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§1. BBeneHH: e 

11/,/2/ 
Mbt H C X OJJ. HM , K B K H D , H3 TeopHH rro n11, npe nn o n a ra11, 'IT O r. y wec T By<'T UE'IIU'iKFI 

ypaDH8 HHH JJ.nll M H O r OB p eMeHH b lX B O[]HOBbiX cpyHKUHH cP (x
1 

x
2 

••• X
0

) H nepe HOJ)M lip-"HIDH H blX <i•Y IIK
(cp./3/) 

UHH rp!Hl8 g ( xi x2 ..• \y1 y2 •.• ) : 

(I ) 

cP (xi x 2 x3) = g (x1x2x3 ! YzY2) </> (Yz >'2) d
4

Yz d
4

Y 2 +- • • • fl T .JJ.. 

VIMell BBHJJ.y 38JJ.8'!Y 0 p aCC 8 1lHHH, Mbl llBHO Bbl.!J.8J1HnH JJ.BYX'l8< TI1'!H y !O cpyH K U 1110 ~) (X 
1 

x
2

) 11 

COOTB 8 T CTBYIO W Y IO cp yHKUHIO H 8B38HMO.U8HCTBYIOWHX '!8CTHU ¢
0 

(xi x2 ). 

I 
• Tor .a a CHCT8MY ( 1,1 , . .. ) MO)I{ H O 

H 80 H C 8Tb B BH.a e : 

gcjJ + g cjJ 

0TKY .a a 

r.a e 
g 

1 - g 

8B e .aeM Tenepb OTHOCHT8[]bHbi8 KOOp.UHH8Tbl '!8CTHU X = X 

H8Tbi u e HTpa Tll )I{ 8 C TH X = a xI + j3 x 
1 

, T = a t 
1 

+ {:3 t 
2 

(3H 8 '!8 HHil a , {:3 38BH Cil T O T M 8 CC '!8CTHU). 

X 
1 1 

a + P 

t = t -
1 

1 

(2) 

(3) 

(4) 

1 

PaccMoTpKM o .aH oB p e MeHHbie peweHHil ypaBHeHIHI (3). Dn11 3Toro 6y.aeM HCK8Tb <P (x 
1 

x
1

j 

B B H.U8 : 

c./> (x,O,X,T) 
I (WT-PX) ' 

e ~ (x 
(5) 

r .ae IV - 3 HeprHil BCeii CHCT8Mbl , 8 'J' - llO[]HblH HMnynbC CHCT8Mbi; B .aanbH8i!W8M 6y.aeM 

C'!HT8Tb 'J' = 0 (cKCT8M8 ('.!.fS ) • ¢yHKUHSI rjJ
0 

( x) 1 OllHCbiB810W8S! CB060.UH08 .UBH)I{8HH8 qac-

THU
1

y.UOB[]8TB 0 pll8T yp8BH8HHIO 

(6) 

no.aei!CTByeM onepaTopoM f Ha ypaBH8HKe (3) nocne nepexona TaM K o.aHoMy speMeHK 

(t 0). Tor.aa nony'!KM: 

'f. r/J (X) (7) 
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rae V (x, x',w)- HenoKanbHbilt noTeHuHanxJ 

lw (T'-T) 
V(x,x', w J = f~ (x, 0, x', t',X;T') e dT'dX'dt' (8) 

OnepaTop MO>KeT 6biTb nH60 f onepaTopoM KneltHa: -~= ~ -.'<.
2
:V 2 +k 2(t- sHeprHSJ 

c2 2 2 2 
ero Macca H !( =- \! + IL ) , nH6o onepaTopoM llHpaKa : f = ___§_- D (v), E- sHep

c 
Me30Ha, 1J. 

rHSJ HyKnoHa, D = ia 'V + f3 mc 2
; 38MeTHM, 'ITO E + t = w • TaKHM o6pa30M 1!3 KB8HTOBOll 

TeopHii nonSJ nonyqaeTCSJ ypaeHeHHe c HenoKanbHbiM noTeHUHanoM V ( x, x ', w) 
xx) 

§ 2. Cnyqall anHHHbiX eonH 

YpaeHeHHe ( 7) MO>KHO nepenHcaTb e BHae : 

f ljJ (x) U(x,w)ljl (x) (g) 

rae 1J (X 1 W) - nOK8nbHbllt nOTeHUHan, 38BHCS1ll1Hlt 1 oaH8K0 1 OT BHaa BOnHOBOlt cpyHKUI!I!: 

U(x, w) 
V (x, x~ w) 1/1 (x'}d 1 x' 

(------- ( 10) 
1/1 (X) 

EcnH anHHa eonHw .\ MHoro 6onbwe pa3Mepoe o6nacTH a , rae HenoKanbHbill noTeH-

u11an oTnH'IeH OT HynSJ ( T.e. npeanonaraeTCSJ, 'ITO anR I xI, I x'l > a , V ( x, x'1 w ) ;; 0 

