OT3bIB o¢uuuaabLHOr0 ONNOHEHTA
0 IHCCEPTAIHH HA CONCKAHHNE YYCHOH CTeNeHH
NOKTOpa pu3uKo-MaTemaTHdeckux Hayk Illumenesnya Muxaunna Hisnya
Ha TemMy: «Penrenne 00paTHLIX 32124 Ie03JIEKTPHKH ¢ IPUMEHEHHEM
HEeHPOHHBLIX ceTel W ONEeHKOH HeOAHO3HATHOCTH

no cnenuaisHocTH 1.6.9 - I'eopusuka

Iuccepranmonnass pabora Muxamna Mipuya [lrmeneBnva nocBsIleHa
COBEPUICHCTBOBAHMIO METOHOB pELICHMS OOpaTHBIX 3a7a4 TCOdIEKTPHUKH C
HCIIOJIB30BaHUEM ITOCIECIHMUX JOCTHXKEHNMA B 00/1acTH pelmeHns oOOpaTHBIX 3a/1a4 U
COBPEMEHHBIX HEHPOCETEBBIX TEXHOIOTHH. THXOHOBCKMH TOIXO/] OKa3all OTPOMHOE
BIMSHHE Ha Ppa3BUTHE TEOPHH TeOMU3NUECKHX METOAOB II0 PCIICHHIO
reoJOrMYecKUX 3amad. BMecTe ¢ TeM, B Cilydae HEIMHEHHBIX 3a7ad OOJbIION
Pa3MEPHOCTH, B 331a4ax MCCIeOBaHNs aHU30TPOIHBIX CPE/ U B HEKOTOPBIX APYTHUX
3agagyax, moaxon A.H.TuxoHoBa Ha NPAKTUKE CTAHOBHUTCS HEAOCTATOYHO
s dexruBabM. OIHAKO HCIIONB30BAHME COBPEMEHHBIX ITOJXOJOB K PEIICHHIO
[IOCTABJIEHHEIX B JUCCEPTAllM¥ 3aJady II03BOJIIET COBEPIICHCTBOBATH METOJIBI
A.H. TuxoHoBa /isi pa3BUTHS TEOPHHM M TIPAKTHKU T[CO3JICKTPUKH IIPH
MCCIEIOBAHNM HEOAHOPOAHBIX M30TPOIHBIX CpEA, YTO M IPEACTABIEHO B
Hacrosmiel padoTe.

PaboTa COCTOMT U3 IIECTHU IJIaB, BBECHUS, 3aKIIOYEHHUS, CIIMCKA JINTEPATYPHI
¥ OXBAaTBIBACT TEOPETHUYECKHEC W NPHUKIAJHBIC AaCIEKTHl, BKIIOYas YHCJICHHBIC
METOIBI M AITOPUTMBI JJI PEIIEHHs HEIMHEHMHBIX BBICOKOPa3MEPHBIX 33/1a4, a
TAKKE MX IIPAKTUYECKYIO PEATA3aHIO.

B I'maBe 1 paccMOTpEHBI MaTeMaTUYECKHE IIOCTAHOBKM KO3(Q(QUIMEHTHBIX
o0paTHBIX 33/1a4 TEO3ICKTPHKH U OOpaTHBIX 3a4a4 JJIECKTPOMArHUTHOIO
MOHWTOPHMHIA; OTMEYAIOTCS OCHOBHBIE IpOOJIEMBI, CBS3aHHBIE C WX
HEJIMHEHHOCTRI0, IIPAKTHYECKOH HEOJHO3HAYHOCTBIO M HEYCTOMYMBOCTBIO.
Pa3BuTHE TEOPHH H METOHOB pEIIeHHs OOpaTHRIX 3aJla4 M HCKYCCTBEHHOI'O

UHTEIIEKTA, 4 TAK)KE OBICTPBIA POCT BHIYMCIUTENBHBIX MOIIHOCTEH 33 IOCICIHNUE
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IBa JECATHIICTHs] OTKPHIBAIOT HOBBIE BO3MOXKHOCTH JUIS PACIIMPEHUS apCCHaIa
MATEMATHYECKHX CPEICTB HHTEPIPETALIY Te0dHU3MIECKUX JAHHBIX. ITO IO3BOIACT
aBropy [uccepTaruud OOOCHOBaHHO CHEJaTh BBIBOA O 11e1eCO00pa3HOCTH |
AKTYaJIbHOCTH TEMBI JUCCEPTALIMOHHON PabOTHL.

