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Îáîñíîâàí âûáîð çíà÷åíèé óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ ìîíîêñèäà óãëåðîäà è óäåëü-
íîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè, íåîáõîäèìûõ äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïàðà-
ìåòðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïîæàðîâ íà îáúåêòû ýíåðãåòèêè Âüåòíàìà.
Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ ïðîöåññà ãîðåíèÿ îáðàçöîâ äðå-
âåñíîé ìàññû ñòâîëîâ íàèáîëåå ðàñïðîñòðàíåííûõ ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ
Âüåòíàìà. Äëÿ ðåæèìà ïëàìåííîãî ãîðåíèÿ ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè óäåëü-
íîãî êîýôôèöèåíòà âûäåëåíèÿ ìîíîêñèäà óãëåðîäà è óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêà-
öèè îò âðåìåíè èñïûòàíèé îáðàçöîâ äðåâåñèíû. Ïðîâåäåíî ñîïîñòàâëåíèå ñðåäíèõ çíà÷åíèé
ýòèõ ïàðàìåòðîâ ñ äàííûìè, ïðèâåäåííûìè â ëèòåðàòóðíûõ èñòî÷íèêàõ. Ïîêàçàíî, ÷òî ñðåäíèå
ïî âðåìåíè ýêñïåðèìåíòàëüíûå çíà÷åíèÿ óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè âñåõ îá-
ðàçöîâ äðåâåñèíû íàõîäÿòñÿ â äèàïàçîíå ìåæäó ñîîòâåòñòâóþùèìè çíà÷åíèÿìè äëÿ õâîéíûõ è
ëèñòâåííûõ ïîðîä äåðåâüåâ, ïðèâåäåííûìè â áàçå äàííûõ ïîæàðíîé íàãðóçêè Þ. À. Êîøìàðîâà.

Êëþ÷åâûå ñëîâà: ëåñíîé ïîæàð; ìîäåëèðîâàíèå; óäåëüíàÿ ìàññîâàÿ ñêîðîñòü ãàçèôèêàöèè;
óäåëüíûé êîýôôèöèåíò âûäåëåíèÿ ÑÎ; ìîíîêñèä óãëåðîäà.

DOI: 10.18322/PVB.2018.27.11.5-14

Ââåäåíèå

Ëåñíûå ïîæàðû ìîãóò ïðèâîäèòü ê êàòàñòðîôè÷å-
ñêèì ðàçðóøåíèÿì æèçíåííî âàæíûõ äëÿ ýêîíî-
ìèêè è áåçîïàñíîñòè ñòðàíû îáúåêòîâ ýíåðãåòèêè,
ïðåêðàùåíèå ôóíêöèîíèðîâàíèÿ êîòîðûõ âåäåò ê
íàðóøåíèþ æèçíåäåÿòåëüíîñòè ÷åëîâåêà.

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ëåñíûõ ïîæà-
ðîâ ÿâëÿåòñÿ î÷åíü ñëîæíîé, äî êîíöà íå ðåøåííîé,
ìíîãîôàêòîðíîé è íåëèíåéíîé çàäà÷åé [1–16]. Íå-
îïðåäåëåííîñòü òåïëîôèçè÷åñêèõ è õèìè÷åñêèõ
ñâîéñòâ ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ íå ïîçâîëÿåò
ïðîâîäèòü äîñòîâåðíûé ðàñ÷åò òåïëîâîãî ïîòîêà îò
ëåñíîãî ïîæàðà, âîçäåéñòâóþùåãî íà ýíåðãåòè÷å-
ñêèå îáúåêòû Âüåòíàìà, òàêèå êàê ýëåêòðîïîäñòàí-
öèè, ÒÝÑ, ÃÝÑ, ëèíèè ýëåêòðîïåðåäà÷ è ò. ä. Â ñâÿçè
ñ ýòèì èññëåäîâàíèå ïðîöåññà ãîðåíèÿ äðåâåñíîé
ìàññû äåðåâüåâ Âüåòíàìà ïðåäñòàâëÿåò ñîáîé àêòó-
àëüíóþ íàó÷íóþ è ïðàêòè÷åñêóþ çàäà÷ó.

Öåëüþ ñòàòüè ÿâëÿåòñÿ îáîñíîâàíèå èñõîäíûõ
äàííûõ äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïàðà-
ìåòðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ
ïîæàðîâ íà îáúåêòû ýíåðãåòèêè Âüåòíàìà.

Äëÿ åå äîñòèæåíèÿ áûëè ïðîâåäåíû ýêñïåðèìåí-
òàëüíûå èññëåäîâàíèÿ ïðîöåññà ãîðåíèÿ îáðàçöîâ
äðåâåñíîé ìàññû íàèáîëåå ðàñïðîñòðàíåííûõ ëèñò-
âåííûõ è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà.

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Íà ðèñ. 1 ïðèâåäåíà ñõåìà ýêñïåðèìåíòàëüíîé
óñòàíîâêè, ïðåäëîæåííîé â ðàáîòàõ [17–19].

Óñòàíîâêà ñîñòîèò èç êàìåðû ñãîðàíèÿ 1, êî-
òîðàÿ ñîåäèíåíà ñ ýêñïîçèöèîííîé êàìåðîé 7 ñ ïî-
ìîùüþ ïåðåõîäíîãî ðóêàâà 5.

Âíóòðåííèé îáúåì êàìåðû ñãîðàíèÿ ðàâåí
3·10–3 ì3. Åå ñòåíêè èçãîòîâëåíû èç ëèñòîâîé íå-
ðæàâåþùåé ñòàëè òîëùèíîé (2,0�0,1) ìì. Íàáëþäå-
íèÿ çà îáðàçöàìè ìàòåðèàëîâ âî âðåìÿ èñïûòàíèé
ïðîâîäÿòñÿ ÷åðåç îêíî, èçãîòîâëåííîå èç êâàðöåâî-
ãî ñòåêëà. Èçìåíåíèå ðåæèìà èñïûòàíèé ñ ïîìîùüþ
âîçäóõîîáìåíà êàìåðû ñ ïîìåùåíèåì îñóùåñòâëÿ-
åòñÿ ÷åðåç íàõîäÿùèåñÿ íà áîêîâîé ñòåíêå êàìåðû
øèáåðíûå îòâåðñòèÿ.

© Ïóçà÷ Ñ. Â., Ëå Àíü Òóàí, 2018
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Óñòðîéñòâî òåïëîâîãî áëîêèðîâàíèÿ ýêñïîçèöè-
îííîé êàìåðû îò êàìåðû ñãîðàíèÿ ðàçìåùåíî â ïå-
ðåõîäíîì ðóêàâå.

Â ýêñïîçèöèîííîé êàìåðå ñ êóáè÷åñêèì îáúåìîì
0,5887 ì3 è ñ âåðõíåé ÷àñòüþ â âèäå êîíóñà íà áîêî-
âîé ñòåíêå íàõîäÿòñÿ øèáåðíûå îòâåðñòèÿ 8.

Ýêðàíèðîâàííûé ýëåêòðîíàãðåâàòåëüíûé èçëó-
÷àòåëü 4 è äåðæàòåëü îáðàçöà 3 ðàçìåùåíû â êàìåðå
ñãîðàíèÿ.

Ýëåêòðîííûå âåñû 11, íà êîòîðûõ ðàñïîëîæåí
äåðæàòåëü îáðàçöà, ïîçâîëÿþò èçìåðÿòü ìàññó îá-
ðàçöà ñ ïîãðåøíîñòüþ, íå ïðåâûøàþùåé ±1 ìã.
Âåñû óñòàíîâëåíû íà ñòîëèêå, ïîëîæåíèå êîòîðîãî
ðåãóëèðóåòñÿ ïî âûñîòå.

Èçìåðåíèÿ òåìïåðàòóðû â ýêñïîçèöèîííîé êà-
ìåðå ïðîâîäÿòñÿ íåïðåðûâíî ñ èñïîëüçîâàíèåì 32
íèçêîèíåðöèîííûõ áðîíèðîâàííûõ òåðìîïàð. Äèà-
ïàçîí èçìåðÿåìûõ òåìïåðàòóð ñîñòàâëÿåò îò ìèíóñ
40 äî +1100 °Ñ. Ïîãðåøíîñòü èçìåðåíèé íå ïðåâû-
øàåò �1,5t (°Ñ).

Ïëîòíîñòü òåïëîâîãî ïîòîêà, ïîñòóïàþùåãî îò
ýêðàíèðîâàííîãî ýëåêòðîíàãðåâàòåëüíîãî èçëó÷àòå-
ëÿ íà ïîâåðõíîñòü îáðàçöà ìàòåðèàëà, èçìåðÿåòñÿ âî-
äîîõëàæäàåìûì äàò÷èêîì òèïà Ãîðäîíà ñ ïîãðåø-
íîñòüþ, íå ïðåâûøàþùåé �8 %.

Ñîñòàâ ãàçîâîçäóøíîé ñðåäû â ýêñïîçèöèîííîé
êàìåðå îïðåäåëÿåòñÿ ñ ïîìîùüþ ìíîãîêàíàëüíî-
ãî ãàçîàíàëèçàòîðà ñ äèàïàçîíàìè èçìåðåíèé êîí-
öåíòðàöèé ãàçîâ (ñ ìàêñèìàëüíîé ïîãðåøíîñòüþ
�10 % îá.): ìîíîêñèäà óãëåðîäà ÑÎ — 0–1 % îá.,
äèîêñèäà óãëåðîäà ÑÎ2 — 0–5 % îá., êèñëîðîäà Î2

— 0–21 % îá.
Èñïûòàíèÿ ïðîâîäèëèñü â ðåæèìå ïëàìåííîãî

ãîðåíèÿ, êîòîðûé îáåñïå÷èâàëñÿ ïëîòíîñòüþ ïàäà-

þùåãî òåïëîâîãî ïîòîêà 60 êÂò�ì2. Òåìïåðàòóðà
ïîâåðõíîñòè èçëó÷àòåëÿ ñîñòàâëÿëà 750 °Ñ.

Ýêñïåðèìåíòû ïðîâîäèëèñü ïî ñëåäóþùåé ìå-
òîäèêå.

Âî âêëàäûø äåðæàòåëÿ îáðàçöà ïîìåùàëè ïðåä-
âàðèòåëüíî âçâåøåííûé îáðàçåö ìàòåðèàëà, èìå-
þùèé êîìíàòíóþ òåìïåðàòóðó.

Ïîñëå ñòàáèëèçàöèè ðåæèìà ðàáîòû ýëåêòðîíà-
ãðåâàòåëüíîãî èçëó÷àòåëÿ îòêðûâàëè äâåðöó êàìå-
ðû ñãîðàíèÿ è ïîìåùàëè â äåðæàòåëü îáðàçöà âêëà-
äûø ñ îáðàçöîì äðåâåñèíû. Çàòåì îòêðûâàëè çàñëîí-
êó ïåðåõîäíîãî ðóêàâà, à äâåðöó êàìåðû ñãîðàíèÿ
çàêðûâàëè. Ïðîèñõîäèëî âîçãîðàíèå îáðàçöà.

Âî âðåìÿ ýêñïåðèìåíòà íåïðåðûâíî èçìåðÿëè
êîíöåíòðàöèè ÑÎ, ÑÎ2, Î2, òåìïåðàòóðó è ìàññó îá-
ðàçöà.

Äàëåå îïðåäåëÿëàñü óäåëüíàÿ ìàññîâàÿ ñêîðîñòü
ãàçèôèêàöèè ïî ñëåäóþùåé ôîðìóëå:

�
�óä

d
d

�
1
F

M
, (1)

ãäå�óä — óäåëüíàÿ ìàññîâàÿ ñêîðîñòü ãàçèôèêàöèè,
êã�(ì2·ñ);
F — ïëîùàäü ïîâåðõíîñòè îáðàçöà, ì2;
Ì — òåêóùàÿ ìàññà îáðàçöà, êã;
� — âðåìÿ èñïûòàíèÿ, ñ.
Äëÿ ïðîãíîçèðîâàíèÿ òîêñèêîëîãè÷åñêîé îá-

ñòàíîâêè íà ëåñíûõ ïîæàðàõ íåîáõîäèìî, â ïåðâóþ
î÷åðåäü, çíàòü êîíöåíòðàöèþ ìîíîêñèäà óãëåðîäà,
ïîýòîìó â ýêñïåðèìåíòàõ îïðåäåëÿëñÿ óäåëüíûé
êîýôôèöèåíò îáðàçîâàíèÿ ÑÎ LÑÎ â êàæäûé ìî-
ìåíò âðåìåíè ïî ñëåäóþùåé ôîðìóëå:
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ãäå V — îáúåì ýêñïîçèöèîííîé êàìåðû, ì3;
�ÑÎ — ñðåäíåîáúåìíàÿ ïëîòíîñòü ÑÎ â ýêñïîçè-
öèîííîé êàìåðå, êã�ì3.

Èñõîäíûå äàííûå

Äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïàðàìåò-
ðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïî-
æàðîâ íà îáúåêòû ýíåðãåòèêè íåîáõîäèìî, â ïåðâóþ
î÷åðåäü, çíàòü íèçøóþ ðàáî÷óþ òåïëîòó ñãîðàíèÿ
Qí

ð (ÌÄæ�êã) è óäåëüíóþ ìàññîâóþ ñêîðîñòü ãàçè-
ôèêàöèè äðåâåñíîé áèîìàññû.

Àíàëèç äàííûõ, ïðèâåäåííûõ â ðàáîòàõ [20, 21],
ïîêàçûâàåò, ÷òî íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿ
äðåâåñèíû õâîéíûõ è ëèñòâåííûõ ïîðîä äåðåâüåâ
íàõîäèòñÿ â äèàïàçîíåQí

ð = 13,8�21,2 ÌÄæ�êã. Ïî-
ýòîìó, åñëè èñïîëüçóåòñÿ åå ñðåäíåå çíà÷åíèå, ðàâ-
íîå 17,5 ÌÄæ�êã, ïîãðåøíîñòü ïî ñðàâíåíèþ ñ åå
èñòèííûì çíà÷åíèåì íå ïðåâûøàåò 27 %.

Ïðîâåäåì èçìåðåíèÿ óäåëüíîé ìàññîâîé ñêî-
ðîñòè ãàçèôèêàöèè îáðàçöîâ ïîðîä äðåâåñíîé

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà îïûòíîé óñòàíîâêè: 1 — êà-
ìåðà ñãîðàíèÿ; 2 — äâåðöà êàìåðû ñãîðàíèÿ; 3 — äåðæàòåëü
îáðàçöà; 4 — ýëåêòðîíàãðåâàòåëüíûé èçëó÷àòåëü; 5 — ïåðå-
õîäíîé ðóêàâ; 6 — äâåðöà ýêñïîçèöèîííîé êàìåðû; 7 — ýêñ-
ïîçèöèîííàÿ êàìåðà; 8 — øèáåðíûå îòâåðñòèÿ; 9 — âåíòè-
ëÿòîð; 10 — çàñëîíêà (ïåðåãîðîäêà) ïåðåõîäíîãî ðóêàâà;
11 — ñòîëèê c âåñàìè
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ìàññû ñòâîëîâ äåðåâüåâ Âüåòíàìà, ïðåäñòàâëåííûõ
â òàáë. 1. Ðàçìåðû îáðàçöîâ äðåâåñèíû ñîñòàâëÿëè
0,1�0,1�0,02 ì.

Âëàæíîñòü îáðàçöîâ èçìåðÿëàñü âëàãîìåðîì ZNT
125 Electronic ñ äèàïàçîíîì èçìåðåíèé 5–50 % è ïî-
ãðåøíîñòüþ èçìåðåíèé �2 %. Âëàæíîñòü îáðàçöîâ
íå ïðåâûøàëà 8 % (ñì. òàáë. 1), ÷òî ñîîòâåòñòâóåò
âëàæíîñòè äåðåâüåâ Âüåòíàìà â íàèáîëåå ïîæàðî-
îïàñíûé çàñóøëèâûé ïåðèîä ãîäà.

Ðåçóëüòàòû ýêñïåðèìåíòîâ
è èõ àíàëèç

Íà ðèñ. 2 ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå çà-
âèñèìîñòè óäåëüíîé ñêîðîñòè ãàçèôèêàöèè îáðàç-
öîâ äðåâåñèíû îò âðåìåíè èñïûòàíèé.

Èç ðèñ. 2 âèäíî, ÷òî ëîêàëüíûå çíà÷åíèÿ �óä

ïîñëå 2 ìèí èñïûòàíèé íàõîäÿòñÿ â äèàïàçîíå îò
0,0063 äî 0,014 êã�(ì2·ñ), ãäå íèæíèé ïðåäåë ñîîò-
âåòñòâóåò ãîðåíèþ õâîéíûõ ïîðîä äåðåâüåâ, à âåðõ-
íèé — ëèñòâåííûõ [21].

Íà ðèñ. 3 ïðèâåäåíû ýêñïåðèìåíòàëüíûå çàâè-
ñèìîñòè óäåëüíûõ ìàññîâûõ êîýôôèöèåíòîâ îáðà-

çîâàíèÿ ÑÎ îò âðåìåíè. Àíàëèç ðåçóëüòàòîâ ýêñïå-
ðèìåíòîâ ïîêàçûâàåò, ÷òî âåëè÷èíà óäåëüíîãî êîýô-
ôèöèåíòà îáðàçîâàíèÿ ÑÎ ïðåíåáðåæèìî ìàëà íà
íà÷àëüíîé ñòàäèè èñïûòàíèé. Ýòî îáúÿñíÿåòñÿ òåì,
÷òî â ýòîò ïåðèîä êîíöåíòðàöèÿ êèñëîðîäà ïðàêòè-
÷åñêè ïîñòîÿííà, ðàâíà êîíöåíòðàöèè â âîçäóõå ïî-
ìåùåíèÿ è ìîíîêñèä óãëåðîäà îêèñëÿåòñÿ äî äè-
îêñèäà ÑÎ2. Ïî ìåðå óìåíüøåíèÿ êîíöåíòðàöèè Î2

êîíöåíòðàöèÿ ÑÎ áûñòðî óâåëè÷èâàåòñÿ.
Ñðåäíèå çà âðåìÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ

çíà÷åíèÿ �óä è LCO ïðåäñòàâëåíû â òàáë. 2.
Èç òàáë. 2 âèäíî, ÷òî:

� ýêñïåðèìåíòàëüíûå ñðåäíèå çíà÷åíèÿ �óä íàõî-
äÿòñÿ â äèàïàçîíå îò 0,0063 êã�(ì2·ñ) äëÿ õâîéíûõ
ïîðîä äî 0,014 êã�(ì2·ñ) — äëÿ ëèñòâåííûõ [21];

� ýêñïåðèìåíòàëüíûå ñðåäíèå îïûòíûå çíà÷åíèÿ
LCO ñóùåñòâåííî ìåíüøå (áîëåå ÷åì â 2 ðàçà) ïî
ñðàâíåíèþ ñ ïðèâåäåííûìè â áàçå äàííûõ [21].
Èç ðèñ. 2 âèäíî, ÷òî çàâèñèìîñòè óäåëüíîé ìàñ-

ñîâîé ñêîðîñòè ãàçèôèêàöèè äðåâåñèíû îò âðåìåíè
èìåþò ìàêñèìóì â íà÷àëå ïðîöåññà ãàçèôèêàöèè.
Âðåìÿ âûõîäà íà ìàêñèìàëüíûå çíà÷åíèÿ íå ïðå-
âûøàåò 0,5–2 ìèí â çàâèñèìîñòè îò ïîðîäû äåðåâà,
ïîñëå ÷åãî ïðîèñõîäèò îòíîñèòåëüíàÿ ñòàáèëèçà-
öèÿ ïðîöåññà ãàçèôèêàöèè äðåâåñèíû.

Çíà÷åíèÿ óäåëüíîãî ìàññîâîãî êîýôôèöèåíòà îá-
ðàçîâàíèÿ ÑÎ ñîãëàñíî ðèñ. 3 ïðèìåðíî ÷åðåç 2 ìèí
îò íà÷àëà ãîðåíèÿ ïðåíåáðåæèìî ìàëû. Çàòåì â òå-
÷åíèå 1–2 ìèí (â çàâèñèìîñòè îò ïîðîäû äåðåâà)
ïðîèñõîäèò èõ ðåçêèé ðîñò äî ìàêñèìàëüíûõ çíà÷å-
íèé. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ñ òå÷åíèåì âðåìåíè
ïðîèñõîäèò óìåíüøåíèå êîíöåíòðàöèè êèñëîðîäà

Íîìåð
îáðàçöà

Íàçâàíèå
(ðóññêîå, âüåòíàìñêîå)

Êëàññ
äåðåâà

Âëàæ-
íîñòü, %

1 Àêàöèÿ, keo
Ëèñòâåííûå

< 5

2 Ìåëèÿ àöåäàðàõ, xoan < 5

3 Ñîñíà, ho. thông Õâîéíûå < 5

4 Ýâêàëèïò, ba. ch d–àn
Ëèñòâåííûå

8

5 Ëîíãàí, nhãn 7

Òàáëèöà 1. Ðàññìàòðèâàåìûå ïîðîäû äåðåâüåâ Âüåòíàìà

Ðèñ. 2. Çàâèñèìîñòü óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè äðåâåñíîé ìàññû îò âðåìåíè èñïûòàíèé îáðàçöîâ: �— ¹ 1;
� — ¹ 2; � — ¹ 3; �— ¹ 4; �— ¹ 5; 1 — õâîéíûå ïîðîäû, �óä = 0,0063 êã�(ì2·ñ); 2 — ëèñòâåííûå ïîðîäû, �óä =
= 0,014 êã�(ì2·ñ) [21]
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â êàìåðå ñãîðàíèÿ (ñì. ðèñ.1) è íå âåñü ìîíîêñèä óã-
ëåðîäà îêèñëÿåòñÿ äî äèîêñèäà.

Ïîëó÷åííûå ñðåäíèå ýêñïåðèìåíòàëüíûå çíà-
÷åíèÿ óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè è

óäåëüíîãî ìàññîâîãî êîýôôèöèåíòà îáðàçîâàíèÿ ÑÎ
äëÿ îáðàçöîâ äðåâåñíîé ìàññû íàèáîëåå ðàñïðî-
ñòðàíåííûõ ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ
Âüåòíàìà ìîãóò áûòü èñïîëüçîâàíû ïðè ðàñ÷åòå õà-
ðàêòåðèñòèê âåðõîâûõ ïîæàðîâ.

Çàêëþ÷åíèå

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîöåññà ãî-
ðåíèÿ îáðàçöîâ äðåâåñíîé ìàññû íàèáîëåå ðàñïðî-
ñòðàíåííûõ ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ
Âüåòíàìà ïîçâîëÿþò îáîñíîâàòü âûáîð çíà÷åíèé
óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ ÑÎ è óäåëü-
íîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè, íåîáõîäèìûõ
äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïàðàìåòðîâ è
òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïîæàðîâ
íà îáúåêòû ýíåðãåòèêè Âüåòíàìà.
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Introduction

Forest fires can cause catastrophic destruction of energy
facilities vital for the economy and security of a country,
the breakdown of which can cause the human livelihood
disruption.

Mathematical modeling of forest fires is a very com-
plex, not completely resolved, multifactorial and non-
linear problem [1–16]. The uncertainty of the thermo-
physical and chemical properties of forest combustible
materials does not allow a reliable calculation of the heat
flux from a forest fire affecting energy facilities, such as
electrical substations, thermal power plants, hydro-
electric power stations, power lines, etc. In this regard,
the study of the wood pulp combustion of Vietnamese
trees is an actual scientific and practical problem.

The purpose of the article is to substantiate the source
data for the mathematical modeling of the parameters
and heat impact of running crowning forest fires on
power engineering facilities in Vietnam.

To achieve this, the experimental studies of the com-
bustion of wood pulp samples from the most common
hardwood and coniferous trees of Vietnam were car-
ried out.

Experimental facility and methodology
of the experiments

Fig. 1 shows the scheme of the experimental faci-
lity proposed in the works [17–19].

Fig. 1. Experimental facility functional diagram: 1 — combustion
chamber; 2 — combustion chamber door; 3 — sample holder;
4 — electric heater; 5 — transition sleeve; 6 — exposure chamber
door; 7 — exposure chamber; 8 — slide apertures; 9 — fan; 10 —
fire screen (partition) of the transition sleeve; 11 — table with scales
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The facility consists of a combustion chamber 1,
which is connected to the exposure chamber 7 using
the transition sleeve 5.

The internal volume of the combustion chamber is
equal to 3 �10–3 m3. Its walls are made of thick stainless
steel sheet with the thickness of (2.0�0.1) mm. Obser-
vations on samples of materials are carried out through
a window made of quartz glass during testing. The se-
lection of the test mode using the air exchange of
the chamber with the room is carried out through the slide
apertures on the side wall of the chamber.

The device for thermal blocking of the exposure
chamber from the combustion chamber is located in
the transition sleeve.

There are slide apertures 8 on the side wall of the ex-
posure chamber with a cubic volume of 0.5887 m3 and
with the upper part in the form of a cone.

Shielded electric heater 4 and the sample holder 3

are placed in the combustion chamber.
Electronic scales 11 on which the sample holder is

located, allow you to measure the sample mass with
an error not exceeding �1 mg. The scales are installed
on the table, which position is adjustable up�down.

Temperature measurements in the exposure chamber
are carried out continuously using 32 low inertia ar-
mored thermocouples. The range of measured tempera-
tures is from minus 40 to +1100 °Ñ. Measurement error
does not exceed �1.5t (°Ñ).

The density of the heat flux coming from the shield-
ed electric heater to the surface of the sample material is
measured by a water-cooled Gordon sensor with an error
not exceeding �8 %.

The composition of the gas-air environment in the ex-
posure chamber is determined using a multichannel gas
analyzer with ranges of gas concentrations measuring
(with maximum accuracy of �10 % by vol.) carbon
monoxide ÑÎ — 0-1 % by vol., carbon dioxide ÑÎ2 —
0–5 % by vol., oxygen Î2 — 0–21 % by vol.

The tests were carried out in the mode of flame com-
bustion, which was provided by the density of the in-
coming heat flux of 60 kW�m2. The surface tempera-
ture of the heater was 750 °Ñ.

The experiments were carried out according to
the following method.

A previously weighed sample of the material having
a room temperature was placed on the sample holder
seat.

After stabilization of the operation mode of the elect-
ric heater, the combustion chamber door was opened
and the seat with the wood sample was placed in
the sample holder. Then the fire screen of the transition
sleeve was opened, and the combustion chamber door
was closed. The sample ignited.

During the experiment, concentrations ÑÎ, ÑÎ2,
Î2 were continuously measured, as well as sample tem-
perature and mass.

Further, the specific mass gasification rate �spec

(kg�(m2·sec) was determined by the following formula:

�
�spec

F

M
�

1 d
d

, (1)

where F — sample surface area, m2;
Ì — current sample weight, kg;
� — test time, sec.
To predict the toxicological situation with regard to

forest fires, it is necessary, first of all, to know the con-
centration of carbon monoxide, therefore, in experi-
ments, the specific carbon monoxide formation coeffi-
cient was determined LÑÎ at every instant according to
the following formula:

L
V

Fspec
CO

COd

d
�
�

�
�

, (2)

where V — exposure chamber volume, m3;
�CO — medium volume density ÑÎ in the exposure
chamber, kg�m3.

Input data

In order to perform mathematical modeling of
the parameters and thermal effects of running crowning
forest fires, it is necessary, first of all, to know the lowest
working heat of combustion Qlow

work (MJ�kg) and spe-
cific mass gasification rate of wood pulp.

The data analysis given in the works [20, 21], shows
that the lowest working heat of combustion of coni-
ferous and hardwood wood is in the range Qlow

work =
= 13.8�21.2 MJ�kg. Therefore, if its average value of
17.5 MJ�kg is used, the error compared to its true value
does not exceed 27 %.

We will carry out measurements of the specific mass
gasification rate of wood pulp samples of Vietnam trees,
shown in Table 1. The sizes of the wood samples were
0.1�0.1�0.02 m.

The moisture content of the samples was measured
with ZNT 125 Electronic moisture meter with measuring
range 5–50 % and error measurement �2 %. The samples
humidity did not exceed 8 % (see Table 1), which cor-

Number
of sample

Name
(english, vietnamese)

Tree kind
Humi-
dity, %

1 Acacia auriculiformis, keo
Deciduous

< 5

2 Chinaberry, xoan < 5

3 Pine, ho. thông Coniferous < 5

4 Eucalyptus camaldulensis
dehnhardt, ba. ch d–àn Deciduous

8

5 Dimocarpus longan, nhãn 7

Table 1. The considered tree species of Vietnam
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responds to the humidity of Vietnamese trees in the most
fire-hazardous dry period of the year.

Study results and their analysis

Fig. 2 shows the experimental dependence of the spe-
cific gasification rate of wood samples on the test time
period.

Fig. 2 shows that local values�spec after 2 minutes of
tests are in the range of 0.0063 up to 0.014 kg�(m2�sec),
where lower limit corresponds to the combustion of
coniferous trees, and the upper — hardwood ones [21].

Fig. 3 shows the experimental dependence of the spe-
cific carbon monoxide formation coefficient on the time
period. Analysis of the experimental results shows that
the value of the specific carbon monoxide formation
coefficient is negligible at the initial stage of testing.
This is explained by the fact that during this period
the oxygen concentration is almost constant and is equal
to the concentration in the air of the room and carbon
monoxide is oxidized to dioxide ÑÎ2. As the concent-
ration of Î2 decreases concentration of CO increases
rapidly.

Mean values during the experiment �spec and LCO

shown in table 2.
It can be seen from table 2 that:

� experimental mean values �spec are in the range of
0.0063kg�(m2�sec)forconiferous trees0.014kg�(m2�sec)
— for hardwood trees [21];

� experimental mean values LCO are significantly less
(more than 2 times) compared to those ones given in
the database [21].
It can be seen from Fig. 2 that the dependences of

the specific mass gasification rate of wood on the time

period have a maximum at the beginning of the gasifi-
cation process. The time period taken to reach the
maximum values does not exceed 0.5–2 minutes, de-
pending on the type of wood, after which there is a rela-
tive stabilization of wood gasification process.

The values of the specific carbon monoxide forma-
tion coefficient according to Fig. 3 approximately in 2 mi-
nutes after the start of combustion is negligible. Then

Fig. 3. The dependence of the specific carbon monoxide forma-
tion coefficient from the period of sample testing: �— No. 1;
� — No. 2; � — No. 3; �— No. 4; �— No. 5

Fig. 2. The dependence of the specific mass gasification rate of wood pulp from the period of sample testing:�— No. 1; � — No. 2; � —
No. 3;�— No. 4; �— No. 5; 1 — coniferous trees, �spec = 0.0063 kg�(m2�sec); 2 — hardwood trees,�spec = 0.014 kg�(m2�sec) [21]
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within 1–2 minutes (depending on wood species) there
is their sharp growth to the maximum values. This results
from the fact that eventually there is a reduction of oxygen
concentration in the combustion chamber (see Fig. 1)
and not all carbon monoxide is oxidized to dioxide.

The obtained average experimental values of the spe-
cific mass gasification rate and the specific carbon
monoxide formation coefficient for pulp samples of
the most common hardwood and coniferous trees of
Vietnam can be used to calculate the characteristics of
running crowning fires.

Conclusion

Experimental studies of combustion process wood
pulp samples of the most widespread hardwood and coni-
ferous tree species of Vietnam allow to prove the choice
of values of the specific carbon monoxide formation
coefficient and the specific mass gasification rate, re-
quired for mathematical modeling of the parameters
and heat impact of running crowning forest fires on
the power engineering facilities in Vietnam.

Number
of sample

�spec (kg�(m2·sec) LCO

This
article

[21]
This

article
[21]

1 0.0093
0.014

0.0052

0.024

2 0.0102 0.0107

3 0.0113 0.0063 0.0073

4 0.0127
0.014

0.012

5 0.0091 0.008

Table 2. Average values �spec è LCO during the experiment
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ÌÎÄÅËÜ ÎÖÅÍÊÈ ÎÁÅÑÏÅ×ÅÍÈß ÊÎÌÏËÅÊÑÍÎÉ
ÁÅÇÎÏÀÑÍÎÑÒÈ Â ÀÑÓÒÏ Ñ ÏÐÈÌÅÍÅÍÈÅÌ
ÄÈÀÃÍÎÑÒÈÊÈ ÏÎÆÀÐÍÛÕ ÈÇÂÅÙÀÒÅËÅÉ
ÄËß ÏÎÑÒÐÎÅÍÈß ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÎÉ
ÑÈÑÒÅÌÛ ÏÎÄÄÅÐÆÊÈ ÓÏÐÀÂËÅÍÈß
ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜÞ

Èçó÷åíû îñîáåííîñòè îöåíêè îáîðóäîâàíèÿ ïåðâîãî óðîâíÿ àâòîìàòèçèðîâàííûõ ñèñòåì óïðàâ-
ëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ) êàê ñîñòàâíûõ ÷àñòåé öåïî÷êè îáåñïå÷åíèÿ áåç-
îïàñíîñòè îáúåêòîâ òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ) ñ ó÷åòîì ïëàíîâûõ ñòàáèëè-
çèðóþùèõ ïðîöåäóð â îñîáûõ óñëîâèÿõ. Ïðåäñòàâëåíî îáîñíîâàíèå âûáîðà êðèòåðèÿ îöåíêè
íàäåæíîñòè ðàáîòû èçâåùàòåëåé ÀÑÓÒÏ. Ïðè ïîñòðîåíèè ìàòåìàòè÷åñêîé ìîäåëè îöåíêè íà-
äåæíîñòè àâòîìàòèçèðîâàííîé ñèñòåìû ïîæàðîâçðûâîáåçîïàñíîñòè íà îáúåêòå ÒÝÊ âûáðàí
èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà. Îïèñàí ñïîñîá îöåíêè íàäåæíîñòè ñ èñïîëüçîâàíèåì âåê-
òîðà öåëåé ïëàíèðîâàíèÿ. Äàíà õàðàêòåðèñòèêà ÷åòûðåì ëîêàëüíûì ïîêàçàòåëÿì êà÷åñòâà. Ðàñ-
ñìîòðåí ïðèìåð àíàëèçà ðåñóðñíîãî ïîêàçàòåëÿ. Îáîñíîâàíî ïðèìåíåíèå èíñòðóìåíòàðèÿ ñòðà-
òåãè÷åñêîãî ïëàíèðîâàíèÿ äëÿ äîñòèæåíèÿ ïîñòàâëåííîé â ñòàòüå çàäà÷è.

Êëþ÷åâûå ñëîâà: àâòîìàòèçàöèÿ; äàò÷èêè; ñòàáèëèçèðóþùèå ïðîöåäóðû; öèôðîâîé äâîéíèê;
ïîêàçàòåëè êà÷åñòâà; îöåíêà íàäåæíîñòè; ìàòåìàòè÷åñêàÿ ìîäåëü; ñòðàòåãè÷åñêîå ïëàíèðîâàíèå.

DOI: 10.18322/PVB.2018.27.11.15-22

Ââåäåíèå

Îáúåêòû òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ)
ÿâëÿþòñÿ ñîñòàâíîé ÷àñòüþ ýêîíîìèêè ñòðàíû.
Îíè âûïîëíÿþò îäíó èç âàæíåéøèõ åå ôóíêöèé —
îáåñïå÷åíèå ïðåäïðèÿòèé è îðãàíèçàöèé ÐÔ òîïëè-
âîì è ïðîäóêòàìè ïåðåðàáîòêè íåôòè è ãàçà. Îäíèì
èç îñíîâíûõ ìàòåðèàëîâ, ïåðåðàáàòûâàåìûõ íà íèõ,
ÿâëÿþòñÿ ëåãêîâîñïëàìåíÿþùèåñÿ âåùåñòâà, ñîçäà-
þùèå ðåàëüíóþ óãðîçó âîçíèêíîâåíèÿ ïîæàðîâ è
âçðûâîâ. Äëÿ ïðåäîòâðàùåíèÿ îïàñíûõ ñîáûòèé, ñâÿ-
çàííûõ ñ ïîäîáíûìè ïðîÿâëåíèÿìè, íà îáúåêòàõ ÒÝÊ
ïðåäïðèíèìàþòñÿ ìåðû áåçîïàñíîñòè [1]. Êîìïëåêñ
òàêèõ ìåð, â òîì ÷èñëå ìåðîïðèÿòèé ïî ïðåäîòâðà-
ùåíèþ ïîæàðîâ è âçðûâîâ, è îïðåäåëÿåò ñîñòîÿíèå
êîìïëåêñíîé áåçîïàñíîñòè íà äàííûõ îáúåêòàõ [2].

Â ñâÿçè ñ èíòåíñèôèêàöèåé òåõíîëîãè÷åñêèõ ïðî-
öåññîâ íà îáúåêòàõ ÒÝÊ, âûçâàííûõ îáîñòðåíèåì
êîíêóðåíöèè, àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâ-
ëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ) òðå-
áóþò íå òîëüêî ïîñòîÿííîãî îáíîâëåíèÿ, íî è ñâîå-
âðåìåííîé äèàãíîñòèêè óæå óñòàíîâëåííîãî îáî-
ðóäîâàíèÿ, ÷òî óâåëè÷èâàåò íàãðóçêó íà ïåðñîíàë.
Â ýòèõ óñëîâèÿõ âûðàñòàåò ðèñê íåâûíóæäåííûõ
îøèáîê ïåðñîíàëà è ñâÿçàííûõ ñ íèìè ñîáûòèé ïî
íåïðàâèëüíîé èëè íåñâîåâðåìåííîé äèàãíîñòèêå
îáîðóäîâàíèÿ ÀÑÓÒÏ, îòâå÷àþùåãî çà êîíòðîëü ïðî-
öåññîâ ïîæàðíîé áåçîïàñíîñòè.

Ïðèíÿòî ñ÷èòàòü, ÷òî íàèáîëåå ýôôåêòèâíûì
ñðåäñòâîì êîíòðîëÿ è ðàáîòû ïî çàùèòå îáúåêòîâ
îò ïîæàðîâ è âçðûâîâ â ÀÑÓÒÏ ÿâëÿåòñÿ àâòîìà-

© Òîïîëüñêèé Í. Ã., Ñàìàðèí È. Â., Ñòðîãîíîâ À. Þ., 2018
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òèçèðîâàííàÿ ñèñòåìà ïîæàðîâçðûâîáåçîïàñíîñòè
(ÀÑÏÂÁ) [3]. Åå ïðèìåíåíèå îáåñïå÷èâàåò âûñî-
êèé óðîâåíü êîíòðîëÿ òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ â õîäå ïðîèçâîäñòâåííûõ ïðîöåññîâ.

Öåëüþ ñòàòüè ÿâëÿåòñÿ ïîñòðîåíèå ìàòåìàòè÷å-
ñêîé ìîäåëè îöåíêè êîìïëåêñíîé áåçîïàñíîñòè îáú-
åêòîâ ÒÝÊ â ÀÑÓÒÏ. Îöåíêà âûïîëíÿåòñÿ â îñîáûõ
óñëîâèÿõ ïðîâåäåíèÿ ìåðîïðèÿòèé ïî ïðåäóïðåæ-
äåíèþ ïîæàðîâ, à èìåííî ïðîâåðêè èçâåùàòåëåé
(äàò÷èêîâ). Ðåøåíèå ïîñòàâëåííîé çàäà÷è íà÷èíà-
åòñÿ ñ âûáîðà ôóíêöèè îöåíêè êàê çàâèñèìîñòè èç-
âåùàòåëÿ îò âåêòîðà öåëåé óïðàâëåíèÿ îáúåêòîì
ÒÝÊ. Ââåäåí èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà îáåñ-
ïå÷åíèÿ íàäåæíîñòè ÀÑÓÒÏ êàê ñóììà ñîîòâåòñò-
âóþùèõ ëîêàëüíûõ ïîêàçàòåëåé. Ïðè ìîäåëèðîâà-
íèè îöåíêà íàäåæíîñòè ðàáîòû ÀÑÏÂÁ íà îáúåêòå
ÒÝÊ îñóùåñòâëÿåòñÿ ïóòåì äèàãíîñòèêè ñ èñïîëü-
çîâàíèåì âåêòîðà öåëåé ïëàíèðîâàíèÿ.

Ìåòîäû èññëåäîâàíèÿ

Äèàãíîñòè÷åñêèå ìåðîïðèÿòèÿ ïî ïðåäóïðåæ-
äåíèþ ïîæàðîâ íà îáúåêòàõ ÒÝÊ âêëþ÷àþò â ñåáÿ
ñëåäóþùèå ïðîôèëàêòè÷åñêèå ìåðû [4]:
� ïåðèîäè÷åñêèå ïðîâåðêè ñîñòîÿíèÿ ïîæàðíîé

áåçîïàñíîñòè îáúåêòà ÒÝÊ â öåëîì è åãî îòäåëü-
íûõ ó÷àñòêîâ, à òàêæå îáåñïå÷åíèå êîíòðîëÿ çà
ñâîåâðåìåííûì âûïîëíåíèåì ýòèõ ìåðîïðèÿòèé;

� ïðîâåäåíèå ïîæàðíî-òåõíè÷åñêèõ îáñëåäîâàíèé
îáúåêòà ÒÝÊ ïðåäñòàâèòåëÿìè Ãîñóäàðñòâåííî-
ãî ïîæàðíîãî íàäçîðà ñ âðó÷åíèåì ïðåäïèñàíèé;
óñòàíîâëåíèå äåéñòâåííîãî êîíòðîëÿ çà âûïîë-
íåíèåì âûäàííûõ ïðåäïèñàíèé è ïðèêàçîâ ðó-
êîâîäèòåëÿ îáúåêòà ÒÝÊ, èçäàííûõ ïî íèì;

� ïîñòîÿííûé êîíòðîëü íàä ïðîâåäåíèåì ïîæàðî-
îïàñíûõ ðàáîò, âûïîëíåíèåì ïðîòèâîïîæàðíûõ
òðåáîâàíèé íà îáúåêòå ÒÝÊ;

� ïðîâåäåíèå èíñòðóêòàæåé è ñïåöèàëüíûõ çàíÿ-
òèé ñ ðàáî÷èìè è ñëóæàùèìè îáúåêòà ÒÝÊ ïî
âîïðîñàì ïîæàðíîé áåçîïàñíîñòè è äðóãèõ ìå-
ðîïðèÿòèé ïî ïðîòèâîïîæàðíîé ïðîïàãàíäå è
àãèòàöèè;

� ïðîâåðêó èñïðàâíîñòè è ïðàâèëüíîãî ñîäåðæà-
íèÿ ñòàöèîíàðíûõ àâòîìàòè÷åñêèõ è ïåðâè÷íûõ
ñðåäñòâ ïîæàðîòóøåíèÿ, ïðîòèâîïîæàðíîãî âî-
äîñíàáæåíèÿ è ñèñòåì èçâåùåíèÿ î ïîæàðàõ;

� óñòàíîâêó â öåõàõ, ìàñòåðñêèõ, íà ñêëàäàõ è îò-
äåëüíûõ àãðåãàòàõ ñèñòåì ïîæàðíîé àâòîìàòèêè.
Ïðè ýòîì ïåðèîäè÷íîñòü ïðîâåðêè ãîòîâíîñòè

îáîðóäîâàíèÿ ê ïîæàðàì íà îáúåêòå ÒÝÊ äîëæíà
áûòü íå ðåæå 1 ðàçà â êâàðòàë [5]. Ïëàíèðîâàíèå ðå-
ñóðñîâ äëÿ òàêèõ ïðîâåðîê îñóùåñòâëÿåòñÿ ïî çà-
ÿâêàì îáñëóæèâàþùåãî ïåðñîíàëà.

