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BBEnEHHE ~ 

CTPYKTypa lJeTHO-lJeTílhIX nerpopraaponaaasrx anep B TeqeHl1e MHOrl1X 

ner HBJlHeTCR 06'beKTOM I1CCJle,r:r,oBaJIl1H KaK TeOpeTI1~eCKOH,TaK 11 arccnepa
MeHTaJlbHOH <p113I1KI1. Pe3YJlbTaThI 3Tl1X I1CCJlelJ.OB~HI1i1 npencranneasr B 

pane MOHorpaqmH, CM., Hanpl1Mep,Y 1- 3 ~ Pa3BI1B aIO IUI1êcR MeTO,r:r,hI nerex

Tl1pOBaHl1R 11 TeXHI1KI1 perl1CTpaIJ,1111 y- 11{3 -113J1YlJeHI1H nO<nOHHHO pacuiapa

101' 11 YTOIJHH1OT I1MeIOIUMeCH 3KCnepHMeHTaJIbHhle pe3YJlbJaThI. CYIUeCTBeH

HOe YJlYIJWeHHe OCHOBHhIX napar-rerpon YCI(OpI1TeJleI1: 3ápHlKeHHhIX tIaCTI1U 

,11 YCOBepWeHCTBOBaI:me MeTO,r:r,OB paanenenaa npO,r:r,YKTOB xnepasrx peax

UI1I1: n03BOJlHIOT neransno 113ytIHTh CBOHCTBa anep, Y,ll;aJIeHHhIX 11 04eHb yna

JleHHhIX 01' nOJlOCbI {3-cTa611J1bHOCTI1. 

HaCTOHIUaR paõora CB.:I3aHa co CTpeMJ1eHl1eM CI1CTeMaTl1lJeCKI1 pac

CMOTpeTb axcnepavreararn.asre naaasre, rtonyseaasre no nporpar-nvre 

HCHAnn-l nrra qeTHO-lJeTHhIX rterpopr-nrpoaaaasrx anep. B nansneãurer« 

peayrn.rarsr 3TOH pa60ThI õynyr I1CnOJlb30BaTbCR npa aHaJIl13e 11 CI1CTeMa

Tl13aUHl1 nannsrx, xoropsre nnaaapyercs nOJ1ytIl1Th aa npOTOHHOM nYIJKe 

cPa30TpOHa JIa6opaTOp"1 anepasrx np06J1eM OHHH c nOMolUhIO qm3I1tJeCKl1x 

YCTaHoBOK xor-mnexca RCHAIlll-2, BKJlIOq~/M'I:IOro,r:r,eTeKTOpHYIO CI1CTeMY 

,ll;JlR H3YIJeHHH .yrrroasrx KOppeJlRUI1I1: - MYK . 
B 0630pe /5/ nonpoõao paccr-rorpema np06J1eMhI, CBH3aH,Hhle c axcne

pl1MeHTaJIbHhIM onpeneneaaer-r <pH3I1tIeCKI1X KOHCTaHT R,UepI-IOH CTPYKTypbI 

,r:r,e<popMHpOBaHHhIX anep. 3,r:r,eCb MhI OrpaHl1ql1MCH JlHWb tIeTHO-4eTHhIMH 

,ll;eq>opMl1pOBaHHhIMI1 anpar-nr, npaaener-r raxace peayrn.rarsr aexoropsrx 
pa60T, Ony6J1HKOBaHHhIX 3a nocnenaee ,r:r,ecHTI1J1eTl1e. Cnenya onpeneneaaro 

E.C.)l)l(enenOBa, <p113111JeCKI1MI1 KOHCTaHTaMI1 COCTOHHH\1 lJeTHO-4eTHhIX ne

<pOpMl1pOBaHHhIX anep Ha3hIBaIOT MoMeHTbI I1HepUl111 ,1, anyrpemrae 3J1eKrpH- , 

xecxae xaanpyrrorrsnsre MOMeHThI Q o' raporearnarasre OTHOllleHI1H g R 11 

gK' OTHOCHTeJlbHhle axmmrryzn.r KOMnoHeHT BOJ1HOBhIX <PYHKUI1H (KOMno

HeHTbl c pa3J1HQHhIM 3HaQeHl1eM K-npOeKUI1I1 cnaaa aztpa aa ero OCh CHM

MeTpIDI) . 