TO B STOll o6naCTI! BOnHOBBSI cpyHKUI!SI 1/J( x) np8KTH'IeCKH He MeHSJeTCR; TOraa Mbl MO>KeM 

nono>KI!Tb BHyTpl! a : 1/J(x')/1/1 (x) 1 H, CTano 6biTb, e STOM cnyqae noKanbHbllt 

noTeHuHan 

U(x,w) ( V ( X , X, ·, W ) d J X' 
( II ) 

eCTb nonpocTy ycpeaHeHHbllt no npocTpaHCTBY x V , fxx) 
HenOKBn bHblli nOTeHUH8n (X 1 X 1 W • 

Ka38nOCb 6bi 1 'iTO anR cny'iBSI 6onee KOpOTKI!X BOnH MO>KHO nOCTpOI!Tb noKanbHbllt noTeH-

uHan nocpeacTBOM onepauHH: 

un (x, w) J 
V(x, x', . !. , , , 

w)'~'n-I(x}d x 

1/1 n-z (x) 
(12) 

noacTaBnSJR K8>Kabllt p83 B ( 12) BMeCTO OTHOWeHI!SI 1/1 ( x') I 1/1 (X) npeabiaywee npH6nH>Ke-

HHe 

fiji (x) 
n 

U n ( X 1 W) 1/Jn (X) • ( 13) 

x) I<> 
npl! OTCYTCTBI!I! BHeWHHX nonelt Onep8TOp ~ 3BBHCHT nHwb oT pa3HOCTell 1'- T H 

X'- X 
xx) I 11 121 

B pa6oTe ' sTo >Ke ypaeHeHHe 6bmo BbiBe)leHo H3 o'jJHoepeMeHHbiX ypaBHeHHlt, 

nocTpoeHHblX c noMOlllbiO "'sneMeHTapHolt MaTpHUbl pacceSJHHR"' r / 4 • 

xxx) 
QqeHb H3SJWHbllt cnoco6 nony'leHHR noflffbHoro noTeHuHana H3 TeopHH nonR pa3BHT B pa-

6oTax A .A.noryHoea, A.H. TaexenH.ll3e 11 .D.p. • MeTO.ll o6na.LJ.aeT ewe H TeM npeHMywecTBOM, 
'iTO n03.BOnSJeT Bbl'ii!CneHI!e CBSI38HHbiX COCTOSIHHlt (no KpallHell Mepe 1 B cnyqae TeO pHil B03MyWe
HHlt). 
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3TOT HTe p aUHOHHblH llpOUeCC H e npH BCE'X 06C T OHT GllbCTB8X 6y.aeT CXO.llHTbC S! K 11CTHHllOM Y 

peWE'HHIO: ecm1 BOlJH OB8Sl cPY HKUHS! :1 - 1 -ro llpH6mi>K € HI1Sl HMe e T HYliH He H8 np8BHllbHOM 

MeCTe, TO H cPYHKUHS! ll -ro npH6li!OKeHHS! T8K >Ke 6y.aeT HMeTb HyliH B 3TOM >Ke Hellp8BilllbHOM 

MecTe. Dei!CTBHTelJbHO, H3 ( 12) BH.llHO, '"ITO B 3 TH X TO'"!K8X u n ( x, w) 6y .aeT o6paW8TbCS! B 

6eCKOHe'"!HOCTb, a 
1
CT8ll0 6b!Tb I 1/J(x) - B Hynb. ,. 

P accMoTpHM Te•1epb .apyroli KpaliHHil cnyqail, Kor.aa >.. << a • 3aM e THM, 'ITO ce '"! eHHe yHpy-

rHX npoueCCOB a MO>KHO H8llHC8Tb B BH.ll€ a = 71 a 2 ( 1- () ) 

~ - npo3p8'1HOCTb HyKnoHa; no3TOMY ycnos~e npHMeHHMOCTK 

6b!Tb H8llHC 8 H O B cj:JopMe: 

, r.ae a - p a .aHyc HyKnoHa, a 

a [ -- - __ a ___ I 'h ... 00 

rr(1- /:3) >.. 2 

npH >.. -+ o • B 3TOM Kpal!HeM cnyqae sonHoByiO cpyHKUHIO npe.acTBBHM a BH.ae: 

1/J (X) 
lkS(x) 

e 

( 14) 

( 151 

r.ae S(x)- cj:JyHKUHst .aelicTBHst, 4To6bi He ycn o>K HstTb .aanbHeiiwero H3no>KeHHH, orpaH!l'IHM •' st 

CK8liHpHblM ypaBHeHHeM £ = "i/ 7 + k 2 
• 

no.llCT8BlJS!H ( 15) B ( 16), llOliY'IHM llpl1 k 

2 
n 

r.ae n eCTb KOMlllJeKCHblli llOK838TelJb npenOM.oe!l i!H, onpe.ae.oE'HH blii yp8BH<o'HI I E'M: 

