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i' © Q6'h~HHeHHbIÍI 1IHCTHTYT lI.t\epHbIx ~c~JU~.t\OBBHÍlií ,J1y6Ha, :í98''i.: 
( r 1 ~ 

;;,. 

ORO 06~~aeT zrpaIDmHMH BaxHYID po~ B ~H3wqecKRX Hcc~e~OBaHKHX parne
HIDIMlt BJU(a 

cp (x,t) e iÕJ(bx-t) A (x-bt) (I.2) 

c senecrasaaoã q,y-HKIJ;Keft A ,Y~OBJIeTBOpffiOmeft ypaaaeazn 

. Ali + W 2A = _,_ Af(A2) (1.3)b 2_, 

r~e W , b - BemeCTBeHHHe napaMeTpI:l, b~:' • B HaCTORIIteM -cooõne
HIB paCCMaTpIBaIDTCH KHHK-pemeHHH, T.e. pem8HRH ypaBHeHHH (I.I) B~a 

(1.2) .c ~e:tí 

'" 

A(x) , y,n;OBJIeTBopsmmeft YPaEHemm (1.3) H MOHOTOH
J 

----~ 

tl~'htJiJ.i1f'Ulihifi KHCTUTyT j 

Q(~.BWI9'c""~110S1ImB I 
6&15rtt-4(;TEHA 



HOR, orpaaaxeaaoâ: A' (x) '" O, /A(-OO)I.+IA(+OO) I <<Xl • OCHOBHOÜ pe
SY~TaT COCTOHT B TOM, qTO YRaSaHHHe pemeHKR YCTOR'iRBH B HeROTOpOM 

CMI:lCJIe, ec.na I b I <..' , A (±00) >O 

2 O. IIyCTb cp (x, t) .;.. KHHR-pelIJ8HHe. BBe.n;eM CJIe,IJyIOlIU1e 060SHaqe

HIDI. ITOJIO.lKHM 

t 00 }'/2Ig (x) Ic = s Up Ig (x )l, Ig 1 = _ S Ig (x )I 2 dx2
XER -O<> • 

2 
~ g 11 Lr.[q I g(x)1 + fg' (X)!2) dx J'/2, r.n;e
 

2)+2A2f' 2) I
- 2 f(A (Aq ' + - W + .::....0..::.:'----'--;2::-=-=---=----'..:..::.......'....
~ b -, C 

MSBeCTHO, 'iTO ~ JIID60fi WYH~HH g HS npOCTpaHCTBa C060JIeBa Wi(R) 

HMeeT MeCTO HepaaeHCTBO Ig IC ~ C /I g /I , r.n;e C = Const;> O 

IIyCTb A, ,A2 - nOCTOHHHble! raxao qTO 

(a) A, ,A2 >O 

(o) - 2 , [2 2 I 2]
u W - b 2_, f (Ai) + 2Ai f (Ai) < O, i=', 2 . 

Tor.n;a ~ JIID6oro peueaaa A(x) ypaBHeHIDI (1.3), y.n;OBJIeTBOp.momero 

YCJIOBMM A (- (0) =A, , A (+ 00) = A2 ' B CVLJIy (6) lIMeeT MeCTO õscrpoe 
y61:lBaHHe [A(X)-AiJ H A' (x) npH Ixl~()(): 

lim [A (x) -A,J e - (x = O , lim [A (x ) -A ] e~x = O 
X·-Oo 2 

:x:++oo 

1 im ,A I (x)e- ex = O , 1 im A' (x) e (x O 
x.... -OQ /9/ x ..... +00 
~ aexoroporo ~) O • 

PaCCMOTpKM 3a.n;aqy KOillH 

U - u = f(lu[2)u, t>o, -oo<x<oot t x x 

(2.1) 
U(x,O)=Uo(x) , ut(x,O) = u, (x) 

Ey.n;eM npe,IUIOJIaraTb B .n;8JII>HefuueM, 'iTO ):(M: JIID61:lX WHKURR U (x ) , li 1 (x ) , 
~ / ~ 

.n;OCTaTO'iHO 6Jll'I3KHX R '"t'(x,O) , ept (x , O) COOTBeTCTBeHHO, sanava 
(2. I} IIMee'!' I'JI068JII>HOe (onpeneneaaoe ):(M: ncex t >O ) peneaae , EOJIee 

TO'iHO, npe,IUIOJIODM, 'iTO eCJm ~X,O) ! trb(x)] ,[4>~(X,O)-u,(xd 
rJIa,IU\.He, ÓI:lCTpO y6HBaJO~e npa I x 1- 00 <lJyHronm, 'TO cymecTByeT roran-

ROe ~emeHBé U (x , t) sanaxa (2. I), onpsneneaaoe ~ scex t > O , 

npwqeM paBHoMepHo no JID60MY ROHe'iHoMY PIHT~pB~ H3MeHeHIDI t BeJIM

2 

'qKHbI 

U (x, t) -A, exp ti UJ(bx-t)1 U~(x,t)-i~bA, expf iCJ (bx-t)} 

-2 {- 1Ut(x,t) + i0õA, eXP[iZ3(bx-t>l ' U~t (x, t) - W bA, exp iW (bx-t) 

-2 2 { - 1. -2 ç - }
u~x (x , t) + W b A, exp iw (bx-t) J ' U (x,t)+W A exptiW (bx-t)t t 1 

61:lCTpo- y6HBaIOT npPI x ......... - 00 , a BeJlli'tll!HH
 

U(x,t>-A
2 

exptü;:J:(bx-t)} , u~(x,t)-iWbA2 expfiW(bx-t)] 

Ut (x, t) +iWA
2 

exptiw (bx-t)} , U~t (x , t) - w2bA2 exptiw (bx-t)} 

-2 2 f -] -2 { .- 1
u~x(x,t)+Cd b A exp~iW(bx-t) , Utt(x,t)+w A exp iW(bx-t)j2 2 

61:lCTpO y6HBaJOT rrpl! x ...... + 00 • 

PaCCMOTpHMepyHKUIDQ R('l;) =Ilu(x-'l",t)t - 14>(x,t)/II. 

