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Ñîëîâüåâà È.Â. Ìîäåëüíî-àëãîðèòìè÷åñêîå îáåñïå÷åíèå ðåøåíèÿ çà-

äà÷è êîððåêöèè ïëàíîâ ðàáîòû èíôîðìàöèîííîé ñèñòåìû íàçåìíî-

êîñìè÷åñêîãî ìîíèòîðèíãà.

Àííîòàöèÿ. Â ñòàòüå ðàññìàòðèâàåòñÿ çàäà÷à êîððåêöèè ïëàíîâ ðàáîòû èí-
ôîðìàöèîííîé ñèñòåìû íàçåìíî-êîñìè÷åñêîãî ìîíèòîðèíãà ñ ó÷åòîì òåêóùåé
èíôîðìàöèè, ïðèâîäèòñÿ îáîáùåííûé àëãîðèòì ïðîãðàììíî-ïîçèöèîííîãî óï-
ðàâëåíèÿ è ðåçóëüòàòû åãî ðàáîòû íà ÷èñëåííîì ïðèìåðå.
Êëþ÷åâûå ñëîâà: ïðîãðàììíûå óïðàâëåíèÿ, ïîçèöèîííûå óïðàâëåíèÿ, èí-
ôîðìàöèîííàÿ ñèñòåìà íàçåìíî-êîñìè÷åñêîãî ìîíèòîðèíãà.

Solovyeva I.V. Model-algorithmic aids to plan operation correction of

ground based space monitoring information system.

Abstract. The plan operation correction problem of ground based space monitoring
information system is considered in this paper. The generalized algorithm of the
positional control construction is proposed and illustrated on the numerical example.
Keywords: program control, position control, information system of ground based
space monitoring.

1. Ââåäåíèå. Â íàñòîÿùåå âðåìÿ îðáèòàëüíûå ñèñòåìû óïðàâ-
ëåíèÿ íàâèãàöèîííûìè êîñìè÷åñêèìè àïïàðàòàìè (ÍÊÀ) è íàçåì-
íûìè òåõíè÷åñêèìè ñðåäñòâàìè, âõîäÿùèìè â ñîñòàâ íàçåìíîãî
êîìïëåêñà óïðàâëåíèÿ (ÍÊÓ), èñïîëüçóþòñÿ äëÿ îáåñïå÷åíèÿ ïî-
òðåáèòåëåé (îáúåêòîâ îáñëóæèâàíèÿ (ÎÎ)) íàâèãàöèîííîé èíôîð-
ìàöèåé. Îíè èìåþò ïðîñòðàíñòâåííî ðàñïðåäåëåííóþ ñòðóêòóðó,
ïðè êîòîðîé â çîíå âçàèìîäåéñòâèÿ êàæäîãî ÎÎ íà ôèêñèðîâàí-
íîì èíòåðâàëå âðåìåíè íàõîäèòñÿ çàäàííîå ÷èñëî ÍÊÀ. Èõ ìî-
äåëè ìîãóò ñîäåðæàòü íåñêîëüêî ïîäìîäåëåé ðàçëè÷íûõ êëàññîâ,
îïèñûâàþùèõ ïðîñòðàíñòâåííî-âðåìåííûå, òåõíè÷åñêèå è òåõíî-
ëîãè÷åñêèå îñîáåííîñòè è îãðàíè÷åíèÿ.

Â ðàáîòàõ [1, 2] ïðåäëîæåíà äèíàìè÷åñêàÿ ìîäåëü, èñïîëüçóå-
ìàÿ äëÿ ïëàíèðîâàíèÿ ðàáîòû îñíîâíûõ ýëåìåíòîâ àâòîìàòèçèðî-
âàííîé ñèñòåìû óïðàâëåíèÿ (ÀÑÓ) ÍÊÀ è ÍÊÓ. Ðåøåíèå çàäà-
÷è îïòèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ ïîçâîëÿåò îïðåäåëèòü
ïëàí ðàáîòû ñèñòåìû, äàëåå â ïðîöåññå åå ðàáîòû ïðè íàëè÷èè
îãðàíè÷åííûõ âîçìóùàþùèõ âîçäåéñòâèé ðàññìàòðèâàåòñÿ çàäà÷à
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êîððåêöèè óæå ñôîðìèðîâàííûõ ïëàíîâ. Ðàíåå â ðàáîòå [4] áûëà
ïðèâåäåíà ïîñòàíîâêà çàäà÷è êîððåêöèè ïëàíîâ ðàáîòû ñèñòåìû ñ
ó÷åòîì èíôîðìàöèè î åå ñîñòîÿíèè, ïîñòóïàþùåé â çàäàííûå äèñ-
êðåòíûå ìîìåíòû âðåìåíè. Â äàííîé ñòàòüå ïðè ðåøåíèè ýòîé çà-
äà÷è ïðåäëàãàåòñÿ èñïîëüçîâàòü òåõíîëîãèþ ïîñòðîåíèÿ ïîçèöèîí-
íûõ óïðàâëåíèé (êîððåêòèðîâêè ïëàíîâ ðàáîòû) â êëàññå äèñêðåò-
íûõ êóñî÷íî-ïîñòîÿííûõ îãðàíè÷åííûõ ôóíêöèé ñ èñïîëüçîâàíè-
åì èçâåñòíûõ ìàòåìàòè÷åñêèõ ìåòîäîâ ðåøåíèÿ âñïîìîãàòåëüíûõ
(ñîïðîâîæäàþùèõ) çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ è àäàïòèâíûõ
ìåòîäîâ ðåøåíèÿ çàäà÷ ëèíåéíîãî ïðîãðàììèðîâàíèÿ (ËÏ) [6�8].

