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IHAKoa E.n., KHp4ea K.n. P5·80·136 

YcToH4HBOCT~ 6e3oTpa•aTenbHwx yeAHHeHHwx aonH 

8 pa6oTe AOKa3aHa YCToH4HBOCTb ~PMW 6e30Tpa•aTenbHWX 
yeAHHeHHWX BOnH HeKOTOPWX HenHHeHHWX ypaaHeHHH npH nO~H 
MeTOAa 6eH*aMHHa, OCHOBaHHOrO Ha paCCMOTpeHHH ABYX He
nHHeHHWX ~yHK~HOHanoa, HHBapHaHTHWX OTHOCHTenbHO apeMeHH. 

Pa6oTa awnonHeHa a na6opaTOPHH aw4HCnHTenbHoH 
TeXHHKH H aaToMaTH3a~HH OH~H. 

2 418/2-00 np . 
J«.- 6 g 6 ~~,nKOB,E.il.~ 

K~ptteB, K.il . 
YcTO~tt~BOCTh 6e3-
oTp~a.TenbHllX • •• 

I '"\ ps;. 136 . 1900 

r--zv¢ r,/cJd:5 HMM. ,Qy6Ha 1980 

80·136 

Solitary 

A*e~pe~ H KaKyTaHH e 1 11 paccMoTpenH eonpoc o6 ycT0~4HBOCTH 
yeAHHeHHO~ eonH~ AnR ypaeHeHHR KopTeeera Ae ~PH3a a paMKax 
nHHe~HOrO npH6nH*eHHR. 6eH*aMHH e 121oTMe4aeT, 4TO pa6oTa ~e~
peR H KaKyTaHH He AaeT YAOBneTBOPHTenbHoro peweHHR eonpoca, 
TaK KaK HeT rapaHTHH, 4TO H3 yCT0~4HBOCTH B paMKaX nHHe~HOrO 
npH6nH*eHHR B~TeKaeT yCT0~4HBOCTb yeAHHeHHOH BOnH~ AnR nonHoro 
HenHHeHHoro ypaeHeHHR. B 3TO~ *e cTaTbe 6eH*aMHH, HCnonb3yR 
cneKTpanbHY~ TeopH~, AaeT nonHoe peweHHe eonpoca o6 ycT0~4H 

eocTH yeAHHeHHO~ eonH~ AnR ypaeHeHHR KopTeeera Ae ~PH3a. Hc
nonbayR HAeH 6eH*aMHHa , 6oHa 8 / a / AaeT yny4UieHHOe AOKa3aTenb
CTBO 3TOH *e npo6neM~, B KOTOPOM yCTpaHeH~ HeKOTOp~e HeT04-
HOCTH, AOny~eHH~e GeH*aMHHOM. 0TMeTHM, 4TO AnR npHMeHeHHR Me
TOAa 6eH*aMHHa AOCTaT04HO HanH4HR ABYX HenHHeHH~X ~yHK~HOHanoe, 
HHBSpHSHTH~X OTHOCHTen bHO epeMeHH. TaKHM o6pa30M, MO*HO HCCne
AOBaTb H ypaBHeHHR, He HHTerpHpyeM~e MeTOAOM o6paTHO~ 3aAa4H 
pacceRHHR. 

HacToR~aR pa6oTa noceR~eHa HccneAOBaHH~ yCTOH4HBOCTH "~op
M~" yeAHHeHH~X BOnH <IJ(y) = th(2-112 cy), rAe 0 < C < oo, y =X-c-2€t, 
AnR ypaeHeHHR 

Uu = c(u-u 3), c=± l , 111 

H IJI(y) = cth(cy), rAe 0 < C < .., , y =X + 2c2 t , AMI ypaBHeHHR 

u t - 6u
2 

u z + u zu = 0 . 121 

npH HCCneAOBaHHH HCnonb3yeTCR MeTOA 6eH*aMHHa. 

