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JrJf)~/2-80 rrp . 

MareeB 1 M.,U .H 
. t.I~~OB , r~ .B. 

Odo6meHH~n K~n~dpoBo4-
Hbltl rrp~1HUY1IT • •• 
I980 P2- 80- I29 

§I . JJpc.gctme 

I3 pa6orax/I ' 21 11a 6a3e o6o6weHHoro npHHuuna J<0.1!116poP.aYHO~ uH
:apHaHTHocnl , CO.nepJKa;uero HOEblti YHHEepCaJThfilltl M<.lCJiTa6 - ":jlyi!.IlWPH

TaJibfiYIC llJII11cy" e , 6!'Jia OOC'i'p:lel!a :.~Ol\€J:h ar.C}(Tp:)JII:I!all.lHil~ CnllP.Or>

HtlX none!: . Jl( JI, H:tC-OR:r;e;< pa6on> - pacrmpeHHC .:iaHHO~ ll.::ll\CJUl P:1 

C!!Y'IUi! O:J30HHI>X noncii , E 'IUCTHOCTil , CI<O.JIRpHHX ll J:CKTOrHHx . :,if· r;o

Jtali\CM, 'ITO E OKOH'laTeJTbflliX YJlaEHeHHSJX , P. OTJII1'll1C or CDI11!Dp110f0 

CJIY'lM , CWH.UUMeHranhHM .IV111Ha :eoo6m~ He ~HrypHpyer . lJDfai<O ;: re:~

PI111 MacCHEHoro P.et<r:JpHoro noJIR tJOF!eJIRercR H~MI1HI1MUJILHOe E3Ul1MJllei1-

crl.!l1e nayiDIP.PCI(:Jf'D Tl1na, ~fll1ED11F!:UCC I< nOJlHOii KOI. PCHC~UI'Il Maf'Hl1TI!O!'O 

•lmiPHra :eetn::>pHotl '!acnm1:1 • 

.S2 . CJtailF!rHM anenoo.n:maMI1I<a 

YpaEIICHl1R CF060l\fillX CKU!IIlpHI-IX n~JICH/I • 3/ JtOlKHO 3/l!HlCllTb p Pl1-

ne: 

Z( i<>i_; .. CA1r)'Pl )( ,q = o (2 . I) 

rnc Ch,_. •JL+ ~; , M=- f - "-pyu .. a;weuraJihHM r.'<"JCca" , a 'f(x,<) -
n?YXI' O!lll:JHCHT!I:ut <!CJill'mHa: 

( 'Pd•.•>) 
lp( >< , -r ); lP.f'r,i:) (2 . ~) 

He r.r.xon K 11-l:H~'I('CI<IW nomw TT~;otl:ll!e.ae:: rp1: noMo::m "ocnaoneHHoro" 
YCJ!O:!JFi ne ;;Hrr.r i.¥.)/'1../: 

( 0 -
I (l' 

M n~ - M') 'fr>< •)/~.: (1 .. (2 . l) 

YcJ:Ji'JH' V1l!i'tlPl1UIITHOCTl1 Yf'U"HP!io1R .Ul.'11lKCHI111 nJtR JlOJlH Y'(x."r) 

OTHOCJJn;}!, 'l~ 16:1\)J:teHI!!lX JJOKi:tnbHI-IX I<UJH1ClpOPO'liUJX f1Jif'tl(\f'~3:JEUH11i' 
(/l ,4): 

-• r , • e )\(" •) e 
'{J(x q ::0 e t..f'(•J) (G . 4) 

¥.) :1 l!p1JtOJKPHill1 naH nJYI-lMcr. ucnoJlL3oBaHI1R ycnoPI11l .ne C11rrena 

n:t~ rr Oll3?om Hort 3HaYeHI111 narxwerpu 'L • 

r;--



rpe6yer EPeneHHR nRTHXOMllOHeHTHoro Eexropa 3nexrpoMarHHTHoro nonn 
~"" ()( it.) (M=Q , l ,2 , 3 , 4) i! COOTPBTCTBynueR 3aMBHH OOH'lHHX npOH3EO.ll
HHX Ha I<OBapHaHTHHe: 

DH ::: aM + i. e !)M (x;r ) . (2. 5) 

