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SUMMARY

Boundary value problems for some classes of partial differential equations and

systems

The dissertation is devoted to the investigation of Goursat and Darboux type
problems for certain classes of nonlinear hyperbolic equations and fourth—order systems
both on the plane and in the space, respectively, in angular and conical domains with a
certain temporal or spatial orientation. In particular, the main goal of the work is to
investigate the boundary value problems for these equations and systems in the angular or
conical domain, when Dirichlet, Neumann or other differential conditions are given in
different parts of the boundary, and to study the questions of existence, non—existence and
uniqueness of solutions for the problems. In the case of two independent variables,
boundary value problems for a linear hyperbolic equation of the second order in the
angular domain, when the Dirichlet or Neumann conditions are given on the sides coming
out from a common point, have been well studied by many authors (in the works of
Goursat, Darboux, Sobolev, Mikhailov, Mel'tser, Goman, Troitskaya, Firmani and others)
and their correctness has been proved. In the nonlinear case, the study of these problems
additionally faces significant difficulties. In some cases, new effects appear, especially
when the order of the degree of nonlinearity included in the equation with respect to the
solution is greater than one. The novelty that can arise in the nonlinear case lies, in
particular, in the violation of global solvability. However, when the degree of nonlinearity
of the equation with respect to the searched solution is less than one, the boundary value
problem can be globally solvable, but at the same time the uniqueness of the solution is
violated, it can have a continuum set of linearly independent solutions. These problems
describe harmonic vibrations of a wedge in a supersonic flow, the process of gas
absorption by a sorbent, vibrations of a string in a viscous liquid, and others. In the two—
dimensional case, by introducing a new unknown function for one class of scalar
nonlinear hyperbolic equations of the fourth order, the problem is reduced to a boundary
value problem for the corresponding nonlinear hyperbolic system of the second order. For
the obtained boundary value problem, the concept of a generalized solution in the class of

continuous functions is introduced. Using the method of characteristics in the class of
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continuous functions, this problem is equivalently reduced to a system of integral
equations of a special kind of Volterra type, in which the included integral operator is a
non-linear continuous and compact operator. Under certain conditions imposed on the
nonlinear terms, an a priori estimate for the solution of a system of integral equations of
Volterra type is proved, from which, according to the Leray-Schauder theorem, the
existence of a generalized solution in the class of continuous functions follows. Moreover,
if a certain smoothness is required from the data of the boundary value problem, then the
generalized solution will be twice continuously differentiable in the angular domain, from
which, in turn, it follows that one of the components of this solution is a classical solution
to the boundary value problem. The questions of non—existence and uniqueness of a
solution to this problem are also discussed. In the two—dimensional case, the boundary
value problem for one class of fourth—order nonlinear hyperbolic systems is considered in
the same angular domain, where, in contrast to the scalar case, the entire boundary is
occupied by boundary conditions. In this case, since the study of this problem by the
method of characteristics faces great difficulties, another approach is proposed. This
problem is equivalently reduced to a nonlinear functional equation not in the class of
continuous functions, but in the Sobolev space. If certain conditions imposed on the
nonlinear terms are fulfilled, an a priori estimate for the solution of the functional
equation in Sobolev space is proved, from which the existence of a solution to the
boundary value problem follows. In addition, the questions of absence and uniqueness of a
solution to this problem are considered. The dissertation also considers one
multidimensional version of a two—dimensional problem for one class of fourth—order
nonlinear hyperbolic equations. Using functional methods in Sobolev space, this problem
is equivalently reduced to a nonlinear functional equation. If certain conditions imposed
on the nonlinear terms of the equation are satisfied, an a priori estimate of its solution is
proved, from which the existence of a solution to the boundary value problem follows.
Cases are also considered when the boundary value problem has no solution or its
uniqueness takes place. It should be noted that, in contrast to the two—dimensional case,

when the order of degree of nonlinearity included in the equation with respect to the



solution can be arbitrarily large, in the multidimension case this order must be less than

the so—called Kato number, which is related to the embedding theorems in Sobolev space.



653630l BM5000 sbILOSMYDS

0990 35gGHMsemds

LooLgMES30M b5dMM™Mdo 9dmzbgds Fomoeo Mool sMHHOR0Z 3039MdMEMOO
A0o30L  3960dm(oMmmMgdmE0sb ©o0xgMHg6E0s MO 4obBHMMWgdgdoLs s LobE)dgdol
Dmy0gHmo 3esLoLOmM30L LI BolsBEOZMM 58M356900L 2odMm3IZe935L 3MMbM356
5699080. 53 53m356900L boffowo 4963390 YHMO0 [omBmoygbl dgmEg Mool
303960 MMH0 Go3dob 396dM[oMmdmgdme0sb QQO0xgMHB3056
396@Mgd900Lsm30L LM  AMELILS O MBI JSLOZWMOO  STM(3569dOL
01693603 965¢Mygdl, GMAMOE MO0, oLy M350 M0 IOII0  (33¢SOL
d90mbg935d0. 39gmeg M0300 Fows Moy 2oolizerolsl 3039MdMEWMO G030
3969363 gdmwosb ©oBIMIBE305ME  A3BGHMEYdgdoLs s  LolEgdgdoLsm30L
obdM  BoboBE3zOM  5dM356930L 3393580 [oMdM0dz9gds sbowo 9x39dBHado o
0535390000 oMW Ygd0, GMIWGdoE Gogds SIMBbLBOL SOLGIMBOL, SHIOLYdMIOL
5 9O5IONMIOL LOZoMHYOL. 50939 50L60TBs305, MM gl obEHMEMgdgdo ©s
LobBHYdgdo S BoM30L LI BolOBWIOM 5TMEBYdO0 [o®BM0Tz90s BOBOISLS
@5 (9603980 B0doboty  3OHMEgLYdOL  Fo0gdo@03ME0  FMEIWOMHgdOLLL. 53
908s6OHmgdom  B0Mgdwo 3993900  9MfOR03  3039HdMEGmO  GHodol
3969dm(o6m3mgdmw0sd ©oBIMIBE305ME  A3BGHMEYdGO0Ls s  LolEggdoLsm30L

0@ 0639M9LL 0§393L GowPObL 493039 gdOL MYMEM05T0.

