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ÐÅÇÞÌÅ

Ââåäåíèå. Â íàñòîÿùèé ìîìåíò ïîëîæåíèÿ íîðìàòèâíûõ äîêóìåíòîâ, ðåãëàìåíòèðóþùèõ ðàñ÷åòû âåëè÷èíû

ïîæàðíîãî ðèñêà, íóæäàþòñÿ â àêòóàëèçàöèè è óòî÷íåíèè â óçêîíàïðàâëåííûõ ïðîáëåìíûõ âîïðîñàõ.

Ìåòîäèêà. Ñóùåñòâóþùàÿ íîðìàòèâíàÿ áàçà ïðåäñòàâëåíà ïî áîëüøåé ÷àñòè âåäîìñòâåííûì ïðèêàçîì

Ì×Ñ Ðîññèè. Ïî ìåðå ðàçâèòèÿ òåõíîëîãèé ïîæàðîòóøåíèÿ è ïðîòèâîïîæàðíîãî íîðìèðîâàíèÿ, à òàêæå ðàñ-

÷åòíûõ ìåòîäîâ, ñïîñîáíûõ ñìîäåëèðîâàòü òó èëè èíóþ àâàðèéíóþ ñèòóàöèþ, ðàñøèðèëèñü âîçìîæíîñòè

îáîñíîâàíèÿ ðàçëè÷íûõ ñöåíàðèåâ ðàçâèòèÿ ïîæàðà. Îïûòû ðàñ÷åòîâ ïî îáúåêòàì ðàçíîãî ôóíêöèîíàëüíîãî

íàçíà÷åíèÿ, âûïîëíåííûõ âåäóùèìè íàó÷íûìè îðãàíèçàöèÿìè íàøåé ñòðàíû, à òàêæå ñïåöèàëèñòàìè, çà-

íèìàþùèìèñÿ ðàñ÷åòàìè ïîæàðíûõ ðèñêîâ, ïîêàçàëè àêòóàëüíîñòü è íåîáõîäèìîñòü âíåñåíèÿ èçìåíåíèé è

óòî÷íåíèé â íîðìàòèâíóþ áàçó, ðåãëàìåíòèðóþùóþ äàííûå âèäû ðàáîò. Â òî æå âðåìÿ ñëåäóåò îñîáî îò-

ìåòèòü òîò ôàêò, ÷òî âûøåóêàçàííûå âåäîìñòâåííûå íîðìû è ðåêîìåíäàöèè, íåñìîòðÿ íà èõ ïðàêòè÷åñêóþ

çíà÷èìîñòü, íå ðàññìàòðèâàþò âîïðîñ îá èñïîëüçîâàíèè ïðîòèâîïîæàðíûõ äâåðåé â ïðàêòè÷åñêèõ öåëÿõ è

íå ìîãóò ñëóæèòü òåì çàäà÷àì, êîòîðûå ñòàâèò ïåðåä ñîáîé ñîâðåìåííîñòü.

Ðåçóëüòàòû è îáñóæäåíèå. Âñëåäñòâèå èìåþùèõñÿ ïðîáëåì â ïðîåêòèðîâàíèè è ïðîõîæäåíèè ãîñóäàðñòâåí-

íîé ýêñïåðòèçû ñäà÷å îáúåêòîâ â ýêñïëóàòàöèþ îðãàíàì ñòðîéíàäçîðà è íàäçîðó çà îáúåêòàìè, óæå ýêñïëóà-

òèðóåìûìè îðãàíàìè ãîñóäàðñòâåííîãî ïîæàðíîãî íàäçîðà Ì×Ñ Ðîññèè, ïðàêòè÷åñêè ïîâñåìåñòíî ïðåäøå-

ñòâóåò ïðîöåäóðà ðàçðàáîòêè ðàñ÷åòîâ âåëè÷èíû ïîæàðíîãî ðèñêà äëÿ ïîäòâåðæäåíèÿ ñîîòâåòñòâèÿ îáú-

åêòîâ çàùèòû òðåáîâàíèÿì ïîæàðíîé áåçîïàñíîñòè. Îñîáåííîñòü ïðîâåäåíèÿ òàêèõ ðàñ÷åòîâ çàêëþ÷àåòñÿ

ïðåæäå âñåãî â íåîáõîäèìîñòè ïðåäñòàâëåíèÿ òàêîâûõ íà êîíêðåòíûé îáúåêò êàïèòàëüíîãî ñòðîèòåëüñòâà.

Ïðè ýòîì â ðÿäå ñëó÷àåâ äàæå íàëè÷èå âñåõ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû çäàíèÿ íå îáåñïå÷èâàåò áåç-

îïàñíîñòü ëþäåé ïî ðàçíûì ïðè÷èíàì, ãëàâíîé èç êîòîðûõ ÿâëÿåòñÿ áûñòðàÿ áëîêèðîâêà îïàñíûìè ôàêòîðà-

ìè ïîæàðà ïóòåé ýâàêóàöèè è, êàê ñëåäñòâèå, ãèáåëü ëþäåé.

Âûâîäû. Âîïðîñ ó÷åòà èñïîëüçîâàíèÿ ïðîòèâîïîæàðíûõ äâåðåé ïðè ðàñ÷åòàõ ïîæàðíîãî ðèñêà, íå ðàç ïðè-

ìåíÿåìûõ íà ðàçëè÷íûõ îáúåêòàõ çàùèòû è ïîäòâåðäèâøèõ ñâîþ ýôôåêòèâíîñòü íà ñóùåñòâóþùèõ îáúåêòàõ,

ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì îòðàçèòü â ñîîòâåòñòâóþùèõ íîðìàòèâíûõ äîêóìåíòàõ, ÷òî â çíà÷èòåëüíîé

ñòåïåíè áóäåò ñïîñîáñòâîâàòü óëó÷øåíèþ ôàêòè÷åñêîé áåçîïàñíîñòè ëþäåé.
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ïîæàðíîé çàùèòû; îáîñíîâàíèå èñõîäíûõ äàííûõ; ðàñ÷åò ðèñêà.
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ABSTRACT

Introduction. At the moment, the provisions of regulatory documents governing fire risk calculations need up-

dating and clarification in narrowly focused problem issues.

Methods. The existing regulatory framework is presented for the most part by the departmental order of Emercom

of Russia. With the development of fire-fighting and fire-fighting technologies, as well as computational methods

capable of simulating this or that emergency situation, the possibility of substantiating various fire development

scenarios has expanded. Experiments on calculations for objects of various functional purposes, issued by leading

scientific organizations of our country, as well as specialists involved in fire risk calculations, have shown the re-

levance and the need for changes and clarifications in the regulatory framework governing these types of work.

At the same time, it should be noted that the above-mentioned departmental norms and recommendations,

despite their practical significance, do not reflect the issue of using fire doors for practical purposes and cannot

serve the tasks that modernity sets for itself.

Results and discussion. Due to the existing problems of design and state examination, commissioning of construc-

tion supervision bodies and supervision of objects already operated by state fire supervision authorities Emercom

of Russia, is almost universally preceded by the development of fire risk calculations in order to confirm fire protec-

tion objects. The peculiarity of such calculations is, first of all, the need to present those to a specific capital const-

ruction object, while in some cases even the presence of all the fire protection systems of a building does not en-

sure people’s safety due to various reasons. The main one of which is the rapid blocking of evacuation routes by

fire and resulting in death of people.

Conclusions. The use of fire doors in the calculations of fire risk, which are used more than once at various protec-

tion facilities and confirmed their effectiveness at the implemented facilities, seems appropriate to reflect in

the relevant regulatory documents, which will greatly improve the actual safety of people.

Keywords: fire; fire hazards; practical application of the methodology; fire protection system; justification of

the accepted initial data; risk calculating.
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Ââåäåíèå

Îáåñïå÷åíèå ïîæàðíîé áåçîïàñíîñòè äëÿ çäàíèé è

ñîîðóæåíèé æèëîãî, îáùåñòâåííîãî è ïðîìûøëåí-

íîãî íàçíà÷åíèÿ ñîãëàñíî ïîëîæåíèÿì ÔÇ ¹ 69 [1]

ÿâëÿåòñÿ âàæíåéøåé ãîñóäàðñòâåííîé çàäà÷åé. Íàè-

áîëåå ýôôåêòèâíûé èíñòðóìåíò îöåíêè óðîâíÿ

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè — íåçàâèñè-

ìàÿ îöåíêà ïîæàðíîãî ðèñêà, âêëþ÷àþùàÿ â ñåáÿ:

îöåíêó ñîîòâåòñòâèÿ îáúåêòà çàùèòû òðåáîâàíèÿì

ïîæàðíîé áåçîïàñíîñòè, ïðîâåðêó ñîáëþäåíèÿ îð-

ãàíèçàöèÿìè è ãðàæäàíàìè ïðîòèâîïîæàðíîãî ðå-

æèìà. Äàííûå ïðîöåäóðû äîëæíû ïðîâîäèòüñÿ íå çà-

èíòåðåñîâàííûì â ðåçóëüòàòàõ îöåíêè èëè ïðîâåð-

êè ýêñïåðòîì â îáëàñòè îöåíêè ïîæàðíîãî ðèñêà.

Äëÿ óñòàíîâëåíèÿ ñîîòâåòñòâèÿ îáúåêòà çàùèòû

òðåáîâàíèÿì ïîæàðíîé áåçîïàñíîñòè Òåõíè÷åñêèì

ðåãëàìåíòîì î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè

(Ôåäåðàëüíûé çàêîí ¹ 123-ÔÇ) (äàëåå — ÔÇ ¹ 123)

[2] è íîðìàòèâíî-ïðàâîâûìè àêòàìè Ðîññèéñêîé Ôå-

äåðàöèè ðåãëàìåíòèðóåòñÿ ïðîöåäóðà ïðîâåäåíèÿ

îöåíêè ïîæàðíîãî ðèñêà.

Îöåíêà ïîæàðíîãî ðèñêà îñóùåñòâëÿåòñÿ ïóòåì

îïðåäåëåíèÿ ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà

íà îáúåêòå çàùèòû è ñîïîñòàâëåíèÿ èõ ñ ñîîòâåòñò-

âóþùèìè íîðìàòèâíûìè çíà÷åíèÿìè, óñòàíîâëåí-

íûìè â ñîîòâåòñòâèè ñ ÔÇ ¹ 123 [2]. Ðàñ÷åòíûå âå-

ëè÷èíû ïîæàðíîãî ðèñêà ÿâëÿþòñÿ êîëè÷åñòâåííîé

ìåðîé âîçìîæíîñòè ðåàëèçàöèè ïîæàðíîé îïàñíî-

ñòè îáúåêòà çàùèòû è åå ïîñëåäñòâèé äëÿ ëþäåé è

ìàòåðèàëüíûõ öåííîñòåé.

Ðàñ÷åò ïîæàðíûõ ðèñêîâ äëÿ îáùåñòâåííûõ çäà-

íèé ïðîâîäèòñÿ ïî ìåòîäèêå, óòâåðæäåííîé ïðèêà-

çîì Ì×Ñ Ðîññèè ¹ 382 [3] (äàëåå — Ìåòîäèêà), ñ ó÷å-

òîì èçìåíåíèé, âíåñåííûõ â íåå â 2011 è 2015 ãã. [4].

Â ñîîòâåòñòâèè ñ ïîëîæåíèÿìè, èçëîæåííûìè â

ðàçä. IV ï. 21 Ìåòîäèêè [3], â ñëó÷àå åñëè ðàñ÷åòíàÿ

âåëè÷èíà èíäèâèäóàëüíîãî ïîæàðíîãî ðèñêà ïðå-

âûøàåò íîðìàòèâíîå çíà÷åíèå, â çäàíèè ñëåäóåò ïðå-

äóñìîòðåòü äîïîëíèòåëüíûå ïðîòèâîïîæàðíûå ìå-

ðîïðèÿòèÿ, íàïðàâëåííûå íà ñíèæåíèå âåëè÷èíû

ïîæàðíîãî ðèñêà. Ê ÷èñëó òàêèõ ìåðîïðèÿòèé îòíî-

ñÿòñÿ [3]:

� ïðèìåíåíèå äîïîëíèòåëüíûõ îáúåìíî-ïëàíèðî-

âî÷íûõ ðåøåíèé è ñðåäñòâ, îáåñïå÷èâàþùèõ

îãðàíè÷åíèå ðàñïðîñòðàíåíèÿ ïîæàðà;

� óñòðîéñòâî äîïîëíèòåëüíûõ ýâàêóàöèîííûõ ïó-

òåé è âûõîäîâ;

� óñòàíîâêà ñèñòåì îïîâåùåíèÿ ëþäåé î ïîæàðå

è óïðàâëåíèÿ ýâàêóàöèåé ëþäåé ïîâûøåííîãî

òèïà;

� îðãàíèçàöèÿ ïîýòàïíîé ýâàêóàöèè ëþäåé èç çäà-

íèÿ;

� ïðèìåíåíèå ñèñòåì ïðîòèâîäûìíîé çàùèòû;

� óñòðîéñòâî ñèñòåì àâòîìàòè÷åñêîãî ïîæàðîòó-

øåíèÿ;

� îãðàíè÷åíèå êîëè÷åñòâà ëþäåé â çäàíèè äî çíà-

÷åíèé, îáåñïå÷èâàþùèõ áåçîïàñíîñòü èõ ýâàêó-

àöèè èç çäàíèÿ.

Îäíèì èç íàèáîëåå ðàñïðîñòðàíåííûõ ìåðîïðè-

ÿòèé, ñïîñîáíûõ îãðàíè÷èâàòü ðàçâèòèå îïàñíûõ
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ôàêòîðîâ ïîæàðà (ÎÔÏ), à òàêæå ñíèæàòü âåëè÷èíó

ïîæàðíîãî ðèñêà, ÿâëÿåòñÿ ïðèìåíåíèå ïðîòèâî-

ïîæàðíûõ äâåðåé. Îäíàêî âîïðîñ ýôôåêòèâíîñòè

ïðîòèâîïîæàðíûõ äâåðåé â ïëàíå ñíèæåíèÿ âåðî-

ÿòíîñòè âîçäåéñòâèÿ ÎÔÏ íà ëþäåé è óìåíüøåíèÿ

âåëè÷èíû ïîæàðíîãî ðèñêà íå èìååò íîðìàòèâíîé è

ìåòîäè÷åñêîé ïðîðàáîòêè.

Âñëåäñòâèå ýòîãî íà ïðàêòèêå ïðè îöåíêå âå-

ëè÷èíû ïîæàðíîãî ðèñêà íà îáúåêòå çàùèòû âîç-

ìîæíîñòü ïðèìåíåíèÿ ïðîòèâîïîæàðíûõ äâåðåé ñ

óñòðîéñòâàìè äëÿ ñàìîçàêðûâàíèÿ (äîâîä÷èêàìè)

äëÿ âûøåóêàçàííûõ öåëåé ôàêòè÷åñêè íå ó÷èòûâà-

åòñÿ.

Ñ ó÷åòîì âûøåèçëîæåííîãî äëÿ èñêëþ÷åíèÿ ôàê-

òîâ íåêîìïåòåíòíîãî ïðèìåíåíèÿ òðåáîâàíèé ôåäå-

ðàëüíûõ çàêîíîâ è íîðìàòèâíûõ äîêóìåíòîâ àâòî-

ðàìè ïîñòàâëåíà çàäà÷à: óñòàíîâèòü ýôôåêòèâíîñòü

ïðèìåíåíèÿ ïðîòèâîïîæàðíûõ äâåðåé â ïëàíå ñíè-

æåíèÿ ïðåäåëüíî äîïóñòèìûõ çíà÷åíèé ÎÔÏ è âå-

ëè÷èíû ïîæàðíîãî ðèñêà â îáùåñòâåííûõ çäàíèÿõ;

îáîñíîâàòü íåîáõîäèìîñòü ó÷åòà ïðèìåíåíèÿ ïðî-

òèâîïîæàðíûõ äâåðåé ïðè îïðåäåëåíèè äèíàìèêè

íàðàñòàíèÿ îïàñíûõ ôàêòîðîâ ïîæàðà, ÷òî îêàæåò-

ñÿ ïîëåçíûì â ïðàêòèêå ïðèìåíåíèÿ òðåáîâàíèé

íîðìàòèâíî-ïðàâîâûõ äîêóìåíòîâ èëè ïðè ðàçðå-

øåíèè âîçíèêàþùèõ ñïîðíûõ ñèòóàöèé.

Ìåòîäèêà ðàñ÷åòà è èñïîëüçóåìûå

ïðîãðàììíûå êîìïëåêñû

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè Ìåòîäèêè [3]

îïðåäåëåíèå ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà

äëÿ çäàíèé è ñîîðóæåíèé îñóùåñòâëÿåòñÿ íà îñíî-

âàíèè:
� àíàëèçà ïîæàðíîé îïàñíîñòè çäàíèÿ;
� îïðåäåëåíèÿ ÷àñòîòû ðåàëèçàöèè ïîæàðîîïàñ-

íûõ ñèòóàöèé;
� ïîñòðîåíèÿ ïîëåé îïàñíûõ ôàêòîðîâ ïîæàðà äëÿ

ðàçëè÷íûõ ñöåíàðèåâ åãî ðàçâèòèÿ;
� îöåíêè ïîñëåäñòâèé âîçäåéñòâèÿ îïàñíûõ ôàê-

òîðîâ ïîæàðà íà ëþäåé ïðè ðàçëè÷íûõ ñöåíàðè-

ÿõ åãî ðàçâèòèÿ;
� íàëè÷èÿ ñèñòåì îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè çäàíèÿ.

Îäíîé èç êëþ÷åâûõ ïîçèöèé ðàñ÷åòà ïîæàðíîãî

ðèñêà, íåïîñðåäñòâåííûì îáðàçîì âëèÿþùåé íà òðó-

äîåìêîñòü, ñòîèìîñòü, à â êîíå÷íîì ñ÷åòå è íà ïðà-

âèëüíîñòü âûâîäîâ ðàñ÷åòà, ÿâëÿåòñÿ ïîñòðîåíèå

ïîëåé îïàñíûõ ôàêòîðîâ ïîæàðà äëÿ ðàçëè÷íûõ ñöå-

íàðèåâ åãî ðàçâèòèÿ.

Íà îñíîâàíèè òðåáîâàíèé Ìåòîäèêè [3] ïðè ïðî-

âåäåíèè ðàñ÷åòà äîëæíû áûòü ïðèíÿòû ñàìûå íå-

áëàãîïðèÿòíûå ñöåíàðèè ðàçâèòèÿ ïîæàðà, îïðåäå-

ëÿåìûå íà îñíîâå àíàëèçà ãîðþ÷åé íàãðóçêè è ïóòåé

ðàñïðîñòðàíåíèÿ ÎÔÏ.

Ïîñòðîåíèå ïîëåé îïàñíûõ ôàêòîðîâ ïîæàðà äëÿ

ðàçëè÷íûõ ñöåíàðèåâ åãî ðàçâèòèÿ îñóùåñòâëÿåòñÿ

ñ öåëüþ îïðåäåëèòü íåîáõîäèìîå âðåìÿ ýâàêóàöèè

ëþäåé, êîòîðîå ðàññ÷èòûâàåòñÿ êàê ïðîèçâåäåíèå

êðèòè÷åñêîé äëÿ ÷åëîâåêà ïðîäîëæèòåëüíîñòè ïî-

æàðà íà êîýôôèöèåíò áåçîïàñíîñòè. Ïðåäïîëàãàåò-

ñÿ, ÷òî êàæäûé îïàñíûé ôàêòîð ïîæàðà âîçäåéñòâó-

åò íà ÷åëîâåêà íåçàâèñèìî îò äðóãèõ [3].

Êðèòè÷åñêàÿ ïðîäîëæèòåëüíîñòü ïîæàðà äëÿ ëþ-

äåé îïðåäåëÿåòñÿ èç óñëîâèÿ äîñòèæåíèÿ îäíèì èç

ÎÔÏ ñâîåãî ïðåäåëüíî äîïóñòèìîãî çíà÷åíèÿ, êîòî-

ðîå óñòàíàâëèâàåòñÿ ðàñ÷åòîì. Ñ ó÷åòîì ðàçä. II Ìå-

òîäèêè [3] âûáèðàåòñÿ ìåòîä ìîäåëèðîâàíèÿ, ôîðìó-

ëèðóåòñÿ ìàòåìàòè÷åñêàÿ ìîäåëü, ñîîòâåòñòâóþùàÿ

îïðåäåëåííîìó ñöåíàðèþ, è ïðîâîäèòñÿ ìîäåëèðî-

âàíèå äèíàìèêè ðàçâèòèÿ ïîæàðà. Íà îñíîâàíèè ïî-

ëó÷åííûõ ðåçóëüòàòîâ ðàññ÷èòûâàåòñÿ âðåìÿ äîñòè-

æåíèÿ êàæäûì èç îïàñíûõ ôàêòîðîâ ïîæàðà ïðå-

äåëüíî äîïóñòèìîãî çíà÷åíèÿ íà ïóòÿõ ýâàêóàöèè.

Ñîãëàñíî òðåáîâàíèÿì Ìåòîäèêè [3] ïðèìåíÿ-

þòñÿ òðè îñíîâíûå ãðóïïû ìàòåìàòè÷åñêèõ ìîäå-

ëåé äëÿ îïðåäåëåíèÿ äèíàìèêè íàðàñòàíèÿ ÎÔÏ —

èíòåãðàëüíûå, çîííûå (çîíàëüíûå) è ïîëåâûå.

Ñò. 89 ¹ 123-ÔÇ [2] òðåáóåò îðãàíèçàöèè áåç-

îïàñíîé (ñâîåâðåìåííîé è áåñïðåïÿòñòâåííîé) ýâà-

êóàöèè ëþäåé èç çäàíèÿ. Êðîìå òîãî, ñîãëàñíî òðå-

áîâàíèÿì Ìåòîäèêè [3] ïðè îïðåäåëåíèè ðàñ÷åòíûõ

âåëè÷èí ïîæàðíîãî ðèñêà òðåáóåòñÿ óñòàíîâèòü âå-

ðîÿòíîñòü ýâàêóàöèè ëþäåé.

Ïîä ñâîåâðåìåííîñòüþ ýâàêóàöèè ïîíèìàåòñÿ

íåîáõîäèìîñòü ïîêèíóòü çäàíèå ïðè ïîæàðå äî äî-

ñòèæåíèÿ â ïîìåùåíèÿõ è íà ïóòÿõ ýâàêóàöèè ïðå-

äåëüíî äîïóñòèìûõ óðîâíåé âîçäåéñòâèÿ íà ëþäåé

îïàñíûõ ôàêòîðîâ ïîæàðà, îïðåäåëÿåìîãî äèíàìè-

êîé èõ ðàñïðîñòðàíåíèÿ ïðè ðàçëè÷íûõ âàðèàíòàõ

ôóíêöèîíèðîâàíèÿ ñèñòåì çàùèòû. Ñâîåâðåìåííîñòü

ýâàêóàöèè ÿâëÿåòñÿ êðàåóãîëüíûì êàìíåì îáåñïå-

÷åíèÿ ïîæàðíîé áåçîïàñíîñòè çäàíèÿ â öåëîì è ðå-

øàþùèì ôàêòîðîì, âëèÿþùèì íà âåëè÷èíó ïîæàð-

íîãî ðèñêà. Â ñëó÷àå íåñîáëþäåíèÿ óñëîâèÿ ñâîå-

âðåìåííîñòè ýâàêóàöèè ëþäåé âåëè÷èíà ïîæàðíîãî

ðèñêà àïðèîðè áóäåò ïðåâûøàòü íîðìàòèâíîå çíà-

÷åíèå, óñòàíîâëåííîå ñòàòüåé 79 ¹ 123-ÔÇ [2], ÷òî

äåòàëüíî áûëî ðàññìîòðåíî â ðàçëè÷íûõ ðàáîòàõ

çàðóáåæíûõ è îòå÷åñòâåííûõ ýêñïåðòîâ â îáëàñòè

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè [5–18].

Òàêèì îáðàçîì, îñíîâíîé çàäà÷åé ïðè ïðîâåäå-

íèè ðàñ÷åòà ïîæàðíîãî ðèñêà áóäåò ïîñòðîåíèå ïî-

ëåé îïàñíûõ ôàêòîðîâ ïîæàðà â öåëÿõ îïðåäåëåíèÿ

âðåìåíè äîñòèæåíèÿ èìè ïðåäåëüíûõ çíà÷åíèé.

Â íàñòîÿùåå âðåìÿ â Ðîññèéñêîé Ôåäåðàöèè ñó-

ùåñòâóåò íåñêîëüêî ïðîãðàììíûõ êîìïëåêñîâ, ðåà-

ëèçóþùèõ ïîëîæåíèÿ Ìåòîäèêè [3] è ïîçâîëÿþùèõ

âûïîëíèòü îöåíêó ïîæàðíîãî ðèñêà â ñîîòâåòñòâèè

ñî ñò. 79 ¹ 123-ÔÇ [2].
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Ñðåäè áîëüøîãî ìíîãîîáðàçèÿ ðàçëè÷íûõ ïðî-

ãðàììíûõ êîìïëåêñîâ íàèáîëüøåå ðàñïðîñòðàíåíèå

ïîëó÷èëè èìåííî òå, êîòîðûå ðåàëèçóþò ïîëåâóþ

ìîäåëü ðàçâèòèÿ ïîæàðà è èíäèâèäóàëüíî-ïîòî÷-

íóþ ìîäåëü äâèæåíèÿ ëþäñêèõ ïîòîêîâ, à èìåííî:

“Fenix+2”, “Fogard”, “Ñèãìà ÏÁ”, “PyroSim”, “Path-

finder”. Ýòèì ïðîãðàììàì îòäàþò ïðåäïî÷òåíèå áîëü-

øèíñòâî ñïåöèàëèñòîâ, ïðîâîäÿùèõ ðàñ÷åòû ïîæàð-

íîãî ðèñêà. Ïðè ýòîì ñòîèò îòìåòèòü, ÷òî ïðè ìîäåëè-

ðîâàíèè ïîæàðà ñ ïîìîùüþ óêàçàííûõ ïðîãðàììíûõ

êîìïëåêñîâ èñïîëüçóåòñÿ ìîäóëü FDS (Fire Dynamic

Simulator), ðàçðàáîòàííûé â íàó÷íî-èññëåäîâàòåëü-

ñêîé ëàáîðàòîðèè ïî ïîæàðíîé áåçîïàñíîñòè Íàöè-

îíàëüíîãî èíñòèòóòà ñòàíäàðòîâ è òåõíîëîãèé (NIST)

ÑØÀ. Èñêëþ÷åíèå ñîñòàâëÿåò ïðîãðàììà “Ñèãìà

ÏÁ”, êîòîðàÿ äëÿ âûïîëíåíèÿ ðàñ÷åòîâ ðàñïðîñòðà-

íåíèÿ ÎÔÏ è ïðîâåäåíèÿ ýâàêóàöèè èñïîëüçóåò âû-

÷èñëèòåëüíûå ÿäðà îòå÷åñòâåííûõ ïðîãðàìì ñîîò-

âåòñòâåííî Sigma Fire è Sigma Eva, â êîòîðûõ ðåàëè-

çîâàíû ïîëåâàÿ ìîäåëü ïîæàðà è ìîäåëü ýâàêóàöèè

èíäèâèäóàëüíî-ïîòî÷íîãî äâèæåíèÿ ëþäñêèõ ïî-

òîêîâ.

Â óêàçàííûõ ïðîãðàììàõ ïðè ïðîâåäåíèè ðàñ-

÷åòîâ îïàñíûõ ôàêòîðîâ ïîæàðà ìîæíî ñìîäåëèðî-

âàòü óñòàíîâêó ïðîòèâîïîæàðíûõ äâåðåé ñ íàëè-

÷èåì óñòðîéñòâà ñàìîçàêðûâàíèÿ (äîâîä÷èêà) äëÿ

îãðàíè÷åíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà. Ñëåäóåò òàê-

æå îòìåòèòü, ÷òî òðåáîâàíèÿ ê îñíàùåíèþ ïðîòèâî-

ïîæàðíûõ äâåðåé óñòðîéñòâîì ñàìîçàêðûâàíèÿ (äî-

âîä÷èêîì) èçëîæåíû â ÃÎÑÒ Ð 56177–2014 “Óñòðîé-

ñòâà çàêðûâàíèÿ äâåðåé (äîâîä÷èêè). Òåõíè÷åñêèå

óñëîâèÿ”. Èç âûøåèçëîæåííîãî ñëåäóåò âûâîä î òîì,

÷òî îöåíêà âîçìîæíîñòè ïðèìåíåíèÿ ïðîòèâîïî-

æàðíûõ äâåðåé íà ïóòÿõ ýâàêóàöèè ïðè ïðîâåäåíèè

ðàñ÷åòîâ ïîæàðíîãî ðèñêà â íàñòîÿùåå âðåìÿ òåõ-

íè÷åñêè ðåàëèçóåìà.

Äëÿ ïðîâåäåíèÿ ïîäîáíîé îöåíêè áûëî âûïîë-

íåíî ìîäåëèðîâàíèå äèíàìèêè ðàçâèòèÿ ïîæàðà ïî

ïîëåâîé ìîäåëè ñ ïîìîùüþ ïðîãðàììû FDS (Fire

Dynamic Simulator).

Êðîìå òîãî, áûëî ðåàëèçîâàíî ìîäåëèðîâàíèå

ýâàêóàöèè ëþäåé ñ èñïîëüçîâàíèåì èíäèâèäóàëüíî-

ïîòî÷íîé ìîäåëè äâèæåíèÿ ëþäåé ñ ïîìîùüþ ïðî-

ãðàììíîãî êîìïëåêñà Fenix+2.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðè ïðîâåäåíèè ðàñ÷åòà âåëè÷èíû ïîæàðíîãî

ðèñêà äëÿ îáúåêòîâ îáùåñòâåííîãî íàçíà÷åíèÿ îñíîâ-

íàÿ çàäà÷à ñîñòîÿëà â îöåíêå âîçìîæíîñòè èñïîëü-

çîâàíèÿ ïðîòèâîïîæàðíûõ äâåðåé â öåëÿõ îãðàíè-

÷åíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà â ðàìêàõ ïðèìåíåíèÿ

äëÿ åãî îáåñïå÷åíèÿ äîïîëíèòåëüíûõ îáúåìíî-ïëà-

íèðîâî÷íûõ ðåøåíèé è ñðåäñòâ.

Îáîñíîâàíèå âîçìîæíîñòè ïðèìåíåíèÿ ïðîåêò-

íîãî ðåøåíèÿ ïî óñòàíîâêå ïðîòèâîïîæàðíûõ äâå-

ðåé ðàññìîòðåíî íà ïðèìåðå ðàñ÷åòà è ñðàâíåíèÿ

âðåìåíè ýâàêóàöèè ñ âðåìåíåì áëîêèðîâàíèÿ ðàñ-

÷åòíûõ òî÷åê äëÿ äâóõ âàðèàíòîâ:

� ñ ïðèìåíåíèåì ïðîòèâîïîæàðíûõ äâåðåé;

� áåç ïðèìåíåíèÿ ïðîòèâîïîæàðíûõ äâåðåé.

Ìåðîé âîçäåéñòâèÿ îïàñíûõ ôàêòîðîâ ïîæàðà

íà ëþäåé ÿâëÿåòñÿ ñîîòíîøåíèå âðåìåíè áëîêèðî-

âàíèÿ èìè ïóòåé ýâàêóàöèè è âðåìåíè ýâàêóàöèè.

Îáúåìíî-ïëàíèðîâî÷íûå ðåøåíèÿ âçÿòû äëÿ ïîä-

âàëüíîãî ïîìåùåíèÿ çäàíèÿ îáùåñòâåííîãî íàçíà-

÷åíèÿ ñ äâóìÿ ýâàêóàöèîííûìè âûõîäàìè.

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ ïðåäïîëàãàåòñÿ

ñôîðìóëèðîâàòü âûâîä î âîçìîæíîñòè èëè íåâîç-

ìîæíîñòè îãðàíè÷åíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà ïî-

ñðåäñòâîì óñòàíîâêè ïðîòèâîïîæàðíûõ äâåðåé ïðè

îáîñíîâàíèè ðàñïðîñòðàíåíèÿ ÎÔÏ â ðàìêàõ ïðî-

âåäåíèÿ ðàñ÷åòà ïîæàðíîãî ðèñêà.

Âûáîð ðàñ÷åòíîé ìîäåëè áàçèðóåòñÿ íà àíàëèçå

îáúåìíî-ïëàíèðîâî÷íûõ ðåøåíèé îáúåêòà è îñî-

áåííîñòÿõ ñöåíàðèÿ ðàçâèòèÿ ïîæàðà.

Ïîëåâàÿ ìîäåëü ïðîãíîçèðîâàíèÿ îïàñíûõ ôàê-

òîðîâ ïîæàðà ÿâëÿåòñÿ íàèáîëåå óíèâåðñàëüíîé èç

ñóùåñòâóþùèõ äåòåðìèíèðîâàííûõ ìîäåëåé, ïî-

ñêîëüêó îíà îñíîâàíà íà ðåøåíèè óðàâíåíèé â ÷àñò-

íûõ ïðîèçâîäíûõ â êàæäîé òî÷êå ðàñ÷åòíîé îáëàñ-

òè. Ñ ïîìîùüþ ïîëåâîé ìîäåëè ïðîãíîçèðîâàíèÿ

ÎÔÏ âîçìîæíî ðàññ÷èòàòü òåìïåðàòóðó â ïîìåùå-

íèè î÷àãà ïîæàðà è â ñìåæíûõ ïîìåùåíèÿõ, ñêîðîñòü

äâèæåíèÿ âîçäóøíûõ ïîòîêîâ, êîíöåíòðàöèþ òîê-

ñè÷íûõ ïðîäóêòîâ ãîðåíèÿ è ò. ä. â êàæäîé òî÷êå ðàñ-

÷åòíîé îáëàñòè [19]. Ñëåäîâàòåëüíî, ïîëåâàÿ ìîäåëü

ìîæåò îáîñíîâàííî èñïîëüçîâàòüñÿ:

� äëÿ íàó÷íûõ èññëåäîâàíèé â öåëÿõ âûÿâëåíèÿ

çàêîíîìåðíîñòåé ðàçâèòèÿ ïîæàðà;

� ïðè ñðàâíèòåëüíûõ ðàñ÷åòàõ â öåëÿõ àïðîáàöèè

è ñîâåðøåíñòâîâàíèÿ çîíàëüíûõ è èíòåãðàëü-

íûõ ìîäåëåé êàê ìåíåå óíèâåðñàëüíûõ â òî÷íî-

ñòíîì è êà÷åñòâåííîì îòíîøåíèÿõ, à òàêæå ïðè

ïðîâåðêå îáîñíîâàííîñòè èõ ïðèìåíåíèÿ [20];

� ïðè âûáîðå ðàöèîíàëüíîãî âàðèàíòà ïðîòèâîïî-

æàðíîé çàùèòû êîíêðåòíûõ îáúåêòîâ çàùèòû.

Â ñâîåé îñíîâå ïîëåâàÿ ìîäåëü íå ñîäåðæèò íè-

êàêèõ àïðèîðíûõ äîïóùåíèé è áëàãîäàðÿ ýòîìó

ïðèíöèïèàëüíî ïðèìåíèìà äëÿ ìîäåëèðîâàíèÿ ðàç-

ëè÷íûõ ñöåíàðèåâ ðàçâèòèÿ ïîæàðà.

Ñ ó÷åòîì âûøåèçëîæåííîãî ìîäåëèðîâàíèå äè-

íàìèêè ðàçâèòèÿ ïîæàðà ïðîâîäèëîñü ñ èñïîëüçîâà-

íèåì ïîëåâîé ìîäåëè ñ ïîìîùüþ ïðîãðàììû FDS.

Â êà÷åñòâå èñõîäíûõ äàííûõ áûë ïðèíÿò ïîäâàë

îáùåñòâåííîãî çäàíèÿ ñ ðàñïîëîæåííûìè â íåì

îôèñàìè (äâà ïîìåùåíèÿ) è êëàäîâîé (îäíî ïîìå-

ùåíèå).

Â êà÷åñòâå ïîìåùåíèÿ î÷àãà ïîæàðà ñ ðàçìåùå-

íèåì ïîæàðíîé íàãðóçêè áûëà ïðèíÿòà êëàäîâàÿ, ðàñ-

ïîëîæåííàÿ ïî öåíòðó ìîäåëè (ïîäâàëüíîãî ýòàæà),
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ñ òèïîâîé ïîæàðíîé íàãðóçêîé, õàðàêòåðíîé äëÿ ïîä-

ñîáíûõ è áûòîâûõ ïîìåùåíèé. Ñâåäåíèÿ î ïðèíÿ-

òûõ ïàðàìåòðàõ ïîæàðíîé íàãðóçêè ïðèíèìàëèñü

íà îñíîâàíèè äàííûõ, ïðèâåäåííûõ â ïîñîáèè [21]

(òàáë. 1).

Ìîäåëèðîâàëàñü äèíàìèêà ðàçâèòèÿ ïîæàðà â òå-

÷åíèå 240 ñ.

Íà ýòàæå ïîäâàëà ðåãèñòðàòîðû ðàñïîëàãàëè íà

óðîâíå 1,7ì (íà âûñîòå 1,7 ì îò óðîâíÿ ýòàæà) (ðèñ. 1).

Â ñîîòâåòñòâèè ñ îáúåìíî-ïëàíèðîâî÷íûìè ðå-

øåíèÿìè çäàíèÿ, ãåîìåòðè÷åñêèìè ðàçìåðàìè ýâà-

êóàöèîííûõ ïóòåé è âûõîäîâ, à òàêæå ñ èçâåñòíûìè

îñîáåííîñòÿìè ïîâåäåíèÿ ëþäåé ïðè ïîæàðàõ (äâè-

æåíèå ê áîëåå øèðîêèì è õîðîøî çàìåòíûì âûõî-

äàì, âûáîð áîëåå êîðîòêîãî ïóòè ýâàêóàöèè, èñïîëü-

çîâàíèå çíàêîìûõ ìàðøðóòîâ äâèæåíèÿ è ò. ï.) áûë

ïðîâåäåí ðàñ÷åò âðåìåíè ýâàêóàöèè ëþäåé ñ ó÷åòîì

íàëè÷èÿ ñèñòåìû îïîâåùåíèÿ è óïðàâëåíèÿ ýâàêóà-

öèåé ëþäåé ïðè ïîæàðå (ÑÎÓÝ) 2-ãî òèïà. Â ðàñ-

÷åòå áûëî ïðèíÿòî, ÷òî íà ýòàæå ïîäâàëà íàõîäèòñÿ

13 ÷åë. Àíàëèç âðåìåíè ïðîõîæäåíèÿ ëþäåé ÷åðåç

ðåãèñòðàòîðû ïðåäñòàâëåí â òàáë. 2.

Ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà áëîêèðîâà-

íèÿ ïóòåé ýâàêóàöèè ÎÔÏ ñ ó÷åòîì îòêðûòûõ äâåð-

íûõ ïðîåìîâ (â ñëó÷àå èñïîëüçîâàíèÿ òèïîâûõ äâå-

ðåé) ïðîäåìîíñòðèðîâàíû íà ðèñ. 2.

Êàê âèäíî èç ðèñ. 2, åùå äî íà÷àëà ýâàêóàöèè

ëþäåé èç îôèñíûõ ïîìåùåíèé ïóòè ýâàêóàöèè îêà-

çàëèñü çàáëîêèðîâàííûìè, à çíà÷èò, òðåáîâàíèå

òàáë. 5.1 Ìåòîäèêè [3] ñ ó÷åòîì âðåìåíè íà÷àëà ýâà-

êóàöèè íå âûïîëíåíî.

Äëÿ îöåíêè ðàñïðîñòðàíåíèÿ îïàñíûõ ôàêòîðîâ

ïîæàðà ïî ïóòÿì ýâàêóàöèè ñ ó÷åòîì íàëè÷èÿ ïðî-

òèâîïîæàðíûõ äâåðåé ñ äîâîä÷èêîì áûëî ïðîâå-

äåíî ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ÎÔÏ ïî ïîä-

âàëó çäàíèÿ (ðèñ. 3).

Ïîñëå âîçãîðàíèÿ íà÷èíàåòñÿ ïðîöåññ ýâàêóàöèè

ëþäåé èç ïîìåùåíèé â êîðèäîð ïîäâàëà. Íà 31-é ñå-

êóíäå îò íà÷àëà âîçãîðàíèÿ ïðîèñõîäèò çàêðûòèå

ïðîòèâîïîæàðíîé äâåðè â ïîìåùåíèè î÷àãà ïîæàðà

(êëàäîâîé) ïîñðåäñòâîì äîâîä÷èêà (ðèñ. 4).

Ïàðàìåòð

Parameter

Åäèíèöà
èçìåðåíèÿ

Unit of
measurement

Çíà÷åíèå

Value

Íèçøàÿ òåïëîòà ñãîðàíèÿ

Net calorific value

êÄæ�êã

kJ�kg 14000

Ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðà-
íåíèÿ ïëàìåíè

Linear flame propagation speed

ì�ñ

m�sec 0,042

Óäåëüíàÿ ìàññîâàÿ ñêîðîñòü
âûãîðàíèÿ

Specific mass burnout rate

êã�(ì2 � ñ)

kg�(m2 � sec) 0,0129

Êîýôôèöèåíò ïîëíîòû ñãîðàíèÿ

Combustion ratio – 0,93

Óäåëüíàÿ ìîùíîñòü

Power density

êÂò�ì2

kW�m2 167,958

Äûìîîáðàçóþùàÿ ñïîñîáíîñòü

Smoke forming ability

Íï �ì2�êã

Np �m2�kg 53

Ïîòðåáëåíèå êèñëîðîäà (Î2)

Oxygen consumption (Î2)

êã�êã

kg�kg 1,161

Âûäåëåíèå óãëåêèñëîãî ãàçà
(ÑÎ2) � CO2 release

êã�êã
kg�kg 0,642

Âûäåëåíèå óãàðíîãî ãàçà (CO)

Carbon monoxide (CO) emissions

êã�êã

kg�kg 0,0317

Âûäåëåíèå õëîðèñòîãî âîäîðî-
äà (HCl)

Isolation of hydrogen chloride (HCl)

êã�êã

kg�kg 0

Òàáëèöà 1. Ïàðàìåòðû ïîæàðíîé íàãðóçêè

Table 1. Fire load parameters

Ðèñ. 1. Ïîæàðíàÿ ìîäåëü ïîäâàëà ñî ñõåìîé íàõîæäåíèÿ ëþäåé è òðàåêòîðèé èõ äâèæåíèÿ ïðè ýâàêóàöèè

Fig. 1. The fire model of the basement with the scheme of finding people and their trajectories during evacuation
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Âàæíûì îáñòîÿòåëüñòâîì ÿâëÿåòñÿ òîò ôàêò, ÷òî

ïîñëå çàêðûòèÿ ïðîòèâîïîæàðíîé äâåðè ïîñðåäñò-

âîì äîâîä÷èêà ðàñïðîñòðàíåíèÿ îïàñíûõ ôàêòîðîâ

ïîæàðà â êîðèäîð ýòàæà è äàëåå ïî ýâàêóàöèîííûì

ïóòÿì íå ïðîèñõîäèò, à çíà÷èò, ëþäè íà ïóòÿõ ýâà-

êóàöèè íå áóäóò ïîäâåðæåíû âîçäåéñòâèþ ÎÔÏ

(ðèñ. 5).

Àíàëèç ïðîâåäåííûõ ðàñ÷åòîâ ïîêàçàë, ÷òî èñ-

ïîëüçîâàíèå â êà÷åñòâå äîïîëíèòåëüíîãî ìåðîïðè-

ÿòèÿ ïî îãðàíè÷åíèþ ðàñïðîñòðàíåíèÿ ïîæàðà ïðî-

òèâîïîæàðíûõ äâåðåé ñ äîâîä÷èêîì ÿâëÿåòñÿ âàæ-

íûì ýëåìåíòîì â îáåñïå÷åíèè áåçîïàñíîé ýâàêóàöèè

ëþäåé äî íàñòóïëåíèÿ êðèòè÷åñêèõ äëÿ îðãàíèçìà

÷åëîâåêà çíà÷åíèé îïàñíûõ ôàêòîðîâ ïîæàðà.

Ðèñ. 2. Ïîæàðíàÿ ìîäåëü ïîäâàëà: ìîìåíò áëîêèðîâàíèÿ

ïóòåé ýâàêóàöèè ïî ïîòåðå âèäèìîñòè ÷åðåç 69,8 ñ îò íà÷àëà

âîçãîðàíèÿ áåç ó÷åòà ïðîòèâîïîæàðíûõ äâåðåé ñ äîâîä÷èêîì

Fig. 2. Basement fire model: the moment of blocking escape routes

due to loss of visibility through 69.8 sec from the onset of igni-

tion, without taking into account fire doors with a door closer

Ðèñ. 3. Ïîæàðíàÿ ìîäåëü ïîäâàëà: ìîìåíò ýâàêóàöèè èç ïî-

ìåùåíèÿ êëàäîâîé ÷åðåç 6 ñ îò íà÷àëà âîçãîðàíèÿ ñ ó÷åòîì

ïðîòèâîïîæàðíûõ äâåðåé ñ äîâîä÷èêîì

Fig. 3. Basement fire model: the moment of evacuation from

the storeroom after 6 sec from the beginning of the fire, taking

into account fire doors with a door closer

Ðèñ. 4. Ïîæàðíàÿ ìîäåëü ïîäâàëà: ìîìåíò çàêðûòèÿ ïðîòè-

âîïîæàðíîé äâåðè ïîñðåäñòâîì äîâîä÷èêà êëàäîâîé ÷åðåç

31,2 ñ îò íà÷àëà âîçãîðàíèÿ

Fig. 4. Basement fire model: the moment of closing the fire door

through the closet of the pantry through 31.2 sec from the onset of

fire

Ðèñ. 5. Ïîæàðíàÿ ìîäåëü ïîäâàëà: ìîìåíò çàêðûòèÿ ïðîòè-

âîïîæàðíîé äâåðè ïîñðåäñòâîì äîâîä÷èêà êëàäîâîé (âðåìÿ

ìîäåëèðîâàíèÿ 240 ñ)

Fig. 5. The fire model of the basement: the moment of closing

the fire door through the closet of the pantry (simulation time

240 sec)

Ðàñïîëîæåíèå

Location

Íàèìåíîâàíèå

Name

Âðåìÿ ïðîõîæäåíèÿ
ðåãèñòðàòîðà, ñ

Time of passage
of recorder, sec

Êîëè÷åñòâî
ëþäåé, ïðîøåä-

øèõ ðåãèñòðàòîð,
÷åë.

Number
of people, pers.

ïåðâîãî

first

ïîñëåäíåãî

last

Ïîìåùåíèå 1 � Room 1 Äâåðü èç ïîìåùåíèÿ 1 � Door from room 1 180,6 183,8 6

Ïîìåùåíèå 2 � Room 2 Äâåðü èç ïîìåùåíèÿ 2 � Door from room 2 180,8 183,2 5

Ïîìåùåíèå 3 � Room 3 Äâåðü èç êëàäîâîé � Door from the pantry 5,6 5,8 2

Âíå ïîìåùåíèé � Out-
doors

Äâåðü, âåäóùàÿ ê âûõîäó 2 � Door leading to exit 2 17,4 186,4 7

Äâåðü, âåäóùàÿ ê âûõîäó 2 (òàìáóð) � Door leading
to exit 2 (vestibule)

15,8 184,8 7

Äâåðü, âåäóùàÿ ê âûõîäó 1 � Door leading to exit 1 187,0 190,8 6

Òàáëèöà 2. Ñòàòèñòèêà ïðîõîæäåíèÿ ðåãèñòðàòîðîâ â ïîäâàëå � Table 2. Statistics of the passage of recorders in basement
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Âûâîäû

1. Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïîçâîëèëè îöåíèòü

âîçìîæíîñòü èñïîëüçîâàíèÿ ïðîòèâîïîæàðíûõ

äâåðåé ïðè ðàñ÷åòàõ ïîæàðíîãî ðèñêà è îòíåñòè èõ

ê ñðåäñòâàì, îáåñïå÷èâàþùèì îãðàíè÷åíèå ðàñ-

ïðîñòðàíåíèÿ ïîæàðà â ñîîòâåòñòâèè ñ ï. 21 Ìåòî-

äèêè [3].

2. Íàëè÷èå óñòðîéñòâ ñàìîçàêðûâàíèÿ íà ïðî-

òèâîïîæàðíûõ äâåðÿõ ÿâëÿåòñÿ ýôôåêòèâíûì ìå-

ðîïðèÿòèåì ïðîòèâîïîæàðíîé çàùèòû çäàíèé è ñî-

îðóæåíèé ðàçëè÷íîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ,

êîòîðîå çíà÷èòåëüíî îãðàíè÷èâàåò ðàñïðîñòðàíåíèå

îïàñíûõ ôàêòîðîâ ïîæàðà ïî ïóòÿì ýâàêóàöèè è îáåñ-

ïå÷èâàåò áåçîïàñíóþ ýâàêóàöèþ ëþäåé ïðè ïîæàðå.
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ÐÅÇÞÌÅ

Ââåäåíèå. Ïîëèìåðíûå ìàòåðèàëû íàõîäÿò øèðîêîå ïðèìåíåíèå, ïîýòîìó àêòóàëüíîé çàäà÷åé ÿâëÿåòñÿ

ðàçðàáîòêà ìîäåëè ãîðåíèÿ ïîëèìåðîâ äëÿ ïðåäñêàçàíèÿ èõ ïîâåäåíèÿ ïðè ïîæàðå è ñíèæåíèå ãîðþ÷åñòè.

Äàííàÿ ðàáîòà ïîñâÿùåíà ýêñïåðèìåíòàëüíîìó è ÷èñëåííîìó èññëåäîâàíèþ ðàñïðîñòðàíåíèÿ ïëàìåíè ïî

ïîâåðõíîñòè ãîðèçîíòàëüíî è âåðòèêàëüíî ðàñïîëîæåííûõ ïëàñòèí ïîëèìåðà â íåïîäâèæíîì âîçäóõå.

Ìåòîäèêà. Îáúåêòîì èññëåäîâàíèÿ áûë ëèòîé ïîëèìåòèëìåòàêðèëàò (ÏÌÌÀ). Ýêñïåðèìåíòàëüíûå èññëåäî-

âàíèÿ áûëè ñôîêóñèðîâàíû íà èçìåðåíèè ïðîñòðàíñòâåííûõ ðàñïðåäåëåíèé êîíöåíòðàöèé âåùåñòâ è òåì-

ïåðàòóðû â ãàçîâîé ôàçå. Òåìïåðàòóðà èçìåðÿëàñü ñ ïîìîùüþ ìèêðîòåðìîïàð (ðàçìåðîì 50 ìêì). Äëÿ èç-

ìåðåíèÿ ïðîñòðàíñòâåííîãî ðàñïðåäåëåíèÿ êîíöåíòðàöèé âåùåñòâ â ïëàìåíè èñïîëüçîâàëàñü çîíäîâàÿ

ìàññ-ñïåêòðîìåòðèÿ.

Ðåçóëüòàòû è îáñóæäåíèå. Â ïëàìåíè áûëè èäåíòèôèöèðîâàíû îñíîâíûå êîìïîíåíòû, âêëþ÷àÿ ìåòèëìåòà-

êðèëàò (MMA), O2, CO2, H2O, N2, C2H4 (ýòèëåí), C3H6 (ïðîïèëåí), è èçìåðåíû èõ ïðîôèëè êîíöåíòðàöèé íà ðàç-

íûõ ðàññòîÿíèÿõ îò ôðîíòà ïëàìåíè. Óñòàíîâëåíî, ÷òî õèìè÷åñêàÿ ñòðóêòóðà ïëàìåíè íàõîäèòñÿ â õîðîøåì

ñîãëàñèè ñ òåïëîâîé ñòðóêòóðîé; ðàçìåð «òåìíîé çîíû» ïëàìåíè, â êîòîðîé òåìïåðàòóðà âáëèçè ïîâåðõíîñòè

ïîëèìåðà ìèíèìàëüíà, õîðîøî êîððåëèðóåò ñ ðàçìåðîì ñâîáîäíîé îò êèñëîðîäà çîíû. Áûëè òàêæå èçìåðå-

íû òàêèå õàðàêòåðèñòèêè ãîðåíèÿ, êàê ìàññîâàÿ ñêîðîñòü âûãîðàíèÿ, ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ

ïëàìåíè, øèðèíà çîíû ïèðîëèçà è ðàñïðåäåëåíèå òåìïåðàòóðû â êîíäåíñèðîâàííîé ôàçå. Íà îñíîâå ýêñïå-

ðèìåíòàëüíûõ ðåçóëüòàòîâ áûëè îïðåäåëåíû ïëîòíîñòè êîíäóêòèâíîãî è ðàäèàöèîííîãî òåïëîâûõ ïîòîêîâ îò

ïëàìåíè ê ïîâåðõíîñòè ïîëèìåðà. Ðàñ÷åò ïëîòíîñòè ðàäèàöèîííîãî ïîòîêà âûïîëíåí â ïðåäïîëîæåíèè îïòè-

÷åñêè òîíêîé ìîäåëè. Ïðîâåäåíî ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ãîðèçîíòàëüíîé ïîâåðõíîñòè

ÏÌÌÀ ñ ïîìîùüþ äâóìåðíîé ñîïðÿæåííîé ëàìèíàðíîé ìîäåëè ãîðåíèÿ, ó÷èòûâàþùåé îäíîñòàäèéíûå ðå-

àêöèè â ãàçîâîé è êîíäåíñèðîâàííîé ôàçàõ. Ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ïëàìåíè ïî âåðòèêàëüíîé ïî-

âåðõíîñòè ÏÌÌÀ ïðîâîäèëîñü ñ ïîìîùüþ ýêîíîìè÷íîé ìîäåëè â ïðîãðàììíîì ïàêåòå FDS.

Çàêëþ÷åíèå. Ïîêàçàíî, ÷òî ðàçðàáîòàííàÿ ìîäåëü õîðîøî îïèñûâàåò òàêèå ïàðàìåòðû, êàê ìàññîâàÿ ñêî-

ðîñòü ãîðåíèÿ, ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè, à òàêæå ðàñïðåäåëåíèå òåìïåðàòóðû è êîíöåíòðàöèé

âåùåñòâ âáëèçè ôðîíòà ïëàìåíè.
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ABSTRACT

Introduction. Polymer materials are widely used, however the actual object is to provide polymers combustion

model to predict their behavior under fire, and reducing flammability. The work is devoted to the experimental

study and numerical simulation of flame propagation over the surface of horizontally and vertically placed slabs of

polymer in still air.

Methods. The object of the investigation was cast polymethylmethacrylate (PMMA). The experiment was focused

on measurement of the spatial distributions of the temperature and species concentrations of the PMMA pyrolysis

and combustion products in the gas-phase over the surface of PMMA. Temperature was measured by micro-

thermocouple with diameter of 50 microns. Probe mass-spectrometry was used for the measurement of the spa-

tial distribution of species concentrations in the flame.

Results and discussion. The main species (mehylmethacrylate (MMA), O2, CO2, H2O, N2, C2H4 (ethylene), C3H6 (pro-

pylene)) were identified and their concentration profiles were measured on the different distance from the flame

front. The chemical structure of the flame was established to be in good agreement with the thermal one. The size

of the “dark zone” of the flame, in which the temperature near the surface of the polymer is minimal, correlated

well with the size of the oxygen-free zone. The mass burning rate, the velocity of flame propagation, the width of the

pyrolysis zone and the temperature distribution in the condensed phase were also measured. Based on the experi-

mental results, densities of conductive and radiation heat fluxes from the flame to the fuel surface were deter-

mined. Calculation of the radiation heat flux density was carried out under the assumption of an optically thin

model. Modeling of the horizontal flame propagation over the PMMA surface was carried out using a two-dimen-

sional conjugated laminar combustion model that takes into account one-step reactions — the decomposition re-

action of PMMA in the condensed phase and the oxidation of decomposition products in the gas phase. Modeling

of the vertical flame propagation over the PMMA surface was carried out using economical model of FDS.

