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ÐÅÇÞÌÅ

Ââåäåíèå. Ñîâðåìåííûå ìàòåìàòè÷åñêèå ìîäåëè ðàñïðîñòðàíåíèÿ òîêñè÷íûõ ãàçîâ èñïîëüçóþò çíà÷åíèÿ

óäåëüíûõ êîýôôèöèåíòîâ îáðàçîâàíèÿ ëèøü òðåõ ãàçîâ, íå ðàññìàòðèâàÿ âåñü ñïåêòð òîêñè÷íûõ ãàçîâ, îáðà-

çóþùèõñÿ ïðè ãîðåíèè ñèíòåòè÷åñêèõ ìàòåðèàëîâ, ïîýòîìó ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ïðîöåññà îá-

ðàçîâàíèÿ öèàíîâîäîðîäà ïðåäñòàâëÿåò ñîáîé àêòóàëüíóþ çàäà÷ó.

Öåëü è çàäà÷è. Öåëüþ ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäèêè ïîëó÷åíèÿ èñõîäíûõ äàííûõ ïî âûäåëåíèþ öèàíî-

âîäîðîäà, íåîáõîäèìûõ äëÿ ðàñ÷åòà âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè. Äëÿ åå äîñòèæåíèÿ áûëà îáîñ-

íîâàíà âåëè÷èíà êðèòè÷åñêîé êîíöåíòðàöèè öèàíîâîäîðîäà, ìîäåðíèçèðîâàíà ýêñïåðèìåíòàëüíàÿ óñòà-

íîâêà è ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïàðöèàëüíûõ ïëîòíîñòåé öèàíîâîäîðîäà è ìîíîêñèäà

óãëåðîäà, à òàêæå óäåëüíûõ êîýôôèöèåíòîâ èõ âûäåëåíèÿ ïðè ãîðåíèè ñîâðåìåííîé êàáåëüíîé ïðîäóêöèè.

Ìåòîäû. Èñïîëüçóåòñÿ ýêñïåðèìåíòàëüíûé ìåòîä èññëåäîâàíèÿ ïðîöåññà îáðàçîâàíèÿ öèàíîâîäîðîäà è

ìîíîêñèäà óãëåðîäà ïðè ãîðåíèè îáðàçöîâ êàáåëüíîé ïðîäóêöèè â ìîäåðíèçèðîâàííîé ìàëîãàáàðèòíîé ýêñ-

ïåðèìåíòàëüíîé óñòàíîâêå. Ïðîâåäåí àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ.

Ðåçóëüòàòû. Îáîñíîâàíà êðèòè÷åñêàÿ âåëè÷èíà ïàðöèàëüíîé ïëîòíîñòè öèàíîâîäîðîäà, ïðåäñòàâëåííàÿ â

íîðìàòèâíûõ äîêóìåíòàõ, íà îñíîâå àíàëèçà äàííûõ, ïðèâåäåííûõ â ëèòåðàòóðíûõ èñòî÷íèêàõ. Ïîëó÷åíû

ýêñïåðèìåíòàëüíûå çàâèñèìîñòè ïàðöèàëüíûõ ïëîòíîñòåé öèàíîâîäîðîäà è ìîíîêñèäà óãëåðîäà, à òàêæå

óäåëüíûõ êîýôôèöèåíòîâ èõ âûäåëåíèÿ îò âðåìåíè ïðîâåäåíèÿ èñïûòàíèé. Ïîêàçàíî, ÷òî â ýêñïåðèìåíòàõ

ïàðöèàëüíàÿ ïëîòíîñòü öèàíîâîäîðîäà äîñòèãàåò ñâîåãî êðèòè÷åñêîãî çíà÷åíèÿ, ÷òî îáîñíîâûâàåò íåîáõî-

äèìîñòü ðàñ÷åòà âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ñ ó÷åòîì öèàíîâîäîðîäà.

Çàêëþ÷åíèå. Ìîäåðíèçàöèÿ ýêñïåðèìåíòàëüíîé óñòàíîâêè äàåò âîçìîæíîñòü ïîëó÷èòü ýêñïåðèìåíòàëüíûå

çàâèñèìîñòè ïàðöèàëüíûõ ïëîòíîñòåé öèàíîâîäîðîäà è ìîíîêñèäà óãëåðîäà, à òàêæå óäåëüíûõ êîýôôèöèåí-

òîâ èõ âûäåëåíèÿ îò âðåìåíè. Ýòî ïîçâîëÿåò àêòóàëèçèðîâàòü (ïî HCN è ÑÎ) ñóùåñòâóþùóþ áàçó äàííûõ òèïî-

âîé ïîæàðíîé íàãðóçêè è ïðîâîäèòü ðàñ÷åò âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ïðè ñîâìåñòíîì âîçäåé-

ñòâèè âûøåóêàçàííûõ ãàçîâ. Ïðè ðàñ÷åòå ïîæàðíûõ ðèñêîâ â ñëó÷àå ãîðåíèÿ ñîâðåìåííîé êàáåëüíîé

ïðîäóêöèè íåîáõîäèìî îïðåäåëÿòü âðåìÿ áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè öèàíîâîäîðîäîì.
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ABSTRACT

Introduction. Modern mathematical models of the distribution of toxic gases use the values of specific coefficients

of formation of only three gases. It is not considered the whole spectrum of toxic gases produced during the com-

bustion of synthetic materials. Therefore, the experimental study of the process of hydrogen cyanide formation is

an important task.
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COMBUSTION, DETONATION AND EXPLOSION PROCESSES

Aims and purposes. The purpose of this article is to develop a methodology for obtaining initial data on the release

of hydrogen cyanide. These data are necessary to calculate the time of blocking evacuation ways. To achieve it,

the value of the critical concentration of hydrogen cyanide was justified. The experimental unit was modernized

and experimental studies of partial densities of hydrogen cyanide and carbon monoxide, as well as specific coeffi-

cients of their release, were carried out during combustion of modern cable products.

Methods. An experimental method is used to study the process of formation of hydrogen cyanide and carbon

monoxide during the combustion of samples of cable products in a modernized small-size experimental unit.

The results were analyzed.

Results. The critical value of the partial density of hydrogen cyanide, presented in normative documents, on the basis

of analysis of data given in the literature sources, is substantiated. Experimental dependences between the time

of testing and partial densities of hydrogen cyanide and carbon monoxide, as well as their specific coefficients of

release, were obtained. This study reveals that the experimental value of the partial density of hydrogen cyanide

reaches a critical value. That fact justifies the need to calculate the time of blocking the escape routes with con-

sidering influence of hydrogen cyanide.

Conclusion. The modernization of the experimental unit makes it possible to obtain experimental dependencies

on the time of partial densities of hydrogen cyanide and carbon monoxide, as well as specific coefficients of their

separation. This makes it possible to update (by HCN and CO) the existing database of typical fire load and to calcu-

late the time of blocking the escape routes in case of combined effects of the above mentioned gases. When calcu-

lating fire risks in case of the burning of modern cable products, it is necessary to determine the time of blocking

evacuation routes by hydrogen cyanide.

