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1. B B e Jl e H H e 

I 1 2 3/ B rrocnenaee BpeMSI rroRBHncR pSIJl paooT (eM., aarrpHMep, ' ' 

H CCbinKH B· HHX) 0 llOCBSIIU8HHblX KB83HKn8CCH'l8CKOMy llpHonH)!(8HHIO B KB8H

TOBO~ T80pHH llOnSio 

0CHOBHbiM peaynbT8TOM 0 llOny'l8HHblM B STOM llpHonH)!(8HHH
0 

SIBnSI8TCSI 

JlOK838T8nbCTBO Toro, 'ITO llpOH3BOJlSIIUH~ ~yHKUHOHan JlnSI ~yHKUH~ fpHHa 

B llpHonH)!(8HHH 'rpa~oB-Jl8p8Bb8B', HCilOnb3Y8MbiX B T80pHH ~8HOMeHono

rH'l8CKHX narp8H)!(H8HOB 0 Bbip8)!(88TCSI qepea ~naCCH'l8CKH~ ~yHKUHOHan 

Jl8~CTBHSI W STHX !lone~. 

I W 
S • N e T 

B aacToRrueA paooTe B KBaaHKnaccHqecKoM rrpHonH)!(eHHH aaxonHTCSI 

aMrrnHTyJla nnR KOHKpeTHoro rrpouecca pacceRHHSI 17 (-) -M830Ha Ha 

HyKnOHe B llpOCTO~ MOJlenH B38HMO.llQACTBHSI 38pS1)!(8HHhlX M830HOB CO CTa

/4/ 
TH'l8CKHM HyKnOHOM : 

rne 

H1 (t) ... g fd 8 x r
1 

¢
1

(1 ,t) p(x) .. g r
1 
~(t) (i .. 1,2) ' 

;I (t) I 
k 

.2ill + ~(al (k)) 
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I W t 
e k + al 

(k) e -lwkt (I) 



1 ~X · 
v(k) • / fd x e p(x) - <jlopM<jlaKTop HyKnoHa. PeaynbTaTOM KBa-

(277)3 2 h 
SHKnaCCH'I9CKOrO IIpH5nH)!{9HHSI ( - -> 0 ) SIBnSieTCSI Bbip8)!{9HH9 JlnSI 

g 
aMIInHTYilbi, rne BKn81lbl OT M930HOB -pa::>f!biX 3H8KOB paBHbl, 9TO 1rro-BHilH-

MOMY, o6'bSICHSI9TCSI T~M, 'ITO II pH -t- -> 00 
( CHnbH8SI CBSI3b) cymeCTB9HHbl 

MHOr0'18CTH'IHbl9 COCTOSIHHSI, B KOTOpbiX IlpHCyTCTBYIOT M930Hbl pa3HbiX 

3H8K0Bo 

2. A MIIDHTyna pacceSIHHSI 

PaccMoTpHM raMHnbTOHHaH B38HMoneiicTBHSI ( 1). llnst nan&HeiimHx 
~ 

Bbl'IHCneHHii yno6Ho Bbi6paTb v ( k ) B BHile v(k) = e . .L npH L -> 00 

·a 
p( X) ... [) (X) I H Mbl rrepeXOilHM K TO'I9'1HOMY HyKDOHYo 

S - M8TpHU8 B HOpM8DbHOii <jlopMe IIO orrepaTopaM M0)!{9T 6biTb 
/4 5/ 

38IIHC8H8 C IIOMOillbiO <jlyHKUHOH8DbHOrO HHTerpana B BHil9 ° 

S ,.,NlJ[l> A,l>A] T exp 1-i..&:jdt[:fo (t)+A (t) ]r I (2) 
'f' I 2 T n _00 I I I I 

rne 
•. 

. oo I 
[8 A 1 8~] -8A 1 8A 2expl-fl\I£,~- (t 1-t 2 )A (t}A(t 2)dt 1 dt 2 1, 

~- \ t l -t
2 

) .. o6paTHbiii orrepaTop K <jlyHKUHH paciipOCTp8H9HHSI M930H8 

~ ( t
1
-t

2
), orrpenensteMoii B Ham eM cnyttae paBeHCTBOM 

i &1 ~ (t 1-1:!) .. <o] T(¢ 1(q¢l (t 2) I o > os 811 l-
~ -lwk(t 1-t 2) 

2w e 

4 

-~~: 

~·;;, 

··'I' ,:·~. !'r 

:wf , 

1 
'I 

~1. 

