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§ r. Bseneaze 

B ITocne,naRe ro,nu ITORBR~CR pR,IJ; pa60T, nOCBRmeHHUX R3y~eHRID Hea,nR

a6aTH~eCRHX xapaRT8pHC~RR j - H r - BR6paI.I:HOHHUX noaoc ,n8q>oPMHPO

['
 
\ BBHHUX .ffJlep, B RQTOPUX OTRJIOH8HH8.0T RapTliIHlI anaacaravecxoro spa


meHHR. 06ilaJiCHR.8TCR. Rai pe?~llTBT npsxoro cMeurnBaHRR 9r- , P - 'r 

-BH6pB~OHHUX nanoc I,2, B TBK*e CM6illHBaHRR 8TRX nanoc c HeROTopOM
 

> $, - noaocoã, HMeIDme-a KBBHTOBue xapBRTepRCTRRliI K1I':: 1 + 13,4/. B03
I 6y~eHHR TaRoro po,na 6anH onHcaHU B paMRax MeTo,na cRy~at:tHux ~a3/51 H 

PR.na ~eHOMeHOROrH~eCKKX Mo,nanet:t, B ROTOpUX I+-COCTORHliI8 HHTepnpeTHpyeT
CR KBR MI - pe30HBHC. 

B HBCTORmee BpeMR B 8RcnepHMeHTax no HeynpyroMy paCceRHHID aneR
TpoHOB HB anpax H,IJ;eHTHqmI..mPOBaHll COCTOR.HHR TRna I\íf".:: 1 + R CR7IllHUe MI
-nepexo.nu H3 HHX Ha OCHOBHue COCTORHHR B HeCRO~llKHX ~pax pe,nR038MeRll
HO~ H TpaHcypaHoBo2 06RBCTH 16,7/. B CBR3R c 8THM rrpe,ncTa~eT OC0611t:t 
HHTe pe c acczenoaaaae BJmRHliIR K1T: 1-+- COCTORHHt\: aa cBo2cTBB BH6PBrwOH
HUX ft - H r nOJIOC H, B ~BCTHOCTR, R3y~eHRe MBrHHTHHX xapazre-
pRCTRR TaKHX COCTORHH2. 

B oaõore 181 HaMH 6hL7IB acnoasaoaaaa "nayxporopaaa Mo,neRll" IIOJ.IYM
6019 , IO~r,IJ;a OOOTORHWl K'"=1+ nO~OClI COOTBeTCTBYIDT "rHraHTcRoM.,Y yr
ROBOMY peaOHaRcy", ~ Hay~eHHR Hea,IJ;Ha6aTliI~eCRHX· ~eRToB, BU3BBHHUX 
CMelllHBaHHeM HIDItBiIDm.X COCTORHHt:t H COCTOR.HRH nOJIOCll rt. Mo,neRll TIOJIYM60 
BKJllO~BeT B ceoa 6eCROHe~oe trncno ITOROC J(íf: i + ,npH1leM B nps,IUi,IJJliUdX 

.{ pa60Tax 6HHO no~sàHo,~TO B RAP8X o 6anllillRM He~TpOHHHM Ra6HTKoM arpaDT 
cYJI{sOTBeHBYID pOJIL aqxp9RTH OM9II1R.BaHWl MHorwc TaKRX ITOJIOO o nozoooâ 00
HOBHoro OOOTOHHRa,ROTOpHe nepeHOpMapYDT MOMeHT HH8p~ ~a R rRpOMar
HHTHRA: '~BRTOP COCTORHH2 POTBrwOHHO-a no~ocu. O~eHKB BnHHHHH ~RTOB 

CMemHBBHHR HB ,npYrHe XBpBRTepHCTHKH HR3Ro~e~amRX COCT~RHH~ B npe~
mHX pa60Tax 6ana BHllOJIHeHa He BnOJIHe noc~e,nOBaTe~llH1lM 06pBSOM, y~eToM 

~HillD HHm8~ Boa6y~eHH2 THnB Mar.HHTHorO ,IJ;HnOJIllHoro peaOHBHca. B ,nBH
Ho2 pa60Te TBRBR Herrocne,nOBBT~llHOCTll YCTpaHReTCR RCnanllS0B~eM q>op
ManHaMB npoeKUROHHUX onepBTopoB, npe~o~eHHoro ~eill6axOM Irr , nOSBO

~ero nOCTpORTD ~QKTRBHHe OllepaTopH,WHa~eCKHX Ha~aeMHX ~ 

BHanHaa xapaRTepHCTHR HHSRane~~ ~epHUX COCTOR.HliI2 ( P -npoCT
paHCTBO, BKJlID~alOlItee y- 'J> - II r - nOJIOCI:l), B ROTOpWC y~Te-
HU aiíXIJeRTU Hsy~aeMWt cocroaaaã c BUCORO~eJKallUiMliI COCTORRRm.m ( ~ -npOCT
pBHCTBO) • 

Pa3BHT~ q>opManH3M HCnOJIlIsyeTcR ~R aHa~R3a cneRTpa H aneRTpOMBr
HHTHUX xapaRTepHCTHR R,IJ;pa 230 Th . 

1t9'\enlidf:Hjih(í\' tmcmyr \ 
f!l\~~nhJ;g ~ln :'enOllaUg!! 
6HS1ik~ :rG'HA 
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npe~CTaBHM orrepaTOp~ KHHeTH'tIeCROH 8HéprMH Ti. B BM.IJ;e ~BYX CJIa§ 2. Mo,n;eJIh 
raeMaX 

AI ~ "" ,PaCCMOTpHM Mo,neJIh anpa , orraoaaaeaoro RaIt ,UBa artOHSJI:hJlHX pera T= To ..,.. T 
Topa (rrpO'1'OHHoro li He~'1'poHHoro), RO'1'opae Mory'1' nBlIraTbon ~r OTHO
CH'1'eJIhHO ~yra /S~IO/. BHYTpeHHHe COCTOHHHH I~Oa H8 nO~OHOTeM xa -T::!.l A~(Ii.Ii +Iir L

)
o 2i. to .,. - - + , (6) 

paRTepH3YIDTCH coXpaHRIDmHMCH KBaH'1'OBUM ~CJIOM rrpoeR~ BHYTpeHHero "I 

ynnosoro MOMeH'1'8 H8 OCh cHMMeTpHH rro,ttcHCTeMli (K P» K,,) , ItOTO,PHe OOB T':Z.[.i Q' ( i ; i : «i' I L) + Ai. (.I i ) 2 + Ai (I~)2i. 2. L .,. - -.,. +J +.,. " » - - • 

nananr c npoeRIij{e~ noaaoro npcroaaoro (He~TpoHHoro) yrJIOBoro MoMeHTa 
Ha OCh CHMMeTpRH rrpoToHHOa (He~TpoHHo~). KOMITOHeH'1'a n.npa: 3,Itech AO;. - 'tIHCJIOBUe napaaerps ( Ai. = 112J' , rne J, -MOMeHT 

(--' 
loHHepUHft i -I rro.nCHCTe,) H Q.:: (Ai _ - A~). &. 

( -Sp Ip)'f' = Kp\l' ( 1~ Í~) \f'= Krl \f' • (I) BBOMt KaR B paooTe 10/, rrOJIHW! yrJloBon MOMeHT, CHCTeMU B ueJlOM .. ~ .. .) .. 
I = 

~ 

I p'" I H oneparop S:= I p - I h , raMWlhTOHHaH (5) aanacaaaex Bt13,nech ~p li '"S~ - e,IUlliHtIlme aexropa, aanpaaaeaase B,nOJIh ooeã 01lMMeTplm 
BH.nerrpoTOHHOH H He~TpOHHO~ KOMnOHeHT RAPa. I I

J-I:: Ho)o + HO)1 T T} + ~OTHOCH'1'eJlhHOMY EBRReHHIO rro,n;CHCTeM rrpo'1'KBo,n;enCTBye'l' OHJIa, noTeH TIr (7)
Iij{8JI KOTOpoH saBHCHT 0'1' yrJIOBOH rrepeMeHHOn e ,0rrpeneJleHHOa 000'1'

r,n;eHOlIleHHeM' 
Ho)o = : (A~ + Ae,.,)(i z + §l) -I- /(8) + Hint J 

CO-!(2.9)= -S --S ( o ~ f) ~ ~/2 ) 
(8)p h (2) 

COrJIaCHO .110/, BrrOJIHO ,nOCTa'1'OtIHO H3YtIHTh ,nBUeHHH ~ oOJIaOTH ()~< "!~ HDJ~ =f (A~ - AO~,) (Í § ) ~ 
(MH 'Ji/z - 8 <:< 51"/" ). Tor,n;a B rapMOHHtIeCKOM rrpHOJillJlteHmI rrOTeHIlBaJI (9)

T':: T' + í I -I- ri = g 'J 2 ~ B+'I 2 ~ 
,.. , Z 3 ,+ 1BsaHMo,n;e:ltcTBHH CtIHTaeM paBHHM 

..J(e):::1/2 c & 2 
+~.. (r, s, + S.. I + ) + (S _I _ + J _ <; - ) -8; ....~, S: + S~ .g 1+" (Ia) 

( V (1i/'l. - e) = ~2 C (:Jí/z - e)2 ) • (3) 

