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1. BBEAEHHE 

B pa6oTax 1 ~31 paas~Ta MOAenb AnR ~3y4eH~R $OpMw ~ HOpManb
HbiX 4aCTOT KOne6aH~H spall\aiOU\~XCfl RAeP. B Hei1 Y4~TbiBaiOTCfl Kyno
HOBCK~e ~ nOBepXHOCTHWe C~nw, onpeAenRIOll\~e paBHOBeCHYIO Ae~op
Ma~~IO flAep B 3aBHC~MOCT~ OT yrnOBOH CKOPOCT~ Bpall\eH~fl, a TaKme 
~CKameHHR $epM~-nosepXHOCT~, BW3WBaeMWe KOnfleKT~BHWMH KOne6a
H~flM~ 14

•
51 

• l\enb HaCTOfllt\eH CTaTb~ - ~3y4eH~e 3neKTpOMarH~THbiX 
XapaKTep~CTHK B~6pa~~OHHWX COCTOflHHi1, 803HHKaiOli\HX np~ B036ym
AeH~~ HOpManbHWX MOA, On~CaHHWX B HaW~X 6oncc paHH~X ny6n~Ka
~~RX. 3Ta ~enb AOCT~raeTCR np~BeAeH~eM nony4eHHWX s/2 / ypaBHe
H~H AB~meH~R K raM~nbTOHOBOH $OpMe ~ nocneAYIOli\~M ~X KBaHTOBaHH
eM. 

2. KOnnEKTHBHUE nEPEMEHHUE 11 YPABHEHHR ABH~EHHR 

KonneKT~BHWe KOne6aH~fl BO Bpall\aiOli\HXCfl HApax MOmHO OnHCaTb, 
paCCMaTp~BaR OTKnOHeH~fl OT COCTORH~fl BeKOBOrO paBHOBeC~fl/B, 7~ 
np~ KOTOpWX T04K~ m~AKOCT~ npHo6peTaiOT Manwe CMell\eHHfl 

; )1\ (t) = ; )1\ (0) + i (t) • 

( l = l L i,j x j + .... 
J 

/1/ 

OrpaH~4HBaRcb BbrnMcaHHbiMH 4neHaMH s sbrpameHH~ AnA {, s pa6o
Tax I 1·S/ Mbl nony4HnH ypasHeH~fl ABHmeHHfl, onpeAenRIOli\He KBaApy
nonbHWe Kone6aH~fl RAep. B HHX BXOART KOnneKTHBHWe nepeMeHHwe 

2 
-+ rnA a i -+ 

Vl,j = ( p( 1 X j dr = -
5
-Li,j ; KIJ = J~Pij dr. /2/ 

B /2/ A - 4Mcno HyKnoHos s RApe, m - Macca HyKnoHa, a 1 - AnMHa 
nonyocH 3nnMnCOHAa, annpoKCHMHPYIOll\ero $opMy nosepXHOCT~ RApa, 
~p~ - sapMa~HH TeHaopa HanpRmeHI1i1, AnR paccMaTpHsaeMoro 3AeCb 
cny4aR RAep, ~MeiOli\HX aKCHanbHYIO $OPMY (a 1 = a 2 ) B COCTORHHH 
BeKOBOrO paBHOBeCHR, ypaBHeHHH ABH)t(eHHR pa3Aenfl~TCR Ha TpH He 
CBR3aHHWe MemAY co6oi1 CHCTeMw: 

1. YpasHeHHfl Kone6aHHi1 OTPH4aTenbHoi1 CHrHaTypw /a- MOAa/ 

2 v 1 3 Va 1 • n2 2 
v1 3 =- VF (-'- + --· ) + 2flV2 3- -(l- e )(V13+ V, 1) + z13' 

' a2 a2 ' e2 ' .,, 
3 1 
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v2.s 
v v · 112 2 

V 2( 2,3·+~,)-·""v 13 -·-(1-·e )(V23 +V32 )+z23. :=.- }<' --. . .... 0 e2 I I 

a2 a2 
3 2 

v v 112 
= - v 2 (--l.d.+ ___&!_) - - 2 (V 1 s + v3 1) + z 13 ' 

F a2 3 2 e 1 1 

3 1 
vs.1 

Vs,2 2( V:z,s V31e ) 11
2 

(V + v ) + z 
""-·VF --·+ --· _,2 1

1
3 3

1
2 23 ' 

a5 a~ e 

v v 2 2 2,3 3, )} 
2U I z 23 - VF (-2-' + -2-· 

a 3 a 2 
z13= 

. v v 
z

23
,-,2fllz -v2( 113 3,1)} 13 F -- +--· 

a2 a2 
3 1 

2. Ypa8HeH~H Kone6aH~R nonom~TenbHoR c~rHaTyp~. 
~-MoAa: 

q1 c-411q2 -·aql (q1 == v11 + v22 -· 2Vs3 • 

131 

/4/ 
•• 11 • 
q >= q 

2 3 - 2e2 1 
q 2 "" V 1 2 -. V 1 ' Vi. = VI . + V j i ). , 2, J ,J t 

Y -MoAa: 

q_· 1 = 2Uq2 - 2 ~q 1 + 2q 3 

C:i2 == -2Uci1 - 2 ~q 2 + 2q 4 
. Vf 
q s= 411 (q 4 -· 2q2) • 

al 

. Vf 
q4=-411 (q3- q12) 

al 

..... 

