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Hacrosimas aucceprauust NOCBSIIEHA HCCIEAOBAHMIO M pa3pa-
60TKe MTEPAIHOHHBIX METOOB PEIeHUs KPAeBhIX 32,034 AJis1 Audg-
¢epeHIMaATBPHBIX yYPaBHEHUN 3/UIMOTHYECKOrO THIA BTOPOro IO-
psiaKa B 00JIACTAX CIIOXKHOM reoMeTpudeckoit OpMbl U X Bapua-
IIMOHHO- Da3HOCTHBIX AHAJIOrOB.

AKTyaJIbHOCTH TeMbl. MHOrue 3aJjayn eCTECTBO3HAHUS H, B
YaCTHOCTH, MAaTEMATHUECKON (PH3NKM NPHBOAST K KPAEBLIM 3a/(a-
YaM 3JUIMITUYECKOro U napabosmyeckoro Tuna aius guddepenuu-
aJbHBIX ypaBHEHUH B YaCTHHIX NPOM3BOAHBIX. Bo MHOrmx ciyda-
sIX KPaeBblie 33Ja4H MOXKHO 3aMEHNTh Ha PABHOCHJILHBIE BapHUaIy-
OHHBIE WJIM IPOEKIHMOHHEIE 3334 B COOTBETCTBYIOINMX T'MIbOEp-
TOBBIX IPOCTPAaHCTBax. [l npuUbIMKEHHOro pemieHusi KPaeBbiX,
BapHAIMOHHBIX WM IPOEKIMOHHBIX 33434 OOBIYHO HCHOJB3YIOT-
Cs1 Pa3HOCTHBIE ¥ BAPHAIIMOHHO-PAa3HOCTHBIE METOAE], IPUBOJSILINE
K CHCTeMaM JIMHEMHEIX ajrefpaudecKux (CETOYHBIX) yPaBHEHHH.
CoBpeMeHHbBIE 33,4291 HAYKH M TEXHUKH, CTPEMIIEHUE CO3ATh Je-
TAIbHYI0 KAPTHHY ACCIEAYEMBIX SIBJIEHUM NPEILABISIOT Bee bosee
BBICOKHE TPeOOBaHHs K TOYHOCTH MX MOJENUPOBAHUS, CJIEACTBHEM
4Yero SBJISIIOTCA YCJIOXKHEHWE METOOB IIOCTPOEHHS M INOBBIIIEHHS
pa3Mepa CHCTEM CETOYHBIX ypaBHEHWI.

J1s pelieHuss CHCTEM CETOYHBIX YPABHEHH BBICOKOTO NOPSA.-
Ka OObIuHBIE IIpsSIMBble METOABI, Tuna Meroga l'aycca, HenmpuMeHH-
MBI Jaxke aas cambix Momubeix 9BM. C apyro#t cTopoHsl, CTpeMu-
TeJILHBIH IIporpecc B 06/1aCTH BEIYHCIUTEILHON TEXHUKH, CO3JAHME
MOINHBIX MHOIOIPOLECCOPHBIX BHITUCIMTENBHBIX KOMIUIEKCOB BEI-
3bIBAET HEOOXOOUMOCTH B DPa3paboTKe HOBBIX MapaJile/IbHBIX Bhl-
YUCJIUTEIBHBIX AJITOPUTMOB, KOTOPHIE MOIJIH Ob1 ObITH 3ddexTus-
HO DEeayM30BaHbl Ha 3THX MHOTONPOMECCOPHBIX KOMILIEKcaX. s
3¢ eKTHBHOro pemeHns: CHCTEM Pa3HOCTHBIX H BapPHAIMOHHO-Pa3-
HOCTHBIX ypaBHEHHH 1ej1ecC006pa3HO CTPOMTh HUTEPAIMOHHBIE IIPO-
IIeCChl, YYUTBIBAIOIHE CIIeNuPUKY AUCKPETHBIX 33434 M UCIOJIb-
3yomye Ha KaXXJOM CBoeM mare ObICTphie NpsIMble AJTOPHTMBI
[JIsl PelleHus] BCIIOMOraTeNNbHBIX 3234, JIMO0 ONTHMAJILHBIE MHO-

roypOBHEBbIE IIepeo0yCIIaB/IMBAIOIINE ONEPATOPHl HAa HepapXude-
CKHX CeTKaX.



HNznoxennsie 06CTOATENBLCTBA MO3BOJIAIOT CHEIATH BHIBOL 00
aKTYyaJIbHOCTH NPO6GJIeMBl IOCTPOEHHUS M HCCIEHOBAHHUS WUTEpANH-
OHHBIX METOJOB IapaJUIeIbHOrO THUIIA PEleHUs KPAaeBhIX 33434 U
HMX OUCKPETHBIX AHAJIOTOB.

IMenp paboThi cocTonT B pazpaborke 3¢preKTUBHLIX UTEPALH-
OHHBIX IIPOIECCOB PEIIEHUA CUCTEM CETOYHBIX YPABHEHHIA, AlllIPOK-
CHMUDYIOIIMX 3JUTHIITHYECKME KPaeBble 33J[a4i, KOTOPble OCHOBa-
HBI Ha JAEKOMNO3MIMHK (pa3bueHue) MCXOAHOMN 33/]a4i HA KOHEYHOE
YHCJIO MOA33Ja4 ¥ Ha YIPOIIEHHH STHX HOA33a4 C IIOMOILBIO BBE-
JleHHs BCIIOMOraTeJbHOr0 ((PUKTHBHOIO) IMPOCTPAHCTBA.

Hayuynass HOBM3Ha M mnpakTH4deckasi HeHHoOcTb. Hanbo-
Jee 3¢pdeKTUBHEIE METOAB! PEIIEHWs KpaeBbiX 3aJa4d B 0b6sacTsax
CJIOXKHOU reoMeTpHYeCcKoi (pOPMBI, KaK IIPAaBHJIO, CBSI3aHbI C METO-
JaMH yIpOLIeHus: reoMeTpun obiactd. s pemeHus 3Toi 3ajadu
CTPOATCS B3 KJIaCCa HTEPAIMOHHBIX IpoueccoB. B ocHOBe mep-
BOTO KJIacca JIEXHT uaes Merona ayibrepHupoBanus LlIBapra mo
nogobiactam (MeToas! JeKoMnosuuuu obnactu). Bropoit siBisier-
ca aHaJiorom Merona GhUKTHBHBLIX obsacTeit. B auccepranmuonHOM
paboTe NMpeJIoKEHO Pa3BUTHE MM ITHX MOAXOAOB: AJAUTUBHBIN
Mmerox IIBapua u MeTox PUKTHBHOTO IPOCTPAHCTBA.

1. Ha ocHoBe pa3paboTaHHON TEOpUM ALJAWTHBHOIO METOJA
IIsapua npensioxens! 3¢pEeKTUBHBIE AIrOPATMBI PEIIEHKS SJITHN-
TUYECKUX KPAEBBbIX 33J@4 BTOPOrO NOPSKA, SBJISIOIIHAECS ONTH-
MaJILHBIMH KaK IT0 CKODOCTH CXOJHUMOCTH, TaK M II0 MOPSIAKY HCIIA
apudmMerndeckux aeicteuil. PaccmaTpuBaercs cirydait pa3buenus
HcxoaHo# obactu Ha Hosblroe yucso nogobacrelt, a TakXKe 3a4a-
YU C CHJILHO MEHSIOUIMMUCS Pa3phIBHBIME Koaddunuertamu. Me-
TOX JEKOMIIO3UIMK 06JIaCTH NPUMEHSAETCS TaKXKe JJISl TOCTPOEHUS
3¢ deKTUBHBIX 11€pe0byC/IaBIMBATEIONMX OIIEPATOPOB B IPOCTPAaH-
CTBe C/I1ell0B CeTO4YHBIX ¢yHKumit. PaspaboranHble METOABI MOTYT
6bITh 3P HEKTHBHO PEaM30BaHBEI Ha MHOTOMPOLECCOPHBIX BHIYHC-
JIMTEJIbHBIX KOMILIEKCaX.

