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BUBIP OIITUMAJIBHOI CTPYKTYPU JIMHAMIYHOI CUCTEMU

1. Ilocmanosxka 3adaui. 1lpu KOHCTPYIOBaHHI PI3HUX TEXHIYHUX CHCTEM JJIsi CIIPOILICHHS
IpOIleCy BHUIOTOBJIIEHHS CHUCTEMY pO30MBAalOTh Ha MiACHCTeMH. SIkuii Mae OyTH TOPSAOK
pPO3MIIIEHHS TMIJICUCTeM, 100 CHUCTeMa B IIJIOMY Maja HaWKpall XapaKTepUCTUKH IpU
eKcruTyaTarii? B mareMaTn4yHOMY MIIaHi Taka MOCTAaHOBKA MOXe OyTH (hopmalizoBaHa i 3BEICHA 10
3a0aui 6UOOPY ONMUMATLHOL CMPYKMYpU TAHAMIYHOT CUCTEMH.

Hexait X < R" — ¢asoBuii mpoctip i 1uist KoxHOTO t € [tO,T] BU3HAUeHO MHOKUHY Q(t) < X .

PosrnsiHemo cucremy audepeHuianbHuX PiBHSAHD BUTIISLY

%: FO 1), telr,,z ). (1)
3 yMOBaMH

X(t) = X, » )

X(r; +0) =g, (X(z; -0),7;) , i =12,..., p. 3)

Tyt x(t) € Q(t) — Bektop PpazoBux kKoopauHar, t e [to ,T], f W (x,t), — BexTop-dyHKIiT po3mipHOCTI
N, sKi 3aJ0BOJILHSIOTH YMOBaM ICHYBaHHS Ta €JMHOCTI po3B’si3ky 3amaui Komr, j=12,...,N,
X, €Qt,), 9;(X,7)— n-umipni HemepepeHi BekTOp-QyHKHii Ha X x[to,T], j=12,..,N,

T; e(tO,T), i=12,.,p, t,=7,<7,<..<7, =T . Iosmaunmo x!(t) = x(t,s,y, f V) Tpaexropiro

. dx - .
i ACHCTEMH P fD(x,t) cucremu (1) 3 mouatkoBo ymoBow X(S) =Y. Immexcamis j, B (1)
BKa3ye Ha Te, 110 Ha BiAPi3Ky t e (T T ) BHKO i % = fD(x,t
, T PHCTOBYETHCS OJIHA 3 MiJCHCTEM ot (x1),

. . ) dx
j=12,..,N. i=12,.., p. He Bukimo4yaeTrbcs BUNAJOK, KOJIU JIeAKa TiJCHCTEMA a = f(k)(x,t) 3

3aIaHOTO0 HA0Opy IMIJICHCTEM HE BUKOPUCTOBYETHCS Ha JKOAHOMY 3 BIJIPI3KiB te(z'i_l,ri ),
1=12,..,p, a00 BHUKOPHCTOBYETHCS OJHOYACHO HA KUTbKOX. TakUM YHHOM, MOCIHIJOBHICTh
posmimenns mincucrem B cuctemi (1) He € pikcosanoto. Toukn 7, € (t,,T) HasuBarOThCA moukamu
nepexnmiowenns Mk miacuctemamu, 1=12,...,p. KiJIbKICTh TOYOK MEPEKITIOYCHHS TaKOX MOXKE

O0ytu HeBigomoro. CmiBBigHOmIEHHsS (3) BKa3dye Ha T€, IO B TOYIl MEPEKIIOUCHHS MOKIUBHMA
po3puB (azoBoi Tpaekropii. [Ipy 1pbOMy BelMUYMHA PO3PUBY 3AJIEKUTH BiJl TOUKH MEPEKITIOUCHHS,
($a30BO1 KOOpAMHATH Ta HOMEpa MiJACUCTeMH, 10 Oyna 3ajJisHa Ha MONEepeAHbOMY IHTEpBal.
JlunamiuHa cucrema BUrIAny (1)-(3) Ha3UBa€ThCS cucmemoro 3i 3MIHHOIO CIYKMYPOIo.

Hexaii 3a1ana MHOXXHHA TOYOK PO3PUBY

{z‘i}: {rl,rz,...,z'p}
Ta MOCJIA0BHICTh IPABUX YaCTUH

{f (Ji)}: {f () §) f(ip>}_
[Tapa ({ri },{f(j‘)}) BHU3HAUa€ KUIBKICTh TOYOK MEPEKI0YeHb [, MHOXKHUHY {(z'ifl,z'i ),i =12,..., p},
BCTAHOBJIIOE BiAIIOBIIHICTE

% =fW(x1), te (z'i_l,z'i ), i=12..p.