(qt = (Vu- V22 )/2 • q2 = v 12) 

/5/ 

KonneKT~8Hble nepeMeHHble z ij , q 3 , q 4 8blpamaiOTCH 4epe3 Kij 

cneAYIO~~M o6pa3oM: 

2 

Zij = Kjj +Vi(Vi,j/a~ + Vj,i /a~), 

1 
q s = 21 K 11 - K 22 + (V 11 - V 22) v: I a i l ' 

2 2 
q 4 = K 12 + v12 v F I a 1 

/ 

. • 
) 
I 

i ',, 

3AeCb ~ 8 /3-5/ ~cnOflb308aHbl 0603Ha4eH~.R: 11 - CKOpOCTb 8pa~eH~H 
HApa, VF - CKOpOCTb HYKflOHa Ha no8epXHOCT~ <l>epM~, e= (1-af/a1_) -· 
- 3KC4eHTp~C~TeT, 

3v 2 2112 
a = 21-+·- - 2-,+ 11~[2(ct 11 - 2XB11) -t-3(1-e2)(ct33 2XB33)]}/(3-2£f}, 

a
1 

e, 

2 
VF 2 2 (:} ) ~ =·- -· 11 + 11 0 ( u 11 - 2XB 11 , ay 

G'ij , BtJ - ~HAeKCHble c~M80flbl, onpeAeneHHble 8 np~nomeH~~. {{ = 
=0,0205 Z2 /A- napaMeTp Aen~MOCT~, Z - 3aPHA .RApa; 110 = 

2 112 -112 .. 
= (5b/ 2mA r 0 ) = 34,9 A M3Btn, b = 17 M3B - napaMeTp no-
8epxHOCTHO~ 3Hepr~~ ~3 <I>OPMYflbl BaR43eKepa' ro = 1 '2 <I>M - napa
MeTp nnOTHOCT~ HAepHoro 8e~eCT8a. 

Ben~4~HaM V ij MOmHO nOCTa8~Tb 8 COOTBeTCT8~e ~3MeHeH~H, 8bi3-
BaHH~e BHyTpeHH~M AB~meH~eM, 8 KOMnOHeHTaX K8aAPYnOflbHOrO MO
MeHTa 3aPHAa ~ MOMeHTa KOfl~4eCTBa A8~meH~.R. Hanp~Mep: 

m (2, ± 2) = (V 11 - v22 ± 21V 12 )/7.5 Zep I ,J;4rnA. 

Is =V2,1 -V1,2 +11(Vu+V22 ). 

3AeCb ep - 3ap.RA npOTOHa . 

3. nPHBEAEHHE YPABHEHH~ ABH~EHHR K rAMHnbTOHOBO~ <I>OPME 

An.R nocTpoeH~.R raM~nbTOH~aHa M~ 8ocnonb3o8an~cb npo-
4eAypoR KaHOH~3a4~~ ypaaHeH~R A8~meH~.R, npeAnomeHHOR 8/8/. 

Ha4HeM c on~caH~.R o6~ero anrop~TMa KaHoH~3a4~~. 
nycTb 3aAaHa C~CTeMa 2n ypaaHeH~R; 

'II =hi (t,yl, ····'l2n ), i=1 ..... 2n. 

H~eM <I>YHK4~10 narpaHma, . T.e. TaKyiO <I>YHK4~10 
l!n 

f.= "o+ 2. "t 'It 
I= 1 

!6! 

171 

!81 

np~ KOTOpo~ c~cTeMa /7/ coanaAaeT c c~cTeMoA aap~a4~0HH~X ypa8-
HeH~A 2 . 

or dtf = r dt £ ay < aS?. _ ~ aS?. ) 
I= 1 I ay . dt :._; 

l V) I 
/9/ 

2n 2n• _ r dt 2. o Y 
1 

<r 
10 

+ 2. r 
11 

h j ) = o . 
1=1 j=1 
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3AeCb 
au. au. 

r .. -=-r .. =·-
1-·-·--J. 

lJ Jl a a Y j Yi 

auo 
1 to = -· ayi 1101 

An~ HaxomAeH~~ f ~HTerp~pyeM c~cTeMy A~$$epeHQ~artbHWX ypasHeH~~ 
B 4aCTHWX npo~3BOAHWX 

1 r 1J h J "" r 01 • 
j 

TaK~M o6pa3oM, onpeAert~eM 

1 I <l>yHKQ~~ u 0 • u i . 

21 CK06K~ narpaHma 191 

n apk aQk apk aQk 
!y. ,y. 1 = 1 <-·-·-·-·-) = r 1J 

1 J k"" 1 ay. ay . ay 1 ay . 
J 1 J 

1111 

1121 

3AeCb p k, Q k- ~CKOMble KaHOH~4eCK~e nepeMeHHbte, KOTOpbte Haxo
A~TC~ peweH~eM npo6neMbl n$a$$a 

2n n 
l u i dy i = l p k dQ k • 

i = 1 k-=1 
31 CK06K~ nyaccoHa 

n ay. ay 0 ay' ayi 
[ Yt , y i ] = l ( ..---2- .::::...L. -· .::::...L -) , 

k=t aQk aPk aQk aPk 

onpeAert~eMwe ~3 ypasHeH~R 
n 
l ly. ,ykl[y .• yk] ""0 00 

~1 1 J ~ 

41 Cs~3b MemAY nepeMeHHbtM~ y 1 ~ KaHOH~4eCK~M~ 

Q k , P k , cneAYIOU\YIO ~3 ypasHeH~R I 141, I i 51. 

51 laM~rtbTOHOBCKYIO $YHKQ~IO 

H = - u o (y i (Qk • p k ) ) • 

1131 

1141 

1151 

KOOPA~HaTaM~ 

1161 

On~caHHYIO npo4eAYPY npo~rtniOcTp~pyeM Ha np~Mepe ypasHeH~R Art~ 
y -MOAbt. B 3TOM cny4ae 

Y1=q1, h1 = y 3 ' 

y2 = q2. h2 ~ y 4 1171 
Ys = q1 • h 3 = 2ny 4 - 2 ~ y 1 + 2Y 5 ' 

y4 ~ q2. h 4= -2ny:3- 2 ~Y2 + 2y6. 

y5 = q3, h.;= 4rl(y6 -y2 vi!ap, 

y = 
6 \· h = - 40 (y - y v 2 ·a 2 ) 

6 5 1 F' 1 . 

