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Ñîëîâüåâà È.Â., Ñîêîëîâ Á.Â. Àëãîðèòì êîððåêöèè ïëàíîâ ðàáîòû êîð-

ïîðàòèâíîé èíôîðìàöèîííîé ñèñòåìû íà îñíîâå ìåòîäà ïîçèöèîí-

íîé îïòèìèçàöèè.

Àííîòàöèÿ. Â ñòàòüå ðàññìàòðèâàåòñÿ îáîáùåííàÿ äèíàìè÷åñêàÿ ìîäåëü óï-
ðàâëåíèÿ êîðïîðàòèâíîé èíôîðìàöèîííîé ñèñòåìîé (ÊÈÑ), ïðåäëàãàåòñÿ äëÿ
êîððåêöèè ïëàíîâ åå ðàáîòû èñïîëüçîâàòü ïîçèöèîííûå óïðàâëåíèÿ, ïîñòðî-
åííûå ñ èñïîëüçîâàíèåì ìåòîäà ïîçèöèîííîé îïòèìèçàöèè, ïðèâîäèòñÿ îáîá-
ùåííûé àëãîðèòì ïðîãðàììíî-ïîçèöèîííîãî óïðàâëåíèÿ ÊÈÑ.
Êëþ÷åâûå ñëîâà: äèíàìè÷åñêèå ìîäåëè ïðîãðàììíîãî óïðàâëåíèÿ, ïîçèöè-
îííûå óïðàâëåíèÿ, ìåòîä ïîçèöèîííîé îïòèìèçàöèè, êîðïîðàòèâíàÿ èíôîð-
ìàöèîííàÿ ñèñòåìà.

Solovyeva I.V., Sokolov B.V. Algorithm of plan operation correction of

corporate information system based on the position optimization

method.

Abstract. The generalized dynamic model of the control of corporate information
system is considered. The scheme and the generalized algorithm of the positional
control construction using the position optimization method are proposed.
Keywords: dynamic model of program control, position control, position optimi-
zation method, corporate information system.

1. Ââåäåíèå. Â çàäà÷àõ îïåðàòèâíîãî (êàëåíäàðíîãî) ïëàíè-
ðîâàíèÿ äëÿ ðàçëè÷íûõ ñèñòåì óïðàâëåíèÿ àêòèâíûìè ïîäâèæ-
íûìè îáúåêòàìè (ÀÏÎ), ê ÷èñëó êîòîðûõ ìîæíî îòíåñòè: êîñìè-
÷åñêèå ñðåäñòâà, òðàíñïîðòíûå ñðåäñòâà âîçäóøíîãî, íàçåìíîãî,
âîäíîãî áàçèðîâàíèÿ, îáåñïå÷èâàþùèå èíòåðìîäàëüíûå ïåðåâîç-
êè â öåïÿõ ïîñòàâîê, àïïàðàòíî-ïðîãðàììíûå ñðåäñòâà, âõîäÿùèå
â ñîñòàâ ñîâðåìåííûõ ¾âèðòóàëüíûõ ïðåäïðèÿòèé¿, ìîæåò áûòü
èñïîëüçîâàíà îáîáùåííàÿ äèíàìè÷åñêàÿ ìîäåëü óïðàâëåíèÿ êîð-
ïîðàòèâíîé èíôîðìàöèîííîé ñèñòåìîé (ÊÈÑ), ðàíåå îïèñàííàÿ
â ðàáîòàõ [1�3]. Îíà ñîäåðæèò íåñêîëüêî ïîäìîäåëåé, îïèñûâà-
þùèõ ñâîéñòâà è îñîáåííîñòè ôóíêöèîíèðîâàíèÿ ÀÏÎ ñ ó÷åòîì
ïðîñòðàíñòâåííî-âðåìåííûõ, òåõíè÷åñêèõ è òåõíîëîãè÷åñêèõ îãðà-
íè÷åíèé. Òðàäèöèîííî ïðè ïëàíèðîâàíèè ðàáîòû ÊÈÑ ðåøàþòñÿ
çàäà÷è îïòèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ.

153Труды СПИИРАН. 2012. Вып. 1(20). ISSN 2078-9181 (печ.), ISSN 2078-9599 (онлайн) 
SPIIRAS Proceedings. 2012. Issue 1(20). ISSN 2078-9181 (print), ISSN 2078-9599 (online)

www.proceedings.spiiras.nw.ru



Îäíàêî, íà ýòàïå ðåàëèçàöèè óêàçàííûõ óïðàâëåíèé èç-çà íàëè-
÷èÿ âîçìóùàþùèõ âîçäåéñòâèé ïðèõîäèòñÿ ïðîâîäèòü êîððåêöèþ
óæå ñôîðìèðîâàííûõ ïëàíîâ.

