JEKITINY 2

IIpocreitinnii ciay4ait Teopembl IIukapa

§ 5. IIpocreiimmii cay4aii Teopemsbr IIukapa:

ABTOHOMHO€ ypaBHEHUE C IJI00aJbHO JIMMIIIUIEBOI ITPABOil YaCThIO

Teopema 1. Ilycte B — GanaxoBo mpocrpanctso ¢ HopMoit ||.||. Ilycrs dyukunsa ¢ : B — B
olpejieieHa Ha BCEM IIPOCTPAHCTBE B U JIMIIIUI-HEIPEepLIBHA, T. €. CYIIEeCTBYeT Takoe anuciao L > 0,

49TO IIPU BCEX T, To € B BEepHO HEPABEHCTBO
[®(21) — (@) < Ll — 25| {]

Torna 3amaaa Komm (npu mobeix ¢y € R, 29 € B)

d

—x =0 t > to;

dtx (:E)a 0 (1)
l'(to) =29

r7106aJIbHO ¥ OJJHOZHAYHO Pa3pelnmMa, T. €.
1) eé pemenmue z(t) € C*'([tg, +00); B) cymecTsyer;
2) kakoBo Obl HEU ObLIO JApyroe perterue Z(t) 3amadn Kormm Ha npomexyTtke T = [to, T
(to < T < +o0) wmm T = [tg,T) (ty < T < 400), ono coBuagaer ¢ x(t) na T N [ty, +00). (3aech u
Jlajiee B OUEBUJIHBIX CIIyUasiX MOIPa3yMeBAIOTCsl OJHOCTOPOHHEE TIPOU3BOJHBIE. )

JIoKa3aTeIbCTBY TEOPEMbI MPEIIOINILIEM JIBE JIEMMbI.

Jlemma 1. 3adukcupyem HekoTopoe h < ﬁ KakoBsbl Ob1 HU ObLN £ > tg U 1 € B, cymiecTByer

1 € JMHCTBEHHO DEIIeHnue 3a/1a491 Komm

d
EIE:@(@’), t e [tl,tl‘i_h]’ (2)
x(ty) = 21

Joxaszamenvcmeo. 3arnuieM abcTpakTHOE MHTErpaibHOEe ypaBHeHue Bosibreppa

z(t) = x1 + /t@(m(r)) dr, t € [t1,t1+ hl. (3)

t1

JlokaxkeM TpexkJie, YTO YTBEPKICHUS

(A) «x(t) € CY[t1,t1 + h]; B) u x(t) asasercs pemenunem 3asaun Ko (2)»
u
(B) «z(t) € C([t1,t1 + h]; B) u x(t) sBisiercst perieHreM WHTErpajbHOTO ypasHerus ([3))»

L OueBnnHO, IUNIHI-HepepLIBHAs (DYHKINA SBIAeTCS HEIPEPLIBHOH — 3TO HAM BCKOpE ITOHATOOHUTCA.



PaBHOCUJIbHBI.

(A) = (B). Bamernwm, uro eciu nmponsBoaHas GyHKnun x(t) HenpepbiBHA Ha OTpe3Ke [t1, t1 + hl,
To (B cuiay ypasuenus (2)) mempepbIBHa Ha HEM U IIpaBasd 9acTbh yPABHEHHS — CJIOKHAS (DYHK-
mug x — D(x(t)). CremoBarenpro, obe YacTH ypaBHEHUS MOKHO IPOMHTEIPUPOBATEL 110 | B

npejiesiax or ty JI0 TPOU3BOJILHON TOYKK Ha OTpe3Ke [t1,t; + hl:

/ttac/<7')d7':/tt<1>(x(7-))d7—’ te [toty + B,

1 1

[Ipumensis nasee K jeBoit yactu dopmyny Herotona—/leiibnuiia, mosydaem

x(t) — x(t)) = /t O(x(r))dr, te€ ity +h],

1
970 ¢ y4éToM paBeHcTBa x(t1) = o1 U3 COBIIAJAET C .