Åæåìåñÿ÷íî îòâåòñòâåííûì ïåðñîíàëîì îáúåê-
òà ÒÝÊ äîëæåí òàêæå ïðîâîäèòüñÿ âèçóàëüíûé êîíò-
ðîëü äàâëåíèÿ â ìîäóëå ãàçîàíàëèçàòîðà (äàò÷èêà)

ïî ïîêàçàíèÿì ìàíîìåòðà ìîäóëÿ. Íàáëþäàåìàÿ îò-
ìåòêà äàâëåíèÿ äîëæíà íàõîäèòüñÿ â ïðåäåëàõ çàòåì-
íåííîãî ïîëÿ äëÿ çàäàííîãî çíà÷åíèÿ òåìïåðàòóðû
îêðóæàþùåé ñðåäû. Åñëè îíà ëåæèò íèæå ýòîé ãðà-
íèöû, ìîäóëè äàò÷èêà ïîäëåæàò ïåðåçàðÿäêå. Ðåçóëü-
òàòû ïðîâåðêè ôèêñèðóþò â ñïåöèàëüíîì æóðíàëå.

Êðîìå òîãî, 1 ðàç â 6 ìåñÿöåâ ïðîâîäÿò:
� âíåøíèé îñìîòð è êîíòðîëü ñîñòàâíûõ ÷àñòåé

óñòàíîâîê (òåõíîëîãè÷åñêîé ÷àñòè — òðóáîïðî-
âîäîâ, ðàñïûëèòåëåé, ðóêàâîâ, áàëëîíîâ ñ îãíå-
òóøàùèì âåùåñòâîì, ìàíîìåòðîâ è ðàñïðåäå-
ëèòåëüíûõ óñòðîéñòâ) íà îòñóòñòâèå ìåõàíè÷å-
ñêèõ ïîâðåæäåíèé, ãðÿçè, ïðî÷íîñòü êðåïëåíèÿ,
íàëè÷èå ïëîìá;

� êîíòðîëü ðàáî÷åãî ïîëîæåíèÿ îñíîâíîé è ðåçåðâ-
íîé çàïîðíîé àðìàòóðû íà ñîñòàâíûõ ÷àñòÿõ
óñòàíîâîê.
Ðåçóëüòàòû ïðîâåðêè ôèêñèðóþò â ñïåöèàëüíîì

æóðíàëå.
Â ñîñòàâ åæåãîäíûõ êîíòðîëüíûõ è ïëàíèðóåìûõ

ìåðîïðèÿòèé ïî ïðåäóïðåæäåíèþ ïîæàðîâ âõîäÿò:
1) ìåòðîëîãè÷åñêàÿ ïîâåðêà ìàíîìåòðîâ. Äëÿ

ýòîãî èõ èçâëåêàþò èç ìåñò óñòàíîâêè è îòïðàâëÿþò
â êîíòðîëüíî-èçìåðèòåëüíóþ ëàáîðàòîðèþ íà ïî-
âåðêó, ïîñëå ÷åãî âîçâðàùàþò íà ìåñòî, ïðåäâàðè-
òåëüíî ïðîâåðèâ åãî;

2) ìåòðîëîãè÷åñêàÿ ïîâåðêà ìàíîìåòðîâ íà âñåõ
îáúåêòàõ çàùèòû (ÎÇ), âõîäÿùèõ â ñîñòàâ îáúåêòà
ÒÝÊ;

3) èçìåðåíèå ñîïðîòèâëåíèÿ èçîëÿöèè ýëåêòðè-
÷åñêèõ öåïåé íà ïðîòèâîïîæàðíîì îáîðóäîâàíèè è
äàò÷èêàõ;

4) çàìåíà ñîñòàâíûõ ÷àñòåé ìîäóëåé äàò÷èêîâ,
èìåþùèõ îãðàíè÷åííûå ñðîêè ýêñïëóàòàöèè, åñëè
óñòàíîâëåíû ôàêòû íåñîîòâåòñòâèÿ ïîñòóïàþùåé
îò íèõ èíôîðìàöèè ðåàëüíîìó ñîñòîÿíèþ ñðåäû.

Ñòîèìîñòü âñåõ ïåðå÷èñëåííûõ ðàáîò â çàâèñè-
ìîñòè îò ðàçìåðîâ îáúåêòà ÒÝÊ è îáúåìîâ åãî ïî-
ìåùåíèé ìîæåò ìåíÿòüñÿ.

Òåïåðü ðàçáåðåì ïîäðîáíåå îãðàíè÷åíèÿ îñîáûõ
óñëîâèé è ïîïðîáóåì îòðàçèòü ýòî â êðèòåðèÿõ îöåí-
êè äèàãíîñòè÷åñêèõ ìåðîïðèÿòèé è ìåðîïðèÿòèé
ïî ïîâûøåíèþ óðîâíÿ êîìïëåêñíîé (â òîì ÷èñëå
ïîæàðíîé) áåçîïàñíîñòè. Ñîãëàñíî [6] èçíîñ èçíà-
÷àëüíî ïîñòàâëåííîãî òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ íà ìíîãèõ îáúåêòàõ ÒÝÊ äîëæåí ñîñòàâëÿòü
íå ìåíåå 80–100 % èç-çà áîëüøîãî ñðîêà ýêñïëóàòà-
öèè. Íåêîòîðûå óçëû, óñòàðåâøèå è ôèçè÷åñêè, è
ìîðàëüíî, òðåáóþò ëèáî çàìåíû, ëèáî êîðåííîé ìî-
äåðíèçàöèè. Â ýòîì ñìûñëå öèôðîâûå äâîéíèêè íå
îñòàâëÿþò âûáîðà ðóêîâîäèòåëÿì îáúåêòà ÒÝÊ [7].
Òàêèå óçëû ìåíÿþò íà èìïîðòíîå îáîðóäîâàíèå:
äàò÷èêè çàãàçîâàííîñòè Draeger [8], îòñå÷íûå êëà-
ïàíû Emerson, ìíîãîêîìïîíåíòíûå àíàëèçàòîðû
Modcon.
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Êðîìå óêàçàííûõ óçëîâ çàðóáåæíîãî ïðîèçâîä-
ñòâà, â íàñòîÿùåå âðåìÿ íà îáúåêòàõ ÒÝÊ ïðèìå-
íÿþòñÿ èìïîðòíûå ñèñòåìû êîíòðîëÿ, äèàãíîñòè-
êè è îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè [9, 10].
Âî ìíîãîì ýòî îáóñëîâëåíî èñïîëüçîâàíèåì â êà÷å-
ñòâå ÀÑÓÒÏ èíîñòðàííûõ ïðîãðàììíûõ ðåàëèçà-
öèé îòäåëüíûõ ýëåìåíòîâ òåõíîëîãè÷åñêîãî îáîðó-
äîâàíèÿ. Öèôðîâûå äâîéíèêè, ïîìèìî ðÿäà ñóùåñò-
âåííûõ ïðåèìóùåñòâ [11], èìåþò è íåäîñòàòêè [12].
Ãëàâíûé èç íèõ ñîñòîèò â òîì, ÷òî èõ âíåäðåíèå äå-
ëàåò ïðîèçâîäñòâåííûé ïðîöåññ íà îáúåêòàõ ÒÝÊ
ôàêòè÷åñêè çàâèñèìûì îò èíîñòðàííûõ òåõíîëîãèé.
Ñëåäîâàòåëüíî, ïðèìåíåíèå ê îáúåêòàì ÒÝÊ îñîáûõ
óñëîâèé ïðè èñïîëüçîâàíèè äîñòèæåíèé “Èíäóñò-
ðèè 4.0” ïðèâåäåò ê ñåðüåçíûì çàòðóäíåíèÿì â îáåñ-
ïå÷åíèè êàê ñàìîãî ïðîèçâîäñòâåííîãî ïðîöåññà, òàê
è êîìïëåêñíîé áåçîïàñíîñòè îáúåêòà ÒÝÊ.

Ïåðå÷èñëåííûå ïðîòèâîïîæàðíûå è ïðîôèëàê-
òè÷åñêèå ìåðîïðèÿòèÿ íà îáúåêòå ÒÝÊ ïðèçâàíû
ïðîèëëþñòðèðîâàòü ðåàëüíûå öåëè ïëàíîâûõ ìåðî-
ïðèÿòèé ïî ïîâûøåíèþ íàäåæíîñòè ðàáîòû ÀÑÏÂÁ
â ÀÑÓÒÏ ïðè äèàãíîñòèðîâàíèè îáîðóäîâàíèÿ. Áó-
äåì íàçûâàòü èõ ñòàáèëèçèðóþùèìè ïðîöåäóðàìè.

Ðàññìîòðèì ñ ìàòåìàòè÷åñêîé òî÷êè çðåíèÿ
ìîäåëü îáåñïå÷åíèÿ êîìïëåêñíîé áåçîïàñíîñòè â
ÀÑÓÒÏ îáúåêòîâ ÒÝÊ ñ ó÷åòîì äèàãíîñòèêè ïî-
æàðíûõ èçâåùàòåëåé â îñîáûõ óñëîâèÿõ. Èìåííî
ïîæàðíûå èçâåùàòåëè (äàò÷èêè) ìîãóò áûòü íàè-
áîëåå ÷óâñòâèòåëüíûì ìåñòîì âñåé öåïî÷êè îáåñ-
ïå÷åíèÿ áåçîïàñíîñòè [13, 14]. Â ñâÿçè ñ ýòèì äëÿ
îïðåäåëåíèÿ çàâèñèìîñòè èõ ðàáîòû îò ñòàáèëèçè-
ðóþùèõ ïðîöåäóð (äèàãíîñòèêè, ïîâåðîê, ðåìîíòà,
çàìåíû è ò. ï.) èìååò ñìûñë ðàññìàòðèâàòü ôóíêöèþ
îöåíêè îòäåëüíûì âûáðàííûì äàò÷èêîì ñîñòîÿíèÿ
ñðåäû êàê åãî çàâèñèìîñòü îò âåêòîðà öåëåé óïðàâ-
ëåíèÿ îáúåêòîì ÒÝÊ:

Ii = fi (P), (1)

ãäå Ii — çíà÷åíèå i-ãî èçâåùàòåëÿ ñ çàäàííûì ïî-
ðîãîì ñðàáàòûâàíèÿ;
Ð — âåêòîð öåëåé ïëàíèðîâàíèÿ (îáåñïå÷åíèÿ
äîñòîâåðíîñòè èíôîðìàöèè) ïðè óïðàâëåíèè êîì-
ïëåêñíîé áåçîïàñíîñòüþ îáúåêòà ÒÝÊ; P = {P1,
P2, …, PK }.
Îáñòîÿòåëüñòâà ñðàáàòûâàíèÿ äàò÷èêîâ çàâèñÿò

îò ñòàáèëèçèðóþùèõ ïðîöåäóð è îò âðåìåíè èõ ðà-
áîòû, ïîýòîìó ôîðìóëó (1) ñëåäóåò ïåðåïèñàòü â âèäå

I f P t t P ti i i i i� ( ( ), , ( )),1
2 2

3
2 (2)

ãäå ti
2 — âðåìÿ ðàáîòû äàò÷èêîâ;

P1(ti
2) — öåëè ïëàíèðîâàíèÿ ñòàáèëèçèðóþùèõ

ïðîöåäóð, ïðîäëåâàþùèõ âðåìÿ ðàáîòû äàò÷èêîâ;
P3(ti

2) — öåëè ïëàíèðîâàíèÿ ñòàáèëèçèðóþùèõ
ïðîöåäóð, îáåñïå÷èâàþùèõ èõ íàäåæíîå ñðàáà-
òûâàíèå.

Îáà íàïðàâëåíèÿ ðàáîò ïåðñîíàëà ÀÑÓÒÏ ïîä-
ðàçóìåâàþò âûïîëíåíèå ìåðîïðèÿòèé, âõîäÿùèõ
â ïåðåñåêàþùèåñÿ, íî íåñîâïàäàþùèå ìíîæåñòâà.
Ïðè èõ îáúåäèíåíèè â åäèíîì ïëàíîâîì çàäàíèè
ïî îáåñïå÷åíèþ íàäåæíîñòè èíôîðìàöèè ïåðâîãî
óðîâíÿ â ÀÑÓÒÏ [15] ïîëó÷àåì:

Ii = fi (Pi (t), t). (3)

Òàê êàê ôóíêöèÿ fi (Pi (t), t) ïðåäñòàâëÿåò ñîáîé
êðèâóþ, äëÿ êðèòåðèÿ îöåíêè íàäåæíîñòè ðàáîòû
ïåðâîãî óðîâíÿ ÀÑÓÒÏ â j-ì êëàñòåðå ìîæíî îïðå-
äåëèòü ëîêàëüíûé ïîêàçàòåëü êà÷åñòâà w j

P äëÿ j-ãî
êëàñòåðà çàùèòû:

w f P t t tj
P

i i

i

N j

� 	

�

( ( ), ) ,d
1

j�{1, 2, …, M}, (4)

ãäå Nj — ÷èñëî ìåðîïðèÿòèé ñîãëàñíî ïëàíàì äî-
ñòèæåíèÿ j-é öåëè;
M — ÷èñëî ðàññìàòðèâàåìûõ êëàñòåðîâ, îáúåäè-
íÿþùèõ äàò÷èêè äëÿ çàäàííîãî ýëåìåíòà (ãðóïïû
ïîìåùåíèé, çäàíèÿ, ñîîðóæåíèÿ) îáúåêòà ÒÝÊ.
Èíòåãðàëüíûé ïîêàçàòåëü êà÷åñòâà äëÿ îáúåêòà

çàùèòû ÒÝÊ W Ð
OÇ çàäàåòñÿ âåêòîðîì

W w w wP Ð Ð
M
Ð

ÎÇ �{ , , , },1 2 � (5)

â êîòîðîì wi
P ðàññ÷èòûâàþòñÿ ïî ôîðìóëå (4).

Ôîðìóëà (3) óñòàíàâëèâàåò ôóíêöèîíàëüíóþ çà-
âèñèìîñòü ðàáîòû äàò÷èêà îò öåëåé ïëàíîâûõ ìåðî-
ïðèÿòèé. Ïðè ýòîì ñàìà ôóíêöèÿ öåëåé èìååò áîëåå
ñëîæíûé õàðàêòåð, ÷åì óêàçàíî â ýêñïëèêàöèè ê (1).

Ðàññìîòðèì ñïîñîá îöåíêè íàäåæíîñòè ðàáîòû
ÀÑÏÂÁ íà îáúåêòå ÒÝÊ ïóòåì äèàãíîñòèêè ñ èñ-
ïîëüçîâàíèåì âåêòîðà öåëåé ïëàíèðîâàíèÿ:

P = {V, F, R, W}, (6)

ãäå V — îáùèé ïîòðåáíûé îáúåì ïðîâîäèìûõ ìåðî-
ïðèÿòèé, èçìåðÿåìûé â óñëîâíûõ åäèíèöàõ (îäíî
ìåðîïðèÿòèå — îäíà åäèíèöà îáúåìà);
F — îáùåå ôèíàíñèðîâàíèå ìåðîïðèÿòèé â äî-
ñòèæåíèè öåëåé, çàïëàíèðîâàííûõ äëÿ ïîâûøå-
íèÿ íàäåæíîñòè ÀÑÏÂÁ;
R — îáùèå çàïëàíèðîâàííûå äëÿ ïðîâåäåíèÿ
ìåðîïðèÿòèé ðåñóðñû, íåîáõîäèìûå äëÿ ãàðàí-
òèðîâàííîãî äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé ïî-
âûøåíèÿ íàäåæíîñòè ÀÑÏÂÁ;
W — îáùèå çàòðàòû òðóäîâûõ ðåñóðñîâ â íîð-
ìî÷àñàõ, íåîáõîäèìûå äëÿ ãàðàíòèðîâàííîãî äî-
ñòèæåíèÿ çàïëàíèðîâàííûõ öåëåé ïîâûøåíèÿ
íàäåæíîñòè ÀÑÏÂÁ.
Ïîñêîëüêó âåñü êîìïëåêñ íåîáõîäèìûõ ìåðîïðè-

ÿòèé êîìïëåêñíîé áåçîïàñíîñòè íà îáúåêòå ÒÝÊ
ïðåäñòàâëÿåò ñîáîé ìíîãîóðîâíåâîå äåðåâî, âî èçáå-
æàíèå çàãðîìîæäåíèÿ ìîäåëè îöåíêè ðàññìîòðèì
òîëüêî èõ ïðîñòóþ ñóììó [16]. Òîãäà îáùèé ïîòðåá-
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íûé îáúåì ïðîâîäèìûõ ìåðîïðèÿòèé, èçìåðÿåìûé
â óñëîâíûõ åäèíèöàõ, áóäåò èìåòü âèä:

V mi

i

N

j

K j

�
��




11

, (7)

ãäå K — ÷èñëî öåëåé ïëàíèðîâàíèÿ (îáåñïå÷åíèÿ äî-
ñòîâåðíîñòè èíôîðìàöèè) ïðè óïðàâëåíèè êîì-
ïëåêñíîé áåçîïàñíîñòüþ íà íåôòåïåðåðàáàòû-
âàþùèõ ïðîèçâîäñòâàõ (ÍÏÏ);
mi — åäèíè÷íîå ìåðîïðèÿòèå ñîãëàñíî ïëàíàì
äîñòèæåíèÿ j-é öåëè;

mi �
�


�

0
1

,
,

íå âûïîëíåíî;
âûïîëíåíî.

(8)

Îáùåå ôèíàíñèðîâàíèå çàïëàíèðîâàííûõ öåëåé
ïîâûøåíèÿ íàäåæíîñòè ÀÑÏÂÁ ìîæíî ïðåäñòàâèòü
â âèäå

F Fi

i

N

j

K j

�
��




11

, (9)

ãäå Fi — ôèíàíñèðîâàíèå åäèíè÷íîãî ìåðîïðèÿòèÿ
ñîãëàñíî ïëàíàì äëÿ äîñòèæåíèÿ j-é öåëè;

F
Fi

i

�
�


�

0,
,
îòñóòñòâóåò;

çàïëàíèðîâàíî.
(10)

Îáùèå çàïëàíèðîâàííûå äëÿ ïðîâåäåíèÿ ìåðî-
ïðèÿòèé ðåñóðñû, íåîáõîäèìûå äëÿ ãàðàíòèðîâàí-
íîãî äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé ïîâûøåíèÿ
íàäåæíîñòè ÀÑÏÂÁ, ïðåäñòàâèì â âèäå

R Ri

i

N

j

K j

�
��




11

, (11)

ãäå Ri — ðåñóðñû, âûäåëåííûå äëÿ îáåñïå÷åíèÿ
âûïîëíåíèÿ åäèíè÷íîãî ìåðîïðèÿòèÿ ñîãëàñíî
ïëàíàì äëÿ äîñòèæåíèÿ j-é öåëè;

R
Ri

i

�
�


�

0,
,
îòñóòñòâóþò;

çàïëàíèðîâàíû.
(12)

Îáùèå çàòðàòû òðóäîâûõ ðåñóðñîâ â íîðìî÷àñàõ,
íåîáõîäèìûå äëÿ ãàðàíòèðîâàííîãî äîñòèæåíèÿ
çàïëàíèðîâàííûõ öåëåé ïîâûøåíèÿ íàäåæíîñòè
ÀÑÏÂÁ, ìîæíî îïðåäåëèòü êàê

W Wi

i

N

j

K j
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��




11

, (13)

ãäå Wi — íîðìî÷àñû, ïðåäóñìîòðåííûå äëÿ âûïîë-
íåíèÿ åäèíè÷íîãî ìåðîïðèÿòèÿ ñîãëàñíî ïëàíàì
äëÿ äîñòèæåíèÿ j-é öåëè;

W
Wi

i

�
�


�

0,
,
íå ïðåäóñìîòðåíû;

çàïëàíèðîâàíû.
(14)

Â ñëó÷àå åñëè ìåðîïðèÿòèÿ ïî îáåñïå÷åíèþ íà-
äåæíîñòè ÀÑÓÒÏ è åå äèàãíîñòèðîâàíèå íà ïåðâîì
óðîâíå ïîëó÷åíèÿ èíôîðìàöèè ñîãëàñíî öåëÿì ïëà-

íèðîâàíèÿ áóäóò âûðàæåíû â òàêîì âèäå, òî ëîêàëü-
íûå ïîêàçàòåëè êà÷åñòâà ìîæíî ðàññìàòðèâàòü â âèäå
ñóìì (7), (9), (11) è (13). Â ýòîì ñëó÷àå èíòåãðàëüíûé
ïîêàçàòåëü êà÷åñòâà îáåñïå÷åíèÿ íàäåæíîñòè è èíûõ
çàäà÷ ÀÑÓÒÏ áóäåò ïðåäñòàâëåí â âèäå ñóììû ñî-
îòâåòñòâóþùèõ ëîêàëüíûõ ïîêàçàòåëåé. Â ýòîì áåç-
ðàçìåðíîì êîíòåéíåðå äàííûõ áóäóò ó÷òåíû âñå íå-
îáõîäèìûå äëÿ âûïîëíåíèÿ ìåðîïðèÿòèé ïîêàçàòåëè.
Îäíàêî èñïîëüçîâàòü åãî â êà÷åñòâå îöåíêè ìîæíî
òîëüêî â òåîðåòè÷åñêîì ïëàíå, òàê êàê ôèíàíñèðîâà-
íèå è ðåñóðñû áóäóò äàâàòü ëüâèíóþ äîëþ åãî çíà-
÷åíèÿ.

Àíàëèç ðåçóëüòàòîâ

Ïðàâèëüíåå áûëî áû ðàññìàòðèâàòü ïðèâåäåííûå
ëîêàëüíûå ïîêàçàòåëè îòäåëüíî, ïîýòîìó äëÿ âû-
âîäà îá îñîáûõ óñëîâèÿõ ýêñïëóàòàöèè îáîðóäîâà-
íèÿ è ñèñòåì îáåñïå÷åíèÿ îáúåêòîâ ÒÝÊ, âõîäÿùèõ
â ÀÑÓÒÏ, ðàññìîòðèì òîëüêî ðåñóðñíûé ïîêàçàòåëü
êà÷åñòâà.

Ïðåäïîëîæèì, ÷òî íà îáúåêòå ÒÝÊ èñïîëüçóåòñÿ
40 % îòå÷åñòâåííûõ äàò÷èêîâ è 60 % äàò÷èêîâ çà-
ðóáåæíîãî ïðîèçâîäñòâà. Ïðåäïîëîæèì òàêæå, ÷òî
èõ ýêñïëóàòàöèÿ òðåáóåò ñîîòâåòñòâóþùåãî òåõíè-
÷åñêîãî îáñëóæèâàíèÿ (ÒÎ), áåç êîòîðîãî îíè íà÷è-
íàþò ðàáîòàòü íåêà÷åñòâåííî (ïîðîã ñðåäû ñëèøêîì
ñèëüíî ðàñõîäèòñÿ ñ ïîðîãîì ñðàáàòûâàíèÿ). Ïðè
ýòîì èìïîðòíûå äàò÷èêè îáñëóæèâàþòñÿ òîëüêî
èíîñòðàííûì ïðîèçâîäèòåëåì. Â îñîáûõ óñëîâèÿõ,
êàê áûëî ñêàçàíî âûøå, ìåðîïðèÿòèÿ ïî ôèíàíñè-
ðîâàíèþ è ëþáûì èíûì äåéñòâèÿì ïðåêðàùàþòñÿ.
Ñëåäîâàòåëüíî, âåëè÷èíà ñîîòâåòñòâóþùèõ Ri ñòðå-
ìèòñÿ ê 0.

Â ýòîì ñëó÷àå êîýôôèöèåíò ñîêðàùåíèÿ ðåñóð-
ñîâ r, äîñòóïíûõ ëèöó, ïðèíèìàþùåìó ðåøåíèÿ
(ËÏÐ), äëÿ îáåñïå÷åíèÿ áåçîïàñíîñòè â ÀÑÏÂÁ è
íàäåæíîñòè â ÀÑÓÒÏ â îñîáûõ óñëîâèÿõ ìîæíî
ïðåäñòàâèòü ôîðìóëîé

r = Roc �Rîá , (15)

ãäå Roc, Rîá — ëîêàëüíûå ïîêàçàòåëè êà÷åñòâà ïî
ôîðìóëå (11) ñîîòâåòñòâåííî ïðè îñîáûõ è îáû÷-
íûõ óñëîâèÿõ.
Äëÿ óïðîùåíèÿ ðàñ÷åòà áóäåì ïîëàãàòü, ÷òî â ñî-

ñòàâ èñïîëüçóåìûõ ðåñóðñîâ âõîäÿò äàò÷èêè (ãàçî-
àíàëèçàòîðû, ïîæàðíûå èçâåùàòåëè), ïðèáîðû èõ
ïîâåðêè è êîìïëåêòóþùèå, èñïîëüçóåìûå â ðåìîí-
òå. Èñõîäÿ èç òîãî, ÷òî è ýòè ðåñóðñû èìåþò èíî-
ñòðàííîå ïðîèñõîæäåíèå, áóäåì ñ÷èòàòü, ÷òî âñå
äàò÷èêè, èñïîëüçóåìûå â öèôðîâûõ äâîéíèêàõ, èì-
ïîðòíûå.

Òîãäà, ïðåäïîëàãàÿ, ÷òî çàïëàíèðîâàííûå ðåñóð-
ñû Ri îòå÷åñòâåííîãî ïðîèçâîäñòâà íå èçìåíÿòñÿ ïðè
ïåðåõîäå îò îáû÷íûõ óñëîâèé ê îñîáûì, èç (15) âè-
äèì, ÷òî çíà÷åíèå Rîñ â ÷èñëèòåëå áóäåò ïî ðÿäó ïî-
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çèöèé ñîñòàâëÿòü òîëüêî 40 % îò çíà÷åíèÿ Rîá â
çíàìåíàòåëå. Èç ýòîãî ìîæíî ñäåëàòü îäíîçíà÷íûé
âûâîä, ÷òî îñîáûå óñëîâèÿ çíà÷èòåëüíî ñíèæàþò
ïîêàçàòåëè íàäåæíîñòè è êà÷åñòâà èíôîðìèðîâà-
íèÿ ËÏÐ â ÀÑÓÒÏ íà îáúåêòå ÒÝÊ. Ýòî ñíèæåíèå
ïðîïîðöèîíàëüíî êîëè÷åñòâó ïðèìåíÿåìûõ â ñîîò-
âåòñòâóþùèõ ñèñòåìàõ åäèíèö îáîðóäîâàíèÿ èì-
ïîðòíîãî ïðîèçâîäñòâà.

Îò÷àñòè ýòî ïîëîæåíèå ìîæíî ïðåîäîëåòü ïëà-
íèðîâàíèåì äîïîëíèòåëüíûõ ôèíàíñîâûõ è òðóäî-
âûõ ðåñóðñîâ. Òîãäà íà äîïîëíèòåëüíûå ôèíàíñîâûå
ðåñóðñû ìîæåò áûòü çàêóïëåíî (èëè ðàçðàáîòàíî)
è óñòàíîâëåíî ñîîòâåòñòâóþùåå îáîðóäîâàíèå, èñ-
õîäÿ èç çàïëàíèðîâàííûõ äîïîëíèòåëüíûõ òðóäî-
âûõ ðåñóðñîâ.

Òàêîå ïîëîæåíèå ñ ó÷åòîì îáùåãî âðåìåíè ïðî-
âåäåíèÿ ðàáîò ìîæíî çàêðåïèòü ïóòåì îáîñíîâàí-
íîãî ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [17], àãðåãàò-
íîé öåëüþ êîòîðîãî áóäåò ïîâûøåíèå íàäåæíîñòè
è æèâó÷åñòè ÀÑÓÒÏ â îñîáûõ óñëîâèÿõ. Ñëåäîâà-
òåëüíî, èíñòðóìåíòàðèé ñòðàòåãè÷åñêîãî ïëàíèðî-
âàíèÿ, âêëþ÷àåìûé â îáùèé ïàêåò âîçìîæíîñòåé
ïîääåðæêè óïðàâëåíèÿ ËÏÐ â êà÷åñòâå èíôîðìàöè-
îííî-àíàëèòè÷åñêîé ñèñòåìû [18–20], áóäåò ñïîñîá-
ñòâîâàòü äîñòèæåíèþ äàííîé öåëè, à çíà÷èò, è ðå-
øåíèþ ïðîáëåìû îáåñïå÷åíèÿ êîìïëåêñíîé áåç-
îïàñíîñòè â ÀÑÓÒÏ (åå æèâó÷åñòè è íàäåæíîñòè)

íà îáúåêòàõ ÒÝÊ â îñîáûõ óñëîâèÿõ [21, 22]. Ñëåäó-
åò òàêæå îòìåòèòü íå ðàññìîòðåííóþ â íàñòîÿùåé
ñòàòüå òðóäîåìêóþ çàäà÷ó îïðåäåëåíèÿ îáúåìà ìî-
íèòîðèíãà ñèñòåì áåçîïàñíîñòè è ïðîòèâîïîæàð-
íîé çàùèòû. Â ðàáîòå [23] óòâåðæäàåòñÿ, ÷òî ôîð-
ìèðîâàíèå îáúåìà ìîíèòîðèíãà ñëåäóåò ïðîâîäèòü
ñ ó÷åòîì ýêñïåðòíûõ îöåíîê ñïåöèàëèñòîâ, âîâëå-
÷åííûõ â ïðîöåññ ðàáîòû äàííûõ ñèñòåì. Â ïðåäëà-
ãàåìûõ ìåòîäàõ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [17]
ðàññìîòðåíû ñïîñîáû àíàëèçà è ñîïðÿæåíèÿ îöåíîê
ýêñïåðòîâ äëÿ äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé. Òà-
êîé èíñòðóìåíò áóäåò ïîëåçåí ïðè âîçíèêíîâåíèè
íåîáõîäèìîñòè ðàñ÷åòà îáúåìà ìîíèòîðèíãà òðåáó-
åìûõ ñèñòåì.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, èíñòðóìåíòû ìåòîäîëîãèè
ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [18–20], âêëþ÷àå-
ìûå â ïîäñèñòåìû ÀÑÏÂÁ â êà÷åñòâå àëãîðèòìîâ
ïîääåðæêè óïðàâëåíèÿ, ïîçâîëÿò ïîâûñèòü íàäåæ-
íîñòü ðàáîòû ÀÑÓÒÏ íà îáúåêòàõ ÒÝÊ è îáåñïå-
÷èòü êà÷åñòâåííîå äèàãíîñòèðîâàíèå îáîðóäîâà-
íèÿ ïåðâîãî çâåíà èíôîðìèðîâàíèÿ ËÏÐ. Ìåòîäû
ïîääåðæêè óïðàâëåíèÿ â ÀÑÓÒÏ ñ èñïîëüçîâàíèåì
àïïàðàòà ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ îáåñïå÷àò
íåîáõîäèìîå êà÷åñòâî èíôîðìàöèè ËÏÐ è óðîâåíü
íàäåæíîñòè ÀÑÓÒÏ â îñîáûõ óñëîâèÿõ.
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ABSTRACT

Introduction. Beginning this paper considers the important measures determining the state of
integrated security of facilities of the fuel and energy complex. It says about necessity regular equip-
ment diagnostics of automated process control system (APCS). There is a serious risk of unforced
human error. So it says about special automated systems of fire and explosion safety such as means of
control of APCS. It is necessary to keep in mind that automated system of fire and explosion protec-
tion (ASFEP) is a part automated control system of technological process. The study aims to build
a mathematical model of comprehensive safety of objects of fuel and energy complex in APCS.
A special evaluation function was chosen. This function is the dependence of the detector on
the vector of controlling purposes. The method of assessing the reliability of ASFEP is described
using the vector of planning purposes.

Methodology. Diagnostic fire prevention events are described. Besides their specificities and
frequency are mentioned. It was agreed that implementing of digital twin depend to foreign techno-
logies significantly. This fact actually affects of a sustainability of manufacturing process at facilities
of the fuel and energy complex. To study the integrated security in the APCS a mathematical model
was built. A detector is an important object constructed model. The corresponding function is formed
for connection of detectors operation with stabilizing procedures. The criteria for assessing the re-
liability of the equipment of the first level of APCS were determined. The local and integral quality
indicators are presented. In addition the vector of planning purposes is considered for assessing the re-
liability of automated system of fire and explosion protection.

Results. It is important to analyze the local indicators separately. As an example the resource
indicator of quality is described. This example leads to an important conclusion about special
conditions of functioning of the equipment. The possibility of using the methodology of strategic
planning as a part of information and analytical system for increase of reliability and survivability of
APCS is shown.

Conclusion. The paper concludes that the tools of strategic planning as a subsystems of automated
system of fire and explosion protection are able to provide the necessary diagnostics of the equipment
of the first level of informing the decision-maker.

Keywords: automation; detectors; stabilizing procedures; digital twin; quality indicators; assessing
the reliability; mathematical model; strategic planning.
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Ðàññìîòðåíû íîðìàòèâíî-ïðàâîâûå àêòû Ðåñïóáëèêè Êàçàõñòàí â îáëàñòè ïðîåêòèðîâàíèÿ ïðî-
òèâîïîæàðíûõ ïîäðàçäåëåíèé. Ñ ïîìîùüþ òåîðèè ìîäåëèðîâàíèÿ ïðîòèâîïîæàðíûõ ïîäðàç-
äåëåíèé è ñóùåñòâóþùèõ àëãîðèòìîâ ïðîåêòèðîâàíèÿ ïîäðàçäåëåíèé ðàçðàáîòàí àëãîðèòì
îïðåäåëåíèÿ íåîáõîäèìîãî ÷èñëà ïîæàðíûõ àâòîìîáèëåé, ïðîòèâîïîæàðíûõ äåïî è ÷èñëåí-
íîñòè ëè÷íîãî ñîñòàâà. Ïðîâåäåíî ìîäåëèðîâàíèå íåîáõîäèìîãî ÷èñëà ïðîòèâîïîæàðíûõ ïîä-
ðàçäåëåíèé. Óñòàíîâëåíî, ÷òî ïðè ðàçìåùåíèè èõ â ñîîòâåòñòâèè ñ ñóùåñòâóþùèìè òðåáîâàíè-
ÿìè íîðìàòèâíî-ïðàâîâûõ àêòîâ Ðåñïóáëèêè Êàçàõñòàí ïîòðåáóåòñÿ ñëèøêîì áîëüøîå êîëè÷å-
ñòâî ïîæàðíûõ äåïî. Ïðåäëîæåíî íàèáîëåå ðàöèîíàëüíîå ñðåäíåå âðåìÿ ñëåäîâàíèÿ ê ìåñòó
âûçîâà ïðîòèâîïîæàðíûõ ïîäðàçäåëåíèé â ãîðîäàõ Ðåñïóáëèêè Êàçàõñòàí, êîòîðîå ñîñòàâëÿåò
7 ìèí.
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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ñîãëàñíî äàííûì, îïóáëèêîâàí-
íûì íà îôèöèàëüíîì èíòåðíåò-ðåñóðñå Êîìèòåòà ïî
÷ðåçâû÷àéíûì ñèòóàöèÿì ÌÂÄ Ðåñïóáëèêè Êàçàõ-
ñòàí, ïðîòèâîïîæàðíóþ çàùèòó íàñåëåíèÿ è òåððè-
òîðèè Ðåñïóáëèêè Êàçàõñòàí îñóùåñòâëÿþò 423 ïðî-
òèâîïîæàðíûõ ïîäðàçäåëåíèÿ ãîñóäàðñòâåííîé ïðî-
òèâîïîæàðíîé ñëóæáû.

Ïðîòèâîïîæàðíûå ïîäðàçäåëåíèÿ Ðåñïóáëèêè
Êàçàõñòàí ñïðîåêòèðîâàíû ïî ñîâåòñêèì íîðìàì,
ïðèíÿòûì â äàëåêîì 1930 ã. [1]. Ñîãëàñíî èì [1] ðà-
äèóñ çîíû îáñëóæèâàíèÿ ïîæàðíûì äåïî áûë ïðè-
íÿò 3 êì. Â 50-õ ãîäàõ ÕÕ â. ê íîðìàòèâó áûë äî-
áàâëåí åùå îäèí ïîêàçàòåëü — ÷èñëî ïîæàðíûõ
àâòîìîáèëåé, êîòîðîå îïðåäåëÿëîñü èç ðàñ÷åòà îäèí
ïîæàðíûé àâòîìîáèëü (ÏÀ) íà 5 òûñ. ÷åë., ïðîæè-
âàþùèõ â íàñåëåííîì ïóíêòå [2].

Äàííûå íîðìû â êà÷åñòâå åäèíñòâåííûõ ïàðà-
ìåòðîâ äëÿ îáîñíîâàíèÿ ÷èñëà ïðîòèâîïîæàðíûõ
ïîäðàçäåëåíèé äåéñòâîâàëè âïëîòü äî 2009 ã. Â ýòîì
æå ãîäó Òåõíè÷åñêèì ðåãëàìåíòîì “Îáùèå òðåáî-
âàíèÿ ê ïîæàðíîé áåçîïàñíîñòè” Ðåñïóáëèêè Êà-
çàõñòàí áûëè âêëþ÷åíû âðåìåííûå� ïàðàìåòðû ïðè-
áûòèÿ ê ìåñòó âûçîâà ïåðâûõ ïðîòèâîïîæàðíûõ ïîä-
ðàçäåëåíèé: 10 ìèí — äëÿ ãîðîäà è 20 ìèí — äëÿ
ñåëüñêîé ìåñòíîñòè [2]. Äàííûå âðåìåííûå� ïàðà-
ìåòðû ÿâëÿþòñÿ àíàëîãàìè çàðóáåæíûõ íîðì [3].

Èñïîëüçóåìûå â íàñòîÿùåå âðåìÿ íîðìàòèâíî-
ïðàâîâûå àêòû Ðåñïóáëèêè Êàçàõñòàí â îáëàñòè ïðî-

åêòèðîâàíèÿ ïðîòèâîïîæàðíûõ ïîäðàçäåëåíèé íå ïî-
çâîëÿþò îáåñïå÷èòü ñîîòâåòñòâóþùóþ ïîæàðíóþ
áåçîïàñíîñòü â ãîðîäàõ [4].

Öåëü è çàäà÷à èññëåäîâàíèÿ — ðàçðàáîòêà àëãî-
ðèòìà îðãàíèçàöèîííîãî ïðîåêòèðîâàíèÿ ãàðíèçî-
íà ïðîòèâîïîæàðíîé ñëóæáû ãîðîäà [5].

Ìåòîäîëîãèÿ

Äî íàñòîÿùåãî âðåìåíè â Ðåñïóáëèêå Êàçàõñòàí
íå ïðîâîäèëèñü èññëåäîâàíèÿ ïî ðàçðàáîòêå íàó÷íî
îáîñíîâàííûõ ðåñóðñîâ ïðîòèâîïîæàðíûõ ñëóæá
ãîðîäîâ è íàñåëåííûõ ïóíêòîâ.

Ïðèìåíåíèå ïîëîæåíèé òåîðèè ìîäåëèðîâàíèÿ
ïðîòèâîïîæàðíûõ ñëóæá [6, 7], ñèñòåìàòèçàöèè ñó-
ùåñòâóþùèõ àëãîðèòìîâ ïðîåêòèðîâàíèÿ ïîäðàçäå-
ëåíèé [1, 8–12] ïîçâîëèëè àâòîðó ðàçðàáîòàòü àëãî-
ðèòì îïðåäåëåíèÿ íåîáõîäèìîãî ÷èñëà ïîæàðíûõ
àâòîìîáèëåé, ïðîòèâîïîæàðíûõ ñëóæá (äåïî) è ÷èñ-
ëåííîñòè ëè÷íîãî ñîñòàâà (ËÑ) (ñì. ðèñóíîê).

Ïðèâåäåííûé íà ðèñóíêå àëãîðèòì öåëåñîîá-
ðàçíî ðåàëèçîâûâàòü ïîýòàïíî.

Ïåðâûé ýòàï. Îïðåäåëåíèå ñðåäíåãî âðåìåíè
ñëåäîâàíèÿ � ñë (ìèí) ïîæàðíî-ñïàñàòåëüíûõ ñëóæá
ê ìåñòó âûçîâà [13].

Âòîðîé ýòàï. Îïðåäåëåíèå òðåáóåìîãî äëÿ ãî-
ðîäà ÷èñëà ïîæàðíûõ äåïî ñ ó÷åòîì ñðåäíåãî âðå-
ìåíè ñëåäîâàíèÿ � ñë , ñðåäíåé ñêîðîñòè ñëåäîâàíèÿ
Vñë

2 = 25�36 (êì�÷), ïëîùàäè íàñåëåííîãî ïóíêòà
Sãîð (êì2), áåçðàçìåðíîãî êîýôôèöèåíòà íåïðÿìî-

© Êóñàèíîâ À. Á., 2018
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ëèíåéíîñòè óëè÷íîé ñåòè kí, èçìåíÿþùåãîñÿ â çà-
âèñèìîñòè îò ñåòè ãîðîäà îò 1 äî 2 � 1,4, è áåçðàç-
ìåðíîãî ýìïèðè÷åñêîãî êîýôôèöèåíòà �, ó÷èòûâà-
þùåãî îñîáåííîñòè êàæäîãî íàñåëåííîãî ïóíêòà
(÷àùå âñåãî � = 0,3�0,5) [12].

Òðåòèé ýòàï. Îïðåäåëåíèå íåîáõîäèìîãî ÷èñëà
ÏÀ òðåìÿ ñïîñîáàìè:

1) èç ðàñ÷åòà ïî îäíîìó ÏÀ íà äåïî;
2) îðèåíòèðîâî÷íûé, ó÷èòûâàþùèé îäíîâðå-

ìåííóþ çàíÿòîñòü ÏÀ, ðàññ÷èòàííóþ ïî ïðè-
âåäåííîé èíòåíñèâíîñòè ïîòîêà âûçîâîâ à

(Ýðë): a = ��ñð.îáñë (ãäå � — ñðåäíåå ÷èñëî
âûçîâîâ â åäèíèöó âðåìåíè; �ñð.îáñë — ñðåä-
íåå âðåìÿ îáñëóæèâàíèÿ âûçîâîâ);

3) îñíîâíîé, ó÷èòûâàþùèé ðèñê íåõâàòêè ÏÀ.
×åòâåðòûé ýòàï. Îïðåäåëåíèå íåîáõîäèìîé

÷èñëåííîñòè ëè÷íîãî ñîñòàâà NËÑ èç ðàñ÷åòà 6 ÷åë.
ëè÷íîãî ñîñòàâà íà 1 ÏÀ, 2 ÷åë. ëè÷íîãî ñîñòàâà íà
1 ÀË, óìíîæåííûå íà êîëè÷åñòâî äåæóðíûõ ñìåí
(â íàøåì ñëó÷àå íà 4), è ïëþñ 3 ÷åë. íà÷àëüñòâó-
þùåãî ñîñòàâà (íà÷àëüíèêà ïîäðàçäåëåíèÿ è äâóõ
çàìåñòèòåëåé).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â ñîîòâåòñòâèè ñ óêàçàííûì àëãîðèòìîì îïðå-
äåëåíèÿ íåîáõîäèìîãî ÷èñëà ÏÀ, ïðîòèâîïîæàðíûõ
ñëóæá è ÷èñëåííîñòè ËÑ âûïîëíèì ïðîåêòèðîâà-
íèå ãàðíèçîíà ãîðîäà K.

