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L Teopernqe~Koe onncaaue AeTanell poTanuoaHoro cneKTpa npnoopeno B aacTOumee 

npeMH ocooeaahlll HHTepec B cBHaH c uayqeaueM 'AnHHHhlX poTaunoaHbIX' nonocox
11•21• Ha

Mepenne anepruu COCTOHBHll poTaunoaaoll nonOChl C oom.mHMH 3Ba'leHHHMH MOM8BTa KOAH'le-

CTBa Jll311JK8HHH Boom.moll cTeneu nOBbICano Hirrepec x onpenenenuro 'napaMeTpa aea-

)ll!aoaTH'IBOCTH Bpainenm:i ... xapaxTepaayiomero 3aBHCHMOCTl, OT MOMeHTa Hm,p!UIH HJlpa 

J(I) , PaC'l8TbI aToro napaMeTpa, no-13llAHMOMy, B8CbMa '!yBCTBHT8/U,Hhl K A8T81!HM AIIB8MH

'1;8C:&:l!X xapaKTepHCTHK SI)lep, T,e. napaMeTpon, onpeAel!HIOI!lllX CHnhl HyKl!OB..;.HYKIIOBHOro naaa

MoAellCTBHSI, H ae yJlHBHTellbBO; 'ITO B 00/lbmHHCTBe paooT, IIOCBHma11JihlX 8TOMY oonpocy, B 

neBTpe BHHMaHHH HaXOJlHTCH BbIOOP )lHHaMH'l8CKoro aqi¢eKTa, OTB8TCTBeHHoro Ha Hea)lnaoa

TH'lHOCTb, 

B BaCTOHmell Jl800T8 Mhl XOTHM oopaTHTb BHHMaHHe Ha B03MOJICHOCTb llCIIOl!b30BaHl{H 

M8TO)l0B OIIHCaBHH BemP'IHHhl J(I) ,· conepmeaao H83aBHCHMhlX OT JlHH8MH'l8CKHX ocooeH-

HOCTell CHCT8Mhl, 3TH MeTOAhl, CBl138Hhl C npe)lnOnoJKeBH8M O B03MOlKHOCTH Bh!AeneHHH 'po-

TaDHOBHOll KOlll!8KTHBBOll nepeMeHHOll • rp ~ B03MOJICHOCTH, oocyJKAaBmel!C$1 yJKe paaee 

/3 4/ 
( CM,, aanpuMep ' ) , Mb! BBOBb IIOJlBHMaeM BOIIpoc O. KOl!ll8KTHBHOll poTal(HOHHOll nepeMea,-

Boll C TeM, 'ITOOhl CBH38Tb ee CBOllCTBa C ):{aHHhlMH O '.IUlllHHhlX pOTaDHOIHthlX IlOl!OCKax', 

Mhl aa'l.lleM BhlBOJl COOTB8TCTByromax ¢opMyn C onpe)le/IeHHl! HeKoToporo onepaTopa ¢, 

KaBOBH'l8CXH COIIpHJK8BHOro O)lBOll H3 npoexnul! onepaTOpa IIOIIBOro CllBHa CBCT8Mhl 

i A A ...... A A 

li" (I z ¢-¢I z ) ,d I z '¢ l = I (1) 

Mbr 6y,11eM Ha3hlBaTb onepaTop ¢ onepaTopoM yrna opneaTBIIHH CIICT8Mhl H BB8Jl8M 

TaKJK8 IIOBHTH8 onepaTopa yrnonoll CKOpOCTH BpameHHll CHCT8Mhl 

(2) 

r11e H - onepaTop faMHllbTOBa HJlpa. 3TOT onepaTop, KOH8'IHO, KOMMyTnpyeT co Bce-

MII npoexnHlIMH I 1 , TaK 'ITO MoMeaT KOllH'18CTBa ABHJKe1rna HApa coxpaaaeTclI, HanecTao, 

O)lHaKo, 'ITO yCIIOBIHI CIIMM8Tpnn, H8KllBJlhlBa8Mbl8 coxpanenueM MOM8HTa XOllB'leCTBa JlBHJKe

HBH Ha BOnHOBbre ¢YHKRHH COCTOmral! CHCTeMhl, 'lpe3Bhl'{al!no CHllbHO YCllOJKHlllOT BBJl 8THX 

¢yHKIIHll, IToaTOMY npaKTH'!8CXH npn BCSIKOM KBaHToBOMexaHH'l8CXOM onncaBHH BByTpenHHX 
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CBOi!CTB ll)lep HCilOnh3ylOTCll BonHOBble cj,yHKilHH, npe11cTaBng10mHe coool! BonHOBb19 naKeTbl, oo-

pa30B8Hllble H3-COCTOllHHi! C pa3Hb!MH 3Ha'lellHllMH KBaHTOBbIX queen MOMeHTa M 

M~t 0YJl9M Ha3blB8Tb TaK.IIe COCTOllHHll 'OpHeHTHpOBaHllbIMH' COCTOllHHllMH llllpa H oyJl8M C'lH

TSTb1 'ITO OHR ll=lOTCll (npBonHlK9HHb!MH). pemeHHllMll ypaBH9HHH Illp8AHHrepa Jll!SI S!Apa B 

H9KOTOpOM 'opHeHTHpYlQIIl8M' none: 

H[u] '.!' = E[ u] ~ • II[ u] :" H + U (cf,)• 

lfa cj,opMyn (2), (3) cneAyeT, 'lTO np11 moooM u(¢) 

<il;,:,li>={i-<il¢1.i>(E1-EJ) \ 

H na 0CH0BaHHH cj,opMynhl (1) 

fj 
!J 

=:£! <il«.>l.\><.\IIzlJ> + <illzl.\><.\l«.>lj>} • 
X" E.\ -E1 E.\-EJ 

(3) 

(4) 

(5) 

IloJX'l9pKlleM, 'lT0 TaKHM CBOilCTBOM AOnlKHa O0IIMSTb MaTpHna «.>, , CBSl3allH8ll ¢opMynol! 

