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ÐÅÇÞÌÅ

Ââåäåíèå. Îòñóòñòâèå äàííûõ ïî ïàðàìåòðàì ãîðåíèÿ ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ íå ïîçâîëÿåò ïðîâîäèòü

äîñòîâåðíûé ðàñ÷åò òåïëîâîãî ïîòîêà îò ëåñíîãî ïîæàðà, âîçäåéñòâóþùåãî íà îáúåêòû ýíåðãåòèêè Âüåòíàìà.

Ïîýòîìó èññëåäîâàíèå ïðîöåññà ãîðåíèÿ êðîíû ðàçëè÷íûõ ïîðîä äåðåâüåâ Âüåòíàìà ÿâëÿåòñÿ àêòóàëüíîé

íàó÷íîé è ïðàêòè÷åñêîé çàäà÷åé.

Öåëè è çàäà÷è. Öåëüþ ñòàòüè ÿâëÿåòñÿ îáîñíîâàíèå èñõîäíûõ äàííûõ äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

ïàðàìåòðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïîæàðîâ íà îáúåêòû ýíåðãåòèêè Âüåòíàìà. Äëÿ åå äî-

ñòèæåíèÿ áûëè ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîöåññà ãîðåíèÿ îáðàçöîâ êðîíû íàèáîëåå

ðàñïðîñòðàíåííûõ ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà.

Ìåòîäû. Èñïîëüçóåòñÿ ýêñïåðèìåíòàëüíûé ìåòîä èññëåäîâàíèÿ ãîðåíèÿ îáðàçöîâ êðîíû äåðåâüåâ â ìàëî-

ãàáàðèòíîé ýêñïåðèìåíòàëüíîé óñòàíîâêå. Ïðîâåäåí àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ.

Ðåçóëüòàòû. Ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè è óäåëü-

íîãî êîýôôèöèåíòà âûäåëåíèÿ ìîíîêñèäà óãëåðîäà (ÑÎ) îò âðåìåíè èñïûòàíèé îáðàçöîâ êðîíû ïÿòè íàè-

áîëåå ðàñïðîñòðàíåííûõ ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà. Ïðîâåäåíî ñîïîñòàâëåíèå ñðåäíèõ

çíà÷åíèé âûøåóêàçàííûõ ïàðàìåòðîâ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè ïðè ãîðåíèè îáðàçöîâ äðåâåñíîé

ìàññû ñòâîëîâ äåðåâüåâ è ïðèâåäåííûìè â ëèòåðàòóðíûõ èñòî÷íèêàõ. Ïîêàçàíî, ÷òî ñðåäíèå ïî âðåìåíè

ýêñïåðèìåíòàëüíûå çíà÷åíèÿ óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè âñåõ îáðàçöîâ êðîíû äåðåâüåâ

â 2,7–5,7 ðàçà ìåíüøå çíà÷åíèé, ïîëó÷åííûõ ïðè ãîðåíèè äðåâåñíîé ìàññû ñòâîëîâ äåðåâüåâ. Â òî æå âðåìÿ

ýêñïåðèìåíòàëüíûå ñðåäíèå çíà÷åíèÿ óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ ìîíîêñèäà óãëåðîäà ïðè ãîðå-

íèè êðîíû äåðåâüåâ â 2,5–10,9 ðàçà áîëüøå, ÷åì â ñëó÷àå ãîðåíèÿ äðåâåñíîé ìàññû ñòâîëîâ.

Çàêëþ÷åíèå. Ïðîâåäåííîå ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ïðîöåññà ãîðåíèÿ îáðàçöîâ êðîíû íàèáîëåå

ðàñïðîñòðàíåííûõ ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà ïîçâîëÿåò îáîñíîâàòü âûáîð çíà÷åíèé

óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ ÑÎ è óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè, íåîáõîäèìûõ äëÿ ìà-

òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïàðàìåòðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïîæàðîâ íà îáúåêòû

ýíåðãåòèêè Âüåòíàìà.
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ABSTRACT

Introduction. The absence of the burning parameters of forest combustible materials does not allow a reliable cal-

culation of the heat flux from a forest fire affecting the energy facilities of Vietnam. Therefore, the study of the com-

bustion of samples of Vietnamese trees krone is an urgent scientific and practical problem.

