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JVMHAMWYECKNX CUCTEM HA
MHOT'OOBPA3UNAX PASBMEPHOCTU 2 1 3

T'punec B. 3.

Hayuonanonnt uccaedosamennvckuts ynusepcumen
“Boicwas wronra sxonomury”, Huosrcnuti Hoszopod, Poccus;
vgrines@yandex.ru

MuHu-Kypc TOCBSIIEH HW3JI0KEHUIO PE3YIbTATOB IO TOMOJOTHIeCKON
KJtaccuPUKAIUU CTPYKTYPHO YCTONIUBBIX JUCKPETHBIX TUHAMUIECKUX CHC-
reM (KacKaJloB), 3aaHHBIX HA 3AMKHYTBIX [VIAKUX MHOI0OOpa3usx pa3mep-
HOCTW MEHBITIEH WJIN paBHO TpeM. 15 3HAKOMCTBA ¢ TEMATUKOI, CChLITKaMU
Ha, UICTOYHUKY W OCHOBHBIMHU PE3YJIBTATAMHU MTOJIE3HO OOPATUTHCS K CTAThSM,
o63opam u MoHOrpadmsM [1-5].

[epBoiit KiraccuduKaMoOHHbL pe3ynbrar ObL1 nosyden A. I'. Maitepom B
1939 r. auis crpyKTypHO ycToituusbix (rpy6bix) auddeomopdusmos okpy K-
nocru. O mOKa3as, 94T0 HEOJIYKIATONIEe MHOXKECTBO TAKOro Juddeomop-
du3Ma COCTOUT U3 KOHETHOTO YUCJIA TUMEPOOTNIECKUX TEPUOIUIECKIX TO-
Y€K U JIAJ1 TIOJIHY IO TOTOJIOTMYECKYI0 KaacCuduKanuio rpyosrx auddeomop-
GU3MOB OKPYKHOCTH.

Baaromapss C. Cwmeitiny u 1. B. AnocoBy B 60-X rogax MpOILIOrO Be-
Ka CTaJIO $ICHO, YTO HEeOJIy2K/IAI0IIee MHOXKECTBO CIPYKTYPHO yCTOWYHBOIO
muddeomopdu3aMa TOBEPXHOCTH MOXKET UMETh CUETHOE MOIMHOMKECTBO ITe-
pruonudeckux To4Uek. [103TOMy CTPpYKTYpPHO yCTOWYMUBBIE KACKAIbI, HEOIY K-
JTAIOIIIe MHOXKECTBA KOTOPHIX KOHEYHBI, OBLIA ONPEIEIEHBI CIEIHATbHBIM
obpazoMm u noJydnsin HazBanue kackazos Mopca — Cwmeiina.

ITosabrit TOmoTOrnYecKuit nuBapuant a1 guddeomopdusmos Mopca —
Cwmeitia HAMHOTO CJI0XKHee, 1eM B ofxHoMepHoi cutyarmu. OH ObIT Oy UeH
B cepuu pabor X. Bouarru, A. H. Besnenexunix, B. 3. I'puneca, P. Jlanxke-
BeHa u Ap. B 80-x — 90-X romax mpoILIoro CTOIETHA. DTOT WHBAPHUAHT MIPE.I-
cTaBIAET U3 ce0s1 HEKOTOPBIH rpad, OCHAIIEHHBIH ABTOMOP(MU3MOM 1 TOIIO-
HUTETbHOM WH(POPMAIIHEH, OMUCHIBAIOINIEH CTPYKTYPY MHOXKECTBA Iepecede-
HU$ YCTONYUBBIX M HEYCTONYUBBIX MHOIOOOPAa3uil CE/JIOBBIX [IEPUOIUIECKIX
Touek. B HemaBHee BpeMst aBTOpoM JoKaama coBmecTtHo ¢ O. B. [lounnakoii n
C. Baun CtpuHOM mpejIoyKeH HOBBI FeOMeTPUIECKUN TIOIXO0/, KOTOPBIiT 103~
BOJISIET PEIIATH MPODIEMY PeaTu3allui, T. €. TOCTPOEHUS B KAXKIOM KJIacce
TOIOJIOTUYECKOH CONPSI)KEHHOCTU CTAHIAPTHOTO IIPEICTABUTEIIS.
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Corstacuo cuekrpanbaoii reopeme C. Cwmeiisia HeOIy K/ 1af0MIEE MHOXKE-
CTBO CTPYKTYPHO YCTONYIMBOroO Kackama f, comeprKaiiero 6eCKOHeTHOe MHO-
JKECTBO TEPUOJUYECKUX TOUYEK, COCTOUT W3 KOHEYHOTO UUCJA 3AMKHYTHIX
WHBAPUAHTHBIX MHOXKECTB, KAyKJ0€ U3 KOTOPBIX COMEPKUT TPAH3UTHBHYIO
opbuTy. DT MHOXKECTBa Ha3biBalOTCsA OasucHbiMu. CBoiicrBa muddeomop-
dusma [ BO MHOIOM OIIPEJEJIAIOTCs NIMHAMUKON orpanudenus auddeomop-
dusma Ha OA3UCHBIE MHOXKECTBA.

e Eciu Tomosiornydeckasi pa3MepHOCTh DA3MCHOTO MHOXKECTBA () CTPYK-
TypHO ycToitumporo auddeomopdmsma f : M? — M? mosepxmoctm M?
paBHa 2, TO Hecymas MoBepXHOCTh M? aBjifeTcs IBYMEPHBIM TOPOM, Mud-
deomopdusm f apnserca audpdeomopdusmMoMm AHOCOBA U TOLOJIOIMYECKH
COTIPSI’KEH ¢ aBTOMOP(MU3MOM TOPA, WHIYIIHPOBAHHBIM TUMIEPOOIHIECKOM
yuumonysapuoi marpuneit (1. Cunaii, 1968).

e Ecyiu pazmepHOCTHh 6A3UCHOIO MHOXKECTBA ) CTPYKTYPHO YCTONIHUBOTO
muddeomopdusma f : M2 — M? paBua enIuHUIE, TO OHO SIBJISETCS ATTPAK-
TOPOM WJIH PEMEJJIEPOM U JIOKAJTHHO TOMEOMOPQHO MPSAMOMY [TPOU3BEIEHUIO
MHTEPBAJIA ¥ KAHTOPOBCKOrO MHOXKecTBa. Jlunamuka orpanumdenust guddeo-
Mopdu3MoB f HA OTHOMEPHOE DA3UCHOE MHOMKECTBO MOJHOCTHIO OMPEIeIs-
€TCs WHIYIIHPOBAHHBIM aBTOMOPGMu3MOM (DYHIAMEHTAJIHHON T'PYIIIBI HOCHU-
Tens 0a3uCHOrO MHOXKECTBa. Bosmee Toro, orpanndenue anddeomopdu3ma
Ha HOCHTEJb TOMOJIOTUYIECKH CONPSI?KEHO ¢ AMHAMUKON auddeomopdusma,
MOy 9€HHOI'O0 M3 aHOCOBCKOI'O WJIHM IICEBIOAHOCOBCKOrO auddeomopdu3ma
TOCPEICTBOM XUPYPrudeckoil oneparnuu, npemioxentoi C. Cueitmom. Omu-
caHHble pe3yabrarbl Obutu momydenbl B. 3. ['pumecom, P.B. IlnpikunbiM,
A 1O. Kupoesim, X. X. Kanaem u 1p. B 70-x — 90-X rogax mpoILIoro BeKa.

e Eciu pasMepHOCTh HETPUBUAIBHOIO (OTJIMYHOIO OT IIE€PUOJMYUECKON
opbuTbl) 6A3UCHOrO MHOXKECTBA PaBHA HYJIIO, TO orpanudenue Juddeomop-
dusma [ Ha 6a3UCHOE MHOYKECTBO TOTOJOTHYECKHU COMPSIZKEHO CO CIABUTOM
HEKOTOPO# TOMOJIOTHYECKOH 1enn MapKoBa, W BOMPOC 00 OMHUCAHWH Or'pa-
augenust nuddeomopdusaMa Ha OKPECTHOCTH HYJIBMEPHOTO DA3MCHOTO MHO-
JKeCTBa TpedyeT JOMOJHUTETLHON WH(MOPMAIUH. DTa TPodIeMa Peraaach
[IPU PA3JIUYHBIX MpeAnoiokeHusax B paborax X. Bonarru, B. 3. I'puneca,
X.X. Kanas, P. JTamxkesena B 80-x — 90-X rojjax mpouwioro Bexa.

Nudopmanns o nnHaMuke orpanndenus nuddeomopdu3ma Ha OKPeCT-
HOCTHU HETPUBHUAJIbHBIX DA3UCHBIX MHOKECTB U PE3YJITATHI IO KJIacCudUKa-
nun puddeomopduzmo Mopca — Cwmeitna 6butu npumenenst B 70-x — 90-x
roJIaX MPOIILJIOTO BEKA IS [TOJTY YeHUsT TIOTHON KIacCu(DUKAIIUN CTPYKTYPHO
YCTOMYMBBIX KACKA/IOB HA MOBEPXHOCTAX C OJHOMEPHBIMEU OA3MCHBIMEH MHO-
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JKECTBAMU U HYJbMEPHBIMH OA3MCHBIMU MHOXKECTBAMHU 0O€3 COIPSKEHHBIX
rouek (B.3. Tpunec, A.10. 2Kupos, X.X. Kanaii, P. B. ITnsikun), a Tax-
JKe JIJIf [IPOU3BOJIbHBIX CTPYKTYPHO yCTONHUMBBIX Kackanos (X. Bomarrw,
P. JTamxesen).

B 2000 rozxy craso sicio, 9To Jijist TpeXMepPHBIX KackaoB Mopca — Cmeii-
Jla HE JIOCTATOYHO KOMOMHATOPHBIX mHBapuaHToB. X. Bonarru, B.3. I'pu-
umecoMm, /1. TlukcroHOM OBLITO OOHAPYKEHO, UTO CYIIECTBYET CUETHOE MHOXKE-
CTBO He compsizkeHHbIX Auddeomopduzmor Mopca — Cwmeitia ¢ HeOIyXK 1A~
IONUM MHOXKECTBOM, COCTOSIIIIUM POBHO M3 YETHIPEX HEIMOIBUKHBIX TOYEK
(cenoBOit TOYKHM, IBYX CTOKOB U OJHOI'O UCTOYHUKA). DTO ABJIEHHE O0bsC-
HSETCsl BO3MOXKHOCTBIO JIMKOIO BJIOYKEHUsI CEITAPATPUC CEJJIOBON HETIOIBUK-
oM TOukM. OOHADPYKEHHBIH (HPEHOMEH CTAJl CTUMYJIOM K BBEIEHUIO HOBBIX
TOIMOJIOTHYECKUX WHBAPUAHTOB, CBSI3aHHBIX C BJIOKEHUEM Y3JIOB, IBYMEPHBIX
TOpoB u OyThIOK KireifiHa B mMpOCTpaHCTBO OpOMT orpanmdenus guddeo-
mopduama Mopca — Cumeilia Ha criernuaaTbHbBIM 00pa30M BEIOPAHHOE MHOMKE-
CTBO OJIy2K/IAIOIIUX TOYEK. ITU WHBAPUAHTHI TO3BOJIMIIN HOJYyIUTH K HACTO-
sinieMy Bpemenu B cepuu pabor X. Bonarru, B. 3. I'puneca, B. C. Measee-
Ba, J. Ileky n O.B. IloynHKHN TOJTHYIO TOMOJOTHYIECKYIO KIACCH(MUKAIINIO
kackaaoB Mopca — Cmeiina Ha 3-MHOTO0OpaA3UX.

[Mapannenbro, Haunnas ¢ 70-X TOJOB MPOILIOrO BeKa, ObLIM HAYATHI UC-
CJIEJIOBAHUS IO TOMOJOTHIECKON KIACCUMDUKAIME CTPYKTYPHO YCTONIUBBIX
KACKaJIOB Ha 3-MHOrooOpasusix, HeOJIYKIAIOMUE MHOKECTBA KOTOPBIX CO-
JIepKaT CIETHOE MHOXKECTBO MEPUOTUIECKUX TOUEK.

B kadecrtBe mimocrparuu chopMyaupyeM HECKOJIBKO 3aKOHUYEHHBIX Pe-
3yJIbTATOB B 9TOM HAMPABJICHWUN, JAIOIINAX MMPEICTABJICHUE O JOCTUTHYTOM K
HACTOSIIEMY BPEMEHHU IIPOTPECCe.

e Eciyin ronosornyeckasi pa3MepHOCTb DA3UCHOTO MHOXKECTBA CTPYKTYP-
HO ycroitumBoro muddeomopbusma f : M3 — M? TpexmepHOTO MHOTO-
obpazug M?> pasHa 3, To M?> aBigeTca TpexXMepHBIM TOPOM, u muddeo-
vopdusm f asisercs auddeomopduzmMom AHOCOBA, TOMOJOIHYIECKH CO-
MPSKEHHBIM ¢ aTOMOP(MU3MOM TOPA, WHIYIUPOBAHHBIM TUIEPOOINIECKON
yuumouysspuoi marpuueii (Ix. @penxkce, I11. Heioxayc, 1970).

e Eciu mHebOmyzkmaromee MHOXKECTBO CTPYKTYPHO yCcTodauBOro auddeo-
mopduama f : M3 — M? cocTonT u3 6a3MCHBIX MHOMKECTB, TOTIOJTOIHIECKAT
Pa3MepHOCTHh KOTOPBIX PAaBHA JIBYM, TO:

1) orpanuuenue HekoTopoii crenenu auddeomopdusma f Ha Kax0e HGazuc-
HOE MHOXKECTBO TOIOJIOTHYECKH COMPSKEHO aBToMOpdusmy AHOCOBa ABY-
MEPHOI'O TOPA;
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2) muoroo6pasue M3 romeoMopdHO (BaKTOPIPOCTPAHCTBY, MOJIYYEHHOMY
U3 MPSIMOTO MPOU3BEIAEHUS TBYMEPHOTO TOPA HA €IWHWIHBIN WHTEPBAJ MIPH
OTOXK/IECTBJICHUY TPAHUI] MTPOW3BEJICHUS MOCPEJICTBOM HEKOTOPOrO TOMEO-
Mopdu3Ma;

3) HalJeH ITOJHBINA TOIMOJOTMYeCKU NHBAPUAHT KACKA/I0B OIIMCAHHOT'O KJ1aC-
ca, U PelleHa 3a/a4a PeAJU3alnu, T. €. B KaXK/JIOM KJIACCE TOILOJIOIMIECKOM
COTPSIYKEHHOCTHU TOCTPOEH CTAHIAPTHBIN MPEICTABUTEH

(B.3. I'punec, B.C. Mensenes, 1. A. Jlesuenko, O.B. Iouunka, 2005
2015).

o ITycrs f : M3 — M? — crpykrypHO ycroiiumssrii auddeomopdnsm,
eIy 2K /1af01ee MHO2KECTBO KOTOPOT'O COAEPKHUT JBYMEPHBIN PAaCTATUBAIO-
mmiica arrpaxTop. Torma MuOroo6pasme M2 ToMeoMOpdHO TpeXMepHOMY
TOpY, & f TOMOJOTHYecKu compsizKeH C auddeoMopdu3MoM, MOy YeHHBIM
u3 auddeomopduszma AHOCOBA, MOCPEACTBOM ODODIIEHHONW XUPYPTrUIECKOM
onepauu C. Cumeiia (B. 3. I'punec, E. B. ZKyxoma, 2002-2005).

Jlexumyn noprorosiaensr npu noagepxkke POOU (npoekrsr Ne 15-01-03687-a,
Ne 16-51-10005-Ko_a) u B pamkax nporpammbl GyHIAMEHTAIbHBIX UCC/IEA0BAHUIT
HIY BIID B 2017 roxy (mpoekt Ne 90).

JINTEPATYPA
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Boi. 1. C. 3-32. (Anrn. nepesox: Aranson S. Kh., Grines V. Z. The topological
classification of cascades on closed two-dimensional manifolds // Russ. Math.
Surv. 1990. V. 45, No 1. P. 1-35.)

2. I'punec B. 3., Ilounaka O. B. Beenenue B TOMOJOrHYECKYIO KJIACCU(MDUKAIUIO
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Grines V. Z., Pochinka O.V. Morse-Smale cascades on 3-manifolds // Russ.
Math. Surv. 2013. V. 68, No 1. P. 117-173.)

4. Grines V., Levchenko Yu., Medvedev V., Pochinka O. The topological
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OB OJHOM HOBOM METO/IE NCCJIEJJOBAHU S
CJIABOI1 PASPEININMOCTU 3AJTAY
T IPOOINHAMUKNI

3BaruH B.T.

Boponesicerxuti eocydapemeennuti ynusepcumem, Bopowneowc, Poccus;
zvg_vsu@mail.ru

B nexkmusax mpeamonaraercs:

1. U310kuTh pa3Hble BapUAHTHI AIPOKCHMAIIMOHHO-TOIIOJIOIAIECKOTO
MEeTO/a WCCIeIOBaHUs CJIab0 pas3permMOoCTH HAYaIbHO-KPAEBBIX 3a1ad
TUAPOINHAMUKY Ha TpuMepe cucremMbl HaBhe — CToKCa.

2. U310KUTH TEOPUIO ATTPAKTOPOB ABTOHOMHBIX 1 HEABTOHOMHBIX yPaB-
HEHU! TUAPOANHAMUKN, OCHOBAHHYIO HA MMOHATUYN HEMHBAPUAHTHOTO TPAeK-
TOPHOTO TPOCTPAHCTBA.

3. z3n0kuTh Ha TpUMepax MeTOI, NCCAETOBAHNS ONMTUMAIBLHBIX 3334 C
00paTHOl CBA3BIO /IS YPABHEHUI TMIPOJIMHAMUKN, OCHOBAHHBIN HA TOMO-
JIOTHYIECKOM TEOPUHN CTEMEHN MHOTO3HAYHBIX OTOOparKeHuit DAHAXOBBIX TPO-
CTPAHCTB.

JINTEPATYPA

1. Bparun B.I., /Imurpuenko B.T. AnmpoKCHMAaIOHHO-TOIIOJIOTHYECKUI MO
X011, K uccyreoBanuio 3agad rugpogunaMuku. Cucrema Haspe — Crokca. M.:
Enmuropuan YPCC, 2004.

2. Zvyagin V. G. On solvability of some initial-boundary problems for mathema-
tical models of the motion of nonlinearly viscous and viscoelastic fluids //
J. Math. Sci., New York. 2004. V. 124, No 5. P. 5321-5334.

3. Zvyagin V. G., Vorotnikov D. A. Topological approximation methods for evolu-
tionary problems of nonlinear hydrodynamics (de Gruyter Series in Nonlinear
Analysis and Applications, V. 12). Berlin: de Gruyter, 2008.

4. Bpsirun B.T., Typ6un M. B. MaremaTudyeckue BOIPOCH THAPOJAUHAMUKY B3~
koyupyrux cpeg. M.: KPACAH/I, 2012.

5. Zvyagin V. G. Topological approximation approach to study of mathematical
problems of hydrodynamics // J. Math. Sci., New York. 2014. V. 201, No 6.
P. 830-858.
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MATHEMATICS OF FLUIDS IN MOTION

Feireisl E.

Institute of Mathematics of the Academy of Sciences
of the Czech Republic, Prague, Czech Republic;
feireisl@math.cas.cz

This is a series of lectures on recent development of the mathematical
theory of compressible fluids, both viscous and inviscid.

1. We start by reviewing some results on existence of solutions of the
initial/boundary value problem for the compressible Navier—Stokes and
Euler system:

e Existence theory in the framework of regular (smooth) solutions.
Local in time existence for arbitrary data and global existence for
small data in the viscous case.

e Existence of weak (distributional) solutions for the Navier—Stokes
system.

e Existence of weak (distributional) solutions for the (barotropic) Euler
system.

Recommended preliminary reading: [1, 2].

2. We discuss some recent results on ill /posedness of the Euler system
in the class of weak solutions:

e Method of convex integration and its adaptation to problems in fluid
mechanics.

e Existence of infinitely many global-in-time weak solutions to the
compressible Euler system.

e Infinitely many weak solutions that comply with entropy criteria.
Solutions emanating from regular initial data.

Recommended preliminary reading: [3, 4].

3. Finally, we introduce the concept of oscillatory — (dissipative) measure-
valued solution and discuss some applications:
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e Dissipative measure-valued solutions.
o Weak-strong uniqueness.
e Applications to singular limits and numerical analysis.

Recommended preliminary reading: [5, 6].

The research of E.F. leading to these results has received funding from the
European Research Council under the European Union’s Seventh Framework
Programme (FP7/2007-2013)/ ERC Grant Agreement 320078. The Institute of
Mathematics of the Academy of Sciences of the Czech Republic is supported by
RV0:67985840.
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O IIEPBOI1 HAYYHOU PABOTE C.JI. COBOJIEBA

Yeuknna A.T.

Mockosckuti 2ocydapcmeennniti yrnusepcumem um. M. B. Jlomonocosa,
Mocxea, Poccua; chechkina@gmail.com

B siekiusix Gyer pacckaszano o mepsoit nay4unoit pabore Cepres JIbBo-
Buua Cobonesa [1]. DTa pabora Oblia HamuCcaHa B cTyaeHdeckue rogsl. ITo-
BosIoM mocy¥kuin pesyabrarbl H. H. CanTbhikoBa, 0 KOTOPBIX PACCKA3BIBAJ
npodeccop H. M. T'ionTep Ha JIEKIUAX M0 yPABHEHUSAM C YACTHBIMU TPOU3-
BosubiMu. Hekoropble ux Hux Bbi3Baau comuenusi y cryneata C. Cobome-
Ba. [Ibrrasics pazobparbes B paborax H. H. Canreikosa, C. CobosieB Hares
HETOYHOCTH W TTOCTPOUJI KOHTPIPUMEDHI.

JINTEPATYPA

1. Co6oues C.JI. Bameuyanue no nosoay pabor upod. Canrsikosa “Uccnenosa-
HUS 110 TEOPUU YPABHEHUI C 9aCTHBIMU TTPOU3BOIHBIMIU [TEPBOTO TIOPSIIKA OJT-
ot HemsBecTHON dyukimu’ u “O pazBuTuU TEOPUM YPABHEHUI C YACTHBIMU
IIPOM3BOAHBIMU IIEPBOrO IIOPSIKA OHON Hem3BecTHOU dynkiun’. Pykonmncs.
1927. CemeitHblit apxuB.

26



CEKIIMOHHBIE
JTOKJIAJIbI

Te3ucel

SHORT
COMMUNICATIONS

Abstracts






Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

JINHETHA ST OBPATHA ST 3AJTAYA J1JISI
OMMEPATOPHO-TN®®EPEHIINAJIHBHOTO
VPABHEHUSY CMEITTAHHOT'O TUIIA
C [IAPAMETPOM

Abameena H. JI.

Hnemumym mamemamuxy um. C. JI. Coboresa CO PAH,
Hosocubupcruii 2ocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
anl@math.nsc.ru

PaccmarpuBaercs suHeiinas obparHas 3azada: Hafitu dyukuuu u(t, p)
u p(t), y1oBiaeTBOp4IOLIMe Y PABHEHHUIO

Buy + pLu = ¢(t) + f(t,p), peD, te(0,T), (1)

U KPAEBBIM YCIOBUAM
u(0,p) = u(T,p) = 0.

Buecs T < oo, D C C — u3mepuMoe MHOKECTBO, UMEIOIIEE MPeIeTbHY IO
Touky po € C, L, B — caMOCONpszKEHHbIE OIIEPATOPHI B JIAHHOM KOMILIEKC-
HOM TMJILOEPTOBOM MPOCTPaHCTBE E O CKAIAPHBIM MPOU3BEAEHNEM (-, ) 1
HOpMOot || - ||. Onmeparop B nMeeT OPOH3BOJIBHOE PACIOIOXKEHHE CIEKTPA, &
CIIEKTD OIepaTopa L TOoIyorpaHudeH.

B pa6ore Ha OCHOBE M3BECTHBIX PE3YJIBTATOB JJIs MPAMBIX 33,189 UCCIIE-
JIoBaHa 0OpaTHas 3a/a49a HAXOXKIEeHUsT CBOOOHOIO 4/IeHA /sl yPABHEHUS C
napamerpom (1). 3uech 10KA3ATEIbCTBO IPOBOAUTCH METOJIOM PA3J/I0ZKEeHU s
B DS/l TI0 COOCTBEHHBIM W MPUCOETMHEHHBIM 3JIEMEHTaM COOTBETCTBYIOIIEH
COEKTPAJIBbHON 3a/1a91

Lu = A\Bu,

U JIaHO fABHOE IIPE/ICTABJIEHUE PEelleHusd.
Pabora BeimosHena mpu mogmepykke Poccuiickoro dbonma dbyHmaMeHTaTIBHBIX
nccnemosanuii (mpoekt Ne 15-01-06582).
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OBILIEE PEIITEHUNE 3AJAYN
MUWUHVIMN3AIINN PACXOJA PECYPCA

Anexkcanapos B. M.

HUnemumym mamemamuru um. C.JI. Coboaesa CO PAH,
Hoeocubupck, Poccus; vladalex@math.nsc.ru

[TycTsh ympaBasembrii 00LEKT ONMUCHIBAETCS JIUHEHHBIM TudDEepeHInab-
ubiM ypasaenueMm & = A(t)xr + B(t)u, x(tg) = zo, xo € D, rme u — m-
MEPHBIH BEKTOP YIPABIEHUsI, KOMIOHEHTHI KOTOPOTO MOAYAHEHBI OTPAHUTIe-
muam |u;| < M, j = 1,m. IIpeanonaraercs, 910 CHCTEMA MOKOMIIOHEHTHO
[IOJIHOCTBIO yIIPABJIiEMa M [EPEBOAMMA B 33JAHHOE KOHEYHOE COCTOSIHUE U3
OTpaHWYIEHHON 00JIACTH HAYATIHHBIX YCIOBUH D.

3AJIAYA. Haittu gomyctumoe yrpasienne u’(t), mepeonsimee 3a (huk-
cupoBannoe Bpemsa T =t — to (rae T > Tp) cucremy u3 HAYAIBHOIO CO-
crosinus x(tg) = xp B KOHeYHOe cocTosinue Z(ly) = T U MUHUMU3UDYIOLIEE

tr
dymxmmonan J(u) = [ 3770, Ju;(7)|dr. Buecy Ty — Bpems onTHMATBLHOrO
to

110 OBICTPOAEHCTBUIO IEPEBO/IA CUCTEMBI.

Pazpaboran obmiuit MeTO BHIMHACIEHUS ONTHMAILHOIO IO PACXOIY Pe-
cypca yTmpaBJIeHUs, OCHOBAHHDBIN HA PAa3/IeICHUN 33/Ia9UN HA JTBE HE3aBUCH-
MbI€ TO/33a4u: 1) BBIYUCIEHHE CTPYKTYDPbI ONTUMAJIBLHOIO YIIPABJICHUS;
2) BBIYMCJIEHHE MOMEHTOB MEPEKJIIOUEHU ONTUMAJILHOTO yiupaBJjieHus. Boi-
9UCIIEHUE CTPYKTYPbI OCHOBAHO HA OPUTHHAJIBHOM MeToe (hOPMUPOBAHUS
KBa3UONTUMAJIBHOIO YIIPaBJIEHUs. BbldauciieHne MOMEHTOB IIePEeKJIIOYeHHd
yIpPaBJIEHUS OCHOBAHO Ha, HANIEHHON CBA3W MEXKTY OTKJIOHEHUSIMU HATAb-
HBIX YCJIOBUI COMPSYKEHHOM CUCTEMBI C OTKJIOHEHUSAMU (DA30BOI TPAEKTOPUN
B KOHEUYHBII MOMeHT. JlaH MeTo 3a/IaHus HAYaIbHOTO NMpudsnmKenns. Pas-
paboTaH UTEPANMOHHBIN AJTOPUTM M PACCMOTPEHBI ero ocobennocTu. IIpu-
BEJIEHBI PE3Y/IbTATHI MO/IEJIUPOBAHNS U YUCJIEHHBIX PACYETOB.

Pabora BeImosiHeHa pu (puHAHCOBOM TTOAAEp)KKe Poccuiickoro dhonma dynga-
MEHTAJLHBIX uccaenoBanmii (mpoekt Ne 16-01-00592a).

JINTEPAT YPA

1. Anekcarzpos B. M. BbIpoxkIeHHOE penieHre 33Ja9i MUHUMU3AIUNA PaCXOIa
pecypca // Cub. xxypH. Boruucia. maremaruxu. 2016. T. 19, Ne 1. C. 5-18.

2. Anekcanapos B. M. KBa3nonTuMaabHOE YIPABJIEHHE TUHAMUYECKVUMU CUCTe-
mamu // ABromaruka u reseMexanuka. 2016. Bom. 7. C. 47-67.
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METO/I, IIJTOCKNX CPEIHUX J1JISI
TUMTEPBOJINYECKUX CUCTEM

Anukonos /1. C.

HUnemumym mamemamuru um. C.JI. Cobosesa CO PAH,
Hoeocubupck, Poccus; anik@math.nsc.ru

Paccmorpum 3ama4dy 0 KOIe0aHUSAX OTHOPOIHONW HEOrPAHUIEHHONW MeM-
Opaubl npu HaJW4anu BHEMHEH cuiibl. COOTBETCTBYIONIEE YPABHEHUE KOJTE-
Oanuil umeeT BUJ,

utt - az(uwlwl + ua}zwz) = f(t7 x17x2)7 <x17$2) e R27 t > 07 (1)
rie f € CH((0,00) x R?), a € R, a > 0. IlycTsb 3a1aHb HAUATbHBIC JTAHHBIE:
u(0, 21, w2) = @(x1,22),  w(0,21,2) = (21, 22),

(21, 22) € C*(R?), h(x1,29) € CH(R?).

Paccmorpum cremyroriuie obparhbie 3aadu. st 9T0ro mpeamonoRum,
aro GyHKIHA f He 3aBUCHT OT t, T. . f(t, 21, 29) = f1(21,22), f1 € C1(R?),
npudeM fi; MOXKET PUHUMATH JIUIb HEOTPULIATEIbHBIE 3HAYCHUS, & MHOXKE-
CTBO TOYEK, B KOTOPBHIX (DYHKIUS [ MOJOKUTENbHA, SIBISETCS HEKOTOPO
orpaHuveHHo# 006nacTbio G. OyHKIINK @, ) TPEANOIAraloTCs (DUHUTHBIMHY.

3AJIAYA 1. Umes B Ka9eCTBE UCXOTHBIX JAHHBIX KOIDDUIHEHT a, DyHK-
wuu @, P, u(t,x1,0), Uy, (¢, 21,0), u(t,0,22), Uy, (¢,0,z2), HaliTH TAKON PS-
MoyroabHUK F, comepxkaiuii B cebe obactb G, 9T00bl Kaxk/1asi ero CTOpOHa,
KacaJjiach I'paHuubl obsactu G.

SAZAYA 2. VMes B KauecTBe MCXOTHBIX JAHHBIX WHTEPBAI [a1,as] JJIst
ko dunmenta a, byakuun u(t, x1,0), Uz, (¢, x1,0), u(t,0,x2), Uy, (£,0,22)
u nosaras ¢ = 0, ¢ = 0, maittu npsmoyroipauk F, comep:xkamuii B cebe
obnactb G.

[MoxpasymeBaercst, 910 pazMepbl KCKOMOIO IPIMOYTOJIbHUKA F, 110 BO3-
MOKHOCTH, TOJIXKHBI OBITH MUHUMAJIHHBI.

CMbBICT 9TUX 3339 COCTOUT B JIOKAJIU3AINKA HOCUTEJISI MPABOil dacTh
ypasuenus (1), 9To ¢ dbusnyeckoil TOUKM 3peHus O3HAYAET IMPUOTIMKEHHOE
OTIpEJIeJIEHNEe MECTa BO3EHCTBYS BHEITHEH CUJIbl HA MEMOpPAHY.

st obenx 3a/1a9 MOCTPOEHBI U TECTUPOBAHBI ATTOPUTMABI.
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JIYYEBOU METO/ 11 BOIIPOCHI
NAEHTNO®NKAIINY YPABHEHUU
TEOPUN YIIPYTI'OCTN

Annkonos 10. E.!, Aronosa H.B.?, Hemaaum M. B.3

Hnemumym mamemamuxry um. C. JI. Coboaesa CO PAH,
Hoeocubupcx, Poccus;

lanikon@math.nsc.ru, 2ayupova@math .nsc.ru, >neshch@math.nsc.ru

IIpenmaraerca HOBBIN crocob mccaeI0BaHus 33139 UACHTH(DUKAIIUN CH-
CTEeMBI yPaBHEHUH YIPYTOCTH, OCHOBAHHBIN HA JIYYEBOM DPA3JIOKEHUN PeETTie-
HUH, KOrma KOI(MPPUIHEHTHI JAHHON CHCTEMBI 3aBHUCAT HE TOJBKO OT TPO-
CTPAHCTBEHHO# TMEepeMeHHO#, HO M OT BPEMEHU, UTO MPEJACTABISET MpPaK-
THUYECKHH uHTEepec. Aredpo-aHAJIUTUYECKMMHU METOJAMH yCTaHABIUBAIOT-
€ HOBbIE MHOTOYHCJ/IEHHBIE CBSA3W B KOHEYHBIX M OECKOHEUHBIX BAPUAHTAX
MEXKIy aMILIATyAaMu, KodddunmenraMu 1 QyHKIHAMA UCTOIYHUKOB Pac-
CMaTPUBAEMBIX JTUHAMUYIECKUX CUCTEM TEOPWH YIIPYTOCTH.