Ðàíåå â ðàáîòå [4] áûëà ïðèâåäåíà ïîñòàíîâêà çàäà÷è êîððåêöèè
ïëàíîâ ðàáîòû ÊÈÑ ñ ó÷åòîì èíôîðìàöèè î åå ñîñòîÿíèè, ïîñòóïà-
þùåé â çàäàííûå äèñêðåòíûå ìîìåíòû âðåìåíè. Ïðåäïîëàãàëîñü,
÷òî ïåðèîäè÷íîñòü è ñîñòàâ ïîëó÷åííîé èíôîðìàöèè â óêàçàí-
íûå ìîìåíòû âðåìåíè îïðåäåëÿëèñü â çàâèñèìîñòè îò òåõíè÷åñêèõ
èëè òåõíîëîãè÷åñêèõ îñîáåííîñòåé ôóíêöèîíèðîâàíèÿ ðàññìàòðè-
âàåìîé èíôîðìàöèîííîé ñèñòåìû. Â äàííîé ñòàòüå ïðè ðåøåíèè
çàäà÷è êîððåêöèè ïëàíà ðàáîòû ÊÈÑ ïðåäëàãàåòñÿ èñïîëüçîâàòü
òåõíîëîãèþ ïîñòðîåíèÿ óïðàâëåíèé (êîððåêòèðîâêè ïëàíîâ ðàáî-
òû ÊÈÑ) â êëàññå äèñêðåòíûõ êóñî÷íî-ïîñòîÿííûõ îãðàíè÷åííûõ
ôóíêöèé. Äëÿ ðàññìàòðèâàåìîé ìîäåëè óïðàâëåíèÿ ìîãóò áûòü
îïðåäåëåíû ïî ìåòîäó ïîçèöèîííîé îïòèìèçàöèè [5�8]. Äàííûé
ìåòîä ìîæåò èñïîëüçîâàòüñÿ äëÿ ëèíåéíûõ è íåëèíåéíûõ ñèñòåì,
à òàêæå äëÿ ñèñòåì, íà êîòîðûå äåéñòâóþò îãðàíè÷åííûå âîçìó-
ùåíèÿ. Â åãî îñíîâó ïîëîæåíû èçâåñòíûå ìàòåìàòè÷åñêèå ìåòîäû
ðåøåíèÿ âñïîìîãàòåëüíûõ (ñîïðîâîæäàþùèõ) çàäà÷ îïòèìàëüíîãî
óïðàâëåíèÿ è àäàïòèâíûå ìåòîäû ðåøåíèÿ çàäà÷ ëèíåéíîãî ïðî-
ãðàììèðîâàíèÿ (ËÏ) [5�8].

2. Îïèñàíèå ìîäåëè. Â ðàáîòàõ [1�3] îáîáùåííàÿ äèíàìè-
÷åñêàÿ ìîäåëü ïðîãðàììíîãî óïðàâëåíèÿ (ïëàíèðîâàíèÿ ðàáîòû)
ÊÈÑ âêëþ÷àåò ìîäåëü ïðîãðàììíîãî óïðàâëåíèÿ îïåðàöèÿìè, âû-
ïîëíÿåìûìè â ÊÈÑ, ìîäåëü ïðîãðàììíîãî óïðàâëåíèÿ åå ðåñóð-
ñàìè è ìîäåëü ïðîãðàììíîãî óïðàâëåíèÿ èíôîðìàöèîííûìè ïî-
òîêàìè â ÊÈÑ. Îáîçíà÷èì A = {Ai; i = 1, . . . , n} � ìíîæåñòâî
öåëåâûõ è îáåñïå÷èâàþùèõ ïðîöåññîâ; B = {Bj ; j = 1, . . . ,m}
� ìíîæåñòâî îáúåêòîâ (ïîäñèñòåì, ýëåìåíòîâ), âõîäÿùèõ â ÊÈÑ;
D = {Di

k; k = 1, . . . , Si} � ìíîæåñòâî îïåðàöèé, âõîäÿùèõ â ñîñòàâ
öåëåâûõ è îáåñïå÷èâàþùèõ ïðîöåññîâ; P = {P iρ; ρ = 1, . . . ,Πi} �
ìíîæåñòâî ïîòîêîâ, îáðàçóþùèõñÿ ïðè ôóíêöèîíèðîâàíèè ÊÈÑ;
K = {Kν

⋃
K̃µ; ν = 1, . . . , ω, µ = 1, . . . , $} � ìíîæåñòâî öåí-

òðîâ îáðàáîòêè èíôîðìàöèè (ÖÎÈ); E = {Dĩ
νµ; ĩ = 1, . . . , ñ, ν =

1, . . . , ω, µ = 1, . . . , $, ν 6= µ} � ìíîæåñòâî âñïîìîãàòåëüíûõ ïðî-
öåññîâ, ñâÿçàííûõ ñ ñèíõðîíèçàöèåé èíôîðìàöèè ìåæäó îñíîâíû-
ìè ÖÎÈ (ÎÖÎÈ) è ðåçåðâíûìè ÖÎÈ (ÐÖÎÈ) K̃µ. Ðàññìîòðèì

154 Труды СПИИРАН. 2012. Вып. 1(20). ISSN 2078-9181 (печ.), ISSN 2078-9599 (онлайн) 
SPIIRAS Proceedings. 2012. Issue 1(20). ISSN 2078-9181 (print), ISSN 2078-9599 (online)

www.proceedings.spiiras.nw.ru



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 )T , x(o) = (x(o,1),x(o,2),x(o,3)), ïåðåìåííàÿ x
(o,1)
ik � õàðàêòå-

