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CononoBHHKOBa E.n., Taaxenanae A.H. P2 - 7659 

3ana'la ABYX Ten B anaa6aTH'ieC.KOH H CHnbHOH CBSI3H 

B pa6oTe paccMoTpeHa aanaqa nayx Ten aecna6oro aaaHMOA eiicTBHR. 

Dpeo6pa3oBaHHe H.H.Eoromo6oaa o6o6IUeHO Ha cnyqafi ABYX Ten TaK, 
'IT06b! BbiAenHTb ABHJKeHl!e UeHTpa HHepUHH H OUHCaTb OTHOCHTenbHOe 

ABHJKeHHe 'iaCTHU. 

fipenpHHT Ofu,e,nHHeHHOrO HHCTHTyTa RAepHbiX HCCJieAOBaiDdt. 

,ll,y6Ha, 1974 

Solodovnikgv E.P., Tavkhelidze A.N. 
P2 - 7659· 

Two-Body Problem in Adiabatic and Strong 
Coupling 

The two-body problem of strong interaction is consi
dered. The Bogolubov transformation is generalized for the 
case of two bodies so as to underline the inerti~ centre 
motion and to describe the relative particle motion. 

Preprint. Joint Institute for ~uclear _Research. 
Dubna, 1974 
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(/})1974 06loeOUHe~HbiU UHC111U111Yif JIOepHbiX UCCAe008QHUU ,ay6Ha 

1. Beeoe11ue 

B ocHoBe coapeMeHHhiX npe.n;cTaaneHHii o caoiicTaax 

CHCTeM C Hecna6hiM B3aHMO,IJ;eHCTBHeM ne>KHT npoCTOe 

coo6pa:lKeHHe, Ka:lKy~.qeeca noqTH oqeBHAHhiM:c ecnu caa3h 

noneii CTOnh CHnhHa, qTO B nepBOM npH6nH:lKeHHH MO:lKHO 

npeHe6peqh cao6o.n;Hoii 3lleprueii nomi, nepeHoca~.qero B3a

HMo.n;eiicTBHe, TO 3,IJ;eCh pOnh 3TOrO nona CBO.IJ;HTCa nHWh 

K co3.n;aHHID HeKoToporo 34xl>eK:rHBH"o:r::o KnaccuqecKoro no

TeHu;uana. IloTeHIJ;Han 3TOT, KOHeqHO, He Man~ H OCHOBHOe 

COCTO.RHHe CHCTeMhl C CHnhHhiM B3aHMO,IJ;eHCTBHeM 3HaqH

TenhHO OTnHqaeTCa OT CTaiJ;HOHapHhi£ COCTOaHHH CB060.IJ;HhiX 

noneii. TeM He MeHee, MO,KHo Ha.n;eaTLca, qTo nocne Toro 

KaK Haii.IJ;eHO OCHOBHOe _COCTO.RHHe CHCTeMhl 0. nonpaBKH, 

caa3aHHhie c . KBaHToaoii npupo.n;oii nona - nepeHocquKa 

B3aHMO,IJ;eHCTBHa, 6y.IJ;yT ManhiMH B03Myi.qeHHaMH H noaBHTCa 
u ' 

B03MO:lKHOCTh nOCTpOeHHa HTepan;HOHHOH CXeMhl BhlqHcne-

HHa 3TH X nonpaaoK. O.n;HaKo npaMOnHHeiiHaa peanu3aiJ;Ha Ta

Koii nporpaMMhl npuao.n;HT ~ npoTHBopeqHIO c Tpe6oaaHHeM 

yqeTa TOqHhiX 3aKOHOB coxpaHeHHa, BhiTeKaiOI.qHX H3 CBOHCTB 

CHMMeTpHH raMHnhTOHHaHa CHCTeMhl. IJoaCHHM 3TO Ha 

npHMepe HepenaTHBHCTCKOH qacTHIJ;hi, B3aHMO,IJ;eHCTBYIOI.qeH 

CO CKan.RpHhiM noneM. TaKaa CHCTeMa OnHChiBaeTca raMHnb· 

TOHHaHOM ...... ...... 
· *. -ifx + 2 

bf+U·e bf+-E-:£ c:uf 
2 .£ ·. /1/ J{ · 1 -+ 2 ~ ~ i fx 

.= -- p +g..:.. u e 
2fl f f 

(b~hf+hfb;). 
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B · raMHJILTOHHaH /1/ mmroqeHLI HYJieBLie Kone6aHHJ{ cao-

6o,l(Horo llOIDI /I}JOHOHOB/ •. 1ie3pa3MepHLie IIOCTOHHHLie g H 

E 
2 

1103BOnJIIOT rrpe,l(yCMOTpeTL BCe B03MO:>KHLie COOTHOWeHHH 

Me)K.l(y 3Heprneii cBo60.l(HLIX l}loHOHOB, KHHeTnqecKoii 3Hep

rneii qacTH~LI H 3Heprneii B3aHMO.l(eiicTBHH. B ,l(aJILHeiiweM 

6y.l(eT paccMaTpHBaTLCH cnyqaii a,l(na6aTnqecKoii CBH3H 
g = ( • 

Y.l(o6Ho rrepeiiTH OT orrepaTopoa 

KOOp,l(HHaTaM H HMIIYJILcaM 

+ b f , b f K KOMIIJieKCHLIM 

qf = ( 

+ hr + l?..r 
y2 p = 

f 

+ 
hf - h_f 

( v2 /2/ 

3TH orrepaTOPLI y.l(OBJieTBOPHIOT rrepecTaHOBOqHLIM COOTHO

WeHHHM 

[ q f 'p f'] io 
ff' /3/ 

H YCJIOBHHM ,l(eHCTBHTeJILHOCTII 

. * 
q f = q_f I /4/ 

raMHJILTOHHaH /1/ rrocne TaKoro rrpeo6pa3oBaHHH rrpn

HHMaeT BH,l( ....... 
1 _. ifx 

H=- p2+~ A e 
2(1. f f 

4 
l . * ( * 

q f + 2 7 (L) fq fqf + 2 ~(L)f p f p f /5/ 

Ar=v2ur. 

B rrepaoM rrpn6nH)KeHHH, Kor,l(a ManLiii rrapaMeTp t Mo~:Ho 
IIOJIO)KHTL pa.BHLIM HYJIIO, raii3eH6eproBLI ypaBHeHHH ,l(BH:>Ke

HHH ,l(IDI OllepaTOpOB qf IlpHBO,l(HT K peWeHHIO 

q f ( t) = consi. /6/ 

Il03TOMy MO)KHO rrpe,l(IIOJIO)KHTL, qTo K HHTepecyro~eii HaC 

HTepa~HOHHOH CXeMe IlpHBO,l(HT rrpeo6pa30BaHHe, BLI,l(eJIHIO

~ee B, orrepaTopax c:j f 6onLwyro. KnaccnqecKyro cocTaB

nHro~yro H yqHTLIBalO~ee KBaHTOBYIO IlpHpO,l(y I}JOHOHOB KaK 

. Manyro IIOIIPaBKY 
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* 
q£= u£+ E Q£, Q f = Q_£' /1/ 

r.l(e u £ - , c * qncna, y.n.oanenwp_HIO~He ycnoBHJIM ,l(eiicT-

·:>•BHTeJILHOCTH u£ = u_f. . .·,-·· 
r;:-. . BLI,l(eJIHB . B ·raMHJILTOHHaHe /5/. cnaraeMLie·· Hyneaoii 

-, 

CTerreHH E , rronyqH¥ BLipa:>KeHHe 
...... 

J{ l ->2 , ifx 1. * 
0 = 2(1. p + ~A f e u f + '2 ~ w fu f u f ' '/8/. 

":· 

3aBHCH~ee TOJILKO oT rrepeMeHHoii ~. BonHoBaH l}lyHK~H 
CHCTeMLI B rrepBOM IlpH6JIH:>KeHHH pacrra,l(aeTCH, H~ ;IIpOH3-

ae.n;eHHe 
..... 

'I' ( X ' Q_f ) 
- ~ .· . 

= ¢ o < x) 0 o < Q t) • · 
:x 

/9/ 
;~. 

a K03qxpH~HeHThl Uf orrpe,l(eJIHIOTCH 3aTeM H3 YCJIOBHH pery

JIHpHOCTH l}lyH:K~HH 0 0 (Qf)x/, TaKHM o6pa3oM C03,l(aeTCH. 

BrreqaTneHHe B03MO:>KHOCTH . UOCTpOeHliH 31}JI}JeKTHBHOH 

. HTepa~HOHHOH rrpo~e.n.yphl H B cnytiae CHJILHOH CBH3H. 

0.IJ.HaKO TaKOH IIO.IJ.XO.II. K peweHHIO 3a,l(aqH BHyTpeHHe IIpOTH

BOpeqHJ]. raMHJihTOHHaH /1/ HHBapHaHTeH, HaiipHMep, OT-

HOCHTeJihHO ·rrpeo6pa30BaHHH .. . 
' ...... 

... .... ... 
X -> X + a h 

-if a b 
£ ... e f '/10/ 

. ... 
C HeKOTOphiM IlpOH3BOJihHhlM IIOCTOHHHhlM aeKTOpOM a 

f • liHB.apHaHTHOCTh raMHJihTOHHaHa OTHOCHTeJihHO rrpeo6pa3o- ·,·' 

BaHHH . /10/ rrpHBO,l(HT' K 3aKOHY coxpaHeHHH IIOJIHOrO HM

·IIYJILca CHCTeMhl. 3TO 03HaqaeT, qTQ raMHJihTOHHaH /5/ 
. _.. ;; 

KOMMYTHpyeT C orrepaTOpOM IIOJIHOrO HMIIYJILCa 

... /11/ 
p 

.... 
p 

.... 
i~fqfpf 

: £ ' 

. ' ·H B KaqeCTBe. CTa~HOHapHhiX BOJIHOBhiX lPYHK~HH CHCTeMhl 

acer.n.a MoryT 6hiTL B3HThi co6cTaeHH:bie I}JyHK~HH orrepaTopa .. ' ' . ' . .. . -· . ; - . ·~· 

x/3To ycnoane. Tpe6yeT o6pameHHH a HYJIL orrepaTopa, • 
·mmeii:Horo 110 Q £, H 3KBHBaJieHTHO. YCJIOBHIO. MHHHMyMa 
3HeprHH .. CHCTeMhl.. . . . . 
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nonHoro HMnyni:.ca 1111. O.D;HaKo cilaKTOPH3YIOUUiecH clJyHK

UHH BH.D;a 19/ He MOryr 6I:.ITI:. O.D;HOBpeMeHHO C06CTBeHHI:.IMH 

clJYHKUHHMH onepaTOpOB 1111 H 181, ecJIH TOJII:.KO ypaBHeHHe 

181 He CBO.D;HTCH K ypaBHeHHIO . .D;JIH CB060.D;HOH 'laCTHUJ:.I. 

"t1To6I:.I npHMHPHTL 3To npo:nmope'IHe, B pa6oTe /I I 6Lino 

npe,ZJ;JIO)KeHO KaHOHH'IeCKOe npeo6pa30BaHHe 

... -+ -+ 
X = A + q ' 1121 .... 

