
ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 11 15

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

Í. Ã. ÒÎÏÎËÜÑÊÈÉ, ä-ð òåõí. íàóê, ïðîôåññîð, çàñëóæåííûé äåÿòåëü
íàóêè ÐÔ, ïðîôåññîð êàôåäðû èíôîðìàöèîííûõ òåõíîëîãèé, Àêàäåìèÿ
ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4;

e-mail: ntopolskii@mail.ru)

È. Â. ÑÀÌÀÐÈÍ, êàíä. òåõí. íàóê, äîöåíò, äîöåíò êàôåäðû àâòîìàòèçàöèè
òåõíîëîãè÷åñêèõ ïðîöåññîâ, Ðîññèéñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò íåôòè
è ãàçà (íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò) èìåíè È. Ì. Ãóáêèíà
(Ðîññèÿ, 119991, ã. Ìîñêâà, Ëåíèíñêèé ïðîñï., 65, êîðï. 1; e-mail: ivs@gubkin.ru)

À. Þ. ÑÒÐÎÃÎÍÎÂ, àñïèðàíò êàôåäðû àâòîìàòèçàöèè òåõíîëîãè÷åñêèõ
ïðîöåññîâ, Ðîññèéñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò íåôòè è ãàçà
(íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò) èìåíè È. Ì. Ãóáêèíà
(Ðîññèÿ, 119991, ã. Ìîñêâà, Ëåíèíñêèé ïðîñï., 65, êîðï. 1)

ÓÄÊ 681.5

ÌÎÄÅËÜ ÎÖÅÍÊÈ ÎÁÅÑÏÅ×ÅÍÈß ÊÎÌÏËÅÊÑÍÎÉ
ÁÅÇÎÏÀÑÍÎÑÒÈ Â ÀÑÓÒÏ Ñ ÏÐÈÌÅÍÅÍÈÅÌ
ÄÈÀÃÍÎÑÒÈÊÈ ÏÎÆÀÐÍÛÕ ÈÇÂÅÙÀÒÅËÅÉ
ÄËß ÏÎÑÒÐÎÅÍÈß ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÎÉ
ÑÈÑÒÅÌÛ ÏÎÄÄÅÐÆÊÈ ÓÏÐÀÂËÅÍÈß
ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜÞ

Èçó÷åíû îñîáåííîñòè îöåíêè îáîðóäîâàíèÿ ïåðâîãî óðîâíÿ àâòîìàòèçèðîâàííûõ ñèñòåì óïðàâ-
ëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ) êàê ñîñòàâíûõ ÷àñòåé öåïî÷êè îáåñïå÷åíèÿ áåç-
îïàñíîñòè îáúåêòîâ òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ) ñ ó÷åòîì ïëàíîâûõ ñòàáèëè-
çèðóþùèõ ïðîöåäóð â îñîáûõ óñëîâèÿõ. Ïðåäñòàâëåíî îáîñíîâàíèå âûáîðà êðèòåðèÿ îöåíêè
íàäåæíîñòè ðàáîòû èçâåùàòåëåé ÀÑÓÒÏ. Ïðè ïîñòðîåíèè ìàòåìàòè÷åñêîé ìîäåëè îöåíêè íà-
äåæíîñòè àâòîìàòèçèðîâàííîé ñèñòåìû ïîæàðîâçðûâîáåçîïàñíîñòè íà îáúåêòå ÒÝÊ âûáðàí
èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà. Îïèñàí ñïîñîá îöåíêè íàäåæíîñòè ñ èñïîëüçîâàíèåì âåê-
òîðà öåëåé ïëàíèðîâàíèÿ. Äàíà õàðàêòåðèñòèêà ÷åòûðåì ëîêàëüíûì ïîêàçàòåëÿì êà÷åñòâà. Ðàñ-
ñìîòðåí ïðèìåð àíàëèçà ðåñóðñíîãî ïîêàçàòåëÿ. Îáîñíîâàíî ïðèìåíåíèå èíñòðóìåíòàðèÿ ñòðà-
òåãè÷åñêîãî ïëàíèðîâàíèÿ äëÿ äîñòèæåíèÿ ïîñòàâëåííîé â ñòàòüå çàäà÷è.
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Ââåäåíèå

Îáúåêòû òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ)
ÿâëÿþòñÿ ñîñòàâíîé ÷àñòüþ ýêîíîìèêè ñòðàíû.
Îíè âûïîëíÿþò îäíó èç âàæíåéøèõ åå ôóíêöèé —
îáåñïå÷åíèå ïðåäïðèÿòèé è îðãàíèçàöèé ÐÔ òîïëè-
âîì è ïðîäóêòàìè ïåðåðàáîòêè íåôòè è ãàçà. Îäíèì
èç îñíîâíûõ ìàòåðèàëîâ, ïåðåðàáàòûâàåìûõ íà íèõ,
ÿâëÿþòñÿ ëåãêîâîñïëàìåíÿþùèåñÿ âåùåñòâà, ñîçäà-
þùèå ðåàëüíóþ óãðîçó âîçíèêíîâåíèÿ ïîæàðîâ è
âçðûâîâ. Äëÿ ïðåäîòâðàùåíèÿ îïàñíûõ ñîáûòèé, ñâÿ-
çàííûõ ñ ïîäîáíûìè ïðîÿâëåíèÿìè, íà îáúåêòàõ ÒÝÊ
ïðåäïðèíèìàþòñÿ ìåðû áåçîïàñíîñòè [1]. Êîìïëåêñ
òàêèõ ìåð, â òîì ÷èñëå ìåðîïðèÿòèé ïî ïðåäîòâðà-
ùåíèþ ïîæàðîâ è âçðûâîâ, è îïðåäåëÿåò ñîñòîÿíèå
êîìïëåêñíîé áåçîïàñíîñòè íà äàííûõ îáúåêòàõ [2].

Â ñâÿçè ñ èíòåíñèôèêàöèåé òåõíîëîãè÷åñêèõ ïðî-
öåññîâ íà îáúåêòàõ ÒÝÊ, âûçâàííûõ îáîñòðåíèåì
êîíêóðåíöèè, àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâ-
ëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ) òðå-
áóþò íå òîëüêî ïîñòîÿííîãî îáíîâëåíèÿ, íî è ñâîå-
âðåìåííîé äèàãíîñòèêè óæå óñòàíîâëåííîãî îáî-
ðóäîâàíèÿ, ÷òî óâåëè÷èâàåò íàãðóçêó íà ïåðñîíàë.
Â ýòèõ óñëîâèÿõ âûðàñòàåò ðèñê íåâûíóæäåííûõ
îøèáîê ïåðñîíàëà è ñâÿçàííûõ ñ íèìè ñîáûòèé ïî
íåïðàâèëüíîé èëè íåñâîåâðåìåííîé äèàãíîñòèêå
îáîðóäîâàíèÿ ÀÑÓÒÏ, îòâå÷àþùåãî çà êîíòðîëü ïðî-
öåññîâ ïîæàðíîé áåçîïàñíîñòè.