['jaBa 2 [OCBSINEHA WCCEJOBAHMIO XapAaKTEPHCTHK IIPAKTHYCCKOH
HEO/IHO3HAYHOCTH (TIOTPEIIHOCTH) PElIEHNI 0OpaTHBIX 3224 IeoGU3nKi. ABTOP
BBO/IUT JIOKAJIHHBIE AIPUOPHBIE U ATIOCTEPUOPHBIE OLEHKH OTPEITHOCTEH, KOTOPhIE
[TO3BOJISIIOT OIEHUBATH HEOAHO3HAYHOCTh PENICHIH HETMHENHOH 00paTHO! 321391
nubdepeHIUPOBAHHO 110 TIyOMHE HCCIENOBAHMH C YJETOM IOITIOMCHHMA
HCIOIb3yeMOro Teousmaeckoro mons. Ha OCHOBE ampHOPHBIX XapaKTepUCTHK
HEOTHO3HAYHOCTH (MOZYJIS HENpEPHIBHOCTA OOpaTHOIO —OIeparopa) aBTOp
KOJMYECTBEHHO O00OCHOBBIBACT HEONPENEJEHHOCTh HeJHHEeHHOH 00parHOH
3a/a94d B KOHEUYHO-IApaMETPUYECKHMX Kiaccax cpen. HeompeneneHHOCTh
BHIPKAETCST B TOM, 9YTO C POCTOM 4YHMCIIA BBIICIAEMBIX NPOCTPAHCTBCHHBIX
9IEMEHTOB, T.€. JETAJBHOCTH PpCIIEHHM, pacreT HX HEOJHO3HAaYHOCTb
(HEyCTOMUMBOCTD) U, TAKAM 00pa3oM, KenacMas OorbIas 1eTalbHOCTh pemeHui
bakTHYECKH HE MOXKET OBIT IOCTUTHYTA [IPH 3aJaHHbIX allPHOPHBIX OTPAHUHCHUAX
¥  OrpaHMYEHMSX  HAa  HEOJHO3HA4YHOCTh.  DOPMYyNHpYeTCs  yCJIOBHE
HEOTIPEEICHHOCTH ~ HEIMHEHHON oOpaTHO¥M 3aja4yd, BICPBBIC BBEJCHHOC
npodeccopom B.W. JlmurpueBbiM [UId JmHEHHBIX 3amad. Ha ocHose 3TOro
IPUHIMNA aBTOP Pa3BHBACT OPHTMHAIBHBIN METOX aJaNTHBHOH PErymisapH3alyiy
HEJMHEHHON  3aJa4y, IMO3BOJSIIOMECH  JOCTHYE  KOMIPOMHCCA  MEXKAY
NEeTAJBHOCTHIO M HEOAHO3HAYHOCTHI0 PEIIeHHH 00paTHOM 3a1a4yy [IPU 3aJaHHOM
YPOBHE IOTPENTHOCTH [IPABOH YaCTH € YIETOM PeabHOH IyOHHEI IPOHUKHOBEHHS
reoM3MYecKOro IO W HMMEIomIeics anpuopHo uHpopmammy. JIHHEHHBIME
aHAJOraMM TaKOW PpEryIpH3alid MOXHO YCIOBHO CYHTaTh aJIrOPHTMBI
pEryIISpU3aIlii, OCHOBAHHBIC HA HU3KOPAHTOBOM aNNpOKCHMALMH, IPH KOTOPOH
WCXOIHAS MATPHIA 3aJaHHOTO PAHra ANIPOKCHMHPYETCS MATPHIEH, AMEIOLIeH
IOHVDKEHHBI pAHT IIyTéM YCEYCHWs CHHTYILIPHOIO CIEKTpa Marpuipl. B

JUCCEpTAlINU UCCIENYIOTCA XapaKTCPUCTUKH HECOOHO3HAYHOCTH
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MHOTOKPUTEPHATBHBIX OOpaTHBIX 3aa4 Ie0(U3MKH, TTOKa3aHO, YTO alpHOpPHbIE
XapaKTEPUCTUKU HEOJAHO3HAYHOCTH MOHOTOHHO HE BO3PACTAalOT IIPH YBEIUYCHHH
4HCJIa KPUTSPHUEB.

