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BBe;geHH€ 

P8.3JIHtlHOrO porta cxeau KBaHTOBaHHR, nOHHMaeMOrO B mKpoKoM CMbICJIe 

KaK nepexon 0'1' KJIaCCJ.JqeCKO~ reopaa K KBaH'l.'OBOti '. 06hItIHO BKJIIOtlBIO.T B"ce

6R o~~Be nOJIO~eHKe 0 ~OOTBeTCT£HH Me~ KJIaCCJ.JqeCK~mM H KBaHTOBMMH 

CK06KaMH ITyaccoHa [I,2J~ 
. A • ,II,A 

(A,8} = ~ LA BJ {I)1i ) ~ 

3anHCb (I), H83~BaeMasr HHDr~a npHHqHnnM KaHOHHtleCKorO COOTBeTCTBHH, 

03liatlae'r-: eCJIH TpM <pH3Ht1eCKHe BeJIHlrHHbI, CKB.1lteM A , /3 He, B KJIaC

CKtleCKott TeopHH CBR3aHli1 CK06KO~ Ilyaccona, Tiu< tlTO 1A, J3 J = C , TO 

onepaTOp~ 3THX ~e <pH3J.JqeCKHX BeJIHtlHH B KBaHToBott TeopMH ~O~HH 6HTb 

CB.ff3aHbI KOMMyTaTopoM TaR, tlTO t A,;3 ]= -ite . 
B CBO~ OtlepeAD,npHHqMTI ~I) waKTHtleCKH npe~nOJIaraeT (1-8J, ~TO Me~

flY ldHOJlteCTB OM -tPYH~Htt A(a ) 0'1' KJIacCJ.Jqe.CKHX He3 aBHCHMbIX n epeMeHHhIX 

a =(C?"Gi!'7") M: MHo~eCTBOM oneparopoa A H3 anr-eepa dfa.. c 06P83yxl

~HMM a=(Q1,QZ.'" .), H3.o6p8Jlt8l>Iq1fMM O~HO H '1'0 xe MHOllteCTBO ~M3Ht1eCKHX 
SeJIJ.JqHH B KJIacCHtleCKOR H KBaHTOBOR TeopHflX COOTBeTCTBeHHO, c~eCTBYeT 

HeKoTopasr O~H03HatlHasr B3aHMOCnR3b ()(.•• ) , TaR tlTO 

Qic: = O(al<) > A = O(A(a.») Eo d1-a. (2) 

B CJIytIae HepeJIHTHBMCTCKMX KJIacCKtleCKOR H KBaHTOBOtt MeXaHMK AHH 

CMCTeMbI MaTepHaJIbHhIX TOtleK, KorAa a -::: ('(1>" 'J '1/V'fl' ' . J"p"...) , npeAJIOJlt€HO 

MHOJlteCTBO pasJIKtlHlilX BapMaHTOB B3aHMOCBH3H 0(·,·) , H8.3bIBaeMOR B cxe

Me KBaHTOBaHHR npaBHJIOM COOTBeTCTBHR.(CM •• HOOlpHMep,tI-23]). 

O~HaRO HH O~HO H3 3THX npaBMJI He rO~MTCR ~JIR nOCTpoeHMR KBaHTOBOR 

reopaa rsma ITayJIM, ~paKa M ~. ,IJ,JIR TOtletlHbIX 06'DeKTOB, 06JI8JJ,8Il~HX ra

KHMH <pH3KtleCRHMH xapaKTepMCTHKaMH,KaR cnMH, MarHHTHbIR MOMeHT H T.n. 

,neJIO B TOM, tlTO TOtletlHlie 06'DeKT~ B KJIacCJ.JqeCKoR MeXaHMKe 3TMMH xapax

TepHCT~KaMH He 06JI8JJ,BIlT,H COOTHomeHHR (I), (2) TepRDT CMbICJI. 

ITonbITKH BBe;geHHH nOHRTHH cnHHa ~JIR TOtletlHOrO 06'DeKTa B KJI~CCKtlec

KOtt MeXaHHKe npe~npHHHMaJIHCb, aanpaaep, B pariorax [24-28]. Ilpa .3TOM B 

[24, 27, 28J cnHH BBO~HTCR KaR co6cTBe~Hbltt MeXaHHtleCKHR MOMeHT npoTH
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~eHHoro 060eKTa, T.e. 060eKT nepeCTaeT 6HTb TO~e~HHM. B pa60Tax (25, 
26J cnas BBO,IJ,HTCH KaR cBoe06pMHaH CTpYJCTypa sa rpaCCMaHOBbIX t J'Ire6pax. 
ilpH 3TOM 060eKT OCTaeTCH TO~e~Hb~, HO TeOpHH XHmb C 60Xbmo~ HaT~KO~ 

MO~eT pacCMaTpHBaTbCH KaR KXaCC~eCKaH, nOCKOXbKY CO,IJ,e~HT HeKOMMYTH
PYIDIIlHe" He3aBHCHMHe nepeMeHHHe. KpoMe TOrO, B 060HX no,IJ,Xo,IJ,ax CxeMa 

KBaHTOBaHHH (1)-(2) He npOXO,IJ,HT, TaR KaR CMHCX CK06KH ifJ. 3 B (I) 
CTaHOBHTCH B xyqmeM cnyqae HenOHHTHHM. 

B HacToflIIle~ pa60Te npe,IJ,xaraeTcH eIIle O,IJ,HH BapHaHT BBe,IJ,eHHH cnHHa B 
Kxacc~eCKYID TeopHID To~e~~oro 060eKTa C nocxe,IJ,ymIIlHM nepeXO,IJ,oM K COOT
BeTCTBYIDIIle~ KBaHTOBO~ TeopHH Ha OCHOBe KBaHTOBaHHH (1)-(2). PaccMaTpH

BaeMH~ no,IJ,XO,IJ, OCHOBaH Ha BBe,IJ,eHHH nOHHTHH CTPYJCTYPHo-To~e~Horo 060eK
Ta [29], T.e. To~e~Horo 060eKTa, 06x~avIIlero He TOXbKO c06CTBeHHHM Me

XaH~eCKHM MOMeHTOM, HO H ,IJ,PYrHMH, 60xee CXO~HHMH CTpYJCTypHhlMH xapaa
TepHCTHKaMH. 

2. HHTyHTHBHoe onpeAexeHHe CTPYKTYPHo-To~e~Horo 060eKTa 

PaCCMOTpHM ~H3~ecKH~ 060eKT, npe,IJ,CTaBXHDIIlH~ c060~ CKonxeHHe 6ec

xoneuaor-o MHO)!eCTBa To~e~HbIX ~acTHQ, HYMepyeMblX HH,IJ,eKCOM K. , HMelOIIlHX 
MaCCbI m;< H 3aPH,IJ,H e; • IJyCTb q-:::;(ro.>f:< ,.,,) H p=::.(-,:>j5',<.",) eCTh 

COBOKynHOCTH xoopnaaar If KHHeTHlIeCKHX HMnyxbcoB, T.e. P-< = ml< ?J< 
ilpe,IJ,TIoxo~HM, ~TO paCCMaTpHBaeMH~ 060eKT HaxO,IJ,HTCH BO BHeillHeM CTa

~HOHapHOM rpaBHT~HOHHOM, 3xeKTp~eCKOM H MarHHTHoM no~e C nOTe~Ha

XaMH <1y£") , tj(~), ;rrF) COOTBeTC'l'BeHHO H 06x~aeT BHYTpeHHe~ norea

~HanbHo~ 3HeprHe~ WCq), 3aBHC.RJ:qeR TOXbKO 0'1' B3aHMHOrO pacnonoaeaaa 

cocTaBxHIOIIlHX ero ~acT~. 