OnpeAeneHHe ycTOH4HBOCTH. PeweHHe <I> I cooTeeTCT BeHHO 'I' I 
ypaBHeHHR 111 ICOOT BeTCTBeHHO 1211 YCT0~4H80 OTHOCHTenbHO MeT
pHK d 1 H d 1 y eCnH AnR Ka*AOro c > 0 Cy~eCTByeT TaKOe 0, 4TO H3 
ld1(u,<l>))t=O'S.O([d 1 (u,'I')],=O ~B) cneAyeT d11 (u,<l>) ~c, 
(d 11(u,'I'):Sc), Vt :::o. 3AeCb u- peweHHe ypaeHeHHR /1/ /cooT 
eeTCTBeHHO /2//, YAOBneTBOpR~~ee HeKoTop~M ecTecTeeHH~M AOnon
HHTenbHwM Tpe6oBaHHRM. 

§ 1. YCTOA4HBOCTb PEWEHH.s! <ll(y) YPABHEHH.R u u = c(u -u3) ,c=±l 

1. nycTb U=<l>+h RBnReTCR peweHHeM I 11. YAOBneTBOPRKl~HM cne
AY;'J~HM ycnoeHRM : 

•:n: r t 

. - HA 

1 



1 
/a/ h(x,t) A11R 11106oro t~O KaK (j)yHKUHR OT X E Y. 2 (R) /npocTpaHCTaO 
Co6oneaa c ttOpMoi1 

"" ~ II h l it ~ I J (h 2 + h' 2 > dx I I . 
/6/ CooTaeT7TaHe t ... h(·, t) HenpepblaHo oTo6pa>Kaer [O,oo) a L 2 (R). 
/a/ limux ~ O np11 X-+±oo . 

I r I lim u t = 0 npH x ... ± oo. 

nyCTb r - rpyn na CA aHro a Ha OCH X , r f(x) = f (x -.;>, s~R. 
3a!l>HKCHpyeM (, 11 noKa>KeM, 4To 113 ycnoaHR I a/ abiTeKaeT, 4TO 

1 ru(x,t) -<ll EW 2 (R). 

Aei1cTaHTellbHO, ru(x, t)- <ll(y) = h(x -(, t) + <fl(y-(,)- <ll(y), 
rAe y"' x -c-2 ct. H3 /a/ cneAyeT, 4TO 

h (x - (,, t) E W ~ (R) . 

A AJlR aToporo 41leHa HMeeM 

sh(2 -~ c ( ) 
<ll(y-(,)- ¢(y) "'- -14 -'/z 

ch(2 c(y-t;,)) ch(2 cy) 

1 
,; y, 2 (R) . 

B Aa11bHei1weM 
00 ~ 

dl(u,<ll) -1 u-<ll ll t= Jl h ll t=l r (h 2 +h' 2 ) dxl 
-oo 

MeTpHKY d II 3aAaAHM ¢opMynoi1 

d 11 (u, <ll ) "' in C II r u - <I> 11 1 • 
r 

131 

/4/ 

3 To HMeeT CMbiCJl B CHny /3/. OrMeTHM H3BeCTHbli1 (j)aKT, 4TO w~ 
BKnaAbiBaeTcR HenpepbiBHO a Co /npocTpaHCTBO HenpepbiBHbiX !l>YHt<
UHi1 , ~<~C4e3a~Hx np11 x ... ±"" I. npH 3TOM BblnonHReTcR oueHt<a 

-14 1 
supjf(x)j :::2 llfl l 1 • fEW 2 (R). /5/ 
x~R 

Mbl nOt<a>KeM , 4TO peWeHHe <1>(0 yCTOH4MBO OTHOCHTeJ1bHO MeTpMK 

d I M d11 • 8 4aCTHOCTH, KaK BHAHO M3 /4/ H /5/ , 3TO 03Ha4aeT, 4TO 
Manoe Ha4anbHOe B03My~eHHe Mano MeHReT !l>OPMY <ll(y). Cy~ecreeH
HYIO P01lb a AOt<a3aTe1lbCTae yCTOH4MaOCTH <ll(y) 6YAYT HrpaTb He
JlMHeHHble ¢yHKUHOHaJlbl 

E(u) = f u:dx , M(u) = r (u2 -1) 2dx. 