B I'maBe 3 mpeicTaBIeHE! aBTOPCKUE AITOPUTMBI pacueTa Pa3iuIHBIX THIIOB
XapaKTEePUCTHAK IIPAKTUIECKOH HEOJTHO3HAYHOCTH C HCIOJIB30BAHHEM METOJ0B
MownTe-Kapio; /0Ka3sIBaeTCs CXOTUMOCTh aaropurMoB. IlpuBojsitcs nmpuMeps
pacyeTa alpUOPHBIX XAPAKTEPHCTHK JUIsi HEKOTOPHIX THHOBBIX 2D m 3D 3axaq
reosNIeKTpHUKH. JlaeTcst OnucaHue aropuT™Ma aJalTHBHON PEryJSpU3alliy 3a/1a49H
re03JIEKTPUKHU, paboTa KOTOPOro MUIIOCTPUPYETCS HA YHCIECHHBIX IMPUMEpax L
3a]1a4 I€03ICKTPUKH.

B I'nase 4 passuBaercs anmpoKcHManuoHHbIN HeipoceTesoil (AHC) metox
pelllcHUsT HEIMHEHHBIX OOpaTHBIX 33ad TEORJIEKTPHUKH, OCHOBAaHHBIA Ha
NOCTPOEHHH NMPUOIMKEHHOr0 HEeNpepbLIBHOIO 00pPaTHOro Oneparopa 3a1adm,
TaK Ha3bIBAEMOI0 AlIPOKCHMATOpa, C MOMOMIBIO HEHMPOCETEBBIX IIOJMHOMOB Ha
OCHOBE 3apaHee IIOCTPOCHHOTO MHOXKECTBA OIOPHBIX PEIICHHA IPAMBIX U
00parHbIX 3a1a4. ['0BOPs IPOCTHIM A3BIKOM, CYTh METO/Ia BEIPAKAETCSA TOM, YTO OH
BBIHOCHUT CYXKIEHHE O CTPOSHHUU reo(U3NIEecKOd Cpe[bl HA OCHOBE M3MEPEHHBIX
NAHHBIX IIyTeM MHOTOMEPHON MHTEPIIOJAUN MEXAY TOYKAaMH MHOXXECTBa
ONIOPHBIX pENIeHHH paccMarpuBaeMod 3agadnd. DOpMyIHMPYIOTCS —YCIOBHS
CYIIECTBOBAHUS AIIIPOKCHMATOPOB ¥ KOPPEKTHOCTH 331a4M MX IMOCTPOCHHMS.

B TmaBe 5 maHO oONMCaHHe ajirOpPUTMOB IIOCTPOCHHUS HEMPOCETEBHIX
aNMpoOKCHMATOPOB Ui 3amad TeodIeKTpuKkH. IIporpecc B alIropuTMHUYECKOH
007acTH, M0 CPABHEHHUIO C IPEAIIECTBYIOMMMY BEPCUsIMHA HEMPOCETEBOIO METOa
JOCTUraeTCsl aBTOPOM JIUCCEPTAIIAHN 3a CIET TOTO, YTO OH MpeJiaraeT HOBYIO foJee
CJIOKHYI0 APXHTEKTYpPy HelpoceTH, A 00y4eHUs] KOTOPOH IPHMEHSIIOTCH
COBpEeMEeHHbIE MeTOo/Ibl I1y00K0ro 00y4eHHs HeHpoCceTeH, aJaNTHPOBAHHbBIE K
0CO0EHHOCTSIM pelnaeMoii 3aga4yu. D10 [103BoJIET NOBBICUT 3ddexTuBHOCTS HC
METO/Ia ¥ PeIaTh 0OpaTHBIC 3aja9y T€03TICKTPHKH C YHCIOM HCKOMBIX I1apaMETPOB
nopsaka 10° u 6onee i OOMMPHEIX IPOCTPAHCTBEHHBIX 00IACTEH M3MEPSIEeMBIX

