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1 • BBE,l\EIU1E 

Hen~He~Hoe ypaeHeH~e DpeA~Hrepa, ecTpe4a~~eec~ e P~Ae paa
n~4H~x 3aAa4, on~c~eaeT MHor~e ~eneH~~. TaK~e KaK noBeAeH~e 
He~AeanbHoro 6oae-raaa co cna6biM eaa~MOAe~cTe~eM Mer.~y 4acT~l.la

M~, pacnpocTpaHeH~e Tennoeoro ~Mnynbca e TeepAOM Tene, neHrM~
poecK~e eonH~ e nnaaMe ~ T.n. /eM., Hanp~Mep, 11 • 21 /. HHTepec 
K Hen~He~HOMY ypaeHeH~~ ffipeA~Hrepa yeen~4~ncR nocne Toro, KaK 
B~RCH~nOCb, 4TO OHO ~MeeT yH~BepcanbH~~ XapaKTep, KaK ~ ypae
HeH~e KopTeeera-Ae ~p~aa, ~ s cny4ae Ky6~4ecKo~ Hen~He~HOCT~ 
MO>KeT 6b1Tb npO~HTerp~poBaHO MeTOAOM o6paTHOI7i 3aAa4~ Ill. 

B HaCTO~~e~ pa6oTe M~ AOKameM YCT0!7i4~BOCTb peweH~~ B~Aa yeA~
HeHHO~ BOnH~ An~ OAHOMepHoro ypaBHeH~~ WpeA~Hrepa CO CTeneHHO~ 
Hen~He~HOCTb~: 

iu ~ - u + u (a - I ul 2P ), 
t J:J: 

0<2p::;3, a~R. 

YpaeHeH~e /1/ ~MeeT ABynapaMeTp~4ecKoe ceMeHcTeo peweH~H 

../... f- • ' • fu n ..• ,~lwx+l(a-w 2 )t 
r , ... , '"'1 - "' , ... oww ... , ... 

Ill 

'"I I L/ 

112p ---lip 
r(y)~((p+l)(a+a)) (chpyv'a+a) , a,w~R.a+a>O. /3/ 

B 4aCTHOCT~, np~ w~O ~MeeM peweH~e B~Aa cTal.I~OHaPHOH eonH~, 
a np~ p ~ l , a e 0 , a., ~2 nony4aeM OAHOCOn~TOHHOe peWeH~e 3a
xapoea ~ l!Ja6aTa Ill. 

An~ cny4a~ w ~ 0 e 181AoKaaaHa ''op6~TanbHa~ ycTOH4~BOCTb 11 cTa
l.I~OHapHoro peweH~~ MHoroMepHoro ypaeHeH~~ UpeA~Hrepa c 6onee o6-
~~M B~AOM Hen~HeHHOCT~. np~ 3TOM rpaH~LieH, OTAen~~e171 YCTOH4~B~e 

peweH~~ OT HeyCTOH4~B~X, RBnReTCR B OAHOMepHOM cny4ae Hen~HeH
HOCTb V (I u I )u, rAe Hen~Hei7!Ha~ ~YHKI..IHR V(l u I) HMeeT cTeneHHol1 
poeT 2p-~ 0TMeTHM, 4To enepe~e Ha 3TOT ~aKT yKaaan B.r.Ha
xaHbKOB l4,6l. Mm:<HO npeAnonomHTb, 4TO H e cny4ae w I= 0 ycTOH4H
eocTb peweHHR /2/ AOnmHa HMeTb MeCTO npH 0 < 2p < 4. 

Xopowo H3BeCTHO IS·SI, 4TO aaAa4a KowH An~ ypaeHeHH~ /1/ c Ha-
4anbH~MH AaHH~MH 

~MeeT eA~HCTBeHHOe 

U(X, t) , npH 3TOM 

/4/ 

rno6anbHOe peweHHe /e cM~cne pacnpeAeneH~I1/ 
U(·, t) ~ C((O, oo);H\R)),3AeCb H:(R)- npocT-
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paHcTao Co6oneaa co cTaHAaPTHe»1 HOPMOH 

llfl1
2

"' ilt(it)l
2
dx+ Jldf/dxl

2
dx. 

