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äàííûõ ïî îïðåäåëåíèþ çíà÷åíèé òîêà óòå÷êè ïî ñòðóå îãíåòóøàùåãî âåùåñòâà ïðè èñïîëüçî-
âàíèè óñòàíîâîê ïîæàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè. Óñòàíîâëåíî, ÷òî
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ïåðèìåíòàëüíûì ïóòåì çíà÷åíèÿ òîêà óòå÷êè íå áóäóò ïðåâûøàòü ðàññ÷èòàííûõ ïî ìîäåëè çíà-
÷åíèé. Îïðåäåëåíû ðàáî÷èå ïàðàìåòðû äëÿ áåçîïàñíîãî èñïîëüçîâàíèÿ óñòàíîâîê ïðè òóøå-
íèè ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì.
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Ââåäåíèå

Îäíèì èç îñíîâíûõ êðèòåðèåâ ïðèìåíåíèÿ îãíå-

òóøàùèõ âåùåñòâ (ÎÒÂ) è ñðåäñòâ èõ ïîäà÷è íà îáú-

åêòàõ ýíåðãåòèêè ÿâëÿåòñÿ âîçìîæíîñòü òóøåíèÿ ïî-

æàðîâ íà ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì.

Àíàëèç ïîæàðîâ [1–5], ïðîèñøåäøèõ íà îáúåê-

òàõ ýíåðãåòèêè (ðèñ. 1), ïîçâîëèë óñòàíîâèòü, ÷òî

áîëüøèíñòâî èç íèõ ïðîèñõîäèò èç-çà êîðîòêèõ çà-

ìûêàíèé è ïåðåãðóçîê, ñâÿçàííûõ ñ ýêñïëóàòàöèåé

ðàçëè÷íîãî ýëåêòðîîáîðóäîâàíèÿ.

Äëÿ óñòàíîâëåíèÿ âîçìîæíîñòè òóøåíèÿ ïîæà-

ðîâ íà ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì íå-

îáõîäèìî çíàòü ïàðàìåòðû òóøåíèÿ, ïðè êîòîðûõ

äîñòèãàþòñÿ áåçîïàñíûå óñëîâèÿ äëÿ ó÷àñòíèêîâ

òóøåíèÿ ïîæàðà, à òåõíè÷åñêèå ñðåäñòâà òðàíñïîð-

òèðîâêè è ïîäà÷è îãíåòóøàùèõ âåùåñòâ ñîõðàíÿþò

ñâîþ ðàáîòîñïîñîáíîñòü.

Êàê ïîêàçàëè ïðîâåäåííûå ðàíåå èññëåäîâàíèÿ,

íà áåçîïàñíîñòü ïðèìåíåíèÿ îãíåòóøàùèõ âåùåñòâ

ìîæåò âëèÿòü áîëüøîå êîëè÷åñòâî ôàêòîðîâ, íà÷èíàÿ

îò ñîñòàâà è ñòðóêòóðû ÎÒÂ è çàêàí÷èâàÿ ñïîñîáà-

ìè èõ ïîäà÷è [7–11]. Òàê, äëÿ îïðåäåëåíèÿ óñëîâèé

áåçîïàñíîãî ïðèìåíåíèÿ âîäû ïðîâîäèëèñü ýêñïå-

ðèìåíòàëüíûå èññëåäîâàíèÿ, â ðåçóëüòàòå êîòîðûõ

áûëî óñòàíîâëåíî, ÷òî îäíèì èç ñïîñîáîâ áåçîïàñ-

íîãî ïðèìåíåíèÿ åå ïðè òóøåíèè ïîæàðîâ íà ýëåêò-

ðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì ÿâëÿåòñÿ ïîäà÷à

â ðàñïûëåííîì ñîñòîÿíèè ñ ðàññòîÿíèÿ íå ìåíåå 5 ì

[11, 12]. Ðåçóëüòàòû èññëåäîâàíèé íàøëè ñâîå îòðà-

æåíèå è â íîðìàòèâíîé ëèòåðàòóðå [13, 14], êîòîðàÿ

îáÿçàòåëüíà ê ïðèìåíåíèþ è ðåãëàìåíòèðóåò ïîðÿ-

äîê òóøåíèÿ.

Èññëåäîâàëàñü âîçìîæíîñòü òóøåíèÿ ýëåêòðî-

îáîðóäîâàíèÿ ðó÷íûìè ïîæàðíûìè ñòâîëàìè. Áûëî

óñòàíîâëåíî, ÷òî ïðè ïîäà÷å ÎÒÂ èç ñòâîëîâ ìàðêè

“Êóðñ-8” ñ ðàñõîäîì 8 ë/ñ ïðè íàïðÿæåíèè íà ìè-

øåíè 36 êÂ ñ ðàññòîÿíèÿ 3 ì âîçíèêàåò òîê óòå÷êè,

ðàâíûé 11,329 ìÀ. Ñëåäîâàòåëüíî, äëÿ áåçîïàñíîãî

ïðèìåíåíèÿ ñòâîëîâ ïðè çàäàííûõ ïàðàìåòðàõ íå-

îáõîäèìî îñóùåñòâëÿòü ïîäà÷ó îãíåòóøàùèõ âå-

ùåñòâ ñ ðàññòîÿíèÿ íå ìåíåå 11,5 ì [15]. Â õîäå èñ-

ñëåäîâàíèÿ óäàëîñü îïðåäåëèòü, ÷òî èñïîëüçîâàíèå

ïðè òóøåíèè ïîæàðîâ 3 %-íîãî ðàñòâîðà ïåíîîáðà-

çîâàòåëÿ ìàðêè ÏÎ-6À3F, ïîäàâàåìîãî èç ñòâîëîâ

“Êóðñ-8” è “Ïóðãà-2”, íåâîçìîæíî èñõîäÿ èç óñëî-

âèé áåçîïàñíîñòè, ÷òî òàêæå îòðàæåíî â ðàáîòå [14].