PaboTa BeImO/THEHA TIPU (PUHAHCOBOI TIOAEPKKE ITPOEKTa 1Mo mporpamme [Ipe-
sumuyma PAH “Beranciurensuas Tomorpadus HEOIHOPOIHBIX W AHU30TPOITHBIX

cpexn” (upoext Ne 0314-2015-001), PODU (upoext Ne 15-01-00745).
JINTEPATYPA

1. Anukonos FO. E., Hemaaum M. B. Anre6po-ananutudeckue Crocobbl OCTPO-
enus pewenuit quddepennuanpupix ypasnenuii // Becrn. HI'Y. Cep. Mare-
MaTHKa, MexaHnka, uaHdopmaruka. 2015. T. 15, e 2. C. 3-21.

2. Aunxonos FO. E., ArorroBa H. B. Jly4ueBbie pa3JI0KeHWs W TOXK IECTBA JJIs1 YPaB-
HEHUIl BTOPOrO HOPsJKa C [PHUJIOXKEHWsiMU K oOparHbiM 3amadam // Cub.
JKYPH. 9HCT. U OPHUKJ. MaTeM. (IIPUHATA B II€9IATDH).

3. Hemaamm M. B. @ yHKIIMOHAIHFHO WHBAPUAHTHBIE PelleHnsi CucTeMbl Makcses-
aa // Cub. xypu. magycrp. maremaruxu. 2017. T. 20, Ne 4. C. 66-74.

4. Anuxonos FO. E., Aonosa H. B., Hemazaum M. B. JIly4eBoit MeToI U BOIIPOCHI
naenrudukanyuy ypasrenuit reopun ynpyrocra // Cub. XKypH. 9UCT. ¥ IPUKJI.
MaTeM. (COaHA B IE€YATH).
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OIIPEJAEJIEHUE IIOBEPXHOCTEN PA3PLIBOB
KO®PUNITNEHTOB YPABHEHN A ITEPEHOCA

Bamnakuna E. I0.

HUnemumym mamemamuxu um. C.JI. Cobosesa CO PAH,
Hosocubupckuti 2ocydapemeennnti ynusepcumem, Hoeocubupcer, Poccus;
balakina@math.nsc.ru

PaccmarpuBaeTcs Hecranmonaproe JuHeiinoe nuddepeHmaibHoe ypaB-
HeHme

af(t7 r? w? E)

ot +w- vrf(tarava) + H’(tara E)f(tarava) = J(tvrava)'

9TO ypaBHEHHE ONWCHIBAET, B YACTHOCTH, MPOIECC MEPEHOCA YACTHIL
ckBO3b cpeny. Pyukius f(t,r,w, F) MHTEPIPETUPYETCcs KaK MIOTHOCTD T10-
TOKA 9YaCTUI[ B MOMEHT BpeMeH: { B TOYKe T C dHeprueit F, meramux B
nanpasiennu w. Oyukiun p u J xapakrepusyior cpexy (G, B KOTOPOii mpo-
TEKaeT IPOLECC.

PaccmarpuBaeTcs 3amada 0 HAXOXKIEHUH TTOBEPXHOCTEH pa3phIBOB KO3(]-
dunmentoB ypaBuenus  u J. VHBIME CTOBaMU, CTABUTCS BOIIPOC 00 Ompe-
JleJIeHUn BHYTPEHHe#H cTpyKTypbl cpembl (G. Takas mocTaHOBKA SIBJISI€TCS
npojosKenueM ukia uccaenosanuii 1. C. Anukonosa [1].

s peleHust IOCTABJIEHHON HPOO/IEeMbl CHAYA A MCCJIELYeTCs IIPsAMast
3a/1a48 O HAXOXKJIEHUHU ILJIOTHOCTH IIOTOKA f IIPU 3aaHHbIX HA4Ya/JIbHOM YCJIO-
BUY U ILJIOTHOCTHU TIAIAIOIIETO TOTOKA (TaKas ¥Ke MOCTAHOBKA, HO B CIIyYae
HenpepbIBHBIX KoddbdunnenTos, Obina paccmorpena A.U. Ipuienko [2]).
3areM yKasblBaeTCs CHeluajbHas (DyHKIHs, KOTOpas IPUHUMAET Heorpa-
HUYEHHOE 3HAaYEHHe TOJbKO Ha MCKOMBIX II0BEPXHOCTSX.

Pabora Beimosaena npu noamepxkke Poccmiickoro donma dyHmaMeHTaATIBHBIX
uccienoBanuii (mpoekt Ne 16-31-00112 mon_a).

JINTEPATYPA

1. Anukonos /1. C., Koprauiok A. E., IIpoxopos H. B. cuosb30Banue ypasHeHust
nepenoca B Tomorpaduu. M.: Jloroc, 2000.

2. Ilpunenko A. H., Usankos A.JI. Obparubie 3ama4un onpenesnenus Ko3bdurim-
€HTa M TIPABONl YACTU HECTAIMOHAPHOTO MHOTOCKOPOCTHOTO yPaBHEHWS Tepe-
HOCa 10 mHepeompezesenuio B Touke // duddepenn. ypasuenus. 1985. T. 21,
Ne 1. C. 109-119.
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YCJIOBUSI ACUMITTOTYECKOI
YCTOMYUBOCTU PEITEHUI PA3SHOCTHBIX
YPABHEHUI C ITEPUOINYECKIMU
KOPPUIIUEHTAMU C 3ATIA3IBIBAHUEM

Banpgaunos /1. I11.

Hosocubupcruti zocydapemeennvidi yrusepcumemn,
Hosocubupck, Poccus; 05damdin@mail .ru

B macrosimmeit pabore paccMaTpuBaeTCs BOMPOC 00 aCHMITOTHYECKOM
YCTORYMBOCTH HYJIEBOI'O PEIIeHUs CACTEMbl DA3HOCTHBIX ypPAaBHEHUH

Tpyr = A)z, + Bj(n)T,_rmy, n=0,1,..., (1)

e
B(n) mpm T7(n)=j
Bj(n) = (n) p (n) ‘7,’
0 wpu 7(n)#j,
A(n), B(n) — N-uepuoauveckue Mmarpuipl pazmepa m X m. Mol Oyuem upe-
noJiaraTh, YTO 3aMa3AblBAIONIM apryMeHT orpannder 1 < 7(n) < 7 < oo.
Nmeer MecTO ceayiommii pe3yabTar.
Teopema. IIpeamomokum, 9TO CyIMECTBYIOT SPMHTOBBI IIOJOKATETHHO
onpeznerennble marpunpl H(n), K;, j = 0,1,...,7, takume, gro H(0) =
H(N),Aj=K;_1—K;>0,j=1,...,7, u cocTaBHbIe MATPHIIbI

Coo(n) A*(n)H(n+1)B1i(n) ... A" (n)H(n+1)B,(n)
B} (n)H (n+1)A(n) Chi(n) . B} (n)H(n+1)B. (n)
C(n) =— : . ’
B2 (n)H(n+1)A(n) BI(n)H(n+1)By(n) ... Crr(n)
e

Coo(n) = A*(n)H(n+1)A(n) — H(n) + Ko,

J

Crr(n) = BX(n)H(n + 1)B,(n) — K,

T

1
Cjj(n) = B;(n)H(n+1)B;(n) — iAj’ j=1,...,7—1,

Tak>Ke MOJOKATETbHO onpenenaensl npu n = 0,..., N — 1. Torxa Hymeoe
perenre cucreMbl (1) acCHMITOTHYECKH yCTORYHBO.

JINTEPATYPA

1. Jemunenko I'. B., Bamgaros /I. III. O6 acCHMOTOTHYECKON yCTOMYMBOCTH pe-
meHuii PasHOCTHBIX ypaBHeHmi ¢ 3amasapiBanueM // Becrm. HI'Y. Cep. Ma-
reMaruka, Mmexanuka, uadopmaruka. 2015. T. 15, Bour. 4. C. 50-62.
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YPABHEHUA TUITA YPBICOHA B 3AJJAYAX
BOCCTAHOBJIEHNA TOYEK ITOBEPXHOCTU

Besnoszy6 B. A., Kosmoa M.T., Jlykpaaenko B. A.

Kpvmceruil gpedeparvronti ynusepcumem um. B. H. Bepnadcxrozo,
Cumgpeponoan, Poccus; art-inf@yandex.ru

3ajiava BOCCTAHOBJIEHNST XaPAKTEPHBIX TOUYEK M300pPAKEHHIT 0 TaHHBIM
KOCBEHHBIX M3MEDEHUil SIBJIAETCS BOCTPEOOBAHHON B PA3IMYHBIX IIPHUIIOZKE-
nusx. Kak mpaBuio, Takue 3aJaduM MOJEJUPYIOTCS JIMHEHHBIMU W HEJH-
HEIHBIMU OIIEPATOPHBIME YPABHEHUSIME IIEPBOTO POIA U SBISIOTCS HEKOP-
PEKTHO nocraBieHHbiMU. PazpaboTka yeroOfYMBbIX PErysisdpU3UpPYIONHX aji-
TOPUTMOB CBsI3aHa C aJEKBATHBIM HCIIOJIH30BAHNEM AMPHUOPHON U IAPYToit
nH@OpPMAIK O DEIeHN’, MOJENH, CIOCo0aX IMOJIyUYeHUs! JAHHBIX KOCBEH-
HBbIX u3Mepenuii. B pabore paccMaTpuBaOTCa MOJENH B BUIE PAZHOCTHBIX
AHAJIOTOB HEJIMHEHHBIX HHTErPATbHBIX yPABHEHWH THUIIA CBEPTKH IIEPBOTO
poma. Paznoobpa3sue peryrsspu3upyonux aJropuTMOB ONPeIe/IaeTcs BbiOo-
poM criocoba repepaboTKu JocTymHON nHdopMaryn (3Hauuit) B perenwe [1].
Tewm cambiM, HOPMHUPYETCST HHTEIEKTYyaIbHAsS CHCTeMa, OA30BBIMU dJIEMEH-
TaMu KOTODPOU #ABJIAIOTCs yJIbTpacucTeMbl (1o Tepmunooruu A.B. Yeuku-
Ha) — npeobpa3oBaresy CeMaHTUIeCKON nH(MOPMAIMU — YIILTPAOLEPATOPDI.
Ha nepBom srare peraercs 3a/ja4a BOCCTAHOBIEHUST SKCTPEMAJIBHBIX TOYEK
nosepxuocru (“Onecrsanux”). st 3TOro UCIONB3YIOTCA ACUMIITOTUIECKHAE
mozenu [2—4].

Cureryronuii mar COCTOUT B CHHTE3€ MHTEJJIEKTYaJIbHOI CHCTEMBI 110 00-
paboTKe JAHHBIX KOCBEHHBIX U3MEPEHUN M3 MHOXKECTBA B3aUMOIEHCTBYTO-
mux uHTesiekTyadbibix arenroB (MA) u coorBercrByoOmel uHTEIIEKTY-
anbHoli cucrembl yupasienus (ICY). Uudopmanus, nojydeHHas oQHUM
WA, moxker ObITH TpelneaeHTHON, ampuopHo#t mias apyroro MA. Hampw-
Mep, aBa A pemaior 33739y JUCTAHIIHOHHOTO 30HIWPOBAHWS BbIIEIEH-
HOr'O y4acTka noBepxuoctu (Tpaccol). Pemienue, monydentoe B Buje Habopa
SKCTPEMAJIBHBIX TOYEeK OfHUM VA, MOXKeT UTeparmoHHO YTOYHSITHCS JPY-
rum. A pasmernaiorcs Ha OJHOM yCTPOHCTBe miu HecKogbKux. CucreMmbl
YPaBHEHU I MOJEINPYIOT TMPOIECC CKAHMPOBAHNS MOBEPXHOCTH aHTEHHBIMU
yCTpO#CTBAMHU, XapaKTep CUTHAJA W €r0 OTpayKeHWe OT CKAHWPYeMOil Io-
BepxHocTH. Takue HesnHeHHbIE CHCTEMbI aJIreOpanvdecKuX yPaBHEHHH sAB-
JISIIOTCS AHAJIOTAMU HeJIMHEHHBIX WHTerpoand hepeHuaIbHbIX yYpaBHeHH
Tuna Ypoicona 1 poza.
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KPAEBAA SAJAYA Ob OCECUMMETPNYHOM
OBTEKAHUN KPYI'OBOI'O KOHYCA
PEAJIBHBIM I'A30M

Bu6epmopd . A.', Bnoxun A.M.?

Hosocubupcruti zocydapemeennvidi yrusepcumemn,
Hnemumym mamemamuxy um. C. JI. Coboresa CO PAH,
Hoeocubupck, Poccus; 'biberdorfengs.ru, ?blokhin@math.nsc.ru

PaccmarpuBaercs 3amaga o cranuoHapHOM ODTEKAHUU KPYTJIOTO KOHY-
ca razom Ban-nep-Baasbca [1], onucbiBaonmmM BemecTso B ra3006pa3HoM,
JKUJKOM, a TaKkKe JABYX(A3HOM COCTOSHUU. AKTYaJIbHOCTH JIAHHON 3a/1a9u
00yCJIOB/IEHA COBPEMEHHBIM YPOBHEM DPA3BUTHUS JIETATEIHHBIX AIMMAPATOB,
JBUKYIIAXCS CO CBEPX- W TUIEP3BYKOBBIMU CKOPOCTSIMU.

Jannasg 3ama4a onucsiBaercs cucremoit OJ1Y deTBepToro mopsiaka, ompe-
JIEJIEHHON Ha MHTEpBaJIe, OJMH KOHEIl KOTOPOro (yroJl yAapHOii BOJIHBI) TaK-
K€ SIBJIeTCs HEM3BECTHOM BEJMYUHOMN, U NATHI0 IPAHUYHBIMU yCJI0BUAMH [2].
PaspaboranHbIil aJTOPUTM HA, KAXK 0N UTEPAITHN PEITAET CTAHIAPTHYIO KPa-
€BYIO 337129y, UCTOJIb3Ys YeThIPe TPAHUIHBIX YCIOBHUS, & 3aTEM MTPOU3BOIUT
KOPPEKTUPOBKY PEIeHUs] HA OCHOBE IMSTOr0 TPAHWYHOTO YCJIOBHUs. AJro-
purM 6bicTpo cxomurcs (2-3 urepanuu) Jjist JOCTATOYHO OOJIBIIUX YHUCEI
Maxa naberaromero moToKa.

Bapuanus anropurma, BEIMHCIAIONAA 9uc0 Maxa HaOeraimero moro-
KA, COOTBETCTBYIOIIEE 3JaHHOMY YIJIy YIAapPHOM BOJIHBI, TIO3BOJISIET OMPEIe-
JINTh MUHWMAJIbHOE YuCa0 Maxa, mpu KOTOPOM CYIIECTBYET MPUCOEINHEH-
Has yIapHasi BOJTHA.

IIpousseneno cpaBHeHWe PAaCYETHBIX MAPAMETPOB TedeHwWit ra3za Ban-
nep-Baasbca ¢ TedenusiMu OJIATPOIIHOIO ra3a.

Pabora BeimosHena mpu moamepykke Poccuiickoro dbonma dyHmaMeHTaTIbHBIX
nccnemosanuii (mpoext Ne 17-01-00791).

JINTEPATYPA

1. Baoxua A. M., Tosmgua A. FO. TlocTpoeHue TpPOMEKYTOYHBIX 00JIACTeN JIyIst
06o6mmenHoro raza Bau-nep-Baasbsca // 2Kyps. Tex. dus. 2016. T. 86, B, 12.

C. 49-55.
2. Byroxuu A. M., Bubepaopd 3. A. UucieHHOoe pelieHne 3a/1a49u O CTAIMOHAPHOM

obrexaHuy KOHyCa peasbHbIM ra3oM // Berauciauresnsasie rexuosoruu. 2015.

T. 20, Ne 2. C. 29-43.
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TPAEKTOPHBIN U I'NTOBAJIbBHBIN
ATTPAKTOPBI OTHOT'O KJIACCA
BA3KOVIIPYI'UX >KUJIKOCTEI C I[IAMATHIO

BoaasipeB A.C.
Boponestcexuti 2ocydapemeenmnutt yrusepcumem, Boponeorc, Poccus;
al-boldyrev@mail.ru

IIycrs Q@ C R™ — orpanudentasi 06J1aCTh € JIOKAJIbHO-JIUIIIIUAIEBONR Ipa-
uuneit I'. Paccmorpnu cemyromyio cucreMy ypaBHEHMIH

n
% + 2 Ui% — pp Div /Ot L(t,8)E(v)(s, Zs(v)(s;t,x)) ds

—poDivE(v) = —gradp + f, (t,z) € [0,4+00) X Q, (1)

dive =0, vlr=0, v(0,2)=1"x), /pdsz. (2)

31ech v — CKOpPOCTb, p — maBienue, f — HJIOT?IOCTI) BHEIIHUX CHJI.

E = (&) — mensop cropocreit medopmaimn, g = 2x/A, pp = 2v/A —
25¢/A?, Tie A — Bpems peslaKkcallud, »x — BpeMs 3ana3/blBaHus, v — BA3-
KocTh xkuzakocru. L(t,s) — usMepumas (DyHKIUs, XapaKTepusyolias mna-
MATH 9ACTHIBI KuaKocTH. IIpeamonaraercs, ato |L(t, s)| < e~ (2#1/ro)(t=s)
(s < t, s,t € [0,+00)). PaccMOTpUM TPAEKTOPHIO, OMPEAETIEMY0 yPABHE-
HueM z(7;t, ) = x—l—f[ Ssv(s, z(s; t, x))ds. B a3TOM ypaBHEHUN NCTIOIB3YeTCST
oreparop peryisipusanun Sy Takoi, 9To Juist Kaxkaoro v € Lo (0,T;V) aro
yDaBHEHUE UMeeT eJUHCTBeHHOe penrerve Zs(v). Paspemmmocts B ciabom
cumbiciae 3azadu (1)—(2) ycranossena B pabore [1]. Tlonobubie moxenu pac-
CMaTPUBAIOTCS, HALIPUMED, B [2].

Teopema. Ilycrs f € V*. Torua cymecrByer MHHHMAJIbHBIH TPAEK-
TOPHBIH arTpakTop U U riobajsHbIi aTTpakTop A MpoCTpaHCTBa TPAEKTO-
puii HY samaan (1)—(2).

JINTEPAT YPA

1. Boaasipes A. C. UcciiemoBanue 0JHOTO KJIACCA BA3KOYNPYTHUX JKHUIKOCTEH C
namsteio // Bectn. Boponex. roc. yu-ta. Cep. ®@usuka, maremaruka. 2015.
Ne 4. C. 62-77.

2. Bpsarun B.I., /Imurpuerko B. T. O cra0bix pernieHusX Ha9aIbHO-KPAaeBOil 3a-
a9M Ui yPaBHEHWH JBUKEeHus BA3KOynpyro# xuakoctm // JTAH. 2001.
T. 380, Ne 3. C. 308-311.
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O PA3PEIIINMOCTU BTOPOM KPAEBOI
3AJTAYN J1JISI CUCTEMBI CTOKCA

Boumaps JI. H.

Hnemumym mamemamuxu um. C. JI. Coboresa CO PAH,
Hosocubupcruii 2ocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
b_lina@ngs.ru

3 _
Paccmarpusaercst Bropast Kpaesasi 3ajada B Loiyupocrpancrse R3 =
{x = (2/,23) : 2’ € R?, 23 > 0} nns cucremsr Crokca:

—vAu+yu+Vp=fr(x), xeR3,
divu = f~(x),
—03p+V (Dmaul + Dxiug) |a:3:0 =0, 1=1,2,3,

rae u = (ul,UQ,US)T, [ = (f+7.f7)T = (flafZafgafi)Ta v,y >0, o3 —
cumBon Kponekepa. Uccimenyercs pa3permmmMocTb KpaeBoit 3aaaqu B co60-
nesckom npocrpancrse W2(R%) x W, (R3).

Teopema. Ilycrs q > 3/2. Torma mas ft(z) € Lq(Rz’r) N Ll(Ri),
f(x) € Wi(RY), (1+|z|)f (x) € Li(R3), f~(2,0) = 0 cymecryer
equucrsennoe pemenne (u(x),p(z))T € W2(R3) x W}(RY) kpaesoii 3aza-
9.

f~(z) = 0 kpaepasa 3ama9a umeer equHCcTBeRHOE pemenne u(x) € W2 (R
Vp(z) € Ly(R3), 1 < ¢ < o0.

3AMEYAHUE 2. Ycioeue g > 3/2, yKazaHHOE B TeopeMe, SIBISETCS Cy-
miecrBeHHbIM. MOXKHO moKa3arh, 910 npu 1 < g < 3/2 BO3HMKAIOT JOIOJI-
HUTEIbHbIE YCJIOBUS HA OPABYIO 9acTh cucreMbl f(x). Anamoruunbiii dpakr
nMeer MecTo U s 3amaun Kormm u mepBoiit KpaeBoil 3a1a4u [iJis JTUHEaAPH-
soBanHol cucrembl Hasbe — Crokca (cM. [2, 3]).

JINTEPATYPA

1. Cosorrnkos B. A. OuieHKY peneHnst 0HOM HaYaIHLHO-KPAEBOM 33,129 JIJIsT JIN-
HeHHOW HecTalMoHapHO cucrembl ypasHenuit Hasbe — Crokca // 3am. HaydH.

cem. JIOMIU. 1976. T. 59. C. 178-254.
2. Hemunenxo I'. B. O He0OX0OMMBIX yCIOBUSX KOPPEKTHOCTH 3aaa<u Komm s

smureapu3oBannoil cucrembl Haspe — Crokca // Cub. mar. xypu. 1988. T. 29,

Ne 3. C. 186-189.
3. Anekcanaposckmii I. JI. YcaoBue pa3pennuMOoCTH ePBOi KpaeBoil 3a1auu JJist

JmHeapu30BaHHOM cucrembl Hasbe — Crokca // Cub. mar. xypH. 1998. T. 39,
Ne 6. C. 1211-1224.
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I'PYIIIIOBOM AHAJIN3 OJHOMEPHOI'O
YPABHEHUN4 BOJIBIIMAHA

Boposcknux A.B.!, ILmaTtornosa K. C.?

Mockosckuti zocydapcmeentniti ynusepcumem um. M. B. Jlomonocosa,
Mocxea, Poccua; 'bor.bor@mail.ru, kseniya-plat@yandex.ru

[IpoBenena rpynmnosas kiaccuduKaIus OIHOMEPHOTO ypaBHeHus BobIii-
mana f; + cfy + F(t,x,¢)f. = 0 ornocurenvuo dyukuuun F = F(t,x,c¢),
XapaKTEPU3YIONIeil BHEITHEE CUIOBOE TOJI€, B TPEANOJIOKEHN HAJIUIUS 10~
[TOJTHUTEIbHBIX COOTHOIIIEHUI MEK/Ty MePEMEHHBIMU, ONpeaeadeMbix pu3u-
9eCKUM CMBICJIOM HCIOJIb3yeMbIX BesmduH. [lokazano, uro mais Bcex F as-
rebpa CUMMETpPHiI KOHEYHOMEPHA, W MOYKET WMeTh pas3mepHoctu 1, 2, 3, 8.
MakcnmMasibHast pa3MepHOCTh peasndyercs mpu F = 0.

Teopema.

1. Aurebpa cummerpuit ypasuenusi f; + cf, + F(t,x,¢)f. =0 (t,x,c € R),
COXpaHIOMAsl ypaBHeHusT xapakrepuctuk dx = cdt, dc = Fdt u mpsmvbre
dt = dx = 0, koneuromepHa s 060l Gynkumu F(t, z, c).

2. KoneuyHoMmepHbIe HETPUBHAIBHBIE AJIN€OPhI CHMMETDHIT HMEIOT Y DABHEHHUS
¢ ¢ynknuavu F(t, x, ¢) KJIACCOB, IPEICTABUTE/IH KOTOPBIX IEPEIUC/ICHDBI HH-
ke, KaskapIit Kiace morydaercst Kak oponTa rpymisl JuhdeoMopu3MoB B
npocrpancrse nepemennbix (t, x). B kaxaom ciaydae I-IV npexnmnosnaraercs,
910 (PyHKIHSA F HE JIEXKHT B IPEABLIYINEM KJIAcCe.

I. F =0, rpynna cuMMeTpuii BOCbMIMEDHA;

u 3c+a
II. F = Ac 5 F = AeXp(CEC), F = Aexp/m C, F = E,
3/2 2, .2 3/2
(t + ac)? (x—ct)*+c*+1
.7: = A <1 + m 5 ]: = A 1'2 + t2 + 1 s prHHa CUM-

Merpuii TpEXMEpHA;
III. F = F(c), F = T(c)/t, rpynna cumMeTpHii IByMepHa;
IV. F = F(x,¢), rpynna cumMerpuii OJHOMEDHA.

st KaxK10r0 Ciiydast OnpeIeeHbl aaredpbl CAMMETPHIT COOTBETCTBYIO-
el rpyImsl.

Pabora Beimosaena npu noamepxkke Poccmiickoro donma dyHmaMeHTaATIBHBIX
nccnemosanmnii (mpoext Ne 15-01-04066).
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CXOOAMMOCTDb KYBATYPHBIX ®OPMVYJI
BbICOKOUM TPUTOHOMETPUYECKOU
TOYHOCTU

Backesuu B. JI.

Hnemumym mamemamuxry um. C. JI. Cobosesa CO PAH,
Hoeocubupck, Poccus; vask@math.nsc.ru

B mokname mana oIeHKa CBEpXy IMOPSIKA CXOAUMOCTH HOPM (QYHKITH-
OHAJIOB MOTPEITHOCTH KyOaTypPHBIX (POPMYJT BHICOKOH TPUTOHOMETPHUIECKOH
TOYHOCTH TIPY YBEJIMYEHUN IUCIA y3J0B. [leiicTBue hyHKIIMOHAIOB mOTperr-
HOCTH PaCCMATPUBACTCA Ha MHOTOMEPHBIX IIEPHUOJUIECCKHUX ITPOCTPAHCTBAX
Cobonesa, BKIIIO9as MPOCTPAHCTBA APOOHOI raakocTu. OCHOBHOM pe3yiib-
TaT MOYYeH NP BHIIOJTHEHUN OOIIEIPUHITHIX YCIOBHA HA TTAIKOCTD IPO-
CTPAHCTBA, MOJALIHTETPATLHBIX (DYHKINH W HA PACIpeIeseHne y3a0B Kyba-
TypHBIX dopmyn [1-3].

HpI/I OII€EHKE IIOpAIKa CXOAUMOCTH HCIIOJIB30BaHbI HaI‘/JI,[LeHHbIe ABHBIC
OIIEHKM CBEPXY B BUJIE CTEIEHHON (DYHKIUM [jid 3HAYEHUI KPATHOCTH T, (D)
COOCTBEHHBIX 3HAYEHUH onepaTopa Jlamnaca B ciiydae NepuOJuIECKuX yCIo-
Buit [4].

JINTEPATYPA

1. Co6ouxes C. JI., Backesuu B. JI. Kybarypusie dpopmysnst. HoBocubupck: za-so
WNucturyra maremaruku, 1996.

2. BackeBuu B.JI. IlorpemHocTs ¥ rapaHTHPOBAHHAs TOYHOCTH KyOATypPHBIX
dopmyn B mHOroMepubix mepumoamdeckux npocrpancrsax Cobosnesa // Cub.
mat. xypH. 2014. T. 55, Ne 5. C. 971-988.

3. BackeBud B.JI. CxomumocTh Ky0aTypHBIX (OPMYJI BBICOKOIl TPUTOHOMETDU-
9eCKOM TOYHOCTH B MHOIOMEPHBIX Iepuoamdeckux mnpocrpancrsax Cobosie-
Ba // Mar. Tpyzast. 2015. T. 18, Ne 1. C. 3-14.

4. BackeBud B. JI. MakopanTa KpaTHOCTH COOCTBEHHBIX HHCEJI JIAILJIACUAHA C T1e-
puomuaeckumu ycaouamu // Mar. tpyasr. 2017. T. 20, Ne 1. C. 75-80.
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AJITEBPANTYECKUE IIEPBBIE NHTEI'PAJIBI
ITIOJIMHOMMAJIbHBIX CUCTEM,
YAOBJIETBOPAIOIINX YCJIOBNAM
KOIIIN - PUMAHA

BogaoknTun E. II.

Hnemumym mamemamuxry um. C. JI. Coboresa CO PAH,
Hosocubupck, Poccus; volok@math.nsc.ru

MpbI paccMaTpuBaeM ITOCKYTO TOJTHHOMHUATBHYTO cucTeMy anddepeHIm-
AJIbHBIX ypaBHEHUI

@:P(Z',y), g)zQ(a;y), (PCR)

rae P(z,y), Q(x,y) — MHOTOUYJIEHBI CTENEHU N OT ABYX MEPEMEHHBIX T, Y
C OeiCTBUTENbHBIMU KO3 DUIMEHTaAMHU, YIOBJIETBOPSAIONINE YPABHEHUIM
Komu — Pumana

Px(ﬂ%y) :Qy(x7y)7 Py(.ﬁ,y) :—Q$(x,y).

Teopema 1. Eciin n > 2, to nonmunomunansuas cucrema (PCR) crenenn
n He IMeeT MOJHHOMHAJIHLHOTO ITEPBOTO HHTErPAJIa.

Teopema 2. Ilycts Bce Touku nokosi cucrembl (PCR) sBisiorcs nin
HeHTPaMH, W0 AHKPATHYECKHMHI y3JaMH, U COOCTBEHHBIE UHCJIA PAIHO-
nraspHo couzmepumbl. Torna cucrema (PCR) umeer panmnonasbHblii nepBpiii
HHTErpaJl.

Teopema 3. Ognoponnas cucrema (PCR) mMeer panumonasHbId mep-
BBIIf HHTErpaJl.

Hama rumore3a cocTOUT B TOM, YTO OIMMCAHHBIE B TeopeMax 2, 3 KJjac-
CBhI MCYEPIBIBAIOT CIUCOK PAIMOHAJIHHO HUHTEIPUPYEMbIX TOJIMHOMHUATBHBIX
cucrem Buga (PCR).

Pabora BeimosHena mpu moamepykke Poccuiickoro dbonma dbyHmaMeHTaTIBHBIX
nccnemosanuii (mpoext Ne 15-01-00745).

JINTEPAT YPA
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Cauchy—Riemann conditions // Qual. Theory Dyn. Syst. 2016. V. 15, No 2.
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O TOIIOJIOTUMN (g1, q)-KBASNIMETPNYECKUX
ITPOCTPAHCTB

T'pemmiaos A. B.

HUnemumym mamemamuru um. C.JI. Coboaesa CO PAH,
Hosocubupckuti zocydapemeennniti ynusepcumem, Hoeocubupcer, Poccus;
greshnov@math.nsc.ru

IMapa (X, d), rme X — HEKOTOPOE MHOXKECTBO, COCTOSINEE HE MEHEE, 4eM
13 JIBYX 3JEMEHTOB, d — HEeOTpHUIaTenbHasd (PYHKIUS, ONpeae/eHHAd Ha
X x X, naszsiBaercs (g1, ¢2)-K6a3umempuyeckum npocmparncmeom [1], ec-
JIX BBIIIOJTHAETCS

dlz,y) =0 & z=y Vz,y € X,

d(z,z) < qrd(z,y) + ¢2d(y, 2) Vr,y,z € X,
rle q1, g2 — HEKOTODbIE TIOJIOKUTE/IbHbIE KOHCTAHThL. K (q1, g2 )-KBa3umer-
PUYECKHAM IPOCTPAHCTBAM OTHOCATCS, B YaCTHOCTH, SKBHPETYIAPHEIE IIPO-
crpaucrBa Kapuo — Kapareomopu ¢ Box-kBazuMmerpukamu u mx 0000IIE-
Hus [2].

Bynem ropoputsb, 9To (¢1, 2 )-KBA3UMETPHUYECKOE TIPOCTPAHCTBO Y/IOBJIE-
TBOPSIET YCJOBHUIO lim-c1ab0ii CHMMEeTpUH, €CJII

nh_}HQlo d(zg,z,) =0 = lim, . d(z,,zo)=0.

Hamu mosry4eHsl pe3ysibraThl O BBIIOJHEHAN AKCHOM OTICJIMMOCTH JIJIS
(g1, g2)-KBa3MMETPUUIECKUX MTPOCTPAHCTB, YOBIETBOPSIONIMX YCJIOBHIO lim-
caa00i CUMMETPHH.

Pa6ora BeImostaHeHa mpu mojiepxkke Poccmiickoro donma dyHIaMeHTATBHBIX
uccienosanuit (poexr Ne 17-01-00801).

JINTEPATYPA

1. Apyrionos A.B., I'pemrroB A.B. Teopus (q1,2)-KBa3uMETPUIECKUX TIPO-
crpancTs u Touku copuanenus // JAH. 2016. T. 469, Ne 5. C. 527-531.

