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Ââåäåíèå

Êîëè÷åñòâåííûé àíàëèç ðèñêîâ äëÿ ïîääåðæêè ïðè-
íÿòèÿ ðåøåíèé, ñâÿçàííûõ ñ áåçîïàñíîñòüþ [1–3],
øèðîêî ïðèìåíÿåòñÿ â ðàçëè÷íûõ îáëàñòÿõ, íàïðè-
ìåð â õèìè÷åñêîé ïðîìûøëåííîñòè [4], àòîìíîé
ïðîìûøëåííîñòè [5, 6], íà ìàãèñòðàëüíîì òðóáîïðî-
âîäíîì òðàíñïîðòå [7] è ò. ï. Îñîáûé èíòåðåñ ïðåä-
ñòàâëÿþò âîïðîñû àíàëèçà è îöåíêè ðèñêîâ íà îñîáî
îïàñíûõ îáúåêòàõ íåôòåãàçîâîé ïðîìûøëåííîñòè
êàê íà ñòàäèè ïðîåêòèðîâàíèÿ, òàê è â ïðîöåññå ýêñ-
ïëóàòàöèè [8–10]. È â ðîññèéñêîé, è â ìåæäóíàðîä-
íîé ïðàêòèêå ðàçðàáîòàíû ðàçëè÷íûå ìåòîäû äëÿ
êîëè÷åñòâåííîãî àíàëèçà ðèñêîâ [11, 12].

Â òî æå âðåìÿ ñóùåñòâóþò ïðîáëåìû, ñâÿçàííûå
ñ îöåíêîé äîñòîâåðíîñòè ðåçóëüòàòîâ, ïîëó÷åííûõ
ïðè êîëè÷åñòâåííîì àíàëèçå ðèñêîâ. Îñòàåòñÿ îòêðû-
òûì âîïðîñ, â êàêîé ñòåïåíè ëèöî, ïðèíèìàþùåå
ðåøåíèå (ËÏÐ), ìîæåò äîâåðÿòü ïîëó÷åííûì ðåçóëü-
òàòàì. Ýòîò âîïðîñ èìååò ïåðâîñòåïåííîå çíà÷åíèå
â ïðàêòèêå ïðîåêòèðîâàíèÿ è ýêñïëóàòàöèè îáúåê-
òîâ íåôòåãàçîâîé îòðàñëè. Òîëüêî äîñòîâåðíûå è
íàäåæíûå ðåçóëüòàòû, ïîëó÷åííûå â ïðîöåññå êîëè-

÷åñòâåííîãî àíàëèçà ðèñêîâ, ìîãóò áûòü ïîëåçíû
äëÿ ïîääåðæêè ïðèíÿòèÿ ðåøåíèé.

Äàííàÿ ñîâîêóïíîñòü ôàêòîðîâ îïðåäåëèëà àê-
òóàëüíîñòü ïðîâîäèìûõ èññëåäîâàíèé, à öåëü íà-
ñòîÿùåé ðàáîòû ñîñòîèò â ïîâûøåíèè îáúåêòèâíî-
ñòè ïðè îöåíêå äîñòîâåðíîñòè ðåçóëüòàòîâ êîëè÷å-
ñòâåííîãî àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçîâîé
îòðàñëè. Äîñòèæåíèå äàííîé öåëè ïðåäïîëàãàåò ðå-
øåíèå çàäà÷è àíàëèçà ñóùåñòâóþùèõ ïîäõîäîâ ê
îöåíêå, âûÿâëåíèÿ èõ äîñòîèíñòâ è íåäîñòàòêîâ,
à òàêæå íåïîñðåäñòâåííî ðàçðàáîòêè ôîðìàëüíîãî
è êîëè÷åñòâåííîãî ìåòîäà îöåíêè äîñòîâåðíîñòè ðå-
çóëüòàòîâ êîëè÷åñòâåííîãî àíàëèçà ðèñêà.

Àíàëèç ïîäõîäîâ ê îöåíêå
äîñòîâåðíîñòè ðåçóëüòàòîâ

êîëè÷åñòâåííîãî àíàëèçà ðèñêà

Âîïðîñû îöåíêè äîñòîâåðíîñòè ðåçóëüòàòîâ êî-
ëè÷åñòâåííîãî àíàëèçà ðèñêîâ áûëè ðàññìîòðåíû â
ðàáîòàõ [9, 13, 14]. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñó-
ùåñòâóþùèå ìåòîäû îöåíêè äîñòîâåðíîñòè êîëè-
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÷åñòâåííîãî àíàëèçà ðèñêîâ ìîãóò áûòü â öåëîì ðàç-
äåëåíû íà ÷åòûðå ãðóïïû, â îñíîâå êîòîðûõ ëåæèò:

1) ñðàâíåíèå ñ êîíòðîëüíûìè ïàðàìåòðàìè (ñðàâ-
íåíèå ñ ýòàëîíîì);

2) ïðîâåðêà â ðåàëüíûõ óñëîâèÿõ (ýêñïåðèìåíò
ñ ðåàëüíûì îáúåêòîì íåôòåãàçîâîé îòðàñëè èëè
ñðàâíåíèå ñî ñòàòèñòè÷åñêèìè äàííûìè);

3) íåçàâèñèìàÿ ýêñïåðòíàÿ îöåíêà;
4) îáåñïå÷åíèå êà÷åñòâà ïðè àíàëèçå ðèñêîâ.
Ìåòîäû ïåðâîé ãðóïïû îñíîâàíû íà ñðàâíåíèè

íåñêîëüêèõ ðåçóëüòàòîâ, ïîëó÷åííûõ ïðè ïðîâåäå-
íèè ïàðàëëåëüíûõ àíàëèçîâ ðèñêîâ äëÿ îïðåäåëå-
íèÿ äîñòîâåðíîñòè. Êàê ïðàâèëî, ïðè ñîïîñòàâëå-
íèè ðàññìàòðèâàþòñÿ äâà êðèòåðèÿ — íàäåæíîñòü
è äîñòîâåðíîñòü [14]. Íàïðèìåð, äîñòîâåðíîñòü êî-
ëè÷åñòâåííîãî àíàëèçà ðèñêîâ íà õðàíèëèùå àì-
ìèàêà îöåíèâàåòñÿ ïóòåì ñðàâíåíèÿ ñåìè êîíòðîëü-
íûõ ïàðàìåòðîâ [15].

Âòîðàÿ ãðóïïà ìåòîäîâ ïðîâåðêè äîñòîâåðíî-
ñòè ïðåäïîëàãàåò îöåíêó äîñòîâåðíîñòè ðåçóëüòà-
òîâ, ïîëó÷åííûõ ïðè êîëè÷åñòâåííîì àíàëèçå ðèñ-
êà, ïóòåì ñðàâíåíèÿ èõ ñ ðåàëüíûìè äàííûìè ëèáî
ñî ñòàòèñòè÷åñêèìè äàííûìè, êàñàþùèìèñÿ ðàáî-
òû èññëåäóåìîé ñèñòåìû èëè ïðîöåññà. Òèïè÷íûé
ïðèìåð ïðåäñòàâëåí â [16], ãäå ñòàòèñòè÷åñêèå äàí-
íûå î ðåàëüíûõ àâàðèÿõ è ïðîèñøåñòâèÿõ ñðàâíè-
âàþòñÿ ñ èíäåêñàìè ðèñêà, ðàññ÷èòàííûìè ïðè èñ-
ïîëüçîâàíèè êîíêðåòíîãî ìåòîäà êîëè÷åñòâåííîãî
àíàëèçà ðèñêà.

Â íåçàâèñèìûõ ìåòîäàõ ýêñïåðòíîé îöåíêè ïðî-
öåññ êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà îáúåêòàõ
íåôòåãàçîâîé îòðàñëè è åãî ðåçóëüòàòû ðàññìàòðè-
âàþòñÿ íåçàâèñèìûìè ýêñïåðòàìè, êîòîðûå îöåíè-
âàþò èõ, îñíîâûâàÿñü íà ðÿäå çàðàíåå îïðåäåëåííûõ
òðåáîâàíèé ê êà÷åñòâó, è îïðåäåëÿþò òàêèì îáðà-
çîì íàäåæíîñòü êîëè÷åñòâåííîãî àíàëèçà ðèñêà.

Ìåòîäû îáåñïå÷åíèÿ êà÷åñòâà ïðåäïîëàãàþò
êîíòðîëü êà÷åñòâà â êàæäîé ôàçå ïðîöåññà êîëè÷å-
ñòâåííîãî àíàëèçà ðèñêà, ÷òî â öåëîì îáåñïå÷èâàåò
êà÷åñòâî âñåãî ïðîöåññà àíàëèçà ðèñêà [14]. Èìåí-
íî ïðèìåíåíèå äàííîãî ïîäõîäà äàåò äîñòîâåðíûå
è íàäåæíûå ðåçóëüòàòû îöåíêè ðèñêà. Íàïðèìåð,
àâòîðû [17] îáîáùèëè îáùèå íåäîñòàòêè íà êàæäîì
ýòàïå ïðîöåññà êîëè÷åñòâåííîãî àíàëèçà ðèñêà è
ðàçðàáîòàëè ïîäõîä, îñíîâàííûé íà êîíòðîëüíûõ
ñïèñêàõ, äëÿ îáåñïå÷åíèÿ åãî êà÷åñòâà.

