boshqaruvlar sinfi, keyinrog yordamchi matematik tushunchalar o‘rganilgandan keyin
aniglanadi.

O‘bektning boshlang‘ich va so‘ggi holatlari bo‘lgan M, va M, to‘plamlar N o‘Ichamli vektor
fazoning gandaydir bo‘sh bo‘Imagan kompakt gism to‘plamlari sifatida olinadi. Sifat kriteriysi

bo‘lib, M, to‘plamdan M, to‘plamga o‘tish uchun sarflangan vaqt, ya’ni

J(U('[),X(t))=tl—t0 bo‘ladi. Bunday sifat kriteriysi (1.4) sifat kriteriysidan integral ostidagi
funksiya

fO(t, x(t), u(t)) =1

bo‘lganda hosil bo‘ladi.
Shunday qilib, biz chizigli tezkorlik masalasining qo‘yilishiga keldik. Bu masala obektni

boshlangich holatlarning M, to’plamida holatlarning so’ngi M, to'plamiga eng gisga vaqt

ichida olib o'tuvchi U (t) joiz boshgaruvni va unga mos (1.6) tenglamaning X" (t) yechimini
topishdan iborat.

Yuqorida keltirilgan 2-misol chizigli tezkorlik masalasi bo’ladi.

Optimal boshgaruv nazariyasi bilan birinchi tanishish uchun chizigli tezkorlik
masalasining tanlanilishi bejiz emas. Bu masala ko proq ustunlikka ega.

Birinchidan, (1.6) chizigli differensial tenglamalar uchun x(t) trayektoriyani u(t)

boshgaruvga nisbatan oshkor ko'rinishda yozish mumkin. Bu esa optimal boshgaruv matematik
nazariya-sining asosiy masalalarini effektiv tekshirish imkoniyatini beradi.

Ikkinchidan, chizigli tezkorlik masalasalalarida optimal boshqgaruvning umumiy
masalasidagi barcha harakterli giyinchiliklar yaggol namayon bo'ladi [5].
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YU3UKJIU TU3UMHHU CUJITTUKMAC TEPMUHAJ ME30H BYHUYA OIITUMAJL
BOIIKAPHUII MACAJIACH

Kymanoe Kamon Caiigpynnaesuu
V3bexucmon Munnuii ynueepcumemuHune
Kuzzax chunuanu macucmpanmu

Annomayuna: HMwoa quzuxiu OUHAMUK OOWKAPYE MUSUMUHU CULTUKMAC MeEPMUHAT
@yukyuonan oOyUuua onmumaniauwimupuw macaiacu xapaiaou. Ly macanaoa onmumaniux
wapmaapu ypeanunean. Onmuman 60wKapys yuyH 3apypuii 6a emapiu Wapmiap OJIUHSaH.

Kanum cyznap: Oowkapys mu3umu, mepMuHal @QYHKYUOHAL, ONMUMAL OOWKapys,
ONMUMANIUK WUAPMAADU.
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XO03Upru 3amMOH WIMHKW-aMaJMi TaJKUKOTIApUIa HKTUCOAMET, TEXHUKA, SKOJIOTHS,
THOOMET Ba OomKa coxajgapaa mango OynmaéTraH ONTUMAUTAIITUPHUIN  MacajlaJapuHUHT
axamusiTh opTuO OopMokda. by sca onruMmamiam macanagapuw MaTeMaTHK Ha3apHsICHHUHT
PUBOKJIAHUILA MYXUM OMIII OYnIMO Xu3MaT KWIMOKIA. AManuéraa MaTeMaTuK JacTypiiall,
onTuMan OOMIKApYBHUHT MaTEeMaTHK Ha3apwsiCH, kKapaéHiap TaJKUKOTH, Kapop KaOym
KWIMIIHAHT MaTeMaTUK yCy/Ulapu KeHr TarOukiapra sra [1,2,4,5]. Mypakka®b auHAMHUK
TU3UMJIAPHU OOIIKAPUII Ba palMOHAI KAapop KaOyd KWIHII MyamMMoJiapu OWIaH OOFIIHK
TaAKUKOTJIAp HaTWXKacHuJa MaTeMaTHKa/la KaBapuK Ba CHIUIMKMAC TaxJIMJ XaMJa CUJUIMKMAc
oNnTUMAJIIAI YCYJUIapyu pUBOXIaHMOK A [3,5-9].

JluHaMHMK TU3UMJIAp Y4yH CHWJIMKMAac MeE3OHJapra Kypa Oolikapuil Ky XxoJuiapaa
MUHUMYM €K MaKCUMyM THIHAArd Makca] (QYHKIMOHAJUIAPWHU ONTHMAJUIAINIl Macayajapu
cudaruaa kapanaau. bynnait Tunaaru GyHKIMOHAIIAp, OJaTAa, MyailsiH YeKJIallIapHu Xucoora
ONIUINI HATIKacuja maigo Oynmanu Ba ¥3 crneuuduk xoccanapu Ownan axpanu0 Typamu. Ly
cababnu, CWUIMKMAac ONTUMAIUIAIITHPHUIN MacalajlapuHU YpraHulijga Ba OyHIa MOC ONTHUMAl
OOIIKapyBHU KYpPHII YCYJUIAPHHU WIUIA0 YMKHIIAA MaKcal (YHKIIMOHATUHUHT XYCYCUSTIApUHU
anoxuaa YbTUOOpra OJNIUII MyXUM axaMusT kaco staau [3,6,9].

