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YpaBHeHHe nHysHnnR XOpOlliO H3BeCTHo B HepaBHoBeCHO~ CTaT~CT~

4ecKo~ MexaH~Ke ~ RBnReTCR ee HcxoAHO~ T04KO~/1.2/. 3TO 'CBR3a

1.\ 
HO c TeM, 4TO ypaBHeH~e n~YBHnnR 3Ka~BaneHTHO ypaBHeHHID AS~y,(e
H~R np~ COOTBeTCT8Y~~HX ycnoBHRX. ne~CTBHTenbHO, KnaCC~4eCKoe 

ypaBHeH~e n~YB~nnR 3Ke~Ban~HTHO ypaBHeH~~ raM~nbTOHa, ecn~ 

3a Ha4anbHoe pacnpeAeneH~e npHHRTb 8-pacnpeAeneH~e 8 ~a30BOM 
npOCTpaHCTBe / 1 - 3 / ; H KBaHToeoe ypaBHeH~e n~~BHnnR I~n~ ypasHe
H~e B~rHepal 3KBHBaneHTHo ypaBHeH~~ WpeA~Hrepa, ecnH Ha 8~rHe~ 

POBCKY~ $YHK4H~ pacnpeAeneH~R HanomHTb orpaHH4eH~R ~3 aAeMno
TeHTHOCTH MaTp~4bl nIloTHOCTH 14.7 I 13Aecb "3KBHBaneHTHocT s" no
HHMaeTCR TaK~M o6pa30M, 4TO H3 oAHoro ypaBHeHHR MomHo nOIlY4~Tb 

APyroe H HaoGopoT/. ' 
npHHHMaR BO BH~MaHHeTaKY~ 3KB~BaneHTHotTb, BMAHM, 4TO ypaB

HeH~e nHYBHnnR KaK OTnpaBHaR T04Ka Teop~H, MomeT paCCMaTp~BaTb
CR He TonbKO B Hepa8HOBeCHO~ CTaTHCTH4eCKO~ MexaHHKe, HO TaK
me ~ B KBaHTOBO~ TeopHH nonR. 

K 
4eH. 

comaneHH~, B 
B pa6oTax /&1 

KBaHTOBO~ TeopHH nonR 
BBeAeHo npeAcTaaneHHe 

TaKO~ nOAxoA Mano H3Y
$aaoBoro npocTpaHcTBa 
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B KBaHToao~ TeopH~ nonR. HcnOIlbaoaaHHe aHanora KorepeHTH~X 

npeACTaBneHH~ n03BOIlReT nonY4HTb ypasHeHHe nHYBHnIlR AIlR ~KaIlRp
Horo nona , 8 oG30pHblX CTaT bRX 18,71 H3IlO}/(eHbl pa3Hble npHMeHeHHR' 
npeACTaBI1eHH~ BHrHepa. KBaHToBaR TeopHR pacceRHHR Ha OCHoae 
4lYHK41-1H pacnpenene-uia BHrt-iepa H3nO}/(eHa B 18,6.13/. 

~opManH3M nHYBHnnA MomeT 6~Tb noneaeH, TaK KaK ypaBHeHHe 
nHYBHIlnR o6naAaeT~HHTepeCH~MH CBo~CTBaMH: 

I 

ll~ 

aI nHYBHnnHaH L MomeT 6~Tb pa3AeneH Ha KnaCC~4eCKY~ 4aCTb 
LKII. H KBaHTOBYIO nonpaaxy LI(. n, TaK me, KaK H B HepeIlRTHBHCTC
KO~ KBaHToBo~ MexaHHKe / 19 / . 3TO AaeT B03MomHoCTb nOCTpOHTb 

.t TeopH~ s03My~eHHR B OKpeCTHOCTH KnaCCH4eCK~x peweHHH. 
61 B cnY4ae ceo6oAHoro nonR ypasHeH~e nHYBHIlIlR B KnaCCH

4eCKOH ~ KBaHTOBO~ TeopHH cOBnaAalOT /3aMeT~M, OAHaKO, 4TO 

] $YHK~HOHan~ 

MomeT 6~Tb, 

pacnpeAeIleH~R nOA4HHRIOTCR paanH4H~M 

n03BonHT nOCTpOHTb K8aHTOBY~ TeopH~ 

ycnoBHRM/. 3TO, 
CBo6oAHO~ pe

nRTHBHCTCKO~ CTPYH~ B 4-MepHOM npOCTpaHCTBe-BpeMeHH. 
sI PaCXOAHMOCTH KBaHTOBO~ TeOpHH nonA nOR8nR~TCR B APyro~ 

$OpMe. • 
r I Ha 3TOM nYTJI1 MomHO nonsrr ar s ca CTPOHTb cTaTHcTH4ecKylO 

KBaHTOBY~ r eopae nons , TaK KaK IICMewaHHble COCTORHHR II nona T<lK
me nOA4~HRIOTCR ypaBHeHHIO nHYBHnnR. 

,' 
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1.	 nPE,QCTABnEH~~, B KQTOPblX AHArOHAm,'13111POBAHbl
 
OnEPATOPbl nona
 

,Qn~ nonY4eH~~ ypaBHeH~~ n~YB~nn~ B KBaHToBoM Teop~~ non~ 
HymHo BBOA~Tb npeAcTaBneH~~, B KOTOP~X A~aroHan~3~poBaH~ one
paTop~ non~ ITaK~e npeAcTaBneH~~ np~MeH~n~cb pa3n~4H~M~ aBTO
paM~, CM, Hanp~Me~, 110//. lIIcnonb30BaH~e 3T~X npeACTaBneH~~ 
no3Bon~eT Bce paCCMOTpeH~H npoBoA~Tb TaK~M me 06pa30M, KaK 
~ B Hepen~T~B~CTCKO~ KBaHTOBO~ MexaHHKe. 

• npemAe 4eM nepe~T~ K paCCMOTpeH~~, BBeAeM HeKOTop~e 0603Ha
4eH~~. y CnQ8~MC~ oneparopu 0603Ha4aTb 6YKBaM~ c C~MBonOM 11 .... 11, 

Hanp~Mep, ~(x), ; (X) , $(X), $ ex). Hx " co6CTBeHHble 3Ha4eH~~" 
0603Ha4~M COOTBeTcTBy~~~M~ 6YKBaM~ 6e3 C~MBona 'I~I, Hanp~Mep, 

cP (x) • 1T(x}. t/J (x), 0(x) • 
Aanee, BcerAa 6YAeM pa60TaTb B KapT~He WpeA~Hrepa ~ ~CXOA~Tb 

~3 KaHoHH4eCK~ KBaHTOBaHHO~ onepaTopHO~ Teop~~ nonH. ,QnH no
CTpoeH~~ Teop~~ B03My~eH~~ B OKpeCTHOCTM Knacc~4eCK~X peweH~~ 
coxpaH~eM B $OpMynax nocTo~HHY~ nnaHKa t KaK Ben~4~HY, xapaK
Tep~3Y~~y~ OTKnOHeH~e KBaHTOBbIX.3~~eKTOB oT KnaCc~4eCK~X. 

ai	 ~030HHoe none 

An~ npOCTOTbl paCCMOTp~M oneparop ~(x) Be~eCTB~HHoro cxanap
Horo nonH ~ ero KaHoH~4eCK~ conpHmeHH~~ ~Mnynbc "~) " KOTop~e 
YAOBneT BOp~~T	 cneAy~~l-1M KOMMYTa I..t~OHHbIM COOTHoweH~~M: 

[;(X) , ';(i)) = ibo(x - x'), 

.... -+ .... -+ ....... 4


[ cP (x) , cP (x')) = [ 1T(x), 1T(x ' )) = O. 
.... 

-+	 -+
An~ $~KC~pOBaHH~x x co6cTBeHH~e BeKTop~ onepaTopoB cP(~ 
onpeAen~~Tc~ COOTHoweH~HMM: 

::2;(x) \cP'(;) > = cP'(~ \ cP'(x) >; <cP'(x) 1 ~(x) <i(i) \ cP' (x) · 
4	 ~ -+ 

11 .11 

....
 
~ 1Tex)
 

11 .21 

AnH nepeMeHH~X x C06CTBeHH~e BeKTOp~ cP(X) ~ 1T~) npeAcTaBnH~T 

co6o~ $YHKI..t~OHanbH~e BeKTOp~, T.e. 
.... ... ".. -+ 4 

cP(X)\cP'> =cP'(x)\cj>'>; <cj>'\cP(x) o<cP'\~'(x),	 11.31 

rAe 

~ ::\ -+ ~ 3 11 .4/
\~' > == 'Il t~ , (X) > == \ I cP' (x) 1, x ~ R >. 

4 . 
X 

TaK KaK i(i0 3pM~TOB, TO ero C06CTBeHHble I$YHK4~oHanbHb'el
 
BeKTOp~ opTorOHanbH~ l-1 06pa3Y~T nonHY~ c~cTeMY:
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11.51<4/ t «» = Ô [eP' eP"l 
~ 

J TI dc/J eX) I d»> < <P I == f D cP (x) I cP >'< q, I = I , 11.61 
i 

rAe Ô-$YHKU~oHan onpeAen~eTCR cneAY~~~M o6pa30M: 

i r -+,.;.",-+ ,.;."n -+ -+-+} 7" dx..('fI (x) - 'fi (x) 11(X.)
d (	 11..71ô[ rP' - c/J"J =:= f	 TI "x e n 

-+ (2"11)3x 

3TO npencr aaneuae .6YAeM HaSblBaTó II </rnpe.qcTaBneHllreM11 IOTMeT~M 

OTn~4"'e era OT KorepeHTHoro npeAcTa-BFleH~~, B KOTOpOM AVtarOHa
I11-1SfllpOeaH i(+) (X) ~11~ 4>(-) (x) I. OHO ~Bn~eTC~ KOOPA"'HaTHblM. npea
CTaBJleHflleM AllR nona. 

