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OBIIIAAd XAPAKTEPUCTUNKA PABOTHI

Hemn mn 3amaunm padorei. [lycrs Q@ C R™, n € N — orpanuvennas
obmacth ¢ rpanunieit 0X) kiaacca C*°. B obgactu €2 X R pacemorpum
HaYaIbHO-KPAEBYIO 3303y

()\—Vz)(u(xﬁ)—uo(x)) =0,ze€Q, (1)

u(z,t) =0, (z,t) € 0 x R; (2)

st ypasaenust Koprycosa — ITnernepa — Ceemnukosa (KITC)
(A = VHu, = aViu + B(V,uVu). (3)

B mmmaape Q x Ry paccMoTpuM HadabHO-KPAEBYIO 3334y

v(z,0) = vp(z), = € (4)
v Ow
(%Jr)\v)(x?t):(%wL)\w)(x?t):Q (z,t) € 0 x Ry (5)

JUTsi cucTeMbl ypasHeruil TTnoTHIKOBa
v; = Av — Aw, 0 = v + Aw + dw — fuwd. (6)

Vpapuenue (3) Mozenupyer MeracrabujibHble IPOIECCH B YKHIKOM
JBYXKOMIIOHEHTHOM TojiyipoBogauke. [lapamerpor a, 3, A € R xapakTe-
PUBYIOT CBOWCTBA MOJIYITPOBOJIHUKA, MPUYEM KBA3UCTAITMOHAPHLBIE MPO-
1IECCHI B TTOJIYITPOBOIHUKAX BO3MOKHBI TOJIBKO TIPU YCJAOBUN OTPUIATE  b-
voctu Kodpdurmenta A. ViMeHHO B JAHHOM cjiydae BO3IMOXKEH ITpobOit
MOJTYITPOBOTHIKA,, HAOIIOMae MBIl SKCIepUMEHTAILHO. BriepBrie ypapHe-
uue (3) 6puto nosyueno B pabore M.O. Kopuycosa, FO. /. Tlieruepa,
AT. Cpemmuxopa'. 31ech ke 6BITa YCTAHOBICHS OJHO3HAYHASA pa3pe-
muMocTh 387241 (1)-(3) TONBKO B cllydae TOJOKUTENLHOCTH TapaMeTpa

I Kopnycos, M. O. (O KBa3sHCTAUMOHADHBIX MPOLECCAX B IIPOBOAAIIMX CPEAX
6e3 nucnepcun /Kopnycos M.O., Tlnernep FO. /1., Ceemmnukos A.T.// 2KBMuM®.—
2000.— T. 4, v8.— C. 1237-1249.



A, 9TO BJIedeT 00paTHMOCTh A dhepeHITnaIBFHOTO OIEPATOPA, IPH TPOU3-
BOAHOIT 110 Bpemenu B ypapuennu KIIC. Harmrell mesnbio sBasierca Kadve-
CTBEHHOE U YHUCIEHHOE UCCIEI0BAHNE TaHHON HaTaIbHO-KPaeBoil 3a/1a4u
npu JIOGEIX (B TOM YUC/IE U OTPULIATESIBHBIX ) 3HAYEHUSAX TapaMeTpa A.

Cucrema ypaBHenuii (6) npeicrapisier OJUH U3 BAPUAHTOB MOJE/N
$az30BOrO TOJIA B PAMKAX ME30CKOTMYECKON TEOPUU B MPEIIOJIOKEHIH,
9TO BpEMs peJiaKcalluu paBHO HyJ0. [lapamerper 0 u § xapakrepuzy-
o1 dazoBriii nepexos. Comeprkanne u 3HaK napamerpa J € R B maib-
Heifinem HecyecrBeHHsl, ryiashoe, uyro 3 # 0. Cucremy ypapuenuii (6)
BIEPBBIE TIOCTPOMI, Niyboko u obcrositensro m3y4dan [1.U. Tlioraukos
¢ yIeHHKaMHu?. B IUTHPOBAHHEIX pabOTaX YCTAHOBJEHO CYIIECTBOBAHIE
perrennst 3a7a4qu (4)-(6), U MOCTABIEH BOIPOC O €r0 eAUHCTBEHHOCTH.
Hamreit menbro saB/iseTcs KaUecTBEHHOE U YHUCIEHHOE UCCIeOBAHNE Ppas-
permumocTH 380241 (4)-(6) 1 eqMHCTBEHHOCTH ee PENIeHNs TIPH Pa3ind-
HBIX 3HAYEHUX Tapamerpa 6. JIjisg JOCTHKEHUs MOCTABJIEHHBIX TIeJIeit
HEOOXOAUMO OBIJIO PEITUTE cliejyronie 3adaun. [lepeast — uceeoBaTh
mopdonoruro dazoeix nmpocrpancTs 3amad (1)-(3), (4)-(6). Bropas —
MOJIYIUTh YCIOBUST HEEJUHCTBEHHOCTH PENIeHn MOCTABJIEHHBIX 33/1a4.
Tperbst — TPOBECTH YUC/IEHHBIE SKCIIEPUMEHTHI, WITIOCTPUpYOIne dhe-
HOMEH HeeJIMHCTBEHHOCTH PeIleHuil TaHHbIX 3a/194.

