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Ââåäåíèå

Íàó÷íî-òåõíè÷åñêèé ïðîãðåññ äèêòóåò âñå íîâûå è

íîâûå òðåáîâàíèÿ ê ïðèíöèïàì ðàáîòû ïðîèçâîä-

ñòâåííûõ ìîùíîñòåé ñîâðåìåííûõ ïðåäïðèÿòèé.

Äëÿ èõ óñòîé÷èâîé ðàáîòû â ñîâðåìåííûõ óñëîâèÿõ

èñïîëüçóþòñÿ àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâ-

ëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ), ñî-

ñòàâíîé ÷àñòüþ êîòîðûõ ÿâëÿåòñÿ ñïåöèàëüíîå ïðî-

ãðàììíîå îáåñïå÷åíèå (ÑÏÎ).

Òàêèì îáðàçîì, öåëü íàñòîÿùåé ðàáîòû — îïðå-

äåëåíèå ñîñòàâà ïðîãðàìì â ÑÏÎ àâòîìàòèçèðîâàí-

íûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè îáúåêòîâ

(ÀÑÏÂÁ). Ïðè ýòîì ïîñòàâëåíû è ðåøåíû ñëåäó-

þùèå çàäà÷è: îïèñàíèå ìàòåìàòè÷åñêîãî îïðåäåëå-

íèÿ åäèíè÷íûõ ïðîãðàììíûõ ñèñòåì (ÅÏÑ) è èõ

õàðàêòåðèñòèê; îöåíêà êîëè÷åñòâà ôîðìóë â ÑÏÎ

àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåç-

îïàñíîñòè; îïèñàíèå (ñ ôîðìàëüíîé òî÷êè çðåíèÿ)

ïîèñêà óíèôèêàòîðà â åäèíè÷íîé ïðîãðàììíîé ñè-

ñòåìå.

Îáùàÿ ïîñòàíîâêà çàäà÷è
èññëåäîâàíèÿ

Íåôòåïåðåðàáàòûâàþùèå ïðîèçâîäñòâà (ÍÏÏ)

— âàæíàÿ ñîñòàâëÿþùàÿ ñîâðåìåííîé ïðîìûø-

ëåííîñòè. Îíè, ïîìèìî âñåãî ïðî÷åãî, ìîãóò èìåòü

â ñîñòàâå ÀÑÓÒÏ àâòîìàòèçèðîâàííûå ñèñòåìû ïî-

æàðîâçðûâîáåçîïàñíîñòè [1, 2]. Â äàííûå ñèñòåìû

âõîäÿò îáåñïå÷èâàþùèå ñèñòåìû, à òàêæå ôóíêöè-

îíàëüíûå àâòîìàòèçèðîâàííûå ñèñòåìû (ÀÑ) íèæå-

ñòîÿùåãî óðîâíÿ, âêëþ÷àþùèå â ñåáÿ [1, 2] (ñì. ðè-

ñóíîê):
� ÀÑïðåäîòâðàùåíèÿïîæàðîâèâçðûâîâ (ÀÑÏÏÂ);
� ÀÑ ïîæàðîâçðûâîçàùèòû (ÀÑÏÂÇ);
� ÀÑ îðãàíèçàöèîííî-òåõíè÷åñêèõ ìåðîïðèÿòèé

(ÀÑÎÒÌ).

Êàê ïðàâèëî, óñòîé÷èâàÿ ðàáîòà ïåðå÷èñëåííûõ

ÀÑ îáåñïå÷èâàåòñÿ â íàñòîÿùåå âðåìÿ çà ñ÷åò óñòîé-

÷èâîé ðàáîòû ÑÏÎ, ïîýòîìó îñîáîå âíèìàíèå ñëå-

äóåò óäåëèòü ìåòîäàì åãî ñèíòåçà [3–14]. Ó÷èòûâàÿ,

÷òî ÑÏÎ ÀÑÏÂÁ ïðåäñòàâëÿåò ñîáîé ñëîæíûé èí-
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òåëëåêòóàëüíûé ïðîäóêò, ñëåäóåò ðàçäåëèòü åãî íà

ñîñòàâíûå ÷àñòè — åäèíè÷íûå ïðîãðàììíûå ñèñ-

òåìû. ÅÏÑ äîëæíû âûïîëíÿòü îïðåäåëåííûå ôóíê-

öèè îïåðàòîðîâ ÀÑÏÂÁ íà àâòîìàòèçèðîâàííûõ ðà-

áî÷èõ ìåñòàõ (ÀÐÌ) â îòäåëüíûõ ïîìåùåíèÿõ èëè

öåõàõ ÍÏÏ. Ïðè ýòîì âëèÿíèå íà ÅÏÑ èõ ðàçðàáîò-

÷èêîâ î÷åíü âåëèêî.