TO~,IJ,a BbIp~eHHe ,IJ,XH 3HeprHH II 060eKTa, 

H{q.p) f (/;,J<f,<2 + mJ<CP(~) + eJ<tf(q~» +W(. ..Jin-q; ., .. ).) (3)-x: 

MozeT paccMaTpHBaTbCH KaK ~~HH raMHXbTOHa B T~PMHHax KOOp,IJ,HHaT H 

KHHeT~eCKHX HMnyxbcoB, T.e. cnpaae,IJ,XHB raMHXbTOHOB ~OPMaxH3M, 

A = (H,A J ,r:r,XH Bcex A =Ar1,P) , (4) 

co cK06KOR llyaccoHa B B~e' 

~ (oA (;8 "dA dB ~J< df - 'dA 'dB .)
[.A.8j = -7 ()fKJ.~,J.- "d'lKJ. ~;<J. C E~t <l. (~) -oPKJ ?Plii' • (5) 

CnpaBe~HBOCTb yTBePM.r:r.eHHA (4), (5) cxeAYeT H3 npOC'l'o~ nO,IJ,CTaHOB

KH Bbq)wp:eHHH (3) B ypaBHeHHH (4) C YlIeToM onpeneaesaa (5) npa A = C/H,}. 
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H A = PKrJ: • TaxaH UO,ACTaHOBKa npHBD.p,HT K 'l'pe6yeMo~ BaaJi!MOCBH3H 'tH.J. = 
.= f;<,j./int<, npaBWlbHhlM ypaBHeHH.HM Jl:BHJKeHHH I 

1'llx.¥K<L ::; IJ7J(-Qcl (~) + gl(~(r:) + {fc E...,~Pi<t~(r:.J - ~#W(,N..r,,-"t ;o-J,{6J 

It ,IJ,Mee CHeBa K tl>OpMyXaM f4},. C5} WIH BottmCJleHIDl npoH3Bo,IJ.HHX OT" 3Hatle

HHn ~H-fi.Koop.n.HHa,.- If HMI'Iy;IbC'OB ITEr BpeMeHH. 

B: eOO-THomeHHflX ffr) t (6) If Aanee nc nos~Op.flIlIItHMCH H~eKCB.M cJ:. t f ' 
Ct ••• XOMn:OHeHT 'rpeXMepHHX BeK'l'OpOB .nonpasyaesaerca CyMMHpOBaHH8- It 

HeITOJIb3y!oTCH. H8I1pSDlteHHOCTB BHemHHX noxei1: 
..
G = - VCP7 (f = -VI1~ . ~ = lVxAl w 

BBe;n.eM B paecaorpenae noxHyIl MacCy m ~ noxHblJf sapan € , KOOp

J\HHaTY ~eH'l'pa.l4aec q H nOJIHb1~ HMnyJlbc P- 060eK'l'a, 

--'7 F -7r (7).
In -= £:mK " e = Z. e; >- q:::::: m ?-~ql< ,. 1;-LF~ , 

H IeI<,.~,)(C 

a TaKEe OTKKOHeHHH KOOPAHHaT H CKoQocTe~ COCTaBXHID~HX ero ~acTKq OT 

KOOp~HHaTH Ii cXOPOC~H qeHTPa Mace: 

-,. ~;r • ~ ~ ., of  (8)11< = CjK - '1 ,. t. = '1K- r = Iii; ~ - m" .. 
IIpa- 3TOM Kg en H (8) C O~e-BHJUiOCTblO cxe,IJ,YeT:

F = mi( ~ ~m...r: -= /i fflxtK = O. (9) 

llepej:f,IJ,eM 'l'enepb K nOHHTHV CTPyKTYPHo-To~e~Horo 060eK'l'a. 

ilpe,u;noJIoJKHM, '{ITO 'C~ecTByeT H9ROTOpJdi IDITepB8JI paCCTOHIDUl eo , 
He~ocT1llHH! Henocpe,IJ,cTBeHHoMy 3KCnep~fMeHTanbHOYY Ha6xn,IJ,eHHIO (no Kpaj:f
HeA ~epe Ha AaHHOM 3Tane paaBHTHfl ~H3HKH) H ~~o B CHXy ypaBHeHHft ~BH

JreHHH (6) BbTIlOXH1ieTCH ycxoBHe 

l ~ (+) - C{(t:) \ * t", ecna Pi/to) - 'frto)l ~ t~ (IO) 

npa XI06bOC «, to H t. > i:o• 
He n~TaHCb 06nHCHHTb ~H3~ecKYIO C~HOCTb Tpe6yeMoro ,IJ,nH 3Toro B3a

MMoAeRcT-BHH Me2!,IJ,Y ~acTmtaMH, OTMeTmA, ~TO ,IJ,XH BblTIoJiHeHHH YC.iIOBHH (IO} 

He06xo,IJ,MMa T~8.H cTpyKTypa BHYTpeHHero nOTe~HMa W , 'tlT06b1 KWK,lJ,a.H 
~ _ H tlaeT~a B xn60R MoMeHT 1: HaxO,IJ,HXRCb B nO'l'e~MaxbHoR HMe B 

oKpecTHocTH q;(t) , npHtleM HaeTOJIbKO YSKoR H rJIy60RoR, tI'l'06b1 BHemHHe 
CKnN He MorXH npHBeCTH K paCnHHBaHHID 060eKTa B OOJIacTb npOCTPaHCTBa, 
npeBhIlII8I>II\YIl 060eM nop~Ka·(!o)3'. 'raxHM 06paaOM, ycxoBHe (IO)"HaKXSJUi

saer HeHBHbIe Orpa.H~eHHH K~ us. ...£TpyKTYPY nOTe~HMa W , Tax H aa 
Be~~HHY HanpSDIeHHoCTeft G ,~ H 3f BHEmlHHX noaea, 
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llpH BNnO~HeHHHX YC~OBHflX (IO) paCCMaTpHBaeMOe CKOn~eHHe TO~e~HHX 

~aCTKq C TO~KH 3peHHR 3KCnepHMeHT~bHHX Ha6~~eHHM C~O npe~CTaB~ReT 

c060~ TO~e~HbI~ 06~eKT, XapaKTepH3YDmH~CR B nID60~ MOMeHT ~ ~Hmb O~

HO~ KOOp~HHaTotl 9a) , B Ka~eCTBe KOTOpOtl MOJlteT 6hITb BhI6paHa KOOP~H
HaTa qeHTpa MaCC (H~H ~6aR ~pyraR ROOp~HHaTa BH,YTpH CKOn~eHHR, TaR 

KaK no YC~OBHIO ~IO) OHH 3KCnepHMeHT~bHO Hep~~~HMbI). 

Tenepb MhI MOJlteM ~aTb onpe~e~eHHe CTPYKTYPHO-To~e~Horo 06~eKTa KaK 

~H3~eCKoro 06~eKTa KOHe~HO~ Ma.CChI ~ KOHe~Horo 3apR~a, COCTo~ero H3 

6eCKOHe~Horo MHOJlteCTBa MaCCHBHb~ 3apRJ!teHHb~ To~e~HhIX ~aCTHq, COcpep,o

To~eHHhIX, B CH~Y B3aHMO~etlCTBHR MeJK,IJ,Y coqoJ.! H BHeUIHHMH nO~RMH, B JOO

60M MOMeHT BpeMeHH B 06~aCTH npOCTpaHCTBa, p~MephI KOTOPO~ He~ocTyn

HhI Henocpe~C~BeHHOMY 3KCnepHMeHT~bHOMY Ha6nro~eHHIO. 

lloc~poeHHe TeopHH C~PyKTYPHO-To~e~Horo 06~eKTa (KaK K~acc~ecKotl, 

TaK H KBaHTOBO~) eCTeCTBeHHO npOBO~HTb HCXO~R H3 COOTHomeHH~ (1)-(9), 
HcnO~b3YR M~OCTb Be~MtlHH !KJ.., ~aK 'KaK B CH~Y (8) H CIa) I)K)~)J~f., 

npa JlK)6blX K, d. H t- • 
TaK,~~R 3HeprHH (3) CTPyKTYPHo-To~e~Horo 06~eKTa npH p~ffOJlteHHH B 

pR,iJ, no CTeneHRM lJ<J. no~~aeM 

H=:;T+V+V. (II) 

3~eCb T H 1/ eCTb KHHeT~epKaR H nOTeHQH~bHaR 3HeprHH 06~eKTa 
KaK 3apRJlteHHot:l MaTepH~bH9~ TO~KH, 