Îäíàêî ïîÿâëåíèå íîâûõ òåõíîëîãèé ïîæàðîòó-

øåíèÿ ïîçâîëèëî â êà÷åñòâå îãíåòóøàùåãî âåùåñò-

âà ïðè òóøåíèè ïîæàðîâ íà ýëåêòðîîáîðóäîâàíèè

ïîä íàïðÿæåíèåì ïðèìåíÿòü è ïåííûå ðàñòâîðû.
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Â íàñòîÿùåå âðåìÿ øèðîêîå ðàñïðîñòðàíåíèå

ïîëó÷èëà ãàçîíàïîëíåííàÿ ïåíà. Ïðîâåäåííûå èñ-

ñëåäîâàíèÿ ïîçâîëèëè óñòàíîâèòü âîçìîæíîñòü åå

áåçîïàñíîãî ïðèìåíåíèÿ ïðè òóøåíèè ïîæàðîâ íà

ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì è îïðåäå-

ëèòü ñîîòâåòñòâóþùèå ðàáî÷èå ïàðàìåòðû [16].

Ðåçóëüòàòû èññëåäîâàíèé ñâèäåòåëüñòâóþò î òîì,

÷òî äëÿ îïðåäåëåíèÿ ðàáî÷èõ ïàðàìåòðîâ ñðåäñòâ òó-

øåíèÿ, òðàíñïîðòèðóþùèõ è ïîäàþùèõ ðàçëè÷íûå

îãíåòóøàùèå ñîñòàâû, íåîáõîäèìà êîìïëåêñíàÿ îöåí-

êà, çàêëþ÷àþùàÿñÿ â ïðîâåäåíèè êàê òåîðåòè÷åñêèõ,

òàê è ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé. Â ñâÿçè ñ

ýòèì îñíîâíîé öåëüþ ðàáîòû ÿâëÿëîñü îïðåäåëåíèå

ðàáî÷èõ ïàðàìåòðîâ óñòàíîâîê ïîæàðîòóøåíèÿ ñ

âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè. Äëÿ äîñòè-

æåíèÿ ïîñòàâëåííîé öåëè íåîáõîäèìî áûëî ðåøèòü

ðÿä çàäà÷:
� ïðîâåñòè ýêñïåðèìåíòàëüíîå èññëåäîâàíèå äëÿ

ïîëó÷åíèÿ ìàññèâà äàííûõ ïî âåëè÷èíå òîêà

óòå÷êè ïðè ðàçëè÷íûõ ðàññòîÿíèÿõ è íàïðÿæå-

íèÿõ íà ýêñïåðèìåíòàëüíîì ñòåíäå;
� âûïîëíèòü ìàòåìàòè÷åñêóþ îáðàáîòêó ïîëó÷åí-

íîãî ìàññèâà äàííûõ â öåëÿõ îïðåäåëåíèÿ ðàáî-

÷èõ ïàðàìåòðîâ áåçîïàñíîãî ïðèìåíåíèÿ óñòà-

íîâîê ïîæàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèä-

ðîàáðàçèâíîé ðåçêè ïðè òóøåíèè ïîæàðîâ íà

ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì.

Îñíîâíàÿ ÷àñòü

Ðàíåå íàìè áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî

îïðåäåëåíèþ âåëè÷èíû òîêà óòå÷êè ïî ñòðóå îãíå-

òóøàùåãî âåùåñòâà ïðè òóøåíèè ïîæàðîâ íà ýëåêò-

ðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì ñ ïðèìåíåíèåì

ñèñòåìû ïîæàðîòóøåíèÿ, îáëàäàþùåé âîçìîæíî-

ñòÿìè ãèäðîàáðàçèâíîé ðåçêè. Èíòåðåñåí òîò ôàêò,

÷òî ðàññìàòðèâàëàñü íå òîëüêî ñòðóÿ ÎÒÂ â âèäå

âîäû, íî è ñòðóÿ ñìåñè âîäû ñ àáðàçèâîì [17].

Ðàññìàòðèâàåìûå ñèñòåìû ïîæàðîòóøåíèÿ îá-

ëàäàþò ôóíêöèÿìè êàê ïîâåðõíîñòíîãî, òàê è ëî-

êàëüíî-îáúåìíîãî òóøåíèÿ. Îñíîâíûì îãíåòóøà-

ùèì êîìïîíåíòîì ÿâëÿåòñÿ òîíêîðàñïûëåííàÿ âîäà

ñî ñðåäíèì äèàìåòðîì êàïåëü îêîëî 170 ìêì, ïî-

äàâàåìàÿ â çîíó ãîðåíèÿ ïîä äàâëåíèåì äî 30 ÌÏà.

Èìåÿ ìàëûå ðàçìåðû è âûñîêóþ íà÷àëüíóþ ñêî-

ðîñòü, êàïëè äîñòèãàþò î÷àãà ïîæàðà è èñïàðÿþòñÿ,

îòâîäÿ îò çîíû ãîðåíèÿ áîëüøîå êîëè÷åñòâî òåïëî-

òû, çà ñ÷åò ÷åãî îáåñïå÷èâàåòñÿ åå îõëàæäåíèå è äî-

ñòèãàåòñÿ îãíåòóøàùèé ýôôåêò [18].

Ïîäà÷à îãíåòóøàùèõ âåùåñòâ â çîíó ãîðåíèÿ ìî-

æåò îñóùåñòâëÿòüñÿ ÷åðåç îãðàäèòåëüíûå êîíñòðóê-

öèè ïîìåùåíèé èëè äðóãèõ îáúåêòîâ ïóòåì èõ ðàç-

ðóøåíèÿ ïîòîêîì ñìåñè âîäû è àáðàçèâíûõ ÷àñòèö.