OpHeHTa~ ~ B ueJlOM orrpe,n;eJIHM rrpaBOn OPTOHOPMRPOBSHHOA TpoARoft T~ -= r;,I -+- r;,z a ct, ,1 (fI,,,o -v(e)- Hi."t) ~ajJ,z. Ho;t • 
BeKTopqB ~ ~ ~ (11)

• 'YI1 = ~p X 3'1"\ / Si", (7. 0 ) , 

Q.p - a"... ... ... ) / a p '" a"'>?z. = (-:çp - :sn 2 y;n fl l' a~,Z. -=3,n8CD Q.~/1 :. AO AO,..(4) AOp .... AO,.. p 
';;3 ::: ( -Ip + j.,) / 2 tv! e . 

raMR1Ih'1'OHMaH H H 7, - BpamaTeJlhHae saepraa rrpoTOHHHX H Heft- . .ti= ~ (A~, .. -to A:/-+) ~ -8 z ;:; ; (A:.. + - A':./_) (12) 
'1'POHHblX KOMIlOHeH'1'. ( i.::: p, n J- BM6m BlI,lI; 

fi : Tp " f .. ~ {(9) + Hll1~ , lIo noorpoeaan, oneparopa Ho,o H Ho,-t ae OITHCaB8IDT CB.R:3D Me'JRlI.Y 
(5) K0JIJI6KTBBHaM ,nBD8HHeM H BHYTpeHHHMH BosOYJK,IJ;eHmn.m. lIOCJI8,nHH8 tUIeHU1 A i. (i. I i. i i.) A i. (i )2 A i. (i) 2Ti ='2 +,_ I. - +I_I.,. -I- +,+ I.,. + r: I_ •r 

B (7) .naIOT B03MOJKHOCTh HCOJIe.noBaTh CBHSH MeJKAY COCTQ.filUIHMli POT8UHOH3,nech onepaTopu Ii rrpe.nc'1'aBnHIOT coooA KOMITOHeHTH onepaTopa yr-
HIlX nOJIOC c p83HoI BHYTpeHHeft CTPYKTYpoft. \ ' aoaoro MOMeHT8 nporoaos- i: p (lI.1IH He~poHoB i. =h ),onpe.neJIeHHHe 

B nPH6muteHID'I, soraa e << :Jilz. t raMK7IhTOImaH H~D KoMMYTl'IPyeT fBO BHYTpeHHe:lt CHCTeMe cooTBeTcTBy~e:lt KOMITOHeHTU H.npa (rrpoToHHoft RHH 
1 • COÔCTBeHHH8 BOJIHOBUe WHItmm H0 ° , orracssamero CHOT8MY cHel'rpoHHoA). OCh 3 BHYTpeHHe:lt CHCTeMl:l ,KOOp,ItKHaT npmnwaQM~O~e1t 3 6aRCH8JlhHOI CHMM8TpHeft, mneM B BH,It8 /S,I /c OCDID aXCHaJIhHOH CH~~eTpHH. Buôop ~YrKX ocea. pacrrOJIOJlteHHHX B nnoc

KOCT:R,depneH.m1KYJIHpHO~OCB CHMMeTp1mt~onyCIt8eT rrpOH3BOJI, T.e. OrpSHH'tIeH \f (IMklott'l)= / 2.I+1 ' 'I.. t« f,. + (_):r9J~_/( f-~J (13)
16.:1iZ(1+6' r-) ~t'I MK,." ,., •JlmIlb YCJIOBHeM 0PTOroHaJIDHOCTH. .~ . 
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3,neC:D K ~ O, It. = Kp ..,. I< 11) ~ = IIr. - K I =O) 1. ) 2 .. ' , -n =o) t,l ... 

Cf (9)=[ '2'n.' J~ O~.,.~ e-~61l L tJt /0 1)
~11 (n+,,)I . h (I I 

( 14) 

rne L ~ (e2
) - npWcoe,IOOIeHHHa nOJIHHOM JIarep8. (', 

B ~pMy~e (I3)}R - COóCTBeHHHe WYHRUKH BHYTpeHHero raManbToHH8

na J../ i.11! , ROTOpHM COOTBeTCTBYIOT COÓCTBeHHHe 3HStIeHIDI é'''-i (,t) • 
COÓOTBeHHHe 3HatIeHHH onepSTop8 H~o onpe.n;e~OH WoPMY~Oa 

é(IAIOtn)= 1w9;1(I+1.) + w(2n..,. se-s) + éi.n/ (I~) • (15) 

Oneparop #0,1 He.n;HarOHaJIeH B npe.n;CT8BJIeHHH C Ó83l:tOH1lMH !IJYlt.l<I.UUIim 
(13) R npnO.n;HT R CMelIIHB8HIDO COCTOmma C pa3JllIlJHllMH :R J' HO Omm8RO

BIDvm BHYTpeHHHMH WYHRUHRMH } A • OrJmlJHHMH 0'1' aYM MBT.PHtlHllMH Me

MeHT8MH HO,i SfBJIJIIOTC.fI 

<IM~K-;t1~+i-n'IHo,.,IIMÁK~n > =
 

. (AO - AO )f ~ ~
 =~t.J6~ 
AO

p ~ (:I+K)(.I:tK+1.)(j""b~of..o))( (16)
Z p ..,. AO~ , " 

111 ~ ..,. 1 C" _ 0"",1 (-n+ ~)"j' r- )K 
)C { - o , + fX...,.k. - '11 o, •Jn.,. ~+ 1 ",n ( ) ?7! ('77'+~+1)! .fii 11, n-s 

Onepaeop a, B (lI) ae MeIDIBT KBaHTOBOe tntOJIO ~ ,HO MelpteT BHYT

peHHee COCTomme .fI.rtpa: 

â, = a, I} > < ~1 -to a: Jy > <} I . 
r (17) 

Oneparopa 6.. H ~z. B raMHJIhTOHH8He (10) MeHHIOT KBaHTOBHe 

l{}J0JI8 R H8 2 R MOryT CBJl3I:m8'l'h OOOTOSIHHJl y- J fi - nOJIOO O 000

TOJDiB.fIMH r - nOJIOc. ~ 8THX oneperopoa MH npmUlMBeM CJIe.ItYJlItee BH

palleHHe 

8
~ 

t = -Rt I t » <d I ~ ge 
~ 

Ir:J. "> < ~ J 
(18) 

r,Ite f = j J Z. (,f t:Â. = r J p. 
IIPR c.n;e~8HHWC npe,ItnOJIOJKeHHJlX OTJI1AHHMH OT HYM Ma'l'pHtnWMB 8JIe

MeH'l'aMH 8TBX onepaTopoB ~CH, 

<H.ikK'~'nIT: 11M/l.K'Jt~~= [(.1+õ~05.~o)(! + OKp Ó
It

,,) 1(J
~ 

Y{<~'lg,rk) àk',k-zbK~"_Z /(I'd()(~ -K+f) /rZ+X-1.)(Z-K+2) (19)-I

+ <k'I8,·'I\)fll', lt. i"ZO"k"',K"Z I(Z-K)(I+KofO fi)-K-f)(J-tk'fZ) J, 
.. 

I ei [ \' s:- ) ( < 1 Mk'K'?t' '17' /72/1 M ~ K 'X. n ;;:- = 8 (i oi- o~o oA;'o 1 ~ Ô"p Ók',o ?Jd
f1z 

)(
0 

'l f<k'I~l Ik) Ôl.' " ô. J(I -+ K) (I - K +1.;' ~ 
.... , ...-2. K, )(-1 

IC[< 'X'n' Jix I~n ~ -+- (/I. - K-
1tz ) <;;e'n'11/~h »}.,. 

+ <:k'le:IR>b,1. Ô. J(I-K)(I+K+l) 
k),..+l t)Kd ~ ., (20)

}([<3t'n'I;)(/~n>- (k-K+1tz)<~'n'lx/~h» . 

MaTpKtIHHe aneMeHTH '::%'I1'/'b~/:J!n7 H <1"""1; l:Jeh> JlerRO paCCtIHTaTD, 

nM:D3YHC:D ~pMyJlOa (14). Booome rOBOp.fI, OHH OTJlHtIHH 0'1' H,YM npa JIIO

ÓOM COOTHomeHHH m H '11' • 

§ 3. MeTO,It ~emÓ8x8 B MO,IteJlH 

~PMYJlH npe~mero pa3~e~a CB~eTeJl:DCTBYIDT, tITO qaCT:D raMHnDTO

HRaHa, He BKrrIDtIeHHaR B onepaTop H~o ,RcnanD30BaHHHa ~ nOCTpoeHHH 

óa3HCHWC qjYURmIa, UMeeT He.u;HarOHaJI:DHHe MaTpHtIHhIe MeMeHTH, CB.fI3W38ro

nae R8JK,Itoe H3 Ó83HCHhIX COCTO.fIHHI \11 (IMR K~n) C óeCROHetIHHM lfiIMOM 

,ItPyrmc COCTOHHHa c m ':# '11' • COCTOHHHH, ROTopHe MorYT CMell1HB8T:DCH, 

xopomo pa3,IteJIeHH no 8HeprnH (CM. ~pMy~'Y (15», T8R tITO POJI:D R8JK.ItOro 

H3 HRX HeBe~RR8, 0~8RO ~ nocne.n;OBaTe~:DHoro YtISTa ~eRTOB CMBillH

BaHHH Heoóxo~o rrpoCYMMHpOB8T:D ~KTH, CB.fI3aHHHe c ~H.fIHHeM MHor.ax 

BHCORMe~mHX COCTOHHHa. llpRMOMY.Hcnan:D30BaHHID TeopHR B03MYmeHHa npe

TIRTCTByeT H8JlHtIHe HB.n;H8rOHaJI:DHhIX MaTpHtIHhIX aneMeHTOB B raMRR:DTOHOB

CROa MaTpHm3, CBJl3HB8nnHX HH3ROJIextalItHe anepase COCTOHHRH, CMelllHB8HHe 

ROTOpWC MOJKeT ÓHT:D npoH3BOJI:DHO CWI:DHhIM. Y,ItOÓHhIM MeTo.n;OM ~ yqST8 

BHCOR~ej8mxx COCTOfIHHa .fIBJlHeTCH MeTO,It rrpOeRURORHhIX onep8TopoB ~m

óaxa 11 .,Ite~ npocTpaHcTBO COCTOHRHa Ha ~e qacTR. 