Ïðèíÿòî ñ÷èòàòü, ÷òî íàèáîëåå ýôôåêòèâíûì
ñðåäñòâîì êîíòðîëÿ è ðàáîòû ïî çàùèòå îáúåêòîâ
îò ïîæàðîâ è âçðûâîâ â ÀÑÓÒÏ ÿâëÿåòñÿ àâòîìà-
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òèçèðîâàííàÿ ñèñòåìà ïîæàðîâçðûâîáåçîïàñíîñòè
(ÀÑÏÂÁ) [3]. Åå ïðèìåíåíèå îáåñïå÷èâàåò âûñî-
êèé óðîâåíü êîíòðîëÿ òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ â õîäå ïðîèçâîäñòâåííûõ ïðîöåññîâ.

Öåëüþ ñòàòüè ÿâëÿåòñÿ ïîñòðîåíèå ìàòåìàòè÷å-
ñêîé ìîäåëè îöåíêè êîìïëåêñíîé áåçîïàñíîñòè îáú-
åêòîâ ÒÝÊ â ÀÑÓÒÏ. Îöåíêà âûïîëíÿåòñÿ â îñîáûõ
óñëîâèÿõ ïðîâåäåíèÿ ìåðîïðèÿòèé ïî ïðåäóïðåæ-
äåíèþ ïîæàðîâ, à èìåííî ïðîâåðêè èçâåùàòåëåé
(äàò÷èêîâ). Ðåøåíèå ïîñòàâëåííîé çàäà÷è íà÷èíà-
åòñÿ ñ âûáîðà ôóíêöèè îöåíêè êàê çàâèñèìîñòè èç-
âåùàòåëÿ îò âåêòîðà öåëåé óïðàâëåíèÿ îáúåêòîì
ÒÝÊ. Ââåäåí èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà îáåñ-
ïå÷åíèÿ íàäåæíîñòè ÀÑÓÒÏ êàê ñóììà ñîîòâåòñò-
âóþùèõ ëîêàëüíûõ ïîêàçàòåëåé. Ïðè ìîäåëèðîâà-
íèè îöåíêà íàäåæíîñòè ðàáîòû ÀÑÏÂÁ íà îáúåêòå
ÒÝÊ îñóùåñòâëÿåòñÿ ïóòåì äèàãíîñòèêè ñ èñïîëü-
çîâàíèåì âåêòîðà öåëåé ïëàíèðîâàíèÿ.

Ìåòîäû èññëåäîâàíèÿ

Äèàãíîñòè÷åñêèå ìåðîïðèÿòèÿ ïî ïðåäóïðåæ-
äåíèþ ïîæàðîâ íà îáúåêòàõ ÒÝÊ âêëþ÷àþò â ñåáÿ
ñëåäóþùèå ïðîôèëàêòè÷åñêèå ìåðû [4]:
� ïåðèîäè÷åñêèå ïðîâåðêè ñîñòîÿíèÿ ïîæàðíîé

áåçîïàñíîñòè îáúåêòà ÒÝÊ â öåëîì è åãî îòäåëü-
íûõ ó÷àñòêîâ, à òàêæå îáåñïå÷åíèå êîíòðîëÿ çà
ñâîåâðåìåííûì âûïîëíåíèåì ýòèõ ìåðîïðèÿòèé;

� ïðîâåäåíèå ïîæàðíî-òåõíè÷åñêèõ îáñëåäîâàíèé
îáúåêòà ÒÝÊ ïðåäñòàâèòåëÿìè Ãîñóäàðñòâåííî-
ãî ïîæàðíîãî íàäçîðà ñ âðó÷åíèåì ïðåäïèñàíèé;
óñòàíîâëåíèå äåéñòâåííîãî êîíòðîëÿ çà âûïîë-
íåíèåì âûäàííûõ ïðåäïèñàíèé è ïðèêàçîâ ðó-
êîâîäèòåëÿ îáúåêòà ÒÝÊ, èçäàííûõ ïî íèì;

� ïîñòîÿííûé êîíòðîëü íàä ïðîâåäåíèåì ïîæàðî-
îïàñíûõ ðàáîò, âûïîëíåíèåì ïðîòèâîïîæàðíûõ
òðåáîâàíèé íà îáúåêòå ÒÝÊ;

� ïðîâåäåíèå èíñòðóêòàæåé è ñïåöèàëüíûõ çàíÿ-
òèé ñ ðàáî÷èìè è ñëóæàùèìè îáúåêòà ÒÝÊ ïî
âîïðîñàì ïîæàðíîé áåçîïàñíîñòè è äðóãèõ ìå-
ðîïðèÿòèé ïî ïðîòèâîïîæàðíîé ïðîïàãàíäå è
àãèòàöèè;

� ïðîâåðêó èñïðàâíîñòè è ïðàâèëüíîãî ñîäåðæà-
íèÿ ñòàöèîíàðíûõ àâòîìàòè÷åñêèõ è ïåðâè÷íûõ
ñðåäñòâ ïîæàðîòóøåíèÿ, ïðîòèâîïîæàðíîãî âî-
äîñíàáæåíèÿ è ñèñòåì èçâåùåíèÿ î ïîæàðàõ;

� óñòàíîâêó â öåõàõ, ìàñòåðñêèõ, íà ñêëàäàõ è îò-
äåëüíûõ àãðåãàòàõ ñèñòåì ïîæàðíîé àâòîìàòèêè.
Ïðè ýòîì ïåðèîäè÷íîñòü ïðîâåðêè ãîòîâíîñòè

îáîðóäîâàíèÿ ê ïîæàðàì íà îáúåêòå ÒÝÊ äîëæíà
áûòü íå ðåæå 1 ðàçà â êâàðòàë [5]. Ïëàíèðîâàíèå ðå-
ñóðñîâ äëÿ òàêèõ ïðîâåðîê îñóùåñòâëÿåòñÿ ïî çà-
ÿâêàì îáñëóæèâàþùåãî ïåðñîíàëà.

Åæåìåñÿ÷íî îòâåòñòâåííûì ïåðñîíàëîì îáúåê-
òà ÒÝÊ äîëæåí òàêæå ïðîâîäèòüñÿ âèçóàëüíûé êîíò-
ðîëü äàâëåíèÿ â ìîäóëå ãàçîàíàëèçàòîðà (äàò÷èêà)

ïî ïîêàçàíèÿì ìàíîìåòðà ìîäóëÿ. Íàáëþäàåìàÿ îò-
ìåòêà äàâëåíèÿ äîëæíà íàõîäèòüñÿ â ïðåäåëàõ çàòåì-
íåííîãî ïîëÿ äëÿ çàäàííîãî çíà÷åíèÿ òåìïåðàòóðû
îêðóæàþùåé ñðåäû. Åñëè îíà ëåæèò íèæå ýòîé ãðà-
íèöû, ìîäóëè äàò÷èêà ïîäëåæàò ïåðåçàðÿäêå. Ðåçóëü-
òàòû ïðîâåðêè ôèêñèðóþò â ñïåöèàëüíîì æóðíàëå.