-( -~T=:5r,p, U = rnCj.){if) + e ':!(ef) , • CI2) 

a \I - 3HeprHR, OTp~aromaR BH,YTpeHHDn CTPY.RTypy 06~eKTa M BH,YTpeH
nee ~BIDIteHHe cocraananaax er-e ~aCTHq: 

v -= T+ W - dE"(f) + '" (13) 

~ !!k.~~ 
T = L as-< ~ VI = W(."J}:' ..'), d -=Zel<l'I<J) (14) 

... I<J( 

~R TeH30pa nO~Horo MeXaH~eCKOro MOMeHTa ~ 06~eKTa B CH~y CO
OTHomeHH~ (7)-(9) HMeeM TO~HhIe COOTHome~HR: 

L ~ mc/-;pf! ~.J:-r = ~ m", 'I~J.fx.t = L';I'" g,}.t ) 
J 

(I5)'4J.t 

Sr:Jt -= ~ mKl"d iJ<! (I6) 

HaxoHeQ,~~R TpaeKTopHH qrrtJ CTPYKTYPHo-To~e~Horo 06~eKTa H3 CHC
TeM~ ypaBHeHH~ ~B~eHHR (6) H 0603Ha~eHH~ (7)-(8) npH pa3~OJlteHHH B 
PR~ no CTeneHRM SI<d., HaxO~Hi/I 

mil = mGr{J + e£(cr) + ~trjkpl .,. tLrxg{(f)J + 

+-CdV)(l(fJ + t[~II'5«~pJ) + E ty=tV)xJ7r¥Jj + ... {I7)~ 

=t "\ ~.e... •:fI =2.-<?"il<rl, ( {IB) 
J< f !dj' = ~ 2c-~1'f1<<l ) 

llepaae TpH czar-aeaax B npaaoa qac'l'H :y-paBHeHHR (I5) onpenenanr ,IJ,e~

CTBHe BHeIDHMX nOJIeA- na CTPYKT.ypHo-TO'tletrtlhtt:f 06~eKT KaK aa 3apSDlteHHYBJ 

MaTepHaJIbH3'lO TOtrRy, OCTaJIbHhIe OTp8Jlt8.IDT -eHJIbI, B03IDHtaIOl!.U18 aa cxer ero 

~KpbiTot:l OT Ha6JIl),IT,eHHR CTPYK"TypbI. 

Be~~HHhI THna (14), (16) H (IB), onpe~e~ReMhIe CTPYKTYPO~ paccMaT

pHBaeMOrO 06~eK'l'a H BHYTpeHHHM, C!tPhITbIM OT HsnoCpe,IJ,CTBeHHoro Ha6JI1J~e

HHR ~BHJ!teHHeM eOCTaB~RIDmHX ero 3~eMeHTOB, B ~~bHe~eM 6y~eM Haa~BaTb 

C~PYRTYPHb~H xapaxTepHCTMKaMH. 

~ecTBeHHo oTMeTHTb, trTO B CH~Y p~~o~eHHM THna (13), (15) H 

(I7) CTpYKTypHNe xapaxTepHcTHKH THIla (I4), CI6) H {I8) HMenT treTKH~ 

~H3MtreCKH~ CMNC~. 

DTMeTMM eme, trTO ypaBHeHHe (17) ,IJ,O~HO 6bITb ~onO~HeHO ~HcTeMo~ 

ypaBHeHHt:l ,IJ,BHJlteHHR ,IJ,~R C8lt1HX CTPYKTypHbIX xapaKTepHCTHK. TaKHe ypasne

HHR MOJltHO no~yqMTb,AH~epeHQHpYR BbIp~eHHR THTIa (14), (16), (18) no 

BpeMeHH C yqeToM 0603Ha~eHH~ (8) H ypaBHeHH~ {6). D,IJ,HaKO npH 3TOM B03

HHKavT HOBNe CTpYKTyp~e xapaKTepHcTHKH, ¢H3~ecKH~ CMNC~ ROTOpMX B 

60~bIDHHcTBe e~yqae~ HeRceH. llo,IJ,06HOro THna CTpyKTypHNe xapaxTepHcTHKH 

nORB~.flI)TCR H npa BhItrHc~eHHH Pa3~~HbIX CKOt>OK Ilyaceoaa (5), He06xo,IJ,mmx 

,IJ,~R KBaHTOBaHHR (1)-(2). 
TaKHM 06P830M, CTPYKTYPHo-TotretrHhI~ 06~eKT xapaxTepH3yeTcR Macco~ 

m ,3apR,IJ,OM e ,Koop~HHaTo~ f ' KHHeT~eCKHM HMnY~bCOM p , Bce

MH ~H3~eCKHMH BemfllHHalont,npHCYillHMH 3apRJlteHHO~ MaTepH~bHo~ TQtrKe, 

T ,1/, LJ,t' ••• f H 6eCKoHetrHo~ qenotrKotl CTPYKTypHbIX xapaxrepac

THK 7: , W, d.A. ' SJ,f'... • COOTB~TCTBYJO~aR CHCTeMa KJIaCC~ecKmc 

ypaBHeHH~ ,nBIDKeHIDI TaIOIe CleCKoHetrHa {KaK no ~HC~y ypaBHeHH~, TaK H no 

trHC~y trReHOB B OT~e~bHOM ypaBHeHHH) • 

ll03TOMY ~~R nOCTpoeHHR 3aMKHYTOA (K~accwqeCKoA, H~H KBaHTOBO~) Te
I 

OpHH CTPYKTYPHO-TotretrHoro 06~eKTa, C KOHetrHhIM ~HC~OM CTPYKTypHbIX xa
~ 

paKTepHCTHK H KOHeqI~ qHC~OM ypaBHeHHt:l ,IJ,BHJ!teHHR (B c~yqae KnaCCMtrec

Koro OnHCaHHR), He06xo~HM CaMOCOr~aCOBaHHbIM H 060CHOBaHHNA 06PhIB qe

nOqKH CTPYKTypHhIX XapaKTepHCTHK. 
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3. CTPYKTYPHo-TOtletl~~ o6oeKT B npocTe~meM npH6nKMeHHH 

PacCMOTpHM npH6nIDlteHHH I-I'o nopamea no napeae-rpy lo. 
HOOJOMHHM, tlTO B CHny ycnOBH.H CIO), onpe~enmo~eI'o nOH.HTHe CTpyKTyp

HO-TOQeqHOI'O o6oeKTa, IJ~~I 6 f o • IT03TOMY B npH6nHmeHHH I-I'o nopfl,IJ,Ka 

. 
X~,f = f a<!~,J SI</ = 0 -' X'..J = ~f + 'tfd. = 0 CI9)

f 
npa KOHetlHbIX CYMMHpyeMbIX K03qxp~HeHTax Q", H ,Itn.n: CTPYKTypHbIX xapaare
pHCTHK THTIa (16) H (IS) cnpaBe~HB~ none3~e B ~anbHeAmeM COOTHOmeHH.H 
aHTHCIDAMeTpHH: 

v -	 ~a \: ~ =.:i.£.. Y " = E Y; (20)
1.,J,.t -	 ~ k SI(d. jK! t'¥' t ) 'cA "11 Jt .a 

llepetlHcnHM OCHOBHbIe CTpYKTypHbIe XapaKTepHCTHKH, npacymae coraacao 
(11)-(20) CTPYKTypHo-TotletlHoMy o6oeKTy B paccMaTpHBaeMoM npH6nHmeHHH:

d - co6cTBeHHbIA ~HTIOnbH1>IA MOMeHT, 
]f - CKOpOCTb H3MeHeHH.H co6cTBeHHoI'O ~HTIOnbHOI'O MOMeHTa, 
~ - co6CTBeHHbI~ MeXaHHtleCKHA MOMeHT,
F - co6cTBeHHbI~ MarHHTHbIA MOMeHT, 
r - BHYTpeHH.H.H KHHeTHtleCKa.H 3HepI'HB, 

