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Subbotina N.N., Shagalova L.G. Application of the optimal control theory to solutions of
Hamilton—Jacobi equations with state constraints. Two Cauchy problems with state constraints
are considered for the Hamilton-Jacobi equations arising in molecular biology and economy,
accordingly. The problems have no classical solutions. The generalized solutions are introduced,
that are subdifferentiable everywhere in domain. A method is suggested to construct the genera-
lized solutions using auxiliary optimal control problems. Results and analysis of numerical
experiments are exposed.
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CUJIBHOE BBIPOXK/JIEHUE OCOBBIX YIIPABJIEHUN IIPUHITUIIA
MAKCNIMYMA B PACIIPEAEJIEHHBIX 3AJTAYAX OIITUMUN3AIINN
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Katouesvie cao6a: pacnpelieieHHbIe 3a/[a9¥  ONTUMHU3AINW; YITPABJISIEMbIE  BOJBTEPPOBbI
bYyHKIIMOHAIBHBIE YPABHEHNUST; TIOTOYEYHBIN TPUHIUIT MAKCUMyMa; 0COObIE YIIPaBJICHUS.
[Toka3bIBaeTCsl, 9TO JJIsI MUPOKOTO KIACCA PACTPEICTEHHBIX OMTUMUBAIMUOHHBIX 3334 Xa-
PAKTEPHO CHUIBHOE BBIPOXKJEHHE OCOOBIX YIPABIEHUI TOTOYEIHOrO MPUHIUIA MAKCUMYMA,
KOT/Ia BMECT€ C OPUHIMIIOM MAKCHMyMa, KOTOPBIH MOMKHO PACCMATPUBATH Kak HEOOXOIH-
MO€ YCJIOBHE ONTUMAJIBHOCTW TIEPBOTO MOPAAKA MPWU WUTIOJIhYaTOM BaPbUPOBAHWW YITpABJIE-
HUM, BBIPOYXKIAIOTCA M BCE HEOOXOMMMBIE YCIOBUS OMTUMAIBLHOCTH OCOOBIX YIIPABJIEHUH 10
MOPSIIKA, PABHOTO PA3MEPHOCTH MPOCTPAHCTBA HE3ABUCUMBIX MepeMeHHbIX. Omnucan cnocod
MOJTyYeHUsT COIEPYKATETBHBIX HEODXOIUMBIX YCIOBHH OMTUMATBHOCTH CUITBHO BHIPOK JEHHBIX
0COOBIX yIIPABJIEHHIA.

Yrpanjenust, 0cOObIe B CMBICIE NOMOYEUHO20 NPUHUUNG MAKCUMYma (T1.TL.M.), Ha KOTOPBIX
OH BBIPOZKJIAETCS, UTPAIOT BAXKHYIO POJIb B TEOPUU ONTUMU3AIMA 1 ee npuaoxenusx [1 4]. Oua-
KO, IS PACTIPEJIEJIEHHBIX CHCTEM BOIPOCHI MOy YEHUST HEOOGLOOUMDLT YCAOBUL ONMUMANDHOCTIU
(H.y.0.) ocobwbix ynpasaenud (0.y.) W3yUEHDI €Ille OTHOCUTETHHO ¢J1ab0: B OCHOBHOM DPACCMATPH-
BaIUCh ynpasisiemble cucrembl ['ypca—/lapby n Gsuskue nm |2, 5-9]. Tnasuble ycuaust 6bin
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HAIPABJIEHBl HA KOHCTPYUPOBAHWE C YUIETOM CIENU(UKU TAKUX CHCTEM (POPMYJI ITPUPAIEHUS,
VIOOHBIX JI/Id BHIYUC/IEHUS CTAPINUX BaApWAInii (DyHKIIMOHAIOB. 33 JI0TMyCTUMble OpaIuch 00BITHO
KYCOUHO-HETPEPBIBHBIE yIpaeenus. [Ipenmnosarasock, Kak NpaBUIo, ITO KAXKJIOMY JTOTYCTHUMO-
My YIPaBJEHUIO OTBEYALT JUHCTBEHHOE IJI00AIbHOE pellleHre YIIPaBIsIeMoil HadaabHO-KPaeBoil
zajaun. [lpuHIMIua bHO BayKHO n3ydeHue Oojiee MUPOKOTO KJIACCA YITPABICHUH — U3MEPUMBIX
(nanpumep, [3, C. 291; 4, 10], npuuem 6e3 yKazaHHOIO OrPAHUYUTELHOTO YCJIOBUSI HA DA3PEIIH-
MOCTDL yIpPaBJIgeMOi HaYyaJIbHO-KPaeBol 3a1a4u.