KollcTaHTaMI1 nepexozton 6y,r:r,eM Ha3bIBaTb vrarpasnste 3J1eMeHThI 3J1eKTpO

MarHI1THhIX nepexozioa (pa.r:r.I1aIJ,HOHHbIX 11 KOHBepCI10HHhIX) Me)l()J,y pas

JlHlJHhlMI1 COCTOHHI1HMI1 aror-raoro anpa. Onpeneneaae <p113111JeCKI1X KOHC

TaHT anpa, KpOMe 113MepeHl1R 3KCnepl1MeHTaJIbHhIX 3HaqeHl1H (Ey' I y , I e ' 
Ô, T~/2 ( y) 11 zip.) , rpeõyer Bhl60pa anexaaraoà TeOpeTl14ecK0l1 MO,D,eJll1. 

l.OCHOBHWECOOTHOlliEHHR 

B036Y)K,r:r,eHHhle anepnsre YPOBHH I1MeIOT cnenyrouiae XapaI<:TepI1CTI1KI1: 

3Heprl1IO, Cnl1H 11 qeTHOCTb 117 (11 nexoropsre npyrne I<:BaHTOBhle Ql1cJla), 

~ e 06'LeAHHeH~LIH HHC'I1lTYT /R'n~~LIX HCCJIMOBaHm't .D:y6HIl; 1987 <. 
í ' 

Itb.CHhlii:U.'l'i,WOi\ ,IHe'MY' ,.. 
.~ fUt~!lt~~I RtC.'lellOBiijll 

,...~.l". r'" l.~""~f..t A. 
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a TaI<:)I(e nepaon norrypacnana T Y2 (YPOBHH) MJIM cpenaee BpeMH JKM3HM 
T (YPOBHH)., BepOHTHOCTb paaparuca anepaoro ypOBHH 0603HallMM lIepe3 
'P (YPOBHH), a BepOHTHOCTb asinera y -I<:BaHTa c MYJIbTMnOJIbHOCTblO L M 
xapaxrepor-r X (,ll;JIH MarHMTHhIX nepexonoa X=M, .u;JIH 3JIeI<:TpMlIeCI<:MX 
rtepexozroa X = E ) - P (XL) . Me)l()J,Y HMMM cymecTBYIOT npocrt.re COOTHOy
IlleHHH (CM., narrpar-rep, 16 I) : 

P ( YP08HR) = {T ( yp08HA ) I -1, (1) 

T Y2 (YP08HR) 
.. . 

= In 2T( YP08HA) 0,69315· rC YP08HA), (2) 

T ( YP08HR) x r ( YP08HR) = 11 
-16

6.58 . 10 3 B· c (3) 

rne r (YPOBHH) HBJIHeTCH IllMpMHOi1 anepaoro ypOBHH. TIYCTb Iy(XL) õyner 
OTHOCMTeJIbHoi1 MHTeHCMBHOCTblO v-nepexona, a S I d - cYMMapHaH MHTeHCMB

d 

HOCTb acex nepexonon (raMMa M I<:OHBepCMoHHhIX), pa3pH)I(aIOIIJ;MX .u;aHHhli1 
ypoBeHb,Tor.u;a 

I (XL) 

Py (XL) P (YP08HA) 
y 

(4) 
l I d 
d 

ECJIM yponens pa3pH)I(aeTCH TOJIbI<:O O.u;HMM nepexonora, rorna 3TO nsrpa
xceaae npMHMMaeT BH.u; 

1 
P ( X L ) = P (YP08HA) (XL) (5)y 1 + a T 

anécs a T(XL)- nOJIHhiIl I<:03cPcPMIJ;MeHT I<:OHBepcMM. 
B .u;JIMHHOBOJIHOBOM npM6JIM)I(eHMM, TO ecrs eCJIM npennonaraerca, lITO 

.u;JIMHa BOJIHhI y -M3JIYlIeHMH 3HallMTeJIbHO npensnuaer pazmyc anpa (aanpa
r-rep, .u;JIMHa BOJIHhI y-I<:BaHTa C aaepraeá 1 M3B paaaa 197 cPM), TO BepOHT- , 
HOCTb v-nepexona asrpaacaerca epOPMYJIOi1 

2 2L+ 1 
L [ ( 2L_~1) 11 ] 11 ( fi c ).