JIeMMa 2.1 

~HRI..WH R ('t ) ,ItOCTlU'aeT csoero a6COJIlOTHOrO MHmIMYMa npa HeRO-

TOpOM '1; = CC o (t) 

lIoRa3aTeJIbCTBO 

HCHO, 'liTO R ('t; ) ..... +00 npa '[; -lo- 00 ,nOSTOMY .n;OCTaT.o'liHO ,nORa3aTh 

H8rrpepHBHOCTb R (~) • MMeeM ,ItJIR IlpOR3BOJIbHOrO c > o : 
c 

R 
2

( '[ ) =S~q[lu(x-'L,t)1 -lcp(X,t)~12+ [[U(x-tz;,t)1 -~4>(X-,[;,t)I]2}dx 
-c -c x x.
 

~llq[IU(X-'t,t)t - 14>(x,t)I]2+(lu(x-'i:",t}l - lep~x,t) r x]2}dX +
 x 

:S[q[lu(x-rc,t)[ -1~(X,t)l12+[IU(x-~,tdx-ICP(X,t)(xF}dX 

C 

SaqJHRCllIpyeM aexoropse '1:, € R ,ê >0 • HCHO, 'liTO MOEHO BH6paTb c >O 

TaK~ 'liTO 
-c +00 

S+S<'E. 
-00 C. 

;IJ.Jm scex "t E ('1:',-" 't', +, ) • J(aJIee, 

C 

l~m j [qLlu(x-'t,t)! 1<:l>(x,tll]2+ [lu(x-t,t)!x- Itp(x,t) IJ2~ dx 
'1:-I.-1-C.:1 tq[IU(X-'t'"tll- 1<P(x,t)I)2+ L1U(X-'t-1 , t ll x-I ~(x,t) IJ21d X 

3 



TaKllM OÓpa30M. ~ rrpOH3BO~bHOrO E. :> o. 

- I 2 I,J-l.f!i- (1:) - R2 ('[:'1) ~ E , R 
1 

HeMMa 2.1 ~OKa3aHa. s 

BBe.neM 1JYHKWU0 U (s) ~ Sf (p) dp • C~OpMY~pyeM HeOÓXO~HMOe 
o 

H .nOCTaTO~HOe YC~OBHe cymecTBoBaHHH MOHOTOHHOrO OrpaH~eHHOrO peme-

HIDI ypaBHeHHH (1.3)'. 

J1eMMa 2.2 

ITYCTb .nJIH onperteneauoc-ra o ( A
1 

c. A
2 

• .II,.7m. Toro, ~TOÓli ypasae-
HHe (1.3) HMe~o MOHOTOHHoe perueHMe A(x) , y.no~eTBOpRIDmee YC~OBH

.lIM A(-OO)=A1• A(+oo) = A 2 ,HeOÓXO,lUIMO H .n;OCTaTO~HO BlirrO~He

HPIe c~e.IJYIOIIll1X YC~OBPIH: 

( B) (;j2A - ~-- (k~)A, = o , i=1 ,2
i b2_ 1 l l 

2) U (A 2 
2)(r)	 z;j2 A2 + U(A =w2A~ +-

1 1-b2
 21-b
2U(A

(.n;) -2	 2 U(s2) <W 2A 2 
+--1)

CJ,) s + --2- 1 
1-b ~_b2 .n;JIH Bcex SE(A

1,A2) 

AOKa3aT~CTBO COBrr~aeT c .nOKa~aTe~bCTBOM ~eMMH 3.1 PI3 paóo-


Tli ~7/.
 

B .nanDHeHilleM ÓY.neM rrpe~o~araTb, ~TO BlirrO~HeHli CBoMcTBa (a}-(.n;). 

~eMMa 2.3 

~H~oHan 

M(U)~I1IUtI2+,ux,2-U(luI2)+b(UtUx+UtUx)+ ~lb2_1)1U~U-UÜt)+C}dX 

2) 
A~rne c= ü> 2 (1-b + U (A~) , onpenexea li ae 3aBIllCHT OT t na 

peneszax aanasa (2. I), Y.no~eTBOp.fIl)lI{PIX cBOítcTBaM (2.2), (2.3). 

lIoRa3aTwcTBo 

IIO.nCTaB.1.Um aCHMIITOTiIKH U , U rrpm: x -- ±oo • ~erRO yóe.n;:HTbx 
CJI, lITO WHKl.U'IOHan I (u) , rrOHRMaeMHI B cMHc~e r~aBHOrO 3Ha1I8RIDi, 

onpenezea HÇl pemeHIDIX sanaxa KoIII:PI (2.1) co cBolcTB8MJI (2.2) ,(2.3). 
Jlanee , 

" 

4 

00 

dM (u) S{ - - - - 2 - ·'1 12 
-~ = UttUt+UtUtt+uxtUx+uxuxt-f(/uI 'utu-f( U )uut + 

-00 

2-1 
+b (uttU +utux t +utt.u +uxtUt) +iü'(b ) (ut'tU-UÜtt)~xx x 

B CBJfY paBHoMepHOCTPI aCKMIlTOTPIK (2.2), (2.3) no t STOT PlH-] 
TerpaJI CXO~TCJI paBHOMepHo Ha ~ÓOM KOHe~HOM PIHTepBaJIe PI3MeHeRBR 

[ t , I10STOMY rasoe .nPI<M>epeHIJ,RpOBaHPIe non 3HaKOM PIHTerpan8 38KOHHO', 

00 

= 1tUt~t+UtUt t - (UtU +UxxUt) + (UtÜ +uxut) xx x x 
-00 

2)	 2)u)ü 2)ü)u
f(luI (UtU+UUt)+b[(U +f(/uI +(.ü +f(luI + xx x xx x 

+	 (I U 2 ) x l +. iW(b2_1)L(Uxx+f('U\2)U)Ü-(Uxx+f('U/2)ü)ul}dx
tI 

00 

= S{Ut(Utt-Uxx-f('[U12)u)+ut(Ütt-Üxx-f(luI2)u) + 
-<lO 

2-1)(uü-uü)
+b(iu 12+U(lue)) +b(IUtI2) +iW(b 1d x x x x x x xj
 

[PICno~3yeM aCPIMTITOTiIKPI (2.2), (2.3) ]
 

= bL(A~-A~)W2('-b2) + U(A~) -U(A~)J =
 

= o
 

B cRRY cBolcTBa (.n) K ~eMMa 2.3 .nOK83aHa. 