-i fq 
qf=e (uf+EQf)·. 113/ 

IlOCKOJII:.Ky npeo6pa30BaHHe 112-131 BBO.D;HT. TpH HOBI:.Ie 

nepeMeHHI:.Ie qa, KOOp.D;HHaTI:.IITOJIH Q f CBH3I:.IBalOTCH TpeMH 

.D;onoJIHHTeJII:.HLIMH. ycnoBHHMH. KaK 3TO .D;enaeTcH, 6y.D;eT 

onHcaHo no3.D;Hee. CeH:'Iac QTMeTHM TOJII:.Ko, 'ITO H3 clJopMyn 

1121 H 1131 BI:.ITeKaeT, 'ITO onepaTop ;_i a/aq HBJIHeTCH 

onepaTopoM: noJIHoro HMnyni:.ca cHcTeMI:.I B HOBOM npe.IJ;

CTaBmimHH. 3To cne.D;yeT Henocpe.IJ;CTBeHHo H3 npaBHJia .D;HclJ

clJepeHnHpoBauBH 

f3 . ax a 
-I --aqa • a xf3- i ~ 

aq1 a --
aqa aq£ 

. a 
.-I --

aqa 
114/ 

BLI'IHCJieHHe HBIIoro BI:.Ipa)KeHHH .D;JIH onepaTopa p f no

Ka3I:.IBaeT, 'ITO nepeMeHHaH q He CO.D;ep)KHTCH HBHO B Upe

o6pa30BaHHOM raMHJII:.TOHHaHe /51. Il03TOMY BOJIHOBYIO 

clJYHKUHIO CHCTeMI:.I Bcer,D;a MO)KIIO BLI6paTI:. B BH.D;e 

.... -+ 

exp ( i P q ) () ( A , Q ) 
-+ -+ 

'P(A ,q' Qf) 1151 

nocne qero Bonpoc o pa3.D;eneuHH nepeMeHHI:.IX A H Qf y)Ke · 

He CB113aH C YCJIOBHeM BI:.InOJiiJeHHH 3aKOHOB COXpaHeHHH. 

B pa6oTe /I/ 61:.xno noKa3auo, 'ITO npeo6pa3oEaHHe 1121, 
1131 ll03BOJIHeT npe,D;CTaBHTI:. BOJIIIOBYIO clJYHKUHIO OCHOBHOrO 

COCTOHIIHH CHCTeMI:.I B BH.D;e npOH3Be,D;eUHH 

~ -+ 
() (.\' Q) = ¢ (.\) () ( Q ) 

0 0 f 1161 
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H noCTpoHTI:. 3cPPeKTHBHYIO HTe paUHOHHYIO CXeMy, Y'IHTI:.IBaJO-. 

xnyro KBaHTOBYJO npHpO.D;Y clloHOHOB. 

C rpynnOBOH TOti:KH 3peHHH npeo6pa30BaHHe 1121, 1131 
BBO.D;HT B Ka'leCTBe HOBI:.IX He3aBHCHMI:.IX nepeMeHHI:.IX napa

MeTpi:.I lllynnLI CHMMeTpHH raMHJILTOHHaHa. HoBI:.Ie nepe

MeHHI:.Ie A H Q f He pearHpyroT Ha npeo6pa3oBaHHH rpynn~:.x, 
• no3TOMY, npe.D;CTaBJIHH BOJIHOBYJO cilYHKUHJO cHcTeMI:.I B BH.D;e 

1151, MLI peaJIH3yeM npe.D;cTaBJieHHe rpynnLI TpaucmiUHH 

H aBTOMaTH'IeCKH yqHTI:.IBaeM 3aKOH COXpaHeHHH ITOJIHOrO 

HMITYJII:.ca. C .D;pyrOH CTOpOHI:.I, npeo6pa30BaHHe 1121 MO)KHO 

paccMaTpHBaTI:. KaK pa36HeHHe BeKTOpa 'laCTHUI:.I Ha .D;Ba 

cnaraeMI:.IX. BeKTOP X mmapHaHTeH OTHOCHTeJII:.HO TpaHcn.H

n:HH: H OITHCI:.IBaeT KOJie 6aTeJII:.HOe .D;BH)KeHHe 'laC THULl BHyTpH, 

noTeHUHaJII:.HOH HMI:.I, C03.D;aBaeMOH KJiaCCH'IeCKOH COCTaB

JurioiUeH cKaiDipHoro noJIH. BeKTop q onHCI:.IBaeT TpaHCJIH-

· UHOHHOe .D;BH)KeUHe UOTeHUHaJihHOH HMI:.I, npH'IeM .D;BH)KeHHe 

3TO He paBHOMepHO, a COBepruaeTCH B, COOTBeTCTBHH C 3a

KOHOM COxpaHeHHH ITOJIHOrO HMITYJII:.Ca. 

2. BbiOeA euue oeuJICeHUJl ijeumpa uuepf.IU,U 
u omuocumeAbHozo oeuJICeHUJl e cucmeMe oeyx t~acmull, 

CUll bllO 83QUMOOeiicmey10UIUX CO CKQAJlpllbiM noAeM 

IlpHBe.D;eHHI:.Ie B npe.D;I:.I.D;yxneM pa3.D;ene coo6pa)KeHHH 

0 CBOHCTBaX .D;BH)KeHHH 'laCTHUI:.I, CHJII:.H'o B3aHMO.D;eHCTBYJO

IUeH CO CKailllpHI:.IM noneM, ITOMOI'alOT ITOHHTI:. oco6eHHOCTH 

.D;BYX'IaCTH'IHOH 3a.D;a'IH. raMHJIL-iOHHaH TaKOH CHCTeMI:.I, 

3aiTHCaHHhiH B nepeMeHHhiX q f, p f, paBeH 
~ ~-+ -+-+ 

}( l -+ 2 l -+ 2 i f x. ifx l 
=-p +-p +~A (e 1+e 2 )q +-~ 

2p. I 2p. 2 f f f 2 

. 4. * 
+-f-~wfpfpf' 

2 

* w £ q £ qt I 17 I 

TaK KaK KHHeTH'IeCKaH 3HeprHH CKaJIHpHOrO ITOJIH H B 3TOM 

cnyqae MaJia.R BeJIH'IHHa, OCHOBHOH 3cilcileKT . B3aHMO.D;eii:

CTBHH BHOBI:. CBO.D;HTCH K npHrOTOBJieHHIO ITOJieM ITOTeH

UHaJihHI:.IX HM .D;JUI. Ka)K,IJ;OH H3 'laCTHU. Il03TOMY nenecoo6-

L: .':-:-·.:· pa3HO pa36HTL pa.D;_uycLI-BeKTop~:.x Ka)K)J;OH H3 qacTHU ua 
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'la.CTH, OIIHChiBaiO~He KOlle 6aTenhHhie ,!J;BH)KeHH.H BH)'TpH 

IIOTeHI.{HaJihHhiX .HM H TpaHCll.HI{HOHHhie CMe~eHH.H 3TH X .HM: 

... ... ... 
xl=Al+ql /18/ 

... ... ... 
X=A+q. 

2 2 2 
/19/ 

... ... 
IlepeMeHHLie q 1 H q 

2 
cne,D;yeT paccMa'fpHBaTL KaK He3a-

BHCHMhle, TaK KaK ,!J;BH)KeHHe IIOTeHI{HaJihHhiX .HM ,!J;Oll)KHO 

6LITh KHHeMaTHqecKH He3aBHCHMhiM .• Y,D;o6uo rrepeiiTH oT 
. -+ ... 

IIe peMeHHhiX q l H q 2 K rre peMeHHhiM, CB.H3aHHhiM C ,!J;BH)Ke-

HHeM l{eHTpa Mace H OTHOCHTellhHhiM ,!J;BH)KeHHeM qacTHI{: 

... -+ ... 
q = q + A 

1 
/20/ 

... ... ... 
q = q - A. 

2 
/21/ 

,lJ;orronnnM rrpeo6pa3oBaHHH /18/, /19/ rrpeo6paJoaauneM 

KOOp,D;HHaT IIOn.H 

q = 
f 

e 

-+-+ 
-ifq 

-+-+ 

I 
. -if.\ 

u f e 

...... 
if.\ 

+ u f e + ( Q r I' 
/22/ 

r,D;e qncrra u f H. rrepeMeHHLie Q f ,D;OJI)KHhi y,D;oarreTBOp.HTh 

ycrroBH.HM ,D;eHCTBHTeJILHOCTH 

* * 
u f = u -£ Qf=·Q_f /23/ 

H Ha rrepeMeHHhle Q f cne,D;yeT HaJIO)KHTh IIIeCTh ,!J;OIIOllHH

TeJihHhiX YCllOBHH. qTOfihi BhifipaTh 3TH ycnoBH.H, Bhi.HCHHM 

CMhicrr. rrpeo6pa30BaHH.H /22/. B o,D;noqacTnquoif 3a,D;aqe · 

qncrra u f ,llJnrypnpyiO~He B rrpeo6pa3oaaHHH /19/, O,D;HOJ.

uaquo CB.H3aHhi C K03~HI{HeHTaMH <l>yphe 3dxlJeKTHBHOrO 

IIOTeHI{HaJia qacTHI{hl, fl03TOMY npeo6pa30BaHHe /13/ COOT-. 