B(XL. I i -+ I ( ) P y (XL, I i -+ I r ) , (6) 
817(L + 1) E y 

rne B(XL, I i -+ Ir) - npaaenenaaa BepoHTHoCTh nepexona, 3HalleHMH B(XL,I i-+ 

-+ I r ), BhIlIHcneHHhle no cPopMYJIe (6) .n,JIH MYJIhTMnOJIhHOcTei1 nepexonon 
E1, E2, E3, M1, M2 H M3, YI<:a3aHhI B Ta6JIMIJ;e. TaM )l(e naasr M 3HalleHMH 
npaaenenasrx BepOHTHocTei1 nepexonon, BhIlIMCJIeHHhle no Baãcrconrpy 
Bw(XL): 

'2 

B w ( E L) = _1_ ( 3 ) 2 R2L 2 (7)
4rr 3 + L o e • 

10 3 )2 R2(L-'1) 2 
Bw(ML). = -( (8)

17 3+L o 11 0 • 

Taõnuua 
3HalleHMH npaaeneanstx BepOHTHOCTei1, 
BhltrnCJIeHHhle no cPopMYJIaM (6) -:- (8) 

E.n,MHMUhIXL B(XL, li -+ Ir) Bw(XL,I j--> Ir) 
H3MepeHMH 

El 6,288 x 10- 16 E; ~ (E 1, I j -+ I r ) 0,06446. A 2/03 e 2(cPM )2 
E2 8,161 x 10-10 E ~ y (~2) Ii --> I r ) 0,05940. A4/ 3 e2(cPM) 4 

E3 1,752 x 10-3 E YIY (E 3, I i --> I r ) 0,05940. A2 e 2(cPM ) 6 
Ml 5,687 x 10- 14 1,7905Etpy (Ml,l i-->lr) /.1.2 
M2 7,381 x 10 -'8 1,6501. A 2/3 ILf(<p'M) 2. E~? (M2, I i --> I r) 
M3 1,584 x 10- 1 

E y y (M3, I j -+ I r ) /L ~ (QJM)41,6501. A31 4 
o 

B COOTHorneHHM B(XL, I i -. I r) aaepran nepexozia Ey zrana B M3E, 
Py (XL, I j -. I r) - B C -1; .n,JIH nepexozioa c MY'JIbTHnOJIbHOCTblO L B(EL, 

26L
I i --> Ir) - B ezmaauax e2cPM2L MJIH 10-2 e H B(ML,I i --> I r J - B e)J.M
anuax IL~ (cPM)2L-2 HJIH 10- 2 /L; 6L- 1; /Lo 0603HatIaeT H.n,epHhll1 MarHeTOH 

(/L = ~. Mp- vracca nporoaa ) , cPM = 10 - 13 cM,6 -= 10 -24 CM 2 .
O 2M cp 

TIpHBe.n,eHHhIe BepOHTHOCTH, BhIlIMCJIeHHhle no BaHCI<:OncPY, HBJIHlOTCH 
necsraa r'pyfisrr-r npH,6mi)l(eHHeM I<: .n,eHCTBHTeJIbHOCTH,. OHH nOJIYtIeHhI npn 
nOMOlUH 060JIOtIeQHOH Mo.n,eJIH anpa B npe.n,nOJIQ)KelU1H, tITO BOJIHOBaH QJYHI<:
UHH HYI<:JIOHa BHYTPH anpa nOCTOHHHa. 130JIee TOtIHO npnaeneaasre BepOHT
HOCTH nepexonon BhltIHCJIHeM c nOMOmbIO cnenyrourero COOTHoweHHH: 

B(XL, li -+ L) = 2, I' , ,., _ 1 n, (9)l' I 

I/,mr 

rne JTI (XL ,1/)-- 1/ -I<:OMnOHeHTa MynbTHnonbHoro oneparopa, a lJI r H \Vi HBJIH
IOTCH BOJIHOBhIMM cPYHI<:UMHMH rcoaexaoro H nauansaoro eocroaanâ, MX 
I<:OHI<:peTHhli1 BH.n, 3aBHCHT OT BhI6paHH0I1 Mo.n,eJIM anpa; m r - MarHMTHhle 
npOeI<:UMH crraaa rcone-raoro COCTOHHMH. 

