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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



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 910

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

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)
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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)
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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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ÎÑÎÁÅÍÍÎÑÒÈ ÂÛÁÎÐÀ ÎÃÍÅÇÀÙÈÒÍÛÕ ÑÎÑÒÀÂÎÂ
ÄËß ÒÅÊÑÒÈËÜÍÛÕ ÌÀÒÅÐÈÀËÎÂ

Ïðîàíàëèçèðîâàíû ñïîñîáû îãíåçàùèòíîé îáðàáîòêè òåêñòèëüíûõ ìàòåðèàëîâ (ÒÌ) è õèìè÷å-
ñêàÿ îñíîâà îãíåçàùèòíûõ ñîñòàâîâ. Îñâåùåíû âîïðîñû, êàñàþùèåñÿ ñíèæåíèÿ ãîðþ÷åñòè, äû-
ìîîáðàçîâàíèÿ è òîêñè÷íîñòè ïðîäóêòîâ ãîðåíèÿ, èçó÷åíèÿ ïðîöåññà òåðìîîêèñëåíèÿ âîëîêíî-
îáðàçóþùèõ ïîëèìåðîâ, à òàêæå ðàçðàáîòêè îïòèìàëüíûõ îãíåçàùèòíûõ ñîñòàâîâ è ìåòîäîâ
èõ ìîäèôèêàöèè. Ïðåäñòàâëåíà èíôîðìàöèÿ î ïàðàìåòðàõ è ìåòîäàõ îïðåäåëåíèÿ ïîæàðíîé
îïàñíîñòè ÒÌ ðàçëè÷íîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ è îá îáëàñòè èõ ïðèìåíåíèÿ. Èçó÷åíà
âîçìîæíîñòü ðàçðàáîòêè îãíåçàùèòíîãî ñîñòàâà äëÿ òêàíåé, íå îêàçûâàþùåãî íåãàòèâíîãî
âëèÿíèÿ íà êîæó ÷åëîâåêà ïðè êîíòàêòå. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ïî âûáîðó ñòàáè-
ëèçèðóþùèõ ñîåäèíåíèé íà îñíîâå êàðáàìèäà, âõîäÿùèõ â ñîñòàâ ñðåäñòâà äëÿ ïðîïèòêè ÒÌ è
îáåñïå÷èâàþùèõ èõ îãíåçàùèòó; ïðîâåäåíà îöåíêà ýôôåêòèâíîñòè èõ äåéñòâèÿ.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ áåçîïàñíîñòü; îãíåçàùèòíûå ïðîïèòêè; òåêñòèëüíûå ìàòåðèàëû;
ïîæàðíàÿ îïàñíîñòü òåêñòèëüíûõ ìàòåðèàëîâ; ãîðþ÷åñòü; äûìîîáðàçîâàíèå; âîñïëàìåíÿåìîñòü.

DOI: 10.18322/PVB.2018.27.09.17-25

Ââåäåíèå

Òåêñòèëüíûå ìàòåðèàëû (ÒÌ) ëåãêî âîñïëàìåíÿ-

þòñÿ, áûñòðî ãîðÿò, èìåÿ çíà÷èòåëüíóþ ïëîùàäü

îõâàòà ïëàìåíåì, ïðè ãîðåíèè âûäåëÿþò òîêñè÷íûå

ïðîäóêòû ãîðåíèÿ è â áîëüøèíñòâå ñâîåì îáëàäàþò

âûñîêîé äûìîîáðàçóþùåé ñïîñîáíîñòüþ. Â ñâÿçè

ñ ýòèì â íàñòîÿùåå âðåìÿ çíà÷èòåëüíîå êîëè÷åñòâî

íàó÷íûõ èññëåäîâàíèé ïîñâÿùåíî ïðîáëåìå ðàçðà-

áîòêè îãíåçàùèòíûõ ñîñòàâîâ è òåõíîëîãèè èõ íà-

íåñåíèÿ, ïîçâîëÿþùèõ ñíèçèòü ãîðþ÷åñòü, äûìîîá-

ðàçîâàíèå è òîêñè÷íîñòü ïðîäóêòîâ ãîðåíèÿ, à òàêæå

èçó÷åíèþ ïðîöåññà òåðìîîêèñëåíèÿ âîëîêíîîáðà-

çóþùèõ ïîëèìåðîâ [1–4].

Äîñòàòî÷íî âûñîêàÿ ïîæàðíàÿ îïàñíîñòü ÒÌ ïðè

èñïîëüçîâàíèè â ïðîìûøëåííîñòè, ñòðîèòåëüñòâå

è íà òðàíñïîðòå îáóñëîâèëà íåîáõîäèìîñòü ðàçðà-

áîòêè òåõíè÷åñêèõ ðåãëàìåíòîâ, îòðàñëåâûõ è ãîñó-

äàðñòâåííûõ ñòàíäàðòîâ, ðåãëàìåíòèðóþùèõ äîïó-

ñòèìûé óðîâåíü ãîðþ÷åñòè òåêñòèëüíûõ ìàòåðèàëîâ

ðàçëè÷íîãî íàçíà÷åíèÿ è ôóíêöèîíàëüíîãî èñïîëü-

çîâàíèÿ, à òàêæå ìåòîäîâ îöåíêè ïàðàìåòðîâ, îïðå-

äåëÿþùèõ èõ ïîæàðíóþ îïàñíîñòü.

Àíàëèç íàó÷íî-òåõíè÷åñêîé ëèòåðàòóðû çà ïî-

ñëåäíåå äåñÿòèëåòèå ïîêàçàë, ÷òî äëÿ ñîçäàíèÿ îãíå-

çàùèùåííûõ ÒÌ èñïîëüçóþòñÿ ðàçëè÷íûå ñïîñîáû.

Â èõ ÷èñëî âõîäèò ïðèìåíåíèå âûñîêîòåìïåðàòóð-

íûõ âîëîêíîîáðàçóþùèõ îðãàíè÷åñêèõ ïîëèìåðîâ

è íåîðãàíè÷åñêèõ âîëîêîí, ðàçëè÷íûõ òèïîâ ýôôåê-

òèâíûõ çàìåäëèòåëåé ãîðåíèÿ (ÇÃ), êîòîðûå èñïîëü-

çóþòñÿ â êà÷åñòâå àääèòèâíûõ äîáàâîê â ïðÿäèëü-

íûå ðàñòâîðû èëè ðàñïëàâû ïîëèìåðîâ ïðè ôîðìè-

ðîâàíèè âîëîêîí, à òàêæå äëÿ îáðàáîòêè âîëîêîí è

òêàíåé ñ îáðàçîâàíèåì íà ïîâåðõíîñòè òðóäíîðàñ-

òâîðèìûõ ñîåäèíåíèé èëè äëÿ õèìè÷åñêîé ìîäèôè-

êàöèè âîëîêîí ñ îáðàçîâàíèåì õèìè÷åñêèõ ñâÿçåé

ìåæäó ÇÃ è ìàêðîìîëåêóëîé âîëîêíîîáðàçóþùåãî

ïîëèìåðà [5–7].

Îäíèì èç íàïðàâëåíèé ñîçäàíèÿ äåêîðàòèâíî-

îòäåëî÷íûõ ÒÌ ïîíèæåííîé ãîðþ÷åñòè ÿâëÿåòñÿ

ïîâåðõíîñòíàÿ îáðàáîòêà èõ îãíåçàùèòíûìè ñîñòà-

âàìè. Ýòîò äîñòóïíûé ìåòîä îãíåçàùèòíîé îáðàáîò-

êè òêàíåé èëè ãîòîâûõ èçäåëèé ïîçâîëÿåò ïîëó÷àòü

òêàíè êàê ñ äîëãîâðåìåííûì îãíåçàùèòíûì ýôôåê-

òîì, ÷òî äåëàåò òêàíü óñòîé÷èâîé ê ìíîãîêðàòíûì

© Êîíñòàíòèíîâà Í. È., Åðåìèíà Ò. Þ., Íèêîëàåâà Å. À., Àëüìåíáàåâ Ì. Ì., 2018
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âîäíûì îáðàáîòêàì (â ÷àñòíîñòè, ñòèðêàì, õèì÷èñò-

êàì), òàê è ñ ðàçîâûì îãíåçàùèòíûì ýôôåêòîì.

Ïðè ýòîì âàæíûì ïðàêòè÷åñêèì âîïðîñîì ÿâ-

ëÿåòñÿ èçó÷åíèå âîçìîæíîñòè ðàçðàáîòêè îãíåçà-

ùèòíîãî ïðîïèòî÷íîãî ñîñòàâà äëÿ òêàíè, íå îêàçû-

âàþùåãî íåãàòèâíîãî âëèÿíèÿ íà êîæó ÷åëîâåêà ïðè

êîíòàêòå. Äîñòàòî÷íî ÷àñòî îáèâêà ìåáåëè, êðåñåë,

à òàêæå ïîñòåëüíûå ïðèíàäëåæíîñòè, çàùèòíàÿ

îäåæäà îò òåïëà è ïëàìåíè ïîäâåðãàþòñÿ îãíåçà-

ùèòíîé ïîâåðõíîñòíîé îáðàáîòêå, ïîýòîìó âïîëíå

ïðàâîìåðåí âîïðîñ îá èçó÷åíèè âîçäåéñòâèÿ òêàíè

íà êîæó ÷åëîâåêà ïðè êîíòàêòå ñ íåé â ïðîöåññå ýêñ-

ïëóàòàöèè. Ñëåäóåò îòìåòèòü, ÷òî äàííàÿ èíôîð-

ìàöèÿ â îòíîøåíèè ïðèñóòñòâóþùèõ â íàñòîÿùåå

âðåìÿ íà ðûíêå îãíåçàùèòíûõ ïðîïèòî÷íûõ ñîñòà-

âîâ îòñóòñòâóåò èëè íå ïîäòâåðæäåíà íàó÷íûìè èñ-

ñëåäîâàíèÿìè.

Òàêèì îáðàçîì, öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿëñÿ

ïîèñê ïóòåé ðåøåíèÿ âîïðîñà, ñâÿçàííîãî ñ ðàçðà-

áîòêîé îãíåçàùèòíîãî ñîñòàâà, îáåñïå÷èâàþùåãî

îäíîâðåìåííî ýôôåêòèâíóþ îãíåçàùèòó, ñîõðàíå-

íèå âíåøíåãî âèäà è ñâîéñòâ òêàíè, à òàêæå îòñóò-

ñòâèå ðàçäðàæàþùåãî äåéñòâèÿ íà îðãàíèçì ÷åëî-

âåêà. Äëÿ åå äîñòèæåíèÿ ðåøàëèñü ñëåäóþùèå çà-

äà÷è: àíàëèç ñóùåñòâóþùèõ ñïîñîáîâ îãíåçàùèòû

òêàíåé è íîðìàòèâíûõ òðåáîâàíèé ïîæàðíîé áåç-

îïàñíîñòè, ïðåäúÿâëÿåìûõ ê ÒÌ â çàâèñèìîñòè îò

íàçíà÷åíèÿ è îáëàñòè èõ ïðèìåíåíèÿ; ïðîâåäåíèå

èññëåäîâàíèé ïî èçó÷åíèþ âîçìîæíîñòè ðàçðàáîò-

êè òàêèõ ðåöåïòóð ÇÃ, êîòîðûå áû èñêëþ÷èëè íå-

ãàòèâíîå âîçäåéñòâèå òêàíè íà êîæó ÷åëîâåêà ïðè

êîíòàêòå ñ íåé â ïðîöåññå ýêñïëóàòàöèè.

Ïðîáëåìàòèêà âîïðîñà

Ñîñòàâ è ñòðóêòóðà òåêñòèëüíîãî ìàòåðèàëà ÿâ-

ëÿþòñÿ îñíîâíûìè ïàðàìåòðàìè, âëèÿþùèìè íà åãî

ïîæàðîîïàñíûå ñâîéñòâà, ïîñêîëüêó ïðîöåññ òåðìè-

÷åñêîé äåñòðóêöèè ó ðàçíûõ òèïîâ âîëîêíîîáðàçó-

þùèõ ïîëèìåðîâ ðàçëè÷àåòñÿ. Âûáîð ýôôåêòèâíûõ

ñîñòàâîâ ÇÃ è èõ ñïîñîáîâ íàíåñåíèÿ îïðåäåëÿåòñÿ

õàðàêòåðîì âçàèìîäåéñòâèÿ ñèñòåìû çàìåäëèòåëü

ãîðåíèÿ – ïîëèìåð.

Îãíåçàùèùåííûå ÒÌ, óñòîé÷èâûå ê ìíîãîêðàò-

íûì ñòèðêàì è õèì÷èñòêàì, ïîëó÷àþò â îñíîâíîì

ïóòåì ââåäåíèÿ â ðàñïëàâ âîëîêíà ðåàêöèîííûõ àí-

òèïèðåíîâ íà ñòàäèè åãî ôîðìèðîâàíèÿ. Íàïðèìåð,

äëÿ ïîëèýôèðíûõ è âèñêîçíûõ âîëîêîí â ïðîìûø-

ëåííîì ìàñøòàáå ïðåèìóùåñòâåííî èñïîëüçóþò

êëàññ ôîñôîðàçîòñîäåðæàùèõ îðãàíè÷åñêèõ ñîåäè-

íåíèé, ïðîÿâëÿþùèõ ñâîå îãíåçàùèòíîå äåéñòâèå

â êîíäåíñèðîâàííîé è ãàçîâîé ôàçàõ. Ê ÷èñëó íàè-

áîëåå èçâåñòíûõ îãíåçàùèùåííûõ òêàíåé çàðóáåæ-

íûõ ïðîèçâîäèòåëåé, ïîñòóïàþùèõ íà ðîññèéñêèé

ðûíîê, îòíîñÿòñÿ, íàïðèìåð, òêàíè, ñîñòîÿùèå èç

100 % ïîëèýôèðíîãî âîëîêíà Trevira CS (Ãåðìàíèÿ)

èëè 100 % âèñêîçíîãî âîëîêíà Lenzing AG (Àâñò-

ðèÿ) [7].

Òåêñòèëüíûå ìàòåðèàëû èç óêàçàííûõ âîëîêîí

øèðîêî ïðèìåíÿþòñÿ â êà÷åñòâå äåêîðàòèâíûõ èç-

äåëèé â èíòåðüåðå ïîìåùåíèé, äëÿ èçãîòîâëåíèÿ

îáèâêè ìÿãêîé ìåáåëè, ïîñòåëüíûõ ïðèíàäëåæíî-

ñòåé, øòîð, ïîðòüåð, çàíàâåñåé íà îáúåêòàõ, íà êî-

òîðûõ ê íèì ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ ïîæàðíîé

áåçîïàñíîñòè.

Â ïîñëåäíåå âðåìÿ äëÿ ðàçðàáîòêè ýôôåêòèâíûõ

ñïîñîáîâ îãíåçàùèòíîé ìîäèôèêàöèè òåêñòèëüíûõ

ìàòåðèàëîâ ïðèìåíÿþòñÿ òàêæå ìåòîäû ïðîïèòêè è

ïëþñîâàíèÿ ñ èñïîëüçîâàíèåì äîïîëíèòåëüíûõ ñïå-

öèàëüíûõ âîçäåéñòâèé íà ïîâåðõíîñòü è ñòðóêòóðó

âîëîêîí â öåëÿõ îáðàçîâàíèÿ àêòèâíûõ öåíòðîâ

(ñâîáîäíûõ ðàäèêàëîâ èëè ðåàêöèîííîñïîñîáíûõ

ôóíêöèîíàëüíûõ ãðóïï), îáåñïå÷èâàþùèõ õèìè-

÷åñêîå âçàèìîäåéñòâèå ìîäèôèêàòîðà ñ ïîëèìåðîì

âîëîêíà. Ê èõ ÷èñëó ìîãóò îòíîñèòüñÿ ñïîñîáû ñ

èñïîëüçîâàíèåì ýíåðãåòè÷åñêè ìîùíûõ ôèçè÷å-

ñêèõ ïîëåé: ýëåêòðîôèçè÷åñêàÿ îáðàáîòêà â êîðîí-

íîì òëåþùåì ðàçðÿäå â âîçäóøíîé èëè äðóãîé ãàçî-

âîé ñðåäå, âûñîêî÷àñòîòíàÿ ïëàçìåííàÿ îáðàáîòêà,

ôîòîõèìè÷åñêàÿ îáðàáîòêà ñ èñïîëüçîâàíèåì ÓÔ-

èçëó÷åíèÿ, ðàäèàöèîííàÿ îáðàáîòêà ïó÷êîì áûñò-

ðûõ ýëåêòðîíîâ è äð. [8–11].

Ñ ïðàêòè÷åñêîé òî÷êè çðåíèÿ îäíîé èç àêòóàëü-

íûõ çàäà÷ îñòàåòñÿ âûáîð ÇÃ äëÿ îãíåçàùèòû òåêñ-

òèëüíûõ ìàòåðèàëîâ èç ñèíòåòè÷åñêèõ (íàïðèìåð,

ïîëèýôèð) èëè ñìåøàííûõ âîëîêîí, òàê êàê ìàòå-

ðèàëû íà îñíîâå öåëëþëîçû (âèñêîçû) è ïîëèýôè-

ðà, îòëè÷àÿñü äðóã îò äðóãà õèìè÷åñêîé ñòðóêòóðîé

è ñòðîåíèåì, õàðàêòåðèçóþòñÿ ðàçëè÷íîé óñòîé÷è-

âîñòüþ ê âîçäåéñòâèþ âûñîêèõ òåìïåðàòóð.

Äëÿ ýôôåêòèâíîé îãíåçàùèòû ÒÌ â íàñòîÿùåå

âðåìÿ ïðîäîëæàåòñÿ ðàçðàáîòêà ðåàêöèîííîñïîñîá-

íûõ ñðåäñòâ è ñïåöèàëüíûõ òåõíîëîãèé èõ íàíåñå-

íèÿ. Â ÷àñòíîñòè, äëÿ ýôôåêòèâíîé îãíåçàùèòû ÒÌ

ñ äîìèíèðóþùåé ïîëèýôèðíîé ñîñòàâëÿþùåé â

îñíîâíîì èñïîëüçóþòñÿ ñîñòàâû íà îñíîâå ìîíî-

è áèôóíêöèîíàëüíûõ ôîñôîðàçîòñîäåðæàùèõ ñî-

åäèíåíèé, êîòîðûå íå òîëüêî ïðèíèìàþò ó÷àñòèå â

ìîäèôèöèðîâàíèè õëîïêîâîé ñîñòàâëÿþùåé, íî è

îêàçûâàþò ñóùåñòâåííîå âëèÿíèå íà ïèðîëèç òåð-

ìîïëàñòè÷íîãî ïîëèìåðà è èíãèáèðîâàíèå åãî òåð-

ìîðàçëîæåíèÿ [12].

Äëÿ èçãîòîâëåíèÿ äåêîðàòèâíûõ èçäåëèé âñå

øèðå ïðèìåíÿþòñÿ òêàíè èç ñìåøàííûõ âîëîêîí ñ

ðàçëè÷íûì èõ ñîîòíîøåíèåì. Âûáîð îïòèìàëüíûõ

ñîîòíîøåíèé âîëîêîí (òåðìîñòîéêèõ, îãíåçàùèùåí-

íûõ õëîï÷àòîáóìàæíûõ è ïîëèýôèðíûõ, øåðñòÿíûõ,

âèñêîçíûõ) â êîìïîçèöèè ÒÌ ïîçâîëÿåò ïîëó÷àòü

ìàòåðèàëû íå òîëüêî ïîíèæåííîé ïîæàðíîé îïàñ-

íîñòè, íî è ñ âûñîêèìè ýêñïëóàòàöèîííûìè ñâîé-

ñòâàìè.
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Íàèáîëåå øèðîêîå ðàñïðîñòðàíåíèå ïîëó÷èëè

ìåòîäû îãíåçàùèòíîé ïðîïèòêè (îáðàáîòêè) òåêñ-

òèëüíûõ ìàòåðèàëîâ, ðåàëèçóåìûå êàê â ïðîìûø-

ëåííîì ìàñøòàáå, òàê è íåïîñðåäñòâåííî íà îáúåê-

òàõ äëÿ îáðàáîòêè òåêñòèëüíûõ èçäåëèé. Â îñíîâ-

íîì äëÿ ýòîãî íà ïðàêòèêå ïðèìåíÿþòñÿ ñîñòàâû íà

îñíîâå îðòîôîñôîðíîé êèñëîòû è îäíîãî èç àçîò-

ñîäåðæàùèõ ñîåäèíåíèé — äèöèàíäèàìèäà, êàðáà-

ìèäà, ìåëàìèíà, ãóàíèäèíà è ò. ä. [12]. Èñïîëüçó-

þòñÿ îíè ÷àùå âñåãî äëÿ îáðàáîòêè öåëëþëîçî-

ñîäåðæàùèõ òêàíåé, â òîì ÷èñëå ïðåäíàçíà÷åííûõ

äëÿ çàùèòíîé ðàáî÷åé îäåæäû, ïîäâåðæåííîé òåð-

ìè÷åñêèì ðèñêàì. Êàê ïðàâèëî, òàêîé ñïåöèàëüíûé

âèä îãíåçàùèòíîé îáðàáîòêè âêëþ÷àåò ïðîöåññû

ñóøêè, òåðìîîáðàáîòêè è ïðîìûâêè ìàòåðèàëà. Óêà-

çàííûå ÇÃ îáðàçóþò íà ïîâåðõíîñòè òåêñòèëüíîãî

ìàòåðèàëà òðóäíîðàñòâîðèìûå ñîåäèíåíèÿ, êîòîðûå

ïðè òåðìè÷åñêîì îêèñëåíèè â ñâîþ î÷åðåäü îáðàçó-

þò êàðáîíèçîâàííûé ñëîé, â èçâåñòíîé ñòåïåíè çà-

òðóäíÿþùèé âûõîä ãîðþ÷èõ ãàçîîáðàçíûõ ïðîäóê-

òîâ ãîðåíèÿ.

Îäíàêî ñóùåñòâåííûì íåäîñòàòêîì îãíåçàùè-

ùåííûõ òàêèì ñïîñîáîì ìàòåðèàëîâ íåðåäêî ÿâëÿ-

åòñÿ ïîñòåïåííàÿ ìèãðàöèÿ ÇÃ íà ïîâåðõíîñòü ÒÌ,

÷òî ïðèâîäèò ê óõóäøåíèþ íå òîëüêî âíåøíåãî âèäà

òêàíè è åå ñâîéñòâ, íî è ñ áîëüøîé âåðîÿòíîñòüþ

ìîæåò îêàçûâàòü âîçäåéñòâèå íà êîæíûå ïîêðîâû

÷åëîâåêà, íåðåäêî âûçûâàÿ ïîêðàñíåíèå, ðàçäðàæå-

íèå è ææåíèå.

Êðîìå òîãî, ïðèìåíÿåìûå íà ðîññèéñêîì ðûíêå

îãíåçàùèòíûå ñîñòàâû äëÿ ïîâåðõíîñòíîé îáðà-

áîòêè ÒÌ, êàê ïðàâèëî (ñîãëàñíî èíôîðìàöèè,

ïðåäñòàâëåííîé â ñåðòèôèêàòàõ ñîîòâåòñòâèÿ òðå-

áîâàíèÿì ïîæàðíîé áåçîïàñíîñòè), îáåñïå÷èâàþò

óñòîé÷èâîñòü òêàíåé ê âîñïëàìåíåíèþ, íî ñâåäå-

íèÿ î äûìîîáðàçóþùåé ñïîñîáíîñòè è òîêñè÷íîñòè

ïðîäóêòîâ òåðìè÷åñêîãî ðàçëîæåíèÿ â ñåðòèôèêà-

òàõ îòñóòñòâóþò.

Ìåæäó òåì ñâîéñòâà ïîæàðíîé îïàñíîñòè îáðà-

áîòàííûõ îãíåçàùèòíûìè ñðåäñòâàìè ÒÌ íå òîëü-

êî ÿâëÿþòñÿ ñîñòàâëÿþùèìè îïàñíûõ ôàêòîðîâ ïî-

æàðà, íî è ìîãóò îêàçûâàòü íåãàòèâíîå âëèÿíèå íà

îêðóæàþùóþ ñðåäó.

Â ñâÿçè ñ ýòèì, íåñìîòðÿ íà äîñòàòî÷íî õîðîøî

èçó÷åííîå íàïðàâëåíèå ïî ðàçâèòèþ ïðåäñòàâëåíèé

î ãîðåíèè ÒÌ, ñîçäàíèþ ÒÌ ïîíèæåííîé ïîæàðíîé

îïàñíîñòè, ïðîäîëæàþò ïðîâîäèòüñÿ íàó÷íûå èñ-

ñëåäîâàíèÿ ïî ðàçðàáîòêå ýôôåêòèâíûõ ÇÃ, ëèøåí-

íûõ óêàçàííûõ íåäîñòàòêîâ.

Ìåòîäîëîãè÷åñêàÿ áàçà îöåíêè
ïîæàðíîé îïàñíîñòè ÒÌ

Îáúåêòèâíîñòü ðåçóëüòàòîâ îöåíêè ýôôåêòèâ-

íîñòè îãíåçàùèòû ÒÌ çàâèñèò îò ïðàâèëüíîñòè âû-

áîðà ìåòîäîâ èõ èñïûòàíèé è êîíòðîëÿ, óñòàíîâ-

ëåííûõ òðåáîâàíèÿìè íîðìàòèâíûõ äîêóìåíòîâ â

çàâèñèìîñòè îò èõ ôóíêöèîíàëüíîãî íàçíà÷åíèÿ è

îáëàñòè èñïîëüçîâàíèÿ.

Òàêèì îáðàçîì, ïðè îïðåäåëåíèè íîìåíêëàòóðû

ïîêàçàòåëåé, íåîáõîäèìûõ äëÿ îöåíêè ïîæàðíîé

îïàñíîñòè îãíåçàùèùåííûõ äåêîðàòèâíî-îòäåëî÷-

íûõ ÒÌ, ñëåäóåò îáÿçàòåëüíî ó÷èòûâàòü ðåàëüíûå

óñëîâèÿ èõ ýêñïëóàòàöèè è ôóíêöèîíàëüíîå íàçíà-

÷åíèå, à òàêæå îáëàñòü èñïîëüçîâàíèÿ.

Â òàáëèöå ïðèâåäåíà îñíîâíàÿ èíôîðìàöèÿ î

ïàðàìåòðàõ è ìåòîäàõ îïðåäåëåíèÿ ïîæàðíîé îïàñ-

íîñòè ÒÌ ðàçëè÷íîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ

è îáëàñòè èõ ïðèìåíåíèÿ. Êàê ñëåäóåò èç ïðåäñòàâ-

ëåííûõ äàííûõ, íîðìàòèâíûå òðåáîâàíèÿ ðàçëè÷à-

þòñÿ ìåæäó ñîáîé, ïîýòîìó ïðè îöåíêå ýôôåêòèâ-

íîñòè îãíåçàùèòû ÒÌ è èçäåëèé èç íèõ ýòî íåîáõî-

äèìî ó÷èòûâàòü [13, 14].

Â ñâÿçè ñ ýòèì âîçíèêàåò íåîáõîäèìîñòü óæå íà

ñòàäèè ðàçðàáîòêè îãíåçàùèòíûõ ñîñòàâîâ äëÿ ïî-

âåðõíîñòíîé îáðàáîòêè è âûáîðà òåõíîëîãèè èõ íà-

íåñåíèÿ ïðèíèìàòü âî âíèìàíèå ñîñòàâ è ñâîéñòâà

çàùèùàåìîãî ÒÌ, åãî ôóíêöèîíàëüíîå íàçíà÷åíèå,

à òàêæå ýêñïëóàòàöèîííûå òðåáîâàíèÿ ê èçäåëèþ.

Íåìàëîâàæíûì àñïåêòîì â îáëàñòè ðàçðàáîòêè

ñðåäñòâ îãíåçàùèòû äëÿ ÒÌ ìåòîäîì ïîâåðõíîñò-

íîé îáðàáîòêè ÿâëÿþòñÿ òàêæå âîïðîñû îáúåêòèâ-

íîé îöåíêè èõ ýôôåêòèâíîñòè íà îáúåêòàõ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íàðÿäó ñ îáåñïå÷åíèåì òðåáóåìîãî óðîâíÿ ïî-

æàðíîé áåçîïàñíîñòè îãíåçàùèùåííûõ òåêñòèëü-

íûõ ìàòåðèàëîâ è èçäåëèé, íåîáõîäèìî ó÷èòûâàòü èõ

ñàíèòàðíî-ãèãèåíè÷åñêèå ñâîéñòâà. Ñóùåñòâóþùàÿ

ïðàêòèêà ãèãèåíè÷åñêîé îöåíêè ìàòåðèàëîâ ñîãëàñ-

íî Ñàíèòàðíûì ïðàâèëàì è íîðìàì 2.1.2.729–99

(ÑàíÏèÍ) ïðåäóñìàòðèâàåò â îñíîâíîì îïðåäåëå-

íèå îáùåãî òîêñèêîëîãè÷åñêîãî ýôôåêòà âîçäåéñò-

âèÿ íà äûõàòåëüíûå ïóòè ÷åëîâåêà âûäåëÿþùèõñÿ

ëåòó÷èõ êîìïîíåíòîâ è íå ó÷èòûâàåò âîçìîæíîå

ðàçäðàæàþùåå äåéñòâèå îãíåçàùèùåííîãî ÒÌ íà

êîæó ÷åëîâåêà ïðè íåïîñðåäñòâåííîì ñîïðèêîñíî-

âåíèè ñ íåé.

