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OBIIA A XAPAKTEPVICTUKA PABOTEI

AXTyaJIbHOCTE TeMBIL B HacTOsAIIEe BpeMs MHTEICHBHO W3y YaloTCH
BKJIIOYEHHA, IPaBasd Y4CTh KOTOPBIX COCTONT U3 AnrebpaniecKoil CyMMBL
3uauenmit "xopormero" (MMeromero 3aMkHyThIe 06passr) u "'mroxoro” (ne
0branaromero cBOHCTBOM 3aMKEYTOCTH U BBILYKJIOCTH 3HAMCHUM) MHOTO-
3uaunex orobpaxenuil. Takve BKIIOYEHHA HA3BIBAIOT BO3MYIMIEHHBIMIE.
OTMeTHM, YTO BCe MMEIOINUECH B HACTOAINEE BPEMS METOIBI UCCISA0Ba-
aug (reopema KakyTanm, mpHHLUN CrEMaomux oTofpakenuit) Hemo-
CPEJCTBEHHO NPHMEHHTH IS M3YYEHHS BONPOCOB CYIECTBOBAHHMA De-
nreHnfl TAKMX BO3MYINEHHBIX BKJIIOYEHUH HENL3A. B TO e BpeMs K Ta-
KHM BKIIOYEHMAM CBOLATCA MHOIME 33434H AudDepernuaistpX 3 HH-
TErpajbHBIX BKMIOYEHUM, TEOPHH ATMPOKCUMAIAY, YIPABIEHUS U HID.
TIoaToMy moCTpOeHHE TEOPWH BO3MYINCHHE MHOIO3HAYHLIX BKIIOYERHH
TPENCTABIACT HE TONBKO TEOPETHHYECKUY, HO H IPAKTHISCKHN HHTCDEC.

OcHOBBI TEOpHH BO3MYINEHUER 3as102keHH B pabotax AWM. Bynrakosa
u JL.U. Txava, B KOTOPHIX s Cydas, xorja "'xopomee" MHOrozHad-
HOE OTOOpadKeHHe MMECT BHIIYKIIBIE 3aMKHYTHIE 06passl, pacCMOTDEeNnb
BOUPOCH! CYIIECTBOBAHNA DEIEHMH BOBMYINEHHBIX BKIIOUEHUH, TOIOIO-
rUYECKHe CBOHCTRA MHOXKCCTB permenwut u keasupenesnil. OTMeTHM, YTO
JOKa3aTelTbCTBO 9THX CBONCTB OCHOBEIBANOCL HA Teopeme Matixia, ¢
MOMOIIBI0 KOTOPO# ITOKA3BIBAJIOCH CYITECTBOBAHEUE B HEKOTOPOM CMBIC-
ne "MrHEMaILHOR" HEnpepHBHOR BeTBE Y "xopolrero" MHOTO3HAYHOTO
oTobparkeHud ¢ BRIMYKARIME o6pazaMu. B wacrogmeit pabore re npesno-
Jiaraercs, 4o "xopolee" MEOrO3HAYHOE OTODPAYKEHTE UMEET BHIMTYKJbIE
obpaser. [loatomy npuMmenuTs Teopemy Mafikna fna ncole/oBanusa Ta-
KOI'O BO3MYIIEHHOTO BKINOUEHN HEBO3MOKEHO.

Hens paborsr. Uennro paboTst spiserca HIYTICHRE YCNOBUY cyme-
CTROBAHMS PEIICHKH BO3MYIMIGHHKIX BXIIOYUEHHHE, a TAKKe TONUOIOTHye-
CKUX CBOHCTE MHOMKECTB pemieHu# u KBasupemenull TAaKUX BEJIIOUEHMH,
NPUIIOIKEHHE TUX PE3YNBTATOR K UCCIEIOBAHHIO KPaeBhIX 3aJad Jijid
byexmuonanbHo - JidbdepeHIHaIbIbX BRITOIeRHH.

O6imas MeToOuKa McCiIeJoBaHWdA. [10CTABIIEHHBIC B IMCCEPTALINN
BOIIPOCHI HCCIELYIOTCH € IPHMEHEHUEM MeTOOB (DYHKITHOHANBHOTO AHA-
Ju3a, TeopHu GyHKuMi BewecTBeHHOH nepemesHol, muddeperimann-
HBEIX YPOBHEHHI H BKIOYEHUH, TEOPHH MHOTO3HAHIbIX 0Tobparkenuil.



