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An~ on~caH~~ eonH e cpeAaX co cna6o~ A~cnepc~e~ e cny4ae, 
ecn~ npeo6naAaeT Ky6~4Ha~ Hen~He~HOCTb, KpoMe Hen~He~Horo ypae
HeH~~ WpeA~Hrepa ecTpe4aeTc~ ~ Hen~He~Hoe MOA~~~4~poaaHHoe 

ypaaHeH~e KopTeaera-Ae ~P~3a /MKA~/: 

u t + 61 u I 
2 

u X + u XXX = 0' X ~ R, t 2 0 ' /1/ 

KOTopoe, KaK oTMe4aeT B.E.3axapoe 11 •21, Tome ~MeeT yH~aepcanbH~~ 
xapaKTep. KoMnneKcHoe ypaaHeH~e /1/ paccMaTp~aanocb ~a 13"51 . 
B 4aCTHOCT~, An~ ae~ecTeeHH~x u oHo 6~no npo~HTerp~poaaHo Me
TOAOM o6paTHO~ 3aAa4~ /eM., Hanp~Mep,/6/ /. 0TMeT~M, 4TO Ha oc
HOBe paccymAeH~H, ~3nomeHH~x a naparpa~ax 8-1 0 KH~r~ 121 , KOMn
neKcH~~ aHanor /1/ ypaaHeH~~ MKA~ TaKme MomeT 6~Tb npo~HTerp~
poeaH MeTOAOM o6paTHO~ 3aAa4~. 

B HacTo~~eH pa6oTe M~ AOKameM ycTo~4~BoCTb AByxnapaMeTp~4e
CKoro peweH~~ B~Aa yeA~HeHHO~ eonH~: 

/2/ 

rAe r((}=ach ·a~, , a>O~ w- ae~ecTBeHH~e napaMeTp~. 
B § 1 noKameM, ~cnonb3Y~ Teop~~ KBa3~n~He~H~x 3Bon~4~0H-

H~x ypaaHeH~~ !7,8/, 4TO 3aAa4a Kow~ An~ ypaaHeH~~ /1/ c Ha4anb
H~M~ AaHH~M~ 

u(x, 0) = g(x) ~ H 8 (R), s > 2 /3/ 

~Meer eA~HCTBeHHoe rno6anbHOe peweH~e u(x, t), np~ 3TOM u(·, t) ~ 
~ C ( [ 0, oo) ; H 8 ). 

3AeCb H 8 (R) - npocrpaHcTao Co6oneea co cTaHAaPTHO~ HopMo~ 

11!11 2 = I r lf(k)(x)l 2 dx, rAe f(k)=dkf/dx~ 
k=O 

BaeAeM nceBAOMeTp~KY 

d(u,¢)= inf llu(x,t)-e
1
w 71 ¢(x-(,t)ll 1 /4/ 

('11, ()~ a2 

OcHOBH~M pe3ynbTaTOM HacTo~~e~ pa6oT~ ~an~eTc~ 

TeopeMa 1. AnR KamAoro £> 0 cy~ecTayeT 8 > 0, raKoe, 4TO ecn~ 
u (x, t) RBnReTcR peweH~eM 3aAa4~ I 1 I, I 31 ~ d (u, ¢)I t= 0 < 8, 
To d (u, ¢) < £ AnR acex t ~ [ 0, oo) • 

YCT0~4~BOCTb OTHOC~TenbHO nceBAOMeTp~K~ /4/ Ha3~BaeTC~ 1 ~p-
6~TanbHOH YCTOH4~BOCTb~ll/9,10/, TaK KaK M~ ~MeeM. yCTOJII4~BOCTb 

\ .· 

' t!, ... ;-:lf~:;. 
.·.; }f JH 

') .. 
• r I .~~, 

"<J ' 1_ 1 ~ 

I 



~eweHH~ C T04HOCTb~ AO CABHra 1-1 epa~eHH~ /B 4aCTHOCTH, B Ae~cT
BHTenbHOM cny4ae npH w=O nony4aeTc~ xopowo H3BeCTHa~ MeTpHKa 
1-1 3 pa6oT 111·13/ f. YcTOH4HBOCTb oTHOCHTenbHo nceBAoMeTpHKH /4/ 
~Bn~eTC~ ecTeCTBeHHOH An~ ypaBHeHH~ /1/, TaK KaK peweHH~ /1/ 
HHBapHaHTH~ OTHOCHTenbHO CABHra 1-1 epa~eHH~. MO*HO nerKO noKa-
3aTb, 4TO cp(x, t) HeyCT0~4HBO B 6onee CHnbHOH MeTpHKe d 1(u, cp) 