Â êà÷åñòâå îäíîãî èç ïóòåé ðåøåíèÿ çàäà÷è ïî

ðàçðàáîòêå îãíåçàùèòíîãî ïðîïèòî÷íîãî ñðåäñòâà

äëÿ îáðàáîòêè òêàíè, êîíòàêòèðóþùåé ïðè ýêñïëó-

àòàöèè ñ êîæåé ÷åëîâåêà, àâòîðàìè áûëî ïðåäëîæå-

íî èñïîëüçîâàòü â îãíåçàùèòíîì ñîñòàâå, íàðÿäó ñ

ôîñôîðñîäåðæàùèìè ñîåäèíåíèÿìè, ñîåäèíåíèÿ íà

îñíîâå êàðáàìèäîâ. Îäíàêî èçâåñòíî, ÷òî ñóùåñò-

âåííûì íåäîñòàòêîì ìî÷åâèíû ÿâëÿåòñÿ åå íåñòà-

áèëüíîñòü: ñî âðåìåíåì îíà ðàçëàãàåòñÿ ñ âûäåëåíè-

åì àììèàêà, ÷òî ïðèâîäèò ê ðàçäðàæåíèþ êîæíûõ

ïîêðîâîâ. Ïîýòîìó áûëè ïðîâåäåíû èññëåäîâàíèÿ

ïî èçó÷åíèþ âîçìîæíîñòè ïðåäîòâðàùåíèÿ áûñòðî-

ãî ðàñïàäà ìî÷åâèíû è íåéòðàëèçàöèè îáðàçóþùå-



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 920

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

¹
ï�ï

No.

Îáëàñòü
ïðèìåíåíèÿ

Application area

Òðåáîâàíèÿ
ïîæàðíîé áåçîïàñíîñòè

Fire safety requirements

Íàçíà÷åíèå

Appointment

Ìåòîäû èñïûòàíèé

Test methods

Ïîêàçàòåëè
ïîæàðíîé îïàñíîñòè

Indicators of fire hazard

1 Ñòðîè-
òåëüñòâî
Building

ÔÇ ¹ 123, ñò. 13
Federal Law No. 123,
art. 13

Îòäåëêà ïîòîë-
êîâ, ñòåí, ïîëîâ
Finishing ceilings,
walls, floors

ÃÎÑÒ 30402–96
GOST 30402–96

Âîñïëàìåíÿåìîñòü
Inflammability

ÃÎÑÒ 30244–94
GOST 30244–94

Ãîðþ÷åñòü
Combustibility

ÃÎÑÒ Ð 51032–97
GOST R 51032–97

Ðàñïðîñòðàíåíèå ïëàìåíè
Flame propagation

ÃÎÑÒ 12.1.044–89,
ïï. 4.3, 4.18, 4.20
GOST 12.1.044–89,
items 4.3, 4.18, 4.20

Êîýôôèöèåíò äûìîîáðàçî-
âàíèÿ è ïîêàçàòåëü òîêñè÷-
íîñòè ïðîäóêòîâ ãîðåíèÿ
Smoke generation coefficient
and toxicity index of combus-
tion products

ÑÏ 4.13130, ï. 5.3
Set of rules 4.13130,
item 5.3

Ñèäåíüÿ êðåñåë
Seats of seats

ÃÎÑÒ Ð 53294–09
GOST R 53294–09

Âîñïëàìåíÿåìîñòü
Inflammability

ÃÎÑÒ 12.1.044–89,
ï. 4.20
GOST 12.1.044–89,
item 4.20

Ïîêàçàòåëü òîêñè÷íîñòè
ïðîäóêòîâ ãîðåíèÿ
Toxicity index of combus-
tion products

Ïðàâèëà ïðîòèâîïî-
æàðíîãî ðåæèìà â ÐÔ
Rules of the fire regime
in Russia

Äåêîðàöèè, ñöå-
íè÷åñêîå âûñòà-
âî÷íîå îôîðìëå-
íèå, äðàïèðîâêè
Decorations, scenic
exhibition decora-
tion, draperies

ÃÎÑÒ Ð 50810–95
GOST R 50810–95

Âîñïëàìåíÿåìîñòü
Inflammability

ÃÎÑÒ 12.1.044–89,
ï. 4.20
GOST 12.1.044–89,
item 4.20

Ïîêàçàòåëü òîêñè÷íîñòè
ïðîäóêòîâ ãîðåíèÿ
Toxicity index of combus-
tion products

2 Òðàíñïîðò
æåëåçíûõ
äîðîã è ìåò-
ðîïîëèòåíà
Transport
of railways
and under-
ground

ÃÎÑÒ Ð 55183–12,
ÍÏÁ 109–96
GOST R 55183–12,
NPB 109–96

Âíóòðåííÿÿ
îòäåëêà âàãîíîâ
Internal finishing
of wagons

ÃÎÑÒ 12.1.044–89,
ïï. 4.3, 4.18, 4.19,
4.20
GOST 12.1.044–89,
items 4.3, 4.18, 4.19,
4.20

Ãðóïïà ãîðþ÷åñòè òâåðäûõ
âåùåñòâ è ìàòåðèàëîâ, âîñ-
ïëàìåíÿåìîñòü, êîýôôèöè-
åíò äûìîîáðàçîâàíèÿ, èí-
äåêñ ðàñïðîñòðàíåíèÿ ïëà-
ìåíè, ïîêàçàòåëü òîêñè÷-
íîñòè ïðîäóêòîâ ãîðåíèÿ
Group of combustibility of
solids and materials, inflam-
mability, smoke generation
coefficient, flame propaga-
tion index, toxicity index of
combustion products

3 Ìîðñêèå
ñóäà
Marine
vessels

Ìåæäóíàðîäíûé êî-
äåêñ ïî ïðèìåíåíèþ
ïðîöåäóð èñïûòàíèÿ
íà îãíåñòîéêîñòü 2010
(Êîäåêñ ÏÈÎ 2010)
International Code
for Application of Fire
Test Procedures, 2010
(2010 FTP Code)

Âåðòèêàëüíûå
òêàíåâûå èçäåëèÿ.
Ìÿãêàÿ ìåáåëü.
Ïîñòåëüíûå ïðè-
íàäëåæíîñòè
Vertical fabric pro-
ducts. Cushioned
furniture. Beddress

Ðåçîëþöèÿ
MSC.307(88),
÷àñòè 7, 8, 9
Resolution
MSC.307(88),
parts 7, 8, 9

Âîñïëàìåíÿåìîñòü
Inflammability

4 Ðå÷íûå
ñóäà
River
vessels

Ïðàâèëà êëàññèôèêà-
öèè è ïîñòðîéêè ñóäîâ
âíóòðåííåãî ïëàâàíèÿ,
2008
Rules for Classification
and Construction of
Inland Navigation
Vessels, 2008

Øòîðû, çàíàâåñè,
îáèâêà ìÿãêîé
ìåáåëè
Curtains, curtains,
upholstery uphols-
tered furniture

ÃÎÑÒ Ð 50810–95
GOST R 50810–95

Âîñïëàìåíÿåìîñòü
Inflammability

ÃÎÑÒ 12.1.044–89,
ïï. 4.18, 4.19, 4.20
GOST 12.1.044–89,
items 4.18, 4.19, 4.20

Êîýôôèöèåíò äûìîîáðàçî-
âàíèÿ, ïîêàçàòåëü òîêñè÷-
íîñòè ïðîäóêòîâ ãîðåíèÿ,
èíäåêñ ðàñïðîñòðàíåíèÿ
ïëàìåíè
Smoke generation coefficient,
toxicity index of combustion
products, flame propagation
index

Îñíîâíûå íîðìàòèâíûå òðåáîâàíèÿ ïîæàðîáåçîïàñíîãî èñïîëüçîâàíèÿ äåêîðàòèâíî-îòäåëî÷íûõ ÒÌ
Major regulatory requirements fire-safety use of decorative-finishing textile materials
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ãîñÿ àììèàêà ïîäáîðîì ñòàáèëèçàòîðîâ è áóôåðíûõ

ðàñòâîðîâ. Äëÿ ýòîãî áûë èñïîëüçîâàí îïûò ïðèìå-

íåíèÿ ïðè ïðîèçâîäñòâå êîñìåòè÷åñêèõ è ëåêàðñò-

âåííûõ ñðåäñòâ [15–20], ñîäåðæàùèõ êèñëîòû, ñïå-

öèàëüíûõ âåùåñòâ — ëàêòîíîâ, îáëàäàþùèõ ìíî-

ãèìè ñâîéñòâàìè íåöèêëè÷åñêèõ ñëîæíûõ ýôèðîâ

èëè áóôåðíûõ ðàñòâîðîâ, ñòàáèëèçèðóþùèõ ðàñïàä

ìî÷åâèíû [21, 22].

Â õîäå ýêñïåðèìåíòîâ â 30 %-íûå âîäíûå ðàñ-

òâîðû êàðáàìèäà äîáàâëÿëè ðàçëè÷íûå êîíöåíòðà-

öèè ëàêòîíîâ, äëÿ òîãî ÷òîáû îöåíèòü èçìåíåíèå

âîäîðîäíîãî ïîêàçàòåëÿ (pH) ðàñòâîðà. Îáðàçöû õðà-

íèëè ïðè òåìïåðàòóðå 45 °C â òå÷åíèå 90 ñóò, ñ ïå-

ðèîäè÷åñêèìè çàìåðàìè pH è àêòèâíîñòè ìî÷åâè-

íû. Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî âñå ðàñ-

òâîðû ñ äîáàâëåíèåì ëàêòîíîâ ñîõðàíÿëè óðîâåíü

pH ðàñòâîðà îò 5,5 äî 7,0, ÷òî ÿâëÿåòñÿ äîñòàòî÷íûì

ïîêàçàòåëåì äëÿ ýôôåêòèâíîãî îãíåçàùèòíîãî äåé-

ñòâèÿ ñðåäñòâà.

Áûëè ïðîâåäåíû òàêæå ñðàâíèòåëüíûå îïûòû

ñ ðàñòâîðàìè ìî÷åâèíû áåç ñîäåðæàíèÿ ëàêòîíîâ.

Ïðè ýòîì èõ âîäîðîäíûé ïîêàçàòåëü ðÍ ñ òå÷åíèåì

âðåìåíè çàìåòíî óâåëè÷èâàëñÿ: ÷åðåç 9 ñóò ñ ìî-

ìåíòà íà÷àëà ýêñïåðèìåíòà pH ðàñòâîðà äîñòèãàë

óðîâíÿ 8,5, ÷åðåç 18 ñóò — 8,8, à ÷åðåç 45 ñóò —

áîëåå 9,5, ÷òî äîêàçûâàåò íàëè÷èå ïðîöåññà ðàñïà-

äà êàðáàìèäà. Ýòî îáñòîÿòåëüñòâî ïîäòâåðæäàëîñü

îùóòèìûì çàïàõîì àììèàêà ó äàííûõ ïðîá. Ñëåäó-

åò îòìåòèòü, ÷òî ó ðàñòâîðîâ, ñîäåðæàùèõ ëàêòîí,

çàïàõ àììèàêà îòñóòñòâîâàë, ÷òî ñâèäåòåëüñòâóåò î

ñòàáèëüíîì ñîñòîÿíèè êàðáàìèäà.

Èíòåðåñíû ðåçóëüòàòû èññëåäîâàíèé âîäíûõ ðàñ-

òâîðîâ ñ 50 %-íûì ñîäåðæàíèåì êàðáàìèäà è äîáàâ-

ëåíèåì ëàêòîíîâ è áóôåðíûõ ðàñòâîðîâ â çàâèñè-

ìîñòè îò èçìåíåíèÿ òåìïåðàòóðû. Îïûòû ïîêàçàëè,

÷òî ñêîðîñòü èçìåíåíèÿ pH ðàñòâîðîâ ñ óâåëè÷å-

íèåì òåìïåðàòóðû õðàíåíèÿ âîçðàñòàåò. Íàïðèìåð,

çíà÷åíèÿ ðÍ îáðàçöîâ ðàñòâîðîâ, õðàíèâøèõñÿ ïðè

òåìïåðàòóðå 45 °C, äîñòèãàëè óðîâíÿ pH îáðàçöîâ,

õðàíèâøèõñÿ ïðè òåìïåðàòóðå 37 °C, â 2–3 ðàçà

áûñòðåå, à õðàíèâøèõñÿ ïðè êîìíàòíîé òåìïåðàòó-

ðå, åùå áûñòðåå.

Òàêèì îáðàçîì, òêàíè, îáðàáîòàííûå âîäíûì îã-

íåçàùèòíûì ñîñòàâîì, âêëþ÷àþùèì ôîñôîðñîäåð-

æàùèå ñîåäèíåíèÿ è êàðáàìèä ïðè äîïîëíèòåëüíîì

ñîäåðæàíèè ëàêòîíîâ è áóôåðíîãî ðàñòâîðà, ïðè

îïðåäåëåííûõ îïòèìàëüíûõ ñîîòíîøåíèÿõ è òåõ-

íîëîãèè ñîåäèíåíèÿ êîìïîíåíòîâ ìîãóò íå òîëüêî

óäîâëåòâîðÿòü òðåáîâàíèÿì ïîæàðíîé áåçîïàñíî-

ñòè, íî è äëèòåëüíîå âðåìÿ êîíòàêòèðîâàòü ñ êîæåé

÷åëîâåêà, íå âûçûâàÿ åå ðàçäðàæåíèÿ.

Èçãîòîâëåíèå ýêñïåðèìåíòàëüíûõ ïàðòèé îãíå-

çàùèòíîãî ñîñòàâà ïðåäóñìàòðèâàëî ðàçëè÷íóþ ïî-

ñëåäîâàòåëüíîñòü îïåðàöèé ââåäåíèÿ êîìïîíåíòîâ

â âîäíûé ðàñòâîð è óñòàíîâëåíèå èõ òåìïåðàòóðíûõ

ðåæèìîâ, ÷òî ïîçâîëèëî â ðåçóëüòàòå ïðîâåäåíèÿ

ìíîãî÷èñëåííûõ îïûòîâ ïîëó÷èòü îïòèìàëüíûå

õàðàêòåðèñòèêè ñðåäñòâà è ïðîöåññà åãî ïðèãîòîâ-

ëåíèÿ.

Ñîãëàñíî ðàçðàáîòàííîé òåõíîëîãèè ïîëó÷åíèÿ

îãíåçàùèòíîãî ñîñòàâà ñíà÷àëà íàãðåâàþò âîäó äî

50–60 °Ñ, ââîäÿò ëàêòîí è ïåðåìåøèâàþò ðàñòâîð äî

åãî ïîëíîãî ðàñòâîðåíèÿ. Çàòåì ïîñòåïåííî âíîñÿò

êàðáàìèä è ôîñôîðñîäåðæàùèé ÇÃ, ïîñëå ÷åãî äî-

áàâëÿþò çàðàíåå ïðèãîòîâëåííûé áóôåðíûé ðàñòâîð

(â äàííîì ñëó÷àå íà îñíîâå ëèìîííîé êèñëîòû) è

ïåðåìåøàííóþ ñìåñü îõëàæäàþò äî 20–22 °Ñ. Ïðè

òàêîé òåõíîëîãèè ïðèãîòîâëåíèÿ ñðåäñòâà íàáëþ-

äàëîñü ìèíèìàëüíîå âûäåëåíèå àììèàêà è óðîâåíü

ðÍ ðàñòâîðà íàõîäèëñÿ â ïðåäåëàõ 6–8.

Ïðèãîòîâëåííûé òàêèì îáðàçîì îãíåçàùèòíûé

ñîñòàâ â ãîòîâîì âèäå ïðåäñòàâëÿåò ñîáîé ïðîçðà÷-

íóþ æèäêîñòü, ñ ìàññîâîé äîëåé íåëåòó÷èõ êîìïî-

íåíòîâ 15 %, êîòîðàÿ íàíîñèòñÿ íà ÒÌ ðàçëè÷íûìè

ñïîñîáàìè — êèñòüþ, âàëèêîì, ïîãðóæåíèåì èëè

îïðûñêèâàíèåì. Ïðîöåññ ñóøêè îáðàáîòàííîãî ìà-

òåðèàëà ìîæåò ïðîõîäèòü ïðè êîìíàòíîé òåìïåðàòó-

ðå, ò. å. ïðè åñòåñòâåííûõ óñëîâèÿõ, à ðàñõîä ñðåä-

ñòâà äëÿ äîñòèæåíèÿ ýôôåêòà îãíåçàùèòû çàâèñèò

îò òèïà è ïîâåðõíîñòíîé ïëîòíîñòè òêàíè è ñòðóê-

òóðû ìàòåðèàëà è ñîñòàâëÿåò îò 100 äî 500 ã�ì2.

Ïî ðåçóëüòàòàì îöåíêè óñòîé÷èâîñòè ê âîñïëàìå-

íåíèþ îáðàáîòàííûå îãíåçàùèòíûì ñîñòàâîì öåë-

ëþëîçîñîäåðæàùèå òêàíè ïî ìåòîäèêå ÃÎÑÒ Ð 50810

êëàññèôèöèðóþòñÿ êàê òðóäíîâîñïëàìåíÿþùèåñÿ

ïðè íåçíà÷èòåëüíîé ñòåïåíè ïîâðåæäåíèÿ ïî äëèíå

(ìåíåå 45 ìì).

Âûâîäû

Â ðåçóëüòàòå ïðîâåäåííûõ àíàëèòè÷åñêèõ èññëå-

äîâàíèé ïîêàçàíà íåîáõîäèìîñòü ó÷åòà òðåáîâàíèé

ïîæàðíîé áåçîïàñíîñòè, ïðåäúÿâëÿåìûõ ê îãíåçà-

ùèùåííûì ÒÌ â çàâèñèìîñòè îò íàçíà÷åíèÿ è îá-

ëàñòè èõ ïðèìåíåíèÿ.

Îäíèì èç ýôôåêòèâíûõ ÇÃ äëÿ öåëëþëîçîñîäåð-

æàùèõ ïîëèìåðíûõ âîëîêíèñòûõ ñèñòåì ÿâëÿþòñÿ

âîäíûå ðàñòâîðû ôîñôîðàçîòñîäåðæàùèõ ñîåäèíå-

íèé, ïîýòîìó àâòîðàìè áûëè ðàçðàáîòàíû ðåöåïòóðû

íà îñíîâå ñîåäèíåíèé êàðáàìèäà è ôîñôîðñîäåð-

æàùèõ ñîåäèíåíèé, ïîçâîëÿþùèå ïîëó÷àòü òðóäíî-

âîñïëàìåíÿþùèåñÿ êîìïîçèöèè ÒÌ ñ äîìèíèðó-

þùåé õëîïêîâîé ñîñòàâëÿþùåé.

Óñòàíîâëåíà âîçìîæíîñòü ïðèìåíåíèÿ â ñîñòàâå

äëÿ ïðîïèòêè ÒÌ ñòàáèëèçàòîðîâ íà îñíîâå êàðáà-

ìèäà — ëàêòîíîâ è áóôåðíûõ ðàñòâîðîâ ëèìîííîé

êèñëîòû, îñóùåñòâëåí âûáîð èõ îïòèìàëüíîãî êî-

ëè÷åñòâà äëÿ óâåëè÷åíèÿ âðåìåíè ðàñïàäà êàðáà-

ìèäà è òåì ñàìûì â çíà÷èòåëüíîé ñòåïåíè ñíèæåí

âûõîä àììèàêà — îäíîãî èç ðàçäðàæàþùèõ êîæíûå

ïîêðîâû ÷åëîâåêà êîìïîíåíòîâ îãíåçàùèòíûõ ñî-

ñòàâîâ.
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Íà îñíîâàíèè ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ

äàííûõ ñëåäóåò, ÷òî äàëüíåéøàÿ ðàáîòà ïî ìîäèôè-

êàöèè îãíåçàùèòíîãî ñîñòàâà íà îñíîâå ñîåäèíå-

íèé êàðáàìèäà è ïîäáîðó ñòàáèëèçàòîðîâ äëÿ îáðà-

áîòêè äåêîðàòèâíî-îòäåëî÷íûõ ÒÌ ñ âîçìîæíûì

êîíòàêòîì ñ êîæåé ÷åëîâåêà ÿâëÿåòñÿ îäíèì èç âîç-

ìîæíûõ ïóòåé ðåøåíèÿ çàäà÷è ïî ñîçäàíèþ ýôôåê-

òèâíûõ ñðåäñòâ îãíåçàùèòû, ñîîòâåòñòâóþùèõ òðå-

áîâàíèÿì íîðìàòèâíûõ äîêóìåíòîâ â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè è ñàíèòàðíîé ãèãèåíû.
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ABSTRACT

Introduction. In order to reduce the fire hazard of textile materials (TM), scientific research is being

carried out for the development of various methods of their fire protection. One of the directions in

the field of decorative finishing TM with reduced flammability is their surface treatment with fire

retardant compositions. Along with the development of fire retardants for TM, it is quite legitimate to

study the effects of tissue on human skin, when in contact.

Methods. At the stage of development of fire retardant compositions for surface treatment and

the choice of the technology of their application, it is necessary to take into account the functional

purpose of the TM, the scope of application and operational requirements.

Discussion. In developing a fire retardant composition for surface treatment of TM that are in

contact with human skin, the authors proposed the use of a number of phosphorus-containing

compounds, which are effective fire retardants. However, a significant disadvantage of such com-

pounds is their instability, decomposition and dissociation over time, which leads to irritation of

the skin in direct contact with the material. Therefore, research has been carried out and optimal

chemical compositions of stabilizers, buffer solutions and their ratios in the fire retardant have been

selected. Their use for surface treatment of TM on a cellulosic basis makes the TM resistant to ignition

and does not adversely affect the skin of a person in direct contact.

Conclusions. Based on the experimental data obtained, it follows that one of the possible ways to

solve the problem of developing effective fire protection means that meet the requirements of



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 924

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

normative documents in the field of fire safety and sanitary hygiene may be modification of

compounds based on carbamide compounds with the selection of appropriate stabilizers and buffer

solutions.

Keywords: fire safety; fire retardant impregnation; textile materials; fire danger of textile materials;

combustibility; smoke generation; inflammability.
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Ïðèâåäåíû ðåçóëüòàòû êîìïëåêñíûõ èññëåäîâàíèé ïî îáåñïå÷åíèþ ïîæàðîâçðûâîáåçîïàñíîñòè
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âîçêå ïîæàðîîïàñíûõ ãðóçîâ ïî æåëåçíûì äîðîãàì.
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Ââåäåíèå. Àêòóàëüíîñòü ïðîáëåìû
è íîðìàòèâíàÿ áàçà

Â íàñòîÿùåå âðåìÿ ïî æåëåçíûì äîðîãàì Ðîññèé-

ñêîé Ôåäåðàöèè â ìàññîâîì ïîðÿäêå ïåðåâîçÿòñÿ

îïàñíûå ãðóçû, îòíîñÿùèåñÿ êî 2-ìó è 3-ìó êëàññàì

îïàñíîñòè (â ÷àñòíîñòè, ñæèæåííûå ãàçû è ëåãêî-

âîñïëàìåíÿþùèåñÿ æèäêîñòè). Ïðè ýòîì ðóêîâîä-

ñòâóþòñÿ ñëåäóþùèìè íîðìàòèâíûìè äîêóìåíòà-

ìè: “Ïðàâèëà ïåðåâîçîê îïàñíûõ ãðóçîâ ïî æåëåç-

íûì äîðîãàì” [1], “Ïðàâèëà áåçîïàñíîñòè è ïîðÿäîê

ëèêâèäàöèè àâàðèéíûõ ñèòóàöèé ñ îïàñíûìè ãðó-

çàìè ïðè ïåðåâîçêå èõ ïî æåëåçíûì äîðîãàì” [2],

“Ïðàâèëà ïîæàðíîé áåçîïàñíîñòè íà æåëåçíîäî-

ðîæíîì òðàíñïîðòå” [3] è äð.

Îäíàêî è ïðè âûïîëíåíèè âñåõ ìåðîïðèÿòèé,

ðåãëàìåíòèðîâàííûõ íîðìàòèâíûìè äîêóìåíòàìè

[1–3], âîçíèêàþò ðàçëè÷íûå àâàðèéíûå ñèòóàöèè,

÷òî ïðèâîäèò ê íàðóøåíèþ òðåáîâàíèé ïîæàðíîé

áåçîïàñíîñòè ïåðåâîçî÷íîãî ïðîöåññà, ýêîëîãè÷å-

ñêîé áåçîïàñíîñòè è äàæå òðåáîâàíèé ïî ñîõðàíå-

íèþ çäîðîâüÿ è æèçíè ëþäåé.

Äëÿ ðåøåíèÿ âîïðîñîâ, ñâÿçàííûõ ñ îáåñïå÷åíè-

åì ïîæàðíîé áåçîïàñíîñòè ïðè ïåðåâîçêå ïîæàðî-

îïàñíûõ ãðóçîâ, Ìèíèñòåðñòâî ïóòåé ñîîáùåíèÿ

Ðîññèéñêîé Ôåäåðàöèè â 1990-õ ãîäàõ ïîñòàâèëî

çàäà÷ó ðàçðàáîòàòü íåîáõîäèìûå íîðìàòèâíûå ïðà-

âîâûå äîêóìåíòû.

Â 2002 ã. áûë ïðèíÿò Ôåäåðàëüíûé çàêîí “Î òåõ-

íè÷åñêîì ðåãóëèðîâàíèè” [4], êîòîðûì îïðåäåëÿþò-

ñÿ ñëåäóþùèå íàïðàâëåíèÿ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè, àêòóàëüíûå ïðè ïåðåâîçêå îïàñíûõ ãðóçîâ

ïî æåëåçíûì äîðîãàì:

© Åâñååâ Ä. Ã., Ôèëèïïîâ Â. Í., Ïåòðîâ Ã. È., Øåáåêî Þ. Í., Áåñïàëüêî Ñ. Â., 2018
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� áåçîïàñíîñòü èçëó÷åíèé;
� áèîëîãè÷åñêàÿ áåçîïàñíîñòü;
� âçðûâîáåçîïàñíîñòü;
� ìåõàíè÷åñêàÿ áåçîïàñíîñòü;
� ïîæàðíàÿ áåçîïàñíîñòü;
� áåçîïàñíîñòü òåõíè÷åñêèõ óñòðîéñòâ, ïðèìåíÿ-

åìûõ íà îïàñíîì ïðîèçâîäñòâåííîì îáúåêòå;
� òåðìè÷åñêàÿ áåçîïàñíîñòü;
� õèìè÷åñêàÿ áåçîïàñíîñòü;
� ýëåêòðè÷åñêàÿ áåçîïàñíîñòü;
� ðàäèàöèîííàÿ áåçîïàñíîñòü.

Ôåäåðàëüíûé çàêîí “Î æåëåçíîäîðîæíîì òðàíñ-

ïîðòå â Ðîññèéñêîé Ôåäåðàöèè” (¹ 17-ÔÇ) [5] òàê-

æå ñîäåðæèò ïåðå÷åíü òðåáîâàíèé äëÿ îáåñïå÷åíèÿ

áåçîïàñíîñòè äâèæåíèÿ è ýêñïëóàòàöèè æåëåçíîäî-

ðîæíîãî òðàíñïîðòà.

Âîïðîñàì îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè

ïåðåâîçêè îïàñíûõ ãðóçîâ óäåëÿåòñÿ ïîâûøåííîå

âíèìàíèå è â ðàáîòàõ çàðóáåæíûõ ó÷åíûõ è ñïåöèà-

ëèñòîâ [6–14].

Â ðàìêàõ íàñòîÿùåé ðàáîòû íà îñíîâå ñòàòèñòè-

÷åñêèõ äàííûõ î ïîæàðîîïàñíûõ èíöèäåíòàõ, ñâÿ-

çàííûõ ñ ïåðåâîçêîé îïàñíûõ ãðóçîâ æåëåçíîäî-

ðîæíûì òðàíñïîðòîì, ÌÈÈÒ â òå÷åíèå ïîñëåäíèõ

30 ëåò ïðîâîäèë ìàñøòàáíûå òåîðåòè÷åñêèå è ýêñ-

ïåðèìåíòàëüíûå èññëåäîâàíèÿ.