YpaBHeHHe nPH&eHKR B 4-npocrpaHCTBe no~tJaerCR sareM c noMOWbll 
npoeK TH pOBaHHR Ha llJJOCI<OCTb ~ =0 , C YtJBTOM KaJJH6pOEO'lHO-HHBapH-
8HTHOPO ycnoEHR .ne CHrrepa ~>: 

( D,... D,... - i) lfcx:r: ) {'t•o,. 0. (2.6) 

Oi<OH'l8TBJ!bHO 6yneM i!M6Tb : 

(Dr Dr+m 1 ) 'f CxJ=O · (2 . ? ) 

CJJe.llOE8TBJ!bHO, npouenypa, XOTOpaR B COBHOpHOM C~ae npHEO~JJa K 
llORBneHi!ll psiJla HOBI:lX .1! 3ai!JI!O.lleRCTBd , 3a.l!i!CffiiiHX OT f , B CKa
nRpHOR aneKTpo.nHHaMKKe He ~er HH~ero HOBoro . 

§3. YpaBHeHKR ABHaeHMR AAff cBo6oAHor o MaCCHBHoro BeKropHoro 
!lORn B HOBOM ¢9pMaJJH3M6 

B pa6orefi/ 6uJJH nony'leHH ypaBHeHRR .llBil&eHRR ~ cao6o.nHoro 
6e3Maccoaor o BeKropHoro nonx, cornacJDWHeCR c HOBI:lMH reoMerpH~ec
KHMM r pe60BaHRRMi!. 3necb MH BHlli!IDeM aHanOrH'lHHe ypaBH6HKR .llJJR MaC
CHEHHX B6KTOpHHX llOJJeR . 

EcreC TBBHHO npe.IIDOnO&i! Tb, 'l TO MaCCHBHOe BeKTOpHOe UOJle eCTl> 
MTI!BBXTOp c:P 11 (.ll , r),. ( ¢>1"(..-, t' ), ¢-4(1<,1:)) , ~ I<OMTIOH6HTa KOTOpo
ro nBnner cn ny6ne r OM r Hna (2 .2): 

,.+._.-1 ( ~Pt<~ . l:.)) 
'+' ( x ; t: ) :::. lbl'l t') (3 . 1) 

T1 ( ~ ' • 

.llaJiee, MCXOM 113 MTHMepHOPO o606WeHMR Y~HeHBa -+'d.ctl'+o/'0"¢., + 
+ h'l

1 <i>., = 0 , MO~o noxa3an , 'lTO none (3,!} yno.enerBop~~er cneny
DWeR CI1CTeMe ypa.eHeHi!R : 

n A- • ~ vnr '+'v + LaJ l "t; 
. o<P.~, ::: o 
L '2> )C ,o (3.2) 

*) B .nannHeAmeM nepeR.neM x cHc r e a.ce e~u. rne PMecre c 

~ H c' M=t =1. 

2 

It\ • o<1h . a ct>JL 0 c.ttr'¥ -lcrj;.._;_.;r+l = 
~ '()'t' ~X'. . (3.3) 

BcnencrBHe (3 . 2) H (3.3) KOMnoueHra ¢, (.l,'t:) y.noBJJerEoPRer Y.PaE-
HBHHll: 

' 
( 0 - ~ t - (), t ) ~~ (X 1 i: ) :o (l ' (3. 4) 

H,KaK MOMHO y6enHTbCR, He RBnR6TCR H63aBHCHMOR ~HaMH'leCKOR CTe
neHbll cBo6o~ . 

narpaHKHaH, npi!BO.llnmHR K ypaBH6Hi!RM (3 .2)-(3.3) .llnR MaCCHB
HHX EeKTOpHHX noneR,HMeer BH.ll: 

i.o<•,l:.) == C~r [ e; 4>11 
+ ~: e"] + 

i. [ + 'Mit' oEl r + ~er D<Pt or] +-e. 0)-- -t'Cj~ +¢>OJ- - -t'<Jj~· -
2 t b't: bt:' r n 1T 

(3.5) 

~ l t -»· '19. • ..+,4 t ?94 '3~t ~ 1 -- e, o;- - -"o; ..... <t>~ o;- - ::=;OJ e + 
2. • 'lT 'lT ')1: lT 

rne 

+ ~ [e+ ')<t>• + ~e~· d>r + q,•w• • ~~P: et] 
r '})Cr ' h:r r 1Yr 1xr 

911(1C,-r) :: <f1 <t>"" (x,-'C) . (3.6) 

