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“OuexTponMne/iancHasi ToMorpadus HoBepxHOCTeil”,
IPEJICTABJIEHHYIO Ha COMCKAHWME YYEHO CTerneHu
JoxTopa ¢usnKo-MareMaTHYeCKUX HayK IO creruaibuoctu 1.1.2. —
Hubdepennnanbable ypaBHEHUs 1 MaTeMaTHYeCKas: (hU3nKa

Hensio Beex BUIOB TOMOrpadun (I CX0XKUX TEXHOJIOTHH THIIA 3JIEKTPOMATHHTHOTO KapoTa-
Ka WM CeHCMIIECKOH reopasBesiku) ABJIAETCH BBISBJICHHE BHYTPEHHEH CTPYKTYPBI HCCIeLye-
MOT0 00beKTa, U3ydask TOILKO €r0 OTKJIMKHA Ha Hepa3pyIIalollie BHEIIHNe Bo3aecTsus. Takue
HEMHBASUBHBIE TEXHOJIOMMH HAlUIM IIUpOYaiiliiee NPUMEHeHNe B MeIuIuHe, JedheKTOCKOIHH,
F€0JIOrnH, MHTPOCKOIINY U HEKOTOPLIX APYTHX BHJAX JeATeLHOCTH YesloBeKa. Pa3Burue momo6-
HBIX TEXHOJIOTHI BCerjja MMeeT CepPLe3Hyl0 MaTeMaTHYecKylo OCHOBY. B mpencraBieHHoii muc-
CepTraluy pacCMaTpUBaeTCs 3aa4a sJieKTpoumIesancHoit Tomorpaduu (QUT), umenno BoccTa-
HOBJIEHNE TOKONPOBOAIIIEl TIOBEPXHOCTHU C JIOCTYIHLIM KPaeM IO ee T.H. ornepaTopy Jupuxiie-
Heiivana (IH), KOTOpBIH IPHIOKEHHOMY K JOCTYIHOMY KpAlO HANPSYKEHHIO COMOCTABJISET
BBISBAHHBI 9THM HAIPs>KEHWEeM TOK, TeKyLIWii Ionepek rpanumpl. B ykazamnoii II0CTaHOBKE,
npunaexaeit unumo A.I1.Kannaepony (1980), Gonee-Menee moHsTHO, 9TO OIIEPaTOP OTKJIM-
Ka ONpeJe/IgeTcs KOMIVIEKCHOH CTPYKTYpOil HOBEPXHOCTH, COOTBETCTBEHHO CaMy IOBEPXHOCTD
MOKHO BOCCTaHOBHUTB TOJIBKO C TOYHOCTBIO JI0 e KOH(MOPMHOro npeobpa3oBaHms, HEIOABUKHO-
ro na kpae. T.e. ckazaTh 4T0-1160 O MPOCTPAHCTBEHHOM PACIIOJIOKEHHH OBEPXHOCTH BOOBIIE
FOBOPA HEJIL34, HO MOKHO OIIPEJIe/IUTL HEKOTOPbIEe TONOJIOrNYeCKUe U KOH(GOPMHBIE HHBAPAHTHI.
Tem ne Menee, 3HAYNMOCTD ¥ COBPEMEHHOCTD TeMbI JAMCCEPTALMA COMHEHNH He BhLI3LIBAIOT.

II3BecTHO HECKOILKO MOIXOIO0B, II03BOJISIONINX HCCIeA0BATE 3a1ady DT st moBepXHOCTH:
M.Jlaccam u T Yapman (2001), M.M.Bemmes (2003), I'.Xenkun u B.Mumens (2007-2012).

OcranoBumcs Ha ComeprKaHuK UccepTaluy. B mepBoii ri1aBe BBOASTCS HEOOXOAUMbIE ISt
Janpneiimero nousatus. Janee uznaraercs pemenwe M. V. Bemumesa 3anaun QUT s OpHUeH-
TOPYeMOli ITOBEPXHOCTH B CJIy4ae ONHOM KOMIIOHEHTHI Kpasi. BHadasie HaXONATCS TPaHUYHBIE
3HaYeHUs BCEX IOJIOMOPGbHBIX (PYHKIMI Ha IOBEPXHOCTH Kak f1apo omeparopa d — iA, rae d
-nuddepennuposanne Brosb rpamunst 1 A — oneparop JIH. Q1o MHO)KeCTBO paccMaTpuBaeTCs
Kak anrebpa u Gepercs ee CIEKTp, KOTOPBIH M BBICTYIIAET TONOJIOTHYECKOH MOMIEIBIO HCKOMO
noBepxHoctu. Ha moBepXHOCTH CTPOUTCS KOMILIEKCHBIH ATJIAC M METPHUKA, COBMECTHMASL C KOM-
IJIEKCHOW CTPYKTYPOIA.

