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ÓÄÊ 536.46

ÂËÈßÍÈÅ ÑÏÅÖÈÀËÈÇÈÐÎÂÀÍÍÛÕ ÄÎÁÀÂÎÊ
ÍÀ ÝÔÔÅÊÒÈÂÍÎÑÒÜ ËÎÊÀËÈÇÀÖÈÈ ÏËÀÌÅÍÍÎÃÎ
ÃÎÐÅÍÈß È ÒÅÐÌÈ×ÅÑÊÎÃÎ ÐÀÇËÎÆÅÍÈß ËÅÑÍÛÕ
ÃÎÐÞ×ÈÕ ÌÀÒÅÐÈÀËÎÂ

Äàí ñðàâíèòåëüíûé àíàëèç ìåõàíèçìîâ, óñëîâèé è õàðàêòåðèñòèê ëîêàëèçàöèè, ïîäàâëåíèÿ ãî-
ðåíèÿ òèïè÷íûõ ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ â óñëîâèÿõ âîçäåéñòâèÿ æèäêîñòíîãî àýðîçîëÿ ïðè
óâëàæíåíèè çàãðàäèòåëüíîé ïîëîñû. Èñïîëüçîâàíû ñîñòàâû íà îñíîâå âîäû áåç äîáàâîê, à òàê-
æå ñ ïðèìåñüþ áåíòîíèòà, áèøîôèòà è ïåíîîáðàçîâàòåëåé. Ïîêàçàíû âîçìîæíûå äèàïàçîíû
èçìåíåíèÿ âðåìåí ëîêàëèçàöèè è èñïîëüçóåìûõ îáúåìîâ æèäêîñòè. Âûÿâëåíû ðàçëè÷èÿ â íå-
îáõîäèìîì óäåëüíîì ðàñõîäå æèäêîñòè â çîíå çàãðàäèòåëüíîé ïîëîñû. Çàðåãèñòðèðîâàíî ìè-
íèìàëüíîå âðåìÿ ëîêàëèçàöèè ãîðåíèÿ äëÿ ñîñòàâà ñ äîáàâêîé áåíòîíèòà. Óñòàíîâëåíû ìèíè-
ìàëüíûå îáúåìû æèäêîñòíîãî ñîñòàâà ñ äîáàâêîé áåíòîíèòà ïî ñðàâíåíèþ ñ áèøîôèòîì è
ïåíîîáðàçîâàòåëåì.

Êëþ÷åâûå ñëîâà: ëåñíîé ãîðþ÷èé ìàòåðèàë; ïëàìåííîå ãîðåíèå; òåðìè÷åñêîå ðàçëîæåíèå;
ïèðîëèç; ëîêàëèçàöèÿ; ñïåöèàëèçèðîâàííûå äîáàâêè ê âîäå.

DOI: 10.18322/PVB.2018.27.09.5-16

Ââåäåíèå

Ââåäåíèå òåõ èëè èíûõ äîáàâîê è ïðèìåñåé (íà-

ïðèìåð, áåíòîíèòà, áèøîôèòà, ïåíîîáðàçîâàòåëåé

è äð.) [1–14] â âîäó äëÿ òóøåíèÿ ïîæàðîâ ëþáîé

ñòåïåíè ñëîæíîñòè [15–17] îáóñëîâëåíî ñòðåìëå-

íèåì ñïåöèàëèñòîâ èíòåíñèôèöèðîâàòü îäèí èëè

íåñêîëüêî èçâåñòíûõ ìåõàíèçìîâ ëîêàëèçàöèè è

ïîäàâëåíèÿ ïëàìåííîãî ãîðåíèÿ è òåðìè÷åñêîãî

ðàçëîæåíèÿ ìàòåðèàëà (êîòîðûå ïîäðîáíî ïðîàíà-

ëèçèðîâàíû â [18–20]). Òðàäèöèîííî òàêèå äîáàâêè

è ïðèìåñè èñïîëüçóþò â ïðîöåññå ïîäàâëåíèÿ ãîðå-

íèÿ ëåñíûõ ìàññèâîâ íà îãðàíè÷åííûõ ïëîùàäÿõ,

òàê êàê â áîëüøèõ îáúåìàõ èõ ïðèìåíåíèå çàòðóä-

íåíî [8–10]. Äîñòàòî÷íî ÷àñòî ñ÷èòàåòñÿ, ÷òî ïîäà-

âèòü ãîðåíèå ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ (ËÃÌ)

÷ðåçâû÷àéíî ñëîæíî. Ñëåäîâàòåëüíî, íàèáîëåå ðà-

öèîíàëüíûé ïîäõîä ê áîðüáå ñ ýòèìè ñòèõèéíûìè

áåäñòâèÿìè ñîñòîèò â ñâîåâðåìåííîé ëîêàëèçàöèè

î÷àãîâ ãîðåíèÿ è ïèðîëèçà [19, 20].

Ê íàñòîÿùåìó âðåìåíè îïóáëèêîâàíî ìàëî ýêñïå-

ðèìåíòàëüíûõ äàííûõ ïî îòëè÷èÿì õàðàêòåðèñòèê

è óñëîâèé ëîêàëèçàöèè ïëàìåííîãî ãîðåíèÿ è òåð-

ìè÷åñêîãî ðàçëîæåíèÿ òèïè÷íûõ ëåñíûõ ãîðþ÷èõ

ìàòåðèàëîâ ïóòåì ñîçäàíèÿ çàãðàäèòåëüíûõ âîäíûõ

ïîëîñ ïåðåä ôðîíòîì ãîðåíèÿ. Â ðàáîòå [20] ïðåä-

ïðèíÿòû ïîïûòêè ýêñïåðèìåíòàëüíî îïðåäåëèòü
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îñíîâíûå ðàçìåðû (ïðîòÿæåííîñòü, øèðèíó, ãëóáè-

íó) çàãðàäèòåëüíîé ïîëîñû, íåîáõîäèìûå äëÿ ëî-

êàëèçàöèè ïëàìåííîãî ãîðåíèÿ è ïèðîëèçà õâîè,

ëèñòâû, ñìåñè ìàòåðèàëîâ ïðè ïðèìåíåíèè òðåõ

ñõåì ðàñïûëåíèÿ — ïî êðîìêå, ïåðåä êðîìêîé è

êîìáèíèðîâàííîé (îñíîâàííîé íà ïåðâûõ äâóõ).