nansbix. [IpUBOASTCS YHCIICHHBIE PHMEpHl pemenus obparasix 2D u 3D 3amau
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FeOdJIEKTPUKM HA  MOMENBHBIX JaHHBIX, a Talke OOpaTHBIX 33734
3IEKTPOMArHUTHOIO MOHHTOPHHTA Ha OCHOBE JIOKAIBHBIX W/MJIM PaspexKeHHBIX
ceTel HabmoneHus.

I'maBa 6 HOCBSIEHAa NMPUMECHCHHIO Pa3pabOTaHHBIX METOJOB Ha IOJEBBIX
npodWILHEIX ¥ IUIOMQAHBIX JAHHBIX. [IOydeHHBIE AaBTOPOM PE3YIbTAThl
YHCIIEHHBIX SKCIIEPUMEHTOB ITOATBEPIKAAIOT 9D PEKTUBHOCT COBPEMEHHOM BEPCHH
HC merona pemeHust 00paTHBIX 33a4 €03 IEKTPHKH B OOIIEM ITUKIIE IIPOBOAMMBIX
paboT 1Mo HHTEPIPETAUY U3MEPEHHBIX JaHHBIX.

HayyHasi HOBH3HA M 3HAYMMOCTH JIMCCEPTAIlMOHHOH  pabOTHI
M.U. [llumeneBrya 3aKII0OYalOTCd B pa3paboTke M OOOCHOBAaHMHM METOJA
aIanTUBHOM peryispuzamumu W coszgasuu coBpeMmeHHod Bepcun HC merona
peleHysT HelTMHEHHBIX 00paTHBIX 3371ay IEO3IEKTPUKH. DT METOIbI YYUTHIBAIOT
cenuduKy pemaeMblx OOpaTHBIX 3a37a4, OOYCIIOBIEHHYK) CBOMCTBaMH
UCIIOJNB3YEMOT0  KBAa3WCTAIMOHAPHOTO  JJIEKTPOMArHUTHOIO  IOJA,  YTO
obecneunBaeT uxX 3b¢exkTuBHOCTE. [Ipr 3TOM BaKHO OTMETHUTH IIPAKTHYECKYIO
OPUEHTAINIO JIACCEPTAMOHHOM paboThl. LIeHHOCTH pe3ybTaToB paboTEl COCTOUT
B CO3JIaHMH IIPOCTOT'O B HCIIOJIL30BAHUY UHCTPYMEHTAPHs, IIOTIOTHAIOIIET0 apCeHAl
CpEACTB MaTEMaTUYECKON MHTEPIIPETAIIMH JaHHBIX F€03JIEKTPUKH.

[TpeacTapiieHHbIE 3aIUMIIAEMBIE IOJIOXKEHUS SBISIOTCS OOOCHOBAaHHBIMH U
O0OBEKTHBHO OTPXKAIOT COJACPKAHUE JAUCCEPTALMOHHOM paborel. Chmcok
JIUTEPATYPHI BKIIOYAET KIACCHYECKHAE ¥ COBPEMEHHBIC MCTOYHMKH, HEOOXOUMBbIC
JUISL PAacKpBITHA TeMBI. TEKCT AUCCepTanmuu KOPPEKTEH, BCE CCBUIKM M IIUTATHI
COOTBETCTBYIOT COEP)KAHUIO U OCHOBHBIM BBIBOJAaM PabOTHI.