Ñðåäè ÷åòûðåõ ðàññìîòðåííûõ ãðóïï ìåòîäû
ïåðâûõ äâóõ îñíîâûâàþòñÿ íà èñïîëüçîâàíèè ðåò-
ðîñïåêòèâíûõ äàííûõ, ò. å. îöåíêè äîñòîâåðíîñòè
óñòàíàâëèâàþòñÿ â îñíîâíîì ïóòåì ñîïîñòàâëåíèÿ
êîíå÷íûõ ðåçóëüòàòîâ àíàëèçà ñ ðåçóëüòàòàìè óæå
àïðîáèðîâàííûõ è äîñòîâåðíûõ ìåòîäîâ èëè èìå-
þùèìèñÿ ñòàòèñòè÷åñêèìè äàííûìè ïî îáúåêòàì
íåôòåãàçîâîé îòðàñëè. Ìåòîäû, îñíîâàííûå íà íå-
çàâèñèìîé ýêñïåðòíîé îöåíêå è îáåñïå÷åíèè êà÷å-

ñòâà ïðè àíàëèçå ðèñêîâ, íàïðîòèâ, ÿâëÿþòñÿ ïðîàê-
òèâíûìè â òîì ñìûñëå, ÷òî âìåñòî ïðÿìîé îöåíêè
êîíå÷íûõ ðåçóëüòàòîâ îíè îöåíèâàþò ñòðóêòóðó è
ïîòåíöèàëüíûå âîçìîæíîñòè ñàìîãî ïðîöåññà êî-
ëè÷åñòâåííîãî àíàëèçà ðèñêà (ñ òî÷êè çðåíèÿ åãî êà-
÷åñòâà).

Ïåðâûå äâå ãðóïïû ìåòîäîâ â íåêîòîðîì ñìûñëå
ïðåäïî÷òèòåëüíåå ïî ïðè÷èíå òîãî, ÷òî îíè áîëåå
îáúåêòèâíû, ïîñêîëüêó ïîçâîëÿþò îöåíèâàòü äîñòî-
âåðíîñòü ðåçóëüòàòîâ àíàëèçà íåïîñðåäñòâåííî ïóòåì
ñðàâíåíèÿ ñ èìåþùèìèñÿ îáúåêòèâíûìè äàííûìè.
Îäíàêî ñóùåñòâóåò äâà îñíîâíûõ íåäîñòàòêà, êîòî-
ðûå ìîãóò îãðàíè÷èòü ïðèìåíèìîñòü äàííûõ ìåòî-
äîâ. Âî-ïåðâûõ, ýòè ìåòîäû î÷åíü ÷àñòî ñëîæíî ðå-
àëèçîâàòü èç-çà òðåáîâàíèé ê îïðåäåëåííîìó îáúåìó
ðåòðîñïåêòèâíîé ñòàòèñòè÷åñêîé èíôîðìàöèè èëè
ê íàëè÷èþ äîñòîâåðíûõ è íàäåæíûõ ðåçóëüòàòîâ
ïðè èñïîëüçîâàíèè äðóãèõ àïðîáèðîâàííûõ ïðî-
öåäóð êîëè÷åñòâåííîãî àíàëèçà ðèñêà. Âî-âòîðûõ,
ýòè ìåòîäû ïðè àíàëèçå ðèñêîâ ïîçâîëÿþò ó÷èòû-
âàòü äàííûå òîëüêî ïî óæå ðåàëèçîâàííûì ôàêòî-
ðàì, ïðèâîäÿùèì ê àâàðèÿì è íåøòàòíûì ñèòóàöè-
ÿì íà îáúåêòàõ. Â ýòèõ óñëîâèÿõ îãðàíè÷èâàåòñÿ
âîçìîæíîñòü ñîâåðøåíñòâîâàíèÿ ïðîöåññà êîëè÷å-
ñòâåííîãî àíàëèçà ðèñêà â öåëÿõ ïîâûøåíèÿ äîñòî-
âåðíîñòè è íàäåæíîñòè ïóòåì âêëþ÷åíèÿ â ïðîöåññ
àíàëèçà êàêèõ-òî íîâûõ ôàêòîðîâ ðèñêà è ÿâëåíèé,
ïî êîòîðûì ôàêòè÷åñêè îòñóòñòâóþò ñòàòèñòè÷åñêèå
äàííûå [18]. Â ñâÿçè ñ ýòèì ïðåäëîæåíî àêöåíò â
ïðîâîäèìûõ èññëåäîâàíèÿõ ñäåëàòü íà òàê íàçûâà-
åìûõ ïðîàêòèâíûõ (óïðåæäàþùèõ) ìåòîäàõ êîëè-
÷åñòâåííîãî àíàëèçà ðèñêà.

Â äàííûõ ìåòîäàõ äîñòîâåðíîñòü îöåíèâàåòñÿ
(ôàêòè÷åñêè ïðîãíîçèðóåòñÿ) íà îñíîâå âîçìîæíî-
ñòåé (ñ òî÷êè çðåíèÿ êà÷åñòâà) ïðîöåññà êîëè÷åñò-
âåííîãî àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçîâîé
îòðàñëè. Ïðè ðàçðàáîòêå òàêèõ ìåòîäîâ âîçíèêàåò
äâà ãëàâíûõ âîïðîñà:
� êàê îöåíèòü ïîòåíöèàëüíûå âîçìîæíîñòè (ñ òî÷-

êè çðåíèÿ êà÷åñòâà) ïðîöåññà êîëè÷åñòâåííîãî
àíàëèçà ðèñêà;

� êàê ñîîòíåñòè äîñòîâåðíîñòü êîëè÷åñòâåííîãî
àíàëèçà ðèñêà ñ åãî ïîòåíöèàëüíûìè âîçìîæíî-
ñòÿìè?
Â ëèòåðàòóðå äîâîëüíî ïîäðîáíî èçó÷åí ïåðâûé

âîïðîñ: îñíîâíûå ôàêòîðû, âëèÿþùèå íà êà÷åñòâî
ïðîöåññà êîëè÷åñòâåííîãî àíàëèçà ðèñêà, ðàññìîò-
ðåíû, íàïðèìåð, â ðàáîòå [12]. Âòîðîìó âîïðîñó â
íàó÷íîé ëèòåðàòóðå óäåëåíî çíà÷èòåëüíî ìåíüøå
âíèìàíèÿ. Â áîëüøèíñòâå ñóùåñòâóþùèõ èññëå-
äîâàíèé (íàïðèìåð, [19]) ñîîòíîøåíèå ìåæäó äî-
ñòîâåðíîñòüþ è êà÷åñòâîì ïðîöåññà àíàëèçà ðèñêà
îöåíèâàåòñÿ ïî ïðèíöèïó “÷åðíîãî ÿùèêà”, ò. å.
íå ðàññìàòðèâàåòñÿ âíóòðåííÿÿ ñòðóêòóðà ïðîöåñ-
ñà àíàëèçà, à ïðîâîäèòñÿ ëèøü àíêåòèðîâàíèå ýêñ-



37ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1

ÁÅÇÎÏÀÑÍÎÑÒÜ ÒÅÕÍÎËÎÃÈ×ÅÑÊÈÕ ÏÐÎÖÅÑÑÎÂ È ÎÁÎÐÓÄÎÂÀÍÈß

ïåðòîâ, â ðåçóëüòàòå êîòîðîãî îñóùåñòâëÿåòñÿ ðàí-
æèðîâàíèå çíà÷èìîñòè êàæäîãî îòäåëüíîãî ýëåìåíòà
(çàäà÷è) ïðîöåññà àíàëèçà. Íà îñíîâå ïîëó÷åííûõ
ðåçóëüòàòîâ äàåòñÿ îöåíêà äîñòîâåðíîñòè ðåçóëü-
òàòîâ àíàëèçà ðèñêà. Êàê ïðàâèëî, îíà ôîðìèðóåòñÿ
íà îñíîâå ïðîñòîé ïðîöåäóðû, îñíîâàííîé íà îöåí-
êå ñîãëàñîâàííîñòè ìíåíèé ýêñïåðòîâ ïî êàæäîìó
èç êðèòåðèåâ è ñðàâíåíèè êîëè÷åñòâà ñîãëàñîâàí-
íûõ êðèòåðèåâ êà÷åñòâà ñ îïðåäåëåííûì ïîðîãî-
âûì çíà÷åíèåì. Òàêîé ïðîöåññ îáëàäàåò âûñîêîé
ñòåïåíüþ ñóáúåêòèâèçìà è íåïðîçðà÷åí â ïëàíå
ôîðìèðîâàíèÿ âûâîäîâ îá îöåíêå äîñòîâåðíîñòè
ðåçóëüòàòîâ àíàëèçà [18]. Äëÿ ïîâûøåíèÿ îáúåê-
òèâíîñòè ïðè îöåíêå äîñòîâåðíîñòè íåîáõîäèì
ôîðìàëüíûé è êîëè÷åñòâåííûé ìåòîä, ðàçðàáîòêà
êîòîðîãî è ñîñòàâëÿåò öåëü èññëåäîâàíèé, ïðåä-
ñòàâëåííûõ â íàñòîÿùåé ñòàòüå.