Îñíîâíûå ðåçóëüòàòû èññëåäîâàíèé
ïî ïðîáëåìå ïîæàðîâçðûâîáåçîïàñíîñòè

öèñòåðí

Â ðåçóëüòàòå èññëåäîâàíèé, ïðîâîäèâøèõñÿ â

ÌÈÈÒå, áûëè ðàçðàáîòàíû ñöåíàðèè ðàçâèòèÿ ïî-

æàðîîïàñíûõ àâàðèéíûõ ñèòóàöèé ñ âàãîíàìè-öèñ-

òåðíàìè è íà èõ îñíîâå — ðàñ÷åòíûå àâàðèéíûå ðå-

æèìû ìåõàíè÷åñêîãî èëè òåïëîâîãî âîçäåéñòâèÿ íà

íèõ. Ïîëó÷åííûå â èññëåäîâàíèÿõ äàííûå ëåãëè â

îñíîâó èçìåíåíèé è äîïîëíåíèé â “Íîðìû ðàñ÷åòà

è ïðîåêòèðîâàíèÿ âàãîíîâ…” [15]. Êðîìå òîãî, áûë

ðàçðàáîòàí ñïðàâî÷íèê [16], êîòîðûé èñïîëüçóåòñÿ

òàêæå äëÿ îáó÷åíèÿ ïåðñîíàëà, îáåñïå÷èâàþùåãî

ïåðåâîçêó îïàñíûõ ãðóçîâ.

Â óêàçàííîì íàïðàâëåíèè ÌÈÈÒîì ñîâìåñòíî ñ

ÂÍÈÈÏÎ è äðóãèìè îðãàíèçàöèÿìè áûëè ñîçäàíû

ìåòîäèêè è ïðîãðàììíûå ñðåäñòâà ìîäåëèðîâàíèÿ

ïîâåäåíèÿ ïîäâèæíîãî ñîñòàâà ïðè àâàðèéíûõ ðå-

æèìàõ, ðàçðàáîòàíû è âíåäðåíû êîíñòðóêòèâíûå ðå-

øåíèÿ äëÿ îáåñïå÷åíèÿ äèíàìè÷åñêîé è ïîæàðíîé

áåçîïàñíîñòè [17–32].

Áûëè òàêæå ñïðîåêòèðîâàíû è ââåäåíû â ýêñïëó-

àòàöèþ íîâûå ìîäåëè öèñòåðí äëÿ ïåðåâîçêè ãðóçîâ

2-ãî è 3-ãî êëàññîâ îïàñíîñòè è íåêîòîðûõ äðóãèõ

ïîæàðîîïàñíûõ ãðóçîâ. Ñîçäàííûå ìîäåëè öèñòåðí

âêëþ÷àëè ðÿä íîâûõ òåõíè÷åñêèõ ñðåäñòâ îáåñïå-

÷åíèÿ áåçîïàñíîñòè:

� ýëàñòîìåðíûé ïîãëîùàþùèé àïïàðàò àâòîñöåï-

êè ñ âûñîêîé ýíåðãîåìêîñòüþ;
� çàùèòíûå ýêðàíû äëÿ çàùèòû äíèù öèñòåðí;
� ïðåäîõðàíèòåëè îò ñàìîðàñöåïà àâòîñöåïîê;
� äóãè áåçîïàñíîñòè äëÿ çàùèòû ãîðëîâèí öèñòåðí

ïðè àâàðèÿõ;
� ïðèáîðû ñëèâîíàëèâíîé, ïðåäîõðàíèòåëüíîé è

êîíòðîëüíîé àðìàòóðû äëÿ öèñòåðí 2-ãî êëàññà

îïàñíîñòè â íåñêîëüêèõ âàðèàíòàõ èñïîëíåíèÿ;
� ñëèâíîé ïðèáîð ñ òðåìÿ çàïîðíûìè óñòðîéñòâà-

ìè äëÿ öèñòåðí, ïåðåâîçÿùèõ ëåãêîâîñïëàìåíÿ-

þùèåñÿ æèäêîñòè;
� íåñêîëüêî ñèñòåì îãíåçàùèòíûõ ïîêðûòèé äëÿ

îáåñïå÷åíèÿ òåïëîèçîëÿöèè êîòëà æåëåçíîäîðîæ-

íîé öèñòåðíû ïðè ïîæàðå.

Íà ðèñ. 1 ïðåäñòàâëåíà öèñòåðíà ìîäåëè 15-9503

ÀÂÏ, ñîçäàííàÿ íà îñíîâå ðåçóëüòàòîâ îïèñàííûõ

íàó÷íûõ èññëåäîâàíèé è îñíàùåííàÿ îñíîâíûìè

òåõíè÷åñêèìè ñðåäñòâàìè îáåñïå÷åíèÿ ïîæàðíîé

áåçîïàñíîñòè.

Ðàçíîãëàñèÿ â íîðìàòèâíîé
äîêóìåíòàöèè ïî âîïðîñàì

ïîæàðîâçðûâîáåçîïàñíîñòè âàãîíîâ

Ê ñîæàëåíèþ, â òî æå âðåìÿ áûëè ðàçðàáîòàíû

íîðìàòèâíûå äîêóìåíòû, âî ìíîãîì ñâîäÿùèå íà

íåò ðàáîòó ïî îáåñïå÷åíèþ ïîæàðíîé áåçîïàñíîñòè

ïðîöåññà ïåðåâîçêè ãðóçîâ 2-ãî è 3-ãî êëàññîâ îïàñ-

íîñòè. Â ÷àñòíîñòè, â ìåæãîñóäàðñòâåííîì ñòàí-

äàðòå ÃÎÑÒ 33211–2014 “Âàãîíû ãðóçîâûå. Òðåáî-

âàíèÿ ê ïðî÷íîñòè è äèíàìè÷åñêèì êà÷åñòâàì”,

ðàçðàáîòàííîì ÎÀÎ “ÂÍÈÈÆÒ”, îòñóòñòâóåò íå-

îáõîäèìàÿ èíôîðìàöèÿ îá àâàðèéíûõ ðàñ÷åòíûõ

ðåæèìàõ ïðè ïðîåêòèðîâàíèè âàãîíîâ äëÿ ïåðåâîç-

êè îïàñíûõ ãðóçîâ. Ñëåäóåò èìåòü â âèäó, ÷òî â ñî-

îòâåòñòâèè ñ Êîíñòèòóöèåé Ðîññèéñêîé Ôåäåðàöèè

(ñò. 15, ï. 4) â ñèñòåìå ïðàâà íàøåãî ãîñóäàðñòâà

ìåæäóíàðîäíûå äîãîâîðû èìåþò ïðèîðèòåò ïåðåä

äðóãèìè çàêîíàìè â ñëó÷àå ïðîòèâîðå÷èÿ.

Êðîìå òîãî, èç ðåäàêöèè “Íîðì ðàñ÷åòà è ïðîåê-

òèðîâàíèÿ ãðóçîâûõ âàãîíîâ…” [33] áûëè èñêëþ-

÷åíû äîïîëíåíèÿ, êàñàþùèåñÿ ñöåíàðèåâ ïîæàðî-

Ðèñ. 1. Öèñòåðíà ìîäåëè 15-9503 ÀÂÏ

Fig. 1. Tank model 15-9503 WUA
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îïàñíûõ àâàðèéíûõ ñèòóàöèé. Íàêîíåö, â íîâîé

ðåäàêöèè “Ïðàâèë òåõíè÷åñêîé ýêñïëóàòàöèè æå-

ëåçíûõ äîðîã” íå ñîäåðæèòñÿ äàííûõ ïî äîïóñòè-

ìûì çíà÷åíèÿì îñåâîé è ïîãîííîé íàãðóçîê, êîòî-

ðûå ÿâëÿþòñÿ îïðåäåëÿþùèìè ïðè ïðîåêòèðîâà-

íèè âàãîíîâ.

Ðåçóëüòàòîì îòñóòñòâèÿ åäèíîé ïîëèòèêè ïðè

ïðîåêòèðîâàíèè âàãîíîâ äëÿ ïåðåâîçêè ïîæàðî-

îïàñíûõ ãðóçîâ ñòàëî ïîÿâëåíèå ìíîæåñòâà íîâûõ

ìîäåëåé âàãîíîâ, íå èìåþùèõ íåîáõîäèìîé çàùè-

òû îò ïîæàðîîïàñíûõ àâàðèé èëè ñ íåíàäëåæàùèìè

õàðàêòåðèñòèêàìè çàùèòíûõ óñòðîéñòâ.

Ýòî õîðîøî âèäíî èç àíàëèçà ñëåäóþùèõ ïðè-

ìåðîâ.

Àíàëèç ýôôåêòèâíîñòè ðàçëè÷íûõ
òåõíè÷åñêèõ ðåøåíèé ïî óñòðîéñòâàì

çàùèòû îò ïîæàðîîïàñíûõ àâàðèé

Íà ðèñ. 2 ïðèâåäåíû âàðèàíòû çàùèòíîãî ýêðà-

íà äíèùà, êîòîðûå ñîçäàíû â ðåçóëüòàòå íàó÷íûõ îáîñ-

íîâàíèé (ñì. ðèñ. 2,à) è áåç òàêîâûõ (ñì. ðèñ. 2,á –2,ã).

Èç ñðàâíåíèÿ âàðèàíòîâ íà ðèñ. 2,à è 2,á âèäåí

ïðèíöèïèàëüíûé íåäîñòàòîê âòîðîãî âàðèàíòà.

Îí çàêëþ÷àåòñÿ â òîì, ÷òî ýêðàí ïðèâàðåí íå òîëü-

êî ê ðàìå, íî è ê äíèùó êîòëà, â ðåçóëüòàòå ÷åãî â

êîòëå âîçíèêàþò äîïîëíèòåëüíûå ëîêàëüíûå íà-

ãðóçêè, êîíöåíòðàòîðû íàïðÿæåíèé è, êðîìå òîãî,

íå îáåñïå÷èâàåòñÿ çàçîð äëÿ äåôîðìàöèè ýêðàíà. Âà-

ðèàíò íà ðèñ. 2, â îòëè÷àåòñÿ íåäîñòàòî÷íîé òîëùè-

íîé ëîáîâîãî ëèñòà è óñèëåíèåì ðåáåð æåñòêîñòè

òîëüêî â íèæíåé ÷àñòè. Â âàðèàíòå íà ðèñ. 2,ã çà-

ùèòíûé ýêðàí êðåïèòñÿ ê ðàìå ñ ïîìîùüþ áîëòîâ,

÷òî òàêæå íåäîïóñòèìî èç-çà âîçìîæíîñòè èõ îñëàá-

ëåíèÿ è ïîòåðè æåñòêîñòè êðåïëåíèÿ.

Íà ðèñ. 3 ïðèâåäåíû âàðèàíòû äóã áåçîïàñ-

íîñòè. Èç ñðàâíåíèÿ ïðåäñòàâëåííûõ âàðèàíòîâ

âèäíî, ÷òî â âàðèàíòå íà ðèñ. 3,á îñíîâàíèÿ äóã

ïðèâàðåíû ê îáîëî÷êå êîòëà, ÷òî âûçûâàåò ëîêàëü-

íûå âîçäåéñòâèÿ ïðè åãî äåôîðìàöèÿõ. Ýòî èñêëþ-

÷åíî â ðàöèîíàëüíîì âàðèàíòå (ñì. ðèñ. 3,à), â êî-

òîðîì êðîíøòåéíû èìåþò äîñòàòî÷íî øèðîêóþ

ïîâåðõíîñòü îïèðàíèÿ, à äóãè êðåïÿòñÿ ê íèì ñ ïî-

ìîùüþ øàðíèðîâ. Ñåðüåçíîé îøèáêîé âàðèàíòà

íà ðèñ. 3,á ñëåäóåò ñ÷èòàòü íåäîñòàòî÷íóþ âûñîòó

äóã íàä êðûøêîé ëþêà. Êàê ïîêàçàëè ýêñïåðèìåí-

òàëüíûå èññëåäîâàíèÿ, ðàçíîñòü âûñîò äîëæíà

áûòü äîñòàòî÷íîé äëÿ òîãî, ÷òîáû ïðè àâàðèéíîì

ïàäåíèè è ïåðåêàòûâàíèè êîòëà äóãè áåçîïàñíîñòè

ïðåïÿòñòâîâàëè êðûøêå ëþêà è ïðåäîõðàíèòåëü-

íîé àðìàòóðå âçàèìîäåéñòâîâàòü ñ ïîâåðõíîñòüþ

çåìëè.

Íà ðèñ. 4 ïðèâåäåíî òåõíè÷åñêîå ðåøåíèå ïî êîí-

ñòðóêöèè ñëèâîíàëèâíîé àðìàòóðû âíóòðè êîòëà.

Äàííûé âàðèàíò èìååò ñóùåñòâåííûå ïðåèìóùåñò-

âà ïî ñðàâíåíèþ ñ òèïîâûì ðåøåíèåì. Ýòî, âî-ïåð-

âûõ, ïîâîðîò ñëèâíûõ òðóá íà 90° îòíîñèòåëüíî îñè

êîòëà, à âî-âòîðûõ, îáåñïå÷åíèå äîïîëíèòåëüíîé

æåñòêîñòè àðìàòóðû ñ ïîìîùüþ ðàñêîñîâ, ÷òî ïðå-

ïÿòñòâóåò åå äåôîðìèðîâàíèþ â ïðîöåññå àâàðèé-
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Ðèñ. 2. Âàðèàíòû êîíñòðóêöèè çà-
ùèòíîãî ýêðàíà äíèùà: à — ðà-
öèîíàëüíîå ðåøåíèå; á–ã — íå-
îáîñíîâàííûå ðåøåíèÿ

Fig. 2. Variants of the bottom shield:
a — rational decision; b, v, g — un-
reasonable decisions

Ðèñ. 3. Âàðèàíòû äóã áåçîïàñíîñòè: à — ðàöèîíàëüíîå ðå-
øåíèå; á — íåîáîñíîâàííîå ðåøåíèå

Fig. 3. Safety arc options: a — rational decision; b — unreason-
able decision
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íûõ ñîóäàðåíèé öèñòåðíû ïðè ïîâûøåííûõ ñêîðî-

ñòÿõ è óñêîðåíèÿõ.

Íà ðèñ. 5 ïðåäñòàâëåíû âàðèàíòû ïîãëîùàþùèõ

àïïàðàòîâ. Ïðîâåäåííûå èññëåäîâàíèÿ äîêàçàëè íå-

îáõîäèìîñòü ïðèìåíåíèÿ âûñîêîýíåðãîåìêèõ ýëàñ-

òîìåðíûõ ïîãëîùàþùèõ àïïàðàòîâ íà âàãîíàõ äëÿ

ïåðåâîçêè ïîæàðîîïàñíûõ ãðóçîâ. Îäíàêî íå âñå

ýëàñòîìåðíûå àïïàðàòû óäîâëåòâîðÿþò òðåáîâàíè-

ÿì áåçîïàñíîé ýêñïëóàòàöèè è íàäåæíîñòè. Àïïàðà-

òû ìîäåëåé 73ZW è èõ ìîäèôèêàöèè îáëàäàþò ðàáî-

òîñïîñîáíîñòüþ ïðè òåìïåðàòóðàõ äî ìèíóñ 60 °Ñ

è âûñîêîé ïîæàðîáåçîïàñíîñòüþ ïðè ïîïàäàíèè â

î÷àã ïîæàðà. Àïïàðàòû æå ìîäåëè ÀÏÝ-120-È è ïî-

äîáíûå èì îêàçàëèñü ïðàêòè÷åñêè íåðàáîòîñïîñîá-

íûìè èç-çà ÷àñòîãî âûõîäà èç ñòðîÿ. Ñëàáûì óçëîì

ÿâëÿåòñÿ ñàëüíèêîâîå óïëîòíåíèå, ïðè ïîâðåæäåíèè

êîòîðîãî ýëàñòîìåð âûòåêàåò èç àïïàðàòà. Êðîìå òîãî,

íàïðàâëÿþùèå áîëòû àïïàðàòà ïîäâåðæåíû èçãèáó

èç-çà íåäîñòàòî÷íîãî öåíòðèðîâàíèÿ óïîðíîé ïëèòû.

Íà ðèñ. 6 ïîêàçàí ïðåäîõðàíèòåëü îò ñàìîðàñ-

öåïà àâòîñöåïîê ïðè àâàðèéíûõ ðåæèìàõ, áåç êîòî-

ðîãî âåðîÿòåí âûõîä àâòîñöåïîê èç çàöåïëåíèÿ è,

êàê ñëåäñòâèå, óäàð â äíèùå êîòëà öèñòåðíû ñ òÿæå-

ëûìè ïîñëåäñòâèÿìè.

Íà ðèñ. 7 ïðèâåäåíû âàðèàíòû êîíñòðóêöèè ïðå-

äîõðàíèòåëüíîãî êëàïàíà íà ñëó÷àé àâàðèéíûõ òåï-

ëîâûõ âîçäåéñòâèé íà êîòåë: íà ðèñ. 7,à — êëàïàí

ñ óâåëè÷åííûì ïðîõîäíûì ñå÷åíèåì, îáåñïå÷èâà-

þùèé óïðàâëÿåìûé ñáðîñ ïðîäóêòà áåç âçðûâà öèñ-

òåðíû â î÷àãå ïîæàðà, íà ðèñ. 7,á — ñòàíäàðòíûé

êëàïàí òèïà ÄÓ-32, êîòîðûé íå îáåñïå÷èâàåò áåç-

îïàñíîãî ñáðîñà ïðîäóêòà ïðè âîçäåéñòâèè íà öèñ-

òåðíó î÷àãà ïîæàðà.

Çàêëþ÷åíèå

Ïîäâîäÿ èòîã âûøåèçëîæåííîìó, îñòàíîâèìñÿ

íà íåîáõîäèìûõ ìåðîïðèÿòèÿõ äëÿ ðåøåíèÿ ïåðå-

÷èñëåííûõ ïðîáëåì.

1. Ñëåäóåò ïðèíÿòü åäèíóþ òåõíè÷åñêóþ ïîëè-

òèêó Ðîññèéñêîé Ôåäåðàöèè ïî îáåñïå÷åíèþ áåç-

îïàñíîñòè ïåðåâîçêè ïîæàðîîïàñíûõ ãðóçîâ ïî æå-

ëåçíûì äîðîãàì.

2. Ñ ýòîé öåëüþ íåîáõîäèìî ïðèâåñòè â ñîîòâåò-

ñòâèå íîðìàòèâíóþ äîêóìåíòàöèþ, êàñàþùóþñÿ

ïåðåâîçîê ïîæàðîîïàñíûõ îïàñíûõ ãðóçîâ, ÷òîáû

ñíÿòü ïðîòèâîðå÷èÿ â òðåáîâàíèÿõ ðàçëè÷íûõ äî-

êóìåíòîâ.

Ðèñ. 4. Ðàöèîíàëüíîå
ðåøåíèå êîíñòðóêöèè
ñëèâîíàëèâíîé àðìà-
òóðû

Fig. 4. Rational solution
of the design of drain-
filling valves

Ðèñ. 5. Ìîäåëè ýëàñòîìåðíûõ ïîãëîùàþùèõ àïïàðàòîâ: à —
73ZW; á — ÀÏÝ-120-È

Fig. 5. Models of elastomeric absorbing devices: a — 73ZW;
b — APE-120-I

Ðèñ. 7. Ïðåäîõðàíèòåëüíûå êëàïàíû: à — ñ óâåëè÷åííûì ïðî-
õîäíûì ñå÷åíèåì; á — ñòàíäàðòíûé, òèïà ÄÓ-32

Fig. 7. Safety valves: a — pressure relief valve with a larger orifice;
b — standard safety valve type DU-32

Ðèñ. 6. Ïðåäîõðàíèòåëü îò ñàìîðàñöåïà àâòîñöåïîê

Fig. 6. Guard against unintentional disengagement of the auto-
matic couplers
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3. Ïåðåäàòü âîïðîñû ñîãëàñîâàíèÿ è óòâåðæäå-

íèÿ êîíñòðóêòîðñêîé äîêóìåíòàöèè îò ÎÀÎ “ÐÆÄ”

â Ìèíèñòåðñòâî òðàíñïîðòà ÐÔ.

4. Êîìïåòåíòíûå îðãàíû (Ðåãèñòð ñåðòèôèêà-

öèè íà ôåäåðàëüíîì æåëåçíîäîðîæíîì òðàíñïîðòå,

Ôåäåðàëüíîå àãåíòñòâî æåëåçíîäîðîæíîãî òðàíñ-

ïîðòà), ïî íàøåìó ìíåíèþ, äîëæíû îòêîððåêòèðî-

âàòü ñâîþ íîðìàòèâíóþ áàçó ïî ïåðåâîçêàì ïîæàðî-

îïàñíûõ ãðóçîâ, à òàêæå âîçëîæèòü îòâåòñòâåííîñòü

çà âûïîëíåíèå åå òðåáîâàíèé íà ñîîòâåòñòâóþùèå

ñòðóêòóðíûå ïîäðàçäåëåíèÿ.

5. Ñîçäàòü íåçàâèñèìóþ ýêñïåðòíóþ îðãàíèçà-

öèþ, ïîä÷èíåííóþ Ìèíèñòåðñòâó òðàíñïîðòà, â êî-

òîðóþ äîëæíû âõîäèòü êâàëèôèöèðîâàííûå ñïåöè-

àëèñòû â îáëàñòè ïîäâèæíîãî ñîñòàâà æåëåçíûõ

äîðîã è áåçîïàñíîñòè ïåðåâîçîê ïîæàðîîïàñíûõ

ãðóçîâ, âîçëîæèâ íà íåå, â ÷àñòíîñòè, ôóíêöèþ ïðî-

âåðêè òåõíè÷åñêîé äîêóìåíòàöèè íà ñîîòâåòñòâèå

ïîäâèæíîãî ñîñòàâà òðåáîâàíèÿì Ôåäåðàëüíîãî çà-

êîíà “Î òåõíè÷åñêîì ðåãóëèðîâàíèè” [4].

Ïîäîáíàÿ ýêñïåðòíàÿ îðãàíèçàöèÿ ìîæåò áûòü

ñîçäàíà íà áàçå Èíñòèòóòà òðàíñïîðòíîé òåõíèêè è

ñèñòåì óïðàâëåíèÿ ÌÈÈÒà, òàê êàê åãî ó÷åíûå èìå-

þò ìíîãîëåòíèé îïûò èññëåäîâàíèé â îáëàñòè ïðî-

åêòèðîâàíèÿ, ðàñ÷åòà è îáåñïå÷åíèÿ áåçîïàñíîñòè

âàãîíîâ äëÿ îïàñíûõ ãðóçîâ.
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ABSTRACT

Introduction. The work is devoted to the results of many years of research to ensure the fire and

explosion safety of tanks for liquefied petroleum gases, conducted by the Moscow state University of

Railways (MIIT), together with other organizations.

Methods. On the basis of statistical data, the main scenarios of emergency situations were

determined.

Experimental and theoretical studies of the behavior of tanks under emergency conditions

associated with dynamic and thermal effects were carried out. Numerous experiments were carried

out both on full-scale samples and on models using the theory of similarity. The results of the ex-

periments are used both for verification of theoretical models and for specification of parameters of

the calculation schemes.

The mathematical models developed in the framework of theoretical research were implemented

in the form of a package of computer programs and used later to select the parameters of the means of

protection.

Results. In terms of protection against thermal effects, the following were proposed: safety

valves, fire-retardant coatings, upgraded versions of control, drain and safety valves using design

solutions adopted in nuclear engineering. In particular, the use of fire-resistant coatings SGK provides

an increase of 2.5–3.5 times the time of the accident-free stay of the tank in the fire.

A new layout of the drain-filling pipes is recommended, which significantly reduces the proba-

bility of breakage of the elements of the drain-filling fittings. The design of safety arcs and nodes for

connection of arc elements with the shell is proposed.

Conclusion. On the basis of the whole complex of the conducted researches the family of tanks for

the transportation of liquefied hydrocarbon gases was developed, the production of which was carried

out at the enterprises of Russia, Ukraine, Japan, Poland.

However, there is a problem of contradictions in the regulatory documentation on the issues of fire

and explosion safety of tanks, which requires the formation of a unified technical policy in this area.

Keywords: fire safety; technical policy; hazardous goods; railway transportation; cars for dangerous

goods; tank-car boiler; protection means against fire-dangerous accidents.
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ÎÁÅÑÏÅ×ÅÍÈÅ ÏÎÆÀÐÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ
ÎÁÚÅÊÒÎÂ ÝÍÅÐÃÅÒÈÊÈ ÏÓÒÅÌ ÐÀÇÐÀÁÎÒÊÈ
È ÏÐÈÌÅÍÅÍÈß ÌÎÁÈËÜÍÎÉ ÐÎÁÎÒÎÒÅÕÍÈÊÈ
ÏÎÆÀÐÎÒÓØÅÍÈß

Â ðåçóëüòàòå àíàëèçà ñòàòèñòè÷åñêèõ äàííûõ ïî ïîæàðàì è àâàðèÿì, ïðîèñõîäèâøèì íà îáú-
åêòàõ ýíåðãåòèêè, âûÿâëåíû îñîáåííîñòè èõ òóøåíèÿ, îäíîé èç êîòîðûõ ÿâëÿåòñÿ âîçäåéñòâèå
íà ó÷àñòíèêîâ òóøåíèÿ ïîæàðîâ îïàñíûõ ôàêòîðîâ è ñîïóòñòâóþùèõ èì ñîáûòèé, âñëåäñòâèå
÷åãî ïðèõîäèòñÿ ïðåðûâàòü ïðîöåññ òóøåíèÿ, îòâîäÿ ñèëû è ñðåäñòâà íà áåçîïàñíîå ðàññòîÿ-
íèå. Äëÿ îáåñïå÷åíèÿ ïîæàðîòóøåíèÿ â óñëîâèÿõ âîçíèêàþùèõ óãðîç ïðåäëîæåíî ïðèìåíÿòü
ìîáèëüíóþ ðîáîòîòåõíèêó ïîæàðîòóøåíèÿ, ñïîñîáíóþ ðàáîòàòü â ðàññìàòðèâàåìûõ óñëîâèÿõ.
Ïðîâåäåíû îöåíêà è îáîñíîâàíèå òåõíè÷åñêèõ õàðàêòåðèñòèê ìîáèëüíîé ðîáîòîòåõíèêè, îò êî-
òîðûõ âî ìíîãîì çàâèñèò ýôôåêòèâíîñòü åå ïðèìåíåíèÿ. Ñôîðìóëèðîâàíû òåõíè÷åñêèå òðåáî-
âàíèÿ, íà îñíîâàíèè êîòîðûõ áûë ðàçðàáîòàí îïûòíûé îáðàçåö ìîáèëüíîé ðîáîòèçèðîâàííîé
óñòàíîâêè ïîæàðîòóøåíèÿ, ïðåäíàçíà÷åííîé äëÿ îáúåêòîâ ýíåðãåòèêè. Ïðîâåäåíà îöåíêà òàê-
òè÷åñêèõ âîçìîæíîñòåé ðîáîòèçèðîâàííîé óñòàíîâêè ïðè çàäàííûõ óñëîâèÿõ, êîòîðàÿ ïîêà-
çàëà ïîëîæèòåëüíûé ðåçóëüòàò.

Êëþ÷åâûå ñëîâà: ðîáîòîòåõíèêà ïîæàðîòóøåíèÿ; îáúåêòû ýíåðãåòèêè; ôóíêöèîíàë ïîæàð-
íîãî ðîáîòà; îãíåòóøàùèå âåùåñòâà; äèñòàíöèîííî-óïðàâëÿåìûé ëàôåòíûé ñòâîë; äàëüíîñòü
ïîäà÷è îãíåòóøàùèõ âåùåñòâ.

