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form of Germeyer convolution we derive necessary conditions for Pareto
optimality and characterize Pareto optimal controllers in terms of LMIs as
optimal solutions for this cost function. Fundamental problems of optimal
protection from shock and vibration as well as a control problem for rotor
in active magnetic bearings are considered.

YIK 517.977.8, 519.837.4

VYKJI0OHEeHUEe OT IpyNnbl IMpeciiefoBaTeseil B JNHENHBIX
napobuo-auddepeHInaIbHbIX UTPax

A. C. Bannuxos

Yamypreknmit I'YV, Uxkesck, Poccus
asbannikov@gmail.com

PaccmarpuBaercs 3azava yKIOHEHHsT yOEraloOMero OT IPYNIIbL IpecIe-
JoBaTesiel B KOHEYHOMEPHOM €BKJIMJIOBOM IIPOCTpaHCTBe. JIBmkeHune
OIMCBIBAETCH JIMHEMHON cucTeMOoll JpOOHOTO mopsjaka. B Hava bHBIN
MOMEHT BPEMEHU 3aJIaHbl HAYAJIbHBIE YCJIOBHS. YIIPABJIEHUS HUI'POKOB
OTPAHUYEHBbI OJHUM U TEM K€ BBIIYKJIBIM KOMIAKTOM. Y Oeraonuit 10-
IIOJTHUTEJIBHO CTeCHEH (ha30BBIMU OIDAHMYEHUSMHU — BBIILYKJIBIM MHO-
TOrPAHHBIM MHOXKECTBOM C HEITYCTOW BHYTPEHHOCTHIO. B TepMmuHax Ha-
YaJIbHBIX ITO3UIMI U I1apaMeTPOB UI'DBI IOJIyYEHBI JJOCTATOYHbBIE YCJIO-
BUs Pa3PENINMOCTHU 33Ja9U YKJIOHEHUS.

KuaroueBrbie cioBa: muddepenimanpable Urphl, Mpon3BogHas mo Ka-
[IyTO, YKJIOHEHHE, IPOCTasi MATPUIIA

1. BBegeune

Baxnoe mampasiieHne pasBuTHsi COBPEMEHHOU Teopuu muddepeHIu-
aJIbHBIX UI'D CBA3aHO € Pa3pabOTKONW METOIOB PEIeHUsS UTPOBBIX 33139
peCIeOBaHNSA—yKJIOHEHNsI C yIACTHEM HECKOJIBbKUX O0beKTOB [1,2|, mpu-
9eM, KpoMe yFﬂy6ﬂeHI/I5{ KJIaCCUYIE€CKUX METO/I0B peIlleHnd, aKTUBHO BEJIET-
Csl TIOMCK HOBBIX 3a/la9, K KOTOPBIM IIPUMEHHUMBI Yy2Ke pa3pa60TaHHbIe Me-
Toapl. B wacrHocTH, B paborax [3,4] paccMaTpUBAIUCD 331291 TIPECTIEI0BA~
HUs JIBYX JIAII, ONMCHIBAEMbIE YPABHEHUSIMU C JIPOOHBIMHU ITPOU3BOIHBIM,
riae 6I>IJII/I IOJIYY€HbI JOCTATOYHBIEC YCJIOBUA ITOMMKH.

B macrosmeit pabore paccMaTpHBaercs OjHa 3aJada Ipecsiel0oBaHus
IPyNIO# mpecseaoBaTeieil 0JHOro yGeraromero Ipyu YCJIOBHA, 9TO JIBUKE-
HUE BCEX y‘{aCTHI/IKOB ONUCHIBAETCA JIMHEHTHBIMUI ypaBHeHI/ISIMI/I C ,ILpO6HBI—
mu o KamyTo mpomsBoaHBIMU, MATpHIla, CHCTEMBI — IIPOCTas, a yoeraio-
MU B IIPOIECCE UTPHI HE MOKHUIAET IIPEJIEbl BBIITYKJIOTO MHOIOI'DAHHOTO
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MHOXKecTBa. [10JIyYeHbl JI0OCTATOYHbIE YCJIOBHS YKJIOHEHNUs], BEIPaXKeHHbIE B
TepMHUHAX HAYaJbHBIX HO3MIMI U IapaMeTpoB urpsl. Pabora npojgosmkaer
uccseioBaHus [5].

2. IlocraHoBKa 3amadn

B npocrpanctse R¥ (k > 2) paccmarpusaercs muddepennmambaas ur-
pa n+ 1 jgum; n upecienosareseit Py, i = 1,...,n, u yberatomero E. 3akon
JIBH2KEHUST KaXKJI0TO U3 rpecieoBareseit P; umeer Byt

(1) (CD&;UZ-) (t) = az;(t) + u (), z;(0) = x?, u; € Q.
3aKOH IBUKEHUs yOEraiomero NMeeT BUL
(2) (“Dg,y) () = ay(t) +v(t), y(0)=1" veQ.

