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§ I. llBe~eHHe 

l3 noCJie~e I'O.JU:l B <PRaiute MeueHTapmoc 'laCTHI.{ Bee 60JI:&ruee npm.re

HeHHe Haxo.wrr BOJIHOBlle WYHKinm, .iiBJI'.IDOOIH8 C.fi perueHB!IMK KOBapHaHTirnX 

TJ1e)O.repmoc ~yx-qacTH'IHWC; ~pa,BIIeH:Wi, IIOJIY'leHHIDC Jior,YHoBHM-Tamcemmse 
I II H .npyrm.m aBTO paMH /2 6/ . 

lli!Tepec K 9TID.t ypaEHeHWIM o6yCJIOMeH TeM, 'ITO ITO CBOeft CTpyKType 

OHH I'Opa3~0 6Jrmte K HepeJJRTHBHCTCKHM ypaBHeHHliM llipe~repa H J!HIIMaHa

lllmmrepa, '!eM 'l8Tb!peXMepHOe ypaBHeHHe EeTe-COJimtTepa. 3To CBOilCTBO 

~eJiaeT mc 60Jiee y~o6Hl>IMK B nprutTH'ieCKHX npHJio.JKeHWDC, a, .KpOMe Toro, noa

BOJIJieT paccr.mTpHBaT:& me KaK npliMOe Tpexr.repHoe peJmTHmtcTcKoe o6o6me

HHe annapaTa HepeJIIITHBHCTCKOH KBaHTOBOH r.rexrum:KH. 

C aToii: TO'IKH apeHH.fi npe~cTaBJIIIeT 60JI:&ruoii: IIHTepec Haxo~eHHe Ta

KHX JI,I(ep 9THX ypaBHemtil (wm KBa3HnOTeHI.tHaJIOB), KOTOpb!e, C O~Oil CTO-
~ 

poHb!, .fiBli.ltlrnCb 6H peJI.fiTHBHCTCKHMli aHaJIOraMH nm:poKO JICIIOJII>3YCMI1X B 

HepeJIIITHBKCTCKOH TeopHH (PeHOMeHOJIOI'H'leCKHX IIOTeHI.tHaJIOB, a C ,IU>yroii 
CTOpoHb!,~OIIyCKaJIH 6U Haxo~eHHe TO'!IrnX peruemtil peJIIITHBHCTCKHX ypaBHe

Hltil. 
3Ta a~a-qa CTaBWiaC:& H ~ peruaJiac:& A1UI H9KOTOpiDC KBa3HllOTCHI.tHa

JIOB B pJI,I(e pMOT. Trut, B /? 6WIH H~eHii p9JIIITHBKCTCKHe aHaJIOI'H no

Temnm,Jia KyJioHa, ~onycRa.IallHe TO~e Jl9ll!eHH.fi ~yx'laCTH'IIrnX KBa3WIOTeH

J:UiaJI:&IrnX ypaBHeH:Wi, a B pa6oTax !B • 97 -pemeiD!e A1Il1 3amtpa!<JIUOC IIOTeHI.tHa

JIOB THna JIIDieibforo H OCI.tlfJIJlfiTOpHOI'O. 

B 9TOH pa6oTe, B § 2, Mil pacCMOTPIDd O~OMepHoe KBa3HIIOT8HI.tHaJibHOe 

YPaBHeHHe A1UI JIIDieilHoro noTeHI.tHBJia3E). 

B § 3 MCTO~OM qiyp:&e-npeo6pa30BaHH.fi pemeHb! O~OMepH!ie KBa3HnOTeH

IUiaJibHb!C ypaBHeHH.fi c KYJIOHOBCKIDA B38ltMO~eftcTmteM. B HJIJIIOCTpaTHBHJ:DC 

UeJIIIX IIOKa3aHO Ta.IOKe 1 'ITO paccMaTpHBaeM!lM M9TO~OM MOJKCT 61iT:& pemeHO 

ypaBHeHHe Illpe~repa C KyJIOHOBCIWM IIOT9HI.tHaJIOM. 

B § 4 pemeHo HeJIO.KaJI:&Hoe TpexMepHoe YPaBHeHHe Jior,YHoBa-Tamcemm

ae B CJIY'!ae KBaaHIIoTeHIUiaJ!a, .fiBJJ.IIIWieroc.II o6o6meHHeM KYJIOHOBcKOro. C 
Hcrro.rr:&aoBaHHeM peayJII>TaToB § I H~eno YCJIOBHe KBaHTOBaHHli H BOJIHowe 

<li.YHKI.Um A1Ili aamtpai<Illero, JIIDie1h!oro B peJIIITHBHCTCKOM KOH!pHryparuroH-

HoM rrpe~CTaMCHHH, IIOTCHIUiaJia. 

§ 2. PemeHHe O.IQ!OMepuoro KBa3HnOTe1IUHaJII>Horo ypaBHeHH.fi c 

JIIDI91h!li!JI IIOT9HI.tHaJIOM 

B CJIY'lae o~on rrpocTpaHCTBeHHo:ll rrepeMeHHoil KBaaHnoTeHI.tHBJII>Hoe 

ypaBHeHHe JloryHOBa-TaBXeJm,It3e MO.llteT 6HTI> 3aiiHCaHO B m.myJII>CHOM npe~

CTaMeHHH Kait 

*)Pemt!'HH.f! ~~OMepHOI'O KB8.3HllOT9HI.tHaJII>HOI'O ypa.BH9HHII .IPili .KBa3BIIOTe~-
JIOB1 .fiB11lil!IIU!XC.fi o6061l19HH9M OCilHJ1,IIJITOpHOI'0 1 paCOMaTpHBSJll!lOb B /IO/, 

~o-~~- _· ... --~--:::-~-· . 
. r>v· .. •· .. , .. ..,. . ,. ' 
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( E2 -El}cf;fp\ =- !!!..fy(p,l< E)t/>{k.) ft1(h< I 

P I zr ' E~e 
(2. I) 

r.ne E,.:.·f'·=V,.,'+f' 1
; EIC"Et::.·=vl<~+,.,''' TO 8CTb "2-HJ.:IITYJibCH" 

'!aCTllU rrp:HJia,IJ,JieJKaT "l'llaCCOBOMY rnnep60JIOH.IJY11 

t 1 z z kz z /'o -/' "" 1t1 j k() - -= 1t1 . (2.2) 

IlosTOMY B ypaBHemru (2. I) y.no6Ho rrepeilTH .K napru.mTpH3~! BeJIH'IHH 

B TepM!IHax 6HCTIJOT: 

Po -:. ""J, K, ) I' ·: h1 sl. ;., ; K() :Itt'~ t .. I 1!-= Itt$'"" J (2.3) 

V(f>,K) =. V(Kf,J<A<); l{J("r)-=4>(P), (2.4) 

H nepenncaTb ero B BH.ne 

(JJ,1ch'K, -£t)lf(Kp)-=- 2.; JvfK,,~K1 E)tPf~)~ttdf:'<. (2.5) 

0TMeTHM 3~eCb, 'ITO B HepeJIRTHBHCTCKOM IIpe~eJie /11 ~ c:>.o 6HCTpcTbl 

IIepexo.wrT B o6e3pa3MepeHHHe HMIIYJibCH: 

£.p :. V~tt '-+ /'l I ~ Jt1 + 1'/f,., ; ~r-~R - /' 
a ypa:BHeHHe (2.I) IIepexo~T B o~oMepHoe ypaBHeHHe lllpe~Hrepa, 3amr

caHHoe B HMIIYJibCHOM IIpe~CTaBJieHHH. 

,li,Jm ypaBHeHWI (2.5) Mli 6y~eM ooo6o HHTepecoBaT:&C.ff CJiyqaeM, Kor

~a .KBa3HIIOTeHUHaJI V ('It,., K,.; E) .H:BJI.H:eTCSi Jio.KaJI:&HHM B IIpocTpaHcTBe 

6HcTpoT, TO eon 3aBl!CHT .oT pa3HOCTH ~,. - K,. • B aToM CJIJ'Iae B 

ypaBfleHHH (2.5) MOlKHO COB8plliHTb HHTerpaJibH08 Ilpeo6pa30BaHHe C tPJH.K
qmn.m t .·«,.,.,,.. 

f/;(r) -=
2

; J /~"',.. ¢f~) ,.,/~ ; ¢f",) = je-'~'"r cf(r) dr, (2.6) 

V (K,. -x .. )·e) = Je-'1-"'rvr~ c) e'K .. ,..,.. j,-. (2.7) 

I1peo6pa30BaHWl (2.6), (2.7) 8CTb He 'ITO HH08, .KaK pa3JIOX8HHe IIO tPYH.K

UHIIM1 peaJIH3yiOOnfM JHHTapHoe IIpe~CTaBJI8HH8 ,fPYilllbl Jiope~a)l S 0 ( .!J J..)/10/ 

i (p, ... ) = ft':. p r~... (2.8) 
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II .ffBJl.ffl(JIU'lMC.ff O~OMepHb!H aHaJIOI'OM HCIIOJib3Je!:ll1X B /II/ peJIRTHBHCTC 

KHX 11It1IOCKHX BOJIH", TO 80Tb tP'YH.KUHii . I .... ( E -/'~h..... )-l-·,..,.. 
((f) r) = Pit? • I 

(2.8 ) 

C HCIIOJib30BaHHeM TOI'O tPaKTa, 'ITO 

Ho f{f/) = E,. f{I'Jr):;.,ch~ f(!')r) 1 (2.9) 

r~e .. t,(i 'J Ho = /1-1 C j; elr (2.IO) 
ypaBHeHHe (2.5) IIOCJI8 rrpeo6pa30BaHHJa (2.6), (2.7) MOXHO IIpe~CTaBr. 
B BH,ne O~OMepHOI'O pa3HOCTHOrO ypaBHeHHff: 

( H/ -El) t/;(r) = -/11 V(r)· E) cP(r) . (2.II) 

