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BeJyllel opranusamuu o auccepranuu Anb-endu dxasan Kamum Kxanada
"UCCJIEAOBAHUME BHIPOXKIEHHBIX 'OJIOMOP®HBIX I'PVIIII B
KBA3BUBAHAXOBHBIX ITPOCTPAHCTBAX?”,
IpeJCTaBJIEHHON! Ha COMCKaHMEe YUYeHOU CTeleHH KaHIWuIaTa
uznKo-MaTeMaTHYECKNX HAYK 110 CHENUaJbHOCTA
01.01.01 - BermiecTBeHHBIH, KOMIIEKCHBIN U (DYHKIMOHAJIBHBIN aHAJIHS.

Huccepranmonnas pabora Aunb-endu Ixasan Kagum Kxanada nocssieHa
HCCJIEIOBAHUIO PA3PENIaioNUX MOMIYTPYII JJisi BHIPOXKIEHHBIX JINHEHHBIX OIepa-
TOpHO-TUdeEpeHINaIbHBIX YPABHEHUH B

Lu' = Mu (1)

B CJIy4dae, KOrJ[a BXOJISIIIE B HETO ONIEPATOPHI JEHCTBYIOT B KBA3MOAHAXOBBIX IIPO-
CTPAHCTBAX U MIPUJIOXKEHUSIM TIOJIyYEHHBIX PE3Y/IbTATOB K MCCIIeIOBAHUIO HAYAJIbHO-
KpaeBbIX 3a/1a4 JJis HeoqHopoaHoro ypasHenusi (1). VccienoBaHusi BBIDOXK/EH-
HBIX MOJTYTPYII ¥ 387849 Bujia (1) BaXKHBI KaK C TOUYKH 3PEHUS Pa3BUTHS TEOPUU
(MoxHO cocnarhes Ha pabotsl P.E. Illoyontepa (R.E. Showalter), A. ®asunu (A.
Favini), A. fdru (A. Yagi), 1.B. Mensuukosoit, I.A. Ceupumioka, T.I'. Cykatesoi,
B.E. ®enmopoBa 1 MHOTHX APYTMX aBTOPOB), TAK M C TOYKU 3PEHUsI IPHJIOKEHUH,
IOCKOJIbKY JudbdepeHInabHble ypaBHEHsT U CHCTEMBI, BXogsime B Kiacce (1)
(kimacc ypaBHeHHUI cOGOJIEBCKOTO TUIIA) BO3HUKAIOT B (husmke aTMocdepsl, bu3nku
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IJIA3MbI, TEOPUU SJIEKTPUICCKUX TIeTeil, TeOPUN MOJI3YIECTH METaJIJIOB, JIITHAMI-
K1 KoJiebaHuit cTpaTnuIiimpoBaHHOl KUJIKOCTH, TeOPUN (PUJILTPAITUN, ONOJIOTUN
U JIpYTUX.

nccepranyst cOCTONT U3 BBeJIEHNsI, TPEX IVIaB U CHUCKa JJUTepaTypbl. O0beM
juccepTannn coctapiisier 98 crpanut. CIIcoK JuTepaTyphl cojepkuT 112 Hanme-
HoBaHWil. KpaTko onurem cojiepKanne JTUCCEePTAINN.

Bo BBejiennn 060CHOBBIBAETCS aKTyaJIbHOCTD TEMbI, OIPEJIE/IsieTCs 1eb pado-
TBI, JIaeTCsT 0030P JIUTEPATyPhl 110 UCCJIELyeMOil TpobIeMaTHKe.,