2. I'pemraoB A. B. [Toka3aTebCTBO TeopeMbl ['poMoBa 00 OJHOPOIHON HUJIBITO-
TEHTHO} AIIPOKCHMAIMY I BEKTOPHBIX moseit kmacca C1 // Mart. Tpymbr.

2012. T. 15, Ne 2. C. 72-88.

43



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

OB YCTOMYMBOCTU PEIIEHUN
. OJTHOT'O KJIACCA CHCTEM
HENTPAJIBHOI'O TUIIA C IIAPAMETPOM

dBopaunkwnii B. 1.

Hosocubupcruti zocydapcmeennviii ynusepcumem, Hosocubupck, Poccus;
vladlen_dvor@mail.ru

B pabore paccmarpuBaiorcs cucteMbl AudPepeHnuaIbHbIX YPaBHEHMIT
C 3aAIa3/IBIBAIOIIUM APryMEHTOM CJIEJYIOMIErO BH/IA

d

Su) = o+ Aty + Oyt —7), 620, ()

rjie Ay — MOCTOSAHHAS MATPUIA, CIIEKTP KOTOPOI JIEXKUT B JIEBOH MOJTYTLIOC-
T

kocru, Aq(t) — T-nepuonuveckas MarTpuia, HpUuIeM /Al(t) dt =0, C —
0

MOCTOsTHHAS MaTpwIa, 7 > (0 — mapamerp 3ama3abpiBanusa, w > (0 — mapa-

METP.

Eciu C = 0, kak caeayer us [1], cymecrByer umcio wy > 0 Takoe,
9TO IPU BCEX W > Wy HYJIEBOE PEIleHne CACTEMbl OOBIKHOBEHHBIX audde-
penuuainbHbix ypasrenuit (1) acumnrornyecku ycroiuuso. Ipu C' # 0 mbl
yKa3blBaeM ycJIOBHe Ha HOpMY Martpuisl C' u 3Hadenue wy > 0 Takoe, 9TO
pU BCEeX w > wp HYJIEBOE PEIeHNne CUCTEeMbI HeliTpasibHoro Tuna (1) sKcmo-
HEHIMATBHO ycToiunBo. [Ipu mpoBeseHnn paccy K IeHuil Mbl OIMPAEMCs HA
pesysbrarbl u3 [2].

Aprop Bbipaxkaer Gisiarogapuocrs K.¢.-m.H. V. 1. MarBeeBoii 3a nocra-
HOBKY 3aJ1a9M M HAy9IHOE PYKOBOICTBO.

Pabora Boimossena mpu mogmep:kke Poccuiickoro dbonma dyHmaMeHTaTIbHBIX
uccienoBanuii (mpoext Ne 17-41-543365).

JINTEPATYPA

1. Janenxwnit FO. JI., Kpeiia M. I. YcroitauBocTs penteruit nuddepeHnnaabHbIX
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2. MarBeeBa H. . O6 3KCIOHEHITNAIHLHON YCTONYMBOCTYU PENIEHUI TTEPUOTTIE-
ckux cucreM Hefirpasbaoro tuna // Cub. mar. xypu. 2017. T. 58, Ne 2. C. 344—
352.
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O 3AJIAYE KOIITU JJISI
[ICEBJIOTUIIEPBOJINYECKINX YPABHEHUII

Hemuaenko I'. B.

Hnemumym mamemamury um. C. JI. Coboaesa CO PAH,
Hosocubupcruti zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
demidenk@math.nsc.ru

B monorpaduu [1] 6buia BBejeHa HekoTOpas KJaccubuKalus ypaBHe-
HU, HE pa3PELIEHHbIX OTHOCUTEJILHO CTapLIei IIPOU3BOJHONI

-1
Lo(Dz)Dju+ > Li_y(Dz)Dfu = f(t,z), t>0, x€R"
k=0

Bblio BBIZIETIEHO TP Kjlacca YpPaBHEHUI: ypasHenus co00Ae6CK020 muna,
ncesdonapaboruveckue U ncesdozunepboruneckue ypasrenus. Jisi mepBbIX
IBYX K1accoB B |1] 6blma nocrpoena Ly-reopus KpaeBbIx 3a1ad. s mcesmo-
ruiepboJIMuecKuX ypaBHeHuil 6e3 Miaauux 4ieHoB (B 0000LIEHHOM CMbIC-
ne) B [1] 6bIIM BIEPBBIE TIOJYYEHBI YHEPTETHYECKHE OLNEHKH M JOKA3aHBI
TEOPEMBI O PA3PEIUMOCTH B COOOJIEBCKUX TPOCTpaHcTBax. OTMeTnM, 94TO B
9TOT KJACC BXOJST, B YACTHOCTH, JTUHEAPU3OBAHHBIE YPABHEHUS, BOZHIUKA-
foIye IpU U3yIeHUH KOJIeOaHWil cTep:KHeil, 0amoK u ap.: Mmomenun Pames —
Buwona, Panes — Jlsasa u .. (cMm., Haupumep, [2] u umeromyiocs 6ubsuo-
rpadmio). O6obienne pesyabraTos [1] conepskures B [3, 4]. B Hacrosimed
paboTe MblI TPOIOIZKAEM ITH UCCJIETOBAHUS.

JINTEPATYPA
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4. emunenko I. B. YcnoBus paspemmumoctu 3aaa4gn Komu ajis rnceBmorumepoo-
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OB OJTHOM METOJ/IE N3YYEHU S
KAYECTBEHHBIX CBOVICTB PEIIEHUN
IIEPBOI1I HAYUAJIBHO-KPAEBOI 3AJ1AYU

J1J1s1 VPABHEHUIT COBOJIEBCKOI'O TUIIA

Henuncona T. E.

Mockosckuii 20podckoti ncuzorozo-nedazozuveckull yHusepcumen,
Mocxkea, Poccua; tdenissova@mail.ru, DenisovaTE@mgppu.ru

Ipomonzxkaercsa u3ydeHne Ka4eCTBEHHBIX CBOWCTB (BBIXOJ HA TIOJIMHOM,
OCHWJLIATINS, TIOYTH MEPUOJAIHOCTH, MOHOTOHHBIA POCT, yOBIBAHUE K HY-
0 (C ompeesiEHHOI CKOPOCTHIO) € POCTOM BPEMEHU) PelleHuil ypaBHeHui
c0OOJIEBCKOI'O THUIIA BUJIA

D3V (A(z)Vu) + V(B(z)Vu) = 0

C NOCTOSIHHBIMU ¥ nepemeHHbiMEu Ko dunuenramu; A(z) u B(xz) — coor-
BETCTBYIONINE MATPHUILI KOIPDUITHEHTOB.

[IpoGiemaruke ypaBHeHuil, He PA3PEIIEHHBIX OTHOCUTEILHO CTApIIei
MPOU3BOIHOMN, OCBAIIEHO GOJIBINOE KOJIUIECTBO paboT (CM., HaITpuMep, 61ub-
muorpaduio B [1-2]).

IlepBbiM cTpornM u HambOIEE TIYOOKUM MCCIETOBAHUEM TAaKUX ypaBHe-
Huii siBjgerca nuonepckas padora [3] C.JI. CobosieBa, 110 UMEHH KOTOPOIO
9TU ypaBHeHUs U ObLIM HA3BAHBIL.

JoKJta1 mpoioszkaeT MCCaeJOBaHus, W3JI0KeHHbIe B [4] n Kacaommecs
U3y4YeHNs CBOWCTB peIleHus IepBOM HAYAJIbHO-KPAEBOU 3a/1a49M IJId ypaB-
HeHuit cOOOJIEBCKOTO THIIA, C TIOCTOSHHBIMY U C epeMeHHbIMU KO3 duiinen-
TAMH.

PaccmarpuBaembie 3a/1adu 0ObeMHIET METOIUKA HCCIEIOBAHUSI: CHA-
JaJia BBISBJISETCS OTPAHMYEHHOCTH HOPMBI DEINIEHUs MOJMHOMOM B COOT-
BeTcTByMomeM mpoctpancTee CobosieBa; 3aTeM C TMOMOIIBI0 HEKOTOPOTrO MH-
TErpajibHOrO NPeodPA30BAHUS TOJAXO/SAIIEr0 PYHKIIMOHATIBLHOIO TPOCTPAH-
CTBa OMNpeessaeTcs MPOCTPAHCTBO (PYHKIINH OIHON MmepeMeHHoi, obrama-
IOIIUX HEKOTOPbIM KAa4eCTBEHHBIM CBONCTBOM (OCLMJLIALMS; MOHOTOHHBII
POCT; CIPEMJIEHUE K HYJIIO C POCTOM BPEMEHH).

N3BecTHO, uTO pernienne mepBoil HAMAILHO-KPAEBOH 331449 s ypaBHe-
HUl, He ABJgomuxcsa ypaBHenusmu tuna Kommm — KoBaseBckoii, He 3aBu-
CHUT HEIIPEePBHIBHBIM 00PAa30M OT PAHUIILI MIPOCTPAHCTBEHHON obmacTu. Pac-
CMATPUBAEMBIHl METO/] JAET BO3MOXKHOCTH MCCJIEIOBATH CBONCTBA pPEIeHUs
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B IIPOCTPAHCTBEHHON 00/1aCTH, ONpEIe/IAeMOl JIUIIbL TPEOOBAHUAMU COOT-
BETCTBYIOIIUX TE€OpeM BJjOKeHwus npocTpancTBa CobosieBa B MPOCTPAHCTBO
HEMPEPBIBHBIX (DYHKITHH.

JINTEPATYPA

1. Jemunenko I B., Ycneuckuii C. B. YpaBHeHUsI U CHCTEMBI, He Pa3pelIeHHbIe
OTHOCHUTEIBbHO cTapireit mpoussoanoit. HoBocubupck: Hayunas kuura, 1998.

2. Cemrankos A. I, Anpmna A. B., Koprycos M. O., ILneruep FO. /1. Jluneiitbe
¥ HeJIMHEWHble ypaBHeHus cobomeBckoro tuma. M.: @udmariut, 2007.

3. Co6oxes C.JI. O6 oxHoit HOBOIT 3a7a1e MaTeMaTnaeckoii pusukn // 13s. AH
CCCP. Cep. mat. T. 18, Ne 1. C. 3-50.

4. Tenncoa T.E. AcuMnToTMYecKkoe TOBEIEHWE DeENIeHWsi MEpBOM HavaJIbHO-
KPaeBOil 33134y /Il YPABHEHMI CODOIEBCKOI0 TUIA C TOYKU 3PEHUs] OCIIHII-

aamun // Juddepenn. ypasuenuns. 2012, T. 48, Ne 2. C. 196-206.
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K TEOPUI 'PAHUYHOI 3AJAYN
COJIOHHUKOBA - ®A3AHO

xenamues M. T.!, Uckakos C. A.?, Pamazanos M. 1.2

L Huemumym Mamemamusy U Mamemamuseckozo
modeauposanus MOH PK, Aamamuv, Pecnybaurxa Kasazcman;
muvasharkhan@gmail.com
2 Muemumym npukaadnoti mamemamury, Kapaeanduncrud
2ocydapcmeennoill yrnusepcumem um. E. A. Byxemosa, Kapazanda,
Pecnybaura Kasaxcman; isagyndyk@mail.ru, ramamur@mail.ru

B nokmane mapsiy ¢ TPUBHAJIBHBIM DENIEHUEM MbI YCTAHABJIMBAEM B
KJIACCE CYIIECTBEHHO OTPAHWYEHHBIX (DYHKIWI C 33JaHHBIM BECOM CYIIE-
CTBOBAaHWE HETPUBUATIHHOTO PENIEHUS C TOYHOCTHIO O MOCTOTHHOTO MHOYKH-
tens. Kak ormedeno B pabore [1], cJIy4ail HeOOHOPOIHON rpaHNYHON 331891
... OKa3bIBAETCS MOJE3HBIM MPH U3YYEeHUN HEKOTOPBIX 3371a9 CO CBOOOIHDI-
MH TpaHUIaMu .

Paccmarpusaercs 04HOPOAHBIA BADUAHT I'PAHUYHON 3asa4u u3 [1]:

wy(z,t) — a*uge(x,t) =0, (2,t) € G ={(z,t): 0 <z <kt, t >0}, (1)

dit
o (2, 8) oo = 0, g (2, 8)| o + 1‘; ) _ 0, (2)

rae 4(t) = u(t,t), b = const > 0, k = const > 0.

Teopema. ['pannunas 3azaua (1)—(2) umeer napsity ¢ TpUBHAJIBHBIM
pereHrieM W HeTpHBHaJbHOe pererne u(x,t) = Ca(z,t), u(x,t) €
Lo 6(x,t)(G) — KJ1acc cymecTBeHHO OrpaHmIeHHBIX GyHKIHI ¢ Becom 0(z, ),
C = const. 3necs O(x,t) = (z + t*/?)~, ecmn (x,t) € Gp, m O(x,t) =
exp {—k(2x + kt)/(4a?)}, ecmu (z,t) € G\ Gr, tae Gr = {(z,t) : 0 <z <
kt,0 <t <T < +00} — IPOU3BOIBHBIT OrPDAHUYIEHHBI TPEYTOIbHIK.

Pa6oTa BeITIOTHEHA Tipn TIo/IIep:kke Komurera Haykum MunmncrepcTBa 00pa3o-
Bauus u Hayku Pecry6mku Kazaxcran (mpoektst Ne 0085 /TILID-14, Ne 0823 /T D4
u Ne 1164/T'®4).

JINTEPATYPA

1. Cosronnukos B. A., @azano A. O6 ogHOMEpHOI MapaboIMYIECcKo 3a1a9e, BO3-
HUKAIOMEH IpyU M3y9eHnr HEKOTOPBIX 3379 CO CBOOOAHBIME TrpaHunavu |/

3an. mayun. cem. IIOMMN. 2000. T. 269. C. 322-338.
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CBOICTBA I'iJIb/JIEPOBOI1 HEIIPEPHEIBHOCTU
PEILIEHU J1®PEPEHIINAJIbBHBIX
HEPABEHCTB C HEKOTOPBIMU
HYJIb-JIATPAHXKVAHAMU

Eropos A. A.

Hnemumym mamemamuxry um. C. JI. Coboresa CO PAH,
Hosocubupcruti zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
yegorov@math.nsc.ru, a.egorov@g.nsu.ru

Paccmarpusatorcs orobparkenus v : U — R™ wmacca Cobomea Wp1 locs
p > 1, oupejiesiennble Ha orkpbiToM MHO)kecrse U C R™ u yjoBJierBopsito-
e 1 GepeHInaTbHOMY HEPABEHCTBY

F('(z)) < KGW'(x))+ H(z) anams.zeU, K >0, (1)

rae G : R"™*™ — R — k-oaHOpOHbBIH Hy/Ib-Tarpamxkuan, F: R™*™ — R —
bynkmms, ynopaersopstoniaa nepasenctsy F () > cp|¢|* nna ¢ € R™X7,
cp > 0, H : U —- R — wusmepumas dyukuus. 3gech k, n, m € N,
2 < k < min{n,m}, v'(z) — marpuna Jdxkobm orobparkenus v B Touke & € U,
R™*™ — OpoCTPaHCTBO BEIECTBEHHBIX 1 X N-MATPHI], PACCMATPUBAEMOE C
orepaTopHoOii HOpMOIi | - |.

Haiinernsr HoBbie ycnosus Ha dbyukuu F', G u H, crenens p u k03dhdu-
nuerT K, rapaHTUpYIOIUe JIOKAJTbHYIO METbIEPOBOCTD PEIeHu HepaBeH-
crsa (1). Iosyuennble pe3ysbrarbl yCUIMBAIOT COOTBETCTBYIOLIUE TEOPEMbI
pabor [1, 2].

Pabora Beimosmena mpu mogmep:kke Poccuiickoro dbonma dyHmaMeHTaATIbHBIX
uccrenosauuit (mpoext Ne 17-01-00875).

JINTEPATYPA

1. Eropos A. A. KBa3uBbIyK/ibie (DYyHKITMA W HYJIb-JIArPAHKHAAHBL B ITPOOIEeMax
ycroitumBocTu kmaccos orobpaxkenmii // Cub. mar. xypm. 2008. T. 49, Ne 4,

C. 796-812.
2. Egorov A. A. Solutions of the differential inequality with a null Lagrangian:

higher integrability and removability of singularities. I, II // Brannkaska3-
ckuit mat. xkypu. 2014. T. 16, Ne 3. C. 22-37; T. 16, Ne 4. C. 41-48.
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OIEHNBAHUNE KO®PUIIMMEHTOB
ABTOHOMHBIX JIMHEVMHBIX YPABHEHUU

Eropmmunu A. O.

Hnemumym mamemamury um. C. JI. Coboaesa CO PAH,
Hosocubupck, Poccusa; egorshin@math.nsc.ru

PaccmarpuBatorcs 3aadu cpeiHEKBAIPATHIECKOTO TPUOIUKEHUS 10~
cJle10BaTebHOCTEl OTCYeToB HenpepbiBHbIX (hyHKuuit u3 Lo (I1) Ha paBHO-
MepHOii h-cerke niu puHUTHBIX HocsenoBarebHocreil u3 lo(L). [Ipubiuxe-
HUE OCYIIIECTBIISETCS TIEPEXOIHBIMU TPOIIECCAMY ABTOHOMHBIX T hepeH -
AJIbHBIX WM PA3HOCTHLIX ypasHeruil (1Y uau PY) Ha koneunoM unTepBaje
Ir pmuuet T = hL. Tlokazano: orcuerst pemrenuit JIY sToro kiacca Ha h-
CeTKe MOryT OBbITh OmucaHbl pemenusyu PY sroro kimacca. 9To mO3BoOJgeT
o oryeram pemenuit 1Y u 3amanHoil ceTke OIHO3HAYHO OIEHUBATH KO-
dburmentsr 1Y n npubanxkark ero permennsmu byHKnu w3 Lo (I7).

Hyers yi = {yi}§ € lo(k) — pexcrop w3 E*1, vae [lyllf = 325 o [y
PaccmarpuBaiorcst BapuaIMOHHBIE 33]a9U ANITPOKCUMAIMNA: MUHUMHU3UPO-
Bath Ji = |y — ?Hi npn yenosun, aro Dy (a)yr = {3g a;§j+m}fn_:7; =0,
k=0, L. Ilycts S — equnmanas cdepa B B a Ji(a) — 3navenue dynk-
[MOHAJIOB J; HA NPOEKIMSX Y BEKTOPOB Y Ha siipa omeparopos Dy («).
[Tokazano, 9T0 DYHKIMOHAIBI jk(oz) = a*QrQ UMEIOT BUJ MCEBIOKBAIPA-
tuunbix dopm ¢ obpasyioueil Mmarputeilt Qr = Qr(a). Ilokazano, 4ro mpo-
eKIMU Y, QyHKIMOHAIBI UICHTADUKAIIAHN fk(a) U UIEHTHOUIUD VIO
marpuipl Qr = Q) 3bDEKTUBHO BLIYUCISIOTCH € TIOMOIIBIO BCTPEYHBIX
yDaBHEHUil JABYCTOPOHHEl OPTOrOHANM3ALMU OJHOPOAHBIX cucreM [1].

OKCTMePUMEHTHI TIOKA3bIBAIOT, YTO OJIHA MTepanusa Ha S BUJA [ =

‘ 2

Q! (ajo))aqo), apy = Ol[1]/||a[1} I, MOxKer 1pu olpeeIeHHbIX YCAOBUAX JATh
OIEHKY (¥[1] TOYHOTO DEINeHNsT o ¢ MPUEMJIEMON JJisT KOHKPETHOrO MPHII0-
JKeHUsT MorpentHocThio. [loydena cucreMa BCTPEYHBIX YPABHEHUH, PEAH-
3yIomas 3Ty UTEPAIHUIO.

Pabora BeImostHeHa mpu mojiepxkke Poccmiickoro donma dyHIaMEeHTATBHBIX
uccenosanuit (poexr Nt 16-01-00592).

JINTEPATYPA

1. Eropmmuna A.O. O Bcrpeunbix mponeccax oproronam3samuu // Cub. xypH.
Berumcs. maremarnku. 2012, T. 15, Ne 4. C. 371-385.
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O EJMHCTBEHHOCTU PEIIIEHN S OBPATHON
3AJTAYN CIIEKTPAJIBHOT'O AHAJIN3A J1JI4
JANPPEPEHIINAJIBHBIX OITEPATOPOB
BBICIITUX ITIOPAJKOB HA OTPE3KE

EaeyoB A. A., 3akapuaunoBa H. B., EsneyoBa P. A.

Kasaxcxuti Hoyuonasvhoili yrusepcumem um. arv-Dapabu,
Aamamoi, Pecnybarura Kazaxcman; Eleuov@mail . ru

B macrosimeit pabore m3/10KeHbI HEKOTOPBIE PE3yJIbTaThl TEOPUU 00paT-
HBIX CIIEKTPaJIbHBIX 331a4 /1Jisi OOBIKHOBEHHBIX MU dpepeHnnaibHblX ypas-
menwnit. I3BecTHo, 9TO OOJIEe TPYAHBIMHU ABJSAIOTCS OOPATHBIE 309U JIJIs
nuddepeHImaIbHbIX yPABHEHNH BBICIINX MOPSIIKOB C HEPACTATAIOIINMUCS
IPAHUYHBIMU YCJIOBUSIMU. B manHO#l pabore MCCIemyercs eIuHCTBEHHOCTH
pelrenns 0OpaTHON 3a0a4N CIEKTPAJHHOTO aHAIN3a, [ JudepeHnab-
HBIX yPABHEHMI BBLICIINX MOPSAIKOB C HEJOKAJbHBIMH I'PAHUYHBIMU YCJIO-
BUsAMH. JaCTHbBINA Caydail yKa3aHHLIX I'PAHMYHBIX YCJIOBHIl IIPEICTABIISIOT
JIByXTOYEUYHbIE HEPACIAJAMINECcH IPpaHudHble ycaoBus. OCHOBHON pesyiib-
TaT HACTOAIIEH craThy 060bIaeT pe3ynbrarhl MoHOrpadnn [1], rae npuse-
JIEHBI TTOJO0HBIE TEOPEMbI € IUHCTBEHHOCTH JIJIs PACIATAIONTNXCS TPAHUIHBIX
YCJIOBUM.

JINTEPATYPA
1. Haiimapk M. A. Jluneitasre nud depennmanbabie onepatopsl. M.: Hayka, 1969.
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SAIJAYA OIITUMAJIBHOTI'O
VIIPABJIEHIS C OBPATHON CBS3bIO
JJIsI TEPMOBS3KOVYIIPYT O
MOJIEJI KEJIbBUHA — ®OMI'TA

3BaruH A.B.

Boponestcekuti 2ocydapemsennuil yrusepcumem, Boponeoe, Poccus;
zvyagin.a@mail.ru

I[Mycrs Q@ C R™, n = 2,3, — orpanudenHas obaacTb ¢ rpaxunei Of)
kracca C2. B Qr = [0,T] x § paccmaTpuBaeTcs 3a1a9a;

M & O . 0Av
n + ;vla—xl —2Div (v(0)€) — 5

—22¢Div (Z Vy—

diveo =08 Qr; V|t=0 = vo B € v|jo,r)x00 = 0; (2)

>+Vp€F() (1)

Z

n

a0 a0
—2<( E—i—%——i—%sz ) v) € G(); (3)

Oli=0 = 6o B € Olj0, 7100 = 0. (4)

3neck v, 6 m p — BeKTOP-DYHKIUS CKOPOCTH, (DYHKIIUH TEMITEPATYPHI U
JABJIEHUS CpeJIbl COOTBETCTBEHHO, » > () — Bpewmsda perapiarmu, ¥ > 0 —
ko3 dunuent rensonposoguoctu, v(f) > 0 — BABKOCTH KUIKOCTH, £ —
TEH30p CKOpOCTei medopMarimii.

PaccMorpum MHOTO3HATHBIE OTOOPAXKEHUS

F:Ei(:={v:v€Ly([0,T],V),v € Ly(0,T;V*)}) —o Lo(0,T;V*) m
G: Ey(:={v:v e Ly(0,T; W, ()0 € L1(0,T; W, (), 1 <p < +o0})
7 —2(1-1
_OLl(OvTv Wp ( /p)),
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YJOBJIETBOPAIOIIUE YCIAOBUAM:

(i1) Orobpaxkenus F' u G onpeziesienbl Ha ipocTpancTBax Fy n Fy cooTer-
CTBEHHO ¥ MMEIOT HEIyCThle KOMIIAKTHBIE BBINYKJIbIE 3HAYCHUS;

(i2) Orobpaxkenus F' u G noJyHenpepbiBHbL CBEPXY U KOMIIAKTHBI;

(i3) Orobpaxkenus F u G ri106ajbHO OrPAHUYEHDI;

(i4) Orobpaxenust F' u G cy1abo 3aMKHYTBI.

Ob6o3uaunm 4depe3 ¥ C Ey X Fy MHOXKECTBO BCeX CIa0bIX perreHuii 3a-
naan (1)—(4). Paccmorpum dbyuknnonan kadectsa @ : ¥ — R, ymosierso-
PAIOMUN YCIOBUAM:

(j1) @ orpanuveHo cuusy;
(j2) Ecmm vy, — v B E1, 0y — 6, B Lp(0,T;L,y(Q)), T0 ®(vs4,0,) <
lim @ (v, Om)-

m— o0
Teopema. IIycrs orobpaxenuss F u G ynosiersopsitor ycaoBusim (i1)—

(i4), a ¢yukumonan ® — (j1)—(j2). Torma 3azava onrTUMagsbHOrO yIPAB-
JgeHust ¢ obparnoii ¢Bsa3pio (1)—(4) umeer xorst 6b1 04HO csiaboe perieHue

(vi, 0x) Takoe, uro P (vy,0,) = inf &(v,0).
(v,0)eX
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ATTPAKTOPBI MOJEJI1 BUHT'AMA
C IIEPNO/INHYECKNMUN YCJIOBNAMMN
I1O ITPOCTPAHCTBEHHBIM IIEPEMEHHBIM
B TPEXMEPHOM CJIYUYAE

3saruna B.T.!, Typ6un M.B.?

Boponestcexuil 20cydapemeennnils ynusepcumem, Boponeowc, Poccus;

1 zvg_vsu@mail.ru, ’mrmike@mail.ru

Mogens aBukenus cpenbl Buarama mpumeHsieTcs st ONMUCAHUS BU-
JKeHUs BSA3KOIIACTUYHBIX cpel. OHa mccieoBaHa ¢ TOYKU 3PEHUsS CyIe-
crBoBanus pewenuii [1]. ArrpakTopbl 910l MOzend B ABYyMEpHO obsiactu
U3y4yaanuch B [2] ¢ UCMONB30BAHNEM KJIACCHYECKON TEOPUH JTHHAMHYECKUX
CHCTeM, JJIsI KOTOPOH HEeOOXOJMMBIM YCJIOBHEM SIBJISIETCS €IMHCTBEHHOCTH
perenus paccmarpuBaemoit 3agaan. OIHAKO I CHCTEMbI YPABHEHUH MO-
neqn Buarama B TpexMepHOM Ciiydae eIMHCTBEHHOCTH CJIaObIX PeIneHuit
meusBecTtHa. Hamu 71 aBTOHOMHO# cuTyanuu 10Ka3bIBAETCs CyIIeCTBOBA-
HIEe TPaeKTOPHOTO ¥ TJI00ATHHOTO aTTPAKTOPOB B TPEXMEPHOM CJIydae Mpu
TEPUOINIECKUX YCJIOBUAX IO MTPOCTPAHCTBEHHBIM MepeMeHHbIM. JIj1s moka-
3aTeJIbCTBA CYIECTBOBAHMS ATTPAKTOPOB OblLiIa MCII0JIH30BaHA A0CTPAKTHAA
TEOpUsl TPAEKTOPHBIX U VI00AJIbHBIX ATTPAKTOPOB (cM. [3]), B KOTOPOIt e1uH-
CTBEHHOCTH He Tpedyercs.

Pab6ora BeimosHena mpu GbUHAHCOBOI ognepkke MuHMcTepcTBA 06pa30BaHMST
n mayku PO (mpoekt Ne 14.750.31.0037).

JINTEPAT YPA

1. Shelukhin V. V. Bingham viscoplastic as a limit of non-Newtonian fluids //
J. Math. Fluid Mech. 2002. V. 4, No 2. P. 109-127.

2. Cepernn I' A. O murAMIHECKO# cucTeMe, TTOPOZKICHHO JBYMEPHBIME yPaBHe-
HUSMMW JBUXKeHUst cpeabl Bunrama // 3am. mayun. cem. JIOMI. 1991. T. 188.

C. 128-142.
3. Zvyagin V. GQG., Vorotnikov D.A. Topological approximation methods for

evolutionary problems of nonlinear hydrodynamics. Berlin, New York: Walter
de Gruyter, 2008.
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OB O/JHOI1 3AIAYE JJId YPABHEHU S
TPETBETO TTOPSIJIKA COCTABHOT'O TUIIA

3ukupos O. C.

Hayuonarvnnt yrnusepcumem Ysbexucmana um. M. Yayebexa,
Tawxenm, Pecnybaura Y3bexucman; zikirov@yandex.ru

B mammoit pabore paccmarpuBaerca 3agada tamna Jupuxie aia JuHei-
HOIO yPaBHEHHsI TPETHErO MOPsKA COCTABHOIO THIIA

0 0
Mu= (a&y+5@) (Uaza + uyy) + Lu = g(z,y), 1)

rae «, 3 — 3ajaHHBIe HOCTOSHHBIE umcia, npudeMm o + 32 # 0, a L —
nuHeitHoe auddepeHnaIbHOe BhIPasKeHNe BUIA

Lu = a(x, y)tze + 2b(x, ) Ugy + c(x, y)uyy +d(2, y)us +e(z, y)uy + f(z, y)u.

IMycrs 2 — oanocBsa3Has 00JacTb B ILUIOCKOCTH (T,Y), OrpaHMYEHHAS
DJIQIKAM YKOPJAHOBBIM KOHTYPOM &, KOTOPBIi 001aaeT CJIeTyIOMUME CBOki-
CTBaMU:

a) BCAKagd NpsgMas, NapaJjiiejibHasg XapakTepucTuke x — ay = const,
MEPECEKAET €T0 B JBYX TOYKAX;

6) upsmble Sz —ay = ¢; u fr —ay = ¢ (1 < ¢2) UMEIOT C HUM
exuHcrBeHHble 00ume rouku (Touku kacanus) M u N coorBercrBeHHo.

Pa306beM KpUBYIO ¢ HA JIBE YACTU 01 U Oy CJIEAYIONMM 00pa3oM:

01:{($,y)€(73 axn+6yn>0}, 0'2:0'\0'1,

rae &, = cos(n, ), yn, = cos(n,y) ¥ N — BHENIHsIST HOPMAJb K IDAHMUIIE.

s ypasuenus (1) usydaercs ciemyomas 3a1ada: TpeOyercs HalTu
byHKIMIO, yI0BIETBOPsoNyto BHyTpH §) ypasHenuio (1) 1 KpaeBbIM ycJio-
BHAM:

du(z,y)

u(x,y)|a = p1(z,y), TLQ

rie ¢1(z,y) 1 wa(r,y) — 3ananubie GYHKINN.

JloKa3aHbI TEOpeMbl CYIIECTBOBAHUS M €IMHCTBEHHOCTH KJIACCHYECKO-
IO PEIleHus I PAcCMaTPUBAEMON 3aJa4r. JJ0Ka3aTelbCTBO OCHOBAHO Ha,
SHEeprernyYecKuX HepaBeHCTBaX ¥ Ha TEOPUU MHTErPAILHBLIX ypaBHeHUi
dPpearoIbMOBCKOTO THIIA.

= pa(x,y),
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NCCJIEJOBAHUNE HA‘IAJ’IbHO-KPAEBOUI/UI
SAIJAYN OJId CUCTEMBI YPABHEHUN

HABBE - CTOKCA C IEPEMEHHOI1
IIJIOTHOCTBIO

3ouororpyb6oBa I'. O.

Boponestcexuti zocydapemeennutt yrusepcumem, Boponeorc, Poccus;
Galinazolototrubowa@yandex.ru

Cucrema ypasuennit HaBbe — CTOKCa, /1151 2KMIKOCTH C TIEPEMEHHO ILJI0T-
HOCTBIO B OIpaHmuYeHHON obaacta ) C R3 ¢ JoKaIbHO-/IUIIINIEBO TPaHU-
meit I' umeer Bua:

ov Zn ov
’ (at * i=1 viami) Crarremdr ol v
ot " i=1 " O O dive=0. @
Vlt=0 = vo, pli=0o = po, v(z,t)=0 V(x,t) €T x[0,T]. (3)

OnPEAENEHUE. Caabum pewenuem 3amadu (1)—(3) masbiBaerca mapa
(v,p): v € L0, T; V)N CL(0, T; H), v € L1(0, T;V*), p € Loo(0,T; L),
0<m<p< M, rne mu M — korcraursl, ecau (v, p) yaosiaersopser (3)
u jyis mobbix o € V., 1 € H' npu nourn seex t € [0, T BoimonmatoTcs asa
UHTErPAJILHBIX PABEHCTBA:

(01 50:¢) 01+ 3 (vin 0 (0 + W(T0,T)(0) = (F0)(),
i=1 ¢

<g§,¢> (t) + é <v¢§£,w) (t) =0.