ITMOJDIM v(x,t)=u(x-'{;o(t),t) , r.ne "Co -qJyHRUJIH:PI3 

~eMMH 2.1. ílCHO, lITO B C1WY Toro, 't{TO A(x,t)>,.- mintA, :AJ >0 
~ BCeX u ' ~OCTa~OlIHO Ó~3KHX K ~(x,o) ,H~eTCJI OKpeCTHOCTbo
 
HYM O 'raxaa, lITO ,IVJJI JIDÓOrO tE O :PI BCeX x I v t x s t )] "f: o •
 

il.f(x,t)
SamrmeM <:P(x,t) B B~e 4>(X,t)=A(x,t)e 1 r.ne tf= W(bx-t) . 

.ua.n:es, nOJIOJDIM a= [v \- A • Onpe~8JD1IM LU(x, t) K8K pa3HOC'l':b npOJl:3

B~HOI HenpepHBHO! BaTBR MHOr03HalIHO~ ~KUBB Arg v(x,t)R ~(x,t) • 

B CVJY Toro, 't{TO I v(x,t) I "f: o npa t E O ,aTa ~ onpeneaesa. 
HMeeM: v=(A+a)ei(~+w) • SaMeTRM a~e, lITO 

a=a (x,x- 't:: (t) ,t) , w=w (x,x- 't (t) ,t)o	 o , 
lLJIJI WlIK.qBlI v (x , t) , OlIeBJlJtHO , onpe~e~eH li He 8aBlICJIT OT 

t ~OH8JI 

M, (v)~I~I;~·12+ IVxf-U( IVI2)+b(~~ Vx~Vx)+iW (b2_1) ~~V-V;~):c } dx 

'""U (X-'t (t) ,t)
B KOTOpOM ~v o 

• rro~e Hec~oZHHX npeoópa30Ba'at "3t 

5



HHÍ1 nO.n:yqaeM 

~	 [2	 2 2 2 -2 2 2 2
dM=M1 (V)-M(tp) =-1 {(at+ba +(1-:b )ax+a c..) (b -1)-f(A )-2A f ' (A +x)	 

2 ,j 

+ (Wt+bW (A+à)2+(1-b2)W;(A+a)2+ ~a2[f«A+8a)2)-f(A2)+2(A+8a)2 •
x)2. 

(2.4) 
2 2 211

f' «A+8a) )-2A f' (A )JJdx, r;;J;e 8=8(x,t) E (0,1) 

3,n;ec:D TaKJKe a = 'C'a (x, x-'t:o(t) ,t) ()w = 'ôCU(x, x_o 'i:o(t) ,t) 
t '()t ' 'i't 'Ôt 

T.e.	 ~~epeHURpOBaHRe Be,n;eTCR no TpeT:DeMY apryMeHTY. 

ílCHO, lJTO eCJIPI 6y,n;eT ,n;OKaS8Ha MaJIOCT:D /I aI/ ,ItJIR BCeX t 

TO	 6y,n;eT MaJla 11 Ia IC ,nOSTOMY. cnpaaenzaso npencraaaeaae 

V=(A+a)e i(41+w) ]I (2.4). 

CillopMY~pyeM OCHOBHO~ peSY~TaT nepBoH lJaCTH pa60TU. 

TeopeMa	 I 

ITyCT:D b 
2 <. 1 , f f cioe (R) H nyCT:D BI:lnOJIHeHH caoãcraa (a)

(,n;). Tor,n;a ,IVtR: JIHJ60ro E. ';>0 CYlI(eCTByeT b >O TaROe, lJTO ,IVtR: npoas-
BOJIDHOrO penesaa u (x, t) sanaxa Konm (2.1) raxoro, lITO ftarl t=o (S, 

\(,Ux b~=o< fi H AM < ã ,,ItJIR BCeX t »° RMeJOT M9CTO aepasea-
CTBa 

lIall<é , /Wx/2 < C. . 

llOJlCHHM CMI:lCJI aTo:f.i reopess. VIs Hee BI:lTeKaeT CJIe,n;yxxnee 60JIee 

CJIaÓOO YTBSpJK,D;eHllS', H3 KOTOpOrO CJIS,I(yeT YCTO~OCT:D Kl1IHK-pemeHIDI C 

TOlIHOC~:DJO ,n;0 C,n;BXra n nOBOpOTa. 

TeopeMa	 r'
 
2 <1 1
IIYCT:D b ,f E c

1 oe
(R) . 11 nyCT:D BI:lnOJIHeIlli CBO~CTBa (a)-

Clt). Tor.n;a .ItJIR JIlO6I:lX E '> ° li d:» ° HaarteTCR S> ° TaROe, lJTO 

)tJIfI JIJOÓoro pemeaaa u(x,t) aanaxa Konra, .zt,IDI zoroporo IIa..fft::o < Õ, 

/Wxllt=o < S K AM <S' I HaarteTcR 't = i{;o (t) li! ;IJ)IR. JII06oro X o € R o 
HalIteTCJl Lfo= Lf (t), TaMe, lJTO 

. o 
ilf 

IIU(X-'to,t) e o_ep(X,t)11 1 < f . 
~'l:l (xo-d,xo+d) 

CJIe,n;yDmaH JIeMMa YCTaHaBJIRBaeT .n;OCTaTOlJHI:le YCJIOBKH Toro, lJTO 

lia 11 I. _-":'0 ,IW l21t :o;o r-l- ° ,AM--+-O npH u o-- <P( x , O ) ,xt-o	 , 
u 1 (x)+<f\ (x,O). 

JIeMMa 2.4 

~aij 1.:=0- °	 IWX l 2 1t=-;;- ° , I1M+ ° npa U (x)--4J(x,O),o 
u 1 (x)'-P- <P~ (x, °) TaK, lJTO ll uo-<:P(·,o)l.......o ,lu

1-
~~(.,0)12-0. 