OTMeTHM, 'ITO He peJI.ffTHBHCTCKHil IIpe~e; ~'3HOCTHoro ypaBHeHWI, aHaJIOl 

HOI'O (2.II), HCCJI8~0B8JIC.ff B pa6oTe I~ • 
PaccMoTpHM Tenepb ypaBHeHHff (2.5), (2.II) ~ KBa3HIIOTeH~aJI~ 

HMSIOIIIei'O B r -IIpe,ncTaBJieHHH (saMeTHM, 'ITO rrepeMeHHM r H3MeWieT< 

B IIpe~eJiax OT - oc:> ~0 c:>o.:::> ) BH.n 

(2.I2) V ( r, £) c::. ~z ~ r 
r.ne ).. - 6e3pasMepHHi1 IIapaMeTp IIoTeH~aJia, a MHO>XHTeJII> lfl( BH6par 

H3 C006p~eHHil y~o6CTBa. ilHTerpaJibHOe ypaBHeHHe (2.5) C IIOTeH~aJI( 
(2.I2) 1 IIpeo6pa30BaHHblM IIO (2.7):~ 

V(K J( '£) = _,· l IV i(KI'-K,.) 
fl I(} 'f dJflc (2.I3) 

JierKO CBO~TC.ff K ~~peHUHaJibHOMY ypaBHeHHID IIepBoro IIO~~ 

(m•d~ -E')rPtK,/--i ~·) d~ tffK,) (2.I4) 

PemeHH.ff aToro ypaBHeHWI cymecTBYJOT npH JII06HX sHa'leHRfiX aHeprHH £ 
o~aKO HIDKe HaM OC068HHO IIOTpe6yeTCJI CJiytlaJi E > 111 , II03TOMY BB8.II 

IIapaMeTpH3auHIO £. = h1 C~ X • ll3 (2. I4) JierKO HaxO.n;HM 

BOJIHOBJIO <PYHKUlllO B HMITYJibCHOM IIPOCTpa!-ICTB8 : 

fftl~-2~,c~.J;x;). 
t/J(KI') = C e (2.Is> 

C IIOMOmb~ KHTerpaJibHOrO IIpe~CJ~eHH.ff ~ tP'JH~il ~~OH8Jlb~a MH¥. 

MOI'O HH~e.Kca ( CM., HaiipHMep, I3 ) 
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( E; -E l) f{p) = -
2
: fY(p,~<,t)t/>t~c) ,.,,J,< • 

£" (2. I) 
r.n:e E,.::.f/'=V1'1'+f'"'; EIC-sK.·=v1< 4 +,.,r.'. TO eCTb 

qacTHU IT pHHa,z:vre.JKaT "ll'laCCOBOrzy I'Hrte p60JIOIVJY" 
"2-.KliillJJibCH" 

b t _ b z: ,.,, • k l _ kz -= lt1 z 
,. r J o • (2.2) 

Il03TOMY B ypaBHeHHH (2. I) J,I(OelHO rtepeifTH .K rrapar.leTpH3ai.Uni B8Jlll'illH 
B Tepr,n!Hax ClHCT.[lOT! 

fo ~ ,., J, K, > /' ·= ""sJ f.,.; K0 ... "',/, t .. , K-= /JfS~ K,. , 
(2.3) 

vrr,KJ =- vr~,,~<.); <Pu,~J-==¢Yrp;, 
(2.4) 

rreperrHcaTb ero B BH.ne 

(ht 1 C/, ~ - £
1)ffK,) = - 2; f Vf~,1C", E}tPfK,.) 111df: .... 

(2.5) 

TM8TIDA 3,I(8Cb, 'ITO B H8peJI.fiTHBHCTCKOM rtpe,UeJie /11 ~ <><> 

epexo,I(.f!T B o6espasMepeHHHe m.myJI:&cu: 
ClHCTpoTH 

£.1' -: V~tt'-+fz' ~ lt1 + I' h.,., ; P1% - p. 
ypa.BHeHMe (2. I) rrepexo,nHT B o,nHoMepHoe ypaBHeHHe lllpe,nHHrepa, sarrM

a.HHoe B HMITJJI:&CHOM Itpe,I(CTa:BJiemm:. 

M.FI ypanHeHHR (2.5) MH 6y,neM oco6o HHTepecoBaT:&C.fi CJI,ytraeM, KOr

a KBammoTeHUHaJI V (Yt,., K,.; E.) .FIBJI.FieTCR JIOKaJI:&HHM B rrpocTpaHCTBe 

HCTpoT, TO 8CTb 3aBlfCHT .OT pa3HOCTH _Kp -X,. • B 3TOM CJI,ytrae B 

'PaBH8HHH (2. 5) MOJKHO COB9pillliTI> lfHT8I'paJI:bH09 IIpeo6pa30B'-HHe C if>YHK€ .. ~~.,.,.,,.. 

I f ,·K. "',.. I .1. J-<K. ,..ref I '(r) -= - € 'I' .I.(K.J' ;.,t!K. • rp(~) = e ., (r) (,(r 
br tr,. f'J I , (2.6) 

V (K,. -K,.J·F) = Je_,·t,."'rvr~ c) e•K.,..,. J,... (2.7) 

906pa30B8.HHR (2,6), (2,7) 8CT:b He ~TO lfHOe, KaK pa3JIOX9HH9 ITO if>YH.K

' P8aJIH3YI<JIIRM YHHT8pHoe rrpe,ItCTa:BJieHHe ,f'PYITITH JlopeJma>l ;s 0 ( ~,!)liof 

l(p, ... ) = e-... -/' r:~... (2.8) 
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II .fiBJL'IlOOjHMC.fi O,I(HOMepH.b!U a.HaJIOI'OM HCITOJI:&3J8I:Ib!X B /II/ peJI.fiTHBHCTC-

KHX "IJJIOCKHX BOJIH", TO 8CTb qJyHKUH1i . 

· f(p r) - e 1 

I --. .... ( E -ph~ )-t. _,,..,. 
~ - ~ . (2.8 ) 

C HCITOJI:&30B8.Hlf8M TOI'O qia.KTa, 'ITO 

Ho f (f,r) = Ef f(f'J>r) =/1-JCh~ f(l'>r) 
1 

(2.9) 

.. (. "J H = /'l1 c~ ..! -
o "" elr 

r.ne 

(2.!0) 
ypaBH8HHe (2.5) IIOCJie npeo6pa30B8.HW1 (2,6), (2.7) MOJKHO npe,ncTaBHT:& 

B BH,I(e O,I(HOMepHOI'O pa3HOCTHoro ypaBHCHH.FI: 

( H/ -e) tP(r) = -111 V(r,· E) ¢(r) . 
(2. II) 

OTMeTHM, 'ITO He peJI.fiTHBHCTCKHil rrpe,IteJ ~'sHoCTHoro ypaBHeHHR, aHaJIOI'H'l-
Horo (2.II), HCCJI8,I(OB8JIC.fl B pa6oTe I , 

PaccMoTpiDA Terrepr, ypaBHeHHR (2.5), (2.II) MJI KBa3HIIoTeHUHaJia, 

HM9101119I'O B r -rrpe,I(CT8BJI8HHH ( 3aM8THM, 'ITO rtepeMeHHM T H3M9H.fiCTC.fi 
B rrpe,neJiax OT - oo ,Ito e>c::> ) BH.I( 

111l). 
(2.12) V(r,£) =- T r 

r.ne ~ - 6espa3MepHHil rrapaMeTp ITOT9HUHaJia, a MHOTJtHTeJI:& 1.4 BH6pa.H 

H3 coo6paxeHHif y,no6cTBa. HHTerpaJI:&Hoe ypaBHeHHe (2.5) c rroTeHurranoM 

(2.12), rrpeo6pasoBa.HllliM no (2. 7) j 
V(Kr,J<,.~·£) -= _,· f rlK~c f(~-K .. ) (2.13) 

JierKo CBO,I(HTC.fl K ,nHif>qiepeHUHaJI:&HOMY ypaBHSHHID rrepBoro IIOpn,ltKa 

( t /, z t) .J.t ) - -i Jflz .\ _i• ,.~,(K) 
( m c K,. -£ trc~ - Lt o!K, 't' t · (2.I4) 

PemeHHR 3Toro YPaBHSHHR CY!l19CTBYIOT rrpH JIJ06HX sHa~emmx aHepi'HH £ , 
O,I(Ha.Ko HIDKe Halil OCOClSHHO ITOTpe6yeTCR CJI,ytrail £. > M , IT03TOMY BB9,It9M 

napaMeTpHsarnno £ = m c' x . Hs ( 2. I4) JierKo Haxo,I(HM 

BOJIHOB.YIO <PYHKLUUO B HMITYJI:&CHOM rrpocTpaHcTne : 

f@;~-21,~. 
t/J(~) -=- C e C2.I5> 

C ITOMOlltDIO lfHTerpaJI:&Horo npe,ncTweHHR A1UI if>YHKUHil M~OHaJI:&,Ita MHH-· 
MOI'O R$eKca ( CM., HartpHMep/I3 } 
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-f ,·.,( ,/,-·~"'I -tl! K I ) 
e at.( == 2 € 'Jl roe' --

Hax:O,ItHM 38T9M rum BOJIHOBOit tP.YH.KI.tmi B f" -npe.n;CT8B119H:Im: 
lt ,.,... 