HaygHas HOBHU3HA, TeopeTHYecKas M IpaKTHIecKas IeH-
HOCTB. B pafoTe HOXa3aHBI TEOPEMBI O CYLIECCTBOBAHEY DEIIeHu# BO3-
MyIEHHOTO BKJLIOYEHHS, & TAKKE TOJy<eHbl OLEHKH OIM30CTH perle-
HEif K Hanepel 3agauHoi dyskmmu. JIlokazaH HNPMHIEI ILTOTHOCTH H
"Gaup - 63r" npuauun. [Jony4ens! HeOBXOAUMBIE H HOCTATOYHBIE YCIO-
BUSA YCTOHYMBOCTH MHOXKECTBA DELIEHHH BO3MYINEHHOIO BKJIIOWEHHS K
BHEITHEM BO3MyHieHusiM. Ha OCHOBE TEOpPHM BO3MYINEHHBIX BKJIIOYE-
Huit WCCIEIOBAHEI CROMCTBA pEIIeHHH KPAEBHIX 33134 PYHKIHOHATIBHO-
g depeHIHANbHEIX BKIIOTeHHH.

Anpobamua guccepranun, Pabora nonneprxana rpadroM Poccnii-
cxoro ¢orga hyHzaMeRTANbHbX ecnenosaruit Ne 01-01-00140, rpanToM
Musnncrepcrsa Obpasosanns PO M E 02-1.0-212.

PesyapTarhl ZuccepTalyy AOKIIBBAIHCE H 00CYKIAIUCE HA: HAYY-
mbIx KoHbepenuax " lepxarunckue yrenns —5" (Tambos, 2000), Bopo-
HEXCKAX BECEHHMX MATEMATHYECKWX Hikonax "[loHTparuHckue 4Tenus
- 10 - 13"(Bopouesx, 1999-2002), BoponeRCKHX 3MMHEX MaTeMaTHYe-
cxnx mxonax "CospemeHible METOIB! Teopuy (DyHKIMH ¥ CMEKHBIE IIPO-
brmembr” (Boporex, 1999, 2001, 2003), xordepeHIHE MOIOAHIX YHUEHBIX
{TamGor, 1999-2003), Cumnozmyme "MaTemMaTH4ecKOR MOIEIUPOBAHUC
B €CTECTBEHALIX M IyMaHMTapHbIX Haykax"(Bopounex, 2000), MexayHa-
popuoit kondepernyn "Henunelnptit aHanu3 ¥ HYHKIHOHATIBHO - AHD-
¢epernyansnsle ypasserus" (Boporex, 2000), TamboBcroM ropoacKoM
ceMuHApe 10 (QYHKIMOHANBHO ~THMGMEPEHIHANBHEIM YPABHEHHAM IIOX
pyxosozncTeoM npodeccopa A.F. Bynrakosa (Tambos, 1999-2003), Bee-
poccriickoii xordepenmun "O6mue npobreMel yIpaBIeHus ¥ HX IPHIIO-
JKEHUs K MaTeMaTwdeckoit sxonomuxe" (Tambos, 2000), Beepoccritckoit
xondepennun "Kauecrsennas teopus IudbepeRIEANbHbIX YPABHEHUH
u ee npunoxernus" (Pasams, 2001), Mexxaynapozsoit koudepesmni " 06-
mue npobneMbl YIPABIGHHS M UX UPHioxeHud. [Ipo6reMsl npenosapa-
Hus maTemarTuky”, nocsamenson 100 mermo A.H. Konmoroposa (Tam-
6oz, 2003), VxeBcKOM TOpOACKOM CCMEHApE TIO JnddepeHnRaTbHLIM
YPaBHEHHAM II0J, pykoBoacrBoM npodeccopa E.JI. Touxosa (2003).

ITy6nmkamum. OCcHOBHbIE DE3YNbTATH JUCCEPTALIH OTPAYKENEL B BO-
CeMHaIIATH NyOIUKANIMAX, CIHCOK KOTOPBIX IIPHBEJEH B KOHIIE ABTOPE-
depara.

Crpyxrypa u o6bem paborsl. uccepranus obbemom 108 crpa-



HUII COCTOHT M3 BBEJIeHHS, TPEX [VIaB, pa3burrix Ha maparpadsl, U 6ub-
morpaduveckoro CluCKa, COCTOAIIENO U3 74 HANMEHOBAHWIE.

KPATKOE COOEPXK AHUE PABOTHI

Bo pBeneiun 060CHOBEIBAETCA aKTYyAJBHOCTD TeMbI, IPHBOJATCA Me-
TOAWKA ACCAEAOBAHNT ¥ KPATKOE COZepKanue paboThl.

