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Ïðîàíàëèçèðîâàíà ðîëü ÷åëîâåêà (ïðîãðàììèñòà) â ïðîöåññå ýêñïëóàòàöèè è ñèíòåçà ñïåöè-
àëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè
(ÑÏÎ ÀÑÏÂÁ). Ðàññìîòðåíà ìîäåëü îöåíêè âëèÿíèÿ ÷åëîâåêà (ïðîãðàììèñòà) íà óñòîé÷èâîñòü
ÑÏÎ ÀÑÏÂÁ íåôòåïåðåðàáàòûâàþùèõ ïðîèçâîäñòâ íà ïðèìåðå åäèíè÷íîé ïðîãðàììíîé ñèñòå-
ìû (ÅÏÑ). Ïîêàçàíî, ÷òî âëèÿíèå ïðîãðàììèñòà íà ÅÏÑ ÀÑÏÂÁ çàäàåòñÿ âåêòîðîì ïåðå÷èñëåíèÿ
âíåøíåé, êîíöåïòóàëüíîé è âíóòðåííåé ñõåì äàííûõ è ôîðìàëèçîâàíî ïóòåì âûâîäà îáùåé
ôóíêöèè âëèÿíèÿ ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ ÷åðåç òðóäîçàòðàòû íà ðåàëèçàöèþ. Ñäåëàí âûâîä,
÷òî âëèÿíèå ÷åëîâåêà íà óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ íå çàâèñèò îò êîëè÷åñòâà èñïîëüçóåìûõ åäè-
íè÷íûõ ïðîãðàììíûõ ñèñòåì.
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Ââåäåíèå

Íåôòåãàçîâûé êîìïëåêñ èãðàåò êëþ÷åâóþ ðîëü â ýêî-

íîìèêå Ðîññèéñêîé Ôåäåðàöèè. Åãî âêëàä â ýêîíî-

ìèêó ñòðàíû â 2017 ã. ñîñòàâèë îêîëî 20 % âàëîâîãî

âíóòðåííåãî ïðîäóêòà, 50 % äîõîäîâ ôåäåðàëüíîãî

áþäæåòà, 67 % îáúåìà ýêñïîðòà. Â òî æå âðåìÿ ïî-

æàðû è âçðûâû áûëè è îñòàþòñÿ îäíîé èç íàèáîëåå

îïàñíûõ óãðîç ïðè ðàáîòå íåôòåïåðåðàáàòûâàþùèõ

ïðåäïðèÿòèé (ÍÏÏ). Äëÿ èõ ïðåäîòâðàùåíèÿ, ñâîå-

âðåìåííîãî îáíàðóæåíèÿ è ëîêàëèçàöèè èñïîëüçó-

þòñÿ ðàçëè÷íûå ñïîñîáû. Íàèáîëåå ýôôåêòèâíûì

ñðåäñòâîì îñòàåòñÿ ïðèìåíåíèå àâòîìàòèçèðîâàííûõ

ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) [1, 2].

Èõ ñîñòàâíîé ÷àñòüþ, ðàáîòà êîòîðîé íàèáîëüøèì

îáðàçîì âëèÿåò íà óñïåøíîñòü ðàáîòû ÀÑÏÂÁ â

öåëîì, ÿâëÿåòñÿ ïðîãðàììíîå îáåñïå÷åíèå (ÏÎ).

Âíóòðè äàííîãî îáúåêòà îñîáî âûäåëÿåòñÿ ñïåöèàëü-

íîå ÏÎ (ÑÏÎ), ïîä êîòîðûì ïðèíÿòî ïîíèìàòü ïðî-

ãðàììû, ðàçâîðà÷èâàåìûå íà àâòîìàòèçèðîâàííûõ

ðàáî÷èõ ìåñòàõ (ÀÐÌ) îïåðàòîðîâ ÀÑÏÂÁ. ÑÏÎ âû-

ïîëíÿåò ÷àñòü ôóíêöèé îïåðàòîðîâ ÀÑÏÂÁ â àâòî-

ìàòèçèðîâàííîì ðåæèìå è îáåñïå÷èâàåò øòàòíîå

ôóíêöèîíèðîâàíèå åå îñíîâíûõ ïîäñèñòåì. Ïîýòî-

ìó îò òîãî, íàñêîëüêî íàäåæíîé è óñòîé÷èâîé áóäåò

ðàáîòà ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ

âíóòðè ÀÑÏÂÁ, çàâèñèò íàäåæíîñòü è óñòîé÷èâîñòü

ÀÑÏÂÁ ÍÏÏ â öåëîì.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îöåíêà âëèÿ-

íèÿ ÷åëîâåêà (ïðîãðàììèñòà) íà óñòîé÷èâîñòü ñïå-

öèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìàòèçè-

ðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè ÍÏÏ.