(B) = (A). Tlockonbky dyukims x(t) HempepbiBHa Ha oTpeske |[ti,t; + h|, To n QyHK-
st ¢ — P(z(t)) — Kak KOMIoO3uIMst HenpepbiBHBIX (GyHKnuit x(t) u $(r) — ToxKe HenpepbIBHA Ha
uém. CireioBaTeIbHO, K IPABOil 9aCcTi HHTErpaJbHOrO ypaBHeHuUs (3) MOKHO IPUMEHUTH TEOPEMY O

[IPOU3BO/HON MHTErpaJjia ¢ IepeMeHHbIM BepXHuM mpejesiom. [lomydaem paBeHcTBO
a'(t) = ®(x(t)), te [to,to+hl, (4)

a IIpH II0JICTAHOBKE B MHTErpajbHOE ypaBHEHUE 3HadYeHns ¢t = {1 moJjiydaeM HadaJbHoe ycjoBue. [lpn
9TOM B cujly paBeHcTBa (4)) mpomssomnas ' (t) Toxke HempepbiBHA Ha OTpe3ke [tq,t; + h.
CuiejtoBaTe/ibHO, JIJIsSI JIOKA3aTeIhCTBA CYIECTBOBAHUS U €JMHCTBEHHOCTH HEIpepbIBHO udde-
pPEeHIupyeMOoro perrennst 3aa4dn Komm JIOCTATOYHO JIOKA3aTh CyIEeCTBOBAHNE W €JINHCTBEHHOCTD
peIlleHrs NHTErPAJIbLHONO YPABHEHUST ﬂ
st tokazaTeIbCTBa CyIEeCTBOBAHKS M €JIMHCTBEHHOCTH PEIeHUsl HHTerPajibHOrO ypaBHenust ([3))

BBeJIEM OaHAXOBO IIPOCTPAHCTBO (CM. 3a/1a9y
B = C([t1,t1 + h]; B)

C HOpMOil

[z]lg = sup |[lz(t)]
tE[tl,tl-‘rh}

u oneparop (Boobie roBops, Henuneiineiit) A : B — B, neiicryromuii o npasuiy

(Az)(t) = oy —I—/ O (x(7))dr,

t1

€ TIOMOIIBIO KOTOPOTO ypaBHeHue ((3)) mepernuchBacTcs B BUJIE

r = Ax. (5)

2HO,Q‘IepKHéM, 9TO U3 CYIIECTBOBaHUA N €IUHCTBEHHOCTU DPEHICHHS OJHOI'O ypaBHEHHA CJICAYET HE TOJIbKO CYIIle-

CTBOBaHNE, HO U €JIMHCTBEHHOCTD PEIIeHus APyroro!



Bamerum, 94ro 3ToT oneparop (OnpeIeJEHHbI Ha BCEM GAHAXOBOM MPOCTPAHCTBE 1) ABJISETCS CIKU-

MarormuM. B camoM neste, [t mo0BIX HellpepbIBHBIX (byHKIW (1), Z(t) B 10601 TouKe t € [t1, 1+ h]

uMeeM
B t t B t 5
HAﬂﬂ—AﬂQH::m+/PMﬂﬂﬁh—xr:/®@&»m-: /(@@U»—@@ﬁ»ﬁh <
t t t
t 5 ' t ' B t ' 5
< [ o) - 2G| dr < [ Lls ~3ldr< [ L swp iz ifdr =
ty t t1  t€[t1,t1+h]
t 5 5 5 1 5
= / Lz - zllsdr < [t = |L||Z - 2llp < LA|lZ — 2]le < 5112 — Zle.
t1
Bepst TouHyI0 BepXHIOIO I'paHb 110 BeeM t € [ty,t; + h], momydaem
~ = 1 ~ =
[A%(t) = AZ(®) || < 5117 = Zls, (6)

T. €. onepaTop A gBjIeTcst CKUMAIOIIUM OlIEPaTOPOM, JefiCTBYIONM Ha BCéM mpocTpancTse B. Cire-
JIOBATEJIbHO, K HEMY [TPUMEHIM IIPUHIIUI C2KUMAOIMINX 0TOOpazkeHuii (TeopemMa O HETIOBIZKHON TOU-
Ke), 94TO ¥ JIOKA3bIBAET CYIEeCTBOBAHUE U €MHCTBEHHOCTH DEIeHNs] WHTerpajbHOro ypasuenus ((3)
M — B CHJIy BBIIIECKA3AHHOIO — QHAJIOTHYHBI pesynbTar ams sataqn Koum (2). A
JIemma 2. Ecim z4(t) n x5(t) — coorBercrBenno perennst 3agadn Komm (1)) #Ha HEKOTOPBHIX
npoMexkyTkax T u Tp ¢ HauasmoMm B Touke ty (tg € T1,7T3), T0 3111 dbyHKIMHU coBuagaoT Ha 71 N 7.
Zoxazameavcmeo. st cokpalnenns 3anucnu BBenéM obosHadenue T3 = T N T,. Pacemorpum