DOI: 10.18322/PVB.2018.27.09.35-49

Ââåäåíèå

Òóøåíèå ðàçëè÷íîãî ðîäà ïîæàðîâ ïðåäñòàâëÿåò ñî-

áîé êîìïëåêñ ìåðîïðèÿòèé, íàïðàâëåííûõ íà ñîçäà-

íèå óñëîâèé, ïðè êîòîðûõ íå ïðîèñõîäèò äàëüíåé-

øåãî ðàñïðîñòðàíåíèÿ ïîæàðà, îòñóòñòâóåò óãðîçà

çäîðîâüþ è æèçíè ëþäåé è ñîçäàíû âñå íåîáõî-

äèìûå ïðåäïîñûëêè äëÿ ïîëíîé ëèêâèäàöèè ïîæà-

ðà. Ïîæàðû, ïðîèñõîäÿùèå íà ðàçëè÷íûõ îáúåêòàõ,

ïî ñâîåìó õàðàêòåðó, à ñëåäîâàòåëüíî, è ïî òàêòèêå

òóøåíèÿ, âî ìíîãîì ìîãóò îòëè÷àòüñÿ. Ñâÿçàíî ýòî

â ïåðâóþ î÷åðåäü ñî ñïåöèôèêîé îáúåêòà è íàõî-

äÿùåéñÿ íà íåì ïîæàðíîé íàãðóçêè. Ðàññìàòðèâàÿ

ïîæàðû, ïðîèñõîäÿùèå íà îáúåêòàõ ýíåðãåòèêè, ñëå-

äóåò çàìåòèòü, ÷òî, ïîìèìî âîçäåéñòâèÿ íà ó÷àñò-

íèêîâ òóøåíèÿ îïàñíûõ ôàêòîðîâ ïîæàðà, ìîãóò

âîçíèêàòü ñîáûòèÿ, êîòîðûå âûçûâàþò îáðóøåíèå

ñòðîèòåëüíûõ êîíñòðóêöèé, âîçäåéñòâèå ðàäèî-

àêòèâíîãî èçëó÷åíèÿ (îáúåêòû àòîìíîé ýíåðãåòèêè),

âçðûâû åìêîñòåé ïîä äàâëåíèåì, ïîðàæåíèå ýëåêò-

ðè÷åñêèì òîêîì è äð.

Èçâåñòíûì ïðèìåðîì ðàññìàòðèâàåìûõ ñîáûòèé

ÿâëÿåòñÿ ïðîèñøåäøàÿ 26 àïðåëÿ 1984 ã. êðóïíåé-

øàÿ òåõíîãåííàÿ àâàðèÿ íà ×åðíîáûëüñêîé àòîìíîé

ýëåêòðîñòàíöèè (ÀÝÑ) (ðèñ. 1). Òóøåíèå ïîæàðà,

âîçíèêøåãî â ðåçóëüòàòå âçðûâà, áûëî îñëîæíåíî

âîçäåéñòâèåì ìîùíåéøåãî èîíèçèðóþùåãî èçëó÷å-

íèÿ, à òàêæå òåì, ÷òî îáðàçîâàëîñü áîëåå 30 î÷àãîâ

ïîæàðà íà ðàçëè÷íûõ âûñîòíûõ îòìåòêàõ ñòàíöèè,

ãîðåëî ýëåêòðîîáîðóäîâàíèå, îáðóøèëàñü êðîâëÿ

ìàøèííîãî çàëà, ïîâðåäèâ ìàñëîïðîâîäû ñ ïîñëå-

äóþùèì èõ âîñïëàìåíåíèåì, è ïð. [1, 2].

Áëàãîäàðÿ ðåøèòåëüíûì äåéñòâèÿì ïîæàðíûõ

ïîäðàçäåëåíèé è ïåðñîíàëà ñòàíöèè óäàëîñü ëèêâè-

äèðîâàòü ïîæàð è íå äîïóñòèòü åùå áîëåå ïëà÷åâ-
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íûõ ïîñëåäñòâèé. Âñå ó÷àñòíèêè òóøåíèÿ ïîëó÷è-

ëè çíà÷èòåëüíûå äîçû îáëó÷åíèÿ, ðàáîòû ïðèõîäè-

ëîñü ïðîâîäèòü â óñëîâèÿõ ïëîòíîãî çàäûìëåíèÿ,

âîçäåéñòâèÿ âûñîêîé òåìïåðàòóðû è îòêðûòîãî ãî-

ðåíèÿ, â óñëîâèÿõ îïàñíîñòè ïîðàæåíèÿ ýëåêòðè÷å-

ñêèì òîêîì è îáðóøåíèÿ ñòðîèòåëüíûõ êîíñòðóê-

öèé. Äëÿ ìíîãèõ èç òåõ, êòî â ïåðâûå ÷àñû àâàðèè

âûïîëíÿë ðàáîòû ïî åå ëèêâèäàöèè, ïîëó÷åííàÿ äîçà

ðàäèàöèè îêàçàëàñü ñìåðòåëüíîé.

Àíàëèçèðóÿ ñåãîäíÿøíåå ñîñòîÿíèå îáúåêòîâ

ýíåðãåòèêè ñ òî÷êè çðåíèÿ ïîæàðíîé áåçîïàñíîñòè,

íåîáõîäèìî çàìåòèòü, ÷òî äàæå ïðè ñîâðåìåííîì

óðîâíå áåçîïàñíîñòè îíè âñå ðàâíî ïîäâåðæåíû

îïàñíîñòè âîçíèêíîâåíèÿ ïîæàðîâ, ïðè ëèêâèäàöèè

êîòîðûõ ïîæàðíûì è ïåðñîíàëó îáúåêòà ïðèäåòñÿ

èñïûòûâàòü íà ñåáå âîçäåéñòâèå îïàñíûõ ôàêòîðîâ,

â òîì ÷èñëå ñâÿçàííûõ ñ ðàäèàöèîííûì èëè õèìè-

÷åñêèì âîçäåéñòâèåì, ÷òî ïîäòâåðæäàåòñÿ è ðàáî-

òàìè çàðóáåæíûõ êîëëåã, â êîòîðûõ ãîâîðèòñÿ î êîì-

ïëåêñíîì ïîäõîäå â âîïðîñàõ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè [3–5].

Ïîñëå àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ áûëà ïðî-

âåäåíà îãðîìíàÿ ðàáîòà, íàïðàâëåííàÿ íà âûÿâëåíèå

íåäîñòàòêîâ â îáëàñòè îáåñïå÷åíèÿ áåçîïàñíîñòè

íà îáúåêòàõ ýíåðãåòèêè, áûëè ñäåëàíû ñîîòâåòñò-

âóþùèå âûâîäû â âîïðîñàõ òàêòè÷åñêîãî è òåõíè-

÷åñêîãî ñîâåðøåíñòâîâàíèÿ ìåðîïðèÿòèé, íàïðàâ-

ëåííûõ íà ïîâûøåíèå ýôôåêòèâíîñòè òóøåíèÿ

ïîæàðîâ è îáåñïå÷åíèå áåçîïàñíîñòè ó÷àñòíèêîâ

òóøåíèÿ. Îäíèì èç òàêèõ òåõíè÷åñêèõ ðåøåíèé áû-

ëî ïðèìåíåíèå ìîáèëüíîé ðîáîòîòåõíèêè. Âîîáùå

×åðíîáûëüñêàÿ àâàðèÿ ñòàëà îòïðàâíîé òî÷êîé â

âîïðîñå ñîçäàíèÿ è ïðèìåíåíèÿ ìîáèëüíîé ðîáîòî-

òåõíèêè äëÿ âûïîëíåíèÿ ñïåöèàëüíûõ îïåðàöèé.

Äëÿ ëèêâèäàöèè ×åðíîáûëüñêîé êàòàñòðîôû â ðå-

êîðäíûå ñðîêè áûëè ðàçðàáîòàíû ìíîãèå îáðàçöû

ìîáèëüíîé ðîáîòîòåõíèêè, îñíîâíûìè çàäà÷àìè

êîòîðîé ÿâëÿëèñü äåçàêòèâàöèÿ è äåãàçàöèÿ ìåñò-

íîñòè, ðàñ÷èñòêà êðîâëè ÀÝÑ îò ðàäèîàêòèâíûõ îá-

ëîìêîâ, ìîíèòîðèíã îáñòàíîâêè è ìíîãîå äðóãîå.

Îáùàÿ ãðóïïèðîâêà ìîáèëüíîé ðîáîòîòåõíèêè ðàç-

ëè÷íîãî èñïîëíåíèÿ, âêëþ÷àÿ è çàðóáåæíûå îáðàç-

öû, íàñ÷èòûâàëà îêîëî 40 åä. Ïðèìåíåíèå åå â ñëî-

æèâøèõñÿ óñëîâèÿõ îáåñïå÷èëî çàìåíó ÷åëîâåêà íà

ìíîãèõ ó÷àñòêàõ ðàáîò, ÷òî ñïîñîáñòâîâàëî ñîõðà-

íåíèþ äåñÿòêîâ æèçíåé [6].

Âîïðîñû ïðèìåíåíèÿ ìîáèëüíîé ðîáîòîòåõíè-

êè äëÿ òóøåíèÿ ïîæàðîâ òàêæå íå îñòàëèñü áåç âíè-

ìàíèÿ. Òàê, â ðàáîòå À. Ê. Ìèêååâà [7] âîïðîñó ðàç-

ðàáîòêè è ïðèìåíåíèÿ ïîæàðíîé ðîáîòîòåõíèêè ïî-

ñâÿùåí öåëûé ðàçäåë, â êîòîðîì îòðàæåíû îñíîâíûå

ïåðñïåêòèâû åå ñîçäàíèÿ, ïðèâåäåíû äàííûå ïî ðå-

àëèçàöèè ýòîãî íàïðàâëåíèÿ â çàðóáåæíûõ ñòðàíàõ,

è ýòî íà ïåðèîä íà÷àëà 90-õ ãîäîâ.

Íà ñåãîäíÿøíèé äåíü ðîáîòîòåõíèêà ïðèìåíèìà

ïðàêòè÷åñêè âî âñåõ îòðàñëÿõ äåÿòåëüíîñòè. Äëÿ ðå-

øåíèÿ çàäà÷, ïîñòàâëåííûõ ïåðåä ïîäðàçäåëåíèÿìè

Ì×Ñ Ðîññèè, îíà èãðàåò îñîáóþ ðîëü, âûïîëíÿÿ ðà-

áîòû îò ìîíèòîðèíãà îáñòàíîâêè äî ðàçìèíèðîâà-

íèÿ è ïîæàðîòóøåíèÿ.

Â íàñòîÿùåå âðåìÿ â öåëÿõ îáåñïå÷åíèÿ ïîæàð-

íîé áåçîïàñíîñòè ìàøèííûõ çàëîâ ýëåêòðîñòàíöèé

íàõîäèò äîñòàòî÷íî øèðîêîå ðàñïðîñòðàíåíèå, îñî-

áåííî íà âíîâü ñòðîÿùèõñÿ ýíåðãîáëîêàõ, ïðèìå-

íåíèå ñòàöèîíàðíûõ ðîáîòèçèðîâàííûõ óñòàíîâîê

ïîæàðîòóøåíèÿ, ÷òî ïîçâîëÿåò â àâòîìàòè÷åñêîì

ðåæèìå îáíàðóæèâàòü è ëèêâèäèðîâàòü î÷àãè âîç-

ãîðàíèÿ [8]. Îäíàêî íà îáúåêòàõ ýíåðãåòèêè èìååò-

ñÿ äîñòàòî÷íî ìíîãî ïîòåíöèàëüíî ïîæàðîîïàñíûõ

ìåñò, íàñûùåííûõ ãîðþ÷èìè ìàòåðèàëàìè è ðàñïî-

ëîæåííûõ â òðóäíîäîñòóïíûõ è çàãðîìîæäåííûõ

çîíàõ, ãäå ïðèìåíåíèå ñòàöèîíàðíûõ ñèñòåì ÿâëÿ-

åòñÿ íåýôôåêòèâíûì. Â ýòîì ñëó÷àå àêòóàëüíûì

ñòàíîâèòñÿ âîïðîñ ïðèìåíåíèÿ ìîáèëüíûõ ïðîòè-

âîïîæàðíûõ ðîáîòèçèðîâàííûõ êîìïëåêñîâ, ñïî-

ñîáíûõ ìàíåâðèðîâàòü â ïðîñòðàíñòâå è îáåñïå÷è-

âàòü äîñòóï â òðóäíîäîñòóïíûå è çàãðîìîæäåííûå

çîíû.

Ðàññìàòðèâàÿ âîïðîñ ïðèìåíåíèÿ ìîáèëüíîé

ïîæàðíîé ðîáîòîòåõíèêè íà îáúåêòàõ ýíåðãåòèêè,

íåîáõîäèìî îòìåòèòü, ÷òî â áîëüøèíñòâå ñâîåì îí

íå áûë äî êîíöà ðåàëèçîâàí. Ñîçäàíèþ è ïðèìåíå-

íèþ ìîáèëüíîé ðîáîòîòåõíèêè ïîæàðîòóøåíèÿ

óäåëÿëîñü òàêæå íåäîñòàòî÷íî âíèìàíèÿ, õîòÿ íå-

îáõîäèìîñòü â åå ðàçðàáîòêå áûëà íàëèöî. Â ñâÿçè ñ

ýòèì îñíîâíîé öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ

îáîñíîâàíèå òðåáîâàíèé ê êîíñòðóêöèè ìîáèëüíî-

ãî ðîáîòîòåõíè÷åñêîãî ñðåäñòâà (ÐÒÑ) ïîæàðîòó-

Ðèñ. 1. Ïîñëåäñòâèÿ âçðûâà è ïîæàðà íà ×åðíîáûëüñêîé ÀÝÑ
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øåíèÿ, ðàçðàáàòûâàåìîãî äëÿ îáúåêòîâ ýíåðãåòèêè

ñ ó÷åòîì ñïåöèôèêè òàêòèêè ïîæàðîòóøåíèÿ íà

íèõ. Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íåîáõîäè-

ìî áûëî ðåøèòü ñëåäóþùèå çàäà÷è:
� ñôîðìèðîâàòü ôóíêöèîíàë ðîáîòîòåõíè÷åñêîãî

ñðåäñòâà è ïîäîáðàòü òåõíè÷åñêèå óñòðîéñòâà

äëÿ åãî ðåàëèçàöèè;
� ïðîâåñòè èññëåäîâàíèÿ òàêòè÷åñêèõ âîçìîæ-

íîñòåé ðîáîòîòåõíè÷åñêîãî ñðåäñòâà ïîæàðîòó-

øåíèÿ;
� ñôîðìóëèðîâàòü òåõíè÷åñêèå òðåáîâàíèÿ ê êîí-

ñòðóêöèè ðîáîòîòåõíè÷åñêîãî ñðåäñòâà, ïðåäíà-

çíà÷åííîãî äëÿ îáúåêòîâ ýíåðãåòèêè, è ñîçäàòü

åãî îïûòíûé îáðàçåö.

Îïðåäåëåíèå ôóíêöèîíàëà
ðîáîòîòåõíè÷åñêîãî ñðåäñòâà è ïîäáîð

òåõíè÷åñêèõ óñòðîéñòâ äëÿ åãî ðåàëèçàöèè

Ïåðâîî÷åðåäíûì äåéñòâèåì, íåñîìíåííî, ÿâëÿ-

åòñÿ îïðåäåëåíèå ôóíêöèîíàëà ðîáîòîòåõíè÷åñêî-

ãî ñðåäñòâà, à ñëåäîâàòåëüíî, è îñíàùåíèå åãî êîí-

ñòðóêöèè íåîáõîäèìûì íàáîðîì èñïîëíèòåëüíûõ

ìåõàíèçìîâ ñ ó÷åòîì òàêòè÷åñêèõ çàäà÷, îñíîâàí-

íûõ íà èìåþùåìñÿ îïûòå èõ èñïîëüçîâàíèÿ ïðè

ëèêâèäàöèè ðàçëè÷íûõ òèïîâ ïîæàðîâ.

Àíàëèç ïðîèñõîäèâøèõ â ðàçëè÷íîå âðåìÿ íà

îáúåêòàõ ýíåðãåòèêè ïîæàðîâ è àâàðèé ñâèäåòåëü-

ñòâóåò î òîì, ÷òî ñïåöèôèêà òàêòè÷åñêèõ ïðèåìîâ

ïîæàðîòóøåíèÿ îáóñëîâëåíà, âî-ïåðâûõ, íàëè÷èåì

áîëüøîãî êîëè÷åñòâà ãîðþ÷åé íàãðóçêè â âèäå òâåð-

äûõ è æèäêèõ ãîðþ÷èõ âåùåñòâ è ìàòåðèàëîâ è,

âî-âòîðûõ, ýêñïëóàòàöèåé ýëåêòðè÷åñêîãî îáîðóäî-

âàíèÿ ïîä âûñîêèì íàïðÿæåíèåì.

Ââèäó áîëüøîãî êîëè÷åñòâà ãîðþ÷åé íàãðóçêè

âîçíèêàþùèå ïîæàðû ïðèîáðåòàþò çíà÷èòåëüíûå

ðàçìåðû, ïîýòîìó äëÿ èõ ëèêâèäàöèè òðåáóåòñÿ ïî-

äà÷à áîëüøîãî êîëè÷åñòâà îãíåòóøàùèõ âåùåñòâ

(ÎÒÂ). Îá ýòîì ñâèäåòåëüñòâóþò è ñïðàâî÷íûå äàí-

íûå, ñîãëàñíî êîòîðûì äëÿ òóøåíèÿ ïîæàðîâ â ìà-

øèííûõ çàëàõ ýëåêòðîñòàíöèé òðåáóåìàÿ èíòåí-

ñèâíîñòü ïîäà÷è îãíåòóøàùèõ âåùåñòâ ñîñòàâëÿåò

0,2 ë�(ì2·ñ) [9].

Ïîìèìî ãîðåíèÿ òâåðäûõ ãîðþ÷èõ âåùåñòâ, ïðî-

èñõîäèëî ãîðåíèå è ãîðþ÷èõ æèäêîñòåé, â òîì ÷èñ-

ëå òðàíñôîðìàòîðíîãî ìàñëà, íàõîäÿùåãîñÿ â ñèñ-

òåìàõ ñìàçêè òóðáèí è èíîãî îáîðóäîâàíèÿ. Â ñâÿçè

ñ ýòèì ðîáîòîòåõíè÷åñêîå ñðåäñòâî äîëæíî îáëà-

äàòü âîçìîæíîñòüþ ïîäà÷è çíà÷èòåëüíîãî êîëè÷å-

ñòâà ÎÒÂ â î÷àã ïîæàðà; ïðè ýòîì, ïîìèìî âîäû,

îíî äîëæíî îñóùåñòâëÿòü ïîäà÷ó è ðàñòâîðà ïåíî-

îáðàçîâàòåëÿ íà ðàññòîÿíèå íå ìåíåå 30 ì, ÷òî ïî-

çâîëèò ïåðåêðûòü çíà÷èòåëüíóþ ïëîùàäü, à òàêæå

îáåñïå÷èòü îõëàæäåíèå ñòðîèòåëüíûõ êîíñòðóêöèé.

Äëÿ âûïîëíåíèÿ ðàññìàòðèâàåìûõ ìåðîïðèÿòèé íå-

îáõîäèìî ïðåäóñìîòðåòü äèñòàíöèîííî-óïðàâëÿ-

åìûé ëàôåòíûé ñòâîë ñ ðàñõîäîì îãíåòóøàùèõ âå-

ùåñòâ äî 20 ë�ñ.

Îäíàêî îñíîâíîé îñîáåííîñòüþ òóøåíèÿ ïîæà-

ðîâ íà îáúåêòàõ ýíåðãåòèêè ÿâëÿåòñÿ òóøåíèå ãîðÿ-

ùåãî ýëåêòðîîáîðóäîâàíèÿ, íàõîäÿùåãîñÿ ïîä íà-

ïðÿæåíèåì. Àíàëèç ñòàòèñòè÷åñêèõ äàííûõ ïî ïî-

æàðàì íà îáúåêòàõ ýíåðãåòèêè ïîçâîëèë çàêëþ÷èòü,

÷òî â ïåðèîä ñ 2005 ïî 2016 ãã. íà íèõ ïðîèçîøëî

5066 ïîæàðîâ, 38 % èç êîòîðûõ âîçíèêëè íåïîñðåä-

ñòâåííî íà ýëåêòðîîáîðóäîâàíèè (ðèñ. 2) [10–13].

Çàäà÷à òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ

âñåãäà ÿâëÿëàñü íàèáîëåå çíà÷èìîé è òðóäîåìêîé

èç-çà óãðîçû ïîðàæåíèÿ ýëåêòðè÷åñêèì òîêîì. Ðàñ-

ñìàòðèâàÿ æå îáúåêòû ýíåðãåòèêè, íåîáõîäèìî ó÷åñòü

òîò ôàêò, ÷òî â ñèëó ñïåöèôèêè îáúåêòà ÷àñòü îáî-

ðóäîâàíèÿ äàæå â ñëó÷àå åãî ãîðåíèÿ íåëüçÿ îáåñ-

òî÷èâàòü, ââèäó òîãî ÷òî îíî îòâå÷àåò çà áåçîïàñ-

íóþ ðàáîòó îáúåêòà.

Ìîáèëüíàÿ ðîáîòîòåõíèêà ïîæàðîòóøåíèÿ ïðåä-

ñòàâëÿåò ñîáîé ñèñòåìó, ïîçâîëÿþùóþ àäàïòèðî-

âàòüñÿ ê ðåàëüíûì óñëîâèÿì àâàðèè è ïîæàðà, â òîì

÷èñëå ïðè íàëè÷èè îáîðóäîâàíèÿ ïîä íàïðÿæåíèåì,

÷òî ïîçâîëÿåò ðàññìàòðèâàòü åå êàê ýôôåêòèâíîå

ñðåäñòâî äëÿ ïîæàðîòóøåíèÿ. Äëÿ ðîáîòîòåõíèêè,

êàê è â ñëó÷àå ñ ÷åëîâåêîì, ïðåäñòàâëÿþò óãðîçó òîêè

óòå÷êè, êîòîðûå ïðîõîäÿò ïî ñòðóå ÎÒÂ è âîçäåé-

ñòâèå êîòîðûõ íà ýëåêòðîííûå ñèñòåìû ÐÒÑ ìîæåò

âûâåñòè åãî èç ñòðîÿ. Ïðîèçâîäèòü òóøåíèå ãîðÿ-

ùåãî ýëåêòðîîáîðóäîâàíèÿ âîäîé è âîäîïåííûìè ñî-

ñòàâàìè, ïîäàâàåìûìè èç øòàòíûõ ëàôåòíûõ ñòâî-

ëîâ, íåáåçîïàñíî â ñèëó õîðîøåé ýëåêòðîïðîâîäè-

ìîñòè ñòðóè. Â ñâÿçè ñ ýòèì íåîáõîäèìî ïîäîáðàòü

äîïîëíèòåëüíîå ñðåäñòâî òóøåíèÿ, òîêè óòå÷êè ïî

ñòðóå êîòîðîãî áóäóò ìèíèìàëüíûìè è êîòîðîå íàè-

áîëåå ïðèìåíèìî äëÿ ñîâìåñòíîé ðàáîòû ñ ìîáèëü-

íîé ðîáîòîòåõíèêîé.

Ïðè îöåíêå ñâîéñòâ îãíåòóøàùèõ ñîñòàâîâ, ïðè-

ìåíèìûõ äëÿ òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðóäîâà-

íèÿ ïîä íàïðÿæåíèåì, áûëî óñòàíîâëåíî, ÷òî õîðî-

Ðèñ. 2. Îáîðóäîâàíèå, íàèáîëåå ïîäâåðæåííîå îïàñíîñòè
âîçíèêíîâåíèÿ ïîæàðîâ: 1 — êàáåëüíîå îáîðóäîâàíèå; 2 —
ìàñëîïðîâîäû; 3 — ìàñëîíàñîñû; 4 — òóðáîãåíåðàòîðû; 5 —
ýëåêòðîííîå îáîðóäîâàíèå; 6 — òðàíñôîðìàòîðû; 7 — âåíò-
ñèñòåìû
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øèìè îãíåòóøàùèìè ñâîéñòâàìè îáëàäàåò òîíêî-

ðàñïûëåííàÿ âîäà ñî ñðåäíèì äèàìåòðîì êàïåëü

ìåíåå 200 ìêì [14].

Â êà÷åñòâå ñðåäñòâà ïîäà÷è áûëà âûáðàíà óñòà-

íîâêà ïîæàðîòóøåíèÿ ñ ãèäðîàáðàçèâíîé ðåçêîé,

ðåàëèçóþùàÿ ïðèíöèï êàê ïîâåðõíîñòíîãî, òàê è ëî-

êàëüíî-îáúåìíîãî ïîæàðîòóøåíèÿ. Îñíîâíûì ïðå-

èìóùåñòâîì óñòàíîâêè ÿâëÿåòñÿ âîçìîæíîñòü ïî-

äà÷è ÎÒÂ â ãîðÿùèé îáúåì ÷åðåç îãðàäèòåëüíûå

ñòðîèòåëüíûå êîíñòðóêöèè ïóòåì èõ ðàçðóøåíèÿ

ïîòîêîì ñìåñè âîäû è àáðàçèâíûõ ÷àñòèö. Ñðåäíèé

äèàìåòð êàïåëü ñòðóè, ôîðìèðóåìîé óñòàíîâêîé, ñî-

ñòàâëÿåò îêîëî 170 ìêì [15–17].

Äëÿ îïðåäåëåíèÿ âîçìîæíîñòè ïðèìåíåíèÿ ðàñ-

ñìàòðèâàåìûõ ñèñòåì ïðè òóøåíèè ïîæàðîâ ýëåêò-

ðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì áûëè ïðîâåäåíû

ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ, â ðåçóëüòàòå êî-

òîðûõ áûëè óñòàíîâëåíû ðàáî÷èå ïàðàìåòðû óñòà-

íîâîê ïîæàðîòóøåíèÿ ïðè èõ èñïîëüçîâàíèè ëè÷-

íûì ñîñòàâîì ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé.

Êðîìå òîãî, áûëî óñòàíîâëåíî, ÷òî ïðè èñïîëüçîâà-

íèè óñòàíîâîê ñîâìåñòíî ñ ìîáèëüíîé ðîáîòîòåõ-

íèêîé äîïóñòèìî ïðîèçâîäèòü ïîæàðîòóøåíèå ñ ðàñ-

ñòîÿíèÿ íå ìåíåå 0,5 ì ïðè óñëîâèè, ÷òî ðàçìåùà-

åìûé íà ÐÒÑ ñòâîë óñòàíîâêè áóäåò ñîåäèíåí ñ íèì

äèýëåêòðè÷åñêèìè ðàçúåìàìè, à â ñàìîé êîíñòðóê-

öèè ÐÒÑ áóäóò ïðåäóñìîòðåíû àïïàðàòû çàùèòû îò

òîêîâ óòå÷êè ñèëîé 1 ìÀ [18].

Èññëåäîâàíèÿ òàêòè÷åñêèõ
âîçìîæíîñòåé ðîáîòîòåõíè÷åñêîãî

ñðåäñòâà ïîæàðîòóøåíèÿ

Îïðåäåëåíèå ïðåäåëüíîé äàëüíîñòè
ïîäà÷è îãíåòóøàùèõ âåùåñòâ

Òåõíè÷åñêèå âîçìîæíîñòè ðîáîòîòåõíè÷åñêîãî

ñðåäñòâà äîëæíû îáåñïå÷èâàòü åãî ïðèìåíåíèå íå

òîëüêî íà îòêðûòîé ìåñòíîñòè, íî è âî ìíîãèõ ïî-

ìåùåíèÿõ ýëåêòðîñòàíöèè. Ýòî âî ìíîãîì äîñòè-

æèìî çà ñ÷åò óìåíüøåíèÿ ãàáàðèòíûõ ðàçìåðîâ è

ïîëíîé ìàññû ðîáîòîòåõíè÷åñêîãî ñðåäñòâà. Äëÿ âû-

ïîëíåíèÿ ýòèõ óñëîâèé êîíñòðóêöèÿ ÐÒÑ íå äîëæíà

èìåòü ñîáñòâåííîãî çàïàñà ÎÒÂ, à äîëæíà èìåòü

ëèøü ñðåäñòâà ïîæàðîòóøåíèÿ è èíîå îáîðóäîâà-

íèå. Îáåñïå÷åíèå æå ÐÒÑ îãíåòóøàùèìè âåùåñò-

âàìè äîëæíî îñóùåñòâëÿòüñÿ ÷åðåç ðóêàâíûå ëèíèè.

Èñõîäÿ èç ýòîãî, íåîáõîäèìî óñòàíîâèòü óñëîâèÿ,

âëèÿþùèå íà òàêòè÷åñêèå âîçìîæíîñòè ðîáîòîòåõ-

íè÷åñêîãî ñðåäñòâà.

Ïðè ýòîì ñëåäóåò ó÷èòûâàòü òî, ÷òî ïðè òóøå-

íèè ïîæàðîâ ìîáèëüíûìè ðîáîòîòåõíè÷åñêèìè êîì-

ïëåêñàìè ïðåäåëüíàÿ äàëüíîñòü ïîäà÷è îãíåòóøà-

ùèõ âåùåñòâ ïî ðóêàâíûì ëèíèÿì ñ ó÷åòîì ãèäðàâ-

ëè÷åñêèõ ïîòåðü íå äîëæíà ïðèâîäèòü ê ñíèæåíèþ

èíòåíñèâíîñòè èõ ïîäà÷è â î÷àã ïîæàðà.