Äëÿ äîñòèæåíèÿ ýòîé öåëè áûëè ïîñòàâëåíû è ðå-

øåíû ñëåäóþùèå çàäà÷è: àíàëèç ðîëè ÷åëîâåêà (ïðî-

ãðàììèñòà) â ïðîöåññå ñèíòåçà è ýêñïëóàòàöèè ñïå-

öèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ ÀÑÏÂÁ ÍÏÏ;

ðàçðàáîòêà ìîäåëè îöåíêè âëèÿíèÿ ÷åëîâåêà íà

óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ íåôòåïåðåðàáàòûâàþùèõ

ïðîèçâîäñòâ.

© Òîïîëüñêèé Í. Ã., Êðþ÷êîâ À. Â., Ìèõàéëîâ Ê. À., Íãóåí Òóàí Àíü, 2018



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-854

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

Òåîðåòè÷åñêèå îñíîâû

Ïðè ñèíòåçå ïðîãðàìì ÑÏÎ â àâòîìàòèçèðîâàí-

íîé ñèñòåìå óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåñ-

ñàìè (ÀÑÓÒÏ), ñîñòàâíîé ÷àñòüþ êîòîðîé ÿâëÿåòñÿ

ÀÑÏÂÁ [1, 2], íåîáõîäèìî çàäåéñòâîâàòü áîëüøîå

÷èñëî òåõíè÷åñêèõ ñïåöèàëèñòîâ â îáëàñòè ðàçðà-

áîòêè ÑÏÎ. Êðîìå òîãî, â ñèëó ïîñòîÿííûõ èçìå-

íåíèé â ïðàâèëàõ è ïîðÿäêå ýêñïëóàòàöèè òîãî èëè

èíîãî îáîðóäîâàíèÿ ÍÏÏ â ÑÏÎ ñëåäóåò ïåðèîäè-

÷åñêè âíîñèòü èçìåíåíèÿ. Çà÷àñòóþ äëÿ îòäåëüíûõ

÷àñòåé ÑÏÎ ÀÑÏÂÁ (ââèäó ìàñøòàáíîñòè äàííîãî

ïðîåêòà) íåîáõîäèìî ïðîâîäèòü ñèíòåç íà èíôîð-

ìàöèîííûõ òåõíîëîãèÿõ, ïðèíöèïû ðàáîòû êîòî-

ðûõ îòëè÷àþòñÿ îò ïðèíöèïîâ äåéñòâèÿ óæå ðàáî-

òàþùåãî ÑÏÎ [3–5]. Ýòî ïðèâîäèò ê íàðóøåíèþ

óñòîé÷èâîñòè ðàáîòû ÑÏÎ êàê íà îòäåëüíûõ ÀÐÌ,

òàê è â ÀÑÏÂÁ â öåëîì. Òàêèå ïðîÿâëåíèÿ ñâÿçàíû

ïðåæäå âñåãî ñ ÷åëîâå÷åñêèì ôàêòîðîì. Âëèÿíèå

÷åëîâåêà íà ïðîöåññû ñèíòåçà è ìîäåðíèçàöèè íå-

îáõîäèìî ïðàâèëüíî îöåíèòü, ïîýòîìó ñëåäóåò ïî-

ñòðîèòü ìîäåëü îöåíêè âëèÿíèÿ ÷åëîâåêà íà ÑÏÎ

ÀÑÏÂÁ.

Äëÿ ïîñòðîåíèÿ ìîäåëè áóäåì ñ÷èòàòü, ÷òî ÑÏÎ

ÀÑÏÂÁ ñîñòîèò èç ìíîæåñòâà îäèíàêîâûõ ïî ñòðóê-

òóðå ýëåìåíòîâ — åäèíè÷íûõ ïðîãðàììíûõ ñèñòåì

(ÅÏÑ). Êàæäàÿ èç íèõ âûïîëíÿåò ðîëü ïðîãðàììíîé

îáîëî÷êè íà ÀÐÌ îïåðàòîðà ÀÑÏÂÁ. Ðàññìîòðèì

ïîñòðîåíèå èñêîìîé ìîäåëè äëÿ îäíîé ÅÏÑ.

