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ÏÎÒÅÍÖÈÀË ÏÎÄÐÀÇÄÅËÅÍÈÉ ÏÎÆÀÐÍÎ-
ÑÏÀÑÀÒÅËÜÍÎÃÎ ÃÀÐÍÈÇÎÍÀ Â ÓÑËÎÂÈßÕ
ÝÊÑÒÐÅÌÀËÜÍÎ ÍÈÇÊÈÕ ÒÅÌÏÅÐÀÒÓÐ

Ðàññìîòðåíà ïðîáëåìàòèêà òóøåíèÿ ïîæàðîâ â óñëîâèÿõ íèçêèõ òåìïåðàòóð. Îáîçíà÷åíû àêòó-
àëüíûå ïðîáëåìû ïðè òóøåíèè êðóïíûõ ïîæàðîâ â òàêèõ óñëîâèÿõ. Îïðåäåëåíî, ÷òî íàèáîëåå
óÿçâèìûìè ýëåìåíòàìè ñèñòåìû òóøåíèÿ ïîæàðà ïðè íèçêèõ òåìïåðàòóðàõ ÿâëÿþòñÿ íàïîðíàÿ
ðóêàâíàÿ ëèíèÿ è ïîæàðíûé àâòîìîáèëü. Ïðèâåäåíû ðåçóëüòàòû ïîëèãîííûõ èññëåäîâàíèé ïî
îïðåäåëåíèþ èíòåíñèâíîñòè îáëåäåíåíèÿ ðóêàâíûõ ëèíèé è ðóêàâíîé àðìàòóðû. Ïðåäñòàâëåíà
ìåòîäèêà îöåíêè ðàáîòîñïîñîáíîñòè íàïîðíûõ ðóêàâíûõ ëèíèé â óñëîâèÿõ íèçêèõ òåìïåðàòóð,
ïðèìåíÿåìûõ â òóøåíèè ïîæàðà ñîãëàñíî ðàñïèñàíèþ âûåçäà. Äàíà ìàòåìàòè÷åñêàÿ ìîäåëü
îïðåäåëåíèÿ òàêòè÷åñêîãî ïîòåíöèàëà ïîäðàçäåëåíèé ïîæàðíî-ñïàñàòåëüíîãî ãàðíèçîíà ïðè
òóøåíèè ïîæàðîâ â óñëîâèÿõ íèçêèõ òåìïåðàòóð.
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Ïîä òàêòè÷åñêèì ïîòåíöèàëîì ïîäðàçäåëåíèé ïî-
æàðíî-ñïàñàòåëüíîãî ãàðíèçîíà ïîäðàçóìåâàåòñÿ èõ
ñïîñîáíîñòü âûïîëíÿòü ìàêñèìàëüíûé îáúåì ðàáîò
ïî òóøåíèþ ïîæàðîâ èëè ëèêâèäàöèè ÷ðåçâû÷àé-
íûõ ñèòóàöèé. Òàêòè÷åñêèé ïîòåíöèàë ïîäðàçäåëå-
íèé çàâèñèò îò òàêòèêî-òåõíè÷åñêèõ õàðàêòåðèñòèê
ìîáèëüíîé òåõíèêè, êîòîðàÿ ñòîèò íà èõ âîîðóæå-
íèè, ÷èñëåííîñòè è òàêòè÷åñêîé ïîäãîòîâêè áîåâûõ
ðàñ÷åòîâ, ñëàæåííîñòè äåéñòâèé ïîäðàçäåëåíèé, îïå-
ðàòèâíî-òàêòè÷åñêèõ îñîáåííîñòåé îáúåêòà çàùè-
òû. Ïîìèìî ýòîãî, ñóùåñòâóåò åùå öåëûé ðÿä ôàê-
òîðîâ, âëèÿþùèõ íà òàêòè÷åñêèé ïîòåíöèàë ïîä-
ðàçäåëåíèé [1, 2].

Ñëåäóåò ó÷èòûâàòü, ÷òî çíà÷èòåëüíàÿ ÷àñòü òåð-
ðèòîðèè Ðîññèè (áîëåå 85 %) íàõîäèòñÿ â õîëîäíûõ
êëèìàòè÷åñêèõ ðàéîíàõ. Íà ýòîé òåððèòîðèè ïðî-
æèâàåò ïî÷òè 35 % íàñåëåíèÿ ñòðàíû, ðàñïîëîæåíî
çíà÷èòåëüíîå êîëè÷åñòâî êðèòè÷åñêè âàæíûõ îáú-
åêòîâ ýêîíîìèêè, íàõîäÿòñÿ îñíîâíûå ðåñóðñíûå
çàïàñû [3].

Äëÿ ýòèõ òåððèòîðèé õàðàêòåðåí ñóðîâûé êëè-
ìàò, îñîáåííî â çèìíèé ïåðèîä ãîäà. Òåìïåðàòóðà
îêðóæàþùåé ñðåäû ïîðîé çíà÷èòåëüíî îòêëîíÿåò-
ñÿ îò îáû÷íûõ ñðåäíèõ çíà÷åíèé äëÿ äàííîé ìåñò-
íîñòè, äîñòèãàÿ ìèíóñ 40, ìèíóñ 50 è äàæå ìèíóñ
60 °Ñ. Òàêàÿ àíîìàëüíî õîëîäíàÿ ïîãîäà ñ ýêñòðå-
ìàëüíî íèçêèìè òåìïåðàòóðàìè îêðóæàþùåé ñðå-
äû îòíîñèòñÿ ê îïàñíûì ïðèðîäíûì ÿâëåíèÿì è õà-
ðàêòåðíà íå òîëüêî äëÿ Ðîññèè [3–5].

