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AHHoTanus. B nociesHee BpeMs 3aZjauy ONTUMaJbHOTO yIIpaBJeHUs], OMCbIBAEMble CUCTEMaMU YPAaBHEHUH €
JPOGHBIMYM NPOM3BOAHBIMU KamyTo, MpUBJIeKIM BHUMaHHE MHOTHUX HcClefoBaTeseid. OflHA U3 OCHOBHBIX MPUYUH
3TOTO 3aKJIIOYAeTCs B TOM, YTO MPOGJEeMBl YIPaBJIEeHUs], ONMChIBAEMble TAaKUMH YpaBHEHHUSIMHU, (oJiee a/leKBaTHO
OMUCBIBAIOT MPAKTHUYECKHE MPOLECCHI.

B npepsiaraemMoi pa6oTe paccCMOTpeHa O/iHa HeJIMHeHHas 3a/laya ONTHMAJbHOTO YIIpaBJI€eHH s, ONMCbIBaeMast
JApo6HBIMU AubdepeHIIMaIbHBIMU YpaBHeHUsiMU KanyTo.

U3BecTHO, 4TO HaubGoJiee CUIbHBIM HEOGXOJAUMBIM YCIOBUEM TEOPHUHU ONTUMAJbHOIO YIPAaBJEHUs SIBJISETCS
Heo0X0MMOe YCJIOBHE THIA MPHUHIMNA MakcuMyMa [loHTpsiruHa. Heo6XoAuMoe ycli0BHe ONTHUMaJbHOCTH MOXKET
ObITh MOJIyYEHO C IOMOLIBI0 MeTOJa MPUpAIEHUNH NpPU HAJIUYMKA MPOU3BOJBHOTO OrPaHUYEHHOTO 06JIACTH
ynpaBieHHus. B faHHON pa6oTe ¢ MOMOIbI0 MOAUGUIMPOBAHHOTO METOJA NPHUpPALIeHUH MOJIyYeHO HeoGXoguMoe
yCJIOBHE ONITUMAJIbHOCTH IIEPBOTO MOPS/IKA B BUJe MPUHIMIA MakcuMyMa [IoHTpsiruHa.

OTMeTHM, 4YTO 3TO HauboJiee CHJIbHOE HEOOXOJUMOEe YCJIOBHE, KOTOpOe TaKXKe I03BOJISIET MOJIYyYUTh
pas/IMyHbIE JPYTHE TUIBI HEOGXOANMBIX YCJIOBUH ONTHMAJBbHOCTH B IIPEJIIOJI0KEHUSAX JOTMOJTHUTEIBHBIX YCIOBHH.

KiroueBble cj10Ba: NpyuHIUI MakcuMyMa [loHTpAruHa, Apo6Hble Mpor3BoAHbIe KanyTo, 3a/jaya onTHMaIbHO-
ro yrnpaBJIeHUs.

Jlpo6HOe HcyucIeHne pa3BUBAIOCh TOCTENEHHO U B HACTOsIIee BpeMsl SIBJSETCS OY€Hb aKTHBHOU
06J1aCThI0 MaTEMATUYECKOTO aHA/IN3a, O YeM CBHU/IETELCTBYET OTPOMHOE KOJIMYECTBO MyGJIUKALUE (CM.
[1-4]). CyiiecTByeT HECKOJIBKO Pa3HbIX CIOCOOOB ONpe/iesieHUs POOHBIX MPOU3BOHBIX U, CJIeJI0OBATE b-
HO, Pa3HBIX TUIIOB JPOGHBIX 33/1a4 OoNTUMaJbHOro ynpasiaeHus ([30Y). Tem He MeHee APOGHBIE MTPOU3-
BogHble PumaHa - JluyBuiia u Kanmyto 6bin 6GoJsiee LIMPOKO HCHOJIB30BaHbL. B GOJIbIIMHCTBE paboT,
ony6iMKoBaHHbIX Ha |30V, nepeMeHHast COCTOSIHUS MOJIy4aeTcsl MyTeM APO6GHOT0 UHTErPUPOBAHUSA [U-
HaMuK4 PuMana - JlnyBusuis uiau KanyTo, HO 10 CHX OpP pacCMaTPUBA/IMCh TOJBKO HHTErpaJibHbIe MOKa-
3aTeJIM MTPOU3BOAUTENBHOCTH LEJOYHCIEHHOTO NOpsiAKa. 3HAaYMTebHasA paboTa 6blja MpoJesiaHa B 06-
JIACTU OTNITHMaJIbHOTO YIPABJIEHHUS, U CYI[ECTBYIOT MPEKPACHbIe YYEOHUKH 110 3ITOMY BONPOCY (CM., HApH-
Mmep, [5-7]).

