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IIOCTPOEHNUsI YIIPABJIEHUS U COOTBETCTBYIOINIEH TPAEKTOPUHU C UCIIOIb30BAaHUEM TPOrPAMMHOTO Ta-
keta Maple.
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Chadov A.L.RELTABLE COMPUTING EXPERIMENT FOR A CONTINUOUS-DISCRETE MODEL

A continuous-discrete system of functional-differential equations is considered. The main feature of
the system under consideration is the presence of both continuous time and discrete time in the state
variables and constant delay. The problem of control in the case of only discrete control with aftereffect
is formulated. Necessary and sufficient conditions for the solvability of this problem are obtained in the
form oriented to reliable computing experiment. Some details of computer implementation of the proposed
approach are discussed.
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O JIOKAJIBHBIX JOCTATOYHBIX YCJIOBUAX
BBHIIIYKJIOCTU TPYBOK JOCTUN2KMMOCTU

© A.B. Uepnos

Karouesvie caosa: TpyOKa JTOCTUXKUMOCTH; JIOKAJBHBIE YCIOBUS BBIILYKJIOCTH; (DYyHKITMOHA~
JIbHO-OIIEPATOPHOE YPaBHEHHE; HeJIMHEHHbIE PACIPe/IeJICHHbIE CUCTEMBI.

s HemmHeHHOro PyHKIIMOHAJIBHO-0IIEPATOPHOIO YPABHEHUS, ABJISIONIErocss (popMoit oru-
CaHUs MUPOKOrO KJIACCa YIIPABJISAEMbIX HAUAIbHO-KPAEBBIX 3318, BBE/ICHO MTOHSITHE TPYOKU
JOCTU2KUMOCTH, aHAJIOTUYHOE COOTBETCTBYIOIIEMY IIOHATUIO U3 TEOPHUU YIIPABJIEHUS COCpe-
norodeHHbiME cucTeMamu. ChopMyIupOBaHbI JIOKAJIBHBIE YCJIOBUs, OOECIIEUNBAONINE BbI-
IYKJIOCTh TPYOKM JOCTHKUMOCTH U3y9IaeMOTO YPABHEHUS.
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Kaxk ykasano B 1], nadopmanusi o0 BBIIYKJIOCTH MHOYKECTB JIOCTUKUMOCTH YIIPABJISEMbIX CH-
CTeM OKa3bIBAETCs IOJIE3HOM IIPU PEIIeHNH Pa3InIHbLIX Ipob/ieM yIpaBjeHnus. B 4acTHOCTH, eCJIu
nesieBoil (pyHKIMOHA U (DYyHKITMOHAJIBI OPPAHUYIEHU HE 3aBUCST SIBHO OT YIIPABJIEHUSI, TO OT TOM
MJIA UHOM 381891 ONTHUMAJILHOIO YIIPABJIEHUs] MOXKHO IEPEHTH K 3a/1a9e MaTeMaTHIECKOIo IPo-
rpaMMUpOBaHUst ¢ (DYHKITMOHAJIAMY, 3a8JIaHHBIMU Ha MHOXKeCTBe (TpyOKe) moctuzkumoctu. Ecim
[TOJIyIeHHAasI TAKUM 00pa30oM 3a1a1a OKa3bIBAETCS BBIITYKJION, TO IIPH OIPEIeTeHHBIX 00CTOSTE -
CTBaxX MOXKHO JIOKa3aTh, YTO HEOOXOUMBIE YCJIOBUSI ONTUMATBLHOCTH CTAHOBSITCS JTOCTATOTHBIMH,
HMMEIOT MECTO TEOPEMBI IBOMCTBEHHOCTH, U, KPOME TOI0, YIAETCs IIOCTPOUTDH 3(hPEKTUBHBIE THC-
JieHHble MeTo/bl. VHdopManus 0 ToM, 9TO MHOXKECTBO (TPyOKa) JOCTUKUMOCTH, OTBEYAIOIIAs]
MaJjIolf OKPECTHOCTH JIOMYCTUMOTO yIPABJIEHUs, BBITYKJ/IA, [0 AHAJOTHIHBIM IPUINHAM OKA3bI-
BaeTCs II0JIE3HON IIPHU BBLIBOJE HEOOXOMMMBIX U JOCTATOYHBIX YCJIOBHUIl JIOKAIBLHOIO MUHUMYMA.
CoOTBETCTBYIOIINE JOCTATOUHBIE YCIOBHUSI Oy/IeM HA3bIBATH JIOKAJBHBIMHU YCJIOBUSIMU BBIILYKJIO-
CTH MHOXKECTBA WU TPYOKU JOCTHXKUMOCTH.

B pa6ore [1| jyisi HeJIMHEHHBIX COCPEOTOUEHHBIX YIIPABJISEMbIX CUCTEM Oblla IIPeJJIoZKeHa
TEXHUKa IIOJIYUEHUs JOKAJIbHBIX YCJIOBHIA, 00ECIeUNBAIOIINX BBIIYKJIOCTh MHOYKECTBA, JTOCTHKU-
mocTu. JIOoKJTa | MOCBSINEH MOJYYeHUIO JIOKAJIBHBIX JOCTATOYHBIX YCJIOBUM BBIMTYKJIOCTH TPYyOOK
JTIOCTHZKUMOCTH TITHPOKOTO KJIacca YIPABISEMBIX Hauaavho-kpaesur 3adaw (HK3), momyckaio-
IUX [IPEJICTABJICHUE B BUje (PYHKIIMOHAIbHO-omepaTopHoro ypasuernus B.M. Cymuna — cM. ja-
nee ypasrenue (1). CoorBeTcTByIOIIAst TEXHUKA OCHOBAHA Ha WJiesiX [1], ncrosnb3oBanum reopeMsl
0 HeIBHON (DYHKIMHU U HEKOTOPLIX UIESIX aBTOPA.