2. Îïèñàíèå ìîäåëè èíôîðìàöèîííîé ñèñòåìû íàçåìíî-
êîñìè÷åñêîãî ìîíèòîðèíãà. Â ðàáîòàõ [1, 2] äèíàìè÷åñêàÿ ìî-
äåëü ÀÑÓ ÊÀ è ÍÊÓ âêëþ÷àåò ìîäåëü ïðîãðàììíîãî óïðàâëåíèÿ
îïåðàöèÿìè âçàèìîäåéñòâèÿ è êàíàëàìè è ìîäåëü ïðîãðàììíîãî
óïðàâëåíèÿ èíôîðìàöèîííûìè ïîòîêàìè. Â ðàìêàõ äàííîé ñòà-
òüè ðàññìîòðèì áîëåå ïîäðîáíî âîïðîñû ïëàíèðîâàíèÿ è êîððåê-
òèðîâêè ïëàíîâ ðàáîòû èíôîðìàöèîííîé ñèñòåìû (ÈÑ) íàçåìíî-
êîñìè÷åñêîãî ìîíèòîðèíãà (ÍÊÌ), îðãàíèçàöèîííî âõîäÿùåé â ñî-
ñòàâ ÀÑÓ ÊÀ äèñòàíöèîííîãî çîíäèðîâàíèÿ Çåìëè (ÄÇÇ).

Îáîçíà÷èì A = {Ai; i = 1, . . . , n} � ìíîæåñòâî ÊÀ, âõîäÿ-
ùèõ â ñîñòàâ îðáèòàëüíîé ñèñòåìû, B = {Bj ; j = 1, . . . ,m} �
ìíîæåñòâî ïóíêòîâ óïðàâëåíèÿ è ïóíêòîâ îáñëóæèâàíèÿ (ÏÎ),
Cj = {Cj

λ; λ = 1, . . . , lj} � ìíîæåñòâî ñðåäñòâ íàçåìíîãî êîìïëåêñà
óïðàâëåíèÿ (ìíîæåñòâî êàíàëîâ), D = {Di

k; k = 1, . . . , Si} � ìíî-
æåñòâî îïåðàöèé âçàèìîäåéñòâèÿ (îïåðàöèè îáðàáîòêè, ïðèåìêè è
ïåðåäà÷è èíôîðìàöèè) ÏÎ Bj ÊÀ Ai), P = {P i

ρ; ρ = 1, . . . ,Πi} �
ìíîæåñòâî ïîòîêîâ èíôîðìàöèè.

Ðàññìîòðèì äàííóþ ìîäåëü â îáùåì âèäå:

M =


u(t) | ẋ = f(x,u, t)

h0(x(t0)) ≤ 0, h1(x(tf )) ≤ 0
q(1)(x,u) = 0, q(2)(x,u) ≤ 0,

(1)

Â âûðàæåíèè (1) è äàëåå ïî òåêñòó, ãäå ýòî íå ìåøàåò âîñïðèÿòèþ
ñìûñëà, ìû íå áóäåì óêàçûâàòü çàâèñèìîñòü ôóíêöèé x, u, y, w îò
t, ÷òîáû íå çàãðîìîæäàòü ôîðìóëû. Çäåñü x = (x(o)T , x(k)T , x(p)T ),
x(o) � õàðàêòåðèçóþò òåêóùèé îáúåì èíôîðìàöèè, ïîëó÷åííîé, ïå-
ðåäàííîé, îáðàáîòàííîé ñ ÊÀ Ai â õîäå âûïîëíåíèÿ Di

k ïî êà-

íàëó Cj
λ ñ Bj â ìîìåíò âðåìåíè t, ñóììàðíóþ äëèòåëüíîñòü èñ-

ïîëüçîâàíèÿ âñåõ òåõíè÷åñêèõ ñðåäñòâ íà Bj è ñîñòîÿíèå âñïîìî-
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ãàòåëüíûõ îïåðàöèé. Âåêòîð ñîîòâåòñòâóþùèõ óïðàâëÿþùèõ âîç-
äåéñòâèé îáîçíà÷åí u = (u(o)T , u(k)T ,u(p)T )T . Ñ ïîìîùüþ h0, h1

çàäàíû êðàåâûå óñëîâèÿ â ìîìåíòû âðåìåíè t0, tf ; q
(1), q(2) � îãðà-

íè÷åíèÿ, íàêëàäûâàåìûå íà ïðîöåññ ôóíêöèîíèðîâàíèÿ ñèñòåìû;
J = (J (o)T , J (k)T , J (p)T )T � ñèñòåìà ïîêàçàòåëåé êà÷åñòâà ðàáîòû
íàçåìíûõ òåõíè÷åñêèõ ñðåäñòâ è ïðîãðàììíîãî óïðàâëåíèÿ ïîòî-
êàìè.

