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äåæóðíûõ ñìåí ëè÷íûì ñîñòàâîì.
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Ââåäåíèå

Îïåðàòèâíîå óïðàâëåíèå ìåðîïðèÿòèÿìè ïîæàð-

íîé áåçîïàñíîñòè (ÏÁ) âñåãäà áûëî ïðèîðèòåòíûì

íàïðàâëåíèåì äåÿòåëüíîñòè äåæóðíûõ ñìåí íà ïðåä-

ïðèÿòèÿõ íåôòåïåðåðàáàòûâàþùåé è ãàçîïåðåðàáà-

òûâàþùåé îòðàñëåé. Ñîãëàñíî ñòàòèñòèêå îíè ÿâëÿ-

þòñÿ ïðè÷èíîé “îêîëî 48 % âûáðîñîâ ïîæàðîâçðû-

âîîïàñíûõ âåùåñòâ â àòìîñôåðó” ([1], ñ. 6), ïîýòîìó

îïåðàòèâíîå óïðàâëåíèå ìåðîïðèÿòèÿìè ÏÁ äëÿ äàí-

íûõ îáúåêòîâ òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà

(ÒÝÊ) îñîáåííî àêòóàëüíî.

Äëÿ ïðåäîòâðàùåíèÿ îïàñíûõ ñîáûòèé, ñâÿçàí-

íûõ ñ ðèñêîì âîçíèêíîâåíèÿ ïîæàðîâ è âçðûâîâ, íà

îáúåêòàõ ÒÝÊ ïðåäïðèíèìàþòñÿ ðàçëè÷íûå ìåðû

áåçîïàñíîñòè [2]. Âûïîëíåíèå òðåáîâàíèé ñòàíäàð-

òèçàöèè â îáëàñòè óïðàâëåíèÿ áåçîïàñíîñòüþ è çà-

áëàãîâðåìåííîå ïëàíèðîâàíèå ÿâëÿþòñÿ ýôôåêòèâ-

íûìè ñðåäñòâàìè êîíòðîëÿ [3]. Çàäà÷è îáåñïå÷åíèÿ

ÏÁ íà îáúåêòàõ ÒÝÊ äîñòàòî÷íî õîðîøî îïèñàíû â

ñïåöèàëèçèðîâàííîé òåõíè÷åñêîé ëèòåðàòóðå è çà-

êðåïëåíû â äåéñòâóþùåé íîðìàòèâíîé áàçå (çàêî-

íàõ, ÃÎÑÒàõ, ÑÍèÏàõ è ò. ï.). Òåì íå ìåíåå çàäà÷è

îïåðàòèâíîãî óïðàâëåíèÿ, ñâÿçàííûå ñ ðàçâèòèåì

êîíêðåòíûõ ñèòóàöèé íà îáúåêòàõ ÒÝÊ, òðåáóþò âíè-

ìàòåëüíîãî è ïðèñòàëüíîãî èçó÷åíèÿ â êîíòåêñòå èõ

ðàçâèòèÿ â êàæäîì îòäåëüíîì ñëó÷àå. Ïðè ýòîì íå-

îáõîäèìî ïðèíèìàòü âî âíèìàíèå áîëüøîå êîëè÷å-

ñòâî ðàçëè÷íûõ ñèòóàòèâíûõ îáñòîÿòåëüñòâ, êàæäîå

èç êîòîðûõ ÿâëÿåòñÿ, âîçìîæíî, ïàðàìåòðîì, à âîç-

ìîæíî, è êðèòåðèåì â ñëîæíîé ìíîãîêðèòåðèàëü-

íîé çàäà÷å óïðàâëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ.

Äëÿ ðåøåíèÿ ïîäîáíûõ çàäà÷ ïðåäëîæåíî íå-

ìàëî ýôôåêòèâíûõ ìîäåëåé è àëãîðèòìîâ, êàæäûé

èç êîòîðûõ ïîçâîëÿåò íàõîäèòü åå îòäåëüíûå ÷àñò-

íûå ðåøåíèÿ. Îäíàêî â íîâûõ óñëîâèÿõ ðåøåíèå

ñëîæíûõ çàäà÷ îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ íà óêà-

çàííûõ è èíûõ îáúåêòàõ ÒÝÊ òðåáóåò áîëåå ñèñòåì-

íîãî è êîìïëåêñíîãî ïîäõîäà. Â ñâÿçè ñ ýòèì äëÿ
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ðåøåíèÿ äàííîé ñëîæíîé çàäà÷è íåîáõîäèìî ïðè-

âëåêàòü íîâûå ìàòåìàòè÷åñêèå ìîäåëè. Ó÷èòûâàÿ òî

îáñòîÿòåëüñòâî, ÷òî çàäà÷à ìíîãîêðèòåðèàëüíîãî

óïðàâëåíèÿ ÏÁ íà îáúåêòàõ ÒÝÊ äîëæíà ðåøàòüñÿ â

ðàìêàõ êîíêðåòíûõ ïðåäïðèÿòèé, öåëåñîîáðàçíî

èñïîëüçîâàòü äëÿ òàêîãî ðåøåíèÿ èíñòðóìåíòàðèé

ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ, êîòîðûé ïîçâîëÿåò

îöåíèâàòü âêëàäû êîíêðåòíûõ ìåðîïðèÿòèé ÏÁ

(â ñëó÷àå èõ âûïîëíåíèÿ èëè íåâûïîëíåíèÿ ïî

îïðåäåëåííûì ïðè÷èíàì) â îáùóþ ñòðàòåãè÷åñêóþ

öåëü òàêîãî óïðàâëåíèÿ — îáåñïå÷åíèå ÏÁ íà îáú-

åêòàõ ÒÝÊ. Ñëåäóåò îòìåòèòü, ÷òî ðàññìîòðåííûå â

ðàáîòàõ [4–7] ìåòîäèêà, àëãîðèòìû è ïðîöåäóðû

ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ ïðè óïðàâëåíèè ñî-

âðåìåííûì ïðåäïðèÿòèåì ìîãóò âïîëíå ãàðìîíè÷-

íî èñïîëüçîâàòüñÿ äëÿ îöåíêè ýôôåêòèâíîñòè îïå-

ðàòèâíîãî óïðàâëåíèÿ ìåðîïðèÿòèÿìè ÏÁ íà îáú-

åêòàõ ÒÝÊ.