JpobHble 3azayu onTUMajbHOro ympassaeHus ([J30Y) MokHO paccMaTpuBaTh Kak 00006lleHUe
KJIAaCCUYEeCKHUX 33/1a4 ONTUMAJIbHOIO YIPaBJEHHUs, JIJI1 KOTOPbIX IUHAMHUKA CUCTEMbI YIIPABJIEHUS OMUCHI-
BaeTcs JudPepeHIMaNbHbIMU YPAaBHEHUSIMU C APOGHBIMU npou3BogHbIMU (/[[1) U MOXeT BKJIIOYATh B Ce-
651 UHJEKC MPOU3BOAUTENBHOCTH, 33ZjaBaeMbli OIlepaTOPOM JPOGHOTr0 HHTErpupoBaHus. [IpuurnHOHN s
dopmysiupoBanus u peweHus [30Y sBisgeTcs TOT GaKT, YTO CYLIECTBYET 3HAYMUTENbHOE YHUCJIO CIy4aeB,
korja /II1 onuchIBalOT NOBEJieHUEe UHTEPECYIOIUX CUCTEM YIpaBJeHUsl 60jiee TOYHO, UeM GoJiee pacipo-
CTpaHeHHbIe 1leJIOUUC/IeHHble U depeHI[UalbHble YpaBHEHUS. DTO UMEET MeCTOo, Hanpumep, B Auddy-
3MOHHBIX Ipolieccax, 06paboTKe yrnpaB/eHUs], 06paboTKe CUTHAJIOB, CTOXaCTUYECKUX CUCTeMax U T. [. [8].

B HacTosillee BpeMs ApoOHOe UCYMCIEHHWE HAXOJUTCS B MPOIECCe Pa3BUTHUS B TEOPETUYECKOM U
NPUKJIAJHOM IJIaHe. ITOT pa3/iel MaTeMaTHYeCKOTO aHa/Iu3a CTal MHCTPYMEHTOM JIJisl MaTeMaTUYeCKOT0
MOJIeJIMPOBaHUs JUHAMUYECKHX CHCTEM B PA3/INYHBIX (0OBIYHBIX U PPAKTANBHBIX) CPeJaX, T03BOJISIOLUM
pelaTh pas3/nyHbIe 33/1a4U CO3/IaHHUS HOBBIX CUCTEM yIPaBJIEHHUS I/l aHA/IN3a, CUHTE3a U JUarHOCTHKH.

