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Petrov N.N., Shchelchkov K.A. ON CORRELATION OF TWO EVASION PROBLEMS WITH
MANY EVADERS

There is considered the problem of conflict interaction of pursuers’ and evaders’ groups, provided
that among the pursuers there are participants whose capabilities are not inferior to the opportunities
of evaders as well as participants with fewer opportunities. It is proved that if in the game with equal
opportunities for pursuers and evaders evasion of at least one evader on an infinite interval of time occurs,
then with the addition of pursuers with fewer opportunities, the evasion of at least one evader is happening
on any finite time interval.
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OB OJJHOM TEOPEME O CJIABOII 3BAMKHYTOCTH
CVYIIEPIIOBUIINMOHHOI'O MVYJIBTNOIIEPATOPA

© [I.I'. IlerpocsH

Karouesvie caoea: MyJIbTHONEPATOD; c1abas CXOAUMOCTD; U3MEPUMOE CEeUYeHNe; KOMIIAKTHOE
MHOKECTBO.

B pabore mokaspiBaeTcs Teopema O cyraboif 3aMKHYTOCTU CYIIEPIO3UIIMOHHOTO MYJIHTHOIE-
paropa i MyJbTA(GYHKIMA COOTBETCTBYIONIEH MHOIO3HAYHOMY OTOODParKEHHUIO, KOTOPOe
[O/TIMHSETCST YCJIOBUSIM THITa BepxHuX ycjosuit Kapareomopu. lamuast Teopema siBjisieTcst
obobmennem Teopemst 1.5.30 u3 [1].

[Tycts E — 6aHAaX0BO MPOCTPAHCTBO U nMeeTcst pasbuenue orpeska [0, 7] Toukamu 0 < t; <
e <ty <T, m>1. O6o3naunm yepes Kv(E) u Cv(E) COBOKYIHOCTb BCEX HEILyCTBIX BbI-
IYKJIBIX KOMIIAKTHBIX TOJAMHOXKECTB F M COBOKYNHOCTH BCEX HEIyCTHIX 3aMKHYTBIX BBITYKJIBIX
noamuokects E - coorsercrsenno. O6ozmauum taxske cumsosom PCNT([0,T); E) upocrpan-
crBO dbyukumii 2 : [0,7] — E, HeIpephIBHBIX BMECTE CO CBOUMIL IPOU3BOAHBIMA 2 ,Z ..., 2
(mpu N = 1 upocro venpepsiBabix) Ha [0, T\ {t1, ..., t;} ¥ TaKuX, 9TO JIEBBIE U IPABBIE IIPE/iC-
JIBI z(j)(t,;) u z(j)(tﬁ), 0<j<N-1, 1<k<m, cymecrBylor u z(j)(t,;) = 2U)(t},). Hpn
N =1, upocrpancrso PC°([0,T]; F) Gyaem oboznadars npocro PC([0,T]; E).

Herpymro Bujers, aro npocrparcreo PCYN ([0, T]; E) , crabrxennoe HOpMOit

2l per—1 oy = W2l + 121+ oo 4 2V,
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rJie B IPABOil YacTH PaBEHCTBA PACCMATPUBAIOTCsI OOBIUHBIE HOPMbI DABHOMEDPHOI CXOIMMOCTH,
ABJIAETCS GAHAXOBBIM MPOCTPAHCTBOM M 4TO Kiaaccmieckoe npocrpancrso CN=1([0,T]; E) sas-
JISIeTCsSI €r0 3aMKHYTHIM II0/[IIPOCTPAHCTBOM.

O6ozmaumm I = [0, T)\ {t1, ..., tm} . Paccmorpum mymsruonepatop F : Ix Bx BN — Ko(E),
YJIOBJIETBOPSIIONTHI CJIC/YIOINM yCITOBHUSIM.

(F1) Mynsrubysknus F(-,9,y) : [0,T] — Kv(E) gomyckaer CHIBHO H3MEPUMOE CCUCHHE
nst Beex (9,y) € B x EN;

(Fy) Myabruorobpaxenne F(t,-,-) : B x EN — Kv(E) moaynenpepbBHO cBepxy (ILH.C.)
ansg . B. t € I

(F3) CymecrByer dyukus w € LP([0,T]), p > ﬁl\%l’ Takasi, 4To:

1E®0,9)l == sup{|[fllg: feFtdy)} <wt)d+ 05+ llyllgy),

s Beex (0,y) € Bx BN uw s t€l.

Baech B obosnavgaer dhazoBoe MPOCTPAHCTBO OGECKOHEUHBIX 3amasabiBanuii Xeitra n Karo
(em. [2]).