TIpaBHJIa .orõopa tIaCTO n03BOnmDT paspazncy ypOBHH y-I<:BéUiTaMM 
c MYJIbTHnOJIbHOCTHMM M1 ME 2. Ornourenne HX HHTeHcMBHocTei1 asrpascaer
CH lIepe3 napar-rcrp CMeWMBaHHH 

3 



E!3 <'Pc II m(E2),11 'Pi >'yo  (10)
10 'fi C <'Pcll m (M1)[I:'Pi > 

l'Or.n;a 

I (E2)
2 y

0 = (11) 
I y ( M1) 

to 

2. POTAUl10HHAR MO,UEJIb H,UPA· 

Hnpa, zrocraro-mo ynanemrsre 01' ManltIeCI,HX anep no tIHcny npOTOHOB 
H HeHTpOHOB, HMelOT necdiepaxecxyro <POPMY. TaKaR rpopxra nosaonaer 
paCCMaTpHBaTb opHeHTaUHlO R.n;ep B npOCTpaHCTBe H HX npauiarensnoe )J.BH
JKeHHe. Ilpenrronoxorra, tITO HX BpaI.I..J;eHHe r-renneanoe H Mano BnHReT na 
BH6paIJ;HlO H o.n;HOtIaCTHtIHOe .n;BHJKeHHe HYKnOHOB. Torna 3TH .n;BHJKeHHH 
MOJKHO CtIHTaTb He3aBHCHMbIMH H BonHOBYlO <PYHKUHIO anpa aanacars KaK 
nporrsaeneaae xacrnsrx BonHOBblX <PYHKIJ;HH, OnHCbIBaIOI.I..J;HX BpaI.I..J;eHHe 
H aaõpauino RÁpa H o.n;HOtIaCTHtIHOe )J.BHJKeI-me HYKnOHOB. 

faMHnhTOHHaH ztnrr raepnorensaoro poraropa 3anHCbIBaeTCR B anne 

H .x: H s.p. + '	 (12)T ro t 

r.n;e 

2
fI ~ 2 ~2 

T rot -(I I z ), (13)
2~ 

-> 

a I - oneparop nornroro MOMeHTa anpa, 
C06cTBcHHaR <PYHKUIiR oneparopa H nrra aKCHaJIhHO-CHMMeTpHtIHOrO ( 

anpa H CHMMeTpHtII-lOrO no OTHoweHHIO K nnOCKOCTH, nepneanaxynnpaoü 
K OCH CHMMeTpHH, palma 

I
'PMK \,/21 :l'I~,K«()e )epK(Q)+(-1)I+KD~,_K(8e)ep_K(Q,)I, (14) 

~ 

I 
rne 1= K, K 1, K - 2 H T.,lJ.., P~LK (B e ) - npautarensaaa BonHOB~ <PYHK-c, 

UHR, A e - yrrn.r 3HJlepa. E I, K - 3HeprHH YPOBHeH pOTaIJ;HOHHOH norrocsi 
BbltIHCJ1HeTCH rrpn noxtoum <P0PM)'Jl (13) H (14) : 

4 

~ 

i 

f1 2 

E1, K ~ I (I + 1) + E K (15 )o 

Oneparopsr 3neKTpoMarHHTHhlX nepexonon B pOTaUHoHHoH xrozrerra 
6bInH npanezrensr O.BOpOM H B.MorrenbCOHOM 111. B naõoparopaoã CHCTe
Me xoopnaaar 3TH orreparopsr HMelOT BH.n; 

~n(M1,v) (3 eü IgRI +
 
V ~ 2M c v
 

p 

(16)
1+ L [(go - g )E ' + (g: - g )sv,]Dv v' (B ) I, 

, r, R v s R ' e v 

~TI(EL,v) = ~ Dv;'(Be·))R'(EL,v')o	 (17) 
v 

3.n;eCb oneparop :JT(' (E L, v ') aanacsraaerca BO BHYTpeHHeH CHCTeMe KOOp
)J.HHaT, coenaneanoü C H,D;pOM: 

:JT('(EL, v')	 L eq (r~,) L YL,v' (8', </>') • (18) 
q 

BHYTpeHHHH xaaztpynonsar.rã MOMeHT Q() paaen xrarpaanoray aner-ren
TY oneparopa Jli , (E 2 , O), BbItIHCneHHoMY C ncnonsaoaaaaer-r nornroaoü 
<PYHKUHH (14), TO ecrs 

I I 
Qb = < 'PM,K ! m' (E2, O) I 'PM,K > o (19) 

fIOBepXHOCTb anpa R MOJKHO ornrca'rs C nOMOI.I..J;blO napar-terpa xaanpynorrs
HOHnerpopr-ranaa (32: 