Keywords: toxicity; combustion products; mathematical modeling; experimental unit; critical concentration; thermal

decomposition; cable insulation.
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Ââåäåíèå

Îñíîâíîé ïðè÷èíîé ãèáåëè ëþäåé ïðè ïîæàðå ÿâëÿ-

åòñÿ îòðàâëåíèå òîêñè÷íûìè ïðîäóêòàìè ãîðåíèÿ

[1, 2]. Äëÿ ðàçðàáîòêè ïðîôèëàêòè÷åñêèõ ïðîòèâî-

ïîæàðíûõ ìåðîïðèÿòèé ïî ïðåäîòâðàùåíèþ íåãà-

òèâíîãî âîçäåéñòâèÿ òîêñè÷íûõ ãàçîâ íåîáõîäèìî

ïðîâîäèòü ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ðàñïðî-

ñòðàíåíèÿ ýòèõ ãàçîâ â îáúåìå ðàññìàòðèâàåìûõ ïî-

ìåùåíèé è èõ âîçäåéñòâèÿ íà îðãàíèçì ÷åëîâåêà.

Îäíàêî èñõîäíûõ äàííûõ äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ

â ñëó÷àå ãîðåíèÿ ñîâðåìåííûõ âåùåñòâ è ìàòåðèà-

ëîâ íåäîñòàòî÷íî [3–5].

Áàçà äàííûõ òèïîâîé ïîæàðíîé íàãðóçêè [6]

íå ó÷èòûâàåò áóëüøóþ ÷àñòü òîêñèêàíòîâ, îáðàçó-

þùèõñÿ ïðè ãîðåíèè âåùåñòâ è ìàòåðèàëîâ, à ðàñ-

ñìàòðèâàåò òîëüêî òðè ãàçà — ìîíîêñèä è äèîêñèä

óãëåðîäà, õëîðîâîäîðîä (ÑÎ, ÑÎ2 è HCl). Â òî æå

âðåìÿ ãèáåëü ëþäåé îò öèàíîâîäîðîäà (HCN), àêðî-

ëåèíà è ðÿäà äðóãèõ ãàçîâ ïðîèñõîäèò, ïî êðàéíåé

ìåðå, íå ðåæå, ÷åì îò ìîíîêñèäà óãëåðîäà [7–10].

Ðàñ÷åò óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ öèà-

íîâîäîðîäà è åãî êîíöåíòðàöèé â ðåçóëüòàòå òåðìè-

÷åñêîãî ðàçëîæåíèÿ ãîðþ÷åãî ìàòåðèàëà ÿâëÿåòñÿ

òðóäíîðàçðåøèìîé ïðîáëåìîé, ïîñêîëüêó ñîñòàâ è

êîíöåíòðàöèè ïðîäóêòîâ ãîðåíèÿ çàâèñÿò êàê îò ôè-

çèêî-õèìè÷åñêèõ ñâîéñòâ ìàòåðèàëà, òàê è îò ðåæè-

ìà ãîðåíèÿ (êîíöåíòðàöèÿ êèñëîðîäà è ò. ä.) [3, 11].

Äàííûå ïî îáðàçîâàíèþ öèàíîâîäîðîäà åñòü â

îãðàíè÷åííîì êîëè÷åñòâå ëèòåðàòóðíûõ èñòî÷íè-

êîâ. Â ðàáîòå [7] íà îñíîâàíèè èõ àíàëèçà ïðèâåäå-

íû çíà÷åíèÿ óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ

öèàíîâîäîðîäà òîëüêî äëÿ íåáîëüøîãî êîëè÷åñòâà

âåùåñòâ è ìàòåðèàëîâ (ëèíîëåóì, èçîëÿöèÿ ïðîâîäîâ,

øåðñòü, àêðèëîíèòðèë, ïîëèàêðèëîíèòðèë, íåéëîí,

äðåâåñèíà ñ îãíåçàùèòíûìè äîáàâêàìè è ò. ï.). Òàêèì

îáðàçîì, ýêñïåðèìåíòàëüíîå èññëåäîâàíèå õàðàêòå-

ðèñòèê ïðîöåññà îáðàçîâàíèÿ öèàíîâîäîðîäà ïðåä-

ñòàâëÿåò ñîáîé àêòóàëüíóþ íàó÷íóþ è ïðàêòè÷åñêóþ

çàäà÷ó.

Öåëüþ ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäèêè ïî-

ëó÷åíèÿ èñõîäíûõ äàííûõ ïî âûäåëåíèþ öèàíîâî-

äîðîäà, íåîáõîäèìûõ äëÿ ðàñ÷åòà âðåìåíè áëîêèðî-

âàíèÿ ïóòåé ýâàêóàöèè ïðè ðàñ÷åòå ïîæàðíûõ ðèñêîâ.

Äëÿ åå äîñòèæåíèÿ áûëà îáîñíîâàíà âåëè÷èíà

êðèòè÷åñêîé êîíöåíòðàöèè öèàíîâîäîðîäà, ìîäåð-

íèçèðîâàíà ýêñïåðèìåíòàëüíàÿ óñòàíîâêà [3] è

ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïàð-

öèàëüíûõ ïëîòíîñòåé öèàíîâîäîðîäà è ìîíîêñèäà

óãëåðîäà, à òàêæå óäåëüíûõ êîýôôèöèåíòîâ èõ âûäå-

ëåíèÿ íà ïðèìåðå ãîðåíèÿ ñîâðåìåííîé êàáåëüíîé

ïðîäóêöèè (êàáåëü êîììóíèêàöèîííûé “Low Smoke”,

èçãîòîâëåííûéâñîîòâåòñòâèèñÒÓ16.Ê71-310–2001).

Êðèòè÷åñêàÿ êîíöåíòðàöèÿ

öèàíîâîäîðîäà

Äàæå ñëàáîå òîêñè÷íîå îòðàâëåíèå ïàðàëèçóåò è

äåçîðèåíòèðóåò ÷åëîâåêà, ïðåïÿòñòâóÿ åãî ñâîåâðå-

ìåííîé ýâàêóàöèè [12–15].

Âðåìÿ áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ðàññìàò-

ðèâàåìûì òîêñè÷íûì ãàçîì îïðåäåëÿåòñÿ èç óñëî-

âèÿ äîñòèæåíèÿ êîíöåíòðàöèåé òîêñè÷íîãî ãàçà êðè-

òè÷åñêîãî äëÿ ÷åëîâåêà çíà÷åíèÿ.

Ñîãëàñíî ÑÏ 11.13130.2009 (äàëåå — ÑÏ 11) è

Ìåòîäèêîé îïðåäåëåíèÿ ðàñ÷åòíûõ âåëè÷èí ïîæàð-
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íîãî ðèñêà â çäàíèÿõ, ñîîðóæåíèÿõ è ñòðîåíèÿõ ðàç-

ëè÷íûõ êëàññîâ ôóíêöèîíàëüíîé ïîæàðíîé îïàñíî-

ñòè (Ì. : Ì×Ñ Ðîññèè, 2009) “êðèòè÷åñêèå êîíöåíò-

ðàöèè òîêñè÷íûõ ïðîäóêòîâ ãîðåíèÿ ïðèíèìàþòñÿ

ïî ëèòåðàòóðíûì äàííûì äëÿ óñëîâèé îäíîðàçîâîãî

âîçäåéñòâèÿ íà ýâàêóèðóþùèõñÿ â òå÷åíèå íåñêîëü-

êèõ ìèíóò ïðè ñðåäíèõ ôèçè÷åñêèõ íàãðóçêàõ è ïî

êðèòåðèþ ñîõðàíåíèÿ èìè ñïîñîáíîñòè ðåàëüíî

îöåíèâàòü îêðóæàþùóþ îáñòàíîâêó, óâåðåííî ïðè-

íèìàòü è âûïîëíÿòü ñîîòâåòñòâóþùèå ðåøåíèÿ”.

