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Ðàññìàòðèâàåòñÿ îäèí èç ïîäõîäîâ ê ðåøåíèþ çàäà÷è ñèíòåçà îïòèìàëüíîãî êîíòóðà òåëåóïðàâëåíèÿ ïî

ëèíåéíîé îøèáêå íàâåäåíèÿ, îñíîâàííûé íà èñïîëüçîâàíèè àïðèîðíîé èíôîðìàöèè îá îáúåêòå óïðàâëåíèÿ

ñ îãðàíè÷åíèåì íà óïðàâëåíèå.

Ââåäåíèå

Ðàçëè÷íûå àñïåêòû òåîðèè ñèíòåçà îïòè-
ìàëüíîãî óïðàâëåíèÿ ðàññìîòðåíû â ðàáîòàõ
[1,2,3]. Â ðàáîòå [3] ïðîâîäèòñÿ ñèíòåç îïòèìàëü-
íîãî ðåãóëÿòîðà ñ òðàåêòîðíûì óïðàâëåíèåì ïî
ëèíåéíîé îøèáêå íàâåäåíèÿ, îäíàêî íà óïðàâëå-
íèå íå íàêëàäûâàþòñÿ îãðàíè÷åíèÿ. Â äàííîé
ðàáîòå áóäåò ðàññìîòðåí ñèíòåç îïòèìàëüíîãî
óïðàâëåíèÿ ñ ó÷åòîì îãðàíè÷åíèÿ äåéñòâóþùå-
ãî íîðìàëüíîãî óñêîðåíèÿ ðàêåòû è åãî âëèÿíèå
íà ïàðàìåòðû êîíòóðà òåëåóïðàâëÿåìîé ðàêåòû.

Ïîñòàíîâêà çàäà÷è

Ïóñòü äëÿ t0 < t < tk çàäàíà ñîâîêóïíîñòü
èçìåðåíèé:

Z(t) = CX(t) +Nh(t),

à òàêæå ìîäåëü óïðàâëÿåìîé ñèñòåìû:

Ẋ(t) = FX(t)+GU(t)+Jξ(t); X(t0) = X0, (1)

ãäå C, N, F, G, J � ìàòðèöû çàäàííûõ ðàçìåð-
íîñòåé;
h(t), ξ(t) � íåêîððåëèðîâàííûå ãàóññîâñêèå ïðî-
öåññû òèïà áåëîãî øóìà, ñî ñïåêòðàëüíûìè
ïëîòíîñòÿìè R è Q ñîîòâåòñòâåííî.

Òðåáóåòñÿ íàéòè òàêîå óïðàâëåíèå U(t), êî-
òîðîå ÿâëÿåòñÿ ôóíêöèîíàëîì îò Z(t) è ìèíèìè-
çèðóåò ôóíêöèîíàë [2]:

I =
1

2
M

{∫ tk

t0

[XT (t)AX(t)+

+UT (t)KU(t)]dt

}
, (2)

ãäå

A =




1 0 0
0 0 0
0 0 0


 ;K =



k 0 0
0 0 0
0 0 0




Ïåðâîå ïîäûíòåãðàëüíîå ñëàãàåìîå â (2)
îïðåäåëÿåò òðåáîâàíèå ìèíèìóìà äèñïåðñèè
îøèáêè íàâåäåíèÿ âäîëü òðàåêòîðèè ïîëåòà ðà-
êåòû (x1(t) = h(t)), à âòîðîå ñëàãàåìîå ÿâëÿ-
åòñÿ îãðàíè÷åíèåì äåéñòâóþùåãî íîðìàëüíîãî

óñêîðåíèÿ ðàêåòû ñ êîýôôèöèåíòîì øòðàôà íà
óïðàâëåíèå:

k =
h2
dop

W 2
pmax

,

ãäå hdop èWpmax � äîïóñòèìîå çíà÷åíèÿ ôèíàëü-
íîé îøèáêè íàâåäåíèÿ è ìàêñèìàëüíîå çíà÷åíèå
ðàñïîëàãàåìîãî óñêîðåíèÿ ñîîòâåòñòâåííî.

Ñèíòåç îïòèìàëüíîãî óïðàâëåíèÿ

Èñïîëüçóÿ èçâåñòíûå ìåòîäû [1,2], ìîæíî
íàéòè óïðàâëåíèå U(t) , ìèíèìèçèðóþùåå (2),
ïóòåì ñîâìåñòíîãî ðåøåíèÿ ñèñòåìû (1) è óðàâ-
íåíèé Ýéëåðà � Ëàãðàíæà [1]:

λ̇T (t) = −∂H(t)

∂X(t)
=

−AX(t)− FTλ(t); λT (tk) = 0; (3)

∂H(t)

∂U(t)
= KU(t) +GTλ = 0, (4)

ãäå

H(t) = XT (t)AX(t) + UT (t)KU(t)+

λT (FX(t) +GU(t) + Jξ(t).

Èç óðàâíåíèÿ (4) ñëåäóåò:

U(t) = −K−1GTλ.

