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Ïðîâåäåí àíàëèç îñîáåííîñòåé ñîçäàíèÿ è ôóíêöèîíèðîâàíèÿ ñïåöèàëüíîãî ïðîãðàììíîãî
îáåñïå÷åíèÿ (ÑÏÎ) â àâòîìàòèçèðîâàííûõ ñèñòåìàõ ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ).
Èçó÷åíû è ïðîàíàëèçèðîâàíû îñîáåííîñòè ñèíòåçà ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ
äëÿ ÀÑÏÂÁ. Ïðèâåäåíû îñîáåííîñòè ðàçäåëåíèÿ ñëîæíûõ ïðîãðàììíûõ ïðîäóêòîâ íà åäèíè÷-
íûå ïðîãðàììíûå ñèñòåìû, à òàêæå èññëåäîâàíû óñëîâèÿ ïðîòåêàíèÿ ïðîöåññà ñèíòåçà ïðî-
ãðàììíûõ ïðîåêòîâ. Ïîêàçàíà íåîáõîäèìîñòü è öåëåñîîáðàçíîñòü ïðèìåíåíèÿ ìåòîäîëîãèè
ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ äëÿ îáåñïå÷åíèÿ ýôôåêòèâíîé îðãàíèçàöèè ñèíòåçà ÑÏÎ è
îáåñïå÷åíèÿ åãî óñòîé÷èâîãî ôóíêöèîíèðîâàíèÿ. Ïðåäëîæåí ìåòîä êîëè÷åñòâåííîãî ðàñ÷åòà
ñîâîêóïíîãî ôàêòîðà âëèÿíèÿ ïåðñîíàëà íà óñòîé÷èâîñòü ÑÏÎ äëÿ èñïîëüçîâàíèÿ â àâòîìàòè-
çèðîâàííûõ ñèñòåìàõ ïîæàðîâçðûâîáåçîïàñíîñòè â öåëÿõ îáåñïå÷åíèÿ èõ óñòîé÷èâîé ðàáîòû.
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Ââåäåíèå

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

íîâûå òðåáîâàíèÿ ê óñëîâèÿì è îñîáåííîñòÿì ðà-

áîòû ñîâðåìåííûõ ïðîèçâîäñòâ. Òàê, óæå ïî÷òè ïî-

âñåìåñòíî äëÿ èõ óñòîé÷èâîé ðàáîòû â ñîâðåìåí-

íûõ óñëîâèÿõ èñïîëüçóþòñÿ àâòîìàòèçèðîâàííûå

ñèñòåìû óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññà-

ìè (ÀÑÓÒÏ), íåîòúåìëåìîé ñîñòàâíîé ÷àñòüþ êî-

òîðûõ ÿâëÿåòñÿ ñïåöèàëüíîå ïðîãðàììíîå îáåñïå-

÷åíèå (ÑÏÎ) [1–3].

Íåôòåïåðåðàáàòûâàþùèå ïðîèçâîäñòâà (ÍÏÏ) —

âàæíàÿ ñîñòàâëÿþùàÿ ñîâðåìåííîé íåôòåãàçîâîé

ïðîìûøëåííîñòè. Â ñîñòàâ ÀÑÓÒÏ ýòèõ ïðîèçâîäñòâ

âõîäÿò, ïîìèìî ïðî÷åãî, àâòîìàòèçèðîâàííûå ñèñ-

òåìû ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ). Äàííûå

ñèñòåìû ñîñòîÿò èç îáåñïå÷èâàþùèõ ñèñòåì è ôóíê-

öèîíàëüíûõ àâòîìàòèçèðîâàííûõ ñèñòåì (ÀÑ) íèæå-

ñòîÿùåãî óðîâíÿ: ÀÑ ïðåäîòâðàùåíèÿ ïîæàðîâ è

âçðûâîâ, ÀÑ ïîæàðîâçðûâîçàùèòû, ÀÑ îáùåãî íà-

çíà÷åíèÿ [4].

Êàê ïðàâèëî, óñòîé÷èâàÿ ðàáîòà ïåðå÷èñëåííûõ

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

÷èâîé ðàáîòû ÑÏÎ, ïîýòîìó ñëåäóåò îñîáîå âíèìà-

íèå óäåëèòü ìåòîäàì åãî ñèíòåçà [1]. Äëÿ êðóïíûõ

ïðåäïðèÿòèé ñèíòåç ÑÏÎ ÀÑÏÂÁ ïðåäñòàâëÿåò ñî-

áîé êðàéíå òðóäíóþ è íåòðèâèàëüíóþ çàäà÷ó [5].

