
B.K.MeJlbHHKOB 

"OTPAIEHI1E" BOJIH 

06l11AMHIHHbli 
MHCTMIYT 
RAlPHblX 

MCCIIAOBaHMI 
AY6H8 

P2-87 -136 

B HEJII1HERHYX I1HTErpl1PYEMYX CI1CTEMAX 

HanpaBJ1eHO B "Journal of Mathematical Physics", 

1987 



B HactOR_el paOOte pe~h KAet 0 Cle~D_eM SB~eRRH, B paCCwatpH

BaeMWX HKZe He~HeIHWX HHterpHpyeMwx CICtewax HaIAeHW peleRIS, KOto

pwe npH t -+::t 00 Dem aCI!MntOtHU O,IHOCOJIKtORHWX pelleRHl, OuaKO 

HaOopw cy_eCt.eHHWX napawetpOB 3tHX C01RtOROB Moryt OMth B3Rtw pa3

HWMI. B IIBCtBOCtB, nH l!aOopw naJl!.MeTpOB 1II0KHO BWOpath tal., IlTOOil 

ynoMs8ytWe B8me COIHtORW RMelK npaMO npOtlBOn010ZRwe HanpaBleHRA 

ABRzeHBA. B 3tOM Clyqae KaXAOe 13 OOcYKlAeKWX peleUHI onHcWBaet 

B01UY. KOtOpaR nplXO.lJlt H3 OeC&oue~HOCt•• 3ateM y 3TOI BOJl!W npOHC

10AMt K3MeUeBle napaMerpOB (B ~CtROCtB, HanpaBJIeHHR .oueslUl), B 

peaY1Uate qero BOIRa aaqHRaet .... lU'aUCR B npRMO npOTnonO~OlDlON 

Ranpa.leRI. I, 8aJ.OHeu, YXO.IHt TYlA ze, otJ.YlA pashle noaBllaCh. 

lpyrDI CJO.awl, npORCXOAHT KaK Ow otpazane .OUIII. 

3JecJt I8.K80 OtMenn CJle~..ee OOOtOUUhCTBO. B03hUIII npou

.0IUO JUlIoe E,.. D • llycn t_ TUOIO, litO apl t < t_ pa3BOCth 

Mez~ RaiD pU.leM • nepBWM COUTOROIII lIIeRue £ • n,CTh, lAJee, 

t+ TaltOBO, qtO npl t:> t+ pa3Rocn III.~ Jl!.CCMaTplaaeKWIII peleRUN 

• BTOPIbI COJltOROIi. mlze lIIeRue t . OM3w.aeTca, qTO t_ I t+ 
MOKRO BWOpath TaK, noolll pa3HOCTh t+ - t_ npl E~ 0 oeM nopJl,loJ.

_ll1 E • 3to 3sallU, qTO ynoMllR1taa BWle nepecTpolM o.uoro 

COUTosa • APJrol npORCXOAHt 38 cpaBHlTeuso BeOonlol npOM8Z1TOK 

B peMeUR, I, C1Ullla teJlUO, HaXOQesl8 Taux pelesll Ba :mil npe.lCtaB

JlBet coOol JeChll.8. ~.oKa'1'HYIl 38J1lllJ. 

CM38RRoe BWle GYAet npueMOHC TpapoBas 0 Ha .oYI npoepax aea
selHWX 3Il0JllIUIORHWX CHcteM, O,lJla 13 1t0TOPWX OOHCllllaet B38RMOAtlICtne 

BOIH Ra nJlOC&OCTR ~/1 ,a !tOpaH clcTewa onRCWBlUT B38.aMO,leICt

BHa BOIH Ha OCH ~. 

§L B38.IMOJlelCTBHe .uyx BO JlH Ra nlOCI'.OCtJ ')C I} 
HaqHeN co CleJlYDlel CHCteMW ypaBHeHHI: 

"d').u _ d [()U..,. d (3uL-t-'d~~+£){lrl2.)J=o,
3 'QI/'Ltl::t. '?t rq~()x').., (LI) 

{' 

d« ()~<f 
~ -:.u<f+-"dJ r;)x:J.I 

om~CWBallll!el (B onpe,l8 JleHHi/X YCJlOS 1111 X) B3alOiOAellctBHe JlJlHHHOH 

BOJlHW C na.KetOK KopotKl'IlC BO JlH, pacnpoc tpaHlIlllIIHXCIi Ha nJl oc KOCtll

x,:J nOl YUOM Jlpyr K APyry. 3AeCL u- - a~nJlHTY.J,8. .u;Jll'IlIH 011 BOJlHIII,

f - KONnlE ItCHali OfilOalllll8.A naKeTa KOPOtKMX BO J1H, DaIBKetp r<
YAOUeTBOpfiet yCJlOBll1l Uk", i . lleTpYAHo yOeJ1HthCA, tltO CHCtewa 

(1.1) oOJla.J,8.et pemeHKRVH BII.u;a 

:t)l A (1.2) 

U::: ch2.[f'(x+ 2vy-rt)j 

_a e;<p[iV(x-t~v:/i'+0!ll exr[-i(/(X,fY?'-}!], 
i- eh [j1 (x +-2 V/- T tJ] 

rAe BellleCTBeHHr.te naplUtetpr.t ;r I Y I T H KOlolnJleKCHali BeJlHqllHa a., 

y.u;OBJletBOpllllt eJ1HHCtBeHHoMY YCJlOBHIl 

[t'-tf(f(£._jV2)]f~:::: LfH./aJL) (1.3) 

1'1, C JleAOBaT eJlhHO, ,lI,II1I CYOleCt BOBaR 1'111 3tH X pemeR IIll HeoOXOJ1HMO B",nOJl

HeRlie YCJlOBIIII [1:' - tf (",1..- 3 v 2.)] H- -"/ 0 _. TIpl'l 3tOM napaJ.leTp 6" 
KOMeT nplIHIlMaTh JlIlO",e BeOleCTBeHHwe 3HatleHHII. Meto.u; oOpatHoll 3a~qH 
pacCeAHl'I1i 11,21 n03BOJllleT paccwotpen B3aHMOAellcTBl'le npOH3BOJlilHorO 

~IICJIa BOJIH BI'I.J,8. (1.2). nu Balll'lX ueAell flYAeT .u;ocTatOqHO j:6ccKOtpeth 

B3allMO.u;ellctBlie .u;ByX TaKlfX BOJIH. 

e noll rteAhll B03hJ.leN 4lYHKUllif D Hif> BI!.J,8. 

o'" it" eltel: p[2f'Jx d. ~)' - Tj t)]+ d.z ex f [ZJI ~ (XI- 2,Y~!t- tkti)+ 
" 

-I" Jc tL)( P[2f'dx, -I-)" "£ j - 7:1 t) -t 21{:1J (Xt :L v~i -YI). t)] + 

+ ')., bo e)(r [}',.(x 1-!2.Vi J~ 7:1 t) 1-J'JJX..,. ~ V,"J- r~ t J] t!05 eJ 

<p '" 2ad it~;L ex f[:Lf'lJ~t2 '11-1-1:1.i )J] ex f [td'X+).Yf.l- 7:1 tv x 

x e)( p[lYi C~>t l ~J) -r i ~ t - i (/A/"' + V/')! ] .,.. (L4) 

+ ?val, { 1. +f1 eXf[2flXt2Y1l- 1:t t)l} e)C 1)[j~(x+J.V"J-7:,:£UI( 
~ U/) [ iV~ (;(. +), Y:o J) + i 6'1., t - i (JI),~ tVl'JjJ I 

-.~~.~-.......--.. 

., :rlrCTITJTI

;; j.l~ij1I1' 
.:HA 

"""'~'~-'--.-.. -- . 
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rAe 

_ xlatl~ 	 J.(1C(:l.I~
d- 1 -	 J J.').,::: .,------::-- 

()Ai - 3 v3 ))'1./3 Y'f- 3 Y tJ,p1f"/ 

f5 '(J12, 2)", (;.l.. .12t "" -I.{ ~ i - Yt + l{ 3f13 - Y3 ) V,3 JVt 

, 2,;t. (~:t ' 
0')1, = - I.f (31'1- - Y" )'12 ";- 4 3)11{ .- Vy ) Vy I 

;t. k (l :t ..P3 
1:'t:: l( ()It - JYt ) + 1-( f3 - 3'~J ) fit } 

T'Jv: I.f ()At -"3 Vi) + t( (fI~ --J v/J .-PI( (1.5)J 

f/J.

e" (Vlu- Vt ) ~ + Cu/ ·-fl;.Z, - ..;/'+ v/')J + (0')..- a;. )t -t' eo, 
.... 