=II¢ -ullt· 
npH AOKa3aTenbCTBe TeopeM~ HCnonbayeM cneAY~~He TpH 

""- 00 2 00 2 
lt>YHKL\HOHana: Q = i r Uxudx,. p = r lui dx, • E ·= r (lu~.! 
- \u \ 4 ) dx, HHBapHaHTH~e no epeM;;H, KOrAa u(x, t) 7en~eTc~ pe-

weHHeM aaAa4H KowH /1/, /3/. 
noKa>KeM 4TO ¢ (x, t) MHHHMH3HpyeT lt>YHKL\HOHan M = E + (a 2 + 

• 2 
+ w2)P-2wQ, T.e. M(u) =Hiu~.l 2 -lul 4 +(a2 +if)\ul -2iwu~.u]dx, 
06oaHa4HM An~ $~KCHpoeaHHoro q > 0 

d 2 (u, ¢) = inf (liu (x, t)- eiwl7 ¢~.(x- (,, t)i1 2 + q\\u(x, t)- eiw 17 ¢(x...,;,t)\r). 
q (17,(,) ~R2 /5/ 

YTeep>KAeHHe TeopeM~ 1 nony4HM KaK cneACTBHe cneAy~ero npeAno

>KeHH~: 

npeAnO*eHHe. Cy~eCTBY~T nono>KHTenbHble KOHCTaHTbl 
TaKHe, 4TO ec111-1 u - peweHHe /1/, /3/, P(u) =P(¢) 1-1 

TO M(u) - M(¢) ;::_ K d :(u, ¢). 

K, q , o0 
dq(u, ¢) < o0 , 

B § 2 nony41-1M AOKa3aTenbcTBO 3Toro yTeeplKAeHH~, Ol\eHHBa~ 

cHH3Y BTOPY~ eap!-1al\HIO M~¢) np~-1 noM~I-1 nOAXOA~~..,.x. '-'"="'-'IJdJibm"" 
3aAa4. B § 3 H3nO>KHM AOKa3aTenbcTeo TeopeM~ 1. 

§1. TEOPEMA CYmECTBOBAH~~ 

An~ Taro 4T06bl npJ.1MeHJ.1Tb TeopHIO a6cTpaKTH~x KBa3J.1nJ.1HeHHbiX 
ypaeHeHHH K AOKa3aTeJlbCTBY TeopeM~,3anHWeM ypaBHeHJ.1e /1/ B BeK

TOpHOH ijlopMe: 

wt + 8(w*w) wx + wxu = 0, w = (Reu, lmu). /6/ 

s s s s 
BeeAeM npocTpaHcTBO Z = HR • HR' rAe HR - ee~ecTeeHHoe 

npocTpaHCTBo Co6oneea, J.1 o6o3Ha4J.1M 4epe3 P(t) = exp[-tD
3

] tD + 
tD exp [ -tD 3 ], 0 = d/dx CJ.1JlbHO Henpep~BHYIO YHHTapHyiO rpynny onepa
TOPOB, AeHCTBYIO~HX B npocTpaHCTBe zs • TorAa, nOACTaBn~~ B j6f

1 w = P(t) v ( t) , nony4HM KBa3HnHHeHHOe 3BOlliOL\HOHHoe ypaeHeHHe 7 •8 : 

dv/dt+ A(t,v)v=O, v(O) =(Reg, lmg), 171 

rAe A(t, y) - nHHeHHbiH onepaTop, aaeHc~~HH OTt, y ~ Z 8 1-1 
A(t, y) = P(-t) a(P(t) y) DP(t) , 3AeCb a(P(t) y) - onepaTop YMHO>KeHI-1~ 
Ha ijlyHKL\1-110 x ~ a((P(t) y)(x)) = [(P(t) y) *(P(t) y)](x), EcnH Bbl-

2 

6paTb e Ka4ecTee X = Z 0 1-1 Y = Z 8 /a TepMJ.1HonorHH /7/ I, To ycno
BHH a6cTpaKTHOH TeopeM~ cy~eCTBOBaHH~/7/ All~ /7/ nposep~IOTC~ 
TaK >Ke, KaK s 17~ C$opMY11HpyeM pe3YllbTaT, KOTop~A nony4aeTc~ 
OTHOCt.1TeJlbHO ypaBHeHH~ /1/. 