Ó÷èòûâàÿ, ÷òî ÑÏÎ ÀÑÏÂÁ ÿâëÿåòñÿ ñëîæíûì èí-

òåëëåêòóàëüíûì ïðîäóêòîì, ñëåäóåò ðàçäåëèòü åãî

íà ñîñòàâíûå ÷àñòè — åäèíè÷íûå ïðîãðàììíûå ñè-

ñòåìû (ÅÏÑ) [3, 6]. ÅÏÑ äîëæíû âûïîëíÿòü îïðå-

äåëåííûå ôóíêöèè îïåðàòîðîâ ÀÑÏÂÁ íà àâòîìà-

òèçèðîâàííûõ ðàáî÷èõ ìåñòàõ (ÀÐÌ) â îòäåëüíûõ

ïîìåùåíèÿõ èëè öåõàõ ÍÏÏ. Ïðè ýòîì îñîáîå âíè-

ìàíèå íåîáõîäèìî óäåëèòü ìèíèìèçàöèè âëèÿíèÿ

ïåðñîíàëà è ðàçðàáîò÷èêîâ íà ÅÏÑ [7].
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Îáùèõ ôóíêöèîíàëüíûõ çàäà÷ ó ÅÏÑ íåò, òàê êàê

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

Îäíàêî íåîáõîäèìî îáåñïå÷èòü ôóíêöèîíàëüíîñòü

ÅÏÑ òàêèì îáðàçîì, ÷òîáû âñå îíè îáåñïå÷èâàëè

óñòîé÷èâóþ ðàáîòó ÀÑÏÂÁ â öåëîì, îñîáåííî ïðè

âîçíèêíîâåíèè íåøòàòíûõ ñèòóàöèé.

Ïðåäîòâðàùåíèå ïîæàðîâ è âçðûâîâ íà ÍÏÏ —

ñîñòàâíàÿ ÷àñòü ðàáîòû âñåõ âìåñòå âçÿòûõ ÅÏÑ â

ÑÏÎ ÀÑÏÂÁ. Ïîýòîìó íåîáõîäèìî îáåñïå÷èòü òàêèå

óñëîâèÿ ñèíòåçà ÅÏÑ, êîòîðûå ïîçâîëÿò äîáèòüñÿ

íóæíîé óñòîé÷èâîñòè â èõ ðàáîòå [8].

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îïèñàíèå ïðåä-

ëàãàåìîãî êîëè÷åñòâåííîãî ðàñ÷åòà ñîâîêóïíîãî

ôàêòîðà âëèÿíèÿ ïåðñîíàëà íà óñòîé÷èâîñòü ÑÏÎ

ÀÑÏÂÁ. Äîñòèæåíèå ïîñòàâëåííîé öåëè îáåñïå÷è-

âàåòñÿ ïóòåì îöåíêè òðóäîçàòðàò íà ñèíòåç ÅÏÑ.

Ïîëó÷åííûå îöåíêè ìîãóò îõàðàêòåðèçîâàòü ñòåïåíü

óñòîé÷èâîñòè òîé èëè èíîé ÅÏÑ ê äåñòðóêòèâíîìó

âëèÿíèþ ñïåöèàëèñòîâ, åå ñèíòåçèðóþùèõ. Êðîìå

òîãî, çíà÷èìîñòü ìåðîïðèÿòèé ïî âûÿâëåíèþ òðó-

äîçàòðàò íà ñèíòåç ÅÏÑ ïðåäëîæåíî îïðåäåëÿòü

c ïîìîùüþ ìåòîäîâ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ

[9–11].

Ìåòîäû èññëåäîâàíèÿ

Òàê êàê ÅÏÑ ïðåäñòàâëÿåò ñîáîé ïðîãðàììó,

ïðîñòàÿ ôîðìóëà äëÿ ðàñ÷åòà òðóäîçàòðàò ïðè ñèí-

òåçå ïðîãðàììíîãî ïðîåêòà åäèíè÷íîé ïðîãðàìì-

íîé ñèñòåìû (ÏÏ ÅÏÑ) ìîæåò âûãëÿäåòü òàê:

Zîáù = Zñáï + ZÅÏÑ , (1)

ãäå Zîáù — îáùèå òðóäîçàòðàòû íà ðåàëèçàöèþ ÏÏ

ÅÏÑ;

Zñáï — çàòðàòû íà ðåàëèçàöèþ èíñòðóìåíòàðèÿ;

ZÅÏÑ — òðóäîçàòðàòû íà ðåàëèçàöèþ ÅÏÑ.

Ïîä òðóäîçàòðàòàìè çäåñü è äàëåå áóäåì ïîíèìàòü

áåçðàçìåðíûå óñèëèÿ, ïðèëîæåííûå ïðîãðàììèñòîì

ïðè âûïîëíåíèè êàêîé-ëèáî ÷àñòè ðàáîòû. Óñëîâèÿ

ïðîòåêàíèÿ ïðîöåññà ñèíòåçà ïðîãðàììíîãî ïðîåêòà

ÅÏÑ äëÿ ïðîãðàììèñòà ìîæíî ðàçäåëèòü íà òåõ-

íè÷åñêèå è îðãàíèçàöèîííûå [12]. Ïðè èçìåíåíèè

òåõíè÷åñêèõ (íî íå îðãàíèçàöèîííûõ) íà÷àëüíûõ

óñëîâèé äàííîãî ïðîöåññà (çàìåíà ïðîãðàììèñòà, èç-

ìåíåíèå ñîñòàâà êîìàíäû ïðîãðàììèñòîâ, èíñòðó-

ìåíòàëüíîãî ñðåäñòâà ïðè ðåàëèçàöèè ÅÏÑ) èçìå-

íÿòñÿ è òðóäîçàòðàòû [13]. Òîãäà

% � % � %Z Z Zîáù ñáï ÅÏÑ , (2)

