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oinilfinoro onoxnenTa npo aucepraniiiny pobory JdMaTpUinnHa M&p’w JAHC
“ANpoKcHMaNiiiii npocTopH, aconifioBaHi 3 MTHME BEKTOPAMH eKCIToHEeHIHAS

HOMAHY JI0 3aXHCTY Ha 3400y TTH HAYKOBOIO CTYIHEHS AOKTOPA (hiZHKO-MaTEMATH THI
3a crietlanbricTio 01.01.01-maremarmaanil agamis

l. AKTyanebHicTs mocnijuxenus i fioro mera. IMpuiinaro eBaXKATH, MO OCHOBH m)m
hyuruift (Teopii anpoxcuMani’) FANOYATKORARO nocaimxennsvm T1JL SeGumiona Ta TeopesaMis H e oy
(1885) 1 K.Pynre (1885) npo naftxpame pisnomipHe nafmoxesis momiHoMamn hynkmit, numm
HOI Ha dificHoMmy BLOpisKy | anamTayHol Ha FAMKHEHOMY KOMITAKTL 31 38 'HIHUM JAONOBHEHHAM. 15 i
KOHCTPYKTHBHe [10Benennd Teopem Beepurrpacca 3a gonoMorolo Muorowienn Yebumona. 3 Anpokcs -
Teopemy Beepmrpaca npo MOdIuBicTE piBHOMIPHOrO HABMHMZKENNS NOMIHOMAME HeNepepBHnK ﬂmm
Kuilt #a siapisky [a,b] anrebpaiqnmsmy nosinomamu, 3oxkpema, HeraffHo BUNINBAE cenapabeltBHICTh T
C'la, b, a orae, 3 ornany #va Horo rayciaopdopicTs, i floro piBHONOTYHCHICTE 3 MHOMHHOID ,n;ﬂltmm M
TO, 3 ILOTO 3ayBAXKEeHHA DAMHMO, 10 HABITH NOYATKOBI TeOpeMH, AKi JEXKATL B OCHOBI Teopil Anp 1
BHABIAIOTL J0CHTL IVTHOHMHHL 1T 30 43KH 3 IHIIHMH po3aUtaMi cysacHol MaTemarnxn. He mnﬁpﬁﬂ:n BAe nﬁ
De3yMOBHY KOPHCTh KOHCTPYKTHBHHX Nobyn0B ATPOKCHMYIOMHX AUDETATIE 3 TOUMKH 30pY nOTRE6 lﬁmm
HOT MATEMATHEH, A OTXe, i 3 TOUKH 30pY NPAKTHYHHX noTped B oBYACTIOBANLHNX lﬂﬂpﬂiﬂﬂrﬂx,ﬂ':m
PISHOMAHITHHX PO3JUIAX CYMACHOI eKCIIepHMenTaNBHOT Haykn. PisnosmaniTai MiATBepIGRENES LBOMY SHAXOMIMO,
sk nporarom XX ct., Tax i e y XXI cr. Bnacie, sx saspuvail Gysae, HOBI TEOPeTHMHI AOCATHENHS ‘H;tﬁ"!’ﬁ
Ao GBI PE3YILTATHEHMX ITPAKTHUHEXY 3ACTOCYBAHE, A foTpeba TAKIY 3ACTOCYBAHE BHKTHKAE HOBI MOCTAHOBKH
cyTo TeopeTHYHHX npobies. o ocrandix sapro simgnecTn BiApO/KeHHS Ha NodwaTKy TO-HX IHTEpecy 1o Ao
CIJKETIA CYTO KIACHIIHX mpobies, Mo cToCYIoTLES KPATHHX psijiin: cTenenernx, Myp'e | no., — manprxian,
pesy/ILTATHBHICTH anpokeumanilt [lajge npn ancensHoMy poss’a3ypanyi 3a1a4 (i3HKH BHCOKEX HEPIill METOI0M
KPATHHX CTEMEHEBHX PAJIE 3 HeBH3IHAYeHNMH KoedilierTaMil, NPHPOAHEO HPHBOAHTE A0 noTpebn mﬁm
BIACTHBOCTEN TAKHX PR, A CYTO NPAKTHYHA PE3VALTATHRHICTE YHCEMBHONO MOIEMIOBAHNS 38 JONOMOMOTOI0
Aambuux anpokeumanT (pure greedy approximation) npu3agena Jo noaen nanpukini 90-Hx AKTHEHOI'O IHTEpECY
JI0 €YTO TEOPETHMINAX TIOCTANIOROK MobIeM JUTs TaKnX of ekTin, moTpeba jJocimijokents ob’exTin omiel “dopyn™
(HAITPHK.Ia], MOHOTOHHOCTI, ONYKIOCTI) NPH3BEN0 J0 MOSBH | AKTHBHOTO POSBHTKY TAKONO BLIHOCHO HOBOIO
HAnpaAMEY, fK chopaosbepiraoui sabmekenss (onyrni dyHrnil BaAbIHXKAIOTECH ONYKANME TOJIHOMAME, MOHO-
TOHHI — MOHOTOHIEME), ¥ [bOMY ¥ paay, iHcrmiposane noTpefaMn MOAEMOBAHHS PISHOMAHITHHX NPHPOIHD
CHrHAJNIB (HAPHMKNAZ, HacTOTHO-YACOBOTO AHATIZY TEOaKyCTHHHHX CHIHAJIB) BHHNKHEHHA 3HAMHOrO iNTEpecy
110 J0CHTiDKeHHs po3pijsKkenol anpoxkcumManii (sparse approximation). 3aspauAMo TaKo¥, 00 PO3BHHYTA ¥ A0~
cmimxennax Yebumona i fioro ko Teopia naitkpamoro nabmoxenns dyuxiit na novarky XX ¢T. nepepocia
B KOHCTPYKTHBHY Teopiwo cdyukiil. [Ipn nposmy nicns nossn crareit 1. xexcona (1911) i C.H. Bepmurreiina
(1912) aknenTn nepemicTHIHChL Bij 3884 nabinmsenns inauBigyarbaux (oxpemux) yukuill 00 J0CHUDKeH T
noBeiHKN noxubox HabIKeHHAs MHOTOMICHAMH B THX i iHmuX Kaacax byHKIiN npr npaMyBansi 10 HecKin-
eHHOCT] IXHIX CTeNeHin, Mo He BUIMIHNI0 AKTYAJBHICTE 3HAXO/UKeHHS “IHMB AyALHIX” OIHOK ATPOKCHMATLI
dryuxuift 3 pisHoManiTHIX Kiacis, pISHOMAHITHHMI ANPOKCHMYIOMHMI ArPEraTami (moniHOMAMH 38 BCEMOMKJIH-
BHMH OPTOHOPMOBAHHMH CHCTEMAaMI) ¥ TePMiHAX HAHPIZHOMAHITHIMINX HOPM. ¥ NONAJNLIIOMY, CAA NOABH ¥
30-40-nx pokax nmonaTTs nonepednnka Kosmoropora, 3Hadny kiNbKICTs JA0CHUKeHL OyI0 BHKOHAHO ¥ HBOMY
korTexerl. ¥ ToMy unei B ayxe aberpakTHux yHKIIOHANEHO-TONOJIOTIMHIX NOCTAHOBKAX TpobieM.
[epenik npiseui MATEMATHKIR, M0 NPHCBATHAR cBoi poboTn namill TemMaTHIl € HAA3BAYARHO BEJIHKHM,

