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Ïðåäñòàâëåíà ýêñïåðèìåíòàëüíàÿ ìåëêîìàñøòàáíàÿ óñòàíîâêà ïî ìîäåëèðîâàíèþ òåðìîãàçî-
äèíàìèêè ïîæàðà â óñëîâíî ãåðìåòè÷íîì îáúåìå. Ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè
ñðåäíåîáúåìíîé ïëîòíîñòè ìîíîêñèäà óãëåðîäà ÑÎ îò ñðåäíåîáúåìíîé òåìïåðàòóðû, à òàêæå
óäåëüíîãî êîýôôèöèåíòà âûäåëåíèÿ ìîíîêñèäà óãëåðîäà è óäåëüíîé ìàññîâîé ñêîðîñòè ãàçè-
ôèêàöèè îò âðåìåíè èñïûòàíèé ïðè ãîðåíèè äðåâåñèíû, ìàñëà òðàíñôîðìàòîðíîãî è îáîëî÷êè
êàáåëåé ÏÂÕ. Ïðîâåäåíî ñîïîñòàâëåíèå ðåçóëüòàòîâ ýêñïåðèìåíòîâ ñ äàííûìè ëèòåðàòóðíûõ
èñòî÷íèêîâ è àíàëèòè÷åñêèì ðåøåíèåì èíòåãðàëüíîé ìîäåëè. Ïîêàçàíî, ÷òî óäåëüíûå êîýô-
ôèöèåíòû âûäåëåíèÿ ÑÎ çíà÷èòåëüíî èçìåíÿþòñÿ ïî âðåìåíè ñ íà÷àëà ãîðåíèÿ è èõ ñðåäíèå
çíà÷åíèÿ ñóùåñòâåííî çàâèñÿò îò ïåðèîäà îñðåäíåíèÿ ïî âðåìåíè èñïûòàíèé.
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Ââåäåíèå

Ïî ñòàòèñòèêå áîëåå ÷åì â 80 % ñëó÷àåâ ïðè÷èíîé
ñìåðòè ëþäåé íà ïîæàðàõ ÿâëÿëîñü îòðàâëåíèå ïðî-
äóêòàìè ãîðåíèÿ [1–3], ïîýòîìó ìàòåìàòè÷åñêîå ìî-
äåëèðîâàíèå ðàñïðîñòðàíåíèÿ òîêñè÷íûõ ïðîäóê-
òîâ ãîðåíèÿ ïðè ïîæàðå ïðåäñòàâëÿåò ñîáîé àêòó-
àëüíóþ çàäà÷ó [4, 5].

Â íàñòîÿùåå âðåìÿ ìàòåìàòè÷åñêèå ìîäåëè ðàñ-
÷åòà äèíàìèêè îïàñíûõ ôàêòîðîâ ïîæàðà (â òîì
÷èñëå êîíöåíòðàöèé òîêñè÷íûõ ïðîäóêòîâ ãîðåíèÿ)
â ïîìåùåíèè ïîëó÷èëè äîñòàòî÷íîå ðàçâèòèå äëÿ
ðåøåíèÿ ïðàêòè÷åñêèõ çàäà÷ ïîæàðíîé áåçîïàñíî-
ñòè, â ÷àñòíîñòè äëÿ ðàñ÷åòà ïîæàðíûõ ðèñêîâ (íà-
ïðèìåð, ðàáîòû [5–8]).

Èñõîäíûå äàííûå ïî âûäåëåíèþ òîêñè÷íûõ ïðî-
äóêòîâ ãîðåíèÿ ïðåäñòàâëåíû, íàïðèìåð, â ó÷åáíîì
ïîñîáèè [9] è â ìîíîãðàôèè [4]. Óäåëüíûå êîýôôè-
öèåíòû âûäåëåíèÿ òîêñè÷íûõ ãàçîâ ïðèíÿòû ïîñòî-
ÿííûìè, ò. å. íå çàâèñÿùèìè îò òåðìîãàçîäèíàìè÷å-
ñêîé êàðòèíû ðàçâèòèÿ ïîæàðà (êîíöåíòðàöèè êèñ-
ëîðîäà, òåìïåðàòóðû è ò. ä.).

Â íàñòîÿùåé ðàáîòå íà îñíîâå ïðîâåäåíèÿ ýêñ-
ïåðèìåíòîâ íà ñîçäàííîé îïûòíîé ìåëêîìàñøòàá-
íîé óñòàíîâêå âûïîëíåí àíàëèç èçìåíåíèÿ óäåëü-
íûõ êîýôôèöèåíòîâ âûäåëåíèÿ ìîíîêñèäà óãëåðîäà
ÑÎ âî âðåìåíè, íà÷èíàÿ ñ ìîìåíòà âîçíèêíîâåíèÿ

ãîðåíèÿ, è çàâèñèìîñòåé èõ ñðåäíèõ çíà÷åíèé îò ïå-
ðèîäà îñðåäíåíèÿ ïî âðåìåíè.

