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KaHuaara (pU3nKo-MaTeMaTUIecKnX HayK
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Huccepranmonnast papora FHO.B. Tuxonosa mocssimena MCCIe0BAHUIO CBORCTB CUHTY-
napabix Gyaxmit. OCHOBHBIE BOIPOCH, PACCMATPUBAEMbBIE B JIHCCEPTAIH — 9TO BOIMPO-
ChI ANMMPOKCUMATTHN CHTITYNISIPILIX (PYITKIIT KyCOITTO-TIOCTOATIILIMU (DYTKIASNYT B HOPMaX
PasIUIHbIX (DYHKIIMOHAIBHBIX TTPOCTPAHCTB, U MPUMEHEHHE MONYUEHHBIX DPe3YJbTaTOB 15
UCCIEIOBANUSL CHIEKTPAIILIIBIX CBORCTB JU(D(epeniMalbibiX Oleparopon, Koa(ppuimenramu
KOTODBIX ABJIAIOTC 0000merHHble DyHKIUN (pacipeeieHus ).

Cpasy oTMCTHM, YTO PaccMaTpUBacMasl AUCCCPTAIMOHHAsS paboTa [PUHAJICKAT K aK-
TUBHO paspabaThlBaeMON 06/1aCTH COBPEMEHHOI'O MaTeMaTUIECKOro aHanuza. Teopus nid-
depeHInaAbHBIX 0epaTopoB ¢ Ko3hhUIMeHTaMU, ABIATONUMHUCT 00OBIICHHBIMY (hYHKITH -
Mu (pacnpenesenusamu) BosHukia B padorax M. T Kpeiina B cepequne XX crosnerus. Teo-
pus b depeHIuAIBHBIX OTEPATOPOB ¢ CHHTYJISIPHBIMU KO3(hMUIMEHTAMI aKTUBHO DPasBH-
BAETCST B IOCJEJIINE JIBa JTecATHIIeTHs. 3jiech Moo orvernTi paboror M. C. Cosomsika,
E. A. Bepounxoro, A.A. Illkamukosa, A. M. Casayka, M. U. Heitman-zane, A.U. Hazaposa,
AL A BiranuMupoBa u JIpyIux aBTropos.

B xiacce Bcex CUHTYISIPHBIX (DYHKIUH €CTECTBEHHO BBIAEISICTCS U 3aHUMAeT BAYKHOE Me-
cro kytace caMornoaobubx GyHKImit. CaMorogoOHbIC 00HEKThL (MHOKECTBA, MCPBI, (DYHKILIH)
€CTEeCTBEHHO BOBHUKAIOT BO MHOTHX pa3jesiaX MaTeMaTHKU. B paccMaTpuBaeMoil TeMaTHKe
caMoIoobHble (PYHKIHKY HHTEPECHBI TeM, UTO ONpeesleHHble XapaKTePUCTUKH CHHIYJIAD-
ITBIX CAMOMOMOONLIX QYUK cojep:kaT HIpOPMAIIIO 00 ACUMIITOTHKE CIEKTPa 1IeKOTOPOro
K1acca AnddepeHInanbHbIX OMepaTopoB ¢ KoahMUIMeHTaMI, sABJISIIOIIUMHICA 0000IIeHH bIMH
IPOV3BOJIBIME COOTBETCTRYTONAX CUTTTYIIAPITLIX (DY UK.

Wayuaenne ninddepeHmuaibEpX OTepaTopos ¢ KO PUTHEHTaAMH, SBAAIIIIMICT 0000~
LICHHBIMHA ('by,['IKIJ;HHI\iIM.I IIPHUBCIIO K 3d0a4e 06 OIIMCaHUM MYJIBTHUII/IMKATOPOB MC2KJLY [IPDOCTPaH-
crBaMu CobosieBa ¢ OTPUNATEILHBINY WHASKCAMU [JIAJIKOCTH, HAPUMED, MEXKIY [MPOcTpar-
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creamu Wi u W3t (sToT cytait paceMaTpiBaeTes B IMCCEPTAINE). DTOU TeMe MOCBATIEHDI
paborer B. . Bypenxosa, .9. Bepbunkoro, B. 1" Maswu, B. C. Muraruna, T.O. Hlanom-
nukosoit, A.A. [lkanukosa u apyrux. Pasymeercs, 3ajata OMMCaHUS MYJILTUILIHKATOPOR
MeXKIAY Pa3IuYHBIMH ITpOCTpaHcTBaMu GDYHKIMH WHTepecHa caMma 1o cebe, a He TOJIBLKO B
CBAZW ¢ MIPUIOKEHUAMA K W3yUeniio ;i hepentunansiniX ypasiernwil.