CJIeJI,yH /111, BBe,IteM orreparop P , IIpO~p~ aa npocrpaacrso 
HHTepecyI<WIX H8C COOTOfIHHa ( ~r - ,p- H r- - noxoc) : 

P ::1: [fIMY:i' <IMY I.. 11,." ;'<1' M'p1 -+- I:t Ml1'><:rMrot J ..,. J.1 Mh'> <lMh Ij 
lF'\ (21) 

HMeH B BHJI,y npWIOJIte~B cxeMH B CJIYtIae, sorna ,It8RH0p.\y tIHCJIY COOTBeT

C'l'ByeT 'HeCROJIhRO p83JmtIHhIX BHYTpeHHHX COCTOHRHa, B npoeItTHPYI<IIUfa 

oneparop P ~KJIJOtIeHH .n;Be noaocs c KBaHTOBOa xapazrepacraxoã /( fT':' O"" 
(y- H } - nOJIOCH) H zrae nMOCH K tf'= 2."" , OTJIHtIaI<l!tHeCH BHYTpeHHH-

MH CBOACTBaMH. A7m pa3JmtIWi me BBe,IteHO OÓ03HatIeHHe l'~ H d- z • Bce 

OCTanhHHe COCTO.fIHHH, ROTopHe cquTaBM pacnanO~eHHHMH .n;OCTaTOtIHO BHCO

RO rro 8HeprHH, BRJIJOtIeHH B ~ - npoCTpaHCTBO. 

~ npoeRTRpoB8HHOro r8MRn:DTOHHaHa H8nHilleM 

5 



IIJr 

Hp p z: H:o + r, T: Po • (22) 

B (22) BRJlIO'tI8Hli: 1-1:0 , JiBJI.liJaqmíoSl ,IUlaroHaJI:DHl:lM no OaSnCHIlM BOJIHOBbIM 

WYHKUHHM ~~) li ~acT~ orrepaTopa T; , ODRo~ero OMemnBaHHe OOCTOSl

HHíl nOJIOC B P npOCTpaHCTBa' {r-A~'H li- - nozoc) , 
,1J,7rJI raMHJI:DTOHHaHa 1-1 p tq HM88M 

Hp~ = P HO,1 ~ -+ P r; ~ + P r: Q::: H;p. (23) 

HaKoH8U, 6l 
I-I~~ -= Ho, o '
 

Oneparopa B (23) CM81.lIID33IOT COCTOJlHHH P C ypoBHJIMR rrOJIOC,
 

B.KJIIO'ti8HHID.m B ~ -npocrpaacrao ,
 
ITOJIHaJI BonHoBaJI WYHKUKff orrp8~8~eTCJl KaK cYMMa
 

li! = P \li + 6J yJ -= cP -to J . (24) 

BOJIHOBaJI WYHKUKJl cp B MO~8JI:DHOM rrpocTpaHcTBe HMe8T B~ 

rh I K rhIK IK ,. = L. C, -r . , (25)• t: I. 
L

P.IK rne C i -aMITJIHTY.n;li CM8nrnBaHHH OOCTomnrlt I K , BRJIIO'tieHHhIX B 

BOJIHOBaJI WYHKI.l.WI cp Y~OBJI8TBOpsIeT ypaBH8IDIIO 

;h4>-=f(/J. 
MH C'tIHTa8M, 'tiTO COOCTB8HHli8 3Ha'ti8HHJI HHSK0JI8~ COCTOHHHíl cym8cT

BeHHO M8H:DIlle COOCTB8HHI:lX 3Ha'ti8HHíl oneparopa Htf'9 ' a rrOCJI8,IJ,lUIe CtIR

TaeM OJmSKHMH K COOCTBeHHHM SHaQ8HHJlM H:o : ti H~o fi • 
Ha aTOM OCHOBaHHH Hcrron:DSY8M npHOJIHX8HHe 

..., 
ôlé -= Hpp + Hpa 

1. 
ti Hti P • 

(26) 
E - Ho,o 

. ~ MaTpHtffiI:lX 3JI8M8HTOB iC rrOCJI8 aTora rrOJIy'tia8M BlipaJK8HHe 

~ j 

*'i.i'=(H pP ) i,i.' + f ( Hp4t ) ij E-éi (Hqp)ii' (27) 

r~a j 0603Ha'tia8T KBaHTOBH8 trnCJIa 6asJlIcHIlX lPYHKURit, B.KJIID'tIeHHlDt 

B Q- npocrpazcrao (.n;onOJlHHT8JI:DHhte no oraoaeaan .K r II M ). nn.a 
9Hepnm E B 3HaM8HaTeJI8 BTOPOro l.UI8Ha MIi npmmMaeM 3Haq:eHH8 9H8p

rHH COCTOJIHBA lIpaCT-rrOJIOCH. 

HCIIOJI:DSYK npRB8~8HHH8 B npe~meM pas~e~e ~PMY~H ~ MSTPUq

HllX 3JIeMeHTOB raMR7I:D~OHHaHa, 1l0JIY'tIa8" OJIeJJ3Dltee BHpalteHH8 Jl,JIJl MaTPH

l]Jl: \ 

6 

W9r -t' P~,l(l"f) p~ 1> I (1"'1) P9.\1 I (1-+'1) PaA• r (1·+1) 

WJ 1" P",l{I+1)~f> I(I~1) Pj!ld1 1 (1-+1) JPJz J (1+1) 

~ =1 . 
P'~11 (H1) .wh + Pk1d1 I (I +1) ~1~11 (t-t1)Pa~" r (1-+1.) 

(28)f'a~l (I +i) PJ>~~ I (r-s) PJ"h I (IH) 'Wh+ ~l~&l (l+i) 

KOa<I$iUReHT npa CT8neHJIX 1(1 -+i) B (28) HM8IOT CJI8.n:yIOlitHA BM: 

p~, = A[1-A~ (1+ 1<:~/aP,JJ»JZ)J - ; f 1<~("/8t1e>J~ J 

P.pI :: A[ j - A;(1 -#' J< 9r-f aI:Jfl » t')} , 

Pet =Ar! - A~Z'] - ~ l<y/gLle >11.[1 - 2 jZ(I-41)} , 

P'9 =A[<~IQPI«I!» - eA~<YI~"zIP>], 
li%. 

P,t =.f2: c ylg11€ ') [ 1 - zLr à-«) ] , 
(29)

.1'/z 
P,t -=fã«~I$fle;> -Ao<YI",,~\~><~I-6zlt»[1-2/I(r"d.>.J ,
 

P~_J. ::-! <tyf~I.I~,,><ylgdh'>[1- e t r à-o],

,"li. A' 

~ o = ( A0p - A:') / ( A ~ + Ac:.) J ..
I' -" 5 ~ ! 

~

~ 6, 5 ~ 3 • 
- ...., (Z., ...')(hH) 

3,Itecb l MOJKeT ÓHTb ri. H ~:l ' A=rwe! JlBJIJl8TCJI IDiepUROHHIlM napa-
MeTpoM OCTOBa. OTMeTHM, 'tITO B ,IUlaroHaJI:DHHX 'tJJI8Hax ace BeJIH'I{HHH, H8 

saBHCR.1ItH8 OT onaaa J ,B.KJIID'ti8H1:l B wi. • I 
,It7m HOpMl:l q,yHKIJ;W'I \li HM8eM 

Ir cf< -< 4'{I J/p6l / (/)!>/2
<IV /0/ >= 1. + !