Ls3w)dsml dobsbo

BoOoLYOGO30M b5dMMIol doMomso dobsbos Ggmmbgy Gogols 303gMHdMEMEO
Go30L  39MHIM[omIMgdME0sb oRYMHIBE0swH  gobBHmEgdgdols s LolEgdgdol
BMY0gHMNO  3WLOLOMZ0L OIS s IMBIML G030l s bbgs  LoboBOzmMm
5dm3s6900L  go8m33eg3s  JMMbMgzeb  96M9qddo, GMAMOE ™GO0, olg  IM35w0
©53M)30009090 (330l d9dmb3zg3zsdo. LI  LobyBOIOM  58M(3569d0L
d9UPogs  99mbsbLBOL  s®UYDdMBOL,  gOMOIPIOHDMIOL S IMOLYOMOOL

035 LYBOOLO.



332930l 30930 ©> dgmmEgdo

L539g3609M™M  33¢0g30L OMOMOPO MdOYIEH0S Fgmmbg Mool 3039MHdMIMHO
A0o30L  3960dM(omBdmgdmeE0sb ©0xgMg6E0s MM obEBHMMWgdgdoLs s LoLEYIgdol
BMQ096M0  3e5LoLOMZ0L  FMOMLOLY @O ML BHo3oL s Bbgs  Lolsbwgz®mm
50m3s6900L  go8m33eg3s  JMMbmgzeb  96M9qddo, GMmAMmOE MO0, olg IM35w0
©53M)30009090 (33¢50L d93mbg935d0. 53 58M356930L FglHogurolsls godmoygbgds:
™60 ©53M300909w0 (33¢5©OL 9dmbgq35d0 FobslosMYdg ™S FgM©O, MHdEols
L58d0m  gobboweo  sTmEsbs 933035 bEGHWMMIO  ©0Y3969dS M E YOS
A030L 5M5(M3303 0639056 39BEBHMEdsms BLOLEYIsBY; 9360V FgRolgdsMS
9900M0; 3bJ30Mmbse Mo 5b5¢0Bol FgM©gd0; GguBHIO FMb30505 FgOMPO;
30035000  sbobgol,  Fomgmols s  @YMHg—domEgMol  MdMszo  HaMGHowol
3900 900.

6596030l doMomoo 990093900 ©s 9360 Losberg

BoOoLYOGO30Mm b5dOMIo 9dwgbgds dgmmbg Mool sMHOR03 3039MHIMEIME
396@Mgdsms s LoLEBYIgOOL BMYOIMO 3eslOLIMZOL IMBdIML S FMBBLL B30l
5dm396900L 99m33wg35L, MIMAMOE LodMEHYoL olg LOZMEOL FIMIZIMEO OHMOMO
099 LBogOHEoMo MMH0gbEsE3o0L FJmby  JMMbMgzsb 9M9gddo. 39MIm©, bsdMmdols
doM0ms©0 J0Bsbos 3MPbM3L 9M9gdo 53 gobEHMmegdgdols s LolEgdgdobosmgols
LolobEZgOM  5dm356900L  Fglfogems, GMELSE LsDEZMOL  Lbgsslibgs  boffoedo
939905 690dsbol, ocmobagl 6 Lbgs Loboll ongMabaoswm@mo 3ommdgdo.
30600m©,  gb@MEgdsly, vy LobBgdsdo  Fgdsgomo  sMfiMz030 (930900l
LEAOMIGHMOOL JobgE300 LMo LELEBOZOM 53M(3569d0L STMBLLBOL sGBYdMDdOU,
365MLYOMIOL O JOHPOIPIOHNMOOL Bo3omMbgdol glfogers. MmO OTMM30WJdIEO
330l 99dmbgzgzsdo (O B030 Igmeg Mool 3039MdMMMOO 39bEMEgdolsm3z0l
LolOBEZMM  5TMEsbgdo  JMMbMZzsb sMgdo, OHMmEs ghmo Loghom gMEGHOWwod
3993535 939090HBg ILIHYGIMWOS OMOBEGL 56 5g0Tsbol 30MHMDdYdO 3565

10



5ol dqLflogrowo M350  93GHMMOL  JogH  (uOLLL, IMBdML, LedMEI30U,
dobsoEm30l, dgar3geol, amdsbol, GMmMOo335008, BoMTBoL s Lbgsms dGMmA7dT0)

©5 333039005 8500  3MmMgJBHEMds. 5O R03 d90mbggzedo 3o o0
50m396900L  250m33w935 835G 00m  5fiygds  SMLYd0m  LOMMYWYIOL. DM

d900bg935d0 9bse 9839JGJOL 993l 90O, A5bLOIMMNOGOOM, MG FobEMEgdsdo
39053500 Bod0gdg0o 5dMbsbLBOL B0ToMm bsMOLBMZ5b0 sMHEORO3MdOL Moyo dg@o0s
9ONDY. 5M(MOB03 9900bgg35d0 Loobarg, Mg 890dwgds FomdM0dZol, JEMdSWEOO
53mblbsMdOL IM3935d0 IEAMISMGMBL. 5sLSD, OHMEs FobEGHMEgdsdo 89dsg35w0
15309090 5TMBsbLBOL  F0TsM  bo®olbMzsbo  sMMBOZMOOL Moo  9hHNDY
653c09305 LoboBO3MM 53MmE396s TgodEgds JEMBSW MO 0yml 5dmbLbso, Fo®sd
50539 OOHML EMM39E0 0gml 5dMbBIBLBOL MM IHDMDS, o1 Fg0dEgds 4o9Bbgls
306&0603 LOIMOZg FOROZ5 HTMY30JOIE0 58MbIBLEYOOLS. 53 sdM3569000
500(96M905 Bgd3gM0om 65350030 Lol 3sMmImbomwo Gbg3s,  s0MHoL Fmsbomgdols
36Mm39Lo LmGdY6GHOL doge, LodoL Mbg3zs dwsbE Lombgdo s Lbgs. vy (MHx03
3900b3935d0 396250 M0l dgUHogwrowo EIMdMLS S FMMLIL FHo30L sdm3s6gd0
9600 1B3PWIOHO 3039MBMEMOO0 YobEMEGIOLIMZ0L, LoLEHYIGODY AoIBZEOBLL
0535390000 LOOMMWYgd0 Fo®IM0Tdz90s Fgdb03M0 s FobssOLMOdMOZ0 boliosmols
@5 5bdEo 989J3HJ00. 30M39Ws gl 5. d0Fodgd 960365 30l bsdrMddo, GmIgedos
553™ O 5030 39mMg Hogol 3039MHdMmMo Lol dgdo, HMmIwwgdolmzolsi dgladsdols
960033560356 LoLEDBOZOM 5TMFIBIL LoliBIMEO s BMAX IO MLILOVIEM MOMOIBMdS
0080350 ©9M3000939w0  53MbsblbYdo  goshbos. Fgdpamddo gl Lsgombgdo
33w930L  Loasbo gobs U, boModgasdzowols s b. dgebozol  bsdmMmIgddo.
50Lsb60dbs300 98 0TSO0  SMGM3g o. dofodol  BsdMmdo, GMmIgerdog
3039600 LBoLEGYIsmS oGO3 Fogowomgdby bsB3gbgd0s FMELOL  STMEsbols

30609dGHMmdsbg  MIgembo  §9309d0L  453cgbols 9i39d@BHo. 90 oo MEIOOm
do0gder  99009390L6  9b0Fqds oo  3600369wmds  GHOw®OlL 93039 gdol
09MM0590,  gobLOZMMMGOom  9MIOB0Z0  3039MOMEMEMO  A9BGHMEdGdOLS O
LobBgdgdolomgol.  sOlsbodbsgos,  MMA  oowo Mool  3039MdMEMOO
396@Mwgdgd0, 39MHIm©, Toorgds  3039MHdMmO  LobGYIgdosb  MEbmdms
2499mM0o3bgzol Igmmom.