Ïëîùàäü òåððèòîðèè ãîðîäà ñîñòàâëÿåò 81 êì2,
ò. å. Sîáù = Sçàñòð = 81 êì2; êîýôôèöèåíò íåïðÿìîëè-
íåéíîñòè ïðèìåì kí = 1,3.

Ñðåäíåå âðåìÿ ñëåäîâàíèÿ ïðîòèâîïîæàðíûõ ïîä-
ðàçäåëåíèé ãîðîäà K ê ìåñòó âûçîâà ñîñòàâëÿåò
� ñë = 7,2 ìèí, ñêîðîñòü ñëåäîâàíèÿ Vñë

2 = 28 êì�÷,
� = 0,4.

Äëÿ ïåðâîãî ñïîñîáà (N ÏÀ
min = Nä) ÷èñëî ïîæàð-

íûõ äåïî Nä, òðåáóåìûõ ãîðîäó K, âû÷èñëèì ïî ôîð-
ìóëå (1), ðàçðàáîòàííîé ïðîôåññîðîì Í. Í. Áðóø-
ëèíñêèì [1]:

N k S Vä í
2

ãîð ñë
2

ñë� � �( ) .2 (1)

Ïîäñòàâèâ â (1) ðàíåå ïîëó÷åííûå çíà÷åíèÿ, ïî-

ëó÷àåì Nä
0,4 1,69 81
0,22 49,0

�
� �
�

= 5 äåïî.

Àëãîðèòì îïðåäåëåíèÿ íåîáõîäèìîãî ÷èñëà ïîæàðíûõ àâòîìî-
áèëåé, ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé è ÷èñëåííîñòè ëè÷-
íîãî ñîñòàâà: �ñë — ñðåäíåå âðåìÿ ñëåäîâàíèÿ ê ìåñòó âûçîâà
ïîæàðíî-ñïàñàòåëüíûõ ñëóæá, ìèí; Nä — êîëè÷åñòâî ïîæàðíûõ
äåïî;Vñë

2 — ñðåäíÿÿ ñêîðîñòü ñëåäîâàíèÿ, êì�÷; Sãîð — ïëîùàäü
íàñåëåííîãî ïóíêòà, êì2; kí — áåçðàçìåðíûé êîýôôèöèåíò íå-
ïðÿìîëèíåéíîñòè óëè÷íîé ñåòè; � — áåçðàçìåðíûé ýìïèðè÷å-
ñêèé êîýôôèöèåíò, ó÷èòûâàþùèé îñîáåííîñòè êàæäîãî íàñå-
ëåííîãî ïóíêòà; NÏÀ — êîëè÷åñòâî ïîæàðíûõ àâòîìîáèëåé;
m — ÷èñëî âûåçäîâ ïîæàðíûõ àâòîìîáèëåé; PN — âåðîÿòíîñòü
òîãî, ÷òî â ãîðîäå îäíîâðåìåííî ìîæåò áûòü çàíÿòî áîëåå N îò-
äåëåíèé ïîæàðíî-ñïàñàòåëüíûõ ñëóæá; pj — ÷èñëî îäíîâðå-
ìåííî çàíÿòûõ j îòäåëåíèé ïîæàðíî-ñïàñàòåëüíûõ ñëóæá; � —
êðèòè÷åñêîå çíà÷åíèå âåðîÿòíîñòè îòêàçà; NËÑ — ÷èñëåííîñòü
ëè÷íîãî ñîñòàâà; NÀÖ — êîëè÷åñòâî àâòîöèñòåðí â ïîäðàçäåëå-
íèè; NÀË — êîëè÷åñòâî àâòîëåñòíèö; Níà÷ — ÷èñëåííîñòü íà-
÷àëüñòâóþùåãî ñîñòàâà ïîäðàçäåëåíèÿ

Algorithm for determining the required number of fire trucks, fire
and rescue units and the number of personnel: �pl — average time to
the place of call of fire and rescue services, min; Nd — number of
depots; Vpl

2 — average speed, km�h; Spop — population area, km2;
kn — dimensionless coefficient of non-straightness of the street net-
work; � — dimensionless empirical coefficient taking into account
the characteristics of each locality; NFT — number of fire trucks,
units; m — number of departures of fire trucks; PN — probability
that more than N fire and rescue departments may be occupied
at the same time in the city; pj — number of simultaneously occupied
j offices of fire and rescue services; � — critical value of the proba-
bility of failure; Npers — manpower; NTT — number of tank trucks
in the division; NAL — number of ladders; Ncom — number of com-
manders of the unit
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Òàêèì îáðàçîì, ïðè ðàñ÷åòå ïî ïåðâîìó ñïîñîáó
ãîðîäó íåîáõîäèìî 5 äåïî è ñîîòâåòñòâåííî 5 ÏÀ.
Ïðè ðàñ÷åòå ïî âòîðîìó ñïîñîáó ãîðîäó ïîòðåáóåò-
ñÿ ÷èñëî ÏÀ, ðàññ÷èòàííîå ïî ôîðìóëå

NÏÀ = (� + 4 �) 2 = (0,12 + 4 4) 2 = 3 ÏÀ.

Â îïåðàòèâíîé äåÿòåëüíîñòè ïðîòèâîïîæàðíûõ
ïîäðàçäåëåíèé ìîæåò âîçíèêàòü ñèòóàöèÿ {>N},
â êîòîðîé îáñëóæèâàíèåì âûçîâîâ îäíîâðåìåííî
çàíÿòî ÷èñëî ÏÀ, ïðåâûøàþùåå èõ èñõîäíîå êîëè-
÷åñòâî.

Âåðîÿòíîñòü p{>N} òîãî, ÷òî â ïðîèçâîëüíûé ìî-
ìåíò âðåìåíè çàäàííîãî ÷èñëà ÏÀ N íåäîñòàòî÷íî
äëÿ îáñëóæèâàíèÿ âûçîâîâ íà èññëåäóåìîé òåððè-
òîðèè, âû÷èñëÿåòñÿ ïî ôîðìóëå [1]:

p N p N p k
k

N

{ } { } { }� � � � � �
�

1 1

0

(N = 0, 1, 2, 3, …),

(2)

ãäå p{k} — âåðîÿòíîñòü òîãî, ÷òî îäíîâðåìåííî çà-
íÿòû k ïîæàðíûõ àâòîìîáèëåé.
Îæèäàåìàÿ çà ïåðèîä âðåìåíè íàáëþäåíèÿ Tíàáë

ñóììàðíàÿ ïðîäîëæèòåëüíîñòü Ò{>N} îäíîâðåìåí-
íîé çàíÿòîñòè îáñëóæèâàíèåì âûçîâîâ â îõðàíÿåìîì
ðàéîíå ÷èñëà ÏÀ, ïðåâûøàþùåãî çàäàííîå çíà÷å-
íèå N (ò. å. ñ ïðèâëå÷åíèåì äîïîëíèòåëüíûõ ÏÀ),
îöåíèâàåòñÿ ïî ôîðìóëå [1]:

T N T p N T T k
k

N

{ } { } { }� � � � �
�

íàáë íàáë

0

(N = 0, 1, 2, 3, …).
(3)

×àñòîòà âîçíèêíîâåíèÿ îòêàçîâ (êàê ïîëíûõ, òàê
è ÷àñòè÷íûõ) fîòê(N) â îáñëóæèâàíèè âûçîâîâ â îõðà-
íÿåìîì ðàéîíå ïðè çàäàííîì ÷èñëå ÏÀ N âû÷èñëÿ-
åòñÿ ïî ôîðìóëå [1]:

f N f k f N f N
k

N

îòê îòê( ) { } ( ) { }� � � � �
�

�

1

1

(N = 0, 1, 2, 3, …).
(4)

×àñòîòà âîçíèêíîâåíèÿ ïîëíûõ îòêàçîâ fïî(N) â
îáñëóæèâàíèè âûçîâîâ â îõðàíÿåìîì ðàéîíå ïðè
çàäàííîì ÷èñëå ÏÀ N îïðåäåëÿåòñÿ ïî ôîðìóëå [1]:

f N p N p k
k

N

ïî ( ) { } { }� � � � �
�

�
��

�

�
��

�

�


� �1 1
0

1

(N = 1, 2, 3, …). (5)

×àñòîòà âîçíèêíîâåíèÿ ÷àñòè÷íûõ îòêàçîâ f÷î(N)
â îáñëóæèâàíèè âûçîâîâ â îõðàíÿåìîì ðàéîíå ïðè
çàäàííîì ÷èñëå ÏÀ N âû÷èñëÿåòñÿ ïî ôîðìóëå [1]:

f÷î(N) = fîòê(N) – fïî(N) (N = 0, 1, 2, 3, …). (6)

Ðåçóëüòàòû ðàñ÷åòîâ äëÿ îáîñíîâàíèÿ òðåáóåìî-
ãî êîëè÷åñòâà ÏÀ ïðîòèâîïîæàðíîé ñëóæáû ãîðî-
äà K ïðåäñòàâëåíû â òàáë. 1. Çà ïåðèîä Tíàáë âçÿòû
1,5 ìåñ. (ÿíâàðü – ôåâðàëü), ò. å. 1085 ÷.

Èç òàáë. 1 âèäíî, ÷òî äëÿ ïðîòèâîïîæàðíîé çà-
ùèòû ãîðîäà K ïðè îäíîâðåìåííîì îáñëóæèâàíèè
âûçîâîâ äîñòàòî÷íî 5 îòäåëåíèé íà îñíîâíûõ ÏÀ.
Ïðè ýòîì ñóììàðíàÿ ïðîäîëæèòåëüíîñòü çàíÿòîñòè
äîïîëíèòåëüíûõ îòäåëåíèé îáñëóæèâàíèåì âûçî-
âîâ â ãîðîäå çà ðàññìàòðèâàåìûé ïåðèîä ñîñòàâèò
îêîëî 0,88 ÷, à çà ãîä — 8 ÷. Ýòî çíà÷èò, ÷òî â áîåâîì
ðàñ÷åòå ãîðîä äîëæåí èìåòü íå ìåíåå 6 ÏÀ (ïëþñ
íåêîòîðûé ðåçåðâ).

Ïî ðåçóëüòàòàì ðàñ÷åòîâ óñòàíîâëåíî, ÷òî çíà-
÷åíèÿ âñåõ êðèòåðèåâ ìîíîòîííî óáûâàþò ñ óâåëè-
÷åíèåì ÷èñëà îïåðàòèâíûõ îòäåëåíèé â ãîðîäå (÷òî
ñîîòâåòñòâóåò ïîâûøåíèþ óðîâíÿ åãî ïðîòèâîïîæàð-
íîé çàùèòû), ïîýòîìó èç ýêîíîìè÷åñêèõ ñîîáðàæå-
íèé ðàçóìíî îãðàíè÷èòüñÿ òàêèì ÷èñëîì N îòäåëå-
íèé, êîòîðîå îáåñïå÷èâàåò äîñòàòî÷íî ìàëûå çíà-
÷åíèÿ ðàññìàòðèâàåìûõ êðèòåðèåâ [14, 15].

Òðåáóåìóþ ÷èñëåííîñòü ëè÷íîãî ñîñòàâà NËÑ

ðàññ÷èòàåì ïî ôîðìóëå [2]:

NËÑ = [NÀÖ · 6 + NÀË · 2] · 4 + Níà÷ , (7)

ãäå NÀÖ — êîëè÷åñòâî àâòîöèñòåðí â ïîäðàçäåëåíèè;
6 — áîåâîé ðàñ÷åò îäíîãî ÏÀ;
NÀË — êîëè÷åñòâî àâòîëåñòíèö;
2 — áîåâîé ðàñ÷åò îäíîé ÀË;
4 — êîëè÷åñòâî äåæóðíûõ ñìåí;
Níà÷ — ÷èñëåííîñòü íà÷àëüñòâóþùåãî ñîñòàâà
ïîäðàçäåëåíèÿ.
Àíàëèç äåÿòåëüíîñòè ïðîòèâîïîæàðíîé ñëóæáû

ãîðîäà K ïîêàçàë, ÷òî äëÿ îäíîâðåìåííîãî è áåç-
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The failure rate, cases

fîòê(N)
ffail(N)

fïî(N)
ffull fail(N)

f÷î(N)
fpart fail(N)

0 0,0677 593,05 696 696 0

1 0,0355 310,98 355,7 47,12 308,58

2 0,0169 148,04 183,9 12,63 171,27

3 0,0032 28,03 44,3 3,11 41,19

4 0,0004 3,50 10,4 0,14 10,26

5 0,0001 0,88 3,1 0,00 3,10

6 0,0000 0,00 0,6 0,00 0,60

7 0,0000 0,00 0,0 0,00 0,00

8 0,0000 0,00 0,0 0,00 0,00

9 0,0000 0,00 0,0 0,00 0,00

Òàáëèöà 1. Ðàñ÷åòíûå çíà÷åíèÿ êðèòåðèåâ äëÿ îáîñíîâà-
íèÿ ÷èñëà îïåðàòèâíûõ îòäåëåíèé ïðîòèâîïîæàðíîé ñëóæ-
áû ãîðîäà K

Table 1. Estimated values of criteria to justify the number of
operational departments of the K city fire department
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îòêàçíîãî îáñëóæèâàíèÿ âûçîâîâ äîñòàòî÷íî 9 îò-
äåëåíèé íà îñíîâíûõ ÏÀ [15].

Ïðè ñðåäíåì âðåìåíè ñëåäîâàíèÿ 7 ìèí â ãîðîäå
äîëæíî áûòü 5 äåïî ñ ÷èñëåííîñòüþ ËÑ:

NËÑ = [9 · 6 + 2 · 2] · 4 + 6 · 3 = 250 ÷åë.

Òàêèì îáðàçîì, ïîëó÷àåì, ÷òî äëÿ îáåñïå÷åíèÿ
ôóíêöèîíèðîâàíèÿ 5 ïðîòèâîïîæàðíûõ äåïî ñ 9 ÀÖ
è 2 ÀË íåîáõîäèìî 250 ÷åë. ËÑ.

Êðîìå òîãî, ïðîâåäåíî ìîäåëèðîâàíèå íåîáõîäè-
ìîãî ÷èñëà ïîæàðíûõ äåïî ñ ó÷åòîì ñðåäíåãî âðå-
ìåíè ñëåäîâàíèÿ ê ìåñòó âûçîâà 3 è 7 ìèí, à òàêæå
ïëîùàäè è ðàäèóñà çîíû îáñëóæèâàíèÿ [16]. Ðåçóëü-
òàòû ìîäåëèðîâàíèÿ ïðåäñòàâëåíû â òàáë. 2.

Èç òàáë. 2 âèäíî, ÷òî ïðè ðàçìåùåíèè ïîæàðíûõ
äåïî â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè íîðìàòèâíî-
ïðàâîâûõ àêòîâ Ðåñïóáëèêè Êàçàõñòàí (ò. å. ìàêñè-
ìàëüíîå âðåìÿ ñëåäîâàíèÿ ê ìåñòó âûçîâà äîëæíî
ñîñòàâëÿòü 10 ìèí ïðè ñðåäíåì çíà÷åíèè 3 ìèí) êî-
ëè÷åñòâî äåïî, íåîáõîäèìîå äëÿ îáåñïå÷åíèÿ ïðî-
òèâîïîæàðíîé çàùèòû âñåõ íàñåëåííûõ ïóíêòîâ,
áóäåò íåäîñòàòî÷íî âåëèêî [17].

Ïðè ñðåäíåì âðåìåíè ñëåäîâàíèÿ ê ìåñòó âûçî-
âà 3 ìèí â ãîðîäàõ ðåñïóáëèêè íåîáõîäèìî ñëèø-
êîì áîëüøîå ÷èñëî ïîæàðíûõ äåïî, ïðè÷åì íà îäíî
äåïî áóäåò ïðèõîäèòüñÿ âñåãî îò 3 äî 10 âûåçäîâ â
ãîä. Ñîäåðæàíèå òàêîãî êîëè÷åñòâà ïðîòèâîïîæàð-
íûõ ïîäðàçäåëåíèé ýêîíîìè÷åñêè íåöåëåñîîáðàç-
íî [18].

Òàêèì îáðàçîì, íàèáîëåå ðàöèîíàëüíûì çíà÷å-
íèåì ñðåäíåãî âðåìåíè ñëåäîâàíèÿ ê ìåñòó âûçîâà
äëÿ ãîðîäà äîëæíî áûòü 7 ìèí, à äëÿ ñåëüñêîãî íàñå-
ëåííîãî ïóíêòà — â ñðåäíåì 14 ìèí. Ïðè ýòîì ìàê-
ñèìàëüíîå âðåìÿ ñëåäîâàíèÿ ê ìåñòó âûçîâà ñîñòà-
âèò äëÿ ãîðîäà 18 ìèí (î÷åíü ðåäêî), à äëÿ ñåëüñêîé
ìåñòíîñòè — 28 ìèí [19].

Âûâîäû

Â öåëÿõ ïîâûøåíèÿ ýôôåêòèâíîñòè ñèñòåìû îáåñ-
ïå÷åíèÿ ïðîòèâîïîæàðíîé áåçîïàñíîñòè ãîðîäîâ è
íàñåëåííûõ ïóíêòîâ Ðåñïóáëèêè Êàçàõñòàí íà îñíî-
âàíèè ðåçóëüòàòîâ èññëåäîâàíèé, ïðîâåäåííûõ â íà-
ñòîÿùåé ðàáîòå, ðàçðàáîòàíû íàó÷íî îáîñíîâàííûå
äàííûå ïî îïðåäåëåíèþ íåîáõîäèìîãî ÷èñëà ïðî-
òèâîïîæàðíûõ ïîäðàçäåëåíèé.

Îñíîâó äëÿ ðàçðàáîòêè íîðìàòèâîâ ñîñòàâëÿþò
âûâîäû ïî èòîãàì àíàëèçà ñóùåñòâóþùèõ íîðìà-
òèâíî-ïðàâîâûõ àêòîâ è ðåàëüíîé äåÿòåëüíîñòè ïî-
æàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé ãîðîäîâ.

Ïî ðåçóëüòàòàì èññëåäîâàíèé îáîñíîâàíî íàè-
áîëåå ðàöèîíàëüíîå çíà÷åíèå ñðåäíåãî âðåìåíè ñëå-
äîâàíèÿ ê ìåñòó âûçîâà â ãîðîäàõ, êîòîðîå ñîñòàâ-
ëÿåò 7 ìèí [20]. Ïðè âíåäðåíèè îáîñíîâàííîãî âðå-
ìåíè ñëåäîâàíèÿ ê ìåñòó âûçîâà ïðîòèâîïîæàðíûõ
ïîäðàçäåëåíèé [21] áóäåò óñòðàíåíî ñóùåñòâóþùåå
ïðîòèâîðå÷èå â íîðìàòèâíî-ïðàâîâûõ àêòàõ è çíà-
÷èòåëüíî ïîâûøåí óðîâåíü ïîæàðíîé áåçîïàñíî-
ñòè [22] ãîðîäîâ è íàñåëåííûõ ïóíêòîâ Ðåñïóáëèêè
Êàçàõñòàí.

Ïîêàçàòåëü
Parameter

Çíà÷åíèå ïîêàçàòåëÿ ïðè ñðåäíåé ñêîðîñòè äâèæåíèÿ â ãîðîäå, êì�÷
Characteristic value at average speed, km�hr

30 28

Ïðè ïëîùàäè çàñòðîéêè, êì2 � Built-up area of the city, km2

5 10 15 20 35 40 50 70 90 100 150 200 300 400 500 600 700 750

Ñðåäíåå âðåìÿ ñëåäîâàíèÿ 7 ìèí � Average time 7 min

×èñëî äåïî � Depot number 1 1 1 1 2 2 3 4 5 6 8 11 16 22 25 32 38 40

Ïëîùàäü çîíû îáñëóæèâàíèÿ
îäíèì äåïî, êì2 � Service
zone area by one depot, km2 5 10 15 20 17 20 17 17 18 17 19 18 19 18 20 19 18 19

Ðàäèóñ çîíû îáñëóæèâàíèÿ
îäíèì äåïî, êì � Service zone
radius by one depot, km 1,4 1,9 2,4 2,8 2,6 2,8 2,6 2,6 2,6 2,6 2,7 2,6 2,7 2,6 2,8 2,7 2,6 2,7

Ñðåäíåå âðåìÿ ñëåäîâàíèÿ 3 ìèí � Average time 3 min

×èñëî äåïî � Depot number 1 3 5 7 12 14 17 24 30 34 51 68 102 136 170 205 239 256

Ïëîùàäü çîíû îáñëóæèâàíèÿ
îäíèì äåïî, êì2 � Service
zone area by one depot, km2 5,0 3,3 3,0 2,8 2,9 2,8 2,9 2,9 3,0 2,9 2,9 2,9 2,9 2,9 2,9 2,9 2,9 2,9

Ðàäèóñ çîíû îáñëóæèâàíèÿ
îäíèì äåïî, êì � Service zone
radius by one depot, km 1,4 1,1 1,1 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

Òàáëèöà 2. Íåîáõîäèìîå êîëè÷åñòâî ïîæàðíûõ äåïî ñ ó÷åòîì ñðåäíåãî âðåìåíè ñëåäîâàíèÿ

Table 2. The required number of depots, taking into account the average travel time
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ABSTRACT

Purpose. The purpose and objective of the study is to develop an algorithm for the organizational
design of the garrison of the city fire department.

Methods. The methodological basis of the study is the existing theory of modeling fire services.
So far, in the Republic of Kazakhstan, there have been no studies on the development of scientifically
based standards for the design of fire fighting units.

Results. According to the above algorithm for determining the required number of fire trucks, fire
depots and personnel, it was established that with an average time to the place of a call in 3 minutes,
a large number of fire departments will be required to ensure the fire safety of the city. At the same
time, on average, one unit will have from 3 to 10 visits per year, which is not economically feasible.

The optimal travel time to the place of call in cities should be on average 7 minutes, and 14 minutes
for a settlement. The maximum travel time to the call site will be 18 minutes in cities and rural areas
28 minutes, which will be economically viable.

Scope of scientific results. The obtained results can be used in the development of regulatory acts
in the field of design of fire fighting units of cities and settlements, as well as local executive bodies
and authorized bodies in the field of fire safety in the development of appropriate management
decisions on the design of fire services.

Conclusion. The analysis of regulatory legal acts of the Republic of Kazakhstan in the field of
design of fire-fighting units showed that these norms are borrowed in the boundary camps and do not
have scientific justification.

In order to improve the fire safety of cities and towns of the Republic of Kazakhstan, taking into
account the socio-economic characteristics of the country, the most optimal time to the call site in
cities is determined, which is 7 minutes.

Keywords: fire departments; design algorithm; number of fire trucks; number of personnel; average
time to the place of call.
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ÏÐÈ ÝÊÑÏÅÐÒÍÎÌ ÈÑÑËÅÄÎÂÀÍÈÈ ÏÎÑËÅ ÏÎÆÀÐÀ
ÌÅÄÍÎÉ ÊÎÍÒÀÊÒÍÎÉ ÏËÀÑÒÈÍÛ ÀÂÒÎÌÎÁÈËÜÍÎÃÎ
ÁËÎÊÀ ÏÐÅÄÎÕÐÀÍÈÒÅËÅÉ

Ïîêàçàíà àêòóàëüíîñòü ïðîáëåìû ïîâûøåíèÿ ïîæàðíîé áåçîïàñíîñòè àâòîòðàíñïîðòíûõ ñðåäñòâ.
Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV îá-
ðàçöîâ ìåäíîé êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî ìîíòàæíîãî áëîêà, èñïîëüçóåìîãî â
ýëåêòðè÷åñêîé ñåòè ñ íàïðÿæåíèåì 12 Â è ïîäâåðãøåãîñÿ âíåøíåìó âîçäåéñòâèþ âûñîêèõ òåì-
ïåðàòóð è ñâåðõòîêà. Äàíû ñíèìêè ïîâåðõíîñòåé îïëàâëåíèÿ ìåäíîé êîíòàêòíîé ïëàñòèíû àâ-
òîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé ïîñëå âîçäåéñòâèÿ ñâåðõòîêà è âûñîêèõ òåìïåðàòóð.
Ïðèâåäåíû õàðàêòåðíûå äèàãíîñòè÷åñêèå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ïðè÷èíó
ïîâðåæäåíèÿ ïðè ïîæàðå (âîçäåéñòâèå âûñîêèõ òåìïåðàòóð, ýëåêòðîäóãîâîé ïðîöåññ) ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé. Óñòàíîâëåíî, ÷òî âûÿâëåííûå
ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíå-
íèÿ àâòîìîáèëÿ. Ïîêàçàíî, ÷òî ïðè âûáîðå àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé íåîáõîäèìî ó÷è-
òûâàòü íå òîëüêî íîìèíàëüíîå çíà÷åíèå ñèëû òîêà, íî è ìàòåðèàë èçãîòîâëåíèÿ, ÷òîáû èçáå-
æàòü îáðàçîâàíèÿ íåäîïóñòèìîé ãàëüâàíè÷åñêîé ïàðû.

Êëþ÷åâûå ñëîâà: ïîæàð; áëîê ïðåäîõðàíèòåëåé; áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå, ñâåðõ-
òîê; ìåäü; öèíê; ðàñòðîâàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ; äèàãíîñòè÷åñêèé ïðèçíàê; ìèêðîñëåä;
ïîæàðíî-òåõíè÷åñêàÿ ýêñïåðòèçà, íåäîïóñòèìàÿ ãàëüâàíè÷åñêàÿ ïàðà.

DOI: 10.18322/PVB.2018.27.11.30-40

Ââåäåíèå

Ïîæàðû, ÿâëÿÿñü òÿæåëîé ÷ðåçâû÷àéíîé ñèòóàöèåé
(×Ñ), íàíîñÿò çíà÷èòåëüíûé óùåðá ýêîíîìèêå ãîñó-
äàðñòâ, â ÷àñòíîñòè â ïðîìûøëåííî ðàçâèòûõ ñòðà-
íàõ óùåðá îò ïîæàðîâ ïðåâûøàåò 1 % íàöèîíàëüíî-
ãî äîõîäà è èìååò òåíäåíöèþ ê ïîñòîÿííîìó ðîñòó
[1–3]. Ïîæàðû íà àâòîòðàíñïîðòíûõ ñðåäñòâàõ îò-
íîñÿòñÿ ê îñîáî òÿæåëûì ×Ñ.

Â ðàáîòàõ [4–13] ïîêàçàíî, ÷òî îòäåëüíûå ýëå-
ìåíòû ýëåêòðîñèñòåìû àâòîìîáèëÿ ìîãóò ñëóæèòü
èñòî÷íèêîì âîçãîðàíèÿ â ñëó÷àå âîçíèêíîâåíèÿ
àâàðèéíîãî ðåæèìà â êàêîé-ëèáî ôóíêöèîíàëüíîé
öåïè.

Â ñîâðåìåííîì ëåãêîâîì àâòîìîáèëå, èìåþùåì,
êàê ïðàâèëî, íåñêîëüêî áëîêîâ ïðåäîõðàíèòåëåé,
áîëüøèíñòâî öåïåé ýëåêòðîîáîðóäîâàíèÿ (ýëåêòðî-
äâèãàòåëè, ëàìïû, ýëåêòðîííûå óñòðîéñòâà) çàùè-
ùåíî ïëàâêèìè ïðåäîõðàíèòåëÿìè. Òàê, íàïðèìåð,
àâòîìîáèëü Mercedes-Benz S 500 2016 ã. âûïóñêà
êîíñòðóêòèâíî èìååò îêîëî 80 áëîêîâ óïðàâëåíèÿ
ðàçëè÷íûìè ýëåêòðè÷åñêèìè óñòðîéñòâàìè, êàæäûé
èç êîòîðûõ çàùèùåí ïðåäîõðàíèòåëåì. Â ñëó÷àå ïî-
æàðà íà àâòîìîáèëå íà ïîâåðõíîñòè ðàçðóøåíèÿ

ìåäíûõ, àëþìèíèåâûõ è öèíêîâûõ ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé ìîãóò ôèêñèðî-
âàòüñÿ ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü
ìåõàíèçì îáðàçîâàíèÿ ïîâðåæäåíèé — ýëåêòðîäó-
ãîâîé ëèáî âûñîêîòåìïåðàòóðíûé [12].

Ýòî îáñòîÿòåëüñòâî èìååò âàæíîå çíà÷åíèå äëÿ
ïîæàðíî-òåõíè÷åñêîé ýêñïåðòèçû, êîòîðàÿ ÿâëÿåòñÿ
îäíèì èç âèäîâ ïðîôèëàêòè÷åñêèõ ìåðîïðèÿòèé,
íàïðàâëåííûõ íà ïðåäîòâðàùåíèå ïîæàðîâ [6, 12].

Ïî ìíåíèþ àâòîðà [8], ýêñïåðòèçà ïîæàðîâ “îñíî-
âàíà íà êîìïëåêñå ñïåöèàëüíûõ çíàíèé, íåîáõîäè-
ìûõ äëÿ èññëåäîâàíèÿ ìåñòà ïîæàðà, îòäåëüíûõ êîí-
ñòðóêöèé, ìàòåðèàëîâ, èçäåëèé è èõ îáãîðåâøèõ
îñòàòêîâ â öåëÿõ ïîëó÷åíèÿ èíôîðìàöèè, íåîáõîäè-
ìîé äëÿ óñòàíîâëåíèÿ î÷àãà ïîæàðà, åãî ïðè÷èíû,
ïóòåé ðàñïðîñòðàíåíèÿ ãîðåíèÿ, ïðèðîäû îáãîðåâ-
øèõ îñòàòêîâ, à òàêæå äëÿ ðåøåíèÿ íåêîòîðûõ äðó-
ãèõ çàäà÷, âîçíèêàþùèõ â õîäå àíàëèçà ïðè÷èí, âû-
çâàâøèõ ïîæàð”.

Êàê íàãëÿäíî ïîêàçàíî àâòîðàìè [7, 8, 10, 11], åñëè
“â î÷àãîâîé çîíå îáíàðóæåíû õàðàêòåðíûå ïðè-
çíàêè ðàçðóøåíèÿ òîêîâåäóùèõ ïðîâîäîâ, òî íåèç-
áåæíî âîçíèêàåò âîïðîñ î ìåõàíèçìå ïîâðåæäåíèÿ
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(ýëåêòðîäóãîâîé èëè òåïëîâîé) è, â ÷àñòíîñòè, î ïåð-
âè÷íîñòè èëè âòîðè÷íîñòè êîðîòêîãî çàìûêàíèÿ”.
Äàííûé âîïðîñ äàëåêî íå ïðîñò. Ïîïûòêè ðåøèòü
åãî èíñòðóìåíòàëüíûìè ìåòîäàìè ïðåäïðèíèìàëèñü
êðèìèíàëèñòàìè åùå â 50-å ãîäû ïðîøëîãî ñòîëå-
òèÿ [7, 8, 10, 11, 13, 14]. Íåñìîòðÿ íà ýòî àïðîáèðî-
âàííàÿ è íàó÷íî îáîñíîâàííàÿ óíèâåðñàëüíàÿ ìåòî-
äèêà îòñóòñòâóåò äî íàñòîÿùåãî âðåìåíè, óäàëîñü
ëèøü ðåøèòü ïîêà ðÿä ÷àñòíûõ çàäà÷ [4–24].

Â [6, 12] äàíû ññûëêè íà ðàáîòó [23], àâòîðû êî-
òîðîé íà îñíîâå ðåçóëüòàòîâ ìíîãî÷èñëåííûõ ýêñ-
ïåðèìåíòîâ ïðèøëè ê âûâîäó, ÷òî îáðàçîâàíèå êðóã-
ëûõ ìåäíûõ ãëîáóë ñ ÷åòêèìè ëèíèÿìè ðàçãðàíè-
÷åíèÿ, òàê íàçûâàåìûõ “íàïëûâîâ”, ïðîèñõîäèò íà
ïðîâîäàõ íå òîëüêî ïîä íàïðÿæåíèåì, íî è áåç íåãî.
Ýêñïåðèìåíòû ïîêàçàëè, ÷òî íà íåêîòîðûõ ïðîâî-
äàõ ïîä íàïðÿæåíèåì âîçíèêàåò äóãà, ïðèâîäÿùàÿ ê
îáðàçîâàíèþ òàêèõ ãëîáóë, à ó íåêîòîðûõ ïðîâîäîâ
áåç íàïðÿæåíèÿ îíà îòñóòñòâóåò, íî íàáëþäàþòñÿ
ýòè õàðàêòåðíûå íàïëûâû [23]. Íàïëûâû íà íåêî-
òîðûõ ïðîâîäàõ ïîä íàïðÿæåíèåì, èçó÷åííûå ïîä
ìèêðîñêîïîì, èìåëè ïîðèñòóþ ñòðóêòóðó ñ áîëüøèì
êîëè÷åñòâîì âíóòðåííèõ ïîðîâûõ ïðîñòðàíñòâ, â òî
âðåìÿ êàê â íàïëûâàõ íà äðóãèõ ïðîâîäàõ ïîñëåä-
íèå îòñóòñòâîâàëè. Àâòîðû [23] îòìå÷àþò, ÷òî ýòà
æå òåíäåíöèÿ õàðàêòåðíà è äëÿ ïðîâîäîâ áåç íàïðÿ-
æåíèÿ. Òàêèì îáðàçîì, íè ïî îäíîìó èç èçó÷åííûõ
ôèçè÷åñêèõ àñïåêòîâ íàïëûâîâ ó îáðàçöîâ ïðîâî-
äîâ ïîä íàïðÿæåíèåì è áåç íåãî íå îáíàðóæåíî
êàêèõ-ëèáî çíà÷èòåëüíûõ îòëè÷èé [23]. Òðóäíîñòü
âèçóàëüíîé äèôôåðåíöèàöèè îïëàâëåíèé ìåäíûõ
ïðîâîäíèêîâ îòìå÷åíà è â ðàáîòå [10]. Ýòî ìíåíèå
â òîé èëè èíîé ôîðìå ïîääåðæèâàþò òàêèå èññëå-
äîâàòåëè, êàê V. Babrauskas, Kuan-Heng Liu, Yung-Hui
Shih, Guo-Ju Chen è äð., ïðåäëàãàÿ àëüòåðíàòèâíûå
ìåòîäû èññëåäîâàíèÿ.

Íàñòîÿùàÿ ðàáîòà, ÿâëÿÿñü ïðîäîëæåíèåì èñ-
ñëåäîâàíèÿ, ïðîâåäåííîãî àâòîðîì [12], òàêæå ïî-
ñâÿùåíà óñòàíîâëåíèþ ïðèçíàêîâ, ïîçâîëÿþùèõ
èäåíòèôèöèðîâàòü ïðè÷èíó ðàçðóøåíèÿ ìåäíîé êîí-
òàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îáîñ-
íîâàííîãî ìåòîäà èññëåäîâàíèÿ ìåäíîé êîíòàêòíîé
ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé,
ïîäâåðãíóòîé âîçäåéñòâèþ êàê òîêîâîé ïåðåãðóçêè,
òàê è âûñîêèõ òåìïåðàòóð.

Èñõîäÿ èç ýòîãî ïîñòàâëåíû ñëåäóþùèå çàäà÷è
èññëåäîâàíèÿ:
� äîêàçàòü, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé

êîíòàêòíîé ïëàñòèíû ïîä äåéñòâèåì ñâåðõòîêà
ìîãóò áûòü âûÿâëåíû ïðèçíàêè, ïîçâîëÿþùèå
èäåíòèôèöèðîâàòü ýëåêòðîäóãîâîé ïðîöåññ;

� ïîêàçàòü, ÷òî âûñîêàÿ òåìïåðàòóðà è ðàçâèòèå
ïîæàðà íà ëåãêîâîì àâòîìîáèëå íå ïðèâîäÿò ê

îïëàâëåíèþ ìåäíîé êîíòàêòíîé ïëàñòèíû àâòî-
ìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé;

� ïîäòâåðäèòü ïðåäïîëîæåíèå, ÷òî ïðèçíàêè, âû-
ÿâëåííûå íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé, ïîäâåðãíóòîé ïðîòåêàíèþ ñâåðõ-
òîêà, ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû
èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ
àâòîìîáèëÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðè-
çíàêîâ);

� ïîêàçàòü, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî èñ-
ïîëüçîâàòü ïðè èññëåäîâàíèè ìåäíîé êîíòàêò-
íîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé â êà÷åñòâå îñíîâíîãî ìåòîäà.

Ìàòåðèàëû è ìåòîäû

Èññëåäîâàíèÿ ïðîâîäèëèñü â Ðåãèîíàëüíîé óíè-
âåðñèòåòñêîé ëàáîðàòîðèè èíæåíåðíîãî ïðîôèëÿ
“IÐÃÅÒÀÑ” Âîñòî÷íî-Êàçàõñòàíñêîãî ãîñóäàðñòâåí-
íîãî òåõíè÷åñêîãî óíèâåðñèòåòà èì. Ä. Ñåðèêáàåâà
íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV
ñ ïðèñòàâêîé äëÿ ýíåðãîäèñïåðñèîííîãî ìèêðîàíà-
ëèçà. Ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé êîíòàêòíîé
ïëàñòèíû ïîäâåðãàëèñü àíàëèçó áåç ïðåäâàðèòåëü-
íîé ïðîáîïîäãîòîâêè.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ ôàêòè÷å-
ñêèé ïðèìåð èññëåäîâàíèÿ ðàçðóøåííîé ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé, èçúÿòîé ñ ìåñòà ïîæàðà. Êàê ïðàâèëî,
â ìîòîðíîì îòñåêå ðàñïîëàãàþòñÿ ñèëîâûå ïðåäî-
õðàíèòåëè, â ñàëîíå àâòîìîáèëÿ è áàãàæíîì îòñåêå
— ïðåäîõðàíèòåëè, çàùèùàþùèå öåïè âñïîìîãà-
òåëüíîãî îáîðóäîâàíèÿ.

Â ðàáîòå [12] ïðèâåäåíû ïîëó÷åííûå Åëèñååâûì
äàííûå, ïîêàçûâàþùèå, ÷òî ìàêñèìàëüíàÿ òåìïå-
ðàòóðà ïîâåðõíîñòè êàïîòà ëåãêîâîãî àâòîìîáèëÿ,
ïîëó÷èâøåãî òåðìè÷åñêèå ïîâðåæäåíèÿ ïðè ïîæà-
ðå, ñîãëàñíî êàðòàì ðàñ÷åòíîãî è ôàêòè÷åñêîãî ðàñ-
ïðåäåëåíèé òåðìè÷åñêèõ ïîðàæåíèé íå ïðåâûøàåò
950 °Ñ. Îáùåïðèíÿòî ñ÷èòàòü, ÷òî ñðåäíåîáúåìíàÿ
òåìïåðàòóðà âî âòîðîé ôàçå ïîæàðà íà ëåãêîâîì àâ-
òîìîáèëå äîñòèãàåò 850–950 °Ñ [12]. Â ñâÿçè ñ ýòèì
â íàñòîÿùåé ñòàòüå ïîä âûñîêîòåìïåðàòóðíûì âîç-
äåéñòâèåì ïîäðàçóìåâàåòñÿ èìåííî ýòîò äèàïàçîí
òåìïåðàòóð.

Íà ðèñ. 1 ïîêàçàí ïðèíöèï óñòàíîâêè ïëàâêîãî
ïðåäîõðàíèòåëÿ â ìåäíóþ êîíòàêòíóþ ïëàñòèíó àâ-
òîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé. Êàê ñëåäóåò
èç ðèñ. 1, íîæêè êîíòàêòíîé ìåäíîé ïëàñòèíû â ðå-
çóëüòàòå âíåøíåãî âûñîêîòåìïåðàòóðíîãî âîçäåéñò-
âèÿ ïîâðåæäåíèé íå èìåþò, â òî âðåìÿ êàê ìàòåðèàë
ïðåäîõðàíèòåëÿ ïîëíîñòüþ ðàñïëàâèëñÿ.

Îáùåèçâåñòíî, ÷òî àâòîìîáèëüíûå ïðåäîõðàíè-
òåëè ìîãóò èçãîòàâëèâàòüñÿ èç àëþìèíèÿ, öèíêà è
ìåäè. Òåìïåðàòóðà ïëàâëåíèÿ öèíêà ðàâíà 419,5 °Ñ,
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àëþìèíèÿ — 660 °Ñ, à ìåäè — 1083 °Ñ. Ñðàâíèâàÿ
òåìïåðàòóðû èõ ïëàâëåíèÿ ñ äèàïàçîíîì òåìïåðà-
òóð ïðè ïîæàðå ëåãêîâîãî àâòîìîáèëÿ (850–950 °Ñ),
ìîæíî ñäåëàòü âûâîä, ïîäòâåðæäàåìûé ïðàêòèêîé,
÷òî ïðåäîõðàíèòåëè, âûïîëíåííûå èç öèíêà è àëþ-
ìèíèÿ, â ðåçóëüòàòå ïîæàðà ëåãêîâîãî àâòîìîáèëÿ
ðàñïëàâÿòñÿ, à ìåäíàÿ êîíòàêòíàÿ ïëàñòèíà ñîõðà-
íèò âíåøíþþ öåëîñòíîñòü.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â íàñòîÿùåé ðàáîòå ïðîâåäåíî èññëåäîâàíèå ñëå-
äóþùèõ ñëó÷àåâ ïîâðåæäåíèé íîæåê êîíòàêòíîé
ìåäíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé:
� ïîâðåæäåíèÿ ñ ñîõðàíåíèåì îïëàâëåííûõ ôðàã-

ìåíòîâ ïðåäîõðàíèòåëÿ;
� ïîâðåæäåíèÿ â âèäå êîñîãî ñðåçà;
� ïîâðåæäåíèÿ â âèäå ïðÿìîãî ñðåçà;
� ïîâðåæäåíèÿ â âèäå êîñîãî ñðåçà ñ îáðàçîâàíè-

åì øàðîâèäíîãî îïëàâëåíèÿ.
Íà ðèñ. 2 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-

íîé ìåäíîé ïëàñòèíû, ïðè êîòîðîì ñîõðàíèëñÿ îïëàâ-
ëåííûé ôðàãìåíò ïðåäîõðàíèòåëÿ.

Êàê ñëåäóåò èç ðèñ. 2, ó îïëàâëåííîãî ôðàãìåíòà
ïðåäîõðàíèòåëÿ íà âèäå ñáîêó íàáëþäàåòñÿ íàëè-
÷èå ïîð, à íà âèäå ñâåðõó — ëóíîê, õàðàêòåðíûõ äëÿ
òîêîâîé ïåðåãðóçêè. Íà ðèñ. 3 ïîêàçàíî ðàñïîëîæå-
íèå òî÷åê íà ïîâåðõíîñòè îïëàâëåííîãî ôðàãìåíòà
ïðåäîõðàíèòåëÿ, â êîòîðûõ âûïîëíåí ìèêðîàíàëèç.
Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåííîãî íà
ðèñ. 3, ïðåäñòàâëåíû â òàáë. 1 è 2.