(2) c mo6ol! KO0PllHHSTOl! cf, , Jtall0HH'leCKH conpstlKennon onepaTopy nonHoro cnnHa llll-

pa. 

EyAeM H83blB8Tb KOOpllHHaTy cf, O)lHOl! H3 KonneKTllBHbIX p0TaitH0HHhlX KOOPAHHST 

cf, 0 , y , ecnH BOnHoBylO cj,yHKllHlO llllpa M0)KHO c xopomel! T0'lHOCTblO npejlCTSBHTb B 

BHAe IlpOH3BeAellHll 

11\ = '''i (cf,. 0. y) X 1 ( BHyTp,nepeMeHHble). (6) 

BBOA!I Tpol!Ky nepeMellHb!X ¢ • 0 y • Mb! IlOllp83YMeBaeM, KSK 3TO O0bl'lHO AenaeTCll 

npH HHTepnpeTaitHH BpamaTenbHblX COCTOllHHl! llllep, 'lTO nocneAHHe onpe)lel!lllOTCSl TaKllM lK9 

naoopoM nepeMeHHhIX, KaK 11 KBSllTOBble COCTOSlllllll TBepAoro poTaTopa. OAHSKO Mb! He HC-

IlOl!h3yeM llHKaKHX npe11nonolKeHHl! 0 KOHKpeTHOA CBSl3H nepeMeHllblX <p 0 , y c Koop-

lll!HSTSMH HyKnOHOB llll9P, Mb! nonaraeM, 'lTO Bpamemie npoCTpaHCTBa He Bb!3bIBSeT ll3MeHellHll 

BHyTpeHHllX nepeM9HHhIX, COll8p)K8IllllXCll B )( 1 OAllaKo llOilYCKaeM 3bBHCHMOCTb X OT 

KBallTOBOro 'lHCna I 

l13MeHeHne nepeMeHHblX cf, • 0 • y npll BpameHHll onpell91!SleTClI xopomo ll3B9CTHb!MH 

BblpaJKeHmrMH Anll npoeKnHA onepaTopa MOM9H~a TBepAoro Tena 

lx=-ihl-coscf,ctg0-k--sin¢fo-+ ':J:f ~1, 

4 

.l 

IY=-ihl-sin¢ctg0~+cos¢~+~ lr I, 

a 
·1.=·-ihac,1> 

(7) 

EcnH op11e11THpy10mero nonll neT, TO cj,yHKllHll lp ll= rutc11anbHO-CHMM8TpH'llibIX Slll8P 

. D _,I, /5/ 
AOn)Kfibl COBilaAaTb C O0blql!bIMH --.,yHKllBSIMll 

'l' I 
=Di:iKXK(l),a 

Krut ylKe roBOpHnOCb Bb!lll8, TrutHe cj,yHKilllll CllllbHO OTnH'lalOTCll OT Bb!palKeHHA, HCilOllb3YlOIIlHX

Cll B KOllKp8TllbIX Slll8pllb!X MOll9nlIX1 B KOTOphlX COCTOllHllll Mpa Ollp8/l81lellbl ltSK cj,yHKllHll 
' . 

KOOpllHHST HyltnOllOB (nanpHMep, OT HllnbccenoBCKIIX cj,yl1Kll11i!). IlocJie)lllHe ne llBnlllOTCll coo-

CTB9HHblMH cj,yHKllllllMB onepaTopa nonnoro cmrna llApa 1 2 
• no 00118/lSlOT OCblO Cl!MM8TPI!'.ll, 

KOTOpylO naM YJlO0llO ceA'laC·C'lUTaTb HanpaBneanon BAOllb OCH X naooparopnoil CHCT9Mbl 

KOOPAHHST, PaHee 0blno Cllenaao npe11nono:atenne O TOM, 'lTO MOAellbHble cj,yHKnHH npH0l!l!lKeH

H0 COBilajlalOT C pemeHHHMH ypaBH8llHll Illpe)lHHrepa Anll ll/lpa B none U • Mb! MOlKeM Tenepb 

c¢opMynHp0B8Tb HeCKOnbKO YTBep)KJlen11n OTHOCl!Te/IhHO xapaKTepa STOro nonH. Bo-nepBbIX, 

ero cneJXyeT C'lHTaTb He aaBHCllIItHM OT Y , nocKon&Ky Bpamenne Ha yron y O OTHOCll-

TellbHO OCH CHMMeTpHH ne MeHlleT COCTOllHllll llllpa, H, C1191lOBaTenbHO, none u (y+yo) 

Aei!cTByeT Ha lI/lpO Trut lKe, ltrut 11 u(y) • Bo-BTOphlx, none U llHBapHaHTHO OTH0CHTenb-

HO BpamenHll B nn0CKOCTll y Z , nocKOllbKY MOJXenbHble ¢yHKllHll oonaAalOT COOTBeT-

CTBy10mel! CIIMM9Tpllel!. HaKonen, MO)KHO cqaTaTb, 'lTO none BeC&Ma TO'lHO op11enT11pyeT CllC-

TeMy BAOnb OCH X • TaK 'lTO 

<'I' l(sincf,)
0 

l'l'> « 1 
·. 

