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nocne 3aMe4aTeJibHO~ pa60TW rapAHepa, rp~Ha, KpycKana ~ 
M~ypw 11 ~rge 6wn OTKPWT MeTOA peweH~H ypasHeH~A KopTesera-ge 
c!>p!-13a /Kg$/, I-1Cil0Jib3yl0~11~ o6paTHYIO 3aAa4y pacceAHMFI, 6b1Ii0 cos
gaHO HOBOe HanpasneHMe. 5wn llpOBBAeH PFIA MCCiieAOBaHM~ HBKOTO
PWX samHWX HCiiMHB~HWX ypaBHeHMA,I1HTerpMpyeMWX C llOMO~biO 06pay
HOA aaAa411 pacccFIHI1FI /eM., HanpMMep, KHMry /l7/ /. 

Ha4aiibHWe gaHHWB ~ peWeHMFI ypaBHCHM~ B OCHOBHOM paccMaTpH
sanMCb a gsyx HaH6onee ecTecTBeHHWX Knaccax: 6wcypo y6wsaiOQHe 
11 llCPMO,QHLICCK11e /n04TI1 nep!-10AVI4BCKHe/ QYHK~11M. 0TMBTMM

2 
4TO 

nef11D.QI-14CCKaR aa,qaqa ,qnR ypasHeHI1.A Kg$ 6blna peweHa a 1 ·&! • 

B
1 1 MeTogaM!-1 MHTerpanos 3HeprMM M o6~eA Tpay6eposoA TeopeMw 

H3y4eHa 3aAa4a KowH gnR ypasHeHHFI Kgct> a npegnonomeHHH, 4TO 
u 0 (x) ·-A np11 lxl _, ""• A>O. 

YpasHCHHe K,qc!> c Ha4aiibHWMI-1 gaHHWMM, MMeiO~MMM pa3Hwe npege
Iibl Ha + ""• snepsbte paccMaTpv.sanocb s ¢lvt3114CCKI1X pa6oTax /7,8/, 
r,qe np-;;j6nvrmeHHbiM MCTO,QOM YH3CMa 6b1Jia HaAgeHa aCMMilTOTHKa pe·· 
weHI-1FI npH t • + oo. B pa6oTax /9,10/' npegnonara.A, 4TO peweHI-1e 
3a,qa4H Kow11 c Ha4aiibHWMI-1 gaHHWMH THna cTyneHbKM gnA ypasHeHI1.A 
Kgct>

191
vr AiiR MOAH¢H4HPOBaHHoro ypasHeHH.A Kgct> 1101 cy~ecTayeT, 

C llOMO~biO o6paTHOA 3aga4H pacce.AHMFI ll0IiY4HflH aCHMilTOTHKVI pe
WCHHFI npH t ->+ oo. 

0603Ha4HM 4epe3 X 8 , s ~ 1, MHomecTao ¢YHK~H~ f(x), onpegeneH
Hwx Ha AC~CTBHTCiibHO~ OCH R,TBKHX, 4TO AiiFI Kamgo~ ¢YHK~VIM 
f(x) Cy~eCTBYCT KOHCTaHTa c ,,QiiH KOTOpO~ BblllOJiHFICTC.R 

2 00 2 s 00 (k) 2 Ill fIll = f ( f(x) - c sgn (x)] dx+ '2. f I r (x) I dx. ,_ oo , I 11 
B -oo f k=l-oo 

(k) k k 
r·,qe f = d f/dx - o6o6111eHHaA npmtaaogHaA. 

nHHCAHOe npocTpaHCTBOX 8,s~l.cHa6mcHHOe HOPMOH /1/, ABJiFICTCA 
6aHaXOBWM npOCTpaHCTBOM a6cOJiiOTHO HCilpepWBHWX Ha Iii060M KOHC4-
HOM HHTepsane (!JyHK411H f(x) ,,QiiFI KOTOPbiX lim f(x) =·- lim f(x) = C f 

x~ioo x~-oo 
HeTpygHO llOKa3aTb, 4TO 1-'!MCCT MCCTO 04CHKa 

I c I < sup I f(x) I ·- constl!l fill r - - s 
xC: R 

/2/ 

CneAOBaTenbHO, f~-c7 c:.WA (W 9 -W 8 (R) - npocTpaHCTBO 
2 s "' (k) 2 

Co6onesa c HOPMO~ II gil = ~ r lg (x) I dx). 
8 k =0 

B HacTOR~eH pa6oTe c Hcnon~:'23osaHMeM MeToga nceagonapa6o.ni1-
4CCKO~ perynRpvt3a4VII-1 /a 1 ll/3TOT MCTOA np~M~~ np~ peWeHH~ 

0 ~bEfJ1"''"'· :· ,;" . , 
,~ ~ ' .. ,, -' ·.·. 

l 
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3aAa4H KowH AnR ypasHeHHR KA$ s npocTpaHcTse Co6onesal noKa-
3aHo cy~eCTBOBaHHe, eAHHCTBeHHOCTb H Henpep~BHaR 3aBHCHMOCTb 
OT Ha4anbH~X AaHH~X peweHHR 3aAa4H KowH AnR MOAH$H~HposaHHoro 
ypasHeHHR KA$: 

u t - u 
2 

u x + uxxx = 0, u (x,O) = f(x) , x G R, t ;:: 0 , 131 

rAe Ha4anbHble AaHHble f(x) npHHaAnemaT X 8 
, s;:: 3. KpoMe Taro, 

AOKa3aHa ycTOA4HBOCTb $opM~ peweHHR BHAa yeAHHeHHOR sonH~, 

npJ.1HaAnemali\ero X 8 Ann n106oro t >· 0 • 

1 . CYmECTBOBAH~E ~ E~~HCTBEHHOCTb PEWEH~R 

PEIYnRP~30BAHHO~ 3AAA4W 

2 2 0 
U t - U U X + U XXX - ( U XX t = ' 

u(x, 0) = g(x), x G R, t ~ 0, 0 < E < 1. 

- s s 

11.11 

06o3Ha4HM 4epe3 X T = C (0, T; X ) npocTpaHcTsa, cocTOFI~J.1e 

J.13 ¢YHK~HA u: R x [ 0, T] ... R , KOTOpble npHHaAnemaT X 8 np1.1 QJJ.1KcJ.1-
posaHHOM t,;;; [0, T), 1.1 OTo6pa>KeHJ.1e u: [ ~ T J ... X 6 FJsnReTCFI 
HenpepbiBHbiM H orpaHH4eHHbiM. AHanorJ.14HO w~ = C(O, T; w s). 