ãäå %Zîáù — îáùèå òðóäîçàòðàòû íà ðåàëèçàöèþ ÏÏ

ÅÏÑ â íîâûõ óñëîâèÿõ;
%Zñáï — çàòðàòû íà ðåàëèçàöèþ äðóãîãî èíñòðó-

ìåíòàðèÿ;
%ZÅÏÑ — äðóãèå òðóäîçàòðàòû íà ðåàëèçàöèþ ÅÏÑ

â íîâûõ óñëîâèÿõ.

Ñðàâíåíèå ZÅÏÑ è %ZÅÏÑ ïîêàçûâàåò, ÷òî

ZÅÏÑ = F (Zñáï). (3)

Èíûìè ñëîâàìè, òðóäîçàòðàòû, íåîáõîäèìûå äëÿ

ñîçäàíèÿ ÅÏÑ, çàâèñÿò îò òîãî, íàñêîëüêî “õîðîøî”

áûë ïîñòðîåí èíñòðóìåíòàðèé. Äàííàÿ çàâèñèìîñòü

ìîæåò íå áûòü ëèíåéíîé è ñêëàäûâàòüñÿ èç ìíîãèõ

ôàêòîðîâ ïàðàìåòðè÷åñêîãî õàðàêòåðà. Âî âñÿêîì

ñëó÷àå òðóäîçàòðàòû â ôîðìóëå (3) íàïðÿìóþ çàâè-

ñÿò îò ïîëíîòû ñîñòàâëåíèÿ óíèâåðñàëüíîãî íàáîðà

ýëåìåíòîâ èíòåðôåéñà, äåðåâà èíôîðìàöèîííîé

ñõåìû ïðèëîæåíèÿ è ïðîðàáîòêè èíñòðóìåíòàðèÿ

ïðîãðàììèñòîì [14].

Àíàëèç ïðîñòûõ ôîðìóë (1)–(3) è èõ ñìûñëîâîãî

ñîäåðæàíèÿ ïîêàçûâàåò, ÷òî åñëè Zñáï è %Zñáï íå îòëè-

÷àþòñÿ äðóã îò äðóãà èëè îòëè÷àþòñÿ íåçíà÷èòåëü-

íî, òî ðàçíèöà ìåæäó òðóäîçàòðàòàìè íà ÏÏ ÅÏÑ

Zîáù è %Zîáù ìîæåò áûòü çíà÷èòåëüíîé. Ïðè÷èíîé

ýòîìó ìîæåò ñëóæèòü íàëè÷èå ìíîæåñòâà òðåáîâà-

íèé ïî àòðèáóòàì èíôîðìàöèîííîé åäèíèöû õðà-

íåíèÿ (ÈÅÕ) [3, 15], à òàêæå áîëüøîãî êîëè÷åñòâà

îò÷åòîâ è äàííûõ â íèõ, áîëüøîãî îáúåìà ðàñ÷åòîâ

è äàííûõ ïðîìåæóòî÷íîãî àíàëèçà. Îäíàêî ïðè íà-

ëè÷èè èíñòðóìåíòàðèÿ ïðîãðàììèñòà òðóäîçàòðà-

òû è âðåìÿ ðåàëèçàöèè ÏÏ ÅÏÑ íà÷èíàþò çàâèñåòü

òîëüêî îò ïàðàìåòðà ZÅÏÑ.