Ptr) ~ c' e- i'z 1(/Ct/v- :r) { /) 
(2.I6) 

Henocpe.n;cTBeHHoit no.n;cTSHOBKoit (2.I6) B pasHOCTHoe ypaBHeHHe (2.II) 
c noTemmaJioM (2.I2) JierKo y6e.n;HT:&C.fl npH HCnOJI:&soBSHHH pe.KYppeHT
Horo COOTHOilleHHH ~ qJ,YH~ M~OHSJI:&.n;a 

) -2v k 1<)1-((~) -K.¥+1(~ ~ ~ yf~) ) 

'iTO <P.YHro.nm (2.I6) .R:BIIJieTCR pemeHHeM aToro ypaBHeHHH. 
PaccMoTpHM no.n;po6Hee noBe.n;eHHe BOJIHoBoit <PYH.KI.tmi (2.I6) B pas

JIHlJHHX o6JraCT.fiX nepeMeHHoii f" • JWI ilpOCTOT!ol OrpaHHtmMCR CJIY'i89M 

MUHX A • >o~a, RCITOJI1l3Y.fl acHMITTOTR'lecKOe npe.n;CT8B1IeHRe tP.YHK-
~ MSK.n;OH8JI1l.n;a I. , Haxo.n:m~. 'iTo B "Macc.H'lecKR .n;ocTynHoit" o6Jrac-
TR 

c~ zx _ 1t1r > 
.X 2. 

!. 

). 

BOJIHOBaJI WYHKLnf.fl ~(r) m.reeT ocmwrnpymndt xapaKTep: 

(2.I?) 

cp(r) :: i. ' Jih[l(dlx- ~t.~jlrJ,IcJ,zx- ~~o.1 -
. '~lfcl.l~t_ '!!!'Jt_! {.). l j (' l (~.IB) 

l-.>. zj )' 

_ ~(clu _ ,..,...Jl_ .i 7 
-+ .rj + O(A) . 

l"}. l/ ~· 4 
B o6JracTR d z Jt- t < ~,., '/i < ct. z x noBe.n;eH.He BOJIHoBoii ri>YHK-

~ HOC.HT 38Tyx~ XapaKTep: 

c/>{r) ~ 
- 1.;. 

[ ,\ -Z - (A -JC~llf- r 11frt) J tIC 

(2.I9) 

J( exp {- V). -z- (r'clzt -z-•,.,,y + (J -::tzr-ri..r)arrcos(ct. lx -z-1.7} + 00). 

OTMeTHM, 'iTO K SHaJio~ pesyJI:&TaTSM npJmO.n;RT BKB- IIPJ16.1mlleHRe ~ 
pasHoCTHHX ypaBHeHRit I . 

.. 
4 -

.~ 

' 

\ 
; I 
.. ' 
, I ., 

' 
... 

§ 3. PemeHR.R: OgHOM9PHOro KB83HTIOT9HUMaJI1lHOro ·ypaBHeHHH 
c KYJIOHOBCKHM BsamAO.n:eiicTBReM 

PaccMoTpemre KYJIOHOBcKoro BsanMo.n;eftcTBRR Mbl Ha'lHeM c paccMC 
peHHH Hepe.JIRTRBRCTCKoro CJIY'ia.R: B PSMKaX TpeXMBpHoro ypaBHeHHH 
lllpe.mmrepa: _, 

( p' + mw) l:{r) =-tn Vfr) 1J:fr). 

3.n;e c1> W "'" - E. -a He prHH cBRsn:, t11 -Macca Ra.lii,Jl;oft Rs 'laCTim 
1 

: ~ =.. i . JWI ~eHTp8JI1lHO-CIDv1MeTpH'lHOro ilOT9HI$8Jia 

(~ 

V(r) -== - «;;-
¢ (3 

l:l: BOJiliOBOii tPYH.KI.tmi c {=-O("'J:tP) = r-(r>) npiJ:XO.n;ID/1 OT (3.I) K 
O.n;HOMepHOMY ypaBHeHIJ:ID 

( - Jl + ,., w) ¢fr) ~ 1ft !!. </J(r) 
dr~ · r (3 

PacrrpocTpSHRB B YPaBHeH:Im (3.3) o6Jracu RsMeHeHR.R: nepeMeHHo: 
,- oT - ~ .no c:>o::> (BMecTo o' r- <: OC> ) 

1 
npHMeHHM K 

(3.3) o.n;HoMepHoe rrpeo6paaoBSHI:l:e ~ypbe - -
#r)= _!:_fe'fr<j;(pjdj"'; tP(fJ =je·"i'" (Hr)Jr-

2n 
-~ -~ 

(3, 

R npeo6pasyeM ero K BHJJY IJ:HTerpaJihHoro YpaBHeHRR: -{fz u.,w)¢tl) = -t· ;o( J~lf-iC)¢r~dk"" 
.. -- ) 

(3. f 

r.n;e [(f)':. e(p"')- f9(-f) - 3H8KOBa.fl ri>YHKLnf.fl. YpaBH9HJ.I:e (3.E 
JierKO CBO.ll:l:l:TC.fl K .n;mMJepeHUH8JI1lHOMY, nepBOro ilOP.fl.ll:Ka! 

~·:; ffF~ _. ~ w)<Pt;J J =- /11ct ¢(;) 
(3.6 

peweHRRMJ.~: KOToporo JiBJI.InOTC.fl tPYH.KI.tmi "'n. 
c ( F _.,·(tttW ') ~ 

t/J r f>'") := 1 z + ,., w -1---.t' -v ,.,-w---. • (3.7) 

C HCIIOJI1l30BaHReM l:l:3B9CTHOro HepeJIRTRBHCTCKOro YCJIOBHff KBaHTOBSHR.fl 
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-S ,·o{ "" _,,.u ' -fl! K I J e dt.{ =2e 'f'ot --
saTeM mr,n; BOJIHOBOil WYHKlliDI B r- -npe~cTaBJiemm: , ,.,,.. 

~tr>-= C
1 e- r-z K,lc1 ~v _ ~rJ ( /") . (2.I6) 

pe~CTB9llliOH TIO~CTaHOBKOH (2.!6) B pa3HOCTH09 ypaBHeHHe (2.II) 
eHUHaJIOM (2, 12) JISrKO y6e~T:&CJI npH HCTIOJI:&30BB.HHR peK,Y"ppeHT

COOTHOllSHHH ~ WYH~ M~oHaJI:&~a 

) -2v k 1<.11_,(~) -K}I+,($ -= ~ yf~) ) 

IYHKUWl (2.I6) JIBJLIISTCJI pemeHHSM STOI'O ypaBHSHHH, 

PaccMoTpHM no,npo6Hee noBe,neHHe BOJIHOBOH tPYHKlliDI (2.I6) B pas

o6JiacTmc nepeMeHHOH r . ,Uru! npocTOT!i orpaHH"mMCH CJI.Y'laeM 

~ • Jo~a 1 HCTIOJI:&3Y.II acHMTITOTHtJ:ecKOe npe,ncTaMeHHe WYHit-
;laK,noHaJII>,na I . 1 Ha.xo,nHM, 'ITO B "KJiaccll'!ecKH .nocTynHott" o6Jrac-

chzx _ ~ > 
.X 2. 

1.. 

). 

oBrur 0YHKUWI <Ptr) HMeeT oci.UWIHpymndt xapaKTep: 

(2.I?) 

_ 1. 1 . [ifd lx Iff) Jr· , ~ltt1 = , th - - - r u.lt-- -vrc.lrlr _ ~) 1 _ 1 ). l Jl 2 ( .IS) 
l">. l/ )& I 

----, I + 00)' 

) ~ 
(2.19) 

p {- (>.. -z-{r'du -2-'Jotrl +{J-t~lr-z-'Jotr)arrcos{c/,lx-z-J,'l} + 00). 

THM, 'ITO K aHaJIO~ pesyJI:&TSTBM npHBO,nl'IT Blffi- npH6JIDeHM9 .zt,1Ui 

OCTH!iX ypaBHeHEI /i4/ • 

• 4 

' 

• 

\ 
I 

'i ' .I 

\ I 
__ ., ______________________________ ... :..:.: 

§ 3. PerneHM O,!U{OMepHoro KBasmroTeHrmaJI:&Horo ypaBHeHHH 

C IWJIOHOBCKIDII B3aHMOneHCTBH9M 

PaccMoTpeHHe KYJIOHOBcKoro B3~fo,nei1cTBHR MN HatJ:HeM c paccMOT

peHHR H9p9JIJITHBHCTCKOI'O CJiy'!aff B paMKa.x TpeXMepHOI'O ypaBHSHHH 

Illpe~nrepa: .,. 

( p-z. mw) l:tr) =-In Vfr) Yrr). 
(3.I) 

3,nec:b W-:.- E. -sHepiWI CBII3H, 111 -Macca RalK,JlOH H3 '!aCT~, C = 
: ~ -::. i , ,Uru! 1.1;9HTpaJI:bHO-CHMM9TPH'IHOI'O TIOTSHUHaJia 

V(r) = - «;,.. 
( r:/J(>) (3.2) 

H BOJI!IOBOH <lJYHKUHH c (:.0 1J.'(P)-= r,. npmco,nm~ OT (3,1) K 

O,nHOMepHOMY ypaBHeHHID 

(- £ + ""w) ~fr) -= J11 !!. c/J(r) 
dr~ r (3.3) 

PacnpocTpaHHB B ypaBHemm (3.3) o6Jiacu H3MeHeHHH nepeMeHHofi 

r- OT - Q..:> .no c:>c> (BMecTo 0 ~ r- .t. c::>c:> ) 1 npHMeHHM K 

(3.3) o,nHoMepHoe npeo6pasoBaHHe ~ypi>e - .... 
c/>{r)= 

2
: Je;f'rcptl)d/; ¢;(;;} = je_.:fr t/Jfr)dr (3.4) 
-~ -~ 

H npeo6pasyeM ero K BH,Jzy IDITerpani>Horo ypaBHeHwr: -
{fz +1'1w)¢t1) = _,_ _!!::!_jt.If-k)¢(K)dk"" 

2 • 
) 

(3. 5) 

r.ne E (f) -=- ()( p") - {-){-f) - sHaKOBBJI <PYHKltWI. YpaBHeHHe (3.5) 
JierKO CBO,nl'ITCJI K ,nmixlJepeHUHaJI:bHOMY 1 nepBOro TIOPJ!.ll;Ka! 