Conclusion. The model was shown to describe satisfactorily the experimental data such as the mass burning rate,

flame propagation velocity, as well as the temperature distribution and concentration of species near the flame

front.

Keywords: flame spread; PMMA combustion; flame structure; microthermocouple; probing mass spectrometry;

heat flux; coupled combustion model; modeling by FDS.
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Ââåäåíèå

Ïîëèìåðíûå ìàòåðèàëû íàõîäÿò øèðîêîå ïðèìåíå-

íèå âî âñåõ ñôåðàõ íàøåé æèçíè. Â ñâÿçè ñ ðîñòîì â

ïîñëåäíåå âðåìÿ ÷èñëà ïîæàðîâ àêòóàëüíûì ÿâëÿ-

åòñÿ ïðåäñêàçàíèå ïîâåäåíèÿ ýòèõ ìàòåðèàëîâ ïðè

ïîæàðå è ñíèæåíèÿ èõ ãîðþ÷åñòè [1–7]. Âàæíûé

âêëàä â ðåøåíèå ýòîé ïðîáëåìû âíîñèò ðàçðàáîòêà

ìîäåëè ãîðåíèÿ ïîëèìåðíûõ ìàòåðèàëîâ. Ðàñïðî-

ñòðàíåíèå ïëàìåíè ïî ïîâåðõíîñòè ïîëèìåðîâ ïðè

èõ ãîðåíèè ïðåäñòàâëÿåò ñîáîé îäèí èç êëþ÷åâûõ

ïðîöåññîâ. Åãî ïîíèìàíèå íåîáõîäèìî äëÿ îöåíêè

ðèñêîâ âîçíèêíîâåíèÿ ïîæàðîâ è ìîäåëèðîâàíèÿ èõ

ðàñïðîñòðàíåíèÿ. Ñðåäè ðàçëè÷íûõ, èñïîëüçóåìûõ

íà ïðàêòèêå ïîëèìåðîâ íàèáîëüøåå âíèìàíèå èññëå-

äîâàòåëåé óäåëÿåòñÿ ïîëèìåòèëìåòàêðèëàòó (ÏÌÌÀ),

÷òî îáîñíîâàíî ñðàâíèòåëüíî ïðîñòûì ìåõàíèçìîì

åãî ðàçëîæåíèÿ è ñãîðàíèåì áåç îáðàçîâàíèÿ óãîëü-

íîãî îñòàòêà. Âñå ýòî âìåñòå ñ åãî äîñòàòî÷íî âûñî-

êîé ðàñïðîñòðàíåííîñòüþ äåëàåò ÏÌÌÀ îäíèì èç

íàèáîëåå óäîáíûõ ìîäåëüíûõ ïîëèìåðîâ äëÿ èñ-

ñëåäîâàíèÿ ðàñïðîñòðàíåíèÿ ïëàìåíè. Â íàñòîÿùåé

ðàáîòå ðàññìàòðèâàþòñÿ äâà îòíîñèòåëüíî ìåäëåí-

íûõ ïðîöåññà — ðàñïðîñòðàíåíèå ïëàìåíè ïî ãîðè-

çîíòàëüíîé ïîâåðõíîñòè è ðàñïðîñòðàíåíèå ïëàìå-

íè ïî âåðòèêàëüíîé ïîâåðõíîñòè ñâåðõó âíèç. Òàêàÿ

ïîñòàíîâêà ýêñïåðèìåíòà ñðàâíèòåëüíî ïðîñòà è

óäîáíà äëÿ òåîðåòè÷åñêîãî àíàëèçà è èçìåðåíèÿ

òåïëîâîé è õèìè÷åñêîé ñòðóêòóðû ïëàìåíè.

Â ëèòåðàòóðå èìååòñÿ íåñêîëüêî óïðîùåííûõ òå-

îðåòè÷åñêèõ ìîäåëåé ðàñïðîñòðàíåíèÿ ïëàìåíè, êî-

òîðûå âêëþ÷àþò â ñåáÿ ìåõàíèçìû ïåðåäà÷è òåïëà

ïî ïîâåðõíîñòè ïîëèìåðà â ïîãðàíè÷íîì ñëîå. Â ðÿäå

ðàáîò, ïîñâÿùåííûõ ÷èñëåííîìó ìîäåëèðîâàíèþ

ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíîñòè ïîëè-

ìåðà [8–15], ìîäåëü âêëþ÷àåò óðàâíåíèÿ ñîõðàíå-

íèÿ ýíåðãèè ñ õèìè÷åñêèìè ðåàêöèÿìè êàê â ãàçî-

âîé, òàê è â êîíäåíñèðîâàííîé ôàçàõ. Òåì íå ìåíåå

ñîïîñòàâëåíèå ðåçóëüòàòîâ ÷èñëåííîãî ìîäåëèðî-

âàíèÿ ñ ýêñïåðèìåíòàëüíûìè äàííûìè âñòðå÷àåòñÿ

ëèøü â îãðàíè÷åííîì ÷èñëå ðàáîò.
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Ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ðàñïðîñòðà-

íåíèÿ ïëàìåíè ïî ïëàñòèíàì ÏÌÌÀ ïðîâîäèëîñü

ïðè ãîðèçîíòàëüíîé îðèåíòàöèè îáðàçöîâ [[16–22],

à òàêæå ïðè âåðòèêàëüíîé îðèåíòàöèè [9,10,15,23–26].

Â ýòèõ èññëåäîâàíèÿõ ïîêàçàíà çàâèñèìîñòü ñêîðî-

ñòè ðàñïðîñòðàíåíèÿ ïëàìåíè îò òîëùèíû îáðàçöîâ,

èõ ãåîìåòðè÷åñêèõ ðàçìåðîâ, ñêîðîñòè íàáåãàþùåãî

ïîòîêà è ïðîöåíòíîãî ñîäåðæàíèÿ êèñëîðîäà â îêðó-

æàþùåé àòìîñôåðå. Áîëüøèíñòâî èññëåäîâàòåëåé

ñõîäÿòñÿ âî ìíåíèè, ÷òî ïî ìåðå ðàñïðîñòðàíåíèÿ

ïëàìåíè ïðîèñõîäèò ñìåíà äîìèíèðóþùåãî ìåõà-

íèçìà òåïëîîáìåíà. Íà ðàííèõ ñòàäèÿõ ïîæàðà ýòî

ïðîèñõîäèò ãëàâíûì îáðàçîì çà ñ÷åò êîíäóêòèâíî-

ãî òåïëîâîãî ïîòîêà èç ïëàìåíè â ïîâåðõíîñòü ïîëè-

ìåðà, à ïî ìåðå óâåëè÷åíèÿ ðàçìåðà ïëàìåíè îñíîâ-

íóþ ðîëü íà÷èíàåò èãðàòü ïåðåäà÷à òåïëà çà ñ÷åò

òåïëîâîãî èçëó÷åíèÿ. Â òî âðåìÿ êàê íà ðàííèõ ñòà-

äèÿõ ïîæàðà äîìèíèðóþùèì ïðîöåññîì òåïëîïå-

ðåíîñà ÿâëÿåòñÿ òåïëîïðîâîäíîñòü ÷åðåç òâåðäóþ

ïîâåðõíîñòü ïîëèìåðà, ïî ìåðå óâåëè÷åíèÿ ðàçìå-

ðà ïëàìåíè âñå áîëüøåå çíà÷åíèå ïðèîáðåòàåò òåï-

ëîâîå èçëó÷åíèå.

Òåì íå ìåíåå ñîâðåìåííûå èññëåäîâàíèÿ è ìî-

äåëè ãîðåíèÿ ïîëèìåðîâ íåäîñòàòî÷íî ó÷èòûâàþò

õèìè÷åñêèé àñïåêò ïðîöåññà ãîðåíèÿ, ïîñêîëüêó íà

äàííûé ìîìåíò õèìè÷åñêàÿ ñòðóêòóðà ïëàìåíè,

ðàñïðîñòðàíÿþùåãîñÿ ïî ïîâåðõíîñòè ïîëèìåðíûõ

ìàòåðèàëîâ, ïðàêòè÷åñêè íå èññëåäîâàíà. Òàêèì îá-

ðàçîì, ýòà èíôîðìàöèÿ áóäåò î÷åíü ïîëåçíà äëÿ ðàç-

ðàáîòêè äåòàëüíîé ìîäåëè ðàñïðîñòðàíåíèÿ ïëàìå-

íè ïî ïîâåðõíîñòè ïîëèìåðîâ ñ ó÷åòîì êèíåòèêè

ïèðîëèçà òîïëèâà, à òàêæå ðåàêöèé îêèñëåíèÿ ïðî-

äóêòîâ ïèðîëèçà â ãàçîâîé ôàçå.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå

òåïëîâîé è õèìè÷åñêîé ñòðóêòóðû ïëàìåíè ïðè åãî

ðàñïðîñòðàíåíèè ïî ïîâåðõíîñòè ïëàñòèí ÏÌÌÀ,

à òàêæå ðàçðàáîòêà ÷èñëåííûõ ìîäåëåé ýòîãî ïðî-

öåññà íà îñíîâå ýòèõ äàííûõ.

1. Ìåòîäèêà ýêñïåðèìåíòà

Â ðàáîòå ïðîâîäèëîñü èññëåäîâàíèå ãîðåíèÿ ëè-

òûõ ïëàñòèí ÏÌÌÀ (ïðîèçâîäèòåëü — Marga Cipta

brand, Èíäèÿ) øèðèíîé 100 ìì, òîëùèíîé 5 ìì è

äëèíîé 150 ìì. Íåêîòîðûå ôèçèêî-õèìè÷åñêèå õà-

ðàêòåðèñòèêè èññëåäîâàííîãî îáðàçöà òàêîâû: ñðåä-

íèé ìîëåêóëÿðíûé âåñ MW = 13,8 � 105 ã�ìîëü, ïëîò-

íîñòü �s = 1,16 ã�ñì3, ýôôåêòèâíàÿ òåïëîòà ïèðî-

ëèçà Hp = (1026 � 60) Äæ�ã, òåïëîòà ãàçèôèêàöèè

Qg = (2010 � 60) Äæ�ã.

Ñõåìà óñòàíîâêè ïîêàçàíà íà ðèñ. 1. Ïëàñòèíû

ïîìåùàëèñü â òîíêóþ ìåòàëëè÷åñêóþ ðàìó (òîëùè-

íîé 0,2 ìì), ÷òîáû ïðåäîòâðàòèòü ðàñïðîñòðàíåíèå

ïëàìåíè ïî áîêîâûì ïîâåðõíîñòÿì. Â ñëó÷àå èçó-

÷åíèÿ ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ãîðèçîíòàëüíîé

ïîâåðõíîñòè ÏÌÌÀ (ñì. ðèñ. 1,à) îáðàçåö ðàñïî-

ëàãàëè íà íåãîðþ÷åé òåïëîèçîëÿöèîííîé ïëàñòèíå

òîëùèíîé 10 ìì, êîòîðàÿ óñòàíàâëèâàëàñü íà ýëåêò-

ðîííûõ âåñàõ äëÿ îïðåäåëåíèÿ ìàññîâîé ñêîðîñòè

âûãîðàíèÿ. Çàæèãàíèå ïëàñòèí ïðîèçâîäèëîñü ñ òîð-

öàïëàìåíåì ïðîïàí-áóòàíîâîé ãîðåëêè. Ñêîðîñòü ðàñ-

ïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíîñòè ïîëèìåðà

îïðåäåëÿëè ïî âèäåîçàïèñè, ñäåëàííîé â õîäå ýêñïå-

ðèìåíòà. Èçìåðåíèå ñòðóêòóðû ïëàìåíè íà÷èíàëè

Ðèñ. 1. Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà äëÿ èññëåäîâàíèÿ ãîðèçîíòàëüíîãî (à) è âåðòèêàëüíîãî (á) ðàñïðîñòðàíåíèÿ ïëàìåíè ïî

ïîâåðõíîñòè ïîëèìåðà è èçìåðåíèÿ ïðîôèëåé òåìïåðàòóðû è êîíöåíòðàöèè âåùåñòâ: 1 — èñõîäíûé îáðàçåö; 2 — òåðìîïàðû

â êîíäåíñèðîâàííîé ôàçå; 3 — ëèíèÿ ñòåêëîâàíèÿ; 4 — çîíä èëè òåðìîïàðà; 5 — 3D-ñêàíåð; 6 — ïëàìÿ; 7 — çîíà ïèðîëèçà;

8 — çîíà âûãîðàíèÿ; 9 — òåðìîèçîëÿöèîííàÿ ïîäëîæêà; 10 — ïîäâèæíàÿ ïëàòôîðìà; 11 — âåñû

Fig. 1. Experimental setup for the study of horizontal (a) and vertical (b) flame spread over the polymer surface and for measuring tem-

perature and concentration profiles: 1 — virgin sample; 2 — thermocouples in the condensed phase; 3 — glass transition line; 4 — probe

or thermocouple; 5 — 3D-scaner; 6 — flame; 7 — pyrolysis zone; 8 — burnout zone; 9 — thermally insulated plate; 10 — movable plat-

form; 11 — balance



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 VOL. 28 No. 418

MATHEMATICAL MODELING, NUMERICAL METHODS AND PROGRAM COMPLEXES

òîëüêî ïîñëå òîãî, êàê ñêîðîñòü ðàñïðîñòðàíåíèÿ

ïëàìåíè ñòàáèëèçèðîâàëàñü. Ãàøåíèå îáðàçöîâ ïðî-

èçâîäèëè äî òîãî, êàê ïëàìÿ äîñòèãàëî êîíöà îáðàçöà,

äëÿ îïðåäåëåíèÿ ðàçìåðà è êîíòóðà ñå÷åíèÿ çîíû

ïèðîëèçà. Çàòóøåííûå îáðàçöû ðàçðåçàëè ïîñåðå-

äèíå â ïðîäîëüíîì íàïðàâëåíèè äëÿ îïðåäåëåíèÿ

êîíòóðà ñå÷åíèÿ çîíû ïèðîëèçà. Ïîòóøåííóþ ïî-

âåðõíîñòü ïîëèìåðà ôîòîãðàôèðîâàëè è èçìåðÿëè

äëèíó çîíû ïèðîëèçà Lp (ðàññòîÿíèå îò ôðîíòà ïëà-

ìåíè äî ëèíèè ïîëíîãî âûãîðàíèÿ îáðàçöà) è åå ïëî-

ùàäü. Ëèíèþ íà÷àëà çîíû ïèðîëèçà ðàññìàòðèâàëè

êàê ôðîíò ïëàìåíè.

Èçìåðåíèå òåìïåðàòóðû âíóòðè îáðàçöà è íà ïî-

âåðõíîñòè ÏÌÌÀ ïðîèçâîäèëîñü òåðìîïàðàìè, äëÿ

èçãîòîâëåíèÿ êîòîðûõ èñïîëüçîâàëàñü ïðîâîëîêà

äèàìåòðîì 50 ìêì èç ïëàòèíû è ïëàòèíû ñ äîáàâëå-

íèåì 10 % ðîäèÿ (Pt�Pt + 10 % Rh). Òåðìîïàðû óñòà-

íàâëèâàëè òàê, êàê ïîêàçàíî íà ðèñ. 1. Êàæäóþ èç

íèõ ïîìåùàëè â êàíàâêó ãëóáèíîé 0,2–0,3 ìì, ñäå-

ëàííóþ íà ïîâåðõíîñòè ïëàñòèíû, à çàòåì çàëèâàëè

50 %-íûì ðàñòâîðîì ÏÌÌÀ â äèõëîðýòàíå.

Äëÿ èçìåðåíèÿ òåìïåðàòóðû â ïëàìåíè èñïîëü-

çîâàëàñü òåðìîïàðà èç Pt�Pt + 10 % Rh, èçãîòîâëåííàÿ

èç ïðîâîëîêè òîëùèíîé 50 ìêì è ïîêðûòàÿ òîíêèì

ñëîåì äèîêñèäà êðåìíèÿ SiO2 òîëùèíîé 10 ìêì

äëÿ ïðåäîòâðàùåíèÿ êàòàëèòè÷åñêèõ ðåàêöèé íà

ïîâåðõíîñòè òåðìîïàðû. Ïëå÷è òåðìîïàðû èìåëè

äëèíó 5,5 ìì. Òåðìîïàðó óñòàíàâëèâàëè íà òðåõêî-

îðäèíàòíîì ñêàíèðóþùåì óñòðîéñòâå, ñ ïîìîùüþ

êîòîðîãî îñóùåñòâëÿëîñü åå ïåðåìåùåíèå â ïðî-

ñòðàíñòâå ïî çàäàííîé ïðîãðàììå. Òåðìîïàðà ïîìå-

ùàëàñü ïåðåä ôðîíòîì ïëàìåíè íà âûñîòå 30 ìì

íàä ïîâåðõíîñòüþ îáðàçöà è ïåðèîäè÷åñêè îïóñêà-

ëàñü ñî ñêîðîñòüþ 2 ìì�ñ äî êàñàíèÿ ïîâåðõíîñòè

ïëàñòèíû (áåç ðèñêà äåôîðìàöèè, ÷òî îáåñïå÷èâà-

ëîñü åå êîíñòðóêöèåé). Èíòåðâàë ïî îñè õ ìåæäó

îòäåëüíûìè ïðîõîäàìè òåðìîïàðû ñîñòàâëÿë ïðè-

ìåðíî 1,5 ìì. Äèàïàçîí äâèæåíèÿ òåðìîïàðû âíèç

ïîñòåïåííî óâåëè÷èâàëñÿ ñ øàãîì 1 ìì ïî ìåðå

ïðîäâèæåíèÿ ôðîíòà ïëàìåíè. Ýòî òðåáîâàëîñü äëÿ

òîãî, ÷òîáû òåðìîïàðà êàñàëàñü ïîâåðõíîñòè ãîðÿ-

ùåãî ïîëèìåðà, ïîëîæåíèå êîòîðîé ñìåùàëîñü â ðå-

çóëüòàòå âûãîðàíèÿ îáðàçöà. Ïîïðàâêà íà ðàäèàöè-

îííûå ïîòåðè òåïëà òåðìîïàðîé ðàññ÷èòûâàëàñü ïî

ôîðìóëå Êàñêàíà [27]. Âåëè÷èíà ðàäèàöèîííîé ïî-

ïðàâêè äëÿ èçìåðåííîé â ýêñïåðèìåíòå òåìïåðàòóðû

ïëàìåíè, ðàâíîé 1400 °Ñ, ñîñòàâèëà 160 °Ñ, ïîãðåø-

íîñòü èçìåðåíèÿ òåìïåðàòóðû — ± 50 °Ñ. Çàïèñü ïî-

êàçàíèé âñåõ òåðìîïàð è ýëåêòðîííûõ âåñîâ ïðîâîäè-

ëàñü ñ ïîìîùüþ ìíîãîêàíàëüíîãî ÀÖÏ (E14-140-M)

è ñèíõðîíèçèðîâàëàñü ñ âèäåîçàïèñüþ, ÷òî ïîçâî-

ëèëî èçìåðèòü ãðàäèåíò òåìïåðàòóðû â ãàçîâîé

ôàçå âáëèçè ïîâåðõíîñòè ïëàñòèíû ÏÌÌÀ. Àíàëî-

ãè÷íàÿ ìåòîäèêà èñïîëüçîâàëàñü ðàíåå Ñèíãõîì è

Ãîëëíåðîì äëÿ îïðåäåëåíèÿ ïëîòíîñòè êîíäóêòèâ-

íîãî ïîòîêà òåïëà äëÿ ãîðÿùèõ îáðàçöîâ ÏÌÌÀ[22].

Îòáîð ïðîáû èç ïëàìåíè äëÿ èçìåðåíèÿ åãî õè-

ìè÷åñêîé ñòðóêòóðû îñóùåñòâëÿëñÿ ñ ïîìîùüþ

êâàðöåâîãî êîíè÷åñêîãî ìèêðîçîíäà ñ äèàìåòðîì îò-

âåðñòèÿ 60 ìêì è âíóòðåííèì óãëîì ðàñòâîðà 20°.

Ìèêðîçîíä óñòàíàâëèâàëè íà àíàëîãè÷íîì òðåõêî-

îðäèíàòíîì óñòðîéñòâå äëÿ ñêàíèðîâàíèÿ â ðàçíûõ

îáëàñòÿõ ïëàìåíè. Îòîáðàííàÿ ìèêðîçîíäîì ïðîáà

ïîñòóïàëà â ðåæèìå ìîëåêóëÿðíîãî íàòåêàíèÿ â èîí-

íûé èñòî÷íèê ìàññ-ñïåêòðîìåòðè÷åñêîãî êîìïëåêñà

Hiden HPR-60 äëÿ ïîñëåäóþùåãî àíàëèçà. Â ñëó÷àå

ãîðèçîíòàëüíîãî ðàñïîëîæåíèÿ ïëàìåíè ïðîâîäè-

ëàñü åãî ïðîñòðàíñòâåííàÿ ñòàáèëèçàöèÿ ñ öåëüþ ïî-

âûñèòü òî÷íîñòü èçìåðåíèÿ ïðîôèëåé êîíöåíòðà-

öèé. Äëÿ ýòîãî îáðàçåö ÏÌÌÀ óñòàíàâëèâàëè íà

ïëàòôîðìó, êîòîðàÿ ïåðåìåùàëàñü â ãîðèçîíòàëüíîì

íàïðàâëåíèè, ïðîòèâîïîëîæíîì íàïðàâëåíèþ ðàñ-

ïðîñòðàíåíèÿ ïëàìåíè, ñî ñêîðîñòüþ, ðàâíîé ñêîðî-

ñòè åãî ðàñïðîñòðàíåíèÿ ïî ïîâåðõíîñòè ãîðþ÷åãî.

Äëÿ âñåõ èäåíòèôèöèðîâàííûõ â ïëàìåíè âåùåñòâ

(Î2, N2, ýòèëåí C2H4, CO2, H2O, ïðîïèëåí C3H6, CO,

ìåòèëìåòàêðèëàò C5H8O2) áûëè ïðîâåäåíû êàëèá-

ðîâî÷íûå ýêñïåðèìåíòû è îïðåäåëåíû êàëèáðîâî÷-

íûå êîýôôèöèåíòû îòíîñèòåëüíî àçîòà (N2). Ïðî-

öåäóðà îïðåäåëåíèÿ ìîëüíûõ äîëåé áûëà îïèñàíà

ðàíåå â ðàáîòå [28]. Ïîãðåøíîñòü èçìåðåíèÿ ìîëü-

íûõ äîëåé ñîñòàâèëà 10–15 % äëÿ âñåõ ñîåäèíåíèé,

êðîìå ïàðîâ âîäû, äëÿ êîòîðûõ îíà ðàâíà 20 %.

2. Ìàòåìàòè÷åñêàÿ ìîäåëü

2.1. Ãîðèçîíòàëüíîå ðàñïðîñòðàíåíèå ïëàìåíè

Òå÷åíèå ìíîãîêîìïîíåíòíîãî ðåàãèðóþùåãî ãàçà

îïèñûâàåòñÿ ñëåäóþùèìè óðàâíåíèÿìè:
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p RT� � , (5)

ãäå �, �à — ïëîòíîñòü ñîîòâåòñòâåííî ãàçà è îêðó-

æàþùåé ñðåäû, êã�ì3;

uj , ui — ñêîðîñòü, ì�ñ;

õj , õi — êîîðäèíàòà âäîëü ïîâåðõíîñòè ïîëè-

ìåðà, ì;
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� — äèíàìè÷åñêàÿ âÿçêîñòü, êã·ñ�ì2;

gi — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2;

C — òåïëîåìêîñòü, Äæ�(êã·K);

T — òåìïåðàòóðà, Ê;


 — òåïëîïðîâîäíîñòü, Âò�(ì·Ê);

W — ñêîðîñòü ðåàêöèè, 1�ñ;

Q — óäåëüíîå òåïëîâûäåëåíèå, Äæ�êã;

q j
r — ïëîòíîñòü ðàäèàöèîííîãî òåïëîâîãî ïîòî-

êà, Âò�ì2;

Yi — ìàññîâàÿ êîíöåíòðàöèÿ i-ãî êîìïîíåíòà

ñìåñè;

D — êîýôôèöèåíò äèôôóçèè, ì2�ñ;

�i — ñòåõèîìåòðè÷åñêèé êîýôôèöèåíò;

p — äàâëåíèå, Ïà;

R — óäåëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ, Äæ�(êã·Ê).

Â ðàññìàòðèâàåìóþ çäåñü äâóõìåðíóþ ìîäåëü âõî-

äÿò ñîñòàâëÿþùèå âåêòîðà ñêîðîñòè i = {x, y}, ìàññî-

âûå êîíöåíòðàöèè êîìïîíåíòîâ ñìåñè i = {O, F, P},

ãäå O — îêèñëèòåëü, F — ãîðþ÷åå, P — ïðîäóêòû

ðåàêöèè ãîðåíèÿ. Ìîëåêóëÿðíàÿ âÿçêîñòü ïîëàãà-

åòñÿ îäèíàêîâîé äëÿ âñåõ êîìïîíåíòîâ è ðàâíîé åå

òåìïåðàòóðíîé çàâèñèìîñòè äëÿ âîçäóõà. Âêëàäû

äèôôóçèîííîãî òåïëîïåðåíîñà è òåðìîäèôôóçèè ïî-

ëàãàþòñÿ ìàëûìè è íå ó÷èòûâàþòñÿ [9, 10]. Êîýôôè-

öèåíò äèôôóçèè êîìïîíåíòîâ ãàçîâîé ñìåñè îïðåäå-

ëÿåòñÿ ÷åðåç èõ òåïëîïðîâîäíîñòü (�D)i = 
i �(Ci Lei)

(ãäå Lei — ÷èñëî Ëüþèñà). Ýôôåêòèâíûå êîýôôè-

öèåíòû äèôôóçèè, òåïëîïðîâîäíîñòè è òåïëîåì-

êîñòè äëÿ ãàçîâîé ñìåñè ðàññ÷èòûâàþòñÿ êàê �D =

�� X Di i( ) ,� 
 
�� Xi i , C Y Ci i�� (ãäå Xi è Yi

— îáúåìíûå è ìàññîâûå êîíöåíòðàöèè i-ãî êîìïî-

íåíòà ñìåñè ñîîòâåòñòâåííî). Òåïëîïðîâîäíîñòü è

òåïëîåìêîñòü êîìïîíåíòîâ ãàçîâîé ñìåñè îïðåäåëÿ-

þòñÿ ïî äàííûì [29]. Ðàäèàöèîííàÿ ñîñòàâëÿþùàÿ

� �q xj
r

j (ïîñëåäíåå ñëàãàåìîå óðàâíåíèÿ (3)) ðàññ÷è-

òûâàåòñÿ ïî ìîäåëè ñôåðè÷åñêèõ àïïðîêñèìàöèé P1

[30], äëÿ êîòîðîé ñðåäíèé êîýôôèöèåíò ïîãëîùåíèÿ

ñìåñè îïðåäåëÿåòñÿ êàê K K T Xp p i i
i

�� , ( ) [31, 32].

Äëÿ ïîëèìåðíîãî ãîðþ÷åãî ðàññìàòðèâàåòñÿ óðàâ-

íåíèå ñîõðàíåíèÿ ýíåðãèè
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Ïðîöåññû îêèñëåíèÿ ãàçèôèöèðîâàííîãî ãîðþ-

÷åãî è ïèðîëèçà ãîðþ÷åãî ìàòåðèàëà îïèñûâàþòñÿ

îäíîñòàäèéíûìè ìàêðîðåàêöèÿìè:

W k Y Y E R Tg F O g� �exp ( ( )) ;0 (7)

W k E R Ts s s� �exp ( ( )) ,0 (8)

ãäå k — ïðåäýêñïîíåíöèàëüíûé ìíîæèòåëü, ñ–1;

E — ýíåðãèÿ àêòèâàöèè êîíñòàíòû ñêîðîñòè ðå-

àêöèè, Äæ�ìîëü;

R0 — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ,

Äæ�(ìîëü·Ê).

Âèä ãðàíè÷íûõ óñëîâèé äëÿ ñõåìû ðàñ÷åòíîé

îáëàñòè ÿâëÿåòñÿ îáùåïðèíÿòûì [9, 10] äëÿ ñîïðÿ-

æåííîé ìîäåëè òåïëîìàññîïåðåíîñà â ðåàãèðóþùåé

ãåòåðîãåííîé ñèñòåìå.

Èíòåãðèðîâàíèå óðàâíåíèé îñóùåñòâëÿåòñÿ ìå-

òîäîì êîíå÷íûõ îáúåìîâ ñ èñïîëüçîâàíèåì àëãîðèò-

ìà SIMPLE [33] äëÿ ðàñ÷åòà ïîëÿ òå÷åíèÿ â åñòåñò-

âåííûõ ïåðåìåííûõ.

Èññëåäóåòñÿ ðàñïðîñòðàíåíèå ïëàìåíè ïî ïî-

âåðõíîñòè ÏÌÌÀ. Ñâîéñòâà èññëåäóåìîãî ìàòåðè-

àëà ñâåäåíû â òàáë. 1.

2.2. Ðàñïðîñòðàíåíèå ïëàìåíè ñâåðõó âíèç

Ïðîãðàììíûé ïàêåò Fire Dynamics Simulator

(FDS) èñïîëüçîâàëñÿ äëÿ ìîäåëèðîâàíèÿ ðàñïðî-

ñòðàíåíèÿ ïëàìåíè ñâåðõó âíèç ïî âåðòèêàëüíî îðè-

åíòèðîâàííîìó îáðàçöó. Â äàííîé ðåàëèçàöèè àêöåíò

äåëàåòñÿ íà ïåðåíîñ äûìà è òåïëà ïðè ðàñïðîñòðà-

íåíèè ïëàìåíè. Ìîäåëèðîâàíèå òå÷åíèÿ ãàçà ïðîâî-

äèëîñü ñ ïîìîùüþ ìåòîäà êðóïíûõ âèõðåé (LES).

Äëÿ ãàçîâîé ôàçû ðåøàëèñü óðàâíåíèÿ ñîõðàíåíèÿ

ìàññû, èìïóëüñîâ, âåùåñòâ è cîõðàíåíèÿ ýíåðãèè

[34], äëÿ òâåðäîé — óðàâíåíèÿ ñîõðàíåíèÿ ýíåðãèè.

Íàòÿæåíèå, âûçâàííîå ïîòîêîì (ãðàâèòàöèîííûå

ýôôåêòû), áûëî âêëþ÷åíî â óðàâíåíèÿ ñîõðàíåíèÿ

èìïóëüñà. Îäíàêî êîíâåêòèâíûé ïåðåíîñ ãàçà íå ðàñ-

ñìàòðèâàëñÿ. Ìîäåëü ïèðîëèçà ïðåäñòàâëåíà êàê îä-

íîñòàäèéíûé ïðîöåññ (ýêâèâàëåíòíûé ñóáëèìàöèè).

Â äàííóþ ìåòîäîëîãèþ FDS âêëþ÷åí ïðîöåññ ãàçè-

ôèêàöèè�ñóáëèìàöèè ñ èñïîëüçîâàíèåì ïîäõîäà,

ïðèìåíÿåìîãî äëÿ èñïàðåíèÿ æèäêîãî òîïëèâà, â êî-

òîðîì çàëîæåíû ñêðûòàÿ òåïëîòà èñïàðåíèÿ è òî÷êà

êèïåíèÿ. Â äàííîì ñëó÷àå áûëà çàäàíà òåìïåðàòóðà

ïèðîëèçà (250 °Ñ) è åãî ýíòàëüïèÿ (1620 êÄæ�êã [35]).

Óäåëüíàÿ òåïëîåìêîñòü ðàâíà 2,1 êÄæ�(êã �Ê), êîýô-

ôèöèåíò òåïëîïðîâîäíîñòè — 0,26 Âò�(ì �Ê) [35].

Êîýôôèöèåíò èçëó÷åíèÿ ñîñòàâèë 0,85, êîýôôè-

öèåíò àáñîðáöèè — 2700 ì–1 [34]. Èñõîäÿ èç ýòîãî,

Ïàðàìåòð

Parameter

Çíà÷åíèå

Value

Èñòî÷íèê

Reference

�s, êã�ì3 � �s, kg�m3 1200 [9, 29]

Cs, Äæ�(êã �Ê) � Cs, J�(kg �K) 1466,5


s, Âò�(ì �Ê) � 
s, W�(m �K) 0,19

Qs, Äæ�êã � Qs, J�kg –1 � 106

Qg, Äæ�êã � Qg, J�kg 2,5 � 107

ks, ñ–1 � ks, sec–1 2,82 � 109

Es, Äæ�ìîëü � Es, J�mole 129890

kg, ñ–1 � kg, sec–1 1 � 1010 Ïîäáèðàëñÿ

Eg, Äæ�ìîëü � Eg, J�mole 90000 [9, 29]

�F 1,0

�O 1,9

Òàáëèöà 1. Òåïëîôèçè÷åñêèå è êèíåòè÷åñêèå ïàðàìåòðû

ÏÌÌÀ

Table 1. Thermophysical and kinetic parameters of PMMA
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ðàññ÷èòûâàëàñü ìîëüíàÿ äîëÿ ïàðîâ òîïëèâà íà ïî-

âåðõíîñòè ãîðþ÷åãî. Äëÿ îöåíêè ìàññîâîé ñêîðîñòè

ãàçèôèêàöèè èñïîëüçîâàëîñü óðàâíåíèå äèôôóçèè

Ñòåôàíà, â êîòîðîå âõîäèò êîýôôèöèåíò ìàññîïå-

ðåíîñà, ÿâëÿþùèéñÿ ôóíêöèåé ÷èñåë Øåðâóäà è

Ðåéíîëüäñà [34].

Âû÷èñëèòåëüíàÿ îáëàñòü (äîìåí), áóäó÷è ñèì-

ìåòðè÷íîé îòíîñèòåëüíî òîëùèíû, âêëþ÷àåò òîëüêî

ïîëîâèíó îáðàçöà. Ëåâàÿ ÷àñòü ãðàíèöû ñèììåò-

ðè÷íàÿ. Ïðîèçâîäíàÿ ïåðâîãî ïîðÿäêà âñåõ ïåðåìåí-

íûõ (êðîìå êîìïîíåíòû ñêîðîñòè ïî îñè õ) óñòàíàâ-

ëèâàåòñÿ ðàâíîé íóëþ, à ñêîðîñòü ñîñòàâëÿþùåé ïî

îñè õ ðàâíà íóëþ. Âåðõíÿÿ è ïðàâàÿ ãðàíèöû ÿâëÿ-

þòñÿ îòêðûòûìè ãðàíèöàìè, ÷åðåç êîòîðûå ïðîäóê-

òû ñãîðàíèÿ ìîãóò ïîêèäàòü äîìåí èëè â íåãî ìîæåò

ïîïàäàòü àòìîñôåðíûé âîçäóõ. Íèæíÿÿ ÷àñòü äî-

ìåíà ïðåäñòàâëÿåò ñîáîé èíåðòíóþ ñòåíêó, êîòîðàÿ

îïðåäåëÿåòñÿ êàê àäèàáàòè÷åñêàÿ äëÿ òåìïåðàòóðû,

íóëåâîé äèôôóçèîííûé ïîòîê äëÿ ñîåäèíåíèé è îò-

ñóòñòâèå ñêà÷êà ñêîðîñòåé. Ìîäåëèðîâàíèå ïðîâî-

äèëîñü äëÿ äâóõ òîëùèí — 1,6 è 5,0 ìì. Äëèíà îá-

ðàçöà ñîñòàâëÿëà 150 ìì, øèðèíà — 100 ìì.

Äëÿ äàííîãî ðàñ÷åòíîãî äîìåíà èñïîëüçîâàëàñü

ìíîãîáëî÷íàÿ ñòðóêòóðèðîâàííàÿ ñåòêà. Äëÿ ðàñ-

ïðîñòðàíåíèÿ ïëàìåíè âíèç ïî ïëàñòèíå ÏÌÌÀ

åå âåðõíÿÿ ÷àñòü íà âûñîòå 60 ìì áûëà ñíàáæåíà

òîíêîé ñåòêîé, à íèæíÿÿ — ãðóáîé ñåòêîé. Äëÿ èñ-

ñëåäîâàíèÿ óñòîé÷èâîãî ðàñïðîñòðàíåíèÿ ïëàìåíè

â ýòîé çàäà÷å äàííûé ïîäõîä ïðåäñòàâëÿåòñÿ ýêîíî-

ìè÷íûì. Äëÿ çàæèãàíèÿ èñïîëüçîâàëèñü íàãðåâà-

òåëüíûå ïîâåðõíîñòè, íàñòðîåííûå íà äèàïàçîí

òåìïåðàòóð îò 1000 äî 1200 °Ñ, ÷òîáû îáåñïå÷èòü

çàæèãàíèå îáðàçöà. Êàê òîëüêî îáðàçåö çàæèãàëñÿ,

÷òî ðåãèñòðèðîâàëîñü ïî òåìïåðàòóðíûì êîíòóðàì,

ãîðÿ÷èå ïëàñòèíû óäàëÿëèñü èç äîìåíà.

3. Ðåçóëüòàòû

3.1. Ýêñïåðèìåíò

Â òàáë. 2 ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèÿ

ñêîðîñòè ðàñïðîñòðàíåíèÿ ïëàìåíè uf, ñêîðîñòè ïî-

òåðè ìàññû Uìàñ, äëèíû çîíû ïèðîëèçà L è ñðåäíåé

ñêîðîñòè ïèðîëèçà ìàññû � ,m îïðåäåëåííûõ äëÿ èñ-

ñëåäóåìûõ ïëàñòèí ÏÌÌÀ. Ñðåäíÿÿ ñêîðîñòü ïè-

ðîëèçà ìàññû ðàññ÷èòûâàëàñü êàê ñêîðîñòü ïîòåðè

ìàññû, äåëåííàÿ íà ïëîùàäü çîíû ïèðîëèçà. Ðàçáðîñ

çíà÷åíèé ñêîðîñòè ðàñïðîñòðàíåíèÿ ïëàìåíè u f

ñîñòàâèë 10 %.

Íà ðèñ. 2 ïðèâåäåíî ïðîñòðàíñòâåííîå ðàñïðå-

äåëåíèå òåìïåðàòóðû â ãàçîâîé ôàçå äëÿ îáîèõ ñëó-

÷àåâ, à òàêæå êîíòóðû ïîïåðå÷íîãî ñå÷åíèÿ ïîãà-

øåííûõ îáðàçöîâ, äåìîíñòðèðóþùèå çàâèñèìîñòü

òîëùèíû íåñãîðåâøåé ÷àñòè îáðàçöà îò ðàññòîÿíèÿ

äî ôðîíòà ïëàìåíè. Ïîëîæåíèå ïåðåäíåé êðîìêè

ïëàìåíè â ãàçîâîé ôàçå ïðèìåðíî ñîâïàäàåò ñ ôðîí-

òîì ïëàìåíè â êîíäåíñèðîâàííîé ôàçå, ò. å. â ïîëè-

ìåðå. Èç ïðîñòðàíñòâåííûõ ðàñïðåäåëåíèé òåìïåðà-

òóðû, ïîêàçàííûõ íà ðèñ. 2, âèäíî, ÷òî ôëóêòóàöèè

Îðèåíòàöèÿ
îáðàçöà

Specimen orientation

uf , ìì�ñ

uf ,

mm�sec

Uìàñ, ã�ñ

Umas,

g�sec

L, ñì

L, cm

�m, ã�(ñ·ñì2)

�m, g�(sec�cm2)

Ãîðèçîíòàëüíàÿ

Horizontally 0,090 0,045 5,2 10–3

Âåðòèêàëüíàÿ

Vertically 0,066 0,037 0,8 2,3 � 10–3

Òàáëèöà 2. Ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè, ñêîðîñòü ïî-

òåðè ìàññû, äëèíà çîíû ïèðîëèçà è ñðåäíÿÿ ñêîðîñòü ïèðî-

ëèçà, èçìåðåííûå äëÿ îáðàçöîâ ÏÌÌÀ

Table 2. The flame propagation rate, the mass loss rate, the pyro-

lysis zone length and the average rate of pyrolysis measured for

PMMA samples

Ðèñ. 2. Ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå òåìïåðàòóðû â ïëàìåíè ãîðÿùèõ îáðàçöîâ ëèòîãî ÏÌÌÀ, îðèåíòèðîâàííîãî ãîðè-

çîíòàëüíî (à) è âåðòèêàëüíî (á): â íèæíåé ÷àñòè — êîíòóð ïîïåðå÷íîãî ñå÷åíèÿ ïîãàøåííîãî îáðàçöà

Fig. 2. Spatial distribution of the temperature in the flame of burning cast PMMA samples oriented horizontally (a) and vertically (b):

the bottom of the figures shows the cross-section contour of the extinguished sample
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òåìïåðàòóðû ïëàìåíè óñèëèâàþòñÿ ïî ìåðå óâåëè-

÷åíèÿ âûñîòû íàä ïîâåðõíîñòüþ òîïëèâà. Ýòî îáú-

ÿñíÿåòñÿ óñèëåíèåì òóðáóëåíòíîñòè ïîòîêà ãàçà

âñëåäñòâèå êîíâåêöèè ãîðÿ÷èõ ïðîäóêòîâ ãîðåíèÿ

ââåðõ.

Íà ðèñ. 3 ïðèâåäåíî ïðîñòðàíñòâåííîå ðàñïðåäå-

ëåíèå êîíöåíòðàöèé êîìïîíåíòîâ ïëàìåíè, èçìåðåí-

íûõ ïðè ãîðåíèè ïëàñòèíû ëèòîãî ÏÌÌÀ. Â ïëàìå-

íè áûëî èäåíòèôèöèðîâàíî ñåìü ñîåäèíåíèé: ÌÌÀ,

Î2, ÑÎ2, Í2Î, ÑÎ, N2, Ñ2Í4 (ýòèëåí), Ñ3Í6 (ïðîïèëåí),

ïîñëåäíèå ÷åòûðå èç êîòîðûõ íà ãðàôèêàõ íå ïðè-

âåäåíû.

Èçìåðåííûå ïðîôèëè òåìïåðàòóðû âáëèçè ïî-

âåðõíîñòè ãîðåíèÿ (ðèñ. 4) áûëè èñïîëüçîâàíû äëÿ

ðàñ÷åòà ãðàäèåíòà òåìïåðàòóðû dT�dy (ãäå y — êî-

îðäèíàòà ïî íîðìàëè ê ïîâåðõíîñòè ïîëèìåðà) è

äëÿ îöåíêè ïëîòíîñòè êîíäóêòèâíîãî òåïëîâîãî ïî-

òîêà Qêîí â ïîëèìåð èç ïëàìåíè ïðè åãî ðàñïðîñòðà-

íåíèè ïî ãîðèçîíòàëüíî îðèåíòèðîâàííîìó îáðàç-

öó. Èñïîëüçóÿ èçìåðåííûå ïðîôèëè òåìïåðàòóðû â

Ðèñ. 3. Äâóìåðíîå ðàñïðåäåëåíèå êîíöåíòðàöèé îñíîâíûõ âåùåñòâ â ïëàìåíè ëèòîãî îáðàçöà ÏÌÌÀ, îðèåíòèðîâàííîãî ãî-

ðèçîíòàëüíî (à) è âåðòèêàëüíî (á)

Fig. 3. The two-dimensional distribution of the main species concentrations in the flame of cast PMMA sample oriented horizontally (a)

and vertically (b)
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ãàçîâîé ôàçå è êîíöåíòðàöèé ÑÎ2, Í2Î è ÌÌÀ, ðàñ-

ñ÷èòûâàëè ïëîòíîñòü ðàäèàöèîííîãî òåïëîâîãî ïî-

òîêà îò ïëàìåíè ê ïîâåðõíîñòè ãîðþ÷åãî ñ ïîìîùüþ

îïòè÷åñêè òîíêîé ìîäåëè [36]. Íà ðèñ. 4 òàêæå ïðåä-

ñòàâëåíî ðàñïðåäåëåíèå ðàñ÷åòíîé ïëîòíîñòè êîí-

äóêòèâíîãî (Qêîí), ðàäèàöèîííîãî (Qðàä) è ïîëíîãî

(Qïîëí) òåïëîâûõ ïîòîêîâ îò ïëàìåíè íà ïîâåðõíîñòü

ëèòîãî îáðàçöà ÏÌÌÀ âäîëü ãîðèçîíòàëüíîé ïî-

âåðõíîñòè ãîðåíèÿ. Ìîæíî îòìåòèòü, ÷òî â îòëè÷èå

îò êîíäóêòèâíîãî òåïëîâîãî ïîòîêà ïëîòíîñòü ðà-

äèàöèîííîãî òåïëîâîãî ïîòîêà èìååò íèçêîå çíà÷å-

íèå ó ïåðåäíåé êðîìêè ïëàìåíè è ñóùåñòâåííî âîç-

ðàñòàåò ñ âûãîðàíèåì îáðàçöà è ðîñòîì ðàçìåðà çîíû

ïëàìåíè.

3.2. Ìîäåëèðîâàíèå

Ãîðèçîíòàëüíîå ðàñïðîñòðàíåíèå
ïëàìåíè

Íà ðèñ. 5 ïîêàçàíû ïðîôèëè òåìïåðàòóð ïî êî-

îðäèíàòå, íîðìàëüíîé ê ïîâåðõíîñòè ãîðåíèÿ, ïðè

ðàçëè÷íûõ ðàññòîÿíèÿõ îò ôðîíòà ïëàìåíè. Ðàñ÷åòû

ïîêàçàëè õîðîøåå ñîâïàäåíèå ìàêñèìàëüíîé ðàñ÷åò-

íîé òåìïåðàòóðû ñ ýêñïåðèìåíòàëüíîé. Êàê ìîæíî

âèäåòü íà ðèñ. 5, íà ðàññòîÿíèè 6,8 ìì è ìåíåå îò

ôðîíòà ïëàìåíè ñîãëàñèå ãðàäèåíòîâ òåìïåðàòóð è

øèðèí çîí óäîâëåòâîðèòåëüíîå. Íà÷èíàÿ ñ ðàññòîÿ-

íèÿ Õ = 8,5 ìì îò ôðîíòà ïëàìåíè, ýêñïåðèìåíòàëü-

íûå äàííûå ïîêàçûâàþò âîçíèêíîâåíèå ñèëüíûõ

ôëóêòóàöèé íà áîëüøîé âûñîòå (íà÷èíàÿ ñ Y = 15 ìì)

îò ïîâåðõíîñòè. Ýòè ôëóêòóàöèè õîðîøî âèäíû è íà

ðèñ. 2 (ðàñïðåäåëåíèå òåìïåðàòóð). Çäåñü ñëåäóåò

îòìåòèòü, ÷òî ðàññìàòðèâàåìàÿ ìàòåìàòè÷åñêàÿ ìî-

äåëü ïðåäñòàâëåíà óðàâíåíèÿìè äëÿ ëàìèíàðíîãî

ðåæèìà ðàñïðîñòðàíåíèÿ ïëàìåíè, ñïðàâåäëèâîñòü

êîòîðûõ íå ìîæåò áûòü àäåêâàòíî ðàñïðîñòðàíåíà

íà ðàñ÷åò õàðàêòåðèñòèê â êðóïíîìàñøòàáíîì ôà-

êåëå ãîðèçîíòàëüíî ðàñïðîñòðàíÿþùåãîñÿ ïëàìåíè.

Ðàñ÷åòíîå çíà÷åíèå ìàññîâîé ñêîðîñòè ïèðîëèçà

ñîñòàâèëî 0,038 ã�ñ, ÷òî áëèçêî ê èçìåðåííîìó —

0,045 ã�ñ.

Íà ðèñ. 6 ïðåäñòàâëåíû òåîðåòè÷åñêîå è ýêñïå-

ðèìåíòàëüíîå ðàñïðåäåëåíèÿ êîíöåíòðàöèé êîìïî-

íåíòîâ âî ôðîíòå ïëàìåíè ÏÌÌÀ (ñì. ðèñ. 6,à) è

íà ðàññòîÿíèè 5 ìì îò ôðîíòà (ñì. ðèñ. 6,á). Ðåçóëü-

òàòû ìîäåëèðîâàíèÿ ïî ñîïðÿæåííîé ìîäåëè îòðà-

æàþò õîðîøåå ñîãëàñèå äëÿ îêèñëèòåëÿ è ãîðþ÷åãî;

ðàñ÷åòíàÿ êîíöåíòðàöèÿ ïðîäóêòîâ ãîðåíèÿ ïîêà-

çûâàåò çàíèæåííîå çíà÷åíèå.

Âåðòèêàëüíîå ðàñïðîñòðàíåíèå
ïëàìåíè (ñâåðõó âíèç)

Íà ðèñ. 7 ïðåäñòàâëåíû ðàñ÷åòíûå è èçìåðåííûå

ïðîôèëè òåìïåðàòóðû âäîëü îñè y íà ðàçíûõ ðàñ-

ñòîÿíèÿõ îò öåíòðà îáðàçöà òîëùèíîé 1,6 ìì. Êàê

âèäíî èç ðèñ. 7, ðåçóëüòàòû ýêñïåðèìåíòà è ìîäåëè-

ðîâàíèÿ õîðîøî ñîâïàäàþò êàê ïî ïîëîæåíèþ ìàê-

ñèìóìà, òàê è ïî çíà÷åíèþ ãðàäèåíòà. Ðàñ÷åòíîå

çíà÷åíèå ñêîðîñòè âûãîðàíèÿ ñîñòàâëÿåò 0,03 ã�ñ

(ýêñïåðèìåíòàëüíîå — 0,037 ã�ñ), à ñêîðîñòè ðàñ-

ïðîñòðàíåíèÿ ïëàìåíè — 0,08 ìì�ñ (ýêñïåðèìåí-

òàëüíîå — 0,066 ìì�ñ).

Â ãåòåðîãåííîì äèôôóçèîííîì ïëàìåíè ðàñïðå-

äåëåíèå ðàñõîäà êèñëîðîäà ÿâëÿåòñÿ î÷åíü âàæíûì.

Íà ðèñ. 8 ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå è ðàñ-

÷åòíûå ïðîôèëè ìîëüíûõ äîëåé Î2 íà ðàçíîé âû-

ñîòå îò ôðîíòà ïëàìåíè ïðè åãî ðàñïðîñòðàíåíèè

ñâåðõó âíèç ïî ïîâåðõíîñòè ÏÌÌÀ òîëùèíîé 5 ìì.

Ñëåäóåò îòìåòèòü õîðîøåå ñîãëàñèå ìåæäó ìîäåëüþ

è ýêñïåðèìåíòîì. Ïîëîæåíèå ïîëíîãî ðàñõîäà è



Ðèñ. 5. Ðàñïðåäåëåíèå òåìïåðàòóðû ïî íîðìàëè ê ïîâåðõíî-

ñòè â ðàçëè÷íûõ ñå÷åíèÿõ âäîëü ïîâåðõíîñòè: òî÷êè — ýêñ-

ïåðèìåíò, êðèâûå — ðàñ÷åò; çíà÷åíèÿ â ëåãåíäå — ðàññòîÿ-

íèå îò ôðîíòà ïëàìåíè, ìì; 0 — ôðîíò ïëàìåíè

Fig. 5. Temperature distribution along the normal to the surface

in various cross-sections along the surface: dots is an experiment,

curves is calculation; values in the legend are the distance from

the flame front, mm; 0 is the flame front

Ðèñ. 4. Çàâèñèìîñòü ãðàäèåíòà òåìïåðàòóðû, ïëîòíîñòè êîí-

äóêòèâíîãî, ðàäèàöèîííîãî è ñóììàðíîãî òåïëîâûõ ïîòîêîâ

íà ïîâåðõíîñòü ãîðåíèÿ ëèòîãî îáðàçöà ÏÌÌÀ øèðèíîé

100 ìì îò ðàññòîÿíèÿ äî ôðîíòà ïëàìåíè

Fig. 4. Dependence of temperature gradient, density of con-

ductive, radiative and total heat fluxes to the burning surface of

100 mm wide cast PMMA sample on the distance to the flame

front



23ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 4

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

Ðèñ. 7. Ðàñ÷åòíûå è èçìåðåííûå ïðîôèëè òåìïåðàòóðû âäîëü îñè y íà ðàññòîÿíèè X îò öåíòðà îáðàçöà 2 ìì (à) è 4 ìì (á) ïðè

ðàñïðîñòðàíåíèè ïëàìåíè ñâåðõó âíèç; X = 0 ìì ñîîòâåòñòâóåò öåíòðó îáðàçöà òîëùèíîé 1,6 ìì, Y = 0 ìì — íà÷àëó çîíû ïè-

ðîëèçà

Fig. 7. The calculated and measured temperature profiles along the y axis at distance X from the center of the sample 2 mm (a) and 4 mm (b)

during the flame spread from top to bottom, where X = 0 mm corresponds to the center of the sample with a thickness of 1.6 mm,

Y = 0 mm corresponds to the beginning of the pyrolysis zone

Ðèñ. 6. Ðàñïðåäåëåíèå êîíöåíòðàöèé ïî íîðìàëè ê ïîâåðõíîñòè ãîðåíèÿ âî ôðîíòå ïëàìåíè (à) è íà ðàññòîÿíèè 5 ìì îò íåãî (á):

òî÷êè — ýêñïåðèìåíò, êðèâûå — ðàñ÷åò; ïðîäóêòû ãîðåíèÿ — ÑÎ2 + Í2Î; ãîðþ÷åå — ÌÌÀ + Ñ2Í4 + Ñ3Í6

Fig. 6. Concentration distribution along the surface normal in various cross-sections along the surface at the flame front (a) and at a dis-

tance of 5 mm from the flame front (b): dots is an experiment, curves is calculation; products are ÑÎ2+ Í2Î; fuel is ÌÌÀ + Ñ2Í4+ Ñ3Í6

Ðèñ. 8. Ãîðèçîíòàëüíûå ïðîôèëè ìîëüíîé äîëè êèñëîðîäà íà âûñîòå îò ôðîíòà ïëàìåíè Y 2 ìì (à), 6 ìì (á) è 10 ìì (â) ïðè ðàñ-

ïðîñòðàíåíèè ïëàìåíè ñâåðõó âíèç: X = 0 ìì ñîîòâåòñòâóåò öåíòðó îáðàçöà ÏÌÌÀ òîëùèíîé 5 ìì

Fig. 8. Horizontal mole fraction profiles of oxygen at height from the flame front Y are 2 mm (a), 6 mm (b), and 10 mm (v) during

the downward flame spread, where X = 0 mm corresponds to the center of the PMMA sample with a thickness of 5 mm
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âîññòàíîâëåíèÿ êèñëîðîäà îñòàåòñÿ ïðèìåðíî îä-

íèì è òåì æå.

Çàêëþ÷åíèå

Ïðîâåäåíî ýêñïåðèìåíòàëüíîå è ÷èñëåííîå èñ-

ñëåäîâàíèå ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõ-

íîñòè ãîðèçîíòàëüíî è âåðòèêàëüíî îðèåíòèðîâàí-

íûõ ïëàñòèí ÏÌÌÀ. Áûëè èçìåðåíû ñëåäóþùèå

õàðàêòåðèñòèêè ãîðåíèÿ: ìàññîâàÿ ñêîðîñòü âûãîðà-

íèÿ, ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõ-

íîñòè è äëèíà çîíû ïèðîëèçà. Îïðåäåëåíî ïðîñòðàí-

ñòâåííîå ðàñïðåäåëåíèå òåìïåðàòóðû â ïëàìåíè.