Â ðåçóëüòàòå ýòîãî ìîãóò ðàçâèâàòüñÿ ÷ðåçâû-
÷àéíûå ñèòóàöèè (×Ñ) ðàçëè÷íîãî õàðàêòåðà. Ýòî
ïðåæäå âñåãî âûõîä èç ñòðîÿ îáúåêòîâ, ãåíåðèðóþ-
ùèõ ýëåêòðè÷åñêóþ ýíåðãèþ è òåïëî, ÷òî â óñëîâè-
ÿõ íèçêèõ òåìïåðàòóð ìîæåò ïðèâåñòè ê ×Ñ, ñâÿçàí-
íîé ñ ïðÿìîé óãðîçîé æèçíåäåÿòåëüíîñòè ëþäåé.
Îäíàêî íàèáîëåå ñëîæíûå ïîñëåäñòâèÿ ìîãóò âîç-
íèêàòü, êîãäà äâà òàêèõ ñîáûòèÿ, êàê ïîæàð è ýêñ-
òðåìàëüíî íèçêèå òåìïåðàòóðû îêðóæàþùåé ñðåäû,
ïðîèñõîäÿò îäíîâðåìåííî [6].
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Ñî÷åòàíèå ýòèõ äâóõ ñîáûòèé íà îáúåêòàõ ýêî-
íîìèêè ìîæåò ñîïðîâîæäàòüñÿ òÿæåëûìè ïîñëåä-
ñòâèÿìè. Â ýòîì ñëó÷àå ñòåïåíü çàùèòû îáúåêòà îò
óãðîçû ðàçâèòèÿ ïîæàðà äî êðóïíûõ ðàçìåðîâ âî
ìíîãîì áóäåò çàâèñåòü îò ýôôåêòèâíîñòè äåéñòâèé
îïåðàòèâíûõ ñëóæá ïîæàðîòóøåíèÿ, êîòîðàÿ îïðå-
äåëÿåòñÿ óðîâíåì ïîäãîòîâêè ëè÷íîãî ñîñòàâà, îñíà-
ùåííîñòüþ òåõíèêîé, à òàêæå ñòåïåíüþ âëèÿíèÿ
êëèìàòè÷åñêèõ ôàêòîðîâ íà ìîáèëüíûå ñðåäñòâà òó-
øåíèÿ ïîæàðîâ [7–9].

Íà îñíîâàíèè àíàëèçà áîëåå 4000 êðóïíûõ ïî-
æàðîâ, ïðîèñøåäøèõ â Ðîññèè ñ 1985 ïî 2015 ãã.,
áûëî óñòàíîâëåíî, ÷òî íàèáîëüøåå êîëè÷åñòâî òà-
êèõ ïîæàðîâ ïðèõîäèòñÿ íà çèìíèé ïåðèîä ãîäà â
õîëîäíûõ êëèìàòè÷åñêèõ ðàéîíàõ (62 % êðóïíûõ
ïîæàðîâ îò èõ îáùåãî ÷èñëà çà çèìó). Ýòî ñâèäåòåëü-
ñòâóåò î íàïðÿæåííîé îïåðàòèâíîé îáñòàíîâêå â ýòîò
ïåðèîä. Ñðåäíÿÿ ïðîäîëæèòåëüíîñòü òóøåíèÿ òà-
êèõ ïîæàðîâ çàâèñèò îò òåìïåðàòóðû îêðóæàþùåé
ñðåäû. Òàê, â ñðåäíåì òóøåíèå êðóïíîãî ïîæàðà,
ïðîèñøåäøåãî çèìîé â Ðîññèè, çàíèìàåò 4,7 ÷, ïðè
òåìïåðàòóðå îò ìèíóñ 40 äî ìèíóñ 50 °Ñ — ïî÷òè
6 ÷, íèæå ìèíóñ 50 °Ñ — 7,5 ÷ [7, 10].

Ñëîæíûå ìåòåîðîëîãè÷åñêèå óñëîâèÿ êðàéíå íå-
ãàòèâíî âëèÿþò íà ìîáèëüíûå ñðåäñòâà ïîæàðîòó-
øåíèÿ, çà÷àñòóþ ïðèâîäÿ ê îòêàçàì â ðàáîòå òåõíè-
êè. Äëÿ àíàëèçà îòêàçîâ ïîæàðíîé òåõíèêè áûëî èñ-
ñëåäîâàíî 993 êðóïíûõ ïîæàðà. Óñòàíîâëåíî, ÷òî
ïðè òóøåíèè 129 ïîæàðîâ (13 % îò èõ îáùåãî ÷èñëà
çà çèìó) îòêàçû ìîáèëüíûõ ñðåäñòâ ïîæàðîòóøåíèÿ
áûëè îáóñëîâëåíû âîçäåéñòâèåì íèçêèõ òåìïåðà-
òóð âîçäóõà [11, 12].

Êàê ïðàâèëî, â ðåçóëüòàòå îòêàçà âîçíèêàëà ïðîá-
ëåìà, ñâÿçàííàÿ ñ ïîäà÷åé îãíåòóøàùèõ âåùåñòâ
(ÎÒÂ), ÷òî îñëîæíÿëî òóøåíèå ïîæàðà, è îí ðàçðàñ-
òàëñÿ äî êðóïíûõ ðàçìåðîâ. Ñòàòèñòè÷åñêàÿ îáðà-
áîòêà ñîáðàííûõ äàííûõ ïîçâîëèëà óñòàíîâèòü, ÷òî
íàèáîëåå óÿçâèìûìè ýëåìåíòàìè ïðè âîçäåéñòâèè
íèçêèõ òåìïåðàòóð ÿâëÿþòñÿ íàïîðíàÿ ðóêàâíàÿ
ëèíèÿ (37,2 % îòêàçîâ) è ïîæàðíûé àâòîìîáèëü
(42,6 % îòêàçîâ).