Ïîòåðè íàïîðà ïîäðàçäåëÿþòñÿ íà ìåñòíûå è ëè-

íåéíûå. Ëèíåéíûå ïîòåðè âîçíèêàþò â ðåçóëüòàòå

òðåíèÿ òðàíñïîðòèðóåìîé æèäêîñòè î ñòåíêè òðóáî-

ïðîâîäà è êàïåëü ìåæäó ñîáîé, ìåñòíûå — ïðè äå-

ôîðìàöèè ïîòîêà (çàäâèæêè, ïåðåõîäíèêè, êëàïàíû

è äð.) [19].

Îñíîâíîé ôîðìóëîé äëÿ ðàñ÷åòà ïîòåðü íàïîðà

ïî äëèíå hë (ì) â êðóãëîì òðóáîïðîâîäå ÿâëÿåòñÿ

ôîðìóëà Äàðñè–Âåéñáàõà:

h
l

d

v

g
ë � �

2

2
, (1)

ãäå � — êîýôôèöèåíò ãèäðàâëè÷åñêîãî òðåíèÿ;

l — äëèíà òðóáîïðîâîäà, ì;

d — äèàìåòð æèâîãî ñå÷åíèÿ, ì;

v — ñðåäíÿÿ ñêîðîñòü ïîòîêà æèäêîñòè, ì�ñ;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2.

Îñíîâíûì êðèòåðèåì, õàðàêòåðèçóþùèì ïîòåðè

íàïîðà ïðè çàäàííûõ ïàðàìåòðàõ ðàáîòû íàñîñíî-

ðóêàâíîé ñèñòåìû, ÿâëÿåòñÿ êîýôôèöèåíò ãèäðàâ-

ëè÷åñêîãî òðåíèÿ �, çàâèñÿùèé îò ñêîðîñòè ïîòîêà

è âíóòðåííåé øåðîõîâàòîñòè ïîâåðõíîñòè. Îïðåäå-

ëåíèå êîýôôèöèåíòà ãèäðàâëè÷åñêîãî òðåíèÿ ïðåä-

ñòàâëÿåò ñîáîé äîâîëüíî íåïðîñòóþ çàäà÷ó, ïîýòî-

ìó, êàê ïîêàçàë àíàëèç íàó÷íî-èññëåäîâàòåëüñêèõ

ðàáîò, åãî îïðåäåëåíèå ñëåäóåò ïðîèçâîäèòü ýìïè-

ðè÷åñêèì ïóòåì äëÿ êîíêðåòíûõ óñëîâèé ðàáîòû.

Ðàññìàòðèâàÿ æå óñòàíîâêè ïîæàðîòóøåíèÿ ñ

ãèäðîàáðàçèâíîé ðåçêîé, ñëåäóåò îòìåòèòü, ÷òî îíè

ðàáîòàþò ïðè äàâëåíèè 30 ÌÏà, à òðàíñïîðòèðóåìûå

îãíåòóøàùèå ñîñòàâû ïðåäñòàâëÿþò ñîáîé íå òîëüêî

âîäó, íî è ñìåñü âîäû è àáðàçèâíûõ ÷àñòèö, ïðåä-

íàçíà÷åííûõ äëÿ ðåçêè êîíñòðóêöèé. Â ñâÿçè ñ ýòèì

ïðè òðàíñïîðòèðîâàíèè ñìåñè âîçíèêàþò äîïîë-

íèòåëüíûå ïîòåðè íàïîðà, ñâÿçàííûå ñ ïåðåíîñîì

àáðàçèâíûõ ÷àñòèö. Ôîðìóëà äëÿ îïðåäåëåíèÿ ïî-

òåðü íàïîðà ïðè òðàíñïîðòèðîâàíèè ñìåñè iñì (ì)

èìååò âèä:

iñì = iâ + �i, (2)

ãäå iâ — óäåëüíûå ïîòåðè íàïîðà ïðè äâèæåíèè

âîäû, ì;

�i — äîïîëíèòåëüíûå ïîòåðè íàïîðà, ì.

Óäåëüíûå ïîòåðè íàïîðà ïðè äâèæåíèè âîäû ìî-

ãóò áûòü îïðåäåëåíû ïî ôîðìóëå Äàðñè–Âåéñáàõà,

äîïîëíèòåëüíûå ïîòåðè — ïî ôîðìóëå

�i j C
V

V
� � � 3

0
2 êð

, (3)

ãäå � — êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå îòíî-

ñèòåëüíîé êðóïíîñòè ÷àñòèö ãðóíòà d�D ïî îò-

íîøåíèþ ê äèàìåòðó òðóáû;

j — êîýôôèöèåíò, ó÷èòûâàþùèé ðàçíîçåðíèñò-

íîñòü òâåðäûõ ÷àñòèö;

Ñ0 — äåéñòâèòåëüíàÿ âåñîâàÿ êîíñèñòåíöèÿ;
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Vêð — êðèòè÷åñêàÿ ñêîðîñòü äâèæåíèÿ ñìåñè,

ïðè êîòîðîé ÷àñòèöû íà÷èíàþò äâèãàòüñÿ âäîëü

ïîòîêà, ì�ñ;

V — ñêîðîñòü ïîòîêà, ì�ñ.

Ïðîâåäåííûå ñ èñïîëüçîâàíèåì ôîðìóë (1) è (3)

ðàñ÷åòû ïîêàçàëè, ÷òî ïîòåðè íàïîðà çà ñ÷åò ïðèñóò-

ñòâèÿ ãèäðîàáðàçèâíûõ ÷àñòèö íå ñòîëü çíà÷èòåëü-

íû ïî ñðàâíåíèþ ñ ãèäðàâëè÷åñêèìè ïîòåðÿìè ïî

âîäå. Îäíàêî, èñõîäÿ èç èìåþùèõ íåêîòîðóþ íåäå-

òåðìèíèðîâàííîñòü ðåæèìîâ ðàáîòû óñòàíîâîê ïî-

æàðîòóøåíèÿ, îïðåäåëåíèå ïîòåðü íàïîðà êàê ïî âî-

äå, òàê è ïî ãèäðîàáðàçèâíîé ñìåñè, à ñëåäîâàòåëüíî,

è êîýôôèöèåíòà ãèäðàâëè÷åñêîãî òðåíèÿ äëÿ ïîëó-

÷åíèÿ òî÷íûõ çíà÷åíèé, íåîáõîäèìî îñóùåñòâëÿòü

îïûòíûì ïóòåì. Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ

èññëåäîâàíèé áûëè óñòàíîâëåíû ïðåäåëüíûå äàëü-

íîñòè ïîäà÷è îãíåòóøàùèõ âåùåñòâ ïî ðóêàâíîé

ëèíèè äëÿ âîäû è ãèäðîàáðàçèâíîé ñìåñè, êîòîðûå

ñîñòàâèëè ñîîòâåòñòâåííî 317 è 290 ì. Êðîìå òîãî,

áûë îïðåäåëåí êîýôôèöèåíò ãèäðàâëè÷åñêîãî òðå-

íèÿ, õàðàêòåðèçóþùèé ïîòåðè íàïîðà ïðè òðàíñ-

ïîðòèðîâàíèè âîäû ïî ðóêàâàì óñòàíîâîê ïîæàðî-

òóøåíèÿ ñ ãèäðîàáðàçèâíîé ðåçêîé, çíà÷åíèå êîòî-

ðîãî ñîñòàâèëî 0,019 [20].

Â ñëó÷àå ñîâìåñòíîé ðàáîòû ðîáîòîòåõíè÷åñêî-

ãî êîìïëåêñà ïîæàðîòóøåíèÿ ñ óñòàíîâêîé ïîæàðî-

òóøåíèÿ ñ èñïîëüçîâàíèåì òîíêîðàñïûëåííîé âîäû

âûñîêîãî äàâëåíèÿ ïðîêëàäêà ðóêàâíîé ëèíèè (øëàí-

ãà âûñîêîãî äàâëåíèÿ) îñóùåñòâëÿåòñÿ ñ áîðòà ðî-

áîòà àâòîìàòè÷åñêè. Ïðè ýòîì ïîâûøåííûõ òðåáî-

âàíèé ê òÿãîâûì âîçìîæíîñòÿì ðîáîòîòåõíè÷åñ-

êîãî êîìïëåêñà â ÷àñòè ïðîêëàäêè ðóêàâíîé ëèíèè

íå ïðåäúÿâëÿåòñÿ. Â ñëó÷àå èñïîëüçîâàíèÿ â êà÷å-

ñòâå ñðåäñòâà ïîäà÷è îãíåòóøàùåãî âåùåñòâà

øòàòíîãî, äèñòàíöèîííî óïðàâëÿåìîãî ëàôåòíîãî

ñòâîëà ïðîêëàäêà ðóêàâíîé ëèíèè ïðîèçâîäèòñÿ

ìåòîäîì ïðîòÿãèâàíèÿ ëèíèè. Ýòî íàêëàäûâàåò ïî-

âûøåííûå òðåáîâàíèÿ íà òÿãîâûå õàðàêòåðèñòèêè

ðîáîòà, îáåñïå÷èâàþùèå åãî ïåðåìåùåíèå ñ ðóêàâ-

íîé ëèíèåé ïðè âûõîäå íà ïîçèöèþ ïîäà÷è ÎÒÂ è

ìàíåâðèðîâàíèè ñ íåþ.

Îïðåäåëåíèå òÿãîâûõ óñèëèé

Äëÿ îïðåäåëåíèÿ òÿãîâûõ óñèëèé, êîòîðûìè

äîëæíî îáëàäàòü ðîáîòîòåõíè÷åñêîå ñðåäñòâî, áûëè

ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñ ïî-

æàðíûìè íàïîðíûìè ðóêàâàìè îáùåãî èñïîëíåíèÿ.

Ðóêàâà ïåðåìåùàëè ïî òðåì íàèáîëåå ÷àñòî âñòðå-

÷àþùèìñÿ ïîâåðõíîñòÿì íà îáúåêòàõ ýíåðãåòèêè:

ïëèòêå, íàëèâíîìó ïîëó, àñôàëüòó, è çàìåðÿëè ñèëó

òðåíèÿ. Â ðåçóëüòàòå èññëåäîâàíèé áûëè îïðåäåëå-

íû êîýôôèöèåíòû òðåíèÿ, õàðàêòåðèçóþùèå òðåíèå

ðóêàâîâ î ðàññìàòðèâàåìûå ïîâåðõíîñòè; ïðîâå-

äåíà îöåíêà ñõåì ïîäà÷è îãíåòóøàùèõ âåùåñòâ ñ

ïîìîùüþ ÐÒÑ; âûáðàí íàèáîëåå ðàöèîíàëüíûé

âàðèàíò ïîäà÷è. Óñòàíîâëåíî, ÷òî äëÿ ðåàëèçàöèè

òàêîãî âàðèàíòà íåîáõîäèìî, ÷òîáû ÐÒÑ îáëàäàëî

òÿãîâûìè óñèëèÿìè íå ìåíåå 1000 Í [21].

Â êà÷åñòâå òðàíñïîðòíîé áàçû áûëî âûáðàíî

óíèôèöèðîâàííîå ãóñåíè÷íîå øàññè ñ ýëåêòðîìå-

õàíè÷åñêèì ïðèâîäîì, êîòîðîå îáåñïå÷èò ïðèìå-

íåíèå ÐÒÑ â óñëîâèÿõ íåáîëüøèõ çàâàëîâ è ïëîò-

íîãî çàäûìëåíèÿ. Äëÿ ïîäà÷è îãíåòóøàùèõ âåùåñòâ

íà íåé ìîæåò áûòü óñòàíîâëåí äèñòàíöèîííî-

¹ ï�ï Ïàðàìåòð Çíà÷åíèå ïàðàìåòðà

1 Öåëè ïðèìåíåíèÿ 1. Ïðîâåäåíèå ðàçâåäêè ïîæàðà, ñáîð äàííûõ è ìîíèòîðèíã îáñòàíîâêè.
2. Òóøåíèå ïîæàðîâ, ïðîâåäåíèå àâàðèéíî-ñïàñàòåëüíûõ ðàáîò (ÀÑÐ)

2 Ñðåäà ïðèìåíåíèÿ Íàçåìíûå

3 Ñòåïåíü ôóíêöèîíàëüíîñòè Ìíîãîôóíêöèîíàëüíûå (óíèâåðñàëüíûå)

4 Îñíàùåíèå ñðåäñòâàìè òóøåíèÿ
è ïðîâåäåíèÿ àâàðèéíî-ñïàñàòåëü-
íûõ ðàáîò

1. Ëàôåòíûé äèñòàíöèîííî-óïðàâëÿåìûé ñòâîë ñ ðàñõîäîì ÎÒÂ îò 15
äî 20 ë�ñ.
2. Ñòâîë óñòàíîâêè ïîæàðîòóøåíèÿ ñ ãèäðîàáðàçèâíîé ðåçêîé.
3. Ðîáîòèçèðîâàííàÿ ðóêà-ìàíèïóëÿòîð

5 Ïðèìåíÿåìûå îãíåòóøàùèå
ñîñòàâû

1. Âîäà, âîäíûé ðàñòâîð ïåíîîáðàçîâàòåëÿ.
2. Òîíêîðàñïûëåííàÿ âîäà (170 ìêì).
3. Ñìåñü âîäû è àáðàçèâà äëÿ ðåçêè

6 Òèï ïðèâîäà Ýëåêòðîìåõàíè÷åñêèé

7 Òèï äâèãàòåëÿ õîäîâîãî ìîäóëÿ Ãóñåíè÷íûé

8 Òÿãîâîå óñèëèå Íå ìåíåå 100 êã

9 Òèï ÐÒÑ Ëåãêèé

10 Êëàññ ÐÒÑ 1

11 Ìàññà ÐÒÑ Ñâ. 100 äî 300 êã (âêëþ÷.). Ïîäêëàññ îò 101 äî 150 êã âêëþ÷.

12 Ãàáàðèòíûå ðàçìåðû Íå áîëåå 1500�900�1900 ìì

13 Âðåìÿ íåïðåðûâíîé ðàáîòû Íå ìåíåå 4 ÷

Òåõíè÷åñêèå òðåáîâàíèÿ ê êîíñòðóêöèè ÐÒÑ



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

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

óïðàâëÿåìûé ëàôåòíûé ñòâîë èëè ñòâîë äëÿ ïîäà÷è

òîíêîðàñïûëåííîé âîäû âûñîêîãî äàâëåíèÿ è àáðà-

çèâíîé ðåçêè.

Òåõíè÷åñêèå òðåáîâàíèÿ ê êîíñòðóêöèè
ðîáîòîòåõíè÷åñêîãî ñðåäñòâà,

ïðåäíàçíà÷åííîãî äëÿ îáúåêòîâ
ýíåðãåòèêè

Â ðåçóëüòàòå èññëåäîâàíèé òàêòè÷åñêèõ îñîáåí-

íîñòåé ïðèìåíåíèÿ ìîáèëüíîé ðîáîòîòåõíèêè ïðè

òóøåíèè ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè áûëè

óñòàíîâëåíû òåõíè÷åñêèå òðåáîâàíèÿ ê êîíñòðóê-

öèè ðîáîòîòåõíè÷åñêîãî ñðåäñòâà (ñì. òàáëèöó).

Äëÿ ïðàêòè÷åñêîé ðåàëèçàöèè ñôîðìóëèðîâàí-

íûõ òåõíè÷åñêèõ òðåáîâàíèé öåëåñîîáðàçíî èñïîëü-

çîâàòü óíèôèöèðîâàííóþ äèñòàíöèîííî-óïðàâëÿ-

åìóþ òðàíñïîðòíóþ ïëàòôîðìó, îáîðóäîâàííóþ â

çàâèñèìîñòè îò ðåøàåìîé çàäà÷è ñïåöèàëèçèðîâàí-

íûì ïîæàðíî-òåõíè÷åñêèì âîîðóæåíèåì.

Ïåðâûé âàðèàíò ÐÒÑ ïðåäñòàâëÿåò ñîáîé äèñ-

òàíöèîííî-óïðàâëÿåìóþ ïëàòôîðìó íà ãóñåíè÷íîì

øàññè ñ ýëåêòðîìåõàíè÷åñêèì ïðèâîäîì, íà êîòîðîé

ðàçìåùàåòñÿ äèñòàíöèîííî-óïðàâëÿåìûé ëàôåòíûé

ñòâîë ñ ðàñõîäîì ÎÒÂ îò 15 äî 20 ë�ñ, ñèñòåìû òåõ-

íè÷åñêîãî çðåíèÿ, îñâåùåíèÿ, òåïëîâèçîð äëÿ ïî-

èñêà î÷àãîâ ãîðåíèÿ è íàáîð íåîáõîäèìîãî îáîðó-

äîâàíèÿ, îáåñïå÷èâàþùåãî ðàáîòîñïîñîáíîñòü ÐÒÑ

(ðèñ. 3,à).

Âòîðîé âàðèàíò ðîáîòîòåõíè÷åñêîãî ñðåäñòâà

ïðåäñòàâëÿåò ñîáîé äèñòàíöèîííî-óïðàâëÿåìóþ

ïëàòôîðìó íà ãóñåíè÷íîì øàññè ñ ýëåêòðîìåõàíè-

÷åñêèì ïðèâîäîì, íà êîòîðîé ðàçìåùàåòñÿ ðîáîòè-

çèðîâàííàÿ ðóêà-ìàíèïóëÿòîð ñî ñõâàòîì, èìåþùàÿ

ïÿòü ñòåïåíåé ñâîáîäû, è ñòâîë óñòàíîâêè ïîæàðî-

òóøåíèÿ ñ ãèäðîàáðàçèâíîé ðåçêîé. Ðîáîòèçèðîâàí-

íûé ìàíèïóëÿòîð ïîçâîëèò îáåñïå÷èòü âûïîëíåíèå

òàêòè÷åñêèõ ïðèåìîâ òóøåíèÿ ñî ñòâîëîì óñòàíîâ-

êè ïîæàðîòóøåíèÿ, à òàêæå ïðîâîäèòü ðàçáîðêó è

òðàíñïîðòèðîâêó êîíñòðóêöèé è îáîðóäîâàíèÿ ïðè

ïðîâåäåíèè àâàðèéíî-ñïàñàòåëüíûõ ðàáîò (ðèñ. 3,á).

Â íàñòîÿùåå âðåìÿ ðàçðàáîòàí îïûòíûé îáðàçåö

ïåðâîãî âàðèàíòà ÐÒÑ, îñíàùåííûé äèñòàíöèîííî-

Ðèñ. 3. Êîìïëåêñ, ñîñòî-
ÿùèé èç ïåðâîãî (à) è âòî-
ðîãî (á) âàðèàíòîâ ìî-
äåëè ðîáîòîòåõíè÷åñêî-
ãî ñðåäñòâà

Ðèñ. 4. Ìîáèëüíàÿ ðîáî-
òèçèðîâàííàÿ óñòàíîâêà
ïîæàðîòóøåíèÿ
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óïðàâëÿåìûì ëàôåòíûì ñòâîëîì ñ ðàñõîäîì âîäî-

ïåííîãî îãíåòóøàùåãî ñîñòàâà 20 ë�ñ (ðèñ. 4) è ïî-

ëó÷èâøèé íàçâàíèå “ìîáèëüíàÿ ðîáîòèçèðîâàííàÿ

óñòàíîâêà ïîæàðîòóøåíèÿ” (ÌÐÓÏ).

Îñîáåííîñòüþ ÌÐÓÏ ÿâëÿåòñÿ âîçìîæíîñòü

ðàáîòû â óñëîâèÿõ ãàììà-èçëó÷åíèÿ ìîùíîñòüþ äî

10 Çâ�÷. Äëÿ ïðîâåðêè ýòîãî óñëîâèÿ ïðîâîäèëèñü

ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ, â õîäå êîòîðûõ

ÌÐÓÏ ïîäâåðãàëàñü âîçäåéñòâèþ ãàììà-èçëó÷åíèÿ

óêàçàííîé ìîùíîñòè â òå÷åíèå 4 ÷. Ðåçóëüòàòû èñ-

ñëåäîâàíèÿ ïîäòâåðäèëè âîçìîæíîñòü èñïîëüçîâà-

íèÿ ÌÐÓÏ ïðè ïðîâåäåíèè ðàáîò â óñëîâèÿõ ãàììà-

èçëó÷åíèÿ ìîùíîñòüþ äî 10 Çâ�÷.

Äëÿ îöåíêè òàêòè÷åñêèõ âîçìîæíîñòåé ÌÐÓÏ

â êà÷åñòâå ïðèìåðà ðàññìàòðèâàëèñü ïîìåùåíèÿ

äåéñòâóþùèõ àòîìíûõ ñòàíöèé (ðèñ. 5). Â êà÷åñòâå

êðèòåðèÿ ðàññìàòðèâàëñÿ ðàäèóñ äåéñòâèÿ (ãëóáèíà

ïðîíèêíîâåíèÿ) ðîáîòîòåõíè÷åñêîãî ñðåäñòâà, îïðå-

äåëÿåìûé äàëüíîñòüþ ïîäà÷è âîäû ïî ðóêàâó ïðè

íà÷àëüíîì äàâëåíèè 10 àòì îò ïîæàðíîé àâòîöèñ-

òåðíû, óñòàíîâëåííîé íà âîäîèñòî÷íèê. Â ðåçóëüòà-

òå óäàëîñü îïðåäåëèòü, ÷òî ïîäà÷à îãíåòóøàùèõ âå-

ùåñòâ äî ïîìåùåíèé, ðàññìàòðèâàåìûõ â êà÷åñòâå

îáúåêòîâ çàùèòû, áóäåò îáåñïå÷åíà â 75 % ñëó÷àåâ.

Îöåíêà òàêòè÷åñêèõ âîçìîæíîñòåé ÌÐÓÏ, ïîä-

òâåðæäàþùàÿ åå ýôôåêòèâíîñòü, âûïîëíÿëàñü äëÿ

ðàññìàòðèâàåìûõ óñëîâèé àòîìíûõ ñòàíöèé. Äëÿ

ïîâûøåíèÿ ýôôåêòèâíîñòè è îïåðàòèâíîñòè ïðè-

ìåíåíèÿ ÌÐÓÏ ñëåäóåò ðàçðàáàòûâàòü òàêòè÷åñêèå

ïðèåìû äëÿ êàæäîãî êîíêðåòíîãî îáúåêòà â îòäåëü-

íîñòè, ó÷èòûâàÿ ðàçìåùåíèå âîäîèñòî÷íèêîâ, ïëà-

íèðîâêó îáúåêòà, ðàñïîëîæåíèå íàèáîëåå ïîæàðî-

îïàñíûõ ïîìåùåíèé è îáîðóäîâàíèÿ.

Çàêëþ÷åíèå

Ïðèìåíåíèå ìîáèëüíîé ðîáîòîòåõíèêè ïðè òó-

øåíèè ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè ÿâëÿåòñÿ äî-

âîëüíî òðóäîåìêèì ìåðîïðèÿòèåì. Íå ïðè êàæäîì

ïîæàðå èëè àâàðèè âîçíèêàåò íåîáõîäèìîñòü â ïðè-

ìåíåíèè ìîáèëüíîé ðîáîòîòåõíèêè, íî â íåêîòîðûõ

ñëó÷àÿõ ýòî åäèíñòâåííûé âàðèàíò, êîòîðûé ìîæåò

îáåñïå÷èòü ïðîâåäåíèå ïîæàðîòóøåíèÿ â óñëîâèÿõ

âîçíèêàþùèõ óãðîç, ÷òî ïîçâîëÿåò çàìåíèòü ÷åëî-

âåêà è òåì ñàìûì ñîõðàíèòü åìó æèçíü è çäîðîâüå.

Ðàçðàáîòàííûé îáðàçåö ìîáèëüíîé ðîáîòèçèðî-

âàííîé óñòàíîâêè ïîæàðîòóøåíèÿ ñî÷åòàåò â ñåáå

îñîáåííîñòè âûñîêîìàíåâðåííîãî ñðåäñòâà, êîòî-

ðîå ìîæíî ïðèìåíÿòü äëÿ ðàçâåäêè è ïîæàðîòóøå-

íèÿ. Åãî èñïîëüçîâàíèå ñîâìåñòíî ñ ëè÷íûì ñîñòà-

âîì ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé ïîçâîëèò

ïîâûñèòü ýôôåêòèâíîñòü òóøåíèÿ ïîæàðîâ è îáåñ-

ïå÷èòü áåçîïàñíîñòü åãî ó÷àñòíèêîâ.
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Introduction

Suppression of various fire types is essentially a set of

measures aimed at providing conditions that prevent

the fire from spreading further, eliminate the hazard for

human health and life, and create all the prerequisites

required for complete elimination of the fire. Fires oc-

curring at various facilities are different in terms of

their nature and, therefore, will require different sup-

pression tactics. This is mainly related to the facility

specific features and the fire load located at the facility.

As far as fires at power facilities are concerned, it should

be noted that besides the fire hazards that affect the per-

sons who participate in firefighting, events resulting

in collapse of building structures, exposure to radio-

active radiation (nuclear power facilities), explosions

of pressure vessels, electric shock, etc. may occur.

A well-known example of such events is the major

industrial disaster at Chernobyl nuclear power plant

(NPP) that took place on April 26th, 1984 (Fig. 1). Sup-

pression of fire that followed the explosion was compli-

cated by exposure to extremely powerful ionizing ra-

diation, as well as by over 30 fire areas emerging at

different plant elevations. Electrical equipment was on Fig. 1. Explosion and fire consequences at Chernobyl NPP
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fire, the machine hall roofing collapsed and damaged

oil pipelines that subsequently ignited, etc. [1, 2].

Fire departments and plant personnel acted with

resolve, eliminating the fire and preventing even more

disastrous consequences. Everyone who participated in

fire suppression received high radiation doses. Opera-

tions had to be carried out under heavy smoke condi-

tions, with exposure to high temperatures and open

flames, and the hazards of electric shock and building

structures collapse. For many of those who was fighting

fire in the first hours of the accident, the radiation dose

received proved to be lethal.

When evaluating the modern state of power facili-

ties in terms of fire safety, it must be noted that even

with the state-of-the-art safety level they are still ex-

posed to risk of fires. When suppressing these fires, fire-

fighters and facility personnel will have to face expo-

sure to hazardous factors, including hazards related to

radioactive or chemical exposure. This is also confirmed

in the papers of our foreign colleagues who refer to

a comprehensive approach as far as safety assurance is

concerned [3–5].

After the accident at Chernobyl NPP, great efforts

were made to determine the limitations in power faci-

lities safety assurance. Appropriate conclusions were

made regarding tactical and technical improvement of

measures aimed at higher efficiency of fire suppression

and better assurance of firefighters safety. Using mobile

robots was one of the above-mentioned technical solu-

tions. In general, the Chernobyl accident became a start-

ing point for developing and applying mobile robots in

special operations. To contain the accident, a lot of

mobile robotic systems were designed within record-

breaking schedules. These robots were mainly used for

area decontamination, removing radioactive debris from

the power plant roofing, situational monitoring and

many other tasks. The total deployed number of various

mobile robots, including from foreign countries, was

around 40. Applying robots in the specific conditions

helped avoid using humans in many operation areas,

helping save dozens of lives [6].

Using mobile robotic systems for fire suppression

has not been overlooked either. For example, A. K. Mi-

keev in [7] devoted as much as a whole section to

the problem of fire robots development and applica-

tion. The section focuses on main design prospects, and

provides information about how this concept is being

implemented in foreign countries. And this was already

in the early 90s.

Today, robotic systems are applied almost in all

branches of activity. They play a special part in tackling

the objectives assigned to units of the Russian Emer-

gency Ministry, employed for a range of operations

from situational monitoring to bomb disposal and fire

suppression.

At present, the use of fixed robotic fire suppression

units to ensure fire safety of electric power plant ma-

chine halls has become quite common. These units are

capable of automatically detecting and eliminating fire

areas [8]. However, power facilities have a rather high

number of areas with potential fire hazard, where flam-

mable materials are concentrated. These areas are situated

in hard-to-reach and cluttered locations where using

fixed systems is inefficient. In such a case it is more

feasible to apply mobile firefighting robotic systems

that are capable of maneuvering in space and providing

access to hard-to-reach and cluttered areas.

If we consider the issue of using mobile firefighting

robots at power facilities, it should be pointed out that,

in general, this concept has not been fully implemented.