ðèçóåò ñîñòîÿíèå âûïîëíåíèÿ îïåðàöèè Di
k ïðè ðåàëèçàöèè ïðî-

öåññà Ai, x
(o,2)

νµ̃iρ
� õàðàêòåðèçóåò ñîñòîÿíèå âûïîëíåíèÿ âñïîìîãà-

òåëüíîãî ïðîöåññà Dĩ
νµ, â õîäå âûïîëíåíèÿ êîòîðîãî äîëæíà îñó-

ùåñòâëÿòüñÿ ïåðåäà÷à èíôîðìàöèè òèïà ρ èç ÎÖÎÈ Kν â ÐÖÎÈ

Kµ, x
(o,3)
i � õàðàêòåðèçóåò ñîñòîÿíèå âñïîìîãàòåëüíîé îïåðàöèè;

x(p) = (x(p,1),x(p,2)), ïåðåìåííàÿ x
(p,1)
ikj � õàðàêòåðèçóåò òåêóùèé

îáúåì èíôîðìàöèè, îáðàáîòàííîé ñ èñïîëüçîâàíèåì Bj , x
(p,2)

νµ̃iρ
�

õàðàêòåðèçóåò îáúåì èíôîðìàöèè òèïà ρ, ïåðåäàííûé èç ÎÖÎÈ

Kν â ÐÖÎÈ Kµ, êàæäàÿ êîìïîíåíòà x
(k)
j âåêòîðà x(k)T õàðàêòå-

ðèçóåò ñîñòîÿíèå ðåñóðñà (îáúåêòà) Bj íà ìîìåíò âðåìåíè t. Âåê-
òîð ñîîòâåòñòâóþùèõ óïðàâëÿþùèõ âîçäåéñòâèé îáîçíà÷åí u =
(u(o)T , u(k)T ,u(p)T )T . Ôóíêöèè h0, h1 � çàäàþò êðàåâûå óñëîâèÿ
â ìîìåíòû âðåìåíè t0, tf ; à J = (J (o)T , J (k)T , J (p)T )T � ñèñòåìà
ïîêàçàòåëåé êà÷åñòâà, îöåíèâàþùèõ ñóììàðíóþ òî÷íîñòü âûïîë-
íåíèÿ êðàåâûõ óñëîâèé, íåâûïîëíåíèå äèðåêòèâíûõ ñðîêîâ ðåàëè-
çàöèè îïåðàöèé è ðàâíîìåðíîñòü èñïîëüçîâàíèÿ ðåñóðñîâ íà âñåì
èíòåðâàëå ïëàíèðîâàíèÿ ðàáîòû ÊÈÑ. Ñ ïîìîùüþ q(1), q(2) çàäàíû
îãðàíè÷åíèÿ, íàêëàäûâàåìûå íà ïðîöåññ ôóíêöèîíèðîâàíèÿ ÊÈÑ,
ïðè ýòîì â ìîäåëè M ïðèñóòñòâóþò êàê ëèíåéíûå, òàê è íåëèíåé-
íûå ëîãè÷åñêèå îãðàíè÷åíèÿ.

Èñõîäíàÿ çàäà÷à ïëàíèðîâàíèÿ ðàáîòû ÊÈÑ ìîæåò èíòåðïðå-
òèðîâàòüñÿ êàê çàäà÷à ïðîãðàììíîãî óïðàâëåíèÿ ñîîòâåòñòâóþ-
ùèì êîìïëåêñîì öåëåâûõ è îáåñïå÷èâàþùèõ ïðîöåññîâ. Â ðàáî-
òàõ [2,3] ïîêàçàíî, êàê ìîæíî ñ ïîìîùüþ ìåòîäà ëîêàëüíûõ ñå÷å-
íèé ïðåîáðàçîâàòü ðàññìàòðèâàåìóþ çàäà÷ó íåêëàññè÷åñêîãî âà-
ðèàöèîííîãî èñ÷èñëåíèÿ â êðàåâóþ äâóõòî÷å÷íóþ çàäà÷ó è ðå-
øèòü åå ñ èñïîëüçîâàíèåì ìåòîäà Êðûëîâà-×åðíîóñüêî. Ïðè ýòîì
áûëî ïðåäëîæåíî âìåñòî èñõîäíîãî êëàññà äîïóñòèìûõ óïðàâëå-
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íèé U = {u(t) | u(o,1)
ikj (t), u

(o,2)

νµ̃iρ
(t), u

(o,3)
i (t) ∈ {0, 1}; q(1)(x,u) =

0, q(2)(x,u) ≤ 0} èñïîëüçîâàòü ðàñøèðåííûé êëàññ óïðàâëåíèé

Up = {u(t) | u(o,1)
ikj (t), u

(o,2)

νµ̃iρ
(t), u

(o,3)
i (t) ∈ [0, 1]; q(1)(x,u) = 0,

q(2)(x,u) ≤ 0}.
Ñ ó÷åòîì âûøåèçëîæåííîãî îáîçíà÷èì ïðîãðàììíîå óïðàâëå-

íèå ÊÈÑ è ñîîòâåòñòâóþùóþ ôàçîâóþ òðàåêòîðèþ, îïðåäåëåííûå
íà ýòàïå ïëàíèðîâàíèÿ, êàê (upr(t), xpr(t)). Ðàññìîòðèì çàäà÷ó
êîððåêöèè ïëàíîâ ðàáîòû ÊÈÑ ñ ó÷åòîì èíôîðìàöèè î âåêòîðå
ñîñòîÿíèÿ ñèñòåìû, ïîñòóïàþùåé â îïðåäåëåííûå ìîìåíòû âðåìå-
íè â ïðîöåññå óïðàâëåíèÿ [4].

