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Obwag xapakTepucruka paboTbl
Ilesan u 3agaun pabotsi. PaccMorpuM ypasrenue Xodda !
(A — o)y + Ugzy = auu + Bu?, (1)

MOJIETUPYIOTIIee BBIITY YNBAHUE JIBY TABPOBOIi baTKy, HaXOATIecs
0/ TOCTOSTHHON HArpy3koil. @yukius u = u(x,t) MOKA3BIBAET OTKIOHEHHE OaJl-
KU OT BEPTUKAJIH, mapaMerpol A\, \g € R, xapaxrepusyor Harpysky, «, 5 € R, rme
a - 8 > 0 — cpoiicrBa Marepuasia. Hac unarepecyior ciejyiomniue 3a/1a4u.

I. ITycts Q C R*, n € N — orpanndennas o01acTh ¢ rpanunei 0f) kmacca C'.

B mumuaape 2 X R paccmoTpuM ypaBHEHHS
(A = Xo)uy + Auy = au, (2)
(A — Xo)ug + Auy = au + fu?, (3)
u=u(z,t), (z,t) € Q X R; ¢ OIHOPOAHBIMI I'DAHUYHBIME yCIOBHsIME Jlupuxire
uw(z,t) =0, (x,t) €02 XR. (4)

II. Tlycte G — KoHeuHbIiT cBsi3HBIN opueHTHpOBaHHbI rpad, G = G(U, &), re
¥ = {V;} — muoxectso Beprnh, a ¢ = {E;} — MHO)KecTBO pebep, IpHUeM KazK10e
pedbpo E; mveer nmumny [; € Ry u mmomanb nmomepeunoro cedenud d; € Ry. Ha

rpade G paccMOTpUM ypaBHEHUSI

(A = Xo)Ujt + Ujize = Quy, (5)

(A = Xo)ujt + Ujppy = Quj + Bu?, (6)

u; = uj(x,t), (x,t) = (0,1;) x R. B Bepmunax ¥ rpada G 3amansl ycaoBus
uj(0,2) = up(0,2) = tm(ln, ) = tn(ln, 1),

EjaEk € Ea(‘/;')a Em;En € Ew(‘/;),

Z djujz(0,1) — Z itz (L, t) = 0, (8)

BjeEe (Vi) EyeB% (V)

LHoff, N.J. Creep buckling // Aeronautic.— Quarterly 7.— 1956.— Ne 1.— P.1-20.



Harreit 11es1b10 SIBISIETCS UCC/IEOBAHUE YCTONINBOCTH HYJIEBOTO PEITeHUs YPaB-
wennii (2), (3), (5), (6). Jna mocruzkeHusl TOCTABJEHHON NMETH HEOOXOANMO OBLIO
penuTh Caeayomue 33 a9u:

1. Haiiti ycsoBusi, npu KOTOPBIX HyJieBoe perenne ypasuenuit Xodda ycroii-
IUBO.

2. Haiitu ycioBusi, Ipu KOTOPBIX HyJIeBOe pelieHne ypasHenuit Xodda acumii-
TOTUYECKHU YCTOWYUBO.

3. Pazpaborarh aJroput™ YUCJIEHHOTO HCCTIETOBAHUS HEYCTOWINBOCTH HYIEBOTO
perierns ypapHeHuit Xodda.

4. Ha ocHOBe JaHHOTO aJrOPUTMa CIIPOEKTHPOBATH U PEATN30BATH TPOrPAMMHBIH
KOMILJIEKC, MCHOJIb3YIOMUI TTPE/IJIOKEHHBIE METO/IbI.

5. ITpoBecT BBIYUCTUTEIHHBIE SKCIIEPUMEHTHI /111 aHaTn3a 3(PMEKTUBHOCTH TTPe;T-
JTIOYKEHHOTO TMOJIXO/IA.

Kauecrsennoe ucciaenosanne 3amaq (2), (4) ((3), (4)); (5), (7), (8) ((6)—(8)) 06-
JIErvaeTcst TeM OOCTOSITeTHCTBOM, UTO OHU B MOIXOISIINM 0Opa3oM MOI00pAHHBIX

OaHaXOBBIX IpocTpaHcTBaxX U u §F peaynupyorcd K 3agade Koirn

u(0) = uo (9)
IJI IMTHENHOTO
Liu = Mu (10)
U TOJIyJIAHEHOTO
Li = Mu+ N(u) (11)

ypaBHeHuit cOO0IEBCKOTO THIIA.