<'l' I co-f >0 l'l'> « 1 (n=l,2,3 .. ,) 

IlocneAHee YTBeplK)lea11e onpaB)lb!BaeTCll oom,mol! BenHqHHOA Jlllcnepcl!H MoMeHTa KOnH'leCTBa 

JlBHJKeHHll B COCTOlIHHll 11e¢opM11poBaHHOro llllpa, onHCb!BaeMOM HHnbCceHOBCKllMH ¢YHKllHlIMH, 

Pac'leTbl, 0 KOTOpbIX nol!AeT pe'lb HHJKe, noKa3blB8lOT, 'lTO Jlnll cj,yHKnnl!, MO)lennpyromHX 

COCTOllHHll peanbHhlX ll)lep, )llICnepcHll paBHa 

2 2 2 • 
<'l'IIYl'l'>=<'l'II.l'l'> =50h 

(<'l'!Iyl'l'>=<'l'II.l'I'>=O). 
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One1ui:a cnpru>en1rnaa KaK np:a yqeTe napHhIX KoppelillnHII, Tax :a oea TaKoro yqeTa. 

C'l'.J(TaH HepaBeHCTBO 

2 2 h 2 
/1.¢ AI.> 4 

2 2 
110 CllllhllhIM :a Hcnoru.aya one!IKy n:acnepcHH A I• =<'I' I I• I 'I'> , np1rneneHHy10 Bhime, BHUHM, 

qro <pn10KTyan:a:a 11anpaBne!IBH ocell CHMM0TpHH HJ1pa B COCTOHHBH 

Kom,ux rpanycoB. 

'I' He npeBbima10T Hee-

CAenallllbI0 3aMeqaJIHH OTHOCHTenbHO <pyrucnHII \!' noaBonHIOT BallTH nonXonsmee Bbl-

pa:>KeHBe nns MaTpHqHblX sneM0HTOB oneparopa yrnoBOli qaCTOTbI OJ B <popMyne (5). 3a-

n:ameM 

<'l'll{H,¢ll'I'2>= 

=fdr,r,~( cf,,0,y)lx .. l H[u]X2 • ¢l'P2(¢,0,y). 

rne dr=sin0dcf,dyd0, a qepTa oaHaqaeT ycpenHeH:ae no BHyTpeHHBM nepeMeHHbIM snpa. 

Ben:aq:aHa non aaaKoM :aHTerpana npencTaBnHeT coooli <pyHKD:HJO OT IY, I, ,(I.), 

¢,0,y: 

2 2 2 

X:H[u]~2=f12(Ix,Iy+I.,¢,0,y). 

liaTerpnpoBaime ee C 'PYHKD:HHMH Ip~ • "'2 Bbill8n.11eT TOnbKO TY qaCTb, KOTopaH Be oopama

eTCH n Bynb npH ¢=0, 0=f. IlOCKOnbKY KOMMyTaTOpbI [I.,¢1. [Iy,cf,] conepJKaT 

BenHqHBbI TaKoro Tnna, BX BKnan B OKoaqaTenblIOe BbipaJKea:ae nonJKeB ObITh Man. TaKHM 

oopaaoM, HMeeM 

a r 
fdr,/,; { £12 , cf, l 1"

2 
=fdr1"~ ~ 1"

2 
z 

lia np:aBeneBHbIX Bhime <popMyn npH 3TOM cnenyeT, 'ITO 

<'I' I ;, I '!' > = f dr1"* L x* H X "' = 
I 2 I a! I 2 2 . 

aH I 'I' > =<'l'1l"iTT"; 2 

(8) 

JlpOH3BOUHYJO :r B <pOpMyne ( 8) 0CT0CTBeHHO CBSl38Tb C AaHHblMB no aneprHHM ypOBHell . 
POTSD:HOBHbIX nonoc, paBHblMH 

8 

I, 

,' 

., 

. 
E 1 =E +f(M)•E +aM

2
+bM 4

~ ••• ,a a a .. 

May!{!+ 1) 

ByneM cqHTaTb1 'ITO MaTplOl.a <il_lli_li>=<il:r Ii>, 
a1 • I• 

T.e. "ITO 

<ilo,li>=<il.P-IJ>, 
1. 

(9) 

(10) 

rne f(I) - HMHeTCH c1tam:1paoll <pyllKnHell oT oneparopa i = 11 + 11 + kl c TeM:a 
X 4 Z 

lK0 K03~HnHe!ITaMB, 'ITO H B <popMyne (9). Torna ycnoBHH (5) MOryT CJIY:>KHTb KpHTepHeM 

TOro, 11acxonbKo xopomo <py11KitHH I i > H a11epr:a:a E KaKoli-nHoo MonenH snpa annpoxcnN 

pylOT cneKTp COCTOHJIHII peanbllbIX snap. 