AnFI ¢v.KcJ.1posaHHoro E>O s 11. 11 CAenaeM 3aMeHy 

v (x, t) = E u (E (x - t), E3 t) • I 1. 21 

TorAa 11.11 TpaHc¢opMHpyeTCFI s 3aAa4y 

Vt+V -v 2 v -v t =0, 
X X XX 

11.31 
v(x, 0) = h(x) = Eg(EX) , xGR, t>O, 

Ecn1.1 h(x) ,;;; X8
, s 2: 2, TO, paccMaTpJ.1BaFI J.1HTerpanbHOe ypasHeHJ.1e 

t 00 1 
v(x,t) = h(x) + [ { K(x-.;)[v(.;,r)- -v 3 (.;,r))d.;dr 

0 _;,., 3 
1 

h(x) =V(x,O), K(x) =--sgn(x)exp[-lxl] 
2 

11 .41 

H COOTBeTCTBYIO~HM o6pa30M MOAH$J.1~J.1PYR paCCY>KAeHJ.1R, npJ.1BeAeHH~e 
s1121 OTHOCHTenbHO ypaBHeHHFI 5eH>KaMeHa, 5oHa J.1 MaXOHJ.1 

v + v + vv - v = 0 , 
t x x xxt 

nony4aeM, 4TO AnR AOCTaT04HO Manoro T cy~ecTsyeT eAHHCTBeHHOe 
peweHHe v(x, t) ( x <;; R, 0 < t < T) 3aAa4H 11.31, KOTopoe npw 
HaAI]e>KJ.1T X~l' J.1 lim v(x, t)- =: lim v(x, t) = Ch AnFI 

X4+oo X-+-oo 

2 

n106oro 0 ~ t ~ T. lno6anbHOe peweHJ.1e no speMeHJ.1 t MO>KH'o nony4J.1Tb, 
socnonb30saswJ.1cb 3aKOHOM coxpaHeHHR: 

2(3-c2
) 

00

{V2 dX+ f (V 2 -c2 ) 2 dx=2(3-c2 ) fh 2 dX+ {
00(h2 -c2) 2dx. n-x h h·x- h 

-oo -oo -oo -oo I 1 • 5 I 
PaseHcTso 11.51 HeTPYAHO swsecTJ.1, AJ.1$¢epeH~J.1pyR no speMeHJ.1 t 
1.1 Y4J.1TbiBaFI, 4TO v(x, t) YAOBneTBOpReT 11.31. 

Aanee, J.1cnonb3YR J.1HAYK~J.110 H 3neMeHTapHwe csoRcTsa npeo6pa-
3osaHJ.1R <t>ypbe, HeTPYAHO noKa3aTb, 4TO rno6anbHOe peweHJ.1e 
v(x, t) ypasHeHJ.1R I 1. 31 npHHaAne>KHT X~ AnFI n106oro KOHe4HOro 
T. TaKJ.1M o6pa30M, o6pa~aR npeo6pa3osaHHe 11.21 AnR $J.1KCJ.1posaH
HOro ( > 0, Mbl nony4aeM cneAYIO~ee yTsep>KAeHJ.1e: 

neMMa 1 

nycTb g GX 8 , s>2. TorAa cy~eCTByeT eAHHCTBeHHOe pew_eHJ.1e u 
perym1pH3osaHHOR- 3aAa4J.1 11. 1 I, K9TOpoe_npHfaAne>KJ.1T X~ AnR 
nJ06oro KOHe4HOro T. KpoMe Toro' ae u E w s- • 1 < e < s. 

t T - -

CneACTBJ.1e 

nycTb g,;;; X s n c 00 

J.1 nycTb g BMeCTe co BCeMJ.1 npOJ.13BOA-x . 
HbiMJ.1 npHHaAne>KHT 4.TorAa BCeB03MO>!:Hble npOJ.13B0AHble peweHHFI 
u(x, t) 3aAa4H 11.11 npJ.1HaAne>KaT WT AnR n106oro KOHe4Horo T. 

2. AnP~OPH~E OUEHK~ PEWEH~R PEIYnRPW30BAHHO~ 3AAA4~ 

Be3Ae s 3TOM naparpa¢e MW 6yAeM npeAnonaraTb, 4TO u(x.~ 
= g~) YAOBneTBOpFieT ycnOBJ.1FIM cneACTBJ.1e neMMW 1 . MHO>KecTso Ta
KJ.1X ¢YHK~HA MW 6yA~M o6o3Ha4aTb 4epe3 X~ HeTPYAHO noKa3aTb, 
4TO AnFI peweHJ.1R u(x, t) perynFipJ.13osaHHOA 3aAa4J.1 11. 11 HMeeT 
MeCTO paseHCTBO 

00 
2 1 2 2 2 00 2 1 2 2 2 

ll(u) = r [ux+-(u -cg) ]dx = r [gx+-(g -cg) ]dx 
-oo 6 - oo 6 

12.1 I 

YMHO>KJ.1M I 1 . 1 I Ha v(x, t) = u (x, t) - g(x) H npOJ.1HTerpit1pyeM 
no R.nocne J.1HTerpJ.1posaHJ.1FI no 4aCTRM nony4J.1M 

d doo 00 00 

-E (v) =- { (v2 +c2 v2 )dX= { u 2 u v dx- {vu dx. 
dt ( dt _

00 
X -oo X -oo XXX 

noACTaBnFIR B 3TO HepaseHCTBO o~eHKI-1 r vu dx < II vII II g II' 
XXX - XXX 

r u2 u X vdx < sup I gl II u 2 
- c 2 II II u II + c 2 II g II II vii ' - g X g X 

s c1.1ny 12.11 nony4HM 

dE (v)ldt < C(E (v) ':h + 1) • 
( - ( 
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0TCIOJ:Ia 111MeeM 

llvl1
2 

< E (v) < C exp[CT], - ( -
4TO sMecTe c /2.1/ AaeT cneJ:Iy~~Y~ neMMy: 

JleMMa 2. nycTb. g <:;;X"" • Torj:\a 

llvll 1 S C, Ill ulll 1 S C /2.2/ 
ANl scex t <:;; (O,T] He3aBII1C111MO OT e<:;( 0,1]. KoHcTaHTa C 
3aBII1Cl1T OT T 111 lllglll 3 • 

CnescTBII1e 

sup I u (x, t) I < C • 
x<;;R, t<:;[o,T] /2.3/ 

JleMMa 3. nycTb j:\aHbl T>O 111 g~X"".Tor,qa cy~eCTByeT <o' 
Tatwe, 4TO snr~ scex 0<ese

0 
111 t<:;(O,T] 

lllu 111 2 5 C. 

KoHcTaHTa C 3aB111CMT TonbKO OTT 111 lllglil 3 • 

.[IOKa3aTenbCTBO. BseJ:IeM o6o3Ha4eHII1rt: 

""2 2 2 2 12 23 I 2 (u) = -~ (3u xx + (5u - 3c g) u x + S (u - c g ) ) dx 

d ctei2 (u 1 +0u2 )ie=o =(G 2 (u 1 ), u 2 ). 

2 G2 (u) = gradi2 (u) = 6uxxxx -10uux -

- 10 u 
2

u + 6c 2 u + (u 2 - c 2 ) 2 u XX g XX g " 

HeTPYAHO y6eA111TbCrt, 4TO 

d 00 

-I 2 (u) =< 2 f G
2

(u)u dx. 
dt -oo XX 

HHTerp111pyr1 no 4acTRM, nepen111weM /2.5/ s BII1J:Ie 
dV 2 "" [ 4 2 2 
-d =-( r 5u uxuxt -6cgu uxuxt-20uuxuxx uxt t -oo 

- 10 u u 1 u ~x ] dx , 

rAe 

V(t) = { {[3 + <2 (5u 2-3c 2 )]u 2 + (5u 2-3c 2 )u 2 + 
_

00 g XX g X 

'+: (u
2
-c!) 

3 
+ <

2
(3u;xx + c:u; /2 - 5u!/2)ldx. 

4 

.. 

/2.4/ 

/2.5( 

/2.6/ 

B c111ny cneACTBMR neMMW 2 cy~ecTsyeT AOCTaT04HO Manoe 
f l > 0, TaKOe, 4TO j:\nR 0 < f :S f l BblnOnHReTCR 

1 _s: 3 + f 
2 

(5u 
2

- 3c !) S 5. /2. 7 I 
MHrerp111pyr~ not s /2.6/ 111 111Cnonb3YR /2.7/ aHanorii14Ho 1131 , 

MOlKHO nony4111Tb CII1CTeMy 111HTerpanbHbiX HepaseHCTB: 

2 t 2 
D(t) ::;2C+2t(C +1) JBD dr, 

0 
t 

B(t) 
2 < C + C [ D V. B 

2 
dr, 

/208/ 

rAe 
0 

2 o 2
=C +lluxllt 

C - KOHCTaHTa. 

