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Microscopic Description of the Coupling between the 
Ground (g) • {3- and y -Bands 

A microscopic analysis has been made for the coupling 
belween the main (g) , {3- and y -bands. It is shown that the 
account of "direct" mixing of the bands leads to the renormali
zation of the formulae for the cranking mcx::lel (c7,~ and for the 
random phase approximation (RPA). 
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1. BBEJ{EHHE 

Hea.nua6aTH<teCKHe ~eKTbi, B03HHKaiOI.QHe HJ- Ja Bpa

meHHR R)lep, CBH)leTeJibCTBYIOT 0 TOM, 'ITO CB.H3L BpameHHR 

H BHyTpeHHero )lBH)I(eHHR npORBJI.HeTC.H B CTpyKType COCTOR

HHH poTaUHOHHbiX nonoc, Ha<tHHaR c caMbiX HH3KHX 3Ha<teHHH 

yrJIOBOrO MOMeHTa. )l.JIR HeKOTOpbiX .H)lep ( 
152 Sm , l54Qd) 

npaBuna a.nua6aTH<teCKOH Mo.nenu c nonpaBKaMH .no BToporo 

nopR,llKa no CTeneHRM yrJIOBOrO MOMeHTa He B COCTORHHH 

onucaTb JKcnepuMeHTaJibHble ,naHHble, TaK KaK CB.H3b Bpa

meHHR H KOJie6aHHH OKa3biBaeTCR He)lOCTaTO<tHO CJia6oif. 

Ilocne,nHee o6CTORTeJlbCTBO 06'bRCHReT HHTepeC K MO)leJI.HM, 

B KOTOpbiX Hea,nua6aTH<teCKHe 34KlJeKTbl CB.H3biBaiOT C <tJie

HaMH raMHJlbTOHHaHa, onHCbiBaiOIUHMH CBR3b Me)l()ly nono

caMH, COOTBeTCTBYIOIUHMH BHyTpeHHeMY )lBH)I(eHHIO HYKJIO• 

HOB. Mo.nenu c TaKHM raMHJlbTOHHaHOM npuMeHRJIHCb K onu

caHHIO cneKTpOB H nepeXO)lHbiX xapaKTepHCTHK .H)lep B pa6o-
11 2 I u TaX, ' I. 11x MHKpOCKOnH<teCKHH aHaJIH3 npoBO)lHJICR B UeJIOM 

pR,ne HCCJle)lOBaHHH, H3 KOTOpbiX 6JIH)I(aHWHMH RBJIRIOT

CR /3,4/. 3neMeHTOM, CBR3b1Ba10ll.{HM ynoMRHYTbie pa60Tbl 

C )laHHOH ny6JIHKaUHeH, RBJIReTCR OTKa3 OT a,nua6aTH<teCKOrO 

paCCMOTpeHH.H KOJie6aHHH npH H3y<teHHH HX CB.H3H C Bpame • 

HHeM I a.nua6a TH<tecKoe npu6JIH)I(eHHe npucyTCTByeT, Hanpu

Mep, B pa6oTe /5/ I. 0TJIH<tHe ,naHHOH pa6oTbl oT npe.nwecT

BYIOIUHX 3aKJIIO<taeTCJI B OTKa3e OT a,nHa6aTH<teCKOrO OnHca

HHR CaMOrO BpameHHR, T .e. B OTKa3e OT MO)leJIH npHHY)lH• 

TeJibHOrO BpameHHR. IlpH 3TOM pOTaUHOHHble H HepoTaUHOH

Hble CBOHCTBa R)lep )lOJI)I(Hbl 6b1Tb onpe,neneHbl peWeHHeM 

CIHI3aHHOH CHCTeMbl ypaBHeHHK. BJIH.HHHe OCTaJibHbiX noJIOC 

Ha CBOHCTBa OCHOBHOH noJIOCbl y<tTeHbl B HH)I(aHWeM no yr

JIOBOMY MOM:eHTY nopR.llKY, B paMKaX no,nxo,na /6-9/ . 
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fiO)];X0)];/6-9/ OCHOBbiBaeTCH Ha BBe.n;eHHH JneMeHTapHbiX 

onepaTopoa nepexo.n;a (R..;. , 3+- )· CBH3biBaJOI1.\HX co6cTBeHHble 

COCTOJIHHH raMHnhTOHHaHa H)];pa H H o6na.n;aiOI1UIX onpe.n;e • 

neHHbiMH TeH30pHbiMH CBOBCTBaMH. OnepaTopbl i}lHJHqecKHx 

Ha6nro.n;aeMbiX MO)KHO pa3nO)KHTh no JTHM onepaTopaM. Ha

npHMep, 3pMHTOBCKHB, qeTHbiB no OTHOWeHHIO K onepa:QHH 

OTpa)KeHHH nO BpeMeHH onepaTOp ITaKHM JIBnHeTCH, B qacT· 

HOCTH, onepaTop EL -nepexo.n;oal, .n;eiicTayromHii B npo

cTpaHCTBe COCTOHHHB Tpex poTa:QHOHHbiX nonoc loCHOBHOH • 

g , {3- H y • nonocl H onHCbiBaiOI:QHB nepeXO)];bl BHYTPH 

OCHOBHOH nonOCbl H Me)K)];y OCHOBHOB H {3-H y ~nonocaMH, 
3KBHBaneHTeH cne.n;yJOil.\eMy Bblpa)KeHHIO /6,9/: 

L L 
L~+ a "+ ... 2 a 4 "+ A A 

QLM=aoRLM+.:JL!RLM•I l+-lRL-2,I.I I+ 
2 2 

2 

L 
bLo(+)R+ b 1 (}-)[R+ i' 2 J 

+ o {3 LM + 2i f3 LM' + 11.1( 
.L 

L "(+)A + c 1 "(-)A + A 2 
+co Oy2RL-2 + 2i[Oy2RL-2• I ] + 

LM LM 

3.n;ecb AB o6o3HaqaeT CBH3h .n;ayx TeH3opHbiX onepa Topoa 
LM 

)1;0 MOMeHTa 
A A A A A A A ,.. A A A A A(±) 

L, IA,BI=AB +BA ;[A,B] =AB-BA. O{~,y-
A 

+ 
JPMHTOBCKHe KOM6HHa:QBH B /liM I 11 = 11 HnH y I. 