YcnOBHSI (5) MOJKIIO :acnonb3oB8.Tb H llnH onpenene11HH BenH'!HBbI napaMeTpOB a • b 

H T.n. 'PYIIKIIHH r(1) TaK :>Ke, K ax 3TO nenaeTCH npH noMom:a <popMynhI li11rnHca nn.11 MC 

MeaTa HllepnHH Slll0p. 

.llna H3Me'!eBHH Kon:aqecTBeaaoll HB<popManHH c<popMyn:apyeM cnenyromee npannno: 

a) onpenelIHM KaKHM-JIIIOO oopaaoM 'PYBKUHOHanbBylO aaBHCHMOCTb f{I), BBOUH 0/lHE 

unu necKom,xo napaMeTpoB (Tuna a b B <popMyne (9)); 

6) aailneM 3J1aqeBHH 3THX napaMeTpOB, KOTOpb1e no MeTOllY nauMeHbillHX KBanpaTOB 

11aunyqmHM oopaaoM YllOM0TB0;1HIOT M0Tpune ycnoBHil (5). 

Pemean:a, nony'leBHbl0 TaKHM o6paaoM, ecTeCTBeHHO conocTaBHTb C p~aynbTaTaMH H3-

MepeHBH aneprnll poTailHOHHblX nonoc. Ha 3TOM nyTH MOJKIIO, B npHJIIlHne, pacCMOTpeTb Bon

poc, KaK ynyqmaeTcH peruenHe ypannennil (5) npu BBenennn B <popMyny (9) oonbmero qncna 

napaMeTpoB, T.e. onpenenHTb, nacKonbKO aneKBaTHo name ananue <pyrucu:all I i > u anep-

rnil E BHyTp0HHHX COCTOHHHM CHCT0Mbl onncaHHIO neTanell pOTSD:HOHHoro cneKTpa. 

II. IlOCMOTpHM CHaqana, 'ITO naeT c<jlopMyn:apoBaHnoe npanHno, ecnH 3aBHCHMOCTblO MO

M0HTa HHepnHB OT 1 MO:»<HO npene6pe'!bo B COOTBeTCTBHH co CKaaaHHhIM Bb1rue npennono-

lKHM, 'ITO onepaTop ~ MOJKeT 6b1Tb annpOKCl!MHPOBSH <popMynoil 

1. 
0) =r;; 

7 
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c eJUIBCTBeHHbIM- 'IBCII8HBhIM napaMeTpoM J0 

BlI/l { CM.' 4
1

) 

YpaBH8lll!SI (5) B aTOM cnyq:ae np1106peTaIOT 

lllJ =r:1 l<ilI.l.\><,\II,IJ>l-1-+-1-1E...LA11 
0 E,\-E 1 E,\-E

1 
J0 

{12) 

npH'I8M i, j,.\ o6osaa'IaIOT IIIOObl8 COCTOHlllISI S!Jlpa, Op1!8llTl!pOB8llHOro BH8filHIIM no-

II8M {cM. cj,opMyny (3)). 

nnarominbHbl8 'III8llbl A U 

Ta 11aepn1111 Sl)lpa B COCTOSIIIIIB 

B cj,opMyne {12) COBna)laIOT C Bblpa>K8HB8M /:IIISI MOM8ll

/4/ 
no <popMyne Harnnca • 0AaaKo BcneJICTBBe npnonn*ea-

aoro xapaKTepa cj,opMylihI {II) ( a TaK )1{8 Bb1pa)Keanl! JIIISI I i > n E ) H0Anaron;a11bHbI8 
• . 1 

'III8Hbl A1l ,10 • To'IHOCTb <pOpMylibI ( 1 lf MO)K8T Ob!Tb on0a0aa, 8CIIB BOCnOIIb30BaTbCSI npa-

BlIIIOM, ccj,opMy11npoBalIHbIM B KOHil8 np8/lbI)lymero pa3)181Ia. TTpnMeHHM M8TOJ:{ HalIM8HbWIIX 

KBaJ:{paTOB JllilI OTUCKaHIISI "nyq:mero" pem0Hl!H ypaBH8lll!l! 

.&_g_ = 1. 
Jo 

A?.!= 0 
Jo 

( 13) 

y'IHTbIBalI c paBHbIM aecoM J:1BYXKBaSII'IaCTII'IHhl0 cocTolIHBSI I j > , BXOAlimn0 B cyMMy AIISI 

MOM8HTa naepnIIn a cj,opMyn0 HarnIIca. TorAa nony'IBM: 

lo =Aoo (1+-1..:£ I A 1
2

) AH°" a 01 

(14) 

TTpII Bbl'IlICII8HlIII M8TplI'IH!,IX 91I8M8llTOB onepaTopa yrnoBoro MOM8HTa 1 B paMKax 
/6/ z 

CB8pXT8Ky'Iel! MOl181IlI orpaHB'IIIMClI n0peXOA8MII TOIIbKO B 2-KB831I'I8CTII'IHbl8 COCTOSIHBSI . 