Èç òåîðèè óïðàâëåíèÿ [8] èçâåñòíî, ÷òî îäíîé èç

ãëàâíûõ çàäà÷ âñÿêîãî ìåíåäæìåíòà (óïðàâëåíèÿ,

â êîíòóðå êîòîðîãî íàõîäèòñÿ ÷åëîâåê — ëèöî, ïðè-

íèìàþùåå ðåøåíèÿ (ËÏÐ), èëè ãðóïïà ËÏÐ) ÿâëÿåò-

ñÿ îðãàíèçàöèÿ ýôôåêòèâíîãî îïåðàòèâíîãî óïðàâ-

ëåíèÿ îáúåêòîì óïðàâëåíèÿ. Äëÿ íåãî ðåãëàìåíòè-

ðîâàíû íå òîëüêî çàäà÷è è ïðîöåäóðû, íî è âðåìÿ,

â òå÷åíèå êîòîðîãî óñòàíîâëåííûå ïðîöåäóðû äîë-

æíû âûïîëíÿòüñÿ. Äëÿ ñëó÷àÿ óïðàâëåíèÿ ÏÁ íà

îáúåêòàõ ÒÝÊ âðåìÿ íà ïðèíÿòèå ðåøåíèé ËÏÐ

êðàéíå îãðàíè÷åíî, ïîýòîìó äëÿ ïðèíÿòèÿ ïðàâèëü-

íîãî ðåøåíèÿ â òå÷åíèå î÷åíü êîðîòêîãî ïðîìå-

æóòêà âðåìåíè ËÏÐ íåîáõîäèìà ìàêñèìàëüíî ïîë-

íàÿ èíôîðìàöèÿ îá îáúåêòå óïðàâëåíèÿ [9]. Êðîìå

òîãî, äëÿ ñîêðàùåíèÿ îáúåìà èíôîðìàöèè, êîòîðóþ

ËÏÐ äîëæåí îöåíèòü çà êîðîòêîå âðåìÿ äëÿ ïðè-

íÿòèÿ ðåøåíèÿ, íåîáõîäèìà àíàëèòè÷åñêàÿ ãðóïïà,

áåðóùàÿ íà ñåáÿ ïîäàâëÿþùóþ ÷àñòü äàííîé ðàáî-

òû, è ñïåöèàëüíîå ïðîãðàììíîå îáåñïå÷åíèå (ÑÏÎ),

ôóíêöèîíèðóþùåå â ðàìêàõ àâòîìàòèçèðîâàííîé

ñèñòåìû ïîääåðæêè óïðàâëåíèÿ (äëÿ ïðåäïðèÿòèé

è îáúåêòîâ ÒÝÊ — òåõíîëîãè÷åñêèìè ïðîöåññàìè

(ÀÑÓÒÏ)). Äëÿ óïðàâëåíèÿ ÏÁ íà ïðåäïðèÿòèÿõ

îòðàñëè îáû÷íî ïðèìåíÿþòñÿ àâòîìàòèçèðîâàííûå

ñèñòåìû ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) [1].

ËÏÐ â ëèöå ðóêîâîäèòåëÿ äåæóðíîé ñìåíû îáúåêòà

ÒÝÊ ÿâëÿåòñÿ êëþ÷åâûì çâåíîì óïðàâëåíèÿ ÏÁ.

Äëÿ ñîêðàùåíèÿ îáúåìà èíôîðìàöèè â ÀÑÏÂÁ,

îáðàáàòûâàåìîé àíàëèòè÷åñêîé ãðóïïîé ïðè îïåðà-

òèâíîì óïðàâëåíèè ÏÁ, ïðèìåíÿþò ðàçëè÷íûå ìà-

òåìàòè÷åñêèå ìîäåëè [10]. Ïðè ýòîì äëÿ ïîâûøåíèÿ

ýôôåêòèâíîñòè óïðàâëåíèÿ ÏÁ èíôîðìàöèÿ î ñî-

áûòèÿõ, ñòàâøèõ ïðè÷èíîé íàðóøåíèÿ ÏÁ íà îáú-

åêòàõ ÒÝÊ, íàêàïëèâàåòñÿ â ÀÑÏÂÁ â áàçàõ äàííûõ

(ÁÄ), êîòîðûå ÿâëÿþòñÿ ñîñòàâíîé ÷àñòüþ èíôîð-

ìàöèîííîãî îáåñïå÷åíèÿ ÀÑÏÂÁ ([1], ñ. 217).

Çàëîãîì óñïåøíîñòè äîñòèæåíèÿ îáùåé öåëè —

îáåñïå÷åíèÿ ÏÁ íà îáúåêòå ÒÝÊ — ÿâëÿåòñÿ ñâîå-

âðåìåííîå âûïîëíåíèå ðåãëàìåíòèðîâàííûõ ìåðî-

ïðèÿòèé [11]. Âìåñòå ñ òåì â ÐÔ èìååòñÿ äåôèöèò

ïðîèçâîäñòâåííîé, òåõíè÷åñêîé è íàó÷íîé áàçû

ïî ñîçäàíèþ îòå÷åñòâåííûõ ñðåäñòâ è ïðèáîðîâ ïî

ëèíèè îáåñïå÷åíèÿ ÏÁ, îñîáåííî íà îáúåêòàõ ÒÝÊ.