AxTyanbHOCTH TeMBI. Pe3y/ibraThl IMCCepTAlNU HAXOAATCS HA CThIKE TpeX 00-
JlacTeit MaTeMaTHIeCKOr0 3HAHUS — TEOPUU YpaBHEHUI cOOOJIEBCKOTO THIA, TEOPUH
ycroitanBocTu 1o JIamynoBy u Teopuu nuddepeHnmaibHbIX ypaBHeHT Ha TeoMeT-
pudeckux rpadax.

Brepsoie ypaBHEHUs, HEpa3pereHHbIe OTHOCHTEJIHLHO crapiiei

npoussoanoii? (10), (11), mogeumuch B paGore A. Ilyamkape B 1885 romy. Cucre-

2 lemudenwo I'. B., Yenewckuti C.B. YpaBHeHHS W CHCTEMBI, He Pa3peIIeHHLIe OTHOCUTEIHHO

craprreit mpousBonuoit. HoBocubupcek: Hayd. ku., 1998.
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MaTHdeckoe uxX m3ydeHme Hadaaoch ¢ pabor C.JI. Cobonena, BeImoHEHHBIX B 40-X
roJIaxX MpoILIoro croyerus. C Tex Mop BO3HUKIA TPAIUIMS TH YPaBHEHHS HA3bIBAThH
ypasnenuamu cobonresckozo muna. Jlannast jauccepranus JeKUT B pycje HAYIHOTO
HampaB/eHnsi, paspuBaemoro [A. CBUPHIIOKOM U ero ydeHukamu. [JTaBHBIM 371€Ch
SIBJISIETCSA HAXOK/IeHHe U n3ydeHne (pa3oBbIX MPOCTPAHCTB YpaBHEHHUI cOD0IeBCKOTO
THIIA.

OcHOBBI Teopun yeToitansocTn Ob1M 3a10Kensl A.M. Jlanyrossmv® B 1892 1. Uc-
CTEJOBAHUSIMU YCTORYUUBOCTH YpaBHEHHUI cODOIEBCKOTO TUIIA ¢ TOYKHU 3PEHUSA NHBA-
PHAHTHBIX MHOTOOOpAa3uii u tuxoToMuil pemrennii 3anumannch I.A. Ceupumok, A.B Ke-
aep, O.I'. Kuraesa, C.A. Sarpebuna, B.E. ®enopos, M.A. Carazneena, T.I". Cykauena.

Ypasuenune Xodda Ha orpe3ke nepBbiM Hadaan n3ydarh H.A. Cumopos, M.B.
QamaneeB u O.A. Pomanosa. Ypasuenne Xodda Ha rpade BIepBble HCCIEI0BAIN
["A. Cupumox u B.B. Illemerosa.

AKTyaJIbHOCTH TEMBI JUCCEPTAINN 3aKI0YAETCS B KATECTBEHHOM U IUCJIEHHOM
uccaegoBanuu mMojeneit Xodda, ageKBaTHBIX CAeAYIONIIM TPUKJIAIHBIM 3aaUaM.
[lepBasg — u3ydeHune yCTOWIHBOCTH U HEYCTOMIUBOCTH MPOIECCA BBITYINBAHUS JIBY-
TaBPOBOIl HaJIKU, & BTOpas — U3y4YeHHe YCTONIUBOCTH U HEYCTONYUBOCTH MPOIECCa,
BRIy YMBAHUS KOHCTPYKIIMH U3 JBYTABPOBHIX OAJIOK.

Metoansl nucciaegoBanusi. OCHOBHBIMI METOJAMH JTAHHOTO HCC/IeTOBAHUSA SIB-
JIAIOTCSA MeToJT (pa30BOr0 MPOCTPAHCTBA U BTOPOit MeTos JIsamyHoBa. Kpowme Toro, B
OCHOBE YHCJIEHHBIX SKCIIEPUMEHTOB JIEZKHUT MeTo | [ ajepKuHa.