Wr=Pt + ; v'J , w').. ::}Ia:f i Y,'I.,/ W:s ~!,3'" i -.13' Wv ~I''f.t- i 'It()i 

- -:5 

~ 1 = 	 W£._ W WI/'.- UJ:5
I

I Cl..-1 	 . 1. 
1 -	 -:5 :.5'

1A.;",t W,.,1 	 uJ'(t- W,S 
-3 

. - W,5 -p", '=' oL", 
Wl 

_ 3 I 


Wt + uJ:5 + wy 


? '2,'w:$ cJ3Jlf 0 J.')..,! - i !. '~s ,- ~~~ ):: cL i 	 Lt J 

wL + uJa, 1.1),3 + WV 

~2, c= IW1+~lIw'l.,t(J1-lIwit'-;jJ)luJ~+ J~3f joL 1.i /. 

e J Wi + w').., IIt I w,i + iJ~.s I:t., a, 

3leCI> $I BCDlY B laJIl>HeAmeM qepta Hal Ka&01l-HH6tll> BenKqHHoA 03Ha

Ilaet KOMnneKCHoe COnpR:leHMe. CornaCHO pe3Y1lbtatau pa60TH /2/ 
cz,YHXnMH 

~ J2 PL( :: l - if! (1.6)J i:: Dox'" 

4 

YAOBneTBOpR~t CHCTeue (1.1). t.e. RBnR~tCR ee pemeHHeu. HeTpy~o 
BH,lteTb. 'ITO ecnH BHn01llleHY YC1I0BHR 

['C:1-I.f(Pt-3V/J.JJt>O I [1:1-.- lf (ff-"5 V;)]K.>OJ (1.7) 

."'i IIL~ :"'1'1' ,5 '-3· 'S "")3'/' I' 1I:1.",~:S' :1:J/:1...1c.J1+w£ Wt,+Wlj, Iw:s+W:~Jlw'l +w, ~ IAIltwl/.. IW S+W1' ) (1.8) 

TO lnIee'M J... 1 ~ 0 J d" >", 0 I 0 * 'r",'J. ~ d J d.'). } (" ~ 0) $I, C1Iel0tl8!UIoR0, 

!IIYRKnHll D npKHlnlaet t01l1>&0 n 01l0:lKTeJlbHye 3HallellKII npK 1II)(lwx 

BellleCtseHHYX 'x J :/ It. 3to 3HaqKT. liTO onpe;a:e1leHHHe nocpelcTBoM 

(1.6) ~YH&nHK U $I r B 3tKX ycnoBKRx He lnIe1lt ocoOeHHocTell npK 

nllOHx 	Belll.eCtBeHUYX 3HalleHHRX X, 1J t. 
BHRCHInI tenepl>. &aKOBO nOBeAeHKe 3Toro pemeHKR. PaCCMOtpKM 

CHaqa1la CJlYlial. KOrAa BHn01lHeHO HepaBeIlCtBo(Wr-W,,){cJi- (1)/:0. 
Tor:a:a npK '11 '" 1/'). H 1(1)(l0u cz,HKCHPOBaHHOU t B 001laCtH 

Jt?-(X+1Y"I./- "'a. t) ,..,. i Hallie pemeHKe HueeT aCKUnTOtHlty BH,la 

d 	 2ft/' 
u . .., U.+ =- ---;-2~~~~--


C(1"'[fd'JC+}..Vtj-7:! t)+ a/] , 

'f- 'It'" at e'1'[i V,{.: +~V,j} + i6ftJ, (1.9) 

eh [jI,(5t+~'V-i, t) +~/] Uf [- t Iff+v,>if] , 

rAe 

~+=-;,(lt'lf~-.tf1ci~)) a/=.at,.a. exp(-~+)J 
a B 001laCtK !''J.(x.t-1,Y').,1I 1:", t)« - 1. BHn01lHReTCR aClnlnrOIKlta 

6 
'Jvj1t ~ 

(1.10)u""lrz --- ~h"'[flx+~"" Y~'r i)+ ~-](t 1 

'f~<f,- ~ a- e.<r[iv,(r.+2 v,jJ+ir;;lJ 
, • "h[jI,(x, +2Y,J-T, {J + ii;] e<f[-I(fl+ v,~~J, 

r,le 
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r '" .£ in d.1. Cf l- == at e)( f (- ~l~ ) • 1 ;!, 
I 

C nouolllhil (I.5) HeTpY.lHO yOe,GIThCII, liTO 

C\ + - tJ Ic.J 1. - 2v I' e IW;_ W; J + W
Di ::: ~ - ~ -::. {./1 + 't1-3~ I Ia1 I = Iat. I . 


WifWli,. W,;+w'( 


ECAH MY YCTpeMHUCII B oeCK~HeIlHOCTh He. nAOCKOCTH Xljf BAOAh np8MoR 

Jli{X+~~;t- Tit) + ~ = 0 ,TO yBIlAIDl, liTO npH (.,I~-",,-)P~>O 
H 1~.,.o "cnpaBeAAHBe. 6.ClDlnTOTHKa (1.9). HaOOOPOT, eCA}! . 

( :t--~)Jl;.t< 0 ,TO aCHUnTOTltK8. (1.9) HMeeT MeCTO npH j~ - (:Xl, 

AH8JI orHII HWI. 00pa30w, YCTpeUSl8Ch B OeCKORerJHOCTh B)lOAh 'hP8MOR 

J.ldx,+2Yj Y-7:t ,t) 1- ~- = 0 t AerKO HaxoAHW, lITO npH(v~-v.tlJ'J,>O 
H 1. ~ - od1 BYnDAH8eTC8 aCHMnTOTHKa (I.IO). HaoOopoT, ecnH 

CY;I.,- Vi }).I)., < 0 , TO aCHWnTOTIlKa (I.IO) cnpaBe.lAIlBa npH j-?> 00. 

J1.aAee, HeTpYAHo yOeJll!'l:hC8, liTO npil Vi f Y;t H AIlOOU 

!J>HKCHP0BaHHOM t B oOnaCTH fit (x. + ~ rtj - if. t) »1 paCCMaTpH

Baeuoe HaMH pemeHHe OOna.l6.eT aCHUnTOTHKol 

~ 11~ 
U v u; '" r'~ , (LI!) 

ell 'Iv[J';L (x 1- 'I.- V;,j - 'T:t t}-I- ~:] 

ej(p[i.V1.(X+~VIltJ)+ iGitJ ,r'IHZ 'IZj ,7
'f l(t '" a; 	, -/"' e'if L-i(j1J + y~ 'j.J,N 

e h[J'x,(xt2 y'~J -t~i) + ~~] 
rp 	 v ~ 

~: = jJ tI'l (c,-ll'ld-fJ at ~ Q~!t e'tf(-'i;J,I 

a B OOAaCTH fI i (x 'r 2 Yt J - it t) « - i OHO lIlleeT acHwnTOTIlKY BH.l6. 
v 

'2)1J.t 
~ 

L(,.... ,=:£I; 
ch 2 (I),(·t +2 v,.J- T,);) 1" f;] (LI2) 

Q 

f"" <f; =0;; 	ex p[i V~(X+;l Y~y) -1- i G;. t] , 
eh r)M"'~Y~J - T~tJ + ~;; ] e?f'{)'f.v~l'JJ, 

6 

rAe 

~ - 1. IJ ,I a- _
d1-- = i' {../'I oc..", J ).- a~ ex f ( - ~;. ) . 

