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S U M M A R Y 

A approximate method of constructing the 
effective force in order to restore the vio
lated symmetry of the one-particle Hamiltoni
an is formulated.The effective force is sought 
in a separable form. Its radial dependence 
and the strength are associated with the 
nuclear potential and the energy-weighted 
sum rule for the integral of motion in ques
tion. The method is applied to study the 
effective force restoring translational in
variance. The cases of anisotropic harmonic 
oscillator potential and the spherical Sa
xon-Woods potential are considered. The 
effective force is found to be of the dipo-
le type. For th~ realistic nuclear poten-
tial the effective force is essentially a 
surface-peaked one. The case 0£ arbitrary 
nuclear potential is considered in RPA. 
The centre-of-mass motion is explicitly 
eliminated and the equation for -the energy 
of I- excitations is obtained. 

Beeoe11ue 

Heo6XO,IUIMOCTL Y'leTa TO'IHLIX 3aKOHOB coxpaHeHH.8 

/ coxpaHeHHe HMnynLca, yrnoaoro MoMeHTa H JJ.p./ HaKnaJJ.LI -

BaeT onpeJJ.eneHHLie Tpe6oBaHH.8 CHMMeTpHH Ha raMHnLTo

HHaHLI, HcnonL3yeMLie JJ.n.8 onHcaHH.8 MHoroqacTH'IHLIX CHC

TeM. OJJ.HO'laCTH'IHLie ra11,rnnLTOHHaHLI, onHCLIBaIOI,QHe JJ.BH

)KeHHe HeB3aHMOJJ.eiicTBYIOlQHX 'laCTHQ B CTaTH'leCKOM 

noTeHQHane 3aJJ.aHHOH cl>opMLI, o6naJJ.aIOT HapyweHHOH CHM -
MeTpHeii no OTHOWeHHIO K TpaHcn.HQH.HM, BpaIQeHH.HM B 

KOHcl>HrypaQHOHHOM H H30CnHH0B0M npocTpaHCTBax /B JJ.e-

4>opMHpoBaHHLIX .HJJ.pax c N ,,,/ 2/. lionee cneQHcl>H'leCKHe 

HapyweHH.8 CHMMeTpHH MoryT 6LITL CB.83aHLI C BBeJJ.eHHeM 

BHeWHHx noneii, - 1.anpHMep, napHoro non.H I 1 / , npHB0JJ..HIQe -

ro K HecoxpaHeHHIO 'IHcna qacTHQ a cHcTeMe. BoccTaHoane

Hee HapyweHHOH CHMMeTpBB JJ.OCTBraeTC.8 y11eTOM OCTaToq

HLIX B3aBM0JJ.eHCTBHH 'laCTBQ /KBa3B'laCTBQ/ C HanomeHHLIMH 

ycnoBB.HMH cornacoBaHB.8, K0T0pLie CB.83LIBalOT 3cW,eKTHBHLie 

CBnLI C CaMocornacoBaHHLIM noneM B MaTpBQeii nn0TH0CTH 
/CM., Hanpe~ep,1

2 -S/ /. TaKBM Oopa30M, BLIJJ.eneHHe H3 

nonHoro raMBnLT0HBaHa /ene MOJJ.enupoaaHue/ cTaTH'lecKo

ro noTeHQBana / cpeJJ.Hero non.HI npHB0JJ.HT K onpeJJ.eneHHLIM 
orpaHB'leHB.HM B BLI6ope 3cW,eKTHBHLIX B3aBMOJJ.eHCTBHH. 

HccneJJ.oBaHBIO 3Toro aonpoca /ycnoauii cornacoaaHH.H u 
BHJJ.a 34>cl>eKTBBHLIX can/ n0CB.HIQeH QenLiii P.HJJ. pa60T/6-I2,av. 

Ka:>KJJ.OMY THny HapyweHHOH CHMMeTpBH C00TBeTCTBYIOT 
CBOB ycn0BH.8 cornacoBaHH.8, B3 K0T0PLIX M0)KH0 nony'IHTL 

onpeJJ.eneHHLie caeJ(eHB.8 06 34>cl>eKTHBHLIX cunax npu 3aJJ.aH

HOM noTeHQBane a MaTpHQe nn0TH0CTH. OJJ.HaKO npH B0C
CTaHoBneHBB HapyweHHOH CHMMeTpHH KaKoro-nu6o THna 
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MLI He MO)l(eM IlOJIY'IHTL IlOnHOH HHqJOpMaUHH 06 3qiqJeKTHBHLIX 

CHnax' a JIHWL MOAenupyeM CBOHCTBa nocneAHHX no OTHO· 

weHHIO K 3TOMy THUY CHMMeTpHH. B cny11ae 0,IJ;HOBpeMeHHOro 

HapyweHHH HeCKOJILKHX 3aKOHOB coxpaHeHHH CTporoe co

rnacoBaHHe 3qlqJeKTHBHLIX CHJI H noTeHQHana cpe,!\Hero IlOJIH 

npe,!\CTaBJIHeT co6o:e: BeCLMa CJIO)l(HYIO 3a,!\a'ly. 3aMeTHM, 

OAHaKO' 'ITO KamAOMY THUY HapyweHHOH CHMMeTpHH COOT· 

BeTCTByeT onpe,!\eJieHHLIH THU KonneKTHBHLIX B036y)l(,IJ;eHHH. 

Pa3JIH'IHLie MOALI KomieKTHBHLIX B036ym,!\eHHH B rapMOHH'le • 

CKOM npH6JIH)l(eHHH OilHCLIBalOTCH He 3aBHCHMLIMH ypaBHeHHH -

MH ABH)l(eHHH /no KpaiiHeii Mepe' B MeTOAe C<I> H TeOpHH 

qiepMH·)l(HAKOCTH/. 3To o6cTOHTeJILCTBO H Il03BOJIHeT npH-

6JIH)l(eHHO npOBOAHTL He3aBHCHMOe cornacoBaHHe 3qiqJeKTHB· 

HLIX CHJI H cpe,!\Hero IlOJIH AJIH Kam,!\oro THna HapyweHHOH 

CHMMeTpHH. 