i>=lvr,v'r\,._ Tort:ta nony<rnM 

A ,=-v+,v- l 
s,a < v + I i z I sa> < sa Ii • I v' + > x 

v:f.v'r:1:- s,V=ls 

X [ ( u,_, U + V ,_, V )( U V ,- U , V )( _ __l_ + _L_ ) + 
s s s v v s Es+Ev, Ee-Ev 

( 15) 

+(u,.,,u +v,.,,v )(u v -u v )(__L_+_L_)] 
8 , B S JI V S E + E E -E , 

a V s V 

MeTOAHKa ~IICII8HHblX paC'I8TOB Obllia aHanorB'IHa TOI!, KOTopalI npoBOAIITCSI B paooTax 

/6/ 
B.r. Co110Bb8Ba II 0ro COTPY/lHIIKOB , a TaK)K8 B paOOTaX O)lllOrO II3 aBTOpOB J:18HHOi! 

171 
CT8TblI • B pacq:eTax 11cnonb30Ba1IaCb OJ:{Ha B Ta )1{8 q,HKCl!poaanHaH CBCTeMa II3 36 ypoB-

H8l! Cp8AH81"'0 nonlI, a )l8q,OpMaUHSI lIA8p C'IHTanacb nOCTOSIHJIOil ( /l • 0,3) • 8bl'IBCII8HII8 

MaTpHilbl A , npOBO)lHII8Cb no 20 ypOBJISIM Cp8J1Hero nonH. PesynbT8TbI 'IHC;I8Hilb!X v+,v-

8 

I 
I 
! 
l 
j 

J 

I 
~ 
f 

~8C'I8TOB npeJ1CTaB1I8Hbl B Ta61111n0 1, 113 KOTOpol! CII8AY8T, 'ITO ncnonb30B8HII8 yclIOBlllI on

Tl!Mallblloro pa3J:{81I8HIISI n0peM8HHbIX npBBOAHT K yB81IH'I8HIIIO TeopeTJI'I8CKOro 3H8'I8HlilI MOM8H

Ta 1rn0pn11H. H3B8CTHO, 'ITO paC'I8Tbl MOM8HTa llllElPilllH no cj,opMyne Harnnca )laIOT CIICTe~a

TII'I8CKII saHB)K8llllb18 3H8'I8HIISI 8TOll B81III'I1Illbl, 8CIIII napaMeTpbI BOIIHOBblX cj,yHKillll! BbIOIIpaTb 

no )lallHbIM O ~Ba3JI'I8CTII'IHOM cneKTpe lIA8p. TTpeJ:11IO)K8llHblll npocToil M8TOA y'IeTa ~eAnaroH81Ib-

llb!X 81I8M8HTOB MaTplIIlbl AO! npBBOJ:{BT K cymecTB8llHOMY YB8IIB'I8HIIIO MOM8JITa HHepunn 

J
0

,TaK 'ITO ncnom,aoaanne ero AaeT ouenKy J 0 6011hmy10, 'I8M aKcnepIIM8HTanbnoe ana-

'I8HH8 8TOil B81Ill'IIIHbl. 0AH8KO ll8J:{Barona1Ibllb18 MaTplI'IHble aneMellTbl AO I MO)KllO nonbI-

TaTbClI yM8HbWHTb npyrIIM o6pa30M: YCIIO)KHSISI BRA 'PYHKUIIII (,)(I) • KaK 6yneT noKaaano a 

paanene IV { 22). 8TO caoaa· np!IBOAIIT K YM8Hbfil8ll1IIO JO Toro ]1{8 noplinKa IIIIII OOIIbme. 

III. HsMepe1me aaeprnl! ypoanel! c OOIIbWIIMB MOM8HT8MII I (annOTb .!lO I= ( 16.;. 18 )h 

noKaaano, 'ITO 38BIICIIMOCTb MOM8HT8 naepn!III CIICT8Mbl OT I cymecTB8HHa y)Ke npn 

/1 2/ , 
I= 10 • • BonHOBbl8 cj,yHKDHII THK Ha3b!B88MOil cBepxTeKy'Iell M.OII81III S11Ipa, I annpOKCH-

MHpyromIIe pea1Ibllbl8 lIJ:1pa,npencTaB1IlilOT co6ol! THKYIO CM8Cb COCTO>IHIIil C pa3Hb!MII 3H8'I8HIISI-

MII I , 'ITO IIIICnepCIIlI 

· <Oli 2 I 0> = 100 h 2 

( CM. Taonnny .1). noaTOMY 8CT8CTB8HHO noHbITHTbClI onpenenIITb 6onee TO'IHO, 'I8M no <pop-

Myne( 11), cBlI3h Me)K)ly onepaTopaMII II w 8 STOM pasnene Mb! p·aCCMOTpIIM BOnpoc 

O TOM, naCKOIIbKO OIIH03Ha'IHO STa CBSl3b MO}K8T Ob!Tb BOCCTHIIOBII8Ha II3 nsMepemi:l! • SHeprIIl! 

ypoBHel! poTalllIOHHOl! nonoCbl. 