2 
00 

2 2 
B = _1 ( u 1 + r u x 1 ) dx , 

TorAa noAo6Ho TOMy, 4TO Aenanocb s 1111 111113; 1113 /2.8/ sbtTe
KaeT YTBeplKAeHII1e neMMW. 

JleMMa 40 nycTb g ~X"", 0 < T < 00. Bbt6epeM fo>O 
CTBII1111 CjleMMof1 3. TorAa np111 O<r< c

0 
peweHII1e u(x, t) 

4eHO B 'X.r~• m~3, rpa'HbiO, 3aBVICR~e11 TOnbKO OT T, c
0

, 
VI rlllglll m + 1 . 

B COOTBeT
orpaHVI-

Ill gill m 

.QoKa3aTenbCTBOo YMHOlKaR /1.1/ Ha ll(2m)= a2m ll VI VIHTerpVtpyR 
no R, nony4aeM 

d"" 2 22 2""'3 dt_L [u(m)+c u(m+l)]dx=a f(u )(m+l)u(m)dx, /209/ 
-oo 

npVIMeHRR K /209/ 
V13/! 3/ BWBeCTVI no 

npasVIno Jlef16HVI~a, MOlKHO aHanorVI4HO neMMe 5 
VIH8YK~VIVI YTBePlKAeHvte neMMW. 

r 
CneACTBVIeo atu 

AnR scex p > 1, k VI T. 

- k 
OrpaHvt4eHO B WT He3aBvtC!-1MO OT 0 Sf::_ f O 

3. CXO,I:IMMOCTb PEWEHMR PEIYJ1RPM30BAHHO~ 3A.QA4M 
nPM c ~ 0 

B AanbHef1weM rcr) o603Ha4aer npeo6pa30BaHVIe $ypbe /o6paT-
HOe npeo6pa30BaH!-1e $ypbe/o nyCTb rP (k) - 4eTHaR C""- <!JYHK~HR 
0 < ¢ < 1, ¢ (0) = 1 , np!-14eM <llYHKI..II-1R .;, (k) = 1-¢ (k) VI MeeT s HYne 
HYitb 6ecKOHe4HOro noprtAt<a 111, t<POMe roro, ¢ cTpeMVITCR 3Kcno
HeHI..IVIanbHO K HYfl~ npl-1 k ~ ± oo o Hanp!-1Mep, Mbl MOlKeM nonOlKII1Tb 
¢ (k) = exp [ - r (k) ] , r (k) = k 2 exp [ -l/k2 ] 0 

nycTb g(x)~xs.s~3. Onpe,qeni-1M perymlp!-13a~ll110 gf(X)=g(x) + 
116 h v . . + [(1- ¢(c h k))g x (k) /ik] . M3 ct>opMynbl dg</dx 

= ( rP (c 1/0 k) g (k) J v 1-1 CBOf1CTBa ctJYHKI.\VIII1 ¢(k) Bb!TeKaeT, 4TO 
g f(x) ~X"". x TorAa s c111ny yrseplKAeHI-1R neMMbl 1 3aAa4a 
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2 2 
U t - U UX + U XXX - € U XXt = 0 • 

u (x, 0) = g € (x) , t ;:: 0, x G R, 0 < ! .S 1 , /3 °1 I 

-m 
VIMeeT eAVIHCTBeHHOe peWeHVIe U! (X, t) = u(x, t, !) G X T Ailfl 

scex m VI T.KpoMe TOro, sceso3MomHwe npocrpaHCTBeHHWe VI spe

MeHHble npOV13BOAHble u£ (x, t) npVIHaAnemaT W T. 

~cnOJlb3Yfl paBeHCTBa napceBaJlfl VI KOHCTPYK~VIVI g!(x), HeTPYAHO 

BWBeCTVI CJleAY~I!IVIe YTBepmAeHVIflo 

JleMMa 50 nycTb g(x) GX 
6, s .2: 3. TorAa VIMe~T MeCTO CileAY~I!IVIe 

o~eHKVI: 

(1/6) j -(1/6)j 
a/ ( illg Ill 0 <OIIIg lll=>ll!g Ill . =0(€ J, 

! S +J - E S E S + J 
j = 1,2, .••• 

6/ lllg- g£ Ills . = !lg- g 11 . = o(!<
116

j)) 
-J € S-J ' 

= 1,2, •••• s. 

s/lllg-g£1!1 6 = jjg-g£ II 
8 

=0(1) • 

O~eHKVI /6/ VI /B/ BWnOJlHfi~TCfl paBHOMepHO Ha CXOARI!IeAcR 

nocneAOBaTeJlbHOCTVI B X 6.0~eHKa /a/ BblnOJlHReTcR pasHoMepHo 

Ha orpaHVI4eHHOM nOAMHOmecTBeX~Q~eHKa /6/ TOme 6yAeT BWnon

HfiTbCfl paBHOMepHO Ha orpaHvt4eHHOM noAMHomecTBe X~ecnVI 3aMe

HVITb B /6/0 Ha 0. 
B cvtny neMMW 4 VIMeeM 

CneACTBVIe 1 
nycTb s .2: 3. TorAa He3aBVICVIMO Ailfl A0CTaT04HO MaJleHbKVIX £ 

/a/ u£ orpaHvt4eHo B X~, 

/6/ E m/6 u£ 
--s+m 

orpaHVI4eHo B X T 

CneACTBVIe 2. nycTb S~3.TorAa He3aBvtCVIMO Ailfl AOCT8T04HO 

MaJleHbKVIX £ 

I a/ at u £ orpaHVI4eHO B 

/ 6/ ml6a s+m-3 a 
£ X t U! 

7/6 · s+l · 
I a/ £ as a t u £ VI 

6 

0 

-s-3 
WT 

-
orpaHVI4eHo sWTnpvt m=1,2,3, 

4/3 . s +2 
£ a X at u £ orpaHVI4eHbl B WT. 

... 

AoKa3.aTe11bCTBOo 06pamar; onepaTop (1-£ 2a: ), 3anVIweM /3.1/ 
B BvtAe at U£= K( *(u;axu£- a~u(). 
1!\VI paBeHCTBa napceaaJlfl VI HepaBeHCTBa 

CJleAY~I!I~e 04eHKV1: 

0TC~Aa npVI noMo

TpeyrOilbHVIKa nony4aeM 

11a u 11 <ll<u 2 -c 2 )a 
t £ B- 3 +m- ( g X 

u 
£ II s- 3 +m + c ~ II a X u £ lls-3+m+ 

. 3 
+ 11ax u £II s-3+m 

jjatu£ lls+l s 0£-
1
ii(u; -c:)axu£ lls+l +c;j!axuEII 8+ 1 +11ax

3
u!ll

8
+ 1' 

-1 2 2 . 2 2 2 
lla.x atu!lls+l ~0£ [jj(u£-cg)x aXu£ lis+ IICu!-cg)aXu(lls] + 

+ c: 11a; u( II s+ 1 + 11ax
4

u £II s+t • 

rAe 0- HeKOTOpaR KOHCTaHTa. 

npoBOAfl HeCJlOmHWe BW4VICJleHMfl VI VICnOJlb3Yfl CileACTBMe 1, M3 

sepXHMX HepaBeHCTB nOI1Y4VIM YTBepmAeHVIe CJleACTBVIfl 2. 