Ycnoa:;; /a/ rapaHTI-1py-;'T cy~ecTaoaaHI-1e E(u)' 1-1 M(u). Hcnonb-
3YR I 1 I H ycnoaHR I a/ , I a/ H I r I, HeTPYAHO noKa3aT b, 4TO E(u) 
1-1 M(u) HH aapHaHTHbl OTHOCHTeJlbHO apeMeHH t. 

0603Ha4HM f d 1 (u, <lJ))t=O =0 H ll011Y4HM OUeHI<H AJlR L\M = M(U) - M{<I>) 
npH AOnonHHTenbHOM ycnoBHH 

00 2 
~E "'E(u) -E(<I>) = J (2<llx h x ~ h x) dx = 0 . /6/ 

-oo 

2 

B Aa1lbHei1weM ocao6oAHMCR OT 3Toro orpaHH4eHHR. HHTerpHpyR 
no 4aCTRM 1-1 HCnOJlb3YR /6/, nony411M 

\M : ~ . T <h
2

+c
2

(31Jl 2 -1) h 2 )dx+4 f <llh 3dx + /\4 dx 
c2......, x -oo -oo 

8 
2

M + 8 3M + 8 4 M . 

171 

2 
Tat< t<aK <ll ~1, a CH11Y /5/ HMeeM 

Ml S 2m Ji h jl ~ +2\2ii h l' ~ + 2-1 ll h jj 4
1 /8/ 

rAe m "' max(c-2
, 3). 0TCIOAa a CH11y HHaapHaHTHOCTH ~M OTHOCHTenb

HO t abiTeKaeT 

2 - 3 -1 4 
.\M .:::2m8 + 2y2 8 +2 8 =y(8) =y . 191 

noKa>KeM, 4TO Cy~eCTayeT TaKOe KOHe4HOe 3 =~0,4TO 

j lu(x -a, t)- <ll(x) I 2
= inf j I u(x-(, t) -<ll(x) l 2dx = 1\. 

-oo (~R-oo 
/10/ 

0603Ha4HM 

S( (x) =U(x- ( , t) -<ll(x), O(x) =<ll(x) -sgnx, 

Y, .(x) = S (x) + 8(x) . 

Tat< ~at< s,cx~ -:-- Y.21(R) /cor naCHO 131 I H 

l C ) XC O(x) = -2sgnx.exp - 1xj -=. / ch--EL 2 (R), 
\2 \ '2 

TO Y. • (x) ~ L 2 (R) . 

BbtefepeM noc neAoaaTeJ1bHOCTb I(, n l TaKyiO, 4TO 
OQ 2 "" 2 

,\ . lim J lu(x-(n,t)-<ll(x)l dx =lim J (W ( -O l dx. 
n .-.c"' n ......-.o n 

X ... ±1}0 

OrcKlAa, TaK Kat< w ~ ~L 2(R), cneAyeT, 4TO cy~ecTayeT w 
0 

"= L
2
(R) 

"" 2 n "" 2 
M lim r I Wt;, -w 0 I dx = 0, J I w 0 - 1} I dx = '\. 

n _...... n -c"CC 

AonycTHM, 4TO I( l He HMeeT KOHe4HbiX T04eK cry~eHHR. TorAa 
n • ~ 

cy~ecrayeT noAnocneAoaaTellbHOCTb ~ n .. + oo /11111-1 ., n .... -"" I, 
1-1 raK Kat< lim u(x, t) ~ ± 1 Ia CHJlY ycnokal-1R /a/ I, nony~aeM 

-2 x > O 
w (x) = I o' X< 0 (lim( ~ +oo), 0 • 

nk 

0, r. > O 
w 

0
(x) = I 

2, X< 0 (lim( : -oo), 
nk 

3 



3To npoTI1Bope411T ToMy , 4TO w0 ;.L 2 (R). Cne,QoBaTen b HO , It; 
11 

I 
11MeeT KOHe4HyiO T04 Ky CryUieHI1A a 11 w0 ~ U(X - a , t) - sgn X , 

0 TCIOAa nony4aeM 

00 2 00 2 
!\ = f l w 0 - 0I dx = f l u (x-a, t ) -<l> (x)l dx 

- -oo 

11 T.,Q. Ha OCHOBaHI111 TOrO, 4TO 11HTerpan B npaBO~ CTOPOHe 1101 
CTai..II10HapeH OTHOCI1TenbH0 t; B T. ( =a 11 lim li ( X, t) = ± 1. 
n o ny411M X -• :!"J 