Goals and objectives. The purpose of the article is to substantiate the source data for mathematical modeling of

the parameters and thermal effects of high forest fires on the objects of power industry in Vietnam. To achieve it,

experimental studies of the burning of trees krone samples of the most common deciduous and coniferous trees

of Vietnam were carried out.
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Methods. An experimental method is used to study the burning of trees krone samples in a small-sized experi-

mental installation. The analysis of the results is made.

Results. Experimental dependences of the specific mass speed of gasification and specific coefficient of release

of carbon monoxide on the time of testing of trees krone samples of five most common deciduous and coniferous

trees of Vietnam were obtained. The average values of the above mentioned parameters were compared with the

values obtained during the burning of tree trunk samples and given in the literary sources. It is shown that time-

average experimental values of specific mass speed of gasification of all samples of tree krone are 2.7–5.7 times

less than corresponding values, which were determined during tree trunks burning. At the same time experimental

average values of specific coefficient of release of carbon monoxide at burning of tree krone are 2.5–10.9 times

more than corresponding values in case of burning of wood mass of tree trunks.

Conclusion. An experimental study of the burning of trees krone samples of the most common deciduous and coni-

ferous trees of Vietnam allows to substantiate the choice of specific coefficient of release of carbon monoxide and

specific mass speed of gasification required for mathematical modeling of parameters and thermal effects of high

forest fires on Vietnamese energy facilities.

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

monoxide; flame burning.
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Ââåäåíèå

Ëåñíûå ïîæàðû ìîãóò ïðèâîäèòü ê êàòàñòðîôè÷å-

ñêèì ðàçðóøåíèÿì æèçíåííî âàæíûõ äëÿ ýêîíîìè-

êè è áåçîïàñíîñòè ñòðàíû îáúåêòîâ ýíåðãåòèêè, ïðå-

êðàùåíèå ôóíêöèîíèðîâàíèÿ êîòîðûõ âåäåò ê íà-

ðóøåíèþ æèçíåäåÿòåëüíîñòè ÷åëîâåêà.

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ëåñíûõ ïîæà-

ðîâ ÿâëÿåòñÿ î÷åíü ñëîæíîé, äî êîíöà íå ðåøåííîé,

ìíîãîôàêòîðíîé è íåëèíåéíîé çàäà÷åé [1–16]. Îò-

ñóòñòâèå äàííûõ ïî ïàðàìåòðàì ãîðåíèÿ ëåñíûõ ãî-

ðþ÷èõ ìàòåðèàëîâ íå ïîçâîëÿåò ïðîâîäèòü äîñòî-

âåðíûé ðàñ÷åò òåïëîâîãî âîçäåéñòâèÿ ëåñíîãî ïîæà-

ðà íà ýíåðãåòè÷åñêèå îáúåêòû Âüåòíàìà (ÒÝÑ, ÃÝÑ,

ëèíèè ýëåêòðîïåðåäà÷ è ò. ä.).

Ïàðàìåòðû ïðîöåññà ãîðåíèÿ îáðàçöîâ äðåâåñíîé

ìàññû ñòâîëîâ íàèáîëåå ðàñïðîñòðàíåííûõ ëèñò-

âåííûõ è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà ïðåä-

ñòàâëåíû â ðàáîòå [17]. Îäíàêî èññëåäîâàíèå ïðî-

öåññà ãîðåíèÿ êðîíû äåðåâüåâ Âüåòíàìà, ñóùåñòâåííî

âëèÿþùåãî íà ïàðàìåòðû ëåñíîãî ïîæàðà, íå ïðî-

âîäèëîñü, ïîýòîìó îíî ïðåäñòàâëÿåò ñîáîé àêòóàëü-

íóþ íàó÷íóþ è ïðàêòè÷åñêóþ çàäà÷ó.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îáîñíîâàíèå

èñõîäíûõ äàííûõ äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâà-

íèÿ ïàðàìåòðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ

ëåñíûõ ïîæàðîâ íà îáúåêòû ýíåðãåòèêè Âüåòíàìà.