~),)~~ 

t \' 
l~' I 

I 
r/1 

·lA~ I 
•,I, \ 

t 

T, exp 1-i+, A1 (~r 1 dei-Y(t 1 t~ A) - <jlopManbHEiSI aarrHc& ttepea 

T -aKcrroHeHTY pemeHHSI MaTpHttHoro ypasHeHHSI 

!. Y ( t 1 t 0) A ) • -it r1 A1 (t) Y ( t 1 tJ A ) .• (3) 
dt . 

(3) " ... 
PemeHHe oaHattaeT, cornacHo TepMHHonorHH <l>eiiHMaHa, BhiiiYThiBaHHe 

M8TpHU H3 9KCIIOH9HTbl ( 2) • A MIInHTYil8 pacceSIHHSI 11 (-) - M930H8 H8 

HyKnOH9 ll89TCSI Bbip8)!{9HH9M 

MaQ(w,)s ' 8(w,-w 1 )v(k,)v(k 1 )f~F(w,), 
.~ (211) 2 . 

rne 

2 

8 S 1Nf3> 
<N a I S~'(t)s;•(o) I;, -,!',;.oJ • ( 4) 

e tw,t I S I Na > 

00 

faf3(w ) ,.j J dt 
rt r 

<Na 

Hs ( 2) HMeeM ,' 

82 s, 
8 cp*(t) 8 /ft*(O) I¢;,.,;~ 

2 =f2 T, I r_(t)r_(O) j[l>A18AJexpl-if_tJe A1( e>r 1( ~ I• 

( 5) 

2 

=-~2 J[8A 1 8A 2 ]IY(oo,t)A)r_Y(t,O)A)r_Y(O,-oo)A) I. 

npe)!{.[le scero aail:M eMCSI HaXO)KJl9HH9M B9DH'IHHbl Y ( t l t 01 A ) , KOTOp8SI 

orrpenensteTCSI CHCT9MOH ypaBH9HHil: (3). 
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,, , 
3. BhmyThiBa.HHe r -MaTpHU B KB83HKJI8CCHqeCKOM 

IIpH6JIH)K9HHH 

yll y12 
DoJlCTaBmHl B ypaBHeHHe ( 3). Y KaK JlBYXPHJlHyro MaTpHUY ( Y. y ) 

21 22 

H BBOJlH o603HaqeHHH 

. I 0(t) . -t 0(t> 
A

1
(t)+tA 2(t},.A(t) e ,A1(t)-tA2(t) •A(t) e 

A2(t) 2 2 
A(t) • ..j A1 (t) +A2 (t} , 0 (t} = arctg 

A
1 

( t) 

rronyqaeM CHCTeMy ypaBH9HHA 

y tt• yl2 

y 21' y22 

_ --1[ A(t) 

C HaqanbJibiMH ycnOBHHMH 

Ytt lt=to - y22 

-tO -tO 
Y2te ; Y22e 

tO tO 
Yue , Ytze 

I • 1 , Y21l ,.y12 
t .. t

0 
t=-t 0 

CHCTeMa ( 7) HMeeT rrepBbl9 HHTerpaJibi: 

t• t 0 

2 2 2 2 
1Yul +1Yt21 •lY2tl +1 Y22l ... 1, YuY~t+Y12Y:f2 .. o · 

( 6) 

( 7) 

... o 

( 8) 

llocTaToqHo paCCMOTpeTb CHCTeMy JlBYX ypaBH9HHH 1 CBH3biB8IOIIIYIO Y It 

H Y21 ,TaK KaK H3 (7) H (8) cneAyeT, qTo Y11 ==Y2~ H Y21 •-Y{2 · 

6 

' 

nnH Yll H Y 21 rronyqaeM ypaaHeHHH BToporo rropHJlKa: 

• • ,\ • 2 2 
Yu - ('A -i o ) Yt, + -f; A yu.o , Ytt lt=to =1, Yult•to ... o 

(9) 