AHanor~4Ho 1T-npeAGTaBneH~e IT.e. ~MnynbcHoe npeACTaBJleH~€ 

AnR non~1 onpeAeJlHeTC~ cneAY~~~M~ COOTHoweH~RM~~ 

AnR <l>~KC\.1.pOBaHHblx X nYCTb 

11 .81;(x) l "'(x» = "'(x) I"'(x) > ; <1T'(X) t ;(~ = <1T'(X) frc'(x). 

TorAa AnR nepeMeHH~X I ~MeeM 
,.., ~ -+ J"il. ~ ...... 

,,(x}lrr">'= rr'(x) Irr'>; <1T'I17(X) =<rr'frr'(x) ,	 1l,91 

rAe 

/l.·l~1[17'> == li \ 17 '" (i) > == 11 17'(~) J'. ; ~ R 3 >. 
-+ 
~ 

COOTHOLUeH~e opTOrOHaI1bHOCH1: 

<tr' In " > ~ 8[ tt" _ rr } ~ f .n d<i>lxl _ . - 1: J di'(rr'(X} -rr"(i')) 4>(~) 
..	 e. 11O 

i (217fí )~	 · .• 11I 

CaOTHoweH~e nonHOT~: 

f fi d 17(i) I n > <n t == J 0"(;) t"> <n I = I •	 ; 11 . 12/ 
-+
 
X
 

Ilepexon or cP -npenc r aaneaaa K 17 -npeACTaBneHV1~ OCYlI.teCTBJlReTCR 
cneAY~~~M o6pasoM: 

1 f -+

<~\ 17> = Ne- t dxc/J(-;) 17(;) N = n (2"lt) -3/2 
-+'	 

I L 13/ 
x. 

3 



COOTHoweH~R /1 .2/-/1.3/ npeACTaBnR~T c060~ Tp~B~anbH~e 0606- 0 
' 

~eH~R CooTHoweH~~, KOTopble ~Me~T MeCTO B C~CTeMe c KDHe4H~M 

4~cnoM cTeneHe~ cB060A~, Ha cnY4a~ C~CTeM~ c 6ecKoHe4H~M 4~C

nOM CTeneHe~ CB060Ab~ B 3TOM npeAcTaBneH~~ B03MomHa pean~3a~~R
 

onepaTOPOB; B B~Ae /cM,/1.9//:
 

"	 ... J-- 8 . /1.14/;(i) Iq,'> = - 1'\1 _8-:;-1 c,6'> ; <cl>' I 17 (x) in --- <C/>' I • I:: ...
ôc,6' (x) 8c/> , (x) 

~cnonb3YR 3TO npeACTaBneH~e, MomHo nonY4~Tb npe06pa30BaH~R
 

Be~nR B K8aHTOBO~ Teop~~ nonR /AnR KBaHTOBO~ MexaH~K~ npeo6pa

30BaH~R Be~IlR AeTanbHO paccuorpeuu B /12, 15/ /.
 

Hanpuaep , AllR aetuecr aeuaor-o cxanapaor'o nOIlR, raM~llbTOH~aH
 

KOToporo -paBeH
 

" ... 1 "2 -+ ~ 1 ." ~ 2 2 ..... 2::\ ..... ...., / 1. 15/
H	 = f-dxl-i" (x)'+2"((V4>(x)) +J1. c/> (x)") +U(.cP(x))}, 

nOllY4~M ~lleAY~~H~ pe3Yllb~aT: 

-+ -\ 1 r'" -+ -+ 
H I c/> " > = J d (<c/> ~~ fi... -3:., x) d"~e -.:r- _dx ,,(x} (c/>' (x) -s: (;,»
 

x (27T1i) 3 .x
 

/1.16/ 
c/J'+,pN . 

,x	 ô{ c/> - 2 .] . H Kn i cP ,.11) , 

TAe 
•
 

Hl<n.[<A,,,)] = fd.i1 ~112(~) + ~(( V'c/>(~))2 +J1..2c/>2(i)) + U(c,b(;)) L /1.17/
 

PaCCMOTp101M nOAP06Hee 3TO Bbr4~ClleH~e: 

<4J' I i.r d; ; 2CX)i 4;"> = r'~ d7T(i) < C/>' 1 ~ f di ~2 (i) I"> <"1 c/>"> 
x .
 

1 ~ r ... 2 -+ I "
 =	 '2 J 9 d"(x) dx 7T (x) < C/>' 117> <n c/> > :::I 

x 

fi d"(i) _.3_ rd;(c/> , - ,J.") ...~_ e 1í .,.. tt.(X)
J ; (2,,11)9 x rdi,,2(i) 

il . 181 
, 

fi de,6(X) d" (i} e - ~ :r d;(c/>\~) -c/J"(;» rr(;) 8[ cP __~] ..!. (di,,2(X).f 
-+ (2"h) 3	 2 2
X 

lt1	 Aallee.; 

..... 2 ..... .....
 
<cP 'I rdi { .!...( v 4;)2 + L c/J 2 + U(cP) }1r/J n > =
 

2 2 

= r di { : (V ct> ")2 + ~ 
2 

cP" 2 + U(4;") I < C/>' I c/>" > 

/1.19/
=	 J dx {1.- (V c/J") 2+ .i:.cP" 2 + U( cP ") J s[ c/> ' - :p"]

2 2 

= rd;{~- (V ( rjJ'+ cP" »2 + .t::. ( cP'+ cP" )2 + U( c/> ~ + cP" )J 8 [ c/>' - 4/'] = 
. 2 9 2 C> ,... 

cP' cP"	 1 2r	n dcP(X) B[ ct> - + lô[ q,' - 4;"] rdi {_(\7c/»2 + ':._qS2+ U(c/»} = .	 i 2 . 2 2 . 

r	 IJ ~t.(X) d17(X) e - ~ r dx(c/> , - (p-') TT(i.) . a[ qS _ C/>' + c/>" 1 x
 

x (2"11)3 2
 

... 1 ... 2 2 2-+ -+ 
X	 j dx {"2 (V ct>(x)) + t- cP (x) + U(cP(x)) ~ • 

3AeCb ~cnOllb30BaHO .0npeAeneH~e 8-$YHK~~oHaIla /1 .7/ ~ COOTHO
weH~R /1. 12/, /1. 13/ . 

6/ $epM~oHHoe nOlle 

Ha~AeM npeACTa8neH~e, 8 KOTOpOM onepaTopbl $epM~OHHoro nonR 
A~arOHan~3~pOBaHbl ~ YAOBlleTBopR~T clleAY~~~M COOTHoweH~RM aHT~

KOMMYTa~~~: 

~ ..... +I~ á (X'> i (3 (x') I = (yo ) a{3 B(x"'" - i' ) , I/J =t/J YoI 

/1 .20/
" " 

(~a (i), ${3(i'H = (~a (~) I ,j {3 (;') I = o. 

AHallor~4HO cnY4a~ 6030HHoro nonR onpeAell~M
 

;;, (X) I t/J' > = t/J' (1:) I r/J' > , /1.21/
a a 

5 4 



" /1 .22/.s- Iia (~) = <f' IJ~ (~) , 

rne t/J a (x). l/Ja (~) npeACTaBn~IOT coõoa oõpa ayoume anr-eõpu Fpac

CMaHa. 
B 3TOM npeACTasneHl-11-1 /T.e. B t/J-npeAcTaBneHI-1I-1/ An~ HaxomAe

HI-1R HymHblx CooTHOWeHI-1~ aocnonsayenca ycnoauea nonaoru B npo

CTpaHCTse <PoKa 
00 

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

~ f dx 1••• dx Ixl' ••• , x > < x ••••• x 1 I = I /1.23/ 
n=O n n n 
• 
rAe 

-+ -+ 1 .... +-+ " -+ /1.24/Ixl' •••• X n > = -~_. t/J (x 1 ) t/J+(x ) I O> • 

Ji1T 
n 

TorAa I-1MeeM paanOmeHl-1e 

00 

It/J> = ~ .r dX 1-.••• dX IXl' •••• X n> < Xn ' ••• , X 1 I t/J >n 
n= O 

/1.25/ 
00 -+ -+ -+ -+ -+ -+ 
L .r dx 1... dx <x ••••• x 1 \l/J > Ixl' •••• X n > • 

n=O ,n n 

YMHO}l{I-1M 
-+ -+ n 

<x n -1 ' •••• x 1 I cne aa Ha aupaxeuae /1.21/: ' 

.... -+" -+ -+ -+ -+ /1.26/ 
<x n -1' •••• xl \ l/J(x n) Il/J > = < x n -1 ' ••• , x 1\ l/J> t/J (x n) • 

,llnR onpeneneuna K03<p<pI-11..1l-1eHTOB paanoxeuna <~ ••••• xli tlr> 

. 
C APyro~ CTOpOHbl, y4l-1TblBa.A Ae~CTBl-1e oneparopa IIYHIf14TO}/(eHI-1~1l 

" "'!i': -+-+
t/J(x) Ha aex r op <xn_1, ••• ,x1I. ItlMeeM 

-+ -+" -+ -+ -+ r:- /1.27/
< x n -1 , ••• , x 1\ t/J (x ) ll/J > = < x n ' ••• , x 11 t/J > V n .n 

Ha /1.26/ 1-1 /1.27/ cneAyeT
 

-+ -+ -+ -+ -+
 /1. 28/V; < x n' •••, xlI t/J > = <x n -1 •••• , x 1\ t/J> t/J (x n) , 

OTKYAa 

-+ -+ 
'<xll t/J> = <O!l/J> "'(xl) , 

-+ -+ 1 -+ -+ /1..29/<X ' xlI t/1> = < 01 t/J> --t/J-(x2) t/1(Xl) , 
. 2 

~ li! . . . . . . . . . . . . . . .
 
... -+ 1 -+ -+
 

<Xl' ••• ' xl \ l/J > = < 0\ t/J> --l/J(x n) , ••• , t/J(x 1)
 
ynf
 

6 

... 

rAe l/J(X-+i) npeACTaBn.AIOT C060M oõpaayoume anretipu Foaccaaaa , 
llocne nOACTaHOBKItl /1.29/ B /1.25/ nonY41-1M 

00 
-+ ... 1 -+ -+... ~~ 

I"'> =<Olt/F> L ! dX l . · ••,dx n--l/J(xn) .... "'(xl) IX1'oo.,Xn>= 
n=O Vnt 

/1 .30/ 
00 -+ -+ 1 -+ -+ "+... A+ -+ 

= <01 t/J> I. .r dx l ••• dXn -"'(x h) •••• VJ(x 1) t/J (x 1) ••• ~ (x n) [O>
n=O n : . 

r -+ -+."
 