Ilpupenem HexOTOPblE ODO3HAYUEHHHA, MCHOML3YyeMble LA (POPMYJIH-
POBKY OCHOBHBIX PE3Y/LTATOR AHCCEPTALHAN

Ocnosrble 0003HAYCHUS

Bx[z,r] - OTKpBITEL Map B MeTpHIeckoM npocTpancTse X ¢ IEHTPOM
B TOWKe T ¥ pamuycoM 7 > 0; A - 3aMmikamme MHOXecTBa A; A°
- 3aMKHyTas £ - OKpecTHOCTh MEOMectRa A; F(-,s) - s duxcupo-
BaHo B F paccMaTpHBaeTca xax (QyHKIWS JUIIb [IePBOT0 apryMEHTa;
px (-, -) - paccTosHEe B METDHYECKOM IpocTparcrre X M DaccTOAHAE
MEX/LY TOYKON ¥ MHOMKECTBOM B 3TOM npocrpancTse; hx[-,-] - paccros-
HEe 10 Xaycnopdy B METDUUECKOM IpOCTpancTse X 5 COA - BpIyKias
ofonouka MEOKecTRa A, TOA = c0Ad; extA - MHOXKECTBO KpalHuX
rogeK MHOMecTrs, A, extA = ext A; R"™ - n-mepHOe NPOCTPAHCTEO &
HOpMOH |-|; comp[R"] - MHOXECTRO BCEX HENyCTHIX, KOMIAKTHBIX IOMI-
mHOXecTs npocrpacersa R*; L™ (L) - upocTpaHCTEO CyMMEPYEMBIX 110
JleGery dyuxmuit z : U = R* (U C [a,b] - mamepumoce no JleGe-
ry muoxecrso, p(l) > 0, p(-) - mcpa Jlebera) ¢ opmoii ||a||L~(y) =
J lz(s)| ds; H[L™[a,b]] - MHOXeCTBO BCEX HENYCTHIX, 3AMKHYTHIX, Orpa-
%I/I‘-IGHHHX, BBUIYKILIX 110 HEPERMOYEHUIO TOMHOKECTE IPOCTPAHCTEA,
L™[a,b]; UI[L"[a,b]]) - MHOKeCTBO BCEX HEMYCTHIX, BHITYKILIX, 3a-
MKHYTBIX, OPPAHNYEHHEIX M BHUTYKIBIX [0 TePeKITIOYEHHI0 TOAMHOXKECTD
npocrpancrsa L"[a,bl; C%[a,b] - npocTpancTBo HEMpPEpPHIBHALIX (DYHK-
it x : [a,b] = R* c Hopmoit ||z||cnjen = max{|z(t)] : t € [a,b]);
comp[C?"[a, b]] - MHOXCCTBO BCEX HENYCTBIX KOMIIAKTOB IIPOCTPAHCTB
C"a,b}; l|Allx = Sgﬁ llallx, roe A - nogMHEOXKECTBO HOPMEPOBAHHOTO
a

npocrparcrea X.

Cozmeprkanme TepBOH TNABBI HOCHT BCHOMOTATCHBHBIN XapakTep.
3pecs coGpassl OCHOBHBIE ONpefeNeHus W o003Haenus, & TAKXKe YTBep-
K JEHUS, NCIONb3yeMble B 0CHOBHOM Texcre. B § 1.1 npusomsres obume



celeHuA U3 DYHKIHUOHANRIIOrO anani3a i rononorud. B § 1.2 cobpanst
MCITONb3YEMBIC CBEIOEHUS W3 TEODMH MHOTO3HAYHBIX OTODpaxenuii. B §
1.3 npusonarTcs neobxofuMmble CBOHCTBA BLITYKJBIX HO IIEPEKNIOUEHHIO
(Pasnoxumerx) MHOXKeCTB. IaBbl 2, 3 COAEPYKAT OCHOBHEIE PE3YJILTATH]
aucceprauns. [IpuBeneM BKPATHE PE3YNBTATEL U3JI0KEHHbIE B I'laBe 2 1
3. Hymepauus NpUBOAMMBLIX YTBEDKIEHHH COBNAJAET C NX HYMepaluei
B laparpadax.

Bo Bropoil rnase upemsaraeMofl AHCCepTAIHM B [IPOCTPAHCTBE
C"™[a, b] paccMaTprBaeTCH BOSMyIIeHHOE BKIIOYeHAE

z € ¥(z) + V&(z), (1)

rme ¥ : C*a,b] — comp[C™[a,d]], & : C"a,b] = I[L"[a,b]] — MaOrO-
SHAYHBIE OIIEPATOPLE, JIUHEHHEI HeNpephIBHbIE HHTErPAJIbHEIN OIEPaTOD
V : L*[a,b] — C"a,b] onpesenen pasercTEOM

b
(V) (8) = / V(t, s)z(s)ds,  t€ [a,b. @)

Ilon, pemenmem Brmoverns (1) OyAeM HOHUMATL SICMEHT
z € C"a,b], ynosnersopsrommit (1). Taxum 0Bpa3’oM, HempepsIBHAsS
dbyuxps 2 : [a,b) - R* spnserca pemenueM BrIoueHus (1) Torma u
TONBKO TOTHA, KOLAA Halityres Taxue snementsl v € ¥(z) u 2z € ®(x),
YTO CIIPABEIJIHBO PABESHCTBO T =¥ + V2.