Êðîìå òîãî, 1 ðàç â 6 ìåñÿöåâ ïðîâîäÿò:
� âíåøíèé îñìîòð è êîíòðîëü ñîñòàâíûõ ÷àñòåé

óñòàíîâîê (òåõíîëîãè÷åñêîé ÷àñòè — òðóáîïðî-
âîäîâ, ðàñïûëèòåëåé, ðóêàâîâ, áàëëîíîâ ñ îãíå-
òóøàùèì âåùåñòâîì, ìàíîìåòðîâ è ðàñïðåäå-
ëèòåëüíûõ óñòðîéñòâ) íà îòñóòñòâèå ìåõàíè÷å-
ñêèõ ïîâðåæäåíèé, ãðÿçè, ïðî÷íîñòü êðåïëåíèÿ,
íàëè÷èå ïëîìá;

� êîíòðîëü ðàáî÷åãî ïîëîæåíèÿ îñíîâíîé è ðåçåðâ-
íîé çàïîðíîé àðìàòóðû íà ñîñòàâíûõ ÷àñòÿõ
óñòàíîâîê.
Ðåçóëüòàòû ïðîâåðêè ôèêñèðóþò â ñïåöèàëüíîì

æóðíàëå.
Â ñîñòàâ åæåãîäíûõ êîíòðîëüíûõ è ïëàíèðóåìûõ

ìåðîïðèÿòèé ïî ïðåäóïðåæäåíèþ ïîæàðîâ âõîäÿò:
1) ìåòðîëîãè÷åñêàÿ ïîâåðêà ìàíîìåòðîâ. Äëÿ

ýòîãî èõ èçâëåêàþò èç ìåñò óñòàíîâêè è îòïðàâëÿþò
â êîíòðîëüíî-èçìåðèòåëüíóþ ëàáîðàòîðèþ íà ïî-
âåðêó, ïîñëå ÷åãî âîçâðàùàþò íà ìåñòî, ïðåäâàðè-
òåëüíî ïðîâåðèâ åãî;

2) ìåòðîëîãè÷åñêàÿ ïîâåðêà ìàíîìåòðîâ íà âñåõ
îáúåêòàõ çàùèòû (ÎÇ), âõîäÿùèõ â ñîñòàâ îáúåêòà
ÒÝÊ;

3) èçìåðåíèå ñîïðîòèâëåíèÿ èçîëÿöèè ýëåêòðè-
÷åñêèõ öåïåé íà ïðîòèâîïîæàðíîì îáîðóäîâàíèè è
äàò÷èêàõ;

4) çàìåíà ñîñòàâíûõ ÷àñòåé ìîäóëåé äàò÷èêîâ,
èìåþùèõ îãðàíè÷åííûå ñðîêè ýêñïëóàòàöèè, åñëè
óñòàíîâëåíû ôàêòû íåñîîòâåòñòâèÿ ïîñòóïàþùåé
îò íèõ èíôîðìàöèè ðåàëüíîìó ñîñòîÿíèþ ñðåäû.

Ñòîèìîñòü âñåõ ïåðå÷èñëåííûõ ðàáîò â çàâèñè-
ìîñòè îò ðàçìåðîâ îáúåêòà ÒÝÊ è îáúåìîâ åãî ïî-
ìåùåíèé ìîæåò ìåíÿòüñÿ.

Òåïåðü ðàçáåðåì ïîäðîáíåå îãðàíè÷åíèÿ îñîáûõ
óñëîâèé è ïîïðîáóåì îòðàçèòü ýòî â êðèòåðèÿõ îöåí-
êè äèàãíîñòè÷åñêèõ ìåðîïðèÿòèé è ìåðîïðèÿòèé
ïî ïîâûøåíèþ óðîâíÿ êîìïëåêñíîé (â òîì ÷èñëå
ïîæàðíîé) áåçîïàñíîñòè. Ñîãëàñíî [6] èçíîñ èçíà-
÷àëüíî ïîñòàâëåííîãî òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ íà ìíîãèõ îáúåêòàõ ÒÝÊ äîëæåí ñîñòàâëÿòü
íå ìåíåå 80–100 % èç-çà áîëüøîãî ñðîêà ýêñïëóàòà-
öèè. Íåêîòîðûå óçëû, óñòàðåâøèå è ôèçè÷åñêè, è
ìîðàëüíî, òðåáóþò ëèáî çàìåíû, ëèáî êîðåííîé ìî-
äåðíèçàöèè. Â ýòîì ñìûñëå öèôðîâûå äâîéíèêè íå
îñòàâëÿþò âûáîðà ðóêîâîäèòåëÿì îáúåêòà ÒÝÊ [7].
Òàêèå óçëû ìåíÿþò íà èìïîðòíîå îáîðóäîâàíèå:
äàò÷èêè çàãàçîâàííîñòè Draeger [8], îòñå÷íûå êëà-
ïàíû Emerson, ìíîãîêîìïîíåíòíûå àíàëèçàòîðû
Modcon.
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Êðîìå óêàçàííûõ óçëîâ çàðóáåæíîãî ïðîèçâîä-
ñòâà, â íàñòîÿùåå âðåìÿ íà îáúåêòàõ ÒÝÊ ïðèìå-
íÿþòñÿ èìïîðòíûå ñèñòåìû êîíòðîëÿ, äèàãíîñòè-
êè è îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè [9, 10].
Âî ìíîãîì ýòî îáóñëîâëåíî èñïîëüçîâàíèåì â êà÷å-
ñòâå ÀÑÓÒÏ èíîñòðàííûõ ïðîãðàììíûõ ðåàëèçà-
öèé îòäåëüíûõ ýëåìåíòîâ òåõíîëîãè÷åñêîãî îáîðó-
äîâàíèÿ. Öèôðîâûå äâîéíèêè, ïîìèìî ðÿäà ñóùåñò-
âåííûõ ïðåèìóùåñòâ [11], èìåþò è íåäîñòàòêè [12].
Ãëàâíûé èç íèõ ñîñòîèò â òîì, ÷òî èõ âíåäðåíèå äå-
ëàåò ïðîèçâîäñòâåííûé ïðîöåññ íà îáúåêòàõ ÒÝÊ
ôàêòè÷åñêè çàâèñèìûì îò èíîñòðàííûõ òåõíîëîãèé.
Ñëåäîâàòåëüíî, ïðèìåíåíèå ê îáúåêòàì ÒÝÊ îñîáûõ
óñëîâèé ïðè èñïîëüçîâàíèè äîñòèæåíèé “Èíäóñò-
ðèè 4.0” ïðèâåäåò ê ñåðüåçíûì çàòðóäíåíèÿì â îáåñ-
ïå÷åíèè êàê ñàìîãî ïðîèçâîäñòâåííîãî ïðîöåññà, òàê
è êîìïëåêñíîé áåçîïàñíîñòè îáúåêòà ÒÝÊ.

Ïåðå÷èñëåííûå ïðîòèâîïîæàðíûå è ïðîôèëàê-
òè÷åñêèå ìåðîïðèÿòèÿ íà îáúåêòå ÒÝÊ ïðèçâàíû
ïðîèëëþñòðèðîâàòü ðåàëüíûå öåëè ïëàíîâûõ ìåðî-
ïðèÿòèé ïî ïîâûøåíèþ íàäåæíîñòè ðàáîòû ÀÑÏÂÁ
â ÀÑÓÒÏ ïðè äèàãíîñòèðîâàíèè îáîðóäîâàíèÿ. Áó-
äåì íàçûâàòü èõ ñòàáèëèçèðóþùèìè ïðîöåäóðàìè.