= < 0.\ t{J> e I dx t/t:(x) l/J +(x1
 

AHanor~4HO nonY4aeM An~ COnp.AmeHHOro seKTopa 

<ir = <o I e f dx~(x1l/J+(x) /1.31/• <fi o>. 

/10/ 
npl-1 3TOM, cneAY.A , YAo6HO B~nOnHI-1Tb HOpM~POBKY: 

/1 .32/<OI",> = <J; ~ O> = 1 . 

OKOH4aTenbHO ItlMeeM 

I ift> <~ l e rdt~(i) '" + {t)= e .r dx t/J (x) J;+ (;) 10-> /1.33/ 

f 
Tenepb MomeM onpeAenltlTb BHYTpeHHee ITpOl-1aBeAeHltle BeKTOpo~: 

<ri' It/J"> = <0\ e .rd;~(~ t/J'+(~) .r dtJ/JN(~) $+(;ÃeLO> = 

~ f -+ -+ -+ -+ 1 , + -+ '+ -+ 
_ dX

1 
••• dx k .fdy 1 ••• dYe -===-t/J (x 1) ••• t/J (x k) x 

k,f=o V k!f! 

/1.3.4/
-+ -+ I -+ ... ,,, (-+ ) " (-+ )

X .< x k •••• J X 1 Y1 ' ••• , Ye>t/J y f ' ..• , if1 y 1 

00 1 -+ -+ . ,+ -+ , + -. ,,-+ " -+
I. -- J dx ••• dXkt/J (x k ) .,. t/J (x 1) t/J (x 1) ••• t/J (X k)1

k=O k! 
.... +-+ -+ -+- -+ ,-+ 

= exp .r dx t/l' (x) l/J" (x) = exp J dx vi' (~) 'YoJ/J ' (x) • 

7 

http:dX1-.���


B	 4aCTHOM CnY4ae ~MeeM 

- ..... - --+ --+ 11 .351 
<1/1 11/1> = exp ( dx 1/I(x) y 01/1 (X) • 

AOKameM COOTHoweH~e nonHOT~: 

11.361--+ -+ 
( 01/1('(..) Dl/1(X) 11/1 > <1/,.1 ::: I , 

rAe 

• fi fI - --+ (..... ..-	 --+ ..., 1 a~l d>/Ja (x) d>/J e - dxf(x) Yo>/J(t)O l/J(x) D l/J(x) a(;,') 

11.371 

_	 I!, d,,&(;')d>/J(iZ)e -rdiifj(~ Yo>/J(~ 
x 

B caMOM Aene, c Y4eTOM CooTHoweH~~ 11 .331 ~ 11.371 ~MeeM 

- .. .. 
-	 --+..  r Il d r,lt (x) d r,lt (x) x(D1/I(x) Dl/J(x) 11/1> <l/J I = ..., 

x 

--+ -t .. --+ .. "'+	 .......... .....

(dx1/l(x)y VJ ( X) (dxl/J(x)1/1 (x) \ (dxl/1(x)l/J(X)

ox e	 e 10> < O e 

'i __1 r"dx 1'" dx.... r dy"" dY" ( n d - ..
k.t:O v'i<i1! k 1'" f ~ 1/1 (x) d>/J(X) x x 

r .. + ...1. 1..., .. + --+ + --+ - ds 1/1 (a) 'P(s .. .... .. .... 
x t/1 (x 1) .,. tjJ (x k) 1/1 (Ye) ••• t/1 (y 1 ) e x l' •••• x k> <y e·· .. ,y 1 \ = 

00 .. ...... .... ... ... 

::: 'I. (dx1 ••• dxklxl ••••• xk><x k • •••• Xl \ "" 1.
 
k= o
 

3AeCb 6~no ~cnonbaoBaHo COOTHoweH~e, AOKaaaHHoe '6epea~~~M 

ICM-. /~ c. 881 I: 

.... .... - r.1.+ ;.. .1. ;.. dl .... ..J TI dt//{x) d t/J(x) e . '1' (IL) 'P.(Il.J 1f dx ••• dx x 

.... ......... .... ....... --.... +-+. +~
 

x f dy 1 '" dy e 1/1 (x k) ••• -1/1 (x 1) F (x l' •••• x k1 y k ••••• y 1) r/J (y 1 ) ••• t/J (ye) 1==
 

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

= 0kf • k ! ( dx 1 ••• dXk F (x l' .... X k Ix k...•• xl) ,	 11.381 

( Il d 1/'+(x) d 1/1 (x) == 'fi à ~(~ d 1/1 (;» . 
....	 --+
X	 X 

OTMeT~M TaKme CooTHoweH~R, KOTop~e cneAY~T ~3 11.301
 
~ /1.31/:
 

.... +.... o ~ .... 8
 
'" (x) 1t/1> = -1 t/J>, w(x) 11/1> 8t/J(~) 'Yo1t/J> ;


8t/J (i)
 
11.391 

-" .. [) - 8 
<1/1 II/t (x) --<1/11 = y --<t/JI·


8l//(x) o ~ (x)
 

BseAeM ~epM~oHH~~ B-~YHK4~OHan. AnR 3Toro COOTHoweH~e nonHOT~ 

/1.361 BnO~~M s /1.35/: 

<J"\1/I">::: .fD~(X)Dr/J(~ <~'11/l> <flt/J"> 

r d-;'~' Y ot/J (~) . = ( ~ d ~(;) dt/J(i) e - r (1;;;;(-:') Yo cfJ(~) e
 
x
 

11 . ,401 

x e .fd;J;Y~I""(-;') ::: .f I Il df(;) e -fdxr/i(x) Yo(r/J(X) -l/J'(x» I x 
-+ 
X 

x	 n d.p(x) e r d"X' f(~ Yo 1/1"(;)
 
....
 
x 

CpaBH~BaR 3TOT pe3ynbTaT c /1.35/, B~A~M, 4TO 8-~YHK~~oHan
 

MO*HO onpeAen~Tb cneAY~~~M o6paaoM:
 

8{t/J-1/I'] == f Il d~(x)e -.fdx q, (-:') 'Yo (1/! (-:') -t/J'(;»i	 /1.41/ 

I 9 
8 



VI 

rd;';;' Yot/J" (~)
f TI dt/J(x) 8[t/J-tV] erd;fYot/J"(~) e 11 .421 

B 3TOM CIlY4ae 11.40/ To>t<AeCTseHHO 11.351 AIlfl Il106blX ~', ri} " • 

2. KOHT~HYAnbH~E ~HTErPAn~ 

• KaK np~Mep npVlMeHeHVlH npeAcTasIleHVI~, sBeAeHH~X B n.1, 3anVl

weM ~YHK4V1~ pacnpocTpa~eH~f1 4epe3 KOHTVlHyaIlbHwe VlHTerpaIl~, VlC

XOAfI Vl3 KaHoHVl4eCKVI KBaHTo8aHHo~ onepaTopHo~ TeopVlVl nOIlfl. Mx
 
MO>t<HO nonY4V1Tb Ge3 ~opMaIlbHoro 88eAeHVlfI raMVlIlbToHosa KOHTVlHY

anbHoro VlHTerpaIla ló raMVlnbTOHOBOM KOHTVlHyaIlbHoM VlHTerpaIle
 
CM. /16,~8! I. npVl 3TOM nonY4V1M TaK>t<e VlHTerpaIl no TpaeKTOpVlVl
 
B KnaCCVl4eCKO~ TeopVlVl nOIlfl VI HOBoe 13KBVlsaneHTHoel npeACTaB

neHVle KoHTVlHyanbHoro VlHTerpaIla ~epMVlOHHoro nOIlR.
 

ai 6030HHoe none 

~<;.nonb3yeM oneparop flApa K(t, to) BMeCTO oneparopa 3BOIlIO
~J;1V1 U (t, to) 

K(t, to) == t9 (t - to) fi (ti to) , 12. 1I 

rne 

I , t>O
 
e(t) =.
 

{
 O, t < O. 

OH YAOBneTBopfleT ypaBHeHVlIO 
12.21éJ "''' Oh- - H) K(t, to) = ô(t - to)·I ~ at 

rAe H- raMVlIlbTOHVlaH KBaHTOBaHHoro nonfl B KapTVlHe WpeAVlHrepa; 
1 - eA~H~4H~~ onepaTOp. 

PaccMoTpVlM ee~ecTBeHHoe CKanflpHoe none. Ero raMVlnbTOHVlaH 
3aAaH 11.151 VI 380Il~~VlfI BeKTopa COCTOflHVlfI 3an~c~BaeTCfI Bwpa

>Ke HJ;1eM 

I - t~(t-to) \ 'P(t o> > • 12.31
l'P(ty.> = u«, to) 1'P(to) > e 

6YAeM VlcnOIlb308aTb c/J -rrpencr aaneune sexropa COCTOflH~R 1'I'(t) >, 

Torp.a VlMeeM .. 
10 

... 

i '" -r-H.(t-t )
<c/J,I 'P(t) > = <<P Ie -n o I 'P(t >o) 

i '" /2.41
~ - rH(t-t }

.f lldc/Jo(x) <c/Jle -n o I 4>a><<p of'l'(t o) > • 
-+ 
1, 

PaCCMOTp~M cnY4a~ t> to' Terna 

<</> I'I'(t) > = J D c/J (x) K([ c/J], t ; [cP {}], t o <cP I'P(t o)>, /2.51
o o

r.qe fI.qpO 

K([c/Jl, t;[c;bo], to) ~<f/;IK(t. to)rcPo > 

12.6/ 
1- '" 

-:;rH(t-t) 
= <c/JIt9(t -to)e o 14>0> 

npenc r aanaer coõoü ~YHK4"lIÓ cacnpocrpaae-ura ~e~HMaHa. Ha~.qeM ee 
B fl8HOM &VI.qe. no onpe.qeneHVI~ /2.11 

'" '" . ~, 12.7 I K([ c/J] .t ; [c/J o] , to) = ,<~ IK (t , t n':'1 ) K (t n-1 ' t n-2 ) ••• K (t1 • t o) ~ ,%>. 