Teopema. Ilycts f € L2(0,T;V), vog €V, pp € Loo(), 0 < m < p <
M. Torza cymecrByer xors 61 0qHO caaboe pemenue 3aga4n (1)—(3).
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NHTETPAJIBHOE ITPEJCTABJIEHIIE PENITEHN ST
OIHOTI'O BBEIPOXKJIAIOITIETOCSI
B-RJIJINIITUYECKOTO YPABHEHUSI
C IOJIOYKUTEJILHBIM ITAPAMETPOM

NoparnmoBa H. A.

Kasanckuti 2ocydapcmeennnili anepzemudeckuts yHusepcumen,
Kasanw, Poccus; NAI.liya@yandex.ru

B pabote crpontcsa dpyHIAMEHTATBHOE PEIeHne OJHONO MHOTOMEPHOTO
BBIPOKJIAIOIIET0C B-3/THITHYECKOrO YPABHEHUS C MOJIOXKUATETbHBIM [apa-
mMeTpoM. JlaeTcs MHTerpajibHOE PEJICTABICHIE PEIeHUs] YPABHEHUS U U3Y-
qal0TCA CBONCTBA PEIIeHNUS.

ycts E* — wacth p-MepHOTO eBK/INI0BA MTPOCTPAHCTRA, Te Tp—1 > 0,
zp > 0, D — xoHeuHas 001acTh B IE; T, orpaHnmYeHHas IOBEPXHOCTLIO I 1
gactamu o u Iy miockocreit p—1 = 0, x, = 0, coorsercreenno. O6o-
sHauuM 4epes © = (2/,xzp), &’ = (2", 2p-1), 2" = (21,22,...,2p_2) TOU-
KW eBKJIMJIOBA MPOCTPAHCTBRA, A& depe3 Cgl (D) — muoxecTBO dDyHKUMIA, k
pa3 HenpepbiBHO auddepeHnupyeMbix B D U yIOBIETBOPSIOMIUX YCIOBUIO
g—;l = o(1) mpu z; — 0.

Paccmorpiv B EF T BRipokpaiomeecs B-simmtutdeckoe ypasHenue ¢

IIOJIOZKHUTEJIbHBIM IIapaMeTPOM BHIA

P22 92u 0%u 9
m m,,
$p lilaix%"Fsz,lu +87x12)+)\ xpu—O, (1)
0? k 0
rae By, _, = 5 — omeparop beccenst, m > 0, k£ > 0,
0wy Tp—1 0zp1
p=3, AeR

DyngaMeHTa bHbIM perienueM ypasHenus (1) ¢ 0COBEHHOCTBIO B TOUKE
To ABIAIETCs (PYHKITASI

T T

Qz, ) = aCk/ Cw/p;”Hf,l) (Apy)sin? o dp | sin ! pdy,
0 0

rie HYY (Apy) — dbynkrms Xankens,
Py = <|a:” —agPa, +al, — 2Ty 1Ty 1, COS
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1/2
4 m+2  m+2
m—+2 m—+2 5 5
t— (:c +ap T = 2xp? xp COS go) ;

(m+2)2\F
F(Lﬂ) F(ﬁ) 22—v+y \v +k+v—2
C. = 2 , C, = 2 o= — u,
1T VR TR T VRN Y T S () ()T ’

— m
v= m+2° -
Jast moboro pewenus u(z) u3 xuacca C%, (D) N C%,(D) N CY(D) u
mo6oit TOUKN g € D MMeer MeCTOo CJIeIyolee NHTErPaIbHOe IPE/ICTABIIe-
HUe:

u(o) = / [, 20) Alu(€)] — u(©) A, z)]] €8yl (2)

W3 unrerpasnbhoro upencrasienus (2) BbITEKAET CJENYIOLIEe CBORCTBO
pemenns ypasaenus (1):

e cymecrsyer pewenne u(z) ypasnenus (1) B o6macru D, = EFft\ D,
YZIOBJIETBOPSIIOIIIEE YCIOBUIO

u(x):o<r—7p+k§”71) npu = /23 ... + a2 = .
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MHTETPUPYIOIINN MHOXKUTEJIb
ITAPBI HESABUCUMbIX ®OPM ITOCADPDA

NBanos B. B.

HUnemumym mamemamuxu um. C.JI. Cobosesa CO PAH,
Hoesocubupcrk, Poccus; iva@math.nsc.ru

31ech yKa3aHbl YCIOBUS, HEOOXOIUMBIE U JOCTATOYHBIE MIJIsT TOTO, ITOOBI
aBe rnagkue auddepeHmantbabie GPOPMbBI Wy U Wo MEPBOH CTEIMEHN BOJIM3H
TOYKHU, Tl OHA HE3ABUCUMBI, UMEJIU OOINWi WHTErPUPYIOMINi MHOKHUTEb.
IT0 Takas TIaJAKas MOJOXKUTETbHAA (DYHKIHUS [4, YTO (POPMBI fiw U [iws
cayxar guddepennuanavmu duy 1 dug HEKOTOPHIX DYHKIUN U1 4 Ug. JIerko
MOHATH, YTO HAIY (DOPMBI JOJIKHBI YIOBJIETBOPATH TPEM YCIOBUSIM

wl/\dwlzo, WQ/\dC(JQZO, wl/\dUJQ+(JJ2/\dCU1:O,

73 KOTOPBIX TIEPBBIE BA — ITO KJlaccuaeckue ycyioBus @pobeHunyca mosHoi
unrerpupyemocru [1] kaxkznoro u3 ypasuenuii [Ibabda w; = 0 u wy = 0,
JIJIsl TPEXMEPHOro cjiydas yKazaHHbie emie Jitnepom. I[Ipu 3Tux U TOJBKO
9TUX TPeX YCJIOBHAX cyluecrByer Takad dopma , 4yro w; A 2 = dwy u
wa A Q = dws. Takas dopma {2 POBHO OIHA W SBHO BBIPAYKAETCS UYEPE3
W1 W wy TPU TOMOITHU apudMETHIECKUX AeicTBuil u auddepeHnnpoBaHus.
DopMbl W1 U Wy UMEIOT OBIIHI MHOXKHUTEb TOTJAA U TOJBKO TOL/A, KOTIA
dopma 2 TouHA, YTO IS ABAXK/IBI MIATKUX UCXOAHBIX (GOPM PABHOCHIHHO
ee 3aMKHYTOCTH, W €CJIU 9TO TaK, MPIMbIM HHTEIPUPOBAHUEM MbI HAM/IEM
dyuknuto L, ans koropoit dL = ). dcuo, uro dbyuknus p = exp L Oymer
OOIIIM WHTErPUPYIOIMUM MHOXKHUTEIEM (DOPM Wi W wa, TAK 4TO (DYHKIUH
U1 W Uz, YbU MHOXKECTBA YPOBHS OMUCHIBAIOT WHTErPAIbHBIE MHOIO00Opa3ust
dOpM w1y U wa, BEIPAXKAIOTCA Uepe3 3TH JBe (DOPMBI B KB IPATYPaxX.

JINTEPATYPA

1. Xaprman @. O6bikaoBennble qud depentmanbubie ypasaeaus. M.: Mup, 1970.
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METO/I, OIITUMAJIBHOTO YIIPABJIEHIIS
B 3AJIAYE IJI1SI MATEMATHNYECKOII
MO/JIEJIA B3ANIMOIENICTBUS KJIETOK
HOBOOBPA3OBAHISA I IMMYHUTETA
B YCJIOBUAIX PAJVIOTEPAIINN

Ka6aauxun C. .2, Kpuoporbko O.M1.!2, Kongakosa E. A.?

L Hnemumym euvuciumensroti Momemamury U4 MAmMemamuseckoti
2eopusuxu CO PAH, Hosocubupck, Poccus;
2 Hosocubupcruti 2ocydapcmesenmuti yrusepcumem, Hosocubupck, Poccus;
kabanikhin@sscc.ru, olga.krivorotko@sscc.ru, ekondak95@mail.ru

Yucaenno ucciiegopata 3a1a4a Koy 1y cucreMbl HeJIMHEAHBIX OObIK-
HoBeHHBIX nuddepennuansubix ypasaenuit (O1Y), KoTopas XapakTepusy-
eT B3anmMOJeiCTBrE HOBOOOPA30BAHNUI U MMMYHHBIX KJIETOK B YCJIOBHUSX Pa-
muoreparnuu [1]. ITapamerpsl uccaeayemMoii MaTreMaTnIecKoi MOIeIn XapaK-
TEpU3yIOT CTEIEHb HOBOOOPA30BAHMS, & TAKKE CKOPOCTH UMMYHHOT'O OTBETA..

B pabore, onupasich Ha uccienoBanus (pa3oBbIX HOPTPETOB CUCTEMBIL [2],
paccMaTpuBaIOTCH BOIPOCHI ycroitauBocTu 3aga4u Komu jyis cucremsl He-
suaeiiabrx OJLY. YCTaHOBJIEHO BIUSIHUE YJIEHA, HA, YCTOWYIUBOCTH, OTBEYAIO-
1mero 3a jgedenve. Llesps paboThl COCTOUT B pa3pabOTKe U MCCJIEI0OBAHUN TUC-
JIEHHOTO AJITOPUTMA, ONPE/IEJIEHUs] ONMTUMATIBHOTO JIEYEHUS I MAaTEeMaTH-
9eCKON MOJe/IM B3auMOIE€HCTBIS UMMYHHbBIX KJIETOK C HOBOOOPA30BAHUSAMHA
¢ nepuopuveckum JjiedenueM pajuorepauueii [3, 4]. Ilpusenenst u upoana-
JIM3UPOBAHBI YUCIEHHBIE PACYETHI, JTEMOHCTPUPYIOIINE TTPEUMYIIIECTBO OTI-
TUMAJIBHOTO Jiedenus tnepes Hed(hhEKTUBHBIM TOJHBIM JIEY€HUEM UJIU €ro
OTCYTCTBHUEM.

Pabora nnpoBoamniack pyu 9acTUYHOM MOaep:kKe MuHucTepcTBa 00pa3oBaHus
u nayku Poccuiickoit ®enepanun (4.1.3 coBmecrubie saboparopun HI'Y — HHIT
CO PAH), rpanTom IIpesuaenta Poccniickoit @eneparmm MK-1214.2017.1 u mpo-
extoMm ¢ PecryGimkoit Kasaxcran Ne 1746/I'®4 “Teopust U IHUCJIEHHBIE METOJIBI
pelrenust 0OpAaTHBIX ¥ HEKOPPEKTHBIX 33129 €CTeCTBO3HAHUSA .

JINTEPATYPA

1. Liu Z., Yang Ch. A mathematical model of cancer treatment by radio-
therapy // Computational and Mathematical Methods in Medicine. 2014.
Article ID 172923.
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2. I'onynos C. K. CoBpeMenHbie acnieKThl JuHeiHoi aire6pol. HoBocubupck: Ha-
y4Had KHHra, 1997.

3. Kabanuxuua C. H. Obparusie u HeKOppeKkTHBIe 3a1a4uu. HoBocubupck: Cubup-
CKoe Hay4HOe m3maresabcTso, 2009.

4. Ledzewicz U., Mosalman M. S. F., Schattler H. Optimal controls for a mathe-
matical model of tumor-immune interactions under targeted chemotherapy
with immune boost // Discrete Contin. Dyn. Syst., Ser. B. 2013. V. 18, No 4.
P. 1031-1051.
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YN CJIEHHOE PEIITEHUE

HAYAJIbBHO-KPAEBOII 3AJTAYN
JJIs1 YPABHEHU Y SJIEKTPOANHAMUKN

Kabaruxun C.H.', IIlumaerna M. A.2, ITlonnan6aes B. B.?

L HMnemumym emuucaumesbioti Mamemamurky, U Mamemamuieckol
2eopusuxu CO PAH, Hosocubupck, Poccus; ksib2@mail.ru
2 Hnemumym mamemamury um. C.JI. Cobosesa CO PAH,
Hosocubupcrk, Poccus; mshishlenin@ngs.ru

3 Kasazcxuti nayuonaivnsid nedazozuneckuti ynusepcumem um. Abas,

Aamamol, Pecnybaura Kasdarcman; Bahtygerey@mail . ru

Paccmorpum obparmyio 3agaty B obnactu Q = A(L,) x (0,L,), rme

A(Ly) = {(z,t): x € (0, L), t € (x,2Ly — ) }:

Uy +

NG

uz(0,y,t) = g(y,t), ye€(0,Ly,), te€(0,2Ly),
u(z,y,x) = q(z,y), x€(0,Ly), ye(0Ly),
u(z,0,t) =u(x, Ly, t) =0, (z,t) € A(Ly).

(o
\/Eut = Uy + Uyy, (J),t) € A(Lw)v

(1)

B npamoit 3amaue (1)—(4) rpebyerca onpeunenurs u(x,y,t) no 3axan-

upiM (2, y) u g(y, t).

O6parHasi 3a7a4a 3aKJiouaercss B onpenenennn GyHkmn ¢(z,y) u3

coorromenuii (1)—(4) o gomosHUTEIHLHON HHMOPMAIUH:

u(0,y,t) = f(y, ).
AJsropuTMm periieHust obpaTHO 3amaun

1. BoiOupaem HagaIbHOE IPUOINKEHUE (-
2. Pemaem npsimyio 3a1a4y (1)—(4) ¢ 3a1aHHBIM @, .
3. Beruncisiem 3navenne QyHKIIMOHATA

Ly 2L,
J(qn) = Of J [u(0, y, t; qn) — f(y, t)]*dydt.
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4. Ecaun 3nagenue 1eneBoro (pyHKIMOHAIA HE JOCTATOYHO MAJIO, TOTIA
peraeM COMPSIKEHHYIO 33/1a9y.

5. Beraucisiem rpagueHT GyHKIIMOHAIA

J,qn = ’l/)t(xvya‘r) + O—\\//gﬁw(xvy7x)

6. Boruucisiem cienyoree IpubIuKeHue ¢,+1 = ¢, — @J’'q, 1 nepexo-
JUM K TyHKTY 2.

Pabora BeimostHena nipu dhuHancosoit nogaepkke Komurera naykn MOH PK
Ne 1746 /T @4 “Teopusi 1 YnCJIEHHBIE METOABL PELIeHNs OOPATHBIX 1 HEKOPPEKTHBIX
33129 eCTeCTBO3HAHUS .

JINTEPATYPA

1. Kabauuxun C.HU., Hypceuros /I.B., Illonman6aes B. B. Bagaua mponoske-
HUS JIEKTPOMArHUTHOTO 1I0J1sl B CTOPOHY 3aJseranus Heoguopoauocreit // Cub.
mekTpoH. MaT. m3B. 2014. T. 11. Tpymer V MexayHapomgHOU MOJIOEKHOM
mKOJIbI-KOH(pepermu “Teopust ¥ IUC/TIEHHBIE METOALI pPelleHus] OOPATHBIX U
nexkoppekTubix 3aga4”. C. C85—-C102.

2. Kabanikhin S.I., Nurseitov D. B., Shishlenin M. A., Sholpanbaev B. B. Inverse
problems for the ground penetrating radar // J. Inverse Ill-Posed Probl. 2013.
V. 21, No 6. P. 885-892.

63



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

KPAEBBIE SAJAYN [1J1dd HEKOTOPBIX
KJIACCOB CNJIbHO HEJIMHEVHBIX
YPABHEHUN COBOJIEBCKOI'O TUIIA

Koxxanos A. .

Hrnemumym mamemamuxry um. C. JI. Coboaesa CO PAH,
Hoeocubupck, Poccus; kozhanov@math.nsc.ru

B nokname uzydarorcsi pe3yabTaThl O PA3pemimMOCTH B IIEJIOM B KJIac-
cax peryispubix (umerouux Bce o6obuwennbie 1o C.JI. Cobosesy upous-
BOJIHBIE, BXOJAINNE B YPABHEHHUE) DElIeHWH HAYaIbHO-KPAEBLIX 3424 JJIst
CUJIbHO HEJIMHEIHBIX ypaBHEHUI cOO0JIEBCKOTO Tuna. bosiee KoHKpeTHO: Oy-
JIyT TPECTABJIEHBI PE3YJIbTATHI O PA3PEITUMOCTH HAYAJIHHO-KPAEBBIX 33029
JUTST:

a) CUJIbHO HEJMHEHHBIX ypPaBHEeHUil CODOJIEBCKOIO THUIIA HEYETHOIO I0-
panka (TCeBIOrunepOONUIeCKUX U TICEBIONAPAOOJUICCKAX YPABHEHWIA ),
BO3HUKAIOIINX B TEOPUU BA3KOYTIPYTUX CPET;

0) HeJMHEHHBIX aHAJIOrOB ypaBHeHus Byccunecka — JIsiBa, BOSHUKAIONIIX
B 3JIEKTPOJIMHAMUKE;

B) HesmHEHHbIX MHTerpoauddepeHIranbHbIX YPABHEHU, CBA3AHHBIX C
yPaBHEHUSIME CODOJIEBCKOIO THUIIA.
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OAHOMEPHOE BOJIHOBOE YPABHEHUE
T1JISI HEOTHOPOIHOI CPE/IBI

Komnosasosa /I. C.

Hnemumym mamemamury um. C. JI. Coboaesa CO PAH,
Hosocubupcx, Poccus; dsk@math.nsc.ru

IIpu orcyrcrBum BHemHEeHl CHJIbI ypPABHEHWE IONEPEYHBIX KOJIeOAHU
CTPYHBI U IPOJIOJIBHBIX KOJIEOAHUN CTEPKHS 3aIUCHIBACTCH B BU/IE:

Pu 0%

a2 o =0 e

K ypasuenuto (1) upucoenunsiorcs ganubie Kowu:

ou(z,0)
u(z,0) = ¢(z), T; = (z). (2)
Dyukuus o(r) ¥MMeeT HENPEPLIBHYI0 BTOPYIO IPOU3BOIHYIO, a (DYHKIUS
Y(x) — nepsyo. ®Oyuruus a(x) npemmosaraercs KyCOYHO-MOCTOAHHOI:
a(x) = a1 upu = < xg, a(x) = as upu T > xg, a1, G2 — NOJOKUTEIbHBIE
gucsa. B nomymiockocru t > 0 onpegensitores obanacru Gy, i = 1,...,4, no-

JIyIEHHBIE PA3JIeJIeHNeM TOJYITPOCTPAHCTBA ¢ > 0 TpeMms JIydamu, UCXOIs-
muMu U3 ToUKu (2, 0). Pemenue ypasuenus (1) moHuMaeTcs B ClIeLy0IMIEM
0000OIIEHHOM CMBIC/I€: OHO HEIPEPLIBHO, YAOBJIETBOPSET COOTHOIIECHUsIM (2)
u B Kaxk 0t obnactu (G; UMeeT HermpepbIBHBbIE MTPOU3BOIHBIE Uiy, Ugy, Y/I0-
BJerBopsomume ypasuenuio (1). Ha BblieykazaHHbIX Jiyuax J0IyCKAOTCsH
Pa3pBIBBI IEPBOTO POA TPOU3BOAHBIX O0OBIIIEHHOTO PEIEHMS.

HUccnenosanue 3a1auu MpOM3BOAUTCS CBeleHueM ypashenus (1) K cu-
cTeMme JIBYyX ypaBHEHWI MePBOTO TOPSIKA C Pa3pPhIBHBIMU KO3 duImenTamu
pu mpou3BoAHON Mo z. CucremMa perraercs METOIOM XapaKTEPUCTUK, U B
urore nojydaercs popmyia s u(x, t), KOTOPYI0 MOXKHO Ha3BaTh 0600IIEH-
noit popmysnoit Jamambepa. Uzyaennas 3ama4da asisiercs HeOoabmmM (ppar-
MEHTOM TEOPUH 30HIMPOBAHNS HEOTHOPOIHBIX Cpejl, (PU3UIECKUMU CUTHATIA-
M.

Pafora BbmosHeHa npu nmozzep:kke nporpamvbl IIpesummuyma PAH (mpoekt
Ne 0314-2015-0010).
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O POBACTHO YCTOMNYNBOCTU
CTAIITMOHAPHHBIX JN®PEPEHIIVAJIBHO-
AJITEBPANYECKNX YPABHEHUIN
CO CTPYKTYPUPOBAHHON
HEOIIPEJIEJIEHHOCTBIO

KounonoB A. /I.

Hremumym dunamuky cucmem u meopuu Ynpaeaerus
um. B. M. Mampocosa CO PAH, Upxymcx, Poccus;
my_official@rambler.ru

PaccmarpuBaercsa cranuonapras cucrema audGepeHmaibHbIX ypaBHe-

HHUU

Ax'(t) + (B+ CAD)z(t) =0, teT =]0,+0c0), (1)

co cTpykTypupoBannoit neonpenenearoctbio CAD. 3necs A, B, C u D —
n X m 3aJaHable Marpullbl, mydok AA+B perynspen, det A = 0. Takue
CHCTEMbBI HA3BIBAIOTCA OUPPHEPEHUUAALHO-AN2EOPAUNECKUMU YPAEHEHUAMU
(TAY). Mepoii uepaspemennoctd JIAY OTHOCHTEIBHO TPOU3BOIHON CIIy-
JKUT TIEJI0UUC/ICHHASA BEJIUUINHA, HA3BIBAEMAs UHOCKCOM.

HUccnenyercs Bonpoc 06 aCHMITOTHYECKO# ycroitunBocTy cucreMbl (1) B
yCI0BUAX, KOTJa aCUMIITOTUYIECKHA yCTOﬁqHBa HEBO3MYIIIEHHaA CUCTEMA

Ax'(t)+ Bz(t) =0, teT. (2)

AHa/IM3 IPOBOIUTCA B IPEANONOKEHUAX, 0OECIeINBAIOIINX CYIECTBO-
T
Banme oneparopa R = Ry + R1% + R,«(%) , JeficTBre KOTOPOro Ipe-
obpasyer cucremy (2) K BUIY

0 0 i (¢ Ji E x1(t

1O (N B I e
En—d 0 $2(t) JQ 0 l‘g(t)

TIe r — WHIEKC HEPA3PEIEeHHOCTH, By — eIWANYHAS MATPHUIA, YKA3AHHOTO
z1(t

OpAIKA; ( xlgtg > = Qz(t), @ — Marpuua IepecTaHOBKU CTPOK; Ji u

2

Ja — HEKOTOpble MaTPUILbl COOTBETCTBYIOLIUX pa3mepos [1].

OcCHOBHAsI CJIOXKHOCTH, BO3HWKAIOMIAS TMPH WMCCICIOBAHUN POOACTHBIX
coiicte JIAY, cBsi3aHa ¢ TeM, 9TO B CJIy4ae BBICOKOTO WHIEKCA MPH BO3-
MYIIEHHH BXOIHBIX JAHHBIX MOYKET M3MEHHTLCS BHYTPEHHAA CTPYKTypPa
CHCTEMBL.
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Hust cucrembr (1) unjekcos HepaspelieHHocTy 1 U 2 B yc/ioBuUsiX, 1pU
KOTOPBIX CTPYKTypupoBanuoe so3myinerne C'AD He MeHsIeT CTPYKTYPY CH-
CTEMBI, TIOJIyYEHbI JOCTATOYHBIE YCIOBUS POOACTHON yCTONINBOCTH.

Pabora BbImOJIHEHA TIpH YacTUYHON (mHAHCOBOM mommep:kke Poccuiickoro
dbonna dyrmamenrambabix nccaenoanuii (mpoext Ne 16-31-00101) u Komnnekc-
HOIT niporpaMmbl GyHAaMeHTaNbHbIX Hay4uHbX ucciemosanuit CO PAH Ne I1.2.

JINTEPATYPA

1. IIlersoBa A. A. CymecrBoBaHue pelieHus HAYaJJIbHON 3a/1a49u 11 BbIPOXK JEH-
HOI1 JIMHEHHO! TUOPUHOMN CUCTEMBI ¢ TepeMeHHbIME Ko3d dunnentamu // 13B.

By3oB. Marem. 2010. Ne 9. C. 57-70.
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K BOIIPOCY OB AHAJIMTUYECKOM
PASPEHINMOCTU 3AJAY C BBIPOZKJIEHVIEM
19 HEJIMHEIMTHOI'O YPABHEHI S
TEIIJIOITIPOBOJHOCTU

Kysuemnos II. A.

Huemumym mamemamury, sKoHomury u ukwdopmamury UV,
HUprxymcex, Poccus; pav_ku@mail.ru

IIpescraBiensbl pe3yabTaThl HCCAEIOBAHUS PAAA CIIEIUATHHBIX KPAEBBIX
3a/1a4 BUJA

1
uy = uAu + ;(Vu)Q, ulr = a(t, T) (1)

1Sl HEJIMHEHHOro ypaBHeHnus Temionposogaoctu /duibrpanuu (“the porous
medium equation”) B knacce anaauruueckux Gynxuuii. 3necs u = u(t, T) —
mensBecTHas dyukIma, T € R”, n = 2,3, 0 > 0 — KOHCTaHTa. 3AMKHYyTas
JIOCTATOYHO TJIAJIKasi MOBEPXHOCTHh | OrpaHMYMBaeT 3Be3/HYI0 00JIaCTh B
R™. Ananurudeckas yHKIus o obparaercs B Hyib ipu ¢ = 0, 910 1enaer
ypasuenue (1) He pa3pelieHHbIM OTHOCUTEJILHO CTapiieil npou3BoaHOi [1].

st 3amaqu (1) nocsjenoBarebHO PACCMOTPEHbL CJIEAYIOLIME BUABL CTa-
roHapHoit rparupl It TpexvepHas cdepa [2], mponsBonbHas AByMepHast
KpuBas [3], MpoM3BOJIbHAS TpEXMEpHas MOBEPXHOCTh. B KaxKIoM cirydae
IIOCTPOEHO pellleHNe B BUJE JBOIHOIO CTEIEHHOTO PsiJia, & TaKKe JOKa3aHa
COOTBETCTBYIOIIAs TeopeMa cyliuecrBoBanus. Pesynbrar u3 [3] o6obuien na
cayyait necranuonapuoit I' = T'(¢).

Pa6oTa BBITTOIHEHA TIPU YaCTUYIHON momaep:xkke Poccuiickoro ¢ouma dymma-
MeHTaJIbHBIX uccaenoBanuii (mpoektsr Ne 16-01-00608 u Ne 16-31-00291).

JINTEPATYPA

1. Jemunenko I. B., Yeneuckuit C. B. YpaBHeHus U CUCTEMbI, HE Pa3penieHHbIe
oTHOCHUTEIBbHO cTapireil mpousBoanoil. Hosocubupck: Hayunas kuura, 1998.

2. Kazakos A.JI., Kysuenos II. A. KpaeBas 3a/1a4a ¢ BBIDOXK/IEHUEM JIJIsl HEJIU-
HEMHOro ypaBHeHus Telonposoguoctu B cepuueckux koopaunarax // Tesu-
¢l Mokaa10B Mexaynaponnoit koudepennnn “/Iuddepennuanbasie ypaBHe-
aust. PyHKImonaabHble TpocTpancTBa. Teopus mpubamxennit’. HoBocubupck:
Uszm-so UM CO PAH, 2013. C. 149.

3. Kazaxos A.JI., Kysuenos I1. A. O0 onHo# KpaeBoil 3aja4e /1 HeJTUHEHHOTO
YPaBHEHHs TEILIOIPOBOJHOCTH B CJIydYae JBYX POCTPAHCTBEHHBIX I[I€PEMEH-
uerx // Cub. xypH. uaaycrp. maremaruku. 2014. T. 17, Ne 1. C. 46-54.
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ACUMIITOTUKA PEIIEHUSA
HECTALIMIOHAPHOI CUHIVJISIPHO-
BO3MYVYIIIEHHOII KPAEBOI 3AJ1AYUN

TEIIJIOMACCOOBMEHA

Jlarbimos U. .

Bupckuil guarvan Bawkupcrozo 2ocydapemeennozo ynueepcumema,
Bupcx, Poccus; LatypovIIQ@rambler.ru

B moknaze craBuTCs M perraeTcs 331a9a HAXOXKICHUS MPUOIMKEHHOTO
pelleHns CUHIYJISPHO BO3MYIIIEHHO# KpaeBoil 3a/1a4u ypaBHEHUS TEILJIOIPO-
BOJHOCTHU C HEeJIUHEHHBIMU TPAHUYHBIMU yCIOBUAMU Ha TOABUZKHBIX T'DAHU-
max [1, 2J:

Ty (z,t) = Fo- Tyy (z,t) + g (x,t) + A[T (z,t)], T (x,t)=Tp(x), t\0,
Tm(xat)zf%(t)‘i’f)/i'[T4(1’7t)7Ui4]7 95:1/11(15)7 i=1,2,
(z,t) € Q={(2,t) : Y1 (t) <z <a(t), 0<t<to}, 0<Fok1,

2
(t — Bo)
q1(t) = quo-expy ———5— ¢, q2(t) = ga0 = const.
Bio
[Ipubnmxennoe perenne, UCIOAb3Y ‘TEOMETPO-OINTUIECKAN ACHMIITO-
THUeCKUi MeTof [2], mosydaeTcss B BHIE aCHMIITOTHYECKOTO DPA3JIOKEHWUS
pererns B cmbicsie Ilyankape mo CTenmeHsiM MaJibIX TapaMEeTPOB B 3aBUCH-

MOCTH OT BJIM30CTH PACCMATPUBAEMOI TOUKM K rpaHuiam [3].
JINTEPATYPA

1. Jlarermos H. . TIpnbiimKeHHBIR pacdeT PACIpPeIeIeHNsT TEMIIEPATYPHOTO Mo-
Jis. aKTUBHOI'O 3JIEMEHTA TBepAoTeabHOro jasepa // Tpynst kadenpst sxcne-
PUMEHTAJILHOM U TeopeTndeckoil pusnku Vncturyra GU3mKm MOIEKYT U KPU-
crannos YHIL PAH. Bem. 1. Yda: T'unem, 2001. C. 82-92.

2. Jlarpios H. ., Kpasyenko B. @., Hecenenko I. A. [lpumenenune unrerpaJib-
HBIX YPABHEHMH K CHHTYJISIPHO BO3MYIIEHHON HECTAIIMOHAPHOM KPAeBOil 3a1axe
TEeTIONPOBOAHOCTH C TOABMKHBIMA Tparumavu // duddepenn. ypasaeHws.
1999. T. 35, Ne 9. C. 1171-1178.

3. Jlarpmmos U. H., Buraesa JI. A. VccnemoBanue HECTAIMOHAPHBIX TEIIOBBIX
IIPOLIECCOB B MATEPHUaJIe IIPU BO3AEUCTBUN Y/IbTPAKOPOTKIMU JIA3EPHBIMU HM-
mynbcamu // Koruenimn ¢yHIaMeHTaIbHBIX M IPUKJIQIHBIX HAYYHBIX HCCIIe-
nosanmit. CoopHuk crareii MexxayHapomHON HAayIHO-IIPAKTUYECKON KOH(e-

pennuu. 9. 3. Yda: Omera Caiiuc, 2016. C. 11-15.
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METO/JbI IPAKTUYECKON
NAEHTNeNINPYEMOCTN HEKOTOPBIX
MATEMATNYECKNUX MOAEJIEV BI1OJIOTN

JIaremmenko B. A.!, Kpusoporbko O.M1.2, Ka6aanxua C.I1.2

L Hosocubupcruii 2ocydapcmeennviti ynusepcumem, Hosocubupcx, Poccus;
Latushenko_varia@mail.ru
2 Mnemumym eviucaumenvnoti MAMeMamuKy U MamemMamuieckot
eeopusuru CO PAH, Hosocubupck, Poccus;
krivorotko.olya@mail.ru, ksib52@mail.ru

B nanmnoit pabore ucciie10Banbl HEKOTOPBIE METO/IbI IPAKTUIECKOH (armo-
CTEPHOPHOIT) MAECHTUDUIUPYEMOCTH TTAPAMETPOB MATEMATHIECKUX MOJIEJIElt
6uosioruu [1]. Januble METObI TIO3BOJISIOT OIPEAEIUTh eJIUHCTBEHHbINH Ha-
60p mapaMerpoB MAaTeMATHIEeCKUX MOJeJieil OMOIoruu 1Mo pe3ysaIbTaramM u3-
MepeHUd OlPE/Ie/ICHHbIX BbIXO/IHbIX BEJIMYUH B Te4yeHue OITUMAJIbHOIO MH-
TepBaJla BpEMEHN.

Lleav dannoti pabomov, — BBISBATH HEUIEHTU(UIUPYEMbIE MAPAMETDHI
HEKOTOPBIX MATEMATHIECKUX MOJIeJIeil OMOIOrny 1 HAWTH ONTUMAIbHOE KO-
JINYECTBO M3MEPEHuil, KOTopoe HeoOXoauMO OpaTh B TedeHune HEKOTOPOro
MHTEPBAJIA BPEMEHU, YTOObL IOCTATOYHO TOYHO OLPEIE/IATD [TapaMeTPhbl Ma-
TEeMATHIEeCKOU Momenu. [[jist 3TOTO MUCIOIb3YeTCss METO COOCTBEHHBIX 3HA-
9eHUil ¥ METOJI, OCHOBAHHBIN HA AHAJIN3E YHUCJIa 00YCIOBICHHOCTH MATPUIIHI
qyBCTBUTENHHOCTHU. 1IpuBeIeHbI 1 TPOAHAIN3UPOBAHDI PE3YIHTATHI YACJIEH-
HBIX PacYeToB.