MHOZKECTBO
To=A{t € Tz | x1(t) # 22(t)}

Ecim ono IIycTO, TO JIeMMa JOKa3aHa. Hpe,ZLHOJIO)KI/IM Ternepb, 4TO 7?1 HEIIYyCTO. BaMeTI/IM7 qTO 3TO

MHOYKECTBO OTKPBITO B METPUYECKOM IIPOCTPAHCTBE T3 Kak mpoobpa3 OTKpbITOro Muozxkecrsa (0, +00)

pu HempepblBHOM oTobpazkenun ¢(t) := ||x1(t) — x2(t)||. [losokum
T = inf ;. (7)
Hokaxxem, aro T' ¢ Ty, 1. e. 1(T) = z2(T). B camom nene, eciiu T = ty, T0 310 cjemyer u3

onpejiesieHnst perennii (Tounee, u3 HadaabHoro ycsosus 3amadn Kommu (1)). Ecau xe T > g, To
IPEJIIOJIOKEHNE O TOM, 4T0 1’ € T4, UPpUBOAUT K IPOTHBOpednio. B camom sesre, B J1io0Oi JI€BOiA
[IOJIYyOKPECTHOCTH TOYKM 1’ eCTh TOYKHU, He NpuHajiexKamme T4, modromy npu 1T € Ty touka T
SIBJIIETCS] TPAHUIHON J7Ist Ty U, cjieoBaTe/IbHO, He MPUHAIEKUT 3TOMY OTKPBITOMY MHOYKECTBY.
U3 Tonbko uro yeranosiaenuoro dpaxra T’ ¢ Ty v IPEIOTIOKEHIN O HellycTore Ty cliejlyer, B 4acT-
HOCTH, 9TO T3 «HE MOXKET 3aKaHUIUBATHCsI» TOUKOl T U CoIepKUT HEKOTOPbIi ipoMexkyTok [T, T+ hq].
Torma MOKHO BBIOpATH JocTaToqHO Madblii orpesok [T, T + h) (rge b < min(hy, 5-)) u nocraButs Ha

HéM 3aja4ay Kot

d
o =0(x), €[t t+ hl; (8)
x(T) = x(T)



Orpannvenust kaxk10ii u3 dyukuuit x1(t), 2(t), oueBuHO, ObLIN OBl €€ PEIeHNIME, HO He COBIAJIAIN
Ob1 TOXKTecTBeHHO Ha orpeske [T, T + h] (mockosbky T' ecTh mownas HIKHAS Tpadb Ty). [loctennee
uporusopeunt jemme 1l A

Jlokaszamenvcmso meopemot. Terepb yTBep:KIeHIE TEOPEMBI CII/IyeT U3 IOKA3AHHBIX BBIIIE JIBYX
aemM. B cmry sremmbr [I] Moo, gBurasics 1o maram JUImMHBL b, «COCTaBUTb» pelreHne 3a1adn Ko-
mn w3 pemennit 3aga1 tuna (2). Ipu sTom B cuty pasencrea z/(t) = ®(z(t)), BepHoro u B
IPAHIYIHBIX TOYKAX OTPE3KOB /I COOTBETCTBYIOIINX OJHOCTOPOHHUX MPOU3BOIHBIX, U HEIPEPHIBHO-
cru yukimn x(t) (a caegoBarensio, u caokuoil dyuxmuu O (z(t))), MBI IOy IaeM, 9TO MPON3BOHAS
B TOUYKAaX <«CIIMBKU» TOXKe CyIIeCTBYeT U HemnpepbiBHa. 3 slemwmbl [2] Mbl osiygaem yrBep:kjenue o