11



obgMH G300l 30039 ™Ms3do LodMEGHYJIo JEYdSMY 3bM3Zs6 sMYdo Tgmmby
6030L 3M5{MR03 3039MIMO A9BGHMWYGdsMs GO0  3eslolomzoL  Fobbow oy
LoLOBZOM 5TMEFS6S, Lo LOLYBOZOM 306MHMdYO0 FM3990IE0s FbMEME LBEBEOZMOL
BsfoByg, HmAwgdoi HoMdmoaabad 9ghmo Loghom (gMGHowosb  godmdsgsw
9sbollosmgdgE s POMOMO MMH0YHES300L dMb3390090L. sbowo v3bmdo Bwbjsgool
090m©9d000 bEgds  ©oLAMEo  SIMEboL  MgE30Mgds  TgLodsdol  Lolisbwzmm
50m35065Bg 2963390 BEGHOVMIGHMOOL  FJmbg  sESfMR0g0  FgmEg  Goyol
303960mEmMo  LoLGIoLom30L,  OHMAOL  4odm33Egzs  Fobolosmgdgms o
336M0MmOM  Jgi3olgdoms  IgmmEadol  250mygbgdom 253009000  530S©
bgebgds. 58 5dmEsbols dglfoges bmM309©ds 9B93MdIM0350. XgO d9dmool 53
53m 39560l gobBMmAs©0Eo 58Mmbsblbol 36905 HY39d BMBIEosms Jemolido, Mmdwols
3OLgdMds  A9bBHMEgdsdo F9dogo sMOB03 §9309dDg ©IOIMWO o6 339w)X0
306000980L gl gdol 99dmbggz5d0 833030905 Fobsl0SMYOILW DS S S3MMOYYE
399835L9dsms gnMm©gdol 259myqbgdom. 8999y IBH3I0(3IdS, MM gl 58Mbsblbo s6OL
MmOx9IO MY39@o© Ho09mgdoo, Moz LMo gdsll 0drg3s 0dol OEYIbsL, MmA
53mbsblibols gm0 3md3mbgbEo s®oL Lofigobo sdmEsbols 3esliogemo sdmbsblbo.
3Mgm3g  gobobogds  oldmo  STMEsbol  STMBsbLBOL  SMLEOUYOMDOL o
9005 gOHNMIOL Lszombgdo.

oLgMES300L FgmMg 15300 49BbOW™MW0s 306039 15300 LMD sTM 6oL
900 3M535WEsbBMmI0Egdosbo  35M0bEGH0  3MbMLNE  s6gdo,  MMIgwos
3900b5BOZOME0s Bobolinsmgdgwo 3mbMLol bsfoom, OHMOMO MM0YbEE00L s
LogzOE0MO  MMOIHEHIE00L  LOdMEYJgdom. 53 T9gdNbgzgzsdo LMo  sdm3560L
39905331935 300030 B0EYMIGO0 96 Fdomdl, 39MHAIME, FobILOSMYPIJW DS
dgoomo  MfY39® BMBJEosms  Jewolido. 53 F9dmbgglzsdo  sdmiEsbs  aobobowrgds
LmdmeEgzol  LogMgdo, MMIgEdos  ©0Y3969ds  9MOR0Z  B6J30MmbormE
39BGHMY05DY. PobGHMEYdsdo Fgdogoe 0[OB0Z (930D IEIDNW 3OIZIN
3060md90d0  800gdMYwos  BY6J30mbomo  9BBHM@WgdOlL  53MbIbLBoLsMZOL
33M0MOMMo  FgRsLgds,  Loobsg  gMHY—BsmgMol  MmgMmMgdol  ™Mbsbds
2593065 gMdL dobo s®LYdMDs. 5T ™380 2obbowrmEos saMgmzg SdMbBobLbOL
35MLYOMIOL O JOMIPIOPMBOL 1530bgd0. 5 sLEB0TBsZ05 T980ga0 MM YdY,
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v 306390 5330  29bGHM@gdsdo Fgdsgoo  1sd0gdgwro  53Mbsblbol  dodstron
bsmolbmgsbo 565(OHR03Mmd0L Moo dgodwgds ogmb Mo gobo oo, dgmMg msgzdo b
600 6530900 Mbs 0gmU 9.§. 35GH™L MHosbzby, Mg Lemdmegzol Logmgdo BsGm3zol
0909393056 5MOL 393006093 s o3 MHBOMB3gYMRL BMbJ30omboery®
396@Mgdsdo 89095350  9MFORBOZ0  M3gMHOGHMOOL  3MT3odBHOMdsL, MMIgEos
dmombmgz9ds gMg—0omgMol mgmegdsdo.

obgM@S300L  dgLsdg ™o3do  sGMHOR0Z  3039MdMEMM  LobBgdsms  9gOHmo
3sbobomgol  gobobogds  Lolsbmz®m  sdmEsbs 30639 msgdo  dmyzsboo
LodMGHYgdo 9Yoscy 3MMbM3b v69gTo. oblbgsz9d0m 306M39w Ms3do dmyzsbowo
5dm3960Ls o 3Mmbmgsbo 900l Yo LEBWIIMO SGOL IEZ0MMNIWO LELIBOIO®
306Mdd0m. 93 dgdmbgglzsdo Lbgs doymdom, 33960dmE, RMbJgombowrmemo
d900mEaool  499mygbgdoom  asboborgds oMo s3m3sbol  LbBo
396BM50098Mmo  53mMmbsblbo, MHMIgEoE O30l FBOOZ 5305YmMBoEgIL  SMIHOGO3

536gd30MmbseH  296BHMEgdsll  LmdMmeg3ol  Logmagdo.  sMsfOR03 9360909
©OIONM 2563399  3060Mdd0do  IB303JdS  LMLGHO  2obBMYsIdMEo
53mbobLlboLsM30L 93MOMOHMO TgRsLgds, LsoIbss wgmg—B8svEgMoL mgmMgdols
0565535 29MmIObIMGMIL oo SOLYOIMDS LmdMEg30L LogME)Td0. Sdo3 dobobowgds
BLEGHO obBMYPSIOIE0 5TMBIbLBOL SGOLGIMDOL s GNP IOHNMBOL Bs30oMbgdO.

3900939%00L 358myg96900L bgzgOm

LoOLYMEGHSE0M  65dGMITo  FoEgdMwo  Tggagdo gbgds  dgmmbg  Gogyol
50500x03  3039M0MEMMo  Godolb  39gMHdmFeMTImgdmwosh  oxggmgbiEoswr®
396@Mgd900ls s LoLEYgdol DBmyogO™Mo 3eslolomzol EILIME LELEBE3G®
50m3s6gd0oL  A90Mm33w939L  3MMbMZD  560ggddo. 53 sdm36900L  FglHogerolsls
390mygbgdmwo  33eg30L  GgomEIdo 93939  PoMdsBgdom  Fgodemgds
399mygbgdmo  ogmlb  oomo  Gogol  9MHOR03  3039MHdMWOHO  BHodol
396Im(omIMgdM0sd  ©O0RIMHIbE0SMEG  49bBHM@GdIdols s LobEgdgdol
BMmQ09OH0  JeoLoLomM3oL  OLIME  LELIBEOZOM  STMEFIBYOOL  ASTM 33930l

3bmgob 560990d0. 50lsb0dbsg0s, M 58 0O gd0c JoMgdMEo F9EIRJO0
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505)6Ox03  3039MHdMEMMo  BHodol  39MIMFoMIMGdMwosd OB MIBE0sEME
396@M@gdgdols s LoLEYIgOoLIM30L o  0bGHYMgll  0fj393L  BHow ol
39360390930l MgMM05d0. 5469039 50LsB0Tbsg05, MMT 5T 53M(35690000 5OgMgds
9039000 65350030 Lol 3s6MHImbomo Mbg3zs, Lodol Mbgzs desbE Lombgdo,
5060L 056030l 3OMEgLo LEMBYBEHOL Foge.