B CHAY (loS) HaXOAIIll, lITO 

, ,+ '" 	 e IWJ.- W1--\ /I 'W;'_W~3} - +1 I -I
d", ::;; C" - a;. = nI'--=- +tn ~ -3 I I Q1" ;: Q~ • 


w~+ W1-- 11)3 + Wi( 


ECAIf MY Teneph YCTpeUIOlC8 B OeCI(OeeIlHOCTh Ha nnOCKOCTH XI;} 

BAOAh npllMOljJ:L(X.+~V~J-'t':Lt)+;;:= 0 ,TO oOHapYmDl, 'ITO npH 


(y'CY~)J1t > 0 If 'j -? oa cnpaBeAAHB6. aClDlnTOTHKa (loll). Ha.oOopoT, 


eCAIl (V1-V1--)Pt~ 0 ,TO aCHMnTOTHKa (loll) BYnOJlH8eTC8 npH,t->-""· 


AH6.AOrlfIlHYW 00pa30W, YCTpeun88Ch B OeCKOHellHOCTh B~OJlh np8MoI 

fI~(Xf9.,v'),l 1:~t) + ~i -- 0 ,AerKO no JIyllaeM , liTO npif 

("1- V~J,,u1 > 0 1f:J ~ -..,a HMeeT ueCTO aClfwnTOTHKa (LIe). 
HaoOOPOT, eCAH ("i - V",}..Pi <: 0 ,TO aCHMnTOTHKa (I.I2) cnpaBeUH-

Ba npH J"'" 1:>'" • J $ 

TaKIOl 00pa30M, npH (Wrw;vJ(W5 '- Wy ) ! 0 H./1 l' "", HHTepe-

CYIllllee HaC pemeHHe onHCHBaeT BaaHUO.lIalcTBlle ABYX yeAlfHeHHYX BonH BIf.n.a 

(L2), KOTOpye pacnpoCTp6.HIlIlTCII Ha nAOCKOCTH ':X:" nOA ymow Jl.pyr 

K Apyry. HeMHeRHya xapiKTep B3aHuo;o,eRcTBHSI npHBO.IUIT K CMhHOII.Y HC

KalleHlfll oOelfx B OAH B OKpeCTH OCTII TO'lKI1 nepecelleHII8 np811.YX 

~; + ~; 	 , rY t ~; + ~~tX'I-?v"1.)-1:1. -+ ?vll :::O} X+2Y~J-i,., +' -= 0, 
,r'1.. (j '),!''k 

O.n.H6.KO npH Y.l6.JleHHIf B OeCKOHellHOCTh BAOJlh rpeORIi AIlOoR H3 B3aHWO

AeRcTBYlllllHX BOAH np~KAh KallAOa 1f3 BonH npHoOpeTaeT YKa3aHRWR paRee 

BU. B.I.6.AIf OT oOnl:iCTH Baalluo;o,eRCTBH8 pe3yAuaT B38.lfMOAeRcTBH8 BYpi

meTC8 TOAhKO B !J>1:i30BYX CABHraX oOeHX BOJIR. 
3 :s

B TOM C1\Vllae, KOr.l6. (tJ1-wllt )(w:s- 1.L)'(}i 0 J a i1. = "'). 
Rame pemeHlfe OnHCfoIBaeT B3aHWO.llalcTBife ;o,eyx BOAI', TOJlhKO eCAIl 1:'1 f. L.:/, • 
IIpH 3TOU oOe BOAHIll pacnpOC'rp6.R8IlTC8 Ha nAOCKOCTK X ,j B O.lHOM H 

TOM lie HallpaBAeHIIK, eCAH 7:t 'r). :> 0 H p:I cnpOCT p6.H~TC8 B nplluoI 

npOTHBonOAOllHYX HanpaBAeHHIlX, eCAK 't't T).,. < 0 • 3aweTHM, lITO eCAH 

(Tf,-t'",Jf')..:> 0 ,TO npllt~ 00 aCKlInTOTHKa OAHOR H3 BOAR 

HafeeT BHA (1.9), a npK t..,.- 00 ee aCHMnTOTlIlta HileeT BKA (LIO). 
HaoOopOT, ecnH (Tt-T~J,P~ <: 0 ,TO npH t..". 00 aCKMnTOTKKa 

3TOI BOJIHY IIMeeT BU (I .IO), a IIpH t ~ - t:>O OHa nleeT BH.l (I.9). 

7 
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3aweTIUI.,MJIee, 4TO eCJIII ('C1.-7:1 ))11 > 0 ,TO Ilpll t....,.oo 
aCIIWIlTOTIlKa BtOpOR 113 B3aIlWOAeRcTBY~IIX BOJIH IIWeeT BII~ (1.11), a npll 

t -':» 00 ee aCIIWnTOTIlKa IIweeT BII,lf, (1.12). HaoOopot, eCJIII (1:'2,- Lt)P .( 0 
t 

TO npll -t ~ 00 BynOJIHlIeTClI aCIIMnTOtllKa (1.12), a npll t....,. - 00 cnpa-' 

Be,lf,JIIIBa aCllwntoTIlKa (1.11). MCKazeHlle oOellx BOJIH B 3tOW cJIyqae 

,If,OCTllraet waKcllwYMa B MoweHT BpeweRIl 

t _ (~t +- ~- )p), - ( ft -I- ~;)Jf t 


- ?v (1:'i - r:~Jft!.f~ 


II CtpewllTclI K HYJIIl npll t -'> ..± t:>O • 

HaKDHen, npll (c.JL-tJ",J(w]-w:J=l.O II Vt.."" Y;r..,1:'t:'r",paccwatplI

BaeMoe HaMil pemeHlle OnllCYBaet O,lf,HY ye,lf,IIHeHHYIl BOJIHY, KOTopall nOJIY

QIlJIaCb 113 ,If,BYX CJII!BmllXClI BOJIH II ,If,BllzetClI KaK O,lf,HO neJIoe. O,lf,HaKO 

KOH~lIrypanllll nOJIYQIlBrueRclI BOJIHY CIIJIbHO OTJIII4aetClI Ot KOH~lIrypanllR 

IICXO,lf,HHX BOJIH. Hanplllo!ep, nycu Wt. =)A + ;.; uJ')... '" 2)1 + i Y ) 
) • I • I 

a BeJlll411HY w3-=)1.3 -+ i V.3 H w~:::. til( + LVI{ BYOpaHY TaK, 4TO 
2, ')... / ~ ':1, 2.)

BYIlOJIHeHLI YCJIOBlllI (P.s -3""5 )P3 -::: 3,J( ) ()1., - 3 Yy flv = o. 
nOJIarall, MJIee, ell. == 0 , JIerKO nOJlj'4aew, 4to BYpazeHlfll.ItJIlI 0 
II ~ nplIHIlMallt B H,.Il 

D ..= f f ci.
1 
e? [:yr(Xl-lv;-'tt)]+ ct.,. e.(f [Lff'(X""~1-,;tJ]+ 

+ i. cL d- e XI [6" (X + fl., vll - 7: t)] ,
.9 t:z.. <f 

P"lad i - Jd-~/t-xf[f{JI(x+X,'l-c:t)JJ e~lft(t+~1-7:t)])( 

" e '(f [i Y ('XI- 'l YJ)+ ~ (5 t -i Vl + y 21] , 
r.-e 

a.. 
ci ",tf/O{11 1::='1(t(~'l-3y2-L


1 3)1 'f 


S" = - .., (3)' 1-_ Y1) Y + '1 (3pI - y3'J. ) y3 , 

a BeJIII4lfHa ol'J. MOXet OYTb B3RTa npOIf3BOJI&HO. BaJIB o{.;I. '" i d.,;
.3 

RaXO,ltlM, 4TO 

8 

D={1. + j d t e)(f[').,~(x-+~YJ-rt)]J~ 

llplf H., =1. II at 1= 0 lfWeeM d,1.:> 0, If, CJIe,.llOBa TeJIbHO, 0»' 1 n pll 

JIIlOyX Bell\eCTBeHHYX 3HaQeHlfllX x"j,·t _ TaKIfM oOre-30W, B 3TOW CJIY

4ae IfHtepeCYllIIlee Hac pellleHlfe lfWeet BH,lf, 

6)12
U=' , 

eh~[f(x.+'l"J-t;t)+ ?J'] 

_Q.sh [)J(~+~VJ-TtJ+~]exf[lv{x+;J.1)+i()t _i(I/I.+\/1.!!])r - ch'lf(x-t-2vJ-rri)t-d] 

r.l~e 

~~ i it1(~) :=iM(~~t;), a = a!exp(-~» 

H, CJIe,.llOBaTeUHO, cnpaBe.ltJllfBO paBeHCTBO fa I :::; 3)A2. 
CIfTyaUKB MeRlIeTClI KOpaHHYM 06pa30W, eCJIIf BWnOJIHeRO YCJIOBlfe 

lw! - w~J(w} - iJi);:: 0 • PaCCMOTpHW CHMaJIa CJIY4a1, Itor,.lla "d 11':1,_ 

Tor,lf,a npH JIroOM /flIfKclfpoBaHHOW t B oOJIacTH}i).(x+)..'t/~)j-7:3.t)>> i 
Hame pemeHHe IfweeT HYJIeBYIl aCHwnTOTIfKY, a B oOnaCTIf 

f'1(X+2V"I(-'riLt)« - i CnpaBe,.IlJIHBa aCKWnTOTHKa 

j 2)1/· 
~I ,.,. ---... ....---.~--: 

ch 1 [fdX 4- ?,YjJ-Tt t) +~t 

[ . " (, . ,/ f./) , t] (1.D) 
A e)( pLYLX-+- ~ v1d + L ~ [ • (2; '-) Ji rv at· ~ 1exr-(, /1 + ~ IJeM eft (x-+2YtY-'T:1 t) .,.. o{ , 

r)l,e nplf JlII6ow<!liIltCHpoaaH~1::.if/1d.t, a1~alel(p{-~) . .ll.aJIee, 

HOM t B OOJIaCTH fldX+i).;/lj-7:f.t)>> 1. HHTepeCYI)IIlee Hac pelle-

HHe lfMeeT HYJIeBYI) aCIfWnTOTHKy, a B OOMCTK )ll:J:,:f-l.,"tJ-~ t)«- f. 
BHnOJIHReTClI aClfMnTOtHKa 