KauecrsenHoe ncenenopanne 3a7a4 (1)-(3) u (4)-(6) obmerdaercs Tem
06CTOATEIHCTBOM, UTO OHH 00€ B MOOXOMSIINM 0OpazoM MOI0OpPAHHBIX
6aHaxXOBRIX MpocTpaHcTBax Y u § pemyrupyrores K 3aaaqde [loyonrepa
— Cunoposa

L((0) = ug) = 0, (7)
HJIA HOHyHI/IHeﬁHOFO ypaBHoenus c000JIEBCKOTO THIIA,

Li = Mu+ N(u). (8)

2 [Taommuxos IT. M. Banaua Oredana ¢ HOBEPXHOCTHEIM HATAYXKEHHUEM KAK I1PELeIT
mvopenn dazosoro nona / I1. U. ITnoraukos , B. H. Craposoitros // duddepen.
ypasuenus.— 1993.— T. 29, Ne 3.— C. 461-471.

Iaomnuxos Il. M. Ypasuenus (Ha30BOro Hojis U IPAJUEHTHHIE MMOTOKU MAaPTH-
nanbublx Gyaxunuit / [1. U Ilnoranxos , A. B. Knenagesa // Cub6. mareM. xKypH.—
2001.— T. 42, Ne 3— C. 651-669.



AKTyasibHOCTHL TeMbl. Briepsoie ypaBHeHUs, He pazpenieHHbe OT-
HOCHTEJILHO cTapineil mponzBoIHOI, mosgsuinck B pabore A. Tlyamkape
B 1885 roxgy. IlepBbIM, KTO Hagasl cHCTeMaTHIeCcKOe H3ydeHNe HadaIbHO-
KPaeBbIX 3aJ1a4 Jyis JuHelHbx ypasaenuil suma (8), rne L u M (Boz-
MOXKHO, MaTpuuHbie) JuddepeHiuaibible ONepaTopbl B 9aCTHBIX PO~
uzoHBIX 1o "mpocrparcTeennbiM" TlepeMeHHBIM, a omepaTop N = @,
61 C. JI. Cobosie B 40-x romax mporioro crojerusi. C Tex mop BO3-
HUK/Ia TpaJulys ypaBHeHus BUIa (8) U KOHKPeTHBIE UX UHTEPIPeTallui
Buza (3), (6) HA3BIBATE YpasHeHUAMU cObOALECK020 Muna. B HacTosIIEe
BpeMsl TEOpHsT ypaBHEHUH cOOOEBCKOTO THITA MEPEXKUBAET MOpy OYpHO-
ro paciera. B aroit obmactu aktusHO paboraror P.E. [lloyonrep, I'.B.
Hemvunenko, C.B. Vcemenckuit, H.B. Cunopos, FO.E. BDogpunres, B.O.
Yucrsakos, N.B. Mensaukosa, [ A. Ceupumok, B.E. @enopos u muoTHE
apyrue. JlaHHas auccepralinontast paboTa BBIMOJIHEHA B PAMKAX HAIPAB-
Jierust, Bosriasisiemoro [LA. Cupumaiorom.

Metoapt uccaegoBanusi. OCHOBHBIM METOJOM HCCJIEIOBAHUS TTO-
JIYJIHHEHHBIX ypaBHEHUH cOG0IEBCKOr0 THUITA B JAHHOMN quccepTaum Cy-
JKUT MeTO/T (haz0BOTO MPOCTPAHCTRA, peiokentbii I'. A. CeupumokoM
n T. I'. Cykaueroii. Bkparie cyThb 3TOr0 MeTO/1a 3aKII04aeTCst B PeyK-
pn ypasuerus (8), rie, BoamoxHo, ker L £ {0}, Kk perynspHomy ypas-
HEHUTIO

4= Su+ F(u), (9)

OTIpEIENIEHHOMY, OJTHAKO, HE Ha BCEM ITPOCTPAHCTRE 4, a TOMLKO Ha HEKO-
TOPOM €ro MOJMHOKECTBE, TOHUMAEMOM KaK (fu3060€ NPocmpaHCmeo Ypae-
nenus (8). TIpuMeHnB OIUCaHHBIN BBIITe METO, a306020 NPOCMPAHCTNGA
K Mozessim (3) u (6), HaM yJaJI0ch YCTAHOBHTE HEEIMHCTBEHHOCT pellre-
uust 3aa4u (7), (8). Kpome meroga $hazoBoro npocTpaHcTBa MBI ITUPOKO
HCTIONB3yEM TEOPUIO JIMHEWHBLIX yPaBHERNI cOBOIEBCKOTO THIIA, B MOPOZK-
JIAEMBIX UMM BBIPOZKIEHHBIX TPYIIT M MOJYTPYIII OMEPAaTOPOB; TEOPEMY
0 HegBHOW (yHKIHN 1 Teopemy Bummnka — Muntu — Bpaynepa; Treopemy
Komm kax 77151 cilydast BEKTOPHBIX ITOJEH Ha 6HaHaXOBBIX MHOT000OPA3UX,
TaK U Jyist CJIy4ast O/ IMHEHHBIX 9BOJIIOIMOHHBIX YPABHEHNUI B GaHaX0-
BBIX IIPOCTPaHcTBax. M, HAKOHEI, KPacHON HATLIO 9€pe3 BCIO JIUCCEPTa-
IO TTPOXOJNT UAEOJ0THA Teopun ocobennocteil Yurnu. [TockonbKy muc-



