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-
s ¢ — O(z(t)). Craegosarensio, obe qacTn ypasHenus ([2)) MOXKHO IIPOMHTEIPHPOBATH 110 ¢ B IIpe-

Jesiax oT t1 JI0 TPOU3BOJIbHOI TOYKHM Ha oTpeske [ty,11 + 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€lty,ty+h],

1
970 ¢ y4éToM paBeHcTBa x(t1) = 71 U3 COBIIAJAET C .

(B) = (A). Tlockonbky dyukims x(t) HempepbiBHa Ha oTpeske |[ti,t; + h|, To u QyHK-
st ¢ — P(z(t)) — Kak KOMIo3uIMst HenpepbiBHBIX (GyHKIuii x(t) u $(z) — ToxKe HempepbIBHA Ha
uém. CireioBaTeIbHO, K IPABOil 9aCcTH HHTErpaJbHOrO ypaBHeHHUs (3) MOKHO IPUMEHUTH TEOPEMY O

[IPOU3BO/HON MHTErpaJjia ¢ IMepeMeHHbIM BepXHuM mpejesioM. [lomydaem paBeHcTBO
z'(t) = ®(x(t)), te [to,to+hl, (4)

a IIpH II0JICTAHOBKE B MHTErpajbHOe ypaBHEHNE 3HadYeHns t = {1 moJjiydaeM HadaJbHoe ycjoBue. [1pn
9TOM B CHJIy PaBEHCTBA npousBojHas &' (t) Toxke HempepbIBHA HA OTpe3Ke [t1,t + hl.
CirenoBaTebHO, 115 JI0KA3aTe/JIbCTBA, CYIECTBOBAHUS U €IUHCTBEHHOCTH HEIPEepPbIBHO audde-
pPEeHIupyeMoro perrnennst 3aa4qn Komm JIOCTATOYHO JIOKA3aTh CyIEeCTBOBAHNE W €JINHCTBEHHOCTD
HEIIPEPBIBHOIO PEIeHs HHTErPaIbHOTO YPABHEHUST E|
J1st tokazaTe/IbeTBa CyIeCTBOBAHKS M €JIMHCTBEHHOCTH PEIeHNsl 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 oniepaTop (Boobie ropops, Henuneiinpiit) A : B — B, geiicryromuii o npasuiy

(Az)(t) = oy —I—/ O (x(7))dr,

t1

€ TIOMOIIBIO KOTOPOTO ypaBHeHwue ((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-

MatommM. B camon Jiete, st oGhIX HenpepbiBHbIX byHKIWmit Z(t), Z(t) B moboii Touke t € [ty t, + A

I/IMeeMﬂ

(450 = (4RO = |1+ [ ) dr—ar = [ oG ar| = | [ (@G(r) - @) dr

1 tl tl

t t t
<]/ |@(a(r) - @G dr| < | [ Llatr) - E@ldr| <| [ L sup 73 dr| =
t1 t1

t1 te[tl,t1+h]

—_

t
Z/LHf—fIIBdT [t —t1|L|1E — 2lls < Lh|E — &ls < S[17 — 2]l
t

1

\)

Bepst TOUHYI0 BEPXHIOIO I'PaHb 110 BeeM t € [ty, 1, + h], momydaem

HA;I:—AQ:HB i — 1|g, (6)

1
Szl
T. €. olepaTop A ABJIseTcd C2KUMAIOIIUM OIIePATOPOM, ACHCTBYIONMM Ha BeéM npocrpancrse B. Core-
JOBATEJIbHO, K HEMY ITPUMEHIM MIPUHIUI C2KUMAOIINX 0TOOpazkeHuii (TeopemMa O HEIOIBIZKHON TOU-
Ke), 4TO ¥ JIOKA3bIBAET CYIeCTBOBAHUE U €MHCTBEHHOCTH DPEIeHNs] WHTerpajibHOro ypasuenus ((3)
M — B CHJIy BBIIIECKA3AHHOIO — QHAJOTHYHBI pesynbTar Ans sataqu Koum (2). A

JIlemma 2. Ecim z4(t) n x49(t) — coorBercrBenno perenns 3amadn Komm (1)) #Ha HEKOTOPBHIX
npoMexkyTkax Ti u Tz ¢ Hauasmom B Touke ty (tg € T1,73), T0 311 dbyHKIMHU coBuagaoT Ha 71 N 7.

oxaszamensvemeo. Jlns cokpalnennst 3anucu BBeJEéM obosnadenne T3 = T; N T3, Pacemorpum

MHO2KEeCTBO
To={t € Ts | z:(t) # x2(1)}.