Âïåðâûå ïîëó÷åíî ïðîñòðàíñòâåííîå ðàñïðåäåëå-

íèå ìîëüíîé äîëè ïðîäóêòîâ ïèðîëèçà ÏÌÌÀ è èõ

äàëüíåéøåãî îêèñëåíèÿ. Ïîëó÷åííûå äàííûå áûëè

èñïîëüçîâàíû äëÿ ðàñ÷åòà ïëîòíîñòè êîíäóêòèâ-

íîãî è ðàäèàöèîííîãî òåïëîâûõ ïîòîêîâ îò ïëàìå-

íè ê òâåðäîìó òîïëèâó â çàâèñèìîñòè îò ðàññòîÿíèÿ

äî ôðîíòà ïëàìåíè. Óñòàíîâëåíî, ÷òî â îòëè÷èå îò

êîíäóêòèâíîãî òåïëîâîãî ïîòîêà ïëîòíîñòü ðàäèà-

öèîííîãî òåïëîâîãî ïîòîêà ìèíèìàëüíà âî ôðîíòå

ïëàìåíè è óâåëè÷èâàåòñÿ ïî ìåðå âûãîðàíèÿ îáðàç-

öà. Îöåíêè ïîëó÷åííûõ òåïëîâûõ ïîòîêîâ ïîêàçà-

ëè, ÷òî óðàâíåíèå òåïëîâîãî áàëàíñà ñ ó÷åòîì îøè-

áîê èçìåðåíèÿ õîðîøî âûïîëíÿåòñÿ. Ïðîâåäåíî ÷èñ-

ëåííîå ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ïëàìåíè

ïî âåðòèêàëüíîé è ãîðèçîíòàëüíîé ïîâåðõíîñòÿì

ÏÌÌÀ.
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ÐÅÇÞÌÅ

Ââåäåíèå. Ïîæàðû íà âûñîêîñòåëëàæíûõ ñêëàäàõ ñ äèñêðåòíûì ðàñïðåäåëåíèåì ïîæàðíîé íàãðóçêè õàðàê-

òåðèçóþòñÿ ñòðåìèòåëüíûì ðàçâèòèåì, òðóäíî ïîääàþòñÿ ðàííåìó îáíàðóæåíèþ è òóøåíèþ è ïðèâîäÿò ê ñó-

ùåñòâåííîìó ìàòåðèàëüíîìó óùåðáó. Öåëü äàííîé ðàáîòû — äåìîíñòðàöèÿ ïðèìåíèìîñòè ìåòîäèêè ÷èñ-

ëåííîãî ìîäåëèðîâàíèÿ íà îñíîâå òåïëîâîé ìîäåëè âîñïëàìåíåíèÿ òâåðäûõ ãîðþ÷èõ ìàòåðèàëîâ äëÿ

ïðîãíîçèðîâàíèÿ ðàçâèòèÿ ïîæàðà íà âûñîêîñòåëëàæíîì ñêëàäå.

Ìåòîäèêà. Ðàñ÷åòû âûïîëíÿþòñÿ ñ èñïîëüçîâàíèåì ìîäåëè è êîäà FDS 6.6. Â òåïëîâîé ìîäåëè ïðåäïîëàãàåò-

ñÿ, ÷òî èìååò ìåñòî èíåðòíûé íàãðåâ ìàòåðèàëà äî äîñòèæåíèÿ êðèòè÷åñêîé òåìïåðàòóðû ïîâåðõíîñòè (òåì-

ïåðàòóðû âîñïëàìåíåíèÿ) è ïîñëåäóþùåå âûãîðàíèå åãî ñ ïîñòîÿííîé ñêîðîñòüþ ïîòåðè ìàññû. Ïðåèìóùå-

ñòâîì òåïëîâîé ìîäåëè ïèðîëèçà ÿâëÿåòñÿ åå ïðîñòîòà è èñïîëüçîâàíèå îãðàíè÷åííîãî ÷èñëà ìîäåëüíûõ

ïàðàìåòðîâ: òåìïåðàòóðû âîñïëàìåíåíèÿ, óäåëüíîé ìàññîâîé ñêîðîñòè âûãîðàíèÿ, âðåìåíè âûãîðàíèÿ ìà-

òåðèàëà è òåïëîòû åãî ãàçèôèêàöèè. Ïðåäëàãàåìàÿ ìåòîäèêà ïîäáîðà óêàçàííûõ ïàðàìåòðîâ îñíîâàíà íà

àíàëèçå ëèòåðàòóðíûõ è ýêñïåðèìåíòàëüíûõ äàííûõ. Â ñòàòüå ïðèâîäèòñÿ ðàñ÷åò ðàçâèòèÿ ïîæàðà íà òðåõ- è

ïÿòèÿðóñíîì ñòåëëàæàõ ñ 2 ðÿäàìè êàðòîííûõ êîðîáîê (îáùåå êîëè÷åñòâî — 2�4�3 = 24 è 2�4�5 = 40 êîðî-

áîê); ñèñòåìû àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ íå àêòèâèðóþòñÿ.

Ðåçóëüòàòû è îáñóæäåíèå. Ðàñ÷åòû ñ èñïîëüçîâàíèåì òåïëîâîé ìîäåëè ïèðîëèçà ïîçâîëÿþò âîñïðîèçâåñòè

ñëîæíóþ äèíàìèêó ðàçâèòèÿ ïîæàðà, âêëþ÷àÿ ðàñïðîñòðàíåíèå ïëàìåíè ââåðõ ïî áîêîâûì ïîâåðõíîñòÿì è

âäîëü ïî ãîðèçîíòàëüíûì ïîâåðõíîñòÿì êîðîáîê. Ïðèâåäåíû ïîëÿ òåìïåðàòóðû è ñóììàðíîãî òåïëîâîãî ïî-

òîêà íà ïîâåðõíîñòÿõ êîðîáîê, òåìïåðàòóðà è ñêîðîñòü ãàçà âíóòðè ñòåëëàæà. Ïðè óâåëè÷åíèè êîëè÷åñòâà ÿðó-

ñîâ ñ 3 äî 5 íàáëþäàåòñÿ óâåëè÷åíèå ñêîðîñòè ðîñòà ìîùíîñòè òåïëîâûäåëåíèÿ.

Âûâîäû. Ïîëó÷åííîå ñîãëàñèå ðåçóëüòàòîâ ðàñ÷åòà ìîùíîñòè òåïëîâûäåëåíèÿ ñ äàííûìè íàòóðíûõ èñïûòà-

íèé ïîêàçûâàåò âîçìîæíîñòü èñïîëüçîâàíèÿ òåïëîâîé ìîäåëè ïèðîëèçà äëÿ ïðîãíîçèðîâàíèÿ äèíàìèêè

ðàçâèòèÿ ïîæàðà íà âûñîêîñòåëëàæíîì ñêëàäå. Ðàññìàòðèâàåìàÿ ìîäåëü ìîæåò áûòü èñïîëüçîâàíà ïðè ðàç-

íûõ êîìïîíîâêàõ ïîæàðíîé íàãðóçêè è âûñîòàõ ïåðåêðûòèÿ, à òàêæå ïðè ïðîãíîçèðîâàíèè îáíàðóæåíèÿ ïî-

æàðà è äèíàìèêè ïîæàðîòóøåíèÿ.

Êëþ÷åâûå ñëîâà: òåïëîâàÿ ìîäåëü; ðàñïðîñòðàíåíèå ïëàìåíè; ñîâìåñòíîå ìîäåëèðîâàíèå; âûñîêîñòåë-

ëàæíûé ñêëàä; FDS.
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Simulation of flame spread over discrete fire load
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ABSTRACT

Introduction. Fires at high-rack storages with a discrete fire load develop dramatically fast, while fire detection and

suppression systems might activate too late, which leads to significant property damage. The objective of this work

is to demonstrate applicability of the thermal pyrolysis model in predictions of fire development in high-rack storage

facilities.

Methods. The simulations are performed using FDS 6.6. In the thermal pyrolysis model, the solid material is ex-

posed to inert heating until its surface temperature reaches the ignition temperature; combustible material then
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ignites and burns at a prescribed burning rate. The advantage of this approach is its simplicity and a limited number

of input parameters, which include ignition temperature, mass loss rate per unit area, burn-out time and heat of

gasification. The model parameters selection procedure is based on literature and experimental data. In this work,

FDS simulations are performed for 3- and 5-tier high racks with 2 rows of cardboard boxes (2�4�3 = 24 and

2�4�5 = 40 boxes in total). Fire suppression systems are not activated.

Results and discussions. Simulations results show that high-rack storage fire dynamics can be replicated using

thermal pyrolysis model provided that model parameters are properly selected. Fire growth mechanisms include

upward and horizontal flame spread over the combustible surfaces. Net heat flux and surface temperature distri-

butions, in-rack gas velocity and temperature are also reported. When number of tiers is increased to 5 the heat

release rate grows faster compared to the 3-tier case.

Conclusions. Thermal pyrolysis model enables reasonable replication of high-rack storage fire dynamics, which is

proven by comparison with the full-scale experimental data. The model could be used to simulate fire dynamics in

rack storages of different configurations at different ceiling heights, with the purpose of predicting fire detection

and the performance of fire suppression systems.
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Ââåäåíèå

Ïîæàðû íà âûñîêîñòåëëàæíûõ ñêëàäàõ õàðàêòåðè-

çóþòñÿ ñòðåìèòåëüíûì ðàçâèòèåì, òðóäíî ïîääà-

þòñÿ ðàííåìó îáíàðóæåíèþ è òóøåíèþ è ïðèâîäÿò

ê ñóùåñòâåííîìó ìàòåðèàëüíîìó óùåðáó. Äèíàìè-

êà ðàçâèòèÿ ïîæàðà íà òàêèõ îáúåêòàõ îïðåäåëÿåòñÿ

êîíôèãóðàöèåé ïîæàðíîé íàãðóçêè. Ïîñêîëüêó ãî-

ðþ÷èå ïðåäìåòû óïîðÿäî÷åííî ðàñïîëîæåíû â íå-

ïîñðåäñòâåííîé áëèçîñòè äðóã îò äðóãà, â ñëó÷àå

âîçíèêíîâåíèÿ î÷àãà ïîæàðà îíè áûñòðî âîñïëàìå-

íÿþòñÿ, à ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè îêà-

çûâàåòñÿ î÷åíü âûñîêîé. Ýòîìó ñïîñîáñòâóþò èí-

òåíñèâíûé ëó÷èñòûé òåïëîïåðåíîñ âíóòðè ñòåë-

ëàæà è ýôôåêò äûìîâîé òðóáû: ãîðÿ÷èå ïðîäóêòû

ñãîðàíèÿ îòâîäÿòñÿ ÷åðåç âåðòèêàëüíûå ïðîåìû,

à ñâåæèé âîçäóõ ïîñòóïàåò ÷åðåç ãîðèçîíòàëüíûå

çàçîðû. Âñëåäñòâèå ýòîãî ìîùíîñòü òåïëîâûäåëå-

íèÿ ìîæåò äîñòèãíóòü íåñêîëüêèõ äåñÿòêîâ ìåãà-

âàòò â òå÷åíèå êîðîòêîãî ïðîìåæóòêà âðåìåíè.

Â ñèëó ðåçêîãî ðîñòà ìîùíîñòè òåïëîâûäåëå-

íèÿ íà ðàííèõ ñòàäèÿõ ïîæàðà, à òàêæå òðóäíîäî-

ñòóïíîñòè ãîðÿùèõ ïîâåðõíîñòåé èñïîëüçîâàíèå

òðàäèöèîííûõ àâòîìàòè÷åñêèõ óñòàíîâîê ïîæàðî-

òóøåíèÿ ìîæåò îêàçàòüñÿ íåýôôåêòèâíûì. Â ÷àñò-

íîñòè, ãðóçû âåðõíèõ ÿðóñîâ ìîãóò ýêðàíèðîâàòü

çîíó ãîðåíèÿ îò âîäû, ïîñòóïàþùåé èç ñïðèêëåð-

íûõ îðîñèòåëåé, óñòàíîâëåííûõ ïîä ïåðåêðûòèåì.

Â ýòîì ñëó÷àå äëÿ òóøåíèÿ ïîæàðà òðåáóåòñÿ ñóùå-

ñòâåííî áîëüøå âîäû, ÷åì ïðè ãîðèçîíòàëüíîì ðàñ-

ïîëîæåíèè ïîæàðíîé íàãðóçêè. Äðóãèì êëàññè÷å-

ñêèì ïîäõîäîì ÿâëÿåòñÿ óñòàíîâêà äîïîëíèòåëü-

íûõ âíóòðèñòåëëàæíûõ ñïðèíêëåðîâ è ãðîìîçäêèõ

ñïëîøíûõ ýêðàíîâ, ðàçäåëÿþùèõ ñòåëëàæè ïî âåð-

òèêàëè íà ó÷àñòêè âûñîòîé ìåíåå 4 ì êàæäûé [1].

Îäíàêî ýòè ðåøåíèÿ íå ÿâëÿþòñÿ îïòèìàëüíûìè,

ïîñêîëüêó òðåáóþò ñóùåñòâåííûõ ìàòåðèàëüíûõ

çàòðàò íà ýòàïàõ ïðîåêòèðîâàíèÿ, âíåäðåíèÿ è îá-

ñëóæèâàíèÿ, è ïîýòîìó íå â ïîëíîé ìåðå óäîâëåòâî-

ðÿþò ïîòðåáèòåëÿ. Âîçíèêàåò ïîòðåáíîñòü â ïîèñêå

íåòðàäèöèîííûõ ïóòåé àâòîìàòè÷åñêîé ïîæàðíîé

çàùèòû — òóøåíèÿ èëè ñäåðæèâàíèÿ ðàçâèòèÿ ïî-

æàðà äî ïðèáûòèÿ ïîæàðíûõ ïîäðàçäåëåíèé.

Äëÿ òîãî ÷òîáû îïðåäåëèòü ïàðàìåòðû âîçìîæ-

íûõ àëüòåðíàòèâíûõ ñèñòåì ïîæàðîòóøåíèÿ, òðå-

áóåòñÿ ïðîâåñòè íåñêîëüêî ñåðèé ýêñïåðèìåíòîâ ïðè

ðàçëè÷íûõ ñöåíàðèÿõ ðàçâèòèÿ ïîæàðà ñ ó÷åòîì

îïèñàííîé âûøå ñïåöèôèêè. Îäíàêî î÷åâèäíî, ÷òî

ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîæàðîâ íà âû-

ñîêîñòåëëàæíûõ ñêëàäàõ òðåáóþò ñóùåñòâåííûõ

ìàòåðèàëüíûõ è âðåìåííûõ çàòðàò. Ýòî îñîáåííî

õàðàêòåðíî ïðè âûñîòå ñêëàäèðîâàíèÿ áîëåå 10 ì.

Ñòîèìîñòü òàêèõ èñïûòàíèé ìîæåò äîñòèãàòü íå-

ñêîëüêèõ ìèëëèîíîâ ðóáëåé. Êðîìå òîãî, êîëè÷åñò-

âî ñòåíäîâ, ïðèñïîñîáëåííûõ äëÿ ïðîâåäåíèÿ íà-

òóðíûõ ýêñïåðèìåíòîâ, íå òîëüêî â Ðîññèè, íî è

â ìèðå êðàéíå îãðàíè÷åíî. Â ñâÿçè ñ ýòèì îñîáóþ

àêòóàëüíîñòü ïðèîáðåòàåò èñïîëüçîâàíèå ìåòîäîâ

÷èñëåííîãî ìîäåëèðîâàíèÿ äëÿ îïèñàíèÿ ïðîöåñ-

ñîâ ãîðåíèÿ è òóøåíèÿ âûñîêîñòåëëàæíûõ ñêëàäîâ.

Ãîðåíèå òâåðäûõ ãîðþ÷èõ ìàòåðèàëîâ â îêèñëè-

òåëüíîé àòìîñôåðå ñîïðîâîæäàåòñÿ äâóìÿ ïðîöåñ-

ñàìè, ñóùåñòâåííî ðàçíûìè ïî ñâîåé ïðèðîäå: (1) ãà-

çèôèêàöèåé ïîæàðíîé íàãðóçêè (ïèðîëèç) è (2) òóð-

áóëåíòíûì ãîðåíèåì ëåòó÷èõ ïðè èõ ñìåøåíèè ñ

âîçäóõîì. Äâóñòîðîííåå âçàèìîäåéñòâèå ýòèõ ïðî-

öåññîâ îáóñëàâëèâàåò ñóùåñòâîâàíèå êðèòè÷åñêèõ

óñëîâèé âîñïëàìåíåíèÿ è ïîãàñàíèÿ ïëàìåíè, à òàê-

æå ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíîñòè ãî-

ðþ÷åãî ìàòåðèàëà. Âîçäåéñòâèå îãíåòóøàùèõ âå-

ùåñòâ (ãàç, ðàñïûëåííàÿ æèäêîñòü, ïîðîøîê èëè èõ
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êîìáèíàöèÿ) íà ãàçîôàçíîå ïëàìÿ è (èëè) ïîâåðõ-

íîñòü ãîðþ÷åãî ìàòåðèàëà ïîðîæäàåò äîïîëíèòåëü-

íûå âèäû âçàèìîäåéñòâèé è êðèòè÷åñêèõ óñëîâèé.

Òðàäèöèîííûé ïîäõîä ê ÷èñëåííîìó ìîäåëèðî-

âàíèþ äèíàìèêè ðàçâèòèÿ ïîæàðà â ïîìåùåíèè çà-

êëþ÷àåòñÿ â ðàçäåëüíîì ðàññìîòðåíèè ãàçèôèêà-

öèè ïîæàðíîé íàãðóçêè è òóðáóëåíòíîãî ãîðåíèÿ â

ãàçîâîé ôàçå. Òàêîé ïîäõîä ëåæèò â îñíîâå êîíöåï-

öèè ïðîåêòíîãî ïîæàðà, â ðàìêàõ êîòîðîé òåïëîâàÿ

ìîùíîñòü î÷àãà èçìåíÿåòñÿ âî âðåìåíè ïî çàðàíåå

çàäàííîìó çàêîíó. Ïðèìåíèòåëüíî ê ðàâíîìåðíîìó

ðàñïðåäåëåíèþ ïîæàðíîé íàãðóçêè [1, 2] çàâèñè-

ìîñòü ìîùíîñòè òåïëîâûäåëåíèÿ îò âðåìåíè â óñëî-

âèÿõ ðàñòóùåãî ïîæàðà àïïðîêñèìèðóåòñÿ êâàäðà-

òè÷íîé çàâèñèìîñòüþ (çàêîí t2). Ïðè ýòîì îæèäà-

åìàÿ ñêîðîñòü ðîñòà ìîùíîñòè òåïëîâûäåëåíèÿ

âûáèðàåòñÿ íà îñíîâàíèè ýêñïåðòíûõ îöåíîê.

Äëÿ ðàçâèòèÿ ïîæàðà íà âûñîêîñòåëëàæíîì

ñêëàäå õàðàêòåðíà ãîðàçäî áîëåå âûñîêàÿ, ÷åì êâàä-

ðàòè÷íàÿ, ñêîðîñòü ðîñòà ìîùíîñòè, çàâèñÿùàÿ

íå òîëüêî îò ñâîéñòâ è òèïà ïîæàðíîé íàãðóçêè,

íî è îò ñïîñîáà çàæèãàíèÿ. Ýêñïåðèìåíòàëüíûå äàí-

íûå ïîêàçûâàþò, ÷òî äëÿ òàêèõ îáúåêòîâ ìîãóò íà-

áëþäàòüñÿ ñëåäóþùèå çàâèñèìîñòè ñêîðîñòè ðîñòà

ìîùíîñòè òåïëîâûäåëåíèÿ: t3 [3, 4]; exp(t) [5];

� exp(�t )(a + bt ) [6–8].

Ó÷åò ïåðå÷èñëåííûõ ôàêòîðîâ â ðàìêàõ êîíöåï-

öèè ïðîåêòíîãî ïîæàðà íåâîçìîæåí. Àëüòåðíàòèâ-

íûì ïîäõîäîì ìîæåò ñòàòü òåõíîëîãèÿ ñîâìåñòíîãî

÷èñëåííîãî ìîäåëèðîâàíèÿ òåïëî- è ìàññîïåðåíîñà

êàê â ñëîå ãîðþ÷åãî ìàòåðèàëà, òàê è â ãàçîâîé ôàçå,

îñíîâàííàÿ íà ïðèíöèïàõ âû÷èñëèòåëüíîé ãèäðî-

äèíàìèêè.

Íàèáîëåå ïîëíûå ñîâðåìåííûå ìîäåëè äëÿ ÷èñ-

ëåííûõ ðàñ÷åòîâ ó÷èòûâàþò êîíå÷íóþ ñêîðîñòü ðå-

àêöèé ïèðîëèçà, à òàêæå èçìåíåíèå ñòðóêòóðû ìà-

òåðèàëà (îáóãëèâàíèå, âñïó÷èâàíèå, ðàññëîåíèå).

Ïðèìåðîì ÿâëÿåòñÿ ìîäåëü FireFOAM [9–13]. Òàêèå

ìîäåëè ôîðìóëèðóþòñÿ è êàëèáðóþòñÿ äëÿ êîíê-

ðåòíîãî âèäà ïîæàðíîé íàãðóçêè è òðåáóþò çàäàíèÿ

áîëüøîãî êîëè÷åñòâà òåðìîõèìè÷åñêèõ ñâîéñòâ è

êèíåòè÷åñêèõ ïàðàìåòðîâ, ìíîãèå èç êîòîðûõ îñòà-

þòñÿ íåèçâåñòíûìè äëÿ ìàòåðèàëîâ, ïðèìåíÿåìûõ

íà ïðàêòèêå.

Â êà÷åñòâå àëüòåðíàòèâû óêàçàííûì ìîäåëÿì â

íàøèõ ðàáîòàõ [14–16] ïðèìåíÿåòñÿ óïðîùåííûé

ïîäõîä, îñíîâàííûé íà òåïëîâîé ìîäåëè âîñïëàìå-

íåíèÿ òâåðäûõ ãîðþ÷èõ ìàòåðèàëîâ. Â òåïëîâîé

ìîäåëè ïðåäïîëàãàåòñÿ, ÷òî èìååò ìåñòî èíåðòíûé

íàãðåâ ìàòåðèàëà äî äîñòèæåíèÿ êðèòè÷åñêîé òåì-

ïåðàòóðû ïîâåðõíîñòè (òåìïåðàòóðû âîñïëàìåíå-

íèÿ) è ïîñëåäóþùåå âûãîðàíèå åãî ñ ïîñòîÿííîé

ñêîðîñòüþ ïîòåðè ìàññû. Òåïëîâàÿ ìîäåëü ïðèìå-

íÿåòñÿ, â ÷àñòíîñòè, â ðàáîòå [16] äëÿ ðàñ÷åòà âðå-

ìåíè çàäåðæêè âîñïëàìåíåíèÿ. Â ðàáîòàõ [14, 15]

îïèñûâàåòñÿ âàëèäàöèÿ òåïëîâîé ìîäåëè ñ èñïîëü-

çîâàíèåì ìîäåëè è êîäà FDS äëÿ ñïëîøíîé è äè-

ñêðåòíîé ñîâîêóïíîñòè ãîðþ÷åãî ìàòåðèàëà. Ïðå-

èìóùåñòâî ðàññìàòðèâàåìîãî ïîäõîäà çàêëþ÷àåòñÿ

â òîì, ÷òî äëÿ íåãî òðåáóåòñÿ îãðàíè÷åííîå êîëè÷å-

ñòâî ïàðàìåòðîâ.

Öåëü äàííîé ðàáîòû — äåìîíñòðàöèÿ ïðèìåíè-

ìîñòè ìåòîäèêè ñîâìåñòíîãî ìîäåëèðîâàíèÿ ãàçèôè-

êàöèè ïîæàðíîé íàãðóçêè è òóðáóëåíòíîãî ãîðåíèÿ

íà îñíîâå óïðîùåííîé (òåïëîâîé) ìîäåëè âîñïëà-

ìåíåíèÿ òâåðäûõ ãîðþ÷èõ ìàòåðèàëîâ äëÿ ÷èñëåí-

íîãî ìîäåëèðîâàíèÿ ðàçâèòèÿ ïîæàðà íà âûñîêî-

ñòåëëàæíîì ñêëàäå. Â äàëüíåéøåì äàííàÿ ìåòîäèêà

ìîæåò áûòü èñïîëüçîâàíà äëÿ ïðîãíîçèðîâàíèÿ ðàç-

âèòèÿ ïîæàðà íà âûñîêîñòåëëàæíîì ñêëàäå â ðåàëèñ-

òè÷íîé êðóïíîìàñøòàáíîé ïîñòàíîâêå, ÷òî äàñò âîç-

ìîæíîñòü ïðîâåäåíèÿ ñðàâíèòåëüíîãî àíàëèçà ñèñ-

òåì àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ òàêèõ îáúåêòîâ.

Äëÿ äîñòèæåíèÿ óêàçàííîé öåëè â íàñòîÿùåé

ðàáîòå âûïîëíÿåòñÿ àïðîáàöèÿ óïðîùåííîé (òåï-

ëîâîé) ìîäåëè ïèðîëèçà ïîæàðíîé íàãðóçêè ïðè

÷èñëåííîì ìîäåëèðîâàíèè ïîæàðà íà ñêëàäå ñ âû-

ñîòîé ñêëàäèðîâàíèÿ äî 8 ì. Ðåçóëüòàòû ðàñ÷åòîâ

ñðàâíèâàþòñÿ ñ ýêñïåðèìåíòàëüíûìè äàííûìè,

ïðèâåäåííûìè â [11, 12]. Ïîêàçàíî, ÷òî èñïîëüçóå-

ìàÿ ìîäåëü ïîçâîëÿåò âîñïðîèçâåñòè äèíàìèêó ðàç-

âèòèÿ ïîæàðà.

Â êà÷åñòâå ïîæàðíîé íàãðóçêè ðàññìàòðèâàþò-

ñÿ êîðîáêè èç ãîôðèðîâàííîãî êàðòîíà ñ òðîéíîé

ñòåíêîé, ÷òî ñîîòâåòñòâóåò Class II Commodity ñî-

ãëàñíî êëàññèôèêàöèè [17]. Äàííûé òèï ïîæàðíîé

íàãðóçêè ÿâëÿåòñÿ òèïè÷íûì è âñòðå÷àåòñÿ ïîâñå-

ìåñòíî. Â ëèòåðàòóðå [18] ìîæíî íàéòè òåïëîôèçè-

÷åñêèå ñâîéñòâà ýòîãî ìàòåðèàëà â øèðîêîì äèàïà-

çîíå. Ðàçðàáîòàííàÿ ìåòîäèêà ìîæåò áûòü äîñòà-

òî÷íî ëåãêî ïåðåíåñåíà íà äðóãîé òèï ïîæàðíîé

íàãðóçêè, íàïðèìåð íà ïëàñòèêè ãðóïïû À (Group A

Plastics) [17].

1. Ìàòåìàòè÷åñêàÿ ìîäåëü

è ðàñ÷åòíûé êîä

Â íàñòîÿùåé ðàáîòå èñïîëüçóåòñÿ ïðîãðàììà

Fire Dynamics Simulator âåðñèè 6.6 (NIST, ÑØÀ,

[19, 20]) — ïîëåâàÿ ãèäðîäèíàìè÷åñêàÿ ìîäåëü è

êîìïüþòåðíûé êîä, ïðåäíàçíà÷åííûé äëÿ ìîäåëè-

ðîâàíèÿ ãîðåíèÿ ïðè ïîæàðå. Ýòî îäèí èç íàèáîëåå

ïîïóëÿðíûõ è àïðîáèðîâàííûõ èíñòðóìåíòîâ äëÿ

ìîäåëèðîâàíèÿ ïîæàðîâ. Îäíàêî îïûò ïðèìåíåíèÿ

FDS äëÿ ïðîãíîçèðîâàíèÿ ðàçâèòèÿ ïîæàðà íà âû-

ñîêîñòåëëàæíîì ñêëàäå ïðàêòè÷åñêè îòñóòñòâóåò.

Ñðåäè ïðèìåðîâ ïîäîáíûõ ïóáëèêàöèé ìîæíî âû-

äåëèòü ðàáîòó [21], â êîòîðîé îòäåëüíîå âíèìàíèå

óäåëÿåòñÿ ëó÷èñòîìó òåïëîïåðåíîñó âíóòðè ñòåë-

ëàæà. Îòìåòèì, îäíàêî, ÷òî äàííàÿ ðàáîòà ÷àñòè÷íî

ïîòåðÿëà ñâîþ àêòóàëüíîñòü, òàê êàê â íåé èñïîëü-

çîâàíà óñòàðåâøàÿ âåðñèÿ FDS 4.0.
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Ïîëíîå îïèñàíèå ìàòåìàòè÷åñêîé ìîäåëè FDS 6.6

ìîæíî íàéòè â [19]. Â îñíîâå ìîäåëè ëåæàò óðàâíå-

íèÿ Íàâüå–Ñòîêñà, ðåøåíèå êîòîðûõ âûïîëíÿåòñÿ

â ïðèáëèæåíèè ìàëûõ ÷èñåë Ìàõà. Äëÿ ìîäåëèðî-

âàíèÿ òóðáóëåíòíîãî òå÷åíèÿ ïðèìåíÿåòñÿ ìåòîä

êðóïíûõ âèõðåé (LES) ñ ïîäñåòî÷íîé ìîäåëüþ Äè-

äîðôà, èñïîëüçóþùåé âûðàæåíèå äëÿ òóðáóëåíòíîé

âÿçêîñòè ÷åðåç ïîäñåòî÷íóþ êèíåòè÷åñêóþ ýíåðãèþ

òóðáóëåíòíîñòè:

� �SGS v SGSC k� � ,

ãäå � — ïëîòíîñòü ãàçà;

Cv = 0,1;

� — õàðàêòåðíûé ðàçìåð ÿ÷åéêè ñåòêè;

k u uSGS i i

i

� �
�
� (~ ~� ) ;2

1

3

2

~ui — ñêîðîñòü, ðàçðåøàåìàÿ íà ñåòêå;
~�ui — ñêîðîñòü, îñðåäíåííàÿ íà ðàñøèðåííîì ñå-

òî÷íîì øàáëîíå.

Êîýôôèöèåíòû òóðáóëåíòíîé òåïëîïðîâîäíî-

ñòè 
SGS è äèôôóçèè ÄSGS âû÷èñëÿþòñÿ ñ ïîìîùüþ

ðàâåíñòâ:


 �SGS P SGS tc � Pr ;

� �Ä SGS SGS t� Sc ,

ãäå Prt è Sct — òóðáóëåíòíûå ÷èñëà Ïðàíäòëÿ è

Øìèäòà;ïîëàãàþòñÿ ïîñòîÿííûìè:Prt = Sct = 0,5.

Äëÿ ìîäåëèðîâàíèÿ òóðáóëåíòíîãî ãîðåíèÿ ïðè-

ìåíÿåòñÿ ïîäñåòî÷íàÿ ìîäåëü äðîáëåíèÿ âèõðåé.

Ðàññìàòðèâàåòñÿ áåñêîíå÷íî áûñòðàÿ îäíîñòàäèé-

íàÿ íåîáðàòèìàÿ ðåàêöèÿ îêèñëåíèÿ ãîðþ÷åãî, à ñêî-

ðîñòü âûãîðàíèÿ ���m fuel îïðåäåëÿåòñÿ èíòåíñèâíî-

ñòüþ ïîäñåòî÷íîãî ñìåøåíèÿ ðåàãåíòîâ:

��� � �m Y Yfuel fuel mix� � �min ( , ) ,Î O2 2

ãäå Yfuel, YO2
— ìàññîâûå äîëè ñîîòâåòñòâåííî ãî-

ðþ÷åãî è êèñëîðîäà;

�O2
— ìàññîâûé ñòåõèîìåòðè÷åñêèé êîýôôè-

öèåíò êèñëîðîäà;

�mix — ïîäñåòî÷íîå âðåìÿ ñìåøåíèÿ.

Ïîäñåòî÷íîå âðåìÿ ñìåøåíèÿ âû÷èñëÿåòñÿ ñ

ó÷åòîì âðåìåííûõ ìàñøòàáîâ, õàðàêòåðíûõ ñîîò-

âåòñòâåííî äëÿ äèôôóçèè, òóðáóëåíòíîãî ïåðåìå-

øèâàíèÿ è åñòåñòâåííîé êîíâåêöèè:

�mix
SGS

SGSk g
�

�

�

�

�
�

�

�

�
�

min ,
,

( )
, ,

� � �2 0 4

2 3

2

Ä Ä

ãäå Ä, ÄSGS — ìîëåêóëÿðíûé è ïîäñåòî÷íûé êîýô-

ôèöèåíòû äèôôóçèè;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ.

Êîëè÷åñòâà ñàæè è ìîíîêñèäà óãëåðîäà, îáðàçó-

þùèåñÿ ïðè ðàñõîäîâàíèè 1 êã ãîðþ÷åãî, ïîëàãàþò-

ñÿ ïîñòîÿííûìè è çàäàþòñÿ â èñõîäíûõ äàííûõ.

Äëÿ ðàñ÷åòà ëó÷èñòîãî òåïëîïåðåíîñà ïðèìåíÿ-

åòñÿ ìåòîä êîíòðîëüíûõ îáúåìîâ. Óðàâíåíèå ïåðå-

íîñà ýíåðãèè èçëó÷åíèÿ ðåøàåòñÿ ñ èñïîëüçîâàíèåì

300 äèñêðåòíûõ óãëîâûõ íàïðàâëåíèé (âìåñòî 104

ïî óìîë÷àíèþ). Ñïåêòðàëüíûå ñâîéñòâà ãàçîîáðàç-

íûõ ïðîäóêòîâ ñãîðàíèÿ è ñàæè ó÷èòûâàþòñÿ â ïðè-

áëèæåíèè ñåðîãî ãàçà. Ýôôåêòèâíûé êîýôôèöèåíò

ïîãëîùåíèÿ ñìåñè äèîêñèäà óãëåðîäà (CO2), H2O è

ñàæè âû÷èñëÿåòñÿ ñ ïîìîùüþ ïðîöåäóðû RadCal â

çàâèñèìîñòè îò ëîêàëüíûõ çíà÷åíèé êîíöåíòðàöèé

è òåìïåðàòóðû. Ýìèññèÿ èçëó÷åíèÿ Ib âû÷èñëÿåòñÿ

ïî ôîðìóëå

I C Tb � � �
~

,4

ãäå Ñ — êîýôôèöèåíò, îïðåäåëÿåìûé òàêèì îáðà-

çîì, ÷òîáû äîëÿ ýíåðãèè, èçëó÷àåìîé ïëàìåíåì,

ñîñòàâëÿëà íàïåðåä çàäàííîå çíà÷åíèå fr;

� — ïîñòîÿííàÿ Ñòåôàíà–Áîëüöìàíà;
~
T — ðàçðåøåííàÿ òåìïåðàòóðà.

Òàêîé ñïîñîá ðàñ÷åòà ýìèññèè èçëó÷åíèÿ ñóùå-

ñòâåííî ñíèæàåò òðåáîâàíèÿ ê ïðîñòðàíñòâåííîìó

ðàçðåøåíèþ âûñîêîòåìïåðàòóðíûõ çîí â òóðáóëåíò-

íîì ïëàìåíè.

Ðàñ÷åòû, ïðåäñòàâëåííûå â íàñòîÿùåé ðàáîòå,

âûïîëíåíû ñ íàñòðîéêàìè, ïðèíÿòûìè ïî óìîë÷à-

íèþ â âåðñèè FDS 6.6, åñëè èíûå íàñòðîéêè íå îò-

ìå÷åíû îòäåëüíî.

Íèæå ïðèâîäèòñÿ êðàòêîå îïèñàíèå ïðåäëàãàåìîé

òåïëîâîé ìîäåëè ïèðîëèçà ãîðþ÷èõ ìàòåðèàëîâ.

Òåïëîïåðåäà÷à â òâåðäîé ôàçå îïèñûâàåòñÿ îäíî-

ìåðíûì óðàâíåíèåì òåïëîïðîâîäíîñòè â ñëîå ìà-

òåðèàëà:

� 
s s sc
T

t x x

�
�

�
�
�

�
�

�
�
�

�
�
� , (1)

ãäå 
s, �s, cs — òåïëîïðîâîäíîñòü, ïëîòíîñòü è òåï-

ëîåìêîñòü ìàòåðèàëà; êîîðäèíàòà íàïðàâëåíà

ïî íîðìàëè ê íàãðåâàåìîé ïîâåðõíîñòè.

Èñòî÷íèêè (ñòîêè) òåïëà, îáóñëîâëåííûå ïîãëî-

ùåíèåì òåïëà â ýíäîòåðìè÷åñêîé ðåàêöèè ïèðîëè-

çà, íå ïðèíèìàþòñÿ âî âíèìàíèå. Ãðàíè÷íîå óñëîâèå

íà íàãðåâàåìîé ïîâåðõíîñòè ó÷èòûâàåò òåïëîïðî-

âîäíîñòü â ãëóáü ìàòåðèàëà, ïîãëîùåíèå òåïëîâîãî

èçëó÷åíèÿ, ñîáñòâåííîå èçëó÷åíèå ïîâåðõíîñòè,

à òàêæå êîíâåêòèâíûé òåïëîïåðåíîñ èç ãàçîâîé ôàçû.

Â ñîîòâåòñòâèè ñ òåïëîâîé òåîðèåé èìååò ìåñòî èíåðò-

íûé (áåç ãàçèôèêàöèè) íàãðåâ ìàòåðèàëà äî äîñòè-

æåíèÿ êðèòè÷åñêîé òåìïåðàòóðû ïîâåðõíîñòè (òåì-

ïåðàòóðû âîñïëàìåíåíèÿ Tign) è ïîñëåäóþùåå âû-

ãîðàíèå ìàòåðèàëà ñ ïîñòîÿííîé, íàïåðåä çàäàííîé

ñêîðîñòüþ ïîòåðè ìàññû ��m . Â ïîñëåäíåì ñëó÷àå

òåïëîâîé ïîòîê, ïîñòóïàþùèé â ãëóáü ñëîÿ ìàòå-

ðèàëà, ñíèæàåòñÿ íà�h mg
�� (ãäå�hg — òåïëîòà ãàçè-

ôèêàöèè). Ïðè ýòîì ïðîäîëæàåòñÿ ðàñ÷åò òåìïåðà-

òóðû ïîâåðõíîñòè ìàòåðèàëà, ÷òî ïîçâîëÿåò ó÷åñòü
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åå ñóùåñòâåííûé ðîñò äëÿ ìàòåðèàëîâ, ðàçëàãà-

þùèõñÿ ñ îáðàçîâàíèåì óãëèñòîãî îñòàòêà.

Äëÿ ó÷åòà êîíå÷íîé òîëùèíû ñëîÿ ââîäèòñÿ âå-

ëè÷èíà �b, îïèñûâàþùàÿ âðåìÿ ïîëíîãî âûãîðàíèÿ

ìàòåðèàëà. Ïî èñòå÷åíèè âðåìåíè �b ïîñëå âîñïëàìå-

íåíèÿ ñêîðîñòü âûãîðàíèÿ ïîëàãàåòñÿ ðàâíîé íóëþ.

×èñëåííîå çíà÷åíèå âðåìåíè âûãîðàíèÿ ñâÿçàíî ñ

òîëùèíîé ñëîÿ ìàòåðèàëà � è ñêîðîñòüþ åãî âûãî-

ðàíèÿ ��m ñîîòíîøåíèåì

� � �b s m� �� . (2)

Ïðèìåíåíèå òåïëîâîé ìîäåëè ðàñïðîñòðàíåíèÿ

ïëàìåíè ïî ãîðþ÷åé ïîâåðõíîñòè òðåáóåò çàäàíèÿ

ñëåäóþùèõ ïàðàìåòðîâ (ñâîéñòâ ãîðþ÷åãî ìàòåðè-

àëà): òåìïåðàòóðû âîñïëàìåíåíèÿ Tign, ñêîðîñòè âû-

ãîðàíèÿ ��m , âðåìåíè âûãîðàíèÿ �b è òåïëîòû ãàçè-

ôèêàöèè �hg. Êðîìå òîãî, òðåáóåòñÿ çàäàòü òåïëîôè-

çè÷åñêèå ñâîéñòâà ãîðþ÷åãî ìàòåðèàëà (ïëîòíîñòü,

òåïëîåìêîñòü è òåïëîïðîâîäíîñòü), êîòîðûå â äàííîé

ìîäåëè ïîëàãàþòñÿ ïîñòîÿííûìè.

2. Àïðîáàöèÿ òåïëîâîé ìîäåëè

äëÿ ÷èñëåííîãî ìîäåëèðîâàíèÿ ðàçâèòèÿ

ïîæàðà íà âûñîêîñòåëëàæíîì ñêëàäå

2.1. Îïèñàíèå ýêñïåðèìåíòàëüíîãî
ñöåíàðèÿ è ïîñòàíîâêà çàäà÷è

Çíà÷èòåëüíûé îïûò ïîëíîìàñøòàáíûõ ýêñïåðè-

ìåíòîâ, âîñïðîèçâîäÿùèõ óñëîâèÿ ïîæàðîâ íà âû-

ñîêîñòåëëàæíûõ ñêëàäàõ, íàêîïëåí â êîìïàíèè FM

Global (ÑØÀ). Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî è

÷èñëåííîãî èññëåäîâàíèÿ ðàçâèòèÿ ïîæàðà íà ñêëà-

äàõ âûñîêîñòåëëàæíîãî õðàíåíèÿ ðàçíîé êîíôèãóðà-

öèè äëÿ íåñêîëüêèõ òèïîâ ïîæàðíîé íàãðóçêè ïðè-

âåäåíû â [9–12].

Â ðàáîòå [13] ðàññìàòðèâàåòñÿ ïîæàð íà ñêëàäå,

ïðåäíàçíà÷åííîì äëÿ õðàíåíèÿ ïðîìûøëåííûõ ðó-

ëîíîâ áóìàãè, äàåòñÿ àíàëèç äèíàìèêè ðàçâèòèÿ ïî-

æàðà, âêëþ÷àÿ ðåçóëüòàòû èçìåðåíèÿ ìîùíîñòè òåï-

ëîâûäåëåíèÿ è äðóãèõ âåëè÷èí. Â [12] ïðèâîäÿòñÿ

äàííûå î ðàçâèòèè ïîæàðà íà ñêëàäå, íà êîòîðîì â

êà÷åñòâå ïîæàðíîé íàãðóçêè âûñòóïàþò êàðòîííûå

êîðîáêè (Class II Commodity), óñòàíîâëåííûå íà äå-

ðåâÿííûå ïîääîíû. Ïîêàçàíî âëèÿíèå ïîääîíîâ íà

ðåæèì ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ñòåëëàæó è äè-

íàìèêó ìîùíîñòè òåïëîâûäåëåíèÿ.

Â ðàáîòå [11] ðàññìàòðèâàåòñÿ ãîðåíèå äâóõ

òðåõúÿðóñíûõ ñòåëëàæåé ñ äâóìÿ ðÿäàìè êîðîáîê:

2�6�3 = 36 êîðîáîê è 2�4�3 = 24 êîðîáêè (ðèñ. 1).

Êîðîáêè êóáè÷åñêîé ôîðìû ñ äëèíîé ñòîðîíû 1,07 ì

ðàñïîëîæåíû òàê, ÷òî ðàññòîÿíèå ìåæäó íèìè â ãî-

ðèçîíòàëüíîì íàïðàâëåíèè ñîñòàâëÿåò 15 ñì, â âåð-

òèêàëüíîì — 46 ñì. Êîðîáêè óñòàíîâëåíû íà ìå-

òàëëè÷åñêèå ïîäñòàâêè, çàìåíÿþùèå äåðåâÿííûå

ïîääîíû. Íèæíèé ðÿä êîðîáîê íàõîäèòñÿ íà âûñîòå

13 ñì îò ïîëà.

Ãîðåíèå èíèöèèðóåòñÿ ÷åòûðüìÿ âîñïëàìåíè-

òåëÿìè (âàòà, ñìî÷åííàÿ ãîðþ÷åé æèäêîñòüþ), ñèì-

ìåòðè÷íî ðàñïîëîæåííûìè âíèçó íèæíåãî ÿðóñà

â öåíòðå ñòåëëàæà.

2.2. Ðàñ÷åòíàÿ îáëàñòü

Äëÿ ÷èñëåííîãî ðàñ÷åòà ðàçâèòèÿ ïîæàðà èñ-

ïîëüçóåòñÿ ýêñïåðèìåíòàëüíûé ñöåíàðèé èç ðàáî-

òû [11]. Ðàññìàòðèâàåòñÿ òðåõúÿðóñíûé ñòåëëàæ, ñî-

äåðæàùèé 2�4�3 = 24 êîðîáêè (ðèñ. 2). Ñèñòåìà

ïîæàðîòóøåíèÿ íå àêòèâèðóåòñÿ.

Ðàçìåðû è ðàñïîëîæåíèå êîðîáîê ñîîòâåòñòâó-

þò îïèñàíèþ ýêñïåðèìåíòà [11]. Âîñïëàìåíèòåëè

ìîäåëèðóþòñÿ â âèäå ÷åòûðåõ îòäåëüíûõ ýëåìåíòîâ

ñ çàäàííîé ïîñòîÿííîé ìîùíîñòüþ òåïëîâûäåëåíèÿ

22,5 êÂò â êàæäîì, ðàñïîëîæåííûõ òàê æå, êàê â ýêñ-

ïåðèìåíòå, îïèñàííîì â [11].

Ïðÿìîóãîëüíàÿ ðàñ÷åòíàÿ îáëàñòü (ñì. ðèñ. 2)

ðàçìåðîì 10,7�8,3�8,0 ì (äëèíà, øèðèíà, âûñîòà)

ðàçáèâàåòñÿ íà íåñêîëüêî ïîäîáëàñòåé, â êîòîðûõ

ïîñòðîåíû êóáè÷åñêèå ñåòêè ñ ðàçìåðîì ÿ÷åéêè

2,5; 5,0 è 10,0 ñì. Íàèáîëåå ìåëêàÿ ñåòêà (2,5 ñì) èñ-

ïîëüçóåòñÿ âíóòðè çîíû, â êîòîðîé ðàñïîëîæåíû

÷åòûðå öåíòðàëüíûå êîëîííû êîðîáîê (íà ãîðèçîí-

òàëüíûé ïðîåì âíóòðè ýòîé çîíû ïðèõîäèòñÿ øåñòü

ÿ÷ååê). Ðàçìåð ÿ÷ååê ñåòêè âîêðóã áîêîâûõ êîðîáîê

è íàä öåíòðàëüíûìè êîðîáêàìè, ãäå ôîðìèðóåòñÿ

îñíîâíîé òåïëîâîé ôàêåë, ñîñòàâëÿåò 5 ñì. Íà ïå-

Ðèñ. 1. Ñòåëëàæ, èñïîëüçîâàííûé â ïîëíîìàñøòàáíûõ ýêñ-

ïåðèìåíòàõ [11]: à — âèä ñâåðõó; á — âèä ñáîêó

Fig. 1. High-rack storage used in experiments [11]: a — top view;

b — side view
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ðèôåðèè èñïîëüçóåòñÿ ñàìàÿ êðóïíàÿ ñåòêà ñ ðàçìå-

ðîì ÿ÷ååê 10 ñì. Îáùåå êîëè÷åñòâî ÿ÷ååê ñåòêè —

3 103 220. Ðàñ÷åò 320 ñ âðåìåíè çàäà÷è ñ èñïîëüçî-

âàíèåì 54 âû÷èñëèòåëüíûõ ÿäåð (2 CPU Intel Xeon

E5-2697 v3) çàíèìàåò 125 ÷.

2.3. Âûáîð ìîäåëüíûõ ïàðàìåòðîâ

Â ðàñ÷åòàõ èñïîëüçîâàíû òåïëîôèçè÷åñêèå ñâîé-

ñòâà ãîðþ÷åãî ìàòåðèàëà, ïðèâåäåííûå â [11]: ïëîò-

íîñòü�s =184 êã�ì3, òåïëîåìêîñòü cs =2700Äæ�(êã·K),

òåïëîòà ñãîðàíèÿ�hc = 14,2 ÌÄæ�êã. Êîýôôèöèåíò

òåïëîïðîâîäíîñòè ïîëàãàëè 
s = 0,1 Âò�(ì·K), ÷òî

ñîîòâåòñòâóåò çíà÷åíèÿì, õàðàêòåðíûì äëÿ ãîôðè-

ðîâàííîãî êàðòîíà [18]. Îòìåòèì, ÷òî â ðàáîòå [11]

â ðàñ÷åòàõ ïîëàãàëè 
s = 0,4 Âò�(ì·K).

Äëÿ èñïîëüçîâàíèÿ ìîäåëè íåîáõîäèìî îïðåäå-

ëèòü çíà÷åíèÿ ñëåäóþùèõ ïàðàìåòðîâ:

1) òåìïåðàòóðû âîñïëàìåíåíèÿ Tign;

2) óäåëüíîé ìîùíîñòè òåïëîâûäåëåíèÿ ��Q ,

ñâÿçàííîé ñ óäåëüíîé ìàññîâîé ñêîðîñòüþ

âûãîðàíèÿ ��m : �� � ��Q m hc� ;

3) âðåìåíè âûãîðàíèÿ ìàòåðèàëà, ñâÿçàííîãî ñ

òîëùèíîé ñëîÿ �: � � �b s m� ��;
4) òåïëîòû ãàçèôèêàöèè ìàòåðèàëà �hg.

Äëÿ òåìïåðàòóðû âîñïëàìåíåíèÿ âûáðàíî çíà-

÷åíèå Tign = 360 °C, õàðàêòåðíîå äëÿ ãîôðèðîâàí-

íîãî êàðòîíà [22]. Îòìåòèì, ÷òî â ñîîòâåòñòâèè ñ

òåïëîâîé òåîðèåé âðåìÿ çàäåðæêè âîñïëàìåíåíèÿ

tign òåðìè÷åñêè òîëñòîãî ñëîÿ ïðè ñóììàðíîì òåï-

ëîâîì ïîòîêå ��qnet = 15 êÂò�ì2 ñîñòàâèò: tign =

� � �� �( ) [( ) ]� 
 �4 0
2

s s s ign netc T T q 20 ñ. ×èñëåííûé

ðàñ÷åò ïîêàçûâàåò, ÷òî ýòî ïðèìåðíî ñîîòâåòñòâóåò

ìîìåíòó, êîãäà îáùàÿ ìîùíîñòü òåïëîâûäåëåíèÿ

ïðè ãîðåíèè ìàòåðèàëà ÿùèêîâ ïðåâûøàåò ìîù-

íîñòü âîñïëàìåíèòåëåé (90 êÂò).

Óäåëüíàÿ ìîùíîñòü òåïëîâûäåëåíèÿ äëÿ äàííî-

ãî ñöåíàðèÿ ìîæåò áûòü îïðåäåëåíà èç îáùåé äèíà-

ìèêè ðîñòà ìîùíîñòè òåïëîâûäåëåíèÿ, êîòîðàÿ ïðè-

âîäèòñÿ â [11]. Ñîãëàñíî îïèñàíèþ ýêñïåðèìåíòà

[11] íà 85-é ñåêóíäå ïîëíàÿ ìîùíîñòü òåïëîâû-

äåëåíèÿ ñîñòàâëÿåò 10 ÌÂò, ïðè ýòîì ïëàìåíåì

ïîëíîñòüþ îõâà÷åíû âòîðîé è òðåòèé óðîâíè öåíò-

ðàëüíûõ êîëîíí. Òàêèì îáðàçîì, ïëîùàäü ïîâåðõíî-

ñòè êàðòîíà, íà êîòîðîé ïðîèñõîäèò òåïëîâûäåëå-

íèå, ðàâíà ïëîùàäè ïîâåðõíîñòè âîñüìè êîðîáîê,

ò. å. 1,072�6 �8 = 55 ì2. Óäåëüíàÿ ìîùíîñòü òåïëîâû-

äåëåíèÿ â òàêîì ñëó÷àå ��Q = 10 000�55 = 182 êÂò�ì2.

Äàëåå, â ìîìåíò âðåìåíè 150 ñ ïëàìåíåì îõâà÷åíî

óæå 16 êîðîáîê. Òàêèì îáðàçîì, ïëîùàäü ïîâåðõ-

íîñòè êîðîáîê, îáúÿòûõ ïëàìåíåì, óâåëè÷èâàåòñÿ

ïðèìåðíî â 2 ðàçà, à èçìåðåííîå çíà÷åíèå îáùåé

ìîùíîñòè òåïëîâûäåëåíèÿ ñîñòàâëÿåò ïîðÿäêà

20–23 ÌÂò. Ýòî çíà÷èò, ÷òî óäåëüíàÿ ìîùíîñòü òåï-

ëîâûäåëåíèÿ îñòàåòñÿ ïðåæíåé. Íà îñíîâå ïðèâå-

äåííûõ îöåíîê â ðàñ÷åòàõ áûëî èñïîëüçîâàíî çíà-

÷åíèå ��Q = 200 êÂò�ì2.

Ïîñêîëüêó êîëè÷åñòâî ìàòåðèàëà, äîñòóïíîãî äëÿ

ñæèãàíèÿ, îãðàíè÷åíî òîëùèíîé ñëîÿ �, íåîáõîäèìî

ó÷åñòü âîçìîæíîñòü ïîëíîãî âûãîðàíèÿ ìàòåðèàëà.

Ñîãëàñíî èçìåðåíèÿì, ïðèâåäåííûì â [12], ñòàäèÿ

ñíèæåíèÿ ìîùíîñòè òåïëîâûäåëåíèÿ íàñòóïàåò

ïðèìåðíî ñïóñòÿ 290 ñ ïîñëå çàæèãàíèÿ. Áóäåì ïî-

ëàãàòü, ÷òî ýòî ñíèæåíèå îáóñëîâëåíî âûãîðàíèåì

ìàòåðèàëà, è ïðèìåì �b = 290 ñ. Ñ ó÷åòîì çàäàííîé

óäåëüíîé ìîùíîñòè òåïëîâûäåëåíèÿ è ïëîòíîñòè

ìàòåðèàëà ïîëó÷àåì� � �� �� �b s cQ h( )� 0,022 ì, ÷òî

ïðåâûøàåò òèïè÷íîå çíà÷åíèå òîëùèíû ïðîìûø-

ëåííîãî ãîôðèðîâàííîãî êàðòîíà [22]. Òàêîå ðàñ-

ñîãëàñîâàíèå îáóñëîâëåíî òåì, ÷òî â ïðèâåäåííûõ

îöåíêàõ íå ó÷èòûâàåòñÿ âîçìîæíîå èçìåíåíèå ñêî-

ðîñòè âûãîðàíèÿ ìàòåðèàëà âî âðåìåíè.

Òåïëîòà ãàçèôèêàöèè ìàòåðèàëà �hg ó÷èòûâà-

åòñÿ â òåïëîâîì áàëàíñå íà ïîâåðõíîñòè ìàòåðèàëà

ïîñëå âîñïëàìåíåíèÿ. Ïðè ýòîì òåïëîâîé ïîòîê,

ïîñòóïàþùèé â ãëóáü ñëîÿ ìàòåðèàëà è èñïîëüçó-

åìûé â ðàñ÷åòå òåìïåðàòóðû ïîâåðõíîñòè, ñíèæà-

åòñÿ íà ��m hg� .Òàêîé ïîäõîä ïîçâîëÿåò ó÷åñòü ñóùå-

ñòâåííûé ðîñò òåìïåðàòóðû ïîâåðõíîñòè äëÿ ìàòå-

ðèàëîâ, ðàçëàãàþùèõñÿ ñ îáðàçîâàíèåì óãëèñòîãî

îñòàòêà.

Íåïðàâèëüíî ïîäîáðàííîå çíà÷åíèå �hg ìîæåò

ïðèâåñòè ê îøèáî÷íûì çíà÷åíèÿì òåìïåðàòóðû ïî-

âåðõíîñòè è, êàê ñëåäñòâèå, ðàäèàöèîííîãî òåïëîâî-

ãî ïîòîêà, èçëó÷àåìîãî ñ ãîðÿùåé ïîâåðõíîñòè êî-

ðîáîê, à òàêæå ðàäèàöèîííîãî ïîòîêà, âîñïðèíèìà-

åìîãî åùå íå çàææåííîé ïîâåðõíîñòüþ. Â ÷àñòíîñòè,

çàíèæåííîå çíà÷åíèå �hg ïðèâîäèò ê òîìó, ÷òî â ðå-

çóëüòàòå ðàñ÷åòà áóäóò ïîëó÷åíû çàíèæåííîå âðåìÿ

âîñïëàìåíåíèÿ ïîâåðõíîñòåé âíóòðè ñòåëëàæà è

çàâûøåííàÿ ñêîðîñòü ðîñòà ìîùíîñòè òåïëîâûäå-

ëåíèÿ.