Pabora Beimrosinena rpu ¢GpuHaHCOBOH 110 1epKKe MuHucrepcrsa od0pa3oBaHus
n mayku Poccuiickoit ®eneparmm, rpanta [Ipesugenta PO (Ne MK-1214.2017.1)
u Pecry6nukn Kazaxcran (rpanr Ne 1746 /T'®4 “Teopust ¥ UnCIEHHbIE METOMBL
peneHust O6paTHBIX ¥ HEKOPPEKTHBIX 3329 €CTeCTBO3HAHUSA).

JINTEPATYPA

1. Miao H., Xia X., Perelson A.S., Wu H. On identifiability of nonlinear ODE
models and applications in viral dynamics // STAM Rev. 2011. V. 53, No 1.
P. 3-39.
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OB YCTONYNBOCTU HA KOHEYHOM
MNMHTEPBAJIE BPEMEHHN YTOK-IITUKJIOB
OJHON KNHETNUYECKON MOAEJIN

Jlammma E. A2, Yymakosa H. A.12, Yymaxos I. A.23

! Unemumym xamasusa um. I'. K. Bopeckosa CO PAH,
Hoeocubupcx, Poccus;
2 Huemumym mamemamury um. C.JI. Cobosesa CO PAH,
Hosocubupcx, Poccus;
3 Hosocubupcruti 2ocydapcmeennnti ynusepcumem, Hosocubupcx, Poccus;
lashina@catalysis.ru, chum@catalysis.ru, chumakov@math.nsc.ru

Pabora mocssiinena aHaIn3y MEPUOINIECKUX PEITIEHUI OTHOM KUHETHIeC-
KON MOJenrd TeTepPOreHHON KATAJUTHUYECKOU peakliu, KOTopasd ABJIAeTCHd
CUCTEMOI IBYX HEJIMHEHHBIX OOBIKHOBEHHBIX MuMDPEPEHITNATBHBIX YPABHE-
uwuii [1]. UccnepoBanue Mojeiun IPOBOAUTCH B CJLy4ae, KOrJa B HEil BO3MOXK-
HO BBIJeJeHne MaJjoro mnapaMerpa 0 < € < 1, m cucrema ABISETCA CUH-
IYJISPHO BO3MYIIeHHOMN. IIpy HEKOTOPHIX 3HadYeHHsX mapamerpos (cM. [1])
COCYIIECTBYIOT YCTOWYMBBIA U HEYCTOMYUBBIN Npele/IbHbIE UKJIIbI, KOTOPbIE
00J1a/1a10T BBICOKOH [IAPAMETPUIECKON 9yBCTBUTEIHLHOCTHIO U SABJISIIOTCS yT-
kamu (cM. [2]). Hucsnennoe uccienoBanue yTKu-IUKIA — JOCTATOUHO CJIOXK-
Had 33/a4a, T. K. MaJble BO3MYIIEHNS HAYaJIbHON TOYKHW MOTYT BBI3BIBATH
KOHEUYHBIE BAPUAINY PEIIEHUs [PU YCJIOBUM, 9TO BPEMs HAXOXKIeHUs (Ha30-
BOI TOYKM BOM3U HEYCTONIMBOM 4aCTU MEIJIEHHOIO MHOTOOOpa3us 10CTa-
TOYHO MPOIOIKUTENbHO. [J1si aHaM3a TOYHOCTH YUCIEHHOIO HHTErPUPOBa-
HUs B paboTe HPOBOAUTCS HCCJIEOBAHUE yCTOWYUBOCTU PEIIEHUI CHCTEMbI
Ha, KOHEYHOM WHTEPBAJIE BPEMEHU U MPEIJIarafoTCs OMEHKH TII00AJIBHON TO-
TPENTHOCTH YMCJIEHHOTO WHTErPUPOBAHUS.

Pabora BemosHena B pamkax rocyzapcrsensoro 3amauus PI'BYH UK CO
PAH (mpoext Ne 0303-2016-0003).

JINTEPATYPA

1. Chumakov G. A., Lashina E. A.,Chumakova N. A. On estimation of the global
error of numerical solution on canard-cycles // Math. Comput. Simul. 2015.

V. 116. P. 59-74.
2. 3poukun A. K., Illy6un M. A. HecranapTHblil aHA M3 U CUHIYJIADHBIE BO3MY-

IeHnsT 0OBIKHOBEHHBIX T depeHIpaabHbIX ypaBHeHnit // Ycnexu MarT. HayK.
1984. T. 39, Bemm. 2. C. 77-127.
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YCJI0BHU CTABUIN3ALINN
PEINTEHNN KPAEBBIX 3AJAY
AJId YPABHEHN A COBOJIEBA

Jlomakun A.B.

Hosocubupcruti zocydapcmeennviii ynusepcumem, Hosocubupck, Poccus;
kekropius@gmail.com

B pabore paccmarpupatorcsa 3amada Komm m cMmernanHble KpaeBble 3a-
Jla4y B 4eTBEPTH LPOCTPAHCTBA Jyid ypasHenus Cobosesa [1] upu n = 2

Aty + Ugygy, =0, t>0.

WccnemoBanbl acCMMIITOTUYECKNAE CBOMCTBA PEITeHUi mpu ¢ — 00 Mg Mpo-
M3BOJIbHBIX HAYAJIbHBIX TAHHBIX. /lOKa3aHO, UTO peIeHns 3a/1a49 B Ipeesie
BBIXOJAAT Ha (DYHKIWH, 3aBUCSAIIAE TOIBKO OT Xp. s KaxKI0# w3 3amad
npejenbable QYHKIUA YKA3aHbI B SBHOM BU/IE, YCTAHOBJIEHBI CKOPOCTH CTa-
omnm3aruu. [lomydyensl yCaoBus Ha HaYaIbHBIE JAHHBIE, DU KOTOPHIX De-
IIIEHUsT CTPEMSATCS K HYJTIO.

[Ipu monyuennn pe3ysbTaTOB MPUMEHSIJICS BADUAHT METO/IA CTAIMOHAD-
HO#t (ba3bl, npeioKeHHbiil B [2, v, 3.

Aprop Boipaxkaer 6aarogapaoctsb npod. I'. B. JleMuneHKO 3a HOCTAHOBKY
33,1441 U HAY9IHOE PYKOBOJCTBO.

JINTEPATYPA

1. Coboses C.JI. O6 oauoit HOBOI 3a1a4e MaTemaruieckoil dusuku // ss. AH
CCCP. Cep. mat. 1954. T. 18, Ne 1. C. 3-50.

2. Ycnenckuii C.B.; Hemuneuko I. B.; Ilepenesxkun B.I. Teopembl BJioxKeHUs
u npusoxenns K muddepeHnuaababiM ypaBHenusM. HoBocubupck: Hayka,
1984.
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OILIEHKU PEIIIEHUI BTOPOII KPAEBOM
3ATAYU J1JIS1 VPABHEHIUS COBOJIEBA

Jlomakuna E. A.

Hosocubupcruti 2ocydapcmeennnti ynusepcumem, Hoeocubupcsk, Poccua;
kekropius@gmail.com

B pabGore paccmarpuBaeTcs Bropasi Kpaesad 3ajada /1 ypasuenus Co-
Gomesa [1]
Autt + Ugory, = 0 (1)

B IHIMHApHYecKoi obmactn Q = {t > 0, * € G C R2}. Ilpeanonaraer-
cst, 910 00acTh G — OrpaHUYeHHAs U 3BE3/IHAsi OTHOCUTEIbHO HEKOTOPOI'O
KpyTa.

Opnoit w3 mpobsem C.JI. CobosieBa, MOCTABJIEHHONW UM [IJIsi ypaBHE-
uus (1), ABigeTcd U3ydeHne aCUMOTOTUYECKUX CBONCTB PEIIeHU KPaeBbIX
3agad npu t — 0o0. BonbImoit BKIa | B perrenune 3Toi mpodeMbl BHECH €ro
yaenuku P. A. Anekcanapsn, P. T. Jdenues, T.1. 3enensk, B. H. Macnen-
HUKOBA U JIp. TIPU U3YUYEHUH KPAEBIX 38729 B 00JIACTAX CHENUaIHLHOTO BUIA.
B cnywae obmacreit mpon3BosbHON KOHMDUTypanun OMEeHKN Ha GeCKOHETHO-
CTU pEIIeHus MEPBOI KPaeBoil 3aauu g ypasuenus CobosieBa ObLIH mMO-
JIy9eHbI B KOHIIE TPOILIOro crojiernst B [2] npu n =2 u B [3] npu n > 2. U3
9TUX PE3YJIBTATOB, B YACTHOCTH, BBITEKAET, 4TO IpH ¢ — 0O PEIleHre U ero
MMPOM3BO/IHBIE HE MOTYT PACTH ObICTPEe HEKOTOPOIt crereru t7.

B macrosmeit pabore, crexys cxeme [3], MBI MOTy<IaeM AHAJIOTHIHLIE
OIIEHKM DPeIeHns BTOPOU KpaeBO! 33/1a49u.

ApTop BoIpaxkaer 6aarogapaoctsb npod. I'. B. JleMuneHKO 3a IOCTAHOBKY
33/1a49U U HAYYHOE PYKOBOJICTBO.

JINTEPATYPA

1. Cob6oues C.JI. O6 oguoit HOBOI 3a1a4e MaTemaTudeckoil dhusuku // Uzs. AH
CCCP. Cep. mar. 1954. T. 18, Ne 1. C. 3-50.

2. Ckaska B. B. AcumnroTuka npu t — 0O CMEIIAHHBIX 333 [JIS OJHOTO yPaB-
HeHUst MaTeMaTndeckoit pusukn // Cub. mar. xyps. 1981. T. 22, Ne 1. C. 129-

143.
3. Ademunenko I'. B. Onenku tipu t — oo pemennst omguoit 3amaun C. JI. CoboJte-

Ba // Cub. mat. xypH. 1984. T. 25, Ne 2. C. 112-120.
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VICCJIEJJOBAHUE CBOVICTB OIIEHOK
IIAPAMETPOB PA3HOCTHBIX YPABHEHUIT HA
KOHEYHBIX BBIBOPKAX JIMHEAPU3AIINE
TPAINEHTA IEJIEBBIX ®YHKIINI

JlomoB A. A.

Hnemumym mamemamuxry um. C. JI. Coboresa CO PAH,
Hosocubupcruti zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
lomov@math.nsc.ru

PaccmarpuBaercs cucrema pa3HOCTHBIX ypPaBHEHUN

zlk + 1] = Agx[k] + Boulk] + wlk], k=1,N —1,

i - | ELK] I[k]} |:£m[k]:| ~

Zlk] = | = + = z[k] + &[],

= 2] = o] + [E] =+ e

rae z[k] € R™, ulk] € R™ — nepemennne, Ay € R"*" By € R"*™ —
MAaTPHIILI, 3aBUCAIINE OT (PUKCHPOBAHHOTO mapameTrpa # € RY, momiexkarie-
ro uneatudukanmu no Habmonernam (k] € R™T™. Bekroper w(k| u £[k]
HrPaIOT POJIb HE3ABUCHMBIX CIIyYaiHbIX BO3MYIICHUIA.

s nenesbix Gyukuumit Jy(6) = (Wﬁ + Wg) YY* (Wlﬁ—l— Wg) [1],
J2(0) = 112 = zopt (0[5, zopt(0) = argmin..gy.—0llZ — z[%4 (2], rae
Wis = OF W172, &, F' — marpuibl IUCKPETHOrO mpeobpasoBanus Pypbe
u npebunbrpaman, Wi — Marpunpt u3 nabmogenuit, Y = OWy(2) [1],
HCCIIEZyeTCsT IyBCTBUTENBHOCTD OIEHOK 610 = argming J 2(f) k Mambm
Bo3MymiennsM wlk] u £[k].

Pa6ora BeImostaena mpu mojsepxkke Poccmiickoro donma dyHIaMEeHTATHHBIX
uccienosanuit (poexr Nt 16-01-00592).

JINTEPATYPA

1. Klein V., Morelli E. A. Aircraft system identification. Theory and practice //
ATAA Education Series. Reston: ATAA, 2006.

2. Jlomos A. A. O yoKaJIbHOM yCTOMYMBOCTH B 3aa4de niaeHTHhUKAImMH K03dh du-
IIMEHTOB JIMHEHHOro pasuocTHOro ypasHenus // Bectn. HI'Y. Cep. Marema-
TuKa, Mexannka, nadopmaruka. 2010. T. 10, serm. 4. C. 81-103.
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OIIEHKU YYBCTBUTEJIBHOCTU
NOEHTUOUKAIINY KO®DPUIINEHTOB
PA3HOCTHBIX YPABHEHUI1 YEPE3
JIOKAJIBHBIE PA3JIOXKEHU S
EJIEBBIX ®YHKIINI

JIomoB A.A.', ®egoceen A.B.?

Hnemumym mamemamuxy um. C. JI. Coboresa CO PAH,
Hosocubupcruti 2zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
!1omov@math.nsc.ru, 2alexeyfedoseev. nsk@gmail.com

B nmokname mccimeayrorcs cBOMCTBA TPeX METOMOB MACHTU(DUKAIMHA Ma-
paMeTpoB Pa3HOCTHBIX YPaBHEHUI B yCJIOBUAX HETUIIMYHBLIX BO3MYIEHUN B
HaOJIIOIEHUSX C UCTIOJIH30BAHINEM TEOPUN UYBCTBUTEHHOCTH MO JIOKAJTHHBIM
pasioxkeHusiM 1esieBbix (pyuKImit. Teoperndeckue pe3yabTaThl TPOBEPSIOT-
CA BBIYHACJIATEJbHBIM MOJEJINPOBAHUEM Ha IIPUMEpPE yPABHEHHWH ITPOJOIIb-
HOTO [BUYKEHUS JIETATEJIHHOIO ANapaTa, mapaMerpbl KOTOPOro uaeHTudu-
IUPYIOTCA JIMHEHHBIM METOJ0M HauMeHbIINX KBaJ/IpaTOB, METO/IOM UHCTPY-
MEHTAJIbHBIX IIEPEMEHHbBIX B 4aCTOTHOH 00J/1aCTH, BAPUAIMOHHBIM METOIOM
(STLS, GTLS).

UccnenoBanme CBOMCTB OIEHOK MTapaMeTPOB PA3HOCTHBIX YPABHEHUIT My-
TeM JINHEeAPW3AIUU IPAJMEHTA [1eJI€BON (DYHKIINYM UMEEeT Psiji OTPDAHUIECHUH,
KAK [MPUHIMINAJIbHBIX (HEBO3MOXKHOCTD U3YYUTh CMEIIEHHE OLEHOK ), TaK U
CBA3AaHHBIX C HEJIOCTATOYHLIM DA3BUTUEM TEOPUU, B YACTHOCTHU, C YPE3BbI-
YafiHO CUJILHBIMU TIPEATIONOKEHUIMI O MaJIOCTH Bo3MyItennii. Tem He me-
Hee, B JIOKJIaJle MOKA3aHO, YTO JIMHEAPU30BAHHbBIE MOJIEIN 3aBUCUMOCTH OT-
KJIOHEHIH OIEHOK OT BO3MYIIEHNH JEMOHCTPUPYIOT XOpOIee COBIAJECHHUE C
pe3y/IbTaTaMi BBIYUCIUTETHHOTO SKCIEPUMEHTA HA PEATTbHBIX JAHHBIX. DTO
JaeT OCHOBAHUS MCIIOJIb30BAaTh JIOKAJIbHBIN 110/IX0/1 B KAYeCTBE HUHCTPYMEHTA
WCCIEOBAHUS CBONCTE OIEHOK Ha KOHEYHBIX BHIOOPKAX.

Pabora Boimosmena mpu mogmaep:kke Poccuiickoro dbonma dyHmaMeHTaTIbHBIX
nccnemopanuii (mpoext Ne 16-01-00592).
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HEJIOKAJIBHBIE KPAEBBIE 3AJIAYI
C YACTNYHO NHTEI'PAJIbHBIMN
YCJII0BUNAMUN AJIA BBIPOXKTAROITIINXCAI
ANO®PEPEHIIAJIBHBIX YPABHEHUI

Jlykuna T. A.

Hoaumeznuueckuid uncmumym (Puavan) Cesepo-Bocmourozo
pedeparvrozo yrueepcumema um. M. K. Ammocosa, Mupnwiii, Poccus;
lukina-g@mail.ru

Hccenenyercsa paspemmuMocTb HeIOKATbHBIX 3a/1a4 C HHTETPAIbHBIMHA [Pa-
HUYHBIMHE YCJIOBUAME 110 IPOCTPAHCTBEHHOHN MEPEMEHHON /s BBIPOXK A0
IAXCA YPABHEHWH C KPATHBIMA XapAKTEPUCTHKAMMA.

ITycrs Q ects uarepsadn (0, 1) ocu Ox, @ ectb npamoyronbuuk 2% (0,7,
0<T < +00, N(z), K(t), a(t) — 3ananubie GyHKIMHU, ONPEIEIEHHBIE IPH
reQ, tel0,T)].

HenoKAJIbHAA 3AAYA 1. Haittu dynkuuio u(x,t), sasisomyocs B
MPAMOYTOJNLHUKE () perenneM ypaBHeHus

K(t)ug + tgee + c(z, t)u = f(x,t) (1)
¥ TAKYIO, YTO JJI HEe BBITOJIHSAIOTCS YCIOBUS:
u(z,0) =0, z€Q, (2)

w(0,t) =u(l,t) =0, 0<t<T, (3)
ug(1,t) = [ N(x)u(z,t)de, 0<t<T.
/

HenoKAJIbHAA 3A7AYA 11, Haijiru dynkuuio u(z,t), aBusmomyiocs B
OpAMOyTONbHUKE ( perterueM ypasHenus (1) u Takyio, 9TO Jjis Hee Bbl-
nosHgTca yeaosus (2), (3), a Takxke ycioBue

ugp(1,t) = a(t)uy(0,8), 0<t<T.

s paccMaTpuBaeMbIX 3329 TOKA3BIBAIOTCS T€OPEMbI CYIIECTBOBAHUS
peryJiapHbIX PELIeHUN.
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ITEPIOVNYECKOE PEIITEHVE
NMHTEI'PAJIBHOT'O YPABHEHUA
ABEJILA ITEPBOI'O POZIA

Maurorura M. B.!, Opnos C. C.?

Hprxymexut 20cydapemeennoili ynusepcumem, Hpxymcek, Poccus;
lfanofevanescence2008@yandex.ru, 2orlov_sergey@inbox .ru

Paccmorpum naTErpasibnoe ypaBHenue

x

1 a—1 = f(x T
T O/<o:t> o(t)dt = f(z), =20, (1)

OTHOCHTEJIbHO Hen3BeCcTHOH byHKINM ¢, B KoTopoM I'(a) — ramma-byHKIus
Ditnepa dbukcupoBanHoro aprymenta « > 0, f — 3amannaa QyHKIHA. ITO
ypasuenue npu 0 < o < 1 umeer ciabyio (MHTErpUpyeMyt0) OCOBEHHOCTh, B
COBPEMEHHOI MaTeMATUYIECKOU JMTepaType OHO HA3BIBAETCI 0000UeHHbLM
uHmezparvHoim ypasrenuem Abeas. Knaccel ypaBHenuii Abesist coxpaHu-
JIM aKTYaJbHOCTh KaK OOBEKTHI MCCJIEIOBAHNS, UM TIOCBAIIEHO MHOKECTBO
JKyPHAJIbHBIX MyOJIMKALNii U JJaxke OTJeIbHbIe MOHOrpadwn, Hanmpumep [1].
[Ipexie BCero, BBHICOKMIT MHTEPEC BHI3BAH 3AMPOCAMHU €CTECTBEHHBIX HAYK,
riae ypaBHenusi AGesis HaxXoAgdT upokoe npumenenue [1, ¢. 26-60]. B o
JKe BpPEeMsi OH [IPOJIMKTOBAH MWHTEHCUBHBIM PA3BUTHEM HAIIPABJIEHUIN camoit
MaTEeMATUKH, B JAHHOM CJIy4ae — JIpOOHOr0o WHTErpo-auddepeHnpoBanms,
nMeHyemoro 3a pyberxkom kak fractional calculus.

Hacrositiuit mok.ta s mocBsiten mpobJieMe CyneCTBOBAHUS HePEPBIBHBIX
nepuoauveckux perienuil ypasuenust (1), KOTOPOIl yI€I€HO HE3aCIIyKEHHO
MaJioe BHUMAHWE B COBPEMEHHOW HAyYHOI JinTeparype, IMpUdeM Kacaercs
910 Kak ypaBHeHuit AGesisi, TaK U MHTErPAJIbHBIX ypaBHenuit Bosibreppa B
mestoM. JIoKa3aHbl KPUTEPUU CYIIECTBOBAHUS €INHCTBEHHOTO HEITPEPHIBHOTO
HA JIy4e TepUOIuYecKoro pemenus ypasaenus (1) mia o« € Nu o ¢ N.

Pa6ora BeImostaena mpu mojepxkke Poccmiickoro dorma dyHIaMeHTATBHBIX
uccienosanuit (poexr Nt 16-31-00291).

JINTEPATYPA

1. Gorenflo R., Vessella S. Abel integral equations: analysis and applications.
Berlin, Heidelberg: Springer-Verlag, 1991.
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TJIOBAJIBHA ST PA3PEIIIIMOCTD
HAYAJILHO-KPAEBOI 3AJTAYN JIJId
OIHOMEPHBIX YPABHEHUN JUHAMUKIN
MHOT'OCKOPOCTHBIX CMECEII

MawmonTtos A.E.!, IIpokyaun /. A.?

Hnemumym eudpodunamury um. M. A. Jlaspenmovesa CO PAH,
Hoeocubupcx, Poccus;

1aemamont@hydro .nsc.ru, 2prokudin@hydro .nsc.ru

PaccmarpuBaeTca Moaeb MHOTOKOMITOHEHTHBIX MHOTOCKOPOCTHBIX CMe-
ceit. /1151 HEee TeopeMbI O TJI00ATHLHOM CYIIECTBOBAHUH CIA0BIX PEITIEHII MHO-
TOMEPHBIX 331249 ObLIN MOy YeHbI COBCEM HEIABHO, O7Iar01apsi 9eMy COCTOsI-
HHE 3TOHI TEOPUHU CTAIO COIOCTABUMBIM C TAKOBBIM [IJ18 OJHOKOMIIOHEHTHBIX
mozesteit. [Ipu 3Tom oTKpbLINCH MPOOIEMBI, XAPAKTEPHbIE UMEHHO JJIst CMe-
ceif, 1 OTAMYAIOMINE WX NPUHOUNHAIBHO OT OJHOKOMIIOHEHTHBIX MOJIEeJIe.
B omnpeiesieHHO# cTenenn 3TH TPYHOCTH omucanbl B [1, 2]. JIius MHOTHX u3
HUX TI0Ka HEACHBI IyTH IPEOJOIEHN.

Kak u B MHOrOMEpHOM citydae, KJIaCCH9eCKUe Pe3yIbTAThI I8 OTHOKOM-
IIOHEHTHOI'O0 BA3KOI'O I'a3a He I[1ePEeHOCATCA Ha MHOI'OKOMIIOHEHTHBIN OJHO-
MEPHBIH C/Iydait KaKUM-TO aBTOMATHIECKUM 00pa30M, B YACTHOCTHU, B CUTY
MIPUHITUTTHAJIBHO WHON CTPYKTYPHI BA3KUX YJIEHOB: HAJIWYNA HEIMArOHAJb-
HOP MaTPHUIIBI BI3KOCTEH. ITO OT/IMYME IO CBOEH CIOKHOCTU HE 3aBUCUT OT
Pa3MEPHOCTH JBUKEHHUS.

B noksaze Oymer npezcraBiena reopemMa O CyIeCTBOBAHUY U € JUHCTBEH-
HOCTU CHUJIbHOI'O DpelleHUd HavaJIbHO-KPaeBOH 3aja4u i OJJHOMEPHbIX
YpPaBHEHWI IBUKEHWSA MHOTOKOMIIOHEHTHBIX MHOTOCKODOCTHBIX CMeceil C
HEeIMArOHAJIBHOW MATpHIEdl BS3KOCTEH, OYAyT 00CYKIATHCS MEPCIIEKTUBBI
U TPYJAHOCTH JAJbHEHIIero Pa3BUTUSA TEOPUH.

Pabora Beimonmena npu noanepxkke Poccmiickoro mayaroro donma (mpoekt

Ne 15-11-20019).
JINTEPATYPA

1. Mamontov A. E., Prokudin D. A. Viscous compressible multi-fluids: modeling
and multi-D existence // Methods Appl. Anal. 2013. V. 20, No 2. P. 179-195.

2. Mamontov A.E., Prokudin D.A. Viscous compressible homogeneous multi-
fluids with multiple velocities: barotropic existence theory // Sib. Electron.
Math. Reports. 2017. V. 14. P. 388-397.
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POBACTHAY YCTOMYUBOCTDH PEIITEHUN
JINHENHBIX I[TIEPUOINYECKUX CIICTEM
HEVWTPAJIBHOI'O TUIIA
C HECKOJIbBKIMMU 3AIIA3IBbIBAHUSIMU

MarBeeBa U. U.

Hnemumym mamemamury um. C. JI. Coboresa CO PAH,
Hosocubupcruti zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
matveeva@math.nsc.ru

B pabore nccrenyercst pobacTHas yCTONYIUBOCTD PEIeHuit cucreM aud-
depeHnuanIbHbIX yPABHEHUIT HEHTPAJIBHOIO TUIIA CJIELYTOIIErO BUIA

d m m

Lylt) = AW(0) + D2 Byt — ) + 3 Oi(0)

ty(ti’rj)’ tzoa

j=1 j=1

rae A(t), B;(t), C;(t) — mMaTpuIst pa3mepa nXn ¢ HelPEPLIBHBIMA TTEePHOIN-
YECKHMH 3JIEMEHTaMu, T; > 0 — mapamMeTphl 3ana3ibBanud, j = 1,...,m.

IIpennonarast 9KCIHOHEHIMAIBHYIO YCTONYINBOCTD HYJIEBOT'O DEIIEHUsT He-
BO3MYIIIEHHON CHCTEMbl, yKA3bIBAIOTCHA YCJOBUS HA BO3MYIIEHUS MATPWIIL
A(t), Bj(t), C;(t), npu KOTOPBIX HyJeBOe PelleHHe BO3MYIIEHHOH CHCTEMBbI
9KCIIOHEHIINAJILHO yCTOWUNBO. [I1s1 permenmit BO3MYIIIEHHOH CHCTEMBI yCTa-
HOBJIEHBI OIIEHKH, XapaKTePHU3yIOIlne CKOPOCTh YObIBaHUS Ha OECKOHEUHO-
cru. [Ipu gokazarenbcrse ucnosb3yercsa dyuknuonast Jlamynosa — Kpacos-
CKOro crenuasbHoro suza [1].

Pabora Beimosaena mpu momepxkke Poccmiickoro donma dyHmaMeHTaATIbHBIX
uccseposanuit (poexr Nt 16-01-00592).

JINTEPATYPA

1. MarBeeBa H. . O6 3KCIOHEHIMAJILHON yCTOWYMBOCTU DELIEHUI [I€pUogude-
CKUX CHCTeM HEeHTPAJILHOIO THUIA C HECKOJIbKUMH 3amasgsiBanusyu // dud-

depenn. ypasaenns. 2017. T. 53, Ne 6. C. 730-740.
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HEKOPPEKTHBIE 3AJAYY MEXAHUKN

Mupenkos B. E.

Hnemumym 2opnozo deaa um. H. A. Qunaxanra CO PAH,
Hoeocubupck, Poccus; mirenkov@misd.ru

PaccmarpuBaiorcst HEKOPPEKTHBIE 33/1a49U MEXaHUKU J1ePOPMUPYEMOro
TBEP/IOTO TeJa JJIsi KYCOYHO-OHOPOIHBIX 00/I1acTell CO 3HAUUTETHHBIM THC-
JIOM YIIPABJISIONINX TAPAMETPOB, KOTOPbIE UACHTUMDUIUPYIOTCS, UCIOIb3Y s
HATYPHBIE JAHHBIE O CMEIEHUSIX TPAHUIIBL.

Ipanuanpie 331290 MEXaHWKU SBJISIOTCS MHOTOMAPAMETPUIECKUMU U
3aBHCUMOCTH MCKOMBIX DEIIEHUI OT HUX MOXKET ObITb CJOXKHOH. Xapakrep
3aBUCUMOCTY PEIIEHNsT OT TTAPAMETPOB CTAHOBUTCS M3BECTHBIM MOCJE 00pa-
IEeHUs TPAHUYIHOM 3a1a4n. VcceoBanne moBeIeHNs PEITEeHNs, KaK TPaBHU-
JTO, TOCTUTAETCS YUCJACHHBIMU METOJAMHU, IPU ITOM BCTAET Psi/T BOIIPOCOB OT-
HOCHUTEJILHO TOYHOCTH PEIIEeHUsI, ONMUCAHUS BIUSHUS TAPAMETPOB Ha Perre-
HUE [IPU OJIHOBPEMEHHOM MX U3MeHeHuu. B Hacrosiiee BpeMst n3BeCTHBI YUC-
JIEHHBIE DEITIEHNST YACTHBIX OOPATHBIX 33189 B 3aBUCUMOCTH OT UIeHTH(OUKA-
MY OJHOTO mapamMerpa. Ilpegmaraercs NpUHNIUNMATILHO HOBBIN METOT perte-
HUsT OOPATHBIX MHOTOMIAPAMETPUIECKUX 33139, OCHOBAHHBIN HA TIOJIY Y€HHBIX
TOYHBIX YPABHEHUSIX, CBA3bIBAIONINX TPDAHUYHBIE 3HAYEHWUST KOMIIOHEHT Ha-
MPSZKEHWH U CMEIEHUH 1 UCKJTIOYAoNUX peryaspusanuio. Ucnoas3oBanne
SKCIEPUMEHTAJIbHBIX JAHHBIX, OHPEJIEJICHHBIX C MOIPEIHOCTHIO, TUCKPETH-
3amys CIJIONTHOM CPEeIbI MPY YUCIEHHOM CUYETe, ATPUOPHBIE MPEITOI0MKE-
HUs Ha XapakTep AedOpMUPOBaHUs KOHCTPYKIMHU (MIeaIbHOE MPOCKAIb3bI-
BaHUe, CKAYOK CMEINeHui, HapyIieHne KOH(MOPMHOCTH B KOHEIHOM YHUCIIE
TOYEK U T. II.) BHOCAT HOIPEIIHOCTb B IPAHUYHBIE YCJIOBUS pU (POPMyJiu-
POBKE 33/1a4u W PACIIUPSAIOT KJIacc obpaTHbIX 3ajad. Ilpemioxkena cucre-
Ma CHUHTYJISPHBIX WHTErPAJIBHBIX YPABHEHUIT, MTO3BOJISIIONIAS IOy IUTh aHa~
JINTUYECKUE DEIeHNUs JJjisd TPOW3BOIBHON 001aCTH KOMIIOHEHT CMEIEHUA
¥ HANpPsKEHUH B KBAAPATypax, 4TO JAET BO3MOMXKHOCTH UCKJIIOYUTH IIPO-
[ECC PEryJisipU3alii U ONPeJEsIUTh Ha CTajuu (POPMYJIUPOBKH OO0 u3
33/1a4: KOPPEKTHA, €CJIU CUCTEMA CBOJIUTCA K ypaBHeHUuAM Tuita Openrosib-
Ma BTOPOrO POJIa; HEKOPPEKTHA, eciiu — tuia PperosabMa mepBoro posa.
s mpoBeIeHNsT HATYPHBIX U3MEPEHHi mporecca 1epOpMUPOBAHUS TOCTA~
TOYHO 3aMEPSATH CMENIEHUS HA JOCTYIMHBIX Y9aCTKAX TPAHUIBI UCCIIEIye-
Moit obstactu (monosiHuTebHAS MHGOPMAaIUs, HeOOXOAUMasd JJisi OOPATHBIX
3aza4). Asropurm peienus npezacrasisger coboii nepebopHblii nporece, ¢
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[IOMOIIHI0 KOTOPOI'0 BOCCTAHABJIMBAIOTCH [1APAMETPbBI, HAUJLY UM 00pa3om
VIOBJIETBOPSIOIIHE 3aJAHHBIM yCIoBusM. [Ipemiaraembiit MeTO OCHOBAH HA
PEIeHny OHOIM OTAEeIHHOM O0pATHON 3aJa4u /I KayKI0TO U3 BapbUpPye-
MBIX TAPAMETPOB. YCJIOBUE TOJIYUYE€HUs PEIIeHUs C JOCTATOYHOW TOIHOCTHIO
[TOCJI€I0OBATEIbHBIMA MPUOINKEHUSMY IIPUBOIUAT K BBITOJIHEHUIO OOIBITIONO
obbéma Bbraucienuii. [lokazano, 910 HEEAMHCTBEHHOCTH PEIIEHUS MHOIO-
MapaMeTPUIECKNX HEKOPPEKTHBIX 339 Ha TEPBBIX IMarax MpUOINKEeHUH
MOXKET OBITH CBSI3aHA, C MOCJIEIOBATEIFHOCTHIO BHIODAHHOTO TYTH MPUOJIH-
xeHus. Bed mocie10BaTeIbHOCTh B KOHEIHOM CYETE CXOAUTCS K €TMHCTBEH-
HOMY DEIIIeHHWIO, €CJUM HE CTABUTh BOIPOC O KOJIMYECTBE WTEPAInil, T. €.
npobsieMa IepexouT B Pa3psl TPYIHOPemaeMbiX 3a1a4. JIr00bIM duciieH-
HBIM METOJIOM TaKOTO KJIACCA 3aa4u PEIUTH HEIb3s1. B KauecTBe mpumMepa
HEKOPPEKTHON MpOOIeMbl PACCMOTPEH KJIACC PEIIeHU TeOPUH YIPYTOCTH,
MPUBOLAIINI K OECKOHEIHBIM HAPSAXKEHUSAM B yIJIOBBIX TOYKAX 00acTell u
CBA3AHHBIX C OObsCHeHWEM (PEHOMEHa Pa3PYIIEHUsS B MEXaHUKE Yepe3 KO-
3 PUIUIEHTH THTEHCUBHOCTH HAPAZKEHUH.
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ACUMIITOTUYECKHNE CBOMCTBA PEIIIEHUN
HEOJIHOPOIHOI'O YPABHEHU A
BHYTPEHHIX BOJIH

Hukurenko E. B.