TeopeMa 2. /a/ nycTb s>3/2. AnH KalKAOrO g(x) ~H 8 Cyll\eCT-
eyeT eAJ.1HCTBeHHOe peweHI-1e u(x,t), u(x,O)=g ypaeHeHH~ /1/, Ko-
Topoe npJ.1HaAne>KHT Knaccy 

/8/ 

rAe T 3aBVICHT TOJlbKO OT llgll s' 
/6/ OT06pa*eHJ.1e g ~ U HenpepbiBHO B }-) 8 -HopMe B TOM CMbiCJle, 

'-!TO ecnH gn-+g B H 8 np111 ll-+oo 1-1 T'< T, TO peweHHe /1/un(x,t), 
U 0 (x,0) = g 0 cy~eCTByeT npl-1 t c;; [O,T'] AllH AOCTaT04HO 60JlbWHX n, 
H :lun- u !! s-+ 0 paBHOMepHo no t ~ [0, T']. 

/B/ T I~OlKeT fi~Tb 8~6paHO He3aBHCHMO OT S j3 TOM CMbiCJle, 
4TO ec111-1 u YAOBJleTeopHeT /8/ 1-1 u(x, 0) = g ~ H 8 Ail~ HeKoToporo 
S' f. S, S' > 3/2, TO U YAOBJleTBOp~eT /8/ J.1 npl-1 S' BMeC TO S. 

Ycnoa1-1e /r/. Cy~ecTBYIOT ae~ecTBeHHble 4111Clla s 
1

?: s 0 > 312 
1-1 Hey6~eaKJ~aH lt>YHKL\1-1~ a, TaKHe, 4TO All~ Ka>KAoro T > 0 111 All~ 

KdlKAO~ ijlyHKL\HH U~C({O,T);H 8 1),YAOBJleTBOpHIO~eJ1 /1/, HMeeT 
MeCTO \\u(•,t)i\

8 
<a(\\u(·, 0)\i ), t~[O,T), o- ·so 

TeopeMa 3. nycTb J.1MeeT MeCTO ycllOBIIIe /r/. TorAa yTBep>KAeH~H 
I CUIJCMDt L. tlDIIIUJinnru I ~n lltJrl J. -=.. ov • 

neMMa 1. Ycnoellle /r/ B~nOJlHHeTC~ npH So= 2. 
AoKa3aTellbCTBo. YTeep>KAeHHe neMM~ HenocpeACTBeHHO BbiTeKaeT 

1-13 TOro ijlaKTa, 4TO HeJlJ.1HeAH~e $yHKL\J.10HaJ1~ 

p E= f(\u~.! 2 -lul 4 ldx, 

/9/ 
flluul

2 
-[d/dx(\u1

2 ll2
-6\u1

2
iuxi 2 +2\ui

6
1dx 

YIHBdpYiaHTHbl no BpeMeHH, KOrAa U(X, t) ~BJl~eTCH peWeHHeM 3aAa4H 
KowH /1/, /3/. 

AoKa>KeM HHeapHaHTHoc Tb no epeMeHH P, E H I. An~ 3Toro onpe
AellHM peryn~pH3al\HIO gf Ha g /e AallbHeHweM g o6o3Ha4aeT npeo6pa-
3oBaHHe ijlypbe-ijlyHKL\HH g I, g (k) = 'P(lk) g(k), rAe 'P - 4eTHa~ 

00 ( Ill 
C -ijlyHKL\HR, 0 .::; 'P s 1 , 'P (0) = 1, npJ.14eM lt>YHKL\H~ m(k) = 1 - T (k) 

HMeeT B 0 HYnb 6eCKOHe4HOrO nOP~AKa, H, KPOMe Taro, 'P CTpeMHT
CR 3KCnOHeHL\HallbHO K HyniO npH k -+ ± oo. HanpHMep, M~ MOlKeM nono-
lKHTb 'P(k) = exp{-s(k)], s(k) = k 2 exp[-l/k2]. 113 CBOHCTBa ijlyHK-
l\HH 'P cneAyeT, 4TO g((x) ~ Hoo = n H 8,06o3Hd4J.1M cooTaeTcTBYI0-

8 

111ee peweHI>'te I 1 I 4epea u (x, t), u (x, 0) = g • 
( ( ( 

3 



HenOilb3Y.R paseHeTBa nepeesail.R' HeTPYAHO Bblseent, 4TO g ( _, g 
s H 8 , s ~ 2 np11 t -. 0. TorAa, s e11ny TeopeMbl 2, Ail.R KaJKAoro T'< T 
11 Ail.R AOeTaT04HO MailbiX t, ul(x,t)~ C((O,T']; H 00