Ðàññìîòðèì ñ ìàòåìàòè÷åñêîé òî÷êè çðåíèÿ
ìîäåëü îáåñïå÷åíèÿ êîìïëåêñíîé áåçîïàñíîñòè â
ÀÑÓÒÏ îáúåêòîâ ÒÝÊ ñ ó÷åòîì äèàãíîñòèêè ïî-
æàðíûõ èçâåùàòåëåé â îñîáûõ óñëîâèÿõ. Èìåííî
ïîæàðíûå èçâåùàòåëè (äàò÷èêè) ìîãóò áûòü íàè-
áîëåå ÷óâñòâèòåëüíûì ìåñòîì âñåé öåïî÷êè îáåñ-
ïå÷åíèÿ áåçîïàñíîñòè [13, 14]. Â ñâÿçè ñ ýòèì äëÿ
îïðåäåëåíèÿ çàâèñèìîñòè èõ ðàáîòû îò ñòàáèëèçè-
ðóþùèõ ïðîöåäóð (äèàãíîñòèêè, ïîâåðîê, ðåìîíòà,
çàìåíû è ò. ï.) èìååò ñìûñë ðàññìàòðèâàòü ôóíêöèþ
îöåíêè îòäåëüíûì âûáðàííûì äàò÷èêîì ñîñòîÿíèÿ
ñðåäû êàê åãî çàâèñèìîñòü îò âåêòîðà öåëåé óïðàâ-
ëåíèÿ îáúåêòîì ÒÝÊ:

Ii = fi (P), (1)

ãäå Ii — çíà÷åíèå i-ãî èçâåùàòåëÿ ñ çàäàííûì ïî-
ðîãîì ñðàáàòûâàíèÿ;
Ð — âåêòîð öåëåé ïëàíèðîâàíèÿ (îáåñïå÷åíèÿ
äîñòîâåðíîñòè èíôîðìàöèè) ïðè óïðàâëåíèè êîì-
ïëåêñíîé áåçîïàñíîñòüþ îáúåêòà ÒÝÊ; P = {P1,
P2, …, PK }.
Îáñòîÿòåëüñòâà ñðàáàòûâàíèÿ äàò÷èêîâ çàâèñÿò

îò ñòàáèëèçèðóþùèõ ïðîöåäóð è îò âðåìåíè èõ ðà-
áîòû, ïîýòîìó ôîðìóëó (1) ñëåäóåò ïåðåïèñàòü â âèäå

I f P t t P ti i i i i� ( ( ), , ( )),1
2 2

3
2 (2)

ãäå ti
2 — âðåìÿ ðàáîòû äàò÷èêîâ;

P1(ti
2) — öåëè ïëàíèðîâàíèÿ ñòàáèëèçèðóþùèõ

ïðîöåäóð, ïðîäëåâàþùèõ âðåìÿ ðàáîòû äàò÷èêîâ;
P3(ti

2) — öåëè ïëàíèðîâàíèÿ ñòàáèëèçèðóþùèõ
ïðîöåäóð, îáåñïå÷èâàþùèõ èõ íàäåæíîå ñðàáà-
òûâàíèå.

Îáà íàïðàâëåíèÿ ðàáîò ïåðñîíàëà ÀÑÓÒÏ ïîä-
ðàçóìåâàþò âûïîëíåíèå ìåðîïðèÿòèé, âõîäÿùèõ
â ïåðåñåêàþùèåñÿ, íî íåñîâïàäàþùèå ìíîæåñòâà.
Ïðè èõ îáúåäèíåíèè â åäèíîì ïëàíîâîì çàäàíèè
ïî îáåñïå÷åíèþ íàäåæíîñòè èíôîðìàöèè ïåðâîãî
óðîâíÿ â ÀÑÓÒÏ [15] ïîëó÷àåì:

Ii = fi (Pi (t), t). (3)

Òàê êàê ôóíêöèÿ fi (Pi (t), t) ïðåäñòàâëÿåò ñîáîé
êðèâóþ, äëÿ êðèòåðèÿ îöåíêè íàäåæíîñòè ðàáîòû
ïåðâîãî óðîâíÿ ÀÑÓÒÏ â j-ì êëàñòåðå ìîæíî îïðå-
äåëèòü ëîêàëüíûé ïîêàçàòåëü êà÷åñòâà w j

P äëÿ j-ãî
êëàñòåðà çàùèòû:

w f P t t tj
P

i i

i

N j

� 	

�

( ( ), ) ,d
1

j�{1, 2, …, M}, (4)

ãäå Nj — ÷èñëî ìåðîïðèÿòèé ñîãëàñíî ïëàíàì äî-
ñòèæåíèÿ j-é öåëè;
M — ÷èñëî ðàññìàòðèâàåìûõ êëàñòåðîâ, îáúåäè-
íÿþùèõ äàò÷èêè äëÿ çàäàííîãî ýëåìåíòà (ãðóïïû
ïîìåùåíèé, çäàíèÿ, ñîîðóæåíèÿ) îáúåêòà ÒÝÊ.
Èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà äëÿ îáúåêòà

çàùèòû ÒÝÊ W Ð
OÇ çàäàåòñÿ âåêòîðîì

W w w wP Ð Ð
M
Ð

ÎÇ �{ , , , },1 2 � (5)

â êîòîðîì wi
P ðàññ÷èòûâàþòñÿ ïî ôîðìóëå (4).

Ôîðìóëà (3) óñòàíàâëèâàåò ôóíêöèîíàëüíóþ çà-
âèñèìîñòü ðàáîòû äàò÷èêà îò öåëåé ïëàíîâûõ ìåðî-
ïðèÿòèé. Ïðè ýòîì ñàìà ôóíêöèÿ öåëåé èìååò áîëåå
ñëîæíûé õàðàêòåð, ÷åì óêàçàíî â ýêñïëèêàöèè ê (1).

Ðàññìîòðèì ñïîñîá îöåíêè íàäåæíîñòè ðàáîòû
ÀÑÏÂÁ íà îáúåêòå ÒÝÊ ïóòåì äèàãíîñòèêè ñ èñ-
ïîëüçîâàíèåì âåêòîðà öåëåé ïëàíèðîâàíèÿ:

P = {V, F, R, W}, (6)

ãäå V — îáùèé ïîòðåáíûé îáúåì ïðîâîäèìûõ ìåðî-
ïðèÿòèé, èçìåðÿåìûé â óñëîâíûõ åäèíèöàõ (îäíî
ìåðîïðèÿòèå — îäíà åäèíèöà îáúåìà);
F — îáùåå ôèíàíñèðîâàíèå ìåðîïðèÿòèé â äî-
ñòèæåíèè öåëåé, çàïëàíèðîâàííûõ äëÿ ïîâûøå-
íèÿ íàäåæíîñòè ÀÑÏÂÁ;
R — îáùèå çàïëàíèðîâàííûå äëÿ ïðîâåäåíèÿ
ìåðîïðèÿòèé ðåñóðñû, íåîáõîäèìûå äëÿ ãàðàí-
òèðîâàííîãî äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé ïî-
âûøåíèÿ íàäåæíîñòè ÀÑÏÂÁ;
W — îáùèå çàòðàòû òðóäîâûõ ðåñóðñîâ â íîð-
ìî÷àñàõ, íåîáõîäèìûå äëÿ ãàðàíòèðîâàííîãî äî-
ñòèæåíèÿ çàïëàíèðîâàííûõ öåëåé ïîâûøåíèÿ
íàäåæíîñòè ÀÑÏÂÁ.
Ïîñêîëüêó âåñü êîìïëåêñ íåîáõîäèìûõ ìåðîïðè-