Ecnu ono mycro, To yTBepKieHne jgeMMbl BepHO. [Ipemnookum Teneps, 9To T4 HemycTro. 3aMeTnM,

YTO 3TO MHOXKECTBO OTKPBITO B METPUIECKOM IIPOCTPAHCTBE T3 KaK Mpoodpa3 OTKPBITOIO MHOXKE-

crBa (0, +00) npu menpepbiBHOM oTobpazkernu ¢(t) = ||x1(t) — z2(t)]]. Tomoxmm
T = inf 7;. (7)
Hokaxem, aro T ¢ Ty, 1. e. 1(T) = (7). B camom nene, eciim T = ty, TO 910 cienyer u3

ompejieieHnst perennii (Tounee, n3 HadaabHOro ycsosus 3amadn Kommu (1)), Ecmm xe T > g, To
LPEIIIOIOKEHNEe O TOM, 4T0 1 € 7Ty, NPpUBOIUT K IPOTUBOpedUnio. B camom jese, B J1io60ii J1eBoii
HOJIYOKPECTHOCTU TOYKKM 1 eCcTh TOYKH, He UpuHajjiexainue Ty, mosroMmy tpu 1T € Ty touka T
SIBJISIETCS TPAHUYIHON Jii Ty U, CJIeJloBaTeIbHO, He PUHAJIEIKUT ITOMY OTKPBITOMY MHOYKECTBY.
U3 rosibko uTo ycranoBeHHOTO (hakTa T’ ¢ T, U IPeInoIoKEeHNI O HelyCcToTe Ty CIelyeT, B 4act-

HOCTH, 9TO T3 «He MOYKeT 3aKaHIUBATHCsI» TOUKOi T 1 coepKuT HeKOTOpbIil mpoMexkyTok [T, T+ h].

33HaKH MOJIyJIsl MOYKHO CHSATb, €CJIM yUeCThb, ITO BCIOy t > t1. Ho aHAIOrnvHOe yTBEpIK IEHIE MOXKeT ObITh JJOKA3aHO

n JId «penIieHud BJIEBO». Nmest 9Ty BO3MOZKHOCTDH B BHU/Y, MBI U IIOCTAaBUJIN 3HAKHN MO/IYJIA.



Torma MOKHO BBIOpaTH gocTaTodHo Madblii orpesok [T, T + h) (rae b < min(hy, 5-)) 1 nocraBuTs Ha

HEM 33 1ady Kormnm

d
o =), te[I.T+h]; (8)
x(T) = x(T).

Orpanwuenus kaxkaoit u3 Gynkiwit 1 (t), x2(t), oueBnHO, GbLIN OBl €6 PEIEHUIME, HO HE COBIIAIAIIH
6b1 ToxKIecTBeHHO Ha orpeske [T, T + h] (mockosbky T’ ectb moywnas HuKHsst Tpanb Ty). [lociennee
uporusopeunr jemme 1l A

Jlokasamenvcmeo meopemot. Ternepb yTBep:KIeHIE TEOPEMBI CIIE/IyeT U3 TOKA3AHHBIX BBIIIE JIBYX
aemm. B cury stlemumbr [I] MoKHO, nBUTasich 1O ImaraM JUInHbL b, «COCTaBUTH» pelierue 3ajadn Ko-
mn w3 pemennit 3ana1 tuna (2). Ipu sTom B cuty pasencrea z/(t) = ®(z(t)), BepHOro u B
IPAHIYIHBIX TOYKAX OTPE3KOB /I COOTBETCTBYIOIMINX OHOCTOPOHHUX MPOU3BOIHBIX, U HEIPEPBIBHO-
cru dbyuakmn x(t) (a cregoBarenbHo, 1 caoxkHOM dyHKImN $(2(1))), MBI Oy IaeM, ITO TPOU3BOTHA
B TOYKAX <«CIIMBKU» TOXKe CyIIeCTBYeT U HemnpepbiBHa. 3 slemwmbl [2] MbI mosrydaem yrsep:kjeHue o

€JIMHCTBEHHOCTHU DeIleHns. A
§ 6. Ilpumep nmpuMeHEeHUs TEOPEMBI
Pacemorpum 0606miénHoe ypasaenne Konmoroposa—Ilerposckoro-Iluckynosa (OKIIIT)