2. Pazpaborana Teopusi MeTona GUKTHUBHOIO IPOCTPAHCTBA, AJId
IOCTPOEHHS NepeobycIaBlIMBaIOIIMX OrepaTopoB. Jannasa Teopus
[IPUMEHAETCS JJI PeIIeHNsT KOHEYHO-3JIEMEHTHBIX AIllIPOKCHMAIIHi

RAYHMAR S ARNUOTEKA
K. MO JTOGAYEBCKOTQ
JKA3E Y10 TOC, YHUBEPCHTETA




JUTMNTHYECKUX KPAEBBIX 331a9 BTOPOr0 NMOPSAKA Ha HECTPYKTY-
pupoBaHHbIX ceTKaX. [IpenioXKenHbIe aIrOPATMBbI SIBJISIFOTCSL OIITH-
MAJIBHBIMH M MOTYT OBITBH JIETKO PEAJIM30BAHbI HA NPAaKTHKE.

3. Jloka3aHBl CETOYHBIE TEOPEMHI O CJielaX B MPOCTPAHCTBAX
CobosieBa. PaccmarpuBaloTcd Kak CjIydall KAACCHYECKHX MpPO-
crparcts CobosieBa C JIMIMMIMUEBHIMH TPAHMLIAMHU, TAaK M CJIy4Yau
npocrpancts CoboJsieBa, 3aBUCALTNX OT ITADAMETPOB, B TOM YHCIIE
M CJIydas BeCOBbIX npoctpaHcTs CobosieBa, BKIIOYast CHHIY/ISSPHBIE
BECOBBIE (DYHKIIMH, IPOCTPAHCTBA C AaHM3OTPOITHBIMHM KO3 DHUIH-
€HTaMH, CiIy4dalt aHu3oTponHol reomerpuu obsmactu. Ilomyyennnie
pe3yIbTaThl IPUMEHSIOTC IJIS IOCTPOEHUS M UCCIIeNOBAHHUS Me-
TOJOB JEKOMITO3ULMK 06138CTH ¥ (PUKTHBHOTO IPOCTPAHCTBA.

Anpob6auus paborbi. OCHOBHBIE DPe3yJbTATH AUCCEPTALMH
JOKJIQABbIBAJTUCh HA PsJIe POCCHMCKHX M MEXAYHAPOAHBIX KOH(e-
PEeHUHH, B TOM YHCIe U B KaJeCTBE IUIEHAPHBIX M IPUIVIAIMIEHHBIX
JOKJIJIOB:

1. International Conference on Parallel Algorithms (O6epsoss-
dax, lepmanus, 1992).

2. 6-th International Conference on Domain Decomposition
Methods (Komo, Mrtamms, 1992).

3. 7-th International Conference on Domain Decomposition
Methods (ITlencunsBanusi, CIITA, 1993).

4. International GAMM-Workshop on Multilevel Methods (Meit-
caopd, lepmanus, 1994).

5. 8-th International Conference on Domain Decomposition
Methods (Ilexun, Kurait, 1995).

6. International GAMM-Workshop on Multilevel Methods
(Crpobuib, ABcTpus, 1996).

7. 9th International Conference on Domain Decomposition
Methods (Ynnencsanr, Hopserus, 1996).

8. FEuropean Conference on Numerical Mathematics and
Advanced Applications (ITaprx, ®panuus, 1996).
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9. Second European Conference on Numerical Mathematics and
Advanced Applications (Xaitgeas6epr, lepmanusi, 1997).

10. 1-st Workshop on “Large-Scale Scientific Computations” (Bap-
Ha, Bosrapusi, 1997).

11. Domain Decomposition and Multifield Theories (O6epBosb-
¢dax, l'epmanus, 1998).

12. 11-th International Conference on Domain Decomposition
Methods (Jlonmon, Besuko6puranus, 1998).

13. 3-rd European Conference on Numerical Mathematics and
Advanced Applications (FOpackwona, @uansuus, 1999).

14. Special Radon Semester 2005 on Computational Mechanics
(JTunn, Ascrpus, 2005).

15. International Workshop on Direct and Inverse Field Computa-
tions in Mechanics (JIunu, Ascrpus;, 2005).

IMy6nunkauun. Becero nmo Teme guccepranyuy aBTopoM ory6iu-
KOBaHO OKoJsio 70 HayuHbIX paboT, u3 Hux 24 paborsl [1-24] B pe-
LEH3UPYEMBIX M3JAHUSIX.

Crpykrypa auccepraumu. JJuccepTauus COCTOUT U3 BBeJe-
HHSl, YEeTHIPEX IJIaB, 3aKJ/IIOYEHHS, CIUCKA JINTEPATYPbl U CIIMCKA
OCHOBHBIX IyOsukaimit aBropa. Obmmit 06béM muccepranuu 262
CTPaHHLBbI.

Coaep>xaHue paboTsl

Bo BBegeHUH j1aeTcs KPaTKUit 0030p JIATepaTyphl, IOCBSIIEH-
HOI MEeTOdaM pelIeHHs] KPAaeBhIX 33Ja4, CBA3AaHHBIX C reoMerpuei
paccMaTpuBaeMoit 06JIaCTH, CETOYHBIM TEOPEMaM O CJIelaX B IIPO-
crpancrBax CobosieBa ¥ MPHUBOAUTCS KPATKOE COAEpPXKAHUE JUCCED-
TaLMH.

IlepBasi rj1aBa JUCCEPTALMH IIOCBSIIEHA CETOYHBIM AHAJIOTAM
TeopeMsbl 0 ciiefax B mpocrpaHcTBax CobosieBa, KaK [JJisl KJ1aCCH-
JeCKMX HOpPMHPOBOK B mpocTpanctse Cobomesa H'(f2), roe Q —
3ajaHHadA obsacTh
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Tak u B npocrpaHcTBax CobosieBa, KOrga COOTBETCTBYIOLIUE HOP-
MUPOBKH (DYHKLHM 3aBHCAT OT PA3NMYHBIX [TApaMeTpoB (J0moJi-
HHTEJIbHbIE BECOBBIE KO3((DUIUEHTHI B ONPENEIIEHNN HOPM, Iapa-
METDPBI, XapaKTEPHU3YIOIIKHE IeOMETPHIO0 O0OJIAaCTH M CETOYHBIE all-
IIPOKCHMAIMK 3THX 06jacTell, BECOBbIE CHHIYJISIpHbIE (DYHKIHH).
JlaHHBIE Pe3yJIbTAaThl HMEIOT KaK CaMOCTOSTENbHOE 3HadeHue (Ha-
IIpUMep, IIPH HMCCIEXOBAHUU YCTONYHMBOCTH IO ycjaoBusiM JIupmux-
Jie), TaK ¥ SIBJISIIOTCS BayKHBIM aNlapaToOM IPH KOHCTPYHPOBAHHH
¥ MCCJIEJOBAHUH METOJOB JEKOMIO3HUMH 00JIACTH ¥ MeToAa (PHK-
THBHOI'O IIPOCTPAHCTBA.