(E- Ej)2. (30)J 
HcnoxbsYJI npH~eHR8, aHBJIorlAHoe (27), Hal1HlIIeM 0JI8AfD1{e8
 

BHpaxeHHe ,wISl ( 30) : '
 

<.tp1lC/"ZK ~ ~ 1 -I- (ê;:'J'[itJ1A:1(%+i.)(1 + 1<r-1a"zIP>/')+
 

~ ; ~ I<'YI~, 101'%(H1>J + (c~< y: 9:A; I(I+l)(i + I<yl a,., \pJ~+ (~I) 

.. ~ (c~<)' {F fJ~ A:[l'X(I+<) - ~(l+I')] .. : I<:lr! 8,101'[X(I+1) -z]J . 
~ 4. 3JIeKTpoMaI'HHTHH8 nepexons 

B1m!CJIHM MaTpH'l{HWt 8JleM8HT OT MYJI:DTm:IOJI:DHoro onepaeopa ".;,r,,)f'4). 
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B paasax ,naHHO~ MO,neJIH MaTpliq]-Iwt 3JIeMeHT OT oneparopa ~ (.À, ]1) 
no BOJIHOBHM <PYHKUWIM (2. 4) MMeeT BIm 

<: ~;II ~ (~)r) 14J~1 >:. <cP~1 J.m (">1')Il/'fl. > -to <4>:' /~ r"'JJi) IJ~ >+ 

+<1~i 1-m(>t)J'l)j <p~z > -+ <}~1/~t"I~)f ):1.;>, (32) 
r,ne 

<: 4>71 I"';' ()I ~)I 4>1 1 >=z. C~~*1 C ~& Z -: 4J I ,I/ ,,;, (>. li) I rp I~ l » 
1 J 1 U' '" L' i ) L I 

(33) 

« cP;' Jm, (Ji>~)1 J ~& > = 

21 C :r,1",.. I,Z. < 4J x,1 /rrn (;]i J/'1.71>( #1 2"2. / # J ""X, 1.>" 
=~ l' l L. i' i. I" J Ti f.Pp 't'1.' 

j E - Ei J (34) 

<) ~' Im t» )Ji) tr: > = 

=z c tf 1 c ~~ Z<(/)[.1/Hpli I f/JI1> <if>f1/,m(>t,If)/ 1J/i 2. >
 
J E - ti
 '(35) 

.(J~' /~ (>,r)! J:1 > = 

fi, C~f11' ci: 2 <'~?ÍHp,,/4/:><4>/f /"1'11 (")14) /~P > <4';.& IH~p ItP{., z > 
• (36)::JP . (E - Ej) ( E - Ei') 

3.necL,.K8K B illoPMYJIe (30), CYMMHpoB8HHe H.neT no liFmeKcaM i. li j - COCTO

.mmtt P- li Q-npoCTpaHCTB COOTBeTCTBeHHO; C~k - Koa<IxlJHmteHTbl CMelIIH

B8Hmt COCTORHHI. BK1IIOlleHHIDC B P - npocrpaacrao, 
B pacCMBTpHBaeMol Mo,neJIH op6HTanLHOI yrJIoBol MOMeHT npoToHHott 

KOMnOHeHTbl ~ He HBnReTCR HHTerpanoM ~REeHBR. TaKoe OdCTORTeJILCT

130 n03BOJISIeT OIIHcaTL KOJIJIeKTKBHHe MSrJmTHHe B03dY)lC)J;eHH.R: /9/. SarrmneM 

oneperop MaI'HHTHoro ,zumOJILHOro MOMeHTa B BH]I.e!JOj 

úlI(.ft'/r)d: JUo (M1iJ'fJ +..M~ (HJ)}4) 
(37) 

r,ne 
) - i (2)~ ~ ( -#- ) 2: ~1 IJi4 o ( M1 1 J4 - 2. 't" 214, ~P 9.. " .J'#}1 ti) 

,. { (3)'17 "t,
Jt(9 ( /IIJ).fI):::;: '111 VI( (~p- 'tt) ; CJJ;" s, 

8 

;.. 

3.neC:b 9p H ~11 - I'MpOMarHHTHble OTHOllIeHHJI npOTOHHOZ: H HellTpOHHOH 

no,n;CHCTeM. 11aOCKaJIJIpHHÍt oneparop JlAo (111.r ) naer BK1Ia,n; TOJI:DKO B 

CTaTH~eCKHH MarHHTHblH MOMeHT R.npa B COCTOJIHHH C 1 /8,9/. 11aoBeK

TOpHHÍt MarHHTHblll .n;HnOJI:DHblR MOly1eHT Jf1(J ("1) r) TaIOKe ,n;aeT BR.?1a,n B 

CTaTHlleCKHM: MarHHTHblR MOMeHT H He HaMeHHeT BHYTpeHHero COCTORHRJI JI,npa, 

T. e. HBJI.R:eTCJI .n;HarOHaJI~HHM no J ~ . CJIe,n;OBaTeJl:bHO, MI-njPexo,n; Me)K,Il;y 

c06CTBeHHblMH WYHKIUfJIMH H~o OTCYTCTByeT. COrJlaCHO /8 , OTJIH~Hble 
OT HYJUI MaTpwrn:ble 3JIeMeHTbl OT vM(; (M1I.f1) MeJK.n,Y <PYHKIUf.HMH P -npocT

paacrsa (i= k I<~=O V1~1») H WYHKIJ;IDUvm cr -npOCTpaHCTBa (j=~1C1f7f!=1""') 

onpe,n;eJIRIDTCR CJIe.nyIDme~ WoPMYJIOM:: 

<:I2~Jr.K-:!:1'X ..+i'1?1.1.}1(}(~11f')JI~M1kl<3!""" ,>::: 

::.:!: i- (~)fll ( _ h) 1,1; [-1 + D/C,oOto]Y Z I 1 a. C IzHI. C1zK
1:J. li"
 

60 16'jj 9p 9 ZMc a 2.J,. +1 I , M, i J.O I~KjJ. ti.
 

"", :;: ( /1.. - 1<. ) +1. r- J{'Yl '117.""~)'J1~ (38)
lC o. + -+- 1<. - k _ ~ z' c' '1' S 

[ J/Y)1+~+1 ","'z (- + 71,!(1I2.+)(+1)! -+- fii; ""1./'1,.-1J . 

YlleT CMeillKBaHHH nOJloc p. H ~ -npOCTpaHCTB B WopMaJIHaMe ~elli6a~ 

xa, OllHcaHHoro B rrpe~meM paa,n;eJle , npHBO,D;HT K nOJIBJIeHRID MI-rrepexo

,nOB Me)K,Il;y COCTOHHIDIMH P -npOCTpaHCTBa, T.e. MaTpWillble 3JleMeHTbl (34)H 

(35) OT orrepaTopa(37)HBJIRIDTCJI OTJlHllHblMM OT HYJIJI. HBHoe Bblpa~eHHe ~ 

( (f'fr/~("i)11 ep~i)' nOJrYqaeTCR noncraaoasoã (38) B <PoPM,YJlbl (34), (35) : 

<. 't";: /I JA e (~1 I fi) II 41~' > 
.3 )"'l e,/i ~ Z :rI Y I. J( 

= - ( 161i (~" -9")"Vi~ ~2:I".,.J ;.;.' C i C i' ai,' , (39) 

r,ne 

A o [ C I" o I I J 1 )aGI" U"::: a" t'::: - IZi (ri +1 ) -IJ. (s, +J) Cf." ~ "I", rJr f2 Ã i 1 ; 1-1 ,0,11 

C I I 2.Ao [ J I CI~1a:tt:: r-;:" -li(IL .,. t ) - 2. -+ 11(I~+1)-2 
2 i a I •.i;l ~ Ii2jl-1 

------. r,3 I 

- 3 JII (r, +J)- 6 C:ri2i f 1 -lo .3 I I i. (I, +~) - 6' C + 2. J 
Ji 3; 1-1 J 

a,r) fi ': Q 'IY :: a YI Y <" I a jJ~ j3 > J 
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1. [J I/ o I ' C I., 1 ]QQre = - <y'81Ie>Ii.(It"+j)~2 C +:r~(I-I"'J) 
I'} A	 :I,1j1-J. :l'i 2; J -j ., 

I a =- J:.- < yl-8z Ie>[jTi (r, +1.) c -/. 2. + I~ (I
j 

+.1)-/ C :1',,1 J',Y' A	 ~'I;J1 ~O;J1 , 

a fl, e " Q (/j!> = O • 

3,necIJ .e. MOJKeT 6HTIJ. t ~ HJUi }-2. • 

AHanorHqHHM 06paSOM rroxyqaeM BHpaJKeHHe ~ rrpHBe~eHHOa BepoHT
HOCTH E2-rrepexo~oB, B~e~ cRe~IDmee BHPaxeHHe ~ orrepaTopa KB8~
pyrrORIJHoro aneKTpuqecKoro MOMeHTa ~a: 

Q./l«(E.1. j fi ) = Jf40 (E2.)~) + Jt{fj (E:l)jf) • (40) 
HaocKaXHpHYro qaCTh KBa~yrroRhHoro orrepaTopa HaITKWeM B ~e /4/ 

JUo (E:1.)]1) ::~. 9)~'tJ (..!l-) -m~lJ + 'iiJ:'o a,~ 
(41) 

r,n;e 

t)??~ \I ="1?1,v/ (h' > < y I -+ I r > < V I) . 
3,n;ecIJ "1)'11'2\1 orrpenezeas B CHCTeM8 Koop.zomaT, cssaaaaoâ c R,Iij)OM, 610 
- BHYTpemmií KBa.ztPyrrORIJHWt MOMeHT smpa H '" > :: ,~>, I r1'> ) I rI. '> • 
HSOBeKTOpHaH qaCTIJ orrepaTopa (40) o6cy~aeTcH HaMHOro HHXe. 

