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NTPOBAAd BAJTAYA HABEJIEHUA
NHTETPO-IN®PEPEHIINAJIBHOM CUICTEMBI TUIIA
BOJIBTEPPA 1JI4d TPEX JINII

B.JI. IIacuxos

PaccmarpuBaercs 3ama4da HaBeIeHNA TUHAMUYIECKOTO 00beKTa B mpocTpancrse R™ Ha
3aMKHYTOE MHOXKECTBO . B 9T0# 3a/1a4€ y49acTBYIOT TPU UTPOKA, IPUYEM, JIBA U3 HUX COCTAB-
JIIOT KOAJUINIO, KOTOPAsA CTPEMHTCSA IPUBECTH ABMKYILYIOCA TOYKY Z(t) Ha MHOKECTBO
B MOMEHT 0, & TpeTHii UIPOK CTPEMUTCS He JOMYCTUTh Berpeun z(t) ¢ MHOKecTBOM M.

OcobeHHOCTh PAbOTHI 3AKJIIOYACTCA B OMHCAHWH IBOJIONHH OOBEKTa HEJIMHEHHON
uHTErpo-audepeHImasbHOl CHCTEMON, 9TO HAIEISET YIIPABISEMYI0 CUCTEMY HOBBIMU CY-
[MECTBEHHBIMHU CBOMCTBAMHU: MaMATHIO U 3P DEKTOM 3ama3abIBAHUs IO YIIPABIAIONAM BO3-
JMEHCTBUAM, YTO YCJIOXKHSIET UCCAEJOBAHME MO CPABHEHHUIO CO CJIYYaeM, KOTJA HBOJIOIHS
00bEKTa, OMUCHIBACTCSA OOBIKHOBEHHBIMU AU PEePEHITHATBHBIMA CUCTEMAMU.

Jlnst perienvst 33290 TPEIOIATAETCS CYIECTBOBAHNE HEKOTOPOTrO CTabUIBHOTO MO-
CTa B MPOCTPAHCTBE HENPEPBIBHBLIX (DYHKIIHH, COMEPKAIIETO OTPE3KHU PEIIeHuil UCXOIHOM
CHCTEMBI [IPU UCITOJIB30BAHUN UTPOKAME KOAJUIIMN CBOUX, OMPEIEIEHHBIX B paboTe, IKCTPe-
MaJIbHBIX CTPATETrHil, TP JIIOOOM JOMYCTUMOM YIPABIEHUN TPOTHBOIOIOKHON CTOPOHBI.
IIpeamonaraercss, 9T0 CTAOUILHBIA MOCT OOPBIBAETCA HA IIEJIEBOM MHOMKECTBE B (PUKCHPO-
BaAHHBIA MOMEHT BpeMeHu 0.

JloKa3bIBAETCST, 9TO IOCTPOEHHBIE B pabOTe IKCTPEMAIBHBIE CTPATETNH KOAJTUITHH YD~
JKUBAIOT BbIOpAHHOE perlieHue (JIBUKEHUE) CUCTEMBI Ha CTAOMJILHOM MOCTY, YTO U DEIIaer
[MOCTABJIEHHYIO 33]]a9y HABEICHWSI.

Karoueevte caosa: uzposas szadava; unmezpo-oudiepenyuaivnai cucmema; ynpaeat-

tousee 6030eticmeue; NO3uUUA uzpol; CMabuLbHAA CUCTEMA.

PaccmarpuBaercs: KOH(DIUKTHO-YTIpaBigeMas CUCTEMa,

Ccll—g; = f(t,z(t +71),u,v) +/K(t,:z:(s),w(s),3)ds (1)

C HAYAJBbHBIM yCa0BueM Tt [T] = x[to + 7|, —A < 7 <0, tg > 0, A = const > 0.

3jecb & — n-MepHbIil (a30BbIl BEKTOD; U,V,W — T'1,T2,T3 — MEPHbBIE YIPABJISIIOIINE BO3-