Â ðàáîòàõ [2, 3] ïîêàçàíî, ÷òî çàäà÷à ïëàíèðîâàíèÿ ðàáîòû
ÈÑ ÍÊÌ, ñôîðìóëèðîâàííàÿ êàê çàäà÷à ïðîãðàììíîãî óïðàâ-
ëåíèÿ ñîîòâåòñòâóþùèì êîìïëåêñîì öåëåâûõ è îáåñïå÷èâàþùèõ
ïðîöåññîâ, ìîæåò áûòü ïðåîáðàçîâàíà â êðàåâóþ äâóõòî÷å÷íóþ
çàäà÷ó è ðåøåíà ñ èñïîëüçîâàíèåì ìåòîäà Êðûëîâà-×åðíîóñüêî.
Ïðè ýòîì áûëî ïðåäëîæåíî âìåñòî èñõîäíîãî êëàññà äîïóñòèìûõ
óïðàâëåíèé U = {u(t) | êîìïîíåíòû u(o)(t) ∈ {0, 1}; u(k)(t) ∈
[u(k),u(k)]; u(p)(t) ∈ [u(p),u(p)]; q(1)(x,u) = 0, q(2)(x,u) ≤ 0} èñ-
ïîëüçîâàòü ðàñøèðåííûé êëàññ óïðàâëåíèé Up = {u(t) | êîìïî-
íåíòû u(o)(t) ∈ [0, 1]; u(k)(t) ∈ [u(k),u(k)]; u(p)(t) ∈ [u(p),u(p)];
q(1)(x,u) = 0, q(2)(x,u) ≤ 0}.

Îáîçíà÷èì (upr(t), xpr(t)) ïðîãðàììíîå óïðàâëåíèå è ñîîòâåò-
ñòâóþùóþ ôàçîâóþ òðàåêòîðèþ, îïðåäåëåííûå íà ýòàïå ïëàíèðî-
âàíèÿ.

3. Êîððåêòèðîâêà ïëàíîâ ðàáîòû ÈÑ ÍÊÌ. Áóäåì ñ÷è-
òàòü, ÷òî â ðåàëüíûõ óñëîâèÿõ ïðè ðàáîòå èíôîðìàöèîííîé ñè-
ñòåìû âíåøíèå âîçäåéñòâèÿ, êîòîðûå ìîãóò ðåàëèçîâàòüñÿ, ïðåä-
ñòàâèìû â âèäå êóñî÷íî íåïðåðûâíîé îãðàíè÷åííîé ôóíêöèè, à
â ìîìåíòû âðåìåíè tσ ∈ [t0, tf ) èçìåðÿåòñÿ å¼ òåêóùåå ñîñòîÿ-
íèå x̃(t) (ñîñòîÿíèå ñèñòåìû â ìîäåëè (1)) â âèäå âåêòîðà xσ.
Ðàññìîòðèì çàäà÷ó êîððåêöèè ïëàíîâ ðàáîòû ÑÓ [4]: ïîñòðîèòü
óïðàâëåíèÿ ũ(t) (íà îñíîâå êîððåêòèðîâêè ïðîãðàììíîãî óïðàâ-
ëåíèÿ upr(t)) â ïðîöåññå ðåàëèçàöèè ïëàíà ðàáîòû ÑÓ íà [t0, tf ),
óäîâëåòâîðÿþùåå îãðàíè÷åíèÿì è êðàåâûì óñëîâèÿì ìîäåëè (1),
êîìïåíñèðóþùåå îãðàíè÷åííûå âíåøíèå âîçäåéñòâèÿ (âîçìóùå-
íèÿ) è îáåñïå÷èâàþùåå ìèíèìàëüíîå çíà÷åíèå ïîêàçàòåëÿ êà÷å-

ñòâà J̃ =
tf∫
t0

|x̃(t)− xpr(t)|dt → min.

Ïëàí ðàáîòû (upr(t), xpr(t)) áûë ïîëó÷åí ïðè ðåøåíèè çàäà÷è

ïðîãðàììíîãî óïðàâëåíèÿ äëÿ M ñ J , ïîñêîëüêó J̃ îöåíèâàåò îò-
êëîíåíèÿ ñîñòîÿíèé ñèñòåìû îò ïðîãðàììíîé òðàåêòîðèè, òî â ðà-
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áîòå [5] ïðåäëîæåíî ââåñòè àãðåãèðîâàííûå îïåðàöèè Di =
Si∪
k=1

Di
k,

è âìåñòå ñ ìîäåëüþ M ðàññìàòðèâàòü àãðåãèðîâàííóþ ìîäåëü M̃ .
Â íåé ẋ = f(x,u, t, ξ(t)) è íåò íåëèíåéíûõ ëîãè÷åñêèõ îãðàíè÷å-
íèé, îïðåäåëÿþùèõ äåòàëüíî òåõíîëîãèþ ôóíêöèîíèðîâàíèÿ ÑÓ.