1 -oo 

BaeAeM nceBAOMeTPHKY 

d(u, ,P) - inf llu( x,t) - e 117 
,P(x -(, t) 11-

1 
(17,(} ~R2 

/5/ 

0CHOBH~M peaynbTaTOM HaCTO~~eH pa60T~ ~Bn~eTC~ 

TeopeMa. Ann KamAoro t>O cy~ecTayeT 8>0 TaKoe, 4TO ecnH u(x,t) 
~an~eTC~ peweHHeM 3aAa4H /1/,/4/ H d{u,,P)I ,.., 0 <8, TO d(u,¢)<£ 
An~ acex t ~ [0, oo). 

YCTOH4HBOCTb peweHH~ BHAa CTa~HOHapHOH BOnH~ OTHOCHTenbHO 
nceBAOMeTPHKH /5/ a 181 Haa~aaeTc~ 11op6HTanbHOH ycTOH4HBOCTb~11 , 
TaK KaK OHa OTpamaeT YCTOH4HBOCTb peweHH~ C T04HOCTb~ AO CABHra 
H apa~eHH~ /a AeHCTBHTenbHOM cny4ae 3TO ycTOH4HBOCTb 11<I>OPMb1 11

, 

TO eCTb YCTOH4HBOCTb C T04HOCTb~ AO CABHra, CM., Hanp., ypaBHe
HH~ KopTeaera-Ae QpHaa 191!. 

YcTOH4HBOCTb oTHOCHTenbHo nceBAOMeTpHKH /5/ ~an~eTc~ ecTecT
aeHHOH An~ ypaBHeHH~ /1/, TaK KaK peweHHR /1/ HHBapHaHTHbl OTHo
CHTenbHO CABHra H apa~eHH~ B TOM C~cne, 4TO ecnH U(X, t) - pe
WeHHe /1/, TO e 1'1 u(x -(, t) TOlKe ~an~eTcR ero peweHHeM. MomHo 
nerKO noKa3aTb, 4TO peweHHe c/J{X,t) HeyCTOH4HBO B 6onee CHnbHOH 
MeTpHKe II,P- ull 1 =d 1 {u, ¢). 

"-·· --··------- ---- -----···· . ----··---· -o 't"'r' M-•'-~""'"' 1 -<IIW""" 1 ...,..... 1 -"-'t-''-"1'"11.11 I'"IUI tJQ•o:U::IFIDCI~r1 riH~P'I M1;; I V~c:l t lll•n:;~-i.JIV-

*eHHOro lieH>xaMeHOM /9, 101 I APYrY'IJ MOAH<I>HKa~H'IJ CM. a /11/ I. 
Cy~ecTaeHHy~ poJlb a AaJlbHeHweM 6YAYT HrpaTb cneAY~He TPH 

<J>yHK~HOHana: 

Q = 1 f\ixudx /aap~A/, P = ( lu 1
2

dx /Macca/, 

E = f(luxl
2 

+ alul
2 

-(lui
2
(P+

1
))/(p +l))dx /3HeprH~/, 

HHaapHaHTH~e no apeMeHH, KOrAa peweHHe /1/ u(x,t) npHHaAnemHT 
C ([ 0, oo); H1 (R)) . 

nonomHM M = E + (a+ w 2)P - 2cuQ, TO ecTb 

M{u) = f[lu 12 + (a+a + cu 2 >lul 2 - luli!(P+l) -2ituu u]dx. 
- X P+l X 

YTaep>KAeHHe TeopeM~ nony4HM KaK cneACTBHe cneAy~ero npeAno
meHH~. 

2 

npeAnO~eHHe. Cy~eCTBY~T nono~HTenbH~e KOHCTaHT~ K,q, Bo 
TaKHe, 4TO ecJlH u

2
- peweHHe /1/, /4/, P(u) = P(¢) H dq(u,¢) <80 , 

TO M(u) - M(¢) ::: Kdq(u, ¢). 
AoKa3aTeJlbCTBO 3Toro yTaepmAeHH~ nony4HM, o~eHHBa~ CHH3Y 

aTopy~ aapHa~H~ M(¢) npH noM~H noAXOA~~Hx cneKTPallbHbiX 3aAa4. 

2. AOKA3ATEnbCTBO nPEAnO~EHHR 

neMMa. nycTb a/ d 2{u, ¢) < 2q 11¢\1
2 

- TDrAa inf B /6/ AOCTHra
eTCREi"!<oHe4HOH T04K~ (17, (); 6/ d q(U, ¢) RBil~eTC~ HenpepbiBHOH 
<J>yHK~HeH OT t ~ [0, oo ). 