OfHako mpo6JsieMbl ONTHMAJBLHOTO YNpaBJEHHUs], pacCMaTpHUBaeMble BO MHOTHX KHHUTrax U Kyp-
HaJIbHBIX CTaTbsIX, B OCHOBHOM KaCalTC CHCTEMHOW [JUHAMHKH, TOBeJeHHE KOTOPOH OIMHCHIBAETCS
MHTETPabHBIMU AnddepeHINaNbHBIMA YpaBHEHUSIMH Topsifika. HepaBHUe uccieioBaHUS B 06J1aCTH
TEXHUKH, HayKU U JIPYTUX 00J1aCTSIX MOKA3aJy, YTO AMHAMHUKA MHOTHX CHUCTEM ONUChIBAETCs 60Jiee TOUHO
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C UCII0JIb30BaHUEM JpoOHbIX AuddepeHunanbHbix ypaBHeHui (J4Y) (cM., Hanpumep, [9-13] u ctaTbu U
CChLIKM B HUX). Kak ykaseiBaoT Musiep u Pocc [14], Bpsx n cylmecTByeT 06J1aCTh HAYKU UM TEXHUKH,
KOTOpasi ocTasach Obl He 3aTPOHYTOM 3TOM 06/1aCThI0. TEM He MeHee OYeHb MaJio paboThl ObLJIO CAEJAHO B
o6sactu [30Y. Ilo mepe pocra cnpoca Ha 3pPeKTUBHbIE, TOUYHbIE U BBICOKOTOYHbIE CUCTEMBI CIPOC HA
TEOpUM ONTHMAJILHOTO YNpaBJIEHUs, a TaKXKe aHAJUTHYEeCKHE U YHUCJIEHHbIe CXeMbl JJI pellleHUs]
MOJIyYeHHBIX YpaBHEHUH Takxke 6yLyT pacTu. PopMysMpoBKa U MOJIyYeHHbIE Pe3yIbTaThI JJ/151 HEKOTOPBIX
A30Y, npeAcTaB/ieHHbIE B 3TON CTATbe, AABJSIOTCS MONBITKAMU BOCIIOJHUTD 3TOT NPoGeJ.

Kak Mbl y)Xe OTMeTW/IH, APOGHBbIE MPOU3BOJHbBIE, WJIM, TOYHEe, MPOU3BOJIHbIE MPOU3BOJIbHBIX
NOPSZIKOB, UTPAIOT 3HAUYUTEJBHYIO POJIb B TEXHUKE, HAYKe U MaTeMaTHKe B nocjefHue roapl. CAaMKoO U co-
aBTOpbl [15] obGecneyuBalOT SHIUKIONEJUYECKOE H3JI0KEHHE 3TOro mnpeamera. JONOJHUTENBHYIO
CIpaBOYHYI0 WH(}OpPMaIHI0, 0630p U IPUMeHeHUe 3TON 00JIaCTH B HayKe, TEXHUKE U MaTeMaTHUKe MOXKHO
HaWTHu B [8; 11; 12; 16].

B aTo# cTaThe MbI paccMaTpuBaeM /I30Y, 1151 KOTOPBIX MHAEKC MPOMU3BOAUTENbHOCTH 33/]a€TCS VH-
TerpajioM ZpoGHOTO MOPs/IKa, a AUHAMUKA — 3TO NPUJIOKEHUs, 3a/iat0lde JPOOHYI0 MTpor3BoJHYy0 Kamy-
TO OT MepeMeHHOT0 COCTOSIHUSA 10 BpeMeHU. Mbl UCNoJib3yeM ApoOHbIe Npou3BoiHble KanyTo. Mbl 06cy-
nuM J130Y, paccMOTpeHHbIe B 3TOU CTaThbe, CGOPMYJIMPYEM COOTBETCTBYIOIIME HEOOGXOAUMBIE YCJI0BUS
ONTUMAaJIbHOCTH U PEACTAaBUM HX [I0KA3aTeJTbCTBO, B KOTOPOM HCIOJIb3yETCS MOAX0/, OTINYAIOLUIUNACS OT
M0/1X0/1a, 06BIYHO HUCI0JIb3yEMOTO JIJIst IPOOHBIX 33/]a4 ONTUMa/IbHOTO yIpaBJieHus. Mbl 6yZieM UCNOJIb30-
BaTh METO/, NpUpalleHus1 GYHKIMOHAIA KAa4eCTBA.