Ïîêàçàíî [20], ÷òî äëÿ ýôôåêòèâíîé ëîêàëèçàöèè

ïðîöåññîâ ïèðîëèçà è ïëàìåííîãî ãîðåíèÿ âñåõ èñ-

ñëåäîâàííûõ ËÃÌ íåò íåîáõîäèìîñòè ïðèìåíÿòü

÷ðåçâû÷àéíî øèðîêèå è ïðîòÿæåííûå óâëàæíåí-

íûå ñëîè (çàãðàäèòåëüíûå ïîëîñû) è áîëüøèå îáú-

åìû âîäû. Äëÿ ëîêàëèçàöèè ãîðåíèÿ ËÃÌ ñ ðàçëè÷-

íûìè îáúåìàìè íàâåñîê äîñòàòî÷íî, åñëè äàííûå

ïàðàìåòðû áóäóò èìåòü îãðàíè÷åííûå çíà÷åíèÿ.

Íà îñíîâàíèè ðåçóëüòàòîâ îïûòîâ ñ áåíòîíèòîì,

áèøîôèòîì è ïåíîîáðàçîâàòåëÿìè [8–10] ìîæíî

âûäâèíóòü ãèïîòåçó î òîì, ÷òî â ñëó÷àå ïðèìåíåíèÿ

ýòèõ äîáàâîê è ïðèìåñåé âîçìîæíà îïòèìèçàöèÿ ïðî-

öåññà ðàñõîäîâàíèÿ âîäû â îáëàñòè çàãðàäèòåëüíîé

ïîëîñû èëè óìåíüøåíèå âðåìåíè ïîäàâëåíèÿ ãîðå-

íèÿ. Â ñâÿçè ñ ýòèì èíòåðåñ ïðåäñòàâëÿåò èçó÷åíèå

âëèÿíèÿ óêàçàííûõ äîáàâîê è ïðèìåñåé íà óñëîâèÿ

è õàðàêòåðèñòèêè ëîêàëèçàöèè òèïè÷íûõ ìîäåëü-

íûõ ïîæàðîâ ñ èñïîëüçîâàíèåì íàèáîëåå ðàñïðî-

ñòðàíåííûõ ìàòåðèàëîâ.

Öåëü íàñòîÿùåé ðàáîòû — ýêñïåðèìåíòàëüíîå

èññëåäîâàíèå âëèÿíèÿ ñïåöèàëèçèðîâàííûõ äîáà-

âîê íà ýôôåêòèâíîñòü ëîêàëèçàöèè ïëàìåííîãî ãî-

ðåíèÿ è òåðìè÷åñêîãî ðàçëîæåíèÿ òèïè÷íûõ ëåñíûõ

ãîðþ÷èõ ìàòåðèàëîâ ïóòåì ïðèìåíåíèÿ çàãðàäèòåëü-

íîé ïîëîñû â âèäå óâëàæíåííîãî ìàòåðèàëà ïåðåä

îñíîâíûì ôðîíòîì ãîðåíèÿ.

Ìåòîäèêà ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé

Äîáàâêè ê âîäå äåëÿòñÿ íà òðè êàòåãîðèè — ñìà-

÷èâàþùèå, îãíåçàäåðæèâàþùèå è òóøàùèå. Êàæäàÿ

èç âûäåëåííûõ êàòåãîðèé ñóùåñòâåííî èçìåíÿåò

ôèçèêî-õèìè÷åñêèå ñâîéñòâà òóøàùåãî ñîñòàâà. Íà-

ïðèìåð, ñìà÷èâàþùèå âåùåñòâà, ñíèæàÿ ïîâåðõíî-

ñòíîå íàòÿæåíèå âîäû, ñïîñîáñòâóþò èíòåíñèâíî-

ìó ïðîíèêíîâåíèþ òóøàùåãî ñîñòàâà â ãëóáèííûå

ñëîè òåðìè÷åñêè ðàçëàãàþùåãîñÿ ìàòåðèàëà. Îãíå-

çàäåðæèâàþùèå è òóøàùèå ñîñòàâû ïðèäàþò îáðà-

áîòàííûì ìàòåðèàëàì íåãîðþ÷èå ñâîéñòâà è ïðàê-

òè÷åñêè íå îáëàäàþò ñìà÷èâàþùèì ýôôåêòîì. Âû-

áîð äîáàâêè ê âîäå îïðåäåëÿåò îäèí èç îñíîâíûõ

ìåõàíèçìîâ ïîäàâëåíèÿ ïëàìåííîãî ãîðåíèÿ è òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ìàòåðèàëîâ: ñíèæåíèå òåì-

ïåðàòóðû â çîíå ãîðåíèÿ; áëîêèðîâàíèå äîñòóïà êèñ-

ëîðîäà; âûòåñíåíèå ïðîäóêòîâ ãîðåíèÿ âîäÿíûìè

ïàðàìè.

Ðåçóëüòàòû ìíîãîëåòíèõ èññëåäîâàíèé, ñòåíäî-

âûõ, ïîëåâûõ è íàòóðíûõ èñïûòàíèé ïîçâîëèëè

ñïåöèàëèñòàì ïîæàðíûõ ñëóæá [4–6] âûäåëèòü èç

âñåãî ìíîãîîáðàçèÿ äîáàâîê ê âîäå íàèáîëåå ýô-

ôåêòèâíûå, ýêîëîãè÷íûå è ìåíåå òðóäîçàòðàòíûå â

ïëàíå ïðèãîòîâëåíèÿ ðàñòâîðîâ. Äëÿ òóøåíèÿ ëåñ-

íûõ ïîæàðîâ õîðîøî çàðåêîìåíäîâàëè ñåáÿ ñìà÷è-

âàþùèå ñîñòàâû ïåíîîáðàçîâàòåëåé, îãíåçàäåðæè-

âàþùèé ñîñòàâ ñ äîáàâêîé áåíòîíèòà è îãíåòóøà-

ùèé — ñ áèøîôèòîì [4–6]. Ñïåöèàëèñòû ïîæàðíûõ

ñëóæá ïî ðåçóëüòàòàì íàòóðíûõ èñïûòàíèé óñòàíî-

âèëè âëèÿíèå âûäåëåííûõ ñîñòàâîâ íà ïðîöåññû,

ïðîòåêàþùèå ïðè ïîäàâëåíèè ëåñíûõ ïîæàðîâ êðóï-

íûìè àãëîìåðàòàìè (õàðàêòåðíû àâèàöèîííûì ìå-

òîäàì) è ðàñïûëåííûìè ïîòîêàìè (òèïè÷íû äëÿ íà-

çåìíûõ ñïîñîáîâ) òóøàùåãî ñîñòàâà. Óñòàíîâëåíû

çíà÷èìûå ïðåèìóùåñòâà áåíòîíèòà ïåðåä áèøîôè-

òîì è ñìà÷èâàòåëåì [4–6]. Äëÿ èññëåäîâàíèÿ âëèÿíèÿ

ñïåöèàëèçèðîâàííûõ äîáàâîê íà ýôôåêòèâíîñòü

ëîêàëèçàöèè ïëàìåííîãî ãîðåíèÿ è òåðìè÷åñêîãî

ðàçëîæåíèÿ òèïè÷íûõ ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ

ïóòåì ïðèìåíåíèÿ çàãðàäèòåëüíîé ïîëîñû ñîçäàí

ëàáîðàòîðíûé ñòåíä (ðèñ. 1).