TOMY 3rajaEMo JIHIIE NPI3BAIIA THX, THT JOCTIIMEeHHA B 3HA4HI MIpl BUSHAMHIN HAIPAMKH NOAJBIIONG PO3- i
puTKy Teopii anpokenmanii. e jocmimkenns I Jla Bamne-Tlyccena, A.JleGera H.L Axiesepa, A3irmynja, i
MK @asapa, C.M Hikonseskoro, C.B.Creuxina, Q.11 Timana, ILJL Vananosa, B.K. dasanxa, MLIT. I{npalﬁqym '
M.IT1. Timana. Cepen cyuacnux 10CTi1zeHs BAPTO BIALINTH Aociipkenns, suxonani R.A. De Vore, A.A. 'onva- :
pom, O.1. Crenanuem, L.O. epuykom, B.H. Temasxkosis Ta IXHIME yIHAMI, & TAKOXK JY2KE BIHKOIO KITBKICTIO 3
GLIBIT 1 MEHII 3HAHNX MATEMATHKIB V HAYKOBMX LEHTPAX Yy BehoMmy cpiti. PisnoManiTii 38'3K0, K1 ICHYIOTH y
MIZK CTPYKTYPHHMHE TA KOHCTPYKTHBHHMH BIACTHBOCTAMY (DYHKIH, B Hepuly epry HIBHJIKICTHO NpsiMyBaHHA ‘gjl

J10 Hyas 1x Hafikpaigux nomiHoMiAILINX HabaHKeHb, 6yIH 1 € MeTO00 NOMYKY ¥ Takux TOCTIIKeHHAX, Qape;g 1
Fa AT, HKI HPH HBOMY POSTIBLAAIOTLESE OMUE 3 UeNTPAILIIX MICHb 3afMAe, TAK 3BAM Jajatia Hironbenkoro— e
Konmoropoea Ipo BCTAHOBJIEHHS YMOB, 38 SKHX JUTT HATKPAIIOro sabmeKeHns v Tift qin inill Merpuni, MoxHa _' 3
snaliTi ronopanit wien acumurorianoi dopumym. Mpofrema nomyky ToumEX cTaiuX B 0GEPHEHNX TEOPEMAX ":;

peopil HabmKeHb, SKi TOPA 3 NPIMUMH TEOPEMAMI 3affMaIoTL OCHOBHE MicUe B Jasii Tﬂﬂpﬁ, mm Hac
y Giapmoeri Bunajkis Oyna Janexoio BijL CHOPO BHPIUTEHHA. ¥ ULOMY 3B'SEKY Bapip BRBHATHTH PODOTI, BHKOy
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MICHE B K epaorom, O.C. Yatrenxom. 1y gaunit wac ui npobaemn 3aliMAIOTE O/iHe 3 [EHTPAIL
) 'HCTPYKTHBHIN Teopii chymkuiit gitienol Ta KoMunercHol IMIHHUX, HO3AAK mmmmw
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PePBHOI MaTeMaTHKK

Giubin 3arasbHOMY BUNAJIKY 18 JAOBLIBHONO KOHTHHYYMA BIANOBLIHI Teopemu gosie T, Yomm {1925 pj»l ﬁnar :.;
CHE, ¥ HOAATBIIOMY ¥ BHIAAKY anpokcuManil nosinonmamn ananitounny HyHEDIR B KoMIIeKcHil IIONIHE] BH- 3
ABHJIOCH, 0 HEe KOXHA OOJIACTE AONYCKaE MOMAHMBICTE TAKOY anp::-m:umaml ﬂﬁﬂﬂm‘HHH mo nﬂnymm ‘
ANPOKCHMALD, € Tak 3Bani obnacti Kapareonopi, 10610, 0bnacTi, MeXa SKHX € OIHOYACHO MEIKEI0 JeSIKOl Heo- &
bmexenol obuacti. Haftnpoerimmmn npukaagamn obnacreit Kapareonopi € AKopnanosi obaacTi. Kﬂﬂmm i