6 

~. 

lloKa3aTe~cTBO 

Caaxana ,n;OKaJKeM. lJTO 't'o (O) -- o npa U --- cp (x , O) TaR, lITO o 
I~uo - ~(. ,O)/t-O • IIpe,lJ;IIoJIoJKHM npOTID3HOe. Tor.n;a CylI(eCTByeT TaRaR 

nOCJIe.n;OBaTeJIDHOCT:D tu~k)Jk=1,2,... ' lJTO u~kL...ep(x,O) ripa 

k __ 00 , HO COOTBeTCTBYIOlI(aR nOCJIe.n;OBaTeJIbHOCTl> q;: (O) = ~ (k ) y.n;OBo	 o 
JIeTBOp.He:, YCJIOBRIO I't' (~) r ~ 1:r > ° . KaR HeTpy.n;HO npOBepHT:D.
 

~ lu~k)l_ \4>(' ,0)~11-+0 npa k-oo. CJIe,n;OBaTeJIDHO,
 

R('t~k»= ~ lu~k)I-I4>~·+<[~k;olll=lllu~k)I-lcp(·,o)1 + lep(·,o)l-rep(·+~~k) ,O)nt~
 

~t<P(· ,0)1 -\4'(. +'C(~~O)IIl-lllu~k)H~(' ,0)111 ~ Const ,>0 

,I(JI.H scex .n;OCTaTOlJHO 60JIDIIIKX: k. Ho aTO npOTPIBOpelIKT BI:l60py 7:~k}. 
TeM CaMI:lM ,IT,OKa3aHo, lJTO 'Co (D) -+ ° npa U --- 4y(x,O) TaK, lJTO 

1/ U o - <P(. ,O) /1-+ O 

o 

TIOJIOXRM vo(x) = uo(x- ~o(t» , = u 1(x- ~0(0» •v 1(x)
 
HeTPY.ItHO y6e,IO[T:DCR B TOM, lJTO JI v cpc· ,o>!!·~ O, tp~ (. ,o)b-C\
o- I v 1
npa uo--<p(x,o) 9 u

1 
- t:P t ( x , O) , KaR B YCJIOBIDIX JIeMMI:l.
 

IIyCT:D v 1=Re v ,v2=Im v ,4>1 =Re <J; ,ep2= Im <P •
 
PaCCMOTpJ!M / al~ lt=o =-f( ~v~ + vf - Vep~ + 4'~ )2d x lt=o
 

ao [2,+,2 2 2}2 ~1 v 1- - 't' 1 + v 2 - <P 2 dx .
 

-oo 2 (A+81a) t=o
 

F.n;e	 8 = 8 (x) E. co , 1)
1 1
 

OTcro,n;a 2 2 ",2 l v 22 -~2",2 l ~
V 1 -~1 ~ 2 <
 
ta l 2 It=~~2(A+81a) 12lt=0 + 2 (A+81a) t=o
2	 ' 

{t v 1. + q>1 I 1 I 1 V 2+ '1>2 \ I F~ 2 (A+8a) c v 1- 4>1 2 t=o + 2 (A+e
1ar C Iv2- 'f>2[ 2 t=oJ 'CJIe.n;OBaTeJIDHO, 

Ia ( • ,O) I2 ~ ° npa RVo - 4> (. ,O) II - ° . 
AHaJIOrHlJHO la x; (. ,0) 12 -- ° npa //,v - 4>(. ,O) 1I - ° o 

P~CMOTPHM I\v(. ,O) - 4>(. ,O) Il 2 = 

= S t i (if+W) _Ae i""12+ ~(A ) e i (4'+w) -A e i Lfl+i (l.f +W) (A+a) itf"ú>li,I.f,l~'f'lL(I (A+a') e	 +aq I	 . xx x xx j' 

= 

-cor{9:1 A+él.-A;j~·Y+ IA +a -Axe -iJ...)+i (<f +W) (A+a) -ilfxAe -lw!2 ~ dx x x x 
-co 

OTCID.n;a BHTeKaeT He~aaeHCTBO 2
 

~vo- 4>(. 'O)«2~q'A+a-Ae-i1 2 \t=o~ ~A~~1:'e-i~ \t=:o-[a(. ,°>12J
2 

t
 

K CJIe,ItOBaT8JIDHO, 11:-e ii --- ° npa Uv~-4>(., O) Ir -- ° •
 

AHaJIOrKlJHO Ilv ~(. ,0)1 
2 
~ o

7 



""f:iW	 l W . 2IA +a -A e- +i(lf +W ) (A+a)-ilf Ae- / dx ~ 
-«J X X X X X x 1 t=o 

[Ia (: ,0) 12+ [w (- ,0) (A(' ,0) +a (. ,0») I 2-1 A (1-e -iW) +itfxA (1-e-iW) +iLf'X~21 t=0)2.x x	 x 

3aMeTHM, ~TO ~x=&b=const , n08TOMY M B CRny npe~mero
 

rh'
IAx(1-e
-iw)+ic.fxA(1-e - iw)+ilfx a

I'r'- O npa II v o- 't"(. ,0) li'I 2 --- O 

CJIe,I:(OBaTeJlliHO, HMeeM /a x(' ,0) 12-0 , /W (A+a )12 I =0 - O npax t
 

I1 V - cp(. ,O) 1/- O • IIOCKOJInKY MS ,I:(OKaSaIiHOrO Bl:lTeKaeT, -qTO

o
 
~allk=o-O , HMeeM la Icl t=o---- O J R CJIe,I:(OBaTeJInHO, (T .K. A >--const >0) ,
 I ~ .. ,

IW ( · , O ) / 2 - 0 npR fvo-cp(·,O)II-o •x 
.ILoKaJKeM, ~TO .l1M--O npM	 , u1---ep~ (X,O). KaKuo-4>(x,O)
 

B YCJIOBRffX JIeMMH. TaK *e, KaK ÓUJIO ,I:(OKaSaHO, ~TO lax/2It=0~ O ,
 

Iw l"2 f t=o~ O npz /Ivo-CP {. ,0) 11--0 , MO.lKHO ,I:(OKaSaTn, lITOx 

la (: .o: I - O ' IW ( · ,0) 12- 0 npa Ilvo- <p(. ,O)I~t
 
t Iv 1- 4'1~ (. , O) 1 -- o. Ho rror,I:(a MS npencrasneaaa (2.4) BUTeKaeT YT

2
 
BepJK,Il;eHHe JIeMMH_
 

Ms ,I:(OKaSaHHO~ ~eMMH BUTeKaeT
 

TeopeMa 1"
 