Ââåäåì âåêòîðû y(t) = x̃(t) − xpr(t), w(t) = ũ(t) − upr(t) è

çàïèøåì óðàâíåíèÿ ìîäåëè M̃ â íîâûõ ïåðåìåííûõ:

Si∑
k=1

ẏ
(o)
ik =

Si∑
k=1

m∑
j=1

εij(t)θikj(t)w
(o)
ikj(t) + ξ

(o)
ik (t), i = 1, n,

ẏ
(k)
i =

n∑
i=1

Si∑
k=1

w
(o)
ikj(t) + ξ

(k)
i (t),

ẏ(p) = w(p)(t) + ξ(p)(t), j = 1,m. (2)

Çäåñü εij(t), θikj(t) � èçâåñòíûå áóëåâû ôóíêöèè âðåìåíè, εij(t)
çàäàåò ïðîñòðàíñòâåííî-âðåìåííûå îãðàíè÷åíèÿ: εij(t) = 1, åñëè
Ai ïîïàë â çîíó âçàèìîäåéñòâèÿ Bj , εij(t) = 0 èíà÷å; θikj(t) õàðàê-
òåðèçóåò òåõíè÷åñêèå âîçìîæíîñòè ðåàëèçàöèè îïåðàöèé âçàèìî-
äåéñòâèÿ: θikj(t) = 1, åñëè íà Ai è Bj åñòü ñâîáîäíûé êàíàë äëÿ
âûïîëíåíèÿ îïåðàöèè âçàèìîäåéñòâèÿ Di

k, θikj(t) = 0 èíà÷å.
Äëÿ êîìïîíåíò âåêòîðà óïðàâëåíèÿ w(o)(t) âûïîëíÿåòñÿ:

w
(o)
ikj(t) =



1, åñëè u
(o)
ikjpr

(t) = 0 è íà Ai D
i
ikj âûïîëíÿåòñÿ ñ

èñïîëüçîâàíèåì Bj ,

−1, åñëè u
(o,1)
ikjpr

(t) = 1 è ïðè êîððåêòèðîâêå îíî

îòìåíÿåòñÿ,
0, èíà÷å.

Â íåðàâåíñòâàõ, êîòîðûå çàäàþò îãðàíè÷åíèÿ íà óïðàâëÿþùèå
âîçäåéñòâèÿ w(t) â ìîäåëè M̃ , ïðèñóòñòâóþò êàê êîìïîíåíòû âåê-
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òîðà w(o)(t), òàê è w(p)(t). Íàïðèìåð, íåêîòîðûå èç íèõ èìåþò âèä:

−
m∑
j=1

u
(o)
ikjpr

≤
m∑
j=1

w
(o)
ikj ≤ 1−

m∑
j=1

u
(o)
ikjpr

, ∀i = 1, n, ∀k = 1, Si,

−
n∑

i=1

Si∑
k=1

u
(o)
ikjpr

≤
n∑

i=1

Si∑
k=1

w
(o)
ikj ≤ R

(o)
j −

n∑
i=1

Si∑
k=1

u
(o)
ikjpr

, ∀j = 1,m,

−
n∑

i=1

Si∑
k=1

u
(p)
ikjpr

≤
n∑

i=1

Si∑
k=1

w
(p)
ikj ≤ R

(p)
j −

n∑
i=1

Si∑
k=1

u
(p)
ikjpr

, ∀j = 1,m,

−u
(p)
ikjpr

(t) ≤ w
(p)
ikj(t),

w
(p)
ikj(t)− C

(p)
ikjw

(o)
ikj(t) ≤ C

(p)
ikju

(o)
ikjpr

(t)− u
(p)
ikjpr

(t), (3)

ãäå çàäàííûå êîíñòàíòû R
(o)
j � õàðàêòåðèçóþò ïðîïóñêíóþ ñïî-

ñîáíîñòü (ïðîèçâîäèòåëüíîñòü) îáúåêòîâ (ðåñóðñîâ) Bj , à âåëè÷è-

íû R
(p)
j � ìàêñèìàëüíóþ èíòåíñèâíîñòü îáðàáîòêè èíôîðìàöèè íà

Bj è ìàêñèìàëüíóþ ïðîïóñêíóþ ñïîñîáíîñòü êàíàëîâ ñâÿçè, C
(p)
ikj �

ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå èíòåíñèâíîñòè îáðàáîòêè u
(p)
ikj(t)

èíôîðìàöèè.
Â çàäà÷å êîððåêòèðîâêè ïëàíà, êàê è â çàäà÷å ïëàíèðîâà-

íèÿ ðàáîòû ñèñòåìû, áóäåì èñêàòü óïðàâëåíèÿ ũ(o)(t) â ðàñøè-

ðåííîì êëàññå äîïóñòèìûõ óïðàâëåíèé: Ũp = {ũ(t) | êîìïîíåí-
òû ũ(o)(t) ∈ [0, 1]; ũ(k)(t) ∈ [ũ(k), ũ