Ôàêòè÷åñêè îöåíêà äîñòîâåðíîñòè ìîæåò ðàñ-
ñìàòðèâàòüñÿ êàê ïðîáëåìà ðàñïîçíàâàíèÿ îáðàçîâ,
îñíîâàííîãî íà ïðåöåäåíòàõ [20]. Ðåøåíèå äàííîé
çàäà÷è ïðåäëàãàåòñÿ îñóùåñòâëÿòü ïóòåì ïîñòðîå-
íèÿ êëàññèôèêàòîðà, ÿâëÿþùåãîñÿ îòîáðàæåíèåì
õàðàêòåðèñòèê è ïîòåíöèàëüíûõ âîçìîæíîñòåé ïðî-
öåññà êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà ïîêàçàòåëü
äîñòîâåðíîñòè åãî ðåçóëüòàòîâ è îñíîâàííîãî íà
íàáîðå äàííûõ îáó÷åíèÿ, êîòîðûå ïðåäâàðèòåëüíî
îöåíèâàþòñÿ ýêñïåðòàìè. Äëÿ ðåøåíèÿ çàäà÷è êëàñ-
ñèôèêàöèè ïðåäëàãàåòñÿ èñïîëüçîâàòü íàèâíûé
áàéåñîâñêèé êëàññèôèêàòîð (ÍÁÊ) äëÿ ôîðìàëüíîé
è êîëè÷åñòâåííîé îöåíêè äîñòîâåðíîñòè è íàäåæ-
íîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà.

ÍÁÊ — ïðîñòîé, íî äîñòàòî÷íî ýôôåêòèâíûé
êëàññèôèêàòîð, øèðîêî ïðèìåíÿåìûé â ïðèëîæå-
íèÿõ ìàøèííîãî îáó÷åíèÿ [21], íàïðèìåð äëÿ êëàñ-
ñèôèêàöèè òåêñòà [22]. Äàííûé êëàññèôèêàòîð
îñíîâàí íà èñïîëüçîâàíèè òåîðåìû Áàéåñà ñî ñòðî-
ãèìè (íàèâíûìè) ïðåäïîëîæåíèÿìè î íåçàâèñèìî-
ñòè ïðèçíàêîâ. Â çàâèñèìîñòè îò òî÷íîé ïðèðîäû
âåðîÿòíîñòíîé ìîäåëè ÍÁÊ ìîæåò îáó÷àòüñÿ î÷åíü
ýôôåêòèâíî. Âî ìíîãèõ ïðàêòè÷åñêèõ ïðèëîæåíè-
ÿõ äëÿ îöåíêè ïàðàìåòðîâ äëÿ íàèâíûõ áàéåñîâûõ
ìîäåëåé èñïîëüçóþò ìåòîä ìàêñèìàëüíîãî ïðàâäî-
ïîäîáèÿ. Íåñìîòðÿ íà íàèâíûé âèä è, íåñîìíåííî,
î÷åíü óïðîùåííûå óñëîâèÿ, ÍÁÊ ÷àñòî çíà÷èòåëü-
íî ýôôåêòèâíåå ïðè ðåøåíèè ìíîãèõ ñëîæíûõ ïðè-
êëàäíûõ çàäà÷. Äîñòîèíñòâîì ÍÁÊ ÿâëÿåòñÿ ñðàâíè-
òåëüíî íåáîëüøîå êîëè÷åñòâî äàííûõ äëÿ îáó÷åíèÿ,
íåîáõîäèìûõ äëÿ îöåíêè ïàðàìåòðîâ, òðåáóåìûõ
äëÿ êëàññèôèêàöèè.

Ñëåäóåò îòìåòèòü, ÷òî â ðåøåíèè ïîñòàâëåííîé
çàäà÷è îöåíêè êà÷åñòâà ðåçóëüòàòîâ êîëè÷åñòâåííî-
ãî àíàëèçà ðèñêà êëàññèôèêàòîð èñïîëüçóåòñÿ íå íà-
ïðÿìóþ äëÿ îöåíêè êà÷åñòâà, à ñêîðåå, êàê èíñòðó-
ìåíò äëÿ ïîñòðîåíèÿ êðèòåðèåâ îöåíêè, íà îñíî-

âå êîòîðûõ îïðåäåëÿþòñÿ äîñòîâåðíîñòü è íàäåæ-
íîñòü.

Òåîðåòè÷åñêèå îñíîâû îöåíêè
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà
ðèñêà íà îáúåêòàõ íåôòåãàçîâîé îòðàñëè

1. Ñòðóêòóðà îöåíêè

Ðàññìîòðèì ïðåäëàãàåìûé ïîäõîä ê îöåíêå äî-
ñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà îñíî-
âå êëàññèôèêàöèè ñ èñïîëüçîâàíèåì ÍÁÊ. Ïóñòü D —
ïîêàçàòåëü äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëè-
çà ðèñêà. Ïðåäïîëàãàåì, ÷òî D îïðåäåëÿåòñÿ êà÷åñò-
âîì ïðîöåññà àíàëèçà ðèñêà. Òèïîâîé ïðîöåññ êîëè-
÷åñòâåííîãî àíàëèçà ðèñêà ìîæíî óñëîâíî ðàçáèòü
íà âîñåìü ïîäïðîöåññîâ [23] (ðèñ. 1). Êà÷åñòâåííîå
âûïîëíåíèå êàæäîãî èç äàííûõ ïîäïðîöåññîâ ÿâëÿ-
åòñÿ íåîáõîäèìûì óñëîâèåì äëÿ îáåñïå÷åíèÿ êà÷å-
ñòâà âñåãî ïðîöåññà àíàëèçà ðèñêà â öåëîì. Ïðåä-
ëàãàåìàÿ ñòðóêòóðà îöåíêè äîñòîâåðíîñòè êàæäîãî
èç ïîäïðîöåññîâ êîëè÷åñòâåííîãî àíàëèçà ðèñêà
ïðåäñòàâëåíà íà ðèñ. 2.

Äîñòîâåðíîñòü è íàäåæíîñòü êîëè÷åñòâåííî-
ãî àíàëèçà ðèñêà ôîðìèðóþòñÿ ïîä âîçäåéñòâèåì
ñëåäóþùèõ ïÿòè áàçîâûõ êðèòåðèåâ (ïðèçíàêîâ) xi

(i = 1, …, 5):
� ïîëíîòà ó÷åòà âñåõ îïàñíûõ ôàêòîðîâ x1;
� ïîëíîòà îõâàòà ïîòåíöèàëüíûõ ñöåíàðèåâ àâà-

ðèé x2;
� öåëåñîîáðàçíîñòü ïðèìåíåíèÿ êîíêðåòíûõ ìå-

òîäîâ àíàëèçà x3;
� äîñòîâåðíîñòü è òî÷íîñòü ñîâîêóïíîñòè èñõîä-

íûõ äàííûõ x4;
� òî÷íîñòü èñïîëüçóåìûõ ìåòîäîâ ïðè ðàñ÷åòå ïî-

êàçàòåëåé ðèñêà x5.
Äàííûå êðèòåðèè îòðàæàþò ñîâîêóïíîñòü òðå-

áîâàíèé ê äîñòîâåðíîñòè è íàäåæíîñòè â ïðîöåññå
êîëè÷åñòâåííîãî àíàëèçà ðèñêà. Çíà÷åíèå êàæäîãî
êðèòåðèÿ êîëè÷åñòâåííî îöåíèâàåòñÿ äèñêðåòíîé
âåëè÷èíîé, ïðèíèìàåìîé èç òðåõ âîçìîæíûõ çíà-
÷åíèé, êàæäîå èç êîòîðûõ ñîîòâåòñòâóåò çíà÷åíèþ
ëèíãâèñòè÷åñêîé ïåðåìåííîé: íåóäîâëåòâîðèòåëü-
íî (xi = 0), ïðèåìëåìî (xi = 1) è óäîâëåòâîðèòåëüíî
(xi = 2) — íà îñíîâå ìíîæåñòâà çàðàíåå ïðåäîïðåäå-
ëåííûõ ïðàâèë ïðåîáðàçîâàíèÿ èñõîäíîé ýêñïåðò-
íîé èíôîðìàöèè â çíà÷åíèÿ ëèíãâèñòè÷åñêîé ïåðå-
ìåííîé (òàáë. 1). Áàéåñîâñêèé ïîäõîä îñíîâûâàåòñÿ
íà ïðåäïîëîæåíèè î ñóùåñòâîâàíèè íåêîòîðîãî ðàñ-
ïðåäåëåíèÿ âåðîÿòíîñòåé äëÿ êàæäîãî êðèòåðèÿ.