EcnH KoJI}li}IB:QHeHTbl a~, b L , c L B pa3nO)KeHHH 
1 1 1 11.11 BJ:qecTHbl, nerKo nonyqHTb MaTpHqHhle JneMeHTbi one-

paTopa Q LM B paCCMaTpHBaeMOM npOCTpaHCTBe COCTOH· 

HHB. qneHbl C K034ll}lH:QBeHTaMB a~ , b ~ B C ~ OTBeqaJOT 

a.n;aa6aTHqecKBM qneHaM AnarH B npaBHnax BeTaneHHH ae

poHTHOCTei;t nepeXO)];OB, Bbl3BaHHbiX MynhTBnOnbHbiM one· 

paTOpOM Q LM', a OCTanhHble qneHbl .n;aJOT 3aBHCHI:QBe OT 

yrnoaoro MOMeHTa nonpaBKH. Pe:QenT .n;nH onpe.n;eneHHH 

KoJI}li}IH:QBeHTOB pa3no)KeHHH I 1.11 .n;aH B /? ·9/. 
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~nJI onHCaHHH 3HeprHB COCTOHHHB ~ no.n;xo.n;e HCnOnh· 

3yeTCJI T .H. MO.n;enhHbiH raMHnbTOHHaH h, .n;eBCTBHe KOTO· 

poro B paCCMaTpHBaeMOM npOCTpaHCTBe H)];epHbiX COCTOH· 

HHB (D) 3KBHBaneHTHO .n;eBCTBHIO HCTHHHOrO raMHnbTOHHaHa 

Jl.n;pa, T.e. 

.. 
(H-h)\->'""0, !-> ~ D. 11.21 

.. 
<l>opManhHO napaMeTpH3a:QHH h ocymecTBnJieTCJI no o6-

mHM npaBHnaM napaMeTpH3aUKH .n;eBCTBBH onepaTopa I}JHJB· 

qeCKOB Ha6nro.n;aeMOB B MO.n;enhHOM npoCTpaHCTBe, T.e. 

B cooTBeTCTBHH c ypaaHeHHeM 11.11 npB L=O. TaK, ecnH 

orpaHHqHMCJI paCCMOTpeHHeM COCTOJIHHB Tpex nonoc loc· 
HOBHOH, ~~· H y I H yqTeM npHMoe B3aBMo.n;eiicTB!e ocHoa· 

HOB C (~- H y·nonocaMH COOTBeTCTBeHHO, TO h MO)KHO 

3anHCaTb B BH)];e /9/ 

"2 " I "-t " - A+ .. A (+) "2 
h=-+w B{3B 1~ + \/5w B B +X 0{3 1 t 2J 0 /" 2 y2 y2 0 00 

00 

y5 ! 0(+). I. I I. 
+ 2-x2 y2 

11.3/ 

J.n;ecb X 
0 

H X 
2

- KOHCTaHTbl CBJI3H g C f3 B y poTa:QBOH· 

HbiMH nonocaMH. 
fipH napaMeTpH3a:QHH 11.31 onepaTOpbl JneMeHTapHbiX 

nepexo.n;oa R + H B + npHo6peTaiDT HHOB CMblcn: cocTOJIHHJI 

i 11IM >, BXO)];JII:QHe B HX opp~.n;eneHBe, JIBnHIOTCH C06CTBeH • 

HbiMH He .n;nH l'l, a.n;nJI H-H 83 mtM. IT.e. caMHonepaTOpbi 

Ha.n;eneHbl JneMeHTOM "cso6o.n;hl"/. 
raMHnbTOHBaH h MO)KHO 6blnO napaMeTpB30BaTb, oc· 

TaBnJIJI ero )];HaroHanbHbiM B COCTOHHBHX \11IM>, npB nOMOllUI 

KOTOpblx onpe.n;eneHbl onepaTopbl R+, B +. ~nJI JToro Ha.n;o 

nono)KBTb x = x 
2 

= 0 B paJno)KeHHH I 1.31 B .n;ononHHTb ero 
0 4\ " " 

qneHaMH 6onee BbiCOKoro nopJI.n;Ka no 12, T.e. BI 4+CI6+ ... 

H T • .n;. llapaMeTpH3a:QBJI TaKoro po.n;a Tpe6yeT, o.n;HaKo, BBe

.n;eHHJI 6onbworo qHcna napaMeTpOB. BoT noqeMy npB onH· 

CaHHH Hea.n;Ba6a TBqeCKBX JtiKl>eKTOB H3 • 3a CMeWHBaHBJI OC • 

HOBHOB, {3- H y- nonoc, Mbl Bbl6HpaeM h B BH.n;e I 1.31. 
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Bo BTopoM naparpalbe uacTO.Hll\eii pa6oTbi paccMoTpeuo, 

K KaKHM H3MeHeHH.HM B Bbipa:>KeHH.HX ,I:{JI.H 3HeprHH COCTO.H· 

HHH g-, (3- u y·nonoc u MaTpHlJHbiX 3JieMeHTOB E2-ne

pexo.noa Me:>K,ny HHMH npHBO,I:{HT yqeT np.HMOrO B3aHMO,neii· 

CTBH.H nOJIOC B MO,neJibHOM raMHJibTOHHaHe. 

B TpeTbeM naparpa$e nonyqeubl MaTpHUbl nnoTHOCTH 

C yqeTOM np.HMOrO CMeWHBaHHJI. 

B lJeTaepToM naparpalbe noKaJaHo, KaK MO:>KHO onpe

.nenHTb napaMeTpbl MO,neJibHOrO raMHJibTOHHaHa Ha OCHOBe 

MHKpOCKOITHlJeCKOH MO,neJIH. 