(k)
]; ũ(p)(t) ∈ [ũ(p), ũ

(p)
];

q̃(1)(x̃, ũ) = 0, q̃(2)(x̃, ũ) ≤ 0}, ãäå q̃(1), q̃(2) � îãðàíè÷åíèÿ â ìî-

äåëè M̃ .
Ðàññìîòðèì èíòåðâàë âðåìåíè, íà êîòîðîì áûëà ðàíåå ðåøåíà

çàäà÷à ïðîãðàììíîãî óïðàâëåíèÿ [t0, tf ), t0 < tf < +∞, çàäàäèì
øàã äèñêðåòíîñòè h = (tf − t0)/L, ãäå L � öåëîå ÷èñëî è îáîçíà÷èì
T0 = [t0, t0 + h, . . . , tf ], Tτ = [τ, τ + h, . . . , tf ]. Îïðåäåëèì ôóíêöèþ
w(t), t ∈ [t0, tf ), êàê äèñêðåòíîå óïðàâëåíèå w(t) = w(t0 + lh) ïðè
t ∈ [t0 + lh, t0 + (l + 1)h), l = 0, L− 1. Ñëåäóÿ ðàáîòå [8] îáîçíà-
÷èì îïòèìàëüíûå óïðàâëåíèå w0(t) è ñîîòâåòñòâóþùóþ òðàåêòî-

ðèþ x0(t) â ìîäåëè M̃ , êîòîðûå ÿâëÿþòñÿ äîïóñòèìûìè, òî åñòü
îíè óäîâëåòâîðÿþò îãðàíè÷åíèÿì çàäà÷è (3) è êðèòåðèé êà÷åñòâà
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J̃ âäîëü íèõ äîñòèãàåò ìèíèìàëüíîãî çíà÷åíèÿ. Ðàññìîòðèì ñåìåé-
ñòâî çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ äëÿ ñèñòåìû (2) ñ îãðàíè÷å-

íèÿìè (3) íà óïðàâëåíèÿ w(t) è ũ(t) ∈ Ũp è çàäàííûìè óñëîâèÿìè

y(τ) = z, y(tf ) = 0, íà ìíîæåñòâå t ∈ Tτ , ñ ôóíêöèîíàëîì J̃ .
Ðàññìàòðèâàåìîå ñåìåéñòâî çàâèñèò îò ïàðàìåòðà τ ∈ Tτ è âåêòî-
ðà z. Îáîçíà÷èì w(τ | τ, z) - îïòèìàëüíîå ïðîãðàììíîå óïðàâëåíèå
w0(t) äëÿ ïîçèöèè (τ, z) (ïîçèöèîííîå ðåøåíèå), Y (τ) - ìíîæåñòâî
âñåõ âîçìîæíûõ íà÷àëüíûõ ñîñòîÿíèé z = y(τ), äëÿ êîòîðûõ çà-
äà÷à èìååò ðåøåíèå ïðè ôèêñèðîâàííîì τ , z = y(τ), y(τ) ∈ Y (τ),
t ∈ T (τ) = [τ, tf ).

Äëÿ ðåøåíèÿ ðàññìàòðèâàåìîé çàäà÷è ìîæåò áûòü èñïîëüçî-
âàí ìåòîä îïòèìèçàöèè íåñòàöèîíàðíûõ ìíîãîìåðíûõ ñèñòåì ñ
ïîëèýäðàëüíûìè îãðàíè÷åíèÿìè, ïðåäëîæåííûé â ðàáîòå [8], ïî-

ñêîëüêó ìàòðèöà ñèñòåìû (2) â M̃ íåñòàöèîíàðíàÿ (âèä ôóíêöèé
εij(t), θikj(t) ïðèâåäåí â ðàáîòå [2]) è â ìîäåëè ïðèñóòñòâóþò èí-
òåðâàëüíûå ëèíåéíûå îãðàíè÷åíèÿ íà óïðàâëåíèÿ w(t). Ñëåäóÿ [8],
êîìïîíåíòû âåêòîðà óïðàâëåíèé w(t) áóäåì îïðåäåëÿòü ïîñëåäî-
âàòåëüíî, ïóòåì ôîðìèðîâàíèÿ è ðåøåíèÿ âñïîìîãàòåëüíûõ çà-
äà÷ îïòèìàëüíîãî óïðàâëåíèÿ ñ íîâûìè íà÷àëüíûìè óñëîâèÿìè
y(τ = tσ) = yσ, â ñîîòâåòñòâóþùèå ìîìåíòû âðåìåíè τ = tσ.

4. Àëãîðèòì ïðîãðàììíî-ïîçèöèîííîãî óïðàâëåíèÿ èí-
ôîðìàöèîííîé ñèñòåìîé (ÈÑ) ÍÊÌ. Íà ïåðâîì ýòàïå îñó-
ùåñòâëÿåòñÿ ïîèñê ïðîãðàììíîãî óïðàâëåíèÿ (ïëàíà ôóíêöèîíè-
ðîâàíèÿ) ÈÑ, ñîîòâåòñòâóþùåé ôàçîâîé òðàåêòîðèè (upr(t), xpr(t))
è ïðèîðèòåòîâ îïåðàöèé, îïðåäåëÿþùèõ ïîñëåäîâàòåëüíîñòü èõ
âûïîëíåíèÿ.