Ïîêàçàòåëü äîñòîâåðíîñòè D òàêæå áûëî ïðåä-
ëîæåíî ðàçäåëèòü íà òðè äèñêðåòíûõ óðîâíÿ: D �

� {0, 1, 2}. Êà÷åñòâåííîå îïèñàíèå äàííûõ óðîâíåé
ïðåäñòàâëåíî â òàáë. 2. Òàêèì îáðàçîì, ïðîáëåìà
îöåíêè äîñòîâåðíîñòè áûëà ñôîðìóëèðîâàíà êàê
ïðîáëåìà êëàññèôèêàöèè: ó÷èòûâàÿ çíà÷åíèÿ ïÿòè
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Ðèñ. 1. Òèïîâàÿ ñõåìà êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 1. Typical scheme for quantitative risk analysis

Ðèñ. 2. Ñòðóêòóðà îöåíêè íàäåæíîñòè è äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 2. Structure of reliability assessment and quantitative risk analysis
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Çíà÷åíèå / Value Îïèñàíèå / Description

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x1 / Rules for coding indicator x1

x1 = 0 Â äîêóìåíòàöèè ïî àíàëèçó ðèñêà îòñóòñòâóþò ñëåäóþùèå ýëåìåíòû:
� öåëè è çàäà÷è êîëè÷åñòâåííîãî àíàëèçà ðèñêà;
� ïîëíîå îïèñàíèå èññëåäóåìîãî îáúåêòà;
� îáîñíîâàíèå èñïîëüçóåìûõ ìåòîäîâ àíàëèçà;
� èñõîäíûå äàííûå, íåîáõîäèìûå äëÿ àíàëèçà è ðàñ÷åòîâ;
� îò÷åò î ðåçóëüòàòàõ àíàëèçà

The documentation for risk analysis does not contain the following elements:
� goals and objectives of quantitative risk analysis;
� complete description of the object under study;
� justification of the methods of analysis used;
� initial data necessary for analysis and calculation;
� report on the results of the analysis

x1 = 1 Â äîêóìåíòàöèè ïî àíàëèçó ðèñêà ïðèñóòñòâóåò, ïî êðàéíåé ìåðå, îäèí èç ñëåäóþùèõ íåäîñòàòêîâ:
� îïèñàíèÿ çàäà÷ ÿâëÿþòñÿ íåïîëíûìè èëè äâóñìûñëåííûìè;
� îïèñàíèå èññëåäóåìîãî îáúåêòà íå â ïîëíîé ìåðå ïîíÿòíî;
� îáîñíîâàíèå ïðèìåíÿåìûõ ìåòîäîâ àíàëèçà ðàñïëûâ÷àòî è íåî÷åâèäíî;
� ïðåäñòàâëåííûå ðåçóëüòàòû ÿâëÿþòñÿ íåïîëíûìè (íàïðèìåð, íå ó÷èòûâàþòñÿ ôàêòîðû íåîïðå-

äåëåííîñòè) èëè íåîäíîçíà÷íûìè
The documentation for risk analysis has at least one of the following drawbacks:
� descriptions of tasks are incomplete or ambiguous;
� description of the investigated object is not fully understandable;
� rationale for the methods of analysis used is vague and not obvious;
� reported results are incomplete (for example, uncertainties are not taken into account) or ambiguous

x1 = 2 Îò÷åòíàÿ äîêóìåíòàöèÿ ïî àíàëèçó ðèñêà ñîäåðæèò ïîëíóþ è äîñòàòî÷íóþ èíôîðìàöèþ, â òîì
÷èñëå îòñóòñòâóþò íåäîñòàòêè, ïåðå÷èñëåííûå äëÿ óðîâíÿ x1 = 1
Reporting documentation on risk analysis contains complete and sufficient information, including
no shortcomings listed for level x1 = 1

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x2 / Rules for coding indicator x2

x2 = 0 Íå èäåíòèôèöèðîâàíû íåêîòîðûå îïàñíûå ôàêòîðû, à òàêæå ñöåíàðèè àâàðèé è ïðîèñøåñòâèé:
� ïðîâåðêà ïîêàçàëà, ÷òî íåêîòîðûå ïîðàæàþùèå ôàêòîðû íå ó÷èòûâàþòñÿ;
� îòñóòñòâóåò îáîñíîâàíèå ðàññìîòðåííûõ àâàðèéíûõ è íåøòàòíûõ ñèòóàöèé;
� ïðîâåðêà ïîêàçàëà, ÷òî íåêîòîðûå êðèòè÷åñêèå ñöåíàðèè àâàðèéíûõ ñèòóàöèé îòñóòñòâóþò
Some dangerous factors have not been identified, as well as scenarios of accidents and incidents:
� verification showed that some damaging factors are not taken into account;
� there is no justification for the considered emergency and abnormal situations;
� verification showed that some critical emergency scenarios are missing

x2 = 1 Ïðîâåðêà ïîêàçàëà, ÷òî âñå îïàñíûå ïîðàæàþùèå ôàêòîðû è êðèòè÷åñêèå ñöåíàðèè àâàðèé è ïðî-
èñøåñòâèé èäåíòèôèöèðîâàíû, íî ïðîâåðêà ïðîâîäèòñÿ íà îñíîâå ýêñïåðòíîé îöåíêè, à íå èñïîëü-
çîâàíèÿ ðåàëüíûõ ñòàòèñòè÷åñêèõ äàííûõ
The audit showed that all dangerous damaging factors and critical scenarios of accidents and incidents
were identified, but the verification is carried out on the basis of expert judgment, and not the use of real
statistics

x2 = 2 Ïðîâåðêà ïîêàçàëà, ÷òî âñå êðèòè÷åñêèå ñöåíàðèè àâàðèé è ïðîèñøåñòâèé èäåíòèôèöèðîâàíû è
èõ äîñòîâåðíîñòü ïîäòâåðæäàåòñÿ èñïîëüçîâàíèåì ðåàëüíûõ ñòàòèñòè÷åñêèõ äàííûõ
The audit showed that all critical scenarios of accidents and incidents identified and their validity is con-
firmed by the use of real statistics

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x3 / Rules for coding indicator x3

x3 = 0 Âûáðàííûå ìåòîäû àíàëèçà íå óäîâëåòâîðÿþò òðåáîâàíèÿì ïðîâîäèìîãî èññëåäîâàíèÿ:
� èñïîëüçóåìûå ìåòîäû íå ó÷èòûâàþò íåêîòîðûõ îñîáåííîñòåé ðåàëüíîãî ïðîöåññà, ïðîòåêàþ-

ùåãî íà îáúåêòå èññëåäîâàíèÿ (íàïðèìåð, íå ó÷èòûâàþò äèíàìèêó èçìåíåíèÿ âî âðåìåíè îïðå-
äåëåííûõ õàðàêòåðèñòèê, ðàññìàòðèâàÿ èõ ñòàöèîíàðíûìè, è ò. ä.);

� ìåòîäû òðåáóþò áîëüøå ðåñóðñîâ (íàïðèìåð, êîëè÷åñòâà èñõîäíûõ äàííûõ, âû÷èñëèòåëüíîé
ìîùíîñòè è ò. ä.), ÷åì ìîæåò áûòü ïðåäîñòàâëåíî

Òàáëèöà 1. Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëåé áàçîâûõ êðèòåðèåâ

Table 1. Rules for coding indicators of basic criteria
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Çíà÷åíèå / Value Îïèñàíèå / Description

The chosen methods of analysis do not meet the requirements of the research:
� methods used do not take into account some features of the actual process occurring at the research object

(for example, do not take into account the dynamics of the change in time of certain characteristics,
considering them stationary, etc.);

� methods require more resources (for example, amount of raw data, processing power, etc.) than can be
provided

x3 = 1 Îñîáåííîñòè âûáðàííîãî ìåòîäà àíàëèçà óäîâëåòâîðÿþò òðåáîâàíèÿì ïîñòàâëåííîé ïðîáëåìû,
íî âûâîä î åãî èñïîëüçîâàíèè ñîñòàâëåí íà îñíîâå ýêñïåðòíîãî îïûòà
The features of the chosen method of analysis satisfy the requirements of the problem posed, but conclu-
sion about its use is compiled on the basis of expert experience

x3 = 2 Âûáðàííûå ìåòîäû àíàëèçà óäîâëåòâîðÿþò òðåáîâàíèÿì ïðîâîäèìîãî èññëåäîâàíèÿ è óæå áûëè
óñïåøíî àïðîáèðîâàíû ïðè àíàëèçå ðèñêà íà ïîäîáíûõ îáúåêòàõ
The selected methods of analysis satisfy the requirements of the conducted research and have already
been successfully tested in the risk analysis of similar objects

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x4 / Rules for coding indicator x4

x4 = 0 � Îòñóòñòâóåò äîñòàòî÷íàÿ áàçà ñòàòèñòè÷åñêèõ äàííûõ (íåäîñòàòîê ðåïðåçåíòàòèâíîñòè äàííûõ),
è èñõîäíûå äàííûå îïðåäåëåíû èñêëþ÷èòåëüíî íà îñíîâå ýêñïåðòíûõ îöåíîê;

� â ââîäèìûõ ýêñïåðòàìè èñõîäíûõ äàííûõ íå ó÷èòûâàåòñÿ èõ ýïèñòåìè÷åñêàÿ íåîïðåäåëåí-
íîñòü [24, 25];

� åñòü ñóùåñòâåííûå ïîãðåøíîñòè â èçìåðåíèè èñõîäíûõ äàííûõ
� There is no sufficient statistical database (lack of data representativeness), and the baseline data are

determined exclusively on the basis of expert assessments;
� the initial data input by experts does not take into account their epistemic uncertainty [24, 25];
� there are significant errors in the measurement of the original data

x4 = 1 � Îòñóòñòâóåò äîñòàòî÷íàÿ áàçà ñòàòèñòè÷åñêèõ äàííûõ (íåäîñòàòîê ðåïðåçåíòàòèâíîñòè äàííûõ);
� èñõîäíûå äàííûå îñíîâàíû íà ýêñïåðòíûõ îöåíêàõ ñ ïîëíûì ó÷åòîì ýïèñòåìè÷åñêîé íåîïðå-