3ameyanus no padore

1. Wcnons30BaHME MATEMaTHYECKMX METOJ0B M OIEpaluid OrpaHUuYCHO
(GU3HYECKUMH Pa3MEPHOCTSIMH HCIIONB3YEMBIX BEIWYMH KaK M3MEPEHHBIX, TaK U
BBIYMCICHHBIX. IIpuMepoM TOMy SBIS€TCA  HCHONb30BaHUE Jjorapudma
3JIEKTPUYECKOTO COINPOTHUBICHUsS. Takue QYHKIMM Kak Jorapudm, CHHYC,
SKCIOHEHTHI ¥ T.I. PYHKIUYU ASUCTBYIOT HA Oe3pa3sMEepHyIO BEIIMYMHY, B TO BpEMs

KaK 3JICKTPUYECKOE COMPOTUBIICHUS SABJIACTCA pa3MEpPHO# BETHIMHON (OMBI, JIHO0
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OMMeETpEI). B 3TOM OTHONmIEHME B JUCCEPTalMd OTCYTCTBYeT (HU3HYecKas
000CHOBaHHOCTH ITOJIXO/0B K PELICHHUIO IIOCTABICHHBIX 3a[1a4, YTO HE CHMXKAET €€
3HAYUMOCTb UL TEOPHH U IPAKTHUKU TCOITCKTPHUKH.

2. B muccepranyu UCTIONB3YIOTCS HEKOTOPHIE TEPMUHBI, HE aJalITHPOBAHHBIE
K reousuke. B 4aCTHOCTH, TEpMUH «TEXHOJIOTH» U CBSI3aHHBIC C HUM TEPMHUHEI
HEOOXOAMMO JOOMpEeNeNnuTh B reodu3nyeckoM cMeiciae. MMETCs Takxke
HEKOTOphIE CIIOXKHOCTA C TEPMUHOJOTMEH B OTHOLICHWM IIpeLIaracMoiu
KIaccuUKay HEHPOCETEBBIX AlIPOKCUMATOPOB. Jlms yno6cTBa BOCTIPHUATHS
cinenoBano Obl no6aBuTH Oonee nOApoOHBIE OOBACHEHMS M OTIMYUS HUX OT
O0IENPHUHSATON TEPMUHOIOTUN.

3. B 3-M 3ammmaeMoM INOJOXCHUH YTBEP)KOACTCA: «IIPH JH000H IIpaBOi
gactu». OOHAKO €CTh CHUTyaluy, KOTJa IPU HEKOTOPBIX THUIIAX HCTOYHHUKOB
9JIEKTPOMarHUTHOTO IIOJI, HE CO3JACTCs BHEIIHEE OJJIEKTPOMAarHUTHOE IIOJIE.
Hanpumep, korga CTOpPOHHUH 3JIEKTPHYECKHM TOK NPEACTaBICH I'PaJUCHTOM
HEKOTOPOM CKaApHOM (YHKIMH, YTO HMMEET MECTO B CEHCMOIIEKTPUYECKOM
spdexre. B 3TOM cCiyuae MMEET MECTO SIIEKTPOMArHUTHOE II0JIE, KOTOpPOE
«BMODPOXKEHO» B 00J1aCTh HCTOYHHKOB.

4. B 5-M 3ammuImaeMoM IOJIOKEHUH PaCCMaTpUBACTCsA BOIIPOCHI MOHUTOPUHTIA
COBPEMEHHBIX TI€0JMHAMHYECKUX IpoueccoB. Mueomorus 3Tod mnpobieMaTHKH
Os1a chopmynupoBana B koHue 80-x, Hauane 90-x rogax npodeccopom bopucom
CepreeBuuem CeToBbIM. Pa3BUTHE TEOPHUU U NIPAKTUKH ITOrO ITOAX0A IPUBOIUT
K HeoOXOAMMOCTH W3Y4YCHHS AHM30TPOIHBIX (TOYHEE, MaKpOAHW30TPOITHBIX)
JNIEKTPUYECKUX I1apaMEeTPOB I'OPHOI nopoasl. B aToM ciryyae MakpOaHU30TPOITHEIE
SJIEKTPUYECKUE I1apaMeTpbl Ha MAaKpOYPOBHE OTPaXKalOT MHKPOCKOIIMYECKHUE
M3MEHEHHUs] CTPOCHUH I'OPHOM IOPOIBI 0] BO3AEHCTBHEM BHEIHUX (aKTOPOB.