BeTCTByeT Bhi,D;eneHHIO H3 llOll.H KnaccnqecKOH COCTaBJI.HIO

LQeH, ,!J;BH)KyLQeHC.H BMecTe C qacTHI{eH. <l>opMyJihL/18/-/22/ 

IIOKa3hiBaiOT, qTo npeo6pa30BaHHe /22/ Bhi,D;eJI.HeT H3 KOOp-
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,D;HHaT non.a _,IJ;Be KHHeTnqecKH -HeJaBHCHMhie KnaccnqecKHe 

COCTaBJI.HIOLQHe, ,!J;BH)Kyii{HeC.H BMeCTe C qaCTHI{aMH. Y,D;OfiHO 

c<l>opMynnpoaaTL ,D;OIIOJIHHTeJihHhie ycnoan.a ,D;nJI Q f B BH,D;e 

COOTHOWeHHH 

(0 . 7 Q f N fa = 0 , i = 1,2; a = 1,2,3, 124; 

(i) 
r,D;e N fa - ,D;Be TpexcTon6noahle MaTpHI{hi; BMecTe c 3THMH 

MaTpHI{aMH MO)KHO onpe,D;eJIHTh. TaK)I{e MaTpHI{hi M ~il 
Y,D;OBJieTBOp.HIO~H~ COOTHOIIIeHH.HM 

(i) (k) . 
~ M N f3 = 8 . 8 Q , /25/ f a f f 1 k at-' 

H IIOCTpOHTh cne,D;YIOLQHe MaTpHIJ,bi: 

A (i) = 8 - ~ N(i)M(i) 
ff' ff, f f' ' a a a /26/ 

A , = ~ A ( l) A ( 2) = ~ A ( 2) A ( 1) . = 8 _ - ~ N ( i) M ( i) • 

fE f ff ff' f ££ ff' ff' . fa a£' 
I,a /27/ 

IlpH 3TOM CIIpaBe,D;JIHBhl COOTHOIIIeHH.H 

·~ M( n A 
£ a f £ f' 

N<O 
f' a 

0, /28/ ~A 
£' ff' 

0 ' 

H3 KOTOphlX CJie,D;yeT, qTo 

(i) A (i) =A (i) ~ A A =A 
; A r e, e f, ££ , ' e r e er, ££' ' /29/ 

(i) 
T.e. MaTpHI{hi A££' , A££' - npoeKI{HOHHhle, npnqeM HJ on-

.. pe,D;erreunH: MaTpnn /27/, /28/ crre,D;yeT, qTo npn_npoeKTHpo

BaHHH, OCyLQeCTBn.HeMOM IlpH flOMouin Ka)K,!J;OH H3 MaTpHI{ 

A ( i) , qncrro ueJaBHCHMhiX nepeMeHHLIX yMeHLmaeTc.H Ha 

TpH, a ,D;eiicTBHe MaTpHI{hi A yMeHLmaeT qncno HeJaBHCH

MhiX nepeMeHHhiX Ha IIIeCTb. Il03TOMY nepeMeHHhle Q
1
,y,D;OB

JieTBOp.HIOLQHe ycnOBH.HM /24/, MO)KHO npe,D;CTaBHTb . .R.BH,D;e 

cyrrepii03HI{HH HeJaBHCHMhlX rrepeMeHHLIX Z f: 

I.e:.:'' 
Qf = ~ z·f, Af'f 

f' 
/30/. t ••. . ~ 

I ~ . .,.. 

9 
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· H cclJopMy.JIHpoBaTL YCJIOBHH /24/ CJie~YIOUUIM o6pa3oM: 

Q r = .'£ Qr, A f' r ' /31/ 

HBHO no~qepKHBaH, 'ITO Q f - 3T? nepeMeHHbie, CBH3aHHbie 

C no~npo CTpaHCTBOM, Bbi~eJljleMbiM. npoeKiuf:OHHOH MaTpH

~e:ii A. EcTeCTBeHHo, 'ITO· ~H4xiJepeH~HaJILHLie onepaTopbl 

a 
-- TaKiKe Y~OBJieTBOPHIOT YCJIOBHHM, CBH3aHHbiM C BLI-
aQ£ . 

~eneHHeM no~npocTpaHcT~a: 

(i) 

.'£ Ma£ 
f 

a 
a or 

a 
:£ A ff' a Q r' f, 

0 ' 

a 
aor 

/32/ 

/33/ 

YcnoBHH /24/ ano.JIHe aHanorH'IHLI ycnoBHHM, c<bopMynHpo

BaHHLIM npH aHa.JIH3e O~HO'IaCTH'IHOH 3a~a'IH /l~ ,!J;JIH ~aJib• 
Heiiwero y~o6J!O c~enaTL cne~yro~ee o6o6~eHHe - ~ony
C'•'HTL4 'ITO M ';} H N <p MoryT 6LITL ci>YHK~HHMH nepeMeH

Hoii A, 3TO npeMOJI~iKeHHe He npOTHBOpe'IHT yCJIOBHIO 

/25/, KOTOpoe fi03BOJIHJIO fiOCTpOHTb npoeK~HOHHbie onepa

TOpbl HYiKHOrO nopH~Ka. II03TOMY ~aiKe B TOM CJI~qae, Kor~a 
M j} H N (/) paccMaTpHBaiOTCH KaK cJ>yHK~HH >.. , ycnoBHH 

/24/ H /31f no ·npeiKHeMy YMeHLwaroT 'IHCJIO He3aBHCHMLIX 

nepeMeHHLIX Ha wecTL • 

. 3anHCbiBM ~OfiOJIHHTeJibHbie YCJIOBHH /24/ B BH~e 
' -+-+ .... 4 ~ • -

~~ ifq -ifA. ifA. lN(t) ._ q e - u e - u e = 0 , /34/ 
f f f fa 

-> . -> 

nerKo y6e~HT LCH, 'ITO ne peMeHHLie q H A. MOiKHO paccMaT

pHBaTb Ka.K liJYH~HH TOJibKO nepeMeHHblX fiOJIH q f , HO He 

KOOP~HHaT 'laCTH~ XI H x2. ,D;e:iiCTBHTeJILHO, ycJIOBHH /34/ 
AaiOT HaM WeCTb He3aBHCHMblX COOTHOWeHHH, H3 KOTOpblX 

MOiKHO onpe~eJIHTL wecTL BeJIH'IHH qa H A.a KaK lilYHK~H 

10 

I 

"l 
~ 

i 

· qf. CooTHOW~HHH /34/ no3BOJIHIOT aa:iiTH npoH3BO~Hble aeK-

TopoB q H A. no nepeMeHHLIM ·nonH. )l;H4xiJepeHUHPYK /34/ 
no q f' nonyqaeM COOTHOWeHHH 

....... 
{i) i£q 

Nfa e 

....... ........ 
aq13 -if>.. if>.. 

+ i-.-- .'£ f{3(•f e + uf e 
. a qr f 

........ -+-+ 

-a>.. -if>.. if>.. <n 
+i-:I.f{3(ufe -ufe )N 11 + a q f La 

( i). 

) N fa 

/35/ 

+ if 
a qf3 

a q £ 

<n a"Af3 (i) 

:I. f AQ f N f + ( - :I. Q II N II A= 0 • 
f p a iJq f L La, p 

f . 

3~ecL H B ~anLHeiiweM CHMBOJI F, a' o3HaqaeT npoH3BO~-
. a 

HYIO no aeKTopy >.. : · 

F, 
a 

aF =-· a>.. a 

113 COOTHOWeHHH /35/ CJie~yeT 0 'ITO fiO~CTaHOBKa 

-+-+ 
aqa i fq "" 
-- = ie s 
aq fa 

f 
........ a 

a>.. i £ q 

= ie Tfa 
a q f 

/36/ 

/37/ 

/38/• 

HCKJIIO'IaeT nepeMeHHYIO q H COOTHqpieHHH /_35/ npeBpa~a
IOTCH B ypaaHeHHH ~Jljl ... liJYHK~ii S fa , . T fa• 3aBHCH~HX 
TOJILKO oT nepeMeHHLIX A. H Or. CooTHoweHHH /35/ MOiKHO 

3Ha'IHTeJILHO ynpocmTL, eCJIH Bbi6paTL __._. ....... 
(1) -i fA. ( 2) i fA. 

Mar=faufe 'Maf =faufe • /39/ 

II 



Onpe~emu1 MaTpum,~ S fa H T fa: 

(1) ( 2) 
25 ra= Nfa + N fa ' 2 T = N ( 1 > - N ( 2> 

fa fa fa /40/ 

H qeT:blpe MaTpHnhl TpeTLero nopJI~Ka 

a afj= 7 fa Q f S ffj ' b =-il:QS,, 
afj f f f{J,a 

/41/ 

c afj = 7 fa Q f Tffj ' dafj=- i 7 Qf TffJ,a' /42/ 

., "" 
npeo6pa3yeM /35/ B ypaBHeHHJI ~JIJI MaTpHn sf .H Tf : 

a a 

"" == "" 
Sfa = Sfa -e S£f3a{3a- e TffJ bf3a' /43/ 

... = .. 
Tfa = Tfa- e 5 t{3 Cf3a- e Tlf3df3a /44/ 

3TH YPaBHeHHJI nerxo pewHTL nocne~oBaTeJILHhiMH npu6JIH
>KeHHJIMH. B 'BCTHOCTH, c T·oqHOCTLIO ~o BToporo nopJI~a 
no e 

= = (I) 
sf a= s fa - € 5fa 

2 (2) 

+ e S fa ' 

= 
"" (I) 2 ""(Z) 

T fa = Tfa -e T fa + e T fa ' 

r~e 

... (i) ... (i-1) == (i-1) 

.s fa "' S ffJ af3a + T lf3 bf3a ' 

/45/ 

/46/ 

/47/ 

""(i) """(i-1) ""(i-1) ""(0} ==(O) 

Tfa = S £{3 Cf3a+ T ffJ. df3a' Sfa =Sfa' Tf~ = Tfa 

/48/. 
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!j. -

I 

> 
I 

.. .... 
BLipa>KeHHJI ~JIJI npoH3BO~hlx q H .\ no nepeMeHHhiM noJIJI 
qf/37/, /38/ U03BOJIJIIOT HaHTH JIBHLIH BH~ onepa'ropa pf B 
HOBhiX nepeMeHHhiX . 

a /49/ 
a . a Or a oqa a a A.. a 

p ==-i-=-il:- -·- +-.-(-i-)+l:--
1 
(-i--). 

£ aq f' aq aQ aq aqa. aq . aA.a 
f f f ,. f f i 

BLipa>KaJI Q f qepe3 z f no <}lopMyne /22/ H yqHThiBaJI ycno
BHJI /31/, a TaK>Ke CJie~yrolllee H3 3THX YCJIOBHH COOTHOWe-. ; -

HHe 

. Q A 
l: f ff,a 
r, e 

a 
aQe 

0 ' 

JierKO nonyqHTL COOTHOWeHHe 

...... 