äåëåííîñòè;
� åñòü íåçíà÷èòåëüíûå ïîãðåøíîñòè â èçìåðåíèè èñõîäíûõ äàííûõ
� There is no sufficient statistical database (lack of data representativeness);
� baseline data is based on expert estimates with full consideration of epistemic uncertainty;
� there are insignificant errors in the measurement of the initial data

x4 = 2 � Äëÿ àíàëèçà ðèñêîâ èñïîëüçîâàíû èñõîäíûå äàííûå, ñôîðìèðîâàííûå íà îñíîâå äîñòàòî÷íî
áîëüøîãî îáúåìà ýìïèðè÷åñêîé èíôîðìàöèè;

� îòñóòñòâóþò ïîãðåøíîñòè â èçìåðåíèè èñõîäíûõ äàííûõ
� For the analysis of risks, the initial data generated based on a sufficiently large amount of empirical

information are used;
� there are no errors in the measurement of the initial data

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x5 / Rules for coding indicator x5

x5 = 0 � Ïðîöåññ ðàñ÷åòà ðèñêà ñîäåðæèò ñåðüåçíûå îøèáêè;
� âîçíèêëà ðàññîãëàñîâàííîñòü â ðåçóëüòàòàõ ðàñ÷åòîâ ñ ðåçóëüòàòàìè èçâåñòíûõ çíà÷åíèé (îò-

êëîíåíèÿ ðåçóëüòàòîâ îò ýòàëîíà)
� The process of calculating the risk contains serious errors;
� there was a mismatch in the results of calculations with the results of known values (deviation of re-

sults from the standard)

x5 = 1 � Ïðîöåññ ðàñ÷åòà ðèñêà íå ñîäåðæèò ñåðüåçíûõ îøèáîê;
� ìîãóò ñóùåñòâîâàòü òîëüêî ïîãðåøíîñòè ñàìîãî ïðîöåññà ðàñ÷åòà (íàïðèìåð, òî÷íîñòü ìîäåëè-

ðîâàíèÿ ïî ìåòîäó Ìîíòå-Êàðëî èëè èñïîëüçîâàíèÿ êàêèõ-ëèáî ÷èñëåííûõ ìåòîäîâ);
� íåîïðåäåëåííîñòè, âûçâàííûå ïîãðåøíîñòÿìè, íå ìîäåëèðóþòñÿ
� The process of calculating the risk does not contain serious errors;
� there can only exist errors in the calculation process itself (for example, the accuracy of the Monte

Carlo simulation or the use of any numerical methods);
� uncertainties due to errors are not modeled

x5 = 2 � Ìîãóò ñóùåñòâîâàòü òîëüêî ïîãðåøíîñòè ñàìîãî ïðîöåññà ðàñ÷åòà (íàïðèìåð, òî÷íîñòü ìîäå-
ëèðîâàíèÿ ïî ìåòîäó Ìîíòå-Êàðëî èëè èñïîëüçîâàíèÿ êàêèõ-ëèáî ÷èñëåííûõ ìåòîäîâ);

� íåîïðåäåëåííîñòè, âûçâàííûå ïîãðåøíîñòÿìè, êîððåêòíî ñìîäåëèðîâàíû
� There can only exist errors in the calculation process itself (for example, the accuracy of the Monte

Carlo simulation or the use of any numerical methods);
� uncertainties caused by errors, correctly modeled

Îêîí÷àíèå òàáë. 1 / End of table 1
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êðèòåðèåâ x1, x2, …, x5, îïðåäåëèòü ñîîòâåòñòâóþùèé
óðîâåíü äëÿ íàäåæíîñòè è äîñòîâåðíîñòè D.

Ñëåäóåò îòìåòèòü, ÷òî è ñòðóêòóðà îöåíêè, ïðåä-
ñòàâëåííàÿ íà ðèñ. 2, è ïðàâèëà êîäèðîâàíèÿ (ñì.
òàáë. 1 è 2) ïîñòðîåíû â îáùåì âèäå äëÿ äåìîíñò-
ðàöèè âîçìîæíîñòåé ïðåäëàãàåìîãî ïîäõîäà. Áåçó-
ñëîâíî, îíè ìîãóò áûòü àäàïòèðîâàíû ýêñïåðòàìè â
ïðàêòè÷åñêîì ïðèìåíåíèè ïðè ðåøåíèè êàêèõ-ëèáî
ñïåöèôè÷åñêèõ ÷àñòíûõ çàäà÷.

2. Îöåíêà íàäåæíîñòè, îñíîâàííàÿ
íà íàèâíîì áàéåñîâñêîì êëàññèôèêàòîðå

Ñíà÷àëà ðàññìîòðèì îáùèé ïîäõîä ê êëàññè-
ôèêàöèè íà îñíîâå ÍÁÊ, à çàòåì îïèøåì ìåòîä íà
îñíîâå ÍÁÊ, ïðåäëàãàåìûé íåïîñðåäñòâåííî äëÿ
îöåíêè äîñòîâåðíîñòè è íàäåæíîñòè êîëè÷åñòâåí-
íîãî àíàëèçà ðèñêà îáúåêòîâ íåôòåãàçîâîé îòðàñëè.

2.1. Íàèâíûé áàéåñîâñêèé êëàññèôèêàòîð

Îïðåäåëèì x = [x1, x2, …, xn] � X êàê âõîäíîé
âåêòîð ïðèçíàêîâ ôóíêöèè êëàññèôèêàöèè, ãäå X —
ïðîñòðàíñòâî ïðèçíàêîâ. Ñîîòâåòñòâåííî, êëàññèôè-
êàòîð (ÍÁÊ) — ýòî ôóíêöèÿ fÍÁÊ, êîòîðàÿ îòîáðà-

æàåò âõîäíîé âåêòîð ïðèçíàêîâ x � X â âûõîäíîå
çíà÷åíèå êëàññà D � {0, 1, …, K}. Îáû÷íî âåêòîð
ïðèçíàêîâ òàêæå ïðèíèìàåò äèñêðåòíûå çíà÷åíèÿ,
ò. å. xi � {0, 1, …, ni }, ãäå i = 1, 2, …, n. Ó÷èòûâàÿ õà-
ðàêòåðèñòèêè âåêòîðà x, ÍÁÊ êëàññèôèöèðóåò ïðè-
íàäëåæíîñòü îáúåêòà ê ñîîòâåòñòâóþùåìó êëàññó ñ
ìàêñèìàëüíîé àïîñòåðèîðíîé âåðîÿòíîñòüþ [26]:

D P D x
D

� arg max ( | ), (1)

ãäå P(D |x) — àïîñòåðèîðíàÿ âåðîÿòíîñòü äàííîãî
êëàññà D (ò. å. äàííîãî çíà÷åíèÿ äîñòîâåðíîñòè
è íàäåæíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà)
ïðè äàííîì çíà÷åíèè ïðèçíàêà x.
Çíà÷åíèå âåðîÿòíîñòè â (1) ðàññ÷èòûâàåòñÿ íà

îñíîâå ïðèìåíåíèÿ òåîðåìû Áàéåñà ñî ñòðîãèìè
(íàèâíûìè) ïðåäïîëîæåíèÿìè î íåçàâèñèìîñòè [27]:

P D x
P x D

P x

P õ D P D

P õ D P D
D

K
(

(
( )

(

(

| )
, ) | ) ( )

| ) ( )

,� �

�
�

0

(2)

ãäå P(D) — àïðèîðíàÿ âåðîÿòíîñòü äàííîãî êëàññà;

Óðîâåíü äîñòîâåðíîñòè
Level of reliability Îïèñàíèå / Description

D = 0: íåíàäåæíûé
D = 0: unreliable

� Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà ðèñêà îáúåêòà íåêà÷åñòâåííûé;
� íèêàêèå äàëüíåéøèå ñóæäåíèÿ î äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà íåâîç-

ìîæíû;
� ðåçóëüòàòû êîëè÷åñòâåííîãî àíàëèçà ðèñêà íå äîëæíû èñïîëüçîâàòüñÿ äëÿ ïîääåðæêè

ïðèíÿòèÿ ðåøåíèé

� The result of a quantitative risk analysis of the object is substandard;
� no further judgment on the reliability of quantitative risk analysis is possible;
� the results of a quantitative risk analysis should not be used to support decision making

D = 1: íàäåæíûé,
íî íå â ïîëíîé ìåðå
äîñòîâåðíûé
D = 1: reliable but
not fully reliable

� Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà ðèñêà êà÷åñòâåííûé, íî:
— íåêîòîðûå êðèòè÷åñêèå ôàêòîðû è ÿâëåíèÿ íå èäåíòèôèöèðóþòñÿ è íå àíàëèçèðóþòñÿ;
— èëè íåêîòîðûå âàæíûå ðèñêè íåòî÷íî îïðåäåëåíû.