HaH6onee YA06HLIM B npaKTH'leCKHX npHJIO)l(eHHHX OKa3LI· 

aaeTCH MeTOA MOAenupoaaHHH BOCCTaHaBJIHBalOIUHX CHJI 

a cenapa6enLHOM BHAe, 11To npeAnonaraeT npeHe6pemeHue 

o6MeHHLIMH 3qlqJeKTaMH. 3TOT MeTOA npHMeHHJICH B pa6o

Tax113~16/ AJIH BOCCTaHOBJieHHH poTaUHOHHOH HHBapHaHT· 

HOCTH AeqJopMHpoBaHHOro cpe,!\Hero IlOJIH. B HaCTOHIUeii 

pa6oTe 'AaHLI Hau6onee o6iua.H qiopMynHpoaxa MeTOAa H ero 

npHJIO)l(eHHe K 3a,!\a11e O HapyweHHOH TpaHCJIHUHOHHOH HHBa

puaHTHOCTH cpe,!\Hero IlOJIH H cne1npe KOJIJieKTHBHLIX B03 • 

6ym,!\eHHH co CilHHOM H 11eTHOCTLIO I TT = 1-. 

Memoo MOoe;zupoeaHUJI 3,jrjieKmUBHblX CUil 

IlyCTL HMeeM HeKOTOPLIH aAAHTHBHLIH HHTerpan ABH)l(e -

HHH f , onpe,!\eJieHiILIH OAHO'laCTH'IHLIMH Ma TpH'IHLIMH 3Jie -

MeHTaMH Fvv, B HeKOTOPOM 6a3HCe co6CTBeHHLIX co

CTOHHHH Iv> o.ztH011acTH'IHoro /OAHOKBa3H'laCTH'IHoro/ ra

MHJILTOHHaHa HO 

H 0 lv> = E vlv>. /1/ 

B cny11ae HapyweHHoii CHMMe'tpBH KOMMyTa Top'/ OAH011ac - · 

TH'IHLiii onepa Top/ ' · · 
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[H 0 ,F]-/, 0, /2/ 

XOTH 

< 0 I [H O
' F ll 0 ·> = 0 ' /3/ 

rAe IO ·> - ocHOBHoe cocTOJIHHe /HeHHBapHaHTHLI:e: aaKyyM/ 

CHCTeMLI He3aBHCHMLIX 11aCTHU /KBa3H'laCTHU/~ B Ka'leCTBe 

MaKpOCKOilH'leCKOH MepLI HeHHBapHaHTHOCTH COCTOHHIIJl:10 1> 
MomeT cnymHTL BeJIH'IHHa /3HepreTH'leCKH B3BeWeHHOe 

npaBHno cyMM AJIH onepaTopa F / 

y = < o , [ F +, [H O
• F n1 o >.;, o, ~ /4/ 

KOTopaH OKa3LIBaeTCH CBJl3aHHOH C TaKHMH MaKpOCKOilB'le· 

CKHMH xapaKTepHCTHKaMH CHCTeMLI, KaK AeqJOpMaUHH H Mac

COBLIH KBaApynOJILHLIH MOMeHT /B CJiy11ae HapyweHHJI poTa

UHOHHOH BHBapHaHTHOCTB 1161 /, 3HepreTu11ecxaJ1 iuenL ~ 
/npu HayyweHHH KaJIH6poBO'IHOH HHBapuaHTHOCTH napHLIM 

noneM / I /' Mac ca M /npH HapyweHHH TpaHCJUIUHOHHOH 

HHBapHaHTHOCTH, CM. HH>Ke/ H T .,!\. MaKpOCKOilH'IHOCTL 

y npeAnonaraeT, 'ITO HeAHaroHaJILHLie Ma TPH'IHLie 3JieMeHTLI 

ABOHHoro KOMMyTaTopa, 3aBHCJIIUHe OT MHKPOCKOilH'leCKHX 

xapaKTepHCTHK B036Y>KAeHHLIX COCTOJIHBH CHCTeMLI, MaJILI no 

cpaaHenuro c ae·nu11BHOH y. 
HcnoJIL3YJI 3TH coo6pa>KeHHJI, HIUeM 34xi>eKTHBHLie AByx-

11aCTH'IHLie CHJILI, h,BOCCTaHaBJIHBaIOIUHe HapyweHHYIO CHM· 
MeTpHIO, 

[H 0 +h,F]=0 

a nepBOM npHOJIH)KeHHH B cenapa6eJILHOM BHAe 

h = h 1 = - _l -· [ H O , F ] +c H 0 , F]. 
2y 

/5/ 

/6/ 

IlOACTaBJIHJI /6/ a /5/, IlOJIY'IHM /nonaraeM AJIJI npOCTOTLI 

onepaTop F 3PMHTOBLIM/ 

[H 0
+hl ,F]=(H 0 ,F]-

- -
2
1 { [H O

, F ], [ F , [H O , F ]]l , 
y . + 

/7/ 
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r.IJ;e I l + 03Ha'IaeT aHTHKOMMyTaTop. BH.IJ;HO, 'ITO ycnoeue 

/5/ npH6JIH:>KeHHO BLIIlOJIHJleTca npH 3aMeHe B /7 / ,IJ;BOHHOrO 

KOMMyTaTopa Ha cpe,IJ;Hee /4/ /HMeeM e BH,IJ;y TaK:>Ke /3//. 
OTMeTHM, e qacTHOCTH, 'ITO TaKOe npH6JIH:>KeHHe COOTBeTcT

ByeT MeTo,IJ;y C<I>. )J.eiiCTBHTeJILHO, B CHJIY He,IJ;HaroHaJILHOCTH 

onepaTopa F e npe,IJ;CTaBJieHHH /1/ e HeM CO,IJ;ep:>KaTCH JIH

HeHHLie no 'IHCJIY 6030HOB 'IJieHLI /s/ H, CJieJ\OBaTeJILHO, 

e npH6JIH:>KeHHH MeTO,IJ;a C<I> 

[ F , [ H O 
, F ]] C qi ;;; const. /8/ 

3TO 03Ha'IaeT aBTOMaTH'IeCKOe BLIIlOJIHeHHe /5/ B npu6nu~ 

:>KeHHH MeTO,IJ;a C<I> /npH Ha,IJ;Jie:>KaIUeM BLI6ope eeJIH'IHHLI y, 
paBHOH /8/ /. 