TakuM yuHOM, TpH (HiKCOBAHUX ({ri },{f(j‘)}) cucrema (1), (3) € cucrtemorw 3 IMITyJTbCHUM
BIUIMBOM, Ui $IKOi iCHye po3B’si3ok 3amaui Komri. [lapy ({ri },{f “‘)}) OyzeMo Ha3MBaTH
cmpykmyporo cuctem (1)-(3). 3amaua npo BHOIp ONTUMAIBLHOI CTPYKTYpH cuctemu (1) momsirae B

TOMYy, MO0 3HAUTH CTPYKTYpYy ({ri },{f(j‘)}), TaKy, 10 MiHIMI3y€ BH3HAY€HUW HaA PO3B’sA3KaAX
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cuctemu (1)-(3) KpHTepiﬁ SIKOCTI
1({r,},{F 9 )= j £, (x, 1)dt + D(X(T)). (4)

Tyr f,(X,t) — inTerpoBana 3a Jleberom Ha po3s’si3kax cucremu (1) dynkmis, O(X) — HenmepepBHa

byHKIiS.
2. ITlpunyun onmumanvnocmi i pisusnus bemimana. Jns pos3s’s3yBanus 3amaui (1)-(4)

3aCTOCYEMO METO] JMHAMIYHOTO MporpamyBaHHs. [IpumycTumo, 1o mapa ({z-i },{f (ji)})* BU3HAYAE
ONTUMANIbHY CTPYKTYpY 3amadi (1)-(4), x*(t) = X(t, Xo: Lo ({z‘i }, {f () })*) —TPAEKTOPIs, 10 BiNOBiga€e

ONTUMANBHIN CTPYKTYPI.
Posrmsiremo pomomikHy 3amady. 3adikcyeMo TOUYKY Se(to,T). HeoOxigHo MiHiIMi3yBaTu

KpUTEpiil sIKOCTI

1, (), {79 )= If(xt)dt+<D(x(T))
Ha Tpaektopisx cuctemu (1), 10 po3rIAgaEThCs Ha TNPOMiKKY te (S,T] 3 yMOBaMu
X(s+0) =x*(s+0) Ta (3). Mae miciie HACTYITHHUIH NPUHYUN ONMUMATTLHOCII.

Teopema 1. Slkmo ({Z’i },{f (j‘)})*x— PO3B’SI30K JTOMOMDKHOI 3a7adi, TO Ha MPOMiKKYy t e (S,T]

Mae Miclie PiBHICTh ({z‘i }, {f (1) })* = ({T i }, {f () })H

Teopema moxe OyTH IOBEIEHAa AHAIOTIYHO 10 NPHHLMITY ONTHUMaibHOCTI bermnmmana s
3ajadi ONTHUMaJbHOTO KepyBaHHsA bombna. Ilpm mpomy 3a (QyHKIIIO KepyBaHHS BHUOHPAETHCS

CTPYKTypa ({z‘i } {f () }) cuctemu (1) [1,2].
OyHKIIIsS

B(Z, S) = ({Tm!n.)}){.! fo (X, t)dt + (D(X(r ))} ,

0 BH3HAa4YeHa Ha Tpaektopisx cuctemu (1) mpum te(S,T] 3 ymoBamu X(S+0)=z Ta (3) €
@ynryiero Bernmana 3anadi (1)-(4). 3rixHo 3 IPUHIMIIOM ONITUMAIBHOCTI

8~>+O

B(z,s) = I|m |n {S+T+; (x,t)dt + '[f (X, t)dt+CD(x(I'))}

S+As+e

S+AS+&
lim . min { jfo(x,t)dt+B(x(s+As+g),s+As+g)}:

£—>+0 ({fl} i)

(e} . {S]Asf (x,t)dt + B(x(s +As+0), s+As+0)}. (5)

Tlo3zraunmo
X(s),s # z;,

G; (x(s-0),s) = {gji (Xx(s—0),s),s =7,.

BpaxoBytouu (5), orpumyemMo
S+As
B(z,s)= i . — .(6
(2:5) ({nwﬂi)}){ !fo(x,t)dt+B(Gh(x(s+As O),s+As),s+As+O)} (6)

PiBHsHHST (6) pO3IIISIIAETbCS HA TPAEKTOPISAX JIAaHOI CUCTEMH 1 € pIBHSHHAM bennimana B
iHTerpanbHii hopmi s 3agaqi (1)-(4).

VYpaxoByrouu, Mo P — CKiHYEHHE YHCIIO, MOKEMO Ui TOUYKH S BuOpatu Take AS >0, mo
MIPOMIKOK (S,S+AS) HE MICTUTh TOYOK INepekitodeHHs ;. [lpumyctumo, mo ¢ynkuis bemimana
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B(z,s)— nenepepsuo nudepenuiiioBana, fy(X,t) — HenepepsHa, 0 (s, S+ As). BukopucrtoByroun
TeopeMy Ipo cepenHe, po3kian Gpyukiii bemmana 10 npyroro nopsaky Ta (5), mpu As — 0 maemo

B(z,s) = ({rrmﬂ” {f (x(6),0)As + B(z,5) + ——~ 8B( ) As+grad] B(z,s)(x(s +As) —z)+ o(As)}.