Îáùèõ ôóíêöèîíàëüíûõ çàäà÷ ó ÅÏÑ íåò, òàê êàê

êàæäàÿ èç íèõ îòâå÷àåò çà ñâîé íåáîëüøîé ó÷àñòîê.

Îäíàêî íóæíî, ÷òîáû âñå îíè îáåñïå÷èâàëè óñòîé-

÷èâóþ ðàáîòó ÀÑÏÂÁ â öåëîì, îñîáåííî â îïðåäå-

ëåííûõ ñèòóàöèÿõ. Ïðåäîòâðàùåíèå ïîæàðîâ è

âçðûâîâ íà ÍÏÏ — ñîñòàâíàÿ ÷àñòü ðàáîòû âñåõ

âìåñòå âçÿòûõ ÅÏÑ â ÑÏÎ ÀÑÏÂÁ. Â ñâÿçè ñ ýòèì

íåîáõîäèìî îáåñïå÷èòü òàêèå óñëîâèÿ ñèíòåçà ÅÏÑ

[4–6], êîòîðûå ïîçâîëÿò äîáèòüñÿ íóæíîé óñòîé÷è-

âîñòè â èõ ðàáîòå. Äëÿ ýòîãî ñëåäóåò äåòàëüíî ðàñ-

ñìîòðåòü ìàòåìàòè÷åñêîå îïðåäåëåíèå ïðîãðàìì

ÅÏÑ è èõ õàðàêòåðèñòèê [15–20], ïî êîòîðûì ìîæíî

óñòàíîâèòü, íàñêîëüêî òà èëè èíàÿ ÅÏÑ óñòîé÷èâà ê

äåñòðóêòèâíîìó âëèÿíèþ ëþäåé, åå ñèíòåçèðóþùèõ.

Òåîðåòè÷åñêèå îñíîâû

Ïîñêîëüêó ÅÏÑ ïðåäñòàâëÿåò ñîáîé ïðîãðàììó,

ðàññìîòðèì îäíî èç åå âîçìîæíûõ ìàòåìàòè÷åñêèõ

îïðåäåëåíèé. Ñîãëàñíî [21] ïðîãðàììà ôîðìàëüíî

îïðåäåëåíà, åñëè çàäàíû âõîäíîé âåêòîð (ïåðå÷åíü

âõîäíûõ äàííûõ), âûõîäíîé âåêòîð (ïåðå÷åíü âû-

õîäíûõ äàííûõ), âíóòðèïðîãðàììíûé âåêòîð (ïåðå-

÷åíü ïåðåìåííûõ, èñïîëüçóåìûõ äëÿ ïðîìåæóòî÷-

íûõ âû÷èñëåíèé) è îðèåíòèðîâàííûé ãðàô, êîòîðûé

îïðåäåëÿåò ïîðÿäîê ïåðåõîäà îò âõîäíûõ äàííûõ ê

âûõîäíûì ÷åðåç ïðîìåæóòî÷íûå:

{INp, OUTp, SOLEp, (Up, Rp)}, (1)

ãäå INp — âõîäíîé âåêòîð;

OUTp — âûõîäíîé âåêòîð;

SOLEp — âíóòðèïðîãðàììíûé âåêòîð;

(Up, Rp) — îðèåíòèðîâàííûé ãðàô;

Up — íåïóñòîå ìíîæåñòâî óçëîâ (âåðøèí) ãðàôà

ñîñòîÿíèé;

Rp — íåïóñòîå ìíîæåñòâî ðåáåð (ñòðåëîê), íà-

ãðóæåííûõ äàííûìè î âåðîÿòíîñòè ðàçâèòèÿ ïðî-

öåññà ïî äàííîìó ðåáðó.