EcJJH Ha noJie <:l>r (x ,-.:) HanoaeHo ycnoPMe ne CMrrepa (2 . 3) , ro 
ypaEHeHHR (3 , 2)-(3 . 3) 8KBI!B8JJeHTHH CB060.llHHM ypaBHeHMffi~ .ll.I!BlleHHR 
o6H'lHO~ reopi!H: 

()"Gr~ +- m2</>r(x) = o , (3 .7) 

r.ne 

G,..,. (IC}-::: c, <Pr(")- Qf" 4>11 (x) • (3 .8) 

§4. 3JJeKTpOAMHaMI!R8 MaCCI1BHOPO BeRTOpHOrO 110~ 

BBe.neHHe E9aHMoneAcrBY~ c aneKrpoMarHHTHHM noneM, ecrecr:eeH
Ho,ocHOBaHO Ha rpe60B8HHH I!HB8pHaHfHOCTi! 110 OTHOID6HBD K JJOKanD
HHM KaJJH6poEO'lHHM npeo6pa30EaHKRM 

-·"C .+. ;.e >.c"·'> e 
'+'M ('o<;t') - e ¢/'1(.r',T) (4, !) 
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. \ ~( ) ~-r 
el1cx ,1:) -+ e .e,... >< , "C e e~/x,"C) (4. 2) 

3 r or npHHUHTI O,llH03Ha'IHO npH.EO,IDIT I< CJie.nynneMY JJaPpaHlllolaHy : 

;/no"""'"(x;r:) = lo(x,-c) +JMAKC&EAA.(x;'t) + J.63.(~,-r.), (4•3) 

r.ne J. o (x;r ) onpe.neMer M <PopMYJIOa (3. 5), .f MM<C&EM":" <PopMYnoa 
(5?) y,.j2/ ).1 

J.,.~.(x,<t) = eE/(er+<t>~ + e:cl>r) + eB; (eVe~+¢: 8~')-
a. (eto-:,+..r_8 t_A.,•) e p,'~"(A-.~ocer-4>'"<r.e~) (4.4) - e u~, r ''i' ~ v l'+-' - 4 '+'r l ~ l • 

COOTB8TCTPYDUB8 Ypa.l!H8HH.II .lll!'lt!ll8HH.II HMeJJr Bll.l1: 

Chf' q>, + OJ ( i~ - e &~ )<P, - ( ~:x.,- eB • .)¢~,,. o (4•5) 

a-t' 4>~c - ~ ( i~ - e e,~ )<t>~, + ( i~., -e B~) ¢~"' o (4. 6) 

'df>r-~ :: ie(<f>,..+e"+<i>:e .. ) (4 . ?) 
D't "'bxr ' • 

.2. I) - t~&. + t Th = e.(4>~cr: e"- ¢>~07 er) (4.8) 
" 'l't 'a)(v '< 1 r 1 

Hanaran J<anH6poEO'IHo-HHBapBaHTHoe ycnoEMe .ne C~o~rrepa (2.6) 
Ha none ¢/", no i!Y'ISeM YJ:BBH8HHR .lll!'lt!&eHM B -qerupe XMepHOM npo
crpaHc r Ee-BpeMeHH: 

D 11 ~ r "+ m, <PI" + ~ e F r ~ <t>, + • e ~. F r ~ <t> ~ " o , < 4. 9 ) 

r.ne 

ljt'":: D"'¢t'- D~'<P" , (4. 10) 

a F r· - r eHSOp sneRrpoNSrHJJ!'Horo DONI. 
Hs cacret.~ ypa.BH8Kd ( 4. 9) H81Il>SII O.nHOSHa'qHO onpe.neJtHrh 

BCe 5 ROMDOH8HT DOJlll ¢ H , II081'0yY M1i .llODOJIHJDI 8fY CHCT8yY 81118 
O.nHHM ypaBH8HH8M: 

4 

: ~ 

J 

(DH DH- CA.st) <P~(lC ,T)j "o ' 
1:•0 

(4. II) 

J< oropoe no~aerca H3 (3.4) e pe~JILrare nepexo.na K KO.Eap~o~aHTHHM 

npOH3BO,nHHM . H3 (4 , !1) H (4. 5) , (4. 6) EHT8KS8T, 'ITO 

Ft ~ ( x, o) · ¢ r ( x, o) ::; o . (4.12) 