R == R [1 + (3 Y O (B, ep)],	 (20)
o 2 2 

H ecna npennorrozcars , tITO 3neKTpHtIeCKHH 3apR,D; paBHOMepHO pacnpene
rtea no 06'heMY anpa, rorna BHYTpeHHHH rcaanpynonsnsrã MOMeHT 

3
_ZR2f~ I	 (21)Qo V'-;-5 o 1-'2 I 1 + 0,36 (32 + I o000 

rH T 

CneKTpOCKonHtleCKHH rcaanpynonsnsrã MOMeHT Qs .n;nR nediopvrapoaaaaoro 
anpa, 3HatIeHHe rccroporo 113MepReTCR 3rccnepaxrenransaó, onpenerrea B 
naõoparopnoã Cl1CTeMe rcoopnanar : 

I I 
Q s == < 'PMoK I :JT( (E2, O) I 'PM,K >M==I o (22) 

, 
,5 



TIpl1MeHHH ypaanenaa (14), (17) H (19), nonY1Jl1M crrenyromee COOTHO

urenae: 

3K 2 -1(1 + 1)
Q	 Q 

s o (23)
 

(I + 1) (21 + 3)
 

I}MarHHTHhlH MOMeHT f1 OCHOBHorO H B036Y:>K)J,eHHhIX COCTOHHI1H )J,e<pOpMH

pOBaHHblX aziep pasea 

I I 
W" -:= < \VM,K ( M1 , O) I \V M,K >M == I • (24) 

TIO)J,CTaBnHH Bhlpa:>KeHI1H (14) H (16) B <popMyny (24), rronyxar-r (ecna 

K *1/2) 

K 2 
11 gR I + (gK - g R ) I -t-. 1	 (25) 

TIpHBe)J,eHHhle BepoHTHoCTH nepexorroa Me:>K)J,y YPOBHHMH O,lI,HOH pOTaUHOH

HOH norrocsr (K *1/2) onpenenaiorca cne)J,YIOW;HMH Bhlpa:>KeHHHMH: 

B( E 2; I i K -+ Ir K) _5_ e 2Q 2 < r. K m I I r K > 2, 
o I	 (26) 

167T 

3 2 2 2	 2B(M1;I i	 K -+l r K ) ~ILoK (gK-gR) <IjK10IIfK> (27) 

Ha OCHOBe BhlllleYKa3aHHhlX <popMyn nonysaer-r COOTHollleHHe )J,nH 

o - napasierpa CMeWHBaIUfH: 

a-2 ( E 2	 1,148 O - 1)(1 --- 1) gK-gR)2. 
II, K -+ 1- 1, K)	 (28)

M1	 [Ey(l -+ I _1)]2 Qü 

1',
liOTCIO)J,a, ncrrorrsaya nsrpaxcenae )J,nH a2 H aaeprmo EY (I -+ I - 1), BhlllHcnHeM 

g - g 
OTHOllleHHe <pH3HlIecKHx KOHCTaHT anepasrx COCTOHHHH K R. TIpHMeHHH 

Qü 

vronerrs rnepnorem-aoro poraropa, MO:>KHO YCTaHOBHTb saaseaae a2 H3
 

oTHOllleHI1H I1HTeHCHBHOCTeH Y-KBaHTOB:
 

E2	 Ir (1, K -+ I - 1, K) Er(I -+ 1-2) ]5 xa- 2 ( - ; I , K -+ I -l,K)
 
M1 I y (1, K -+ I - 2, K) Ey(I -+ I-i)
 

6 

(I + 1)(1 + K -:1)(1 - K -1)x	 . ,.:. 1. 
2K 2 (21 - 1) 

(29) 

Ornoureaae npnaenenasrx BepOHTHOCTeH )J,nH paapeureaasix nepexorioa 
IK i - K( I ~ L < K i + K f C O)J,HHaKOBOH MynbTHnonbHOCTbIO, paspaacarourax 
)J,aHHhlM yponem, na )J,Ba ypOBHH O)J,HOH pOTaUHOHHOH nonocsr, y)J,OBneTBO

paer npaBIDIaM Anarn "? / : 

