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ÏÐÈ ÐÀÁÎÒÀÕ ÍÀ ÏÎÆÀÐÀÕ Â ÍÅÏÐÈÃÎÄÍÎÉ
ÄËß ÄÛÕÀÍÈß ÑÐÅÄÅ

Ðàçðàáîòàíà âåðîÿòíîñòíàÿ ìîäåëü óïðàâëåíèÿ áåçîïàñíîñòüþ ó÷àñòíèêîâ òóøåíèÿ ïîæàðà
ïðè ðàáîòàõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå ñ ó÷åòîì óñëîâèé è îãðàíè÷åíèé âðåìåííûõ ðå-
ñóðñîâ. Ïðîâåäåíà äåòåðìèíèðîâàííàÿ ïîñòàíîâêà çàäà÷è óïðàâëåíèÿ áåçîïàñíîñòüþ ó÷àñòíè-
êîâ òóøåíèÿ ïîæàðà; ïðåäëîæåíà åå âåðîÿòíîñòíàÿ èíòåðïðåòàöèÿ â òåðìèíàõ îáùåé òåîðèè
óïðàâëåíèÿ ðèñêîì. Ïîêàçàíî, ÷òî âðåìÿ âûïîëíåíèÿ ðàáîò â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå
è âðåìÿ çàùèòíîãî äåéñòâèÿ äûõàòåëüíûõ àïïàðàòîâ ìîãóò áûòü ïðåäñòàâëåíû íåïðåðûâíûìè
ñëó÷àéíûìè âåëè÷èíàìè. Ðàññìîòðåí êîìïëåêñ äåñòðóêòèâíûõ ñîáûòèé, ñâÿçàííûõ ñ íåäîñòàò-
êîì âðåìåíè çàùèòíîãî äåéñòâèÿ äûõàòåëüíîãî àïïàðàòà äëÿ óñïåøíîãî è áåçîïàñíîãî âåäåíèÿ
ðàáîò â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå. Íà îñíîâå ìåòîäîëîãèè àíàëèçà íåïðåðûâíûõ ñëó÷àé-
íûõ âåëè÷èí ðàçðàáîòàí ìåòîä îöåíêè ðèñêà ðåàëèçàöèè ðàññìàòðèâàåìûõ äåñòðóêòèâíûõ ñî-
áûòèé. Ïðåäëîæåíû äåòåðìèíèðîâàííûå è âåðîÿòíîñòíûå ôîðìû êðèòåðèåâ áåçîïàñíîñòè ðà-
áîò, ïðîâîäèìûõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå, à òàêæå ðàçðàáîòàíû ìåòîäû ðàñ÷åòà èõ
êîëè÷åñòâåííûõ çíà÷åíèé. Ñôîðìèðîâàíà êîíöåïöèÿ óïðàâëåíèÿ áåçîïàñíîñòüþ, âêëþ÷àþùàÿ
â ñåáÿ êîìïëåêñ îðãàíèçàöèîííûõ è òåõíè÷åñêèõ ìåðîïðèÿòèé, íàïðàâëåííûõ íà ñíèæåíèå
çíà÷åíèé ðèñêà âîçíèêíîâåíèÿ äåñòðóêòèâíûõ ñîáûòèé äî ìèíèìàëüíîãî èëè ïðèåìëåìîãî
óðîâíÿ â çàâèñèìîñòè îò ïîñòàâëåííîé çàäà÷è óïðàâëåíèÿ. Ïîêàçàíî, ÷òî ðàçðàáîòàííàÿ ìîäåëü
ìîæåò áûòü èñïîëüçîâàíà äëÿ öèôðîâîé îáðàáîòêè äàííûõ, ïîëó÷åííûõ îò òåëåìåòðè÷åñêèõ
ñèñòåì ìîíèòîðèíãà ïîêàçàòåëåé áåçîïàñíîñòè ó÷àñòíèêîâ òóøåíèÿ ïîæàðà.
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ñòðóêòèâíûå ñîáûòèÿ; àíàëèç ðèñêîâ; âåðîÿòíîñòíàÿ ìîäåëü.
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Ââåäåíèå