Ota cxema mepecraer paboTaTh HAIPUMEp B CJIydae HEOPHEHTHPYEMOH HCKOMOM HOBEPX-
HOCTH, T.K. B 9TOM CJIy4Yae Ha Helf HeT HeNOCTOSHHBIX roJIoMOPMHLIX (yHKIUH. Aganranus
merona M.U.Benmmesa mis ciygaes 1) HeopueHTHDYeMOil TOBEPXHOCTH 2) HAMYAS HELOCTYII-
HBIX KOMIIOHEHT Kpasi, Ha KOTOPBIX 3a/1aH0 OfHOpOoAHOoe ycaosue aubo Jupuxie, mubo Heitmana
3) CMemaHLIX KPaeBBIX YCJIOBHH, PU KOTOPBIX MPAHUIA NOBEPXHOCTH PasbHTa HA YACTH, CO-
OTBETCTBYIOIINE WJIM OAHOPOMHBIM ycioBuaM Jupuxie mnn Heitmana wim ucnonn3yercs s
TECTHPOBAHUS [IOBEPXHOCTH (T.e. MMEHHO Ha Heii 3azan onmeparop JIH) u cocraBnser mpuHai-
JIeXKaluii aBTopy JUCCepTaIi OCHOBHOM pe3yJIbTarT.

B ciyyae neopuenTupyemoii HCKOMOI MOBEPXHOCTH aBTOP MCIOJIL3YeT ee OPHEHTHPYEMOe
HaKPBITHE, T.e. OPUEHTUPYEMYIO MOBEPXHOCTh C AHTHKOH(MOPMHON MHBOJIONHUENl T B KadeCTBe
npeobpa3oBaHus CKOJbXKeHHsl cyiosi. Ha 9Ty HOBYIO MOBEPXHOCTbL NEPEHOCATCS BCe HEOOXOMH-
Mbl€ CTPYKTYDPBI, 1 B YaCTHOCTH MOXKHO ompeneuTh eé oneparop JH. JleiicTBue mociemnero



Ha YE€THDLIE OTHOCHUTEIHLHO WHBOJIIONUU T bynKnun HOBO# mMOBepXHOCTH HaIpPAMYIO CBSI3aHO C
Aeiicreuem omneparopa JIH ma crapoi nosepxnocry. [leficTeue e Ha HeveTHbIe (DYHKIAH HC-
none3ys pannble QUT naiite cnoxnee. s HaXOXK/I€HHUS CJIEIOB TOJIOMOPGHBIX DYHKIHMH HA
OPHEHTHPYEMOM HAKPBITHH ABTOP IPEJJTAraeT PeIllaTh KBaAPATHbIE yPABHEeHHs (1.2.24) B Gana-
XOBO# anrebpe GyHKIuUi, 38 aHHBIX Ha, AocrynHoM kpae. [lanee MokHO B o6mux geprax ciie-
Z0BaThb cxeMe Benuiesa u BocctanoBuTh HaKpLITHE, a IIOTOM U CaMy NOBEPXHOCTD. IIpu 3ToM B
Ka4ecTBe MODOTHOrO MOy YaeTCsl TAKOH Pe3y/IbTarT: KOpPa3MepHOCTb MHOXKECTBA PEIIeHHi KBaI-
parHoro ypasuenus (1.2.24) pasua mozysto SHJIePOBOI XapaKTePUCTHKI HCKOMOI TOBEPXHOCTH,
9TO ONIpENEISIeT €€ TOMOJIOTHIO.