Ïîñòàíîâêà çàäà÷è

Ñõåìà ïðîöåññà ãîðåíèÿ â óñëîâíî ãåðìåòè÷íîì
ìåëêîìàñøòàáíîì îáúåìå ïðåäñòàâëåíà íà ðèñ. 1.
Â êà÷åñòâå òîêñè÷íîãî ãàçà áóäåì ðàññìàòðèâàòü ìî-
íîêñèä óãëåðîäà.

Çàäà÷à — ïîëó÷èòü â ìåëêîìàñøòàáíîé ýêñïåðè-
ìåíòàëüíîé óñòàíîâêå ýêñïåðèìåíòàëüíûå è òåîðå-
òè÷åñêèå çàâèñèìîñòè ñðåäíåîáúåìíîé ïëîòíîñòè
ìîíîêñèäà óãëåðîäà îò ñðåäíåîáúåìíîé òåìïåðàòó-
ðû ãàçîâîé ñðåäû, ýêñïåðèìåíòàëüíûå çàâèñèìîñòè
óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ ÑÎ è óäåëü-
íûõ ìàññîâûõ ñêîðîñòåé ãàçèôèêàöèè ãîðþ÷åãî ìà-
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Ðèñ. 1. Ñõåìà òåïëîìàñ-
ñîîáìåíà â óñëîâíî ãåð-
ìåòè÷íîì ìåëêîìàñøòàá-
íîì îáúåìå: 1 — îãðàæ-
äàþùèå êîíñòðóêöèè; 2 —
ãîðþ÷èé ìàòåðèàë; 3 —
ñìåñü ïðîäóêòîâ ãîðåíèÿ
è âîçäóõà; & — ìàññîâàÿ
ñêîðîñòü ãàçèôèêàöèè ãî-
ðþ÷åãî ìàòåðèàëà, êã�ñ
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òåðèàëà îò âðåìåíè è ïðîâåñòè àíàëèç ïîëó÷åííûõ
ñîîòíîøåíèé.

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ïðåäñòàâ-
ëåíà íà ðèñ. 2. Êàìåðà ñãîðàíèÿ 1 ñîåäèíåíà ñ ýêñ-
ïîçèöèîííîé êàìåðîé 2 ïåðåõîäíûì ðóêàâîì 3,
îñíàùåííûì óñòðîéñòâîì òåïëîâîãî áëîêèðîâàíèÿ.
Â êàìåðå óñòàíîâëåí ýêðàíèðîâàííûé ýëåêòðîíàãðå-
âàòåëüíûé èçëó÷àòåëü 4 è äåðæàòåëü îáðàçöà 5 íà
ïîäâèæíîé îñíîâå.

Êàìåðà ñãîðàíèÿ îáúåìîì 3 � 10–3 ì3 âûïîëíåíà èç
ëèñòîâîé íåðæàâåþùåé ñòàëè òîëùèíîé (2,0'0,1) ìì.
Íà áîêîâîé ñòåíêå êàìåðû èìååòñÿ îêíî èç êâàðöå-
âîãî ñòåêëà äëÿ íàáëþäåíèÿ çà îáðàçöîì ïðè èñïû-
òàíèÿõ, à òàêæå øèáåðíûå îòâåðñòèÿ äëÿ èçìåíåíèÿ
ðåæèìîâ èñïûòàíèÿ.

Ýêñïîçèöèîííàÿ êàìåðà ïðåäñòàâëÿåò ñîáîé êó-
áè÷åñêèé îáúåì (0,5887 ì3) ñ êîíóñîîáðàçíîé âåðõ-
íåé ÷àñòüþ. Íà äâóõ áîêîâûõ ñòåíêàõ óñòðîåíû øè-
áåðíûå îòâåðñòèÿ.

Äåðæàòåëü îáðàçöîâ ðàñïîëîæåí íà ýëåêòðîí-
íûõ âåñàõ ñ ïîãðåøíîñòüþ íå áîëåå '1 ìã, óñòàíîâ-
ëåííûõ íà ñïåöèàëüíîì ïîäâèæíîì ñòîëå.

Äëÿ íåïðåðûâíîãî êîíòðîëÿ òåìïåðàòóðû â ýêñ-
ïîçèöèîííîé êàìåðå ðàçìåùåíû 32 íèçêîèíåðöè-
îííûå áðîíèðîâàííûå òåðìîïàðû ñ äèàïàçîíîì èç-
ìåðåíèé îò ìèíóñ 40 äî +1100 °Ñ ñ ïîãðåøíîñòüþ
íå áîëåå '1,5t (°Ñ).