Ðàññìîòðèì áîëåå äåòàëüíî ïðîöåññ ñèíòåçà ïðî-

ãðàììèñòîì ÅÏÑ áåç èñïîëüçîâàíèÿ óêàçàííîãî èí-

ñòðóìåíòàðèÿ. Ïðè ðàáîòå â ñòóäèè ïðîãðàììíîãî

èíñòðóìåíòàëüíîãî ñðåäñòâà ïðîãðàììèñò ïðè êîäè-

ðîâàíèè ïðîãðàììíîãî îáåñïå÷åíèÿ âûíóæäåí îïè-

ñûâàòü áîëüøîå êîëè÷åñòâî ìåëêèõ ñâîéñòâ è ïåðå-

íàñòðàèâàòü (ïîäñòðàèâàòü) ìíîæåñòâî ìåòîäîâ îáú-

åêòîâ (êîìïîíåíò) [2, 5]. Ïðîèëëþñòðèðîâàòü äàííûå

äåéñòâèÿ ìîæíî êîíêðåòíûì ÷àñòíûì ïðèìåðîì ïðè

ðåàëèçàöèè ïðèëîæåíèÿ ñ èñïîëüçîâàíèåì ñèñòåìû

óïðàâëåíèÿ áàçàìè äàííûõ (ÑÓÁÄ). Îïóñòèì íåêî-

òîðûå äåòàëè è ñîñðåäîòî÷èìñÿ íà ÷àñòè ðåàëèçà-

öèè, ñâÿçàííîé ñ ââîäîì è êîððåêòèðîâêîé äàííûõ â

îäíî èç ïîëåé [3]. Äëÿ ïðèìåðà ìîæíî âçÿòü ñòóäèþ

ðàçðàáîòêè îäíîãî èç èíñòðóìåíòàëüíûõ ñðåäñòâ

Delphi èëè Visual Basic.

Â îáîèõ ñëó÷àÿõ ïîñëå îïèñàíèÿ áàçû äàííûõ

(ÁÄ) â êîíñòðóêòîðå èëè ïðîâîäíèêå, êîãäà ñòðóêòó-

ðà èíôîðìàöèè, îãðàíè÷åíèÿ è ïðàâèëà ñîðòèðîâêè

óæå îïèñàíû íà ýòàïå ïðîåêòèðîâàíèÿ ÁÄ, ïðè ðå-

àëèçàöèè ñèñòåìû ââîäà äàííûõ â ÁÄ íåîáõîäèìî â

ñòóäèè ðàçðàáîò÷èêà ñîçäàòü íåêóþ ôîðìó, ïîçâî-

ëÿþùóþ â èíòåðàêòèâíîì ðåæèìå ìàíèïóëèðîâàòü

äàííûìè â ÁÄ. Äëÿ ýòîãî íåîáõîäèìî ïðè êëàññè÷å-

ñêîì ñïîñîáå ðàçðàáîòêè, øèðîêî îïèñûâàåìîì â

òåõíè÷åñêîé ëèòåðàòóðå [16, 17], ïîìåñòèòü íà ôîðìó

ââîäà íåñêîëüêî (îò 20 äî 100 â ðåàëüíûõ ÅÏÑ) îáú-

åêòîâ óïðàâëåíèÿ, ñâÿçàííûõ ñ ïîëÿìè ÁÄ. Íî ýòî

òîëüêî âèäèìàÿ ÷àñòü àéñáåðãà. Ðåàëüíî æå, ïðåæäå
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÷åì îïèñûâàòü ñâÿçü êîíêðåòíîãî îáúåêòà âèçóàëè-

çàöèè èíôîðìàöèè â ïîëå ÁÄ ñ ïîëåì ÁÄ â ôàéëå íà

äèñêå, äëÿ ðåàëèçàöèè ñâÿçè ñ ÁÄ íåîáõîäèìî [17]:

� óñòàíîâèòü ñîåäèíåíèå ñ ÁÄ;

� îòêðûòü ñåññèþ;

� ïðîâåñòè çàïðîñ ïî îòáîðó ñîîòâåòñòâóþùåé èí-

ôîðìàöèè;

� óñòàíîâèòü (äëÿ ïåðâè÷íîãî ââîäà äàííûõ â ïîëå)

äàííûå ïî óìîë÷àíèþ;

� îïèñàòü îáúåêòû, ñâÿçàííûå ñ ðåàëèçàöèåé äàí-

íûõ ôóíêöèé, äëÿ âñåãî íàáîðà ïîëåé è äëÿ íå-

êîòîðûõ èç íèõ îòäåëüíî è ò. ä.

Áåç ñòóäèè ýòà ÷àñòü îïåðàöèé âûïîëíÿåòñÿ ïðè

ïîìîùè îïåðàòîðîâ ÿçûêà SQL. Îáùèé îáúåì òàêîé

ðàáîòû ìîæåò áûòü îöåíåí 5–7 ñòðîêàìè êîäà íà

îäíî ïîëå òàáëèöû ÁÄ [16]. Ñëåäóåò îòìåòèòü, ÷òî

ðåàëüíàÿ ÅÏÑ ñîäåðæèò äåñÿòêè òàáëèö ÁÄ.