VV - 3HepI'HR BHYTpeHHeI'o nOTeHQHanbHOI'O B3aHMO~eRcTBHR. 

qepe3 BHYTpeHHHe, cKp~TNe OT Henocpe~CTBeHHoI'o Ha6nD~eHH.H Be~HtlH-, 

HhI mt<' e .... , c;;. H ft< nepetlHCneHHhIe CTpYKTypHbIe xapaKTepHCTHKH sapa
EBDTC.H COOTHomeHH.HMH 

...... '=;'"" "7
d :=. .L- eH~K ") J = L."'Htl< ) s =Lm~ tLlrYt<] , (2Ia)

jJ.	 I(I< 

~ L~2 - - Y .!?.JL t-7 .z: ] r =. .L 2ro~}Jo( ) (216)
~ -.L- e« il<>"ll<	 

I«I« 

.	 J... -.;;-"" Cc2 -= w (2IB)
W -= ~ + .a ~ -7-~J.n! lj(~J"f :l lI.d'lIj o/',Kd..-' 

I'~e nepeaeaase T... H t~ onpeneneas lfJopMynaMH (7) H (S). 
B paanoxenaa (2IB) BlipWtteHH.H CI4) ,IVI.H 3HepI'HH 'vi paBeHCTBo HYnD 

CYMMN T.lXeHoB.nponop~HoHanbHHX JN~,B~TeKaeT H3 Tpe60BaHHfl OTCyTCTBH.H 
nOCTO.HHHHX CHn B CHCTeMe (6). K03qxpHqHeHTN p83~OEeHH.H (2IB) BenHKH, 
HnH HeCyMUHpyeM~. B npoTHBHOM cnyqae no aHaROI'HH C (19) npH~ocb 6H 
nO~OJltHTb \III = W., -= C'o"sf. H 6WIO 6~ nOTep.HHO e~HHCTBeHHoe 060CHOBaHHe 
cnpaBe~nHBOCTH ycnoBHH (10). 

rrepeA~eM Tenepb K yCTaHOBneHMD .B3aHMOCB.HseA Me~ CTpyKTypHHMH xa
paKTepHCTHKaMH (21) Ha OCHOBe cKo6oK nyaccoHa (5). 

C nOM~bD B~TeK8I)~HX H3 o603HatleHHA (7) H (8) lfJopMyn ~H<M>epe~Hpo-

BaHH.H no KoMnOHeHTaM Koop~HHaT ~= H HMnynbcoB p;' , 
d _ m; d + a /11,.. Z "d

'Oif;d-	 - m '?Jqd. ~I(~ - Ji1 'd5n<A (22a)n 

~ r » ;f-(J	 (226)d	 = 
~PJl,ti. tOPd.. ..,. ~ -o!J<.,l. - ;n'+ ()}"do. 

~n.H HeHYneBbIX npoH3Bo~~ O~ Koop~HHaTN H HMnynbca (7) H OTCTpYKTyp
HbIX xapaxrepac rax (21) no.i'IytlHM 

~	 =~~ etPA = S<:l~ ') d~ = f711< %K Sodt J (23a)r O'K.~ fI'\ ',JJ) ~t<et Ii -aqKJ. 

~ =- ~1<~Jf ~ OfK<:J... §r 3q~<A =mK~J(I-"\f " ~K.J.~ - £.rJ( JHg- ~ (236) 

~ - /~. -~&)
011<J. - C!d[ l 2c .1 i<t' amO l" ' ~J. =- E}J( (2;C ~ - 2~~ JI<{ ) > (23B) 

~r • 'dW -	 L 1',"1 - '.!!.!5. ,-W ,-, ) l: (23I')
'Ofxd = Jfic1 ') - - \LV",cllJ~ m L "~~n{6 Sn~

'01r(J... h } J n' J J 

B (23) ~ AaJlee Hcnonb3YIDTC.H o603Ha~eHH~
 

;z = (E't< - g )

J.<	 m..", m C OtleBH~HW~ CBO~CTBOM L.mJ<%IJ. = o, (24) 

~ 

~HcneHMe cKo6oK (5) npoBe~eM B npe~no~o~eHMH 06 O~HOPO~HOCTH no
n.H	 ~ a 06~aCT.HX C p.a3MepaMM nop~Ka to, T.e. 

2: C{/< (lfi(q?-r1: ) - ~(1) ) = 2:.al< n~V)~i{) = o (25) 
I< H 

npa KOHetIHIDC cyw"mpyeMbiX aN.,' 
C yqeToM (23) H (25) ~n.H cKo6oK ITyaccoHa (5) C yqacTHeM KOMnOHeH~ 

7f ' rr, C1 H r HMeeM 

(26)!C(dlCf.! J = 0 ~ fqolJf,J ::: -Sdf {fd}PJJ == - ~ E..Jj5 ~t' 
I I 

{Cf~}"J J -= !pd) d; j = fq<i}f,1 = O. ~ Pd}~ l = - tc E,J!'f 'dfQ 
(27) 

t: 
3~ecb Mnaaee *.,.. '31(q). a t, eCTb CTPYKTypHa.H nOCTOHHHa.H pasaep
HOCTH ,I\nMHbI, onpenenaeaaa TOJIbKO napaaerpaua mHo H e; 

f ~	 (28)2t.. = f2. Z ~KXU. ~z. .?-mJ(.i!u > o . 
t<C	 K 
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B npe~~eM naparp~e ~e OTMe~anOCb, ~TO np~ B~HCneHHH cKo6o~ 

(5) MoryT nOflBnflTbCfl HOB~e cTpyKTYPHWe xapaxTepHcTHK~ (Ben~HHa l 
eCTb O~Ha ~3 H~) H ~nfl 3aM~KaH~fl TeopH~ Tpe6ymTcfl ~ononHHTenbHbIe 

npe~nono~eHHff. 

B KaqeCTBe npocTe~ero npe~nono~eH~fl 6y~eM c~~TaTb, ~TO e eCTb 
Ben~~Ha 1-ro nOpflAKa ManocTH, a 

(- 2 1 -.::;- -'7 f ~ ~~17=0. Col L ('j<~1( = 0 cL.e~Z:I'/.!I(=O Ci.. L- C2l(zJt. 's -= 0 (29)
>< -' ~ ) '" I~ 

KaK Ben~HHbT 2-ro rroPflAKa ManOCTH. 
ITp~ yqeTe np~6n~eHH~ (25) H (29) C nOMO~bID COOTHomeHH~ (25) AnR 

cKo6oK (5) C ~acTHeM CTPYKTYP~ XapaKTepHCT~R (21) B ~ononHeHHe K 
(26) ~ (27) nonyqHM 

{ dd /J, 1 = 0 -' .[ o~, 1.r 1 = - !c/-S<J! ) l :5d ) J]J = 0 -' (30) 

(31 )iQ<l.,s!') = 0) IpJ I CJ:.,t 3 -= ~ (Sd\le.dcf~t" - dd.*J) 

{d,j, Sf ~ -= 'SJ~dt > j -Jd l ? ;' =: ~cl<ffo) ~ S,d,Sj\.1 = ~dt Ss ) (32) 

(33)
{q,Jlf!~ = Ipd'J!/1 = 1dJ 'f ! 1 = 4£d'f' j -= 0) 

(34)i 5~,ff ~ -= EjJt fa) iJ1d,f f J = EJdt0o- +~~C2 (~t, - d.,.J.o.) ~ 

{qJ,r!s ~ {&J/:J -= 0, 1PdlZ"1=f~t}~) idd.T3 -= -:fd. ) (35) 

(5d JZ"J = £J'Joff~t' ljtcl,r ~ =Ertf~~6' + &~ (-t~-~~)~. (36) 

B (34) H (36) B03HHKna ene O~Ha CTPYKTypHaJI xapaxrepaceaxa, 

I! • 
- ~ ~ '>- §: z ... L~ .s; J (37)0: == 2~; <1~l~>1I(J - 2fY1cf + 7 ..Jyc2. )It"~~ ,

K. /( .
 
KOTopan H3-3a Han~fl eKopOCTeR ~H He no~aeTCfl Herrocpe~CTBeHHoR 

OQeHRe. O~HaKO B paccMaTpHBaeMOM 
~

rrpH6n~eHH~ B TaxoR OQeHKe yxe HeT 
Heo6xo~I~OCTH. 