Óïðàâëåíèå áåçîïàñíîñòüþ ïðè ðàáîòàõ íà ïîæà-

ðàõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå ÿâëÿåòñÿ íå-

îòúåìëåìîé ÷àñòüþ îáùåé êîíöåïöèè óïðàâëåíèÿ

ñèëàìè è ñðåäñòâàìè ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé [1–3]. Íà ïðàêòèêå ïðè âåäåíèè ðàáîò â

íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå ó÷àñòíèêè òóøå-

íèÿ ïîæàðà îãðàíè÷åíû ïî âðåìåíè èõ âûïîëíåíèÿ.

Äàííîå îãðàíè÷åíèå îïðåäåëÿåòñÿ âðåìåíåì çàùèò-

íîãî äåéñòâèÿ ñðåäñòâ èíäèâèäóàëüíîé çàùèòû îð-

ãàíîâ äûõàíèÿ è çðåíèÿ, à êðèòåðèåì óïðàâëåíèÿ

áåçîïàñíîñòüþ â äàííîì ñëó÷àå ÿâëÿåòñÿ êîëè÷å-

ñòâåííàÿ îöåíêà äîïóñòèìîãî âðåìåíè âûïîëíåíèÿ

ðàáîò â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå. Â íàñòî-

ÿùåå âðåìÿ ïðè óïðàâëåíèè áåçîïàñíîñòüþ èñïîëü-

çóþòñÿ äåòåðìèíèðîâàííûå ïðîöåäóðû àíàëèçà êî-

ëè÷åñòâåííûõ êðèòåðèåâ [4, 5]. Îäíàêî â ñîâðåìåí-

íûõ óñëîâèÿõ ìåòîäîëîãè÷åñêàÿ îñíîâà óïðàâëåíèÿ

áåçîïàñíîñòüþ íóæäàåòñÿ â ñîâåðøåíñòâîâàíèè ïî

ïðè÷èíå âíåäðåíèÿ â ïðàêòèêó áîðüáû ñ ïîæàðàìè

ñîâðåìåííûõ òåëåìåòðè÷åñêèõ ñèñòåì ìîíèòîðèí-

ãà ïîêàçàòåëåé áåçîïàñíîñòè ó÷àñòíèêîâ òóøåíèÿ

ïîæàðà. Ìåòðîëîãè÷åñêàÿ ñòðóêòóðà äàííûõ, ïîëó-

÷àåìûõ îò òåëåìåòðè÷åñêèõ ñèñòåì, èìååò âåðîÿò-

íîñòíóþ ïðèðîäó, è ïðèìåíåíèå äåòåðìèíèðîâàí-

íûõ ìåòîäîâ ïðè öèôðîâîé îáðàáîòêå äàííûõ íå

âî âñåõ ñëó÷àÿõ îáåñïå÷èâàåò àäåêâàòíûé ðåçóëüòàò

ïðè óïðàâëåíèè.

Àëüòåðíàòèâîé äåòåðìèíèðîâàííûì ìåòîäàì àíà-

ëèçà êðèòåðèåâ áåçîïàñíîñòè ÿâëÿåòñÿ âåðîÿòíîñò-

íûé ïîäõîä, îñíîâàííûé íà òåîðåòè÷åñêèõ àñïåêòàõ

êîíöåïöèè óïðàâëåíèÿ ðèñêîì. Òàê, â ïðàêòèêå ðå-

øåíèÿ çàäà÷ áåçîïàñíîñòè òåîðèÿ óïðàâëåíèÿ ðèñêîì

ïîëó÷èëà øèðîêîå ðàçâèòèå ïðè àíàëèçå ðàçëè÷íûõ

ïî ñòðóêòóðå äåñòðóêòèâíûõ ñîáûòèé [6]. Â ðàìêàõ

äàííîé òåîðèè ïîä òåðìèíîì óïðàâëåíèå ðèñêîì ïî-
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íèìàåòñÿ êîìïëåêñ îðãàíèçàöèîííûõ è òåõíè÷åñêèõ