3 ro COOTHOW8HH8 E .IIaJihH8~WeM 6y,ne t' HrpaTh pOJib ypaEH8HHR"CPR:3H" , 
npyrHe CER:3H E03HHI<a~T npM np Oei<THpOBSHHM (4. 7)M(4.8) HS 

TIJIOCKOCTh 't =0 C J'leTOM (3,6): 

F/"~ (x,o),. i.e ( <t>/ <11 ~~ + ¢>~+ crJ <t>r) (4.13) 

')f>u(x,o) _ .(2 o.. _ . ~&') _ e(A-.,<r.~r_.J.."'<T.',...~) 
- - \ U~ l 'lr "t'r I ~4 1 't" , 
0 )(jl 

(4.14) 

MCROI~ e ypaBHeHHJI ,ItEHKeHKR none~ .llOJiaHH DO~St'hCR: E pesyJILrare 

EaphHpOESHBR: KHTerpana ,ne~CTBHR C y'leTOM BCeX CER:3eA. 3 r o B!<EH

Ea!BHTHO HCTIOJI1>30BSH~~ JiaPpaH&MaHS: 

i l p,t' p,rv ..... .. I' • rr" t'" t 
110/.HWM = - 2 arv (J -t m 't'r <t - 7; Fr• .. --~ F 4>r ~~ + 

+ i.e F r • ( <t>r~ a; ¢>~ -+ ¢~'"a& <t>r) + F r ~ { <Pr ., (r4 ~r+ 1 ,.. 
(4.15) 

+)r [F~" 4 +i.e(¢+tot4>~+41:01ct>r)], 

r.ne ~ H )r - MHOllllre.llll JlarpaHm.BapLMpysr no BceM noMM Rai< no 

H8S8.1!HCHMHM nepeMeHHI:lM, HSXO.Jll!M: 

D,~iv + ~·<V +i.e F ffv¢1~ + i.t F~'~4>~ - Fr~,. Le}r'o;<P~~o 

F t 4
0i q, r + } r C1i 4>,. -= o 

it(<t>;a;<i> .. +¢:<1l4>r)+,~<P,..-+ <Pr1 + )r:: o 

~" = i. ~ [<t>+"P. "- p_+,.,¢v+..,.\ (<P/ct>~ -<t>: <t>r )] 
'lllC.. 1 r ~ " ~ . 
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(4.16) 

(4.1?) 

(4.18) 

(4.19) 



Y~MTHESR ~anee ycnoeHR cenaM (4.12) H (4.13), Oy~eM HMerh: 

~ - 0 't' -
7 ,: i q Ol <Pc 

(4.20) 
(4. 21) 

B MTore MO&HO nony~Mrh cneny~~ wopMy ~ nonHoro narpaH~aHa 
paccMarpHeaeMo~ reopHH: 

ffx) = -f ~+r"~r" +rrN>/<l>r-fF,.Jr"+~tFf""¢/¢~ (4 . 22) 

3ro EH palteHHe >!MeeT TOT Jte CaMI:Ji% EH,n H E e.Z0-1H11U8X f. • C: i . TaKHM 
00pa30M, napaMerp e EHnanaer >13 KOHe~HOro peaynhrara. EnHHCT
EeHHYM c.11e~oM MrHMepHHx ypaBHeHII'l ( 4. 5)-( 4 .8). E KOTOJli>IX WyH~
MeHTBJihHM .n,mma JIDHO CO~ep:I!BJiaCl> ,JIBJIReTCJl HOBOe HeMWWM8Jll>ROe 

EaaH~o~eRcraHe - i.e F~'" <f>/ <P~ • OHo npi!BO~Hr K aHoMa.llhHOMY Mar-
HHTHOMY MOMeHry ~ nonn ~t'(k) y&e E HH31D8M nop~UD<e TeOpHH 
B03MYmeHH ft, ~T06H y6e,n>IThCR B 3TOM , HCC.IIenyeM Hepe.I!RTHBI!CTCKHR 
npe.ne.11 ypaaHeHHt\ .IIEH&eHHJI ~ noM <t>r : 

Dv~rv+rnl~r~kleFf'•q,v=O, k:-i 

C'lHTSR aneKrpoMarHHTHoe none At' Knaccl!'leCKHM , Ilycn 
~ ~ 

A (x) : - A{~<) = o A I'- o 
0 ))(0 ,. -

.A<,.) ,. f [ H,. r] . 