1. 3adaua dpo6HO20 ONMUMAILHO20 YyNpas/aeHus U NpuHYyun makcumyma. Ilyctb ynpasJisieMbId
MpOILecC ONUCHIBAETCA CUCTEMOM JIMHEWUHBIX YPaBHEHUH

EDEx(t) = £t x(t), u(t)), (1)

C HaYaJIbHBIM YCI0BHEM
x(to) = xo, (2)
u(t) €U C R, (3)
Sw) = o(x(ty), (4)

rae
« 1 x™ (1)
tﬁDtx(t):F(n—a) (t—r)““—"dT' n=[al+1,a€R,

0
JieBasi ApoOHas nporusBogHas KamyTo.

3aecb x = (xq,Xy,...,X,) — COCTOSIHHE ympaBjsieMoro o6bekTa, U = (U, Uy, ..., U,)  — F-MepHasi
ynpasssonias ¢yHkius, () o3HavaeT i1 BEKTOPOB ofepalysi CKaJIipHOro MPOU3Be/ieHus, a JJIT MaT-
pHIl - omepanus TPAaHCIOHUPOBAHUS, Xy — MOCTOSHHBIA BekTOp, f(t,Xx,u) — 3aAaHHas -MepHas Bek-
TOp-QYHKIUS, HEMpepbIBHAsA BMECTe C YACTHBIMHU MPOU3BOJHBIMU 1O X, U = U(t) YACTUUHO HelpepbIBHAs
byukius, ¢ (x) — 3aJanHast HenpepbiBHO-AUdepeHIpyeMas cKaasipHas GYHKIUS.

Takue ynpaesswonue GyHKIUHA HA30BEM [JONYCTUMBIMHU.

JonyctuMoe ynpapyeHue u(t), JocTaBjsiollee MUHUMYM QyHKUMOHANY (4), MpU orpaHUYeHUsX
(1)-(3), Ha3oBeM ONTMMaJIbHBIM YIIpaBIeHHEM, a CoOTBeTCTBytowuii npouecc (u(t),x(t)) - onTumasb-
HBIM MPOIECCOM.

llesibo paGoThI ABJSAETCA BbIBOJ HEOGXOJUMBIX YCJIOBUH ONTUMaTbHOCTH B pacCMaTpUBaeMoH 3a-
Jlaue TPU cJieJJaHHBIX TPe/IMO0I0XKEHHUSX.

2. Bviyucaenue eapuayuu gyHkyuoHasa. Iyctb ganbl dukcupoBaHHoe u(t) U MPOU3BOJIbLHOE
u(t) = u(t) + Au(t) monycrumble ynpasieHus. Pemenue 3agauu Ko (1)-(2), cooTBeTCTByOIEE 3TUM
yrnpaBJieHusiM, 0603Ha4uM depes x(t) u X(t) = x(t) + Ax(t). fAcHo, uto Ax(t) siBJIsieTCA pelieHueM Caeay-
I0LLeH 3a7a4U:

AEDEX(E) = £(t,2(0), u(t)) — £, x(6), u(t)), (5)
Ax(to) =0, (6)
AS(u) = S@) — S(w) = S(u®) + Mu(@®)) — Sw) = o(2(t)) — p(x(ty)), (7

Myctb Y = (t) noka npou3BoJIbHas -MepHasi BeKTOP-QyHKIMsA. YMHOXKasA 06e CTOPOHBI ypaBHEHUS
(15) ckansipHo Ha Y(t) U UHTETPUPYS MOJYUEHHOE YpaBHEHHE MO t OT ty A0 t;, MOJTy4YUM