Íà ðèñ. 3 ïîêàçàíà ðàñ÷åòíàÿ çàâèñèìîñòü ìîù-

íîñòè òåïëîâûäåëåíèÿ îò âðåìåíè äëÿ òðåõ çíà÷å-

íèé òåïëîòû ãàçèôèêàöèè. Íà îñíîâàíèè ïîëó÷åí-

íûõ äàííûõ ìîæíî ñäåëàòü âûâîä î òîì, ÷òî ïðè òåï-

Ðèñ. 2. Ðàñ÷åòíàÿ îáëàñòü ñ ñåòêîé â öåíòðàëüíîé ïëîñêîñòè

Fig. 2. Computational domain with computational grid in the central

plane
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ëîòå ãàçèôèêàöèè 1 ÌÄæ�êã ìîæíî âîñïðîèçâåñòè

ýêñïåðèìåíòàëüíûå äàííûå ñ óäîâëåòâîðèòåëüíîé

òî÷íîñòüþ. Îòìåòèì, ÷òî äàííîå çíà÷åíèå ñîãëàñó-

åòñÿ ñ ëèòåðàòóðíûìè äàííûìè ïî òåïëîòå ãàçèôè-

êàöèè ïîëèìåðíûõ ìàòåðèàëîâ.

3. Ðåçóëüòàòû ðàñ÷åòîâ

Ñ èñïîëüçîâàíèåì íàáîðà ïàðàìåòðîâ, ïðîöåäó-

ðà ïîäáîðà êîòîðûõ îïèñàíà âûøå, áûëî ïðîâåäåíî

÷èñëåííîå ìîäåëèðîâàíèå ðàçâèòèÿ ïîæàðà ñîãëàñíî

ñöåíàðèþ, ïðèâåäåííîìó â [11]. Íà ðèñ. 4 ïîêàçàíà

äèíàìèêà ðàçâèòèÿ ïîæàðà, âèçóàëèçèðîâàííàÿ ìãíî-

âåííûìè èçîïîâåðõíîñòÿìè îáúåìíîé ìîùíîñòè

òåïëîâûäåëåíèÿ (200 êÂò�ì3). Êàê îòìå÷åíî â ðàáî-

òå [11], ñêîðîñòü ðîñòà ìîùíîñòè òåïëîâûäåëåíèÿ

ïðè ðàñïðîñòðàíåíèè ïëàìåíè âåðòèêàëüíî ââåðõ ïî

ñòåëëàæó ñóùåñòâåííî âûøå, ÷åì ïðè ðàñïðîñòðà-

íåíèè â ãîðèçîíòàëüíîì íàïðàâëåíèè, à îäíîâðåìåí-

íîå ïðîòåêàíèå óêàçàííûõ ïðîöåññîâ îáóñëàâëèâà-

åò ñëîæíóþ êàðòèíó ðàçâèòèÿ ïîæàðà.

Íà îñíîâàíèè ïîëó÷åííûõ ðåçóëüòàòîâ ìîæíî âû-

äåëèòü ñëåäóþùèå ñòàäèè ðàçâèòèÿ ïîæàðà ïîñëå

çàæèãàíèÿ íèæíåãî ÿðóñà êîðîáîê, êîòîðîå ïðîèñ-

õîäèò â ìîìåíò âðåìåíè 15 ñ:

� 1-ÿ (16–50 ñ): ðàñïðîñòðàíåíèå ïëàìåíè ââåðõ

ïî âåðòèêàëüíûì ïîâåðõíîñòÿì öåíòðàëüíûõ

êîðîáîê; âåðøèíà ïëàìåíè äîñòèãàåò âûñîòû

âåðõíåãî ÿðóñà;

� 2-ÿ (50–80 ñ): ðàñïðîñòðàíåíèå ïëàìåíè â ãîðè-

çîíòàëüíîì íàïðàâëåíèè ïî íèæíèì ïîâåðõíî-

ñòÿì öåíòðàëüíûõ êîðîáîê âåðõíåãî ÿðóñà; âåð-

øèíà ïëàìåíè ïîäíèìàåòñÿ äî âûñîòû ïîòîëêà;

� 3-ÿ (80–120 ñ): ðàñïðîñòðàíåíèå ïëàìåíè âåðòè-

êàëüíî ââåðõ è ïî ãîðèçîíòàëè; âñå âåðòèêàëüíûå

ïîâåðõíîñòè öåíòðàëüíûõ êîðîáîê íà âòîðîì è

òðåòüåì ÿðóñàõ îõâà÷åíû ïëàìåíåì;

� 4-ÿ (120–140 ñ): ðàñïðîñòðàíåíèå ïëàìåíè â ãî-

ðèçîíòàëüíîì íàïðàâëåíèè â ñòîðîíó áîêîâûõ

êîðîáîê ìåæäó âòîðûì è òðåòüèì ÿðóñàìè;

� 5-ÿ (140–190 ñ): ðàñïðîñòðàíåíèå ïëàìåíè â ãî-

ðèçîíòàëüíîì è âåðòèêàëüíîì íàïðàâëåíèÿõ. Âñå

âåðòèêàëüíûå ïîâåðõíîñòè êîðîáîê âòîðîãî è

òðåòüåãî ÿðóñîâ îêàçûâàþòñÿ îáúÿòûìè ïëàìå-

íåì, à ìîùíîñòü òåïëîâûäåëåíèÿ äîñòèãàåò ìàê-

ñèìóìà.

Ðèñ. 3. Çàâèñèìîñòü ìîùíîñòè òåïëîâûäåëåíèÿ îò âðåìåíè

[11] (�— èçìåðåíèÿ, ······ — ðàñ÷åò ñ ïîìîùüþ FireFOAM)

è ïî òåïëîâîé ìîäåëè FDS 6 (——). Ïåðåïå÷àòûâàåòñÿ èç [15]

ñ ðàçðåøåíèÿ èçäàòåëüñòâà Elsevier

Fig. 3. Heat release rate dependency on time according to [11]:

(�— measurements, ······ — FireFOAM predictions) and accord-

ing to the thermal model in FDS 6 (——). Reprinted from [15]

with permission from Elsevier

Ðèñ. 4. Âèçóàëèçàöèÿ ïëàìåíè (èçîïîâåðõíîñòü îáúåìíîé ìîùíîñòè òåïëîâûäåëåíèÿ 200 êÂò�ì3) äëÿ ñòåëëàæà 2�4�3. Íà ëåâîì

âåðõíåì ôðàãìåíòå — ðàñ÷åòíàÿ ñåòêà â öåíòðàëüíîé ïëîñêîñòè. Ïåðåïå÷àòûâàåòñÿ èç [15] ñ ðàçðåøåíèÿ èçäàòåëüñòâà Elsevier

Fig. 4. Flame snapshots (200 kW�m3 iso-surface of heat release rate per unit volume) for a 2�4�3 rack storage. The top left Figure

depicts the computational grid in the central plane. Reprinted from [15] with permission from Elsevier
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Ïðèâåäåííàÿ äèíàìèêà ðàçâèòèÿ ïîæàðà óäîâëåò-

âîðèòåëüíî âîñïðîèçâîäèò ýêñïåðèìåíòàëüíûå íà-

áëþäåíèÿ, à òàêæå ðåçóëüòàòû ÷èñëåííîãî ìîäåëè-

ðîâàíèÿ ýòîãî æå ñöåíàðèÿ, âûïîëíåííîãî ñ èñïîëü-

çîâàíèåì êîäà FireFOAM â [11].

Ïîëó÷åííîå ðàñïðåäåëåíèå òåìïåðàòóðû íà ïî-

âåðõíîñòè êîðîáîê âíóòðè ñòåëëàæà ïîêàçàíî íà

ðèñ. 5. Ðàñ÷åòíàÿ òåìïåðàòóðà ïîâåðõíîñòè êîðîáîê

ñ âíóòðåííåé ñòîðîíû ñòåëëàæà îêàçûâàåòñÿ çíà÷è-

òåëüíî âûøå (ïðèìåðíî íà 500 °C), ÷åì ñ âíåøíåé

ñòîðîíû [11]. Äàííîå ðàçëè÷èå îáóñëîâëåíî ðàç-

íûìè óñëîâèÿìè ëó÷èñòîãî è êîíâåêòèâíîãî òåïëî-

îáìåíà íà âíóòðåííèõ è âíåøíèõ ïîâåðõíîñòÿõ.

Ñîãëàñíî ôîðìóëèðîâêå òåïëîâîé ìîäåëè ïèðî-

ëèçà òåìïåðàòóðà ïîâåðõíîñòè êîðîáîê òåì íèæå, ÷åì

âûøå òåïëîòà ãàçèôèêàöèè. Ïðè íèçêîé òåïëîòå ãà-

çèôèêàöèè �hg òåìïåðàòóðà ïîâåðõíîñòè êîðîáîê,

îáðàùåííûõ âíóòðü ñòåëëàæà, ïðèíèìàåò ìàêñè-

ìàëüíûå çíà÷åíèÿ — ïîðÿäêà 1000–1500 °C. Ýòî âåäåò

ê èíòåíñèôèêàöèè ëó÷èñòîãî òåïëîîáìåíà âíóòðè

ñòåëëàæà è ñîêðàùåíèþ âðåìåíè çàäåðæêè âîñïëà-

ìåíåíèÿ åùå íå çàææåííûõ ïîâåðõíîñòåé. Èìåííî

ýòèì è îáúÿñíÿåòñÿ çàâûøåííàÿ ñêîðîñòü ðîñòà ìîù-

íîñòè òåïëîâûäåëåíèÿ ïðè �hg = 0�0,5 ÌÄæ�êã, ïî-

êàçàííàÿ íà ðèñ. 3.

Òåìïåðàòóðà ïîâåðõíîñòåé êîðîáîê, îáðàùåí-

íûõ íàðóæó ñòåëëàæà, íå îêàçûâàåò âëèÿíèÿ íà äè-

íàìèêó ðàçâèòèÿ ïîæàðà. Ìîæíî îæèäàòü, îäíàêî,

÷òî ïðè íàëè÷èè áîêîâûõ ñòåëëàæåé áóäåò íàáëþ-

äàòüñÿ àíàëîãè÷íûé ýôôåêò èíòåíñèôèêàöèè ëó-

÷èñòîãî òåïëîîáìåíà è áîëåå ðàííåãî çàæèãàíèÿ

ñîñåäíèõ ñòåëëàæåé.

Íà ðèñ. 6 ïîêàçàíî ðàñïðåäåëåíèå ñóììàðíîãî

òåïëîâîãî ïîòîêà ïî ïîâåðõíîñòè êîðîáîê, ïîëà è

ïîòîëêà. Ìàêñèìàëüíîå çíà÷åíèå ñîñòàâëÿåò ïîðÿä-

êà 100 êÂò�ì2 è íàáëþäàåòñÿ â çîíå, ãäå âåðøèíà

ïëàìåíè äîñòèãàåò ïîòîëêà. Îòìåòèì, ÷òî äàííîå

çíà÷åíèå ñóùåñòâåííî ïðåâûøàåò êðèòè÷åñêîå çíà-

÷åíèå òåïëîâîãî ïîòîêà, ïðè êîòîðîì ïðîèñõîäèò çà-

æèãàíèå ìíîãèõ ìàòåðèàëîâ, èñïîëüçóåìûõ íà ïðàê-

òèêå (20 êÂò�ì2). Òàêèì îáðàçîì, åñëè â îòäåëêå ïå-

ðåêðûòèÿ áóäóò èñïîëüçîâàíû ãîðþ÷èå ìàòåðèàëû,

òî ìîæíî îæèäàòü èõ çàæèãàíèÿ è ðàñïðîñòðàíåíèÿ

ïëàìåíè ïî ïîòîëêó ê ñîñåäíèì ñòåëëàæàì.

Íà ðèñ. 7 ïîêàçàíà çàâèñèìîñòü òåìïåðàòóðû è

âåðòèêàëüíîé ñîñòàâëÿþùåé ñêîðîñòè â öåíòðå ñòåë-

ëàæà íà âûñîòå 3,71 ì îò âðåìåíè. Ê ñîæàëåíèþ,

â ýêñïåðèìåíòàëüíîì ïðîòîòèïå â [11] îòñóòñòâóþò

äàííûå ïî òåìïåðàòóðå è ñêîðîñòè ãàçà âíóòðè ñòåë-

ëàæà. Ïîëó÷åííûå çíà÷åíèÿ ñðàâíèâàþòñÿ ñ ðåçóëü-

òàòàìè èçìåðåíèé, ïðèâåäåííûìè â ðàáîòå [12], â êî-

Ðèñ. 5. Ðàñ÷åòíàÿ òåìïåðàòóðà ïîâåðõíîñòåé êîðîáîê, îáðàùåííûõ íàðóæó (à–â ) è âíóòðü ñòåëëàæà (ä–æ ), ïðè çíà÷åíèÿõ

òåïëîòû ãàçèôèêàöèè 0 ÌÄæ�êã (à, ä), 0,5 ÌÄæ�êã (á, å), 1 ÌÄæ�êã (â, æ) è âèçóàëèçàöèÿ ïëàìåíè (ã) â ìîìåíò âðåìåíè 150 ñ

(òåïëîòà ãàçèôèêàöèè 1 ÌÄæ�êã, ïîêàçàíû èçîïîâåðõíîñòè îáúåìíîé ìîùíîñòè òåïëîâûäåëåíèÿ 200 êÂò�ì3). Ôðàãìåíòû

(ã, ä, å, æ ) ïåðåïå÷àòûâàþòñÿ èç [15] ñ ðàçðåøåíèÿ èçäàòåëüñòâà Elsevier

Fig. 5. Predicted temperatures of outer (a, b, v) and inner (d, e, zh) surfaces of the rack at 150 sec. Heat of gasification is 0 MJ�kg (a, d ) ,

0.5 MJ�kg (b, e), 1 MJ�kg (v, zh). Flame snapshot (200 kW�m3 iso-surface of heat release rate per unit volume, heat of gasification is

1 MJ�kg) at 150 sec is shown in (g). Fragments (g, d, e, zh) reprinted from [15] with permission from Elsevier
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òîðîé ðàññìàòðèâàëñÿ àíàëîãè÷íûé ñöåíàðèé çàæè-

ãàíèÿ è ãîðåíèÿ èäåíòè÷íîãî ñòåëëàæà, à îñíîâíîå

îòëè÷èå îò ñöåíàðèÿ â [11] çàêëþ÷àëîñü â ó÷åòå äå-

ðåâÿííûõ ïîääîíîâ.

Íà ðèñ. 7 âèäíî, ÷òî ïîëó÷åííûå ðåçóëüòàòû êà-

÷åñòâåííî âîñïðîèçâîäÿò èìåþùèåñÿ ýêñïåðèìåí-

òàëüíûå äàííûå. Êîëè÷åñòâåííîå ðàññîãëàñîâàíèå

âûçâàíî ðàçëè÷èåì â ïîñòàíîâêå çàäà÷è. Ñîãëàñíî

àíàëèçó, ïðèâåäåííîìó â [12], íàëè÷èå äåðåâÿííûõ

ïîääîíîâ ñíèæàåò èíòåíñèâíîñòü âîçäóõîîáìåíà

âíóòðè ñòåëëàæà çà ñ÷åò óìåíüøåíèÿ ãîðèçîíòàëü-

íûõ çàçîðîâ. Ýòî ïðèâîäèò ê ñíèæåíèþ êîëè÷åñòâà

êèñëîðîäà, äîñòóïíîãî äëÿ ñæèãàíèÿ, à ýôôåêò äû-

ìîâîé òðóáû îêàçûâàåòñÿ ìåíåå âûðàæåííûì. Òàêèì

îáðàçîì, ìãíîâåííûå çíà÷åíèÿ òåìïåðàòóðû è ñêî-

ðîñòè ãàçà âíóòðè ñòåëëàæà, ïîëó÷åííûå â äàííîé

ðàáîòå (â îòñóòñòâèå äåðåâÿííûõ ïîääîíîâ), îêàçû-

âàþòñÿ âûøå, ÷åì èçìåðåííûå â ýêñïåðèìåíòå [12].

Ïîëó÷åííûå äàííûå ìîæíî èñïîëüçîâàòü äëÿ îöåí-

êè ýôôåêòèâíîñòè òåïëîâûõ äàò÷èêîâ, êîòîðûå îáû÷-

íî óñòàíàâëèâàþòñÿ âíóòðè ñòåëëàæà è ïîä ïåðå-

êðûòèåì.

Íàêîíåö, ïðåèìóùåñòâîì äàííîãî ïîäõîäà ÿâ-

ëÿåòñÿ âîçìîæíîñòü ìàñøòàáèðóåìîñòè ðàññìàò-

ðèâàåìîãî ñöåíàðèÿ. Â ÷àñòíîñòè, íèæå ïðèâîäÿòñÿ

ðåçóëüòàòû ðàñ÷åòà ðàçâèòèÿ ïîæàðà íà ñòåëëàæå

àíàëîãè÷íîé êîíôèãóðàöèè, íî ñ ïÿòüþ ÿðóñàìè.

Îòìåòèì, ÷òî ñòàäèè ðàçâèòèÿ ïîæàðà â äàííîì

ñëó÷àå ñîîòâåòñòâóþò îïèñàííûì ðàíåå äëÿ áàçîâî-

ãî ñöåíàðèÿ (ñòåëëàæ ñ òðåìÿ ÿðóñàìè â âûñîòó).

Ïëàìÿ, ôîðìèðóþùååñÿ â öåíòðå ñòåëëàæà âî âðåìÿ

ïåðâîé ñòàäèè, çàæèãàåò áîêîâûå ïîâåðõíîñòè êî-

Ðèñ. 6. Ðàñïðåäåëåíèå ñóììàðíîãî òåïëîâîãî ïîòîêà ïî ïîâåðõíîñòè êîðîáîê, ïîëà è ïîòîëêà äëÿ ñòåëëàæà 2�4�3 ïðè òåïëîòå

ãàçèôèêàöèè 1 ÌÄæ�êã

Fig. 6. Net heat flux at cardboard boxes, ceiling and floor for a 2�4�3 rack storage. Heat of gasification is 1 MJ�kg
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ðîáîê íà âñåõ ïÿòè ÿðóñàõ â òå÷åíèå ïðèìåðíî òîãî

æå âðåìåíè, ÷òî è äëÿ ñòåëëàæà ñ òðåìÿ ÿðóñàìè

(îêîëî 50 ñ). Ê ìîìåíòó íà÷àëà âòîðîé ñòàäèè, êîãäà

ïëàìÿ íà÷èíàåò ðàñïðîñòðàíÿòüñÿ â ãîðèçîíòàëüíîì

íàïðàâëåíèè, ïëàìåíåì îêàçûâàþòñÿ îáúÿòû óæå

4�5 = 20 êîðîáîê. Òàêèì îáðàçîì, ïîìèìî î÷åâèä-

íîãî ïîâûøåíèÿ ìàêñèìàëüíîé ìîùíîñòè òåïëî-

âûäåëåíèÿ, ñâÿçàííîãî ñ óâåëè÷åíèåì êîëè÷åñòâà

ïîæàðíîé íàãðóçêè, íàáëþäàåòñÿ òàêæå óâåëè÷åíèå

ñêîðîñòè ðîñòà ìîùíîñòè òåïëîâûäåëåíèÿ. Çàâèñè-

ìîñòü ìîùíîñòè òåïëîâûäåëåíèÿ îò âðåìåíè ïîêà-

çàíà íà ðèñ. 8 ïðè òåïëîòå ãàçèôèêàöèè äëÿ îáîèõ

ñöåíàðèåâ 1 ÌÄæ�êã.

Ðåçêîå ïîâûøåíèå ñêîðîñòè ðîñòà ìîùíîñòè

òåïëîâûäåëåíèÿ íà íà÷àëüíûõ ñòàäèÿõ ïðè óâåëè-

÷åíèè ÷èñëà ÿðóñîâ — âàæíûé ýôôåêò, êîòîðûé íå-

âîçìîæíî ó÷åñòü â ðàìêàõ êîíöåïöèè ïðîåêòíîãî

ïîæàðà. Â òî æå âðåìÿ ðàñ÷åò òàêîãî ñöåíàðèÿ ñ èñ-

ïîëüçîâàíèåì ïîäðîáíîé êèíåòè÷åñêîé ìîäåëè ïè-

ðîëèçà ìîæåò çàíÿòü çíà÷èòåëüíîå âðåìÿ. Ñëåäîâà-

òåëüíî, ðåçóëüòàòû íàñòîÿùåé ðàáîòû, âûïîëíåí-

íîé ñ ïðèìåíåíèåì óïðîùåííîé (òåïëîâîé) ìîäåëè

ïèðîëèçà, ïðèîáðåòàþò äîïîëíèòåëüíóþ ïðàêòè-

÷åñêóþ çíà÷èìîñòü è åùå ðàç ïîäòâåðæäàþò íåîá-

õîäèìîñòü è öåëåñîîáðàçíîñòü ñîâìåñòíîãî ÷èñ-

ëåííîãî ìîäåëèðîâàíèÿ äëÿ ïîäîáíûõ ñöåíàðèåâ

ðàçâèòèÿ ïîæàðà. Ó÷åòó âëèÿíèÿ ãåîìåòðè÷åñêèõ

îñîáåííîñòåé êîíôèãóðàöèè êðóïíîìàñøòàáíûõ

ñòåëëàæåé â ðåàëèñòè÷íîé ïîñòàíîâêå ïîñâÿùåíà

äàëüíåéøàÿ ðàáîòà àâòîðîâ.

Çàêëþ÷åíèå

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñäåëàòü âû-

âîä, ÷òî èñïîëüçîâàíèå óïðîùåííîé (òåïëîâîé) ìî-

äåëè ïèðîëèçà îáåñïå÷èâàåò àäåêâàòíîå âîñïðî-

èçâåäåíèå äèíàìèêè ðàçâèòèÿ ïîæàðà íà âûñîêî-

ñòåëëàæíîì ñêëàäå, ÷òî ïîäòâåðæäàåòñÿ õîðîøèì

ñîãëàñèåì èõ ñ ýêñïåðèìåíòàëüíûìè äàííûìè.

Ïðåèìóùåñòâîì òåïëîâîé ìîäåëè ïèðîëèçà ÿâ-

ëÿåòñÿ èñïîëüçîâàíèå îãðàíè÷åííîãî ÷èñëà ìîäåëü-

íûõ ïàðàìåòðîâ. Íåîáõîäèìî çàäàòü òåïëîôèçè÷å-

ñêèå ñâîéñòâà ãîðþ÷åãî ìàòåðèàëà (ïëîòíîñòü, òåï-

ëîåìêîñòü, êîýôôèöèåíò òåïëîïðîâîäíîñòè, òåïëîòó

ñãîðàíèÿ), òåìïåðàòóðó âîñïëàìåíåíèÿ, óäåëüíóþ

ìîùíîñòü òåïëîâûäåëåíèÿ (èëè óäåëüíóþ ìàññîâóþ

ñêîðîñòü âûãîðàíèÿ), âðåìÿ âûãîðàíèÿ ìàòåðèàëà è

òåïëîòó åãî ãàçèôèêàöèè. Ïðåäëàãàåìàÿ ìåòîäèêà

ïîäáîðà ýòèõ ïàðàìåòðîâ îñíîâàíà íà àíàëèçå ëèòå-

ðàòóðíûõ äàííûõ è îïèñàíèè èìåþùèõñÿ ýêñïåðè-

ìåíòàëüíûõ äàííûõ è ìîæåò áûòü ïåðåíåñåíà íà

äðóãîé òèï ïîæàðíîé íàãðóçêè.

Ïîêàçàíî, ÷òî ðàññìàòðèâàåìàÿ ìîäåëü ìîæåò

áûòü èñïîëüçîâàíà äëÿ îïèñàíèÿ ïîæàðîâ ïðè ðàç-

ëè÷íûõ õàðàêòåðàõ ñêëàäèðîâàíèÿ ãðóçîâ è âûñîòå

ïåðåêðûòèÿ ïîìåùåíèÿ.

Ðèñ. 8. Çàâèñèìîñòü ìîùíîñòè òåïëîâûäåëåíèÿ îò âðåìåíè ïî

äàííûì [12] äëÿ ñòåëëàæåé 2�4�3 (� — èçìåðåíèÿ) è ïî

òåïëîâîé ìîäåëè FDS 6 äëÿ ñòåëëàæåé 2�4�5 (1) è 2�4�3 (2)

Fig. 8. Heat release rate dependency on time according to mea-

surements [12] for 2�4�3 rack (�) and the thermal model in

FDS 6 for 2�4�5 (1) and 2�4�3 (2) racks

Ðèñ. 7. Çàâèñèìîñòü òåìïåðàòóðû (à ) è ñêîðîñòè ãàçà (á )

âíóòðè ñòåëëàæà 2�4�3 íà âûñîòå 3,71 ì îò âðåìåíè ïî äàí-

íûì [12] (� — èçìåðåíèÿ; ······ — ðàñ÷åò ñ ïîìîùüþ Fire-

FOAM) è ïî òåïëîâîé ìîäåëè FDS 6 (——)

Fig. 7. Resolved gas temperature and velocity inside the rack

(2�4�3) at 3.71 m height [12] (�— measurements; ······ — Fire-

FOAM predictions) and according to the thermal model in FDS 6

(——)
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Îñîáåííîñòè òîêîâîé ïåðåãðóçêè

â àâòîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè

© À. È. Íåäîáèòêîâ�

Êàçàõñêèé ãóìàíèòàðíî-þðèäè÷åñêèé èííîâàöèîííûé óíèâåðñèòåò

(Ðåñïóáëèêà Êàçàõñòàí, 070014, ã. Óñòü-Êàìåíîãîðñê, óë. Àñòàíà, 48)

ÐÅÇÞÌÅ

Ââåäåíèå. Ïðèâåäåííûå â ñòàòüå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî ïðîáëåìà ïîâûøåíèÿ ïîæàðíîé áåç-

îïàñíîñòè àâòîòðàíñïîðòíûõ ñðåäñòâ î÷åíü àêòóàëüíà. Öåëüþ ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îáîñíîâàí-

íîãî ìåòîäà èññëåäîâàíèÿ ìåäíîãî ïðîâîäíèêà, ïîäâåðãíóòîãî äåéñòâèþ ñâåðõòîêà, äëÿ óñòàíîâëåíèÿ ïðè-

÷èíû åãî ïîâðåæäåíèÿ â õîäå ïîæàðíî-òåõíè÷åñêîé ýêñïåðòèçû.

Ìàòåðèàëû è ìåòîäèêà. Èññëåäîâàíèÿ ïðîâîäèëèñü ñ èñïîëüçîâàíèåì ðàñòðîâîãî ýëåêòðîííîãî ìèêðîñêîïà

JSM-6390LV ñ ïðèñòàâêîé äëÿ ýíåðãîäèñïåðñèîííîãî ìèêðîàíàëèçà. Ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîãî ïðî-

âîäíèêà ïîäâåðãàëèñü àíàëèçó áåç ïðåäâàðèòåëüíîé ïðîáîïîäãîòîâêè.

Ðåçóëüòàòû è îáñóæäåíèå. Íà îñíîâå àíàëèçà ýêñïåðèìåíòàëüíûõ äàííûõ ïîêàçàíî, ÷òî òåìïåðàòóðà ìåäíîãî

ïðîâîäíèêà, ïîäâåðãíóòîãî òîêîâîé ïåðåãðóçêå, ñóùåñòâåííî ðàçëè÷àåòñÿ ïî åãî äëèíå. Íàòóðíûìè íàáëþäå-

íèÿìè è ýêñïåðèìåíòàëüíûìè ðåçóëüòàòàìè óñòàíîâëåíî, ÷òî ðàçðóøåíèå ìåäíîãî ïðîâîäíèêà ïîä äåéñòâè-

åì ñâåðõòîêà ïðîèñõîäèò â ìåñòàõ, èìåþùèõ ïðåäâàðèòåëüíîå íàïðÿæåíèå âñëåäñòâèå ïëàñòè÷åñêîé äåôîð-

ìàöèè. Ýêñïåðèìåíòàëüíî òàêæå ïîäòâåðæäåíî, ÷òî îáðàçîâàíèå øàðîâûõ îïëàâëåíèé ìåäíîãî ïðîâîäíèêà,

ïîäâåðãíóòîãî òîêîâîé ïåðåãðóçêå, ìîæåò ïðîèñõîäèòü ïðè òåìïåðàòóðå çíà÷èòåëüíî íèæå òåìïåðàòóðû

ïëàâëåíèÿ ìåäè. Íà îñíîâå àíàëèçà òåîðåòè÷åñêèõ äàííûõ ïîêàçàíî, ÷òî ïðè òîêîâîé ïåðåãðóçêå â ìåäíîì

ïðîâîäíèêå ïðîèñõîäÿò íå òîëüêî òåïëîâûå è ýëåêòðîìàãíèòíûå ïðîöåññû, íî è ïëàñòè÷åñêàÿ äèñòîðñèÿ.

Çàêëþ÷åíèå. Ïðåäëîæåí ìåòîä äèôôåðåíöèàöèè ïîâðåæäåíèÿ ïðè ïîæàðå (òîêîâàÿ ïåðåãðóçêà, êîðîòêîå

çàìûêàíèå) ìåäíîãî ïðîâîäíèêà. Òîêîâàÿ ïåðåãðóçêà õàðàêòåðèçóåòñÿ òàêèìè ïðèçíàêàìè, êàê âçäóòèÿ èëè

øàðîâûå îïëàâëåíèÿ, ðàñïîëîæåííûå â ìåñòàõ èçãèáà ìåäíîãî ïðîâîäíèêà, îòñóòñòâèå ïðèçíàêîâ ìàññîïå-

ðåíîñà. Óñòàíîâëåíî, ÷òî ïðèçíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ðàçðóøåíèÿ ìåäíîãî ïðîâîäíèêà, ïîäâåðãøå-

ãîñÿ ïðîòåêàíèþ ñâåðõòîêà, ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðà-

íåíèÿ. Ïðèâåäåííûå â ñòàòüå äàííûå ìîãóò áûòü èñïîëüçîâàíû ñïåöèàëèñòàìè ïðè ýêñïåðòíîì èññëåäîâàíèè

ìåäíûõ ïðîâîäíèêîâ, èçûìàåìûõ ñ ìåñò ïîæàðîâ, óñòàíîâëåíèè ìåõàíèçìà èõ ïîâðåæäåíèÿ è, â êîíå÷íîì

ñ÷åòå, ïðè÷èíû ïîæàðà àâòîìîáèëÿ.
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Peculiarities of current overload in the car electric network

© Alexandr I. Nedobitkov�

Kazakh Humanitarian Law Innovative University

(Astana St., 48, Ust-Kamenogorsk, 070014, Kazakhstan)

ABSTRACT

Introduction. The data given in the article show that the problem of fire safety in motor vehicles is highly relevant.

The purpose of the article is to develop a scientifically based method of research for the copper conductor exposed

to overcurrent to find the reason of its damage when making a fire investigation.

Materials and methods. The research was conducted using the JSM-6390LV scanning electron microscope for

energy dispersive spectroscopy. The surfaces of the copper conductor rupture were analyzed without any prelimi-

nary sample preparation.

Results and discussion. The analysis of the experimental evidence demonstrates that the temperature of the copper

conductor exposed to current overload varies significantly along its length. It was found through the field studies

and experimental results that the rupture of the copper conductor under the action of overcurrent happens in

the sections that have prestress due to the plastic deformation. The experiment proved that the formation of ball

fusing of the copper conductor exposed to current overload may take place at a substantially lower temperature

than that of the copper smelting. The analysis of the theoretical data shows that during the current overload not
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only thermal and electromagnetic processes but also plastic distortion occur at the copper conductor. It also de-

monstrates that the strand connection of copper wires results in a fire hazard not in every instance.

Conclusion. A method for differentiating fire damages at the copper conductor (current overload, short circuit) was

suggested. The current overload has such features as blistering or ball fusing in the bending points and the lack of

any signs of mass transfer. It was found that the features of the damaged surfaces of the copper conductor expo-

sed to overcurrent are stable and not subject to changes in the natural storage conditions. The data given in the ar-

ticle can be used by specialists when making an expert examination of copper conductors from the fire locations,

identifying a mechanism for their damage and, finally, a cause of fire.

Keywords: fire; copper conductor; high transition resistance; short circuit; overcurrent; copper; scanning electron

microscopy; diagnostic feature; ultratrace; fire investigation; plastic distortion.

For citation: A. I. Nedobitkov. Peculiarities of current overload in the car electric network. Pozharovzryvobezopasnost/

Fire and Explosion Safety, 2019, vol. 28, no. 4, pp. 42–50 (in Russian). DOI: 10.18322/PVB.2019.28.04.42-50.
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Ââåäåíèå

Ïîæàðû, ïðåäñòàâëÿÿ ñîáîé òÿæåëóþ ÷ðåçâû÷àé-

íóþ ñèòóàöèþ (×Ñ), ïðèíîñÿò çíà÷èòåëüíûé óùåðá

ýêîíîìèêå ãîñóäàðñòâ, â ÷àñòíîñòè â ïðîìûøëåííî

ðàçâèòûõ ñòðàíàõ îí ïðåâûøàåò 1 % íàöèîíàëüíîãî

äîõîäà è èìååò òåíäåíöèþ ê ïîñòîÿííîìó ðîñòó [1–3].

Ïîæàðû íà àâòîòðàíñïîðòíûõ ñðåäñòâàõ îòíîñÿòñÿ

ê îñîáî òÿæåëûì ×Ñ.

Â ðàáîòàõ [4–13] ïîêàçàíî, ÷òî îòäåëüíûå ýëå-

ìåíòû ýëåêòðè÷åñêîé ñèñòåìû àâòîìîáèëÿ ìîãóò ñëó-

æèòü èñòî÷íèêîì âîçãîðàíèÿ â ñëó÷àå âîçíèêíîâå-

íèÿ àâàðèéíîãî ðåæèìà â êàêîé-ëèáî ôóíêöèîíàëü-

íîé öåïè.

Àâòîðû ðàáîòû [6] ïîä÷åðêèâàþò, ÷òî ïðè èññëå-

äîâàíèè ñãîðåâøåãî àâòîìîáèëÿ ïðàêòè÷åñêè âñåãäà

ðàññìàòðèâàåòñÿ òàê íàçûâàåìàÿ “ýëåêòðè÷åñêàÿ”

âåðñèÿ âîçíèêíîâåíèÿ ïîæàðà. Äàííûì îáñòîÿòåëü-

ñòâîì îáóñëîâëåíà íàñóùíàÿ ïîòðåáíîñòü â ðàçðà-

áîòêå è ñîâåðøåíñòâîâàíèè ñïåöèàëüíûõ ìåòîäèê

èññëåäîâàíèÿ ýëåêòðîñåòåé è ýëåêòðîîáîðóäîâàíèÿ

àâòîòðàíñïîðòíûõ ñðåäñòâ ïîñëå ïîæàðà [6].

Êàê íàãëÿäíî ïîêàçàíî àâòîðàìè [4–13], â ðàìêàõ

ñóäåáíîé ïîæàðíî-òåõíè÷åñêîé ýêñïåðòèçû ðàññìàò-

ðèâàåòñÿ âåðîÿòíîñòü âîçíèêíîâåíèÿ ïîæàðà â ðå-

çóëüòàòå ïðîòåêàíèÿ òðåõ àâàðèéíûõ ðåæèìîâ ðàáî-

òû ýëåêòðîñåòè — êîðîòêîãî çàìûêàíèÿ (ÊÇ), áîëü-

øîãî ïåðåõîäíîãî ñîïðîòèâëåíèÿ (ÁÏÑ) è òîêîâîé

ïåðåãðóçêè (ÒÏ).

Â äèññåðòàöèè [10] îòìå÷àåòñÿ òðóäíîñòü âèçó-

àëüíîé äèôôåðåíöèàöèè îïëàâëåíèé ìåäíûõ ïðî-

âîäíèêîâ. Ýòî ìíåíèå â òîé èëè èíîé ôîðìå ïîä-

äåðæèâàåòñÿ â ðàáîòàõ [6, 9, 11, 12] à òàêæå òàêèìè

èññëåäîâàòåëÿìè, êàê V. Babrauskas, Kuan-Heng Liu,

Yung-Hui Shih, Guo-Ju Chen è äð., êîòîðûå ïðåäëàãà-

þò àëüòåðíàòèâíûå ìåòîäû èññëåäîâàíèÿ [14–23].

Íàñòîÿùàÿ ðàáîòà, ÿâëÿÿñü ïðîäîëæåíèåì èñ-

ñëåäîâàíèé, âûïîëíåííûõ àâòîðàìè [6, 9, 12, 23],

òàêæå ïîñâÿùåíà óñòàíîâëåíèþ ïðèçíàêîâ, ïîçâî-

ëÿþùèõ èäåíòèôèöèðîâàòü ïðè÷èíó ðàçðóøåíèÿ

ìåäíîãî ïðîâîäíèêà ïîä äåéñòâèåì ñâåðõòîêà.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îáî-

ñíîâàííîãî ìåòîäà èññëåäîâàíèÿ ìåäíîãî ïðîâîäíè-

êà, ïîäâåðãíóòîãî âîçäåéñòâèþ òîêîâîé ïåðåãðóçêè.

Èñõîäÿ èç ýòîãî áûëè ïîñòàâëåíû ñëåäóþùèå çà-

äà÷è èññëåäîâàíèÿ:
� ïîêàçàòü, ÷òî ðàçðóøåíèå ìåäíîãî ïðîâîäíèêà

àâòîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè ïîä äåéñòâè-

åì òîêîâîé ïåðåãðóçêè ïðîèñõîäèò â ïåðâóþ î÷å-

ðåäü â ìåñòàõ, èìåþùèõ ïðåäâàðèòåëüíîå íàïðÿ-

æåíèå âñëåäñòâèå ïëàñòè÷åñêîé äåôîðìàöèè;
� ýêñïåðèìåíòàëüíî äîêàçàòü, ÷òî îáðàçîâàíèå øà-

ðîâûõ îïëàâëåíèé ìåäíîãî ïðîâîäíèêà ïîä äåé-

ñòâèåì ñâåðõòîêà âîçìîæíî ïðè òåìïåðàòóðå,

êîòîðàÿ ñóùåñòâåííî íèæå òåìïåðàòóðû ïëàâ-

ëåíèÿ ìåäè;
� ýêñïåðèìåíòàëüíî ïîäòâåðäèòü, ÷òî òåìïåðàòó-

ðà ìåäíîãî ïðîâîäíèêà, ïîäâåðãíóòîãî òîêîâîé

ïåðåãðóçêå, ðàçëè÷íà ïî åãî äëèíå;
� ïîäòâåðäèòü ïðåäïîëîæåíèå, ÷òî ïðèçíàêè, âû-

ÿâëåííûå íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîãî

ïðîâîäíèêà, ïîäâåðãíóòîãî ïðîòåêàíèþ ñâåðõ-

òîêà, ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû

èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ

àâòîìîáèëÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðè-

çíàêîâ).

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Èññëåäîâàíèÿ ïðîâîäèëèñü â Öåíòðå îïåðåæà-

þùåãî ðàçâèòèÿ “Veritas” Âîñòî÷íî-Êàçàõñòàí-

ñêîãî ãîñóäàðñòâåííîãî òåõíè÷åñêîãî óíèâåðñèòåòà

èì. Ä. Ñåðèêáàåâà íà ðàñòðîâîì ýëåêòðîííîì ìèê-

ðîñêîïå JSM-6390LV ñ ïðèñòàâêîé äëÿ ýíåðãîäèñ-

ïåðñèîííîãî ìèêðîàíàëèçà. Ïîâåðõíîñòè ðàçðóøå-

íèÿ ìåäíîãî ïðîâîäíèêà ïîäâåðãàëèñü àíàëèçó áåç

ïðåäâàðèòåëüíîé ïðîáîïîäãîòîâêè.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ èññëåäî-

âàíèå ìåäíîãî ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà â ñî-

ñòàâå æãóòà ïðîâîäîâ òàõîãðàôà, ïîäâåðãíóòîãî òî-

êîâîé ïåðåãðóçêå è èçúÿòîãî ñ ìåñòà ïîæàðà, à òàê-

æå ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé.

Ó àâòîìîáèëÿ ÊàìÀÇ-65117 â ðåçóëüòàòå ýëåêò-

ðîäóãîâîãî ïðîöåññà â ïàíåëè ïðèáîðîâ ïðîòåêà-

íèþ ñâåðõòîêà ïîäâåðãñÿ æãóò ïðîâîäîâ òàõîãðàôà.

Æãóò äëèíîé îêîëî 6 ì ñîñòîÿë èç ñåìè ìíîãîïðî-

âîëî÷íûõ ïðîâîäíèêîâ ñå÷åíèåì 0,785 ìì2 êàæäûé

(ðèñ. 1,à). Ó äâóõ ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ
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ïðàêòè÷åñêè ïî âñåé äëèíå èçîëÿöèÿ îòñóòñòâîâà-

ëà, ÷òî ïîäòâåðæäàåò íàëè÷èå òîêîâîé ïåðåãðóçêè,

ïîñêîëüêó êîðîòêîå çàìûêàíèå íå âûçûâàåò âûãî-

ðàíèÿ èçîëÿöèè íà äëèíå 6 ì. ×òî îñîáåííî õàðàê-

òåðíî, ðàçðóøåíèå äâóõ ìíîãîïðîâîëî÷íûõ ïðî-

âîäíèêîâ ïðîèçîøëî â îáëàñòè òåõíîëîãè÷åñêîãî èç-

ãèáà, îáóñëîâëåííîãî ñîåäèíèòåëüíûì ðàçúåìîì.

Ðàçðóøåíèå äâóõ ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ

ñîïðîâîæäàëîñü îïëàâëåíèåì ìåäíûõ ïðîâîëîê â

âèäå øàðà è êîñîãî ñðåçà (ðèñ. 1,â). Èçîëÿöèÿ ó âñåõ

ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ ñîõðàíèëàñü â íå-

ïîñðåäñòâåííîé áëèçîñòè îò ðàçúåìà (ñì. ðèñ. 1,à).

Âòîðûì îáúåêòîì èññëåäîâàíèÿ ÿâëÿëñÿ îäíî-

æèëüíûé ìåäíûé ïðîâîäíèê áåç èçîëÿöèîííîãî ïî-

êðûòèÿ äëèíîé 44 ñì, ñå÷åíèåì 0,64 ìì2. Ïðîâîäíèê

çàêðåïëÿëè íà óñòàíîâêå Ó-1134Ì è ïðîïóñêàëè

÷åðåç íåãî òîê. Ñîãëàñíî ñïðàâî÷íûì äàííûì ìàêñè-

ìàëüíî äîïóñòèìàÿ âåëè÷èíà ñèëû òîêà äëÿ ìåäíî-

ãî ïðîâîäíèêà òàêîãî ñå÷åíèÿ ñîñòàâëÿåò 12–15 À.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â íàñòîÿùåé ðàáîòå ïðîâåäåíî ýêñïåðèìåíòàëü-

íîå èññëåäîâàíèå ñîñòîÿíèÿ îäíîæèëüíîãî ìåäíî-

ãî ïðîâîäíèêà áåç èçîëÿöèè, ïîäâåðãíóòîãî ïðîòå-

êàíèþ ñâåðõòîêà. Îäíîæèëüíûé ìåäíûé ïðîâîäíèê

áûë âûáðàí â öåëÿõ ìàêñèìàëüíîé ïðîñòîòû è íà-

ãëÿäíîñòè ýêñïåðèìåíòà, ïîñêîëüêó ðåàëüíûé ïðè-

ìåð òîêîâîé ïåðåãðóçêè äåìîíñòðèðóåò ìíîãîæèëü-

íûé ïðîâîäíèê æãóòà ïðîâîäîâ òàõîãðàôà (ñì.ðèñ.1).

Íà ðèñ. 2 ïîêàçàíû õàðàêòåðíûå ïðèçíàêè øàðî-

âîãî îïëàâëåíèÿ ìíîãîæèëüíîãî ïðîâîäíèêà æãóòà

ïðîâîäîâ òàõîãðàôà (ñì. ðèñ. 1,â), êîòîðûå ïîçâî-

ëÿþò èäåíòèôèöèðîâàòü ïðè÷èíó ïîâðåæäåíèÿ êàê

òîêîâóþ ïåðåãðóçêó.

Â ðàáîòàõ [9, 10] îòìå÷àåòñÿ, ÷òî óòîí÷åíèÿ è

óòîëùåíèÿ ïðîâîäíèêà â îáëàñòè øàðîâîãî îïëàâ-

ëåíèÿ, à òàêæå îáðûâ ïðîâîëî÷åê ÿâëÿþòñÿ õàðàê-

òåðíûìè ïðèçíàêàìè òîêîâîé ïåðåãðóçêè.

Íà ðèñ. 3 ïîêàçàíî ñîñòîÿíèå ìåäíîãî îäíîïðî-

âîëî÷íîãî ïðîâîäíèêà ïîä äåéñòâèåì òîêîâîé ïåðå-

ãðóçêè. Ïðè òîêå 25 À ëàê íà÷èíàåò äûìèòüñÿ, ïðè

òîêå 33 À ñåðåäèíà ïðîâîäíèêà ïðèîáðåòàåò ÷åðíûé

öâåò, ïðè òîêå 35 À íàáëþäàþòñÿ èñêðû è áðûçãè

ëàêà è îêñèäíîé ïëåíêè (äûì), ïðè òîêå 40 À ñåðå-

äèíà ïðîâîäíèêà ñòàíîâèòñÿ êðàñíîé, çàòåì òîê

ñàìîïðîèçâîëüíî ïàäàåò äî 38 À. Òåìïåðàòóðà ïðî-

Ðèñ. 1. Âèä æãóòà ïðîâîäîâ òàõîãðàôà, èçúÿòîãî ñ ìåñòà ïîæàðà: à — ñîõðàíåíèå èçîëÿöèè âîçëå ñîåäèíèòåëüíîãî ðàçúåìà

ó âñåõ ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ; á — ïîëíîå îòñóòñòâèå èçîëÿöèè ó ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà; â — ðàçðóøåíèå

äâóõ ìåäíûõ ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ

Fig. 1. View of the tachograph wiring harness withdrawn from the site of the fire: a — maintaining insulation near the connector of all

multi-wire conductors; b — complete absence of insulation in a multiwire conductor; v — destruction of two copper stranded con-

ductors

Ðèñ. 2. Îïëàâëåíèå ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà: à — îáùèé âèä, óâåëè÷åíèå 30�; á — óòîí÷åíèÿ è óòîëùåíèÿ, óâåëè÷å-

íèå 43�; â — ñïëàâëåíèå ïðîâîëî÷åê ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà, óâåëè÷åíèå 70�

Fig. 2. Burn-off of multiwire explorer: à — general view, increase of 30�Õ; b — thinning and bulges, increase of 43�; v — meltback of

ambages of multiwire explorer, increase of 70�
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âîäíèêà èçìåðÿëàñü äèñòàíöèîííî òåïëîâèçîðîì

(ñì. ðèñ. 3). Ïðè ýòîì áûëî çàôèêñèðîâàíî, ÷òî òåì-

ïåðàòóðà íà êîíöàõ ïðîâîäíèêà íå ïðåâûøàëà 73 °Ñ,

â òî âðåìÿ êàê öâåò ñåðåäèíû ïðîâîäíèêà ìåíÿëñÿ

îò ñâåòëî-êðàñíîãî äî îðàíæåâîãî, ÷òî ñîîòâåòñòâó-

åò òåìïåðàòóðå ïðèìåðíî 830–900 °Ñ. Òàêèì îáðà-

çîì, ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî ïðè òîêî-

âîé ïåðåãðóçêå òåìïåðàòóðà ïî äëèíå ïðîâîäíèêà

ðàñïðåäåëÿåòñÿ íåðàâíîìåðíî.

Ïî àíàëîãèè ñ ðàáîòàìè [9, 10] ïðè äàëüíåéøåì

óâåëè÷åíèè ñèëû òîêà ïðîèçîøëî ðàçðóøåíèå ïðî-

âîäíèêà. Îäíàêî ïðîâîäíèê ðàçðóøèëñÿ íå â òî÷êå ñ

ìàêñèìàëüíîé òåìïåðàòóðîé â ñåðåäèíå ïðîâîäíè-

êà, à âîçëå ìåñòà ñîåäèíåíèÿ ñ èñòî÷íèêîì ïèòàíèÿ,

ãäå òåìïåðàòóðà ñóùåñòâåííî íèæå, à ïðîâîäíèê

èìååò îñòàòî÷íóþ ïëàñòè÷åñêóþ äåôîðìàöèþ èç-

ãèáà (ñì. ðèñ. 3).

Íà ðèñ. 4 ïðèâåäåí ôðàãìåíò ðàçðóøèâøåãîñÿ

îäíîïðîâîëî÷íîãî ïðîâîäíèêà.

Íåîáõîäèìî îòìåòèòü, ÷òî øàðîâûå îïëàâëåíèÿ

îáðàçîâàëèñü íå òîëüêî ïî êàñàòåëüíîé ê ïîâåðõíîñòè

ïðîâîäíèêà, íî è íà åãî òîðöå (ñì. ðèñ. 4). Íà ðèñ. 5

ïîêàçàíû òî÷êè ìèêðîàíàëèçà øàðîâûõ îïëàâëåíèé,

ïðèâåäåííûõ íà ðèñ. 4,à è 4,â, à â òàáë. 1 è 2 ïðèâå-

äåíû ðåçóëüòàòû ìèêðîàíàëèçà.

Íåîáõîäèìî îòìåòèòü, ÷òî ÃÎÑÒ 859–2001 äî-

ïóñêàåò ñîäåðæàíèå â ìåäè ìàðêè Ì1 äî 0,005 % æå-

ëåçà. Èç ñðàâíåíèÿ äàííûõ òàáë. 1 è 2 ñëåäóåò âû-

âîä, ÷òî ïðîöåññ, âûçâàâøèé îáðàçîâàíèå øàðîâûõ

îïëàâëåíèé, îäèí è òîò æå, è îí íå ñâÿçàí ñ áîëüøèì

ïåðåõîäíûì ñîïðîòèâëåíèåì èëè êîðîòêèì çàìûêà-

íèåì. Êàê ïîêàçàíî â ðàáîòå [12], êîðîòêîå çàìûêà-

íèå õàðàêòåðèçóåòñÿ ìàññîïåðåíîñîì, ÷åãî â äàííîì

ñëó÷àå íå íàáëþäàåòñÿ. Êðîìå òîãî, ñëåäóåò ïîä÷åðê-

íóòü, ÷òî îáðàçîâàíèå øàðîâûõ îïëàâëåíèé ïðîè-

çîøëî â çîíå íàèáîëåå íèçêîé òåìïåðàòóðû ïðîâîä-

íèêà, îáóñëîâëåííîé äåéñòâèåì òîêîâîé ïåðåãðóçêè.

Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî îáðàçîâàíèå øàðî-

âîãî îïëàâëåíèÿ íà òîðöå ìåäíîãî ïðîâîäíèêà íå ñâÿ-

çàíî ñ åãî íàãðåâîì äî òåìïåðàòóðû ïëàâëåíèÿ. Îá-

ùåèçâåñòíî, ÷òî òåêó÷åñòü — ñïîñîáíîñòü ïëàñòè÷-

íûõ ìåòàëëîâ è òåë ïðè ïîñòåïåííîì ïîâûøåíèè

äàâëåíèÿ óñòóïàòü äåéñòâèþ ñäâèãàþùèõ ñèë è òå÷ü

ïîäîáíî âÿçêèì æèäêîñòÿì. Â ðàáîòå [24] îòìå÷àåò-

ñÿ, ÷òî ïðè çàðîæäåíèè î÷àãà ðàçðóøåíèÿ òâåðäîãî

òåëà ïðîèñõîäèò ðîñò çàðîäûøà â æèäêîé ôàçå, çà-

òåì îáðàçîâàíèå ïóçûðüêîâ ïàðà â æèäêîñòè ïðè åå

êàâèòàöèè è ïîñëåäóþùåå ïðåîáðàçîâàíèå â öåïî÷-

êó ïîëîñòåé â òâåðäîé ôàçå. Â ðàáîòå [25] ïîêàçàíà

Ðèñ. 3. Îäíîïðîâîëî÷íûé ïðîâîäíèê ïîä äåéñòâèåì òîêîâîé ïåðåãðóçêè: à — ñåðåäèíà ïðîâîäíèêà êðàñíàÿ îò íàãðåâà, êîíöû

òåìíûå; á — òåìïåðàòóðà ñåðåäèíû ïðîâîäíèêà; â — òåìïåðàòóðà íà êîíöàõ ïðîâîäíèêà

Fig. 3. Onewire explorer under the action of current overload: à — the middle of explorer is red from heating, ends dark; b — tempera-

ture of middle of explorer; v — temperature of ends of explorer

Ðèñ. 4. Øàðîâûå îïëàâëåíèÿ ìåäíîãî îäíîïðîâîëî÷íîãî ïðîâîäíèêà: à — îáùèé âèä; á — øàðîâîå îïëàâëåíèå íà òîðöå ïðî-

âîäíèêà, óâåëè÷åíèå 30�; â — øàðîâîå îïëàâëåíèå ïî êàñàòåëüíîé ê ïîâåðõíîñòè ïðîâîäíèêà, óâåëè÷åíèå 45�; ã — øàðîâîå

îïëàâëåíèå ïî êàñàòåëüíîé ê ïîâåðõíîñòè ïðîâîäíèêà, óâåëè÷åíèå 60�

Fig. 4. Ball burn-offs of copper onewire explorer: à — general view; b — ball burn-off on the butt end of explorer, increase of 30�; v — ball

burn-off on a tangent to the surface of explorer, increase of 45�; g — ball burn-off on a tangent to the surface of explorer, increase of 60�



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 VOL. 28 No. 446

ELECTRICAL ENGINEERING

ðîëü ïëàñòè÷åñêîé äèñòîðñèè â ìåõàíèçìå ïëàñòè-

÷åñêîé äåôîðìàöèè è ðàçðóøåíèè òâåðäûõ òåë.

Òàêèì îáðàçîì, ïîä äåéñòâèåì ñâåðõòîêà â ìåä-

íîì ïðîâîäíèêå ïðîèñõîäÿò ñëîæíûå ôèçè÷åñêèå

ïðîöåññû íà óðîâíå êðèñòàëëè÷åñêîé ðåøåòêè,

íî äàííûé âîïðîñ áóäåò ðàññìîòðåí â îòäåëüíîé

ðàáîòå.

Ïîëó÷åííûå äàííûå äîïîëíÿþò ðåçóëüòàòû, ïî-

ëó÷åííûå â ðàáîòàõ [9, 10]. Â íèõ èñïîëüçîâàëàñü

êðàòíîñòü òîêîâîé ïåðåãðóçêè 4–12 è âûøå, ÷òî òðóä-

íî äîñòèæèìî â ýëåêòðè÷åñêîé öåïè àâòîìîáèëÿ.

Ñëåäóåò îòìåòèòü ñîïîñòàâèìîñòü ðåçóëüòàòîâ

èññëåäîâàíèÿ ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà â ñî-

ñòàâå æãóòà òàõîãðàôà è îäèíî÷íîãî ìåäíîãî ïðî-

âîäíèêà. Â ýòèõ äâóõ ñëó÷àÿõ ðàçðóøåíèå ïðîèñõî-

äèëî â îáëàñòè èçãèáà ïðîâîäíèêîâ, è òåìïåðàòóðà

â ìåñòàõ ïîäñîåäèíåíèÿ îáðàçöîâ áûëà íèæå, ÷åì

â ñåðåäèíå, î ÷åì ñâèäåòåëüñòâóåò è ñîõðàíèâøàÿñÿ

èçîëÿöèÿ, è ðåçóëüòàòû èçìåðåíèé òåïëîâèçîðîì.