PaCCMOTp~ BcnOMoraTenbHHe Ben~HHW 

X.,I. = jlrJ. - fi1 (Sd. - {;z £~!1Jt) , ~ = Z"-2~l~t~ +fd-~) (38) 

r~e ~1 - npOH3BOnbHafl nOCTOflHHaJI. 

Mcrronb3Y!i' o~eB~Hoe paseaceso {AJ6~j -= {A,8~(, iA,t'1 8 H co-l-

OTHomeHHfl (26)-(27), (~0)-(36),HeTpY~Ho rroK~aTb, ~TO CKOC)RH ilyaccoHa 
~fl BeJI~HH (38) C JIJJClb1MH KOMrrOHeHTaMH Ben~HH q, f ' d l1' T 
pasrra HyJIl> H, xpoae ror-o , {~,s,,)- = - ~JIr X'cf' {~,Sd.! =0. 

TIocKonbKY cKoClKH llyaccoHa B ROHe~HOM HTore orrpe~enRIDT ~UHaMHKY 

oC)-oeKTa, TO, C~HTafl Cf, P , ;r, J ,"if He3aBHCHM~H rrepeMe~H, 

np~O~HM K B~BO,IJ,Y': Xol. = ~Cs) =. ga.!3.,J.. .J 21 = r .. -= (b"",";' • OCl03Ha
~a.fI Terrepb 9 -=. [jf-+ /12., W.3 (38) HMeeM: 

l I 7 --,-'7
ji=gs"-i2.t~JJ) r=~:t 

2 

-J'~+ro (39) 

ITOCTOflHHaJI ..8 ,m.'IeID~aJI CMbIcn H pasaepaoers rl1'poMarHl1'THOrO oraoaenaa, 
l1' BenmHHa' '7:0 , m.!eIO~aJI CMbIcn nOCToflHHo:A cocTaBnm:lIl{eR BHyTpeHHeR RH
HeT~ecKoR 3HeprHH, OCT~TCfl HeOnpe~eJIeHHNMH. 

IIpH B3BJfMOCBfl3RX (39) B CHJIy COOTHollIeHH:A (26)-(27), (30)-(32) pa
BeHCTBa (33), (35) H rrepBbIe paBeHcTBa H3 (34) H (36) BbITIOnHRIDTCfl TO~
HO, BTopbIe paBeHCTBa H3 (34) if (36) MoryT BbITIOnHflTbCfl ~Hmb rrpH6JI~eH

HO (o TOlffiOCT:OJD no 'tJJIeHOB TmI8 de II JI[X npOII3BO,llHHX). 

PacCMOTpHM Terrepb cRoClKH (5) C yqacTHeM BHyTpeHHeR rroTeHQHanbHoR 
3HeprHH W , onpenenaeaos B npH6JI~eHHH 1-ro nopanxa cPopMyJIoR (21B). 
C nOMOInbl> (23) nonyqHM 

-{1~IWJ ~ IpoI/Wj = !c{;IWJ = OJ J ± wJ = Z zK'4d,n6 10,8 ,1 d, ~I'l J J 

{S~lWJ = ~Jt' h-W«'! >IIAJ J(! ! (l) ) 11:1\IV'J =2= ~J, "! J'II! Lid. }
N,n 

/j!{"W) = 'J.lJ~ 2:;:oW"f',n~~".i~"" - ~{ ?';<4;,n,Jn,,) . 

:(
IIpHBe~eHHHe COOTHomeHHfl rrOK8.3b1BBI.lT, ~TO ecnH rro aHaJIOrHH C (39) cy

~~TByeT B38.H140CBfl3b VI C He3aBHCHMblMH rrepeMeHHNMH if ' f ' ;;r ,
 
f , s ,TO HeH3C)ezH8 nponopnxoaaasaco-n, W~.J,".t r"v e;»; 'a.,J! ' T.e •
 

w~ ~ co': 7~ 

(I
" l 

~.. = tae.. eJ<en d:t ' W = 2Rc 2 CI + rt<, . (40)"""'In,. 

B cPOpMyJIax. (40) nOCTOflHHaJI W , HMeIl~aJI p~MepHOCTb ~acTOThl, H BeJIH
~HHa ~o, HMeD~aH ONNcn rrOCTOflHHOR COCTaBJIHID~eR BHyTpeHHeR nOTeHQH
anbHO~ 3HeprHH, OCTBmTCfl HeOnpe~eJIeHHbIMH. 

Cne~eT,O~HaKO,OTMeTHTb, ~TO VV OTBe~aeT 3a BNnOJIHeHHe ycnoBHfl 
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(IO) H no 3TO« np~HHe ~O~Ha 6NTh Be~~HHO~ no Rp~He~ Mepe O-ro no
psnxa, TIoCKO~hKY t. H d eCTh Be~HtlHHOI I-ro nOp.R,IJ,Ka, T.e • .{ ........ 1 H0 

(;;tl r-..., to ,TO W ~ (to r lJ jz , rne n ~ 1 • TaKHM 06PB.30M tellacToTa W 

~o~Ha 6HTh BeCbMa 6o~bmo~ Be~~HHo~.H CB.RSaHHH~ C He~ nepHoA ~r;r~ 

MOMeT oKasaTbC.R HHTepBanoM 3KcnepKMeHTanbHoMY HSBpeMeHK,He~oCTynH@M 

MepeHIm. 
rrO,lJ,CTaB~.R.R K03~~HeHTOI (40) B npHBe~eHHHe B~~e cKoC5KH TIyaccoHa C 

yqacTHeM W, OROHll-aTe~hHO HMeeM 

Iq<hW J -= Ipd,WJ -= {~)w J = 0:> .[~,W1= w~Jd.,> (4I) 

{5
d tW

J -= {jfei) W J = 0:> J z;"J W 1 = ~; ci.:f~ . (42) 

RPH B3aHMOCB.R3,RX (39) H (40) B CH~ COOTHomeHHA (26)-(27} it (30)
(32) paBeHCTBa (41)-(42) BHnO~H.RIDTC.R TOllHO. 

~aRKM oOpasOM, CTPYXTYPHo-TollellHOI~ 06neKT B npocTe~eM npH6~~e

HHH, onpenenaexoa I-M nop.R,II.KoM MaJIOCTH no napanerpy tt> H3 YC~OBH.R (TO), 
yC~rrBHeM KB83H-O~HOPO~HOCTH MarHHTHoro no~.R (25) H yc~oBHeM HClle3HOB€
HH.R CTPyK~YP~~ XapaKTepHCTHK (29), xaprotTepH3yeTC.R He3aBHCHMb~H nepe
MeHHb1MH i(, f' ;J , f', s . YpaBHeHH.R ~BHMeHH.R ,Il.JI.R He3aBHCHMhIX 
nepeMeHl~ onpe~eJI.RIDTC.R nepBMM paBeHCTBOM li3 (4) npH cKo6Kax TIyaccoHa 
(26)-(27), (30)-(32) C yqeToM Bl::lpWKeHH.R (II) ~J1.R 3HeprHM H BsaHMOCB.R
3e~ (39)-(40) (pe3Y~hTaTH eM. B .~e~eM naparpa~e). 

OTMeTMM, <iTO noceossaae Z:O it vv.; B (39) M (40) MOMHO H3 pacCMOT
peHH.R HCKnnllHT~ nepexo~oM K cooTBeTcTBYD~eMY oTclleTY ~.R 3HeprHM. 

4. KJIaccmecKoe OnMCaHHe 

Cornacao pe3Y~bTaTB.M npe~b~HX naparp&poB R~acCKtleCKOe OnMCaHMe 
CTPYKTYPHo-To~ellHoro 06neKTa B npocTe~eM npH6J1HMeHMH CO,lJ,epmHT cJ1e~
~H~ HalSop nOH.RTM~. 