Hayuynas HOBU3HA PabOTHI 3aK/II0YAETCS B CJIEYIONIEM:

1. IlpenmoxKen MeTo[ WCCAETOBAHUSA YCTONUUBOCTH W ACUMITOTHIECKOU YCTOM-
YUBOCTH HYJIEBOI'O perieHus B Mojenax Xodda, bazupyonuiics Ha BTOPOM MeTO1e
JIsimyHoBa.

2. Paszpaboran HOBBII aJITOPUTM UCCIE0BAHUSA HEYCTOWIHBOCTU PEIIEHUs YpaB-
nennit Xodda B OKpeCTHOCTH TOUKHU HY/Ib.

3. Boinoinena peajin3alus aJrOpuTMa UCCJIeI0BAHUS HEYCTORUYUBOCTH HYJIEBOTI'O
pentenust ypaBuenuit Xodda B Buge MPOrpaMMHOTO KOMILIEKCA JIJIsT TEPCOHATBHBIX

KOMIIBIOTEPOB.

3 Ianynos, A.M. O6mas 3a1a9a 06 ycroitunsoctu mewkenus. — M.-JI.: Tocrexuzgar, 1950.



TeopeTrudeckass 3HAUNMOCTD PAOOTHI COCTOUT B TOM, ITO B Heil chopMyTupo-
BAaHBI U JIOKA3aHBI JIOCTATOIHBIE YCJIOBHUS YCTONYIUBOCTH M ACHMITOTHIECKON yCTOM-
YUBOCTHU JIMHEHHBIX W TOJIyInHEHHBIX ypaBHeHuil Xodda, 3aJaHHBIX B OrpaHUIEH-
HOIT 00J1aCTH W HA KOHETHOM CBSI3HOM OPHUEHTHPOBAHHOM Tpade.

ITpakTuyeckasg 3HAYUMOCTD pPabOTHI 3aK/TI0YAECTCA B TOM, UTO IIPE I T0KEHHBI i
MPOTPAMMHBIN KOMILIEKC MOYKET HCIOJIB30BATHCS JIJIsT WILIIOCTPAIUN HEYCTONINBO-
CTH HYJIEBOTO PelieHus B Mojesix Xodda.

Anpobamnusa paborsl. Pe3yabrarsl, n3moKeHHbIE B TUCCEPTAINN, OBLTH MPEeI-
ctaBmeHbl Ha MexayHapoanoit koudepennun «/luddepennuanbabie ypaBHeHUI U
cvexkHbie mpobsembi» (1. Crepanramak, 2008), decstom Beepoccuiickom cnMiosu-
yMe 10 NPUKJIAIHON u mpombiiiernoil Maremaruke (r. Cankr-ITerepOypr, 2009),
Bopomnexckoii 3umueii maremarudeckoii mkose C.I. Kpeita (1. Boponex, 2010),
Mezxk aynapoanoit kondepennun mo auddepeHnuaabHbIM YPaBHEHUSIM W TUHAMUIE-
cknm cucremam (r. Cysgass, 2010).

Kpome Toro, pe3yabraThl HEOMHOKPATHO AOKJIAIBIBAJIACH HA CEMUHAPE 10 YpaB-
HeHIsSIM cobosieBckoro tuima mpodeccopa LA, Ceupumioka B FOKHO-YpaabcKOM To-
cymapcTBeHHOM yHuBepcuTere (r. YenstOMHCK); ceMuHapax Kadeapbl MaTeMaThHde-
ckoro anamm3a (pykosoguresab — mornent T.K. Tlibimesckast) n kadeapsl mpu-
KJIQJTHOH MATeMATHKH W BBIYUCIUTEIBHON TEXHUKH (DPYKOBOAUTETH — HPOGheccop
C.U. Kaguenko) B MarHUTOrOpCKOM TOCYJAPCTBEHHOM YHUBEPCUTETE; a TAKIKe Ce-
MuHape «lI30pannble BOITPOCH MaTeMaTHYeCKOTO aHajn3asB Mucturyre maremarn-
ku mM. C.JI. Cobosnesa Cubupckoro ornenenust PAH (r. Hosocubupcek).