"" I J u(x- a, t) <1> (x) dx = 0 . I 111 
-oo 

H~o~ x o TI1M nony411Tb Ol..leHK11 CHI13y AnA ,\M . H3 onpe,QeneH11A \M 
11 MeTpi1KI1 d 11 BI1,QHO , 4TO , He yMeH bWaA 0 6UlHOC TI1, MOM<HO C411TaTb 

u (x -a, t) ,.. <l> (x) + h (x , t ) . TaKa~ B~6op 6y,Qe T AOCTaT04H~M, TaK 
KaK 

II hIl l ~ d II ( U, <I>). 1121 

Tor,Qa /111 3an11weTcR a B11Ae 

00 1 
f h ct> (x) dx = 0 . I 131 --
2. OUEHKA CHH3Y AflH 5 2M (~ 

Pa3nOM<I1M h Ha 4eTHyiO 11 He4en~IO 4aCTI1 h ( x) = f ( x) + g ( x) , 
h (-x) = f(x) -g (x) . TaK KaK ch- 2 (2-• ex ) ABnAe TCA 4eTH0.:1 <I>YHKL111-

e i1, 11MeeM o2M(h) =02M(r) +82M(g) 
AnA Toro, 4T06bl 04e H11Tb 

o2 
M(g) = ..!.._ flg 2 + c 2(2 - 3ch-2 ( ~x)) g 2 1dx 

c2 o x ..; 2 

"'~ f (g' 2 + 2(2 - 3ch - 2z)g 2) dz , 
c 0 

-·~ dg ' ) Z = 2 C X, (- = g , 
dz 

s s e ,Qe M 11HTerpan 
00 

J (g) = f lg' 2 + (ll-12ch - 2 z)g 2 l dz. 
0 

Te nepb paccMoTpi1M 3a,Qa4y Ha co6cTBeHH~>~e 3Ha4e HI1A 

t/; " + (12c h -
2 

z + A) t/; ~ 0 , 1/J (0) = 0 . /14/ 

AnA ,Qei1CTBI1TenbH~X A 1/J(_:~.\ ) onpe,QeneHa Ha [ 0, oo) 11 orpaH114eHa 

np11 z ... "" . nose,QeHI1e 12 c h z np11 z ... oo noKa3~o~BaeT, 4TO 11MeeM 

c ny4a.:1 " n pe,QenbHOi1 T04K11 11 ' 41• TaKI1M o6pa3oM, cyl!leCTeyeT KOHe4-

HOe 411Cn O OTPI11..1aTenb H~X C06CTBeHH~X 3Ha4eHI1.:\, a ( O,oo) ABnAeTCA 

4 

Henpep~BH~M cneKTPOM. AnA g ~L2(0,~l cyllleCTsyeT npeo6pa3o s a 

HI1e 

G(Al= f ~/(z;A)g(z)dz, g(z) =J l,)(z;>.)G(A)dp(A), 
0 

r,Qe p(A) - Hey6biBatOUiaA <I>YHKL.111R. Ecn11 , KPOMe Tor o , g ~ W ~l' O, oo) 
11 g' CT p eMI1TCR K HyntO npl1 z .. ""' 113 I 141 11 paseHCT Ba napceeanR 

BbiTeKaeT 

t"<g ' 2 - 12 c h - 2 z g 2 ) dz 
0 

A G 2 (A ) d I' l.\ ). / 15/ 

' 4 ' 
3a,Qa4a I 141 11MeeT pOBHO OAHO co6CT BeHHOe 3Ha4eHI1e I , §4 1191 I 
.\ l ~ -4 ~ C COOTBeTCTBYIOIJle.:\ C06CT BeHH0.:1 <)>yH K1..111eH 1/J I (z) = 

2 
"',J15 2~ sh z. ch - 3 z. Tor ,Qa 113

0
/151 c n e,QyeT, 4TO J(g) = (J.L - 4) G 1 + 

+ ( A G (A) d f'(A), r ,Qe G 1 = f t!t 1 ( z) g(z) dz. 
0 0 2 

n o na r aA Jl = 4 11 c p aBHI1Ba A 8 M(g) c J(g) • nony4aeM o u e HKY 

2 2 "" 1 2 2 toO 1 
8 M(g)~-"- J (g)+2f(-2 g +2g )dx ?:J (-

2
g 2+2g2) dx . 