Äëÿ ýòîãî áûëè âûïîëíåíû ýêñïåðèìåíòàëüíûå

èññëåäîâàíèÿ ïàðàìåòðîâ ïðîöåññà ãîðåíèÿ îáðàç-

öîâ êðîí íàèáîëåå ðàñïðîñòðàíåííûõ ëèñòâåííûõ

è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà.

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Íà ðèñ. 1 ïðèâåäåíà ñõåìà ýêñïåðèìåíòàëüíîé

óñòàíîâêè, ïðåäëîæåííîé â ðàáîòàõ [18–20]. Óñòà-

íîâêà ñîñòîèò èç êàìåðû ñãîðàíèÿ 1, êîòîðàÿ ñîåäè-

íåíà ñ ýêñïîçèöèîííîé êàìåðîé 2 ñ ïîìîùüþ ïåðå-

õîäíîãî ðóêàâà 3.

Ñòåíêè êàìåðû ñãîðàíèÿ ñ âíóòðåííèì îáúåìîì

3 �10–3 ì3 èçãîòîâëåíû èç ëèñòîâîé íåðæàâåþùåé

ñòàëè òîëùèíîé (2,0�0,1) ìì. Íàáëþäåíèÿ çà îáðàç-

öàìè ìàòåðèàëîâ âî âðåìÿ èñïûòàíèé ïðîâîäèëèñü

÷åðåç îêíî, èçãîòîâëåííîå èç êâàðöåâîãî ñòåêëà. Èç-

ìåíåíèå ðåæèìà èñïûòàíèé çà ñ÷åò âîçäóõîîáìåíà

êàìåðû ñ ïîìåùåíèåì îñóùåñòâëÿëîñü ÷åðåç ðàñ-

ïîëîæåííûå íà áîêîâîé ñòåíêå ýêñïîçèöèîííîé êà-

ìåðû øèáåðíûå îòâåðñòèÿ 6.

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 [18, 19]

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 combus-

tion chamber; 10 — the fan; 11 — damper (partition) of the transi-

tion sleeve [18, 19]



Ýêðàíèðîâàííûé ýëåêòðîíàãðåâàòåëüíûé èçëó-

÷àòåëü 4 è äåðæàòåëü îáðàçöà 5 íàõîäÿòñÿ â êàìåðå

ñãîðàíèÿ.

Óñòðîéñòâî òåïëîâîãî áëîêèðîâàíèÿ ýêñïîçèöè-

îííîé êàìåðû îò êàìåðû ñãîðàíèÿ ðàçìåùåíî â ïåðå-

õîäíîì ðóêàâå 3. Ýêñïîçèöèîííàÿ êàìåðà îáúåìîì

0,5887 ì3 èìååò âåðõíþþ ÷àñòü â âèäå êîíóñà.

Ýëåêòðîííûå âåñû 7, íà êîòîðûõ ðàñïîëîæåí äåð-

æàòåëü îáðàçöà, ïîçâîëÿþò èçìåðÿòü ìàññó îáðàçöà

ñ ïîãðåøíîñòüþ, íå ïðåâûøàþùåé�1 ìã. Âåñû óñòà-

íîâëåíû íà ñòîëèêå, êîòîðûé èìååò ðåãóëèðîâêó ïî-

ëîæåíèÿ ïî âûñîòå.

Íåïðåðûâíûå èçìåðåíèÿ òåìïåðàòóðû â ýêñïî-

çèöèîííîé êàìåðå ïðîâîäÿòñÿ ñ èñïîëüçîâàíèåì 32

íèçêîèíåðöèîííûõ áðîíèðîâàííûõ òåðìîïàð. Äèà-

ïàçîí òåìïåðàòóð ñîñòàâëÿåò îò ìèíóñ 40 äî +1100 °Ñ,

ïîãðåøíîñòü èçìåðåíèé íå ïðåâûøàåò ±1,5t (ãäå t —

òåìïåðàòóðà, °Ñ).