ITy6aukanuu. OcHOBHBIE Pe3YIbTATHI AUCCEPTAIME OMyOIuKoBaHbI B 11 pabo-
tax, npuuem cratbi [1|-[3] — B u3manugax, sxaouenusix B nepeuens BAK. Kpowme
TOrO, IMEeTCsI CBUJIETEHCTBO O PEMHCTPAIMH TIPOrpaMMbl [4], mocpeacTBoM KOTOpOii
MPOBOJIINCH YUCIEHHBIE SKCIEPUMEHTHI. B COBMECTHBIX paboTaxX HAyIHOMY PYKO-
BOJUTEJTIO TIPUHAIIEKAT TOCTAHOBKA 3a/1a4.

CrpykTypa m 06beM paboThl. /luccepranust COCTOUT U3 BBEJEHUsI, TPEX IJIaB
u crucka aureparypbl. Ob0bem auccepramun cocrapiseT 96 crpanni,. Bubanorpadus
cofepkuT 96 HaMMeHOBaHWIIT pabOT OTEeYECTBEHHBLIX U 3aPYOEZKHBIX aBTOPOB, BKJIIO-

1as paboTeI aBTOPA.



Kparkoe cozepxkaHune aAuccepTaiuu

Bo BBegeHUU 00OCHOBBIBAETCS aKTYAJbHOCTH TEMbBI UCCJIEIOBAHUS, OMPEIeIs-
eTcs TeJab paboThl, JaeTcsd 0030p JIMTEPATyphl MO HccaeayemMoii mpobiemaruke. B
3aK/TI0UEHNe BBEJEHUsI aBTOP BbIparkaeT 0J1aroJapHOCTh CBOEMY HAyIHOMY PYKOBO-
nurenio gonenaty C.A. 3arpebnHoii, 3apeayomiemy Kadeapoii ypaBHeHHIT MaTeMaTh-
geckoit pusuku npod. I.A. CBupuaoky, KoaaeKkTuBam Kadeap MareMaTuaecKoro
ananu3a Mal'V u ypaBuenuit maremarudekcoit ¢pusuku FOYpl'Y, a tak:ke cBoeit
cembe: neayiike JlaBpeatuio Kyspmuay, mame Uune JlaBpenTheBre, 6pary JlaBpen-
tuto Osterosuay u myxky Vliane CepreeBudy.

IlepBag rimaBa cocTOUT U3 HIeCTH MaparpadoB U HOCHT IIPOIEIeBTUIECKHH Xa-
pakTep. OHa comep:KuT (HOPMYTHPOBKU TEOPEM U OIpeIe/eHHil, KOTOPbIe HCIOb-
3YIOTCSI JIJIST TIOJTy 9eHsT OCHOBHBIX Pe3y/IbTaToB auccepraiuu. B mepBom maparpade
MPeJICTABIEHB OCHOBHBIE (DAKTHI TEOPUU OTHOCHTEIHHO P-OTPAHUIEHHBIX OMEPaTO-
poB. Bo BTOpoM — BBOJATCS OoIpeeeHus pelenns, (pa30BOro MpocTpaHCTBa, aHa-
JIUTAYIECKUX PA3PEIIaoNIiX I'PYIII OIEePaTOPOB, & TAKKe TeOpPeMa O CYIeCTBOBAHIT
AHAJMTHIECKIX PA3PEIIAONIX MDY oepaTopos s ypasuenuii uga (10). B tpe-
TheM naparpade MPUBOISITCS OCHOBHBIE (DAKThI TEOPHUH TJIAIKUX ODAHAXOBBIX MHOTO-
obpa3muii 1 BeKTOPHBIX MoJeil Ha HUX. B derBepTOM maparpade mpeacraB/ieHa CTaH-
JIapTHAsT CBOJKA OCHOBHBIX PE3Y/IbTATOB TeOpHUH (DYHKIMOHATHHBIX MPOCTPAHCTB U
nuddepeniagabubix onepatropos. [lectoit naparpad nocssien Teopuu ycToitunBo-
CTH B TepMHUHAX MOTOKa u (pyuknmii JIamyrnosa. [[poBoauTcsa 10Kka3aTeIbCTBO BTOPOit
TeopeMbl JIgnyHnoBa, MoAuMUIUPOBAHHON 1/Ig Caydasd HEHOJTHBIX HOPMUPOBAHHBIX
MPOCTPAHCTB.