JleMMa 6. nycTb g(x) G X s. s :::3. TorAa !u£ L B fiBJlfleTCfl o6o6-

meHHOA .nocneAOBaTe11bHOCTb~ /oono/ Kowvt e XT npVI £ •O. 

,QoKa3aTeJlbCTBO. nycTb 0_5:t. TaK KaK cg(=Cg =Cg• TO W=u(

- U o npMHaAJlemi1T W T BMeCTe CO BCeMM CBOMMVI npBvt3BOAHbiMVI Ailfl 

n~6oro KOHe4HOro T VI YAOBJleTBOpHeT cneAY~meMy ypasHeHVI~: 

w -[l.w 3 +u 2 w-u w2] +w -o 2 w =(£ 2 -o 2 )u 
t 3 £ ( X XXX XX t XX t 

/3°2/ 
w (x, 0) = g £ (x) - g 0 (x) • 

~1cXOAH Vl3 /3 o 2/ VI nOBTOf,Hfl paccymAeHVIfl, npvtBeAeHHble npVI 

AOKa3aTeJlbCTBe JleMMW 7 B/l < B CMilY CJleACTBHfl 1 H 2 JlBMMW 5 
nony4VIM, 4TO Ill w!ll

8 
= llw 11

8 
.. 0 npvt £ + 0. 

CneACTBHe 
- s-3 

I u t (x, t, £) l HBJlReTcR o. n. Kow~-1- a W T npvt £ • 0. 

TeopeMa 1 0 nycTb g(x) !;; X s ,rAe s>3. TorAa CYI!IeCTByeT ,S!AMH-
- 8 

CTBeHHOe peweHVIe u(x, t) ypaeHeHVIR /3/, npHHagnemamee X T , 

0 < T < "" H u(x, 0) = g (x) • 

AoKa3aTeJlbCTeo. EAVIHCTBeHHOCTb BWTeKaeT cpa3y Vl3 cneAY~I!IVIX 

cTaHAaPTHWX BW4HCJleHHRo AonycTVIM, 4TO CYI!IeCTBY~T ABa peWeHVIR, 

u H v, H nycTb w = u-v. TorAa 

7 



1 2 9 -
wt -3[w(u +UV+V~)]x+Wxxx =0,w(x,0)=0, w~W~. 13.31 

YMHO>KaH 13. 31 Ha w 1t1 ltiHTerp~t~pyH noR, nonyL~aeM HepaseHCTBO 

d
00

2 2""2 2 00 2 
-- {w dx=-- J(u +UV+V )wwxdx<C Jw (x,t)dx. 
dt -oo 3 -oo - -oo 

"" 2 
0TCIOAa J W (X, t) dx = 0 It! 113 HenpepbiBHOCTitl W BbiTeKaeT, 

-oo 

LITO W =0. nycTb ge 0603HaLiaeT perynHpltl3al.lltiiO c(>yHKLIItlltl g, a 
U€(~ 0 - COOTBeTCTBYIO~ee peWeHitle perynHpltl3bBaHHOA 3aAaLIItl 
13. 11. B c~t~ny j'TBeP>KAeHVIH neMMbl 6 1t1 ee cne.qcTsltiR cy~ecTsyiOT 
u~X~ 11 vGW~= 3 TaK~-te, LITO llue-ullxT=IIue-ullwT -.0 

s-3 
It! at Ue -> V B W T. npltl e + 0. 0TCIO.qa BbiTeKaeT, LITO 
· 3 · 3 - s-1 · 3 · 3 - s-3 
d X (u € ) -+ a X (u ) B W T , a X (u € ) -> a X U B W T , a Ta K 

KaK U e -+U, at Ue -+at U B CMbiCJle pacnpefeJleHitiA, TO_!! t=V.J-13 . 
CJleACTBVIH 2 JleMMbl 5 BbiTeKaeT, LITO e2 axatu€-+ 0 BWT=>e2a:atue-.0 
B cMwcne pacnpeAeneH~t~A. TaK~t~M o6pa3oM, AenaH npeAenb-
HbiA nepexoA s 13. 1 I, nonyL~aeM, LITO s CMbiCJle pacnpe.qeneH~t~A 

2 &s Ut-U Uxj-U xx=0, u(x,O) = g(x). 0TCIOAa, TaK KaK u<;XT 
It! U t (:;; W

8.f:f, HCHO, LITO U (x,t) HBilReTCH L 2- peWeHitleM 3aAaLIItl 
131, ecn~t~ s =3, 1t1 Knacc~t~LiecK~t~M peweH~t~eM s cnyL~ae s > 3 
ITepMitiH L 2 - peweHitiB 03HaL~aeT, LITO see LIJleHbl s 131 .ABilHIOTCH 
L2-ct>YHKL.IIti.AMitl OT x 1t1 ypasHeH~t~e 131 y.qpsneTBOpHeTcH .qnR Kam
AOro t noLITitl BCIOAY no x I. 

nycTb uJx.t) 03HaLiaeT peweHHe 131 Ha Rx [O,N], rAe N =1' 
2, • . . . OnpeAeJlltiM Ha R x [ 0, oo] c!>YHKL.IIt!IO u (x, t) = u N (x, t) np11 
t < N. QyHKL.IItlfl u(x, t) KOppeKTHO onpeAeJleHa B CI1JlY eAitiHCTBeH
HOCTitl 1t1 npe.qcTasnHeT rno6anbHOe peweH~t~e 131, KOTopoe np~-tHa.q
Jle>KVIT X; .qnR 11106oro KOHeLIHOro T. 

4. 3AKOHW COXPAHEHHR 

nycTb g(x) G X 
00 

It! u(x, t) HBilfleTCH COOTBeTCTBYIO~ItiM pewe-
HitleM 131. HenocpeACTBeHHO MO>KHO nposep~t~Tb, LITO I 0(u) =l 0 (g), 

00 2 2 
rAe Io(u) = I (u - c )dx. nonO>KitiM 

-oo g 

v(x,t)=u
2
(x-c:t.t)+ySux(x-c!t,t) -c~. 14.11 

npeo6pa30BaHVIe 14.11 nOA06HO npeo6pa30BaHVIIO M~t~ypw, It! HeTPYA
HO y6eAit!TbCH, LITO v(x, t) YAOBJleTBOpReT ypasHeHitiiO KAc!> 

2 2 -
vt-vvx +Vxxx =0, v(x,O) =g -Cg+y6g x· 

TaK KaK v(x, 0) G W 
00 I Coo - ct>YHKL.IItlltl, KOTOpble BMecTe co cso~t~

Mitl npolti3BOAHWMH np~t~HaAnemaT L 21, TO cy~ecTsyeT 1141 6ecKOHeLI
HaH nOCJleAOBaTeJlbHOCTb nOJlltiHOMVIaJlbHWX 3aKOH08 COXpaHeHI1H, KO
TOpyiO MO>KHO 3an~t~CaTb B c(>OpMe 

8 

<t 

~l 
~ 

lt 
\u 

I· 

00 
2 2k-1 2 k+l 

Ik-l (v) = I (v(k-t/ --vv(k-2) + p (v, v (l) , ••• , v(k-3 )) + av ) dx.. 
-oo 3 14.21 

3AeCb a~O. noAcTasn.Afl 14.11814.21, nonyLiaeM 6ecKOHe4HyiO'no
CJleAOBaTeJlbHOCTb non~t~HOMitlaJlbHbiX 3aKOHOB coxpaHeHVIH AilH 131 
npltl u(x,O) = g(x). 3Ty nOCJleAOBaTeJlbHOCTb MOlKHO 3an~t~caTb B 
c(>OpMe 

00 

2 2k-1 2 2 2 2 2 2 2 k+l 
Ik(u)= I !u(k)+[--(u -c .. )+-u ]u(k-l)+b(u -c) + 

-oo 3 b 3 g 

+ Q(u,u(l) .... ,u(k-2) )ldx, b f,. 0, k ~2, 

11 (u) = r [u; +! (u
2 -c: )2 

]dx 
-oo 

14.31 

TeopeMa 2. nycTb g<;.X 8 ,s?_3 VI nyCTb u(x,t) ABJlHeTCR co-
OTBeTCTBYIO~ItiM peWeHitleM 131 Ha R x[O, oo]. Tor.qa Ik(u), k =1 ,2, 
.•• , S Cy~eCTBYIOT It! He 3aBVICHT OT speMeHitl. 