IeficTBHUsI, CTeCHeHHbIe ycaoBuaMu v € P, v € QQ, w € S; P,Q,S — KOMIaKThl B COOTBETCTBYIO-
KX eBKJINIOBBIX pocTpancTBax R, R R"; oneparop f(t, z(7),u,v) u byuxmus K (¢, z, w, s),
to < s <t<80,0 =const >0, HENPEPHIBHBI 1T0 COBOKYITHOCTU CBOWX apTyMEHTOB U OMPEIEJIEHBI
COOTBETCTBEHHO Ha mpomsBeenusx [to, 0] x Ci_yog x P x Q, [to,0] x D x S x [to,0], rme D
orpannvennas 006sacth B R™ comeprkamas Bce Tpaekropun cucrembr (1), Cl=x,0] — TPOCTPAHCTBO
n-MepHBIX HeNpepbIBHBIX HA [—A, 0] BekTOp-dbyHKIMs 2(T), ¢ HOpMOii

lz(e)ll = _max l=(7)Il,

||e|| — cumBOM €BKIMTOBOI HOPMBL.
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Peanuzammsa u[t], v[t], wt] ynpasastomux Bo3aeiicTBuil u, v, w Ha mMpoMexyTKe [to, 0] — u3-
mepumble 110 JleGery ua [to, 0] dynkunm.

Oueparop f(t,z(7),u,v) u dyuknusa K(t,x,w,s) yI0BIETBOPAIOT B JIIOOBIX OrPAHUYEHHBIX
obnacrax 1 C Cl_y g, 22 C R", coorsercrento, ycuoputo Jlumimia 1o BropoMy aprymesry

JL = L(Qy) > 0, Vt € [to,0], Vo, (1) € 0, Yu € P,Yv € Q :
Hf(t,xl(T),U,’U) - f(t7x2(7)7uav) | <L ||«T1(°) - 'CUQ(.)”)\; L = L(QQ) > 07 vt € [t079] :

fllK(t7w1(8)>w(S), s) = K(t,22(s), w(s), s)|| ds < Ltjt" [z1(s) — w2(s)| ds,

to

KaKOBbI Obl HU Oblin u3mepumas 1o Jlebery dynkmusa w(s), tg < s < t, co csoiictBom w € S u
abCoJIIOTHO HenpepbiBHbIE (byHKIMU Ha [tg, 0] bdyukuuu z;(s) 1 z; € Qo, 1= 1,2, tg < s < .

Ouneparop f(t,z(7),u,v)ynosnersopsier caeayiomemy yciaosuio pocral| f(t, z(7), u,v)|| <
Ci(t) + Go(2) [|z(o)]y , Tme Ci(t), (2(t) — HeoTpuLATENBHBIE, HENPEPLIBHBIE Ha, [to, ] dyHKINN.

VYKa3aHHble BBIINE OMPAHUYEHUs HA MIPABYIO 9acTh cucTeMbl (1) TrapanTupyioT mpu peaauszo-
BAaBININXCsT YIIPABJIEHUSX U 3aJaHHOM Ty, [T| cymiecTBoBanue Ha [tg, 0] equHCTBEHHOrO abCOTIOTHO
HerpepbIBHOTO pererns cucteMbl (1) [1]. B mampmeiitmem Gymem jjig onpenesieHHOCTH CYUTATH,
aro 0 —tg > \. Coieyer umMersb B BU/Ly, 9TO BCTPEYAIONIMECS HUKE TTOHSTHSI, HE COTTPOBOK IAE€MBIE
CCBLIKAMU ¥ TIOSCHEHUSIMU OIpejieieHbl B padorax [2, 3.

YIpaBagonmM BO3AEfCTBUEM U PACTIOPSIZKAETCS UIPOK P1, YIPABJSIONMM BO3efHCTBIEM ¥
~ UI'POK (1, YIPABJISIONMAM BO3EHCTBIEM W PACIOPAKAETCS UTPOK P2.

[Tycrs B8 npocrpancree R"™ 3anano 3amkuyToe MuOXKecTBo M. 3amadeit koamunuu {p1,p2}
ABJISIETCsl TIPUBe/IeHIe TpaeKTopun cucreMbl (1) B Moment 6 na MuOxkecTBO M 11pm j1i060M j1ommy-
CTHMOM YIPABJISIONIEM BO3JIEHCTBUM UIPOKA 1.

Crparernio xoamunuu o6o3uaanm cuvsosom U = {Uy, Us}, crparernio urpoka ¢ 0603Hauum
cumBoJsioMm V.

ITycrs P(0), Q(0), S(o) — coBokynuocTr Beex u3amepuMbix dbyHkimii u(e), v(e), w(e), onpe-
JIJIEHHBIX HA MHOYKECTBE 0 CO 3HAYEHUAMHU U3 KOMIAKTOB P, @), S cOOTBETCTBEHHO.