) 11 

llul (., t)- u(·, t) II s -+ 0 /10/ 

np11 E-+ 0 pasHoMepHo no t ~ [ 0, T]. A114><1>epeH~11py.R no speMeHI1 s /9/ 
11 Y411Tb1Ba.R, 4TO uE (x, t) YAOBileTsop.ReT I 1 I, s Kilaeel14eeKoM eMbl-
ene nony411M I(uE) = I(gl) P(ul) = P(g £), E(u£) = E(g£). Aena.R 
npeAeilbHbiH nepeXOA B 3TI1X paseHeTsax, B ei1IlY /10/ nOilY411M 11H
Bapl1aHTHOeTb no speMeHI1 P , E 11 I • 

~3 TeopeMbl 3 11 neMMbl 1 BbiTeKaeT, 4TO 3aAa4a Kow11 /1/, /3/ 
11MeeT eA11HeTBeHHOe rno6ailbHOe peweHHe U, Ail.R KOTOporo BblnOilH.R~T

e.R yTsepJKAeHI1.R TeopeMbl 2 np11 T = oc. 

§2. AOKA3ATEnbCTBO nPEAnO!EHH~ 

neMMa 2.a/ nyeTb d~(u, ¢) < 2qll¢!1 2 • TorAa inf B /5/ AOeTI1-
r aeTe.R B KOHe4HOH T04Ke (7], (). 

6/ d (U, c/J) - HenpepbiBHa.R tPYHK~H.R OT t ~ [ 0, oc). 

A q u 1 2 OKa3aTeJlbeTBO 3TOI1 JleMMbl aHailOr114HO AOKa3aTeJlbeTBY JleMM , 
B 112/ • 

3at!>I1KeHpyeM t ~ [ 0, oc) 11 nyeTb M11HI1MYM B /5/ AOeTHraeTe.R 
s T04Ke (7], () = (7](t), ( (t)). 4T06bl o~eHI1Tb ~M = M(u) - M(¢), nono-

. ~~\- . 
mHM u~x, LJ = t:l • q>tx- t,, q + nt~ 'J 11 npoi1HTerpl1pyeM no 4aeT.RM 
s enaraeMbiX, eoAepma11411X h x 11 hx. nony411M 

~M = M(u)- M(¢)= 2Re f e 1
(1)

71 [-¢:r.x +(a 2 + (1)
2 -21¢1 2 )¢+2iw¢:r.] hdX+ 

+ f£1hxl 2 +(a2 +ill 2 -41¢1 2)!hl 2 -2iwhxh- 2Re(e-
2

iill7)¢-2h 2 )]dx-

- flhi
2

(4Ril(e
1
w71 ¢h) +lhi 2)dx = 11 +1 2 +1 3 • 

TaK KaK aMni111TYAa r YAOBileTsop.ReT ypasHeHH.RM 

r"+ 2r3-a2r =0, r'2= r2(a2 -r2), /11/ 

TO HeTPYAHO BbiBeeTI1, 4TO 11 =0, T.e. c/J .RBJl.ReTC.R eTa~HOHapHOH 
T04KOi}_ tPYHK~HOHaJla M, 4To6bl O~eHHTb 12, eHI13Y npeAeTaBI1M 

.1 2 =JhLhdx, rAe L- A11~epeH1.111ailbHbiH onepaTop, 11 npi1MeHI1M ero 
eneKTpailbHOe paanomeH11e. An.R 3Toro Mbl AOilmHbl 1136aBI1Tbe.R OT 11H
son~~l111, eoAepmall4eHe.R s noeneAHeM 4IleHe 12 • npoi13BeAeM aaMeHy 
nepeMeHHbiX, nonara.R 

rAe h 1 , h 2 - Bet14ee TBeHHble ti>YHKLIHH. Tor A a HMeeM 

4 

/12/ 

f h X h dx = i f[ h 2 h 1x - h1 h 2x- ill (h1. + h~)) dx , 

Re(h-2 ¢2e -2iill7)) = (h2 _ h2). 
1 2 

TaKI1M o6paaoM, Ail.R 12 nony4aeM BblpameHI1e 

2 2 2 2 2 2 22 
1 2 = f[hlx+(a -6r )h 1dx+ f[h2:r.+(a -2r )h 2]dx=M 1 +M2 • 

PaeeMoTpi1M eaMoeonp.RmeHHble s L 2(R) onepaTopbl L 1 11 L 2, nopom
AeHHble A11~epeH~HailbHbiMI1 BblpameHI1.RMH 

d
2 

2 2 d
2 

2 2 
L 1 =--- + (a - 6r ) , L 2 = - -- + (a - 2r ) • 

dx2 dx2 

HenpepbiBHbiH eneKTP L 1 11 L 2 eosnaAaeT e MHomeeTBOM [a 2, ~-
~1cnOilb3Y.R /11 I, HeTPYAHO nposepi1Tb, 4TO L 1 11MeeT eo6eTBeHHble 
411ena .\ 0 =-3a2 11 .\ 1=0 e eo6eTseHHbiMI1 ti>YHK~H.RMI1 ¢ 0 = r2 
11 ¢ 1= r'. L 2 11MeeT eA11HeTseHHoe eo6eTseHHoe 4Heno HYilb e eo6-
eTseHHOH tPYHK~I1eH r. 