Öèàíîâîäîðîä (ñèíèëüíàÿ êèñëîòà) ñ÷èòàåòñÿ

÷ðåçâû÷àéíî òîêñè÷íûì ãàçîì [16–18]. Äàæå ïðè ìà-

ëûõ êîíöåíòðàöèÿõ ñóùåñòâóåò ðåàëüíàÿ óãðîçà äëÿ

æèçíè ÷åëîâåêà, çàêëþ÷àþùàÿñÿ ïðàêòè÷åñêè â

ìãíîâåííîé áëîêèðîâêå öåíòðàëüíîé íåðâíîé ñèñ-

òåìû ïîñëå îäíîãî-äâóõ âäîõîâ. Ñîãëàñíî èññëåäî-

âàíèÿì [17, 19] ðàçäðàæåíèå ñëèçèñòîé îáîëî÷êè ãëàç

è íîñà ïðîèñõîäèò ïðè êîíöåíòðàöèè 1,11�10–5 êã�ì3,

à ëåòàëüíûé èñõîä íàñòóïàåò ïðè êîíöåíòðàöèè

1,11�10–4 êã�ì3 ïðè 30-ìèíóòíîì âîçäåéñòâèè.

Ñîãëàñíî ÑÏ 11 êðèòè÷åñêàÿ ïàðöèàëüíàÿ ïëîò-

íîñòü öèàíîâîäîðîäà �HCN êð = 2 �10–4 êã�ì3. Îäíàêî

ýòà âåëè÷èíà ïî÷òè â 2 ðàçà ïðåâûøàåò óêàçàííóþ

âûøå ñìåðòåëüíóþ êîíöåíòðàöèþ è ïðèìåðíî â

20 ðàç — êîíöåíòðàöèþ, ïðè êîòîðîé íà÷èíàþòñÿ

èçìåíåíèÿ â ñîñòîÿíèè ÷åëîâåêà, çàòðóäíÿþùèå åãî

ýâàêóàöèþ.

Â ñâÿçè ñ ýòèì áîëåå îáîñíîâàííî ïðèíèìàòü êðè-

òè÷åñêîå çíà÷åíèå ïàðöèàëüíîé ïëîòíîñòè öèàíî-

âîäîðîäà �HCN êð = 1,1�10–5 êã�ì3.

Ïîñòàíîâêà çàäà÷è

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

Ðàññìîòðèì ïðîöåññ ãîðåíèÿ â óñëîâíî-ãåðìå-

òè÷íîì ìåëêîìàñøòàáíîì îáúåìå ýêñïîçèöèîííîé

êàìåðû.

Â êà÷åñòâå èññëåäóåìûõ òîêñè÷íûõ ãàçîâ áóäåì

ðàññìàòðèâàòü ñîâìåñòíîå îáðàçîâàíèå öèàíîâîäî-

ðîäà è ìîíîêñèäà óãëåðîäà.

Ãîðþ÷èì ìàòåðèàëîì ÿâëÿåòñÿ êàáåëü êîììóíè-

êàöèîííûé “Low Smoke”. Ýòîò òèï êàáåëåé ñ îáî-

ëî÷êîé LSZH (ìàëîäûìíûé áåçãàëîãåííûé êîìïà-

óíä) íàõîäèò ñâîå ïðèìåíåíèå â ïîìåùåíèÿõ, ãäå

îáèëüíîå îáðàçîâàíèå äûìà ìîæåò íàíåñòè óùåðá

ëþäÿì è îáîðóäîâàíèþ. Îòñóòñòâèå ãàëîãåíîâ â äàí-

íûõ êàáåëÿõ ñïîñîáñòâóåò ñíèæåíèþ ñêîðîñòè è èí-

òåíñèâíîñòè äûìîîáðàçîâàíèÿ, ÷òî ïîçâîëÿåò ïðè-

ìåíÿòü èõ â çàêðûòûõ êàáåëüíûõ ñîîðóæåíèÿõ â

óñëîâèÿõ îòñóòñòâèÿ ñèñòåì äûìîóäàëåíèÿ. Îäíàêî

äàííûå ïî âûäåëåíèþ òîêñè÷íûõ ãàçîâ (â òîì ÷èñëå

HCN) ïðè åãî ãîðåíèè â ëèòåðàòóðíûõ èñòî÷íèêàõ

îòñóòñòâóþò.

Òàêèì îáðàçîì, íà áàçå ìåëêîìàñøòàáíîé ýêñïå-

ðèìåíòàëüíîé óñòàíîâêè íåîáõîäèìî ïîëó÷èòü ýêñ-

ïåðèìåíòàëüíûå çàâèñèìîñòè ñðåäíåîáúåìíîé ïàð-

öèàëüíîé ïëîòíîñòè öèàíîâîäîðîäà è ìîíîêñèäà

óãëåðîäà è óäåëüíûõ ìàññîâûõ êîýôôèöèåíòîâ èõ

îáðàçîâàíèÿ îò âðåìåíè ñ íà÷àëà îïûòîâ, à òàêæå ïðî-

âåðèòü, äîñòèãíåò ëè ïàðöèàëüíàÿ ïëîòíîñòü HCN

êðèòè÷åñêîãî çíà÷åíèÿ.

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà

è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè, ïðåäñòàâ-

ëåííàÿ â ðàáîòàõ [20–23], ïîêàçàíà íà ðèñ. 1, îáùèé

âèä óñòàíîâêè — íà ðèñ. 2.

Òåïëîèçîëèðîâàííàÿ êàìåðà ñãîðàíèÿ 1 ñ ðàáî-

÷åé òåìïåðàòóðîé îò 20 äî 1200 °Ñ ñîåäèíåíà ñ ýêñ-

ïîçèöèîííîé êàìåðîé 2 òåïëîèçîëèðîâàííûì ïåðå-

õîäíûì ðóêàâîì 3, îñíàùåííûì óñòðîéñòâîì òåïëî-

âîãî áëîêèðîâàíèÿ. Â êàìåðå ñãîðàíèÿ óñòàíîâëåí

ýêðàíèðîâàííûé ýëåêòðîíàãðåâàòåëüíûé èçëó÷à-

òåëü 4 ñ äàò÷èêîì íåïðåðûâíîãî êîíòðîëÿ òåìïåðà-

òóðû è äåðæàòåëü îáðàçöà 5 íà ïîäâèæíîé îñíîâå.

Êàìåðà âûïîëíåíà èç ëèñòîâîé íåðæàâåþùåé ñòàëè

òîëùèíîé (2,0�0,1) ìì è îáúåìîì 3�10–3 ì3. Áîêî-

âàÿ ñòåíêà êàìåðû ñãîðàíèÿ îñíàùåíà îêíîì èç êâàð-

öåâîãî ñòåêëà, ïîçâîëÿþùèì íàáëþäàòü çà îáðàç-

öîì ïðè ïðîâåäåíèè èñïûòàíèé, à òàêæå øèáåðíû-

ìè îòâåðñòèÿìè 6, èñïîëüçóåìûìè äëÿ èçìåíåíèÿ

ðåæèìîâ èñïûòàíèé [20–23].