B aumcceprammu FO.B. TuxonoBa mMoydeHBl HOBBIC BasKHbIE PE3yJBTATBl 110 ONHCA-
IMI0 K/1aCCOB CHOTYIAPILIX (PYUKIUA ¢ TOUKH 3PCIUA CXOMUMOCTY K HUM Al POKCHMALHI
KYCOTHO-TIOCTOSHHBIME (DYHKI(AMEI ¢ KOHETHBIM THCIOM TOUCK Pa3pbiBa. 1 CHHTYIAPHBIX
caMonofoOHbIX MYHKIMI TTOI0KUTCALHOIO CIICKTPAJbHOI0 MOPAIKa HalIeHa CKOPOCTh CXO-
JUMOCTH TIPUOJIMPKEHUH TIPOCTHIMY QYHKIMIMIL. /lano ormucanune MyJbTHILIMKATOPOB B KJIacce
CaMOTIONOOHBIX (DYHKIUH HYIEBOTO CIIEKTPAIBHOTO TIOPSAKA U PACCMOTPEHBI TPUIOYKEeHIT K
CIEKTPAJILION 3agatue KoJebalus CTPYILL ¢ BECOM-MYJILTUILIMKATOPOM. YKa3all KIacC BeCoB,
JUIST KOTOPBIX CIHEKTP 3a0a9H HMETPEPhIBel!.

O6eyIMM KpPaTKO ¢odepaicaiine PAcCMaTPUBAEMO [ IMCCePTAIITA, COCTOATICH N3 Bhe, e,
UATH TJIaB, 3aKIIOYeHusT H crrceka aureparypsl. dunccepranus usnokena na 70 cTpaHuIax.
CIUCOK JIUTCPATYPbl BKATOYACT 29 HAUMCHOBAHWIL.
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Bo BBesenun npuseieH KpaTKuil HCTOPHYECKUH 0030p MCCIIEAOBAHUN [0 CHHIYIISAPHBIM
(byUKIwmsIM, 060CHOBAIA AKTYATLHOCTL TeMbl UCCAET0BAINS, CHOPMYTEPOBATLT e/ 1 3313
41l paboThI, IPUEE,IEMIa CTPYKTYPa JUCCePTALUH ¥ cOPMYIIMPOBAHBI OCHOBHBIE TOJIY I€HHbIE
PEe3YIILTATEI.

B nepBoit riaBe u3ydaeTcs CKOPOCTb HPUOJIDKEHIS CUHTYISPHBIX (QYHKIUI KyCOUHO-
IIOCTOAHHBIMY U [OJIyYCH KPUTEPUl CHHIYJIAPHOCTH (DYHKIMH B TEPMUHAX CKOPOCTH TaKOIO
npubmmkenns. OcHoBHOM pesyasrar srofl tiassl (Teopema 19) cocroutr B caemyomeM: st
orpannucHHOM HeyObiBalomelt Ha [0, 1] dbyHkuun f ciaemyonme ycnoBust 9KBUBAJIEHTHBI (e~
pes Dy obosHatien Kiace HeybbiBaomux Ha orpeske [0, 1] dyHkmit, npurIMaomux He 60see
vem N snaveHuit):

(1) dbyrkuus [ aBISIETCS CHHTYISIPHOIL;
(2) Ins nekoroporo tuciaa p € [1, +00) Hailjlercst nocIe10BaTeIbHOCT DYHKIUE f, €
Dy (ny TaKast, 970

1/ = Jul

Lp - N(’IL) — 0
1IPH 11— 00;
(3) dns moboro p € [1,+0C) BLIIOTHEHO

CR(f) - N 0

npu N — oo, tae Cy (/) = mingep, || f — ¢
CR () onpesesena KOppeKTIIo.

