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B HHTepecHoii:- pa6oTe HuKHIUOBa H P11Tyca111 paCCMOTpeHbl KBaHT0Bble 

npoueccb1 11cnycKaa11sr y -KB811Ta sneKTpOIIOM, aaxonm11HMCSI B none nnocKOH 

sneKTpoMarHHTH0H B0nHblo OnHaKO sneKTPOHbl paccMaTpHB8IOTCSI BHe cxeMbl 

BT0PH"IH0ro KBaHTOB8Hl1SI ·KaK "18CTHUbl, non"IHHSIIOIIIHecsr ypaaneHil:10 -n11paKa B 

none nnocK0H B0nHblo TeM C8Mb[M npeHe6peraeTCSI s<fi<fieKTaMu, CBSI38HHb[Mll C 

BHpTyanbHbIMH npoueccaMU sneKTP0HHO-n03HTPOHHOro nonsr, B38l1MoneiiCTBy10-

1Uero C nnoCKOH sneKTp0MarHIITHOH B0nHoii:. 

B HacTosrmefi aaMeTKe paccMaTpuaaeTcsr KBaHT0Basr Teopusr aapsr)l{eH

Horo cKansrpHoro nonsrXI, B38UMoneiiCTBy10111ero C nnoCKOH sneKTpOMarHHTH0H 

Bonaoii, II H8XO!ll1TCSI S MaTpHua, onpenensr10111asr pacceSIHHe 3THX "18CTIIU 

~oneM nnocKoii BonHblxx/. .. 
<l>yHKUHSI flarpam1<a cKansrpaoro aapm1<eHHoro nonsr cf, ( r , t ) , aaauMo-

neiicTayxomero c aanaHHblMH BHelUHUM sneKTpoMaI'HHTHbIM noneM A µ(1, ,t ), 

11MeeT aun: 

x/ PaccMoTpemte HB cny'la/1 aneKTpOllHO-f103llTpOH/fOI'O fIOnH fIJJOBeaeuo 
B a1111noM:1011 pa6ore B.H.nepBywnlfa, 1o,1rY, 1968. 

xx/ npeacTaBnefll!e, Koraa 3</>ifeKTbf co6crBe/iHOI'O 11onH pBCCMBTpHB8IOTCH 
rrpn6n1o«eHHo, a BHe111nee none y11HTb1Baerca TO?.fllo, 1u131:,rnaeTCH upeacTaBneu
H!IeM cJ>appl!/g/ 
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( : : . 3H8K HOpManhHOro rrpoH3Be.cteHHSI, HcrronbayeTCSI MeTpHKa Xi =· t2 - t2) • 

Tione nnocKofi sneKTpoMarHHTHOfi BonHhI, pacnpocTpaHmomeficSI B.ctonh HanpaB-

neHHSI 1 , ' OIIHCbJBaeTCSI 4-BeKTopoM 

. ... ➔.. ... 
A (t,r) =A(tk-kr),k =lkl:. µ µ 0 0 

aA 
YcnoBHe nopeHua ""u JiaeT B sToM cnyqae k A .. 0. · Bea orpann

p. µ 

qeHHSI o6nrnocTH Bb16epEfM CHCTeMy KOOpJIHHaT, B KOTOpofi BeKTOp { HarrpaBneH 

no OCH x, a BeKTOP A - rro ocH z : TorJia B cornacnu c ycnoBneM no-
penna Mo>KeM rrono>KHTh: 

A = A 
0 l 

A =· 0 2 , A
3

=A(t-x). 

renaen6eprOBCKOe ypaBHeHHe )lBH>KeHHSI JinSI onepaTOpOB ¢ 
nofi CHCTeMe, KOOpJIIIHOT 38IIHCbIB8eTCSI TaK: 