Ïðè ýòîì äîëæíî ñóùåñòâîâàòü îòîáðàæåíèå íà-

ïðàâëåííîé èíöèäåíòíîñòè D(r), îïðåäåëåííîå íà

ìíîæåñòâå ïàð óçëîâ (âåðøèí) ãðàôà Rp, ñóòü êîòî-

ðîãî ñîñòîèò â îïðåäåëåíèè âîçìîæíûõ ïåðåõîäîâ

ìåæäó âåðøèíàìè:

� D(r) (Up, Up), (2)

ãäå (Up, Up) � Rp. (3)

Ñåìàíòèêà ïðîãðàììíîé êîíñòðóêöèè ìîæåò

áûòü òàêæå îïèñàíà ñ ïîìîùüþ äâóõ ïðåäèêàòîâ

[19, 20]:

Wp (Sp, Rp) (ïðåäóñëîâèå);

Rp (ïîñòóñëîâèå),
(4)

ãäå Wp (Sp, Rp) — ìíîæåñòâî íà÷àëüíûõ ñîñòîÿíèé

(ïðåäóñëîâèå);

Rp — ìíîæåñòâî ñîñòîÿíèé, âîçíèêàþùèõ â ðå-

çóëüòàòå ïðèìåíåíèÿ îïåðàòîðà (ïðåäèêàòà) Sp â

êà÷åñòâå ïðåîáðàçîâàòåëÿ ìíîæåñòâà íà÷àëüíûõ

ñîñòîÿíèé (ïîñòóñëîâèå).

Åñëè ãîâîðèòü î êàêîé-òî îäíîé ïðåäìåòíîé îá-

ëàñòè, òî ïðåäñòàâëåííûå âûøå ôîðìóëû áóäóò ìî-

äåëèðîâàòü îäíó èç åå ôóíêöèîíàëüíûõ õàðàêòåðè-

ñòèê. Äëÿ ìàòåìàòè÷åñêîãî îïèñàíèÿ ñïåöèôèêàöèè

(ôóíêöèîíàëüíîé õàðàêòåðèñòèêè) ìîæåò ðàññìàò-

ðèâàòüñÿ ñëåäóþùàÿ ôîðìóëà [21]:

F a Z
P a

( )
( )
&� ïðè R(a, Z), (5)

ãäå F(a) — ñïåöèôèêàöèÿ îäíîãî èç òðåáîâàíèé, îïè-

ñûâàþùèõ åäèíè÷íóþ õàðàêòåðèñòèêó ïðåäìåò-

íîé îáëàñòè;

a — âõîä ïðîãðàììíîé êîíñòðóêöèè;

Z — âûõîä ïðîãðàììíîé êîíñòðóêöèè;

P(a) — âõîäíîå óñëîâèå;

R(a, Z) — âûõîäíîå óñëîâèå.

Â ñâîþ î÷åðåäü ïðîãðàììíàÿ êîíñòðóêöèÿ, âû-

âîäèìàÿ èç òàêîé ñïåöèôèêàöèè, ìîæåò áûòü ïðåä-

ñòàâëåíà êàê ïðåäèêàò âèäà

(�a) ('Z) åñëè P(a) òî R(a, Z). (6)

Ñ ôîðìàëüíîé òî÷êè çðåíèÿ “óíèôèêàöèÿ — ýòî

ïðîöåññ îòûñêàíèÿ îáùåé ÷àñòè äâóõ âûðàæåíèé”

[21]. Â [21] ïðèâîäèòñÿ ôîðìàëüíîå îïðåäåëåíèå ñïå-

öèôèêàöèè àëãîðèòìà óíèôèêàöèè. Àëãîðèòì óíè-

ôèêàöèè — ýòî ïðîöåäóðà îòûñêàíèÿ íàèáîëåå îá-

ùåãî óíèôèêàòîðà äëÿ äâóõ âûðàæåíèé, åñëè äëÿ íèõ

âîîáùå òàêîâîé ñóùåñòâóåò. Óíèôèêàòîð — ýòî íà-

áîð ñõîäíûõ õàðàêòåðèñòèê ãðóïïû âûðàæåíèé [21].

