhiM CfiHHOM fiOJIOChl B npHHHMalOJ..I.tCC 3Ha1.JCHHH J1, JL- 2, . f.ll ( 

llpH •'\ c lO HHlKaHWall DO 3HeprHH nonoca HMeeT KBaHTOBble 

'IRena I A. I', K) ~ ( 2 N, 0 , 0 ) . CneAYJOIIIHe !I Be nonocLJ Bbl­

PO>K.l\eHbl H HMeJOT KaaHTOBble '!HCna (A,fl, K) ~ (2N-4,2,0) a 

8 

( 2 'i - ·I, 2, 2) . ,L\anee cne11yeT rpynna HJ 'l~bipex nonoc 

c KBaHTOBLIMH 'IHcnaMH (>. ,J<, K) ~ ( 2N -8, ·I, U) , ( 2N -8, 4, 2), 

(2N-B,·I,4) H (2N-6,0,0) /pac. 16/. Ecna N-!IOCTaTO'!­

HO 60llbWOe '-IHCDO, TO OTHOllleHHe 3HeprHH OCHOBaHHii BTOpoil 

H nepaoa rpynn nonoc paaao npa6nHJHTenLHo 2 a cneKTp 

Ha pHC. 16 MOlKHO HHTepnpeTHpOBaTb B paMKax Tpa.l\HilHOH­

HOB: KapTBHbl KOnneKTHBHblX B036y)f(,l1.eHHil CHnhHOJJ.e¢opMH­

poaaHHhlX JIJJ.ep. Hu)f(aiiwax no 3HeprHH, nonoca nocrpoeua 

Ha OCHOBHOM COCTOliHHH. llonoca ().,~2N-4,jl~2, K~ 0) no­

CTpoeaa sa iJ·<)loaoHHOM, a nonoca (>.~2N-4,v~2, K ·· 2) -

Ha )'. cilOHOHHOM COCTO.RHHH. 3HeprHH ¢oHOHOB npu6J1H3H­

TeJ1bHO cosna,IJ,atOT u pas ubi: 

w /l ~ ''' y ~ 6 aN . 

---n·---< 0 ---•·---•·---•
0---~

0 

___ ,o ___ ,o 
____ go ___ ,. ___ , '----''"---· 0 

-~• -~: K·4~ -lo 
• K ·2 o· 

!IC•.Q___ nt;·2-~ 
: ..____...__ I { J.,_/ol)• 

I fl.~ l·f2N·II.4). :f2N·6,0J 

____ ,o 

---··---·0 
---10 

- co ___ ,0 -- ,. 

---·0 

--·· 
___ ,o 

___ ,o 
___ ,o ___ ,o 

- 1' __ ,o 
,-::-:-K 0' -.--., 2' 2()((6N·1l) 

, ·0 I 
: -----: fl., .. il·f2N· ~ 
I l'lb 0 I ,2) 

Ol{f>N· ]) 

2atl~ir'2) 

' 

' ' ' 
• I I I 

---2 t I 1 

--- o• ~- ----------- ---- __ J_- ----.----------. ______ ! __ ---
(AJ' H2N,O) 

K•O l'lb•O 

Puc. 16. KAaccu¢uKO!iUJI KOAAeKmUBHbiX cocmoRHuu c no­

MOUibiO KBaHmoebrx '<UCeA zpynn•r Sl'( 'l) 0 
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BTopaH rpynna nouoc nocTpoena na .I\Byx<jJononHbiX 

COCTOHHHHX. 3TO HUH .1\BB tJ·<jJOHOHa(K= 0), HUH .1\BB y ·<jlo· 

HOHB ( K = 0, 4) , HUH 0.1\HH tJ ·<jJOHOH H 0.1\HH )' ·<jJOHOH ( K = 2) . 

B o6meM cuy'!ae MOlKHO noKa3BTh, 'ITO ecuu N »n b, rile 

n b • CYMMBpHOe 'IBCUO /)- H )' ·<jJOHOHOB, TO cneKTp C06· 

CTBeHHhiX 3Ha'ICHHii raMHJlbTOHHaHa /3/ COBna.o.aeT CO CflCKT· 

poM . 1 
1-.( n (1, n y • I ) = 6a N ( n p + n J) + (11 + 8- u) I ( I + I) , 

rile ll()ln y) • 'IHCUO {l(y) <jJOHOHOB. 