3. Êîððåêöèÿ ïëàíîâ ðàáîòû ÊÈÑ íà îñíîâå ìåòîäà ïî-
çèöèîííîé îïòèìèçàöèè. Áóäåì ñ÷èòàòü, ÷òî â ïðîöåññå ôóíê-
öèîíèðîâàíèÿ ÊÈÑ â ðåàëüíûõ óñëîâèÿõ âíåøíèå âîçäåéñòâèÿ
ìîãóò ðåàëèçîâàòüñÿ â âèäå êóñî÷íî íåïðåðûâíîé îãðàíè÷åííîé
ôóíêöèè, à â ìîìåíòû âðåìåíè tσ ∈ [t0, tf ) â êîîðäèíèðóþùèé
îðãàí ÊÈÑ ïîñòóïàåò èíôîðìàöèÿ î å¼ òåêóùåì ñîñòîÿíèè x̃(t)(î
ñîñòîÿíèè ñèñòåìû â ìîäåëè (1)) â âèäå âåêòîðà ñîñòîÿíèÿ xσ. Â
ñîîòâåòñòâèå ñ [4] çàäà÷à êîððåêöèè ïëàíîâ ðàáîòû ÊÈÑ ñîñòîèò â
ïîñòðîåíèè óïðàâëåíèÿ ũ(t) (íà îñíîâå êîððåêòèðîâêè ïðîãðàì-
ìíîãî óïðàâëåíèÿ upr(t)) â ïðîöåññå ðåàëèçàöèè ïëàíà ðàáîòû
ÊÈÑ íà [t0, tf ), óäîâëåòâîðÿþùåãî îãðàíè÷åíèÿì è êðàåâûì óñëî-
âèÿì ìîäåëè (1), êîìïåíñèðóþùèì îãðàíè÷åííûå âíåøíèå âîçäåé-
ñòâèÿ (âîçìóùåíèÿ) è îáåñïå÷èâàþùèì ìèíèìàëüíîå çíà÷åíèå ïî-

êàçàòåëÿ êà÷åñòâà J̃ =
tf∫
t0

|x̃(t)− xpr(t)|dt→ min.

Îïðåäåëèì àãðåãèðîâàííûå îïåðàöèè Di =
Si⋃
k=1

Di
k è âìåñòå ñ

ìîäåëüþ M ðàññìîòðèì ìîäåëü M̃ , â êîòîðîé íåò íåîáõîäèìî-
ñòè ó÷èòûâàòü íåëèíåéíûå ëîãè÷åñêèå îãðàíè÷åíèÿ, îïðåäåëÿþ-
ùèå äåòàëüíî òåõíîëîãèþ ôóíêöèîíèðîâàíèÿ ÊÈÑ.

Îáîçíà÷èì âåêòîð îòêëîíåíèé y(t) = x̃(t)−xpr(t) ðåàëüíîé ôà-
çîâîé òðàåêòîðèè ñèñòåìû x̃(t) îò ïëàíèðóåìîé òðàåêòîðèè xpr(t)
è âåêòîð óïðàâëåíèé w(t) = ũ(t)− upr(t). Äëÿ íîâûõ ïåðåìåííûõ
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óðàâíåíèÿ ìîäåëè (1) ïðèìóò ñëåäóþùèé âèä:

Si∑
k=1

ẏ
(o,1)
ik =

Si∑
k=1

m∑
j=1

εij(t)θikj(t)w
(o,1)
ikj (t),

ẏ
(o,3)
i = w

(o,3)
i (t), ẏ

(o,3)
i =

n∑
i=1

Si∑
k=1

θikjw
(o,1)
ikj (t), (2)

ẏ
(o,2)

υµ̃iρ
= w

(o,2)

υµ̃iρ
(t), ẏ

(p,1)
ikj = w

(p,1)
ikj (t), ẏ

(p,2)

υµ̃iρ
= w

(p,2)

υµ̃iρ
(t)

ïðè i = 1, n, ĩ = 1, ñ, j = 1,m, υ = 1, ω, µ = 1, $. Çäåñü εij(t), θikj(t)
� èçâåñòíûå áóëåâû ôóíêöèè âðåìåíè òàêèå, ÷òî εij(t) = 1, åñëè
Ai ïîïàë â çîíó âçàèìîäåéñòâèÿ Bj , εij(t) = 0 èíà÷å; θikj(t) = 1,
åñëè íà ðåñóðñå Bj åñòü ñðåäñòâà äëÿ âûïîëíåíèÿ îïåðàöèè Di

k,
θikj(t) = 0 èíà÷å.