Ýòî ãîâîðèò î òîì, ÷òî ïðè òîêîâîé ïåðåãðóçêå ïðî-

âîäíèêè ðàçðóøàþòñÿ â ïåðâóþ î÷åðåäü â ìåñòàõ,

ïîäâåðæåííûõ ïðåäâàðèòåëüíîìó íàïðÿæåíèþ (èç-

ãèá, íàäëîì è ò. ï.). Îäíàêî ýòî íå èñêëþ÷àåò

ðàçðóøåíèÿ ïðîâîäíèêà â ëþáîì äðóãîì ìåñòå ïðè

çíà÷èòåëüíîé òîêîâîé ïåðåãðóçêå, ÷òî ÿâëÿåòñÿ êîñ-

âåííûì äèàãíîñòè÷åñêèì ïðèçíàêîì [9, 10].

Â ðàáîòå [10] âûñêàçûâàåòñÿ òàêæå ìíåíèå, ÷òî

ïîä ñëîåì èçîëÿöèè ñîçäàåòñÿ äàâëåíèå, âûçûâà-

þùåå äâèæåíèå ìåòàëëà ïðîâîäíèêà, ÷òî ïðèâîäèò

ê âîçíèêíîâåíèþ íà ïîâåðõíîñòè ìåäíîãî ïðîâîä-

íèêà îáðàçîâàíèé ñôåðè÷åñêîé ôîðìû. Êðîìå òîãî,

àâòîðîì [10] ôîðìóëèðóåòñÿ ïðîìåæóòî÷íûé âû-

âîä î òîì, ÷òî âçäóòèÿ íà ïîâåðõíîñòè ìåäíîãî ïðî-

âîäíèêà îáðàçóþòñÿ òîëüêî ïðè íàëè÷èè íà íåì

öåëîé èçîëÿöèè. Ýêñïåðèìåíòàëüíûå äàííûå ñ

ìåäíûì ïðîâîäíèêîì áåç èçîëÿöèè ïîêàçûâàþò,

÷òî íàëè÷èå èëè îòñóòñòâèå èçîëÿöèè íå îêàçûâàåò

ñóùåñòâåííîãî âëèÿíèÿ íà ìåõàíèçì îáðàçîâàíèÿ

øàðîâûõ îïëàâëåíèé.

Ðèñ. 5. Òî÷êè ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ: à — øàðîâîå îïëàâëåíèå íà òîðöå ïðîâîäíèêà (ñì. ðèñ. 4,à); á —

øàðîâîå îïëàâëåíèå ïî êàñàòåëüíîé ê ïîâåðõíîñòè ïðîâîäíèêà (ñì. ðèñ. 4,â)

Fig. 5. Points of microanalysis on the surface of damage: à — ball burn-off on the butt end of explorer (see Fig. 4,a); b — ball burn-off on

a tangent to the surface of explorer (see Fig. 4,v)

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.

Content of chemical element, % by mass

O Fe Cu

Ñïåêòð 1

Range 1 13,13 – 86,87

Ñïåêòð 2

Range 2 22,17 1,79 76,04

Ñïåêòð 3

Range 3 14,53 – 85,47

Òàáëèöà 1. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 5,à

Table 1. The results of the microanalysis of the section shown in

Fig. 5,à

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.

Content of chemical element, % by mass

O Fe Cu

Ñïåêòð 1

Range 1 1,69 0,95 97,36

Ñïåêòð 2

Range 2 14,74 – 84,56

Ñïåêòð 3

Range 3 3,29 – 96,71

Ñïåêòð 4

Range 4 3,90 – 95,25

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 5,á

Table 2. The results of the microanalysis of the section shown in

Fig. 5,b
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Èññëåäîâàííûå îáðàçöû ìåäíûõ ïðîâîäíèêîâ

õðàíèëèñü 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; íà îòêðûòîì âîçäóõå, áåç äîñòóïà âîäû,

â æèäêîì àãðåãàòíîì ñîñòîÿíèè, ò. å. áåç ïîãðóæå-

íèÿ 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 èõ).

Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-

äîì ðàñòðîâîé ìèêðîñêîïèè ôðàãìåíòîâ ìåäíûõ

ïðîâîäíèêîâ, ïîäâåðãøèõñÿ ïðîòåêàíèþ ñâåðõòîêà,

óñòàíîâëåíû õàðàêòåðíûå ïðèçíàêè, ïîçâîëÿþùèå

èäåíòèôèöèðîâàòü ïðîöåññ, êîòîðûé ïðèâåë ê èõ ðàç-

ðóøåíèþ (òîêîâàÿ ïåðåãðóçêà, êîðîòêîå çàìûêàíèå).

Òîêîâàÿ ïåðåãðóçêà õàðàêòåðèçóåòñÿ òàêèìè ïðè-

çíàêàìè, êàê âçäóòèÿ èëè øàðîâûå îïëàâëåíèÿ, ðàñ-

ïîëîæåííûå â ìåñòàõ èçãèáà ìåäíîãî ïðîâîäíèêà,

îòñóòñòâèå ïðèçíàêîâ ìàññîïåðåíîñà.

Ñëåäóåò îòìåòèòü, ÷òî åñëè íà ìåñòå ïîæàðà îá-

íàðóæåíî ñîåäèíåíèå ïðîâîäíèêîâ, âûïîëíåííîå

ìåòîäîì “ñêðóòêè”, òî, êàê ïðàâèëî, èìåííî íà ýòî

îáñòîÿòåëüñòâî óêàçûâàþò, êàê íà ïðè÷èíó ïîæàðà.

Îäíàêî íàñòîÿùèì èññëåäîâàíèåì ýêñïåðèìåíòàëü-

íî ïîêàçàíî, ÷òî ïðè ïðîòåêàíèè ñâåðõòîêà â äåôîð-

ìèðîâàííîì ïðîâîäíèêå îáðàçóþòñÿ øàðîâûå îïëàâ-

ëåíèÿ, íî ýòî ÿâëÿåòñÿ ñëåäñòâèåì, à íå ïðè÷èíîé.

Òàêèì îáðàçîì, ñîåäèíåíèå ìåäíûõ ïðîâîäíèêîâ

ìåòîäîì “ñêðóòêè” äàëåêî íå âñåãäà ïðèâîäèò ê âîç-

íèêíîâåíèþ ïîæàðîîïàñíîãî ðåæèìà. Äëÿ óñòàíîâ-

ëåíèÿ ïðè÷èííîé ñâÿçè ìåæäó “ñêðóòêîé” è ïîæà-

ðîì äîëæíû èìåòü ìåñòî ïðèçíàêè áîëüøîãî

ïåðåõîäíîãî ñîïðîòèâëåíèÿ [26].

Çàêëþ÷åíèå

Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òîðàçðóøåíèåìåä-

íîãî ïðîâîäíèêà àâòîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè

ïîä äåéñòâèåì òîêîâîé ïåðåãðóçêè ïðîèñõîäèò â ïåð-

âóþ î÷åðåäü â ìåñòàõ, èìåþùèõ ïðåäâàðèòåëüíîå

íàïðÿæåíèå âñëåäñòâèå ïëàñòè÷åñêîé äåôîðìàöèè.

Äîêàçàíî, ÷òî îáðàçîâàíèå øàðîâûõ îïëàâëåíèé

ìåäíîãî ïðîâîäíèêà ïîä äåéñòâèåì ñâåðõòîêà âîç-

ìîæíî ïðè òåìïåðàòóðå, êîòîðàÿ ñóùåñòâåííî íèæå

òåìïåðàòóðû ïëàâëåíèÿ ìåäè.

Êðîìå òîãî, íàãëÿäíî ïðîèëëþñòðèðîâàíî, ÷òî

òåìïåðàòóðà ìåäíîãî ïðîâîäíèêà, ïîäâåðãíóòîãî òî-

êîâîé ïåðåãðóçêå, ðàçëè÷íà ïî åãî äëèíå.

Ïîêàçàíî òàêæå, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ

ìîæíî èñïîëüçîâàòü ïðè èññëåäîâàíèè ôðàãìåíòîâ

ìåäíûõ ïðîâîäíèêîâ â êà÷åñòâå íå òîëüêî âñïîìî-

ãàòåëüíîãî, íî è îñíîâíîãî ìåòîäà èññëåäîâàíèÿ.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî

ïðèçíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ðàçðóøå-

íèÿ ìåäíûõ ïðîâîäíèêîâ, ÿâëÿþòñÿ óñòîé÷èâûìè è

íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëî-

âèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ èõ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâà-

íû ïðè ýêñïåðòíîì èññëåäîâàíèè ôðàãìåíòîâ ìåä-

íûõ ïðîâîäíèêîâ, èçûìàåìûõ ñ ìåñò ïîæàðîâ, óñòà-

íîâëåíèè ìåõàíèçìà èõ ïîâðåæäåíèÿ è, â êîíå÷íîì

ñ÷åòå, ïðè÷èíû ïîæàðà àâòîìîáèëÿ. Çíàíèå òåõíè-

÷åñêîé ïðè÷èíû ïîæàðà äàñò âîçìîæíîñòü ðàçðàáî-

òàòü ïðîôèëàêòè÷åñêèå ìåðîïðèÿòèÿ è òåõíè÷åñêèå

ðåøåíèÿ, íàïðàâëåííûå íà åå óñòðàíåíèå.
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Ñêîëüêî ÷åëîâåê ïîãèáàåò ïðè ïîæàðàõ â ìèðå?

© Í. Í. Áðóøëèíñêèé, Ñ. Â. Ñîêîëîâ�, Î. Â. Èâàíîâà

Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)

ÐÅÇÞÌÅ

Â ñòàòüå ïðèâåäåíà èíôîðìàöèÿ î ñìåðòíîñòè è òðàâìèðîâàíèè ëþäåé ïðè ïîæàðàõ â ìèðå â íà÷àëå XXI â.

Âûïîëíåíà îöåíêà îáùåãî ÷èñëà ïîãèáøèõ è òðàâìèðîâàííûõ ëþäåé ïðè ïîæàðàõ â ìèðå: îíî ñîñòàâèëî ñî-

îòâåòñòâåííî 100–120 è 300–350 òûñ. ÷åë. â ãîä ïî äàííûì Öåíòðà ïîæàðíîé ñòàòèñòèêè Ìåæäóíàðîäíîé

àññîöèàöèè ïîæàðíî-ñïàñàòåëüíûõ ñëóæá (ÖÏÑ ÊÒÈÔ). ÖÏÑ ÊÒÈÔ èñïîëüçóåò äàííûå, êîòîðûå ïðåäîñòàâëÿþò

ïðîòèâîïîæàðíûå ñëóæáû ðàçëè÷íûõ ñòðàí ìèðà. Ïðèâåäåíà îöåíêà ðèñêà ãèáåëè ëþäåé (ïî 54 ñòðàíàì

ìèðà) è òðàâìèðîâàíèÿ (ïî 43 ñòðàíàì ìèðà) ïðè ïîæàðàõ çà ïåðèîä 2013–2017 ãã. Ïîêàçàíî, ÷òî ðèñê ïî-

ëó÷èòü òðàâìó ïðè ïîæàðå â 3–4 ðàçà ïðåâûøàåò ðèñê ãèáåëè ÷åëîâåêà ïðè ïîæàðå. Ïðèâåäåíû äàííûå ïî

ñìåðòíîñòè â ìèðå â ðåçóëüòàòå âîçäåéñòâèÿ îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé ïî îöåíêàì Âñåìèðíîé îðãàíè-

çàöèè çäðàâîîõðàíåíèÿ (ÂÎÇ) — â ñðåäíåì 189 òûñ. ÷åë. â ãîä (çà ïåðèîä 2000–2016 ãã.). Ïðîâåäåíî ñðàâíå-

íèå ñòàòèñòè÷åñêèõ äàííûõ ïî ãèáåëè ëþäåé, ïîäâåðãøèõñÿ âîçäåéñòâèþ îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé,

ïî ìàòåðèàëàì ÂÎÇ è ïðè ïîæàðàõ ïî äàííûì ÖÏÑ ÊÒÈÔ â 35 ñòðàíàõ â 2012 ã. è â 17 ñòðàíàõ ìèðà â 2016 ã.

Âñÿ ñîâîêóïíîñòü äàííûõ äëÿ ïðåäñòàâëåííûõ ñòðàí â èòîãå ðàçëè÷àåòñÿ íà 35–45 %. Âïåðâûå ïîëó÷åíû äî-

ñòàòî÷íî íàäåæíûå îöåíêè ãèáåëè è òðàâìèðîâàíèÿ ëþäåé ïðè ïîæàðàõ â ìèðå.

Êëþ÷åâûå ñëîâà: ñòàòèñòèêà ïîæàðîâ; ñòàòèñòèêà ñìåðòíîñòè; ãèáåëü è òðàâìèðîâàíèå ïðè ïîæàðàõ; ðèñê

ñìåðòíîñòè ïðè ïîæàðàõ; ðèñê òðàâìèðîâàíèÿ ïðè ïîæàðàõ.

Äëÿ öèòèðîâàíèÿ: Áðóøëèíñêèé Í. Í., Ñîêîëîâ Ñ. Â., Èâàíîâà Î. Â. Ñêîëüêî ÷åëîâåê ïîãèáàåò ïðè ïîæàðàõ â

ìèðå? // Ïîæàðîâçðûâîáåçîïàñíîñòü/Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 4. — Ñ. 51–62. DOI:
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How many fire deaths are in the world?

© Nikolay N. Bruslinskiy, Sergey V. Sokolov�, Oksana V. Ivanova

State Fire Academy of Emercom of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation)

ABSTRACT

The article provides information about the fire deaths and fire injuries in the world at the beginning of the XXI century.

An estimate of the total number of fire deaths and fire injuries on Earth was made. According to the data of Center

of Fire Statistics (CFS) of International Association of Fire and Rescue services (CTIF) total number of fire deaths in

the world can be estimated at 100–120 thous. inh. per year and total number of fire injuries at 300–350 thous.

inh. per year. CFS CTIF received data from fire services of the countries. The values of the fire death risk (by 54 co-

untries) and fire injury risk (by 43 countries) are presented. It is shown that the fire injury risk is 3–4 times higher

than the fire death risk. The data on mortality in the world from fire, heat and hot substances according to

the World Health Organization (WHO) is given — an average of 189 thousand people per year (for the period of

2000–2016). A comparison of statistics on the death of people from fire, heat and hot substances according to

WHO data and fire deaths according to the CPS CTIF in 35 countries in 2012 and in 17 countries of the world in

2016 was made. The total data set for the countries represented varies by 35–45 %. For the first time, sufficiently

reliable estimates of fire deaths and fire injuries in the world were obtained.

Keywords: fire statistics; mortality statistics; fire injuries and fire deaths; fire death risk; fire injurie risk.
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Ââåäåíèå

Íà âîïðîñ, èíòåðåñóþùèé è ñïåöèàëèñòîâ, è ïðîñ-

òûõ ëþäåé, ñêîëüêî ÷åëîâåê ïîãèáàåò ïðè ïîæàðàõ â

ìèðå, åùå íåñêîëüêî äåñÿòèëåòèé òîìó íàçàä îòâå-

òèòü áûëî íåâîçìîæíî èç-çà îòñóòñòâèÿ íåîáõîäè-

ìîé èíôîðìàöèè. Â íàñòîÿùåå âðåìÿ ñèòóàöèÿ èç-

ìåíèëàñü êîðåííûì îáðàçîì è ñòàëî âîçìîæíûì äàòü

âïîëíå îáîñíîâàííûå îöåíêè åæåãîäíîãî ÷èñëà ïî-

ãèáøèõ ïðè ïîæàðå ëþäåé íà íàøåé ïëàíåòå.

Ýòîìó ñïîñîáñòâîâàëè ñëåäóþùèå îáñòîÿòåëü-

ñòâà. Âî-ïåðâûõ, â 1948 ã. ïðè ÎÎÍ áûëà ñîçäàíà Âñå-

ìèðíàÿ îðãàíèçàöèÿ çäðàâîîõðàíåíèÿ (ÂÎÇ), îäíîé

èç ôóíêöèé êîòîðîé ÿâëÿåòñÿ “ìîíèòîðèíã ñèòóàöèé

è îöåíêà òåíäåíöèé â îáëàñòè çäðàâîîõðàíåíèÿ”.
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Ñåé÷àñ â ýòó îðãàíèçàöèþ âõîäÿò 194 ñòðàíû. Øòàá-

êâàðòèðà ÂÎÇ íàõîäèòñÿ â Æåíåâå. ÂÎÇ åæåãîäíî

âûïóñêàåò ðàçëè÷íûå îò÷åòû, â òîì ÷èñëå î ñìåðò-

íîñòè ëþäåé ïî ðàçëè÷íûì ïðè÷èíàì. Â ÷àñòíîñòè,

ýòà îðãàíèçàöèÿ âåäåò ó÷åò ëþäåé, “ïîãèáøèõ îò

îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé”.

Â 1995 ã. ïðè Ìåæäóíàðîäíîé àññîöèàöèè ïî-

æàðíûõ è ñïàñàòåëüíûõ ñëóæá (ÊÒÈÔ) áûë ñîçäàí

Öåíòð ïîæàðíîé ñòàòèñòèêè (ÖÏÑ). Îí èçó÷àåò îá-

ñòàíîâêó ñ ïîæàðàìè â ðàçíûõ ñòðàíàõ è ãîðîäàõ

ìèðà è ðàçëè÷íûå àñïåêòû äåÿòåëüíîñòè ïðîòèâîïî-

æàðíûõ ñëóæá. ÖÏÑ âûïóñêàåò åæåãîäíûå îò÷åòû

íà òðåõ ÿçûêàõ — ðóññêîì, àíãëèéñêîì, íåìåöêîì,

à ðÿä îò÷åòîâ äîïîëíèòåëüíî — íà âåíãåðñêîì, ïîëü-

ñêîì, èñïàíñêîì, òóðåöêîì è àðàáñêîì ÿçûêàõ.

Â ÷àñòíîñòè, ÖÏÑ ÊÒÈÔ èçó÷àåò äèíàìèêó ãè-

áåëè è òðàâìèðîâàíèÿ ãðàæäàíñêèõ ëèö ïðè ïîæà-

ðàõ, à òàêæå ãèáåëè è òðàâìèðîâàíèÿ ïîæàðíûõ, íà-

õîäÿùèõñÿ íà áîåâîì äåæóðñòâå. Ñåé÷àñ â ÊÒÈÔ

âõîäÿò îêîëî 40 ñòðàí. Øòàá-êâàðòèðà íàõîäèòñÿ

â Ïàðèæå.

Îáúåäèíåíèå è ñðàâíèòåëüíûé àíàëèç äàííûõ

èç îò÷åòîâ ÂÎÇ è ÖÏÑ ÊÒÈÔ ïîçâîëÿþò âïåðâûå

ïîëó÷èòü äîñòàòî÷íî îáîñíîâàííûå îöåíêè ãèáåëè

ëþäåé ïðè ïîæàðàõ â ìèðå. Ýòîìó è ïîñâÿùåíà íà-

ñòîÿùàÿ ñòàòüÿ.

1. Àíàëèç äàííûõ ÖÏÑ ÊÒÈÔ

Ñíà÷àëà ïðîàíàëèçèðóåì äàííûå ÖÏÑ ÊÒÈÔ,

÷òî îáëåã÷èò ïðîâåäåíèå ñðàâíåíèÿ èõ ñ äàííûìè

ÂÎÇ è ïîëó÷åíèå èòîãîâûõ îöåíîê.

Äëÿ ýòîãî èçó÷èì äàííûå òàáë. 1–4 è ðèñ. 1 [1–15].

Â òàáë. 1 ïðèâåäåíà äèíàìèêà ãèáåëè ëþäåé ïðè ïî-

æàðàõ â 54 ñòðàíàõ çà ïÿòèëåòíèé ïåðèîä (2013–

2017 ãã.). Íàñåëåíèå ýòèõ ñòðàí ñîñòàâëÿëî îêîëî

3 ìëðä. ÷åë., ò. å. 43 % âñåãî íàðîäîíàñåëåíèÿ Çåì-

ëè [1–3].

Èç òàáë. 1 âèäèì, ÷òî â ñàìîé êðóïíîé ñòðàíå —

Èíäèè â ñðåäíåì åæåãîäíî ïîãèáàþò ïðè ïîæàðàõ

ïðèìåðíî 20 òûñ. ÷åë. (áîëüøå âñåõ â ìèðå ïî àáñî-

ëþòíîé âåëè÷èíå), à â ìàëåíüêîì Ëèõòåíøòåéíå ãè-

áåëè ëþäåé ïðè ïîæàðàõ íå çàðåãèñòðèðîâàíî. Ïîä-

÷åðêíåì, ÷òî ýòî — îôèöèàëüíûå äàííûå ïîæàðíûõ

áðèãàä.

Äëÿ ñðàâíèòåëüíîãî àíàëèçà ââåäåì îòíîñèòåëü-

íóþ õàðàêòåðèñòèêó — ÷èñëî ïîãèáøèõ ïðè ïîæàðå

â ãîä íà 100 òûñ. ÷åë. (ýòî — ðèñê äëÿ ÷åëîâåêà ïî-

ãèáíóòü ïðè ïîæàðå çà åäèíèöó âðåìåíè, êîòîðûé ìû

îáîçíà÷èì R ã
ÖÏÑ).

Èç ðèñ. 1 ñëåäóåò, ÷òî â ñðåäíåì (çà ïÿòü ëåò) áîëü-

øå âñåãî ëþäåé ïðè ïîæàðå ïîãèáëî â Áåëîðóññèè

(R ã
ÖÏÑ �6,59 æåðòâ�(ãîä ·105 ÷åë.)) è Ðîññèè (R ã

ÖÏÑ �
= 6,37 æåðòâ�(ãîä ·105 ÷åë.)). Äàëåå èäóò ïîñòñîâåò-

ñêèå ðåñïóáëèêè — Óêðàèíà, Ëàòâèÿ, Ëèòâà, Ýñòî-

íèÿ, Ìîëäîâà è Êàçàõñòàí.

Ñàìûå ìàëåíüêèå çíà÷åíèÿ ðèñêà çàôèêñèðîâàíû

âî Âüåòíàìå, Áàíãëàäåøå, Ñëîâåíèè, Ñèíãàïóðå è

Ëèõòåíøòåéíå.

Èç èòîãîâîé (íèæíåé) ñòðîêè â òàáë. 1 âèäèì,

÷òî â ñðåäíåì â 54 ñòðàíàõ åæåãîäíî ïîãèáàëè îêî-

ëî 42 òûñ. ÷åë., à çíà÷åíèå ðèñêà R ã
ÖÏÑ ñîñòàâèëî

1,4 æåðòâ�(ãîä · 105 ÷åë.).

Òåïåðü ãðóáàÿ îðèåíòèðîâî÷íàÿ îöåíêà ïîçâîëÿ-

åò íàì ïðåäïîëîæèòü, ÷òî âî âñåõ 220 ñòðàíàõ ìèðà,

îáùàÿ ÷èñëåííîñòü íàñåëåíèÿ êîòîðûõ â 2015 ã. ñî-

ñòàâëÿëà 7,3 ìëðä. ÷åë., åæåãîäíî ïîãèáàëè ïðè ïî-

æàðàõ îêîëî 100 òûñ. ÷åë.

Ðàññìîòðèì òåïåðü äàííûå ïî òðàâìèðîâàíèþ

ëþäåé ïðè ïîæàðàõ. Â òàáë. 2 ïðèâåäåíà äèíàìèêà

òðàâìèðîâàíèÿ ëþäåé ïðè ïîæàðàõ â 43 ñòðàíàõ çà

2013–2017 ãã. Áîëüøå âñåãî ëþäåé ïîëó÷èëè òðàâìû

ïðè ïîæàðàõ âÑØÀ(15 326÷åë.), Ðîññèè (10 470÷åë.),

Âåëèêîáðèòàíèè (9544 ÷åë.) è âî Ôðàíöèè (7531 ÷åë.),

à ìåíüøå âñåãî — â Áðóíåå è íà Êèïðå.

Çäåñü ïîëåçíî ââåñòè íîâóþ õàðàêòåðèñòèêó —

ðèñê äëÿ ÷åëîâåêà ïîëó÷èòü òðàâìó ïðè ïîæàðå â

åäèíèöó âðåìåíè, ò. å. Rò (òðàâìèð.�(ãîä ·105 ÷åë.)).

Ñàìîå áîëüøîå çíà÷åíèå ðèñêà Rò èìååò Âåëèêî-

áðèòàíèÿ (14,96), çàòåì Ôèíëÿíäèÿ (13,26), ×åõèÿ

(12,25) è Èîðäàíèÿ (12,01), à ñàìûå íèçêèå çíà÷åíèÿ

— Âüåòíàì (0,20), Ìüÿíìà (0,34), Íåïàë (0,35) è

Áàíãëàäåø (0,39).

Ýòî çíà÷èò, ÷òî ñòðàíû Åâðîïû (íå ñ÷èòàÿ Èîðäà-

íèè) ëèäèðóþò ïî ýòîìó ïîêàçàòåëþ, à ñòðàíû Àçèè

— íàèáîëåå áëàãîïîëó÷íû â ýòîì ïëàíå.

Èç íèæíåé èòîãîâîé ñòðîêè òàáë. 2 âèäèì, ÷òî

âñåãî â 43 èññëåäîâàííûõ ñòðàíàõ ñ îáùåé ÷èñëåí-

íîñòüþ íàñåëåíèÿ 1,44 ìëðä. ÷åë. (ò. å. îêîëî 20 %

íàñåëåíèÿ ïëàíåòû) åæåãîäíî â ñðåäíåì ïðè ïîæà-

ðàõ ïîëó÷àëè òðàâìû îêîëî 70 òûñ. ÷åë.

Òîãäà, îïÿòü-òàêè îðèåíòèðîâî÷íî, ìîæíî ñêà-

çàòü, ÷òî åæåãîäíî â ìèðå ïðè ïîæàðàõ ïîëó÷àþò

òðàâìû ïðèìåðíî 350 òûñ. ÷åë., à ðèñê ïîëó÷èòü

òðàâìó ïðè ïîæàðå ðàâåí 5 òðàâìèð.�(ãîä · 105 ÷åë.),

ò. å. â 3–4 ðàçà áîëüøå, ÷åì ðèñê ïîãèáíóòü ïðè ïî-

æàðå.

Â çàêëþ÷åíèå ðàññìîòðèì âîïðîñ î ãèáåëè è

òðàâìèðîâàíèè ïîæàðíûõ íà áîåâîì äåæóðñòâå (ñì.

òàáë. 3 è 4).

Â òàáë. 3 ïðèâåäåíû äàííûå ïî ãèáåëè ïîæàð-

íûõ â 30 ñòðàíàõ ìèðà çà 2013–2017 ãã. Â ýòèõ ñòðà-

íàõ ñ îáùåé ÷èñëåííîñòüþ íàñåëåíèÿ ïðèìåðíî

1 ìëðä. ÷åë. åæåãîäíî â ñðåäíåì ïîãèáàëè îêîëî

100 ïîæàðíûõ. Ïðè÷åì ïîäàâëÿþùàÿ ÷àñòü ïîãèá-

øèõ ïðèõîäèòñÿ íà ÑØÀ è îò÷àñòè íà Ðîññèþ.

Â òàáë. 4 ïðåäñòàâëåíû äàííûå ïî òðàâìèðîâà-

íèþ ïîæàðíûõ íà áîåâîì äåæóðñòâå. Â íåé ñîáðàíû

äàííûå èç 27 ñòðàí ñ îáùåé ÷èñëåííîñòüþ íàñåëåíèÿ

0,9 ìëðä. ÷åë. Â ñðåäíåì åæåãîäíî òðàâìû ïîëó÷à-

ëè îêîëî 65 òûñ. ïîæàðíûõ, ïðè÷åì ïî÷òè âñå 100 %
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¹

ï�ï

No.

Ñòðàíà

Country

Íàñåëåíèå,
òûñ. ÷åë.

Population,
thous. inh.

×èñëî ïîãèáøèõ, ÷åë., ïî ãîäàì

Number of fire deaths per year, inh.

Ñðåäíåå ÷èñëî ïîãèáøèõ, ÷åë.

Average number of fire
deaths, inh.

2013 2014 2015 2016 2017
â ãîä

per year

íà 100 òûñ.
÷åë.

per 100
thous. inh.

íà 100
ïîæàðîâ

per 100
fires

1 Èíäèÿ � India 1 267 500 22 177 19 513 17 700 – – 19 797 1,56 –

2 ÑØÀ � USA 327 167 3420 3275 3280 3390 3400 3353 1,02 0,26

3 Áàíãëàäåø � Bangladesh 154 331 161 70 68 – – 100 0,06 0,56

4 Ðîññèÿ � Russia 146 544 10 601 10 138 9405 8749 7816 9342 6,37 6,47

5 ßïîíèÿ � Japan 128 130 1625 1678 1563 1452 – 1580 1,23 3,77

6 Âüåòíàì � Vietnam 93 000 45 90 62 98 96 78 0,08 2,68

7 Ãåðìàíèÿ � Germany 82 218 439 372 367 – – 393 0,48 0,22

8 Òàèëàíä � Thailand 70 498 110 – – – – 110 0,16 –

9 Ôðàíöèÿ � France 66 628 321 280 335 289 277 300 0,45 0,10

10 Âåëèêîáðèòàíèÿ � Great Britain 63 786 350 322 325 367 325 338 0,53 0,17

11 Èòàëèÿ � Italy 61 000 196 141 222 295 288 228 0,37 0,10

12 Ìüÿíìà � Myanmar 51 486 83 60 – – – 72 0,14 4,33

13 Èñïàíèÿ � Spain 46 570 132 162 143 175 212 165 0,35 0,13

14 Óêðàèíà � Ukraine 42 486 2494 2246 1948 1872 1819 2076 4,89 2,82

15 Ïîëüøà � Poland 38 454 515 493 512 488 475 497 1,29 0,35

16 Êàíàäà � Canada 35 544 141 150 – – – 146 0,41 0,40

17 Ìàëàéçèÿ � Malaysia 31 800 72 139 158 142 – 128 0,40 0,29

18 Íåïàë � Nepal 30 430 59 67 – – – 63 0,21 6,37

19 Òàéâàíü � Taiwan 23 069 92 124 117 169 – 126 0,54 7,81

20 Ðóìûíèÿ� Romania 20 121 – – 646 258 241 382 1,90 1,31

21 Êàçàõñòàí � Kazakhstan 17 500 455 401 386 371 342 391 2,23 2,74

22 Íèäåðëàíäû / Netherlands 17 082 – 75 81 42 40 60 0,35 0,06

23 Ãðåöèÿ � Greece 10 788 33 – – – – 33 0,31 0,12

24 Áåëüãèÿ � Belgium 10 700 48 – – – – 48 0,45 0,23

25 ×åõèÿ � Czech 10 610 111 114 115 124 92 111 1,05 0,64

26 Øâåöèÿ � Sweden 10 120 96 – 110 – 110 105 1,04 0,42

27 Âåíãðèÿ � Hungary 9798 112 94 108 114 121 110 1,12 0,53

28 Èîðäàíèÿ � Jordan 9722 35 35 52 28 28 36 0,37 0,14

29 Áåëàðóñü � Belarus 9492 783 737 578 538 490 625 6,59 9,35

30 Àâñòðèÿ � Austria 8773 20 – – – – 20 0,23 0,04

31 Èçðàèëü � Israel 8300 – – – 19 – 19 0,23 0,04

32 Áîëãàðèÿ � Bulgaria 7365 106 103 109 129 146 119 1,61 0,38

33 Ñåðáèÿ � Serbia 7187 62 73 – – – 68 0,94 0,35

34 Äàíèÿ � Denmark 5756 70 84 68 52 61 67 1,16 0,49

35 Ñèíãàïóð � Singapore 5612 4 – – 1 1 2 0,04 0,05

36 Êèðãèçñòàí � Kyrgyzstan 5522 80 80 48 80 – 72 1,30 1,75

37 Ôèíëÿíäèÿ � Finland 5474 58 86 74 82 61 72 1,32 0,58

38 Íîðâåãèÿ � Norway 5109 62 54 – – – 58 1,14 0,73

39 Êîñòà Ðèêà � Costa Rica 4973 23 13 12 18 14 16 0,32 0,08

40 Íîâàÿ Çåëàíäèÿ � New Zealand 4748 – – 13 19 14 15 0,32 0,15

41 Èðëàíäèÿ � Ireland 4500 24 37 41 20 41 33 0,72 0,14

42 Õîðâàòèÿ � Croatia 4290 – 21 24 22 32 25 0,58 0,10

43 Êóâåéò � Kuwait 4137 17 19 38 50 31 31 0,75 0,29

44 Ìîëäîâà � Moldova 3553 120 118 107 – – 115 3,24 2,38

45 Ìîíãîëèÿ � Mongolia 3201 53 61 59 60 44 55 1,73 2,90

46 Àðìåíèÿ � Armenia 2973 – – – 32 6 19 0,64 0,48

47 Ëèòâà � Lithuania 2848 160 125 125 101 103 123 4,31 2,19

48 Ñëîâåíèÿ � Slovenia 2064 0 0 3 – – 1 0,05 0,01

49 Êàòàð � Qatar 1975 4 18 18 1 – 10 0,52 0,18

50 Ëàòâèÿ � Latvia 1950 104 94 88 95 79 92 4,72 7,49

51 Ýñòîíèÿ � Estonia 1314 47 54 50 39 38 46 3,47 0,43

52 Êèïð � Cyprus 858 5 – – – – 5 0,58 0,09

53 Áðóíåé � Brunei 430 0 7 4 3 4 4 0,84 0,11

54 Ëèõòåíøòåéí � Liechtenstein 37 0 0 0 – – 0 0,00 0,00

Èòîãî � Total 2 989 523 45 725 41 823 39 162 19 784 16847 41 874 1,40 1,18

Òàáëèöà 1. Äèíàìèêà ãèáåëè ïðè ïîæàðàõ â ñòðàíàõ ìèðà çà 2013–2017 ãã. [1]

Table 1. Trends in fire deaths in the countries for 2013–2017 [1]
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¹

ï�ï

No.

Ñòðàíà

Country

Íàñåëåíèå,
òûñ. ÷åë.

Population,
thous. inh.

×èñëî òðàâìèðîâàííûõ, ÷åë., ïî ãîäàì

Number of fire injuries per year, inh.

Ñðåäíåå ÷èñëî
òðàâìèðîâàííûõ, ÷åë.

Average number of fire
injuries, inh.

2013 2014 2015 2016 2017
â ãîä

per year

íà 100
òûñ. ÷åë.

per 100
thous. inh.

íà 100|
ïîæàðîâ

per 100
fires

1 ÑØÀ � USA 327 167 15 925 15 775 15 700 14 560 14 670 15 326 4,68 1,17

2 Áàíãëàäåø � Bangladesh 154 331 1385 210 216 – – 604 0,39 3,40

3 Ðîññèÿ � Russia 146 544 11 132 10 997 10 962 9905 9355 10 470 7,14 7,25

4 ßïîíèÿ � Japan 128 130 6858 6560 – – – 6709 5,24 15,99

5 Âüåòíàì � Vietnam 93 000 146 143 264 180 203 187 0,20 6,42

6 Ôðàíöèÿ � France 66 628 14 068 13 703 – 1127 1226 7531 11,30 2,60

7 Âåëèêîáðèòàíèÿ � Great Britain 63 786 10 300 9754 9233 9534 8897 9544 14,96 4,78

8 Èòàëèÿ � Italy 61 000 691 955 1263 1609 – 1130 1,85 0,47

9 Ìüÿíìà � Myanmar 51 486 168 181 – – – 175 0,34 10,57

10 Óêðàèíà � Ukraine 42 673 1585 1450 1357 1351 1474 1443 3,38 1,96

11 Ïîëüøà � Poland 38 413 – – – – 4328 4328 11,27 3,06

12 Ìàëàéçèÿ � Malaysia 31 800 165 389 1471 – – 675 2,12 1,51

13 Íåïàë � Nepal 30 430 115 98 – – – 107 0,35 10,76

14 Òàéâàíü � Taiwan 23 069 189 244 733 261 – 357 1,55 22,20

15 Ðóìûíèÿ � Romania 20 121 – – 818 659 702 726 3,61 2,49

16 Êàçàõñòàí � Kazakhstan 17 500 1034 1011 963 566 801 875 5,00 6,14

17 Ãðåöèÿ � Greece 10 788 89 – – – – 89 0,82 0,32

18 Áåëüãèÿ � Belgium 10 700 1076 – – – – 1076 10,06 5,07

19 ×åõèÿ � Czech 10 610 1189 1179 1449 1291 1392 1300 12,25 7,45

20 Øâåöèÿ � Sweden 10 120 630 – – – 414 522 5,16 2,06

21 Âåíãðèÿ � Hungary 9798 774 729 835 811 897 809 8,26 3,91

22 Èîðäàíèÿ � Jordan 9722 1024 1133 1454 1139 1089 1168 12,01 4,47

23 Áåëàðóñü � Belarus 9492 471 421 281 282 264 344 3,62 5,14

24 Áîëãàðèÿ � Bulgaria 7365 305 263 339 298 301 301 4,09 0,95

25 Ñåðáèÿ � Serbia 7187 398 338 – – – 368 5,12 1,89

26 Ñèíãàïóð � Singapore 5612 95 – – 62 60 72 1,29 1,69

27 Êèðãèçñòàí � Kyrgyzstan 5522 80 51 54 77 – 66 1,19 1,59

28 Ôèíëÿíäèÿ � Finland 5474 621 851 665 795 696 726 13,26 5,80

29 Íîðâåãèÿ � Norway 5109 306 284 – – – 295 5,77 3,69

30 Êîñòà Ðèêà � Costa Rica 4973 88 67 66 67 71 72 1,44 0,37

31 Íîâàÿ Çåëàíäèÿ � New Zealand 4748 – – 125 – – 125 2,63 1,24

32 Õîðâàòèÿ � Croatia 4290 – 71 84 104 117 94 2,19 0,39

33 Êóâåéò � Kuwait 4137 138 175 139 199 265 183 4,43 1,72

34 Ìîëäîâà � Moldova 3553 47 53 45 – – 48 1,36 1,00

35 Ìîíãîëèÿ � Mongolia 3201 – 64 44 – – 54 1,69 2,82

36 Àðìåíèÿ � Armenia 2973 – – 40 46 54 47 1,57 1,18

37 Ëèòâà � Lithuania 2848 209 193 206 204 181 199 6,97 3,55

38 Ñëîâåíèÿ � Slovenia 2064 63 53 21 – – 46 2,21 0,40

39 Êàòàð � Qatar 1975 102 93 73 43 – 78 3,94 1,37

40 Ëàòâèÿ � Latvia 1950 252 283 304 302 381 304 15,61 24,77

41 Ýñòîíèÿ � Estonia 1314 99 61 76 110 102 90 6,82 0,85

42 Êèïð � Cyprus 858 26 – – – – 26 3,03 0,46

43 Áðóíåé � Brunei 444 22 12 5 5 8 10 2,34 0,31

Èòîãî � Total 1 442 905 71 865 67 844 49 285 45 587 47 948 68 697 4,76 1,94

Òàáëèöà 2. Äèíàìèêà òðàâìèðîâàíèÿ ïðè ïîæàðàõ â ñòðàíàõ ìèðà çà 2013–2017 ãã. [1]

Table 2. Trends in fire injuries in the countries for 2013–2017 [1]
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òðàâìèðîâàííûõ èìåþò îòíîøåíèå ê ÑØÀ, ãäå õî-

ðîøî îðãàíèçîâàíà ñèñòåìà ñòðàõîâàíèÿ æèçíè.

Èòàê, äàííûå îò ïîæàðíûõ áðèãàä ïîçâîëÿþò ïî-

ëó÷èòü ñëåäóþùèå îðèåíòèðîâî÷íûå îöåíêè. Â ìèðå

åæåãîäíî ïðè ïîæàðàõ:
� ïîãèáàþò îêîëî 100 òûñ. ÷åë.;
� òðàâìèðóþòñÿ ïðèìåðíî 350 òûñ. ÷åë.;
� ïîãèáàåò ïîæàðíûõ îêîëî 250 ÷åë.;
� òðàâìèðóåòñÿ ïîæàðíûõ ïðèìåðíî 70–75òûñ.÷åë.

Âñå ýòè äàííûå ïîëó÷åíû âïåðâûå íà îñíîâå

ìíîãîëåòíèõ èññëåäîâàíèé ÖÏÑ ÊÒÈÔ [1–15].

Ñðàâíèì èõ òåïåðü ñ äàííûìè ÂÎÇ.

2. Àíàëèç ñòàòèñòè÷åñêèõ

äàííûõ ÂÎÇ

Ïðè àíàëèçå áûëè èñïîëüçîâàíû îôèöèàëüíûå

äàííûå ÂÎÇ, ñîäåðæàùèåñÿ â îò÷åòå çà 2016 ã.

(ðèñ. 2–4) [16–20]. Íàïîìíèì, ÷òî ÂÎÇ ó÷èòûâàåò

ãèáåëü âñåõ ëþäåé â ìèðå çà ãîä “îò îãíÿ, òåïëà è ãî-

ðÿ÷èõ ñóáñòàíöèé”. Íàïðèìåð, åñëè ÷åëîâåê îáâà-

ðèëñÿ êèïÿòêîì è îò ýòîãî ïîãèá, òî îí âõîäèò â ñòà-

òèñòèêó ÂÎÇ, ïðè ýòîì åãî ãèáåëü íå ñâÿçàíà ñ ïî-

æàðàìè. Ñëåäîâàòåëüíî, ñòàòèñòèêà ÂÎÇ øèðå, ÷åì

ñòàòèñòèêà ÖÏÑ ÊÒÈÔ, è äîëæíà ó÷èòûâàòü áîëü-

øåå ÷èñëî ïîãèáøèõ.

Â ñàìîì äåëå, èç ðèñ. 2 âèäèì, ÷òî â Èíäèè ïî

îöåíêå ÂÎÇ â 2016 ã. çàôèêñèðîâàíî 45 197 ñìåðòåé

“îò îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé”, à ñîãëàñíî

ñòàòèñòèêå ÖÏÑ ÊÒÈÔ ïðè ïîæàðàõ â Èíäèè ïî-

ãèáëî ïðèìåðíî 20 òûñ. ÷åë. (ò. å. â äâà ñ ëèøíèì ðàçà

ìåíüøå). Áîëåå ïîëîâèíû ñëó÷àåâ ãèáåëè ëþäåé îò

îãíÿ â Èíäèè îòíîñèòñÿ ê êðèìèíàëüíûì ñëó÷àÿì,

ñâÿçàííûì ñ ñàìîñîææåíèåì è ñîææåíèåì. Ýòî íå-

îáõîäèìî ó÷èòûâàòü ïðè ñðàâíèòåëüíîì àíàëèçå.

¹

ï� ï

No.

Ñòðàíà

Country

Íàñåëåíèå,
òûñ. ÷åë.

Population,
thous. inh.

×èñëî ïîãèáøèõ, ÷åë., ïî ãîäàì

Number of firefighter deaths by years, inh.

Ñðåäíåå ÷èñëî
ïîãèáøèõ â ãîä, ÷åë.

Average number of fire-
fighter deaths per year, inh.2013 2014 2015 2016 2017

1 ÑØÀ � USA 327 167 97 64 68 69 60 71,60

2 Ðîññèÿ � Russia 146 544 15 19 12 19 – –

3 ßïîíèÿ � Japan 128 130 7 9 – – – –

4 Ôðàíöèÿ � France 66 628 8 – – – – –

5 Óêðàèíà � Ukraine 42 673 2 1 5 1 2 2,20

6 Ïîëüøà � Poland 38 413 0 0 0 – 2 –

7 Ðóìûíèÿ � Romania 20 121 – – 1 1 0 –

8 Êàçàõñòàí � Kazakhstan 17 500 – – – – 2 –

9 Íèäåðëàíäû � Netherlands 17 082 – 1 0 – – –

10 Ãðåöèÿ � Greece 10 788 0 – – – – –

11 Áåëüãèÿ � Belgium 10 700 0 – – – – –

12 ×åõèÿ � Czech 10 610 0 0 0 0 2 0,40

13 Øâåöèÿ � Sweden 10 120 1 – 1 – 0 –

14 Âåíãðèÿ � Hungary 9798 – 0 0 0 0 –

15 Èîðäàíèÿ � Jordan 9722 – – 0 0 1 –

16 Áåëàðóñü � Belarus 9492 0 0 0 2 2 0,80

17 Àâñòðèÿ � Austria 8773 – 1 – – – –

18 Øâåéöàðèÿ � Switzerland 8372 0 0 1 – 0 –

19 Èçðàèëü � Israel 8300 – – – 0 – –

20 Áîëãàðèÿ � Bulgaria 7365 0 0 0 0 1 0,20

21 Ñåðáèÿ � Serbia 7187 0 1 – – – –

22 Äàíèÿ � Denmark 5756 0 0 0 0 0 0,00

23 Ôèíëÿíäèÿ � Finland 5474 0 – 0 0 0 –

24 Íîðâåãèÿ � Norway 5109 0 0 – – – –

25 Õîðâàòèÿ � Croatia 4290 – 0 0 0 0 –

26 Ëèòâà � Lithuania 2848 0 1 0 0 0 0,20

27 Ñëîâåíèÿ � Slovenia 2064 0 0 0 – – –

28 Ëàòâèÿ � Latvia 1950 – 0 0 0 0 –

29 Ýñòîíèÿ � Estonia 1314 0 0 0 0 0 0,00

30 Ëèõòåíøòåéí � Liechtenstein 37 – – 0 – – –

Èòîãî � Total 944 327 130 97 88 90 70 95,00

Òàáëèöà 3. Äèíàìèêà ãèáåëè ïîæàðíûõ â ñòðàíàõ ìèðà çà 2013–2017 ãã. [1]

Table 3. Trends in firefighter deaths in the countries for 2013–2017 [1]
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Íà ðèñ. 2 ïðèâåäåíû äàííûå ÂÎÇ ïî 71 ñòðàíå

ìèðà ñ îáùåé ÷èñëåííîñòüþ íàñåëåíèÿ 6 664 ìëí.

÷åë., ÷òî ñîñòàâëÿëî 92 % âñåãî íàðîäîíàñåëåíèÿ

Çåìëè â 2016 ã. Â ýòèõ ñòðàíàõ îò “îãíÿ, òåïëà è ãî-

ðÿ÷èõ ñóáñòàíöèé” ïîãèáëî 144 098 ÷åë. (95 % âñåõ

òàêèõ æåðòâ, òàê êàê âî âñåõ 194 ñòðàíàõ â 2016 ã.

ïî äàííûì ÂÎÇ ïîãèáëî 152 òûñ. ÷åë.) [12].

Îáðàùàåò âíèìàíèå íà ñåáÿ òîò ôàêò, ÷òî áîëåå

30 ñòðàí èç 71 íàõîäÿòñÿ â Àôðèêå, ãäå îò óêàçàííûõ

ôàêòîðîâ ãèáíåò äîñòàòî÷íî ìíîãî ëþäåé: íàïðèìåð,

â Íèãåðèè — 8950 ÷åë., Ýôèîïèè — 4404 ÷åë. è ò. ä.

Âñå ýòè ñòðàíû íå ÿâëÿþòñÿ ÷ëåíàìè ÊÒÈÔ, ïî-

ýòîìó ÖÏÑ ÊÒÈÔ íå èìååò âîçìîæíîñòè ó÷èòûâàòü

èõ â ñâîåé áàçå äàííûõ.

Òåì íå ìåíåå ìû òåïåðü èìååì îöåíêó âñåõ ïîãèá-

øèõ îò îãíÿ è òåïëà â ìèðå â 2016 ã. — 152 òûñ. ÷åë.

Òàêèì îáðàçîì, îöåíêà ÖÏÑ ÊÒÈÔ — 100 000 òûñ.

÷åë., åæåãîäíî ïîãèáàþùèõ â ìèðå èìåííî ïðè ïî-

æàðàõ, âïîëíå ñîãëàñóåòñÿ ñ äàííûìè ÂÎÇ.

Íà ðèñ. 3 ïðåäñòàâëåíû òå ñòðàíû, â êîòîðûõ ïî

îöåíêå ÂÎÇ íà 100 òûñ. ÷åë. ïðèõîäèòñÿ íå ìåíåå

2 æåðòâ. Ïî ñóùåñòâó, ýòî ðèñê äëÿ ÷åëîâåêà ïîãèá-

íóòü îò “îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé” â åäè-

íèöó âðåìåíè R ã
ÂÎÇ (æåðòâ�(ãîä ·105 ÷åë.)). È çäåñü

îïÿòü ëèäèðóþò ñòðàíû Àôðèêè: Êîòå äå Âóàð —

9,0; Ñîìàëè — 8,8; Áóðóíäè — 7,8; ×àä — 7,2 è ò. ä.

Òàêèì îáðàçîì, âèäèì, ÷òî ñòðàíû Àôðèêè ñ òî÷-

êè çðåíèÿ ãèáåëè ëþäåé îò âîçäåéñòâèÿ îãíÿ è òåïëà

âåñüìà íåáëàãîïîëó÷íû. Îíè çàíèìàþò çíà÷èòåëü-

íóþ ÷àñòü ñïèñêà ñòðàí, ïðèâåäåííûõ íà ðèñ. 3.

Ðîññèéñêàÿ Ôåäåðàöèÿ çàíèìàåò ìåñòî â ñåðå-

äèíå ñïèñêà (ñì. ðèñ. 3) ñ ïîêàçàòåëåì ðèñêà R ã
ÂÎÇ �

= 4,9 æåðòâ�(ãîä · 105 ÷åë.).

3. Ñðàâíåíèå äàííûõ ÖÏÑ ÊÒÈÔ è ÂÎÇ

Â 2012 ã. àâòîðû ïðîâåëè íåïîñðåäñòâåííîå ñðàâ-

íåíèå äàííûõ, ïîëó÷åííûõ îò ïîæàðíûõ áðèãàä

(ÖÏÑ ÊÒÈÔ), è ÂÎÇ [5]. Ðåçóëüòàòû ñðàâíåíèÿ

¹

ï�ï

No.

Ñòðàíà

Country

Íàñåëåíèå,
òûñ. ÷åë.

Population,
thous. inh.

×èñëî òðàâìèðîâàííûõ ïîæàðíûõ, ÷åë., ïî ãîäàì

Number of firefighter injuries by years, inh.

Ñðåäíåå ÷èñëî òðàâìèðî-
âàííûõ â ãîä, ÷åë.

Average number of fire-
fighter injuries per year, inh.2013 2014 2015 2016 2017

1 ÑØÀ � USA 327 167 65 880 63 350 68 085 62 085 58 835 63 647

2 Ðîññèÿ � Russia 146 544 320 320 230 42 – –

3 ßïîíèÿ � Japan 128 130 2354* 384 – – – –

4 Ôðàíöèÿ � France 66 628 133 – – – – –

5 Óêðàèíà � Ukraine 42 673 – 10 34 21 15 20

6 Ïîëüøà � Poland 38 413 – – – – 204 –

7 Ðóìûíèÿ � Romania 20 121 – – 16 25 1 –

8 Ãðåöèÿ � Greece 10 788 41 – – – – –

9 Áåëüãèÿ � Belgium 10 700 30 – – – – –

10 ×åõèÿ � Czech 10 610 168 428 242 182 182 240

11 Âåíãðèÿ � Hungary 9798 – 53 52 72 72 –

12 Èîðäàíèÿ � Jordan 9722 – – 82 76 52 –

13 Áåëàðóñü � Belarus 9492 13 11 3 14 6 9

14 Àâñòðèÿ � Austria 8773 – 949 – – – –

15 Øâåéöàðèÿ � Switzerland 8372 162 155 133 – 188 –

16 Èçðàèëü � Israel 8300 – – – 120 – –

17 Áîëãàðèÿ � Bulgaria 7365 31 25 19 22 23 24

18 Ñåðáèÿ � Serbia 7187 30 34 – – – –

19 Ôèíëÿíäèÿ � Finland 5474 82 – 66 81 43 –

20 Õîðâàòèÿ � Croatia 4290 – 8 11 24 101 –

21 Ëèòâà � Lithuania 2848 20 22 14 21 23 20

22 Ñëîâåíèÿ � Slovenia 2064 5 17 5 – – –

23 Ëàòâèÿ � Latvia 1950 – 43 57 57 49 –

24 Ýñòîíèÿ � Estonia 1315 35 38 51 52 57 47

25 Êèïð � Cyprus 858 3 – – – – –

26 Ìàëüòà � Malta 421 – – 0 0 – –

27 Ëèõòåíøòåéí � Liechtenstein 37 – – 0 – – –

Èòîãî � Total 890 040 66 953 65 847 69 100 62 894 59 851 64 929

Òàáëèöà 4. Äèíàìèêà òðàâìèðîâàíèÿ ïîæàðíûõ â ñòðàíàõ ìèðà çà 2013–2017 ãã. [1]

Table 4. Trends in firefighter injuries in the countries for 2013–2017 [1]
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Ðèñ. 1. Ñðåäíåå ÷èñëî ïîãèáøèõ íà 100 òûñ. ÷åë. (2013–2017 ãã.) [1]

Fig. 1. Average number of fire deaths per 100 thous. inh. (2013–2017) [1]
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Ðèñ. 2. Ðàñïðåäåëåíèå ÷èñëà ïîãèáøèõ îò îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé ïî äàííûì ÂÎÇ çà 2016 ã. [1] äëÿ ñòðàí, èìåþùèõ

áîëåå 300 ïîãèáøèõ â ãîä

Fig. 2. Distribution of estimated deaths from fire, heat and hot substances (WHO, 2016) [1] for countries with more than 300 deaths per year
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Ðèñ. 3. Ðàñïðåäåëåíèå ÷èñëà ïîãèáøèõ îò îãíÿ, òåïëà è ãîðÿ÷èõ ñóáñòàíöèé íà 100 òûñ. ÷åë. ïî äàííûì ÂÎÇ çà 2016 ã. [1] äëÿ

ñòðàí, èìåþùèõ áîëåå 2 æåðòâ íà 100 òûñ. ÷åë.

Fig. 3. Distribution of estimated deaths from fire, heat and hot substances per 100 thous. inh. (WHO, 2016) [1] for countries with more

than 2 deaths per 100 thous. inh.
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ïðèâåäåíû â òàáë. 5 äëÿ 35 ñòðàí ìèðà. Èç òàáë. 5

ñëåäóåò, ÷òî, êàê ïðàâèëî, äàííûå ÂÎÇ íåñêîëüêî

ïðåâûøàþò ñîîòâåòñòâóþùèå äàííûå îò ïîæàðíûõ

áðèãàä, ÷òî è ñëåäîâàëî îæèäàòü (ïðàâäà, èíîãäà ïðå-

âûøåíèå î÷åíü áîëüøîå, íàïðèìåð äëÿ Âüåòíàìà,

Àðãåíòèíû, Ôèëèïïèí, Ãðåöèè). Îäíàêî â 12 ñòðàíàõ

íàáëþäàåòñÿ îáðàòíàÿ êàðòèíà: äàííûå îò áðèãàä íà-

ìíîãî ïðåâûøàþò äàííûå ÂÎÇ (íàïðèìåð, äëÿ Ïà-

êèñòàíà, ßïîíèè, Áåëàðóñè, Ëèòâû, ×åõèè). Ýòè ðàñ-

õîæäåíèÿ îáúÿñíèòü ñëîæíåå. Âèäèìî, íå âñå ñòðà-

íû äàþò ÂÎÇ ïîëíóþ ñòàòèñòèêó î ãèáåëè ëþäåé

îò îãíÿ. Â öåëîì, êàê ïîêàçûâàåò èòîãîâàÿ ñòðîêà

òàáë. 5, äàííûå ÂÎÇ íà 33 % ïðåâûøàþò ñóììàð-

íûå äàííûå îò ïîæàðíûõ áðèãàä.