AoKa3aTeJlbCTBO. nycTb u (x,t) HBJlHeTCH peweHVIeM perynHpV130-
BaHHOA 3a.qaLIVI 13. 11 • .£\nR KpafKOCTH BMeCTO Uf 6yAeM n~t~CaTb U. 
A~t~ct>ct>epeHL.IItiPYA Ik(u) no t 1t1 ·~t~cnonb3YH 13. 1 I, nony4aeM 

dlk 2 
--=(gradlk(u),u )=e (gradik(u),u t). 14.41 
dt t XX 

0603Ha41t!M 
00 

2 2 2k +1 2k -1 2 2 2 
Jk(u)= I !u(k)[l+e ( u- cg)]+e u(k+t)+ 

-oc 3 3 

2k + 1 2 2 2k -1 2 2 
+-3-u u(k-1)- -3-cg u(k-t/Rk (u,u(t) .... ,u (k-2ildx • 

rAe 

2 2 k+l 1 
Rk (u, u(l) , ... , u(k-2)) = b(u -c g) + Q(u, u(l), ... , u(k-2)". 

HHTerp~t~pyR no 4acTHM s 14.41, a nOTOM HHTerp~t~pyH no ~ He-
TPYAHO nOJlY41t1Tb paseHCTBO 

00 k-2 
aRk 

J k (u) = Jk (ge) + e 
2 

I r I :£ u t,(j+2) + 
0 -oo j= 0 au. <J> 

14.51 
~~ 2 2 

+ 2-
3
-- u u xxt u (k-l) -4u t, (k) u ~x u (k-1) +2u(k) u u t I dxdr. 

9 
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B CMilY neMMbl 5 Jk(ge)-+ lk (g) npM e-10, k=1, ... , s. 
KpoMe Taro, M3 cne,qcTBMfl 1 neMMbl 5 BbiTeKaeT, 4TO Jk (u £) -.Ik(u) 
npM e ~ 0, r,qe u- peweHMfl ypasHeHHfl 131. lkno!lb3YR cne,qcTBMfl 
1 1-1 2 Il8MMW 5, MMeeM, 4TO HHTerpa!l B npaso~ 4aCTM ¢0PMYI1W 
14.51 cTpeMMTCfl K HYil~ npH £-10: TaKHM o6pa30M, nepexo,qR K 
npe,qeny e 14.51 npH e+O, nony4aeM, 4TO Ik (u) ==lk(g), k =1, ... , s 
Ailfl Kam,qoro t;: 0. 

~Cr10Ilb3Yfl TeOpeMy 2, MHAYKTHBHO MO>KHO ,QOKa3aTb C!le,qy~~ee 
YTBep>K,qeHHe. 

C!le,QCTBI-18. nycTb gr;; X 8 ,S>3, H rlYCTb u(X, t) fiBilfi8TCfl COOT-
BeTCTBY~ll\1-lM peweHHeM 131 Ha-Rx[O,<><>]. Tor,qa lllulllk, k =1, 
. •• , s, pasHOMepHO orpaH!-14eHw no tGOO, ""]. Apyri-!MM cnosaMM, 
,qnR g r;; X 

3 
, s :_;:3, CYll\eCTBYeT e,qi-1HCTBeHHOe rno6a!1bHOe peWeHMfi. 

8 
u (x, t) 3a,qa4M KOWM 131' KOTOpoe npi1Ha,qne>KI-1T npocTpaHCTBY X oo• 

5. HEnPEPWBHAR 3ABHCHMOCTb PEWEHHR 
OT HA4AflbHWX AAHHWX 

nycTb g(x) GX
8

, s>3. Tor,qa B CMJly cne,qcTBHfl TeopeMbl 2 U(g) = 
- s -

u(x, t) OT06pamaeT X s npocTpaHcTso X rn PeweHHe ypasHeHI1fl 131 
BH,qa ye,qi-1HeHHO~ BOilHW, KOTOpoe MW paCCMOTPHM B CJle,qy~ll\eM 
pa3,qene, noKa3wsaeT, 4TO U He fiBJlfleTcfl HenpepWBHWM. 

0,qHaKO, 8CI111 paccMaTpi1BaTb KOHe4HWR HHTepeaJl epeMeHH, 
HMeeT M8CTO C118AY~ll\afl 

s -s TeopeMa 3. nycTb O<T< .. 11 nycTb u(x,t)=U(g):X -.XT, 
g,;; X 

8
, s > 3 - cymeHHe Ha [ 0, T] rno6a!lbHoro peweHHfl 11 ypaeHeHI1fl 

131. Tor~a U RBilfleTCfl HenpepWBHWM. 

AoKa3aT8IlbCTBO. nycTb g n:::g B X 
8

, s;::3. Heo6XOAMMO noKa3aTb' 
4TO U = U (g 0 ) -+ U = U (g) B xfH11H, ,qpyrHMH C110BaMI1, 
lllu

0
-ullls -+0 paeHOMepHO no ti;;(O,T].HMeeM 

Ill u 
0

- u Ill 6 :S Ill u n - u ~ Ill 8 + Ill u ~-u r Ill 8 + Ill u e -uti I 
5

• I 5 · 1 I 

3,qecb ue 11 u~ - peweHHfl 13. 1 I c rna,qKHMH g£ 11 gn£. AHanorH4Ho 1131 

A11fl t r;; [0, T] 11Me~T MecTo o~eHK11 

I!Ju-u Ill = llu-u II •< const(e 116 + Jlg-g II ) , e s £ s- c s 

n n n n l/6 
Ill u - u Ill = II u - u II < const (e + II g - g II l , 

£ s £ s - n ne s 

KOTOPble noKa3biBaiOT, 4TO II u n - u £n II -+ 0, I I u - u I I -+ 0 
8 ( B 

£ +0 paBHOMepHo no tG[O, T] 1-1 n =1,2 ... 11, cne,qosaTeilbHO, H3 
15. 1 I BI1AHO, 4TO ,qnR TOro, 4T06bl nony411Tb yTsepm,qeHMe TeopeMbl, 
,qocTaT04HO ,qoKa3aTb, 4TO lllu n -u II I .... 0 npH n-+"" Ailfl ¢HKcl1-

npl1 

( ( B 
posaHHOro e pasHoMepHo no t G [ 0, T]. 