Äëÿ ñîçäàíèÿ çàãðàäèòåëüíîé ïîëîñû ïðèìåíÿ-

ëàñü äèñòèëëèðîâàííàÿ âîäà (êîìïîíåíòíûé ñîñòàâ

ñîîòâåòñòâîâàë ÃÎÑÒ 6709–72), à òàêæå ñìåñè íà

îñíîâå âîäû ñ äîáàâêàìè áèøîôèòà (êîíöåíòðàöèÿ

8 % ìàññ.), áåíòîíèòà (5 % ìàññ.), ïåíîîáðàçîâàòåëÿ

(0,3 % îá.). Îñíîâíûå ñâîéñòâà äîáàâîê îïèñàíû â

ðàáîòàõ [4–6]. Íàèáîëåå òèïè÷íûå êàäðû âèäåî-

ãðàìì ïðåäñòàâëåíû íà ðèñ. 2–4. Ïîêàçàíî, ÷òî â

ñëó÷àå ïðèìåíåíèÿ áåíòîíèòà è áèøîôèòà âî âñåõ

ýêñïåðèìåíòàõ ðåãèñòðèðîâàëñÿ ýôôåêò ëîêàëüíî-

ãî ñêîïëåíèÿ æèäêîñòíîãî ñîñòàâà íà ïîâåðõíîñòè

ËÃÌ. Â îïûòàõ ñ ïåíîîáðàçîâàòåëÿìè òàêèõ ýô-

ôåêòîâ íå íàáëþäàëîñü. Ýòî îáóñëîâëåíî òåì, ÷òî

ïåíîîáðàçîâàòåëü âñëåäñòâèå èçìåëü÷åíèÿ êàïåëü

ñïîñîáñòâóåò ïðîíèêíîâåíèþ îãíåòóøàùåãî æèä-

êîñòíîãî ñîñòàâà â ãëóáèííûå ñëîè ìàòåðèàëà.

Àíàëèç âèäåîêàäðîâ íà ðèñ. 2–4, âûïîëíåííûõ

â õîäå îïûòîâ, ïîçâîëÿåò ñäåëàòü çàêëþ÷åíèå, ÷òî

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîãî ñòåíäà (âèä ñâåðõó): 1 —
íàãíåòàòåëü âîçäóõà; 2 — ïëàìÿ; 3 — ëîòîê ñ ñóõèì ËÃÌ;
4 — ëîòîê ñ âëàæíûì ËÃÌ; Ua — ñêîðîñòü ïîòîêîâ âîçäóõà

Fig. 1. Diagram of the experimental stand (top view): 1 — air
blower; 2 — flame; 3 — tray with dry FFM; 4 — tray with wet
FFM; Ua — air flow speed
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Ðèñ. 2. Òèïè÷íûå âèäåîêàäðû ýêñïåðèìåíòà (ïðè ñêîðîñòè ïîòîêà âîçäóõà 2 ì�ñ) ñ çàãðàäèòåëüíîé ïîëîñîé ïðè èñïîëüçîâàíèè
äîáàâêè áèøîôèòà (êîíöåíòðàöèÿ 8 % ìàññ.): à — ãåíåðàöèÿ æèäêîñòíîãî àýðîçîëÿ (ñîçäàíèå çàãðàäèòåëüíîé ïîëîñû); á —
ïðîäâèæåíèå ôðîíòà ïëàìåíè; â — òîðìîæåíèå ôðîíòà ãîðåíèÿ; 1 — îáëàñòè ëîêàëüíîé êîíöåíòðàöèè (ñêîïëåíèÿ) òóøàùåé
æèäêîñòè

Fig. 2. Typical experimental video frames (with an airflow velocity of 2 m�s) with a barrier strip using a bischofite additive (concentra-
tion 8 % by mass): a — generation of a liquid aerosol (creation of a barrier strip); b — advancement of the flame front; v — braking of
the ñombustion front; 1 — regions of local concentration (concentrations) of quenching liquids

Ðèñ. 3. Òèïè÷íûå âèäåîêàäðû ýêñïåðèìåíòà (ïðè ñêîðîñòè ïîòîêà âîçäóõà 2 ì�ñ) ñ çàãðàäèòåëüíîé ïîëîñîé ïðè èñïîëüçîâà-
íèè äîáàâêè áåíòîíèòà (êîíöåíòðàöèÿ 5 % ìàññ.): à — ãåíåðàöèÿ æèäêîñòíîãî àýðîçîëÿ (ñîçäàíèå çàãðàäèòåëüíîé ïîëîñû); á —
ïðîäâèæåíèå ôðîíòà ïëàìåíè; â — òîðìîæåíèå ôðîíòà ãîðåíèÿ; 1 — îáëàñòè ëîêàëüíîé êîíöåíòðàöèè (ñêîïëåíèÿ) òóøàùåé
æèäêîñòè

Fig. 3. Typical video frames of the experiment (at an airflow velocity of 2 m�s) with a barrier strip using the bentonite additive (concent-
ration of 5 % by mass): a — generation of a liquid aerosol (creation of a barrier); b — advancement of the flame front; v — braking of
the combustion front; 1 — regions of local concentration (concentrations) of quenching liquids
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ïðè ãåíåðàöèè âîäû ñ äîáàâêîé áèøîôèòà íà ïî-