� Ðåçóëüòàòû òàêîãî êîëè÷åñòâåííîãî àíàëèçà ðèñêà ìîãóò èñïîëüçîâàòüñÿ äëÿ ïîääåðæêè
ïðèíÿòèÿ íåêîòîðûõ ðåøåíèé, íî íå äëÿ ïðèíÿòèÿ êðèòè÷åñêè âàæíûõ äëÿ áåçîïàñíîñòè
îáúåêòîâ ðåøåíèé

� The result of a quantitative risk analysis is qualitative, but:
— some critical factors and phenomena are not identified and analyzed;
— or some important risks are not accurately determined.

� The results of such a quantitative risk analysis can be used to support the adoption of certain
decisions, but not to make decisions critical to the security of objects

D = 2: íàäåæíûé
è äîñòîâåðíûé
D = 2: reliable and
veracious

� Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà ðèñêà êà÷åñòâåííûé:
— âñå êðèòè÷åñêèå ôàêòîðû è ÿâëåíèÿ èäåíòèôèöèðîâàíû è ó÷èòûâàþòñÿ ïðè àíàëèçå

ðèñêà;
— âñå âàæíûå ðèñêè (è èõ íåîïðåäåëåííîñòè) òî÷íî îïðåäåëåíû.

� Ðåçóëüòàòû òàêîãî êîëè÷åñòâåííîãî àíàëèçà ðèñêà ìîãóò èñïîëüçîâàòüñÿ äëÿ ïîääåðæêè
ïðèíÿòèÿ âàæíûõ ðåøåíèé

� The result of quantitative risk analysis is qualitative:
— all critical factors and phenomena are identified and taken into account in risk analysis;
— all important risks (and their uncertainties) are precisely defined.

� The results of this quantitative risk analysis can be used to support the adoption of important
decisions

Òàáëèöà 2. Óðîâíè äîñòîâåðíîñòè è íàäåæíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà

Table 2. Levels of reliability and quantitative risk analysis
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P(x|D) — ïðàâäîïîäîáèå, ò. å. âåðîÿòíîñòü äàí-
íîãî çíà÷åíèÿ ïðèçíàêà ïðè äàííîì êëàññå;
P(x) — àïðèîðíàÿ âåðîÿòíîñòü äàííîãî çíà÷å-
íèÿ ïðèçíàêà;
P(x, D) — àïîñòåðèîðíàÿ âåðîÿòíîñòü äàííîãî
çíà÷åíèÿ ïðèçíàêà ïðè äàííîì êëàññå.
Ñ óñëîâèåì íåçàâèñèìîñòè ïðèçíàêîâ äëÿ êëàñ-

ñèôèêàöèè äåéñòâóåò àïîñòåðèîðíîå ïðàâèëî ïðè-
íÿòèÿ ðåøåíèÿ. Â ýòîì ñëó÷àå ÷èñëèòåëü â (2) ïðå-
îáðàçóåòñÿ ê âèäó:

P x D P D P D P x Di

i

n

( | ) ( ) ( ) ( | ).�
�
�

1

(3)

Çàìåòèì, ÷òî çíàìåíàòåëü â (2) îäèíàêîâûé äëÿ
âñåõ âîçìîæíûõ çíà÷åíèé D. Ñîîòâåòñòâåííî, êëàñ-
ñèôèêàòîð — ýòî ôóíêöèÿ, îïðåäåëåííàÿ ñëåäó-
þùèì îáðàçîì:

D P D P x D
D

i

i

n

�
�
�arg max ( ) ( | ).

1

(4)

Äëÿ ïðèìåíåíèÿ ÍÁÊ âåðîÿòíîñòè P(D) è P(xi|D)
â (4) íåîáõîäèìî îöåíèòü íà îñíîâå äàííûõ îáó÷å-
íèÿ. Äàííûå îáó÷åíèÿ ïðåäñòàâëÿþò ñîáîé íàáîðû
îáðàçöîâ, äëÿ êîòîðûõ èçâåñòíû çíà÷åíèÿ ïðèçíàêîâ
è ñîîòâåòñòâèå ïðè ýòîì D îïðåäåëåííîìó êëàññó.
Ïðåäïîëîæèì, ÷òî ó íàñ åñòü Nîáó÷ äàííûõ äëÿ îáó-
÷åíèÿ, îáîçíà÷åííûõ (x(q), D(q)), q = 1, 2, …, Nîáó÷.
Â ýòîì ñëó÷àå òðåáóåìûå âåðîÿòíîñòè àïïðîêñèìè-
ðóþòñÿ îòíîñèòåëüíûìè ÷àñòîòàìè èç íàáîðà äàí-
íûõ îáó÷åíèÿ:

� �

P D k
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îáó
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�
, (6)

ãäå I(…) — èíäèêàòîðíàÿ (õàðàêòåðèñòè÷åñêàÿ) ôóíê-
öèÿ; i = 1, 2, …, n; j = 0, 1, …, ni; k = 0, 1, …, K.
Ñóùåñòâóåò îäíà ïîòåíöèàëüíàÿ ïðîáëåìà ïðè

îöåíêå âåðîÿòíîñòåé ñ èñïîëüçîâàíèåì âûðàæåíèé
(5) è (6). Ïðåäïîëîæèì, ÷òî äàííûé êëàññ k è çíà÷å-
íèÿ êàêîãî-ëèáî ïðèçíàêà j íèêîãäà íå âñòðå÷àþòñÿ
âìåñòå â íàáîðå äàííûõ îáó÷åíèÿ, òîãäà îöåíêà,
îñíîâàííàÿ íà âåðîÿòíîñòÿõ, áóäåò ðàâíà íóëþ, ò. å.

� �I x j D k
i

q q

q

N

( , ) .( ) � � �
�

�
1

0
îáóõ

Â ýòîì ñëó÷àå P(xi =

= j|D = k) = 0, ÷òî ñîãëàñíî (3) ïðèâîäèò ê P(x|D) = 0
íåçàâèñèìî îò çíà÷åíèé âåðîÿòíîñòåé äëÿ äðóãèõ
ïðèçíàêîâ. Òàêèì îáðàçîì, ïðè ïåðåìíîæåíèè íó-
ëåâàÿ îöåíêà ïðèâåäåò ê ïîòåðå èíôîðìàöèè î äðó-
ãèõ âåðîÿòíîñòÿõ. Äàííàÿ ïðîáëåìà äîñòàòî÷íî ÷àñòî

âñòðå÷àåòñÿ â ïðàêòè÷åñêèõ çàäà÷àõ êëàññèôèêà-
öèè, ïîýòîìó ïðåäïî÷òèòåëüíî ââîäèòü íåáîëüøèå
ïîïðàâêè âî âñå îöåíêè âåðîÿòíîñòåé òàê, ÷òîáû
íèêàêàÿ âåðîÿòíîñòü íå áûëà ñòðîãî ðàâíà íóëþ.
×òîáû èçáåæàòü äàííîé ïðîáëåìû, ïðè îöåíêå
P(D = k) è P(xi = j|D = k) ÷àñòî ïðèìåíÿåòñÿ ìåòîä
ñãëàæèâàíèÿ ïî Ëàïëàñó [27]:
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ãäå � � (0, 1] — êîýôôèöèåíò êîððåêòèðîâêè, ââåäåí-
íûé äëÿ êîìïåíñàöèè âîçìîæíûõ íóëåâûõ çíà-
÷åíèé âåðîÿòíîñòåé;
(K + 1), (ni + 1) — ÷èñëî âîçìîæíûõ çíà÷åíèé ñî-
îòâåòñòâåííî äëÿ D è ïðèçíàêà xi.

2.2. Îöåíêà äîñòîâåðíîñòè
ðåçóëüòàòîâ àíàëèçà ðèñêà

Ðàññìîòðèì âîçìîæíîñòü ïðèìåíåíèÿ ÍÁÊ äëÿ
ðàçðàáîòêè êëàññèôèêàòîðà ïðè ðåøåíèè çàäà÷è îöåí-
êè äîñòîâåðíîñòè, ñòðóêòóðà êîòîðîé ïðåäñòàâëåíà
íà ðèñ. 2. Â ýòîì ñëó÷àå ó íàñ åñòü ïÿòü ïðèçíàêîâ,
ò. å. x = [x1, x2, …, x5]. Êàæäûé ïðèçíàê èìååò òðè
äèñêðåòíûõ óðîâíÿ: xi � {0, 1, 2}, i = 1, 2, …, 5. Ñëå-
äîâàòåëüíî, X = {0, 1, 2}� … �{0, 1, 2} = {0, 1, 2}5.
Äîñòîâåðíîñòü D ìîæåò ïðèíàäëåæàòü îäíîìó èç òðåõ
âîçìîæíûõ êëàññîâ (ñì. òàáë. 2), ò. å. D � {0, 1, 2}.
Ïðîöåññ êëàññèôèêàöèè îñóùåñòâëÿåòñÿ â òðè ýòàïà
(ðèñ. 3).