10 

ll l. 
~ 

'· ' I 
i 

~ 
II. 

t 
j' 

: J 

: 1 

d ., 
: ~-
.' •I 

npHM8Hflfl TpaHC¢0pMa~HIO 11 .21, CBe,qeM peryilflpi130BaHHYIO 3a
,qa4y 13.11 K 3a,qa4e 

vt +Vx-v
2
vx-vxxt=0, v(x,O) =h(x)=Ege(x). 15.21 

nycTb V n 11 V fiBilfiiOTCfl peWeHV!fiMI1 15.21 COOTBeTCTBeHHO ,qml' 
h n (x) = e S...n£ (x) H h (x) == £ge (x), Tor,qa, ecnVI Mbl ,qoKa>KeM, 4TO 
V0 ->V B X 8R ,QJlfl npOH3BOilbHOro KOH84HOro R, TO, o6pall\afl 11.21 

n -s I£ - ¢11KCI1posaHol, nony4HM, 4TO u£ -> u e s X T. 
B CI1IlY Il8MMbl 5 g 0rg € B Xk ,QJlfl BCeX k lnp11 k>S CXO,QI1MOCTb 3a

BVICI1T OT e I. Cne,qosaTe!lbHO h n, h GX oo. YMHO>KI1M ypasHeHHe 
15. 21 Ha vt2j) , j:::: 1, H npOHHTerpl1pyeM no 4aCTfiM, nOilY411M 

d 00 n 2 n 2 2 "" n 3 n 
dt-£[(v (j)) '+ (V (j+l)) ]dx ==:a-~ [(v) ](j+l)(v ) (j) dx • 

0TCIO,qa, 11Cn0Jlb3Yfl 11HAYK~I110 11 npaBHilO fle~6HH~a, MO>KHO noKa-
3aTb, 4TO lllv 0 lllk<C

0
,tG[O,R], r,qeC

0
3aBI1CfiT OT lllh

0
lllk 

11 R. Y411Tb1Bafl' 4TO h n->h B xk Ailfl scex k, nO!lY4HM 

lllv
0
lllk sconst, tG[O,R]. 15.31 

W
0
=V

0
-V y,qOBI18TBOpfleT Cil8AYIOll\8MY ypaBH8HI110: 

wn+wn -(wn)2wn- (vvnwn) -wn =0 
t X X X XXt ' 

15.41 
w n (x, 0) = h (x) - h (x) = f (x) • 

n n + 

Aanee ,q!lfl KpaTKOCTI1 BMecTo W
0
6y,qeM n11caTb w.YMHO>Kafl 15.41 Ha 

w(2j), HHTerpl1pyfl no R H no (0, t],nocne COOTBeTCTBYIOll\ero HHTe
rpHpOBaHI1fl no 4aCTfiM nOilY411M 

t 00 

Wj(t)=Wj(O)+(-l)J2 f f [w
2

wx +(v
2
w\ +(vw

2
)x]w(2j)dxdr, 15.51 

0 -oe 

r,qe 

Wo(t)= .f£(w 2-c; )+w;]dx, wj (t)= .f[w(})+W(~+l)]dx, L::: 1. 
--oo n -oo 

0TMeTI1M, 4TO e CHilY /5. 31 I 1 I w 1 II < C, t G [0, R], npl14eM C He 
3aBI1CHT OT n, np111 j =Q 1-13 15·. 51 B~rreKaeT, 4TO 

w 
0 

(t) _:: w 
0 

(O) exp [ Ctl => I I I w n I I I 
1 

:5 c I I I c n I I I 
1 

mq> [ CR], 

r,qe C- KOHCTaHTa 111, cne,qosaTeilbHO, lllwnlllt -.0 Clll fn lilt-+ 0) 
pasHOMepHO no t r;; [ 0, R]. Aanee, 111CnOilb3YR 11HAYK~HIO 111 npi-'IMeHRR 
npaBHilO fle~6HI1~a K 15. 51, nOilY411M, 4TO Ill V n- V Ill k 
=\II w n Ill& .... 0 np111 n .... ,. pasHOMepHo Ha orpaHI-148HHOM epeMeHHOM 
111HTepsane ,qnfl scex k>O.TeopeMa ,qoKa3aHa. 

nonyTHO Mbl nOily4HnH C118,QYIOll\88 YTBep>K,qeHI18: 

TeopeMa 4. nycTb g(x) r;; X 9
, s > 2. Tor,qa Cyll\eCTByeT eAHHcT

BeHHOe peweHHe 3a,qa4H ut+ ux- u2 ux- uxxt =0, u(x,O)=g(x), 

11 



- s . 
x c; R, t~ 0, KOTopoe npl'!fiafnelKII!T X T gnr~ scex KOHellHbiX T. u (x, .t) 
3asl-1ci-1T HenpepbiBHO e X TOT HallaJlbHbiX gaHHbiX g e X • 

6. YCTOtl411BOCTb ()JOPt1bl PElUEHI-111 BI-1,[\A YEAI1HEHHOtl BOnHbl 

1. AnH ygo6cTea s 3TOM pa3gene MOAI-1¢1-1~1-1poeaHHOe ypasHeHI'Ie 
KA()J 6yAeM paccMaTpl'lsaTb s ¢opMe 

u 1 - 6u? u x + u xxx = 0, u(x, 0) = f(x) c; X s , s ?::3. x ~ R, t :::_ 0. !6 .1/ 

YpaBHeHI'!e /6.1/ ~'!MeeT peWeHHe Bl'!ga yegHHeHHOA BOJlH~: 

<l>(y) = ath(ay) , 

rAe 
2 

0 < a < ""• y = x + 2a t. 

nerKO nposepReTCfl, llTO a th(ax) -> bth(bx) 8 X 8 npH a:-> b B R. 

A c gpyroA CTOpOHbl, a+b:':lim su_p I<I>a-<I>b 1. CnegoeaTeJlbHO, 
t..- x'"R 

<I> a He CTpeMI'!TCR K <I>b B C(R) /a 3Hal!I-1T, H B X 8 I pasHOMepHO 
no t I;; [ 0, oo]. OgHaKO, HCnOJlb3Yfl MeTOA 6eHlKaMeHa1 16< Mbl noKalKeM 
yCToA41-1BocTb cpopMbl <l>(y). 

OnpegeneHHe ycTOA41-1BOCTH. PeweHI'Ie <I> ypaeHeHHfl /6.1/ ycToA-
4HBO OTHOCHTeJlbHO MeTpi-1K dl 1-1 d11 , eCJlH AJlfl KalKAOrO c>O CY!Jl8CT-
syeT TaKoe o, 4TO 1-13 [d 1 ~u. <I>)]t=O ~o cnegyeT d

11 
(u,<I>)::;f,Vt::cO. 

nycTb T- rpynna CgBHrOB Ha OCH 
ganbHeAweM d 1 (u, <I>)= Ill u- <l>lll1 , 
MynoA 

x,rf(x) = f(x-(),(<;:R. B 
a MeTpHKY dn 3aAaAHM· ¢op-

dii (u, <I>)= inf lllru -<1>111 1 • /6.2/ 
T 

Mbl nOKa~<eM, 4TO peWeHHe <l>(y) ycTOA41-1BO OTHOCHT8JlbHO MeTpHK 
di H dii .B 4aCTHOCTH, KaK BHgHO 1-13 /2~ 1-1 /6.2/, 3TO 03Ha4aeT, 
4TO Manoe Ha'laJlbHOe B03MY!JleHHe MaJlO MeHReT (jJOpMy <lJ~).0603Ha-
41-1M [ d 1 (u, <I>)] t=O = o, lim u (x, 0) = c '¥ = c th[ c (X+ 2c 2 t) ]. 

x-++oo u u u u 
B cHny /2/ HeTpygHO nony4HTb o~eHKI-1 

d (u,'I')<d (u,<l>)+d (<I>,'¥)<8 +C(c -a) <(l+C)o npHt = 0, 
I -I I - u -

d II ( u, <l>) _::: d II' ( u, '¥ ) + d II (<I>, '¥) _::: d II ( u , '¥ ) + C o , Vt?: 0, 

rge C o603Ha4aeT KOHCTaHTy. TaKI'!M 06pa30M, ~e yMeHbWaR 06!Jl
HOCTI-1, Mbl MOlKeM CllHTaTb, •.ho ~=&,'¥=¢. Cy!JleCTBeHHYIO pOJlb B, AOKa-
3aTeJlbCTBe YCTOA4~BOCTH <I> 6ygeT HrpaTb HenHHeAH~A ()JyHK~MOHan 