XapakrepHCTHRR hynkuii 3 knacis Jlinmmus s obracTax, 10 MAIOTH AHATITHYHI rpaiuil orpaMano y 1942 P "
B.Cenennom. 3anaui noainomianunol anpoxenmanii dynkuili, 035adeHnx B 0BIACTHX 3 "ocobnUBOCTAME & Ta- i
KO Ha JIOBLILHHX KOHTHHYYMaX 31 38 H3HIM JOTOBHEHHAM, goctipxysaancs C.H. Mepreasnom. ﬂmm )

OTpUMAB CBill noganeumit posenrox y poborax C. 5. Amsuepa, B.K Jasumxa, H. A Jlebenena, I1.M.Tampazoga,
B.1.Binoro ra inmmx. 3a3naqnMo, 1o L0CTBREHES MORINEOCT] HAGIMKeH S AHANITHYHIX hyHKLIN noginoma-
MH B CEPEAHBOMY 10 KOHTYPY Ta 1o obnacti nposogunucs B.1.Cuipaosum, M.B.Kengmmnewm, C.H . Meprenamou,
A lLMaprymesnuem, M. A Jlappentsenmy, LILTymapkinnm ta inmesm. 3anaui, nos'a3ani 31 SHAXOOREHIAM
KOHCTPYKTHBHUX XAPAKTePHCTHE Kiacip anamiTounux (pyrkiill B 3anexnaocTi sijg Ix saltkpanm nosiHoMiab-
HUX HADJIMAEHD 110 KOHTYPY Ta 1o obaacti, goenipkysanics B poGorax k. Yomua, I Paccena, 1.LI6parimosa,
k.. Mamenxanosa, B.M. Kokinameini ra inmux, Maiizxe pigpasy, nopag 3 A0CHiKeHHAM ANPOKCHMALHIX
BaacTupocTell nocaigosroctTell anrebpalunux noninosMis, BHIHK i Joci AKTHEHO POSBHBAETLCH TaKHii HAIPAMOK
AOCHKeRHs, 1K Habiken s nosinomamn Qyp'e (rpuronoverputEEMu i T.1.), a 6labu 3aransHo, mimifinEMu
ArperaTaMi, nobyA0BAHMMH 33 OpPTOHODMOBAHUMH cHeTeMaMmi yHKUI 9 opToronansHEME noginosamm. L
ABA HANPAMKH JOCHIUKeHb AKTHBHO BIUTHBAIOTH OAUI HA OAHOrO, i ycHixW B OQHOMY 3 HHX NPHIBOAATE J0
NOABNM HOBHX ifefl i mocTanopox safau B inmomy 3 nux, Bnacne, HanpukJIal, BUABICHHS HOBHX TOHKHX IIKAJ
npu suskenni npocropis Xepvanaepa i Cobonesa y nocnimxenasx B.A. Muxaitnens i A A. Mypaua, neraftio
pobHTL AKTVAILHOW npobieMy cHcTeMaTH3alil Teopil nabmkens y npocropax Jlebera 3i sMiHHUM NOKAZHHKOM,
un, Ginem 3aragsHo, npocropax Opanda. Bapro sazuaduti, o onucani BHILE HANPAMKHE J0CTIUKERE ¥ TEO-
pii anpoxcumariii Ticho nop'Azani 3 HAABEHYAREO WHPOKHMI J0CTDKeRHAME inTepnoasmiiinmx npobiaem. Hpi
MBEOMY 381841 inTepnoaanil korkpernux ob’exrin (qyuxuilt, oneparopie, dpyHKNioHANIB) Hicas NOABH 3HAMEHN-
tux inTepnonsuiianx reopem M. Pica, Opuaiva i Mauunkesuya npuzsenn o nobyrosn sycunnsaumu bararsox
aBTOpiB AUBOJI CTPYHKOI Teopil imrepuonsuiltanx npocropis. Iosasx inTeprnonsmifiai arperatd MOMXKHA PoG-
FASIATH i BHKOPHCTOBYBATH, 3 iHmore Gory, Aaua norpeb anpoxkcumaiti, To napanenbio OATATO ABTOPIB CTANN
PO3CAAAATH P3N ATTpoORCHMATTiT exenn 3 noibnol ToKe 30py — ANPOKCHMAIT MPOCTOPIB MERTAMA nabopami
npocropis gofpe BigoMol erpyrrypi. Tepenik Maremarukin, AKi npuaiinim ceolo ysary npobJemans, o npH
IBOMY BHHHKAKTH, B Tanuil 1ac Takoxk € pajazsndaiino obmupmayvy,. Bapro Tako:x srajgaTi, Npo MOIeTOBAHHA
PISHOMAHITHOTO POJLY ABHIL i NPONECiB, K 3ragaiux BUile, TAK | JoBoJl HOBUX HANDSIMKIE TAKHX, HK AHATIS fa-
HUX B Mepexkesnx indwopmaniftnnx norokax ta npobaemn 3axuery mnx indopmamniiinnx norokis, Buapiserses,
M0 MOORIIOBAHHA HEBHIHAYEHOCTel B X sSIBIIAX JoBon] yenimmo 3mificHioeThea 3acobaMi Teopil ANPOKENMAa-
uiftuux mpocropis. 3aznaunMo, o Teopis iwrepnoasmil AinifENX onepaTopis SOCHDKYE B3AAEMOIR'HIKN MK
NiFiffALIME TpocTopaM pistnoManiTiol npupoas. Tpamuiiino a 1 Glibil 3RHYHO MATH COPAaBY 3 PI3HHMH dvn-
KIDAMM, W0 OnMcyioTs peansni of'exru, Tobro, dyuxiil vig aminnmux, mwo € Jososdi DAHSLKHMEH 0 PealbHHX 2
peuedi, Te x came moskna cxasaTn i npo suavenns ynriiil,. Age y npolleci po3sBUTKY AoCHUDHeNh CTAID 3p0-
3ymMimuM, o 3HadHe npoayKTHeRime poarmsgarn dyuxnil sin camux gynkuin (oneparopn), & BHACIIAOK HBOTO
posriaaTh npoctopn dynknii s uisomy. Teopis inreprosl itje me gaisie: B Hilt posrAAIOTHE “hynxnii”, ..
B SKHX ApUYMEHTAMH € HpocTopi, Akl yreopeni 3 THX e (yuxiil, mo i onueywors peanssi 06’exrn. puponpo, :
mo i smavenns Takux “ynkuin” pig npocropis nosmumi Gyrn Aesikuvu npocropam, Lle fae 3MOry Ha3HBATH
raki “bynkuii’ koHerpykiisyn npocropis. Buacie, Teopist mireptionsuii ninifluux onepatopis gocaigxkye -
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BTATH NONATAIOTE ¥ Betanoane :