Äëÿ êîíòðîëÿ ïëîòíîñòè òåïëîâîãî ïîòîêà, ïàäà-
þùåãî íà îáðàçåö, èñïîëüçóåòñÿ âîäîîõëàæäàåìûé
äàò÷èê òèïà äàò÷èêà Ãîðäîíà è ðåãèñòðèðóþùèé
ïðèáîð c äèàïàçîíîì èçìåðåíèé îò 0 äî 100 ìÂ. Ïî-

ãðåøíîñòü èçìåðåíèÿ ïëîòíîñòè òåïëîâîãî ïîòîêà
íå ïðåâûøàåò '8 %.

Äëÿ íåïðåðûâíîãî êîíòðîëÿ ñîñòàâà ãàçîâîçäóø-
íîé ñðåäû â ýêñïîçèöèîííîé êàìåðå ïðèìåíÿåòñÿ
ìíîãîêàíàëüíûé ãàçîàíàëèçàòîð, èçìåðÿþùèé êîí-
öåíòðàöèþ îêñèäà óãëåðîäà ñ äèàïàçîíîì èçìåðå-
íèé îò 0 äî 1 % îá. è äîïóñòèìîé ïîãðåøíîñòüþ
'10 %, äèîêñèäà óãëåðîäà — îò 0 äî 5 % îá. è äîïó-
ñòèìîé ïîãðåøíîñòüþ '10 %, êèñëîðîäà — îò 0
äî 21 % îá. è äîïóñòèìîé ïîãðåøíîñòüþ '10 %.

Ãîðþ÷èå ìàòåðèàëû èñïûòûâàëèñü â ðåæèìå ïëà-
ìåííîãî ãîðåíèÿ, êîòîðûé îáåñïå÷èâàåòñÿ ïðè òåì-
ïåðàòóðå èñïûòàíèÿ 750 °Ñ è ïëîòíîñòè ïàäàþùå-
ãî òåïëîâîãî ïîòîêà 60 êÂò�ì2.

Ïðåäâàðèòåëüíî âçâåøåííûé îáðàçåö ìàòåðèà-
ëà, èìåþùèé êîìíàòíóþ òåìïåðàòóðó, ïîìåùàþò â
äåðæàòåëü îáðàçöà (âêëàäûø). Ñ ìîìåíòà âûõîäà
ýëåêòðîíàãðåâàòåëüíîãî èçëó÷àòåëÿ íà ñòàáèëèçè-
ðîâàííûé ðåæèì îòêðûâàþò çàñëîíêó ïåðåõîäíîãî
ðóêàâà è äâåðöó êàìåðû ñãîðàíèÿ. Âêëàäûø ñ îá-
ðàçöîì áåç çàäåðæêè ïîìåùàþò â äåðæàòåëü îáðàç-
öà, ïîñëå ÷åãî äâåðöó êàìåðû ñãîðàíèÿ çàêðûâàþò.

Â ïðîöåññå èñïûòàíèé â ðåæèìå ïîñòîÿííîãî ìî-
íèòîðèíãà ôèêñèðóþòñÿ êîíöåíòðàöèè (% îá.) ÑÎ,
ÑÎ2, Î2, òåìïåðàòóðà è èçìåíåíèå ìàññû îáðàçöà.

Óäåëüíûé êîýôôèöèåíò âûäåëåíèÿ ìîíîêñèäà
óãëåðîäà LÑÎ â êàæäûé ìîìåíò âðåìåíè îïðåäåëÿ-
åòñÿ ïî ôîðìóëå
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ãäå V — âíóòðåííèé îáúåì óñòàíîâêè, ì3;
& — ìàññîâàÿ ñêîðîñòü âûãîðàíèÿ ãîðþ÷åãî ìà-
òåðèàëà, êã�ñ;
(ÑÎ — ñðåäíåîáúåìíàÿ ïëîòíîñòü ÑÎ, êã�ì3;
) — âðåìÿ, ñ.

Èíòåãðàëüíàÿ ìîäåëü ðàñ÷åòà
òåïëîìàññîîáìåíà

Â ðàáîòå [10] ïîêàçàíî, ÷òî ñðåäíåîáúåìíàÿ ïëîò-
íîñòü òîêñè÷íîãî ãàçà (â ÷àñòíîñòè, ÑÎ) ìîæåò áûòü
îïèñàíà çàâèñèìîñòüþ, ïîëó÷åííîé èç àíàëèòè÷å-
ñêîãî ðåøåíèÿ óðàâíåíèé èíòåãðàëüíîé ìîäåëè ïðè
* = const è LÑÎ = const:

(ÑÎ
ÑÎ

í
ð
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Q
, (2)