2. J(HAFOHAJIH3AaH.R MOJ(EJI.bHOFO 
r AMHJI.b TOHHAHA 

BKJIIOlJeHHe qneuoa 
" 

CB.H3H X 0 H X2 B Mo,neJibHbiH 

raMHJihTOHHaH h npHBO,I:{HT K TOMY, lJTO llOCJie,nHHH nepe

cTaeT 6biTh .nuarouaJihHbiM a paccMaTpuaaeMoM npocTpaH

CTBe Tpex nonoc I g , (3 H y 1. ,LI;n.H raMHJibTOHHaHa 

6e3 cMewuaaHH.H IT.e. npu x = x
2

=0 I co6cTBeHHbiMH HB-
o ' 

JIHIOTCH "qHCTble" 

ITOJIOChi - j(31M>H 

COCTOHHHH g-noJIOChl - !giM>, (5-
y ·noJIOCbl - JyiM>, a COOTBeTCTByiO-

2J <'' 0 n/-l H 
IUHe C06CTBeHHble 3HalJeHHH HMeiOT BH,I:{ _!ii+!_2 

<v ll , qT06bl HaHTH COCTO.HHHH raMHJibTOHHaHa 11.31, 
2 y u u 

Mbl BOCnOJib30BaJIHCb TeOpHeH B03MyiUeHHH no OTHOWeHHIO 

K BKJIIOlJeHHbiM B Hero lJJieHaM CBH3H. OrpaHHlJHBa.HCb HH

:>KaHWHMH HeHyJieBbiMH nonpaBKaMH, nonyqaeM, B lJaCTHO

CTH, ,I:{JIH 3HeprHH COCTOHHHH OCHOBHOH nOJIOCbi: 

E (I) _ I (I + 1) X 2J 
g -- (1 2 2J + --) 

26J2 

2 Xo 2 - :-[I(I+ 1)12_ x2 U(I+1)]2 

0 46J 2 

12.11 

6 

,, 2 ~· 2 
B Ao B /\2 

eJIHlJHHbl B ('3= ---- H ~- - -- MO:>KHO HHTepnpeTH· 
g v1

0 
g)' 4uJ 2 

poaaTb, KaK qacTH napaMeTpa Hea.nua6aTHlJHOCTH llo/.axo

,n.Hmero B ,nayxnapaMeTpuqecKyiO $opMyny .liopa H MoT-

TeJihCOHa ,I:{JI.H poTaUHOHHOH 3HeprHH 

2 
E(I) cc Al(l -t 1) -1 Bl l(l t- 1)] , 12.21 

KOTOpbie B03HHKaiOT H3- 3a npHMOrO B3aHMO,neHCTBH.H OC· 

HOBHOH nOJIOChl C (1- H y· nOJIOCaMH COOTBeTCTBeHHO. llep

BhiM K03$$HUHeHTOM lPOPMYJihl 12.21 6y,neT BeJIHlJHHa 

A 1 

ii 

x2J 
_1_(1 + _ _g__). 
2J 2(")2 

12.31 

113 Bhipa)l(eHHH 12.31 BH,I:{HO, lJTO ylJeT CBH3H nOJIOC H3Me· 

H.HeT TeopeTHlJeCKHe 3HalJeuu.H 3Hepruu. 

AuanorHlJHO MO)I(HO YBH,neTh, lJTO ,nuaroHaJIH3aUHH MO· 

.nenhuoro raMHJihTouuaua I 1.31 He nepeuopMupyeT uJ , uo 
0 

- 3 
nepeuopMupyeT (u 

2 
- (tJ 

2 
-1 J " llOCKOJibKY B h Mbl He 

BKJIIOlJaeM lJJieHOB lJeTBepTOH CTeneHH, KOTOphie MOryT 

npHBeCTH K MHKpOCKOnHlJeCKOH nepeHOpMHpOBKe 6J 
2 

B 

TpeTbeM nop.H,nKe, TO Mhl npe,niTOlJHTaeM llOJib30BaThCH 

3,neCh lJaCTOTaMH llX<I>, ,-;] 
2 

~ vJ 
2 

, 

B03MYIUeHHble COCTOHHHH paccMaTpHBaeMbiX nOJIOC C 

TOlJHOCThiO ,no lJJieHOB, JIHHeHHbiX no KOHCTaHTaM CBH3H 

x H x ,HMeiOT cne,nyiOmuii au.n: 
() 2 

- X 
JgiM> = JglM> - _Q_I(I + 1)J(3IM> -

6Jo 

'h x
2 

[(I-1)1(1 + 1)(1 + 2)1 • 

2VJ2 

....-- X 
1/-l IM '> = I {31M> + -~I (I + 1) I glM > • 

cuo 

12.41 
I yiM>, 

12.51 
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lriM> = jylM> + ~[(1-1)1(1+1)(1+2)] V. jgiM>. 
2w2 

/2.6/ 

fiocne TOrO KaK nonyqeHbl COCTOJIHHJI /2.4/-/2.6/, 
nerKo HaiTH MaTpH'IHble 3neMeHTbl HHTepecyiOJ.Qero Hac 

onepaTopa E2-nepexo.n;oa Me)l(.n;y HHMH. ,[J;nJI cnyqag g-g 
nepexo.n;oB HMeeM 

"""'-' A ,.-../ A 

<lfg\IQ2\Igli> = <IfgiiG2\Igli > 

X A A 

- wo !If(If+1)<1rf3\IG 2 1\gli>+li(Ii +1)<1fgiiG 2!\f31?l-
o 

X Y2 A 

- -LH(I -1)I (I + 1)(1 + 2)] <I y\\ Q \lgl. > + 
2,(u f ff f f 2 I 

2 

l;l A 

+ [(I i -1)1 i (I i + 1)(1 i + 2)] 
2 

<If g II Q 211 yl i > l /2.7/ 

H aHanorH'IHO .n;nJI g-{3 H g-y -nepexo.n;oB: 

A - A 

<I rf1\IG2\I gl i > = <If/'311 Q2\\ gii > + 

X A A 

+ w 
0 l If (I f + 1) <I f g II Q 211 gl i > -I i (I i + 1) <I f t311 Q 2\\/31 i > l ' 
0 

/2.8/ 
- A - A 

<I f y II Q 211 gl i >=<If y II Q2 II gl i > + 

X l;l A 

+ &,;
2 ![(If -1)1 f (If+ 1)(1 f + 2)] 

2 
<If g II Q 211 gl i > -

2 

l;) " 
-[(1. -1)1. (1. +1)(1. +2)] 

2 
<If yjjQ 2 \\yi .>!. /2.9/ 

1 1 1 1 1 

fipHBe.n;eHHble MaTpH'IHble 3lleMeHTbl /2.7/-/2.9/ MO)I(HO 

JanacaTb B TepMHHax napaMeTpoB Hea.n;aa6aTH'IHOCTH E2-

8 

nepexo.n;qB a , Y, Z 
0 

H 'z 2 , OTllH'IalOJ.QHXCJI OT BBe.n;eHHbiX 

paHbWe 17 •81 nonpaBKaMH, y'IH'IbiBaJOJ.QHMH CBJI3b nonoc. 