4 

neaa~ 4aCTb ypaBHeH~R C~CTeMbl l lij h j -=T Oi ~Brt~eTC~ n~-
j 

HeRHoR OAHOPOAHOA $YHK4~eR nepeMeH~wx y 1 , no3TOMY ee peweH~e 
MOmHO ~C~aTb, nonara~ Ui rt~HeHHWM~ $YHKQ~~M~ Y1 , u 0 - KBaApaT~4-
HOH $YHKQ~eA y1 . HMe~ 3To a ·a~AY, cpasH~TertbHO npocTo MOmHo 
HaRT~ Ha6op nocTo~HHWX ~J' YAOBrteTsop~IOU\~X c~cTeMe 11\l. 
Hanp~Mep: 

,.. 
r 13 = r24 = b, r 12 = -·2flb • 

ba2 

r 56 = --
12- ' (b = const .fo 0) • 

20vF 
OCTartbHble l ij paBHbl HYrtiO. 
An~ $YHK4~~ u 0 nony4aeM BbtpameH~e 

a2 
-u'o = bl~(qi + cJf) + _l <Ii -·2 (q1q3 + q2 q4) + 

v2 
F 

2 
+J..(q2 + q2) +~q2l. 

2 1 2 2 4 
VF 

1181 

Pewa~ npo6neMy n$a$$a, HaXOA~M o606ll\eHHwe KOOPA~HaTw ~ ~M
nyrtbCW 

P 1 = b(q 1- Oqz), Q 1 = q1 

p 2 = b(q2 + Oq1), Q2 = q2 • 

1191 
ba 2 112 ba2 112 

Ps =(~) q4 • Qs= <--~-) qs 
20vF 20vF 

~ raM~rtbTOH~aH 

H y = b I ~ (Q i + Q: ) + ~ (P 
1 

lb + OQ 2 ) 
2 + ~ (P2 lb - OQ 1 ) 2_. 

2 
2nvF 112 20 2 2 

1201 
- 2(--2-) (Q 1Qs + Q2Ps) + -(Qs+ Pg)l 

ba1 b 

HeTPYAHO y6eA~Tbc~, 4TO c~cTeMa 151 cosnaAaeT c ypasHeH~~M~ 
faM~rtbTOHa 

Q I e _c!.!!._ 
aP1 ' 

PI=-.£!:!. 
aQ,. 1211 

KoHcTaHTa b MomeT 6wTb HaAAeHa, ecn~ ~3secTHO ~3MeHeH~e 3Hep~ 
r~~, CB~3aHHO€ C KaK~M-n~6o BH€WH~M B03AeHCTB~eM Ha C~CTeMy. 
TaK, Hanp~Mep, sap~a4~~ K~HeT~4eCKOH 3Hepr~~, BW3WBaeMWe OTKno
HeH~eM OT COCTO~H~~ BeKOBOrO paBHOBeC~~, BW4~Crt~IOTC~ HenocpeA
CTBeHHO: 

-5 



3 1 . 2 ... 
oT == .}; _,J pe 1 dr =oTa + oTf3+oTY 

1= 1 2 
/22/ 

/ 

r,qe oTV - BKJ1aA~ B KHHeTH4eCKY~ 3HeprH~ KOJ1e6aHHi1 COOTBeTCTBy~

ll!eA MOAbl. ,l\nR o Ty HMeeM 

5 41 + q~ 
oT -= -·· ·. /23/ 

Y 2mA 2a2 
l 

CpaBHHBaR nocne,qH~~ ¢opMyny c cooTBeTCTBY~~HM 4neHOM s ¢yHK~HH 

u 0 , HaXOAHM 

b -= 5/2mAa~. /24/ 

AHanorH4Hble peaynbTaTbl ,qn.A a- 1-1 f3 -Kone6aHHA npHse,qeM 6ea 

npoMemyT04H~x B~Kna,qoK. 

a -Mo,qa: 

Ha = ~I(P 1./c+OV 2 ,3 ) 2 + (P2,gic -·OV 1,3 )
2 

+ 

v2 2 
+ 1 (P2 + p 2 ) + [J:..,+ .!L(1 _, 6 2)](V2 + v 2 ) + 

c2(1 6 2) 3,1 3,2 a2 62 1,3 2,3 
- 3 /25/ 

2 vi n2 2 2 2 v: n2 
+ (1-e )(-;:2 + -;2)(v3,1+ v3,2 ) + 2(1-e )<-;; + -;2)(v1,3V3,1 + V2 ,3V3.~+ 

1 3 

+ ~f<zf3 + z:3) - 2[z 13(V1,3 + (1- e2 )V 3,1) + z23 (V 2,3 + (1- e2 )V 3,2]1. 

F 
3,qecb 

c "' 5/mAa ~. /26/ 

f3 -Mo,qa: 

I P~ <a n 2 
) 2 I H =a-·+-+ q , 

f3 a2 4 3 - 2e2 1 

a= 5/4mA(3- 2e 2 )a~ : 
1271 

ConpRmeHH~e HMnynbc~ onpe,qenR~TCR 4epea~nneKTHBH~e cKopocTH 

1-1 KOOPAHHaT~ ypaBHeHHRMH raMHJlbTOHa /21/. 

4. KBAHTOBAH~E B~6PAU~OHHOrO rAM~flbTOH~AHA 

raMHJlbTOHHaH, OnHC~Ba~~HA Man~e KOne6aHHR R,qpa OTHOC~TeJ1bHO 
COCTORHHR BeKOBOrO paBHOBeCHR 

}{ = Ha +- H f3 1- H y . /28/ 

RBJlAeTCA KBa,qpaTH4HOA ¢YHK4HeA o6o6~eHH~X KOOPAHHaT 1-1 HMnynbCOB, 
TaK 4TO ero KBaHTOBaHHe He npe,qcTaBnAeT ¢opMa!1bHbiX npo6neM 1-1 go-

6 

''• 

CTHraeTCR 3aMeHOi1 o6o6~eHHbiX KOOPAHHaT 1-1 HMnynbCOB onepaTopaMH, 
YAOI~JleTBOpR~~HMH 06bi4HbiM KOMMyTa ~HOHHbiM COOTHOWeHHRM: 

qKJiaCC q 
i ... i • P KJiacc ... p. , 

! 1 /29/ 
[P:. qtl =·-rliaij. 