ãäå K — êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè ìåæäó
ñðåäíåîáúåìíîé ïëîòíîñòüþ òîêñè÷íîãî ãàçà è
îòíîøåíèåì L QÑÎ í

ð, Äæ�ì3;
Qí

ð — íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿ ãîðþ÷å-
ãî ìàòåðèàëà, Äæ�êã.
Êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè íå çàâèñèò îò

ñâîéñòâ ãîðþ÷åãî ìàòåðèàëà, ðàçìåðîâ ïîìåùåíèÿ
è ïëîùàäè îòêðûòîé ïîâåðõíîñòè ãîðþ÷åãî ìàòå-

Ðèñ. 2. 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
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ðèàëà è ÿâëÿåòñÿ ôóíêöèåé òîëüêî òðåõ ïàðàìåòðîâ,
õàðàêòåðèçóþùèõ òåðìîäèíàìè÷åñêóþ êàðòèíó ïî-
æàðà [10]:

K f T T� ( , , ),ñð â * (3)

ãäå Tñð — ñðåäíåîáúåìíàÿ òåìïåðàòóðà ãàçîâîé ñðå-
äû, Ê;
Tâ — òåìïåðàòóðà âîçäóõà â ïîìåùåíèè, Ê;
* — êîýôôèöèåíò òåïëîïîòåðü, ðàâíûé äîëå òåï-
ëîòû, âûäåëÿþùåéñÿ â î÷àãå ãîðåíèÿ è ïîñòóïà-
þùåé â îãðàæäàþùèå êîíñòðóêöèè èç âñåãî îáú-
åìà ïîìåùåíèÿ.
Äëÿ ðàññìàòðèâàåìîé àâòîðàìè ñõåìû ïîæàðà

(ñì. ðèñ. 1) [10]:
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Ïðèíÿâ K Qí
ð � (*, ïðåîáðàçóåì âûðàæåíèå (2)

ê âèäó:

( (+ÑÎ ÑÎ� L , (5)

ãäå (* — õàðàêòåðíàÿ ïëîòíîñòü, çàâèñÿùàÿ òîëüêî
îò ñõåìû òåðìîãàçîäèíàìè÷åñêîé êàðòèíû ïî-
æàðà, òåïëîôèçè÷åñêèõ ïàðàìåòðîâ ïîæàðà è ãî-
ðþ÷åãî ìàòåðèàëà, êã�ì3.
Ôîðìóëà (5), âûðàæàþùàÿ çàâèñèìîñòü ñðåäíå-

îáúåìíîé ïëîòíîñòè ÑÎ îò ñðåäíåîáúåìíîé òåìïå-
ðàòóðû, íå ñîäåðæèò ãåîìåòðè÷åñêèõ ðàçìåðîâ ïî-
ìåùåíèÿ è ïëîùàäè îòêðûòîé ïîâåðõíîñòè ãîðþ÷èõ
ìàòåðèàëîâ è, ñëåäîâàòåëüíî, ÿâëÿåòñÿ ñïðàâåäëè-
âîé â óñëîâèÿõ êàê ìåëêîìàñøòàáíîãî, òàê è êðóï-
íîìàñøòàáíîãî ïîæàðà â ïîìåùåíèè. Ýòîò âûâîä
ïîäòâåðæäåí â ðàáîòå [11] íà îñíîâå ñîïîñòàâëåíèÿ
ðåçóëüòàòîâ ðàñ÷åòîâ ñðåäíåîáúåìíîé ïëîòíîñòè ìî-
íîêñèäà óãëåðîäà, ïîëó÷åííûõ äëÿ ïîëíîìàñøòàá-
íîãî ïîìåùåíèÿ ñ èñïîëüçîâàíèåì àíàëèòè÷åñêîãî
ðåøåíèÿ èíòåãðàëüíîé ìîäåëè è ïîëíîé ñèñòåìû
óðàâíåíèé çîííîé ìàòåìàòè÷åñêîé ìîäåëè, ñ ýêñïå-
ðèìåíòàëüíûìè äàííûìè, ïîëó÷åííûìè ïðè èñïû-
òàíèÿõ ïî ïðîòî÷íîé ñõåìå òåðìîãàçîäèíàìèêè ïî-
æàðà [11].