Cy114eeTsosaH11e Hynesblx eo6eTseHHbiX 411een y ,L 1 11 L 2 .RBil.ReTe.R 
eneAeTBI1eM 11HBap11aHTHOeTI1 peweHI1.R /1/ OTHOeHTeJlbHO eABI1ra 11 Bpa-
114eHI1.R. oJlarOAaP.R TOMy, 4TO MeTpHKa /4/ AaeT yeT0~4HBOeTb e T04-
HOeTb~ AD eAB11ra 11 Bpa114eH11.R, YAaeTe.R KOMneHeHpOBaTb BKilaA Hyne
BbiX eo6eTBeHHbiX 4HeeJl /eM. KOI1MeHTapi1H B/13/ /. 

0TpH~aTeilbHOe eo6eTBeHHOe 411eJlO L 1 /11 eOOTBeTeTBY~II4a.R eo6-
eTBeHHa.R t!>YHK~I1.R/ oTpama~T xapaKTep Hen11HeHHoeTI1. Hanpi1Mep, 
np11 eTeneHHOH HeJlHHei1HOeTI1 luiPU:r. BMeeTO iul 2 ux B /2/, e poe-
TOM p paeTyT HOpMa eo6eTBeHHOH tPYHK~I111 11 MOAYilb eo6CTBeHHOrO 
411eila, 11 e AaHHOrO MOMeHTa 11X BKilaA HeJlb3.R KOMneHel1pOBaTb e no
IlOmi1TeJlbHbiMI1 4IleHaMI1 B paanomeHHI1. HHbiMI1 enosaMH, no.RBil.ReTc.R 
HeyeTOH411BoeTb. KaK YB11AHM Aanee, Hei111HeHHOeTb P = 2 He AaeT 
TaKoro 3~eKTa. 

A/ 01.1eH Ka Ail .A M 2 

2 
npoi13BOAHa.R dq(u,¢) no 71 B T04Ke, B KOTOpOH AOeTHraeTe.R MH-

HHMYM, paBH.ReTe.R HYil~. 0Te~Aa HMeeM 

5 



= 2wlm r (q + 2r 2+ w 2- a2 ) r - 2iwr') (h1- ih2) dx. 

r [ (q + 2r 2 + w 2 - a2 ) rh 2 + 2w r, h 1] dx = 0 • 

1131 

noJlO>KHM h 2= ar + (J, r 0 r dx = 0. npH noM~H I 131 noKa>KeM' 4TO 
AilH fiOilbWHX q, \a\ - Ma11oe, T.e. 1131 AaeT B KaKoM-TO CM~C11e 
yC110BHe 110pToroHailbHOCTH 11 Me>KAY h 2 1-1 co6CTBeHHOi1 !I>YHKI..II'tei1 r, 

Aei1cTBHTeJlbHO, HCnOilb3YH 1131, nony4aeM 

0 = a (q + w 2 + ! a2 ) llr 11 2 + 2 r (r 3 0 + wr' h1) dx • 

I f (r 3o + w r' h 1) dx I 
\a\ llrll < 2 < 

- (q + w2 + (a2)/3)\lrll -

.::; ~J_!__!.!_OII +~~_i!~~~~-.::; K
0

(\IOII +II h 1\l), 

(q + w2 + (a 2 ) I 3) II r II 

rAe K 0 = K 0 (q) .... o np~-1 q .... ""· 
CneAoBaTe11bHO, l\h2 11 .::;\al\\rl\+1101\ S (K0 +1)\\0II+ K 0 11h1 \\. 

H3 nocneAHero HepaaeHCTBa B~TeKaeT, 4TO 

2 

IIOI\2> llhil!l -<~~)2\lh 112 1141 
-2(K +1)2 K +1 1 

0 0 
TaK KaK (} opToroHa11bHa K co6cTBeHHOi1 <I>YHKI..I~-'~~-'~ r onepaTopa L 2, 

HMeeM 

M 
2 

= J[ h
2
2 + (a 2 - 2r2 ) h 2

2
] dx = f [ 0 2 + (a 

2
- 2r

2 
) 0 

21 dx > a 
2 

II 0 II 
2 

. 
X X -

0TC~Aa, B CI-111Y 1141, OKOH4aTe11bHO n011Y4aeM 

2 a 2 2 2 
M

2
_? ---2 <1\h 2 \l -2K 0 \\h 1 \l ). 