V1cnOIlb3YH COOTHoweHVle nOIlHOTbl /1 .61, nepenauiea /2. 71 cnenyo
~VlM o6pa30M: 

. n-l 0-1 '" 
K([4>],t; [c/JO],t o) == jn n dcP·(x), TI ·<c/Jj:t-lIK(tj+1,t,)lcP.>,/2.8/

t j =1 J í=O' J J 

rne t n == t , 4> n(X) == 4>(x) • 
ECIlVl 4~cno pa36V1eH~~ n .qOCTaT04HO 60Ilbwoe, TO TorAa nbIlY4~M 

i " 
'" -:rH(tj+1-t j ) 

<4>j+lIK(t j+ 1 , t j )Ic/J j >==<~j+lle(tj+l-tj)e Ic/J j > = 

i '" 
- ti(t j + 1 - t j ) <cP j + 1 11 -1fH (t j + 1- t J) I cP i > 

-+ -+ i f .... ,.I.. -+ -+ -+i'" dX('fJj+l(x) -if; j(X») Tr(X)d4>(x),d "(x) 
= e(t j + 1 - t 

L
.) J 'TIt 

e" x 
(27ft) 3 

11 



x 

cP '+1 + 4>.
 x a( <p _ J J ) {I - ~-(t,
i 1 - t ) H t ~
 n J + j xn. I 

/2.9/;; O<t + -t.) f [J d</>(x)d,,(i') tfdX~(</>j+l -</>J)"(X) 
J 1 J ;, (2rrh) 3 e x 

cPJ+ 1 + 4J j -1-(t -t.)H
x.8[cP - . 1e n j + 1 J I<n
 

2 '
 

rAe ~cnonb30BaH~ /1.16/ ~ H~n 3aAaH B /1.17/.
 
B~nonHHH ~HTerp~pOBaH~e no <P, nonY4~M
 

'" ~ i

<<pj+1\K(t j+ 1,Çj)l<pj> ;;e(tj+l- tj) r TI ~!LexP1í x
 

-J (21711) 3 
X 

22~	 121 2 
x [ 17(X) (<p j + 1 -<P j ) - (t j+ 1 -t J)(2" - -2 ( V 4» - T cP -U(<p))]! ,1.. +-4.,=

<p=='f')+1 'l-'J 

d17(X) i	 1 2 cPj+l-cP j
e(tj+1-tj) r	 n exp l -(t j + 1 -tj) fdX(-2"17 +17 )1 x 

t (217ti)3 11 cPj +C <p j 

1	 ~1 2.ê!.2 
x exp t Ti(t r+ 1 - t j) f dx ( 2"(v <p) + 2 <p + U (cP )] cP = <p J+~+ cP J, . 

-~HTerp~PYR no 1T, ~MeeM 

A . ~ i
 
<<Pj+1IK(tj+l-' tj)1 <Pj > = 8(tj+l-tJ)Nlexp1-t (t j+ 1 -tj) x
 

/2.10/ 

x.r d~(.!-( <PJ+1 -<Pj )2 _ 2..( V <Pj+ 1 + cPj )2 -u ( ~j+1+cPj ~l J, 
2 -tj 2 2 2t j+ 1 

rne N 1' = -I! 12"1ii(t j ; 1 - t j)I-S/ 2 
. 

%
nOACTaBIlHf:l /2. 1Dl B /2. 8/ .~ nepexons K npeaeny flp-~ n -. 00, 

nOIlY4l1M t13BecTHbll:1 KoHT~HyaIlb'HbI~ ~HTerpaIl AnR cxanaouoro nOIlH 

( 
n -1 d<pj (X)
 

Á- • Á- t] = lim r n TI ~ -)) 3/2

K ""t, "'O' o n~~';;: J~l (2"ni(t + 1 -t 

J J 

n-1 i	 -+ 1 <PJ+l-cP' 2 
x n exp t':F(t j+ 1 - t j) .r dx [-2 ( 1 ) 

J==O n t j + 1 - t j /2.11/ 

2
1 <P j + 1 + <P j 2 11 qíj + 1 + 4> j 2 cP j + 1 + 4> j)] 1 

- ?r ( V ) - -( ) - U( -t 
4 Q 222 

i t 

f o <p(x) e :r tf	 é xf Kn 
o 

rAe 
-+ 

<p(x, t) == <P (x) • <P (; , t o) = <P O(i)	 /2.12/n 
H 

f Kn =!.. {( ~ (x) ) 2 - ( V <P (x) } 2 - Il 2 4> 2 (x) t - U(<p (x) ) • /2.13/
2 

~IlH HepenRTHBHcTCKol:1 KBaHToBol:1 MexaH~K~ TaKol:1 nOAXOA npHBeAe
HHR HHTerpaIla no TpaeKTopH~ MomHO Ha~T~ B /15( , OTKYAa B~

A~M, 4To TpaAH~~oHHbll:1 npo~ecc ~pManbHoro BBeAeHl1R raM~IlbTOHO

Ba KOHTHHyaIlbHoro ~HTerpana 3aMeHReTCR npe06pa30BaHHeM Bel:1IlR 
onepaTopa H. 3!a npo~eAypa He06xoAl1Ma nocTOIlbKY, nOCKOIlbKY 
y Il~YBMnnl1aHa L HeT aHanora COOTHoweH~R 

H ="~ -f, 
rAe f - IlarpaHm~aH. 3Ta c~Tya~HR OAl1HaKOBa KaK AJlR 6030HHoro, 
TaK H AIlR $epMl10HHOrO nonel:1. 

61 ~epM~oHHoe noIle 

PaCCMOTpl1M ~epM~oHHoe nOIle, B3a~MoAe~cTBy~~ee c BHeWH~M 
KIlaCC~4eCK~M 3IleKTpOMarHHTH~M noneM A~. raM~IlbTOHl1aH B KapTH
He WpeAHHrepa ~MeeT BWA 

H= f di i(;, t - iY· V + e yllA~(i) + mI tfr (x) •	 /2. 14/ 

~nR CIlY4a.R t	 > to' B tP-npeAcTaBne~lII~ ~MeeM 

<.fI 'P(t) > = <.,bl U(t,t o) 1'P(t o » = <.frl K(t, to) I 'P(t 
o) 

> 

12 13 



- -+ ~ -....	  /2. 15/= [D t/J O (x) Dt/JO(x) <t/J~K(tt-to) I t/Jo) 1 t/lo><t/T ollJl(t o) > ,
 

rne
 

<(fI K(t, to)1 o/(» = <$ lK(t, t _ 1) K(t n _ 1 , t _ ) .....
 n n 2 

n -1 
... K(t l' tO) I t/I O > J j ~ 1 n ~ j (X) D 1{1 j (X) x 

n-l n-1 _ -+ -+ 

x Il <~j+l IK(t j + 1 - t j ) It/J j > = .r TI 'Il d t/J j (X)d t/f j (X) X 
/2. 16/j = O	 j= 1 X 

-+ -+ -+ n-1 
- í dxrfrj (x):Yo tP j (x) . n e (t, 1- t.) x 

x e ' j= O J+ J 

-	 i " 
x <t/J j + 1 I exp I -1fH (t j + 1 - t j ) 11 tP j >. 

3AeCb ~cnonb30BaH~ COoTHoweH~R /1.36/, /1.37/. 
C Y4eTOM /1.35/ ~ /1 .39/ Mo~eM 3an~caTb 

i H"()	 . " - - ::I:' t, 1- t '~ 1 \.1.
<tP j + 1 Ie 11 J + J I t/I j > = < t/J j +1 11 - 1í H (t j +1 - t j) 'fi j > = 

- i -+--+. -+ .... -+ 
= <t/J + 11- 11(f j + 1 - t j ) f dxt/J(x) {-l1í.y.yr +eyIlA~ +m 11fr(x)lt/Jj>==

j 1 

= [ 1 - ~ (t j + 1 - t j ) í dx ;;;j + 1 I - i ri'y. V -t e y Jl A ~ + mIt/J j ] < ~+1 I lt/Jj > ~ 

= expl-1f(t j+l- t j ) J di f j + 1 [ - i'tl ,Y.yr +eyJlA~ +m]t/lj I x /2.17/ 

~- -+ -+ 
X exp f dxt/Jj.+ 1 (X) ,yo t/J /x) . 

nOACTaBnAR /2.17/ B /2.16/, ~MeeM 

<i\ K(t, to) I t/I o> =.f II nÕ1 d;;;j (~ d tP J. (i) x 
'. 1 j = 1 

- f õ;$ i (-;.) 'yotP j (;) • nn 1 e (t 1 _ t . ) exp I - ~ (t j + 1 - t j) x
 
x e J j == O.> j + J n
.. 

... 

x r~;;; j+l l-i~.;. V +eyJl A~ +mli/J j (~) -exp j' <h~j+1 6hY t/J (~). /2.18/o j 

nOAcTasnRR saTeM /2.t8/ B /2.J5/, HaxoA~M 

_ ~ _ -+ -+. n-1. _ -+. -+ 

<t/J IW(t) > = .r U dt/Jo(x) dt/Jo(x) [li fi dt/J. (x) dt//> (X) X
i j =11 J ] 

n-l . 
x j Eoe(t j+ 1 - tj ) exp {- .rdi tiij (X) Yo .t/Jj eX) + .r <IX $ j + 1 (~) 'Yo'"j (X) 

i	 -+ - r.. [t:'-+ II e 
- =n-(t j+ 1 -tj )	 f dX t/J j + l ,x) -iuy· V +ey AIJ. -m]t/ij (x) J <$0 1'P(to» 

n-l _ -+ ~ n-l i 
= r li ,TI dt/l (X)dt// j (x) . n 8(tj+l-t})explt""(tj+l-tj) x (2.19/

j1 J=O	 j==O 

- -+ -+ 

-+ .+ tPj +1 (x) -t/Jj (x) - -+ -+ :-t. 
x [ dx [ - 1h Y - t/r (x) (-iE·y. V .+ e,y Il Ae + m) ] tP j (X) } x 

o j+l	 IJ.t j+l - t j 

x <t/Jot'F (t~) > . 