C 0 C >; -oo C X 
/ 16/ 

2 
AnA Taro, 4T06bt 04eH11T b b M(f), M~ onRTb 11Cnonb3yeM cneKT -

pan bHya Teop1110 , see,QR 11HTerpan 

"" K (f) = ((f ' 2 - 6 ch -2z. r2) dz 
0 

11 paccMaT pi1Ba A 3a,Qa4y 

<1> " + (6 ch- 2 z +A) <,b -= 0. <1> ' (0) = 0. 0 s z < "" . 1171 
/ 4 I 

3a,Qa4a 1171 11MeeT pOBHO O,QHO C06CT Be HHOe 3 Ha4e H11e l ·,§4 119// 
At = - 4 C COOTBeTCTBYIOIJlei1 C06 CT BeHHOH <)>yH K1..111eH 00¢ 1 ( z) = 
= (312)~ ch-2 z. Ta K KaK 11 3 11 3/ B~T eKaeT, 4 TO ( f(z)o

1
(z)dz=0, 

0 TO 

K (f) f (f ' 2 -6ch -2 z. f 2 )dz ~ fA F 2 (A )du(A) > 0, 
0 0 -

r,Qe 
00 

F (A) = f cl>(z; .\) f (z) dz , f (z) = J <i>(z; A) F'(A)do(.\) , 
0 -oo 

o(.\ ) - Hey6biBatOIJlaA <!>YHKL.111A . Tor,Qa 

2 ...;2 00 
1 2 2 00 -2 C 2 

0 M(f) = -K(f) ~ r (2f X ~r ) dx + 6 r (1 - ch <-=x))f dx , 
c -oo c 0 v2 

o2
M(f)> t'<~r~ .. r2

)dx . 
~ c 

/ 181 
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2 06oe,qHHRR I 161 1-1 I 18/, nony4HM o~eHKy ,qnR l> M(h): 

o2
M(h) f

ox( 1 2 2 
_ ~ h x+ h ) dx. 

-oo; c 

3. AOKA3ATEnbCTBO YCnOBHO~ YCTO~~HBOCTH 

Hcnonb3YR onRTb 151, HMeeM 

3 00 2 - 2 o M.., -4 sup lh l f h dx ::_ -2v2 1 hll
1 

,I h i • 

1191 

Orc10,qa, o603Ha4aR....,.. p ~ p(t) = ll h 11 . q =Q(t) ,.llh !. e c1-1ny 171 
X 

1-1 1191 nony4HM 

L\M ::_ f (p 2 + q 2 ) - 2 v 2 (p + q ) q 2 , I 2 0 I 

r,qe f = min(l / c 2 , 1). 
noKa)l(eM, 4TO 

00 2 ~ 
q(t) = inf I { L u(x- (, t) -<t>(x) J dxl 

('R -oo 

"" 2 ~ = inf I J f u(x. t)- <t>(x + ()J dx I 
(.;; R _..., 

RB!1R€TCf! HenpepbiBHO.:i CIJYHK4Hea:i np1-1 t > 0 . 
Ae.:icTBHTe!1bHo, nycTb AnA onpe,qeneHHOCTH q(t 