Ecnu rrpe.u.noJIO)KHTh, liTO oneparop 3!1eKTpHttecKoro 

Ksa.o.pynonbHoro MOMeHTa nponopu.uouaneH Q2 1, , TO ae· 

poHTHOCTH E2 -nepeXO.I\OB MelK.I\Y nouocaMH c pa3HbiMHlA,~) 

6Y!IYT paBHhl nyuKJ. BepoHTHOCTH nepeXO.I\OB MelK.I\Y nouo· 

CaMH C OJl.HHaKOBblMB ( }\, IL ) , HO pa3HbiMH 1\ OCTaiOTCJI 

HeonpeJJ.eJlCHHbiMH, flOCKOJlhKY 3TH llOJlOChl BbipO>K,U,CHbl. ~JUl. 

nepeXO,UOB BHYTPH O.Q.HOii llOJIOCbl nonyqaeTCH CJlCJlYIOutee 

BbtpalKenne /II/, 

B( 1::2; I , I")= l(-IN 2 + 6•\ + :1) (C:~o 20
) 2 

2 
--

1
---[ I (I+ I)+ 1'(1'+ I) I> 

2 
l~ + 6 N + :3 

1'0 
rile C • K03<jJ<jluuueHTbl Kue6ma· iop.I\oHa. 

10 20 

Opu 12 < < ( 2\) 2 3TO Bhtpa>Kenue .1\BeT npaauua Anara 

JlJl.ll eepOHTHOCTeH E2 6 nepeXOJJ.OB. nonpaaKa K 3THM npa­

BHJlaM no $opMe coana.u.aeT c !PenoMeHonoruqecKoii nonpaa­

KoH, HCflOJ1b3yeMOii npH o6pa60TKe 3KCnepHMCHTaJ1bHbiX 

JJ.aHHbiX. 

TaKHM o6paJOM, Mbl noKaJanu, 'ITO raMHUbTOHHaH /1/ 
COJJ.Cp>t<HT KaK \.faCTHbie CJlyYaH perneHH.R, COOTBCTCTBYIOUUIC 

MO)J.CJlH rapMOHH4CCKHX KBa)J.pyllOJlbHbiX KOJ1e6aHHii H MO)J.CDH 

aKcuanhHo· CHMMeTpuquoro poTaTopa,cosepwarout.ero Manble 

KOJie6aHH.R OTHOCHTCJlbHO paBHOBeCHOii $OpMbl. 

2.3. KozepeHMHbte cocMOJIHUJI 

KaK H3BCCTHO, KOrepeHTHbie COCTOHHHH )J.aJOT ,HaB6onee 

6DH3KOe K KJlaCCHY.CCKOMY OllBCaHHC KBaHTOBOii CBCTCMLI. 

10 

ilo3TOMY ecuu cpe.I\HBe KaKux·uu6o onepaTopoa, 

xapaKTepHJYIOlltHX CHCTCMY, llpHHHMaJOT 60JihWBC 3Ha1.JCHH.H 

B llOJIBJlJICTCJI B03MO>KHOCTb OITHCbiBaTb CHCTCMY C flOMOllJ,hiO 

napaMeTpOB, xapaKTepHbiX .1\UJI MBKpOCHCTeM /nanpHMep, 

)\e<jJOpMa~HH H)\pa/, TO B TBKHX CUY'IBJIX KOrepeHTHble CO· 

CTOHHHH 6Y.I\YT .1\BBBTh O'!eHh xopomee OllBCBHHe. 