ìåðîïðèÿòèé, íàïðàâëåííûõ íà ñíèæåíèå çíà÷åíèé

ñîîòâåòñòâóþùèõ âåðîÿòíîñòåé âîçíèêíîâåíèÿ äå-

ñòðóêòèâíûõ ñîáûòèé äî ìèíèìàëüíîãî èëè ïðèåì-

ëåìîãî óðîâíÿ â çàâèñèìîñòè îò ïîñòàâëåííîé çàäà-

÷è óïðàâëåíèÿ [6].

Òàêèì îáðàçîì, öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿ-

åòñÿ ðàçðàáîòêà ìîäåëè óïðàâëåíèÿ áåçîïàñíîñòüþ

ïðè ðàáîòàõ íà ïîæàðàõ â íåïðèãîäíîé äëÿ äûõàíèÿ

ñðåäå íà îñíîâå îáùåé òåîðèè óïðàâëåíèÿ ðèñêàìè.

Ïðè ðàçðàáîòêå ìîäåëè íåîáõîäèìî ïðîâåñòè ôîð-

ìàëüíóþ ïîñòàíîâêó çàäà÷è óïðàâëåíèÿ áåçîïàñíî-

ñòüþ â òåðìèíàõ òåîðèè óïðàâëåíèÿ ðèñêîì è ïðåä-

ëîæèòü ìåòîä ðàñ÷åòà âåëè÷èíû ðèñêà ðåàëèçàöèè

äåñòðóêòèâíûõ ñîáûòèé, ñâÿçàííûõ ñ íåõâàòêîé îáú-

åìà äûõàòåëüíîé ñìåñè äëÿ óñïåøíîãî âûïîëíåíèÿ

ðàáîò â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå.

Äåòåðìèíèðîâàííàÿ ìîäåëü
óïðàâëåíèÿ áåçîïàñíîñòüþ

Ðàññìîòðèì êîìïëåêñ äåñòðóêòèâíûõ ñîáûòèé,

ñâÿçàííûõ ñ íåäîñòàòêîì îáúåìà äûõàòåëüíîé ñìåñè

äëÿ âûïîëíåíèÿ êîìïëåêñà ðàáîò â íåïðèãîäíîé äëÿ

äûõàíèÿ ñðåäå. Ïðè ðàáîòàõ â ýòèõ óñëîâèÿõ ïîä

äåñòðóêòèâíûìè áóäåì ïîíèìàòü ñîáûòèÿ, ðåàëèçà-

öèÿ êîòîðûõ íà ïðàêòèêå ìîæåò ÿâëÿòüñÿ ïðåïÿò-

ñòâèåì äëÿ óñïåøíîãî âûïîëíåíèÿ ïîñòàâëåííûõ

ïåðåä ó÷àñòíèêàìè òóøåíèÿ ïîæàðà çàäà÷, à â èñ-

êëþ÷èòåëüíûõ ñëó÷àÿõ ïðèâîäèòü ê èõ òðàâìèðîâà-

íèþ è�èëè ãèáåëè.

Èòàê, ðàññìîòðèì êîìïëåêñ R, ïðåäñòàâëÿþùèé

ñîáîé ñîâîêóïíîñòü ðàáîò Ri, äëÿ ðåàëèçàöèè êîòî-

ðîãî ïîòðåáóåòñÿ ðåñóðñ âðåìåíè T (ìèí), ðàññ÷è-

òûâàåìûé ïî ôîðìóëå

Ò T Ò i

i

n

� �
�
�0

1

, (1)

ãäå Ò0 — ðåñóðñ âðåìåíè, íåîáõîäèìûé äëÿ ïðîâå-

äåíèÿ íåïðåäâèäåííûõ ðàáîò R0, ìèí;

Ti — ðåñóðñ âðåìåíè, íåîáõîäèìûé äëÿ âûïîë-

íåíèÿ i-é ðàáîòû, ìèí.