Â ïîñëåäíèå 20 ëåò â ðåàëüíûõ óñëîâèÿõ íà íèõ ïðè-

ìåíÿþòñÿ èìïîðòíûå ñèñòåìû êîíòðîëÿ, äèàãíîñ-

òèêè è îáåñïå÷åíèÿ ÏÁ, â òîì ÷èñëå äàò÷èêè [12],

êîíöåíòðàòîðû è äàæå ëèíèè ñâÿçè [13, 14]: íàïðè-

ìåð, äàò÷èêè çàãàçîâàííîñòè Draeger [15], îòñå÷íûå

êëàïàíû Emerson, ìíîãîêîìïîíåíòíûå àíàëèçàòî-

ðû Modcon. Â ñâÿçè ñ ýòèì è îáúåêòû ÒÝÊ, êîòîðûå

âûíóæäåíû ôóíêöèîíèðîâàòü â îñîáûõ óñëîâèÿõ

ôèíàíñîâî-ýêîíîìè÷åñêèõ îãðàíè÷åíèé, è ïðåäïðè-

ÿòèÿ, âûïóñêàþùèå äëÿ íèõ íîâóþ îòå÷åñòâåííóþ

âûñîêîòåõíîëîãè÷íóþ ïðîäóêöèþ ïî ëèíèè ÏÁ,

óæå íå ìîãóò â ïîëíîé ìåðå ãàðàíòèðîâàòü ïîëíîãî

âûïîëíåíèÿ âñåõ ðåãëàìåíòèðîâàííûõ ìåðîïðèÿòèé

ÏÁ íà òåððèòîðèè ñâîèõ ïðîèçâîäñòâ. Èç-çà ýòîãî

îáùèé óðîâåíü îáåñïå÷åíèÿ ÏÁ ñíèæàåòñÿ. Ñëåäî-

âàòåëüíî, è îáùåå, è îïåðàòèâíîå óïðàâëåíèå ÏÁ

íåîáõîäèìî âûñòðàèâàòü èíà÷å.

Äåôèöèò âðåìåíè ïðè îïåðàòèâíîì óïðàâëåíèè

è îòñóòñòâèå âîçìîæíîñòè âûïîëíåíèÿ ðÿäà ïî-

çèöèé ïëàíîâ ìåðîïðèÿòèé ÏÁ çàñòàâëÿþò ËÏÐ ðó-

êîâîäñòâîâàòüñÿ ëè÷íûìè çíàíèÿìè, îïûòîì è èí-

òóèöèåé [11]. Àíàëîãè÷íûì îáðàçîì äåéñòâóþò è

àíàëèòèêè â åãî êîìàíäå. Ýòî îçíà÷àåò, ÷òî èç àâòî-

ìàòè÷åñêîãî ðåæèìà óïðàâëåíèÿ ÀÑÏÂÁ ïåðåõîäèò

â àâòîìàòèçèðîâàííûé, ÷åëîâåêî-ìàøèííûé, à ðå-

øåíèÿ î ñîñòîÿíèè óïðàâëåíèÿ ÏÁ è ìåðîïðèÿòèÿõ

ðåàãèðîâàíèÿ ïðèíèìàþòñÿ ýêñïåðòíûìè ìåòîäà-

ìè [16].

Îñíîâíîé öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåò-

ñÿ ôîðìèðîâàíèå îáîñíîâàííûõ ïîäõîäîâ ê àíàëèçó

èçìåíåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ìåðîïðèÿ-

òèÿìè ÏÁ íà îáúåêòàõ ÒÝÊ. Â ïðîöåññå ïîñòðîåíèÿ

ìîäåëè îïðåäåëåí õàðàêòåð ïàðàìåòðîâ óïðàâëåíèÿ

ñîñòîÿíèåì ÏÁ, óñòàíîâëåíà èõ çàâèñèìîñòü îò ÷èñ-

ëåííîñòè ñîòðóäíèêîâ ñîñòàâà ËÏÐ. Âûÿâëåíû òàê-

æå ïðè÷èíû îòêëîíåíèÿ ïðèíèìàåìûõ â ÀÑÏÂÁ

ðåøåíèé îò îïòèìàëüíûõ. Äëÿ äàëüíåéøåé îöåíêè

ñíèæåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ïðåäëîæåíà

ôóíêöèÿ ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ËÏÐ

ÏÁ. Ïðè àíàëèçå ðåçóëüòàòîâ ìîäåëèðîâàíèÿ ðàñ-

ñìîòðåíà çàâèñèìîñòü çíà÷åíèé äàííîãî ïîêàçàòåëÿ

îò ââåäåííîãî îáîáùåííîãî ïàðàìåòðà óïðàâëåíèÿ

ìåðîïðèÿòèÿìè.

Ìåòîäû èññëåäîâàíèÿ

Ñ òî÷êè çðåíèÿ ãðóïïû íàóê î âîñïðèÿòèè ÷åëî-

âåêîì îêðóæàþùåé ñðåäû ëþáîé ÷åëîâåê ñïîñîáåí

âîñïðèíèìàòü ëèøü îãðàíè÷åííîå êîëè÷åñòâî âà-

ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1220



21ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 12

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

ðèàíòîâ óïðàâëåí÷åñêèõ ðåøåíèé [17]. Ðåçóëüòàòû

ýêñïåðèìåíòîâ ñâèäåòåëüñòâóþò î òîì, ÷òî ëþäè â

ñîñòîÿíèè îäíîâðåìåííî ñîïîñòàâèòü ìåæäó ñîáîé

âñåãî ëèøü (7
2) îïåðàíäîâ (îáúåêòîâ, ýëåìåíòîâ,

êëàñòåðîâ, ïîíÿòèé). Ïî êàæäîìó èç íèõ ÷åëîâåê

ñïîñîáåí çàôèêñèðîâàòü ïðèìåðíî (7
2) ñîñòîÿíèé.