Beskyio napy {t, (7]} mazosem nosunmeit urpe. Crparerueit Uy (V') urpoka pi(q1) nazosem
NPAaBUJIO, KOTOPOEe peasm3oBapiieiica nozurmn {t.,x:, [7]}, to < t. < 0, cTaBUT B COOTBETCTBUE
muokecTBO Uy (ty, ze,[T]) C P (V (s, 2, [7]) C Q). Crparerneit urpoka ps Ha30BEM NPaBUIIO,
crasiiee B coorsercTBue mnosunuu {t., z¢ [T}, to < to < 0, u wncay t* € [ti,0) byukuuio
wlt] € S([t«, t*]).

I[Iycre 3aanbl HaYaIbHAS 03U Po = {t0, T, [T]} u pasbuenue Aorpeska [tg, §] MomenTamu
=<1 <<..<Tp= 9, o= mZaX(Ti_;,_l — Ti).

OmupesemM  anmpoKCUMAIMOHHOE jBUXKerne cucrembl (1), orsewaromee crparermu U =
{U1,Us}, xak aBCOMIOTHO HENPEPBIBHYIO (DYHKIHIO

I[t]A - x[t7p07 U]A) 750 S t S 9) (2)
YZIOBJIETBOPAIONLYIO IPU 10YTH Beex ¢ € [to, 0] muddepennpanibHoMy BKIIOUEHUTO

€ F(t,z,u) +/K(t,x(s)A,w(s),s)dS

to

dz[t]
dt

C HAYAJIBHBIM YCJIOBHEM Tt [T|a = x[to + T]A.

Baecoy F(t,x,u) = co{f(t,z(t + 7),u,v),v € Q}; HA KaxKIOM IOJYyUHTEPBAJIE [T;, Tit1) Pa3-
buenns A ympasiieHue u = const Ha3HAYAETCS MOMEHT T; cTparerueii Uy, a ynpassienne wlt],
t € [7i, Ti+1), HazHavaercst crparerueii Uz, npudem w(e) € S([, Tit1]).
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PasromepHstit mpezgesn npmxenuit (2) mpu § — 0, Kak 0OBITHO, HA30BEM J[BUZKEHUEM CHCTEMBI
(1), nopoxennbim crparerueii U. Muoxectso apuzkennii cucremst (1) nemycro (2, 4].

AnnpoxkcnvaruonHoe aBuzKenne cucreMsl (1), oTBedaroniee CTPATErny UIPOKA P2, OIPEIETIM
KaK abcooTHO-HenpepbiBHY0 byHknmio [t = z[t,po, V]a, to < tx < 0, ya0BIETBOPSIONLYIO
IpH OYTH Beex t € [to, O] muddepenimanbHOMy BKIOUEHIIO

t

dx|t
21[5] € F(t,z,v) —i—/K(t,x(s)A,w(s),s)ds,
to
rne F(t,x,v) = co{f(t,x(t + 7),u,v),u € P}, ynpasnenue w[t] ymOBIETBOpSET YCJOBUIO

w(e) € S([ri,Ti+1]), a ympasjenue v = const Ha KaxkKJIOM MOJTYUHTEPBATE [T, Tit1) Pa3bueHus
AHazHavaeTcd B MOMEHT T;.

Hazosem cucremy muoxkects Wy = {z[t+7]}, Wy C Cl_y g, to <t < 0, (7, u,v) - crabuabHoi
orHOCHTENBHO M, ecim KakoBbI Obl HU Oblaw mosunmst {ts, z¢ [T]}, to < to < 6, xy, € Wy,
moMment t* € (ty,0), aucno v > 0, yupasmsiomee Bozeiicreue v(e) € Q([t«, t*]), cymecTyioT
ynpasasitonue sozjeiicteus u(e) € P([t., t*]), w(e) € S([t«,t*]) Takue, uro z[t* + 7] € W, rae
WL v — oxpectHOCTL MHOXKecTBa WL B Cloa)-

IIycrs

ro(m[7], Wi) = inf [|z:() — ye(o)]] ), y(e) € Wi, (3)

- (k) _ }
auist jarnoro x[7] {z; ' [T]} — kakas-smbo MuHMMMBHPYyIOUAas s (3) MOCIe40BATETHHOCTD.

(k)

CocraBuM MHOXKECTBO TIPEJIeJIbHBIX TOYEK T0CIe0BaTe bHOCTH T,y 0], siBastomnieiicst 0-cedernem

MOCJIeI0BATEIBHOCTH {:ng) [T]}.