Îáðàçóþùååñÿ îòâåðñòèå äèàìåòðîì îêîëî 3 ìì, ÷å-

ðåç êîòîðîå ïðîèçâîäèòñÿ ïîäà÷à ÎÒÂ, èñêëþ÷àåò

íå òîëüêî ïðèòîê êèñëîðîäà âîçäóõà â çîíó ãîðåíèÿ,

íî è âîçäåéñòâèå íà ó÷àñòíèêîâ òóøåíèÿ îïàñíûõ

ôàêòîðîâ ïîæàðà (ÎÔÏ).

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-

çâîëèëè ïîëó÷èòü ìàññèâ äàííûõ è â ïåðâîì ïðèáëè-

æåíèè îòìåòèòü, ÷òî ïîðîãîâîå çíà÷åíèå òîêà óòå÷-

êè 0,5 ìÀ ïðåâûøàåòñÿ íà ðàññòîÿíèè äî 1 ì, à ñëå-

äîâàòåëüíî, ïîäà÷ó îãíåòóøàùèõ âåùåñòâ ñëåäóåò

îñóùåñòâëÿòü ñ ðàññòîÿíèé, ïðåâûøàþùèõ 1 ì.

Äëÿ óñòàíîâëåíèÿ ðàáî÷èõ ïàðàìåòðîâ óñòàíîâîê

ïîæàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé

ðåçêè ïðè òóøåíèè ïîæàðîâ íà ýëåêòðîîáîðóäîâà-

íèè ïîä íàïðÿæåíèåì áûëà ïðîâåäåíà ìàòåìàòè÷å-

ñêàÿ îáðàáîòêà ìàññèâà ïîëó÷åííûõ ýêñïåðèìåí-

òàëüíûõ äàííûõ ìåòîäîì ðåãðåññèîííîãî àíàëèçà.

Çàìåðû çíà÷åíèé òîêà óòå÷êè ïðîâîäèëèñü ñ ðàñ-

ñòîÿíèé 0,5; 1,0; 2,0 è 3,0 ì; ïðè ýòîì íà êàæäîì èç

ðàññòîÿíèé ïðè ïîìîùè ìóëüòèìåòðà çàìåðÿëèñü

çíà÷åíèÿ òîêà óòå÷êè ïðè íàïðÿæåíèÿõ íà ìèøåíè

ýêñïåðèìåíòàëüíîãî ñòåíäà 10, 20 è 30 êÂ.

Äëÿ ïîëó÷åííîãî ìàññèâà ýêñïåðèìåíòàëüíûõ

äàííûõ áûëè îïðåäåëåíû èõ ñòàòèñòè÷åñêèå îöåí-

êè — ìàòåìàòè÷åñêîå îæèäàíèå Õ è ñòàíäàðòíîå îò-

êëîíåíèå �.

Ïðè îöåíêå âåëè÷èíû òîêà óòå÷êè áîëåå öåëå-

ñîîáðàçíî ðàññìàòðèâàòü íå ñðåäíèå çíà÷åíèÿ, à äî-

âåðèòåëüíûå îöåíêè, îáåñïå÷èâàþùèå íàäëåæàùèé

óðîâåíü äîñòîâåðíîñòè ïîëó÷åííûõ ýêñïåðèìåí-

òàëüíûõ äàííûõ.

Ðèñ. 1. Ïðè÷èíû âîçíèêíîâåíèÿ ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè / Fig. 1. The causes of the fires on power objects
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Ïî ðåçóëüòàòó ñòàòèñòè÷åñêîé îáðàáîòêè äàííûõ

áûëî âûÿâëåíî, ÷òî òîê óòå÷êè ìîæåò ðàññìàòðè-

âàòüñÿ êàê íåïðåðûâíàÿ ñëó÷àéíàÿ âåëè÷èíà, ïîä-

÷èíÿþùàÿñÿ íîðìàëüíîìó çàêîíó ðàñïðåäåëåíèÿ.

Òîãäà äëÿ óðîâíÿ çíà÷èìîñòè � = 0,001 (ïî ÃÎÑÒ Ð

8.736–2011) îíà îïðåäåëÿåòñÿ êàê:

Xp max = X + 3,3�. (1)

Çíà÷åíèÿ ñòàòèñòè÷åñêèõ îöåíîê è äîâåðèòåëü-

íîãî èíòåðâàëà ïðèâåäåíû â òàáë. 1.

Äëÿ âîçìîæíîñòè îáîñíîâàííîãî èñïîëüçîâàíèÿ

äîâåðèòåëüíîé îöåíêè òîêà óòå÷êè áåç óùåðáà äëÿ

ïîëó÷åííîé ñòðóêòóðû äàííûõ ïðîâåäåíà âèçóàëè-

çàöèÿ ñðåäíèõ çíà÷åíèé òîêà óòå÷êè (ðèñ. 2) è äîâå-

ðèòåëüíûõ îöåíîê (ðèñ. 3).

Àíàëèçèðóÿ òðåõìåðíûå èçîáðàæåíèÿ, ïîëó÷åí-

íûå íà ðèñ. 2 è 3, ìîæíî ñäåëàòü âûâîä, ÷òî ñòðóêòóðà

äàííûõ ïðè èñïîëüçîâàíèè äîâåðèòåëüíûõ îöåíîê

íå èçìåíèëàñü, î ÷åì ñâèäåòåëüñòâóþò äîñòàòî÷íî

íåáîëüøèå çíà÷åíèÿ ñòàíäàðòíîãî îòêëîíåíèÿ ïî

îòíîøåíèþ ê ñðåäíèì çíà÷åíèÿì.

Îñíîâûâàÿñü íà ðåçóëüòàòàõ èññëåäîâàíèé [15],

äëÿ îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàííûõ èñïîëü-

çîâàëè ñòåïåííóþ çàâèñèìîñòü, à ïðè îöåíêå ñòåïå-

íè àïïðîêñèìàöèè ýêñïåðèìåíòàëüíûõ äàííûõ —

êîýôôèöèåíò äåòåðìèíàöèè R2.