HaaecTHO, 'ITO SKcnepIIM8HT81IbHbl8 naHHbl8 MO)KHO C xopomeil TO'IHOCTblO Bocnpo1I3B8CTH, 

cnenaB onpeJ:181I8HHbl8 npennolIO)K8HlilI O CBSl31I Me)K)ly MOM8HTOM KOIIH'I8CTB0 IIBlI)K8lllilI I lI 

CKOpoc;TblO BpameHHlI CHCT8Mbl '" ( B KpeHKHHI'-MO)l81IH onpenem110mel! Bp8M8HHYIO 38BHCH-

MOCTb opneHTHpyromero l{OIISI: U = U (rf,-(,)t)) • Bb1pa)K8lllI8 ,IIIISI SHeprnn, ·npnBeA~HHOe B pa-

/8/ / 
6oTe • nerKO nony'IIITb,pemnB nacj,cj,epeHUHHIIbHOe ypaBH8HII8 X 

aE 
aM=w • ( 16) 

B KOTOPOM cj,yHKHIIOHalibH!IlI 38BHCllMOCTb M((,)) onpeAeneHa <pOpMynoil 

~I= J (,) + 2 c' w 
3 + ••• 

0 , 
{17) 

x/ /9/ 
3To ypaBH91IH8 xopomo HSB8CTH0 B cTaTHCTH'I8CKOil <pH3HKe Bpamaromnxcsi Ten ( CM. ] • 

9 

I 



HaB0CTHO, 'ITO TaKllM o6paaoM ynaeTCSI xopomo Bocnpoll3B0CTll 8H0pr0Tll'10CKll8 cneKTp COCTO-

l1Hll8 E(I) YlK0 B npeae6p0lK0HHll BC0Mll CT~pmnMH CT0n0Hl!Mll cu , Kp0M0 np.HB0n0HBblX 

B q,opMyne ( 17). 

cf>yHKUHOHanbHaSI aaBHCllMOCTb E(I) ll3 q,opMyn ( 16) • ( 17) oKa3bIBa0TCSI B0CbMa cnoJK

x/ 
H08 , onHaKO OKa3bIBa0TCll B03MOlKHbIM naTb npyroe nayxnapaMeTpll'l0CK00 onucanue aaBH-

CHMOCTll 

E
1 

=].Q_(y'l+..LI(I+ 1) -1) 
C J~ 

(18) 

KOTopoe non6opoM nayx KOHCTaHT , Jo n C • TaKlK0 BOcnponaaonHT aaeprHH ypoBH08 B 

npenenax TO'IHOCTH 8KCII0pHM0HTanbHbIX naHHbIX (cM. Ta6nnuy 2). cf>opMyna (8) COOTB0T

CTByeT cnenyromeli 38BHCHMOCTH MOM0HTa HH0pUHll llnpa 

. J=.d.M..=(£.E._)-1 
aw aM2 

OT MOM0HTa KonH'10CTBa nBHlK0Hllll M = y'~ 

J=Jo (1+..LM2)a/2 
J2 

0 

( 19) 

-I 
Ha puc. 1 npnaenea rpaq,ux aenH'IHHbl J na q,opMynbl ( 19) n npencTanneHbl axcne-

pHM0HTanhHbI0 naHHbI0 nnll BTopoll nponaoonaoll OT aneprnu ( aallneHHbie no q,opMyne HhroTOHa 

• /10/ 
C Y'l0TOM A 1 no A 4 BKnlO'IHT0nbHO, CM. ) • naHHbl0 OTHOCSITCSI K llnpy Dy tso, Be-

nli'lllHbl Jo II C nony'l0Hbl o6pa6oTK08 no M0Tony HaHM0HbWllX KBanpaTOB aKcnepHM0HTanb-

Hb!X naHHblX nm, 8H0prHli no I = 16. 06naCTb BHYTPH nyHKTnpHbIX nnHHli naeT omn6Ky onpeneneHHSI 

2-oii IIpOI13BOAHOI1 OT aneprnn B npennonOlK0HHH O rayccoBCKOM pacnpeneneHHH B0pOllTHOC-

Teii B onpeneneHHH 

0,3%. 

E, n OTHOCHT0nhHOfi TO'IHOCTH onpeneneHHSI nocnenae8 B0nH'lllHbl 

Ha pncyHKa BllAHO, 'ITO XOTSI Hanll'lli0 aaBHCHMOCTH J(I) ne Bbl3bIBaeT HHKaKllX 

COMH0HHil, HSWll 3HaHlllI O neTan>IX 8TOH 3aBHCl!MOCTH 0I!l0 O'l0Hb H0B0nHKllo TaK, H8IIpHMep, 

H0B03MOlKHO Ha OCHOBannn 8KCII0pl!M0HTanbHbIX naHHbIX cnenaTb 3aKnl0'10Hll0 0 TOM, 0CTb .nn 

o6nacTb , rne B xone Kpnaoii J (I) llM00TCSI p03K00 H3M0H0HH0, KOTopoe MOlK.1;10 6blnO 

6LI CBl138Tb C ~l830BbIM nepexonoM OT caepxnpoll3BO)llII!l0ro K HOpMaJibHOMy COCTOSIHlllO srnep

a.oro BemecTaa. 