©OoLYOHGHOE00L FMEMEMdS s BAHMYIEBHME

Do00mygboo  ©olgm@s30s 9moEogl  dglogowls,  Lsd mogL, 3bMYE)
35053MoxL o 350Mmygbgdo  Wo@GgMedmol  Losl (47  slobgEgdsL).

oLOG300L BHaduEO 29IMEgdMEos 109 4390 bY.
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oL G300l dobssMlo

30639 5300 25630boeos 9990 Lobols dgmmbg Gogol 3039MdMEwEO
396@M@gds MO0 x O t EIM3000909I0 (3¢ JOOL LOdMEY9 DY
0%u + h(u,0u) = F(x,t), (D

a2 a2
boog 0= - — ——, h © F 3039990, boge u gbmdo Ugsws®ywo

19969 309005. . 4

5036086mo Dr: 0 <x<t, t<T—00 A i B
3obmgsbo 569, Mmdgwoy T D,
990mbobe3zemwos  yirix=t, 0<t<T Yir
dsboliosmgdgwo, COHMomo yrix =0, 0< e ’
t <T ©sbogbgomo y3r:t=T, 0<x<T >
Mm609bGs300L  19Yadgb@gdom (bsb.1). 0 . x

ob.1

(1) 356@™@gdoLomzol Dy 56980 gobgobowrmm sGdML #Ho3dol LabsbrgmHm
5dmsbs 8980 ©oldooy: 39d9dmm  Dr  s6gdo (1) @obGmegdol u = u(x,t)
5dmboblbo, MHMIgeoE BLoBO3MOL Y17 @S Yar boflowgdbg 53059mz0gdl 9999

BoLOBOZOM 30MMdYIL
2 ?
Uy, =ut,) = @), Sl = G0 = (), 0SE<T, )
d%u )
uly,, =u(0,t) = us(t), 352 rar = ﬁ(O, t)= (), O0=<t<T, (3)

oo Hi, i=1,...,4, 9m3g0mwo L3swsGmo gmbJiogdos, s9sLmeb ui(t) o
us(t)  @9bdgogdo  yvir s Yar Hoodgdolb 0 = 0(0,0) ULogbom §odEowdo
5305453009096 99056bIGOMgdOL 30OHMdL 11 (0) = u3(0), v = (Vy, V) sG0ob Dy

LOBOZOMOL o6y Mool 9HMIMEM3560 39dBHMG0, bmwm aa_v 560l Homdmgdmwo
Bea®dscnol 0300 gd00.

50Ls60dbs305, MM HgdmmImygzoboewr Dr 399mbm3zsb s®gdo dgdgao Lobols
d9mm9 ool 3039MOMEMMO 49bEGHMEgdolsmMz0L

Usp — Uy +alx, u, +b(x, us + f(x,t,u) = F(x,t)

15



P6Ox03 d90mbgz935d0 IMONML GHO30L 5dmEsbgdo, HMES Yir @S Yar LsbL3zmoL
BsfoBg  sbobgwgdmeos oMmobwgl 96 659odsbols 306HMBdgd0 3960 GOl
d9LFo3e0o (OLLL, MONML, LeMdME30L, Jobsowrmgzol, dgarghol, amdsbol,
AOMO(33500L, GoMIsBol s bbgsms MMIgddo) o ©9BHI0EI0ME0s oo
306094GHM@Mds. 5M3)OR03 990mb3z93580 30 98 59MmEs6gd0L odm33g3s ©sddEHIO0M
30Y4gds 9MLgdom LoMMMEggdl. Dmy dgdmbggzodo sbogn 9939dGH9gdL 5J3b syoEro,
39bLO3IMIGO0m, OMES obBHMEdsdo 93350 bydogdgEro SFMbBsbLlboL dodstron
b56HoLbM3560 59O R03MdOL Mogo dg@0s gOmbY (L. boerdgRsd300l, M. ¥ Mbsdob,
3 096039e5d30¢0L, d. F0EMESZ30¢0lL s Bbgsms dMMI9dT0). 5FsLmsb, 53539 Dr
3M9obmgzeb  sM9do (1) dgmobg  M0oyol  9MfOHR030  3039MdMEYOHO
2963 gdoLIMZoL MOl BHo3olL  s0m356900, 39Mdme, (1) —(3) s0m3sbs,
BogHMOMEO 96 04 Fobbormo s Ggbfsgwroeo. Bzgbo doBsbos (1) — (3) sdmEsbol
39933935  dobo  5dMBIBLEOL  SOLYGOIMIOL, JOPOPIONMOOL 9B IHIOLYdMIOL
035BsBOOLOMm.

(1) — (3) 50mEsbob godm3zegzs bmM309w@gds 9E93MmdM035:

L 309J3om, h € C(R?), F e C(Dr). oo u, Lywsg U, u € C*(Dy), Fodmooagbl
(1) = (3) 99mEs6oL 3sLogMe smMbobLBL, 35306 v = Ou gwbjgool 99dmegdoo b
5dm3965 5094396905 8999y LELOBOZOMM 5M(3BIDY U s vV MEbmdo 31630900l

d00sMm:
Li(u,v)=o0u—-v=0, (x,t) €Dy, 4
Ly(u,v):=o0v+ h(u,v) = F(x,t), (x,t) € Dy, (5)
uly, =ut,t) =m@®, uly,, =u,t) =u(®), 0<t<T, (6)
vy, = vt 0) = us(®), vly,, =v0,0 =ue(®), 0<t<T, (7)

booog  us(t) @5  Ug(t) 290molobgdosh dmzgdmwo  puy(t), uz(t) s  pu(t)
396430900L Lsdmsmgdom. 3oModom, oy u,v € C2(Dr) Fomdmooaabl (4) — (7)
58m39560L  3eologm® 58mbobLBL, Lssg  Hy, ts € C([0,T]), p, € CH([0,T]), use€

16



C*([0,T]), 85806 u @mbdz05 0d69ds (1) — (3) 58mEs6ol 3sbog@o s8mbablbo.

9399mo Lods®EGH030LM30l 3049olbdmm, Mmd u; =0, i =1,...,4.