ÎÒÂ

Fire
extinguishing

substance

Ïàðàìåòð

Parameter

Çíà÷åíèå ïàðàìåòðà â çàâèñèìîñòè îò ðàññòîÿíèÿ, ì

Parameter value depending on distance, m

0,5 1,0 2,0 3,0

ïðè íàïðÿæåíèè, êÂ / at tension, kV

10 20 30 10 20 30 10 20 30 10 20 30

Âîäà

Water

X 311,2 570,9 971,3 67,1 112,4 280,5 58,3 72,0 111,1 51,4 59,0 77,5

� 1,3 1,5 1,3 1,0 0,9 1,7 1,0 1,2 1,8 1,1 0,8 0,9

Xmax 315,6 576,1 975,6 70,6 115,3 286,1 61,6 75,9 116,9 55,2 61,5 80,5

Àáðàçèâ

Abrasive

X 110,4 371,0 610,7 46,5 90,5 190,4 38,7 55,1 72,6 31,8 47,8 57,7

� 1,4 1,6 1,3 0,8 1,2 1,1 0,8 1,2 1,1 0,9 0,9 0,9

Xmax 114,9 376,3 614,9 49,2 94,4 194,0 41,3 59,0 76,2 34,9 50,8 60,6

Òàáëèöà 1. Çíà÷åíèÿ ñòàòèñòè÷åñêèõ îöåíîê è äîâåðèòåëüíîãî èíòåðâàëà

Table 1. Values of statistical estimates and confidential interval

Ðèñ. 2. Ãðàôè÷åñêîå îòîáðàæåíèå äàííûõ ìàòåìàòè÷åñêîãî

îæèäàíèÿ òîêà óòå÷êè ïî âîäå (à) è ïî âîäå ñ àáðàçèâîì (á)

Fig. 2. Graphic display of data of population mean of leak current

on water (a) and with an abrasive (b)

Ðèñ. 3. Ãðàôè÷åñêîå îòîáðàæåíèå äàííûõ äîâåðèòåëüíîãî èí-

òåðâàëà òîêà óòå÷êè ïî âîäå (à) è ïî âîäå ñ àáðàçèâîì (á)

Fig. 3. Graphic display of data of a confidential interval of leak

current on water (a) and with an abrasive (b)
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Ðåçóëüòàòû àïïðîêñèìàöèè ýêñïåðèìåíòàëüíûõ

äàííûõ ïðåäñòàâëåíû íà ðèñ. 4, ãäå â êà÷åñòâå ïðè-

ìåðà ïðèâåäåíû çíà÷åíèÿ òîêà óòå÷êè ïðè íàïðÿæå-

íèè 30 êÂ.

Êîýôôèöèåíòû ïîëó÷åííîé ñòåïåííîé çàâèñèìî-

ñòè äëÿ âîäû è ñìåñè âîäû è àáðàçèâà ïðè ðàçëè÷-

íûõ çíà÷åíèÿõ íàïðÿæåíèÿ ïðåäñòàâëåíû â òàáë. 2.

Èç àíàëèçà çíà÷åíèé êîýôôèöèåíòà äåòåðìèíà-

öèè (R2) äëÿ ðàññìàòðèâàåìûõ óðàâíåíèé ëèíèè ðå-

ãðåññèè áûë ñäåëàí âûâîä, ÷òî îöåíêè òîêà óòå÷êè

ïðè âàðèàöèè íàïðÿæåíèÿ íà ìèøåíè è ðàññòîÿíèÿ

äî íåå, õîðîøî áóäóò àïïðîêñèìèðîâàíû ñòåïåííîé

ôóíêöèåé ðåãðåññèè, èìåþùåé âèä:

I = I0 L�U
, (2)

ãäå I0 — ñâîáîäíûé ÷ëåí ìîäåëè, ìêÀ (òîê óòå÷êè);

L — ðàññòîÿíèå äî ìèøåíè, ì; L=0,5;1,0;2,0;3,0;

U — íàïðÿæåíèå íà ìèøåíè, êÂ;

�, 
 — ýìïèðè÷åñêèå êîýôôèöèåíòû ìîäåëè.

Íà îñíîâàíèè àíàëèçà êîýôôèöèåíòà àïïðîêñè-

ìàöèè R2, çíà÷åíèÿ êîòîðîãî âàðüèðóþòñÿ îò 0,78 äî

0,99, èñïîëüçîâàëè äîâåðèòåëüíóþ âåðîÿòíîñòü 95 %,

ïðè êîòîðîé îïðåäåëÿëè êîýôôèöèåíòû ñòåïåííîé

ðåãðåññèè.

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ýêñïåðèìåíòàëüíûõ

äàííûõ ïðîâîäèëàñü â ïðîãðàììå “EXCEL” (ÃÎÑÒ Ð

8.736–2011, [19]). Ïðè îáðàáîòêå ýêñïåðèìåíòàëü-

íûõ äàííûõ áûëî óñòàíîâëåíî, ÷òî ïîëó÷åííàÿ ìà-

òåìàòè÷åñêàÿ çàâèñèìîñòü äîñòàòî÷íî õîðîøî îïè-

ñûâàåò ýìïèðè÷åñêèå äàííûå, à êîýôôèöèåíòû àï-

ïðîêñèìàöèè ñîñòàâëÿþò: äëÿ âîäû — R2 = 0,88; äëÿ

ñìåñè âîäû ñ àáðàçèâîì — R2 = 0,90.

Â ðåçóëüòàòå îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàí-

íûõ áûëè ïîëó÷åíû ñòåïåííûå ðåãðåññèîííûå çà-

âèñèìîñòè, ïðåäñòàâëåííûå â òàáë. 3.

Âåðèôèêàöèþ ïîëó÷åííûõ ðåãðåññèîííûõ çàâè-

ñèìîñòåé äîâåðèòåëüíûìè îöåíêàìè ýêñïåðèìåí-

òàëüíîãî íàáëþäåíèÿ ïðîâåäåì ãðàôè÷åñêè. Íà ðèñ. 5

ïîêàçàíû ãðàôèêè ïîëó÷åííûõ ðåãðåññèé è äîâåðè-

òåëüíîé îöåíêè ýêñïåðèìåíòàëüíûõ äàííûõ íà ïðè-

ìåðå âîäû è ñìåñè âîäû è àáðàçèâà ïðè íàïðÿæåíèè

30 êÂ.