Òîãäà îáúåì äûõàòåëüíîé ñìåñè, íåîáõîäèìûé

äëÿ óñïåøíîãî âûïîëíåíèÿ êîìïëåêñà ðàáîò R, áó-

äåò îïðåäåëÿòüñÿ ïî ôîðìóëå

V V Vi

i

n

� �
�
�0

1

, (2)

ãäå V0 — îáúåì äûõàòåëüíîé ñìåñè, íåîáõîäèìûé

äëÿ âûïîëíåíèÿ íåïðåäâèäåííûõ ðàáîò R0, ë;

Vi — îáúåì äûõàòåëüíîé ñìåñè, íåîáõîäèìûé

äëÿ óñïåøíîé ðåàëèçàöèè i-é ðàáîòû Ri, ë.

Â ñâîþ î÷åðåäü, îáúåì äûõàòåëüíîé ñìåñè îáåñ-

ïå÷èâàåò ôàêòè÷åñêîå âðåìÿ çàùèòû Òç (ìèí), êî-

òîðîå äëÿ êîìïëåêñà ðàáîò R îïðåäåëÿåòñÿ ñëåäó-

þùèì îáðàçîì:

Ò T Ò i

i

n

ç ç ç� �
�
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1

, (3)

ãäå Òç0 — ðåñóðñ âðåìåíè çàùèòû ïðè îáúåìå äûõà-

òåëüíîé ñìåñè V0, ìèí;

Tçi — ðåñóðñ âðåìåíè çàùèòû ïðè îáúåìå äûõà-

òåëüíîé ñìåñè Vi, ìèí.

Òîãäà â äåòåðìèíèðîâàííîé ïîñòàíîâêå çàäà÷è

óïðàâëåíèÿ áåçîïàñíîñòüþ êîëè÷åñòâåííûå êðèòå-

ðèè óñïåøíîãî âûïîëíåíèÿ êîìïëåêñà ðàáîò R áó-

äóò îïðåäåëÿòüñÿ ñëåäóþùèìè ñîîòíîøåíèÿìè:
� äëÿ êàæäîé ðàáîòû Ri — ëîêàëüíûé êðèòåðèé

áåçîïàñíîñòè:

Tçi > Ti; (4)

� äëÿ êîìïëåêñà ðàáîò R — èíòåãðàëüíûé êðèòå-

ðèé áåçîïàñíîñòè:

Tç > T. (5)

Âûïîëíåíèå íåðàâåíñòâ (4) è (5) ÿâëÿåòñÿ ñîâî-

êóïíûì óñëîâèåì áåçîïàñíîñòè ïðè âåäåíèè ðàáîò

â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå.

Âåðîÿòíîñòíàÿ ìîäåëü
óïðàâëåíèÿ áåçîïàñíîñòüþ

Ðàññìîòðèì çàäà÷ó óïðàâëåíèÿ áåçîïàñíîñòüþ â

âåðîÿòíîñòíîé ïîñòàíîâêå. Âîñïîëüçóåìñÿ àíàëî-

ãèåé ñ ðàáîòîé [7] è ïðåäïîëîæèì, ÷òî ïðàêòè÷å-

ñêàÿ ðåàëèçàöèÿ êîíöåïöèè óïðàâëåíèÿ ðèñêàìè â

÷àñòè îöåíêè äîñòàòî÷íîñòè îáúåìà äûõàòåëüíîé

ñìåñè áóäåò ïðåäóñìàòðèâàòü îöåíêó âåðîÿòíîñòè

ðåàëèçàöèè äåñòðóêòèâíûõ ñîáûòèé Qi äëÿ êàæäîé

ñîñòàâëÿþùåé êîìïëåêñà ðàáîò Ri è îöåíêó âåðîÿò-

íîñòè Q äëÿ êîìïëåêñà ðàáîò â öåëîì R. Òîãäà ñ âåðî-

ÿòíîñòíîé òî÷êè çðåíèÿ ðåñóðñ âðåìåíè áóäåò ïðåä-

ñòàâëÿòü ñîáîé èíòåðâàë çíà÷åíèé:
� äëÿ âûïîëíåíèÿ ðàáîò Ri:

T T Ti i i
min max ;$ $ (6)

� äëÿ çàùèòû ïðè îáúåìå äûõàòåëüíîé ñìåñè Vi:

T T Ti i iç ç ç
min max .$ $ (7)

Òàêèì îáðàçîì, äëÿ òîãî ÷òîáû ñðàâíèòü ïî ñî-

îòíîøåíèÿì (4) è (5) èíòåðâàëû çíà÷åíèé (6) è (7)

â ñîîòâåòñòâèè ñ âåðîÿòíîñòíûì ïîäõîäîì, íåîá-

õîäèìî îïðåäåëèòü çàêîí ðàñïðåäåëåíèÿ ñðàâíèâà-

åìûõ ñëó÷àéíûõ âåëè÷èí.

Îñíîâíûå ðåçóëüòàòû èññëåäîâàíèé [8–12] ïî-

çâîëÿþò ïðåäïîëîæèòü, ÷òî âðåìåííîé ðåñóðñ ðàáîò

â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå è âðåìÿ çàùèòû

ÿâëÿþòñÿ íåïðåðûâíûìè ñëó÷àéíûìè âåëè÷èíàìè,

ïîä÷èíÿþùèìèñÿ íîðìàëüíîìó çàêîíó ðàñïðåäåëå-

íèÿ ñ ïëîòíîñòüþ:

f T
D

T T

D
( ) exp
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�
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�
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2 2
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(8)
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ãäå D — äèñïåðñèÿ ñëó÷àéíîé âåëè÷èíû, ìèí2;

T — ìàòåìàòè÷åñêîå îæèäàíèå ñëó÷àéíîé âåëè-

÷èíû, ìèí.

Ñëåäîâàòåëüíî, ïðè àíàëèçå èíòåðâàëüíûõ çíà-

÷åíèé (6) è (7) ìîæíî ïåðåéòè ê àíàëèçó èõ âåðî-

ÿòíîñòíûõ îöåíîê T Di i, è T Di iç ç, .

Ôîðìàëüíàÿ ïîñòàíîâêà çàäà÷è

Ïðè âûïîëíåíèè ðàáîòû Ri çà èíòåðâàë âðåìåíè,

õàðàêòåðèçóåìûé ïàðàìåòðàìè T Di i, è çàïàñîì

äûõàòåëüíîé ñìåñè Vi, êîòîðûé îáåñïå÷èâàåò èíòåð-

âàë âðåìåíè çàùèòíîãî äåéñòâèÿ, õàðàêòåðèçóåìûé

ïàðàìåòðàìè T Di iç ç, , íåîáõîäèìî îïðåäåëèòü ðèñê

Qi ðåàëèçàöèè ñîáûòèÿ S, ñîñòîÿùåãî â òîì, ÷òî îáú-

åìà äûõàòåëüíîé ñìåñè Vi áóäåò íåäîñòàòî÷íî äëÿ

âûïîëíåíèÿ ðàáîòû Ri.