Ïðè äëèòåëüíîé ïîäà÷å âîäû ïî ðóêàâíûì ëè-
íèÿì â óñëîâèÿõ íèçêèõ òåìïåðàòóð ïðîèñõîäèò åå
çàìåðçàíèå âíóòðè ðóêàâîâ. Ñêîðîñòü ôîðìèðîâàíèÿ
ëüäà çàâèñèò îò äèàìåòðà ðóêàâîâ, ñêîðîñòè äâèæå-
íèÿ âîäû, åå òåìïåðàòóðû, à òàêæå îò òåìïåðàòóðû
îêðóæàþùåé ñðåäû [13, 14]. Âîçíèêàåò ñèòóàöèÿ,
êîãäà ïîäà÷à âîäû íà òóøåíèå ïîæàðà ñ òå÷åíèåì
âðåìåíè óìåíüøàåòñÿ è èç-çà âëèÿíèÿ êëèìàòè÷å-
ñêèõ ôàêòîðîâ íå ïðåäñòàâëÿåòñÿ âîçìîæíûì èñ-
ïîëüçîâàòü òàêòè÷åñêèé ïîòåíöèàë ïîäðàçäåëåíèé
ïîæàðíî-ñïàñàòåëüíîãî ãàðíèçîíà. Â ýòîì ñëó÷àå
ïîæàð ñâîáîäíî ðàçâèâàåòñÿ è ïðèîáðåòàåò êðóï-
íûå ðàçìåðû. Â êà÷åñòâå ïðèìåðà ìîæíî ïðèâåñòè
ïîæàð, ïðîèñøåäøèé â ÿíâàðå 2001 ã. â öåíòðàëü-
íîì óíèâåðìàãå ã. Íîâîñèáèðñêà.

Ïîæàð ðàçâèâàëñÿ ïðè òåìïåðàòóðå îêðóæàþùå-
ãî âîçäóõà ìèíóñ 43 °Ñ. Åìó áûëà ïðèñâîåíà 4-ÿ êà-
òåãîðèÿ ñëîæíîñòè, ïîýòîìó íà åãî òóøåíèå áûëè
çàäåéñòâîâàíû âñå ïîæàðíûå ÷àñòè ãîðîäà. Îäíàêî
íåãàòèâíîå âëèÿíèå íèçêèõ òåìïåðàòóð âîçäóõà íå ïî-
çâîëèëî ïîëíîñòüþ ðåàëèçîâàòü òàêòè÷åñêèé ïî-
òåíöèàë ãàðíèçîíà ïîæàðíîé îõðàíû. Â ðåçóëüòàòå
ïîæàð ïðèîáðåë êðóïíûå ðàçìåðû, è çäàíèå öåíò-
ðàëüíîãî óíèâåðìàãà âûãîðåëî ïî÷òè ïîëíîñòüþ.

Ïðè òàêîé ñèòóàöèè îïðåäåëÿþùèì óñëîâèåì
äëÿ óñïåøíîé áîðüáû ñ ïîæàðîì ÿâëÿåòñÿ âîçìîæ-
íîñòü ñîñðåäîòî÷èòü äîñòàòî÷íîå êîëè÷åñòâî ñèë è
ñðåäñòâ äëÿ îáåñïå÷åíèÿ ïîäà÷è (ðàñõîäà) îãíåòó-
øàùèõ âåùåñòâ Qô (ë�ñ) â áóëüøèõ êîëè÷åñòâàõ,
÷åì òðåáóåòñÿ äëÿ ëîêàëèçàöèè ïîæàðà Qòð (ë�ñ):

Qòð = Jòð Sò, (1)

ãäå Jòð — òðåáóåìàÿ äëÿ òóøåíèÿ èíòåíñèâíîñòü
ïîäà÷è îãíåòóøàùèõ âåùåñòâ, ë�(ì2·ñ);
Sò — ïëîùàäü òóøåíèÿ, ì2 [15].
Ðåàëèçàöèþ ýòîãî óñëîâèÿ îáåñïå÷èâàþò ñèëû è

ñðåäñòâà ïîæàðíîé îõðàíû ñ ïîìîùüþ ìîáèëüíûõ
ñðåäñòâ ïîæàðîòóøåíèÿ. Òàê êàê äëÿ ëþáîãî çíà÷è-
òåëüíîãî îáúåêòà ýêîíîìèêè ñóùåñòâóåò ðàñïèñà-
íèå âûåçäà ïîäðàçäåëåíèé ãàðíèçîíà, ãäå ïðîïèñû-
âàþòñÿ âðåìÿ ïðèáûòèÿ è âèäû ïîæàðíûõ àâòîìî-
áèëåé (àâòîöèñòåðíà, íàñîñ, àâòîëåñòíèöà è ò. ä.),
òî ìîæíî çàðàíåå ñïðîãíîçèðîâàòü ñèëû è ñðåäñòâà,
êîòîðûå íóæíû äëÿ ëèêâèäàöèè ïîæàðà. Ïðè ýòîì
íåîáõîäèìî ðåøèòü çàäà÷ó ïî îöåíêå ðàáîòîñïî-
ñîáíîñòè íàñîñíî-ðóêàâíûõ ñèñòåì ïîæàðíûõ àâ-
òîìîáèëåé (ÍÐÑ ÏÀ) â óñëîâèÿõ âîçäåéñòâèÿ íèç-
êèõ òåìïåðàòóð è ïî ðåçóëüòàòàì îöåíêè äàòü îá-
ùèé ïðîãíîç íà âåðîÿòíîñòü óñïåøíîãî òóøåíèÿ
ïîæàðà.