1
) ::_ q(t

2
), 

1-1 raK KaK no onpe,qeneHHIO CllyHK4HH a = a(t) 

l! u (x, t) -<l>(x+ a(t)) I= inf ll u(x,t) -<l>(x+ ~111 . 
('R 

nony4aeM 

!q(t 1) -q(t2 ) I ~ q(t 1 ) -q(t
2

) ~ liu(x,t 
1

) -<ll(x + a(t
1
)) 'I 

- ll u(x,t 2) - <l>(x+a (t2 )) 11 ~ 11 u(x.t 1 ) -<l>(x+a(t
2

)) 11 

-l lu(x,t 2 )-<ll(X+a(t2 )) 11 ~ l i u( . , t
1

) -u(. ,t
2

) II · 

0TCIO,qa, B CH!1y YCI10BHR 161, BbiTeKaeT HenpepbiBHOCTb CIJYHK~I-111 
Q (t) . 

nepenHW€M YCilOBHe 161 B BH,qe 

p
2 

=-2c 2 j h.sh(..Lx) ·ch-3(...£...x)dx, 

-- J2 "~ 
1-1 TOr,qa B CH!1y HepaeeHCTBa KowH-6yHRKOBCKOrO HMeeM p 2 ~C l V 2 , 
r,qe 

v 2 =Q= II h ll, v > O, c = 4c31 2 ( ~) 112 
I 15 . 1211 

6 

'1 
1 

I 

)~ 
l 

no,qcraenRfl 1211 e 1201, nony4HM 

\M > f p 2+ H (v), /22/ 
~ 'h r,qe H(v) = fv 4 -(8c

1
) v 5 -8 v 6 

~ ~ 
CllyHK4HR H '(v) = v 3 

( 4£ - 5(8c 1) v-6.8 v 2) HMeer TPH pa3nH4HbiX 
KOpHf!: 0TPH4aTe!lbHbiH, H0!1b 11 nOJ10)1(1-1TeJ1bHbla:i; v

0 
> 0 , H' (V 

0
) = 0 

H <I>YHK4Hfl H (v) Ha HHrepeane [ 0, v0 ] pacrer or HY!1R ,qo H (v
0

) .> 0. 
B T04Ke v = vo H( v) 11Meer MaKC11MYM. 

0603Ha4HM 4epe3 Vy HaHM€HbWHH nOJ10)1(1-1Te!lbHbla:i KOP€Hb ypae-
H€HHR H(v) = y(o). TaK KaK v Y .. 0 np1-1 n-. 0, ro Bbl6epeM o 

1 
raKHM 06pa30M, 4TOObl npH 0 < 8 1 BblnOJ1~!10Cb Vy•' v

0
. Tor,qa B CH-

Jly HenpepbiBHOCTIA C!JyHK41AH V "' v(t) = (q (t)) 11!3 191 lA /221 Bbi-
TeKaeT, 4TO np1o1 8 < 8 1 lAMe eM q (t) = v 2(t) " v ~ . Orc10,qa, ~~tcnonb-
3yf! 1211, nony4aeM o~eHKy 

llh 11 2 
=P

2
(t) ~ q2 (t) <c v 2 ~ v 4 Vt > 0. 1 1 y y , 1231 

A/1fl t > 0 BbiOepeM 02 TaKIAM OOpa30M, 4T00bl npllt O< 0 
2 

Bblnon-
HR110Cb c,v;+v; ~ (

2 
Tor,qa 11!3 1231 BbiTeKaer, 4TO npH o<B-

= min (8 1 , 8 2 ) 11MeeT MeCTO 

d 11 (u,<l>)~ l ih ii 1 < £", Vt .:::O. 

4. AOKA3ATEnbCTBO YCTO~~HBOCTH 

Tenepb oceo6o,q~~tMCR or orpaH~~t4eHHR C(u) = E(<I>). HanoMHIAM, 4TO 
00 2 -

E(<l>) = f <l>xdx "' 2cy'2 / 3. nonaraR u=<l> ~h.Ld 1(u,<l>)l 1 =0 =o, 
-oo 

onpe,qen~~tM <1> 8 c cooreercrey10114ea:1 c 8 TaK, 4T06bl E(<I>
0

)=E(u). 
-~ -~ H o6o3Ha4~~tM b(o) : 2 c 8 , b(O) =2 c. Tor,qa 

: l b<o> -bCO> I .,I_!,C2<t>xhx .. h:> l s 4Cb(0) /3>'h ll h11
1 
+l l h ll ~ 

B 4aCTHocr~~t, npH t = 0 

~ lb(o) -b( 0) I ~ 4 (b(O) / 3} ~ o +o 2 

Herpy,qHo no,qc4HTarb, 4TO HMeKlr Mecro o4eHK11t 

/"<ct>- <1> )2dx < 8(ln4-1) lb (o) -b(O) I . 
.....,. o - b(O) b <s> 

... 2 4 _L (<1>'-<l>s > dx ~ a I b(8)- b(O) I . 