AoKaaaTeJlbCTBO 3TOH neMMbl aHanorH4HO AOKaaaTeJlbCTBY neMM 

1 , 2 B 
1101 • 

3a<J>HKCHpyeM t (:; [ 0, oo) H npeAnOJlOmHM, 4TO MHHHMYM B /6/ AO-
CTHraeTC~ B T04Ke (17, () = (17 (t), ((t)) • 4T06bl O~eHHTb ~M 
= M(u)- M(¢), nonomHM u(x, t) = e 117 ¢(x -(, t)+h(x,t) H aaeAeM 

o6oaHa4eHHR: 

F (s) = - - 1- le 117 ¢ + hs I 2(P+ 
1 ~ ~ = cu (x- () +(a+ cu 

2
) t + TJ • 

P+l 

_1_ 1 _ nl 2(P+ 1) _,_It!. I 2(p+ 1) ) = 
p+l' "' 

"'F(l) F(O) 
F '(0) 

F'(O) + -- + F"(s)- F"(O) 
2 

O~s~l, F'(0)=-21¢1
2
PRe(e

1
TJ¢h), 

1_ F"(O) = -\¢\
2
P [pRe(h

2 
e -21~) + (p + l) \h\

2
). 

2 
noACTaBil~~ H HHTerpHpyR no 4aCT~M B CJlaraeMbiX, COAepma~HX 

h x H hx, noJly4aeM 

I - 2 ~M =2Refe 17 h[-¢ +(a+a+cu 2 -\¢\ P)¢+2icu¢x]dx+ 
XX 

AH$<1>epeH~HPY~ ABa paaa no x a /2/ H HcnoJlb3Y~ TOT <J>aKT, 4TO 
YAOBJleTaop~eT ypaaHeHH~M 
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2 1 2 r 2P+2 
r"=-(a+a)r-r P+, (r') =(a+a)r 2----, 

P+l 

nOI1Y41-1M, 4TO I 1 "' 0. e 
B I 2 nonolKHM h = (h 1 + ih 

2 
) e 1 

I 1
2 . 2 2 

h =h1+h2, 

lhxl
2 

= h~x +t.ix +2w(h1 h 2x-h 2hlx)+<U 2(h~+h~) 
Re (h2 e -21e ) = h 2 _ h 2 , 

1 2 

TaKI-IM o6pa30M, ,qnR I2 HaXOAI-IM 

[ 2 2P 2 
I 2 = ( h 1x + (a + a - (2p + 1) r ) h 1 ] dx + 

+ f(h~x+ (a+ a- r 
2
P) h:]dx = M1 + M 2 • 

171 

PaccMOTPHM caMoconpRlKeHHble B ,L2 (R) onepaTOpbl 'L 1 H ,L
2

, nopor.<
,qeHHble AH4>¢lepeHI..II-Iailb HbiMH Bblpa>KeHI-IRMH 

d2 d2 
L 

1 
= - -- + a + a - (2p + 1 ) r 2P , L 

2 
= - -- + a + a - r 2p 

dx2 dx2 

HenpepbiBHbiH cneKTP L 1 H L 2 coena,qaeT c MHO)!{eCTBOM [a+a, oo). 
Hcnonb3yR 171, HeTpy,qHo npoeepi-!Tb, 4TO L

1 
HMeeT co6cTeeHHble 

4HCI1a AO =- p (p + 2) (a +a) H ,\1 "' 0 C C06C TBeHHbiMI-1 $yHKI..II-IRMH 
4> 0 = r P+ 1 1-1 4> 1 = r'. L 

2 
.-.MeeT co6cTBeHHoe 41-!CJlo HYilb c co6cT

eeHHOH 4>YHK1..1Hea:1 r. EcnH p 2: 1, TO y onepaTopoe L 1 H L 2 HeT ,qpyr1-1x 
co6cTBeHHbiX 41-lcen. Ecn~-1 0 < p < 1, KpoMe Toro, CYIJ.IeCTByeT KOHe4-
Hoe 4Hcno nonolKHTeilbHbiX co6cTBeHHbiX 4Hcen onepaTopoe L1 1-1 L2 • 
CaMbiM ManeHbKI-IM H3 HHX RBilReTcR p(2-p)(a+a) /c co6cTBeHHbi
MI-1 $YHK1..1HRMH 

rP+1_ 2(a+aHP+l) r1-p 
P+ 2 

,qnR L 1 H r-Pr' ,qnR L2 I. B ,qanbHea:lweM, npi-IMBHRR cneKTpanbHoe 
pa3IlOlKeHI-Ie onepaTopoe 'L 1 H L 2 , nony4HM Ol..leHKY CHI-13Y ,qnR M 1 
1-1 M2·01..1eHKa M1 RBilReTcR 6onee cnolKHOH 1-13-3a cyiJ.IeCTBOBaHHR oT
PHI..IaTeilbHoro COOCTBeHHoro 4HCI1a ,\ O Y onepaTopa ,L1 , 