(4. 23) 

( 4. 24) 

Coxpe.HJ~R crapW11e 'lnelill no f H Hcnonhayn .nono.IIHHrenbHoe ycno-
BHB 

D,.<P~",:o, (4. 25) 
..... 

~ ¢ no~HM 

i ~ 1 ~ - ~ <P = - .L ( H Z ) ¢ - 1 e ~ ( i- k ) H l( ~ ( 4. 26) 
'H Hn .tmC 2 IYIC ' 

IlepBHl! ~neH P npaaoa ~acrH (4. 26) onHcuaaer B38.HMO,nel!crBHe MarH>lr-..,. 
Horo nonn c op6HranbHHM MOMeHTOM l , a aropo~ ~neH cooraercray-
er BaaHMo.ne~creHil H co cnHHoM. B HameM c~ae K03<W>HUHeHr k na
pe~ 8HOMa.llhlillM MarH>ITHHM MOMeHTOM paBeH e~HHHUe H, cne~oBaTe.llhHO, 

B ~HOR MO~e~ E8KTOpH8R 'l8CTBU8 o6na,naer HYneBHM ~8rH11THYM MO
MeHTOM. 

6 

ABTOp!>l HCKpeHHe Onaro~apH!l H.r .KanuweBCKOMY 38 MHOrO~HCneH
Iille oOcy~eHHR pa3HHX acneKTOB KBaHTOEOR aneKTpO~HaMI!KI! 0 ~Hna
MeHranbHOH ~HO~ . 

IIwoxeHHe: BarurMo.nettcTBHe CI<aJIJtpHOro H BHelliHero MeKTpOr.1ai'

HnTHHX noJie1! 

PaCCMO'rpHM CRCTeLlY ypaBHeJ001: 

(ita~- e E>~ .. <Jl Ur) \f(ll,'l;)= o 

[( io,..-eBt,)(;'3ti-~BH) d]4'c-. ;c:) = o. 

PeweHHe nepaoro ypaaHeHHR ecrh: • 

i<Ji CA. r -r - ~ e j &~ (,., 0 d t r 
lfJc,,-r) =- t e ~. r (><) 

Iloncrae.IIM (3) E (2), nOJIY'U1M ypaBHe~rne ~nn f<x) : 

{[or••eAr(~<;~)Jl1r•IQAt'(•.•)]• m2
} !lx) ~ o, 

r.ne 
'r 

A,.lx,T) = &rl~;"~'l _ f "H~r•,.Y dt 
-.. ~xr 

3aMerRM, 'lTO 

F,.4<),t) "' 'O ArJ0 

Tax KaK ~ EHewHero nonn 

Ft-4<><.--c) =o 
ror.lla 

A r <){,-c) -: A r ()C) , 

a ypaEHeR11e (4) 38DBwercn B BB~e: 

{ [or_. ie Ar lll)jl'Or+ieArr .. >J ~~·} ~()()" o. 

(II. 1) 

(I1. 2) 

(I1. 3) 

(I1. 4) 

(I1. 5) 

(I1.6) 

(IT. ?) 

(I1.8) 

{I1.9) 

3ro ypasHeHBe coan~er c o6!l~HHN ypaeHeHHeM ~ BaaHMo~eAcrayD
mero CKanRPHoro nonn. 

7 



lli1rcparvpa 

r. V. t: . l\auyshevuY.:y. Nucl.l'hys ., 197&, B141 , p .477 . 

2 . B.I' . r\a.!WJJCJ::CKI1H . ;;I{AR, 1980 , II , .lEI, c.!.J. 
3. A • .Il • .iloHKOE , d. I' . . '<a.llhi:UCECI<l1il , ·~ • .n . :.lareeE , P . 1.1 •.• 1.np-Kacl1MOE . 

EonrapCI<I1!1 l{Jl13H'lecKI1ii lKYpHaJI, IS74, I , crp . 58 , 150, 233 ; 
19?5, 2, c .3; Tpy.JW MareMaTI1'lCCKoro l-1HC'!'I1ryTa liM . ll . J, , C '!'eYno

Ea , 1:17!, , 1~~6. c.H5. 

PyJtom!Ch flOCT'.(TD!.'Ia B ll3,naTe.'lbCKllii OT.IJ.C • .'J 
I !:l q CDfWUI l'::'JOU I'O.'\a . 

8 