1241 

1251 

1261 
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Jlanee 1 TaK KaK diJ (<I>, <I> l)) He 3aBHCIH OT t, HMeeM 

dll (<Jl,<l>o ) ~ [d I (<l>.<l> lJ )] t=O /27/ 

nyCTb ( ) 0. noKa)l(eM, 4TO CyiJieCTByeT TaKOe 8 3, 4TO eCJlH 0 '0 3, 
TO dll (U, 11> 8 ) < c/ 2. JlonyCTHM npOTHBHOe. 3TO 03Ha4aeT 

1 
4TO 

CyUieCTBYIOT li .. 0 1-1 d 11 (u , <!J ., ) > d2 . Ho HepaseHCTBO /24/ n un -
noKa3b1BaeT, 4TO lim b(8 n) = b(O) . 0TCIOAa 1 HCnOJlb3yR paCCYli<AeHHR 

n 

n.3, nony4HM, 4TO v1, < vcin) npH n > N 11 lim (c~"> v : +v 4 ) _ 0. 
n n } u ) n 

A 3TO s CHny /23/ nporHsope4~T ~aweMy AOnyiJieH~IO . 
~CnOJlb3YR O~eHK~ /24/, /25/ H /26/, Bbl6epeM ~ 4 TaK , 4T06bi 

np~ li < li 4 

rct, (<l>,<lls n,,., o <f/ 2. /28/ 

TorAa npH li <. li = mm (5 3 , 8 4 l 1-13 / 27/, /28/ H HepaBeHCTBa 
TpeyronbHHKa nony4aeM 

dll ( u • <I> ) - d II ( u • <J> 8 ) + d II ( <l>li ' <}J ) < l • 

§2. YCTOA4~BOCTb PEWEH~.s1 'II (y) YPABHEH~R u 
1

- 6u 2ux ~ u xxx =0 

1. nycTb u = lji + h RBJlReTCR peweHHeM /2/. YAOBJlCTBOPRIOU\HM 
ycnOBHRM: 
/a' I h(x, t) AllR n106oro t ~ 0 
/6'/ CooTeeTCTB~e t .. h(·, t) 
s L2 (R) . 
/s'/limu

1
= limuu = O 

/r'/ u xt H "x x ~ L2(R). 

I npHHaAJle)I(HT ~ 2 (R). 

HenpepbiBHO OT06pa)l(aeT 

np~-1 X-+ ± r<. • 

r o, "" ) 

113 ycllOBHR /a 'J BbiTeKaeT, lfTO ru(x, t)- 11l ~ \\'21(R) , 
H, TaKHM 06pa30M 1 Mbl MO)I(eM, KaK paHbwe, BE:eCTI-1 MeTp~KH dl (u, 41 ) 

~ d11 (~'II) no <I>OPMyne /4/. Yc11ooHe /a'/ rapaHTHpyeT CyiJieCrso
saHHe HellHHe~Horo <I>YHK~~oHana 

00 

T(u) = f (u2 + (u2 - c2 ) 2 ) dx. 
- J: 

B CHny /2/, /a' / , /s'/ ~ /r'/ T(u) He 3aBHC~T oT speMCHH. 
06o3Ha4HM l d 1 (u, 'II )J t = 0 = lJ 1-1 nony4HM o~eHKH AllR 

\T "' T (u) - T ('V) = 

00 "" 0< 

f 2 -2 2 2 f 3 J 4 = (hx ~2(2 -3l- h (cy))c b + 4 'Vh dx+ hdx, 

/29/ 

_..,., _..,., 

8 

\T 2 - 3 - 1 4 mo •2c\28 +2 8 - )IDl • > . 

2 rAe m ~ ntax(l, 4c ) . 