Teopema 1. ITycmv u — cmayuonapras mowka nomoka S na . Ecau das no-
moka S cywecmsyem dynruyua Jlanynosa maxas, 4mo

(i) V(u) = 0;

(ii) V(v) = ¢([[v = ul);
2de @ — cmpozo 6o3pacmalouas Henpepuenai Pynkuyus makaa, wmo @(0) = 0 u
o(r) > 0 npu r € Ry, mo mouka u yemotuusa.

(111) Bonoanens yeaosus (i) u (i) u cyuecmeyem cmpozo 603pacmaiowas wenpe-

puenas Pynkyua v makas, wmo ¥(0) = 0 uw Pp(r) > 0 npu r € Ry, npuvem
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V(v) < =¢(||lv — ul|), moada mouka u acumnmomuuecku yemotuusa.
Bropasg rimaBa nocsaniena mozenaMm Xodda B odmactu. OHA COCTOUT U3 Tpex

naparpados. B m. 2.1 paccmorpena 3aja4a

u(z,0) = up(x), =€, (12)
u(z,t) =0, (x,t) €02 xR, (13)

JJIsl yPABHEHHUSI
(A = Xo)uy + Auy = au. (14)

Yrobsl pexynupoBars 3agady (12)-(14) k 3amade (9), (10) momoxnm U :I/(IJ/%, 5=
W, ! (Bce byHKIIORATLHBIE TPOCTPAHCTRA ONpeeaentl B obractn §2). OnepaTophi

L u M onpeaenum CIeayIONIAM 0OPa30M:

(Lu,v) = /(uxvx + (Ao — Nuv)dz, Yu,v EVE/%,
Q

(Mu,v) = —a/uvdx, Yu,v € Lo,
Q

rae < -, - > — CKaJsipHOe Npou3BejieHne B Lo.

Teopema 2. (i) [Tycmo (A — Xg) € R\ {\¢}, mozda npu awbom o € R Pasosvim
npocmpancmsom 3adavu (12)-(14) cayorcum ece npocmpancmso L.

(it) ITyemo (A—Xo) € { ¢}, mozda npu mobom o € R Pasosvim npocmpancmesom
sadawu (12)—(14) cayorcum npocmoe banazoso C™-mnozoobpazue M, modeaupyemoe
nodnpocmpancmeom U = {u € U :< u, o >=0, (A — Ag) = M\ }.

Jlokazano, aro Ha P cymecTByer MOTOK S, onpesenseMbiit (hopMy.Ioit

1
S(t,u) = 33 /(ML — M) ' Luetdu, t€R,
Y

rjle 3aMKHYTBIi KOHTYp 7 orpanuuubaer L-cnektp o(M) oneparopa M, a Touka
HYJIb ABJIdeTCd CTallMOHAPHONH TOYKOR 3TOro MOTOKA.

Ompenennm dyukmuio Jlanyrnosa dhopmymnoit

V(u) = /(ui + (Ao — Nu?)da.

Q



V(u) > ¢|lul|” z V(0) = 0. Tlosromy, B cumy TeopeMsl 1, ToUKa HyIb yCTOHUHBA 110
Jlsmyrosy, a B cury V(u) = —2a ||u/|® momydaeM acHMITOTHYIECKYIO YCTORTIHBOCTD
Touku HYJh. Clle10BaTEIHHO, TOKA3aHA

Teopema 3. I[Tycmv A € [0, \g], mozda npu mobwz o, \g € Ry nyaeeoe pewenue
sadavu (12)-(14) acumnmomuuecku yemoiuugo.

B m. 2.2 paccmarpuBaercst 3agada (12), (13) mast ypaBaenust
(A = Xo)us + Auy = au + Bu’. (15)

s pexyxrun 3amaan (12), (13), (15) x 3amaue (9), (11), BBOmATCS B paccMoT-
penue npocrpancTsa i :I/f/%, F = Wy (Bce mpocTpancTBa onpejeseHb B 061aCTH
Q); u onepatopsl

(Au,v) = /(Vu, Vu)dz, Yu,v EVf/%,

Q
L:A—()\—)\()),

(Mu,v) = —a/uvdx, Vu,v € Lo,

Q

(N(u),v) = —B/u%dx Vu,v € Ly.
Q

Teopema 4. (i) [Tycmv (A—Xg) € R\{ A}, mozda npu mobuz o, 5 € R dazosvim
npocmpancmsom 3adavwu (12), (13), (15) cayscum ece npocmparncmeo L.