Â êëàññè÷åñêîé òåîðèè âåðîÿòíîñòåé ðåøåíèå

äàííîé çàäà÷è ïðåäóñìàòðèâàåò âû÷èñëåíèå îáîá-

ùåííîãî ïîêàçàòåëÿ Zi äâóõ ñëó÷àéíûõ âåëè÷èí ñ

ïàðàìåòðàìè T Di i, è T Di iç ç, ïî ôîðìóëå

Z
T Ò

D D
i

i i

i i

�
�

�

ç

ç

. (9)

Äàëåå, èñïîëüçóÿ ôóíêöèþ ðàñïðåäåëåíèÿ íîð-

ìàëüíîé ñëó÷àéíîé âåëè÷èíû, îïðåäåëÿþò èñêîìóþ

âåðîÿòíîñòü:

Q S
Z

i
i( ) .� �

�

�
��

�

�
		




�
�




�
�

1

2
1

2
erf (10)

Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ ðåøåíèÿ ïîñòàâ-

ëåííîé çàäà÷è ïðåäñòàâëåíà íà ðèñóíêå äëÿ ñëó÷àÿ,

êîãäà T Di i� �5 0 25 2ìèí ìèí, , ; T iç ìèí� 6 ,

D iç ìèí� 016 2, è Zi = 1,56 � Qi (S) = 0,06.

Ïðè àíàëèçå äàííûõ, ïðåäñòàâëåííûõ íà ðèñóí-

êå, î÷åâèäíî, ÷òî äëÿ ôèãóðû ABC óñëîâèå ëîêàëü-

íîãî êðèòåðèÿ áåçîïàñíîñòè (4) íå âûïîëíÿåòñÿ, òàê

êàê Tçi > Ti. Òàêèì îáðàçîì, âåðîÿòíîñòü Qi(S) áóäåò

õàðàêòåðèçîâàòüñÿ ïëîùàäüþ ôèãóðû ABC .

Ìîäåëü óïðàâëåíèÿ áåçîïàñíîñòüþ

Ñ òî÷êè çðåíèÿ òåîðèè óïðàâëåíèÿ ðèñêàìè

óïðàâëåíèå áåçîïàñíîñòüþ ñâîäèòñÿ ê ìàêñèìèçà-

öèè âåðîÿòíîñòè áåçîïàñíîãî âûïîëíåíèÿ ðàáîò â íå-

ïðèãîäíîé äëÿ äûõàíèÿ ñðåäå èëè, ÷òî ýêâèâàëåíò-

íî, ê ìèíèìèçàöèè ðèñêà íàñòóïëåíèÿ äåñòðóêòèâ-

íîãî ñîáûòèÿ S, ñâÿçàííîãî ñ íåäîñòàòêîì îáúåìà

äûõàòåëüíîé ñìåñè. Ìîäåëü ïîëó÷èëà øèðîêîå ðàç-

âèòèå êàê â îòå÷åñòâåííûõ [6, 7, 10] òàê è â çàðóáåæ-

íûõ [13–21] ðàáîòàõ.

Ñôîðìèðóåì ìîäåëü óïðàâëåíèÿ áåçîïàñíîñòüþ

â òåðìèíàõ òåîðèè óïðàâëåíèÿ ðèñêàìè, èñïîëüçóÿ

ïðè ýòîì ëîêàëüíûé è èíòåãðàëüíûé êðèòåðèè áåç-

îïàñíîñòè (4) è (5):
� èíòåãðàëüíûé ðèñê (èíòåãðàëüíûé êðèòåðèé áåç-

îïàñíîñòè):

Q S Q( ) ;*� (11)

� ëîêàëüíûé ðèñê (ëîêàëüíûé êðèòåðèé áåçîïàñ-

íîñòè):

Q S Qi i( ) ;*� (12)

� ñîîòíîøåíèå ìåæäó ëîêàëüíûì è èíòåãðàëüíûì

ðèñêàìè:

Q S Q Si

i

n

( ) ( ( )) ,� � �
�
�1 1

1

(13)

ãäå Q* — ïðèåìëåìûé óðîâåíü èíòåãðàëüíîãî ðèñêà;

Qi
* — ïðèåìëåìûé óðîâåíü ëîêàëüíîãî ðèñêà.