Tenepb, nepexoAR K npeAeny.np~· n-+~, nonY4~M 

- --+ -+ -	 
<f/J I'I'(t) > = .r n d 1/10 (x) dr/J (x) K([ t/J 1, t; [t/Jol, t ~ <t/J OI'li (t o> >, /2.20/

O-+ 
X 

. 4 Cc> 
rAe

_	 _ t f 
t

d 


X..L 1<0 

K([t/J], t; [t/Jo], to) = e(t - to) f O r/J(X) Dt/J(X) e to J 

/Z.21/ 
-	 - _.... -.... -+ -+ 

Dt/J(x) D t/J(x) ==	 TI d t/J (x) dt/J(x) , t{J(x:, t) = l/1,(x) , t/J(x, to) = 1/t o(x) , 
x 

í = -111 f y	 f/J + ~(-di;. V - e.yIl A e ) t/J (x) - m;;Jt/I(x) , /2.221 
M O	 ~ 

..'/ 
oTKYAa B~AHO, 4TO CHOBa npo~ecc ~opManbHoro BBeAeH~R raM~nbTO-

HOBa KOHT~HyanbHoro ~HTerpana B TpaA~~~oHHO~ MeToAe/l~17/ 

3aMeHReTC~ npeo6pa30BaH~eM BeHflR onepaTopa H. 3Ta npo~eAypa 

BblrnA.q~T C HaweH T04KH 3peH~R õonee eCTecTBeHHoH. 
AHanor~4Ho nonY4aeM 

.<-'I'(t)It/J> ==J	 nd~o(i)d.po(i) <W(to)lt/Jo>K[t/J]~t; [';;01,: to) , 12.23/ 
-+ 
X 

15 
14 



- -

i t 
4• 

/2.24/r ~ d f(x) dofr(x) e - 1í ! d f xnoK([t/J],t;[~O ],t )o 

rAe
 
~Kn == i11~y1) ~ + iOl1,; . V _eyIlA:) t/J -mit/J.
 
MomHO npeACTaB~Tb ~epM~OHH~~ KoHT~HyanbH~~ ~HTerpan /2.21/ 
~ 12.24/ B 8-~YHK~~oHanbHoM B~Ae. 

• ~cnonb3YR onpeAeneH~e a-~YHK~~oHana /1 .41/, nepen~weM 

_ ~ n -1 _ n - 1 -+ n - 1
 
<t/J~ 'P(t) > = f n n dtP j (x) J TI n dt/Jj (x) TI e(t j+1- t j) x
 

j=o ~ M j=o ~ j=o
 

-
i ~ ..v t/Jj+1-t/Jj - ..... ~ e

xexpl~(tj+l-tj) (dx[-ln- Yo-t/Jj+l(-lny. V+e,yIlA Il+ 
t j + 1 - t j 

_ ~ n-1 _-+ 

+ m)]t/J (i) <~olqt(to» f 11 d l/J O(x) J n II d t/J j (x) x
j x J= 1 x 

i . t/Jji-1 -t/Jj - -+. e 
x 8[-r(t j + l -tj)I-i\i -YO-t/Jj+l (-l$y. V +eyIlAp.+m}}]x 

t j + l -tj 

-
x <1/1

0 
]'P(t o) > . 

Coaepuraa npeAel1bHbl~ nepexon np~ n ~ 00 , I-1MeeM 

/2.25/
<tfr1'P(t» =.r nd$o(i)~[~,t; f o, t o1 <.j;ol'P(to» , 

x 
rAe 

K ( f, t f " to]t o 
/2.26/ 

, . - at/J - -+ e 
= e(t -to) f D 1/1(X) 8[i"h -Yo+ t/J(-iiíy. V + e ,yll A{.t. + m)]
 

~ dxO
 

~ 

d t/J (x)
Dt/J(x} =: II -1- (E =t j +1-t j ) , '
 

x 1fE
 
16 

~ 

-+ _ Il ~t/J(x) /2.27/Dt/J(x) i . 
x -1f E 

AHanor~4Ho nonY4~M 

;1 <'P(t) 1 t/J> J ~ d t/Jo ex) < 'li(t o) 1t/J o > K(( t/J l. t; lI/!o], to) , /2.28/ 

I
, x 

rAe 

K ([ t/J], t; [4J o], to] 
/1.29/ 

= e(t -t ) ( Dt/J(x) ô[Ofly ~ - Y.(-i\1V) - eAs 
yll_ m) ljJ(x)j. 

o axo P 

~~3~4eCKoe 3Ha4eH~e B~pameH~~ /2.26/ ~ 12.291 RCHO. 3T~ COOT
HoweH~R YTBepmAa~T, 4TO t/;(x) ~ ~(~ YAOBneTBopR~T ypaBHeH~RM 

A~paKa: 

-
f(x) (yll ( PIl + e A~) + m) = O /2.3!J/ 

~ 

.#'" e'(y \ P - e A ) - m) t/J ex) == o . 
Il Il /2.31/

(p Il = I r\1 ao ' - i tív n. 

Ho OTMeT~M cl1eAY~Iq~~ ~aKT. n-ponaraTop /2.26/ He t peõye'r , 4T06bJ 
OAHOBpeMeHHO t/; (x) ynoaner aopano /2.31/. AHan0n14-HO nponara r op 
/2.29/ He rpeõve r , 4T06bl ;Ji(x) Y:~OBl1eTBopRIIO /2.30/ .. 3TO ec r s 
B~pameH~e Toro ~aKTa, 4TO J(~ ~ ~(i) He KOMMYT~PY~T APyr c APY

I rOM. 
I 

I
I 

3. _YPABHEH~E nHYBHnnH
'] 

HCXOAR ~3 KaHoH~4eCK~ KBaHTOBaHHO~ onepaTopHo~ T~OP~~ nonR 
B KapT~He WpeA~Hrepa, RonY4~M ypaBHeH~e n~YB~nnR. 3TO ypaBHe<t 
H~e npeACTaBnReT co6o~ ~YHK~~OHal1bHoe ypaBHeH~e ~l-1rHepa B ~
npeACTaBl1eH~~ AI1R 6030HHoro nonR. AnR ~epM~OH~oro nO~R ~M ~B

nReTCR ypaBHeH~e 'He~MaHa B ~-npeAcTaBneH~~. 
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~ 

1 8 8 8 1 8 ôB /3.8/ .a/ 6030HHOe none 
Dc/> ' ex) = 2" Dc/> (x)- + ôu(x) , 8c/> .... ex) = -2 Dc/>eX) - 8u (x)-


AnR npOC~OT~ paCCMOTp~M Be~eCTBeHHoe CKanRpHoe none. ~
 

S KapT~He WpeA~Hrepa OHO YAOBneTBopReT ypaBHeH~~ .
 
!. _1 lH(c/>", i'\í2-) _ H(c/>"" , _ il1_ô_ ) } =i'h ~l 'P(t) > = li f 'P(t) > , /3.1/ 
! di oc/> ' oc/> "" /3.9/êJt 

.... 
rAe H 3aAaH B /1.15/ ~ COOTHoweH~R KOMMYTa4~~ onepaTopOB 3aAa
Hbl B /1. 1/.
 

Onepa rop nnOTHOCT~ AnR "4~CTbIX" COCTORH~Vt no onpeneneuue
 
paBeH
• r 
'p(t) = I 'P(t) > <'P(t) I. /3.2/ 

nonaraeM, 4TO COCTORHHe nonR HOpM~pOBaHO ycnoB~eM 

<'P(t) t 'P(t) > = L /3.3/ 

TorAa ~MeeT MeCTO COOTHoweH~e 

p(t)p(t) = p(t) • /3.4/ 

YpaBHeH~e HeiítMaHa
 
'" 1" " ,.., ~
 
êJ p(t) = i1i (Hp(t) - p(t) H) • /3.5/t 

3anHweM B c/>-npeAcTaBneHK~ 

àt <cP" "p(t) .[ ef>"" > = 1-{< C/>' fHp(t) I c/> .... > - < C/>" Ip(t) Hlcf> .... > }
 
. In /3.6!
 

= '.h {li (c/>' , i 11 _0) - H (c/> .... ,. - rlí _8-) I <ep' t 'p (t) I c/> .... > ,
 
i1i Bc/>" BcjJ....· to 

rAe 

H{cjJ, -i'li-!..) = f d; (...!.-(_itl_Ô _ )2 + 
Bc/> 2 °c/> (X) 

1 • 
t tr(V <p.} 2 + 112 c;62] + U(c/>(x» I . 

B /3.6/ 6~n~ ~cnonb30BaH~ COOTHoweH~R /1.3/.
 
BBOAHM ~YHK~~oHan pacnpeAeneH~R B~rHepa
 

f([c/J],[1Tl, t) == I n du(X) e~.rdX1T(1)ú(1) <ep+ ~ tp(t)lef>- ~>./3.7/ li 
-; (2"11) 3/2 ~ I 

Hcnonb3YR COOTHOllieH~R 
-+ -+ . i-..., . -+ -+ ....
 

c/>'(x) + cP'" (x) = 2c/>(x), c/>'(x) - c/>"(x) = u(x).
 