B CJie,IJ;yromeM_ nopa,IJ;Ke ,IJ;OllOJIHHTeJILHLie 'IJieHLI h HIUeM 

e BH,IJ;e KBa,D;paTH'IHLIX tl>opM KOMMyTaTopoB F u; H0 6onee 

BLICOKOro nopJl,IJ;Ka, HanpHMep, 

h 
2 

= - .!_ I [ F , [ H O , F ]] -y l 2 
, 

f3 
/9/ 

r,IJ;e /3 no,IJ;6HpaeTCJI IlO,IJ;CTaHOBKOH e /5/ /BMeCTe c h 1 / 

H T.,IJ;. B CJiy'Iae HapyweHHJI poTaD;HOHHOH HHBapHaHTHOCTH, 

KOr,IJ;a ,IJ;etl>opMaUHJI cpe,IJ;Hero IlOJIJI OllHCLIBaeTCJI HenpHBO,IJ;H

MLIM Te,H30PHLIM onepaTopoM paHI:a ,,\ /HJIH CYMMOH TaKHX 

onepaTopoe/, npoue.IJ;ypa noucKa tJJieHOB hi npoeo,IJ;HTCJI ,IJ;o 

KOHI.{a /.IJ;JIJI Ka:>K,IJ;OH MYJILTHilOJILHOCTH//16/, T.e. y.IJ;aeTCJI 

IlOCTpOHTL cenapa6eJILHLie CHJILI h' TO'IHO Y.IJ;OBJieTBOpJ110mue 

ypaBHeHHIO /5/. . 
. HH:>Ke paCCMOTpeHo npHJIO:>KeHHe H3JIO:>KeHHOro MeTO,IJ;a 

,IJ;JIJI IlOCTpOeHHJI 3ti><l>eKTHBHLIX CHJI, BOCCTaHaBJIHBaromux 

TpaHCJIHUHOHHYIO HHBapHaHTHOCTL O,IJ;HO'IaCTH1_IHOr~, raM_HJIL-

TOHHaHa. 

/4HU30mponHblU OCijUAAJlmOpHblii nomeHijUQA 
. - . . ' ' 

.. 
11T06LI HarJIH,IJ;Hee npe,IJ;CTaBHTL ti>H3H'IeCKHH CMLICJI eoc-

CTaHaBJIHBaromux CHJI, pacCMOTPHM npoCTOH cnyqau aHH30-

TponHoro OCUHJIJIHTOpHoro noTeHu;HaJia HHJILCCOHa/17 /, B Ko

TOpOM onyCTHM CilHH-op6u:ranLHLIH H_ e 2 -qneHLI 

6 

( 
,' 

!,I 

I 

·A p2 w2 A 4 -
Ho= I __ k_ +.=...!! I m r2[1- -3YTT5 o y 20(0k )], 

k=l 2m 2 k=l k k 
k 

/10/ 

3.IJ;eCL mk - MaCCLI 'IaCTHU, r H pk - pa,D;Hyc-eeKTOpbIH 

HMilYJILCLI 'IaCTHU, COOTBeTcTteHHO, 7B na6opaT'opHOH ctl>e

pH'IeCKOH CHCTeMe Koop,IJ;HHaT/, wQ_- ocu;HJIJIHTOpHaa qacTo

Ta, o - _napaMeTp .IJ;etl>opMaUHH. .HBe,IJ;eM IlOJIHLIH HMilYJILC 
➔ ➔ , . 

p H pa,IJ;Hyc-eeKTOp R ueHTpa TH:>KeCTH CHCTeMLI 

➔ ➔ A ➔ 
P= I e* I (p ) ,,., I e* P µ = 0 , ± I µ k =I µ k _ O _..., µ µ 

µ- '.!..l 

/11/ 

➔ --

R = 1- ,.; .Air_ I e * x ;12; 
M 3 µ=0,±1 µ 

A ➔ 

x ktl mkrk YIµ (0k ,<l\hµ=~,±Tµ Rµ, 

I ;µ - e,IJ;HHH'IHLie BeKTOpLI, M- =· I m k /. IlpocTLie 

BLl'IHCJieHHJI ,IJ;alOT k 

[ 
2 4TT 2 2 · H0

, P ] = in w Y -3- [ 1 + - o ( 3 µ - 2)] x 
µ 0 3 

A . 2 
x I° mkr'k Y1 ( 0k , <pk) = tnw M [ l + 

k=l µ 0 

/13/ 

2 2 ] + 3 o(3µ -2) Rµ 

[P , [H 0 ,P ]] 
V µ 

/14/ 

= M(nw /[1+20(3µ 2 -2)](-lto 
0 3 µ ,-v 

)J.BOHHOH KOMMyTaTop /14/ 1:1pe,D;CTaBJiaeT co6oii c - 'IHCJIO, 

H, CJie,IJ;oBaTeJILHO, MO:>KHO cpa3y HanucaTL BOCCTaHaBJIHBa

romue CHJILI h ' TO'IHO Y.IJ;OBJieTB0PJIIOmHe YCJIOBHJO, 
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➔ 

(H°- + h, PJ= 0 

B BH.!\e /ucnom,3yeM /13// 
' 2 
M wo 2 . 

h = - --- I [ 1 + -8(3µ 2-2)]R* R 
2 µ=0.±1 3 /1 /1 

Teneph nerKo BH,!\eTL, 'ITO raMHJihT0HHaH 

h = P 2 
/ (2 M ) - h 

/15/ 

/16/ 

/17/ 

MaKp0CK0ilH'ieCKH 0ilHCblBaeT rapM0HH'leCKHe KOJie6aHH.II 

l.{eHTpa T.ll>KeCTH CHCTeMbl C 11aCT0TaMH 

w2=w2[1+ 2
3

8 (3µ 2 -2)]. /18/ 
/1 0 . 