[ wagpex@ae= [ w©F(e2@,20) - FEx@,ue]d ®)
to to

BeeneM anasor ¢pyHkuun 'aMmunbToHa - [IOHTpSIrMHA C/Ie[yIOLMM 06pa3oM

H(t,x,u, ) =P'f(t, x,u).
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Toraa popmyay (8) MOXKHO HaNKUCATh CJAEAYIOIUM 06pa3oM

f P (OAEDEx(t)dt = J[H(t,f(t),ﬂ(t),w(t)) — H(t, x(t),u(t), p(t))]de.
to to

C yaeToM (9) us dopmyJibl npupaiieHus (7) mMoJaydum, 4To
ty

AS@) = (%) — 9(x(t) + j W (OAEDEX(D)dt —
to

— f [H(t, %), u(), Y () — H(t, x(0), u(®), Y (t))]dt.
Hcnonb3ysa opmyry ';‘Oeﬁnopa u3 (10) mosy4yum, 4TO

@(%(t) — p(x(t1) = ¢r(x(t))dx(t1) + o (I1Ax(E)ID

H(t,x(),u(t), () — H(t, x(t),ut), P (t))=H(t, (), u(®),y(t)) —
—H(t,x(£),u(t), P(£)) + H(t, x(t),u(t), P(t)) —
—H(t, x(2), u(t), P(1)) = Hy(t, x(£), u(t), (£))Ax(t) + o, (I1Ax (L)) +
+H(t, x(t),u(t), P(t)) — H(t, x(£), u(t), Y () = Hy(t, x(1), u(®), () Ax(t) +
+H,, (6, x(0), u(6), (1)) — Hy (£, x(0), u(6), (1)) + H(t, x (), a(6), (1)) —
—H(t, x(t), u(t), Y(t)) + o, (1Ax () D
BBeAeM HEKOTOphbIe 0003HaYeHUA:
BayHIt] = H(t,x(6),7(0),p(®)) — H(t, x(6), u(), p (1)),
Hy[t] = Hy(t, x(6), u(t), (1)),
DgyHxlt] = Hy(t,x(2), @ (), () — Hy (£, x(8), u(®), p (1)),
el = (62O, u®),

AginfIt] = H(t, x(), @(®) — £ (&, x(), u(®)).
HUcnosib3ys 3Tv 0603HadyeHus1 ¢opmy.y (12) MOKHO HamucaThb CAeLYOLUMM 06pa3oM:

H(t,x(),u(t), () — H(t, x(t),u(t), ()=

=Hy[t] + Agp H[t] + Agey Hy [t]Ax () +0, ([[Ax ().

YuuteiBas (11) u (13), B (10) nosyyum

%1

AS(w) = @l (x(t))Ax(ty) + f W' () EDEAX(E)dt —

to
ty ty ty
—fH,’C[t]Ax(t)dt— f Ay H[t]dt — f Az Hx[t]Ax(t)dt +
to to to
ty
+o,(18x(e)D - [ +o,(lax(@ e
to
[To popMyJie HaCTUUHOTO HHTETPUPOBAHUS UMEEM

ty

t1
| woniprax@ar = [ ax@atpgu@de+ i xR =

t; fo
= f Ax'(OAGDEY@)AE + 17 Dx(t)P(ty) + i “Dx(to)P(to) =
to .
= f Ax'(OADEP(R)dt + (I~ Ax(t) ().

YuuteiBas (15) B (14), nosy4um

)

(10)

(1)

(12)

(13)

(14)

(15)
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ty

AS(w) = @ (x(t))Ax(ty) + f Ax'(DADEPY(R)E + i “Ax(t)P(ty) —

to

tq tq ty
- f Hy[t]Ax(t)dt — f Az H[t]dt — f AgyHy[t]Ax(t)dt +
to to to
ty
+o,(18x(e)ID - [ o, (lax(@ e (16)
to
MpeanoioxuM, 4To BeKTOP-PyHKIUs P (t) ABISAETCS pelieHneM CAeayI0Ield CUCTEMbI
SDEW(E) = Hy[t], 17)
dET0P(ty) = —pr (x(8)). (18)