3aMeTHM , '"ITO 

1 
F 

I k l s (X '; - s ( X) I 
{ V (X , x', I< ) e d J ' 

X • 

Mbl nony'IHM, ecnH K 3KcnoHeHTe no.a HHTerpanoM B ( l7) nono>KHM n 
0 

=I. Tor.aa 

2 
n 

.1 
1 

T.e. B nepsoM npa6nH>KeHHH llOK838Tenb npeno M ,< e HHH n 
1 

llOHeHTOH ¢ypbe HelJOK8llbHOrO llOTeHUii8lJ8, 

( lli) 

( 17 ,I 

no,llCT8BlJHH H8H.lleHHblli n 
1 

B liHTerpan B cj:Jo pMyne ( 17), IIOII Y' IIIM n
2 

II T • .ll . 11\l.li'l -

raSI n = a+ i ~ ( a li ~ CYTb cPYHKUiili X 11 W , Hllll k ) , H e Tpy L! H O Bl1 .llE'Tb 0 '"ITO H e•.>6x o -

.llHMl>IM ycnOBiieM CXO.llHMOCTii HTep8UiiOHHOrO npouecca .llJlH Bbl 'lll C .'l E' HHH n 6y.llPT yr!!CJB!le 

k ~ -+ const (s '18CTHOCTK 0 ) llpli k -+ oo 

B npoTHBHOM 'cnyqae B no.aaHTerpa.rtbHOM B blp<:t>Kf' lli·IH B ( 17 ) I W HUIITC st MH v / KI! T en b 
- kp co•O 

e ' 

KOTOpblli B 06lJ8CTii COS 0 < 0 CTpeMHTCS! K npH k ->"" , '"ITO ..:tenano 6bl 11TE' p8UH Ollll b lH 

npouecc HeB03MO>KHhJM, 

noK8>KeM, 'ITO kf3 npH k ... oo ocTaeTCH orpaHH'IeHHbJM. DelicTBI!TenbHO , H3 onT:I4P< ' Koii 

TeopeMbl cne.ayeT, 'ITO MHiiM8H '18CTb 8MlllJHTY.llbl pacceHH11H 
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- ~ITJ(k, b) 
A ( w , q) = i k { bdb [ 1 - e ] ]0 ( bq) ( 18) 

0 

(3.aecb b - napaMeTp y .aapa, TJ ( k, b) - cpa3a pacceSIHHol!. aonHbi, q - nepe.aaaaeMbil!. 11Mnynbc 

( q=2ksin 0/2 ),.,=o+iy, y >0) npHyrnepacceSIHI1SI (}
0

=0 CBSI3aHacnonHbiM 

Ce'!eH 11eM a t COOTHOWeHHeM: 

r 
-2y 

b db [ 1 - e cos 2 o !!..!__ 
4TT 

( 19) 
0 

C .apyroi! CTOpOHbl 1 

"" 
2y ( k' b ) k r f3 (x,k)ds (20) 

0 

r.ae 11HTerpan B3SIT no nyTH nyqa BHYTPI1 HyKnoHa, npH napaMeTpe y.aapa paBHOM b • EcnH a
1 

OCT8eTCSI llOCTOSIHHb!M 11nH y6 biB8eT llpH k -+ oo , TO y( b,k)TBK)Ke .UOn)!{HO 6b!Tb llOCTOSIHHbiM 

11n11 y6 biB8Tb c pocTOM k • Tor.aa H3 (20) BH.UHO, '!To H npoH3Be.aeH He kf3 OCTBeTCSI orpaHH-

'!e HHbiM. 

TaK11M o6pa30M noHSITHe noKa3aTenSI npenoMneHHSI a!1yTpH qacTHL\bi, np11 k ... oo nonyqaeT 

npOCTOl!. cpH3H'!eC KHl!. CMhlCn. 3THM .U8eTCSI TeopeTH'!eCKOe 060CHOB8HHe .UnSI npHMeHeHHSI reOMe

TpH'!eCKOH OllTHKH K OllHC8HHID pacceSIHHSI 'i8CTHL\ BbiCOKOl!. 3HeprHH, K8K 3TO c.aen8HO B pa6o
/71, I ll, 181 

TBX • 0.UH8KO llO.U06HOe OllHC8HHe pacceSIHHSI 'i8CTHL\ SIBnSieTCH, KOHe'!HO , npH6nH)!{eH-
. I~ 

Hb!M H 6y,aeT HenpHI'O.UHO .anSI O'!eHb 6onbWHX yrnoa pacceSIHHSI H838.U . KaK 6bin0 ll0K838HO B 

ce'ieHHe pacceHHHSI HB3a.a -A~ H no3TOMY ycnoaHe ( 14) He 6y.aeT BbinonHHTbCH. 
I 
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