nony4eHH~i1 TaKMM o6pa30M raMMJlbTOHHaH onHC~BaeT $OHOHHWe Bo3-
6ym,qeHMR C onepaTOpaMH pomgeHMR /MJ1H norno~eHHR/ $OHOHOB Dt, 
y,qosneTBOpR~~HMI-1 ypasHeHHRM 

[H, D~ l = i!vD: • /30/ 

r,qe ~fv - 3HeprHR <)lOHOHa, 
3anHWeM onepaTOP <)lOHOHa Dt B BH,qe ., 

+ 1 ~ ~ 
Dv = ~ 7 (qiPi -Pi q!) • /31/ 

r,qe Pi. q 1 - no,qnema~Me onpe,qeneHH~ aMnnMTy,qw. 
no,qcTaBJ1AA /31/ B /30/, HaXOAHM, 4TO ~, qi y,qosneTBOpR~T 

KJ1aCCM4eCKHM ypasHeHHRM raMHJ1bTOHa AJ1R rapMOHH4eCKHX Kone-

6aHHH 
-if t - i ( t 

q 1(t)=q 1 e , P 1 (t)=P1 e /32/ 

no3TOMY peWeHHA ypaBHeHMA Ha co6CTBeHHWe 4aCTOTW fv B Knac
CH4eCKOi1 H KBaHTOBOA <)lopMynHpOBKe COBna,qa~T. 

HopMMPOBKa ¢oHoHa MomeT 6wTb nony4eHa H3 ycnoBHR 

[Dv • ot ] = ± 1, /33/ 

npH4eM peweHMe KBaHTosoro ypasHeHHR /30/ onpe,qenAeT onepaTop 
pmt<AeHHA ¢oHOHa 

+ + Bv = D v, ecnM [D v. D:] = 1. /34/ 

B npoTHsononomHOM cny4ae ypasHeHHe /30/ onpe,qenReT onepaTop 

nor JlOilleHHA <)lOHOHa 

[D • D +] = - 1. 
v v 

+ Bv = Dv , ecn11 /35/ 

AMnJHHYAbl p r. qv! onpe,qenRIOT M3TPII14Hble 3JleMeHTbl onepaTopos KBa,q
pynonbHOro MOMeHTa RApa /6/ MeM,qy ~OCTORHHAMH, OTJ1H4310~HMHCR 
TOJlbKO OAHHM <)lOHOHOM, 

Pac4eTHble ¢opMynbl A!1H 3HeprHi1 so36ym,qeHHR ¢OHOHOB H npHBe,qet~
HWX sepORTHOCTeA nepeXOAOB ,qaHW B npHnomeHHH, 

5. CnEKTP KOflflEKT~BHWX COCTORH~n ~ BEPORTHOCT~ 
E2-nEPEXOAOB 

nollHbllli raM11f!bTOHH3H AApa 3anHWeM B BH,qe 
~ ,. }{ 
H = Hrot + ' /36/ 

1 



/ 

' T 

.... ....2 
rAe H rot = H rot (I ) - onepaTop ":mepn.·H1 epall\eHI1fl 11

, oni1Cblsal0ll\11H 
3aBI1CI1MOCTb 3Heprl111 COCTORHI1H BeKOBO~O paBHOBeCI1fl OT yrnoeoro 

MOMeHTa. $yHK4110HanbHYIO 'sasi1CI1MOCTb Hrot oT onepaTopHoro apry

MeHTa KameTCfl eCTBCTBeHHbiM $11KCI1pOBaTb TaK, 4T06bl 3Heprl1fl co

CTORHI1H 6ec¢OHOHHOrO Tl1na YAOBneTBOpflna KnaCCI14BCK11M COOTHOWe- / 
Hl1f'IM 

dH rot (I (I + 1)) 
--.---, --=-0, 
dy I(I + 1) 

v I (I + 1) = j (I) · 0 . 
TB /37/ 

npl1 3T0M' 113Heprl110 epall\BHI1fl 11 H(I(I + 1)) 

E t (I) = H(I(l + 1)) = I(I + 1) ·+ Es 

MOmHO 3ani1CaTb B B11AB 

ro 2~ TB 
+ EQ ' 

/38/ 

rAe E~, E Q - noeepxHOCTHa.A 11 KynoHoscKafl 3Heprl111, onpeAeneH
Hble11· I peWBH11eM ycnOBI1H BBKOBoro paBHOBBCI1fl. TaKI1M o6pa30M, 

11MeeM o6lllee BblpameHHe An.A 3Heprl111 cocTOfiHI1.A c nonHbiM yr noBbiM 

MOMeHTOM I 11 411CnOM $OHOHOB T11na v, paBHbiM UV : 

E(I, nv ·) =·Erot (I)+ k 1i!v· (nv+ ..!...) · 
v 2 /39/ 

¢OHOHHble COCTORHI1.A lnv > 6yAeM C411TaTb BHyTpeHH11MI1 COCTOfiHI1H

MI1 epall\aiOll\erocfl fiAPa B TOM CMbiCne, KOTOPbiH 11M np11AaH B pa6o
TaX /10,11/, 

HaeecTHble a KonneKT11BHOH MOAenl1 apryMeHTbl npHBOAfiT K npae11naM 
oT6opa 

(-1)
1 

II (av )
0

v = 1, /40/ 
v 

rAe u a =-,1, uf3=ay = 1. 

npi1BeAeHHble MaTpi14Hble 3nBMBHTbl E2-nepeXOAOB MemAY COCTOfiHI1fi

MI1 C OAHI1M $OHOHOM 11 COCTOfiHI1fiMI1 6es $OHOHHOrO B036ymAeHI1fl on
peAenfiiOTCfl ¢opMynaMI1/11/ 

I ;, KOJIJI, • -· .;;; KOJIJI, 
<I2v !Jil,_ -I -I !1It>=y21[Bv,Jn, -I ·I]. ,.. "·fl.- 2 1 "·fl.- 2-'1 

1M KOJIJI v 

3AeCb Jll AIJ. - KBaHTOBbll1 o6pa3 onepaTopa KBaApynonbHOro MOMeH-

Ta /6/. 
3Heprl111 B036ymAeHI1.A OAH0$0HOHHbiX COCTOfiH11H noKa3aHbl Ha PI1C. 1 • 