.. >. . • ..J..2 2 • ..!..! -tO<trJ 
y 21 -( T +tO ) y21 + t 

2 
A y2t • 0 ' y21 lt .. t 

0 
.. o ' y21 liooto •- 1i A(to)e, 

B cnyqae npOH3BOJibHblX A ( t) H 0 ( t) perneHHH ypaBHeHHH ( 9) B 3aMK

HyTOH ~OpMe HaATH He ynaeTCH 1 I109TOMY 6yneM HCKaTb perneHHe B KBa3H-

. t t 2 

KnaccHqecKOM BHJle: Ytt =exp {.gl..[ 80 +-. 8t+(-.) 82 + ... ]I, 
Tt gt gt 

y2t "'exp I ..&i £ ( )l_)k Pk I 
1i kSl tg 

nnH 8 k H p k rronyqaeM: 

j 8
0 

"' + j A ( () d ~ , p0 = + f A ( ~ d ~ 
- t - t 

0 0 

., O(t)-O(t
0

} 0(1g)-O(t) 
u - , p .. 

1 2i t 2i 
r ... 

• • 2 • 2 
i A;." o i A'. o 

82 =+'"T'I"'"[-- u +0]+-, p 2 .. +-[-0 -0]+-
- ~1\ A - 8 - 4A A - 8 

OrpaHHqHBaHcb rrepBbiMH JlBYMH qneHaMH 1 c yq~TOM HaqanbHbiX ycnosHA, 

6yJleM HMeTb: 
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0< t~-0( t ) 

t 
[ 1 + Q ( -) ] ' 

g t 

y II ( t I to I A) .. cos ( """'{ f A ( () d e ) e 
2 

to gi 

( 10) 

0<~+0(t) 

y 21 ( tl to I A ) = - I sin ( t f A (e) de ) e I 
2 

[ 1 + 0 ( __!,_ ) 
t

0 
gt 

nerKO BHJl9Tb, -'ITO peliieHHH ( 10) crrpaBeJlUHBbi, KOrJla A ( t) » _! e ( t ) 
g 

.QeilCTBHT9UbHO, ITOJlCT8BUHH 

. . 
o A I ( t) A2( t) - A t< t) A2 ( t) 

2 
A ( t) 

rrony'IHM: 

gA
3

(t) »ii (A 1 A2-A1A2 ( 11) 

•. 

TaKHM o6paaoM, o6nacTb rrpnMeHHMOCTH peweHnfi (10) - sTo 6onbliiHe 

KOHCTaHThi CBH3H g H MaUbie rrpoH3BOJlHhie A 1 H A2 • ( 10) T8K)Ke 

crrpaBeJlnHBo, KOrJla A
1 

• A
2 

• PaccMaTpnaaeMoe rrpH6nH)KeHne TepHeT 

CMbicn rrpn A ( t) .. 0 • KaK 6yaeT BH!IHO H3 Bbi'!HcneHn:H <jlyHKUHOHanbHoro 

MHTerpana B ~5) M9TOJlOM CT8UMOH8pHOll <jla3bl,. OCHOBHOll BKU8Jl B MHTerpan 

Jl8IOT At = A2 .. A H A {. 0 (eM. (16)). l1TaK, B STOM rrpM6UH)K9HHH 

HMeeM: 