cepranys KpoMe KauecTBEHHBIX HCCIIEIOBAHNIT COMEPIKUT €Ille U Pe3yilb-
TATH YUCIEHHBIX SKCIEPUMEHTOB, TIOATBEPK AKX (heHOMEH HeerH-
CTBEHHOCTH perienus mMojeneil (3) u (6), HEOOXOUMO OTMETHTH METOT
TasnepkuHa, JTexKanyil B OCHOBE HAINX IKCIIEPHMEHTOB.

Haygnas noBusnaa. Bee pe3yibraThl, BBIHOCHMYO Ha, 3aITUTY, SBJIs-
FOTCS HOBBIMU U TIOJTYHeHEI aBTOPOM JINTHO. /I0CTOBEPHOCTD IOy YeHHBIX
pPe3yaBTaTOR OOECIeYeHa, TTOJTHBIME JIOKA3aTeTbCTBAMI BCEX YTBEPIKIIE-
Huil, TpryeM MaTeMaTH4YecKas CTPOrOCTh J0Ka3aTeIbCTB COOTBETCTBYET
coBpeMeHHOMY ypoBH. OO60CHOBAHHOCTH HAYYHBIX MTOJIOKEHU U BBIBO-
0B, chOPMYJUPOBAHHBIX B JIUCCEPTAIINHN, TIOIKPEILIIETCs pa3paboTKOM
IpoTrpaMM, OCHOBaHHEIX Ha IIOJIXOJe, IIpejiaraeMoM aBTOPOM.

Teopernydeckasi 3HAIUMOCTB. (OCHOBHOE COJEPIKAHUE JINCCEPTa-
MK — Ka9eCTBEHHOE HCC/IeoBanne Mopdoornn ¢ha30BHIX MPOCTPAHCTB
ypaeraenus KoprycoBa — Ilmernepa — CBeIMTHUKOBA U CHCTEMBI ypPaBHE-
uuii [Lnoraukoea. Bruepsobie obHapyzkeHo, 4T0 da30BBIE TPOCTPAHCTEA,
(IpM HEKOTOPBIX KPUTUYECKUX 3HAYEHUSX [APAMETPOB) PACIIOJIOKEHBI
Ha MHOTOOOPA3UsX, UMEOIINX OCODEHHOCTH — CKJIAJKY U COOpKY YHUTHU
COOTBETCTBEHHO. YCTAHOBJIEHA, CBA3b MEXK/y HAJIUYIHEM OcOOEHHOCTel 1
€JIMHCTBEHHOCTBIO perennii duzmyeckn ocMbicennon 3amaqan [oyosr-
Tepa — CHIOPOBA, T.e. OTMEUYEHBI 00TACTH HAYAJBHBIX JAHHBIX, TTPH KO-
TOPBIX 331393 MMEET OJIHO, B3 WJIH TPU PENTEeHHUs.

IIpakTuyeckas 3HadmMoOcTb. [IpakTudeckasi ke 3HAYNMOCTE 3a-
KJIIOYAETCA B TOM, YTO JAHHBIE PE3YJIBTATHl YUHTHIBAIOTCS IIPU ITPOBe-
JIEHHH YHCJIEHHBIX IKCIIEPHMEHTOB. Breppble pa3zpaboTaHbl aJropuTMbl
uncenHoOTO pertennst 3amad (1)-(3), (4)-(6), moaydens! rpadwmieckune
nzobparkeHust dTUX perneHnii. ITocTpoeHnble ajiropuTMbl PEaN30BaHBI
B BuuncauTenpHON cpeme Maple 12.0. PesynsraTsr auccepraiinn MOTYT
OBITH MCHOJIB30BAHBI B MCCIEI0BAHUSAX, IPOBOJNMBIX 10 JIAHHOH TeMa-
THKE.