Ñîãëàñíî [6] ìîäåëü ðåàëèçàöèè ïðîãðàìì ñ ïî-

ìîùüþ ÿçûêà âûñîêîãî óðîâíÿ ìîæåò áûòü ñâåäåíà

ê ñõåìå, ïðåäñòàâëåííîé íà ðèñóíêå. Ñõåìà âêëþ÷à-

åò äâà áëîêà, ñâÿçàííûå ñ ÅÏÑ, ðåàëèçóþùåé ôóíê-

öèè îáðàáîòêè äàííûõ êîíêðåòíîé ïðåäìåòíîé îá-

ëàñòè. Ïåðâûé áëîê îòíîñèòñÿ ê ìîäåëè äàííûõ

ïðåäìåòíîé îáëàñòè, âòîðîé — ê ïðîãðàììàì îáðà-

áîòêè äàííûõ.

Ìîäåëü äàííûõ ïðåäìåòíîé îáëàñòè âêëþ÷àåò

â ñåáÿ òðè ïðåäñòàâëåíèÿ: âíåøíåå, êîíöåïòóàëüíîå

è âíóòðåííåå, à ìîäåëü ïðîãðàìì (òî÷íåå ñêàçàòü

ïðîãðàììû ÑÏÎ ÀÑÏÂÁ, òàê êàê î ìîäåëÿõ ïðî-

ãðàìì ãîâîðèòü íå ïðèíÿòî) ñîäåðæèò îòðàæåíèå

òðåáîâàíèé ñïåöèàëèñòîâ (ñì. ðèñóíîê): îïåðàòîðà,

çàêàç÷èêà (òåõíè÷åñêîãî ïèñàòåëÿ, ïðîåêòèðîâùè-

êà), êîäèðîâùèêà (ïðîãðàììèñòà), òåñòèðîâùèêà,

ñïåöèàëèñòà â îáëàñòè áåçîïàñíîñòè äàííûõ è ïðî-

ãðàìì. Ïîìèìî íèõ, â äàííîì áëîêå ìîãóò áûòü ñî-

áðàíû òðåáîâàíèÿ ê ôóíêöèÿì äðóãèõ ðîëåé ó÷àñò-

íèêîâ ïðîöåññà ñèíòåçà ÑÏÎ ÀÑÏÂÁ â ñîîòâåòñò-

âèè ñ ïðåäëàãàåìîé íûíå ìîäåëüþ òåõíîëîãè÷åñêîé

çðåëîñòè îðãàíèçàöèé [7] èëè Capability Maturity

Model (CMM) [8, 9].

Îáùåå ÷èñëî ðîëåé ó÷àñòíèêîâ ïðîöåññà ñèíòåçà

ÑÏÎ â ÑÌÌ [7–9] îáû÷íî áîëüøå. Îäíàêî â íàøåì

ñëó÷àå ÷èñëî ðîëåé ó÷àñòíèêîâ çíà÷åíèÿ íå èìååò,

òàê êàê â ðàññìàòðèâàåìûõ â ñòàòüå ìîäåëÿõ áóäåò

ìåíÿòüñÿ ëèøü ðàçìåðíîñòü ñîîòâåòñòâóþùèõ ìíî-

æåñòâ.

Ìîäåëü ïðîöåññà ñèíòåçà ÑÏÎ ÀÑÏÂÁ â òåð-

ìèíàõ ðåëÿöèîííîé àëãåáðû äëÿ ïðèâåäåííîãî íà

ðèñóíêå îòîáðàæåíèÿ ìîæåò áûòü ìàòåìàòè÷åñêè

ïðåäñòàâëåíà â âèäå ñóïåðïîçèöèè äâóõ ìíîæåñòâ.