Ýêñïîçèöèîííàÿ êàìåðà ïðåäñòàâëÿåò ñîáîé êó-

áè÷åñêèé îáúåì (0,5887 ì3) ñ êîíóñîîáðàçíîé âåðõ-

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè: 1 — êàìåðà ñãî-

ðàíèÿ; 2 — ýêñïîçèöèîííàÿ êàìåðà; 3 — ïåðåõîäíîé ðóêàâ;

4 — ýëåêòðîíàãðåâàòåëüíûé èçëó÷àòåëü; 5 — äåðæàòåëü îá-

ðàçöà; 6 — øèáåðíûå îòâåðñòèÿ; 7 — ñòîëèê äëÿ âåñîâ; 8 —

äâåðöà ýêñïîçèöèîííîé êàìåðû; 9 — äâåðöà êàìåðû ñãîðà-

íèÿ; 10 — âåíòèëÿòîð; 11 — çàñëîíêà (ïåðåãîðîäêà) ïåðå-

õîäíîãî ðóêàâà [24]

Fig. 1. The scheme of the experimental unit: 1 — combustion

chamber; 2 — exposure camera; 3 — transition sleeve; 4 — electric

heating radiator; 5 — sample holder; 6 — gate holes; 7 — table

for scales; 8 — door of the exposure chamber; 9 — door of

the combustion chamber; 10 — the fan; 11 — damper (partition)

of the transition sleeve [24]
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íåé ÷àñòüþ. Íà äâóõ áîêîâûõ ñòåíêàõ óñòàíîâëåíû

øèáåðíûå îòâåðñòèÿ. Ïî âñåìó ýêñïîçèöèîííîìó

îáúåìó ðàñïîëîæåíû 32 íèçêîèíåðöèîííûõ áðîíè-

ðîâàííûõ òåðìîïàðû äëÿ íåïðåðûâíîãî êîíòðîëÿ

òåìïåðàòóðû â ðàññìàòðèâàåìîì îáúåìå. Äàííûå

òåðìîïàðû èìåþò äèàïàçîí èçìåðåíèé îò ìèíóñ 40

äî +1100 °Ñ ñ ïîãðåøíîñòüþ íå áîëåå �1,5t (°C).

Äåðæàòåëü îáðàçöîâ ðàçìåùàåòñÿ íà ýëåêòðîííûõ

âåñàõ 7, êîòîðûå ðàñïîëîæåíû íà ïîäâèæíîì ñòîëå

è èìåþò ïîãðåøíîñòü íå áîëåå �1 ìã.

Êîíòðîëü íàä ïëîòíîñòüþ òåïëîâîãî ïîòîêà, ïà-

äàþùåãî íà îáðàçåö, ïîäâåðãøèéñÿ èñïûòàíèÿì,

îñóùåñòâëÿåòñÿ ñ ïîìîùüþ âîäîîõëàæäàåìîãî äàò-

÷èêà òèïà Ãîðäîíà è ðåãèñòðèðóþùåãî ïðèáîðà ñ

äèàïàçîíîì èçìåðåíèé îò 0 äî 100 ìÂ. Ïîãðåøíîñòü

èçìåðåíèÿ ïëîòíîñòè òåïëîâîãî ïîòîêà íå ïðåâû-

øàåò �8 %.

Ïîñòîÿííûé êîíòðîëü ñîñòàâà ãàçîâîçäóøíîé

ñðåäû â ýêñïîçèöèîííîé êàìåðå îñóùåñòâëÿåòñÿ ñ

ïîìîùüþ ìíîãîêàíàëüíîãî ãàçîàíàëèçàòîðà, èçìåðÿ-

þùåãî êîíöåíòðàöèþ îêñèäà óãëåðîäà ñ äèàïàçîíîì

èçìåðåíèé îò 0 äî 1 % îá. è äîïóñòèìîé ïîãðåøíî-

ñòüþ �10 %; êîíöåíòðàöèþ äèîêñèäà óãëåðîäà —

ñ äèàïàçîíîì èçìåðåíèé îò 0 äî 5 % îá. è äîïóñòè-

ìîé ïîãðåøíîñòüþ �10 %; êîíöåíòðàöèþ êèñëîðî-

äà — ñ äèàïàçîíîì èçìåðåíèé îò 0 äî 21 % îá. è äî-

ïóñòèìîé ïîãðåøíîñòüþ �10 % îá.

Ìîäåðíèçàöèÿ óñòàíîâêè çàêëþ÷àåòñÿ â òîì, ÷òî

ñèñòåìà èçìåðåíèé êîíöåíòðàöèé ãàçîâ âíóòðè ýêñ-

ïîçèöèîííîé êàìåðû äîïîëíåíà ãàçîàíàëèçàòîðîì

äëÿ èçìåðåíèÿ êîíöåíòðàöèé HCN ñ äèàïàçîíîì èç-

ìåðåíèé îò 0 äî 0,01 % îá. è äîïóñòèìîé ïîãðåø-

íîñòüþ �1 %.

Íåïîñðåäñòâåííî ïåðåä ïðîâåäåíèåì èñïûòàíèé

èçãîòàâëèâàþòñÿ îáðàçöû èññëåäóåìîãî ìàòåðèàëà

ðàçìåðàìè 100�100 ìì. Çàòåì îíè ïîäâåðãàþòñÿ êîí-

äåíñàöèè â òå÷åíèå 12 ÷ ïðè êîìíàòíîé òåìïåðàòó-

ðå 20 °Ñ.

Èñïûòàíèå íà÷èíàåòñÿ ñ çàïóñêà êîíòóðà íàãðå-

âàòåëüíîãî ýëåìåíòà, âêëþ÷åíèÿ ÏÊ è çàïóñêà ðå-

ãèñòðèðóþùèõ ïðîãðàìì ñ ïîñëåäóþùåé ïðîâåðêîé

îòêëèêà äàò÷èêîâ. Ïîñëå ýòîãî ñòóïåí÷àòî çàäàåòñÿ

ðàáî÷àÿ òåìïåðàòóðà (766 °Ñ) è ïëîòíîñòü ïàäàþùå-

ãî òåïëîâîãî ïîòîêà (60 êÂò�ì2). Ïðè âûõîäå òåì-

ïåðàòóðû è ïëîòíîñòè íà óñòàíîâëåííûå çíà÷åíèÿ

îòêðûâàþò çàñëîíêó ïåðåõîäíîãî ðóêàâà è äâåðöó

êàìåðû ñãîðàíèÿ, ïîñëå ÷åãî ïðåäâàðèòåëüíî âçâå-

øåííûé îáðàçåö ìàòåðèàëà ïîìåùàþò â êàìåðó ñãî-

ðàíèÿ è çàêðûâàþò äâåðöó [23].

Â õîäå ïðîâåäåíèÿ èñïûòàíèÿ ôèêñèðóþòñÿ ñëå-

äóþùèå ïîêàçàòåëè:
� ìàññà îáðàçöà â õîäå èñïûòàíèÿ (êàæäûå 3–10 ñ);
� òåìïåðàòóðà â îáúåìå ýêñïîçèöèîííîé êàìåðû;
� êîíöåíòðàöèÿ ãàçîâ, âõîäÿùèõ â ñîñòàâ ïðîäóê-

òîâ ãîðåíèÿ, à èìåííî ÑÎ2, ÑÎ, HCN, O2;
� îïòè÷åñêàÿ ïëîòíîñòü äûìà.