Òàêîé ïîäõîä âïîëíå îïðàâäàí, êîãäà ðå÷ü èäåò

î íåáîëüøèõ ïðîãðàììíûõ ñèñòåìàõ (íå áîëåå 100

ñòðîê). Ïðè ýêñïëóàòàöèè ÑÏÎ ÀÑÏÂÁ è ÀÑÓÒÏ

ÍÏÏ â öåëîì äëÿ çàäàííîãî êëàññà çàäà÷ ïðèõîäèò-

ñÿ èìåòü äåëî ñ áóëüøèì (êàê ïðàâèëî, çíà÷èòåëüíî

áîëåå 100) ÷èñëîì ÀÐÌ, êàæäîå èç êîòîðûõ ïðåä-

ñòàâëÿåò ñîáîé íàáîð ïðîãðàìì ñ ÷èñëîì ñòðîê äî

30 òûñÿ÷. Â ñâÿçè ñ ýòèì àëãîðèòì óíèôèêàöèè ïðè-

ìåíèì ëèøü ïðè ðàññìîòðåíèè íåáîëüøîé â ñìûñ-

ëå êîëè÷åñòâà ôóíêöèîíàëüíîé õàðàêòåðèñòèêè ÅÏÑ,

à äëÿ ÑÏÎ ÀÑÏÂÁ è ÀÑÓÒÏ ÍÏÏ â öåëîì åãî ñëå-

äóåò ïðèìåíÿòü ñ áîëüøîé îñòîðîæíîñòüþ.

Îöåíèì êîëè÷åñòâî ôîðìóë â ÑÏÎ. Ïðèìåì â

êà÷åñòâå äîïóùåíèÿ, ÷òî îáúåì êîäà â ÅÏÑ íåìíîãî

ñâûøå 10 òûñÿ÷ ñòðîê. Èñõîäÿ èç ðàñ÷åòîâ, âûïîë-

íåííûõ àâòîðàìè, ìîæíî óòâåðæäàòü, ÷òî êàæäàÿ ðå-

àëèçàöèÿ ÑÏÎ ñîäåðæèò íàáîð èç 100 è áîëåå ïðî-

ãðàìì, ñåìàíòèêà ïðîãðàììíîé êîíñòðóêöèè êîòî-
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ðûõ îïðåäåëÿåòñÿ ôîðìóëîé (4), à ñàìèõ ïðîãðàìì

— ôîðìóëîé (1). Ïðè ïðîâåäåíèè ñóïåðïîçèöèè ýòèõ

ìîäåëåé âîçìîæíî ïîëó÷åíèå íàáîðà èç 100 ôîð-

ìóë íà îäíó ïðîãðàììó. Äëÿ ÑÏÎ ÀÑÏÂÁ è ÀÑÓÒÏ

â öåëîì íåîáõîäèìî îêîëî ìèëëèîíà ôîðìóë. Èìåÿ

ìàòðèöó òàêîãî ðàçìåðà, áóäåò ñëîæíî ïðîâåñòè ðàñ-

÷åòû, íî àëãîðèòì óíèôèêàöèè âñåé ãðóïïû ÅÏÑ â

ÑÏÎ ÀÑÏÂÁ (ïîèñê óíèôèêàòîðà äàííîé ãðóïïû)

ñëåäóåò ðàññìàòðèâàòü êàê ïðàâèëüíîå íàïðàâëåíèå

ïî ïîâûøåíèþ åãî óñòîé÷èâîñòè.

Òàêèì îáðàçîì, â òåðìèíàõ îïðåäåëåíèÿ ïðî-

ãðàìì, ïðèâîäèìûõ â [21], ïðåäâàðèòåëüíàÿ çàäà÷à

èññëåäîâàíèÿ ìîæåò áûòü îïðåäåëåíà êàê ïîèñê

óíèôèêàòîðà íà ìíîæåñòâå ôîðìóë ÑÏÎ ÀÑÏÂÁ.

Â íåé ìîãóò ðàññìàòðèâàòüñÿ äâå ïîäçàäà÷è: ïîèñê

óíèôèêàòîðîâ êàæäîé ÅÏÑ íà ìíîæåñòâå ôóíêöèî-

íàëüíûõ õàðàêòåðèñòèê ïðåäìåòíîé îáëàñòè è ïîèñê

óíèôèêàòîðà ÑÏÎ íà ìíîæåñòâå âñåõ íàéäåííûõ

óíèôèêàòîðîâ ÅÏÑ.

Äëÿ îïðåäåëåíèÿ óíèôèêàòîðà â ÅÏÑ íåîáõîäè-

ìî ïðîâåñòè ðàçáèåíèå ÅÏÑ íà áàçîâûå ãðóïïû ôóíê-

öèîíàëüíîñòè (ÁÃÔ), êàæäàÿ èç êîòîðûõ áóäåò ïðåä-

ñòàâëÿòü ñîáîé íåðàçáèâàåìóþ íà ÷àñòè ïðîãðàììó,

óäîâëåòâîðÿþùóþ óñëîâèÿì ïðèâåäåííûõ âûøå

ôîðìóë. Åñëè ðàññìàòðèâàòü ÅÏÑ ñ òàêèõ ïîçèöèé,

òî åå ìîæíî ïðåäñòàâèòü ìíîæåñòâîì

{F1, F2, …, FM}, (7)

ãäå F1, F2, …, FM — íàáîð áàçîâûõ ãðóïï ôóíê-

öèîíàëüíîñòè ÅÏÑ.