Not enough attention has been given to developing and

using mobile firefighting robots, although the need

to develop them was evident. Therefore, this paper is

mainly aimed at justifying the design requirements for

a mobile robotic fire suppression vehicle (RV) deve-

loped for power facilities taking into account the spe-

cific fire suppression tactics at those facilities. To achieve

the above-mentioned aim, the following objectives had

to be met:
� determine robotic vehicle functionality and select

the technical equipment for its implementation;
� carry out a study of the robotic fire suppression

vehicle tactical capabilities;
� specify technical requirements to robotic vehicle

design intended for use at power facilities and ma-

nufacture its prototype.

Determination of robotic vehicle
functionality and selection of technical

equipment for its implementation

The first step certainly consists in determining the ro-

botic vehicle functionality. This means that its design

must include the necessary set of actuating mechanisms

required for field tasks based on the accumulated ex-

perience of their application to contain various types of

fires.

Analysis of fires and accidents occurring at power

facilities over a range of time reveals that the specific

tactical fire suppression techniques is related, firstly,

to presence of large flammable load consisting of solid

and liquid flammable substances and materials, and

secondly, to electrical equipment running under high

voltage.

Due to large quantities of flammable load, emerg-

ing fires spread across significant areas, therefore a

large amount of fire extinguishing agents (FEA) must

be supplied in order to contain them. This is confirmed

by reference data, specifying the required rate of fire

extinguishing agent supply for suppression of fires in

electric power plant machine halls at 0,2 l�(m2·sec) [9].
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Besides combustion of solid flammable substances,

combustion of flammable liquids has occurred as well,

including transformer oil contained in lubrication

systems of turbines and other equipment. Hence, the ro-

botic vehicle must be capable of supplying a significant

quantity of FEAinto the fire area. Besides water, it must

also supply foam solution with a range of at least 30 m.

This will ensure that a sizable area is covered and that

building structures are cooled. In order to implement

the above-mentioned measures, it is necessary to pro-

vide a remote controlled fire turntable monitor with

the fire extinguishing agent flow rate of up to 20 l�sec.

However, the main feature of fire suppression at

power facilities is extinguishing live electrical equip-

ment on fire. Statistical information analysis for fires

at power facilities has revealed that between 2005 and

2016 they suffered from 5066 fires. 38 % of those fires

occurred directly on electrical equipment (Fig. 2)

[10–13].

The task of suppressing electrical equipment fires

has alway been the most critical and demanding because

of electric shock hazard. However, as far as power faci-

lities are concerned, their specifics must be taken into

account, i. e. that parts of equipment cannot be deener-

gized even if on fire, because it is critical for the safe

operation of facility.

A mobile fire suppression robot is a system capable

of adapting to the actual conditions of an accident or

fire, including presence of live equipment. This capabi-

lity makes it an efficient fire suppression appliance. Ro-

botic systems, as well as humans, are threatened by

leakage currents flowing through the FEA jet, that can

cause the RV to fail if they affect its electronics. Extin-

guishing electrical equipment on fire using water and

water�foam compounds supplied by standard monitors

is not safe because of high jet conductivity. Therefore,

an auxiliary fire suppression appliance must be se-

lected, where leakage currents through the jet are mini-

mum, and that is most suitable for using in combination

with mobile robotic systems.

Assessment of fire-extinguishing compounds suitable

for suppressing fires on live electrical equipment has

demonstrated that finely dispersed water with an average

droplet diameter below 200 µm has excellent fire extin-

guishing properties [14].

Water-cutting jet fire suppression unit was selected

as the delivery appliance, implementing both the surface,

and locally applied saturation fire extinguishing prin-

ciple. The main advantage of the unit is that fire-extin-

guishing agents can be supplied into the volume on fire

through the building structure envelope by destroying

it with the mixture of water and abrasive particles.

The average size of liquid droplets generated by the unit

is around 170 	m [15–17].

To assess the possibility of using the systems in

question for fire suppression on live electrical equip-

ment, experimental studies were carried out. As a re-

sult, operational parameters of fire suppression units

were determined when used by fire and rescue team

personnel. Besides, it was found that when the units are

used in combination with mobile robots, it is acceptable

to suppress fires at a minimum distance of 0.5 m, if

the unit monitor installed on the robot is connected to it

using dielectric connectors, and if leakage current pro-

tection devices rated at 1 mAare integrated into the robot

design [18].

Study on the robotic fire suppression
vehicle tactical capabilities

Determination of the fire-extinguishing agent
delivery maximum range

Technical capabilities of the robotic vehicle must

ensure that it can be applied not only in open areas, but

in many rooms of the electric power plant. To a large

extent, this can be achieved by reducing the robot’s

overall dimensions and fully loaded weight. To meet

these requirements, the RV design must have no on-

board FEA reserve, but only fire suppression appli-

ances and other equipment are to be included. Fire-

extinguishing agents should be supplied to the RV via

hose lines. Accordingly, conditions must be determined

that define the robotic vehicle tactical capabilities.

Also, it should be taken into account that when

mobile robotic systems are used for fire suppression,

the maximum range of fire extinguishing agents deli-

very through hose lines, including hydraulic losses,

must not result in reduced intensity of agents supply

into the fire area.

Head losses are divided into local and line losses.

Line losses occur as a result of transported liquid fric-

tion against pipeline walls and between the walls; local

losses occur as a result of flow deformation (valves,

transition pieces, etc.) [19].

Fig. 2. Equipment with the highest risk of fire break-out: 1 — cable
systems; 2 — oil pipelines; 3 — oil pumps; 4 — turbine gene-
rators; 5 — electronic equipment; 6 — transformers; 7 — ventila-
tion systems
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In general, round pipeline head losses along the line

hl (m) are calculated using the Darcy–Weisbach equa-

tion:

h
l

d

v

g
l � �

2

2
, (1)

where � is the flow friction factor;

l is pipeline length, m;

d is the wetted cross-section diameter, m;

v is the average liquid flow velocity, m�sec;

g is the gravity acceleration, m�sec2.

The main criterion describing head losses with any

given parameters of pump�hose system operation is

the flow friction factor � that depends on flow velocity

and internal surface roughness. Determination of the flow

friction factor is a rather challenging task. Therefore,

as demonstrated by research work analysis, it should

be determined empirically for specific operating condi-

tions.

When one considers water-cutting jet fire suppres-

sion units, it should be pointed out that they operate at

a pressure of 30 MPa, and the fire-extinguishing agents

being transported consist of not only water, but are es-

sentially a mixture of water and abrasive particles in-

tended for cutting structures. Therefore, additional head

losses occur during mixture transportation due to mo-

vement of abrasive particles. Head losses during mix-

ture transportation imix (m) are determined according to

the following formula:

imix = iw + �i, (2)

where iw is specific head losses during water move-

ment, m;

�i is additional head losses, m.

Specific head losses during water movement can be

determined using the Darcy–Weisbach equation, addi-

tional losses are calculated as follows

�i j C V Vcr� � � 3
0
2 ( ), (3)

where � is the factor to account for the effect of relative

ground particle size d�D with regard to pipe dia-

meter;

j is the factor to account for unevenness of solid

particle size;

Ñ0 is the actual weight consistency;

Vcr is the critical mixture movement velocity whe-

reby particles begin to travel along the flow, m�sec;

V is the flow velocity, m�sec.

The calculations using formulas (1) and (3) have

demonstrated that head losses due to presence of hydro-

abrasive particles are less significant in comparison to

hydraulic losses of water. However, bearing in mind that

fire suppression units have a certain nondeterminism in

terms of their performance, head losses of both water

and cutting particles mixture and, therefore, the flow

friction factor, must be determined by way of trial to en-

sure that accurate values are obtained. As a result of

experimental studies, maximum ranges of fire-extin-

guishing agent delivery via hose lines were obtained for

water and cutting particles mixture, which amounted to

317 and 290 m correspondingly. Besides, the flow fric-

tion factor was determined, characterizing head losses

during water transportation through hoses of water-cut-

ting jet fire suppression units, being equal to 0.019 [20].

When a fire suppression robotic system is operated

in combination with a high pressure finely dispersed

water fire suppression unit, the hose line (high pressure

hose) is laid automatically from on-board the robot.

In this case, no additional requirements are applied to

the robotic system traction capabilities for laying

the hose line. If the fire-extinguishing agent is supplied

using the integrated, remote controlled monitor, the hose

line is laid using the method of line pulling. This results

in higher requirements applied to the robot’s traction

performance to ensure that it can travel with the hose

line when approaching the FEA supply position and

that it can maneuver with the hose line.

Traction force determination

To determine the traction force that the robotic vehicle

must ensure, experimental studies were performed using

general purpose firefighting pressure hoses. The hoses

were moved on three types of surface most wide-spread

at power facilities: tiles, cast-in-place floor, and asphalt.

The resulting friction force was measured. The studies

helped obtain the friction factors that characterize hose

friction against the surfaces examined, configurations

for supplying fire-extinguishing agents using RVs were

evaluated, and the most feasible option for supplying

agents was selected. It was found that in order to imple-

ment this option, the RV must provide a traction force

of at least 1000 N [21].

As the vehicle base, a unified electromechanically

driven tracked chassis was chosen that will ensure RV

application in minor debris and heavy smoke environ-

ments. To supply fire-extinguishing agents, it can be

equipped with a remote controlled fire turntable monitor

or a nozzle for supplying high pressure finely dispersed

water or water-cutting jet.

Technical requirements to the robotic
vehicle design for application

at power facilities

As a result of studying the tactical specifics of mo-

bile robot application for fire suppression at power faci-

lities, the following technical requirements to robotic

vehicle design were determined (see Table).

For practical implementation of the specified tech-

nical requirements, it is feasible to use a unified remote

controlled vehicle platform that is equipped with spe-

cific firefighting tools depending on the objective to be

tackled.
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No. Parameter Parameter value

1 Intended application 1. Fireground reconnaissance, data acquisition and situational monitoring.
2. Fire suppression, emergency rescue operations (ERO)

2 Application environment Land

3 Functionality degree Multifunctional (versatile)

4 Fire suppression and emergency
rescue operations (ERO) equip-
ment installed

1. Remote controlled fire turntable monitor with FEA flow rate 15 to 20 l�sec.
2. Fire suppression unit nozzle with water-cutting jet.
3. Robotic manipulator arm

5 Used fire-extinguishing com-
pounds

1. Water, water�foam solution.
2. Finely dispersed water (170 	m).
3. Water�abrasive particle cutting mixture

6 Drive type Electromechanical

7 Base vehicle propulsion type Track

8 Traction force No less than 100 kg

9 RV type Light-weight

10 RV class 1

11 RV weight Over 100 to 300 kg included. Subclass, 101 to 150 kg included

12 Overall dimensions Not more than 1500�900�1900 mm

13 Continuous operation time No less than 4 h

Technical requirements to RV design

Fig. 3. A system consisting
of first (a) and second (b)
versions of robotic vehicle
model

Fig. 4. Mobile robotic fire
suppression unit
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The first RV version is a remote controlled track

chassis platform with electromechanical drive, carry-

ing a remote controlled fire turntable monitor with FEA

flow rate of 15 to 20 l�sec, equipped with a robotic vi-

sion system, lights, infrared imager to locate fire areas,

and a set of equipment required to ensure RV operation

(Fig. 3,a).

The second version of robotic vehicle is a remote

controlled track chassis platform with electromecha-

nical drive, carrying a robotic manipulator arm with

a gripper, having five degrees of freedom, and a fire

suppression unit nozzle with water-cutting jet. The ro-

botic manipulator will be used for tactical firefighting

techniques with the fire suppression unit nozzle, as well

as for dismantling and transporting structures and equip-

ment during emergency rescue operations (Fig. 3,b).

At the moment, a prototype of RV version 1 has been

developed. It carries a remote controlled fire turntable

monitor with the water�foam fire-extinguishing agent

flow rate of 20 l�sec (Fig. 4). The vehicle has been named

as “mobile robotic fire suppression unit” (MRFSU).

Afeature of MRFSU is that it can operate in gamma

radiation environments with the strength of up to 10 Sv�h.

To verify this condition, experimental studies have

been carried out. These studies involved exposing

the MRFSU to gamma radiation with the above-men-

tioned strength for the period of 4 h. The study results

confirmed that MRFSU can be used for operations

under gamma radiation of up to 10 Sv�h.

For evaluating MRFSU tactical capabilities, pre-

mises of operational nuclear power plants were consi-

dered as an example (Fig. 5). The benchmark applied

was the effective range (penetration depth) of the ro-

botic vehicle that depends on the distance of water

supply through the hose at initial pressure of 10 atm

provided by the fire truck tank located at the water

source. As a result, it was found that fire-extinguishing

agents will be supplied to rooms that are considered as

protected assets in 75 % of cases.

MRFSU tactical capabilities that confirm its effici-

ency were evaluated for the considered conditions of

nuclear power plants. To increase efficiency and

promptness of MRFSU application, tactical techniques

are to be worked out for each specific facility indivi-

dually, taking into account location of water sources,

facility layout, and location of rooms and equipment

with the highest fire hazard.

Conclusion

Using mobile robots for suppressing fires at power

facilities is a challenging operation. The need to apply

mobile robots is not present at every fire or accident,

but in certain cases it is the only option to ensure that

firefighting action continues with the hazards that

emerge. This helps replace humans and, therefore, save

people’s lives and health.

The model of mobile robotic fire suppression unit that

has been developed combines the features of a highly

maneuverable vehicle, applicable for reconnaissance

and fire suppression. When it is used along the fire and

rescue department personnel, it can increase fire sup-

pression efficiency and ensure safety of participating

persons.
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ÀÍÀËÈÇ ÑÓÙÅÑÒÂÓÞÙÈÕ È ÎÁÎÑÍÎÂÀÍÈÅ
ÏÐÈÌÅÍÅÍÈß ÍÎÂÎÉ ÀÂÒÎÌÀÒÈ×ÅÑÊÎÉ
ÑÈÑÒÅÌÛ ÏÎÆÀÐÎÂÇÐÛÂÎÇÀÙÈÒÛ ÑÓÄÎÂ,
ÊÎÐÀÁËÅÉ, ÍÅÔÒÅÄÎÁÛÂÀÞÙÈÕ ÏËÀÒÔÎÐÌ

Íà îñíîâå àíàëèçà ñîñòîÿíèÿ ñèñòåì ïîæàðíîé çàùèòû êîðàáëåé, ñóäîâ ïîêàçàí áîëüøîé ðàçðûâ
ìåæäó ñêîðîñòüþ ðàñïðîñòðàíåíèÿ ïîæàðîâ è ïåðåõîäà èõ âî âçðûâ, ìàñøòàáàìè ïîæàðîâ íà
íèõ è âîçìîæíîñòÿìè ýòèõ ñèñòåì. Îáîñíîâûâàåòñÿ íåîáõîäèìîñòü øèðîêîãî âíåäðåíèÿ óíè-
êàëüíûõ ìíîãîñòâîëüíûõ ìîäóëåé èìïóëüñíîãî ìóëüòèâèõðåâîãî ðàñïûëåíèÿ ðàçëè÷íûõ îãíå-
òóøàùèõ ñîñòàâîâ äëÿ çàùèòû êîðàáëåé, ñóäîâ, ìîðñêèõ íåôòåïðîìûñëîâûõ ïëàòôîðì. Ðàñ-
ñìàòðèâàþòñÿ ìíîãîñòâîëüíûå ìîäóëè óíèêàëüíîé êîíñòðóêöèè, ñîçäàþùèå ïóòåì èìïóëüñíî-
çàëïîâîãî ðàñïûëåíèÿ ãàçîâîäÿíûå øêâàëû, ãàçîïîðîøêîâûå âèõðè, ñïîñîáíûå òóøèòü âñå
âîçãîðàíèÿ è ñïëîøíûå ïîæàðû ñðàçó ïî âñåìó ïðîñòðàíñòâó îòñåêà èëè äàæå ó÷àñòêó ïàëóáû â
òå÷åíèå íåñêîëüêèõ ñåêóíä. Äàåòñÿ îïèñàíèå è àíàëèç ýêñïåðèìåíòîâ, ïðèâîäÿòñÿ ðåêîìåíäàöèè
ïî ïðèìåíåíèþ ìíîãîñòâîëüíûõ ìîäóëåé. Îáñóæäàþòñÿ âàðèàíòû èõ èñïîëüçîâàíèÿ íà ðàç-
ëè÷íûõ ïëàâàòåëüíûõ ñðåäñòâàõ äëÿ òóøåíèÿ ïîæàðîâ, îáåñïå÷åíèÿ ýâàêóàöèè, ïðåäîòâðàùåíèÿ
âçðûâîâ ïàðîâîçäóøíûõ ñìåñåé, îñàæäåíèÿ òîêñè÷íûõ îáëàêîâ, ëîêàëèçàöèè è ëèêâèäàöèè
ðîçëèâîâ íåôòè.
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Ââåäåíèå

Öåëü íàñòîÿùåé ñòàòüè — ïîêàçàòü âûñîêóþ àêòó-

àëüíîñòü è ðåàëüíûå âîçìîæíîñòè âíåäðåíèÿ â ïðàê-

òèêó íîâûõ ñèñòåì ïîæàðîâçðûâîçàùèòû ñóäîâ, êî-

ðàáëåé, ïîäâîäíûõ ëîäîê (ÏË) è ìîðñêèõ íåôòåäî-

áûâàþùèõ ïëàòôîðì. Äëÿ ýòîãî â ñòàòüå ðåøàþòñÿ

ñëåäóþùèå çàäà÷è: 1) àíàëèç ñîñòîÿíèÿ ñóäîâûõ

ñèñòåì ïîæàðîòóøåíèÿ, ðåàëüíûõ ïîæàðîâ íà ìîðå

è èõ ïîñëåäñòâèé; 2) îïèñàíèå ìíîãîñòâîëüíûõ ìî-

äóëåé (ÌÌ), ñîçäàþùèõ ïóòåì èìïóëüñíîãî ðàñïû-

ëåíèÿ ðàçëè÷íûõ îãíåòóøàùèõ àãåíòîâ è èíåðòíûõ

ìàòåðèàëîâ ãàçîæèäêîñòíûå øêâàëû, ãàçîïîðîøêî-

âûå âèõðè ñ âûñîêèìè ñêîðîñòüþ è ýôôåêòèâíîñòüþ

òóøåíèÿ ïî âñåìó ïðîñòðàíñòâó îòñåêà, ïàëóáû â òå-

© Çàõìàòîâ Â. Ä., Òóðñåíåâ Ñ. À., Ìèðîíü÷åâ À. Â., ×åðíûøîâ Ì. Â., Îçåðîâ À. Â., Äîðîæêèí À. Ñ., 2018
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÷åíèå íåñêîëüêèõ ñåêóíä; 3) îïèñàíèå è àíàëèç ýêñ-

ïåðèìåíòîâ; 4) ðåêîìåíäàöèè ïî ïðèìåíåíèþ ÌÌ

íà ðàçëè÷íûõ ñóäàõ, êîðàáëÿõ, ïëàòôîðìàõ, ÏË äëÿ

òóøåíèÿ ïîæàðîâ, îáåñïå÷åíèÿ ýâàêóàöèè, ïðåäîò-

âðàùåíèÿ âçðûâîâ, îñàæäåíèÿ òîêñè÷íûõ îáëàêîâ

è ëèêâèäàöèè ðîçëèâîâ íåôòè.

Äëÿ àíàëèçà ñîñòîÿíèÿ ñóäîâûõ ñèñòåì ïîæàðî-

òóøåíèÿ ðàññìîòðèì íåêîòîðûå ïîæàðû.

Ïîæàð 20.04.2010 ã. íà ìîðñêîé íåôòåäîáûâà-

þùåé ïëàòôîðìå “Deepwater Horizon” (ðèñ. 1) øè-

ðîêî èçâåñòíîé ôèðìû “British Petroleum”, âåäóùåé

â ìèðå ïî ìîðñêîé äîáû÷å íåôòè, óæå ïðèâåë ìèð ê

ãëîáàëüíîé, âòîðîé ïî ìàñøòàáó ïîñëå ×åðíîáûëÿ,

ýêîëîãè÷åñêîé êàòàñòðîôå â Ìåêñèêàíñêîì çàëèâå

íà äîëãèå äåñÿòèëåòèÿ. Â ìîìåíò âçðûâà íà óñòà-

íîâêå “Deepwater Horizon” ïîãèáëî 11 ÷åë. è ïî-

ñòðàäàëî 17 ÷åë. èç 126, íàõîäèâøèõñÿ íà áîðòó [1].

Â êîíöå èþíÿ 2010 ã. ïðè ëèêâèäàöèè ïîñëåäñòâèé

ýòîé êàòàñòðîôû ïîãèáëè äâîå ïîæàðíûõ [2]. ×åðåç

ïîâðåæäåíèÿ òðóá ñêâàæèíû íà ãëóáèíå 1500 ì â Ìåê-

ñèêàíñêèé çàëèâ çà 152 äíÿ âûëèëîñü îêîëî 5 ìëí.

áàððåëåé íåôòè (833 000 ò), íåôòÿíîå ïÿòíî äîñòèã-

ëî ïëîùàäè 75000 êì2 [3, 4], ÷òî ñîñòàâëÿåò îêîëî

5 % ïëîùàäè Ìåêñèêàíñêîãî çàëèâà. Îñíîâíàÿ ïðè-

÷èíà — íèçêàÿ ýôôåêòèâíîñòü òóøåíèÿ, ëîêàëèçàöèè

è ëèêâèäàöèè ðîçëèâîâ íåôòè. Ñòàöèîíàðíûå àâòî-

ìàòè÷åñêèå ñèñòåìû ïîæàðîòóøåíèÿ è ëàôåòíûå

ãèäðîìîíèòîðû íà ïîæàðíûõ êîðàáëÿõ íå ñìîãëè

êîìïåíñèðîâàòü òåõíè÷åñêèå íåïîëàäêè, íåñîâåð-

øåíñòâî êîíñòðóêöèè ïëàòôîðìû, õîòÿ ñèñòåìû ïî-

æàðîòóøåíèÿ äîëæíû ïðîåêòèðîâàòüñÿ òàêæå ñ ðàñ-

÷åòîì êîìïåíñàöèè òåõíè÷åñêèõ îøèáîê íà ïîæà-

ðîâçðûâîîïàñíîì îáúåêòå [5].

Çàùèòà îò îãíÿ — âàæíåéøàÿ ÷àñòü êîìïëåêñíîé

áîðüáû çà æèâó÷åñòü êîðàáëÿ. Íàèáîëüøèé óùåðá

è ãèáåëü ëþäåé èç-çà ïîæàðîâ íà âîåííûõ êîðàáëÿõ

çàôèêñèðîâàíû îò âçðûâà òîïëèâíûõ áàêîâ è êîðà-

áåëüíîãî àðñåíàëà áîåïðèïàñîâ, íà ïàññàæèðñêèõ,

ãðóçîïàññàæèðñêèõ ñóäàõ — îò âçðûâà òîïëèâíûõ

áàêîâ è íà òàíêåðàõ — îò âçðûâà ïàðîâ íåôòè â åì-

êîñòÿõ (ñì. ðèñ. 1).

Ïîæàð íà êîðàáëå, ñóäíå ÿâëÿåòñÿ íàèáîëåå îïàñ-

íîé àâàðèåé è ñëåäñòâèåì ïîðàæåíèÿ êîðàáëÿ ðàêå-

òîé, ñíàðÿäîì, òîðïåäîé, âçðûâíîé âîëíîé îò áëèç-

êîãî âçðûâà. Ïîæàð íà ïàëóáå, â îòñåêàõ, êàê ïðàâè-

ëî, áûñòðî ðàçâèâàåòñÿ è ðàçðóøàåò íàìíîãî áîëüøå,

÷åì ôóãàñíîå âîçäåéñòâèå âçðûâíîé âîëíû [6]. Íå-

ðåäêî ïîæàðû íà êîðàáëÿõ è ñóäàõ âîçíèêàþò â ðå-

çóëüòàòå íàðóøåíèé òåõíèêè áåçîïàñíîñòè è àâàðèé.

Òàê, â 1967 ã. èç-çà íåèñïðàâíîñòè ýëåêòðîîáîðóäî-

âàíèÿ ïðîèçîøåë ñàìîïðîèçâîëüíûé ïóñê ðàêåòû

“Çóíè” íà ïîäâåñêå êðûëà èñòðåáèòåëÿ íà ïàëóáå. Ðà-

êåòà íå âçîðâàëàñü, íî ñáèëà ïîäâåñíîé òîïëèâíûé

áàê ñ êðûëà äðóãîãî ñàìîëåòà. Âûïëåñíóâøååñÿ èç

ðàçðóøåííîãî áàêà òîïëèâî JP-5 âîñïëàìåíèëîñü.

Îò ïåðåãðåâà íà÷àëè âçðûâàòüñÿ òîïëèâíûå áàêè

äðóãèõ ñàìîëåòîâ, è ïëàìÿ ñòàëî ðàñïðîñòðàíÿòüñÿ

ïî ïàëóáå. ×åðåç íåñêîëüêî ìèíóò íà÷àëè âçðûâàòü-

ñÿ áîìáû íà ñîñåäíèõ ñàìîëåòàõ [7].

Âçðûâ ðàêåòû íà ïàëóáå ïðèâåë ê âîçíèêíîâåíèþ

íàèáîëåå êðóïíîãî è óáûòî÷íîãî ïîæàðà íà àâèà-

íîñöå “Ôîððåñòîë”, ñîïðîâîæäàþùåãîñÿ âçðûâàìè

àâèàáîìá, ïîäâåøåííûõ íà áîåâûõ ñàìîëåòàõ, ñ ïðî-

áèòèåì, âûãîðàíèåì è çíà÷èòåëüíûìè ïîâðåæäå-

íèÿìè íà âåðõíåé è íèæíèõ ïàëóáàõ. Îò âçðûâîâ è

ïðè òóøåíèè ïîæàðà ïîãèáëè 134 ìîðÿêà, ðàíåí

161 ìîðÿê. Ïðÿìûå óáûòêè â öåíàõ 2008 ã. ñîñòàâè-

ëè 512 ìëí. äîëë., ñòîèìîñòü ñãîðåâøèõ 20 èñòðåáè-

òåëåé F-4, óáûòêè îò ðåìîíòà àâèàíîñöà è ìíîãîìå-

ñÿ÷íîãî âûõîäà åãî èç ñòðîÿ — 1,5 ìëðä. äîëë. [7, 8].

Íà àìåðèêàíñêèõ àâèàíîñöàõ “Ôîððåñòîë”, “Îðè-

ñêàíè”, “Êîíñòåëëåéøí”, àòîìíîì àâèàíîñöå “Ýíòåð-

ïðàéç” ïðîèñõîäèëè êàòàñòðîôè÷åñêèå ïîæàðû íà

âåðõíèõ ïàëóáàõ èç-çà âçðûâà áîåïðèïàñîâ è àâà-

ðèéíîé ïîñàäêè ñàìîëåòîâ. Íà àòîìíîì àâèàíîñöå

“Ýíòåðïðàéç” ãîðÿùåå ãîðþ÷åå ðàñïðîñòðàíèëî ïî-

æàð íà ïÿòü ïàëóá âíèç. Òóøåíèå ïîæàðà ïîòðåáîâà-

ëî 4–5 ÷ íàïðÿæåííîé ðàáîòû ýêèïàæà àâèàíîñöà.

Ðèñ. 1. Íà÷àëüíàÿ ñòàäèÿ ïîæàðà íà ìîðñêîé ïëàòôîðìå
“Deepwater Horizon” 20.04.2010 ã. â Ìåêñèêàíñêîì çàëèâå

Fig. 1. First stadium of fire development at offshore “Deepwater
Horizon”, Mexican Golf
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Ïîòåðè îáîðóäîâàíèÿ, ñàìîëåòîâ è ñòîèìîñòü ðå-

ìîíòà îò ïîæàðà è ïðîëèâà ñîòåí òîíí âîäû äëÿ òó-

øåíèÿ ïîæàðà ñîñòàâèëè ñîòíè ìèëëèîíîâ äîëëà-

ðîâ è íà 11 ìåñ. îñëàáèëè áîåâóþ ìîùü 7-ãî ôëîòà

ÑØÀ [8, 9]. Íà ×åðíîìîðñêîì ôëîòå èçâåñòåí ñëó-

÷àé âîçãîðàíèÿ ïðîìàñëåííîé âåòîøè, îñòàâëåííîé

ìàòðîñîì âáëèçè íàãðåòîãî òðóáîïðîâîäà. Âîçíèê

áûñòðîðàçâèâàþùèéñÿ ïîæàð ñ ðåàëüíîé óãðîçîé

âçðûâà ïîãðåáà áîåïðèïàñîâ. Êîðàáëü ñðî÷íî âû-

øåë èç Ñåâàñòîïîëüñêîé áóõòû â ìîðå. Êîìàíäå äëÿ

ïðåäîòâðàùåíèÿ âçðûâà è òóøåíèÿ ïîæàðà ïîòðå-

áîâàëîñü ìíîãî ÷àñîâ íàïðÿæåííîé ðàáîòû.