Iycrs go € C*a,b], ra € ¥(go) u wo € L™[a,b]. Ilpencrasum
GbYHRKOHIO go B BHIE
go =790+ Vwo +e, (3)

e e = go — ro — Vwg . [peanonoxuy, uro dyrkmus k € Lifa,b] nna
KaKFOr0 u3Mepumoro U C [a,b] yaosnersopser HepaBeHCTBY

pumanlwo; $(a0)] < / K(s)ds, @)
u

a merrpeprinran dysxuua ¥ : [a,b] — [0, 00) oapeneneHa cooTHONEHBEM

b
u(t) = f V2, 8)[k(s)ds + [e(2)], 5)

aQ



rre |V (¢, 8)| - cornacoannas ¢ npocTpascTeoM R" mOopMma 7 X n MAT-
puust V(i,8) B npeacrasnenuu (2), e € C"[a,b] — dbynkuus B npasoit
vacTy pasescrsa (3).

Bynem rosoputh, uTo oTobpakenus V : L"[a,b] — C"[a,b], ¥ :
C"a,b] — comp[C"[a,b]], ®: C"[a,b] — I[L"[a,b]|] o6ramatoT cBOH-
cTBoM A, eciM HAWLYTCA HENPEPHIBHBIE H3OTOHHLIE ONEPATOPHI
I':Clla,b] = Lifa,b] u P:Cl[a,b] = R, yxosmersopmomue ycuo-
BUAM: I8 MOBEX T,y € CMa,b] u m0BOr0 USMEPUMOrO MHOMKECTBA
U C [a,d] BBIIOMHAIOTCA HEPABEIICTBA!

hw @) [2(2), ()] € ITZ (2 ~ 9| (), (6)
homfa,n[¥(2), ¥(y)] < P (Z(z - y)) ; 9

Ias GYyHKUUH VY € Cﬁ, [a,b] , onpenenernc coornomenweM (5), cxomurcs
B npocrparcrse Clla,b] pan

[oe]
Z.Ail/, Ay = v, Ay =A (A7), i=1,2,..., (8)
=0

rle HeIPEePHIBHEIN oneparop A : C},_[a, b — Ci[a, b] ompenenen pasen-

CTBOM b

(4 (1) = [ IV(6,5)|(P2)(s)ds + PC2)
a orobpaxenne Z : C"a,b] — C![a,b] onpesenero coornomenuem
(Zz)(t) = {z(t)|. Hycts &(v) — cymma paga (8), To ects

o0
()= A 9

=0
Teopema 2.2.1. ITyems gy € C™a,b], 10 € ¥(g), wo € L"[a,b]
u nyemv Pynryua go npedemasume pasencmeom (3). Haaee, nyemo
omobpasicenus V : L™a,b] = C"[a,b], ¥ : C"[a,b] = comp[C"[a,d]],
® : C"a,b] — HU[L"[a,b]] obaadawom ceoticmeom A. Toeda natidemca
maxoe pewenue T { x=v+Vz, v e ¥ (z), z€ &(z)) exmouenua (1),
JAA KOMOPOO EBMOARMOMCR caedyrowue ouensu: npu aobom t € {a, b]

lz(t) ~ qo(®)] < £(v)(8);



flv - rollniay < PEW));
npu nowmu scez t € [a, b]
[2(t) — wo ()] < k(2) + (TE(M))(),

2de v,&(v), P,T',k ydossremeopaom coomuowenussm (5), (9), (7), (6),
(4), coomeememeenno.

Bynem rosoputs, uto dyuxuua ¥ € C"[a,b] asnserca xsasmpe-
mermeM Biiodenud (1), e Hafinercsa Taxol snement v € U(z) u
TaKas TOCIEIOBATENbHOCTy 2 € ®¥(z), 1 = 1,2,..., uro mocnemosa-
TenbEoCTh T; =v + V2z; =z 8 C™a,b] nupu 1 = co.

Hanee, 6yneM CUUTATh, YTO €CIH & — KEA3SHDEUICHWE BKIIOYEHHT H
z € U C C"a,b], To naiigercs Taxkoll snement v € ¥(z) u Takas
IOCTHeA0BATENBHOCTD 2; € ®(z), ¢ = 1,2,..., uro muas moboro i =
1,2,... BemoaHSeTCHZ BKIOYERHEe z; = v+ Vz; € U u 7; -5 T B
C"[a,b] npu i — oo.