Â 2019 ã. ìû ïðîâåëè òàêóþ æå êîíòðîëüíóþ ïðî-

âåðêó äàííûõ çà 2016 ã. äëÿ 17 ñòðàí (òàáë. 6). Çäåñü

êàðòèíà ïîëó÷èëàñü ïîõîæåé íà êàðòèíó 2012 ã.

Â ïÿòè ñëó÷àÿõ èç 17 äàííûå ÂÎÇ áûëè ìåíüøå, ÷åì

Ðèñ. 4. Ðàñïðåäåëåíèå ÷èñëà ïî-

ãèáøèõ îò îãíÿ, òåïëà è ãîðÿ÷èõ

ñóáñòàíöèé íà 100 òûñ. ÷åë. ïî

äàííûì ÂÎÇ çà 2016 ã. [17]

Fig. 4. Distribution of estimated

deaths from fire, heat and hot sub-

stances per 100 thous. inh. (WHO,

2016) [17]

¹

ï�ï

No.

Ñòðàíà

Country

×èñëî ïîãèáøèõ,
÷åë., ïî äàííûì

Number
of fire deaths,
inh., by data

Ðàç-
íèöà,

%

Diffe-
rences,

%

¹

ï�ï

No.

Ñòðàíà

Country

×èñëî ïîãèáøèõ,
÷åë., ïî äàííûì

Number
of fire deaths,
inh., by data

Ðàç-
íèöà,

%

Diffe-
rences,

%ÂÎÇ

WHO

ÖÏÑ

CFS

ÂÎÇ

WHO

ÖÏÑ

CFS

1 Èíäèÿ � India 55292 24520 56 19 Èòàëèÿ � Italy 201 257 –28

2 Ðîññèÿ � Russia 12553 11628 7 20 Ãðåöèÿ � Greece 175 49 72

3 Êèòàé � China 9067 1237 86 21 Âåíãðèÿ � Hungary 140 140 0

4 Ïàêèñòàí � Pakistan 7724 16527 –114 22 Øâåöèÿ � Sweden 122 103 16

5 ÞÀÐ � SAR 3832 2776 28 23 Áîëãàðèÿ � Bulgaria 119 53 55

6 ÑØÀ � USA 2847 2855 0 24 Ëàòâèÿ � Latvia 116 99 15

7 Óêðàèíà � Ukraine 2477 2751 –11 25 Ìîíãîëèÿ � Mongolia 93 75 19

8 Âüåòíàì � Vietnam 1668 78 95 26 Äàíèÿ � Denmark 70 65 7

9 ßïîíèÿ � Japan 1332 1721 –29 27 Ëèòâà � Lithuania 69 150 –117

10 Àðãåíòèíà � Argentina 1319 400 70 28 Êèðãèçñòàí � Kyrgyzstan 67 87 –29

11 Ôèëèïïèíû � Philippines 1002 220 78 29 Ôèíëÿíäèÿ � Finland 65 77 –18

12 Ïîëüøà � Poland 700 564 19 30 ×åõèÿ � Czech 57 125 –118

13 Áåëàðóñü � Belarus 660 927 –40 31 Ýñòîíèÿ � Estonia 52 54 –3

14 Êàçàõñòàí � Kazakhstan 599 518 14 32 Õîðâàòèÿ � Croatia 42 36 13

15 Ôðàíöèÿ � France 488 362 26 33 Àâñòðèÿ � Austria 38 30 22

16 Ãåðìàíèÿ � Germany 422 347 18 34 Íîðâåãèÿ � Norway 35 40 –15

17 Ðóìûíèÿ � Romania 393 222 43 35 Êóâåéò � Kuwait 34 21 39

18 Âåëèêîáðèòàíèÿ � Great Britain 335 380 –13 Èòîãî � Total 104 207 69 494 33

Òàáëèöà 5. Ðàñïðåäåëåíèå ïîãèáøèõ îò îãíÿ â íåêîòîðûõ ñòðàíàõ ìèðà ïî äàííûì ÂÎÇ è ÖÏÑ â 2012 ã. [5]

Table 5. Distribution of fire deaths in the some countries by data WHO and CFS in 2012 [5]
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äàííûå ÖÏÑ ÊÒÈÔ, à â îñòàëüíûõ 12 ñëó÷àÿõ —

áîëüøå. Â öåëîì ñóììàðíûå äàííûå ÂÎÇ íà 42 %

ïðåâûñèëè äàííûå ÖÏÑ ÊÒÈÔ.

Ýòè ðåçóëüòàòû òàêæå íåîáõîäèìî èìåòü â âèäó

ïðè àíàëèçå èòîãîâûõ âûâîäîâ.

Âûâîäû

Â öåëîì ìû ìîæåì ïîäòâåðäèòü íàøè ðåçóëüòàòû,

à èìåííî÷òîâðåçóëüòàòåïîæàðîâíàÇåìëååæåãîäíî:

� ïîãèáàþò 100–120 òûñ. ãðàæäàíñêèõ ëèö;
� òðàâìèðóåòñÿ ïðèìåðíî 350 òûñ. ÷åë.;
� ïîãèáàþò íà äåæóðñòâå 200–250 ïîæàðíûõ;
� òðàâìèðóþòñÿ 70–75 òûñ. ïîæàðíûõ.

Íà îñíîâàíèè ïðîâåäåííîãî àíàëèçà è ñðàâíå-

íèÿ îôèöèàëüíûõ ñòàòèñòè÷åñêèõ äàííûõ ìîæíî

óòâåðæäàòü, ÷òî âïåðâûå ïîëó÷åíû äîñòàòî÷íî íà-

äåæíûå îöåíêè ãèáåëè è òðàâìèðîâàíèÿ ëþäåé ïðè

ïîæàðàõ â ñòðàíàõ ìèðà.
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ÐÅÇÞÌÅ

Ýôôåêòèâíîñòü ðîáîòèçèðîâàííûõ óñòàíîâîê ïîæàðîòóøåíèÿ â çíà÷èòåëüíîé ìåðå çàâèñèò îò òàêòèêè ïîæà-

ðîòóøåíèÿ, âûáðàííîé äëÿ ýòèõ ïðîãðàììèðóåìûõ óñòðîéñòâ è çàêëþ÷àþùåéñÿ â ïðàâèëüíî îïðåäåëåííîé

öåëè, à ýòî — çàäà÷à íàâèãàöèè. Â ýòîì íîìåðå äàþòñÿ çàêëþ÷èòåëüíûå ìàòåðèàëû, îñíîâàííûå íà îãíåâûõ

èñïûòàíèÿõ, ïðîâåäåííûõ ïî ïðîãðàììå è ìåòîäèêå ÂÍÈÈÏÎ â 2014–2018 ãã. Ïðåäñòàâëåíû âàðèàíòû êîì-

ïîíîâî÷íûõ ñõåì ÏÐÑ îòíîñèòåëüíî î÷àãà ïîæàðà. Ïðèâåäåíû ýïþðû îðîøåíèÿ ñòàòè÷åñêèìè íàâåñíûìè

èëè ôðîíòàëüíûìè ñòðóÿìè. Ïîêàçàíî, ÷òî îíè çàâèñÿò îò óãëà àòàêè ñòðóè íà çàùèùàåìóþ ïîâåðõíîñòü. Ðàñ-

ñìîòðåíû îñîáåííîñòè òóøåíèÿ ïîæàðà ñòàòè÷åñêèìè ñòðóÿìè ïðè óãëàõ àòàêè 90° è ìåíåå 90°. Ïðèâåäåíû

ïàðàìåòðû ïÿòíà ñîïðèêîñíîâåíèÿ ñòðóè ñ ïîâåðõíîñòüþ è îðîøàåìîé ïëîùàäè, ïðè êîòîðûõ îáåñïå÷èâàåò-

ñÿ òóøåíèå ïîæàðà ñòàòè÷åñêèìè ñòðóÿìè.
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1. Êîìïîíîâêà ÏÐÑ

îòíîñèòåëüíî î÷àãà ïîæàðà

Íåêîòîðûå âàðèàíòû êîìïîíîâêè ÏÐÑ îòíîñèòåëü-

íî î÷àãà ïîæàðà ïðèâåäåíû íà ðèñ. 12–15.

Òî, ÷òî êàæäàÿ òî÷êà ïîìåùåíèÿ èëè çàùèùà-

åìîãî îáîðóäîâàíèÿ äîëæíà íàõîäèòüñÿ â çîíå äåé-

ñòâèÿ íå ìåíåå ÷åì äâóõ ÏÐÑ, íå îçíà÷àåò îäíîâðå-

ìåííîãî âîçäåéñòâèÿ íà î÷àã ïîæàðà äâóõ ÏÐÑ. Ýô-

ôåêòèâíîå òóøåíèå ïîæàðà ìîæåò áûòü îáåñïå÷åíî

òîëüêî îäíèì ÏÐÑ. Âìåñòå ñ òåì, êàê ñâèäåòåëüñò-

âóþò ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé,

íàèáîëåå ýôôåêòèâíîå äåéñòâèå ÐÓÏ íàáëþäàåòñÿ

ïðè îäíîâðåìåííîé ïîäà÷å ÎÒÂ èç äâóõ ïðîòèâîïî-

ëîæíî óñòàíîâëåííûõ ÏÐÑ.

Îáùèé ðàñõîä îãíåòóøàùåãî âåùåñòâà è ïðî-

äîëæèòåëüíîñòü íåïðåðûâíîé ðàáîòû ÐÓÏ äîëæíû

áûòü íå ìåíåå óêàçàííûõ â òàáë. 5.1 ÑÏ 5.13130.2009

(äàëåå — ÑÏ 5) 5 [40]. Îáùèé ðàñõîä ÐÓÏ óòî÷íÿåò-

ñÿ ñ ó÷åòîì êîëè÷åñòâà ÏÐÑ, îäíîâðåìåííî çàäåéñò-

âîâàííûõ â ðàáî÷åì ðåæèìå, ãèäðàâëè÷åñêèõ ïîòåðü

â ïèòàþùåì òðóáîïðîâîäå, õàðàêòåðà è âåëè÷èíû

ïîæàðíîé íàãðóçêè, òåõíîëîãè÷åñêèõ îñîáåííîñòåé

îáúåêòà, ãðóïïû ïîìåùåíèé 1, 2 èëè 4 ïî ïðèëîæå-

íèþ Á ÑÏ 5 [40].

Â òàáë. 5.1 ÑÏ 5 [40] óêàçàíî, ÷òî äëÿ îðîñèòåëåé

îáùåãî íàçíà÷åíèÿ ñîãëàñíî ÃÎÑÒ Ð 51043–2002

(Óñòàíîâêè âîäÿíîãî è ïåííîãî ïîæàðîòóøåíèÿ àâ-

òîìàòè÷åñêèå. Îðîñèòåëè. Îáùèå òåõíè÷åñêèå òðå-

áîâàíèÿ. Ìåòîäû èñïûòàíèé) ìèíèìàëüíàÿ îðîøà-

åìàÿ ïëîùàäü ñ òðåáóåìîé èíòåíñèâíîñòüþ îðîøå-

íèÿ ñîñòàâëÿåò 12 ì2, à äëÿ òðàäèöèîííûõ ÀÓÏ â

çàâèñèìîñòè îò ãðóïïû ïîìåùåíèé ïî ÑÏ 5 [40] —

îò 60 äî 180 ì2.

Ïðîåêöèÿ îðîøàåìîãî ïÿòíà íàâåñíûõ, èëè ôðîí-

òàëüíûõ, èëè ñòðî÷íûõ êîìïàêòíûõ ñòðóé, èëè ðàñ-
* Ïðîäîëæåíèå. Íà÷àëî ñì. æóðíàë “Ïîæàðîâçðûâîáåçîïàñíîñòü�

Fire and Explosion Safety” ¹ 3 çà 2019 ã.
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ïûëåííîãî ïîòîêà ÎÒÂ, ôîðìèðóåìûõ îäíèì ñòâî-

ëîì ÏÐÑ, â çàâèñèìîñòè îò òîãî, ïîä êàêèì óãëîì ïî-

äàåòñÿ ñòðóÿ íà îáúåêò çàùèòû, ìîæåò èìåòü ôîðìó

êðóãà èëè ýëëèïñà.

×òîáû ñòðóÿ ïîêðûëà ìèíèìàëüíóþ çàùèùàåìóþ

êðóãîâóþ ïëîùàäü 12 ì2, åå äèàìåòð äîëæåí áûòü

íå ìåíåå 4 ì, à äèàìåòð îêðóæíîñòè, îïèñàííîé âî-

êðóã êâàäðàòà ïëîùàäüþ 60 ì2, — íå ìåíåå 11 ì. Îä-

íàêî ÷åì øèðå ñòðóÿ, òåì ìåíüøå åå ýôôåêòèâíàÿ

äàëüíîáîéíîñòü, ïîýòîìó ïðè òàêèõ øèðîêèõ ïî-

òîêàõ ÎÒÂ èõ äàëüíîáîéíîñòü íå áóäåò ïðåâûøàòü

íåñêîëüêèõ ìåòðîâ, ÷òî àáñîëþòíî íåïðèåìëåìî

äëÿ êîíêðåòíûõ óñëîâèé ïðèìåíåíèÿ ÐÓÏ.

Ñèñòåìà óïðàâëåíèÿ ÏÐÑ äîëæíà îáåñïå÷èâàòü

ïîääåðæàíèå ãèäðàâëè÷åñêèõ è êèíåìàòè÷åñêèõ ïà-

ðàìåòðîâ, â òîì ÷èñëå óãëà ðàñïûëåíèÿ ñòðóè è óãëà

êîððåêöèè ìåæäó ëèíèåé âèçèðîâàíèÿ èçâåùàòåëÿ

íàâåäåíèÿ è ëèíèåé âîçâûøåíèÿ ïîæàðíîãî ñòâîëà

ÏÐÑ, òàêèì îáðàçîì, ÷òîáû íåçàâèñèìî îò ðàññòîÿ-

íèÿ äî î÷àãà ïîæàðà äèàìåòð ïÿòíà ñòðóè ÎÒÂ, êîí-

òàêòèðóþùåãî ñ îáúåêòîì çàùèòû, ñîõðàíÿë íåèç-

ìåííîå çíà÷åíèå.

Ðèñ. 12. Êîìïîíîâêà ÏÐÑ îòíîñèòåëüíî î÷àãà ïîæàðà êëàñ-

ñà Â ïðè èõ îäíîñòîðîííåì ðàñïîëîæåíèè è ïîäà÷å ñòàòè÷å-

ñêèõ (ñòîÿ÷èõ) ñòðóé: à — âèä ñáîêó; á — âèä ñâåðõó; 1 — ïî-

æàðíàÿ íàãðóçêà (ïðîòèâåíü ñ æèäêèì ãîðþ÷èì); 2 —

ïîäñòàâêà; Â — øèðèíà ïîìåùåíèÿ; D — äèàìåòð ïðîòèâíÿ

ñ æèäêèì ãîðþ÷èì; Í — âûñîòà ìîíòàæà ÏÐÑ; h — ðàññòîÿ-

íèå ïî ïåðïåíäèêóëÿðó ìåæäó çåðêàëîì æèäêîãî ãîðþ÷åãî è

îñüþ âðàùåíèÿ ñòâîëà ÏÐÑ; L — ðàññòîÿíèå ìåæäó ÏÐÑ ïî

îñè Õ; L1, L2 — ðàññòîÿíèå ïî ïåðïåíäèêóëÿðó ìåæäó öåíò-

ðîì ïðîòèâíÿ ñ æèäêèì ãîðþ÷èì è ñîîòâåòñòâåííî ÏÐÑ 1 è

ÏÐÑ 2; R1, R2 — óñëîâíûå îñåâûå êîìïàêòíîé ñòðóè èëè ðàñ-

ïûëåííîãî ïîòîêà ÎÒÂ; Rýô — ýôôåêòèâíàÿ äàëüíîñòü ïî-

äà÷è ÎÒÂ; f — âûñîòà áîðòà ïðîòèâíÿ; �1Z, �2Z — óãîë àòàêè

êîìïàêòíîé ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ îòíîñè-

òåëüíî îñè Z ñîîòâåòñòâåííî ÏÐÑ 1 èëè ÏÐÑ 2; �1Õ, �2Õ —

óãîë àòàêè êîìïàêòíîé ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ

îòíîñèòåëüíî îñè Õ ñîîòâåòñòâåííî ÏÐÑ 1 èëè ÏÐÑ 2; Y1,2 —

ðàññòîÿíèå ïî îñè Y ìåæäó öåíòðîì ïîæàðíîé íàãðóçêè è

ÏÐÑ 1, ÏÐÑ 2

Ðèñ. 13. Êîìïîíîâêà ÐÓÏ îòíîñèòåëüíî î÷àãà ïîæàðà êëàñ-

ñà À ïðè ïðîòèâîïîëîæíîì ðàñïîëîæåíèè ÏÐÑ è ïîäà÷å

ñòàòè÷åñêèõ (ñòîÿ÷èõ) ñòðóé: à — âèä ñáîêó; á — âèä ñâåðõó;

1 — äåðåâÿííûé øòàáåëü; 2 — ïîäñòàâêà; Í — âûñîòà ìîí-

òàæà ÏÐÑ; h — ðàññòîÿíèå ïî ïåðïåíäèêóëÿðó ìåæäó âåðõ-

íåé ïîâåðõíîñòüþ ïîæàðíîé íàãðóçêè è îñüþ âðàùåíèÿ

ñòâîëà ÏÐÑ; L — ðàññòîÿíèå ìåæäó ÏÐÑ ïî îñè Õ; L1, L2 —

ðàññòîÿíèå ïî îñè Õ ìåæäó öåíòðîì ïîæàðíîé íàãðóçêè è ñî-

îòâåòñòâåííî ÏÐÑ 1 è ÏÐÑ 2; x, y, z — ñîîòâåòñòâåííî äëèíà,

øèðèíà è âûñîòà ïîæàðíîé íàãðóçêè; Y1, Y2 — ðàññòîÿíèå ïî

îñè Y ìåæäó öåíòðîì ïîæàðíîé íàãðóçêè è ñîîòâåòñòâåííî

ÏÐÑ 1 è ÏÐÑ 2
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Ýïþðû îðîøåíèÿ íàâåñíûìè èëè ôðîíòàëüíû-

ìè ñòðóÿìè çàâèñÿò îò óãëà àòàêè � ñòðóè íà çàùè-

ùàåìóþ ïîâåðõíîñòü.

Â ðåàëüíûõ óñëîâèÿõ ÏÐÑ îñóùåñòâëÿåò ïðî-

ñòðàíñòâåííóþ çàùèòó â ãîðèçîíòàëüíîé ïëîñêîñòè

â ïðåäåëàõ îêîëî 360°. Ýïþðà îðîøåíèÿ çàùèùà-

åìîé ïîâåðõíîñòè ñòðóåé ñòâîëà ÏÐÑ ïðè óãëå àòàêè

� = 90° ïðåäñòàâëÿåò ñîáîé êðóã, à â îñòàëüíûõ ñëó-

÷àÿõ — ýëëèïñ, ïðè÷åì ÷åì ìåíüøå óãîë àòàêè �,

òåì áîëåå âûòÿíóòóþ ôîðìó áóäåò èìåòü ýëëèïñ.

Êîëè÷åñòâî ñòðîê ñêàíèðîâàíèÿ îïðåäåëÿåòñÿ â

çàâèñèìîñòè îò ðàçìåðà ïÿòíà ÎÒÂ, êîíòàêòèðó-

þùåãî ñ çàùèùàåìîé ïîâåðõíîñòüþ, è âûñîòû çà-

ùèùàåìîé çîíû.

Ïî ðåçóëüòàòàì ïðîâåäåííûõ èçìåðåíèé ïÿòíà

ñòðóè îðîøåíèå êàê âíóòðè êðóãà, òàê è âíóòðè ýë-

Ðèñ. 14. Êîìïîíîâêà ÏÐÑ îòíîñèòåëüíî î÷àãà ïîæàðà êëàñ-

ñà À ïðè îäíîñòîðîííåì ðàñïîëîæåíèè ÏÐÑ è ïîäà÷å ñêàíè-

ðóþùèõ ñòðóé: à — âèä ñáîêó; á — âèä ñâåðõó; 1 — ïîæàð-

íàÿ íàãðóçêà; 2 — ïîäñòàâêà; Â — øèðèíà ïîìåùåíèÿ; Í —

âûñîòà ìîíòàæà ÏÐÑ; h — ðàññòîÿíèå ïî îñè Z ìåæäó âåðõ-

íåé ïîâåðõíîñòüþ ïîæàðíîé íàãðóçêè è îñüþ âðàùåíèÿ ñòâîëà

ÏÐÑ; L — ðàññòîÿíèå ìåæäó ÏÐÑ ïî îñè Õ; L1, L2 — ðàññòîÿ-

íèå ïî îñè Õ ìåæäó âåðõíåé ïîâåðõíîñòüþ ïîæàðíîé íà-

ãðóçêè è ñîîòâåòñòâåííî ÏÐÑ 1 è ÏÐÑ 2; R1í, R1ê, R2í, R2ê —

óñëîâíûå îñåâûå êîìïàêòíîé ñòðóè èëè ðàñïûëåííîãî ïîòî-

êà ÎÒÂ ñîîòâåòñòâåííî â íà÷àëå è ïî îêîí÷àíèè öèêëà ñêà-

íèðîâàíèÿ ÏÐÑ 1 è ÏÐÑ 2; Rýô — ýôôåêòèâíàÿ äàëüíîñòü

ïîäà÷è ÎÒÂ; x, y, z — ñîîòâåòñòâåííî äëèíà, øèðèíà è âûñî-

òà ïîæàðíîé íàãðóçêè; �1Z, �2Z — óãîë àòàêè êîìïàêòíîé

ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ îòíîñèòåëüíî îñè Z ñî-

îòâåòñòâåííî ÏÐÑ 1 èëè ÏÐÑ 2; �1Õ, �2Õ — óãîë àòàêè êîì-

ïàêòíîé ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ îòíîñèòåëüíî

îñè Õ ñîîòâåòñòâåííî ÏÐÑ 1 èëè ÏÐÑ 2; �1, �2 — äèàïàçîí

óãëîâ ñêàíèðîâàíèÿ ñîîòâåòñòâåííî ÏÐÑ 1 è ÏÐÑ 2; �1 —

ðåàëüíûé äèàïàçîí óãëîâ îðîøåíèÿ èç ÏÐÑ 1; Y1,2 — ðàññòî-

ÿíèå ïî îñè Y ìåæäó öåíòðîì ïîæàðíîé íàãðóçêè è ÏÐÑ 1,

ÏÐÑ 2

Ðèñ. 15. Êîìïîíîâêà ÏÐÑ îòíîñèòåëüíî î÷àãà ïîæàðà êëàñ-

ñà Â (ïðîòÿæåííîãî ïðÿìîóãîëüíîãî ïðîòèâíÿ) ïðè ïðîòè-

âîïîëîæíîì ðàñïîëîæåíèè ÏÐÑ è ïîäà÷å ñêàíèðóþùèõ

ñòðóé: à — âèä ñáîêó; á — âèä ñâåðõó; 1 — ïîæàðíàÿ íàãðóç-

êà (ïðÿìîóãîëüíûé ïðîòèâåíü ñ æèäêèì ãîðþ÷èì); 2 — ïîä-

ñòàâêà; Â — øèðèíà ïîìåùåíèÿ; Í — âûñîòà ìîíòàæà ÏÐÑ;

h — ðàññòîÿíèå ïî îñè Z ìåæäó çåðêàëîì æèäêîãî ãîðþ÷åãî

è îñüþ âðàùåíèÿ ñòâîëà ÏÐÑ; L — ðàññòîÿíèå ìåæäó ÏÐÑ ïî

îñè Õ; L1, L2 — ðàññòîÿíèå ïî îñè Õ ìåæäó öåíòðîì ïðîòèâíÿ

ñ æèäêèì ãîðþ÷èì è ñîîòâåòñòâåííî ÏÐÑ 1 è ÏÐÑ 2; R1í,

R1ê, R2í, R2ê — óñëîâíûå îñåâûå êîìïàêòíîé ñòðóè èëè ðàñ-

ïûëåííîãî ïîòîêà ÎÒÂ ñîîòâåòñòâåííî â íà÷àëå è ïî îêîí-

÷àíèè öèêëà ñêàíèðîâàíèÿ ÏÐÑ 1 è ÏÐÑ 2; Y1 — ðàññòîÿíèå

ïî îñè Y ìåæäó ÏÐÑ 1 è öåíòðîì ïîæàðíîé íàãðóçêè; f —

âûñîòà áîðòà ïðîòèâíÿ; x, y — äëèíà è øèðèíà ïðîòèâíÿ;

�1, �2 — äèàïàçîí óãëîâ ñêàíèðîâàíèÿ ñîîòâåòñòâåííî ÏÐÑ 1

è ÏÐÑ 2;�1 — ðåàëüíûé äèàïàçîí óãëîâ îðîøåíèÿ èç ÏÐÑ 1
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ëèïñà èìååò íåðàâíîìåðíûé õàðàêòåð. Äîñòàòî÷íî

êó÷íûé ó÷àñòîê ñ óäîâëåòâîðèòåëüíîé èíòåíñèâíî-

ñòüþ îðîøåíèÿ ðàñïîëîæåí íà ðàññòîÿíèè, ñîñòàâ-

ëÿþùåì ïîðÿäêà 90 % îò ìàêñèìàëüíîé äàëüíîñòè

(ïî êðàéíèì êàïëÿì). Ðàññòîÿíèå äî íåãî ïðèíÿòî

ñ÷èòàòü ýôôåêòèâíîé äàëüíîñòüþ. Ïëîùàäü ïÿòíà

ñòðóè, íà êîòîðóþ ïàäàåò äî 70 % ïîäàâàåìîé âîäû,

ÿâëÿåòñÿ ýôôåêòèâíîé çîíîé îðîøåíèÿ. Ïðè âèáðè-

ðîâàíèè, îñöèëëèðîâàíèè èëè ñêàíèðîâàíèè ñòðóåé

îðîøåíèå ñòàíîâèòñÿ áîëåå ðàâíîìåðíûì. Ýôôåê-

òèâíàÿ çîíà ïÿòíà îðîøåíèÿ äîëæíà ó÷èòûâàòüñÿ

ïðè ñîñòàâëåíèè ïðîãðàìì îðîøåíèÿ ñ ó÷åòîì äàëü-

íîñòè ñòðóè.

Êàê ñëåäóåò èç ïðèâåäåííûõ íà ðèñ. 8–11* ðàç-

ëè÷íûõ êîìïîíîâî÷íûõ ñõåì ÏÐÑ, âèçèðîâàíèå èç-

âåùàòåëÿ íàâåäåíèÿ íà î÷àã ïîæàðà è âîçâûøåíèå

ñòâîëà ÏÐÑ èìåþò ðàçëè÷íóþ óãëîâóþ òðåõìåðíóþ

îðèåíòàöèþ. Äëÿ óïðîùåíèÿ è ñîêðàùåíèÿ îáúåìà

èçëîæåíèÿ ìàòåðèàëà âçàèìîäåéñòâèå ñòðóé ñ ïî-

âåðõíîñòüþ ãîðþ÷åé íàãðóçêè äàëåå óñëîâíî ðàñ-

ñìàòðèâàåòñÿ â îäíîé ïëîñêîñòè.

2. Ïðîãðàììû óïðàâëåíèÿ ÏÐÑ

ïðè òóøåíèè ñòàòè÷åñêèìè ñòðóÿìè

2.1. Ñòàòè÷åñêèå ñòðóè, íàïðàâëåííûå

ê ôðîíòàëüíîé ïîâåðõíîñòè (q � 90°)

Äëÿ ñòàòè÷åñêèõ ñòðóé, íàïðàâëåííûõ ê ôðîí-

òàëüíîé ïîâåðõíîñòè (�  90°) ïðåäåëüíî äîïóñòè-

ìàÿ ïëîùàäü ïîæàðà îöåíèâàåòñÿ ïî ïëîùàäè êðóãà

Sê, îáðàçóþùåãîñÿ ïðè êîíòàêòå ñòðóè èëè ðàñïû-

ëåííîãî ïîòîêà ÎÒÂ ñ îáúåêòîì çàùèòû.

Â äàííîì ñëó÷àå ïðîãðàììà ÏÐÑ ñ ó÷åòîì óãëà

ïîãðåøíîñòè íàâèãàöèè � è óãëà çîíû íå÷óâñòâè-

òåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ � ðåàëèçóåò íàâå-

äåíèå ñòâîëà ÏÐÑ îäíèì èç äâóõ ñïîñîáîâ:
� ïîä îáðåç ïëàìåíè òàêèì îáðàçîì, ÷òîáû íèæíÿÿ

êðîìêà ïëàìåíè íàõîäèëàñü öåëèêîì â ïðåäåëàõ

ïÿòíà êîíòàêòà ñòðóè ñ çàùèùàåìîé ïîâåðõíî-

ñòüþ (ðèñ. 16,à);
� â öåíòð ïëàìåíè òàêèì îáðàçîì, ÷òîáû ó÷àñòîê

îáúåêòà çàùèòû, îáúÿòûé ïëàìåíåì, íàõîäèëñÿ

öåëèêîì â ïðåäåëàõ ïÿòíà êîíòàêòà ñòðóè ñ çà-

ùèùàåìîé ïîâåðõíîñòüþ (ðèñ. 16,á).

Ïðè ýòîì âî âñåõ ñëó÷àÿõ ïðîãðàììà óïðàâëå-

íèÿ ÏÐÑ îáåñïå÷èâàåò ïîïàäàíèå ñòðóè ÎÒÂ â î÷àã

ïîæàðà ïóòåì:

� àíàëèçà äàâëåíèÿ ÎÒÂ è â ñëó÷àå åãî èçìåíåíèÿ

âíåñåíèÿ áàëëèñòè÷åñêîé ïîïðàâêè ê âåðòèêàëü-

íîìó óãëó íàâåäåíèÿ (óãëó âîçâûøåíèÿ) âûõîä-

íîãî ïàòðóáêà ñòâîëà â çàâèñèìîñòè îò ðàññòîÿ-

íèÿ äî î÷àãà ïîæàðà è äàâëåíèÿ ÎÒÂ;
� âûáîðà óãëà ðàñïûëåíèÿ ÎÒÂ â çàâèñèìîñòè îò

ðàññòîÿíèÿ îò ÏÐÑ äî î÷àãà ïîæàðà.

Äëÿ ðèñ. 16,à è 16,á äèàïàçîí óãëîâ îðîøåíèÿ ñ

ó÷åòîì ðàñòåêàíèÿ ÎÒÂ ïî çàùèùàåìîé ïîâåðõ-

íîñòè ïî ãîðèçîíòàëè ðàâåí ðåàëüíîìó äèàïàçîíó

óãëîâ îðîøåíèÿ � = �. Äîïóñòèì, ÷òî â äàííîì

ñëó÷àå ïðîãðàììà ÏÐÑ ñ ó÷åòîì óãëà ïîãðåøíîñòè

íàâèãàöèè � è óãëà çîíû íå÷óâñòâèòåëüíîñòè èç-

âåùàòåëÿ íàâåäåíèÿ � ðåàëèçóåò íàâåäåíèå ñòâîëà

ÏÐÑ íà îñåâóþ ëèíèþ ïëàìåíè ÂÂ1 è îïðåäåëÿåò â

çàâèñèìîñòè îò ðàññòîÿíèÿ äî î÷àãà ïîæàðà íåîáõî-

äèìûé äèàìåòð ñòðóè ÎÒÂ Dñòð â ìîìåíò åå ñîïðè-

êîñíîâåíèÿ ñ ïîâåðõíîñòüþ ãîðåíèÿ, ïðè÷åì äèà-

ìåòð ñòðóè ïðèíèìàåòñÿ áîëüøå äëèíû ïëàìåíè,

ò. å. Dñòð > Lïë. Ïðè íàâåäåíèè ÏÐÑ íà î÷àã ïîæàðà

åãî ñòâîë ìîæåò ïåðåìåùàòüñÿ íå òîëüêî ïî ãîðèçîí-

òàëè — ñëåâà íàïðàâî èëè ñïðàâà íàëåâî, íî è îäíî-

âðåìåííî ïî âåðòèêàëè — ñâåðõó âíèç èëè ñíèçó

ââåðõ.

Åñëè âèçèðîâàíèå ñòðóè ïðåäïîëàãàåòñÿ ïî îñå-

âîé ëèíèè ðåãèñòðèðóåìîãî î÷àãà ïîæàðà ÂÂ1, è îí

íå âûõîäèò çà ïðåäåëû ïëîùàäè âçàèìîäåéñòâèÿ

ñòðóè ñ ïîâåðõíîñòüþ ÀÂÑ, è óãîë 
 íå âûõîäèò çà

ïðåäåëû óãëà �, òî ñòàòè÷åñêàÿ ôðîíòàëüíàÿ ñòðóÿ

îáåñïå÷èâàåò ëèêâèäàöèþ ïîæàðà. Â ýòîì ñëó÷àå

ïÿòíî ñîïðèêîñíîâåíèÿ ñòðóè ñ ïîâåðõíîñòüþ è

îðîøàåìàÿ ïëîùàäü èìåþò ñëåäóþùèå ïàðàìåòðû:
� ïÿòíî ñîïðèêîñíîâåíèÿ:

à) â óãëîâûõ êîîðäèíàòàõ (çäåñü è äàëåå: äëÿ

óïðîùåíèÿ èçëîæåíèÿ óãëîâûå êîîðäèíàòû

ïðèíÿòû òîëüêî ïî îñè Õ ) :

� ! 
 = " + 2� + 2�; (1)

á) â ëèíåéíûõ ðàçìåðàõ (çäåñü è äàëåå: âñëåäñò-

âèå R >> Dñòð (ãäå R — ðàäèóñ äåéñòâèÿ ñòðóè)

ïðèíèìàåì îáëàñòü äóãè L ïðÿìîé:

Lñîïð = Dñòð = ÀÑ =

= 2R tg (��2) ! 2R tg ("�2 + � + �)
(2à)

èëè Lñîïð  ��R�180  �R�57,3; (2á)

â) ïëîùàäü

S D Dñîïð ñòð ñòð� �� 2 24 0 785, ; (3)

� îðîøàåìàÿ ïëîùàäü:

à) â óãëîâûõ êîîðäèíàòàõ:

� ! 
 = " + 2� + 2�; (4)

á) â ëèíåéíûõ ðàçìåðàõ:

Lîðîø = Dñòð = ÀÑ =

= 2R tg (��2) ! 2R tg ("�2 + � + �)
(5à)

èëè Lîðîø  �R�57,3; (5á)

* Ñì. íà÷àëî íàñòîÿùåé ñòàòüè: Ìåøìàí Ë. Ì., Áûëèíêèí Â. À.,

Ãîðáàíü Þ. È., Ãîðáàíü Ì. Þ., Ôîêè÷åâà Ê. Þ. Àêòóàëüíûå

ïðîáëåìû íàâèãàöèè íà î÷àã ïîæàðà ïîæàðíûõ ðîáîòèçèðî-

âàííûõ ñòâîëîâ â ðîáîòèçèðîâàííûõ óñòàíîâêàõ ïîæàðîòó-

øåíèÿ. ×àñòü 1. Ïðåäïîñûëêè ñîçäàíèÿ ÐÓÏ è ñïåöèôè÷å-

ñêèå îñîáåííîñòè òóøåíèÿ ïîæàðîâ ÏÐÑ �� Ïîæàðîâçðûâî-

áåçîïàñíîñòü�Fire and Explosion Safety. — 2019. — Ò. 27, ¹ 3.

— Ñ. 70–88. DOI: 10.18322�PVB.2019.28.03.70-88.
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â) ïëîùàäü îðîøåíèÿ:

Sîðîø = Sñîïð ! � � � � ��
�
�

�
�
�

� �D
Y D Y D

ñòð

ñòð ñòð

2

2 2

8 8
. (6)

Ïðåäïîëàãàåòñÿ, ÷òî, âî-ïåðâûõ, èíòåíñèâíîñòü

îðîøåíèÿ â çîíå Sîðîø íå íèæå, ÷åì â êðóãå Sñîïð, òàê

êàê ÎÒÂ ïîñëå êîíòàêòà ñ âåðòèêàëüíîé ïîâåðõíî-

ñòüþ ñòåêàåò âíèç ïî îñè Y; âî-âòîðûõ, èíòåíñèâíîñòü

è ðàâíîìåðíîñòü îðîøåíèÿ ñîõðàíÿþòñÿ â ïðåäåëàõ

Y�  (1,0�2,0) Dñòð. Ïðè Y� = 0,5Dñòð , ò. å. ïðè ïëîùà-

äè îðîøåíèÿ, îãðàíè÷åííîé âûñîòîé ÂÂ1 = D#Dñòð ,

èìååì:

Sîðîø = Sñîïð ! � �
�D

D
ñòð

ñòð

2

2

8
0 5,

� ��
�
�

�
�
�  

�
8

0 5 0 892 2, , .D Dñòð ñòð

Ïðè ýòîì èíòåíñèâíîñòü îðîøåíèÿ â ïðåäåëàõ

ïëîùàäè êðóãà äèàìåòðîì Dñòð (ñì. ðèñ. 16,à) äîëæíà

ñîîòâåòñòâîâàòü òðåáîâàíèÿì ÃÎÑÒ Ð 51043–2002

è ÑÏ 5.13130.2009 [40]).

Åñëè î÷àã ïîæàðà âûõîäèò çà ïðåäåëû ïëîùàäè

ïÿòíà âçàèìîäåéñòâèÿ ñòðóè ñ ïîâåðõíîñòüþ S ABCB1
,

ò. å. óãîë 
 âûõîäèò çà ïðåäåëû óãëà �, òî óñëîâèÿ

(4)–(6) íå âûïîëíÿþòñÿ è ïîæàð ñòàòè÷åñêîé ñòðóåé

ïîòóøåí áûòü íå ìîæåò, âñëåäñòâèå ÷åãî äëÿ åãî ëèê-

âèäàöèè íåîáõîäèìî ëèáî óâåëè÷èòü äèàìåòð ñòðóè

Dñòð, ëèáî èñïîëüçîâàòü ñòðî÷íîå ñêàíèðîâàíèå.

2.2. Ñòàòè÷åñêèå ñòðóè, íàïðàâëåííûå
ïîä óãëîì ê ôðîíòàëüíîé ïîâåðõíîñòè
(0 < q < 90°)

Äëÿ ñòàòè÷åñêèõ ñòðóé, íàïðàâëåííûõ ïîä óãëîì

ê ôðîíòàëüíîé ïîâåðõíîñòè (0 < � < 90°), ïðåäåëü-

íî äîïóñòèìàÿ ïëîùàäü ïîæàðà èçíà÷àëüíî îöåíè-

âàåòñÿ ïî ïëîùàäè ýëëèïñà Sý, îáðàçóþùåãîñÿ ïðè

êîíòàêòå ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ ñ îáú-

åêòîì çàùèòû.

Êàê è â ïðåäûäóùåì ñëó÷àå, ïðîãðàììà ÏÐÑ ñ

ó÷åòîì óãëà ïîãðåøíîñòè íàâèãàöèè � è óãëà çîíû

íå÷óâñòâèòåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ � ðåàëè-

çóåò íàâåäåíèå ñòâîëà ÏÐÑ îäíèì èç äâóõ ñïîñîáîâ:
� ïîä îáðåç ïëàìåíè òàêèì îáðàçîì, ÷òîáû íèæíÿÿ

êðîìêà ïëàìåíè íàõîäèëàñü öåëèêîì â ïðåäåëàõ

ïÿòíà êîíòàêòà ñòðóè ñ çàùèùàåìîé ïîâåðõíî-

ñòüþ (ðèñ. 17,à);

Ðèñ. 16. Ýïþðà îðîøåíèÿ ôðîíòàëüíîé ïîâåðõíîñòè ñòàòè÷åñêîé ñòðóåé ñ óãëîì àòàêè �  90° ïðè åå íàâåäåíèè: à — ïîä îá-

ðåç ïëàìåíè; á — â öåíòð ïëàìåíè; 1 — ïëàìÿ; 2 — îðîøàåìàÿ ïëîùàäü â ìîìåíò ñîïðèêîñíîâåíèÿ ñòðóè ñ çàùèùàåìîé ïî-

âåðõíîñòüþ; 3 — äîïîëíèòåëüíàÿ ïëîùàäü, îðîøàåìàÿ çà ñ÷åò ñòåêàíèÿ ÎÒÂ ïî âåðòèêàëè; 4 — ÏÐÑ; Dñòð — äèàìåòð ñòðóè â

ìîìåíò åå ñîïðèêîñíîâåíèÿ ñ çàùèùàåìîé ïîâåðõíîñòüþ; Lñîïð = Lîðîø = ÀÑ — äëèíà ëèíèè ñîïðèêîñíîâåíèÿ è îðîøåíèÿ

ïðè êîíòàêòå ÎÒÂ ñ çàùèùàåìîé ïîâåðõíîñòüþ; Lïë — äëèíà ïëàìåíè; Y� — ðàññòîÿíèå ïî îñè Y äî öåíòðà ïëàìåíè
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� â öåíòð ïëàìåíè òàêèì îáðàçîì, ÷òîáû ó÷àñòîê

îáúåêòà çàùèòû, îáúÿòûé ïëàìåíåì, íàõîäèëñÿ

â çîíå îðîøåíèÿ ïî îñåâîé ëèíèè ýëëèïñà ñî-

ïðèêîñíîâåíèÿ ÎÒÂ (ñîâìåùåíèå âåðòèêàëüíîé

îñè ïëàìåíè ñ ìàëîé îñüþ ýëëèïñà ñîïðèêîñíî-

âåíèÿ) (ðèñ. 17,á).

Â ìîìåíò ñîïðèêîñíîâåíèÿ êîìïàêòíîé ñòðóè

èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ äèàìåòðîì Dñòð ñ ïî-

âåðõíîñòüþ ãîðåíèÿ îáðàçóåòñÿ çîíà ñîïðèêîñíîâå-

íèÿ â ôîðìå ýëëèïñà S ñîïð(ÀÂÑÂ À)1
, îáåñïå÷èâàþùàÿ

ïåðåêðûòèå çîíû î÷àãà ãîðåíèÿ. ×åì ìåíüøå óãîë

àòàêè �, òåì áîëüøå ïëîùàäü ýëëèïñà S ñîïð(ÀÂÑÂ À)1
è ïðè íåèçìåííîì ðàñõîäå ìåíüøå èíòåíñèâíîñòü

îðîøåíèÿ. Ïîñêîëüêó ñòðóÿ (ïîòîê) ÎÒÂ ïî èíåð-

öèè áóäåò ñêîëüçèòü ïî ïîâåðõíîñòè îðîøåíèÿ ïî

íàïðàâëåíèþ åãî ïîäà÷è (ïî îñè Õ), èíòåíñèâíîñòü

2

1

3

2

3

Ðèñ. 17. Ýïþðà îðîøåíèÿ ïëîñêîé ïîâåðõíîñòè ñòàòè÷åñêîé ñêîëüçÿùåé ñòðóåé ñ óãëîì àòàêè (0 < � < 90°) ïðè åå íàâåäåíèè:

à — ïîä îáðåç ïëàìåíè; á — â öåíòð ïëàìåíè; 1 — ïëàìÿ; 2 — îðîøàåìàÿ ïëîùàäü â ìîìåíò ñîïðèêîñíîâåíèÿ ÎÒÂ ñ çàùèùàå-

ìîé ïîâåðõíîñòüþ; 3 — äîïîëíèòåëüíàÿ ïëîùàäü �Sã, îðîøàåìàÿ çà ñ÷åò ðàñòåêàíèÿ ÎÒÂ ïî ãîðèçîíòàëè; 4 — ÏÐÑ; 5 — äî-

ïîëíèòåëüíàÿ ïëîùàäü�Sâ–ã, îðîøàåìàÿ çà ñ÷åò ñòåêàíèÿ ÎÒÂ ïî âåðòèêàëè è ïî ãîðèçîíòàëè; Lîðîø = ÀD — äëèíà îðîøåíèÿ

c ó÷åòîì ðàñòåêàíèÿ ÎÒÂ ïî ãîðèçîíòàëè
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îðîøåíèÿ, ïðèõîäÿùàÿñÿ íà ñðåäíþþ ÷àñòü ýëëèï-

ñà, áóäåò ñîõðàíÿòüñÿ íà íåêîòîðîì ó÷àñòêå, îãðà-

íè÷åííîì ïîëóýëëèïñîì ÂDB1.

Ïðåäïîëàãàåòñÿ, ÷òî ïî ñðàâíåíèþ ñ èíòåíñèâ-

íîñòüþ îðîøåíèÿ â çîíå íåïîñðåäñòâåííîãî êîí-

òàêòà ñòðóè ñ ïîâåðõíîñòüþ èíòåíñèâíîñòü îðîøå-

íèÿ â çîíå, ðàñïîëîæåííîé âäîëü íàïðàâëåíèÿ

ïîòîêà ÎÒÂ íà íåêîòîðîì ðàññòîÿíèè îò ãðàíèöû

êîíòàêòà ñòðóè ñ îðîøàåìîé ïîâåðõíîñòüþ, ïðè èç-

ìåíåíèè óãëà àòàêè � îò 0 äî 90° èçìåíÿåòñÿ îò ìàê-

ñèìóìà äî ìèíèìóìà, è íàîáîðîò, â íåêîòîðîé çîíå,

ðàñïîëîæåííîé íèæå ñòðîêè îðîøåíèÿ, — îò ìèíè-

ìóìà äî ìàêñèìóìà (ò. å. ïðàêòè÷åñêè äî èíòåíñèâ-

íîñòè îðîøåíèÿ, ñîîòâåòñòâóþùåé èíòåíñèâíîñòè

â çîíå êîíòàêòà ñòðóè ñ ïîâåðõíîñòüþ).

Ïðè îïðåäåëåííîì çíà÷åíèè óãëà àòàêè � äëèíà

çîíû äîïîëíèòåëüíîãî îðîøåíèÿ ÑD ìîæåò ïåðå-

êðûâàòü ïîãðåøíîñòü íàâèãàöèè �2 è çîíó íå÷óâ-

ñòâèòåëüíîñòè �2 èçâåùàòåëÿ íàâåäåíèÿ. Â ýòîì

ñëó÷àå äèàìåòð ñòðóè Dñòð ìîæåò ïðèíèìàòüñÿ äàæå

íåñêîëüêî ìåíüøå øèðèíû ïëàìåíè, ïîýòîìó ïðè

ìàëîì óãëå àòàêè ìîæíî ó÷èòûâàòü òîëüêî óãîë ïî-

ãðåøíîñòè íàâèãàöèè �1 è óãîë çîíû íå÷óâñòâè-

òåëüíîñòè �1 èçâåùàòåëÿ íàâåäåíèÿ.

Â òî æå âðåìÿ ïðè çíà÷èòåëüíîì óãëå àòàêè �
ïëîùàäü ïÿòíà ñîïðèêîñíîâåíèÿ ñòðóè ñ ïîâåðõíî-

ñòüþ ÀÂÑÂ1À ìåíüøå, ñîêðàùàåòñÿ è äîïîëíèòåëü-

íàÿ ïëîùàäü îðîøåíèÿ ÀÂDÂ1À è îäíîâðåìåííî

áîëüøå ÎÒÂ ñòåêàåò âíèç ïî âåðòèêàëüíîé ïëîñêî-

ñòè. Ñëåäîâàòåëüíî, ïðè áîëüøîì óãëå àòàêè ïðèõî-

äèòñÿ ó÷èòûâàòü ïîãðåøíîñòü óãëà íàâèãàöèè è óãîë

çîíû íå÷óâñòâèòåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ ñ

îáåèõ ñòîðîí ïëàìåíè, ò. å. è (�1 + �1), è (�2 + �2).

Åñëè âèçèðîâàíèå ñòðóè ïðåäïîëàãàåòñÿ ïî îñå-

âîé ëèíèè ðåãèñòðèðóåìîãî ïëàìåíè, à î÷àã ïîæàðà

íå âûõîäèò çà ïðåäåëû ïëîùàäè âçàèìîäåéñòâèÿ

ñòðóè ñ ïîâåðõíîñòüþ Sñîïð = ÀÂÑÂ1À è óãîë
íå âû-

õîäèò çà ïðåäåëû óãëà �, òî ñòàòè÷åñêàÿ ñòðóÿ, äåé-

ñòâóþùàÿ ïîä óãëîì àòàêè � ê ôðîíòàëüíîé ïîâåðõ-

íîñòè, îáåñïå÷èâàåò ëèêâèäàöèþ ïîæàðà. Â ýòîì

ñëó÷àå (ïðè R >> Dñòð) è, äîïóñòèì, ïðè ìàëîì óãëå

àòàêè ïÿòíî ñîïðèêîñíîâåíèÿ ñòðóè ñ ïîâåðõíî-

ñòüþ ñ êâàçèïîñòîÿííîé èíòåíñèâíîñòüþ îðîøåíèÿ

è îðîøàåìàÿ ïëîùàäü èìåþò ïàðàìåòðû:
� ïÿòíî ñîïðèêîñíîâåíèÿ:

à) â óãëîâûõ êîîðäèíàòàõ

ïðè � < 45°:

� ! 
 = (" + �1 + �1); (7à)

ïðè � ! 45°:

� ! 
 = (" + �1 + �1 + �2 + �2); (7á)

á) â ëèíåéíûõ ðàçìåðàõ:

Lñîïð = ÀÑ = Dñòð�sin �; (8)

â) ïëîùàäü îðîøåíèÿ:

S Dñîïð ñòðAC BB� � � �� � �1
24 4( sin ) ; (9)

� îðîøàåìàÿ ïëîùàäü:

à) â óãëîâûõ êîîðäèíàòàõ:

� = � + �; (10)

á) â ëèíåéíûõ ðàçìåðàõ:

Lîðîø = ÀD = (ÀÑ + CD) Dñòð �sin �; (11à)

ïðè � < 45°:

L
R R

opoø  
�

!
� � �( )

,

( )

,
;

� � � " � �
57 3 57 3

1 1 (11á)

ïðè � ! 45°:

L
R

oðîø  
�

!
( )

,

� �
57 3

!
� � � � �( )

,
;

� " � � � �1 1 2 2

57 3

R
(11â)

â) ïëîùàäü îðîøåíèÿ:

Sîðîø  Sñîïð + �Sã + �Sâ =

� � �0 5, .( )ñîïð ãBDD âÀDD A1 1 1
S S S� � (12)

Åñëè î÷àã ïîæàðà âûõîäèò çà ïðåäåëû ïëîùàäè

ÀÂDÂ1À èëè óãîë
— çà ïðåäåëû óãëà�, ò. å. íå âû-

ïîëíÿþòñÿ óñëîâèÿ (10)–(12), òî ïîæàð ñòàòè÷åñêîé

ñòðóåé íå ìîæåò áûòü ïîòóøåí. Â ýòîì ñëó÷àå äëÿ

åãî ëèêâèäàöèè íåîáõîäèìî ëèáî óâåëè÷èòü äèà-

ìåòð ñòðóè Dñòð (à äëÿ ïîääåðæàíèÿ èíòåíñèâíîñòè

îðîøåíèÿ ïîâûñèòü è ðàñõîä), ëèáî èñïîëüçîâàòü

ñòðî÷íîå ñêàíèðîâàíèå (îïÿòü-òàêè îäíîâðåìåííî

óâåëè÷èâ ðàñõîä).

Àíàëîãè÷íûå ïîëîæåíèÿ ïðèåìëåìû è äëÿ ñòà-

òè÷åñêîé íàâåñíîé ñòðóè.

Åñëè çàùèùàåìàÿ ïëîùàäü ïîäâåðãàåòñÿ îðîøå-

íèþ ñòàòè÷åñêîé íàâåñíîé èëè ôðîíòàëüíîé ñòðóåé

(áåç ñêàíèðîâàíèÿ ñòâîëîì ÏÐÑ), òî ðàñ÷åò ðàñõîäà

ÏÐÑ, íåîáõîäèìîãî äëÿ òóøåíèÿ ïîæàðà, óïðîùàåò-

ñÿ: èíòåíñèâíîñòü îðîøåíèÿ è ðàñõîä ïðèíèìàþò-

ñÿ ñîãëàñíî ÃÎÑÒ Ð 51043–2002 è ÑÏ 5 [40]. Â òî æå

âðåìÿ ïðîãðàììà óïðàâëåíèÿ äîëæíà îáåñïå÷èâàòü

(íåçàâèñèìî îò ðàññòîÿíèÿ îò ÏÐÑ äî çàùèùàåìîé

ïîâåðõíîñòè) çà ñ÷åò ðåãóëèðîâêè óãëà ðàñêðûòèÿ

ñòðóè êâàçèïîñòîÿííóþ ïëîùàäü ïÿòíà êîíòàêòà

ÎÒÂ ñ çàùèùàåìîé ïîâåðõíîñòüþ.

Ðàñõîä ÏÐÑ Q (ë�ì2) äëÿ ñòàòè÷åñêîé ôðîíòàëü-

íîé, äåéñòâóþùåé ïîä óãëîì ê ôðîíòàëüíîé ïîâåðõ-

íîñòè, èëè íàâåñíîé ñòðóè ðàññ÷èòûâàåòñÿ èç óñ-

ëîâèÿ:

Q = KiSñîïð �sin � = KiSîðîø , (13)

ãäå K — êîýôôèöèåíò èñïîëüçîâàíèÿ ðàñõîäà;

K = 1,2�1,3;

i — íîðìàòèâíàÿ èíòåíñèâíîñòü îðîøåíèÿ ïî

ÑÏ 5 [40], ë�(ñ·ì2).

Ïëîùàäü ïÿòíà ñîïðèêîñíîâåíèÿ ñòðóè ñ ïîâåðõ-

íîñòüþ â ôîðìå êðóãà ïðè � = 90° îïðåäåëÿåòñÿ êàê
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S Dñîïð ê ñòð. � � 2 4, â ôîðìå ýëëèïñà ïðè � $ %90 —

êàê Sñîïð.ý = � �Dñòð
2 4( sin ) .

Âî ñêîëüêî ðàç óâåëè÷èâàåòñÿ Sîðîø ïî ñðàâíå-

íèþ ñ Sñîïð, âî ñòîëüêî ðàç ïîòðåáóåòñÿ óâåëè÷èòü

ðàñõîä ÎÒÂ. Íåîáõîäèìî ó÷èòûâàòü ýòîò ôàêòîð

ïðè ïðîåêòèðîâàíèè ÐÓÏ è ïðè îïðåäåëåíèè ðàñ-

ñòîÿíèÿ ìåæäó ÏÐÑ, âõîäÿùèõ â ñîñòàâ ÐÓÏ, ñòàðà-

òüñÿ, ÷òîáû óãîë àòàêè � êàæäîãî ÏÐÑ áûë êàê ìîæ-

íî áîëüøå.

Âûâîäû

Ñòàòè÷åñêèå ñòðóè â ïðàêòèêå ÐÓÏ ïðèìåíÿþò-

ñÿ íå÷àñòî. Îäíàêî ââåäåííûå ïîíÿòèÿ è ïðåäñòàâ-

ëåííûå ðàñ÷åòû èìåþò ñóùåñòâåííîå çíà÷åíèå äëÿ

ñêàíèðóþùèõ ñòðóé, øèðîêî ïðèìåíÿåìûõ â ÐÓÏ íå-

ïîñðåäñòâåííî äëÿ ïîæàðîòóøåíèÿ, è î íèõ ïîéäåò

ðå÷ü â ñëåäóþùåé çàêëþ÷èòåëüíîé ãëàâå.
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1. RFMs positioning

with respect to fire area

Options of RFM positioning with respect to fire area

are shown in Fig. 12–15.

If each place of room or point of equipment to be

protected must be located in operation area of at least

two RFMs it does not mean that two RFMs should

simultaneously operate and extinguish the fire area.