I. ~~aMeHTanbHaR nOCTOflHHaR C • 

2. CTpYKTypHbIe nOCTO.RHHhle: xacea m > <0, 3ap.R,II. e , rMpoMarHKTHbI~ 

lfJaxTOP	 .fl ,XapaRTepHCTWeCKaR ,IVIHHa R» 0, xapaxTepHCTHtieCKaR 'tlaeTOTa 
oa :> 0 • 

3. He3aBHCHMHe nepeMeHHHe: Koop,lJ,HHaTa ~ , KHHeTHtieCKH~ HMnyJIbC 
p , co6CTBeHHb1~ ~HI10JIhHbI~ MOMeHT d , CROpOCTb ero H3MeHeHHfi "7 , 

c06CTBeHHN~ MeXaHmeCKHn MOMeHT er. 
4. 3aBHcMMbIe nepeaemrse: co6cTBeHHbI~ MarHHT~ MOM8HT F ' BHyT

peHH.R.R KMHeT~eCKafl 3HeprHfl 7 ,BHYTpeHHfl.R 3HeprHfinOTeHqg~hHa.R 

\IV' , nom{fi/~ MOMeHT =r , noaaas 3HepI'H.R H H r ,n , llPM 3TOM 

I	 ;
 

- -~ ~	 £.Vz. ~<::--,. 4 L-:7..JW - fJS - toz. 011<] J W'= 2le~ d .. (43) 

(-72 -> (44)Y = LqxpJ -+ S' , r = 2te2. f - j1 Cff ) 

.1.. Z,-1, I (-;;"2 ;;r~) -,,-;> -7H = em -, + m ....r-: of' e t:f of- 2tc' f +l.,J J -olg -.7~ . (45) 

A 
\1 B np~CYTCTBHM BHemHero cTaqHoHapHoro rpaBHTaqHoHHoro, 3JIeKTp~ec


xoro H MarHHTHoro noaa C HanproKeHHocTRMH G{"e)~ l"lF) M "(f1(g) COOTBeT

'~\ CTBeHHO He3aBHCHMBe nepeMeHHHe Y~OBJIeTBOpRIDT CHCTeMe ~aBHeHH~ ~B~e
; HH.R: 

~f. m?~	 (46a)= 

fr = m G + e ~ -+ :;'C t fX ~J . + t t~ '¥J -r 

. -+ V(?() .,. .g V((S7 - t~~ LJ~rl) lfil) (466) 

-:r ~ r , (46B) 

""":+ -,> Ie ~JT= -w~ol + fe a@ 4- -n;- lrx ~ )	 (46r) 

tdxlJ + ~ L(s- (~Z Ll)(JJ)Jljl] + tlctp}(~11 (46~)~=	 :'-C 

Bee noaa B (44 )-(46) 3anHCaHbI KaR <PYHKJ.\HH OT er . 
CHcTeMa (46) H COOTHOmeHH.R (43)-(45) npe~CTaBJI.RDT co6o~ 3aMKH,YTYD 

KJIacc~ecKYD TeopHD CTPYKTypHo-TO'tle'tlHOrO o6~eKTa B npocTe~meM npH6~H

MeHHH. COcToflHHe TaKoro 06neKTa 3~aeTC.R 3HalleHHRMH He3aBHCHMNX nepe
MeHHbIX a = (q~fl, J:1::S). YpaBHeHH.R (46) O~H03HallHO onpenenanr 3Ha
lleHH.R aCt) npa t: > to no 3~aHHMM a (to) • 

OTMeTHM, 'tlTO B KOHKpeTHhIX 3~atlax BMeCTO He3aBHCMMbIX nepeaeaasx 
p H 1: Y~06HO BBeCTH nepeaemrse Jf H £" , CBfl3aHHbIe C Ha6opOM He

3aBHCHM~~ nepeMe~ COOTHOmeHHflMH4"" 
--r -7 I """"-:7' 

-,. -? 1 t -? ~JJT =P-c dxlif/ , 5 = 5 - ~2 tJ)<:f] • (47)
~) 

Tax, HanpHMep, ~H~epeHQHpYfl (45) H (47) no BpeMeHH,B CH~Y ypaBHe
HHR (46) nOJIYllaeM ~Ba saxoua coxpaneaaa: 

. ~ -;;, ....,.
H=O, S = ab:) )C~J ), T.e. H=tbn:if.) ~~ (J01l6t • (48) 

H3 (466), (43), (45) H (48) CJIe~eT, ~TO Be~~HHa ~ MOMeT pac
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-..CMaTjlHBaTbC.Fl KaK CHHH CTPYKTYPHO-TO'll€'qHOrO n5'b8RTa. ~BCTBBHHO eTMe
THTb, 'qTD cnHH He COBnaAaeT C c06CTBeHHb~ MeXaHHtleCKMM MOMeHTOM~ ROTO
pbltf, B CBOIO ovepens ,He napaJIJI8JIeH COOCTBeHHoMy MarHWI'HoMy MOMeHTy. 

~HS-HtleCKHM CMblCJI oooo~eHHoro HMnyJIbCa 37 -np0.FlBJI.FleTC.Fl~HanpHM8p,B 

tlaCTHOM cnyuae (J"> '= ~,.."" 0 H {jf =(!o,,:.f. IIpH aTOM HS CHC'l'8Mbl (46) 

cnenyer : Yi!.=.!lJ,,11., .B TO speas KaR PZ=/:-{dJl1Jf. 

'5. ~BaHTOB08 ~nMcaHHe 

I ~ 

KBaHTOBaHHe H3JIO~eHHOM B npe~b~eM naparp~e KJIaCC~eCKo~ TeopHH
 
CTPYKTYPHo-TOtletlHOrO oO'beKTa y,I1,DOH8e npoBO,I1,HTb B TeJlMHHax rrepeMeHlDiX
 
(47). IIpH 3TOM OOPa.'3ytO~HMH KBaHTOB-DM aJIre6pbl RBJl.FlIOTe.Fl oneparopu 1 ' .J!
 

• 
; '~J~ ,it. 

To~eCTBeHHble CDOTHomeHHR ,I1,JIfl oopasYlO~HX KBaHTdBOtf aJIreOpbl yCTa-

HaBJIHBaIDTC.Fl npH~HnOM KaHOHHtleeKOrO COOTBeTCTBH.Fl (I) H CHcTe~~~ KJIaC

cHtlec~HX cRoaoK TIyaccoHa (26)-(27), (30)-{32). ~.Fl 3Toro ,n,DcTaTo'qHo
 
nepe~TH B YKasaHHbIX~06Kax 1t nepeMeHHhlM tt, J? , ;r , T, if, sa

~eM 3aMeHHTh B JIeBNX ~aCTRX paBBHcTB CROOKy {J"J Ha KOMMyTaTop

t ' ) .J , a npasue tlaCTH ,rr.OMHO:IKifTb He. -J.1i • B pesynsrare QOJIyq.HM
 

CHCTeMy ~~reOpaHtleCKHX TO:lK,I1,eCTB ,I1,JI.Fl oopasYD~HX:
 

'" ,If .., '" • .J-0 A A , (!t -'\
LqcL1tf,] =O~ t1<J,JTt1=lfIOd!~ tJTC:h~l=t.cf~CHt ~ (49a) 

tdd ,) ! ] ~ 0) tJo ,Jj'1 = i*fa~~~ ) t~dl~!l = O~ (496) 

L§d) gS'] = i *Ed!'d &, f" '	 (49B) 

A	 (49r)tqd,dJ ] ti<!,Jj> J Lq.,J, fJ' 1 = t3icl ,111 -= 0) 

'I (49,IJ.)l1o , f!, J t.n,j, St J t~, St] .;: t~ .. 1 ~t J .~ o. 