Èç àíàëèçà ïîëó÷åííûõ ñòåïåííûõ ðåãðåññèîí-

íûõ çàâèñèìîñòåé çà ìîäåëü ïðèíèìàåì óðàâíåíèå

ñòåïåííîé ðåãðåññèè äëÿ âåðõíåé äîâåðèòåëüíîé

ãðàíèöû, êîòîðàÿ ãàðàíòèðóåò, ÷òî â 95 ñëó÷àÿõ èç

100 îïðåäåëåííûå ýêñïåðèìåíòàëüíûì ïóòåì çíà-

÷åíèÿ òîêà óòå÷êè íå áóäóò ïðåâûøàòü ðàññ÷èòàí-

íûõ ïî ìîäåëè çíà÷åíèé.

Ðèñ. 4. Çàâèñèìîñòü òîêà óòå÷êè îò ðàññòîÿíèÿ äî ìèøåíè

ïðè íàïðÿæåíèè íà íåé 30 êÂ

Fig. 4. Dependence of values of leak current on distance to a target

at a tension on a target of 30 kV

Âèä ñòðóè

Type
of a stream

Íàïðÿæåíèå
íà ìèøåíè, êÂ

Tension
on a target, kV

Ñòåïåííàÿ çàâèñèìîñòü

Ðower characteristic

Âîäà
Water

10 I = 120L–0,916, R2 = 0,78

20 I = 184,8L–1,205, R2 = 0,88

30 I = 332,3L–1,397, R2 = 0,99

Àáðàçèâ
Abrasive

10 I = 63,5L–0,631, R2 = 0,88

20 I = 137,3L–1,096, R2 = 0,90

30 I = 220,2L–1,322, R2 = 0,98

Òàáëèöà 2. Êîýôôèöèåíòû ðåãðåññèîííûõ çàâèñèìîñòåé

Table 2. Coefficients of regression dependences

Âèä ñòðóè

Type of
a stream

Êðèòåðèé ðåãðåññèè

Criterion of regression

Âèä ðåãðåññèè

Type of regression

Âîäà

Water

Íèæíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Lower confidential
bound

I = 20,29L–1,6U0,45

Îæèäàåìàÿ ðåãðåññèÿ

Expected regression

I = 20,57L–1,17U0,775

Âåðõíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Upper confidential
bound

I = 24,05L–0,95U0,9

Àáðàçèâ

Abrasive

Íèæíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Lower confidential
bound

I = 5,59L–1,05U0,92

Îæèäàåìàÿ ðåãðåññèÿ
Expected regression

I = 7,8L–1,02U0,955

Âåðõíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Upper confidential
bound

I = 8,17L–0,82U1,1

Òàáëèöà 3. Ñòåïåííûå ðåãðåññèîííûå çàâèñèìîñòè

Table 3. Sedate regression dependences
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Òàêèì îáðàçîì, ñòåïåííûå çàâèñèìîñòè äëÿ îïðå-

äåëåíèÿ âåëè÷èíû òîêà óòå÷êè â çàâèñèìîñòè îò ðàñ-

ñòîÿíèÿ è íàïðÿæåíèÿ íà ìèøåíè áóäóò èìåòü âèä:
� äëÿ âîäû:

I = 24,05L–0,95U 0,9; (3)

� äëÿ ñìåñè âîäû è àáðàçèâà:

I = 8,17L–0,82U1,1. (4)

Çàêëþ÷åíèå

Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

è èõ ìàòåìàòè÷åñêàÿ îáðàáîòêà ïîçâîëèëè îïðåäå-

ëèòü ðàáî÷èå ïàðàìåòðû äëÿ óñòàíîâîê ïîæàðîòó-

øåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè, êî-

òîðûå îáåñïå÷èâàþò áåçîïàñíîñòü èõ ïðèìåíåíèÿ

ïðè òóøåíèè ïîæàðîâ íà ýëåêòðîîáîðóäîâàíèè ïîä

íàïðÿæåíèåì äî 30 êÂ ñ ðàññòîÿíèÿ íå ìåíåå 1 ì

ñ èñïîëüçîâàíèåì äèýëåêòðè÷åñêîãî êîìïëåêòà â ñî-

îòâåòñòâèè ñ íîðìàòèâíûì äîêóìåíòîì [13].

Ïîëó÷åííûå óðàâíåíèÿ ïîçâîëÿþò îïðåäåëèòü

çíà÷åíèÿ òîêà, äîïóñòèìûå äëÿ îáåñïå÷åíèÿ ðàáî-

òîñïîñîáíîñòè òåõíè÷åñêèõ ñðåäñòâ, ðàáîòàþùèõ

ñîâìåñòíî ñ óñòàíîâêàìè ïîæàðîòóøåíèÿ (ðàçìåùå-

íèå ñòâîëà íà ðîáîòèçèðîâàííûõ îáðàçöàõ òåõíèêè

è äð.), à ñëåäîâàòåëüíî, è äëÿ ïîäáîðà óçëîâ è ìåõà-

íèçìîâ, ñïîñîáíûõ ðàáîòàòü ïðè âîçíèêàþùèõ òîêàõ

óòå÷êè.