➔ 
t , I' ) B Bb!6paH-

[c1 2 -at. a2 - a2 +m 2 + 2ieA(t-x)c1 +e 2A2 (t-x)]¢ (t,1) ... Q.(2) 
t " y z z 

TiocKOllhKY A . ( t - x ) ne aaBHCHT oi Y , Z , YIIOOIIO npoH3B8CTH qiypbe-

npeo6pa3oBaHII8 !IO STUM rrepeM811HblM 

¢ <t,1> 1 =----, -i p y -i p z - ( ) fdp e 2 3 ¢ t,x,P
2
,P

3
, 

2 1T 2, 3 

BBellSI 0003H8'l8HUe 

V (t-x)=2ep
3
A(t-x)+tr A2 (t-x), 

nony~HM ypaBHeHHe )llISI ¢ypbe-KOMIIOH8HTbl ¢(t,x,p
2

,p 
3

) 

a2 
t 

a2+ 
X 

p2+·p2+ 
2 3 

m 2 + V ( t - x )1 ¢ 

4 

"' 0 • (3) 



O6UIHM peweHl!eM 9T0I'0 ypaBH9HHR RBnReTCR onepaTop/2/ 

" 1 d p 
<p ( t, 'X, P , P ) m----,-- f -----

2 3 { 2,r) ½ 2 Cu 

-tcut+lp z+:1 
+: b ( p - p - p )exp [ 1 

1 2 3 2 ( Q) -,p ) 
1 

(4) 
l l . 

CMbICn onep,aT0p(?B 
+ a , a , +'· b , b B pewemrn ( 4) KaK onepaTopoB 

po*neHHR H yanqTo*eHHSI 38PR*eHHhlX qacTHU, HSX0llRllIHXCSI B none nnoCK0A 

aneKTpOM8I'HHTHpA B0nHhI, M0*H0 y.CTSHOBHTb/S/. paccMaTpHB8SI coxpaHSIIO

IllHecsr B STOA CHCTeMe BennqHHbI: K0Mil0HeHTy HMnyn&ca 

p 
y 

H coxpaHRIOillYIOCSI KOM6HH8UHIO po p" ( 9HeprHSI p O He coxpaHSI0TC51) • 

nnsr nam,11eAwero H8M eme noTpe6yeTCSI 3H8HHe npH'IHHHOA <pyHKUHH 

fpHH8 ypaBHeHHSI (3) 

t:c'P 
t 

a 2 + P 2 + P 2 + v c t - x) 1 o c t, x, t', x ', P P > 
z 2 3 2: 3 

=8 (t - t') 8 ( X - X') • 

(5) 

nnsr npommon&Horo HanpaaneHHSI pacnpocTpaHeHHSI nnocKoA BonHhI ic oHa 

6bma HaAneHa B pa6oTe141 • B HaIIIefi CHCTeMe K00PllHHaT 

( 6) 

rne H < 2 >- <j)yHKunsr XaHKenn, a 
0 
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1 

S=[(t-t1
2
-(x-x')

2
]1 p 

2
+p

2
+m

2
+f V[(t-x)(l~)+(t~x')~]d,\I. 

2 3 0 

Terrepb o6paTHMCR K CTaH.aapTHOfi rrpoue.aype HaXO>K.lleHHR S -MaTpHUhl 

B rrpe.acTaBneHHH B38HMO,llefiCTBHR, r.ae orrepaTopbl 4'oY.llOBneTBOpRIOT CBO-

60.aHOMY (V = 0 ) ypaBHeHHIO 

[ 2 2 2 2 21 ... a -a +p +p +m q, (t ,x,p ,p )=0, 
t X 23 0 23 

(7) 

a narpaH>KHaH aaanMo.aeficTBHR c· rroneM Aµ HMeeT BH.ll 

L (t)=fdxdp ·V(t-x);*(t;x,p ,p )¢(t ,x ,p ,p ). 
I 2,3 0 2 3 0 2 3 

S -MaTpHUY Mbl MO>KeM 38IlHCaTb B BM.Ile T -3KCilOHeHTbl: 

S=Texpl-ifdt L
1
(t)I. 