Pybuoscruti undycmpuaavuod uncmumym (duavan) Aamadticrozo
20cydapcmeentozo mexnuseckozo ynusepcumema um. M. H. IToasynosa,
Pybuyosck, Poccus; evnikit@mail.ru

B noknane npenmosiaraeTcs u30KUTh HOBBIE PE3YAbTATHI 10 ACHMIITO-
TUYIECKUM CBOMCTBAM perennit 3amaan Kot 1715 HeoTHOPOIHOTO YpaBHe-
HUA BHYTPEHHUX BOJIH

Aty + Ugy g + Uzgzy = ei’\tf(x)7 t>0, zelR3,

uly=0 =0, uf4=0 =0,

rie f(z) € S(R?), A > 0 — mapamerp. Pemenue mannoit 3ama4u oaHO-
3HAYHO OIpeJessercst B Kiaacce dyHKImit, yobBalomux npu |x| — oo [1].
ITpu BBIBOME ACHMIITOTHYIECKIX PA3JIOKEHHI NP ¢ — oo perennit u(t, x, A)
HCIONB3YETCs BAPUAHT METO/A CTAIOHAPHOI (Da3bl, N3JI0KEHHOTO B [2].

B macrosiee Bpemsi mMeeTcss 6OIbIIOE YUCTO PAOOT, B KOTOPBIX MIPO-
BOJIUJTMCH UCCJIEJIOBAHMS NOBEJIEHUS ACUMIITOTUKM NPU ¢ — OO PemeHuit
KPaeBbIX 33/a4 /IJIsi KOHKPETHBIX YDaBHEHWH M CHCTEM, HE Pa3PENIeHHBbIX
OTHOCHTEJIBHO cTapineii mpon3BogHoit. Cpean Hux ormernm pabory [3], B
KOTOpOIi paccMarpuBasiach 3a1ada Komu st HeOMHOPOIHOTO ypaBHEHMsI
CobomeBa

Ay + Uy, 2, = N f(x), t>0, xR,

U|t:0 =0, Ut|t:0 =0,

roe f(x) € S(R™), A > 0 — napamerp, n > 3. B mauuoii pabore ObLiu
YCTAHOBJIEHbI ACUMIITOTUYECKUE PA3IOXKEHUs Ipu ¢ — oo pemenuii u(t, x, A)
B 3aBUCHUMOCTH OT 3HAYEHWI MapamMerpa A.

JINTEPATYPA

1. Cekepx-3enpkoBud C. £1. Teopema eMHCTBEHHOCTH W SBHOE TIPEJICTABICHUE
pewenus 3anaun Komwm mia ypasuenwms suyrpennux sosn // JAH CCCP.
1981. T. 256, Ne 2. C. 320-324.
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2. Yenencknii C. B., emunenxo I. B., Ilepenenxknn B.I. Teopembl BiiOXKeHSsT
u npwioxenus kK guddepenimanbasiM ypaBuHerusiM. Hosocubupck: Hayka,

1984.
3. Bymgeireposa JI. H., Jlemunenko I. B. Acumnrorudeckue cBoiicTBa peineHuit

HeogHOpoaHOTO ypasuenus CoGosnesa // Heksaccuaeckne ypaBHEHNs MaTeMa-
tryeckoit pusmku. Hosocubupcek: 3a-so n-Ta maremaruku CO PAH, 2005.

C. 50-59.
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OBOBHIEHHOE PEHIEHUNE
JAVNOPEPEHIINNAJIBHO-OIIEPATOPHOTI'O
YPABHEHUNA C OTKJIOHAIOITIIVIMCA
APT'YMEHTOM

Opaos C.C.!, Illemeropa B.B.?

Hpxymeruti eocydapcmeennut ynusepcumem, Upxymcex, Poccud;
lorlov_sergey@inbox.ru, 2valentina501@mail.ru

IIycrs E — BermecTBeHHOE DAHAXOBO IIPOCTPAHCTBO, U U f — HEM3BECTHAS
v 3a7anHasd HYHKINA HEOTPUIATEIBHOIO AefCTBUTEIHLHOIO apryMeHTa t co
znadenuamu B F. PaccmorpuMm ypaBHeHme

o' (t) = Au(t) + Bu(t — h) + f(t), t>0, (1)

rne A, B: F — E — juHeiinble HelIpepbIBHBIE OIEPaTOphl, h — 3aJaHHoe
HOJIOXKUTENbHOE Yucsio. [1o ananoruu co ckansapubiM ciaydaeMm (E = R) ausa
ypashenus (1) nocraBuM HaYAJILHYIO 3324y

u(t) = o(t), —h<t<o, (2)

¢ 3amannoit dynkimeit ¢ € C([—h, 0]; E). Kaaccuneckum pereHneM 3Toi
3amaun Hazosem dynkmuio u € C(t > —h; E) N CY(t > 0; E), xoropas
yaoBserBopsier ypasHenuto (1) u HauasbHOMY ycsoBuio (2).

ITpo6uema paspeumnmoctu 3auaqu (1), (2) uzyvaercs Ha oCHOBE Teopuu
oboormennbix ¢dyuxnmit Cobonesa — IlIBapria co 3HaUeHUIMHU B OAHAXOBOM
npocrpancte F. Vcmonb3yercs kKounenmus (HpyHIAMEHTAIBLHOTO DPEIeHnst
(bynnamenranbuoii oneparop-gyukuuu [1]) muddepennuanbaoro omnepa-
TOpa € OTKJIOHSAIOMIAMCSA ApPTyMEHTOM. DTOT HOAXOJ MO3BOJSAET JOKA3ATH
CYNIECTBOBAHME M €JIMHCTBEHHOCTL PEINEHMsi PACCMATPUBAEMON 3a7a4d B
KJIACCe PACTIPEESICHnii ¢ OTPAHWYEHHBIM CJIeBa HOCUTEJIEM W JAeT CIocob
TOCTPOEHUsT ODOOIIEHHOTO PEIIeHUsI, & TAKKe TO3BOJISET HAWTH YCJIOBHS,
IpY KOTOPBIX O0OOIIEHHOE U KJIACCUIECKOE PEIeHNs COBIIAIA0T.

Pabora BeImostHeHa mpu mojepxkke Poccmiickoro dorma dyHIaMEeHTATBHBIX
uccenosanuit (poexr N 16-31-00291).

JINTEPATYPA

1. Sidorov N., Loginov B., Sinitsyn A., Falaleev M. Lyapunov—Schmidt methods
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NCCJIEJOBAHUNE
MATEMATUYECKIIX MOJEJIEN
MUNKPO3SJIEKTPOMEXAHNYECKOTI'O
PE3OHATOPA TUIIA “IIJIAT®OPMA”

Iumanos 1. 0.!, ®agees C.N."?, Kocnos I.T.%

! Hosocubupcxuti zocydapcmeennviii yrusepcumen,
Hosocubupck, Poccus; pimanov-daniil@yandex.ru
2 Mnemumym mamemamusu um. C.JI. Coboresa CO PAH,
Hoeocubupck, Poccus; fadeev@math.nsc.ru
3 Onemumym asmomamuru u asexmpomempuu CO PAH,
Hoeocubupck, Poccus; kostsov@iae.nsk.su

[IpuBonsiTcs pe3ysibrarbl YUCJIEHHOIO HCCIEIOBAHUS MATEMATHIECKON
MOJIEST MUKPOJIEKTPOMEXAHUIECKOTO BBICOKOYACTOTHOTO PE30HATOPA TH-
na “miardopma”’ knacca MIMC (MUKDPOIIEKTPOMEXAHUIECKUE CUCTEMBI).
Maremarmdeckre MOIEIN MPUOOpa MPEICTABICHBI HEJTUHEHBIMU HA9AIbHO-
KPAEBbIMHU 33J[a9aMU, OMUCHIBAIOIIAMA KOJIEOAHUs TOJABUKHOTO SJIEKTPOJIA
B Bu/ie HemedopMupyeMoit maardOpMbL, IIPUCOCTUHEHHON K TIPYKUHE C TIH-
JMHApUYIecKo# popmoit u3ruda. B kadecTBe mpyKUHBI UCIIOIb3YIOTCA YIIPY-
rast 6aJIKa, ¢ XKECTKO 3aKPEIIEHHBIMU KOHIIAMY, YIIpyTas 0ajKa KOHCOJIHHOTO
TUTIA UJIN HaTdHyTas maéHka. [Ipm 3amycke pe3onaropa moJ BO3IEHCTBH-
€M 3JIEKTPOCTATHYECKOTO MPUTIKEHUST MEXKy MIaT(OPMONi U HETOIBUK-
HBIM 3JIEKTPOJIOM, TIOKPBITHIM CJIOEM JIUIJIEKTPUKA, BOZHUKAIOT KOJIEOAHMS
11aT(MOPMBbI, KOTOPBIE 3aTEM IIPOIOJIZKAIOTCS B BHJIE BBICOKOYACTOTHBIX COO-
CTBEHHBIX KOJIEOAHMIA.

YucteHHO ONpEeIeIeHbl YCIOBUS BOSHUKHOBEHUST KOJIEDAHUM, OKA3ABIIIN-
€cs, KaK MMOKA3aJI0 UCCJIEIOBAHIE MO/IE/IN, OJU3KIUMU K CJIydali0, KOTJAa Mac-
ca miaTdOpMbl MHOTO OOJIbIE MACCHI MPYKUHBL. JTO A0 BO3MOXKHOCTH
[OJIYYUTh B AHAJIUTUYIECKOM BUJE (POPMYJIbI, JOCTATOYHO XOPOIIO OMUCHI-
BAIOIINE OCHOBHBIE OCODEHHOCTHM PadOThI pe3oHaTopa. lIpuBeméH mpumep
pacuéra mapaMerpoB MUKPOPE30HATOPA, OMPEISISIONINX 3aJaHHBINA PEXKIM
pabOThI, KOTOPHIiT TOKA3BIBAET, ITO HANIEHHLIE B PAMKAX MaTEMaTHICCKOM
MOJIe/IM 3HAYEHUS apaMeTpoB Xapakrepubl 1t MOMC.
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3AJTAYY OIITUMAJIBHOI'O YIIPABJIEHUS
J1J151 CUCTEM JPOBHOI'O IIOPSIIKA
C PACHPEIEJIEHHBIMI IIAPAMETPAMI

ITocTos C.C.

Hnemumym npobaem ynpasaenus um. B. A. Tpanesnurxosa PAH,
Mocxkea, Poccus; postnov.sergey@inbox.ru

B paGote uccienoBanbl 3a1a91 ONTUMAIBHOTO YIIPABJICHAS JAHEHHBIMA
JMHAMHYECKHME CHCT€MaMH APOOHOIO IIOPAIKA € PaCHpPeNe/EHHBIME IIa-
paMerpamM¥ Ha TPUMEpPEe CUCTEM, ONMCHLIBAEMBIX ypaBHeHueM auddysun ¢
JPOOHOM TPOM3BOIHOI O BPEMEHH.

PaccmarpuBaeTcst cucremMa CJIEIyIONEro Buia:

0?Q(z,t)

§DrQt) = K==

+u(z,t), (x,t) € Q=][0,00) x [0, L],

rae Q(x,t) — cocrosuue, u(x,t) € L,(2) — pacnpenenénnoe ynpasieHue,
1 < p < oo, gD? — omeparop apobuoro auddepeHnupOBaHud B CMbIC-
ne Kanyro [1], a € (0,1], K — xoaddunmenr. HavanbHoe n rpanuaHbie
YCIIOBUS JJIs1 TAHHON CUCTEMBI 3aJaI0TCA B BUIE:

Q(z,0+) = Qo(x), = €l0,L],

0Q(x,t
bl,Q% +a12Q(x,1) = h1a(t) +uia(t), t>0,
€z x=0,L
rae a; u b;, 1 = 1,2, — xoapdbunuentsr, uy 2(t) € L,[0,T] — rpanudnsie
ynpasjenus. ZKemaeMoe KOHEUHOE COCTOSHHIE ONPEIEIdeTCs yCIOBHEM:

Q(z,T)=Q*(z), T>0, ze€]|0,L]

B pabore wuccienayoorcs JBe PA3HOBHIHOCTH 339l ONTUMATIHLHOIO
YIPABJIEHUS: [MOMCK YIPABJICHUS ¢ MUHUMAJIbHOW HOPMON LPH 3aJaHHOM
BPEMEHM YIPABJIEHUS ¥ TOUCK YIPABJIEHHUsI, ONTHMAJIBHOTO MO OBICTPOIEii-
CTBWIO, IIPH 33/IJAHHOM OIDAHUYEHUH (B BUJIE HEPABEHCTBA) HA HOPMY YIIPAB-
merus. O6e 3aaum CBOAATCA K GECKOHETHOMEPHO# [-pobieMe MOMEHTOB,
JIJIsl KOTOPOH CTPOUTCSI KOHEYHOMEPHAsT ANIPOKCAMAITUS .

86



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

JINTEPATYPA

. Kilbas A. A., Srivastava H. M., Trujillo J.J. Theory and applications of frac-
tional differential equations. Amsterdam: Elsevier, 2006.

. Ky6pimkun B. A., ITocraos C. C. 3amada ONTHUMAJIHHOTO YIIPABJIEHUS JJIsl JIU-
HEWHBIX PacupesenéHubix cucreMm apobuoro mopganka // Bectn. PYIH. Cep.
Maremaruka, dusuka, undopmaruxa. 2014. Ne 2. C. 381-385.

. Kubyshkin V. A., Postnov S. S. The optimal control problem for linear systems
of non-integer order with lumped and distributed parameters // Discontin.
Nonlinearity Complex. 2015. V. 4, No 4. P. 429-443.

. Kubyshkin V. A., Postnov S.S. Optimal boundary controls for the systems
described by diffusion-type equation with fractional-order time derivative //
Proc. Int. Conf. “Stability and Oscillations of Nonlinear Control Systems”
(Pyatnitskiy’s Conference). Moscow: IEEE, 2016. P. 168-170.

87



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

TOYHBIE TEOPEMBI O IIPOJOJIZKEHINAX
C MUHVMAJIbBHO HOPMOU

Pamaszanos M. /1.

Hnemumym mamemamuru ¢ esvuciumenvroim yenmpom YHI[ PAH,
Ya, Poccus; ramazanovmd@yandex.ru

IIycte B sBasercs 6aHaXOBBIM TPOCTPAHCTBOM ONpeeeHHbIX Ha R™
dyukuuii. Tpebyercss 3a7aHHYI0 HA MPOM3BOJBHOM MHOXKecTBe w C R”
GYHKIMIO IPOIOJIZKUATH HA BCE MPOCTPAHCTBO ¢ MUHUMAJILHON HOpMOIi. T1o-
Jlarasi, 9TO TaKoe TPOIOJIKEHNEe BO3MOXKHO, MBI JJaéM ero (popMyJry.
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OBPATHBIE 3ATAY1 110 OIIPEJIEJIEHUTO
ITPABBIX YACTEUN YPABHEHUU
CMEHOIAHHOI'O TUIIA

Cab6uros K.B.!, Cugopos C.H.?

Cmepaumamarcruti pusuas Bawrupcerozo 2ocydapcmeennozo
ynusepcumema, Cmepaumamarcruti puauvas Unemumyma
cmpamezuveckur uccaedosanul, Cmepaumamar, Poccus;
lsabitov_fmf@mail.ru, >stsid@mail.ru

PaCCMOTpI/IM YpaBHEHUE CMENIaHHOTO TUTIA

Ly mu = F(x,t), (1)
3/1€Ch
"Ugy — up — B2t t>0,
Lymu =
' (=)™ Uy — gy — b2(—t)™u, t <0,

F(x,t) = fil@)g(t), t>0,
7 fa(@)ga(t), t <0,

B mpsimoyrosbHoit obnactn D = {(x,t) : 0 < z < I, —a < t < B}, voe
n>0m>0,0>0,1>0,a>0,8 >0 — 3amanabie AeiCTBUTEIHHBIE
YHCa, U CIeLyIomue o0paTHRIE 3491,

3aza4A 1. Haittu dysakuuu w(z,t) u g1(t), yaoBieTBopsionpe ycio-
BUAM:

u(@,t) € C(D) N C{ (D) N C1(D) N CZ(D+) N C*(D-); (2)

g1(t) € C[0, B; 3)

L, mu(z,t) = F(z,t), (z,t) € Dy UD_; (4)

w(0,t) =u(l,t) =0, —a<t<pB ulr,—-a)=0, 0<z<lI; (5)
U(Z‘o,t)zhl(t), O<zo<l, 0<t<§B, (6)

rae fi(x), i = 1,2, ga(t), h1(t) — 3amanuble GyHKIUHN, To — 3aJaHHAST TOYKA
u3 unrepsasa (0,1), D = DN{t >0}, D_ =Dn{t<0}.
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3A7AYA 2. Haittu dyuxunun u(z,t) u go(t), y1oBIeTBOpsmomue ycaosu-
saum (2), (4), (5) n

g2(t) € Cl—a,0];  u(wo,t) = ha(t), O0<zo<l, —a<t<0, (7)

rae fi(x), i = 1,2, g1(t), ha(t) — usBectable dbyHKIMH.

3a71a4A 3. Haittu dysukuun u(z,t), g1(t), g2(t), yaosiersopsioiue
yenosusam (2)—(7), 3aecs fi(z), hi(t), i = 1,2, — 3amannbie QyHKImMA.

OrmernM, 9TO HCCIeIOBaHYE 33039 1-3 Oa3upyercst Ha, MPSIMON HAYATIb-
HO-rpaHnvHOl 3a1a4e (2), (4), (5), usydennoit B pabore [1]. IlocraBieHHbIe
3ajaun s ypasaenus (1) mpu n = m = 0 u3ydeHsl B [2, c. 228-238].

B pmammHoit pabore m0Ka3aHBI COOTBETCTBYIOIINAE TEOPEMBI €MHCTBEHHO-
CTU U CYLIEeCTBOBaHMs pernenuii 3axa4d 1-3 mis ypasuenus (1) upu n = 0,
m > 0.
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OB OILIEHKAX PEIIIEHUN
HEABTOHOMHOTI'O JINHEMHOI'O
YPABHEHUS C 3AIIA3IbIBAHUEM

CemoBa H. O.

Vavanosckutl 2ocydapcmeennnili ynusepcumem, Yavanosck, Poccus;
sedovano@ulsu.ru

s cucteM c 3ama3nblBaHUEM JakKe B JIMHEHHOM CiIydae KPUTEPUn
YCTOWYMBOCTH W3BECTHBI JIUIIDb JJjIs OY€Hb HEDOIBIIOr0 KJIacCa CKAJISPHBIX
ypaBHeHwHil; B 001eM ciydae pa3pabOTaHbI JIMIIL CIOCOObI IOy Y€HUS TOC-
TATOYHBIX YCJIOBUN YCTOWYMBOCTU M TOCTPOEHUA OIEHOK JJIS PeIeHuit
HEKOTOPBIX TUIIOB cucTeM. IIpoBepka mMeIomuxcst yeaoBuil, B CBOIO O9ePeb,
MOZKET OKa3aThCdA JOCTATOYHO CEPbE3HOU CaMOCTOATENIbHON 3aJa4eil Jaxke
JJid JIMHEeMHO#! cucTeMbl C IOCTOAHHBIMU IIapaMeTpaMu, & IIPeuMyIecTBa
TOr'O UJIM WHOI'O CIIOCODa 3aBUCAT OT KOHKPETHOro Buaa cucrembl. [losromy
VHUBEPCAJIILHBIX PEIENTOB B 3TOH OOJACTH TO Ceil JeHb He CYIIEeCTBYeT, u
HUCCJIEJOBAHUA B 3TOM HANPABJIEHUUN IIPOJOIKAIOTCA.

IIpu 3TOM MHOTHE W3BECTHBIE PE3YJIHTATHI OMUPAIOTCSA Ha, CBOMCTBA CKa-
JIIPHOI'O YDaBHEHUdA BHUIA

&(t) = —a(t)x(t —r(t)), (1)

KOTOPOMY MOCBSIIEHBl MHOIOYUCJIEHHBIE UCCJIEIOBAHMS, HAYUHAS C PaboOT
A. 1. Memmiknca n K. Kyka [1, 2]. 3HaunTesbHast JOJIst TIOIYYeHHBIX K HACTO-
AIEMy BPEMEHHU pe3y/bTaToB 00 OleHKax perenuil ypasaenus (1) ucnonb-
3yeT B TOM WM WHOM BHJE TakK Ha3blBaeMmble “3/2-npusHakn’ (HEKOTOpbIE
CCBITIKM HA COOTBETCTBYIOINME HCTOYHUKH MpEJCTaBieHbl B crarbe [3]). B
bopmMe Takux HPU3HAKOB [IPEJCTABJIEHbL U “rouHble” (Heyilydiunaemble B 00-
M CJIydae) yCAOBUS YCTONUUBOCTH M OTPAHUYEHHOCTH PEIIEHUT 1l ypaB-
uenus (1), KOTOpbIE, OHAKO, MOI'YT ObIThH CYIIECTBEHHO OC/IA0IEHDI TIPU Ha-
JIMYUY HEKOTOPBIX CIIEIUAJbHBIX CBOWCTB Gynkumit a(t) u r(t).

B moknane mpegmaraercs o630p u cpaBHEHHE PE3yJIbTATOB 00 yCTONYH-
BOCTU M OLIEHKAX pelleHuii Jijis ypasHenus (1), a Takxke 06CyKIA0TCH BO3-
MOYKHOCTH UX MOJIUMPUKAIUYU IPU PA3IUIHBIX JOHOJHUTEIbHBIX YCIOBUIX.
s obocHOBaHWS UCTONB3YIOTCS “Hekyaccmyeckne’ dyukuun JIamyHosa.
PaccmarpuBarorcsi, B TOM 9uC/I€, CIOCOOBI MOIyYeHNsT OIEHOK PEIIeHUN Ha
OCHOBE UCIIOIb30BaHusA (DYHKIHI, TPOU3BOIHAS KOTOPBIX MPH ycaoBusx Pa-
3YyMHUXMHA MOXKeT ObITh 3HaKonepeMeHHOM (cM., nanpumep, [4]). [Ipu sTom
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JIOILYCKAIOTCsl, BOOOINE IOBOPsi, KAK OIPAHMYEHHBIE, TAK ¥ HEOI'DAHUYEHHbIE
dbyuxmn r(t) > 0 (npu ycaoeuu, 4to t — 7(t) HEOTPAHUYEHHO BO3PACTAET
npu t — 400) B IPEANOJIOKEHUH, [0 KpaiiHeil Mepe, JIOKaJIbHON MHTerpu-
pyemoctu Ko3bdunuenra a(t). Ilosyuensl Takxke pe3ynbraTbl 06 ycTORIM-
BOCTH JIJisi HEKOTOPBIX BUOB JINHEHHBIX CHCTEM C 3aNa3/[bIBAHUEM C [epe-
MEHHBIMU IAPAMETPAMH.
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MATEMATNYECKOE MOJAEJINPOBAHIUE
I'OPMOHAJIBHOT'O JIEYHEHUA
OHKOJIOTMYECKIX 3ABOJIEBAHUN
B YCJIOBHUAX TOPMOHOPE3NCTEHTHOCTU

Ceposnaiicknii C. 51.', Hypceuros .B.%2, Azumos A.A.3

L Kasazcruti nayuornasvhodl ynusepcumem um. asv-Dapabu,
Aamamut, Pecnybaura Kaszarcman; serovajskys@mail.ru
2Kasazckud HAYUUOHAALHBLT UCCAEA08ATNEALCKUT NONUMETHUYECKUT
ynusepcumem um. K. Camnaesa, Aamamoi, Pecnybauxa Kazaxcman;
ndb80@mail.ru
3 Kasazckut HAYUOHAALHOLT UCCAEA0BATNEALCKUT TONUTNETHUYECKUT
ynusepcumem um. K. Camnaesa, Aamamoi, Pecnybauxa Kazaxcman;
anvar.aalmail.ru

s leueHnst HEKOTOPHIX (POPM PaKa, CBI3AHHBIX C JIEHCTBHEM TOPMO-
HOB, IPUMEHSETCsI TOpMOHAJIbHOE Jledenue. [lomasiss BipabOTKy Opranmu3-
MOM T'OPMOHOB, OHO IIO3BOJIAE€T 3aTOPMO3HUTHL PA3BUTHUE OHyXOJ'[I/I. O,ZLHaKO
JeliCTBIe TOPMOHATBLHOTO JIeUeHNs HOCUT BPEMEHHBIH XapaKTep BBUIY TO-
CTEIICEHHOI'O IIPUBbIKAHUA KJIETOK PaKa K ﬂeﬁCTBHIO TOPMOHOB, T. €. dBJICHUA
IOPMOHOPE3UCTEHTHOCTH, DTO OObACHIETCH TE€M, YTO OILyXOJib COCTOUT U3
ABYX TUIIOB KJIETOK — T-IyBCTBI/ITeJIbeIX 1 PE3UCTEHTHBIX K ﬂeﬁCTBHIO TOp-
MOHAJIBHBIX IIPEIIapaTOB. B yC.HOBI/IHX TOPMOHAJIBHOT'O JICYEHUA ITPOUCXOIUT
IIOCTEIIeHHOE 3aMelleHne YyBCTBHUTE/IbHBIX DPAaKOBBIX KJIETOK DPE3UCTEHTHDI-
MH, 9TO MPUBOIUT K JaJbHEHIIeMy pa3BUTHIO omyxosn. [Ipemmaraercs ma-
TeMaTu4IecKasd MOIEIb Ipouecca, 6asupylomaaca Ha ogHoga3HOoNl 3amade
Credana.

[Ipu BBIBOIE MOJENN HCITOJIB3YIOTCS CJIELYIONINe mpeanoaoxenus. Omy-
X0J1b 0bJtagaer cdeprudeckoil CHMMETPHe U COCTOUT U3 JIBYX THUIIOB PAaKO-
BbIX KJIETOK, OJJHH M3 KOTOPDLIX ABJAIOTCA YYyBCTBHUTEJIbBHBIMH K ,ZLeI‘/‘ICTBI/IIO
TOPMOHOB, a JPYTHU€ ABJSIOTCA PE3UCTEHTHLIMA. B OTCYyTCTBUN JIeUeHUs Ha-
OJII0IAETCS POCT OMYXOJIM B COOTBETCTBUHU ¢ Momeabio Pepxionnera. Pacnpo-
CTpaHEeHNEe PAKOBBIX KJIETOK BHYTpHU Oy X0/u nMmeer 1udDy3nOHHY 0 MTPUPO-
Y. FOpMOHaJIbHOG JICYEHHUE II0JaBJIAECT POCT LIyBCTBI/ITeJH)HI)IX K TOpMOHaM
PAKOBBIX KJIETOK. PakoBbIe KJIETKH MOTYT IPHOOPETATh U TEPATH TOPMOHO-
pe3ncTeHTHOCTh. B pe3ysbrare mogydaeM ClIeIyomye ypaBHEHHS

Oug 190 ( 28u5) +[ as

ot DS?@? dp 1+ f(t)ul
93

- bs(us + ur):| Us + CrslUpr,



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

po < p <), t>0,

ou, 1 0/ ,0u,
at - Dr?%(ﬂ ap > + [ar - br(us + Ur)]ur + Csrls,

po <p<Et), t>0,

C OTpEEIeHHBIMU HAYAJIBHBIMU YCJIOBUSIMHU, ycaoBueMm Heiimama Ha JeBoii
rpanune u yciaopusymu Credana vHa mpaBoil rpaHuIle, riae us — KOHIEHTPA-
I[UsI 9IyBCTBUTEIHHBIX PAKOBBIX KJIETOK, U, — KOHIIEHTPAIIUS PE3UCTEHTHBIX
PAKOBbIX KJIETOK, & = £(t) — rpaHuua OILyXOJIH.

Pacuerbl n0oKa3bIBAIOT, 9TO B OTCYTCTBHM JI€YEHUS, YTO COOTBETCTBYET
CIJIy9ar0 PABEHCTBA HYJIO KOHIEHTparmu f(t) JeKapCTBEHHBIX TPenaparos,
dyukus £, xapakTepu3yoIinas pa3Mepbl omyxosn, pacrer. C HAIAIOM JIe-
JeHUsT HADJII0IAeTCs 3HAYNUTEIbHOE YMEHbIIIEHNE KOHIIEHTPAIIAN U 1Y BCTBU-
TEJIbHBIX KJIETOK, CYIIECTBEHHO MPeohIaJaoniuX n3HadaabHo. Beemcrsue
9TOrO MIPOUCXOUT COKPAIIEHUE pa3MepoB omyxosu. OIHAKO HOCTENEHHO Ha-
YUHAETCS POCT KOHIEHTPAINY U, PE3UCTEHTHBIX KJIETOK, Ha, KOTOPHIE JIeUue-
HU€ HEe OKA3bIBAET BO3/eiCTBUs. TemM caMbIM COKDAIIEHWME OMYXOJU CMEHs-
ercd ee yBejqudeHueM, a 3(PGDEKTUBHOCTD JIEYEHUS MOCTEINEHHO CXOIUT HA
HET.

VrouHeHne MATEMATHIECKON MOJIETU OCYINECTBIISETCS B IPOIECCE Perie-
HUsI COOTBETCTBYIOMIUX OOPATHBIX 33/[a4, CBA3AHHBIX C BOCCTAHOBJICHUEM €€
MapaMeTpoB MO PE3YIbTATAM M3MEPEHUsS COCTOSHUS CUCTEMBI.
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YCTOMYNBOCTD ITOJIOXKEHII PABHOBECUS
B OJTHOV MOJEJIN 3ABOJIEBAHU S

CkBopiioBa M. A.

Hnemumym mamemamuxry um. C. JI. Coboresa CO PAH,
Hosocubupcruti zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
sm-18-nsu@yandex.ru

Paccmarpusaercsa cucrema audepeHnaabHbIX YPABHEHUN € 3ama3Ibl-
BAIOIIUM apPTyMEHTOM, OMHUCHIBAIOIIAS B3aUMOIEHCTBUE KJIETOK 3JI0POBOTO
opranusma ¢ supycamu [1]:

Lalt) = A delt) — Br(t)o(t),
S(t) = ot = T)olt — 1) — ay), (1
d

rae x(t) — KommyecTBO (KOHIIEHTpAIWs) 370POBBIX KJIETOK, y(t) — Kosu-
4ecTBO (KOHIIEHTDAlMs) 3aPaXKEHHbIX KJIEeTOK, v(t) — KOoiu4ecrBo (KOH-
HEHTPAIWsi) BUPYCOB. VI3yvaercs acMMITOTHYECKOE TIOBEJIEHNE DelleHuii B
OKDECTHOCTH TIONIOXKeHwit pasHoBecus cucreMbl (1). IlomydeHsr ycioBust Ha
KO DUIMEHTHI CHCTEMBI, TPH KOTOPBIX MOJIOYKEHUST PABHOBECHS SIBIISIOTCS
ACHMIITOTHYECKH ycToiauBbiMu. Vcnonssyst MmonudunupoBantbie (byHKIN-
onainsl JIsmynosa — Kpacosckoro [2], ycTaHOB/IEHBI OLEHKH CKOPOCTH CXO-
JIIMOCTH DELIeHHH K IIOJIOKEHHUSIM PABHOBECHH] U OLEHKH Ha 00JIaCcTH [IpH-
TSIKEHUSI.

Pabora Boimossena mpu mogmep:kke Poccuiickoro dbonma dyHmaMeHTaATIbHBIX
uccnenosanuit (mpoext Ne 17-41-543365).

JINTEPATYPA
1. Herz A. V. M., Bonhoeffer S., Anderson R. M., May R. M., Nowak M. A. Viral

dynamics in vivo: limitations on estimates of intercellular delay and virus
decay // Proc. Natl. Acad. Sci. USA (Medical Sciences).1996. V. 93. P. 7247—
7251.

2. Jlemunenko I'. B., MarseeBa H. 1. Acummrorrdaeckue CBO#icTBa penteHuii nud-

depernmanpHbIX ypaBHeHUii ¢ 3anasapBaommM aprymearom // Becra. HI'Y.
Cep. Maremaruka, mexanuka, uadopmaruka. 2005. T. 5, sour. 3. C. 20-28.
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ANPPEPEHIINAJIbHO-THBAPVIAHTHDBIE
PEINTEHNA 1 KPATHBIE BOJIHBI

Tanbinies A. A.