Macananunr  Kyimmmu.  R"—  N-youamnam  Bekropnap  EBkimp ¢asocu

n

(x,y) = Z X;¥i — 6y dazogaru x = (x,,X,,...x,) Bad y=(y,,¥,,..,y,) BEKTOPJIaPHHHI CKaJsip
i=1

kynaiitmacu 0yncuH. by dhazona Hopma ||X|| = ,/(X,X) kabu aHUKJIaHAIH.

JuHamuk 601IKapyB TU3UMUHUHT KyHUaru YM3UKIN MOJEINHU KapaiiMus3:

%:A(t)x+ B(t)u+q(t),teT =[t,.t,]. 1)

OyHma xe R"—TusuMHHHT XxoyaT Bektopw, UE R™_ OomKapyB BEKTOpH, A(t)—nxn-

Marpuia, B(t) —nxm-maTpuna, C{(t) eR", by wmonenma A(t), B(t) wMmarpunanap Ba
q(t) BekTOp-QyHKIMAHA | OpanvKaa y3iyKCH3, OOIMIKapyB BEKTOPUHUHT KUMMATIap TYIUIaMu

m o )
U sca R tasonunr kaBapuk xommakt Tymiamu ne6 xucobmaiimus. U (T) 1e6 u(t) eU, teT

[IAPTHU KAHOATIAHTUPYBUM YIYOBIM (DyHKUUSATIApAaH TalIKWI TOMNraH >KOHH3 OolIKapysiap

Tynnamuan Oenrunaiimus. Juddepennuan TeHrnamangap Ba ONTHMal OOLIKApyB Ha3apusCH
0

HATHKAIApHra Kypa, Xap 6up u(-) e U (T) xoitn3 6omkapys yays (1) rerrmamarmar X(t,) = X
0
OONUTaHFUY MIAPTHU KAHOATIAHTUPYBUHM ATOHA aOCONIOT Y3IyKcn3 X = X(t,x",u), teT, eanmu
MaBxya 6ymamu [1].
Kapanaérran (1) un3ukiv TU3MMHU OomIKapuil cupaTuHU ynlOy TepMUHaN pyHKIIMOHAI
épramua GaxosnanmMus:

p
g(x(t, X", u)) = >, max (&, x(t;, X", ), @)
i=1 !
OyHna Zi, = 1,_p — R" HuHr OepwiraH KoMmakT Tymiamiapu. Kapamnaérran JUHaMHK TH3UM

p
y4yH OOMKAPUINHKUAT (2) KYPUHMIIAAId ME30HH MakcumyM Tunmaara  g(X)) = Z m%x(é, X)

=L °<
CHIUTMKMac (GyHKIMS OuiiaH OepuiiraH.

Ypsukn Gomkapys trsumu X(1, XO,U) TPACTOPHMSCHHUHT Yall YYMHU KY3FalyBuH 1e0

o 0 o o
xucobmaiivms, sean X €D, D — Gepunran kaBapuk xommaxt tymmam. Illymmaii mapraa (2)
(GYHKIIMOHAIHU ONTHMAUIAIITUPUII MacajlacuHU Kapaimui. By macananu ymoOy KypuHHUIIIA
€3MIlI MyMKVH:
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max (w, X(t;, x°,u)) > min,x° e D, ueU(T), (3)

p p
Oy epna W:Z:Zi W =ZZi. Kyiinnran macanaga ontuMain OOIIKapyB y4yH 3apypuil Ba
i-1 i1
eTapJiy IapTJIapHU ypraHaMus.
Cunsimkmac pyHkmuoHasa yuyH gopmyaa. uddepennuan TeHriamManap Ba JUHAMUK
TU3UMJIApHU OOIIKAapyB Hazapuscu [1] HaTwxkamapura kypa, xap oup u(-)eU(T) yuyH (1)

0
TEeHIJIAMAHUHT X(to) =x° Gommanruy mapTaaru X(t) = X(t, X ,U) a0COJIIOT Y3JIYKCU3 CUMMUHH

x(t, XO,u) = F(t,to)xO + j F(t,7)B(r)u(z)dz + j. F(t,7)q(r)dr 4

to to

Kommu ¢opmynacu €pnammaa tacBupiam MyMKHH, Oy epaa F(t,t) Ounan %: A(t)x y4yH

dbyHaaMeHTan euuMIIap MaTpULIACH OeNTHIIaHTaH, SHHH

%: AM)F(t,7), F(r,7)=E, reT.