O6oznaunM H — MHOMKCCTBO BCeX KBazupemennit srypoycHusa (1).

PacemoTpum B npoctpanctse C™a, b] sxnrouenne
z € ¥(z) + Veo(®(z)). (10)

Brmowenne (10) 6yzem masmiBaTs "OBRINYKJIeHHBIM" BO3ZMylIeH-
HBEIM BEJIIOYEHHAEM HIH IPOCTO "oBBINYKIeHHBLIM" BRIOYeHHEM.

IIycre H, Heo — mnosicecmen pewenuti exarovenudi (1), (10) coor-
BercTBeHHO. CHpaBeIHB0 CIeLYIONee YTBEPIK ICHHE N/f KBa3HPeILeHH
BxoueHns (1)

Teopema 2.3.2. ITyernv  aunetinwt Henpepwenviti onepamop V :
L"[a,b] = C"[a,b], onpedeaennnti pagencmeom (2), nepesodum xaoicdoe
caabo xomnaxmuoe 8 L"[a,b] mrooicecmso e npedxomnaxmuoe miuooice-
cmeo npocmpancmea C™[a,b]. Tozda cnpasedauco paserncmeo

H = Heo.

Onpenenum oTobpaxenne co® : C"fa,b] — QII[L"[a,b]]) pasen-
CTBOM
(co®)(z) = To(2(z)).



Teopema 2.3.4. IIycms omobpaoicenue V : L™[a,b] = C™[a,?]
HEMPEPUBHO, 4 MHD2OZHANMbE omobpavicenus ¥ : C"[a, b —
comp[C™[a,b]], co® : C™a,b] — QI[L"[a,b]]) nosynenpepriensn
csepzy no Xaycdoppy. Toeda muooicecmeo Heo 3GMERYMO 8 NPOCTIPOH-
cmee C™[a,b)].

Bynem rosopurs, uro orobpaxenna V : L*[a,b] — C"a,b], ¥ :
C"[a,b] — comp[C”[a,b]], & : C"[a,B] — II[L"[a,b]] obmamaror
ceolictBoM B, ewtn nalimyTca menpepsIBHBIE H3OTOHHBIE OIEPATOPHI
[:Clla,b] = Lifa,b] u P :Cl[a,b] —+ R', ynosnersopsiomue Hepa-
BercrsaM (6), (7), a Taxxe coormomemmsm ['(0) = 0, P(0) = 0,
KpoMe Toro, Aua moboit dynkman ¥ € Cl[a,b] us mexoTopo# oxpect-
noctu 0 psx (8) cxomurea B mpocrpancrse Clla,b] u cymma pana (8)
Henpeprisaa B 0, omeparop V nepesomur xaxigoe crabo KOMIAKTHOR
B L"[a,b] MHOXECTBO B NpPEIKOMIAKTHOE MHOMKECTBO MPOCTPAHCTEA

C"{a,b].

Teopema 2.3.5. Iyemv omobpascenus V : L"[a,b] - C?a,b],
¥ : C"[a,b] = comp[C™a,b]], & : C"[a,b] = II[L"[a,b]] obaadarom
ceoticmeom B. Tozdo muoocecmeo H # @ u cnpasedauso pagencmaso

H = H, (11)

2de H - samwmarue 8 npocmpancmee Ca,b] muosicecmsn H.

Ormerym, 4TO BRIIONHEHHE pasescTsa {11) B IIOCHERHee BpeMA Ha-
3BIBAIOT IIPUHITAIIOM ILIOTHOCTH.

Ilycrs Muorosmaunoe orobpaxenue A : [a,b] x C*[a, b] — comp[R™]
obnamacr csoitcTeoM: Ipy KaxnoM duxeuposanEoM x € C™[a,b] oTob-
pamxenue A(-,z) H3MEPHMO ¥ yZOBIETBOPSET PABEHCTBY

&(x) = {y € L™a,b] : y(¢) € A(t,z) mpu n.p. t € [a,b]}.

Bynem wmasmBarh orobpaxenme A : [a,b] X C"a,b] — comp[R"],
oroDpaXkeHMeM IIOPOXKJAIOINMM  oIeparop & : C*a,b] —
TjL"[a, b]].

Onpenemim orobpasxerue ext ® : C[a,b] — II[L"[a,b]] parencrsom

(ext ®)(z) = {y € L"[a,b] : y(t) € ext(co A(t,z)) mpu n.B. ¢ € [a,b]}.