~PMY~a (33).oITRCHBaeT BepoHTHOCTH E2-nepexo~oB Me~ COCTOHHH
mm ~ - '.ft - li r - rrOJIOC, BKJIilqeHHI:DC B P -rrpocrpaacrao, IlPH
Be,n;eHHHtt MaTP~ aJIeMeHT E2-rrepexo~a, BHtmCJIeHHHl no (33),OT asc
CKanHpHO! qaCTH MWJIIJTHITORhHoro orrepaTopa (40) RMeeT ~ 

« cp ~ 1/ -A.1 o ( ez) 1/ cp I~- >= j 2. I l ..,.1 !I,~ fi o 'lC 

(4lJ 

K' 

[ e I:! Y C I," C:IJ~ + L c:r~y C 1i ,K C II } + 
Y Y IlOJ l, o K';;~Z,2 K I( 1iK'; 20 

~K	 c~y 
+'{2 cx,y ~ tYJ'?K' C/(' C I/O ..,. C:tiK 1:.. 'YY1/(' K' Cri /(, l{

[ Y 1L"=~'IZ.rr:;r;.O :tiK'; z- «' y 1<'= ~'..L J1 + ~1('0 .l'iO;ZJ] · 

10 
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3TO ypaBHeHHe OITHCHBaeT OCHOBHYID KOMITOHeHTY BepOHTHOCTH rrepe
XO,nOB Mejj(,IQ' COCTO.ffiIIDiMki P- npocrpaacrsa, 11 MaTpHtrnHe aneMeHTH (34) H 
(35)	 OT HaOCKaRHpHO~ qaCTH KBanpyrranhHoro orrepaTopa paBHH HYRID. 
~ l1aOBeKTopHoA qaCTH KBa.npyrroRhHoro orrepaTopa HaITRllieM 

JL{ f) ( O.;JI ) =-i e-[fi [~' Q:~/)?]~9) oi" Ir > c ! I 8( I l' 7 <: ~ I + 

+-mf'~)(I}--><rl ,~"? <ri) J[CX);l. (.SI.) -1' r;v~_i·(.n.)] (43)-to 

MaTpH~ aJIeMeHT (42) OT aroro oneparopa pasea HYJIID, TaK KaK ..Ms (f-t.> 
fi) MeHHeT KBaHTOBoe '!.fiICJIO X na e~mmIJ.Y, a B fJ -rrpOCTpaHCTBO 
BKJIIOqeHH TORIJKO COCTOHHIDI C ~ -= o • OT;mqH&MH OT HYJlfI MaTpHtrnHMIi 
8JIeMeHTaMH '(47) HBJlf.UOTCJI 

.( -; J1.Ma (E2)J1)II}IK > + <f;;' J/..JLf e (E2..lJ1)//4>: > = 
(44) 

::: _ f)2. A 42.1-+1 L C~'r C~/( o 
o o 2 U' I. 1.' V i i' , 

r,ne 

.gQrU:: .8 & ::J3(m:'<rlll,2/e>oi"J1s6- ~(9»)lrli'(1~1;'CI'1 -/I(1f J)C:I'oJ 1""_ Pr	 ' r JI o LV :10;21 11/14, 

.B =Jr 1.)(9) J3 [3JI'(1'f'O-6' CI 
'3 - j:r'{J'+J)-Z cr:t 

ee 16íi "50 2. IZjZ1 ~2.jt-i. + 

Z'2	 (- ".Ji ) Z'2. fi ))-+-jr(Id)-6-'C ' -3+3" -t-JI(1-t1)C (1.-
X3 , Z

_
1	 2'1;21.3 » 

"l': ~ =11.,.. = rs (11?~)'" ft.; 61:9)< r /4,. !J> ";> l!b'(I~t) C z~ - j r(I..,) CI'O J 
) r'	 l' :ro;21. 11;1.-1 'JI 

o (f)[J '( I x's: / • f. r1i) :t'o J'Vare	 =IYn s I~1) C - f(z+J)-2 11- - C 
(lI z I2;Z-J.	 3jl;Z-t. } 

,Z'2 ]
~t,y ~ - "rl,,')[IZ'(J'4 f) C:~2.t -to/I (r-«)- é!. CI1iZi ') 

r'i.8 , l	 :: rm1(J) [ /1'(1'-+1.) C -c r Ja"t/ p '7 ] 
P	 :1Z)Z-1 J 

~I'Z.
~~.JJ	 = trnt) [ /1 (:r-ti) -c Y I a'~l J p ;> 

I:J;21. 
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HanHWeM oomee BHp~eHHe ~ npHBe~eHHHX MaTpH~HX aneMeHTOB
 

E2-nepexo~a B paMRaX P~CCM8TpHB8eMoA MO~eRH,
 

c \li; /I .M (e :t) IllIJ ~i > = /2 i, + t ' 1I;{,/ qo 1{ 

X [ CI.,y C r,« C r, o c Ii Y C:ri K :r K' ++ L c / J 
Ii o.eo K' K' s;«. 20

~Y r- K':O,l,Z , l' 
ri/(

rm;: C c~Y JK, C I i K Z.
 
t .[ff Y k~~l..Z JH Fle'O IK;Z-K' Y K'=~'.l /1+ Óf('o I 4-O; 2K'
 

c:TJYí. __K-=-__ CI;D .,. '1'1K' K' C:r.,K' _(45) 

9: 110 /f I/Y C :ri" f} J
-- l L.. ./~•• ,
fi U' I. •
I. tL 

OTMeTHM, liTO rrpu nOJIYlIeHID! q,oPM3J1 (45) u (39) MJI npHBe.1leHHWt BepoJIT

aooreã 9JIeKTpoMamHTHHX E2 - u M1- nePexO.1l0B MeW COCTOHHBSIMH
 

P -npoplfpaaC'lB8 HCrrOJI:D80B8HH COOTHOmeHml (33), (34) H (35).
 

BRn~ OT (36) He ytrreHH, TaR Ka,K OHH HBnRDTCH HeSH8l1HTeJl:DHHMH.
 

§ 5. CoCTOSlHIDI rrOJloJllliTeJl:DHoA lIeTHOCTH smpa t!)O Th 

OllHC8HH8H BNlli8 MO~eJl:D npHMeHHJIac:D ~ HHT8prrpeT8unH ~8HHUX 8Rcne

pHMeHT8 t BIm0JIH6HHOro c y'tlaCTHeM onaoro H8 'aBTopoB ~SHHOA,' rryOJIHKa

~ (m:ij.). KpaTRoe OITHCaHHe pesYJl:DTaTOB 8KOnepHM8HTa np8~CTaBneHO B 

paooTe 123/. 
3HepreTU'tleCKH8 HHTepB8J1H B poTa~oHHHX nOJlooax 230 Th S8MeTHO 

OTJIB'tlaDTQH OT npe~CKa,SaHHR a~aOaTHlIecR02 TeoPKH. CTaTH'tl8CKHa H ~8

~90KBI MOMeHTH HH8punH HpaCT-nOJlOCH YBeJIE~~CH BMeOT8 co CITHHOM. 

P8SHoe aoapaoraaae ,IJ,1'IHaMH'tleCRoro MOMeHT8 HHepll;lm npa onaaax z ~ 12 
CJIYJKHTYK8S8HH8M H8 npoJIBJIeHHe :Bb1CTpaHB8HHJ1 'yrJlOB/I iOM8HTOB HYRJIO

HOB, sa~ ypoBHH c OOJl:DlliHMH SHa'tleHHHMH j I9. 
llpu HeOOJlDmHX SH8'tleHRHX CITHH8 OTRJIOHeHHH OT 8,IJ,l'I868TR'tleOROA Teo

pHH MO~O oooy~aT:D B TepMHHax CMeWRB8HBH nOJloc. 8RCn8pHM8HT8J1:DHHe :}
~aHHHe CBlmeTeJl:hCTBYIOT o CYll.leCTB8HHO!: poJIH 08"'0. OCHOBHOft (y), f 

, - IIOJIOCH H ~yx K =2. ('r-1 , h) IIMOC, tITO IIpe~CT8BJ1R:eTOH ec-

TeCTBeHHHM B~ 8H8preTH'tleCRO~ OJIHSOCTH roJIOBHNX COCTORHBI 9THX no

JlOC. Q'qeBH,ItHO T8IOKe, 'tlTO B CMellIHBamm llpmiJ!M8m' y'tl8cTHe IIOJIOOH, pac

IIMOJlt8HHHHe mmre no sneprza. YR8S8HHeM aa B1IlIJDm9 nonocs (BJIlII IIOJIOC) , 

JleJ!81IteA Bl:DIIe ./J - H r" - IIOJIOC li OBJIS8HHOI o IIOOJle,1tJUI.MH CHJI:hH99, 

lIeM o 1l0JI0ooI OOHOBHOI'O oocrosaaa t SIBJISIeTQH OTHomeHHe 8HepreTlAeOJaDC 

)J 

liHTepBaJIOB B jJ- li r -rronocax 1< HHT8pBaJlaM nonco OCHOBHOI'O COC

TommH. (CM. pRC. I). YMeH:DllIeHHe HHTepBaJlOB B j!J- li r - nozocax rro 

cpaBHeHHIO c mITepBaJlaMH B r - IIMOOe MOJKHO OÓ'bJICHHT:D, JlHIllI> lJ.orryc

RaH CM8lliHBaHHe aTRX rroJloc c rro~ocaMM, p8crro~o~eHHID~ emer BHllie rro 

8HepI'ID1. 

PliC. I. 
O'l'HOllIeHHe paSHOCTl1. sHeprnR 4 E" (I)/ A l~(I): ,1J,JLfI K:: o 

, - rrOJlOCH li K=,2 ~ ti - rrOJlOCH B 230 T h . 