II. 99033543t (4) — (7) 90m@Esbol € 3eoobol gobBmysgdmwo sdmbsblbols
369%s: gdgom, h e C(R*) s FeC(Dy). u @ v gmbdgooms LobEgdsl gfmnds
(4) — (7) 98msbol € 3eslols gobbmysgdwwo s8mbsblbo, o u,v € C(Dr) ©d
3OBYOMBL

0
Up, Vn € C2(Dp): = {w € C2(Dp)iw ], =0, i =12} (®)

900936 ™d9d0 0LgmO, HMI
lim [y = ullespy = 0, lim 10, = vlleqap) = 0 ©)
%i_l};lo”lll(un; Un)”C(ET) =0, rlli_r)go”LZ(un,Un) - F”C(ET) = 0. (10)

5060865305, ®MB  (4) — (7)  908mEsbol  u,v € C*(Dy)  3esbogM®o 58mbsblbo
Do60mo9blL 53 59mEsbol € 3e0olol 4obBMAs©GdIM SFMBIBUBL, 5Tobsb  u
19969305 046905 Lafigobo (1) — (3) 89m3560L 3esLOZMGO 5TIMbIBLO.

I s II 93s3900L obbo30sb  godmdobstrgmdl, ®md vy B3z9b x96
358396900, ®m3 (4) — (7) 50mEsbols asoBbos € 3eoobol u, v 256%BMmys@gdo
58mbBsblbo, b 398wy 35839690m, G™A w, v € C2(Dy), 85806 u gmbdgos 0gbgds
Lofigobo (1) — (3) 98mEsbol 3eslogM®o sdmbablbo.

III.  256boemo 53m396gd0L 5dmbablibgdoll MmO IMHIMBILMLE 3538060900
35Hm9d90s Y9000 Mgm@9ds: 3mdgsm, h € C(R?), F € C(Dr). o) h gumbgos
53059m530@adL  @oxoEol @MISEME 30HMdL (39Mdmo, oy h € CH(R?)), 85306
4)—(7) 50m396sL o6 Fgodwgds  3Jmbogl  ghmDg 390 C  3wsbol
296%Ma5093@0 53Mmboblibo, beagrem (1) — (3) Lofiyol 53mEebsls o6 gosbbos gOmby
3930 305030 58mbsblbo wu.
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IV.  (4)—(7) 98mpsbs C(Dr) By39¢) B6Jgosms 3esldo 93303509bGwMo@
504356905 30396l 3o30L 5G5(M303 063909 49bEGHMmgdsms LobE)dsbY

w = Kw,

bssg K: C(Dr) = C(Dr) 9893930 @9 328359GH060 m39Me@mc0s, w = (U, V) 560l
(4) = (7) 58mEsbol C 3e0sbolb gobbmysgdEo sdmbsblbo.

V. 53600600 99xsLgds: 300350 (1) aebEHmegdsdo Bgdsgseo h gmbsos

Do60my9ds 99990 Loboo:

h(u,v) = guw) + f(v), (11)
boog f @ g dm3gdmeo C(R) 3¢sbol gobdEogdos, GmIwgdoa 53054Mmi30¢0gd96
3990099 3060390l

s
jf(r)dr > —M; — M,s? VseR, M; =const >0, i=1,2, (12)
0

lg(s)| < N; + N,|s| VseR, N;=const >0, i =1,2, (13)

05806  (4) = (7) 98mEsbol 6gdoLbdogmo € 3wsbol  w, v 256BMYsgdmEo
53mbobLlboLsM30L B930S 98I0 33OO0MMHLICO TJ3oLgds

lu(x, )] < CGilIFllL,p + C2 (x,) € Dr, (14)
lv(x, O < GlIFllL,mp + Car (x,0) € Dr, (15)

oo C; =Ci(t) =0, i =1,..,4, bLOEOEIJOO 5O (06 OIMZOPIIMO U, V @O
F 53mbd3090%9, 50sbmsb C; > 0, Gmgs j = 1,3.

50Lsb03bs305, GMA (14) s (15) s3M0MmEMo 9g53sLgdgd0 JsOMdOMWos 0d
99000b3935803, OmEs h € C(R?) 560L Ll s®ofM5030 Bmbd30s, 569

lh(u,v) | < My + M, |u|+ M, |v] Vu,v €ER, (16)

booss M; =const 20, i =0,1,2.
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59 536MH0MmOM J9i30l9d90Bg IYMBMdOM s  WYMHY—BsgHOL MgMMgdol
290mygbgd00 933030905 (4) = (7)  90mEsbsl € 3esbol  gobbmasgdEo
53Mbsblbo sMLYdIMDS.

VL. 50mbsblbols sGlgdmds s 9gHosEIPoMds:  gogdzsm h € C1(R?)

Bubdi30s  53054mxzowgdl  (16) 3oMmMmdsL o6  (11),(12),(13) 306H™dJL. 3sdob
6ydoldog@o F € C1(Dr) gmbdgoobomzgol (4) — (7) 98mEsbsl 359Bbos 90me@®mo
C  30sbob 49b6BMsgdmo  5dmboblbo, GMmIgoi saMgm3g HoMdmoaqbl o3
58m@sbol  w, v € C2(Dy)  3awsbogm® 53cmbsblbl Dy 50980 ©s GoamOE Bgdmm
5036036900 §MBJ30s u 046905 (1) — (3) Lofyolbo s8mEsboL 3esliogMo s3mbablbo.

VIL  530bsblbol sers®mligdmds. sbs gobgobommo (1) gob@megdol 99990

Lobob 396dm 9dmbggzs. Gmss
h(u,v) = usinu + Ae¥, A, u = const. 17)

(17)  @mEemdoo Imisgdewo h(u,v) gmbdaos 56 53059mzowwgdl  (16)
300MOsL, GmEs A # 0, 5036 030 903938 dwogd sMfiMxz03mdsL  Ae? {9360l
Loboo. 3ogMed 535Lb, vy A = 0, 95306 JoOHMNGIMEos (12) 306HMdS S MRMM3
B900m 503608690 6gdoldog@o F € C1(Dr) gmbdsoobomzgol (4) — (7)  58mEobsls
3998605 9OMs©IMHo € 3¢5LoL obBMmAsgdIo 58Mbsblbo, MMdgwog sa6Mgm39
0o60m5 96l 58 5dm 3560l 3esbogme smboblbl Dy s69do.

Omgs A<0, p=const BosOGMYOME0s 9900 Mgmemgds  5dmbsbLBOL
5M5MLYdMOOL Fgbsbgd: gmdzsm  h(u,v) gmbdsos dmagdnwos (17)  GHM@w™mdOm,
Loog A< 0. 85306 s®Lgdmds F € C1(Dy) @mbdsos obgmo, Gmd  (4) — (7)
59m3sb6sL Dy 560980 56 593l € 3e0obol gobBmYdsqdmEo 5dmbsblibo.

dm30Yy356mm 300093 9H0 9090 5dmbIBLBOL sMIOLYdMdOL Tglobgd: 30350
(11) Go®Bmoygbsdo f =0, ge C'(R), 53bmsb gu) <—|ul¥ a=const> 1.
85806 5®Lgdmds F € C*(Dr) 5396J30s obgmo, ®md (4) — (7) s8mEsbsl Dy s69do

56 543L € 3¢05L0obL 2obBMYsYdMeEo 5dMbsblbo.
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dgm69 5300 3560bowgds (1) — (3) 98m3560L gm0 Mz Y6BMI0Egd0sbo
3500563 0.