Pacemorpum B nipocrpancrse C™a, b] BKIoueHKe
z € U(z) + V(ext )(z). (12)

IIycrs Hexy — mmuosicecmso ecex pewenutl sxmovenus (12).

Bynem ropopurb, wro MmHOXKeCTBO Heo PpAa3IOMXHEMO IO MHOIO-
3HaYHELIM orobpakenusam W, co® wnmu npocTo paszoxuMo, ecly
Kaxcnoe pemenne ¢ € He, OQHO3HAYHO NpPefCTABEMO B BHJE

z=v+Vaz,

rae v € ¥(z), z € (cod)(z).

Bynem rosoputs, uro orobpaxkenus V : L7[a,b] — C"[a,b], ¥ :
C?[a, b] — comp[C"[a,b]], & : C"[a,b] — [I[L"[a,d]] o6aamaztor croi-
crBoM B*, ecuzm aru orobpakenus obaanaoT csoiicrsom B, aupo ome-
paropa V cOCTOMT TORMBKO M3 HYJEBOTO TEMEHTA, & MHOXKeCTBO Ho
PAas3IoXUMO.

Tecopema 2.4.6. ITycmv omobpasicenus V : L™[a,b] = C™a,b],
¥ : C"[a,b} — comp[C"a,b]], & : C?a,b] — II[L"[a,b]] obaadarom
ceoticneost B*. Tozde Hewr # & u cnpusedsuso pasencmeo

Eext = F = HCO) (13)

20e Hexy, H ~ samwvimanue muooicecme Heyy u H 6 npocmpancmee
C"[a, ]

OTMerum, YTO BHITONBEHUE PaBeHCTBA (13) Ama srumouenus (1) ua-
3618a10T "Gapr-69ur! mpHHIEIOM.

B sakniodenrn BTOPOH [ABLI DACCMATPUBACTCS BKIIFOUEHHE ¢ BHENI-
HEMH BO3MY HIEHEAMY.

O6osuauum wepes K([a,b] x [0,00)) MEOMecTEO BCex dymKIMit
n : [e,b] x [0,00) — [0,00), obnagaroumx CBOACTBAMH: IPH KAXKIOM
6 2 0 obyrxmua 5(-,d) € Lia,d]; nns xaxmoro § > 0 wmadimercs Ta-
xas ¢ynxuus Bs5(-) € Li[a,b], 9ro npm mourw scex t € [a,b] u Bcex
7 € [0,8] BBmomanerca HepasercTBo N(t,7) < Bs(t); npm nourm Beex
t € [a,b] cupaBesTHBG DABEHCTBO 6_13){1F . n{t, §) = 0.



O6o3uauum yepes P(C™[a,b] % [0,00)) MHOMXKeCTBO BCex HeIpephIB-
Heix Gysxmmi w : C*a,b] x [0, 00) = [0,00), naa xoTopeix mus moOBoro
z € C"a,b] cnpapeymuso coorHomeHue w(z,0) = 0.

Byuneum rosopurs, 910 oTobpaxenue A(-,-) mpm modTu BCex t €
la,b] HenpepsiBHO B Touke x € C"{a,b|, eciu maa moBoit mocIeROBRA~
rensHocTd T; € C*a,b], ¢ =1,2,... cxopsamielicss K x B IPOCTPAHCTBE
C™[a, b] npu i — 00, Upw IOYTH BCeX t € [a,b] BHITONHAETCS PABEHCTRO

Jim R[A(2, 5); A, 2:)] = 0.

Ecnu orobpaxenue A(:,-) mpu mourw scex ¢ € [a,b] HempepsBEO B
xaxaol Touke x € C"[a,b], To GyLeM rOBOPHTH, YTO OHO IPH HOYTH
Beex t € [a,b] menpepsisHo na C™[a, b].

Hanee Gymem cumrars, uro oToOpaxkenme A(-,-), mopomiammee
orobpaxerne & : C"[a,b] — I[L"[a,b]], npu nouru scex t € [a,d]
HenpepbBHO na C™a, b].

Pacemorpum oneparop @ : C®a,b] — II[L"{a,b]] u nopoxpgawmes
ero orobpaxkesne A : [a,b] x C*a,b] — comp[R"]. 3mavenus 0To6-
paxenns A(,-), a, cregoBaTensHO, u 06passl oneparopa ®(-), moryr
BEIMHCIIATLCS ¢ HEKOTOPOH CTENEHbI0 TOMHOCTH, KOTOPYI0 MOMKHO 33IaTh
byukuueit 7(-,-) € K([a,b] % [0,00)). B cBasu ¢ stum paccMoTpuM 0106~
paxkerue Ay : [a,b] x C"[a,b] x [0,c0) = comp[R"], sagannoe paes-
CTBOM