Ñëåäîâàòåëüíî, ËÏÐ ìîæåò ãàðàíòèðîâàííî òî÷íî

ïðèíèìàòü ðåøåíèÿ, îïåðèðóÿ 77 = 0,823543 ìëí. âà-

ðèàíòîâ ñîñòîÿíèé ââåðåííîãî åìó îáúåêòà óïðàâ-

ëåíèÿ ([18], ñ. 2), ïðè÷åì íå âñåãäà îñîçíàííî.

Êàäðîâàÿ ðàáîòà ïî ëèíèè óïðàâëåíèÿ íà îáúåê-

òàõ ÒÝÊ ïîñòàâëåíà äîñòàòî÷íî õîðîøî, ïîýòîìó ðó-

êîâîäèòåëÿìè ñîîòâåòñòâóþùèõ ïîçèöèé â ÀÑÏÂÁ

íà îáúåêòàõ ÒÝÊ è àíàëèòèêàìè â èõ ãðóïïàõ ñòàíî-

âÿòñÿ êâàëèôèöèðîâàííûå è òðåíèðîâàííûå ëþäè.

Äëÿ òàêèõ ñîòðóäíèêîâ ÷èñëî ðåãèñòðèðóåìûõ ñî-

ñòîÿíèé è îáúåêòîâ íåñêîëüêî áîëüøå ñðåäíåãî

ñòàíäàðòíîãî. Òàê êàê íåìàëàÿ ÷àñòü îáðàáàòûâàåìûõ

èìè äëÿ ïðèíÿòèÿ ðåøåíèé ïî ÏÁ îáúåêòîâ ñâÿçàíà

íå òîëüêî ñ ñàìèì îáúåêòîì, íî è ñ åãî âíåøíèì

îêðóæåíèåì (ðàñïîëîæåíèå ïîæàðíûõ ÷àñòåé ïî

îòíîøåíèþ ê îáúåêòó ÒÝÊ, ìàêñèìàëüíîå âðåìÿ

ïðèáûòèÿ ñèë è ñðåäñòâ, íàëè÷èå äîñòóïíûõ èñòî÷-

íèêîâ âîäû äëÿ òóøåíèÿ, èõ óäàëåííîñòü îò îáúåêòà

ÒÝÊ è ò. ï.), îêðóãëèì öèôðó ñîñòîÿíèé. Â ýòîì ñëó-

÷àå ËÏÐ â ïðîöåññå óïðàâëåíèÿ ÏÁ íà ââåðåííîì

åìó îáúåêòå ÒÝÊ áóäåò ó÷èòûâàòü äî 1 ìëí. åãî ñî-

ñòîÿíèé.

Âûáåðåì äëÿ ïîñòðîåíèÿ ìîäåëè îöåíêè êà÷å-

ñòâà ïðèíÿòèÿ ðåøåíèé ËÏÐ ïî óïðàâëåíèþ ÏÁ íà

îáúåêòå ÒÝÊ äâóìåðíóþ ñåòåâóþ ñòðóêòóðó, ñîîò-

âåòñòâóþùóþ â îïðåäåëåííîì ïðèáëèæåíèè îïå-

ðàíäàì è èõ ñîñòîÿíèÿì, îòêëàäûâàåìûì ïî ðàç-

ëè÷íûì îñÿì êîîðäèíàòíîé ñåòêè [10]. È îïåðàíäû,

è èõ ñîñòîÿíèÿ áóäåì ðàññìàòðèâàòü â âèäå ïàðà-

ìåòðîâ óïðàâëåíèÿ ÏÁ, âûïîëíÿåìîãî ËÏÐ íà îáú-

åêòå ÒÝÊ. Äëÿ îïèñàíèÿ ìîäåëè ïðèìåì òàêæå ðÿä

îãðàíè÷åíèé. Áóäåì ðàññìàòðèâàòü ñõåìó ïðîöåññà

îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ â ñëåäóþùåì âèäå:

1) ðåøåíèÿ ïî êàæäîìó ïàðàìåòðó óïðàâëåíèÿ

ÏÁ ïðèíèìàþòñÿ îòäåëüíî;

2) ïðè ïåðåõîäå çíà÷åíèé ïàðàìåòðîâ óïðàâëå-

íèÿ ÏÁ ÷åðåç îïðåäåëåííûå óçëîâûå çíà÷åíèÿ ËÏÐ

äîëæåí ïðèíÿòü ðåøåíèå (ðèñ. 1); çäåñü è äàëåå áóäåì

ñ÷èòàòü ýòî äèñêðåòíûì (êâàíòîâàííûì) íàáîðîì

ñîñòîÿíèé îáúåêòà óïðàâëåíèÿ;

3) ËÏÐ íå ïðèíèìàåò ðåøåíèå äî òåõ ïîð, ïîêà

çíà÷åíèÿ ïàðàìåòðîâ óïðàâëåíèÿ íàõîäÿòñÿ ìåæäó

óçëàìè.

Èçìåíåíèå ÷èñëåííîñòè óïðàâëåí÷åñêîãî àïïà-

ðàòà è àíàëèòè÷åñêîãî ñîñòàâà L, èñïîëüçóåìîãî ËÏÐ

íà îáúåêòå ÒÝÊ, ïðîïîðöèîíàëüíî ìåíÿåò êîëè÷å-

ñòâî ïàðàìåòðîâ óïðàâëåíèÿ ÏÁ è èõ ñîñòîÿíèé.

Èíûìè ñëîâàìè, ìåíÿåòñÿ êîëè÷åñòâî óçëîâ êîîð-

äèíàòíîé ñåòêè äëÿ êàæäîãî ó÷àñòíèêà ïðîöåññà

óïðàâëåíèÿ ÏÁ. Ýòî òàêæå ñëåäóåò ó÷èòûâàòü ËÏÐ

ïðè ôîðìèðîâàíèè ñâîèõ ðåøåíèé.