[TepBast ryiaBa cocrtouT M3 4erbipex naparpadgos. OHu cojepkar orpejeie-
HUSI, TEOPEMbI W BCIIOMOTATEIbHBIE YTBEPKJICHUS, OMUPasiCh HA KOTOPbLIE TTOJIY-
YeHbI OCHOBHBIE Pe3y/ILTAThI MCC/IeIoBannsd. B mepBoM maparpade omperersioTcs
KBa3MOAHAXOBbI IPOCTPAHCTBA LOCJIEJI0BATEJBHOCTEl [j 1 IPUBOJATCS X OCHOB-
Hble cBoiicTBa. Bo BTOpOM maparpade mpuBojigTcs OCHOBHBIE CBOMCTBA JIMHEITHBIX
OIIepaATOpPOB B KBa3MOAHAXOBLIX MPOCTPAHCTBAX. 3/7€Ch PACCMATPHUBAIOTCA CBOII-
CTBa JINHEHHDLIX U OIPAHUYEHHBIX OIEePATOPOB, MPUBOAUTCA PsJl KIACCHIECKIX
TeopeM (PYHKITMOHAJIHLHOIO aHAIN3a, IepeHEeCeHHbIX Ha KBa3nOaHAXOBDIN CJTydaii,
TaKUX, HallpUMep, KaK TeopeMa 00 oOpaTHOM oroOpakenuu. Tperuit naparpad
MOCBAIIEH TPOCTPAHCTBAM JIMHEHHBIX OTPAHUYEHHBIX OMEpPaTOpPOB B KBasmOaHa-
XOBBIX IPOCTpaHCTBaxX. B deTBepTOM maparpade onpeesiioTcsa pe30bBEHTHOe
MHOXKECTBO, CIIEKTDP, Pe30/IbBEHTa JIMHEITHOTO ONepaTopa M MPUBOJIATCHA OCHOBBI
dynkmonaabaoro ucunciaernsd. OyHKIUM OT OMEpaTOPOB OMPEACTAIOTCA CTaH-
JIAPTHBIM 00pa30M Ha OCHOBE MHTErpPaIbHBIX MPEJACTABICHUI C MCIOIb30BAHIEM
PE30JIbBEHTHI.

Bropas riiaBa coctout us naTu naparpadgos. B mepBom naparpade onpeesis-
ercsa L-ciekTp oneparopa M (T.e. ciektp myuka AL — M, obo3HadgaeMblil depes
pF(M)), a Taxxke L-pesonbBenta, Ipasas I JieBas L-pe3oabBenTsl oneparopa M
(AL — M)~ coorercreenno, (AL — M) 'L u L(AL — M)™!) u npusogsrcs ux
OCHOBHbIE CBoifcTBa (aHanmorn Toxaectsa ['miasbepra u T.11.) Bropoit maparpad
nocsstiier (L, p)-orpaHndeHHbIM ollepaTopaM, T.e. oneparopaMm M, L-crieKTp Ko-
TOPBIX COCTOUT U3 JIBYX UacTell: epBas JIEXKUT B HEKOTOPOM KPyTe a BTOpas 3TO
TOYKa A = 00, KOTOpas IpejicTaBiisieT 13 cebs He Oojiee deM TOJIIOC MOPsIKa
p nns L-pesonbBenTnl. Ha ocrose npoekTopoB Pucca, 31ech ompeensarores psn
CIIEIUAJIBHBIX ITPOEKTOPOB U UCCJIEIYIOTCS UX CBOMCTBA.

B tpetbem maparpade onpeensiorca M-mipucoemHeHHbIE TIETTOYKT OTIEPATO-
pa L, KopHeBbIe JTMHea b, U UCCJIEIYIOTCS UX CBOMCTBA, ¢ YACTHOCTHU, BBIABISACTCS
CBSI3b MEXK/JIy JIINHOM 1ernovek c.1.B. u (L, p)-orpaHntdeHHoCThIo orepaTopa M.

B gerBepTOoM naparpade paccMaTpuUBAeTCs BOIIPOC O TMOCTPOEHUH T'OJIOMOPGd-
HBIX pa3pentaoniuX TPYIIT JJUHEHHOTO OJTHOPO/IHOTO OllepaTOPHO-1nMdepeHITnaIHLHOTO



ypasaennus Bujia (1). CoOTBETCTBEHHO, TIPUBOJISITCST YCIOBHsT HA HaYAIbHbBIE JTaH-
Hble FapaHTUPYIOIIIe Pa3pernMocTh 3aadau Ko st ypastenus (1) u onuchr-
Baercst hazoBoe mpocTpancTBo st ypasaerus (1). [Tarerit maparpad nocesien
YCJIOBHSAM, KOTOpBIE rapanTupyior (L, p)-orpanndeHHoCcTh oneparopa M n coot-
BETCTBEHHO CIIPABE/I/INBOCTDL PE3Y/IbTATOB Iaparpada 4.