€/IMHCTBEHHOCTHU PellleHus. A
§ 6. Ilpumep npuMeHEeHUs T€OPEMBI

Paccmorpum o6obmiénnoe ypasaenune Kosmoroposa—Ilerposckoro-Iluckynosa (OKIIIT)

%(54Au —&%u) + ke*Au — f(u,x,e) =0

C HAYAJIBHBIMA M TPAHUIHBIMUA YCIOBHAME
u(z,0) = up(x), x € Q; u(z,t) =0, z €0, t € (0,T).
[Tycrs oneparop D geficteyer na Tprmk sl auddepennupyemyio byHKINIO % MO TPABIILY

D(u) = (e*Au — e%u); + 2kAu — f(u, z), 9)

rjie HenpepbiBHast byHKua f(u, T) yIOBIETBOPAET yCIOBUIO
f(0,2) =0 (10)

s Beex ¢ € Q) u yestosmio Jlunmmna

|f(ur, @) = fluz,2)| < Clur — uy (11)

I JOOBIX T € (), U1 9 € R!, rie C' > 0 — mocTosIHHAS BeJIMYMHA.
B kauectBa nmpumepa mMbl paceMoTpuM BYHKIHUIO [ Takyo, 9TO
yu(u* — U?(x)), |u|< Uy, z€Q,
fuay=¢ T 3
(BUs — U= (x))u — 2905, |uf = Uy,

rie Uy > maxq |U(z)].
PaccmorpuM HadasibHO-KpaeByo 3ajady Jyist 06o0ménnoro ypasuenus Komvoroposa—Ilerpos-
ckoro—ITuckynosa (OKIIIT)

u(z,t) =0, ze€dQt=>0, (12)



B orpannyentoii obaactu 2 C R3 ¢ rpamumeit 0Q € C29 5 € (0,1].

CkasisipHoe npoussejienne 1 HopMmy B L2(Q) Gyaem o6o3HavaTh COOTBETCTBEHHO 4eped (U, v)a
u ||ul|2, a ckansaproe npousseenue u nopmy B HY () — cooTBeTCTBYOMUMEI CUMBOIAME Ge3 UHIEK-
COB.

Yro0b1 cchopMyIMpoBaTH OOOOIIEHHYIO TIOCTAHOBKY 3a/1a91 , y/100HO OyJIeT cpa3y BBECTH HEKO-
TOPBIE OIIEPATOPHI.

Onpenenum oneparop J : HE () — H™1(Q) neficreytomum 1o npasury
(Jv, w) = / vwdr Y, w € Hy(Q).
0
OuesniHo, 510 JiuHeliHBI onepaTop. Orerum ero Hopmy. nmeem

< vllzllwllz < CEllvllwl, (13)

|(Jv, w)| = ‘/vwdw
Q

rine C'r — KOHCTaHTa B HepaBeHCTBe Dpuapuxca
lwllz < Crllwl vV € Hy(%2)

Jist obstacru €. Uz (13)) mveem
171l < C%. (14)

Hanee, Beeaém oneparop A : HE () — H(Q) no npasury
(Av,w) = — /(VU,VM) dr Vv, w € H(Q).
Q

B cuny onenkn

= |(Vv, Vw)| < [[o]|||w])

/Q(Vv, Vw) dx

nMeeM

1Al <1 (15)

(Ha caMOM JieJie 5Ta HOpMa paBHa 1, Kak IOKa3blBaeT BLIOOD W = v, HO JIJIs HAC 9TO He HPUHIUIIU-
AJIbHO).

Haxkower, BBeném wesmHeitublii oneparop F no npasuny F(v) = f(v(z), z).

CrpaBei/iuBa, CJIe/yIomasi JIEMMA:

JIemma 3. Oueparop F(v) siBasiercs JIMIIIHI-HEPEPBIBHBIM OLIEPATOPOM, JieficTByonmM B ILP((2)

(npu mobom p > 1), ¢ koucrantoit Jlnmmna, pasuoit C' 13 dopuyist (L1)).
Jloxazameavcmeo. N3 (10) u (L1]) cremyer onenka

| (v, 2)] < Clol,



OTKy/1a B cuity TeopeMbl Kpacuoceibekoro o6 oneparope Hembirkoro ciejyer, uro oreparop v — F(v)
nepeBoauT GyHKIMIO, puHayiexkartyto LP (), B dbyuknuio, npunaexarryto LP(Q). daree, nmeem

OIIEHKY
1/p
[F(v1) — F(v2)lp = </ﬂ |f(v1,2) — f(’vz,-’f)!pdw) <{{@} <

1/p
< (/ C?lvy — U2’pd$> = C|lvy — valp,
Q

Mbur sadukenpyem p = 2 u Gyjem canrarh, uto F : L (Q) — L3(Q).