Bo Bropoii ruiase pemarorcs zamaun DUT 5 ClIy4ae HaJIU4us HEJOCTYIHBIX KOMIIOHEHT
Kpas I B Cllyqae CMeIaHbIX MPAHUYHBIX YCJIOBUH Ha JOCTYIIHOH 9acTH Kpad. Bravase anro-
PHTM BOCCTAHOBJIEHUS NPUBOAUTCS B YHPOIIEHHOM CJIydae OPHEHTHPOBAHHON IIOBEPXHOCTH U
ONHOTHITHBIX HENOCTYHBIX IPAHUNAX — JIHOO M30JMPOBAHHBIX, TG0 3a3eMJICHHLIX. B JaJbHeli-
IIEM STH OrPaHMeHNs CHUMAIOTCS 38 CYeT yCIOXKHEHHS alropuT™a. B obmem CIy4ae B IjiaBse 2
CTPOUTCS BCTIOMOTaTe bHOE (BETBSIIIEECs ) YeTHIPEXINCTHOE HAKPBITHE HCKOMOH MMOBEPXHOCTH —
ABE KOIINH €€ OPHEHTHPYEMOro HAKPBITHSA, CKJIeeHbIe ONpe/IeIeHHBIM 06pa3oM 1o HEIOCTYITHBIM
KoMmnonenTam kpas. Ha sTom nakperrun mefictByior yixe nse KOMMYTUDYIOIMINX aHTHUKOHMDOPM-
HBIX nHBOsIONMH. [l onpeesienust npocTpancTBa ciienon roJIoMopHEIX (DYHKIUH Ha OpHeH-
THPYEMOM HaKPBITUH PemaioT Kybuyeckoe ypasuenue (2.2.6) B anre6pe dyukumit Ha 1ocTyIIHOM
yJacTke Kpasi. [lajee ¢ HCIIOIb30BaHMeM STHX peIIenui BOCCTAHAB/IMBACTCS aJyirebpa caMux ro-
TIOMOPGhHBIX (DYHKIMH, €€ creKkTp MOZIEJIUDYeT yKa3aHHOe OPHeHTHPYeMOe HaKPBITHE HCKOMO
NOBEPXHOCTH, (PaKTOPHU3AIUs KOTOPOTO 110 MHBOJIOLUN U IaeT pelienue 3a1a49u ToMorpadun.

B Tperpeii rmaBe asropom muccepramum OJTyYeHa IOJIHAs XapaKTePU3AIUs ONepPaTOPOB
JH, T.e. Ha6Op HEOOXOMUMBIX M 1OCTATOYHDIX ycoBuit, 9T06b1 (DUKCHPOBAHHBII OIEPATOP OIpe-
Aensinca xkak JIH 171s HeKoTOpoit MOBEPXHOCTH ¢ 3aaHHbIM KpaeM. 9Tux ycuosuit 7 (umm 9,
BKJIIOYad ycyioBus 2 ypoBHsi). OHE JJOCTATOYHO CJIOIKHO (OPMYJTPYIOTCS U SIBJSAIOTCS IIPAKTH-
9YEeCKU TPYAHO IIPOBEPSAEMBIMH.

B uerBeproii riase paccmorpen BOIPOC O 6JIM30CTH KOH(MDOPMHBIX KJIACCOB BOCCTAHOB-
JICHHDBIX TIOBEpXHOCTel B Merpuke TeifxMiostepa npu 6imsoctu ux oneparopos JIH no nopme
B IpocTpancTse nonyauddepenupyeMbx byHKIui 1pu (bUKCHPOBAHHON TOMOJIOrUM HOBEp-
xoctu. Jlokasama Teopema: pasperaoniee oroGpazkenwue, nepesozsuiee oneparop JIH B coor-
BETCTBYIOIL eMy KOH(OPMHBIH KJIACC MOBEPXHOCTEH SIBJISTETCSI OUIHIIIHIEBLIM 0TOOparKeHHEM
Ha MHOKECTBE JONyCTUMBIX onepaTopos. [lokazano Tak:ke, YTO PO IOBEPXHOCTH He SIBJISETCS
YCTOMYUBON XapaKTePUCTUKOM IPH BOCCTAHOB/ICHUH MOBEPXHOCTH: B JII0OO# OKPeCTHOCTH (PHK-
cuposamioro oneparopa JIH nainyrcss apyrue oneparopsr JIH, OTBEYaIOIIe IOBEPXHOCTH CO
CKOJIb YTOZHO GOJIBIIKMM POJOM.

Haxkoner, B nocrenneit nsiToit ritase PaccCMOTpeH BONPOC O KOHCTPYKTHUBHOM OIIpeieIeHIM
MaTpHUIBI IEPUOOB [Isi Ay0Jid OPHEHTHPYEeMOit TTOBEPXHOCTH C OHONM KOMIIOHEHTOMH Kpas 10
SaJlalHoMy Ha 9TO# Kommonente oneparopy JIH. ITokasano TaksKe, 9To MpesTOsKeHHbIH ajro-
PHTM yCTOHIMB IPH UCIOIL30BAHMH 3ALIYMICHHBIX JAHHDIX, BHI3BAHHLIX HeGOJbIINM 10 HOpMe
BO3MyILeHueM oneparopa JIH.