Lr. HpI'I 9TOM IIOKa3aH0, YT0 KOHCTaHTa

DTOT Pe3yabTAT BarkKeH sl KJIACCH(UKAIIHA CUHIY.IAPHBIX (PYHKINHA ¢ TOYKH 3PEHWST
CKOPOCTH cTpeMJtelus K 1y/io seduist || [ — [l - N(n).

OTmeTHuM ere OMH pPe3yAbTAT MepBOil TiaBbl aucceprainuu — Teopemy 20 — KoTopast
JIACT KPUTCPHUH AUCKPETHOCTH JAHHON OrpaHudeHHON HeyObIBatoOmCH MyHKIMN [ B TEPMUHAX
CKOPOCTH TPUOIVIKEHUsT [ KYCOTHO-TTOCTOSTHHBIMU (DYHKIUSIMK B NpocTparcTee L.

Bo BTopoit ritase gacrces Kparkas naEdOpMAaIys 0 KOHCTPYKIMK CAMOTIOA00HLIX (DYHKILIMIT,
YCTAHABIMBAIOTCST YCJIOBUSI Ha MAPAMETPhI CAMOIIOIOOUs, 33 TatOIlie MOHOTOUHLIE CaMOIIo-
n06HbIe DYHKIUHA. PaccMaTpuBaioTesa pas3indible KJIacChl CAMONOMOOHBIX OYHKIMH, KOTOPhIE
MCTIOL3YIOTCSA JTaslee B TPETheld U YeTBEPTON niaBax JIMCCepTaym.

B Tperbeit riase yecraHaBINBAIOTCS [(BYCTOPOHHYE ONEHKU Ha CKOPOCTD MPUOTHAKEHUST MO~
[IOTOIION OTPAaHMYEIION CAMOIIOAO0IION (DYHKUWY ITOJIOXKHUTEILHOIO CIIEKTPAJILHOIO MOPSii-
Ka KYCOUHO-TIOCTOSAHHBIMI DYHKIMAMU. [IprBeseM 0CHOBHON pe3yiibTar, MOy IeHHbIH B 9TOM
rnaee (Teopema 23):

Amst moboro p € [1, +oc) u moboro N € N Bbioniess HepaBeHCcTBa:

m-N"®<Ch(f) <M N

e m, M n « 3aBucar roanbko or [ uw p. [lpm arom a = 1 onpejesiercsa OIHO3HAYHO ITO
mapamerpaM caMorogoOus (pyuxkuun f.

OTa Teopema MPEJCTABIAETCS WHTEPECHON 1 MOJIE3HOU JJId JaJibHEHIIero n3yYeHus ca-
moronobubix dyukuuit 1 Mep. Tax, u3 3xaucuuit o B creiicHy yobBanus seiaunuunsr CR(f)
MOXKHO U3BJIEKATH OIEHKHW Ha Pa3MePHOCTb Xayciaopda CHHTYIAPHON Mepbl, MOPOXKIaeMoil
dyuxuuci f.

B werBepTOit TaBe CTPOSTCS TPUMEPBI CHHIYIAPHLIX (DYHKIWMEL, JOMYCKAIOMUX TPOU3-
BOJLHYIO CKOPOCTE IPUOMIKCHEA. OCHOBHON pe3ybTaT 4eTBepToit rmassl — Teopema 33 —
YTBEDXKJAET, aTo JLTst Jii0boro wnena p € [0, +00) u juist amroboil nesospacraomei byHKmm
s: N = R, cymecTByeT CHHTY:ISIDHASI HETIPpEPbIBHASI HeyObIBAIOMAd (hYHKIM [, 17151 KOTOPOi

s(8N) < CR(f)- N < s(N).