B HH)I(aHWeM DOpJI.n;Ke DO HeaJ].IIa6aTH'IHOCTH ,ll;llH HOBbiX 

napaMeTpOB HMeeM: 

\/6 X 2c /2.10/ a = a - -----' 
0 0 

2w2 

/2.11/ b = b • 
0 0 

2v6x2ao 
/2.12/ c = c - ' 0 0 

w2 

- 2x b a =(.a _____ o _!! _ 
X c y6x 2c 

_ 2 ~)l(1 - ____ o ), 
a2 

a=-, 
w a 

0 0 y6w2ao 2w2 ao ao 
/2.13/ 

Y=(Y- x2co)l(1-
v6x c 

2 0 ), 
a4 

y = -- /2.14/ 
w a 2w a a 

2 0 2 0 0 

z =Z 
X a z =-~ -~ 

' 0 0 w b 
0 2b 

/2.15/ 

0 0 0 

- - 16x a 2· 16x a c 
Z = (Z - v 2 o )/(1- v 2 o ), z =- __ 1 • 

2 2 we we 2 c 
2 0 2 0 0 

/2.16/ 

Bxo.n;JimHe B Bblpa)l(eHHJI /2.10/-/2.16/ K034KiiHUHeHTbl 

pa3llO)I(eHHJI I 1.1/ a. , b. , c . onpe,u.enJieM peweHHeM 
1 1 1 I I 

ypaBHeHHH, aHanorH'IHbiX ypaBHeHHJIM 7,8 , B KOTOpbiX yqTeH 

HOBbiH BH,ll; l!>eHOMeHOllOrH'IeCKOrO raMHllbTOHHaHa. 

34KileKTbl Hea.n;Ha6aTH'IHOCTH, He CBJI3aHHble C DpJIMbiM 

B3aHMO,ll;eHCTBHeM DOllOC, OTpa)l(aJOTCJI qneHaMH, B KOTOpbiX 

He npHCYTCTBYIOT X 
0 

H x
2
, T .e. CTapbiMH napaMeTpaMH a, 

Y,Z
0

H z 2 . 
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3. MATPHI.(bl IIJIOTHOCTH C yqETOM IIP.JIMOFO 
CMEmHBAHH.JI 

Anre6paaqecKHe caoacTBa onepaTopoa 3neMeHTapuoro 

nepexo~a /6/ uaKna~blBaiOT p.11~ ycnoaa8 ua napaMeTpbl Mo

~enLHoro raMHllbTOHHaHa /1.3/. 11MB Mbl BOCllOllb3yeMC.II 

npa onpe~eneuaa nocne~uux, T .e. npa onpe~enenaa MOMenTa 

HHepUHH .ll~pa J, 3HeprHH HH)I(aHWHX {3- H y-au6paUHOHHbiX 

COCTO.IIHHH, Ci.J 0 H Ci.J 2 COOTBeTCTBeHHO, a TaK)I(e KOHCTaHT 

CB.II3H ocuoauoa c {3-H y-poTauaoHHblMHnonocaMa- x 
0
H x

2
. 

PaccMoTpHM cuaqana ycnoBH.II opToaopMupoBKH 3neMeu

TapHbiX onepaTopOB nepexo~a, COOTBeTCTBYIOIUHX pa3HblM 

MO~aM KOnneKTHBHblX B036y)l(~eHHH~ Bpa}UeHHIO, (3- H y
BH6paUHOHHblM B036y)l(~eHH.IIM. B TepManax o~uoqacTaqnLIX 
MaTpHU llllOTHOCTH * /8,9/ HX MO)I(HO 3anacan, cne~yiOIUHM 
o6pa3oM: 

~ j ~ p ( 100)= -1 
ij lj j i • 

/3.1/ 

- + 
2Re ~ ip(01 Op(01 0)_ 

ij j i -
1 • 

ij 
/3.2/ 

/3.3/ 
- + 

4Re ~ ip~~01 lp ~001 ) = 1. 
ij 1J J l 

3~eCb j ~j - MaTpHqHble 3lleMeHTbl KOMTIOHeHTbl l x 
onepaTopa yrnoaoro MOMenTa. O~uoqacTaqnble MaTpHUbl 
llllOTHOCTH onpe~eneHbl, KaK 

1 " " pOOO)=- -=<M\[a+a. ,R+ + R + ]JM>, 
ij v 6 J 1 21 2-1 

*~aTj>HUbl TIJIOTHOCTH + onpe~eJieHbl, KaK p ji (M) == 
=<MJa. ar JM>, P· (M)=<MJaia.JM>, r~e a+(a)- onepaTopbi 
p0)1(~eaax1 /yHHiiTd~eHH.II/ 6orhJII060BCKHX KBaJHqaCTHU, a 
a+(a) - onepaTOpbl po)l(~eHH.II /yuaqTo)l(eHH.II/ liJepMHOHOB. 
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p 

+ "(+) 
p<Ol- 0) =i<M J[a+ a. , 0 -r-< ]\M>, 

ij J 1 t-' 

+ 
p<001-) = i<M\ [a+a. 

ij J 1 

" +) " (+) 0 <- + 0 - ]\M>, 
y2,2 y2;-2 

/3.4/ 

a ananoraqno KBaJaqacTaqnble Ma TPHUbl nnoTHOCTH: 

+ " +) 
p(OCO) = i<M\fa+a~, o<- ]\M> 

ij i j f3 

H T.~. 

.LJ.anLIUe npaae~eM ycnoBH.II, o6ecneqaaaiOIUHe pa3~ene

nae /a cpe~HeM no cocTO.IIHHIO JM>/ Me)l(~y apaiUaTenLHOH 

H {-J-H y- BH6paUHOHHblMH MO~aMH COOTBeTCTBeHHO: 

-
~(I .f) .. p(01 0)= O, 
ij -oo 1J J1 

/3.5/ 

~ ci. i). p (00 1 ) = 0 . /3.6/ 
. . l 1 J 1 
lJ 22 ' 

llocne~HHe npOHCXO~.IIT H3 KOMMyTaUHOHHblX COOTHOIUeHHH 

onepaTOpOB nepexo~a C yrJIOBblM MOMeHTOM. 

MaTpauy nnoTHOCTH B ycnoaan /3.1/-/3.3/ H /3.5/
/3.6/ HaXO~HM H3 ypaBHeHHH ~BH)I(eHH.II /7,8/, B KOTOpbiX 

yqTeH HOBblH BH~ MO~ellbHOrO raMHJibTOHHaHa /1.3/, T .e. 