(. ~ FF,.u.,w)<t>trJ] ~ mol ¢(1) 
(3.6) 

perneHlifWH KOTOporo .FIBJIJIIOTCJI <lJYHKlliDI ei ht 

c { F +,·.;,.,w') 2{,..w· 
tPf'") ~ 

P . f~+,.,w f-.iv""w' . (3.?) 

I C HCTIOJI:&30BaHH9M H3B9CTHOro H9p9Jij!THBHCTCKOI'O YCJIOBHJI KBaHTOBaHHH 
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d., ":. 2 flttW, h H3 (3. 4) HaxO,nRM BOJIHOBYJO IPYHK!.UDO n -ro COCTO.fiHHII 
B KOOp~aTHOM npe~CTaBneHHH: -

A,(o.) C f ,pr /... . ~~~~-'/- .. r.:-;-:..\-11-t 1.-.. 
't' (r)-= Zn e rf+'V,.,WJ cP-,r~w I olf'. 

-- (3.8) 
HHTerpaJI (3.8) JierKo MOJKeT 61:lTI> Bl:l'IHCJieH, HanpHMep, c noMCmi>n 

Teopmr Bl:l'leTOB. B peayJII>TaTe llJlHXO~ K H3BeCTHOl-\Y B KBaHTOBO:Ii MeXa-. 
HHKe pemeHHD 

"'"'" cp ( .. '(,.) -: C I e ( r) r e - 7;;- /... h.t ( o{: I") 
1 (3. 9) 

11 h! $1 d)" -i It-lot 

L., [1): (h-1'>1)/ e {Ji e l -
r~e 

o6o6meHHI:le noJIHHo~ru ]areppa. 
06paTHMCR Tenep:r, K pellieHHRM O~OMepHOI'O KBa3HllOTeHQnaJI:DHOI'O 

ypaBHeHHR (2.1), (2.5) H no aHSJIOI'lm C (3.5) paCCMOTpRM KBa3miO-
TetmHM BH.l(a 

V ( K,., .f(") -= - L. o( li f { Kr - K,.) (3.IO) 

Ypa.BHeHRe (2.5) c noTetmHaJIOlll (3.IO) npHHHMaeT ~. anaJiorwrul:l:li 
(3.5): -
(P1 1c/,'K, -E~cj>fK,.) = - ~« J UKr -K..)¢ft,.) "' 1/K"' ~ (3.II) --
H JierKo CBO~CR K ~qqepeHUHSJI:bHOMY·YPaBHOHHD nepBOI'O ITO~Ka{f=~c~tx) 

i ol IIJJ~'cii. -ht'ccsx)¢fx)1- o(~tt'¢1~) 
d~<,. L l . ; 'I , 'J - ., 

(3.12) 
PemeHRe (3.12) HMBBT BH.l( ( cp. c (3,7)) 

t -t. 2N lix - 2K 2 ·x - -Ay.f{J:C'{ct'f-Ct1S~) !fe P_e- ~\h,Zlf e f_e' I>AlX "' ~ ) "'-
'¥' f. I' l c I . ( 3. I3) 

PaSHOOTHOe ypaBHeHHe (2.II) 0 ITOTeHUHaJIOM, OTBeqammRM (3.IO},M~eT 
dHTJo BamlOaHO :KaK 

{/fl'ct(~ j,) -"''c•s14><•J = ~ tfJ{r) 
r (3.14) 

" 
6 

• 

~~ 
',! 

A 
\f 

I 

\ 

a BOJIHOBaR \PYHKUHR (3.13) noCJie npeo6paaoBaHHR (2.6) npmmMaeT 
BH.l(: 

.., _,,.)t ( . . .. ) 
tj;(r) =. c' e(~~)re l.F, f.+ '

2
r/ll)f-;_ ;1;1-e' X 

. Still X , ( 3. 

r.I{e "o6o6meHHaR" § - ifJYHKUHR /II/ 3a.I{aBTCR KaK 
A 

e( ~r) = ( i - e -7'rl>o) -t (3. 

l1s Tpe6oBaHHR y61:lBaHM qlyHKinm ¢Jfr) npH r-+oo Haxo~ YCJIOl 
KBaHTOBaHHR 

(/.. 

St'JtlX 
-:/1. fl. : :i~ 2) .3, ... 

(3.] 

Henocpe.I{CTBeHHo~ no,I{cTaHO~Ko~ (3.I5) B ypaBHeHHe (3.I4) HeTpy)U 

C llOMOmDD peRYpP.eH~I:lX COOTHOmeHH:Ii ~ r:HnepreoMeTpxqecKOa qlyH! 
(eM., nanpiDilep/13 ) y6e.I{HTI>CR, qTo BOJIHOBaR iflYHKUHII (3.!5) y.I{c 

,JIBTBOp.lleT ypaBHeHHD (3,!4), 3ar.teTIDII, 'ITO ,1UlYI'HM tAeTO,I{OM ypa.BHeHl 
(3.14) 6wro pemeHo B pa6oTe 1151, npx aTOM BOJIHOBaR ifJYHKUHR (3.l 
OTJ!JdqaeTCR oT Hait,nenno:li B /I5/ Ha 2 i - nepxo.I{HqecKH~ MHOJIIliTMI> B( 
KOTOpu:li B HepeJIRTHBHCTCKO!vl npe.I{eJie nepeXO.I{HT B 06J:lqnyn CTynenqa~ 
IPYHK!.UDO e(r) .B TOM ~e npe,I{eJie BOJIHOBaR IPYH~ (3.I5) c yqeTO~ 
(3.!7), KaK HBTPY.nHO ilOKa3aT:D, nepexo~T B (3, 9). 061:l'lHaR Bfr) 
@'HKUHR o6ecne'IHBaeT paBeHCTBO HYJID HepeJIRTHBHCTCKoit BOJIHOBO~ ifl.'l 
UHH (3, 9) npH r < 0 (6eCKOHeqnJ:l:li 6ap:r,ep B TOql(e r = 0 ~ 

noTe~aJia (3,2)}. B CJiyqae ~e pa3HOCTHOI'O ypaBHeHHR (3.14) MHOJI 
TeJII> $("'~) o6ecneqHBaeT 61:lcTpoe y61:lBaHHe !WHronm (3. I5) B o6m 
OT IJKUaTeJII>HI:lX r npx ,.. ""- h1 - ' • 

PaccMOTPHM Tenep:r, HHTerpaJII>Hoe ypaBHeHHe (2.5), Bl:l6HpaR B F 
qecTBe noTeHUHaJia V(Kr,Sf,;E) BeJIHq:Hny -io( liEfX,.-K .. )dt,. , H coc 
CTB~ee BMY pa3HOCTHOe ypaBHe.HHe 

{ H/ -Ez) ~(t-) -= : ~ · tPfr) . (3. 

HKTerpan:r,Hoe ypasHeHHe (2.5) B aToM ~e T~e JierHO MOZBT 6l:l1 
pemeno, TaR qTo BOJIHOBaR @'HKUHR B HMITYJI:&CHOM npe.I{CTaBneHRH ec1: 
( OpaBH,C (3.7) H (3,13)) 

oC .,( 

r/Jt'l(,)-= c (d 'x, _ CtJsxTYri~ +,·s,.,1;;;"1lfsit, -isil,xri;i·~ <
3

• 

7 
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VIIIW I h H3 (3.4) HaxO,lo-tM BOJIHOBYJO <PYHR1.4RIO n -ro COCTO.flHHII 
t,nmiaTHOM npe,ncTaBJieHHH: -C f .'fr !- •\"-'!- .;::-:-:-:-.\-11-t I , .. ,(r) = ln e If +,·v,.,wj tP_,·,,.,w I otF. 

-o. (3.8) 
TerpaJI (3.8) JierKO MOJKeT 6liT:b Bll'IHCJieH, HanpHMep, C TIOMOill:bD 
Bll'I8TOB. B pesyJI:&TaTe npHXO,ItHM K K3BeCTHOlq B KBaHTOBOit MeXa-. 

"'-"'" 
(pt·t,.) = c I err) r e- z;,- L: ( ol :'')I 

(3.9) 

h.' ~(;d)" -i h-It, " - e ·- e l L" f 1 ) - 1h _ 111 J.t til -
HHI:le noJIHHOMI:l Jlareppa. 
t6paTliMC.fi Tenep:r:. K peWBHKfiM O,ItHOMepHOI'O KBa3KTIOT8ImHBJi1>HOI'O 
HKfi ( 2. I) t ( 2. 5) H no aHaJ!OrHH C ( 3. 5) paCCMOT pmA KBa3KTIO-

BH,na 

V ( Kr, .f(") -= - ~.· o( n E. { Kr - K .. ) (3.10) 

HKe (2.5) C TIOTeH~aJIOM (3.10) TIPHHKMaeT BH,n, aHaJIOnr<IH!:iil 

~ -£~¢tK,) = - ~« Ji(~ -K..)¢ft,.) 111 '/t.,_ ~ 
(3.II) --

CBO~C.f! K ,nH~peH~aJI:bHO~·YPaBHeJIHID nepBOI'O ITO~Ka(c=~C~tx) 

(. d~r [{~~t'ci~ -n,'ccsx)¢tx,J] = o1 ~~ </Jf~) 
(3.12) HMeeT BH.n ( cp. c (3.7)) 

C13. 12) 

I -t ZR -liX - 2K 2iJI --C(ct '( -c"s~\ !fe P e ~\..,,z .. e r e ,,.u J ~ ) "" ,. ; l c - 1 - . . (3. r3> 

HOe ypaBHeHKe (2.II) C TIOTe~aJIOM, OTBeqaJa!IHM (3.10) ,MOJit9T 

tcty~· j.) -,.,'cos~ 4>t,.) = 

6 

• 

ol,., cfJ(,.) 
r (3.I4) "\ 

A 
\f 
I 
! 

a BOJIHOBaSI WYH~ (3. 13) noCJie npeo6pasoBaHKSI (2. 6) npmmMaeT 
BK,n: 

I lltr F t r~tt ol c'f/1 
,... _~~rrx ( . .~.) 