Anpobarus padorei. Pe3ybTarsl, M3/10KEHHBIE B INCCEPTAINN OBI-
JIH TTpeJicTaB/ieHb! Ha BopoHexkckoii s3umueit mareMarudeckoii mkoJte "Co-
BpEMEHHBIE METO/IbI Teopul (byHKIMi 1 cMexkHbie pobiembl” (Boponex,
2005), crynenyeckoii koudepeniuu Yenl'V B 2005 roay (r. Yensabunck ),
Bceepoceniickoii nayuanoit koudepeniu " Maremaruka. Mexanuka. V-



dopmaruka nocssamennoi rpuguaruieruto Yeal'V (r. Henabunck, 2006),
Beepoceniickoii nayanoii koudepentu " Iuddepernuanbubie ypaBHe-
uust u ux npuyioxkenns” (r. Camapa, 2007), MexyHapoauHoi koHdbepeH-
tmn, nocesiiiernot 100-neruto co st poxxaenust M.H. Bekya " [Iudde-
peHIalbHble ypaBHeHust, Teopust dbyHKIwmiA u npuioxenus” (r. Hoso-
cubupck, 2007), Mexaynapoauoii koudepenimu " Tuddepennuabinie
ypaBHenust u cmexkubie mpobsemnr” (r. Crepsimramax, 2008), MexayHa-
ponuoit koudepenruu, nocesanerroit 100-metuto co ausa poxaenus C.J1.
Cobonesa " Tuddepentmaibunie ypasuenns. OyHKIMOHAIbHbIE TIPOCTPAH-
crea. Teopus npubnuzxkenuii”(r. Hopocubupck, 2008). Takxke pezysibra-
ThI JOKJIAABIBAJINCE HA CEMHUHApE IO YpPaBHEHUSM CODOJIEBCKOTO THIIA
npodeccopa I A. Ceupugoka 8 FOVpI'Y (r. Yenabunck) u Ha ceMUHa-
pe wi-xkopp. PAH V. A. Ilumvapesa 8 MI'Y nuv. M.B. Jlomonocosa.

IIy6smkamuu. OcHOBHBIE PE3YIBTATHI JUCCEPTAINN OMYOTNKOBAHBI
B 10 paBorax, npudem crarbs [1] — B uzgaHu, BKIOYEHHOM B [IEPEYEHb
BAK. B pa6orax [1], [10], BbIIOJHEHHBIX B COABTOPCTBE ¢ HAYYHBIM PY-
KOBOJIUTEJIEM, TMOCTEIHEMY MTPUHAIIEKUT TOJBKO MOCTAHOBKA 33/1a4MU.
Bce mokazaTesibcTBa BBITOJHEHB! aBTOPOM JIUCCEPTAITHIH.

Crpykrypa u obbem padotnr. /luccepranus cOCTOUT U3 BBEJIEHUS,
Tpex IJIaB U cOucka juTeparypbl. O0beMm mauccepraliyuu cocTapisgeT 123
crpanutisl. bubmmorpadust conepxur 101 HamMeHOBaHUE.

Kparkoe comepxkanme gumccepraium

Bo BBegenum 060CHOBBIBAETCS aKTYAJIBHOCTD TEMBI UCCIEI0BAHUS,
ompesieisieTcs 1ej1b paboThI, JaeTcs 0030p JIUTEPATYPHI [0 UCC/IeAyeMOit
pobreMaTHKe.

IlepBass roiaBa cocrouTr u3 cemu maparpadoB U comep:Kut ¢Ghop-
MYJINPOBKU TEOPEM U OIPEIEsIEHHsI, KOTOPLIE HUCIOJIBL3YIOTCH JIJIsi TI0-
JIyU€HUsS OCHOBHBIX PE3YJIbTATOB muccepraruu. llepsriit maparpad co-
JEPKUT ONPEeNEEHNsT U TeOPEMBI 00 OTHOCUTEJIBHO P - OTPAHUYEHHBIX
oneparopax. Bo Bropom maparpade BBOAATCH ONpPENe/IeHNsT PEIIeHus,
$az0BOTO TTPOCTPAHCTBA, AHAJUTUYECKUX PA3PEINAONINX TOJTyTPYINT 1
TPy OIEPATOPOB, TEOPEMBI O CYIIECTBOBAHUN AHAJUTHIECKUX pPa3pe-
MIAONIAX TTOJAYTPYII U TPYIIT ONEPaTOPOB s JIMHENHBIX ypaBHEHUH



Buja (8), a TakkKe ONpeJiesieHns U TeOpeMbl 06 OTHOCHTEJILHO P - CeK-
TOPUAJIBHBIX OTlepaTopax. B Tperhem maparpade comepKarcs OIpese-
senne perternst 3aga4u [loyosrepa — Cusoposa Jyisi ypasHenus (8) u
TEOpPEMa CYIIEeCTBOBAHUS U €INHCTBEHHOCTU pereHusi 000DIeHHoi 3a-
nauu [MToyosrrepa-Cunoposa st ypasrenus (8). B yerseprom naparpa-
e paccMaTPHBAIOTCS OIpeIesIeHrsT KapThI, amiaca, banaxosa C'F - o
roo6pasus, KacaTessHoro pacciaoenus CF - MHOroo6Gpaszus, BEKTOPHOTO
o u Teopema Komu. B marom maparpade onpeeasrorcs mpocTpaH-
crBa CoboJjieBa, IpPOCTPAHCTBA C HETATHBHOW M MO3UTUBHON HOpMaMU U
npuBOAATC TeopeMbl Bioxkenus Cobosiea n Kommpamosa — Penxa.
B mrecrom maparpadee mpuBOASATCS JIBE TEOPEMBI BJIOYKEHUS, BBOJSTCS
OTIpesiesieHne pereHns 3aaa9u Koy st oIy IMHEHHOTO SBOJTIOIIHOH-
HOTO YPaBHEHUs U TEOPEMA CYIIECTBOBAHUS U €IUHCTBEHHOCTH ITOTO Pe-
mennsg. Ceapmoil maparpad cOIEPKUT ONpeEEHIsT PaINAJIbHO HEITpe-
PBIBHOTO, MOHOTOHHOTO, KOIPIUTHBHOIO OTEpaToOpa, Teopemy Burmka
— Mwuntn — Dpaynepa, onpefiesienne u cBoiicTBa mponzBogHoii Dperre,
TeopeMy O HesiBHOU (pyHKITHH, & TaK2Ke ompejeenne k - cOOpKu YUTHH.