B nynkTe 1.1 IpHUBOASTCA NMOCTAHOBKM 3JUIMITHYECKHX Kpae-
BBIX 33134, ONMCHLIBAETCS UX AUCKPETH3AUMs U POPMYIUPYETCS 3a-
Jada O IIOCTPOEHHUH IepeoOyCIaBNMBAIOIIMX OMEPATOPOB /IS BO3-
HHUKAIOIIAX CHCTEM CETOYHBIX YDaBHEHHUIA.

ITysxT 1.2 mOCBAIINEH CETOYHBIM TeOpeMaM O CJeJax B Ipo-
crpaucree Cobonesa H'(Q). PaccMaTpuBaercss Kak Cilydail moJi-
HOI HOpMBI B mpocrpanctBe H!(f2), Tak M ciy4all moyHOPMSL.



Juamerp obsacTu ) MOXKeT 3aBHUCETh OT MaJIOrO IapaMerpa €, a
tpuarrynsmun QF | annpoxcumupyomue 061acTh ), MOTyT HMETh
TOYKH CrymieHus. JJoKa3bIBaeTCs CeTOYHbIN aHAJIOT TEOPEMBI O CJIe-
Jax C KOHCTAHTaMH, He 3aBHCHAIIMMH OT ITApaMeTPa € U TPHAHTY-
nsiumi QF.

B nymkre 1.3 paccmarpuBaiorcss mnpocrpancrsa CobosieBa
H;,q(ﬂ) ¢ mapaMerpamu. 34ech

2 2 2
el () = P lulli () + ¢ llullz,@)»

||u||i2(n) - / u?*(z)dz,

Q

ey = [ (grad u(a))?ds.
Q

Takue npocrpancTBa paccMarpusanuck M.C. ArpornoBuyem u
M.J. BumukoM H BO3HHKAIOT, HAOPHMEP, IPH HCIOJH30BAHUU
HesIBHBIX Pa3HOCTHBIX CXeM [UJIsl DElIeHHs NapaboIMvecKux Kpae-
BbIX 33/1a4. OnpeessTioTCs CeTOUHbIE HOPMbI B BO3HHKAIOIINX IIPO-
CTDPAHCTBaX CJIEHOB

hq “‘Ph”iz(p) ) ecnu 5 < h2,
2
“‘ph”H;/:h(r_); P I‘phlin/z(p)‘F(PQ)% ”‘Ph“i,(r)’ ecmn h?<(p/q)<1,

P I‘Phlin/z(p) +9q ”‘Ph“iz(r) , ecud p>gq,

¥ JOKa3bIBAIOTCS CETOYHBIE TEOPEMEI O ClIefaX ¢ KOHCTAHTaMH, KO-
TOPbIE HE 3aBUCAT KaK OT MapaMeTPOB P M ¢, TaK M OT TPHUAHTYJIs-
mun QP obnacru Q.

Haubonee TexHU4eCKH CIIOXKHBIM B rJ1aBe 1 siBisiercst myHKT 1.4,
B KOTOPOM PaCcCMaTPHBAIOTCH HOPMHPOBKH C AHW30TPONHBIMH KO-
apdunuerTamMu B 06J1aCTAX C AHM3OTPOIIHON reOMeTpHel U C aHu-
30TPONHBIMU TPHAHTYIAOUAMH. Tak Kak IPOCTOM 3aMeHON mnepe-
MEHHBIX CJly4Yalt aHM3OTPOIHBIX KO3(PQHIIMEHTOB B HOPMaX CBO-
AUTCA K CJIy4al H30TPONHBIX HOPM, TO IOCTATOYHO PAaCCMOTPETH



caydait obsacTell ¢ aHM30TPONHON reOMETpHell W aHM30TPOIHBI-
MH CeTKaMM (IIpH 3aMeHe IEPEMEHHBIX MEHSIETCS KaK F€OMETpPHS,
TaK ¥ XapPaKTePUCTUKU TPHAHTYIAunii). JLaHHBIA TYHKT COCTOUT U3
4yeThIpéx dacreif. B nepBoit yactu nmynkra (mogmyskT 1.4.1) pac-
CMaTpuBaeTCs Caydait ¢pysknuit Bo BcéM npocrpatcTee Cobonesa
H'(Q), To ecTb 63 KOHEYHO-3/IEMEHTHBIX ANMPOKCHMALUH, B 06-
JIACTSAX C aHH30TPONMHOM reomerpuell (y3kue nosiocel). BeoguTcs
HOPMHpPOBKa cjiefoB byHKIHMH, XapaKTepU3yomux 006/1acTb, 1 J10-
Ka3bIBAETCH TEOpPEeMa O ClIeflaX C KOHCTaHTaMH, KOTOphie He 3aBH-
caT ot reoMmerpun obactu. Bo BropoM nmognyuxTe 1.4.2 paccmar-
puBaerca ciaydait obnacTell ¢ M30TPONHOM reoMeTpueit, HO aHU30-
TporHO# TpHaHryasuuel. OupeaensroTcs CETOYHbBIE HOPMBI B IIPO-
CTPAaHCTBaX CJENOB KOHEYHO-3JIEMEHTHBIX (PYHKIMNA M JOKA3BIBa-
€TCs TeopeMa 0 CJIefjaX ¢ ONTHMAJIBHBIMH 110 MOPSAKY KOHCTAHTA-
MH, TO €CTh He 3aBUCAIIMMH OT XapPaKTEPACTHK aHU30TPOIHON CeT-
k4. B moanyukTe 1.4.3 mokasbiBaeTCss aHAJIOTHYHAS TeOpeMa IUid
ciydasi, KOTAa AuaMmeTp obJacTH 3aBHCHT OT MAaJIOro IIapaMmerpa
€. B aTOM ciiyyae KOHCTaHTHI B TEOpEME O CjlelaX He 3aBHCSAT OT
3TOr0 MapaMeTpa € U AHW30TPONMH TPHAHTYJISIIUH ([IPX COOTBET-
CTBYIOLIEM OIpPEJE/IEHHH HOPM B IPOCTPAHCTBAX CJIEHOB KOHEYHO-
ssieMmeHTHBIX GyHkumit). Hakonew, B mocieanem noamyskre 1.4.4
mostydenusie B 1.4.1-1.4.3 pe3ynpTarsl 06 beAMHSAIOTCS, ONPEIEIIS-
€TCs1 COOTBETCTBYIOIIAsl CETO4YHas HOPMa B IIPOCTPAHCTBE CJIEIOB
H JOKa3bIBAETCH CETOYHAsl TEOPEMa O Cefax IJId Cilydas aHU30-
TPONHBIX 0byracTet ¢ aHU30TpONHOM TpuaHTyAauued. KoHcTanTh! B
CETOYHOU TeopeMe O CJIefaX He 3aBUCAT HU OT reOMeTpuH 00J1acTH,
HH OT TPUAHTYISAIHUA.