ÿòèé êîìïëåêñíîé áåçîïàñíîñòè íà îáúåêòå ÒÝÊ
ïðåäñòàâëÿåò ñîáîé ìíîãîóðîâíåâîå äåðåâî, âî èçáå-
æàíèå çàãðîìîæäåíèÿ ìîäåëè îöåíêè ðàññìîòðèì
òîëüêî èõ ïðîñòóþ ñóììó [16]. Òîãäà îáùèé ïîòðåá-
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íûé îáúåì ïðîâîäèìûõ ìåðîïðèÿòèé, èçìåðÿåìûé
â óñëîâíûõ åäèíèöàõ, áóäåò èìåòü âèä:

V mi

i

N

j

K j

�
��




11

, (7)

ãäå K — ÷èñëî öåëåé ïëàíèðîâàíèÿ (îáåñïå÷åíèÿ äî-
ñòîâåðíîñòè èíôîðìàöèè) ïðè óïðàâëåíèè êîì-
ïëåêñíîé áåçîïàñíîñòüþ íà íåôòåïåðåðàáàòû-
âàþùèõ ïðîèçâîäñòâàõ (ÍÏÏ);
mi — åäèíè÷íîå ìåðîïðèÿòèå ñîãëàñíî ïëàíàì
äîñòèæåíèÿ j-é öåëè;

mi �
�


�

0
1

,
,

íå âûïîëíåíî;
âûïîëíåíî.

(8)

Îáùåå ôèíàíñèðîâàíèå çàïëàíèðîâàííûõ öåëåé
ïîâûøåíèÿ íàäåæíîñòè ÀÑÏÂÁ ìîæíî ïðåäñòàâèòü
â âèäå

F Fi

i

N

j

K j

�
��
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ãäå Fi — ôèíàíñèðîâàíèå åäèíè÷íîãî ìåðîïðèÿòèÿ
ñîãëàñíî ïëàíàì äëÿ äîñòèæåíèÿ j-é öåëè;

F
Fi

i

�
�


�

0,
,
îòñóòñòâóåò;

çàïëàíèðîâàíî.
(10)

Îáùèå çàïëàíèðîâàííûå äëÿ ïðîâåäåíèÿ ìåðî-
ïðèÿòèé ðåñóðñû, íåîáõîäèìûå äëÿ ãàðàíòèðîâàí-
íîãî äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé ïîâûøåíèÿ
íàäåæíîñòè ÀÑÏÂÁ, ïðåäñòàâèì â âèäå

R Ri

i

N

j

K j

�
��
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ãäå Ri — ðåñóðñû, âûäåëåííûå äëÿ îáåñïå÷åíèÿ
âûïîëíåíèÿ åäèíè÷íîãî ìåðîïðèÿòèÿ ñîãëàñíî
ïëàíàì äëÿ äîñòèæåíèÿ j-é öåëè;

R
Ri

i

�
�


�

0,
,
îòñóòñòâóþò;

çàïëàíèðîâàíû.
(12)

Îáùèå çàòðàòû òðóäîâûõ ðåñóðñîâ â íîðìî÷àñàõ,
íåîáõîäèìûå äëÿ ãàðàíòèðîâàííîãî äîñòèæåíèÿ
çàïëàíèðîâàííûõ öåëåé ïîâûøåíèÿ íàäåæíîñòè
ÀÑÏÂÁ, ìîæíî îïðåäåëèòü êàê

W Wi

i

N

j

K j

�
��
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ãäå Wi — íîðìî÷àñû, ïðåäóñìîòðåííûå äëÿ âûïîë-
íåíèÿ åäèíè÷íîãî ìåðîïðèÿòèÿ ñîãëàñíî ïëàíàì
äëÿ äîñòèæåíèÿ j-é öåëè;

W
Wi

i

�
�


�

0,
,
íå ïðåäóñìîòðåíû;

çàïëàíèðîâàíû.
(14)

Â ñëó÷àå åñëè ìåðîïðèÿòèÿ ïî îáåñïå÷åíèþ íà-
äåæíîñòè ÀÑÓÒÏ è åå äèàãíîñòèðîâàíèå íà ïåðâîì
óðîâíå ïîëó÷åíèÿ èíôîðìàöèè ñîãëàñíî öåëÿì ïëà-

íèðîâàíèÿ áóäóò âûðàæåíû â òàêîì âèäå, òî ëîêàëü-
íûå ïîêàçàòåëè êà÷åñòâà ìîæíî ðàññìàòðèâàòü â âèäå
ñóìì (7), (9), (11) è (13). Â ýòîì ñëó÷àå èíòåãðàëüíûé
ïîêàçàòåëü êà÷åñòâà îáåñïå÷åíèÿ íàäåæíîñòè è èíûõ
çàäà÷ ÀÑÓÒÏ áóäåò ïðåäñòàâëåí â âèäå ñóììû ñî-
îòâåòñòâóþùèõ ëîêàëüíûõ ïîêàçàòåëåé. Â ýòîì áåç-
ðàçìåðíîì êîíòåéíåðå äàííûõ áóäóò ó÷òåíû âñå íå-
îáõîäèìûå äëÿ âûïîëíåíèÿ ìåðîïðèÿòèé ïîêàçàòåëè.
Îäíàêî èñïîëüçîâàòü åãî â êà÷åñòâå îöåíêè ìîæíî
òîëüêî â òåîðåòè÷åñêîì ïëàíå, òàê êàê ôèíàíñèðîâà-
íèå è ðåñóðñû áóäóò äàâàòü ëüâèíóþ äîëþ åãî çíà-
÷åíèÿ.

Àíàëèç ðåçóëüòàòîâ

Ïðàâèëüíåå áûëî áû ðàññìàòðèâàòü ïðèâåäåííûå
ëîêàëüíûå ïîêàçàòåëè îòäåëüíî, ïîýòîìó äëÿ âû-
âîäà îá îñîáûõ óñëîâèÿõ ýêñïëóàòàöèè îáîðóäîâà-
íèÿ è ñèñòåì îáåñïå÷åíèÿ îáúåêòîâ ÒÝÊ, âõîäÿùèõ
â ÀÑÓÒÏ, ðàññìîòðèì òîëüêî ðåñóðñíûé ïîêàçàòåëü
êà÷åñòâà.