YTO U JIOKa3bIBaeT JIEMMY. A

Beeném Taxzxke onepartopsl Biaoxenns Jp @ Hi () — L?(Q) (neiicryiomuii ecrecTBeHHBIM 06pa-

som) u Jo : L2(Q) — H1(Q), meiicreytomuit mo npasuy
(Jov,w) = /vadx Yw € H§(Q), Yo e L*(Q).

Onennm ux nopmel. Ouesn/ano, ||Ji|| = Cr mo camomy onpezenennio koncrantsl Ppunpuxca. asee,
|[(J2v, w)| = [(v, w)o| < [oll2]wllz < Crljoll2]wl]],

oTKysa cpasy cieiayet, uto ||J1]| < Cp.

Samewarnue 1. OueBugno, aro J = JoJ;.

Tertepp MBI MOXKeM ormpejiesuTh orepatop D B cmbiciie 06o0ménnoro perienus. Vmenno, st
Besikoro v(t) = v(z,t) € CH[0, T|; HY(Q)) wmu v(t) = v(x,t) € CH([0,T); HY(Q)) (roe T > 0 upous-

BOJIBHO ¥ BO BTOPOM CJIy4ae MOXKeT OBITh PDABHO —+00) MOJIOXKIM

d
D(v) = a(s‘lAv — 2Iv) + e’k Av — JoF(Jw), (16)

rje % obosnauaer juddepeHnuposanue B cMbicie Tpejesa no zopme HH(Q):

d 1
av(t) = lim E(U(t + At) — v(t)).

At—0

OueBnTHO,
D : C([0, T]; Ho(©2)) — C([0, T HTH(R)).
Terepb MbI MOXKEM JIaTh OIIpejiesieHe 0000IEHHOr0 perenust 3aaa4an ((12]).
Onpenenenne 1. OOOOMEHHBIM peIlleHUEM —33JIa9H OyseM Ha3bBaTh (PYHKIIUIO
u(z,t) = u(r)(t) ns3 kmacca CH([0, T); HE(Q)), e 0 < T' < 400 (mmm w3 xnacca CV ([0, T); H(Q)),

rie 0 < T < 400), YJAOBIETBOPSIONLYIO YCIOBUAM

{]D(u) =0, tel0,T] (coorsercrenno t € [0,T)), (17)

u(0) = up(x) € H(£2).



Kaxk nokasbiBaer «MHTErpUPOBAHUE 0 YaCTsIM», KJIacCuueckoe pernenne 3ajgadn (12]), ecau oHo cy-
[IECTBYET, YAOBJIETBOPSAET HAIEMY OIPEJIEJIEHII0 000OIIEHHOIO PEeIleHM s .
Bameuanue 2. 3uecy 0 ectb HyseBoil smement npocrpanctsa H1(Q), 1. e. zamauy (17) moxuo

IIepelnuncaTb Tak:
Vw € Hy(Q) (D(u),w) =0, t€][0,T] (coorsercrsento t € [0,T)),
u(0) = up(r) € Hy(£2).

OxkasbiBaercs, 3a1a4a ((17]) moxker ObITH Iepecbopmy npoBaHa B Buje abcrpakTHoit 3aaqn Korm.
JIj1st 9TOrO HAM TIOHAI00UTCS HEKOTOPAas IIOJIIOTOBUTE/IbHasT padoTa.

[Ipezkie Bcero BBeAEM JIMHEHHBIN orepaTop
A=]-A:Hy(Q) - H(Q),

B cuty jokaszaHHOI paHee orpaHHIeHHOCTH OnepaTopoB J u A 1 OIEHOK UX HOPM Cpasy HOJIydaeM:
|A]| < C% + €% Urak, nokazana

Jlemma 4. Oneparop A : H}(Q2) — H™(Q) siBasieTcss orpaHnueHHbIM JTUHEHHBIM OEPaTOPOM C
nopmoit ||All < C% + 2.