A. 01..1eHKa ,qnR M 2 

Tenepb eocnoJlb3yeMCR TeM, 4To MHHHMYM npaeoa:l 4aCTI-1 /6/ ,qo
CTI-IraeTcR B T04KB (n,() 1-1, CilBAOBaTeilbHO, np0!-13BO,qHaR noT/ 

4 

B 3TOH T04Ke pasHa HYJliO. 0TCIO,qa Mbl nOI1Y41-1M ,qonoJlHI-ITeilbHOe yc
IlOBI-Ie, CBR3b1Ba~ee h 2 1-1 C06CTBeHHYIO <tlYHKI..II-110 r: 

-117 - - IT/ -iT/ - - iT/ 
0 = i ([ h x e 4> x - h x e 4> x + q (he 4> - he 4>)] dx 

ITJ-= 2 Im ( (-¢ + q¢) e h dx = 
XX 

= 2 Im ( [ (r 2P + <U 
2 - a - a + q) r - 2i<U r '] (h 1 - ih 2 )dx , 

!8! 

( ((r 2P + <U 2 - a - a + q) r h 2 + 2w r 'h 1) dx = 0 . 

nonaraR a !8! h 2 = {3r + ®, r,qe {3 = const, fr®dx=<l,nony4aeM 

{3( p( a+a) + 6)2 + q) llrll2 + f(r2P+1 ® + 2<Ur'h1)dx = 0' 
p + 2 

cne,qoeaTeJlbHO 

llr 2P+ 111 11®11 + 2<UIIr'llllh111 
lf3111rll < ~K 0 <II®II + llh 111), 

- [p(a +a)(p+2)-1 +<U2 +q]llrll 

3,qecb K 0 =K0 (q) ... Onpl-1 q->oo. 

191 

TaK KaK ® opToroHaJlbHa K co6cTBeHHoa:1 <t>YHKI..II-11-1 r, TO 1-13 cneKT-
---· ,,,...._ .............................. - ......... --------- T ...... ._ ..... ,,. ... ,....._ ,,._ ..... 1oJ (L ' 
t"'~"''""''IVI V 1-''-'~'"""'VIl\ ..... llr'lll .._,,,._t"UIVt"''-'1 -~ ...,...,.,._, ...... ._,' -,IV Uol~\a&;::/ 

= M 2(®)?:"-il®ll 2 , r,qe "-="-(P) (,\(p) =P(2-p)(a+a) np~-1 0<p<1, 
,\ (p) = a+ a np~-1 1 :s p ~ 3/2) .Tor,qa a CI-IIlY /9/ nony4aeM HYlKHYIO Ol..leH-
Ky 

/10/ 

6. Ol..leHKa AilR M 1 

noJlOlKI-IM 

h {3 P+ 1 , 0 
1= r +yr +0 1, p+ 1 

r=vr +1/1, Ill/ 

r ,qe r r p + 19 1 dx = f r, 9 1 dx = J r p +1"' dx = 0' {3, y' v = const. 
B CI-IIlY opToroHailbHOCTI-1 ® 1 K co6cTeeHHbiM 4>YHK1..11-1RM ¢

0 
= r P+ 1 

H 4> = r' ~1MeeM 
1 

M1(h 1) ="-of3
2

11rP+
1

11
2

+M1(8 1)?: "-0 /32 11rP+lll 2 +"-ll8
1

11 2 /12/ 

OcHoBHoa:l TPYAHOCTbiO np~-1 Ol..leHKe M 1 RBilReTcR noReneHHe OTPI-II..Ia-
Te!lbHoro 4JleHa ,\ 0{3 2 11 r p+ 1 11 2 • Bocnonb3yeMcR ycnoe1-1eM 
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P(u) = r \h + e 111 ¢\ 2 dx = fl¢\ 2 dx = P(u) HilH 

Re fe 171 ¢hdx + 1.\\h\\ 2 = 0, fm 1dx + 1..11 h\1 2 = 0, 
2 2 

vt! llr P+ 111 2 + r c/181 dx + ..!.. II h 11
1 

= 0 ' 
2 

t!llrP+ 1 11 = -(v\\rP+ 1 1J)-1 <! \\h\\ 2 +fc/19 1dx) • 

Tenepb Mbl AOKa>KeM, 4TO cy~ecTayeT 4Hcno a, 0< a <l,TaKoe, 
4T06bl npH 0 < p < 8/2 HMellO MeCTO HepaaeHCTBO 

\A o I llc/111
2 

Av211rP+1112 
< 1" -a. 