KHUTH K. Bennera i P, Wapnni ra 10.A. Bpyusoro i H.51. Kpyraska, v axux nmmm ] ._ -_.

AYHE Imux nocnipkens. e HEPLAIK MOAKHA TPOJOBAITH IHATHOX KUTBKICTIO 31
AKI BHKOHAH] BarThMa aBTOpaMmu Bxe v XXI et

3 inmoro Goky, y p’ HEKY

3 piaHNEME 3agadanm Teopil anpokcHMarii BHKOPHCTOBYIOTH TIOH
MAIIRHHX CXeM Ta Bigmosimmnx ANPORCHMALIANKX TPOCTOPIB, MO MAIOTE TicHul Hh’mi
npocTopamu. Bukopucroeyioun IKATY iBapianTHIX BLAROCHO A0RUTEHOND Heof O 343
Pa MANPOCTOPIB IimMX BekTOpis excnonentifinoro THILY, IPHPOIITHM YHHOM MOMHA BIHIHATHTH &

MPOCTOPH, AcolifioBani 3 Takum otepaTopos, no gie y Ganaxosomy npoctopi. Ha taxux mi

Top obMesxenull, npu HROMY 30ePITAIOTLeS OCHOR CHEKTIHUILAL XAPAKTEPHCTHEKH, & TOMY m
AOIBOJIHE TOCTIMKVBATH B

ACTHBOCT] posn’s3kin gudepenmian bHO-0NePATOPHIX plmm.a enbm
PATODAMH, HLUTAXOM 3IBeNeHHS |1x A0 ALUANOUTIHHN pJBHﬂHh 1 OOMEHEHHMIT unapwmpm Bnm
BEKTOPIE eKCHoHeHninorg TRy, Danaxis npoctip MoXHa POBKANCTH B HECKIHYeHHY CYMY O
BEKTODIR eKCloReHmifinoro | FHILY, Ipn nsoay 108 onepatTopa NoBHicTIo BHIHAMAETHCH mmm WP
pax. Oneparopanit mimxin AC IR ATDPOKCHMAl] 103BOJHE OTPHMATH BANOMI peayibTaTH
CTENEHEM PAAKOCT hYHKIT | mmmkiciio npstmypasms 1o nyas 11 HARKpAOro Hab/Kenns 1

PAMM EKCIIOHEHIIHOrO THIY, XapakTepusanil crex IPANLHIX ApoKCeHMantft y sunagky mmgmﬁ

CHEKTPOM y Hanaxoswx npocropax, a y BHIIAIKY onepatopa audwepenniiopanus y W ‘:';::‘lé-
pax — Biamosin ominkn nabmmkeni chvmgriit anreSpaiammnm TRPHrOHOMETPHTHHMHA m . ._ 'l* i
thynkIisgME excnonenifinore TNy, abo # kopenemiv ynkuiami. 3packamnan Ha CKa3ane m HE T L

BHHHEHYTH CYMHIBIB B AKTVAILHOCT] TEMI JICe pragfinoro gocniprensg HHHTPH]]IHJHL'!EP
npuceAiene pospobii reopil anpoxciyaniingx upocTopis, acouilloBrx 3 MM aﬂﬂrmpaint KCIOHE
THITY, ¥ IXHIX 38'A3KAX 3 IajauaMit TeopesaM reopil inreproasmiftinmy [POCTOPIER,

2. Haykosa nosmsna pesyasraris ancepranifinol poGotu. Ocuonmimi 3MicT I _ oi po
MiCTHTBCA ¥ posginax 2-5. Ha aysmicy anropa siaryky, ocnosii peayiasrars Aucepraitiiisor poGoru, m LN "
11 AZpO, MICTATLES y posjiiax 2 (2.2-2.4), 3 (3.2-3.4) i 4 (4.3-4.5). Dutnmmunn}'ﬁﬂﬂwpﬂﬂm = Tani
€ pospobka Teopil anpoxcumauifinnx npocropis, aconiftosannx 3 HLMME BEKTOpaMH mow iy
HeOOMeXKEHNX ONepaTOpPiB, 4 TAKOX BoTAUOLICHIE T TICHHX 38SEKI 3 TEOPIE IHTePHOTHIGRHIX TpocT

¥ possini 2 gueepranil BBCACHO | OLMCALO HOBI KIACH ALPOKCIMALLH X npocropis, mw
BEKTOPAMH EKCHOHEHIIRHOMO THIY HeodMemenux onepatopis » Ganaxosux HPOCTOPAX, J0BeIeH0 HepinH m ...1-; X

Bepumreitna i xexcona B repminax xuasivopy raxmnx HPOCTOPIL 3 TOUHNME IHAMEHRAMH CTATHX mw ’
Hafikpamux HaGIHMAKeHb ULIMI BEKTOPAMI CKenoentifiore Try. b