Ðèñ. 5. Ñîîòíîøåíèå ïîëó÷åííûõ ðåãðåññèîííûõ çàâèñèìî-

ñòåé ñ ýìïèðè÷åñêèìè äàííûìè äëÿ âîäû (à) è ñìåñè âîäû è

àáðàçèâà (á) ïðè íàïðÿæåíèè 30 êÂ

Fig. 5. A ratio of the received regression dependences with em-

pirical data for water (a) and mix of water and an abrasive (b) at

a voltage of 30 kV

Ðèñ. 6. Ðàñ÷åòíûå çíà÷åíèÿ òîêà óòå÷êè äëÿ âîäû (1), ñìåñè

âîäû è àáðàçèâà (2) è îùóòèìîå äëÿ ÷åëîâåêà (3)

Fig. 6. Calculated values of leak current for water (1), mix of

water and an abrasive (2) and notable for the person (3)

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2011 ãîäó : ñòàòèñòè÷åñêèé ñáîðíèê / Ïîä îáù. ðåä. Â. È. Êëèì-

êèíà. — Ì. : ÂÍÈÈÏÎ, 2012. — 137 ñ.

2. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2012 ãîäó : ñòàòèñòè÷åñêèé ñáîðíèê / Ïîä îáù. ðåä. Â. È. Êëèì-

êèíà. — Ì. : ÂÍÈÈÏÎ, 2013. — 137 ñ.

3. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2013 ãîäó : ñòàòèñòè÷åñêèé ñáîðíèê / Ïîä îáù. ðåä. Â. È. Êëèì-

êèíà. — Ì. : ÂÍÈÈÏÎ, 2014. — 137 ñ.

4. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2014 ãîäó : ñòàòèñòè÷åñêèé ñáîðíèê / Ïîä îáù. ðåä. À. Â. Ìà-

òþøèíà. — Ì. : ÂÍÈÈÏÎ, 2015. — 124 ñ.

5. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2015 ãîäó : còàòèñòè÷åñêèé ñáîðíèê / Ïîä îáù. ðåä. À. Â. Ìà-

òþøèíà. — Ì. : ÂÍÈÈÏÎ, 2016. — 124 ñ.

6. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2016 ãîäó : còàòèñòè÷åñêèé ñáîðíèê / Ïîä îáù. ðåä. Ä. Ì. Ãîð-

äèåíêî. — Ì. : ÂÍÈÈÏÎ, 2017. — 124 ñ.

7. Electrical properties of 3M™ Novec™ 1230 fire protection fluid. Compatibility with electrically ener-

gized equipment : Technical Bulletin. URL: http://multimedia.3m.com/mws/media/861515O/3mtm-

novectm-1230-fire-protection-fluid-electrical-prop.pdf (äàòà îáðàùåíèÿ: 10.08.2017).

8. Gregory T. Linteris. Clean agent suppression of energized electrical equipment fires. — Quincy : Fire

Protection Research Foundation, 2009. — 101 p.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 1074

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

9. Êîïûëîâ Ñ. Í., Êóùóê Â. À., Áàðàíîâ Å. Â. Îïðåäåëåíèå áåçîïàñíûõ ðàññòîÿíèé ïðè òóøåíèè

ýëåêòðîóñòàíîâîê, íàõîäÿùèõñÿ ïîä íàïðÿæåíèåì // Ïîæàðíàÿ áåçîïàñíîñòü. — 2008. — ¹ 3. —

Ñ. 52–62.

10. Ôåäÿåâ Â. Ä. Ïðèìåíåíèå ïîæàðíûõ ñòâîëîâ ïðè òóøåíèè ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä

íàïðÿæåíèåì // Àêòóàëüíûå ïðîáëåìû ïîæàðíîé áåçîïàñíîñòè : ìàòåðèàëû XXVII Ìåæäóíà-

ðîäíîé íàó÷íî-ïðàêòè÷åñêîé êîíôåðåíöèè, ïîñâÿùåííîé 25-ëåòèþ Ì×Ñ Ðîññèè. — Ì. :

ÂÍÈÈÏÎ, 2015. — Ñ. 62–72.

11. Àëåøêîâ Ì. Â., Êîëáàñèí À. À. Èññëåäîâàíèå òîêà óòå÷êè ïî ñòðóå èç ðó÷íûõ ïîæàðíûõ ñòâîëîâ

ïðè ïîäà÷å îãíåòóøàùåãî âåùåñòâà íà ýëåêòðîîáîðóäîâàíèå ïîä íàïðÿæåíèåì // Ýíåðãîñáåðå-

æåíèå è âîäîïîäãîòîâêà. — 2012. — ¹ 5. — Ñ. 69–71.

12. Íàâöåíÿ Í. Â., Èñàâèí Í. Â., Ïîåäèíöåâ È. Ô., Êóðáàòñêèé Î. Ì. Èññëåäîâàíèÿ ýëåêòðîïðîâîä-

íîñòè îãíåòóøàùèõ ñòðóé è ðåêîìåíäàöèè ïî ýëåêòðîáåçîïàñíîñòè ëþäåé ïðè òóøåíèè ýëåêò-

ðîóñòàíîâîê // Ïîæàðíàÿ ïðîôèëàêòèêà â ýëåêòðîóñòàíîâêàõ : ñá. òð. — Ì. : ÂÍÈÈÏÎ, 1979. —

Ñ. 52–62.

13. Îá óòâåðæäåíèè Ïðàâèë ïî îõðàíå òðóäà â ïîäðàçäåëåíèÿõ Ôåäåðàëüíîé ïðîòèâîïîæàðíîé

ñëóæáû Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû : ïðèêàç Ìèíòðóäà Ðîññèè îò 23.12.2014

¹ 1100í. URL: http://base.garant.ru/71018304/ (äàòà îáðàùåíèÿ: 10.08.2017).

14. Òàêòèêà òóøåíèÿ ýëåêòðîóñòàíîâîê, íàõîäÿùèõñÿ ïîä íàïðÿæåíèåì : ðåêîìåíäàöèè. — Ì. :

ÂÍÈÈÏÎ, 1986. — 17 ñ.

15. Êîëáàñèí À. À. Íîðìèðîâàíèå òðåáîâàíèé ê ñðåäñòâàì òóøåíèÿ ýëåêòðîîáîðóäîâàíèÿ ïîä íà-

ïðÿæåíèåì íà îáúåêòàõ ýíåðãåòèêè : äèñ. … êàíä. òåõí. íàóê. — Ì., 2012. — 152 ñ.