(i1) Hycmo (A — Xo) € { ¢}, mozda npu aobvz o, B € R dazosvim npocmpa-
cmeom sadavu (12), (13), (15) cayorcum npocmoe banaxoso C®-mmuozoobpasue M
modeaupyemoe noonpocmparcmeom U = {u € U (u, ) =0, (A — o) = M}

[Iycts A € [0; \g), v, B, A\g € Ry. B aTom caryuae onpegenum dbyHKIuO JIgamynosa
KaK

V(u) = /(ui + (Mo — A)u?)da.

Q
V(u) > ¢ ||u||2 u V(0) = 0. Beuzy oveBugnoro Bioxkenns Ly < Ly OTCIOA TOTyYa-

eM

V(u) < —alul* = ge* |lu]l*, (16)

e ¢ — KOHCTaHTa BJIOXKeHus. [I0CKOIbKY (DYHKIMsS OT HOPMBI ||-|| B mpaBoii vacTu

HepaBeHcTBa (16) ymoBierBopsieT TpeOOBAHUSIM TEOPEMBI 1, 3HAYNT, JOKa3aHA

9



Teopema 5. (i) IIpu mobwz Ng, o, B € Ry u A € [0, \g] nyaeeoe pewenue
sadavu (12), (18), (15) acumnmomuuecku ycmotuuso.

ITyHKT 2.3 COAEPKUT ONMUCAHUE AJITOPUTMA TIPOTPAMMBI, Pa3pabOTAHHOI B BbI-
qucutebHoit cpege Maple, koTopasi, onupasicb Ha MeToj, lajiepkuna, MO3BOJIsA-
eT WLTIOCTPHPOBATH HEYCTORYIHBOCTH HyJeBoro permenus 3amaqdu (12), (13), (15) u
crpout rpadudeckne n306parKeHnst STOrO PEMeHns TPU PA3JINYHBIX 3HAYCHUSAX A~

pamerpos (puc. 1).

0.30

0.25

uy(® 0.20
—==u,0 1

0.15

Puc. 1. Heycmotinusocms peuwenus 6 0KpecmHOCU MOYKY HYAD

npuax=3,6=2,A=6,1 =5

Tperbs rmaBa nocsineHa MojaeaaM Xodda Ha KOHEIHOM CBA3HOM OPUEHTHPO-

BanHOM Tpade. Ona cocront u3 Tpex naparpadosn. B m. 3.1 paccMmorpero ypaBHeHIe
()\ - )\U)th + Ujtpr = QU (17)

C YCJIOBUSIMU
w;(0,1) = ug(0,t) = Up, (L, t) = upn(lyn, 1),

E]aEk EEa(‘/;,)a EmaEn EEw(‘/;,)a
Z dejI(O, t) — Z dkukx(lk,t) =0. (19)

BjeEe (Vi) EyeB%(V;)

(18)
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Penymupyem 3amaay (17)—(19) x 3amaue (9), (10). BBegem B paccMoTpeHune MHO-

2KeCTBO
L2(G) = {g = (917927 NI ) 195 € LZ(Oal])}J

CO CKaJIAPHBLIM IIpOU3BeJCHUEM U HOpMOﬁ COOTBETCTBEHHO

[y Lj
(g.h) =" dj/ gihide w |lgl* =) dj/o gda.

Ejee V0 Ejee

Bresem erre 6aHaxoBo MpoOCTPAHCTBO
U= {u=(up,ug,...,uj...):uj € Wy(0,l;), npuaem soimosnneno (18)}

C HOpPMO1

lj
=3 d; / (w2, +ud)d.

E;ec

[TocTpouMm omepaTopsl

Lj
< Lu,v >= Z dj/ (wjzvje + (A = Ao)ujv;)dx,
) 0

Ejee

e u,v € 4.