IV. 06o6meane cxeMbI pacqeTa, npennolKeHHoii B paanene '.I Ha cny'lall, Korna w(I) 

0Tn1!'{80TCSI OT cpopMynbI ( 11), OK83blB80TClI 0'{0Hb cnOlKllUM, IIOCKOJibKy npH 8TOM y onepa-

Topa OJ 

xi 

OK83blB80TCSI OTnll'lllblM OT nyn>I orpoMH00 'll'CilO MaTpli'lHb!X aneM0HTOB1 HHLIX 

HMe0T MOCTO COOTHOUl0HH0: E=fcu 2 J o+f c'w 4 + ••• 

IO 

, '10M y onepaTOpOB I • OnHaKO cpenn BC0X 8THX MaTpH'lHblX aneM0llTOB MOlKHO BbinenHTb 

'6onbll!H0' MaTpH'Illbl0 aneM0HTbI, pacCMOTp0HH0 KOTOpb!X II03BOnSl0T cq,opMynnpoBaTb H0KOTO

pbl0 KB'l0CTB0Hllbl0 peaynhTBTbI, H0 npOH3BO)lSI A~TaIIbHbIX pacqeToB. 

nn>I H0.0;0Hb 60IIbWHX 3H8'l0!1Hfi MOM0HTa KOIIll'10CTBa nBHlK0HHSI nonpaBKH K anep-

run, Hallnea'aoll no· q,opMyne ·lKecTKoro poTaTopa, MOlKHO nony'lnTh, npeHe6pera>I B paanoJKe11un 

( 9) BC0MH qneHaMn, KpOM0 HanncaHHbIX. Ecnn B BOJIHOBbl0 q,yHKIIHH 'P, BXOA!IT C 38M0THOll 

aMnnnTynoll TOJlhKO KOMIIoHeHTbI c TaKnMn aHa'leHH>IMII 

CT8BIITb B Bline 

, To onepaTop w MOlKHO npen-

1. ( ➔ 2 w =- 1--c-I ) 
JO 2]2 • 

0 

(20) 

npH'l0M B COOTB0TCTBHH C peayJlbT8T8MH, npnaeneHHLIMH B Ta6nnne 2 (q,opMynoll 18 npenbIAy-
. ~ ' 

mero paanena)' C = 4 - 7 Man nn>I '10THO-'l0THblX !I/l0p C 6onbll!Oll CTaTH'l0CKOll neq,op-

Mauneli. 

Bonhll!H0 MaTpli'IHbl0 8Jl0M0HTbl onepaTopa OJ 

x/ 
MoryT 6bITh onpeneneHbI q,opMynoll 

(nn!I cny'la!I <'!'JI J<ll>,/0) 
z 

< 'P I ,: I <l> > = <'l' I I I ,r, > [ I - _c_ ( 3 < <l> I I 2 I <I>>+ < <!J I I 2 J <!J > ) ] = 
J 212 z y 

0 0 

= [ 1 -~ < '1l I j 2 I 4 > ] <'I' J I• I <!J > 
12 J 

0 0 

(2f) 

KoTopa!I npnaonnT K npH6IIHlK0HHbIM paB0HCTB8M 

ooc=.1._:£<0JI lv><vll Jk>l[l-yL<OII
2
IO>)>< 

L J Z Z J2 
0 0 

(22) 

1 c ➔ 2 1 Ao, 
"E -E +[1-2<kll lk>]EEl=-1-· 

V O J
0 

v- k 0 

➔ 2 

Ecnu aenH'IHHa nncnepcun < k I I I k > onuaaKoBa nn!I ncex cocTo>IHHll I k> n coananaeT 

C nncnepcueii B COCTO!IHHH JO>, OTHOCRTenbHaH BenHqRHB qneHOB A~
0 

A~, B paccMaTpH-

aaeMoM npn6nHlK0HHH ae 38BHCHT OT Benn'lHHbl K03qlq,HUH0HTa C • Eonee Toro, npaanno, 

x/ CooTHoll!eHne < 11' I I: I <l> > = 3 < <!J JI! I 1> > < '!' I I• I <Jl > aeneT, B 'IBCTHOCTH, K peaynhTaTy 

<<!i II 4 I¢>= 3<<!J I I 2 I <t > • • TTocne::iHnfi MOlKHO cB!I3BTh c naHHbIMH 06 HHTerpane nepe-

KpbIT:SI N(B~ =<¢I e1fl 1 • I~> Cornac·ao/111, npn He6onhll!HX ,'l ¢yaKUH>I 
_J 1 ➔ 2 

N(fJ) B0CbMB TO'IHO annpoKCliMHpyeTC>I BbtpalK0HH0M N(fl)= exp { -,r < l > ,'i l. 

Ha nocnenaefi ¢opMynbI COOTHOlll0HHe, npHB0Jl0HH00 

TliTb, 'ITO <<lllI:J<ll>=(--dn_N(,'l)) -o· 
d(i,S)n {3 -

11 

B Haqane CHOCKH, rronyqaeTc£, ecnH aaMe-



c¢opMynnpoaaHHoe Bb1me, He noaaonneT B TaKoM cnyqae onpeAenHTb ooa xoa¢¢nnneHa j
0 

u 

c, BBeAeHH; BTOporo qneHa a Bbipa>KeHHe (20) Ami Cu(I) MO>KeT yMeHbillHTb OTHOCHTenbayio 

aenH'IHHY HeAHaroHanbHbIX aneMeHTOB A~K TOnbKO B TOM cnyqae, ecnn AHCnepc1rn <kli 21k> 
cymecTBeHHO 3aBHCHT OT k TaKaH aaBHCHMOCTb HMeeT MeCTO, HanpnMep,B TeOpHH napHblX 