16. Àëåøêîâ Ì. Â., Åìåëüÿíîâ Ð. À., Êîëáàñèí À. À., Ôåäÿåâ Â. Ä. Óñëîâèÿ ïðèìåíåíèÿ ñîâðåìåííûõ

òåõíîëîãèé ïîæàðîòóøåíèÿ äëÿ ëèêâèäàöèè ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì //

Ïîæàðîâçðûâîáåçîïàñíîñòü / Fira and Explosion Safety. — 2016. — Ò. 25, ¹ 6. — Ñ. 12–18. DOI:

10.18322/PVB.2016.25.06.12-18.

17. Àëåøêîâ Ì. Â., Áåçáîðîäüêî Ì. Ä., Ãóñåâ È. À. Ïðèìåíåíèå óñòàíîâîê ïîæàðîòóøåíèÿ ñ ñèñòåìà-

ìè ãèäðîàáðàçèâíîé ðåçêè íà îáúåêòàõ àòîìíîé ýíåðãåòèêè // Ïîæàðû è ÷ðåçâû÷àéíûå ñèòóàöèè:

ïðåäîòâðàùåíèå, ëèêâèäàöèÿ. — 2016. – ¹ 4. – Ñ. 7–12.

18. Gsell J. Assessment of fire suppression capabilities of water mist — Fighting Compartment Fires with

the Cutting Extinguisher. — Ulster : Ulster University, 2010. — 138 p.

19. Âîñêîáîéíèêîâ Þ. Å., Âîñêîáîéíèêîâà Ò. Í. Ðåøåíèå çàäà÷ ýêîíîìèêè â EXCEL. — Íîâî-

ñèáèðñê : Íîâîñèáèðñêèé ôèëèàë Ñàíêò-Ïåòåðáóðãñêîé àêàäåìèè óïðàâëåíèÿ è ýêîíîìèêè,

2006. — 216 ñ.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 15 àâãóñòà 2017 ã.

Äëÿ öèòèðîâàíèÿ: Àëåøêîâ Ì. Â., Ãóñåâ È. À. Îïðåäåëåíèå ðàáî÷èõ ïàðàìåòðîâ óñòàíîâîê ïî-

æàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè, ïðèìåíÿåìûõ íà îáúåêòàõ ýíåðãåòèêè //

Ïîæàðîâçðûâîáåçîïàñíîñòü / Fire and Explosion Safety. — 2017. — Ò. 26, ¹ 10. — Ñ. 69–76. DOI:

10.18322/PVB.2017.26.10.69-76.

English

DETERMINATION OF WORKING PARAMETERS OF THE INSTALLATIONS
OF FIRE EXTINGUISHING WITH OPPORTUNITIES OF HYDROABRASIVE
CUTTING APPLIED ON POWER OBJECTS

ALESHKOV M. V., Doctor of Technical Sciences, Professor,
Deputy Chief on Scientific Work, State Fire Academy of Emercom
of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation)

GUSEV I. A., Postgraduate Student of Faculty of Training of Research
and Educational Personnel, State Fire Academy of Emercom of Russia
(Borisa Galushkina St., 4, Moscow, 129366, Russian Federation;

e-mail: ivan.gusev.92@inbox.ru)

ABSTRACT

Suppression of the fires on objects of power represents quite difficult and labor-intensive process. It is

connected with existence of a large amount of flammable substances and materials when which
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burning conditions, dangerous to the person, are created. The special danger is constituted by the fires

on electric equipment where besides the main dangers there is also a defeat threat of electric current.

For safety it is necessary to de-energize electric equipment before suppression that can take long time

at which the fire will accept the considerable sizes. For implementation of actions for fire extin-

guishing on electric equipment without removal of tension from his current carrying parts, it is ne-

cessary to determine working parameters for fire extinguishing structures and means of their trans-

portation and giving. The analysis of the carried-out works demonstrates that a large number of factors

influences the safe conditions of application of fire extinguishing structures and means of their giving.

One of types of fire extinguishing substance is sprayed water which is the main fire extinguishing

component applied in installations of fire extinguishing with opportunities of hydroabrasive cutting.

Feature of installations is the possibility of supply of fire extinguishing substances through protective

designs directly to the seat of fire or a zone of burning. Respectively, when determining working

parameters of installations of fire extinguishing with hydroabrasive cutting for their application

at suppression of the fires of electric equipment pilot studies where the data array has been received

have been energized conducted.

Mathematical processing of the obtained experimental data by method of the regression analysis

has been made for definition of the equations describing dependence of size of leak current on

distance and tension.

As a result of processing of experimental data dependences of size of leak current for water and

mix of water and an abrasive have been received from distance and tension on subject to suppression.

The received results are comparable to the results received earlier in works on determination of

working parameters for manual fire trunks. It demonstrates to reliability of the received results and

their correct processing.

The received results allow to speak about a possibility of application of the considered

installations of fire extinguishing for elimination of the fires which have arisen on electric equipment

energized up to 30 kV from distance not less than 1 meter when using a dielectric set. Also received

values need to be used at selection of knots and mechanisms to technical devices into which the fire

extinguishing installation trunk, for their steady work and safety will be integrated.

Keywords: suppression of the fires of electric equipment; installations of fire extinguishing; power

objects; working parameters; installations with hydroabrasive cutting; leak currents.

REFERENCES

1. Klimkin V. I. (ed.). Pozhary i pozharnaya bezopasnost v 2011 godu. Statisticheskiy sbornik [Fires and

fire safety in 2011. Statistical yearbook]. Moscow, All-Russian Research Institute for Fire Protection of

Emercom of Russia Publ., 2012. 137 p. (in Russian).

2. Klimkin V. I. (ed.). Pozhary i pozharnaya bezopasnost v 2012 godu. Statisticheskiy sbornik [Fires and

fire safety in 2012. Statistical yearbook]. Moscow, All-Russian Research Institute for Fire Protection of

Emercom of Russia Publ., 2013. 137 p. (in Russian).