Ãåðìàíñêèé ôðåãàò “Ñàêñîíèÿ” 21 èþíÿ 2018 ã.

åäâà íå âçîðâàëñÿ âî âðåìÿ ïðîâåäåíèÿ áîåâûõ

ñòðåëüá, ïèøåò “Naval Today”. Èíöèäåíò ïðîèçîøåë

ó áåðåãîâ Íîðâåãèè â ðàéîíå ïîëèãîíà Àííåéÿ âî

âðåìÿ ó÷åíèé. Ïåðâàÿ ðàêåòà Standard SM-2 óñïåø-

íî ïîðàçèëà öåëü, à âòîðàÿ íå âûøëà èç ïóñêîâîé

óñòàíîâêè è çàãîðåëàñü (ðèñ. 2). Êàïèòàí ñóäíà Òîìàñ

Õàêåí çàÿâèë: “Ýêèïàæ îêàçàëñÿ ïåðåä ñòåíîé îãíÿ,

êîòîðûé åäâà óäàëîñü ïîòóøèòü ñ ïîìîùüþ íàñîñ-

íûõ óñòàíîâîê, ïðåäîòâðàòèâ âçðûâ êîðàáëÿ — ðà-

êåòíîãî ïîãðåáà. Â ðåçóëüòàòå èíöèäåíòà ó äâîèõ

ìîðÿêîâ äèàãíîñòèðîâàëè “îñòðóþ ñòðåññîâóþ ñè-

òóàöèþ”, ñòðåëüáû áûëè íåìåäëåííî ïðåêðàùåíû,

ôðåãàò îòïðàâèëñÿ â íîðâåæñêèé ïîðò Õàðñòàä äëÿ

ðåìîíòà” (https:��rg.ru�2018�06�27�video-zenitnaia-

raketa-chut-ne-unichtozhila-nemeckij-fregat.html).

Âîçãîðàíèÿ íàèáîëåå ÷àñòû è îïàñíû â äâèãà-

òåëüíûõ îòñåêàõ è ïîãðåáàõ õðàíåíèÿ áîåïðèïàñîâ,

÷óòü ðåæå â äðóãèõ îòñåêàõ íèæíèõ ïàëóá êîðàáëåé,

ïîäâîäíûõ ëîäîê, ñóäîâ. Êîìïàêòíî ðàñïîëîæåííûå

ýëåêòðîìîòîðû, ïåðåêëþ÷àòåëè, ñèñòåìà ýëåêòðî-

ñíàáæåíèÿ, ðàçâåòâëåííàÿ ýëåêòðîñåòü, òîïëèâî è

ïíåâìîòðóáîïðîâîäû âûñîêîãî äàâëåíèÿ, ðàñêàëåí-

íûå ïîâåðõíîñòè óçëîâ è àãðåãàòîâ äâèãàòåëÿ ÿâ-

ëÿþòñÿ èñòî÷íèêàìè âîçãîðàíèé ïàðîâ òîïëèâà,

èçîëÿöèè ýëåêòðîïðîâîäêè è âåòîøè, ïðîïèòàííîé

ñìàçêîé.

Àíàëèç ñîâðåìåííûõ ñèñòåì
ïîæàðîòóøåíèÿ íà ñóäàõ è êîðàáëÿõ

Ñîâðåìåííàÿ ïîæàðíàÿ çàùèòà êîðàáëåé è ñóäîâ

îñóùåñòâëÿåòñÿ ñòàöèîíàðíûìè ïðîòèâîïîæàðíûìè

ñèñòåìàìè, àâòîìàòè÷åñêèìè è äèñòàíöèîííî óïðàâ-

ëÿåìûìè, ïîäàþùèìè êîìïàêòíûå è ðàñïûëåííûå

ñòðóè çàáîðòíîé âîäû, ïàðà, óãëåêèñëîãî ãàçà, ïåíû,

õëàäîíîâ, èíåðòíûõ ãàçîâ [10, 11]. Ñèñòåìû äîëæíû

ïîäàâëÿòü ðàçâèòèå î÷àãà âîçãîðàíèÿ â íà÷àëüíîé

ñòàäèè, ëîêàëèçóÿ ðàçâèòèå ïîæàðà è ïðåäîòâðàùàÿ

åãî ïåðåõîä âî âçðûâ. Ôóíêöèîíèðîâàíèå àâòîìà-

òèêè â ðåæèìàõ îæèäàíèÿ è ðàáîòû ìàëî çàâèñèò îò

÷ëåíîâ ýêèïàæà, ÷òî ìàêñèìàëüíî ñíèæàåò âëèÿíèå

÷åëîâå÷åñêîãî ôàêòîðà è òåì ñàìûì ïîâûøàåò áåç-

îïàñíîñòü ýêèïàæà [7].

Ñèñòåìó îáúåìíîãî ïîæàðîòóøåíèÿ (ñ èñïîëü-

çîâàíèåì óãëåêèñëîãî ãàçà, õëàäîíîâ, ðåäêî — ãàçîâ

îò ãàçîãåíåðàòîðîâ) ìîíòèðóþò ïðåèìóùåñòâåííî

íà ïàññàæèðñêèõ è ãðóçîâûõ ñóäàõ ðå÷íîãî ôëîòà â

ìàøèííîì îòäåëåíèè ãëàâíûõ è âñïîìîãàòåëüíûõ

æèäêîòîïëèâíûõ äâèãàòåëåé; â ïîìåùåíèÿõ êîòëîâ

è ãåíåðàòîðîâ îñíîâíûõ è àâàðèéíûõ èñòî÷íèêîâ

ýëåêòðè÷åñòâà; â ìåñòàõ ðàçâåòâëåíèÿ ãëàâíûõ ýíåð-

ãåòè÷åñêèõ ìàãèñòðàëåé è ðàñïðåäåëèòåëüíûõ ùèò-

êîâ; ó ýëåêòðîäâèãàòåëåé ãðåáíûõ, âñïîìîãàòåëüíûõ;

â ñèñòåìàõ âåíòèëÿöèè îáîðóäîâàíèÿ. Ëàáîðàòîðèÿ

“Ïëàìÿ” Âîåííî-ìîðñêîãî èíæåíåðíîãî èíñòèòóòà

ðàçðàáîòàëà àâòîìàòè÷åñêóþ ñèñòåìó îáúåìíîãî ïî-

æàðîòóøåíèÿ, âêëþ÷àþùóþ èñïîëíèòåëüíûå àâòî-

íîìíûå ìîäóëè ÒÎÐ-1500 è ÒÎÐ-3000, ñîñòîÿùèå

èç áàëëîíîâ, çàïîëíåííûõ îãíåòóøàùèì ãàçîì (ÎÃ)

è ñíàáæåííûõ îïòèêî-ýëåêòðîííûìè äåòåêòîðàìè

ôèêñàöèè âîçãîðàíèÿ, ïîäêëþ÷åííûìè ê åäèíîé ñåòè

âíåøíåãî óïðàâëåíèÿ è îïîâåùåíèÿ [6, 8].

Ñèñòåìà âîäÿíîãî ïîæàðîòóøåíèÿ, êîëüöåâàÿ

èëè ëèíåéíàÿ, ìîíòèðóåòñÿ ïðè çàêëàäêå ñóäîâ è

îáåñïå÷èâàåò íàïîð âîäû â ñàìîé äàëüíåé òî÷êå ïîä-

êëþ÷åíèÿ: íà ãðóçîâûõ ñóäàõ — 350 êÏà, íà ïàñ-

ñàæèðñêèõ — 520 êÏà. Îòêðûòûå ó÷àñòêè òðóáî-

ïðîâîäà, êîòîðûå ìîãóò çàìåðçíóòü, ïîäâåðãàþòñÿ

îáâÿçêå ñ èñïîëüçîâàíèåì ñïóñêíîãî è îòñå÷íîãî êëà-

ïàíà, äëÿ òîãî ÷òîáû ïðè èõ èñêëþ÷åíèè èç îáùåé

ñèñòåìû îíà ïðîäîëæàëà ôóíêöèîíèðîâàòü. Ðàññòî-

ÿíèå ìåæäó ïîæàðíûìè êðàíàìè ðàçëè÷íîå: âíóòðè

ñóäíà — äî 20 ì ïðè êîìïëåêòàöèè 10–15-ì ïîæàð-

íûìè ðóêàâàìè, íà ïàëóáå — äî 40 ì ïðè êîìïëåê-

òàöèè êàæäîãî êðàíà ðóêàâîì 15–20 ì [12].

Æèëûå îòñåêè è ïàññàæèðñêèå êàþòû êîìïëåê-

òóþòñÿ àâòîìàòè÷åñêèìè ñèñòåìàìè ïîæàðîòóøå-

íèÿ ñî ñïðèíêëåðíûìè ðàñïûëèòåëÿìè, ñîçäàþùèìè

íàèáîëåå (ïî ñðàâíåíèþ ñ äðóãèìè ñèñòåìàìè ïî-

Ðèñ. 2. Íà÷àëüíàÿ ñòàäèÿ ïîæàðà ïðè àâàðèéíîì ïóñêå ðàêå-
òû íà ãåðìàíñêîì ôðåãàòå “Ñàêñîíèÿ”

Fig. 2. Inflame after emergency battle rocket’s start at German
ship “Saksonua”
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äà÷è æèäêèõ îãíåòóøàùèõ ñîñòàâîâ (ÎÑ)) ðàâíîìåð-

íîå è òîíêîäèñïåðñíîå ðàñïûëåíèå âîäû. Ñèñòåìà

ñîñòîèò èç ñïðèíêëåðîâ, ðàñïîëîæåííûõ íà òðóáî-

ïðîâîäå, ñîåäèíåííîì òðóáîé ñ êëàïàíîì, è ïíåâìî-

ãèäðàâëè÷åñêîé öèñòåðíû ïîä äàâëåíèåì. Ìèíè-

ìàëüíàÿ ïðîèçâîäèòåëüíîñòü ñïðèíêëåðà ïî íîðìà-

òèâàì ñîñòàâëÿåò 5 ë�ìèí íà 1 ì2 êàþòû [13], âðåìÿ

ðàáîòû — íåñêîëüêî ìèíóò. Ïðè ýòîì, íåñìîòðÿ

íà ñîòíè ëèòðîâ âîäû, çàëèâàþùèõ êàþòó, òóøåíèå

íå ãàðàíòèðóåòñÿ èç-çà íåäîñòàòî÷íîé ñòåïåíè ðàñ-

ïûëà âîäû, â ðåçóëüòàòå ÷åãî ÷àñòü êàïåëü íå ïîïà-

äàåò íà ãîðÿùóþ ïîâåðõíîñòü. Òóøåíèå ãàðàíòèðó-

åòñÿ òîëüêî ïðè ïîëíîì çàòîïëåíèè êàþòû, òðþìà,

îòñåêà. Ïðè âîçíèêíîâåíèè ïîæàðà â ÏË îòñåê çà-

òàïëèâàåòñÿ íåðåäêî ñ ÷ëåíàìè ýêèïàæà, åñëè èì

íå óäàåòñÿ ïîòóøèòü ïîæàð äî ìîìåíòà ïîëíîãî çà-

òîïëåíèÿ îòñåêà. Ýòî íåîáõîäèìîå ïðàâèëî âûæè-

âàíèÿ áîåâîãî êîðàáëÿ è ÏË [9].

Äðåí÷åðíûìè ñèñòåìàìè êîìïëåêòóþòñÿ â îñíîâ-

íîì ãðóçîâûå ñóäà: ãàçîâîçû, òàíêåðû, ñóõîãðóçû è

êîíòåéíåðîâîçû, ðàçìåùåíèå ãðóçà íà êîòîðûõ îñó-

ùåñòâëÿåòñÿ ãîðèçîíòàëüíî. Îñíîâíîå îòëè÷èå ýòèõ

ñèñòåì çàêëþ÷àåòñÿ â òîì, ÷òî íàñîñ ïðè ñèãíàëå

òðåâîãè íà÷èíàåò çàáîð è ïîäà÷ó âîäû â äðåí÷åðíûé

òðóáîïðîâîä. Äðåí÷åðíàÿ ñèñòåìà ôîðìèðóåò âîäÿ-

íûå çàâåñû â òåõ ìåñòàõ ïàëóá êîðàáëÿ, ãäå íåâîç-

ìîæíî óñòàíîâèòü ïðîòèâîïîæàðíûå ïåðåãîðîäêè

[14, 15].

Ãàçîâûå ñèñòåìû ïîæàðîòóøåíèÿ ñîñòîÿò èç

áàòàðåè ãàçîâûõ áàëëîíîâ âûñîêîãî äàâëåíèÿ è òðó-

áîïðîâîäîâ ñ âûïóñêíûìè ãîëîâêàìè. Íà ñóäàõ èõ

ïðèìåíÿþò òîëüêî â ãðóçîâûõ îòñåêàõ, ïîìåùåíèÿõ

ãåíåðàòîðîâ è íàñîñîâ, íà êàìáóçå, â äâèãàòåëüíîì

îòäåëåíèè ñ ðàñ÷åòîì íàïðàâëåíèÿ ñòðóè ïî âñåé

ïëîùàäè ïîìåùåíèÿ è íåïîñðåäñòâåííî íà ãåíåðà-

òîðû. Îòíîñèòåëüíî âûñîêàÿ ýôôåêòèâíîñòü òóøå-

íèÿ äîñòèãàåòñÿ çà ñ÷åò íàèáîëåå áûñòðîãî çàïîëíå-

íèÿ ãàçîì âñåãî ïîìåùåíèÿ èëè îáúåìà ãåíåðàòîðà.

Ñòîèìîñòü ãàçîâîé ñèñòåìû è íåîáõîäèìîñòü ïåðè-

îäè÷åñêîé çàìåíû ÎÑ íåñîðàçìåðíî áîëüøå åå îãíå-

òóøàùèõ ïðåèìóùåñòâ, åñëè ñðàâíèâàòü ñ äðóãèìè

ñèñòåìàìè. Â ÕÕI âåêå íà êîðàáëÿõ ÑÎ2 ñòàëè çàìå-

íÿòü íà õëàäîíû. Êîðàáëè è ñóäà ïîñòîÿííî ñîâåð-

øåíñòâóþòñÿ, è èñïîëüçîâàíèå ñòàðûõ ïðàâèë ìîí-

òàæà óñòðîéñòâ ïîæàðîòóøåíèÿ çà÷àñòóþ íåýôôåê-

òèâíî. Òèïîâûå ðàñ÷åòû äëÿ ñòàöèîíàðíûõ ñèñòåì

èñïîëüçóþòñÿ ðåäêî è òîëüêî äëÿ ñåðèéíûõ íåáîëü-

øèõ ñóäîâ [6, 7].

Àýðîçîëüíûå àâòîìàòè÷åñêèå ñèñòåìû ïîæàðî-

òóøåíèÿ äâèãàòåëüíûõ îòñåêîâ ïðîèçâîäèò êîìïà-

íèÿ “ÍÏÃ “Ãðàíèò-Ñàëàìàíäðà”. Ñèñòåìà ñîñòîèò

èç ñåòè ãåíåðàòîðîâ ñïåöèàëüíîãî îãíåòóøàùåãî

àýðîçîëÿ, êîòîðûé àêòèâèðóåòñÿ ñ ïîìîùüþ áëîêà

óïðàâëåíèÿ, íàõîäÿùåãîñÿ â êàáèíå òðàíñïîðòíîãî

ñðåäñòâà. Ñèñòåìà èìååò äàò÷èê è óñòðîéñòâî àâòî-

ìàòè÷åñêîãî çàïóñêà ãåíåðàòîðîâ àýðîçîëÿ, ñðàáàòû-

âàþùèõ ïðè êðèòè÷åñêîì ïîâûøåíèè òåìïåðàòóð

â çàùèùàåìîì îòñåêå. Ïîðîõîâîé àêêóìóëÿòîð äàâ-

ëåíèÿ (ÏÀÄ) ñîñòîèò èç êîðïóñà, ïîäæèãàþùåãî ïè-

ðîïàòðîíà, øàøêè òâåðäîòîïëèâíîé, ôèëüòðà, îõëà-

äèòåëÿ, ðåñèâåðà äëÿ ïðîäóêòîâ ñãîðàíèÿ è ñîïëà.

ÏÀÄ ãåíåðèðóåò îãíåòóøàùèé àýðîçîëü. Ñðîê ýêñ-

ïëóàòàöèè ñèñòåìû â ðåæèìå îæèäàíèÿ íå ìåíåå

10 ëåò â äèàïàçîíå òåìïåðàòóð îò ìèíóñ 50 äî +90 °Ñ.

Ïðè îáíàðóæåíèè âîçãîðàíèÿ äàò÷èê çàìûêàåò ýëåêò-

ðîöåïü, ïîäàåò èìïóëüñ òîêà íà ýëåêòðîâîñïëàìåíè-

òåëü, ñîçäàþùèé ôîðñ îãíÿ, êîòîðûé ïîäæèãàåò øàø-

êó, èíòåíñèâíî ãåíåðèðóþùóþ ãàçû. Ãàçû â ñâîþ î÷å-

ðåäü ïîâûøàþò äàâëåíèå âíóòðè êîðïóñà äî òàêîãî

óðîâíÿ, ïðè êîòîðîì ðàçðóøàåòñÿ ìåìáðàíà. Îòñåê

äâèãàòåëÿ çàïîëíÿåòñÿ ñòðóåé àýðîçîëÿ èç ãåíåðèðó-

åìûõ ãàçîâ ñ íà÷àëüíîé òåìïåðàòóðîé 600–800 °Ñ,

à ïîñëå ïðîõîæäåíèÿ ÷åðåç îõëàäèòåëü — äî 300–

400 °Ñ. Ãåíåðàòîð ôèêñèðóþò, ÷òîáû ñòðóÿ àýðîçîëÿ,

îòðàæàÿñü îò ñëîæíîé ïîâåðõíîñòè êîðïóñà ìîòîðà,

ñòåíîê îòñåêà, ðàâíîìåðíî çàïîëíÿëà äâèãàòåëü-

íûé îòñåê, âûòåñíÿÿ êèñëîðîä è èíãèáèðóÿ ðåàê-

öèþ ãîðåíèÿ ÷àñòèöàìè àýðîçîëÿ, îñàæäàþùèìèñÿ

íà óçëàõ, àãðåãàòàõ, ñòåíêàõ, ïîêðûòûõ ïðîëèâàìè

ãîðþ÷åãî, ïðåïÿòñòâóÿ ïîâòîðíîìó âîçãîðàíèþ åãî

ïàðîâ [8, 12].

Ãàçîâûå ñèñòåìû èìåþò ñëåäóþùèå íåäîñòàòêè:
� ýôôåêòèâíîñòü ãàçîâîãî è ãàçîäèñïåðñíîãî îáú-

åìíîãî òóøåíèÿ ñèëüíî çàâèñèò îò ñòåïåíè âåí-

òèëèðóåìîñòè äâèãàòåëüíîãî èëè äðóãîãî çàùè-

ùàåìîãî îòñåêà;
� óçêèå ñòðóè ãàçîâ îòíîñèòåëüíî äîëãî çàïîëíÿþò

îáúåì îòñåêà; ãàçîâàÿ ñòðóÿ, îòðàæàÿñü, áûñòðî

òåðÿåò ñâîþ ýíåðãèþ è íå ìîæåò îáåñïå÷èòü

äëèòåëüíóþ òóðáóëåíòíîñòü;
� ãàçû íå îõëàæäàþò îñíîâíîé èñòî÷íèê ïîâòîð-

íîãî âîñïëàìåíåíèÿ âûñîêîòåìïåðàòóðíîé ïî-

âåðõíîñòè êîðïóñà äâèãàòåëÿ, à óòå÷êà òîïëèâà

ïðîäîëæàåòñÿ, â ðåçóëüòàòå ÷åãî âåðîÿòíîñòü ïî-

âòîðíîãî âîñïëàìåíåíèÿ îñòàåòñÿ âûñîêîé.

Êðîìå òîãî, ñèñòåìû òóøåíèÿ ñîäåðæàò ìîùíûé

íàñîñ èëè êîìïðåññîð, ìíîæåñòâî áîëüøèõ áàëëî-

íîâ âûñîêîãî äàâëåíèÿ, äëèííûå òðóáîïðîâîäû âû-

ñîêîãî äàâëåíèÿ, ìíîæåñòâî ðàñïûëèòåëüíûõ ãîëî-

âîê. Âåðîÿòíîñòü ñâîåâðåìåííîãî è ðàâíîìåðíîãî

òóøåíèÿ ïî âñåìó çàùèùàåìîìó îáúåìó îòñåêà ñíè-

æàåòñÿ ïðîïîðöèîíàëüíî ÷èñëó ãîëîâîê ðàñïûëåíèÿ

è äëèíå òðóáîïðîâîäîâ [7].

Â êàæäîì îòñåêå êîðàáëÿ è ÏË èìååòñÿ ïî íå-

ñêîëüêó ïîðîøêîâûõ, ïåííûõ, âîäÿíûõ 2–10-ëèò-

ðîâûõ îãíåòóøèòåëåé â çàâèñèìîñòè îò îáúåìà è

ñòåïåíè ïîæàðîîïàñíîñòè îòñåêà. Çà ñ÷åò ñêîðîñòè

äâèæåíèÿ êîðàáëÿ, ÏË, âèáðàöèè êîðïóñà è ïîñòî-

ÿííî äåéñòâóþùåé âåíòèëÿöèè ê î÷àãó âîçãîðàíèÿ

èíòåíñèâíî ïîñòóïàåò êèñëîðîä, óñêîðÿÿ ðàçâèòèå

âîçãîðàíèÿ â ïîæàð, áûñòðî ðàñïðîñòðàíÿþùèéñÿ
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ïî îòñåêàì, â äâèãàòåëüíîì îòñåêå ïåðåõîäÿùèé âî

âçðûâû ïàðîâ ãîðþ÷åãî, â áîåïðèïàñíîì — âî âçðûâ

ãèëüç ñ ïîðîõîâûìè çàðÿäàìè è çàòåì áîåãîëîâîê

ñ áîåïðèïàñàìè â ñ÷èòàííûå ñåêóíäû. ×ëåíàì ýêè-

ïàæà, äàæå èìåþùèì îïûò òðåíèðîâîê è ðàáîòû ñ

îãíåòóøèòåëÿìè, ñïðàâèòüñÿ ñî ñòðåìèòåëüíî ðàç-

âèâàþùèìñÿ ïîæàðîì ñ ïîìîùüþ îãíåòóøèòåëåé

ïðàêòè÷åñêè íåâîçìîæíî èç-çà ñèëû ïëàìåíè è âîç-

ãîðàíèé â òðóäíîäîñòóïíûõ ìåñòàõ. ×òîáû ñîõðà-

íèòü êîðàáëü è ÏË â ìèðíîå âðåìÿ, ïðîäëèòü èõ âû-

æèâàåìîñòü è áîåñïîñîáíîñòü â áîþ, ãîðÿùèé îòñåê

ñ ÷ëåíàìè ýêèïàæà çàäðàèâàåòñÿ è âåñü çàïîëíÿåòñÿ

âîäîé.

Äëÿ òóøåíèÿ ïîæàðà â êàþòàõ è òåì áîëåå â áîëü-

øèõ ïîìåùåíèÿõ îòñåêîâ, ïàëóá áåç èõ çàòîïëåíèÿ,

âûâîäÿùåãî èç ñòðîÿ ïîìåùåíèå è âñå îáîðóäîâà-

íèå â íåì, íåîáõîäèìà íîâàÿ òåõíîëîãèÿ è íîâîå

îáîðóäîâàíèå, ïîçâîëÿþùèå òóøèòü áûñòðî, ýôôåê-

òèâíî, ñ ìèíèìàëüíûìè ðàñõîäàìè ÎÑ, ÷òîáû èñ-

êëþ÷èòü îäíîâðåìåííî áûñòðîå ðàñïðîñòðàíåíèå

ïîæàðà, ðàçâèòèå åãî âî âçðûâ, çàòîïëåíèå îòñåêîâ,

ïàëóá, ãèáåëü ìàòðîñîâ ïðè çàòîïëåíèè [8, 12]. Ýëåêò-

ðîííàÿ ÷àñòü ÀÑÏ äîñòàòî÷íî õîðîøî ðàçâèòà è óíè-

ôèöèðîâàíà â ðàçëè÷íûõ ñòðàíàõ. Îñíîâíóþ òðóä-

íîñòü â ñîçäàíèè ýôôåêòèâíîé ÀÑÏ ïðåäñòàâëÿþò

î÷åíü äîðîãèå, ñëîæíûå èñïîëíèòåëüíûå ïîäñèñòå-

ìû, ñîñòîÿùèå èç áîëüøèõ, òÿæåëûõ, ìåòàëëîåìêèõ

öèñòåðí, äëèííûõ òðóáîïðîâîäîâ âûñîêîãî äàâëå-

íèÿ, áîëüøèõ, ìîùíûõ íàñîñîâ [6, 9].

Îáîñíîâàíèå íîâûõ ìåòîäîâ
è òåõíèêè ñïàñåíèÿ

Îïòèìàëüíûé ïóòü ëèêâèäàöèè âûøåóêàçàííûõ

íåäîñòàòêîâ è äîñòèæåíèÿ äîñòàòî÷íîãî óðîâíÿ ýô-

ôåêòèâíîñòè òóøåíèÿ íà ìîðñêèõ îáúåêòàõ — áûñò-

ðîå âíåäðåíèå íîâûõ, ýôôåêòèâíûõ èñïîëíèòåëü-

íûõ ìíîãîñòâîëüíûõ ìîäóëåé èëè ïîäñèñòåì ðàç-

íåñåííûõ ñòàöèîíàðíûõ ñòâîëîâ äëÿ çàùèòû ïîìå-

ùåíèÿ. Ïðèíöèï èõ äåéñòâèÿ íàïîìèíàåò ãàçîâîå

îáúåìíîå òóøåíèå, íî èìååò áîëüøèå ïðåèìóùåñò-

âà ïåðåä íèì: âðåìÿ âûïóñêà âñåãî ÎÃ ìåíåå 0,1 ñ,

âðåìÿ çàïîëíåíèÿ ïîìåùåíèÿ äî 1–2 ñ ìîùíûì ãà-

çîäèñïåðñíûì óäàðíûì ôðîíòîì, ìíîãîêðàòíî îò-

ðàæàþùèìñÿ îò ïîâåðõíîñòåé è, ãëàâíîå, îáåñïå-

÷èâàþùèì ýôôåêòèâíîå îõëàæäàþùåå äåéñòâèå çà

ñ÷åò ìèêðîðàçìåðîâ êàïåëü è áåñïðåðûâíîãî äâèæå-

íèÿ èõ ïî çàùèùàåìîìó îáúåìó äî ïîëíîãî èñïàðå-

íèÿ íà îäíîé èç âûñîêîòåìïåðàòóðíûõ ïîâåðõíîñòåé

[7, 8]. Íîâûé ìåõàíèçì çà ñ÷åò ýòèõ ïðåèìóùåñòâ

îáåñïå÷èâàåò íîâîå êà÷åñòâî, âïåðâûå ñîåäèíÿÿ ïðå-

èìóùåñòâà îáúåìíîãî è ïîâåðõíîñòíîãî ìåõàíèç-

ìîâ òóøåíèÿ, ÷òî ïîçâîëÿåò îòêàçàòüñÿ îò òîêñè÷-

íûõ âûñîêîàêòèâíûõ îãíåòóøàùèõ ãàçîâ â ïîëüçó

ýêîëîãè÷åñêè ÷èñòûõ âîäû è ðàñòâîðîâ.