5. B pucceprauyMy NpEeACTaBICHO MIMPOKOE TEOpeThdecKoe 00OCHOBaHUE
[IpearaéMbIX aBTOPOM METOAOB, IPUMEHMMBIX HE TONBKO MIA 3aj]ad
rEOdJIEKTPUKH. B CBA3M ¢ 3THM, OBUIO OBl IOJIE3HO JOIOJHHUTL €€ NPUMEpPaMHU

pa601‘51 nperprara€MelxX aIropuTMoOB, HaANIPpUMEpP, A HEMWHEWHBIX 3a/7a4
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MOTEHIMANBHBIX TIONeH, uro Ooilee sSBHO OTpa3smwyio OBl YHHBEPCAIBHOCTD
Pa3BHBAEMOr0 IIOAXO0a.

[IpencrapneHHble  3aME9aHMA HE CHMJKAIOT 3HAYMMOCTH  JIAHHOTO
JIACCEPTALMOHHOr0 HccaeoBanus. Juccepranus COOTBETCTBYET YCTAHOBICHHBIM
MOCKOBCKMM TIOCYNapCTBEHHBIM yHuBepcuTerom wumeHu M.B. JlomonOocoBa
TpeGoBaHUsAM K HccaenoBaHWsM nomobHoro poma. ConepkaHue AUCCEPTALUU
COOTBETCTBYET crienuainbHocTh 1.6.9 — ['eodusuka (mo pusmKo-MaTeMaTHIECKUM
HayKaM), a Takxe KpHUTepusaM, ompeaencHHbM mm. 2.1-2.5 IlomoxerHus o
IPUCYXKICHUY YYEHBIX CTeleHed B MOCKOBCKOM roCyJapCTBEHHOM YHUBEPCUTETE
umern M.B. JJomonocoBa. Jluccepramuss oQOpMIICHAa COTINIAaCHO TpeOOBaHUAM
ITostoxeHuss O COBETE IO 3AILMTE MUCCEPTALMH HA COMCKaHME YYEHOM CTEIEeHHU
KaHIUJaTa HayK, Ha COMCKaHHE YYE€HOM CTeneHH JOKTOpa Hayk MOCKOBCKOTO
roCyJapCTBeHHOr0 yHUBepcuTeTa uMeHu M.B. JlomoHocORa.

Takum oOpaszom, couckarens lllumeneBudy Muxaun Wnpuda 3aciryxuBaer
IPUCY/KICHUsS Y4YCHOM CTENEHH OOKTOpa (HU3MKO-MAaTeMaTHYECKHMX HAyK IIO
cnenuansHocTH 1.6.9 — 'eodusuxa.

OdunmanbHeIi OIIIOHEHT:
JOKTOp (GDH3UKO-MaTEMaTHYECKUX HaYK, Mpodeccop,

[VIaBHBIM HAY4YHBIHA COTPYIHHUK LIeHTpa reo3IeKTpOMarauTHBIX UCCIICIOBAHMM
DenepabHOrO roCyJapCTBEHHOT0 OI0IKETHOTO YUPEKACHUA HAayKu MHCTUTYT
¢buzuxy 3emau uM. O.JO. llImuara Poccmifckoli akageMun HayK, I. MOCKBa
Anexcanapos I[laBen Hukonaesua

NOONUCY / Zg,d,— oama
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KoHTakTHEIE JaHHBIE: " / Z // i Zﬂ ﬂ7 7

tei.: +7 (495) 840-7062, dakc: +7 (495) 851-0917, e-mail: gemri@igemi.troitsk.ru

CrienuaibHOCTh, 10 KOTOPOH OQHUIIMATEHEIM ONITOHEHTOM 3alIHIICHA

JACCePTaLIUA:

04.00.12 — I'eodusugeckue METOOBI IOUCKOB M Pa3BEIKHA MECTOPOKICHUMN

II0JIE3HBIX HUCKOIIAEMBIX ’

Anpec mecta paboTHI:

[Toamuces coTpyauuxa MHCTUTYTA QU3UKH 3eMIH ;"

uM. O.JO. IIImuara PAH ILH. AnekcaHapoBa yIOCTOBEPSIO: (257
S h. 1t T