32
B nsroit mase guccepraniy 0. TyHeHO MOJHOE OMHCAHIE MHOYKECTBA MyJIbTHIIMKATODOR
o o
w3 npoerpancrsa W0, 1] 5 npoctpancrso W50, 1] 1 kiacce 0606MENHbIX TPOUIBOLHLIX
acbpunHo-camMononobueIX (byHKIHIT HyJIEBOTO CHEKTPAJBHOTO MOPAIKA ¢ OCOOEHHOCTBIO Ha
KoHle orpeska. Paceatorpena sajaa Lrypyma~/Inysminig ¢ BecoMm u3 yKasaHHOro Kjacca.
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HOKaBaHO, qT0 [IJI HEKOTOPOT'O IToAK/Iacca pacCMaTpUBaeMbIX BECOB CIEKTD 3a/la9l MOXKET
OLITEL YHCTO [IeNIPePLIBIILIM. Taxkoro pPoIa IpuMepsI ITOCTPOEIHDLI BIIEePBLIE.
B szakiouennn KpaTKO C(bOpI\/IyJIHpOB&HbI OCHOBHLIE PE3YJIbTAThLI JUCCEPTAILLIN.

Paccmompenue duccepmaun nodsoadem coeaams caedyrousue ¢usodo: Jluccepranust
0. B. Tuxonosa «Kmacen! eniryiasapriinix PyHRIEh B Pasiimaanix QyIKIHOHATLILIX TPO-
CTPAHCTBAX» OTHOCHTCS K XOPOIIO H3BECTHOMY CIEIITATHCTAM W aKTUBHO Pa3BUBAIONIEMYCS
HAIIPABJICHTIO COBPCMEIIIONO analn3a. 1ukum o6pasom, mema Ouccepmauyul A6AAEMCH k-
MYyanvHot.

OCHOBHBIMU JOCTHKCHUSIME JAFCCCPTALIN, ONPCACIAIONIAM CC HAYUHY HOBUSHY, SBIIs-
FOTCST CIIeTYIONINe Pe3yIbTaThl:

1) Tlonyaen KpuTepuit CHHTYISIPHOCTH HEYOBIBAIOIIEH OrpaHUTIeHHoN (PyHKIUH B TEPMUHAX
CKOPOCTH C€ TIPHOTIKCHUS KYCOTHO-TIOCTOSTHHBIMY (DYHKIHAMI ¢ KOHCYHBIM YHCJIOM TOUEK
paspbiBa B HopMax mpoctparcts LP[0, 1], 1 < p € +oc.

2) Pacemorpeno muoykecTBO ad@UHHO CAMONOLOOHBIX HEYOBIBAIOUIUX HEIPEPHIBHBIX CHH-
TYJEAPULIX  (PYTKOVE O T0KATENLTTOTO CTeKTPAIILITOro mopaaka. [lomyderns: JiBycroponnme
ONEHKHU CTENEHHOTO BIJIA HA CKOPOCTL HPHOMIKeHNd (QYHKIHNA 3TOro KIacca KyCOIHO-
HOCTOAHIBIMY 13 HopMax 1poctpaicets L0, 1], 1 < p < +00 (CKOpoCTh CXOMUMOCTH S3aBUCKHT
OT 3HATEHUs! P, OT MapaMeTPOB CAMOTIONOOHsI H OT KOJUTECTBA TOYEK PasphiBa (PyHKITHI,
KOTOPBLIMEA OCY ICCTBIISCTCA AllIIPOKCUMALAs ).

e}
3)IlomyyeHo moaHOE OIMUCAHHE MHOXKECTBA MYJIBTHIIHKATOPOB u3 npocTpatcTsa W3[0, 1]

o]
B mpocrpanctso W50, 1] B xytacce 0B0OOIIEHHBIX MPOUZBOAHBIX adOUIHO-CAMONOIO00HBIX
QYHKITHH HYJICBOTO CICKTPATLHOTO MOPSIKA ¢ 0OCOOCHHOCTHIO Ha, KOHIIE OTpesKa. PaceMoTpena
sagaria Irypma~/TuyBrirs ¢ BecoM U3 yKa3anuoro kiaacca. [Tokazano, ITo [UIsT HEKOTOPOTO
TIOJIKJIACCA PACCMATPUBAEMBIX BECOB CIIEKTP 387U MOXKET ObITh YHCTO HEIIPEPLIBHLIM.