âåðõíîñòè íàâåñêè ËÃÌ íàáëþäàåòñÿ ñêîïëåíèå â

îñíîâíîì ìåëêèõ êàïåëü. Äîáàâëåíèå áåíòîíèòà ïî-

âûøàåò ïîâåðõíîñòíîå íàòÿæåíèå âîäíîãî ñîñòàâà,

è êàïëè ïðè îñåäàíèè íà ïîâåðõíîñòè ËÃÌ îáðàçó-

þò åäèíóþ ïëåíêó, êîòîðàÿ ðàçðóøàåòñÿ ëèøü èç-çà

íåðàâíîìåðíîé ñòðóêòóðû õâîè. Â îïûòàõ ñ ëèñò-

âîé äàííàÿ ïëåíêà ñîõðàíÿåòñÿ â êàæäîì îïûòå îò

íà÷àëà âîçäåéñòâèÿ æèäêîñòíîãî ñîñòàâà äî ïîëíî-

ãî ïðåêðàùåíèÿ ãîðåíèÿ. Ïðè äîáàâëåíèè â âîäó ïå-

íîîáðàçîâàòåëÿ ïîâåðõíîñòíîå íàòÿæåíèå âîäû

ñíèæàåòñÿ [4–6]. Äîâîëüíî ÷àñòî ðåãèñòðèðóþòñÿ

ìàëûå ëîêàëüíûå, ñìî÷åííûå ñîñòàâîì ôðàãìåíòû

õâîè. Ñîñòàâ ñ ïåíîîáðàçîâàòåëåì ïðîíèêàåò â ãëó-

áèííûå ñëîè íàâåñêè íàèáîëåå èíòåíñèâíî, è, êàê

ñëåäñòâèå, ãëóáèíà ïðîìà÷èâàíèÿ íàâåñêè â ýòîì

ñëó÷àå ìàêñèìàëüíàÿ. Ýòîò ýôôåêò ñïîñîáñòâóåò ëî-

êàëèçàöèè ãîðåíèÿ õâîè ïðè ìèíèìàëüíûõ òðåáó-

åìûõ îáúåìàõ è èäåíòè÷íûõ ðàçìåðàõ çàãðàäèòåëü-

íûõ ïîëîñ ïî ñðàâíåíèþ ñ äðóãèìè ñîñòàâàìè.

Ïðèãîòîâëåíèå èñïîëüçóåìûõ â ýêñïåðèìåíòàõ

ñîñòàâîâ îñóùåñòâëÿëîñü íåïîñðåäñòâåííî â åìêî-

ñòè. Îíà íàïîëíÿëàñü äèñòèëëèðîâàííîé âîäîé, ïîñëå

÷åãî â íåå â íåîáõîäèìîì êîëè÷åñòâå äîáàâëÿëèñü

èññëåäóåìûå äîáàâêè. Ïðè ïðèãîòîâëåíèè ñîñòàâîâ

íà îñíîâå âîäû ïîñëåäíèå â òå÷åíèå 300 ñ àêòèâíî

ïåðåìåøèâàëèñü â áàëëîíå.

Ìåòîäèêà ýêñïåðèìåíòà âêëþ÷àëà âûïîëíåíèå

ïîñëåäîâàòåëüíûõ ïðîöåäóð:

� â ìåòàëëè÷åñêèé ïîääîí (øèðèíà 200 ìì, äëèíà

300 ìì) óêëàäûâàëàñü ïî âñåé øèðèíå ïîëîñà

ËÃÌ (ìàññà mf � 25 ã);

� ïðè èñïîëüçîâàíèè ðàñïûëèòåëüíûõ ôîðñóíîê,

ãåíåðèðóþùèõ êàïëè ðàçìåðîì Rd = 0,1�0,35 ìì,

ñîçäàâàëàñü çàãðàäèòåëüíàÿ ïîëîñà òàêèì îáðà-

çîì, ÷òîáû ïåðåä íåé îñòàâàëàñü ïîëîñà ËÃÌ îáú-

åìîì Vf . Âàðüèðîâàëèñü ñëåäóþùèå ïàðàìåò-

ðû: îáúåì ñóõîãî ËÃÌ, øèðèíà çàãðàäèòåëüíîé

ïîëîñû, ïëîòíîñòü îðîøåíèÿ;

� íàâåñêà ËÃÌ çàæèãàëàñü ðàâíîìåðíî ïî øèðèíå

ñ îäíîãî êîíöà ñ ïîìîùüþ ïüåçîýëåêòðè÷åñêîé

ãîðåëêè;

� âêëþ÷àëñÿ íàãíåòàòåëü, ñîçäàþùèé âîçäóøíûé

ïîòîê (ñ âàðüèðóåìîé ñêîðîñòüþ Ua = 0,5�2 ì�ñ),

è íàâåñêà ËÃÌ íà÷èíàëà ðàâíîìåðíî ïðîãîðàòü.

Âåñü ïðîöåññ ðåãèñòðèðîâàëñÿ âèäåîêàìåðîé;

� ýêñïåðèìåíò ïðîäîëæàëñÿ äî ïîëíîãî òóøåíèÿ

ëèáî âûãîðàíèÿ íàâåñêè ËÃÌ (ïðåêðàùåíèÿ

òëåíèÿ). Ìîìåíò ïðåêðàùåíèÿ òëåíèÿ óñòàíàâ-

ëèâàëñÿ ïî ïîêàçàíèÿì òðåõ òåðìîïàð (ðàñïîëî-

æåííûõ â ðàçíûõ ñëîÿõ íàâåñêè ËÃÌ), à òàêæå

ïî âèäåîãðàììàì. Àíàëîãè÷íî ýêñïåðèìåíòàì

[18–20] â êà÷åñòâå êðèòåðèÿ ïîëíîãî ïðåêðàùå-

íèÿ ïðîöåññà ïèðîëèçà ïðèíèìàëîñü ñíèæåíèå

òåìïåðàòóðû ËÃÌ ìåíåå 400 Ê (ñðåäíÿÿ òåìïå-

Ðèñ. 4. Òèïè÷íûå âèäåîêàäðû ýêñïåðèìåíòà (ïðè ñêîðîñòè ïîòîêà âîçäóõà 2 ì�ñ) ñ çàãðàäèòåëüíîé ïîëîñîé ïðè èñïîëüçîâà-
íèè äîáàâêè ïåíîîáðàçîâàòåëÿ (êîíöåíòðàöèÿ 0,3 % îá.): à — ãåíåðàöèÿ æèäêîñòíîãî àýðîçîëÿ (ñîçäàíèå çàãðàäèòåëüíîé ïî-
ëîñû); á — ïðîäâèæåíèå ôðîíòà ïëàìåíè; â — òîðìîæåíèå ôðîíòà ãîðåíèÿ

Fig. 4. Typical video frames of the experiment (with an airflow velocity of 2 m�s) with a barrier strip with the addition of a blowing agent
(concentration 0.3 % by vol.): a — generation of a liquid aerosol (creation of a barrier); b — advancement of the flame front; v —
braking of the combustion front
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ðàòóðà íà÷àëà ïèðîëèçà òèïè÷íûõ ëåñíûõ ãîðþ-

÷èõ ìàòåðèàëîâ — õâîè ñîñíû è åëè, ëèñòüåâ áå-

ðåçû è äðóãèõ äåðåâüåâ).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 5 ïðèâåäåíû óñòàíîâëåííûå â îïûòàõ

âðåìåíà ïîëíîãî ïðåêðàùåíèÿ ãîðåíèÿ òèïè÷íûõ

ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ ïðè ðàçíûõ õàðàêòåð-

íûõ ðàçìåðàõ (øèðèíå) çàãðàäèòåëüíîé ïîëîñû

(óâëàæíåííîãî ËÃÌ ïåðåä ôðîíòîì ãîðåíèÿ). Õîðî-

øî âèäíî, ÷òî (êàê è ìîæíî áûëî îæèäàòü) âðåìåíà

ïðåêðàùåíèÿ ãîðåíèÿ â íåñêîëüêî ðàç óìåíüøàþò-

ñÿ ïðè óâåëè÷åíèè øèðèíû ïîëîñû (àíàëîãè÷íûå ïî

âèäó çàâèñèìîñòè óñòàíîâëåíû â îïûòàõ ïðè ðàñïû-

ëåíèè âîäû íåïîñðåäñòâåííî â çîíó ãîðåíèÿ [19, 20]).