3TH 'laCT0Tbl T0'IH0 C0Bila,!\aIOT C 11acT0TaMH HCX0,!\H0ro 

aHH30TponHoro 0Cl.{HJIJI.IIT0pa. M0>KH0 3anucaTb TpaHCJI.111.{H-:

OHHO-HIIBapuaHTHbIH H ranuneeao-HHBapuaHTHblH raMHJibT0-

HHaH 

H=H 0 -h, /19/ 

KOTOpbIH 0ilHChIBaeT ,!\BH>KeHHe qaCTHI.{ B CHCTeMe K00P.!\HHaT, 

ca.113aHHoii c l.{eHTP0M T.11>KecTH /aHyTpeHHee ABH>KeHue/. Ilo

nara.11 Maccbl 

/16/ B BH,!\e 

11aCTHI.{ 0,!\HHaK0BblMH m k= m, 3anumeM 

r,!\e 

h= - ..!S.. I [1 + 
2
3 

8(3µ 2 -2)] :Ft 5\ 
2 µ=0,±1 /1 /1 

A 

:flµ= I rkYIµ(0k,¢J! k=l 
4rr m w5 · -5/3 

K=,-A---A. 

/20/ 

/21/ 

/22/ 

C MHKPOCKOilH'leCKOH T0'IKH 3peHH.II 3q,q>eKTHBHble CHJibl /20/ 

npe,!\cTaBJIHIOT co6oii aHH30Tp0ilHbie ,!\Hil0JibHble H30CKa

JI.IIPHble B3aHMO,!\eHCTBH.1111acTHI.{, npu'leM K0HCTaHTa B3aHM0-

,!\eHCTBHH /22/ coana,!\aeT c .!\HITOJILHOH KOHCTaHToii CB.113H 

B Teopuu Eopa- MoTTe'ni.coHa /18/. 

8 

? 

~ 

\ 

I 
" 

B 3aKJilO'leHHe 3T0ro pa3,!\eJia 3aMeTHM, 'IT0 npu BKJIIO

'leHHH 'IJieH0B reKCa,!\eKanOJibHOH .t{eq>OpMal.{HH B /10/ C00T

BeTCTBeHH0 Il0.IIB.IITC.11 3q,q>eKTHBHhle 0KTYil0JlbHble CHJibl. 

II0111e11rJua.11 CaKco11a- Byoca 

Ilpu HCil0Jlb30BaHHH 6onee peaJIHCTH'ieCKHX Il0TeHl.{HaJI0B 

KOHe'IHOH rny6HHbl CyJ.QeCTBeHH0 MeH.HeTC.11 pa,!\HaJILHaH 3aBH

CHM0CTb 3q,q>eKTHBHbIX CHJI. Ilpo.t{eM0HCTpHpyeM 3T0 Ha 

npHMepe K0He'IHoro Il0TeHl.{HaJia C pa3Mb1TblM KpaeM, K0T0-

PhIH B nuTepaType H3BecTeHKaK noTeHl.{Han CaKCOHa-ByA

ca1191 /AJI.11 npocT0Tbl paCCM0TPHM cq,epu11eCKH-CHMMeT-

PH'IHblH cny11aii/ · 

·v ( r) = - ·~o R ) = - 'VO f ( r) , /23/ 
a r- 0 l+e 

r,!\e 'VO - rny6HHa noTeHl.{Hana, R0 - pa.!\HYC .11,!\pa, a - napa

MeTp ,!\HqlqlY3HOCTH. O,!\HO'laCTH'IHblH K0MMyTaTop 

[V(r),p ]=:iny 4 " a'Vi(rHl-f(r}]Yl 
/1 3 . /1 

/24/ 

HMeeT cyIQeCTBeHH0 IlOBepXHOCTHblH xapaKTep /pa,!\HaJibHa.11 
" ~ I:' 11aCTL/, cTpeM.HCh K noaepxH0CTH0H /npu r = R O / u -

q,yHKl.{HH, eCJIH Il0TeHl.{HaJibHa» .IIMa npHHHMaeT np.aMoyr0Jib

HYIO q>OpMy (a ➔ oo ) • 

,ll;BOHHOH K0MMYTa Top / 0,!\H0'iaCTH'IHbie one pa TOpbI/ 

[pv ,['V(r),p/1]1= v' ~TT -n
2
a'Vov'v I f(l-OY1µ l /25/ 

Tenepb He .IIBJIHeTC.11 C -11HCJI0M, KaK B cny11ae 0Cl.{HJIJI.IIT0p

H0ro Il0TCHl.{Hana, Il03T0MY 3q,q>eKTHBHbie CHJlbl THila /6/ 
B0CCTaHaBJIHBalOT HapymeHHYIO CHMMCTpHIO npu6JIIDKCHHO. 

O6o3Ha'IHM 11epe3 IO•> cq,epu11ecKu-cHMMeTpH11Hoe ocHoB

Hoe C0CT0.IIHHe CHCTCMbl HCB3aHMO,!\CHCTBYIOIIUIX 11aCTHI.{, 

,!\BH>KYIQHXC.11. B Il0TCHl.{HaJie /23/,H Bbl'IHCJIHM cpe,!\Hee 3Ha

'leHHe ,!\BOHHoro K0MMyTaTopa onepa:'ropa Il0JIHOro HMilYJib

ca C O,!\HO'laCTH'IHbIM raMHJlbTOHHaH0M 

<0 I [ P, [ H 0
, PH! 0 ·> =-h 2 a 2V0 {3, /26/ 
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r.ne 
A . . 

tL=<OI I f(rk)[l-f(rk)][l-?f(rk)- - 2
-]!0>. /27/ 

k = I . . . •. a r-k 

Tenepb 34><l>eKTHBHLie CHJibl, npH6JIH)KeHHO BOCCTaHaBJIHBaro

I.QHe HapyweHHYIO TpaHCJIJIIUIOHHYIO HHBapHaHTHOCTb, HMeIOT 

BH,D; 2 'V A . . 