Hosocubupcruti 2ocydapcmeennnti ynusepcumem, Hoeocubupcsk, Poccua;
tal@academ.org

Pemenne U = (ul,...,u™) cucrembr auddepennuaabHbIX ypaBHeHTi
n m
ou
Zzaaj(u)ai:o, j=1,...k (1)
a=18=1 Ta

Ha3bIBAETCS p-kpamuoli eoanod [1, §23], ecin

o(ut,...,um

8(1'13 s axn)

rank = p < min{n, m}.

Cucrema (1) momyckaer (n + 1)-mapaMeTpHUYecKyIo JIOKAJIbHYIO TPYII-
oy Jlz G"T!, mopoxgaemyro IpeoOpasOBAHHAME CABUTOB ¥ PACTIKEHIS
HEe3aBUCUMbIX LepeMenHbix. B pabore [1, § 23] ormeuaercs, 4ro KaxKuas
p-KpaTHas BosHa cucteMbl (1) aBasercs wacTwaro wHBapmanTHEIM G771
peITieHreM paHra p.

MHO0KECTBO 9aCTUIHO WHBAPUAHTHBIX PEIIEHUN SBJISETCS 00beTMHEH -
€M HEeCKOJIbKUX KJ1accoB auddepeHnuaibHo-nHBAPUAHTHBIX pernenuii [2]. B
HACTOMAIIEH paboTe p-KpaTHbIE BOJIHBI U3YydalOTCA Kak auddepeHuanbHo-
MHBAPMAHTHBIE PELIeHUH JIOKaIbHOH rpymust JIu G" 1. Ilpusogarca npu-
MepsI auddepenraIbHO-THBApHAHTHEX G" - pemennit BosHOBOrO ypas-
HEHUSI.

JINTEPATYPA

1. OBcsaankos JI. B. I'pynmoBoit anann3 anddepennpaabHeix ypaBHeHmi. M.:
Hayxka, 1978.

2. Tamprmes A.A. O puddepennmanpuo-unsapuantabix pemenuax // Cub.
JKypH. 9ucT. 1 npuki. marem. 2016. T. 16, semm. 3. C. 75-84.
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JINMHETHA AL OBPATHAS 3AJTAYA
C T PAHNYHBIM IIEPEOIIPEJAEJIEHVEM
B MHOI'OMEPHOM CJIYVYHAE

TesemieBa JI. A.

Bypamexui 2ocydapemeennvilt ynusepcumem, Yaan-Yada, Poccus;
love_20_09Gmail.ru

B mununape Q = {(z,t) : z € Q, t € (0,7), T < 0o} nna ypaBueHus

BHUIA
w+ A%+ c(@)u = f(z,1) + g(t)h(z, 1)

paccMoTpeHa obpaTHas 3a4a49a ¢ TPAHUYHBIM MTEPEOTIPEIEIEHUEM B MHOTO-
MEpPHOM cjiy4ae. MeToabl necaeq0BaHus pacCMaTPUBAEMOI 31491 OCHOBA~
HBI Ha IEPexoie OT OOPATHOHN 3a1a4u K HOBOM, y2Ke MPSAMOM, HO IIPU 3TOM
HEJIOKAJIbHOI (IPaHUYHO-HEJIOKAIBHON) KPaeBoil 3aja4e [l HArpyKeHHO-
ro auddepeHuaiIbHOro ypaBHEH s, JOKA3ATEIbCTBE €8 PA3PEUIMMOCTH U
TOCTPOEHUHN PEIIEHUsT UCXOIHOM 00paTHOH 3a1aun. Bo3HUKAIOIIYIO py pe-
JYKIIAA U3ydaeMoil OOpaTHOH 3aJa9¥ HETOKAJIBHYIO 3339y MOXKHO TPaK-
TOBATh KakK 0OOOIIEHHE OJHOrO M3 CIy9aeB HEJIOKATLHOU KpaeBoil 3ajadu
A. A. Camapckoro, mpeioKeHHO JJist OJHOMEPHOTIO YPaBHEHUsT TEILIIONPO-
Boguocry [1], upuyem 0600LIEHIE KAK MHOIOMEPHOE, Tak u 00001eHue Ha
mapaboINIeCcKre YPABHEHNUS BHICOKOTO TOPsiaKa. [IpeacTaBisiercs, 94To mo-
JIyIYEHHBIE B HACTOSIIEH paboTe pe3yaIbTaThl O PA3PEIMIUMOCTA MHOTOMEPHBIX
anasioros 3ajadn A. A. CaMapcKoro, a Tak»Ke CBSA3AHHBIX ¢ HUMHU KPAEBBIX
33144 JIJIsl HATPYKEHHBIX YPABHEHUI UMEIOT W CAMOCTOSATETHHOE 3HAYEHIE.

Ilo mocTranoBKaM 3a/7ad U IO METOMAM PeIleHuil Kak Hanbosee OIM3Kme
MO’KHO OTMETHTH CTaThu [2—4].

JINTEPATYPA

1. Camapckmii A. A. O HekoTOpHIX mpobsemax Teopun mauddepeHIaIbHBIX
ypasrennii // Juddepenn. ypasrenma. 1980. T. 16, Ne 11. C. 1925-1935.

2. KoxanoB A. . O pa3pemnMocTyi HEKOTOPBIX HEJIOKAJIBHBIX U CBSI3QHHBIX C HI-
MU 06paTHBIX 33139 Ay napabommaeckux ypasaennii // Mar. 3amerkm ATY.
2011. T. 18, o 2. C. 64-78.

3. TenemeBa JI. A. O paspemumocTu JUHEHHON 00paTHON 3amaun Ajsa mapado-
JINYIECKOTrO yPABHEHUS BBICOKOTO mopanka // Mar. 3amerkm ATY. 2013. T. 20,

Bour. 2. C. 186-196.
4. Koxanos A.Il., Tememena JI. A. Tlapabosimaeckue ypaBHEHUs BBICOKOTO II0-

paiKa: OOpaTHbIE 33434u C IDAHUYHBIM [EPEOIPENEJEHUEM U IPAaHK<IHO-
HeJIOKaJIbHbIE Kpaesble 3amadu // Joka. AMAH. 2015. T. 17, Ne 4. C. 42-60.
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ACUMIITOTUYECKOE IIOBEJEHNE
PEINMEHNN OJHOI'O YPABHEHUA
C 3AIIA3ZABIBAIOIIIVIM APT'YMEHTOM

¥YBaposa U. A.

Hrnemumym mamemamuxry um. C. JI. Cobosesa CO PAH,
Hosocubupcxk, Poccus; sibirochka@ngs.ru

B pa6orax I'. B. JlemuzieHKo u ero y4eHukoB (CM., HanpuMep, 0030PHY IO

pabory [1]) GblLiu yCTaHOBJEHBL CBS3M MEXK/Y PEIIEHUSIMU KJIACCOB CUCTEM
OOBIKHOBEHHBIX Au(hdepeHIInaIbHbIX YPABHEHHT DOJIBITON pA3MEPHOCTH T

dx
i Apx + Fo(t, ) (1)
" PpENIEHUAMN YPaBHEHUA C 3alla3abIBAIOIINM apTryMEHTOM
dy(t
M0 — oy(e) ot —malt - 7). 1> &)

Hcnonbsys nosyvennsie panee onenku g pewenuii (1), (2) (em. [2, 3]),
B JTAHHOU paboTe MBI HCCIIEyeM aCHMITOTHYECKOE IOBEIeHNE PeIIeHHi ypaB-
HeHus (2) npu t — oo.

Pabora Bermoszena mpu mogmep:kke Poccuiickoro dbonma dyHmaMeHTaIbHBIX
uccienosanuit (poext Ne 17-41-543365).

JINTEPATYPA

1. Jemunenko I'. B. O kiaccax cucrem auddepeHnmanbHbX yPABHEHUN BHICOKOM
Pa3MEepPHOCTHU U yPAaBHEHHX C 3ana3apiBaiomum aprymearom // Vrorn nayku.
FOr Poccun. Cep.: Maremarnyeckuii bopym. Biannkaskas: FOMU BHIT PAH
u PCO-A, 2011. T. 5. C. 45-56.

2. Hemunenxo I'. B., Menpauk (YBaposa) H. A. O6 ogaoM cnocobe ammpoxkcuma-
mmn penteruit qud GepeHaIbHbBIX YPABHEHNN ¢ 3aMa3IbIBAIOIINM apryMeH-
rom // Cub. mat xypn. 2010. T. 51, Ne 3. C. 528-546.

3. VBaposa H. A. TlpenesibHble TEOPEMBI HA TIOJIYOCH /IS OHOTO KJIACCA CHCTEM
00bIKHOBEHHBIX Aud G epeHnnaTbHbIX yPABHEHNH BBICOKOH pasmepuocTm //
Mexaynaponuas koudepennusa “Maremaruka B coBpemenaom mupe”. Te3ucst
nokianos. HoBocubupcek: U3a-so Uucturyra matemarukn, 2017. C. 255.
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PA3SPEINIMMOCTDb B CJIABOM CMBICJIE
HAYAJIbBHO-KPAEBOUM 3AJTAYN JJIA
CNCTEMbBbI OCKOJIKOBA - ITABJIOBCKOTI'O

Verioxkaamaosa A. C.!, Typ6un M. B.2

Boponestcexuti 2ocydapemeennutt yrusepcumem, Boponeorc, Poccus;
1nastyzhka@gmail .com, >mrmike@mail.ru

ITycrs @ — orpanuuennas obmacts B R™ (n = 2,3) ¢ rpanuneii 0
knacca C2. Ha npomesxytke spement [0, 7], 0 < T' < 00, paccMaTpuBaeTCs
CJIEIYTOIAsl CHCTEMa yPABHEHWIA:

n A n A
VAU—FZUZax 3 ! %kaa U+V =f, dive=0. (1)

st cucremst (1) paccMoTpuM HAYAILHO-KPAEBYIO 331249y C HAYAJbHBIM
U I'PAHUYHBIM yCJIOBUAMU

vli=0 = a(z), z €Q, v|saxjo,r] = 0. (2)

Mycrs f € Ly(0,T; V1), a € V2.

ONPEJENEHUE. Caabuim pewenuem HadalbHO-KpaeBoil 3amaun (1)—(2)
nasbiaercs dynkmua v € W = {u:u € C([0,T];V?), v’ € Ly(0,T;V?)},
yIOBIeTBOpAomas Aaa oboro ¢ € V1 u mourn seex t € (0,T) paBeHcTBY

/vgpdx—Z/vlv]ajder%/V : Vodz+

1,]= IQ

+1//Vv Vgodx—i—%z /UZA% %diﬂ—ﬁ»@)

1,j= 1Q

U HAYAJIBHOMY YCJIOBHIO U]i—g = a.

Teopema. CyrmectByer x0T 6bI OZHO C1a00€ pPEIIeHHe HAYATbHO-KPae-
Bori zazaqn (1)—(2).

Pabora Boirmosinena rpu ¢puHaHCOBOH 110 1epKKe MuHucTepcTBa o0pa3oBaHus
n mayku PO (npoekt 14.750.31.0037).
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IIPUMEHEHUE CTAIIIOHAPHOI'O METO/IA

TAJIEPKITHA K OJTHOI KPAEBOW 3AJJTAYE

J1J1g1 YPABHEHNI Y BBICOKOI'O IIOPSIIKA C
MEHSIOIIINMCY HAIIPABJIEHUEM BPEMEHU

®denopos B. E.

Hayuno-uccaedosamensckutl uncmumym Mamemamuky
Cesepo-Bocmounozo gedeparvrozo ynusepcumema um. M. K. Ammocosa,
Hwxymecexk, Poccusa; vefedorovb8@mail.ru

B umnmanpudeckoil obsacTtu paccMaTpPUBAETCH yPABHEHHE IOPSIIKA
2s+1 110 BpeMeHu u BTOPOro MOPAJIKA 110 IPOCTPAHCTBEHHBIM IIEPEMEHHbIM.
Crapmmuit K03dhduIrenT ypaBHEHNsT MOXKET MEHSATH CBOI 3HAK BHYTPH 00-
JIACTHU TPOM3BOJILHBIM 00pa3om. [losTomy 9TOT KiTacC ypaBHEHUIN BKIIIOYAET
B cebs UINITUKO-TTAPAO0INIeCKe yPABHEHN, YPABHEHUSI C MEHSIOIIM-
csl HAIIPABJIEHUEM BPEMEHW U Jpyrue ypaBHenus. J[js 0HOTO U3 CIydaeB
3HAKOOIIPEJIEJIEHHOCTHU CTAPINero Kodddunuenta ypaBHEeH HA OCHOBAHUAX
IUJIUHAPA C TTOMOIIIBIO CTAlMOHApHOTO MeToma [ajmepknHa JTokasana OmHO-
3HAYHAS PETYIIPHAs pa3pemunMocTh B mpocTpancTse CobosieBa OqHOM Kpae-
BO#l 3a/1a4M 7151 TAHHOTO ypaBHEHHs, KoTopas B pabore [1] Obl1a nccieoBa-
Ha [IJIs1 9TOTO K€ CJIydasi C MOMOIIbI0 HECTAMOHAPHOTO MeToaa lamepkuna
B COYETAHUHU C METOJOM PEeryJisipU3alldd. YCTAHOBJIEHA OIEHKA IOIDEIIHO-
CTU TPUOJIMKEHHBIX PEIEHUl OTHOCUTEILHO TOYHOTO PEIEHUsT 3aJaUN Je-
pe3 COOCTBEHHBIE 3HAYEHUST CAMOCOTPSKEHHONW CIEeKTPAILHON 3aJadn I
KBA3UJIIUIITAYECKOTO YPABHEHUS TOPsAAKa 25 + 2 mo Bpemenu. CoOCTBeH-
Hble PYHKITUN ITOM 3a1a91 BRIONPAIOTCSA B KA9eCTBE DA3MCA TPH TOCTPOECHNN
NPUOIMKEHHDBIX PEeIleHuil.

st 1pyroro ciydasi 3HAKOOIIPEIETIEHHOCTH CTapiero Koddgduimenta
YPABHEHUS HA OCHOBAHUSAX IUJIMHIPA TEM YK€ CTAIMOHAPHBIM MeTOmoM [a-
JIEPKUHA BIIEPBbHIE JOKA3AHA, OHO3HAYHAS PA3PEIINMOCTD PACCMATPUBAEMOM
3aja4gu B BecopoM mpocrpancree Cobomnesa. 31ech B KadecTBe Dasuca mpu
MMOCTPOEHNH TMPUOINKEHHDBIX PEIIeHN BRIONPAIOTCA COOCTBEHHBIE (DYHKITAN
CaMOCOIPSKEHHOM CHEKTPAJIHHON 3318491 11 KBA3UIJLIUIITUIECKOTO yPaB-
HEHUsI TIOpSiAKa 2S Mo Bpemenu. [loydena OIEHKA MOTPEINTHOCTH CTAIHO-
HapHOTO MeTO/Aa lajlepKuHa U B 3TOM CJIydae.

3AMEYAHME. OTMernM, 910 B pabore [2] moIydeHbl pe3yabTaThl, aHa-
JIOTUYHBIE BTOPOMY CJy4alo, JIJ1d NePBOI KPaeBoOil 3a1a4u.
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Pabora Beioninena npu nmoggepxke Mununcrepcrsa od0paszoBanus u Hayku Poc-
cuiickoit Peneparyn B paMkax 6a30BOi YaCTH rOCYIAPCTBEHHOIO 33JaHUs HA BBI-
nmosmaerne HUP ma 2017-2019 rr. (mpoext Ne 6069).

JINTEPATYPA
1. Egorov I. E. On one boundary value problem for an equation with varying time
direction // Mar. 3amerku AT'Y. 1998. T. 5, Bom. 2. C. 77-84.
2. E¢pumosa E. C. [Ipumenenue cranpuoHapHoro Merozga lajepkuna K HEKJIACCU-

YECKOMY YPABHEHMIO BBICOKOTO IODSKA C MEHSIIOIIUMCS] HAIIPABJIEHUEM Bpe-
menu // Mar. 3amerku AT'Y. 2012. T. 19, o 2. C. 32-38.
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PEIIIEHI S ITAPABOJINYECKOM 3AJAYN
C IIPEOBPA3SOBAHUMNEM ITIOBOPOTA
HA OKPY2XKHOCTHA

XaszoBa 0. A.

Kpvmeruil gedeparvronti ynusepcumem um. B. H. Bepuadcxrozo,
Taspuueckasn axademus, Cumpeponosv, Poccus;
hazova.yuliya@hotmail.com

Uccnenytores ciaydan poxkaeHus perienuit Tuna Oeryieil BOJHBI B Ma-
pabosmmdeckoii 3a7a4e HA OKPYKHOCTH C IIPeoOpa30BaHUEM ITOBOPOTA IIPO-
crpancrBenHoit nepemennoii. Haitnenol mpejcraBienus jisi OpOUTAIBLHO
YCTOIYMBON M HeyCTONUIMBOI Oeryiux BosH. s mocTpoenns mepuonte-
CKUX peNIeHnil npuMeHseTcs MeTo, LajgepkuHa.

PaccmarpuBaeTca mapaboaudecKoe ypaBHeHHe Ha OKpy»KHocTH S':

A
W= pAu—u— AQu+ gQu3, u(p +2m,t) = u(p, t).

Byzem ucnonb3oBaTh ragepKUHCKYIO allllpOKCUMAIIUIO0 B BH/IE:

N ; _ .
u = Zkzl(zke““‘/’ + Zre” %), CeesieM uccileioBanmue HCXOMHOM 3a/1a491 K
HCCJIeI0BAHMIO CUCTEMbl yPaBHeHuil

o 2k = ez +gk(2,7),
Zk = \zZk + gi(2,%), k=1,N.

[Ipu yMmeHbIIEHNN TApaMeTpa [, U ero Mepexoe JYepe3 KPUTHIECKOe 3HAUE-
HUe (/] HyJIeBO€ PellleHne TepsAeT YCTOMINBOCTh KojiebaTeIbHbIM 0bpa3oM. B
pe3y/bTaTe OT HyJIsi OTBETBJISIETCS TIEPUOIMIECKOE 10 ¢ pernenne Tuma oery-
mieit Bomubl. [Ipumenssa meron [anepkuma, ObLTH TOCTPOEHBI IIPEICTABICHN
JITsl POKIAIOIIMXCS EPUOJAMYECKUX PEIeHUl U UCCIe0BAHA UX YCTONYIHU-
BOCTb.

JINTEPATYPA

1. Xazosa FO. A. CranuonapHbie CTPYKTYpbI B mMapaboIrMdecKoil 3aade ¢ 0Tpa-
JKE€HMEM IIPOCTPAHCTBEHHOM mepemenHoll // TaBpuaecknii Becrauk nadopma-

tukn u marematuku. 2015. Ne 3. C. 82-95.
2. Xaszosa FO. A. Cranmonapubie CTPYKTYPbl B apabOInYecKoli 3ai1a4de ¢ oTpa-

JKEHHeM MTPOCTPAHCTBEHHON TiepeMeHHOl // AKTyasbHBIE HAIIDABICHUS HAY Y-
ubIx uccaemoBannit XXI Beka: Teopus u npaktuka. 2015. T. 8-4, Ne 3. C. 314-
317.
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PEINTEHNA 3AJAY KOIIIN B TEOMEXAHUKE

Yanpmmes A. .12, A6aynun 1. M.!, Bemoycosa O. E.!

L Hnemumym eoprozo deaa um. H. A. Quuarasa CO PAH,
Hoeocubupcx, Poccus;
2 Hosocubupcruti 20cydapcmeennblii YHUGEPCUTNETN IKOHOMUKY U
ynpasaenus, Hosocubuper, Poccus; a.i.chanyshev@gmail.com

CTposiTcs aHAIUTUYECKUE U IUCIEHHBIE pereHus 3aaa4qu Ko 1j1st oc-
HOBHBIX YpaBHEHUH MaTeMaTHdecKoil (DU3WKM, BKIIOYAS YIPYLOCTb, IMIa-
CTUYIHOCTh. BOCCTAHABIMBAIOTCST HANPSIKEHHO-1e(OPMUPOBAHHBIE COCTOSI-
HUsl, TEIJIOBOE U JIP., OLPEIENSIOTCS BHYTPEHHsS CTPYKTYpa Teja, Cocpe-
JIOTOYEHHBIE UCTOYHUKYN B HEM.

[Ipumeps! aHATUTUIECKUX PEITICHUIA.

1. ¥Ypasuenune Jlamraca s moaymioCKOCTH: g% + g%ﬁ =0.

Ipamuanste yenosus: ul,_o = 291(2), g—Z = 2¢5(z).
y=0
Pemenne u = f(2)+ f(2), rae f(2) = g1(2) —ig2(2), 2 = 2 +1y, g1, go —
3a/JaHHbIE TPAHMYHBIE (DYHKIHUN.

9% _ 1 9%
2. Bonosoe ypasHenue s MOIyOECKOHEUHOTO CTEPKHS: -3 = —7 For.

I'pannunsie ycnosus ul,_, = 25(t), g—g . 2@.

Pemenne u = [B(t —z/a) + Bt + z/a)] + [y(t + z/a) — y(t — z/a)], vhe
B, v — 3amanABe TPaHuYHbIE (DYHKINN.

3. Ilnockas 3aa9a T€OpUHU YIPYTOCTHU JIJIsA MOJIYILJIOCKOCTH.

I'pammanste yemous npu y = 0: 0y = fi(z), 7oy = f2(2), us = f3(z),
Uy = f4($), rae fl) f27 f37 f4 — OPOU3BOJIbHbIE beHKHHH-

Pemenne gia norennuanos Komocosa — Mycxenumsuiin:

J1f1(2) —ifa(2)]dz L2

p(z) = TR 1+N[f3(z)+if4(2)]+C1,
0 = oy [ + iRz - i) - iR (2)
ks

1T N[J‘S(Z) —ifa(z) + 2(f5(2) +ifi(2))] + C2, N=3—4v

(C1, Co — nocrosnubie). Uccsemyercs ycTOAYMBOCTD PEIIEHUIT OT BXOJHBIX
JIAHHBIX.
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YPABHEHUE Ka® IISATOI'O IIOPA KA

Yyemena H. A.

Kemeposckuti 2ocydapemeennnti yrusepcumem, Kemeposo, Poccus;
chuesheva@ngs.ru

B crarhe Z. Bing-Yu, Z. Deqin [1] paccmaTpuBaercss HauaJbHas 3a1a4a
anda ypapaerusa Ka® maToro mopsaka

2
Ut — gy = ClUUL + CoU~ Uy + 2bUpUpy + DUULL 2. (1)

B sr0ii 3aMerke paccmorpuM 3amady, chOPMyIUPYEM TEOPEMY W IIPUBE-
JIEM HECKOJIBbKO MpuMepoB perienuil ypasuenus (1).

3AAYA. Ilycrs gan npavoyrombauk 11 = {(z,t) € R? : x € (0,a), t €
(0,b)}, B koTOpom 3azmano ypapuenue (1), I' — rpanuna mpsMoyroibHUKA,
n = (ng,Nt) — BEKTOP BHYTPEHHEH HOPMAJIHM K MIAJKHM Y9IaCTKAM MDAHUIb!
T. Ilycrb perenue ypasHenus (1) yuoBieTBOpser rPaHUYHBIM YCIOBUIM
= ui|m:0,z:a = uwm|a::0 = ult:O =0. (2)

Teopema. IIycrp kospdpunnenrsr qudepennuaibaoro ypasuenus (1)
1, C2, b ByyT KOMILJIEKCHBIMH HJIH BEHIECTBEHHBIMH IMOCTOSHHbIMH. TOrna
perrenne rpaHndHoit 3aa49u (2) g ypasaenns (1) modTn BCIOAY B OPSIMO-
yroasauke 11 6ymer paBHO HyJIIO.

ITpuMEP. Eciu: 1) ¢ = 12b, ¢o = 0, b # 0, 10 pelieruemM ypas-
Henus (1) Gyzer ananurudeckas Ha KomiuieKcHoOi miiockoctu C dyukims

u|m:0,z:a

u(z) = —% +sin? (z +it), ooe 2 = x + it;
2) c1 = 12b, c; = 0, b # 0, To pemenmem ypaprerna (1) 6yzer ynknna
u(z) = —% +sin? (z — it) (Z = x —it), xoTopas R-muddepenmpyema

Ha R?, HOo He C-muddepennupyema Ha Beeil KOMILIEKCHOH maockoceta C;

3) ¢y =0, co =0,b=—1/42, 1o pernennem ypasuenus (1) Oyaer pa3pbis-
Hag Ha ocu T BellecrBeHHas byukuusd u(z,t) = ’”73 € C™ (R?\ {t =0});
4) ¢; =0, co = 120, b = —20, 10 pentenveM ypaBHenus (1) Oymer aHaanTH-
Jeckas Ha KoMTaeKcHol miockoctu C 6e3 Touek 2, = § + 7k, k € Z, dynk-
s u(z) = a+tan? (z +it), a = 2+ g5 V/7300- €', o = 1 (7 — J arctan 2).
To9kM 2z}, ABIAIOTCA MOJIOCAME BTOPOTO MOPSIIKA 3TOTO PEIICHUS ypaBHe-
aus (1).
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NCCJIIEAJOBAHUNE PA3SPEININMOCTU
KPAEBBIX 3AJTIAY C JOITIOJIHUTEJIbHBIMUI
YCJIOBNAMMN COIIPAXKEHUN A

IMTagpuna H. H.

Bypamexui 2ocydapemeennvil ynusepcumem, Yaan-Yada, Poccus;
shadrinann8@yandex.ru

B pabote mcciemyercs BIusHAE IAPAMETPOB, BXOAAIINX B YCJIOBHS CO-
IPAKEHUS, & TAKZXKE [apaMEeTPOB, OIPEAE/AIONMX IPAHUYHbIE YCAOBUS, HA
€IUHCTBEHHOCTh ¥ HEEIUHCTBEHHOCTh, CYIIECTBOBAHUE W HECYIIECTBOBAHNE
peIeHnii HEKOTOPOi 3a1a4Uu COMPSIKEHUsT [IJIsi YPABHEHUSI SJIIUITHIECKOrO
THIA.

PaccmarpuBaercs cienymomas 3agada: Haiitu dbyHkimio u(z,y), aBisio-
LIYIOCA B IUauHApax Q1 u Qo pelieHneM ypaBHEHUs

Au = Mu,
U TAKYIO, YTO JJIs Hee BBHITIOJIHAIOTCS YCIOBUS

w(®,y)ls,us, = 0,
u(z,a) =u(z,1) =0, z €,

a TaKzKe yCJIOBUA
u(x, _O) = BU(I7 +O)a ull(x7 +0) = O‘Uy(xa _O)

(o, B — 3amaHHbIE JEHCTBUTEIBHDIE YUCIIA).

ITokazamo, 9TO CBOMCTBO JAHHOrO J€HCTBUTEILHOINO YHUCIA Ag OBITH MJIH
He OBITH COOCTBEHHBIM UHCIOM JAHHON 331a9d, CBOWCTBO OTPHUIATETHHOTO
9HCIa G OBITH WU He OBITh KPUTHIECKUM /TS TOM 2Ke 3841 OPeaeIsIIOTCS
[IPOU3BEIEHUEM [IapaMeTrpoB « u 3.

JINTEPATYPA

1. Ilaagpusa H. H. O BiusgHuM napaMerpoB Ha Pa3peNIMMOCTb HEKOTOPBIX 3a-
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105



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

JIOKAJIbBHAYA ACUMIITOTUNYECKAA
9KBUBAJIEHTHOCTDb 1 EE IIPUMEHEHUE
K NCCJIEJOBAHUIO YCTONYNBOCTHI
ITIO YACTU ITEPEMEHHDBbIX

ITITamanaes II. A., d3oBmeBa O. C.

Mopdoscxuii 2ocydapcmeennnti ynusepcumem um. H. IT1. Ozapésa,
Capanck, Poccus; kurinaos@gmail . com

Wnest pa3buennss MHOKECTBA CHCTEM OOBIKHOBEHHBIX Au((epeHITHaTb-
HBIX ypPaBHEHUH Ha KJ1aCChl SKBUBAJEHTHOCTH HA OCHOBE aCUMITOTUYECKOIO
nosesenus ux pemenuii upunayiexur A. M. Jlanynosy. B paborax [1-3]
JIJIST KJIACCU(DUKAIINY HEJIMHEHHBIX CUCTEM BBEIEHBI TIOHSITHS TTOKOMIIOHEHT-
HOU aCMMTITOTHYECKON SKBWBAJEHTHOCTH MO Bpayspy m JleBwHCOHY OTHO-
CUTEJIbHO HEKOTOPBIX ITAJOHHBIX (hyHKIuil. BBenennbe onpeneaeHus Jio-
KaJIbHOI ITOKOMIIOHEHTHOI aCUMIITOTUYECKON 9KBUBAJIEHTHOCTH IIO3BOJISIOT
pacupocTpaHuTh METOAMKY Ha OOJiee MUPOKU KIaCC HEJIMHEWHBIX CHCTEM,
4yeMm B paborax [1-3], 1Osy4€HbL JOCTATOYHBIE YCJIOBUS SKBUBAJIEHTHOCTU
JIJIST HeJTMHEHHBIX CUCTEM OOBIKHOBEHHBIX MudDEpeHInaIbHBIX YPABHEHUI
C BO3MYIIIEHUAMHU B BHUJE BEKTOPHBIX MOJUHOMOB.

B macrosimeit pabore mpOBEIEHO HMCCIENOBAHUE YCTONYIUBOCTH IO Ha-
CTHU IIePEMEHHBIX HETPUBUAJIBLHOI'O IIOJIOKEHUA PABHOBECUA CUCTEMbI HEJIU-
HEWHBIX yPaBHEHUH, IPEICTABIAIONIIX COO0M KHHETUIECKYIO MO/IE/Tb XUMHU-
YeCKOI peakIny, CBeJeHHOE K HMCCJEJOBAHUIO YCTOWYNBOCTU TPUBUAJIBLHO-
T0 TIOJIO’KEHUS PABHOBECHUS JIMHEHHOTO TPUOJINKEHUS CHCTEMBI HA OCHOBA-
HUW YCTAHOBJIEHUA JIOKAJBbHON IIOKOMIIOHEHTHOW aCHMIITOTAYECKONA IKBUBA-
nentHocty 1o Bpayspy. Henuneitnas cucrema mpecrapiser coboit cucreMmy
HesinHeRHbIX 1uddepeHnaiIbHbIX yPABHEHHI C BOSMYIIIEHUSAME B BU/I€ BEK-
TOPHBIX TTOJIMTHOMOB.

Merton nccienoBanus OCHOBAH HA MOCTPOEHUH OMEPATOpa, MEePEBOISIIE-
IO PEeIeHusT HeJIMHENHOW CUCTEMBI B PEIIEHUS €€ JIMHEIHOTO TTPUO/INKEHHS.
B coorBercrBuu ¢ MeTOAMKOIl, npejcTaBieHHoii B [1], mokasarenbcrBo cy-
mecTBOBaHus oneparopa ocuoBano na npunnumne [[laynepa o memoxsuxk-
HO#t Touke. Jloka3aTebCTBO HPOBOAUTCH C UCIIOJIb30BAHUEM OLIEHOK JIEMEH-
TOB (bYHIAMEHTATBHON MATPUILHI JTUHEHHOTO MPUOIMKEHNST U BO3MYIIEHUIA
HeJIMHERHOM cucTeMsbl [2].

Cy1mecTBoBaHEE OMEPATOPA MTO3BOJISIET MOCTPOUTH OTODPAKEHHE, CBIA3bI-
BalOIllee HAYAIbHbBIE TOYKHU MCCJIEyeMON CUCTEMbI U €€ JIMHEHHOrO mpudJin-
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JKeHUsd, 4T0 00eCleYuBaET JIOKAIbHYIO [IOKOMIIOHEHTHYIO aCUMITOTUYECKYIO
SKBHUBAJIEHTHOCTL TI0 Bpayapy.

JINTEPATYPA

1. Bockpecerncknii E. B. AcumniroTraeckne MeTOIb: Teopusi n mpuiioxkenus. Ca-
parck: CBMO, 2000.

2. Bockpecenckuii E. B., AprembeBa E. H., Benornazos B. A., Mypromura C. M.
KadecTBeHHbIE M aCHMIITOTHYECKHE METOIbI MHTEerpupoBaHusa aud depeHIiy-
anpubix ypasaenuil. Capanck: U3n-sBo Caparosck. yu-ta (Capanckuii dumm-
am), 1988.

3. Bockpecenckuii E. B. Meroapl cpaBuenus B Hesjuneiinom anaiuse. CapaHck:
Usn-so Caparosck. yu-ta (Capanckmii dbummasr), 1990.

4. Bprios B. @., Bunorpaza P. 3., I'pooman /1. M., Hempinkuii B. B. Teopus noka-
3areseit JIanynosa u ee npusioxkenus K Boupocam ycroifumsocru. M.: Hayka,

1966.

107



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

BHEHEHTPEHHOE HATPY2KEHUE IITTAMIIA
C IBYCB43HOU OBJIACTBIO KOHTAKTA

IMMnmkaunosa A. A.