Â èõ ñîñòàâ äîëæíû âõîäèòü îïðåäåëÿþùèå èõ

ïðåäñòàâëåíèÿ, êàæäîå èç êîòîðûõ ÿâëÿåòñÿ ñëîæ-

íûì ìíîæåñòâîì, ñîñòîÿùèì èç íåñêîëüêèõ óðîâ-

íåé èåðàðõèè. Ðàññìàòðèâàÿ ïîñëåäîâàòåëüíî êàæ-

äóþ èç äâóõ ãðóïï ïðåäñòàâëåíèé, âõîäÿùèõ â ìî-

äåëü ñèíòåçà ÑÏÎ ÀÑÏÂÁ, ìîæíî ïîëó÷èòü äâå

ãðóïïû áëèçêèõ ïî ôîðìå ôîðìóë äëÿ ôóíêöèè âëè-

Ñõåìà îòîáðàæåíèÿ ïðåäìåòíîé îáëàñòè íà åäèíè÷íîé ïðîãðàììíîé ñèñòåìå

Diagram of displaying the subject domain on single program system
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ÿíèÿ ÷åëîâåêà. Ðàçíèöà ìåæäó íèìè áóäåò òîëüêî â

÷èñëå èñïîëüçóåìûõ â ìîäåëÿõ ïðåäñòàâëåíèé. Ïî-

ýòîìó ðàññìîòðèì òîëüêî ïðåäñòàâëåíèÿ è ôîðìó-

ëû â ìîäåëè äàííûõ ïðåäìåòíîé îáëàñòè. Ôîðìóëû

ìîäåëè ïðîãðàìì ìîãóò áûòü âûâåäåíû àíàëîãè÷-

íûì îáðàçîì.

Äëÿ ìîäåëè ïðåäìåòíîé îáëàñòè óêàçàííûå íà

ðèñóíêå ïðåäñòàâëåíèÿ ÿâëÿþòñÿ ñòðóêòóðèðîâàí-

íûìè ìíîæåñòâàìè. Îíè ñîäåðæàò âëîæåííûå îïè-

ñàíèÿ îáúåêòîâ ïðåäìåòíîé îáëàñòè íà ÿçûêå êîíê-

ðåòíîé ïðåäìåòíîé îáëàñòè è îïðåäåëåíèÿ èõ

ñâÿçåé ìåæäó ñîáîé è ñ îêðóæàþùèì ìèðîì. Ðàñ-

ñìîòðèì âûðàæåíèå ýòîãî âçàèìîäåéñòâèÿ â ôîð-

ìóëàõ:

V R Râíåø îá
âíåø

ñâ
âíåø� { , }; (1)

V R Râíóòð îá
âíóòð

ñâ
âíóòð� { , }; (2)

V R Rêîíö îá
êîíö

ñâ
êîíö� { , }, (3)

ãäå Vâíåø, Vâíóòð, Vêîíö — ïðåäñòàâëåíèÿ, ñîîòâåòñò-

âóþùèå ïåðå÷èñëåííûì íà ðèñóíêå òèïàì ìî-

äåëåé äàííûõ;

Rîá
âíåø , Rîá

âíóòð, Rîá
êîíö — ìíîæåñòâî îáúåêòîâ â

ïðåäñòàâëåíèÿõ;

Rñâ
âíåø , Rñâ

âíóòð, Rñâ
êîíö — ìíîæåñòâî ñâÿçåé â

ïðåäñòàâëåíèÿõ.

Â òî æå âðåìÿ êàæäîå èç ìíîæåñòâ Rîá è Rñâ

( ,Rîá
âíåø R

îá

âíóòð, R
îá

êîíö ) â ôîðìóëàõ (1)–(3) ìîæåò

áûòü ïðåäñòàâëåíî ôîðìóëàìè:

Rîá = {Î1, Î2, …, În}; (4)

Rcâ = {(Î11, Î12, T1), (Î21, Î22, T2), …, (În1, În2, Tn)}, (5)

ãäå Î1, Î2, …, În, Îi1, Îi2 (i = 1,2, …, n) — îáúåê-

òû Rîá;

T1, T2, …, Tn — òèïû ñâÿçåé (îòíîøåíèÿ) ìåæäó

îáúåêòàìè În1, În2.

Ñîãëàñíî èäåîëîãèè îáúåêòíî-îðèåíòèðîâàí-

íîãî ïðîãðàììèðîâàíèÿ [10, 11] óêàçàííûå â (4) îáú-

åêòû ñîäåðæàò ìíîæåñòâà ñâîéñòâ, ìåòîäîâ è ñî-

áûòèé. Êàæäîå èç íèõ ìîæåò â ñâîþ î÷åðåäü ïðåä-

ñòàâëÿòü ñîáîé êàê îáúåêò, òàê è äåðåâî îáúåêòîâ.