= - - re t.+- t-- ·2·1-e cf;(r) c e( 2. ) l. 1 2 ) SilllJC) '. ' (3.15) 

r.ne "o6061ll9HHaSI" § - iJJYH~ /II/ s~eTCSI KaK 
A 

(9( ~r) = ( i- (!!_,.,..,.) -t. 
(3.16) 

Hs Tpe60BaHKSI y61:iBaHKSI qlyH~ t/){r) rrp:H r-+oc HaxO,ItHM YCJIOBHe 
KBaHTOBaHKSI 

(j.. 

St'/lllX 
=11. 12 : ~) 2) 3) ... ) 

(3.17) 

Henocpe,ncTBeHHoil no.ncTaHO~Koil (3.15) B YpaBHeHHe (3.14) HeTpy.nuo 
C TIOMOillbD P9KYPP.9H~I:lX COOTHOWeH:Hil ~ rKnepreor~TpHt!:eCKOit iJJ.YH~ 
(OM., Hanp:HMep/13 ) y6e~:r:.CSI, qTO BOJIHOBaSI iJJ.YH.KUHii (3.!5) y,noB-

.JI9TBOPfi8T ypaBHeJIHID (3.14). 3a.M9TliM, "'TO .lijlyrKM M8TO,nOM YpaBH9HHe 
(3.!4) 6Hno peweHO B pa6oTe / 15/, rrpK 3TOM BOJIHOBaSI iJJ.YH~ (3.15) 
OTJIH'laeTCSI OT Hail,neHHOil B / 15/ Ha 2 i - TI8PHO.nHtl:9CKH:R MHOJmTeJIL B(•,?i), 
KOTOpWl: B H8peJI.f!TKB:HCTCKOM npe.rteJie nepeXO,nHT B 06!:it!:HJD CTyneiNSTYJO 
<PYHR1.4RIO B(t) .B TOM JKe npe.neJie BOJIHOBB.f! cpyu~ (3.15) c yqeToM 
(3.!7), KaK HeTpy.nuo rroKasaT:&, nepexo,nHT B (3.9). 061l'!HaSI (}(r)
~~ o6ecrret~KBaeT paBeHCTBo HYJID HepeJISIT:HBHCTCKo:R BOJIHoBO:R iJJYHK-
~ (3.9) npH r<O (6eCKOH9t!:H!:iil6ap:&ep B TO'llie r:.O ~ 
TIOTe~a (3.2)). B CJiyqae JKe pa3HOCTHOI'O ypaBHeHKfi (3.14) MHOlKH
TeJI:b e(111

'/;) o6ecneqKBaeT 6!:iCTpoe y61:lBaHKe qlyH~ (3. 15) B o6JiaCTK 
oT P:HUaTeJI:r:.HHX r npn r ""- 111 - ' • 

PaccMoTpHM Tenep:r:. RHTerpan:r:.uoe ypaBHeH:He•(2.5), Bl:i6Hpag B Ka
qecTBe noTeH~a.n:a VfK,.,~ ... ;E}BeJIHq}iuy -iol.ntfX,-K .. )ci.K ... :H cooTBeT
CTBynmee e~ pa3HOCTHOe ypaBHeHHe 

{ H/ -E') cfft-) = : ~ · ¢fr) . (3.18) 

HHTerpanLHoe ypaBHeHHe (2.5) B aTOM CJiyqae T8.Kllte JierKO MOJKeT 61:lT:& 

peweHO t TaK '!ITO BOJIHOBa.f! ~.KI.\HII B HMIIYJI:&CHOM npe.rtCT8BJI6HKK 9CTL 
( CpaBH.C (3.7) H (3.!3)) . .,( 

(c 1 t )-~r I J • • ?iii"Mr J. ~-iJi•M ¢fK)-= c Ch K. -C,.I'Y S'4Tt,-+tStltX s K -iSii.X 
P r t · ca.r9> 
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C RCITOJI:b30Ba.HH9M (2.6) HaxO,IJ;11M B.(!). B r -rrpe,nCTa.BJiemm, rrpRqeM 

Tp960BaHH.II KOJiequocTR B.O. ITpR r-.. (.) R y61:ffia.BHSl rrpu r- oc TipHBO-

.IT.f{T K YCJIOBmO KBaHTOBaJIH.II 

()( v. /.<>C )'1' ~"'" n , r.ne h.-=- I,2,3, ••• , To ecn £It-= .t-
1
v;- ·m, 

TaR qTO ( /, 11-1 

_.,flo> J 'K ~~tr S XD -+ t"Si4lf) I 
c .. > - L e. 'I' , "" t:t K 

</J ~t) - Z1r ( S~ Kf -t'SO•.XJ"+' f • (3.20) 

!I pH aTOM BOJIHOBM qiyn~ OCHOBHOro COCTORHH.II ( J1 : f. ) HM99T mr,n 

4>('(r) = eM B(/tlr) _d_ _i_ re- ~r,.,_ e-{ff-it)r~t. 7 = 
cl~hx ccsx L ' J 

Afi) J i [Sh('Pz-x)lltr- !1.{~ -x)~ttr-] 
-::. <..,; -- -- + (3 2I) 

dS1It'f( cosx SA("11Ur) d(/flr~) · 
"' H TRIOK9, 6Jiaro,n;apii MHOlKHTSJIIO e (ltrr), 6HCTpO y6HBaeT B 06JiaCTR OTpHUa-

T9JI:DHHX r . JierKO 110Ka3aT:D, qTO aTa (3.2I) y.IJ;OB7I9TBOpii9T ypaBH9HHIO 

U .I8) rrpH yCJIOBHH 2 ~ihX-:::. ol. • BOJIHOBHe IPYH~ ,ll;7I.il h > i ~o~ 
6HT:b Tenep:o 110CTpo9HH C RCTIOJI:b30Ba.HH9M MeTO,IJ;a, H3JI0~9HHOrO B ? , 
JIH6o HaR.neHH c noMom:oiO (3.20). 

§ 4. PemeHH.R: TpeXMepHoro KBa3RTIOTeHHHan:oHoro ·vpaBHeHH.R: c KY
JIOHOBCKHM R mrneitHHM noTeHHHanaMH 

06paTRMCR T9119p:b K Tp9XMepHOMY KBa3RITOT9H~aJI:DHO!.ty ypaBH9Hli!O 

JiorynoBa-IreJIH.IJ;39, 3arnlCaHHOMY B C.U.M • .IJ;ByxqaCTJl:quOfi CBfl3aHHOit 

CHCT9MH I : J d.., 
2 l ...... #1 ... -'>, ,.; l'1f /( 

{E;t -E)'IJ!fp) = - {27i):s V(f,K,E) 1J:(k') ~' (4.I) 

E
• -4t t 

r.ne ;: = f + J1t £;-:: i?'+ hi' • BH6epeM B (4.I) B KaqecTBe 

KBaSRTIOTe~ana 

sl 
V( ~ k')· E) -= (4.2) (p-k')2 

CoBepmaa npeo6pasoBaHRe 

1 r. ......... f '1~ 
"1-(t) -=(llrJ

1 
J e'f>r ~f') rip ; '!J!(p) = e-' '!J:(;) Jr , 

RMeert ,ll;7I.il IPYH~ '1'( f!) HeJioKaJI:oHoe ypaBHeHMe { .j. .... 8f'IN) 
(4.3) 

8 

• 

{4 

(

A m• 
ft+tt7'-e 1)"1.tt)-=: ~ l, "f"frJ. 

, lit'+ .,l 
A (p p z -= - '/J; 1 , TaR qTo B ueHTPaJI:DHo-

c:HMMeT.PHtmOM CJIY"''ae ":f::(P)..., W WI.II IPYH~ cP(r) TIOJIY'l 

B aToM ypanHeHRR 

r 

{- d);r 1 
-+ ~' -E z) t/>tr)-= JH!.l /; i Jl ' ~(r) . ,{4 c:: 

r 'Jft'- ~,., ... 
B ypaBHeHHH ( 4. 5) ne peMeHHM r .,. J P I no cBOeMY cMUOJIY R3MBE 

C.1I B npe,neJiax OT 0 ,IJ;O oc:> • By,neM, O,IJ;HaKO, aHaJIOI'Hquo TO!-zy, KaP 

BHillB, C'iHTaT:D, qTO - o- ~ Y'" < oo 1 H TipRMeHRM K ypaBHeHMIO ( 4. 5) 
O,IJ;HOMepHoe rrpeo6pa30Ba.HHB <i1yp:oe (3.4), B KOTOpolll, qTo6hl H36e&aTl> 

nyTaHm.tll
1 

6y,neM OTMeqaT:D THJI:b,IJ;O~ nepeMSHHHe 1 ·, t , TaK liTO 

p -=F f-: / f I R T • .n. To ecT:o IPYHKUHJO tp(p) MU BBO.nHM BHe 

npm.«>it CBfl3H C 'Y:(f) • C TIOMOIItl>IO (3.4) HM99M TOr,IJ;a ,ll;7I.il t:/>(p) 
O,JUIOMepH09 HHTerpaJI:DHOe ypaBHeHMe 

(1~4-,.,1-E~t/J(l)-:: _,. ;'.,{ jt(p-k') Vlff':;£" 4>{£) J~> 
-- (4.E 

H3 KOTOporo 6es Tpy.n;a HaxO,IJ;HM ( E: /M CIIISX ) 
J. 

,._ C ('iltx /Jf•+,._•' _,·;;coJx) ~illlC cCPst 

</>(, J -= f' +111'~'"'x frt + ""'£,.,./ . {4.' 

