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PO3/ILI 5
ONTUMI3ZALISA CTPYKTYPHO 3AJJAHUX CUCTEM

METOJ]  CTPYKTYPHO-IAPAMETPUYHOI  OINTUMIBALIII B  3AJIAYAX
OIITUMAJIBHOI'O KEPYBAHHAI.

1. Bcmyn. Po3rnsiHeMo cucteMmy audepeHIiaTbHUX piBHSIHbD

dx

— = f(x,u,t, 1

m ( a) 1)
3 ymoBoto Kormri

X(t,) = X, (2)

Tyt X — Bekrop crany po3mipHocti N, f(X,u,t,) — Nn-BumipHa BekTOp (YHKIIiS, BU3HAYEHA 1
HenepepBHO JudepeHIiifoBana 3a CBOiMH aprymeHtamu, U=U(t) — m-BumipHa QyHKIIA
KEepyBaHHs, ¢ - BEKTOP MapaMeTpiB po3MIpHOCTI I, t € [tO,T].

Hexaii Ha po3s’s3kax cucremu (1), (2) BusHauenmii neskuii dynkionan |(u,a). Skimo
BEKTOp KEPYBaHHS € 3aJJaHUM 1 CTAaBUThCA 3aJla4ya Mpo ontumiszaiito ¢pynkuionany |(U,a) 3a a, To

TaKy 3a/lady Ha3uBaIOTh 3a0auero napamempuyroi onmumizayii. I1o cBoiil CyTi BOHA HAJEKUTH 10
KJIacy Ipo0JieM HeNiHIIHOro MporpaMyBaHHS.
Hexaii BekTOop « € dikcoBanum 1 onrtumizaiis ¢ykmionany |(U,a) mnpoBoAUTHCS 3a

paxyHOK He3aJe:kHOro BuOOpy GyHKIiI kepyBanHs U =U(t). [Ipumyctumo, mo 3amaHi Jeski

byHKIii
H :\Pi(t’bil’biZ'“"biki)’ te[t- 8 )v ©)

7 i+l
AKl € HemepepBHO AU(pEPEeHLINOBAaHUMU 3a CYKYNHICTIO 3MiHHMX, t; <t <..<ty =T. Sxmo
HaOIMKEHUH PO3B’ 30K TaKOI ONTUMI3alLIHOT 33/1a4l IIYKA€ThCS y BUTIIAI

u(t) =", (t1bi1’bi2""’biki ) te [ti’ti+l)’ (4)

TO TaKy 3aJady Ha3HBaIOTh 3adauero cmpykmypHoi onmumizayii. lle o3Havae, mo mnpobdiemy
BuOOpy ontumanbHol ¢yHKiii U(f) 3Bemu a0 3amadi 3HAXO/PKEHHS ONTHMAIbHHX 3HAYCHb

napametpis by Ta t. B mpoMy Bumanky ropopsATh, IO (QYHKIiS KepyBaHHA 3ajaHa B

CTPYKTYpHOMY Kiaci (4). HaiimpocTilmum BUTIaIKOM CTPYKTYPHU KJIacy KepyBaHb € KJIac peleiHnX
¢yukuiit. [pumycrumo, mo u(t) € ckanspra GyHkiis. ko

u®) =7
JUISL IESIKMX 1HTEPBaIIiB [ti ,t”l) , @ Ha 1HINMX 1HTEpBaax
ult) = w,

ne ¥, - 3a/iaHi OifiCHI Yucia, TO TOBOPsATh, o U(t) € penetina ghynkyia kepysanus.

B -

v

Hexail Ha KO)KHOMY 3 IHTEpBAIB [ti ,tM) 3ajlaHa cUCTeMa JiHIHHO He3aJIeXKHUX HElepepBHUX

dynxmiit { @] } i}‘:l, s=12,..n. Toai omHNM 3 OMIUPEHNUX BHUITAIKIB (4) €

B.B. Iiuxyp



Jlexyis 15 2

u, (t) = Zaugo”(t) telt,t,),s=12..n, (5)

ne aij - Ha0lip HEBIIOMUX MapaMETPiB.

2. Ilapamempuuna onmumizayis. Ilpumyctumo, mo B cuctemi (1), (2) BekTop-GQyHKIIISA
kepyBaHHs U(t) € 3amaHOMO i 33jaua mapamMeTpUYHOl ONTHMI3allii MmoJisirae B MiHiMI3allii HMUTbOBOT
byHKIii

J(@) = D(x(T,a)), (6)
sika BU3HaueHa Ha po3B’si3kax X(t,«) cucremu (1) i € HenepepBHO aAudepenmiioBanor. [lopsa 3
cuctemMoto (1), (2) po3risiHeMO CIPSIKEHY CUCTEMY

d_l//:_ﬁH(X,l//,U,Ol,t), W(r)z_ﬁ(l)(x(T,a)). )

dt OX OX
Tyr HXw,u,ot)=y () f(x,u,t,a) - oyskuis Taminerona, w(t)- n-BumipHumii BekTOp
CHPSDKEHUX 3MIHHUX. 3HaiiieMo rpamienT GyHkuii (6). s mporo pos3ristHeMo

Al =J(a+Aa)-d(a) = PX(T,a+Aa)) —P(X(T,a)) :WAXU )+ o(|Aax(T)),

ne AX(t) = x(t,a + Aa) — X(t,) . 3 bopMynu iHTErpyBaHHS 10 YaCTHHAM

w T (MAXT) =y (t)AX() = [ (dAX(E) + [ AXT (O dy ().