Bropas raasa coctout u3z mectu naparpadoB U MOCBAINEHA BOIPO-
caM HecyIecTBOBaHUS 1 HeeIMHCTBEHHOCTH perrenus 3aaa9u [HloyonTe-
pa — Cumoposa jyis ypasuenus Kopiycosa — [lnernepa — Cpemankosa.
B m. 2.1 BBOAATCA TIOHATHS pellieHns 3ajaun Kormmm ajs ypaBHEHUs
cobosiesckoro tuma (8), ¢$hazoBOro MpOCTPaHCTBA, KBAZUCTAIIMOHAPHON
TPAEKTOPHH ypaBHeHus (8), MpOXOJdINell 4epe3 TOUKY g U JOKA3HI-
BaeTcd TeopeMa CYIIeCTBOBaAHHUSA U €JMHCTBEeHHOCTU KBa3UCTAIMOHAPHOMN
TPAeKTOpHH ypasHeHus (8), Ipoxossiel depes ToUKy ug. B 1m. 2.2 co-
JepKuTca onpenesienne pemrenns 3aaa4qn [loyonrepa — Cumgoposa mjis
ypasHenus (8), JOKa3aHbl TEOPEMBI CYIIECTBOBAHUS U €JIUHCTBEHHOCTH
zagaun [Tloyosrepa — Cuzoposa syist ypasHeHus (8) B ciydae TpPUBU-
AJIBHOTO ¥ HETPUBHAJILHOTO siflep omeparopa L, HO mpocToro ¢azoBoro
MMPOCTPAHCTBA, 8 TaKyKe paz3obpaH NMpUMep B CIydae HEMpOCToro azo-
BOTO MPOCTpaHcTBa. B m. 2.3 paccMOTpeHa KpaeBasd 3a/ata

u(a,t) =u(b,t) =0,1 R (10)



nis ypaeaenusi Kopnycosa — Ilmernepa — CBernnankoBa
AUy — Uy = Qg + B0ty )y (11)

Yrober peayrnmpobars 3amady (10), (11) K ypapHeHnto (8) BO3bMeM TIPo-
cTpaHcTBa :I/?/%, g =Wy ! TIpocrpascreo § conpsizkeno K 44 oTHO-
CUTEJIBHO CKAJISPHOTO MPOU3BEJIeHNs < -, - > u3 Lg. Omepartopsr L u M
onpenennM hOpMyIaMu
b b
< Lu,v >= /()\uv F ugvg)de, < Mu,v >= —/auagvagdgﬂ7

a a

rje w, v € Y. To mocrpoenuto oneparoper L, M € L(3;F) u dbpenroin-
MOBEL

Teopema 1 ITycmo a € R\{0}, mozda onepamop M (L,0)-oeparuen.

O6oznauum yepez {\ } 3aHyMEPOBAHHBIE 110 HEBOZPACTAHUIO MHOYKECTBO
cOBCTBEHHBIX 3HAUEHWI OMHOPOAHON 3amaqn Jupuxie Jjist omeparopa
Jlammaca 88—; ua (a,b), a yepez {p} }—oproHopMupoBanHoe B cMbIc/e Lo
MHOYKECTBO COOTBETCTBYIONTHUX COOCTBEHHBIX hyHKIMiA. Onpeaesnm ore-
paTop N dopmysoi

b
< N(u),v >= —/ﬁuuzvzdx7 u, v € 4l

Teopema 2 IIpu mobwx 8 € R onepamop N npunadaesrcum npocmpar-
emey C (4, §).

B n. 2.4 uccnenyerca mopdosaorusg ¢$hazoBOro mpoCTpaHCTBa ypaB-
wenust KITC. TToctpoum L - criekTp omeparopa M

ol (M) = {)\a_}\ik s keN\{l: A)\l}}.

IIpoekTopsl UMEOT BHJT

P=T-(C@)e, Q=1-(, ).