B pa6oTe /1 2 I nouy'leno o6o6meuue .1\BHHoro r uay6e­

pOM onpe)\eueHHJI KOrepeHTHbiX COCTOHHHH HB CUY'IBH npo· 

H3BOJlbHbiX KOMllaK~HblX H HCKOMnaKTHbiX rpynn. Han pH· 

Mep, .1\UJI rpynnhl SU( 2) KorepeHTHoe cocTOJIHHe Janu· 

CbiBBeTCH Clle.I\YKlll1HM o6pa30M /IJ/, 

I > - lul 2
j <'.I (2j)! m1_·m. 

a- --. L..y a 1! ->, 
O+lal 2 )1 m (j-m)!(j+m)l · 

r,ll,e j 6 MOMCHT, m 6 npoeKUHH MOMCHTa, \.i m > 6 COCTOHHHe 

C 3a,ll,aHHhlM MOMCHTOM H DpOCKUHCil, a 6 npOH3BOllbHblii 

napaMeTp. ,nnll rpynnLI S l! (h) , ecnn HMeTb a BH.I\Y TOnbKO 

ee CRMMeTpH'4CCKoe npe.ucTaaneuue, nonyYaeTCH cne.u.yJO· 

U1HH peJynhTBT: 

I 
1 I ,. I + '" N" I ' 0 at' a 2 , a 3 , a 4 , a, , a 6 > = / C'xp ..:.. u ,2 \ . ' - . ! "~ 

o ll(l+lu 12)N 2 ~ I' I' 

II ( I + I u I 2) N /2 
~ w 

fl fl 

N! --­
liLy n!(N-n)! 11 n 

+ n 
( h 2tt ) 

:u /6/ 
\1 n! 

EcnB C DOMOll{biO TCXHHKH, pa3BHTOii B /t t /, llOCTpOHTb 

6o30HHYKl peauuJa~HKJ rpynnbl Sl"( .l) , a TBKHe <jlynKUHH, 

KaK fiOKaJaHO B paJ)J,eJJe 2.2, OllHCbiBaJOT CHJlhHO.D.elflopMH 6 

poBaHHLIC JI)J.pa, KOTOphiC MoryT BpaLUaTbCJI H COBeprnaTb 

MaJlble KOne6aHHJI OTHOCHTCJlbHO paBHOBCCHOii <bopMbl, TO 

)J.llH OCHOBHOii pOTaUHOHHOii llOJlOCbl nonyqaeTCJI cne.u.yrout,Hii 

pe3yllLTBT: 

I 1.~ Dl K > = l'~K -
1
-, cxp 1- ,1 2 h~ 0 ,' :-; - \ I I 0 

:li/N 
/7/ 

I 
r)J.e PMK 6 oneparop npoeKTHpoBaHHH Ha COCTOHHHe C 3a· 

)J,aHHLIM MOMeHTOM, ero npOeKUHHMH Ha na6opaTOPHYIO OCb 

Z-M u anyTpeHHKJKJ ocb h . CpaaHHBaH /7 I u /6/, Mhl 

II 



BHJIHM, YTO i A~ I M K :, npencTann~eT co6oii npoeKUHIO 
Korepe~"Horo COCTO~HHR rpyniTbl SL'(6)(a 1ca_1 -"zca_ 2 - 0, 
a O = --\.2 Ha COCTOBHHe C :Ja)J,aHHhiM MOMeHTOM H erO npo· 

eKUHHMH. TaKHM o6pa30M, BHyTpeHHHe COCTORHH.R. CHllhHQ­

,l1;€¢l0pMHpOBftHHhiX H,llep BBilHIOTCJI KOrepeHTHbiMH COCTO.R­

HH11MH. 

3, 3HEPTHH KOJIJIEKTHBHblX COCTOJIHHH 
H BEPOJITHOCTH E2-flEPEXO,lJ.OB B H30TOllAX 
t68,!70,t72 Yb H 174. 176 !If 

C noMOIUbiO raMHnbTOHHaHa I 1/ H onepaTopa KBanpy­
nonbHoro MOMenra I la/ 6hmH paccY.HTftHbi crreKTpbl KonneK­

THBHbiX BOJ6y>K.U.eHHii H sepOBTHOCTH E~ · nepeXOJl.OB B .R,D.pax 

168, li0,112)-h H 174,11611f, )lJlH KOTOpbiX HaKOflJieH60JlbWOii 

JKCOCpHMCHTaJlbHblii MftTCpHan. 