Êàê ñëåäóåò èç òàáë. 1, ñîäåðæàíèå öèíêà â ïëàâ-
êîì àâòîìîáèëüíîì ïðåäîõðàíèòåëå, âûïîëíåííîì
èç öèíêà, ñíèæàåòñÿ â îïëàâëåííîì ôðàãìåíòå ïî
íàïðàâëåíèþ ñâåðõó âíèç ñ 85,92 äî 23,96 %. Ýòî ñâè-
äåòåëüñòâóåò î òîì, ÷òî â ñàìîì íà÷àëå ïðîöåññà
îïëàâëåíèÿ ïðåäîõðàíèòåëÿ ïðîèçîøëî îáðàçîâàíèå
íà ïîâåðõíîñòè íîæêè êîíòàêòíîé ïëàñòèíû ðàñ-
ïëàâëåííîé êàïëè ìåäè, êîòîðàÿ ïîä äåéñòâèåì ñèëû
òÿæåñòè ñòåêàëà âíèç. Îáðàçîâàíèå ðàñïëàâëåííîé
êàïëè ìåäè íà ëîêàëüíîì ó÷àñòêå ãîâîðèò î íàëè÷èè
ýëåêòðîäóãîâîãî ïðîöåññà. Íàëè÷èå íà ðàñïëàâëåí-
íîì ìàòåðèàëå öèíêîâîãî ïëàâêîãî ïðåäîõðàíèòåëÿ
ìåäè ñâèäåòåëüñòâóåò î ìàññîïåðåíîñå, òàêæå õà-
ðàêòåðíîì äëÿ ýëåêòðîäóãîâîãî ïðîöåññà.

Èç òàáë. 2 âèäíî, ÷òî ñîäåðæàíèå ìåäè â íîæêå
êîíòàêòíîé ïëàñòèíû, âûïîëíåííîé èç ìåäè, óâå-

Ðèñ. 1. Ïðèíöèï óñòàíîâêè ïëàâêîãî ïðåäîõðàíèòåëÿ â ìåäíóþ êîíòàêòíóþ ïëàñòèíó àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòå-
ëåé (à), ñîñòîÿíèå íîæêè êîíòàêòíîé ìåäíîé ïëàñòèíû ïîñëå âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ, óâåëè÷åíèå 30� (á), îáùèé
âèä êîíòàêòíîé ìåäíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé ïîñëå âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ (â)
Fig. 1. The principle of installation of the fuse in the copper contact plate of the automotive fuse box (à), condition of the pin of the con-
tact copper plate after high temperature exposure, increase of 30� (b), general view of the copper contact plate of an automotive fuse
box (v)

Ðèñ. 2. Ïîâðåæäåíèÿ íîæåê êîíòàêòíîé ìåäíîé ïëàñòèíû ñ ñîõðàíèâøèìñÿ îïëàâëåííûì ôðàãìåíòîì ïðåäîõðàíèòåëÿ: à —
îáùèé âèä; á — âèä ñáîêó, óâåëè÷åíèå 30�; â — âèä ñâåðõó, óâåëè÷åíèå 30�

Fig. 2. Damage of legs of pin copper plate with the saved fire-polished fragment of safety device: à — general view; b — end-view,
increase of 30�; v — top view, increase of 30�
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ëè÷èâàåòñÿ ïî íàïðàâëåíèþ ñâåðõó âíèç ñ 5,49 äî
71,29 %. Ýòî ñâèäåòåëüñòâóåò î íàëè÷èè íà ïîâåðõ-
íîñòè íîæêè êàïåëü öèíêà, à çíà÷èò, î ìàññîïåðåíî-
ñå. À êàê óæå îòìå÷àëîñü âûøå, ìàññîïåðåíîñ ÿâëÿ-
åòñÿ õàðàêòåðíûì ïðèçíàêîì ýëåêòðîäóãîâîãî ïðî-
öåññà.

Íà ðèñ. 4 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-
íîé ìåäíîé ïëàñòèíû â âèäå êîñîãî ñðåçà, ïðè ýòîì
ôðàãìåíò àâòîìîáèëüíîãî ïðåäîõðàíèòåëÿ íå ñî-
õðàíèëñÿ.

Èç ñðàâíåíèÿ ðèñ. 4 ñ ðèñ. 1,á ñëåäóåò âûâîä, ÷òî
îáëàñòü êîíòàêòà â âèäå çàêðóãëåííîé ÷àñòè íîæêè
ìåäíîé ïëàñòèíû îòñóòñòâóåò. Ëîêàëüíîå âûãîðà-
íèå îáëàñòè êîíòàêòà ÿâëÿåòñÿ ïðèçíàêîì ýëåêòðî-
äóãîâîãî ïðîöåññà, èäåíòèôèöèðóåìîãî êàê áîëü-
øîå ïåðåõîäíîå ñîïðîòèâëåíèå. Â ðàáîòå [24] îò-
ìå÷àåòñÿ, ÷òî ïîæàðíàÿ îïàñíîñòü ýëåêòðè÷åñêîãî
ñîåäèíåíèÿ â ðåæèìå “ïëîõîãî êîíòàêòà” ñïîñîáíà
ïðîÿâèòüñÿ ïðè íîìèíàëüíûõ çíà÷åíèÿõ ýëåêòðè-
÷åñêîãî òîêà èëè äàæå íèæå èõ. Â äàííîì ðåæèìå
ïåðåõîäíîå ñîïðîòèâëåíèå è ïàäåíèå íà íåì íà-
ïðÿæåíèÿ â äåñÿòêè è ñîòíè ðàç ïðåâûøàþò íîðìà-
òèâíûå çíà÷åíèÿ (ïàäåíèå íàïðÿæåíèÿ ñîñòàâëÿåò
åäèíèöû âîëüò âìåñòî äîëåé ìèëëèâîëüòà, à ðàñ-
ñåèâàåìàÿ ýëåêòðè÷åñêàÿ ìîùíîñòü — ñîòíè âàòò).
Âåðîÿòíûìè èñòî÷íèêàìè çàæèãàíèÿ ïðè ýòîì ÿâ-
ëÿþòñÿ íàãðåòûå ïðîâîäíèêè, ýëåêòðè÷åñêàÿ äóãà,
ðàñêàëåííûå èëè ãîðÿùèå ÷àñòèöû [24].

Íà ðèñ. 4,â âèäíî, ÷òî íà ó÷àñòêå ïîâðåæäåíèÿ
âûäåëÿþòñÿ îáëàñòè ñ ðàçëè÷íûì ðåëüåôîì ïîâåðõ-
íîñòè. Â òàáë. 3 ïðèâåäåíû ðåçóëüòàòû ìèêðîàíà-
ëèçà íà ïîâåðõíîñòè ðàçðóøåíèÿ, èç êîòîðûõ ñëå-
äóåò, ÷òî íà ó÷àñòêå ñ ãëàäêîé ïîâåðõíîñòüþ ñîäåð-
æàíèå ìåäè äîñòèãàåò 63,44 %, â òî âðåìÿ êàê íà
ó÷àñòêàõ ñ øåðîõîâàòîé ïîâåðõíîñòüþ ñîäåðæàíèå
öèíêà ñîñòàâëÿåò 24,92–31,11 %. Ýòî ãîâîðèò î òîì,

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.
Content of chemical element, % by mass

O Al Si Ca Cu Zn

Ñïåêòð 1
Range 1 11,82 2,26 85,92

Ñïåêòð 2
Range 2 16,91 0,88 1,50 80,71

Ñïåêòð 3
Range 3 12,52 56,31 31,17

Ñïåêòð 4
Range 4 16,48 0,68 0,43 0,36 58,10 23,96

Òàáëèöà 1. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 3,à

Table 1. The results of the microanalysis of the section shown
in Fig. 3,à

Íîìåð òî÷êè èçìåðåíèÿ
Measurement point

number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ. � Content of chemical element, % by mass

O Mg Al Si S Fe Cu Zn Sn

Ñïåêòð 1 � Range 1 16,86 2,94 71,29 6,24 2,68

Ñïåêòð 2 � Range 2 27,84 0,53 1,92 2,54 0,69 60,01 3,94 2,54

Ñïåêòð 3 � Range 3 19,18 0,41 0,26 77,73 1,44 0,97

Ñïåêòð 4 � Range 4 38,16 7,04 1,38 0,21 1,39 5,49 31,15

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 3,á

Table 2. The results of the microanalysis of the section shown in Fig. 3,b

Ðèñ. 3. Ðàñïîëîæåíèå òî÷åê, â êîòîðûõ áûë âûïîëíåí ìèêðî-
àíàëèç, íà ïîâåðõíîñòè îïëàâëåííîãî ôðàãìåíòà ïðåäîõðà-
íèòåëÿ (à) è íîæêè êîíòàêòíîé ïëàñòèíû (á)
Fig. 3. The location of the points at which the microanalysis was
performed on the surface of the fused fragment of the fuse (a) and
on the surface of the pin of the contact plate (b)
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÷òî ïîâåðõíîñòü ðàçðóøåíèÿ íîæêè ìåäíîé êîíòàêò-
íîé ïëàñòèíû ïîêðûòà îêñèäàìè öèíêà, ÷òî ñâèäå-
òåëüñòâóåò î ìàññîïåðåíîñå â õîäå ýëåêòðîäóãîâîãî
ïðîöåññà.

Íà ðèñ. 5 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-
íîé ìåäíîé ïëàñòèíû â âèäå ïðÿìîãî ñðåçà, ïðè ýòîì
ôðàãìåíò àâòîìîáèëüíîãî ïðåäîõðàíèòåëÿ íå ñîõðà-
íèëñÿ. Ñðàâíèâàÿ ðèñ. 5 ñ ðèñ. 1,á, ìîæíî ñäåëàòü
âûâîä, ÷òî îáëàñòü êîíòàêòà â âèäå çàêðóãëåííîé
÷àñòè íîæêè ìåäíîé ïëàñòèíû îòñóòñòâóåò. Ëîêàëü-
íîå âûãîðàíèå îáëàñòè êîíòàêòà ÿâëÿåòñÿ ïðèçíàêîì
ýëåêòðîäóãîâîãî ïðîöåññà, èäåíòèôèöèðóåìîãî êàê

áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå. Íà ïîâåðõíî-
ñòè ðàçðóøåíèÿ âûäåëÿþòñÿ ó÷àñòêè ñ ðîâíîé ïî-
âåðõíîñòüþ (ñì. ðèñ. 5,á).

Â òàáë. 4 ïðåäñòàâëåíû ðåçóëüòàòû ìèêðîàíà-
ëèçà ó÷àñòêà, ïðèâåäåííîãî íà ðèñ. 5,â. Èç òàáë. 4
ñëåäóåò, ÷òî ïîâåðõíîñòü ðàçðóøåíèÿ íîæêè ìåä-
íîé êîíòàêòíîé ïëàñòèíû ïîêðûòà îêñèäàìè è ÷àñ-
òèöàìè öèíêà, ïðîöåíòíîå ñîäåðæàíèå êîòîðîãî
äîñòèãàåò 61,25 %. Óêàçàííîå îáñòîÿòåëüñòâî ñâè-
äåòåëüñòâóåò î ìàññîïåðåíîñå â ïðîöåññå ýëåêòðî-
äóãîâîãî ïðîöåññà. Â òî æå âðåìÿ îòìå÷àåòñÿ íàëè-
÷èå ó÷àñòêîâ, íà êîòîðûõ îêñèäû öèíêà ïðàêòè÷åñêè
îòñóòñòâóþò, à ïðîöåíòíîå ñîäåðæàíèå ìåäè äîñòè-
ãàåò 59,74 %.

Íà ðèñ. 6 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-
íîé ìåäíîé ïëàñòèíû â âèäå êîñîãî ñðåçà ñ îáðà-
çîâàíèåì øàðîâèäíîãî îïëàâëåíèÿ, à â òàáë. 5 —
ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåííîãî íà
ðèñ. 6,â è 6,ã.

Èç òàáë. 5 ñëåäóåò, ÷òî øàðîâîå îïëàâëåíèå ïðåä-
ñòàâëÿåò ñîáîé êàïëþ ìåäè, ïîêðûòóþ îêñèäàìè
öèíêà. Ñëåäóåò îòìåòèòü, ÷òî â ðàáîòå [10] îïèñàí
ìåõàíèçì ôîðìèðîâàíèÿ ñëåäîâ ïðîòåêàíèÿ ñâåðõ-
òîêîâ ïî ìåäíîìó ïðîâîäíèêó, ïðè ýòîì îòìå÷àåò-
ñÿ îáðàçîâàíèå âçäóòèé èëè øàðîâûõ îïëàâëåíèé.
Èç òàáë. 5 òàêæå ñëåäóåò, ÷òî ïëàâêèé àâòîìîáèëü-
íûé ïðåäîõðàíèòåëü áûë âûïîëíåí èç öèíêà. Èñ-

Ðèñ. 4. Ïîâðåæäåíèå íîæåê ìåäíîé êîíòàêòíîé ïëàñòèíû â âèäå êîñîãî ñðåçà: à — âèä ñáîêó, óâåëè÷åíèå 35�; á — âèä ñâåðõó,
óâåëè÷åíèå 60�; â — òî÷êè ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ
Fig. 4. Damage to the legs of the copper contact plate in the form of an oblique cut: à — end-view, increase of 35�; b — top view, in-
crease of 60�; v — points of microanalysis on the surface of damage

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.
Content of chemical element, % by mass

O Mg P Ni Cu Zn

Ñïåêòð 1
Range 1 3,56 63,44 33,00

Ñïåêòð 2
Range 2 21,04 7,44 5,57 0,43 40,60 24,92

Ñïåêòð 3
Range 3 26,30 7,59 7,33 26,70 31,11

Òàáëèöà 3. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 4,â

Table 3. The results of the microanalysis of the section shown
in Fig. 4,v

Íîìåð òî÷êè èçìåðåíèÿ
Measurement point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ. � Content of chemical element, % by mass

O Mg Al Si S K Ca Fe Cu Zn

Ñïåêòð 1 � Range 1 15,72 0,78 0,62 0,62 59,74 22,36

Ñïåêòð 2 � Range 2 15,42 1,21 1,57 0,61 0,61 56,54 24,66

Ñïåêòð 3 � Range 3 19,39 1,18 0,99 0,55 52,21 25,68

Ñïåêòð 4 � Range 4 55,50 0,83 1,87 4,23 6,44 0,58 1,32 1,32 3,42 15,13

Ñïåêòð 5 � Range 5 12,06 0,86 1,14 7,46 1,12 1,12 9,53 61,25

Òàáëèöà 4. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 5,â

Table 4. The results of the microanalysis of the section shown in Fig. 5,v
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õîäÿ èç âûøåèçëîæåííîãî âïîëíå çàêîíîìåðíûì
ÿâëÿåòñÿ âûâîä, ÷òî ïî íîæêå ìåäíîé êîíòàêòíîé
ïëàñòèíû ïðîòåêàë ñâåðõòîê. Îäíàêî â øòàòíîì
ðåæèìå ïðè ïðîòåêàíèè ñâåðõòîêà â ýëåêòðè÷åñêîé
öåïè öèíêîâûé ïëàâêèé ïðåäîõðàíèòåëü äîëæåí
áûë îáåñòî÷èòü äàííóþ öåïü. Òàêèì îáðàçîì, ïðè-
÷èíîé âîçíèêíîâåíèÿ ýëåêòðîäóãîâîãî ïðîöåññà â
êîíòàêòå ìåäíàÿ íîæêà — öèíêîâûé ïðåäîõðàíè-

òåëü ÿâëÿåòñÿ áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå,
âûçûâàþùåå â òîì ÷èñëå ýëåêòðè÷åñêóþ äóãó [24].

Â ñâåòå èçëîæåííîãî íåîáõîäèìî ïîä÷åðêíóòü, ÷òî
íà ïîâåðõíîñòè ðàçðóøåíèÿ âñåõ èññëåäîâàííûõ â
äàííîé ðàáîòå îáðàçöîâ, êàê ìåäíûõ, òàê è öèíêî-
âûõ, âñòðå÷àëèñü ëóíêè, ÿâëÿþùèåñÿ õàðàêòåðíûì
ïðèçíàêîì ïðîòåêàíèÿ ñâåðõòîêà (ðèñ. 7) [6].

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä, ÷òî â ñîîò-
âåòñòâèè ñ òåðìèíîëîãèåé ìèêðîòðàñîëîãèè òàêèå
ïðèçíàêè íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé êîí-
òàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé, êàê ëóíêè, îïëàâëåíèÿ â âèäå êîñîãî è ïðÿ-
ìîãî ñðåçà, âçäóòèÿ èëè øàðîâûå îïëàâëåíèÿ, à òàêæå
ìàññîïåðåíîñ, ÿâëÿþòñÿ ìèêðîñëåäàìè ýëåêòðîäó-
ãîâîãî ïðîöåññà.

Íåîáõîäèìî íàïîìíèòü òàêæå, ÷òî ñîãëàñíî ÃÎÑÒ
9.005–72 êîíòàêò ìåäü (åå ñïëàâû) – öèíê (åãî ñïëà-

âû) ÿâëÿåòñÿ íåäîïóñòèìûì, òàê êàê ýòè ìåòàëëû
îáðàçóþò íåäîïóñòèìóþ ãàëüâàíè÷åñêóþ ïàðó, ò. å.
âî âëàæíîé ñðåäå ïàðà öèíê – ìåäü áóäåò ðàçðóøàòü-
ñÿ ïîä äåéñòâèåì êîððîçèè. Î÷åâèäíî, ÷òî êîððîçè-
îííûå ïîâðåæäåíèÿ â êîíòàêòå öèíê – ìåäü âûçîâóò
ÿâëåíèå áîëüøîãî ïåðåõîäíîãî ñîïðîòèâëåíèÿ, ÷òî
ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè íàñòîÿùåãî èññëåäî-
âàíèÿ.

Èññëåäîâàííûå îáðàçöû ìåäíîé êîíòàêòíîé ïëà-
ñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé õðà-
íèëèñü 3 ìåñ. (÷òî áîëüøå ñðåäíåãî ñðîêà ðàññëå-
äîâàíèÿ äåë î ïîæàðàõ), â ðàçíûõ óñëîâèÿõ (â ïîìå-
ùåíèè áåç óïàêîâêè, â ïîìåùåíèè â ãåðìåòè÷íîé
óïàêîâêå, â óëè÷íûõ óñëîâèÿõ áåç äîñòóïà âîäû â
æèäêîì àãðåãàòíîì ñîñòîÿíèè, ò. å. áåç ïîãðóæåíèÿ
â âîäó). Ïðè ñðàâíåíèè îáðàçöîâ óñòàíîâëåíî, ÷òî
âûÿâëåííûå ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è
íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëî-
âèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðè-
çíàêîâ).

Ðèñ. 5. Ïîâðåæäåíèå íîæåê ìåäíîé êîíòàêòíîé ïëàñòèíû â
âèäå ïðÿìîãî ñðåçà: à — îáùèé âèä, óâåëè÷åíèå 70�; á —
ó÷àñòîê ñ ðîâíûì ðåëüåôîì, óâåëè÷åíèå 650�; â — òî÷êè
ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ
Fig. 5. Damage to the legs of the copper contact plate in the form
of a straight cut: a — general view, increase of 70�; b — section
with a smooth relief, increase of 65��; v — points of micro-
analysis on the surface of damage

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.
Content of chemical element, % by mass

O Mg Al P Fe Cu Zn

Ñïåêòð 1
Range 1

0,29 0,98 62,73 36,00

Ñïåêòð 3
Range 3

23,45 9,55 2,58 31,70 27,14

Ñïåêòð 4
Range 4

27,57 9,13 0,35 0,34 30,08 24,09

Ñïåêòð 5
Range 5

25,97 7,08 4,29 31,87 30,35

Ñïåêòð 6
Range 6

14,64 47,63 37,73

Ñïåêòð 7
Range 7

34,69 10,27 7,94 0,87 23,77 22,46

Òàáëèöà 5. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 6,â è 6,ã

Table 5. The results of the microanalysis of the section shown
in Fig. 6,v and 6,g
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Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-
äîì ðàñòðîâîé ìèêðîñêîïèè ôðàãìåíòîâ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäî-
õðàíèòåëåé, ïîäâåðãøèõñÿ âûñîêîòåìïåðàòóðíîìó
âîçäåéñòâèþ èëè ïðîòåêàíèþ ñâåðõòîêà, óñòàíîâëåíû
õàðàêòåðíûå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöè-
ðîâàòü ïðîöåññ, êîòîðûé ïðèâåë ê èõ ðàçðóøåíèþ.

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî, ïî ìíå-
íèþ È. Ä. ×åøêî [8], èñïîëüçîâàíèå ðåçóëüòàòîâ èí-
ñòðóìåíòàëüíûõ èññëåäîâàíèé â êà÷åñòâå “ïðîìå-
æóòî÷íîãî ïðîäóêòà” â ýêñïåðòíîì èññëåäîâàíèè
ïî ïîæàðó íå ñíèæàåò èõ öåííîñòè êàê âàæíåéøåãî
èñòî÷íèêà îáúåêòèâíîé èíôîðìàöèè, áåç êîòîðîé âû-
âîäû î ïðè÷èíå ïîæàðà áóäóò ìàëîóáåäèòåëüíûìè.

Çàêëþ÷åíèå

Äîêàçàíî, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé ìîãóò ôèêñèðîâàòüñÿ ïðèçíàêè, ïî-
çâîëÿþùèå èäåíòèôèöèðîâàòü ýëåêòðîäóãîâîé èëè
âûñîêîòåìïåðàòóðíûé ìåõàíèçì îáðàçîâàíèÿ ïî-
âðåæäåíèé. Â ÷àñòíîñòè, òàêèå ïðèçíàêè, êàê ïðÿ-
ìîé èëè êîñîé ñðåç, ëóíêè, âçäóòèÿ èëè øàðîâûå
îïëàâëåíèÿ, ÿâëÿþòñÿ ìèêðîñëåäàìè ýëåêòðîäóãî-
âîãî ïðîöåññà, â äàííîì ñëó÷àå — áîëüøîãî ïåðå-
õîäíîãî ñîïðîòèâëåíèÿ.

Êðîìå òîãî, íàãëÿäíî ïîêàçàíî, ÷òî òåìïåðàòóðà
ïîæàðà íà ëåãêîâîì àâòîìîáèëå 850–950 °Ñ íå âû-

Ðèñ. 6. Ïîâðåæäåíèå íîæåê ìåäíîé êîíòàêòíîé ïëàñòèíû â âèäå êîñîãî ñðåçà ñ îáðàçîâàíèåì øàðîâèäíîãî îïëàâëåíèÿ: à —
îáùèé âèä, óâåëè÷åíèå 37�; á — âèä ñâåðõó, óâåëè÷åíèå 50�; â, ã — òî÷êè ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ
Fig. 6. Damage to the legs of the copper contact plate in the form of an oblique cut with the formation of spherical melting: a — general
view, increase of 37�; b — top view, increase of 50�; v, g — points of microanalysis on the surface of damage

Ðèñ. 7. Ëóíêè íà ïîâåðõíîñòè ðàçðóøåíèÿ, íàáëþäàåìûå ïðè èññëåäîâàíèè îáðàçöîâ ïðè óâåëè÷åíèè 100� (à), 550� (á) è 700� (â)
Fig. 7. Wells on the surface of the destruction of the studied samples at increase of 100� (a), 550� (b) and 700� (v)
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çûâàåò èçìåíåíèÿ ôîðìû ìåäíîé êîíòàêòíîé ïëàñ-
òèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé.

Ïîêàçàíî, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî
èñïîëüçîâàòü ïðè èññëåäîâàíèè ôðàãìåíòîâ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé â êà÷åñòâå íå òîëüêî âñïîìîãàòåëüíî-
ãî, íî è îñíîâíîãî ìåòîäà èññëåäîâàíèÿ.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî ïðè-
çíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ðàçðóøåíèÿ
ìåäíîé êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà
ïðåäîõðàíèòåëåé, ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîä-

âåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðà-
íåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðèçíàêîâ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâà-
íû ïðè ýêñïåðòíîì èññëåäîâàíèè ìåäíûõ êîíòàêò-
íûõ ïëàñòèí àâòîìîáèëüíîãî áëîêà ïðåäîõðàíè-
òåëåé, èçûìàåìûõ ñ ìåñò ïîæàðîâ, óñòàíîâëåíèè
ìåõàíèçìà èõ ïîâðåæäåíèÿ è, â êîíå÷íîì ñ÷åòå,
ïðè÷èíû ïîæàðà àâòîìîáèëÿ. Çíàíèå òåõíè÷åñêîé
ïðè÷èíû ïîæàðà äàñò âîçìîæíîñòü ðàçðàáîòàòü ïðî-
ôèëàêòè÷åñêèå ìåðîïðèÿòèÿ è òåõíè÷åñêèå ðåøå-
íèÿ, íàïðàâëåííûå íà åå óñòðàíåíèå.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Áðóøëèíñêèé Í. Í., Ñîêîëîâ Ñ. Â., Âàãíåð Ï. ×åëîâå÷åñòâî è ïîæàðû. — Ì. : ÎÎÎ “ÈÏÖ Ìàñêà”,
2007. — 142 ñ.

2. Quintiere J. G. Fundamentals of fire phenomena. — England, Chichester : John Wiley and Sons Ltd,
2006. DOI: 10.1002�0470091150.fmatter.

3. Beyler C., Carpenter D., Dinenno P. Introduction to fire modeling. Fire Protection Handbook. —
20th ed. — Quincy : National Fire Protection Association, 2008.

4. Severy D., Blaisdell D., Kerkhoff J. Automotive collision fires �� SAE Technical Paper 741180, 1974.
DOI: 10.4271�741180.

5. Katsuhiro Okamoto, Norimichi Watanabe, Yasuaki Hagimoto, Tadaomi Chigira, Ryoji Masano, Hitoshi

Miura, Satoshi Ochiai, Hideki Satoh, Yohsuke Tamura, Kimio Hayano, Yasumasa Maeda, Jinji Suzuki.

Burning behavior of sedan passenger cars �� Fire Safety Journal. — 2009. — Vol. 44, No. 3. —
P. 301–310. DOI: 10.1016�j.firesaf.2008.07.001.

6. Íåäîáèòêîâ À. È. Ôðàêòîãðàôèÿ èçëîìîâ ìåäíûõ ïðîâîäíèêîâ àâòîìîáèëüíîé ýëåêòðè÷åñêîé
öåïè �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety. — 2016. — Ò. 25, ¹ 2. —
C. 21–27. DOI: 10.18322�PVB.2016.25.02.21-27.

7. Áîãàòèùåâ À. È. Êîìïëåêñíûå èññëåäîâàíèÿ ïîæàðîîïàñíûõ ðåæèìîâ â ñåòÿõ ýëåêòðîîáîðóäî-
âàíèÿ àâòîòðàíñïîðòíûõ ñðåäñòâ : äèñ. … êàíä. òåõí. íàóê. — Ì. : Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè,
2002. — 269 ñ.

8. ×åøêî È. Ä. Ýêñïåðòèçà ïîæàðîâ (îáúåêòû, ìåòîäû, ìåòîäèêè èññëåäîâàíèÿ). — 2-å èçä., ñòåðåî-
òèï. — ÑÏá. : ÑÏá ÈÏÁ ÌÂÄ ÐÔ, 1997. — 562 ñ.

9. ×åøêî È. Ä., Ìîêðÿê À. Þ., Ñêîäòàåâ Ñ. Â. Ìåõàíèçì ôîðìèðîâàíèÿ ñëåäîâ ïðîòåêàíèÿ ñâåðõ-
òîêîâ ïî ìåäíîìó ïðîâîäíèêó �� Âåñòíèê Ñàíêò-Ïåòåðáóðãñêîãî óíèâåðñèòåòà Ãîñóäàðñòâåí-
íîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè. — 2015. — ¹ 1. — Ñ. 41–46.

10. Ìîêðÿê À. Þ. Óñòàíîâëåíèå ïðèðîäû îïëàâëåíèé ìåäíûõ ïðîâîäíèêîâ è ëàòóííûõ òîêîâåäóùèõ
èçäåëèé ïðè ýêñïåðòèçå ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè : äèñ. … êàíä. òåõí. íàóê. — Ì. : Àêàäå-
ìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2018. — 140 ñ.

11. Ñìåëêîâ Ã. È., ×åøêî È. Ä., Ïëîòíèêîâ Â. Ã. Ýêñïåðèìåíòàëüíîå ìîäåëèðîâàíèå ïîæàðîîïàñ-
íûõ àâàðèéíûõ ðåæèìîâ â ýëåêòðè÷åñêèõ ïðîâîäàõ �� Âåñòíèê Ñàíêò-Ïåòåðáóðãñêîãî óíèâåð-
ñèòåòà Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè. — 2017. — ¹ 3. — C. 121–128.

12. Íåäîáèòêîâ À. È. Ïðèçíàêè ýëåêòðîäóãîâîãî ïðîöåññà ïðè ýêñïåðòíîì èññëåäîâàíèè ïîñëå ïî-
æàðà ïëàâêîãî ýëåìåíòà àâòîìîáèëüíîãî ïðåäîõðàíèòåëÿ �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire
and Explosion Safety. — 2017. — Ò. 26, ¹ 11. — ñ. 21–30. DOI: 10.18322�PVB.2017.26.11.21-30.

13. Ñìåëêîâ Ã. È. Ïîæàðíàÿ áåçîïàñíîñòü ýëåêòðîïðîâîäîê. — Ì. : ÎÎÎ “Êàáåëü”, 2009. — 328 ñ.
14. Babrauskas V. Arc beads from fires: Can ‘cause’ beads be distinguished from ‘victim’ beads by phy-

sical or chemical testing? �� Journal of Fire Protection Engineering. — 2004. — Vol. 14, No. 2. —
Ð. 125–147. DOI: 10.1177�1042391504036450.

15. Delplace M., Vos E. Electric short circuits help the investigator determine where the fire started �� Fire
Technology. — 1983. — Vol. 19, No. 3. — Ð. 185–191. DOI: 10.1007�bf02378698.

16. Wright S. A., Loud J. D., Blanchard R. A. Globules and beads: what do they indicate about small-dia-
meter copper conductors that have been through a fire? �� Fire Technology. — 2015. — Vol. 51, No. 5.
— Ð. 1051–1070. DOI: 10.1007�s10694-014-0455-9.

17. Babrauskas V. Arc mapping: a critical review �� Fire Technology. — 2018. — Vol. 54, Issue 3. —
P. 749–780. DOI: 10.1007�s10694-018-0711-5.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1138

ÝËÅÊÒÐÎÒÅÕÍÈÊÀ

18. Hoffmann D. J., Swonder E. M., Burr M. T. Arc faulting in household appliances subjected to a fire test ��
Fire Technology. — 2016. — Vol. 52, Issue 6. — P. 1659–1666. DOI: 10.1007�s10694-015-0556-0.

19. Kuan-Heng Liu, Yung-Hui Shih, Guo-Ju Chen, Jaw-Min Chou. Microstructural study on oxygen
permeated arc beads �� Journal of Nanomaterials. — 2015. — Article ID 373861. — 8 p. DOI:
10.1155�2015�373861.

20. Lewis K. H., Templeton B. Morphological variation in copper arcs during post-arc fire heating �� Pro-
ceedings of 3rd International Symposium on Fire Investigation Science & Technology. — Sarasota : Na-
tional Association of Fire Investigators, 2008. — P. 183–195.

21. Murray I., Ajersch F. New metallurgical techniques applied to fire investigation �� Fire & Materials
‘2009. — London : Interscience Communications Ltd., 2009. — P. 857–869.

22. Carey N. J. Developing a reliable systematic analysis for arc fault mapping : Ph. D. diss. — Strathclyde,
United Kingdom : University of Strathclyde, 2009.

23. Roby R. J., McAllister J. Forensic investigation techniques for inspecting electrical conductors involved
in fire��Final Technical Report for Award No. 239052. — Columbia : Combustion Science & Engineering,
Inc., 2012.

24. Ýêñïåðòíîå èññëåäîâàíèå ïîñëå ïîæàðà êîíòàêòíûõ óçëîâ ýëåêòðîîáîðóäîâàíèÿ â öåëÿõ âûÿâëå-
íèÿ ïðèçíàêîâ áîëüøèõ ïåðåõîäíûõ ñîïðîòèâëåíèé : ìåòîä. ðåêîì. �Ê. Á. Ëåáåäåâ, À. Þ. Ìîêðÿê,
È. Ä. ×åøêî. — Ì. : ÂÍÈÈÏÎ, 2008. — 29 ñ.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 7 îêòÿáðÿ 2018 ã.

Äëÿ öèòèðîâàíèÿ: Íåäîáèòêîâ À. È. Ïðèçíàêè ýëåêòðîäóãîâîãî ïðîöåññà ïðè ýêñïåðòíîì èñ-
ñëåäîâàíèè ïîñëå ïîæàðà ìåäíîé êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòå-
ëåé �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety. — 2018. — Ò. 27, ¹ 11. —
Ñ. 30–40. DOI: 10.18322/PVB.2018.27.11.30-40.

English

SIGNS OF ARC PROCESS DURING CONDUCT OF AN EXPERT STUDY
AFTER FIRE OF A COPPER CONTACT PLATE OF A CAR FUSE BLOCK
A. I. NEDOBITKOV, Candidate of Technical Sciences, Associate Professor,
Department of Informatics and Mathematics, Kazakh Humanitarian Law
Innovative University (Astana St., 48, Ust-Kamenogorsk, 070014, Kazakhstan;

e-mail: a.nedobitkov@mail.ru)

ABSTRACT

Introduction. The data covered in the present article evidence that a problem of improvement of fire
safety of motor vehicles is very important. The aim of the article is to develop a scientifically-based
method of examination of copper contact plates of car fuse blocks, which could be employed during
fire-technical examination in order to identify causes of their damages.

Materials and methodology. Researches have been conducted with the use of JSM-6390LV
scanning electron microscope equipped with an add-on device for energy dispersive spectroscopy.
Surfaces of failure of parts of the copper contact plate of the car fuse block have been analyzed without
prior sample preparation.

Results and discussion. Based on analysis of practical data it has been proven that temperature of
fire of a light motor vehicle in the range of 850–950 °C does not cause change in form of the copper
contact plate of the car fuse block. It has been shown in a laboratory environment that contacts of
the copper plate of the car fuse block have signs of overcurrent flow caused by high transient
resistance. Transient resistance, in turn, is caused by inadmissible copper – zinc galvanic pair.
The paper provides results of examination of parts of the copper contact plate of the car fuse block,
which have different modes of failure. It has been proven that not only nominal value of current
intensity shall be used for selection of car fuses, but also material of manufacture.

Conclusion. A method of differentiation of failures caused by fire (high-temperature impact, arc
process) of the copper contact plate of the car fuse block has been proposed. The arc process is
characterized by such indicators as straight or beveled cut, craters, swelling, ball-like meltback,
or mass-transfer. It has been determined that signs identified at surfaces of failure of the copper
contact plate of the car fuse block are persistent and are not exposed to changes under natural
conditions of storage.
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The information given in the article could be useful for specialists performing expert studies of car
copper contact plates sampled from places of fires of motor vehicles, for identification of nature of
their failures and, eventually, for identification of causes of fires of motor vehicles.

Keywords: fire; fuse block; high transient resistance; overcurrent; copper; zinc; scanning electron
microscopy; diagnostic signs; ultratrace; fire-technical examination; inadmissible copper-zinc gal-
vanic pair.
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ÒÅÐÌÈ×ÅÑÊÎÃÎ ÏÎÐÀÆÅÍÈß ÏÐÈ ÏÎÆÀÐÅ
ÍÀ ÌÀÃÈÑÒÐÀËÜÍÎÌ ÃÀÇÎÏÐÎÂÎÄÅ

Ïîêàçàíî, ÷òî ïðè ïîæàðå íà ìàãèñòðàëüíîì ãàçîïðîâîäå, íàðÿäó ñ ïàðàìåòðàìè ìàññû ãàçà,
ñðåäíèõ çíà÷åíèé äàâëåíèÿ è òåìïåðàòóðû, õàðàêòåðèçóþùèõ ãîðåíèå, íåîáõîäèìî óñòàíîâèòü
ïðåäåëüíûå ñîñòîÿíèÿ òåðìè÷åñêîãî âîçäåéñòâèÿ íà ïåðñîíàë. Ïðîâåäåí ðàñ÷åò ãåîìåòðè÷å-
ñêèõ ðàçìåðîâ ïëàìåíè ïîæàðà íà ìàãèñòðàëüíîì ãàçîïðîâîäå äëÿ äâóõ ñöåíàðèåâ: Ñ1 – ïîæàð
â êîòëîâàíå â âèäå âåðòèêàëüíî ãîðÿùåãî ñòîëáà (êîëîííûé ïîæàð); Ñ2 – äâå ãîðÿùèå ñòðóè
ãàçà, íàïðàâëåííûå îò òî÷êè ðàçðûâà â ïðîòèâîïîëîæíûå ñòîðîíû âäîëü îñè ìàãèñòðàëüíîãî
ãàçîïðîâîäà (ñòðóåâûå ïëàìåíà). Ïîêàçàíî, ÷òî òåðìè÷åñêîå âîçäåéñòâèå ïðè ïîæàðå íà ìà-
ãèñòðàëüíîì ãàçîïðîâîäå ìîæåò îöåíèâàòüñÿ ñ ïîìîùüþ òâåðäîòåëüíûõ ãåîìåòðè÷åñêèõ ìî-
äåëåé â âèäå öèëèíäðà (êîëîííûé ïîæàð) è óñå÷åííûõ êîíóñîâ (ñòðóåâîé ïîæàð). Îáîñíîâàíû
ãðàíèöû îïàñíîñòè òåïëîâîãî âëèÿíèÿ äëÿ ïîñòðîåíèÿ ìîäåëè çîí òåðìè÷åñêîãî ïîðàæåíèÿ.

Êëþ÷åâûå ñëîâà: êîëîííûé òèï ãîðåíèÿ; ñòðóåâîé òèï ãîðåíèÿ; èíòåíñèâíîñòü òåïëîâîãî ïî-
òîêà; “îãíåííûé øàð”; êîýôôèöèåíòû îáëó÷åíèÿ; ãåîìåòðè÷åñêèå ðàçìåðû ïëàìåíè.
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Ââåäåíèå

Ðàñ÷åò ãåîìåòðè÷åñêèõ ðàçìåðîâ ïëàìåíè ïîæàðà
íà ìàãèñòðàëüíîì ãàçîïðîâîäå (äàëåå — ÌÃ) ïðî-
âîäèòñÿ äëÿ äâóõ ñöåíàðèåâ: Ñ1 — ïîæàð â êîòëîâà-
íå â âèäå âåðòèêàëüíî ãîðÿùåãî ñòîëáà (êîëîííûé
ïîæàð); Ñ2 — äâå ãîðÿùèå ñòðóè ãàçà, íàïðàâëåí-
íûå îò òî÷êè ðàçðûâà â ïðîòèâîïîëîæíûå ñòîðîíû
âäîëü îñè ÌÃ (ïîæàð ñòðóåâîãî òèïà). Ìîäåëèðî-
âàíèå ýòèõ òèïîâ ïîæàðîâ íà îñíîâå òâåðäîòåëüíûõ
ìîäåëåé â âèäå âåðòèêàëüíîãî öèëèíäðà äëÿ êî-
ëîííîãî ïîæàðà è äâóõ ñèììåòðè÷íî ðàçíîíàïðàâ-
ëåííûõ óñå÷åííûõ êîíóñîâ, âåðøèíû êîòîðûõ ïðè-
óðî÷åíû ê òî÷êå ðàçðûâà ÌÃ äëÿ ñòðóåâîãî ïîæàðà,
ðåêîìåíäîâàíî â ÑÒÎ Ãàçïðîì 2-2.3-351–2009 [1]
(äàëåå — ÑÒÎ Ãàçïðîì). Îäíàêî ñèñòåìíàÿ ìåòî-
äèêà îöåíêè ãåîìåòðèè, ðàçìåðîâ è òåðìè÷åñêîãî
ïîðàæåíèÿ ïåðñîíàëà â ýòîì äîêóìåíòå íå ïðèâî-
äèòñÿ. Îòñóòñòâóåò òàêàÿ ìåòîäèêà è â äðóãèõ äåé-
ñòâóþùèõ íîðìàòèâíûõ äîêóìåíòàõ, ÷òî è îïðåäå-
ëÿåò àêòóàëüíîñòü íàñòîÿùåé ðàáîòû.

Çàäà÷àìè ðàáîòû ÿâëÿþòñÿ: 1) îáîñíîâàíèå ìå-
òîäèêè îöåíêè ðàñïðåäåëåíèÿ èíòåíñèâíîñòè òåï-
ëîâûõ ïîòîêîâ íà óðîâíå çåìëè äëÿ ïîæàðà êîëîí-
íîãî òèïà (ñöåíàðèé Ñ1), âäîëü ëåïåñòêà ìîäåëè
ñòðóåâîãî ïîæàðà (ñöåíàðèé Ñ2) è ïîïåðåê òàêîãî
ëåïåñòêà íà îñíîâå ãèïîòåòè÷åñêîãî ïðåäñòàâëåíèÿ

î ðàñïðåäåëåíèè ìàññû ãîðÿùåãî ãàçà âíóòðè óñå-
÷åííîãî êîíóñà â âèäå ñôåð òèïà “îãíåííûé øàð”;
2) îáîñíîâàíèå ìåòîäèêè ãðàôè÷åñêîãî ïîñòðîåíèÿ
çîí òåðìè÷åñêîãî ïîðàæåíèÿ äëÿ ñöåíàðèåâ Ñ1 è Ñ2

ñ âûäåëåíèåì ãðàíèö òåððèòîðèé áåçîïàñíûõ, îïàñ-
íûõ è ôàòàëüíî íåïðèãîäíûõ äëÿ æèçíåäåÿòåëüíî-
ñòè ÷åëîâåêà â îêðåñòíîñòè ãîðÿùåãî ôàêåëà.

Äëÿ ïîñòðîåíèÿ ìîäåëåé çîí òåðìè÷åñêîãî ïîðà-
æåíèÿ íåîáõîäèìî çàôèêñèðîâàòü ãðàíèöû îïàñíî-
ñòè òåïëîâîãî âëèÿíèÿ. Òàê, ïî ñòàíäàðòó Àìåðèêàí-
ñêîãî íåôòÿíîãî èíñòèòóòà API 521 óðîâåíü òåïëî-
âîãî ïîòîêà q = 9,46 êÂò�ì2 äëÿ ÷åëîâåêà áåç ñïåöè-
àëüíîé çàùèòû ÿâëÿåòñÿ ñìåðòåëüíûì â ïåðâûå æå
ñåêóíäû âîçäåéñòâèÿ, à óðîâåíü áîëåâîãî ïîðîãà
(óðîâåíü áåçîïàñíîñòè) ïî ðîññèéñêèì íîðìàì, óñòà-
íîâëåííûé â Ìåòîäèêå, óòâåðæäåííîé ïðèêàçîì Ì×Ñ
ÐÔ ¹ 404 [2], ñîñòàâëÿåò qõ = 1,4 êÂò�ì2.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà ìå-
òîäèêè ïîñòðîåíèÿ ìîäåëåé çîí òåðìè÷åñêîãî ïî-
ðàæåíèÿ ïðè ïîæàðå íà ÌÃ.

1. Ìîäåëü ïîæàðà êîëîííîãî òèïà

Äëÿ ïîæàðà êîëîííîãî òèïà (ñöåíàðèé Ñ1) ôîðìà
çîíû ïîòåíöèàëüíîãî òåðìè÷åñêîãî ïîðàæåíèÿ ïðåä-
ñòàâëÿåòñÿ â âèäå êðóãà ñ âíåøíèì ðàäèóñîì R1%

óñëîâíîãî ïîðàæåíèÿ, ðàâíîãî 1 %, è âíóòðåííèì ðà-

© Áûêîâ À. È., Íîâàê À. Â., 2018
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äèóñîì R100%, ñîîòâåòñòâóþùèì 100 %-íîìó óñëîâ-
íîìó ïîðàæåíèþ.