Íà âòîðîì ýòàïå ðåàëèçàöèè ïðåäëàãàåìîãî àëãîðèòìà (ýòàïå
êîððåêöèè ïëàíà â ñëó÷àå âîçíèêíîâåíèÿ îòêëîíåíèé îò ïëàíîâîé
òðàåêòîðèè) îñóùåñòâëÿåòñÿ

1. ââåäåíèå àãðåãèðîâàííûõ îïåðàöèé è ïðåîáðàçîâàíèå ìîäåëè
M (1) â M̃ ,

2. ïîñòðîåíèå ñèñòåìû (2), ñ îãðàíè÷åíèÿìè (3) è íîâîãî ôóíê-
öèîíàëà,

3. ïîñòðîåíèå âñïîìîãàòåëüíîé (ñîïðîâîæäàþùåé) çàäà÷è îï-
òèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ ñ íîâûìè íà÷àëüíûìè
óñëîâèÿìè (tσ, xσ),
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4. ðåàëèçàöèÿ ïðîöåäóðû ñèíòåçà óïðàâëåíèÿ � â êëàññå äèñ-
êðåòíûõ óïðàâëåíèé w(t) = w(t0 + lh), ïðè t ∈ [t0 + lh, t0 +
(l + 1)h), l = 0, L− 1, ñâåäåíèå âñïîìîãàòåëüíîé (ñîïðîâîæ-
äàþùåé) çàäà÷è îïòèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ ê
çàäà÷å ËÏ è åå ðåøåíèå íà ìíîæåñòâå Tτ = [τ, τ + h, . . . , tf ]
ïðè τ = tσ,

5. èñïîëüçîâàíèå êîððåêòèðóþùåãî óïðàâëåíèÿ íà èíòåðâàëå
âðåìåíè äî ñëåäóþùåãî ïîñòóïëåíèÿ èíôîðìàöèè î ñîñòî-
ÿíèè ñèñòåìû (tσ+1, xσ+1).

Îòìåòèì, ÷òî âñïîìîãàòåëüíàÿ çàäà÷à îïòèìàëüíîãî óïðàâëå-
íèÿ ôîðìèðóåòñÿ â êàæäûé ìîìåíò ïîñòóïëåíèÿ èíôîðìàöèè î òå-
êóùåì ñîñòîÿíèè ñèñòåìû, è ðåøàåòñÿ íà âñåì îñòàâøåìñÿ èíòåð-
âàëå âðåìåíè, ïîýòîìó íà êàæäîé èòåðàöèè ñ óìåíüøåíèåì âðåìåí-
íîãî èíòåðâàëà ðàçìåðíîñòü ìàòðèöû îãðàíè÷åíèé ïîñëåäîâàòåëü-
íî óìåíüøàåòñÿ. Íà èíòåðâàëå ìåæäó èçìåðåíèÿìè èñïîëüçóåòñÿ
ëèøü ÷àñòü êîìïîíåíò âåêòîðà óïðàâëåíèé, à îñòàëüíûå çíà÷åíèÿ
ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå íà÷àëüíûõ ïðèáëèæåíèé ïðè
ðåøåíèè âñïîìîãàòåëüíîé çàäà÷è íà ñëåäóþùåé èòåðàöèè.

Íà ïÿòîì ýòàïå àëãîðèòìà äîïîëíèòåëüíî íóæíî ó÷èòûâàòü,
÷òî íåêîòîðûå êîìïîíåíòû âåêòîðà óïðàâëåíèé ìîãóò ïðèíèìàòü
òîëüêî áóëåâû çíà÷åíèÿ, ïîýòîìó è âñïîìîãàòåëüíàÿ çàäà÷à ËÏ ÿâ-
ëÿåòñÿ öåëî÷èñëåííîé ïî ÷àñòè ïåðåìåííûõ. Ïðè áîëüøîì êîëè÷å-
ñòâå ïåðåìåííûõ, ïðèíèìàþùèõ öåëûå çíà÷åíèÿ, ìåòîäû ÷àñòè÷íî-
öåëî÷èñëåííîãî ïðîãðàììèðîâàíèÿ ðàáîòàþò çíà÷èòåëüíî äîëüøå,
÷åì ìåòîäû ËÏ. Ïîýòîìó ïðè ðåàëèçàöèè àëãîðèòìà äëÿ ðåøåíèÿ
âñïîìîãàòåëüíûõ çàäà÷ ïðåäëàãàåòñÿ èñïîëüçîâàòü ìåòîäû ËÏ è
ïîñëåäîâàòåëüíî, â ñîîòâåòñòâèè ñ âåëè÷èíîé ïðèîðèòåòà îïåðà-
öèè, çíà÷åíèÿ óïðàâëåíèé îêðóãëÿòü äî öåëî÷èñëåííûõ, ñ ó÷åòîì
âûïîëíåíèÿ âñåõ îãðàíè÷åíèé ìîäåëè è ðàíåå ñôîðìèðîâàííîãî
(íà ýòàïå ïëàíèðîâàíèÿ) ïðîãðàììíîãî óïðàâëåíèÿ.