Èñõîäíûå äàííûå

Ðàññìàòðèâàþòñÿ ñëåäóþùèå ãîðþ÷èå ìàòåðè-
àëû [9]:

à) òâåðäàÿ ãîðþ÷àÿ íàãðóçêà:
– õâîéíûå äðåâåñíûå ñòðîéìàòåðèàëû: Qí

ð =
= 13,8 ÌÄæ�êã, &óä = 0,0063 êã�(ì2 � ñ), LCO =
= 0,024 (ãäå &óä — óäåëüíàÿ ìàññîâàÿ ñêîðîñòü
âûãîðàíèÿ ãîðþ÷åãî ìàòåðèàëà, êã�(ì2 � ñ));

– îáîëî÷êà êàáåëåé ÏÂÕ: Qí
ð = 25 ÌÄæ�êã,

&óä = 0,0244 êã�(ì2 � ñ), LCO = 0,109;
á) æèäêàÿ ãîðþ÷àÿ íàãðóçêà: ìàñëî òðàíñôîðìà-

òîðíîå:Qí
ð = 41,9 ÌÄæ�êã,&óä = 0,03 êã�(ì2·ñ),

LCO = 0,122.

Êðèòè÷åñêîå çíà÷åíèå ïëîòíîñòè ìîíîêñèäà óã-
ëåðîäà (ÑÎ êð = 1,16 � 10–3 êã�ì3 [9].

Ñðåäíåå çíà÷åíèå êîýôôèöèåíòà òåïëîïîòåðü *
îïðåäåëÿëîñü ðàñ÷åòîì ñ èñïîëüçîâàíèåì ôîðìó-
ëû (5), â êîòîðîé (ÑÎ = (ÑÎ êð. Ñðåäíåîáúåìíàÿ òåì-
ïåðàòóðà Tñð ðàâíà òåìïåðàòóðå, ïðè êîòîðîé (ÑÎ =
� (ÑÎ êð. Çíà÷åíèÿ Qí

ð ïðèíèìàëèñü ïî ðàáîòå [9],
à LCO — ïî ðåçóëüòàòàì ýêñïåðèìåíòà ïóòåì îñðåä-
íåíèÿ ïî âðåìåíè âûðàæåíèÿ (1).

Ðåçóëüòàòû ÷èñëåííûõ è íàòóðíûõ
ýêñïåðèìåíòîâ è èõ àíàëèç

Ýêñïåðèìåíòû ïðîâîäèëèñü äî òåìïåðàòóð ãàçî-
âîé ñìåñè âíóòðè ïîìåùåíèé, íå ïðåâûøàþùèõ êðè-
òè÷åñêîãî äëÿ ÷åëîâåêà çíà÷åíèÿ, ðàâíîãî 70 °Ñ [9].

Çàâèñèìîñòè ñðåäíåîáúåìíîé ïëîòíîñòè ìîíî-
êñèäà óãëåðîäà(CO ñð îò ïîâûøåíèÿ ñðåäíåîáúåìíîé
òåìïåðàòóðû �Tñð ïðåäñòàâëåíû íà ðèñ. 3 äëÿ ñëó-
÷àÿ ãîðåíèÿ õâîéíûõ äðåâåñíûõ ñòðîéìàòåðèàëîâ,
íà ðèñ. 4 — òðàíñôîðìàòîðíîãî ìàñëà è íà ðèñ. 5 —
îáîëî÷êè êàáåëåé ÏÂÕ.

Ïðè ðàñ÷åòå ïî ôîðìóëå (5) âåëè÷èíàQí
ð ïðèíè-

ìàëàñü ïî äàííûì ðàáîòû [9], à ñðåäíåå çíà÷åíèå
LCO — ïî ðåçóëüòàòàì ïðîâåäåííûõ ýêñïåðèìåíòîâ.

Çàâèñèìîñòè ñðåäíåîáúåìíîé êîíöåíòðàöèè
êèñëîðîäà îò âðåìåíè ïðèâåäåíû íà ðèñ. 6 äëÿ ãî-
ðåíèÿ õâîéíûõ äðåâåñíûõ ñòðîéìàòåðèàëîâ, òðàíñ-
ôîðìàòîðíîãî ìàñëà è îáîëî÷êè êàáåëåé ÏÂÕ.

Çàâèñèìîñòè óäåëüíîé ìàññîâîé ñêîðîñòè ãàçè-
ôèêàöèè ãîðþ÷åãî ìàòåðèàëà îò âðåìåíè èñïûòà-
íèé ïðèâåäåíû íà ðèñ. 7.