%(54Au —&%u) + ke*Au — f(u,x,e) =0
¢ HAYAJBHBIMU ¥ TPAHUYIHBIMU YCJIOBUAMU
u(z,0) = ug(x), x € Q; u(z,t) =0, z €0, t € (0,T).
[Tycts oneparop D seiicrByer Ha TpuzK bl auddepeHiupyeMyto pyHKIUIO U 110 TPABUILY

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

rjie HerpepbiBHAsT GyHKIWA f (U, T) yIOBIETBOPSIET YCIOBHUIO
f(0,2) =0 (10)

Jutst Beex x € ) u yeqmosuto Jlummura

|f(ur, @) — fluz, 2)| < Clus — uy (11)

I JIOOBIX T € (), U1 9 € R, rne C > 0 — mocTosiHHAS BeanHHaﬂ

4COI‘J’I&CHO 3aJa4ue JJId HEIIPEPBIBHOCTU IIO COBOKYIIHOCTU IIE€PEMEHHBIX JOCTATOYHO AOIIOJTHHUTEJIBHO K YCJIOBHIO

JIummuta moTpeboBaTh HEMPEPBIBHOCTD 10 & B KasK0i Touke (u,x) € R x Q.



B kadectBe npumepa Mbl paccMOTpuM PYHKIUIO [ TaKylo, 9TO

yu(u? = U*(x)), |ul <Up, z€Q,

flu,z) =
(ByUE — YU (x))u — 29U3,  |u| = Uy, z € Q,

rae Uy > maxq |U(z)].
PacemorpuM HagasibHO-KpaeByIo 3aja4y Jijisi 00o0ménHoro ypasaenus Koamoroposa—Ilerpos-
ckoro—ITuckynosa (OKIIIT)

u(z,t) =0, x€dt>=0, (12)

B orpanmaennoii obmactu  C R3 ¢ rpanumeit 9 € C29 5 € (0,1].

Ckasigiptoe npoussejienue u Hopmy B L?(Q) GyseM 0603HaYaTh COOTBETCTBEHHO 4epesd (u,v)s
u ||ul|2, a ckansiproe npousseenne u nopmy B HY(€2) — cooTBercTByIOIMMEI cCUMBOJIAME Ge3 UHJICK-
COB.

Y1o0661 cchopmyIupoBaTh 0OOOIIEHHYIO TOCTAHOBKY 331841 , y/100HO Oy/IeT cpa3y BBECTH HEKO-
TOPBIE ONEPATOPHI.

Omnpenesmm onepartop J : H () — H(Q) aeficteyomum 1o mpasmty
(Jv,wy = / vwdr Vv, w € H(Q).
Q
Ouesu o, 3T0 JMHeiHbI onepaTop. Ouenum ero Hopmy. Umeem

< [ollzllwllz < CEllvllfwll, (13)

[{(Jv, w)| = ‘/vwdm
Q

rine C'r — KOHCTaHTa B HepaBeHCTBe Dpuapuxca
lwllz < Crllwl Yw € Hy(Q)

s obsmactu €. U3 (13)) mveenm
1] < CF. (14)

Manee, Beaém oneparop A : H}(Q) — H-(Q) mo npasury
(Av,w) = — /(VU,V’LU) dr Vv, w € Hy(Q).
Q

B cuny onenku

/Q (Vo, Vo) da

= [(Vo, Vo) < [lvlflw]

nmMeeM

Al <1 (15)



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

Haxkower, BBeniém wesmueitabiii oneparop F no npasuny F(v) = f(v(z), ).

CrpaBeyiiBa CJIeIyomast JeMMa:

JIemma 3. Oneparop F(v) siBasieTcs JIUIIHI-HETPEPBIBHBIM OIIEPATOPOM, JeficTByonmM B ILP((2)

(npu mobom p > 1), ¢ koncranToit Jlnmmna, pasuoit C' u3 dopmyist (L1)).
Jloxazameavcmeo. N3 (10) u (L1]) cremyer ornenka

| (v, 2)| < Clol,

oTKy/1a B cuity Teopembl Kpacrocenbekoro o6 oneparope Hembirkoro ciesyer, arto omeparop v — F(v)
nepeBo/uT GyHKIHO, TpuHaexkaityto LP(Q), B dyukimio, npunaiiexartyio LP(£2). Haree, mieem

OIIEHKY

1/p
[F(or) — F(ua)]l, = ( 1t - f(vg,xwdx) < ([} <

1/p
< ( - v2|pdx) — Clfos - vall
Q

MuI 3adukcupyem p = 2 u OyjieM cuutath, uto F : L3(Q) — L2(Q).