B nmocnegneMm myHkTe 1.5 mepBo#i ry1aBbl pacCMATPUBAIOTCS Be-
coprie mpocrpancrsa Coboesa HL(Q2), B onpenenenuu KoTophix
y4YaCTBYIOT CHHTYJsSIPHBIE BECOBbie DYHKIUM, XapaKTEPH3YIOIIHECS
napameTpoM ¢. COoOTBETCTBYIOMMUE HOPMEI B IIPOCTPAHCTBE CJIEI0B
6s BBegensl C.M. Hukonbckum:

luliZra ey = lullf ) + lulba iy

g
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Ilpu wmccnemoBanuu CIEJOB CETOYHBIX (DYHKIHH B BECOBBIX
mpocrpancreax HL(f)), BaXHY0 pOJb HIpPAlOT CETOYHBIE aHa-
norn HOopMm B mpocrpancrBax HL(f)) m npocTpaHCTBax CJemoB
H1/2+a(1-*).
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Jlnsi BBENEHHBIX CETOYHBIX HOPM J[OKAa3aH CETOYHbIH aHaJor
TEOpPEMBI O ClefaX B 3TUX NPOCTPAHCTBAX C KOHCTAHTAMH, He 3a-
BUCSAILMMH OT NApaMeTpa ¢ M OT TpuaHrynauun Q" obnactu Q.

Bo BTOpOIT rnase quccepTauMM NPEAJIATalOTCS M HCCIENY-
10Tcs 3¢pPeKTUBHBIE NepeodyCIaBIMBAIOLIHE ONEPATOPbI, KOTOPbIE
OCHOBAHBI HAa METOZE JNEKOMIIO3UIUN. MeToabl JeKOMIO3UIUU Pac-
CMaTpPUBAETCs KAaK NPUMEHeHus agauTuBHOro merona Illsapua B
ru/ib6epTOBBIX IIPOCTPAHCTBAX CO CHELHUAVILHBIM BLIGOPOM IOIIPO-
CTPaHCTB B 3THX MPOCTPAHCTBAaX. BhIOOp Takux MOANPOCTPAHCTB
CBSA3aH C JeKOMIo3unuest ucxonHow obnacru na momobnactu. Uc-
noab30BaHUe abCTPaxTHON (OPMYJIMPOBKH aJJUTHBHOTO METOIA
IIpapiia B NMpOH3BOJILHBIX TMILOEPTOBBLIX NPOCTPAHCTBAX IO3BO-
JIIET NpeJJaraTh MUPOKUH KiacC 3¢pEeKTUBHBIX MapalIebHBIX
nepeobycIIaBINBAIOLIAX OMEPATOPOB.

B nmyrkTe 2.1 BTOpDO# IJIaBBI B Ka4eCTBE BBEJEHHS B METOJbI
JAEKOMITO3UIMK 0B6JIacTelf PacCMAaTPHBAETCS MPOCTEHINMH Cirydalh
MeToJa— TaK Ha3blBaeMasl, NEKOMIO3UIMSA Ha HOJIoCkl (6e3 Touek
BETBJIEHUS Ha obbenuHeHuM rpaxun nogobnacreit). Mcnonssys pe-
3yJIbTATH IVIaBbl 1, IpEeJIaraloTcs ONTHMAJIbHBIE NEPeodyCaBIu-
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BaIOII{E ONepaTOPHl KaK II0 CKOPOCTH CXOAUMOCTH COOTBETCTBYIO-
HOIMX MTEPALMOHHBIX IIPOIECCOB, TAK U MO apH(PMETHIECKON CIIOK-
HOCTH PeaJIH3alliy IPeJIOKEeHHBIX epeobyC/IaBINBAOINX ONlepa-
TOPOB.

B nyrkTe 2.2 npuBogurcs GopMyJIMpPOBKa aAUTHBHOTO METOAA
[IIBapya B MPOM3BOJBHLIX T'HJILOEPTOBHIX NPOCTPAHCTBaxX (mpej-
JIOXKEHHas1 COBMECTHO ¢ A.M. ManokusbiM), KOTOpasi OCHOBaHa Ha
JEeKOMITO3UIMH 3TOr0 HPOCTPAHCTBA B BEKTOPHYIO CYMMY MOIIIPO-
crpascTB. Jdanee popMynupy0TCa M JOKA3BIBAIOTCS AOIOJIHUTENb-
Hbi€ YTBEPXXJEHHs, KOTOPhie MOT'yT OBITH HOJIE3HBI JJIs pPelIeHUs
KOHKDETHBIX 33724 C HCIOJL30BaHHEM abCTPDAKTHON CXeMBI aJ-
autuBHOro meroxa IIIeapua. B wactHOCTH, mpefsaraercs crocob
OIpeze/IeHNs] NOANPOCTPAHCTB C HCIIOJIb30BAHHUEM OIIEPATOpa IIPO-
IoJuKkeHdst U3 Gosiee “GemHoOro” mpocrpancTBa B 6Gonee “Goraroe”
HCXOIHOE MMIBOEPTOBO MPOCTPAHCTBO.

Teopema. [lycts H = Hy + Hy+...+ Hp, 7 a(u,v) = (Au,v).

Hpe}anJIO)KHM, 4YTO CyLIECTBYIOT IOJIOXKHUTEIBbHBbIE KOHCTAHTbI
Q, ﬂ » Cl1, C2:

a) a(a(UI,U1)+ v '+a(u'm’um)) S a('u.,u) anga uy+...+um = u;

m

6) a(u,u) < inf Za(u,-,u.-);

Uur+...+um=u

=1

B) B,’:H—)H,',B,;=B::

¢1(Biu,u) < (Au,u) < c3(Bju,u) Yu € H;.

Torpa
ac) (A7 u,u) < (B~ u,u) < Bea(Atu,u) Yu € H;,
rae B~ = Bff + B} +...+ B}..
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Teopema. Ilycte R™ n R™ — eBKIUAOBEI BEILIECTBEHHBIE MIPO-
CTPAHCTBA, & % ¥ S — CHMMETPUIHBIE [IOJIOXKUTEIHLHO-0NPEeeeH-
Hble MaTPHIBI NOPSAKA M U N cooTBeTcTBeHHO. O603HaYUM

(p,¥)s = (S, 9),
(u,v)s = (Su,v)

4 nycTs 1T — NMUHERHbIA omepaTop, Aekcreywomuit u3 R™ B R™ ra-
KOii, 4TO

a(p,p)x < (T, Typ)s < Blw, p)s
Y ¢ € R™. 3gech a, f— nonoxurenbHble KOHCTAHTHI. [Tosoxum
O =T,

rae T'— omepaTop, COnpsixKeHHbIN K 1 OTHOCUTENBHO €BKJIMOBBIX
ckayispHbIX mpousBegenuit 8 R™ n R™. Torma

a(C"‘“u,u) < (uau)S < ﬂ(c+u)u)

VY u € E, E = ImT — o6pa3 onepatopa T', Ct — nceno-o6paTHbiit
ana C.

Hcnonp3oBanue NpenjioXkeHHOro (opManusmMa JeMOHCTPHUPY-
ercsi Ha NPOCTHIX NPHMEPaX AEKOMNo3unmu 06JIaCTH Ha mepece-
KaloIuecst Iogo0aacTH.