B paóoTe /2/ ouno rrpoaHaJlR3lipoB8HO npe~rrOJlO~eHl1e o TOM, 'tl~0~- H 

~ - nOJlOCH CMeillHB8IOTCR c COCToHHHRMH rrOJlOCH, HMeIDmen KBaHTOBHe xa

pasrepHCTRKH K:H:..i"'. HaIDIyqlIIee nocrrpoaaaeneuae cnexrpa anpa 232 T h 
riOJIY'tlH~oc:& npa ({>HRclipoB8mm roxosaoro COCTORHIDI .1+ ..nOJlOCH na yponae 

8H8przz Bos6Y~8HHR ORMO 2,4 MaB, T.e. rrpH aHeprHH.O'tleH:D OJlHSKOH R 

nOJlO~eHHID yrJlOBoro peSOH8HC8 B lJ.8HHOM ~pe. C He~OTO!~ R3MeHeH~ 

rro~od.HHe pacxe-ra 6wm 'BHIIOJlH8Hl:l T8RJKe ,IWR 232 Th /8, 8 na OCHOBe 

~yxpo!oPBoA MOlJ.eJlH, OIIHC8HHOn B Ha'tlaJle aTOM CTaT:DH. llpm~oJlRHe~oe 

HcnoJr:D30BaIDIe M8To.ruum p8C'tleTOB, nponeaaaasx B y ft8SaHHHX BlUIJe paõorax , 

,IJ.JI.R: aHBJlH38 cn8RTp8 230 T h YCJIOJKHReTCR HaJlHl.llieM JI:BYx IIOJlOC K:Ji = 2+. 
O,ItR8RO t Ka,R OhIJIO rrOIIDS8HO B rrpe.zomyIItHX paanezax, RCnOJl:DSOB8HHe TeXHH-

KR oIlep8TopoB ~em6axa n03B9Afl6T ~KTKBHO y'tlecr:D BJlHHHHe BHCOROJle~

mmc IIMOC nepeHOpMHpoBSHHUX 'tl8CTel r8Ml'IJl:DTOHOBOR MaTpHIJ;bI li .1WYI'HX one

paropoa (q,op,{j'JlH (28), (29). KoacMJHmteHTH B rSJ.(WII)TOBOBoI MaTpHIJ,e CB.R:

S8HH o napaMeTpaMB raMHJIl>TOHH8H8 .Jn3YXPOTOPHOH MO~eJlH (CM. tf;oPM9JIH (28». 

Cy~cTBeHHHM 9JIeMeHTOM ~ OllHcaHHH cneRTpa cocToHHHl ~eTcg pasJlBlIHe 
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MOMeHTOB HHepmnr rrOJIOC c t< = o (~- ll.ft - ) H rrOJIOC C J< = 2 
( \'"1- H b - rrOJIOc), KOTOpOe CB.H3aHO C Yl1eTOM COCTOHHHH = r+ H 3+KJi 

rrOJIOC rrpM rrOMO~M TeXHMKH rrpoeKUMoHHMX orrepaTopoB. 
IOJIOBHHe 8HeprI1M r- M fl - rrOJIOC onpenexanacr, as ascnepaaen

Ta. 11HepUMOHHllM napauerp BpaluaIÓ~e.I'OCH OCToBa A:: i w &~ BWlliCJI.HJICH B 
npe,IUIOJIoiteHWI, 'tITO npz lm3RIDC cmmax I aaepraa OCTOBa. cosnanaee c aaep
rIfeM OCHoBHoro COCTOHHIDI (f,or! (r::'2)=E ~KC"'(l~Z)) • TaIDi\e H3 ascnepaxeara 

BWlRCJI&1IHC:b rOJIOBIWe 8HeprWit.vr1, wrl,Íi~paMeTp Ao =, (Ap- AOh )j(li.A:). 
c .IilCnOJI:b30BaIDieM .n:~ o COCTORHIDIX c yrJIOBIiMK MOMeH'I'aMRl: =3, 'P 
I = 5 r - rrOJIOc. llpRBe.n:eM .n:Ba BapMaHTa paCl1eToB. B rrepBOM BapMaH

Te oupe.n:eJIeHlW:ê BHIiie napaMe'I'plil qJHKCRpOBBJmC:D', KpOMe A RAo • CBO
dO.n:HbIMI1 naparserpaza Mo.n:eJIM HBJIRJIMC:O <yI6,/~.,) > , <, J g, I ch. > M A 

Ao , ROTOplle orrpe.n:e~JIMc:o rro MeTo,n;y HaHMeHblliHX KBa.n:paToB M3 HaM
JIYl1rnero COrJIaCHH TeopeTMl1ecKoM 8HeprMM c 8KcrrepllMeHToM. Bo BTOpOM 
8THM JKe MeTo.n:OM aapsnponaxacs BlnlO11:HTeJIbHO napaaarpx <} 18,'h> H 
c gr /Q1>,' I P > • COO'I'BeTCTBYJCIIU1e paoueru cnexrpcs COCTOHHHH y-, -' 
KJ'=2.~ , 1<"'= 2; rrOJIOC npe.n:cTaB1IeHlil aa pMC. 2. 3.n:ec:o ze . ,IJ,JIH cpan-

HeHHH rrpMBe.n:eHbI 3KcrrepMMeHTaJI:OHlie ~aHHble. 3Hal1eHHH nCnOJIb30BaHH1lX rra
paMeTpoB Mo.n:eJIH .n:aHll B TadJIMue l. 

CMemaBaHKe:cocToHHMM rrpHBO,IJ;HT K CHJI:OHO~~ HapyrneHHID rrpaBHJI a,IJ;Ha
daTHl1ecKoH TeOpMH ,IJ;JlH BeTBJleBMH rrepexo.n:oB. ~KTbI CMelliHBaHHH rrpo~e 

Bcero MHTéprrpeTHpoBaTb, MCrrOJIbsYH BOJIHOBlle WYHKIUl:ll rrepBoro rrpllÓJIllJKeHHH 
Teopkll B03My~eHHM rro rrapaMeTpaM CER3H rrOJIOC: 
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McrrORb3YR rroRyqeHHMe paHee BMpa~eHMH ~RR M.S. OrrepaTOpa KBa~
pyrroRbHorO MOMeHTa paCrrpe~eReHMR sa~a, rrpMXO~M K cRe~rome~~ BMpa
~eHMlO: 

<rIz./{-m (EZ)/I ri I , >= < r (1<=0)1'1. JJ,",(E~)JJd"'i. {k.-:.Z)I-f > + 

~	 , 

li [(:[1-1)1'1 (I, .,.1)(I1 "l"2)J l (éYJJ~ -r éfi l J i j ';Ji ;: )x 
( 47) 

x <Y(K=o)llJlrt'(E.l.)"~(IC~O)I1 '> 

- fi [(1&-1)1" (I&'1"I)(jl+l)j~2, éfljf;' <h (Kat.)Il.l/rm (E-t) /1 h {K':Z.)J'1 '> • 

BeTBReHMe rrepeXO~OB MS ~ - rrOROC rrORROCTbID orrpe~eRHeTCR ~BYMH 

He 3a:Bl1CIDItHMR 01' cmma napaaeepaaa 

i! (1.) = e r.;-; fSj1i;i' 610 
d ~r)r ~2~ 

/t't1 r (48) 

:z~ (o) =(j ... é:t!)J'- 11;71 :fl )e, (z.) • 
r;~ 'f'0 

CITllHOBaH saBMCMMOCTb rrpMBe~eHHHX BepoHTHocTeM rrepexo~oB, pac-
C~TaHHaH TaRllM oópaSOM, cOBrra~aeT c TaROBoA ~ cRyqaR ~yx CMeillH
Ba~CH rroRoc, o6Ra~alOmllX paSHaMll BHYTpeHHM~m KBa~yrroRbHHMll MOMeH
TaMM 5/. ~a.KTOp 

1.	 +éjf,~, "".I' / 11:11 

é~) ~i. o, S 

rrepe~OpMHpyeT BHYTpeHHMM KBa~pyrroRbHHM MOMeHT rrOROCH OCHOBHOro COCTOR
HIDI. 

IIpMB8~eHHaH BepoHTHOCTb rrepexonos t'" r Mo~eT 6hlTb aarracana B 
mme' 

8 (E 2; I ~ ... I y) == 8 (ez)Qd [i .,. f (.1'~ }:ry; i, (o) ) l J- (2.)J" (49) 

r~e 6{EZ)QJ OÓOSHaqaeT rrpMBe~eHH~ BepoHTHocTb rrepexo~a, pacc~TaH

H,YID rro cI>opM,YRaM a~Ma6aTMqeCKOM reopza, a g)y'HK;wr -f ,ormCHBaIDmaR 1~
8WWeKTH CMeWHBaHIDI, Ta6y~poB8Ha B pa60T8 1I7 • 

8KcrrepRMeHTaRbHHe ~aHHHe rro BepoHTHocTRM E2- rrepexo~oB, rrpe~cTaB I
! I

ReHHH:e B raõaanax 2,3,y~aeTcH aocnpoaasecra npa CJIe.n;yIOIIWX SHatIeHIDIX 

napaaerpoa Ir (J<): lç{o) = 0,072 ± 0,OI5, i!ç (z.) = O,I~ ± 0,02!. !I 
ITo ~pM,YRaM a~a6aTMqeCKOn T80pHH, McrroRb3YH ~aHHH8 I6/0 rrpKBe

~eHHHX BepoHTHOCTRX &2 - nepexonos edél~ 2~" O"..),Háxo,IUIM: mo ::it2I,45, 

'"'Z1 ~26, 46, 'n1ZI. = ± 20,49 • ITo 8TMM ~a~ MOJKHO rrOJIYtIHTb OUSHKY 
napaaerpos é.J/r M é r, 'r ' a saTeM li OUSHKY napaaerpoa CBSISli rrOROC 

<y/6,lh'> ,<flll., h'> : <YI61't-t~ • O,00I58~O,00030,<, I t, I~, .., =0)001 0 :t 0.0005. 
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IIocRe~e ~aHHHe 6Rll3KM K SHaqeHllHM STllX rrapaMeTpOB, rroxyqeHHhIT~
 

~TMpoBaHReM crreKTpa COCTORHMM rrORO*MTeRbHOM' qeTHOCTM.
 