Ïîñòðîåíèå ìîäåëè çîíû òåðìè÷åñêîãî ïîðàæå-
íèÿ îñíîâàíî íà ðàñïðåäåëåíèè òåïëîâîãî ïîòîêà â
îêðåñòíîñòè ãîðÿùåãî ïëàìåíè è âêëþ÷àåò îïðåäå-
ëåíèå:

1) ñðåäíåïîâåðõíîñòíîé èíòåíñèâíîñòè òåïëî-
âîãî èçëó÷åíèÿ ïëàìåíè Ef (êÂò�ì2) (â ðàñ-
ñìàòðèâàåìîì ïðèìåðå äëÿ êîëîííîãî ïîæà-
ðà Ef � 170 êÂò�ì2):

Ef = Qèçë �Sô; (1)

2) êîýôôèöèåíòà ïîãëîùåíèÿ òåïëîâîãî ïîòîêà
â àòìîñôåðå �x:

�x = 1,033 + w(0,66w – 0,18) – 0,12 lgX; (2)

3) óãëîâîãî êîýôôèöèåíòà îáëó÷åíèÿ �õ:

�
�

x

R X X

R X
�

 

 
�ýô

ýô
2

2 2

2 1 5

1 17 0 0022[ ( , exp ( , ) cos

( ) ,

� �  [ , ( ) , , ] ;0 0937 2 29 11 72Ln LnX X

(3)

4) èíòåíñèâíîñòè òåïëîâîãî ïîòîêà qõ (êÂò�ì2):

qx = Ef �x�x, (4)

ãäå Qèçë — ïîòîê òåïëîâîãî èçëó÷åíèÿ, îïðåäåëÿ-
åìûé êàê ÷àñòü îáùåãî òåïëîâûäåëåíèÿ, êÂò;
Sô — ïëîùàäü èçëó÷àþùåé ïîâåðõíîñòè, ì2;
w — îòíîñèòåëüíàÿ âëàæíîñòü, äîëè åä.;
Õ — ðàññòîÿíèå îò èñòî÷íèêà ãîðåíèÿ äî îáëó-
÷àåìîãî îáúåêòà, ì;
Rýô — ýôôåêòèâíûé ðàäèóñ ïëàìåíè, ì;
�— óãîë íàêëîíà îñè ïëàìåíè ê ãîðèçîíòó, ãðàä.
Ðàñ÷åòû âûïîëíÿëèñü ïðè ñëåäóþùèõ óñëîâèÿõ:

� óãîë íàêëîíà ñòîëáà ïîæàðà ê ãîðèçîíòó� = 90°
(ñòîëá ïëàìåíè âåðòèêàëüíûé);

� ýôôåêòèâíûé ðàäèóñ R ýô
Ñ1 ïðèíèìàåòñÿ èç âûðà-

æåíèÿ

R Lýô

C

ô
Ñ1 1� 0 25, = 0,25 � 386,41 = 96,6 ì, (5)

ãäå Lô
Ñ1 — äëèíà ìîäåëè ôàêåëüíîãî ïëàìåíè, ì;

� ñðåäíåïîâåðõíîñòíàÿ èíòåíñèâíîñòü òåïëîâîãî
èçëó÷åíèÿ Ef = 170 êÂò�ì2 â ñîîòâåòñòâèè ñ óñëî-
âèåì, óêàçàííûì â ÑÒÎ Ãàçïðîì [1].
Ðåçóëüòàòû ðàñ÷åòîâ ïðåäñòàâëåíû â òàáë. 1.

Êàê âèäíî èç òàáë. 1, ðàñ÷åò òåïëîâîãî ïîòîêà
ìîæíî ïðîâîäèòü ñ ëþáûì øàãîì, ÷òî ïîçâîëÿåò
âûÿâèòü ãðàíèöû îïàñíîñòè äëÿ ðàçëè÷íûõ çîí òåï-
ëîâîãî âëèÿíèÿ [4–9]. Ðóêîâîäñòâóÿñü ãðàíè÷íûìè
çíà÷åíèÿìè îïàñíîñòè òåðìè÷åñêîãî ïîðàæåíèÿ (q �
� 1,4 êÂò�ì2 — áåçîïàñíî, q ! 9,46 êÂò�ì2 — ñìåð-
òåëüíî) èç òàáë. 1 è ïðèìåíÿÿ ëèíåéíóþ èíòåðïîëÿ-
öèþ, íåòðóäíî óñòàíîâèòü, ÷òî ãðàíèöà 100 %-íîãî
òåðìè÷åñêîãî ïîðàæåíèÿ ÷åëîâåêà â ðàññìàòðèâà-
åìîì ïðèìåðå ðàñïîëîæåíà íà ðàññòîÿíèè R100% =
= 375 ì, à ãðàíèöà áåçîïàñíîñòè (âåðîÿòíîñòü ïîðà-
æåíèÿ íå áîëåå 1 %) — íà ðàññòîÿíèè R1% = 690 ì
ïî ãîðèçîíòàëè îò öåíòðà î÷àãà ãîðåíèÿ äî îáúåêòà
îáëó÷åíèÿ íà ïîâåðõíîñòè çåìëè. Ñõåìàòè÷íî ýòî
îòðàæåíî íà ðèñ. 1, íà êîòîðîì ìîäåëü ïîæàðà êî-
ëîííîãî òèïà ïðåäñòàâëåíà â âèäå òâåðäîòåëüíîãî
öèëèíäðà è çîíû ïîòåíöèàëüíîãî ïîðàæåíèÿ (ÇÏÏ)
òåïëîâûì èçëó÷åíèåì, õàðàêòåðèçóþùåéñÿ êðóãî-
âûìè ãðàíèöàìè ñî 100 %-íûì (ïðè q = 9,46 êÂò�ì2)
è 1 %-íûì (ïðè q = 1,4 êÂò�ì2) óðîâíÿìè ëåòàëüíîé
îïàñíîñòè [10, 11].

Äëÿ îöåíêè äîñòîâåðíîñòè ïîëó÷åííûõ ðåçóëü-
òàòîâ ñðàâíèì èõ ñ ðàñ÷åòàìè âîçìîæíûõ ðàäèóñîâ
òåðìè÷åñêîãî ïîðàæåíèÿ ÷åëîâåêà, âûïîëíåííûìè
äëÿ âåðîÿòíûõ ïîæàðîâ íà ìàãèñòðàëüíûõ ãàçîïðî-
âîäàõ Êóðñêîé îáë., íà òåððèòîðèè êîòîðîé ðàñïîëî-
æåíû ÷åòûðå ãàçîïðîâîäíûå ìàãèñòðàëè äèàìåòðîì
Dó = 1400 ìì ñ ðàáî÷èì äàâëåíèåì Ðð = 7,5 ÌÏà (ñî-
ãëàñíî ñõåìå òåððèòîðèàëüíîãî ïëàíèðîâàíèÿ Êóð-
ñêîé îáë. íà http:��www.poipoz.ru).

Ðåçóëüòàòû ýòèõ ðàñ÷åòîâ ïðèâåäåíû â òàáë. 2.
Êàê âèäíî èç òàáë. 2, äëÿ êîëîííîãî ïîæàðà ïðè

ðåêîìåíäóåìîì âðåìåíè [1] tðåê = 60 ñ âîçìîæíûé
ðàäèóñ òåðìè÷åñêîãî ïîðàæåíèÿ ïðè âåðîÿòíûõ ïî-
æàðàõ íà ìàãèñòðàëüíûõ ãàçîïðîâîäàõ Êóðñêîé îáë.
ïî ïðîãíîçó Ì×Ñ ÐÔ ñîñòàâëÿåò Rï 1% = 687 ì, ïðè
ýòîì çîíà 100 %-íîãî ñìåðòåëüíîãî ïîðàæåíèÿ ðàñ-
ïðîñòðàíÿåòñÿ íà ðàññòîÿíèå Rï 100% = 379 ì îò öåíò-
ðà î÷àãà ãîðåíèÿ. Òå æå ïîêàçàòåëè, ïîëó÷åííûå ïî
ïðåäëàãàåìîé ðàñ÷åòíîé ìåòîäèêå, ñîñòàâëÿþò ñî-
îòâåòñòâåííî Rï 1% = 690 ì è Rï 100% = 375 ì.

Òàêàÿ äîñòàòî÷íî òåñíàÿ ñõîäèìîñòü ïîçâîëÿåò
ðåêîìåíäîâàòü ðàçðàáîòàííûé ïîäõîä äëÿ îïåðà-
òèâíîé îöåíêè çîí òåðìè÷åñêîãî ïîðàæåíèÿ ëþäåé

Ïàðàìåòð
Parameter

Çíà÷åíèå ïàðàìåòðà ïðè Õ, ì � Parameter value at X, m

100 200 300 400 500 600 700 800 900 1000 1200 1300

�õ 1,09 0,373 0,150 0,072 0,038 0,022 0,013 0,008 0,005 0,003 0,001 0,000

�x 0,694 0,658 0,637 0,628 0,611 0,601 0,593 0,586 0,580 0,574 0,565

qx, êÂò�ì2

qx, kW�m2 128,6 41,7 16,2 7,5 3,9 2,25 1,31 0,8 0,5 0,3 0,1

Òàáëèöà 1. Ðàñïðåäåëåíèå òåïëîâîãî ïîòîêà íà óðîâíå ïîâåðõíîñòè çåìëè ïðè ïîæàðå êîëîííîãî òèïà (ñöåíàðèé Ñ1)

Table 1. Heat flux distribution at ground level for column-type fire (scenario C1)
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ïðè ïîæàðàõ êîëîííîãî òèïà íà ìàãèñòðàëüíûõ ãà-
çîïðîâîäàõ [12, 13].

Ýòîò æå ìåòîäè÷åñêèé ïîäõîä ïðåäëàãàåòñÿ èñ-
ïîëüçîâàòü äëÿ îïðåäåëåíèÿ çîí òåðìè÷åñêîãî ïî-
ðàæåíèÿ â ñëó÷àå ñòðóåâîãî òèïà ïîæàðà.

2. Ìîäåëü ïîæàðà ñòðóåâîãî òèïà

Ìîäåëü ïîæàðà ñòðóåâîãî òèïà (ñöåíàðèé Ñ2) â
âèäå äâóõ ïðîòèâîïîëîæíî íàïðàâëåííûõ òâåðäî-
òåëüíûõ óñå÷åííûõ êîíóñîâ, âåðøèíû êîòîðûõ ïðè-
óðî÷åíû ê òî÷êå ðàçðûâà ãàçîïðîâîäà, à èõ îáðàçó-
þùèå ñîâïàäàþò ñ ïëîñêîñòüþ ïîâåðõíîñòè çåìëè,
ïðåäñòàâëåíà íà ðèñ. 2,à, à åå ãîðèçîíòàëüíàÿ ïðî-
åêöèÿ â ôîðìå äâóëåïåñòêîâîé ôèãóðû — íà ðèñ. 2,á.

Â ñèëó ýòîé îñîáåííîñòè ðàñ÷åò ðàñïðåäåëåíèÿ òåï-
ëîâîãî ïîòîêà ñëåäóåò âûïîëíÿòü äëÿ êàæäîãî ëåïå-
ñòêà ìîäåëè âäîëü è ïîïåðåê îñè åãî ïðîñòèðàíèÿ
[14, 15].

À. Ðàñïðåäåëåíèå òåïëîâîãî ïîòîêà âäîëü îñè

ëåïåñòêà ìîäåëè ñòðóåâîãî ïëàìåíè

Äëÿ ðàññìàòðèâàåìîãî ïðèìåðà ïî àíàëîãèè ñ
ïðåäûäóùèì ðàñ÷åòîì çàäàþòñÿ çíà÷åíèÿìè ýôôåê-
òèâíîãî ðàäèóñà R

iýô
Ñ

( )
2 (i = 1, 2) äëÿ êàæäîãî ëåïåñò-

êà ñòðóåâîãî ïëàìåíè èñõîäÿ èç ðåêîìåíäàöèé ÑÒÎ
Ãàçïðîì [1]:

R L
Ñ

ýô(1)
C

ô
2 � 0 25 2, = 0,25 · 450,92 = 112,73 ì;

R L
Ñ

ýô(2)
C

ô
2 � 0 25 2, = 0,25 · 430,43 = 107,61 ì,

ãäå Lô
Ñ2 — îáùàÿ äëèíà ïëàìåíè, ì.

Ñ ó÷åòîì ñèììåòðè÷íîñòè ãîðåíèÿ ñòðóåâîãî ïëà-
ìåíè ðàñ÷åò ðàñïðåäåëåíèÿ èíòåíñèâíîñòè òåïëî-
âîãî ïîòîêà âûïîëíÿåòñÿ äëÿ îäíîãî ëåïåñòêà ìî-
äåëè ñ íàèáîëüøèì ðàäèóñîì R ýô

Ñ
( )1

2 = 112,73 ì.
Äàëåå ñ ó÷åòîì óãëà íàêëîíà � îñè óñå÷åííîãî

êîíóñà ê ãîðèçîíòó ðàññ÷èòûâàåòñÿ ðàñïðåäåëåíèå
èíòåíñèâíîñòè òåïëîâîãî ïîòîêà qõ íà óðîâíå ïî-
âåðõíîñòè çåìëè àíàëîãè÷íî òîìó, êàê ýòî äåëàåòñÿ
äëÿ êîëîííîãî ïîæàðà. Ïðè ýòîì îñü óñå÷åííîãî êî-
íóñà áóäåò èìåòü íàêëîí ê ãîðèçîíòó ïîä óãëîì� (ñì.
ðèñ. 2,à), òàíãåíñ êîòîðîãî îïðåäåëÿåòñÿ ïî ôîðìóëå

tg ô
Ñ� � 0 5 2 1 1

2, .( ) ( )W L (6)

¹
ï�ï
No.

Âðåìÿ
íàõîæäåíèÿ

â çîíå
ïîæàðà, ñ
Time spent
in the fire
zone, sec

Ðàäèóñ ïîðàæåíèÿ Rï, ì, ïðè òèïå ïîæàðà
Radius of thermal damage Rdam, m,

at fire type

êîëîííîì
column

ñòðóåâîì
jet

Rï 100%

Rdam 100%

Rï 1%

Rdam 1%

Rï 100%

Rdam 100%

Rï 1%

Rdam 1%

1 5 306 566 690 1200

2 20 354 654 1060 1360

3 60 379 687 1114 1420

Òàáëèöà 2. Âîçìîæíûå ðàäèóñû òåðìè÷åñêîãî ïîðàæåíèÿ
÷åëîâåêà ïðè ïîæàðå íà ÌÃ Êóðñêîé îáë.

Table 2. Possible radii of thermal damage of the person at
the fire on main gas pipeline of Kursk Region

Ðèñ. 1. Ìîäåëü ïîæàðà êîëîííîãî òèïà (ñöåíàðèé Ñ1): 1 — ìîäåëü ôàêåëà (òâåðäîòåëüíûé öèëèíäð); 2 — çîíà òåðìè÷åñêîãî ïî-
ðàæåíèÿ; D ýô

Ñ1 — ýôôåêòèâíûé äèàìåòð ìîäåëè ôàêåëà
Fig. 1. Model of column type fire (scenario C1): 1 — model of the torch (solid-state cylinder); 2 — heat affected zone; D

eff
C1 — the effective

diameter of the model of the torch
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Äëÿ ðàññìàòðèâàåìîãî ñëó÷àÿ

tg� = 0,5 � 117,24�450,92 = 0,13.

Îòñþäà � = 7,4°.
Çàòåì ñ èñïîëüçîâàíèåì ïîëó÷åííîãî çíà÷åíèÿ

� îïðåäåëÿþòñÿ:
� ñðåäíåïîâåðõíîñòíàÿ èíòåíñèâíîñòü òåïëîâîãî

èçëó÷åíèÿ Ef (êÂò�ì2) — ïî ôîðìóëå (1) (äëÿ
ñòðóåâîãî ïîæàðà â ðàññìàòðèâàåìîì ïðèìåðå
Ef � 200 êÂò�ì2);

� êîýôôèöèåíòû ïîãëîùåíèÿ òåïëîâîãî èçëó÷å-
íèÿ �õ — ïî ôîðìóëå (2);

� óãëîâûå êîýôôèöèåíòû îáëó÷åíèÿ�õ — ïî ôîð-
ìóëå (3);

� èíòåíñèâíîñòü òåïëîâîãî ïîòîêà qõ — ïî ôîð-
ìóëå (4).

Ðàñïðåäåëåíèå èíòåíñèâíîñòè òåïëîâîãî ïîòî-
êà âäîëü îñè ïðîñòèðàíèÿ ëåïåñòêà ìîäåëè ïðåä-
ñòàâëåíî â òàáë. 3.

Àíàëèç òàáë. 3 ïîêàçûâàåò, ÷òî â ðàññìàòðèâàå-
ìîì ïðèìåðå ïðîäîëüíàÿ çîíà îïàñíîãî òåðìè÷å-
ñêîãî âîçäåéñòâèÿ ñ âåðîÿòíîñòüþ ãðàíè÷íîãî ïî-
ðàæåíèÿ 1 % (ïðè q = 1,4 êÂò�ì2) ïðîñòèðàåòñÿ íà
ðàññòîÿíèå R

1
2

%
C = 1355 ì îò òî÷êè ðàçðûâà ãàçîïðî-

âîäà. Ïîëó÷åííîå çíà÷åíèå ýôôåêòèâíîãî ðàäèóñà
ïî ñðàâíåíèþ ñ ïðîãíîçîì Ì×Ñ ÐÔ äëÿ Êóðñêîé îáë.
(R

1
2

%
C = 1420 ì), âûïîëíåííûì äëÿ àíàëîãè÷íûõ

óñëîâèé (ñì. òàáë. 2), îòëè÷àåòñÿ ìåíåå ÷åì íà 5 %,
÷òî ìîæíî ïðèçíàòü óäîâëåòâîðèòåëüíûì äëÿ òåï-
ëîòåõíè÷åñêèõ ïðîãíîçîâ [16, 17].

Îäíàêî ðàñïðåäåëåíèå èíòåíñèâíîñòè òåïëîâî-
ãî ïîòîêà âäîëü îñè ñòðóåâîãî ïëàìåíè îïðåäåëÿåò

Ïàðàìåòð
Parameter

Çíà÷åíèå ïàðàìåòðà ïðè Õ, ì � Parameter value at X, m

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

�õ 3,6 1,7 0,8 0,5 0,3 0,2 0,16 0,12 0,09 0,07 0,05 0,04 0,02 0,005 –

�õ 0,694 0,658 0,637 0,622 0,611 0,601 0,593 0,586 0,580 0,574 0,570 0,565 0,561 0,557 0,553

qx, êÂò�ì2

qx, kW�m2 505,2 221,1 107,0 59,7 37,9 26,4 19,0 14,1 10,4 8,0 5,7 4,1 2,35 0,56 –

Òàáëèöà 3. Ðàñïðåäåëåíèå èíòåíñèâíîñòè òåïëîâîãî ïîòîêà âäîëü îñè ïðîñòèðàíèÿ ëåïåñòêà ìîäåëè ñòðóåâîãî ïëàìåíè
(ñöåíàðèé Ñ2) / Table 3. Intensity of heat flux distribution along the axis of the blade strike of the jet flame model (scenario C2)

Ðèñ. 2. Ìîäåëü ïîæàðà ñòðóåâîãî òèïà (ñöåíàðèé Ñ2): à, á — âåðòèêàëüíàÿ è ãîðèçîíòàëüíàÿ ïðîåêöèè ìîäåëè; 1, 2 — ìîäåëè
óñå÷åííûõ êîíóñîâ 1-é è 2-é ñòðóé ïîæàðà; (1), (2) — íîìåðà ôàêåëüíûõ ñòðóé; W1, W2, Wñð — øèðèíà ñîîòâåòñòâåííî ìàëîãî,
áîëüøîãî è ñðåäíåãî îñíîâàíèé óñå÷åííûõ êîíóñîâ; h — äëèíà îòðûâà ïëàìåíè; RL — âèäèìàÿ äëèíà ïëàìåíè; L

îáð
Ñ2 — äëèíà

îáðàçóþùåé; 0 — òî÷êà ðàçðûâà ãàçîïðîâîäà
Fig. 2. Jet type fire model: a, b — vertical and horizontal projection of the model; 1, 2 — models of truncated cones of the 1st and 2nd jets
of fire; (1), (2) — numbers of flare jets; W1, W2, Wmed — the width of small, large and medium bases of truncated cones; h — length of
separation of the flame; RL — visible length of the flame; L

gen
C2 — the length of the generatrix; 0 — break point of the pipeline
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òîëüêî ëèíåéíóþ êîîðäèíàòó ïîëîæåíèÿ òî÷êè îá-
ëó÷åíèÿ îòíîñèòåëüíî òî÷êè âîñïëàìåíåíèÿ. Äëÿ
îïðåäåëåíèÿ ãðàíèö çîíû ïîòåíöèàëüíîãî òåðìè-
÷åñêîãî âîçäåéñòâèÿ íåîáõîäèìî îöåíèòü òåïëîâûå
ïîòîêè, íàïðàâëåííûå ïåðïåíäèêóëÿðíî îñè ãîðå-
íèÿ ñòðóåâîãî ïëàìåíè.

Á. Ðàñïðåäåëåíèå òåïëîâîãî ïîòîêà ïîïåðåê îñè

ëåïåñòêà ìîäåëè ñòðóåâîãî ïëàìåíè

Äëÿ ðåøåíèÿ ýòîé çàäà÷è ïðåäëàãàåòñÿ ïðèíÿòü
ñëåäóþùèå äîïóùåíèÿ.

Ïîëîæèì, ÷òî ìàññà ãîðÿùåãî ãàçà, çàêëþ÷åííàÿ
â ìîäåëè óñå÷åííîãî êîíóñà, ñîñðåäîòî÷åíà ïðîïîð-
öèîíàëüíî â íåñêîëüêèõ (íàïðèìåð, â òðåõ) øàðî-
âûõ ñôåðàõ, âïèñàííûõ â ëåïåñòîê ìîäåëè êîíóñà
ñ êàñàíèåì áîëüøîãî îñíîâàíèÿ, â ñå÷åíèè ñðåäíåé
ëèíèè è âáëèçè ìàëîãî îñíîâàíèÿ. Ìîäåëü óñå÷åí-
íîãî êîíóñà ñ âïèñàííûìè ñôåðàìè ïðåäñòàâëåíà
íà ðèñ. 3.

Ïðè ýòîì äèàìåòð âïèñàííîãî øàðà Ds3 ó áîëü-
øîãî îñíîâàíèÿ ìîäåëè óñå÷åííîãî êîíóñà ìîæíî
îïðåäåëèòü èç ãåîìåòðè÷åñêèõ ïîñòðîåíèé:

D Ws 3 2
2 45 2� �C tg( ) ,� (7)

ãäå �— óãîë ìåæäó îáðàçóþùåé è îñüþ ìîäåëè êî-
íóñà.
Äëÿ ðàññìàòðèâàåìîãî ïðèìåðà óãîë � ñîñòàâ-

ëÿåò 7,4° (ñì. ðèñ. 2). Ïîäñòàâèâ ýòî çíà÷åíèå â óðàâ-
íåíèå (7), ïîëó÷èì:

Ds3 = 117,24 tg (45 – 7,4�2) = 103 ì.

Äèàìåòðû âïèñàííûõ øàðîâ ñðåäíåé ëèíèè Ds2 è
âáëèçè ìàëîãî îñíîâàíèÿ ìîäåëè Ds1 îïðåäåëÿþòñÿ
èç óðàâíåíèé ïîäîáèÿ:

D D L Ls s1 3 1 3� ; (8)

D D L Ls s2 3 2 3� , (9)

ãäå L1 — ðàññòîÿíèå îò òî÷êè ðàçðûâà 0 äî ñå÷åíèÿ
Ds1;ïðèíèìàåòñÿïðîèçâîëüíîèçóñëîâèÿ L h1

2� C ;
L2 — òî æå, äî ñðåäíåãî ñå÷åíèÿ Ds2;
L L R

L2 2� �ô
C C2 2 ;

L3 — òî æå, äî ñå÷åíèÿ Ds3 ; L L Ds3 3 2� �ô
C2 .

Äëÿ ðàññìàòðèâàåìîãî ïðèìåðà

L h
C

1 120 90182� � �ì , ì;

L2 = 450,92 – 360,74�2 = 270,55 ì;

L3 = 450,92 – 103�2 = 399,42 ì.

Ïîäñòàâèâ ýòè çíà÷åíèÿ â ôîðìóëû (8) è (9), ïî-
ëó÷èì:

Ds2 = 103 · 270,55�399,42 = 69,77 ì;

Ds1 = 103 · 120�399,42 = 30,94 ì.

Êàæäàÿ èç âïèñàííûõ ñôåð ïðèíèìàåòñÿ çà “îã-
íåííûé øàð”, òåïëîâîå èçëó÷åíèå êîòîðîãî íàïðàâ-
ëåíî ïî ëó÷àì Ë1, Ë2 è Ë3, ïðîâåäåííûì ÷åðåç ïðîåê-
öèè äèàìåòðîâ ýòèõ ñôåð íà ãîðèçîíòàëüíóþ ïëîñ-
êîñòü (ñì. ðèñ. 3).

Â ýòîì ñëó÷àå èíòåíñèâíîñòü òåïëîâîãî èçëó÷å-
íèÿ qs (êÂò�ì2) äëÿ “îãíåííîãî øàðà” îïðåäåëÿåòñÿ
ïî Ìåòîäèêå [2] â ñîîòâåòñòâèè ñ ï. 24 ïðèëîæåíèÿ 3
èç âûðàæåíèÿ (Ï3.52):

qs = Es �s�s , (10)

ãäå Es — ñðåäíåïîâåðõíîñòíàÿ èíòåíñèâíîñòü òåï-
ëîâîãî èçëó÷åíèÿ “îãíåííîãî øàðà”, êÂò�ì2;
�s — êîýôôèöèåíò ïðîïóñêàíèÿ àòìîñôåðû;
�s — óãëîâîé êîýôôèöèåíò îáëó÷åíèÿ.
Çíà÷åíèå Es äëÿ “îãíåííîãî øàðà” â ñîîòâåòñò-

âèè ñ ðåêîìåíäàöèÿìè ï. 24 Ìåòîäèêè [2] è ÃÎÑÒ
12.3.047–2012 ïðèíèìàåòñÿ íà îñíîâå èìåþùèõñÿ
ýêñïåðèìåíòàëüíûõ äàííûõ èëè ðàâíûì 350 êÂò�ì2.
Îäíàêî ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ ïî îïðå-
äåëåíèþ ñðåäíåïîâåðõíîñòíîé èíòåíñèâíîñòè èç-
ëó÷åíèÿ “îãíåííûõ øàðîâ” ñ ãîðÿùèì ñæàòûì ïðè-
ðîäíûì ãàçîì â íîðìàòèâíûõ äîêóìåíòàõ îòñóòñò-
âóåò. Â ðàññìàòðèâàåìîì ïðèìåðå ïàðàìåòð Es äëÿ
îáåèõ ñòðóé ãîðåíèÿ ãàçà èìååò ñëåäóþùèå ðàñ÷åò-
íûå çíà÷åíèÿ:

E
f ( )1

2C = 319,96 êÂò�ì2 < 350 êÂò�ì2;

E
f ( )2

2C = 312,82 êÂò�ì2 < 350 êÂò�ì2.

Ðèñ. 3. Ìîäåëü óñå÷åííîãî
êîíóñà ñ âïèñàííûìè ñôå-
ðàìè “îãíåííûé øàð”

Fig. 3. Model of a truncated
cone with inscribed spheres
“fireball”
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Â ñîîòâåòñòâèè ñ ïðèíÿòûì äîïóùåíèåì î ïðî-
ïîðöèîíàëüíîñòè ðàñïðåäåëåíèÿ ëó÷èñòîé ýíåðãèè
â îáúåìàõ òðåõ âïèñàííûõ ñôåð èíòåíñèâíîñòü ñðåä-
íåïîâåðõíîñòíîãî èçëó÷åíèÿ êàæäîé èç íèõ Es(i)

(i = 1, 2, 3) ìîæåò áûòü îïðåäåëåíà èç óðàâíåíèÿ ïðî-
ïîðöèîíàëüíîñòè:

E V E Vs i s i f( ) ( ) ( ) ,� 1
2C

ì (11)

ãäå Vs(i) (i = 1, 2, 3) — îáúåì êàæäîãî èç âïèñàííûõ
“îãíåííûõ øàðîâ”, ì3;
Vì — îáúåì ìîäåëè óñå÷åííîãî êîíóñà, ì3.
Îáúåì äëÿ êàæäîãî èç âïèñàííûõ “îãíåííûõ

øàðîâ” îïðåäåëÿåòñÿ ïî ôîðìóëå [3]:

V
D

Ds i

s i

s i( )
( )

( ), .� �
" 3

3

6
0 524 (12)

Äëÿ ðàññìàòðèâàåìîãî ïðèìåðà:

Vs(1) = 0,524 � 30,943 = 0,0155 � 106 ì3;

Vs(2) = 0,524 � 69,773 = 0,1780 � 106 ì3;

Vs(3) = 0,524 � 1033 = 0,5726 � 106 ì3.

Îáúåì ìîäåëè óñå÷åííîãî êîíóñà îïðåäåëÿåòñÿ
èç ñòàíäàðòíîãî âûðàæåíèÿ:

V
R W W W W

L

C C C C C

ì �
�

�

�
�

�

�

�
�

 
�

�

�
�

�

�

�
�

#

$

" 2 2 2 2 2

3 2 2 2 2
1

2

1 2 2

2

%
%

&

'

(
(

. (13)

Äëÿ ðàññìàòðèâàåìîãî ïðèìåðà îáúåì ìîäåëè
óñå÷åííîãî êîíóñà ñîñòàâèò:

Vì �
� �

�
�

�
�
�  

#

$
%

314 360 74
3

23 45
2

2, , ,

 �
�
�

�
�
�
&

'
( � �

23 45
2

117 24
2

117 24
2

161 10
2

6, , ,
, ì.

Òîãäà óñëîâíûå çíà÷åíèÿ ñðåäíåïîâåðõíîñòíîãî
èçëó÷åíèÿ Es(i) äëÿ êàæäîãî èç âïèñàííûõ “îãíåí-
íûõ øàðîâ” ñîñòàâÿò:

Es( )
, ,

,
1

6

6

0 0155 10 319 96

161 10
�

� �

�
� 3,08 êÂò�ì2;

Es( )
, ,

,
2

6

6

01780 10 319 96

161 10
�

� �

�
= 35,37 êÂò�ì2;

Es( )
, ,

,
3

6

6

0 5726 10 319 96

161 10
�

� �

�
= 113,79 êÂò�ì2.

Äàëåå â ñîîòâåòñòâèè ñ ï. 24 Ìåòîäèêè Ì×Ñ ÐÔ
[2] îïðåäåëÿþòñÿ çíà÷åíèÿ èíòåíñèâíîñòè òåïëî-
âîãî èçëó÷åíèÿ qs(Xs) èç âûðàæåíèÿ (10) ñ îäíîâðå-
ìåííûì ðàñ÷åòîì êîýôôèöèåíòîâ:
� îáëó÷åíèÿ �s(Xs):

�s s

s s

X
X D

( )
[ ( ) ]

;
,

�
 

1

4 1 2 1 5
(14)

� ïðîïóñêàíèÿ àòìîñôåðû �s(Xs):

�s s s s sX X H H( ) exp ,� � �  ��
�
�

�
�
�

#
$%

&
'(

7 104 2 2 (15)

ãäå Xs — ðàññòîÿíèå îò îáëó÷àåìîãî îáúåêòà äî òî÷-
êè íà ïîâåðõíîñòè çåìëè íåïîñðåäñòâåííî ïîä
öåíòðîì “îãíåííîãî øàðà”, ì;
Hs —âûñîòàöåíòðà“îãíåííîãîøàðà”,ì;Hs =Ds�2.

Ïàðàìåòð
Parameter

Çíà÷åíèå ïàðàìåòðà ïðè Xs, ì � Parameter value at Xs, m

20 50 75 100 125 150 200 220 240 260 280

Es1 = 3,08 êÂò�ì2; Hs1 = 15,47 ì; Ds1 = 30,94 ì � Es1 = 3.08 kW�m2; Hs1 = 15.47 m; Ds1 = 30.94 m

Ëó÷ 1 � Beam 1

�s1(Xs) 0,99 0,97 0,96 0,94 0,93 0,91

�s1(Xs) 0,15 0,04 0,014 0,006 0,003 0,002

qs1(Xs) 0,46 0,12 0,04 0,02 0,009 0,006

Es2 = 35,37 êÂò�ì2; Hs2 = 34,89 ì; Ds2 = 69,77 ì � Es2 = 35.37 kW�m2; Hs2 = 34.89 m; Ds2 = 69.77 m

Ëó÷ 2 � Beam 2

�s2(Xs) 0,99 0,98 0,97 0,95 0,94

�s2(Xs) 0,22 0,13 0,08 0,05 0,029

qs2(Xs) 7,83 4,50 2,74 1,68 0,93

Es3 = 113,79 êÂò�ì2; Hs3 = 51,5 ì; Ds3 = 103,0 ì � Es3 = 113.79 kW�m2; Hs3 = 51.5 m; Ds3 = 103.0 m

Ëó÷ 3 � Beam 3

�s3(Xs) 1,0 0,99 0,97 0,96 0,94 0,93 0,90 0,89 0,87 0,86 0,84

�s3(Xs) 0,24 0,18 0,13 0,09 0,06 0,05 0,024 0,019 0,015 0,012 0,010

qs3(Xs) 27,29 20,26 14,13 9,82 6,41 5,29 2,46 1,92 1,48 1,17 0,95

Òàáëèöà 4. Ðåçóëüòàòû ðàñ÷åòà èíòåíñèâíîñòè òåïëîâîãî èçëó÷åíèÿ qs(Xs) âïèñàííûõ â ìîäåëü “îãíåííûõ øàðîâ”

Table 4. Results of calculation of heat flows qs(Xs) inscribed in the model of “fireballs”
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Ðåçóëüòàòû ðàñ÷åòîâ ïðåäñòàâëåíû â òàáë. 4.
Ãðàôè÷åñêèé âèä ðàñïðåäåëåíèÿ òåïëîâîãî ïî-

òîêà íà ãîðèçîíòàëüíóþ ïëîñêîñòü ïðè ñòðóåâîì
òèïå ïîæàðà äëÿ îäíîé ñòðóè ãîðåíèÿ ïðåäñòàâëåí
íà ðèñ. 4 (äëÿ ïðîòèâîïîëîæíîé ñòðóè ãîðåíèÿ ãðà-
ôè÷åñêîå ðàñïðåäåëåíèå òåïëîâîãî ïîòîêà ÿâëÿåò-
ñÿ àíàëîãè÷íûì è ðàçìåùàåòñÿ ñèììåòðè÷íî). Êàê
âèäíî èç ðèñ. 4, äëÿ ñòðóåâîãî ïîæàðà (ñöåíàðèé Ñ2)
ôîðìà çîíû ïîòåíöèàëüíîãî ïîðàæåíèÿ òåïëîâûì
èçëó÷åíèåì ïðåäñòàâëÿåòñÿ â âèäå ëåïåñòêîâ. Âíåø-
íÿÿ ãðàíèöà ëåïåñòêîâ îïðåäåëÿåòñÿ äëèíîé L1%
ïðîäîëüíîé îñè, îãðàíè÷åííîé èçîëèíèåé R1% óñëîâ-
íîãî ïîðàæåíèÿ, ðàâíîãî 1 %, è âíóòðåííèì ðàçìå-
ðîì L100% ïî èçîëèíèè R100% óñëîâíîãî ïîðàæåíèÿ,
ðàâíîãî 100 %, à òàêæå ïîëóøèðèíîé ëåïåñòêîâ, îá-
ðàçîâàííûõ èçîëèíèÿìè R1% è R100% âåðîÿòíîñòè ïî-
ðàæåíèÿ, ðàâíîé ñîîòâåòñòâåííî 1 è 100 % [18–21].

Â ðàññìàòðèâàåìîì ïðèìåðå ïàðàìåòðû ïîëó-
øèðèíû ëåïåñòêà ñ èçîëèíèÿìè R1% è R100% ïðèóðî-
÷åíû ê ëó÷ó Ë3 è ñîñòàâëÿþò â ëèíåéíîì èçìåðåíèè
ñîîòâåòñòâåííî Ë31% = 245 ì è Ë3100% = 106 ì. Ýòè
êîîðäèíàòû ïîëíîñòüþ îïðåäåëÿþò òåððèòîðèàëü-
íûå ðàçìåðû çîí òåðìè÷åñêîãî ïîðàæåíèÿ ñ îïàñ-
íûì (Ë31%) è ñìåðòåëüíûì (Ë3100%) èñõîäîì ïðè ãî-
ðåíèè ñòðóåâûõ ïëàìåí (ñì. ðèñ. 4). Ïðè ýòîì ëó÷
Ë2 îïðåäåëÿåò ãðàíèöó òîëüêî 1 %-íîé âåðîÿòíîñòè
ïîðàæåíèÿ — Ë21% = 110 ì, à â íàïðàâëåíèè ëó÷à
Ë1 ôèêñèðóåòñÿ ëèøü íåçíà÷èòåëüíîå òåïëîâîå âëè-
ÿíèå, èñõîäÿùåå îò ìàëîãî ãèïîòåòè÷åñêîãî “îãíåí-
íîãî øàðà”.

Êàê ïîêàçûâàåò àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ,
ïðåâàëèðóþùàÿ ðîëü â îïðåäåëåíèè òåððèòîðèàëü-
íûõ ðàçìåðîâ çîí òåðìè÷åñêîãî ïîðàæåíèÿ ïðèíàä-
ëåæèò íàèáîëüøåìó ãèïîòåòè÷åñêîìó “îãíåííîìó
øàðó”, ïðèóðî÷åííîìó ê áîëüøåìó îñíîâàíèþ óñå-
÷åííîãî êîíóñà, ïðåäñòàâëÿþùåãî ñîáîé òâåðäî-
òåëüíóþ ìîäåëü ñòðóåâîãî ïëàìåíè.

Â çàêëþ÷åíèå ñëåäóåò îòìåòèòü, ÷òî ïðåäñòàâ-
ëåííàÿ ìåòîäèêà ïîñòðîåíèÿ ìîäåëåé çîí òåðìè÷å-
ñêîãî ïîðàæåíèÿ ïðè ïîæàðå íà ÌÃ èñïîëüçîâàíà
äëÿ ðàçðàáîòêè ïðîãðàììíîãî ïðîäóêòà “Ýêñïåðò-
íàÿ ñèñòåìà «Àíàëèòèê ïîæàðîâ»”, ïîçâîëÿþùåãî
îñóùåñòâëÿòü òåêóùèé ìîíèòîðèíã óðîâíÿ ïîòåí-
öèàëüíîãî ïîæàðíîãî ðèñêà ýêñïëóàòèðóåìîãî ÌÃ.

Âûâîäû

Òàêèì îáðàçîì, èñõîäÿ èç ïîñòàâëåííîé öåëè
â íàñòîÿùåé ñòàòüå ïðèâåäåíà ìåòîäèêà ïîñòðîå-
íèÿ ìîäåëåé çîí òåðìè÷åñêîãî ïîðàæåíèÿ ïðè ïî-
æàðå íà ÌÃ äëÿ äâóõ âèäîâ ñöåíàðèåâ.

1. Ïðåäëîæåíà ìåòîäèêà ãåîìåòðè÷åñêîãî ïî-
ñòðîåíèÿ (â âèäå ìîäåëè òâåðäîòåëüíîãî öèëèíäðà)
çîíû òåðìè÷åñêîãî ïîðàæåíèÿ ïðè êîëîííîì òèïå
ïîæàðà (ñöåíàðèè Ñ1) íà ìàãèñòðàëüíîì ãàçîïðîâî-
äå, îáðàçóþùåì êðóãîâóþ ïðîåêöèþ íà ïîâåðõíî-
ñòè ëàíäøàôòà ñ ðàäèàëüíûì ðàñïðîñòðàíåíèåì
òåïëîâîãî ïîòîêà îò öåíòðà î÷àãà ãîðåíèÿ ê âíåø-
íåé ãðàíèöå çîíû.

2. Ðàçðàáîòàí ñïîñîá ïîñòðîåíèÿ çîí òåðìè÷å-
ñêîãî ïîðàæåíèÿ ïðè ñòðóåâîì ïîæàðå (ñöåíàðèè

Ðèñ. 4. Ðàñïðåäåëåíèå òåïëîâîãî ïîòîêà íà ãîðèçîíòàëüíóþ ïëîñêîñòü ïðè ñòðóåâîì òèïå ïîæàðà äëÿ îäíîé ñòðóè ãîðåíèÿ:
R0 — ãðàíèöà òåïëîâîãî âëèÿíèÿ (áåçîïàñíàÿ çîíà); R1% , R100% — ãðàíèöû 1 %-íîãî ïîðàæåíèÿ (q = 1,4 êÂò�ì2, îïàñíàÿ çîíà);
100 %-íîãî ïîðàæåíèÿ (q = 9,46 êÂò�ì2, çîíà ñìåðòåëüíîãî ïîðàæåíèÿ); L1% , L100% — êîîðäèíàòû ïðîäîëüíûõ äëèí ó÷àñòêîâ
ñîîòâåòñòâåííî ñ 1 %-íûì (q = 1,4 êÂò�ì2) è 100 %-íûì (q = 9,46 êÂò�ì2) òåðìè÷åñêèì ïîðàæåíèåì; íà ëó÷àõ Ë1, Ë2 è Ë3 —
çíà÷åíèÿ èíòåíñèâíîñòè òåïëîâîãî èçëó÷åíèÿ, êÂò�ì2, â òî÷êàõ Xs

Fig. 4. The distribution of heat flow to the horizontal plane at the jet type of fire for one jet of combustion: R0 — the boundary of the thermal
effect (safe zone); R1% — the boundary of 1 % damage (q = 1,4 kW�m2, dangerous zone); R100% — the boundary of 100 % damage
(q = 9,46 kW�m2, fatal zone); L1% , L100% — the coordinates of the longitudinal lengths of the plots, respectively, with 1 %
(q = 1,4 kW�m2) and 100 % thermal damage (q = 9,46 kW�m2); on beams L1, L2 and L3 — values of thermal radiation intensity,
kW�m2, at points Xs
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Ñ2) íà ìàãèñòðàëüíîì ãàçîïðîâîäå, îñíîâàííûé íà
ãèïîòåòè÷åñêîì äîïóùåíèè êîíöåíòðàöèè ëó÷è-
ñòîé ýíåðãèè â âèäå “îãíåííûõ øàðîâ”, ðàçìåùåí-

íûõ ðàâíîìåðíî â ãðàíèöàõ óñå÷åííîãî êîíóñà,
ïðåäñòàâëÿþùåãî ñîáîé òâåðäîòåëüíóþ ìîäåëü
ñòðóåâîãî ïëàìåíè.
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TECHNIQUE OF BUILDING MODELS OF THE HEAT AFFECTED
ZONES IN THE FIRE ON THE MAIN GAS PIPELINE

A. I. BYKOV, Lead Engineer for Industrial Safety of LLC “Gazprom transgaz Ukhta”
(Embankment Gazovikov, 10�1, Ukhta, 169300, Komi Republic, Russian Federation;

e-mail: abykov@sgp.gazprom.ru)

A. V. NOVAK, Engineer of Educational and Scientific Laboratory of Diagnostics and
Nondestructive Testing, Ukhta State Technical University (Pervomayskaya St., 13, Ukhta,

169300, Komi Republic, Russian Federation; e-mail: avnovak84@gmail.com)

ABSTRACT

Introduction. It is known that the calculation of the parameters of uncontrolled combustion is very
difficult because of its spontaneity and disordered forms. Therefore, they resort to the modeling of
combustion on the basis of known geometric shapes. For example, for a strait fire the burning area is
modeled in the form of a rectangle, when burning a torch — in the form of a circle, when igniting a tank
with LVZh, GZh or LNG — in the form of a “fireball”, etc.