Ïðè ýòîì ñëåäóåò ó÷èòûâàòü, ÷òî îäíîâðåìåííî
ìîãóò ôóíêöèîíèðîâàòü ÍÐÑ ÏÀ, êîòîðûå ðàáîòà-
þò è â øòàòíîì ðåæèìå, è â ðåæèìå îáëåäåíåíèÿ.

Òàê, äëÿ òóøåíèÿ ïîæàðà ìîæåò áûòü çàäåéñòâî-
âàíî N íàñîñíî-ðóêàâíûõ ñèñòåì ïîæàðíûõ àâòî-
ìîáèëåé:

N = Nð.øò + Nð.îáë, (2)

ãäå Nð.øò — îáùåå ÷èñëî ÍÐÑ ÏÀ, ðàáîòàþùèõ â
øòàòíîì ðåæèìå;

N Ni

i

m

ð. ;øò �
�
�

1

(3)

Nð.îáë — ÷èñëî ÍÐÑ ÏÀ, ðàáîòàþùèõ â ðåæèìå
îáëåäåíåíèÿ;

N Nj

j

n

ð.îáë �
�
�

1

; (4)

i, j — èíäåêñû, ñîîòâåòñòâóþùèå øòàòíîìó ðå-
æèìó ðàáîòû ÍÐÑ ÏÀ è ðåæèìó îáëåäåíåíèÿ.
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Âàæíî îöåíèòü, êàêîâà áóäåò ôàêòè÷åñêàÿ ïî-
äà÷à îãíåòóøàùèõ âåùåñòâ íà òóøåíèå. Ïðåäâàðè-
òåëüíîå ïëàíèðîâàíèå ñèë è ñðåäñòâ ïîçâîëÿåò îïðå-
äåëèòü, êàêîå ÷èñëî ñòâîëîâ áóäåò ïîäàíî íà òóøå-
íèå, è, ñîîòâåòñòâåííî, êàêîå êîëè÷åñòâî îãíåòóøà-
ùèõ âåùåñòâ.

Òàê, ôàêòè÷åñêàÿ ïîäà÷à ÎÒÂ ïîñðåäñòâîì ÍÐÑ
ÏÀ, ðàáîòàþùåé â øòàòíîì ðåæèìå, áóäåò îïðåäå-
ëÿòüñÿ êàê:

Q Qi

i

N

ð.øò
ô

ð.øò

�
�
�

1

, (5)

ãäå Qi — íîìèíàëüíàÿ ïîäà÷à ÎÒÂ, ë�ñ.
Íåîáõîäèìî ó÷åñòü ïîäà÷ó ÎÒÂ ÷åðåç ÍÐÑ ÏÀ,

ðàáîòàþùóþ â ðåæèìå îáëåäåíåíèÿ, ïðè÷åì ïîäà-
÷à ñ òå÷åíèåì âðåìåíè áóäåò óìåíüøàòüñÿ èç-çà îá-
ëåäåíåíèÿ ðóêàâíîé ëèíèè. Ñ ó÷åòîì ýòîãî çàïèøåì
ñëåäóþùåå âûðàæåíèå:

Q Q j

j

N

ð.îáë
ô

í

ðàáð.îáë
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�
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�
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� , (6)

ãäå Qíj — ïîäà÷à îãíåòóøàùèõ âåùåñòâ ÷åðåç ÍÐÑ
ÏÀ, ðàáîòàþùóþ â ðåæèìå îáëåäåíåíèÿ, â ìî-
ìåíò íà÷àëà ðàáîòû, ë�ñ;
�ðàá — âðåìÿ, â òå÷åíèå êîòîðîãî ðàáîòàåò ÍÐÑ
ÏÀ, ñ.
Ôàêòè÷åñêèé ðàñõîä îãíåòóøàùèõ âåùåñòâ áó-

äåò îïðåäåëÿòüñÿ êàê:

Q Q Qô
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(7)

Ïðåîáðàçîâàâ âûðàæåíèå (7) ñ ó÷åòîì ñêîðîñòè
èçìåíåíèÿ ðàñõîäà âîäû â ÍÐÑ ÏÀ, ðàáîòàþùåé
â ðåæèìå îáëåäåíåíèÿ, ïîëó÷àåì çàâèñèìîñòü äëÿ
îöåíêè îáùåãî ôàêòè÷åñêîãî ðàñõîäà îãíåòóøàùèõ

âåùåñòâ, ïîäàâàåìûõ íà òóøåíèå ïîæàðà â óñëîâè-
ÿõ íèçêèõ òåìïåðàòóð:

Q Q Qi
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� , (8)

ãäå ! — ñêîðîñòü èçìåíåíèÿ ðàñõîäà âîäû â ðóêàâ-
íîé ëèíèè;

!
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1 1 1

2

1 1

2
. (9)

Äëÿ îöåíêè ñêîðîñòè èçìåíåíèÿ ðàñõîäà âîäû â
ðóêàâíûõ íàïîðíûõ ëèíèÿõ íåîáõîäèìî áûëî èñ-
ñëåäîâàòü ïðîöåññû, ïðîèñõîäÿùèå â íèõ ïîä âîç-
äåéñòâèåì íèçêèõ òåìïåðàòóð. Äëÿ ýòîãî ñëåäîâàëî
óñòàíîâèòü, êàê èçìåíÿåòñÿ òåìïåðàòóðà ïðîòåêà-
þùåé ïî ðóêàâíîé ëèíèè âîäû ïîä âîçäåéñòâèåì
íèçêèõ òåìïåðàòóð âîçäóõà, êàêîâà èíòåíñèâíîñòü
îõëàæäåíèÿ è îò êàêèõ ïàðàìåòðîâ îíà çàâèñèò.