AJIreopa onepaTopOB, onpe,IJ.eJI.FleMa.Fl CMCTeMO~ TO:lK,I1,eCTB8HHHX COOTHorne I ~ 

HH~ (49), npe~CTaB~.FleT cuoo~ npoM3Be,IJ.eHHe Tpex B3aHMHO KOMMyTHp~~~KX 

(cOrJIaCHO (49r,,IJ.)) nonanr-eop: anr-eopa (49a) C oOpasYlO~HMH (V ,5r ), aJI
netipa (490) C oOpasYJO~HMM (j-,.t) H anr-eepa (49B) C oOpasYJO~HMH ( 8 ). .m 

" Bee TpH aJIreop~ M3BeCTHH. CJle,n,yeT JIKmb OTMeTHTb, 
npe,IJ.CTaBJIeHH.Fl aJIreop (49a) M (490) oeCKOHetlHOMepHH, 
npHBo,I1,HMOrO npe,IJ.CTaBJIeHH.Fl aJIreopbl (49B) onpe,n,eJIReTC.Fl 
~eJIbIM l.IHCJIOM cf (cmm B e,n;Hmm;ax 1; )• 

tlTO HenpHBO,I1,HM~e 

a pasMepHocTb He
~eJIbIM JIHaO nOJIy

· 

TaKHM o6pa30M, RBaHTOBOe OITnCaHne CTPYKTYPHo-To~e~oro 06~eKTa B 
rrpocTeMmeM -rrpM6~eHHH co,n;e~T cne,n;yromHH Ha60p nOHRT~. 

1. ~H.IJ:aMeHTaJThHbIe rrOCTOJIHHbIe c II *. 
2. CTpYKTYPHbIe rrOCTOJIHHble: Macca m > lJ , sapan e. , rnpoMarIDlTmlli 

lPaKTop :J. , xapaKTepMCTWIeCKaJI ,n;J]][Ha ,.I. > 0 , xapaxrepacraaecxaa ~ac-. 

TOTa ..W > 0, cnan i (nezroe .mr60 n0.nyIl;e-JIoe lfficnO). 
3~ KOMIIJIeKCHOe sexropnoe npocrpaacrno .d... KBaHTOBblX COCTOJImrn
 

I 'l/J '> , ,n;orry'CKaromee npencraaaeane anreopa (49) C' caMocOrrpIDKeHHHMII
 
npe,n;cTaBJIeHHJIMII	 ,n;JIH 06pasyroml!x. 

~ 4. oopaaynaae onepaeopx:.. Koop,n;IIHaTblq7 , 0606meHHor2 MMIryJI:Dca ~ 
J{ - , ,n;mrOJThHOrO MOMeHTa d , cxopocra ero II3MeHemm T , crrzaa S 

5. Oneparopx "3aBIICIDJIl:lX" <pM3wreCImX BeJIWrnH: KHHeTwreC.KOro 'EMnyJI:D
ca fr ' c06cT~eHHoro MeXEiHHtIeCKOrO ~oMeHTa -?; , C06CT.Be~Horo Mal'IDIT
aoro MOMeHTa :;: , nozaoro MOMeHTa :r , rrOJIHOn 3HepI'ID1' H M T.n, 
IIpII 3TOM COrJIaCHO (2) 

i\ ..... 

A = O(A(C??,;;;l, fI)) E: dta ) a= (ir}·;~ d, J, S) J (50) 

rne A(:,,) onpeneaeas RJIaCClftIeC!rnMII -COOTHOrneIDIIDJm (43)-(45), 0(,,·) 
HeKoTopoe ,KoHKpeTHoe rrpaBRJIO COOTBe~CTBRJI. 

B rrpIIcyTcTBEH BHeIIIHero cTa~oHapHoro rpaBIITaunoHHoro, 3JIeXTp:wrec
zoro II MarHIITHoro nOM C HarrpIDKeHHOCTJIMH G{z) £(p) II Jf(~ COOTBeTCTBeH
HO COCTOHIDle J'ljr,> y;n;OBJIe TBOpJIe '1' , COrJIaCHO 06meMY nocTyJIaTY RBaHTO
~O~ TeopHH, ypaBHeHMID 3BOJIIDqHl!: 

""i1idt Irrt) > -= H hjJr-iJ>	 (51) 

YpaBHeHIIe (51) II COBOKYTIHOCT:D caMocorrpIDKeHHHX onepaTopoB (50) a~
re6pbI (49) ~ KOMTIJIeKCHOM BeKTopHoM rrpocTpaHcTBe cocToRmrn npe,n;cTaBJIJI
IDT c060n 3aMKHYT.YD KBaHTOBYD TeopRIO CTpYKT.YPHo-To~e~Horo 06~eKTa B 
npocTeMmeM npII6JIRKeHHH. 

CymecTBeHHo OTMeTIIT:D, ~TO BblpaXeHl!JI onepaTopoB (50) ~epe3 06pa3Y
IDmHe orrepaTopbl Ci 3aBHCJIT 0'1' ROHKpeTHoro rrpaBRJIa COOTBeTCTBRJI, a HB
HID1 BM scex oneparopop - 0'1' KOHKpeTHOI'O npencraanenaa, Qn;HaKo B JIIO

60M c.nyqae oneparop ~ a KOMMYTlipyeT co BceMM oneparopaaa anreopn 
~& (cne,n;cTBMe To~eCTBeHHHX cooTHomemrn (49B,r,,n;)). CJIe,n;OBaTeJI:DHO, 
1H) 9- e J = 0 II B Cl1.lIY ypSBHeHID1 (51) HesaBIICMMO 0'1' npanaza COOT

BeTCTBRH EMeIDT MeCTO 3aKOHH coxpaHeHRH: 
~.e. 

-< it > = C()f1~f. ) -< B > 

3aMeTl'1M eme, ~TO rrpaKTWIeCIm ace npanaaa 
Mep,[I-23]) ,n;M <PYH~ 0'1' er YC!aHaBJrnBaIDT 
TOJI:DKO 0'1' oneparopa q ,T.e. A = O[A(cp) 

. 
= {b11,s,1. (52) 

COOTBeTCTBll:JI (CM., nanpa
on~~T~pl:l, sasacsnae 
=	 A Or)· 
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TIOSTOMY pea~3a~ npOCTeHmerO npe~CTaR~eHHR KBaHTOBOr~ OTIHCaHHff 
CTPYIGypHO-T(}.'tIelJHOrO ocsexra MOiKeT OI:lTh OCYmeCTB~aHa BHCiopOM R Ra'tIeCT
Be J. npocrpa HCTBa (~'-f r) -.KOMIIOHeHTHbIX ~YHro:ntiJ sa ~~3-, T.e-. 

-i. - 7ft ts; -~t J X€/?'3''1:> =(~~.n~~fr)) 't'q - 'rtr;X~1- ) ~,- ¥GR; ~ (5S1

'1'or~a npencrasnesaa ~JI.li e6pasYJOlIUIx oneparopon 
I!YT 6liTI> aamrcaaa RaK 

-t 

if== 5!-~ i=-i*~-: a(T), d-=~7, 

..... ...._ A- ~

'2( • .;t J. ;[ H: -;f- MO

... 

T=-i:~'e~~, Hi.}) 

mea:-(x} - Jl106aH ~l1fCJIOBajf cPYHKU;~Ha R; C YCJIOBMeM [VlI'a(xJ] == ~rx)-, 
a n-pe;n:c'l'etB.ireHlm ;Q.:IIJf o6pasymIltID£ S - RaK MaTpmnJ llaSMepHOCTR (~'1" t l-
c 06HtIHblM ,ItOllCYJIIrnTeJThImM- YCJIOBReM JJ:RarOH8'JITI[SaIJ;m?I: 

-g~~tJJi+.,)J;ItJ(11.4 ...>-~Jy S-3 =- tch~(;j,-j+'f~'''Ji)-· (55-) 

KoHKpeTIDil:e npe-;QcTaMemm JJ:Jm oneparopos (50) OeTaJIIiliI:D( If!RSlNeCKIDC Be
JUPIRH :If COOTB.eTCTBeHHO SlBHWf BI?UJ; ypaBHeHIDi SB0JI.ItJIJ:IDt (51)' no.-npe7K.HBMY 
saBMCSlT OT BHoopa KOHKpaTHoro npaB~ COOTBe~~TBRH. 