TpeTbd riaBa MocBIeHa PA3PENINMOCTH PA3IUIHBIX KPAEBBIX 38/1a4 /15 HEO]I-
HOPOJIHOTO ypaBHeHust Buja (1) 1 MOCTPOEHNIO TIpe/ICTaBIe i it pernennii. B
mepBoM 1aparpade paccmarpuBaercst 3ajada Komum. Bropoit nmaparpad mocssi-
mien 3aj1a4e [Hloyosrepa-CujiopoBa, Korjga BMECTO JaHHBIX Kol 3a/iaeTcs HeKO-
TOPBI IPOEKTOP OT PeIeHUs], eCTEeCTBEHHBIM 00Pa30M BO3HUKAMOIIMI B 3aja4uax
Takoro Buja. T'pernii nmaparpad IOCBSINEH HaYaJbHO-KOHEYHOI 3ajiaue - B 9TOM
cJIydae 3a/1al0TCs MPOEKTOPHI OT pelleHns B HauaIbHOM 1 KOHEYHOI TOUKe BpeMeH-
HOTO MHTepBaJja. deTBepThlil maparpad MOCBAIIEH ONPEeIeJIEHIIO U TPOCTERITNM
cBoiicTBaM JIMCKpeTHOTo oreparopa Jlamiaca. B 5-m maparpade paccmarpupaer-
cs ypaBHeHue Bapenbiiara-72Kenrosa-Kounnoii, rjie BMecTo 0OBIYHOIO OllepaTopa
Jlamraca paccMmarpuBaeTcs JUCKpeTHbINH orteparop Jlamaca. [TokasbiBaercs, aTo
BCe pe3yJ/ibTaThl laparpada 4, HoCBsIeHHbIe aDCTPAKTHOMY CJIydalo, 3/1eCh IIPH-
MEHUMBI U (POPMYJIUPYETCS Psiji YTBEPXK ICHUI.

OmnuieM OCHOBHBIE PE3yJIbTAThl JUCCepTAIii. B jucceprainun mocTpoeHa Teo-
pusi OTHOCUTETHLHO OTPAHUYEHHBIX OIIEPATOPOB B KBA3MOAHAXOBBIX IPOCTPAHCTBAX,
IIOCTPOEHBI OTHOCHUTEJIbHbIE PE30JIbBEHTHI, PACCMOTPEHbI UX CBOICTBa, JOKa3aHa
TeopeMa O PAacHIeIJIEHUN JIeCTBUAsS OIepPaTOpOB B KBa3MOAHAXOBBIX IPOCTpPaH-
CTBaxX B OTHOCHUTEJHHO OIPAHUYEHHOM CJIydae, JOKa3aHbl TeOPEMbl O CYIIEeCTBO-
BaHUM T'OJJOMOP(MHBIX Pa3periaioniux BhIPOXKICHHBIX I'PYII OIIEpaTOpOB B KBa-
310aHAXOBBIX POCTPAHCTBAX, & TaKKe HCCJIeJ0BAaHbI CBOMCTBA IOPOXKIAFOIIIX
OIepaTopoOB Il 9TUX TPyII. KpoMe TOro, TeOpeTHYecKn MCCJIeI0BaHbl BOIIPO-
Chl pa3peNMMOCTI KPaeBbIX 3aJiad JI/isd olepaTopHo-TuddepeHImaIbubiX ypaB-
Henuit Tuna CoboJjieBa B KBa3nOaHAXOBBIX IIPOCTPAHCTBaX. Pe3y/ibTarsl SB/IsI0TCA
obobmennem n3pectHbIXx pedyiabraroB P.E. [Mloyonrepa, A.@apuru, A.fAru, I'.B.
Hemuyienko, C.B. Yenenckoro, H.B. Cumoposa, M.B. @asnasneesa, M.O. Kopy-
copa, I1.B. Menpuukosoit, I'A. Csupumioka, T.I. Cykauepoii, B.E. ®enoposa u
psga Apyrux aBTopoB. OTMeTHM, UTO onepaTopHo-anddepeHnaibHbe ypaBHe-
aust Tuna CobosieBa B TaKUX KJaccaxX paHee NMPaKTUYeCKH HE PACCMATPUBAJIUCE.
B nuccepranum mostydeHbl T€OPEMbl CYIIECTBOBaHUA U €JINHCTBEHHOCTH, a TaK-
JKe IIpeJICTaBJIeHNs PellleHnil KpaeBbIX 3ajad sl TaKux ypaBHeHnuit. Ha ocHo-
Be IMOJIYYEeHHDBIX IIPEJICTaBJICHUIl NCCJIEAYIOTCS CBOICTBA PEIIeHUil M BOIPOCHI UX
HPUHAJIJIE?KHOCTH TEeM MJIM MHbIM (DYHKIIMOHAJILHBIM IIpocTpaHcTBaM. B pabore
TaKyKe TIOCTPOEH JINCKPETHBI onepaTop Jlammaca n BBeIeHbl KBA31COOOJIEBBI ITPO-