3. I. BbJ6op napaMempoe 

)lnH scex paccMaTpHsaeMbiX H,nep Mbl nonar,anu ~\J '""""'15, 
YTO COOTB€TCTBYCT YYCTy 30 aKTHBHhlX HYKJlOHOB. BMeCTO 

WCCTH CB060,UHbiX napaMeTpOB B raMHJlbTOHHaHe Mbl HC­

OOilb30BftJ1H IlHlllb Y.CTbJpC. '\ J , X ·z , \: :l , '-t , CBH3aHHhlX 

c napaMerpaMH raMHflhTOHHana / l/ cne.uylOll.I,HM o6pa3oM: 

h I 'I ( h '2 ~ -..: :l) ' " 2 ' 

:\ l X 4 

"3 ,, -\ :; '11 l.~:l+ '4)' 
\ ) 

h -to -;:.' - b ' 1 -' "2 • h 4 Z = - ;~ ' I '2 • h -H =-- l _-..: 1 ' 2 • 

BaenenHe 6onhwero 4Hcna cao6o~nwx napaMeTpos ~aKTH-
4CCKH ne BflHffno na peJynhTaTbl. Ell.J,e O.UHH cao6o,llHhlil 

napaMCl p. ~'I I "z . BXO,llHJ1 B pacY:eThl OTHOWCHHiJ: BepOHT· 

HOCTeB L! ·nepeXOJl,OB. B Ta6n. 2 npHae.n;enhi JHal.fCHHH na· 
paMeTpoa, Hcnonh30B8HHhie s pac•--wrax. Bn,n.no, 4TO nHlllh 

napaMCTp x :3 Cyll{CCTBCHHhJM 06p830M MCHHCTCH B npCJlC • 

naX H30TOflOB O,[{HOrO 3J1CMCHT8. 3TO MO)f{HO 06bHCHHTb 

12 

l 

{ 

" ;z: 

" " ;z: 
0 

" .. 
~ 
~ 

" "' "10 

"' " 0 

"'"' " "' ~~ 
" "' f.,<>.> 

" " ~ 
:;; 

"' " "' ~ 
2. 
~ 

,N 

·~ , .... 
~ 

K 

K..., 

"' M 

......_ ,,.., 
"' :L 

""" ...J 
~ 

~ 

c 

'"" ~~ ·-

Ul 
N 
co 

• 

Ul 
0 

• 
N 

I 

U\ 
• 

H 

N"\ 
G\ 
N"\ 

• 

C'-­
N 
N"\ 
0 

• 

""' >-
OJ 
I.D 
H 

\.0 
H 

• 
H 

\.0 
• 

N 
I 

C'--
• 

\0 

('-J 
cj­
cj-

\D 
H 
N"\ 
0 

<~ 

>--
6 
C'-­
H 

\.0 
H 

• 
H 

I 

cj­
G\ 

• 
N 

I 

C'--. 
cj­
H 

\,D 
0\ 
~.-.. 

C\ 
ro 
:c.J 
0 

,"-"> 
.>-­

N 
('­
H 

Ul 
N"\ 
G\ 
H 

• 

N 
C'--

• 
H 
I 

co 
H 

• 
""" H 

C'--
~ -<n w 

cc­,,_, 
\._~ ) 

H 
• 

._. 
:r 

-:1' 
C'-­
H 

0 

N 
N"\ 

• 
H 

I 

N 
• 

H 
N 

['­

'-'' C'--
• 

"J 
0 
H 

-'.I: 
\D 
C'-­
H 

13 



TeM, ttTO, KRK flOKR3RHO B /
7
/, XJ CBB.3RH C O,llHOKBR3H· 

LJ.RCTH'-IHOii LJ.aCTblO MHKpOCKOfiH\feCKOrO raMHnbTOHHRHa H 

llOJTOMY MO>KeT cymeCTBeHHbiM o6pa30M H3MeHB.TbCB. npH 

C)l.BHre XHMH'-IeCKOrO noTeHUHana. 