CB.II3b llOJIOC. .lJ.nB TIOJiyqeHH.II pe3yllbTaTOB, OTJIHqHblX OT 

HaH~eHHblX pauee B nepBOM nop.II~Ke /7,8/, HY)I(HO OTKa-

3a TbCB OT npHHBTOrO B 3THX pa6oTaX npeHe6pe)l(eHHB 

o6MeHHblMH qnenaMH. B TaKoM cnyqae ~JIB 3neMeHTOB MaT

PHUbl llllOTHOCTH, COOTBeTCTBYIOIUeH poTaUHOHHOH MO~e, 

HMeeM: 

p ( 100) 
ji 

• X (-) 2 
J ij u ji 

JE ji 

11 



U ~-:-) j .x 20 {-t) (-t) 20 . X (-t) (+) 
-8K2oXowo bo~ll:(-tmqmjuj~ mi- qimlmju mi V mj 

E .. m E2- 2 .2 2 ) -
lJ jm w 0 E irn- w 0 

- - v ~-:) 
-jx (u(+l,{01 0) + J-) !1,(01 '0)} JI 

ij jj jj £ ~. -(1) o2 
JJ 

- - v<+) 
-j~.(u(~),\,(01 O)+J~}L'1,(01 o~ ij l + 

lJ JJ Jj - 2 2 
E - <V 

ii 0 

(-) . 

+4x 2 w I, uij (J.x(.x .x .y. y v<+~(u{+)v(-~-v{-) (+) 
{) Omn- im] J .+J J ) mt nn ~J nnumj) 

E . . mn OJ mn nj -
tJ E ~ - w 2 

Jffi 0 

-jX(·X ·X v(+)( (-t) (-) . jm J J . + j y j y) mj u nn v . - v<-) (+) mn m mn ni . mt __ nn u mi ) 