H3 1131 BbiTeKaeT 

\A I u +1 • 
\Aoltl211rp+111 S o ~llhll +IAoiU+a)llc/1112 ll8tll2 

v211rP+1112 < 

~ co II h II 4 + .\ (1 -a 2) 118 1112 . 

0TC~Aa B CHilY 1121 HMeeM 

t.l I\.. ' .._ \ _ 2 II 0 I I 2 ,.. II ... II 4 
"' 1 \.u 1 I ~ "' " I I""' 11 I - _. 0 I I u I 1 • 

,l:loKa>KeM 1131. TaK KaK llc/111 2 =-llrll 2 -v 211rP+ 111 2 

llc/111
2 II rll 2 

_ 1 = ~11 2 II r P+
1

11
2 

_
1 

= 

v211rP+1112 v211rp+1112 ((rp+2dx)2 

= _2- ( r (chy)-2/p dy)2 (f(chy) -1-2/p dy)-2 -1. 
P+2 

B CHilY paaeHcTaa 

f(chyf~'dy =$r<t> <r<'"; 2 >f
1 

1131 MO>KHO nepenHCaTb B BHAe 

~ [ _2 _ < rulp) >4 -11 ~ 1 -a. 

A P + 2 JPr<1lp + 1/2) 

, HMeeM 

1131 

1141 

11 r 1 
I I ,;/ 

Ec111-1 nono>KHM AI1R YAOOCTBa 8 = 1/p, s > 2/3, ~t(s) = (~t(s) = 2-114 

npH 8 > 1 H I' (8) = (2s) 1/4 (s + 1) -1/2 npH 273 $. s $. 1), To eepxHee 

HepaBeHCTBO CBOAHTCR K 

6 

i) 

,) 

r:: -1 
f(8) =~t(8) V" r(8) (r(8 + 1/2)) ::;1-a, 8 ~ 2/3 

I c KaKHM-To APYrHM a , 0 < a < 1 I. Tenepb npHMeHHM !floPMYilY CTHp
IlHHra: 

r() -s · s-112(2 )112(1 1 1 139 ) 
1
. I 139 

8 = e 8 " + -- + -- - + 8 1 , 81 < ---
128 2888 2 151840 8 8 ' 51840 8 8 ' 

f( 8) < e1/2 I' (8) (1 + _1_,-s (1 + _1_ + ~ )(1 + 1 + 
- 2s 128 2888 12(8 + 1/2) 

+ 1 - 278 ) -1 

288(8 + 1/2) 2 61840 (8 + 1/2) 8 

1282 + 14..:!!82 + 3..!8 + 1... 
= e 112 I' (s) (1 + _1_) -s (1 + _____ 90;._ ___ 4 __ 8_ 

28 288s 6 + 458s 4 .+ 24188 + 40 ~ s2 

1/2 1 -s = e I' (8) (1 + -) r (8) • 
28 1 

HcclleAYR 3HaK npOH3BOAHbiX lflyHKLIHH r 1(s) H r2(8) = ~t(S) (1 + 1/2s)-8
, 

MO>KHO npoaepHTb, 4TO f1 H f2 RBilRnTCR MOHOTOHHO HeB03pacTa~HMH 

lflYHKI..IHRMH npH S::::. 2/3, CileAOBaTellbHO, 

f( 8) ::; e 112 r 
2
(2/3) r

1 
(2/3) = o ,999912 ... = 1- a. 