Òîãäà, ó÷èòûâàÿ, ÷òî M — ÷èñëî ãðóïï ôóíêöèî-

íàëüíîñòè ÅÏÑ, à N — ÷èñëî ÅÏÑ â ÀÑÏÂÁ, ÑÏÎ

ìîæíî ïðåäñòàâèòü êàê ñóïåðïîçèöèþ âñåõ ÅÏÑ.

Â ýòîì ñëó÷àå ìû ïîëó÷àåì ìàòðèöó “íåî÷èùåí-

íûõ” áàçîâûõ ãðóïï ôóíêöèîíàëüíîñòè, äëÿ êîòî-

ðûõ íåîáõîäèìî ïðîâåñòè óíèôèêàöèþ:

F11, F21, …, FM1;

F12, F22, …, FM2;

… (8)

…

F1N, F2N, …, FMN .

Â ýòîì ñëó÷àå ñ ôîðìàëüíîé òî÷êè çðåíèÿ äëÿ

ïîèñêà óíèôèêàòîðà ãðóïïû ÅÏÑ íåîáõîäèìî âû-

äåëèòü òîëüêî òàêèå áàçîâûå ãðóïïû ôóíêöèîíàëü-

íîñòè ðàçëè÷íûõ ÅÏÑ, êîòîðûå áóäóò îáëàäàòü

ñõîäíûìè õàðàêòåðèñòèêàìè. Òàêèì îáðàçîì, âû-

äåëåííûå â (8) ãðóïïû ôóíêöèîíàëüíîñòè áóäóò îò-

íåñåíû ê áàçîâûì. Äðóãèìè ñëîâàìè, ýòî ìîãóò áûòü

áàçîâûå ýëåìåíòû ïðîãðàìì, ñîîòâåòñòâóþùèå áà-

çîâûì ãðóïïàì ôóíêöèîíàëüíîñòè. Èõ íàáîð ïî-

çâîëèò ñôîðìèðîâàòü ïðîñòðàíñòâî ãðóïï ôóíêöè-

îíàëüíîñòè ÅÏÑ. Â ýòîì ñëó÷àå ìû ïîëó÷èì àíàëî-

ãè÷íóþ (8) ìàòðèöó áàçîâûõ ýëåìåíòîâ ïðîãðàìì,

êîòîðûì ìîãóò ñîîòâåòñòâîâàòü ôóíêöèè áèáëèî-

òåê ïîäïðîãðàìì èëè ýëåìåíòû ðåïîçèòîðèÿ êîì-

ïîíåíòîâ:

F1Á, F2Á, …, FMÁ1;

F1Á, F2Á, …, FMÁ2;

… (9)

…

F1Á, F2Á, …, FMÁN .

×àñòü ãðóïï ôóíêöèîíàëüíîñòè (ôóíêöèé) ðàç-

íûõ ÅÏÑ ìîæåò áûòü ðåàëèçîâàíà îäèíàêîâî ñ ïî-

ìîùüþ áàçîâûõ ýëåìåíòîâ ïðîãðàìì, à ÷àñòü íå ìî-

æåò, òàê êàê êàæäàÿ èç ÅÏÑ èñïîëüçóåòñÿ äëÿ îïðå-

äåëåííîé ïðåäìåòíîé îáëàñòè. Ìíîæåñòâî òàêèõ

áàçîâûõ ãðóïï ôóíêöèîíàëüíîñòè ïðåäñòàâëÿåò ñî-

áîé óíèôèêàòîð ãðóïïû ÅÏÑ, êîòîðûé ìîæíî îïðå-

äåëèòü êàê

{F1Á, F2Á, …, FKÁ}( Rf , (10)

ãäå F1Á, F2Á, …, FKÁ — íàáîð èç K áàçîâûõ ãðóïï

ôóíêöèîíàëüíîñòè;

Rf — ïðîñòðàíñòâî ãðóïï ôóíêöèîíàëüíîñòè.