18 

1 ..... { ~ 2 8 8 2::\ (.....) \I c/>tx) . \I u(i) += -- j dx - n ....-- -- + 11 c/> (X) u x + 
di . ôc/J(X) au(x) 

-+ -+ 
u(x) u(x)

+ U(c/> + --) - U(eP - ----) I,
2 2 

~3 /3.6/ nonY4~M 

/3.10/at f ([ cf> ], [ "], t) = Lf ([ c/>], [ tt ], t) , 

rAe
 
" ..... ..... 8 -+ Ô /3.11/

L = J dx { - "(x) -- + (-\I 2 + 11 2) c/> (x) . --- + 

8c/J(x) Ô"(x) 

1 di s di ô)) 1 
+ --(U(c/J + - -) - U(c/> - - -- . 

il1 2 8" 2 8" 
np~ 3TOM, KaK ~ B HepenRT~B~cTcKoiít KBaHToBoiít MexaH~Ke /4.7/, Ba
~eH TOT $aKT, 4TO f Aon~Ha YAoBneTBopRTb ycnoB~RM, cneAy~~~M 

~3 /3.2/ ~ /3.7/, T.e. 

.r n ~(X) e-~ J d1(c/>"(t; - c/>""(t,)) "(1) c/>"+ cP ....
f([ --2-}' ["], t) = 

-; (21711)3/2 

/3. 12/ 
= 'P({ C/>"], t) 'li * ([ c/> .... ], t) . 

3AeCb W- n~6oiít $YHK4~OHan. 
YpaBHeH~e /3.10/ BMeCTe c ycnoB~eM /3.12/ RsnReTCR ypaBHe-

H~eM n~YB~nnR CKanRpHoro nonR, 3KB~BaneHTHbIM ypaBHeH~~ illpeA~H-

repa.
Ecn~ L $opManbHO pa3no~~M B PRA no jiL ~,TO nonY4~M 

2 Ô" 

/3.13/L = LKn. + LK. n , • 

rAe
 
.... . ..... ... ô 2 2 :\ 8 , Ô
 /3. 14/L = Jdx{-1T(X) _-+(-\1 +11 )c/>(X) - + U (cb)-I,

xn . . 84i.x) 81T(X) OfT(i) 

19 



,.. ~ 1 ik B di"' 8 8
L = rdx (-[Uí4> + - --) - U(cP - - -)] - U'(cP)-I./3. 15/ 

1(. ri. 1'6 2 817 2 817 8" 

6/	 $epM~oHHoe none 

AnR <t>epMHoHHoro nonR HeT Heo6xoA~MOCT~ BBOAHTb aHanor <!lYHK
~~VHana pacnpeAeneHHR BHrHepa. 3TO CBR3aHO c TeM~ 4TO A~paKOB
CKaR BonHOBaR $YHK4HR ~rpaeT ponb KnaCC~4eCKoro nonR. B cnY4ae 
~epM~oHHoro nonR ypaBHeHMe HeAMaHa B ~-npeAcTaBneHH~ CTaHoaHTCR 
ypaBHeHl4eM J1~YB~nnR. 

PaCCMOTpl4M $epMHoHHoe none, B3aHMoAeAcTBy~~ee c KnaCCH4eCKHM 
3neKTpOMarH~TH~M noneM. 

YpaBHeHl4e HeAMâHa B ~-npeACTaBneH~H npHHI4MaeT SHA 

/3.16/at <~' Ip(t) I"'''> = i~ <~' IH;(t) - ~(t) "I t/J" > . 

3~eCb, Y4MT~BaR /2.21/, 11.221 H /2.14/, HMeeM 

<i'IH - (di' <i'l i[;(-ltiV} + ey"A~ +ml~ 
/3. 17/ 

~ - k ""' Il e -+ 8 
= I <IX !/J'(x) (-iny. V + ey A (s) + m) (-yo -::--:;-), 

p. &/J"(x) 

'"
 
H\l/I"> =.r dx""'t,b(-ffi;.v +eyllAe +m)~I"'''> ==
 

IJ.	 /3.18/ 

= .r dxy -.ffi Y• '9 + eyllA~ (x) + m) !/J"(x) (- 8 ... )!"l/J">.
 
· ~ ~"W
 

0603Ha4aR 

f ( [ ~'], [ .p"], t) == <~ , I ~ (t) I "''' > = <i' \11'> <'111 "''' > , /3. 19/ 

nonY4HM ~3 /3.16/, /3.18/ 

/3.20/_d_ f «( ~'] , [ "'''] , t) = L f ( [ ~'] , [ "'''] , t) ,
at 

rne 

L :=	 t- ~r dx t\b' (X) (- i'ti y. V + e yll A~ (X) + m) (- y o) _8 

_.y	 (~it.y. V + eyll AS (x) + m) t/J"(%) (- 8 )J
•	 o.. Il._ 8'",... (x) 

20 

;.. 

1 J ""'I( 'ti""' tJ.A 
1/ 

8 (""') ' .,./,(-~) Ô .= - dx t - i y' V + ey x . + m) 'fJ x 
i1í	 ~ ôtjJ" (x) 

/3.21/ 
-to Ô 

- J?(i) (-i1iY•V +eyIJ.A; (x) + m) Yo ôt/J'(x) 1. 

YpaBHeHHe /3.20/, BMeCTe c COOTHoweHHeM /3.19/, RBnReTCR ypaB
HeHHeM IlHYBHnnR <t>epMHOHHoro nonR. 

B/	 <!lepM~oHHoe none, B3aHMoAe~cTBy~~ee
 

co CKanRpH~M noneM
 

AnR npoCTOTbl paCCMoTpHM <t>epMHoHHoe none, B3aHMoAe~cTBy~~ee 

c Be~eCTBeHH~M CKanRpH~M noneM. 
j' nonH~~ raMHnbToHHaH paBeH 
I .... 

A= (d;IJ;(i) (-i'~;·V +m) ;(~ + t(;2(i) +.( V ~)2 + 
/3.22/ 

+ IJ. 24>2 ) + U(~(x» + a ~ (x) r~(x> ~(X) I . 

$YHK4~oHan pacnpeAeneHHR npHHMMaeT BHA 

-+ 

C([ t/J ']., [ t/J"], [17], [cP], t) = J n ~U(X)_.:.- x

'x (21711)3/2
 

/3.23/ 

~	 r dX17(i) u(x) Ã.' .,J. J!.Ip"'(t) ~ cP -]!, I/J" > . n xe	 <'fJ ,<p+ 2 2 

YpaBHeH~e. n~YB~nnR 

d t ! =Lf, /3.241 

rAe 

L=	 .~ I dX Iy (- i\i y. V + m+ or cP}tp" __5_.-. 
i n o 81/J"{i)
 

-	 oi: ""' B -+ '-+ .a - t/J' (-1 n y V + m + a r) y o ---~_.} + J dx .1- 17(X) --~- + .~ Bt/J ' (x)	 8c/J (x)
I /3.25/ 

. ... B 1 1~ 'B l~ 8 
+ (- v~ + 1l2) c;6(x) • ---::r- + -['U(4) + - -) - u(<!> - - -)] } + 

8n(x) i11 2 817 '2 8." 
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~ { .i:" B .1,'" 8 r B+ Ordx,-'fi 'Yo'-- + y.,.,. -- ---:
ô!/J ' o ôl/J " B"- ex) 

ECIlI-1 IlI-1YBI-1IlIlI-1'aH paanern-r s Ha KIlacci'l4eCKYIO 4aCTb Itt KBaHTOBaHHYIO
 
nonpaBKY, TO nOIlY4~M
 

,..,.. ,..
 
L -L 'L /3.26/
- Kn. + K.n.' 

rAe 
,.. 1 8 ~. 
Ll<n. = ih Idx {yo(-i1i-y.\7 + m + Gr (P) t/; " ~ - Vi' (-i n yV + m + 

ôt/J'~ (x)
• 

/3.27/ 
õ ~ ô , Ô 

+ or},y ~t + Jdx t,-17-- + (-\7 2 + 11 2 + U (c/>)) -I , 
o~~ ~ & 

ô - 8 I Ô + ,.. -+ " t/;'~ r-- s
L.s.n , = G I dx] Yor", [J.f.'r'fi - o ô;[J' Õ11(~ 

/3.28/ 

~ t 1 [ i li fi i}i 8 r ( c/J)-t.1ô+ J dx.- U(4)+--)-U(ep---)]-U

il1 2 Ô11 2 817 817
 

COOTHOWeHItt~ /3.131 ~ /3.26/ ~BIl~IOTC~ ~CXO,qHO~ T04KO~ TeOp1tt1tt 
B03MYLl.leHItt~, nocTpoeHHo~ B OKpeCTHOCTItt peWeHItt~ KnaCCltt4eCKOro 

no~~~ 

4.• ~YHKU~~ rp~HA YPABHEH~A nMYB~flnH
 

KnACCM~ECKoro nonR
 

PaHee 6blIlO nOKasaHo, 4TO Il~YBIttIlIllttaH MO>KHO pas,qeIlIttTb Ha KIlac
Cltt4ecKYIO 4aCTb Itt KBaHToBY~ nonpaBKY. KcnoIlbsYR 3TO CBO~CTBO, 

BOaMO>KHO nOCTpOIttTb TeOp1tt1O BOSMYLl.leHItt~ AIlR ypaBHeHIttR flIttYBIttIlIlR. 
B oKpetTHOCTItt KIlaCCI-14eCKOro peWeHItt~. AIlR 3Toro HY>KHa ~YHK~Itt~ 

rplttHa ypaBHeHIttR n~YBI-1I1IlR KIlaCCltt4eCKOro nOIl~. 

a/ CKaIl~pHoe nOIle 

~YHK~HR fpHHa BeLl.leCTBeHHoro CKaIl~pHoro KIlaCCltt4eCKOro nOI1~ 

onpeAeIlReTCR CIleAYIOLl.lIttM ypaBHeHltteM: 

(à t -1 Kn. ht> ",")) G xn, ([ cP], [ 11], t; (cP o}, (11 o}, to) 
/4.1/ 

:= s« -to) ô[c/J -'cPo] 8[17 -"o }, 

rA~ LKn.[<p,rrl aaAaH 8 l3.14/. 
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AIl~ HaXOmAeHItt~ G~n. nplttMeHIttM MeTOA, paS8IttT~~ 8 n.2. ~OpMaI1b

HO BBeAeM onepaTop~ 

,..~ ~ ,..~ ~ "'~ ô "'~ ô /4.2/c/J(x) =~(x). 11(X) = "(x) • <IJ(x) =-i--~-, II(x) =-i--~-.
 