" o l* h 1 = -,.,-- I l I f ( rk )[ 1- f( r k)] Y 111 ( 0 k' ¢ J x 
I-' µ=0,± l k=l 

A /28/ 
xi?=/ (rk)[l-f(rk)]Y1~ (0k,_¢k)l. 

B3aHMO,D;eHcTBHJI /28/ npe,D;CTaBJIJIIOT co6oii ,nHnOJibHble CHJibl 

noaepxHoCTHoro THna, B OTJIH'IHe · OT o6'LeMHOro xapaKTepa· 

CHJI a cnyqae 6ecKoHe'IHoro oCUHJIJIHTopHoro noTeHuHana 

/ypaBHeHHJI /20/, /21//. IloaepXHOCTHblH xapaKTep 34><l>eK· 

THBHhIX CHJI, Y'IHTblBaIOll\HX Tpe6oBaHHJI TnaHCJIJIUHOHHOH 

CHMMeTpHH, no,n'-lepKHBaJICJI TaK)Ke B pa6oTe 7I I/ 
CBJ13b 34><l>eKTHBHbIX CHJI /28/ C ,D;BH)KeHHeM ueHTpa ' 

TH)l(eCTH Mhl ycTaHOBHM a cne,ny10meM pa3,nene, npoae,n11 

paCCMOTpeHHe ,D;JIJI CJiyqaJI npoH3BOJibHOro noTeHUHaJia B Me· 

To,ne C<I>. 

PaccMompeHue e Memooe C4' 

PacCMOTpHM Tenepb CJiy'laH, Kor.na Il0TeHUHaJI HMeeT 

npoH3B0JihHYIO <l>opMy. Ilpe,nnoJIO)l(HM, '-ITO HaM H3BecTeH 

CO0TBeTCTBYIOI.QHH 3T0My IlOTeHUHaJiy 6a.3HC 0,D;HO'-laCTH'-IHblX 

COCTOJIHHH. KpoMe Toro, C'IHTaeM, 'IT0 Y'-ITeHhl napHble 

KOppeJIJIIUIH B KaHaJie qacTHua- qacTHUa B CTaHJJ,apTH0M 

BH,ne/20 , 211 T.e. B Ka'leCTBeHCXO,D;H0rOHMeeM0,D;H0KBa3H· . ' ' 

'laCTH'IHblH raMHJibTOHHaH 

H O = const + I E (a+ a + a+_ a - ) , 
v··V VV V V /29/ 

·+· ., 
r.ne Ev • O,D;HOKBa3H'laCTH'IHble 3Ht!PI:HH, av (av ) . 

onepaTOP po)K,!J;eHHJI /YHH'ITO)KeHHJI/ KB8,3H'laCTHU,.COCT0JIHHJI 

Iv >H Iv> conpH)KeHbl no BpeMeirn.-B npe,ncTaBJieHHHKBa3e· 

'laCTHU K0MnOHeHTbl onepaTopa noJIH0ro HMilYJihCa. /11/ 

HMeIOT BH,D; 
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' r 
J 
i 

I ,. 
i . 
l 

i 

I 

t 
l i 
-\ 
i 
,i 

! 

I 
I 

f 

t 

p = pqp + p B 
11 11 11 

qp ' . ' [ + + ' ] P = I N ,( p ) , a_ - a-, - a , a 
/1 VV, VV -/1 VV .v V V · V 

. B 
p 11 I •L , (p ) , [ a ~ 

vv' VV /1 VV V 
+ a , 
V 

+a_,a 
V V 

] . 

/30/ 

/3Oa/ 

/306/ 

3,necLN -=U u ,+v v, ·•L -=U v ,-u ,v BLI· 
VV V V V V ' VV V V II V · 

pa)l(aJOTCH qepe3 napaMeTphl KaHoHH'lecKoro npeo6pa3oBaHHH 

Eoron106oaa, (p 11 ) w, - O,D;HO'laCTH'-IHbie MaTpH'-IHhle 3Jie -

MeHTbl onepaTopa BMnynLca. OnepaTOpbI /3Oa/ H /306/ 

npe,ncTaBJIJIIOT co6oii, COOTBeTCTBeHHO, KBa3H'laCTH'-IHYIO 

H KBa3H6030HHYIO /Konne·KTHBHyIO/ qacTH onepaTopa HMnynL· 

ca. 

O'-leBH,D;HO, 'ITO COCTOJIHHe KBa3H'-laCTH'-IHOro BaKyyMa 

10> /oCHOBHOe COCTOJIHHe CHCTeMhl, onHCbIBaeMOH raMHJib • 

TOHHaHOM /29// HeHHBapHaHTHO OTHOCHTeJibHO npeo6pa30-

BaHHH rpynnbl TpaHCJIJIUHH / a - BeKTOP CMemeHHJI/: 

T.e. 

. • ➔ 

'll < a ) =- rxp 1 - ,!_ a P 1 , 
~ ti 

'll (a) JO> I= JO>. 