Tor.na, c zcnOJI:o3oBrurn:eM (3. 4), Haxo,IJ;RM BOJIHOBYJO IPYHKUHJO ypa.BHeHHJ 

Jioryno:aa-TamceJIH.IJ;se ( 4. 4) B mme • "' 

f
- .- 'ii»~t ~-{- -.-c • ,.. - ..... ....~ t 2'11olfu.fl 

'!}:(/')=- /"" e p r~iuVp'itf.~~tt•' _,·pC411 . lf +ioo,SiJ.x o/f"'.(4.1 --Hs YCJIOBKII KOHeqnocTR ~(,.) npH r = 0 nOJiyqaeM yCJIOBHe KB8H' 

BaHH.1I B HHTerpaJI:DHOit iPOPMB ; 

1 (s••• ~r·~· · _,; ... f•Uh(f'• .. .,••t";.,..,;/f = 0. 
-- (4.9 

PaCCMOTpHM Tenep:o TpeXMepH09 ypaBH9HR9 (4.1), BH6Hpa.II B HeM 

B KalleCTB9 KBaSHTIOTe~aJia CHHryJI.IIpHOe npR ~s ~ BHpazeHHe 

(,!47I.II TipoCTOTH, He 3aBHCJDll8e OT aHeprmi flG ) 

V {if; K-"') =: (-hi J) ' (lit "J/ • #..~IJ)~~ (4.I 
r.ne nepe!.llHHa.ll :IJ onpe.neJIJieTC.II ltl3 
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HCITOJI:b30BaJm6M (2.6) HaxO~HM B.<li. B r -rrpe~CTaBII6HHH, llpHT.J:9M 

pedOBillUf.fi KOH9T.J:HOCTH B.O. llpH r·:.<) H yelHBa.BHSI rrpn r-+ oc llpHBO-

T K YCJIOBHIO KBffiiTOBa!Uf.fi 

()( v. I.~ )"P ~ -::. It , r.ne h.. -= I,2,3, ••• , To ecT:o E;,. -= i.- (Zh ·111, 
aK 'ITO ( I )lt-1 

M L ~·., lttctK "'"'>J 'l( lftr jh f<p -1- dill K 1 
tP (r) = z., (s/.Kf -,·s,"x)"+l f . (3.20) 

.pH sToM BOJIHODM WYHI<IUm ocHOBHoro cocToHHWI { 11 = 1.. ) HMeeT mm 
<P('(r) = c!') B(~ttr) _:!__ __!_ re- u,.,_ e-(H-lf)r~>o 7 = 

oln~-Jx ccsx l ' J 
(I) J 1 [Jh('Yz -X)/111" rl.(~ -x)/111"] -c-- + 

- d$1itK cosx SI.('11Hr) d{llfr-~) (3.2I) 

"' Ta!OK9, OJiaro~aprr MHOIKHT6JIIO 6(/tlr), OHCTpo YOHBaeT B OOJiaCTH OTp~a-
JI:OIWX r . JierKo 110Ka3aTI:., 'ITO 3Ta (3.2I) Y~OBJI6TBOpi!6T ypaBH9Hmo 

.m> rrp:~r yCJioBH:H 2~/hx=ot • BOJIHoBue cJJYH~ .wm h >i ;or 

Tb Terrep:o IIOCTp06HH C HCITOJI:b30Brum9M MeTO~a, H3JI0~6HHoro B 7 , 
6o Ha~eHH c rroMom:oro (3.20). 

§ 4. PemeHWI TpeXMepHoro KBaSHITOTeHHHaJII>Horo ·vpaBHeHWI c KY
JIOHOBCKHM H JIHH6ttHHM ITOT6HHHaJiaMH 

06paTHMCJI Terrep:o K TpexMepHOMY KBa3HilOT6HI.UiaJI:OHOMy ypaBHeHmo 

rynoBa-Tq.mceJI~ae, aaiTHoaHHOMy B C. U.lvl. ~yxT.J:aoTHT.J:Ho~ cMsaHHo~ 
CT6MH III: .... 

£~ - E '!i!(p'\ = - - V(l' K 'E '1J:(k'l ·- ~ { 
2 l) ..... #1 J -+ .... ) ~ 1"1 d/( 

f r J { 21) ~ J I J £ ~e (4. I) 
' 4t t e E;: -: f + /11 E I nt l 

;t-=/C +hi • B!ldepeM B (4.I) B Ka'I6CTBe 
3HITOT6HIUiaJia 

~l 
V(f~ ::· E) -= (4.2) (p-tfl 

epmM npeoelpaaoBaH:He 

........ 
'!f(pJ=-je-'",...1:(;) Jp, ... 1 f.~ ... 

{r) =- e·l'r'!Ht')d~ 
(bY ,- r (4.3) 

eeM .wm cJ1yH~ 'Y:(P) HeJioKaJI:oHoe ypaBHeHHe {cL .... !ilffl) .. 
8 

• 

(

A t 

Fl +'PI'-E~"l..O~) -= o~ ~ 111 A , 'lJ:(rJ. . r- llf'+ .,, 

(4.4) 

B aTOM ypaBHeHKH 
A ,r 1' % = - '/Jp I , TaK 'ITO B U9HTpaJIJ.Ho-

CHMMeT.PHT.J:HOM CJIYT.Iae :tfP)-=- ~> ;1J,1UI WH~ tP(r) ITOJIYT.IaeM 
r-

{- "1r 1 ""ltf'-Et)tf>(r): ,!,[!. id' ; 1tr) .. -.(4 5) ) ,... ,,.,_ '/~_. . 
B YpaBH9Hm! (4.5) nepeMeHHM r=-Jf"J no CB09MY CMHOJIY H3M9Hil9T-

CJI B npe~eJiax OT 0 ~0 c>c:> • Ey~eM, O~aKO, a.HaJIOI'HT.J:HO TOtzy, KaK H 

B!:liiie, CT.J:HTaT:&, 'ITO - o- <: r- <. oo 1 H np:HMSHHM K yptmHeHmo ( 4. 5) 
O~OM6PH06 npeodpaSOBaHHe cJ)yp:&e (3.4), B .KOTOpoM, T.J:TodH H368l!Ul'r:& 

JIYTaHHUll, 6y~eM OTMST.J:aTI:. THJI~O:lt nepeMeHHHe l ·, £" , TaK 'ITO 

'f -:1:- f -:. /~I H 'r. ~. To e oT:o 4JYHI<UJm tp(p) w BBO.In!M BHe 

npm.«>:lt CBfiSH C "!J:{f) • C ITOMOJitLID (3.4) HM99M TOr~a WI.ll (/J(p) 
O,IUIOMepHoe HHT9rpaJI:OH09 YpaBH9HH9 

(iz+ltlt-c~t{>(pj = _,. ;'.,( jE(p-k") Vlfl':i,.... tj>{£} J~> 
-- (4.6) 

H3 KOTOporo 683 >rpy~a HaxO.InJM ( E: /H CIIISX ) 

d. 

"- - c (''"')( .; P'+~t<.' - ,· ~ COJK) Silt It CIJSII 

</>(!') - f' +ftl'!i~t'X {f 1 + lftl'tt't1'x • (4.7) 

Tor~a. o HonOJI:bSOBaH:HeM (3. 4), Haxo.InJM BOJIHoByro tPYHI<UJm ypaBHeHHR: 

JioryHo:aa-Ta.BXeJIJUSe (4.4) B Blf,ll;e .., o1 

C ..... - ; .... t -~-~ r: ~!""'/. 1~ "" i\ l(,.,.z t t,) 2S•Uc..JIIt 
J:(t}= r- Je l'i•xvp'-+~tt• _,fC#Ij -(f +"' sr~.x1 oll.< 4.a> --
Ms YCJIOBWI KOH9'IHOCTH t}J:(,.) npH r = 0 ITOJiyT.J:aeM yoJIOBHe KBBHTO-

BaHWI B HHT9rpaJI:OHOft q,opMe ; 

-- .!!6- ol J {sot)t Vf' ... ,.,•. -tfC-6-'/1ll.-u"'-rj~~~o'I111Xy1-~;/f = ~ 
-- (4.9) 

PacoMoTpRM Tenep:b TpeXMepHoe ypanHeHHe (4.I), BHdHpa.II B HeM 

B KaT.J:eorBe KBasHITo>reHUHMa oHHryJIR:pHoe npH j? = J:_,. BHPSJteHHe 

(NIJI npoCTOTH, He 3aBHCJIIII89 OT aHeprmt fl& ) 

V(ii;K~) = (-h!J) . (~~t"~ 3 ·,3/..~4)~i 
r,ll;e nepem~aa 1J (4.IO) 

onpe,ll;8JIJI8TCJI KS 
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~ ~( F~ ) ~ J, _.., J<. 0 

11,,K -=t>--;:r- D =lnn~K K+IM 4 AI 

Ll;,K -: f'K.-fi'"t 
= 111 cl. ~ 

IYI (4.II) 

llepexo~-n penRTKBHCTcKOe KOHWHrYPauHOHHOe rrpe~cTaBneHue /II/ c 

ITOMOJIU>IO paMoJKeHWI BOJIHonoil: WYH.KU~rn '!/:(~) H KBa3HITOTeHQRa.n:a ( 4. IO) 
rro IPYH~ ( 2. 8 I) , TO e en cone pmM rrpeo6 pasoBaHWI, aHaJioi'l!'!HI:le 

(2.6), (2,7), Ml:l 6y,neM HM8Tn JIOKBJinHOC ypaBHCHHe 

{ Hc::sJ - ~z) ~(r) -= -m Vfr)~(t}, 
(4.I2) 

A 

r~e HBHJ:dt BH.n Tpex~e£Horo "cno6o,nHoro raMKJinTOHHaHa" Hc{'s) rrpHBe

~eH, HarrpMMep , B I I, a rroTeimHBJI Vt r) orrpe~eJIIIeTcSI (popMyJiofi 

(2.I2), 06paTHOC rrpeo6pa30BaHHe OT KBa3HITOTCHQRaJia (2,I2) K BHpa

.llteHHIO B HMITYJinCHOM I!pC)l;CTaBJICHHH (4,I0) npH STOM TIOHHMaCTCSI B CMbiC

Jie TOfi .lite peryJISipH3a,ullli, C Y'!CTOM KOTOpoil:, HaiTpMMep, HaxO~ BHpa

lKCHHC B TpeXMCpHOM HMTiyJinCHOM npocTpaHCTBC ,wr.H KBaHTOBOMCXaHH'!CCito

ro KYJIOHoBcKoro noTeHQRa.n:a. 