( 8 ) 

IlnR rrepexo.aa oT T - rrpoHaae.aeHHR orrepaTopoa K N -rrpoHGBe.aeHHIO 

rrpHMeHHM rrpoue.aypy XopH/5/, r.ae aToT rrepexo.a coaepruaeTCR c rroMOllibJO 

orrepaTopa 

62 
I • d O ( X t X t p 2 p 3) --.------2----, 

,:\= exp{-iJdx1.2dt1,2 P2.a 1 1 2 2 6<;6~(xlt1p2JB'l'o(x2t2p2,a 

3.aecb D( Xi t, • X2t2,P2Pa>-rrpHqHHHaR ~YHKUHR rpHHa CB06o.auoro ypaa

Hemm (7) 

2 2 2 2 2 
[a t-ax+p

2
+p

3
+m ]D(x

1
t

1
,x

2
t

2
,p 2 p

3
) =6(t 1-t 2)6(x 1-xJt (9) 
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5 -MaTpHua 38IlHCb1B88TCSI B BH.D.e N -npOH3B8.IJ.8HHst 

S = N ( !!.. e x p. { - i f d t L 
1 

( t ) l ) , 

Pe3ynbT8T .o.eiiCTBHSI onepaTopa !!,. Ha 3KCilOH8HTy C KBa.o.paTH'IHbIM no ¢0 
noKa3aTeneM 6bm Haii:.o.eH B pa6oTe/7 /. CHMBOnH'l8CKH STOT pe3ynbTaT 38IlH

CbIB88TCSI TaK: 

( 10) 

= I det{B(I,2)+ V(l)D(l,2)]r! -IM(t,2>i1><PJ 2> 

3.o.ecb de t [ 8 (I, 2 ) + V (I) D (I, 2 ) ] - .o.eTepMUHSHT <l>pe.o.ronbMa UHTerpanbHOI'O 

si.o.pa V(t 1 •x 1 )D(t 1xpt 2 x 2 , p 2 ,p 3 ), a onepaTop M(t 1 x 1 t
2

x 2 p 2 p
8

) 

HSXO.IJ.H~Cst_H3 ypaBH8HHSI 

fdx
1
dt

1
[ 

8(x-x 1)8(t-t1 ) 

V(t
1
-x

1
) . 

( 11) 

TaKHM 06pa30M, nnst npneeneHHst s - MaTpHUbl K HOpManl,HOtt if>opMe 

Heo6xo.D.HMO Haii:TH HHTerpanbHbltt onepaTop 

PY 8(1,2) 
------ +D(1,2), 

VU\ 
6y.o.eM HCKaTb M 

Torna nnst R nony'laeM ypaeHeHue 

• D (x t , x 
2 

t 
2 

) • 

7 

M(l,2), 

B BH.IJ.8 

06paTHb1tt K onepaTo-

(12) 



Ha 3TOro ypaBHeHHSI BHJlHO, 'ITO R COBrranaeT C rrpn'IHHHOH ijiyHKUHeii fpnHa 

G ypaBH8HHSI C BaanMoneiir.TBHeM (5). T.K. neiiCTBYSI Ha ( 12) cneBa orrepa-

2 a2 2 2 2- < > TOpOM at - x + p 2 + p a + m H Y'IHTbJBaSI ypaBHeHne 9 J:tnSI D , HMe8M 

2 2 2 2 2 , [at-a +P2+P +m +V(t-x)]R(t,x,t X ,p >=8(x-x2)8(t-t ). 
X 3 2 2 2,3 2 

CnenoaaTenbHo, 

( 13) 

M ( x 
1 

t 
1 

x 
2 

t 
2

, p 
2
,J = V( t 

1
-x 

1 
)[8( x 

1
-x 2)8( t 

1
-t 2 )-G (x 

1 
t 

1 
x 

2
t
2

, p2 ,J V( t 2 -x 2)], --

HopManbHaSI ijiopMa s MaTpHUbl eCTb: 

s 
-I ._ - . ( )4 \ 

=l det[8(1,2)+ V(t 
1
-x 

1
)D(l,2 )]I Nexp{-iJdt dx M(l,2)</> *(l)ef, (2) dp I 

· 1,2 1,2 o. 0 2,3 

llanee MO)KHO BbJITOnHHTb HHTerpnpoBllHlle B rroKaaaTene 3KCITOH8HTbl 

( 14), rroncTaansisi Tyna ( 13) n ¢ypbe -paanox<emrn nnsi cao6onHhIX orrepaTo-

poB ef,* 0 
11 efio'. KOTOpbie coBrranaroT c (4), ecnn· TaM rronO)KHTb V=O. 