Teopema 6. (i) IIpu ecex N\g,a € Ry u A € [0, \g) azosvim npocmparcmeom
B sadawu (17)-(19) caysrcum npocmparcmeo L.

(11) Ilpu scex Ao, a0 € Ry u A = Ay dasosvim npocmpancmeom P sadauu (17)-
(19) cayorcum nodnpocmparcmeo U' = {u € U :< u, o >=0}.

Jlokazano, uro Ha P cymecTByeT MOTOK S, onpejensgeMblit hopMyJToit

1
S(t,u) = — /(uL — M) "Luetdu, te€R,

27 J,
rjle 3aMKHY Tl KOHTYD 7y orpanuunsaer L-cniektp o’ (M) oueparopa M. Ouesuno,
TOYKA HYJTb SBISIETCS CTAIMOHAPHON TOYKON TOTO MOTOKA.
[Tycts crauama A € [0; Ag), Ao € Ry. B arom ciyuae dynknuto JIgmnyHoBa omnpe-
JIEJTUM CJIEIYIOIM 00pa3oM:

Vi)=Y dj/oj(uim + (A = Xo)ud)da.

E;ec
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Ouesnmno, V(u) > c|lul|” u V(0) = 0, mostomy B cumy TeopeMsl 1 TOUKa HyIb
ycroitunBa. Kpowme Toro,

V(u) = —2a[ull”,

9TO B CUJLy TEOPEMbI 1 03HAYaeT aCUMITOTHYECKYIO YCTOWUMBOCTH TOUYKH HYJIb.
[Ipu A = A\ dazoBbiM npocrpancTBoM 3agaun (17)—(19) cayKur moanpocrpas-
cro U ¢ HOpMOii z
Jull} = 3 d; [ adi
Ejee V0
Bagaaum bynkmmo Jlanynosa V(u) = ||ul|?. Otcioma momyaaem yeToiamnBocTh TOU-
KW HyJIb. AHAJIOTHYIHO MPEIbIAYIIAM PACCYKICHUSM MOIYYAEM ACUMITOTHICCKYIO
YCTOIUMUBOCTH TOYKHU HYJIb.
Teopema 7. Ilpu scex a, Ny € Ry u X € [0, \o] ecmayuonapras mouxa nyav
sadawu (17)-(19) asasemesa acumnmomuyecky Yycmotuugod.
B . 3.2. paccmoTpeno ypaBHeHue
(A = Xo)ujt + Ujtpe = Quj + ﬁu? (20)
¢ ycrosusivmu (18)—(19).
Bosemem Ay € Ry u mocrpoum omeparop A : U — §
lj
(Au,v) = Z dj/ (1zVje + Aoujvj)de, u,v € 4.
Ejee V0
Hamee, BozbMem A\, € R u nmoctpoum omneparopet L = A — A\, M = —al, rne [ B

JIAHHOM CJIydae ecTh oneparop Biaoxkenus I : U — §.

BeegeM B paccmoTpeHne 6aHaXOBBI IPOCTPAHCTBA

L4(G) = {g = (917927 <5 95y - ) $ Gy € L4(Oal])}7

L (G) :{h: (hl,hg,...,hj,...)Ih]‘ EL%(O,ZJ')}.

win

Bosbmewm 5 € R u nmocrponm onepatop N : Ly (G) — La(QG)

4
3

L

(N(u),v) =-p Z dj/u?vjdﬁ,dx, u, v € Ly(G).

E;ee 0

12



Teopema 8. (i) IIpu mobwz o, f € R maxux, wmo aff € Ry u XA € R\ {\}
npocmpancmso b asasemcea pazosvim npocmpancmeom 3adavu (18)—(20).
(11) ITpu mobwiz o, f € R, aff € Ry, A € {\}, Pasosvm npocmparncmeom 3adawu

(18)-(20) aersemes mmoorcecmso

M= {uet:au )+ B’ op) =0, Ay = A}

Ecm o, € Ru A € R\ {\¢}, 1o B cuy Teopemsr 8 3amaua (18)—(20) 3amaer
noTok Ha OGanaxoBoM mpocrpancte . Ecm o, 8 € R af € Ry u A € {\}, 10
samada (18)—(20) 3amaer noTok Ha mpocrom baxaxoBom C'*°-muoroobpazmm IN.