Óäåëüíûå êîýôôèöèåíòû îáðàçîâàíèÿ ÑÎ (LÑÎ)

è HCN (LHCN) â êàæäûé ìîìåíò âðåìåíè îïðåäåëÿ-

þòñÿ ïî ôîðìóëàì:

L
V

CO
COd

d
�
�

�
�

; (1)

L
V

HCN
HCNd

d
�
�

�
�

, (2)

ãäå V — îáúåì ýêñïîçèöèîííîé êàìåðû, ì3;

�— ìàññîâàÿ ñêîðîñòü âûãîðàíèÿ ãîðþ÷åãî ìà-

òåðèàëà, êã�ñ;

�HCN — ñðåäíåîáúåìíàÿ ïëîòíîñòü HCN â ýêñ-

ïîçèöèîííîé êàìåðå, êã�ì3;

� — âðåìÿ îò íà÷àëà èñïûòàíèé, ñ;

�CO — ñðåäíåîáúåìíàÿ ïëîòíîñòü ÑÎ â ýêñïîçè-

öèîííîé êàìåðå, êã�ì3.

Èñõîäíûå äàííûå

Èññëåäîâàëèñü òðè îáðàçöà èçîëÿöèè êàáåëÿ “Low

Smoke” ñ ïåðâîíà÷àëüíîé ìàññîé 0,073 êã è ðàçìå-

ðàìè 100�100 ìì.

Êðèòè÷åñêîå çíà÷åíèå ïàðöèàëüíîé ïëîòíîñòè

ìîíîêñèäà óãëåðîäà �ÑÎ êð = 1,16 �10–3 êã�ì3.

Êðèòè÷åñêîå çíà÷åíèå ïàðöèàëüíîé ïëîòíîñòè

HCN ïðèíèìàåì �HCN êð = 1,1 � 10–5 êã�ì3.

Òåìïåðàòóðà â ïîìåùåíèè ïðè ïðîâåäåíèè ýêñ-

ïåðèìåíòîâ 23 °Ñ, äàâëåíèå 753 ìì ðò. ñò., âëàæ-

íîñòü âîçäóõà 38 %.

Ðåçóëüòàòû ýêñïåðèìåíòîâ

è èõ àíàëèç

Çàâèñèìîñòè ìàññîâîé ñêîðîñòè âûãîðàíèÿ èçî-

ëÿöèè êàáåëÿ “Low Smoke” îò âðåìåíè ïðåäñòàâëå-

íû íà ðèñ. 3.

Ðèñ. 2. Îáùèé âèä ýêñïåðèìåíòàëüíîé óñòàíîâêè

Fig. 2. General view of the experimental unit
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Çàâèñèìîñòè ñðåäíåîáúåìíîé ïàðöèàëüíîé ïëîò-

íîñòè öèàíîâîäîðîäà è ìîíîêñèäà óãëåðîäà, à òàêæå

óäåëüíûõ ìàññîâûõ êîýôôèöèåíòîâ èõ îáðàçîâàíèÿ

îòâðåìåíè ñ íà÷àëà îïûòîâ ïðåäñòàâëåíû íàðèñ.4–7.

Èç ðèñ. 4 âèäíî, ÷òî ïàðöèàëüíàÿ ïëîòíîñòü HCN

äîñòèãàåò ñâîåãî êðèòè÷åñêîãîçíà÷åíèÿ÷åðåç2,9ìèí.

Òàêèì îáðàçîì, ïðè ðàñ÷åòå ïîæàðíîãî ðèñêà â ïî-

ìåùåíèÿõ, ãäå íàõîäèòñÿ êàáåëü “Low Smoke”, äëÿ

îáåñïå÷åíèÿ âûïîëíåíèÿ óñëîâèÿ áåçîïàñíîé ýâà-

êóàöèè ëþäåé íåîáõîäèìî ïðîâîäèòü ðàñ÷åò âðåìå-

íè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè öèàíîâîäîðîäîì.

Èç ðèñ. 5 âèäíî, ÷òî ïàðöèàëüíàÿ ïëîòíîñòü ÑÎ

ñòàíîâèòñÿ ðàâíîé êðèòè÷åñêîìó çíà÷åíèþ �ÑÎ êð =

= 1,16 � 10–3 êã�ì3 [6] ÷åðåç 1,2–2,2 ìèí. Îäíàêî, êàê

ïîêàçàíî â ðàáîòå [20], áîëåå òî÷íûì êðèòåðèåì

áåçîïàñíîñòè äëÿ ÷åëîâåêà ÿâëÿåòñÿ äîñòèæåíèå

óäåëüíîé ìàññîé êàðáîêñèãåìîãëîáèíà â åãî êðîâè,

îáðàçóþùåãîñÿ ïðè ïîñòóïëåíèè ÑÎ â îðãàíèçì, çíà-

÷åíèÿ 0,2.

Ðèñ. 3. Çàâèñèìîñòü ìàññîâîé ñêîðîñòè âûãîðàíèÿ îò âðå-

ìåíè ãîðåíèÿ èçîëÿöèè êàáåëÿ “Low Smoke”: 1–3 — íîìåðà

ýêñïåðèìåíòîâ

Fig. 3. The dependence of mass burning rate on burning time of

cable insulation “Low Smoke”: 1–3 — numbers of experiments

Ðèñ. 4. Çàâèñèìîñòü ïàðöèàëüíîé ïëîòíîñòè HCN îò âðåìå-

íè ïðè ãîðåíèè êàáåëÿ “Low Smoke”: 1–3 — íîìåðà ýêñïåðè-

ìåíòîâ

Fig. 4. The dependence of the partial density of HCN on the burn-

ing time of the cable “Low Smoke”: 1–3 — numbers of experi-

ments

Ðèñ. 5. Çàâèñèìîñòü ïàðöèàëüíîé ïëîòíîñòè ÑÎ îò âðåìåíè

ïðè ãîðåíèè êàáåëÿ “Low Smoke”: 1–3 — íîìåðà ýêñïåðè-

ìåíòîâ

Fig. 5. The dependence of the partial density of CO on the burn-

ing time of the cable “Low Smoke”: 1–3 — numbers of experi-

ments

Ðèñ. 6. Çàâèñèìîñòü óäåëüíîãî ìàññîâîãî êîýôôèöèåíòà îáðà-

çîâàíèÿ HCN îò âðåìåíè ïðè ãîðåíèè êàáåëÿ “Low Smoke”:

1–3 — íîìåðà ýêñïåðèìåíòîâ

Fig. 6. The dependence of the specific mass formation coefficient

of HCN from the burning time of the cable “Low Smoke”: 1–3 —

numbers of experiments

Ðèñ. 7. Çàâèñèìîñòü óäåëüíîãî ìàññîâîãî êîýôôèöèåíòà îá-

ðàçîâàíèÿ ÑÎ îò âðåìåíè ïðè ãîðåíèè êàáåëÿ “Low Smoke”:

1–3 — íîìåðà ýêñïåðèìåíòîâ

Fig. 7. The dependence of the specific mass formation coefficient

of CO from the burning time of the cable “Low Smoke”: 1–3 —

numbers of experiments
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Ñðåäíèå çíà÷åíèÿ óäåëüíîãî ìàññîâîãî êîýôôè-

öèåíòà îáðàçîâàíèÿ HCN â äàííûõ ýêñïåðèìåíòàõ

LHCN = 0,00021	0,00056, ÷òî áëèçêî ê çíà÷åíèÿì äëÿ

èçîëÿöèè êàáåëåé äðóãèõ òèïîâ, ïðåäñòàâëåííûì

â ëèòåðàòóðíûõ èñòî÷íèêàõ: LHCN = 0,00032	
0,000396 [7].