O6oznaunm cuMBoioM Z(x(t)) COBOKYIHOCTH 3JEMEHTOB 3TOr0 MHOXKECTBA OJMKANIINX K
Tt [O] B R™.

Dkcrpemanbibie crparerun U€, V€ urpokos p1 u g1 B MOMEHT T; Ha TIOJYUHTEPBAJIE [T;, Tit1)
BBIOMpAEM COOTBETCTBEHHO M3 yCJIOBHUI

me%((:vn [0] — 2z, f(miz(7; + 7),u®,v)) = min max(x, [0] — z, f(7,x(Ti + 7),u,v),

ueP ve@
; _ . A ey — i 0] — A ,
glelg(a:n 0] — z, f(ri, z(7i + 7),u,v%)) Izl)’leaé(gélg(xn 0] — z, f(ri,x(Ti + 7),u,v),

rie z € Z(x(t)).

B1€ech, canTaeM BBITIOJHEHHBIM YCIOBHE CEJIOBOIT TOYKN B MajeHbKOil urpe [4]

IJIGiB IlI)leaéi(SCTi 0] — 2z, f(mi,x(m + 7),u,v) = IlI)leaQX gleig(xn 0] — 2, f(m, (7 + 7),u,v).

OkcrpemMasibuyio crparernio US urpoka pp ompejessieM cieayiomnm obpasom. B moment 7
no nosuiwn {7;, 2, [7]}, ., [T] € Wy, MOMenTy T;y1, unciy 7y > 0, yIpaB/siomemMy BO3IeHCTBIIO
v® = v¢[Tit1] € Q([, Tix1]) onpenensiem uz ycaosusi (7y,u,v) — crabuabrocTr QyHKiMn: u(e) €
P([7i,7i41)), w(e) € S([7i, Tiy1)), tae v < (Tig1, —7i)°.

Oupegenennyio Takum obpaszom dyukuuio w(e) € S([m,Tiy1)) HA30BEM 3KCTpPEMabHBIM
yIpaBJIeHueM UTPOKA P Ha MPOMENKYTKE [Ti, Ti+1] U 0603HAYMM CUMBOJIOM wC[t], & COOTBETCTBY-
IOLYIO CTpaTernio urpoka pi; obosuadum Uz, takum obpasom U¢ = {Uf,Us} — sxcrpemasibHast
crparerus Koajunuu {pi,p2}.

Teopema 1. IIycmo nauasvnas nosuyus uepv po = {to, Tt [7]} marosa, wmo ro(x,[T], We,) = 0.
Ecau cucmema mmoocecme Wy, tg < to < 6, (y,u,w) — cmabusvha 0omHOCUMEAbHO MHO-
orcecmea M, mo sxcmpemanrvnasn ® neti cmpameeus U¢ = {UF,US} ydosaemesopsem ycaosuto
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ri(xz[0], M) = 0,r1(z[0], M) = inf ||z[0] — y||,y € M, x[t] — amoboe dsuscenue x[t,po, U], npu
410600 00NYCMUMOll PEAIUSAUUL YNPABAAIOULE20 6030eTCMEUSA ULDOKA (1 .

Jokasameavcmeo. Tlonydaum ouenky, 10106Hyt0 onenke u3z [3]. st npousBosibHO BBIOPAHHOI
dyuximu z[t)a = z[t, po, U¢|A TOCTPOUM OIEHKY BEJIUYUHBI EA [Ti4+1] U€Pe3 BEJUUUHBL EA[T;|u J;
snech ealri] = ro(z[t]a, Wh).
Pacevorpum nosunmio p(k, i) = {t;, mg-f) [T]a}-
B cuny (7, u, w) — crabunbroctu cucrembl MuoKecTB Wy, tg < t, < 0, ornocurensuo M cpeau
spukennit co ceoiicrsom P [t]a = z[t, p(k, i), V] ecrb aBuKenue co cBoHCTBOM
z¥) [tla € Wiy, (4)

ITo onpejenennio BesmuuHbl EA[T] ¢ yuerom Biioxkenust (4) umeeMm OLEHKY

Alrint] < ([arsalels =2l fola |, +)% (5)

Baech 0Tpesku Tr41[T]A, x'(rfL [7] arpaexropuit z[7]a, ¥ [7] A 3amucsBatorcs B caemyiomem
BHJe (CIUTaeM, 9T0 Tip1 — T3 < A, a4(t) =t — 7, o = T; . 17i, t € [T3, Tit1))

t+T t41 &
wlr]a = 2, [0]a + Tf fil€)dg + ! t{ K (&, 2(s)a, we(s), s)dsdE, —a;(t) < T <0, ©)
Ty [T+ i(t)]a, —A <7 < —ay(t),
(k) t+71 t+1 €
Wy _ ) o Oa+ [ flEde+ [ [ K& 2" (s)a,w(s),s)dsd€, —as(t) < 7 <0,
Tt [T]A - Ti Ti to (7)