3azgaua (17)-(18) Has3bIBaeTCs CMEXHOW CUCTeMOU Jijisi paccMaTpuBaeMol 3azavyd. Torga us (16)
MOJIyYUM, YTO

t t
AS(u) = — f AzpyH[t]dt — f Az Hy[t]Ax(t)dt +
fo t fo t
+o,(18x(E)ID - [ 0,(IAx(@INde = = [ g lelde +naw), (19)
rae . .
1) = = [ A Hlelde + o, (laxeID - [ opClax(@)Dde. (20)

3. OyeHnka uzosnsyamoli eapuayuu ynpaegaeHus. YTo6bl AaTh NPUHIUI MaKcuMyMa [IoHTpsiruHa,
BMecTe ¢ GopMyJIoi npupaneHns GYHKIMOHAMA KauecTBa HaM NMOHAJ06UTCS OLleHKa UTr0JIb4aTol Bapua-
[[M{ YIpPaBJIeHUs U OCTaTOYHOIO YJIeHa.

[l aToro onpeziesiuM npupaiieHye Au(t) ynpassenus u(t) cieayouum o6pasom:

Au(t) = {v —u(t), te[6,0+¢), 1)
0, t eT\[6,0 + ),
v EU,0 € [tyty),0 + & < ty. Au(t) Ha3bIBAETCS UTOJBLYATOMN BapHalyei ynpasaeHus u(t).
Torga gast u(t) = u(t) + Au(t) urosibyatasi Bapualusi
() = { v, teb,0 +¢),
u(t), teT\[6,0 + ¢),

omnpe/iesisieTCst MaJoCThio Mepbl MHOXKecTBa [6,0 + €). 6 Touka JleGera.

Jl1s1 TOro 4TOGHI OLleHUBATh NpupalieHue Ax(t), pacCMOTPUM CJEAYIOIHE CAYYaH:

1. Tlput € [ty,0) pemenue 3agauu (5)-(6) MoKeM HamKCaTh CAEAYIOIUM 06pa3oM:

AEDEx(E) = f(6,2(1), u(t)) — £t x(8), u(®)), (22)
Ax(ty) =0, (23)
Ha uHTEpBaJe [ty,0)Ax(t) = 0 ABIsIeTCS € AMHCTBEHHBIM PELIEHUEM PacCMaTPHUBAEMOM 3aja4uH.

2. llpu t € [6,0 + €) 3ajgava (20)-(21) npumMeT ciaeayOIHi BU;:

A§DE, x(D) = f (5, %(6),v) — F (&, x(6), u(t)), (24)
Ax(6) = 0. (25)
Tak Kak 3Ta 3a/jJaya 3KBUBAJIEHTHA YPaBHEHUIO

Ax(t) = gl [t x(@®),v) — (&, x(6),u®))] =

O+¢
- %gf [ (s, 25D, v) = £ (5, x(5), u(s) ds, 26)
nMmeemM
O+¢
A = %d)f (x = )M f (5, %(s),v) = f(5,x(5),v) + f(5,%(5),v) —
o 1 O+¢
—f(s,x(s),u(s))]ds = mf (x — $)* f(s,x%(s),v) — f(s5,x(s),v)]ds +
b
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1 O+¢e e oo
+mJ (x = 8$)* A, f (s, x(s),v)ds =
= [ 7(5), ) = £(5, %) V)] + Iy eof (5, %(), 1),
Ax(t) = 019“+£[f(slx_(s)’v) —f(S,X(S), 1})] + 91g+£Ayf(S,X(S): V). (27)

[TockoJsibKy OYHKIUS f yAOBJIETBOPSET YCA0BUIO JIMMIINIA IO X, TO

IAx(DIl < ol Ilf (s, %(),v) = f(5,x(), VIl + 6lg1ellAuf (s, x(s), VI <

< olgrellBnf(s,x(8), VIl + Ly glg e l1Ax(S)I- (28)
HUcnonb3ysa ¢popmyay ['ponyosiia - besnmana [19], noaydyum
O+e¢