Ïóñòü óïðàâëåíèå w
(o,1)
ikj (t) ïðèíèìàåò ñëåäóþùèå çíà÷åíèÿ

w
(o,1)
ikj (t) =



1, åñëè u
(o,1)
ikjpr

(t) = 0 è Di
ikj âûïîëíÿåòñÿ ñ

èñïîëüçîâàíèåì Bj ,

−1, åñëè u
(o,1)
ikjpr

(t) = 1 è ïðè êîððåêòèðîâêå îíî

îòìåíÿåòñÿ,
0, èíà÷å,

àíàëîãè÷íî îïðåäåëèì óïðàâëåíèå w
(o,2)

νµ̃iρ
(t): w

(o,2)

νµ̃iρ
(t) = 1, åñëè

u
(o,2)

νµ̃iρpr
(t) = 0 è îñóùåñòâëÿåòñÿ ïåðåäà÷à èíôîðìàöèè òèïà ρ èç

Kν â Kµ; w
(o,2)

νµ̃iρ
(t) = −1, åñëè u

(o,2)

νµ̃iρpr
(t) = 1 è ïðè êîððåêòèðîâ-

êå îíî îòìåíÿåòñÿ; èíà÷å w
(o,2)

νµ̃iρ
(t) = 0. Äëÿ w

(o,3)
i (t) âûïîëíåíî:

w
(o,3)
i (t) = 1, åñëè u

(o,3)
i (t) = 0, â ìîìåíò çàâåðøåíèÿ çàäà÷è Ai è

ïîñëå; w
(o,3)
i (t) = −1, åñëè u

(o,3)
i (t) = 1, íî íå çàâåðøåíà çàäà÷à

Ai; èíà÷å w
(o,3)
i (t) = 0. Îãðàíè÷åíèÿ íà óïðàâëÿþùèå âîçäåéñòâèÿ
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w(t) â ìîäåëè M̃ çàïèøóòñÿ â ñëåäóþùåì âèäå:

−
m∑
j=1

u
(o,1)
ikjpr

≤
m∑
j=1

w
(o,1)
ikj ≤ 1−

m∑
j=1

u
(o,1)
ikjpr

, ∀i = 1, n, ∀k = 1, Si,

−
n∑
i=1

Si∑
k=1

u
(o,1)
ikjpr

≤
n∑
i=1

Si∑
k=1

w
(o,1)
ikj ≤ R

(o,1)
j −

n∑
i=1

Si∑
k=1

u
(o,1)
ikjpr

, ∀j = 1,m,

−
ñ∑
ĩ=1

Πi∑
ρ=1

$∑
µ=1

u
(o,2)

νµ̃iρpr
≤

ñ∑
ĩ=1

Πi∑
ρ=1

$∑
µ=1

w
(o,2)

νµ̃iρ
≤ R(o,1)

ν −
ñ∑
ĩ=1

Πi∑
ρ=1

$∑
µ=1

u
(o,2)

νµ̃iρpr
,

∀ν = 1, ω,

−
n∑
i=1

Si∑
k=1

u
(p,1)
ikjpr

≤
n∑
i=1

Si∑
k=1

w
(p,1)
ikj ≤ R

(o,1)
j −

n∑
i=1

Si∑
k=1

u
(p,1)
ikjpr

, ∀j = 1,m,

−
ñ∑
ĩ=1

Πi∑
ρ=1

$∑
µ=1

u
(p,2)

νµ̃iρpr
≤

ñ∑
ĩ=1

Πi∑
ρ=1

$∑
µ=1

w
(p,2)

νµ̃iρ
≤ R(o,1)

ν −
ñ∑
ĩ=1

Πi∑
ρ=1

$∑
µ=1

u
(p,2)

νµ̃iρpr
,

∀ν = 1, ω,

−u(p,1)
ikjpr

(t) ≤ w(p,1)
ikj (t), u

(p,2)

νµ̃iρpr
(t) ≤ w(p,2)

νµ̃iρ
(t),

w
(p,1)
ikj (t)− C(p,1)

ikj w
(o,1)
ikj (t) ≤ C(p,1)

ikj u
(o,1)
ikjpr

(t)− u(p,1)
ikjpr

(t),

w
(p,2)

νµ̃iρ
(t)− C(p,2)

νµ̃iρ
w

(o,2)

νµ̃iρ
(t) ≤ C(p,2)

νµ̃iρ
u

(o,2)

νµ̃iρpr
(t)− u(p,2)

νµ̃iρpr
(t), (3)

ãäå çàäàííûå âåëè÷èíû R
(o,1)
j , R

(o,1)
ν � ñîîòâåòñòâåííî õàðàêòåðè-

çóþò ïðîïóñêíóþ ñïîñîáíîñòü (ïðîèçâîäèòåëüíîñòü) îáúåêòîâ (ðå-

ñóðñîâ) Bj è ÖÎÈ Kν , à âåëè÷èíû R
(p,1)
j , R

(p,1)
ν � ìàêñèìàëüíóþ

èíòåíñèâíîñòü îáðàáîòêè èíôîðìàöèè íà îáúåêòå Bj è ìàêñèìàëü-
íóþ ïðîïóñêíóþ ñïîñîáíîñòü êàíàëîâ ñâÿçè ÎÖÎÈ. Êîíñòàíòû

C
(p,1)
ikj , C

(p,2)

νµ̃iρ
� çàäàþò ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå èíòåí-

ñèâíîñòè îáðàáîòêè u
(p,1)(t)
ikj è ïåðåäà÷è u

(p,2)(t)

νµ̃iρ
èíôîðìàöèè.