IIo~oÓHblli aHaRH3 B03MOiKeH, B npmnnme, ,H B OTHOllleHIDI nepexonon
 

.p ·-rrOROCH B rrOROCY OCHOBHOro COCTO.HHIDI. Jlonpaska c rrpaBMROM amra

6aTMqeC.KOM TeopMM 3~eCb orrpe~eRHIDTCR M3BeCTHOM WoP~~ROM B.M. N~aM


ROBa
 

fJ(E2;Ip.... ly) = 8(EZ)a,,{l +Ey;p;;r: (-:$,;J[I {1 d)-II (I' ~lfj1. (50) 

8KcrrepRMeHTaRbHHe ~aHHHe o T8KKX rrepexo~ax, o~a.KO, BeCbMa HerrORHM 

(CM. TaÓRll~ 3). ~~eHile napaaerpa ~y. p Mono rrOJ.lY"cmT:& sa OCHO~ 

oTHomeHl!H B(E2j2r~ li yUB(E2; 2 P-r 0r) ~ a&CllapHMeH'~'alI:&HaH oneasa &0
Toporo cBo~o~a 01' HeTO~OCTeM.CBR3aHHMX c B03M~HIDA y~acTMeM ~o-

R !11- rrepexonos .vI3 COCTOHHRM } - rrOROCH. 3HaqeHMe napaaerpa 
_/\<r~_~~,11 ~ ~ ,HaH,n;8HHOe TaImM oopaaox, paBHO A <y J ap/~ I,p ~ = 
4,5· IO-~+3 . IO-3.. M OH TalOlte .fIBJLfIeTCR 6RM3KMM 3HaqeHHID, onpenenen
HO~~ rro rrOCRe~eMY BapMaHTY. 

B~CRRRMCb rrpHBe~eHHHe BepoHTHOCTM 8ReKTp0MarHHTHhIX E2·M MI-rre
pexO~OB M3 BM6paUMOHHHX rrOROC rro (45) M (39) COOTBeTCTBeHHO. BeRE~
HH 8(M1j XI( - l',...) On;eHeHH c nCrrOR:b30BaHMeM axcnepMMeHTaRbHOM BeRlltIHHtI7/ 

- ( e-1i )Z
iHJ'(1j Oy ~ j+S) = .1.5 iiic • . .. 

...*1.. ..:.	 ·.2, 

~	 , 
! 

,/ 

__ 'IA". •• 00.1 

_.....:..n IAP. 
,,' ~.al 

.: 

"'.2, 

.0 U Z

Ê>HC: 3. 
CITllHOBaH 3aBMC:lfMOCTb rrpMB8~8HHlDC MaTpM~hIX 8R8MeHTOB Mi -rrepe

XO~OB MS P -' M h - BMÓparurOHHhIX IIOROC. 

H8 pHC. 3 rrOKaS8HH a8BJlICliMOCTM rrpMBe~eHHMX MaTpM'tliUiX 8JIeMeH
TOB MI-rrepexo~oB HS fl- M r - rrOROC, BH~CReHHHe rro rrepBOM,Y H BTO
POMY BapHaHTaM. ona MOHOTOHHO paCT'YT c yrRoBMM MOM8HTOM 1, II MaTplItI
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I' 

nue 8JIeM~HThl M3 h ncerna ooasuie , 1{eM 113 npyrnx rrOJIOc. B Ta6JIM
uax 2-4 ,naHbI BlflMCJIeHHhle 3Ha1{eHM11: oTHorn8HMM npzseneaaax BepoRTHocTei1 
E2-rrepexo,noB M3 J- Mr- rrOJIOc. 3,necb rrpHBo~TCR cpaBHeHMe c 8KcrrepM
MeHTaJIbHIDAH ,naHHID,lli R~~~ H TeOpeTMqeClill1m SHa1{eHRHr~1. Bhl1{flCJIeH
HhlMM B paI~ax Mo,neJIM B3aMMo~elicTBYromHX Ó030HOB, a Ta~e rrOJIyqeHHHtm 
no 0OPlv'IYJI~ .A.7I.arM. KaK BM,nHO M3 TaÓJIMIJ, 2-4~HarnM pacseru JIyqrne corera
CYWTCR c 8EcnepMMeHTaJIbHW'AM 3Ha1{eHRHMM R MC O,nHHaKOBhlM KBa,npyrrOJIbZ K 

HhlM MOMeHTOM q o = 9,0 r ,IJ;JIJI ncex nOJIOC y,nOBJIeTBOpMTeJIbHO Orm.CHB8DT 
OTHOlIleH11.H Ru . " 

" i (I~i ·lqrJ 
,. '" I{U;I, 4 r-I,,) 50
 

" I{ li; I, ·1.1 ,r)
 

2 

25 

11 13 15 

" 3 7 11 15 I 

PMC. 4 • PMC. 5.
 
CIIMHOBaR saBHCMMOCTb OTHOlIleHMH CIIMHOBaR 3aBMCKMOCTb KOaw

rrpMBe,n;eHHHX BepoRTHOCTe~ E2-rrepe ÇPIiImeHTOB CMeCH ~JIbTHI10


XO,nOB M3 r~ -rrOJIOc.	 JIe~ t ,U)IJI nepexonon M3 "'  i ~,
Bhl6paImOHHhlX rrOJIOc. 

iHa pMC. 4 nOKaSaHa crrMHOBaR 3aBMCHMOCTb OTHorneHHff ~~~oP = I 
=B (E2;~ - I-ir) / Ij(E2; II- ..... x +,1 y) H3 HeqeTHhlX COCTO;;um:f;i cf' -rrOJIOc. \' 

I 
~ 069HX rrOJIOC c POCTOM I OTHOlIleHHff Rz~ YMeHblllaeTCR. 

•l06a BapMaHTa rrpHBO~T K CXO,nHhlM CITKHOBhlM SaBMCHMOCTHM rrpM YMe
peHHhlX CITHHax, rrpH ÓOJIblllHX CI1MHaX rrpo~eTCR peSKaR qYBCTBMTeJIbHOCTb 
peSYJIbT~TOB paCqeTa K Bhl60py rrapaMeTpoB Mo,n;eJIH. Jlyqmee corJIacne c I 
8RcrrepRMeHTOM rrO~qeHO BO BTOpoM BapMaHTe, BKJIIDllaromeM CMeillRBaHHe ~r

lI'p -rrOJIOc. I 
! 
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Ta6JIMIJ,a 2.	 OTHolIleHHH rrpMBe~eHHhlX BepoHTHocTeli E2-rrepexo,noB 
H3 k" - rrOJIOC 

a(E2j Ih'" Il;~) / IJ(EZíI{o} -r'y) 

I~'I I fa r r'y 
A/\ArA3Kcn 123/ J " 

2 41 2 o 2,50 ±0,2I 1,64 2,1 1,43 
4~1 4 2 6,18 ±0,87 3,0 5,95 2,94 
611 6 4 14,14 ±3,77 17,1 58,0 3,7 
8h 8 6 5,39 ±2,79 7,5 8,56 4,18 

10{i 10 8 2,24 ±r,64 1,1 1,44 4,48 
3(j 2 4 1,11 ±0,34 1,14 0,88 2,5

+ 
4{1 4 6 3,70 -0,79 1,2 1,14 II,6 
4b 6 2 1,63 ±0,37 2,5 5,2 0,25 

2,14 ±0,55/2O/0,9 1,41.
2cfz 2 o r,6 ±0,4/21/ 1.43 

1,7 ±O,2 /22/ 

O,076f0 023/20/ 

2&1 4 o 0,05 /2f/ 0,043 0,12 0.05 
0,16 ±0,06/22 

Ta6JIHua 3. OTHOmeHHR rrpMBe,n;eHHhIX BepoRTHocTe~ E2-rrepexo,noB 
M3 J .: rrOJIOCbI 

a (El~ XI" I~) / 13 (ElJ I~ - I'r)
I'

~ rr" 
.11I AAArAaxcn 123/ 

4,52 2,31 ±a,31 5,0 1,432 O 
0,5O,58 ~,O_,_1 o 0,562 4 I,r2 

3,44 ±a,59 4,55 9,1 2,57o2 4 
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BHllieYKa3aHHHe B~Mc~eHHH rrpUBe~eHHb~ BepoflTHOCTeH M1-u ~2-rrepe-" 

XO~OB rr03BOnaroT orrp~~e~UTb OTHorneHue BepOTHOCTeli pacrra~a /15 

!.!.!!! = 0.6932, i o-It ([4/ ' 
I3(El;IX- 1'}<') 

7(",0 S(Mf;IJ< -rI'X') {5I) 

3~eCb BeKH~a ~~ ~o~a éHTb B3RTa B MaB, npUBe~eHHHe BepoaTHOc
TH E2-rrepexo.n;a B e.u;mmu,ax trJ.,.,," H MI-n9p9xo.nOB (e 1t/zI'1C/'. 