HarmomMuIM HEKOTOPBIE OIIPE/IeICHIUS.

Onpenenenne 2. Ilycrs X — BerecTBenHoe 6aHAXOBO MTPOCTPAHCTBO, X * — €ro CONPsIzKEHHOE.
Omepatop A : X — X* mazbBaeTcs pajuaibHO HEIPEPBIBHBIM, €CJIN JIJTsT JIFOOBIX (DUKCHPOBAHHBIX
v1,v2 € X BemecTBennosHavHas bynkuug S(s), 3amannasg paseHctsoM S(s) = (A(vy + svq),vq),
HenpepbiBHA Ha oTpeske [0, 1].

CaencrBue u3 siemmsl 4, Oneparop A siBisiercst paJuabHO HelpepbIBHBIM. JleficTBUTEIbHO,
[S(s1) = S(s2)] < [|Alll[v2|*]s1 = s2]-

Harmomumwm orpeiesienne cujibHO MOHOTOHHOTO OIIEPATOPA.

Onpenesienne 3. Oneparop A : X — X* HasbiBaeTcs CUIBHO MOHOTOHHBIM (¢ KOHCTaHTOH m > (),

ecJii cymiecTByeT Takoe m > (0, 910 Jijisd JII0ObIX v, Vg € X
2
(Avy — Avy, v — v9) = m|lvy — v,

Jlemma 5. Oneparop A sBiisieTcst CUJILHO MOHOTOHHBIM.

Zloxazameavcmeo. Nmeem
<AU1 — AUQ,’Ul — ’U2> = <A(U1 — UQ),’Ul — U2> =
= [lor = val3 + 2|V (1 — wa)|l5 = [V (01 — v2)[l5 = €2[or — wa?. (18)

A
Hamomuum onpejiesienne KOIPIUTUBHOTO OMEPATOPA.
Onpenenenne 4. Oneparop A : X — X* HasbiBaeTCs KOIPIUTHUBHBIM, €CJIM CyIIECTBYeT Belle-

crBenHo3HaYHas GyHkuus y(s) > 0, 3ajannasi Ha MHOXKecTBe § € [0, +00), Takasi, 4TO

(Av,v) Z [Jo]r(Jvll) Vv e X,

7



rae limg o Y(s) = +oo.
JIemma 6. Oneparop A gBjseTcs KOSPIUTUBHDBIM.

Zloxazameavcmeo. Nmeem
(Av,v) = [[vo]l3 + €*[Voll3 > €[ Vull; = &*[lv]*.

CresioBaTesbHO, orepaTop A gBJIseTcs KOSPIUTHBHLIM ¢ ¥(s) = &%s. A
Nrak, omeparop A sBseTcs paguaJbHO HEIPEPBIBHLIM, CHJILHO MOHOTOHHBIM, KOSPIUTABHDIM.

Jlemma 7. Ouepatop A nmeer oOpaTHBIN orlepaTop
AT HTHQ) — H ().

Joxazamenvemeo. Tak kak omneparop A sBsieTcs paJinajbHO HENPEPBIBHBIM, CHJILHO MOHOTOH-
HBIM, KOIPIUTUBHBIM, TO YTBEPKICHIUE JIEMMbI BBITEKAeT U3 TeopeMbl Bpayaepa. A
JIemma 8. Oneparop A™! aBisercsa JIUIMIUI-HEIPePBIBHLIM € IIOCTOAHHOM JIummmia, paBHOIf
1/€%
Jloxazamesvemeo. 3aMeTuM, 9TO B CUJTY ONPEJIEIeHUsT HOPMbI Ha COIPsI?KEHHOM ITpocTpaHcTBe X *
(. 9)]
[l = : (19)
lgllx
[Mycrs wi, wy € HY(Q), v; = A~ wy, vy = A~ w,y. Torga wy = Avy, we = Avy 1 ¢ yuérom ((19), a

TakxKe HepaBeHcTBa (|18)), MOIYyIeHHOrO IPH JOKA3aTEILCTBE JIEMMBI |5, nMeeM

’<A’U1 — AUQ, V1 — 1)2>|

o1 — va|

w1 — wallw-1(0) = [[Ave — Ava[m-1() 2 > &%|lvi — v = E|A wr — AT s,
re B cuIy obpaTuMocTi onepaTopos A m Al v, # vy TOrA U TOIBKO TOTA, KOTIa W, # ws. Tak,

IIPU BCEX Uy F# Vg MMeEEeM

HA_lwl — A‘lng g gle — wQHH—l(Q).