2+ ()] a, —A <7 < —au(t),

rae fit] € F(t,z,u),to < t < 0, folt] € F(t,z,v°),tp < t < 0. Ioucraasiem (6), (7) B
HepaBeHCTBO (5), Torma

Al =max{ | max |lenlrls ~ 2 s
0 (k) 0 t+1 p t+T1 p
Lm0 = o0l + [ i~ J Rl ©)
t+1 € t+1 &
+ [ K& a(s)a, we(s), s)dsds — [ [ K(&a®) (s)a,we(s), s)dsd€|| + ]}
Ti to Ti to

U3 (8), anamormuno paboram |2, 3, 5| ¢ ucmoap3oBanueM yCaoBus JIMMmia, cieayer oneHka
2 2
ealrit1] < eAlml(1+ C - o + aip(ow),
riae C' = const > 0, a p(«;) — HeoTpuraTenbuas Gynknusa co csoiictsoMm p(a;) — 0 mpu o — 0.

Orciona, anasornano paboram [2, 3, 5], cieyer 10Ka3aTeLCTBO TEOPEMBI. O
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Game Problem Guidance for Integro-Differential System
of Volterra Type for Three Persons

V.L. Pasikov, Orsk Branch of Orenburg State Institute of Management, Orsk, Russian
Federation, pasikov_ fmf@mail.ru

The problem of guidance of a dynamic object in space R™ on a closed set M is
considered. In this problem three players take part, and two of them make up the coalition
that seeks to bring moving point z(t) to the set of at the moment o, and a third player tries
to avoid the meeting, x(¢) with the set M.

Feature of our work is to describe the evolution of the object of nonlinear integral
differential system, which gives to the controlled system new essential properties: memory
and the effect of delay on control inputs, which complicates the study, compared with
the case where the evolution of the object is described by ordinary differential systems.
To solve the problem we assume the existence of a stable bridge in the space of continuous
functions, containing pieces of solutions of the initial system when using players’ coalition of
their extreme strategies defined in the work for any admissible management of the opposite
side. Tt is assumed that a stable bridge dropped on the target set M in a fixed moment of
time 6.

We prove that the constructed in the work of the extreme strategy coalition holds the
solution (the movement) of the system at stable bridge, and solves the problem of guidance.

Keywords: coalition; memory on the management; extreme strateqy; integro-differential

system; stable bridge.

120 Becrauk HOYpIL'Y. Cepus <MaremaTuueckoe MoOZeJIUPOBaHUE W MPOrpaMMHUPOBaHUe >



KPATKUE COOBIITEHNUA

References

1.

Zverkina, T.S. To the Question of the Numerical Integration of Systems with Delay |K
voprosu o chislennom integrirovanii sistem s zapazdyvaniem|. Trudy Seminara po teorii
differencial nykh uravneniy s otklonyayushchimsya argumentum [Proc. of the Seminar on
the theory of differential equations with deviating argument|. Moscow, Universitet Druzhby
narodov, 1967, vol. 4, pp. 164-172.

Osipov, Yu.S. Differential Games of Systems with Aftereffect [Differencial’'nye igry sistem s
posledeystviem|. DAN SSSR, 1971, vol. 196, no. 4, pp. 779-782.

Osipov, Yu.S. Differential Game of Guidance for Systems with Aftereffect [Differencial’nye
igry navedeniya dlya sistem s posledeystviem|. Prikladnaya Matematika i Mekhanika, 1971,
vol. 35, no. 1, pp. 123-131.

Krasovskiy, N.N., Subbotin A.I. Pozicionnye differencial’nye igry [Positional Differential
Games|. Moscow, Nauka, 1974. 456 p.

Osipov, Yu.S., Pimenov V.G. About Positional Control when the Aftereffect of the Governing
Forces [O pozicionnom upravlenii pri posledeystvii v upravlyayushchih silakh|. Prikladnaya
Matematika © Mekhanika, 1981, vol. 45, no. 2, pp. 223-229.

Hocmynuaa 6 pedaxyuro 4 mapma 2013 e.

2013, Tom 6, Ne 4 121