TeM CaMbiM HepaBeHCTBO 1131 AOKa3aHO, 4To6bl nOI1Y4HTb OKOH4a

TellbHY~ o1..1eHKY AI1R M 1, Heo6XOAHMO e I 151 Bblpa3HTb 118 111 4epe3 
llh 111. 06o3Ha4HM 8 4epe3 h 1 -yr'. TorAa H3 1111 H 1141 abi

TeKaeT 

l\811 2 =t! 211rP+1112 +118 11 2 < _:_o_llh\1 4 + ( 1)(1 -a
2

)+1) 118 11 2 
1 

- \Ao I lAo I 1 

OTcnAa, Hcnollb3YR 1151, nony4aeM 

2 
M 1 (h 1) :::: ~ 11811 

2 
- 2c 0 II h II • 1161 

,l:lanee npoaeAeM aHa11H3, aHanorH4HbiH H3110>KeHHOMY npH nony4eHHH 

Ol..leHKH AI1R Me· npHpaBHHBaR K HYil~ npoH3BOAHY~ no 11 d:{u, ¢) 
B T04Ke MHHHMyMa, HaXOAHM 

171 - - 171 -
0=2Re fe {hs:«Pu+qh¢s:)dx=2Re fe (-«Pus:+q¢s:)hdx 

= f[(5c.l2 -a-a+ (2p +l)r 2P+q)r'h 1+cu(3(cu2 -a-a+r2P)+q)rh
2
]dx. 
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OnpeAenHH Jqrh 2dx H3 /8/ H noACTasnHH era so aTopy~ 4aCTb 
nocneAHero paseHcTsa, nony4HM 

( [ ( 3w 2 
- a - a + (2p + 1 )lP + q) r 'h l + 2cu (w 2 - a - a + r 2p ) rh 2] dx = 0 . 

OTC~Aa, TaK KaK h 1 =yr'+ El, fr'Eldx =0 
ycnosHe 

/B CHny /11//, B~TeKaeT 

2 

y( 
4
p + ap (a+a )+3w2 +q) iir 11 2 + ( [(2p + 1)r 2P r'(h 2cu (w2 -·a-a+r 2p) rh 2 ]dx = 0. 

3p +2 

C y4eToM 3Toro ycnoBHH, TaK me KaK npH o~eHKe M
2

,HMeeM 
llh 111 $. (K1 + 1) II Ell! + K 111 h 2 II , rAe K 1 = K1 ( q) _, 0 npH q _, oo. 

noACTaBnHH 3Ty o~eHKY B /16/, B~BOAHM OKOH4aTenbHO AnH M
1

: 

.\ 2 2 .\o 2K ~ 2 4 
M1 .? u llh II - 2 llh 2 11 - 2c 0 llhll • 

4(K 1+ 1) 2 1 2(K 1+ 1) 

nocne o6oeAHHeHHH /10/ H /17/ HMeeM 

a2 
Mt+M2>.\[(---

- 4(K,+1) 2 

1 a2K2 

+ (2(Ko+ 1) 2 2(K1 +11)JIIh 2112-2c d lhll4. 

/17/ 

3a<!>HKCHpyeM q TaK, 4T06bl K0 ~ a/4, K1 $ 1:14. HecnomHo noKa-
3aT b, 4TO, Bbi6HpaH q, MomHo nonomHTb q = q 0 [(a+ a) 3/2 + 
+ w 8

) (a+ a)-112, rAe q 0 HBnHeTCH KOHCTaHTOH, 3aBHCH~eH TOnbKO 
OT p, 

TorAa nony4HM M1 +M 2 :;;:: .\a2/9ilhll 2 -2c 0 iihii 4. 
C APYrOH CTOpOHbl, o~eH~BaH HenocpeACTBeHHO 1

2
, HMeeM 

2 2 2P 2 
12:2:: llhxll + ([a+a+w -(2p +1)r llhl dx- 2lwl flhxllhldx ~ 

:2::! llhxll
2

+ f[a+a-w
2 

-(2P+1) ~ 2P]ihi 2dx, 

cneAoBaTenbHO, 12 ..? ~ llhxli
2 

-c111hil 2 , rAe c
1
=(a+a)(2p 2+3p)+w 2. 

nycTb 0 < K < 1/2' B 3TOM cny4ae 

~M .? 2K1 2 + (1 - 2K) (M 1 + M2 ) - lis I ~ 

2 .\a 2 2 4 
~ K II h x II + ((1 - 2K) -

9
- - 2Kc 1 ) II h II - (2c0 (1 - 2K) II h II + lis I) . 

8 

I 
I 
I 

I 
~ 

I 
~ 

Bb16epeM I( TaK~M o6pa30M, 4To6bl 2qK = (1- 2K) .\oo/ 9- 2Kc 1 , 

TO ecTb K • (~ .\u 2(.\a 2 + 9q + 9c1 )-1 > 0. TorAa HMeeM o~eHKY 

~M 2:. Kd:(u, ¢) + (qKIIhll 2 -2c 0(1-2K)IIhll 4 -11
3

1). 