TTocTponm MHOXKECTBO
M={uvesh: {({(Mut+ N)),p)=0 A=XN}
1 TIPOCTPAHCTBA
YUY =ker L = span{p; : A= N}, Ul = {u e s (u, ) =0, A= N}
Bozbmem nponsposibHyio TOUKY u € i, Toryma w = ay; +v, e v = Pu €

U a € R. Touxa ¢ € M TOUHO TOrMA, KOTA BLITOIIEHO

b

b
a? « 1
5 7, +a /wp?dx+ 7]t i/vzapldx = 0. (12)

Beenem B paccmorpenne dbyHKITHOHAT

b b

[0
Alw) = ( / vgtde + 5 = llal}, / Peprde,

a a

Ay = R, ¥ HOCTPOMM MHOKECTBA
s ={ved: Afv) >0}, d4t ={veu: A(v) <0}.

Bosbmem Touky v € Ul | Torma ypasmenme (12) UMeeT 1Ba pelmeHwus

b
a =gl (—% — Jvpide — A<v>> :
’ (13)

b
_3 o
ar = el (—5 — [ogda + \/Am) .
ITocTpoum MHOMKecTBa
My ={veld: u=a,y(v)p +v,vE ﬂi}
Teopema 3 ITycmos a, 8 € R\{0} u

(i) A & {\}. Tozda gasosvim npocmparcmsom ypasnenusn (8) asas-
emen sce npoemparcmeo L.

(i) A € {Ai}. Tozda Pasosvim npocmparcmeom ypasnerusn (8) As-
asemes muoorcecmeo My UM, xaorcdas womnonerma xomopozo M4

u M buermusHo NPoeKmUPYeMcs Ha MHONCECTLED ill+.
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B n. 2.5 paccmarpusaercs zagada [Tloyonrepa — Cumoposa (7) st
ypashenus (8) u dopMmysupyercs ciaenyroas

Teopema 4 Ilpu mobux «, 3 € R\{0} u

(i) A € R\{\y} eywecmeyem poero odno pewenue sadawu (7), (8)
npu A06ux ug € L.

(i) A € {\r} eywecmsyem dsa pasausnnx pewenus sadawu (7), (8)
npu mobux ug € Y maxux, wmo Pug € ill+.

(#i3) A € { A} we cywecmeyem nu odnozo pewenus sadawy (7), (8)

npu oo ug € Y maxuzx, wmo Pug € UL .

ITynkT 2.6 comep:KuT ONncaHie NpOrpaMMbl, pa3paboTaHHOW B BBIYHC-
JsmrenpHOM cpese Maple 12.0., koropast, onupasick Ha MeTos, L ajepkuna,
MO3BOJIAET HAXOUTH NPUOJIHKEHHOE JHCIeHHOe pererue 3a1a4n (1)-(3)
U cTpoUT rpaduydeckoe H300paskeHne ITOrO PEIEeHUs TPYU Pa3JIHIHBIX
SHAYEHNAX MApaMeTpPOB, TTOKa3bIBasg HETPUBHAJIBLHOCTH (a30BOTO TIPO-
CTPaHCTBA.

Uy

L o NN a4

2 -5 El 05 0 w

Puc.1 ®aszosoe mpocrpancTso 3agaan (1)-(3) mpm o = 20, 8 = 25, A = —1,

ecim u(t,x) = ui(t)/2/msinz + us(t)/2/7sin2x

Tperbs raasa cocTouT u3 ngTH naparpadOoB U MOCBSIIEHA BOIPO-
cy HeeguHcTBeHHOCTH permrenus 3agadn [loyonrepa-Cumoposa mjisi cu-
cTeMbl ypaBHenuii 1IlnorankoBa. B m.3.1 cTposTca MHTePTOIATIMOHHBIE
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TIPOCTPAHCTBA, BBOJAATCS OpeeseHns KBa3UCTaIlnOHapHON IOy TpaeK-
TopUE ypasHeHus (8), NpOXOAMINell Yepes TOYKY g, PeIleHns 3aJ1a4u
[TToyonrepa-CunopoBa sjist ypasHerus (8), H0Ka3bIBAETCA TEOPEMA, Cy-
MEeCTBOBAHUSA W €IMHCTBEHHOCTH KBA3WCTAIMOHAPHOU MOy TPaeKTOPUHI
ypaBHenus (8), Npoxosiieil Yepes TOYKY wg U TeOpeMa CyIIecTBOBAHUS
u eauHCTBEHHOCTH pernennd 3agaqn [loyonrepa-Cunopora mjist ypapHe-
uust (8). Takke 3/1eCh IOCTPOEHBI J[BA IPUMEPA, OJUH B CJ1y9ae IPOCTOro
¢az0BOTO POCTPAHCTBA, B APYTOM — (baz0oBO€e MIPOCTPAHCTBO IPEICTaB-
Jister cobott cbopky VutHu. B 1m.3.2 paccMorpena cucrema ypaBHEHHU
IlnoTHukoBa