[Iycrs Cp(—o00;T] — nuneitnoe npocrpancTBo dyukuuii y : (—oo; 7] — FE, Takux, 4ro
Yo €EB uy=ylpr € PCN=1([0,T); E), ¢ momysopmoii:

HyHCE(—oo;T] = |yols + H?HPCN—I([O,T];E) .

Hnst y € Cp(—o0; T] pacemorpum MyabTudYHKIUIO:
Op 2 [0,7] — Kv(E), ®p(t) = F(t,y,y(t), v/ (£), 5" (), ..y V().

dcno, aro byuxmmn t € [0,7] — y; € B u y® : [0,7] — EN, i =0,1,..., N — 1 xycouso-
HenpepbIBHBL. Torya mynbrudyakius Pp spisiercs LP -unTErpupyeMor.
[Iycte Pr : Cp(—o0;T| —o LP(]0,T]; E) — cynepno3uyuoHmviil Myssmuonepamop, 3aanHblit
CTIEJIYIONTM 0Opa3oM:
Pr(y) = Sg,.»

rae SgF — MHOXKecTBO Bcex LP -mHTerpupyeMbIx cedeHuil MyabTudyHKIMn Pp.

Hawm nonazobsitest caeyromue dakrsl (em. [1]).

Teopewmal Hyemv G: X — K(Y) — n.n.c. myavmuomobpasicenue. Ecau A C X —
KOMNAKMHOE MHOMHCeCB0, mo e20 obpas G(A) komnaxmen.

JTemwmal. LP -noaykomnaxmmuas nocaedosamenvrocmo gynkuyui {£,} caabo xomnaxmma,
MO eCMb U3 HEE MOIICHO 6BIIEAUMD CAGDO CTOOAUYIOCA TOONOCALI0BATNEALHOCTND.

JTemma2 (Masypa) Hyemo {x,},-; — nocaedosamesvrnocms aAeMEHNOE HOPMUPOBAH-
H020 NPOCMPAHCNEE, CAabo crodauaaca ¥ . Toeda natidemcsa d680UHAA NOCACIOBAMEALHOCTIL
neompuyamesv ol wucen {Nig}ooq oy MAKAA, “MO:

(a) > 72 Xik =1 Oas ecex i =1,2,..;

(6) dasn waorcdozo i = 1,2, ... natidemcs nomep kg = ko(i) maxot, wmo N = 0 das secex
k = ko;

(8) nocaedosamervrnocmv SuNYKABIT KOMOUHAUUL

o0
{Ti}2), Ti=)_ A
k=i

cxodumes K T No HopMme.
Jlewmwma 3 Iyemv I — womnaxmmoe mmoocecmeo wa wucrosot npamotd R. Ecau no-
caedosamenvrocms gynrkyut {fn} C LP(I; E) crodumea no wopme npocmparncmea LP(I, E)
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K dynryuu f, mo cywecmesyem nocaedosamenviocmy {fn,}, womopaa 6ydem cxodumca x f
noumu 6crody na 1.

Teopewma?2 [Myemv X, Y — monosoeuueckue npocmpancmea u G : X — P(Y). Toeda
CACOYIOUUE YCAOBUA IKEUBANECHITVHDL:

(a) myavmuomobpascenue G 3amrHymo;

(6) das 060l napw x € X, y € Y maxot, wmo y ¢ G(x), cywecmeyrom oxpecmuocmu
U(z) mouwku x u V(y) mouxu y maxue, wmo G(U(x)) NV (y) = 2

(6) Oan mobvix nocaedosamesvnocmets {xq} C X, {ya} C Y makux, wmo z, — =z,
Yo € G(T4), Yo — Y, 6binoOaneno y € G(x).

[TpuBeseM Tenepnb HAIT PE3yJIbTAT.

Teopewma 3 Iyemv {qg,} — nocaedosamesvrnocmv 6 Cg(—o0;T], cxrodswancs x
q € Cg(—o00;T]. Ipednoaoorcum, wmo cywecmeyem nociedosamesvrocmv { fn} C LP([0,T]; E),
fn € Pr(qn) caabo crodswancs x dynkyuu f, moeda f € Pr(q).

JlokasarteanbcTso. llyctrb Fj — HOpMUPOBAaHHOE IIPOCTPAHCTBO, MYJILTHOIIEPATOP
F:IxBxEYN — Kuv(E) ynosnersopsier ycinosusam (Fy) — (F3) n a : LP(I,E) — E; —
HEeIIPEPBIBHBIN JIMHEHHBIN onepaTop. /lokaxkem cHadasia, YTO KOMIIOBUIIHS

aoPp:Cr(—o0;T] — Cv(E)

3aMKHYTO€ MYJIBTHOTOOPaYKEHHE.