B( XL~ li K i -+ I r Kf ) <IiK i L(Kr-Kj)!IrK f > 
2 

------~~-,~-2· 

B( XL; li K j -+ I; K f ) <IiK i L(K - K j )11 K > 
(30) 

r r f 

3.CMElliHBAHHEBonHOBWX~YHKUHA 
POTAUHOHHWXTIOllOC 

TIpHlIHHOH HeCOXpaHeHHH npoercuaa MOMeHTa K RBnHeTCH CBH3b xorr
nercrasaoro H BHYTpeHHero )J,BH:>KeHHI1 HYKnOHa é nediopr-rapoaaaaor-r nnpe; 
yuer 3T0I1 CBH3H npOBO)J,HTCH lIaCTO no 'reopna B03Myw;eHHH. FaMHnbTOHHaH, 

cooTBeTcTBYIOllJ,HH B03MYll~eHHIó,MO:>KHO nsrôpari, paansnvr cnocoôor-r: rar-tarrs
TOHHaH CHCTeMhl cO)J,ep:>KHT npoaaaorrsasre CTeneHH xaanpara MOMeHTa 

apaureaaa anpa 18 - 101; xneasr raMHnbTOHHaHa o,npe)J,enHIOTCH HCXO)J,H 

H3 3aBHCI1MOCTH MOMeHTa anepuan OT napaxrerpon nerpop
MaI.J;.m1 / 11! . TIpHBe)J,eHHhle BepOHTHOCTH v-nepexozioa BblllHcnHIOTCH c yxe
TOM 3aBHCHMOCTH r-ryrn.rnnorrr.asrx oneparopoa OT pasasrx creneaeá norr
noro MOMeHTa" 1 /: Cne)J,YH pa60TaM /1, 12- 16/ , Bbl6l1paeM (ripa H3YlleHHH 

Bnl1HHHH nmus ueHTp06e:>KHOrO H KopHonHCOBa B3aI1MO)J,eI1CTBHI1) rar-mns
TOHHaH CHCTeMbl B BH)J,e 

122
H == H s. p.+ Trot..L 2hoO+1_+ CI+) + h2I_..L h_2 1+ ,	 '(3.1·) 

rne h o - oneparop BHYTpeHHHx Koop)J,HHaT, ne H3MeHmoW;HH snauenae 
K; h±2 -onepaTophI, xoropi.re aar-reamor K Ha±2. • 

Borraonsre <PYHKum1 pOTaIJ:HOHHhIX COCTOHHI1H aanauier-r B BH)J.e 

I
I K I > = L a q q , (I ) 'V MK ,( q') , (32) 

q	 q' q 

rzre q, q '= g, {3, Y: g -:- OCHoBHoe, a (3 H Y - BH6paUHoHHbIe COCTOHHI1H; 

'l'M1K ' (q') - c06CTBeHHaH <PYHKUHH oneparopa H (CM. rpopr-iyrry (14)). 

~03<P<PI1UHeHThI a q q , (1 ) onpenenmorca no reopaa B03MymeHHH 

(CM., aanpar-rep, / 17/ ), oneparopsr B03Myw;eHHH - B BH)J,e, YKa3aHHOM 

B <p0pMyne (31), 'rorna 
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=:: aa gg =: a{3{3 y y = 1,	 - j ~ (I - K)( I' ~. K + 1 ) (37)RI r' K 
(33)

a g{3 =-:a{3g =: - € (3g f{3 (I). 

1 I Ilocne nOACTaHOBKll B rpopxryny (36) 3HatIeHllll a qi q II a q rq' (CM. 
a gy = - 'a y g - 2[1 + (-1) ] €yg f y (I). ~\	 nsrpaacemra (32) II (33» OCTaBllM rnnus rraaeãnsre tIJIeHhI no c qq" . Torna 

AnH nepexonon Me)KAY ypOBHHMll (3-norrocar II OCHOBHoro COCTorrHHH llMeeMti, 
a{3y =: -a y{3 ~-[l + (_1)1 l'c{3yf y(l), 3.~	 B(Ml;IOp --+ IOg) == ~{Gg{3 (g+) + €(3 1(1 + l)[G - Gf3{3(g+)] ,+ g g(g+) 

lo 

rAe 
+ €(3y(l. - 1)(1 + 2)G

gy 
(g __ ) 12 •	 (38) 

fp (I )	 = I (I + 1) . f y (I ) =: [ 2 (I - :.l ) I ( I + l ) ( 1 + 2 ) ] Y2 , (34) 
Ilpasenenaaa BepOHTHOCTh Ml -nepexonon, llAYI.I.l;l1X ll3 YPOBHell y -no

nOChI na ypoaaa noJÍOChI OCHOBHoro COCTOHHllH, BhltIllCnHeTCH c rror-toun.ro 

c q q 
~~K '~~~~~.~~~L~!-!s~~~. . (35) crrenyrourax COOTHOUIeHllll.: 