Îäíîâðåìåííûé àíàëèç ëîêàëüíîãî è èíòåãðàëü-

íîãî ðèñêîâ íåîáõîäèì äëÿ òîãî, ÷òîáû èñêëþ÷èòü

âîçìîæíîñòü êîìïåíñàöèè íåäîñòàòî÷íûõ ôàêòè-

÷åñêèõ çíà÷åíèé ëîêàëüíîãî ðèñêà ïðè ïðîâåäåíèè

i-é ðàáîòû (íåäîñòàòêà îáúåìà äûõàòåëüíîé ñìåñè

Vi äëÿ âûïîëíåíèÿ i-é ðàáîòû Ri) èçáûòî÷íûì çíà-

÷åíèåì ëîêàëüíîãî ðèñêà ïðè ïðîâåäåíèè j-é ðà-

áîòû (èçáûòêà îáúåìà äûõàòåëüíîé ñìåñè Vj äëÿ

âûïîëíåíèÿ j-é ðàáîòû Rj).

Ñ ìåòîäè÷åñêîé òî÷êè çðåíèÿ äëÿ óäîáñòâà àíà-

ëèòè÷åñêîãî ðàñ÷åòà óðîâíåé ðèñêà Q(S) äëÿ ñëó÷àÿ,

êîãäà Q � [0,05; 0,5], ìîæíî âîñïîëüçîâàòüñÿ ïðè-

áëèæåííîé àïïðîêñèìàöèåé:

Q S a bZi i
n( ) exp ( ) ,� � (14)

ãäå a, b, n — êîíñòàíòû ìîäåëè;

a b n� � �0 5 1 2 125, ; , ; , .

Òîãäà, äëÿ òîãî ÷òîáû óïðàâëÿòü áåçîïàñíîñòüþ

ïðè âûïîëíåíèè ðàáîòû Ri, íåîáõîäèìî ïðè ôèêñè-

Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ ðåøåíèÿ çàäà÷è èññëåäîâàíèÿ

Geometrical interpretation of the solution of the research problem
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ðîâàííûõ çíà÷åíèÿõ T Di i, âûáðàòü òàêîé îáúåì

äûõàòåëüíîé ñìåñè Vi ñ ïàðàìåòðàìè T Di iç ç, , ïðè

êîòîðîì çíà÷åíèå Zi, ðàññ÷èòàííîå ïî ôîðìóëå (9),

áóäåò íå ìåíåå çíà÷åíèÿ Zi
*, ñîîòâåòñòâóþùåãî ïðå-

äåëüíî äîïóñòèìîìó çíà÷åíèþ ðèñêà Qi
* :

Z
b

a

Q
i

i

n

*

*
ln .�

�

�
�
�

�

�
�
�

&

'
(

)

*
+

1
1

(15)

Â ñâîþ î÷åðåäü äëÿ êîìïëåêñà ðàáîò R èíòåã-

ðàëüíûé ðèñê áóäåò èìåòü çíà÷åíèå, îïðåäåëåííîå

ïî ôîðìóëå (13).

Çàêëþ÷åíèå

Ñîâðåìåííûå òðåáîâàíèÿ ê óïðàâëåíèþ ñèëàìè

è ñðåäñòâàìè íà ïîæàðå îïðåäåëÿþò íåîáõîäèìîñòü

ñîâåðøåíñòâîâàíèÿ ìåòîäîëîãè÷åñêîé ñîñòàâëÿ-

þùåé ñóùåñòâóþùèõ ïðîöåäóð àíàëèçà ïîêàçàòå-

ëåé áåçîïàñíîñòè ó÷àñòíèêîâ òóøåíèÿ ïîæàðà, ïðî-

âîäÿùèõ ðàáîòû â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå.