2}1~
2-

(I.I4) 
«~ ~ ,

eh~ [JiJv (x +2 'tiLj -t:'}., t) + o~1 

9 



<f'''-' a etl' [i V~(x+2 y~ j) +;, ~tJ 
.. ch [t.. Cx+:I-".j- '.t) +~..1exp[- '(ft+ ":)J] , 

r,JIe ~?,,:::.ttnot.'J.,) 01.= a~e)(J'(-32) nOK (1.5). IlpH cormCHO 

cnpaBe.u;JlIIBY paaeHcTaa 


~)( IQt l2- :::: l( (?; - 3y~2 }J1!f3 :::: [t'~ -If (fll' - 3y/·)]~t ) 
(LlS) 

L/}{ 'Q~I2- = I{ (f~- 3y,/');,,/, I{ =: [t'7v-l{ (/;- 3Yt)]J~ J 

aBanOrll4Hye COOTHOmeHHHY (1.3). TaKIIM oOpa30K, eCnB KY YCTpeKIIMCR 

Ha nnOCltOCTH X ,;f B cleCltOHe 4HOCTb a.u;onb npBKORpt (x.t.tv:t) -1: t) +t 
+ ~1 = 0, TO oOHaPY_IIK, 4TO npll (V2 -Vt }.P':t> 0 1I)j~ ~ Hame 

pemeHHe lIMeeT HyneaYD aCHloInTOrHKY, a npH }...." - 00 cnpaBe.u;nHBa aCHMn

TOTlllta (1.13). HaoelopoT, ecnll (V'}.,- Vt),p')., < 0 • TO YCTpeKJlRRCb 

a eleCltOHe4HOCTb B.u;onb 3ToR n npRKoR, MY aH~K, 4TO npH J""'" - t>O Hame 

pemeH He .u;onYCltaeT By ne BYIl aCHKnTOTHKY, a npH:f -!>- 0" lIMeeT MeCTO 

aClIMnTOTHKa (1.13). AHanOrll4HYK 0~a30K, YCTpeKnRRCb a clecKoHe4HocTb 

a.u;onb npHYOR}f;"(X +'),,'';''j-T-;.,t) +o'}.,= 0 , nerKO Haxo.u;lIlo1, 4TO npil 

(Yr Y'J., Jfit > 0 H 'l~ 00 Hame pemeHHe oelna.u;aeT HY neBoR aCIIKnTO

THKOR, a npll:J...-.,.-oa '%IiInonHReTcR aCIIMnTOTlllta (1.14). HaoelopoT, ecnll 

(Vt -Vz)p1,. < 0 , TO YCTpeKJIRRCb B cleCKOHe4HOCTb a.u;onb TOnbltO 

4TO ynoMBRYTolt npRMolt, Klil BII,1I;IIK, 4TO npilJ""'" - 00 Hame pemeHHe HKeeT 

BYJleBYIl aClIMnTOTHKY, a npH y....." 0" cnpaae.u;JlIIBa aCHKnTOTIlKa (1.14). 
OTCIlM cre.IIY eT, 4TO npH (~-W:z,)( wi- wI) = 0 II 11 +V,t, 
paCCMaTpllaaeKoe HaKll pemeHHe onllClilaaeT nponecc rameHIIR o.u;Horo COJlIITO

Ha .u;pyrHK COJllft' OHOK. 3TO RBJleHlle elYJlO He,ll,aaHO oclHapy_eHo a .u;Pyrolt 
H8nHHeRHoR IIHTerpHpyeKolt CHCTeKe 13/. 

ilpoaH8.JlH3Hpyelol Tenepb IE- cnOJlO_eHlle He HY lieBlil X aClIMnTOTIlK 

oelon Conl1TOHoa. C Y4eToK (1.15) nOJ\YqaeK, 4TO (p}- J ~l) (;rq-
- 3yrJPdi)..fi3)A'f> o. llanee, Ha OC~OBaH~ paaeHcT

Ba(wcw~J(wl-w?):: 0 HaxO,1l;llK, 4TO (Pf.-PJ,)[(P.J-3VJ )),3
- (pl"-3Vf »)'.;] = O. 3Ha'lHT, cnpaBUJlHBW HepaaeHCTBaflf.}f,t>o. 

(fir- 3vl H;/t - 3 V{J,JlJ }I'f > 0 . OTCDM, a 4aCTH OCTII, cne

lYeT, 4TO B paCCKaTpHBaeMolt HaKIl CIITyanllH cnpaBe.u;JIIIBO HepaaeHCTBO 

(1.8), T. e. IIHTe pecYlllI\ee HaC pellleHHe .u;eRcTBHTeJlbHO He HlleeT OC ocleHHOC

TeR 	 npil nllellix aell\eCTBeHHYX 3Ha4eHIIRX X) j It. KpOKe Toro, B cHny 

HepaaeHCTBa flIP?'" > 0 H3 HepueHcTaa rl/cY~)fl1. > 0 cne,DyeT 

10 

HepaBeHCTBO (,I,;,.-vt )}J'}.,<: O. 3TO 3Ha411T, 4TO eCJlII 

(Vi - Y'J., ))1t > 0 ,TO B BepxHelt nOllYnJlOCKOCTII, T .e. rrpll 

)1'L~i-Pf. i'L'j.,-1:i t 
II ». + II 
d ~ ("'k- 'It ),)(t}/;.. /v V'J.,·- Vi 

J 

Hame 	 pemeHlle lIMeeT aCIIKnToTIlRY (1.13), a B HII_Helt nOllYnJlOCKOCTII, 

T.e. 	npH 

fit f2, - )I'J., {'1:1 - 'L1, t 
~ <.< 	 + 
.J ?v(Vl-Y~)jJtfl.2t:L Vt - V~ ) 

cnpaae.u;JlHaa aCIIMnTOTHKa (1.14). HaoclopoT, eCJlII (vl - 'I')., l fi 1. <: 0 
, J 

TO B 	BepXHel nOJlynJlOCROCTH, T.e. npH 

)11. a~ - }f~ -1- i Yi - r~ tJd» ?v eve Y'J-) fitJ1';., ?v Vi - y')., 

paCCMaTpHBaeMoe HaMH pellleHHe oelJla,JIaeT aCKIoInToTHKolt (1.14), a a 

HlIllHe r.t no Jlyn noc KOCT H, T. e. rrp II 

jJ~ ~i - fl·! + !:.. 1:.'')., - 1:'t t 
~ Y:t -ViJ o(,'L(v').,_ 

'0(, "1 ).J11.JA~ 
BwnonHReTCR aCKWnTOTIlKa (1.13). TaKHM Oclpa30K, HeHYJleBWe aCIIMnTOTHKII 

OclOIlX COJlIITOHOB BcerM pacnono_eHY no pa3Hlile CTOPOHIiI OT HeKOTOpcA 

npRyoR, napannenbHolt OCH :x:.. 
PaccMOTpMlol, HaKoHen, cnY4aR, KOr,ll,a BlilnOJlH.IIllTC.II YCJlOBH.II 

33
( Wt -W?-,)(W3'-WY) = 0 i Vi::::: y')." ,a (;1 t T:;L • Ilono_1IM Y::v't.=V2,,' 
TorM npll l 1:'1. -1:'').,) ,,u')., :> 0 II t...,. _ 00 B HameM pemeHll1l IIKeeTC.II 

~eryll\aR BonHa allM 

?vplu ..... 	 .....----,,-----=--- ~---
c h')., [f i ( X +Iv y'! -L 1i ) -t a1] J 


(1. 16) 
/< €. t I) [i V(x. +:L Vf )-t' i 6'1 t] i (f'2+v~h(].(\ 	 ex IJ 

t {JY'''' 
(! h[f f (x t 2, Yj - 1'i t) + ~1] 
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rAe ~1=tlnol.1j a,== a1exp(-~1) ,11 npH ('It-'L2-)fI~<c ,,'J. f (')1 , )' ~) , TO COJlHTOHW (1. 16) H (1. 17) .lSHXytCll B O,lHOM 

3Ta BOJlHa nOIlBHTC.II npH t~ 0'" • KpOMe Toro, npH ('1:,. - 7: ) /'1 > 0 H TOM xe HanpaBJIeHHH, eCIIH xe 'Y 'J.E ()1. , )'2.) , TO COJlH
1
 

Ht..".-.,o B HallleM pemeHHH CO.ll.epDfTCII BT018.11 Oerylllall BOJlBa TOHW (1.16) H (1.17) ,a:8uyTCII B nplIMo npoTHBOnOJlOXHHX HanpaBJleHII.IIx. 