/50/ 

-il: 
aQ£' 

a qr 

a ifq 
= e I i P - s ~ £'. Q P I, /51/ 

e f. fa , a £'~ f' . 
f' aQ r'. f .. 

B KOTOpoM onepaTOpLI p f onpe~eJIJIIOTCJI COOTHOWeHHeM 

a 
P = -i ~ A - /52/ 

r f' H' aQr, 
H y~oBneTBopJIIOT ycnoB~JIM 

'C (i) . 
~ M P = 0. 
f af f 

/53/ 
... ... ... 

IIocxoJILKY B cuny onpe~ene HHJI ne peMeHHLIX .\ 1 , • .\ 2 H .\ 

a ...... "" 
. a A. I . i fq (S + T > , 

= -1 e fa fa 
aqr 

/54/ 

...... 
a ifq "" == ) 

o.\2 • (S -Tf ·' _. __ = -te fa a 
a·qr 

/55/ 

To Bhlpa>KeHHIO I 49 I ~JIJI one paTopa p f · MO>KHo np:H~aTL BH~: 
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.,., .. :_. 

~: 

.. ~·. 

', •. L• 

~':,.-

/ 

~ .... 
p - ifq 

f - e , 

\·; 

{..!..p -.s ~£' Q P ·+is <-i~)+i~ <-i-a-> 
"f faf,a f' I' fa aqa fa a'Aa 

"' "' a 
-i(S + T ) (-i --)· 

fa fa a'Aa. 

~-- a 
i (S - T ) (-i --) 

fa fa a'Aa 
}. 

/56/ 
1 2 

Bo3BpaiQaJICL K Ha'lany pa3~ena, 3aMeTHM, 'ITo npeo6pa3·o

_·· BaHHJI /18/-/22/ noKa3LIBaiOT; 'ITO nepeMeHHaJI q ~eii:
CTBHTenLHO HMeeT CMbiCn KOOp~HHaTLI ~eHTpa HHep~HH 

e-...' 

~ a CHCTeMLI, nOCKOnLKY KaHOHH'leCKH COnpJI>KeHHhiH C q ·one-
paTop 

f3 a· f3 
. a . a X} · • a X2 a 

-1-- =-I-- -1--

aqa aqa ihJ{ .. aqa . a X~ 
a q r a 

I--
aqa aqf 

- i 
a a 

i ·---a 
ax2 

i I fa 'q £ Pf /57/ a xal 

COBna~aeT C onepaTOpOM .. nonHoro HMnynLca CHCTeMLI. 

KpoMe Toro, 3KcnoHeH~HanLHaJI 3aBHCHMOCTL onepaTopa 

IfoT nepeMeHHOH q, onpe~en • .aeA.mH .... Bblpa>KeHHeM /42/, llpH: 

BO~HT K TOMy, 'ITO nepeMeHHa.H q Bhina~aeT H3 raMHnL

TOHHaHa /17/, npeo6pa30BaHHOrO K HOBLIM nepeMeHHLIM, 

n03TOMy nOJIHhiH HMnyn.bC CHCTeMLI ~eHCTBHTenLHO COXpa
H.HeTC.H. 

3. Pa3/lOJICeHue zaMwzbmOHUaHa e pJlo no cmeneHJIM 
Mwzozo napaMempa 

Ilo~CTaBn.aa: BLipa>KeHHe onepaTopa Pr /56/ B raMHJIL-. 

TOHHaH /17/, HeTpy~HO y6e~HTbC.H, 'ITO BTOpLie npOH3BOAHbie 

no nepeMeHHLIM q H A BXO~JIT B raMHnbTOHHaH C ManblM 

napaMeTpOM ( 
4 

•llpH'IHHY 3TOro nerKo 'OH.HTL, aHaJIH3Hpy.a .• .

pe3ynLTa Thl O.IJ,HO'IaCTH"liHOH 3a~a'IH /l . llonHblH HMnynLC ' 
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CHCTeMLI B O~HO'IaCTH"liHOH 3a,fraqe nponop~HOHaneH 60nhiiiOH 

BeJIH'IHHe f -2~ fiOCKOnLKY OCHOBHOH BKJia~ B nonHLIH HMnynLC 

CHCTeMLI ~aeT naCCHBHO ~BIDKy~aJICJI C 'laCTH~eii: KJiaCCH

qecKaJI COCTaBJIJIIOI~aJI nonJI, BeJIH'IHHa KOTOpOH He MeHJieT 

CBOero nopJI~Ka npH nepexo~e K ~BYX'IaCTH"liHOH CHCTeMe, 

TO H B paCCMaTpHBaeMOM cnyqae nonHLIH HMnynLC nponop

~HOHaneH f-2
.BoJIHoByiO WHK~IO, onHCLIBaro~yrococToJIHHe 

C onpe~eneHHLIM nonHLIM HMnynLCOM, . cne.ziyeT BLI6paTb 

B BH~e: ........ 
.... .... .... J q .... .... ... 

'l'(.Al ,.A2,'A,q,Q) =exp(i-2-)<I>(.Al'.A2,.A,Q)' /58/ 
( 

'ITO npHBO~HT K npeo6pa30BaHHIO onepaTopa nonHoro HM· 

nynLca 

-i 
a 
a-q 

l .... . a 
->-]-1-.... -

( 2 a q /59/ 

. Ilocne 3TOrO 34JbeKTLI, CB.H3aHHLie C ~BH>KeHHeM CHCTeMLI 

KaK ~enoro 6y~yT yqTeHLI y>Ke B HyneBOM nopJI~Ke no ( • 

TaKHM o6pa30M, · MaJILiii napaMeTp npH npoH3BO~HLIX no .... - . 
nepeMeHHJ>IM q B raMHJibTOHHaHe CHCTeMLI CB.H3aH C 6onL-. 

IliHM noJIHLIM HMnynLcor CHCTeMLI. B O~HO'IaCTH"liHOH 3a

~aqe 6LIJIO Bbi.HCHeHO 7l , 'ITO nponop~HOHanLHOCTb nonHoro 

HMnynLCa 6onLiliOH BenH'IHHe c - 2 npHBO~HT K TOMY, 'ITO 

3cixlJeKTHBHa.H Macca. 'laCTH~bl B none TaK>Ke. CTaHOBHTC.H 

6onLmoii: aemi'IHHoii, nponop~HoHanLHoii (-4 • O'ieBH~Ho, 
'ITO cTpyKTypa raMHJILTOHHaHa /17/ B HOBLIX nepeMeHHLIX 

~On)KHa 6LITh TaKOH, 'ITO, no Kpaii:Heii: Mepe, B nepBOM 

npH6JIH:>KeHHH onepaTop BToporo nop.a~Ka no mipeMeHHLIM 

A npH 6onLmHx I AI ~on>KeH CBO~HTLC.a K Bblpa>KeHHIO 

1 a 2 

- -;;- a~ 2 , /60/ 

r~e p. - npHBe~eHHa.a 31P<beKTHBHa.a Macca qacTH~. ITocKonLKY 

npH 11; .... 00 34JbeKTHBHLie MaCChi Ka~OH H3 'laCTH~ ~On>KHhl 
CTpeMHThC.H K O~HO'IaCTH"liHOMY npe~eny, TO onepaTop /60/ 
~On>KeH co~ep>KaTb MaJihiH napaMeTp t:

4 • ManoCTb npOH3-

BO~HhiX no A cooTBeTCTByeT, TaKHM o6pa3oM, 6onLIIIoii: 

_31PbeKTHBHoii Macce qacTHIJPI B none. ManLiii napaMeTp npH 

onepaTopax Pr , ec'-recTBemio, cooTBeTCTByeT MaJioii: 3HeprHH 
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1: 

llJoHOHOB. IIpeo6pa30BaHHe /22/, H3MemiiOll(ee MacmTa6 

nepeMeHHbiX q f , ITOBbl CHJIO ITOPJI~O:K COOTBeTCTBYIOll(HX HM

nynLC()B Pr , 'ITO no3BOJIHT yqecTL I<:BaHTOByro npHpo~y 

4JoHOHOB }')Ke · Bo BTopoM nopJI~:Ke no £ • B pa6oTe /1/ 6nma 

pa3BHTa cTporM HTepalUIOHHaJI cxeMa yqeTa nepeMeHHLIX 

Or, :KOTOPM CTaHOBHTCJI B03MO:>KHOH nocne npeo6pa3oBaHHJI 

BOJIHOBOH WH:KUHH 
• _,. --J> -+ • .... 4 , ... 

<I>(.\l,A2,A,Q) = exp(;- T tfQf) <I>'{~l,A2,A,Q). /61/ 

qHCJia t f ~ 4JopMyJie /61/ ~OJI:>KHbl Y~OBJieTBOpJITb YCJIOBHIO 

~eHCTBHTeJihHOCTH 

* 
tf t -f /62/. 

H~ :KpOMe TOrO, HX BCer~a MO:>KHO Bbi6paTb Ta:K, 'IT06bl 

BbiiTOJIHJIJIOCb ·COO THOWeHHe 

~ M< i) t = 0. 
f a f f 

/63/ 

IIpeo6pa30BaHHe /61/ BLI3hiBaeT npeo6pa3oBaHHe .onepaTo-

poB 

1 
p -+ - t f + pf • 

f ( . 
/64/ 

IlpH aHaJIH3 e OTHOCHTeJibHOrO ~BH)KeHHJI..!faCTHU ecTeCTBeHHO 

Ta:K:>Ke H3MeHHTh MacwTa6 nepeMeHHOH A : 
-+ -> 

A = ( ~' /65/ 

'ITO IT03BOJIHT yqeCTb OTHOCHTeJibHOe . ~BH)KeHHe y)Ke BO 

BTOpOM ITOJ?H~:Ke ITO f , HO Ha 3TOM aHaJIOrHJI Me~y nepe

MeHHbiMH X H Qf :KOH'laeTCJI. IlpH'IHHa 3Toro 3a:KnroqaeTCJI 

B pa3JIH'IHH ITOTeHUHaJIOB, COOTBeTCTBYIOll(HX nepeMeHHbiM 

A H Qf. IloTeHnuanLHaJI 3HeprHJI,· cooTBeTcTByroll(as nepe

MeHHhlM Or , 3TO noTeHUHaJILHaJI 3HeprHJI OCIUIJIJIJJ:Topa 

C MaJIOH 'laCTOTOH, r~e napaMeTp MaJIOCTH BXO~HT B ra

MHJibTOHHaH B. BH~e MaJIOrO MHO:>KHTeJIJI ITpH ITOTeHUHane: 

EcTeCTBeHHo, 'ITO B 3TOM 'cnyqae MO)KHO npHMeHHTh cTpo

ryro Te OpHIO B03Myll(eHHH. floTeHUHaJibHaJI 3HeprHJI, COOT-

16 
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\• 

! 