Ïðåäâàðèòåëüíàÿ ðàáîòà, âûïîëíÿåìàÿ äëÿ ðå-

àëèçàöèè âðîäå áû ïðîñòîé ôóíêöèè, ñòàíîâèòñÿ

èíîãäà äëÿ ïðîãðàììèñòîâ â ÏÏ ÅÏÑ íåïðåîäîëè-

ìûì ïðåïÿòñòâèåì, ïîòîìó ÷òî èäåîëîãèÿ íîâîãî

èíñòðóìåíòàëüíîãî ñðåäñòâà (ïàðàäèãìà ïðîãðàììè-

ðîâàíèÿ) íå ñîîòâåòñòâóåò åãî ïðåäûäóùåìó îïûòó

[15]. Â ðåçóëüòàòå ïðîãðàììèðîâàíèå ïðîñòûõ ôóí-

êöèé è èõ ñâÿçûâàíèå ñ ñîîòâåòñòâóþùåé èíôîðìà-

öèåé íà äèñêå ïðåâðàùàåòñÿ â äëèòåëüíîå ÷òåíèå

ïðîãðàììíîé äîêóìåíòàöèè ïî ñîîòâåòñòâóþùåìó

âîïðîñó, ÷òî óâåëè÷èâàåò Zñáï â ðàçû. Èñõîäÿ èç

âñåãî ýòîãî, òðóäîçàòðàòû íà îïèñàíèå ïîâåäåíèÿ

îáúåêòîâ óïðàâëåíèÿ íà îäíîé ýêðàííîé ôîðìå â

ÏÏ ÅÏÑ ìîæíî ñìåëî óìíîæàòü íà ïÿòü.

Ïðåäïîëîæèì, ðåøåíèå êîíêðåòíîãî âîïðîñà ïðî-

ãðàììèñòîì íàéäåíî è ñâÿçóþùèå ôóíêöèè â ÅÏÑ

îïèñàíû. Òåì íå ìåíåå çàäà÷à îïèñàíèÿ ââîäà äàííûõ

ïî-ïðåæíåìó àêòóàëüíà è òðåáóåò ðåøåíèÿ. Äëÿ ñâÿçè

îáúåêòà óïðàâëåíèÿ (ÎáÓ) ñ ïîëåì ÁÄ íà äèñêå ñëå-

äóåò îïèñàòü ïîâåäåíèå îáúåêòà [1]. Äëÿ ýòîãî íåîá-

õîäèìî îïèñàòü îêîëî 10 ñâîéñòâ è íàïèñàòü 2–3 ìå-

òîäà. “Íàïèñàòü” â äàííîì ñëó÷àå îçíà÷àåò ñîçäàíèå

äîïîëíèòåëüíîé ïðîãðàììû, ðåàëèçóþùåé çàäàííóþ

ôóíêöèîíàëüíîñòü, ñâÿçàííóþ ñ êîíêðåòíûì ñâîé-

ñòâîì (ñîáûòèåì èëè äðóãîé õàðàêòåðèñòèêîé) îáú-

åêòà. Òàêàÿ ïðîãðàììà ìîæåò ïðåäñòàâëÿòü ñîáîé

ïðîöåäóðó èëè íàáîð èç íåñêîëüêèõ ïðîöåäóð (ôóíê-

öèé, òðèããåðîâ ÑÓÁÄ è ò. ï.).

Òàêèì îáðàçîì, òðóäîçàòðàòû íà îïèñàíèå îäíî-

ãî ÎáÓ â ÏÏ ÅÏÑ, èñõîäÿ èç ýêñïåðòíûõ îöåíîê,

ìîæíî îïðåäåëèòü ïî ñëåäóþùåé ôîðìóëå:

ZOáÓ ÅÏÑ = 10Zñâ + 2Zìåò , (4)

ãäå ZÎáÓ ÅÏÑ — òðóäîçàòðàòû íà ðåàëèçàöèþ ÎáÓ

íà ôîðìå;

Zñâ — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ñâîéñòâà;

Zìåò — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ìåòîäà.

Ïðè ýòîì åñëè ñâîéñòâî ìîæåò áûòü îïèñàíî âî

âðåìåííîì èíòåðâàëå, êîòîðûé ñîñòàâëÿåò îò íåñêîëü-

êèõ äåñÿòêîâ äî íåñêîëüêèõ ñîòåí ñåêóíä, òî îïèñà-

íèå ìåòîäîâ ìîæåò ïîòðåáîâàòü âðåìåíè äî íåñêîëü-

êèõ äåñÿòêîâ ìèíóò èëè íåñêîëüêèõ ÷àñîâ. Ýòî çà-

âèñèò îò ñòåïåíè çíàíèÿ “ìàò÷àñòè” (èäåîëîãèè

ïðîãðàììèðîâàíèÿ íà äàííîì èíñòðóìåíòàëüíîì

ñðåäñòâå è ìåòîäîâ ðàçðàáîòêè ïðîãðàìì ñ åãî ïî-

ìîùüþ) ïðîãðàììèñòîì è íåîáõîäèìîñòè åå îïåðà-

òèâíîãî ïåðåó÷èâàíèÿ [18]. Ðàçáðîñ ïî âðåìåíè è

ïî òðóäîåìêîñòè èñïîëíåíèÿ ÎáÓ çàñòàâëÿåò ãîâî-

ðèòü î ñðåäíèõ âåëè÷èíàõ ýòèõ õàðàêòåðèñòèê â êî-

ëè÷åñòâåííûõ ôîðìóëàõ.