, ôc/J (x) Ô11(X)
 

OHItt YAoBIleTBop~bT KOMMYTa~lttdHH~M COoTHOWeHItt~M 

,.. ~ "..... ~...... "-+" ...... -+-+
[c/J(x). '<IJ(x')] =iô(x-x'), [11(X). TI(x')] =iS(x-x'), 

/4.3/ 
[ ~ , fI] == [;, ,~] = ... = o. 

'" 
Torna L Kn. MO>KHO nepenacar s CIleAYIOLl.lI-1M 06pa30M: 

/4.4/L == i (di 1- ;(x)&(x) + (- \72 + 112) ~(x) . 'fi(i) + U'(~) fIe;) I,
Kn. ' 

Itt /4.1/ MO>KHO nl-1CaTb B BIttAe
 

(à -L [cj;,;,'&,n])â(t,·t )" =ô(t-to)·I. /4.5/
 
ot kn. 

BaeAeM npeACTaBIleHItt~, B KOTOP~X AlttarOHaIlItt3IttpOBaH~ onepaTO

p~ ~ Itt ; IttIlItt ., Itt fi. BeKTop~ 1~,11> onpeAeIlIttM TaK:
 

14.6/
\c/J,11 > = \c/J> 11T>, 
rAe \c/J> Itt \17> 3aAaHbl B /1.3/ Itt /1.9/. 
TorAa IttMeeM 

/4.7/
<~' , 11' 14>", 11"> = 8[ c/J' - ep"] 8[ 11' - 11"] , 

/4.8/r TI dcP(x) d17(X) I c/J, 1T> < 11, cP\ == I, 
~ 

x 

Itt aHaIlOrltt4HO 
,.. ~ ~ ,.. -+ ~ 

'<IJ(x) \'<11, TI> ='<1J(x) \'<1l, TI>, noo \'<IJ, TI> =ll(x) \'<11, TI>
 
/4.9/
 

<'<1J', TI' I'<IJ", 'TI" > = 8( '<IJ' - '<IJ"] l; [ TI' - TI"] . 

/4.10/J fi d'<1J(x) dTI(X) \ '<J), TI> <'<IJ, TI \ = 1.
 
x
 

Ms CooTHOWeHItt~ /4.7/-/4.10/ nOIlY4lttM
 

<4>,11I'<lJ,U>=Ne i(d;(ep(;)'<1J(x\ +11(;)II(x\), N='TI (21T)-3. /4.11/ 
x 
~ 
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$YHK~~~ rp~Ha MOmHO Ha~T~	 TaK~M me MeTOAOM, KaK ~ B n.2. 

a 1<n.([ 4>], [1T], t; {f/> 01, ["o], to) = <</J, 1T1 O(t - to) x 

~	 ~ 

xeLKn(t-to)l<Po' 1T > = O{t - t ) <c/J,1Tje L Kn(t-t n - t:) x 
O o

tLx n ( t n - 1- 0-2) LKn ( t 1- t o) I A... , 1T > = O(t _ to) x 
x e	 ••• e 'Po o 

/4.11·/ 

• -ll-1 -+ ...., n - r L .(t - t ) 
x J II II dcl>j(x) d"j(x). n <f/>j+1'"j+lle Kn j+1 j IcPj '"j >. 

j=1; j=o 

3AeCb ~cnonb30BaHO ~cnOB~e /4.8/. 3aTeM COBepwaeM npeo6pa30
BaHl-1e Be~nR oneparooa L Kn • 

d4>(x) dll(X><<;6 ~	 -+j+1,1Tj+lIL xn. IcI>j,"j> = f	 fi dc;6(x)dIT(x) _.....-~-x
 

; (2") (2") 3
 

-+ -+ -+ -+ ........,-+
 
X exp ] í J dx«(j6 j+1 (x) - <;6j (x» <ll(x) + (1Tj+1 (x) -1Tj (x) Iltx)') J x 

/4.1.2/ 

cP J+1 + c;6 J n j +1 + " j - (1)

x8[c;6- 1·8["- ]xL Kn J
 2	 2 

rAe 

L~~.::: i rdi {- ~ j + (-V 2 + ~ 2 ) c;6. nj + U' (cP) nj (x) J. /4.13/ 

AOKa3aTenbCTBO~Toro aHanor~4HO cnX4a~ npeo§pa30~~H~R Be~nR~ 

JV1R oneparopa H, ecnn nonosorrs $," BMeCTo cP M <1>, Il BMeCTO" 
ICM. n.2/. -cne.qoBaTenbHo, ecnl-1 n AOCTaT04HO 6011bWOe, TO nony
41-1M 

~ 

<c;6 I Ll<n(tJ+Ctj) - f nj+l'"j+l e 14>j'"j> :	 x 

/4. 14/ 
- (J) 

. 1.(d;[ (4)j+1 -cPj )<11 j +(1T j+l- 1T j) II j 1 e (t j+ 1 - t J) L ftn. 1 cPj+t~J "J+rt"j 
x e ,1. fT=--. 

-- 'fJ- 2' 2 

nOACTaBnFlFl /4. 13/ B /4. 14/ ~ ~HTerpHPYFl no '<IJ j H 11 j ,nonY4HM 

Ll{n.(tj+1- t j ) _ d<1J jdn/x) 
<A... 17 [e l<p tt >=(n

'P j + l' j + 1	 i ' j '-; (211) 8 

_17..;..,j+_1_+__j ) 
_ e 1« i + 1-1 j) f di'(.!l.+ 1- cP j 

17 

, tj+1- t-j - 2 . x exp l-d ít j+1-tj) x 

TT" 1 -TT.	 cl>j 1+eP' cI>. 1 +ePj 
x .r d; { -i!:.__.1.. + (-\I 2 + 1J. 2 ) __+ J + U' ( J + )] 

t j + l - t j 2 /4.15/ 

cI> j+ 1 - <p j 17 j + 1 + TT j TT j + 1 - tt j 
=ó{(t + -t ) (----- -:-- )].8[(t j + 1-t j ) ( , + 

j 1 j t j + 2	 tj+1- tj 
1-t j 

+(_'1 2+1'2) <l>J+l+ cPJ +0'( <l>J+l+4>1.)] ~ 1 8[ 4>j+I-4>j_ 
2 2 (t j + 1 -tj) 2 t j + 1 - t j 

_ ....':1+ 1 +"j 1.8[':J.:!:.!..~+(-'12+/l2)<1»+1 +<I>j +U'("'I+l + "'J}],
 

2 t j + 1 -tj
 

~cnonb3YR /4. 15/ B /4. 11/ H nepexons K npeneny n -+ 00, nonY4~M 

$Y~K~H~ rp~Ha KnaCCH4eCKoro ypaBHeHHfl ~HYBHnnR . 
n-1 dc;6 (x) drr (X) 

0Kn.([cI>], [TTl, t; Icl>o],(TTo),.to):o:O(t -to) lim (.H n x 
n -+00 1=1 ; (2")3 (t j + 1- t j ) 2 

/4.16/ 
"1+1 + TTj ] ~["j+1-TT)	 (2 2)c;6j+l+4>j~[ cb j+ l ~ cbj ____'__ . o + -í} + ~ + 

XD-- 2 t]+l -tj-tj + 1 - t J 

+ U'{ 4»j+l + c;6J ~1 = O{t-t > JDcP(x)DTT(X) 8(~(X) -rr(x} 1 x 
2	 o 

ô 

/4. 1]/ 
x 81 ;(x) + (-V 2 + ~2) cP(x) + U'(4)(x)) 1, 
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r,qe 

Dc;6(x)	 D 17(X) == fi d1T(X) t t j + 1 - l; j ' 
x (2")3/2 e 

/4. 18/ 
ti> (x, t) = 4>n (x), "(x, t) = 17 n (x}; <IJ(x, to) = cPo(x), "(X, to) ="o(ih . 
• 

Ecnu 1I13BeCTHbl peureuna AHR KnaCClI14eCKOro nona , To MO)f(HO II1H
TerpVtpOSãTb B 14. T7/. 

nYCTb R,Q -peWeHII1R ypaBHeHII1~ KnaCCH4eCKoro nonR 

. 8HKn•
 
ti>(x) == "(x) =
 

ôrr(x) 

/4. 19/
• .2' 2	 8Hxn 
1T~X) = - (- 'fi + I.l. }~(x) - D'(eb) = - -- 

8cA(x)
 

c	 Ha4anbHblMlI1 ycnoBIt1HMH 
-iI -+ ~ ~ 

4>{x, to) = ç6o(x}, "(x, to) = rro(x) .	 /4.20/ 

TorAa 1113 /4. l7/ nO~Y4I11M 

G xn ([ ~J, [1T], t; [«Po}, [ "o}, to) 

~	 GKn[~(x}, 17(X) ~ eb(Xo), 1T(X O )] 

~ ~ ~ 

= -(;1 (t·..... t o >. IJ t ô (cP (x) - R (4)0 (x) , -no(x) , t - to») x 
/4~21/ 

~ -+ .....
 
x8(rr(x) - Q(ti>o(x) , tr o(x) • t - t o) 1== 8(t - t J x
 

x	 ~ lô(cPo(X) - R-1 (q;(x), 17(X}, t - to»)) ô(rr o(i). - Q-1 [cP(i), "(x). t-t o)) 1 
x 

~ , 
f ([ ~ J, [ tt l, t) = I n d cP (~ d17 (x) X 

-+ o o 
X 

x o Kn «( 4>}, [ 1T I, t; [cP o}, [ 1T o], t o) f o ([ cP o], [ tt o I, to) 

26 

:::	 f ([ R- 1(cP, rr , t -t )], [ Q- l ( <;b, " , t -to)])' 4.221 
o 

rAe f O - Ha4anbHbl~ $YHK~fI1oHan cacnceneneaaa BHHepa,. 

o 

6/	 $epMHoHHoe none 

PaCCMOTpHM npHMep, KOTOP~~ npHBeAeH B n.3,6. Ha~AeM $YHK~H~ 
ipHHa ypaBHeHHH nHYBHnnH /3.20/, KOTopaH YAOBneTBopHeT ypasHe-

HH~ 

<a - L[ ti', t/lN]) a Kn.([ i'], [t/J"'], t; [~~]t [tfr'~], to) = 
t 

/4.23/ 

= S(t - t ) ô[~' - ~~ ] 8[ v" - t/J'~ ] . 