E
-2 2---1 -

. -w 
liD 0 

(-) -4K U . X 22 ( ) 22 X 
2 

w C 2 __1_.r J imqmJ· U .+ V (.:) 
2 0 - l -- Jm m1 

mE -·· E 2 2- + 
Jl . - w Jffi 2 

q~2 j x. u (+)v (-J:-) 
~~~~]+ 

E .2 _ w 2 
liD 2 

(-) 
u .. (-11 (+) (-) (-) ( +) 

vmi<11 nnvmj- vnn 11.!!!,j]_ 
- 2 2 

+)( W 2 ....::..J.!_[J• X(" :X. X -. y. y) 
22 - .JJ.JJ. 

rnn E . . 1m mn mJ mn nJ 
Jl E. -Wn 

Jffi v 

- j X · X · X . V(+~ U (-t) (-) _ 
jm (JmnJ ·- J y j y ) IDJ ( nn V mi - V ( ) u (+)) 

OJ mn ni nn mi E 2 2 J. 
im - w 0 

/3.7/ 

AHanorH'IHO Mll MaTpHU UJIOTHOCTH, COOTBeTCTByromHX 

au6pauaoHHbiM MOAaM, nonyqaeM: 

12 

~ 

' 

J 
i_, 

pcoC O)= _1_ c01- i)) <f.o u <:)E 
ji (-) p .. = 2K b [ lJ Jl ji 

u .. lJ 20 0 -2 Jt E .. _ w 2 
Jl 0 

+ 

( 
{+) .co1-o) v<-> A .co 1-m. E ii , 

1 
_ 

+ u A + .. L\ "J u .. 
ii 11 -2 2 lJ 

Eii-WO 

-x _ E ji l: q.x j .x. + j ~ j Y. )(u(+}v~-:-)- v(-)u (~)) • /3 8/ 
0 E 2 2 1m IDJ 1m IDJ rnm lJ mm IJ • 

ji -w 0 

(Ol+O) __ i(J)0 (01-0) 
p .. - - p .. 

Jl E·· Jt 
Jl 

(001 
p .. 

Jl 

_1_ (001-) q~~ u<+}B 

( 
\ p . . = 2K c lJ ji ji 

u _, IJ 22 0 -
ji E ~. _ w 2 

Jl 2 
-

)(2 

2 

E .. 
--~- 2 (Lx j x.- j.Y j Y.)(u(+) v(~)- v<-)u<_~)) • 
-E 2 2 m 1m m) 1m IDJ mm lJ mm lJ 

ji- w 2 

(001 +) iw 2 (001 
p =- --p 

ji E . . ji 
Jl 

3,!\eCb HCITOllblOBaHbl cneAYJOIUHe 0003Ha'leHHll: 

u (±) = u v ±v u 
im i m i m 

q2_fl = q ~Jl + q 2~* 
1m 1m m1 

-
E .. 

lJ 
- -
E. +E .• 

1 J 

v<±)= u u ±v v 
im i m i m' 

/3.9/ 
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-· 
r,D;e E i - nepeHopMupoBaHHax H3- 3a BpameHH.H KBa3H'Iac-

TH'IHa.H 3Heprux/8/; U., V. • K03cixl>HUHeHTbl KaHOHH'IeC· 

Koro npeo6pa3oBaHH.H lioroino6oBa; q 2jJ. - MaTpH'IHble 
lj 

3JieMeHTbl onepaTopa KBa,D;pynonbHoro MOMeHTa. 

BenH'IHHbi A '(OCO) =A(OCO) /~>:3)b0u \, (O!Ob A<OCO)j"~ocBx-
3aHbl C H3MeHeHHeM XHMH'IeCKOrO llOTeHI.{Hana H napaMeTpa 

menu H3·3a HaJIH'IHJI napHbiX BH6pal.{HH B CHCTeMe/11/npu-, 
l.feM nepBaJI H3 HHX onpe,D;eJIJieTCJI H3 yCJIOBHJI yCTpaHeHHJI 

npHMeCeH COCTOJIHHH C L\N =± 2 K OCHOBHOMY COCTOJIHHIO: 

" "(-) 
<M\[N, 0 (3]\M> = 0, 
" r,D;e N - onepaTop qucna l.faCTHU. 

B Bwpa:>Keuue ,D;JIJI MaTpuu nnoTHOCTH 13.7 I- 13.91, KpoMe 

napaMeTpoB MO,D;enbuoro raMHJibTouuaua I 1.31, BXO.D:.HT 

H HeH3BeCTHbie K03cixl>HUHeHTbl b 
0 

H C
0 

H3 pa3JIO:>KeHH.H 

on epa Topa KBa,D;pynonbHoro MoMeHTa I 1.1 I. 3TH Ko 3dxiJH

l.{HeHTbl MO:>KHO TaK:>Ke Bbipa3HTb B TepMHHaX MaTpHI.{ llJIOT

HOCTH~ 

1 - 13.101 b = q = - L q20 p (o 1 o), 
0 0 2 ij ij ji 

1 22 (OOC J 
13.111 co= q2 = - L q .. p .. • 

2 ij lj J l 

PerneHHJI ypaBHeHHH .D:BH:>KeHH.H BO BTopoM nopx,D;Ke c 

'lneHaMH npxMoro CMernuBaHHJI MO:>KHO JanucaTb B cne,D;yro

meM BH,D;e: 

14 

p(200) 
ji 

L 
fl.= 0,2 

Q(200)q 2f1. (+) 1 F (200) 
211 ij u ji --:::- - _i -~ 8 

E. E ij 
l] ii 

~1~~00) 
_lJ 

p(01+0) 

4i X ----"-1 _l --

p (~01 +) 

- 4ix __ J_l --
--- + o -E .. 

lj 
2 - -' 

E .. 
l] 

p (101 
ji 

E ij 

- 1 I 1 + _--- - -["~(001) - -(E~.- 2) J ~-'ij iw +E .. /3<001) 
Jl w 2 2 lj ij ] + 

l 

. (lOC) 21 (+) (001) 22(100)- . X (-)-
+lw2Q21 qij uij +Q22 aij Eij -x2JijujiEijl, 

pOCO)_ 
ji 

1 1 --1--[iw {3(01+0) - -(E.~-w2) J o ij +E .. /3~010\ J 1 0 lJ lj 'J + 

. Q(11+0) 21 (+) Q(01-0) 20(100) -E 
+lwo 21 qij uij + 20 aij ij 

- - X (-) -
(01 0) (lOO)E .. - 2x j .. u "j E ji I 

- E ij p j i lJ o 1J J 13.121 

3,D;eCb HCllOJib30BaHbl 0603Ha1.feHHJI: 

F(200L_2,\(200) u. v. _ i\(200) (u~ -v ~). 
i l l 1 1 

E(~ 1- 0) =-A (0 1-0) V .<.-)+ !\(0 1-O)u ~;) ' 
l 11 ll 

Q2f1. -~ L q~~P .. (M), 
1 0 ij 1] Jl 

+ flO 

a~~= L [q2~ p . (M)V(-~ + q~fl. p . (M)V (-:-) 
lJ k kj kl kj lk jk kl 

=~ (~ =~ w 
- qkjqTk" (W)u jk- qik q jk (M)u ki]' 

• X (+) . X (+) 
(3 ij = ; [J ik p jk (M)V ik - J kj p ki (M)V kj ] • 

qjk(M) =<M\a7ak \M>. 

11H,D;eKCbl (100) H T .,D;. y BeJIH'IHH a,f3 H Q OTHOCJITC.H K 

MaTpHI.{aM llJIOTHOCTH, onpe,D;eJieHHblM B cilopMyne 13.41. 