P11CYHOK 1 a COOTBeTCTayeT KnaCCI14eCKOH (V F = Q) Y.<11AKOH Kanne 

/K}I{K/. KaK BI1AHO, 3Heprl1fl B036yY.<AeHI1.A $OHOHHbiX COCTOfiHI1fl OAHOH 

113 seToK y -MOAbl Mo~eT npi1HI1MaTb OTPI14aTenbHble 3Ha4eHI1fl. KaK 
113BecTHO, /eM., Hanpi1Mep, /3/ I np11 onpeAeneHHOM 3Ha4eHI111 yrnoao

ro MOMeHTa (I 6 ) 11 yrnoaol:i 4aCTOTbl spall\eHI1fl (0 6 ) /s T04Ke 

611¢ypKa41111/ OT ceMeHCTBa c¢epOI1AanbHbiX KOH$11rypa411H OTBeTBnReTCfl 

CeMeHCTBO KOH¢11rypa411i1 TpeXOCHOH ¢opMbl, KOTOpoe np11 I > 16 CTa

HOBI1TCH 6onee BblrOAHbiM 3HepreTI14eCK11. TaK11M o6paaoM, AnH c¢epoi1-

AanbHbiX KOH¢11rypa411H ycnOBI1fl BeKOBOrO pilBHOBeCI1R np11 0 > {2 6 He 

on peAenfiiOT 11pacy-ni1HI111 HAP a. no3TOMY noR sneHI1e oTpl1t~aTenb HbiX 

3Ha4eHI1H AilH 3Heprl111 B036ymAeH11R $OHOHHbiX COCTOFIHI1H np11 0 > 06 
npeACTaBilReTCR BnOilHe ecTeCTBeHHbiM. 
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~ 

r 
0 

fl/.R. 

a/ 6/. ( 

PHC. ) • 3aBHCHMOCTb CllBKTpa KBap;pynOJibHbiX KOJieoaHHH OT 

cKopocTH epa~eHHH p;JIH KJ[{K I a/ 11 p;JIH -K(NI{ /6/ c napaMeTpOM 

p;eJIHMOCTH X =0, 62 I z =68, A = 154/. 0 0 :=34, 9 A -1/2 M3B/t. I 

Ha pi1C. 16 noKa3aHbl 3Heprl111 B036ymAeHI1FI $0HOHHbiX COCTORHI1H llAPa 
164 

Er I X =0, 618/. Y4eT 11CKameHI1H ¢epMI1-nosepxHoCTI1 npi1BOA11T 

K nOfiBileHI110 AOnonH11TeilbHbiX no OTHOWeHI110 K K}I{K BeTBeH $OHOHHbiX 

soa6ymAeH11H. B o6nacTI1 I~I 6 cneKTp soa6ymAeHI1H 4eTKO paaAenReT

CFI Ha meCTKYIO 4aCTb, KOTOpOH COOTBeTCTByeT r11raHTCKI1H KBaApynonb

HbiH pe30HaHc /rKP/, 11 H113K03HepreTI14BCKYIO 4aCTb, BKnl04aiOll\YIO no 

OAHOH BeTBI1 y-MOAbl 11 a-MOAbl. KaK 11 a cny4ae K}I{K, 3Hepri1R aoa-

6ymAeHI1R MRrKOH y-MOAbl o6pamaeTCR B HYnb B T04Ke 611¢ypKa411~ 
11 CTaHOBI1TCFI OTPI14aTeilbHOH np11 0 > 0 6. 

3aMeTI1M, 4TO 3Hepri1R B036ymAeHI1fl MflrKOH a -MOAbl OTP114aTenbHa 

np11 ManbiX 3Ha4BHI1FIX 0 11n11 I, rAe C$ep011AanbHble paBHOBeCHble KOH-

9 



$Mrypa~MM npeACTaBnH~T MpacT-nMHM~. 3TO 06CTOHTeflbCT80 orpaHM4M-
8aeT o6naCTb npVIMeHeHVIH MOAefllll AflH aHafli113a MHrKOH 4aCTV1 KOJlfleK
TV18HOrO cneKTpa o6naCTb~ AOCTaT04HO 60flbWVIX CnVIHOB. 3Hepri11111 
8036Y>KAeHVIFI a -MOAbl nonO>KVITeflbHbl np111 

I ~.I min .:: 0,4A· (1 -·X). /41/ 

3Ha4eHIMl Imin A11H RAeP 40< A <200 oKa3bl8aiOTC.A cpa8HHMbiMV1 
C TV1nii14Hblt-llll 3Ha4eHV1HMV1 yrno80ro MOMeHTa OAH04aCTV14Hb!X 8036.YlKAe-
HVIH. no3TOMy orpaHV14eHHe 8 ¢opMyne /41/ npaKTH4eCKH co8naAaeT 
C orpaHM4eHHeM yrnoB~MIII MOMeHTaMH, KOTOp~e MOryT 6~Tb o6paao
BaHbl B036ymABHIIIeM MHOrOHYKflOHHbiX KOH$Hrypa~VIH. 

CneAYIO~Me pHCYHKH noKa3~8aiOT npHBeAeHHYIO 8epOHTHOCTb nepe
XOAOB Me>KAY COCTOHHV1HMM 6e3 BH6pa~MOHHOrO B036Y>KA€HMH 1-1 COCTOH-
HMRMI-1 c OAHV1M $OHOHOM. Eg11HVIL!a V13MepeHHH B(E2) -ct>aKTopoe 
Ha p111c.2 pasHa 