Koppennnnn c onoKnpoaKon. Ilncnepcnst 

< k II 2 I k > = 2 I I < VT I j I v' r'> ( u 0 ,- u ; 0 ) 12 

VT z VJ/ VV 

v~,,. 
cymecTBeHHO 3aBHCHT OT aenH'IHHbl KOppenHUlfOHHbIX a¢¢eKTOB, yaenH'IHBaHCb C yMeHbme.1meM 

ponn napHblX Koppenstnnil. K TaKoMy >Ke a¢¢eKTy AOn>KHO npnaecTH ysennqeHne Ae¢opMannn 

HApa B B030y>KAeHHbIX COCTOHHHHX no cpaBHeHHIO C Ae¢opMannen OCHOBHoro COCTOHHHH, Yae

nH'I8HHe .ne¢opMannn,a CBOIO oqep8Ab,MO>KHO CBH3aTb C npHM8CbIO KoneoaTenbHbIX COCTOH

HHII K KBaanqacTH'IHbIM a coCTOHHHHX I k > , TaKHM oopaaoM, MbI npuxoAHM aAecb K BblBO

AY, 'ITO Anst TeopeTn'IeCKoro onucaHHH Koa<p¢nnueHTOB p0Tanno.1rnon cepunrHHbIX, '18M KoHc-

TaHTa Jo (cM, ¢opMynbI ( 18,20) ), H800XOAHMO nonb3oBaTbCH ¢yHKUHHM
0

H 

I k > 1 oonee TO'IHO annpoKcnMupy10muMn cocTOHHHH HAep, 'IeM ¢yHKUHH MoAenu ueaaBHCHMblX 

KB83Rt{8CTHU. 

Ilnst Toro 'ITOObI yMeHbmeHue H8AHai"oHanbHblX qneuoa A;. obmo cymecTBeHHbIM, Heoo

XOAHMO, 'ITOObl Bblpa>K8HHe B KBaApaTHblX CKOOKaX B ¢opMyne (21) 3aMeTHO OTnH'Ianocb OT 

0AHHHUbinpu l<I>>~IO> , T.e. , 't!T06bI 

J c------
- <k II2 I k > 

ITonaraH ~k I 12
1 k>==( 1+ 8)<0li

2 
IO>, nonyqHM oaeHKy 

C=..]l_ 
l+ 8 

j',\aB - 2 

'ITO HaXOAHTCH B COOTB0TCTBHH C peaynbTaTaMH, npHBeAeHHblMH B Taonnnax 1,2 npu 

B=0,3+1,0. 3aMeTHM, 'ITO npu· 3TOM npHBeAeHHaH Bbime oneaKa Jo nepecTaeT Ob!Tb 

TO'IHOR, nerKO BHA0Tb, 'ITO yqeT Koa¢¢nnueHTa C B Bbipa>KeHHH An.II "'' MO>K8T npHB0CTH 

K yMeHbilleHHIO napaM8Tpa Jo • 

8 3aKnIO'l0HHe aBTOpbl cTaTbH Bb!pa>KaIOT. onaroAapHOCTb 'lneHaM rpynnbI Teopuu stnpa 

naoopaTopuu TeopeTH'IeCKOR ¢H3HKH OHHH aa HHT8pec K paooTe, 

nu Tep a TJ_P a 

l, F, S. Stephens, N. Lark, R, ,.1. Diamond. Phys ,Rev, Lett., 12, 225 (1964). 
' -

2. F.S.Stephens, N.Larl<, R,11 Diamond,Nucl. Phys., §,82(1965),. 

12 

3. H.J. Lipkin, A, de Shalit, I. Tai mi. Phys • Rev, 103, 1773 ( 1956) • 

4, A.Bohr, B.R.Mottelson, Kong,Norske. Vid, Selsk., E• 12 (1958). 

5. ·A. :3nMoHnc. YrnQBbie MOMeHTbI B KBaHTOBoil MexaanKe. CoopHHK 'Ile¢opMannst aToMHb!X 
HAep'. Hn, Hl58. 
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HblX HAep. _focaTOMH3AaT, ltl63. 
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PHC. I. 3aBHCHMOCTb MOMeaTa naepllHH ,mpa Dy 160 OT_ M=../1(1+ 1) ( I -:"llHH-Sll!pa). /1 -

pe3yn&T8T o6pa6oTKH 9~cnepHM8HTBJibRNX .llBBBNXf cnnomaaH nHRHH.COOTB8TCTBYeT 

,t,opMyne ( 18), mTpHx-nyaxTlipaaH nHHHR COOTBeTCTByeT ,t,opMynaM ( 16, 17) c llBYMR 

TTymtTHpoM yxaaaa x:opunop oma6ox. Omn6xa B onpene-
• E . . . 

neRBB BTopoA npOH3BO.llHOA aM2 aaAneea B npennonO)f(:8HBB O raycCOBCXOM 

napaMeTpaMH J 0 H c' 

pacnpeneneBHB omu6xH B onpeneneaun E 1 , uaMepHeMoA c To11110CT~10 

li= 3. 10-'E I KoacT~~Tbl Te llCe, 'ITO n B TaonHll8 2. · 

20 M::§iJ 
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