TaltHll OOpa30M, npil y'1v(; C)1.. 1)2-) paCCMaTpHBaeMoe HaMil pemeHHe~p~ 
j 	

onHCWBaeT ~KYD nepecTpoMlty O.ll.Horo COJlHTOHa B lpyrol, npH ltoTopolU
eh')..[t~(:lCt~\'J-'L~iJ+S'2.1 (1.17) 	 coxpaH.IIeTCII HanpaBJIeHHe ,uneHHll. HaoOopOT, npM v'-E Cr1., ):iJ Hame 

pemeHHe OnHCHBaeT nepecTpoMKY, npM ltOTupol npOMCXO.ll.Ht H3MeHeRHe 

Hanpa BJlellH.II ,IlBHX8HHII COJlHTOH8. Ra npl'lllU npOTHBono }lOXHOe, 'r. e. npollc
.. e I( P[ i. y ( :t -+- 2,'Y ~) -+- i, O;l, t] [ '( U 'l. ~),] 

XO,lHT "OTpaxeHHe" COJlHTOHa. 3aMeTHM KCTaTH, If TO BltJlDqeHHey,v Q2., 	 ", ex f - j, r). + of 'J } 
, 0h [t~(X+~VJ-r:2,tJ +d~J 	 'It€: (\i I )2,) B031ot000, tOJlbltO !CIIH >'- > 0 ,T.e;. B CJlYlfae, ltOua 

XOTS ~ o.l\lIa H3 BeIlHIIH!! f'1'1+ H latl l H)li + K 1Q:t,I:t. nOJlOD-

TeJlbHa. 

ue )')..'"*'110(Jj..' Q;t"" IAa.exp(-S;). (7:~-T1))lt.<Oa npH §2. B38.HMO,ll.elcTBHe .ll.BYX" BOJlH.lIa OCM x
n8 BOJlHa npHCY1:c TByeT npH t ~ ""'. 

B03bMeM Tenep 10 !JlYHltUHH 0 II cP ,ltOTOpWe nOJlYlfallTCII H3B CHn.y HepaseHcn8 Pt;<k> 0 H3 CKa.38.HHOrO BWllle cJle.r.yet, lito 

eCJlH (1:'t-'Tl.)f/). > 0 , to npH t-,>-coo H8me pellleHHe HMeat ~YIIK'UHlt 0 H <p BH,lla (1.4) C nOMO!l\bD 38.MeHY t Ha J ,a J 
8CHIotnTOTHKY (1.16), a npH t -'" co cnpaBe,lJlHB8 aCHUntotHKa. (1.17). Ha t . COrJlaCHO (1.6) !JlYHlt'UMH ~ 
HaoOopoT, eCJlH ('-rt - T jl,) )A~ < 0 ,TO npH t -'" - 0<> BIm OJlHlleTC.II 'd~ 0 ... p 
aCHMnTOTHlta (1.17), a aClIltnTOtHlta (1.16) HMeet MeCTO npH t ~ c><I U: 2, _. '{'n D VJ '" (2.1) 

dX2. I D
TaltHM OOpa30M, B 18CClotatpHBaeMoM ceMllac CHtyaUHH Hallie pemeHHe onH

CWBaeT 3BOJlDUHD COJlHTOHa (1.16) B COJIHTOH (I.I7)HJIH xe,HaoOopoT, 
Y.II.OBJIetB 0PllDT CHCteMe ypaBH eM HI!3BOJlDUHD COJlHtOHa (1.17) B CO}lHtOH (1.16). B npouecce 3BO}lDUHH npoHc ., A 

XOlHT H3MeHeHHe napalotetpoB COJlHTOHa. npH 3TOM B CHAY paBeHCtB 2," "l r-Y' r"\ A 'O"'U A 11
3~ - !... [~+.i... (3L{t+ - -r 2,><'\lfl ) =0, 

ttl( 1at I?.::: [1:1 - Y(ft - 3y2-)J.Pt I ~fH ra9.-I~= ['t",-I1Vl- 3V:tV,t 	 'd t~ "dx, 'OJ 'dX 'd X ~ 
A 	 A. (2.2) 

,~ "A ~ 
BWnOJlHIIDTC.II COOTHOme!l HII (, :=.U<f+ l 

'0 t 'dx.. 2- ... 2
'l. If KI ad _ 12v2. T. -= 'f liZ + 'f J{ IQ&.L _ily2- (1.18) 
 nOJlYlfa~llIeRc.II H3 CHCteMY (1.1) npH ToM xe caMOR 3alotelle nepeMeHHWx.L t ='1)At + fit ' ')., rk fit } 

3aMeHHM Tenepb B pe1DellHH (2.1)::t Ha X -l( eJ ,'I. e. nOJlOXHlI 

2 ~ ... I 
H3 KOTOPWX CJle.r.yeT, liTO BeJlHlfHHw Pi'l.- ,)AI).. I I at I , I Ct1.. 	 V-(~'Jlt)::'~(X.-4e~I:t,-t) I r(X I4f t) =r(X-l{CJ,y,t)) (2.3) 
/loryT npHHHMaTb JlDOWe nOJlOKHTeJlbHlile 3aalleHHII. npelnoJlo:a:.. , IfTO 3tH 

BeJlHlfHHW BWOpaHW Talt, If TO SHnOJlHlleTCII YCJlOBHe (fli+ K IQ l2.)jAf' f 
=/:: (pi+H.la,.,I2-)fll' , 

t 
r,a:e C - Be!l\eCTSeHRall HetpY.I\IIO yOe.l\MTbCll,T.e.'t't=f7:i. nycu, laJlee, npOIl3BOJl.Hall ltOHCtaHTa. 

') H )A. paBHW COOTBeTCneHHO MeRblleM H OOJlblllel H3 BeJlHIIHIl liTO B CHny (2.2) ~YHKUHH ~ H ~ Y.lOBJleTBop.ll1lT CHCTeMe ypaSHellHI

t (~l"'l{lad2.p~2.) H f(pt+)da1.11jA~2,). TorAll H3 (1.18)paBBRCTB J 
CJle,l,)'eT, If TO eCJlH BBJlH<lHHI1 ,,~ JleDT BHe HHtepeaJla C)i' )A.) , to 

CnpaBe.lJlHBO HepaeeHCTBO '1:'1 1:"1 > 0 • B npOTHBROM CJlYlfae, t.e. npM 1 
y~ f C)'!, SA.)' HMeBIl 't:1 't"1..< 0 • 3to 3aalfU, liTO Bcn 
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I 

3?:.:!- 'G)2.u- _ d:l. (lICIT+ 3172..-+ "d2..u- + ~d(ltfll.) =0; 

rot:!.. tdx,'dj tdx,2. t()x'" 


(2.4) 
~ ?.f "" vi{l+ ~')..lf 

'0 t '10(,'" 

Mis paBeHCTB (1.4) CJle.l\,YeT, 'ITO eCJlH BynOJlHeHW YCJlOBHII 

(2.5 ) 
't'1 + 11 C := 7::'::/, + '1 C :: 0 J 6'1 - ~ c Vt :: ~l. - I.{ C 'II'" ;::; 0 J 

TO nOJlYlleHHoe TaKHM 06pasow pemeHHe CHCTeMY (2.4) He ~BHCHT OT:/. 
T.e. y~OBJleTBOplieT CHCTeM~ ypaBReHHI 

'd t ~2... t ~1U- t)
;3 _V-__ (l( C V-- + ;5 It" +" ~ + ~ J{ I Ij/I -= 0 If) 

~0 rox2. ~X 
(2.6 ) 

L r;,r = V-r + 'd'lvlf 

'Clt 'f)x2- J 


Hrpan~el BaxHyn pOJlb B pll~e 06J1aCTel waTewaTHlleCKol ~HSHKH. 
C YlleTOM (r.5) paBeHcTBa (2.5) 3KBHBaJleHTHY COOTHomeRHIlW 

CW l + J/, + Il>l = 0 J (;,;}2,'''' tJi,+ 7:); =0 • nOJlb~IICb 3THMH 
cooTHomeHHIIMH, HCKJlnllHW H3 BypaXeHHI AJIII ~YHKnH. 0 H ~ BeJIH-
IIrIIHY W;s H WY • B pe3YJlbTaTe nOJlY'IHM ~YHK UHH A H If 
B~ 