K pabore nmeeercs: psin sameuannit, B ocHOBHOM PEJAKIMOHHOTO MJIM yTOYHSIONIEr0 XapakK-
TEpa, U e CHUXKAIOMHUX IIEHHOCTH I10JTyJeHHBIX ABTOPOM PE3y/ILTATOB.

1) Bo dpanmysckoit n oredecTsenHoi Jmrepatype i oneparopa lupuxie-Heiimana (o
TUIy 'PAHUYHLIX YCJIOBHI) apaJIIeIbHOE XOXK ICHIE UMeeT repmun ‘oneparop [Tyankape-Crekiosa’




10 MMEHaM y4€HbIX, KOTOPble NIMEHHO TaKOil OIepaTop ONPENEJNIN U UCCIIEIOBAIA B Hadalle
20 Bexa.

2) Crp. 30 IIponymen 3max MUHYyC B 0bo3nadennn obactu 3adennit oneparopa JIH Ha co-
00JIEBCKOM ITPOCTPAHCTBE nonymuddepentupyemsix dynkunuit. Oneparop JJH monmxkaer ria-
KOCTb Ha €UHMUILY.

3) Bo Bropom paBemncrse (1.1.1) my>xno nonoxkuts B = A: nosopoT Ha 90 rpamycos.

4) Crp 51 crpoka 5. Bumumo umernocs B Buny u = Re nv=99

5) B okpecrrocTn dopmyisl (2.0.2) na crp. 63 cnemyer Gosee 4eTKO 3a7aTh 06IACTD ompe-
Aenenus onepatopa JIH B ciryyae cmemanoit kpaesoit 3amaun. Hampumep, ec TpeGosath oT
FapMOHIECKOTO MPOIOJIXKeHHs IPOGHOro noTennuaia u(x) KoHedHol suepruu (T.e. HHTErpasa
Hupuxse), To B Cllydae CTbIKa MPOGHOrO y4acTKa TPAHUIb C 3a3€MIICHHBIM Y4aCTKOM BO3HU-
KaeT T.H. npocTpancTBo JIuonca-Mamxeneca Héf, MHTEPIOIANMOHHOE IIPOCTPAHCTBO IOPSIKA
1/2 mexny L, u H}. Hapsny ¢ KoHEYHOCTBIO nosynopMbl Crio60/e1koro Ha Ipo6HOM HHTEp-
BaJl€, €ro 3JIEMEHTDbI CTPEMATCS K HYJIIO B MHTEIPAJIBLHOM CMBIC/IEe IIPH MOAXOAe K To4Ke - = ()
paspbiBa rpanyciosuit: 27! |u(z)|*dz nomxmo GbiTh HTErpUpyeMO B6IMGH HYJIS.

6) Crp. 197. Bonpoc o ToM, KaKie HMEHHO 3JeMeHTHI MaTPUIILI IEPUOJIOB MOXKHO B34Th 34,
JIOKaJIbHbIE KOOPAMHATLI B IPOCTPAHCTBE MOAysel (miam ero nHakpbitus Tuma Topemn, Tefix-
MIojLIepa) 6b11 nosHocTsio pemen lappu Payxom B nauase 1950-X Ha OCHOBE €r0 3HAMEHHTHIX
BapuanuoHHbIX dopmysn (cM. mampumep PNAS v. 41, 1955). 3mech e: ’..CBSI3aHbBI TPUBUAD-
HBIMU [IPe0OpasoBaHUAMY’ JIydllle 3aMEHATH Ha '..CBA3AHLI MOLYJISPHBIMA peobpa3oBaHUSAMHY .

7) Crp. 201. Banucy 2H,(M, Z) o6br4mo 03Ha4aeT YABOEHEHYIO PEIIeTKY, & UMEETCs B BUILY
BHJIIMO IpsIMasi CyMMa JBYX OJUHAKOBBIX KO PeIIeTKH.