IJyCTn b 
2 <1 , f E:. cioc (R) M nyCTn BUIIOJIHeHH CBOMCT

aa (a)-(,I:() _ Torna .IT,JIR .JIRJÓoro é > O cymeCTBY8T 5> O TaROe, lITO
 

,ltJIR npOHSBOJThHOrO pern8HIDI S8,I:(alIM Konrn: (2.1) raxoro, ~Tol/u -CPC· ,0)U<b,
o 
lu -q> I (- ,O)b < 5 , ,I:(JI.fI scex t > O BhInOJIHeHH HepaBeHCTBa


1 t
 

lia II <- to, Ico /2 < t-
O x

• 3	 . B STOM nYHKTe ÓY,I:(eT ,I:(OKaSaHa TeopeMa I.
 
JIeMMa 3.1
 

/I a I1 - aenpepassaa qJyHKIJ;IDI t
 

lIoKa3aT8JlbCTBO
 

,lJ,.mi npOJI3BOJlliHHX t 1 ,. t 2 JIMeeM
 

Ila(. ,t1 )II-/la(. ,t2 )/1 =!IA(X+'to(t 1) ,t1 )- lu(. ,t] )/I-üA (x + 't:O ( t 2 ) , t ) - l u ( - ,t2~'
2 

~IIA(X+2b(t1-t2)+'t:o(t2) ,t lu(- ,t1)1~ -11 A (x+'C (t2) ,t2 ) - l u ( . ,t2 )1111)-	 o 

IIA(X+'CO(t2),t2)-lu(-,t1)1~ -I\A(x+t"0(t2),t2)-lll(.,t2 )IR~ 

~ Iu(- ,t 1 >lI - lu (. ,t 2 )/n 

~
 

OTCID,I:(a B CR~ npORSBOJlliHOCTH t ' t M rrpe,I:(rrOJIO*eHHH O CBOMCTBax1 2
 
perneHRH u(x,t) BHTeKaeT YTBepJK,Il;eHRe JIeMMu 3.1 .
 

PaCCMOTpHM WYHKUROHaJI
 

J(g)= -I {(1_b2)g~+g2 ~2(b2_1)-;f(A2)_2A2fl (A 2)] ld X •
 

O~eHHM ero CHMSY. 

JIeMMa 3.2 

CymecTByeT He SaBMCflmBR OT g M t nOCTOflHHaIT c ;> O TaKBR,
1
 

lITO J (g) ~ C 1 Ig I ~ .IT,JIR ncex <!JyHKI.WM g E wi (R) , Y,l(OBJIeTBOpflIDmMX
 

YCJIOBIDO g (x)A' x (x, t)dx = O .r
-<::I=> (3.1) 

1I0KasaTeJInCTBO 

PaCCMOTpHM onepaTOp Ltf= -(1-b2 ) lf 'l + q(x)lf, _<JO<X<QO, 

r,I:(e q (x) =w 2 (b2_ 1 ) -f (A 2 ) -2A2f I (A 2 ) _ llOJIOJIU'IM 

q.=W2(b2_1)-f(A~)-2A~f' (A~) , i=1,2 
l l l l 

B	 CYIJIY YCJIOBRff (Ó) q. > O , i=1, 2 

MSBecTHo /10/, ~T~ HerrpepHBHHH cneKTp onepaTopa L COBn8,I:(aeT 

c nO~np.F.lMOH Lb, + 00) , rze b= ~ rnin {q1 ;q2} • .ILaJIee, 

,I:(H[4)epeHlUipyfl (1. 3) no x , yóe]K,I(aeMciI, lITO, nOCKOJIbKy 

A I (x) E L 2 (R) , Lfo=A~ (x, t) aanaercs COÓCTBeHHOll qJyHKUMe:tí 

oneparopa L (KaK qJyHKUMfl x ), OTBe~8lOm8li COÓCTBeHHOMY SHa~eHmO 

).0=0 , npKtIeM rrOCKOJIDKy lf coxpanaer SHaK, },o - HaHMeHnlIlee o 
R npOCToe COÓCTBeHHoe SHalIeHHe. Ms CneKTpaJIDHOrO p'aSJIO~eHRH CaMocon

pazsaaoro B L (R) pacmapeaaa oneparopa L /107 BbITeKaeT ,I:(JIF.í scex
2
 

g , Y,I:(OBJIeTBOpflIDInZX (3.1):
 

J ( g ) = (Lg , g) ~ C1 Ig I ~ 

r,I:(e c 1=b , ecza Y oneparopa L HeT nOJIODTeJIbHHX COÓCTBeHHllX 

3HalIeHd, Jm60 paBHO HaHMeHnmeMY H3 :3TRX sHa~eHID1. 

JIeMMa 3.2 ,I:(OKaSaHa. 

BeJm1rHHa li;o (t) oaaa onpeneneaa KaK TOlIlta MHImMYMa W"HKlUU'I 
R(~) • C~e,I:(OBaTeJIDHO, 

00 

(R2(~)I~'t: =2S aA~ fq+{;)2- -~-[f(A2)+2A2f'(A2)J}dx = o. (3.2)
 
o -00 b -1
 

2) 2f 2)11f2IIO~ODM IA ' 121A'{q+w2- n[f (A +2A (AI 

K = =--_~_----=._.:..:.....- ---:::-:
2)+2A2f' 2)] l~x
rA '2fq+u:>2- -+-l f(A (A 

-00 b -1 
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2 

JIeMMa 3.3 

B KJIacc ~ cpjHKI:(l'tlt 9 E W~ ( R) • y,nOBJIeTBOpmomn YCJIOBJIl) 