¥ nizposnini 2.1 Esnaueno nosi Kiacu HPOCTOPIB LMK BEKTOPIL exenonenifiioro mmﬁ ,--
PATOPA, BCTAHOBJEHO OCHOBHI BIACTHBOCTI WIX Mpoctopis (Teopesu 2.1,1-2.1.3), a Takox BeTAROBIEHO MO-
HIMBICTE XapaKTepH3aUil KOPEHEsHX BeKTOPIB ONEPATOPA 3 TOUKONIM CHEKTPOM B mpulau :ﬁmw ;
eKcnonentifinoro Tuny (reopema 2.1.5). Baacue, soseneno, 1o MPOCTOPH LAY BEKTOPIB eKenoHeniftioro :
Ly OnEpaTopa 3 TOUKOBHM cRexkTpon sbirmorLes 3 giniftHon obolonkoo obpasin ﬂpcempﬁ?‘ﬁ:n‘ Efw
OMEPATOPA 3 TOMKOBUM CHEKTPOM, U0 CKAMIAETLCA 3 I30NLOBAHIN BAACHHX SHAYEHD CKINYEHHOT AT
KPaTHOCTI, IpoCTip Beix uimmx sextopis excnonenuiitioro Tuity abiraersesn 3 NinifiHOK OBONOHKOIO M’Wﬁ

HEBHX BEKTOPIB.

-

¥ migpeszini 2.2 sBeeno wovi kaaci anpoxcmmamniiinmx npocropis Tuiy Becosa, acouifioanmx 3 e ";'."'- -
FEHNMH ONePATOPaMH ¥ BanaxoBIX NpocTopax, Ta i hyKniaM excnonenIifHONO THIY A5 C
Judepeniopanns v GYHELIOHAILHUR NpoCIopax. Hoseaeno, wo i npoeropn XAPAKTEPHIYIOTHER K 1)
St mpocropn (Teopemn 2.2,1-2.2.4). o

¥ ninpoasini 2.3 eeranosncio nepiniocti runy Beprmrreiina i kexcona B WW ALl
uiftimx npocropis Ty Becona 3 s suris o CTAJTNX, BUIeHHIIK Bl napay T4
2.3.1,2.3.2). lloveneni HEPIBIOCTI JaloTs amaiirimi owink: nafkpans Eﬁﬁm&ﬁm
HeRIAROro THIY REobMeKenoro onepaTopa (Teopema 2.3.3), BOKPEMA, Clek 'j )
mﬂmmuﬂ (reopesm 2.3.5 msﬁ} aymw




eKCIIOHEHIIHONO THITY (Teopema 2.4.1 HACHIAOK 3 pef —
¥ poaaini 3 nobynosano Teopi IHTepnodHT o

gux 3 HeoDMEeXeHHMR OIePATOPAMIT y DanaxoBIX
hynKuii. BertasopieHo i

Teopema 2.4.2, ;.5*

HTEpIomuin BiacTHnoeTi npocTOpiE Wit BEKTODIB €

HOPO OHEPATOPA, HOPOLKeHIX 9K JUiiciig (Hiaposain 3.1 = reopesu 3.1, I, 31 2 Ta pigoE

| KOMILTEKCHEM METONAMM inTepnonsuii (mijposain 3.2 - Teopenn 3.2.1, 3.2.2). Qﬂﬂww

ULIMX BEKTOPIB €KCIOHeHIIROrO THITY 3aMKHEHUX onepaTopis Ha obnacTax ﬂmhm

JunH MOSHTHRHWX OMePATOPIN — mwa obBAncTas nHEaHatenng 1% KoMIiereHus crenenin, Beranoniero i30Mo

ans JAHCHOL TA KOMITEKCHOT irepiois i et wi upocropin (Teopema 3.3, 1}
¥ nigpoznini 3.4 ommeano kany AnpoReHMaiiinex npocropiy, aconifosanux 3

M Y BAHAXOBHX MPOCTOPAX, Ti JOBEACHO Tepnoasuiiiu Teopesil, MO XapAKTepH3YIOTE mﬂ M'. II '

NoCILRKEHO IHTepnoaiiing sracriuoeri anpokenvaiifinm NpoCTupis, AcOLIROBARNX 3 nnamm

pait na Ganaxosux npocropax (teopemi 3.4.1, 3.4.2). Hoseseno uepinuocri runy Bepumrrefina i [oxexcona B

TepMIHAX KBASIHOPM IMX anpoKCHMaiiinmgs NPOCTOPIR, A TAKDMK Teopemi, 1o mmwm
"iI'[FHJF.L]l'ﬂm LII JLITH ﬂlIt‘]Jd.T-D]HI 2 TOMKOBIM [’lllf"'!-..ll.‘.u:}".l

Y poanim 4 onucano Gyukiionansii HPOGCTOPI IANX BERTOPIE GKCTIOHCHILITTNOrO THIIY PerynspHHX m“
qruX AndepeniatbHuX onepaTopis B oGuemenny obaactax (1 KOAMAKTHIN MHOrOBRAAX Kaacy O (miaposmii
4.1), BHPOJUKEHUX eMiITHIHIX Auchepeniio Ly onepaTopin, oo XapaxTepH3yoTHCH CHARHEAM BHPOOKEHHAM
koeditientis nobauay rpaunui (i na neckinvennoeti), spnyaliiBax pHPOLAEHIX CITITTHYHAX .Eﬂlbemmm
ONEPATOPIE B OOMEXKEHOMY 1HT CPRAJL T BHPOJAMCHIX SMILTH T ,hm::]}epeummmnr:-: ﬂnEpBTﬂme HaCTHHHAME
NOXLIHAMH B 0OMEMRKeHHX 00NACTAX 3 HCCKI S0 | JIEJIKOIO PilIHILEeIo. Beranosaeno HOBI O3HAKH NOBHOTH MHO-
JUHH KOPEHEBHX BEKTODIB pPery/uipiio eainTi-nioro onepatopa s npocropax L a(f1). BiacHe, NPOCTOPH HiHX
pyHKIIH excnoReRIiEOro Ty peryspiix eainrnnis audepeiiiaibiux onepaTopin B 0DMEKeHIX obaacTax
| KOMDAKTHAX MHOroBiax wiaacy O opncauo y nigposaini 4.1, h HoBl 03HAKH NOBHOTH Mﬁﬂmm Kﬂpﬂﬂm
BEKTOPIB PEryAAPHO eMinTiHoro onepatopi b ipoctopax L,(2) (1 < p < 00}, ae 8 C K* — ofiMesketa 0bIacTh
kiaacy C°F, naseneno y niapozaing 4.2,