Ðèñ. 3. Çàâèñèìîñòè ñðåäíåîáúåìíîé ïëîòíîñòè ìîíîêñèäà
óãëåðîäà îò èçìåíåíèÿ ñðåäíåîáúåìíîé òåìïåðàòóðû ïðè
ãîðåíèè õâîéíûõ äðåâåñíûõ ñòðîéìàòåðèàëîâ, ïîëó÷åííûå
ýêñïåðèìåíòàëüíî (1, 2) è ðàñ÷åòîì ïî ôîðìóëå (5) (3, 4):
1 — F = 0,0072 ì2; 2 — F = 0,0145 ì2; 3 — * = 0,97, F =

= 0,0072 ì2; 4 — * = 0,98, F = 0,0145 ì2; F — ïëîùàäü ïî-
âåðõíîñòè îáðàçöà
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Ñðåäíèå çà âðåìÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ çíà-
÷åíèÿ &óä ñîñòàâëÿëè:
� äëÿ õâîéíûõ äðåâåñíûõ ñòðîèòåëüíûõ ìàòå-

ðèàëîâ — 0,0072 è 0,0068 êã�(ì2 �ñ) (ïî [9]
&óä = 0,0063 êã�(ì2 �ñ));

� äëÿ îáîëî÷åê êàáåëåé ÏÂÕ äàííûå íå ïîëó÷åíû
èç-çà íåîïðåäåëåííîñòè ïëîùàäè ãîðåíèÿ;

� äëÿ ìàñëà òðàíñôîðìàòîðíîãî — 0,022; 0,007 è
0,018 êã�(ì2 � ñ) (ïî [9] &óä = 0,03 êã�(ì2 � ñ)).
Ñóùåñòâåííûå ðàçëè÷èÿ â çíà÷åíèÿõ &óä ïðè

ãîðåíèè òðàíñôîðìàòîðíîãî ìàñëà â òðåõ ýêñïåðè-
ìåíòàõ îáúÿñíÿþòñÿ ðàçíîé òîëùèíîé ñëîÿ ìàñëà
â êþâåòå.

Íà ðèñ. 8 ïðåäñòàâëåíû çàâèñèìîñòè óäåëüíûõ
êîýôôèöèåíòîâ îáðàçîâàíèÿ ÑÎ îò âðåìåíè. Ðåçóëü-
òàòû ýêñïåðèìåíòîâ ïîêàçàëè, ÷òî çíà÷åíèÿ óäåëü-
íûõ êîýôôèöèåíòîâ îáðàçîâàíèÿ ÑÎ (ñì. ðèñ. 8) è,
ñîîòâåòñòâåííî, ïëîòíîñòè ÑÎ (ñì. ðèñ. 3–5) íåçíà-

Ðèñ. 4. Çàâèñèìîñòè ñðåäíåîáúåìíîé ïëîòíîñòè ìîíîêñèäà
óãëåðîäà îò èçìåíåíèÿ ñðåäíåîáúåìíîé òåìïåðàòóðû ïðè ãî-
ðåíèè òðàíñôîðìàòîðíîãî ìàñëà (F = 0,01 ì2), ïîëó÷åííûå
ýêñïåðèìåíòàëüíî (1–3) è ðàñ÷åòîì ïî ôîðìóëå (5) (4–6):
1 — , = 2,85 ìì; 2 — , = 1,15 ìì; 3 — , = 7,3 ìì; 4 — * = 0,88;
5 — * = 0,97; 6 — * = 0,90; , — òîëùèíà ñëîÿ òðàíñôîðìà-
òîðíîãî ìàñëà â êþâåòå

Ðèñ. 5. Çàâèñèìîñòè ñðåäíåîáúåìíîé ïëîòíîñòè ìîíîêñèäà
óãëåðîäà îò èçìåíåíèÿ ñðåäíåîáúåìíîé òåìïåðàòóðû ïðè ãî-
ðåíèè îáîëî÷êè êàáåëåé ÏÂÕ, ïîëó÷åííûå ýêñïåðèìåíòàëü-
íî (1–3) è ðàñ÷åòîì ïî ôîðìóëå (5) (4–6): 1 — * = 0,97,
F = 0,0067 ì2; 2 — * = 0,97, F = 0,0059 ì2; 3 — * = 0,98,
F = 0,012 ì2; 4 — F = 0,0067 ì2; 5 — F = 0,0059 ì2; 6 —

F = 0,012 ì2

Ðèñ. 6. Ýêñïåðèìåíòàëüíûå çàâèñèìîñòè ñðåäíåîáúåìíîé êîí-
öåíòðàöèè êèñëîðîäà îò âðåìåíè: à — õâîéíûå äðåâåñíûå
ñòðîéìàòåðèàëû: 1 — F = 0,0072 ì2; 2 — F = 0,0145 ì2; 3 —
X O êð2

= 17 % [9]; á — òðàíñôîðìàòîðíîå ìàñëî: 4 —,= 1,15 ìì;
5 — , = 7,3 ìì; 6 — X O êð2

= 17 % [9]; â — îáîëî÷êà êàáåëåé
ÏÂÕ: 7 — F = 0,0067 ì2; 8 — F = 0,0059 ì2; 9 — F = 0,012 ì2;
10 — X O êð2