2)+2A2Sq(X}A~(X,t) [q+(~/- [f(A f ' {A2 >J } d X = (3.3)bL O, 
_00 1 

CnpaBe,ItJIHBa oneaxa J (g) ~ C2 ( g I~ • r~e C 2 =C 1 / (H'K) 2
 

1l0Kaaa'l'e.n::DC'1'BO
 
00 

Ilpe,ncTaBHM 9 B BH,Ile g=c;(A~ + cf , r,ne SA~<R dx;=o. 
-00 

Tor,na J(g)=J(tf') ~c1ILfr~ • 11a YCJIOBJIH (3.3) nOJIyliaeM 
00 

2 
o( SÁ~ fq + <7>2_ -+ [f (A ) +2A2f I (AL >] 1dx 

-00 t b -1 
+ 

1-[fj lfA'x. {q+ W2_ -2- tA2 ) +2A 2f, (A2 )] }dX o 
-CP b -1
 

O'1'om.:u;a nO~aeM
 

2)+2A2fl 2r'f A~ h. -j,ü)2_ -+ [f(A CA ) ] } dx 

tot~'IA t= IA' \ . "" b -1 ~2)+2A2f' (A2)J1dXx 2 x 2 [JA~l:~+W2- b 2:l- [f(A
-81' 

2 2)+2A2f' 2)]JI21 A~ tq+w _ b~ 1 Lf(A (A


~ A~ l2 IlfV 00 - = K\íf t2
 
2)+2A2f' 2)]}S A;/{q+(~/- -s- [f(A (A dXf

\-~ b -1 

'uaJI8e JIMeeM Igb~lo(l'IA~12+llfb~ (1+K)llfI
2 

• CJIe,nOBaTeJ1I>HO, 

J(g)=J(lf)~C1Ilf[~'lC2 Igl~ • r,n;e C .11 JIeMMa 3.32=C 1/(1+K)2 
.n;ORaSaHa. 

JIeRMa 3.4 
1

B Macee q,y~ 9 E W2 (R) , y,nOBJIe'1'BopHlllIlJlX YCJIOBlDO (3.2), 

onpasenzasa oneaaa J (g) ~ C3 II9 11 2 c HeRo'1'opo~ nOJIOEH'1'e~HOi 1l0C'1'o-

HHHOft· C 
3
 

1I0RaaA'1'WC'1'BO
 

,llJIsi Dp4m3BOJIbHOrO K JIMe&f 

J(g)=(l-K) 5t(1-b2;g~+g2[w2(b2_1)-C2-f(A2}_2A2f' (A2)]1dX + 
-CP ;.) 
~ ~ ~ 

+K(1-b
2) Sg;dx+(1-K)C 21g2d X+KJg{C:;::/(b2-n-f(A2)-2A2fl tA2)] dx 

" -00 -CIO-oo I;
t) 

3,n;eCD nepBoe CJIaraeMOe B npaBoH ~aCTR HeoTpRIJ;aTeJIbHO B CR~ JIeMMH 3.3. 
I{poMe Toro, HaH,n;eTca k=k > o T81We t lITO o 

Ik maxIi;} (b 2-1 ) - f (A2 ) - 2A2 f (A2 )I f (1 - k ) C2/2
 
o x'R o
 

IT03TOM,Y ORO~aTeJIbHO no~aeM 
QO 00 

2 5 2 (1-ko)C 2 r 2
 
J(g) ~ (l-b )ko_oogxdx + 2 --1,g dx ~C3 11gl1
 

JIeMMa 3.4 ,nORaSaHa.
 

OueHIDA reneps nOCJIe,IVIee cxaraexoe B BHpaJKemm: ,IVm A M • l1Me

eT Mec'1'o
 

JIeMMa 3.5.
 

CYlAeCTByeT onpeneaermas na nOJlYnpJIMOH s ~ o HeoTpJI::UaTe~HaJI
 

<1JyHKIULff L ( s) raxaa, 11'1'0 1 irn L ( s ) =0 li cnpaaenzaso HepaBeHCTBO
 
s--+o
 

2) 2f' 2)]
I- ~_ra2[f ( (A+ea) 2) -f IA +2 IA+ea) 2f• ( (A+8a) 2) -2A IA dx/ólaU>LI lan ) • 

lI.oRaaaTeJ1I>CTBO 

ITo reopeae BJIOJt8HIDI C060JIeBa Iglc f. C4 HgR )J,.7IR mo60it
 

gtW2
1 (R) , r,n;e C • IlOJIOJImM L(O)=O ,,lJ,JIlI
4=const';>0
 

JlI06oro s ';> o
 

L·(S)= sup I f«tP+,+,)2)-f( 't'2)+2 (lf+'fi) 2 f , «tf+'I')2)-2't'2 f l (\f'2)!
 
1~lfC4s .
 

A 1( 'f <A 2 

CBOitCTBO lirn L(S)=O BHTeRaeT H3 paBHOMepHoit HenpepHBHOCTH ~HK-
s-+o 

IJ;lIliI f, f na .mo60M ROHel1HOM HHTepBaJIe, li JIeMMa ,n;ORaaaH8• I 

TenepD BCa rOTOBO ,IJ;JI.FI .n;ORaa8TeJIbCTB8 TeOpeMH I. Ms BUpaxeHR.FI
 

(2.4),IJ;JI.FI .ó,.M , JIeMM 3.4 liI 3.5 Bl:lTeRaeT CJIe.n.yJOIltaa onesxa:
 

2 (3.4)L1M~C3 IIal1 - Nall 2L( 'ali)· 

2-S 2L(S)
IlOJIODM H(S)=c3s • no JIeMMe 3.7 HaH,n;eTCH 64> 0 Ta

xoe , 11'1'0 AIDi JID6oro s : o ..( s L..b cnpaaanzaao Hep8Be~CTBO
 
C3 23 m ~,< .... 1 c- C--3 ~2


H(s):r 2 s • a':l:'HRcRpyeM anooe O2< Dl liI nyCTD AM <4""2 t 

lia R~$2 ,IJ;JJJl t=o • Tor,na B CHJJy JIeMMH 3. I 011eBH,ItH0 J 11'1'0 faI~ ° 
,n;.n:.q BCeX t ~ O • TeM CaMHM ,ltoXa3aHO, lITO ~al+o pasaoaepao no 

t ~ o npa AM-7'" o , 1/ a /I I t-:'; O • .IlJm ,nORaSaTeJIbCTBa aHaJIOrJIllHo

ro YTB9pJK.1teHIDI)J,.7IR IW x 12 ,nOCTaTOl1HO 3aMeTRTD J 11'1'0 

10 
11 
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ITyOTb	 BHnOAHeHH YCAOBRH (a')-(B') H nyCTb, KpOMe Toro, BUTIOA
o	 ~ (1-b2)lóJx(A+a)l~ fL\M-J(a) -