Ðàçðàáîòàííàÿ íà îñíîâå îáùåé òåîðèè óïðàâëåíèÿ

ðèñêàìè âåðîÿòíîñòíàÿ ìîäåëü óïðàâëåíèÿ áåçîïàñ-

íîñòüþ ïðè ðàáîòå â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå

ïîçâîëÿåò èñïîëüçîâàòü â êà÷åñòâå èñõîäíûõ äàííûõ

ðåçóëüòàòû ìîíèòîðèíãà ïîêàçàòåëåé áåçîïàñíîñòè,

ïîëó÷åííûå îò òåëåìåòðè÷åñêèõ ñèñòåì. Íåîáõî-

äèìî îòìåòèòü, ÷òî äëÿ ðåøåíèÿ èíæåíåðíûõ çàäà÷

óïðàâëåíèÿ áåçîïàñíîñòüþ ïðåäëîæåííóþ ìîäåëü

óïðàâëåíèÿ öåëåñîîáðàçíî ðåàëèçîâàòü â âèäå ïðî-

ãðàììû äëÿ ÝÂÌ. Â ñðàâíåíèè ñ äåòåðìèíèðîâàí-

íîé ìîäåëüþ óïðàâëåíèÿ äîñòîèíñòâî âåðîÿòíîñò-

íîé ìîäåëè ñîñòîèò â âîçìîæíîñòè âàðüèðîâàíèÿ

èíòåðâàëüíûìè çíà÷åíèÿìè ïîêàçàòåëåé áåçîïàñ-

íîñòè ïóòåì èçìåíåíèÿ âåëè÷èíû ëîêàëüíîãî è

èíòåãðàëüíîãî ðèñêîâ. Äîïîëíèòåëüíûì ïîëåçíûì

ñâîéñòâîì ìîäåëè ÿâëÿåòñÿ âîçìîæíîñòü ëèíåé-

íîãî ïîëîæèòåëüíîãî ïðåîáðàçîâàíèÿ èñõîäíûõ âå-

ðîÿòíîñòíûõ õàðàêòåðèñòèê, ÷òî ïîçâîëÿåò ïðè åå

ïðàêòè÷åñêîì ïðèìåíåíèè èñïîëüçîâàòü íå òîëüêî

ïëàíîâûå, íî è ôàêòè÷åñêèå çíà÷åíèÿ âõîäÿùèõ â

ìîäåëü ïîêàçàòåëåé.

***

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ôîíäà ñîäåé-

ñòâèÿ ðàçâèòèþ ìàëûõ ôîðì ïðåäïðèÿòèé â íàó÷íî-

òåõíè÷åñêîé ñôåðå (¹ 12589 ÃÓ�2017).
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ABSTRACT

Introduction. Modern telemetry safety indicators monitoring systems of fire fighting participants

and the metrological structure of data obtained from such systems determine the need to improve
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the methodological basis for fire fighters safety management, who work in unsuitable for breathing

environment. A research task has been set up. It consists of the development of a safety management

model for firefighting in unsuitable for breathing environment on the basis of a general theory of risk

management. A method for calculation of the risk magnitude of implementing destructive events

associated with a lack of volume of breathing mixture for the successful performance of work in

unsuitable for breathing environment was developed in order to cope with this task.

Formal task description and solution method. Officially, the task of the fire fighters safety

management for fire-fighting in unsuitable for breathing environment is reduced to determining

the risk of implementing an event that the volume of the breathing mixture is not enough to

successfully complete the work during the required time period. Quantitative criteria for the success-

ful completion of a set of operations in unsuitable for breathing environment were formed in a deter-

ministic and probabilistic formulations in order to solve this task. The concepts of integral and local

risk of the implementation of destructive events associated with the specifics of working in unsuitable

for breathing environment were introduced.

Conclusions. The developed probability model of safety management is based on the theoretical

background of risk management when working in unsuitable for breathing environment. The model

allows to use as initial data the results of safety indicators monitoring obtained from telemetric

systems. The advantage of the probability model is the possibility of varying interval values of safety

indicators by changing the magnitude of local and integral risks. An additional useful property of

the model is the possibility of a linear positive conversion of the initial probabilistic characteristics,

which allows using not only planned figures, but actual values of the parameters included in the model

in its practical application.

Keywords: fire; fire fighters safety management; safety criteria; destructive events; risk analysis;

probability model.
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