CTPAHCTBA JIJII PACCMOTPEHUS aHaJI0Ta N3BECTHOIO HEKJIACCHIECKOIO YpaBHEHUA
MaTeMaTndecKoil ¢pusukn - ypapuenus bapenOsarra-/Kenrosa-Kounnoit B kBa-
310aHAXOBbBIX IIPOCTPAHCTBAX IIOC/IEI0BATEIHLHOCTEI.

Pesynbrarh! Juccepraliun MOT'YT HaliTu IIpuMeHeHne B IHcTuTyTe MareMaTukn
um. C.JI. Cobosea CO PAH, Uncturyre rupponnanamuxku um. M.A. JlaBpeaTbeBa
Co PAH, B Uncruryre marematuku u mexanuku ¥ pO PAH, Boponexckom, Hos-
ropojckoM, Hosocubupckom, Upkyrckom, KOropckom, FOxkHo-VY pasbekom, Hestst-
OuHCKOM rocymapcTBeHHbIX yHEUBepcuTeTax u Ceepo-Bocrounom dheepanibaom
YHUBEPCUTETE.

[IpuBejieM HEKOTOpBIE 3aMedannsl K 0POPMIECHUIO PabOTHI.

1. B dgerBepToii cTpouke JgokazaTe/lbCcTBa TeopeMbl 1.1.1 mMeeTcs: oredaTka:
OyJleT IpaBU/IbHO, €CJIM BMECTO Uy, = A, V) HOCTABUTD Uj = )\,;T/ 2vk.

2. /lokazaTebcTBO TeopeMbl 1.2.2 Ha MOIl B3IVISIJ CTOUT IE€PEHUCaTh, YTBEP-
JKJIeHIIEe TeOpeMbl HeJIOCTATOUYHO 0OOCHOBAHO.

3. B nokazaresbecTBe TeopeMbl 1.2.3 Bo BTOpOil CTpPOUKe B BBIHECEHHOI (hopMy-
JIe IMEIOTCs OleYaTKH: CPEJIHIOI YacTh 3TOi (hopMyJibl HEOOXOIMMO MEPENNCATD.
AHaJjiorndHoe 3aMedyaHne MOXKHO CjesaTh OTHOCUTEJIbHO II0C/Ie/IHell BhIHECeHHOI
GOopMYyIIBI B JIOKA3aTEIbCTBE U TaKzKe KO BTOPOIl CTPOUKE JI0KA3aTe/IbCTBa Teope-
MBI 3.4.2.

4. Teopembr 3.4.2 n 3.4.1 nonHocThIO coBmaIat0T ¢ Teopemamu 1.2.3 m 1.1.1,
COOTBETCTBEHHO, II09TOMY UX JIOKA3aTe/JbCTBO MOXKHO ObLJIO 1 HE IOBTOPSTh.