933@0©gL X = (X1, ..., X%,) @5 t (33eo©9doL R™! Logmigdo gobgzoboemom
39000930 ULobolb 9MfiOx53030 3039MDMWOO JobEBHMMGds 0GHIM0MHIIMNWO  FHOPOL
M3965GHMO0m 805356 bofloerdo

0%u + f(ou) + g(w) = F(x,t), (18)

n 92

bS53 D:=%— i=15x7 f, g ©s F 9m3gduwo, bowo u mEbmdo bgsws®meo
53bd3090005, N = 2.

5036036mm Dpilx| <t<T, x,>
¢ 0 —oo 30bMlmGo 569, Gdgo;
990mbsbpgdmmos  Srit = x|, x, =0, 0<
t<T Qobsbosmgdgemo  S:t = [x| JmbmLol
bsfowom, I17:x, =0, |x|<t<T ©@Omo»O

™6096Gogool  x, =0 LodOHEGHYol bsffowoom

o Lrt=T, |x|<T, x,=0 Loghzomo
M609bGogool t =T LbodMEygol bsfowoom (ob.
6sb.2), Mmooy T = 23996905 Dy:t >

x|, x,>0, o:t=]x], x, =0 §GHowwo

3MbMLmEo 6oL Bobgzsmo.

Bob. 2

(18)  96@MEgdolomzol Dy  o0M9gdo gobgobowrmo 990gao Lobsbrgmm
50m3965: 39999m D 56980 (17) 9ob6Gmegdol u = u(x,t) 9dmbsblbo, HGMmdgwos
LobP3MoL St o I 65Gowqdbg 53059mx30eqdL 9990099 30OHMBIOL

ou ou
uls, =uCelx) =m @), o |5 =5- @) =), 0<xI<T, x,20, (19)
o = 0,0, = ), ], =T e 00 =
uFlyT—ux,, —,u.3x, ,axrzl Fer_aerlx" =

=u,(x',t), |x'| <t<T, (20)
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oo X' = (Xq, oy Xp—1), My i=1,...,4, 8m3g0mwo L3seo®mwo gwbd309d09,
595bmob ;o pz ®/MBJgogdo St o Ity Bgs3060mgdolL LogMomm (oMEHowgddo
53054mu09d96 G90sbbdgdEgdol 306MdSL 1y | Senrr = M3 | Serp V= v, vp) =
(Vi s Vi, t) 5606 ODp  LsBgmob gs6g Bremdsmol gHmgmmmasbo 39d@mGo.
9399m BodsGEGH030LM30L 3ogErolbdmm, Hmd w; =0, i =1,..,4.

50bsb0dbsgos,  Mm3  Fgdgao  Lobol  dgmmbg Mool  3039MdMEOHO
39b@Mgdolsmzol
0%u + g(u) = F(x,t)
3MbMmE 5699030 Lbgs 53m 356930 oMmobwmgl s 6godsbols LoloBL3M™M 3oMmMdYdom

3993390 0gm B.bor0d9gAsd300ol s 8.d0EMEsd30ol b5dM™IGdT0.

(18) — (20) ULoboBEZOM 5dMEsBoL A5dM33Wg3s bMME0gEEYds bsermaom™o
Ugg90m, Gmam®E (1) — (3) Lsbsb3MM 5dm3560L gdmbggzsdo.

L 300dzom, f,g €C(R), FEC(Dy). ov u, Loess u, Ou€ C*(Dy)
Pomdmopqbl  (18) —(20)  59mEsbol  3wslogme  sdmbsblbl, 9sdob v = oOu
5371693000 899m©gd0m gl STMEIbS 0Y3z969ds 939y LolsDBPZOM STMEFBIBY U ©d
v 3bmdo 3mbJzogdol dodscron:

Li(u,v)==ou—-v =0, (x,t) €Dy, (21)

Ly(u,v) =ov+ f(v)+ gu) =F(x,t), (x,t) € Dy, (22)
ulg, =0, 0<|x|<T, %, 20, ulp, =0, [¥|<t<T, (23)
V|, =0, 0S|I <T, %, 20, v|p, =0, [¥|<t<T (24)

3060dom, ) u,v € C*(Dy) GoMdmoagbl (21) — (24) 58mEsbols 3eslogm®
59mbsblbL, 35806 u Bwbd0 046gds (18) — (20) sdmEs6oL 3 sl MO sdMBSLLBO.

II.  399mp35d3b (21) — (24) 58mEsbol W3 3aesliols gobbmys@ad o s8mboblbols

0
3b9ds. gmgzom, w3 (DT,ST,FLT) = {u € Wi(Dr):u | SpUly = O}, Lssg W3 (Dr) 560l

21



39635 3bmdowo LMdMEg30L LbogMisg, MmIgeos 89ogogt  L(Dr)  3esbol
3996430906 o  MHMIgdLY3 3ooBbosm 53539  3eslol 306390 M0oYoL
396BM50093o (oMmdmgdmwgdo. s3sLmsb u | spurpr = 0 O™ 196s 3530300
335¢0L 9GO0l sSHBOHO.

30d3om, f,g €EC(R). FE€L,(Dr). u @5 v gubdzosms bolEgdsb gfimemqds
(21) — (24)  50cm@sbol W3 3¢5L0L gob6Bms@Ydo 58mbsblbo, oy  u,v €

0

wy (DT; St, F1T) Q5 5MLYOMBOL

0
U, U € C*(Dr, Sy, Ip) = {w € C2(Dp):w | SpUryr = 0} (25)

909¢936M™ds> obgmo, H™I

T}liggo”um - ullel(DT) =0, T}}I}T{l}o”vm - v”Wzl(DT) =0, (26)
nllifgo”h(um, Um)”LZ(DT) =0, nlli£20||L2(um. Vi) — F”LZ(DT) = 0. (27)

gboos, M3 (25) — (27) —ob  gomgzgseolfjobgdom  (21) — (24)  s9m3s6oL
0
u,v € C*(Dr, S, Iir) 3€00b037)60 53mbablibo Fomdmopgbl 53 sdmasbols Wy 3awsbols

296DMyodMe 53mBsbLBL. 5Fsbmsb, vy (21) — (24)  s8misbol W3 3wsbol
396BMQ509gdMo  5dMbsblbo  sM0L  Ls3FoMOLO® 30,  39MIMO u,v e

0
C*(Dr,St,Tir), 85806 w,v ogdbgds (21) — (24) 9m3s6ol  3esliogneo s3mbsblbo,

bowm u 04690s (18) — (20) Lofgobo s3mEebol 3erslingw®o s3mbsblbo.

L 33G0MmOmMeo 99gxslgds: 3odzsm, f,g € C(R), F € L(Dr). s630bommom

[ @5 g 8996930909 0509090 39000930 306:MdGd0
S
jf(r) dt > —M; — M,s? Vs€R, M;=const>0, i =1,2, (28)
0

g €EC(R), |g(s)]<N;+N,|s| VseR, N;=const=0, i =1,2. (29)
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85806 (21) — (24) 59mEsbol 6gdoldogeo Wi 3wslol u, v a56Bmysgdmeo
53mbobLboLsmM30L F6r1079d0s 9FIRO 5300 TgRsligds

lullwpoy < GllIFlL, @ + Ca (30)
||U||W21(DT) < GlIF|lL,pp) t Cas (31)

ooy C; =const 20, i =1,...,4, LoEOWYJOO 56 50056 HTIMIOYOIMWO U, V OO
F g3mbd3090%9, 53sLsb €; >0, C3 > 0.