Ñðåäíÿÿ òðóäîåìêîñòü (ìàòåìàòè÷åñêîå îæèäà-

íèå òðóäîåìêîñòè) ñîçäàíèÿ ÎáÓ íà êîíêðåòíîé ôîð-

ìå â êîíêðåòíîé ÅÏÑ ìîæåò áûòü âû÷èñëåíà ïî ôîð-

ìóëå

Z
N

Z i

i

N

ôîðì ñð ÎáÓ ÅÏÑ. ,�
�
"1

1

(5)

ãäå Zôîðì.ñð — ñðåäíèå òðóäîçàòðàòû íà ðåàëèçàöèþ

ÎáÓ ôîðìû;

N — ÷èñëî ÎáÓ íà ôîðìå;

ZÎáÓ ÅÏÑ i — òðóäîçàòðàòû íà îïèñàíèå îäíîãî

ÎáÓ íà ôîðìå.

×èñëî ôîðì äëÿ ââîäà è âûâîäà èíôîðìàöèè îïðå-

äåëÿåòñÿ â ñîîòâåòñòâèè ñ òåõíè÷åñêèì çàäàíèåì íà

ÏÏ ÅÏÑ. Äëÿ êàæäîé êîíêðåòíîé ÅÏÑ îíî ñâîå.

Ïîìèìî ôîðì, â ñîñòàâ ÅÏÑ âõîäÿò è äðóãèå êîìïî-

íåíòû, ïîýòîìó îáùàÿ òðóäîåìêîñòü ZÅÏÑ ìîæåò

áûòü îïðåäåëåíà ïî ôîðìóëå

ZÅÏÑ = Nôîðì Zôîðì + Nîò÷ Zîò÷ +

+ Nðàñ÷ Zðàñ÷ + ZÁÄ + Zäîï.ôóíê,
(6)

ãäå Nôîðì, Nîò÷, Nðàñ÷ — ÷èñëî ñîîòâåòñòâåííî ôîðì,

îò÷åòîâ è ðàñ÷åòîâ;

Zôîðì, Zîò÷, Zðàñ÷ — òðóäîçàòðàòû íà ðåàëèçàöèþ

ñîîòâåòñòâåííî îäíîé ôîðìû, îäíîãî îò÷åòà, îä-

íîãî ðàñ÷åòà;

ZÁÄ — òðóäîçàòðàòû íà ðåàëèçàöèþ ñòðóêòóðû è

àäìèíèñòðèðîâàíèå ÁÄ è ÅÏÑ;

Zäîï.ôóíê — òðóäîçàòðàòû íà ðåàëèçàöèþ îñòàëü-

íûõ êîìïîíåíòîâ ÅÏÑ, íå âêëþ÷àþùèõ â ñåáÿ

ïåðå÷èñëåííûå â äàííîé ôîðìóëå îáúåêòû êîì-

ïîíåíòîâ.

Ôîðìóëû äëÿ ðàñ÷åòà òðóäîåìêîñòåé äëÿ îò-

÷åòîâ Zîò÷ àíàëîãè÷íû ôîðìóëàì (5) è (4). Òðóäîçà-

òðàòû ïî êàæäîé èç íèõ îïðåäåëÿþòñÿ êàê ñóììû

òðóäîçàòðàò îòäåëüíûõ ñîñòàâíûõ ÷àñòåé ïî êàæäî-

ìó èç âõîäÿùèõ â íèõ ýëåìåíòîâ. Òàê, òðóäîçàòðàòû

íà îäèí îò÷åò ìîãóò ðàññ÷èòûâàòüñÿ ñëåäóþùèì

îáðàçîì:

Zîò÷ = Zìîä + Nýë Zýë , (7)

ãäå Zîò÷ — òðóäîçàòðàòû íà ðåàëèçàöèþ îäíîãî îò-

÷åòà â ÅÏÑ;
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Zìîä — òðóäîçàòðàòû íà ñîçäàíèå ýëåêòðîííîãî

áëàíêà îò÷åòà;

Nýë — ÷èñëî ýëåìåíòîâ âûâîäà (ÝÂ) â äàííîì

îò÷åòå;

Zýë — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ýëåìåí-

òà âûâîäà.

Ïîä ýëåìåíòîì âûâîäà â îò÷åòå ïîäðàçóìåâà-

åòñÿ îäíî ïîëå äëÿ âûâîäà èíôîðìàöèè (íàïðèìåð,

â îäíîé ñòðîêå è â îäíîé ãðàôå äëÿ îò÷åòà òàáëè÷-

íîé ôîðìû). ÝÂ ìîæåò ñîäåðæàòü èíôîðìàöèþ èç

îäíîãî ïîëÿ ÁÄ, îáðàáîòàííóþ êàêèì-ëèáî îáðàçîì;