Ñáîð äàííûõ îáó÷åíèÿ

Áàéåñîâñêèé ïîäõîä îñíîâàí íà òåîðåìå, óòâåðæ-
äàþùåé, ÷òî åñëè ïëîòíîñòè ðàñïðåäåëåíèÿ çíà÷å-
íèé êàæäîãî èç ïðèçíàêîâ èçâåñòíû, òî èñêîìûé àëãî-
ðèòì ìîæíî âûïèñàòü â ÿâíîì àíàëèòè÷åñêîì âèäå.
Áîëåå òîãî, ýòîò àëãîðèòì îïòèìàëåí, ò. å. îáëàäàåò
ìèíèìàëüíîé âåðîÿòíîñòüþ îøèáîê. Íà ïðàêòèêå
ïëîòíîñòè ðàñïðåäåëåíèÿ ÷àùå âñåãî íåèçâåñòíû.

Ðèñ. 3. Ñõåìà íàèâíîãî áàéåñîâñêîãî êëàññèôèêàòîðà äëÿ
îöåíêè äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 3. The scheme of a naive Bayesian classifier for assessing
the reliability of a quantitative risk analysis
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Èõ íåîáõîäèìî îöåíèâàòü (âîññòàíàâëèâàòü) ïî îáó-
÷àþùåé âûáîðêå. Â ðåçóëüòàòå áàéåñîâñêèé àëãî-
ðèòì ïåðåñòàåò áûòü îïòèìàëüíûì, òàê êàê âîññòà-
íîâèòü ïëîòíîñòü ïî âûáîðêå ìîæíî ëèøü ñ íåêîòî-
ðîé ïîãðåøíîñòüþ.

Ïîñêîëüêó X = {0, 1, 2}5, òî âåêòîð ïðèçíàêîâ x

ìîæåò ïðèíèìàòü 35 = 243 ðàçíûõ çíà÷åíèÿ. ×àñòü èç
íèõ, îáîçíà÷àåìàÿ x(q), q = 1, 2, …, Nîáó÷, âûáèðàåòñÿ
â êà÷åñòâå îáðàçöîâ îáó÷åíèÿ. Äîñòîâåðíîñòü ýòèõ
ó÷åáíûõ îáðàçöîâ, îáîçíà÷åííûõ D(q), q = 1, 2, …,
Nîáó÷, îöåíèâàåòñÿ ýêñïåðòàìè ñîãëàñíî îïèñàíèþ,
ïðåäñòàâëåííîìó â òàáë. 1. Çàòåì äàííûå îáó÷åíèÿ
èñïîëüçóþòñÿ äëÿ ïîñòðîåíèÿ ÍÁÊ, êîòîðûé äàëåå
çàìåíÿåò ýêñïåðòà ïðè îöåíêå äîñòîâåðíîñòè êîëè-
÷åñòâåííîãî àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçî-
âîé îòðàñëè.

Ïîñêîëüêó ÍÁÊ îáó÷àåòñÿ íà äàííûõ îáó÷åíèÿ
íà îñíîâå ýêñïåðòíîé îöåíêè, âàæíî, ÷òîáû èñïîëü-
çóåìûå äàííûå îáó÷åíèÿ â ïîëíîé ìåðå oõâàòûâàëè
âñå ïðîñòðàíñòâî ïðèçíàêîâ. Ñ äðóãîé ñòîðîíû, õî-
÷åòñÿ ìàêñèìàëüíî ñîêðàòèòü êîëè÷åñòâî äàííûõ
îáó÷åíèÿ, ïîñêîëüêó çà÷àñòóþ ïðîöåññ ñáîðà äàí-
íûõ äëÿ îáó÷åíèÿ ÿâëÿåòñÿ âåñüìà òðóäîçàòðàòíûì
è òðåáóåò ìíîãî âðåìåíè. Ïëàí îáó÷åíèÿ äîëæåí
áûòü ñîñòàâëåí òàêèì îáðàçîì, ÷òîáû ñîáðàííûå
äàííûå îáó÷åíèÿ áûëè îäèíàêîâî ðàñïðåäåëåíû è
ïðåäñòàâëÿëè âñå ïðîñòðàíñòâî X.

Äðóãîé âîïðîñ, êîòîðûé íåîáõîäèìî ó÷èòûâàòü
ïðè ðàçðàáîòêå ñõåìû ñáîðà äàííûõ îáó÷åíèÿ, — ýòî
ðàçìåð âûáîðêè Nîáó÷. Áîëüøîå çíà÷åíèå Nîáó÷ ïî-
âûñèëî áû ýôôåêòèâíîñòü ðàçðàáîòàííîãî êëàññè-
ôèêàòîðà ñ òî÷êè çðåíèÿ åãî òî÷íîñòè. Ñ äðóãîé ñòî-
ðîíû, áîëüøîå êîëè÷åñòâî äàííûõ îáó÷åíèÿ Nîáó÷

òðóäîçàòðàòíî ïðè ñáîðå äàííûõ (ýêñïåðòàì ïðè-
äåòñÿ îöåíèâàòü ñëèøêîì ìíîãî ñöåíàðèåâ). Ñëåäî-
âàòåëüíî, íåîáõîäèìî íàéòè êàêîé-òî êîìïðîìèññ
ïðè îïðåäåëåíèè êîëè÷åñòâà äàííûõ îáó÷åíèÿ Nîáó÷.

Ïîñòðîåíèå êëàññèôèêàòîðà

Ñòðóêòóðíàÿ ñõåìà ïîñòðîåíèÿ ÍÁÊ ïðåäñòàâ-
ëåíà íà ðèñ. 4. Íà ýòàïå ïîäãîòîâêè ðàçìåð âûáîðêè
äàííûõ îáó÷åíèÿ è ñõåìû èõ ñáîðà îïðåäåëÿþòñÿ
ñ èñïîëüçîâàíèåì ìåòîäîâ, îïèñàííûõ âûøå. Çàòåì
äàííûå îáó÷åíèÿ (õ(q), D(q)), q = 1, 2, …, Nîáó÷ îáðà-
áàòûâàþòñÿ ýêñïåðòàìè ïî ïðàâèëàì êîäèðîâàíèÿ
(ñì. òàáë. 2). Íà ýòàïå îáó÷åíèÿ êëàññèôèêàòîð ñòðî-
èòñÿ ïóòåì îöåíêè P(D) è P(xi|D) èç äàííûõ îáó÷å-
íèÿ ñ èñïîëüçîâàíèåì ñîîòâåòñòâåííî âûðàæåíèé (7)
è (8). Íà ýòàïå îöåíêè ïîñòðîåííûé ÍÁÊ ïðèìåíÿ-
åòñÿ äëÿ çàìåíû ðîëè ýêñïåðòîâ è îïðåäåëåíèÿ äî-
ñòîâåðíîñòè ðåçóëüòàòîâ íîâîãî êîëè÷åñòâåííîãî
àíàëèçà ðèñêà. Ïðè ðàññìîòðåíèè ñòðóêòóðû îöåí-
êè íàäåæíîñòè è äîñòîâåðíîñòè àíàëèçà ðèñêà çíà-
÷åíèÿ ïðèçíàêîâ îïðåäåëÿþòñÿ ñíà÷àëà íà îñíîâå
ïðàâèë êîäèðîâàíèÿ, ïðèâåäåííûõ â òàáë. 2. Â êî-

íå÷íîì ñ÷åòå äîñòîâåðíîñòü è íàäåæíîñòü ðåçóëüòà-
òîâ àíàëèçà ðèñêà óñòàíàâëèâàþòñÿ íà îñíîâå ïî-
ñòðîåííîãî êëàññèôèêàòîðà ñîãëàñíî âûðàæåíèþ (4).

Ïðîâåðêà êëàññèôèêàòîðà

Íà ïðàêòèêå ðàçìåð âûáîðêè äàííûõ îáó÷åíèÿ,
äîñòóïíûõ äëÿ ïîñòðîåíèÿ ÍÁÊ, ìîæåò îêàçàòüñÿ
íåçíà÷èòåëüíûì, ÷òî ïðèâåäåò ê ñíèæåíèþ òî÷íî-
ñòè êëàññèôèêàòîðà. Åñëè ÍÁÊ íåäîñòàòî÷íî òî÷åí,
òî, ïî âñåé âåðîÿòíîñòè, îí íå ñìîæåò êîððåêòíî
“èìèòèðîâàòü” ïîâåäåíèå ýêñïåðòà ïðè îöåíêå äî-
ñòîâåðíîñòè. Ïîýòîìó íàì íåîáõîäèìî ðàññìîòðåòü
âîïðîñ î ïðîâåðêå ðàçðàáîòàííîãî ÍÁÊ, ò. å. óáå-
äèòüñÿ â òîì, ÷òî êëàññèôèêàòîð ìîæåò àäåêâàòíî
îòðàæàòü ìíåíèå ýêñïåðòîâ.