} 
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r 
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BeTCTBYIOIQM nepeMeHHoii A, 3TO, Boo6ll(e roBopJI, HeMarraJI 

WH:KIUIJI, y~oBJieTBOpJiroll(aJI ycnoBHIO o6pall(eHHJI B HYJIL npH 

I~ 1-> oo. llpe·o6pa30BaHHe /65/ npeBpall(aeT · noTeHIUiaJILHyro 

3HeprHIO OTHOCHTenbHOrO ~BH)KeHHJI B crra6o MeHJJ:IOUlYIOCJI ... -
WH:KUHIO nepeMeHHoii ~ , o~Ha:Ko pa3JIO)KeHHe 3TOH li>YH:KIUIH 

B pg~ ITO CTeneHJIM £ He3a:KOHHO, ITOC:KOJib:KY TaRaJI npone~y-

. pa, eCJIH orpaHH'IHTbCJI :KOHe'IHblM 'IHCJIOM CJiaraeM!tlX pg~a, 

He no3BOJIJieT pacc~aTpHBaTL 6onLmHe · 3Ha'leHH11 ~. Ta:KHM 

o6pa30M, 3a~aqa OITHCaHHJI OTHOCHTeJibHOrO ~BH)KeHHJI - 3TO 

THITH'IHO a~ua6aTH'leC:KaJI 3a~a'la H npH aHaJIH3e ~BH)KeHHJI 
~Byx qacTHU B none crre~yeT cKoM6HHHpOBaTh TeopHro. 

• B03My[QeHHH ITO nepeM~HHhiM Qf C a~Ha6aTH'leC:KHMH MeTo~a
MH no nepeMeHHoii. A .. Ka~<: H B o~Ho'laCTH'IHOH 3a~aqe, 
COBepWHM. npeo6pa3 OBaHHe /61/ C TOR pa3HHUeH, 'ITO 

BeJIH'IHHhl tr Terre ph cne~yeT C'IHTaTL li>YH:KIUIJIMH A· llo3-

TOMY npeo6pa3oBaHHe onepaTopa/64/ 6y~eT conpoBo~aTL
cJI npeo6pa30BaHHeM OTH<;lCHTeJibHOrO HMITYJibCa 

. a 1 ~ Or .· 'a · · -1-- -+ --..:., · t -1--. /66/ 
aAa ( f,a aAa 

CoBepWHB 3aTeM npeo6pa30BaHHe /6S/, Mo:>KI!o y:Ka3aTL 

pa3rro:>KeHHe onepaTopa f} no cTeneHJIM £ /Ho He £t' · ;: 
IlpHBe~eM Bbipa:>KeHHe ·~JIJI p f C TO'IHOCTbiO ~0 CJiaraeMhlX 

HYJieBoii CTeneHH no £ : 

->-+ 

. jfq 1 . 1 . , .""(1) 
P = e t~(tf +tS£ J ) + -(Pf -Sf I. f O,tf·,-tS J 

f .. ~ a a £ a a "'f fa a 
< f' 

· T. ~ Q · · T < · a )) ""sm ~ £' Q • ""s<2l J + 1 f . ..:.. , t , +I -I-- + ..:.. t +I f 
a f' f f • a fa a ~a fa f' a £' f' a a 

""m "" <n a 
Sf ~ £' Q P -iT -~ Q t - iT (-i -. ) 

a£, a£' f' fa·£, £' f',a fa ·a~a 

/67/ 
m a (2) a 

iN (-i --) -iN (-i --)}. 
fa aAa . fa aAa 

1 2 
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IlpHBe,n;emwro BLipa)l(eHHH .n;nH Pf .n;ocTaTo'l~o, 'ITOOLIHaiiTH 
. . . 

raMHnbTOHHaH CHCTeMbl C TO'IHOCTbiO )];0 BTOporo nopH,IJ;I<a 

no £ , I<Or,n;a y)l(e MO)I(HO yqeCTb I<HHeTH'IeCI<YIO 3HeprHIO 

cPoHOHOB H OTHOCHTellbHOrO ,IJ;Bll)l(eHHH. "lJTOObl He npHBO,Il;HTb 

,IJ;.IIHHHbiX Bbii<Jia,IJ;OI<, npHBe,n;eM 3,IJ;eCb ycnOBHe OTCYTCTBHH 

B raMHnbTOHHaHe CHCTeMbl nHHeHHbiX no pf cmiraeM.biX, 

I<OTOpbie ,Il;Oll)I(Hbl IIOHBHTbCH B raMHllbTOHHaHe B nepBOM 

rropH,n;Ke 110 f B TO BpeMH KaK OHnHHeHHble 110 p f cnaraeMbie . t . . 

IIOHBllHIOTCH J.illliib BO BTOPOM nopH,IJ;Ke no Eo Il03TOMY Tpe-

OOBaHHe oop~eHHH B HYllb nHHeiiHoro no pf OllepaTopa 

BbiTeKaeT H3 YCllOBHH perynHpHOCTH BOllHOBOH <iiYHKD;HH no 

llepeMeHHbiM Or • 011epaTop, nHmliiHI>Iii 110 llepeMeHHI>iM Pf ; 

oop~aeTCH B HYllb B nepBoM nopH,n;Ke not:, ecnH 

r.n;e 

* Ctif(tf+iSfaJa) =icaEaf 

E =M(l)+M< 2 >. 
af af af 

./68/ 

/69/ 

lf3 YCllOBHH /68/ BbiTeKaeT, 'ITO IIOllHbiH HMIIYllbC CHCTeMbl 

MO)I(HO 3aiiHCaTb BBH,IJ;e 

l c/3 E {3 f ( 1 ) l c f3F, {3 f ( 2) 
J =-I-·--M =-I---M · 
a 2 cuf a£ 2 cuf af /70/ 

,lJ;eiiCTBHTellbHYIO BeKTOPHYIO <iiYHKD;HIO c {3 B /68/ cne,n;yeT 

Bb16paTb TElK, 'ITOObl nOllHbiH HMIIYllbC CUCTeMbl He 3aBHCen .... 
OT llepeMeHHOH A, Ilocne 3TOrO MO)I(HO HeCKOllbKO yrrpOCTUTb 

Bblpa)l(eHne .n;nH o11epaTopa 
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p 
£ 

....... 
i £ q 

e 

f3* 
c E 

1-
1
- i {3 £ + ...!... ( P' + i T L ) - S I f' Q P 
2 f fa a fa a- £' £' ( (L) f £' 

-iSfa Ca{3L{3- iTfada,8L{3+ iSfa (-i aaqa) 

--! 
~ .. 

,; . ~'-

~- ·" r:: ·~. 

/71/' 
•• N· (1)< .. a ) 
-1 -1 -- -

fa a 'Aa 
. 1 

. N < 2r < . . . a ) 1 · 1 . - 1 ' 

'fa a.\~ 

r.n;e OllepaTOpbl p ;. u La onpe.n;enHIOTCH paBeHCTBaMH 

P' =P -iS D , 
f · f fa a /72/ 

/73/ 
,8 * ... 

D =I f Q ~,8f 
a f a f cuf 

/7.4/ 
d 

L =-·i-- b {3Jf3+IQf tf • 
a a ~a·.. .a f , a 

B.oclloni>30BaBliiUCb ·coOTHomeHneM /68/, MO)I(HO HCI<JIIO'IHTb 

H3 Ollpe.n;eneHnH ollepaTopoB La llpou3:B.o.n;HI.Ie tf,~·H.IIp~Be·
cTH La K BH,n;y, auanorH'IHOMY Bbipa)l(eH~IO ,n;nH OllepaTopa pf: 

a y . 1 ·.·. * ·· 
L = - i -- - R + i c , I - Q £ E £ ~ /7 SF· 

a a ~a . a . a "'f y 

r,n;e BeKTOp .Ra paBeH 

R 
a 

F 
af 

I fa Qf 
f 

{3 * 
c F{3f 

(L)f 

(1) ( 2) 

Mf-M£.· a · a 

/76/ 
'. 

/77/ 

3aMeTHM, 'ITO 'B cuny Ollpe.n;eneHHii: /39/, /69/ u /77/ 
BenH'IUHbi Eaf H Fa£ y.n;oBneTBOpHro:r cooTHOIIIeHUHM 

* * 
E = - E : f , F f. = -. F · · f , ·.af· a,- ... a ... a,- • /78/ 

a B CHny YCllOBHH OPTOHOpMHpOBKH .j2S/ 3THM )l(e COOTHO-
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meHHHM ,IJ;On:lKHbi y,IJ;oaneTBOPHTL H BenHqHHLI Sf a H T fa· 

Ilo3TOMY BeKTOPLI D aH Ra ,IJ;eHCTBHTenLHhl, onepaTop P(, 
KaK H pf ,y,IJ;OBneTBOpHeT ycnOBHIO 

* 
P£' =P~£ , /79/ 

a onepaTop La 3pMHTOB. 

IJpe:>K,D;e qeM npHBeCTH HBHLIH BH,IJ; raMHllbTOHHaHa CHC· 

TeMbl BO BTOpOM nopH,D;Ke no c , 3aMeTHM, qTO BCe lPYHKI.J,HH ... e' BXO,IJ;HII.J,He -+B Bbipa)l(eHHe onepaTopa Pr '3aBHCHT OT 

KOM6HHai.J,HH ce' no3TOMY KOMMyTaTop onepaTopa L c oc-a. 
TallLHbiMH BenHqHHaMH eCTb BenHqHHa nepBOrO nopH,IJ;Ka 

ManOCTH no c no cpaBHeHHIO C CaMHMH BenHqHHaMH. 

Il03TOMY B pa3llO)I(eHHH raMHnbTOHHaHa CHCTeMLI no CTene

HHM c 
. 2 

H=H
0

+cJ<1 +c H2 

oqeHL npo CTO BLI,IJ;enHT L en a rae MLie J{ 0 H J( 1 • 

l 
J{o = """2,: 

... 2 l -+ 2 l 
p + - p + - I (cu 

1 2p. 2 2 £ 

...... 2 

(c£) ) d 
+ -- £ 

(L)f 

-...... _-+-+ -+-+ -+-+ 

/80/ 

/81/ 

-+-+ 
-2i£X 

+I A frx 
f f e 

2i£X it\ 
uf ( 1 + e ) + I A f. e 

f 
uf(l+e ) , 

r,IJ;e 
-+-+ 

2 2ifX 
df=2lufl O+e ) 

a 
.. =-i-.,.-, 
Pi ax i 

/82/ 

_,._,. --+--+ ..... .....,. ....... _,. 