Bee nostyuennbic aBTOPOM PE3YIBTATH 000CHOBAHBI CTPOIHME W aKKYPATHBIMH MATCMATH e
CKUMM JOKA3aTeIbCTBAMN. JDTO MOATBePXKIAeT UX JoCmosepHocmb.

OrMeTHM, 9T0O OCHOBHBIC Pe3yIbTATHI [ ICCEPTALIMN HOCAT TeopeTnvecKuil xapaxrep. Onu
MOTYT OLIThL UCTTON630BAHBI B JAJIBIEHITTIX UCCIET0BATIUK 110 TEOPHI CUTITYIISIPIILIX Oy HKITHAT
U Mep, U B CIeKTpaNbHON Teopun b depeHINaANBHBIX 0Teparopos. Pe3ynbTarhl, CBA3AHHEIE
¢ CAMOTIOZOOTLIMEU (DY KU SIMU MOIYT HAKTH IPUMCICITHC B TCOPUN 00PaboTKY H300payKCIuii.
OTO ONPEJIEIISIET MEOPEMUECKYIO UEHHOCTIL PE3YIBTATOR JIUCCED TN,

CunTalo, 9T0 MOTYyICHHBIC pCSyJIbTa‘T.bI JUCCCpTalliy HalnyT JalabHelilnce IpUMEHEHNAE B
MCCIIEJIOBAHMSIX aHATU3Y W Teopun U epeHTnaibHbIX YpaBHEeHUHA, TPOoBoUMEIX B MocKOB-
CKOM rocyaapcTBernroM yHEBepcuTeTe M. M. B. Jlomorocosa, MaremarnyecKoM HHCTHTYTE
wm. B. AL Crexiosa PAH, B Canxr-ITerepbyprexkom rocynaperseniiom yiusepentere, B [10-
MU PAH, u B 1pyrix MaTeMaTHIecKUX HCCIeI0BATEIBLCKEAX EHTPaX B Poccun u 3a pyOexom.
STO) B ‘-IEL(,‘THO(?'I‘I/I, OITI)(%)IQ.JI}TG"I' T),])(I,'KJ'NL'{I,"I,(i(,”h}:l/'l() INHAYYUMOCTID pe:sy.,‘rb' "aToB ].LI/IC(JG})TEIU;I/IH.

Peaynbrarsl quccepTaliiil CBOEBPEMEHHO W B IOTHOM 00beMe OMyOTUKOBANBI ABTOPOM B 5
paboTax, BKJOYas 3 ¢TaThu, OUYOIMKOBAHHBIX B >KYPHAJIAX U3 CIHHCKA, PEKOMEHI0BAHHOIO
BAK. Bce ocHOBHBIE pe3ysibTaThl AHCCEPTAIUN OBUTH TPEJCTABIIEHBl HA PSIIE CEMUHAPOB M
MEXKJIYHAPOUHRIX KOHMCPCHI. ABTopcdhepar IPaBUIbHO W [HOJAHO OTPAXKACT COUCPIKAHUC
JIUCCePTaTin.

Samewanua. Ilo guccepranmy aveeTcd psl 3aMedaduii. B oCHOBHOM — 3T0 MesIKIe HeTou-
TTOCTY M TIe BCETJA COTITACOBATITILTE 0DOZTIAYEN, A TAKYKE OITeUaTKH 1 TOTPEIIITOCTH PeJaKiiv-
OHHOTO XapaKTepa, a Takke norpermuocta obopmaenust. He mpuBoast cincox aTUX 3aMevdaHui,
HEU30CKIBIX B PaboTaX A0CTATOUIO HOILUTIONG 00'beMa, OTMCTHM JIAIIL [IEKOTOPBIC W3 HAX

1) B Teopenmax 19 u 20 sisito e ckasaro, 410 takoe N (n). CMBICH 9TOI BETMIUIBL, KOTEUI0,
MOXKHO BOCCTAHOBITE H3 KOHTEKCTa, HO (DOPMYIHPOBKA OCHOBHOIO PE3YIBLTATA, JIOJKHA ObITH
[IOJIHOH.