Methodology. Models of the fire to the main gas pipeline (MG) in accordance with the re-
commendations of STO Gazprom 2-2.3-351–2009 is a vertical solid cylinder to fire column type
(scenario C1) and two against solid-opalone directed truncated cones for jet-type combustion (sce-
nario C2). However, there are no systematic methods of quantitative assessment of the intensity of
thermal effects and geometric construction of heat affected zones in case of fires at MG in the existing
regulations. This gap explains the relevance of this article, which presents methods for determining
the emissivity of heat fluxes at ground level for fires scenarios C1 and C2 and justified methods of
geometric construction of zones of thermal danger in the vicinity of the burning flame column or two
oppositely directed burning jets. A numerical example of the calculation of thermal parameters for
the construction of geometric shapes of heat affected zones is given and the illustrations of their
graphical execution are presented.

Conclusion. The method of construction of models of heat affected zones is put in the subsequent
basis for the development of the software product “Expert system “Fire Analyst”, which provides
operational monitoring of the level of potential fire risk operated by MG in the “online” mode.

Keywords: column burning type; jet-flames burning type; intensity of heat flow; “fireball”; radiation
coefficient; geometrical dimensions of flame.

REFERENCES

1. STO Gazprom 2-2.3-351–2009. Methodical guidelines for risk analysis of hazardous production facili-

ties of gas transportation companies of JSC Gazprom. Decree of LLC “Gazprom transgaz Ukhta” on
30.03.2009 No. 83. Moscow, LLC “Gazprom Expo” Publ., 2009. 377 p. (in Russian).

2. The methodology for determining the estimated values of fire risk at the production facilities. Order of
Emercom of Russian Federation on 10.07.2009 No. 404 (ed. on 14.12.2010) (in Russian). Available at:
http:��docs.cntd.ru�document�902170886 (Accessed 18 October 2018).

3. G. A. Korn, T. M. Korn. Mathematical handbook for scientists and engineers: definitions, theorems and

formulas for reference and review. 2nd ed. New York, McGraw-Hill, 1968. xix, 1130 p. (Russ. ed.:
Korn G. A., Korn T. M. Spravochnik po matematike dlya nauchnykh rabotnikov i inzhenerov: oprede-
leniya, teoremy, formuly. Moscow, Nauka Publ., 1984. 831 p.).



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1150

ÁÅÇÎÏÀÑÍÎÑÒÜ ÒÅÕÍÎËÎÃÈ×ÅÑÊÈÕ ÏÐÎÖÅÑÑÎÂ È ÎÁÎÐÓÄÎÂÀÍÈß

4. V. D. Belitskiy, S. M. Lomov. Proektirovaniye i ekspluatatsiya magistralnykh gazoprovodov [Design
and operation of gas pipelines]. Omsk, Omsk State Technical University Publ., 2011. 62 p. (in Russian).

5. N. N. Brushlinskiy (ed.), Yu. M. Glukhovenko, V. B. Korobko, S. V. Sokolov, P. Wagner, S. A. Lupa-
nov, E. A. Klepko. Pozharnyye riski. Vypusk 3. Prognozirovaniye dinamiki pozharnykh riskov [Fire
risks. Episode 3. Forecasting fire risk]. Moscow, VNIIPO Publ., 2005. 64 p. (in Russian).

6. V. V. Bukhmirov. Raschet koeffitsienta teplootdachi [Calculation of heat transfer coefficient]. Ivanovo,
Ivanovo State Energy University Publ., 2007. 78 p. (in Russian).

7. A. I. Bykov. Parameter definition of the average gas pressure in the section of the pipeline. Pozharo-

vzryvobezopasnost � Fire and Explosion Safety, 2015, vol. 24, no. 1, pp. 49–54 (in Russian).
8. A. I. Bykov. Determination of the average gas temperature in the emergency section of the main pipe-

line. Pozharovzryvobezopasnost �Fire and Explosion Safety, 2015, vol. 24, no. 6, pp. 43–50 (in Russian).
9. A. I. Bykov. Method of estimating of the natural gas mass involved in the formation of a fiery torch at

break of the main pipeline. Pozharovzryvobezopasnost �Fire and Explosion Safety, 2015, vol. 24, no. 9,
pp. 48–54 (in Russian). DOI: 18322�PVB.2015.24.09.48-54.

10. A. I. Bykov. Estimation of fire danger of gas transportation objects. Gazovaya promyshlennost’ � Gas

Industry, 2013, no. 10(697), pp. 69–71 (in Russian).
11. A. A. Dekterev, A. A. Gavrilov, K. Yu. Litvintsev, S. P. Amelchugov, S. N. Seregin. Modelin of fire dy-

namics in sport building. Pozharnaya bezopasnost �Fire Safety, 2007, no. 4, pp. 49–58 (in Russian).
12. A. M. Zakirov. Quantitative assessment of the danger of human exposure to thermal radiation in fires

in chemical and petrochemical plants. Cand. tech. sci. diss. Kazan, 2011. 105 p. (in Russian).
13. N. D. Tskhadaya, A. I. Bykov. The method of determining the value of the radiation flow in case of fire

on the main gas pipeline. Stroitelstvo neftyanykh i gazovykh skvazhin na sushe i na more � Construction

of Oil and Gas Wells on Land and at Sea, 2017, no. 4, pp. 39–41 (in Russian).
14. D. Bohl, G. Jackson. Experimental study of the spill and vaporization of a volatile liquid. Journal of

Hazardous Materials, 2007, vol. 140, issue 1-2, pp. 117–128. DOI: 10.1016�j.jhazmat.2006.06.076.
15. D. Yang, Z. P. Li, O. Y. Hong. Effects of humidity, temperature and slow oxidation reactions on the occur-

rence of gasoline-air explosions. Journal of Fire Protection Engineering, 2013, vol. 23, no. 3, pp. 226–238.
DOI: 10.1177�1042391513486464.

16. W. C.-K. Wong, N. A. Dembsey, J. Alston, C. Lautenberger. A multi-component dataset framework for
validation of CFD flame spread models. Journal of Fire Protection Engineering, 2013, vol. 23, no. 2,
pp. 85–134. DOI: 10.1177�1042391512472087.

17. L. Zhai, J. Li. Correlation and difference between stoll criterion and damage integral model for burn
evaluation of thermal protective clothing. Fire Safety Journal, 2016, vol. 86, no. 2, pp. 120–125. DOI:
10.1016�j.firesaf.2016.10.007.

18. A. Rajendram, F. Khan, V. Garaniya. Modelling of fire risks in an offshore facility. Fire Safety Journal,
2015, vol. 71, no. 1, pp. 79–85. DOI: 10.1016�j.firesaf.2014.11.019.

19. C. K. Lau, K. K. Lai, Y. P. Lee, J. Du. Fire risk assessment with scoring system, using the support vector
machine approach. Fire Safety Journal, 2015, vol. 78, no. 8, pp. 188–195. DOI: 10.1016�j.fire-
saf.2015.10.003.

20. Y. Zhen, Z. Wang, J. Wang, C. Wang, Y. Cui. Experimental and numerical study on connecting pipe and
vessel size effects on methane–air explosions in interconnected vessels. Journal of Fire Sciences, 2018,
vol. 36, no. 3, pp. 164–180. DOI: 10.1177�0734904118760165.

21. J. H. Troitzsch. Fires, statistics, ignition sources, and passive fire protection measures. Journal of Fire

Sciences, 2016, vol. 34, no. 3, pp. 171–198. DOI: 10.1177�0734904116636642.

For citation: A. I. Bykov, A. V. Novak. Technique of building models of the heat affected zones in
the fire on the main gas pipeline. Pozharovzryvobezopasnost � Fire and Explosion Safety, 2018,
vol. 27, no. 11, pp. 41–50 (in Russian). DOI: 10.18322/PVB.2018.27.11.41-50.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 11 51

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

Þ. Í. ØÅÁÅÊÎ, ä-ð òåõí. íàóê, ïðîôåññîð, ãëàâíûé íàó÷íûé ñîñòðóäíèê
îòäåëà ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ è òåõíîëîãèé, ÂÍÈÈÏÎ Ì×Ñ
Ðîññèè (Ðîññèÿ, 143903, Ìîñêîâñêàÿ îáë., ã. Áàëàøèõà, ìêð. ÂÍÈÈÏÎ, 12;

e-mail: yn_shebeko@mail.ru)

À. Þ. ØÅÁÅÊÎ, êàíä. òåõí. íàóê, íà÷àëüíèê îòäåëà ïîæàðíîé áåçîïàñíîñòè
ñòðîèòåëüíûõ ìàòåðèàëîâ, ÂÍÈÈÏÎ Ì×Ñ Ðîññèè (Ðîññèÿ, 143903, Ìîñêîâñêàÿ îáë.,

ã. Áàëàøèõà, ìêð. ÂÍÈÈÏÎ, 12; e-mail: ay_shebeko@mail.ru)

À. Í. ÃÈËÅÒÈ×, ä-ð òåõí. íàóê, íà÷àëüíèê îòäåëà ïðîèçâîäñòâåííîãî êîíòðîëÿ
Äåïàðòàìåíòà ïî ñòðîèòåëüñòâó è ýêñïëóàòàöèè ãðàæäàíñêèõ îáúåêòîâ ÏÀÎ
“Ðîñòåëåêîì” (Ðîññèÿ, 115172, ã. Ìîñêâà, óë. Ãîí÷àðíàÿ, 30; e-mail: angiletich@mail.ru)

ÓÄÊ 614.841.12
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ÎÃÍÅÑÒÎÉÊÎÑÒÈ ÑÒÐÎÈÒÅËÜÍÛÕ ÊÎÍÑÒÐÓÊÖÈÉ
ÏÐÎÈÇÂÎÄÑÒÂÅÍÍÛÕ ÎÁÚÅÊÒÎÂ

Ïðåäëîæåí íîâûé âåðîÿòíîñòíûé ìåòîä îïðåäåëåíèÿ òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè ñòðî-
èòåëüíûõ êîíñòðóêöèé, îòëè÷íûé îò ïðèâåäåííîãî â ÃÎÑÒ Ð 12.3.047–2012. Ïîêàçàíî, ÷òî îí
îñíîâàí: âî-ïåðâûõ, íà ñðàâíåíèè ðàñïðåäåëåíèé òàêèõ ñëó÷àéíûõ âåëè÷èí, êàê ðàñ÷åòíûå âðå-
ìåíà ýâàêóàöèè è ñïàñåíèÿ ëþäåé ïðè ïîæàðå íà ïðîèçâîäñòâåííîì îáúåêòå, ñ îäíîé ñòîðîíû,
è ïðåäåëû îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé – ñ äðóãîé, â îòëè÷èå îò ñòàíäàðòíîãî
ìåòîäà, ñðàâíèâàþùåãî ýêâèâàëåíòíóþ ïðîäîëæèòåëüíîñòü ïîæàðà è ïðåäåë îãíåñòîéêîñòè;
âî-âòîðûõ, íà ïðàâå âëàäåëüöà îáúåêòà ðèñêîâàòü ñâîèì èìóùåñòâîì ïðè áåçóñëîâíîì âûïîë-
íåíèè òðåáîâàíèé ïî áåçîïàñíîñòè ïåðñîíàëà ïðîèçâîäñòâåííîãî îáúåêòà è íàñåëåíèÿ, ïðîæè-
âàþùåãî âáëèçè îáúåêòà. Ïðåäñòàâëåíû ïðèìåðû ïðèìåíåíèÿ ïðåäëîæåííîãî ìåòîäà äëÿ ñëó-
÷àåâ ýâàêóàöèè è ñïàñåíèÿ ëþäåé. Îòìå÷åíî, ÷òî äëÿ øèðîêîãî ïðèìåíåíèÿ ìåòîäà òðåáóåòñÿ
çàäàíèå òàêèõ èñõîäíûõ äàííûõ, êàê òðåáóåìàÿ íàäåæíîñòü ñòðîèòåëüíûõ êîíñòðóêöèé, ðàñ÷åò-
íîå âðåìÿ ýâàêóàöèè è äèñïåðñèÿ åãî íîðìàëüíîãî ðàñïðåäåëåíèÿ, ðàñ÷åòíîå âðåìÿ ñïàñåíèÿ è
äèñïåðñèÿ åãî íîðìàëüíîãî ðàñïðåäåëåíèÿ, äèñïåðñèÿ íîðìàëüíîãî ðàñïðåäåëåíèÿ ïðåäåëà
îãíåñòîéêîñòè.

Êëþ÷åâûå ñëîâà: òðåáóåìûå ïðåäåëû îãíåñòîéêîñòè; âåðîÿòíîñòíûé ïîäõîä; âðåìÿ ýâàêóà-
öèè; âðåìÿ ñïàñåíèÿ; ñëó÷àéíàÿ âåëè÷èíà; íîðìàëüíîå ðàñïðåäåëåíèå; íàäåæíîñòü ñòðîèòåëü-
íûõ êîíñòðóêöèé.
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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ÃÎÑÒ Ð 12.3.047–2012 ðåãëàìåí-
òèðîâàíà ìåòîäèêà îïðåäåëåíèÿ òðåáóåìûõ ïðå-
äåëîâ îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé,
îñíîâàííàÿ íà [1, 2]. Â ýòèõ ðàáîòàõ ðåàëèçîâàí
âåðîÿòíîñòíûé ïîäõîä, ïðè êîòîðîì ñðàâíèâàþòñÿ
íå ôèêñèðîâàííûå çíà÷åíèÿ ïðåäåëà îãíåñòîéêîñòè
è ýêâèâàëåíòíîé ïðîäîëæèòåëüíîñòè ïîæàðà, à ðàñ-
ïðåäåëåíèÿ óêàçàííûõ ïàðàìåòðîâ. Àíàëîãè÷íûé
ïðèíöèï ïðåäñòàâëåí â áðèòàíñêîì ðóêîâîäñòâå [3].
Îáîáùåíèå îñíîâíûõ ïðèíöèïîâ, îïèñàííûõ â [1, 2],
ðåàëèçîâàíî â ðàáîòå [4], â êîòîðîé ðàññìîòðåíû âå-
ðîÿòíîñòíûå àñïåêòû îïðåäåëåíèÿ óñëîâèé ïîæàð-
íîé áåçîïàñíîñòè ïðîèçâîäñòâåííûõ îáúåêòîâ (íà-
ïðèìåð, íåîáõîäèìîå è ðàñ÷åòíîå âðåìÿ ýâàêóàöèè
ðàññìàòðèâàþòñÿ êàê ñëó÷àéíûå âåëè÷èíû). Îäíàêî
íà ïðàêòèêå ÷àùå âñåãî âñòðå÷àþòñÿ ñèòóàöèè, êîãäà
ïðè îòñóòñòâèè íîðìàòèâíûõ òðåáîâàíèé ïî îãíå-
ñòîéêîñòè ñîáñòâåííèê îáúåêòà èç ýêîíîìè÷åñêèõ

ñîîáðàæåíèé ãîòîâ ïðèìèðèòüñÿ ñ ïîòåðåé ñâîåãî
îáúåêòà, ñíèçèâ òðåáóåìûå ïðåäåëû îãíåñòîéêî-
ñòè, êîòîðûå ìîãóò áûòü ðàññ÷èòàíû ïî ÃÎÑÒ Ð
12.3.047–2012. Ïðè ýòîì â ñîîòâåòñòâèè ñ Òåõíè÷å-
ñêèì ðåãëàìåíòîì î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñ-
íîñòè (Ôåäåð. çàêîí ¹ 123) äîëæíû áûòü îáåñïå÷åíû
óñëîâèÿ áåçîïàñíîé ýâàêóàöèè (ñò. 6 è 53) è ïðîâå-
äåíèÿ ìåðîïðèÿòèé ïî ñïàñåíèþ ëþäåé ïðè ïîæàðå
(ïï. 1 è 2 ñò. 80). Â ýòîì ñëó÷àå ñëåäóåò, çàäàâøèñü
âåðîÿòíîñòÿìè áåçîïàñíîé ýâàêóàöèè èëè ñïàñåíèÿ,
ñðàâíèâàòü ðàñïðåäåëåíèÿ, ñ îäíîé ñòîðîíû, ïðåäå-
ëîâ îãíåñòîéêîñòè, à ñ äðóãîé — âðåìåíè ýâàêóàöèè
èëè ñïàñåíèÿ.

Íåîáõîäèìî îòìåòèòü, ÷òî ïðîáëåìà îïðåäåëå-
íèÿ òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè ðàññìàò-
ðèâàëàñü ðàíåå â ðàáîòàõ [5–19]. Îäíàêî èõ àâòîðû
îñíîâûâàëèñü íà äåòåðìèíèñòñêèõ ìîäåëÿõ è íå ó÷è-
òûâàëè, ÷òî êàê ïðåäåëû îãíåñòîéêîñòè, òàê è ïà-
ðàìåòðû, îïðåäåëÿþùèå ýêâèâàëåíòíóþ ïðîäîë-
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æèòåëüíîñòü ïîæàðà, ÿâëÿþòñÿ ñëó÷àéíûìè âåëè-
÷èíàìè.

Â íàñòîÿùåé ðàáîòå â ñîîòâåòñòâèè ñ îñíîâíûì
ïðèíöèïîì âåðîÿòíîñòíîãî ïîäõîäà, ðåàëèçîâàí-
íîãî â ðàáîòàõ [1–4], ðàçðàáîòàí ìåòîä îïðåäåëåíèÿ
òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè ñòðîèòåëüíûõ
êîíñòðóêöèé ïðîèçâîäñòâåííûõ îáúåêòîâ, îñíîâàí-
íûé íà ñðàâíåíèè ðàñïðåäåëåíèé òàêèõ ñëó÷àéíûõ
âåëè÷èí, êàê âðåìåíà ýâàêóàöèè è ñïàñåíèÿ, ñ îäíîé
ñòîðîíû, è ïðåäåëû îãíåñòîéêîñòè — ñ äðóãîé. Ïðè
ýòîì ðàññìàòðèâàåòñÿ íåñóùàÿ ñïîñîáíîñòü ñòðîè-
òåëüíûõ êîíñòðóêöèé, ÷òî õàðàêòåðíî äëÿ ýòàæåðîê
è ýñòàêàä ïðåäïðèÿòèé íåôòåãàçîâîé îòðàñëè.

Ìåòîäîëîãèÿ îïðåäåëåíèÿ
òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè

Êàê è â ðàáîòå [4], ïðèìåì, ÷òî óñëîâèå áåçîïàñ-
íîñòè ìîæíî çàïèñàòü â âèäå ñîîòíîøåíèÿ ïàðàìåò-
ðîâ õ1 è õ2:

õ1 < õ2, (1)

ãäå õ1 — ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èëè âðåìÿ ñïà-
ñåíèÿ;
õ2 — ïðåäåë îãíåñòîéêîñòè.
Êà÷åñòâåííàÿ èíòåðïðåòàöèÿ óñëîâèÿ (1) ïðåä-

ñòàâëåíà íà ðèñ. 1 [4].
Êàê áûëî îòìå÷åíî âûøå, ïàðàìåòðû õ1 è õ2 ÿâ-

ëÿþòñÿ ñëó÷àéíûìè âåëè÷èíàìè, äëÿ êîòîðûõ ïðåä-
ïîëàãàþòñÿ íîðìàëüíûå ðàñïðåäåëåíèÿ ïëîòíîñòåé
âåðîÿòíîñòè Ð1 è Ð2 [20]:
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ãäå õ1 è õ2 — ïàðàìåòðû ðàñïðåäåëåíèÿ;
õ10, õ20 — öåíòðû ðàñïðåäåëåíèé;
)1, )2 — äèñïåðñèè ðàñïðåäåëåíèé.
Ïàðàìåòð õ10 äëÿ ñðåäíåé âåëè÷èíû âðåìåíè ýâà-

êóàöèè ðàññ÷èòûâàåòñÿ ìåòîäàìè, ðåãëàìåíòèðîâàí-
íûìè â [21]. Îí çàâèñèò îò ïàðàìåòðà )1, êîòîðûé
îòðàæàåò ðàçëè÷èÿ â ñêîðîñòÿõ äâèæåíèÿ ðàçëè÷-
íûõ ãðóïï ëþäåé ïðè ýâàêóàöèè â ñëó÷àå ïîæàðà.
Äëÿ ïàðàìåòðà õ10, õàðàêòåðèçóþùåãî âðåìÿ ñïàñå-
íèÿ ëþäåé ïðè ïîæàðå, íåò îáùåïðèíÿòûõ ìåòîäèê
ðàñ÷åòà. Ìîæíî ñäåëàòü ëèøü ýêñïåðòíîå ïðåäïî-
ëîæåíèå, ÷òî âðåìÿ ñïàñåíèÿ õ10 áóäåò, ïî êðàéíåé
ìåðå, â 2,5–3 ðàçà áîëüøå âðåìåíè ýâàêóàöèè. Äåé-
ñòâèòåëüíî, â ñëó÷àå ýâàêóàöèè õ10 ïðåäñòàâëÿåò
ñîáîé óñðåäíåííîå âðåìÿ ñàìîñòîÿòåëüíîãî äâèæå-
íèÿ ëþäåé ñ îïàñíîãî îáúåêòà â áåçîïàñíóþ çîíó.
Â ñëó÷àå ñïàñåíèÿ ñ îáúåêòà ñ ìàëûì êîëè÷åñòâîì
ïðèñóòñòâóþùåãî ïåðñîíàëà ñïàñàòåëè äîëæíû: âî-
ïåðâûõ, ïðèáûòü íà îáúåêò; âî-âòîðûõ, ïðèíÿòü ðå-

øåíèå î ïóòÿõ, ïî êîòîðûì áóäåò ïðîâîäèòüñÿ ñïà-
ñåíèå; â-òðåòüèõ, ïðîéòè ïî íàìå÷åííûì ïóòÿì, ÷òî
èç-çà ðàçâèòèÿ ïîæàðà ìîæåò çàíÿòü çàìåòíî áîëüøå
âðåìåíè ïî ñðàâíåíèþ ñ äâèæåíèåì ê ìåñòó ïðî-
âåäåíèÿ ñïàñàòåëüíûõ ðàáîò (íàïðèìåð, â ñâÿçè ñ
áëîêèðîâàíèåì îïàñíûìè ôàêòîðàìè ïîæàðà ïóòåé,
ïî êîòîðûì ìîæåò áûòü îñóùåñòâëåíî ñïàñåíèå).

Ïàðàìåòð õ20 äëÿ ñðåäíåé âåëè÷èíû ïðåäåëà îãíå-
ñòîéêîñòè äîëæåí áûòü îïðåäåëåí èñõîäÿ èç çàäàí-
íîé âåðîÿòíîñòè íåâûïîëíåíèÿ óñëîâèé áåçîïàñ-
íîé ýâàêóàöèè Q0, à òàêæå ïàðàìåòðîâ õ10, )1 è )2.

Ñëåäóÿ ïîäõîäó [2, 3], ðàçâèòîìó äëÿ îïðåäåëå-
íèÿ íàäåæíîñòè ñòðîèòåëüíûõ êîíñòðóêöèé, âåðî-
ÿòíîñòü Q0 íåâûïîëíåíèÿ óñëîâèÿ áåçîïàñíîé ýâà-
êóàöèè (1) äëÿ íîðìàëüíûõ ðàñïðåäåëåíèé (2) è (3)
ìîæíî îïèñàòü ñîîòíîøåíèåì
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ãäå F(–+) — ôóíêöèÿ Ëàïëàñà, çíà÷åíèÿ êîòîðîé
ìîãóò áûòü çàèìñòâîâàíû èç [20];
+ — ïàðàìåòð, îïèñûâàåìûé ñîîòíîøåíèåì

+ = (õ20 – õ10)�)s; (5)
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Íà ðèñ. 2 ïîêàçàíà çàâèñèìîñòü âåðîÿòíîñòè Q0

íåâûïîëíåíèÿ óñëîâèÿ áåçîïàñíîé ýâàêóàöèè (1)
îò ïàðàìåòðà + (ïî äàííûì [4]). Ýòà çàâèñèìîñòü
ìîæåò áûòü èñïîëüçîâàíà äëÿ ðàñ÷åòà òðåáóåìîãî
ïðåäåëà îãíåñòîéêîñòè õ20. Ìåòîäèêà åãî îïðåäåëå-
íèÿ çàêëþ÷àåòñÿ â ñëåäóþùåì.

Ðèñ. 1. Êà÷åñòâåííàÿ èíòåðïðåòàöèÿ óñëîâèé áåçîïàñíîé ýâà-
êóàöèè: Ð — ïëîòíîñòü âåðîÿòíîñòè äëÿ ðàññìàòðèâàåìûõ
ðàñïðåäåëåíèé. Ïëîùàäü çàøòðèõîâàííîé îáëàñòè ÷èñëåí-
íî ðàâíà âåðîÿòíîñòè âûïîëíåíèÿ óñëîâèÿ (1) ïðè çàäàííîì
çíà÷åíèè õ2

Fig. 1. A qualitative interpretation of conditions of a safe evacua-
tion: P is a probability density for the presented distributions.
The shaded area is numerically equal to a probability of a fulfil-
ment of the condition (1) at a given value õ2
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Îïðåäåëÿåòñÿ ðàñ÷åòíîå âðåìÿ ýâàêóàöèè õ10 è
åãî äèñïåðñèÿ )1. Äàëåå íàõîäèòñÿ äèñïåðñèÿ äëÿ
ïðåäåëà îãíåñòîéêîñòè )2. Çàäàåòñÿ âåðîÿòíîñòü Q0

èñõîäÿ èç ýêñïåðòíîé îöåíêè ïîòåðè ñòðîèòåëüíûìè
êîíñòðóêöèÿìè íåñóùåé ñïîñîáíîñòè äî îêîí÷àíèÿ
ýâàêóàöèè è�èëè ñïàñåíèÿ. Íà îñíîâå ãðàôèêà, ïðåä-
ñòàâëåííîãî íà ðèñ. 2, ïî èçâåñòíîìó çíà÷åíèþ Q0

íàõîäèòñÿ ñîîòâåòñòâóþùèé ïàðàìåòð +. Çàòåì ïî
ôîðìóëå, ïîëó÷åííîé èç ñîîòíîøåíèé (5) è (6), îïðå-
äåëÿåòñÿ õ20:

õ õ20 10 1
2

2
2 1 2�   + ) )( ) . (7)

Íàèáîëåå òðóäíûì âîïðîñîì ïðè íàõîæäåíèè
òðåáóåìîãî ïðåäåëà îãíåñòîéêîñòè õ20 ÿâëÿåòñÿ îïðå-
äåëåíèå ïàðàìåòðîâ )1 è )2, êîòîðûå, âîîáùå ãîâîðÿ
(äàæå åñëè íå ïðèíèìàòü âî âíèìàíèå ïðîöåäóðó
ñïàñåíèÿ), çàâèñÿò îò êà÷åñòâà ðàáîò ïî îãíåçàùèòå
ñòðîèòåëüíûõ êîíñòðóêöèé, êîíòèíãåíòà ýâàêóèðó-
þùèõñÿ, çíàíèÿ ïåðñîíàëîì ïóòåé ýâàêóàöèè. Äëÿ
ñëó÷àÿ ñïàñåíèÿ çàäà÷à îïðåäåëåíèÿ ïàðàìåòðà )1

ñóùåñòâåííî óñëîæíÿåòñÿ â ñèëó ìàëîèçó÷åííîñòè
âðåìåííûõ� ôàêòîðîâ ïðîöåññà ñïàñåíèÿ.

Àïðîáàöèÿ
ïðåäëîæåííîãî ìåòîäà

Äëÿ ïðèáëèæåííîé îöåíêè âåëè÷èíû )2 âîñ-
ïîëüçóåìñÿ äàííûìè ðàáîòû [22], â êîòîðîé, â ÷àñò-
íîñòè, ïðèâåäåíû äèñïåðñèè âðåìåíè âûõîäà ïî-
æàðà íà íàðóæíûå îãðàæäåíèÿ çäàíèÿ. ßñíî, ÷òî ýòè
äàííûå íå â ïîëíîé ìåðå õàðàêòåðèçóþò ïàðàìåòð
)2, íî ìîãóò áûòü èñïîëüçîâàíû äëÿ îöåíî÷íûõ ðàñ-
÷åòîâ. Ñîãëàñíî [22] )2 ìîæåò äîñòèãàòü çíà÷åíèÿ,
ñîñòàâëÿþùåãî äî 20 % îò óêàçàííîãî âûøå âðå-
ìåíè. Åñëè îæèäàåìîå çíà÷åíèå õ20 ðàâíî 60 ìèí,
òî )2 = 12 ìèí.

Ñîãëàñíî îöåíêàì [5], ïîëó÷åííûì íà îñíîâå
ýêñïåðèìåíòàëüíûõ äàííûõ ïî ýâàêóàöèè ëþäåé ñ
ðåàëüíîé òåõíîëîãè÷åñêîé ýòàæåðêè [23], )1 ñî-

ñòàâëÿåò îêîëî 10 % îò ðàñ÷åòíîãî âðåìåíè ýâàêóà-
öèè. Åñëè ïðèíÿòü õ10 = 15 ìèí (ýòî òèïè÷íîå âðåìÿ
ýâàêóàöèè ñ òåõíîëîãè÷åñêîé ÷àñòè ìîðñêîé íåôòå-
ïåðåðàáàòûâàþùåé ïëàòôîðìû âî âðåìåííîå óáå-
æèùå), òî )1 ñîñòàâèò 1,5 ìèí.

Ïîëàãàÿ Q0 = 10–4, èç ðèñ. 2 íàõîäèì, ÷òî + = 3,8.
Îòñþäà õ20 = 61 ìèí. Îñòàåòñÿ äàòü èíòåðïðåòàöèþ
äàííîãî ïàðàìåòðà. Ýòî âðåìÿ, â òå÷åíèå êîòîðîãî
ñòðîèòåëüíûå êîíñòðóêöèè äîëæíû ñîõðàíÿòü íå-
ñóùóþ ñïîñîáíîñòü ïðè ðàçëè÷íûõ ñöåíàðèÿõ ïðî-
åêòíîãî ïîæàðà (â òîì ÷èñëå â ñëó÷àå óãëåâîäîðîä-
íîãî ðåæèìà ïîæàðà è ôàêåëüíîãî ãîðåíèÿ). Åñëè ïðè
óãëåâîäîðîäíîì ðåæèìå ïîæàðà ìîæíî ðóêîâîä-
ñòâîâàòüñÿ òðåáîâàíèÿìè ÃÎÑÒ Ð ÅÍ 1363-2–2014,
òî â ñëó÷àå ôàêåëüíîãî ãîðåíèÿ òàêîé âîçìîæíîñòè
íåò, ïîñêîëüêó ñòàíäàðò îòñóòñòâóåò. È ýòî íåñìîòðÿ
íà òî, ÷òî ôàêåëüíîå ãîðåíèå, êàê ïîêàçàëà ïðàêòè-
êà, ìîæåò ñóùåñòâåííî ñíèçèòü ïðåäåë îãíåñòîéêî-
ñòè ñòðîèòåëüíîé êîíñòðóêöèè, îñîáåííî ìåòàëëè-
÷åñêîé áåç êîíñòðóêòèâíîé îãíåçàùèòû. Âîçìîæíî,
ïîýòîìó â ðóêîâîäñòâå [24] ðåãëàìåíòèðîâàí âûáîð
ïðåäåëà îãíåñòîéêîñòè íåñóùèõ êîíñòðóêöèé îïîð
è íåñóùèõ êîíñòðóêöèé ýñòàêàä òðóáîïðîâîäîâ,
à òàêæå ïëîùàäîê è ýòàæåðîê â çîíå âîçäåéñòâèÿ
ïîæàðà â äèàïàçîíå îò 90 äî 180 ìèí. Â ðóêîâîäñò-
âå [24] ïîä çîíîé âîçäåéñòâèÿ ïîæàðà ïîíèìàåòñÿ
ïðîñòðàíñòâî (êàê â äëèíó è øèðèíó, òàê è â âûñî-
òó), â êîòîðîå ïðè àâàðèéíîé ñèòóàöèè ìîãóò âûéòè
èç îáîðóäîâàíèÿ è òðóáîïðîâîäîâ ãîðþ÷èå ñæèæåí-
íûå ãàçû, ëåãêîâîñïëàìåíÿþùèåñÿ è ãîðþ÷èå æèä-
êîñòè, ãîðåíèå êîòîðûõ ìîæåò ïðèâåñòè ê ñóùåñò-
âåííûì ïîâðåæäåíèÿì òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ è òðóáîïðîâîäîâ.

Ãîðàçäî ñëîæíåå âîïðîñ î òðåáóåìûõ ïðåäåëàõ
îãíåñòîéêîñòè íåñóùèõ êîíñòðóêöèé ñ òî÷êè çðåíèÿ
áåçîïàñíîñòè ïðîöåññà ñïàñåíèÿ ëþäåé. Äëÿ ðàñ-
÷åòîâ ìîãóò áûòü èñïîëüçîâàíû ïðèâåäåííûå âûøå
ôîðìóëû, îäíàêî íåò íàäåæíûõ äàííûõ ïî âðåìåíè
ñïàñåíèÿ õ10 è åãî äèñïåðñèè)1. Êàê îòìå÷åíî âûøå,
ïî ýêñïåðòíûì îöåíêàì õ10 ìîæåò áûòü ïðèíÿòî ðàâ-
íûì óòðîåííîìó âðåìåíè ýâàêóàöèè, ò. å. â íàøåì
ñëó÷àå 45 ìèí. Òîãäà, ïðèíèìàÿ, ÷òî )1 ñîñòàâëÿåò
10 % îò õ10, ïîëó÷àåì )1 = 4,5 ìèí. Ðàñ÷åò ïî ôîð-
ìóëå (7) äàåò ïðè ýòîì äëÿ ïðî÷èõ ïðèâåäåííûõ
âûøå ïàðàìåòðîâ õ20 = 94 ìèí. Ýòà âåëè÷èíà áëèç-
êà ê ìèíèìàëüíîìó ðåãëàìåíòèðîâàííîìó ðóêîâîä-
ñòâîì [24] çíà÷åíèþ 90 ìèí.

Âûâîäû

Íà îñíîâå âûøåèçëîæåííîãî ìîãóò áûòü ñäåëà-
íû ñëåäóþùèå âûâîäû. Â íàñòîÿùåé ðàáîòå ïðåä-
ëîæåíà íîâàÿ ìåòîäèêà îöåíêè òðåáóåìûõ ïðåäå-
ëîâ îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé ïðî-
èçâîäñòâåííûõ îáúåêòîâ, êîòîðàÿ, â ïåðâóþ î÷åðåäü,
àêòóàëüíà äëÿ òåõíîëîãè÷åñêèõ ýñòàêàä è ýòàæåðîê

Ðèñ. 2. Çàâèñèìîñòü âåðîÿòíîñòè Q0 íåâûïîëíåíèÿ óñëîâèé
áåçîïàñíîñòè îò ïàðàìåòðà +
Fig. 2. A dependence of the probability Q0 of a non-fulfilment
of the condition of a safety on a parameter +
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ïðåäïðèÿòèé íåôòÿíîé è ãàçîâîé ïðîìûøëåííî-
ñòè. Äàííàÿ ìåòîäèêà îñíîâàíà íà ñðàâíåíèè âðåìåí
ýâàêóàöèè è ñïàñåíèÿ, ñ îäíîé ñòîðîíû, è ïðåäåëîâ
îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé, îáåñ-
ïå÷èâàþùèõ áåçîïàñíóþ ýâàêóàöèþ, — ñ äðóãîé.
Äëÿ ïðîñòîòû íå ðàññìàòðèâàëîñü áëîêèðîâàíèå
ïóòåé ýâàêóàöèè äðóãèìè îïàñíûìè ôàêòîðàìè ïî-
æàðà. Êðîìå òîãî, äëÿ ïðîñòîòû áûëî ïðèíÿòî, ÷òî
ðàñïðåäåëåíèÿ ðàññìàòðèâàåìûõ ïàðàìåòðîâ ÿâëÿ-
þòñÿ íîðìàëüíûìè, õîòÿ â ðÿäå ðàáîò ãîâîðèòñÿ îá
èíûõ âèäàõ ðàñïðåäåëåíèÿ (ñì., íàïðèìåð, [25]).
Ïîñêîëüêó îñíîâíàÿ çàäà÷à íàñòîÿùåé ðàáîòû çà-
êëþ÷àëàñü â àíàëèçå íåîáõîäèìîñòè èñïîëüçîâàíèÿ
âåðîÿòíîñòíûõ ìåòîäîâ äëÿ îïðåäåëåíèÿ òðåáóåìûõ
ïðåäåëîâ îãíåñòîéêîñòè, ñäåëàííûå óïðîùåíèÿ,
íà íàø âçãëÿä, äîïóñòèìû.

Ïðåäñòàâëåíû ïðèìåðû ìîäåëüíûõ ðàñ÷åòîâ.
Ïðè ýòîì âûÿâëåíà íåîáõîäèìîñòü íàëè÷èÿ íåêîòî-
ðîãî ìèíèìóìà èñõîäíûõ äàííûõ (ðàñ÷åòíîå âðåìÿ
ýâàêóàöèè è äèñïåðñèÿ åãî ðàñïðåäåëåíèÿ, ðàñ÷åò-
íîå âðåìÿ ñïàñåíèÿ è äèñïåðñèÿ åãî ðàñïðåäåëåíèÿ,
äèñïåðñèÿ ðàñïðåäåëåíèÿ ïðåäåëà îãíåñòîéêîñòè,
òðåáóåìàÿ âåðîÿòíîñòü ïîòåðè ñòðîèòåëüíûìè êîí-

ñòðóêöèÿìè íåñóùåé ñïîñîáíîñòè äî îêîí÷àíèÿ ýâà-
êóàöèè è�èëè ñïàñåíèÿ). Åñëè òðåáóåìàÿ âåðîÿò-
íîñòü ïîòåðè ñòðîèòåëüíûìè êîíñòðóêöèÿìè íå-
ñóùåé ñïîñîáíîñòè çàäàåòñÿ äèðåêòèâíî, à âðåìÿ
ýâàêóàöèè ìîæåò áûòü ñ îïðåäåëåííûì ïðèáëèæå-
íèåì ðàññ÷èòàíî ïî èìåþùèìñÿ ìåòîäèêàì, òî â
îòíîøåíèè îïðåäåëåíèÿ ïðî÷èõ ïàðàìåòðîâ òðåáó-
þòñÿ äàëüíåéøèå èññëåäîâàíèÿ (íàïðèìåð, êðóïíî-
ìàñøòàáíûå èñïûòàíèÿ äëÿ îïðåäåëåíèÿ äèñïåðñèé
âðåìåí ýâàêóàöèè è ñïàñåíèÿ, âðåìåíè ñïàñåíèÿ,
à òàêæå íàêîïëåíèå ñòàòè÷åñêèõ äàííûõ ïî äèñïåð-
ñèè ïðåäåëà îãíåñòîéêîñòè). Ñëåäîâàòåëüíî, ðàñ÷åò
òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè, èñõîäÿ èç óñëî-
âèé áåçîïàñíîé ýâàêóàöèè èëè áåçîïàñíîãî ñïàñå-
íèÿ (ñ òî÷êè çðåíèÿ âîçìîæíîãî îáðóøåíèÿ ñòðîè-
òåëüíûõ êîíñòðóêöèé), â íàñòîÿùåå âðåìÿ âðÿä ëè
âîçìîæåí ñ íåîáõîäèìîé íàäåæíîñòüþ ðåçóëüòàòîâ
âû÷èñëåíèé. Â ñâÿçè ñ ýòèì íà äàííîì ýòàïå ïðåä-
ñòàâëÿåòñÿ íåîáõîäèìûì èñïîëüçîâàòü íà ïðàêòèêå
êîíñåðâàòèâíûé ïîäõîä ðóêîâîäñòâà API 2218 [20],
îñîáåííî ñ ó÷åòîì òîãî, ÷òî îòñóòñòâóåò ìåòîäèêà
îïðåäåëåíèÿ ïðåäåëîâ îãíåñòîéêîñòè ïðè ôàêåëü-
íîì ãîðåíèè.
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ABSTRACT

Introduction. In this study in accordance with the main principles of a probabilistic approach
a method for a determination of required fire resistance limits of building structures of industrial
objects was proposed. This method is based on a comparison of such random values as the fire
resistance limits and the times required for an evacuation and a rescue. This method is particularly
useful for external installation (for example pipe racks) of oil and gas plants.

Methods. A new probabilistic method for a determination of required fire resistance limits of
building structures of industrial objects is proposed, which differs from that presented in GOST R
12.3.047–2012. The method is based on a comparison of distribution functions for such random
values as an evacuation time, a time required for a rescue and fire resistance limits and differs from
the method described in GOST R 12.3.047–2012, in which an equivalent fire duration and the fire
resistance limits are compared. The proposed method takes into account that an owner of the object
can risk of his property at an undoubtedly execution of requirements of a safety of people in the case of
the fire (both personnel and people living near the object). These requirements are stated in a common
in the article 6 of the Federal law on 22.07.2008 No. 123-FZ “On a technical regulation of a fire safety
in Russian Federation”.

Results. The method was tested for the cases of the evacuation and the rescue of people. It was
mentioned that for an application of the proposed method the following input data are required:
the required reliability of the building structures, the evacuation time and its standard deviation of
a distribution, the time required for the rescue and its standard deviation of a distribution, the standard
deviation of a distribution of the fire resistance limit.

Conclusion. In this study a new method for an evaluation of the required fire resistance limits of
the building structures of industrial objects was proposed which is mostly applicable for the external
technological installation (for example pipe racks) of oil and gas plants. The required reliability of
the building structures is stated by a directive way. The evacuation time can be evaluated by
the methods described in normative documents. But for other values either an analysis of statistical
data is required (for the case of the standard deviation of the distribution of the fire resistance limit)
or large scale experiments (the standard deviations of the distributions of the evacuation time and
the time required for the rescue) should be performed.