ITyskT 2.3 nocBsieH METOAY AEKOMIIO3ULUU ODJIACTH Ha Here-
pecexaronecs noxobaacTu:

n
Q:U, QiNQy#0, i#j,

=1
n
ot = ok
i=1

13



TTonoxxum

Sh=|Joak, +*=shIh
i=1

Ha ocnose agmuruBHOro meroma IlIBapua crpourcs nepeoby-
CJIaBJHBAIONINM ONEpaTop, ABAAINHACA CyMMOH ABYX mnepeoby-
CnaBMBaTesell, KOTOPhIH COOTBETCTBYeT pPa3bueHHIo (LeKoMuo3u-
[MH) HMCXOJHOrO KOHEYHO-3JIEMEHTHOI'0 NMPOCTPAHCTBA B BEKTOD-
HYIO CYMMY ABYX IOQIPOCTP3HCTB

H(QRTM) = Wy + Wy

IlepBoe NOANPOCTPAHCTBO COOTBETCTBYET (DYHKIHMSAM, obpalnaro-
IMMCS B HOJb Ha CPaHUINE nofobsacTell U SIBJISIOUMMCS NPAMOM
CYMMOM JIOKQJIbHBIX TMOAIPOCTPAHCTB, COCTOANINX U3 (DYHKIHIH, 06-
PAIAIONIMXCA B HONb BHE M0A00/1aCTH:

Wo = {u" € H(Q",T") iuh () =0, z € sh} ,
Wo, = {u" €W Iuh () =0, o ¢ 95‘,} . f=12..m,
Qo = QO,l S... 0 QO,n-

ITepBoe cnaraemoe B nepeobyciiaBauBaTes € COCTOMT U3 JIOKAJIb-
HBIX IepeobyciaBiuBaTeNed [Jisi BHYTPEHHOCTH MO001acTei.

h 2

|| vul € H(Q},00),

C1

< (Bo,iui, ui) < ¢ “

1
Hl(Q?)

0 + « 0
0 Bo, 0
) P ,
0 0
0 BO n

14



0 Bji 0
Bf=| oo,

B « a2+« 10

B .« s s« Bs

ITocTpoenne MoKaNbHBIX epeodyCIaBAUBATENIE! PACCMATPUBA-
€Tcsl B TpeTbel riiase. Bropoe moampocTpaHCTBO siBisgeTcss obpa-
30M OIEpaTOopa MPOAOJIKEHHsI CETOYHBIX (DYHKIMM C IPAHHUI MOI-
obylacTeit B X BHyTpeHHOCTh. Bropoe ciiaraeMoe B mepeobycias-
JINBAaTEJIE COCTOUT M3 ABHOIO ONEPaTOpa NPOJOJKEHHUS CETOYHBIX
dyHKUMK ¢ cOXpaHEHHEM HOPMBI M ONEPATOpPA, ONpPEAEsISIOIIEro
HOpMY Ha obbenuHeHHM rpaHHEN nopobaacret

n
-3,
. =
S -

& 2
”“’ IH H/2(90h)’
t: Hiy") —)H(Q" i
']

Wi = {u* € HO" Y = " Ve € HOM)},

Hian) Hog*(v#)

(2@, @) Vo € H(y).

200 < [}y, <

ITepeobycnasnuBaromuit oepaTop ONpeAesieTcs KaK
B~! =B} +tz71t*.
IIpuBOAATCS OLIEHKH 3KBHBAJIEHTHOCTH OPEAJIOXKEHHOI'O nepeoby-
CJIaBJIMBAIOLIErO OIEPATOpPa M OIlepaTopa MCXONHOM 3aa4y B 3a-
BHCHMOCTH OT CBOMCTB JIOKaJIbHBIX IepeobyciiaBauBaTesieit, HOpMbI

orepaTopa NMPONOJIXXKEHHUSI CETOYHBIX GyHKIuH ¢ rpanun nomobsia-
CTelt B MX BHYTPEHHOCTH, & TaK>K€ OT KOHCTAHT SKBUBAJIEHTHOCTH
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oIepaTopa, ONpesesONEero HOpMy Ha 00bEeJUHEHHN TPaHML, TI0]-
obmacreit u HOpMBI B mpocTpascTBe H1/2) xoropasi mopoxaaercs
OIIepaTOPOM MCXOAHOM 33/1a4M.

B nyHskTe 2.4 paccMaTpHUBaEeTCs IIOCTPOEHHE SIBHOI'O OIIEPATOpPa
IIPOAOJIXKEHHUS] CETOYHBIX (DYHKIM C FpaHHUI] 0OJAaCTH B €€ BHYT-
PEHHOCTb C COXPaHEHHEM HOPMBI B KJIaCCe KOHEYHO-3JIEMEHTHBIX
dbynkuuit. B mogmyukre 2.4.1 mpemsaraioTcs SIBHBIE ONEPATOPHI
NIPOJIOJI2KEHUST HHTETPAJILHOTO THIA, 2 B MOANYHKTE 2.4.2 — sIBHBIE
ONEPATOPHI IPOJOJIKEHHUS HA MEPAPXUIECKUX ceTKax. B oboux ciy-
YasAX HOPMBbI NPEJJIOXKEHHBIX ONEPaTOPOB MPOAOJIXKEHUS OLEHMBA-
FOTCSl KOHCTAHTOM, HE 3aBHCSIIEH OT Illara CEeTKH, a apudMernde-
CKasi CJIOXKHOCTb PEaIM3alMU OIEPATOPOB IIPOAOJIKEHUS IPONOP-
LUHOHAJILHA YMCIy CTeneHeid cBoboawl obmactu. OmnepaTopsl mpo-
JOJDKEHUS] MHTErpaJIbHOTO THUMAa MOTYT IMPUMEHSIThCH Ha [POH3-
BOJIBHBIX HECTPYKTYDHPDOBAHHBIX CEeTKa, OJHAKO MX DeaIn3alus
JIOTHYECKH CJIOXKHEee, YeM pealn3anis Ha UePAPXUYECKHX CETKAaX.

ITocTpoennio Jierko 0OpaTHMMOrO OIEpPATOpPa, HOPOXKAAIOIIErO
HOpMY Ha O0beaMHEHMH rpaHul nopobiacreit, KOTopas SKBHBa-
JIECHTHA HOpMe B IpOCTpaHCcTBe cjienoB H 1/2 ¢ koHcTaHTaMM, He
3aBUCALIMMHU OT IlIara CeTKH, HocBslueH myHkt 2.5. [lannoe mo-
CTpOEeHMEe OCHOBaHO Ha agauTHBHOM Meroxe Illsapua. st sroro
IIPOCTPAHCTBO CETOYHBIX (PYHKUAA Ha OObLeaMHEHMM I'DAHULL ITOA-
obnacreit (BHyTpEHHUX rpaHANaX) pa3buBaeTCst Ha IepeceKaroIye-
Cs1 IOANPOCTPAHCTBA, YaCTh U3 KOTOPBIX COOTBETCTBYET OKPECTHO-
CTSIM TOYEK BETBJIEHHs (TOYKH, [/ie IEPECEKAIOTCS IPaHKULBI bosiee
IABYX nofobiacTeit), a OCTabHbIE — KPUBOJUHEHHBIM UHTEPBAJIAM,
COEMHSIIONIMAM TOYKH BETBJICHHS.

B nyskre 2.6 paccmarpuBaeTcs METOA NEKOMIO3WUHM 06Ja-
ctu Ha GosbInoe 4HC/IO Hemepecekamoumwxcs nopobnacrent. Ilpen-
JlaraeMblit mepeobyciiaBJMBaTE/Ib OCHOBAH HA 3 IATHBHOM METOAE
IIIBapua u MMeeT MOX0XYI0 CTPYKTYpY, YTO H nepeobyciaBinBa-
TeNb U3 MYHKTA 2.3. OTau4nTeIbHOM 0COGEHHOCTBIO ABJISIETCS BBE-
JeHHe NOMOJHUTELHOrO KapKaCHOrO IIPOCTPAHCTBA Ha O0beauHe-
HUM rpanuy nogobsacreit. KOHCTaHTH CIIEKTPAJIbHOM 3KBUBAJIEHT-
HOCTH NIPEJJIOKEHHOIr0 MepeobyciiaBINBAIONIEro ONEPATOPa U OIle-
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paTopa MCXOIHOM 33/1a4y HE 3aBHCAT HHM OT YHCJA nogobiactei, Hu
OT Iara CEeTKH, a apU(PMETHUYECKas CJIOXKHOCTb PEAJIU3ALUHN IIe-
peobyciIaBIUBaTENs MPONOPUMOHAILHA YHCIIY cTerneHe#t cBoGOIbI
HCXOHON 3a1a4u.