Çàêëþ÷åíèå

Ïðåäñòàâëåííîå â ÑÏ 11.13130.2009 çíà÷åíèå

êðèòè÷åñêîé ïëîòíîñòè HCN, íåîáõîäèìîå äëÿ ðàñ-

÷åòà âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè öèà-

íîâîäîðîäîì, ÿâëÿåòñÿ ñóùåñòâåííî çàâûøåííûì,

÷òî ìîæåò ïðèâåñòè ê íåäîîöåíêå ïîæàðíîé îïàñ-

íîñòè è ãèáåëè ëþäåé.

Ìîäåðíèçàöèÿ ýêñïåðèìåíòàëüíîé óñòàíîâêè

[20–23] äàåò âîçìîæíîñòü ïîëó÷èòü ýêñïåðèìåíòàëü-

íûå çàâèñèìîñòè ïàðöèàëüíûõ ïëîòíîñòåé öèàíî-

âîäîðîäà è ìîíîêñèäà óãëåðîäà, à òàêæå óäåëüíûõ

êîýôôèöèåíòîâ èõ âûäåëåíèÿ îò âðåìåíè. Ýòî ïî-

çâîëÿåò ðàñøèðèòü (ïî HCN) è óòî÷íèòü (ïî ÑÎ) ñó-

ùåñòâóþùóþ áàçó äàííûõ òèïîâîé ïîæàðíîé íà-

ãðóçêè è ïðîâîäèòü ðàñ÷åò âðåìåíè áëîêèðîâàíèÿ

ïóòåé ýâàêóàöèè ïðè ñîâìåñòíîì âîçäåéñòâèè âûøå-

óêàçàííûõ ãàçîâ.

Ýêñïåðèìåíòû ïîêàçàëè, ÷òî ïðè èñïîëüçîâàíèè

â ïîìåùåíèè êàáåëåé êîììóíèêàöèîííûõ “Low

Smoke” ïàðöèàëüíàÿ ïëîòíîñòü öèàíîâîäîðîäà äî-

ñòèãàåò êðèòè÷åñêîãî çíà÷åíèÿ. Â ñâÿçè ñ ýòèì ïðè

ðàñ÷åòå ïîæàðíûõ ðèñêîâ äëÿ îáîñíîâàíèÿ âûïîë-

íåíèÿ óñëîâèÿ áåçîïàñíîé ýâàêóàöèè ëþäåé ïðè ãî-

ðåíèè ñîâðåìåííîé êàáåëüíîé ïðîäóêöèè íåîáõî-

äèìî îïðåäåëÿòü âðåìåíà áëîêèðîâàíèÿ ïóòåé ýâà-

êóàöèè òîêñè÷íûìè ãàçàìè ñ ó÷åòîì öèàíîâîäîðîäà.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Áåëåøíèêîâ È. Ë. Ñóäåáíî-ìåäèöèíñêàÿ îöåíêà ñîäåðæàíèÿ öèàíèäîâ â îðãàíàõ è òêàíÿõ ëþ-

äåé, ïîãèáøèõ â óñëîâèÿõ ïîæàðà : àâòîðåô. äèñ. … êàíä. ìåä. íàóê. — ÑÏá., 1996. — 11 ñ.

2. Stec A. A., Hull T. R. Assessment of the fire toxicity of building insulation materials �� Energy and

Buildings. — 2011. — Vol. 43, Issue 2-3. — P. 498–506. DOI: 10.1016�j.enbuild.2010.10.015.

3. Ïóçà÷ Ñ. Â., Äîàí Â. Ì., Íãóåí Ò. Ä., Ñóëåéêèí Å. Â., Àêïåðîâ Ð. Ã. Îáðàçîâàíèå, ðàñïðîñòðàíåíèå

è âîçäåéñòâèå íà ÷åëîâåêà òîêñè÷íûõ ïðîäóêòîâ ãîðåíèÿ ïðè ïîæàðå â ïîìåùåíèè : ìîíîãðàôèÿ

� Ïîä ðåä. Ñ. Â. Ïóçà÷à. — Ì. : Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2017. — 130 ñ.

4. Ïóçà÷ Ñ. Â. Ìåòîäû ðàñ÷åòà òåïëîìàññîîáìåíà ïðè ïîæàðå â ïîìåùåíèè è èõ ïðèìåíåíèå ïðè

ðåøåíèè ïðàêòè÷åñêèõ çàäà÷ ïîæàðîâçðûâîáåçîïàñíîñòè. — Ì. : Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè,

2005. — 336 ñ.

5. Kim N.-K., Cho N.-W., Rie D.-H. A study on the risk of particulate materials included in the combustion

products of building materials �� Fire Science and Engineering. — 2016. — Vol. 30, Issue 1. —

P. 43–48. DOI: 10.7731�KIFSE.2016.30.1.043.

6. Êîøìàðîâ Þ. À. Ïðîãíîçèðîâàíèå îïàñíûõ ôàêòîðîâ ïîæàðà â ïîìåùåíèè. — Ì. : Àêàäåìèÿ

ÃÏÑ ÌÂÄ Ðîññèè, 2000. — 118 ñ.

7. Ïóçà÷ Ñ. Â., Ñìàãèí À. Â., Ëåáåä÷åíêî Î. Ñ., Àáàêóìîâ Å. Ñ. Íîâûå ïðåäñòàâëåíèÿ î ðàñ÷åòå íå-

îáõîäèìîãî âðåìåíè ýâàêóàöèè ëþäåé è îá ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ïîðòàòèâíûõ ôèëüò-

ðóþùèõ ñàìîñïàñàòåëåé ïðè ýâàêóàöèè íà ïîæàðàõ. — Ì. : Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2007.

— 222 ñ.

8. Anderson R. A., Harland W. A. Fire Deaths in the Glasgow Area: III the Role of Hydrogen Cyanide �� Medi-

cine, Science and the Law. — 1982. — Vol. 22, Issue 1. — P. 35–40. DOI: 10.1177�002580248202200106.

9. Sweeney L. M., Sommerville D. R., Goodwin M. R., James R. A., Channel S. R. Acute toxicity when con-

centration varies with time: A case study with carbon monoxide inhalation by rats �� Regulatory Toxi-

cology and Pharmacology. — 2016. — Vol. 80. — P. 102–115. DOI: 10.1016�j.yrtph.2016.06.014.

10. Pauluhn J. Acute inhalation toxicity of carbon monoxide and hydrogen cyanide revisited: Comparison of

models to disentangle the concentration � time conundrum of lethality and incapacitation �� Regulatory

Toxicology and Pharmacology. — 2016. — Vol. 80.—P. 173–182.DOI:10.1016�j.yrtph.2016.06.017.

11. Ýðêåíîâ Ð. Õ., Ýãèçîâ Ñ. Ê., Ìåùåðÿêîâ À. Â., Ïëàêñèöêèé À. Á. Òåõíè÷åñêèå èññëåäîâàíèÿ ïðî-

öåññîâ ìåõàíîäåñòðóêöèè ñòðîèòåëüíûõ ïîëèìåðíûõ ìàòåðèàëîâ �� Ïîæàðíàÿ áåçîïàñíîñòü:

ïðîáëåìû è ïåðñïåêòèâû. — 2018. — T. 1, ¹ 9. — Ñ. 1018–1019.