2(K0 + 1) 

Bl Ol..leHKa A11H M 1 

noilOX<HM 

h 1 =f3r 2 +yr'+01 , r=vr 2 +1/J, 

rAe J0
1

r 2 dx= f0
1
r'dx = fi/Jr 2 dx=0, {3,y, v =COnst.B CI-111Y 

roHaJlbHOCTH 0 1 K COfiCTBeHH~M !I>YHKI..II'IHM cPo = r
2 

1-1 c/J 1 = r' 

M 
1 
(h 

1 
) = A

0 
t'l 2 II r 2 11 2 + M 1 < o 1) ~ - 3a 

2 f3 211 r 
2

11
2 

+ a 
2 

II o 1 II 
2 

• 

6 

/l51 

1161 

opTo-
HMeeM 

1171 

I 

1 

OcHOBHOi1 TPYAHOCTb~ np~-1 Ol..leHKe M1 HB11HeTCH noHB11eHHe oTpH
I..IaTe11bHOro 4JleHa A.0 t'l 2 11 r2 11 2 • Bocnoilb3yeMCR yc110BHeM P(u) = 
= flh+ e iWl'1c/J\ 2 dx = r lc/J\ 2 dx = P(c/J) 1-1111-1 1\h\1 2 =-2Re r c/Jhe

1
W17dx = 

=-2Jrh1dx• noACTaBilHH 3AeCb B~pa>KeHHH r 1-1 h1, 1-131161 no11y-
41-1M ycJlOBHe v/311 r 2\1 2 + r "'01 dx = - 1/2 1\h If ' 1-13 KOToporo BbiTeKaeT 

t31\r 2 11 =-(v\\r 2 11 )-1 <i \lhl\
2

+ fl/101 dx), 

3/3 2 1\r 211.::; (v\\r 2 \!)-2 (3\\h\1 4 + 4( fi/I01 dx)
2

] s 1181 

.::; (v llr 211 )-2 (3\\h\\ 
4 

+ 4\\1/111
2

1101 \1
2 

). 

noKa>KeM, 4TO Co= 4(v \\r 2 \\)-2 I\1/JI\ 2 < 1. no CYllleCTBY, :.Ho 
eAHHCTBeHHOe MeCTO B AOKa3aTe11bCTBe, rAe M~ I-1Cn011b3YeM KOHKpeT-

H~i1 BHA A O H cP O • 
B~41-1C11HH COOTBeTCTBY~liiHe HHTerpa11bl 1 no11y41-1M: 

llr\1 2 =2a, llr 2 11 2 = 4l(3a 3 ), llr
312

11
2 

= rr(a
2
)12. 

v= 3rr/8a, 111/111 2 = l\rll
2

-v
2

11r
2

11
2 

=a(2-3rr
2
116), 

c
0 

= 128l3rr 2 - 4 < 1/3, 3(vllr 2 1\)-1 = 16/arr
2

<5/3a 

VI I-1CnOI1b3YH 1181, nOI1Y4VIM 3f3 2\lr 2 \\ 2 .$ (5/3a) \\hl\
4

+ (1/3) l\01 \1
2

, 

4TO BMeCTe C 1171 AaeT Ol..leHKY 

M 
1 
~ (2a 2 /3) ! IO 1 11 2 - (5a/3) II h 11 4 1191 

06o3Ha4HM 0= h 1-yr' = (3r2+01 . TorAa 

I! e 11 2 = {32 II r 2 11 2 + II o 
1 

II 2 s. (5/9a) ll h II 
4 

+ (1 0/9) II o 1 II 
2 Vl111-1 

II 0
1 

II 2 .? < 9/1 O) II o II 2 
- (112a) II h II 

4 
• 

H3 noc11eAHero HepaseHCTBa VI Vl3 1191 B~TeKaeT 

Mi2: (3/5)a2 11011
2 

-2a\lh\1
4

. 
/201 

2 2 
A11H Taro 4T06~ o1..1eHV1Tb CHVI3Y I lOll 4epe3 II h1ll , onHTb aoc-

no11b3yeMCH TeM, 4TO inf npasoi1 4aCTVI 151 AOCTHraeTCH B T04Ke 
(1'), (); C11eAOBaTe11bH0

1 
VI np01-13BOAHaH no ( B 3TOi1 T04Ke paBHa 

Hy11~. 