5. B nokazarenberse Teopembr 1.3.1 cebika Ha myHKT (iii) semmbr 1.2.1 Herpa-
BOMepHa, TOCKO/JIbKY B YKa3aHHOI JileMMe PEeJIIT0JIaraeTcs, 9To OlepaTop Helpe-
PBIBEH B TOUKE U, & JOKA3aTe/JIHCTBE TEOPEMBI 1.3.1 3TOr0 MpeanoIoyKeHns HeT.

6. Ccblika Ha 3amedanue 2.1.1 B 3aMmedanun 2.2.1 HelpaBoMepHa.

7. Bo BTOpoit dpopmyste onpejienienus 2.4.4 onedarka.

8. OrcyTerByioT cKOOKK B hopmy/iax B b 1 16 cTpoukax cBepxy Ha cTp. 72.

B 1ie710M MOXKHO CKa3aTh, YTO YKCJIO OIUCOK U HETOYHOCTEH B JJOKa3aTeIbCTBE
He Takoe 0O0JIbIIOoE.

[IpuBesiem BBIBOJILI. B jinccepralimonHoii paboTe BIIEpBBIE MTOCTPOEHA TEOPUs
rOJIOMOP(QHBIX PA3PENIAIONTNX BBIPOYK/IEHHBIX TPYIIT OIIEPATOPOB B KBa3NOAHAXO-
BBIX IIPOCTPAHCTBAX U MCCJIeJ0BaH INPOKUIT KJIacC KPaeBbIX U HaUaIbHO-KPAeBhIX
3a/1a9 B KBa3nbOaHAXOBBIX IIPOCTPaHCTBax s ypaBHeruit Tuna Cobosiea. Bee pe-
3YJILTATHI, BHIHOCUMYIO Ha 3AIMUTY, SIBJIAIOTCSI HOBLIMU W TIOJTYY€HBI aBTOPOM JTHU-
HO. /I0CTOBEPHOCTD IOJIyUEHHBIX PEe3y/IbTaToOB obecliedeHa IOJHBIMUI JI0KA3aTe b
CTBaMH BCEX YTBEP:KJIEHUI, IpUYeM MaTeMaTHdyecKasi CTPOrOCTb JI0KA3aTeIbCTB
COOTBETCTBYET COBPEMEHHOMY YPOBHIO.

Huccepranus mnpejacTapiser coboil 1eabHyI0 HaydHyio pabory. OHa Haluca-



Ha SICHBIM SI3LIKOM, BCe Pe3yJIbTaThl cTporo o6ocHOBaHbL. OCHOBHBIE.PE3YJ/ILTAThI
1oApoOHO OIMyOJIMKOBaHbI, aBTOpedepaT aJeKBATHO OTPAaKaeT COAEpXKaHue IUC-
cepramnuu. [Tostomy pabora Ane-Hendu Ixxasan Kagum Kxanada ynosiersopsi-
eT TpebOBaHUAM, NPEIbSIBISEMBIM K KaHIUIATCKIM JUCCEPTAILUsM, a €€ aBTOP
3aCJIYIINBAET IPUCYXKIEHUs EMY Y4EHOM CTeleH! KaHAumaTa pu3nKo-MaTeMaTH-
YecKuX Hayk 110 crenuaabrocT 01.01.01 — BeliecTBeHHBLHA, KOMILTEKCHBIN! 1 DYHK-
[IUOHAJILHBLIA aHAJIN3.

OT3BIB COCTABJIEH JOKTOPOM (PUBMKO-MATEMATHYECKNX HAyK, mpodeccopoM,
3aBeayromuM Kadempoit Beiciieit maremaTuku I1saTkoBbiM Cepreem ['puropnesu-
yeM. OT3BIB 00CY2KII€H K 0/[00peH Ha 3aceJaHuy Kadeaphl BbICIIEH MATEMaTUKH
FOropckoro rocynapcTeeHHoro yauBepcurera, npotokos N4 or 27.04.2015 r.

SaBenyomui Kadeapolt BhICIIEH MATEMATHKH
FOropckoro rocy1apcTBEHHOTO YHUBEPCUTETA KJT
.

n.¢b.-M.H., mpodeccop
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