HeHO YCAOBRe
 
00 

2f' 2)]~) a 2[f ( (A+8a) 2)_f (A 2) +2 (A+8a) 2 f ((A+8a) 2) -2A (A dx 
_<S:> 

I 

(r') _1_ f I ( <:p . ) > o i=l, 2. 
b2-1 1

TeopeMa I ~OKa3aHa. 
Tor,n;a petaeaae cf>(x) , cyuecrsoaanae xoroporo r'apanmpyercx JIe~o:ti 

~aCTb TI. BemecTBeHHoe ypaBH8HRe ~e~Ha-rOp~oHa 5. I, Y~OBJIeTBop.iIeT ~JI.ff HeKOToporo a> o YCJIOBRHM
 

40./BemeCTBeHHOe~p.aBHeHRe~eHHa-rOp~oHa paccMaTpHBanocb B
 lim e - (x [ cP (x) - <P1 ] = O, lim e ~x [ cp (x ) - tf>-2 ] = O 
pa60Te /5 (CM. TaKEe /~7) ~-~ ~+~ 

U - u = f(u) . (4.1) lim.. e -~x q>' (x ) = O , lim e l x ~'~X)=O 
t t x x x-+- 00 ~+~ 

PaCCMOTpRM 3~aq,y KOillH3~eCb f - rJIa,n;KaJI BemeCTBeHHaff ~. IIo~CTaHOBKa u= cp (x-bt) ,
 

rne b=cons tI ± 1 , npRBO,IJ;HT K CJIe.IJYIOmeMY ypasxeamo ,IVIR: cWHKI.:UIH Utt-uxx=f(u) , x E. R , t>O
 

cp: 
(5.1)<pi

/ =	 _1_ 4' (4.2) u (x,O) =u
o

(x ) , u
t 

(x , O) =u
1

(x )
 
b2_ 1
 

Ilpa	 HeKOTOpl:lX npe,IJ;IIOJIOJiteHIDIX OTHOCl!T8JThRO W-HK~ f ORO 06JI~aeT 3,n;eCb U u - BemeCTBeHHHe ~HKUHH. Ey,n;eM rrpe~OJIaraTb, ~TO o 1
MOHOTOHHH..\fill orpaHlfIIeHHl:lMH pemeHRR:MPI. B STOM c.n:rrae pemeaae e:p(x-bt) eCJIH 
ypasHeHHH (4.1) Ha3HBaeTCR KHHKOM. (<P (x,O) -u (x)] E wi (R) , [~t'(x,O) -u (x)] E L (R)o	 1 2YCTO~BOCTb cTauRoHapHHx (b=O) KHHK-perneRRa ~OKa3aHa B pa

60Te /5/. B STO~ xe pa60Te H3yqanacb YCTO~HBOCTb HecTa~oHapHHx H 8TH Be~HHH ~OCTaTO~HO Ma~ B YKa3aHHHX rrpOCTpaHCTBaX, TO CyU{eCT-
KKHKOB. EaKO nOKa3aHO, ~TO npeo6pa30BaHHe ~ope~a rrapeBo~T HX B ByeT rJI06aJIbHOe (onpeneaeaaoe .I(JI.fI BCeX t> O ) peueaae u (x, t) 3a
crarraosapaae npa cOXpaneHIU'I BMa ypaBHeHIIH. 3aMeTl'IM, O,n;HaKO, 'llTO OT
 ~a~H KÓlIlR, np~eM.I(JI.fI JlIDÓOrO to~ O'BHnOJIH8,HO YCJIOBHe 
c~a eme He BHTeKaeT YCTO~~BOCTD RCXO~ pemeH~. 

lim /I u (. , t}-u (. , t.,) 1/ = O 
t~t . o~5°. CWopMYJIHpyeM OCHOBHHe pe3YJIDTaTH, KaCaDm:aeCR BemeCTBeHHoro o 

ypaBHeHIDI 'KJIe:fbla-rop~OHa R ero KlrUIK-pememrlL ,U0K83aTeJIDCTBO STJIIX YT


Be~eHHft JIH60 COBna,n;aeT C KOMnHeKCHHM cJIY'llaeM,.JIH60 npome R nOSTa H He 3aBRCRT OT t ~KIJ;HOHan
 

MY Ha	 npIIBO,IIJ!lTCR. M(u) = U~+U~-2U (u) +2bu tux +c} dx 
-~

r{
PaCCMOTpe ypaBH8HHe (4.2). IIycTb 4>1' 'P2 € R	 . 
JI§MMa	 5.1 

r~e C=2 U ( q> 1) • OnpaB~aHHeM nOCJIe.IUIeMY npennonoxenzn "( o tíJY~oHa-
IIycTb b 2 #- 1 • ,UJ1R: TOrO, 'tITo6bI ypaBHeHHe (4.2) l!MeJIO MOHOTOH-

JIe M ) CJlYDT TO 06CTORTemCTBO, ~TO eCJIR npe~OJIOm'ITb, 'tlTO .n;Jm
 
soe peneaae <P (x ) TaROe, 'tITO cp (- 00 ) = 4>1 ,cp (+ (0) = 4>2
 pemeaaa u (x , t) BeJllflIRHa (u (x,' t) - 4> (x ~ t)J H ee npoaasonaae 6HCT
Heo6xo~o l! ~OCTaTO'llHO BHnonHeHHe cJIe~max Tpex YCJIOBR~: pO y6HBaIOT npa x - 00 , TO, KaR R B 'tlaCTH I, MOJKHO ~OKa3aTb paBeHCT

(a') f(CP.) =0 i=l ,2 ;
l.	 BO d~~u) = o nPJiMl:lM ~~epeImRPOBaHHeM no t 

~ 
KaK	 R B 'tlaCTH I, BBe~eM çpyHKUIDO R('L)= inf ~ u(x-'t,t) - <p(x,t)1 ,

(6 ') u ( cp 1 ) =u( <P 2 ) r~e u (<p )= f f (p) dp 'l:' €R 
o	 MMeeT MeCTO 

(B')	 ~ U(<p) c ~ U( CPl) MR acex ~E(<P 1,4>2) r ~eMMa 5.2
 
l.-b l-b ! '
 -!JlyHKIUm R ( 'l; ) ~OCTHI'aeT csoero a6COJIlOTHOrO MlIImMYMa npz Het KOTOpOM ~ = 't"o ( t4I 

I 
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iI" 

;1 
'! 