Ïðåäïîëîæèì, ÷òî íà îáúåêòå ÒÝÊ èñïîëüçóåòñÿ
40 % îòå÷åñòâåííûõ äàò÷èêîâ è 60 % äàò÷èêîâ çà-
ðóáåæíîãî ïðîèçâîäñòâà. Ïðåäïîëîæèì òàêæå, ÷òî
èõ ýêñïëóàòàöèÿ òðåáóåò ñîîòâåòñòâóþùåãî òåõíè-
÷åñêîãî îáñëóæèâàíèÿ (ÒÎ), áåç êîòîðîãî îíè íà÷è-
íàþò ðàáîòàòü íåêà÷åñòâåííî (ïîðîã ñðåäû ñëèøêîì
ñèëüíî ðàñõîäèòñÿ ñ ïîðîãîì ñðàáàòûâàíèÿ). Ïðè
ýòîì èìïîðòíûå äàò÷èêè îáñëóæèâàþòñÿ òîëüêî
èíîñòðàííûì ïðîèçâîäèòåëåì. Â îñîáûõ óñëîâèÿõ,
êàê áûëî ñêàçàíî âûøå, ìåðîïðèÿòèÿ ïî ôèíàíñè-
ðîâàíèþ è ëþáûì èíûì äåéñòâèÿì ïðåêðàùàþòñÿ.
Ñëåäîâàòåëüíî, âåëè÷èíà ñîîòâåòñòâóþùèõ Ri ñòðå-
ìèòñÿ ê 0.

Â ýòîì ñëó÷àå êîýôôèöèåíò ñîêðàùåíèÿ ðåñóð-
ñîâ r, äîñòóïíûõ ëèöó, ïðèíèìàþùåìó ðåøåíèÿ
(ËÏÐ), äëÿ îáåñïå÷åíèÿ áåçîïàñíîñòè â ÀÑÏÂÁ è
íàäåæíîñòè â ÀÑÓÒÏ â îñîáûõ óñëîâèÿõ ìîæíî
ïðåäñòàâèòü ôîðìóëîé

r = Roc �Rîá , (15)

ãäå Roc, Rîá — ëîêàëüíûå ïîêàçàòåëè êà÷åñòâà ïî
ôîðìóëå (11) ñîîòâåòñòâåííî ïðè îñîáûõ è îáû÷-
íûõ óñëîâèÿõ.
Äëÿ óïðîùåíèÿ ðàñ÷åòà áóäåì ïîëàãàòü, ÷òî â ñî-

ñòàâ èñïîëüçóåìûõ ðåñóðñîâ âõîäÿò äàò÷èêè (ãàçî-
àíàëèçàòîðû, ïîæàðíûå èçâåùàòåëè), ïðèáîðû èõ
ïîâåðêè è êîìïëåêòóþùèå, èñïîëüçóåìûå â ðåìîí-
òå. Èñõîäÿ èç òîãî, ÷òî è ýòè ðåñóðñû èìåþò èíî-
ñòðàííîå ïðîèñõîæäåíèå, áóäåì ñ÷èòàòü, ÷òî âñå
äàò÷èêè, èñïîëüçóåìûå â öèôðîâûõ äâîéíèêàõ, èì-
ïîðòíûå.

Òîãäà, ïðåäïîëàãàÿ, ÷òî çàïëàíèðîâàííûå ðåñóð-
ñû Ri îòå÷åñòâåííîãî ïðîèçâîäñòâà íå èçìåíÿòñÿ ïðè
ïåðåõîäå îò îáû÷íûõ óñëîâèé ê îñîáûì, èç (15) âè-
äèì, ÷òî çíà÷åíèå Rîñ â ÷èñëèòåëå áóäåò ïî ðÿäó ïî-
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çèöèé ñîñòàâëÿòü òîëüêî 40 % îò çíà÷åíèÿ Rîá â
çíàìåíàòåëå. Èç ýòîãî ìîæíî ñäåëàòü îäíîçíà÷íûé
âûâîä, ÷òî îñîáûå óñëîâèÿ çíà÷èòåëüíî ñíèæàþò
ïîêàçàòåëè íàäåæíîñòè è êà÷åñòâà èíôîðìèðîâà-
íèÿ ËÏÐ â ÀÑÓÒÏ íà îáúåêòå ÒÝÊ. Ýòî ñíèæåíèå
ïðîïîðöèîíàëüíî êîëè÷åñòâó ïðèìåíÿåìûõ â ñîîò-
âåòñòâóþùèõ ñèñòåìàõ åäèíèö îáîðóäîâàíèÿ èì-
ïîðòíîãî ïðîèçâîäñòâà.

Îò÷àñòè ýòî ïîëîæåíèå ìîæíî ïðåîäîëåòü ïëà-
íèðîâàíèåì äîïîëíèòåëüíûõ ôèíàíñîâûõ è òðóäî-
âûõ ðåñóðñîâ. Òîãäà íà äîïîëíèòåëüíûå ôèíàíñîâûå
ðåñóðñû ìîæåò áûòü çàêóïëåíî (èëè ðàçðàáîòàíî)
è óñòàíîâëåíî ñîîòâåòñòâóþùåå îáîðóäîâàíèå, èñ-
õîäÿ èç çàïëàíèðîâàííûõ äîïîëíèòåëüíûõ òðóäî-
âûõ ðåñóðñîâ.

Òàêîå ïîëîæåíèå ñ ó÷åòîì îáùåãî âðåìåíè ïðî-
âåäåíèÿ ðàáîò ìîæíî çàêðåïèòü ïóòåì îáîñíîâàí-
íîãî ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [17], àãðåãàò-
íîé öåëüþ êîòîðîãî áóäåò ïîâûøåíèå íàäåæíîñòè
è æèâó÷åñòè ÀÑÓÒÏ â îñîáûõ óñëîâèÿõ. Ñëåäîâà-
òåëüíî, èíñòðóìåíòàðèé ñòðàòåãè÷åñêîãî ïëàíèðî-
âàíèÿ, âêëþ÷àåìûé â îáùèé ïàêåò âîçìîæíîñòåé
ïîääåðæêè óïðàâëåíèÿ ËÏÐ â êà÷åñòâå èíôîðìàöè-
îííî-àíàëèòè÷åñêîé ñèñòåìû [18–20], áóäåò ñïîñîá-
ñòâîâàòü äîñòèæåíèþ äàííîé öåëè, à çíà÷èò, è ðå-
øåíèþ ïðîáëåìû îáåñïå÷åíèÿ êîìïëåêñíîé áåç-
îïàñíîñòè â ÀÑÓÒÏ (åå æèâó÷åñòè è íàäåæíîñòè)