0 = 2 Re r e 2W 17(h cP + q h cP ) dx 
X XX X 

=2Refe1W17ti(-c/J +Qc/J )dx=2Re fe 1w17 h(c/Jt+(6lc/JI
2
+q)c/J.)= 

XXX X A 
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2Re ((h 1 - ih 2)[r'(&J 2 -a2 +6r 2+q) +iUJ(UJ -3a2 +6r 2+q)r]dx = 

= 2 ([ (3UJ 2- a 2 + 6r 2 + q) h 1 r' + ru (UJ 2 - 3a 2 + 6r 2 + q) r h2 ] dx. 

OnpeAeJlR.A r qrh2dx 1-13 /13/ 1-1 nOACTaBJl.AR nOJ1Y4eHHOe Bblpa>KeHHe 

B BepxHee paBeHCTBO, BbiBOAHM YCJlOBHe 

([ (ru2 - a 2 + 6r 2 + q) h1 r' + UJ ( 4r 2 - 2a2 ) r h 2] dx = 0 . 

B nocneAHeM HHTerpane nono>KHM h 1 = yr' + (} 
TeM, 4TO f0r'dx = 0. nony4HM 

lA BOCnOJlb3yeMCR 

y ((UJ2- a2+ 6r2+q)r'2dx +2((3r 2r'O +ru(2r 2-a2)rh 2]dx =0. 

np~-1 noM~H 3Toro ycnoBH.A, TaK >Ke KaK "" npH o~eHKe M2 , nony4aeM 

2 I 2 2 2 2 
11811 2: lh1ll /2(K1+l) -(K1/(K1+l)) llh2il , 

rAe K 1 = K1 (q) -> 0 npH q -+ oo. C noMOIJ1biO /20/ BbiBOAIAM oKoH4aTenb-
HYIO o~eHKY All.A M 1: 

2 2 K 
M > a a II h II 

2 
- .2... a <--

1 
-) 

2 
II h 11

2 
- 2a II h 11 4 

• 
1- 11\ITT • 1\2 1 5 Kt + 1 2 ' /21/ 

C/ OueHKa nnR ~M. 

06beAHHRR /15/ 1-1 /21/, no11y4aeM 

M1+M2>a2[( 3 -(~)2)11hil2+( 1 _.!_(~)2)jjhjj2]-
- 10(K 1+1) 2 K

0
+l 

1 
2(K

0
+1) 2 5 K 1+l 2 

4 

3a¢HKCHpyeM q = q(a,UJ) AOCTaT04HO 6onbwoe, 4To6bl K 1.:s; 1:16, 
-2a!lhll. 

K 1 .::;; 1/6. TorAa 

a 2 2 
M 1+ M2;:: 5<llh 1 ll 

2 4 a2 2 4 
+ II h2 II ) - 2a II h II = 5 II h II - 2a II h II . 

Hecno>KHO noKa3aTb, 4TO, BbloHpaR q, MO>KHO Bbl6paTb q = 16a2 + 2UJ 2 
/cooTaeTCTBeHHO q = 50a 2 I. 

C APYrO~ CTOpOHbl, O~eHHBa.A HenocpeACTBeHHO 12 , HMeeM 

I 2 2: II h x II 
2 

+ f (a 
2 

+ UJ 
2 

- 4r 2 ) I h I 
2 

dx - 2 I w I ( I h x I I h I dx - 2 ( r
2 

I h I 
2 
dx ;:: 

2: (1/2) llhxll 2 - (w 2 + 5a 2) llhll 2 . 
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AHanorH4HO II 3 1::: max(4alhl + jhj 2) llhll 2 • 
nycTb 0 < K < 172. J.1MeeM 

~M = 2KI2 + (1 - 2K) (M1 + M2 ) + I 3 :2: 

2 a2 2 2 2 2 
:2: K llhxll + [ 5 (1- 2K) - 2K(w + 5a )] llhll - [max(4alhl + lhl ) + 

+ 2a (1 - 2K) II h II 2111 h II 
2 

• 

Bb16epeM K TaK, 4T06bl 2qK = (a 2/5) (1-2K) -2K(w 2+ 5a 2), TO eCTb 
K = a2 /2(5q + 26a 2 + 5w 2). HaKoHe~, H3 HepaaeHcTaa Co6oneaa 
BbiTeKaeT, 4TO max lh 12 .::;; (4q )-112 d ~ (u, ¢), KPOMe Toro, II h 11

2 
:;; 

:::; q-1 d;(u,¢). CneAOBaTeJlbHO, MO>KeM Bbl6paTb 80 > 0 TaK, 4T06bl npH 
d (u, ¢) < 80 HMeTb [max(4alhl + lhl 2) + 2a (1- 2K)] II hll

2
.::;; qK 

I /1o c1-1x nop 8 0 YAOBJleTaopRno TOJlbKO ycnoaHIO 80 .::;; (2q )11~ 1¢ II, 
Heo6XOAHMOMY AllR neMMbl 2a//. 