IV.  30mbsblbols s®LGdMdS. godzom g  Fbgos 93859mBoegdls  (29)

306MHMdL, bowm 1 gmbjgos (28) 300mdLmb gome© 93059mz0gdl 999
3060051

n+1
feECR), |f(W|<yL+7r:lvl% vER, OSconst=a<m, (32)

bosg  y; =const 20, i =1,2. 85906 Bgdoldogho F € L,(Dr) gmbdzoobsmgol
0
(21) — (24) 9m@sbs W3 (Dr,Sp,Ir) b0gdEgd0 933035963 XMo@  ©50Y3s69ds

3656503 536930065 MO 256EHMWgdsBY
w = Kyw,
0 0

bsog Ko Wi (Dr,Sr.Iir) = Wa(Dr,Sp.lir)  afg3000  ©  3m83sjdn6o
M3965¢MM0s, boawem  w = (u,v) shol  (21) — (24)  s0m@obol W3 3awwsbol
296DM5gdMEo  53mbsblbo. odgsb  (30), (31)  s3GomGM  Fgx35L9d5DY
QOYMHbMdOm s WYMHY-059IMHOL  gMMgdol  25dmygbgdom  45dMIEOBIMYMBL
(21) — (24) 58mEs6ol gOMo Bsobg Wi  3esbol gobbmysgdmeo 58mbsblbols
5OLgdMdS.

V.  33mbsblbol 9Mmms@gmomnmds. 3®3030gds, Gmd oy (18) gob@mmwgdsdo
39053500 f @5 g 8630900 ©sd53HJ00m 53059mz30egd9b 3909y 306HMdIOL

fECIR), |f'(s)| <d;+d,ls|Y VseR, (33)
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g ECY(R), |g'(s)| <dz+d,ls|Y VseR, (34)

boosg dy,y =const 20, i =1,..,4, bown 0<y< ﬁ 95306 saowo 94690
(21) — (24) 98msbol W3 3amsbob gobBmys@admeo s8mbsblbol 9HmSgOMN@BL.
59996 530l IbG0g 458mObsMgMAL, Mmd  (28),(29),(32) — (34)  306H™dJBOL
99LOMEgdoL Ggdmbggzsdo bgdoldogmo F € L,(Dr) gmbjgoobomgol (21) — (24)

58m35BsL g59B60s 9OMIgOmO W3 3emLoL gobbmys©gdEo 58mbsblbo.

VL. 38mbsblbols sM5MLgdMds. 3mdzsm g =0, bmwme [ gubdsos (32)
30MHMBLML gMmMo©  53054miBoEgdl 909y 30OMdL: f(1) < —|7|P VT ER, p=
const > 1. 35306 s6UYdMdL F € L,(Dr) gobdzos obgmo, ®mad (21) — (24) 50m3sbsl

56 a55B60> W3 305lols gobBrmgs@9dveo s8mbsblbo. 4
t

dgbodg  mogdo  L3oeatrmemo Yar
4 e
396@™gdol bsggws aobzobogrsgom B
36HMxz03 30396M0MmEm6 Dr
3906@Mgdsms LoLBHYIsL 0039 Dy : vd
14
0<x<t t<T 3uobmgsb s6H9d0 ! Yir
(Bob.1). 29bEHM@gds05 59 LOLEYol 5J3L >
x
3900990 Labg 0
Bob.1
o%u; + fi(ug, .., uy ) = Fi(x,t), i=1,..,N, (35)

92 92
Loog O = Froimieeel f=Un fv) © F=(F,.. Fy) 08mggdnwo, bown u =

(U, .., uy ) 936000 N —296%mdogdosbo  39dEH™O—gmbd309000, N =2,
29630bomm  LELEBEZOM 5dMm3s6s 990ga0 ©oLdom: 39d9dmm Dy sMgdo (35)
LoLEIOL 53MbsbLbo, HMIgedog goblbgeggdom (1) — (4) 53mEsbols 393900
096905 D 560L 80090 LyHBOIG0:

Uly,, =u(t,t)=0, 0<t<T, (36)
Uly,p =u(0,) =0, wyly,; =ue(0,0) =0, 0t =T, (37)

ule,T =u(x,T) =0, uths,T =u(x,T) = 0. (38)
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(35) = (37) ULobobegmm s3mEstol 90mLsmgde©  o630bomm  30edg®EOL

0
bo3®Ey W2n(Dr), Goam®E 3wselbogn®o

0
C*(Dr,dDr): = {u € C*(Dr):uly,, = 0, uly,, = uxly,, =0,

Ulyyr = Uelysr = 0}. k=>1.

Lo3MEOL FoliIMEgds, OmEs. k = 2 89090 bn®doom

ou\ > ou\ >
Iy, = ] u2+(—) +(—> + (Ow? | dxdt. (39)
W3.a(DT), Dy

dat 0x

0 0

(39) —56 959mBEOBsMYMBL, MHMI vy u € W3a(Dy), 85806 u € W3 (Dy) Q5
Ou € L,(Dy). 59, Gmamog 1339 D98mo 5036086900, W3 (Dr) Gotdmamygbl 3bmdoen
bmdMEg30L LogmEgL, MMIgEoE 39gds L(Dr)  Log®aol 0 gagdgb@gdologsh,
(I gdbog 29986050 gobbMsdMeEo 30M>39wo Mool 39MdMfoMIMgdMwgdo X

0
© t  (33ws9dol 30dsem 03539 Ly(Dr)  Log6Eosh. sdslmsb Wi (Dr):=

{ueWi(Dr) :u | apy =0}, Loy Gowmds u | apy = 0 B> go303mm 335000l
09MMH00L sHOHOm.

J399mo» (35) LobEgdsdo 99ds35wo f 39dBHMO—gmbJ300Lsash dmzgombmgm,
6H™J
feECMY), |f(w)| < M;+ M,|ul% a=const>1, u€eR, (40)

Loog |+ | 960L bem®ds RY Logedsgdo, M; = const =0, i =1,2.