Efficient fire extinguishing can be provided by only one

RFM. At the same time, according to the results of ex-

periments, the most efficient operation of RFSS is ob-

served when FEA is supplied simultaneously from two

oppositely installed RFMs.

The total flow rate of fire extinguishing agent and

the duration of RFSS continuous operation shall be at

least as those specified in Table 5.1 of Set of rules

5.13130.2009 (SP 5) [40]. The total flow rate of RFSS

is to be specified taking into account the number of

RFMs simultaneously operated, the hydraulic losses in

supply pipeline, type and size of fire load, technolo-

gical features of the object, type of rooms (1, 2 or 4)

according to Appendix B of SP 5 [40].

It is indicated in Table 5.1 of SP5 [40] that for general-

purpose sprinklers, according to GOST R 51043–2002

(Automatic water and foam fire fighting systems. Sprink-

lers, spray nozzles and water mist nozzles. General tech-

nical requirements. Test methods), the minimum cove-

rage area with the required coverage intensity is 12 m2,

and for conventional AFSS (depending on room class

according to Construction Rules SP 5 [40]) — from 60

to 180 m2.

The projection of covered spot of high-angled streams,

or frontal streams, or scanning straight streams, or sprayed

FEAstreams generated by one RFM, depending on angle

of stream supplying to object to be protected, may be in

the form of a circle or an ellipse.

For the stream to cover minimum protected circular

area of 12 m2, its diameter shall be at least 4 m, and

the diameter of the circle circumscribed about a four-

square of 60 m2 — at least 11 m. However, the wider is

the stream, the smaller is its effective maximum range,

therefore in case of FEA wide streams their range will
* It is continuation. See the beginning of this article in Pozharo-

vzryvobezopasnost�Fire and Explosion Safety, 2019, no. 3.
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not exceed several meters, which is absolutely unaccep-

table for the specific conditions of RFSS use.

The RFM control system shall provide hydraulic

and traveltime parameters, including the stream spray

angle and correction angle between the vision line of

targeting detector and the elevation line of RFM, so that

notwithstanding of the distance to fire area the diameter

of FEA stream spot that contacts with the object to be

protected shall be kept unchanged.

Coverage curves for high-angled or frontal streams

depend on stream angle of attack � to the protected sur-

face.

In actual practice, RFM provides space protection

in the horizontal plane within about 360°. Curve of co-

verage of the protected surface by RFM stream at

the angle of attack � = 90° is a circle, and in other cases

— an ellipse, and the smaller is the angle of attack �,

the more elongated will be the ellipse.

The number of scanning lines is determined depend-

ing on the size of FEAspot that contacts with the surface

to be protected and the height of area to be protected.

Fig. 12. RFMs positioning with respect to class B fire area if they

are located at one side and in case of use of static (stationary)

streams: à — side view; b — top view; 1 — fire load (tray with

liquid fuel); 2 — support; Â — room width; D — diameter of

the tray with liquid fuel; Í — height of RFM installation; h —

perpendicular distance between liquid fuel surface and RFM ro-

tation axis; L — distance between RFMs along axis Õ; L1, L2 —

perpendicular distance between the center of the tray with liquid

fuel and RFM 1 and RFM 2 respectively; R1, R2 — conventional

axes of straight stream or FEA sprayed stream; Ref — efficient

range of FEA stream; f — height of tray sides; �1Z, �2Z — angle of

attack of straight stream or FEA sprayed stream along the axis Z

of RFM 1 and RFM 2 respectively; �1Õ, �2Õ — angle of attack of

straight stream or FEA sprayed stream along the axis Õ of RFM 1

or RFM 2 respectively; Y1,2 — Y axial distance between center of

fire load and RFM 1, RFM 2

Fig. 13. RFMs positioning with respect to class A fire area if RFMs

are located opposite to static (stationary) stream supply: à — side

view; b — top view; 1 — wooden stack-pile; 2 — support; Í —

height of RFM installation; h — perpendicular distance between

top surface of fire load and RFM rotation axis; L — distance

between RFMs along axis Õ; L1, L2 — perpendicular distance

between the center of fire load and RFM 1 and RFM 2 respecti-

vely; x, y, z — length, width and height of fire load; Y1, Y2 — dis-

tance along the axis Y between center of fire load and RFM 1 and

RFM 2 respectively
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Based on the results of measurements of stream spot,

the coverage both inside the circle and inside the ellipse

is uneven. The enough concentrated area with satisfac-

tory coverage intensity is located at a distance of about

90 % of the maximum range (the far drops). The distance

to this area is considered to be effective range. Stream

spot area where 70 % of the supplied water falls dawn

is the efficient coverage area. When stream vibrating,

oscillating, or scanning, the coverage becomes more

uniform. The effective area of coverage spot shall be

taken into account when programming coverage mode

subject to stream range.

Fig. 14. RFMs positioning with respect to class A fire area if they

are located at one side and in case of scanning streams: à — side

view; b — top view; 1 — fire load; 2 — support; Â — room width;

Í — height of RFM installation; h — distance between top sur-

face of fire load along axis Z and RFM rotation axis; L — distance

between RFMs along axis Õ; L1, L2 — distance between the center

of top surface of fire load along X axis and RFM 1 and RFM 2 re-

spectively; R1beg, R1end, R2beg, R2end — conventional axes of

straight stream or FEA sprayed stream at the beginning and end

of scanning cycle of RFM 1 and RFM 2 respectively; Ref — effi-

cient range of FEA stream; x, y, z — length, width and height of

fire load; �1Z, �2Z — angle of attack of straight stream or FEA

sprayed stream along the axis Z of RFM 1 and RFM 2 respecti-

vely;�1Õ,�2Õ — angle of attack of straight stream or FEA sprayed

stream along the axis Õ of RFM 1 or RFM 2 respectively; �1, �2

— scanning angle range of RFM 1 and RFM 2 respectively;�1 —

actual coverage angle range for RFM 1; Y1,2 — Y axial distance

between center of fire load and RFM 1, RFM 2

Fig. 15. RFMs positioning with respect to class B fire area (ex-

tended rectangular tray) if they are located at opposite sides and

in case of scanning streams: à — side view; b — top view; 1 —

fire load (extended rectangular tray); 2 — support; Â — room

width; Í — height of RFM installation; h — distance between

face of liquid fuel along axis Z and RFM rotation axis; L1, L2 —

distance between the center of tray with liquid fuel and RFM 1

and RFM 2 respectively; R1beg, R1end, R2beg, R2end — conven-

tional axes of straight stream or FEA sprayed stream at the be-

ginning and end of scanning cycle of RFM 1 and RFM 2 respec-

tively; Y1 — distance between RFM 1 and center of fire load

along axis Y; f — height of tray side walls; x, y — length and

width of tray;�1,�2 — scanning angle range of RFM 1 and RFM 2

respectively; �1 — actual coverage angle range for RFM 1

* See the beginning of this article: L. M. Meshman, V. A. Bylinkin,

Yu. I. Gorban, M. Yu. Gorban, K. Yu. Fokicheva. Actual problems

of navigation to the fire robotic trunks in robotic fire extinguishing

system. Part 1. Âackground to the establishment of RFS and spe-

cific characteristics of the fire fighting RFM. Pozharovzryvobez-

opasnost�Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 70–88

(in Russian). DOI: 10.18322�PVB.2019.28.03.70-88.

Based on different RFM positioning schemes at

Fig. 8–11*, the sighting of targeting detector to fire area

and the elevation of RFM have different angular three-

dimensional positioning. To simplify and reduce wordage
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of material, streams contact with surface of fire load is

any further considered in one plane.

2. Operating programs for RFMs used

for fire suppression with static streams

2.1. Static streams positioned

to the front surface (q � 90°)

Maximum allowable fire area for static streams

(� � 90°) is calculated based on circle area Sc, that is re-

sulted from stream or sprayed FEA contact with object

to be protected.

In this case, the RFM program targets monitor by

one of the following ways, based on positioning inaccu-

racy angle � and the dead zone angle of targeting de-

tector �:
� under flame edge so that the lower flame edge is en-

tirely within the contact spot of stream and surface

to be protected (Fig. 16,a);
� to flame center so that the area to be protected being

in fire, is entirely within the contact spot of stream

and surface to be protected (Fig. 16,b).

At the same time, in all cases, the RFM operating

program provides the FEA stream targeting to the fire

area by:

� analyzing FEA pressure and if it changes the pro-

gram changes the ballistics with respect to the ver-

tical targeting angle (elevation angle) of monitor

outlet nozzle depending on the distance to fire area

and FEA pressure;

� selecting the FEAspray angle depending on the dis-

tance from RFM to fire area.

In Fig. 16,a and 16,b, the range of coverage angles,

with regard to FEA spreading in horizontal direction

over the protected surface, is equal to actual range of

coverage angles � = �. Let us assume that in this case

the RFM program, taking into account the angle of po-

sitioning inaccuracy� and dead zone angle of targeting

detector �, positions RFM to the axis of BB1 flame and

determines, depending on the distance to fire area,

the required FEA stream diameter Dstr at the moment

of its contact with fire surface, wherein stream diameter

is bigger than flame length, i. e. Dstr > Lfl. When RFM

targeting to fire area, its monitor can move not only in

Fig. 16. Curve of frontal surface coverage with static stream with an angle of attack of �  90° during its targeting: a — under flame

edge; b — to flame center; 1 — flame; 2 — coverage area at the moment of stream contact with surface to be protected; 3 — additional

area covered due to FEA flowing down in vertical direction; 4 — RFM; Dstr — stream diameter at the moment of its contact with the pro-

tected surface; Lcontact = Lcover = AC — the length of contact and coverage area when FEA contacts with protected surface; Lfl — flame

length; Y� — is the distance along the Y axis to the center of the flame
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horizontal direction — from left to right or right to left,

but also simultaneously in vertical direction — from

up to down or from down to up.

If stream is supposed to be sighted along the axis of

registered BB1 fire area and it is not beyond the area of

stream contact with the ABC surface, and the angle 

is not bigger than angle �, then static frontal stream

provides the fire extinguishing. In this case, the contact

spot of stream and covered surface have the following

parameters:
� contact spot:

à) in angular coordinates (hereinafter: for simpli-

city of description angular coordinates was ta-

ken only along axis Õ):

� ! 
 = " + 2� + 2�; (1)

b) in linear dimensions (hereinafter: if R >> Dstr

(where R — stream operating range) we take

curve area L to be straight):

Lcontact = Dstr = ÀÑ =

= 2R tg (��2) ! 2R tg ("�2 + � + �)
(2à)

or Lcontact  �&�R�180  �R�57.3; (2b)

c) area

S D Dcontact str str� �� 2 24 0785. ; (3)

� coverage area:

a) in angular coordinates:

� ! 
 = " + 2� + 2�; (4)

b) in linear dimensions:

Lcover = Dstr = ÀÑ =

= 2R tg (��2) ! 2R tg ("�2 + � + �)
(5a)

or Lcover  �R�57.3; (5b)

c) coverage square area:

Scover = Scontact ! � � � � ��
�
�

�
�
�

� �D
Y D Y Dstr

str str

2
2 2

8 8
. (6)

It is assumed that, firstly, coverage intensity in Scover

area is not lower than in Scontact circle, since FEA after

contact with the vertical surface flows down along

the Y axis; secondly, intensity and uniformity of co-

verage are within Y�  (1.0�2.0) Dstr. When Y�= 0.5Dstr,

i. e. with coverage area limited by height BB1 = D#Dstr,

we have:

Scover = Scontact ! � �
�D

Dstr
str

2
2

8
0 5.

� ��
�
�

�
�
�  

�
8

0 5 0 892 2. . .D Dstr str

Whereby coverage intensity is within the limits of

circle area of diameter Dstr (see Fig. 16,à) and shall cor-

respond to GOST R 51043–2002 and SP 5.13130.2009

[40]).

If fire area is beyond the contact spot of stream and

surface S ÀÂÑÂ1
, i. e. the angle 
 is bigger than angle �,

then conditions (4)–(6) are not fulfilled and the fire can-

not be extinguished by static stream, so to extinguish

fire it is necessary to increase stream diameter Dstr, or

use line scanning.

2.2. Static streams targeted at an angle
to frontal surface (0 < q < 90°)

For static streams targeted at an angle to frontal sur-

face (0 < � < 90°), the maximum permissible fire area

is initially estimated based on ellipse area Så generat-

ed when stream or FEA sprayed stream contact with

the object to be protected.

As in the previous case, the RFM program positions

monitor by one of the following ways, based on posi-

tioning inaccuracy angle � and the dead zone angle of

targeting detector �:

� under flame edge so that the lower flame edge is en-

tirely within the contact spot of stream and surface

to be protected (Fig. 17,a);

� to flame center so that the area to be protected being

in fire, is in coverage area along FEAcontact ellipse

axis (alignment of vertical flame axis with contact

ellipse small axis) (Fig. 17,b).

At the moment of contact between straight stream

or FEAsprayed stream with a diameter Dstr and burning

area, there appear a contact area in the form of ellipse

S contact ( )ÀÂÑÂ À1
, which provides the overlapping of fire

area.

The smaller is the angle of attack �, the larger is

the area of ellipse S contact ( )ÀÂÑÂ À1
and at a constant flow

rate the less is coverage intensity. Since FEA stream

will slide by inertia along coverage surface in the direc-

tion of its supply (along the X axis), the coverage inten-

sity in the middle of ellipse will not change in a certain

area of semi-ellipse BDB1.

It is assumed that, in comparison with coverage in-

tensity in the area of stream direct contact with surface,

the coverage intensity in area located along the direc-

tion of FEA stream at a certain distance from the boun-

dary of stream contact with covered surface at angle of

attack � from 0 to 90° varies from maximum to mini-

mum, and vice versa, in a certain area located below

the coverage line — from minimum to maximum (i. e.,

coverage intensity corresponding to intensity in contact

area of stream and surface).

At a certain angle of attack �, the length of addi-

tional coverage area CD may be in excess of position-

ing inaccuracy �2 and the dead zone �2 of targeting de-

tector. In this case, the stream diameter Dstr may even

be taken somewhat less than flame width, therefore at

a small angle of attack only the angle of targeting in-

accuracy�1 and dead zone angle �1 of targeting detector

can be considered.
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However, at higher angle of attack � the area of stre-

am contact spot with surface ABCB1A is smaller, the

additional coverage area of ABDB1A is also reduced

and more of FEAflows down in vertical plane. Therefo-

re, at a high angle of attack angle of positioning inaccu-

racy shall be considered and dead zone angle of targe-

ting detector on both sides of flame, i. e., both (�1 + �1)

and (�2 + �2).

If stream is supposed to be sighted along the axis of

registered flame and fire area is within area of stream

contact with the Scontact = ÀÂÑÂ1À surface, and the an-

gle
 is not bigger than angle�, then static stream with�
angle of attack to frontal surface provides the fire extin-

guishing. In this case (at R >> Dstr), and let’s say at a

small angle of attack the contact spot of stream and sur-

face at quasi-constant rate of coverage and coverage

area have the following parameters:
� contact spot:

à) in angular coordinates:

at � < 45°:

� ! 
 = (" + �1 + �1); (7à)

at � ! 45°:

� ! 
 = (" + �1 + �1 + �2 + �2); (7b)

b) in linear dimensions:

Lcontact = ÀÑ = Dstr �sin �; (8)

Fig. 17. Coverage curve of a flat surface with a static sliding stream with an angle

of attack (0 <�< 90°) during its targeting: a — under flame edge; b — to flame

center; 1 — flame; 2 — coverage area at the moment of FEA contact with sur-

face to be protected; 3 — additional area�Sh, covered due to FEA spreading in

horizontal direction; 4 — RFM; 5 — additional area �Sv-h, covered due to

FEA spreading in vertical and horizontal directions; Lcover = AD — coverage

length, taking into account FEA spreading in horizontal direction
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c) coverage square area:

S Dcontact str� � � � �� � �AC BB1 4 42 sin ; (9)

� coverage area:

à) in angular coordinates:

� = � + �; (10)

b) in linear dimensions:

Lcover = ÀD = (ÀÑ + CD)Dstr �sin �; (11à)

at � < 45°:

Lcover  (� + �)R�57.3 !
! (� + " + �1 + �1)R�57.3;

(11b)

at � ! 45°:

Lcover  (� + �)R�57.3 !
! (� + " + �1 + �1 + �2 + �2)R�57.3;

(11c)

c) coverage square area:

Scover  Scontact + �Sh + �Sv =

� � �05. ( ) .S S Scontact h v� �BDD ÀDD A1 1 1

(12)

If fire area is beyond area ÀÂDÂ1À and angle 
 —

bigger than angle �, i. e. conditions (10)–(12) are not

fulfilled, the fire cannot be extinguished by static stream.

So to extinguish fire it is necessary to increase stream

diameter Dstr (as well as to increase flow rate to provide

coverage intensity) or use line scanning (by increasing

flow rate).

Similar rules are reasonable for static high-angled

stream.

If the protected area is covered with static high-

angled or frontal stream (without RFM scanning), cal-

culation of RFM flow rate required to extinguish fire is

simplified: coverage intensity and flow rate are taken

according to GOST R 51043–2002 and SP 5 [40]. While

also, the operating program shall provide quasi-constant

area of FEA contact spot with the protected surface (re-

gardless distance from RFM to the protected surface)

by adjusting the stream opening angle.

RFM flow rate Q (l�m2) for static frontal stream that

is supplied at angle to frontal surface or high-angled

stream shall be calculated as follows:

Q = KiScontact �sin � = KiScover , (13)

where K — flow rate ratio; K = 1,2�1,3;

i — rated coverage intensity according to SP 5 [40],

l�(sec·m2).

Contact spot area of stream with surface in a form of

full-circle at � = 90° shall be calculated as Scontact.c =

� �Dstr
2 4, in a form of ellipse at � $ 90° — as Scontact.e =

� � �Dstr
2 4( sin ).

As much as Scover increases when compared to

Scontact , as much FEA flow rate shall be increased. It is

necessary to take this factor into account when design-

ing the RFSS and when determining the distance between

RFM that are part of RFSS, and try to adjust the angle of

attack � of each RFM as high as possible.

Conclusions

In practice, static streams are not often used in RFSS.

However, the concepts introduced and the calculations

given are essential for scanning streams that are widely

used in RFSS directly for fire extinguishing, and they

will be mentioned in the next final chapter.

To be continued
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ÐÅÇÞÌÅ

Ââåäåíèå. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ äåìîíñòðàöèÿ ïðîáëåì, êîòîðûå ñëåäóåò ðåøèòü ïðè ðåàëèçàöèè

èäåé ïîæàðîòóøåíèÿ â çäàíèÿõ ïîâûøåííîé ýòàæíîñòè ñ èñïîëüçîâàíèåì áåñïèëîòíûõ àâèàöèîííûõ ñèñòåì

(ÁÀÑ). Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðåøàëèñü ñëåäóþùèå çàäà÷è: îöåíêà âîçìîæíîñòåé ïî ïîäà÷å âîäû

è âîäíûõ îãíåòóøàùèõ ðàñòâîðîâ â î÷àã ïîæàðà îò íàçåìíîé íàñîñíîé ñòàíöèè ïî ðóêàâíîé ëèíèè; àíàëèç

äâèæåíèÿ êîìïðåññèîííîé ïåíû ïî âåðòèêàëüíî ðàñïîëîæåííîé ðóêàâíîé ëèíèè; îöåíêà âîçìîæíîñòåé ïî

èñïîëüçîâàíèþ áåñïèëîòíûõ àâèàöèîííûõ ñèñòåì äëÿ ïîäà÷è â î÷àã ïîæàðà îãíåòóøàùèõ ïîðîøêîâ è àýðî-

çîëåé.

Àíàëèòè÷åñêàÿ ÷àñòü. Â õîäå èññëåäîâàíèÿ ðàññìîòðåíû âàðèàíòû ïîæàðîòóøåíèÿ ïðè íåïðåðûâíîé ïîäà÷å

â î÷àã ïîæàðà âîäû èëè âîäíîãî îãíåòóøàùåãî ðàñòâîðà îò íàçåìíîé íàñîñíîé ñòàíöèè ïî ðóêàâíîé ëèíèè,

ïîääåðæèâàåìîé áåñïèëîòíûì âîçäóøíûì ñóäíîì (ÁÂÑ); ïðè àíàëîãè÷íîé ïîäà÷å â î÷àã ïîæàðà êîìïðåññè-

îííîé ïåíû; ïðè ïîäà÷å â î÷àã ïîæàðà îãíåòóøàùèõ ïîðîøêîâ è àýðîçîëåé, çàïàñû êîòîðûõ ðàñïîëàãàþòñÿ

íà ÁÂÑ.

Çàêëþ÷åíèå. Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî îäíèì èç ïóòåé ïîâûøåíèÿ âîçìîæíîñòåé ïî òóøå-

íèþ ïîæàðîâ â çäàíèÿõ ïîâûøåííîé ýòàæíîñòè ìîæåò ñòàòü èñïîëüçîâàíèå ÁÀÑ äëÿ íåïðåðûâíîé ãîðèçîí-

òàëüíîé ïîäà÷è â î÷àã ïîæàðà âîäíîãî ðàñòâîðà èëè êîìïðåññèîííîé ïåíû, à òàêæå ïîäà÷è îãíåòóøàùèõ

ïîðîøêîâ è àýðîçîëåé ñ ïîìîùüþ ïîðîøêîâûõ ïîæàðíûõ ñòâîëîâ è ïèðîòåõíè÷åñêèõ ïàòðîíîâ. Îäíàêî ðåà-

ëèçàöèÿ êàæäîãî èç óêàçàííûõ ñïîñîáîâ ñâÿçàíà ñ íåîáõîäèìîñòüþ ðåøåíèÿ îïðåäåëåííûõ ïðîáëåì, îñíîâ-

íûìè èç êîòîðûõ ÿâëÿþòñÿ: îãðàíè÷åííîñòü âîçìîæíîñòåé ïî âûñîòå ïîæàðîòóøåíèÿ âîäíûìè ðàñòâîðàìè

è áîëüøàÿ ïðè ýòîì ïîòðåáíàÿ ãðóçîïîäúåìíîñòü ÁÂÑ; íåîáõîäèìîñòü ïðîâåäåíèÿ äîïîëíèòåëüíûõ ýêñïåðè-

ìåíòàëüíûõ èññëåäîâàíèé â öåëÿõ ïîñòðîåíèÿ ìåòîäèêè ãèäðàâëè÷åñêîãî ðàñ÷åòà ñèñòåì ïîäà÷è êîìïðåññè-

îííîé ïåíû; ïîòðåáíîñòü ïîèñêà ïóòåé îáåñïå÷åíèÿ áåçîïàñíîñòè ïðèìåíåíèÿ ÁÀÑ â óñëîâèÿõ ðàññëîåíèÿ

êîìïðåññèîííîé ïåíû íà ãàçîîáðàçíóþ è âîäíóþ ñîñòàâëÿþùèå; íåîïðåäåëåííîñòü âîçìîæíîñòåé ïî ñîçäà-

íèþ áîðòîâûõ óñòàíîâîê ïîäà÷è â î÷àã ïîæàðà îãíåòóøàùèõ ïîðîøêîâ è àýðîçîëåé.

Êëþ÷åâûå ñëîâà: îãíåòóøàùèé âîäíûé ðàñòâîð; êîìïðåññèîííàÿ ïåíà; ãîðèçîíòàëüíàÿ ïîäà÷à; ðóêàâíàÿ

ëèíèÿ; îãíåòóøàùèé ïîðîøîê; îãíåòóøàùèé àýðîçîëü.
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ABSTRACT

Introduction. The purpose of the study is to formulate and analyze problems that should be solved before imple-

menting the ideas of fire fighting in high-rise buildings by using unmanned aircraft systems (UAS). To achieve this

purpose, the following concepts were considered and assessed: the possibilities of water and water-based fire-

extinguishing solutions delivery to the fire source from a ground pumping station using a hose line; delivering com-

pression foam along a vertically positioned hose line; and, the possibilities of UAS for fire extinguishing; supply of

fire extinguishing powders and aerosols placed on the UAS to the center of fire.
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Methods. The adopted in Russia hydraulic calculation methods, the results of the experimental studies on

the compression foam, the existing theoretical and practical advances in the field of fire-extinguishing by jet de-

livering fire-extinguishing substances.

Conclusions. The results achieved show that one of the ways to increase fire extinguishing capability in high-rise

buildings can be provided by applying UAS for continuous horizontal supply of water based solution or compres-

sion foam to the center of fire, as well as supply of fire extinguishing powders and aerosols using powder fire

barrels and pyrotechnic cartridges. However, to implement each of these methods, certain problems need to be

solved. They are: the fire extinguishing height limitations a large capacity of UAS needed; a hydraulic calculation

methodology for compression foam supply systems; safe use of UAS under the conditions of compression foam se-

paration; the possibilities for developing supply equipment, which can be utilized by the UAS.

Keywords: fire-extinguishing aqueous solution; compression foam; horizontal feed; hose line; fire-extinguishing

powder; fire-extinguishing aerosol.

For citation: D. M. Gordienko, V. I. Loginov, Yu. N. Osipov, V. I. Ershov, E. D. Mikhaylova. On unmanned aircraft sys-
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Ââåäåíèå

Òåõíîëîãèè ïðèìåíåíèÿ áåñïèëîòíûõ àâèàöèîí-

íûõ ñèñòåì (ÁÀÑ) ïîëó÷àþò âñå áîëüøåå ðàçâèòèå â

ñïàñàòåëüíûõ ñëóæáàõ ìíîãèõ ñòðàí. Â îñíîâíîì

ýòè òåõíîëîãèè âíåäðÿþòñÿ äëÿ óïðàâëåíèÿ â êðè-

çèñíûõ ñèòóàöèÿõ, âûïîëíåíèÿ êîíòðîëüíûõ ôóíê-

öèé [1, 2] è îáåñïå÷åíèÿ àâàðèéíî-ñïàñàòåëüíûõ

ðàáîò (ìîíèòîðèíãà, êîíòðîëÿ òåõíè÷åñêîãî ñîñòî-

ÿíèÿ îáúåêòîâ, èõ áåçîïàñíîñòè è ôóíêöèîíèðîâà-

íèÿ, à òàêæå ðàçâåäêè î÷àãà ïîæàðà, òðàíñïîðòèðîâ-

êè îãíåòóøàùèõ ñðåäñòâ ê î÷àãó âîçãîðàíèÿ è ò. ä.).

Â ïîñëåäíåå âðåìÿ ïîÿâëÿþòñÿ ïðîåêòû ïî âíåäðå-

íèþ òåõíîëîãèé ïðèìåíåíèÿ ÁÀÑ íåïîñðåäñòâåííî

äëÿ òóøåíèÿ ïîæàðîâ, â òîì ÷èñëå â çäàíèÿõ ïîâû-

øåííîé ýòàæíîñòè.

Ïîïûòêè ðåàëèçîâàòü èäåþ ïîæàðîòóøåíèÿ â

çäàíèÿõ ïîâûøåííîé ýòàæíîñòè ñ èñïîëüçîâàíèåì

ÁÀÑ ïðåäïðèíèìàëèñü â íåñêîëüêèõ ïðîåêòàõ, ê êî-

òîðûì ñëåäóåò îòíåñòè:
� ïðîåêòû ïîäà÷è âîäû â î÷àã ïîæàðà îò íàçåìíî-

ãî èñòî÷íèêà (êîíñòðóêòîðñêîå áþðî “Èñêàòåëü”

Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà, êîìïàíèÿ

Aerones (Ëàòâèÿ), ôèðìà Matrix UAV (Óêðàèíà),

ôèðìà Kaman Aircraft (áåñïèëîòíèê K-Max)

(ÑØÀ);
� ïðîåêò ïîäà÷è â î÷àã ïîæàðà îãíåòóøàùåãî ïî-

ðîøêà (Êèòàé).

Îäíàêî äî ïîëíîé ïðàêòè÷åñêîé çàâåðøåííîñòè

ýòè ïðîåêòû ïîêà íå äîâåäåíû. Ïî ìíåíèþ àâòîðîâ

ñòàòüè, ïðè÷èíà êðîåòñÿ â òîì, ÷òî íå íàéäåíû ïðè-

åìëåìûå ðåøåíèÿ íåêîòîðûõ âîçíèêøèõ ïðè ýòîì

ïðîáëåì, õàðàêòåðíûõ äëÿ èñïîëüçóåìûõ â ïðîåêòàõ

îãíåòóøàùèõ âåùåñòâ (ÎÒÂ).

Öåëü èññëåäîâàíèé — ïîêàç ïðîáëåì, êîòîðûå

ñëåäóåò ðåøèòü ïðè ðåàëèçàöèè èäåé ïîæàðîòóøå-

íèÿ â çäàíèÿõ ïîâûøåííîé ýòàæíîñòè ñ èñïîëüçî-

âàíèåì ÁÀÑ.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðåøàëèñü

ñëåäóþùèå çàäà÷è: îöåíêà âîçìîæíîñòåé ïî ïîäà÷å

âîäû è âîäíûõ îãíåòóøàùèõ ðàñòâîðîâ â î÷àã ïî-

æàðà îò íàçåìíîé íàñîñíîé ñòàíöèè ïî ðóêàâíîé

ëèíèè; àíàëèç äâèæåíèÿ êîìïðåññèîííîé ïåíû ïî

âåðòèêàëüíî ðàñïîëîæåííîé ðóêàâíîé ëèíèè;

îöåíêà âîçìîæíîñòåé ïî èñïîëüçîâàíèþ áåñïèëîò-

íûõ àâèàöèîííûõ ñèñòåì äëÿ ïîäà÷è â î÷àã ïîæàðà

îãíåòóøàùèõ ïîðîøêîâ è àýðîçîëåé.

Àíàëèç ñîâðåìåííîãî ñîñòîÿíèÿ ïîæàðíûõ òåõ-

íîëîãèé è ðàçðàáîòîê â îáëàñòè ñîçäàíèÿ íîâîãî ïî-

æàðíîãî îáîðóäîâàíèÿ è áåñïèëîòíûõ âîçäóøíûõ

ñóäîâ (ÁÂÑ), ñïîñîáíûõ ðàçìåùàòü åãî íà áîðòó, ïî-

êàçûâàåò, ÷òî â íàñòîÿùåå âðåìÿ èìååò ñìûñë ðàñ-

ñìàòðèâàòü ñëåäóþùèå âàðèàíòû ïîæàðîòóøåíèÿ:

1) íåïðåðûâíàÿ ïîäà÷à â î÷àã ïîæàðà âîäû èëè

âîäíîãî îãíåòóøàùåãî ðàñòâîðà îò íàçåìíîé

íàñîñíîé ñòàíöèè ïî ðóêàâíîé ëèíèè, ïîä-

äåðæèâàåìîé ÁÂÑ;

2) àíàëîãè÷íàÿ ïîäà÷à â î÷àã ïîæàðà êîìïðåñ-

ñèîííîé ïåíû;

3) ïîäà÷à â î÷àã ïîæàðà îãíåòóøàùèõ ïîðîø-

êîâ è àýðîçîëåé, çàïàñû êîòîðûõ íàõîäÿòñÿ

íà áîðòó ÁÂÑ.

Àíàëèòè÷åñêàÿ ÷àñòü

Èñïîëüçîâàíèå ÁÀÑ äëÿ íåïðåðûâíîé
ïîäà÷è â î÷àã ïîæàðà âîäû è âîäíûõ
ðàñòâîðîâ

Çàìûñåë òóøåíèÿ ïîæàðà ïîäà÷åé ÎÒÂ â î÷àã îò

íàçåìíîãî èñòî÷íèêà ïî ðóêàâíîé ëèíèè çàêëþ÷à-

åòñÿ â íåïðåðûâíîé, íå îãðàíè÷åííîé ïî âðåìåíè

ïîäà÷å îãíåòóøàùåãî âåùåñòâà è ýëåêòðîïèòàíèÿ îò

íàçåìíûõ èñòî÷íèêîâ ïî ëèíèÿì, ïîääåðæèâàåìûì

ñ èñïîëüçîâàíèåì ÁÂÑ.

Ïðåòâîðåíèå â æèçíü äàííîãî çàìûñëà ñâÿçàíî ñ

ðåàëèçàöèåé ñõåìû, ñîãëàñíî êîòîðîé ê ïðèâÿçíîé

ÁÀÑ ïîäñîåäèíÿåòñÿ ïîæàðíûé ðóêàâ è ÷åðåç ñïåöè-

àëüíûé ïîæàðíûé ñòâîë, ðàñïîëîæåííûé íà ÁÂÑ,

ïðè óñëîâèè òî÷íîãî íàâåäåíèÿ ñòðóè âîäû íà î÷àã

ãîðåíèÿ ñòðîãî ïîä íóæíûì óãëîì îáåñïå÷èâàåòñÿ
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òóøåíèå îãíÿ â ñàìûõ òðóäíîäîñòóïíûõ ìåñòàõ,

êóäà íå ìîãóò äîòÿíóòüñÿ ëåñòíèöû ïîæàðíûõ ìà-

øèí. Óïðàâëåíèå ÁÀÑ îñóùåñòâëÿåòñÿ íàçåìíûì

îïåðàòîðîì ñ ïîìîùüþ ïóëüòà. Ýëåêòðîïèòàíèå

äëÿ ÁÂÑ ïîäàåòñÿ îò íàçåìíîé ñòàíöèè, ÷òî ïîçâî-

ëÿåò óìåíüøèòü âåñ àïïàðàòà è óâåëè÷èòü åãî ãðóçî-

ïîäúåìíîñòü.

Â ñîñòàâ ÁÀÑ äîëæíû âõîäèòü:

� ÁÂÑ âåðòèêàëüíîãî âçëåòà è ïîñàäêè ñ òðåáó-

åìûìè õàðàêòåðèñòèêàìè;

� êîìïëåêòû öåëåâîé íàãðóçêè ïî íàçíà÷åíèþ;

� íàçåìíàÿ ñòàíöèÿ óïðàâëåíèÿ.

Öåëåâàÿ íàãðóçêà äîëæíà âêëþ÷àòü:

à) îáîðóäîâàíèå ïîæàðîòóøåíèÿ:

– ñúåìíîå îáîðóäîâàíèå äëÿ íåïðåðûâíîé

ãîðèçîíòàëüíîé ïîäà÷è â î÷àã ïîæàðà îã-

íåòóøàùåãî ñîñòàâà èç íàçåìíîé öèñòåð-

íû èëè äðóãîãî èñòî÷íèêà âîäû ñ èñïîëü-

çîâàíèåì íàçåìíîé íàñîñíîé ñòàíöèè;

– äðóãîå ñúåìíîå îáîðóäîâàíèå ïîæàðîòóøå-

íèÿ, êîòîðûì ïðè íåîáõîäèìîñòè ìîæíî

çàìåíèòü îáîðóäîâàíèå äëÿ íåïðåðûâíîé

ãîðèçîíòàëüíîé ïîäà÷è îãíåòóøàùåãî âîä-

íîãî ñîñòàâà;

á) ñèñòåìó ïåðåäà÷è âèäåîèçîáðàæåíèÿ è òåëå-

ìåòðèè â ðåàëüíîì âðåìåíè è â ðåæèìå îáú-

åêòèâíîãî êîíòðîëÿ (äëÿ ïîñëåïîëåòíîé îá-

ðàáîòêè èíôîðìàöèè);

â) òåïëîâèçèîííóþ êàìåðó äëÿ âåäåíèÿ íàáëþ-

äåíèÿ â óñëîâèÿõ íèçêîé îñâåùåííîñòè è äëÿ

âûÿâëåíèÿ î÷àãîâ âîçãîðàíèÿ.

Îñíîâîé äëÿ ôîðìèðîâàíèÿ òðåáîâàíèé ê ðàñ-

ñìàòðèâàåìîìó êîìïëåêñó ÿâëÿþòñÿ õàðàêòåðèñòè-

êè îáîðóäîâàíèÿ äëÿ íåïðåðûâíîé ãîðèçîíòàëüíîé

ïîäà÷è â î÷àã ïîæàðà îãíåòóøàùåãî âîäíîãî ðàñòâî-

ðà êàê öåëåâîé íàãðóçêè ïî îñíîâíîìó íàçíà÷åíèþ.

Ñúåìíîå îáîðóäîâàíèå äëÿ íåïðåðûâíîé ãîðè-

çîíòàëüíîé ïîäà÷è â î÷àã ïîæàðà îãíåòóøàùåãî ñî-

ñòàâà èç íàçåìíîé öèñòåðíû èëè äðóãîãî èñòî÷íèêà

âîäû ñ èñïîëüçîâàíèåì íàçåìíîé íàñîñíîé ñòàíöèè

äîëæíî âêëþ÷àòü:

� íàïîðíûå ïîæàðíûå ðóêàâà óñèëåííîé êîíñò-

ðóêöèè ñ ñîåäèíèòåëüíûìè ãîëîâêàìè ïîâûøåí-

íîé ïðî÷íîñòè, âûäåðæèâàþùèå íàïîð âîäû,

ñîîòâåòñòâóþùèé ìàêñèìàëüíîé âûñîòå ïîæà-

ðîòóøåíèÿ;

� ñìåííûå êîìïëåêòû ïîæàðíûõ ñòâîëîâ è íàñàä-

êîâ, îáåñïå÷èâàþùèå îïòèìàëüíûé âûáîð ïî-

ñëåäíèõ äëÿ êîíêðåòíîé ñèòóàöèè;

� ñïåöèàëüíóþ øòàíãó äëÿ ðàçìåùåíèÿ â íåé ïî-

æàðíîãî ñòâîëà äëÿ âûíîñà åãî âûõîäíîé êðîì-

êè çà ïðåäåëû ïëîùàäè, îìåòàåìîé íåñóùèìè

âèíòàìè ÁÂÑ;

� ñòàëüíîé òðîñ ñ îáîðóäîâàíèåì äëÿ êðåïëåíèÿ

íà íåì êàæäîãî ïîæàðíîãî ðóêàâà, ñîñòàâëÿ-

þùåãî ðóêàâíóþ ëèíèþ, à òàêæå êàáåëÿ äëÿ ïî-

äà÷è ýëåêòðîýíåðãèè è ïåðåäà÷è ñèãíàëîâ óïðàâ-

ëåíèÿ.

Îáîðóäîâàíèå äîëæíî ñîñòîÿòü èç ñòàíäàðòíûõ

ýëåìåíòîâ, îáåñïå÷èâàþùèõ íàèáîëåå ïðèåìëåìîå

ñî÷åòàíèå âîçìîæíîñòåé ïî âûñîòå ïîæàðîòóøåíèÿ,

ìàññå ãðóçà, ïîäíèìàåìîãî ÁÂÑ, è ïðîèçâîäèòåëüíî-

ñòè ñèñòåìû ïîäà÷è îãíåòóøàùåãî ðàñòâîðà (âîäû),

îïðåäåëÿåìîé ñåêóíäíûì îáúåìíûì ðàñõîäîì.

Â òàáëèöå ïðèâåäåíû õàðàêòåðèñòèêè ðàññìàò-

ðèâàåìîé ñèñòåìû ïîäà÷è âîäû, ðàññ÷èòàííûå ñ èñ-

ïîëüçîâàíèåì ìåòîäèêè, ïðåäñòàâëåííîé â [3, 4],

ñ ó÷åòîì ðàçâèòèÿ âîäÿíîãî ïîæàðîòóøåíèÿ [5, 6].

Ðàñ÷åòû ïðîâåäåíû äëÿ ðàçëè÷íûõ âàðèàíòîâ ïî-

ëåçíîé íàãðóçêè ñ ó÷åòîì ñëåäóþùåãî:

� èçáûòî÷íûé íàïîð âîäû, ñîçäàâàåìûé íàçåì-

íîé íàñîñíîé ñòàíöèåé, äîëæåí ñîîòâåòñòâîâàòü

ïðî÷íîñòè ðóêàâíîé ëèíèè è, òàêèì îáðàçîì,

íå ïðåâûøàòü çíà÷åíèå 300 ì âîä. ñò., óñòàíîâ-

ëåííîå äëÿ ñóùåñòâóþùèõ óñèëåííûõ ïîæàð-

íûõ ðóêàâîâ;

� äîëæíà áûòü îáåñïå÷åíà íàèìåíüøàÿ ïîòðåá-

íàÿ ãðóçîïîäúåìíîñòü ÁÂÑ, äëÿ ÷åãî ðàññìàòðè-

âàþòñÿ ðóêàâíûå ëèíèè ñ íåáîëüøèìè âíóòðåí-

íèìè äèàìåòðàìè.

Çíà÷åíèÿ âíóòðåííåãî äèàìåòðà ïîëîæåíû â îñíî-

âó âàðèàíòîâ ïîëåçíîé íàãðóçêè, ïîäâåøèâàåìîé ê

àïïàðàòó:

� âàðèàíò 1: ðóêàâíàÿ ëèíèÿ äèàìåòðîì 25 ìì

(ìàññà 1 ì ëèíèè ñ âîäîé — 0,661 êã), òðîñ äèà-

ìåòðîì 5 ìì äëÿ ïîäâåñêè ðóêàâîâ (ìàññà 1 ì —

0,087 êã, ãðóçîïîäúåìíîñòü — 300 êã), êàáåëü

äëÿ ïîäà÷è ýëåêòðîýíåðãèè è ïåðåäà÷è êîìàíä

óïðàâëåíèÿ (ìàññà 1 ì — 0,011 êã);

� âàðèàíò 2: ðóêàâíàÿ ëèíèÿ äèàìåòðîì 38 ìì

(ìàññà 1 ì ëèíèè ñ âîäîé — 1,394 êã), òðîñ äèà-

ìåòðîì 7 ìì äëÿ ïîäâåñêè ðóêàâîâ (ìàññà 1 ì —

0,171 êã, ãðóçîïîäúåìíîñòü — 588 êã), êàáåëü

äëÿ ïîäà÷è ýëåêòðîýíåðãèè è ïåðåäà÷è êîìàíä

óïðàâëåíèÿ;

� âàðèàíò 3: ðóêàâíàÿ ëèíèÿ äèàìåòðîì 51 ìì

(ìàññà 1 ì ëèíèè ñ âîäîé — 2,393 êã), òðîñ äèà-

ìåòðîì 9 ìì äëÿ ïîäâåñêè ðóêàâîâ (ìàññà 1 ì —

0,282 êã, ãðóçîïîäúåìíîñòü — 970 êã), êàáåëü ïî-

äà÷è ýëåêòðîýíåðãèè è ïåðåäà÷è êîìàíä óïðàâ-

ëåíèÿ.

Àíàëèç äàííûõ òàáëèöû ïîêàçûâàåò, ÷òî ïðè ðå-

àëèçàöèè ãîðèçîíòàëüíîãî ïîæàðîòóøåíèÿ â çäàíè-

ÿõ ïîâûøåííîé ýòàæíîñòè ñ èñïîëüçîâàíèåì ÁÀÑ

ìîãóò âîçíèêíóòü ïðîáëåìû, ñâÿçàííûå ñ íåäîñòóï-

íîñòüþ î÷àãîâ ãîðåíèÿ, íàõîäÿùèõñÿ íà âûñîòå áî-

ëåå 280–290 ì, è áîëüøîé ïîòðåáíîé ãðóçîïîäúåì-

íîñòüþ ÁÂÑ.

Òàê, íîðìàëüíûé ðàáî÷èé èçáûòî÷íûé íàïîð âî-

äû ïåðåä ïîæàðíûìè ñòâîëàìè òèïà ÐÑ-50 è ÐÑ-70
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ñîñòàâëÿåò 40 ì âîä. ñò., ÷òî îáåñïå÷èâàåò îïðåäå-

ëåííûå, óêàçàííûå â òàáëèöå, ðàñõîä âîäû è îæèäà-

åìîå âðåìÿ òóøåíèÿ ïîæàðà (â ðàññìàòðèâàåì ïðè-

ìåðå — â ïîìåùåíèè îôèñà ïëîùàäüþ 25 ì2). Ïðè

ýòîì ïîæàðîòóøåíèå ìîæíî îñóùåñòâëÿòü ñ ðàñ-

ñòîÿíèÿ 28–32 ì, îïðåäåëÿåìîãî äëèíîé ñïëîøíîé

ñòðóè, ñîçäàâàåìîé ïîæàðíûì ñòâîëîì. Îäíàêî ýòè

õàðàêòåðèñòèêè ìîãóò áûòü îáåñïå÷åíû ëèøü ïðè

íåêîòîðîé âûñîòå ïîæàðîòóøåíèÿ (158–240 ì äëÿ

ÐÑ-50, 70–192 ì äëÿ ÐÑ-70), à åå ïðåâûøåíèå ïðè-

âîäèò ê ïàäåíèþ èçáûòî÷íîãî íàïîðà è óõóäøå-

íèþ îñòàëüíûõ ïàðàìåòðîâ. Ïðè óâåëè÷åíèè âûñî-

òû ïîæàðîòóøåíèÿ äëÿ ÐÑ-50 � ÐÑ-70 äî çíà÷åíèé

279–294 � 235–287 ì, ïðè êîòîðûõ äëèíà ñïëîøíîé

ñòðóè óìåíüøàåòñÿ äî âåëè÷èíû, áåçîïàñíîé äëÿ

ïðèìåíåíèÿ ÁÀÑ (ïðèíèìàåìîé ðàâíîé 5 ì), íàïîð

âîäû ïåðåä ñòâîëîì è ðàñõîä âîäû â ñèñòåìå óìåíü-

øàþòñÿ. Ïðè ýòîì îæèäàåìîå âðåìÿ òóøåíèÿ ïîæà-

ðà óâåëè÷èâàåòñÿ ïðèáëèçèòåëüíî â 3 ðàçà.

Èçìåíåíèå âàðèàíòà ïîäâåøèâàåìîé ê ÁÂÑ ïî-

ëåçíîé íàãðóçêè â ñòîðîíó óâåëè÷åíèÿ äèàìåòðà

ðóêàâíîé ëèíèè, â ñâîþ î÷åðåäü, ïðèâîäèò ê ðîñòó

êàê ìàêñèìàëüíîé âûñîòû ïîæàðîòóøåíèÿ, òàê è

ìàññû ïîëåçíîé íàãðóçêè, ò. å. ïàðàìåòðîâ, æåëàåìûå

òåíäåíöèè ê èçìåíåíèþ êîòîðûõ ÿâëÿþòñÿ ïðîòè-

âîïîëîæíûìè. Â ñâÿçè ñ ýòèì äîïîëíèòåëüíî âîç-

íèêàåò ïðîáëåìà âûáîðà ðàöèîíàëüíîãî âàðèàíòà

îñíàùåíèÿ ÁÀÑ îáîðóäîâàíèåì äëÿ òóøåíèÿ ïîæà-

ðîâ. Åå ðåøåíèå çàâèñèò îò îæèäàåìûõ óñëîâèé è

äîëæíî îñóùåñòâëÿòüñÿ ñ èñïîëüçîâàíèåì ìåòîäîâ

ìíîãîêðèòåðèàëüíîé îöåíêè [7].

Èñïîëüçîâàíèå ÁÀÑ äëÿ íåïðåðûâíîé ïîäà÷è
â î÷àã ïîæàðà êîìïðåññèîííîé ïåíû

Îäíèì èç ñïîñîáîâ ïîâûñèòü âîçìîæíîñòè ïî

ãîðèçîíòàëüíîìó òóøåíèþ ïîæàðîâ â çäàíèÿõ ïî-

âûøåííîé ýòàæíîñòè ñ èñïîëüçîâàíèåì ÁÀÑ ìîæåò

áûòü ïðèìåíåíèå â êà÷åñòâå ÎÒÂ êîìïðåññèîííîé

Ðåæèì ïîäà÷è âîäû

Water supply mode

Ñðàâíèâàåìûå õàðàêòåðèñòèêè

Compared characteristics

Âàðèàíò ïîäâåøèâàåìîé ïîëåçíîé íàãðóçêè
(âíóòðåííèé äèàìåòð ðóêàâíîé ëèíèè, ìì)

Suspended payload option (inner diameter
of the sleeve line, mm)

1 (25) 2 (38) 3 (51)

Ðàáî÷èé íàïîð ïåðåä
ñòâîëîì 40 ì âîä. ñò.,
äëèíà ñòðóè 28–32 ì
Working head in front
of the barrel of 40 m
of water column,
the length of the jet
28–32 m

Íàïîð ïåðåä ïîæàðíûì ñòâîëîì, ì âîä. ñò.
Pressure in front of the fire barrel, m of water column 40 40 40

Ðåàêöèÿ ñòðóè, Í � Jet reaction, N 103,9�222,5 103,9�222,5 103,9�222,5

Ðàñõîä âîäû, ë�ñ � Water consumption, l�sec 3,60�7,40 3,60�7,40 3,60�7,40

Îæèäàåìîå âðåìÿ òóøåíèÿ ïîæàðà â ïîìåùåíèè
îôèñà ïëîùàäüþ 25 ì2, ñ
The expected time of fire extinguishing in the office
area of 25 m2, sec

250�122 250�122 250�122

Ìàêñèìàëüíàÿ âûñîòà ïîæàðîòóøåíèÿ, ì
The maximum height of the sprinkler, m 158�70 218�143 240�192

Ìàññà ïîäâåøèâàåìîé ïîëåçíîé íàãðóçêè, êã
The mass of the suspended payload, kg 118�52 341�224 642�514

Íàïîð ïåðåä ñòâîëîì,
îáåñïå÷èâàþùèé
äëèíó ñòðóè #5 ì
Pressure in front of
the barrel, providing
the length of the jet
of #5 m

Íàïîð ïåðåä ïîæàðíûì ñòâîëîì, ì âîä. ñò.
Pressure in front of the fire barrel, m of water column 3,9�3,8 3,9�3,8 3,9�3,8

Ðåàêöèÿ ñòðóè, Í � Jet reaction, N 10,2�21,1 10,2�21,1 10,2�21,1

Ðàñõîä âîäû, ë�ñ � Water consumption, l�sec 1,12�2,28 1,12�2,28 1,12�2,28

Îæèäàåìîå âðåìÿ òóøåíèÿ ïîæàðà â ïîìåùåíèè
îôèñà ïëîùàäüþ 25 ì2, ñ
The expected time of fire extinguishing in the office
area of 25 m2, sec

804�395 804�395 804�395

Ìàêñèìàëüíàÿ âûñîòà ïîæàðîòóøåíèÿ, ì
The maximum height of the sprinkler, m 279�235 290�275 294�287

Ìàññà ïîäâåøèâàåìîé ïîëåçíîé íàãðóçêè, êã
The mass of the suspended payload, kg 209�176 454�430 786�768

Ï ð è ì å ÷ à í è å . Íàä ÷åðòîé ïðèâåäåíû äàííûå äëÿ ÐÑ-50, ïîä ÷åðòîé — äëÿ ÐÑ-70.

N o t e . Above the line are data for the RS-50, below the line — for the RS-70.

Õàðàêòåðèñòèêè ñèñòåìû ïîäà÷è âîäû îò íàçåìíîé íàñîñíîé ñòàíöèè â î÷àã ïîæàðà ñ èñïîëüçîâàíèåì ÁÀÑ (ïîæàðíûå ñòâîëû

òèïà ÐÑ-50�ÐÑ-70)

Characteristics of the water supply system from the ground pumping station to the fire with the use of UAS (fire trunks type

RS-50�RS-70)
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ïåíû, ïîäàâàòü êîòîðóþ â î÷àã ïîæàðà ïðåäóñìàòðè-

âàåòñÿ îò íàçåìíîãî èñòî÷íèêà ïî ðóêàâíîé ëèíèè.

Ýòîìó ñïîñîáñòâóåò ðÿä åå ñâîéñòâ, èñïîëüçîâàòü êî-

òîðûå â ïîñëåäíåå âðåìÿ ïðåäëàãàåòñÿ â èíæåíåð-

íûõ è íàó÷íûõ êðóãàõ êàê â Ðîññèè è Áåëîðóññèè

[8–13], òàê è íà Çàïàäå [14–16].

Îñíîâíûì ñâîéñòâîì êîìïðåññèîííîé ïåíû,

ñïîñîáñòâóþùèì ïîâûøåíèþ âîçìîæíîñòåé ÁÀÑ

ïî ðàññìàòðèâàåìîìó âèäó ïîæàðîòóøåíèÿ, ÿâëÿ-

åòñÿ åå ëåãêîñòü. Â çàâèñèìîñòè îò êðàòíîñòè êîìï-

ðåññèîííàÿ ïåíà â 10–60 ðàç ëåã÷å âîäû è îãíåòóøà-

ùèõ âîäíûõ ðàñòâîðîâ [8], à ìàññà ðóêàâíîé ëèíèè,

çàïîëíåííîé ýòîé ïåíîé, áîëåå ÷åì â 2 ðàçà ìåíüøå

ìàññû ðóêàâíîé ëèíèè, çàïîëíåííîé âîäîé [9, 14].

Â ñâÿçè ñ ýòèì ìîæíî îæèäàòü, ÷òî æåëàåìàÿ âûñî-

òà ïîæàðîòóøåíèÿ 400 ì è áîëåå áóäåò äîñòèãíóòà

äàæå ïðè ìåíüøåé ãðóçîïîäúåìíîñòè ÁÂÑ.

Ïðè ýòîì, êàê ïîêàçûâàþò èññëåäîâàíèÿ [8, 14],

èñïîëüçîâàíèå êîìïðåññèîííîé ïåíû îáåñïå÷èò

òàêèå âàæíûå äëÿ ïðèìåíåíèÿ ÁÀÑ äîïîëíèòåëü-

íûå ïðåèìóùåñòâà ïåðåä âîäíûìè ðàñòâîðàìè, êàê:

� ýêîíîìèÿ âîäû (äî 7 ðàç) è ïåíîîáðàçîâàòåëÿ

(ÏÎ);

� ìåíüøèé òðåáóåìûé íàïîð ïåðåä ïîæàðíûì ñòâî-

ëîì (20–30 ì âîä. ñò. ïî ñðàâíåíèþ ñ 80 ì âîä. ñò.

äëÿ óñòàíîâîê òèïà “Ïóðãà”);

� ìåíüøàÿ ñèëà ðåàêöèè ïîæàðíîãî ñòâîëà;

� áóëüøàÿ äàëüíîñòü äåéñòâèÿ ñòðóè ïðè îäèíà-

êîâîì ðàñõîäå îãíåãàñÿùåãî ñîñòàâà.

Êðîìå òîãî, “ñóõàÿ” êîìïðåññèîííàÿ ïåíà õîðî-

øî ïðèëèïàåò ê âåðòèêàëüíûì ïîâåðõíîñòÿì, ñîçäà-

âàÿ ñëîé, çàùèùàþùèé îáúåêò îò ðàñïðîñòðàíåíèÿ

îãíÿ è òåïëîâîãî èçëó÷åíèÿ î÷àãà ïîæàðà. Âîäà æå

è ïåíà, îáðàçóåìûå â ïîæàðíîì ñòâîëå ïðè ïîäà÷å

âîäíûõ ðàñòâîðîâ, îáëàäàþò áîëüøåé ïîäâèæíî-

ñòüþ è áîëåå âûñîêîé ñïîñîáíîñòüþ ê ñòåêàíèþ íà

íèæíþþ ïîâåðõíîñòü îáúåêòà ïîæàðîòóøåíèÿ.