Ðàññìîòðèì õàðàêòåð ýòîé çàâèñèìîñòè. Ñîêðà-

ùåíèå ÷èñëåííîñòè àïïàðàòà ËÏÐ óâåëè÷èâàåò

÷èñëî ïàðàìåòðîâ àíàëèçà èëè êîíòðîëÿ ñîñòîÿíèÿ

ÏÁ íà îðãàíèçàöèîííóþ åäèíèöó óïðàâëåíèÿ. Åñëè

ïðèíÿòü èõ ÷èñëî çà k, òî êîëè÷åñòâî îáðàáàòûâà-

åìûõ â õîäå ïðîöåññà ïðèíÿòèÿ ðåøåíèÿ óçëîâ (ñòå-

ïåíü äåòàëèçàöèè (êâàíòîâàíèÿ) ïàðàìåòðîâ ìî-

äåëè) îöåíêè ñîñòîÿíèÿ ÏÁ âûðàæàåòñÿ ïðîñòûì

ñîîòíîøåíèåì

k = F�L, (1)

ãäå F — îáùåå ÷èñëî ïàðàìåòðîâ àâòîìàòèçèðîâàí-

íîãî óïðàâëåíèÿ ÏÁ;

L — ÷èñëî ñîòðóäíèêîâ àïïàðàòà ËÏÐ è àíàëè-

òè÷åñêîãî ñîñòàâà, èñïîëüçóåìûõ ËÏÐ íà îáúåê-

òå ÒÝÊ.

Èç (1) âèäíî, ÷òî ïðè âîçðàñòàíèè L âåëè÷èíà k

ñíèæàåòñÿ.

Ïðè ýòîì äîëæíî âûïîëíÿòüñÿ óñëîâèå

M

h

M

h
N

k F L
�
�
�

�
�
� 	 �

�
�

�
�
� 	 , (2)

ãäå Ì — ìàñøòàá ìàêñèìàëüíî äîïóñòèìûõ îòêëî-

íåíèé ïàðàìåòðîâ îò íåêîòîðûõ îïòèìàëüíûõ

çíà÷åíèé; áóäåì äàëåå ïîëàãàòü, ÷òî çíà÷åíèÿ ìàñ-

øòàáà îòêëîíåíèé äëÿ âñåõ ïàðàìåòðîâ óïðàâ-

ëåíèÿ ÏÁ íîðìèðîâàíû ïî îòíîøåíèþ ê 1;

h — ñòåïåíü äåòàëèçàöèè ïðè àíàëèçå êàæäîãî

èç âîçìîæíûõ ðåøåíèé ñ ó÷åòîì ïàðàìåòðîâ ÏÁ

â òåêóùåì óïðàâëåíèè;

N — ÷èñëî îáúåêòîâ îïåðàòèâíîãî óïðàâëåíèÿ

ÏÁ íà îáúåêòå ÒÝÊ.

Ðèñ. 1. Ñåòü äëÿ îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ íà îáúåêòå

ÒÝÊ: h — âåëè÷èíà, îïðåäåëÿþùàÿ ñòåïåíü äåòàëèçàöèè ïðè

àíàëèçå êàæäîãî ïàðàìåòðà óïðàâëåíèÿ

Fig. 1. Grid for operational management of FS at facility of the fuel

and energy complex: h — the value that determines the level of

detail in the analysis of each control parameter
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Èç (2) âèäíî, ÷òî

h M N
k	 . (3)

Óñëîâèå (2) çàäàåò ïðàâèëî ïîñòîÿíñòâà ÷èñëà

âîçìîæíûõ ðåøåíèé ËÏÐ â ÀÑÏÂÁ, ïîýòîìó ïðè

Ì = 1

h N Nk L F	 	� �1 . (4)

Èç ôîðìóëû (4) ñëåäóåò, ÷òî ïðè âîçðàñòàíèè

k = F�L óâåëè÷èâàåòñÿ h, ò. å. ðàñòåò øàã â ñåòêå

(ñì. ðèñ. 1), à çíà÷èò, ðàçðåøàþùàÿ ñïîñîáíîñòü â

ïðîöåññå óïðàâëåíèÿ ÏÁ ñíèæàåòñÿ. Ñëåäîâàòåëü-

íî, îòêëîíåíèå ïðèíèìàåìûõ ËÏÐ ðåøåíèé îò îï-

òèìàëüíûõ óâåëè÷èâàåòñÿ. Ìàñøòàá ìàêñèìàëüíî

äîïóñòèìûõ îòêëîíåíèé òàêæå ðàñòåò:

M hN k	 1 . (5)

Â ðåçóëüòàòå ýôôåêòèâíîñòü óïðàâëåíèÿ ÏÁ

ñíèæàåòñÿ. Äëÿ îöåíêè âåëè÷èíû ýòîãî ñíèæåíèÿ

ââåäåì ôóíêöèþ ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâ-

ëåíèÿ ËÏÐ ÏÁ íà îáúåêòå ÒÝÊ, êîòîðóþ îáîçíà÷èì

êàê W. Ïðåäïîëîæèì, ÷òî â îêðåñòíîñòè òî÷êè åãî

ýêñòðåìóìà (êàê âàðèàíò, íà÷àëà êîîðäèíàò) åãî çíà-

÷åíèå (ýôôåêòèâíîñòü îïåðàòèâíîãî óïðàâëåíèÿ

ÏÁ ïî çàäàííûì F íåçàâèñèìûì ïàðàìåòðàì) îïè-

ñûâàåòñÿ ñîîòíîøåíèåì

W e
ii

F
ix

	
�� 	 �

1
2

, (6)