Eq,(I =K') - E (I == K)q 

B(M1;12y 410g) == ~(I-l)(1 + 2) {G gy (g_) +- 8ty[Gyy(~) -:- Gyy(gzr)] +
3AeCh	 q 1= q'. ~K = K' - K; Y napavrerpoa c y g H c f3 g 06bltlHO llHAeKC q 877 
onycrcaerca, 1'9 ecrs cp == f [3'g" a t y == E Y g • 

B crreztyroutevr pasnene paCCMaTpllBaIOTCH diopr-ryrn.r, nonyxeaasre 2 (39)
+21(1+ l)[ €y(G gg(g+) - Gyy(g+» - cf3y G (g+)]1 ,

HaMll	 AnH BbltIllCneHllH npnaeneaasrx BepOHTHOCTeH r-rarnarasrx Ml ~nepe gf3 

~OAOB. 

B(Ml; I + 1.2 --+ 10 g ) 3(1 - 1) I (~_~L {G (g_) + 4c [(I _ 1) x 
y	 gy y81T(21 + 3)

4. IlPI1B'E,nEHHbIE BEPOHTHOC,TÍ1,nJIH Ml-TIEPEXO)J:OB 
(39' ) 

x (I + 3)] Y2 [G (g + ) G (g z" )] 12 , B aAlla6aTl1QeCKOM npaõrraacouaa ace Ml-rrepexorrsr Me)KAY pOTaW1oH y y yy 

HbIMll ypOBHHMll norroc (g. (:3, y ) sanpeuteasr, a aenaxaaa g R rupowrar-aar
noro OTHOllleHHH OAllHaKOBa .D.JIH ncex COCTOHHllll. Ilpaaenenasre BepOHT ~B (Ml;	 12 --+ I + 1. 0g ) 31(1 + 2)(1 + 3) {G (g_) _ 4E [ (I - l ) (I + 3)] x 

y	 gy HOCTll Ml-I;IepeXOAOB BHYTPll pOTaIJ;llOHHhIX nonoc 11 Me)KAY HllMll BhltIllCnllM	 y81T(21 + 1) . 
B crrysae CMeUIllBaHllH BonHOBhIX cPYHKIJ;Hll (CM. BhIEa)KeHllH (32) II (33» 
c novromsro COOTHOUIeHllH, yrcaaanaoro B paõore I 8/, xoropoe MhI sana

x [~y (g+) - G (g z' )] 12
•	 (39" )UIeM B õorree KOMnaKTHOM anne:	 y y 

B(Ml; I. K .-+ lI' K );= {~ (v + 8 ) < I. - K 1 v I I f • K , - Iv I > x ,nnH Toro tIT,06hI xiarpasm.re 3JleMeHThI Me:>K.AY pa3HhIMll COCTOHHHHMll 
1 qi qf v,q,q' V,O 1 q q 

"

lI' 6hInll	 OTnlltIHhIMIl 01' nyrra, He06xOAllMO npezmonoxorrt., tITO g ± aanacnr 
rs I ~---,,-_._- Iv I I : 01' napavrerpon nerpopr-tauaa, nanpar-rep, cnenyroruar-r 06pa30M: g+= go + 
I v,o JI I ( ). ( 2 

x K q 1.+ 8 K 0- 0K. 01 RI v<IK -K J"l)K ,aq. q II a q q" Ir) Gqq'(v)1 , 1 qg	 ag ~ q ,	 q • f' q q'l q 1 f , + (--+-) (f3 - f3. ); g == y(~'-::""). Marpa-msrã 3neMeHT G y (g+) llHor}J,a
(36) af3 o o - ay o	 y

3AeCh	 ~ 

0603HatIaeTCH KaK xorrrrexrnaaoe rHpOMarHI1THOe O!HOllleHlle g R(2 y ) ' B 

v = -1,0,1; Gq q ' ( lI ) == <cPK(q)lgIK-K'I+lvll'cPK,(q~», .TO BpeMH KaK MaTplltIHhIH 3neMeHT G n' (g z') xapaicrepaayer BHYTpeHHee 
rapor-rarnarnoe OTHOUIeHlle g K(2 y ). Hartepen TPY}J,HO YCTaHoBllTh, rcaicoü 

1 qneH B COOTHOUIeHllHX (38) -:- (39") HBnHeTCH }J,OMllHllPYlOl.I.l;llM, n03TOMYg == g	 , g == g • g == g " g == -(g , + g , ),
1 + 3 - o z ± 2 x- y. 