CooTBeTCTBYIONMAI JOCTATOYHO OOIIHH CITOCOO M3YUeHHUsT 0.y. T.II.M., ONMUPAIOIINICI Ha BO3-
MOXKHOCTB [PEJCTABJIEHUs] YITPABJISEMON HAYaIbHO-KPAEBOii 3a4a49n B (hopMe (DYHKITMOHATBLHOTO
YPaBHEHUsST BTOPOTO POjia CIEIUAJBHOT0 BUIa B JIe0ETOBOM TTPOCTPAHCTBE U UCTIOJIB3YIOMINI Teo-
PUI0 TEH30PHBIX TPOU3BEIEHUN JIEHETOBBIX MTPOCTPAHCTE JIJIs BBIYUC/EHUS] CTAPIITUX BapUaIIHil
dyukimonanos, 6e11 npeoxken B [11] (onucanune ykazauuoit popmbl cM., Hanpumep, B [12, 13];
B [13] MoxkHO HaiiTh camble pazHOOOpa3sHble MPUMEPHI PUBOJAUMBIX K 3TOH dopme HadaIbHO-
KPAaeBbIX 33734 Jjid HeJuHeHHbIX audOepeHnnaibablx 1 UHTErpo- tudhepeHImaabHbIX yPaB-
HEHWIT ¢ 9aCTHBIMU TTPOM3BOAHBIMK). B [14-16] 6hita npeacrasiaena obobrmatormast crmocod [11]
CXeMa U3yYeHUd 0.y., 00CIYKUBAONIAS IMTUPOKN KJIACC PACIPEIETIEHHBIX YIIPABIAEMBIX CHCTEM
(TPUBOAMMBIX K YTOMSAHYTOH bopMe) n 0BMUpPHBIT aKCHOMaTHIeCKn Omcanubiil B [14-16] kiacce
¢1ocob0B BAPBUPOBAHMUST, BKJIFOYAKIIUN OOJBITHHCTBO CIIOCODOB, TPAIUIIMOHHO UCIIOJIb3Y OIIUXCSI
B T€OpWM H.y.0. (KJaCCHMYECKOe BapbUPOBAHWE, MTOILIATOE, UMITYJIHCHOE HA MOJI0CAX, BAPHUPO-
BaHUe IMaKeTaMu, CIBUTOM H Jp.).

Jokma mocesimen KoHKpeTn3amnn cxeMbl [14-16] mpUMeHWTEThHO K WTOJIBIATOMY Baphu-
posanuio [16, 17|. TlokaseiBaeTcst, 94TO A9 PACIPEIEJEHHBIX 3349 ONTHMU3ANUKN JOCTATOUHO
XapaKTepHO CUJILHOE BBIPOXKIEHWE 0.y. TI.ILM., KOTJa BMecTe ¢ M.1.M. (H.y.0. 1-ro mopsiika npu
UT0JIbYATOM BAPHUPOBAHUM) BBIPOZKJIAIOTCA M BCE H.y.0. 0.Y. J0 HOPsJKA, PABHOIO PA3MEPHOCTH
MPOCTPAHCTBA HEBABUCUMBIX TEPEMEHHBIX. DTO TTPOUCKOANT, €CJIN 331398, «yCTPOEHA HE CUITKOM
CJIO’KHO», KAK 9acTO U ObIBAET B MPUJIOKEHUAX.
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Sumin V.I. Strong degeneration of singular controls in the sense of the maximum principle
in distributed optimization problems. It is proved that for distributed optimization problems a
sufficiently typical situation is strong degeneration of the singular controls in the sence of the
maximum principle, when together with the maximum princile (which is a first order necessary
optimality condition in the case of spike-shaped variation) all necessary optimality conditions
through order n are degenerate. A derivation of constructive necessary optimality conditions for
singular controls is suggested.
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