I3 ueHTpa.n::&Ho-cHMMeTPH'!HOM CJiy-qae wm IPYHI<mm r '!1: (,.) , r~e 
Y'-=-/ f' / , nMeeM H3 ( 4. I2) ypanHeHHe, noJIHocuro aHaJIOrH'!Hoe 

ypaBHCHHIO (2.II) C TIOTCHUHBJIOM (2,I2) 0 B KOTOpoM, O,nHaK0 0 o6JiaCTn 

H3MeHCHWl r eCTn 0 ~ r < 00, Cne~OBaTCJinHO 0 C y'!CTOM napaMCTp:Hsa

Uli:H E -=- /+1 d X ( nocKOJinKY KBasHIToTeHQRa.n: Vb·} "'- r- SIP.7IJICTCSI srumpruo-

!llHM, E. > ,_, ) pemeHHeM ( 4. I2) SIBJISIIOTCSI qJyHKUHH 

i - ~ ( '-) ~{r) = C -;: e + ~'(c:llt _ ~r) f . (4.I3) 

Hs YCJIOBM KOHC'!HOCTH BOJIHOBOfi IPYHKUHH "!f'( r) rrpH r = 0 TIOJiy-qaeM 

TO'!HOe YCJIOBHe KBaHTOBaHWI ypoBHefi 3Hepr:HH 2f., -=-211< c~x.._ WISI 

TpeXMepHoro YPaBHeHM ( 4. I2) c J.iHHefiHI:lM srumpaia~~HM noTeHQRaJIOM: 

f\ c;'lK• ( { ) : 0, 
~ 

(4.I4) 

B CJiy-qae MBJIHX ), c rroMOIIU>IO acHMITTOTHliecKofi IP<>PM.YJIH (2.I8) ITPH-

xo.mm K ITPH6JIIDiteHHoMY yCJioBHIO KBaHTOBaHM 

• 2x,. chtx,. -s/,2x., =Al(h- f) i n·:t,:~., ... , (4.15) 

10 

• 

KOTOpoe B HepeJISITHBHCTCKOM rrpe~eJie rrepexo~T B ITPH~eHHoe y~ 

BHe KBaHTOBaHM W1SI ypaBHeHM lllpe~repa C JIID!CibmM ITOT6~01'1 
OTMeTMM, liTO K yCJioBHIO KBaHTOBaHHII ( 4. I5) TI.PHBO~ Ta!Oite I 11 

· 30BaHMe WISI ypaBHeHWI (4.I2) I3KE - rrpH6JmJKeHM. 

§ 5. 3aKinot:~eHHe 

B ~Oli pa60T9 Mbl paCCMOTPSJIH H90ROJI:&RO IIp.IIM9pOB TO'!HO pel 

peJIIITHBHcTc.KHX KBasHIToTeHQRaJI:&HiiX ypaBHemtli B CJIYl{ae BSaHMO~eit 

CTBJriit, SIB1lfmllHXCSI peJISITHBHCTCKHMI! 06o6ntemrmm KBruiTOBQf,'JeXaHJJtleC 

ITOTCimHBJIOB, Aim KBa3HITOTCHUHWia, JIHHCfiHO pacTymero D O;DJIOMepHO 

penRTHBHCTC.KOM KOHqmrypauROHHOM TTOO,nCTaBJieHHH 0 TOliHI:le BOJIHOBLIC 

UliH BHpalKeHH liepes cFYHI<mm Max,llOHaJI:&,Ita. C HCTIOJI:&30BaHH6M 9TOI'O 

llleHO B UCHTpaJI:&HO-CHM.feTpH'!HOM CJry'!ae TpeXMepHoe YPaBHCllHe Jlo 

HOBa-TaBX~3e C KBaSHITOTCHU:HaJIOM, .IIMCJOOtHM B liMiryJI:&CHOM ITI)oCTp 

CTBe BH,JJ; V "- ""-J fst"" , KOTOpHfi B HepeJISITHBHCTCKOM npe,n9JII 

nepexo~T n qiyp:&e-o6pas (f -;r+ .JIHHe:ltHoro KBaHTOBOMC:xai!W{I 

KOro ITOTCHQRaJia. PaCCMOTpeHH Ta.KJKe O,nHOpo,nHJ:le KBaSHITOTCHQRaJI:&HHI 

HHTCrpaJI:&HHe YPaBHCHM H COOTBCTCTBYJOOtHC HM YPaBHCHM B KOI$1ry] 

UHOHHOM ITpe,ItCTaBJICHHH W1SI TIOTCHUliaJIOB 0 HMO~ Dll,It, aHaJIOrWnmit 

JIOHOBCKOMY rroTeHU:Ha.n:y. B § 3 Ha.ttneHH BOJIHom.re IPYHKUHH wm O.nHOMl 

HOI'O Bap:HaHTa .KBaSHITOT9HU:HaJI:&HHX ypaBHeHHfi, a B § 4 perneHO W1SI 

UCHTpaJI.f>HQ-CHMMCTpH'!HOro CJry'!afl HeJIOKBJI:&HOe TpeXMepHOe ypaBHelD 

JIOrYHOBa-TaBXeJIII,It3e C TIOTCHU:HaJIOM, HMCKIIIHM B w.myJI:&CHOM ITpoCTpai 

CTBe TaKOfi Xe Bll,It, KaK H HepeJISITHBHCTCKHit .KYJIOHOBCRHtt ITOTCHU:HaJI, 

B 3aKniOlieHHe anTopH BHPaJKaiOT 6Jiaro~apHocT:& B.r. ~eBcKO~ 
c.rr. KyJiemoBy, c.rr. Kyll1IOBHliy, A • .n • .IImiKeBH'!y, n.u. Canpmry H H. 

CononuoBy sa o6c~eHM, 

• 

JIHTepaTypa 

I. Logunov A.A., Tavkhe11dze A.N. Nuovo Cimento, 196J, v.29, 
N 21 p.J80-400. 

2. K~mescxuR B.r., TasxeHUA3e A.H. B xa.: llpodnexw TeopeTH

qecxoR ~H3HKH , Cd., nocs~eaawR H.H.BoronDdosy B CBR3H o ere 

60-neTHeM. M.,"Hayxa", 1969, c.26I-277. 

J. Kadyshevsky V.G. Nuc1.Phys., 1968, v. B6, N 1, p.125-142j 

Kadyshevsky V.G,, Mateev M.D. N~ovo Cimento, 1968 1 v.55A, N 

p.275-JOO. 
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~( F~ ) _., J, -+ ...... I< 0 

11,, ... -=r--;::r- ~ =lnn,jK 
K-+tH 4 A) 

L1;,k -= 
f'K.-pt = 111 ch ~ 

/YI (4.II) 

exo.wr B peJIJITHBHCTcKOe KoH<P:HI'ypaunoHHoe rrpe,ncTaMeHHe /II/ c 

IIU>IO pa3JlolKeHWI BOJIHOBO~ @YHKL\HH '!f{l) H KBa3HIIOTeHUHaJia ( 4. IO) 
<PYHKLUUIM (2.81), TO ecn conepmM rrpeo6pa3oBaHRII 1 aJI8JIOI'K'!HHe 

.• 6) , (2. 7) , Mhl 6y,neM IIM8T:b JIOK8JI:&H08 ypaBHeHHe 

{He~$) - ~z) '!t(r) -= -m Vfr)~(f'), (4.!2) 
A 

SIB!lliit BH.Il Tpex/e¥Horo "cno6o,nHoro raMWI:&TOHHaHa" HD{s) rrpnne-

, HarrpiiMep , B I I, a rroTeHUl'IaJl Vt r) onpe,neJIJieTCSI iPOPMYJIO:fi 

.!2). 06paTH08 npeo6pa30BaHII8 OT KBa3IIIIOT8HUHaJia (2.12) K BUpa

IIIO B IIMIIYJI:&CHO!I! npe.ncTaBJICI!IIII ( 4. IO) npii 3TOM IIOHHII!a8TCSI B CMUC

TOH JKe peryJIJipH3auHII, C yqeTOM KOTOpoii, HaiipiiMep, HaxO,wiT BUpa

e B TpeXMepHOM IIMIIyJI:&CHOM IIpGCTpaHCTBe ~ KBaHTOBOM8XaHWi8Cito-

KYJIOHOBCKOI'O IIOT8HUH8Jla. 