A

Tenepn 0600mMENHas TTOCTAHOBKA, JIaHHAS B ONPEJIC/ICHUH 1, MOXKET OBITH Iepernucana B BUJIE

2i — 2 _
e o (Au) =¢e“kAu JQF(J1U)7 (20)

u(0) = up € H}(Q).

B cuty cBoiicTB TIaJIKOCTH pereHud 1o ¢ ornepaTopbl % n A KOMMYTHDYIOT, U MbI MOYKEM 3aIINCATh

(nocie jenenus Ha €2)

d 1

u(0) = up € H(9).



Hakownerr, moyib3ysch panee J0Ka3aHHON HEIPEPBIBHO 00paTUMOCTBIO OllepaTopa A, Mbl MOYKEM IIpe-

00pa3oBaTh 3a/1a1y K BHUJLY

d B 1
d_t(U) =A"! (/{:Au — 6—2J2F(J1u)) )

u(0) = ug € H ().

(22)

OGoszHaumM ornepaTop, croaumii B mpasoit uactu, uepes P (u). Takum obpaszom, ® : HE(Q) — H(Q) —

3TO oUeparTop, ACHCTBYIOIIUNA 110 IPABUILY
1
(I)(U) =A"! (/{JAU — ?J2F(JIU)) . (23)

OueBuiHO, 5TOT (HEJMHEHHDI) OnepaTop sIBJISETCs JIMIIIUI-HEelPEPLIBHbIM. B caMoMm jiete, ornepa-
Top ATTA : HY(Q) — H() sBisiercss orpaHuvenHbIM JTMHEHHBIM OIEPATOPOM B CHJTY BBIIIEI0Ka-
sannoro; oneparop A~!oJyolF o], mumummin-nenpepbiBeH KaK KOMIO3HINS HeIIPePLIBHBIX JIHHEHHBIX
oneparopos A~! J;, i = 1,2, u aunmuin-HenpepbiBHOro omeparopa F.

Urak, ncxomnas 3ajga4a (B 000OIMIEHHON IIOCTAHOBKE) IPUBEJEHA K BHJY aOCTPAKTHON 3ajadn

Ko
d
—u = d(u),
dt (24)
u(0) = uy € Hj ()
C JIAIINUI-HEIIPEPLIBHON PaBOil 4acThbIo.
B cuity Teopembr tipejipLyIiero naparpada abcrpakraas 3aja4da Komn (24) riobasibao paspern-
Ma, T. e. cymecTByer exuncrsennoe pemenne u(t) € C1([0, +00); HL(2)), a moboe apyroe pemtenue
(Ha KOHEYHOM HPOMEXKYTKe T ) sABJIAETCS €ero OrpaHudeHueM ¢ npomeskyTka [0, +00) Ha MpoMexKy-

TOoK T .
3asaun QUi CaMOCTOATEIBLHOIO pelleHns

1. Jlokazars, uro jsmueitrnoe npoctpanctso C([0,T]; B) meficTBUTEIHHO ABISETCS OAHAXOBBIM.

2. KonkpernsnpoBaTh paccyzKJieHHe O «CIIUBKE» PeIIeHuil, OJIyYeHHbIX Ha OTPe3Kax, KOTOPbIM
MBI II0JIb30BaJIUCh B KOHIIE JI0Ka3aTe/IbCTBA TEOPEMDL.

3*. CopmymupoBarh U JoKa3aTh TEOPEMY O IVIOOAILHON Pa3penImMOCTH CUCTEMbBI JIMHEHHOM 0J1-

HOPOJIHOM CHUCTEMBI JIMHEHHBIX UMD PEpEeHITUATBHBIX YPABHEHUIA.