9TO U AJOKa3bIBa€T JIEMMY. A

Beeném Takzke oneparope! Biaoxenns Jp : Hi () — L*(Q) (nefictByommuii ecTecTBeHHBIM 06pa-

som) 1 Jp : L2(Q2) — H(Q), meiicTyiomuii mo nmpasuiy
(Jav,w) = / vwdr Yw € Hy(Q), Vo e L*(Q).
Q
Onenum ux Hopmbl. Ouesusno, ||J1]| = Cr 1o camomy onpejiesienuto koncrantsl ®@pupuxca. laee,
|[(J2v, w)| = |(v, w)a| < |v]l2]lwlla < Crllvl[2]|lwl],

oTKyza cpasdy caemayer, 9ro ||Ja|| < Cr.

Sameuvanue 1. OgeBunnao, aro J = JoJ;.

Terreps MBI MO2KeM olpefennTh oneparop D B cmbiciie 0000mEHHOTO pernennd. VIMeHHO, I
Besikoro v(t) = v(z,t) € CH([0, T); HY(Q)) wmm v(t) = v(z,t) € CH([0,T); HY(Q)) (roe T > 0 upous-

BOJILHO U BO BTOPOM CJIy4ae MOYKET OBITh PABHO +00) IIOJIOKIM

d
D(v) = %(54Av — 52JU) + &2kAv — JoF(Jv), (16)

d —1(0))-
rjie 5 obosHauaer quddepennupoBanie B CMbICIe Ipeena mo nopme H™(€):

d 1
a0 = dimy 30 80 = o(®)



OueBuHO,

D : € ([0, T]: HY()) — C([0, TEH(2)).

Tenepb MbI MOXKEM JIaTh OIpejiesieHre 0000IEHHOrO perenust 3aa4an ((12]).
Onpegenenne 1. OGOOMEHHBIM —pEICHEEM — 33IaH OyzlieM Ha3bIBaTh  (DYHKIMIO
u(z,t) = u(x)(t) uz xknacca C([0, T]; HY(Q)), tne 0 < T < +oo (mm uz knacca C1([0,T); H(D)),

rie 0 < T < 400), YJIOBIETBOPSIONLYIO YCIOBHAM

D(u) =0, te€l0,7] (coorsercrBenno t € [0,7)),

(17)
u(0) = up(x) € Hy ().

Kak mokasbIBaeT «MHTEIPHPOBAHUE MO FaCTAM», KJIacCHaeckoe perrenne 3aaaqu ((12)), ecau ono cy-
[IECTBYET, YIOBJIETBOPSAET HAIEMY OIMPEJIEICHIIO 0O0OIEHHOTO PEIICHNU .
Bameuanue 2. 3aech 0 ecTb Hy/neBoit smement npocrpancrsa H-H(Q), T e. zamaay (17) moxmo

IIepenucaTb Tak:

Vw € Hy(Q) (D(u),w) =0, te€][0,T] (coorsercrsento t € [0,T)),
u(0) = up(x) € Hy(£2).

OxkasbiBaercs, 3a1a4a ((17]) Mmoxker 6bITH IepecbopMyInpoBaHa B Buje abcrpakTHoi 3a1aqu Korm.
Jist 3TOrO HAM TOHAIOOUTCST HEKOTOPAasl MOArOTOBUTEIbHASA paboTa.

[Ipezkie Bcero BBeAEM JIMHEMHBIN olepaTop
A=J— A HHQ) — H Q).

B cuity nokasanHOl paHee OrpaHnIeHHOCTH onepaTopoB J 1 A 1 OIIEHOK WX HOPM Cpasy MOy YaeM:
|A|| < C% + . Urak, nokazana

Jlemma 4. Oneparop A : Hj(Q2) — H™(Q) siBasieTcst orpaHUMeHHbIM JIMHEHHBIM OTIEPATOPOM €
nopmoit [|All < C% + £2.

HarmoMHIM HEKOTOPBIE OTIPeIe/IeHHS.