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ áûë ðàçðàáîòàí
èçìåðèòåëüíûé êîìïëåêñ, ïîçâîëÿþùèé îïðåäåëÿòü
òåìïåðàòóðó âîäû â âîäîåìå, ïðè âõîäå è âûõîäå èç
íàñîñà è ïî äëèíå ðóêàâíîé ëèíèè; íàïîð íà ñòâîëå;
âðåìÿ.

Äëÿ êîíòðîëÿ òåìïåðàòóðû âîäû èñïîëüçóþòñÿ
ìåäüêîíñòàíòàíîâûå òåðìîïàðû, êîòîðûå ðàçìåùà-
þòñÿ ïî ñå÷åíèþ ðóêàâà è ÷åðåç êîìïåíñàöèîííûå
ïðîâîäà è ìíîãîïîçèöèîííûé ïåðåêëþ÷àòåëü âûâî-
äÿòñÿ íà öèôðîâîé âîëüòìåòð Ô-283. Íóëåâûå ïðî-
âîäà òåðìîïàð óñòàíàâëèâàþòñÿ â èçîëèðîâàííûé
òåðìîñ ñî ëüäîì è âîäîé. Ïðèáîðû ïîäêëþ÷àþòñÿ ê
ïðîìûøëåííîé ñåòè íàïðÿæåíèåì 220 Â ñ ïîìîùüþ
êàáåëÿ. Ñõåìà ïðèìåíåíèÿ êîìïëåêñà ïðèâåäåíà íà
ðèñ. 1.

Äëÿ ýêñïåðèìåíòà èñïîëüçîâàëèñü ïðîðåçèíåí-
íûå ðóêàâà äèàìåòðîì 65 ìì äëÿ ðàáî÷åé ðóêàâíîé

Ðèñ. 1. Ñõåìà ðóêàâíîé ëèíèè è èçìåðè-
òåëüíîãî êîìïëåêñà äëÿ îïðåäåëåíèÿ èí-
òåíñèâíîñòè îõëàæäåíèÿ âîäû ïî äëèíå
ëèíèè: 1 — âîëüòìåòð öèôðîâîé; 2 — ïåðå-
êëþ÷àòåëü ìíîãîïîçèöèîííûé; 3 — òåðìîñ
ñ âîäîé è ëüäîì; 4 — êîíòàêòíûå ïðîâîäà
òåðìîïàð; 5 — àíåìîìåòð ÷àøå÷íûé; 6 —
ñòâîë-ðàñõîäîìåð; Ò1–Ò6 — òåðìîïàðû



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 1264

ÏÎÆÀÐÍÀß ÒÅÕÍÈÊÀ

ëèíèè è ðóêàâà äèàìåòðîì 80 ìì — äëÿ ìàãèñòðàëü-
íîé. Äëèíà ðàáî÷åé ðóêàâíîé ëèíèè ñîñòàâëÿëà
äâà ðóêàâà, ïðè ýòîì çà äëèíó ìàãèñòðàëüíîé ëèíèè
ïðèíèìàëîñü ðàññòîÿíèå îò ïîæàðíîãî àâòîìîáèëÿ
äî òî÷êè îõëàæäåíèÿ âîäû äî 0 °Ñ.

Èçìåðèòåëüíàÿ àïïàðàòóðà ðàçìåùàëàñü ñîãëàñ-
íî ñõåìå, ïîêàçàííîé íà ðèñ. 1. Îò ðàçâåòâëåíèÿ ðà-
áîòàëî äâà ñòâîëà-ðàñõîäîìåðà — ÐÑ-50 è ÐÑ-70.
Ýêñïåðèìåíò ïðîâîäèëñÿ ïðè òåìïåðàòóðå âîçäóõà
tâîçä = –31 °Ñ è ñêîðîñòè âåòðà vâåò = 0,5 ì�ñ. Ïðè
ýòîì ïîñòîÿííî ôèêñèðîâàëèñü òåìïåðàòóðà âîäû,
íàïîð íà íàñîñå è â ñòâîëàõ, âðåìÿ. Íàïîð íà íàñîñå
ÏÀ ïîääåðæèâàëñÿ ïîñòîÿííûì. Íà ñòâîëàõ-ðàñõî-
äîìåðàõ â êàæäûé êîíòðîëèðóåìûé ìîìåíò âðåìåíè
âûïîëíÿëîñü íå ìåíåå òðåõ çàìåðîâ.

Â ðåçóëüòàòå ýêñïåðèìåíòà ïîëó÷åíû äàííûå,
ïðèâåäåííûå â òàáëèöå è íà ðèñ. 2.

Ïðè ïðîâåäåíèè ýêñïåðèìåíòà íàáëþäàëàñü ñëå-
äóþùàÿ êàðòèíà. Çàáèðàåìàÿ èç âîäîåìà âîäà ñ òåì-
ïåðàòóðîé 0,4 °Ñ, ïðîõîäÿ âñàñûâàþùóþ ëèíèþ,
îõëàæäàëàñü äî òåìïåðàòóðû, áëèçêîé ê 0 °Ñ. Â íà-
ñîñå ÏÀ ïðîèñõîäèëî ïðèðàùåíèå òåìïåðàòóðû âîäû
íà 0,38…0,41 °Ñ, ïîñëå ÷åãî îíà ïîñòóïàëà â ìàãè-
ñòðàëüíóþ ëèíèþ. Ïî ìåðå ïðîäâèæåíèÿ ïî ëèíèè
âîäà ñíîâà îõëàæäàëàñü äî 0 °Ñ. Çàòåì øåë ó÷àñòîê
ïåðåîõëàæäåíèÿ ïîòîêà âîäû, è íà ïîñëåäíåì ðó-
êàâå ìàãèñòðàëüíîé ëèíèè ïåðåä ðàçâåòâëåíèåì íà
ðóêàâíîé àðìàòóðå ïîÿâëÿëîñü îáëåäåíåíèå. Ïî ìå-
ðå óäàëåíèÿ îò îáëàñòè ïåðåîõëàæäåíèÿ èíòåíñèâ-
íîñòü îáëåäåíåíèÿ óñèëèâàëàñü. Ôîðìèðóþùèéñÿ
ñëîé ëüäà ïðèâîäèë ê ïîÿâëåíèþ â ëèíèè äîïîëíè-
òåëüíûõ ñîïðîòèâëåíèé, ÷òî îïðåäåëÿëî óìåíüøå-
íèå íàïîðà íà ñòâîëàõ, êîòîðîå ñ òå÷åíèåì âðåìåíè
óñèëèâàëîñü (ñì. ðèñ. 2).