J{ _~A ( i£>. 1 ifA i£X 2 -ifX) Q 
1

-..w fe e +e +e f+ 
f /83/ 

-+-+ 
"fX * 1 

Icu u (e 
f f 

...... 
-i fX 

+e 

-+-+ 2 

) Q · - ~ ( c f) i fX 
· f ..w--(e 

(L) 
f 

-+-+ 
-ifX * 

+e )ufQf. 

OnepaTop J{ 1 nHHeeH no nepeMeHHhiM Q f' cnaraeMLie, nH-
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HeiiHble no onepaTopa.M Pr , o6paTHnilcL B HynL B cHny 

YCllOBHH /68/. 3aMeTHM, qTo BLI6op npOH3BOllbHOH KOM6H

Hai.I,HH MaTpHI.J, M~i/ B BH,IJ;e Eaf•Heo6xo,IJ;HMLiii ,IJ;nH.Henpo

THBopeqHBoro onpe,IJ;eneHHH nonHoro HMnynLca no !PopMyne 

/70/, npHBO,IJ;HT K OOpB.II.J,eHHIO B Hyllb K03lPlPHI.J,HeHTOB npH 
onepaTopax LaB nepBOM nopH,IJ;Ke no f • 

4. JipuMeueuue aoua6amu<~ecKoii meopuu eo3MYUieuuii, 
00HO'IQC1!1U'IHble nomeHf.IUQAbJ: 

OrpaHHqHMCH 3,IJ;ecL npocTeiimHM BapHaHTOM a,IJ;Ha6aTH

qecKoii Te OpHH B03MYII.J,eHHH. 3Toro 6y,IJ;eT ',IJ;OCTaToqHo, 

qT06LI nonyqHTb O,IJ;HoqaCTH~Lie noTeHI.J,HanLI H BbiHCHHTb 

OCHOBHhle CBOHCTBa OTHOCHTenLHOrO ,IJ;BH)I(eHHH. YpaBHeHHe 

illpe,IJ;HHrepa C raMHnbTOHHaHOM /80/ HMeeT BH,IJ; 

2 -+-+-+ 
( J{ + c J( + c J{ - E) 'I' (X , X , ~, Q) = 0 • /84/ 

0 1 2 1 2 

OnepaTop J<0, onpe,IJ;enHe~Liii ~OOTHomeHHeM /81/, 3aBHCHT 

nHWL OT nepeMeHI~.hiX AI.!. ).. 2 H ).. , npHqeM ,IJ;HI}xl>epeHI.J,HanLHhlx 

onepaTopoB no X .tt 0 He co,D;ep)I(HT. Ilo:JToMy MO)I(HO 

Ha,IJ;eHTbCH, qTo XOpOWHM npH6nH)I(eHHeM 3a,IJ;aqH /84/ 6y,IJ;eT 

pemeHHe, OCHOBaHHoe Ha npe,IJ;CTaBneHHH BOllHOBOH lPYHKI.I,HH 
CHCTeMLI B BH,IJ;e npOH3Be,IJ;eHHH 

.... -+ ~ -+-f>-+ 

'I' ( X 1 , ).. 2 , e , Q) = ¢ ( X 
1 

, X 
2 

; ·cc) () ( ~ , Q) , /85/ 
-+ ... -+ 

npHqeM ciiYHKUHH ¢ (;\1 ,;\ 
2 

; )..) y,IJ;oBneTBOpHeT ypaBHeHHIO 

-+ 
(J{ 0 - E (X)) ¢ 0 ' /86/ 

-+ 
co,D;ep:>KB.II.J,eMy nepeMeHHyro X KaK napaMeTp. <l»yHKi:UfH 

()( (, Q) B 3TOM cnyqae y,IJ;oaneTBopHeT ypaBHeHHIO . · 
.. 2 -+ 

. (c <J<1 > + c < J{ 2 > + E (>.) - E) 8 = o , ;
87 

1 

CHMBon <~ . .>3,IJ;ecL H ,IJ;anee 6y,IJ;eT 03HaqaTL ycpe,IJ;HeHHe no 
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BOnHOBOR liJyHKUHH ¢(A1 ,~ 2 ,1). OnepaTop<}\>- .naue:ii:Jn,IR 

onepaTOp nq_ nepeMeHHLIM C K03qxpHUHCHTaMH, 3aBHCHIUHMH 

TonLKO OT >.. • liTo6LI o6ecne .. IHTL perynapuocTL <PYHKUHH 

e <(,Q) no nepeMeHHLIM Q f, noTpe6ye:M, '!To6LI onepaTop 

<}\> o6pruuanca B HYJIL. HanoMHHM, 'iTO paaee 6Lm o6pruueu 

B HynL aaanorH'iHLIR JIHHCRHLIR onepaTOP no nepeMeHHLIM 

pf .HeOOXO.IJ;HMOCTb 3TOrO Tenepb TaK .... :>Ke onpaB.IJ;LIBaeTCH 

Tpe6oBaHHCM perynapHOCTH <iJyHKUHH 0(~ ,Q)JlOCKOJILKY one

paTOp. }{1 co.IJ;ep:>KHT K03!lxPHUHCHTLI uf /eM. /83/ I, TO 

ycnOBHe <}( 
1
> = 0 n03BOllHCT HaRTH 3TH K03<iJ<iJHUHCHTLI. 

0HH onpe.IJ;CllHIOTCH ypaBHeHHHMH 

-J>-+· 2 -+-+ . -+4 -+-+ -+-+ 

* (fc) 2 if"A -if>. if"A if"A 
uf(wf---){e +e )=-Af{<e >e + 

CiJf 
/88/ 

-+-+ -+-+ 

if).. -if A 
<e > e }. 

Ilocne 3Toro ypaaaeHHe /86/ CBO.IJ;HTCH K ypaBHeHHIO illpe

.IJ;Hnrepa 

1 ... 2 1 ... 2 ... ... .... 
(-·-p+-p +V(>..,>..,>..)-W)¢ 

2p. 1 . 2p. 2 0 

B KOTOpOM poJib 3HeprHH HrpaeT napaMeTp 

... 1 . 
W "" E(>..) - -I (w + 

0 ' 2 f 
,/ 

---· - ..... .r--·----

G1) 2 

---) df' 
CiJf 

0 ' /89/ 

/90/ 

a noTenuuan onpe.IJ;enaeTca BLipa:>KenHeM 
-+-+ ....... .......... 4-+ 

.... ... ... i f >.. -if>.. if >.. 1 if >.. 
..... -+ ...,._., 

if"A2 -if>. 
V ( >.. 1' >.. 

2
, -\) = I A f u f ( e + e ) ( e + e 

f 

+ e e ) 

/91/ 

C K03qxpHUHCHTaMH u f , nonyqeHHLIMH H3 ypaBHeHHH /88/. 

OTMeTHM .IJ;Be oco6eHHoCTH noTeHuHana /91/. Bo-nepBLIX, 

~To'l' noTenuuan ,IJ;onycKaeT pa3,IJ;eneHHe nepeMeHHLIX X 1 H 

"A
2
,BO-BTOphlX, XOTH n~>TeHUHaJILI .IJ;llH pa3HhlX '!aCTHU npH 

Kone'iHLIX 3Ha'ieHHHX >.. pa3JIH'iHLI, B npe.IJ;eJILHOM cnyqae 

111 ... oo noTe nuuan /91 / npHHHMae T BH.IJ;: . . 

22 

.......... -+-Jo 

· · if"Ai ... · ~ i f"A 2 V(A.l,>..2) = 7Afufe +~Afufe .., /92/ 

T.e. B npe,IJ;ene aCHMnTOTH'ieCKH 60JILWHX OTHOCHTeJILHLIX 

paCCTOIDIHR noTeHUHaJI CB~HTCH K CYMMe O.IJ;HHaKOBLIX 

<iJyHKUHR nepeMeHHLIX rl H >.. 2• IlOCKOJILKy-npHHHTOe HaMH 

npH6JIH:>KeHHe paCC'!HTaHO Ha OnHCaHHe OCHOBHOrO COCTOHHHH 

cHC.JeM_J>I, cne.IJ;yeT B3HTL B Ka'ieCTBe BOJIHOBOR <lJynKUHH 

cp (>.. 1 ,>.. 2) npOH3Be.IJ;eHHe BOJIHOBLIX <iJYHKUHR OCHOBHLI~'fACo
CTOHHHR cp 0 (t

1
)cp0(x;).B 3TOM CJiyqae<iJopM<iJaKTOpLI <e 1 -\>H 

< effAz> COBna,IJ;aiOT H K03qxpHUHCHTLI Uf paBHLI 

.... ...._. 
* ((!£)2 if"Ai 
u (w ---) =-Af<e 

f· f w.f 
> /93/ 

3TH BLipa:>KeHHH COBna,IJ;aiOT C ananorH'!HbiMH Bbipa:>KeHHHMH 

.IJ;ll.H K03~HUHCHTOB uf , nonyqeHHLIMH B .O.IJ;HO'iaCTH'iHOR 

3a.IJ;a'ie l . TaKHM o6pa3 oM, noTe nuHanLHLie .HMLI, npuroToB-. 

neHHLie '!aCTHUaMH nocne BLI,IJ;eneHH.H H3 non.H KnaCCH'iCCKOR 

COCTaBnHIOIUeR, B npe.IJ;ene 6onLWHX OTHOCHTCllLHLIX· pac

CTO.HHHR CTaHOB.HTC.H O.IJ;HHaKOBLIMH .IJ;ll.H Ka:>K,IJ;OH '!aCTHULI 

H COBUa,IJ;aiOT C COOTBCTCTBYIOIUCR ·o.IJ;HO'iaCTH'iHOR ·noTen

UHanLHOR .HMOR. ·· . / / 
Cne.IJ;y.H pa6oTe 

1 
, HeTpy.IJ;no BLI.HCHHTL <)JH3H'ieCKHR 

CMLICn BCKTOpa c H HaRTH 3<b<)JeKTHBHYIO Macey .IJ;BYX~IaCTH'!
HOH KonqmrypauHH. Ilpe:>K.IJ;e Bcero, H3 ypaBHeHH.H/89/ nerKo 

naRTH qacTnyro npoH3BOAHYIO W0 rio BeKTopy ~: 

a~o = < av >. /94/ 
a~ a I! 