/30/ 

TaK ll<e, KaK H paHbWe, MOli<HO noKa3aTb
1 

4TO CyiJieCTByeT TaKOe 
KOHe4HOe a = a (t) , 4TO 

~ 2 00 2 
I f u(x-a. t)- 'i'(x) I dx = inf J I u(x -(, t) -'11(x) I dx, 

( .,R......., 

H, He yMeHbWaR 061J1HOCTH, MOli<HO C4~TaTb 

u(x-a, t) ~ 4'(x) +h(x. t). 

TaKHM o6pa3oM , nony1.1aeM ycnosHe 
..,., 

j b 'II' (x) dx = 0 . 
/31/ 
• 

AHaJlOrH4HO TOMy, 4TO AeJlaJlOCb paHbWe, 1-13 /29/ H /31/ Bbi
TeKaer O~eHKa CHH3y AllR 

.\T ~ f(p2+q2) -c,(p+q)q2, 

rAe f=min('~.c 2 ),p= p (t)=l ' hx ll 'q - q(t) =ll h, c
1

=2 32 c. 
0TMeTHM, 4TO 

N 2 ~ 
q(t) = inf I J [u(x-(, t) -'i'(x)l dxl 

(, ~R-<><~ 

RBJlReTCR HenpepbiBHO~ <I>YHK~He~ AllR t ~ 0. 

2. aoKa3aTeJlbCTBO YCT0~4HBOCTH 

~3 /29/ H /30/ BbiTeKaeT ClleAYIOIJiee HepaseHCTBO: 

p
2

= /'"'h 2 dx_:::y + 2c 2q 2 + 4c(p+q)q 2 . 
---<>-> 

PewaR 3TO HepaeeHCTBO OTHOCHTeJlbHO p, nony4aeM 

~ p :::: 2cq + [ y + 2c(cq2 + 2q 3 + 2cq4 )I " X(q) . 

noACTaBJlRR /33/ B /32/, nony4HM 

y~.\T : f(p 2+ q 2 ) -c
1
(q+X(q))q2. 

_: q2 ( f-c 1X(q)) -c
1
q 3 = Y(q). 

/32/ 

1331 

/34/ 
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~ 
8bt6epeM 8 1 TaK , 4T06bl X (0) = (y(8)) ·~ e I c 1 npl-1 0 < eSt • 

TorAa Y'(q) > 0 Ha HeKoropoM 1-1HTepeane (O.q 0 ) 1-1 ¢YHKL.II-1R Y(q) 
6yAeT pacTI-1 oT HYflR AO Ym = Y(qo).TaK KaK Ym pacreT np~-1 y ... Q. 

TO CyiJieCTeyeT TaKoe cS 2 , 4TO y(cS) < Y np~-1 o <.. O 2 • TorAa e 
CI-111Y HenpepblBHOCTI-1 ¢yHKL.11-11-1 Q (t) 1-13 i34/ BbiTeKaeT 

q (t) ~ q)' ' /35/ 

rAe q y -
TI-1M, 4TO 
n011Y41-1M 

Hai-1MeHbWI-1H nonO>KI-1Te1lbHbiH KopeHb Y (q) =y . 0TMe-
q y He 3aBI-1CI-1T OT t. 0TCIOAa, B03Bpa~J~aRCb K /34/, 

p p 2 < y ~ c 1 ( q -+ X ( q)) q 2 < y + cl ( q + X ( q ))q 2 - - }' }' y 

llhll 2
t = p

2 
+ q

2 ~ q~ ~ (1 pH } +Cl (qy + X(qy)) q:) 

TaK KaK q y ... o np~-1 y .... 0, To AflR t -.. o Bbt6epeM 8 3 raKI-1M o6pasoM, 
4T06bl np~-1 O<o 3 Bbln011HR110Cb 

Q~i (1 / rHy ~c1 (q,,+X(qy))q~] <( 2 
. 

TorAa np~-1 o< o = min(t 1, cS 2 , 8 3 ) nony41-1M OKOH4aTe1lbHO: 

d11 (u, IJ.' ) ::._ ll hll 1 < ( · 
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