Çà âðåìÿ ýêñïåðèìåíòà, äëèâøåãîñÿ 3,5 ÷, íàïîð
íà ñòâîëå PC-70 óìåíüøèëñÿ íà 42 %, íà ñòâîëå ÐÑ-50
— íà 60 %. Ñîîòâåòñòâåííî, çíà÷èòåëüíî ñíèçèëñÿ
è ðàñõîä ïîäàâàåìîé âîäû (ñì. òàáëèöó).

Ïîñëå 3,5 ÷ ðàáîòû íàñîñ áûë îñòàíîâëåí, è âñå
ðóêàâà îäíîâðåìåííî ðàçúåäèíåíû. Ðóêàâà, íàõîäèâ-
øèåñÿ â ìàãèñòðàëüíîé ëèíèè è íå ïîïàâøèå â îá-

ëàñòü îáëåäåíåíèÿ, áûëè áåç òðóäà ðàçúåäèíåíû è
ïîñëå ñëèâà âîäû óáðàíû â ñêàòêè. Òå æå ðóêàâà, êî-
òîðûå íàõîäèëèñü â ðàáî÷èõ ëèíèÿõ è ïîäâåðãëèñü
îáëåäåíåíèþ, ðàçúåäèíèòü óäàëîñü ñ áîëüøèì òðó-
äîì. Ñáîðêå îíè íå ïîäëåæàëè, è èõ ïðèøëîñü äî-
ñòàâëÿòü â ÷àñòü íà âîëîêóøå.

Íàèáîëåå çíà÷èòåëüíîå îáëåäåíåíèå íàáëþäà-
ëîñü íà ðóêàâíîé àðìàòóðå. Íà âûõîäå ê ðàáî÷åé ëè-
íèè ñî ñòâîëîì ÐÑ-70 åå âíóòðåííèé äèàìåòð óìåíü-
øèëñÿ ñ 58 äî 18 ìì, ñî ñòâîëîì ÐÑ-50 — ñ 42 äî
12 ìì (ðèñ. 3,à). Äèàìåòð âõîäíîãî îòâåðñòèÿ ðàç-
âåòâëåíèÿ ñîêðàòèëñÿ ñ 70 äî 30 ìì (ðèñ. 3,á).

Ïðîâåäåííûé ýêñïåðèìåíò ïîçâîëèë îöåíèòü èç-
ìåíåíèå ãèäðàâëè÷åñêèõ ïàðàìåòðîâ ðóêàâíîé ëè-
íèè â ðåçóëüòàòå îáëåäåíåíèÿ. Êðîìå òîãî, áûëî ïðî-
âåäåíî ñîïîñòàâëåíèå ýêñïåðèìåíòàëüíûõ è ðàñ÷åò-
íûõ äàííûõ (ñì. ðèñ. 2).

Âðåìÿ
ðàáîòû,

ìèí

Ðàñõîä ÎÒÂ, ë�ñ, â ñòâîëå

ÐÑ-70 ÐÑ-50

Ýêñïåðèìåíò Ðàñ÷åò Ýêñïåðèìåíò Ðàñ÷åò

30 6,3 6,16 2,9 2,89

70 6,1 6,03 2,8 2,79

90 5,8 5,96 2,5 2,73

125 5,5 5,85 2,4 2,62

150 5,4 5,73 2,2 2,48

180 5,3 5,60 2,1 2,31

210 4,7 5,30 1,6 2,00

Ðåçóëüòàòû ýêñïåðèìåíòà ïî îïðåäåëåíèþ òåìïåðàòóðû
âîäû â ÍÐÑ

Ðèñ. 3. Îáëåäåíåíèå ðóêàâíîé àðìàòóðû (à) è ðàçâåòâëåíèÿ
ÐÒ-80 (á) â óñëîâèÿõ íèçêèõ òåìïåðàòóð

Ðèñ. 2. Èçìåíåíèå íàïîðà íà ñòâîëàõ ÐÑ-70 (1, 1*) è ÐÑ-50
(2, 2*) ïðè îáëåäåíåíèè ëèíèè (tâîçä = –31 °Ñ; vâåò = 0,5 ì�ñ):
1, 2 — ýêñïåðèìåíò; 1*, 2* — ðàñ÷åò
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Äëÿ îöåíêè ïàðàìåòðîâ ðàáîòû ðóêàâíûõ ëèíèé
â ðåæèìå îáëåäåíåíèÿ áûëà ðàçðàáîòàíà ìàòåìàòè-
÷åñêàÿ ìîäåëü. Äèôôåðåíöèàëüíûå óðàâíåíèÿ áà-
ëàíñà òåïëà è äèôôåðåíöèàëüíîå óðàâíåíèå ãèä-
ðàâëèêè ñîñòàâëÿþò ñèñòåìó óðàâíåíèé. ×òîáû ýòó
ñèñòåìó ìîæíî áûëî èñïîëüçîâàòü íà ïðàêòèêå, äèô-
ôåðåíöèàëüíûå óðàâíåíèÿ áûëè çàìåíåíû ðàçíîñò-
íûìè:

t t f H r V x

H H f r V
i j ij ij ij n

i j ij ij n

�

�

� �
� �

1 1

1 3

( ; ; ) ;
( ; )