Ïðîñòðàíñòâåííî-âðåìåííûå è òåõíè÷åñêèå îãðàíè÷åíèÿ, äåé-
ñòâóþùèå â êàæäûé ìîìåíò âðåìåíè è óâåëè÷åíèå ÷èñëà âðåìåí-
íûõ èíòåðâàëîâ ïðè ñâåäåíèè âñïîìîãàòåëüíîé çàäà÷è îïòèìàëü-
íîãî óïðàâëåíèÿ ê çàäà÷å ëèíåéíîãî ïðîãðàììèðîâàíèÿ ïðèâîäèò
ê óâåëè÷åíèþ, êàê ÷èñëà ñòðîê, òàê è ÷èñëà ñòîëáöîâ ñîîòâåòñòâó-
þùåé ìàòðèöû ëèíåéíûõ îãðàíè÷åíèé ñèñòåìû. Ïîýòîìó ìîãóò
áûòü èñïîëüçîâàíû ñïåöèàëüíûå ìåòîäû ËÏ [6], [8]. Â êà÷åñòâå
àëüòåðíàòèâû, äëÿ îïðåäåëåíèÿ óïðàâëåíèÿ w(t) âñïîìîãàòåëüíàÿ
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çàäà÷à îïòèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ ìîæåò áûòü ñâåäå-
íà íå òîëüêî ê çàäà÷å ËÏ, íî è ê çàäà÷å êâàäðàòè÷íîãî ïðîãðàì-
ìèðîâàíèÿ, â çàâèñèìîñòè îò âûáðàííîãî ïîêàçàòåëÿ êà÷åñòâà.

5. Ïðèìåð. Ðàññìîòðèì ðàáîòó äàííîãî àëãîðèòìà íà ñèñòå-
ìå, â êîòîðîé ïàðàìåòðû: n = 5, m = 3, è 7 âñïîìîãàòåëüíûõ
îïåðàöèé, t0 = 0, tf = 5, L = 5, âíåøíåå âîçäåéñòâèå |ξ| 6 1.5 âëè-
ÿåò íà èíòåíñèâíîñòü îáðàáîòêè è ïåðåäà÷è îáúåìîâ èíôîðìàöèè
â êàæäûé ìîìåíò âðåìåíè. Îãðàíè÷åíèÿ äëÿ êîìïîíåíò âåêòîðîâ

0 6 u
(o)
ikj 6 1, 0 6 u

(p)
ikj 6 5.

Ïàðàìåòðû Si = 2, R
(p)
j = 5, R

(0)
j = 2, C

(p)
ikj ïðèíèìàþò çíà÷å-

íèÿ îò 10 äî 14. Â ðåçóëüòàòå ðàáîòû àëãîðèòìà íîâîå óïðàâëåíèå

íå ìåíÿåò ïîñëåäîâàòåëüíîñòü âûïîëíåíèÿ îïåðàöèé u
(o)
pr = ũ(o),

íî èçìåíÿåò èíòåíñèâíîñòü ïåðåäà÷è èíôîðìàöèè u
(p)
pr . Çíà÷åíèÿ

u
(p)
pr (t) è ũ(p)(t) ïðåäñòàâëåíû íà ðèñóíêàõ 1 è 2.
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u
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Ðèñ. 1. Èñõîäíûé ïëàí ðàáîòû ñèñòåìû.

Çíà÷åíèå ôóíêöèîíàëà ñèñòåìû ïðè óñëîâèè äåéñòâóþùèõ íà
íåå âîçìóùåíèé, çàìêíóòîé upr ðàâíî J̃=39.8 ïðè ýòîì íå âûïîë-
íÿþòñÿ âñå îãðàíè÷åíèÿ; óïðàâëåíèå ũ îáåñïå÷èâàåò âûïîëíåíèå
îãðàíè÷åíèé è çíà÷åíèå ôóíêöèîíàëà ðàâíî J̃= 35.5.

6. Çàêëþ÷åíèå. Èñïîëüçîâàíèå êîìáèíàöèè ìîäåëåé ïðè ïî-
ñòðîåíèè ïðîãðàììíûõ óïðàâëåíèé íà ïåðâîì ýòàïå è ïîçèöèîí-
íûõ óïðàâëåíèé � íà âòîðîì, ó÷åò èõ âçàèìîäåéñòâèÿ íà êîíñòðóê-
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Ðèñ. 2. Ñêîððåêòèðîâàííûé ïëàí ðàáîòû ñèñòåìû.

òèâíîì óðîâíå è âçàèìîñâÿçè èõ ïàðàìåòðîâ ÿâëÿåòñÿ îñíîâíîé
îñîáåííîñòüþ ðàññìàòðèâàåìîãî ïîäõîäà. Â ñòàòüå ïðåäëîæåí àë-
ãîðèòì ïðîãðàììíî � ïîçèöèîííîãî óïðàâëåíèÿ ðàáîòû ÈÑ ÍÊÌ,
êîòîðûé âêëþ÷àåò â ñåáÿ äâà îñíîâíûõ ýòàïà: ïåðâûé � ïëàíèðî-
âàíèå ðàáîòû ÈÑ è âòîðîé � êîððåêòèðîâàíèå ïëàíîâ ðàáîòû ñ
ó÷åòîì ïîñòóïàþùåé èíôîðìàöèè è ïðåäñòàâëåíû ðåçóëüòàòû åãî
ðàáîòû äëÿ ÷èñëîâîãî ïðèìåðà.
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ÐÅÔÅÐÀÒ

Ñîëîâüåâà È.Â. Ìîäåëüíî-àëãîðèòìè÷åñêîå îáåñïå÷åíèå ðå-
øåíèÿ çàäà÷è êîððåêöèè ïëàíîâ ðàáîòû èíôîðìàöèîííîé
ñèñòåìû íàçåìíî-êîñìè÷åñêîãî ìîíèòîðèíãà.