9'i
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Heo6xo,nI1MO 113YlIaTh 3aBI1CI1MOCTh B(M1) OT cnaaa, B paõore /19/ rtpn 

I1CCJIe,nOBaHl1l1 npaaenemrsrx BepORTHOCTeH M1 -nepexonoa npennonara

JIOCb, lfTO OHI1 B OCHOBHOM npOI1CXO,nRT sa ClIeT npasreceã K BOJIHOBhlM 

<PYHKUI1RM KOMnOHeHT C K = 1 usnuepacnorroaceam.rx (lIaCTO aeoõnapy

»ceaasrx) COCTORHI1H. B 3TOM CJIYlIae BeJIl1l1l1Ha B(M1; 12y~ I Og) nponop
\UI10HaJIbHa np0113Be,neHI1IO (I - 1) . (I + 2). 

{I 
. AHaJIOrl1l1HO orUlcaHHOMY HaMI1 cnoco6y MOiKHO nOJIYlll1Tb CJIe,n~lO ~ [ 

uiyio <P0PMYJIY ,nJlH npaaezieaasrx aepoaraocreá M1 -nepexonoa, JmYUJ;I1X 

MeiK,ny ~pOBHHMI1 y -IIOJIOChl: l 
l' 

~(M1;I + 1,2y ~ I2 y ) = 3[477(1+ 1)(2I+3)]-lx 12[(1-1)(1+3)]112 x 

(40)
 
X [ G y(g,) - G . (g ,)1 - (I - 1) I (I + 1) (1 + 2) ( G (g) \ ~
 y yy Z	 Y gyT 

rcorna I lIeTHOe, 

B(M1:12 -+ I -1,2 ) .", 3[417(1 + 1)(21 +3)]-~12[(I-1)(I+3)]1/2xy y 
2 (40' ) 

x[9y y(g+) - Gyy(gz')l + ~ (I + 1)(1 + 2)(1 + 3)f y Gyg(g_) I . 

BMecTO npaaeneuasrx aepormrocreâ MI-nepexonoa 06hlllHO I1CCJIe,nyroT

CH napar-ierpsr CMeUUmaHI1H 8 , 3HalleHI1H I<:OTOphIX ytTaHaBJII1BaIOTCH arccne

pl1MeHTaJIhHo. Teoperusecxoe aaaxeaae {j 2 nony-rar-r HenOCpe,ncTBeHHO, 

I1CnOJIb3YH COOTHOllleHl1e 

2	 E2 3 E y 2 B( E2; I i -. I r ) 
õ (--, li .I r ) --= ~-(~-) ---------- 

M1 100 f1C B(M1; I i ~ I r ) 

(41 ) 
') B(E2; I. -+ Ir).... 1 

0,697 E-'}' 
B(M1;I j -+ Ir) 

rne saeprua E y - B M3B (CM. KOMMeHTapl1H K Ta6JIl1ue) . 

Bonpocar-r nOJIYlIeHI1H J1 anannaa cPOPMYJI .uJIH BhIlIl1CJIeHI1H npaaeziea
HhIX aeponrnocreã B(E2, í. i -+ ~ r) nocaauiena OT,neJIbHaH paôora 120 I; 
OTMeTI1M, lITO B nameü paôore '21/ onucaaa CI1CTeMa nporpaMM ZORKA 

,nJIH 3BM, n03BOJIHlOlllaH 113 3KCnepl1MeHTaJIbHhlX ,naHHhIX o 3HalleHI1HX 

npaaeneansrx BepOHTHOCTeH B(E 2), B (M 1) I1JII1 I1X oTHOllleHI1H onpenenrrrs 

cPI131111eCKI1e I(OHCTaHThI OCHOBHoro 11 rcaanpynonsaoro BI16paul10HHhIX 
'1I)

COCTOHHI1H 11 Y -nepexonoa B lIeTHO-lIeTHhIX nerpopr-taponannstx nnpax. 
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