æ

æ

�
�x

r r f H t Vij ij ij ij n

;
( ; ; ) ,)� �� �

*

+
,

-, 1 2 1æ ( ��
(10)

ãäå ti – òåìïåðàòóðà âîäû íà ðàññìàòðèâàåìîì i-ì
ó÷àñòêå ðóêàâíîé ëèíèè, °Ñ;
Íi — íàïîð ïîòîêà íà ðàññìàòðèâàåìîì ó÷àñò-
êå, ì;
ri — âíóòðåííèé ðàäèóñ ðàññìàòðèâàåìîãî ó÷à-
ñòêà, ì;
Væn — îáúåìíûé ðàñõîä âîäû â ëèíèè, ì3�ñ.
Ðàñ÷åò ïðîâîäèëñÿ êàê ïî äëèíå ó÷àñòêà ìàãè-

ñòðàëüíîé ëèíèè, òàê è ïî äëèíå ó÷àñòêîâ ðàáî÷èõ
ëèíèé. Ãðàíè÷íûå óñëîâèÿ äëÿ ýòîãî áûëè ñëåäó-
þùèìè:
� äëÿ ó÷àñòêà ìàãèñòðàëüíîé ëèíèè:

� = 0; x = x0; t�x0 = t00; H�x0 = H00; r�x0 = r00;

t00 = t0 + .H; x0 = L0 + Lêð; r00 = ríà÷; (11)
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� äëÿ ó÷àñòêîâ ðàáî÷åé ëèíèè:

� = 0; xm = x0 + Lðàá; t�xm = ti + mj; H�xm = Hi + mj;

r�xm = r00; r00 = ríà÷; H AV BV Ñ00
2� � �æ æ ,

(12)

ãäå t00 — òåìïåðàòóðà âîäû íà ðàññìàòðèâàåìîì
ó÷àñòêå ðóêàâíîé ëèíèè;
Í00 — íàïîð íà ñòâîëå, ì;
r00 — ðàäèóñ ñâîáîäíîãî ñå÷åíèÿ, ì;
L0 — ó÷àñòîê ðóêàâíîé ëèíèè, íà êîòîðîì âîäà
îõëàæäàåòñÿ äî 0 °Ñ;
Lêð — äëèíà ðóêàâíîé ëèíèè, íà êîòîðîé áóäåò
îòäàíà òåïëîòà, íåîáõîäèìàÿ äëÿ îáðàçîâàíèÿ
ëüäà, ì;
ríà÷ — íà÷àëüíûé âíóòðåííèé ðàäèóñ ðàññìàò-
ðèâàåìîãî ó÷àñòêà, ì;
Ííàñ — íàïîð íà íàñîñå, ì;
S — ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå íàïîðíîãî
ðóêàâà äëèíîé 20 ì;
Z — ïåðåïàä âûñîò, ì;
õm — îáùàÿ äëèíà ðóêàâíîé ëèíèè, ì;
õ0 — ïðåäåëüíàÿ äëèíà ðóêàâíîé ëèíèè;
Lðàá — äëèíà ðàáî÷åé ëèíèè, ì;
A, B, C, . — îïûòíûå êîýôôèöèåíòû;
Væ — îáúåìíûé ðàñõîä âîäû â ëèíèè, ì3�ñ.
Â ðåçóëüòàòå ðåøåíèÿ ýòîé ñèñòåìû óðàâíåíèé

ìîæíî ïîëó÷èòü ñëåäóþùèå ôóíêöèè:

r = f (x; �); H = f (x; �); t = f (x; �). (13)

Îöåíèâàÿ ïîëó÷åííûå ðåçóëüòàòû (ñì. òàáëèöó,
ðèñ. 2), ìîæíî óòâåðæäàòü, ÷òî ìîäåëü àäåêâàòíî îïè-
ñûâàåò èññëåäóåìûé ïðîöåññ. Ñëåäîâàòåëüíî, èñ-
ïîëüçóÿ ìàòåìàòè÷åñêóþ ìîäåëü, ìîæíî ïðîãíîçè-
ðîâàòü ðàáîòîñïîñîáíîñòü êàæäîé íàñîñíî-ðóêàâíîé
ñèñòåìû ïîæàðíîãî àâòîìîáèëÿ è â öåëîì îïðåäå-
ëèòü òàêòè÷åñêèé ïîòåíöèàë ïîäðàçäåëåíèé ïîæàð-
íî-ñïàñàòåëüíîãî ãàðíèçîíà ïðè ðàáîòå â óñëîâèÿõ
ýêñòðåìàëüíî íèçêèõ òåìïåðàòóð.
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ABSTRACT

Extinguishing fires in low temperature conditions presents special challenges in view of the fact that
there are breakages of mobile fire extinguishing means, reduction of supply of fire extinguishing
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substances, owing to frosting of hose lines and fittings. Development of the fire to the large sizes in the
conditions of low temperatures will depend in many respects on level of training of staff, the equip-
ment technology, and also on extent of influence of climatic factors on mobile means of suppression of
the fires. There is a situation when water supply decreases by fire extinguishing over time, and
because of influence of a climatic factor it isn’t possible to use the tactical capacity of divisions of
rescue and fire fighting garrison. The results of a research directed to definition of intensity of frosting
of hose lines and hose fittings depending on various factors are presented in this article.
Methods. Measuring complexes which allowed to take water temperature in each point of pumping
and hose system of the fire truck developed by the staff of State Fire Academy of Emercom of Russia
were used for conducting pilot study.
Results. As a result of the conducted researches it was established that possibility of chilling of water
in the hose line and fittings depends on temperature of air, speed of wind, diameter and material of
a fire hose, a water consumption in the hose line. On the basis of the received results of researches
the mathematical model for assessment of parameters of work of hose lines in the frosting mode is
offered.
Research application field. The received results allow to estimate previously possibilities of fire-
fighters of divisions in case of suppression of the fires in the conditions of low temperatures.
Conclusion. As a result of the conducted researches the technique of assessment of operability of
the pressure head hose lines functioning in the conditions of low temperatures is formulated.