ãäå �i — êîýôôèöèåíò çíà÷èìîñòè (âàæíîñòè) îò-

êëîíåíèÿ i-ãî ïàðàìåòðà óïðàâëåíèÿ ÏÁ, îïðå-

äåëÿþùèé óñòîé÷èâîñòü ïðîöåññà óïðàâëåíèÿ

ÏÁ íà îáúåêòå ÒÝÊ; ÷åì �i áîëüøå, òåì áîëåå

êðèòè÷íîå âëèÿíèå îêàçûâàåò îòêëîíåíèå ñîîò-

âåòñòâóþùåãî ïàðàìåòðà íà óïðàâëåíèå ÏÁ;

xi — ñòåïåíü îòêëîíåíèÿ i-ãî ïàðàìåòðà ÏÁ

ïðè ðàáîòå äåæóðíîé ñìåíû îáúåêòà ÒÝÊ îò åãî

íóæíîãî çíà÷åíèÿ.

Åñëè â (6) âûáðàòü ìàñøòàá äëÿ ïîêàçàòåëÿ ýô-

ôåêòèâíîñòè W, ïðè êîòîðîì îí ñòàíåò ðàâíûì 1

äëÿ îïðåäåëåííîé ãðóïïû ïàðàìåòðîâ óïðàâëåíèÿ

ÏÁ, òî óïðàâëåíèå ÏÁ íà îáúåêòå ÒÝÊ ñòàíåò îïòè-

ìàëüíûì [19].

Åñëè òàêæå, óïðîñòèâ ïîäõîä ê âàæíîñòè îò-

äåëüíûõ ïàðàìåòðîâ, ñ÷èòàòü, ÷òî âñå �i îäèíàêîâû

è ðàâíû � äëÿ âñåõ {�i, i = 1…F }, òî (6) ìîæíî çà-

ïèñàòü òàê:

W e i
F

ix
	

�� 	�
1

2

. (7)

Òàêîå óïðîùåíèå ìîæåò äàòü íîðìèðîâêà ìàê-

ñèìàëüíûõ çíà÷åíèé âñåõ ôàêòîðîâ ïî îòíîøåíèþ

ê 1. Â ýòîì ñëó÷àå ìîæíî ñ÷èòàòü, ÷òî âñå ïàðàìåò-

ðû ìîäåëè îäèíàêîâû ïî çíà÷èìîñòè è îäèíàêîâî

âëèÿþò íà ïîêàçàòåëü ýôôåêòèâíîñòè.

Ïðè âûïîëíåíèè ðåãëàìåíòèðîâàííûõ ìåðî-

ïðèÿòèé ÏÁ â øòàòíîì ðåæèìå íà îáúåêòå ÒÝÊ îò-

ñóòñòâóþò (èëè íå çàðåãèñòðèðîâàíû ñðåäñòâàìè

ÀÑÏÂÁ) ñîáûòèÿ, òðåáóþùèå ýêñòðåííîãî ðåàãè-

ðîâàíèÿ ËÏÐ. Â ýòîì ñëó÷àå çíà÷åíèÿ îòêëîíåíèé xi

äëÿ âñåõ ïàðàìåòðîâ óïðàâëåíèÿ ÏÁ áëèçêè ê îïòè-

ìàëüíûì è íàõîäÿòñÿ â äèàïàçîíå [0…h]. Èíûìè

ñëîâàìè, èõ àáñîëþòíûå çíà÷åíèÿ ìîãóò áûòü âû-

ðàæåíû â åäèíèöàõ h.

Òîãäà ìîæíî óòâåðæäàòü, ÷òî óïðàâëåíèå ìåðî-

ïðèÿòèÿìè ÏÁ íà îáúåêòå ÒÝÊ óäîâëåòâîðèòåëü-

íûì îáðàçîì ìîæåò îñóùåñòâëÿòüñÿ â àâòîìàòè÷å-

ñêîì ðåæèìå èëè ñ ïîìîùüþ îáîðóäîâàíèÿ âòîðîãî

óðîâíÿ èíôîðìèðîâàíèÿ â ÀÑÓÒÏ [20]. Îïåðàòîðû

ÀÑÏÂÁ â äåæóðíîé ñìåíå âûïîëíÿþò ðàáîòû ñî-

ãëàñíî ðåãëàìåíòèðîâàííûì ïðîöåäóðàì îáåñïå÷å-

íèÿ ÏÁ, à ËÏÐ ñëåäèò çà èõ äåéñòâèÿìè. Àíàëèòèêè

íàáèðàþò ñòàòèñòèêó î êîíêðåòíûõ óñëîâèÿõ òåõ-

íîëîãè÷åñêèõ ïðîöåññîâ è ãîòîâÿò ïðîìåæóòî÷íûå

îò÷åòû äëÿ ËÏÐ. Â òàêîì ðåæèìå ðåçóëüòàòû óïðàâ-

ëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ ìîæíî ñ÷èòàòü óñëîâíî

“ïëîñêèìè”, òàê êàê èåðàðõèÿ ïðèíÿòèÿ ðåøåíèé

(îò ËÏÐ ê èñïîëíèòåëüíûì ìåõàíèçìàì) çàäåéñò-

âîâàíà íå áóäåò.

Ó÷èòûâàÿ ýòî îáñòîÿòåëüñòâî, ïðîâåäåì ðàñ÷åò

ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ÏÁ ËÏÐ íà

îáúåêòå ÒÝÊ W, èñïîëüçóÿ äàííûå [7]. Ñíèæåíèå

åãî çíà÷åíèÿ, ïðè óñëîâèè, ÷òî “øàã” ðåøåíèé ðà-

âåí h (ñì. ðèñ. 1), ïî êàæäîìó èç ïàðàìåòðîâ óïðàâ-

ëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ îïðåäåëÿåòñÿ èñõîäÿ èç

ïðèìåíåíèÿ ôóíêöèè Ëàïëàñà [21]:

�( ) ,x e tt
x

	 ��
2 2

0�
d (8)

ãäå t — íåêîòîðàÿ ïåðåìåííàÿ.