Íà áàçå ìíîæåñòâ (1)–(3) íåîáõîäèìî îïðåäåëèòü

îäíó èëè íåñêîëüêî ôóíêöèé, èññëåäîâàíèå êîòîðûõ

äàñò èíñòðóìåíò äëÿ îïðåäåëåíèÿ êîëè÷åñòâåííîé

îöåíêè âëèÿíèÿ ÷åëîâåêà íà ïðîöåññ ñèíòåçà ÑÏÎ.

Ñ ýòîé öåëüþ, èñõîäÿ èç òîãî ÷òî äëÿ ïîëó÷åíèÿ

çàêîí÷åííîé ìîäåëè ïðåäìåòíîé îáëàñòè íåîáõî-

äèìà ñóïåðïîçèöèÿ ïðåäñòàâëåíèé Vâíåø, Vâíóòð,

Vêîíö, ðàññìîòðèì ïîñëåäîâàòåëüíîå îòîáðàæåíèå

èõ äðóã íà äðóãà. Òàêîé ïîäõîä äàñò íàì ñëåäóþùóþ

ãðóïïó ôîðìóë:

Vêîíö = fêîíö (Vâíåø); (6)

Vâíóòð = fâíóòð (Vêîíö); (7)

Vâíóòð = fâíóòð (fêîíö (Vâíåø)), (8)

ãäå fêîíö, fâíóòð — ôóíêöèè ïðåîáðàçîâàíèÿ âíåø-

íåé ìîäåëè â êîíöåïòóàëüíóþ è êîíöåïòóàëü-

íîé ìîäåëè âî âíóòðåííþþ.

Òàêèì îáðàçîì, ñóïåðïîçèöèÿ ìíîæåñòâ (1)–(3)

ñ ó÷åòîì ïðèâåäåííûõ âûøå ðàññóæäåíèé, îïèñàí-

íûõ â (6)–(8), áóäåò âûãëÿäåòü êàê ïðåäñòàâëåíèå

Wä (îáùåå ïðåäñòàâëåíèå ìîäåëè äàííûõ):

Wä = fâíóòð (fêîíö (Vâíåø)). (9)

Â ïîëó÷åííîé ñóïåðïîçèöèè Vâíåø — àðãóìåíò

ïðåäñòàâëåíèÿ Wä. Â (9) ïîëó÷åí àðãóìåíò äëÿ ôóíê-

öèè âëèÿíèÿ Wä, ñ ïîìîùüþ êîòîðîãî ñòåïåíü âëèÿ-

íèÿ Zä ìîæåò áûòü ðàññ÷èòàíà êàê

Zä = fä(Wä), (10)

ãäå fä — ôóíêöèÿ, îïðåäåëÿþùàÿ çàâèñèìîñòü ñòå-

ïåíè âëèÿíèÿ Zä îò ôóíêöèè âëèÿíèÿ Wä.

Ôóíêöèÿ-îáîáùåíèå ñ ó÷åòîì ñêàçàííîãî ìîæåò

áûòü îïðåäåëåíà ëèáî êàê âåêòîð ïåðå÷èñëåíèåì

ñëåäóþùèõ ñõåì äàííûõ:

Z Z Z Z Z ZNä
âíåø âíåø âíåø êîíö êîíö�{ , , . . . , , , , . . . ,1 2 1 2

Z Z Z Z
M L

êîíö âíóòð âíóòð âíóòð, , , . . . , },
1 2

(11)

ëèáî êàê ìàòðèöà (ñì. íèæå ôîðìóëó (12)).

Âëèÿíèå ÷åëîâåêà íà ñèíòåç â ÅÏÑ ÀÑÏÂÁ òðåõ

ìîäåëåé äàííûõ çàäàíî â (11) âåêòîðîì ïåðå÷èñëå-

íèÿ: âíåøíåé, êîíöåïòóàëüíîé è âíóòðåííåé ñõåì

äàííûõ. Òàê êàê êîëè÷åñòâî êîìïîíåíò, ðåàëèçó-

åìûõ íà êàæäîì èç ýòàïîâ àïðèîðè, ðàçëè÷íî, îá-

ùàÿ ôóíêöèÿ âëèÿíèÿ ìîæåò áûòü ðåàëèçîâàíà ñ ïî-

ìîùüþ ñóììû (ñâåðòêè), îïðåäåëÿþùåé ïîëíóþ

ñòåïåíü âëèÿíèÿ â (11).