Â ñèëó ëèíåéíîñòè óðàâíåíèé (1) è (3) ìíî-
æèòåëè Ëàãðàíæà ìîæíî âûðàçèòü ÷åðåç âåêòîð
ñîñòîÿíèÿ X(t) ñîîòíîøåíèåì [1]:

λ(t) = S(t)X(t),

Òàêèì îáðàçîì, óïðàâëåíèå îêàçûâàåòñÿ
ñâÿçàííûì ñ ìàòåìàòè÷åñêèì îæèäàíèåì âåêòî-
ðà ñîñòîÿíèÿ:

U(t) = −d(t)X̂(t), (7)

ãäå
d(t) = −K−1GTS(t), (8)

à ìàòðèöà S(t) îïðåäåëÿåòñÿ ïóòåì ðåøåíèÿ
óðàâíåíèé Ðèêêàòè [1]:

Ṡ(t) = −S(t)F − FTS(t)+
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+S(t)GK−1GTS(t)−A; S(tk) = Sk. (9)

Îòìåòèì, ÷òî X̂ åñòü îöåíêà X(t) ïî ìåòîäó
ìàêñèìóìà ïðàâäîïîäîáèÿ, ò.å. ýòî ìàòåìàòè÷å-
ñêîå îæèäàíèå X(t) ïðè óñëîâèè, ÷òî èìåþòñÿ
èçìåðåíèÿ äî ìîìåíòà t [1].

Óðàâíåíèÿ (7),(8) è (9) ïðè èçâåñòíîì X̂(t)
ïîçâîëÿþò îäíîçíà÷íî îïðåäåëèòü îïòèìàëüíîå
óïðàâëåíèå U(t).

Äëÿ îïðåäåëåíèÿ îöåíêè X̂(t) ïðîâåäåì
àíàëèç óðàâíåíèé îïòèìàëüíîé ëèíåéíîé ôèëü-
òðàöèè. Óðàâíåíèÿ îïòèìàëüíîãî ôèëüòðà â âåê-
òîðíîé ôîðìå çàïèøåòñÿ â âèäå [1,2]:

˙̂
X(t) = FX̂(t) +GU(t) +B(Z(t)−

−NX̂(t)); X̂(t0) = 0, (10)

ãäå ìàòðèöà îïòèìàëüíûõ êîýôôèöèåíòîâ ôèëü-
òðàöèè:

B(t) = P (t)CT (NRNT )−1, (11)

P (t) � ìàòðèöà îøèáîê îöåíèâàíèÿ âåêòîðà
ñîñòîÿíèé, îïðåäåëÿåìàÿ ðåøåíèåì óðàâíåíèé
Ðèêêàòè [1]:

Ṗ (t) = FP (t)+P (t)FT−P (t)CT (NRNT )−1CP (t)+

+JQJT ; P (t0) = P0. (12)

Îïðåäåëèâ â óðàâíåíèÿõ (8) è (11) ïðîèçâå-
äåíèÿ ìàòðèö, ìîæíî âåêòîðíûå óðàâíåíèÿ (7) è
(10) ïðåäñòàâèòü â ñêàëÿðíîé ôîðìå:





U(t) = s21(t)
k x̂1(t) + s22(t)

k x̂2(t) + s23(t)
k x̂3(t);

˙̂x1(t) = x̂2(t) + p11(t)
R (z(t)− x̂1);

˙̂x2(t) = x̂3(t)−Wp(t) + p21(t)
R (z(t)− x̂1);

˙̂x3(t) = − 1
T x̂3(t) + p31(t)

R (z(t)− x̂1).

Ïðåäñòàâèâ ìàòðè÷íûå óðàâíåíèÿ (9) è (12)
â âèäå ñèñòåì óðàâíåíèé, îïðåäåëÿþùèõ óñòàíî-
âèâøèåñÿ çíà÷åíèÿ s21, s22, s23 è çíà÷åíèÿ äèñ-
ïåðñèé îöåíîê p11, p21 è p31 è ðåøèâ èõ ïîëó÷èì:

s21 =
√
k; s22 =

4
√

4k3; s23 =
(T + 4

√
4k)kT

T 4
√

4k +
√
k + T 2

;

p11 ≈ 2R
6

√
Q

RT 2
−R
T

; p21 =
p2

11

2R
; p31 =

√
QR

T 2
−p21

T
.

Ñòðóêòóðà îïòèìàëüíîãî êîíòóðà òåëå-
óïðàâëåíèÿ ïî ëèíåéíîé îøèáêå íàâåäåíèÿ, ïî-
ëó÷åííàÿ èç ðåøåíèÿ óðàâíåíèé (7),(10), ïðåä-
ñòàâëåííà íà ðèñóíêå 1.

Ðèñ. 1 � Ñòðóêòóðíàÿ ñõåìà êîíòóðà
òåëåóïðàâëåíèÿ

Ãðàôèê çàâèñèìîñòè êîýôôèöèåíòà ïðåîá-
ðàçîâàíèÿ ðàçîìêíóòîãî êîíòóðà óïðàâëåíèÿ îò
èçìåíåíèÿ êîýôôèöèåíòà øòðàôà íà óïðàâëåíèå
ïðåäñòàâëåí íà ðèñóíêå 2.

Ðèñ. 2 � Ãðàôèê çàâèñèìîñòè êîýôôèöèåíòà
ïðåîáðàçîâàíèÿ ðàçîìêíóòîãî êîíòóðà óïðàâëåíèÿ
îò èçìåíåíèÿ êîýôôèöèåíòà øòðàôà íà óïðàâëåíèå

Çàêëþ÷åíèå

Ðàññìîòðåí îäèí èç ïîäõîäîâ ê ðåøåíèþ çà-
äà÷è ñèíòåçà îïòèìàëüíîãî êîíòóðà òåëåóïðàâ-
ëåíèÿ ïî ëèíåéíîé îøèáêå íàâåäåíèÿ ñ îãðàíè-
÷åíèåì íà óïðàâëåíèå. Ïðîâåäåí àíàëèç âëèÿíèÿ
îãðàíè÷åíèé íà ïàðàìåòðû êîíòóðà òåëåóïðàâ-
ëåíèÿ.
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