6.	 3aKJI[OqgJrne 

rrpe~e Bcera no;n:'tIepKHeM, ~TO B HacToSlme~ pa60Te pacCMoTPeH npoc
T~ Bap1l8HT eTPYKTypHo-TO'tIe'tIHOro a6~e.ItTa~ 6asHp~c.fI za paae ene
.I.'OiI\IJR'tIecItEX nIle,lUIOJIoJKeIm:1!: S8BlfCIDJIOCTh (14) 3Heprlm BS8EMO,Ite!lcTBRSI W 
TO~hKO 0'1' 'J~ kBasR-o,mr0P0,ItIiOCTh (25) aaeaaero MarIDITHoro nOM, HCt 

xesaoseaae CTpYKTYI>HWC xapaKTepMcTRK (29) M T.n~ MHa'tIe rosopa, .n;8HHaSi 
cTaTM HOCHT MeTO,IJ;lNeCmm xapaKTep, OTpazag JImIIL npmm;mm nocTPoeHmI 
KJI8CCmeCKoro H RBaHTOBOro OImcaBIDI CTPYKTYPHo-To'tle~Oro"o6'beKT8. 

Eo~ee cTporoe, HO n cymecTBeHHo 60~ee rpOMOS,ItKOe nOCTPOeHHe Teo
po CTPyRT;ypHo-To'qetIHOro 06'DeKTa npoaeneso B paoorax (29~30], rne see 
paCCMoTPeane 6aSBpyeTCH Ha npe,ItllO~oxeHKK 0 6nnsocTH WOPMWaKTopoB Mac
CH" H aapana (BeJIKtmHH ;!I<' onpe,IteJIemwe co-rMCHO (24), MaJIl:l). TaKoe 
npennoaozeaae nOSBOJISIeT c.n;e~aT1:l 60JIee 060CHOBamme, '116M (29), OI.J;eHIGI 
R rrOJIY't!lrTL cooTBeTCTBYDItee yTO'tIHemre BSaiiMOCBH3e~ MeW" CTpYKTypIIWm 
xaP8KT~PHCTmtaM1I, HanpEMep 

a 
}if = <1 s> + b (2;0 - 3) I~ I] , t. =1m{g- /~fIIC) . (56) 

COOTBeTCTB.YIDmRe (56) npe~OJIoJ!teHHH .n;eTa~HO Hs~oxeHH B [30J. 
QnHaRo yxe rrpocTe~ BSPH8BT CTpYR~Ho-To'qe~oro 06'beKTa rrOSBO

~eT cne~aTh p~ BeC~ffi Ba~x BIiBO~OB, CITpaBe~BHx H ~AH 60~ee pea
~CT~ecRHX ITOCTpoe~. 

Bo-nepBUX, saMKHyTaSi ~CCE'tIeCRag TeopHSI TO'tIe'tIHOrO 06'beKTa C HeTO
'tIe'llHHMH xapaKTepRCTHKaMR THlla CITRHa B03MOiKHa. TIpHMepOM H~eTcg co.n;ep
mBHMe 4-ro naparpa~a HaCToSlme~ CTaThH. 

BO-BTOPIiX, co6cTBe~ MexafiRqeCKBE MOMeHT, co6cTBeHHH~ MarHMTHH~ 

MOMeHT n cmm: .fIBJIffiOTCSI_npmm;mmaJI:liHO paSJTIrtIHbIMH, B 06meM eJIY1!ae nenpo
nopnMOHa~HHMH .n;pyr ;rr:pyry cI>RSM'tIeCKRMH nOHfiTH.aMlf. 

B-TpeT1>HX, TO'tIe"I.Hlrlt 06'beKT CO CImHOM o6JIa~aeT 6HCTPO oCIJ;ltlI.7rnpYIO
IItHM, :wrn: 6l:lCTpO Bpam8IaItEMcg .n;ImO~HHM 3JIeKTpmeCKI1M MOMeHToM, cpennee 
Ha~aeMoe 3Ha'tIeHHe KOToporo paBHo R~ 6~SKO K HY~. 

- I ~'tIeTBepTliX, ~BHXeHMe CTPYKTYPHO-TO'tIe~HOrO o6rneKT8 BO BHeIDHHX, R3

•	 MeltfmJIt'£DCOSI IIJIaBHO noJISIX npencraazser c060~ 6ucTpYID oCIJ;HJI.IDII.UllO OTHOCR

Te~HO HeKoTOpOn ycpe.n;HeHHO~ ~BHOfi TpaeKTOpRlr.
 

OTMeTnM eme, 'tITO ~ SaMHEaffiLQ KBaHTOBo~ Teopnn CTPYKTYPHo-TOqe'tI
Horo 06'beKTa Tpe6yeTCSI KOHxpeTHoe rrpaBnno COOTBeTCTBRH (50), cor~aco
BaHROe C 8JII'e6poii (49), T.e. saBH~ee OT BHellIHero MarIDITHoro ITOJISI. 
EnRHCTBeHHbIM npaB~6M TaKoro THna nORa fiRnffeTCH np8BRXO, co.n;epmameeCH 
B rrpe~oJ!teHROM B [31] KBaHTOBaHEH C onepaTopoM BepOgTHOCTH. 
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K~PWWKHH B.B., 3HTpanbro 3.3. P2-88-878 
npocTe"RwH"l ."pHaHT CTPYKTypHo-TOl.4el.4HOrO ots1tet<Ta 

PaCCMaTpH.a~TCft npotsneMW ~eopeTH4ecKoro onHCaHHft CTPyKTYPHO-TO~el.4HOrO 
061teKT', npeACTaBnft~erO c060A CKonneHHe 6eCKOHe4HOrO MHo*eCTla MaCCHIHWX 
aapft*eHHWX T0l.4e4HWX 4aCTH~,COCpeAOT0l.4eHHWX, B cHny BSaHMOAeHCTBHR Me*AY 
co6o"l H C BHeWHHMH nonAMH. B no6oA MOMeHT BpeMeHH B 06nacTH npoCTpaHCTBa. 
paaMepw KOTOPO~ HeAOcTynHw HenocpeACTBeHHOMY 3KCnepHMeHTan~HOMY Ha6noA~

HMO. fla ~aae CTpyKTypHo-To4e4Horo 06~eKTa B npocTeAweM npHffnH*eHHH nocT
poeHW KnaCCHl.4eCKOe H KBaHTOBOe,OnHCaHHft ABH*eHHA Sapft*eHHo~ MaTepHanbHoH 
TOl.4KH C HeT0l.4e4HWMH ~HaH4eCKHMH xapaKTepHcTHKaMH IMexaHH4eCKHH, MarHHT
HWH H ~nonbHWH 3neKTp~l.4eCKHH ~oMeH1w, cnHH, BHyTpeHHftft 3Hepr-Hft! BO 
BHeWHeM CTa~HoHapHoM 3neKTpH4ecKoM MarHHTHoM none.rpaBHTa~HoHHOM, ~ 

Pa60Ta BwnonHeHa B fla6opaTopHH TeopeTH4eCKoH ~H3HKH OHRH. 

COO6IlleHHe -Q6be,IXHHeHHoro IUICTHTyft JIJlepHLIx HCCJ1eAoaBHHA. ,ny6Ha 19'88 
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nepeBoA aaropoe 

Kurysh~ln V,V4' fntralgo E.f. P2-8B-878 
The Slmplest,Varlant of a Structural Point Object 

The problems of a theo re t l ca l description for a structural point 
object whl~h I~ represented as a conglomerate of an Inflnlt number of 
massive charged point particles concentrated, by force of the lnterac
tl~ns with each other and with external fields, at any moment of~ time 
In a region of space. the dimensIons of which are Inaccesslble for the 
direct experimental observatlQn, are discussed. On the base of a stru~
tural point object In Its simplest approxlmatlon the classlcal an~ 
quantum descriptions for the motion of a charged mass point with non
point characteristics (mechanical, magnetic and electric dipole ~ments, 
spin, Internal energy) In an external stationary ,gravltadona~, electric 
~nd magnetlc fteld are constructed. 

The Investigation has been performed at the Laboratory of T~eoretlca~, 

Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1988 

~ " 
I 