IW 

-if.dtt2dxl2 ¢*o(l)M(l,2)ef, (2)dp = fd;[e 2(<o-P1>- -1] X 
, , 0 2,3 

rne. 

(+) ➔ (-) .. (+) (-) 

X [ a O ( P ) a O ( P ) + b: O ( P I -p 2 - p 3) b O ( p I - p 2 - - P 3 ) ] • 

IV=e 

1 1 \ , 

f[2p A(.~)+eA
2

L\)]d,\ 
a 

8 

( 15) 

Ha 3Toro Bblpa)K8HHSI BHJlHO, 'ITO HMelOT- CMbJCn TaKne_ rrnoCKOCTH BOnHbl 

A ( t -x ) . nnsi KOTOpbIX cymecTByeT HHTerpan W 3To 'l'pe6oBaHHe K A 

cornacyeTCSI c o6meii nneonorHeii S -MaTpnuh1 B rrpencTaBneHnn aaanMo-
~ -

neiicTBHSI, Korna •Ha 6ecKOH8'IHOCTH 'IaCTHllbl C'Il!Ta!OTCSI cao6onHblMlf n, cne-. . 

JlOBaTenbHO, BHenrnee none OTCyTCTByeT. Bb16epeM B Ka'IeCTBe A( t -x), MOHO-

xpoMaTH'I8CKYlO rrnocKylO BOnHy, MenneHHO aaTyxa10my10 Ha 6eCKOH8'IHOCTH: 

-rli-x 10 
A(t-x)=acosO(t-x)e ;r<<l, 

Torna 

W= 4e~ 
e 2a 2 

+ 
20y 

0TCIOJla· cnenyeT,- 'ITO rrpn BoapacTaHHH 'IaCTOTbl rrnocKoii BOnHbl {l 

'IHHa W - ➔ o, ·a 5 -MaTpnua CTpeMHTCSI K ennHH'IHOii MaTpnue. 

HeorrepaTopHhlii MHO)KHTenb B ( 14) 

-1 
I det [ 8 (1, 2 ) + V (I ) D (I , 2 ) ] l 

Bemi:-

KOTOpblH orrpenenSieT. cpenHee OT s - MaTpHUbl no BaKyyMy, MOJK8T 6bJTb 

Bb1pa:iKeH cneny10nrnM o6paaoM/7 /: 

1 -
-1 

I det[8(1,2)+ V(l) D(1,2 )]l = exp I-Jilt dx d p
2 3 

J da V( t -x ) G ( tx , t x, p 2 3
) l , · 

• o a ' 
(16) 

Ga - ¢YHKUHSI fpnHa ypaBH8HHSI (5). rne llOTeHunan V aaMeHeH Ha 

a V • TaK KaK B ( 16) BXOJlHT Ga 'rrpn COBnana10mnx apryMeHTax, TO, 

cornacHo ¢opMyne ( 6), MbI nMeeM 

G ( X t • X t • p p ) ... _I_ H <2> ( 0) =- i 00 • 
a 2 a 4 o · · 

,_KpoMe .sTOH 6ecKOH8'IHOCTlf B ITOKaaaTene 3KCITOH8HTbI paCXOJlHTCSI OJllfH na 

HHTerpanoB rro t,x, TaK KaK 

paaoM, cpenHee ITO BaKyyMy OT 

V 3aBHCHT OT paaHO,CTH t - x • -TaKHM 06-

S -MaTpHUbl paBHO 6eCKOH~'IHOMY ¢aaoao-

MY MHO)KHTenJO <OIS I O>=efoo 

. ~ ';,"~~--.~_:-~'.:-~"-~~~~-:-__ --: 
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