Ïðè ïåðåõîäå îò ÅÏÑ ê ÑÏÎ, ñîñòîÿùåé èç k

ÅÏÑ, íà îñíîâå (11) ìîæåò áûòü ïîëó÷åíà ìàòðèöà

ñëåäóþùåãî âèäà:

Z Z Z Z
L1

1

1

1

1

1 1( ) ( ) ( ) ( ), . . . , , . . . , , . . . ,âíåø êîíö âíóòð âíóòð

âíåø êîíö âíóòðZ Z Z Z
L1

2

1

2

1

2 2( ) ( ) ( ) (, . . . , , . . . , , . . . , )

( ) ( ) ( )

. . .

, . . . , , . . . , , . .

âíóòð

âíåø êîíö âíóòðZ Z Zk k k

1 1 1
. , ( )Z

L

k âíóòð

(12)

Îáùàÿ ôóíêöèÿ Z k

ÈÑ

( ) (ÈÑ — èíôîðìàöèîííûå

ñèñòåìû) âëèÿíèÿ ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ (÷åðåç

òðóäîçàòðàòû íà ðåàëèçàöèþ), ñîñòîÿùåé èç k ÅÏÑ,

îïðåäåëÿåòñÿ ñóììèðîâàíèåì âñåõ òðóäîçàòðàò â ìàò-

ðèöå (12) ñâåðòêîé äàííîé ìàòðèöû:

Z Z Z Zk
i

i

N

i
i

M

i
i

L

ÈÑ

âíåø êîíö âíóòð( ) .� � �
� � �
" " "

1 1 1

(13)

Ñíèæåíèå âëèÿíèÿ ñîãëàñíî (13) ìîæåò äîñòè-

ãàòüñÿ çà ñ÷åò ñîêðàùåíèÿ êîëè÷åñòâà ýëåìåíòîâ

ìàòðèöû (N, M, L) èëè óìåíüøåíèÿ êîýôôèöèåíòîâ

òðóäîåìêîñòè â êàæäîé èç ñòðîê. Íåêîòîðûå çíà÷å-

íèÿ ýëåìåíòîâ ìàòðèöû (12) ìîãóò îáðàùàòüñÿ â íîëü
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â ñëó÷àå, åñëè ýëåìåíò, êîòîðîìó îíè äîëæíû ñîîò-

âåòñòâîâàòü, óæå ðàçðàáîòàí è ìîæåò èñïîëüçîâàòü-

ñÿ áåç äîïîëíèòåëüíûõ “óñèëèé”.

Â [12] ïðèâåäåíû ñõîäíûå ìàòåìàòè÷åñêèå ïî-

ñòðîåíèÿ. Îíè ñâÿçàíû ñ ìåòîäàìè ñèñòåìíîãî àíàëè-

çà (ïðîåêòèðîâàíèÿ) [13, 14] è îöåíêè ýôôåêòèâíîñòè

èíôîðìàöèîííûõ ñèñòåì ñåòè ñâÿçè ñ ðàäèàëüíî-

êîëüöåâîé ñòðóêòóðîé, êîòîðàÿ ïî ñóòè íàïîìèíàåò

ñòðóêòóðó ÑÏÎ ÀÑÏÂÁ. Òåì íå ìåíåå îíè ìîãóò áûòü

èñïîëüçîâàíû äëÿ ïîñòðîåíèÿ îáîáùåííîãî ïîêà-

çàòåëÿ ýôôåêòèâíîñòè âëèÿíèÿ íà ÑÏÎ (ñ. 31 [12])

ëèøü ÷àñòè÷íî. Ýòî ñâÿçàíî ñ òåì, ÷òî ñàì ïî ñåáå

ïðîöåññ ñèíòåçà ÑÏÎ [15–20] ñóùåñòâåííî îòëè÷à-

åòñÿ îò ïðîöåññà ñîçäàíèÿ ñèñòåìû ïåðåäà÷è èíôîð-

ìàöèè.