Â çàäà÷å êîððåêòèðîâêè ïëàíà ÊÈÑ, êàê è â çàäà÷å ïëàíèðî-
âàíèÿ åå ðàáîòû, óïðàâëåíèÿ ũ(o,1)(t), ũ(o,2)(t), ũ(o,3)(t) áóäåì èñ-

êàòü â ðàñøèðåííîì êëàññå äîïóñòèìûõ óïðàâëåíèé: Ũp = {ũ(t) |
ũ

(o,1)
ikj (t), ũ

(o,2)

νµ̃iρ
(t), ũ

(o,3)
i (t) ∈ [0, 1]; q(1)(x̃, ũ) = 0, q(2)(x̃, ũ) ≤ 0}.
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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

óäîâëåòâîðÿþò îãðàíè÷åíèÿì çàäà÷è (3), è êðèòåðèé êà÷åñòâà J̃
âäîëü íèõ äîñòèãàåò ìèíèìàëüíîãî çíà÷åíèÿ.

Ðàññìîòðèì ñåìåéñòâî çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ äëÿ ñè-
ñòåìû (2) ñ îãðàíè÷åíèÿìè (3) íà óïðàâëåíèÿ w(t) è ũ(t) ∈ Ũp è
c óñëîâèÿìè â ìîìåíòû τ è tf : y(τ) = z, y(tf ) = 0 íà ìíîæåñòâå

t ∈ Tτ ñ ôóíêöèîíàëîì J̃ . Ðàññìàòðèâàåìîå ñåìåéñòâî çàâèñèò îò
ïàðàìåòðà τ ∈ Tτ è âåêòîðà 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 ), êàê è â ñòàòüå [8].

Îòìåòèì ñëåäóþùèå îñíîâíûå îñîáåííîñòè ðàññìàòðèâàåìîé
çàäà÷è êîððåêöèè ïëàíîâ: ìàòðèöà ñèñòåìû (2) ìîäåëè M̃ íåñòàöè-
îíàðíàÿ (âèä ôóíêöèé εij(t), θikj(t) ïðèâåäåí â ðàáîòå [2]), â ìîäå-
ëè ïðèñóòñòâóþò èíòåðâàëüíûå ëèíåéíûå îãðàíè÷åíèÿ íà óïðàâ-
ëåíèÿ w(t), ïðè ýòîì â íåêîòîðûõ îãðàíè÷åíèÿõ (3) îäíîâðåìåííî
ïðèñóòñòâóþò óïðàâëÿþùèå âîçäåéñòâèÿ ïîäìîäåëè ïðîãðàììíîãî
óïðàâëåíèÿ îïåðàöèÿìè, âûïîëíÿåìûìè â ÊÈÑ, è ïîäìîäåëè ïðî-

ãðàììíîãî óïðàâëåíèÿ èíôîðìàöèîííûìè ïîòîêàìè: w
(p,1)
ikj , w

(o,1)
ikj

è w
(p,2)

νµ̃iρ
, w

(o,2)

νµ̃iρ
.