IlpHHHMa.H B.O BHHMaiiHe HBHLIR BH.IJ; noTeHUHana /91/ H COOT

HOliiCHHe /88/, neTpy .IJ;HO HaRTH, 'iTO 

av 1 (r~) 2 adf 
<-->=--I(w- --) --

a-> 2 r · r w a ... c f c 
/95/. 

HcnonL3Y.H COOTHOWCHHC /90/, nerKO HaRTH TaK:>Ke '!aCTHYIO. 

npOH3BO.IJ;HYIO 3HeprHH CHCTCMLI B · HyneBOM npH6nB:>KCHHll 
... ... . 

E (>.)no BeKTopy c: 
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.-

';-"t·,, 

~·. ~ 

·. ·~ { ,.' 

~.;. ~ * 

... 

-> ->-> 

aE(.A) ~ ( f c) 

a"t (L) 

£ 

->-> 
ad£ -> (fc) 
--+~f--d 
a -> (L) £ 

c £ 

.:. r -~~ . 

1961 

'-

T·· 
• 1 ~ 

IfCIIOIIh3yH· COOTHOIIIeHHH 1701, IIOnHhlH HMIIYIIhC CHCTeM~l' --~
MO)I(HO rrpe,D;CTaBHTh B BH,D;e: 

-> -> 

... -> (fc) 
J = ~ £ d £ 

w£ 

H IIOKa3a Th cnpaBe,D;IIHBOCTh paBeHCTBa: 

~ c 
a 

a 

aJa 

ac{3 

-> 

aE (>.) 

ac{3 

H3 KOTOpOrO cne,n;yeT, 'ITO ... 

1971 

1981 

a Eo(>.) = c • 1991 
aJ a 

a 
lJOCKOIIhKY rrpOH3BO,D;HaH IIOIIHOH 3HeprHH CHCTeMhl ITO co-

CTaBIIHIO~HM rronnoro HMrrynhca orrpe.n;enaeT BeKTop cpe.nne:ii: 

CKOpoCTH, 3aKIIIO'IaeM, 'ITO cpe,D;HHH CKOpOCTh .D;BYX'IaCTH'IHOH ... . 
KOHdJHrypauHH V OIIpe,n;enHeTCH paBeHCTBOM ; 

... 2-> 
v = f. c • 11001 

113 COOTHOIIIeHHH 11001 cne,n;yeT, 'ITO 3dJ<beKTHBHaH Macca 

.D;BYX'IaCTH'IHOH KOndJHrypaUHH paBHa: 

1 
1-L 3dJ<b. = 

f.4 

... 
..! ~ ~ d (0) 

3 £ w 
f 

11011 

( 0) 

r,n;e d f -. 3Ha'leHHH K03<bdJHUHeHTOB df, Bhl'IHCIIeHHhie IIpH 

nyneBoii: cpe.Inieii: cKopocTH. 3aMeTHM, 'ITO rrpn !"AI ... oo 

34xlJeKTHBHaH Macca .D;BYX'IaCTH'IHOH KOHdJHrypaUHH, KaK H 

CIIe,D;OBaiiO O)I(H,D;aTh, CBO,D;HTCH K CYMMe 3dJ<beKTHBHhiX Mace 

OT,n;enhHhiX '11icTHU. B o6meM cnyqae 31):KileKTHBHaH Mace a, 
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·-.-:. 

...... 

KaK H cpe,D;HHH CKOpoCTh, 3aBHCHT OT OTHOCHTeiihHOrO

paCCTOHHHH Me)I(.D;y 'laCTHUaMH. 

5. OmuocumeA bHoe oeuJtCeuue 'lac mull 

0THOCHTeiihHOe ,D;BH)I(eHHe 'laCTHU H ,D;BH)I(eHHe dJoHOHOB 

OIIHChiBaeTCH ypaBHeHHeM: 

2 .... 
(£ <J{ > + E(>.) - E) e(e-,Q) = 0. 

2 11021 
-> 

3neprHH ,n;ByxqacTH'!Hoii: KondJnrypaunn E(X) nrpaeT B 

ypaBHeHHH 11021 pOIIh IIOTeHUHana BJaHMO,D;eHCTBHH qac

THU. lfCllOIIh3YH CTaH,n;apTHhie MeTO,D;hl TeopHH MOIIeKyn, 

ne rKO IIOKa3a Th, 'ITO CIIpaBe,D;IIHBO COOTHOIIIeHHe 
... a E(.A) 

-> 

av 
= <--... ->' 11031 

ae- ae-
a IIOCKOIIhKY KOMMyTaTOp OIIepaTopaLa C OCTaiihHhiMHdJYHK

UHHMH g, BXO,IJ,H~HMH. B orrepaTop <}( 2 >, eCTh BeiiH'IHHa no

pH,D;Ka f. 2, TO B rrpHHHTOM rrpH6IIH)I(eJIHH MO)I(HO C'IHTaTh, 

'ITo E(A)- e.n;IincTBeHH·aa 3aBncamaa oT · t Bennqnna Bone

paTope 3HeprHH OTHOCHTeii_hHOrO ,D;BH)I(eHHH. lf3 Bhipa)l(eJIHH 

,D;IIH onepaTOpa HMIIYIIhCa p f 1711 BH,D;HO,. 'ITO ,D;OBOIIhHO 

cno)I(Jiaa B o6meM cnyqae CTPYKTJpa onepaTopa <R
2
> 3Ha

'IHTenhHO yrrpo~aeTCH, KOr ,n;a . c = 0 ,'l:ro COOTBeTCTByeT 

OTHOCHTe_IIhHOMY ,D;BH)I(eJIHIO 'laCTHU IIpH HeiiO,D;BH)I(HOM UeJIT· 

pe HHepUHH CIICTeMhl. 3TOT rrpOCTOH cnyqa:ii: KaK pa3 H Han-

6onee HHTepeceu npii anann3e oT:Hocn.Yenhnoro .n;BnJKeiiHH • 

Ilpn t = 0 onepaTop <Jt
2
> CBO.D;HTCH K cne.n;yro~e:My: 

* * . * a 
< }( > ,;, ..!... ~ (L) Q Q + l ~ w [ p -iT (- i -) ] I 1041 

2 2 f f f f 2 f f fa a e-a . 
[P +iT {-i.L_) ]. 

f fa a ga 

OnepaTop-

* . a -
-..L~wT---(T 

2 f f fa - a~ a . £{3 

a 
-) 

ae-_f3 11051 
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~'"-· ~ ·.·.-; 

:· .... 

.:-"'!-. 

::· 

-~~ 

' 

-' 

.nomKeH nrpaTL ponL onepaTopa KHHeTH'Iec:Koii :meprHH 

OTHOCHTeJILHOrO ,1\BIDKeHHH. B npHHHTOM npH6JIH:>KeHHH one· 

paTOp /105/ MO:>KHO 3aMeHHTb Ha 

1 * a 2 

-..,-~w T T {3 {3. /106/ 
2 f fa f aeaae - * 

HeTpy,nHo oneHHTL npe.nen KBa,npaTH'IHoiiclJopMLI 7 wr Tra Tr{J. 
npH aCHMnTOTH'IeCKH 60JILW~t OTHOCHTeJILHLIX paCCTOHHHHX. 

B CHJIY BLI6opa MaTpHU M a
1
f B BH,ne /39/ MaTpHULI Eaf :H 

Fa£ paBHLI 

-+-+ 

Fa f = - 2 i £a u f sin £ A , 
-+-+ 

Ea£ =2faufcos£A, 

no:l TOMY MaTpHULI S fa H Tta, CBH3aiiHLie c Eafi Fa f 
MH opTOHOpMHpoBKH /25/, MO:>KHO B3HTb B BH,ne: 

* (1) - ->-+ • *(2) . -+-+ 
Sf = £ v f cos £A , T = 1 £ v sm fA , 

a a £a. a £ 

/107/ 

YCJIOBHH-

/108/ 

_. *u' ') 
r.ne v ~ i) - liJyHKUHH A ,y,noBJieTBOPHIOIUHe ycnoBHIO v r' = v ~~ • 
YCJIOBHe /25/ TOr,na .cBe,neTCH K COOTHOWeHHHM: 

2~ .... £2*(1) 
2 -+-+ - -2 ->2*(2) 2_._ ... 

cos £A = 1, -~ £ v u sin fA = 1. /109/ _., vf uf 
3 f 3 f f f 

EcJIH qncna- 11:{··- .nocraTo'IHo 6LICTpo y6LIBaiOT c pocToM 

£, TO clJYHKUHH ~ri) .MO:>KHO BLI6paTL CJie,nyiOIUHM o6pa30M: 
f 

v \i) = u f F(i) (~) , /110/ 

npn'leM npH I 'i I -+ "" 

TeJILHLIX clJYHKUHH f'il(A) 
acnMnToTH'IeCKH 6onLWHX 

1 -+ 2 2 
3 F ~ £ I uf I = 1 • 

npe,neJILHLie 3Ha'leHHH ,neHCTBH· 

coooa,naiOT. YcnoBHH /109/ npn 

I~ I cBo,nHTCH 1<: cooTHOWeHHro 

/111/ 

. 

~:-· 

3~·eKTHBHaH Macca Ka:>K,nOH H3 'laCTHU onpe,neJIHeTCH Bbl-. ' '· 

pa:>KeHHeM .... 
1 1 £ 2 2 

p. ~~ = - • - ~ -- I u I 
s't''t'• £4 3 w f 

£ 
/112/ 
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... 
a KBa,npaTH'IHaH clJopMa llpH llpOH3BO,l\HbiX ITO e 
/105/ CBO,l\HTCH K 

1 . 1 2 _.2 2 
- ~wfT T£{3=-o {3F ~ £ wflufl • 
2 f fa 6 a f 

BonepaTope 

/113/ 

qaCTOTY wf B CYMMax /122/ H /113/ MO:>KHO C'IHTaTL cna6o. 

MeHHIOIUeHCH- liJyHKUHeH £ H BLIHeCTH 3a CYMMLI, 3aMeHHB 

Ulf Ha HeKOTopyiO 3~eKTHBHYIO 'laCTOTy Ul • liOCJie 3TOrO 

Bblpa:>KeHHe /113/ CBe,neTCH K CJie,nyiOJUeMy: 

* 1 ..!..~w T T =--o 
1 

/114/ 
2 f f fa f {3 4E 4 a {3 p. 3 clJclJ. _. 