A '" i + d. f e.)( p[tf dx f 2. "1 t)] + cit u r[tIf::/, (x + '2 v'), 
~ 

v)] + 

-+ Dc ex r[~J11(X1- ~:Vf i) + 2,fI'J.-(x-+;& V~ t)] + 

+ ').J>.x /' [)ftCX+')., V1 i) -I- J'~(:x:..r '2 V:Iv i)] eo's eI 

'1!:: 2Clt {i +~2,e.xlj ['2f~(X1'lY1.l·tJH.eX" prf! (x.t?" 'It i}j x (2.7) 

l( e'( /) it Yi (x + 2-v! t) - i ()1/V + v/') t] + 

1- 2, Q:2, { i +P { expI'l)A1 (x 1- 2.Vt t)1Jex p[17., (x +'l Y:Iv t)] x 

)( e)( I' [ l v'2t ( rt: +'l V~ t) - i (fl:;.t + V'/.,2., ) t] i 

J4. 

r.-e 
HIQdl. . xIQa.I2. 

cL t =- - (c + U 2. - 3 v/, ),P .l"' I dv'lv:' - (c +j.(t - 3 Vl')JA t
/ 1 , 

r.J1.=J't1-~Vt w').,=::~~+iv')..,I 

(cJ;t - Wi)')., wl; + W~Wi + wi'J., -I- e 
A - cLn. - t( . -:Iv --'}.,

w:Iv+ Wt) riJ~'J..,.-w~t.i)t + IiJt + (~ 
(2.8) 

(cJt - Wl/,)2.. wt-+ W,cJ1.,+ W; + e 
fo;.,= d.'Jv (W1+ W",)')..,.· uJl-IiJ,t.i)'Jv+U)i:+~ 

'Ivi() = eLi cil./ cJ1 - ~ IlJ IcJ/·' + Wi W::/, + uJ!+ c. 

Wit r.J~ w[- WL (J~ + (i)/; + C 


(" ~_ \W1.t~{I2, IW')..,. +(J\<IIJ., Iwt- wtlJt +<Jr+ell w£-Wi., (.3')..,. -+ (;)i+eI
0 __ 101. d.. I 

0 IW1.+~\,I\j IWt'-w.1{UJ.,+:Jt+ c /;l., i ~) 

(] 0:. ( v')., - '>'t ) x -I- ('1.1 
- JIt -...;/ + v/' )t + ()() 

UPH 3TOW cor naCHO (2.r) H (2.3) ~YHKUHH 

d~ 0/
0""= l,.- ~'1 b t= (?9) 

'dx.l. f:::,. 

y~OBJleTBOpRnT CHCTeye (2,6). HeTpY~Ho npoeepMTb, 4TO eCRH BwnORHe


HW YCJlOBHIi 


IS 
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- 2, 	 :l ) (~,I Z ) .
( C +f ! -:=5 YJ l(.. < o) C +JIll- -- 3' Ya, J(.,. <. 0 ) 

(2.10) 

!wI. +;JY'I Wa,+(JJ1 1wt-Wi. rJr+.rJl'+eliwt- WII-QII-+ (;)t+<d 

- I - I( 2... 2... 12... ~ 1. ) (2.II)
w1 +W",! !Wt-WtWt+w'j.,-tC 

TO C nOlololllbD (2.7) H (2.8) nOJlY'l8eM, liTO 4lYHKUHft A nOJlO:IHTenbRa 

npH JlDOiliX Belll6CTBeHHhlX 3HalleHHftX Xl t, II, CJle)(('BaTeJlbHO, onpeAeJleH

Hoe nocpeAcTBolol (2.9) peweHHe CIlCTelolH (2.6) He HloIeeT ocoOeHHOCTel npll 

JlDOhlX BellleCTBeHHhlX X It. 
BHftCHIlM Tenepb, KaKOBO nOBeAeHlle 3Toro peWeHKft. Ha'lHelol CO CJlY

lIaft, Kor,lta Wi f iJ')., H wl-/- WI w')., +wi; + e f 0 • l1peMOJlO:UW, 

IITO/1'rV')., • Tor.a.anpH (Va,-YdPl,> 0 II t-7>-O<> BHalle.. 

pemeHHH co.a.ep.HTCft OerYllIaa BOJlHa BIIAa 

:t 
iY""'tIf-= (2.12) 

ch~ [!'dx+2Vt t) +~J 

- ~l(P[Lv1(X-+?vv'1tJ] . 2. :L tJ'1-''''1'1 :::Q t el(f[-t(Pt-l-Vt) } 

c Pi [;«dx, +2,Vt t) + d1- ] 


r.a.e 

~ - ::;..i 111 d.. i J Q1- ::: Qi e '.( I' (- Sn , 
1 ~ 

a npH t -+ 00 3Ta lte BOJIHa HloIeeT BHA 

(2,D)
IJ"'-' ~+ ::: '2,)11 

~ 

Ch2-[;<dx +2. 'It t) +at] 

+ e '( J> [ i Vi ( X. + ~,:'1. t)] [ . ( 2. V2.) t]r 'V r~ 	 + 1.:: Q: . 	 e)( F -" /t + 
Ch[ft (x + ;1, 'It t) + ~i ] 	

I 

rAe 

IJt = ; (in (,- e" d.,,) , Q t = a~~~ "f (- ~..J . 
B CHAy (2.8) 	cnpaae.lJlHBH paaeHc~Ba 
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~ _ r+ c- llw,-UJ2,! J [Wt+WjWl,.-tu}}t-C/·
1-- d1 ()1 ==2, n,--=- + {,t\ ." -.-- ,a+I'" la-I

11' ~.1 'I~ 'i i,
11IJ1-1-W:L tiJ l --W1W:L+W')v-tC

3aMeTHM, 'lTO eCJlH ("'/.---VdP'/.-< 0 • TO npHt...,-"", aCHMnTOTHI<a pac-

CloIaTpHBaelolol HaWH BOJlHili HloIeeT BHA (2.13), a npHt -+ "" ORa HyeeT 

BHA (2.12). nanee, 8 Hallelol pemeHHK npHCYTCTByeT BTOpaft Oer~aft BonHa. 

l1PH ("1 - VI)., })li > 0 H t....,. - 00 ORa BHAHMeeT 

2u:l 

if'..., trlt,- = r J, _ , 


d1'k[f},(X,+~{?.t) +~~1 	 (2.14) 

.J}. _ _ e-x/)[iv'2,(X.+}.,v'lvtJ1 . [_:(J)2,.L,,2,)LJ
'f ~ if;;., -:; Q:L 	 - e ~ r "I]" T Y:z, (; , 

ch[J'), (x,-t ')., V'i. t) T ~~J 
rAe 

~- =:: ilvI d..')., , Oi,::;; 02, ex J)(-~;) , 

a npH t --7> e>O aCHlinTOTIlKe 3TOII/ BOJlHH 

;!, J1 L 
V""' u:+;::; I''k , (2.15 ) 

'i- c/'2. [)'a, (x + t:Vl, tJ + ~~l 

If) e l( p[t y;(, ( X -t- l v'~ t)} [ . (tJl ..; 'l) t,]If' AJ Tt ~ at 	 ex I) - L /'- +;l., , 

dl[tk(X.-tR,y,.,!)-t- ~;J 
r.a.e 

~; =: f( in 10-- t'1 d i ), a{ =0 ¥e,cp(- ~;). 
C YlleToll (2.8) nOAy"aelol, q~O 

\' _ «"f _ <;"- = 0 ItJ.t-W.;L\ D! (;)1:+ WI W'J,+w; +~lla+l: /a-I0;t- 02, 02, 	 :t{n. + {'n 2... :l' 2, t.
lih+w~ Wt - (.(\ w" + w", + c

OlieBII.1IIO, liTO ec./IK ('11 - Y')., }f'! < 0, TO aCHloInTOTJllta STOPO' BOJIHIi npH 

t~ - co lOIee~ BII.1 (2.15), a npH f;.~ 00 OHa HloIeeT BIU (2.14). 