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MaTpHUbi nJIOTHOCTH BTOporo nopH,U,Ka 6e3 CMCWHBaHHH 

noJiy'l.eHbi panbwe /7,13/. Ho B 3TOM 6onee BbiCOKOM nopH.u.Ke 

Mhl MO:>KCM COXpaHHTb 06MeHHbiC 'fJICHbi, KOTOpbiMH TaK:>Ke 

npeHe6perann. B OTJIH'fHe OT craphlx 4JopMyn nepsoro no-
I . 

P"-.U.Ka ¢opMynhl aroporo rrop.H,U,Ka 6e 3 o6MeHHhlX qnenoa 1 7 · 9; 

3aBHCHT .!IBHO OT npHMOrO CMCWHBaHHH. ll03TOMY B HIDKaii

illCM ITpll:OJlH:>KCHHH MO:>KHO HX OCTaBHTb 6e 3 H3MCHCHHB. 

B TaKOM CJJyqae, CCJJH B 3TH ¢opMyJibi IlO,!J,CTaBHM BMCCTO 

CTapbiX MaTpHU nJIOTHOCTH nepsoro IIOpH,U,Ka HOBbie /3.7/
/3.9/, TO nony'feHHbie Bbipa:>KeHHH .IJ.OJI)KHbi cosna.u.aTb c 

/3.12/ BIIJJOTb ,!J,O 'fJICHOB BbiCWero IIOpH,U,Ka. fiMH MO:>KHO 

IIOJib30BaTbCH ,!J,JIH KOHTpOJIH HCnOJib30BaHHOrO npH6JIIDKCHHH. 

4. MHKPOCKOIIHT.JECKOE OIIPEAEJIEHHE 
IIAPAMETPOB MOAEJihHOFOFAMHJlhTOHHAHA 
H E2-MOMEHTA 

Ecnn B ycnoanH. /3.1/-/3.3/, /3.5/-/3.6-/ H /3.10/
/3.11/ IlO,lJ,CTaBHM MaTpHUbl nJIOTHOCTH /3.7/-/3.9/, TO 

IIOJIY'fHM JaMKHYTYIO CHCTCMY H3 CCMH ypaBHCHHH ,!J,JIH on

pe,IJ,eneHH.H napaMeTpoB Mo.u.enbHoro raMHJibTOHHaHa I J , 
w 0 , w 2 , x 0 , x 2 I n Ko3cl>cl>nuneHTOB b 0 =q 0 n c 0 = q 2 . 

HH:>Ke IIpHBO.IJ.HM HBHbiH BH.U. IlOJiy'feHHOH CHCTCMbl. llopH.!J.OK 

3anHCH ypaBHCHHH COOTBCTCTByeT IlOPJI.U.KY, B KOTOpOM BBO

.U.HJIHCb YCJIOBHH /3.1/-/3.3/, /3.5/-/3.6/, /3.10/-/3.11/. 
- -1 

J = J [1- ,1\,({3, y)] 
cr 

r.u.e 

t-.((3,y)= I 14(1+8 )(F.~ +F.01 o Jx w q K + 
/l=0, 2 110 Jlq JJP ~-tO /1 1-'Jl. 2/1 

+ 4F :. .. X 
2 

w l , 
JJJJ /1 /1 

/4.1/ 

11 01 01 2 2 
8(2-8 110 )[F qq+(2F qp+ F PP )8 110 JK 211 ~w p. -

[ /1 01 ] • ) /1 2 -8 D . . +D.. 0 0 K .,., w X q + (.1 + 0 0 D .... w X = 1 
qJJ JJP /1 ..,.. /1 /1 /1 /1 JJJJ 1-' /1 

(/1 = 0,2)' 
/4.2/ 

16 

' 
\ 

~ 

p. 01 (1+ 0
11o) 11 

2LPjjq +Pjj o110 ]K2/.tqp- " P jjjj X /1 = 0 (/1 =0,2)' 

/4.3/ 
- - (1+8 0 )-

11 01 ] /1 p. 2 [ 1 - K "" ( F + F jj 0 ) q + D .. X = 0 (/1 = 0. 2). ...,... qq qp /1 /1 2 qJJ /1 

/4.4/ 

JIBHbiH BH.U. K03cl>cl>HUHCHTOB CHCTCMbl npHBO.IJ.HM B fipu-
AOJICeHUU. 

PaccMoTpHM cHa'fana napy ypasneHnii, /4.3/ n /4.4/. 
3TO CHCTeMa ;IJ.BYX O,lJ.HOpO;IJ.HbiX JIHHCHHbiX ypaBHCHHH OTHO

CHTeJibHO x 
11 

u q J1 • IlpnpaBHHBaH Hynro ee ,D,eTepMuHaHT, 

BbiBO.IJ.HM CCKYJIHpHOe ypaBHCHHC 

- -ol 
1- K 2 [F J1 + F D 0 + /1 qq qp fl. 

p~ i)f.i .. 
_JJ.L_..9.J.L J = 0 ' 

P~ ... 
JJJJ 

/4.5/ 

H3 KOTOporo HaXO.!J.HM 'faCTOThl wV , T.e. npH /1=0 - qac

TOTbl {3-KOJie6aHHB, a npH JJ.= 2 - qaCTOTbl y -Kone6aHHH. 

YpaaHeHHH /4.5/ oTnnqaroTCH OT ananorH'fHbiX ypaBHeHuii 

fiX~} 11/ H3- 3a yqeTa npJIMOrO CMCIIIHBaHHB OCHOBHOH no

JIOCbl C (3- H y-nonocaMH B M.O.IJ.CJibHOM raMHJILTOHHaHe, 

a CJIC,IJ,OBaTeJibHO, H B MaTpHuax IIJIOTHOCTH (3-H y·BH6pa

UHOHHbiX B036y:>K,lJ.CHHH /3.8/ H /3.9/. llpH XI'- =0 ypaBHeHue 

/4.5/ nepeXOMT B 06bl'fHOe ypaBHeHHC fiX~ .ZJ.JIH W : 
J1 

-f.i -ot 
1-K (F +o

0
F )=0 

2J1 qq J1 qp 
(JJ. = 0,2). /4.6/ 

113 ypaBHCHHH /4.3/ IIOJiyqaeM TaK:>KC COOTHOWCHHe npo

IlOpUHOHaJibHOCTH 

X = 
fl. 

2(p/1 +O P?hK 2/1 
:.__llg_~JL- --- q /1 

pl'
jjjj 

17 



~allbWe, nOACTaBll~~ w~ H3 14.51 B YCllOBHe HOpMHpOBKH 

14.21, nony'IHM aenH'IHHY q~ . llpH x 11 = 0 14.21 TaK>Ke 

CBOAHTC~ K ypaBHeHHIO llX<I> All~ q ,onpeAellJIIO~ero Bepo-
~ fl 

JITHOCTb nepeXOAOB H3 OCHOBHOH B ~- HllH y-nonocw npH 

~=0 HllH 2 COOTBeTCTBeHHO. Tenepb Mbl MO)I(eM HaHTH 

aenH'IHHY A(~,y),oTnH'Iaro~yro 4JopMyny AllJI MOMeHTa HHep

I.J,HH JIApa B cnyqae npJIMOrO CMeWHBaHHJI OCHOBHOH nOllOCbl 

c {-3- H y-nonocaMH 14.11 OT o6LI'IHOH 4JopMynLI MeTOAa 

npHHYAHTellbHOrO Bpa~eHHJI. 

KaK 6Lill0 BbiJICHeHO B KOHI.J,e pa3)J.ena 3, K034l4lHI.J,HeHTbl 

pa3llO)I(eHHJI E2- MOMeHTa 11.11, 3aBHCJI~He OT MaTpHI.I,bl 

nllOTHOCTH BTOporo nopJIAKa, MO)I(HO Bbi'IHCllHTb no 4Jop

MyllaM 6e3 o6MeHHbiX 'llleHOB, HO C y'leTOM npJIMOrO CMe

WHBaHHJI /9/.~llJI 3TOrO HaAO onpeAellHTb CHa'lana KOHCTaH