Äëÿ ðåøåíèÿ çàäà÷è êîððåêöèè ïëàíîâ ðàáîòû ÊÈÑ ìîæåò
áûòü èñïîëüçîâàí ìåòîä îïòèìèçàöèè íåñòàöèîíàðíûõ ìíîãîìåð-
íûõ ñèñòåì ñ ïîëèýäðàëüíûìè îãðàíè÷åíèÿìè, ïðåäëîæåííûé â
ðàáîòå [8]. Îãðàíè÷åíèÿ òàêîãî âèäà óñëîæíÿþò ðåøåíèå çàäà÷è,
ïîñêîëüêó ïîñòðîåíèå ïîçèöèîííûõ óïðàâëåíèé â êëàññå äèñêðåò-
íûõ îáðàòíûõ ñâÿçåé ìîæåò ïðèâåñòè ê óâåëè÷åíèþ ÷èñëà îãðàíè-
÷åíèé çàäà÷è. Âûáîð äàííîãî ìåòîäà îáúÿñíÿåòñÿ òåì, ÷òî â íåì
ó÷òåíà ñïåöèôèêà îãðàíè÷åíèé, è åãî ýôôåêòèâíîñòü íå çàâèñèò
îò øàãà h.
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Ñëåäóÿ [8], çíà÷åíèÿ óïðàâëåíèÿ w(t) áóäåì îïðåäåëÿòü ïîñëå-
äîâàòåëüíî, ïóòåì ôîðìèðîâàíèÿ è ðåøåíèÿ âñïîìîãàòåëüíûõ çà-
äà÷ îïòèìàëüíîãî óïðàâëåíèÿ ñ íîâûìè íà÷àëüíûìè óñëîâèÿìè
y(τ = tσ) = yσ â ñîîòâåòñòâóþùèå ìîìåíòû âðåìåíè τ = tσ.
Â êëàññå äèñêðåòíûõ óïðàâëåíèé îíè ìîãóò áûòü ïðåîáðàçîâàíû
â çàäà÷è ëèíåéíîãî ïðîãðàììèðîâàíèÿ ñ ìàòðèöåé "ëåíòî÷íîé"
ñòðóêòóðû è îãðàíè÷åíèÿìè íàw(t): Ũ(t) = {w(t)| f1 ≤ Q(t)w(t) ≤
f2, upr(t) +w(t) ∈ Ũp}. Â äàííîì ñëó÷àå ïðè ïðèìåíåíèè àäàïòèâ-
íîãî ìåòîäà ðåøåíèÿ çàäà÷è ËÏ îïîðà ñîñòîèò èç äâóõ ÷àñòåé:
îïîðà ïîëèýäðàëüíûõ îãðàíè÷åíèé è îïîðà òåðìèíàëüíûõ îãðàíè-
÷åíèé. Àëãîðèòì àäàïòèâíîãî ìåòîäà ïðè ýòîì òàêæå ñîñòîèò èç
äâóõ îñíîâíûõ ïðîöåäóð: çàìåíû îïîðû è çàìåíû ïëàíà.

4. Îáîáùåííûé àëãîðèòì ïðîãðàììíî-ïîçèöèîííîãî
óïðàâëåíèÿ ÊÈÑ. Íà ïåðâîì ýòàïå åãî ðåàëèçàöèè îñóùåñòâëÿ-
åòñÿ ïîèñê ïðîãðàììíîãî óïðàâëåíèÿ (ïëàíà ôóíêöèîíèðîâàíèÿ)
ÊÈÑ è ñîîòâåòñòâóþùåé ôàçîâîé òðàåêòîðèè (upr(t), xpr(t)).

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 â îòêëîíåíèÿõ (2), ñ îãðàíè÷åíèÿìè (3)
è íîâîûì ôóíêöèîíàëîì.

3. Ïîñòðîåíèå âñïîìîãàòåëüíîé (ñîïðîâîæäàþùåé) çàäà÷è îï-
òèìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ ñ íîâûìè íà÷àëüíûìè
óñëîâèÿìè (tσ, xσ).

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. Ðåøåíèå çàäà÷è ËÏ àäàïòèâíûì ìåòîäîì.

6. Èñïîëüçîâàíèå êîððåêòèðóþùåãî óïðàâëåíèÿ íà èíòåðâàëå
âðåìåíè äî ñëåäóþùåãî ïîñòóïëåíèÿ èíôîðìàöèè î ñîñòîÿ-
íèè ñèñòåìû (tσ+1, xσ+1).
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5. Çàêëþ÷åíèå. Â ñòàòüå ïðèâåäåíà îðèãèíàëüíàÿ àãðåãèðî-
âàííàÿ äèíàìè÷åñêàÿ ìîäåëü, èñïîëüçóåìàÿ íà ýòàïå êîððåêöèè
ïëàíîâ ðàáîòû ÊÈÑ. Ïðåäëîæåííûé îáîáùåííûé àëãîðèòì ïðî-
ãðàììíî � ïîçèöèîííîãî óïðàâëåíèÿ ÊÈÑ âêëþ÷àåò â ñåáÿ äâà îñ-
íîâíûõ ýòàïà: ïåðâûé � ïëàíèðîâàíèå ðàáîòû ÊÈÑ è âòîðîé � êîð-
ðåêòèðîâêà ïëàíîâ ðàáîòû. Îñíîâíîå äîñòîèíñòâî ñîñòîèò â òîì,
÷òî â ðàìêàõ äàííîãî ïîäõîäà ïðè ïîñòðîåíèè ïðîãðàììíûõ óïðàâ-
ëåíèé íà ïåðâîì ýòàïå è ïîçèöèîííûõ óïðàâëåíèé � íà âòîðîì, èñ-
ïîëüçóåòñÿ êîìáèíàöèÿ ìîäåëåé è íà êîíñòðóêòèâíîì óðîâíå îñó-
ùåñòâëÿåòñÿ âçàèìîäåéñòâèå ìîäåëåé è àëãîðèòìîâ ïðîãðàììíîãî
è ïîçèöèîííîãî óïðàâëåíèÿ.
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ÐÅÔÅÐÀÒ

Ñîëîâüåâà È.Â., Ñîêîëîâ Á.Â.Àëãîðèòì êîððåêöèè ïëàíîâ ðà-
áîòû êîðïîðàòèâíîé èíôîðìàöèîííîé ñèñòåìû íà îñíîâå
ìåòîäà ïîçèöèîííîé îïòèìèçàöèè.