_ ~ z 2e~ r[5ti _ ~. 
Bo - 113 - 6,89 7/6 Bw, 

4rr A mO 0 A 

rAe s.W .. - eAVIHML!a Bai1cKon$ai 121 . Ha plllc.2a npeACTaBneHa IIIH¢OpMa
l!MR o K~K. Bo ace~ o6nacTV1 4acToT spa~eHIIIR, rAe VIMeeTcfl A111HaMV1-
4ecKaR ycTOH4111BOCTb /T.e., rAe peweHV1R ypaBHeHV1R /30/ ABHCTBI-1-
TenbHW/, coxpaHReTcR 6onbwaR KonneKTVIBHOCTb nepexoAOB: B(E~
¢aKTopw, no Kpai1He~ Mepe, Ha nopRAOK 6onbwe eAVIHH~W Bai1cKon¢a 
npi-1 3Ha4eHHRX Z 1-1 A, TV1nV14HbiX A11R HAeP peAK03€MeflbHOH o6naCTH. 
Ha KPVIBbiX B(E2) Ha!1V14H€ T04KV1 6VI(jlypKaL!HV1 He Cl<a3biBaeTCR. npi-1-
6nH>K€HHe K rpaHHL!B yCTOH4HBOCTH conposomgaeTCR 6eCKOHe4HWM 
ysem14eHHeM B(E2) -ct>aKTopo8 nepexoAOB c aoa6y»<AeHHeM Y -Kone-
6aHHH. 0TMBTHM, 4TO A11R CyMMW CHJ1 ~ f 11B(E~ H~ ~ vl') 

v 
8CIOAY VIMeeM V13B€CTHOB B~palKBHHe, He COABP>Ka~ee paCXOAIIIMOCTeH, 
TaK KaK OAHO 1113 3Ha4€HH~ f 11 M€HReT 3HaK B T04Ke 6111¢ypKa~HH. 

Ha pMc.26 noKa3aH~ B(E~-¢aKTopw A11R RAPa 154 Er. Ka4ecTaeHHoe 
noBeABHHB Kpi118WX, OnHCWBaiO~HX nepeXOAW B }I{BCTKYIO 4aCTb cneKTpa, 
HMeeT MHoro o6ll\ero c TaKOBbiM A11fl KJ!il<. B OT111-14f.1e OT KJKK,T011bKO 
OAHa H3 ABYX *eCTKHX BeTBe~ Y -Kone6aHHH xapaKTepH3yeTCR 6~cT
p~M pOCTOM npv.SeAeHHOR sepo!1THOCTH nepexoga C yrnoBOH 4aCTOTOR 
spall\eHV.FI. 

Cny4aR K~l cy~ecTBeHHO OT11H4aeTCA OT KIK HanH4HeM gononHVI
TenbH~x MArKHX MOA, KOnneKTHBHOCTb KOTOP~X B03pacTaeT no Mepe 
yBe11H4€HHH yrnosoro MOMeHTa VI cpaBHVIBaeTCfl C K0!1neKTHBHOCTbiO 
ocTanbHWX MOA s oKpecTHOCTH T04KH 6v.~ypKaL!VIH. AnA npv.seAeHHoR 
BepORTHOCTVI nepeXOAOB C B036ymgeHV1eM MRrKOA y-MOAW B o6naCTH 
Manwx CnMHOB HMeeT MBCTO npv.6nv.meHHaA ~OpMyna 

B(E2) :: 4B r 2A 213 00 /v 2 :::: 32 5 _z 
2
- I B 

0 0 0 F ' A 8/3 VI 

AnR l&4, Er V!MeeM B(E2) .:: 0,22·1 B w • l<onneKHIBHOCTb nepe-
XOAOB C B036Y*AeHHeM MRrKOR a-MOA~, KaK BMAHO M3 PMC.26, 
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e~e MeHbWe. no3TOMY pacCMOTpeHH€ E2-nepeXOAOB B MflrKOH 4aCTH 
cneKypa soa6y>KABHHH a o6nacTH cnVIHOB go Imln• onpeAeneHHoro s 
ct>opMyne /41 I, Heo6XOAI-1MO npo80AMTb c HBHbiM y4eToM KBa31114aCTV14-
H~x cTeneHei1 c8o6oAw HApa. 

P111c. 3 noKa3blsaeT KyCKVI cneKTpa KonneKTHBHbiX OAHOCI>OHOHHbiX co
cTOHHVIH npM ABYX xapaKTepHbiX 3Ha4BHVIRX {l, nOCTpOeHHbiB 8 COOT-
8eTCT8111111 C $OPMY110~ /39/. np111 MeHbWeM 1113 3Ha4eHHH {l COCTOHHHfl 
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PHc. 2. 3aBHCHMOCTb BepoHTHOCTetl: E 2-nepexo,o;o:a MeJ:cp;y 
O,D;HOQ>OHOHHbiMH H 6eC!];JOHOHHbiM COCTOHHHRMH OT CKOpOCTH 
BpameHHH p;.rrR IQKK I a/ H ,o;.rrH K<!>JK I 6/ c napaMeTpOM ,o;erm
MOCTH X=0,62 /Z =68, ·A=154/. 0 0 =34 1 9 A-112 ~13B/t, 
Bo=89,3Bw. /a/ 1- y+J_. 11pl+2, 2- y-I ... 11pi-2, 
3 - a- I -> Hpl -- 1, 4 - {3 I ... Hpi, 5 - a+ I -> Hpl + 1. 
I 6 I 1 - y- I ... 11pl - 2 , 2 - y ~I ... 11p I + 2 , 3 - a 2I ... wpi -1, 
4- y{I -+ Hpl + 2, 5 - {31 _. wpi. 6- a-11-> 11pi -1, 7 -a+ I -+H!i +1. 
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6e3 ~OHOHHoro eo36ymAeH~~ np~HaAnemaT ~pacT-nocneAoBaTenbHOCT~, 
a np~ 6onbWeM - nocneAOBaTenbHOCT~ CTaL.~~OHapHbiX aKC~anbHbiX KO,H
~~rypaL.~~~, He ~Bn~~~~XC~ ~pacT-KOH~~rypaL.~~~M~ ~Aep. nocneAH~~ 
OTMelleHa Ha p~C. 3 ~HAeKCOM 11~pacT-aKC~anbHa~ 11 • 