Ïëîòíîñòü òåïëîâîãî ïîòîêà, ïîñòóïàþùåãî îò

ýêðàíèðîâàííîãî ýëåêòðîíàãðåâàòåëüíîãî èçëó÷àòå-

ëÿ íà ïîâåðõíîñòü îáðàçöà ìàòåðèàëà, èçìåðÿåòñÿ

âîäîîõëàæäàåìûì äàò÷èêîì òèïà Ãîðäîíà. Ïîãðåø-

íîñòü èçìåðåíèé íå ïðåâûøàåò �8 %.

Ñîñòàâ ãàçîâîçäóøíîé ñðåäû â ýêñïîçèöèîííîé

êàìåðå èçìåðÿåòñÿ ñ ïîìîùüþ ìíîãîêàíàëüíîãî ãà-

çîàíàëèçàòîðà. Äèàïàçîí èçìåðåíèé êîíöåíòðàöèé

ãàçîâ ñ ìàêñèìàëüíîé ïîãðåøíîñòüþ �10 % îá. ñî-

ñòàâëÿåò: äëÿ ÑÎ — 0–1 % îá., ÑÎ2 — 0–5 % îá., Î2

— 0–21 % îá.

Èñïûòàíèÿ ïðîâîäèëèñü â ðåæèìå ïëàìåííîãî

ãîðåíèÿ, êîòîðûé îáåñïå÷èâàëñÿ ïðè ïëîòíîñòè ïà-

äàþùåãî òåïëîâîãî ïîòîêà 60 êÂò�ì2 è òåìïåðàòó-

ðå ïîâåðõíîñòè èçëó÷àòåëÿ 750 °Ñ.

Ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ áûëà ñëå-

äóþùåé.

Âî âêëàäûø äåðæàòåëÿ îáðàçöà ïîìåùàëñÿ ïðåä-

âàðèòåëüíî âçâåøåííûé îáðàçåö ìàòåðèàëà, êîòî-

ðûé èìåë êîìíàòíóþ òåìïåðàòóðó.

Ïîñëå ñòàáèëèçàöèè ðåæèìà ðàáîòû ýëåêòðîíà-

ãðåâàòåëüíîãî èçëó÷àòåëÿ äâåðöó êàìåðû ñãîðàíèÿ

îòêðûâàëè è â äåðæàòåëü îáðàçöà ïîìåùàëè âêëà-

äûø ñ îáðàçöîì äðåâåñèíû. Çàòåì îòêðûâàëè çà-

ñëîíêó ïåðåõîäíîãî ðóêàâà, à äâåðöó êàìåðû ñãîðà-

íèÿ çàêðûâàëè. Ïðîèñõîäèëî âîçãîðàíèå îáðàçöà.

Âî âðåìÿ ýêñïåðèìåíòà íåïðåðûâíî èçìåðÿëèñü

êîíöåíòðàöèè ÑÎ (% îá.), ÑÎ2 (% îá.), Î2 (% îá.),

òåìïåðàòóðà â ýêñïîçèöèîííîé êàìåðå è â ïîìåùå-

íèè, à òàêæå ìàññà îáðàçöà.

Óäåëüíàÿ ìàññîâàÿ ñêîðîñòü ãàçèôèêàöèè îïðå-

äåëÿëàñü ïî ôîðìóëå

�
�óä

d

d
�

1

F

M
, (1)

ãäå�óä — óäåëüíàÿ ìàññîâàÿ ñêîðîñòü ãàçèôèêàöèè,

êã�(ì2�ñ);

Ì — òåêóùàÿ ìàññà îáðàçöà, êã;

F — ïëîùàäü ïîâåðõíîñòè îáðàçöà, ì2;

� — âðåìÿ, ñ.

Çíàíèå êîíöåíòðàöèè ìîíîêñèäà óãëåðîäà íå-

îáõîäèìî äëÿ ïðîãíîçèðîâàíèÿ òîêñèêîëîãè÷åñêîé

îáñòàíîâêè âî âðåìÿ ëåñíîãî ïîæàðà, ïîýòîìó â ýêñ-

ïåðèìåíòàõ îïðåäåëÿëñÿ óäåëüíûé êîýôôèöèåíò

îáðàçîâàíèÿ ÑÎ (LÑÎ) â êàæäûé ìîìåíò âðåìåíè ïî

ôîðìóëå

L
V

F
CO

óä

COd

d
�
�

�
�

, (2)

ãäå V — îáúåì ýêñïîçèöèîííîé êàìåðû, ì3;

�CO — ñðåäíåîáúåìíàÿ ïëîòíîñòü ÑÎ â ýêñïîçè-

öèîííîé êàìåðå, êã�ì3.