00 
2 2 2 

M(u) = { (U X+ (u -a ) 
2

) dx, KOTOpbiA He 3aBI-1CI-1T OTt, KOrga 
-oo • 

12 

I' 

!l 
1 
• 

• 

i 
~t' 
!1~ 
.\ 

j 

I . 
I 
j 

l 
.l 

u - peweHHe /6.1/ 1-1 lim u(x,t)=a. nonO>KI-1M u=h+<l> 1-1 sanHWeM 
x->oo 

t.M = M(u) - M(<l>) 

B BHAe 

t.M = f [ h; + 2(2 - 3ch - 2 ( ay)) a2 h 2 ] dx + 4 j <I> h 3 dx + .f h 4 dx 
-oo -~ -~ 

/6.3/ o2
M + o3

M + o4
M • 

Tat<KaK lllhlll 1 =11hll 1 (limu=lim<I> npl-1x ... ±ool, sew 
Jly I-'IHBapl'!aHTHOCTI-1 t.M OTHOCI-1T6JlbHO t 1-13 /6. 3/ BbiTeKaeT OL\eHKa 

2 - 3 1..4 
L1M_:::mo +2ay28 +2-o =y(8)=y, /6.4/ 

rge m = max(l, 4a2 ). 

noKalKeM, 4TO cy~eCTByeT TaKoe KOHe4HOe b=~0,4TO 

2 00 2 
J [u(x-b,t) -<I>(x)l dx= inf J [u(x-(,t)-<I>(x)] dx=t.. /6.5/ 

(GR -"" 
v 

00 2 
Aei-1CTBI-1T6Jl bHO' eCJll-1 lim r [ u(x. t) -<I> (x-' )] dx = t. npH • 

_.;, n 
n ... oo, TO nocnegOBaTeJlbHOCTb !( } MMeeT XOTfl 6bi OAHY KOHe4HYIO 
T04KY cry!JleHHfl b, gJlR KOTOpoA 

0
BblnOJ1HfleTcfl /6. 5/. B npOTI'IBHOM 

cny4ae, ecn1-1 gonycTHTb, 4TO lim I ( n I = oo, TO npHgeM K npOTHeope-
41-110 B CHJlY ~eMM~ ¢aTy. n 

l-13 OnpegeneHHH t.M H MeTpHK d II BHAHO, 4TO, He yMeHbWaH 06Ul
HOCH1, MOlKHO C41-1TaTb u(X- b, t) = <l>(x) + h (X, t), Torga Ha OCHOea
HMH TOrO, 4TO HHTerpaJl B npaeoA CTOpOHe /6.5/ CTa~HOHapeH OT
HOCHT8JlbHO ( B T04Ke ( = b, nOJlY41-1M 

00 

J h (x, t) <I>' (x) dx. = 0. /6.6! 

2. O~eHKa CHI-13Y gnH 8
2

M(h) .Pa3!10lKHM h Ha 4eTHYIO 1-1 He4eTHYIO 
4aCTH h=f+g. TaK KaK ch-2 (ax) FIBJlfleTCfl 4eTHOA ()JyHK~MeA, HMeeM 
8 2 M(h) = 8 2 M (f) + 8 2 M(g) • A!lH Toro llT06~ o~eHHT b 

2 00 2 -2 2 
8 M(g) = 2a J [g' + 2(2- 3ch z)g ]dz, 

0 
rge z =ax, dg/dZ=g',esegeM HHTerpan 

J(g) = r [ g, 2 + (fl - 12ch - 2 z) g 2 ] dz 
0 

H paccMOTpHM 3aga4y Ha co6cTBeHH~e 3Ha4eHI-1fl: 

if;"+ (12ch-
2
z + 'A)if; = 0, if;(O) = 0, 0::; z < oo. !6. 71 

AnH g Go L
2 

(0, oo) CYUleCTsyeT npeo6pa3oeaH~e 

G('AY= fif;(z;'A)g(z)dz, g(z) = O{.p(z;'A)G('A)dt]('A), 
0 -~ 
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rAe R (>..) - Hey6b1Bal0ll\afl ¢YHKL\11fl. KpoMe TOro' g G w.1 [ 0, 00)' 11 g' 
CTpeMI1TCfl K HYJliO np11 Z -+oo /Ta·K KaK B CI1Jly TeOpeMbl 1 h(x,t) G W5(R), 
S~ ~. t~ 0) 11, CJleAOBaTeJlbHO, 113 /6.7/ 11 paBeHCTBa napce-
BaJlfl BbiTeKaeT 

.f[g' 2...,(12ch-
2

z)g
2

]dz = .f>-a
2

(>..),dp(>..). /6.8/ 
0 -oo 

3aAa4a /6.7/ 11MeeT pOBHO OAHO C06CTBeHHOe 3Ha4eHI1e /CM. 
4.17 s 116/ I>.. 1 =-4 c COOTBeTCTBYIOll\eH co6cTseHHOH ¢YHKL\11eH 

1/2 -3 ifJ 1 (z) = (15/2) shz . ch z. 

TorAa 113 /6.8/ cneAYeT, 4TO 

J(g) = (ll-4) G~ + .r >...G 2 (>..) dp (>..) 
0 2 

nonarafl ll =4 11 cpaBHI1Bafl o M(g) c J(g) , nony4aeM OL~eHKY 

2 
00 

,2 2 
00 

1 2 2 2 o M(g) = aJ(g) +a f(g +4g )dz:? IC--g +2a g )dx. /6.9/ 
0 -oo 2 

AHanori14HO paccMoTpi1M 3aAa4y ¢ "+ (Sch -
2 

z + >..) ¢ = 0, ¢' (O) = 
= 0, 0::;: z < oo, c OAH11M co6cTseHHbiM 3Ha4eHI1eM >.. 1 =-4 eM. §4. 17 
s 1161 C C06CTBeHHO~ QJYH:L\11e~ cp 1(z) = /3/2/ 112 ch-2 z •. TaK KaK 113 

/6.6/ BbiTeKaeT, 4TO I f(z) ¢ 1 (z) dz = 0, 
0 

• TO 

K(f) = f [f' 2- (6ch - 2 z) f 2 ] dz = {>..F 2 (>..) da (>..) > 0, 
0 0 -

r,ge oo 
00 

~(>..)= I¢(z;>..)f(z)dz, 
0 

f(Z)= {¢(z;>..)F(>..)da(>..), 
-<><> 

a(>..) - Hey6b1Bal0ll\afl ¢YHKL\11fl. TorAa 

2 . 
00 1 2 2 2 00 2 -2 2. o M(tj = aK(f)' + I (-

2 
f + a f )dx + 6 I a (1 - ch (ax)) f dx , 

-oo 0 

2 
00 12 22 o M(f) > { (-f. +a f )dx • 

_;,., 2 6 

06"beAI1Hflfl /6.9/ 11 /6. 1 0/, nony411M OL\eHKY Allfl o 2 M(h) : 

o
2

M(h) > j (.!:_h 2 + a2 h2)dx. 
--oo 2 J: 

3. ,[loKa3aTeJlbCTBO ycT0~411BOCTI1 . .[lnfl o 3 M 11MeeM 

o
3
M>-4asuplhl jh2

dx>-a2/211hll llhll
2

. 
- -?O - 1 

OL\eHKY 

/6.10/ 

!6. 11/ 

0TCIOAa, o6oaHa4a.R p = p(t) = llhx II, q= q(t) = llhl\, 
11 /6.11/ nOJ1Y411M 

B CI111Y /6.3/ 

14 
,. 