LJTo6bl Ha~TH O Kn.' MO}l(HO npHMeHHTb MeTOA, Hcnonb30saHHbl~ AnH 
6030HHoro nonH. Ho s 3TOM cnY4ae YAo6HO nonY4HTb $YHK~H~ iPH
Ha H3 $epMHOHH~X KOHTHHyanbH~x HHTerpanOB /2.26/ H /2.29/, 
TaK KaK ypaBHeHHe /3.20/ npeACTasnReT co6o~ ypaBHeHHe He~MaHa 

B	 ~-npeAcTaBneHHH.
 

~3 /2.25/, /2.23/ H /3.19/ cneAyeT
 

f([ tfr'], [~"], t) == <~'1 p(t) I t/J"> = <~' \ 'F(t) > <'P(t) I~"> 

:::	 J ~ df~(;) K([f'], t; [~~], tO> <J;~ \ 'P(t) > x 
x 

x.r ndt/J;(ib <\P(t ) 1t/J~>K<tt/J"'], t; (t/I~], to)o
1 /4.24/ 

xr I! d~~(i) dt/J~(X) K([f'], t; [~~], to)K(L/J'~], t; [t/Jó'], to) 

- x - ~ ,~
 

x <t/J~I'IJ(to»<\P(to)lt/Jõ> = (n dl/J~(x)dt/J'~(X) x
 
~ x
 

x G Kn.)[ t/J'], [t/JN], t; t~ó ), [t/I'ó]' to) f o «(i~], [t/I~/], to) ,
 

rAe
 

G Kn ([ ~'], [ t/J"], t ; [~~], [ t/J ~ ], to)
 

=K([~'],t; ttft~], to)K(~t/1"],t~ [t/J/~],to) 
+

= 8(t-t ) fD~'(x)D"'''(x) 8[ tf'(X)(YI.l.(~ +eA 
e 

(x) +m] xo	 . 'i" I.l. fl 
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xô{(ytL(pp -eA~(X) -m)t/J"(x)], (p /l = rií âtL ). /4.25/ 

3AeCb yt.lTeHbl /2.26/ 14 /2. 29/ ~ 

Ecnl4 peWeHI4R ypaBHeHH~ ~l4paKa /2.30/ 14 /2.31/ H3BecTH~, TO 
MOmHO MHTerp14pOSaTb B /4.25/. B pe3ynbTaTe nonY4aeM 

- -	 - ~ a xn, (f t/J "l , [t,Ú"], t; (rpó] , [t/!õ], to) = e(t - t ~	 !} (8(t/J'(x) 
x- - ~ -}..., 

- 4!(t/Jó(x) , t - to»' 8(t/J"(x) - <1l(l,Úõ(x) ,t - to» } = /4.26/ 
• 

::: 8(t-to) XI (8(fó(K) -<li-.1 (tfr ' (x), t-t » !3(l/Jó' (x) -4J-1(J/J"(i),t-~r))},o
x /4.27/-	 --}..., - 

f([ 1/;'], I \Ú"), t) ::: .r fl dt,lJ~(x) dt/J"(x) G}(n.([.,ú'],[ rjI"], t; [I/;ó],[ tltõ],t ) x 
x 

x ro ([ rp~], (1/1 Õ], to) fO['~-l(~,(X), t - tO),<t>-l (t/J"(;), 

rAe ~ 14 €- peWeHI4A ypaBHeHI4~ /2.30/ 14 /2.31/ npl4 
ycnoBI4RX t/J~'(;' 14 f~ (X); <I> -1 14 ~ -1 - I4X oõparaue . . 

Tenepb ypasHeHl4e fll4YSl4nnR MomHO 3an14CaTb B al4Ae 
HHTerpanbHoro ypa8HeHI4A: 

t 
([E], t) = f o[ 2 ] + r dt.r DEo(x) x 

to 

x o xn: HE}, t; [;=0], to) L 1<. .r 2 0 ] r ([ 2 o], to) 

rAe	 E ~ COBoKynHocTb A14HaM144eCK14X nepeMeHH~X. 
npl4MeHRR nocneAOBaTenbHoe np146n14meHHe B /4.28/, 

nY414Tb PRA TeOp1414 B03My~eHI4~ B OKpeCTHOCTH peweHHR 
Koro nonR. 3Ta npo6neMa 6YAeT paCCMOTpeHa B APyro~ 

3AKJII04EHHE 

o

t -to)], 

Ha4anbH~X 

cneAy~~ero 

/4.28/ 

MomHO no
KnaCCH4ec
pa6oTe. 

B pa60re ~3nomeH ~OpMan143M nI4YBl4nnR.6~nH I4cnonb30BaH~ npeA
CTasneHHR,B KaTOp~x AMarOHanH3HpOBaH~ onepaTOp~ nonfl /T.e. KO
OPAHHaTHoe H HMnynbCHoe npeACTaaneHHR AnR nOnA/. 3TO n03BOnl4nO, 
HCXOAR,H3 KaHOHH4eCK14 KsaHToBaHHMX onepaTopH~X TeopH~ nonR, 
nonY4HTb KOHTHHyanbH~e HHTerpan~ Ha aCHOBe npeo6pa30BaHHR 
8e~nR. nOKa3aHo, 4TO ~epMHoHH~~ KOHTHHyanbH~~ HHTerpan B cny
4ae B3aHMoAe~cTBHR c KnaCC144eCKHM noneM MomHo npeACTaBHTb 
B Im~e 8-4>YI-lK~HOHana. 
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flonY4eHbl ypaBHeHJ.1A n14YBl4nnA. 3TH ·ypaBHeH~fI npenc re anaor 
co60~ ~YHK~140HanbHoe ypaBHeH~e Bl4rHepa AnA 60aOHHoro ~onR 

/B <P-np-eACTaBneHI4I4/ J.1 c!>'YHKIl"lOHaIlbHoe ypaaueuae He~MaHa Anfl 
epepM140HHOrO nonR /B t/!-npeACTasneHI4I-1/. 

Bo Bcex cnY4aflX nl4YBl4nnl4aH~ MO~HO pa3Aenl-1Tb Ha KnaCCI44eCKY~ 

4aCTb 14 KBaHT08Y~ nonpaBKY. HcnonbaYfI 3TOT epaKT, MO~HO CTpO
I4Tb TeOpl4ID B03My~eHI4~ B OKpeCTHOCT~ KnaCC144eCKOro nonfl. B pa
60Te nony-ieuu <t>YHKIlI4~ rpHHa KnaCC144eCKOrb ypaBHeHI4Jl nl4YBl4nnA 
B BI4Ae KoHTI4~yanbHoro I4HTerpana, KOTOP~~ Hy~eH Anfl nOCTpOeHI4f1 
TeOp1414 B03My~eH~~ . 

ABTOP 6narOAap14T npo<t>eccopa 5.M.6ap6awoBa 14 B.M.Manblleaa 
3a none3H~e 14 cTI4Mynl4pYID~l4e o6cymAeHI4~. 
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18. Mcnonb30BaHHe peaynbTaToa H MeTOAOB 
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19. 6H~H3HKa 

n" AM r"P PZ-87-687 
0 ~PManMSMe nMYBMnnA 8 K8aHT080M TeopMM nonA 

PaCCMOTpeH ~PManM3M KaaHTOBOM TeOpMM nonA Ha OCHOae ypaaHeHMA nHy8MnnA 
/~PManM3M nMyaHnnA/. nony~eHW y~aHeHMA nMyBHnnfto 3TH ypaaHBHMA npeACTaanA
OT co6oM ~YHKqMOHanbHOe ypaaHeHMe 8HrHepa 8 cny~ae 6o30HHOrO nonA H ~yHKqMQ
HanbHOe ypa8HeHMe HeMMaHa 8 cny~ae .. PMMOHHOro nonA. 8 BMAe KOHTMHyan~MOrO 
HHTerpana nony~eHW ~yHKqHM rpMHa KnaCCM~eCKOrO ypaaHeHMA nMyBHnnA, KOTOpwB 
HY*HW AOA nocTpoeHMA TeOpHM 803M~eHMH 8 OKpeCTHOCTH KnaCCM~eCKOrO nonA. no
Ka3aHo, ~TO .. PMMOHHWM KOHTMHyanbHWM HHTerpan, 8 cny~ae 83aMMOABHCTBHA 
C KnaCCH~BCKMM noneM, MO*HO npeACTaBMT~ 8 BMAe 8-$yHKqMOHana. 

Pa6oTa 8wnonHeHa • na6opaTopHM TeopeTH~ecKOH •M3MKM OH~M. 

Coo&u-~ro ~ llllep!WX IICCIIUO....a • .lty&la1987 

nepeaoA aaTopa 

Lee Am Gi 1 PZ-87-687 
On the Liouville Formalism in Quantum Field Theory 

A formalism Is Investigated of quantum field theory based on the Liouville 
equation (the Liouville formalism). The representation dTagonallzlng field 
operators in the SchrlSdlnger picture is used throughout. It Is necessary 
to state the Liouville formal Ism. Also It allows one to construct the path 
integral originating from cannonical quantized field theory. The results are 
obtained by using the functional Weyl transformation and the completness 
relation of functional eigenvectors. It is shown that a fermion path integral 
can be represented in 6-functional form if a fermionic field Interacts with 
a classical field. The Liouville equation is obtained. It Is functional 
Wigller equation in the bosonic case, and functional Neiman equation in the 
fermTonic case. A Liouvlll ian can be divided into the classical part and Its 
quantum correction. Using this fact one may construct the perturbation theory"
in the neighbourhood of a classical field. The Green function of a classical 
Liouville equation is obtained in the form of a path integral. It Is necessa
ry to construct the perturbation theory. 

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