/31/ 

/32/ 

HeHHBapHaHTHOCTb BaKyyMa, ecTeCTBeHHO, JIBJIJleTCJI cne.n

CTBHeM HeHHBapeaHTH0CTH raMHJibT0HHaHa H 0 • 

,ll;anLHeewee paccMoTpeHHe npoae,neM a npH6JIH)l(eHHH 

MeTOJJ,a C<I>, B K0T0P0M onepHpyeM C JIHHeapH30BaHHblMH - n 
/no 'IHCJIY 6030HOB/ onepa.TopaMH p /1 • OTMeTHM, '-IT0 B 

cooTBeTCTBHH c ypaBHeHHeM, /8/ ( Evv, = Ev+ Ev, ) * 

* B npH6JIH)l(eHHH C<I> nonaraIOT' 'IT0 KBa3H6030HHLie 
onepaT0pbl o6na,naIOT KOMMyTaUHOHHblMH COOTHOWeHHJIMH 
THna 

(a A ,a,\ a+ a+ ] - o · 
V -,7' - AV 

0 \ , , 
I\ V 

II , 



[PB+[HO 
µ ' ' 

2 ·2 
P 

8
]] = 2 I E __ ,. L , I (p ) , I = yµ µ vv , vv vv µ vv /33/ 

H, cne.n;oBaTem.Ho, 3cl><l>eKTHBHble CHni.1, BOCCTaHaBnHBa10UU1e 
HapyweHHyro CHMMeTpHIO H O B npH6nH:>KeHHH C<I>, HMeIOT 
BH,z:t: 

hi = - i I _1_ [Ho , p µ t [Ho, p µ ]. 
µ=0,±I Yµ /34/ 

IIoKa)KeM, 'ITO, B COOTBeTCTBHH C HepemITHBHCTCKOH ieope -
Moii ron.n;cToyHa /cM., HanpHMep, 063op 1221 /, cpe.z:tH 
co6CTBeHHbIX peweHHH raMHnbTOHHaHa 

J(=Ho+h1 /35/ 

HMeeTCJI 6ecll{eneaa.11 BeTBb B036y)K.ZJ;eHHH ( u) =<>), OilHChlBa-
. . . . . 

IOll{aJI IlOCTynaTeni.uoe ,z:tBH)KeHHe CHCTeMbl KaK uenoro. 
C 3Toii ueni.ro npoae,z:teM npeo6pa3oaaHHe raMHnLTOHHaHa 
K rl;iopMe HOpManLHbIX KOne6aHHH 

J( = const + 1-
2 

I I · l P + ( µ ) P ( µ) + 
n µ=0,± I n n 

2 + 
+ u.> n ( µ) 5\ ( µ) f n ( µ) I, 

/36/ 

r,z:te HH,z:teKc n HYMepyeT co6cTBeHHble 11aCTOTbl Kone6aHHH 
<,jn ( µ ) * . OnepaTOphl p n H ¾ Y.z:tOBneTBOpJIIOT TeM )Ke 

KOMMyTal{HOHHbIM COOTHOWeHHJIM, 'ITO H onepa TOphl Koop.n;H
Ha Tbl H HMnyni.ca /ypaaHeHHJI /11/ H /12//: 

[fn(µ),Pn, (µ' )l= i(-1/ oµ;,-µ o n,n' 

[f ,f ,l=[P ,P, l=0. 
n n n n 

/37/ 

Co6CTBeHHLie 11aCTOT1,I u) n HaXO,z:tJITCJI H3 ypaBHeHHH ,z:tBH)ICe -
HHJI 

qacTOTbl Wn 3aBHCJIT OTµ B o6ll(eM cny11ae aHH30Tpon
HOro rroTeH.l{Hana, o.n;HaKo w (µ)=w {-µ). 

n n 

12 

[J(,Pn(µ)]= iw! (µ) fn (µ) 

[J( f (µ)]=-i p (µ). 
' n n 

/38/ 

IIpHBe,z:teM KBa3H6030HHYIO peanu3al{HIO onepa TOPOB p H f : n n 

P 1 (n) [ + + 
(µ)=-=- 2 tjJ , (µ) a_a , +a..,, a ] /39/ 

n y2 vv' vv v v v v 

· i (n) ( ) [ + + ' ] /40/ f (µ) = - - 2 ¢ µ a, a - a ,a , 
n · \)T vv ' vv' ·j; v' ii v 

r,z:te aMIInHTY.z:tbI npeo6pa30BaHHJI . opTOHOPMHpoBaHbl ycno
BHeM: 

2 ,/, (n) ( ) * A (n,) ( ) =- o , 
~ , µ 'P , µ nn 

vv, vv vv 
/41/ 

KoHe•rnoe ypaaHeHHe .n;n.11 11acTOT w , nony11eHHoe peweHHeM n 
ypaBHeHHH ,z:tBH)KeHHJI /38/, HMeeT BH,z:t 

2 2 
u.>2 M (w ) = w2 I, 2Ew; 'Lvv'·!(Pµ)w,I =0. /42/ 

n n n vv E2 2 
w ,- w n 

B cny11ae crJ;iepH'leCKOH CHMMeTpHH IlOTeH.l{Hana B /42/ He
o6xo,z:tHMO CYMMHPOBaTb no µ. IIony11eHHOe ypaBHeHHe ,z:tn.11 
KOne6aTenLHhlX" B036y)K,z:teHHH co CilHHOM H 11eTHOCTblO 
I 7T = 1- aHanorH'IHO., ypaaHeHHIO ,z:tnJI 1 + B036y)K,z:teHHH, B03 -
HHKaIOll{HX B CHCTeMax c .. HapyweHHOH poTal{HOHHOH HHBa
pHaHTHOCTblO /IS,IG/. 

Tenepi. ucnoni.JyeM caoiicTBO ranuneeaoii HHBapHaHT
HOCTH IIOTeH.l{HaJia H 3cl><l>eKTHBHhlX CHn 

1231 

[ J( 
· in · 

R µl= - MPµ, /43/ 

r.n;e Rµ orrpe.n;eneHo ypaBHeHHeM /12/. B •6o3oHHOM rrpe.n;
CT~BneHHH orrepaT0p R µ HMeeT BH.z:t 

R 
8._=·..J 477 -~ I U , (rY ·) ,(a:: a-~ -a_,. a ), /44/ 
µ 3 M w' vv Iµ vv ,v v v v 

r.n;e 

U ,= U V ., j- U , V 
VV V V V V. 
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liMeJl B BHAY /306/, nony'IHM H3 /43/ COOTHOWeHHe 

v 417 E ,U ,m(rYI ) , =-in•L ,(p ) ,, 3 vv vv µvv vv µvv /45/ 

KOTopoe Il03B0IlJleT IlOKa3aTb, 'ITO CTaTH'leCKHH npe,D;en 
<l>YHKUHH M (w n) paBeH Macce CH.CTeMbl * 