]

Y migposgin 4.3 onucano npocTopi LY BEKTOPIE eRCHONSIIITHOrS THIY BHDOIRKEHHX eINTHIHIX ,Il;m:lie-
pemua..nhﬂﬂx nnnpﬂTﬂpm WO XAPAKTepusy oTLes] CHIILHEM B ROAFRCH M RoepIIEHTIB nobanay PPBHHI:LI {.’t Ha
HECI{IH'-IEHH[}CTI:] IpMHAtiX BIPOLACHINN ST JudpepeniaabHnX olnepaTopie B oOMexKeHOMY m-mpna.m
Ta BHPOIHEHHX eJIITHHHEX THdhepeiiiainimns OHEPATOPID 2 ACTIHHHAMN HOXITHHME B obMeskennx uﬁnm 3
HEeCKIHYeHHO MIAIKOK TPaiiineio. - 5 |

Mopenero, mo AMPOECHMALii npocTopi, Aconilosani 3 PeryJapHIMIL SIITHYHHME Md)epeﬂw =
onepaTopaMi B OBMEMKEHIN 0ONACTIN | KOMIBKTHIX MEOIOSILIAX Kiacy '™, yzaragbiennx gudepeHiiaabHIX
onepaTopis Jlexanapa € 3aruciinin Hanpocropasin kiaci anix npocropis Becosa. ¥ migposmimi 4.4 HABEIEHO
igTepronsaniiini BracTHBOCT NPOCTOPIn 1NN BEKTOPIAE exCHONeNIITHOTO THIY peryispHEx efinTHYHIX JHde-
pEHIIANLHKX oflepaTopie & obmexennx ofnaciax kuacy C (reopesa 4.4.1) i yaaraibHeHRX Mmm
oneparopis Jlemanapa (reopesma 4.4.3). A v nigpoztini 4.5 onmneano anpoxenmaniftai npocTopn, aconifiosani 3
eMTHYHIME onepaTopaMit, T opeieno nepinnoeri Bepruurrelina i [kexcona 3 TOMHAMHE OIIHKAMEA HANKPALTHX

abyIHKeHb KOPEHEBUME (DY IKIEAMI TAKIX ONePATOPIn, 10 XAPAKTEPHIYVIOTE CHEKTPANLH] ATPOKCHMAILT ITHX
onepaTopis (Teopemu 4.5.5, 4.5.7, 1.5.9).

Y posaini 5 nobynoBaiio Teopiio HPOSK T BLINK Tensopuig o6y Kis npocTopis miamx BEKTOPIB eKcroHeHii-
HOTO THITY LIS CKIHMEHIUIX Habopin SaMENCIY oneparopls, o gior, y Datlaxonix NpocTopax, a TAKOMXK PO3BH-
HYTO TeOplio IHTepnomsiiitinix npocropis npocKTHBHNK Telaopuiy by rkis innx pexTopis ekcnoHenuiinoro
THITY 3AMKHEHHX onepaTopis na/l Danaxosin nlmm'nplmu (reopennt 5,2.1, 5.2.2) ta 3aMKHeHUX ONepaTopis Ha
obmacTax BusHAMenHs X uinnx crenenis (teopemn 5.2.3, 5.9 A).

Onucano npoekTteni TEHBOPHT J00YTKI AIPOKCHMALER X npocropis Tiny Becosa Ta noBeleHo, WO TeH-
sopuufi gobyTok anpoxenaaniiiin npoctopin runy Becona € npomiaumus DITeprnonamfiaaM IPOCTOPoM ]n!hlc
TEHIOPHEM A06yTKOM upocropin uling e Rropin ekcronennifiiorg THIY 3AMKHeHuxX ONEPATOPIE 1 TEH3OPHUM
A00yTROM GAHAXOBUX T1pOC TOPIL, 1A IRUX BHSaadeno BLGRL I cuepatop (reopesa 5.3.1). Takom nosemeno
Hepisnocti Tuny Beprurreiing | ALKekeon, S olimooTL Bheran. BLJL 3001811010 £JIeMeHTA TEHIOPHOID mﬁjh-

TKY DaHAXOBUX NpocTOpin j0 T POCTORY, 110 BUSHAAET Lo reHsopsg 00y TKoM npocTopis wiaux BEIE]II@E .
excronentifinoro tamy (reopema 5.3.2), Monitui FEOPEMI JORCASHO LIS TeH30pHIX 100y TKIB anpoke it i
npocropis THny Becosa na ofiacrax wisnadenis WANX Crenenis oneparopis [reopemu 5.3.3, 5.3 4] T-!IMEIE 1
OnHCAHO Tensopui gobyTrn o [POKCHMALITTINY I'Ipm:’mplu, aconifionannx 3 3 NOUTUBHEME OTIepaT { -

su 5.4.1, 5.4.2), perymsipunsin exinrimiag sutheperionnim oneparopasi (reopemu 5.5. 1)i mw_
Mit epermiannamn oneparopasi Sescppa (veopesa 5.5.3) ta Aote/eno nepisnoe tany Bep W




qibil Pe3YABTATH AMCepranii,

R0CTIUKERHS | 32CTOCOBAMMX. Fring T ot NOTYHCTs 1 Gy, pospoSrenny ABTOPOM Jcepran z
ABHOTO BIATYKY 3ocepe/pieni y poaminax 21 8.
THLOIO, 106 3 BreBHeHICIIO CTBEPAMYBATH, 1O