8) B pabore mcciemoBano TONBKO JBa BHAA YCTOWIMBOCTH IIPEJIJIOXKEHHBIX AJITOPUTMOB:
YCTOMYUBOCTH KOMILJIEKCHON CTPYKTYDPBLI B METPHKE Teitxmiomiepa u yCTOHYNBOCTL MATPHUIIHI
I€pUoNoB Npu Bo3Mymenun oneparopa IH no onpenenennoit nopme. ITo mMepe mpoasuskenust
TEXHOJIOTMU B PeasIbHbIA MUD HOTpebyercss MCCIeloBaTh M MHOTHE JPyTHe BUIBI HeyCTONdH-
BOCTH, HaIlpUMepP MOJEJIbHYIO HEyCTOMINBOCTD (AHU30TPOIHOCTD TPOBOAMMOCTH, YT€UKH TOKOB
C IOBEPXHOCTH B OKPY?KAIOUIYIO CPey H Jp.), OIMOKH MOJAEJUPOBAHUA MPOOHBIX CHHAJIOB U
omnbky usmepenuit (oneparop IH Heorpanuyen), YncaeHHas HeyCTORIUBOCTD aJI'OPUTMOB 00-
PabOTKY SKCIEPUMEHTAIbHBIX JAHHbIX (HAIPUMEp pelenye KyGHuecKuX ypaBHeHH B anrebpe
UM HAXOXKJEHUE ee CleKTpa) u T.1. Bce obparHble 3aa4u cTpajaloT oT Kako#-mmu6o dhopmbl
HEYCTOMYNBOCTH, C KOTOPBIMU HCCJIEOBATENH MBITAIOTCS HOPOTLCH.

Ha Barnsan ommomnenrta muccepramus JIm.B.KopukoBa siisiercss 3aKoH4YeHOi Hay4HO! pa-
60Toi1, B KOTOPO## Pa3BUTLI METO/IbI, UMEIONIHE CYIECTBEHHOE 3HAYCHUE IS TEOPHH 00PaTHBLIX
337129 Ha MOBEPXHOCTAX ¥ PELIEH DA BaXKHBIX 3a]1a4 3Toi Teopun. OHa BHOCHT KDPYIHBIH BKJIAT
B TEODHIO 3JIeKTpouMIIeJaHCHON ToMorpaduu. [uccepranus Hamucana Ha BBICOKOM HAydHOM
YPOBHE, IOHATHBIM SI3LIKOM M ¢ OOsbIMM BHUMaHueM K JeTaiasM. OTHoejbHble OmedaTKd He
MEIIaloT YTeHHIO TeKCTa Juccepranuu. Bee Bhinecennble Ha 3Ty Pe3yJILTATHI IOJTyYeHbI aB-
TOPOM CaMOCTOATEIBPHO U COAepXKaTcs B 12 CTaThsX, OMyOIMKOBAHBIX B BEAYIINX POCCHHCKHIX
¥ 3apy0eKHBIX MaTeMaTHYeCKHX XKypHaiax, pekomenopannbix BAK. D1u pesysisrarsl MHOTO-
KPaTHO NPEJCTaBJIAIICh Ha MEXKyHAPOAHBIX KOH(MEPEHINAX U HAYYHBIX CeMUHAPAX BBICOKOTO
YPOBHSI.

axumouenne. Juccepranus Jvurpus Bramumuposaa Kopukosa ‘DIeKTPOUMITIEAHCHAA
ToMorpacus oBepxHOCTell’ cooTBercTByer crenuanbocTu 1.1 2.~ duddepennuanpabie ypas-
HeHus U MaremMaTH4eckas ¢dusuka. Apropedepar orpaxkaer coiepKanue auccepranmu. Ilo



MoeMy yOesKJIeHHIO, MpejicTaBjIeHHas JHccepTalus yaoBIeTBopseT Bcem TpebopanuaMm BAK,
MpeIbABISAeMBIM K JOKTOPCKHM JHCCEPTAIHAM, a ee aBTOp 0e3yC/IOBHO 3aC/yKHBALT IIPUCY K-
JIEHHsI eMy YYEHOH cTelneHH JOKTopa (PH3HKO- MaTeMaTHYeCKHX HayK.

Odunmansasit ommorent, i.¢.-m 1., [Ipod. PAH, B.a.c. UBM P \H

Borareipee Aunpeit Bopucosuy

+7(495)9848120*3905; ab.bogatyrev@gmail.com; Mocks:

[Moamucs BorarsipeBa A.B. zaBepsio,
3as. Ornenom Kagpos UBM PAH
13 mapra 2026