3.2. 06cyxoeHue pe3yA&mamoa 

PeJynhTaTw pacqeTa JHeprHH u aeposTHOCTeH Ez-ne­
pexOJl.OB, nonylJCHHble npu TOLJ.HOii )l;BRrOHaflH3RUHH raMHflb· 

TOHuana /1/, npuae)leHhi ua pucynKax 2 u 3 u B Ta6n. 3 
BMeCTe C 3KCllepBMeHTftllbHbiMH ,naHHbiMH. 

B xopoweM cornacuH c JKcnepuMeHTOM aaxo,I:VITCH 

3HeprHH COCTOHHHii OCHOBHOii flOllOCbl ,no 3HaLJ.eHHii I= 10,12 H 

/)-H y-nonoc - uo I~ r,, 7. 'ITo KacaeTCB pacxo)l()leHHll MelK.liY 
TeopeTH\feCKHMB H 3KCllepHMeHTRflbHbiMH pe3yllbTRTaMH, TO 

cne,nyeT OTMeTHTb, lJTO TeopeTHLJ.eCKHe 3HRLJ.eHHH 3Hepruii 

cucTeMaTHLJ.ecxu npesbiiJJaiOT 3KcnepuMeHTanhHble. KpoMe 

Toro, .nn.R. yposaeii {3 -nonochi TeopeTH'Iecxue pe3ynhTRTbi 

HRXO)l,JITCJI B xy.a,IJJeM cornaCHH C 3KCnepHMeHTRllbHbiMH, \.feM 

)l,flH )l.pyrHX nonoc. 3TO MO)l{HO 06'bJICHHTb BllHJIHHeM He yq­

TeHHbiX aaMH cTeneaeH cso6o,nbl snpa, CBJt3aHHhiX c nap­

HbiMH KOppellJI.UBJIMB. 06aapy)l{CHHaH HR 3KCnepHMeHTe, HO He 

BOCflpOH3Be,lleHHRJI TeopeTHlJeCKH HeperynHpHOCTb B 3Hep­

rB.RX yposaeii y-nonochl 1 76 Hf, su.nuMo, o6DHCHJieTC.R snu.R­

HHeM HRXO,llHUJ,eftCJI B 3TOii >Ke o6naCTB 3Hepruii: poTaUHOHHOii 

nonocw, nocTpoeHHOH ua 0+ /1293 KJB/ - COCTOliHHH, 
KoTopoe ae npnHanne)KBT KonneKTBBHoii Kaa.npynonhHOii seT­

BH BOJ6yJK)leHHH /13/. 
Ha puc. 4 noxaJaHhi sxna.nhl xoMnoHeHT c pa3nH1.fHbiMH 

'<HCllaMH KBa)lpynOUbHhlX 6oJOHOB B BOllHOBhle $yHKJ.IHH pll)la 
COCTO.RHHH 112 Yb. H3 pucyHJCa BH.D,HO, "'TO COOTHOWeHHJI 

Me)K.UY BKlla)J.aMH pa3nHqHblX JCOMllOHeHT JIBnHJOTCJI 06UJ,.BMH 

)l.HH acex yposHeii onaoii nonocbl. PacnpeJ],eneuue no qucnaM 

.PoHOHOB Jlllll {3- nonocw oTnuqaeTCll oT pacnpeueneHHll .11ns 
ocHoBnoii nonocw nollanenHeM y3na npu n ~ 8. 3To nerKo 
o6~HCHHTb, ecnH BCflOMHHTh, qTO n MO*HO cquTaTb npu-

6nulKeHHO nponopnuonanhHhiM KaaupaTy nepeMeHHOH ue$op­
ManHH {3, BonHOBall $yHKJ.IHll OCHOBHOrO COCTOBHHll CHllb" 
HO)Ie$OpMHPOBaHHOrO ll)lpa cne)lyiOIIIHM o6pa30M 3aBHCHT 

OT {3 : /14/ 

14 
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meoo. 
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meoo. 
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Ta6Aulja 3 
OmHoweHUJI aepoJimHocmeu E2· nepexoooa 

8(£2; 1-r)/B(E2. T-J">. 