Äëÿ îïûòîâ ñ õâîåé áûëè õàðàêòåðíû ñóùåñòâåí-

íî íåëèíåéíûå çàâèñèìîñòè â ñðàâíåíèè ñ ëèñòâîé

(ñì. ðèñ. 5), ÷òî îáóñëîâëåíî ðàçëè÷èåì óñëîâèé è

ñêîðîñòåé ðàñïðîñòðàíåíèÿ ôðîíòîâ ïëàìåííîãî ãî-

ðåíèÿ è ïèðîëèçà õâîè è ëèñòâû. Â îïûòàõ ñ ëèñòâîé

ðåãèñòðèðîâàëîñü äîâîëüíî áûñòðîå ðàñïðîñòðà-

íåíèå ôðîíòà ïëàìåííîãî ãîðåíèÿ ïî ïîâåðõíîñòè

íàâåñêè è î÷åíü ìåäëåííîå ïðîäâèæåíèå ôðîíòà

òåðìè÷åñêîãî ðàçëîæåíèÿ â ãëóáèííûå ñëîè. Êàê

ñëåäñòâèå, äîâîëüíî ÷àñòî ëèñòüÿ âûãîðàëè ïî âñåé

øèðèíå ñâîáîäíîé ïîâåðõíîñòè íàâåñêè äî çàãðàäè-

òåëüíîé ïîëîñû, à çàòåì ìåäëåííî òëåëè. Äëÿ ïðåêðà-

ùåíèÿ ãîðåíèÿ íåîáõîäèìî áûëî îáåñïå÷èòü îñòàíîâ

îñíîâíîãî ôðîíòà ïëàìåííîãî ãîðåíèÿ èëè ïîäàâ-

ëåíèå ãîðåíèÿ â öåëîì. ×åì øèðå çàãðàäèòåëüíàÿ

ïîëîñà, òåì áîëüøå âîäû àêêóìóëèðîâàíî â åå ïðè-

ïîâåðõíîñòíûõ ñëîÿõ. Â îïûòàõ ñ ëèñòâîé èìåííî

èç ïðèïîâåðõíîñòíîãî ñëîÿ íàâåñêè ìàòåðèàëà èí-

òåíñèâíî èñïîëüçîâàëàñü âîäà äëÿ ïðåêðàùåíèÿ ãî-

ðåíèÿ è ïèðîëèçà, ïîýòîìó íà ðèñ. 5 äëÿ ëèñòâû õà-

ðàêòåðíû ïðàêòè÷åñêè ëèíåéíûå çàâèñèìîñòè. Â ýêñ-

ïåðèìåíòàõ ñ õâîåé äâèæåíèå ôðîíòà ïëàìåííîãî

ãîðåíèÿ â öåëîì ñîîòâåòñòâîâàëî àíàëîãè÷íîìó ïðî-

öåññó â îïûòàõ ñ ëèñòâîé, íî óñëîâèÿ è ñêîðîñòè

ðàñïðîñòðàíåíèÿ ôðîíòîâ ïèðîëèçà îòëè÷àëèñü â íå-

ñêîëüêî ðàç. Â ÷àñòíîñòè, íàáëþäàëñÿ èíòåíñèâíûé

ïèðîëèç õâîè ïî âñåé òîëùèíå íàâåñêè, ïîýòîìó

óâåëè÷åíèå øèðèíû ïîëîñû ïðè ñîõðàíåíèè èñïîëü-

çîâàííîãî îáúåìà âîäû íå ìîãëî ëèíåéíî ïîâëèÿòü

íà âðåìÿ ïðåêðàùåíèÿ ãîðåíèÿ. Âîäà â îáëàñòè çà-

ãðàäèòåëüíîé ïîëîñû ïðèñóòñòâîâàëà â ðàçíûõ ñå÷å-

íèÿõ íàâåñêè ïî òîëùèíå è èíòåíñèâíî èñïàðÿëàñü

ïî âñåìó ñëîþ ìàòåðèàëà. ×åì øèðå ïîëîñà, òåì

ðàâíîìåðíåå ðàñïðåäåëÿëàñü âîäà â ïîðèñòîé ñòðóê-

òóðå íàâåñêè õâîè. Âñëåäñòâèå ýòîãî âðåìÿ ïðåêðà-

ùåíèÿ ãîðåíèÿ ñíèæàëîñü ñóùåñòâåííî íåëèíåéíî.

Åñëè æå ñðàâíèâàòü ìåæäó ñîáîé âðåìåíà ïîäàâ-

ëåíèÿ ãîðåíèÿ ËÃÌ ïðè èñïîëüçîâàíèè ðàçíûõ æèä-

êîñòíûõ ñîñòàâîâ, òî ìîæíî îòìåòèòü îæèäàåìûå

ìàêñèìàëüíûå çíà÷åíèÿ ýòîé õàðàêòåðèñòèêè äëÿ

îïûòîâ ñ âîäîé áåç ïðèìåñåé (ñì. ðèñ. 5). Áåíòîíèò

îáåñïå÷èâàë ìèíèìàëüíûå çíà÷åíèÿ âðåìåí ïîäàâ-

ëåíèÿ ãîðåíèÿ çà ñ÷åò îáðàçîâàíèÿ íà ïîâåðõíîñòè

ìàòåðèàëà óñòîé÷èâîé ïëåíêè, êîòîðàÿ íå ïîçâîëÿëà

ïðîõîäèòü ôðîíòó ïëàìåííîãî ãîðåíèÿ. Êðîìå òîãî,

â ðåçóëüòàòå ïîíèêíîâåíèÿ â ïðèïîâåðõíîñòíûå ñëîè

ñîñòàâ íà îñíîâå áåíòîíèòà ñïîñîáñòâîâàë çàïîë-

íåíèþ ïîð íàâåñîê. Îñîáåííî çàìåòåí áûë äàííûé

ýôôåêò â îïûòàõ ñ õâîåé. Â ñëó÷àå ïðèìåíåíèÿ ïåíî-

îáðàçîâàòåëÿ íàáëþäàëîñü ñîêðàùåíèå âðåìåí ëî-

êàëèçàöèè ïî ñðàâíåíèþ ñ âîäîé âñëåäñòâèå ñóùå-

ñòâåííîãî óìåíüøåíèÿ (íà 25–35 %) õàðàêòåðíûõ

ðàäèóñîâ êàïåëü. Áëàãîäàðÿ ýòîìó ïîñëåäíèå ïðî-

íèêàëè â ãëóáèííûå ñëîè íàâåñêè â áîëüøåì êî-

ëè÷åñòâå è îáåñïå÷èâàëè ëîêàëèçàöèþ ïðîöåññîâ

ïëàìåííîãî ãîðåíèÿ è òåðìè÷åñêîãî ðàçëîæåíèÿ çà

ìåíüøåå âðåìÿ è ïðè ìàëûõ îáúåìàõ âîäû.