12. Treitman R. D., Burgess W. A., Gold A. Air contaminants encountered by firefighters �� American

Industrial Hygiene Association Journal. — 1980. — Vol. 41, Issue 11. — P. 796–802. DOI:

10.1080�15298668091425662.

13. Õîëùåâíèêîâ Â. Â., Ñàìîøèí Ä. À., Ïàðôåíåíêî À. Ï., Êóäðèí È. Ñ., Èñòðàòîâ Ð. Í., Áåëîñîõîâ È. Ð.

Ýâàêóàöèÿ è ïîâåäåíèå ëþäåé ïðè ïîæàðàõ. — Ì. : Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2015. — 262 ñ.

14. Ñàìîøèí Ä. À. Ñîñòàâ ëþäñêèõ ïîòîêîâ è ïàðàìåòðû èõ äâèæåíèÿ ïðè ýâàêóàöèè. — Ì. : Àêàäå-

ìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2016. — 210 ñ.



25ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 5

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

15. Orloff K. G., Kaplan B., Kowalski P. Hydrogen cyanide in ambient air near a gold heap leach field:

Measured vs. modeled concentrations �� Atmospheric Environment. — 2006. — Vol. 40, Issue 17. —

P. 3022–3029. DOI: 10.1016�j.atmosenv.2005.09.089.

16. Anseeuw K., Delvau N., Burillo-Putze G., De Iaco F., Geldner G., Holmström P., Lambert Y., Sabbe M.

Cyanide poisoning by fire smoke inhalation: a European expert consensus �� European Journal of

Emergency Medicine. — 2013. — Vol. 20, Issue 1. — P. 2–9. DOI: 10.1097�MEJ.0b013e328357170b.

17. Èëè÷êèí Â. Ñ., Ôóêàëîâà À. À. Òîêñè÷íîñòü ïðîäóêòîâ ãîðåíèÿ ïîëèìåðíûõ ìàòåðèàëîâ : îáçîð-

íàÿ èíôîðìàöèÿ. — Ì. : ÃÈÖ, 1987. — 68 ñ.

18. Hartzell G. E., Priest D. N., Switzer W. G. Modeling of toxicological effects of fire gases: II. Mathema-

tical modeling of intoxication of rats by carbon monoxide and hydrogen cyanide �� Journal of Fire Sci-

ences. — 1985. — Vol. 3, Issue 2. — P. 115–128. DOI: 10.1177�073490418500300204.

19. Kaplan H. L., Hartzell G. E. Modeling of toxicological effects of fire gases: I. Incapacitation effects of

narcotic fire gases �� Journal of Fire Sciences. — 1984. — Vol. 2, Issue 4. — P. 286–305. DOI:

10.1177�073490418400200404.

20. Ïóçà÷ Ñ. Â., Íãóåí Òàò Äàò. Êðèòè÷åñêàÿ êîíöåíòðàöèÿ ìîíîîêñèäà óãëåðîäà ïðè ïîæàðå â ïîìå-

ùåíèè �� Ïîæàðíàÿ áåçîïàñíîñòü: ïðîáëåìû è ïåðñïåêòèâû. — 2016. — Ò. 1, ¹ 1. — Ñ. 181–183.

21. Ïóçà÷ Ñ. Â., Àêïåðîâ Ð. Ã. Ýêñïåðèìåíòàëüíîå îïðåäåëåíèå óäåëüíîãî êîýôôèöèåíòà îáðàçîâà-

íèÿ ìîíîêñèäà óãëåðîäà ïðè ïîæàðå â ïîìåùåíèè �� Ïîæàðîâçðûâîáåçîïàñíîñòü�Fire and Ex-

plosion Safety. — 2016. — T. 25, ¹ 5. — Ñ. 18–25. DOI: 10.18322�PVB.2016.25.05.18-25.

22. Ïóçà÷ Ñ. Â., Ñóëåéêèí Å. Â. Íîâûé òåîðåòèêî-ýêñïåðèìåíòàëüíûé ïîäõîä ê ðàñ÷åòó ðàñïðîñòðà-

íåíèÿ òîêñè÷íûõ ãàçîâ ïðè ïîæàðå â ïîìåùåíèè �� Ïîæàðîâçðûâîáåçîïàñíîñòü�Fire and Ex-

plosion Safety. — 2016. — Ò. 25, ¹ 2. — Ñ. 13–20. DOI: 10.18322�PVB.2016.25.02.13-20.

23. Ïóçà÷ Ñ. Â., Ñóëåéêèí Å. Â., Àêïåðîâ Ð. Ã., Ïóçà÷ Â. Ã. Îá ýêñïåðèìåíòàëüíîé îöåíêå òîêñè÷íîñòè

ïðîäóêòîâ ãîðåíèÿ ïðè ïîæàðå â ïîìåùåíèè �� Òåõíîëîãèè òåõíîñôåðíîé áåçîïàñíîñòè. —

2013. — Âûï. 4(50). — 11 c.

REFERENCES

1. I. L. Beleshnikov. Forensic medical assessment of the content of cyanide in the organs and tissues of

people who died in a fire. Abstr. Cand. Sci. (Med.) Diss. Saint Petersburg, 1996. 11 p. (in Russian).

2. A. A. Stec, T. R. Hull. Assessment of the fire toxicity of building insulation materials. Energy and Build-

ings, 2011, vol. 43, issue 2-3, pp. 498–506. DOI: 10.1016�j.enbuild.2010.10.015.

3. S. V. Puzach, V. M. Doan, T. D. Nguen, E. V. Suleykin, R. G. Akperov. Obrazovaniye, rasprostrane-

niye i vozdeystviye na cheloveka toksichnykh produktov goreniya pri pozhare v pomeshchenii [The for-

mation, distribution and effects on humans of toxic products of combustion at the fire indoors].

Moscow, State Fire Academy of Emercom of Russia Publ., 2017. 130 p. (in Russian).

4. S. V. Puzach. Metody rascheta teplomassoobmena pri pozhare v pomeshchenii i ikh primeneniye pri

reshenii prakticheskikh zadach pozharovzryvobezopasnosti [Methods for calculating the heat and mass

transfer in a fire at the premises and their application in solving practical problems of fire safety].

Moscow, State Fire Academy of Emercom of Russia Publ., 2005. 336 p. (in Russian).

5. N.-K. Kim, N.-W. Cho, D.-H. Rie. A study on the risk of particulate materials included in the combus-

tion products of building materials. Fire Science and Engineering, 2016, vol. 30, issue 1, pp. 43–48.

DOI: 10.7731�KIFSE.2016.30.1.043.

6. Yu. A. Koshmarov. Prognozirovaniye opasnykh faktorov pozhara v pomeshchenii [Òhe prediction of

dangerous fire factors in the room]. Moscow, State Fire Academy of Ministry of Internal Affairs of

Russia Publ., 2000. 118 p. (in Russian).

7. S. V. Puzach, A. V. Smagin, O. S. Lebedchenko, E. S. Abakumov. Novyye predstavleniya o raschete ne-

obkhodimogo vremeni evakuatsii lyudey i ob effektivnosti ispolzovaniya portativnykh filtruyushchikh

samospasateley pri evakuatsii na pozharakh [New ideas about the calculation of necessary time of eva-

cuation of people and the effectiveness of using a portable filter self-rescuers during evacuation at fires].

Moscow, State Fire Academy of Emercom of Russia Publ., 2007. 222 p. (in Russian).