Ay (t, m,6) = (At,z))"E), (14)

rze byskmpa n(-,-) € K([a,b] x [0,00)) B xaxpoit roure (t,z) €
[a,b] x C"™a,b] npm xaxpoM ¢uxcrporannom § € [0,00) ompeznens-
€T NOIPEIIHOCTD BLIYMCICHHS 3HAYEHNS MOPOXJAIOLIEro OTOOPAKEHHsT
A(-,-), MPUYEM 9TH MOTPENIHOCTA PABHOMEDHEI OTHOCUTENIBHEO NEPEMEH-
ot z € C™a,b]. Hanee, dynkuuro 7(-,+) GymeMm HaswIBATL Paduycom
gHEWHUT 603myuenuti noposxcaroweao omobpasicerus A(-,-) uma npo-
CTO paduycom BHEWHUT 60SMYUerul.

Hanee, onpenemuM orobpaxerue 8, 1 C"{d, b] x [0, 00) — II[L"[a, b]],
34JAaHHOE COOTHOIIEHHEM

®,(z,8) = {y € L"[a,b] : y(t) € Ay(t,z,8) npnt 5.t € [a,b]}.  (15)



Iycrs U C C™{a,b] u nycrs dyuxuua w(-,-) € P(C"[a,b] x [0, 00)).
PaccMoTpHM MHOTO3Ha4HOe oTobpaxkenre My(w) : U x [0,00) — 2Y,
OIIpE/IeIeHHOE PABEHCTBOM

My(w)(z,6) = Benja iz, w(z,6)]NU. (16)

Onpexnennm otobpaskenne py(w) : [a,b] x U x [0,00) — [0, 00) coor-

HOIIGHHEM
oy (w)(t,=,6) = sup hA(t, z); Alt, y)], (17)
yEMy (w)(=,8)

rae otobpaxenue My(w) : U x [0,00) = 2V samamo pasencrsom (16).

3uavenne dyuxmun @y (w)(-, -, ) BTouke (t,1,0) € [a,b]xUx[0, 00),
Ha, HAIll B3[UISAL, ECTCCTBEHIO HA3BATH MOOYAEM HENPEPULEHOCTIU OMObpa-
sicenua A : [a,b] x C*a,b] = comp[R™] & mouxe (t,z) no nepemennot
z hu muosicecmee U, dyrxumio w(-,-) - dynxuued paduyca modyas
HENPEPHUEHOCTIL WK IPOCTO PAdUYCOM HETEDEDHIEHOCTIL, 8 CAMY DYTIK-
w0 @rr(w)(, -, ) — Pynryued Modyas HenpepuenocmU U IPOCTO MO-
dyaem nenpepvierocmu omobpasicenus A : [a,b] x C™a, b] = comp[R™]
na muooiceemee U ommocumensro paduyca nenpepwmenocmu w(-,-).

Ilyete U C C™a,b]. Bynmem rosoputs, uro ¢yurmma n(-,:) €
K([a,d] x [0,00)) paBHOMepHO Ha MHOXectBe U C C"[a,b]
OLEeHEWBAET CBEPXY OTHOCHTEIBLHO pajuyca HelpephIBHOCTH
w(-,-} € P(C™*a,b] x [0,00)) Momyns HenpepsIBHOCTH oTObpaXKE-
maa A : {a,b] x C*a,b] = comp[R"], mopoxmaromero onmepaTop
® : C™a,b] — T[L"[a,b]], ecnn mas suoboro ¢ > 0 cymecTsyer Taxoe
d(e) > 0, uro npu nourn Beex ¢t € [a,b] uBcex x € U u § € (0,6(g)]
BBITOJIHAETCH HEPABEHCTBO

pu(w)(t, ,8) < nlt,e),

rie oTobpaskenue wy(w) : [a,b] x U x [0,00) — [0,00) ompenesncno
coorromerueM (17).

HyCTL 77('7') € K([a; b] x [01 OO)) " 5(:) € P(C"[a, b] X [0, OO))
PaccmorpuM B npocrpancree C™a,b] mng xkaxgoro § > 0 BKIO4EHHE

z € (U(2))E=9) + VS, (z,6), (18)
rne orobpaxkenue O, : C™a,b] x [0,00) — I[L"[a,b]] 3amaro cooTHO-

wernsvu (14), (15).
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Kaxxnoe pememue pxmouenus (18) upu dbuxcupoBammom 6 > 0
6ymem Haspmarh 0 — pemenneM BKioueHus (1), ObosmaumM, yepes
Hp5),e6)(U) — maOMeEcTBO Beex & - pernenntt Brimovenus (1), npuaag-
nexampx maoxecrey U C CP[a,b]. OBoznaunM MuOXKecTBa pemrenuit
srimogenuit (1), (10), npusagnexamux muoxecrsy U C C%[a, b], wepea
H(U), H(U), coorsercTnento.