IIOJIOXtR,M v(x,t)=u(x- 'to(t) ,t) • ~HKI.UfiO v MOJItHO npe,n;
CTaBHTb B BH,D;e v= CJ>+h r,n;e h=v-4> • HeTPY~O B~eTb, ~TOJ 

h=h(x,x- ~o(t),t) 

G~OPMYJIHpyeM OCHOBHOH peSYJIbTaT OÓ YCTO~BOCTH. 

TeopeMa 2 

, IIyCTb 'b2 <. 1 , f l: Cl
1
oc (R) H nyCTb BllnoJIHeHH YCJIOBIDI 

(a }-(r'). Tor,na .n;.IDl .mo6oro E. )-.0 cymecTByeT &'>o TaROe, ~TO 

.n;JIH npOHSBOJThHOr'O pemeaas u(x,t) sanasa Korrm: (5.1) TaKoro, ~TO 

~hlqt =o<Õ H LlM=M(u)-M(q» < b ,,n;JIH scex t;-O EMeeTMeCTO 
HepaBeHCTBO /Ih 11 <. S . l1MeeT MeCTO TaKJKe YTBepJi\Ilemm, aHaJIOrFl

aoe TeopeMe 1". 
TeopeMa 2~ 

1lyCTb b2 < 1 ,. f,; cioc (R) H nyCTb Bl:lnOJIHeHH CBO.tfCTBa 
(a' )-(1"). Tor,n;a ,n;JIH .JII06oro é >0 cymecTByeT ~ >0 raxoe, ~TO ec

JII! ~ uo-l!'(· ,o)/f<ô, lu - 4>tC· ..011 < S i TO /lhll'" ~ )J,JJ.fI scex1 2
 
t,.o
 

SaMe'lJaIDIe 

B ~aCTH I ~JIff KOMTIJIeKCHOro ypasHeHRH KRefiHa-rOp,n;OH8 Ól:lJIO c,n;e

JIaHO npennoaoseaxe A1 ,A2 >o , a B tIaCTH II TaKOrO npennoaoaeaaa 
,IJ;Jm CP1 ' cp 2 HeT. I'axoe npennoaosenxe CBJlSaHO c npe,n;cTaBJIelmeM 
.n;JIH BOsMYmeHHorO pemeHKH v=(A+a)ei(~+~) . ECJIH ero OTÓPOCHTb, 

TO raxoe npencraaneaae ,nJlR clJyHKI.UiH v , BOOÓme rOBOpH, H8BOSMOJKHO. 

Jle~CTB:KT8JI:bHO, ecJm npe.nnOJIOJK1!Tb, 'tlTO OHO CnpaBe,1l;JDlBO, rrplReM 
a (x., t)- O rrpH x --- 00 , TO MS HerO Bl:lTeKaeT, ~TO WJHKI4IDI v OÓ

pamaeTbH B HYJI:b npH HeKOTOpOM Xo € R , ~TO ~ npOHSBOJIbHOH KOMTIJI8KC

HO~ W,yHKUKH HeBepHO. 

38M8TRM,	 ~TO ,n.IDI KOMIlJIeKCHOrO ypasH8HIDI KJIeHHa-rOp,n;OHa C KY6H

'lJeCKO~ He~HefiHoCTbD f(s)=/st H8'CTO~~OCTb F~HRa, .n;JIH KOTOpOrO 
, ,n;OKaSaHa B paÓOTe /11 •A1=-A 2FO
 

B SaKnD'lJeHHe aBTOp Bl:lpaxaeT ÓJIaro,n;apHOCTb M.B.EaparueHRoBY,H
 

B.r.MaxaHbKOBY aa rrOJIeSHoe- OÓCYJlr,IteHHe paOOTl:l. 
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ffiHAKOB IT.E. 
06 YCTOHqHBOCTH KHHK-pemeHHH HenHHeHHoro 
ypaBHeHHH KneHHa - fop~oHa 

P5-87-572 

~OKa3aHa YCTOHqHBOCTb B cneqHanbHOM CMbiCne KHHK-pemeHHH 
KOMnneKCHoro ypaBHeHHH KneHHa - rop~oHa H YCTOHqHBOCTb $op 
Mbl KHHK-pemeHHH Be~eCTBeHHOrO ypaBHeHHH KneHHa - fop~oHa. 

PasBHBaiDTCH ~eH MeTo~a BeH~aMHHa, ocHoBaHHoro Ha ~oKasa
TenbCTBe nono~TenbHOCTH BTOpOH BapHaqRH 3aKoHa coxpaHeHHH 
CHCTeMbl npH HeKOTOphlX cne~HanbHb~ orpaHHqeHHHX Ha Knacc 
~onyCTHMhlX ~YHK~. 

Pa6oTa BbmOnHeHa B na6opaTOPHH BhlqHcnHTenbHOH TeXHHKH 
H aBToMaTHsaqHH OMHH. 

Coo6meHae 061oe.n;HHeHHoro HHCTH'fYTa a,nepHbiX accneAoBaiiJiii • .lty6Ha 1987 

llepeBO~ aBTOpa 

Zhidkov P.E. 
On the Stability of Kink-Solutions 
for a Nonlinear Klein-Gordon Equation 

P5-87-572 

The stability in the special sense of the kink-solu
tions for the complex Klein-Gordon equation and the "form 
stability" of the kink-solutions for the real Klein-Gor
don equation are proved. The ideas of the Bemjamin method 
are developed which are based on proving the positiveness 
of the second variation of the conservation law of thesys
tem under conditions on a class of admissible functions • 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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