= 17 % [9]; X O2
— îáúåìíàÿ êîíöåíòðàöèÿ êèñ-

ëîðîäà; X O êð2
— êðèòè÷åñêîå çíà÷åíèå îáúåìíîé êîíöåíò-

ðàöèè êèñëîðîäà
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÷èòåëüíû íà íà÷àëüíîé ñòàäèè ãîðåíèÿ, êîãäà êîí-
öåíòðàöèÿ êèñëîðîäà ïðàêòè÷åñêè íå ìåíÿåòñÿ (ñì.
ðèñ. 6). Ïðè ñíèæåíèè êîíöåíòðàöèè Î2 âûäåëåíèå
ÑÎ ðåçêî óâåëè÷èâàåòñÿ è ïëîòíîñòü ÑÎ áûñòðî äî-
ñòèãàåò êðèòè÷åñêîãî çíà÷åíèÿ (ñì. ðèñ. 3–5). Òàêèì
îáðàçîì, äîïóùåíèå î ïîñòîÿíñòâå LCO íà íà÷àëü-
íîé ñòàäèè ïîæàðà, ïðèíÿòîå â ðàáîòàõ [7–9, 12, 13],
íå îòðàæàåò ðåàëüíîé òåðìîãàçîäèíàìè÷åñêîé êàð-
òèíû ðàçâèòèÿ ïîæàðà.

Èç ðèñ. 3–5 âèäíî, ÷òî ðàñ÷åò ïî âûðàæåíèþ (5) ñ
èñïîëüçîâàíèåì ïîëó÷åííûõ èç ýêñïåðèìåíòîâ ñðåä-
íèõ çíà÷åíèé LCO è * äîñòàòî÷íî òî÷íî îïðåäåëÿåò
ñðåäíåîáúåìíóþ òåìïåðàòóðó â ìîìåíò âðåìåíè,
êîãäà (ÑÎ = (ÑÎ êð.

Ñðåäíåîáúåìíàÿ ïëîòíîñòü ÑÎ â íà÷àëüíûé ïðî-
ìåæóòîê âðåìåíè ñóùåñòâåííî ìåíüøå òåîðåòè÷å-
ñêîãî çíà÷åíèÿ, ïîëó÷åííîãî ïðè äîïóùåíèè LCO =
= const (ñì. ðèñ. 3 (êðèâûå 3 è 4), ðèñ. 4 (êðèâûå 4–6),
ðèñ. 5 (êðèâûå 4–6)).

Ñðåäíèå ïî âðåìåíè ïðîâåäåíèÿ ýêñïåðèìåíòîâ
çíà÷åíèÿ LCO ïðåäñòàâëåíû â òàáëèöå. Àíàëèç äàí-

íûõ òàáëèöû ïîêàçûâàåò, ÷òî â çàâèñèìîñòè îò âðå-
ìåíè îñðåäíåíèÿ âåëè÷èíà LCO ìîæåò èçìåíÿòüñÿ äëÿ
õâîéíûõ äðåâåñíûõ ñòðîéìàòåðèàëîâ â 2,63 ðàçà,
äëÿ îáîëî÷êè êàáåëåé ÏÂÕ — â 1,8 ðàçà è ìàñëà
òðàíñôîðìàòîðíîãî — â 5,1 ðàçà.

Ñóùåñòâåííîå îòëè÷èå çíà÷åíèé LCO îò ïðåäñòàâ-
ëåííûõ â ðàáîòå [9] ìîæíî îáúÿñíèòü êàê ðàçëè÷è-
åì óñëîâèé ïðîâåäåíèÿ ýêñïåðèìåíòîâ, òàê è òåì,

Ðèñ. 7. Çàâèñèìîñòè óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêà-
öèè ãîðþ÷åãî ìàòåðèàëà îò âðåìåíè ñ íà÷àëà ãîðåíèÿ: à —
õâîéíûå äðåâåñíûå ñòðîéìàòåðèàëû: 1 — F = 0,0072 ì2; 2 —
F = 0,0145 ì2; 3 — &óä = 0,0063 êã�(ì2 � ñ) [9]; á — òðàíñôîð-
ìàòîðíîå ìàñëî: 4 — , = 2,85 ìì; 5 — , = 1,15 ìì; 6 —
, = 7,3 ìì; 7 — &óä = 0,03 êã�(ì2 � ñ) [9]