Åñëè â ïðèíÿòèè ðåøåíèé ïî ÏÁ â ÀÑÏÂÁ îáú-

åêòà ÒÝÊ ËÏÐ äîïóñêàåò óñðåäíåíèå ïî âðåìåíè èõ

ïðèíÿòèÿ, òî â îïèñàííûõ âûøå óñëîâèÿõ ìîæíî

ñ÷èòàòü, ÷òî ñîñòîÿíèÿ ñåòêè óïðàâëåíèÿ (ñì. ðèñ. 1)

òàêæå äîïóñêàþò óñðåäíåíèå ïî ñîñòîÿíèÿì ïðè-

íÿòèÿ ðåøåíèé ñîãëàñíî ãèïîòåçå îá ýðãîäè÷íî-

ñòè ïðîöåññà [22]. Ôèçè÷åñêè ýòî îçíà÷àåò, ÷òî âñå

ðåãëàìåíòèðîâàííûå ïðîöåäóðû â ïðîöåññå îáåñ-

ïå÷åíèÿ ÏÁ íà îáúåêòå ÒÝÊ ïðîâîäÿòñÿ â ñîîòâåò-

ñòâèè ñ ïðåäïèñàíèÿìè íîðìàòèâíûõ äîêóìåíòîâ

(â òîì ÷èñëå äîêóìåíòîâ îáúåêòà ÒÝÊ).

Òîãäà ïîêàçàòåëü ýôôåêòèâíîñòè óïðàâëåíèÿ

ÏÁ ËÏÐ íà îáúåêòå ÒÝÊ ìîæíî çàïèñàòü â âèäå
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Ïðèìåíÿÿ (2), ïîëó÷àåì:
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Ñëåäóåò ñ÷èòàòü, ÷òî îøèáêà ëþáîãî ñîòðóäíèêà

äåæóðíîé ñìåíû, áóäü òî îïåðàòîð èëè àíàëèòèê,

ïðèâåäåò ê ïðèíÿòèþ ËÏÐ îøèáî÷íîãî ðåøåíèÿ è

ñòàíåò ïðè÷èíîé íåïðàâèëüíîãî ðåàãèðîâàíèÿ íà

âîçíèêàþùåå ñîáûòèå íàðóøåíèÿ ÏÁ íà îáúåêòå

ÒÝÊ. Ýòî ïðåäïîëîæåíèå îñîáåííî àêòóàëüíî â óñëî-

âèÿõ ïðèìåíåíèÿ íà îáúåêòàõ ÒÝÊ íîâûõ öèôðî-

âûõ òåõíîëîãèé, ñîâìåùàþùèõ â ñåáå âèðòóàëüíîå

è ðåàëüíîå ïðîèçâîäñòâà [23].

Äëÿ òîãî ÷òîáû ïîíÿòü, êàêèì îáðàçîì ñëåäóåò

ïðèíèìàòü ðåøåíèÿ ïî ÏÁ, ñ òåì ÷òîáû îáåñïå÷èòü

ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå ïîêàçàòåëÿ ýô-

ôåêòèâíîñòè óïðàâëåíèÿ ÏÁ, çàïèøåì ñëåäóþùåå

ñîîòíîøåíèå:

� �
�  

�  

h

h
e

h�

�
�
�

�

�
�
�

�
�
�

�
�
� 	

�

��
2

1

4

0

1 2 2

d , (11)

ãäå  = 2x�h.

Åñëè ÷èñëî ïàðàìåòðîâ àâòîìàòèçèðîâàííîãî

óïðàâëåíèÿ áóäåò îáåñïå÷èâàòüñÿ êàäðàìè äåæóð-

íîé ñìåíû â ñîîòíîøåíèè 1:1 (k ! 1), òî øàã ïðè-

íÿòèÿ ðåøåíèé â ñåòêå óïðàâëåíèÿ ÏÁ áóäåò ñòðå-

ìèòüñÿ ê 0 (k ! 0). Èç (11) âèäíî, ÷òî â ýòîì ñëó÷àå

ïîêàçàòåëü ýôôåêòèâíîñòè óïðàâëåíèÿ ÏÁ áóäåò

ñòðåìèòüñÿ ê 1 (W ! 1).

Àíàëèç ðåçóëüòàòîâ

Òàêèì îáðàçîì, ÷åì áîëåå äåòàëüíî ïðîðàáîòàíû

ðåãëàìåíòíûå ïðîöåäóðû îáåñïå÷åíèÿ ÏÁ íà îáú-

åêòå ÒÝÊ è ÷åì áîëåå ñòðîãèé ïîðÿäîê èõ çàêðåïëå-

íèÿ çà ñîòðóäíèêàìè äåæóðíûõ ñìåí îáúåêòîâ, òåì

ëó÷øå ïîêàçàòåëü ýôôåêòèâíîñòè óïðàâëåíèÿ.