[Iycts n,m,¢, s €N; IICR" — usmepumoe orpanmdennoe muoxkectso; X = Lg(II), ¢>2,
Z=Ly(II), U=Lo(1l), Zx=L(Il), (1/q)+ (1/0)=1/2, Zy = Loo(Il). Ilycrs, Kpome TOTO,
D CU® — 3amannoe muoxKecTBO, A:Z™ — X — 3amaHHbI IHHEHHBI OMPAHNYCHHBIH OLEpaTOp.
Paccmorpum ypasuenune B.U. Cymuna:

2(t) = f(t,A[z](t),u(t)), tell, zeZ™ (1)

ympasJjsieMoe ¢ HoMoInbio yiupasienus u € D. 3necy dynkmms f(t, x,u): 11 x R! x R® - R™ us-
mepuma 1o t €11, menpepoira o {z,u} € RY x R® u rakopa, uro Vo€ X¢, welf® cynepnosumus

f(., (), u(.)) czm,
MuoxkecrBo E(D) = {f € Z™: Ju e D rakoe, 4ro z[u] =& } HA30BeM MpyoKot docmustcumo-

cmu ynpasasemozo ypasrernua (1). Csasp mexy perrernem yrpasisemoit HK3 u pemmennem
cooTBeTCTBYIOMIEro ypasaenus (1) obprano umeer Buy x = Alz], mbo == Ai[z] u 1. .. Takum
06pa3oM, ecjii UMeeT MeCTO BBIIYKJIOCTb TPYOKH JIOCTHXKUMOCTH ypaBHeHusi (1), To 04eBUHBIM
00pa30M TOJIyYaeM BBILYKJIOCTb TPYOKHU JoCcTUKUMOCTH uexoaHoit HK 3.

Jlanee Oynem cunTarh, 9TO yHpaBieHue u €U TAKOBO, 9TO eMy OTBEYaeT €IUHCTBEHHOE
pemenue zZ=z[u] ypasuenus (1), y=A[z]. Kpome Toro, 6ymem npemnosarars, YT0 BBIIOJHSIIOTCS
CJIEJIYIONIHE YCIOBUSI.

F,) Oyukmus f(t,y,u) uMeer YacTHbIE IPOU3BOTHBIE
foltyou) I x REX RS — R™C (¢ y u) : T x RY x R — R™,

uzMepuMble Tio ¢ € [T, wenpepoisabie o {y; u} € R x R®, npuaem fé(.,y(.),u(.))éZ}”g,
G y()u() € 27 Yye Xt uelds.

F ) Cymecrsyer byuknus N : Ry — R, rakasy, uaro

1£5Coy(),ul)) = £ () v S Nl — @l + lu =]},
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[£2Coy(),u()) = ful 2O S N {lly = 2l + [lu — ]|}

s neex y,x € X wweld®, yll, =l Jlull, [l <M.

F3) rank f(¢t,y(t),u(t)) =m nns n. B. t€Il, u Gonee roro, ypasuenue f;(.,y,u)u=z pas-
peImMo OTHOCUTENbHO U € UP nys aoboro z € Z™.

A) Hus mroboro g€ Z;?XE u oneparopa A(,): Z™— Z™, onpegensemoro dbopmynoit A, [z] =
=pA[z], cnexTpambublil pamuyc p(A,)) =0.

st wmena >0 obosmaunm D, = {uecU®: |lu—1| <e}. Ilpu caenaHHBIX HPEANOTOKEHHIX
CIIPABEJUIMBO CJIEJYIONIEe yTBEPIK IeHHe.

Teopewmal Cywecmsyem wucio € >0 maxroe, wmo: 1) dasn ecaxozo u€ D, ypashenue
(1) umeem eduncmeennoe pewernue z=z[ul; 2) obpasz muoostcecmea De npu omobpasicenuu z=
= z[u| Asasemcs svnyksviMm, U Gosee moz2o, cmpozo sunykavm (Mo ecmv mnosrcecmso Z(Dg)
BUINYKAO U cmpPo2o 6unykao); 3) epanuya 0z[D;] = 0=Z(De) nopoorcdaemesa svwn eparuied

0D..
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Chernov A.V. ON CONVEXITY LOCAL CONDITIONS FOR REACHABLE TUBES

For a nonlinear functional operator equation being a form of describing for a wide class of controlled
initial boundary value problems, we introduce the reachable tube concept as analog of the corresponding
concept from the control theory of lumped systems. We formulate local sufficient conditions for the
convexity of the reachable tube of the equation under consideration.

Key words: reachable tube; convexity local conditions; functional operator equation; nonlinear distri-
buted systems.
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OLIEHKA OBJIACTU INPUTAXKEHNA TPUBUAJIBHOT'O PEITTEHN A
HEABTOHOMHOI'O YPABHEHUS C IIOCJIEAENICTBUEM

© K.M. Yynunos

Karuesne caosa: dyukimonaabHO-muddepeHImanipbHoe ypaBHEHNE; yCTOWINBOCTD; test-
ypaBHEHHE.

Meton test-ypaBHeHUit, TpUMEHSIEMBIN /I MCCJIETOBAHNS ACUMITOTHIECKUX CBOHCTB pe-
IIeHN}I HeaBTOHOMHBIX YPaBHEHU C IIOCJeJleficTBUEM, /IO CHUX IIOP HCHOJIb30BaJICS TOJIBKO
[P M3YYEHUU KJIACCOB JIMHEHHBIX ypaBHeHWi. B pabore moKaszaHO IMpUMEHEHWE MEeTO/a K
HUCCJICJOBAHUIO YCTOMNINBOCTH HEJIMHEHHBIX ypPaBHEHUN.
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