Kyitunarn Genrunamutapun kupuramus: 2 =(2y,2,,,2,), Z=2,xZ, X..XZ,, c0OZ—

Gepuiran Z T}”/rmaMHHHr KaBapuK KOOUFHU. (4) Komm ¢opmynacu Ba ymoy

Zmax(z,,x) max(X, Zz ) = max (x, w)

i=1 A€
TEHTIMKAaH Goraananud (2) GyHKIHOHAT yIyH

g(xX(t,, x*,u)) = max[(F (t,,t,)x°, w) +i|1.(F(t1,t)B(t)U(t).W)dt + }(F(tl,t)Q(t),W)dt] ®)

to to
dbopmynara sra Oynamus.
OnTuMa/UIMK WAapTaapu. DHIM Kyiunard QyHKIMOHATHE KapaiimMus:

p(x°,u,w) = (F(t,t,)x°,w) +tj(F(tl,t)B(t)u(t),w)dt+ }(F(tl,t)q(t),w)dt- (6)

to to
(5) bopmynanu xucobra onub, (2) repMuHa GYHKIIMOHATHN KyHHIard MAKIaa E3UIT MyMKHH:
g(x(t,, x°,u)) = max £(x°,u,w). (7)

bynnan xeitun V = (XO,U) , V = DxU (T) 6enrnnamyaan ¢poigananamus. [llynra kypa (6)

0
(byHKIIMOHATTHU ,LI(X ,U,W):,U(V,W) kabu €3amu3. by (QyHKIMOHATHM MUHUMAIIAIITAPHII
Macallacd y4yH Jrap HyKTa TyllyH4Yacd MyxuM. KaBapuk TaxiauiagaH MablyMKH, arap Oapua
(v,w) eV xcoW yudyH

(VW) < (VW) < (v, W)
TEHICU3JIMK YpUHIM OYica, (V’k ) W*) eV xcoW HyKTara u(v,w) (yHKIHOHAJIHHUHT 3rap HyKTacu

ne6 aiitmnamu [7]. KaBapuk Taxjmia HaTHKanapra acocaH (v, w") eV xcoW HyKTa  2(V, W)
(YHKLIMOHATHUHT 5rap HYKTacH OYIIUIIHN yIyH
max z(v*,w) =min max (v, w), m|n (v, w") = max m|n 1V, w),

wecoW veV  wecoW wecoW ve

min max (v, w) = max m|n ,u(v w)

veV  wecoW ecoW ve
HMIAPTIIAPHUHT OaXapUJIHIIK 3apyp Ba eTapauaup[7].
(5) ¢dynxmuonan yuyn (7) dopmynagan Ba  (6) (QYHKUMOHAJIHMHI 3rap HYKTacH
maptiapuaad goigananuo, (3) Mmacanaaa ONTUMAIUTMKHUHT 3apypHUH Ba €Tapiiv MapTiapura sra
O0ynamus.
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Teopema. (3) macamaga U €U (T) OoImKapyB Ba x° €D Gounanruy HYKTQHUHT
OINTHUMAJ OYJIUIIN YIyH HIyHIalH W e cCOW HyKTa TOIMUINO, KyHHIara

2(x°,u", W) = max u(x® ,u”,w),

wecoW

min(F (t,t)x", W) = (F (6, t)x* ), (8)
rIliUn(F(tl,t)B(t)u,w*) = (F(t,,)Bt)u™ (t),w"), teT. 9)

HIAPTIIAPHUHT OaXKapHIIHIIH 3apyp Ba €TapIuaup.
Hatmka Ba Xxyaocaiap. OnuHran ONTHUMAUIMK IapmiapuaaH  (Qoinananuin
MMKOHUSITUHH YPraHuIil Makcaauia yuoy

7(wW) = min(F (t;,t))&, W) +jrpiun(F(tl,t)B(t)u,W)dt+j(F(tl,t)q(t),w)dt. (10)

to
dbyHkMoHamHU Kapaiimus. Kentupunran teopemaiaH Kenud YUMKYBYM KyWHJAru TacAUKHU
KEJITUPaMU3.

*

Harmxa. A#tainuk, U* EU(T)— onTuMan OOILIKAPYB, x* eD - OIITHMAaJl OOIIIaHFUY
HyKTa OyncuH. Y BakTaa

y(W") = max y(w) 11)

MyHOCa0aTHH  KAaHOATIIAHTHPYBYM  UXTUEpUH W ecoW Hykra yuyH (8),(9) mapriap

Oakapuaay.
(10) xypunwmmaru y(w) QyHKOHSHHHT Xap Oup W' e coW r10o6an MHHUMYM

HyKTacuma W =0 mapt max y(w) >0 Oynrannaruna ypunnu Oynaau. By sca kentupuiran
wecoW

(8), (9) maptnapaan Qoiigaiana oI yIyH MyXUM XyJocanapjaan oupuaup. bynapman kemu0
YUKAAUKH, (3) Macajia e4MMHHU TOTHII YIyH AacTiad

y(w) — max, We coW . (12)
KYpPUHUIIAArK ONTUMAJIAIl MacallaCHHU Xall 3Tull kepak Oynmaau. by (12) macama sca 60THK
¢byakmusan  COW  KaBapWK KOMITAKT TYyIUIaMla MUHUMAQJUIAIITHPUIN —Macajgacu Oyiaud, vy
MaTeMaTHK JacypJall ycyapu épaaMuia Xai aTunaau [2].
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