2) Ucnonb3oBanHas aBTOPOM CKBO3Has CHCTeMa HyMepalud TeopeM, JIeMM, yTBEep:KIeHUH,
OIpeJIeNIeHnil, IPUMEPOB MIPEJCTABIAETCS I COBCEM YIATHON, 0CODEII0 B CBA3U C pasielie-
HUEM TeKCTa Ha MATh IJIaB. YCI0BHYIO Teopemy 1.2 HeMHOTO Jerde HaiiTw B [1epBOi IiaBe,
mexenmn TeopeMy 2() KI)()ME‘. TOT'O, TEOPEMDbI U3 BBEICHUS, [TOBTOPATOMNHUE TeOPeMbl U3 OCHOB-
HOTO TekcTa PaboThl (camo 1o cebe Takoe IOBTOPEHME BeChbMa YMECTHO) BCTPOEHBI B OOIILYIO
HyMeparluo, 4To cuic ooubiue yeroxusaer yreaue. Haupumep, Teopembr 3 u 4 u3 Bsejcuus —
o10 B TouHocTu Teopembr 19 1 20 u3 1epBoi IJIABBL.

3) Cuwuraro, 9T0 pabOTHl TOILKO BBIUIPasia Obl OT 00beJuHeHUs IaB 2, 3 U 4 ([HOCBSIICHHBIX
OJIM3KUM BOTIPOCAM U OYEHb KOPOTKUX -— OT H JIO 7 CTPAHUI| KaXK1as1) B OIHY.

[TpuBeneHHbIe 3aMETaHIS He BIUAIOT HA OOIIYIO MOJTOXKUTEIBHYIO OLEHKY AUCCEPTAIHOH-
HOM paboThl U HA HAYYHVIO 3HAYUMOCTH IO, TYUCHHBIX PCIYIBTATOB. TaKuM 00pa3oM CYUTAIO,
gro ancceprarnmst FO.B. Tuxonora «Kiacehr ¢cHHTYIAPHBIX DYHKLUIM B Pa3JnaHbIX (QYHK-
IHMOHATBHBIX MPOCTPAHCTBAX» COOTBCTCTBYET BCeM TpeboBanusim 1. 9 «[losmoxkcHust o mpu-
CY>KJIEHUU YTIEHBIX CTEMeHel», yTBeD K IeHHOro nocTanorenuemM llpasurenscersa Poccuitckoi
Deneparun Ne842 ot 24.09.2013, npeabaBiIgeMbIM K JFCCEPTALMAM HA COMCKAHUE YIEHOH CcTe-
MU KaHaaTa (PU3HKO-MATEMATHIECKUX TayK, a ee aBTop, Tuxonon HOnuit Bacuibesud,
3ACJIY>KUBAET [PUCYXKJEHUS YICHOW CTeNeHU KaHIUAaTa (DU3NKO-MATEMATHIECKIX HAYK IO
crernasibirocrn 01.01.01 — «Berecrsenimniit, KOMILIEKCHDBIH U (DYHKITOHATbHLIA AHATA3.

OdurmanbHbII OIIIOHEHT:

JIOKTOP (B}/IB}I}(O—MELTQM&TI/I‘IQCKIIX HAYK, JIOTIEHT,
rraBHBIN HayaHbi coTpyauauk HITY HYK OH,
npodreccop Kadepol [Ipukiamoi matemaTnkmn
QerepalibHOI0 TOCYAAPCTBEHHOTO OIO/IKETHOTO
00pa30BaATCIBHONO YUPCIKICHUST BBICLICIO
obpasoBaHst «MOCKOBCKUT IMOCYHAPCTBEHHBIH
TexHnydeckuit yuusepcurer uMcau H. 9. Baymana
(HATIMOHAJIBHBIN UCCIIECAOBATEIbCKUIT YHUBEPCUTET) >
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