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ îáîáùåííàÿ äèíàìè÷åñêàÿ ìîäåëü
óïðàâëåíèÿ êîðïîðàòèâíîé èíôîðìàöèîííîé ñèñòåìîé
(ÊÈÑ), ïëàí ðàáîòû êîòîðîé îïðåäåëÿëñÿ ïðè ðåøåíèè çàäà÷è îïòè-
ìàëüíîãî ïðîãðàììíîãî óïðàâëåíèÿ. Îáñóæäàåòñÿ ôóíêöèîíèðîâàíèå
ÊÈÑ ïðè íàëè÷èè âîçìóùàþùèõ âîçäåéñòâèé â ïðåäïîëîæåíèè, ÷òî èí-
ôîðìàöèÿ î ñîñòîÿíèè ñèñòåìû ïîñòóïàåò â îïðåäåëåííûå ìîìåíòû âðå-
ìåíè. Çäåñü ïðåäëîæåíà ïîñòàíîâêà çàäà÷è êîððåêòèðîâêè ðàíåå ñôîð-
ìèðîâàííûõ ïëàíîâ ðàáîòû ÊÈÑ.

Â ñòàòüå ñîâìåñòíî ñ èñõîäíîé äèíàìè÷åñêîé ìîäåëüþ óïðàâëåíèÿ
ÊÈÑ ââîäèòñÿ â ðàññìîòðåíèå àãðåãèðîâàííàÿ äèíàìè÷åñêàÿ ìîäåëü. Åå
ïðåäëàãàåòñÿ èñïîëüçîâàòü äëÿ ðåøåíèÿ çàäà÷è êîððåêöèè ïëàíîâ, îïðå-
äåëÿÿ óïðàâëÿþùèå âîçäåéñòâèÿ â êëàññå äèñêðåòíûõ êóñî÷íî-ïîñòîÿí-
íûõ îãðàíè÷åííûõ ôóíêöèé è ñ ó÷åòîì îñîáåííîñòåé çàäà÷è è ïëàíà
ðàáîòû ÊÈÑ, ïîëó÷åííûõ íà ïåðâîì ýòàïå. Óïðàâëåíèÿ äëÿ àãðåãèðî-
âàííîé ìîäåëè ìîãóò áûòü îïðåäåëåíû ïî ìåòîäó ïîçèöèîííîé îïòèìè-
çàöèè, â îñíîâå êîòîðîãî ëåæàò èçâåñòíûå ìàòåìàòè÷åñêèå ìåòîäû ðå-
øåíèÿ âñïîìîãàòåëüíûõ çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ è àäàïòèâíûå
ìåòîäû ðåøåíèÿ çàäà÷ ëèíåéíîãî ïðîãðàììèðîâàíèÿ. Çäåñü ïðèâåäåí
îáîáùåííûé àëãîðèòì ïðîãðàììíî-ïîçèöèîííîãî óïðàâëåíèÿ ÊÈÑ, êî-
òîðûé âêëþ÷àåò â ñåáÿ äâà îñíîâíûõ ýòàïà: ïëàíèðîâàíèå ðàáîòû ÊÈÑ
è êîððåêòèðîâêà ïëàíîâ åå ðàáîòû.

Îñíîâíîå äîñòîèíñòâî ïðåäëàãàåìîãî ïîäõîäà ñîñòîèò â òîì, ÷òî
â ðàìêàõ äàííîãî ïîäõîäà, ïðè ïîñòðîåíèè ïðîãðàììíûõ óïðàâëåíèé
(íà ýòàïå ïëàíèðîâàíèÿ) è ïîçèöèîííûõ óïðàâëåíèé (íà ýòàïå êîððåê-
öèè), èñïîëüçóåòñÿ êîìáèíàöèÿ ìîäåëåé, è íà êîíñòðóêòèâíîì óðîâíå
îñóùåñòâëÿåòñÿ âçàèìîäåéñòâèå ìîäåëåé è àëãîðèòìîâ ïðîãðàììíîãî è
ïîçèöèîííîãî óïðàâëåíèÿ.
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SUMMARY

Solovyeva I.V., Sokolov B.V. Algorithm of plan operation
correction of corporative information system based on the
position optimization method.

In this paper the generalized dynamic model of the control of
corporate information system (CIS) is considered. We suppose that
operation plan was de�ned as the optimal program control problem
solution. We discuss the CIS functioning in the context of disturbances
and we assume that information about system condition is obtained at
certain time intervals. Besides, the formulation of problem of operation
plan correction is proposed.

Initial dynamic model of the control of CIS is considered together
with aggregate dynamic model. It is used for the control construction
in the class of discrete piecewise constant functions with allowance
for the peculiarities of the model and operation plan of CIS, which
formulated at the �rst stage. Manggement of aggregated model can
be constructed with the use of position optimization method which
is based on the well-known mathematical methods of optimal control
problems and adaptive methods of linear programming. In the paper
we suggest the generalized algorithm of program-position control of
CIS. It is includes 2 main stages: scheduling of CIS (1) and operation
plan correction (2).

The main advantage of this approach is implementation of com-
bination of models for construction of the program and position controls.
The interaction of considered models and algorythms is performed on
the construction level.
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