Vp = Uy — Wam, 0 = 0 + Way + ow — fuw (14)
C KPaeBBIMU yCJIOBUSMU BHJIA,
(g — Au)(a,t) = (uy + Mu)(b,t) =0, t € Ry, (15)

e v = col(v,w), v = v(x,t), w = w(z,t), (z,t) € (a,b) x Ry, na-
pamerpel A, 0 € Ry, 8 € R. Urobnl peayimposars 3ai1a4dy (14), (15)
ypaptenuto (8) mojoxum U = (Ly)2. HpOCTpaHCTBo 3 — runsbepToBo co

CKaJIIPHBIM [Tpou3BeaeHueM [u, ] = fvgdx + fwndx = (v,&) + (w,n),

rie ¢ = col(€,n), a uepes (-, ) 0603Haquo CKa.HS{pHOQ MIPOUBBE/IEHNE B
Ly. Tlycte § mpocTpaHCTBO compsizKEHHOE K 4 OTHOCHTEIEHOCTH IBOMH-
creernocru [, -]. Oneparoper L u M zagaaum dopmyiamu

b

Lu, ] — / véde, u,C € 3

a
b b

[Mu, (] = —/vzﬁzdx—/\(v(a)ﬁ(aHv(b)ﬁ(b)) +/wz£zdx+

a a

b
A(w(a)é(a) +w(b)E(b)) — /wwzdﬂﬂ — A(w(a)n(a) +w(b)n(b),
u, ¢ € Upr, dom M = Uy = (W2
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Teopema 5 Onepamop M cuavno (L,0) - cexmopuanen.

ITocTpoum omepatop

b

V()] = / (0 + 6w — Bu®nde

a

u mostozkum dom N = (L4)? = . B cuny Teopem Biozxenns Cobosesa
CITPAaBEJTHBA CIIEJYIOIIAsT

Teopema 6 Ilpu mobox 3,0 € R onepamop N € C(Upn;F).

IMocrpoum npocrpancrsa U Toayuum, uro upu « € (1/2; 1] npocrpas-
ctBa U% — L. Tomomum U = Y% Ny = {0} x Wi u Bosbmenm
Up = U D UL Te UL = U™ x {0}.

Caeacrue 1 ITpu amobox 3,6 € R onepamop N € C™(U,;§).

TTocTponm MHOXKECTBO

b b
M={uei,: /vndx = /(wznz — dwn + Bw’n)de+
+A(w(a)n(a) +w(b)n(b))}.

Beegem B paccmorpenne mpoctpanctsa Uy = Wy = Wi, Tax [To
renepb Uy = Vpr X Wiy Oboznauum uepes {vy } 3aHyMEpOBaHHBIE 110
HEYOBIBAHUIO C YYE€TOM KPATHOCTH COOCTBEHHBIE 3HAYEHUsI CJIeIyIONIeit
CIIEKTPAJILHOI 3a1a4u:

—Pxxz — VP, T € (CL7 b)7

pu(a) = Ap(a), pu(b) = —Ap(b).

(16)

O6oznauum yepes {py} coorBercrByomue cobcTBeHHBIE (DYHKIMH, Op-
TOHOPMHUPOBAHHBIE B CMBIC/IE CKAJIAPHOIO mpousseaenus (-, -) uz Lo.
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Teopema 7 Ilycmo S, A € Ry, § € (0,v1), 2de v1 — nepeoe cobemeen-
Hoe shauerue cnekmpasvhot sadawu (16), o € (1/2,1). Tozda dasosvim
npocmpancmeom ypasnenua (7) cayorcum npocmoe banaroso C™ - mro-

zoobpasue M.

Teopema 8 [Tycmws eunoanerst ycaosus meopemot 7. Tozda dan awbozo

ug € Yy cyuecmeyem edurncmeenroe pewenue sadauwu (4)-(6).

Tenepn paccMOTpuM ciiydail, Korja 6 = v1. B JaHHOM ciydae MHOYKEeCTBO
I onpesensercs cUCTEMON U3 ABYX ypaBHeHH

b b
[otntde = [(wins — viwtnt + Blwt + sp)nt)da+

+A(w! (a)n (a) +wt (B (b)), (17)

By = f(wi + sp)pde. (18)

Baeck uncna s,7 € R, a ¢ — cobersennas dyukuus zagaqun (16), orse-
JaroImas cOOCTBEHHOMY 3HAYEHWIO 14 U HOPMHUPOBAHHAA B CMBICHTE Lo;
BekTOpEI v € U wh pt € Wy, e U = {v € YUY (v,p) =
0}, Wy = {w € W : (w, ) = 0}.

Jlemma 1 ITpu mobuzx B,A € Ry,s € R u vt € U cyuecmeyem

eQUHCMBEHHOE petlerue W € Qﬂﬁ ypasrerus (17).