AnH Taro 4T06bl 3asepwHTb AOKa3aTenbcTso npeAnomeH~H, noKa
lKeM, 4TO 80 > 0 MomHo Bb16paTb TaKHM o6pa3oM, 4T06bl npH 
dq(U, c/J) < 8 O cnaraeMOe B CKofiKaX 6blnO HeOTPH~a}~nbHbiM /AO CHX 
nap 80 YAOBneTBopHno TonbKO ycnosHIO 8o $. (2q) 1 11¢JA· Heo6-
XOAHMOMY AnH neMMbl a/. AeHcTBHTenbHO, nonaraH z = e ¢ + hs, 
HaXOAHM 

-lb1 2P(pRe(h2 e-21 argb) + (P+ 1) lhl 2)1 $. 

S (p + 1) lhl 2 llzi 2P -lbi 2P I+ Plh1 2 llzl 2pe-21 argz -lbi 2Pe - 2iargb I. 

TaK KaK lz 1
2
P H I z 1

2
P e -

21 
argz HBnHIOTCH HenpepbiBHbiMH <I>YHK-

~HHMH, TO MOlKHO BblfipaTb 8 1 AOCTaT04HO ManeHbKHM, 4T06bl AnH 
scex KOMnneKCHbiX z, b , lb I s. max 1¢1, lz- b I s. 8 1 HMeno MecTo 
1121-F(s) -.F(O) I s kq/2 lhl 2 • TaKHM o6pa3oM, ecn11 dq(u, ¢) s_ 
$. 2 112 ql/48 1 , To, Hcnonb3YH HepaseHCTBO Co6onesa, HMeeM 

lz-bl.$ lhl$.2112 q 114dq(u, ifJ).$ 8 1 

11, cneAOBaTenbHo, IIsi.S (Kq/2) llhll
2

• HaKoHe~, ecn11 dq(u, ¢) $. 
$. (q/2) (K/c

0
) 

112 , TO 

2c0 11hll 4 <(2c
0
/q)d 2(u, ¢) llh11 2 < Kq llhll 2 • 

- q - 2 

.::, 112 . 2 112 114.::, _q (-K ) 112)' 
u 0 = mtn((2q) II<PII, q u 1, 

2 c 0 

npHXOAHM K BbiSOAY' 4TO ecm-t d q (u, cP) < Bo' t ~ [ 0, oa), TO ~M?: Kd: (u, ¢). 
npeAnO>~eHHe AOKa3aHO, 

3. AOKA3ATEnbCTBO TEOPEMM 

CHa4ana Mbl AOKa~eM TeopeMy np11 AOnonHHTenbHOM ycnoBHH 
P(u) = P(¢). nycTb K' q ' 8o Bb16paHbl B COOTBeTCTBHH c npeAno
lKeHHeM. TaK KaK ~M He 3aBHCHT OT t , t ~ (0, oa), TO cy~eCTByeT 
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KOHCTaHTa m TaKaH, 4TO ~M :S md 2(u, ¢)I t= 0 • B AailbHei:\weM, He 
orpaHI1411BaH 06lJIHOCTI1, 6yAeM c

1
411TaTb, 4TO m ?_ 1, q 2 1 . 

nycTb t >0, 8= min((K/mq) 1 2 (8 0 /2), (K/m) 112 t) 11 nycTb 
d(u,¢)1t=O <8, TorAa dq(u,¢)1t=Os;q112 d(u,¢)1t=o<80 /2 

11 113 neMMbl 6 BbiTeKaeT, 4To cylJiecTeyeT 411CilO T 0 > 0 TaKoe, 4TO 
dq(u, ¢) < 80 , t ~ 2[0, To). B[ 3TOM cny4ae e c11ny AOKaaaHHoro npeA-
no>KeHI1H ~M?. Kdq(u, ¢), t ~ 0, T0 ). 