Îäíàêî, íàðÿäó ñ ïåðå÷èñëåííûìè ïîëîæèòåëü-

íûìè ñâîéñòâàìè, ñóùåñòâóþò è ôàêòîðû, êîòîðûå

ñîçäàþò ïðîáëåìû, ìåøàþùèå èñïîëüçîâàíèþ

êîìïðåññèîííîé ïåíû ïðè òóøåíèè ïîæàðîâ â âû-

ñîòíûõ çäàíèÿõ ñ ïðèìåíåíèåì ÁÀÑ. Îñíîâíîé èç

òàêèõ ïðîáëåì ÿâëÿåòñÿ íåäîñòàòî÷íàÿ èçó÷åííîñòü

âçàèìîñâÿçè ïàðàìåòðîâ ñîñòîÿíèÿ è äâèæåíèÿ

êîìïðåññèîííîé ïåíû â ñèñòåìå, âêëþ÷àþùåé óñòà-

íîâêó äëÿ ïîëó÷åíèÿ ãàçîíàïîëíåííîé ïåíû (ÓÃÍÏ),

ðóêàâíóþ ëèíèþ è ïîæàðíûé ñòâîë, ÷òî òðåáóåò ïðî-

âåäåíèÿ äàëüíåéøèõ ýêñïåðèìåíòàëüíûõ èññëåäî-

âàíèé. Íàèáîëåå øèðîêî ïðåäñòàâëåííûå â îòêðû-

òûõ íàó÷íûõ èñòî÷íèêàõ ðåçóëüòàòû èññëåäîâàíèé

ïî ðàññìàòðèâàåìîé òåìàòèêå, ïðîâåäåííûõ â Ì×Ñ

Ðåñïóáëèêè Áåëàðóñü, ïîêàçûâàþò, ÷òî âèä çàâèñè-

ìîñòè óäåëüíûõ ïîòåðü äàâëåíèÿ îò îáúåìíîãî ðàñ-

õîäà âîäû è ÏÎ ñóùåñòâåííî îòëè÷àåòñÿ îò àíà-

ëîãè÷íîé çàâèñèìîñòè ïðè äâèæåíèè âîäû [9–11].

Â ñâÿçè ñ ýòèì èñïîëüçîâàòü ñóùåñòâóþùèå ìåòî-

äèêè ãèäðàâëè÷åñêîãî ðàñ÷åòà ðóêàâíûõ ëèíèé â

ñëó÷àå ïðèìåíåíèÿ êîìïðåññèîííîé ïåíû íåëüçÿ.

Äëÿ òîãî ÷òîáû ýòî ñòàëî âîçìîæíî, òðåáóåòñÿ ïðî-

âåñòè äîïîëíèòåëüíûå öåëåíàïðàâëåííûå ýêñïåðè-

ìåíòàëüíûå èññëåäîâàíèÿ, ðåçóëüòàòîì êîòîðûõ

äîëæíà áûòü ðàçðàáîòêà ìåòîäèêè ãèäðàâëè÷åñêîãî

ðàñ÷åòà ñèñòåì êàê ãîðèçîíòàëüíîé, òàê è âåðòè-

êàëüíîé ïîäà÷è êîìïðåññèîííîé ïåíû.

Â öåëÿõ íàãëÿäíîñòè äåìîíñòðàöèè îòëè÷èé ìåæ-

äó äèíàìèêîé ïîòîêîâ âîäíîãî ðàñòâîðà è êîìïðåñ-

ñèîííîé ïåíû íà ðèñ. 1 è 2 ïðåäñòàâëåíû çàâèñèìî-

ñòè íàïîðà âîäû, à òàêæå ñìåñè âîäû è ÏÎ îò èõ

îáúåìíûõ ðàñõîäîâ è âûñîòû ïîæàðîòóøåíèÿ ïðè

èñïîëüçîâàíèè ðóêàâíûõ ëèíèé äèàìåòðîì 51 ìì

è ïîæàðíûõ ñòâîëîâ ñ íàñàäêîì äèàìåòðîì 24 ìì.

Ïåðâàÿ çàâèñèìîñòü ïîñòðîåíà äëÿ óïðîùåííîé ñõå-

Ðèñ. 1. Çàâèñèìîñòü èçáûòî÷íîãî íàïîðà âîäû îò åå ðàñõîäà

è âûñîòû ïîæàðîòóøåíèÿ (çíà÷åíèÿ ó êðèâûõ, ì) ïðè èñïîëü-

çîâàíèè ðóêàâíîé ëèíèè ñ âíóòðåííèì äèàìåòðîì 51 ìì è

ïîæàðíîãî ñòâîëà òèïà ÐÑ-70 ñ äèàìåòðîì íàñàäêà 16 ìì

(······); 19 ìì ( ) è 24 ìì (– – –); ñõåìà âçàèìîñâÿçè ìåæäó

ïàðàìåòðàìè ñèñòåìû ïîäà÷è âîäû ñ íàñàäêîì äèàìåòðîì

19 ìì: 1 — ðàáî÷èé íàïîð âîäû ïåðåä ïîæàðíûì ñòâîëîì

(40 ì âîä. ñò.); 2 — ïîòðåáíûé ðàñõîä âîäû â ñèñòåìå åå ïî-

äà÷è (7,4 ë�ñ); 3 — ðàñïîëàãàåìûé íàïîð âîäû, ñîçäàâàåìûé

íàñîñíîé ñòàíöèåé (300 ì âîä. ñò.); 4 — ìàêñèìàëüíàÿ âûñî-

òà ïîæàðîòóøåíèÿ (192 ì — èíòåðïîëÿöèÿ ìåæäó êðèâûìè

ãðàôèêà); 5 — ïîòåðè íàïîðà â ðóêàâíîé ëèíèè

Fig. 1. Dependence of excess water pressure on its flow rate and

fire-fighting height when using a sleeve line with an internal dia-

meter of 51 mm and a fire trunk of the RS-70 type nozzle diameter

16 mm (·······); 19 mm ( ) and 24 mm (– – –); scheme of

the relationship between the parameters of the water supply system

with a nozzle diameter of 19 mm: 1 — working water pressure in

front of the fire barrel (40 m of water column); 2 — consumption

of water in the system of its supply (7.4 l�sec); 3 — the available

water pressure created by the pumping station (300 m of water

column); 4 — the maximum height of the fire (192 m — inter-

polation between the curves of the graph); 5 — loss of pressure in

the sleeve line
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ìû ïîäà÷è âîäû â ñîîòâåòñòâèè ñ ñóùåñòâóþùåé

ìåòîäèêîé ãèäðàâëè÷åñêîãî ðàñ÷åòà, âòîðàÿ — ïðè-

áëèæåííî â ñîîòâåòñòâèè ñ èíôîðìàöèåé, ïðåäñòàâ-

ëåííîé â [12]. Íà ðèñ. 1 â ãðàôè÷åñêîì âèäå ïîêàçàí

àëãîðèòì îöåíêè ïàðàìåòðîâ ñèñòåìû ïîäà÷è âîäû.

Ýòîò æå àëãîðèòì ñïðàâåäëèâ è äëÿ îöåíêè ïàðà-

ìåòðîâ ñèñòåìû ïîäà÷è êîìïðåññèîííîé ïåíû, â êî-

òîðîé ïîòåðè íàïîðà íà ïðåîäîëåíèå âåñà ñòîëáà

ïåíû îïðåäåëÿþòñÿ ñ ó÷åòîì åå ðåàëüíîé ïëîòíî-

ñòè. Íà ðèñ. 1 ïîòåðè íàïîðà â ðóêàâíîé ëèíèè ñî-

ñòàâëÿþò: 300 – 40 = 260 ì âîä. ñò., èç íèõ ïîòåðè

íàïîðà íà ïðåîäîëåíèå âåñà ñòîëáà âîäû âûñîòîé,

ðàâíîé âûñîòå ïîæàðîòóøåíèÿ, — 192 ì âîä. ñò.,

ïîòåðè íà ïðåîäîëåíèå ãèäðàâëè÷åñêîãî ñîïðîòèâ-

ëåíèÿ — 260 – 192 = 68 ì âîä. ñò.

Îäíèì èç ðàçëè÷èé ìåæäó çàâèñèìîñòÿìè, ïðåä-

ñòàâëåííûìè íà ðèñ. 1 è 2, ÿâëÿåòñÿ òî, ÷òî ãèäðàâ-

ëè÷åñêèå ïîòåðè íàïîðà â ðóêàâíîé ëèíèè è ïîæàð-

íîì ñòâîëå ïðè äâèæåíèè êîìïðåññèîííîé ïåíû

âûøå, ÷åì ïðè äâèæåíèè âîäû, ÷òî ïîäòâåðæäàåòñÿ

ðåçóëüòàòàìè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé,

ïðåäñòàâëåííûìè â [10]. Ñóììàðíîå æå ïðîÿâëåíèå

ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ è âåñà ñòîëáà êîì-

ïðåññèîííîé ïåíû â ðóêàâíîé ëèíèè òàêîâî, ÷òî ïî-

æàðîòóøåíèå ìîæåò áûòü îáåñïå÷åíî íà âûñîòå 400 ì

è áîëåå. Ïðè ýòîì ìàññà ðóêàâíîé ëèíèè äèàìåòðîì

51 ìì, äëèíîé 400 ì ñ êîìïðåññèîííîé ïåíîé êðàò-

íîñòüþ 8 è ñ òðîñîì ïîääåðæêè ñîñòàâëÿåò 375 êã,

à ýòî ïðèìåðíî â 2 ðàçà ìåíüøå, ÷åì ìàññà òàêîé æå

ëèíèè (768–786 êã) äëèíîé îêîëî 300 ì ïðè èñïîëü-

çîâàíèè âîäû.

Îñíîâíîå æå ðàçëè÷èå ìåæäó ðàññìàòðèâàåìûìè

çàâèñèìîñòÿìè çàêëþ÷àåòñÿ â ñëåäóþùåì. Çàâèñè-

ìîñòü íàïîðà âîäû îò åå ðàñõîäà ÿâëÿåòñÿ êâàäðàòè÷-

íîé ñ ìèíèìóìîì ïðè íóëåâîì ðàñõîäå (ýòî õàðàê-

òåðíî äëÿ íåñæèìàåìûõ æèäêîñòåé). Äëÿ íàïîðà æå

êîìïðåññèîííîé ïåíû çàâèñèìîñòü íåñêîëüêî îòëè-

÷àåòñÿ îò êâàäðàòè÷íîé, íî òàêæå èìååò âûðàæåííûé

ìèíèìóì, êîòîðûé ïðîÿâëÿåòñÿ ïðè îòëè÷íîì îò íóëÿ

ðàñõîäå âîäû è ÏÎ, à ïî ìåðå ðîñòà âûñîòû ïîæàðî-

òóøåíèÿ ñäâèãàåòñÿ â ñòîðîíó óâåëè÷åíèÿ ðàñõîäà.

Ýòî îáúÿñíÿåòñÿ âîçðàñòàíèåì ãàçîñîäåðæàíèÿ ïî-

òîêà ïðè äâèæåíèè êîìïðåññèîííîé ïåíû ïî ðóêàâ-

íîé ëèíèè è èçìåíåíèåì ïàðàìåòðîâ ãàçîæèäêîñò-

íîãî ïîòîêà (ñêîðîñòü, ïëîòíîñòü). Ïðè íåáîëüøèõ

ðàñõîäàõ âîäû è ÏÎ èçìåíåíèå ïàðàìåòðîâ ïîòîêà

âûçûâàåò èíòåíñèâíîå ðàññëîåíèå åãî íà ãàçîîáðàç-

íóþ è âîäíóþ ñîñòàâëÿþùèå â ïðåäåëàõ ðóêàâíîé

ëèíèè, ÷òî â êîíå÷íîì ñ÷åòå ïðèâîäèò ê çàïîëíåíèþ

åå âîäíûì ðàñòâîðîì è ïîâûøåíèþ íàïîðà çà ÓÃÍÏ.

Ïîýòîìó îáùàÿ òåíäåíöèÿ ðàñòóùåé çàâèñèìîñòè íà-

ðóøàåòñÿ, è ïðè íåêîòîðîì çíà÷åíèè ðàñõîäà ñìåñè

ñîçäàåòñÿ ìèíèìóì íàïîðà. Ïðè óâåëè÷åíèè æå âû-

ñîòû ïîæàðîòóøåíèÿ óâåëè÷èâàåòñÿ äëèíà ðóêàâíîé

ëèíèè, è çàïîëíåíèå åå âîäíûì ðàñòâîðîì, âåðîÿò-

íî, ïðîèñõîäèò äàæå ïðè áóëüøèõ ðàñõîäàõ âîäû è

ÏÎ, ÷òî ïðîÿâëÿåòñÿ â ñìåùåíèè ìèíèìóìà â ñòî-

ðîíó óâåëè÷åíèÿ ðàñõîäà.

Ðàññìîòðåííîå ÿâëåíèå ñïîñîáñòâóåò òîìó, ÷òî

äëÿ êàæäîé âûñîòû ïîæàðîòóøåíèÿ êîìïðåññèîí-

íîé ïåíîé óñòàíàâëèâàþòñÿ ñâîè âçàèìîñâÿçàííûå

ðàáî÷èå äèàïàçîíû ðàñõîäà âîäû è ÏÎ, íàïîðà ïåðåä

ïîæàðíûì ñòâîëîì è íàïîðà, ñîçäàâàåìîãî ÓÃÍÏ,

ñ âåðõíèìè è íèæíèìè ïðåäåëàìè. Âåðõíèé ïðåäåë

ðàáî÷åãî äèàïàçîíà îïðåäåëÿåòñÿ âîçìîæíîñòÿìè

ïîæàðíîé òåõíèêè è îáîðóäîâàíèÿ: ÓÃÍÏ — ïî ñî-

çäàíèþ ðàñõîäà èëè èçáûòî÷íîãî íàïîðà âîäû è ÏÎ

ïðè çàäàííîé êðàòíîñòè ïåíû; ðóêàâíîé ëèíèè è ïî-

æàðíîãî ñòâîëà — ïî äîïóñòèìîìó èçáûòî÷íîìó íà-

ïîðó. Íà íèæíèé ïðåäåë ðàáî÷åãî äèàïàçîíà âëèÿåò

ïðîöåññ ðàññëîåíèÿ ïîòîêà êîìïðåññèîííîé ïåíû.

Âûõîä ïàðàìåòðîâ ñèñòåìû ïîäà÷è ñìåñè çà ýòîò

ïðåäåë ïðèâåäåò ê çàïîëíåíèþ ðóêàâíîé ëèíèè ðàñ-

òâîðîì âîäû è ÏÎ, âîçíèêíîâåíèþ ïðîòèâîäàâëå-

Ðèñ. 2. Âåðîÿòíûé âèä çàâèñèìîñòè èçáûòî÷íîãî íàïîðà ñìåñè

â ðóêàâíîé ëèíèè îò îáúåìíîãî ðàñõîäà âîäû è ÏÎ è âûñî-

òû ïîæàðîòóøåíèÿ (çíà÷åíèÿ ó êðèâûõ, ì) êîìïðåññèîííîé

ïåíîé êðàòíîñòüþ 8 ñ èñïîëüçîâàíèåì ðóêàâíîé ëèíèè äèà-

ìåòðîì 51 ìì è ïîæàðíîãî ñòâîëà ñ íàñàäêîì äèàìåòðîì

24 ìì: 1, 2, 3 — ðàáî÷èå äèàïàçîíû ñîîòâåòñòâåííî ðàñõîäà

âîäû è ÏÎ, èçáûòî÷íîãî íàïîðà êîìïðåññèîííîé ïåíû, ñî-

çäàâàåìîãî ÓÃÍÏ, è íàïîðà ïåðåä ïîæàðíûì ñòâîëîì ïðè ïî-

æàðîòóøåíèè íà âûñîòå 400 ì

Fig. 2. The probable type of dependence of the excess pressure of

the mixture in the sleeve line on the volume flow of water and

foaming agent and the height of the fire extinguishing compres-

sion foam multiplicity 8 using a sleeve line with a diameter of

51 mm and a fire barrel with a nozzle diameter of 24 mm: 1, 2, 3 —

operating ranges, respectively, the flow rate of the mixture of

water and foaming agent, the excess pressure of the compression

foam generated by the installation for production of gas-filled

foam, and the pressure in front of the fire barrel during fire figh-

ting at an altitude of 400 m
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íèÿ ñòîëáà æèäêîñòè è, êàê ñëåäñòâèå, ê ïåðåõîäó

àâòîìàòèêè ïîäà÷è ïåíû â àâàðèéíûé ðåæèì, â ðå-

çóëüòàòå ÷åãî ïîäà÷à êîìïðåññèîííîé ïåíû ïðåêðà-

òèòñÿ [12]. Â õîäå ýêñïåðèìåíòîâ, ðåçóëüòàòû êîòî-

ðûõ ïðåäñòàâëåíû â [12], ðóêàâíàÿ ëèíèÿ íå âûäåð-

æèâàëà âåñà íàõîäÿùåãîñÿ â íåé ðàñòâîðà âîäû è

ÏÎ, è ïðîèñõîäèë îáðûâ ïîæàðíîãî ðóêàâà â ìåñòå

êðåïëåíèÿ ñîåäèíèòåëüíîé ãîëîâêè.

ßâëåíèå âîçìîæíîãî çàïîëíåíèÿ ðóêàâíîé ëèíèè

ðàñòâîðîì âîäû è ÏÎ íåîáõîäèìî ó÷èòûâàòü ïðè ïëà-

íèðîâàíèè ìåðîïðèÿòèé ïî îáåñïå÷åíèþ áåçîïàñ-

íîñòè ïðèìåíåíèÿ ÁÀÑ. Óïóùåíèÿ â äàííîì âîïðî-

ñå ìîãóò ïðèâåñòè ê òîìó, ÷òî ÁÂÑ â êðèòè÷åñêèõ

ñèòóàöèÿõ íå ñìîæåò óäåðæàòü êîíñòðóêöèþ ëèíèè

ïîäà÷è ïåíû, ÷òî ìîæåò ïðèâåñòè ê êàòàñòðîôè÷å-

ñêèì ïîñëåäñòâèÿì. Äàííàÿ ñèòóàöèÿ ìîæåò âîçíèê-

íóòü êàê â ñëó÷àå îøèáîê â âûäåðæèâàíèè ðåæèìà

ïîäà÷è ïåíû, òàê è ïðè âðåìåííîì ïðåêðàùåíèè

ïðîöåññà ïîæàðîòóøåíèÿ. Ïî äàííûì èññëåäîâàíèé

[9, 12] çàêðûòèå ñòâîëà áîëåå ÷åì íà 1 ìèí ïðèâîäèò ê

îáðàçîâàíèþ â ðóêàâíîé ëèíèè âîçäóøíîé ïðîáêè,

ñòåêàíèþ æèäêîé ôàçû â íèæíþþ ÷àñòü âåðòèêàëü-

íîé ðóêàâíîé ëèíèè è ïîäúåìó ãàçîâîé ôàçû. Ïðè

ïîñëåäóþùåì îòêðûòèè ñòâîëà ÷åðåç íåãî èç ðóêàâ-

íîé ëèíèè ïåðâîíà÷àëüíî âûõîäèë âîçäóõ, ÷òî ñî-

ïðîâîæäàëîñü ñèëüíûìè ðûâêàìè ñòâîëà. Ïðè ïî-

æàðîòóøåíèè íà âûñîòå îêîëî 100 ì ïîòîê íîðìàëè-

çîâàëñÿ ÷åðåç 1–2 ìèí, è â ñèñòåìå âîññòàíîâèëàñü

ïîäà÷à êîìïðåññèîííîé ïåíû.

Èç ïðåäñòàâëåííûõ íà ðèñ. 2 äàííûõ ñëåäóåò, ÷òî

ïîæàðîòóøåíèå êîìïðåññèîííîé ïåíîé êðàòíîñòüþ

8 â âûñîòíîì çäàíèè ñ èñïîëüçîâàíèåì ÁÂÑ ìîæåò

áûòü îáåñïå÷åíî íà âûñîòå 400 ì ïðè ðàñõîäå âîäû

è ÏÎ 5–6 ë�ñ, ïðè èçáûòî÷íîì íàïîðå, ñîçäàâàåìîì

ÓÃÍÏ, 250–275 ì âîä. ñò. è íàïîðå ïåðåä ïîæàðíûì

ñòâîëîì 30–50 ì âîä. ñò. Îäíàêî ñëåäóåò èìåòü â âèäó,

÷òî çíà÷åíèÿ óêàçàííûõ ïàðàìåòðîâ ÿâëÿþòñÿ ïðè-

áëèçèòåëüíûìè, à î òî÷íûõ ìîæíî ñóäèòü òîëüêî

ïîñëå ïðîâåäåíèÿ ñïåöèàëüíûõ ýêñïåðèìåíòàëüíûõ

èññëåäîâàíèé.

Åñëè â ðåàëüíûõ óñëîâèÿõ òóøåíèå ïîæàðà íà

äàííîé âûñîòå íå îáåñïå÷èâàåòñÿ, òî ïðîáëåìà ìî-

æåò áûòü ðåøåíà ïóòåì óâåëè÷åíèÿ êðàòíîñòè ïåíû.

Òàê, ïî äàííûì èññëåäîâàíèÿ [13] ïîâûøåíèå êðàò-

íîñòè êîìïðåññèîííîé ïåíû ñ 8 äî 20 îáåñïå÷èâàåò

ñíèæåíèå ïîòåðü èçáûòî÷íîãî íàïîðà â ðóêàâíîé

ëèíèè äèàìåòðîì 51 ìì â 2 ðàçà. Äëÿ ðóêàâíîé ëè-

íèè áîëüøåãî äèàìåòðà ñòåïåíü ñíèæåíèÿ ïîòåðü

íàïîðà âûøå. Òàê, ïîòåðè íàïîðà â ðóêàâíîé ëèíèè

äèàìåòðîì 66 ìì ñíèæàþòñÿ â 3 ðàçà.

Êðîìå òîãî, ïðè ðàçðàáîòêå ÁÀÑ íåîáõîäèìî ó÷è-

òûâàòü, ÷òî ïîñòîÿííî ïðîòåêàþùèé ïðîöåññ èçìåíå-

íèÿ ïàðàìåòðîâ ãàçîæèäêîñòíîãî ïîòîêà ñîïðîâîæ-

äàåòñÿ íåêîòîðîé òðÿñêîé ðóêàâíîé ëèíèè, ÷òî ìîæåò

ïîâëèÿòü íà óñòîé÷èâîñòü è óïðàâëÿåìîñòü ÁÂÑ.

Èñïîëüçîâàíèå ÁÀÑ äëÿ ïîäà÷è â î÷àã ïîæàðà
îãíåòóøàùèõ ïîðîøêîâ è àýðîçîëåé

Äðóãèì ñïîñîáîì ðàñøèðåíèÿ âîçìîæíîñòåé ïî

òóøåíèþ ïîæàðîâ â çäàíèÿõ ïîâûøåííîé ýòàæíî-

ñòè ñ èñïîëüçîâàíèåì ÁÀÑ ìîæåò áûòü ïðèìåíåíèå

îãíåòóøàùèõ ïîðîøêîâ è àýðîçîëåé.

Òóøåíèå ïîæàðîâ îãíåòóøàùèìè ïîðîøêàìè â

íàñòîÿùåå âðåìÿ îáû÷íî îñóùåñòâëÿåòñÿ ïóòåì èõ

ïîäà÷è:
� ÷åðåç íàñàäêè, ðàñïîëîæåííûå íåïîñðåäñòâåííî

â çàùèùàåìûõ ïîìåùåíèÿõ;
� â âèäå ñòðóé, ñîçäàâàåìûõ ïîðîøêîâûìè ïîæàð-

íûìè ñòâîëàìè;
� ñ èñïîëüçîâàíèåì âçðûâ÷àòûõ âåùåñòâ;
� ñ ðåàëèçàöèåé âèõðåïîðîøêîâîãî ñïîñîáà òóøå-

íèÿ ãîðÿùåãî íåôòÿíîãî èëè ãàçîâîãî ôîíòàíà.

Åñòåñòâåííî, äëÿ âíåøíåãî ïîæàðîòóøåíèÿ â çäà-

íèÿõ ïîâûøåííîé ýòàæíîñòè ñ èñïîëüçîâàíèåì ÁÀÑ

ïðèåìëåìûìè ÿâëÿþòñÿ âòîðîé è òðåòèé ñïîñîáû

ïîäà÷è ïîðîøêîâ.

Ïðè ðåàëèçàöèè ñòðóéíîãî âàðèàíòà ïîæàðîòó-

øåíèÿ äëÿ ôîðìèðîâàíèÿ è íàïðàâëåíèÿ ñòðóè â

î÷àã ïîæàðà èñïîëüçóþòñÿ ñïåöèàëüíûå ïîðîøêîâûå

ïîæàðíûå ñòâîëû. Ïðè ýòîì, êðîìå ñòâîëà, ïîëåçíàÿ

íàãðóçêà ÁÂÑ äîëæíà âêëþ÷àòü ñîñóä äëÿ õðàíåíèÿ

îãíåòóøàùåãî ïîðîøêà, áàëëîíû ñ ãàçîì èëè êîìï-

ðåññîðíóþ óñòàíîâêó â ñîñòàâå ïîæàðíî-òåõíè÷å-

ñêîãî îáîðóäîâàíèÿ. Ê íàñòîÿùåìó âðåìåíè äàííûé

âàðèàíò ïîæàðîòóøåíèÿ òåîðåòè÷åñêè îáîñíîâàí

[17, 18] è íàøåë ïðèìåíåíèå ïðè èñïîëüçîâàíèè ñïå-

öèàëüíûõ ïîæàðíûõ àâòîìîáèëåé. Îïðåäåëåíèå æå

âîçìîæíîñòåé ïî ñîçäàíèþ àíàëîãè÷íîãî îáîðóäî-

âàíèÿ äëÿ ðàçìåùåíèÿ íà áîðòó ÁÂÑ ïîêà çàòðóäíè-

òåëüíî.

Íàèáîëåå äîñòóïíûé ñïîñîá ïðèìåíåíèÿ ïîðîø-

êîâîé ñèñòåìû ñ âçðûâ÷àòûìè âåùåñòâàìè ñ áåñïè-

ëîòíîé ïëàòôîðìû ìîæåò áûòü îñíîâàí íà ïóñêå è

ïîäðûâå ñïåöèàëüíîãî ïèðîòåõíè÷åñêîãî ïàòðîíà,

àíàëîãè÷íîãî ìîäóëþ ïîðîøêîâîãî ïîæàðîòóøåíèÿ

ðó÷íîãî ïóñêà òèïà ÌÏÏ (Í-Ð)-5-È-ÃÝ-Ó2. Ïèðî-

òåõíè÷åñêèé ïàòðîí äîëæåí ñîñòîÿòü èç ìåòàëëè÷å-

ñêîãî êîðïóñà, â êîòîðîì ðàçìåùàþòñÿ îãíåòóøàùèé

ïîðîøîê, ãàçîãåíåðèðóþùèé è ïóñêîâîé ýëåìåíòû.

Ñîïëîâîå îòâåðñòèå äëÿ âûõîäà îãíåòóøàùåãî ïî-

ðîøêà äîëæíî áûòü ïåðåêðûòî ìåìáðàíîé. Ïðè ïî-

ïàäàíèè ïàòðîíà â î÷àã ïîæàðà ãàçîãåíåðèðóþùèé

ýëåìåíò âûðàáàòûâàåò ãàç, îãíåòóøàùèé ïîðîøîê

âñïóøèâàåòñÿ è âíóòðè ïàòðîíà ñîçäàåòñÿ èçáûòî÷-

íîå äàâëåíèå, íåîáõîäèìîå äëÿ âñêðûòèÿ çàïîðíîé

ìåìáðàíû. Ïîñëå ýòîãî îãíåòóøàùèé ïîðîøîê âû-

áðàñûâàåòñÿ ÷åðåç ùåëåâîå îòâåðñòèå â çîíó ãîðåíèÿ.

Âûáðîñ ïîðîøêà äîëæåí ïðîèñõîäèòü ìåíåå ÷åì çà

1 ñ, ÷òî ïîçâîëèò ñáèòü ïëàìÿ äèíàìè÷åñêîé óäàðíîé

âîëíîé. Êðîìå òîãî, îãíåòóøàùèé ïîðîøîê ïåðå-

êðûâàåò äîñòóï êèñëîðîäà ê ãîðÿùèì ìàòåðèàëàì

(âåùåñòâàì) è ãàñèò îãîíü.
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Àýðîçîëüíîå ïîæàðîòóøåíèå çà÷àñòóþ ðàññìàò-

ðèâàåòñÿ êàê âèä ïîðîøêîâîãî ïîæàðîòóøåíèÿ ñ ïî-

ëó÷åíèåì ïîðîøêîâ â ðåçóëüòàòå ñãîðàíèÿ àýðîçîëå-

îáðàçóþùèõ îãíåòóøàùèõ ñîñòàâîâ. Ïðè èñïîëüçî-

âàíèè ÁÀÑ äëÿ àýðîçîëüíîãî ïîæàðîòóøåíèÿ òàêæå

öåëåñîîáðàçíî ïðèìåíÿòü ïîäðûâ ïèðîòåõíè÷åñêèõ

ïàòðîíîâ. Â êà÷åñòâå àíàëîãà ýòèõ ïàòðîíîâ ìîæåò

âûñòóïàòü ðó÷íàÿ îãíåòóøàùàÿ ïîæàðíàÿ ãðàíàòà

òèïà “Ñïàñàòåëü-01” (SAT119). Ïàòðîí ïðåäñòàâëÿ-

åò ñîáîé ðåçåðâóàð ñî ñïåöèàëüíûì ñîñòàâîì âîäû

è õèìè÷åñêèõ âåùåñòâ, êîòîðûå, ñìåøèâàÿñü ïðè

ïîâðåæäåíèè êîëáû â ðåçóëüòàòå âûñòðåëà â î÷àã

ïîæàðà, ìîìåíòàëüíî íåéòðàëèçóþò îãîíü.

Äîñòàâêà ðàññìîòðåííûõ ïèðîòåõíè÷åñêèõ ïàò-

ðîíîâ ñ áîðòà ÁÂÑ â î÷àã ïîæàðà ìîæåò îñóùåñòâ-

ëÿòüñÿ ñïåöèàëüíûì óñòðîéñòâîì, àíàëîãè÷íûì

ÈÑÒÀ 100, 150, 240.

Íåñìîòðÿ íà ðÿä èññëåäîâàíèé [19, 20] ïî èçó÷å-

íèþ ïðîöåññîâ ïîðîøêîâîãî è àýðîçîëüíîãî ïîæàðî-

òóøåíèÿ, â íàñòîÿùåå âðåìÿ âñå æå îñòàåòñÿ ïðîá-

ëåìà, ñâÿçàííàÿ ñ íåîïðåäåëåííîñòüþ âîçìîæíîñòåé

ïî ñîçäàíèþ ñîîòâåòñòâóþùèõ ïèðîòåõíè÷åñêèõ ïàò-

ðîíîâ è óñòàíîâîê, êîòîðûå ìîãóò áûòü ðàçìåùåíû

íà áîðòó ÁÂÑ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, îäíèì èç ïóòåé ïîâûøåíèÿ âîç-

ìîæíîñòåé ïî òóøåíèþ ïîæàðîâ â çäàíèÿõ ïîâû-

øåííîé ýòàæíîñòè ìîæåò ñòàòü èñïîëüçîâàíèå ÁÀÑ

äëÿ íåïðåðûâíîé ãîðèçîíòàëüíîé ïîäà÷è â î÷àã ïî-

æàðà âîäíîãî ðàñòâîðà èëè êîìïðåññèîííîé ïåíû,

à òàêæå äëÿ ïîäà÷è îãíåòóøàùèõ ïîðîøêîâ è àýðî-

çîëåé ñ ïîìîùüþ ïîðîøêîâûõ ïîæàðíûõ ñòâîëîâ è

ïèðîòåõíè÷åñêèõ ïàòðîíîâ. Îäíàêî ðåàëèçàöèÿ êàæ-

äîãî èç óêàçàííûõ ñïîñîáîâ ñâÿçàíà ñ îïðåäåëåí-

íûìè ïðîáëåìàìè:

à) ïðè ãîðèçîíòàëüíîì ïîæàðîòóøåíèè âîäîé

è âîäíûìè ðàñòâîðàìè — ñ íåäîñòóïíîñòüþ

î÷àãîâ ãîðåíèÿ, íàõîäÿùèõñÿ íà âûñîòå áîëåå

280–290 ì, è áîëüøîé ïîòðåáíîé ãðóçîïîäú-

åìíîñòüþ ÁÂÑ;

á) ïðè ãîðèçîíòàëüíîì ïîæàðîòóøåíèè êîìï-

ðåññèîííîé ïåíîé:

– ñ íåîáõîäèìîñòüþ ïðîâåäåíèÿ äîïîëíè-

òåëüíûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

â öåëÿõ ñîçäàíèÿ ìåòîäèêè ãèäðàâëè÷å-

ñêîãî ðàñ÷åòà ñèñòåì ãîðèçîíòàëüíîé è âåð-

òèêàëüíîé ïîäà÷è ïåíû;

– ñ ïîòðåáíîñòüþ ïîèñêà ïóòåé îáåñïå÷åíèÿ

áåçîïàñíîñòè ïðèìåíåíèÿ ÁÀÑ â óñëîâèÿõ

ðàññëîåíèÿ ïåíû íà ãàçîîáðàçíóþ è âîä-

íóþ ñîñòàâëÿþùèå è çàïîëíåíèÿ ðóêàâíîé

ëèíèè ðàñòâîðîì âîäû è ÏÎ â íà÷àëå è ïî

îêîí÷àíèè ïîæàðîòóøåíèÿ ïðè îøèáêàõ

â óñòàíîâêå ïàðàìåòðîâ ïîäà÷è ïåíû è ïðè

âûíóæäåííîé ïðèîñòàíîâêå åå ïîäà÷è;

â) ïðè ïðèìåíåíèè îãíåòóøàùèõ ïîðîøêîâ è

àýðîçîëåé — c íåîïðåäåëåííîñòüþ âîçìîæ-

íîñòåé ïî ñîçäàíèþ ñîîòâåòñòâóþùåãî îáî-

ðóäîâàíèÿ è óñòàíîâîê, êîòîðûå ìîãóò áûòü

ðàçìåùåíû íà áîðòó ÁÂÑ.
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Íîâàÿ êëàññèôèêàöèÿ âçðûâîîïàñíûõ çîí

© À. Ñ. Õàðëàìåíêîâ�

Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)

ÀÍÍÎÒÀÖÈß

Ðàññìîòðåíû òðåáîâàíèÿ íîðìàòèâíûõ äîêóìåíòîâ ïî êëàññèôèêàöèè âçðûâîîïàñíûõ çîí. Ïðîâåäåí ñðàâ-

íèòåëüíûé àíàëèç êëàññîâ ïî ñóùåñòâóþùèì íîðìàì. Ïðåäñòàâëåíà íîâàÿ êëàññèôèêàöèÿ âçðûâîîïàñíûõ

çîí è äàíû ïîÿñíåíèÿ ïî ìåñòàì èõ âîçíèêíîâåíèÿ. Îòìå÷åíû îñîáåííîñòè â îïðåäåëåíèè ãåîìåòðè÷åñêèõ

ðàçìåðîâ çîí. Âûïîëíåíî ñîïîñòàâëåíèå êàòåãîðèé ïîæàðîâçðûâîîïàñíîñòè ïîìåùåíèé ñ êëàññàìè âçðû-

âîîïàñíûõ çîí.

Êëþ÷åâûå ñëîâà: âçðûâîîïàñíûå ñìåñè; êàòåãîðèè ïîìåùåíèé; âçðûâîçàùèùåííîå îáîðóäîâàíèå; ïî-

æàðíàÿ áåçîïàñíîñòü; ýëåêòðîóñòàíîâêè.

Äëÿ öèòèðîâàíèÿ: Õàðëàìåíêîâ À. Ñ. Íîâàÿ êëàññèôèêàöèÿ âçðûâîîïàñíûõ çîí // Ïîæàðîâçðûâîáåçîïàñ-

íîñòü/Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 4. — Ñ. 92–94.
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New classification of hazardous areas
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ABSTRACT

Regulatory requirements on the classification of hazardous areas are considered. Comparative analysis of classes

according to existing standards is conducted. New classification of hazardous areas is presented and explana-

tions to the places of their occurrence are presented. Features in determining the geometric dimensions of zones

are marked. Comparison of categories of fire-explosion of premises with classes of hazard zones is made.

Keywords: explosive mixtures; categories of premises; explosion-proof equipment; fire safety; electrical installa-

tions.

For citation: A. S. Kharlamenkov. New classification of hazardous areas. Pozharovzryvobezopasnost/Fire and
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ÂÎÏÐÎÑ:

Ñ âñòóïëåíèåì â 2009 ã. Òåõíè÷åñêîãî ðåãëàìåíòà

î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè â çàêîí-

íóþ ñèëó ñóùåñòâóþùàÿ êëàññèôèêàöèÿ âçðûâî-

îïàñíûõ çîí ïðåòåðïåëà çíà÷èòåëüíûå èçìåíå-

íèÿ. Â ðåçóëüòàòå òðåáîâàíèÿ Ïðàâèë óñòðîéñòâà

ýëåêòðîóñòàíîâîê (ÏÓÝ) ïî âûáîðó, ýêñïëóàòàöèè è

îáñëóæèâàíèþ ýëåêòðîîáîðóäîâàíèÿ âî âçðûâî-

îïàñíûõ ñðåäàõ ïåðåñòàëè äåéñòâîâàòü, à íîâûõ

“ïðàâèë” ïðè ýòîì íå ïîÿâèëîñü.

Â êàêèõ íîðìàòèâíûõ äîêóìåíòàõ èçëîæåí ïîðÿ-

äîê âûáîðà è ïðèìåíåíèÿ ýëåêòðîîáîðóäîâàíèÿ

ñ ó÷åòîì äåéñòâóþùåé êëàññèôèêàöèè âçðûâî-

îïàñíûõ çîí?

ÎÒÂÅÒ:

Â ñò. 19 Ôåäåðàëüíîãî çàêîíà ¹ 123-ÔÇ “Òåõ-

íè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåç-

îïàñíîñòè” [1] (äàëåå — ÔÇ-123) ïðåäñòàâëåíà êëàñ-

ñèôèêàöèÿ âçðûâîîïàñíûõ çîí, êîòîðûå ðàçäåëÿþò-

ñÿ íà êëàññû 0, 1, 2 äëÿ ìåñò ñ îáðàùåíèåì ãîðþ÷èõ

ãàçîâ è ïàðîâ ËÂÆ è 20, 21, 22 — ãîðþ÷èõ ëåòó÷èõ

÷àñòèö è ïûëè. Çà îñíîâó äàííîé â ÔÇ-123 [1] êëàñ-

ñèôèêàöèè áûëè ïðèíÿòû îáîçíà÷åíèÿ çîí, ïðåä-

ñòàâëåííûå â ìåæäóíàðîäíûõ ñòàíäàðòàõ ñåðèè

IEC 60079. Èõ ìîäèôèöèðîâàííûå âåðñèè äåéñòâó-

þò íà òåððèòîðèè Ðîññèéñêîé Ôåäåðàöèè êàê ñåðèÿ

ÃÎÑÒ 30852, à èìåííî ÃÎÑÒ 30852.0–2002 [2].

Êàê ïîêàçûâàåò ïðàêòèêà, ñ 2009 ã. ïðè îöåíêå êëàñ-

ñîâ âçðûâîîïàñíûõ çîí ïðîìûøëåííûõ çäàíèé è ñî-

îðóæåíèé ïî ÔÇ-123 [1] è ÃÎÑÒ 30852.0–2002 [2]

ó ïðîåêòèðîâùèêîâ âîçíèêàëî ìíîæåñòâî ñëîæíî-

ñòåé è ïðîáëåìíûõ âîïðîñîâ. Ýòî áûëî âûçâàíî òåì,

÷òî ñóùåñòâóþùàÿ ðàíåå êëàññèôèêàöèÿ âçðûâî-

îïàñíûõ çîí ïî ÏÓÝ [3] çíà÷èòåëüíî îòëè÷àåòñÿ îò

ïðåäñòàâëåííîé â ÔÇ-123 [1]. Ðàçëè÷èÿ â êëàññèôè-

êàöèè âçðûâîîïàñíûõ çîí ïî ÏÓÝ [3], ÔÇ-123 [1] è

ÃÎÑÒ 30852.0–2002 [2] ïîäðîáíî ðàññìîòðåíû â

ñòàòüå [4].

Äëÿ ðåøåíèÿ ýòîé ïðîáëåìû áûëè ïðåäïðèíÿòû

îïðåäåëåííûå øàãè, ïîçâîëèâøèå îïóáëèêîâàòü íî-

âûé ñâîä ïðàâèë — ÑÏ 423.1325800.2018 “Ýëåêòðî-

óñòàíîâêè íèçêîâîëüòíûå çäàíèé è ñîîðóæåíèé. Ïðà-
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âèëà ïðîåêòèðîâàíèÿ âî âçðûâîîïàñíûõ çîíàõ” [5],

êîòîðûé âñòóïèë â ñèëó 25 èþíÿ 2019 ã. (äàëåå —

ÑÏ 423).

Â ï. 5.1 ÑÏ 423 [5] ïðåäñòàâëåíà “àäàïòèðîâàííàÿ”

ïîä ÔÇ-123 [1] (ñ ó÷åòîì ÏÓÝ [3]) êëàññèôèêàöèÿ

âçðûâîîïàñíûõ çîí, êîòîðàÿ âêëþ÷àåò â ñåáÿ àíàëî-

ãè÷íûå êëàññû 0, 1, 2 è 20, 21, 22. Çîíû ðàçäåëåíû

íà ïîäçîíû, êîòîðûì ñîîòâåòñòâóþò ïîäêëàññû 1à,

1á, 1ã è äð. Ðàçäåëåíèå çîí íà ïîäçîíû â ÑÏ 423 [5]

íîñèò ðåêîìåíäàòåëüíûé õàðàêòåð. Ïåðå÷åíü ñóùå-

ñòâóþùèõ êëàññîâ çîí ïðåäñòàâëåí â òàáëèöå.

Èç òàáëèöû âèäíî, ÷òî ðàçðàáîò÷èêè ÑÏ 423 [5], èñ-

ïîëüçóÿ ðàçäåëåíèå çîí íà ïîäçîíû, ñìîãëè ó÷åñòü

îñîáåííîñòè êëàññèôèêàöèè, ïðåäñòàâëåííûå ðàíåå

â ÏÓÝ [3]. Òåì íå ìåíåå âàæíûé âîïðîñ ïî îöåíêå ãåî-

ìåòðè÷åñêèõ ðàçìåðîâ âçðûâîîïàñíûõ çîí îñòàëñÿ

íåðåøåííûì.

Ñëåäóåò îòìåòèòü, ÷òî ðàçäåëåíèå ïûëåé íà ýëåêòðî-

ïðîâîäÿùèå è íåïðîâîäÿùèå â ÑÏ 423 [5] îñíîâàíî

íà âåëè÷èíå óäåëüíîãî ýëåêòðè÷åñêîãî ñîïðîòèâëå-

íèÿ. Ïûëè îòíîñÿòñÿ ê ýëåêòðîïðîâîäÿùèì, åñëè èõ

ýëåêòðè÷åñêîå ñîïðîòèâëåíèå � ' 103 Îì·ì, ê íåïðî-

âîäÿùèì — åñëè � > 103 Îì·ì.

Âçðûâîîïàñíàÿ çîíà ïî ï. 5.1.2 ÑÏ 423 [5] ðàâíà

ãåîìåòðè÷åñêèì ðàçìåðàì ïîìåùåíèÿ, åñëè â íåì

ìîãóò îáðàçîâàòüñÿ âçðûâîîïàñíûå ãàçîïàðîâîçäóø-

íûå èëè ïûëåâîçäóøíûå ñìåñè, ïðè âîñïëàìåíåíèè

êîòîðûõ ðàçâèâàåòñÿ ðàñ÷åòíîå èçáûòî÷íîå äàâëå-

íèå âçðûâà �P, ïðåâûøàþùåå 5 êÏà. Â ïðîòèâíîì

ñëó÷àå ðàçìåð çîíû ïðèíèìàåòñÿ â ïðåäåëàõ 5 ì ïî

ãîðèçîíòàëè è âåðòèêàëè îò òåõíîëîãè÷åñêîãî àïïà-

ðàòà, ñîäåðæàùåãî ãîðþ÷èå ãàçû, ËÂÆ èëè ïûëè.

Ðàíåå â òðåáîâàíèÿõ ÏÓÝ [3] âìåñòî âåëè÷èíû �P =

= 5 êÏà óêàçûâàëîñü ïðîöåíòíîå îòíîøåíèå îáúåìà

âçðûâîîïàñíîé ñìåñè ê ñâîáîäíîìó îáúåìó ïîìå-

ùåíèÿ, ðàâíîå 5 %. Ýòîò ïîäõîä ÿâëÿëñÿ áîëåå ðàöèî-

íàëüíûì, òàê êàê ïîçâîëÿë ïðîåêòèðîâùèêàì îïðåäå-

ëèòü îïòèìàëüíîå êîëè÷åñòâî âçðûâîçàùèùåííîãî

îáîðóäîâàíèÿ (äàëåå — Ex-îáîðóäîâàíèå) â çàâèñè-

ìîñòè îò ãðàíèö âçðûâîîïàñíîé çîíû. Ýòî, â ñâîþ

î÷åðåäü, ïîçâîëÿëî âûïîëíèòü ýêîíîìè÷åñêîå îáî-

ñíîâàíèå ïðåäëàãàåìûõ òåõíè÷åñêèõ ðåøåíèé è, ÷òî

ñàìîå ãëàâíîå, ñíèçèòü äî ìèíèìóìà âåðîÿòíîñòü âîç-

íèêíîâåíèÿ âçðûâà îò çàïðîåêòèðîâàííîãî Ex-îáîðó-

äîâàíèÿ. Ñëåäîâàòåëüíî, ñîâåðøåííî íåëîãè÷íî îöå-

íèâàòü ðàçìåðû âçðûâîîïàñíûõ çîí ïî ÑÏ 423 [5]

äëÿ ñèòóàöèé ñ âîñïëàìåíåíèåì ñìåñè, êîòîðûõ â

ïðèíöèïå íå äîëæíî âîçíèêàòü âî âçðûâîîïàñíûõ

ñðåäàõ êàê ïðè íîðìàëüíûõ ðåæèìàõ ðàáîòû òåõíî-

ëîãè÷åñêîãî îáîðóäîâàíèÿ (çîíû êëàññîâ 1 èëè 21),

òàê è ïðè àâàðèéíûõ ñèòóàöèÿõ è íåèñïðàâíîñòÿõ ñ

êðàòêîâðåìåííûì ïðèñóòñòâèåì âçðûâîîïàñíûõ

ñìåñåé (çîíû êëàññîâ 2 è 22).

Îöåíêà èçáûòî÷íîãî äàâëåíèÿ âçðûâà �P íåîáõîäè-

ìà äëÿ îïðåäåëåíèÿ êàòåãîðèè ïîìåùåíèÿ ïî ïîæàðî-

è âçðûâîîïàñíîñòè, â òîì ÷èñëå ïðè àíàëèçå îïàñíî-

ñòè ïîðàæåíèÿ ÷åëîâåêà âîçíèêàþùåé ïðè âçðûâå

óäàðíîé âîëíîé. Óêàçàííîå â ÑÏ 423 [5] çíà÷åíèå

�P = 5 êÏà ïîçâîëÿåò ñâÿçàòü ìåæäó ñîáîé êàòåãîðèè

ïîìåùåíèé è êëàññû âçðûâîîïàñíûõ çîí. Òàê, â ïîìå-

ùåíèÿõ êàòåãîðèé À è Á ìîãóò ïðèñóòñòâîâàòü âçðûâî-

îïàñíûå çîíû êëàññîâ 1, 21 è 2, 22, êîòîðûå âñåãäà

áóäóò çàíèìàòü âåñü ñâîáîäíûé îáúåì ïîìåùåíèÿ.

Äëÿ êàòåãîðèé Â1–Â4 ýòè æå çîíû âñåãäà áóäóò îãðà-

íè÷åíû îáëàñòüþ ðàçìåðîì 5 ì ïî ãîðèçîíòàëè è

âåðòèêàëè. Òàêîå ñîïîñòàâëåíèå îò÷àñòè ïîçâîëÿåò

óñòàíîâèòü ñâÿçü ìåæäó êàòåãîðèðîâàíèåì è çîíèðî-

Êëàññû âçðûâîîïàñíûõ çîí ïî íîðìàì

ÔÇ-123

[1]1

ÃÎÑÒ

30852.0–2002

[2]1

ÑÏ

423.1325800.2018

[5]

ÏÓÝ

[3]

0 0 0 –

1 1
1à2 Â-I2

1ã3 Â-Iã3

2 2

2à2 Â-Ià2

2á2 Â-Iá2

2ã3 Â-Iã3

20 20

20à4

–20á5

20â6

21 21

21à

Â-II221á

21â

22 22

22à

Â-IIà222á

22â

1 Ìåæäó êëàññàìè çîí ïî ÔÇ-123 [1] è ÃÎÑÒ 30852.0–2002

[2] èìåþòñÿ ðàçëè÷èÿ (ñì. ñòàòüþ [5]).

2 Çîíû, îáðàçîâàíèå êîòîðûõ âîçìîæíî òîëüêî â ïîìå-

ùåíèÿõ.

3 Çîíû, îáðàçîâàíèå êîòîðûõ âîçìîæíî òîëüêî íà îò-

êðûòîì ïðîñòðàíñòâå (âíå ïîìåùåíèé).

4 Êëàññû 20a, 21à, 22à ïðèñâàèâàþòñÿ çîíàì ñ íàëè÷è-

åì âîçäóøíîé âçâåñè ÷àñòèö ãîðþ÷åé ìåòàëëè÷åñêîé

ïûëè ëèáî ïûëè ñ ïîäîáíûìè õàðàêòåðèñòèêàìè (ýëåêò-

ðîïðîâîäÿùèå ïûëè).

5 Êëàññû 20á, 21á, 22á ïðèñâàèâàþòñÿ çîíàì ñ íàëè÷è-

åì ïûëåâîçäóøíîé ñìåñè èç ÷àñòèö ñàæè, äðåâåñíîãî

óãëÿ, êîêñà ëèáî ñìåñåé ñ ïîäîáíûìè õàðàêòåðèñòè-

êàìè (íåïðîâîäÿùèå ïûëè).

6 Êëàññû 20â, 21â, 22â ïðèñâàèâàþòñÿ çîíàì ñ íàëè÷è-

åì âîçäóøíîé âçâåñè òâåðäûõ ÷àñòèö çåðíîâîé ïûëè,

âèñêîçû, õëîïêà (â òîì ÷èñëå õëîïêîâîãî ïóõà è îòõî-

äîâ õëîïêà), ñèçàëÿ, äæóòà, êîíîïëè, êàêàî-âîëîêíà,

ïàêëè ëèáî ïûëè ñ ïîäîáíûìè õàðàêòåðèñòèêàìè (ãî-

ðþ÷èå ëåòó÷èå ÷àñòèöû).

Óñëîâíîå ñîïîñòàâëåíèå êëàññîâ âçðûâîîïàñíûõ çîí

ïî ñóùåñòâóþùèì íîðìàì
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âàíèåì ïîìåùåíèé. Ðàçëè÷èå öåëåé, êîòîðûå ñòàâÿò-

ñÿ ïðè êëàññèôèêàöèè âçðûâîîïàñíûõ çîí è êàòåãîðè-

ðîâàíèè âçðûâîïîæàðîîïàñíûõ ïîìåùåíèé, íå äàåò

ñäåëàòü îäíîçíà÷íûé âûâîä îá îïàñíîñòè èõ âíóò-

ðåííåãî ïðîñòðàíñòâà, à òàêæå îïðåäåëèòü êðèòåðèé

áåçîïàñíîñòè ðàáî÷åãî ïåðñîíàëà ïðîèçâîäñòâåí-

íûõ ïîìåùåíèé [6].

Â ï. 5.1.1 ÑÏ 423 [5] òàêæå óêàçàíî, ÷òî ðàçìåðû âçðû-

âîîïàñíûõ çîí ñëåäóåò îïðåäåëÿòü ïî ìåòîäèêàì,

ïðåäñòàâëåííûì â ÃÎÑÒ IEC 60079-10-1 (àíàëîã ÃÎÑÒ

30852.9–2002 [7]) è ÃÎÑÒ IEC 60079-10-2 (àíàëîã

ÃÎÑÒ 31610.10-2–2017 [8]). Äàííûå ìåòîäèêè ó÷èòû-

âàþò ìíîæåñòâî ôàêòîðîâ, âëèÿþùèõ íà ðàñïðîñòðà-

íåíèå âçðûâîîïàñíîé ñìåñè êàê âíóòðè, òàê è çà ïðå-

äåëàìè ïîìåùåíèÿ. Êðîìå ýòîãî, â ï. 5.1.6 ÑÏ 423 [5]

äëÿ íàðóæíûõ óñòàíîâîê äàíû êîíêðåòíûå ðàçìåðû

âçðûâîîïàñíûõ çîí (0,5; 3; 5; 8 è 20 ì), ïîçàèìñòâî-

âàííûå èç ÏÓÝ [3], êîòîðûå îòëè÷àþòñÿ [9] îò ðàñ÷åò-

íûõ çíà÷åíèé ñòàíäàðòîâ [7, 8].

Òàêèì îáðàçîì, ñóùåñòâóþùàÿ ïðîáëåìà ñîïîñòàâ-

ëåíèÿ êëàññîâ âçðûâîîïàñíûõ çîí ïî äåéñòâóþùèì

íîðìàòèâíûì äîêóìåíòàì ÷àñòè÷íî ðåøåíà, íî òðå-

áîâàíèÿ íîâîãî ÑÏ 423 [5] íå äàþò îäíîçíà÷íîãî îò-

âåòà íà âîïðîñ ïî ââåäåíèþ åäèíîé ìåòîäèêè ðàñ-

÷åòà ðàçìåðîâ çîí.
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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

÷åðåç ýëåêòðîííóþ ðåäàêöèþ 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 ýëåêòðîííûå àäðåñà âñåõ àâòîðîâ;

äàòü èíôîðìàöèþ î êîíòàêòíîì ëèöå. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðèíÿòîå íà-

çâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå ñâåäåíèÿ

(êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñëèòåðè-

ðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèéñêèé

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).

2.3.3. ORCID, Researcher ID, Scopus Author ID.

2.4. 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);
� 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.

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

5 ñëîâ èëè êîðîòêèõ ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷-

êó ñ çàïÿòîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü

òåðìèíû îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.),

íå ÿâëÿþùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Èñ-

ïîëüçîâàííûå â çàãîëîâêå ñëîâà è òåðìèíû íå íóæíî ïîâòîðÿòü â

êà÷åñòâå êëþ÷åâûõ ñëîâ: êëþ÷åâûå ñëîâà äîëæíû äîïîëíÿòü èí-

ôîðìàöèþ â çàãîëîâêå. Ïðè ïåðåâîäå êëþ÷åâûõ ñëîâ íà àíãëèé-

ñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè óïîòðåáëåíèÿ ñëîâ “and” (è),

“of” (ïðåäëîã, óêàçûâàþùèé íà ïðèíàäëåæíîñòü), àðòèêëåé “a”,

“the” è ò. ï.

2.6. 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.
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RULES FOR AUTHORS

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.

Â æóðíàëå ïðåäóñìàòðèâàåòñÿ äâóÿçû÷íîå ïðåäñòàâëåíèå òàáëè÷-

íîãî è ãðàôè÷åñêîãî ìàòåðèàëà, ïîýòîìó íåîáõîäèìî ïðèñëàòü ïåðå-

âîä 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.

2.7. 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.

2.8. 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:

� ÈÎÔ àâòîðîâ (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå

ñàéò http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëü-

íî âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàí-

ñêàÿ (äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò

ñâîé âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñ-

ïîëüçîâàòü 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 â ñðîê íå áîëåå îäíîãî ìåñÿöà ñ îáÿçàòåëüíûì âûäåëåíèåì

öâåòîì âíåñåííûõ èçìåíåíèé, à òàêæå îòäåëüíî ïîäãîòîâèòü êîíê-

ðåòíûå îòâåòû-êîììåíòàðèè íà âñå âîïðîñû è çàìå÷àíèÿ ðåöåí-

çåíòà.

Íåñâîåâðåìåííûé, à òàêæå íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðå-

öåíçåíòîâ è íàó÷íûõ ðåäàêòîðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè

äî èñïðàâëåíèÿ óêàçàííûõ íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå-

÷àíèé ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äà-

ëüíåéøåãî 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!