3009350  f 399HMO—xmbJ30s 53059mBowgdl  (40)  306HmdL, bmwm F €

0
Ly(Dp). u € Won(Dr) 39906 —gubdsool gfmogds  (35) — (38)  Lslobeg®m

59m3560L Lmbio 2o6BMYedo 53mboblbo, 0w bgdoldogho @ = (@4, ..., PyN) €
0

Wia(Dr)  3993mO—gmbdg00lomgol dsGmgdmmos  990ga0  0bGga®ewa®o
AMWMS
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0
fl:lul:!<pdxdt+ ff(u)<pdxdt = fF(pdxdt Vo € Win(Dy). (41)
Dr

Dr Dt

500300 d9Ls0mfiagdgwos, ®m3d (35) — (38) 98mEsboL 3eslo3MMO s8mbablbo

0
u € C*(Dy,0D7) Go®dmogg6L Lbid) go6%BMasYdn e 53mbsblBl ©s 306:0Jom, mvy

(35) —(38)  93m@Esbol  LybBo obbmysadmo  sdmbsblbo  u  93mmgbol

0
C*(Dy,dD7) 305Ll, 35306 u 06905 59 53mEs6ols 3sling Mo sdmbablibo.

39000930 306:MdOL

lim inf W >0 (42)

lul-o0 lul2 —

39O gdol dgdmbgzgzsdo, Gmdgmog gbgds 1 39dGH™O—xMbdE00L ymas3sd393oL
Lol MmdOL J0EsdMI0, LOS

N N

uf (W= ) whiw, [l =),

i=1 i=1
30306©90> (35) —(38)  90m3sbol  LbBo as6BMYsIdo  53MbsblBolsmZgoL
336M0MOHME0 Jgx3s9ds

llull o < allFllL,wp + €2
W50 (D7)

Los3 899803900 €1 >0 @ € =0 96O 56056 IIM30EPPIMWo U s F —By.
59996 bgdoLdog®o  F = (Fy,...,Fy) € L,(Dr)  399¢H™O—gw6J300Lsom30L  erg@g—
85990900 0gm®9gol  458mygbgd0m  2odmBObamgmdL (35) — (38)  LobsbegH™
50m3360L gm0 o063 LYUEHO bBMASIIMO U = (Uy, ..., uy)  5TMBSBLBOL

0
5ObdMds Win(Dr) Log®Eowsh.

50 53m 3560l 53MBsbLBOL 9MHPOIOHIMOIBMID 3930060 gd0m 333030, rma
09 [ 39dBHMO—x3mbJE0s 93059mxz0mgdl 9999y 30MMBSL

(Ffw) —f@)u-v)=0 vuveRY, (45)
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35806 (35) — (38) Loboybeg®m  58mEsboll o 8godwgds 3Jmbogl 9O»Bg @0

0
256DM50gd @0 53mbsblbo u € Won(Dr).

M3 d99bgds 53mbsbLBOL sMEOUYOMBIL, TM3094356m® [ 39JEHMO—x1bJ3050
9O®D0 3o, OHMES FGuOMEgdMEos  (40)  306Md, 853M8 O30S (42)
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N

Bij .
fitug, ., uy) = Zaij |uj| Y+b;, i=1,..,N,
j=1

boog aij, Bij @ b 390803900 93859mBoedIb 98Iy IO @OIBL
N
al-j > O, 'BU = const > 1, zbl > 0, l,] = 1,...,N.
i=1

9 B593H0 833030905 B3I BMBJ305MS F9NMEOL odMmYgbgdo0.
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©oLgOES305d0 Fgmmbg Mool s®fMR03 3039MDMWE A5BGHMWYdGOOLS
Loli9d9gdol  gmmo  3eslOLIMZ0L  gobbormeos  LobsBEZOM  s3Mm(356900  ™MMo
©53M¥)3009O90 (3350 999mb393530 O B0 GO0 FMSZ5YEBMI0Egd0sbo
350056@0. MmMHQ6BMIoqd0sb 90mbggzs80 dgmmbg Mool B3ows®m Mo sMOMR0]
303900 A5bGHMWgdsms  gPmMo  Jslobomzol  sbosewo  i3bmdo  Bwbjszool
09009000 bgds LMW sTM3BOL  BYME0MYds TgLodsdol IgmEg Gogols
36050Ox03 3039600 Mo  LobBHJIoLbsmM30L LA  LsbOBO3ZOM  STMF6sDY.
900900 LobOBO3ZOM  H3MEBOLIMZ0L T9MmEOL  FobBMYsIdMo  5TMbBobLBOL

3bd>  fig30d BPIgosc> Jwralido. 2GsfiOgog §ig3mgdvY ©sEPPN 39M33TIW
300009330 obolosmMYOIIMS O S3MMOME TJBsBYdsMs FJMEIOOL 25dMmYygbgdom

93030905 39b6BM5©YdMo 5TMBIbLBOL sMBYdMdS MHY39d BMb30s0s JemsliBo.
MROM  99AHoE,  LoLLDBZOM  sTMEsbol  Imboggdgdby 2963390 Loywyzol
dmmbmgzgboll 9gdmbgzgzsdo 93303005, OMI  496BMPsYdMwo  5TMbsblbo  sGol
mOx9O  MNY39BHo©0  §oMm3Mmgdso  3Mmbmgsb  9M9gdo, LooIbs3 ™sgzol  dbBGO]
3993@0b56MgMdL, MHMA 53 53MbsbLBOL 9HMgMHMO 3m33MbIBEHO HotBmoygbl Lofiyols
LolOBEZMM  58M(35B0L  3sLOIME 5TMBObLBL. AsbobowIGds sMgm3g 53 5dM3SBOL
53mbobLbOL  5GOLYdMOOL O GOHMIPIOOMBOL  Bo30mbgdoE. MMHR6BMI0EGd06
d90mbg935d0 00539 3)0bM3560 sGOL F98mbg935d0 2ob0boEgds LolsBEO3MM sTm396s
dgmmbg M0gol sM)OHR03 3039M3MEE LobGgdsms gOHMO Jslolomzol, Lowsa
3obLbge390000 Lo Fgdmbgzg3zoLs  3MPbM3zsbo SOl Jmgwo BsbE3zsM0s
53939000, 58  d90mbgzg3580, oD  ILIMWO  sTM3bol  godm3zwg3s
3oboliosmgdgEms 3gOMEOm 5)Ygds O LOOMMEGIOL FGIMMO35HJdMos bbgs
dogamds. gl 93m3sbs 95 Mfiy39® BMbJ300ms  Jewslibo, 9MedgE  LmdMEg30L
bo3mE9d0 9330350 9BGHMMOIE 094356905 5MHOR0Z BMBJ30MbIWME A56EHMEGdIDY
bedMEg30lL LogmEgdo. MHOR03 930)Bg ©IIOIMWO  A3M3IZJMO  306HMBGOOL

d9LEOmMEgdool  Fgdmbggzsdo  JogdEos BMBJEombsgre  AsbEHMEgdol
59mbsblboLsm3zol  s3M0MmOHNMo  Fgxsligds  bLmdmeg3zol  LogMgdo,  Lsosbsg

3903065 gMdL Lol DBEZOM  5TM3BOL  STMBSbLBOL  SBLYIMDS.  5BSLSL
396bo0s EILIMEI0 58M(39B0L HTMBIBLBOL SMIMLYIMBOL s JOSIONMIOL
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9600 3535 Q56DMB0gd0560 35005630 Fgmmbg Mool s®5{MR03 3039MHdMEWYE
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BoLsBEZOHM 5FM 3B 96 o3Bb0s 5FMBIbLBO, 56 5005 J3b Job GBS IOHPMASL.
50Lsb0dbs300, GMT  2obLb3s3900m  MMYPEBMIogdosbo  Fgdmbgg308s, B3
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3650)Ox303md0L Moo Fg0dwgds 0gymb M 306 OO, FMO35¢A6DMI0W D06
d90mbggzsdo gl Moao  Mbs  ogmb  Bogargdo 9., 39GH™ML  Gogbgzbyg, Mog
0535300690905 BsOHM30L 099M9d9dMb LmdMEgz0L Log®mzgdo.
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