[Iycts A € [0, \g). Onpenenus dbyukimo JIsanynoBa Kak

Viu) =>" dj/oj(uiv + (X — \u)dz,

E;ece

MBI Cpa3y MOJIYyYNM BBINOTHEHHe ycaoBus (i) Teopembl 1. B cuity HempepbIBHOCTH
sroxkenns 4 < Ly(G) mbr nveem V(u) > (c||ul])?, tae ¢ € R, — KoHcTanTa BIOKe-
uust. Takum obpasom, yeiosue (ii) Toxke BoimosHeHo. Hakorer| 3amMeTnm, 910 B CHILY
skBuBasenTHOCTH HOpMbL B Ly(G) mueem V(u) < —28 (¢1|u|])*, uro moxassisaer
BBINIOJTHEHUE yeaoBust (iii).

B ciayuae A = \g onpenenum dyukinuio JIsgnyHoBa Kak

L
0

Vi(u) = Z dj/ usj,de.

E;ec

Yenosue (i) Teopemsr 1 Boimosneno. Kpome Toro, V12 onpenensier mopmy ma !,
SKBUBAJICHTHYIO nHynuposanuoii uz . Suaunr, V(u) > (c||u||)? B cuny Teopemb
Braoxennsa. OTciona crpaBenBa

Teopema 9. (i) Ipu wobwx a, B € R marux, vmo aff € Ry u A € [0, \)
nyaeeoe pewenue zadawy (18)—(20) acumnmomumecky yemotiuuso.

(i1) IIpu aobvx o, € R makuz, wmo aff € Ry u A = Xy Hyaesoe pewenue
sadavu (18)—(20) yemotinuso.

ITyukT 3.3 cogepKuT onucanue MPOrpaMMbl, Pa3pabOTAHHON B BHIYUCIATE b

Hoit cpege Maple, kKoropast 03BOJIsSIET WLJIIOCTPUPOBATH HEYCTOWIUBOCTD HYJIEBOTO
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perenns nepBoro npubanzkenus 3anaun (18)—(20) u crpout rpaduyeckoe n3odbpa-

JKEHHe ITOTO PEeIIeHns TIPH PA3TUIHbIX 3HAYEHHUSIX MapaMeTpoB (puc. 2).

A

307
4 400

A

20 3001

2004

1004

0 >

T >
0.2 04 0.6 0.8 01260  1.01265

-100
_10—

-2004

207 -3001

-400

-30

Puc. 2. Heycmotinusocms peuwenus 6 0KpecmHOCUy MoKy HYaAd

npua=>50=2,A=06, =5

PesynabraTbl, BBIHOCUMbIE HA 3aIMIUTY:

1. PazpaboTan MeTo/1 HCCIeI0BAHUS YCTORNINBOCTH U ACAMIITOTUYICCKONR YCTOWIH-
BOCTHU HYJIEBOT'O perieHus B Mojeisax Xodda, baszupyrormuiicss Ha meToje JIsamyHona.

2. PazpaboTan HOBBIil aJrOPUTM YHCJIEHHOIO UCCAETOBAHIS HEYCTOUIMBOCTU HY-
JIEBOTO pelreHus B Mojensax Xodda B OKPECTHOCTH TOUKH HYJTh.

3. CpoekTHpOBaH U Pean30BaH KOMILJIEKC TPOrPaMM, 3aperucTPUPOBAHHBI B
peectpe mporpavmm st IBM, s winmocTpanuun HeyCTOWIMBOCTH HYJIEBOTO periie-
aus Mojesteit Xoddda.

4. ITpoBeieHBI BBIYUCIUTETbHBIE SKCIEPUMEHTHI, MOATBepZK aorne 3hdeKTuB-

HOCTh TPEJIJIOYKEHHBIX aJTOPUTMOB, METOJIOB U MOJIXOJIOB.
Ily6ukanuu aBTOpa MO TEME AUCCEPTAITUNI

Cmamwu, onybaukosartbvie 8 8eQYULUT PEUCHIUPYEMBLT HAYUYHBLL HCYDPHANAL,
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