Ha p~c.3a An~ KmK cneAyeT, 4TO K9nneKT~BH~~ E2-pacnaA co
CTO~H~~ ~pacT-nocneAOBaTenbHOCT~ a6con~THO 3qnpe~eH /HeT co
CTO~H~~ C MeHbWeA 3Hepr~eA, CB~3aHHWX C COCTO~H~~M~ 3TOA nocne
A6BaTenbHOCT~ E2-nepexoAaM~/. CocTO~H~~ nocneAOBaTenbHOCT~ 
~pacT-aKC~anbHa~ 11 MOryT pacnaA3TbC~ B COCTO~H~~ OAHOA ~3 
y -eeTOK C yMeHbWeH~eM cn~Ha ~Apa Ha ABe eA~H~i..~W nnaHKa. 
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PHc. 3. PaspemeHHbie ::meKTpoMarHHTHbJe rrepexoro>J Me):CAY 
6eC~OHOHHb~ H OgHO~OHOHHb~H COCTOHHHHMH IlpH gByX xapaK
TepHb!X 3HR<IeHHHX cKopocTH Bpa~eHHH AJIH KJKK I a/ H AJIH 
K<!>JK /6/ c rrapaMeTpOM geJIHMOCTH X=0,62 I Z=68, A=l54/. 

I 

j 
\ 

11Ha4e BblrnHA~T KapT~Ha s K~}l{ /p~c.36/. l13-3a Han~4~~ MHrK~x 
MOA 3AeCb np~ ecex 3Ha4eH~HX fl. B03MOmHbl nepeXOAbl, BeAY~~e K 
pacnaAY 6ec~OHOHHOrO COCTO~H~H C B036ymAeH~eM ~OHOHOB y-MOA~ 
~ yMeHbWeH~eM yrnoeoro MOMeHTa, 3TOT BWBOA pe3KO paCXOA~TC~ C 
r~noTe3oA o 3aAepmaHHOCT~ E2-nepeXOAOB ~3 TaK~x ~pacT-cocToH
H~A, OCHOBWBa~~eAc~ Ha aHanor~~ C r~APOA~HaM~4eCKOR MOAenb~/ 13 ~ 
HO HaXOA~T nOATBepmAeH~e np~ aHan~3e COOTHOWeH~~ Me*AY Cn~HOM 
~ MHOmeCTBeHHOCTb~ y-KBaHTOB ~3 BWCOKOCn~HOBWX COCTOHH~A B ~A
pax, nepeXOAHWX MemAY C~ep~4eCK~M~ ~ Ae¢opM~poBaHHWM~/14/, 

np~ scex npeACTaBnH~~~X ~HTepec 3Ha4eH~~X yrnoeoro MOMeHTa 
3Hepr~~ TaK~x nepeXOAOB Ey::: 2ti0., T. e. 04eHb 6n~3Ka K 3Hepr~~ 
nepeXOAOB BAOnb ~pacT-n~H~~. no Mepe yeen~4eH~~ yrnoeoro MOMeHTa 
eMecTe c B(E2; wpi .. v, I-2) /eM. p~c.26/ pe3KO so3pac-
TaeT eepo~THOCTb TaK~X nepeXOAOB: 

8" E y 5 . 16 Z2 Ey 5 -1 
Pv=~150 (~) ·B(E2;wpi .. v,l-2)=2,68·10 --(-;:f-)·bv(ceK ), 

.L:JUn nc :A7/3 li0. 0 

rAe E y- 3Hepr~~ y -nepeXOAa , a bv onpeAeneHO B np~nomeH~~. 
,ll.n~ o6nacT~ cn~HOB, np~BeAeHHOA Ha p~c. 36 (I ::: 60), nony4aeM 

OL.~eHKY speMeH~ m~3H~ ~pacT-CdCTOHH~~ 

-1 -13 P Hp ::: 0,72 ·10 ceK, 

4TO Ha nOPHAOK een~4~HW MeHbWe T~n~4HWX BpeMeH m~3H~ OAH04aCT~4-
H~X YPOBHeA B 3TOM RApe. 

6. 3AKJl104EHHE 

MoAenb, pa3s~eaeMa~ 3AeCb ~ e npeA~AY~~x ny6n~KaL.~~HX Ha 3Ty 
TeMy, npeTeHAYeT Ha Kon~4ecTseHHoe on~caH~e ~sneH~~ e ''HarpeT~~· 
~Apax, T.e. B ycnoB~HX, B KOTOp~X ~AepHOe Be~eCTBO HaXOA~TCH 
HenocpeACTBeHHO nocne $OpM~posaH~H BWCOKOCn~HOB~X KOMnayHA
COCTO~H~~ B pe3ynbTaTe cn~~H~~ T~menbiX ~OHOB. Bnpo4eM, Ka4ecT
BeHHaH KapT~Ha KonneKT~BH~X ~sneH~A He gonmHa c~nbHO 3as~ceTb 
OT Hey4TeHH~X 8 MOAen~ o6ono4e4H~X 3~$eKTOB, a n03TOMY MONHO 
om~AaTb, 4TO aHa coxpaHReT npegcKa3aTenbHY~ c~ny ~ AnR xonOAH~x 
RAeP np~ 6onbw~x cn~Hax. 

MoAenb npegcKas~saeT c~nbHoe sn~RH~e epa~eH~R Ha xapaKTep~c
T~K~ IKP: pac~enneH~e seTseA IKP, 3aB~C~MOCTb OT cn~Ha B(E2)
$aKTopos nepexoAOB, paapRma~~~x IKP. Bn~HH~e cn~Ha MOmeT oKa-
3aTbCfl BaMHWM KaK np~ On~CaH~~ $OpM~posaH~R B~COKOCn~HOB~X co
CTOHH~A, onpeAenfiH CKOpOCTb c6poca K~HeT~4eCKOA 3Hepr~~ CTanK~
ea~~~XCH ~OHOB Ha B036ymAeH~e BHYTpCHH~X CTeneHe~ CB060A~ 
~Apa, TaK ~ np~ on~CaH~~ pa3PfiAK~ B~COKOCn~HOB~X COCTOHH~~. 

113 MOAen~ cneAyeT sosMomHOCTb ~3ny4eH~A KOnneKT~BHbiX E2-KsaH
TOB.~3 COCTOHH~R 6e3 B~6pa~~OHHOrO B036ymAeH~fl B RApax,spa
~a~~~XCH BOKpyr OC~ C~MMeTp~~. 