íà îáúåêòàõ ÒÝÊ â îñîáûõ óñëîâèÿõ [21, 22]. Ñëåäó-
åò òàêæå îòìåòèòü íå ðàññìîòðåííóþ â íàñòîÿùåé
ñòàòüå òðóäîåìêóþ çàäà÷ó îïðåäåëåíèÿ îáúåìà ìî-
íèòîðèíãà ñèñòåì áåçîïàñíîñòè è ïðîòèâîïîæàð-
íîé çàùèòû. Â ðàáîòå [23] óòâåðæäàåòñÿ, ÷òî ôîð-
ìèðîâàíèå îáúåìà ìîíèòîðèíãà ñëåäóåò ïðîâîäèòü
ñ ó÷åòîì ýêñïåðòíûõ îöåíîê ñïåöèàëèñòîâ, âîâëå-
÷åííûõ â ïðîöåññ ðàáîòû äàííûõ ñèñòåì. Â ïðåäëà-
ãàåìûõ ìåòîäàõ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [17]
ðàññìîòðåíû ñïîñîáû àíàëèçà è ñîïðÿæåíèÿ îöåíîê
ýêñïåðòîâ äëÿ äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé. Òà-
êîé èíñòðóìåíò áóäåò ïîëåçåí ïðè âîçíèêíîâåíèè
íåîáõîäèìîñòè ðàñ÷åòà îáúåìà ìîíèòîðèíãà òðåáó-
åìûõ ñèñòåì.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, èíñòðóìåíòû ìåòîäîëîãèè
ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [18–20], âêëþ÷àå-
ìûå â ïîäñèñòåìû ÀÑÏÂÁ â êà÷åñòâå àëãîðèòìîâ
ïîääåðæêè óïðàâëåíèÿ, ïîçâîëÿò ïîâûñèòü íàäåæ-
íîñòü ðàáîòû ÀÑÓÒÏ íà îáúåêòàõ ÒÝÊ è îáåñïå-
÷èòü êà÷åñòâåííîå äèàãíîñòèðîâàíèå îáîðóäîâà-
íèÿ ïåðâîãî çâåíà èíôîðìèðîâàíèÿ ËÏÐ. Ìåòîäû
ïîääåðæêè óïðàâëåíèÿ â ÀÑÓÒÏ ñ èñïîëüçîâàíèåì
àïïàðàòà ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ îáåñïå÷àò
íåîáõîäèìîå êà÷åñòâî èíôîðìàöèè ËÏÐ è óðîâåíü
íàäåæíîñòè ÀÑÓÒÏ â îñîáûõ óñëîâèÿõ.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Dawoud S. M. Fire protection in the petroleum industry �� SPE Annual Technical Conference and Ex-
hibition (11–14 November, 2007, Anaheim, California, USA). DOI: 10.2118�110521-ms.

2. Ñìèðíîâ À. Â., Õàáèáóëèí Ð. Ø., Òàðàêàíîâ Ä. Â. Ïðèìåíåíèå ìíîãîàãåíòíîãî ïîäõîäà äëÿ ïîääåðæ-
êè óïðàâëåíèÿ áåçîïàñíîñòüþ â òåõíîñôåðå ��Âåñòíèê Èðêóòñêîãî ãîñóäàðñòâåííîãî òåõíè÷åñêîãî
óíèâåðñèòåòà. — 2018. — Ò. 22, ¹ 1(132). — C. 118–133. DOI: 10.21285�1814-3520-2018-1-118-133.

3. Àáðîñèìîâ À. À., Òîïîëüñêèé Í. Ã., Ôåäîðîâ À. Â. Àâòîìàòèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâî-
áåçîïàñíîñòè íåôòåïåðåðàáàòûâàþùèõ ïðîèçâîäñòâ. — Ì. : ÌÈÏÁ ÌÂÄ Ðîññèè, 1999. — 239 ñ.

4. ÐÄ 153-34.0-03.301–00 (ÂÏÏÁ 01-02–95). Ïðàâèëà ïîæàðíîé áåçîïàñíîñòè äëÿ ýíåðãåòè÷åñêèõ
ïðåäïðèÿòèé. — Ì. : Èçä-âî ÍÖ ÝÍÀÑ, 2004. — 128 ñ.

5. Î ïðîòèâîïîæàðíîì ðåæèìå : ïîñòàíîâëåíèå Ïðàâèòåëüñòâà Ðîññèéñêîé Ôåäåðàöèè îò 25.04.2012
¹ 390 (ðåä. îò 30.12.2017). URL: http:��www.consultant.ru�document�cons_doc_LAW_129263�
(äàòà îáðàùåíèÿ: 07.09.2018).

6. Ïðîåêòèðîâàíèå ÍÏÇ. URL: http:��neftegazproekt.com�proektirovanie-npz� (äàòà îáðàùåíèÿ:
07.09.2018).

7. Prakash J. Digital twins define oil & gas 4.0. URL: https:��www.arcweb.com�blog�digital-twins-
define-oil-gas-40 (äàòà îáðàùåíèÿ: 10.09.2018).

8. Aleixandre M., Gerboles M. Review of small commercial sensors for indicative monitoring of ambient
gas��ChemicalEngineeringTransactions.—2012.—Vol. 30.—P. 169–174.DOI:10.3303�CET1230029.

9. IRP 15: Snubbing Operations. An Industry Recommended Practice (IRP) for the Ñanadian oil and gas
industry. — May 2015. — Vol. 15. — 167 p. URL: http:��www.enform.ca�resources�download-reso-
urce.cfm?resourceId�������	��
��
�������������������������� �

10. Construction Health and Safety Manual: Oil Refineries and Petrochemical Plants. URL:
https:��www.ihsa.ca�rtf�health_safety_manual�pdfs�locations�Oil_Refineries.pdf (äàòà îáðàùåíèÿ:
13.09.2018).

11. Àëüãèí Â. Á., Èøèí Í. Í. Íàäåæíîñòü òåõíè÷åñêè ñëîæíûõ èçäåëèé â ñâåòå “Èíäóñòðèè 4.0” ��

Àêòóàëüíûå âîïðîñû ìàøèíîâåäåíèÿ. — 2017. — Ò. 6. — Ñ. 43–54.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1120

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

12. Ðîìàøêîâà È. À., Ëîñàáåðèäçå Ò. Ë. Ðåàëèçàöèÿ êîíöåïöèè “öèôðîâîãî äâîéíèêà” â ðîññèéñêîì
ïðîèçâîäñòâå êàê ýòàï ïåðåõîäà ê ÷åòâåðòîé ïðîìûøëåííîé ðåâîëþöèè �� Ïîñòóëàò. — 2018. —
¹ 5-1(31). — Ñ. 139.

13. Ñàìàðèí È. Â. Ìîäåëü îöåíêè îáåñïå÷åíèÿ êîìïëåêñíîé áåçîïàñíîñòè íà ðàññðåäîòî÷åííîì
îáúåêòå çàùèòû â îáû÷íûõ óñëîâèÿõ ïðè ïîìîùè áóëåâûõ èçâåùàòåëåé â ÀÑÓÏ áåç ó÷åòà êîîð-
äèíàò äëÿ ïîñòðîåíèÿ àâòîìàòèçèðîâàííîé ñèñòåìû óïðàâëåíèÿ ôîðìèðîâàíèåì ïëàíà ìåðî-
ïðèÿòèé ïî çàùèòå îáúåêòîâ ÒÝÊ ��Åñòåñòâåííûå è òåõíè÷åñêèå íàóêè. — 2018. — Âûï. 8(122).
— C. 180–186.

14. Bogue R. Sensors for fire detection �� Sensor Review. — 2013. — Vol. 33, No. 2. — P. 99–103. DOI:
10.1108�02602281311299635.

15. Àíäðååâ Å. Á., Êëþ÷íèêîâ À. È., Êðîòîâ À. Â., Ïîïàäüêî Â. Å., Øàðîâà È. ß. Àâòîìàòèçàöèÿ òåõ-
íîëîãè÷åñêèõ ïðîöåññîâ äîáû÷è è ïîäãîòîâêè íåôòè è ãàçà : ó÷åáíîå ïîñîáèå äëÿ âóçîâ. — Ì. :
Íåäðà-Áèçíåñöåíòð, 2008. — 399 c.