Teopema 2.5.7. Ilyemos U - nenycmoe samxnymoe mMHOMCECTE0
npocmpancmea C™a,b] v £(-,-) € P(C™a,b] X [0,00)). Tozda das aro-
6ot gynxyuu n(-,-) € K([a,b] x [0,00)), pasnomepno na mmosicecmee
U C C™a,b] oyenusmwowed ceepry ommuocumenssno paduyca Henpepyis-
nocmy w(-,-) € P(C"a,b] x [0,00)) modyav nenpepmenocmu omob-
paoceriua A @ [a,b] x C*a,b] — comp[R"™], nopoocdarowee onepamop
@ : C"[a,b] — II[L™[a,b]), cnpasedruso pasencmeo

Heo(U) = [} Huyw)60)(0),
550

2de Hyp) 6000 (U) — samumanue muoncecmen Hysy g5 (U) 8 npoempan-
cmee C™[a,b].

Ilyers U C C%{a,b]. Byzem rosoputrb, uro ajs sxaoodeHus (1)
wa muoxecrse U C C"[a,b] BbImonssercs IMPUHOMI [UIOTHOCTH
(ycioBue IIIOTHOCTH), 6CITH CIPABELNINBO PABEHCTBO

W = Heo(U).

Teopema 2.5.8. ITycmw £(-,-) € P(C"a,b] x [0,00)). Ecau U -
nenycmoe 3aMEHYMOe muodicecmso npocmpancmea C™a,bl, mo daa
8bINOAHEHUA PAGEHCTEA

HO) = (] Huo)e9U) (19)
6>0

dna awboz0 paduyca snewnuz eoamywenut n(-,-) € K([a,b] x [0, 00))
docmamonno, a ecan U ~ Henycmoe 6unyKaoe KOMILKMMHOE MHONCE-
cmeo npocmpancmea C"{a,b], mo u neobrodumo, evinosHeHIs NPUH-
yuna naomuocmu Ha muodiceemee U C C™a, b].

OTMernmM, wro BemONseHAe pasencrBa (19) Ans mobbx BHENTHHX
Bosmymenut (7(-,-),£(,-)) € K([a,b] x [0,00)) x P(C"{a,b] x [0,00))

11



SABJIAETCS CBOMCTBOM YCTOHHHBOCTH MHOecTBa pewreHuit H(U) sxiio-
yerus (1) OTHOCHTEJBHO 9THX BO3MYILEHHUH,

Cnencrsue 2.5.5. ITyems omobpasicenus V : L a,b] —» C™a,b),
¥ : C"[a,b] = comp[C”[a,b]], & : C*a,b] = I[L"[a,b]] obaadarom
ceoticmeom B. Tozda dan mobwz (n(-,-),€(-,-)) € K([a,b] x [0,c0)) x
P(C™a,b] x [0,00)) 6wnoansemca pacerncmeo (19) na mwooicecmae
U = C"a, b].

Tperbst ryiaBa MOCBANIEHA H3YIEHHIO KPAeBOH 3a0a4H ANd DYHKIHMO-
HaubHO- b EPEHIUATBHBIX BKIOTEHH BHIA:

Lz € d(x), Iz € px), (20)

rae £ : D"[a,b] = L™a,b], I:C"[a,b] - R® — nuueiinrie Henpepbis-
urIe oTobpaskenns, ¢ : C™a, b] - comp[R"™] — MHOrO3HAYHEBI BEKTOD -
YHKITMOHAI.

B § 3.1 paccmaTpHBaeTCA BOIPOC O CYINECTBOBAHMHE, 3amaun (20), a
TAKIKE JJOKA3BIBAETCA [IPHHIMI NIOTHOCTH K "OoHT ~ 63Hr" npuHmn Ajts
aroff 3amaau. B § 3.2 paccmarpusaercs 3amaya (20) ¢ MHOrO3HAYHBIM
omeparopom Hempbrnkoro. B § 3.3 wcwiemosana Bo3MymieHHaA 331293
(20). ]

ABTOp BoIpaykaeT ryboKyIo 6IarogapHOCT, HAYYHOMY PYKOBOIUTE-
mwo pouerty B.C. 2KykosckoMy, npodeccopy A.M. Bymrakosy u BceM
uynenam xadegpel anrebpst 1 reomerpud TaMBOBCKOro roCy JapCTBEHHO-
ro yuusepcurera uM. I'.P. Jepxasrna 3a 0CTOsHHOE BHEMAaHEE K paboTe
¥ BCECTOPOHHIOK NONJTEPIKKY.
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