2~ -•, ., -•, 4r- '" 2r -2t 6t -6r lJ.=!tJ.. 
Oa-Zs z, "' 

z, -h o. .Zr • "' [) 2; 

<.JO 5.67 '' J 5.01. 3.21 OM O.JS 108 !28 o.H 
18.0 /0.0 J.B 038 7.0 O . .Jf 

?.i.=!tJ... !!J.:=.b.. 2, -2r 
o, 21 z, -·· 0 lr 

0. S II 0. 881 0.364 

a. s t 0. 87 ' 0336 

Zt.-~t. 6l --8t 4, -6· 2'1. -z~. 2, !lc ?L.:..i.;... 
o,-2, IJ 5• z, •• o. -z. d, -2r Zr -21 

0.51; 078 a 78 0.24 0.28, 0.34- 0/0 

OS a. BJ 085 0.28 .32 o. 05'3 

2r-2! z, --¥, !.J:.:::.Jt.. 
zr-o, 2, -z, ¥r -2, 

. 72: .J 2.a. 2. 7 1.1 

.1,7 2.1 u 
2t-!t z, -2, 2l_ -~f "' ., ~A 6t ~ 
o, -2• o. -2. !• -2 

z, -·· 
I; a -lr ., 61 

0.34 0.47 t·~'f·.'1 1.72, /.58 
J.¥ : . ., 

3./.J /.II; '.IS /.7 !. 6 

0.27 0. I;! 2. 6/ 1.07 2.7.!1 2. 2/i 

··-·· o,-~, 
41 --66 a, -2>-
306!232 0¥5, ·81 

13 a. 68 

2t-2! z, -h 2r-l, 2~ 2, l;p Ot -2t_ 
o,-2, z, 2• z, -2r 0• Zr • -·· 0 -2. 

>0.24 037 2.55 0.13 0. 2& 0.89 0.001 

a J!l 2. 26 0. II : 0. ZJ /.0/ O.OJ 

!.t..=.h.. ~ £l..=.§L ¥-t-5~ 5t.. --at ,6t-8.1 
o. -b o. -2· .. .,, ··-·· 6,- 61 a, -8• 
0.52 0.. 0/J 2.56 0.90 !.86 /.48 

o.S/ o. 0.30 2. 28 o.u 1.78 0.16 
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l 2 
- cxp I - ~- ( f:3 - {:3 ) I . 

2{3< 0 
00 

,l(nll {3· UOnOCbl 3aBHCHMOCTb OT fJ TaJ<al!: 

- (fJ - fJo) exp l - - 1 - (fJ - {3 ) 2 l , 
2 a2 0 
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~To u o6bHCHHeT nossnenae yJna a pacnpe~eneHHH non 
Ha pHC. 5 noKaJaHhl BKna~hl KOMfiOHeHT C paJnH'-IHhlMH 

l.J:HCJiaMH n b BHYTpeHHHX fiOJOHOB B BOJIHOBhle <bYHKl.(HH 
PH.lla cocTOHHHii 112y c 1 = 0 u 2. BBJJ.HO, ~To HH>Kaiilllue 
cocTOHHRH c I = 0 H 2 - npaKTH4eCKH 6ec<!>oHoHHLie. Cnenyro­
mue COCTOHHHH Ha 60<fo- O,llHO<bOHOHHhiC, HO B HHX CCTh 
3aMeTHbie nBYx<!>oHOHHbie npuMecu /20"fo/. Tperhe cocroJI­
nue c I 2, ne:>t<amee a ocnosaHHB y -nonocbl,- o,n,no<bonou· 
noe. Tperne cocTOHHBe c I o- 0, KOTopoe a HJJ.eannHoM cnyyae 
6bin0 6bl ABYX<!>OHOHHblM, HMeeT CllO>KHYIO CTpYKTypy. 

l..ITo KacaeTcH aepoHTHOCTeH F~ · nepexo,n,os, TO Ja uc • 
KJll{)l{CHHCM nepeXOJ(OB MC)f(JlY /) - H OCHOBHOii llOJlOCaMH 
s J-;"G Iff npu I> 4 cornacue c 3KcnepuMeHTOM /l 5 / anonne 
YAOBJ1CTBOpHTCJ1bHOC. 
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