Ïîìèìî ôîðìóë (12) è (13), äëÿ îöåíêè âëèÿíèÿ

ìîæíî èñïîëüçîâàòü è äðóãèå ìåòîäû, íàïðèìåð ïî-

ñòðîåíèå íàãðóæåííîãî ãðàôà è ïîèñê ïóòè â íåì

ìåòîäàìè ãåíåòè÷åñêèõ àëãîðèòìîâ [21–24]. Â ýòîì

ñëó÷àå â ãðàôå íåîáõîäèìî áóäåò íàéòè îïòèìàëü-

íûé ïóòü ñ ïîìîùüþ èñïîëüçóåìûõ âåêòîðîâ ïî-

èñêà (õðîìîñîì), ðàçìåð êîòîðûõ íå ôèêñèðîâàí.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïîñòðîåíèå ìàòåìàòè÷åñêîé ìî-

äåëè îöåíêè âëèÿíèÿ ÷åëîâåêà íà óñòîé÷èâîñòü

ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìà-

òèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè

[1, 2, 4, 19], îñíîâàííîé íà îòîáðàæåíèè ïðåäñòàâ-

ëåíèé äàííûõ, ïîçâîëÿåò ïîëó÷èòü ôîðìóëó êîëè-

÷åñòâåííîé îöåíêè ôóíêöèè âëèÿíèÿ ÷åëîâåêà íà

ÑÏÎ ïðè åãî ñèíòåçå. Ïðè ýòîì êîëè÷åñòâî åäèíè÷-

íûõ ïðîãðàììíûõ ñèñòåì â ÀÑÏÂÁ äëÿ ïîëó÷åí-

íûõ ôîðìóë çíà÷åíèÿ íå èìååò. Èç íèõ, â ÷àñòíîñòè,

ñëåäóåò, ÷òî ðåøåíèå âîïðîñà î ñíèæåíèè âëèÿíèÿ

÷åëîâåêà íà óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ ëåæèò â ïëîñ-

êîñòè óâåëè÷åíèÿ êîëè÷åñòâà ìíîãîêðàòíî èñïîëü-

çóåìûõ ýëåìåíòîâ — áàçîâûõ ýëåìåíòîâ ïðîãðàìì

äëÿ ñèíòåçà ÅÏÑ. Ñíèæåíèå âëèÿíèÿ äîñòèãàåòñÿ

òàêæå â òîì ñëó÷àå, åñëè òàêèå ýëåìåíòû ñîçäàþòñÿ

îòäåëüíî îò ñèíòåçà ÅÏÑ íà êîíêðåòíîì èíñòðóìåí-

òàëüíîì ñðåäñòâå. Âëèÿíèå ÷åëîâåêà íà óñòîé÷èâîñòü

â ïîñëåäíåì ñëó÷àå ïðè ñèíòåçå íîâûõ âåðñèé ÑÏÎ

ÀÑÏÂÁ äëÿ íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

áóäåò çíà÷èòåëüíî íèæå.
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ABSTRACT

Introduction. The oil and gas industry plays a key role in the Russian economy. In this regard, it is

necessary to ensure the safety of facilities in this industry, in particular the fire safety of oil refineries.

Computer-aided fire-explosion safety systems play an important role in protecting objects and

detecting fires on them. At the same time, a key element in these systems is special software and the

success of the computer-aided fire-explosion safety system depends on it. Since the software is

developed and operated by a person, there is a scientific and technical problem, which is expressed in

determining the function of human influence on the special software of computer-aided fire-explosion

safety systems.

The work purpose is to assess the impact of human (programmer) on the stability of special

software for computer-aided fire-explosion safety systems of oil refineries.

Methods. The article presents a model of human impact assessment on the stability of special

software for computer-aided fire-explosion safety systems. The model is based on the methods of

system analysis and object-oriented programming.

Results. A mathematical model of human impact assessment on the stability of special software

for computer-aided fire-explosion safety systems is developed. This model allows us to obtain a for-

mula for quantitative evaluation of the function of human influence on special software in its synthesis.

Discussion. The article shows that the reduction of human (programmer) influence on the stability

of special software of computer-aided fire and explosion safety systems lies in the plane of increasing

the number of reusable elements — the basic elements of programs for the synthesis of single software

systems. The reduction of influence is also achieved if such elements are created separately from

the synthesis of single software systems on a particular tool.

Conclusions. The results obtained by the authors can be used to assess the impact of human

(programmer) on the stability of special software for computer-aided fire-explosion safety systems of

oil refineries. In the synthesis of single software systems it is necessary to repeatedly use the basic

elements of the programs. At the same time, the human impact on the stability in the synthesis of new

versions of special software for computer-aided fire-explosion safety systems will be significantly

lower.

Keywords: special software, computer-aided fire-explosion safety systems, single software system,

oil refineries, object oriented programming.
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