Èñõîäíûå äàííûå

Äëÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïàðàìåò-

ðîâ è òåïëîâîãî âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïî-

æàðîâ íà îáúåêòû ýíåðãåòèêè íåîáõîäèìî â ïåðâóþ

î÷åðåäü çíàòü óäåëüíóþ ìàññîâóþ ñêîðîñòü ãàçèôè-

êàöèè äðåâåñíîé áèîìàññû.

Èçìåðåíèÿ óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôè-

êàöèè îáðàçöîâ êðîíû ïðîâåäåíû äëÿ íàèáîëåå ðàñ-

ïðîñòðàíåííûõ ïîðîä äåðåâüåâ Âüåòíàìà (òàáë. 1).

Îáðàçöû êðîíû äåðåâüåâ (ëèñòüåâ è âåòîê) èìå-

þò ðàçìåðû 0,1�0,1�0,05 ì. Ìàññà ëèñòüåâ è âåòâåé

â îáðàçöå ñîñòàâëÿåò ñîîòâåòñòâåííî 5,27 è 12,3 ã

â ñîîòíîøåíèè 3:7, õàðàêòåðíîì äëÿ òðîïè÷åñêèõ

ëåñîâ Âüåòíàìà.

Âëàæíîñòü îáðàçöîâ, èçìåðÿåìàÿ âëàãîìåðîì

ZNT 125 Electronic ñ äèàïàçîíîì èçìåðåíèé 5–50 %

è ïîãðåøíîñòüþ èçìåðåíèé�2 %, íå ïðåâûøàëà 8 %

(ñì. òàáë. 1), ÷òî ñîîòâåòñòâóåò âëàæíîñòè äåðåâüåâ

Âüåòíàìà â íàèáîëåå ïîæàðîîïàñíûé çàñóøëèâûé

ïåðèîä ãîäà.
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Íîìåð
îáðàçöà

Number
of sample

Íàçâàíèå
(ðóññêîå, âüåòíàìñêîå)

Name (English,
Vietnamese)

Êëàññ
äåðåâüåâ

Tree kind

Âëàæ-
íîñòü, %

Humi-
dity, %

1 Àêàöèÿ, keo
Acacia auriculiformis, keo Ëèñòâåííûå

Deciduous

<5

2 Ìåëèÿ àöåäàðàõ, xoan
Chinaberry, xoan

<5

3 Ñîñíà, ho. thông
Pine, ho. thông

Õâîéíûå
Coniferous

<5

4 Ýâêàëèïò, ba.ch ðàn
Eucalyptus camaldulen-
sis dehnhardt, ba.ch ðàn Ëèñòâåííûå

Deciduous

8

5 Ëîíãàí, nhãn
Dimocarpus longan,
nhãn

7

Òàáëèöà 1. Ðàññìàòðèâàåìûå ïîðîäû äåðåâüåâ Âüåòíàìà

Table 1. Considered tree species of Vietnam



Ðåçóëüòàòû ýêñïåðèìåíòîâ
è èõ àíàëèç

Íà ðèñ. 2 ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå çà-

âèñèìîñòè óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôè-

êàöèè �óä (êã�(ì2�ñ)) îáðàçöîâ êðîíû îò âðåìåíè.

Èç ðèñ. 2 âèäíî, ÷òî âåëè÷èíà �óä ïðèìåðíî ÷åðåç

3 ìèí îò íà÷àëà ãîðåíèÿ ñòàíîâèòñÿ ìåíüøå çíà÷å-

íèÿ 0,0063 êã�(ì2�ñ), õàðàêòåðíîãî äëÿ ãîðåíèÿ äðå-

âåñíîé ìàññû ñòâîëîâ õâîéíûõ ïîðîä äåðåâüåâ [21].