16. Ñóõàðåâ Ì. Ã., Àðñåíüåâ-Îáðàçöîâ Ñ. Ñ., Æóêîâà Ò. Ì. Îñíîâû ìàòåìàòè÷åñêîãî è êîìïüþòåðíî-
ãî ìîäåëèðîâàíèÿ â çàäà÷àõ íåôòåãàçîâîãî êîìïëåêñà : ó÷åáíîå ïîñîáèå äëÿ âóçîâ. — Ì. :
ÌÀÊÑ Ïðåññ, 2010. — 120 c.

17. Alekhin E. M., Brushlinsky N. N., Sokolov S. V., Wagner P. Russian simulation for strategic planning ��
Fire International. — 1996. — No. 154. — P. 32–33.

18. Ñàìàðèí È. Â. Ôîðìàëèçàöèÿ çàäà÷è îáîñíîâàíèÿ ñðåäíåñðî÷íîãî ïëàíà äåÿòåëüíîñòè äëÿ ïî-
ñòðîåíèÿ àâòîìàòèçèðîâàííîé ñèñòåìû óïðàâëåíèÿ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ íà ïðåäïðè-
ÿòèè �� Èííîâàöèè è èíâåñòèöèè. — 2014. — ¹ 4 — C. 177–183.

19. Ñàìàðèí È. Â. ÀÑÓ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ íà ïðåäïðèÿòèè: óòî÷íåíèå ìåòîäîëîãè÷å-
ñêèõ è èíñòðóìåíòàëüíûõ îñíîâ ñõåìû ïëàíèðîâàíèÿ �� Ñîâðåìåííàÿ íàóêà: àêòóàëüíûå ïðîá-
ëåìû òåîðèè è ïðàêòèêè. Ñåðèÿ: Åñòåñòâåííûå è òåõíè÷åñêèå íàóêè. — 2017. — ¹ 2. — Ñ. 31–44.

20. Ñàìàðèí È. Â. Ñòðàòåãè÷åñêîå ïëàíèðîâàíèå: ìîäèôèöèðîâàííûé ìåòîä ïàðíûõ ñðàâíåíèé äëÿ
çàäà÷ âûñîêîé ðàçìåðíîñòè �� Òðóäû Ðîññèéñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà íåôòè è ãàçà
èìåíè È. Ì. Ãóáêèíà. — 2016. — ¹ 1�282. — Ñ. 121–134.

21. Beata P. A., Jeffers A. E., Kamat V. R. Real-time fire monitoring and visualization for the post-ignition
fire state in a building �� Fire Technology. — 2018. — Vol. 54, Issue 4. — P. 995–1027. DOI:
10.1007�s10694-018-0723-1.

22. Novak T., Gerstinger A. Safety- and security-critical services in building automation and control sys-
tems �� IEEE Transactions on Industrial Electronics. — 2010. — Vol. 57, No. 11. — P. 3614–3621.
DOI: 10.1109�tie.2009.2028364.

23. Steblev Yu. I., Susarev S. V., Bykov D. E. The principles of designing automated systems for diagnostic
monitoring of the engineering structures of hazardous production objects �� Russian Journal of Nonde-
structive Testing. — 2015. — Vol. 51, No. 4. — Ð. 185–197. DOI: 10.1134�s1061830915040063.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 20 îêòÿáðÿ 2018 ã.

Äëÿ öèòèðîâàíèÿ: Òîïîëüñêèé Í. Ã., Ñàìàðèí È. Â., Ñòðîãîíîâ À. Þ. Ìîäåëü îöåíêè îáåñïå-
÷åíèÿ êîìïëåêñíîé áåçîïàñíîñòè â ÀÑÓÒÏ ñ ïðèìåíåíèåì äèàãíîñòèêè ïîæàðíûõ èçâåùàòå-
ëåé äëÿ ïîñòðîåíèÿ àâòîìàòèçèðîâàííîé ñèñòåìû ïîääåðæêè óïðàâëåíèÿ ïîæàðîâçðûâîáåç-
îïàñíîñòüþ �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety. — 2018. — Ò. 27, ¹ 11.
— Ñ. 15–22. DOI: 10.18322/PVB.2018.27.11.15-22.

English

MODEL OF EVALUATION OF COMPREHENSIVE SAFETY IN THE APCS
WITH THE USE OF DIAGNOSTIC FIRE DETECTORS FOR THE CONSTRUCTION
OF AUTOMATED SYSTEMS OF SUPPORT OF MANAGEMENT OF FIRE
AND EXPLOSION SAFETY

N. G. TOPOLSKIY, Doctor of Technical Sciences, Professor, Honoured Science Worker
of Russian Federation, Professor of Department of Information Technology, State Fire
Academy of Emercom of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation;

e-mail: ntopolskii@mail.ru)



21ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 11

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

I. V. SAMARIN, Candidate of Technical Sciences, Docent, Assistant Professor
of Department of Automation of Technological Processes, Gubkin Russian State
University of Oil and Gas (National Research University) (Leninskiy Avenue, 65,

Bldg. 1, Moscow, 119991, Russian Federation; e-mail: ivs@gubkin.ru)

A. Yu. STROGONOV, Postgraduate Student of Department of Automation
of Technological Processes, Gubkin Russian State University of Oil and Gas
(National Research University) (Leninskiy Avenue, 65, Bldg. 1, Moscow, 119991,

Russian Federation)

ABSTRACT

Introduction. Beginning this paper considers the important measures determining the state of
integrated security of facilities of the fuel and energy complex. It says about necessity regular equip-
ment diagnostics of automated process control system (APCS). There is a serious risk of unforced
human error. So it says about special automated systems of fire and explosion safety such as means of
control of APCS. It is necessary to keep in mind that automated system of fire and explosion protec-
tion (ASFEP) is a part automated control system of technological process. The study aims to build
a mathematical model of comprehensive safety of objects of fuel and energy complex in APCS.
A special evaluation function was chosen. This function is the dependence of the detector on
the vector of controlling purposes. The method of assessing the reliability of ASFEP is described
using the vector of planning purposes.

Methodology. Diagnostic fire prevention events are described. Besides their specificities and
frequency are mentioned. It was agreed that implementing of digital twin depend to foreign techno-
logies significantly. This fact actually affects of a sustainability of manufacturing process at facilities
of the fuel and energy complex. To study the integrated security in the APCS a mathematical model
was built. A detector is an important object constructed model. The corresponding function is formed
for connection of detectors operation with stabilizing procedures. The criteria for assessing the re-
liability of the equipment of the first level of APCS were determined. The local and integral quality
indicators are presented. In addition the vector of planning purposes is considered for assessing the re-
liability of automated system of fire and explosion protection.

Results. It is important to analyze the local indicators separately. As an example the resource
indicator of quality is described. This example leads to an important conclusion about special
conditions of functioning of the equipment. The possibility of using the methodology of strategic
planning as a part of information and analytical system for increase of reliability and survivability of
APCS is shown.

Conclusion. The paper concludes that the tools of strategic planning as a subsystems of automated
system of fire and explosion protection are able to provide the necessary diagnostics of the equipment
of the first level of informing the decision-maker.

Keywords: automation; detectors; stabilizing procedures; digital twin; quality indicators; assessing
the reliability; mathematical model; strategic planning.
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