OB, Ha IymKy asropa

3a3HAYNMO, 10 MK

3a CBOEIO CYKYNHICTIO U8 Yacrus

HAHBHINOrO naykosoro pisn,
SOCEPEIMIM yBary Timnkn na peays

I ILTATAX, AK] Y THOPIOIOTE AApo Aucepraniinoy pﬂﬁam
pusy 'EIT.I: HOBHBHY | chuy Ancepranii. 3i ckasanoro BHINE ¥ ULOMY NYHKTI, & TAKOX
BHITHBAE, MO Bei OCHOBH] PEIVILTATH :

Th BAXK/IHMBE 3HAYE Arcepramfinoi poborn M.LImurpummsa € nosmvm i
MIOTH BRAINBE SHANEHHS, SK st POSBHTKY Teopii anpo : . o TR
3ACTOCY BAHD.

| B JOCTATHIA Mipi xap
B AKTYAJIBHOCTI,

3. Obrpynrosanicts i nocrosipuicrs peaympraris ancepranii. [losenenns peix OCHOBHHY PEIyILTA-
ris Aucepraniinol poboru M.IAmurpummmna MPUBEJEH] 3 JOCTATHLOIO MOBHOTOIO, Ha HpitHATOMY B CyvACHiH
MaTeMaTHYHIR JmiTepaTypi pissi crporoeri i TOMY B IX oOrpynToBanccTi | A0CTORIPHOCT] He BHHUKAE CyMHIBY.
dnceprania Hanucana YiTKOW i 3POIYMINOI0 MOBOID, BUKAAN Jorianuil i nocainosmni.

4. 3ayBayKeHHH.

Pesynwramn posminy 2, mo CTOCYIOTBCH OLepaTopiB 3 TOYKOBHM CHEKTPOM, MaloTh GiALI crelriaisbani
BUIVIAM, HIXK IHIN PE3YALTATH 1LOrO po3aiay, i ToMy ix sapro Gyiao 60 BHIINHTH B OKpeMHl THAPO3ALL,

2. JloBeneHHs NOBHOTH NPOCTODY B; ,-(A) B reopemi 2.2.1 moxHA COPOCTHTH, BHKOPHCTOBRYIOMH TIOBHOTY

npocTopy £l A) Ta imTepnonsmifinl BracTHBROCTI.

. KpiM peryagpHO elinTHYHOrO, MOMHA 1 Jo0iIsHO Oyyo O po3raAnyTH 1HIT DPHE n one-

PATOPIE TA OMMACATH IXHI IHTepnoasiifin paacTusocTi (1. 4.4). 3penTolo, He MOAHA OXOIHTH HEOCHAKHE —
A8 UBONO 3aMano Miclus 1 3acobis.

4. Ha TenszoproMy J06YTKY NpPOCTOPIE IIIMX BEKTOPIE EKCHOHEHNIIHOrO THIY DPOSCIALAETLCH IPOCKTHEHA
NMOKATLHO ONyKJaa Tononaoria (¢.259), onnak Jani BoHA He BUKOPHCTOBYETHCH.

5. Hopepenmsi TeopeMi 2.3.4 40K 3a0aJT0 KOHCTICKTHBHE — BCLOTO J PAMAKH, TAK CAMO 3K 1 JOBCJICIHA TEOPEeM
5.5.2 i 5.5.3, axi € gopom diparMeHTapHEMi. X0Ya B IPABHILHOCT] TBeDKCHL 1IHX TEOPEM HE BHHNKAE
L - R
cyMHEIBIB, TPOTE JOBEAeHHS il BY/10 HAIMCATH SHAYHO AeTalbHile,

6. HMucepranitina poboTa € JOTHYHOK JI0 A0CHLUKeHb Jyxe DaraTeox apTopis i, ToMmy H}:l.‘l-lﬂ.['ﬂ.E: m::ypa.*rﬂnm
CIBCTABJIEHHA 1 I'IDpiHHHHHﬂ OTPHMAHHX ABTOPOM PEe3VILTATIE 3 PE3YILTATAMN MOCALIDKEeHE 1HIOIHX AB-
topis. [Tonpn Beaukuil CIMCOK TeOpeM IHINUX ABTODPIB, HABEJAEHUX Y NEPIIOMY DPO3ILMi, & TAKOXK ,unnfm?
rPYHTOBHEI ¥ HBOMY 3B A3KY BHKIAL CYT! ONEPATOPHHUX MiIXORIB A0 Teopii ANPOKCHMAIIHIX MTPOCTOPIB |
imTepnossiil NpocTopis, NPAKTHYHO Biicy THE GLIbLI-MeHIl feTansHe | (hopMalibie NOPIBHAHNS PESYALTA-
TIB ABTOPA JHCEPTAL 3 Pe3yIbTaTaMi IHIMHX asTopis. Ocranns ofcTaBuna pasoM 3 rpoMizIKoIo CHETEMOIO
HO3HAYMEHL CTBOPIOE 1A YHTAYA OKPEMI He3pyuHoCTi ¥ cnpobax cKaacTH ¥ nesny cucreMy Habip Teopes 3
JHMcepTalil pa3oM 3 TBEPKeHHAME IHITHX ABTOPiB. 3a3HAYHMO TAKOHK, O OMISL JOCTIAKERD, BHKOHANHY
y XXI 1. xova i € nowoni dparmenrapnum, mpore TOPKAETLHCA BCIX OCHOBHHX JIOCATHeHE HBOPO nepiomy.