Haxonern, B mynkre 2.7 BTOPO# IJIaBbl PACCMATPUBAETCH METOL
JEeKOMIIO3UILIMM OOJIaCTH Ha HemepeceKalomuecss 1nogobmactu s
SJUTMITAYECKHUX KPAEBbIX 33734 C Pa3pbiBOM K03 HIMEHTOB Ha
rpasuiax nogobsacrei:

Q=) wune#£0, i#j
=1
= Ju Ov
a(u,v) = /(Z aij(:z)%;a—zi)dx,
(¢} 1')]:1
a(u,v) = a(v,u) Yu,v € H}(Q),

- / p(z)(|Vo])2dz <ara(v,v) Yo € HA(Q),
Q
p(z) =p; =const >0, z€;.

PaccMOTpUM AEKOMIIO3MUMIO HA ABA NOLNPOCTPAHCTBA
H(QM T = Wy + W.
3necs
Wy = {uh € H(Q" T} luh (z)=0, z € Sh} :

WOiz{UhEWOth (£)=0, s¢ 08}, i=12..,n,
Qo =Qo,1$...€BQO’n.
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IIycte By:

2 2
h e h h h h
1 \ Uy Hl(ﬂ?) S (Bo,lu‘l.)ul) S Co Hu, Hl(ﬂf‘) Vui € H(Qz ,aﬂi )
Tonoxum
0 ’ P 0
0 piBop - . . 0
By=] . ,
0 " i o & 0
0 % i om s p‘n.BO,'n.
0 : i 0
0 (p1Bo1)! 0
BF =
0 0
0 (pnBO,n)_l
O6o3Hagum
2 d 2
h _ Al n
”(p llH;ﬁ”('r") B ;p, ¥ |H1/2(an£')

¥ OIpeJe UM
t: H(’yh) - H(Qh,l"h),

alte® t") < cl¢"|

Y4y’

Wy = {u* € HE@ TH =t Ve € H(") },

< e2(5¢,¢) Vo' € H(yM).

2
13,9 < "] o, <
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Torna
B! = B} + 5717,

Paccmorpum
2 -1 -1
-1 2 -1
T; = . 4 = , oQknrh =9.
-1 2 =1
| -1 -1 2 |
[ 2 -1 E
-1 2 -1
T, = . = & , 0knTh #£0.
-1 2 -1
= _1 2 =

Si=T"2 i=12...n,
(T, %) = p1(TiP1, ¥1) + - .. + Pa(Tadn, ¥n),
(6, %) = p1(Z161,%1) + - . . + Pr(ZnPn, ¥n),
c(2¢,¢) < (Tp,p) < &(2p, ) Vo € R,

¢ = 2sin(7/2Mmmax), Mmax = Max m;, ¢&=2.
1<i<n

s pemenus
Tp=19

PacCMOTPHM HMTepalMOHHBIN npouecc ¢ YebpnmeBckum Habopom
NIAPaAMETPOB Tk
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(Pk+1 _ Sok = _TkT_l(E(pk _ '(/))

ITonoxum

n(e)
1/2 ( H I -=nT )) »-1

In2/e) _ VE-yE

ST O hany 1T VER e

Torna
o = Bk,
1/2(By /2 ¢,9) < (T, ) < 3/2(Byj20,0) Vo € H(AM).

ITonoxxum

Bf =t Bt",

B_l = BO + Bi*-.
Teopema. 3 ¢i, c2 # c(h,p):
c1(Bv,v) < (Av,v) < c2(Bv,v) Yw € W.

Tperbsi r1aBa JuUCCEPTANMM TIOCBSAIIEHA METOLY (PHKTHBHO-
ro IpoCTpPaHCTBa. JJaHHBIA METOA SIBISETCS PA3BUTHEM MJIEOJIOTHH
PEIIEeHNs KPAEBhIX 3a/1a4, 3aJI0XKEHHON B METOAAaX (PUKTHUBHBIX 00-
nacTet ¥ (pUKTHUBHBIX KOMIOHEHT. OCHOBY MeToja (DHKTHBHOTO
MPOCTPAHCTBa COCTABJIsIET BBeAECHHE (PUKTUBHOrO Gosee “Goraro-
ro”’ runbpbepToBa MPOCTPAHCTBA, HOPMA B KOTOPOM ONpeAe/sercs
JIErKO 06paTHMBIM OIEPATOPOM, HCIIOJIb30BaHHE COOTBETCTBYIOLIE-
'O OTIepaTopa Cy>KE€HHs M3 BBELEHHOTO r'uiibbepToBa IPOCTPAHCTBA
B ucxogHoe. Mcnons3ys sToT Merox, yaaércs Kak “ynpocTuts”’ reo-
METPHIO MCXONHOM 06/1acTH, TaK ¥ “YIydYIUMTh’ CTPYKTYPY CETKH.

B nynkTe 3.1 popMynupyeTcs 1 JOKa3bLIBAETCS JIEMMA, KOTOPas
SIBJIIETCS OCHOBOM METO0[a (PHKTHBHOI'O IMPOCTPAHCTBA.
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Jlemma. IIycts Hy, H — ruis6epToBB NPOCTPAHCTBA CO CKa-
NSAPHBIMK MPOM3BeJeHusIME (Ug, Vo) Hy, (U, ¥) g cooTBETCTBEHHO, A,
B — caMoconpsixkeHHbIE TOJIOXKHATENIBHO ONPEAEICHHBIE HENPEPbIB-
Hble onepaTophl B nmpoctpancTBax Hg, H:

A: Ho — Ho,
B:H - H.

ITycte R — nuHENHBIA OmEpaTop TaKoH, 4TO

R:H— H,,
(ARv, Rv) g, < cr(Bv,v)y

ans moboro anementa v € H. U mycts cymecTByer omeparop T
TaKO#, 4TO

T:Hy— H,
RTUO = Uug,
cr(BTuo, Tuo)ar < (Aug, o) Hy,

ans soboro sameMenTa ug € Hy. 3pecy cr, ¢cr — NOJMOXKUTEIbHBIE
KOHcTaHTEl. Torma

er(A™ ug, uo) iy < (RB™ R*ug,uo) o < cr(A  ug, uo) o,

anst soboro ssmemenTa ug € Hy. 3gpecs R* — omepaTop, comps-
JKEHHBIN K R OTHOCHTENbHO CKaJISIPHBIX OpomM3BeaeHuit (uo, vo) Hg»
(U’U)H :

R*:H — Hy,

(R*‘U.o, 'U)H = (‘u.o, R'U)Ho-

B nyskTe 3.2 paccMaTpuBaeTCs NpUMEHEHHE JIEMMBI O (PUKTHB-
HOM IIDOCTPAHCTBE JJIsi IIOCTPOEHHS NepeobyCIaBIMBAIOIINX OIle-
PaTOPOB A1 MOJEIBHBIX JUTAITAYECKUX 3aJa4d B L-06pa3HrIx 06-

21



JIACTSIX C KPAEBbIMM YCIOBHUAMHE JIMpUXJie H CMEIIAHHBIMHE KPAEBbI-
MH YCJIOBUSIMH.