Ðèñ. 5. Çàâèñèìîñòü âðåìåíè ïîëíîãî ïðåêðàùåíèÿ ðåàêöèè òåðìè÷åñêîãî ðàçëîæåíèÿ îò øèðèíû ïîëîñû ËÃÌ L ïðè ñêîðî-

ñòè âîçäóøíîãî ïîòîêà 1,3 ì�ñ: à — õâîÿ; á — ëèñòâà

Fig. 5. Dependence of the time for complete cessation of the thermal decomposition reaction on the width of the FFM strip at an air

speed of 1.3 m�s: a — needles; b — leaves
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Ðèñ. 6. Çàâèñèìîñòü ïëîòíîñòè îðîøåíèÿ îò îáúåìà ËÃÌ (õâîè) äëÿ ðàçëè÷íûõ òèïîâ äîáàâîê ïðè ñêîðîñòè âîçäóøíîãî ïîòî-

êà 0,5 ì�ñ (à), 1,3 ì�ñ (á) è 2 ì�ñ (â): 1 — ïðîãîðàíèå ËÃÌ; 2 — îñòàíîâ ôðîíòà ãîðåíèÿ çàãðàäèòåëüíîé ïîëîñîé (è ïîñëåäó-
þùåå ïîäàâëåíèå ãîðåíèÿ â öåëîì); 3 — ïîãðàíè÷íàÿ (ïåðåõîäíàÿ îáëàñòü)

Fig. 6. Dependence of the density of irrigation on the volume of FFM (needles) for various types of additives at an air speed of 0.5 m�s (a),

1.3 m�s (b) and 2 m�s (v): 1 — burning FFM; 2 — stopping of the front of burning by the barrier strip (and the subsequent suppression
of combustion as a whole); 3 — border (transition area)



11ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 9

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

Ðèñ. 7. Çàâèñèìîñòü ïëîòíîñòè îðîøåíèÿ îò îáúåìà ËÃÌ (ëèñòâû) äëÿ ðàçëè÷íûõ òèïîâ äîáàâîê ïðè ñêîðîñòè âîçäóøíîãî ïî-

òîêà 0,5 ì�ñ (à), 1,3 ì�ñ (á) è 2 ì�ñ (â): 1 — ïðîãîðàíèå ËÃÌ; 2 — ïîëíûé îñòàíîâ ôðîíòà ãîðåíèÿ çàãðàäèòåëüíîé ïîëîñîé
è ïîäàâëåíèå ïèðîëèçà; 3 — ïîãðàíè÷íàÿ (ïåðåõîäíàÿ îáëàñòü)

Fig. 7. Dependence of the density of irrigation on the volume of FFM (leaves), for various types of additives at an air speed of 0.5 m�s (a),

1.3 m�s (b) and 2 m�s (v): 1 — burning FFM; 2 — full stop of the front of burning by a barrier strip and suppression of pyrolysis; 3 —
border (transition area)



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 912

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

Íà ðèñ. 6 ïðèâåäåíû çàâèñèìîñòè ïëîòíîñòè

îðîøåíèÿ (óäåëüíîãî ðàñõîäà âîäû) îò îáúåìà ñóõî-

ãî (íå ïîäâåðæåííîãî òåðìè÷åñêîìó ðàçëîæåíèþ)

ËÃÌ ïåðåä çàãðàäèòåëüíîé ïîëîñîé äëÿ õâîè, à íà

ðèñ. 7 — äëÿ ëèñòâû ñ âûäåëåíèåì õàðàêòåðíûõ îá-

ëàñòåé.

Àíàëèç ðèñ. 6 è 7 ïîçâîëÿåò ñäåëàòü íåñêîëüêî

íàèáîëåå âàæíûõ âûâîäîâ. Âî-ïåðâûõ, âî âñåõ îïû-

òàõ äëÿ ïðåêðàùåíèÿ ïèðîëèçà õâîè è ëèñòâû äî-

ñòàòî÷íî ïðèìåíåíèÿ îãðàíè÷åííîãî îáúåìà æèä-

êîñòíîãî ñîñòàâà â îáëàñòè çàãðàäèòåëüíîé ïîëîñû,

ò. å. íåò íåîáõîäèìîñòè ÷ðåçìåðíî çàëèâàòü ïîëîñó.

Ïðè÷åì ÷åì øèðå ïîëîñà ðåàãèðóþùåãî ñëîÿ ïåðåä

çàãðàäèòåëüíîé, òåì çàìåòíåå ýòîò ýôôåêò. Òàêèì

îáðàçîì, ðèñ. 6 è 7 èëëþñòðèðóþò, ÷òî ëîêàëèçàöèÿ

ïðîöåññà ãîðåíèÿ è õâîè, è ëèñòâû îáúåìîì âûøå íå-

êîòîðîãî ïðåäåëüíîãî çíà÷åíèÿ ïðàêòè÷åñêè íè÷åì

íå îòëè÷àåòñÿ (ïî âðåìåíè è èñïîëüçóåìîìó îáúåìó

âîäû). Âî-âòîðûõ, ñíèæåíèå ïëîòíîñòè îðîøåíèÿ

ïðè óâåëè÷åíèè ñêîðîñòè âîçäóøíîãî ïîòîêà ñâÿçà-

íî ñ òåì, ÷òî ãîðåíèå èäåò ïî âåðõíåìó ñëîþ íàâåñêè.

Ïðîíèêíîâåíèå òóøàùåãî ñîñòàâà â ãëóáèííûå ñëîè

ëåñíîãî ãîðþ÷åãî ìàòåðèàëà íå ÿâëÿåòñÿ îïðåäåëÿ-

þùèì ïðè ëîêàëèçàöèè ãîðåíèÿ (îñîáåííî ëèñòâû).