TaKHM o6pa3oM, oKOH4aTellbHO nony4aeM: Ec111-1 dq(u, ¢) <oo , 
(:; [ 0, oo), TO ~M :2: Kd :(u, c/J). npeAJlO>KeHHe AOKa3aHO. 

§3. AOKA3ATEnbCTBO TEOPEM~ 1 

CHa4aJla AOKalKeM TeopeMy 1 npH AOnOJlHIATeJlbHOM ycnoaH·H P(u) = 
= P{c/J). nycTb K, q , 8 0 Bb16paHbl B COOTBeTCTBHH C npeAJlOlKeHIAeM. 
TaK KaK ~M He 3aBHCHT OT t, t(:;(0, oo), TO CyU1eCTByeT KOHCTaHTa 

m TaKaR, 4TO ~M ~md 2 {u,¢)jt=O. B Aa11bHei1weM, He orpaHH4HBaR 

061J1HOCTH, 6yAeM C41ATaTb, 4TO m > l, q> l. 
112 - - 112 

• , n~~~b ( > ~· _a .. min~(~/m~), <~o!~!· (~/~) (~ .~ nycTb 
U\u, <pi 1 t=U <..o. JUII-\d Uq\u, <pi':::_ Y.•' -u,u, <pi 1 t=U '-VOl"' VI VI-' 

JleMMbl 26/ BbiTeKaeT, 4TO Cy1J1eCTByeT 4HCJ10 'IQ > 0 TaKoe, 4TO 
dq{u, ¢) 

2
< 8o , t (:; [0, To). TorAa a CHllY AOKa3aHHoro npeAJlOlKeHH.A 

~M :2: Kdq(u, ¢), t (; [0, T0 ). 
nycTb T max .ABJlReTcR caMbiM 6onbWHM 4HCJ10M, TaKHM, 4TO ~M :2: 

> Kd~(u, ¢), t ~ [0, Tmax]. 
AonycTHM, 4TO Tmax<oo. TorAa npH t(;[O, Tmax] HMeeM 

i 
d 2 ( u, ¢) < ~M < .J!! d 2(u, ¢)I <..!!!. 8 2 < ~ • 

q - K - K t= o- K - 4 

npiAMeH.A.A e111e pa3 JleMMbl 26/, n011y4aeM, 4TO Cy1J1eCTByeT 41ACJ10 
T 1 > Tmax TaKoe, 4TO dq(u, ¢) < 8 0 , t~ [0, T 1 ). 

B CIAJlY npeAJlOlKeHIA.A 3To npoTHBope41AT AOny1J1eHHOMY T max < ""· 
CneAOBaTeJlbHO, Tmax = oo "' ~M 2 K d !<u, ¢) 2 Kd2 (u, ¢), t € [ 0, oo). 
OTCIOAa d 2 (u, ¢) .::;. ~M/K .::;; (m/K) B 2 < ( 2, t € [ 0, oo) lA TeM caMbiM Teo-

peMa AOKa3aHa. 2 2 
Tenepb ocao6oAIAMCR oT orpaHH4eHIAR P(u) =!lull = 11¢11 = P(¢). 

HMeeM jlc/JJI = (2a) 112 , noJlOlKIAM b = jjujl 2/ 2 lA nyCTb c/Jb IAMeeT 

BIAA /2/ lA ll¢b II =II u II = (2b) 112 • 
06o3Ha41AM rb =l¢bl· TorAa, nOACTaBJlR.A a IAHTerpan /MIAHHMYM 

KOToporo no (7J,() .ABJlReTc.A d2(¢ ,¢)/ 7J= 2(a2-b2)t,(=(b2-a2)t, 
nony4aeM HepaaeHCTBO d2(¢b, ¢) .::;; ~l + UJ2) llr b- r 11 2 + llr'b- r' 11 2 • 
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~EAHHEHHOrO HHCTHTYTA ~EPHYX 

HCcnE~OBAHHR 

TeMaTHKa 

1. 3KCnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTPOHHaR ~H3HKa 

4. TeopeTH4eCKaR ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

1. ~H3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. Bw4HCnHTen,HaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4eCKoro 3KcnepHMeHTa 

14. HccneAoaaHHA TBePAWX Ten H *HAKOCTeH 
AAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA ~H3HKa AAePHWX peaK~HH 
npH HH3KHX 3HeprHAX 

16. ~3HMeTpHA H ~3HKa 3a~HTW 

17. TeOpHA KOHAeHCHPOBaHHOrO COCTOAHHA 

18. Hcnonb30BaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. 6H~H3HKa 