Óñòàíîâëåííàÿ çàâèñèìîñòü ïðîèëëþñòðèðîâà-

íà íà ðèñ. 2. Çíà÷åíèÿ ïîêàçàòåëÿ ýôôåêòèâíîñòè

óïðàâëåíèÿ W â äàííîì ñëó÷àå ðàññ÷èòàíû èñõîäÿ

èç çíà÷åíèé îáîáùåííîãî ïàðàìåòðà óïðàâëåíèÿ

ìåðîïðèÿòèÿìè ÏÁ â ñîîòâåòñòâèè ñ ôîðìóëîé

x N LF
	 � . (12)

Ðåàëèè óïðàâëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ äåëàþò

çàâèñèìîñòü ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâëå-

íèÿ W îò x ñòóïåí÷àòîé. Ïðåäïîëîæèì, ÷òî ÷èñëî

ïàðàìåòðîâ àâòîìàòèçèðîâàííîãî óïðàâëåíèÿ íà ðå-

àëüíîì îáúåêòå ÒÝÊ F ðàâíî 100. Ïðè ýòîì îáîá-

ùåííûé ïàðàìåòð (12) áóäåò õàðàêòåðèçîâàòü “ðàñ-

ïðåäåëåíèå îáÿçàííîñòåé” â âûïîëíåíèè ðåãëàìåíò-

íûõ ïðîöåäóð ìåæäó ñîòðóäíèêàìè äåæóðíîé ñìåíû

äàííîãî îáúåêòà ïðè âîçíèêíîâåíèè ñîáûòèÿ íàðó-

øåíèÿ ÏÁ. Åñëè ñîêðàòèòü îáùåå ÷èñëî ïàðàìåòðîâ

àâòîìàòèçèðîâàííîãî óïðàâëåíèÿ äî 50, òî ìû ïî-

ëó÷àåì êðèâóþ, ðàñïîëîæåííóþ âûøå ðåàëüíîé

ñòóïåí÷àòîé ôóíêöèè, à åñëè óâåëè÷èòü äî 200, òî

êðèâóþ íèæå åå (ñì. ðèñ. 2). Àïïðîêñèìèðóþùèå

ðåàëüíóþ ôóíêöèþ êðèâûå ïîçâîëÿþò îöåíèòü êà-

÷åñòâî óïðàâëåíèÿ ìåðîïðèÿòèÿìè ÏÁ íà îáúåêòå

ÒÝÊ ïðè ðàçëè÷íûõ óñëîâèÿõ. Ïðè ýòîì ñ÷èòàåòñÿ,

÷òî âñå ïîêàçàòåëè âàæíîñòè îòäåëüíûõ ìåðîïðè-

ÿòèé ïî êàæäîìó èç ïàðàìåòðîâ � ðàâíû 1, à êîëè-

÷åñòâî îáúåêòîâ â ñåòè îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ

íà îáúåêòå ÒÝÊ N = 106 (100 ñîòðóäíèêîâ íà 100 ñî-

áûòèé).

Çàêëþ÷åíèå

Òàêèì îáðàçîì, àíàëèç ðåçóëüòàòîâ ìàòåìàòè÷å-

ñêîãî ìîäåëèðîâàíèÿ ïðîöåññà óïðàâëåíèÿ ÏÁ íà

îáúåêòàõ ÒÝÊ ïîêàçàë, ÷òî íàèáîëåå ýôôåêòèâíîé

îðãàíèçàöèÿ óïðàâëåíèÿ ìåðîïðèÿòèÿìè ñòàíîâèò-

ñÿ ïðè äîñòàòî÷íîì óðîâíå îáåñïå÷åíèÿ äåæóðíûõ

ñìåí îáúåêòà ëè÷íûì ñîñòàâîì. Âàæíî ñîõðàíÿòü

ñîîòíîøåíèå ïàðàìåòðîâ àâòîìàòèçèðîâàííîãî

óïðàâëåíèÿ è êàäðîâ äåæóðíîé ñìåíû ìàêñèìàëüíî

ïðèáëèæåííûì ê 1. Ïðåäëîæåíî ðåøåíèå çàäà÷è î

ïðîáëåìå ïåðåõîäà ÀÑÏÂÁ èç àâòîìàòè÷åñêîãî ðå-

æèìà óïðàâëåíèÿ â àâòîìàòèçèðîâàííûé èç-çà íå-

õâàòêè âðåìåíè â ïðîöåññå îïåðàòèâíîãî óïðàâëå-

íèÿ è íåâîçìîæíîñòè ïîëíîãî âûïîëíåíèÿ ïëàíîâ

ìåðîïðèÿòèé ÏÁ.
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ABSTRACT

Introduction. This chapter considers the actuality importance of operational management of fire

safety (FS) at facilities of the fuel and energy complex. The tools of strategic planning are proposed to

assess of efficiency of the operational management of FS. The monitoring and analysis of volume of

information are carried out by a decision maker (DM) using automated system of fire and explosion

protection (ASFEP) is a part automated control system of technological process. The purpose of this

article is described. It is the formation of system approaches to the analysis of changes in the efficiency

of management of FS at facilities of the fuel and energy complex. To achieve this goal, mathematical

modeling and analysis of the results are carried out.

Methodology. The construction of model for assessing the quality of decision-making by DM on

the management of FS is considered. The scheme of process of operational management is presented

in the form of two-dimensional network structure. Parameters of management of FS (operands and

condition) are reserved for this structure. So there are certain restrictions. Then type of dependence of

number of the administrative apparatus on number of parameters of manual control is taken into

account. The author describes the reasons for the deviations of decisions from the optimal. Such

deviations are consequence of the decrease in the efficiency of FS management. The function of an

efficiency index of the operational management of FS is entered for assessment of this decrease.

Results. There is dependence of the work on the regulation procedures to ensure FS at facilities of

the fuel and energy complex and of the value of an efficiency index of management. This dependence

is justified. This dependence is illustrated in the form of curves. The equation of the generalized

parameter of FS management is entered. Ñorrelation of the value of an efficiency index and genera-

lized parameter is determined the character of received curves.

Conclusion. In summary it can be concluded that the personnel on duty shifts should correspond

to the number of parameters of manual control, thereby ensuring the efficiency of the organization of

FS management.

Keywords: automation; fire and explosion safety; automated system of fire and explosion protection;

duty shift; similarity criterions; optimization; parameters of management; condition; decision-making;

strategic planning; operational management; efficiency index.
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