TaltHIoI oOpa30ll, npH Wt f W'J.- I uJ/" + W~ W2" + ciJi;+ e f 0 
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II "1 1=V:t, IIRTepeCYJ)m.ee Rac pemeRlle OnHCYBaeT B3aHuO,llllBcTBHe lBYX 

BonH. HenIlHeBHY' xapaxTep B3allMOlelcTBHR nplIBOlHT X HCKaEeHIIJ) oOeHX 

BO!!'H B oxpeCTHOCTH TOqXII X = Xo , rle 

(~; + ~~))ltYJ. - (rt -+ ii;).P;L "a,
Xc::: 

I). (Y",- '1/1. )Pif/-Iv 

3TO IICUl:eHHe .lI;OCTHraeT MaKCII1!Yw B uoueHT BpeKeHH -t = to, rAe 

to::: (~t + ~i )Jl1 - (f;'t ~;)}f £ 

l{ (oJ,,- - 'It) ,PiJi'Jv 

II CTpeUHTCR X HynJ) npH t.....,,:t 04 • B,II,IUH aT TOqXII x == Xc I t"" to 

xal:laR 113 BonH HMeeT Bill, salaBaeMyR olHOR 113 aClIunTOTHK (2.12) 
(2.15). Pe3ynLTaT BsaHuoleRcTBHR Bypa,;aeTcR HCKnJ)qHTenLHO B ~30-
BYX ClBHrax oOellx BonH, T.e. B3aHUolelcTBHe RBnReTCR ynpyrHM. 


. B TOM cnyqae, Korla WiJW'k, w/,,+ WtW7v+ aJl+ e f 0 , a 

"t.== Y')., , paCCMaTpHBaeUoe HaUH pelleHHe OnHCYBaeT OlHY yelHHeHHYJ) 

BonHY, xOTopaR nonyqHnaCL H3 lByX cnHBmHXCR BOnH H lBHl:eTCR KaK 

OlHO nenoe. OlHaKO KORPHrypaUHR 3TOI BOnHY CHnLHO OTnHqaeTCR OT 

KOH41HrypaUHR IICXOlHYX BonH. TaK, HanpHKep, nYCTh WI =~}'+ ( r' 
W'). :::: If -+ ~ ..; ,ue BeJmqHHIi .p II"; YlOBJl'enopRJ)T ycnoBlI1l 

j4X_ ..~y2- + C::: O. IIonaras, lanee, aa,.::: 0 , nerxo HaXOlHu, qTO 


4lYHKUHH A II I}' B 3TOM cnyqae HueJ:lT BHl 


!J. 1. + d", ex p[2f1(xl"~vi)J + elf exp[t{!,(x,+~vtJ]+ 

+ ,9 ci1d..'ke~F [6f1(~+2vt)]) 

r ~a1 { i + ~ rL;., e )( I) [/\'f (x. +1vt)]} er( f [2,f ('.[ +), 'IT J] )( 

l( e ~ I) [ i v' ( x -+ L ..; t) - l ('1J1z- + V'JJ ) t] ) 

J. H lad t 
r le t'" - i 2)lf{ ,a d-,., MOI:6T OYTL B3RTO npO>f3BO nLHO. BaJiB 

0<.2,;:; (3d. dh. ,nOJ.lY"lKM 

!::.:;: i'i + (~1r/.t exr[z)'(x,+J.,vtJJ}3 
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IIPH K;; - 1. H Q! t= 0 Deeu 0(.1> 0 H, cnelOBaTeJI'LHO, A -;. 1. 
npH nllOwx Bem.eCTBeHHYX 3HaqeHHRX x, t . TaKIIU 00pa30u, B paCCUe.T

plIBaeuol ce'qac cHTyanHH Halle pelleHHe HueeT BHl 

6p')., 
u- ;;;:; . 1 

C h'k [f (x +"Vt) -+ ~ ] 

::: a ex p[ Lv ( :c +~ v t)] e)(r [_ ~ (V)'2-.r y'"Jt] ) 
f ch'l,[f(x+1vvt)+~] 

r.a;e 

~ ::: 1- £11 (d. !). :::: 1.. PVI ( Iad) a::: 1. QL e)( IJ (- ~ b) )
If 3 l 6,.'}.,) ~ 

H, cneloBaTenLHo, cnpaselnHBo paBeRcTBo jar::: 3fil. 
HaKoHen, npH Wi =W2, Halle pemeHHe Blip0J;laeTCR B OlHoconllTOHHoe 

pelleHHe. 

PaCCUOTpD TenepL cl\YllaA, xorla uJL f cJ~ ,HO w/'+Wi W~;+-Wl: + 

+ C ::; 0 • IIonoJ:HU 

(2.16)wi ::: _ (k1J. +1. (3 W2. + lfe) 1/;2
~ ~ i 1 

(2.17)
v)- _Wi _1. (3 w;+ li c) 112. 
~ ~ ~ 

B03Lueu Tenepb XOu.nneKcHYJ) nJlOCKOCTL uJi H B1iOPOCHU H3 Hee npRMo

lIHHeRHY' oTpe30x, coelHHRJ:lIIl.HR TOqKH wt =:. ~i (§J1f~ ,wi=- 2. i l t) 1/.1. 

UHHYO' OCII, ecnH C > 0 ,H TOqltH wr= 'l(-!!. )1/). I wi' = - 2, (- ~)% • 
.n:eRCTBHTeJI'LHoR OCH, eCJlH C < 0 • B Ko}.mneKcHoR MOCKOCTH . Wi C 

TaKHU pa3pe30U paaeHcTBa (2.16) II (2.17) onpelenRIlT oToOpaJ:eHHR ~+ 
II r. B KounneKcHYJ) nnOCXOCTL W2,. • It3 jlI.BeHcTBa (2.16) CnelYeT, 

qTO npll C t 0 H llonLIIHX Iwd OToOpal:eHlle F+ OnH3KO K nOBopOTY 

Ha yron '/...11' , a H3 paBeHCTBa (2.17) cneJIYeT, qTO npll C =I 0 II OonL

lin fwd :3 OTOOpgeHHe r.. OnH3Ko K nOBopoTY Ha yron - ~rr • ITPH C=O 

3TH OToOpalleHHR RlURJ)TCR npOCTO nOBopOTaKII COOTBeTCTBeHHO He. yrllli E! 
H - ~Tf • B03Lueu TenepL B KOUnJleKCHOR nllOCKoCTH Wi co ClenaHHIIIM :'5 

paHee pa3peaOM oOnaCTH ~t II (;_ ,0npe~lIeHHlie COOTBeTCTBeHHO 

HepaseHcnaulI(Pl'- 3Yl'+C))'t>O H (}ll-3V/+C)fI!< O. HeTPYlHO 

BlIJI.eTL, qTO oOnaCTL G+ COCTOHT H3 Tpex KOMnOHeHT Hi I H3 I HS-
a 00)8 bn r;. _ COCTOHT H3 Tpex KOlotnOHe HT H1. I Htj , Hb ' 1t0TOplie 

onpe.ll;ellRIlTCR CnelYDlHY 00pa30U: 
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Ht = { (f'l,vd: ~1 > 0 • JA1.'J.- 3y1'L-t e:> 0 JI 

H1.,,={(Jlf.,vd: .Pt:>O, \lL>O I J1t- 3vl-+- e <O}J 

H3= {Cft,"'t) : .Pt < 0 "t > 0 JA't- 3yl-+ e< 0 )I I J 

l-llf"'1 Cfit Vd', ili<O, P/"-3 V/'+C> 0 J ' 
I-f 5"::' { (p t. ,vd: Pi < 0 , ..)1. < 0 .Pt·- 3 v/,,-+ e < 0 } JI 

H{'''-1cp{,v'd'.}'t>O v1<0 .p/-3V/'+e< oj.I 

IIYCTb ~ I '. ') r6 - rpaHHlllol oOnacTell 1-11.)' •• , H6 
COOTBeTCTBeHHO. C nOMO~&C (2.I6) H (2.17) HeTpy~o yOe~HT&CR B 

cnpaBe~nHBocTH paBeHcTB 

ft (4 ) =- r3 , C(r;. )~ ~ t F: (G):= fs I r.: (~ )~ r6 I 

r;(rs)=C ) r:(r:)·~r?l [(I:)=l~J-=(r:)=r;,. 
[(r3 )=1: }~(C)=r:I[(fs)=r;,E(~)=~.I 

Ha OCHOBaHHH XOPOlllO H3BeCTHbiX Teopew H3 TeopHH KOH~OPWRIiX OToOpa_eHwR 


OTCC,lla CJlUYIlT aHaJlOrHIIHble COOTHOllleHHR we_,lly 00n6CTlIWH Hi,'" I H/, 

H HX OOpa3a.IoIH npH oToOpa.eHHRx F: H [: ,'I.e. 