3aMeTHM, 9TO BBIMYKJIOCTD 3HAYEHUN MYJIBTHOTOOpaXKeHUsT @ 0 Pp clieyeT u3 BBITYKIOCTH
3HaueHuit F' u JIMHEiHOCTH omeparopa da.

Pacemorpum nocienosarensuoctu {qn}ooy, gn € Ce(—00;T]; {zn}oe , 2n € E1 Taxue, 4ro

Jim llan = dllep ooz = 05 20 € @0 Pr(gn), Hm 20 = 2llp, =0.

BriGepem nocaenosarensuocts {fp}oo C LP(I, E), fn € Pr(an), zn = a(fyn). Hpumenss
yeanosusi (Fy), (F3) u reopemy 1 JIerko BBIBECTH M3 CXOIMMOCTH IIOCJIEIOBATENbHOCTH {¢p},
9TO MOCJENOBATENLHOCTD { fr}  LP -II0JIyKOMIIAKTHA |, CJIEJIOBATEJLHO, B CUJLy JIeMMbl 1 OHA
cirabo komrrakTHa. [lepexomst K 1OIIOCI€I0BATEILHOCTH, MBI Oy/ieM cUYuTaTh, Oe3 yIiepba s
obrHOCTH, YTO OHA ciaabo cxomures K dyukiun f € LP(I, F). _ N

IIpumenss Tereps semmy Mazypa, MbI TOJTyYaeM MTOCTIEI0BATEIHLHOCTD { fi};.il, fi € LP(1, E),
ﬁ = > Niefr, cxomsmyiocst K f 1o nopme npocrpancrsa LP(I, E). Wcnonb3yst semmy 3, Mbl
cHoBa 6e3 yrebpa j1st OOITHOCTH OyIeM IIPEJIIIoJIaraThb, 9To MOCIeI0BATE/THHOCTD {f;} CXOJTUTCS
K f mouru Bciony Ha .

U3 ycnosust (Fy) ciemyer, uro nouru Jyisi Kaxkaoro t € I no gannomy e > 0 Haiimercs
HATYpaJbHOE YuCIIO ig = ig(g,t) Takoe, 4TO
Pt ()i i(8), 44(8), 0/ (1), - a0 () € Fut a0, a(1),0/(8), 4" (1), -, V7)) ns meex i > i,
rae F. o6o3sHa"aer €-0KpeCTHOCTh MHOYKECTBA.

Ho torma u fi(t) € Fu(t, g, q(t),qd (1), q"(t), ..., V=D (t)) st Bcex i > ig, a ciemoBaTesbHO,
B CILTY BBITyK/IOCTH MHOXKecTBa Fi(t,qr, q(t), ' (t), " (t), ..., N =D (t)) u

Filt) € Bt a0, a(6),0/(£), " (1), ., ¢V (8)) sns scex i > i,
CJretoBaTe/ILHO

F(t) € Ftoq,q(t),d (t),q"(t),...d " V(1) ne. t €1,

To ectb [ € Pr(q).
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C nmpyroit cTOPOHBI,
" o (o.9]
a (f@) = Nika(fr) =Y Nikzk,
i=1 i=1
mosToMy lim;_, Ha (ﬁ) —z b 0.
1
13 menpepsiBHOCTH omepaTopa a ciexyer, uto z = a(f), nosromy z € a o Pr(q), Torma

[IPUMEHsIsT TeOPeMy 2, MOJydIaeM UCTUHHOCTH BCIIOMOTATE/ILHOTO YTBEPKICHUS s a © Pr.
W3 mocTpoeHHOT0 JI0Ka3aTeIbCTBA BUJIHO, 9TO MyJibTHOIepaTop Pr ciabo 3amMkHyT. Teopema

JOKa3aHa.
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Petrosyan G.G. A THEOREM ON THE WEAK CLOSURE OF SUPERPOSITION MULTIOPE-
RATORS

We prove a theorem on the weak closure of superposition multioperators for multifunction correspon-
ding multivalued mapping, which is subject to conditions such as upper Caratheodory conditions. This
theorem is a generalization of Theorem 1.5.30 from [1].

Key words: multioperators; weak convergence; measurable sections; compact set.
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NUMERICAL METHOD FOR THE EQUATION WITH FRACTIONAL
DERIVATIVE ON STATE AND WITH FUNCTIONAL DELAY ON TIME

© V.G. Pimenov, A.S. Hendy

Key words: fractional equation; delay; grid schemes; interpolation; extrapolation;
convergence order.

For fractional diffusion equation with functional after-effect on time, the implicit numerical
method is constructed and the order of its convergence is obtained. The method is a fractional
analogue of the Crank—Nicholson method, and also uses interpolation and extrapolation of
the prehistory of model on time.
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