Ðèñ. 4. Ñõåìà ïîñòðîåíèÿ ÍÁÊ äëÿ îöåíêè äîñòîâåðíîñòè
êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 4. Scheme of NBC construction for assessing the reliability
of quantitative risk analysis
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Òåñòèðîâàíèå êëàññèôèêàòîðà ìîæíî ïðîâîäèòü
íà îñíîâå ïåðåêðåñòíîé ïðîâåðêè (êðîññ-âàëèäàöèÿ,
cross-validation) ìåòîäà îöåíêè êà÷åñòâà êëàññè-
ôèêàòîðà è åãî ïîâåäåíèÿ íà íåçàâèñèìûõ äàííûõ
[28–30]. Ïðè îöåíêå êëàññèôèêàòîðà èìåþùèåñÿ â
íàëè÷èè äàííûå ðàçáèâàþòñÿ íà k ÷àñòåé. Çàòåì íà
(k – 1) ÷àñòÿõ äàííûõ ïðîèçâîäèòñÿ îáó÷åíèå êëàñ-
ñèôèêàòîðà, à îñòàâøàÿñÿ ÷àñòü äàííûõ ó÷àñòâóåò â
òåñòèðîâàíèè. Ïðîöåäóðà ïîâòîðÿåòñÿ k ðàç; â èòîãå
êàæäàÿ èç k ÷àñòåé äàííûõ èñïîëüçóåòñÿ äëÿ òåñòè-
ðîâàíèÿ. Â ðåçóëüòàòå ïîëó÷àåòñÿ îöåíêà êà÷åñòâà
ðàçðàáîòàííîãî êëàññèôèêàòîðà ñ íàèáîëåå ðàâíî-
ìåðíûì èñïîëüçîâàíèåì èìåþùèõñÿ äàííûõ.

×àñòíûì ñëó÷àåì ÿâëÿåòñÿ “ñêîëüçÿùèé êîíò-
ðîëü”, èëè ïåðåêðåñòíàÿ ïðîâåðêà, ñ ïîñëåäîâàòåëü-
íûì èñêëþ÷åíèåì îäíîãî ýêçåìïëÿðà äàííûõ (leave-

oneout CV, LOOCV), ò. å. k = n. Ïðè ýòîì ñòðîèòñÿ n

ìîäåëåé ïî (n – 1) âûáîðî÷íûì çíà÷åíèÿì, à èñêëþ-
÷åííûé ýêçåìïëÿð äàííûõ êàæäûé ðàç èñïîëüçóåò-
ñÿ äëÿ ðàñ÷åòà îøèáêè ïðè êëàññèôèêàöèè. Â [31, 32]
òåîðåòè÷åñêè îáîñíîâàíî ïðèìåíåíèå “ñêîëüçÿùå-
ãî êîíòðîëÿ” è ïîêàçàíî, ÷òî åñëè èñõîäíûå âûáîð-
êè íåçàâèñèìû, òî ñðåäíÿÿ îøèáêà ïåðåêðåñòíîé
ïðîâåðêè äàåò íåñìåùåííóþ îöåíêó îøèáêè êëàñ-
ñèôèêàöèè.

Òî÷íîñòü ðåçóëüòàòîâ êëàññèôèêàöèè èçìåðÿåò-
ñÿ âåðîÿòíîñòüþ (PD) òîãî, ÷òî êëàññèôèêàòîð ïðà-
âèëüíî îïðåäåëèë äîñòîâåðíîñòü è íàäåæíîñòü ðå-
çóëüòàòîâ àíàëèçà ðèñêà. “Ñêîëüçÿùèé êîíòðîëü”
èñïîëüçóåòñÿ â ðàáîòå äëÿ îöåíêè PD, ãäå îäèí ýê-
çåìïëÿð äàííûõ îáó÷åíèÿ îñòàåòñÿ äëÿ ïðîâåðêè
êëàññèôèêàòîðà, à îñòàëüíûå èñïîëüçóþòñÿ äëÿ îáó-
÷åíèÿ. Àëãîðèòì ðåàëèçàöèè äàííîãî ìåòîäà èçî-
áðàæåí íà ðèñ. 5, ãäå (x(q), D(q)), q = 1, 2, …, Nîáó÷ ÿâ-
ëÿþòñÿ äàííûìè îáó÷åíèÿ, fÍÁÊ, i — êëàññèôèêà-
òîð, ïîëó÷åííûé ïîñëå óäàëåíèÿ äàííûõ îáó÷åíèÿ
(x(i), D(i)), PD — îöåíêà òî÷íîñòè êëàññèôèêàöèè.

Çàêëþ÷åíèå

1. Íåñìîòðÿ íà ñóùåñòâóþùèé àðñåíàë ðàçëè÷-
íûõ ìåòîäîâ êîëè÷åñòâåííîãî àíàëèçà ðèñêîâ êàê â
ðîññèéñêîé, òàê è â ìåæäóíàðîäíîé ïðàêòèêå, çà÷à-
ñòóþ îñòàåòñÿ îòêðûòûì âîïðîñ îöåíêè äîñòîâåð-
íîñòè, à òàêæå âîçìîæíîñòè äîâåðèÿ ñî ñòîðîíû
ëèö, ïðèíèìàþùèõ óïðàâëåí÷åñêèå ðåøåíèÿ, ïî-
ëó÷åííûì ðåçóëüòàòàì.

2. Ïðåäëàãàåòñÿ ïîäõîä ê îöåíêå íàäåæíîñòè è
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà
îáúåêòàõ íåôòåãàçîâîé îòðàñëè, îñíîâàííûé íà ñè-
ñòåìå êëàññèôèêàöèè, à èìåííî íà ïðèìåíåíèè íà-
èâíîãî áàéåñîâñêîãî êëàññèôèêàòîðà, êîòîðûé ïî-
çâîëÿåò ñàìîñòîÿòåëüíî äàâàòü ýêñïåðòíóþ îöåíêó
äîñòîâåðíîñòè è íàäåæíîñòè ðåçóëüòàòîâ àíàëèçà
ðèñêà, çàìåíÿÿ ïðè ýòîì ñàìîãî ýêñïåðòà.

3. Ê äîñòîèíñòâàì ïðèìåíåíèÿ ÍÁÊ äëÿ îöåíêè
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà
ìîæíî îòíåñòè òî, ÷òî êëàññèôèêàöèÿ âûïîëíÿåòñÿ
äîñòàòî÷íî ëåãêî è áûñòðî, ïðåâîñõîäèò ìíîãèå
äðóãèå àëãîðèòìû è ïðè ýòîì òðåáóåò ìåíüøåãî
îáúåìà îáó÷àþùèõ äàííûõ. ÍÁÊ î÷åíü õîðîøî ðà-
áîòàåò ñ êàòåãîðèéíûìè ïðèçíàêàìè, ÷òî êàê ðàç è
íàøëî ñâîå îòðàæåíèå â íàñòîÿùåé ðàáîòå.

4. Îñíîâíûì îãðàíè÷åíèåì ïðèìåíåíèÿ ÍÁÊ
ÿâëÿåòñÿ ïðåäïîëîæåíèå î òîì, ÷òî âñå êðèòåðèè
ïðè êëàññèôèêàöèè íåçàâèñèìû äðóã îò äðóãà. Íà
ïðàêòèêå, îäíàêî, ìåæäó êðèòåðèÿìè ìîãóò ñóùå-
ñòâîâàòü ðàçëè÷íûå çàâèñèìîñòè. Ó÷åò äàííûõ çà-
âèñèìîñòåé áóäåò ðàññìîòðåí â ñëåäóþùèõ èññëå-
äîâàíèÿõ. Êðîìå òîãî, îöåíêè êðèòåðèåâ x1, x2, …,
x5 ñâÿçàíû ñî ìíîæåñòâîì ñóáúåêòèâíûõ ñóæäåíèé,

Ðèñ. 5. Àëãîðèòì ïåðåêðåñòíîé ïðîâåðêè êëàññèôèêàòîðà
Fig. 5. Algorithm for cross checking the classifier
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à çíà÷èò ñóùåñòâóþò íåîïðåäåëåííîñòè ïðè èõ
îöåíêå. Ó÷åò äàííûõ íåîïðåäåëåííîñòåé òàêæå áó-
äåò ðàññìîòðåí â áóäóùèõ èññëåäîâàíèÿõ.
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ABSTRACT

Despite the existing arsenal of various methods of quantitative risk analysis both in Russian and
international practice, problems arise related to the assessment of the reliability of the results obtained
during their practical application, including at oil and gas facilities. The question remains to what
extent the decision-maker can trust the results. The article considers the problem of assessing the
reliability of quantitative risk analysis at oil and gas facilities. Existing methods for estimating relia-
bility are investigated. It is proposed to use an approach based on ensuring the quality of the process of
risk analysis itself. To increase the objectivity in assessing the reliability of the results of a risk
analysis, a formal quantitative method was proposed. The article introduces 5 criteria that ensure the
quality of the process of risk analysis at oil and gas facilities. Asystem of rules for coding the values of
each of the basic criteria into three discrete qualitative levels was developed. The solution of the task
was accomplished by constructing a classifier in which the reliability index of a quantitative risk
analysis of oil and gas industry objects is a function of the values of the basic criteria. The reliability of
the risk analysis was evaluated on the basis of a naive Bayesian classifier that takes into account
the values of the five basic criteria in the evaluation framework. The results of the classifier work are
based on a variety of training data that were previously evaluated by experts. The article suggests an
approach to the assessment of the quality of the classifier itself, based on a cross-checking with
successive exclusion of one copy of the training data. The merits of using the naive Bayesian classifier
for assessing the reliability of quantitative risk analysis in oil and gas industry objects include the fact
that the classification is carried out quite easily and quickly, surpasses many other algorithms, and re-
quires a smaller amount of training data. A naive Bayesian classifier works very well with categorical
features, which is exactly what is reflected in this article.

Keywords: quantitative risk analysis; reliability; trustworthiness; naive Bayesian classifier; training
data; risk.
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