Teneps nepeiizem K ypasuennto (18). Kak xopomo uzsecrHo u3 Gopmyst
Kapmano, ypasuernue (18) umMeer or OfHOrO J0 Tpex JeHCTBUTENbHBIX
KOpHEH, TpUIeM OHO MMeeT POBHO JBa JefICTBUTENBHLIX KOPHSI, €C/IH
BAOOABOK K HEMY BBITIOJIHAETCS ypaBHEHUE

b b
R(&wi) = 32||<p||‘i4 +23/4p3dex+ s/a,oz(wi)2 = 0.

a

Bresem B paccMOTpeHme cIeAyIONTHe MHOXKECTBA:
W, = {w € Wy : R(s,wt) =0},
W = {we Wy : R(s,w™) >0}, Wy, = {w e Wy : R(s,w) <0}
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Jlemma 2 ITpu mobuz B,A € Ry, r € R u vt € Ut cywecmeyem
pewenue (wh,s) € Wy, x R cucmemns ypasnenu (17), (18).

BBegmem B paccMOTpeHne BCIOMOTATENBLHBIH OTIepaTop
b
(B(w* + s¢),n" +tp) = / winy —viwnt + Blwt +se)Pnt)dat

b
T A (@)t (@) + ot (B (8) + ¢ / (wh + sp)pdr.

a

Oneparop B : Wy — §H KOIPIMTHBEH, MOHOTOHEH, PAIUAJBHO HETpe-
pPBIBEH. §) — MPOCTPAHCTBO, compsizkennoe K Wp; OTHOCUTETHLHO JBOW-
crenroctr (-,-). OBosmaunm §~ = B[W,,], H° = BY,], HT =

Pacemorpum MuOzKecTBO P = {u € M @ R(s,w) # 0}.

Teopema 9 [Ipu awbox 3, A € Ry muoorcecmeo P asaremcs pasosvim

npocmpancmeom sadawu (17), (18).

Teopema 10 [lpu awbux B, A € Ry u ug € U™ makozo, wmo
(i) vo € U*NH" cywecmeyem mowmo odno pewerue 3adaxy (4)-(6);

(1) vo € U NHT cywecmeyem mourno mpu pewenus sadauu (4)-(6).

I1.3.5 coaepzkuT omrcaHne MpOrpaMMbl, pa3paboTaHHOH B BBEIMHCITHTEN b
uoii cpene Maple 12.0., koropast, onupasice Ha MeToj 'ajepkuna, moz-
BOJISIET HAXOJUTH NPUOINIKEHHOE THCIEHHOe perenue 3ana4u (4)-(6) u
cTpOHT rpaduteckoe H300pasKeHe STOTO PETIEHNs TIPH PA3IHIHBIX 3Ha-
YeHUAX TTapaMeTPOB, TOKa3kIBasd HETPUBHAILHOCTE (Ha30BOT0 IPOCTPAH-
CTBA.
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Wy

||||I||||||||I||||III_
S0 25 00 25 5,5'0 A

Puc.2 ITpoekmmsa dpasosoro mpocrpanctsa samaqan (4)-(6) mpmg A =1, =1,
8 =1, ecmmn

v(t, ) = v1(t) W§+_1) (Asin(z) + cos(x)) +v2(¢) mi—@(g sin(z) + cos(x)),
w(t,z) = wi(t),/ 7r(—>\22+—1) (Asin(z)+cos(x))+wa (t) 4/ m?ﬁ (3 sin(z)+cos(z)).

Pesyabrarel, BBIHOCHMbIE HA 3AIMATY:

1. UccnenoBana mopdosorus ¢$HazoBoro mMpoOCTPAHCTBA YpPaBHEHUsT
Kopmycosa — [lnetrepa — CpemrHukoBa.

2. Haiinenrr nqocrarounnie yciosust, kKoraa 3aaa4qa [loyonrepa — Cu-
nopoea 1yid ypasuenus Koprycosa — Ilnernepa — CeemaukoBa nmeer
POBHO OJTHO, POBHO JIBa PA3IUYHBEIX 1 HE UMEET PeIeHnii.

3. IlocTpoen anropuTM YUHCIeHHOTO perenns 3aga4n [1loyonTepa —
Cunoposa gis ypasuenusi Koprycosa — [liernepa — Ceernmuukosa mpu
Pa3/IMYHBIX 3HAYEHUSIX MaPaMETPOB U TOJYUEHO Tpadudeckoe m300pa-
JKEHNE ITOTO PEIIEHUS.

4. Uccrenopana mopdoorus ¢hazoBOro mpoCcTPaHCTBA CUCTEMBI YPaB-
wenuit [LnoTHUKOBA.
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5. Haiinensr nqocrarounnie yeiosust, kKoraa 3aaa4qa [loyonrepa — Cu-
JOPOBa AJid cUcTeMbI ypaBHeHUi [ TOTHUKOBa MMeeT POBHO OJTHO W POBHO
TPU Pa3IUIHBLIX PerTeHus.

6. IlocTpoen anropuT™ uUmcaeHHOro pertenns 3aja4n [lloyonTepa —
Cumoposa syid cucteMbl ypapHeruil [11oTHUKOBa npy pazinyHBIX 3HA-
YeHUsX TTapaMeTPOB U TIOJyYeHO rpaduieckoe n3006pakeHne Toro pe-
MIEHUS.
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