M (w = 0) = M. 
n /46/ 

li3 ypaetteilnii /38/, /41/, /42/ H /45/ nony11HM cne,IJ;yI01une 
BLipa>KeHHJl ,D;IlJl aMnnHTY,D; /Bb16op <l>a=:3 npOH3BOneH/: 

r.n;e 

(n), ( µ) = 
'P ,,v 

<p (n) ,(µ) 
vv 

2 
E ;L , (p ) , 

vv vv gw 1 

E 2 2 
VV ;- Wn, 

E -I ,'P (n),(µ), 
W VI' 

z(n)(µ) = I, E~,•L~v ,j(p/l)VV, ,2 

{

w (E~v;- wn2) 2 

M/2 ,w =0 

::c • 4- w a nM ( w ) / a w , w =I O • 
q n n n n 

/47/ 

/48/ 

TenepL nerxo npoaepHTL, 'ITO 11aCTL raMHilLTOHHaHa /36/, 
CO0TBeTCTBYIOI.QaJl w = 0, npHHHMaeT BH,IJ; n 

➔ 2 . 
J(lw =O=P /(2 M ), /49/ 

T.e. COCTOJIHHe c w = O COOTBeTCTByeT Il0CTynaTeJibH0MY 
,IJ;BH>KeHHIO CHCTeMLI KaK uenoro. TaKHM o6pa30M,. npu 
Bbl6ope 3<l><l>eKTHBHLIX CHn, cornacoeaHHblX C <l>opMOH Il0Teu
uuana, MeTO,IJ; C<I> npaBHilbH0 BOCilP0H3B0,IJ;HT Macey CHCTeMbl, 
KaK H MeT0,D; 06061.QeHHOH MaTpHUbl IlJIOTHOCTH:24,. . . 

YpaeueHHe /42/ onpe,n;enJleT TaK>Ke cneKTP xone6aTenb
HblX 1 --B036y>K,D;eHHH CHCTeMbl, ne>KaI.QHX BblWe nopora ,n;eyx -. 
KBa3H'laCTH'IHblX B03 6y>K,D;eHHH. 

* B cny11ae poTaUHOHH0:ii HHBapHaHTHOCTH nony11aeM Mo
MeHT HHepu;HH CHCTeMLI / I 5/. 
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B peanLHblX CHCTeMax MoryT cyiuecTBOBaTL, Il0MHMO 
3<l><l>eKTHBHblX CHn /34/, ,n;pyrne TpaHCilJIUHOHH0- HHBapHaHT
HLie B3aHMO,IJ;eHCTBHJl /uanpHMep, 3aBHCJII.QHe OT CK0pOCTH 
CHJILI/. Taxee B3aHMO,D;eHCTBHJl nepeH0PMHPYIOT 0,D;H0'lac
TH'IHbie MaTpH'IHLie 3neMeHTbl (p µ) vv' H MaCCbl 'laCTHU. 
O.n;uaxo <l>opMa ypaBHeHHH / 42/, / 43/ H / 49 / npH 3T0M 
c oxpaHJleTCJl /CM. aHanorH'IH0e o6cy)K,n;euee ponH CilHH0BLIX 
CHJI B cny11ae poTaUHOHHOH HHBapHaHTHOCTH/I 3 ,I 5 ,251 /. 

B 3aKnIO'leHHe 3Toro pa3,n;ena 0TMeTHM, 'IT0 ecnH OT
BJie'ILCJl OT cyI.QeCTBOBaHHJl Kone6aTenLHLIX B036y>K,D;eHHH 
B CHCTeMe C wn I, 0, TO npH6nH>KeHHO 3<l><l>eKTHBHLie CHJILI 
/34/ c Il0M0I.QLIO ypaBHeHHH /40/, /44/, /47/ e/48/ M0>KH.o 
3aneca TL B ee,n;e: 

h I 
1 + 

=-:=2IyRR 2n µ µ µ µ 

B qacTH0M cny11ae 0CIJ;HJinJIT0pHoro Il0TeHu;Hana /10/ 

2 
y = M (nw ) 

µ µ 

e ypaeueuee /50/ nepexo.n;HT 'e /16/. 

Xapa1a11epuc111u1<u C -eo36yJ1Coe11uii 
4 

/50/ 

/51/ 

PaccMoTpHM uecxonbKO no,D;po6uee ceoiicTBa•l--no3-
6y>K,D;eHHii c w n I, 0, OilHCblBaeMLIX ypaeueueeM / 42/. ,[J,JIJI 
HHX M0>KH0 3anecaTL O,IJ;Ho<l>oHOHHble B0JIH0BLie <l>YHKUHH 

·+ 
Iµ' n > = Q n (µ)IO , > = 

/52/ 

! 1 m + . wn o + 
= ---J (µ)+1\"-2- cl. (µ)110'>, 

y2~n n n 
r,n;e IO '> - qiououuL1ii aaxyyM. CocTOJIHHJl /52/ op:ouopMH
poeauw ycnoaeeM 

<µ',n'jµ,n>=o ,o ,. 
µµ nn 

/53/ 

3TH COCT0JIHHH xapaKTepH3YIOTCJl El -nepexo.n;aMH, CBJl3LI-

15 



BalOU(HMH HX c OCHOBHbIM COCTOHHHeM. 3anHweM onepaTop 

El-n_epexo,D;a B BH,D;e 

~ (~ + 
J11(El,µ)= I e I, (rY1 ) ,a a ,, /54/ 

t=n,p VV µ VV V V 

(t) + 
r,D;e e - 34>4>eKTHBHble 3apH,D;bI, av (av ) - onepaTOpbI 

pO)K,IJ;CHHH /yHH'ITO:>KCHHH/ 11aCTHU. BbJ,D;enHM H3 /54/ KBa3H· 

6030HHYIO 'laCTb H Bblpa3HM ee 11epe3 KOnneKTHBHble onepa

TOpbI clioHOHOB H KOOp,D;HHaTbl UCHTpa TH:>KCCTH 

'17 8 (El,µ) =V-l- (Ne (n) +Ze(p) )R 8 o + 
'i1T µ <un ,0 

+ .i~ V 4- I [<u! aM(<.t,n)/ a<,)n 1-1/ 2 
X 

rn 'i77 n 
/55/ 

[ µ + (t) (t) 
X Q n(µ)-(-1) Q n(-µ)] I e M (<un) 