IlpHHHMaH BO BHHMaHHe' qTo BeJIH'IHHa ( e - 3TO llOJIOBHHa 

OTHOCHTeJILHOrO paCCTOHHHH, HaH,neM, 'ITO npH aCHMllTOT.H· 

qecKn 6onLmHx paccTOHHHHx npnBe,ni':mHaH Macca qacTHU 

paBHa, KaK n cne,noBano o:>Kn,naTL , 1/2p. 3 clJclJ. ·BLipa:>KeHne 

,nJIH onepaTopa<J< 2>yKa3LIBaeT Ha HenpHHTHYIO oco6eHHoCTL 

3a,na'IH o6 OTHOCHTeJILHOM ,1\BH:>KeHHl.\: ,na:>Ke B CJiy'lae Hyne

BOH cpe.nneii CKOPOCTH nepeMeiiHLie e H_ Or He pa3,neJIHIOT

CH. ~H3H'IeCKaH npH'IHHa 3TOrO O'leBH,nHa, ITOCKOJILKY 3clJ

clJeKTHBHaH Mace a 'laCTHU nponopnnomtJILHa f -4, KHHeTH'IeCKaH · 

3HeprHH OTHOCHTeJILHOrO ,1\BH)KeHHH aBTOMaTH'IeCKH CT~HO· 

BHTCH _BeJIH'IHHOH TOrO :>Ke llOpH,nKa, 'ITO H KHHeTH'IeCKaH 

:lHeprHH ciloHoiioB~ Ilo3TOMY 3a,naqn onnca~na OTHOCHTenL

Horo ,1\BH)KeHHH H CBOHCTB cPOHOHHOrO llOJIH npHXO,l\HTCH 

pemaTL COBMeCTHO. C 3TOH . TO'IKH 3peHHH llOHHTHO H 

YCJIO)KHeHne raMHJILTOHHaHa BT oporo nopH,nKa no E npn 

HenyneBoM noJIHOM liMnyJILce cncTeMLI. BLI,neneHne Koop

.1\HHaT neHTpa IIHepnHH H OTHocnTeJILHLIX Koop,nnHaT 6Lmo 

c,neJiaHO TaK, 'IT06bl TO'IHO yqeCTb 3aKOH COXpaHeHHH 

llOJIHOrO HMnyJILCa. JIBHLIH BH,l\ onepaTOpOB llOJIH ll03TOMy 

,1\0JI)KeH 3aBHC.eTL OT COCTOHHHH ,1\BH)KeHHH llOTeHUHaJILHLIX 

HM, BHYTPH KOTOpbiX KOJie6JIIOTCH 'laCTHULI. qTO 3TO ,neii

CTBHTeJILHO TaK, CJie,nyeT H3 Bbipa)KeHHH K03~HUHeHTOB 

,1\JIH Uf/88/, Ottpe,neJIHIOIUHX npoeKUHOHHYIO MaTpHny, BLI,ne

JIHIOIUYIO He3aBHCHMLie nepeMeiiHLie nonH C yqeTOM ,1\BH:>Ke· 

HHH 'lacTHU. liOCKOJILKY ,1\BH)KeHHe n(>TeHUHaHLHLIX HM He 

paBHoMepHo, a nponcxo,nHT B cornacnn c 3aKOHOM coxpa

HeHHH llOJIHOrO _ HMITyJILca, onepaTOpbi HMnyJILCa- clJoHOHOB 

HCllbiTLIBaiOT npeo6pa30BaHHe /72/, 3aBHCHJUee OT BeKTopa 
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cpe~Heii. cxopocm. ITo 3Toii >Ke npH'IHHe npeo6pa.lyiOTCH 

·B onepaTOpLI OTHOCHTeJILHOrO HMllYJILCa, H llOCKOJILKY Cpe~-"
HHH CKOpoCTb B ~ayxqacTJiqHOH 3a~aqe 3aBHCHT OT ~THOCH- •. 

TeJILHoro paccToHHHH, TO B onpe~eneHHe onepaTopoB L~ _, 
/75/ BXO~HT rpa~HeHT cpe~HeH CKOpOCTH. 

6. 3aKA10'l€HU€ 

He npe~cTaBnHeT Tpy~a npuMeHHTL H3Jio>KeHHLiii 3~ecL 
MeTO~ K 3a~aqe ~BYX TeJI, CHJILHO B3aHMO~eHCTBYIOIUHX 
C llO.JieM, ll0~06HO TOMY KaK 3TO 6LIJIO C~emtHO B pa6oTe /2/ 

'(. 

. ~riH O~HoqacTH'IHOH 3a.IJ,a~IH. lbMeHeHHH KOCHYTCH . .riiiiiiL 

3a~aqH 06 onpe~eJieHHH O~HO'IaCTHqHbiX llOTeHIJ;HaJILHLIX 

11M, 06LQaH KapTHHa OTHO CHTeJILHOrO ~BH>KeHHH.'IaCTHU 6y~e·T 
raxoii >Ke, KaK a cnyqae a~ua6aTuqeci<oro B3aHMo~eiitTBHH •. 
3TO o6CTOHTeni:"cTBO llOAqepKHBaeT Ba>KHOCTL CTp~roro . 

yqeTa TO'IHLIX 3aKOHOB coxpaHeHHH B :MHoroqacTH'IHLIX 

3a~aqax. EcJIH B o~HoqacTH'IHOH 3a~aqe · eme MO>KHO xoTH 

6LI.B nepBOM npH6Jni>KeHHH ,llOJib30BaTLCH HaHBHbiM npeo6pa-

30BaHHeM mna /7/, cqHTaH, qTo ~BH>KeHHe qacTH~I B none 

CBO~HrCH B ,3TOM npH6JIH>KeHHH KpaBHOMepHOMY /2< TO ~JIH• .· 

caMoro rpy6oro. OnHCaHHH ocHOBHLIX caoiicr:B OTHOCHTenL-. 

Horo · ABH>KeHHH ·npHMoe ucnoJIL30BaHHe 3Toro MeTo~a · 3a~: 
TPY~HHTeJILHo~ IIpuqHHa 3axnroqaeTcx a npocioM: u y>Ke 

HeO~HOKpaTHO no~qepKHYTOM qiH3HqeCKOM tlJaKTe - B CJiyqae 

Hecna6oro B3au:Mo~eiicTBHH · 3tPtPex1'ui:m·aH ·Macca qacTHUbl 

npH HeCJia6oM B3aHMO~eHCTBHH 'laCTHUbl C llOJieH TaKOBa, 

qTO KHHeTuqecKaH 3HeprHH OTHOCHTeJibHOrO ~BH>KeHHH ~OJI>K
Ha 6LITb BeJIHqHHOH ~Toro >Ke nopH~Ka, qTO H KHHeTHq~cKaH 
3HeprHH OCUHJIJIHTOpoB nonH. B 3TOM cnyqae npuxo~HTCH ' 

~YMaTL 0 CMbiCJie OTHOCHTeJILHOrO COCTOHHHH Me~y qac

THUaMH. llpeo6pa30B~He • KOOp~HHaT qaCTHU /18/, j19/, 
npH3BaHHOe COXpaHHTb HBHYIO KHHeMaTH~eCKYIO He3aBHCH

MOCTb qaCTHU npH BKJIIOqeHHH B3aHMO~eHCTBHH aBTOMaTH

qeCKH onpe~eJIHeT KOOp~HHaTLI n;eHTpa HHepUHH CHCTeMLI 

. H BeKTOp OTHOC~TeJILHOrO paCCTOJIHHH KaK lPyHKUHIOKOOP.~ 
~HHaT UOJIH. Tpe60BaHHe coxpaHeHHH KHHeMaTnqecKOH He._ 

3aBHCHMOCTii qaCTHU He06XO~HMO ~JIH TO'IHOrO yqeTa 3aKOHa 

coxpaueHHH noJIHoro HMnynLca·· H, Ka3anocL 6Li, HBHO :He· 
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CBH3aHo c ~HHaMuqecKHMH caoiicTBaMH CHCTeMLI. O~uaxo 
3TO npeo6pa3000HHe HeMe.IJ,JieHHO llJlHBO~HT K BLIBO~y 06 

a~Ha6aTH'IHOCTil OTHOCHTeJILHOrO .IJ,BH>KeHHJI. cl>aKTHqeCKH 

HMeimo 3TH coo6pa>KeHHJI ll03BO.JIH.llH llOCTpOHTL llpOCTYID 

HTepaUHOHHYIO · CXeMy BLI'IHCJieHHJI onepaTopoB HMllYJILCa 

tiJoHOHOB. YnpomeHHJI B cTpyxType ypaaHeHHii /35/, onpe- -

.IJ,eJIHIO[llHX npOH3BO.IJ,HLie. BeKTOpOB q H ( llO nepeMelmLii~ 
noiDI, 6LIJIH nonyqeHLI nocne BLI6opa xo34JtlJuuueHTOB M~ f 
B BH~e /39/. nerKO llOHHTb CMLICJI 3TOH npon;e.D,ypLI. Ilpe

·o6pa30BaHHe onepaTOpoB llOJIJI./22/ npHBO.IJ,HT K TOMy, qTQ 
. .. . . ~ . 

JII06Lie CMeLQeHHH BeKTOpa q np~BO.IJ,JIT JIHlliL K H3MeHeHHIO. 

tiJa3LI xoop~~niaT noiDI. BLI6op M~1~ B BH.IJ,e /39/ 03HaqaeT, 

qTo OCH llO.D,llpoCTpaHCTBa, Ha KOTopLie npoeKTHpyiOTC~, 

onepaTOpLI llOJIJI, llOBOpaqHBaiOTCJI llpH H3MeHeHHH OTHOCH_

TeJILHOrO paCCTOJIHHJI, npuqeM 3TOBpa~UeHHe MO>KHO CqHTaTL 

a~ua6aTuqecKHM. 

B 3aKJIIOqeHHe aBTOPLI npHHOCHT rny6oxyro 6naro.D,ap

HOCTL H.H.1ioronro6oay 3a MHoroqucneHHLie H rmo.IJ,OTBOPHLie 

o6cy>K~eHHH npo6JieMLI .IJ,BYX TeJI B TeOpHH CHJILHOH: CBH3H. 

BecLMa none3HLIMH 6w.im . .IJ,Hcxyccuu c· B.,ZJ;.KyxHHLIM, 

A.A.noryuoBLIM H O.A.XpycTaneBLIM. IIonL3yeMcJI·cnyqaeM 

BLipa3HTL' HM CBOIO npH3HaTeJILHOCTL. 
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