Meron ¢pHKTHBHOTO IPOCTPAHCTBA AJISE MOCTPOEHUN Iepeoby-
CJIaBJTUBAIOLIETO ONEPATOPa JJIS CEeTOYHBIX SJIMITHYECKHX Kpae-
BBIX 33134 B KYCOYHO-IVIAAKHX 0BJIaCTSAX PACCMATPUBAETCH B IIyHK-
Te 3.3. Meros UKTHMBHOrO NMPOCTPAHCTBA NPUMEHSETCH CJEeAy-
oM obpazom. CHavasa ynpom@aercs reoMeTpusi HCXOZHOM 06-
JIACTH, a 3aTeM yJydIIaeTcs CTPyKTypa cerkd. OcHoBHbIE apud-
METHYECKHE 3aTPAThl [PH PeaM3aliy IepeobyCc/IaBIMBaIONIErO
omepaTopa 3aKJIIOYAIOTCH B HCIIOJb30BAHUY IEPeodyC/IaBIMBAIO-
LIEro OnepaTopa Ha PaBHOMEPHONM CeTKe B NPSMOYToJbHOU 06ia-
cti. KOHCTaHTHI ClIeKTpaJIbHON SKBHBAJIEHTHOCTH IIPEIJIOXKEHHOTO
epeo6yCIaBIMBAIOIIEr0 ONEPATOPa M CETOYHOTO SJUIMIITHYECKOTO
OIIEPaToOpa CO CMEIIAHHBIMM KPAEBBIMH YCIOBHSIMU HE 3aBUCST OT
11ara CeTKH.

B nyskre 3.4 ompepensirorcsa nepeobyciaBIMBAIOIIME ONEpa-
TOPBI Ha OCHOBE JIBYX HOAXOZOB: MeTONa (PUKTUBHOTO IPOCTPAaH-
CTBa ¥ MHOTOYPOBHEBOH JEKOMIIO3UIIMM HA HECTPYKTYPUPOBAHHEIX
cerkax. B ornuume oT nyHkTa 3.3 mOCIEI0BATENBHOCTE IIPHMEHE-
HHUS MeToAa PUKTHUBHOIO IPOCTPAHCTBA MEHSIETCS: Ha [IEPBOM IIa-
re yjay4dmaercs CTPYKTypa CEeTKH M OCYIIECTBIIIETCS II€pexof Ha
(UKTHBHYIO (BCIIOMOraTebHYIO) CTPYKTYPHPOBAHHYIO, HO €IIE HE
HMEPapXUYECKYI0, CeTKY, Ha BTOPOM IIare YJIy4IIaeTCs reOMeTpHs,
TO ecTh 06JaCTh 3aKJOYaeTcs B (PUKTHBHYIO O0JIACTb IIPOCTOrO
BuJa (KBaJpar), B KOTOPOH HCIO/Ib3YETCsI €CTECTBEHHAS HEPAPXUS
CETOK M COOTBETCTBYIOIIUX NOANPOCTPAHCTB A/ IOCTPOEHHUS] MHO-
rOypOBHEBBIX ImepeobyciaBnuBaTeneii. KoHCTaHThI CIIEKTpaNIbHOM
9KBHBAJIEHTHOCTH NPEAJIOKEHHOTO NepeodyC/IaBIUBAIOIIETO ONepa~
TOPA M HCXOJHOT'O OIEpATOpa 33Ja4M He 3aBHCAT OT IIara CETKH,
a apudMeTHUecKasl CJI0KHOCTh peasin3ally rnepeobyCciiaBaInBaTess
IIPONOPUHUOHAIBHA YHCJIY CTENeHel CBOOOABI MCXOLHOM 33Ja4M.

B uyerBepToOii ry1aBe npeasaraeTcs NOCTpoeHne nepeobycnas-
JIMBAIOLIMX ONEPATOPOB JJIsk JBYX KJIACCOB 33434 C OCOOEHHOCTIMMU:
3JUIMIITUYECKHUX KPaeBBIX 3339 C Pa3PBIBHLIMHU KO3 pULIMeHTaMI
B MaJIbIX MOA06/ACTAX (HAa OCHOBE CIIEUHAJILHOIO METOAA JEeKOM-
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MO3MUIMK) U JUIsi AHU30TPONHLIX JUIANTHYECKMX KDPAEBBIX 3aJad
(Cc MCIOJIb30BaHUEM IKBUBAJIEHTHBIX HOPMHMPOBOK B COOTBETCTBY-
IOIIEM [IPOCTPAHCTBE CJIEJOB CETOYHBIX (DyHKUMIA).

B nynkTe 4.1 paccMaTpHBAIOTCSH JUTHNITHYECKHE KPAeBhIE 3a/1a-
YU B CJIy4ae, KOrja B mogobJiacTsax, IHaMeTp KOTOPHIX XapaKTepH-
3yerca napamerpamu H; takumu, uyro 0 < H; < 1, a kosdbdunuen-
THI 33Jia4¥ B 3THUX NOAOOJIACTAX XaPaKTEPU3YIOTCA MapaMeTpaMu
€; Takumu, 4To 0 < €; < 1. B nognyskre 4.1.2 npeanaraercs
MOCTPOEHHE IepeobyCIaBIUBATENS HA OCHOBE HEKOMIIO3HIUM 006-
JIaCTH Ha Hemlepecekawomuecs nogobnactu. Pesynsrarsl, mosyyen-
Hbl€ B JJAHHOM TIOAIYHKTE, UMEIOT KaK CaMOCTOSTEILHOE 3HAYEHHe,
TaK ¥ CyIIECTBEHHO MCIIOJIL3YIOTCA B CleAyomeM noanynkTe. Han-
60BN MHTEPEC IIPEICTABIIAIOT PE3YJIbTATHI, IOy YeHHbIE B 10~
nyHKTe 4.1.3, rae nepeobyCaBaMBAIOLIAN ONEPATOP CTPOMUTCH Ha
OCHOBE JEKOMIIO3MIMHU 00JIacTH Ha IepeceKaromuecs: momobiacTy.
IIpumeyaTenbHO, YTO AJA 337349¥ C Pa3PHIBHBIMH KO3 ULIUEH-
Tamy CTPOUTCH epeobyCIaBAMBAIOMUN OIEPATOD, HUCIIOIL3Y IOIU A
repeobyCIIaBINBAIOIIe OIIEPATOPLl TOALKO IJisi oneparopoB Jla-
wiaca (HampuMep, U3 TPeThell IVIaBhl) M HE HCIOJbL3YyeT ONepaTo-
Pbl IPOZJOJIKEHUS CeTOYHBIX GyHKuuA. KoHCTaHTHI CieKTpaibHOR
SKBHBAJIEHTHOCTH MIPEJJIOKEHHOT0 MEPE00yCIIaBIMBAIOLIETO Oll€pa-
TOpa M ONEPAaTOpa MCXOAHOHN 33Javyu He 3aBHCAT OT MapaMeTpPOB
H;, €; n mwara ceTkH, a apudMeTHIECKasl CIIOXKHOCTh Pealln3alul
nepeobycaBIMBaTENs NPONOPLHHOHAILHA YUCJY CTeneHel cBobo-
Abl MCXOOHOU 3a/1a4M.