Îòñþäà ñëåäóåò, ÷òî âûÿâëåíèå ãðóïï áàçîâûõ

ýëåìåíòîâ ïðîãðàìì ïîçâîëÿåò îäíîçíà÷íî ñíèçèòü

âëèÿíèå ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ è, ñëåäîâàòåëüíî,

ïîâûñèòü åãî íàäåæíîñòü [22, 23].

Çàêëþ÷åíèå

Òàêèì îáðàçîì, çàäà÷à îïðåäåëåíèÿ ñîñòàâà ïðî-

ãðàìì â ÑÏÎ ÀÑÏÂÁ îáúåêòîâ ìîæåò áûòü îïðåäå-

ëåíà êàê ïîèñê ïîäìíîæåñòâà áàçîâûõ ýëåìåíòîâ

ïðîãðàìì (ÁÝÏ) íà ïðîñòðàíñòâå ãðóïï ôóíêöèî-

íàëüíîñòè åäèíè÷íûõ ïðîãðàììíûõ ñèñòåì. Åå ðå-

øåíèåì áóäåò ìíîæåñòâî ãðóïï ÁÝÏ íà äèñêðåòíîì

ïðîñòðàíñòâå ÅÏÑ. Ñóïåðïîçèöèÿ ãðóïï ÁÝÏ è íå-

êîòîðûõ äîïîëíèòåëüíûõ óíèôèöèðîâàííûõ ïðî-

ãðàììíûõ ýëåìåíòîâ (êîíôèãóðàöèé, êîìïîíåíò,

ïðîöåäóð è ôóíêöèé, ýëåìåíòîâ èíòåðôåéñà, áàç

äàííûõ è ò. ï.), ñïåöèôèöèðóþùèõ äàííîå îáîáùå-

íèå äëÿ êîíêðåòíîé ïðåäìåòíîé îáëàñòè, ñîçäàñò

îáúåêò ÅÏÑ. Íåäîñòàòêàìè òàêîé ìàòåìàòè÷åñêîé

êîíñòðóêöèè ÿâëÿþòñÿ áîëüøàÿ ðàçìåðíîñòü ìàò-

ðèöû (9) è îòñóòñòâèå ó÷åòà èåðàðõèé íàáîðîâ òðå-

áîâàíèé. Â ñâÿçè ñ ýòèì ëîãè÷íûì ïðîäîëæåíèåì

ïðîöåññà ìàòåìàòè÷åñêîé ïîñòàíîâêè çàäà÷è îïðå-

äåëåíèÿ ñîñòàâà ïðîãðàìì â ÑÏÎ àâòîìàòèçèðîâàí-

íûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè îáúåêòîâ

ìîæåò ñòàòü ìîäåëèðîâàíèå èåðàðõè÷åñêèõ õàðàê-

òåðèñòèê ÑÏÎ ñ ïîìîùüþ ãðàôîâ.
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ABSTRACT

Introduction. For the sustainable operation of modern industries, in particular oil refineries, com-

puter-aided process control systems are used. One of the key components of these systems are

the computer-aided fire-explosion safety systems. A crucial role in these systems is played by special

software, the reliability of which depends on the successful functioning of the computer-aided fire-

explosion safety systems and in general oil refineries.

The work purpose is to determine the composition of programs in special software for computer-

aided fire-explosion safety systems of objects. The following tasks are solved: the mathematical

definition of single software systems and their characteristics is described; the number of formulas in

the special software of computer-aided fire-explosion safety systems is estimated; from the formal

point of view, the identification of the unifier in a single software system is described.

Methods. The article uses the methods of mathematical logic, graph theory for the formal

description of single software systems and their functional characteristics.

Results and discussion. One of the possible mathematical definitions of single software systems

of computer-aided fire-explosion safety systems and their characteristics is given. The assesment of

quantity of formulas for the special software of the computer-aided fire-explosion safety systems and

computer-aided process control systems in general which about one million is necessary is carried out.

It is shown that to determine the unifier in a single program system, it is necessary to divide it into

basic groups of functionality. The basic functionality groups are meant as basic elements of programs.

Conclusions. In the end, the identification of groups of basic elements of programs allows to

define unambiguously the required structure of programs of the special software of the computer-

aided fire-explosion safety systems of objects, increase its reliability and simplify the work with it.

Keywords: computer-aided process control systems; computer-aided fire-explosion safety systems;

synthesis of special software; single software system; basic functionality groups.
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