Ïðè ãîðåíèè äðåâåñíîé ìàññû ñòâîëîâ òåõ æå ïî-

ðîä äåðåâüåâ Âüåòíàìà çíà÷åíèÿ �óä ïîñëå 2 ìèí èñ-

ïûòàíèé íàõîäÿòñÿ â äèàïàçîíå 0,0063–0,014 êã�(ì2�ñ)

[17], ãäå íèæíèé ïðåäåë ñîîòâåòñòâóåò ãîðåíèþ õâîé-

íûõ ïîðîä äåðåâüåâ, à âåðõíèé — ëèñòâåííûõ [21].
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Ðèñ. 3. Çàâèñèìîñòè óäåëüíûõ ìàññîâûõ êîýôôèöèåíòîâ îáðàçîâàíèÿ ÑÎ îò âðåìåíè ñ íà÷àëà èñïûòàíèé (â ëåãåíäå óêàçàí

íîìåð îáðàçöà)

Fig. 3. Dependences of the specific coefficient of release of carbon monoxide from the time from the beginning of combustion (sample

number specified in legend)

Ðèñ. 2. Çàâèñèìîñòè óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè îáðàçöîâ êðîíû îò âðåìåíè ñ íà÷àëà èñïûòàíèé (â ëåãåíäå óêà-

çàí íîìåð îáðàçöà): 1 — �óä = 0,0063 êã�(ì2�ñ) (õâîéíûå ïîðîäû) [21]; 2 — �óä = 0,014 êã�(ì2�ñ) (ëèñòâåííûå) [21]

Fig. 2. Dependences of the specific mass speed of gasification of tree krone from the time since the beginning of combustion (sample

number specified in legend): 1 —�sp = 0.0063 kg�(m2�sec) (coniferous trees) [21]; 2 —�sp = 0.014 kg�(m2�sec) (deciduous trees) [21]
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Áîëåå íèçêàÿ óäåëüíàÿ ìàññîâàÿ ñêîðîñòü ãàçè-

ôèêàöèè êðîíû äåðåâüåâ îáúÿñíÿåòñÿ â ïåðâóþ î÷å-

ðåäü òåì, ÷òî ïëîòíîñòü êðîíû ñóùåñòâåííî ìåíü-

øå ïëîòíîñòè äðåâåñíîé ìàññû ñòâîëîâ. Ïîýòîìó

ïðè ëåñíîì âåðõîâîì ïîæàðå äëÿ áîëåå òî÷íîãî ðàñ-

÷åòà ïàðàìåòðîâ ïîæàðà íåîáõîäèìî ó÷èòûâàòü

ñêîðîñòü ãàçèôèêàöèè èìåííî êðîíû äåðåâüåâ.

Íà ðèñ. 3 ïðèâåäåíû ýêñïåðèìåíòàëüíûå çàâè-

ñèìîñòè óäåëüíûõ ìàññîâûõ êîýôôèöèåíòîâ îáðà-

çîâàíèÿ ÑÎ îò âðåìåíè.

Èç ðèñ. 2 âèäíî, ÷òî ïðèìåðíî ÷åðåç 5,5 ìèí óäåëü-

íàÿ ìàññîâàÿ ñêîðîñòü ãàçèôèêàöèè ñòðåìèòñÿ ê íóëþ.

Â òî æå âðåìÿ óäåëüíûé êîýôôèöèåíò îáðàçîâàíèÿ

ÑÎ ïðîäîëæàåò óâåëè÷èâàòüñÿ (ñì. ðèñ. 3). Ýòî îáú-

ÿñíÿåòñÿ òåì, ÷òî ïî ìåðå óìåíüøåíèÿ êîíöåíòðà-

öèè Î2 â êàìåðå ñãîðàíèÿ ñíèæàåòñÿ ñêîðîñòü îêèñ-

ëåíèÿ ÑÎ äî ÑÎ2.

