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BBE)J.EHHE 

CTpyi<Typa qeTHO-'!eTHbiX .u.eqJOpM11posaHHhrx H.U.ep s Te'!eHI1e MHor11x 

JieT HBJIHeTCH o6oei<TOM 11CCJie)J.oBaHI1H I<ai< TeopeTI1'!eCI<Oll, Tal< 11 3I<Cnep11-

MeHTaJibHOH cPI1311I<I1. Pe3yJibTaTbi 3TI1X 11ccne.u.osaHHH lpe.n.cTasneHbi s 

pH,ll.e MOHOrpacPI1H, CM., Hanp11Mep, /1- 3 ~ Pa3BI1BaiOW:I1eCH MeTO)J.bl ,!1.eTei<

T11pOBaHliH 11 TeXHI1I<I1 perl1cTpau;HI1 Y- 11 f3 -H3nyqeHI1H nocToHHHo pacumpH

IOT 11 yTolJHHIDT 11Merorn:11ecH 3I<cnep11MeHTaJibHhre pe3yJibT Hhi. Cyw:ecTseH

Hoe ynyqrneHI1e ocHOBHhiX napaMeTpos yci<op11Tenew 3ap'l:lKeHHhiX qacTI1U 

11 ycosepiiieHCTBOBaHHe MeTO)J.OB pa3,!1.eJieHI1H npo.U.yi<TOB H,ll.epHbiX peai<

U11H I103BOJIHIOT ,ll.eTaJibHO 113Y'!I1Tb CBOlkTBa H,ll.ep, y.U.aJieHI!hiX H O'leHb y.u.a

JieHHblX OT IlOJIOCbl {3-CTa611JibHOCTI1. 

HaCTOHW:aH pa60Ta CB:'i3aHa CO CTpeMJieHHeM CHCT ~MaTI1'!eCI<H pac

CMOTpeTh 3I<cnepHMeHTaJihHhie .U.aHHhre, nony'!eHHhie no nporpaMMe 

HCHAnn-1 .n.nH qeTHo-'leTHhrx .u.ecl>opMHposaHHhrx H.n.ep B .U.aJihHewrneM 

pe3yJihTaThl 3TOH pa6oTbl 6y.n.yT 11CI10Jih30BaTbCH np11 aH2JII13e H CI1CTeMa

TI13aU11H )J.aHHbiX, I<OTOpbie nJiaHHpyeTCH I10JIY'!J1Th Ha Il:JOTOHHOM ny'!Ke 

c:Pa3oTpoHa J1a6opaT0p1111 H.U.epHhiX npo6neM Ol1Hl1 c noMo -UJ>IO cPH3H'!ecKHX 

YcTaHosoi< KoMnneKca HCHAn0-2, BI<JIIO'!aH Mnoro.n.eTei<Topnyro CI1CTeMy 
I 4 I ' 

.U.JIH 113yqeHI1H yrnoshiX KoppeJIHUHH - MYK · . 

B o63opel5/ no.n.po6Ho paccMoTpeHbi npo6neMhi, CBH3aHHhre c 3Kcne

PHMeHTaJihHhiM onpe.n.eneHHeM cP113H'!ecKHX KoncTain H)J.E pH ow CTPYKTYPhi 

)J.ecPOPMHpOBaHHblX H,ll.ep. 3.n.eCb Mbl orpaHH'!HMCH JIHIII , '!eTHO-'!eTHblMH 

.U.ecPOPMHpOBaHHh!MH H,ll.paMH, npHBe)J.eM TaK:lKe pe3yJih'"aTbl HeKOTOpb!X 

pa6oT, ony6nHI<OBaHHhiX 3a nocne.u.nee .u.ecHTHJieTHe. Cne.z: ,YH onpe.u.eneHHIO 

E .C.)J.:lKenenosa, cPH3H'!ecKHMH I<oHcTaHTaMH cocToHnHii IeTno-'!eTHhiX .u.e

cl>opMHposaHHhiX H,ll.ep Ha3hiDaiOT MOMeHTbl llliepuHH ,'l, BHY rpeHHHe 3Jiei<TpH

qeci<He KBa,ll.pynOJibHhie MOMeHTbl Q 0 , rHpoMarHHTHbie )THOIIIeHHH g R H 

gK, OTHOCHTeJibHbie aMIIJIHTY.U.bl KOMIIOHeHT BOJIHOBblX cpyHKUHH (KOMIIO

HeHThl C pa3JIH'!Hb!M 3Ha'!enHeM K-npoeKUHH CI1HI-Ia H,ll.pa Ha ero OCb CHM

MeTpHH). 