£(Ht )= H31 r: (H'J.,): Hl{ I r: (H3)=Hs, F;(HI{)=H(" 

r; (H5):: H{ r: (1-16)= H:L I r (H t)= HI),t~ (H').,) = 1-1("I 

[(H3):: Hi I [(l-fl{)= H:z,. [(Hs)=H3,[(Hc,) HI(' 

B KOWIlJleltCHO! nJlOCltOCTH vJr co C~eJle.HH!JIW paHee p63pe301ol B03&loIeW 

Teneph OOJlaCTH H+ H H - ,0Ilpwr;eJleHH&1e COOTBeTCTBeHHO HepaBeHCTB6

IoIH (;11" - 3 "1/" .,. C)J'.l" /' 0 H (jJl' -J v/- f' e)It< 0 . HeTPY.lHO 
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D~eTb. 'ITO H+== HiU rei, H_:::: HJ-,UH,JUH 5 UH". V.3 CKa3aHHOrO 

Dlille cne,aye'l.'. 'ITO F;(Ht){lH t '" p-(H+)n H+::: O. HaoOopOT, 

I;(l-L)fl H_ =: H1."V 115 ) f. (H-}() H_ :::. H3 V HG.. 3TO 3HaliHT, 'ITO 
KliKyC Ow TOliKY uJLf Hl' UbI HM B3RJ1H, B OOJlaCTM H+ HeT 'l.'OliKH c.J.:t, , 
KOTOpali Ow Y){OB.IIeTBOpRJIa COOTHomeHHC wl' -+- Wt Wk -t v..1l-t cO. 
HaoOOPOT, ~JlR ncOoR TOliKH Ii> 1. f H_ HaR.neTCR PODHO O,llHa TOliKa ul;tE:- H_) 
TaKaR , 'iTO wi + ciJ! W'k+ 1I,:fj; -+ C = O. 3TOMIIPH IOlellT MaCTO 

CJle,aycmHe COO'l.'HOmeHHH: 

I) ecml uhf 111. I TO Wl."" r (lAld f Hb I 

2) eCJlH "'Lf H3 ,TO w,..", E:;.(Wdf Hs, 

J) eCJlH WiG j-h- ,TO tJJ')., '" F.. (wt}E H3 • 


4) ecnH WiG Hb ,TO w~= F-t (';h)f HJ.,' 

3TO 3HaliHT I liTO B ell\eCTBeHHlie PI. I )i~ H MHHMble ;J1.. I V:I, liMTH TOlieR 

t.Vi H w~ y~OBJIeTBOpRIlT YCJlOBHRW )fiJi",:> 0 , Vi V2~ <. O. 
CorMcHo (2.8) OTCC,lla CJle.lf3eT, liTO npH x=: i CnpaBe,llJlHBIoI HepaBeHCTBa 

d..{ ~ 0 , cL",:>/ 0 I 0 ~ ~oIt ~ d.,1. d.,~ • TaRH", oOpa30M, B paCCloIaTpH

BaeMON ceR'Iac CJlYliae Hame pemeHHe He IIMeeT OC oOeHHOCTeR npH ncObiX 

Bell\eCTBe HHblX 3HalieH HHX X It. 
BIoIRCHHM Tenepl>, KaKOBO 1l0se,lleHHe :noro pemeHHR. lleTPY.llHO 

BH~eTl>, liTO npH (V~.- "1. )P'J., :> 0 H t ~ - 00 s RameM pemeR HH 

npHCYTCTByeT OerYlilaR Bon'Ha SH,lla 

''kJAl' (2.I8)Ir ~ -
CI1'L[Jldx+1Vtf)+~1 ) 

"' ex [i v1 (x'+ 2 V1 t)] . [ '()(2, v:2..)t]f /V a e,j(f - '- 1 + ! ) 

1 cf1 [ft(Xt~V! -t).t'~1.] 
r,lle ~1 "" {,in J...t' qt =, Q 1 e )( I) (- d1 J • a npH (V2v - vd fI:l <: 0 
3Ta BaJlHa nOftBHTCR npH r -') 00 • Kpowe Toro, npH ('It - VA, IPt > 0 
H t ,) - c>'l B HameM pemeHHH CO,llepUTCR BTOpal'! OerymaR BOJlHa 

?vpl
v~ . ._-, 

ch'lrfdXt2y~t) + ();tl (2.I9) 

" tZ ( /) [ i V~ (X +;2 VN f) ] . [ . ( 1i'L y' 2.) t'Jf...., a exr-l ~I /k of j 

:L eh[fI:L(x-t2 vIlJJ.f dEv] 

2] 



r,ne ~'J.·""-1 in d..-~, q:J., :.::.a",e.xp(-J;.,)) a npM (Yr - V,,).ft, <:: 0 
31a BOllHa nORBKTCR npM t 7' 00 • B CKJlY HepaBeHCTBa .ftl.)fJ.., > 0 
l'I3 HepflseHcna (va,-Yt)JlJv> 0 cJleJI,Yer HepaBeHCTBO (vt-Vz.)Pt< O. 

')TO 31la'll'lT, 'ITO eC1I1! (v;v- '11.1)))"> 0 • TO npH t.e:;. -0<' HamEl peme

HKe I!MeeT ac,nmTOTI!KY (2.18), a npK ·t~ <Xl OHO HIoleeT aC,u.mToTHKY 

(2.19). HaoOopoT, eCJlK (V).,-Vt,})(;J.,< 0 , TO npKt-+-oo cnpaBU· 

Ba aCKNnTOTI!Ka (2.19). a npK t ~ co KMeeT MeCTO aCKUnTOTI!KfI. (2.18) 
TaKHM oOpa30M, B paccMaTpl!BaeNOR HaNl! CKtyaUI!H Ilame pewelll!e I!Neer 

cY1ueCTBeHHO pa3Hb!e aCHMnTOTI!KI! npl!t....",.-C>41! npl!t-o<>. naJlee, B CK; 

HepaBeHCTBa Vi VA, -< 0 ClerYlllrle BOJlHb! (2.18) H (2.19) KMeDT npRMo 

npoTHBonOJlOllHye HanpaBlleHI!l! .nBHJ:eHI!JI, T.e. npH (v).-vt.)fi,.,> 0 COJlHTOf. 

(2.18) np.KXOArlT rl3 CleCK~He'lHOCTK, 3aTek ero napakeTpy MeHRDTcR, OH 

1!3MeHReT HanpaBJleHHe ,nBl!lIeHrlH Ha npl!M~ npoTKBOnOJlOJ:Hoe H, HaKoHeu, 

YXOAI!T B CleCKOHe'lHOCTb, HMeR BHA (2.19). UpH (V'J.-'-YdP).< 0 npouecc 

npOHCXOAKT B oOpaTHOL! nopR,nKe, T.e. H3 OecKoHelfHocTH npKXO,I\HT COJlK

TOH (2.19), a yxo.n.KT B CleCKOHe'lHOCTi> COIIHTOH (2.18). 3aMenna. 'ITO 

COrJlaCHO (2.8) cnpaBe,nJlKBO COOTHomeHHe 

'~2. (;:l" it )11:lvQt.1 ;'(t- J \I'1. +- C /""1._ Pi. 

I&~p, := '(;A/:'- '3 Y/v.j- cJ.J1t - )I]v 

B JaKJI meHrle OTMeTKM, 'ITO pemeHKR. aHaJlOrHIfHye TOJlbKO 'ITO pac

CMOTpeHHb!14, paHee OYJlrI oOHapYUHY B ,IlpyroR CKCTeMe ypaBHeHKR /47 • 
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Me.n:hHHKOB B. K. 
"OTpWKeHHe" BOJlH B HenHHeAHbIX 
HHTerpHpyeMhlX CHCTeMax 

P2-87-136 

B ABYX He~HHeAHbIX HHTerpHpyeMb~ CHCTeMax, OnHCWBaro~x 

B3aHMOAeAcTBHe AnHHHOH BonHW C naKeTOM KOPOTKHX BonH, HaA
AeHbl pemeHHH THna OYMepoHa. 3TH pemeHHH nonytleaw H3 ABYCO
nHTOHHbIX pemeHHA npH Hano~eHHH onpeAeneHHbIX AononHHTenbHbIX 
ycnoBHA Ha HX napaMeTpw. ITonytleHHWe pe3ynbTaTw HMeIDT Tec
HYID CBH3h C HeKOTOpblMH npooneMaMH 4lH3HKH nna3Mbl, 4lH3HKH 
TBepAoro Tena, rHAPOAHHaMHKH H T.A. 

PaooTa BwnonHeHa B naoopaTopHH TeOpeTHtleCKOH 4lH3HKH 
OHHH. 
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Mel'nikov V.K. p2-87-136 
"Reflectionlt of Waves in Nonlinear 
Integrable Systems 

Solutions of the boomeron-type are found in two nonli 
near i.ntegrable systems describing the interaction of a 
long wave with a short wave packet. These solutions follow 
from two-soliton solution if certain additional conditions 
are imposed on their parameters. The results are relevant 
to SORle problems of plasma physics, solid st~lte physics. 
hydrodynamics, etc. 
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