Ha cam kinens, sarajxa npupomy, sk pisuocTi (2.53), skl € eemenTapHUMA 1 BapTYIOTL Xiba-110 InMAll-
HOPO 3ayBAZKEHHS CTOCOBHO CTAJIMX 3 Teopemy 2.3.1, ommmumes y dhopmMyniobanni camol Teopemu 2.3.17

3aznaveni 3ayBaXkeHHsA He HOCHTH TPUHIMIOROTD XAPAKTERY Ta He SHHACYKITL 38TaJIbHOI IHHOCT] Pe3yILTaA-
TiB, BUHECEHHX 3/06yBateM 11a 3axXHCT, | 3araIbHol BUCOKOT OIIHKH dgcepratifinol poborn ML dymurpamana.

5. Teoperuuna ninnicrs | npakrTuana 3HAUYIICTE HAYKOBUX pesyibratis. Peaynwrarn aucepTauiinol
poboTH MAOTL TeopeTHuHHll XapakTep i € BANOMHM BHECKOM B POIBUTOK K TeOpPil onepaTopis B uigoMy, Tak

i Teopil anpoxcuMaiiiinmx Ta inTepnoasiiimmy npocropin. Orpumani TeopeTnyni pesyasrati MOXCY T 3HARTH
3aCTOCYBANNA NPH POIB'SIAHHT TPHKAANHIX 30104 CIEKTPAILHOT Teopil jJupepentiansHux onepaTopis, a TAKOHK

OpH MOAETIOBAHHI | B ananisi curnauis i y Teopil posnisnasannn obpasis, NPH MOJETIOBAHH]
MepesieBrX indopMatifinnx norokax Ta B npobaemax HAXHCTY NAaHuX B unx indwopmanifinn n
Hi y aucepramii niaxomn MOXKYTH BUSIBHTHCS KOPHCHIMH NIPH J0CTIKeRH] s,
Teopil piznoro pogy sewirkux (fuzzy) of'exrin Ta B

1 aHATIS] QAKX B
orokax. Pospobae-
IO MOASTIOTheH 3acobamu
TepMiHAX Pisnoro poty rpybin (rough) sbimuocrei,

"
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7. BucHosku. [lucepranifina pobora M.L Imurprnmma
BEKTOPAMH EKCTIOHE

“ . ] _ .
HIfiHOTO THIY” € 3aBepmeHMM Ha J"LTTPGKEI.{MMHHTH MPOCTOPH, AcOMiftoBani 3 LiaHMu
i1 pesy/IbTATH MAIOTH BATOMeE i : FHUEHM“:E:JCJH.EHEHHH.M, e TEOPETHYHHN XapakTep, a
: e TEOPETHYIHE 3HAYeHHA J1s Teopil iHTepnoaamifinux i anpokcHManifinEx TPocTo-
pis. B HifA 1‘[1#&1&%{::-1 CHCTEMATHYHOMY aHANI3y Npoblema OMHCANHA B TEPMIHAX IHTEPHONAMIKHMX NPOCTOPIB
CTPYKTYPH 1 BJACTHBOCTEH ANPOKCHMAIIRHUX NPOCTOPIB, ACOMROBANNX 3 HEOOMEKEHHMH ONEPATOPAME B HOP-
.‘-:('JHH_E!IIK TI}DE.‘TQPM. Y KOHTEKCT] CIeKTPANLHUX ANpoKCcHMANIl Ta XapaxTepHzamil pi3HHX knacis dyukmii B
repMINAX 1X HAHKPAIHX HAOIMKeHb [UIHMI BEKTOPAMK eKcroHeHniifnoro THiy B iy HKIIOHATLHAX TPOCTOPAX,
BoHa BHKOHAHA Ha Cy4YacHOMY HaykomoMmy piesi. Ilepeniveni sume saysadenns J0 poOOTH He NPHMEHIIYIOTE
XOPOINIOro BPAXKeHHSA BiJ poboTu B uinomy. Ananisyioun aucepranifiny poboTy, el BIAZHASHTH i1 laeftny mimi-
CHICTB, BOHA MICTHTL OCTATOYHH PDO3B'A30K 11000 pajiy Nepenidenny BHINE BARCIHBHX JUIA Teopil prﬂﬂﬂmﬂalﬂ'f
B HOPMOBAHNX | KBasiHopMoBaHMX npocropax sagaq. Pesymprarn pobord HAneKHO onyGnikosani. ApTopede-
paT B LIJOMY TMPABAJIBLHO i moBHO Bigobpaxae amicT mmceprauii. 3 oriaLy Ha cKalaHe BHILE, BBAKAIO, D
mucepraniitna pobora M.1. Jummrpammna sajosonsase BumMorn o, 9, 10, 12-14 “Tlopagky NMpHCYIFKERHA HAYKO-
Bux cTynenis”, saTeepmkenoro [Mocranosoio Kabinery Minicrpis Vipafma Ne 567 sig 24 mamna 2013 poxy (i3
aMiHAME | JOTOBHEHHAMH ), MO0 AOKTOPCHKHX JHcepTamlil, pe3yinsTaTH nnceprauifinol poborn BLANOBLAAIOTE
BIMOTAM 10 HAYKOBOT'O DIiBHA pesy ETATIE (AKTYANLHICTH, HOBH3HA, HAYKOBA IHAYMMICTh ) JOKTOPCHKOL TRCEPTa-
uii, a 11 aprop Map'sa IsanoBut JIMUTPMIIHHE 3ac/IyTOBYE NPHCY/UKEHHA floMY HAYKOBOTO CTYNEHS AOKTOPA
diznKo-MATEMATHHHIX HAYK 34 enemansaiero 01.01.01. — MaTeMaTHIHId aHANS,

[Mpodecop, AOKTOP ciznKo-MaTEMATHTHEX HAYK,
npodecop KadeapH Teopii dyuxil 1 Teopil
fimosipaocTeit JIbBIBCHKOTO HAIOHAIBHOIO
yHIBEPCHTETY iMeHl Isana (Ppanka
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