TLI x 
0 

H x 
2 

B nepaoM nopHAKe c y'leToM o6MeHHLix qneHoa 

no onHCaHHOMY B 3TOM pa3Aene cnoco6y. 

5. 3AKJI/O f.JEHHE 

KaK 6Lmo noKa3aHo B npeALIAY~Hx pa3Aenax, y'leT 

"npJIMOro" CMeWHBaHHJI nOJIOC npHBOAHT K nepeHOpMHpOBKe 

pe3yJILTaTOB MOAellH npHHYAHTeJibHOrO Bpa~eHHJI H llX<I> 

AJIJI 3HeprHH H BepOJITHOCTeH nepeXO)J.OB. llpH 3TOM nepe

HOpMHpOBKa npoHCXOAHT Ha ABYX 3Tanax npH AHarOHaJIH-

3ai.J,HH MOAeJibHOrO raMHJibTOHHaHa 11.31 lpa3A. 21 H npH 

MHKpOCKOnH'IeCKOM onpeAelleHHH ero K034l4lHI.J,HeHTOB H K03W

WHI.J,HeHTOB pa3JIO)I(eHHJI 3lleKTpH'IecKoro MOMeHTa I 1.11 
lpa3A. 41. HacKOJILKO TaKaJI nepeHopMHPOBKa npHBeAeT K 

YJIY'IWeHHIO 3HaKOMbiX paCXO)I(AeHHH TeOpHH C 3KCnepHMeH

TOM, HanpHMep, B 3Ha'leHHJIX MOMeHTa HHepl.I,HH, 

CMO)I(eT noKa3aTb TOJibKO 'IHCJieHHbiH pac'leT. To )l(e CaMOe 

MO)I(HO CKa3aTb 0 paCXO)I(AeHHJIX HeaAHa6aTH'IeCKHX 34l4leK

TOB C HX napaMeTpaMH 12.101-12.161, paCC'IHTaHHbiMH 

paHbWe 6e3 "npJIMOro" CMeWHBaHHJI /8, . 

B pa3Aene 3 6Lmo OTMe'leHo, 'ITO TaKaJI nepeHopMHpoa

Ka 4JopMyn MOAeJIH npHHYAHTeJILHoro apa~eHHJI H llX<I> 

CBJI3aHa C 6onee BbiCOKHM npH6JIH)I(eHHeM nO OTHOWeHHIO 

K o6MeHHbiM 'IJieHaM, 'leM 06bi'IHO npHHJITO B ynOMJIHYTblX 

18 

1 

MeTOAaX. <I>H3H'IeCKH 3TO 03HaqaeT, 'ITO B AOnOJIHeHHe K 

"HenpJIMOMy" CMelliHBaHHIO ABYX'IaCTH'IHbiX H KOlllleKTHBHbiX 

nOJIOC, KOTOpoe Y'IHTbiBaeTC~ Kp3HKHHr-MOAeJibiO H COOT

BeTCTBeHHO fiX <I>, 3AeCb Mbl Y'IHTbiBaeM H "np~Moe" CMe

WHBaHHe /1 2/, 0AHaKO B OTJIH'IHe OT 3HaKOMblX pa60T Mbl 

npeAJiaraeM MHKpOCKOnH'IeCKOe onpeAelleHHe ero CHJibl. 

"llpJIMOe" CMelliHBaHHe HaKJiaAbiBaeTCJI Ha "HenpJIMOe" TaK, 

KaK, HanpHMep, pe30HaHCHOe pacCeJIHHe HaKllaAbiBaeTCJI 

Ha noTeHI.J,HaJibHOe. 

IIPHJIO)J(EHHE 

Ko34l4lHUHeHTLI cHcTeMbl ypaaHeHHH I 4.11- I 4.41 

F~ 
jjq 

F01 
jjp 

Ffi 
jjjj 

F~ 
qq 

u<-:·\ (+) V ~+) 
=2~ 

IJ Jill 1m .x.xq2~ 

JjiJim mj(l+o )2E .. (E2 __ w2) 

X 

ijm 
fLO JI mJ ~ 

x x u<:-:)v (+\u<:) A '(o 1- O) + v (-) y<O Co~ 
2 ~ j j _ _!l___Il.____J.J_ _____ __lL_ ___ _ 

ij j i ij - - 2 2 ' 
E .. (E .. - w 

0 
) 

J I JJ 

0 +1 
2 ~ .x.x(.x.x (l)f10 .y.y) ..:.., J J J J +- J J X 
ijmn ji im mn nj mn nj 

u(-~-) v ~+) (u (+) v <-!- v<-) u (+)) 
IJ 1m nn mJ nn mJ 

'E .. cE: ~ - w 
2 

Jl Jffi fl 

(+)2-
u .. E .. 

~ 2~ 2fL IJ Jl 
..:.., q" q .. ---=---
ij IJ J I (1 0 )2 (E.~ 2 ) 2 

+ flO Jl -w~ 
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20 

FOl 
qp 

F 01 
pp 

20 
[u<:t\·COl-0) +V(-:-)~,(01-01u(:':')E .. 

2 11 11 11 11 q __ 
It <E 2 _ 2) 2 

ii (L) 0 

[u (:':')A, (Ol 0\ V ~:--) ~ .(01-0)]2 E .. 
11 u ll 

2 

(E 2 _ 2 ) 2 
i.i (L) 0 

n f.L = 2 2f.Lc· x . x o +1 
qjj . . qiJ. J J.mJ . +(-1) !10 

lJm m1 

. y . y ) 
J jm J mi x 

DOl 
jjp 

(~)( (+) v<~)- v <-) <;))E .. 
uJl umm lJ mmulJ Jl 

X-----
. -2 2 2 
( 1 +O f.tO )(E j i - w 11 ) 

2(.x.x+.Y.Y)x J. J . J . J . 
. lnl IDl lm IDl 
!Jr. 

[u (~)A ,(0 1- C)+ V <:-)L\ ,(Ol- O)](u (+) V .<:-)_ V (-) u (+))E ·· 
11 11 mm 11 mm 11 ll 

>< 

CE 2 _ 2) 2 
. ii wo 

0 +1 
D fl - _,. - .... (

• X . X + (-1) JLO . y . y ) 
J. J . . J . J . 

jjJj 

pfL 
jjq 

ijmn 1m mJ 1m mJ 

0 0 + 1 
( .x.x ( 1)f.t .Y.Y) 

X J. J . + - J. J . X 
Jn m JD m 

(u (+)v <:-)- V (-) u ~+~(u(+)v ~:-)- V (-)u <+!)E .. 
x rr:m lJ mm lJ nn lJ nn lJ Jl 

= l 
ijm 

<E -~ _ w 2) z 
.J 1 f.t 

(-) (+)£: . 
uimu im ml b 0 + 1 " y ) 2!1 -- -- 2 J1. . ·' • q . - 2 ) 

(j X j _x +(-1) \j J jm ml (1+0 o)(Emi--(U !l ij Jill !l 

0 +1 
p f.1 _ I, (.X . X ( 1) f-10 . y . y 

.... - J .. J.+- J .. J.)x 
JJJJ ijmn lJ Jm lJ Jm 

o 0+ 1 
X ("X . x_ + ( -1) f.L . y . Y_ ) X 

Jmn J m J mnJ m 

X 

u~-\u (+) V <-:-)- V (-) (+!) E . 
1m nn m1 nn u m1 m1 

- 2 2 
Emi- wp. 

Tam.,!J.a Ha,!J. Ff.l 'n 11 .. H T .,!J.. yKa3biBaeT Ha TO, qTo 
qq qJJ -

3HaMeHaTeJib COOTBeTCTBYIOI.QeH CYMMbl CO,!J.ep)I(HT(E . -w 2 ) 
- ffil !l 
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