Omnpenenenne 2. [lycrs X — BelecrBeHHOe 6aHAXOBO MPOCTPAHCTBO, X * — €ro COIpPszKEHHOE.
Omepatop A : X — X* HazbiBaeTcs pajua/ibHO HEIPEPBIBHBIM, €CJIU JJIsd JIFOOBIX (DUKCHUPOBAHHBIX
v1,vy € X BermecTBeHHO3HAUYHAsT QyHKIuA S(S), 3amannas paBeHcTBoM S(s) = (A(vq + svy),ve),
HenpepbiBHa Ha oTpeske [0, 1].

CaencrBue u3 jgemmbl [ Oneparop A sBisiercst paJuaibHO HelpepbIBHBIM. JleficTBUTENbHO,
[S(s1) = S(s2)| < [[Alll[v2]|*]s1 = s2l.

Hamomuum oripejiesieHre CUJIbHO MOHOTOHHOI'O OllEpaTopa.

Onpepenenne 3. Oneparop A : X — X* HasbIBaeTCs CUIILHO MOHOTOHHBIM (€ KOHCTaHTO# m > (),

€cJIu cyIiecTByeT Takoe m > 0, 941o Jjist JI0ObIX v, vy € X

(Av; — Avg, v1 — v3) = mlvg — v



Jlemma 5. Oneparop A siBjisteTcst CHJIBHO MOHOTOHHBIM.

Zloxazameavcmeo. Nmeem

(Avy — Avg,v; — vg) = (A(v) — v2),v1 — vg) =

= [lv; — volf3 + €| V(01 — v2) |13 = 2|V (v1 — ) ||5 = €7[|vyr — wa|*. (18)

A
Hanomuum onpejiesienne KO3PIUTUBHOIO OIIEPATOPA.
Onpenenenune 4. Oueparop A : X — X HasbiBaeTCsd KOIPIUUTUBHBIM, €CJIM CYIIECTBYET BeIlie-

crBenHo3HauHast yHKIma Y(s) > 0, 3amannasg Ha MHOKecTBe § € [0, +00), Takas, 9To
(Av,v) Z |olly([lo]) Vv e X,

rie lim, 1o Y(s) = +00.
JIemMma 6. Oneparop A gBJseTcsl KOSPUUTABHLIM.

Zloxazamesvcmeo. Nmeem
(Av,v) = [v]l3 + (Vo3 = (V|5 = €%jv]”.

CrieioBaTesIbHO, onepaTop A sIBIseTcst KOSPIUTUBHBIM ¢ 7¥(s) = e%s. A
Nrak, oneparop A siBisieTcst paJnaabHO HEIIPEPBIBHBIM, CHJIBHO MOHOTOHHBIM, KOSPIIUTUBHBIM.

Jlemma 7. Ouneparop A nmeer oOpaTHBIN oepaTop
AT HTHQ) — HY ().

Jlokazameavemeo. Tak Kax orepatop A sBisieTcss paJIMATLHO HEIPEPLIBHbIM, CHIBHO MOHOTOH-
HBIM, KOSPIUTUBHBIM, TO YTBEP:K/IEHHE JEMMBI BITEKAeT 13 TeopeMbl Bpay/epa. A
JIemma 8. Oneparop A™! apjsercs JUIIMIUI-HEIPePLIBHLIM € IIOCTOAHHOM JIumuma, paBHOit
1/&%
okasameavemeo. 3aMeTnm, 9TO B CHILY OIPE/IeJIeHNst HOPMBI Ha CONPSIZKEHHOM IIPOCTpaHcTBe X *
(/. 9)|
(19)

I fllx = =
g1l

[ycrs wy, wy € HY(Q), v; = A~ wy, vy = A~ wy. Torga wy = Avy, we = Avy 1 ¢ yuérom ((19), a

TakKe HepaBeHCTBa ((18)), MoIyIeHHOrO MPH TOKA3aTeTHCTBE JIEMMBI D, TMeeM

|<AU1 — A’UQ, v — 1)2>|

2 20 A —1 -1

— — — s

> e%|lvg — vo]| = ||AT wy — AT ws|
[v1 — va]

w1 — wallg-10) = [|Avy — Avelg-1(0) =

re B CIIy obpaTuMocTi onepaTopos A m A~! v, # vy TOTIA U TOIBKO TOTA, KOT/IA W # Ws. TaK,
IIPU BCEX Uy F Vg MMeEEM

_ _ 1
”A 1’[1}1 — A 1w2H < g”wl — U)Q”H—l(g).