Ockinbku AX(t,) = X(t,, ¢ + Aa) — X(t,, @) = X, — X, =0 i mae micue (7) , To

= " (M)AX(T) == [y ()dax(E) - [AX O dy @) +o(|AxT)).  (8)

Jns Ax(t) maemo
dAx

dt
3Bigcu

= F(x+AX UL a +Aa) - F(xut,a), AX(t,)=0.

j.wT (HdAx(t) = T[(H (X+AX, U, + Aa,t) — H(X, w7, U, , t))dt

1B cuny (7)
[ AT (dy (1) = -] axT (1)

to
[TincraBumo ocTaHHi nBa chiBBigHOIIeHHs B (8) 1 gomamo i BimHiMemo H(X,w,U,a+Aa,t).
Otpumaemo

cH (X,l//,u,oz,t)dt
X '

= —_T[[H(X,t//,u,a+Aa,t)— H(X,w,u,a,t)]dt —

)

;
I[H(x+Ax,y1,u,a+Aa,t)— H(X,w,u,a+Aa,t)]dt +

to

j axT () 2R ‘g 1Y) gt 4 o(|ax(r))) =

0

—_[[H (X, w,u,a+ Aa,t) —H(X,w,u,a,t)]dt —

t
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[axT (t)% [H(xp U+ Aa,t) - HXw,u,a, )t - | of|ax(m)| bt + ofjax(T)|)=

)

_{T[@H(X,t//,u,a,t)} Ag +0(“Aa||)—

; oa
0

}AxT (t)%[H(X,V/,u,aJrAa,t)— H(x,w,u,a,t)ldt -

Jollax(ry) + ofjax(r) ©

to
3a0aua 25. BUKOPUCTOBYIOUH TEOpPEMY NP0 HEMEPEPBHY 3AJICKHICTH PO3B’SI3KIB CHCTEMU
nuQepeHniagbHuX PIBHIHD Bij MapaMeTpiB, TOBECTH, IO OCTAaHHI Tpu ToJaHKHU B (9) € o(“Aa”),

Aa — 0. Otxe,

H(X, U, a,t
g j '/’ @ty (10)
to
[ToximHa (10) BUKOPHUCTOBYEThCS JUISL MOOYJOBH ITEPAlIMHUX MPOILEIyp THITY TPaIi€HTHOTO
CITyCKY.
3.Cmpykmypna onmumizayis. Po3risnemo ¢yHKIiOHAT
J(u)=o(x(T,u)), (11)

AKUM BU3HadeHW Ha po3B’si3kax cuctemu (1). [Ipumyctumo, mo mapamerp o — ¢ikcoBaHwmii i
KepYBaHHS 33/1a€ThCs B CTPYKTYpPHOMY Kiaci (4). 3anuiuemo Bapialito (pyHKIIOHATY 3a TOYKaMH t;

AKi HA3UBAKOTBCS Moukamu nepexiiouenns. Hexall cnouatky napamerpu by B (4) € dikcoanummu.

[TpoBoasiun BuKIaAKK aHanoriyHi (9), orpuMaeMo
T

AJ(U)=J(u+Au)—J(u) = —I[H(x,yx,u +Au, o, t)— H(X,w,u,a,t)dt -

)

_T[AXT (t)%[H (X,w,u+Au,a,t)—H(X,v,u,a,t) bt -

ollax(e) )t + oAx(T ). 12)

)
Bapiroemo Touky t;, 3mMiHIOr0uN 11 Ha BenuuuHy At, >0.Taxk sk
Via (t’ b(i+1)1 """ b(H—l) ) Vi (t b """ biki )’ te [tl ’ti + At| )'
Au =
0,telt,,T]

10 3 (12) BUnMBae
t+AL

- I[H(X,t//,umu,a,t)— H(x,w,u,a,t)dt -

—[H(X, v, u+Au, a,t)-H(X,p,u,a,t)dt -

[ollx()]) +olx(T). (13)

to

OctanHi Tpu 4ieHH criBBiaHOIIEeHH (13) € o(“Ati ||) TaK sIK
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max]”AX(tm — 0 npu At — 0.

telty, T
Tomy 3 (13) BunmBae
aJ 1 t,+AY
— ==—lim —[ _f[H(x,yx,u+Au,a,t)— H(x,w,u, a,t)jdt -

_}[H (X, p,u+Au, o, t)— H(x,p,u, o, t)ldt] =

_[H (X(ti )1 ‘//(ti )’ u(ti +O)’ a,t; )_ H(X(ti )’ ‘//(ti )’u(ti _0)’ a,t; )] (14)

AHAJIOTIYHO /10 MONIePEHFOT0, BUKOPUCTOBYIOUH CIIBBiAHOIIEHHS (9), OTpUMY€EMO, 1110

ol i . oY,
—— =~ | grad; H(x(t)w(t) u(t)e, t) = dt. (15)
dby {'I. ob;

3aoaua 26. JloBectu 1m0 , AKIIO QYHKIIIS KEPYBaHHS 3a/laHa B CTPYKTYpHOMY Kiaci (5) To

o B GaltU: Vgﬁt) uthest) e oy (16)

i 4
CuiBBigHomensst (14)-(16) BUKOPUCTOBYIOThCS Jis MOOYAOBU ITEpAllifHUX MOPOUEAYP THUILY
rpajieHTHoro crycky. Hampuknan, mis ontumizanii cucremu (1) 3a Toukamu nepeximroueHHs t;

MO’KHA 3aCTOCYBATHU MCTO
t) = P — p (H(xt ) wlt ults —0) et )= H(x(t ) wlts hultk +0) et ). (@7)
Tyr P — omepaTtop ymopsKyBaHHS TOYOK MEpEeKIOYeHHs, p, >0 — MOCHiZOBHICTh YHCElN, IO

o0 o0
3a/10BOJIBHsIE YMOBi 30ikHOCT st (17). Tak, MoxHa BuOpatn ) p; =, » p’ <o,
1 1

Jlimepamypa.
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