Ðèñ. 8. Çàâèñèìîñòè óäåëüíûõ êîýôôèöèåíòîâ îáðàçîâàíèÿ
ÑÎ îò âðåìåíè ñ íà÷àëà ãîðåíèÿ: à — õâîéíûå äðåâåñíûå
ñòðîéìàòåðèàëû: 1 — F = 0,0072 ì2; 2 — F = 0,0145 ì2; 3 —
LCO = 0,024 [9]; á — òðàíñôîðìàòîðíîå ìàñëî: 4 — , = 1,15 ìì;
5 — , = 7,3 ìì; 6 — LCO = 0,122 [9]; â — îáîëî÷êà êàáåëåé
ÏÂÕ: 7 — F = 0,0067 ì2; 8 — F = 0,012 ì2; 9 — LCO = 0,109 [9]
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÷òî õèìè÷åñêèé ñîñòàâ îáîëî÷êè êàáåëåé ÏÂÕ è
ìàñëà òðàíñôîðìàòîðíîãî â íàñòîÿùåé ðàáîòå è â
ïóáëèêàöèè [9] ìîæåò çíà÷èòåëüíî îòëè÷àòüñÿ äðóã
îò äðóãà. Êðîìå òîãî, â äàííûõ îïûòàõ íå èçìåðÿëàñü
âëàæíîñòü õâîéíûõ äðåâåñíûõ ñòðîéìàòåðèàëîâ.

Çàêëþ÷åíèå

Ýêñïåðèìåíòû, ïðîâåäåííûå íà ìåëêîìàñøòàá-
íîé óñòàíîâêå â óñëîâíî ãåðìåòè÷íîì îáúåìå, ïî-
êàçàëè, ÷òî óäåëüíûå êîýôôèöèåíòû âûäåëåíèÿ ÑÎ
çíà÷èòåëüíî èçìåíÿþòñÿ ïî âðåìåíè ñ íà÷àëà ãîðå-

íèÿ è èõ ñðåäíèå çíà÷åíèÿ ñóùåñòâåííî çàâèñÿò îò
ïåðèîäà îñðåäíåíèÿ ïî âðåìåíè èñïûòàíèé.

Íåîáõîäèìî ïðîäîëæåíèå ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèé ñ öåëüþ îáîñíîâàíèÿ ìåòîäèêè ïîëó-
÷åíèÿ îïûòíûõ çíà÷åíèé óäåëüíûõ êîýôôèöèåíòîâ
âûäåëåíèÿ ìîíîêñèäà óãëåðîäà, ÿâëÿþùèõñÿ èñõîä-
íûìè äàííûìè äëÿ ìàòåìàòè÷åñêèõ ìîäåëåé ðàñ÷å-
òà äèíàìèêè îïàñíûõ ôàêòîðîâ ïîæàðà â ïîëíîìàñ-
øòàáíîì ïîìåùåíèè. Èñïûòàíèÿ áóäóò âûïîëíåíû
íà ìåëêîìàñøòàáíîé óñòàíîâêå êàê ïî óñëîâíî ãåð-
ìåòè÷íîé, òàê è ïî ïðîòî÷íîé ñõåìàì òå÷åíèÿ [11].
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ABSTRACT

An experimental installation for small-scale modeling of thermal and gas dynamics of fire in conven-
tionally sealed volume during the combustion of solid and liquid combustible substances and mate-
rials is created. The plant consists of a combustion chamber and the exposure chamber in which there
are measured the current mass of combustible material, the temperature of heat source, the mean
volume temperature and mean volume gas concentrations in the gas mixture.

Analytical dependence for calculating the mean volume density of carbon monoxide is proposed.
It is shown that the above mentioned density does not depend on the properties of the combustible
material, sizes of the room and the area of the exposed surface of the fuel material. Thus, the above
relationship is valid in a small-scale and large-scale conditions of fires in the room.

Experimental dependences between mean volume density of carbon monoxide and the mean
volume temperature are obtained. Experimental dependences of the coefficients of the specific
release of carbon monoxide and specific gasification mass rates from testing time during the com-
bustion of coniferous wood, transformer oil and PVC sheath cables are received. It was found that
the above coefficients are substantially unsteady.

A comparison of experimental results with those of literary sources and the analytical solution of
the integral model is presented. The essential difference between the obtained values of LCO and
the provided ones in the literature can be explained by differences in the experimental conditions.
Also the chemical compositions of the PVC sheath cables and transformer oil in this paper and in the
published ones may differ significantly from each other. Furthermore, in these experiments there was
not measured humidity of coniferous wood materials.

It is shown that the values of the specific release coefficient and density of carbon monoxide are
insignificant in the initial stage of burning when the oxygen concentration remains practically un-
changed. By reducing the concentration of the oxygen emission of carbon monoxide increases dra-
matically and the density of carbon monoxide quickly reaches its critical value.

It was found that the average value of the specific release coefficient of carbon monoxide depends
essentially on the averaging period of the time. Averaging value can be changed in the case of
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coniferous wood materials in 2.63 times, for cable sheathing PVC — 1.8 times and transformer oil —
5.1 times.

Keywords: fire; modeling; carbon monoxide; specific coefficient of release of carbon monoxide;
specific mass speed of gasification.
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