8 

-------

:1,. 
~~~ 

;' 
''If 
}'i 1\ -~ 

k'l:'(.~~. ~it 
\i 

ll 
I 

'1. 

'I. 

i ·.~ 

il 
I 

':;'m\ 

I 

.',1 

')I 
rt.,.:,' 

e 

Y (t
1 

t
0 

I A) .. 

t<O<t> -0<t0» 
2 

t 

cos(if A(~de) 
to 

t 

I {I(\, >+0 (t) 
t 

sin(-fJ A(~de) 
to 

, -ie 
2 

-t{i(t>-{/(t ) 

-• {/(t>+{/(t> . < g I A( e> de > 
. SIO"ft -te 

0 

g t 

e col!('ft{A(e}de ) 

4. Bhi'!McaeHHe WyHKUHOHanbHoro HHTerpana 

MeTogoM cTaUHOHapHofi Waaw 

0 

Terrepb HaM HY)KHO BbmonHHTb <jlyHKUHOHanbHbie KBanpaTyphi, rroa

cTaBnB B ( 5) Hai1JleHHoe aaaqeHHe JI18TpHUhi Y ( t , tu I A ) • f1epeMHO)K8H 

MaTpHUbl B ( 5) M OCT8BUHH 'IU9Hbi, Jl810IUH9 BKU8Jl 'aM tl( W) , ITOUY'IHM: 
a,tJ 

rJle 

caf3(w,) 
rt 

2 

iz~ 
oo IW t 

f e t 
m a(3 (t ) I' 

<NI Sl N > 

maf3 .. aaf3Jf.oA, oA2] cos(f~eE(~E(t-e}A(e} e! [{l(oo>-0<-oo>+20(t)+20<to> , 

E (X) 1 ' l 
-1' 

X> 0 

X < 0 

( 12) 

.QnH rrpH6UH)KeHHOrO Bbl'IHCU9HHH <jlyHKUHOH8UbHOrO HHTerpana B ( 1 2) 

( ) 
,!, . Ill 

KOTOpblfi TO'IHO H9 6epeTCH Mbl ITpHMeHHM M9TO!I CT8UHOH8pHOll <p83bl t 

9 



crrpaseanHBbiA rrpH t --. 0 · Cornacao yKasaHHOMY MeTOAY MO)I{eM HaiiHC8Tb: 

.. 2 
I F(A) -4:-FCA) i 8 F(A) 

J n 8 A e T ' ... e li I J n 8 A exp I.- JJ A, (~AJ(Tf) de dTf + ••• I, 
' ' ·r 1 

h 8A1(~8 ~(Tf) 

.. 
rae A

1 
(e } orrpeaenReTCR H3 ycnOBHR 9KCTpeMyM8 ~yHKUHOH8n8 

8 F (A 
8 X 

.. 
= 0 . 

B aallleM cny'l:ae ( 12) ypasaeaHe aa A 1 HMeeT BH.Il .. 
-t .. · A,(~ i 8 

-if A ( ~- Tf) A 1 ( Tf) dTf + i g£ ( -e> E{ t-e) --+'li- .,.- [8( oo}-0(-oo} + 
A(~ 2 81\1W 

+28(t) +28 ( t)] 0 . l14) 

B rrocne.nHeM Bblp8)1{eHHH B COOTBeTCTBHH C IIpHMeHReMbiM IIpH6nH)I{eHHeM 

OT6pOCHM •mea, rrporropUHOH8nbHbitl: t , yMHO)I{HM cneBa H8 ~yHKUHIO 

fpHH8 ~ ( ¢ - ~ H IIpOHHTerpHpyeM IIO ~ • Y'l:HThiB8R cooTHOilleHHe 

-I 
J~(¢-0~ <e-Tf)de ... 8(¢-Tf), 

rrony'l:HM CHCTeMy HenHHei!:HbiX HHTerpanbHhiX ypaBHeHHl!:1 CHMMeTpH'l:HhiX 

oTHocHTenbHo aeHasecTHhiX ~yHKUHl!: A
1 

H A
2 

: 

.. X, ('7; , 
A,<~-+ g J~ <e-Tf> (<-Tf>E<t-Tf>d Tf 

X ( Tf) 
l15) 

10 

3T8 CHCTeMa HMeeT CHMMeTpH'l:HOe 'i8CTHOe pellleHHe, llei!:CTBHTenbHO, 

rroacTaBnRR A 1 = A~ .. A B ypaBHeHHe ( 15), Mhi rrony'IHM AnR A 

A 1= A 2 "'A (~ "'_g_ J dTf ~ (v-~E(-Tf)E(t-Tf) 
yrz--oo 

( 16) 

0T6pollleHHhiH H8MH B ( 14) 'l:nea, rrporropUHOH8nbHbiH it "' ... "' 
IIpH A, .. A2 =A ' 

11 • .. ~(t) 
paBeH TO'l:HO HynJO, 8 BenH'l:HH8 ~83bl 8( t) = arctg -

A
2 