Keywords: extinguish fires; low temperatures; fire fighting equipment failure; tactical capacity of
divisions; hose lines frosting forecasting.

REFERENCES

1. Aleshkov M. V., Bezborodko M. D. Application of movable fire extinguishment means for protecting
nuclear power plants from large fires under extremely low temperature conditions. Pozhary i chrezvy-

chaynyye situatsii: predotvrashcheniye, likvidatsiya (Fire and Emergencies: Prevention, Elimination),
2014, no. 3, pp. 37–45 (in Russian).

2. Satin A. P., Ryzhenko A. A. Rationalization of methods of resources’ provision management of fire sa-
fety ensuring subsystems. Pozhary i chrezvychaynyye situatsii: predotvrashcheniye, likvidatsiya (Fire

and Emergencies: Prevention, Elimination), 2016, no. 2, pp. 81–86 (in Russian).
3. Makhutov N. A., Moskvichev V. V., Fomin V. M. Designing machinery for the Arctic: A problem of

socioeconomic development of Russia’s eastern regions. Herald of the Russian Academy of Sciences,
2015, vol. 85, no. 1, pp. 79–86. DOI: 10.1134�s1019331615010104.

4. Vilfand R. M., Vasilyev P. P., Lukyanov V. I., Golubev A. D. Methodical indications for the forecast

of a natural hazard — abnormally cold (abnormally hot) weather in the territory of Russia. Obninsk,
OAO “Fabrika ofsetnoy pechati” Publ., 2010. 13 p. (in Russian).

5. Brohan P., Kennedy J. J., Harris I., Tett S. F. B., Jones P. D. Uncertainty estimates in regional and global
observed temperature changes: A new data set from 1850. Journal of Geophysical Research, 2006,
vol. 111, issue D12. DOI: 10.1029�2005jd006548.

6. Akimov V. A., Molchanov V. P., Sokolov Yu. I. Risks of emergency situations in the Arctic zone of

the Russian Federation. Moscow, FGBU VNII GOChS (FTs) Publ., 2011. 300 p. (in Russian).
7. Aleshkov M. V. Peculiarities of extinguishing large-scale fires on the territory of the Russian Federation

under the external effect of hazardous natural phenomena. Pozharovzryvobezopasnost — Fire and

Explosion Safety, 2013, vol. 22, no. 5, pp. 59–64 (in Russian).
8. Pivovarov V. V. Improvement of the park of fire trucks of Russia. Moscow, All-Russian Research Insti-

tute for Fire Protection Publ., 2006. 194 p. (in Russian).
9. Satin A. P., Le Thanh Bin, Prus Yu. V. Forecasting of readiness of fire equipment based on the markov

model breakdowns and recovery. Tekhnologii tekhnosfernoy bezopasnosti. Internet-zhurnal (Techno-

logy of Technosphere Safety. Internet-Journal), 2012, no. 5(45). 11 p. (in Russian). Available at:
http:��agps-2006.narod.ru�ttb�2012-5�17-05-12.ttb.pdf (Accessed 10 September 2016).

10. Klimkin V. I. (ed.). Fire and fire safety in 2011. Statistical Book. Moscow, All-Russian Research Insti-
tute for Fire Protection Publ., 2012. 137 p. (in Russian).

11. Aleshkov M. V., Dvoenko O. V. Creation of the fire and rescue technics for work in extreme weather
conditions. Pozhary i chrezvychaynyye situatsii: predotvrashcheniye, likvidatsiya (Fire and Emergen-

cies: Prevention, Elimination), 2011, no. 4, pp. 4–10 (in Russian).



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 1268

ÏÎÆÀÐÍÀß ÒÅÕÍÈÊÀ

12. Semenov N. V. Operation of cars in the conditions of low temperatures. Moscow, Transport Publ.,
1993. 190 p. (in Russian).

13. Barahona D. Analysis of the effect of water activity on ice formation using a new thermodynamic
framework. Atmospheric Chemistry and Physics, 2014, vol. 14, issue 14, pp. 7665–7680. DOI:
10.5194�acp-14-7665-2014.

14. Keary A. C., Bowen R. J. Analytical study of the effect of natural convection on cryogenic pipe freezing.
International Journal of Heat and Mass Transfer, 1998, vol. 41, issue 10, pp. 1129–1138. DOI:
10.1016�s0017-9310(97)00269-x.

15. Terebnev V. V. Calculation of parameters of development and suppression of the fires (Methods, examples,

tasks). Yekaterinburg, Kalan Publ., 2011. 460 p. (in Russian).

For citation: Aleshkov M. V., Bezborodko M. D., Kopylov N. P., Dvoenko O. V. Factors that deter-
mine the tactical potential of departments of fire-rescue garrison in conditions of extremely low tem-
peratures. Pozharovzryvobezopasnost — Fire and Explosion Safety, 2016, vol. 25, no. 12, pp. 61–68.
DOI: 10.18322/PVB.2016.25.12.61-68.