ITyskT 4.2 NOCBAMIEH METOAY JAEKOMITO3HMUMH OBJIACTH IS 3J-
JIMIITHYECKUX KPaeBbIX 33Ja4 C aHU30TPOIHBIMM KYCOYHO-TOCTO-
AHHBIME KO3 duuuentamu. Ob1jas cxema MOCTPOeHHs mepeoby-
CJIaBJIMBATEJs1 OCHOBAaHA HA IIPEJJIaraéMOM METOJE JAEKOMIIO3HLIMK
obsracTu 15 HemepeceKaronumxcs mopobsacreit (myHKT 2.3) ¥ BHyT-
peHHuX 4elbbimeBCKuX urepanuit (myHKT 2.7). [IpuHUMNAAIBHBIM
MOMEHTOM B IIOCTPOEHHH ¥ HCCJIEIOBAHNY NepeobyCciaBIuBaIONIEro
oreparopa SIBJISIeTCSI UCIIOJIb30BAHUE PE3YJILTATOB, HOJYYEHHLIX B
nyakTe 1.4. KOHCTaHTBI ClIeKTPasIbHON SKBUBAJIEHTHOCTH IIPEJIO-
JKEHHOr0 1epeobyC/IaBIMBAIONIETO ONEPATOPA U OMEPATOPA HCXOJ-
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HOU 33,34H HE 33aBHCAT OT IMIara CeTKH h ¥ K03 (PHUIIUEHTORB P U P2
HMCXOJHOTO AHM30TPOITHOIO JIIAIITHYECKOTO omnepaTopa. Apudme-
THYECKAs] CJIOKHOCTH peasIM3aly mepeobyCIaBInBaTeN sl IPOIOD-
LHOHAJIbHA

max {1/8% (1/h) max {Vn@/p@; Vr(@)/m(E)}},

rae T € §), h— mar ceTku.

B 3akaro4yeHun chOopMyIHPOBAHE OCHOBHBIE PE3YJIBTATHI, CO-
BOKYNHOCTb KOTOPBIX BHIHOCHTCS HA 3alIUTY:

1. CeTo4Hbie TEOpEMHI O CelaX KOHEYHO-3JIEMEHTHBIX (pyHKIMIA:

a) Cerounnle TeopeMbl 0 ciefiax B mpocrpaHcTBe Cobosesa
H'(Q), Bxmoyas caydalf Crym@iomuxcs CeTOK.

6) Teopema o0 cliefax KOHEYHO-3JIEMEHTHBIX DYHKIMM 1151 06-
JlacTe#t C MaJIbIM JUAMETPOM.

B) Teopema 0 ciefax KOHEYHO-3JIEMEHTHBIX DYHKUUHA B CIIy-
yae BecoBoro mpocrpancta CoboseBa H,}’q(Q).

r) Teopema 0 cjiefax KOHEYHO-3JIEMEHTHBIX (DYHKIMH s
aHu3oTponHbx (y3kmx) obmacrelt.

n) Teopema o0 crnesax KOHEYHO-3JEMEHTHBIX DYHKIMI B CIIy-
vae BecoBoro npocrpancrsa Cobonesa H ().

2. PaspabGorana Teopus Apgutuaoro Meroma IlIBapma B ab-
CTPaKkTHBIX THIB0EPTOBBIX IPOCTPAHCTBAX (COBMECTHO C
AM. ManokunsimM). Ha ocHOBe 3TOro MeToza NpeayoXKeHbl H
060CHOBaHHI:

a) Hosble ¢opMyaHpOBKA METOMOB AEKOMIO3MIMK 00IacCTH
JLJIsT HeTlepeceKaromuxcs noaobaacrei.

6) Merog $BHOrO NPOZOJIXKEHHA CETOYHHIX GYHKUUM Ha
HEPAPXHYECKHX CETKAaX C COXDAHEHHEM HOPMBI C OIITH-
MaJIbHONM apudMETHIECKOH CJIOXKHOCTBIO.

B) ApnurusHbi#t Merox IIIBapma Ha rparunax nogobsacrei B
npocrpancrse CoGonea H/2.
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r) Merox qekomMnosunum 061aCTH AN CTydas 60IbIIOrO Yrc-
Ja nonobJtacteit.

1) IlocTpoersl onTHManbHBIE MEepeobyCIaBIMBAIOIIME OHEpa-
TOPBI JJISI SJUTHIITUYECKHX 33J]a4 C Pa3PHIBHHIMU K03d¢u-
uueHTaMu qudpPy3uu.

3. Pazpaborana Teopus merona (pHKTHBHOIO IMPOCTPAHCTBA B a6-
CTPaKTHBIX I'MJILOEPTOBBIX MPOCTPAHCTBAX, KOTOPLIH SIBJISETCS
06001meHneM U3BECTHOrO MeToAa PUKTHBHEIX obnacrei. Ha oc-
HOBE 3TOr0 METOJA IPEAJIOXKEeHbl B 000CHOBAHHI:

a) IlepeobyciaBauBaoiue ONepaToOpsl IJIsi S/UIMNTHYECKHX
3334 C KyCOYHO-IJIaJIKHMH I'DAHUI[AMH.

6) Ucnons3ys xombmuamuio ApgurusHoro merona Illsapua
H MeToJa (UKTHBHOIO NPOCTPAHCTBA, NMPEIJIOKEH ONTH-
MaJIbHBI# MHOTOYDOBHEBHIM IepeobyCIaBInBaTeNb IS pe-
IIeHHs JJUITUNTHIECKUX 337249 Ha HECTPYKTYPHPOBAHHBIX
CeTKaX.

4. TlpenyokeH HOBBIM ONTHMAJIBHBIA METOH JEKOMIIO3MIMHM [Jis
PeLIeHHs 3JUIMNTHYECKUX 33Ja4¥ C pa3phIBHBIME K03 PHIHEH-
TaMu 6e3 UCIONB30BaHNA SABHBEIX ONEPATOPOB MPOLOIKEHHS Ce-
TOYHBIX PYHKIHHA U C HCIIOJb30BAHHEM TOJIBLKO NepeobyciaBiu-
BaTeset nuia oneparopa Jlamiaca.

5. Ha ocHOBe npe/yioXKeHHOr0 MeTOAa AEKOMIIO3UUHH 06/acTH M
CETOYHBIX TEOPEMaX O CJeAaX NMOCTpPoeHH 3¢ eKTHBHEIE nepe-
06yciIaBIMBAIOIME ONEPATOPHI A1 AHH30TPONHAIX 3JUIHIITHYE-
CKHX 3aJad.

BnarogapHocTH. ABTOpP CYMTaeT CBOMM NPHSATHHIM JOJITOM
BBIPa3UTh IIyOOKy10 6/1arogapHOCTL CBOEMY YYHTENIO0 I.¢.-M.H.
Anexcannpy Muxainosndyy MaljokuHy 3a NOCTOSIHHYHO HAYYHYIO
HNOAAEP>KKY IIPH BHIIOJHEHMM JaHHOM paboThl. ABTOD TakXe IPH-
3naTeseH 4.¢.-M.H. FOpuio Anekceesnuy Kysnenosy 3a uckpennee
BHHMMaHMe H IOCTOSHHOE TBOPYECKOe B3aUMOAENCTBHE, CIIOCOBCTBY-
IOIIHe IUIOAOTBOPHON paboTe HaJ AMCCepTALUE.
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