8. R. A. Anderson, W. A. Harland. Fire deaths in the Glasgow Area: III the role of hydrogen cyanide. Me-

dicine, Science and the Law, 1982, vol. 22, issue 1, pp. 35–40. DOI: 10.1177�002580248202200106.

9. L. M. Sweeney, D. R. Sommerville, M. R. Goodwin, R. A. James, S. R. Channel. Acute toxicity when

concentration varies with time: A case study with carbon monoxide inhalation by rats. Regulatory Toxi-

cology and Pharmacology, 2016, vol. 80, pp. 102–115. DOI: 10.1016�j.yrtph.2016.06.014.

10. J. Pauluhn. Acute inhalation toxicity of carbon monoxide and hydrogen cyanide revisited: Comparison

of models to disentangle the concentration� time conundrum of lethality and incapacitation. Regulatory

Toxicology and Pharmacology, 2016, vol. 80, pp. 173–182. DOI: 10.1016�j.yrtph.2016.06.017.



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 VOL. 28 No. 526

COMBUSTION, DETONATION AND EXPLOSION PROCESSES

11. R. H. Erkenov, S. K. Egizov, A. V. Meshcheryakov, A. B. Plaksitsky. Technical research of processes of

mehanodestruction of building polymer materials. Pozharnaya bezopasnost: problemy i perspektivy�
Fire Safety: Problems and Prospects, 2018, vol. 1, no. 9, pp. 1018–1019 (in Russian).

12. R. D. Treitman, W. A. Burgess, A. Gold. Air contaminants encountered by firefighters. American

Industrial Hygiene Association Journal, 1980, vol. 41, issue 11, pp. 796–802. DOI:

10.1080�15298668091425662.

13. V. V. Kholshchevnikov, D. A. Samoshin, A. P. Parfenenko, I. S. Kudrin, R. N. Istratov, I. R. Beloso-

khov. Evakuatsiya i povedeniye lyudey pri pozharakh [Evacuation and behavior of people during fires].

Moscow, State Fire Academy of Emercom of Russia Publ., 2015. 262 p. (in Russian).

14. D. A. Samoshin. Sostav lyudskikh potokov i parametry ikh dvizheniya pri evakuatsii [The composition

of human flows and the parameters of their movement during evacuation]. Moscow, State Fire Aca-

demy of Emercom of Russia Publ., 2016. 210 p. (in Russian).

15. K. G. Orloff, B. Kaplan, P. Kowalski. Hydrogen cyanide in ambient air near a gold heap leach field: Me-

asured vs. modeled concentrations. Atmospheric Environment, 2006, vol. 40, issue 17, pp. 3022–3029.

DOI: 10.1016�j.atmosenv.2005.09.089.

16. K. Anseeuw, N. Delvau, G. Burillo-Putze, F. De Iaco, G. Geldner, P. Holmström, Y. Lambert, M. Sabbe.

Cyanide poisoning by fire smoke inhalation: a European expert consensus. European Journal of

Emergency Medicine, 2013, vol. 20, issue 1, pp. 2–9. DOI: 10.1097�MEJ.0b013e328357170b.

17. V. S. Ilichkin, A. A. Fukalova. Toksichnost produktov goreniya polimernykh materialov: obzornaya in-

formatsiya [Toxicity of combustion products of polymeric materials. Overview]. Moscow, GITs Publ.,

1987. 68 p. (in Russian).

18. G. E. Hartzell, D. N. Priest, W. G. Switzer. Modeling of toxicological effects of fire gases: II. Mathema-

tical modeling of intoxication of rats by carbon monoxide and hydrogen cyanide. Journal of Fire

Sciences, 1985, vol. 3, issue 2, pp. 115–128. DOI: 10.1177�073490418500300204.

19. H. L. Kaplan, G. E. Hartzell. Modeling of toxicological effects of fire gases: I. Incapacitation effects

of narcotic fire gases. Journal of Fire Sciences, 1984, vol. 2, issue 4, pp. 286–305. DOI:

10.1177�073490418400200404.

20. S. V. Puzach, Tat Dat Nguen. Critical carbon monoxide concentration in an indoor fire. Pozharnaya

bezopasnost: problemy i perspektivy � Fire Safety: Problems and Prospects, 2016, vol. 1 no. 1,

pp. 181–183 (in Russian).

21. S. V. Puzach, R. G. Akperov. Experimental determination of the specific coefficient of release of carbon

monoxide during a fire in the room. Pozharovzryvobezopasnost�Fire and Explosion Safety, 2016,

vol. 25, no. 5, pp. 18–25 (in Russian). DOI: 10.18322�PVB.2016.25.05.18-25.

22. S. V. Puzach, E. V. Suleykin. New united theoretical and experimental approach to the calculation of the

distribution of toxic gases in case of fire in the room. Pozharovzryvobezopasnost�Fire and Explosion

Safety, 2016, vol. 25, no. 2, pp. 13–20 (in Russian). DOI: 10.18322�PVB.2016.25.02.13-20.

23. S. V. Puzach, E. V. Suleikin, R. G. Akperov, V. G. Puzach. About experimental toxicity assessment of

combustion products at fire in premise. Tekhnologii tekhnosfernoy bezopasnosti � Technology of Tech-

nosphere Safety, 2013, issue 4(50). 11 p. (in Russian).

Ïîñòóïèëà 01.07.2019, ïîñëå äîðàáîòêè 26.08.2019;

ïðèíÿòà ê ïóáëèêàöèè 16.09.2019

Received 1 July 2019; Received in revised form 26 August 2019;

Accepted 16 September 2019

Èíôîðìàöèÿ îá àâòîðàõ Information about the authors

ÏÓÇÀ× Ñåðãåé Âèêòîðîâè÷, ä-ð òåõí. íàóê, ïðîôåññîð,

çàñëóæåííûé äåÿòåëü íàóêè ÐÔ, íà÷àëüíèê êàôåäðû èí-

æåíåðíîé òåïëîôèçèêè è ãèäðàâëèêè, Àêàäåìèÿ Ãîñó-

äàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè,

ã. Ìîñêâà, Ðîññèéñêàÿ Ôåäåðàöèÿ; Author ID: 7003537835;

Researcher ID: U-2907-2019; ORCID: 0000-0001-7234-1339;

e-mail: puzachsv@mail.ru

Sergey V. PUZACH, Dr. Sci. (Eng.), Professor, Honoured

Scientist of the Russian Federation, Head of Thermal Physics

and Hydraulic Department, State Fire Academy of Emercom of

Russia, Moscow, Russian Federation; Author ID: 7003537835;

Researcher ID: U-2907-2019; ORCID: 0000-0001-7234-1339;

e-mail: puzachsv@mail.ru

ÁÎËÄÐÓØÊÈÅÂ Î÷èð Áààòðîâè÷, àäúþíêò êàôåäðû

èíæåíåðíîé òåïëîôèçèêè è ãèäðàâëèêè, Àêàäåìèÿ Ãîñó-

äàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ; ã. Ìîñêâà,

Ðîññèéñêàÿ Ôåäåðàöèÿ; ORCID: 0000-0001-7127-5608;

e-mail: avadanonstop@mail.ru

Ochir B. BOLDRUSHKIEV, Postgraduated Student, Thermal

Physics and Hydraulic Department, State Fire Academy of

Emercom of Russia, Moscow, Russian Federation; ORCID:

0000-0001-7127-5608; e-mail: avadanonstop@mail.ru