ñóììó ïîëåé; äàííûå îäíîé èç ïåðåìåííûõ, ââîäè-

ìûõ íåïîñðåäñòâåííî ïðè âûâîäå îò÷åòà; äàííûå

ñâÿçàííîãî ñ ýòèì ïîëåì ðàñ÷åòà, îïðåäåëÿåìîãî â

ïàñïîðòå ÈÅÕ. Êàê è äëÿ ýëåìåíòà óïðàâëåíèÿ, äëÿ

ýëåìåíòà âûâîäà ìîãóò áûòü ðàññ÷èòàíû òðóäîçà-

òðàòû íà åãî ñîçäàíèå. Îíè òàêæå îïðåäåëÿþòñÿ íà

îñíîâàíèè ýêñïåðòíûõ îöåíîê:

Zýë = Nñâ Zñâ + Nìåò Zìåò , (8)

ãäå Zýë — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ÝÂ;

Nñâ — ñðåäíåå ÷èñëî èçìåíÿåìûõ ñâîéñòâ ÝÂ

â äàííîì îò÷åòå;

Zñâ — ñðåäíèå òðóäîçàòðàòû íà îïèñàíèå îäíîãî

ñâîéñòâà ÝÂ;

Nìåò — ñðåäíåå ÷èñëî ñîçäàâàåìûõ ìåòîäîâ ÝÂ

â äàííîì îò÷åòå;

Zìåò — ñðåäíèå òðóäîçàòðàòû íà ñîçäàíèå îäíî-

ãî ìåòîäà ÝÂ.

Òðóäîçàòðàòû íà ðåàëèçàöèþ ñòðóêòóðû è àäìè-

íèñòðèðîâàíèå ÁÄ è ÅÏÑ ZÁÄ ìîãóò áûòü âû÷èñëå-

íû ïî ôîðìóëå

ZÁÄ = Zäèñï + Zðåàë , (9)

ãäå Zäèñï — òðóäîçàòðàòû íà îïèñàíèå âñåõ äàííûõ â

ÏÏ ÅÏÑ;

Zðåàë — ñðåäíèå òðóäîçàòðàòû íà ðåàëèçàöèþ

ýòèõ äàííûõ â ÑÓÁÄ.

Ôîðìóëà äëÿ ðàñ÷åòà òðóäîåìêîñòåé äëÿ Zðàñ÷

ìîæåò áûòü çàïèñàíà ñëåäóþùèì îáðàçîì:

Zðàñ÷ = Nýë Zýë , (10)

ãäå Zðàñ÷ — òðóäîçàòðàòû íà ðåàëèçàöèþ îäíîãî ðàñ-

÷åòà â ÅÏÑ;

Zýë — ñðåäíèå òðóäîçàòðàòû íà îïèñàíèå îäíîãî

ðàñ÷åòíîãî ýëåìåíòà;

Nýë — ñðåäíåå ÷èñëî ðàñ÷åòíûõ ýëåìåíòîâ â

äàííîì ðàñ÷åòå.

Èòàê, ðàññìîòðåí â îáùåì âèäå êîëè÷åñòâåííûé

ðàñ÷åò ñîâîêóïíîãî ôàêòîðà âëèÿíèÿ ïåðñîíàëà

íà óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ íà îñíîâå îöåíîê

òðóäîçàòðàò íà ñèíòåç ÏÏ ÅÏÑ. Äàííûå ôîðìóëû

ìîãóò èñïîëüçîâàòüñÿ äëÿ ðàñ÷åòà êàëüêóëÿöèé íà

ÅÏÑ (îòäåëüíûå ñîñòàâíûå ÷àñòè ÑÏÎ ÀÑÏÂÁ),

òðóäîçàòðàò ðàçðàáîò÷èêîâ è ñòåïåíè âëèÿíèÿ ïåð-

ñîíàëà íà ðàçðàáàòûâàåìîå ÑÏÎ â ÀÑÏÂÁ ñ âûñî-

êîé òî÷íîñòüþ. Ýòî äàåò âîçìîæíîñòü îïðåäåëÿòü

ñìåòû íà ñèíòåçèðóåìîå ÑÏÎ, à òàêæå îäíîçíà÷íî

îöåíèòü ðåàëüíîå âëèÿíèå ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ

è, ñëåäîâàòåëüíî, ïîâûñèòü åãî óñòîé÷èâîñòü.

Àíàëèç ðåçóëüòàòîâ

Òàêèì îáðàçîì, îäíà èç çàäà÷ ïðîâîäèìûõ ðàñ-

÷åòîâ — óñòàíîâèòü êîëè÷åñòâåííûå ïîêàçàòåëè

âëèÿíèÿ ÷åëîâåêà íà ñèíòåçèðóåìîå â ÀÑÏÂÁ ÑÏÎ.

Ïðèíèìàÿ âî âíèìàíèå, ÷òî êîëè÷åñòâî ÏÏ ÅÏÑ â

ÑÏÎ ÀÑÏÂÁ ìîæåò èñ÷èñëÿòüñÿ äåñÿòêàìè òûñÿ÷

åäèíèö, à ðóêîâîäèòåëè ïðîåêòîâ ïî ñèíòåçó ÑÏÎ

äîëæíû íåñòè îòâåòñòâåííîñòü çà ñáîè, ïðèìåíå-

íèå äàííîé òåõíîëîãèè îöåíêè â îðãàíèçàöèè ïðî-

öåññà ñèíòåçà ÑÏÎ ïîìîæåò èì ïðàâèëüíî ðàñïðå-

äåëèòü ðåñóðñû. Ëîãè÷íî ïðè ýòîì èñïîëüçîâàòü

ìåòîäîëîãèþ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [9–11].