KoHCTaHTaMH nepexo.n.os 6y.n.eM Ha3biBaTb MaTpH'!Hbie 3J eMeHThi 3Jier<Tpo

MarnHTHhiX nepeXO)J.OB (pa,ll.Hai.J;HOHHbiX H KOIIBepCHOHH >IX) Me:lK.U.Y pa3-

JIHlJHblMH COCTOHHHHMH aTOMHOrO H,ll.pa. Onpe.n.eneHHe QJH3H'!eCKHX I<OHC

TaHT H,ll.pa, KpoMe H3MepeHHH 3KcnepHMeHTaJihHbiX 3Ha'!E HHH ( E)• I Y , I e , 

8, T,1 ( y) H .u.p.), Tpe6yeT Bhr6opa a.n.eKsaTHoH Teopent'!eci<oH Mo.U.eJIH. 

1. OCHOBHblE COOTHOIIIEHHH 

Bo36y)K)J.ennbre H.n.epnhre yposnH HMeiOT cne.n.yiDI.l.\He xapaKTepHCTHKH: 

3HeprHIO, cnHn H qeTHOCTh I 77 (H neKoTopbre .n.pyrHe I<EaHTOBbie '!HCna), 
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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 

7 



=:: 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
8 
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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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OB'bE,llJ1HEHHOrO MHCTMTYTA H~EPHYX 
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AdHHbiX 

11. B~4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. Xi1MHA 

13. TEXHHKd ¢H3H4€CKOro 3KCnepMMeHTa 

!4. HccneAOBdHHA TBePAbiX Ten H ~HAKOCTeA 
AAepH~MH MeTOAdMH 

15. 3KcnepHMeHTanbHa.A ¢M3HKa AAePHbiX peaK~HA 
np~ HM3KHX 3HeprHAX 

16. ijo3MM€TPMA M ¢H3MKd 3d~MTbl 

17. TeapHA KOHAeHCHpOBdHHOrO COCTOAHHA 

:8. Hcnonb30SaHHe peaynbTaToe M MeTOAOB 

~YHAdMeHTdnbHbiX ¢H3H4eCK~X HCCneAOBdHHA 
B GMe)I(HbiX 06!1aC Tl'lX HayK~1 1.1 TCXHI>-IKH 

"j 9. 6!~Q¢1-13HKa 

' 
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~aM H. H .n;p. P6-87 -201 
Onpe.n;eneHHe $H3HtJecKHx KOHCTaHT 
OCHOBHOrO H KBa,D;pynOJibHbiX BH6pa.QHOHHbiX COCTOHHHH 
H nepeXO)l;OB B tJeTHO-IJeTHbiX .n;e$opMHpOBaHHbiX H.n;pax. 
ManmTHhie Ml-nepexo.n;I>I 

PaccMoTpeHbi sonpoci>I, CBH3aHHI>Ie c onpe.n;eneaHeM $H3HtJe
CKHX KOHCTaHT H.n;epHOH CTpyKfYpbi OCHOBHOro H KBa,n;pynoJib
HbiX BH6pa.QHOHHbiX COCTOHHHH H nepexo.n;OB B tJeTHO-IJeTHbiX .n;e$op
MHpOBaHHbiX H.n;paX. floJiytJeHbl $opMyJibl )l;JIH onpe.n;eJieHHH npHBe
.n;eHHbiX sepo.HTHOCTeH: MarHHTHhiX Ml-nepexo.n;oa BHYTPH poTa.QH
OHHI>Ix llOJIOC H Me)l()l;y llOJIOCaMH. IlpHBe.n;eHHble BepoHTHOCTH 
B (Ml) BI>IIJHCJIHIOTCH a cnyqae cMelllHBaHHH BOJIHOBI>IX <PYHKUHH 
B paMKax TeOpHH B03MymeHHH. 

Pa6oTa BI>monaeaa B Jla6opaTopHH H.n;epHI>IX npo6neM OH.HH. 

Coo6~eHHe 06'he,z:umeHHOr'O HHCTHTyTa fl)lepHbiX HCCJie)lOBaHHH. ,lly6Ha 1987 

Ileoeso.n; aBTOpOB 

Adam J. et al. P6-87-201 
Determination of the Physical Constants 
of the Ground State and Quadrupole Vibrational States 
and Transitions in Even-Even Deformed Nuclei. 
Magnetic Ml Transitions 

We consider here the determination of "physical constant" of 
nuclear structure of ground, quadrupole vibrational states and gamma
transitions in even-even deformed nuclei. Obtained formulae for 
determination of reduced probabilities of magnetic Ml interband 
and intraband transitions are obtained. Reduced probabilities B(Ml) 
were calculated using perturbation theory and assumed mixing wave 
functions. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 
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