3. Klimkin V. I. (ed.). Pozhary i pozharnaya bezopasnost v 2013 godu. Statisticheskiy sbornik [Fires and

fire safety in 2013. Statistical yearbook]. Moscow, All-Russian Research Institute for Fire Protection of

Emercom of Russia Publ., 2014. 137 p. (in Russian).

4. Matyushin A. V. (ed.). Pozhary i pozharnaya bezopasnost v 2014 godu. Statisticheskiy sbornik [Fires

and fire safety in 2014. Statistical yearbook]. Moscow, All-Russian Research Institute for Fire Protec-

tion of Emercom of Russia Publ., 2015. 124 p. (in Russian).

5. Matyushin A. V. (ed.). Pozhary i pozharnaya bezopasnost v 2015 godu. Statisticheskiy sbornik [Fires

and fire safety in 2015. Statistical yearbook]. Moscow, All-Russian Research Institute for Fire Protec-

tion of Emercom of Russia Publ., 2016. 124 p. (in Russian).

6. Gordienko D. M. (ed.). Pozhary i pozharnaya bezopasnost v 2016 godu. Statisticheskiy sbornik [Fires

and fire safety in 2016. Statistical yearbook]. Moscow, All-Russian Research Institute for Fire Protec-

tion of Emercom of Russia Publ., 2017. 124 p. (in Russian).

7. Electrical properties of 3M™ Novec™ 1230 fire protection fluid. Compatibility with electrically ener-

gized equipment. Technical Bulletin. Available at: http://multimedia.3m.com/mws/media/861515O/

3mtm-novectm-1230-fire-protection-fluid-electrical-prop.pdf (Accessed 10 August 2017).



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 1076

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

8. Gregory T. Linteris. Clean agent suppression of energized electrical eguipment fire. Quincy, Fire Pro-

tection Research Foundation, 2009. 101 p.

9. Kopylov S. N., Kushchuk V. A., Baranov E. V. Determination of safe distances at suppression of

the electroinstallations which are energized. Pozharnaya bezopasnost / Fire Safety, 2008, no. 3, pp. 52–62

(in Russian).

10. Fedyaev V. D. Application of fire trunks at suppression of the fires of electric equipment energized.

In: Aktualnyye problemy pozharnoy bezopasnosti: materialy XXVII Mezhdunarodnoy nauchno-prak-

ticheskoy konferentsii [Actual problems of fire safety. Proccedings of XXVII International Scienti-

fic-and-Practical Conference]. Moscow, All-Russian Research Institute for Fire Protection of Emercom

of Russia Publ., 2015, pp. 62–72 (in Russian).

11. Aleshkov M. V., Kolbasin A. A. Leak current research on a stream from manual fire trunks at supply of

fire extinguishing substance on electric equipment energized. Energosberezheniye i vodopodgotovka /

Energy Saving and Water Treatment, 2012, no. 5, pp. 69–71 (in Russian).

12. Navtsenya N. V., Isavin N. V., Poedintsev I. F., Kurbatskiy O. M. Researches of conductivity of fire ex-

tinguishing streams and the reference on electrical safety of people at suppression of electroinstalla-

tions. In: Pozharnaya profilaktika v elektroustanovkakh. Sbornik trudov [Fire prophylaxis in electrical

installations. Collected papers]. Moscow, All-Russian Research Institute for Fire Protection of Emercom

of Russia Publ., 1979, pp. 52–62 (in Russian).

13. About the approval of Rules on labor protection in divisions of a federal fire service of the Public fire

service. Order of Ministry of Labour and Social Protection of the Russian Federation on 23.12.2014

No. 1100n (in Russian). Available at: http://base.garant.ru/71018304/ (Accessed 10 August 2017).

14. Taktika tusheniya elektroustanovok, nakhodyashchikhsya pod napryazheniyem. Rekomendatsii [Tactics

of suppression of the electroinstallations which are energized. Recommendations]. Moscow, All-Rus-

sian Research Institute for Fire Protection of Emercom of Russia Publ., 1986. 17 p. (in Russian).

15. Kolbasin A. A. Rationing of requirements to means of suppression of electric equipment energized on

power objects. Cand. tech. sci. diss. Moscow, 2012. 152 p. (in Russian).

16. Aleshkov M. V., Emelyanov R. A., Kolbasin A. A., Fedyaev V. D. Terms of the use of modern fire extin-

guishing technologies for fire liquidation on energized electrical equipment. Pozharovzryvobezopasnost /

Fire and Explosion Safety, 2016, vol. 25, no. 6, pp. 12–18. DOI: 10.18322/PVB.2016.25.06.12-18.

17. Aleshkov M. V., Bezborodko M. D., Gusev I. A. The use of fire extinguishing installations with water

jet cutting systems at power engineering facilities. Pozhary i chrezvychaynyye situatsii: predotvra-

shcheniye, likvidatsiya / Fire and Emergencies: Prevention, Elimination, 2016, no. 4, pp. 7–12 (in Rus-

sian).

18. Gsell J. Assessment of fire suppression capabilities of water mist — Fighting compartment fires with

the cutting extinguisher. Ulster, University of Ulster, 2010. 138 p.

19. Voskoboynikov Yu. E., Voskoboynikova T. N. Resheniye zadach ekonomiki v EXCEL [The solution of

problems of economy in EXCEL]. Novosibirsk, Novosibirsk Branch of Saint Petersburg Academy of

Management and Economy Publ., 2006. 216 p. (in Russian).

For citation: Aleshkov M. V., Gusev I. A. Determination of working parameters of the installations of

fire extinguishing with opportunities of hydroabrasive cutting applied on power objects. Pozharo-

vzryvobezopasnost / Fire and Explosion Safety, 2017, vol. 26, no. 10, pp. 69–76 (in Russian). DOI:

10.18322/PVB.2017.26.10.69-76.