Íàèáîëåå çàìåòíû ýòè îñîáåííîñòè ïðè âûñîêèõ

ñêîðîñòÿõ äâèæåíèÿ âîçäóøíîãî ïîòîêà. Â-òðåòüèõ,

ñîñòàâû ñ áåíòîíèòîì è ïåíîîáðàçîâàòåëåì õàðàê-

òåðèçóþòñÿ ìèíèìàëüíûìè çíà÷åíèÿìè âðåìåí ëî-

êàëèçàöèè ãîðåíèÿ è òðåáóåìûõ îáúåìîâ âîäû. Êàê

ñëåäñòâèå, óäåëüíûé ðàñõîä (ïëîòíîñòü îðîøåíèÿ)

äëÿ íèõ òàêæå ìèíèìàëåí äëÿ ðàçíûõ òèïîâ è îáú-

åìîâ ËÃÌ. Â-÷åòâåðòûõ, êàê è íà ðèñ. 5, ïðè ñðàâ-

íåíèè ðèñ. 6 è 7 ìîæíî îòìåòèòü ñóùåñòâåííî íå-

ëèíåéíûå ñâÿçè ìåæäó êëþ÷åâûìè ïàðàìåòðàìè

ïî ñðàâíåíèþ ñ àíàëîãè÷íûìè õàðàêòåðèñòèêàìè â

îïûòàõ ñ ëèñòâîé. Ïðè÷èíû ýòîãî ÿâëåíèÿ áûëè ïðî-

àíàëèçèðîâàíû âûøå. Â-ïÿòûõ, åñëè îáîáùàòü õà-

ðàêòåðèñòèêè íà ðèñ. 6 è 7 ïðè èñïîëüçîâàíèè äàí-

íûõ èç ðàáîò [4–6, 19, 20], òî ìîæíî îòìåòèòü ñóùå-

ñòâåííî ìåíüøèå çíà÷åíèÿ ïëîòíîñòè îðîøåíèÿ,

äîñòàòî÷íûå äëÿ ëîêàëèçàöèè ãîðåíèÿ, ïî ñðàâíå-

íèþ ñ ïîäàâëåíèåì ãîðåíèÿ çà ñ÷åò âïðûñêà æèäêî-

ñòè íåïîñðåäñòâåííî â çîíó ãîðåíèÿ.

Íàèáîëüøóþ öåííîñòü ïðåäñòàâëÿþò ýêñïåðè-

ìåíòàëüíûå êîëè÷åñòâåííûå ðåçóëüòàòû, èëëþñòðè-

ðóþùèå îòëè÷èÿ ìåæäó âðåìåíàìè, îáúåìàìè æèä-

êîñòè è óäåëüíûìè ðàñõîäàìè, íåîáõîäèìûìè è äî-

ñòàòî÷íûìè äëÿ ëîêàëèçàöèè ãîðåíèÿ ðàçíûõ òèïîâ

ìàòåðèàëîâ çà ñ÷åò ïðèìåíåíèÿ çàãðàäèòåëüíûõ ïî-

ëîñ. Â ÷àñòíîñòè, èç ðèñ. 6 è 7 âèäíî, ÷òî óäåëüíûå

ðàñõîäû (ïëîòíîñòè îðîøåíèÿ) ìîæíî âàðüèðîâàòü

â ïðåäåëàõ 20–40 % ïðè èñïîëüçîâàíèè æèäêîñòíûõ

ñîñòàâîâ íà îñíîâå âîäû ñ äîáàâêàìè. Äàæå íåáîëü-

øàÿ ïî îáúåìíîé èëè ìàññîâîé êîíöåíòðàöèè äî-

áàâêà ñïîñîáñòâóåò çíà÷èòåëüíîé ýêîíîìèè ñîñòàâà

(ñíèæåíèþ òðåáóåìîãî óäåëüíîãî ðàñõîäà). Îñîáåí-

íî çàìåòíû äàííûå ýôôåêòû äëÿ ñîñòàâîâ íà îñíîâå

áåíòîíèòà è ïåíîîáðàçîâàòåëÿ, ïîýòîìó èõ ìîæíî

ñ÷èòàòü íàèáîëåå ðàöèîíàëüíûìè äëÿ øèðîêîãî ïðè-

ìåíåíèÿ â ïðàêòèêå ëîêàëèçàöèè ãîðåíèÿ ðàçëè÷-

íûõ ëåñíûõ ìàññèâîâ. Ãëàâíàÿ çàäà÷à ñïåöèàëèñòîâ

— îïòèìèçàöèÿ ïðîöåññîâ ïðèãîòîâëåíèÿ äàííûõ

ñîñòàâîâ äëÿ áîðüáû ñ ëåñíûìè ïîæàðàìè íà áîëü-

øèõ ïëîùàäÿõ.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî äîáàâëåíèå ðàçëè÷-

íûõ ïðèìåñåé ê âîäå äëÿ ëîêàëèçàöèè è ïîäàâëåíèÿ

ãîðåíèÿ ëåñíûõ ìàññèâîâ îïðàâäàíî ïðè ðàáîòå ñ

îãðàíè÷åííûìè ïî ïëîùàäè î÷àãàìè ãîðåíèÿ. Ñðàâ-

íèòåëüíûé àíàëèç ðèñ. 5–7 ïîêàçûâàåò, ÷òî ïîëíîå

âûãîðàíèå ëîêàëèçîâàííîãî ó÷àñòêà ëåñíîãî ìàñ-

ñèâà äàæå ïðè âûñîêèõ ñêîðîñòÿõ âîçäóøíîãî ïîòî-

êà ïðîèñõîäèò â òå÷åíèå íåñêîëüêèõ ìèíóò. Çà ýòî

âðåìÿ ôðîíòû ïëàìåííîãî ãîðåíèÿ è ïèðîëèçà ìî-

ãóò ðàñïðîñòðàíèòüñÿ íà ÷ðåçâû÷àéíî áîëüøèå

ïëîùàäè, ïîýòîìó ïîëó÷åííûå â îïûòàõ êîëè÷å-

ñòâåííûå ðåçóëüòàòû ïîçâîëÿò ïðîãíîçèðîâàòü òè-

ïè÷íûå âðåìåíà äëÿ ôîðìèðîâàíèÿ çàãðàäèòåëü-

íûõ ïîëîñ ïåðåä ôðîíòîì ãîðåíèÿ.