nycTb T max HBJlHeTCH caMbiM 60JlbW11M 411CJ10M' TaKI1M' 4TO 
~M ~ Kd 2 (u, ¢), t ~ [0, TmuJ • AonycTI1M, 4TO Tmax < oo, TOrAa np11 
t ~ [ 0, 1Jmax] 11MeeM 

npi1MeHHfl el!le pa3 JleMMY 6, nony4aeM, 4TO CylJieCTeyeT 411CJ10 T1> Tmax 
TaKoe, 4TO dq (u, ¢) < 80 , t ~ [0, T 1 ) • B c11ny npeAilO>KeH11H 3TO 
npoTI1Bope411T AOnylJieHI110 T max< oo, cneAOBaTeJlbHO, T max = oo 11 
~M ?. Kd~ (u, ¢)?. Kd 2(u, ¢), t ~ [0, oo), 0TC10Aa 

d 2 (u, ¢)::; ~KM::; ~8 2 < c 2 , t ~ [0, oo), 

11 TeM caMbiM TeopeMa AOKa3aHa. 
2 2 Tenepb oceo60A11MCR oT ~rpaH114eHI1H P(u) =I lull =II¢ II = P(¢). 

1-iMeeM jj¢JI =Cp(a+a)(2
-p) 

4P , rAe KOHCTaHTa Cp 3aBI1CI1T TOJlb-
KO OT p, nycTb ¢B 11MeeT BI1A /2/, /3/ C 8 BMeCTO a 11 {:3 Bbl-
6paHa TaK, 4TO a+{:3>0 11 11¢[:311 =Cp(a+[:3)<2-p)/ 4P=IIull. 

BeeAeM o6o3Ha4eHI1R r{:3= 1¢[:31· TorAa, nOACTaBJlRR e 11HTerpan 
/M11HI1MYM KOTOporo no (7], ') RB11ReTCR d 2 (¢ {3• c/>)/ 7] = ({:3 -a )t, '= 0, 
nony411M HepaeeHCTBO d2(¢13 ,¢);S(w 2+l)llr -r{:311 2 +11r'+r8112. 

.flCHO, 4TO eCJll1 la-{31 AOCTaT04HO MaJleHbKOe /HariJ:>11Mep, 
Ia- {31 $ (a +a) /2/, 11MeeT MecTo lr- r (31 ~I a- {3 I p, rAe 
p ~ L 2(R) 11 liP II He aae11c11T oT {3 /3BeHTyanbHO 3ae11c11T OT a , p 
11 a/. 3To cneAyeT 113 /3/ 11 113 HepaeeHCTBa 

..!<~<1... 
2-a+a -2 /18/ 

AHanor114Hoe yTeep>KAeHI1e 11MeeT MecTo 11 AilH I r '- r' I • CneAoea-
TeJlbHO, d(¢{3,¢) '£C 1{3-al, t~ (0, oo), rAe C He{:33aBI1C11T OT {3,t. 
nycTb f > 0, 1-13 HepaBeHCTBa 

111¢{:311-11¢11 I= I llull- 11¢111:5 d(u, ¢)1t=O<l3 

BbiTeKaeT 

8 4p1(2-P) II¢RII 4p/(2-p) 
8 

4P/(2p-2) 
(1- --) < (---t!-) < (1 + --) 

11¢11 - 11¢11 - 11¢11 

10 

TaK KaK 4p/ (2- p) !S 12, H3 nocneAHero HepaeeHcTea BbiTeKaeT, 
4TO 1-81:;; (&+{:3)/(a+a) ~ 1 + 81 , rAe 81 .. (1+8/ II¢1J)12_1. 
OTCIOAa ltl-• S" .!1 (a+ a) 11, cneAOBaTenbHO, 

d (u, ¢ {:3) I c=O ~ d (u, ¢) I t= 0 + d (¢ {:3 , ¢ ) I , .. 0 < 8 + o (a + a) 81 = 8 0 • 

Bbl6epeM 8 AOCTaT04HO ManeHbKHM H npHMeH11M Y>Ke AOKasaHHyiO 
4acTb TeopeMbl: 

d(u, ¢{:3)1 , .. o< so ... > d{u, ¢{:3) < ~ ' t ~ [0' oo). 

8 CI1IlY /18/ RCHO, 4TO Mbl MO>KeM Bb16paTb 8 0 He3aBI1CI1MO OT {:3 /eM, 
AOKa3aTenbcTeo npeAilO>KeH11R 11 Bbl6op KOHCTaHT K, q , 8

0 
I. 

TorAa, Bb16HpaR 8 > 0 AOCTaT04HO ManeHbKHM AJlR BCeX t ~ ( 0, oo ), 
nony4aeM 

d{u, c/>) < d(u, c/>{:3) + d(¢{:3, ¢) <..!.... + o(a + a)S < t. 
- 2 1 

TaK11M o6paaoM, TeopeMa AOKasaHa noJlHOCTbiO. 
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eCJIM OHM He 6b1JIM 38K838Hbl paHee . 
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