[Toginumo ocranHiii Bupa3 Ha AS 1 mepedimemo 10 rpanumi npu AS — 0. Takum YuHOM,
OTPUMYEMO

—+
o  (h f<'>}){
XxeQ(s+0), B(x,T)=d(x), x= GJ(H) (u,s), ueQ(s-0). (8)

PiBusiuns (7), (8) € piBusuusam bemnvana B qudepeniiansHiit popmi mis 3amaygi (1)-(4).

3. Aneopumm poss’sizyeamHs 3adaui eubopy onmumanvHoi cmpykmypu. Ha 0OCHOBI
iHTerpanbHOro piBHsHHS bemmana (6) MOXHA 3aPOIIOHYBATH HACTYITHUI alrOPUTM 3HAXOIKCHHS
ONTUMAJIBHOI CTPYKTYPH.

Aneopumm.

Kpok 1. Beenemo Ha Bifpi3ky [tO,T] citky t, <t <..<t,=T. Ilosnaunmo Q(K)=Q(t,),
k=12,..,m.

Tpamuii xio memooy.
Kpok 2. Jlnst koxHOi Touku Yy € Q(m—1), 3 skoi gocsbkHa MHOkuHA Q(mM) B cuiy (1), (3),

f,(x,5)+ grad] B(x,5+0) f ¥ (x,5+0)}= 0 @)

PO3B’A3yEMO 3a/1a4y

B(y,t, )= mm{jf (x], tydt + d(x! (I'))}

Tyr x)(t) = X(t, y,t ,, f& ) 3Hax0AMMO HOMEp ONTHUMAIBHOI mijcucremMu j*= j*(m-1y).
Kpok 3. Po3B’sa3yemo 3a1auy

tm—l i
B(y,t, )= JT_I{‘IZ{ I fo(x’,t)dt+Sk(j,m—1)}
T tmfz

st Oyb-skol Touku Y € (M —2), 3 sikoi nocskaa MHOXHHA Q(M) B cuity (1), (3). Tyt
Sl(j,m—l) = B(Xj (tm—l)’tm—l) ) Sz(ji m_l) = B(gj (XJ (tm—l)’tm—l)'tm—l)v
x)(t) = X(t, Yt o, f (j)), o (xX)(t, ).t ) €eQ(m—1). 3HaxomuMO HOMEp ONTHMAIBHOI
migcuctemMu  J*= j*(M—2,y) Ta OOYUCIIOEMO IHIAMKATOP HASBHOCTI TOYKH MEPEKIIOYCHHS
k*=k*(m-2,y). IIpomorxyeMo iTepamiiHuii poriec 3riJHO PiBHAHHSA (6) A0 THX Mip, MOKH HE
npuiigemo 10 MHOKUHE Q(0) .
Kpok 4. Jlns koxuHoi Touku Y e Q(0), 3 sikoi mocsbkHa mMHOkuHa Q(m) B cuy (1), (3),
PO3B’A3yEMO 3a/1auy

ty )
BWﬂW9={wg%WAX%Um+SALD}
)

ne
S$,(J.) = B (). 4), S,(j.0) = B(g; (X' (t). 1), 1),
Xj(t)=X(t, VA f(j)) (X (t),t) e Q). 3naxoaumo j*= j*(0,y) ta k*=k*(0,y).

Obepnenuti Xio Memooy.
Kpok 5. TIlpucBoimvo R=0 (R —KigbKiCTh TOYOK TMEPEKIIOUCHHS). 3HAXOIUMO

i=%0) = j*(0,%), X(t)=xt, %t f?). Skmo k*(0,%)=1, To x*(t)=X(t). Inaxme
x*(t)=9;(X(t).t), R=1, rz=t. J[ani migpaxosyemo  j=j*(1)=j*(Lx*({)),
X(t,) = X(tz, X*(t),t,, f(j)). SIkmo k*@x*(t)) =1, T0 x*(t,) =X(t,). Inakmre
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x*(t,) = 9;(X(t,),t,), R 36impmyemo Ha 1, 7p =t, i T.I. 10 TOrO MOMEHTY, IOKH He NPHHAEMO /10
MHOXuHE Q(M). Y pe3ynbraTi 004HCIeHh OTPUMAEMO MHOXKHHHU

{z,,i=12,...,R}, {i*(@)},
SK1 BU3HAYaIOTh ONTUMAIbHY CTPYKTYpy cucteMu (1) ams 3amadi BUOOPY ONTUMAIBHOI CTPYKTYPH

(1)-(4).
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