- 13 
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16 7/ A. HHAeKCH~e CHMBon~ 6~nH BBeAeH~ e pa6oTax 1 
: 

"" a2 a2a2dt 
(1

1 
== r 1 2 a 

J 0 1::.. (a2+ t2)(a2 + t2) 
R 1 j 

oo a1 a 2agtdt 
a ij == r . I 

o b. 0(a~+t)(af + t) 

2 2 2 2 2 2 2 2 .2 2 2 
1:1 R = (a 1 + t )(a 2+ t )(a8 + t ) 1 b- 0 = (a 1+ t)(a 2+ t)(a 3+ t). 

npH a1= a2 OHH B~pama~TC~ 4epe3 3neMeHTapH~e $yHK~HH, 
B. YpaeHeHH~ Ha co6cTBeHHble 4aCTOTbl H $OpMynbl An~ B(E2)

$aKTopoe. 
a -MOAa: 

v2(0-E O+i 2 F ~-~) + (£ +20)(£(£ +0) -·2_!L] = 0. 
3 1 e 2 

~(E2; Kpl -+ ·£ v I ± 1) "' B o { b a (E ) npH n ~ 0 

0 npH n -i" 0 

ba (t) = (1-e2)2/3 __ £_2_ n-1 
(£ - 0)2 

0 a2 
0 n = E + o +£ -1 (~{ 

a1 £- 0 

3 z2e~r~t" I 

Bo = 4rr A 113 mOo 

!_ (£ + 0)2 ( 1 + a~ £+ 0 ') + 
2 £+ 20 · alj_ £-0 

v 2 2 a2 n 2 1 
+ _.!.. (2 + .!!_) (1 + _s ~) 

2 a2 e2 a 2 £- 0 £ + 20 
3 1 

f3 -MOAa: 

£2 2 {202 e
2

- 1 + 3~+ [2(C1
1
c 2XB

11
) + 

3-2e 2 ·e 2 a¥ 
/2 
a3 "* 2 + a2 (u33- 2XB 33 )]0 0 I. 
a 1 

~(E2 1 Mpl -+ Ev I) = B 0 • bf3 (£ v )I b {3(£) = 1 - 2e2/3 0 0 

(1-e2) 1/3 -£- • 

r'-MoAa: 

~2!B -£2 + 2£0)(40-E) -SOv/!ai == 0. 

14-

..! 
(.' 

{ 

1 npH by ~ 0 
B(E2; Hpl-+ lv I± 2) = Bo· I by(E v)l · 0 npH by~ 0 

(40-t)2 0o 1 . b() .• . 2/2 y E = (1 _ 6 2)1/3 (40-·t)2(£-·0) +'40vF a 
1 
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HET RW nPOEEROB ~ BAWEA EWERWOTEKE? 

8bl MO)I(eTe noJiy'IMTb no nol!Te nepel!MCJieHHble HM)I(e KHMrM, 

ecJIM OHM He 6b1JIM 38K838Hbl paHee. 
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3aKa3~ ua ynoMHHYTWe KHHrH MoryT 6~Tb uanpasneu~ no anpecy: 
101000 MocKsa, rnasno'ITaMT, n/H 79 

H3A8TeflbCKHA OTnen 06~eAHHeHHdro HHCTHTYTa HAePHNX HccnenOBaHHA 
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Banb5y~en E.B., BaAmBHJta 3,, MHxaAnon H. H. P4-82-635 
KonneiCTHD IlbJe E2 -nepexo,r:u,J D _6bJCTponpam;atoll(Hxcn n,~:~pax 

nony'lleHHbte paHee ypanHeHHfl, onHcblnaro~e cneiCTp rconneKTHDHbJX 
KDap;pynoJibHblX I<OJteoaHH:ti ObiCTpOBpau~aJOll(HXCSI SI,[Iep, npHBe,l:leHbl 
K KaHOHHTteCKO:ti ( raMHJlbTOHODO:ti )' li>OpMe H npO!CBaHTODaHbi; HSy'lleHbJ 
BepOHTHOCTH KBa,[lpyiiOJibHbiX nepeXO,l:IOB M~Y BH0pa~HOUHblMH CO
CTOHHHHMH, nOCTpOeHHblMH Ha Cli>epOH,IJ;aJibHbiX paDUODeCHbiX KOHqJHrypa 
~HHX, llpep;cKaSaHa CHJlbHaJI SaBHCHMOCTb OT CnH:Ua B nOJlOllteHHH H 
3JleKTpOMarHHTHbiX xapaKTepHCTHKax TaKHX COCTOSIHHt\, a Ta!Cllte 
B03MO/KHOCTb KBagpynOJibHbiX nepeXO,l:IOB B,l:IOJib noCJte,[IOBaTeJlbHOCTH 
ypOBHeH, OJIHSKHX K HpacT-JIH:UHH B Hgpax, Bpau1aJO~XCfl DO!Cpyr 
OCH CHMMeTpHH, 

PaooTa BbmonHeHa B JlaoopaTopHH TeopeTH'·tecKoA qmsmm OIDIH. 

npenpHHT 06~eAHHeHHOro HHCTHTYTa RAePH~X HccneAOB8HHH. Ay6Ha 1982 

Balbutsev E.B., Vaishvila z., Mikhailov I.N. P4-82-635 
Collective E2-Transitions in Fast Rot~ting Nuclei 

Equations, derived early to describe the collective-quadru
pole-oscillation spectrum of fast rotating nuclei, are reduced 
to the canonical (Hamiltonian) form and quantized. Probabili
ties of the quadrupole transitions between the vibrational 
states, constructed on spheroidal equilihrium configurations, 
are studied. A strong spin dependence of the position and 
electromagnetic properties of such states is predicted. A pos
sibility of the quadrupole transitions along a sequence of 
levels near the yrast line in nuclei, rqtating around the 
symmetry axis, is shown. 

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

Proprlnt o' tho Joint Institute for Nuclear Research. Dubna 1982 
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