8



A

Tenepb O606HLéHHaH IIOCTaHOBKa, JaHHasd B OIIPpEIC/ICHUN 1, MOKET OBITh Iepelnrncada B BUIE

2i — 2 _
€ dt(Au) =e“kAu JQF(J1U)7 (20)

u(0) = up € Hy(9).

B cuty cBoiicTB 1yIaJIkocTH perieHus 1o ¢ ornepaTopbl % 1 A KOMMYTHDYIOT, I MbI MOYKEM 3aIINCaATh

(mocsie nenenug na £2)

d 1
AE(U) = kAu — ?JQ]F(JlU),

u(0) = up € Hy(Q).

(21)

Haxkomner, mo/ib3ysich panee JIoOKa3aHHOW HEIPEPBIBHON 00PATUMOCTBIO OriepaTopa A, Mbl MOYXKEM IIpe-

o0Opa3oBaTrh 3aJ1a4y K BUILY

d 1
E(u) = A1 <kAu - 8—2J2F(Jlu)) ;

u(0) = up € H ().

(22)

O6ozHaunM onepaTop, croamuii B 1pasoit uactu, 1epes @ (u). Takum obpazom, @ : H}(Q) — H(Q) —

3TO OlIEPaTOpP, ACHCTBYIONUA 110 IIPABUILY
_ 1
(I)(U) =A 1 (kJAU - ngF(le)) . (23)

OueBuIHO, 9TOT (HEJMHEHHBIN) OMepaTop SBJISIETCsI JINIIIUI-HePEPbIBHbIM. B caMoM jiejte, onepa-
top ATTA : HY(Q) — H}(Q) siBasiercas orpaHuveHHBIM JTUHEHHBIM OIEPATOPOM B CHJTY BBIIIEIOKA~
3anHoro; orepaTop A~! o J, o F o J; smmmmI-HenpepbiBeH Kak KOMIO3UINS HeIIPEPbIBHBIX JIMHEIHBIX
oneparopos A~!, J;, i = 1,2, u Iummui-HenpepbIBHOTrO oneparopa F.

Urak, ucxoanasi 3aada (B 00OOIIEHHON MOCTAHOBKE) MpHBEJeHa K BHUIY abCTPAKTHON 3a/adu

Komm

= (),
dt (24)
w(0) = ug € HA(Q)
C JIMIOIIAI-HEIIPEPBIBHONA MTPABON YaCTBIO.
B cuny Teopembl ipejibiyIiiero naparpadga adbctpakTHas 3aga4da Korrm 100/ TbHO pPa3peln-
Ma, T. €. CYIIECTBYeT eJMHCTBeHHOe perenue u(t) € C’l([O, +oo);H(1)(Q)), a JII0b0e JIpyroe perreHue

(Ha KOHETHOM IPOMEXKYTKe T ) sIBIAETCS €ro OrpaHmdeHneM ¢ IpoMekyTka [0, +00) Ha MpoMexy-

TOK T .

3a,;:|;aq1/1 AJId CaMOCTOATEJIbHOI'O pelleHunsd



1. JTokazarb, uro jmueitnoe npocrpanctso C([a, b]; B) neficTBUTEIHHO ABJISETCsST GAHAXOBBIM.

2. KonkpernsupopaTh paccyKJI€Hie O «CIIUBKE» PEIeHuil, oIy IeHHbIX Ha OTPE3Kax, KOTOPhIM
MBI HOJIb30BAJIUCH B KOHIIE JIOKA3aTEILCTBA TEOPEMBI.

3*. CdopMymupoBaTh 1 JI0Ka3aTh TEOPEMY O IJIODAJbHON Pa3pEIlUMOCTH CUCTEMbI OJIHOPOIHOMN
cHCTeMbl JIMHEHHBIX JuddepeHmaibibIX ypaBHeHrid. BepHO JiM aHaJOrMdHOe YTBEPIKJIEHUE JIJIst
HEOHOPOIHOM cucTeMbl?

4. okazars, uto ecau dhyHkiws f(u,r) 1) HeIpepbBHA 110 % PABHOMEPHO OTHOCHUTEIBHO = (ITO
9TO 3HAYUT?) U 2) B KaxKJ0il Touke (U, ) HEIpepbIBHA 10 X, TO OHA HEIPEPBIBHA 110 COBOKYITHOCTH

IIepeMEeHHbIX.

10