3an0poscerull HAYUOHAADHBIT METHUNECKUT YHUBEPCUMEM,
3anopootcve, Yrpauna; shganna®mail.ru

Maremarugeckas MOJEIb 333491 OLEHKH HAIPsIKEHHO-1eDOpMUPyeMo-
IO COCTOSIHUSL U ILIPOIHO3UPOBAHMs OTPbIBA wWITaMia (CTOMKU WM OLODPbL
UHYKEHEPHBIX KOHCTPYKIUI) MpU BHENEHTPEHHOM HAIDYKEHUU BKJIIOUAET
HEOOXOIUMOCTD PEIeHUsT CUCTEMbBI YPABHEHUHN, COCTOSAIIEH W3 IBYMEPHOTO
MHTErpaIbHOro ypaBuenusa Tuna @pearonbma co cradboit 0COOEHHOCTHIO, BbI-
ParKaroIero 3aBUCUMOCTh MEXK/Iy BEPTUKAJIHHBIMU [TEPEMEIEHUSIMEI U HOP-
MaJIbHBIMU HAIPAKEHUSAMH, U eIle TPeX yPABHEHUI DABHOBECHSI.

Pa3paboTano 4ncIeHHO-aHAJIMTUYECKOE DPEIEHNE, UCTIOIb3YIOIIee pery-
JIIPU3AINIO OCHOBHOTO ypaBHeHus. [lapaMeTp perynisipu3amnuu UMeeT Orpe-
JIeJIEHHBI MEXaHUYIECKWl CMBICT KOI(DDUIUEHTA MEePOXOBATOCTH YIIPYTO-
ro noaynpocrpascrsa [1]. 3azada o BIABIMBAHUYM HEKPYTOBLIX KOJIBIEBBIX
[ITAMIIOB C UCIOJIb30BAHUEM PA3JI02KEHUs [MOTEHIUAJIOB IIPOCTOrO CJI0d CBe-
JIeHa, K PEIEeHUI0 MOCIeI0BATEILHOCTH AHAJIOTUYHBIX KOHTAKTHBIX 337139
BIABJIMBAHUS IITAMIIOB B (pOpME KPYTOBOIO KOJIBIIA, MTOCJIE Y€ro MpPUMEeHs-
I0TCs KBaJIpaTypubie ¢hopMysibl. 11 MHOrOCBA3HOM 00/TaCTH TIPU yUeTe Iire-
POXOBATOCTHU IMPE/JIATAETCS YHMCJIEHHOE PeIleHne, UCIoIb3YIolnee Kydaryp-
Hble (POPMYIIbI A1 AUCKPETUIAIUH By MEPHOIO HHTErPAJIBLHOTO OIIEPATOPA.,
B pe3yJbTaTe 4Yero oJiydYeHa CUCTeMa ajredpandecKux ypaBHeHwuil, J1jisd pe-
MIIEHUsT KOTOPOil TPUMEHSIEM MEeTOI, TOCJIEI0BATEIbHBIX TPUOIHKEHUIA.

WccmenoBan KOHKPETHBIHM CIydail BHEIIEHTPEHHOIO HATPYXKEHUS IIITaM-
a C IBYCBA3HBIM OCHOBAHWEM, OIPDAHWYEHHBIM TJIQIKAMUA KPUBBIMHU, OJIn3-
kuMu K kBajpary. Omnpejenena 3oHa “yerofauoctu”. Ilpu BhIXOAE TMHUN
JeficTBUA CUJIbl 33 IpeJiesibl 3TOU 30HbI IIOIOUIBA LITAMIA 3aiiMeT HAKJIOH-
HOE TMOJIOYKEHWE W TPOU30UIET OTPHIB OT TPYHTA, YTO MOXKET MPUBECTH K
aBapuu. Haiimensr Bejmunna 3aray0/ieHus, yroJ HAKJIOHA U (DYHKIHS Pac-
peIeIeHN s HOPMAJIbHBIX JABJICHUH O/ IIITAMIIOM.

JINTEPATYPA
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OB OJTHOI1 BAPNAIIMOHHON
3AJJAYE MEXAHUKU
KOMIIO3UIIMOHHBIX MATEPUAJIOB

IIlep6akos B. B.

Hnemumym 2udpodunamury um. M. A. Jlaspenmovesa CO PAH,
Hosocubupckut 20cydapemeennnits ynusepcumem, Hoeocubupcex, Poccus;
victor@hydro.nsc.ru

PaccmarpuBaerca Bapuarnuonnas 33/1a49a 0 PABHOBECHH KOMIIO3UIIUOHHO-
TO MaTepuasa, COCTOAIIEr0 U3 yIPYToi MAaTPUIILI M TOHKOTO YIPYTOTO BO-
JIOKHA, HAIPsKeHHO-1e(DOPMUPOBAHHOE COCTOSTHIE KOTOPOTO MOJEINpYeT-
cs ypasrenusivu Tumontenko [1]. IIpeamosaraercsi, 970 BOJIOKHO YaCTHIHO
OTCJIAWBAETCS OT MATPHUIIbI, 9TO MPUBOIUT K CYIIECTBOBAHUIO MexK(Da3HOM
tpemunbl. Ha Geperax Tpermmnbl 3aaHbl YCJIOBUS OJHOCTOPOHHEIO Orpa-
HUAYEHUs, IPEHATCTBYOm e B3auMHOMY IIpOHUKauuio 6eperos. M3yuarorcs
BO3HUKAIOIINE B MEXaHWKE Pa3PYIIEHWS BOMPOCHI, CBA3AHHBIE C AHAIN30M
CUHTYJISAPHOCTH TIOJIsI HANIPSIKEHN B BEPIIIUHE TPEMUHbl. B 9acTHOCTH, BBI-
nucana GhopMysia [ijisi CKOPOCTH BBICBOOOXKIEHWS SHEPTUU TIPU TPO/IBUAKE-
HUW TPEIUHBI BIOJIb HAPABJIEHAS APMUPOBAHUS U IMOCTPOEHBI HHTErPAJIbI
SHEPI'Uy, NHBAPUAHTHBIE OTHOCUTEJIBHO 3AMKHYTOIO KOHTYPA, OXBATHIBAIO-
IEro OHY WJIi 00e BEPIINHBI TPEITHHBT [2].
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Timoshenko inclusions // Z. Angew. Math. Mech. 2016. V. 96, No 11. P. 1306—
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OKCIIOHEHIINAJIbHA A YCTOP'I‘II/IBOC:I‘ID
ANPPEPEHIINAJIBHBIX YPABHEHUN
C 3AIIA3ZABIBAIOIIIVIM APT'YMEHTOM

blckak T. K.

Hosocubupcruti zocydapcmeennviii yrnusepcumem, Hosocubupck, Poccus;
istima92@mail.ru

B pabore paccmarpuBaercs cucreMa qudpepeHnuaibHbIX YPABHEHU €
paCIpeIe/IEHHBIM 3aMa3IbIBAHNEM C TAPAMETPOM
t

%y(t):uA(t)y(t)+ / Bt — s)y(s)ds, >0,

t—T1

rae ¢ > 0 — mapamerp, 7 > 0 — 3amasgpiBanue, A(t) — HempepbIBHAS
T-nepuoauueckas marpuia, B(t,£) — HenpepblBHAs O COBOKYIHOCTH Ie-
PEMEHHBIX MaTpuIa, 1-mepuogautdeckas mo mnepemenHoi t. Ilpemmonaraer-
cs, aro cnekrp marpunsl A(t) sexur B snesoii momymmockocru {A € C :
Re A < 0} npum Beex t € [0,7]. B [1] B ciyuae B(t,€) = 0 u B [2] B ciaygae
YPaBHEHUS C 3alTa3bIBAHIEM TTOKA3aHO, ITO HYJIEBOE PeIeHne SKCIIOHEHTIH-
AJIbHO YCTOMYMBO TIPU BCEX IOCTATOYHO OOIBITUX MapamMeTpax (. B maHHOM
paboTe yKazaHbl yCIOBHUS HA MAPAMETD L, IPU KOTOPBIX HYJIEBOE DEIleHue
SKCIIOHEHITUAIbHO YCTOWYMBO, YCTAHOBJIEHA OIEHKA, XapAKTEPHU3YIOIAsd IKC-
MTOHEHIIMAJIbHYIO0 CKOPOCTH YOBIBAHUS peleHuii Ha beckoneunoctu. [Ipu uc-
cjenoBaHUH ObLIA UCIOJB30BaHA MOAudUKaNus QyHKIHOHAN JIgamyHoBa —
Kpacosckoro, BBemennoro B [3, 4].

Pabora BeImosaena mpu mojiepxkke Poccmiickoro dbonma dbyHmaMeHTATBHBIX
ucceposanuit (rpoexr Ne 17-41-543365).
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ON LONG TIME BEHAVIOR OF SOLUTIONS
OF THE NORMALIZED RICCI FLOW ON SPECIAL
GENERALIZED WALLACH SPACES

Abiev N. A.

Taraz State University named after M. Kh. Dulaty,
Taraz, Republic of Kazakhstan; abievn@mail.ru

The authors of [1] obtained that the normalized Ricci flow equation
g(t) = —2Ricg + 2n~'g(t)Sg, where g(t) means a l-parameter family of
Riemannian metrics, Ricg and Sg are respectively the Ricci tensor and
the scalar curvature of g, can be reduced to the following system of ODEs
in the case of some very specific generalized Wallach spaces:

’(1}1 = (’U.)l — 1)(211)1 — wW1Wo — 'U}Q), u}2 = (’(1)2 — 1)(2102 — wWi1Wo — ’U.)l). (1)
We will discuss some results of [2] relating to asymptotic properties

of solutions of (1) with respect to a connected domain in R? bounded by
the curves

0,
wiws —w? +wi — 4w wi = 0,

2,2 2 2
wiw; — wi — wi + 4dwiws

wiws +wi — w3 — dwiw,

Note that geometrically such a domain describes the set of invariant
Riemannian metrics on generalized Wallach spaces under consideration
which admit positive Ricci curvature.

The author was supported by the Grant of MES of the Republic of Kazakhstan
for 2015-2017 (project no. 1452/GF4).
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A CLASS OF ELECTROMAGNETIC p(x,t)-CURL
SYSTEMS: EXISTENCE AND UNIQUENESS,
BLOW-UP AND FINITE TIME EXTINCTION

Antontsev S.N.
University of Lisbon, Lisbon, Portugal;
Lavrentyev Institute of Hydrodynamics SB RAS, Novosibirsk, Russia;
antontsevsn@mail.ru

We consider in Qr = Qx(0,7), Q C R3, the following class of p(z, t)-curl
systems arising in electromagnetism

ath+vX(|th|p<z’t>*QVxh)=f(h), V-h=0 inQr, (1)

|Vxh|PED2Yxhxn=0, h-n=0onXrp, (2)

h(-,0) = ho in ©, (3)

where h is the unknown magnetic field and hg is a given function. The
given log-continuous function p(z,t) satisfies g <p~ < p(x,t) < pt < oo.
The nonlinear function f(h) can model either a source term of the type

o—2

=2 —A
£y = ([1A7) " with @ > 1 or asink term £() = 1 (f 1?)
Q Q

with A > 0. We prove existence and uniqueness of a solution for (1)—(3).
Blow-up of local solutions is studied in the case of source term and
finite time extinction of the solution is proved in the case of sink term.
The detailed proofs can be found in [1-3] (joint work with F. Miranda and
L. Santos).
The author was supported by the Russian Science Foundation (project no. 15-
11-20019).
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TOPOLOGICAL BARRIERS
FOR LOCALLY HOMEOMORPHIC
QUASIREGULAR MAPPINGS IN 3-SPACE

Apanasov B.N.

University of Oklahoma, Norman, USA; apanasov@ou.edu

Here we address three sides of the M. A. Lavrentiev problem and the
Zorich map with an essential singularity at infinity: on locally homeomorphic
spatial quasiregular mappings defined in the (almost) whole sphere S3,
mapping it onto the whole sphere S3, and their essential (topological) singu-
larities. We construct a new type of such mappings defined in the 3-sphere S3
except a dense Cantor subset in S? C S? as mappings equivariant with the
standard conformal action of uniform hyperbolic lattices in the unit 3-ball
and its complement in S® (by using our non-trivial compact 4-dimensional
cobordisms).
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ON THE UNIQUE SOLVABILITY OF PERIODIC
PROBLEM FOR THE SOBOLEV-TYPE PARTIAL
DIFFERENTIAL EQUATION

Assanova A.T.

Institute of Mathematics and Mathematical Modeling MES RK,
Almaty, Republic of Kazakhstan; anarasanova@list.ru

Consider the periodic problem for the Sobolev-type differential equation
of the third order on the domain Q = [0,T] x [0,w]:

93 92 92 B
a?“m = A(t, x)aTj; + B(m)aTgt + C(t,x)a—z +D(t,z)u+ ft,z), (1)
A0, ou(T,
W00 0D @), welwl )
u(t,0) =i (),  tel0,T), (3)
o 0

where u(t, z) is unknown function, functions A(t, x), B(t, z), C(t, z), D(t, x),
and f(¢, ) are continuous on 2, function ¢(z) is continuously differentiable
on [0, w], functions v (¢) and 2 (t) are continuously differentiable on [0, T7.

Periodic and nonlocal problems for the Sobolev-type partial differential
equations appear in various physical processes [1].

In present communication, we investigate conditions of existence and
uniqueness of a classical periodic solution to problem (1)—(4). For this goal
we use the method of introduction of new functions [2]. Problem (1)—(4)
is reduced to equivalent problem consisting of periodic problem for hyper-
bolic equation with unknown function and integral relation. Periodic prob-
lem for hyperbolic equation is studied by method of introduction special
functional parameters [3]. This problem reduced to an equivalent problem
involving Goursat problem for hyperbolic equation with parameters and
periodic problems for ordinary differential equations. Algorithms for finding
approximate solutions to equivalent problems are constructed and it is
proved their convergence.

Also we propose the approach for finding periodic solution to problem
(1)—(4) based on these algorithms. Sufficient conditions of existence unique
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periodic solution for the Sobolev-type partial differential equations (1)—(4)
are established in terms of coefficients of equation (1) and numbers T, w.

The author was supported by the Grant of Ministry of Education and Sciences
of the Republic of Kazakhstan (project no. 0822/I'®4).
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CONFORMAL INVARIANCE
OF THE ELASTOSTATICS EQUATIONS

Chirkunov Yu. A.

Novosibirsk State University of Architecture and Civil Engineering,
Novosibirsk, Russia; chr101@mail.ru

We fulfilled a group foliation of the system of n-dimensional (n > 1)
Lame equations of the classical static theory of the elasticity with respect
to the infinite subgroup contained in normal subgroup of main group of this
system. It permitted us to move from the Lame equations to the equiva-
lent unification of two first-order systems: automorphic and resolving. We
obtained a general solution of the automorphic system. This solution is
n-dimensional analogue of the Kolosov—Muskhelishvili formula. We found
the main Lie group of transformations of the resolving system of this group
foliation. It turned out that in two-dimensional and three-dimensional cases,
which have a physical meaning, this system is conformally invariant, while
the Lame equations admit only a group of the similarities of Euclidean
space. This is a big success, since in the method of group foliation resolving
equations usually inherit Lie symmetries subgroup of the full symmetry
group that was not used for the foliation. In three-dimensional case for the
solutions of the resolving system we found the general form of the trans-
formations similar to the Kelvin transformation, that are the consequence
of the conformal invariance of the resolving system. In three-dimensional
case with the help of the complex dependent and independent variables, the
resolving system is written as a simple complex system. For this complex
system, all the essentially distinct invariant solutions of the maximal rank we
have found in explicit form, or we reduced finding those solutions to solving
the classical one-dimensional equations of the mathematical physics: the
heat equation, the telegraph equation, the Tricomi equation, the generalized
Darboux equation, and other equations.

The author was supported by the Russian Foundation for Basic Research
(project no. 16-01-00446).
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INVARIANT MODELING OF THE MODEL
OF THERMAL MOTION OF GAS
IN A RAREFIED SPACE

Chirkunov Yu. A.!, Pikmullina E. Q.2

! Novosibirsk State University of Architecture and Civil Engineering,
Nowosibirsk, Russia; chr101@mail.ru
2 Novosibirsk State Technical University, Novosibirsk, Russia;
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A model describing the thermal motion of gas in a rarefied space is
investigated in [1]. This model can be used in the study of the motion of
gas in outer space, and the processes occurring inside the tornado, and
the state of the medium behind the shock front of the wave after a very
intense explosion [2—4]. The multi-dimensional model was investigated in
[6—7]. The two-dimensional model was investigated in [8]. Exact solutions
and conservation laws for the three-dimensional model were obtained in [9].
For a given initial pressure distribution, a special choice of mass Lagrange
variables leads to a reduced system of differential equations describing this
motion, in which the number of independent variables is one less than the
original system. This means that there is a stratification of a highly rarefied
gas with respect to pressure. Namely, in a strongly rarefied space for each
given initial pressure distribution, at each instant of time all gas particles
are localized on a two-dimensional surface moving in this space. At each
point of this surface, the acceleration vector is collinear with its normal
vector. The resulting system admits an infinite Lie transformation group.
All significantly various submodels that are invariant with respect to the
subgroups of its eight-parameter subgroup generated by the transfer, ex-
tension, rotation, and hyperbolic rotation operators (the Lorentz operator)
are found. For invariant submodels of rank 1, the basic mechanical charac-
teristics of the gas flow described by them are obtained. Conditions for
the existence of these submodels are given. For invariant submodels of
rank 2, integral equations describing these submodels are obtained. For some
submodels, the problem of describing the gas flow from the initial location
of its particles and the distribution of their velocities has been investigated.

The reported study was funded by the Russian Foundation for Basic Research
according to the research project no. 16-01-00446 a.
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ON LUZIN N-PROPERTY
FOR SOBOLEV MAPPINGS

Ferone A.!, Korobkov M. V.2, Roviello A.>

1 Second University of Naples, Caserta, Italy;
Adele.FERONEQunicampania.it
2Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia;
korob@math.nsc.ru
3Second University of Naples, Caserta, Italy;
albaroviello@msn.com

We say that mapping v : R" — R? satisfies the (7, 0)-N-property, if
H? (v(E)) = 0 whenever H™(E) = 0, where H™ means the Hausdorff mea-
sure. We prove that every mapping v of Sobolev class W) (R",R%) with
kp > n satisfies (7, 0)-N-property for every 0 < 7 # 7, :== n — (o — 1)p with

T, if 7> 7,
o=o(r):= T

P — if 0<7 <7y
ap—n-+T

We prove also, that for k¥ > 1 and for the critical value 7 = 7, the
corresponding (7, 0)-N-property fails in general. Nevertheless, this (7, 0)-
N-property holds for 7 = 7, if we assume in addition that the highest
derivatives V*v belong to the Lorentz space L, 1(R") instead of L,.

We extend these results to the case of fractional Sobolev spaces and for
the Besov spaces as well. Also, we establish some Fubini type theorems for
N-properties and discuss their applications to the Morse-Sard theorem and
its recent extensions.

The most results are contained in the recent preprint [1]. The proofs of
the most results are based on our previous joint papers with J. Bourgain
(Princeton) and J. Kristensen (Oxford), see [2, 3].

Similar results were announced by G. Alberti, M. Csérnyei, E. D’Aniello,
and B. Kirchheim (private communication, see also [4]).
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ON MODELS OF CIRCULAR GENE NETWORKS

Golubyatnikov V.P.!'2, Kirillova N. E.2

1 Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia;
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We study 10-dimensional nonlinear dynamical system

d:;] = —kjm; + fi(pj-1), % =pym; —v;pj, j=1,....,5, (1)
as a model of a circular gene network functioning. Here j—1 = 5if j = 1, the
non-negative variables p;, m; denote concentrations of proteins and mRNA,
the coefficients k;, u;, v; are positive, and the functions f;(p) are assumed
to be positive, smooth and monotonically decreasing. This corresponds to
negative feedbacks in the gene network. Similar 6-dimensional symmetric
system (f1 = fa = fs5,k; =1, 11 = 1 = v2 = o ..., etc.) was introduced
in [1], see also [2]; its 6D asymmetric version was studied in [3].

Theorem 1.
1. The system (1) has a unique equilibrium point.
2. If this point is hyperbolic, then the system (1) has at least one cycle.
Let (2) be 18-dimensional partially symmetric system analogous to (1),
e, fs = fst3, ks = kst3, s = Hst3, Vs = Vsy3, s = 1,...,6.
Theorem 2.
1. The system (2) has a unique equilibrium point.
2. If this point is hyperbolic, then the system (2) has at least two cycles.
The authors were supported by the Russian Foundation for Basic Research
(project no. 15-01-00745).
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BINARY CORRESPONDENCES AND
PROBLEMS OF CHEMICAL KINETICS
WITH MANY-SHEETED SLOW SURFACE

Gutman A.E.!, Kononenko L.I.2

Sobolev Institute of Mathematics SB RAS,
Novosibirsk State University, Novosibirsk, Russia;
1gutman@math .nsc.ru, 2larak@math.nsc.ru

Formally, a problem is a binary correspondence P = (A, B,C) with
C C A x B. The sets A, B, and C are treated as the domain of data, the
domain of unknowns, and the condition of the problem P. The containment
(a,b) € C is written as P(a,b) and means that the unknown b € B is
a solution to P for data a € A. This approach provides a simple and
adequate formalization for components of problems, their properties and
constructions, makes it possible to formalize topological problems, their
parametrizations, and dependence of solutions on parameters (see [1]).

As an example, we consider a singularly perturbed system of ordinary
differential equations which describes a process of chemical kinetics with
many-sheeted slow surface (see [2]). Suppose that n € N, 0 < g9 € R, X is
a domain in R", F := C(X? x R x [0,&0], R"). Let P be the problem with
data F? x [0, €o], unknowns C*(R, X)?, and condition P((f,g,¢), (z,y)) <
i(t) = f(xz(t),y(t), t.€), ey(t) = g(x(t),y(t),t,e) for all ¢ € R. The formal
inverse P~! to the problem P is impractical and can be corrected by means
of composition with the auxiliary problem @ with data (R™)3, unknowns
C'(R, X)?, and condition Q((t,a,ﬁ), (x,y)) S x(t;) = aq, () = B4y 1 €
{1,...,m}. In [1], solvability of the composition problem P~!o(Q is studied
in a particular case.

The second author was supported by the Russian Foundation for Basic
Research (project no. 15-01-00745).
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CRITERION FOR THE POTENTIALITY
OF A VECTOR FIELD
IN THE SUB-RIEMANNIAN GEOMETRY

Isangulova D. V.
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We consider a subset M of RV with completely non-integrable horizontal
distribution H. Suppose C°°-smooth horizontal vector fields Xi,..., X,
form a basis of H, at each point z € M. Complete the fields Xq,..., X, to
a basis of the whole T'M so that X,,11,..., Xy are formed by commutators
of fields from H: Xj, = >, ef(2) X!, where I = (i1,...,im) € {1,...,n}™,
XI:Xil...X k:n+1,...,N, [Xq,X]]:ZCij(I)Xk

k

Tm I

The subgradient of a function f is a horizontal vector field Vo f =
X1fX1 + -+ XofX,, € H. We solve the problem posed in [1]. What
conditions should satisfy the functions a4, ..., a, so that the horizontal vec-
tor field a1 X7 + - -+ 4+ a, X, € H is the subgradient of some function f?

Theorem. Let aq,...,a, be C°°-smooth functions on a simply con-
nected domain ) of sub-Riemannian manifold M. Horizontal vector field
a1 X1+ -+ ap X, € H is a subgradient of some function if

Xia;(x) — Xja;(z) = Zcijk(x)ak(x), zeQ, 1<i<j<N, (1)
k

where a,41,...,an can be calculated as

ar(r) = ef(@)Xi, ... Xi,_,a;,(x), 1€Q, k=n+1...,N (2)
I

Note that N(NN — 1)/2 conditions (1) are not always independent. Usu-
ally they include N — n conditions (2). In the case of Carnot groups, the
number of conditions can be further reduced: we must check no more than
(n—1)(2N —n)/2 conditions. In the talk we write out the criterion of
potentiality on several examples of sub-Riemannian manifolds and Carnot
groups.
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HARDY TYPE INEQUALITIES FOR MONOTONE
AND QUASI-MONOTONE FUNCTIONS

Jain P.
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We shall discuss inequalities of the type
/S¢f dm<C’/f” (x)dz, 1<p< oo,
0

and its reverse inequality, where Sy is the Hardy type operator

x

Suf (@ / 0 o) = [ o),

0

¢ is a suitable function. We shall deal with the cases when in these inequali-
ties functions f are monotone as well as quasi-monotone. All these inequali-
ties will be also discussed in the framework of grand Lebesgue spaces.
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LINEAR CANONICAL TRANSFORM CONNECTED
WITH VARIOUS CONVOLUTIONS

Kanjilal S.
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We consider various types of convolutions given as:

o (fx1g)(t ff g(t — x) dz;
o (fr29)(t) = [ flx)glx—1t)d
R

o (fx3g)(t g(t + ) dx;

%%

o (frag)(t)= H{f(fv)g(*x — 1) da.

In connection with these convolutions, we shall talk about the corre-
sponding Linear Canonical Transform (LCT).

The above-mentioned convolutions and LCT will be discussed for func-
tions as well as distributions. Various properties in this regard will be
derived.
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ZAYED TYPE FRACTIONAL CONVOLUTIONS
AND DISTRIBUTIONS

Kumar R.
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The present talk focuses on three types of fractional convolutions, two of
which were given by A. Zayed. Our first consideration is to extend the
famous Young’s inequality in the context of fractional convolutions. Then
for these convolutions weighted iterated LP-L? inequalities will be discussed.
Finally, the notion of fractional convolutions between functions and distri-
butions and also between distributions will be considered and various cor-
responding properties will be discussed.
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ENTROPY SOLUTIONS OF GENUINELY
NONLINEAR FORWARD-BACKWARD
ULTRA-PARABOLIC EQUATIONS

Kuznetsov I. V.!, Sazhenkov S. A.2

Lavrentyev Institute of Hydrodynamics SB RAS, Novosibirsk, Russia;
lkuznetsov_i@hydro.nsc.ru, 2sazhenkovs@yandex .ru

Let vector functions a(z) and ¢(z) satisfy the following conditions.

Conditions on a&y. Let a(z) = (a1(2),...,am(2)), a; € C*(R), i =
1,...,m, a(O) =0, QO(Z) = (@1(2)""a§0d(z))7 z € R; 'S CQ(R)7 Jj=
1,...,d, p(0) = 0. At least one component of a is a non-monotonic function.
Moreover, a’ satisfies the genuine nonlinearity condition

mes {A ER: > aj(Ng = 0} =0
=1

for every (£1,...,&n) € S™LL

Let Gr,...1, = Q% (0,T1) x...x(0,T},), I'{ = Q x {t; = 0} x [0, T»] x
X [0, Ty ], Ty = Q@ x{ty = T} x [0, T3] X ... x [0, T;,,], B! = Q2 x (0, T) X
X (0, T, T = QX [0,Th] X o x [0, Tia] X {ty, = 0}, T =
Qx[0,Ty] % ... x [0, Tp_1] X {tm = Tn}, ™ = Qx (0,T1) X ... x (0, T _1),
_____ Tm\(I‘(l) U F%ﬂl U...ur'gtu F%ﬂ). A bounded domain Q c R?
(mes Q < 0o0) has smooth boundary 992.

Problem Ily. For arbitrary initial and final conditions u}, uf, € L*(E")

NWy2(Eh), i =1,...,m, the unknown function u : Gr,. 1, — R satisfies

.....

divia(u) + divye(u) = Ayu,  (x,t) € Gry,.. 1,

u

1 i L _
ry & ug, ulpy ~ur, i=1,...,m, ulp, =0,

where ¢ = (z1,...,24), t = (t1,...,tm), the sign ~ means the equality only
on a part of the boundary.

Under Conditions on a&¢ and the additional restriction on C'-norm of
', we have proved the existence and the uniqueness of the entropy solution
to problem ITy. The existence of quasi-solutions is also discussed.

The authors were supported by the grant no. I11.22.4.2.
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DUALITY OF SOME GENERALIZED
GRAND LEBESGUE SPACES

Singh M.
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monikasingh@lsr.du.ac.in

Let I = (0,1). The grand Lebesgue space, denoted by LP)(I), is the
space of all finite a.e. measurable functions f for which

1
p—e

||f||Lp)(I) = sup 5/\f(a:)|p_sdx < oo, 1<p<oo.
0<e<p—1 7

<e

These spaces are originated by Iwaniec and Sbordone [1] in 1992 and have
undergone several generalizations during the recent past. The most recent
generalization is the fully measurable grand Lebesgue spaces. In this talk
we shall be dealing with the properties of these spaces, viz., duality and
reflexivity. Also we shall talk about grand Bochner—Lebesgue spaces and
their properties.
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DISCRETIZATION OF TWO-DIMENSIONAL
GELFAND-LEVITAN INTEGRAL EQUATION

Temirbekova L. N.
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In this work, we consider numerical method of solving inverse problems
for two-dimensional hyperbolic equations. The coefficient inverse problem
is numerically solved using the method of the two-dimensional Gelfand-
Levitan integral equation [1]. To numerically solve the two-dimensional
Gelfand—Levitan integral equation, which is the Fredholm integral equation
of first kind, we use parallel algorithms [2].

Consider the following sequence of the direct problems [3]

ugf) = ug;) + ué’;) — q(:my)u(k), x>0, ye(-m7m), teR, kezZ,

uPso =0, uf®|imo = h(y)d(x),
u(k)|y:7'r — u(k)|y:_,r.

The inverse problem is to restore continuously function ¢(z,y) by the next
additional information

u®(0,y,t) = fF(y,t), ye(-m7), t>0, kel

where R is a set of real numbers, Z is a set of integer numbers, § is Dirac
delta function, k is some fixed number, and h(y) = e™¥; f*)(y,0) = 0
is necessary condition. The problem considered above is solved by two-
dimensional Gelfand—Levitan integral equation of the first kind, which has
the form [1-4]

1 [
5[1”(’“) (y, t+z)+f® (y,t—x)h/ > (t—s)@"™ (2,y, 5)ds =0, x> [t].
m=1
The integral equation is numerically solved by parallel algorithms.
The author was supported by the project “Theory and numerical methods

of solving inverse and ill-posed problems of natural science” of the Ministry of
Education and Science of Kazakhstan (project no. 1746/GF4).
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LOTKA-VOLTERRA COMPETITION MODELS
IN ADVECTIVE ENVIRONMENTS

Vasilyeva O. 1.

Memorial University of Newfoundland, Grenfell Campus,
Corner Brook, Canada; ovasilyeva@grenfell.mun.ca

The flow speed in streams and rivers can change due to natural causes
or human activities. Any change in flow speed can impact biological com-
munities that are shaped not only by their biotic interactions but also by
their response to water flow. Population dynamics of several competing
species in such habitats can be described by spatial Lotka—Volterra com-
petition models given by reaction-diffusion-advection equations subject to
Danckwerts boundary conditions. We use the dominant eigenvalue of the
diffusion-advection operator to reduce the original models to the corre-
sponding systems of ordinary differential equations.

Our analysis illustrates that at relatively high flow speed, each species’
intrinsic growth rate is the crucial factor that determines the outcome of
competition. In contrast, at low flow speeds the strength of interspecific
competition determines community composition. We show that changes
in flow speed can facilitate different types of coexistence among multiple
species.

REFERENCES

1. Vasilyeva O., Lutscher F., “How flow speed alters competitive outcome in
advective environments,” Bull. Math. Biol., 74, No. 12, 2935-2958 (2012).

2. Vasilyeva O., Lutscher F., “Competition of three species in an advective envi-
ronment,” Nonlinear Anal., Real World Appl., 13, No. 4, 1730-1748 (2012).
3. Vasilyeva O., “Competition of multiple species in advective environments,”

Bull. Math. Biol., 79, No. 6, 1274-1294 (2017).

131



Meotcoynapoonasn wrosa-xongpepenuusn “Coboaescrkue wmenus”

SOBOLEV SPACES AND QUASI-CONFORMAL
MAPPINGS IN (SUB)-RIEMANNIAN GEOMETRY

Vodopyanov S. K.

Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia;
vodopis@math.nsc.ru

In this talk we describe metric properties of measurable mappings of
domains in (sub)-Riemannian manifolds inducing isomorphisms on Sobolev
spaces by the composition rule. We show that any such mapping can be
redefined on a set of measure zero to be quasi-isometric, when the exponent
of summability is different from the Hausdorff dimension of a (sub)-
Riemannian manifold, or to coincide with a quasi-conformal mapping
otherwise [1, 2].

We give a sketch for proving the following

Theorem. Let p € [1,00) \ {n}, and D, D’ be domains in the Rieman-
nian manifold M of the topological dimension n. A measurable mapping
¢: D — D' induces an isomorphism of Sobolev spaces L; by the composi-
tion rule if and only if ¢ coincides with some quasi-isometry ®: D — ®(D)
almost everywhere, for which the domains ®(D) and D’ are (1, p)-equivalent.

For proving a similar result on (sub)-Riemannian manifolds we provide
additional tools like differentiability, etc. [3].

The author was supported by the Russian Foundation for Basic Research
(project no. 17-01-00801).
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