Keywords: required fire resistance limits; probabilistic approach; evacuation time; time required for
a rescue; random values; normal distribution; reliability of building structures.
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ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÅ ÎÁÎÑÍÎÂÀÍÈÅ ÑÎÇÄÀÍÈß
ÏÎÇÈÖÈÉ ÏÎ ÒÓØÅÍÈÞ Ñ ÏÐÈÌÅÍÅÍÈÅÌ
ÑÏÅÖÈÀËÜÍÛÕ ÏÎÆÀÐÍÛÕ ÀÂÒÎÌÎÁÈËÅÉ

Ïðèâåäåíà äåêîìïîçèöèÿ ñèë è ñðåäñòâ ïîæàðíûõ ïîäðàçäåëåíèé, ôîðìàëèçîâàííàÿ â âèäå
ñòðóêòóðû ñèñòåìû óïðàâëåíèÿ ïîæàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè (ÏÑÏ) íà ìåñòå ïî-
æàðà. Ñèëû è ñðåäñòâà ÏÑÏ ïðåäñòàâëåíû êàê ïîçèöèè ïî òóøåíèþ è îáåñïå÷åíèþ äåéñòâèé ïî
òóøåíèþ ïîæàðîâ. Èçëîæåíû ðåçóëüòàòû ýêñïåðèìåíòîâ ïî ñîçäàíèþ ïîçèöèé ïî òóøåíèþ ïî-
æàðîâ ñ ïðèìåíåíèåì ñïåöèàëüíûõ ïîæàðíûõ àâòîìîáèëåé â çäàíèÿõ IV è V ñòåïåíè îãíåñòîé-
êîñòè. Ïðèâåäåíû âûâîäû î ñêëàäûâàþùåéñÿ îáñòàíîâêå íà ìåñòå ïîæàðà ïðè âåäåíèè îïå-
ðàòèâíî-òàêòè÷åñêèõ äåéñòâèé çâåíüÿìè ãàçîäûìîçàùèòíîé ñëóæáû. Îáîñíîâàíî ñîçäàíèå
ïîçèöèé ïî òóøåíèþ ïîæàðîâ â çäàíèÿõ IV è V ñòåïåíè îãíåñòîéêîñòè íà íà÷àëüíîì ýòàïå ïîæà-
ðîòóøåíèÿ ñ ïðèìåíåíèåì ñïåöèàëüíûõ ïîæàðíûõ àâòîìîáèëåé.

Êëþ÷åâûå ñëîâà: ïîæàðîòóøåíèå; ñèñòåìà óïðàâëåíèÿ; ïîçèöèÿ ïî òóøåíèþ; ãàçîäûìîçàùèò-
íàÿ ñëóæáà; îïàñíûå ôàêòîðû ïîæàðà.

DOI: 10.18322/PVB.2018.27.11.58-66

Ââåäåíèå

Ðóêîâîäèòåëü òóøåíèÿ ïîæàðà (ÐÒÏ) íà ìåñòå ïî-
æàðà ôîðìèðóåò ñèñòåìó óïðàâëåíèÿ, ñîñòîÿùóþ èç
óïðàâëÿþùåé è óïðàâëÿåìîé ïîäñèñòåì[1–3] (ðèñ.1).
Ðàñïðåäåëåíèå ñèë è ñðåäñòâ ïîäðàçäåëåíèé, îáú-
åäèíåííûõ îáùåé çàäà÷åé ïî âåäåíèþ îïåðàòèâíî-
òàêòè÷åñêèõ äåéñòâèé (ÎÒÄ), ïî ïîçèöèÿì (ïî òó-
øåíèþ ïîæàðà (ÏÒ) è ïî îáåñïå÷åíèþ äåéñòâèé ïî
òóøåíèþ ïîæàðà (ÏÄ)), ïîçâîëÿåò ôîðìèðîâàòü ó ðó-
êîâîäÿùåãî ñîñòàâà ïðåäâàðèòåëüíîå ïðåäñòàâëåíèå
î ñòðóêòóðå ñîçäàâàåìîé ñèñòåìû óïðàâëåíèÿ (ÑÓ)
ïîæàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè (ÏÑÏ)
íà ìåñòå ïîæàðà.

Ïîçèöèè ïî âåäåíèþ îïåðàòèâíî-òàêòè÷åñêèõ
äåéñòâèé íà ìåñòå ïîæàðà ïðåäñòàâèì êàê:

1) ïîçèöèè ïî òóøåíèþ ïîæàðà, íà êîòîðûõ îñó-
ùåñòâëÿåòñÿ âåäåíèå äåéñòâèé ïî ñïàñåíèþ ëþäåé
è èìóùåñòâà, ïîäà÷å îãíåòóøàùèõ âåùåñòâ (ÎÒÂ)
è âûïîëíåíèå ñïåöèàëüíûõ ðàáîò íåïîñðåäñòâåííî
íà îáúåêòå ïîæàðà;

2) ïîçèöèè ïî îáåñïå÷åíèþ äåéñòâèé ïî òóøå-
íèþ ïîæàðà, íà êîòîðûõ îñóùåñòâëÿþòñÿ îáåñïå÷è-
âàþùèå äåéñòâèÿ, íåïîñðåäñòâåííî íå ñâÿçàííûå ñî
ñïàñàíèåì ëþäåé è ïîäà÷åé îãíåòóøàùèõ âåùåñòâ
íà òóøåíèå ïîæàðà.

Ê ïîçèöèÿì ïî îáåñïå÷åíèþ äåéñòâèé ïî òóøå-
íèþ ïîæàðà îòíåñåì àêòèâíûå ÏÄ, îñóùåñòâëÿþùèå
äîñòàâêó êàêîãî-ëèáî âèäà ðåñóðñîâ ê ÏÒ (îñíîâíîé
ïîæàðíûé àâòîìîáèëü (ÏÀ), óñòàíîâëåííûé íà èñ-
òî÷íèê ïðîòèâîïîæàðíîãî âîäîñíàáæåíèÿ (ÈÏÏÂ);
âñïîìîãàòåëüíàÿ òåõíèêà, îñóùåñòâëÿþùàÿ âñêðû-
òèå êîíñòðóêöèé; ÏÀ êàê ñòóïåíü ïåðåêà÷êè (ïîä-
âîçà) îãíåòóøàùèõ âåùåñòâ è ò. ä.), à òàêæå òåõíèêó,
íàõîäÿùóþñÿ â ðåçåðâå (íà ìåñòå ïîæàðà), òàê êàê
äàííàÿ òåõíèêà ïðåäñòàâëÿåò ñîáîþ ïîòåíöèàëüíóþ
ïîçèöèþ — ïàññèâíóþ ÏÄ.

Îñíîâíûì ïðîáëåìíûì âîïðîñîì ïðè ôîðìè-
ðîâàíèè ïîçèöèé ÿâëÿåòñÿ ñîçäàíèå íàèáîëåå ýô-
ôåêòèâíûõ ïîçèöèé, ïîçâîëÿþùèõ âîçäåéñòâîâàòü
ÎÒÂ íà çîíó ãîðåíèÿ. Èññëåäîâàíèÿ ïîæàðîâ, ïðî-
èñøåäøèõ â æèëûõ çäàíèÿõ IV è V ñòåïåíè îãíå-
ñòîéêîñòè, ïîêàçàëè, ÷òî íàèáîëåå ýôôåêòèâíûìè ïî-
çèöèÿìè ñ òî÷êè çðåíèÿ îáúåìà âûïîëíÿåìûõ çàäà÷
ÿâëÿþòñÿ çâåíüÿ ãàçîäûìîçàùèòíîé ñëóæáû (ÃÄÇÑ)
[3–5]. Áîëåå 85 % èññëåäîâàííûõ êðóïíûõ ïîæàðîâ
â çäàíèÿõ IV è V ñòåïåíè îãíåñòîéêîñòè ëèêâèäèðî-
âàíû ñ ïðèìåíåíèåì ÃÄÇÑ. Îäíîâðåìåííî ñ ýòèì
îòìå÷àåòñÿ îãðàíè÷åííîå êîëè÷åñòâî çîí ðàçâèâøå-
ãîñÿ ïîæàðà, â êîòîðûõ ìîãóò ðàáîòàòü çâåíüÿ ÃÄÇÑ,
÷òî âûçâàíî îãðàíè÷åííûìè âîçìîæíîñòÿìè îðãà-

© Ñòåïàíîâ Î. È., Äåíèñîâ À. Í., 2018
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íèçìà ÷åëîâåêà ïî ïðåáûâàíèþ â çîíå ïîâûøåííûõ
òåìïåðàòóð [6, 7].

Çàäà÷àìè èññëåäîâàíèÿ ÿâëÿþòñÿ:
� âûÿâëåíèå çîí, â êîòîðûõ âîçìîæíî ïðèìåíåíèå

çâåíüåâ ÃÄÇÑ, è îïðåäåëåíèå âðåìåííûõ� ïàðà-
ìåòðîâ ðàáîòû ïîñëåäíèõ;

� óñòàíîâëåíèå öåëåñîîáðàçíîñòè è ýôôåêòèâíî-
ñòè ïîçèöèé ïî òóøåíèþ ñ ïðèìåíåíèåì ñïåöè-
àëüíûõ ïîæàðíûõ àâòîìîáèëåé.

Ìåòîäèêà è ìàòåðèàëû
èññëåäîâàíèÿ

Ìîäåëèðîâàíèå ïîæàðîâ â æèëüå, â òîì ÷èñëå â
æèëûõ çäàíèÿõ IV è V ñòåïåíè îãíåñòîéêîñòè, ïîëå-
âûì ìåòîäîì íà îñíîâå Fire Dynamics Simulator (FDS)
ïîêàçàëî âûñîêóþ èíòåíñèâíîñòü íàðàñòàíèÿ îïàñ-
íûõ ôàêòîðîâ ïîæàðà (ÎÔÏ) è èõ ðàñïðîñòðàíåíèå
â ïîìåùåíèÿ 2-ãî ýòàæà è íà ÷åðäàê (ðèñ. 2) [8–10].

Óñòàíîâëåíî, ÷òî íàèáîëåå öåëåñîîáðàçíûìè
ïóòÿìè ââîäà ñèë è ñðåäñòâ ÏÑÏ íà òóøåíèå ïîæà-
ðîâ â çäàíèÿõ IV è V ñòåïåíè îãíåñòîéêîñòè ïðè
ïðèáûòèè ïåðâûõ îïåðàòèâíûõ îòäåëåíèé ÿâëÿþò-
ñÿ [3, 4, 11]:

1) ïóòè ýâàêóàöèè è ìåñòà îáùåãî ïîëüçîâàíèÿ
(êîðèäîð, âíóòðåííÿÿ ëåñòíèöà);

2) ïîìåùåíèÿ çäàíèÿ, íàõîäÿùèåñÿ íà ïóòè ðàñ-
ïðîñòðàíåíèÿ ïîæàðà (â îñíîâíîì ïåðèôåðèéíûå
ïîìåùåíèÿ);

3) ÷åðäà÷íîå ïðîñòðàíñòâî çäàíèÿ.
Ýêñïåðèìåíòû ïî âåäåíèþ ÎÒÄ çâåíüÿìè ÃÄÇÑ

â æèëûõ îäíîòèïíûõ çäàíèÿõ IV è V ñòåïåíè îãíå-
ñòîéêîñòè [12] ïîçâîëÿþò âûÿâèòü âîçìîæíîñòè äàí-
íûõ ïîçèöèé ïî ïðîâåäåíèþ ðàçâåäêè è ñïàñåíèþ
ïîñòðàäàâøèõ. Íà ðèñ. 3 ïðåäñòàâëåíû óñðåäíåííûå
çíà÷åíèÿ ïî èòîãàì ïðîâåäåííûõ îïûòîâ [12].

Îïûòû è ðåçóëüòàòû ìîäåëèðîâàíèÿ ðàçâèòèÿ
ÎÔÏ, à òàêæå äåéñòâèé, îñóùåñòâëÿåìûõ çâåíüÿìè
ÃÄÇÑ íà ñòàäèÿõ ðàçâèòèÿ ïîæàðà, íà êîòîðûõ ïðî-
èñõîäèò ïåðåõîä ãîðåíèÿ èç îäíîãî ïîìåùåíèÿ íà
ïóòè ýâàêóàöèè è ñìåæíûå ýòàæè, ñâèäåòåëüñòâóþò
î ñíèæåíèè âîçìîæíîñòåé ñèë è ñðåäñòâ ïî âîçäåé-
ñòâèþ íà çîíó ãîðåíèÿ [6, 12].

Ñóùåñòâåííûì íåäîñòàòêîì ÑÓ íà ïîæàðàõ (40 %
èññëåäîâàííûõ ïîæàðîâ ïîñëå ëîêàëèçàöèè) ÿâëÿ-
åòñÿ ñîñðåäîòî÷åíèå ïîæàðíîé òåõíèêè, íå çàäåé-
ñòâóåìîé ïðè ïîæàðîòóøåíèè. Çà÷àñòóþ ýòî ñïåöè-
àëüíûå ïîæàðíûå àâòîìîáèëè (àâòîëåñòíèöû (ÀË),
êîëåí÷àòûå àâòîìîáèëüíûå ïîäúåìíèêè (ÀÊÏ)), òàê
êàê èçíà÷àëüíîå íåïðèìåíåíèå äàííûõ âèäîâ òåõíè-
êè îñëîæíÿåò èõ èíòåãðàöèþ â ÑÓ ïîæàðîòóøåíè-
åì ââèäó ïåðåêðûòèÿ ïîäúåçäîâ ê îáúåêòó ïîæàðà
ïðîëîæåííûìè ìàãèñòðàëüíûìè ëèíèÿìè è ðàññòàâ-
ëåííîé ðàíåå ïðèáûâøåé òåõíèêîé.

Ýêñïåðèìåíòû ïî ñîçäàíèþ ïîçèöèé ñ ïðèìåíå-
íèåì ñïåöèàëüíûõ ïîæàðíûõ àâòîìîáèëåé ïðè ïî-
æàðîòóøåíèè â çäàíèÿõ IV è V ñòåïåíè îãíåñòîéêî-
ñòè [13, 14] ïîêàçàëè öåëåñîîáðàçíîñòü èõ èíòåãðà-
öèè â ÑÓ åùå íà íà÷àëüíîì ýòàïå ïîæàðîòóøåíèÿ.

Èñõîäÿ èç îïèñàíèé ðàññìîòðåííûõ ïîæàðîâ,
ìàêñèìàëüíàÿ êîíöåíòðàöèÿ äåéñòâèé ëè÷íîãî ñî-
ñòàâà â çâåíüÿõ ÃÄÇÑ ïðèõîäèòñÿ íà íà÷àëüíóþ
ñòàäèþ ïîæàðîòóøåíèÿ [1], ÷òî âûçâàíî öåëÿìè ïðî-
âåäåíèÿ àêòèâíîé ðàçâåäêè îáúåêòà ïîæàðà è íàëè-
÷èåì ïåðâîíà÷àëüíî ãîòîâûõ ê “âêëþ÷åíèþ” äûõà-
òåëüíûõ àïïàðàòîâ è èõ ïîëüçîâàòåëåé. Ïðîâåäåíèå
ïîëíîé ðàçâåäêè íà ïîæàðå âîçìîæíî â ñåêöèÿõ
çäàíèÿ IV è V ñòåïåíè îãíåñòîéêîñòè, ñìåæíûõ ñ
ãîðÿùèì ïîäúåçäîì. Â îáúåìå ãîðÿùåãî ïîäúåçäà
çâåíüÿ ÃÄÇÑ ïðèâëåêàþòñÿ äëÿ íåïîñðåäñòâåííîãî
âîçäåéñòâèÿ íà çîíó ãîðåíèÿ â îñíîâíîì â ïåðèôå-
ðèéíûõ ïîìåùåíèÿõ (÷åðåç âñêðûòûå äâåðíûå ïðî-
åìû è ðàçðóøåííîå îñòåêëåíèå [15]).

Öåëåñîîáðàçíîñòü èíòåãðàöèè ñïåöèàëüíûõ ïî-
æàðíûõ àâòîìîáèëåé â ÑÓ ïîæàðîòóøåíèåì â çäà-
íèÿõ IV è V ñòåïåíè îãíåñòîéêîñòè äëÿ ñîçäàíèÿ ÏÒ
îáóñëîâëåíà èíòåíñèâíûì ðàñïðîñòðàíåíèåì ãî-
ðåíèÿ â îáëàñòè ÷åðäà÷íîãî ïðîñòðàíñòâà (3–5 ìèí
ñ ìîìåíòà íà÷àëà ïîæàðà). Äàííîå ïðîñòðàíñòâî

Ðèñ. 1. Èíòåðïðåòàöèÿ êîíå÷íîé ñòðóêòóðû ñèñòåìû óïðàâ-
ëåíèÿ ñèëàìè è ñðåäñòâàìè: ÐÒÏ — ðóêîâîäèòåëü òóøåíèÿ
ïîæàðà; ÍØ — íà÷àëüíèê øòàáà ïîæàðîòóøåíèÿ; ÍÒ — íà-
÷àëüíèê òûëà; ÍÁÓ — íà÷àëüíèê áîåâîãî ó÷àñòêà; ÏÒ — ïî-
çèöèÿ ïî òóøåíèþ; ÏÄ — ïîçèöèÿ, îáåñïå÷èâàþùàÿ äåéñò-
âèÿ ïî òóøåíèþ
Fig. 1. Interpretation of the final structure of the management
system of forces and means: FEH — fire extinguishing head;
CSF — chief of staff of firefighting; HR — head of rear; HFA —
head of the firefighting area; EP — extinguishing position;
AEP — auxiliary extinguishing position
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ÿâëÿåòñÿ íà íà÷àëüíîé ñòàäèè ïîæàðà åäèíñòâåííûì
ïóòåì ïåðåõîäà ïîæàðà íà ñìåæíûå ïîäúåçäû îáú-
åêòà ïîæàðà, ïîñêîëüêó åùå íå îáðàçîâàëèñü ïðî-
ãàðû â êîíñòðóêöèÿõ çäàíèÿ.

Ñõåìû ðàçâåðòûâàíèÿ ñèë è ñðåäñòâ ïîäðàçäå-
ëåíèé ïðè ýòîì ìîãóò âêëþ÷àòü ïîçèöèè ñ ïðèìåíå-
íèåì: ðó÷íûõ ïîæàðíûõ ñòâîëîâ (ïîçèöèè, ñâÿçàí-
íûå ñ çàäåéñòâîâàíèåì ëè÷íîãî ñîñòàâà äëÿ ðàáîòû
íà âûñîòå), ðîáîòèçèðîâàííûõ ïîæàðíûõ ëàôåòíûõ
ñòâîëîâ, ïîæàðíûõ ëàôåòíûõ ñòâîëîâ ñ äèñòàíöè-
îííûì óïðàâëåíèåì, ïîæàðíûõ ñòâîëîâ äëÿ ïîäà÷è
æèäêèõ ÎÒÂ â âèäå âîäÿíûõ çàâåñ (ðèñ. 4). Ïðè ïðî-
âåäåíèè ýêñïåðèìåíòà ïðèìåíÿëèñü ðó÷íûå ïîæàð-
íûå ñòâîëû (ÐÑÊÇ-70) è ïîæàðíûå ñòâîëû äëÿ ïî-
äà÷è æèäêèõ ÎÒÂ â âèäå âîäÿíûõ çàâåñ (ÑÏÂÇ)
[3, 14, 16], íå ïðåäóñìàòðèâàþùèå çàäåéñòâîâàíèå
ëè÷íîãî ñîñòàâà ïîäðàçäåëåíèé äëÿ ðàáîòû ñî ñðåä-
ñòâîì ïîäà÷è ÎÒÂ (ñì. ðèñ. 4 è 5).

Èíòåíñèâíîñòü äåéñòâèé ñèë è ñðåäñòâ ïîäðàç-
äåëåíèé (êîëè÷åñòâî ñîçäàâàåìûõ ïîçèöèé â åäèíè-
öó âðåìåíè) íàïðÿìóþ âëèÿåò íà ñîêðàùåíèå âðåìå-
íè ëîêàëèçàöèè è ëèêâèäàöèè ïîæàðà [17]. Ñ òî÷êè
çðåíèÿ óïðàâëåíèÿ ïîäðàçäåëåíèÿìè ìîæíî ãîâî-
ðèòü î ñêîðîñòè ñîñðåäîòî÷åíèÿ ñèë è ñðåäñòâ íà ïî-
çèöèÿõ [18, 19].

Ðèñ. 2. Äèíàìèêà ðàçâèòèÿ çîíû, ãäå íåâîçìîæíî ïðåáûâàíèå ëè÷íîãî ñîñòàâà áåç ñðåäñòâà ïîäà÷è ÎÒÂ (çîíà Â), ïðè ïåðâî-
íà÷àëüíîì âîçãîðàíèè â ïîìåùåíèè 1-ãî ýòàæà (à), 2-ãî ýòàæà (á) è íà âíóòðåííåé ëåñòíèöå (â): I–IV — óñëîâíûå ýòàïû ðàçâè-
òèÿ ïîæàðà, õàðàêòåðèçóåìûå îáðàçîâàíèåì çîí Â íà ýòàæàõ çäàíèé
Fig. 2. The dynamics of the development of the zone, where it is impossible for the personnel to stay without the work of a fire extinguis-
hing agent (zone Â) in case of initial fire in the 1st floor (à), 2nd floor (b) and on the inside staircase (v): I–IV — the conditional stages of
development of the fire characterized by formation of zones B on floors of buildings

Ðèñ. 3. Ðåçóëüòàòû îïûòîâ ïî ïðîâåäåíèþ ðàçâåäêè íà ìåñòå
ïîæàðà â ïîäúåçäå äâóõýòàæíîãî æèëîãî çäàíèÿ V ñòåïåíè
îãíåñòîéêîñòè
Fig. 3. The results of experiments on conducting reconnaissance
in a fire place at the entrance of a two-story residential building of
low fire resistance
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Â ñâÿçè ñ ýòèì ñîçäàíèå ïîçèöèé, íà êîòîðûõ
íå òðåáóåòñÿ ïðèâëå÷åíèå ëè÷íîãî ñîñòàâà äëÿ ïî-
äà÷è ÎÒÂ â çîíó ãîðåíèÿ, ïðåäñòàâëÿåòñÿ öåëåñî-
îáðàçíûì [14, 20], îñîáåííî äëÿ ðàçâèâøèõñÿ ïî-
æàðîâ (ïðè êîòîðûõ î÷åâèäåí ïåðåõîä ãîðåíèÿ â
ñìåæíûå ïîìåùåíèÿ, íà ïóòè ýâàêóàöèè è íàðóæó
îáúåêòà).

Óñòàíîâêà ïîäà÷è ÎÒÂ ïðåäñòàâëåíà ñëåäóþùèì
îáðàçîì:

1) ê âûõîäíûì ïàòðóáêàì ãðåáåíêè ïðèñîåäèíå-
íû äâà ÑÏÂÇ, ãðåáåíêà ñ óñòàíîâëåííûìè ÑÏÂÇ
çàêðåïëåíà íà ïîæàðíîé àâòîöèñòåðíå ñ ëåñòíèöåé
(ÀÖË);

2) íàïîðíûé ðóêàâ ïîæàðíûé (ÐÏÌ-80-1,6)
ïðèñîåäèíåí ñ îäíîé ñòîðîíû ê âûõîäíîìó ïàòðóá-
êó êîëëåêòîðà ïîæàðíîãî íàñîñà, ñ äðóãîé — ê âõîä-
íîìó ïàòðóáêó ãðåáåíêè.

Ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè ÑÏÂÇ îïðå-
äåëÿëè âèçóàëüíûì è èíñòðóìåíòàëüíûì ìåòîäàìè.

Ðàñ÷åò ôàêòè÷åñêîãî ðàñõîäà ÎÒÂ QÑÏÂÇ
ôàêò (ë�ñ)

îñóùåñòâëÿëñÿ ïî ôîðìóëå

Q
V W

ÑÏÂÇ
ôàêò ö

ðàá
ôàêò

�
�

�
, (1)

ãäå Vö — îáúåì öèñòåðíû ïîæàðíîãî àâòîìîáèëÿ, ë;
W — îáúåì ïîæàðíûõ ðóêàâîâ, ë;
� ðàá

ôàêò — ôàêòè÷åñêîå âðåìÿ ðàáîòû ñèñòåìû, ñ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïîëó÷åííûå ïðè ðàñ÷åòå è â õîäå ýêñïåðèìåíòà
çíà÷åíèÿ ðàñõîäà ÎÒÂ ñâåäåíû â òàáë. 1.

Ðèñ. 4. Óñòàíîâêà ïîäà÷è ÎÒÂ äî ââîäà íà òóøåíèå (à) è ñõåìà
ïëîùàäêè ñ ìîäåëüíûìè î÷àãàìè (á)
Fig. 4. Device of the supply of extinguishing agents before putting
in the fire (a) and scheme of experimental zone with model sources
of burning (b)

Ðèñ. 5. Ñõåìà ïðîâåäåíèÿ ýêñïåðèìåíòà (à) è âîçäåéñòâèå óñòàíîâêè ïîäà÷è ÎÒÂ íà ìîäåëüíûå î÷àãè (á)
Fig. 5. The scheme of the experiment (à) and fire extinguishing system impact on model sources of burning (b)
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Êîëè÷åñòâî ïîæàðíîé íàãðóçêè mï.í (êã�ì2) íà
åäèíèöó ïëîùàäè ýêñïåðèìåíòàëüíîé ïëîùàäêè â
õîäå îïûòîâ, èñõîäÿ èç ìàññû äðåâåñèíû (ãîðþ÷èé
ìàòåðèàë äëÿ ìîäåëüíûõ î÷àãîâ), ñîñòàâèëî:

mï.í = m0�Só÷ = 1500�64 = 23,4 êã�ì2, (2)

ãäå m0 — ìàññà ãîðþ÷åé íàãðóçêè íà ìîäåëüíîì
ó÷àñòêå, êã;
Só÷ — ïëîùàäü ìîäåëüíîãî ó÷àñòêà, ì2.
Óêàçàííîå âûøå çíà÷åíèå ñîîòâåòñòâóåò íàãðóç-

êå 323,4 ÌÄæ�ì2, ÷òî ïðåâûøàåò çíà÷åíèå, âûâå-
äåííîå ïðè èññëåäîâàíèè ïîæàðíîé íàãðóçêè â
æèëûõ äîìàõ ÷àñòíîãî ñåêòîðà è ñîñòàâëÿþùåå
267,17 ÌÄæ�ì2 [21]. Òðåáóåìàÿ èíòåíñèâíîñòü ïî-
äà÷è îãíåòóøàùèõ âåùåñòâ äëÿ òóøåíèÿ çäàíèÿ IV
è V ñòåïåíè îãíåñòîéêîñòè ðàâíà 0,15 ë�(ñ·ì2) [22].

Ýêñïåðèìåíòàëüíî óñòàíîâëåíà ôàêòè÷åñêàÿ èí-
òåíñèâíîñòü, êîòîðàÿ îáåñïå÷èâàåòñÿ îäíèì ÑÏÂÇ
(òàáë. 2) [14].

Êàê ïîêàçûâàåò ïðàêòèêà ïîæàðîòóøåíèÿ, ñîçäà-
íèå óïðàâëÿþùåé ïîäñèñòåìû ÑÓ ïðèõîäèòñÿ íà
ïåðèîä ðóêîâîäñòâà âòîðûì è ïîñëåäóþùèìè ÐÒÏ,
ïîýòîìó ôîðìèðîâàíèå óïðàâëÿåìîé ïîäñèñòåìû
(ïåðâîíà÷àëüíûõ ïîçèöèé ïî òóøåíèþ) ÿâëÿåòñÿ
îñíîâíîé ôóíêöèåé ÐÒÏ-1, îò âûïîëíåíèÿ êîòîðîé
çàâèñèò óñïåõ ïîæàðîòóøåíèÿ â öåëîì [3, 23, 24].

Óñëîâèÿìè ñîçäàíèÿ ÑÓ, àäåêâàòíîé îáñòàíîâ-
êå, íà ëþáîì ïîæàðå ÿâëÿþòñÿ:
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ãäå N — ìàêñèìàëüíîå êîëè÷åñòâî ÏÒ, ñîçäàííûõ
ïåðâûì ïðèáûâøèì ÏÑÏ;
i — ïîçèöèÿ ïî òóøåíèþ;
�p1i — âðåìÿ ðàáîòû ïîçèöèé ïî òóøåíèþ îò ïåð-
âîãî ïðèáûâøåãî ÏÑÏ áåç óñòàíîâêè íà ÈÏÏÂ, ñ;
Wö — îáúåì ÀÖ ïåðâîãî ïðèáûâøåãî ÏÑÏ, ë;

npj — êîëè÷åñòâî ïîæàðíûõ ðóêàâîâ j-ãî âèäà;
Wj — îáúåì ïîæàðíîãî ðóêàâà j-ãî âèäà, ë;
q — ïîäà÷à ÎÒÂ ïîæàðíûìè ñòâîëàìè, ë�ñ;
�ñë2 — âðåìÿ ñëåäîâàíèÿ ïîñëåäóþùåãî ÏÑÏ, ñ;
�á.ð2 — âðåìÿ ðàçâåðòûâàíèÿ ïîñëåäóþùåãî
ÏÑÏ, ñ.
Óñëîâèÿ (3) îñîáåííî àêòóàëüíû äëÿ ïîæàðîâ íà

îáúåêòàõ ñ êîíñòðóêöèÿìè ñ íèçêèì ïðåäåëîì îãíå-
ñòîéêîñòè, ïîñêîëüêó íåâûïîëíåíèå óñëîâèé îçíà-
÷àåò áåçäåéñòâèå ïîçèöèé ïî òóøåíèþ ïðè âûñîêîé
ñêîðîñòè ðàçâèòèÿ ïîæàðà.

Â ðåçóëüòàòå âûïîëíåíèÿ ñðàâíèòåëüíûõ ðàçâåð-
òûâàíèé îïåðàòèâíûõ îòäåëåíèé (ðèñ. 6) íà ïîæàð-
íî-ñïàñàòåëüíîì àâòîìîáèëå (ÏÑÀ) è ÀÖË ñ ïîäà-
÷åé ðó÷íîãî ñòâîëà è ÑÏÂÇ ïîëó÷åíû ñëåäóþùèå
çíà÷åíèÿ âðåìåíè ñîçäàíèÿ ïîçèöèè ïî òóøåíèþ
(ðèñ. 7).

Ðàñõîä ñèñòåìû
Water supply system

Çíà÷åíèå ðàñõîäà, ë�ñ
Value of water supply, l�sec

Ðàñ÷åòíûé � Calculated 23,0

Ôàêòè÷åñêèé � Actual 23,5

Òàáëèöà 1. Ðàñõîäû ñèñòåìû èç äâóõ ÑÏÂÇ (ðàñ÷åòíûé è
ôàêòè÷åñêèé), óñòàíîâëåííûå ïðè ïîäãîòîâêå è â õîäå ïðî-
âåäåíèÿ ýêñïåðèìåíòà

Table 1. Calculated and actual supply of fire extinguishing
agents from a system consisting of two fire rods (SPVZ) es-
tablished during preparation and during the experiment Íàïîð, ì âîä. ñò.

Head, meters
of water column

Èíòåíñèâíîñòü ïîäà÷è ÎÒÂ, ë�(ñ·ì2)
The intensity of the supply

of extinguishing agents, l�(sec·m2)

60 0,31

70 0,33

80 0,36

Òàáëèöà 2. Èíòåíñèâíîñòü, îáåñïå÷èâàåìàÿ îäíèì ÑÏÂÇ
ïðè ðàçëè÷íûõ íàïîðàõ

Table 2. The intensity provided by one fire rod (SPVZ) at va-
rious pressures

Ðèñ. 6. Ñõåìà ñðàâíèòåëüíûõ ðàç-
âåðòûâàíèé îïåðàòèâíûõ îòäåëåíèé

Fig. 6. Scheme of comparison of de-
ployment of operational units

Ðèñ. 7. Âðåìÿ ðàçâåðòûâàíèÿ ïîæàðíî-ñïàñàòåëüíîãî àâòî-
ìîáèëÿ è ïîæàðíîé àâòîöèñòåðíû ñ ëåñòíèöåé ñ ïîäà÷åé
ÑÏÂÇ è ÐÑÊÇ-70
Fig. 7. Time of deployment of a fire-fighting vehicle and a fire
tanker with a ladder with a supply of fire rods SPVZ and manual
fire rod RSKZ-70
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Âûâîäû

Êàê âèäíî èç ðåçóëüòàòîâ çàáåãîâ (ðàçâåðòûâà-
íèé), âðåìÿ âûïîëíåíèÿ óïðàæíåíèÿ ñ ðó÷íûì ñòâî-
ëîì (ÐÑÊÇ-70) ñòàáèëèçèðóåòñÿ íà óðîâíå îêîëî
60 ñ, âûïîëíåíèÿ óïðàæíåíèÿ ñ ÑÏÂÇ — îêîëî 65 ñ.
Ïðè ýòîì ýôôåêòèâíîñòü ïîçèöèè ñ ðó÷íûì ñòâîëîì
ïî ïîäà÷å ÎÒÂ â çîíó ãîðåíèÿ, ïëîùàäè òóøåíèÿ è
îáåñïå÷èâàåìîé íà äàííîé ïëîùàäè èíòåíñèâíî-
ñòè ïîäà÷è âåùåñòâ â 3 ðàçà óñòóïàåò ïîçèöèè ñî ñòà-
öèîíàðíûì óñòðîéñòâîì (ÑÏÂÇ). Ýôôåêòèâíîñòü
ïîçèöèé ñ ïðèìåíåíèåì ðó÷íûõ ïîæàðíûõ ñòâîëîâ
íà ñåãîäíÿøíèé äåíü ìîæåò áûòü ïîâûøåíà ïóòåì
ïðèìåíåíèÿ àâòîìàòè÷åñêèõ ïîæàðíûõ ñòâîëîâ èëè
ñðåäñòâ ïîäà÷è òîíêîðàñïûëåííîé âîäû, ïðè ýòîì
äëÿ ðàáîòû íà ïîçèöèè òðåáóåòñÿ çàäåéñòâîâàíèå
2–3 ÷åë. ëè÷íîãî ñîñòàâà [18, 22, 24, 25].

Ðàñïðåäåëåíèå ñèë è ñðåäñòâ ïîäðàçäåëåíèé (â òîì
÷èñëå ïîæàðíîé òåõíèêè) íà ÏÒ è ÏÄ ñ èõ ìàêñè-
ìàëüíûì çàäåéñòâîâàíèåì (ñòðåìëåíèå çíà÷åíèÿ

òàêòè÷åñêîãî ïîòåíöèàëà ê 1 [26, 27]) ñïîñîáñòâóåò
âûïîëíåíèþ óñëîâèé (3) è ñîêðàùàåò âðåìÿ ðàçâåð-
òûâàíèÿ îòäåëåíèé ïðèáûâàþùèõ ïîäðàçäåëåíèé,
òàê êàê ÏÄ äëÿ íàðàùèâàíèÿ ñèë è ñðåäñòâ óæå ñî-
çäàíû (èëè íàõîäÿòñÿ íà ñòàäèè ðàçâåðòûâàíèÿ).

Ñîçäàíèå ïîçèöèé ñ ïðèìåíåíèåì ñïåöèàëüíûõ
ïîæàðíûõ àâòîìîáèëåé ðàñøèðÿåò òàêòè÷åñêèå âîç-
ìîæíîñòè ÑÓ, ñîçäàííîé íà ïîæàðå, ïîçâîëÿÿ âîç-
äåéñòâîâàòü íà çîíó ãîðåíèÿ â íàèáîëåå ïîäâåðæåí-
íîé äëÿ ðàñïðîñòðàíåíèÿ ïîæàðà ÷àñòè çäàíèé IV
è V ñòåïåíè îãíåñòîéêîñòè — ÷åðäà÷íîì ïðîñòðàí-
ñòâå. Ïðîèçâîäèòåëüíîñòü äàííûõ ïîçèöèé ïî îáåñ-
ïå÷èâàåìîé èíòåíñèâíîñòè ïîäà÷è ÎÒÂ, ïëîùàäè
òóøåíèÿ è âðåìåíè âîçäåéñòâèÿ íà çîíó ãîðåíèÿ
âûøå ïî ñðàâíåíèþ ñ ïîçèöèÿìè, ñîçäàâàåìûìè íà
äðóãèõ óðîâíÿõ îáúåêòà ïîæàðà, è ñ ó÷åòîì èõ ðàñ-
ïîëîæåíèÿ íà ïóòè íàèáîëåå èíòåíñèâíîãî ðàçâèòèÿ
ãîðåíèÿ ôîðìèðóåò íàèáîëåå áëàãîïðèÿòíûå óñëî-
âèÿ äëÿ ëîêàëèçàöèè ãîðåíèÿ.
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ABSTRACT

Introduction. The structure of the management system of forces and means of fire-fighting units in
fire fighting is presented as structure consisting of the managing and managed subsystems. Forces and
means are represented by positions on fire fighting and ensuring actions of fire extinguishing.

Methods. The expedient ways of entering forces and means of fire units to extinguish fires in
buildings of low fire resistance are:

1) escape routes, places of common use;
2) premises of the building located on the way of fire spread;
3) attic.
Experiments on the action of units of gas and smoke protective service and simulation results of

the development of dangerous fire factors indicate a decline in the ability of units to influence
the combustion zone with an increase in parameters of the fire.

The experiments on the creation of positions with the use of special fire trucks in fire fighting
showed the expediency of their integration into the system of management at the initial stage of fire
fighting.

In the course of the experiment, manual fire rods (RSKZ-70) and fire rods were used to supply liquid
fire extinguishing substances in the form of water curtains (SPVZ) (not involving the personnel at height).

Results and discussion. The actual intensity of supply of fire extinguishing agents provided by
the SPVZ rod was experimentally established.

The conditions of the creation of the system of management corresponding to the situation at fire
are presented.

The results of the comparative deployments of units on the fire rescue vehicle and a fire truck with
a ladder with a supply of fire-rods are given.

Conclusions. The distribution of forces and means of units at the positions, with their maximum
involvement, contributes to the fulfillment of the conditions of localization of the fire and reduces
deployment time of incoming units.

Keywords: firefighting; management system; extinguishing position; gas and smoke protective ser-
vice; fire dangerous factors.
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ÓÄÊ 696

ÒÐÅÁÎÂÀÍÈß ÏÎ ÏÐÎÅÊÒÈÐÎÂÀÍÈÞ ÀÓÏ È ÂÏÂ
ÏÐÈÌÅÍÈÒÅËÜÍÎ Ê ÄÎØÊÎËÜÍÛÌ ÎÁÐÀÇÎÂÀÒÅËÜÍÛÌ
È ÎÁÙÅÎÁÐÀÇÎÂÀÒÅËÜÍÛÌ ÎÐÃÀÍÈÇÀÖÈßÌ

Ðàññìîòðåíû íîðìàòèâíûå äîêóìåíòû ïî ïðîåêòèðîâàíèþ àâòîìàòè÷åñêèõ óñòàíîâîê ïîæàðî-
òóøåíèÿ è âíóòðåííåãî ïðîòèâîïîæàðíîãî âîäîïðîâîäà ïðèìåíèòåëüíî ê äîøêîëüíûì îáðà-
çîâàòåëüíûì (ÄÎÎ) è îáùåîáðàçîâàòåëüíûì (ÎÎ) îðãàíèçàöèÿì. Îòìå÷àåòñÿ, ÷òî ïðîåêòèðî-
âàíèå ÄÎÎ è ÎÎ äîëæíî îñóùåñòâëÿòüñÿ ñîãëàñíî ÑÏ 251.1325800.2016 è ÑÏ 252.1325800.2016,
íî íèêàêèõ êîíêðåòíûõ óêàçàíèé è òðåáîâàíèé íå ïðèâîäèòñÿ. Ïîÿñíÿþòñÿ ïðè÷èíû, ïî êîòîðûì
äî ñèõ ïîð äåòñêèå ó÷ðåæäåíèÿ íå çàùèùàþòñÿ íè ÀÓÏ, íè ÂÏÂ. Ïðåäëàãàþòñÿ ëîêàëüíûå ñëó-
÷àè ïðèìåíåíèÿ ñïðèíêëåðíûõ ÀÓÏ èëè âîäÿíûõ çàâåñ è àëüòåðíàòèâíûå âàðèàíòû ïîæàðíîé
çàùèòû øêîë, ÿñëåé è äåòñêèõ ñàäîâ ñ èñïîëüçîâàíèåì ìàëîðàñõîäíûõ ïîæàðíûõ êðàíîâ.

Êëþ÷åâûå ñëîâà: äîøêîëüíûå îáðàçîâàòåëüíûå îðãàíèçàöèè; îáùåîáðàçîâàòåëüíûå îðãàíè-
çàöèè; àâòîìàòè÷åñêèå óñòàíîâêè ïîæàðîòóøåíèÿ; âíóòðåííèé ïðîòèâîïîæàðíûé âîäîïðîâîä;
ïðîåêòèðîâàíèå.

ÂÎÏÐÎÑ:

Â ðåäàêöèþ æóðíàëà ÷àñòî ïðèõîäÿò ïèñüìà ñ âî-

ïðîñîì, ïî÷åìó, êàê ýòî íè ñòðàííî, äëÿ äåòñêèõ

ñàäîâ, ÿñëåé è øêîë íîðìàòèâíûìè äîêóìåíòàìè

íå ïðåäóñìîòðåíà çàùèòà àâòîìàòè÷åñêèìè óñòà-

íîâêàìè ïîæàðîòóøåíèÿ èëè õîòÿ áû èñïîëüçîâà-

íèå âíóòðåííåãî ïðîòèâîïîæàðíîãî âîäîïðîâîäà,

ïðè÷åì áåç ñóùåñòâåííîãî óùåðáà äëÿ ïîìåùå-

íèé îò ïðîëèòîé ïðè ïîæàðå âîäû?

ÎÒÂÅÒ:

Ïðîåêòèðîâàíèå äåòñêèõ ñàäîâ è ÿñëåé äîëæíî

îñóùåñòâëÿòüñÿ ñîãëàñíî ÑÏ 252.1325800.2016 [1].

Îòíîñèòåëüíî ÀÓÏ è âíóòðåííåãî ïðîòèâîïîæàðíîãî

âîäîïðîâîäà (ÂÏÂ) â [1] ïðîïèñàíî ñëåäóþùåå:

� 7.2.25: Ñèñòåìû âíóòðåííåãî ïðîòèâîïîæàðíîãî

âîäîïðîâîäà è ïðîòèâîäûìíîé çàùèòû â ÄÎÎ ñëå-

äóåò ïðîåêòèðîâàòü ïî óñëîâèÿì çàäàíèé íà ïðî-

åêòèðîâàíèå, ó÷èòûâàÿ òðåáîâàíèÿ ïðîòèâîïîæàð-

íûõ íîðì ÑÏ 5.13130.2009 [2], ÑÏ 7.13130.2013

[3], ÑÏ 10.13130.2009 [4] è Ôåäåðàëüíîãî çàêî-

íà îò 22.07.2008 ¹ 123-ÔÇ [5];

� 9.3.1: Ïðè ýòîì ýëåêòðîñíàáæåíèå èíäèâèäóàëü-

íûõ òåïëîâûõ ïóíêòîâ (ÈÒÏ), íàñîñíûõ ñòàíöèé

õîçÿéñòâåííîãî è ïðîòèâîïîæàðíîãî âîäîñíàáæå-

íèÿ, à òàêæå äðåíàæíûõ íàñîñíûõ ñòàíöèé (ïðè

èõ íàëè÷èè) ðåêîìåíäóåòñÿ îñóùåñòâëÿòü ñîãëàñ-

íî çàäàíèþ íà ïðîåêòèðîâàíèå ïî îäíîìó èç âà-

ðèàíòîâ, ïðèâåäåííûõ â ïðèëîæåíèè Â;

� 9.3.2: Ê I êàòåãîðèè ïî íàäåæíîñòè ýëåêòðîñíàá-

æåíèÿ ïî ÏÓÝ [6] â çäàíèÿõ ÄÎÎ è â êðûòûõ áàñ-

ñåéíàõ êîìïëåêñîâ ÄÎÎ ñëåäóåò îòíîñèòü ñëåäó-

þùèå ýëåêòðîïðèåìíèêè èíæåíåðíûõ ñèñòåì:

— àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ è âíóòðåííå-

ãî ïîæàðíîãî âîäîïðîâîäà, ïðîòèâîïîæàðíûõ

óñòðîéñòâ, àâàðèéíî-ñïàñàòåëüíîãî îáîðóäîâà-

íèÿ è ïîæàðíîé òåõíèêè (ïðåäóñìîòðåííîé îïå-

ðàòèâíûì ïëàíîì ïîæàðîòóøåíèÿ).