Ñðåäíèå çà âðåìÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ çíà-

÷åíèÿ �óä è LCO ïðåäñòàâëåíû â òàáë. 2. Èç òàáë. 2

âèäíî, ÷òî:
� ýêñïåðèìåíòàëüíûå ñðåäíèå çíà÷åíèÿ �óä, ïîëó-

÷åííûå ïðè ãîðåíèè êðîíû äåðåâüåâ, â 2,7–5,7

ðàçà ìåíüøå, ÷åì ïðè ãîðåíèè äðåâåñíîé ìàññû

ñòâîëîâ;
� ýêñïåðèìåíòàëüíûå ñðåäíèå çíà÷åíèÿ LCO ïðè

ãîðåíèè êðîíû äåðåâüåâ â 2,5–10,9 ðàçà áîëüøå,

÷åì ïðè ãîðåíèè äðåâåñíîé ìàññû ñòâîëîâ.

Ïîëó÷åííûå ñðåäíèå ýêñïåðèìåíòàëüíûå çíà-

÷åíèÿ óäåëüíîé ìàññîâîé ñêîðîñòè ãàçèôèêàöèè è

óäåëüíîãî êîýôôèöèåíòà îáðàçîâàíèÿ ÑÎ äëÿ îáðàç-

öîâ êðîíû íàèáîëåå ðàñïðîñòðàíåííûõ ëèñòâåííûõ

è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà ìîãóò áûòü èñ-

ïîëüçîâàíû ïðè ðàñ÷åòå õàðàêòåðèñòèê âåðõîâûõ

ïîæàðîâ.

Çàêëþ÷åíèå

Êîíöåíòðàöèÿ ìîíîêñèäà óãëåðîäà, îáðàçóþùå-

ãîñÿ ïðè ãîðåíèè êðîíû íàèáîëåå ðàñïðîñòðàíåííûõ

ëèñòâåííûõ è õâîéíûõ ïîðîä äåðåâüåâ Âüåòíàìà,

ñóùåñòâåííî âûøå, ÷åì â ñëó÷àå ãîðåíèÿ ìàññû èõ

ñòâîëîâ.

Óäåëüíàÿ ìàññîâàÿ ñêîðîñòü ãàçèôèêàöèè êðîíû

äåðåâüåâ çíà÷èòåëüíî ìåíüøå ïî ñðàâíåíèþ ñ äðå-

âåñíîé ìàññîé ñòâîëîâ.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ

ïðîöåññà ãîðåíèÿ îáðàçöîâ êðîíû ïîçâîëÿþò îáî-

ñíîâàòü âûáîð çíà÷åíèé óäåëüíîãî êîýôôèöèåíòà

îáðàçîâàíèÿ ÑÎ è óäåëüíîé ìàññîâîé ñêîðîñòè ãà-

çèôèêàöèè, íåîáõîäèìûõ äëÿ ìàòåìàòè÷åñêîãî ìî-

äåëèðîâàíèÿ ïàðàìåòðîâ è òåïëîâîãî âîçäåéñòâèÿ

âåðõîâûõ ëåñíûõ ïîæàðîâ íà îáúåêòû ýíåðãåòèêè

Âüåòíàìà.

Íîìåð
îáðàçöà

Number of
sample

�óä, êã�(ì2�ñ) � �sp, kg�(m2�sec) LCO

Îáðàçåö êðîíû

Krone of tree

Äðåâåñíàÿ ìàññà [17]

Wood pulp [17]

Ïî [21]

Article [21]

Îáðàçåö êðîíû

Krone of tree

Äðåâåñíàÿ ìàññà [17]

Wood pulp [17]

Ïî [21]

Article [21]

1 0,0032 0,0093 0,014 0,0565 0,0052

0,024

2 0,0027 0,0102 0,014 0,0587 0,0107

3 0,0036 0,0113 0,0063 0,0180 0,0073

4 0,0029 0,0127 0,014 0,0472 0,012

5 0,0016 0,0091 0,014 0,0524 0,008

Òàáëèöà 2. Ñðåäíèå ïî âðåìåíè ïðîâåäåíèÿ ýêñïåðèìåíòîâ çíà÷åíèÿ �óä è LCO

Table 2. Average experiment values �sp and LCO
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