Baecs a € (0,1), CD(O)‘ ‘[ — npoussoanas no KamyTo nopsika o Gynxmmm
fy xi, y, uj, v € R¥, Q — Bemykisii xommakr B R¥, a — Bemecrsennoe
ancio. Cuuraem, uro z9 # y° mia Beex 4. JONOMHATELHO TIPE/IIIOIATACT-
cs1, 9To yberaronuii F B mpoliecce UI'pbl He MOKUJIAET MIPEJIEIbI BBIITYKJIOTO
MHOT'OIPAHHOT'O MHOYXKeCTBa {) C HEeIyCTOil BHYTPEHHOCTHIO BUIIA

Q:{§€Rk‘<p]’§><ﬂj, j:l’_._’r7 7'20},

rjae pj, j =1,...,7, — eIUHUYHbLIE BEKTOPbI RF, Wi, j=1,...,r, — Beme-
CTBEHHBIEC 4HCIA, TaKue, 9To int  # 0; mpu r = 0 cunraenm, uro ) = R¥.
Bumecro cucrem (1), (2) paccMOTpuM CHCTEMBI

(CDg“+zi) (t) = az(t) +u;i(t) — v(t), z(0) = zZ—O = ;v? —° u;,veQqQ.

Iycrs T > 0 — IPOM3BOJIbHOE TIOJOXKHUTENIbHOE Unciio, o = {0 =ty <
t1 <...<tsy1—1} — KOHe4YHOe pasbuenne orpeska [0,T].

Onpenenenune 1. Kycouno-npozpammnoti cmpamezueti Sg yoeraiomie-
ro E, sagannoii Ha [0,T], coorBercTByOmeil pasOueHN0 o, HA3BIBAETCS
cemeiicTBo orobpazkenmii by, [ = 0, ..., s, CTaBANUX B COOTBETCTBUE BEJIM-
qunaMm (¢, z1(t;), - . ., 2 (t;)) u3mepumyo dynkuuio v;(t), oupeneaeHHyo
s € [tr,ti41) 1 Takyio, aro vi(t) € @, y(t) € Q s Beex t € [ty, ti41]-

Omnpepnenenne 2. Kycowno-npoepammnots xonwmpempameeuets CSp,
npecnenosarenst P, 3amannoit va [0, T], cooTBercTByIOmeil pasbuennio o,
Ha3bIBaeTCs ceMelicTBO oTobparkenuit ¢;, [ = 0,. .., S, CTABSAIINX B COOTBET-
crBue BesmauHaM (tr, 21 (1), . .., 2n(t;)) u yupasaenuto vi(t), t € [t;, ti41),
usMepuMyto GyHKIMIO uf (t), onpeesennyio s ¢ € [t;,41) 1 TaKylo, 4TO
ul(t) € Q st Beex t € [ty, ty1).
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Onpenenenue 3. B quddepernmaabHON Urpe TPOUCKOIUAT YKAOHEHUE
om ecmpevu, eciau ajs joboro T > 0 cymiecTBYIOT pa3sdueHne o OTPe3Ka
[0,T] u crparerus Sg yberaiomero E Takue, 4ro jyist J00bIX TPAEKTOPUIl
x;(t) npecsienoBaresieii P; BBIIOJIHEHO

zi(t) #y(t), tel[o,T].

ITycrs nanee Int A m coA — BHYTPEHHOCTb U BBILYKJast 060OJIOY-
ka MmMuHoxkecTBa A coorBercrBemmo, I(I) = {1,2,...,n + 1}, E,(z;p) =
00 ok

kX::O C(u+k/p)

Ai(v) =max{A>0]|-Xz) € Q—v}, i€l(0),

Agj(w) = (pj,v), j=1,...,r, 6 = {)réicrgllglﬁf) Ar(v).

— 0b606mennast pyukius Murrtar-Jleddiepa,

3. JTocTtaTo4HbIe yCJIOBHUs yKJIOHEHHUSI OT BCTpeYHn
Teopema 1. ITycmov r = 0 (Q = R¥), 6o = 0. Toeda 6 dugpdpeperyu-
aAvhoti u2pe NPoUCTOOUM YKAOHEHUE OM GCTNPEYU.

Cnencreue 1. IIycmv r =0 (Q = RY), V. — sonykaviti cmpozo 6vi-
NYKAIT KOMNAKM ¢ 24a0K0T 2paruyets U

0¢Intco {20,... 20

Tozda 6 Juddeperyuanvroti uepe NPoUCTooum YKAOHEHUE OM BCIMPEUU.

Teopema 2. IIycmv r =1, 61 =0 uw ap; < 0. Tozda 6 Juddpeperyu-
AABHOT U2PE NPOUCTOOUM YKAOHEHUE OM GCMPEUU.

Teopema 3 (ykionenne B Kouyce). ITyemv r > 1, 6, = 0 u p; = 0,
Jj=1,....1r (2 — svnykavdi xonyc). Tozda 6 dudpdepenyuarorol uepe
nPoOUCTOOUM YKAOHEHUE O BCMPEYU.

Caencreue 2. ITyemvr > 0,6, =0 uap; <0 daaecexj=1,...,r.
Toz0a 6 Juddepenyuarvhoti uzpe NPoOUCTOOUM YKAOHEHUE OM GCIMPEU.

PaGora Beinonsena npu dpunancosoii nozguep:kke PODPU (IIpoext Ne 16-01-000346-
a).
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Evasion from Pursuers in the Problem of Group Pursuit
with Fractional Derivatives and Phase Constraints

A. S. Bannikov

Udmurt State University, Izhevsk, Russia
asbannikov@gmail.com

In this paper we consider the evasion problem from the group of
pursuers in the finite-dimensional Euclidean space. The motion is describe
by the linear system of fractional order o € (0,1) with Caputo derivative
and a simple matrix. The initial positions are given at the initial time.
The set of admissible controls of all players is a convex compact. It is
further assumed that the evader does not leave the convex polyhedron with
nonempty interior. In terms of the initial positions and the parameters of
the game, sufficient conditions for the solvability of the evasion problem

are obtained.
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