:f 
'· 

' 

~r 
~;1 

i'lM > e (P2+q2) .:...c (p+q)q2 ; e = min(ll2,a 2 ), C1=2
312

a./6.12/ 

0TMeTI1M, 4TO 

q(t) = [lu(x, t)- <li(x + b(t)) II = inf II u(x, t) - <l>(x +()II 
'GR 

flBJl.ReTCR Henpep~BHOH QJYHKL\11eH A11fl t>O. 3TO CJleAyeT 113 OL\eHKI1 
lq(t1) - q(t2 )I..:S II u (·, t 1 ) - u (·, t 2) IT 

2 
"" 

2 
s CI111Y TeopeMbl 1. 

l-13 /6.3/ 11 /6.4/ BbiTeKaeT, 4TO p = J hxdx ~ y + 2a2q 2 + 
2 -oo 

+ 4a(p + q) q • PewaR 3TO HepaseHCTBO OTHOCI1TeJlbHO p, no11y4aeM 

p:;; 2aq + [y + 2a(aq 2 + 2q 3 + 2aq4
)] 

112 
= Y(q) • !6. 13/ 

noACTaBJlRR /6.13/ B /6. 12/,n011Y411M 

y _?i'lM_? f(p2+q2) -cl(q+Y(q))q2_: 

..? q2 ( £ - c 1 y ( q) ) - c 1 q 3 = z ( q) • 
!6. 14/ 

Bbl6epeM 8 1 TaK, 4T06bl Y(O) =(y(o)) 112 <e jc 1 np11 8<81 • TorAa 
z' (q) > 0 Ha HeKoTopoM 11HTepsane (0, q

0
) 11 ¢YHKL\11fl Z(q) 6yAeT 

PiJCTI1 OT HYJlfl AO Zm=Z(q0).TaK KaK Z m pacTeT np11 y-+0, TO CYll\ecT
syeT TaKOeo 2, 4TO y(o) < Zm npl1i)<o2 .TOrAa B CI1I1Y HenpepbiBHOCTI1 
q(t) 113 /6. 14/ BbiTeKaeT, 4TO q(t) < <1y, rAe qy- Hai1MeHbW11H no
JlO>KI1TeJlbHbiH KOpeHb Z(q) =y. 0TMeTI1-M, 4TO qy He 3aBI1CI1T OT t. OT
CIOAa, B03Bpall\aRCb K /6.14/, nOJly411M 

fp 2<y+c
1
(q+Y(q))q2<y+c (q +Y(Q))q2, 

- - 1y -y y 

\\hl\i =P2+ q2_:: q~+(1/e)[y+c 1 (qy+Y(~))q~] 
TaK KaK qy-+0 np11 y-+0, TO Ailfl f>0 Bbl6epeM o3 TaKI1M o6pa30M, 

4T06bl np11 o<o 
3 

BblnOJlHRJlOCb 

q: +(1/e )[y + c1 (qy + Y(qy)) ~] < f
2 

TorAa np11 8 < o = min(8 1,82,8 3) nony411M OKOH4aTeilbHO 
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3. 
4. 
5. 
6. 

d II (u, <I>):;; II h II 1 < f • 

nHTEPATYPA 

Gardner C.S. et al. Phys.Rev.Lett., 1967, 19, p. 1095-1097. 
Map4eHKO B.A. MaTeM.c6., 1974, 95 /137/, c. 331-356. 
HOBI1KOB c.n. ¢yHKL\.aHaJ1113, 1974, 8, B~n.3, c. 54-66. 
HTc A.P., t1aTsees 8.6. Tt1<P, 1975, 23, N'1, c. 51-68. 
Lax P.D. Comm.Pure Appl.Math., 1975, 28, p. 141-188. 
6y6HOB 6.A. ,[IAH CCCP, 1980, 251, 4, c. 777. 

15 



7. rypeB~4 A.B., n~TaeBCK~~ A.n. n~cbMa 8 m3T~. 1973, 17, 
~~n.S, c. 268-271. 

8. rypeB~4 A.B., n~TaeBCKH~ A.n. 13T$, 1973, 65, B~n. 2 /8/, 
c. 590-604. 

9. 
10. 

11. 

12. 

13. 
14. 

15. 
16. 

17. 

16 

Xpycnos E.R. MaTeM.c6., 1976, 99 /141/, c. 261-281. 
Mayumi OHMiya. J.Math.Tokushima Univ., 1978, val .12, 
p. 9-17. 
Bona J.L., Smith R. Phil .Trans. R. Soc.Lond, 1975, A278, 
p. 555. 
Benjamin T.B., Bona J.L., Mahony J.J. Phol .Trans.R. Soc. 
Rand., 1972, A272, p. 47. 

m~AKos E.n., K~p4es K.n. OHRH, P5-81-130, AY6Ha, 1981. 
Miura R.M., Gardner C.S., Kruskal M.D. J.Math.Phys., 
1968, 9, p. 1204. 

Benjamin T.B. Proc. R. Soc. Land., 1972, A238, p. 153. 

T~T4Mapw 3.4. PasnomeH~R no co6cTBeHHWM ~YHK~~RM, csR-

3aHH~e C AH~$epeH~HanbH~M~ ypasHeH~RMM BTOporo nopRAKa. 
1-111' M. ' T. 1 ' 1960. 
Teop~R con~TOHO~. MeTOA o6paTHO~ ,3aAa4M /nOA peA. c.n.Ho
B~KOBa/. "HayKa", M. , 1980. 

PyKon~cb nocTyn~na e M3AaTenbCK~~ OTAen 
16 MapTa 1982 roAa. 

.. 

l 

T: 
• '•, 

t:1: 

~KOB E.rr., KHp~eB K.rr. 3aAa~a KomH PS-82-193 

Anfl MOAH¢H~HpoBaHHoro ypaBHeHHfl KopTeeera-Ae ~pnsa c Ha~anbHb~H 

AaHHb~H THTia CTyneHbKH 

Arrfl HenHHeHHoro MOAH¢H~HpoeaHHOro ypaeHeHHfl KopTeBera-Ae 

~pH3a llOKa3aHhl Cyll(eCTBOBaHHe, eAHHCTBeHHOCTb H Henpepb!BHafl 

3aBHCHMOCTb pemeHHfl 3aAa~H KomH B npOCTpaHCTBe, COCTOflll(eM H3 

rnaAKHX ¢YHK~HH THna CTYTieHbKH. KpoMe TOro, AOKa3aHa yCTOH~H

BOCTb ¢opMb! pemeHHH BHAa yeAHHeHHOH BOnHbi. 

Pa6oTa BbiTIOnHeHa B fla6opaTOpHH Bbi~HCnHTenbHOH TeXHHKH 

H aBTOMaTH3a~HH OHHH. 

npenpHHT 06aeAHHeHHOro HHCTHTyTa ~AePH~X HCGneAOBaHHH. Ay6Ha 1982 

Zhidkov E.P., Kirchev K.P. The Initial-Value PS-82-193 

Problem for the Modified Korteweg-de Fries Equation with the 

Step Type Initial Data 

In space of smooth step type functions existence, uniqueness 

regularity and continuous dependence theorems for the initial 

value problem for the modified Korteweg-de Fries equation are 

established. The stability of the shape of solitary-wave 

solutions is proved. 

The investigation has been performed at the Laboratory 

of Computing Techniques and Automation, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

ITepeBOA O.C.BnHorpaAOBoli. 