t 

/ M (t) - 11acT1, ciiYHKUHH M (<u n) ,D;nH onpe,D;eneHHoro copTa 

'laCTHU/. EcnH BbI6paTb 3cliclieKTHBHble 3apJI,1J;bI B BH,D;e 

( t) { 1-Z / A , t = p 
e / e = 

- Z/ A, t = n, 
/56/ 

TO ,IJ;BH:>KeHHe ueHTpa TJI:>KCCTH He ,D;aeT BKna,D;a B /55/. 
IIpHMeHJIJI o6bl'IHYIO npoue.D;ypy Bbl'IHCneHHH B o6o6ll(eH -

HOH MO,D;enH, nony'IHM npHBe,D;eHHYIO BepOJITHOCTb El-nepe

XO,D;a 

B ( E 1, IO +➔ I 'µ ) = 2 • 2.. ( en )2 x 
n l+oµ,O 41r m 

, (p) 2 2 / 
X 1<110µ1 Iµ> M (<un)I /[<un aM(<un) a<,)n]. 

/57/ 

BbI'IHCnHM TaK:>Ke ,1J;Hnon1,Hoe 3HepreTH'ICCKH-B3BeWeHHOe 

npaBHno CYMM 

+ -I<u B(El,0 ➔ 1 µ)n 
n n 

= ~ < o 1 [ m O < E 1 , µ >; [H O 
, m 0c E 1 , µ > ni o >. /58/ 

IIpoBe,D;JI npJIMbie Bbl'IHcneHHH ,IJ;BOHHoro KOMMyTaTopa B /58/ 
H Hcnon1,3yJI / 45/, nony'IHM 
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+ -
I<u B(El,0 ➔ 1µ) = 
n n n 

1 3 (eti/ ZN 

1 + o µ ,0 
• ·4 77 

/59/ 
m A 

(µ = 0, 1 ). 

B cny11ae c4>epH'ICCKH CHMMCTPH'IHOro noTeliuHana /59/ 
CYMMHpyeTCJI no µ H nepexO,D;HT B xopomo H3BCCTHOe ,D;H· 

nonbHOe npaBHno CYMM. 

3aKAio'leHue 

B pa6oTe c<l>opMynHpoBaH npH6nH:>KCHHbIH MCTO,D; BOCCTa • 

HOBneHHH HapyweHHoii CHMMeTpHH 0,1J;Ho11aCTH'IHoro raMHn1,

TOHHaHa C nOMOU(blO cenapa6enbHbIX 3cliclieKTHBHbIX CHn. IIpH-

6nH:>KeHHbIH xapaKTep MeTo,D;a o6ycnoBneH npeHe6pe:>KeHHeM 

o6MeHHbIMH B3aHMO,D;eHCT_BHJIMH, a TaK:>Ke TeM, 'ITO ,IJ;IlJI 

Ka:>K,D;Oro THna HapyweHHOH CHMMCTPHH He3aBHCHMO KOHCT· 

PYHPYIOTCJI CBOH 3cliclieKTHBHble CHilbl. Ilocne,D;Hee npH6nH:>Ke

HHe npe,D;CTaBnJieTCH onpaB,D;aHHbIM, TaK KaK B036y)K,IJ;eHHJI 

MHOro11acTH'IHbIX CHCTeM, CBH3aHHble C TeM HnH HHbIM Hapy

WCHHeM CHMMCTPHH, He3aBHCHMbI B rapMOHH'ICCKOM npH6nH

:>KCHHH. IIpH CTporoM y11eTe aHrapMOHH'ICCKHX 3cliclieKTOB 

Heo6XO,D;HMO 0,IJ;JIOBpeMeHHOe paCCMOTpeHHe BCex cliopM Hapy

WCHHOH CHMMeTpHH1 'ITO npe,D;cTaBnJieT co6oii Bec1,Ma cno:>K- • 

HYIO 3a,1J;a11y. 

3cliclieKTHBHble CHilbl, KOHCTpyHpyeMble B H3no:>KeHHOM 

MeTo,D;e, KOHe'IHO, HOCHT M0,1J;en1,HbIH xapaKTe~ H B o6ll(eM 

cny11ae He COBna,D;alOT C OCTaTO'IHbIMH B3aHMO,D;eHCTBHHMH, 

B03HHKaIOIUHMH nocne BbI.D;eneHHJI caMocornacoBaHHoro nonJI, 

a IlHWb OTpa:>KalOT CBOHCTBa 3THX B3aHMO,D;eHCTBHH no 

OTHOWeHHIO K paccMaTpHBaeMOMY THny CHMMeTpHH. 

Hcnon1,3crnaHHe cenapa6enhHbIX cHn B Hccne.D;oBaHHJIX 

H,D;epHOH CTPYKTYPbI CTano 011eHb nonynapHbIM, B CBJI3H 

C 3THM XOTenoc1, 61,1 3aMeTHTb, 'ITO He cne,D;yeT 3a6bIBaTb 

0 COrnaCOBaHHH TaKHX . CHil C c1i·opMOH noTeHUHana cpe,D;Hero 

nona. TaKoe c.ornacoBaHHe, KaK noKa3aHo B ,D;aHHoii pa6oTe 

H B pa6oTaX /l 6,25 ,2&f ,n03BOnHeT ciiHKCHpOBaTb pa,D;Han1,HyIO 

3aBHCHMOCTb 3cliclieKTHBHbIX CHn H ,IJ;IlJI pa,D;a KonneKTHBHbIX 

BeTBeii B036y:>K,D;eHHH HCKnIO'IHTb npOH3BOn B Bbl6ope CHno

BbIX napaMeTpOB. 
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