Åñëè ñóäèòü ïî ïðèâåäåííûì ïóíêòàì, òî â ýòèõ ó÷ðåæ-

äåíèÿõ äîëæíû â îáÿçàòåëüíîì ïîðÿäêå ïðèñóòñòâî-

âàòü è ÀÓÏ, è ÂÏÂ. Îäíàêî íè â ÑÏ 5.13130.2009 [2],

íè â ÑÏ 10.13130.2009 [4] óïîìèíàíèÿ îòíîñèòåëüíî

äåòñêèõ ñàäîâ è ÿñëåé îòñóòñòâóþò è íèêàêèõ òðåáîâà-

íèé ïî ïðîåêòèðîâàíèþ ÀÓÏ è ÂÏÂ íå ïðèâîäèòñÿ.

Òàêèì îáðàçîì, îñíîâàíèÿ ïî îñíàùåíèþ äåòñêèõ

ñàäîâ è ÿñëåé àâòîìàòè÷åñêèìè óñòàíîâêàìè ïîæà-

ðîòóøåíèÿ è âíóòðåííèì ïðîòèâîïîæàðíûì âîäîïðî-

âîäîì ó ïðîåêòèðîâùèêîâ îòñóòñòâóþò.

Äåòñêèå ñàäû è ÿñëè, êàê ïðàâèëî, èìåþò íå áîëåå

äâóõ ýòàæåé; êîðèäîðû íåáîëüøèå, ïðÿìûå, øèðîêèå;

ñòàðøèå ãðóïïû ðàñïîëàãàþòñÿ íà âåðõíåì ýòàæå,

à ìëàäøèå — íà ïåðâîì; ïðè äåòÿõ íåîòëó÷íî íàõî-

äÿòñÿ âîñïèòàòåëè èëè íÿíå÷êè. Ïîæàðíûå çàïàñíûå

âûõîäû ïåðñîíàëó äåòñêèõ ñàäîâ è ÿñëåé èçâåñòíû,

ïóòè ýâàêóàöèè íåáîëüøèå. Òàêèå óñëîâèÿ íîñÿò íà-

çâàíèå “îðãàíèçîâàííàÿ ñðåäà, îðãàíèçîâàííûå äåé-

ñòâèÿ”.

Ñëåäóåò îòìåòèòü, ÷òî, íàïðèìåð, â êðóïíûõ òîðãîâûõ

öåíòðàõ òàêæå èìåþòñÿ è çàïàñíûå ïîæàðíûå âûõî-

äû, è ïëàíû ýâàêóàöèè, íî â îòëè÷èå îò äåòñêèõ ó÷ðåæ-

äåíèé ïîñåòèòåëè öåíòðîâ, êàê ïðàâèëî, ðåäêî èíòå-

ðåñóþòñÿ è ìåñòîì ðàñïîëîæåíèÿ çàïàñíûõ ïîæàð-

íûõ âûõîäîâ, è ïëàíàìè ýâàêóàöèè. Òàêèå óñëîâèÿ

íîñÿò íàçâàíèå “îðãàíèçîâàííàÿ ñðåäà, íåîðãàíèçî-

âàííûå äåéñòâèÿ”.

Ïîñêîëüêó â êàæäîì ïîìåùåíèè äåòñêèõ ñàäîâ è ÿñëåé

ïðèñóòñòâóåò êòî-òî èç âçðîñëûõ, ïîæàð ñðàçó æå áóäåò

îáíàðóæåí â ñàìûé íà÷àëüíûé ïåðèîä åãî ðàçâèòèÿ,

âñëåäñòâèå ÷åãî ýâàêóàöèÿ áóäåò ïðîâåäåíà ñâîå-

âðåìåííî. Ïîæàðíàÿ íàãðóçêà â äåòñêèõ ñàäàõ íå-

âûñîêàÿ è ðàçîáùåííàÿ (íå ñîèçìåðèìà ñ ïîæàðíîé

íàãðóçêîé â òîðãîâûõ öåíòðàõ), ïîýòîìó ñïðèíêëåð-
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íàÿ ÀÓÏ (åñëè áû îíà áûëà) ñðàáîòàëà áû äîñòàòî÷íî

ïîçäíî.

Èñïîëüçîâàòü ÀÓÏ â äåòñêèõ ñàäàõ îñòåðåãàþòñÿ, âè-

äèìî, èç-çà âåðîÿòíîñòè ëîæíîãî ñðàáàòûâàíèÿ, íî

äàæå ïðè ñâîåâðåìåííîì åå ñðàáàòûâàíèè âñå ðàâ-

íî ïîòðåáóåòñÿ íåìåäëåííî ýâàêóèðîâàòü äåòåé èç

çäàíèÿ. Èíà÷å íå èñêëþ÷åíî, ÷òî äåòè îêàæóòñÿ â

ñòðåññîâîé ñèòóàöèè. Êðîìå òîãî, åñëè äåòè íàìîê-

íóò, ïåðåîäåòü èõ íåìåäëåííî áóäåò íå âî ÷òî, à ýòî

ìîæåò ïðèâåñòè ê ìàññîâûì ïðîñòóäíûì çàáîëåâà-

íèÿì.

Âîçíèêàåò îïàñíîñòü è èíîãî ðîäà. Ïðè ëîæíîì ñðà-

áàòûâàíèè ÀÓÏ âîçìîæåí íå òîëüêî çíà÷èòåëüíûé

ìàòåðèàëüíûé óùåðá îò ïðîëèòîé âîäû. Âñëåäñòâèå

âûíóæäåííîãî ïåðåðûâà â ðàáîòå òåõ äåòñêèõ ãðóïï,

ïîìåùåíèÿ êîòîðûõ ñòàëè âðåìåííî íåïðèãîäíû

äëÿ ïðåáûâàíèÿ â íèõ äåòåé (äàæå åñëè ïîñòðàäàåò

òîëüêî îäíà ãðóïïà, à ýòî îêîëî 30 ðåáÿò), èõ ðîäèòåëè

áóäóò âûíóæäåíû ïðåðâàòü ñâîþ ðàáîòó. À åñëè òàêîé

âîçìîæíîñòè ó íèõ íåò, òî êàê áûòü?

Ïðîåêòèðîâàíèå øêîë äîëæíî îñóùåñòâëÿòüñÿ â ñî-

îòâåòñòâèè ñ ÑÏ 251.1325800.2016 [7]. Îòíîñèòåëüíî

ÀÓÏ è ÂÏÂ â ýòîì ñâîäå ïðàâèë ïðîïèñàíî:

� 7.3.19: Ïîæàðíûå êðàíû ñëåäóåò ðàçìåùàòü â

ìíîãîôóíêöèîíàëüíûõ èíòåãðèðîâàííûõ ïîæàð-

íûõ øêàôàõ, ïðåäíàçíà÷åííûõ äëÿ ðàçìåùåíèÿ

è îáåñïå÷åíèÿ ñîõðàííîñòè ïåðâè÷íûõ ñðåäñòâ

ïîæàðîòóøåíèÿ, èíäèâèäóàëüíîé çàùèòû, ñïàñå-

íèÿ ëþäåé è ìàòåðèàëüíûõ öåííîñòåé, â ñîîòâåò-

ñòâèè ñ ÑÏ 10.13130.2009 [4], ÃÎÑÒ Ð 51844–

2009 [8];

� 11.17: Äëÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè

êàáèíåòû (ëàáîðàòîðèè) ôèçèêè, ýëåêòðîòåõíèêè

è äðóãèå, ãäå ó÷àùèåñÿ ðàáîòàþò ñ ýëåêòðîîáîðó-

äîâàíèåì, àïïàðàòàìè è ïðèáîðàìè íàïðÿæåíè-

åì äî 0,4 êÂ, à òàêæå øêîëüíûå ìàñòåðñêèå êîìï-

ëåêòóþò ïðîòèâîïîæàðíûì èíâåíòàðåì: ÿùèêîì

ñ ïåñêîì, ëîïàòîé, ïëîòíîé ìåøêîâèíîé (ïðîïè-

òàííîé îãíåñòîéêèì ñîñòàâîì), îãíåòóøèòåëåì.

Â ïðèâåäåííûõ ïóíêòàõ íè ñëîâà íå ñêàçàíî îá èñ-

ïîëüçîâàíèè ÀÓÏ äëÿ çàùèòû ïîìåùåíèé îáùåîáðà-

çîâàòåëüíûõ îðãàíèçàöèé, à ïðèìåíèòåëüíî ê ÂÏÂ óïî-

ìèíàåòñÿ, ÷òî ïîæàðíûå êðàíû äîëæíû ðàçìåùàòü-

ñÿ (à íå ïðîåêòèðîâàòüñÿ!) ñîãëàñíî ÑÏ 10.13130.2009

[4] â ïîæàðíûõ øêàôàõ. Îáðàùàåì âíèìàíèå, ÷òî

èìåííî ðàçìåùàòüñÿ, à íå ïðîåêòèðîâàòüñÿ, òàê êàê

â ÑÏ 10.13130.2009 [4] ïî ïðîåêòèðîâàíèþ ÂÏÂ â

øêîëàõ íèêàêèõ òðåáîâàíèé íå ïðåäúÿâëÿåòñÿ äàæå

ê ëàáîðàòîðíûì ïîìåùåíèÿì è øêîëüíûì ìàñòåð-

ñêèì.

Íè ñëîâà íå óïîìèíàëîñü îá ÀÓÏ è â ÒÑÍ 31-306–2004

(ÌÃÑÍ 4.06–03) [9], õîòÿ è óêàçûâàëîñü â ï. 9.13, ÷òî

“âíóòðåííèé ïðîòèâîïîæàðíûé âîäîïðîâîä ñëåäóåò

ïðåäóñìàòðèâàòü äëÿ çäàíèé III ñòåïåíè îãíåñòîéêî-

ñòè è ïðè ðåêîíñòðóêöèè (êàïèòàëüíîì ðåìîíòå) ñó-

ùåñòâóþùèõ çäàíèé âûøå 4-õ ýòàæåé â êîëè÷åñòâå

2 ñòðóé ñ ðàñõîäîì âîäû íå ìåíåå 2,5 ë/ñ”. Èíà÷å ãîâî-

ðÿ, ÂÏÂ ïðåäïîëàãàëîñü èñïîëüçîâàòü òîëüêî â ã. Ìîñê-

âå äëÿ îãðàíè÷åííîãî êîëè÷åñòâà øêîëüíûõ çäàíèé.

Ñëåäîâàòåëüíî, è äëÿ îñíàùåíèÿ çäàíèé îáùåîáðà-

çîâàòåëüíûõ îðãàíèçàöèé àâòîìàòè÷åñêèìè óñòà-

íîâêàìè ïîæàðîòóøåíèÿ è âíóòðåííèì ïðîòèâîïî-

æàðíûì âîäîïðîâîäîì ó ïðîåêòèðîâùèêîâ íèêàêèõ

îñíîâàíèé íå èìååòñÿ.

Øêîëû íåñêîëüêî âûøå äåòñêèõ ñàäîâ — 4–5 ýòàæåé,

íî è äåòè òàì ñòàðøå. Äëÿ øêîë òàêæå õàðàêòåðíû

ïðÿìûå øèðîêèå êîðèäîðû, ïîæàðíàÿ íàãðóçêà íå-

âûñîêàÿ è ðàçîáùåííàÿ; ïðè øêîëüíèêàõ íåîòëó÷íî

íàõîäÿòñÿ ó÷èòåëÿ; ïðåïîäàâàòåëè è äåòè çíàêîìû ñ

ìåñòîì íàõîæäåíèÿ çàïàñíûõ ïîæàðíûõ âûõîäîâ.

Â øêîëàõ äîëæíû â îáÿçàòåëüíîì ïîðÿäêå ïðîõîäèòü

çàíÿòèÿ ïî îáó÷åíèþ äåéñòâèÿì øêîëüíèêîâ â ñëó-

÷àå ïîæàðà, ïî îçíàêîìëåíèþ èõ ñ ïëàíàìè è ïóòÿìè

ýâàêóàöèè â çàâèñèìîñòè îò òîãî, ãäå èõ çàñòàë ïîæàð.

Ïîýòîìó äàæå ïðè áîëüøîì ÷èñëå øêîëüíèêîâ èõ

ýâàêóàöèÿ íå äîëæíà âûçâàòü îñîáûõ çàòðóäíåíèé,

ò. å. äëÿ øêîë, êàê è äëÿ äîøêîëüíûõ ó÷ðåæäåíèé,

èìåþò ìåñòî òå æå óñëîâèÿ — îðãàíèçîâàííàÿ ñðåäà

è îðãàíèçîâàííûå äåéñòâèÿ.

Èñïîëüçîâàòü ÀÓÏ è ÂÏÂ â øêîëàõ îñòåðåãàþòñÿ, âå-

ðîÿòíî, íå ñòîëüêî èç-çà âåðîÿòíîñòè ëîæíîãî ñðàáàòû-

âàíèÿ ÀÓÏ è ïîñëåäñòâèé ýòîãî ñðàáàòûâàíèÿ, ñêîëüêî

ïðåæäå âñåãî èç-çà ïðèñóùåãî äåòÿì òàêîãî âîçðàñòà

îçîðíîãî ïîâåäåíèÿ èëè öåëåíàïðàâëåííûõ õóëèãàí-

ñêèõ äåéñòâèé (íàïðèìåð, ñëîìàòü ñïðèíêëåðíûé

îðîñèòåëü, îòêðûòü ïîæàðíûé êðàí è çàëèòü âîäîé êî-

ðèäîð, ÷òîáû ñîðâàòü êîíòðîëüíóþ èëè ïîðàíüøå óéòè

èç øêîëû â êèíî).

Íàèáîëåå ïîæàðîîïàñíûìè ïîìåùåíèÿìè â øêîëàõ

ÿâëÿþòñÿ õèìè÷åñêèå êàáèíåòû, ïîýòîìó ñòîèò ïîäó-

ìàòü îá îñíàùåíèè ýòèõ êàáèíåòîâ âòîðûì âûõîäîì

ñ ïðîòèâîïîëîæíîé ñòîðîíû ñòåíû, î ìîíòàæå ñïðèí-

êëåðíûõ îðîñèòåëåé, çàïèòàííûõ õîòÿ áû îò õîçÿé-

ñòâåííî-ïèòüåâîãî âîäîïðîâîäà.

Ïðèìåíèòåëüíî ê âíóòðåííåìó ïðîòèâîïîæàðíîìó âî-

äîïðîâîäó ñóõîòðóá — ýòî ñîâîêóïíîñòü íå çàïîëíåí-

íûõ âîäîé òðóáîïðîâîäîâ, íàõîäÿùèõñÿ ïîä àòìî-

ñôåðíûì äàâëåíèåì, êàê ïðàâèëî, âåðòèêàëüíûõ ñòî-

ÿêîâ ñ ðàçìåùåííûìè íà íèõ íà êàæäîì ýòàæå èëè

ïîëóýòàæå êëàïàíàìè ïîæàðíûõ êðàíîâ â êîìïëåêòå

ñ ñîåäèíèòåëüíûìè ãîëîâêàìè; íèæíÿÿ ÷àñòü ñóõîòðó-

áîâ ñ ñîåäèíèòåëüíûìè ãîëîâêàìè íà êîíöå âûâî-

äèòñÿ íà ôàñàä çäàíèÿ íà âûñîòå (1,35�0,15) ì îò ïî-

âåðõíîñòè çåìëè [10].

Àëüòåðíàòèâíîé ïîæàðíîé çàùèòîé øêîë, ÿñëåé è äåò-

ñêèõ ñàäîâ ìîãóò ÿâèòüñÿ ìàëîðàñõîäíûå ïîæàðíûå

êðàíû (ÏÊ-ì) [11]. Âñëåäñòâèå íèçêîãî ðàñõîäà ÏÊ-ì

èõ ìîæíî ïîäêëþ÷èòü ê õîçÿéñòâåííî-ïèòüåâîìó âîäî-

ïðîâîäó, íå îáîðóäóÿ äîðîãîñòîÿùåé íàñîñíîé óñòà-

íîâêîé. Íåáîëüøèå î÷àãè ïîæàðà, êîòîðûå ñðàçó æå

áóäóò îáíàðóæåíû ïåðñîíàëîì, äîñòàòî÷íî ëåãêî ìî-

ãóò áûòü ïîòóøåíû èç ýòîãî êðàíà äàæå æåíñêèì ïåð-

ñîíàëîì.
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Äëÿ èñêëþ÷åíèÿ ïðåäóìûøëåííîãî èñïîëüçîâàíèÿ

ïîæàðíûõ êðàíîâ ó÷àùèìèñÿ ìîæíî áûëî áû ïðåäó-

ñìîòðåòü çâóêîâîå îïîâåùåíèå íà ðàáî÷åì ìåñòå

âàõòåðà øêîëû.

Â ëàáîðàòîðíûõ ïîìåùåíèÿõ è øêîëüíûõ ìàñòåðñêèõ

âîçìîæíî ïðèìåíåíèå ñïðèíêëåðíûõ îðîñèòåëåé,

çàïèòàííûõ õîòÿ áû îò õîçÿéñòâåííî-ïèòüåâîé ñåòè,

òåì áîëåå ÷òî õèìè÷åñêèå êàáèíåòû, êàê ïðàâèëî,

îñíàùåíû âîäîïðîâîäîì. Ìîæíî ïðåäóñìîòðåòü íàä

äâåðÿìè â ýòè êàáèíåòû è ìàëîðàñõîäíûå âîäÿíûå

çàâåñû, âêëþ÷àåìûå âðó÷íóþ, èëè ìàëîðàñõîäíûå ïî-

æàðíûå êðàíû (ïî îäíîìó êðàíó ó êàæäîãî âûõîäà).

Ïðè÷åì âî èçáåæàíèå íåñàíêöèîíèðîâàííîãî âêëþ-

÷åíèÿ âîäÿíûõ çàâåñ èëè ìàëîðàñõîäíûõ ïîæàðíûõ

êðàíîâ îíè ìîãóò ïðèâîäèòüñÿ â äåéñòâèå òîëüêî âî

âðåìÿ çàíÿòèé. Â îñòàëüíîå âðåìÿ ëàáîðàòîðèè è

ìàñòåðñêèå äîëæíû áûòü çàêðûòû íà êëþ÷. Òàêèì îá-

ðàçîì, ïðè ïðîâåäåíèè çàíÿòèé è â ñëó÷àå âîçíèêíî-

âåíèÿ ïîæàðà îáó÷åííûé ïðåïîäàâàòåëü îáåñïå÷èò

ýâàêóàöèþ äåòåé è ñìîæåò ïîòóøèòü èëè ëîêàëèçîâàòü

íåáîëüøèå î÷àãè ïîæàðà åùå äî ïðèåçäà ïîæàðíûõ.
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ABSTRACT

Normative documents on design of automatic fire ex-

tinguishing installations (AFEI) and installation of stand-

pipe and hose systems (ISHS) in relation to preschool

educational (PEO) and general education (GEO) orga-

nizations are considered. It is noted that the design of

PEO and GEO should be carried out according to

SP 251.1325800.2016 and SP 252.1325800.2016.

However, no specific instructions or requirements are

given. Explains the reasons for which are still institu-

tions are not protected neither AFEI nor ISHS. Available

local applications of AFEI or sprinkler water curtains and

the alternatives for fire protection, schools, nurseries,

economical fire taps.

Keywords: preschool educational organizations; edu-

cational organizations; automatic fire extinguishing in-

stallations; installation of standpipe and hose systems;

design.

For citation: L. M. Meshman. Design requirements of

the AFEI and ISHS in relation to preschool educational

and general education organizations. Pozharovzryvo-

bezopasnost / Fire and Explosion Safety, 2018, vol. 27,

no. 11, pp. 67–69 (in Russian).
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ÊÀÒÅÃÎÐÈÐÎÂÀÍÈÅ ÏÎÌÅÙÅÍÈÉ ÃÀÇÎÂÛÕ ÊÎÒÅËÜÍÛÕ
ÏÎ ÂÇÐÛÂÎÏÎÆÀÐÍÎÉ È ÏÎÆÀÐÍÎÉ ÎÏÀÑÍÎÑÒÈ

Ðàññìîòðåíû íîðìàòèâíûå äîêóìåíòû, ðåãëàìåíòèðóþùèå ïîðÿäîê îöåíêè êàòåãîðèè ïîìåùå-
íèé ïî âçðûâîïîæàðíîé è ïîæàðíîé îïàñíîñòè. Îòìå÷åíû îñîáåííîñòè îïðåäåëåíèÿ êàòåãî-
ðèè ïîìåùåíèÿ ãàçîâîé êîòåëüíîé. Ïðåäñòàâëåíû ïðèìåðû ðàñ÷åòîâ íàèáîëåå âàæíûõ õàðàê-
òåðèñòèê, âëèÿþùèõ íà âûáîð êàòåãîðèè. Óêàçàíû ðàçëè÷íûå âàðèàíòû òðàêòîâîê íîðì, âåäóùèõ
ê èõ ðàçíî÷òåíèþ ñïåöèàëèñòàìè.

Êëþ÷åâûå ñëîâà: ïðîìûøëåííûå çäàíèÿ; ïîæàðíàÿ áåçîïàñíîñòü; ïîæàðîâçðûâîîïàñíûå çîíû;
âåðîÿòíîñòü îòêàçà; óäåëüíàÿ ïîæàðíàÿ íàãðóçêà.

ÂÎÏÐÎÑ:

Êîòåëüíûå, ðàáîòàþùèå íà ïðèðîäíîì ãàçå, ÿâëÿ-

þòñÿ íàèáîëåå ýêîíîìè÷åñêè âûãîäíûìè è ýêîëî-

ãè÷åñêè ÷èñòûìè ïðîèçâîäñòâàìè ñðåäè àíàëî-

ãè÷íûõ èì îáúåêòîâ. Â òî æå âðåìÿ äëÿ íèõ õàðàê-

òåðíà çíà÷èòåëüíàÿ ïîæàðíàÿ îïàñíîñòü â ñâÿçè

ñ ïðèìåíåíèåì âçðûâîîïàñíîãî ãîðþ÷åãî ãàçà.

Ñòåïåíü îïàñíîñòè îòðàæàåòñÿ â êàòåãîðèè ïîìå-

ùåíèÿ êîòåëüíîé, à òàêæå â óñòàíîâëåííîì äëÿ

íåå êëàññå ïîæàðî- èëè âçðûâîîïàñíîé çîíû. Ýòè

ïîêàçàòåëè íàïðÿìóþ âëèÿþò íà ïðîåêòíûå îáú-

åìíî-ïëàíèðîâî÷íûå ðåøåíèÿ è âûáîð áåçîïàñ-

íîãî îáîðóäîâàíèÿ, â òîì ÷èñëå äëÿ ñèñòåì ïðîòè-

âîïîæàðíîé çàùèòû.

Ïî ïðè÷èíå ðàçíî÷òåíèé íîðìàòèâíûõ äîêóìåí-

òîâ, êàñàþùèõñÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè ãàçîâûõ êîòåëüíûõ, ñïåöèàëèñòû è ïðîåê-

òèðîâùèêè äàþò ðàçíóþ îöåíêó èõ ñòåïåíè

îïàñíîñòè. Â òî æå âðåìÿ âåðíûé ïîäõîä ê îïðåäå-

ëåíèþ êàòåãîðèè ïîìåùåíèé êîòåëüíûõ è èõ êëàñ-

ñà çîíû ïîçâîëèò îáåñïå÷èòü äîëæíûé óðîâåíü èõ

ïîæàðíîé áåçîïàñíîñòè.

Êàêèì îáðàçîì ñëåäóåò ïðîâîäèòü îöåíêó ïîæàð-

íîé îïàñíîñòè ãàçîâîé êîòåëüíîé ñ îïðåäåëåíèåì

åå êàòåãîðèè è êëàññà çîíû?

ÎÒÂÅÒ:

Ãàçîâàÿ êîòåëüíàÿ, êàê è äðóãèå ïðîèçâîäñò-

âåííûå îáúåêòû êëàññà ôóíêöèîíàëüíîé ïîæàðíîé

îïàñíîñòè Ô5.1, ïîäëåæèò êàòåãîðèðîâàíèþ ïî ïî-

æàðíîé è âçðûâîïîæàðíîé îïàñíîñòè.

Íåçàâèñèìî îò íàçíà÷åíèÿ ïðîèçâîäñòâåííîãî ïî-

ìåùåíèÿ åãî ïðèíàäëåæíîñòü ê òîé èëè èíîé êàòåãî-

ðèè äîëæíà îïðåäåëÿòüñÿ ïóòåì ïðîâåðêè (îáû÷íî

èíæåíåðíîãî ðàñ÷åòà), ïîðÿäîê êîòîðîé ïðèâåäåí

â ÑÏ 12.13130.2009 [1]. Äàííîå òðåáîâàíèå èçëîæå-

íî â ï. 4 ñò. 27 ÔÇ-123 [2]. Îäíàêî ìíîãèå ñïåöèà-

ëèñòû ñ÷èòàþò, ÷òî ëþáîå ïîìåùåíèå êîòåëüíîé ñëå-

äóåò àâòîìàòè÷åñêè îòíîñèòü ê êàòåãîðèè Ã, ãäå ãîðþ-

÷èå ãàçû ñæèãàþòñÿ â êà÷åñòâå òîïëèâà (ñì. ï. 9 ñò. 27

ÔÇ-123 [2]). Òàêîé ïîäõîä íàìíîãî óïðîùàåò ïðîöåññ

îöåíêè êàòåãîðèè ïîìåùåíèÿ êîòåëüíîé è ñíèæàåò

çàòðàòû íà ðåàëèçàöèþ çàêëàäûâàåìûõ â ïðîåêò èí-

æåíåðíûõ ðåøåíèé.

Ïåðâûé âàðèàíò îöåíêè, ïðåäóñìàòðèâàþùèé ïðîâå-

äåíèå èíæåíåðíûõ ðàñ÷åòîâ, òðåáóåò áîëüøèõ òðóäî-

çàòðàò, îäíàêî ïîñëåäíèå ìîãóò áûòü ñîêðàùåíû ïðè

îáîñíîâàíèè ìàëîãî âðåìåíè ñðàáàòûâàíèÿ ñèñòå-

ìû àâòîìàòèêè îòêëþ÷åíèÿ òðóáîïðîâîäîâ. Ïî ïàñ-

ïîðòíûì äàííûì äëÿ ýëåêòðîìàãíèòíûõ êëàïàíîâ ýòî

âðåìÿ ñîñòàâëÿåò 1 ñ ïëþñ âðåìÿ çàäåðæêè ïðè ñðà-

áàòûâàíèè ãàçîàíàëèçàòîðà (10–20 ñ). Ïðè àâàðèéíîé

óòå÷êå ãàçà èç ïîäâîäÿùåãî òðóáîïðîâîäà çà òàêîå

âðåìÿ â ïîìåùåíèå êîòåëüíîé ïðîèçîéäåò íåçíà÷è-

òåëüíûé ïî ìàññå âûáðîñ, à ðàñ÷åòíîå èçáûòî÷íîå

äàâëåíèå âçðûâà ñîñòàâèò ìåíåå 5 êÏà (ñ ó÷åòîì ðà-

áîòû àâàðèéíîé âåíòèëÿöèè). Åäèíñòâåííûì êàìíåì

ïðåòêíîâåíèÿ ñòàíåò îáîñíîâàíèå âåðîÿòíîñòè îò-

êàçà Q(t) ñèñòåìû àâòîìàòèêè, êîòîðàÿ íå äîëæíà

ïðåâûøàòü 10–6 â ãîä ïðè îòñóòñòâèè ðåçåðâèðîâà-

íèÿ åå ýëåìåíòîâ [1]. Â ñèñòåìó àâòîìàòè÷åñêîãî

ñðàáàòûâàíèÿ, ïîìèìî ýëåêòðîìàãíèòíîãî êëàïà-

íà, âõîäèò ãàçîàíàëèçàòîð è ïîäêëþ÷àåìûé ê íåìó

øëåéô ñèãíàëèçàöèè. Òàêèì îáðàçîì, ñèñòåìà áóäåò

ñîñòîÿòü êàê ìèíèìóì èç òðåõ ñàìîñòîÿòåëüíûõ ýëå-

ìåíòîâ, êàæäûé èç êîòîðûõ èìååò ñâîþ âåðîÿòíîñòü

îòêàçà. Â ýòîì ñëó÷àå ñóììàðíàÿ âåðîÿòíîñòü îòêà-

çà -Q(t) âñåé ñèñòåìû áóäåò îïðåäåëÿòüñÿ ïðîèçâå-

äåíèåì âåðîÿòíîñòåé îòêàçà êàæäîãî åå ýëåìåíòà.

Äëÿ îïðåäåëåíèÿ çíà÷åíèÿ âåðîÿòíîñòè îòêàçà Q(t)

ìîæíî ëèáî ïðîâåñòè ñòàòèñòè÷åñêóþ è âåðîÿòíîñò-

íóþ îöåíêó, ëèáî çíàòü èíòåíñèâíîñòü îòêàçîâ ë êàæ-

äîãî ýëåìåíòà. Èçãîòîâèòåëü îáîðóäîâàíèÿ â ïàñïîð-

òå óêàçûâàåò çíà÷åíèå ñðåäíåé íàðàáîòêè íà îòêàç

â ÷àñàõ, ïî êîòîðîé ìîæíî îöåíèòü èíòåíñèâíîñòü îò-

êàçà ýëåìåíòà, âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû P(t)

è âåðîÿòíîñòü îòêàçà â ãîä äëÿ êàæäîãî ýëåìåíòà ñèñ-

òåìû. Åñëè âûïîëíèòü ïðèáëèçèòåëüíóþ îöåíêó âå-

ðîÿòíîñòè îòêàçà ñèñòåìû, êîòîðàÿ îáíàðóæèâàåò
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óòå÷êó ãàçà äî âçðûâîîïàñíîé êîíöåíòðàöèè ñ ïî-

ñëåäóþùèì ïåðåêðûòèåì òðóáîïðîâîäà, ïîëó÷èì çíà-

÷åíèå, ïðåâûøàþùåå 10–6 â ãîä. Òàê, äëÿ ýëåêòðî-

ìàãíèòíîãî êëàïàíà íàðàáîòêà íà îòêàç ñîñòàâëÿåò

15 000–30 000 ÷. Ñëåäîâàòåëüíî, èíòåíñèâíîñòü îò-

êàçîâ � = 1/30000 = 0,00003333 = const, à P(t) =

= exp(–ët) = exp(–0,00003333 · 365 · 24) �0,75 â ãîä. Òîãäà Q(t) =

= 1 – P(t) � 0,25. Òàêîé ïóòü îöåíêè çíà÷èòåëüíî óñëîæ-

íÿåò ðàáîòó ñïåöèàëèñòîâ-ïðîåêòèðîâùèêîâ, ïîýòîìó

ñëåäóåò îáÿçàòü ïðîèçâîäèòåëåé ñèñòåì àâòîìàòèêè

óêàçûâàòü çíà÷åíèÿ Q(t) â ïàñïîðòàõ óñòðîéñòâ.

Åñëè îáîñíîâàòü ìàëóþ âåðîÿòíîñòü îòêàçà ñèñòåìû

íå ïîëó÷èòñÿ, òî ïðèäåòñÿ îáåñïå÷èòü ðåçåðâèðî-

âàíèå ýëåìåíòîâ ñèñòåìû èëè ïðèíÿòü ðàñ÷åòíîå

âðåìÿ îòêëþ÷åíèÿ òðóáîïðîâîäîâ ðàâíûì 120 ñ (ñì.

ï. 1 ïðèë. À [1]). Â ñëó÷àå òàêîé äëèòåëüíîé óòå÷êè,

äàæå ñ ó÷åòîì àâàðèéíîé âåíòèëÿöèè, ðàñ÷åòíîå èç-

áûòî÷íîå äàâëåíèå âçðûâà ïðåâûñèò 5 êÏà, à çíà÷èò,

ïîìåùåíèå ãàçîâîé êîòåëüíîé ïðèäåòñÿ îòíåñòè ê

êàòåãîðèè À ñ êëàññîì âçðûâîîïàñíîé çîíû 2 (ñì.

ñò. 19 ÔÇ-123 [2]). Â ðåçóëüòàòå âñå ýëåêòðîïðèáîðû

ïðèäåòñÿ óñòàíàâëèâàòü âî âçðûâîçàùèùåííîì èñ-

ïîëíåíèè, ïðîêëàäêó êàáåëåé ñèëîâîé ñåòè îñóùå-

ñòâëÿòü â ñòàëüíûõ òðóáàõ è ïðèíèìàòü áîëåå æåñòêèå

ìåðû ê ñèñòåìàì çàçåìëåíèÿ è ìîëíèåçàùèòû.

Ïîõîæàÿ ñèòóàöèÿ èçëîæåíà â ÑÏ 89.13330.2016 [3].

Â òàáë. Á.1 ïðèë. Á [3] êîòåëüíûì çàëàì, ðàáîòàþùèì

íà ãàçîîáðàçíîì òîïëèâå, ïðèñâàèâàåòñÿ îðèåíòè-

ðîâî÷íàÿ êàòåãîðèÿ ïîìåùåíèÿ (çäàíèÿ) Ã. Â ïðè-

ìå÷àíèè ê òàáëèöå îòìå÷åíî, ÷òî, ïîìèìî êàòåãîðèè,

òðåáóåòñÿ îïðåäåëèòü ðàñ÷åòíûé äîïóñòèìûé îáúåì

ïîìåùåíèÿ Väîï. Åñëè ñâîáîäíûé îáúåì ïîìåùåíèÿ

ïîëó÷èòñÿ ìåíüøå äîïóñòèìîãî, òî ïîìåùåíèå êî-

òåëüíîé äîëæíî áûòü îáîðóäîâàíî ñèñòåìîé àâòîìà-

òè÷åñêîãî êîíòðîëÿ çàãàçîâàííîñòè, àâàðèéíîé âåí-

òèëÿöèåé ñ êðàòíîñòüþ âîçäóõîîáìåíà íå ìåíåå 5

îáúåìîâ â ÷àñ, ñ ðåçåðâíûìè âåíòèëÿòîðîì è èñòî÷íè-

êîì ïèòàíèÿ, à òàêæå c âçðûâîçàùèùåííûì ýëåêòðî-

îáîðóäîâàíèåì, ñîîòâåòñòâóþùèì 2-ìó êëàññó âçðû-

âîîïàñíîé çîíû.

Ñëåäóåò îòìåòèòü, ÷òî ïðè÷èíîé íåîäíîçíà÷íûõ òðàê-

òîâîê ñò. 27 [2] ÿâëÿåòñÿ îòñóòñòâèå ÷åòêèõ ïîÿñíåíèé

ïî ïîðÿäêó ðàñ÷åòîâ êàòåãîðèè ïîìåùåíèÿ êîòåëü-

íîé. Äëÿ êàòåãîðèé À è Á òàêèå ðàñ÷åòû âûïîëíÿþòñÿ

â ñëó÷àå àâàðèéíîé ñèòóàöèè ñ óòå÷êîé ãàçà â ðåçóëü-

òàòå ðàçãåðìåòèçàöèè òðóáîïðîâîäà. Äëÿ êàòåãîðèé

Â1–Â4 ðàñ÷åò ñâîäèòñÿ ê îïðåäåëåíèþ ìàêñèìàëü-

íîé óäåëüíîé ïîæàðíîé íàãðóçêè â ïîìåùåíèè è ñðàâ-

íåíèþ åå ñî çíà÷åíèÿìè òàáë. Á.1 ïðèë. Á ÑÏ 12 [1].

Êàêèå-ëèáî ðàñ÷åòû ïî îïðåäåëåíèþ êàòåãîðèé Ã è Ä

îòñóòñòâóþò, à ïåðåõîä îò ïîæàðîîïàñíîé êàòåãîðèè

Â4 ê Ã âûïîëíÿåòñÿ óñëîâíî, åñëè óäåëüíàÿ ïîæàðíàÿ

íàãðóçêà â ïîìåùåíèè ñîñòàâèò ìåíåå 1 ÌÄæ/ì2.

Îäíàêî â ýòîì ñëó÷àå âîçíèêàåò âîïðîñ, à ìîæåò ëè â

ïîìåùåíèè êîòåëüíîé áûòü òàêàÿ ìàëàÿ íàãðóçêà?

Îòâåò îäíîçíà÷íûé: òàêàÿ íàãðóçêà ìàëîâåðîÿòíà.

Ïðèâåäåì ïðîñòîé ïðèìåð. Âîçüìåì ìèíèìàëüíî

äîïóñòèìóþ ïî ÑÏ 12 [1] ÿ÷åéêó ïîìåùåíèÿ êîòåëü-

íîé ïëîùàäüþ 10 ì2. Ïðåäñòàâèì, ÷òî â íåé ïî ïå-

ðèìåòðó ïðîëîæåí òðåõæèëüíûé êàáåëü ìàðêè ÂÂÃíã

ñå÷åíèåì 1,5 ì2, äëèíîé 14 ì, êîòîðûé áóäåò çàíè-

ìàòü íå áîëåå 2 % îáùåé ïëîùàäè ÿ÷åéêè. Ìàññà èçî-

ëÿöèè èç ïîëèâèíèëõëîðèäà (ÏÂÕ) çà âû÷åòîì ìàññû

ìåäíûõ æèë ñîñòàâèò 0,4 êã. Òîãäà ïîæàðíàÿ íàãðóçêà

(â ÌÄæ), ðàâíàÿ ïðîèçâåäåíèþ ìàññû èçîëÿöèè (â êã)

íà íèçøóþ òåïëîòó ñãîðàíèÿ ÏÂÕ, íå ðàñïðîñòðàíÿ-

þùåãî ãîðåíèå (22 ÌÄæ/êã), ñîñòàâèò 8,8 ÌÄæ, ÷òî

äëÿ ÿ÷åéêè 10 ì2 ñîçäàñò óäåëüíóþ ïîæàðíóþ íàãðóç-

êó 0,88 ÌÄæ/ì2. Â ïðèìåðå íå ó÷èòûâàëàñü ìàññà

èíûõ ãîðþ÷èõ ìàòåðèàëîâ, êîòîðûå ìîãëè íàõîäèòü-

ñÿ â ðàññìàòðèâàåìîé ÿ÷åéêå ïîìåùåíèÿ êîòåëüíîé

è óâåëè÷èòü ïîæàðíóþ íàãðóçêó â íåé äî çíà÷åíèé,

ïðåâûøàþùèõ 1 ÌÄæ/ì2. Ñëåäîâàòåëüíî, ïðàêòè÷å-

ñêè äëÿ ëþáîãî ïîìåùåíèÿ êîòåëüíîé ïîæàðíàÿ íà-

ãðóçêà ñ ó÷åòîì âñåõ ãîðþ÷èõ ìàòåðèàëîâ ñîñòàâèò

áîëåå 1 ÌÄæ/ì2, ïîýòîìó ïî÷òè êàæäîå ïîìåùåíèå

êîòåëüíîé ìîæåò áûòü îòíåñåíî ê êàòåãîðèè Â1–Â4 ñ

êëàññîì ïîæàðîîïàñíîé çîíû Ï-IIa, ãäå ðàñïîëàãàþò-

ñÿ òâåðäûå ãîðþ÷èå âåùåñòâà (ñì. ñò. 18 ÔÇ-123 [2]).

Òàêîå ïîëîæåíèå äåë ïðèâåäåò ê çíà÷èòåëüíûì çà-

òðàòàì íà ïîêóïêó ïîæàðîçàùèùåííîãî (IP) îáîðóäî-

âàíèÿ è ê óäîðîæàíèþ ìîíòàæíûõ ðàáîò.

Óêàçàííûå âûøå íåîïðåäåëåííîñòè â îöåíêå êàòåãî-

ðèè ïîìåùåíèÿ (çäàíèÿ) ãàçîâîé êîòåëüíîé òðåáóþò

âíåñåíèÿ èçìåíåíèé è ïîÿñíåíèé â äåéñòâóþùèå

íîðìàòèâíûå äîêóìåíòû ïî ñòðîèòåëüñòâó è ïîæàð-

íîé áåçîïàñíîñòè. Äî âíåñåíèÿ òàêèõ èçìåíåíèé àâ-

òîð ñòàòüè îñòàíåòñÿ ñòîðîííèêîì òîãî, ÷òî ãàçîâàÿ

êîòåëüíàÿ ïî ïîæàðíîé è âçðûâîïîæàðíîé îïàñíîñòè

äîëæíà îòíîñèòüñÿ ê êàòåãîðèè Ã áåç íàëè÷èÿ â íåé

âçðûâîïîæàðîîïàñíûõ çîí. Âåäü íåäàðîì ï. 7.3.43

Ïðàâèë óñòðîéñòâà ýëåêòðîóñòàíîâîê (ÏÓÝ) [4] óêàçû-

âàåò íà òî, ÷òî çîíû â ïîìåùåíèÿõ, â êîòîðûõ ãàçî-

îáðàçíûå ãîðþ÷èå âåùåñòâà ñæèãàþòñÿ â êà÷åñòâå

òîïëèâà, íå îòíîñÿòñÿ â ÷àñòè èõ ýëåêòðîîáîðóäîâà-

íèÿ ê âçðûâîîïàñíûì (çà èñêëþ÷åíèåì ïîìåùåíèé

îòîïèòåëüíûõ êîòåëüíûõ, âñòðîåííûõ â çäàíèå).
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE

AND EXPLOSION SAFETY” ñòàòüè äîëæíû ñîäåðæàòü ðåçóëüòàòû íà-

ó÷íûõ èññëåäîâàíèé è èñïûòàíèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ

óñòðîéñòâ è ïðîãðàììíî-èíôîðìàöèîííûõ ïðîäóêòîâ; îáçîðû,

êîììåíòàðèè ê íîðìàòèâíî-òåõíè÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå

ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ

èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

÷åòêî îáîçíà÷åííûå ïîäðàçäåëû Ââåäåíèå (Introduction), Öåëè è çà-

äà÷è (Aims and Purposes), Ìåòîäû (Methods), Ðåçóëüòàòû (Results),

Îáñóæäåíèå (Discussion), Çàêëþ÷åíèå (âûâîäû) (Conclusions).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ñëåäóåò âêëþ÷àòü ñõåìû, òàáëèöû, èëëþ-

ñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåííûå â

ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.6. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷êó ñ çàïÿ-

òîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü òåðìèíû

îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.), íå ÿâëÿ-

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

óïîòðåáëåíèÿ ñëîâ “and” (è), “of” (ïðåäëîã, óêàçûâàþùèé íà ïðè-

íàäëåæíîñòü), àðòèêëåé “a”, “the” è ò. ï.
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2.7. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:
� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;
� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;
� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:
� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);
� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;
� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);
� âûõîäíûå äàííûå;
� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: D. N. Sokolov, L. P. Vogman, V. A. Zuykov. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

4. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

âñå âîïðîñû è çàìå÷àíèÿ ðåöåíçåíòà. Íåñâîåâðåìåííûé, à òàêæå

íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòî-

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå÷àíèé ðåöåíçåíòîâ è íàó÷íûõ

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

5. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâî-

áåçîïàñíîñòü / Fire and Explosion Safety”, ñîãëàñíû ñ óñëîâèÿìè

ïóáëèêàöèè èëè îòêëîíåíèÿ ðóêîïèñè, à òàêæå ñ ïðàâèëàìè åå

îôîðìëåíèÿ!
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