( t) 
-I .. _-. 

At=A 4 

PellleHHe (16) yaosneTBOpReT aepaBeHCTBy (11) H rroaToMy H8XOAHTCR 

B cornaCHH B IIpH6nH)I{eHHeM1 KOTOpOe IIpHMeHRnOCb IIpH peweHHH ypaB

aeHHH ( 3) • 

rae 

Cornacao ~opMyne ( 13) AnSI HHTerpana ( 12) Mhi HMeeM 

maf3 (t) =8af3 e 

-f:w0 +W 1 +0(h)+ITT 

wo 

r 
g2 

.. 211 JJdedTf ~ <e-v}E(-~l(- 11 ) ( (t-~ ( (t-Tf > 

( 17) 

WI ()() 2 1 2 y., 
e .. cj18 A1 8A 2 ] exp I if f((t) [A 1 (t)--(A 1 +A 2) ]del .. det [1-2M], 

-oo 2 

1 
r (t,e> .. ---------

fdTf E(-e> f{-'11) E(t-~ E(t-1'/)~(~-q) 

11 



TaKHM oopaaoM, MeTOA CTaUHOHapHoft $a3hl AnSI $yHKUHOHanbHOrO HHTerpa

na (·12) noasonnn HaM nony'IHTb paano>KeHHH no cTerreHHM _t . Ecnn 
g 

Mbi OTOpOCHM B ITOKaaaTene 3KCnoHeHTbl nOA 3H8KOM HHTerpana, CM, ( 13), 

qneHbi, nponopUHOHanbHbie t , TO HHTerpanbi no AI H A 2 oepyTCSI 

(raycCOBCKHe KBaApaTypbi), CM, ( 18), 
• 

AM nnnTyAa npouecca B KBa3HKnaccH'IeCKOM npnonH>KeHHH pasna: 

• 2 a{3 
f 

f I 
.. i 

2 

!_Jdtcosw
1

t 
112 

0 

-rg oo 
exp I 2r fJ dt'W, ~,-.,)t(~ t(1)t(t~t(t-77) 1~ 19) 

-oo 

Bbrpa>Kenne AnSI aMrrnHTYAbi ( 19) cosrrallaeT c peayn&TaTaMH paooThi 

17/ 141 
31lBapca n EapoarnoBa H E$nMoBa , rile npnMeHSJJIHCb llpyrne MeTollbi, 

B paooTe 31lBapca aToT peayn&TaT obtn nonyqea B rrpHonn>KeHHH cHn&HoA 

CBSI3H 1 B paMKaX KOTopoft OCHOBHbJe BKnallbl llaiOT MHOroMe30HHbie COCTOSI

HHSI H Me30Hbl pa3HbiX 3HaKOB paBHOUeHHbi, ( DocnellHee B HaiiieM peiiieHHH 

HaiiiJIO OTpa>KeHHe B TOM 'ITO B ( 1.4) ObinO rrpHHSITOAt -A~ -A, e - ..!!...) • 
• 4 

0ToporneHHbJe B ( 18) 'IJieHbl W t H Tollo OTBe'laiOT BKJiallaM OT rpa-

WHKOB1 rAe rrpOHCXOilHT ooMeH Me>KilY BepiiiHHaMH llBYMSI H oonee Meaona

MH, rrponaraTOpbl KOTOpb!X COilep>KaT llOITOJIHHTenbHYIO CTerreHb ~ 

B 3aKJIIO'IeRHe aBTOpbl Bbipa>KaiOT onarollapHOCTb r.B.E!jJHMOBy aa 

IIOJie3Hbie oocy>K}leHHSI HaCTOSIIIIeft paoOTbl, 

n H T e p a T y p a 

1, R.P.Feynman .• Acta Physica Polonica, vol, XXIV, 697 (1963), 

2, Y,Nambu. Preprint EFI 68-12, Chicago, 1968, 

12 

3, P,G,Boulware and L,S,Brown. Phys, Rev,, 172, 1628 (1968), -4, E.M.EapoarnoB, r.B.E!jJHMOB, )!(3T<t>, .ru!, 450 ( 1960). 

5, S,Hory, Prog.'I'heor,Phys,, 1., 578 (1952), 

6, <t>,A,Eepeana, MeToll BTOpH'IHOrO KBaHTOBaHHSI, l131l-BO "HayKa" 1 

1965, 

7, S,F, Edwards, Proc, Royal Soc,, A 1174, 411 (1955), -
PyKOnHCb IIOCTynnna B H31laTeJibCKHft OTileJI 

1 HIOJISI 1969 rolla. 

13 