1Ax(O)]] < % [ =9t f s x), v las +

O+¢

1 -1
i os f (e = ) ax(s)llds,
6+£
18501 < 775 f (= 18, G, 2(5), v s +
O+e
1"n
+L T )J z]“(r(za) x — )" | Ax(s)||lds <

6+£

< Lzm _! (x = )18, f (s, x(), v)llds <

1
< Lsz&‘,
rae M = max||A, f(s,x(s),v)||,L1, L, = const > 0.
Mocneauss ¢opmy.a nokaswiBaet, 4yTo ||Ax(t)||~¢, T. e. [|Ax(t)|| uMeeT nopsiziok € 6eCKOHEYHOH Ma-
JIOCTH.
YuuThIBast 3TU pe3yJiIbTaThl, pupalieHue GYHKIMOHAJA, onpeessieMoe o ¢opmysie (19), MoxHO
HanMcaTh CJAeAYIUM 06pa3oM:
O+¢
AS(u) = — J AzpyH[t]ldt + n(Au) = —eA,H[O] + o(e). (29)
6
Ecnu npeanoJsiarath, 4To ynpaBjeHue u(t) — JONYCTHMOe ymnpaBJieHUe, To u3 (44) cieayert, 4To
BJ10JIb OIITUMAaJ/IbHOTO Mpoliecca (u(t), x(t))
—eALH[B] =0 (30)
ot Bcex v € U, 0 € [ty,tq).
OTcloza cienyer, 4To
A H[A] <0 (3D
o Bcex v € U, 0 € [ty,tq).
YuuThiBasi BBeJleHHble 0603HaUYEHUS, MOXKHO HalKCATh, YTO
H(6,x(8),v,9(8)) — H(8,x(8),u(®),¥(0)) <0 (32)
aas Bcex v € U, 0 € [to,tq).
A 3T0 B CBOIO O4epe/ib 03HAYAET, UTO
max H(6,x(6),v,%(8)) = H(8,x(8),u(8),(8)) (33)
aas Bcex v € U, 0 € [to,tq).
ChopMysupyeM NMoy4eHHbIN pe3ysbTarT.
Teopema. (Ilpuanun makcumyma [loHTpsruHa). [lsi ONTUMAJBHOCTH JOMYyCTUMOTO YIpaBJIeHUs
u(t) B paccmarpuBaemoi 3azade (1)-(4) Heo6xoMMO, YTOGbI paBeHCTBO (33) BbIMOJIHAIOCH [AJisI BCEX
v € U,B0 € [ty,ty).
Bbi60d. Vcnosib3ys MoAUGUIMPOBAHHBIN MeTOJ| MpUpalleHWH, A0Ka3aH MNPUHIMI MaKCUMyMa
[ToHTpsArKMHA AJ151 OJHOW HEJTMHEWHOM APOOHOM 3a/jla4yU ONTUMAJIbHOTO YIIpaBJIeHUS.
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The Pontryagin maximum principle
for a nonlinear fractional optimal control problem

Zh. B. Ahmedova

PhD in Physical and Mathematical Sciences, associate professor, Baku State University.
Azerbaijan, Baku. E-mail: akja@rambler.ru

Abstract. Recently, optimal control problems described by systems of equations with Caputo fractional deriva-
tives have attracted the attention of many researchers. One of the main reasons for this is that the control problems
described by such equations more adequately describe practical processes.

In this paper, we consider a nonlinear optimal control problem described by Caputo's fractional differential
equations.

It is known that the strongest necessary condition of the theory of optimal control is a necessary condition of
the type of the Pontryagin maximum principle. The necessary optimality condition can be obtained using the incre-
ment method in the presence of an arbitrary bounded control domain. In this paper, the necessary condition of first-
order optimality in the form of the Pontryagin maximum principle is obtained using a modified increment method.

Note that this is the strongest necessary condition, which also allows us to obtain various other types of neces-
sary optimality conditions under the assumptions of additional conditions.

Keywords: Pontryagin maximum principle, Caputo fractional derivatives, optimal control problem.
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