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ ìîäåëü àâòîìàòèçèðîâàííîé ñèñòå-
ìû óïðàâëåíèÿ íàâèãàöèîííûìè êîñìè÷åñêèìè àïïàðàòàìè è íàçåìíû-
ìè òåõíè÷åñêèìè ñðåäñòâàìè (êîìïëåêñîì óïðàâëåíèÿ), èñïîëüçóåìîé
äëÿ îáåñïå÷åíèÿ ïîòðåáèòåëåé íàâèãàöèîííîé èíôîðìàöèåé. Îñîáûé èí-
òåðåñ ïðåäñòàâëÿþò âîïðîñû ñâÿçàííûå ñ ðàáîòîé ñèñòåìû ïðè íàëè÷èè
âíåøíèõ âîçäåéñòâèé. Ïðåäïîëàãàÿ, ÷òî â îïðåäåëåííûå ìîìåíòû âðåìå-
íè ïîñòóïàåò èíôîðìàöèÿ î ñîñòîÿíèè ñèñòåìû, ðàññìîòðèì çàäà÷ó êîð-
ðåêöèè óæå ñôîðìèðîâàííîãî ïëàíà ðàáîòû îñíîâíûõ ýëåìåíòîâ àâòî-
ìàòèçèðîâàííîé ñèñòåìû óïðàâëåíèÿ, îïðåäåëåííîãî ðàíåå ïðè ðåøåíèè
çàäà÷è îïòèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ. Â äàííîé ðàáîòå ïðè
ðåøåíèè ýòîé çàäà÷è ïðåäëàãàåòñÿ èñïîëüçîâàòü òåõíîëîãèþ ïîñòðîåíèÿ
ïîçèöèîííûõ óïðàâëåíèé (êîððåêòèðîâêè ïëàíîâ ðàáîòû) â êëàññå äèñ-
êðåòíûõ êóñî÷íî-ïîñòîÿííûõ îãðàíè÷åííûõ ôóíêöèé ñ èñïîëüçîâàíèåì
èçâåñòíûõ ìàòåìàòè÷åñêèõ ìåòîäîâ ðåøåíèÿ âñïîìîãàòåëüíûõ (ñîïðî-
âîæäàþùèõ) çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ.

Èñïîëüçîâàíèå êîìáèíàöèè ìîäåëåé ïðè ïîñòðîåíèè ïðîãðàììíûõ
óïðàâëåíèé íà ïåðâîì ýòàïå è ïîçèöèîííûõ óïðàâëåíèé � íà âòîðîì,
ó÷åò èõ âçàèìîäåéñòâèÿ íà êîíñòðóêòèâíîì óðîâíå è âçàèìîñâÿçè èõ
ïàðàìåòðîâ ÿâëÿåòñÿ îñíîâíûìè îñîáåííîñòÿìè ðàññìàòðèâàåìîãî ïîä-
õîäà. Â ñòàòüå ïðåäëîæåí àëãîðèòì ïðîãðàììíî � ïîçèöèîííîãî óïðàâ-
ëåíèÿ ðàáîòû èíôîðìàöèîííîé ñèñòåìû íàçåìíî-êîñìè÷åñêîãî ìîíèòî-
ðèíãà, êîòîðûé âêëþ÷àåò â ñåáÿ äâà îñíîâíûõ ýòàïà: ïåðâûé � ïëàíè-
ðîâàíèå ðàáîòû èíôîðìàöèîííîé ñèñòåìû è âòîðîé � êîððåêòèðîâàíèå
ïëàíîâ ðàáîòû ñ ó÷åòîì ïîñòóïàþùåé èíôîðìàöèè, îáñóæäàþòñÿ îñî-
áåííîñòè åãî ðàáîòû è ïðåäñòàâëåíû ðåçóëüòàòû åãî ðàáîòû äëÿ ÷èñëî-
âîãî ïðèìåðà.

192192 Труды СПИИРАН. 2013. Вып. 5(28). ISSN 2078-9181 (печ.), ISSN 2078-9599 (онлайн)  
SPIIRAS Proceedings. 2013. Issue 5(28). ISSN 2078-9181 (print), ISSN 2078-9599 (online) 

www.proceedings.spiiras.nw.ru

192



SUMMARY

Solovyeva I.V.Model-algorithmic aids to plan operation correc-
tion of ground based space monitoring information system.

In this paper the model of automated management information
system of unmanned spacecraft and ground technical equipment pro-
viding consumers of navigational information considered. System ope-
ration in response to external actions is of special interest. Assuming
operations plan is de�ned as the optimal program control problem
solution. On the supposition of obtaining the information about the
system condition in certain time intervals the problem of operations
plan correction is considered. For solving this problem position control
can be constructed in the class of discrete piecewise constant functions
using position optimization method which is based on well-known
mathematical methods of optimal control problems and linear prog-
ramming.

Implementation of models combination for construction the prog-
ram and position controls and the interaction of considered models
on the construction level and interrelation of its parameters are main
peculiarities of this approach. In the paper the algorithm of program-
position control of automated management information system is sug-
gested. It is includes 2 main stages: the �rst � scheduling and the
second � operations plan correction. Results of its realization are
demonstrated on the numerical example.
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