Ðèñ. 6 è 7 ïîêàçûâàþò, ÷òî ïàðàìåòðû çàãðàäè-

òåëüíîé ïîëîñû (ãåîìåòðè÷åñêèå ðàçìåðû è íåîáõî-

äèìûé îáúåì æèäêîñòè) ñëåäóåò âûáèðàòü èñõîäÿ

èç ðàçìåðîâ ïðèëåãàþùåãî ñëîÿ ëåñíîãî ãîðþ÷åãî

ìàòåðèàëà, ò. å., èíûìè ñëîâàìè, ýíåðãîåìêîñòè çà-

ãðàäèòåëüíîé ïîëîñû (îïðåäåëÿåìîé âûñîêèìè òåï-

ëîåìêîñòüþ âîäû è òåïëîòîé ïàðîîáðàçîâàíèÿ ïî-

ñëåäíåé) äîëæíî õâàòèòü äëÿ ïîäàâëåíèÿ ïëàìåííîãî

ãîðåíèÿ è ïèðîëèçà âñåãî ïðèëåãàþùåãî ê ïîëîñå

ìàòåðèàëà. Èç ðèñ. 6 è 7 âèäíî, ÷òî îáúåì òàêîãî ìà-

òåðèàëà îãðàíè÷åí è äîâîëüíî ìàë. Îäíàêî ñëåäóåò

çàìåòèòü, ÷òî ïðè áîëüøèõ îáúåìàõ ìàòåðèàëà õà-

ðàêòåðèñòèêè ïðîöåññà íå ìåíÿþòñÿ (ñì. ðèñ. 6 è 7).

Ýòî îáóñëîâëåíî òåì, ÷òî ê òîìó ìîìåíòó âðåìåíè,

êîãäà ôðîíò ïëàìåííîãî ãîðåíèÿ äîõîäèò äî çàãðà-

äèòåëüíîé ïîëîñû, ìàòåðèàë óæå ïîëíîñòüþ âûãî-

ðàåò â îáëàñòè èíèöèèðîâàíèÿ è ïðåäñòàâëÿåò ñîáîé

èíåðòíûé ËÃÌ. Èìåííî ïîýòîìó åãî îáúåì è íå âëèÿ-

åò íà óñëîâèÿ è õàðàêòåðèñòèêè ãîðåíèÿ. Êàê ñëåä-

ñòâèå, ñ èñïîëüçîâàíèåì äàííûõ, ïðèâåäåííûõ íà

ðèñ. 6 è 7, ìîæíî ïðîãíîçèðîâàòü óäåëüíûå ðàñõîäû

èññëåäîâàííûõ îãíåçàäåðæèâàþùèõ è îãíåòóøàùèõ

ñîñòàâîâ äëÿ ðàçíûõ îáúåìîâ ïîòåíöèàëüíî îïàñ-

íûõ ïèðîëèçóþùèõñÿ ìàòåðèàëîâ.

Çàêëþ÷åíèå

Ïðîâåäåííûå ýêñïåðèìåíòû ïîçâîëèëè óñòàíî-

âèòü äîñòàòî÷íî ñóùåñòâåííûå îòëè÷èÿ ìåæäó îñíîâ-

íûìè õàðàêòåðèñòèêàìè ïðîöåññîâ ëîêàëèçàöèè ïëà-

ìåííîãî ãîðåíèÿ è ïèðîëèçà òèïè÷íûõ ËÃÌ ïðè

ïðèìåíåíèè âîäû, à òàêæå ñîñòàâîâ íà îñíîâå âîäû

ñ òèïè÷íûìè äëÿ ïðàêòèêè ïîæàðîòóøåíèÿ äîáàâ-

êàìè. Îñîáåííî çàìåòíû îòëè÷èÿ ïî íåîáõîäèìîìó
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óäåëüíîìó ðàñõîäó æèäêîñòè (ïëîòíîñòè îðîøåíèÿ)

ïðè ïðèìåíåíèè åå â çàãðàäèòåëüíîé ïîëîñå (ïðè

óêàçàííîé øèðèíå ïîñëåäíåé ìîæíî ïåðåñ÷èòàòü

êàê àáñîëþòíûå, òàê è îòíîñèòåëüíûå çíà÷åíèÿ íå-

îáõîäèìûõ îáúåìîâ âîäû èëè äðóãèõ ñîñòàâîâ íà

åå îñíîâå). Ìèíèìàëüíîå âðåìÿ ëîêàëèçàöèè ãîðå-

íèÿ óñòàíîâëåíî äëÿ ñîñòàâà ñ äîáàâêîé áåíòîíèòà.

Êðîìå òîãî, çàðåãèñòðèðîâàíû ìèíèìàëüíûå îáúåìû

æèäêîñòíîãî ñîñòàâà ñ äîáàâêîé áåíòîíèòà ïî ñðàâ-

íåíèþ ñ áèøîôèòîì è ïåíîîáðàçîâàòåëåì.

***

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæ-

êå ãðàíòà Ðîññèéñêîãî íàó÷íîãî ôîíäà (ïðîåêò

¹ 18-19-00056). Àâòîðû âûðàæàþò áëàãîäàðíîñòü

ñîòðóäíèêàì ëàáîðàòîðèè ìîäåëèðîâàíèÿ ïðîöåñ-

ñîâ òåïëîìàññîïåðåíîñà Íàöèîíàëüíîãî èññëåäîâà-

òåëüñêîãî Òîìñêîãî ïîëèòåõíè÷åñêîãî óíèâåðñèòå-

òà (http:��hmtslab.tpu.ru) çà ïîìîùü â ïðîâåäåíèè

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé.
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ABSTRACT

Introduction. One of the widely used methods of localizing the distribution of grassroots foci of

forest burning is to create specialized barrier strips in the form of a moistened layer of forest fuel

material. Water spray systems are traditionally used for soaking up such strips. Often, experts

formulate hypotheses about the possible increase in the effectiveness of the use of such bands through

the use of specialized aqueous formulations. However, experimental results, which substantiate such

hypotheses, are still insufficient.

Methods. Attempts were made to equalize the mechanisms, conditions, and characteristics of

the localization of the suppression of combustion of typical forest combustible materials (needles,

leaves, their mixture) through the use of water without additives, as well as formulations based on

the common impurities in firefighting in the moistening of barrier strips in this work. Wetting, flame

retardant and extinguishing additives were used.

Results. Experimental quantitative results illustrating the differences between the times, liquid

volumes and specific costs necessary and sufficient to localize the burning of different types of

materials due to the application of barrier strips have been obtained.

Discussion. Sufficiently significant differences in the main characteristics of the process of

localization of flaming combustion and pyrolysis of typical FFM with the use of water and aqueous

formulations with typical additives for firefighting practice have been established. The minimum time

of localization of combustion is established for the composition with the addition of bentonite.

Minimal volumes of liquid composition with the addition of bentonite in comparison with bischofite

and foaming agent are also registered.

Conclusions. The results of the experiments can be used to select the parameters and schemes for

the formation of barrier strips to provide the required conditions for the localization of combustion in

real practice for different volumes of pyrolysing material.

Keywords: forest combustible material; flaming burning; thermal decomposition; pyrolysis; localiza-

tion; specialized additives to water.
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