B TaéJlln~ 5 npzseneaa ~HalIeHHH oTHollIeHuM (51) ,1J,JIJI rrepexonon 
BHYTPH ~ -rrOROC. PaClIeTH rrOKa3IIBaroT, lITO M1-rrepexo.n; B cpe~8M coc
TaBJIJIeT ORORO 40%. Ho 8RcrrepMMeHTaRbHbIe 3Ha'ti8HIDI R08cWJHIJ;HeHTs',:;cMecu 
MYJIbTHrrOReif, Ó (ri Ki .....,. I j 1<.) ,1J)Lf! 230 Th "HeH3BecTHbIo 
aTo caaaaao , nasepnoe , c TeM, lITO TaRlle nepexona npoxcxonsr npa 
MaRbIX llliTeHCEEHElCTRX Ii{n:-..z/K') li ti. KoaCWUum8HTH b .IWJI 

HeRQTOpbIX a.n;ep pe.n;R03eMeJIbHOM OéJIaCTU aRcrrepHM8HTaJIbHO H8Bec~12/. 
;MSM9peHH.9 aH8JIor:K'1IHHX B9JIH'lDIH B SJ,Iij)ax o6JraCTJ4 Th rrpe~CTaBJI.F.{eT

CR RpaiiHe ~eRaTeRbHHM ,1J,JIJI BHRCHeHHH peaRMCTUlIHOCTU npe.n;CTa~eHHH Rap
THHH. 

B Taé~ue 6 .n;aHH Ta~e ~e OTHOllIeHHa (51),.Ka~ B TaóRMue 5 ,1J,JIJI 

nepexonos U3 r - BI1ÓpaIJ;HOHIlliX rrOJIOC na coc'rORHHH OCHOBHOfi rrOJIO
CH, ROTOpH8 BbI'l{HCJIeHH rro 1 H D BapuaHTaM. Ha puc. 5 rrpe~cTaB
JIeHa crraaosaa 3BBUCUMOCTb RoacI$rrmeHTa S ,Il)UI nepexonon M3 HelIeT
HHX I to - nono CH. M3 Taé~I.J;Ii 6 li pnc, 5. BiJ,1UIO, lITO B oooax CJIY
xasx oraoneaae (51) H RoaqxpmmeHT Ô y6Imal:>T C POCTOM I • To eCT:D 
rrpH éO~:DlliHX CllUH8X MI-rrepexo~ Hrpa8T .n;o~nn{UPYKID~ro poRb. 

3a.KJIlOllemre 

ITpe.n;CTaBJIeHHaa MO~eJIb rr03BOJIRn8 orrucaTb HU3ROJIe7Á8mHe cOCToaHHH 
rrOROJKHTeR:bHoit 'tieTHOCTH, 'YlIUTIlBBR 'CMellIHBaHIDI YpoBHeit KaR Im3ROJIe~
~, TaR H BceB03M03HHX BHcoRone~ rrOJIOC BBe.n;eHHeM HeéoJIbilloro 
'tfiIcJ1a napaaerpoa. B TBROtl oxeae y.n;aJIOCb rrOJrY'l:HTb 3BMKHYTue Ç[x>PMYJIH

i ,IJ;JIH rrpUBe~eHHHX BSpoRTHOCTeM 8JI8RTpoMarHHTHHX E2-u M1 -rrspexo.n;OB, B 
~ 
~. ROTOpWC rrpHCYTCTBYIOT rtBpBM8TpH, rrOJIYlIaeMble npn onaoaaza ::mepI'IDI Irn3

I 
ROJIe~ COCToHHHit. OHE rr03BOJIHIDT B~CRUTb !tBa.n;pyrrOR:DHUe aneRTPH
xeczae U ,ItHrrOJI:DHHe MlH'llliTHHe nepexonu ne TOJIbRO' BHYTPH poranaoasoâ 
rrOJIOCH, HO Ta10Ke li Me'6.JJ3 COCTOJIHHSIMH 9r- 1 .p  li r - Bprépa
UHOHHHX rrOJIOc. PaC'tIeT rrOKa3HBaeT, lITO CMellIHB8Hue cocroaaaã P. H fi

1 rrpoCTpaHCTB He rrpHBO~T R cymecTBeHHOM rrepeHopMupOBRe E2-nepexO~OB, 

I HO HrpaST rrpHHuanHaR:bHOe 3HalIeHEe ~ MI-rrepexo.n;OB Me~ COCTORHRH
MH fí-, P - 11 to -rrOROC. BH'l{HCJIeHHUe 3HalIeHM 8HepI'lm H OT-
HOilleHKft rrp11Be.n;eHHHX BepoaTHOCT~fi E2-rrepexO.n;OB ~aroT y~o~eTBOpHTeJIb

Hoe COrJIaCHe c 8RCrrepHMeHTOM. 
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--

TaOJuu1,8 5.	 OTHollIeHIDI aepoarnocreã pacnana T(E2Jtt1;I-vI-1)/r(M1jt,,;I~~-1) ~ 
BIi~CJIeHHWC no (51) .n,JI.R: nepexonoa as li rrOJIOC~1 t'1

I BapHaHT I II BapHaHT 

1	 : r,. f'z.
 

3
 

~it'i 
1,32 1,32 1,35 1,33 

0,60 0,93 0,76
 
7
 
5 ,0,70 

0,003 0,50 0,042
 
9
 

0,31 
0,77 

11 
1,54 0,330,21 

4,78 
13 

0,11 6,28 0,18 
0,0215,03 12,10,001 

26,515 0,29 30,40.11 

TaomuJ,8 6. O'l'HOllIeHIDI neposraocreã r(f2)1 t~,~ I 'Y)!T{Mi.;rtoJ - I ~r) 
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HHCTHTYT3 IIAePHHX HCCneAOBBHHH. 

EpHaHCOH ill., MHxaiinoB H.H., YcMaHOB n.H. P4-87-889 

MeTOA npoe~OHHbiX onepaTOpoB B "AByXpOTOpHOH MOAenH" 

P83sHTa AByxpoTOpHliH MO.nem. ll.llpa C HCnonb30BaHHeM <f>opM&nH3Ma lllew6axa p83-
,I~;eneHHR: npoCTpaHCTBa COCTO.IIHHH Ha ADa nOAnpOCTpaHCTBa (P H Q); B paMKax KOTOpOH 
BbiCOKoneJKiliUHe COCTO.IIHHll MOJKHO HCKn!O'IHTb, npoei.{HpyR BOnHOBbie <f>YHKI.{HH Ha npo
CTpaHCTBO HH3KOneJKiliUHX nonoc (P-npocTpaHCTBO). B TaKOH CXeMe nonyqeHbi 3aMKHY· 
Tble <f>opMynLI MR npHBeAeHHbiX aepoRTHOCTeii 3neKTpoMarHHTHbiX E2- H Ml-nepexoAOB. 
OpoaeAeH pacqer MR aHanH3a He&AHa6aTH'IecKHX 3<f><f>eKToB a ll.llpe 230Tb. B pe3ynLTaTe 
paC'IeTa llOK83aHO, liTO CMeWHBaHHe p. H Q-npocTpaHCTB He npHBOAHT K cymecmeHHOH 
nepeHopMHpoBKe E2-nepexoAOB, HO HMeeT npHHUHDHa1IhHOe 3Ha'leHHe AnR Ml-nepexOAOB 
Me)I(Jly cocTO.IIHHR:MH HH3KoneJKiliUHx nonoc. BLI'IHcneHHble 3Ha'leHHR 3HeprHH H ornowe
HHii npHaeAeHHb!X aepoRTHocreii E2-nepexoAoB .llalOT Y.llOBneTBOpHTenLHoe cornacHe c 
3KCnepHMeHTOM. 

Pa6ora BblnonHeHa a Jia6opaTopHH TeopeTH'IecKoii <f>H3H~ OlfJIH. 

npenpHHT 061oe.llHHeHHOTO HHCTHTyTa Rl!epttbiX HCCJiellOBBHHH.Jly6Ha 1987 

OepeBo.ll 0 .C .BHHorp&Aoaoii 

Brianc;on Ch., Mikhailov I.N., Usmanov P.N. P4-87-889 

The Method of Projecting Operators in the Two-Rotor Model 

The method developed by Feshbach of projecting the full space of states onto the part 
(P) of low-lying states and excluding the complementary part (Q) is used within the two
rotor model. The formulae are obtained for the probabilities of E2- and Ml-transitions. 
The calculations of the spectra and of the transition rates are given for the 230Th nucleus. 
It is shown that the E2-transitions are not very much influenced by the effects of coupling 
with the high-energy states, while for the Ml-transitions such effects play a principal role. 
The agreement between the calculated probabilities of E2-transitions and the experimental 
data is reasonable. 

The investigation has been performed at the Laboratory of Theoretical Physics, JINR. 
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