Åå ïðèìåíåíèå â òîì âèäå, â êàêîì îíà îïèñàíà â

äàííûõ èñòî÷íèêàõ, äàåò âîçìîæíîñòü îòâåòñòâåí-

íûì çà ïðîöåññ ëèöàì äåòàëüíî åãî êîíòðîëèðî-

âàòü. Ïðè÷åì ýòî ñòàíîâèòñÿ âîçìîæíûì äàæå ïðè

ðåçêîì âîçðàñòàíèè îáúåìîâ ïðîèçâîäñòâåííûõ

ìîùíîñòåé è îáðàáàòûâàåìîé èíôîðìàöèè, à òàêæå

îãðàíè÷åíèé íà ïðèìåíÿåìîå îáîðóäîâàíèå íà ïî-

æàðîîïàñíûõ îáúåêòàõ, ÷òî ïîçâîëèò îáåñïå÷èòü äî-

ñòèæåíèå íåîáõîäèìîãî óðîâíÿ êîìïëåêñíîé áåç-

îïàñíîñòè â ÀÑÏÂÁ íà ÍÏÏ [19, 20].

Ðàññ÷èòàííûå ïîêàçàòåëè çíà÷èìîñòåé ìåðîïðè-

ÿòèé ïî îïðåäåëåíèþ òðóäîçàòðàò íà âñå ÏÏ ÅÏÑ

ìîãóò èñïîëüçîâàòüñÿ â êà÷åñòâå îñíîâû äëÿ àíàëèçà

ãîòîâíîñòè ê èñïîëüçîâàíèþ ÑÏÎ ÀÑÏÂÁ íà ÍÏÏ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, öåëåñîîáðàçíî âêëþ÷èòü îïè-

ñàííóþ òåõíîëîãèþ îöåíêè òðóäîçàòðàò ñ èñïîëü-

çîâàíèåì ìåòîäîâ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ â

ñîñòàâíûå ÷àñòè ÀÑÏÂÁ: ÀÑ ïðåäîòâðàùåíèÿ ïî-

æàðîâ è âçðûâîâ, ÀÑ ïîæàðîâçðûâîçàùèòû è ÀÑ

îáùåãî íàçíà÷åíèÿ [4]. Ïðåäëîæåííûé ìåòîä êîëè-

÷åñòâåííîãî ðàñ÷åòà ñîâîêóïíîãî ôàêòîðà âëèÿíèÿ

ïåðñîíàëà íà óñòîé÷èâîñòü ñïåöèàëüíîãî ïðîãðàìì-

íîãî îáåñïå÷åíèÿ ïîçâîëèò îáåñïå÷èòü óñòîé÷èâóþ

ðàáîòó ÀÑÏÂÁ.
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ABSTRACT

Introduction. This paper considers the analysis of features of creation and functioning of the special

software in the automated systems of fire and explosion safety. There is generalized structure of

the automated systems of fire and explosion safety in the introduction: the automated system of pre-

vention of fires and explosions, the automated system of fire and explosion protection, the automated

system of general purpose. It is necessary to keep in mind that automated system of fire and explosion

protection is a part automated control system of technological process.

Methodology. The features of synthesis of special software for automated fire and explosion

safety systems for ensuring stable operation of special software are studied and analyzed. The features

of division of complex software products into single software systems are given. Single software

systems must perform certain functions of operators of the automated system of fire and explosion

safety in automated workplaces in separate rooms or workshops of oil refining production. The impact

of developers on individual software systems is very large. There are no common functional tasks for

individual software systems, as each of them is responsible for its own small area. It is important that

all individual software systems ensure stable operation of the automated fire and explosion safety

system as a whole, especially in certain situations. For this purpose, the paper proposes a method of

quantitative calculation of the total factor of personnel influence on the stability of a special software

for use in automated fire and explosion safety systems in order to ensure their stable operation during

the synthesis. Moreover, to estimate the total work scope the example of application implementation

using a database management system is considered. This example shows the process of synthesis of

single software systems.

Results. Given the large number of automated workplaces in the operation of automated fire

and explosion safety systems, the necessity and expediency of using the methodology of strategic

planning to ensure effective organization of the synthesis is shown.

Conclusion. The proposed method of quantitative calculation of the total factor of personnel

influence on the stability of a special software for use in automated fire and explosion safety systems

will ensure their stable operation. This method is recommended for using in the component of

the automated systems of fire and explosion safety on oil refining production.

Keywords: automation; fire and explosion safety; special software; synthesis; expert evaluation; oil

refining production; planning; stability; programming; labor expenditures; laboriousness.
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