D ueHTpaJI:&Ho-ciiMMeTpii'IHOM CJiyqae ~ @YHKL\HH r '! (,.) , r.ne 

-=. I r I • UMeeM II3 ( 4. !2) ypaBHeHHe • IIOJIHOCT:&IO aH8JIOrWiHOe 

HeHIIIO (2.II) C IIOT8Hl\II8JIOI-I! (2.12), B KOTOpoM, O,nHaKO, o6JiaCTb 

:eHeHWI r ecT:& 0 ~ r ~ oo. Cne.n;onaTeJI:&HO, c yqeToM rrapaMeTpii3a

E-::.,., d)( (IIOCKOJI:&KY KBa3liiiOT8HUH8JI Vb·}""',.., JIP.JIJI8TCSI 3aiiHP8.10-

• £ ? fl-1 ) pe1IIeHII8M ( 4. !2) .IIBJI.ffiOTCR <PYJIKL\HH 

i. -~ ('-) 
1J:(r) ~ c r- e " K:·rc:lll- ~r) r (4.13) 

YCJIOBIISI KOHe"!HOCTII BOJIHOBOll qJyHKUIIII ~( r) IIpH r = 0 IIOJiyqaeM 

"!Hoe YCJIOBHe KBaHTOBaHRII yponHe:fi :;meprnH 2E., -=-21f<! c~x.._ ~ 
XMepHoro ypanHeHWI ( 4. !2) C JiHHefuiWil 3armpai<llliDil IIOT8HUII8JIOM: 

J\ ,,z){. { { ) = 0. 
)I 

(4.14) 

CJiyqae MaiiUX }. C IIOMOIIU>IO SCHMIITOTil'!8CKO:fi cpopMyJIH (2.!8) npR-

·mtM K rrpR6JIIDKeHHoMy yCJioBRIO KBaHTOBaHIISI 

2.xh chzx,. -slr2x., :).l(h- ~) j n·:t.,:l} ... , (4.15) 
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• 

KoTopoe B HepeJIRTRBHCTCKOM rrpe.n;eJie rrepexo.n;HT B IIPH~eHHoe yCJio

BRe KBaHTOBaHRII ,IWl ypamteHIISI l!Ipe.n;HHrepa C JmHe.ilHHM IIOTB~OM. 
OTMeT:HM, '!To· K yCJioBmo KBaHTOBaHHll ( 4. IS) rrpHBO.n;HT Ta!Oite I HCIIOJI:&-

30BaH:He ~ ypanHeHIISI (4.12) BKE - npH~eHIISI. 

§ 5. 3arono'leHHe 

B ,IJ;aHHOH pa60T9 MH paCCMOTPSJIR HSCKOJI:&KO npKMepoB TO"'HO pemaeMHX 

pe.JISITHBHCTCKKX KBa3HIIoTeHUIIaJI:&HHX ypaBHe~ B cnyqae B3a:HMO,nel

cTBH:fi, RBJI.ltmllDCCR peJISITHBRCTC!OOI!II o6o61118HWiMH KBlmTOBOMeXaHH'!8C.Kl'DC 

IIOT8.Hl.tHaJIOB. Aim KBa3HIIOT6HUII8Jla, JIHHetl:Ho paCTYIII8I'O B O,IJ;HOMepHOM 

peJIJITMBHCTCKOM KOH<PJ'IrypanKOHHOM TTOO,IJ;CTaBJieHHII, TO'!Hiie BOJIHO:mle qJyHK

I.tHH BlipallteHU '!8pe3 @yH~ MaR,D;OHaJI.b,IJ;a. C HCIIOJI:&30BaHHBM STOI'O pe

llieHO B :U8HTpaJI:&HO-Cm.t.teTpll'!HOM CJiyqae TpeXM6pHoe ypanHeime Jiory

HOBa-TaBXeJIH,IJ;38 C KBa3HIIOT8m.:tl'I8JIOM, :HMBIOOtHM B m.myJI:&CHOM npoCTpaH-

CTBe BH,I( V ...... ,.-l ~e-~ , KOTOpu:fi B HepeJIJITHBRCTCKOM npe.n;eJie 

( ,., ... )-+ 
nepexo.n;HT B <PYP~>e-o6paa /' -Jc .JIHHe]!Horo KBaHTOBOMexaHH'!ec-

KOro IIOT8HUII8JIS. PaCCMOTpeHU TaiOKe O,IJ;HOpo,D;Illie KBa3HIIOT8H:uHaJI:&HUe 

HHTerpaJI:&HUe ypaBHeHHij l'I COOTB6TCT~e HI\{ ypaBH8HIISI B KO~pa

l\IIOHHOM npe,D;CTaBJieHHII ~ IIOT8HUH8JIOB, Jl:l\18~ Blf.I(, aHaJIOmm:fi Iq

JIOHOBCKOII\Y' IIOT8Hl\II8JIY. B § 3 Hrutn:eHU BOJIHO:mle qJYHKUIIH ~ O,IJ;HOMElp

HOI'O BSPHaJITS KBa3HIIOT8HUl'I8JI:&HUX ypaBHeHH:fi, a B § 4 pe1IIBHO ,wut 

:U8HTpaJI:&HO-CEMM.6Tpll'!HOI'O CJiyqaSI HeJIOKaJI:&HOe TpeXMepHoe ypaBHeHHe 

JioryHona-TamceJIJI,IJ;3e c noTeHUIIaJIOM, HMeRli~M B HMIIYJII>CHOM npocTprui

cTne TaKOI JKe Blf.I(, KaK H HepeJIJITHBRCTCKlill .KYJIOHOBCKH:fi IIOT8H:uH8JI. 

B 3axnD'!eHHe anTopu nupaJKaroT 6Jiaro.n;apHocT:& B.r. Ka.n;uwencKOMy, 

C.II. KyJiemoBy, C.II. Kyp7IOBil'!Y, A • .U • .Jlm!KeBil'!y, B.H. Canpmry H H.JI. 
COJion:uony 3a o6c.YJK,D;eHIISI. 

• 

JlHTBpaTypa 

I. Logunov A.A., Tavkhe11dze A.N. Nuovo C1mento, 196J1 v.29 1 

N 21 p.J80-400. 
2. Ka~meBCKHR B.r., TaBxenHAae A.H. B KH.: IIpodneMW teopetH

qecxoR ~H3HKH 1 Cd., IIOCBmQeHHWR H.H.EoromDdOBy B CBR3H 0 ero 

60-net:HeM. M.,"Hayxa", 1969, c.26I-277. 

J. Kadyshevsky V.G. Nuo1.Phys., 19681 v. B6 1 N 1 1 p.l25-142j 

Kadyshevsky V.G., Mateev M.D. N~ovo C1mento, 1968, v.55A1 N 2, 

p.275-JOO. 
!, 
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4. JioryHOB A.A., CaspHH B.H., TllpHH M.E., Xpycra.nes O.A. TM.P, 
I971, r.6, J2, c.654-662. 

5. Faustov R.N • .Annals of' Phys., 197J, v.7B, N 1, p.l76-189. 

6. Kvinikhidze A.N., Stoyanov D.Ts. Prepri.nt JINR, 
E2-5746, Dubna, 1971. 

1. Kapshay v.N., Skachkov N.B. Prcprint JINR E2-Bl-618, Dubna, 
1981; JINR E2-82-155, Dubna, 1982. 

8. ,lloHKos A • .n., 1\a,~U~mescKHI B.r., Marees M • .n., MHp-KacHJioB P.M. 
T1~, 1971, r.8, II, c.61-72. 

9. ronocKoKos C.B., Kynemos c.n., CHAOpos A.B. llHc&wa 1 ~3T~, 
1980, r.J1, c.154-156. 

IO.AraKHIIIHeB H.M., MHp-Kacm.toB P.M., HarHeB lli.M. TM.P, 1980, r.44, 
!H, c.47-63. 

1I.Ka,~U~mescKHI B .r., MHp-KacHuos P.M., CKaiiKos H .E. 3tiA.fl, 1972, 
r.2, BHn.J, c.6J5. 

12 .• t.IHAKOB E.n., !{aAHwescKHA B.r., Kammes D.B. T~, 1970, r.3, 
i 2, c.19I-197. 

1J.EelrueH r., ApAeAH. BHCWHe rpaHc~eHAeHTHHe ~HKUHH , r.I-ll, 
M.,"HayKa", 1974. 

I4.CKaiiKOB H.E., ConoBUOB H.JI. Hcii, 1980, T.J1, .h!5, c.IJJ2-IJ40, 
1980. 

15.Ka,u~mescKHI B.r., MHp-KacHMoB P.M., \PpHMaH M • .H.P, 1969, r.9, 
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Kanma~ B.H., CKaqKoB H.B. P2-8 
ToqHNe pemeHHH.KBasHnoTeHQHanbHbm ypaBHeHH~ 
AnH KynoHoBcKoro H nHHe~Horo sanHpam~ero noTeHQHanoB 

PaccMoTpeHN KOBapHaHTHNe ,D;ByxqacT~Hbie ypaBHeHHH AnH K 
UOTeHQHanOB, HBUHID~XCH penHTHBHCTCKHMH aHanOraMH H3BeCTH 
KBaHTOBOMexaHHqecKHX noTeHQHanoB. Ha~,D;eHbi TOqHNe pemeHHH 
MepHOrO HenOKanbHOrO ypaBHeHHH noryHOBa-TaBXenH,D;3e ,!J;UH CO 
KYUOHOBCKOrO BSaHMO,D;eHCTBHH, a TaK~e pemeHHH UOKanbHOrO Y 
HeHHH AnH cnyqaH sanHpam~ero /nHHeHHOrO B penHTHBHCTCKOM 
~HrypaQHOHHOM npe,D;CTaBneHHH/ KBasHnoTeHQHana. PaccMaTpHBa 
TaK~e O,!J;HOMepHNe KBa3HUOTeHQHanbHble ypaBHeHHH H HX pemeHH 

Pa6oTa BhlllOnHeHa B na6opaTOpHH TeopeT~eCKO~ ~H3HKH OH 

npenpHHT 06~AHHeHHOro HHCTHTYTa ~AePHWX HccneAOBaHHH, AY6Ha 191 

Kapshay V.N., Skachkov N.B. P2-8 
Exact Solutions of the Quasipotential Equations 
for the Coulomb and Linear Confining Potentials 

Covariant two-particle equations are considered for tb 
quasipotentials that are relativistic generalizations of 
potentials of quantum~echanics. Exact solutions are fouu 
the three-dimensional nonlocal Logunov-Tavkhelidze equati 
for the case of Coulomb interaction and for the local equ 
in the case of the confining quasipotential /it is a line 
quasipotential in the relativistic configurational repres 
tation}. One-dimensional quasipotential equations are als 
considered. 

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