Îïåðàöèÿ ïî âíåäðåíèþ íîâûõ èñïîëíèòåëüíûõ

ìîäóëåé è ïîäñèñòåì îòäåëüíûõ ñòâîëîâ ìîæåò áûòü

âûïîëíåíà â äâà ýòàïà. Íà ïåðâîì íîâûìè èñïîëíè-

òåëüíûìè ìîäóëÿìè è ïîäñèñòåìàìè ñòâîëîâ êîðà-

áåëüíûå ÀÑÏ êîìïëåêòóþòñÿ òîëüêî äîïîëíèòåëü-

íî, à ñòàðûå èñïîëíèòåëüíûå ñèñòåìû ñîõðàíÿþòñÿ

â ðàáî÷åì ñîñòîÿíèè. Íà âòîðîì ýòàïå, îñîáåííî íà

íîâûõ êîðàáëÿõ, èñïîëíèòåëüíûå ìîäóëè è ïîäñèñ-

òåìû ñòâîëîâ ïîëíîñòüþ çàìåíÿþò ãðîìîçäêèå, äî-

ðîãèå, ñëîæíûå â îáñëóæèâàíèè òðóáîïðîâîäû, íà-

ñîñû, êîìïðåññîðû, áàòàðåè ãàçîâûõ áàëëîíîâ âûñî-

êîãî äàâëåíèÿ, ñïðèíêëåðû, äðåí÷åðû è ò. ï. [9, 12],

÷òî ïîçâîëÿåò âûñâîáîäèòü öåëûå ïîìåùåíèÿ. Ìîí-

òàæ ìíîãîñòâîëüíûõ ìîäóëåé è ïîäñèñòåì ñòâîëîâ

íå òðåáóåò ìíîãî ìåñòà, îñóùåñòâëÿåòñÿ áûñòðî è

ïðîñòî, ñ íåâûñîêèìè çàòðàòàìè â ñèëó êîìïàêòíî-

ñòè è íåáîëüøîé ìàññû íîâûõ ñèñòåì è ìîäóëåé,

à òàêæå îòñóòñòâèÿ ïèòàþùèõ òðóáîïðîâîäîâ è ìîù-

íûõ ýëåêòðîëèíèé. Áëàãîäàðÿ óíèâåðñàëüíîñòè èì-

ïóëüñíîãî ðàñïûëåíèÿ ñòâîëû è ìîäóëè ìîãóò ïî çà-

äàííîé ïðîãðàììå îáåñïå÷èòü èìïóëüñíîå òîíêîäèñ-

ïåðñíîå ðàñïûëåíèå ðàçëè÷íûõ æèäêîñòåé, ãåëåé,

ïîðîøêîâ, ïûëåé îãíåòóøàùèõ è çàùèòíûõ àãåíòîâ

[11, 15]. Ýòî âïåðâûå ïîçâîëÿåò îáåñïå÷èòü íîâûå

êà÷åñòâà: êîìáèíèðîâàííîå òóøåíèå (íàèáîëåå ýô-

ôåêòèâíîå, à íà ðåàëüíûõ ïîæàðàõ åäèíñòâåííî ýô-

ôåêòèâíîå), âçðûâîïðåäîòâðàùåíèå, ïîñòàíîâêó ñâå-

òîòåïëîçàùèòíûõ çàâåñ; îñàæäåíèå è íåéòðàëèçàöèþ

òîêñè÷íûõ ãàçîâ, ïàðîâ; ëîêàëèçàöèþ ðàäèîàêòèâ-

íûõ ïûëåé è ïð., âïëîòü äî íàíåñåíèÿ íà îòêðûòûå

ïîâåðõíîñòè ëèöà è òåë âñåõ ëþäåé â ïîìåùåíèè

ïðîòèâîîæîãîâûõ ãåëåé, ðàñòâîðîâ, ÷òî çíà÷èòåëüíî

îáëåã÷àåò è óñêîðÿåò ïîñëåäóþùåå ëå÷åíèå, óìåíü-

øàÿ áîëü îò îæîãîâ [13].

Âûáîð MM è ñõåìû òóøåíèÿ
íà ïëàâàþùèõ è áåðåãîâûõ îáúåêòàõ

íà îñíîâå àíàëèçà ïîëèãîííûõ èñïûòàíèé

Ïðèíöèï âûáîðà ðàññòàíîâêè ìíîãîñòâîëüíûõ

ìîäóëåé çàêëþ÷àåòñÿ â ñî÷åòàíèè âîçäåéñòâèÿ ñðàçó

(çà 1 ñ) ïî âñåé çàùèùàåìîé ïëîùàäè ñ ìèíèìàëü-

íîé íåîáõîäèìîé èíòåíñèâíîñòüþ íà êàæäóþ åäè-

íèöó ýòîé ïëîùàäè. Òåõíè÷åñêè ïðîñòî è íåäîðîãî

ýòî äîñòèãàåòñÿ ñîçäàíèåì ñèñòåìû èç íåîáõîäèìî-

ãî êîëè÷åñòâà ìíîãîñòâîëüíûõ ìîäóëåé è èõ ðàñ-

ñòàíîâêîé, îáåñïå÷èâàþùåé ýôôåêòèâíîå âîçäåé-

ñòâèå è íå ìåøàþùåé ðàáîòå îñíîâíîãî îáîðóäî-

âàíèÿ íà çàùèùàåìîì îáúåêòå. Ïîñëåäîâàòåëüíûå

ñåðèè çàëïîâ èç ìîäóëåé îáåñïå÷èâàþò íå ìåíåå ÷åì

äâóõêðàòíîå âîçäåéñòâèå ïî âñåé ïëîùàäè îáúåêòà

è òðåõêðàòíîå è áîëåå âîçäåéñòâèå íà íàèáîëåå

îïàñíûå ó÷àñòêè ïðîïîðöèîíàëüíî óðîâíþ èõ

îïàñíîñòè. Íàïðèìåð, äëÿ ìãíîâåííîãî òóøåíèÿ

ñàìîëåòà, âåðòîëåòà è ðîçëèâà òîïëèâà âîêðóã íèõ

ïîñëå àâàðèéíîé ïîñàäêè íà âåðõíåé ïàëóáå àâèà-
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íåñóùèõ êîðàáëåé ìîæíî ïðåäëîæèòü ñèñòåìó ñòà-

öèîíàðíûõ ìîùíûõ è äàëüíîáîéíûõ 9-ñòâîëüíûõ

ìîäóëåé (ðèñ. 3,à), êîòîðûå ìîãóò ðàñïîëàãàòüñÿ

âäîëü âçëåòíî-ïîñàäî÷íîé ïîëîñû ñ îäíîé ñòîðîíû

(ðèñ. 3,á) èëè â øàõìàòíîì ïîðÿäêå. Äàííàÿ ñõåìà

áûëà óñïåøíî îïðîáîâàíà íà âåðõíåé ïàëóáå àâèà-

íåñóùåãî êðåéñåðà “Âàðÿã” íà ñòàäèè åãî äîñòðîéêè

â Íèêîëàåâå. Íà ïàëóáå áûëè ðàñïîëîæåíû ðåãó-

ëÿðíî ìàëûå ìîäåëüíûå î÷àãè ãîðÿùåãî áåíçèíà.

Èñïûòûâàëñÿ 9-ñòâîëüíûé ìîäóëü, ðàñïûëèâøèé

ïîëíûì çàëïîì èç âñåõ ñòâîëîâ 225 êã ïîðîøêà

ìàðêè ÏÑÁ-3. Çàôèêñèðîâàííàÿ äàëüíîñòü ýôôåêòèâ-

íîãî òóøåíèÿ î÷àãîâ — äî 90 ì, øèðèíà — äî 11 ì,

îáùàÿ ïëîùàäü òóøåíèÿ â ôîðìå âûòÿíóòîé êàïëè

— 650 ì2.

Èññëåäîâàíî ðàñïûëåíèå èç ìîäóëÿ íàèáîëåå ïðè-

åìëåìîãî íà êîðàáëå îãíåòóøàùåãî àãåíòà — âîäû.

Äåëî â òîì, ÷òî ðàñïûëåíèå îãíåòóøàùåãî ïîðîøêà

(ÎÏ), îáëàäàþùåãî ñëàáûì òîêñè÷íûì äåéñòâèåì,

íåäîïóñòèìî íà âåðõíèõ è òåì áîëåå íèæíèõ ïàëó-

áàõ êîðàáëÿ, òàê êàê îí ñîçäàñò òàì îïòè÷åñêè ïëîò-

íûå ñðåäû ñ èíòåíñèâíûì ðàçäðàæàþùèì âîçäåé-

ñòâèåì, êîòîðûå çàòðóäíÿþò ýâàêóàöèþ, ïåðåäâè-

æåíèå ìîðÿêîâ – ÷ëåíîâ ýêèïàæà è óâåëè÷èâàþò

óðîâåíü èõ ãèáåëè è òðàâìàòèçìà. Ïðè ðàñïûëåíèè

54 ë âîäû íà ðàññòîÿíèå äî 60–70 ì øèðèíà ôðîíòà

ãàçîâîäÿíîãî øêâàëà óâåëè÷èâàåòñÿ îò 1 ì çà ñðåçîì

ñòâîëîâ äî 8 ì íà ðàññòîÿíèè 25 ì, âûñîòà — îò 0,5 ì

çà ñðåçîì ñòâîëîâ äî 3,5 ì íà ðàññòîÿíèè 25 ì. Ñîîò-

âåòñòâåííî, îáúåì “êîðèäîðà” ýôôåêòèâíîãî òóøå-

íèÿ ãîðÿùèõ ïîâåðõíîñòåé, ñáèâàíèÿ ïëàìåíè è

îñàæäåíèÿ äûìà ñîñòàâëÿåò 1500–1700 ì3 çà 1 ñ.

Ýòî íàèáîëåå ýôôåêòèâíûé è ìàñøòàáíûé ñïîñîá

ïîòóøèòü ïîæàð è îñàäèòü òîêñè÷íûå îáëàêà ïûëè,

ïàðîâ, ãàçîâ.

Ìîäóëü ñïîñîáåí ðàñïûëÿòü çàëïîì èç 9 ñòâî-

ëîâ äî 150 ë âîäû (îãíåòóøàùåãî ðàñòâîðà) ñ ñîçäà-

íèåì ãàçîêàïåëüíîãî øêâàëà (ÃÊØ) ñ äóëüíîé ñêî-

ðîñòüþ V = 60�70 ì�ñ, ñ èíòåíñèâíî ðàñøèðÿþùèì-

ñÿ ôðîíòîì â äèàïàçîíå îò 1 äî 10 ì, äâèæóùèìñÿ íà

ðàññòîÿíèå äî 70 ì, ñ ïëîùàäüþ òóøåíèÿ äî 350 ì2

çà 1 ñ è èíòåíñèâíûì îõëàæäåíèåì, ÷òî ïðåäîòâðà-

ùàåò ïîâòîðíîå âîñïëàìåíåíèå. Ïðè ðàñïûëå 225 êã

îãíåòóøàùåãî ïîðîøêà ñîçäàåòñÿ ãàçîïîðîøêîâûé

âèõðü (ÃÏÂ) ñ äóëüíîé ñêîðîñòüþ V = 90�100 ì�ñ,

ñ èíòåíñèâíî ðàñøèðÿþùèìñÿ ôðîíòîì â äèàïàçî-

íå îò 1 äî 12 ì, äâèæóùèìñÿ íà ðàññòîÿíèå äî 100 ì,

ñ ïëîùàäüþ òóøåíèÿ äî 500 ì2 çà 1 ñ áåç îõëàæäåíèÿ,

ñ âûñîêîé âåðîÿòíîñòüþ ïîâòîðíîãî âîñïëàìåíå-

íèÿ. Ïðè ðàñïûëåíèè ââåðõ ïîä ðàçëè÷íûìè óãëàìè,

â ÷àñòíîñòè 45°, âûñîòà äâèæåíèÿ ãàçîïîðîøêîâîãî

âèõðÿ ñîñòàâëÿåò 50–65 % îò äàëüíîñòè ãîðèçîíòàëü-

íîãî äâèæåíèÿ âèõðÿ, à âûñîòà äâèæåíèÿ ãàçîâîäÿ-

íîãî øêâàëà — 45–55 % îò äàëüíîñòè ãîðèçîíòàëü-

íîãî äâèæåíèÿ ôðîíòà øêâàëà. Àíàëèç ðåçóëüòàòîâ

ýêñïåðèìåíòîâ ïîêàçàë, ÷òî ÃÏÂ ëó÷øå è ìàñøòàá-

íåå ñáèâàåò ïëàìÿ ñ ãîðÿùåãî ðîçëèâà æèäêîñòè è,

áëàãîäàðÿ ìóëüòèâèõðåâîé ñòðóêòóðå è âûñîêîé êè-

íåòè÷åñêîé ýíåðãèè, ôðîíò ïîòîêà ïðîíèêàåò è òó-

øèò ïëàìÿ âíóòðè ðàçðóøåííîãî ñàìîëåòà, óñòðàíÿÿ

âîçìîæíîñòü îáúåìíîãî âçðûâà ïàðîâ ëåãêî è áûñò-

ðî èñïàðÿþùåãîñÿ àâèàöèîííîãî ãîðþ÷åãî, à ãàçî-

êàïåëüíûé øêâàë (ÃÊØ) íàäåæíî ïðåäîòâðàùàåò

ïîâòîðíîå âîñïëàìåíåíèå âíóòðè êîðïóñà ñàìîëåòà

(âåðòîëåòà) è âîêðóã íåãî. Ïîýòîìó ïðè ðåàëüíîì

òóøåíèè àâàðèéíîãî ñàìîëåòà ñ ïîâðåæäåííûì êîð-

ïóñîì, ãîðÿùèì èçíóòðè, è ãîðÿùåãî ðîçëèâà òîï-

ëèâà âîêðóã ñàìîëåòà öåëåñîîáðàçíî ïîñëåäîâàòåëü-

íî ñî÷åòàòü ÃÏÂ è ÃÊØ ñ èíòåðâàëîì íåñêîëüêî

ñåêóíä. Âàæíî, ÷òî èõ ìîæíî òóøèòü òàêæå òîëüêî

ðàñïûëåíèåì âîäû, íî ïðè óñëîâèè ñîçäàíèÿ òîíêî-

äèñïåðñíîé ñòðóè ñ ðàçìåðîì êàïåëü 5–50 ìêì.

Ðàçðàáîòàíû åùå áîëåå ìîùíûå, íå ïî äàëüíîñòè

ðàñïûëåíèÿ, à ïî êîëè÷åñòâó çàëïîâ èç 8–10 ñòâî-

ëîâ, ìîäóëè. Íàïðèìåð, 25-ñòâîëüíûé ÌÌ, ðàñïû-

ëÿþùèé çàëïàìè èç 8–9 ñòâîëîâ ïî 120–135 êã ÎÏ

íà ðàññòîÿíèå äî 60–70 ì, ñïîñîáåí ïîòóøèòü äî

350–400 ì2 çà îäèí çàëï, à ñóììàðíî — äî 1200 ì2

ïðè çàëïàõ ñ áîëüøèìè èíòåðâàëàìè è äî 2500 ì2 —

ñ èíòåðâàëàìè äî 3–5 ñ.

Ðèñ. 3. Ñèñòåìà ñòàöèîíàðíûõ ìîäóëåé èìïóëüñíîãî ðàñïû-
ëà âîäû äëÿ ïðàêòè÷åñêè ìãíîâåííîãî òóøåíèÿ çà 1–2 ñ ãîðÿ-
ùåãî ñàìîëåòà ïðè àâàðèéíîé ïîñàäêå (à) è èõ ðàñïîëîæåíèå
âäîëü âçëåòíîé ïîëîñû (á)

Fig. 3. System of fixed moduls of pulse-spray water ensure really
instant for 1–2 sec only and high-effective extinguishing burned
airplane after emergency landinig (a) and their location along
the runway (b)
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Àíàëîãè÷íî ìîãóò áûòü ïîòóøåíû ãîðÿùèå ãà-

çîâûå è íåôòÿíûå ñêâàæèíû íà ìîðñêîé íåôòåäî-

áûâàþùåé ïëàòôîðìå, â òîì ÷èñëå ñ êóñòîâûì ðàñ-

ïîëîæåíèåì ñêâàæèí. Â ìàå 1989 ã. ïî ðàñïîðÿ-

æåíèþ ðóêîâîäñòâà Ìèííåôòè ÑÑÑÐ èç àýðîïîðòà

Áîðèñïîëü áëèç Êèåâà Èë-76 äîñòàâèë 9-ñòâîëüíûé,

8-ñòâîëüíûé è 25-ñòâîëüíûé ìîäóëè è êîìàíäó âî

ãëàâå ñ àâòîðîì ê ìåñòó ïîæàðà íà íåôòåäîáûâà-

þùåé ïëàòôîðìå. Îíè ó÷àñòâîâàëè â òóøåíèè ïî-

æàðà êóñòà èç 12 íåôòÿíûõ ñêâàæèí ñ äèñòàíöèè

100 ì ñ áîðòà ôèíñêîãî êîíòåéíåðîâîçà — ïëàâó-

÷åãî êðàíà. Â îãíåòóøàùåé àòàêå ïðèíÿëè ó÷àñòèå

íå ìåíåå 6–8 ïîæàðíûõ êîðàáëåé ñ 12–16 ãèäðîìî-

íèòîðàìè, ïîäàþùèìè ñóììàðíî äî 1200–1600 ë�ñ

âîäû, à â ìîìåíò äîñòèæåíèÿ ìàêñèìàëüíîé èíòåí-

ñèâíîñòè àòàêè áûë ïðîèçâåäåí çàëï èç 42 ñòâîëîâ,

ñîçäàâøèé ãàçîïîðîøêîâûé ñìåð÷, ëåòÿùèé íà ðàñ-

ñòîÿíèå äî 150 ì. Â ðåçóëüòàòå ñîâìåñòíîé îãíåòó-

øàùåé àòàêè ïëàìÿ óäàâàëîñü ñáèòü. Òóøåíèå ïðî-

äîëæàëîñü áîëåå ìåñÿöà, ìíîãîñòâîëüíûå ìîäóëè

ó÷àñòâîâàëè â äâóõ îãíåòóøàùèõ àòàêàõ.

Äëÿ íèæíèõ ïàëóá, äâèãàòåëüíûõ îòñåêîâ, êîðè-

äîðîâ ñîçäàí è óñïåøíî èñïûòàí òàêæå êîíñòðóê-

òèâíî áîëåå ïðîñòîé 30-ñòâîëüíûé áåçîòêàòíûé ÌÌ

ñî ñòâîëàìè äâóõñòîðîííåãî ðàñïûëåíèÿ çàëïàìè

èç 5–6 ñòâîëîâ ïî 75–90 ë âîäû (ðàñòâîðà), ñ ñîçäà-

íèåì ÃÊØ ñ çàäàííîé äèñïåðñíîñòüþ êàïåëü (âïëîòü

äî 5–10 ìêì), ñ äàëüíîñòüþ ïîäà÷è äî 40–45 ì â îäíó

ñòîðîíó, êîòîðûé ñïîñîáåí òóøèòü äî 150–200 ì2 çà

îäèí çàëï è îñàæäàòü ãóñòîé òîêñè÷íûé äûì â êîðè-

äîðå äëèíîé 50 ì, âûñîòîé 2–4 ì, øèðèíîé 1–9 ì

è îáúåìîì 600–700 ì3 çà 1 ñ. Ýòî î÷åíü âàæíî, òàê

êàê òîêñè÷íûé äûì ÿâëÿåòñÿ ãëàâíûì ïîðàæàþùèì

ôàêòîðîì ïðè ïîæàðàõ â ñîâðåìåííûõ çäàíèÿõ,

íà êîðàáëÿõ è ñóäàõ. Ïîðîøîê çàòðóäíÿåò ýâàêóà-

öèþ, ñîçäàâàÿ îïòè÷åñêè ïëîòíûå îáëàêà, ðàçäðà-

æàþùèå îðãàíû çðåíèÿ, äûõàíèÿ, îáîíÿíèÿ, ïîýòî-

ìó åãî íåëüçÿ ïðèìåíÿòü âíóòðè êîðàáëÿ íà íèæíèõ

ïàëóáàõ è â îòñåêàõ. Ýòî íåâîçìîæíî åùå è ïîòîìó,

÷òî äî ïðèìåíåíèÿ ïîðîøêà ëþäè äîëæíû ïîêè-

íóòü ïîìåùåíèå, à ýêèïàæ ñóäíà è òåì áîëåå êîðàá-

ëÿ íå ìîæåò îñòàâèòü ñâîè ðàáî÷èå è áîåâûå ïîñòû.

Îïûò èñïûòàíèÿ ïîñëåäíåé âåðñèè
ïðîòîòèïîâ ÌÌ

Â ðàìêàõ ïðîåêòà ñ Êèòàåì íà áàçå ïðåäûäóùå-

ãî îïûòà àâòîðà è àíàëèçà èññëåäîâàíèé ïî ôèçèêå

âçðûâíîãî ðàñïûëåíèÿ [10, 11] ðàçðàáîòàíà íîâàÿ

êîíñòðóêöèÿ ÌÌ ñòàöèîíàðíîãî (äàëåå — ÌÌñ) è

âïåðâûå ãåðìåòè÷íûå êîíòåéíåðû äëÿ âîäû, æèä-

êîñòè, ãåëåé. Êîíòåéíåðû äîñòàòî÷íî ïðî÷íû, ÷òîáû

ïîäâåðãàòüñÿ òðàíñïîðòèðîâêå ñ ñîòðÿñåíèÿìè,

äîëãî õðàíÿòñÿ, áûñòðî è óäîáíî çàðÿæàþòñÿ â êà-

íàë ñòâîëà. Â òî æå âðåìÿ îíè ëåãêî ðàçðóøàþòñÿ

ìåòàòåëüíîé âîëíîé ïîðîõîâûõ ãàçîâ íà ìàëûå ëåã-

êèå îñêîëêè, íå îáëàäàþùèå ïîðàæàþùèì âîçäåé-

ñòâèåì è âûëåòàþùèå çà ñðåç ñòâîëà íå äàëåå 10 ì.

Âïåðâûå ñîçäàíû êîíòåéíåðû, ïðèãîäíûå äëÿ âû-

ñîêîýôôåêòèâíîãî, ìíîãîïëàíîâîãî â ïëàíå çàùè-

òû ðàñïûëåíèÿ ëþáûõ âåùåñòâ è ìàòåðèàëîâ: æèä-

êîñòåé, ãåëåé, ïîðîøêîâ, ïðèðîäíûõ ýêîëîãè÷åñêè

÷èñòûõ ìàòåðèàëîâ, ìèêðîáèîëîãè÷åñêèõ ïðåïàðà-

òîâ â âèäå ñîðáåíòîâ èëè æèâûõ êóëüòóð ðàçëè÷íûõ

âèäîâ äåéñòâèÿ äëÿ òóøåíèÿ, ëîêàëèçàöèè è äåç-

àêòèâàöèè òîêñè÷íûõ è ðàäèîàêòèâíûõ âûáðîñîâ,

ðîçëèâîâ íåôòè è íåôòåïðîäóêòîâ, îáåçâðåæèâàíèÿ

(áèîäåñòðóêöèè) íåôòå- è ìàñëîçàãðÿçíåíèé, ýêîëî-

ãè÷åñêîãî ýêðàíèðîâàíèÿ íà ïåðèîä îò 3 äî 10 ëåò,

áèîðåìåäèàöèè, âîññòàíîâëåíèÿ è ðåêóëüòèâàöèè

íàðóøåííûõ ýêîñèñòåì [14, 15].

Ðàñïûëèòåëüíûå çàðÿäû èçãîòàâëèâàþòñÿ â óäîá-

íîì è áåçîïàñíîì äëÿ çàðÿæàíèÿ âàðèàíòå. Ìåòàë-

ëè÷åñêèå ãèëüçû ñ ýëåêòðîêàïñþëüíîé âòóëêîé ïðî-

ìûøëåííî ïðîèçâîäÿòñÿ â Êèòàå. Ïîñëåäíèé ýòàï

èñïûòàíèé ïîêàçàë âûñîêèå âîçìîæíîñòè ìîäóëåé

ÌÌñ-9 (öèôðà — ÷èñëî ñòâîëîâ), ÌÌñ-20 è ÌÌñ-30,

êîòîðûå ïîòóøèëè çàëïîì èç 10 ñòâîëîâ, ðàñïûëÿ-

þùèõ ñóììàðíî 200 êã ÎÏ, áîëüøîé ìîäåëüíûé

î÷àã ïîæàðà ñ äèñòàíöèè 150 ì çà 1 ñ, ñîçäàâ âèõðü,

ðàñïðîñòðàíèâøèéñÿ áîëåå ÷åì íà 220 ì è îõâàòèâ-

øèé ïëîùàäü äî 1000–1200 ì2. Èñïûòàíèÿ ïðîâî-

äèëèñü ïî ñëåäóþùåé ñõåìå: ÌÌ-20 — ïåðâûé çàëï

ñ äèñòàíöèè 100 ì, ÌÌ-30 — âòîðîé çàëï ñ äèñòàí-

öèè 120 ì, ÌÌ-9 — òðåòèé çàëï ñ äèñòàíöèè 95 ì.

Ìîäåëüíûé î÷àã áûë ïîòóøåí ïåðâûì æå çàëïîì,

ïîñëåäóþùèå äâà çàëïà äåìîíñòðèðîâàëè ðåàëü-

íóþ, òåõíè÷åñêè íåñëîæíóþ, íåäîðîãóþ ðåàëüíóþ

âîçìîæíîñòü ìíîãîêðàòíîé, íàäåæíîé, áåçîòêàçíîé,

ïðîãðàììèðóåìîé è ãèáêî óïðàâëÿåìîé çàùèòû çà-

äàííîãî îïàñíîãî ó÷àñòêà. Ïðè ýòîì çàùèòà ìîæåò

áûòü êîìáèíèðîâàííîé: ðàçðóøåíèå è îõëàæäåíèå

îáóãëåííîé âûñîêîòåìïåðàòóðíîé ïîâåðõíîñòè ãî-

ðåíèÿ + èíãèáèðîâàíèå + ñáèâàíèå ïëàìåíè + èçî-

ëèðîâàíèå îò äîñòóïà òåïëîâîãî ïîòîêà è êèñëî-

ðîäà ïóòåì ïðîãðàììèðóåìîãî ðàñïûëåíèÿ ðàçëè÷-

íûõ îãíåòóøàùèõ ñîñòàâîâ ïîñëåäîâàòåëüíûìè

çàëïàìè ñ çàäàííûìè èíòåðâàëàìè. Ãàçîïîðîøêî-

âûé âèõðü ïðåèìóùåñòâåííî èíãèáèðóåò ãîðþ÷èå

ðàäèêàëû, ïðåïÿòñòâóÿ èõ ðåàãèðîâàíèþ ñ êèñëîðî-

äîì (ðåàêöèè ãîðåíèÿ). Ãàçîâîäÿíîé óäàðíûé øêâàë

îñàæäàåò äûì, ñáèâàåò ïëàìÿ, à ãëàâíîå — îñóùå-

ñòâëÿåò ïðîíèêàþùåå íàïûëåíèå êàïåëü â îáóãëåí-

íûé ñëîé, ðàçðóøàÿ è îõëàæäàÿ åãî ïî âñåé òîëùè-

íå [16, 17].

Â ïåðèîä 1980–1994 ãã. ðÿä ýêñïåðèìåíòàëüíûõ

è îïûòíî-ïðîìûøëåííûõ ìîäóëåé (ÌÌ-7, ÌÌ-8,

ÌÌ-9, ÌÌ-10, ÌÌ-25) èçãîòàâëèâàëèñü íà áàçå

äâóõîñíûõ ëàôåòîâ, øàõòíûõ òåëåæåê, ïðèöåïîâ,

ñàëàçîê. Âñå ÌÌ óñïåøíî ïðîøëè èñïûòàíèÿ íà

ïîëèãîíàõ ïðè òóøåíèè ðàçëè÷íûõ ìîäåëüíûõ ïî-
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æàðîâ êëàññîâ À, Â, Ñ, D, F, à òàêæå ðåàëüíûõ ëåñ-

íûõ ïîæàðîâ â ×åðíîáûëüñêîé çîíå, ïîæàðîâ â øàõ-

òàõ ñ äèñòàíöèè áîëåå 200 ì, ãîðÿùåãî ñàìîëåòà íà

âçëåòíî-ïîñàäî÷íîé ïîëîñå â Áîðèñïîëå. Òóøåíèå

â øàõòå ñ óãëåäîáûâàþùèì îáîðóäîâàíèåì äîñòà-

òî÷íî êîððåêòíî ìîäåëèðóåò òóøåíèå íà êîðàáåëü-

íûõ íèæíèõ ïàëóáàõ, â äâèãàòåëüíûõ îòñåêàõ, êî-

ðèäîðàõ, ýôôåêòèâíî îáåñïå÷èâàåò ïóòè ýâàêóàöèè

ýêèïàæà. Íàèáîëåå ïðîñòàÿ â ïðîèçâîäñòâå è ìîí-

òàæå íà çàùèùàåìîì îáúåêòå, íî âûñîêîýôôåêòèâ-

íàÿ êîíñòðóêöèÿ ÌÌñ áåçîïàñíà, òàê êàê óñïåøíî

ãàñèò ìîùíóþ îòäà÷ó çàëïà èç 9 ñòâîëîâ çà ñ÷åò íå-

áîëüøîãî îòêàòà, âñåãî íà 1 ì. Ñòàöèîíàðíûå ÌÌñ

íåîáõîäèìî îáîðóäîâàòü ïðîñòûìè óñòðîéñòâàìè

ãàøåíèÿ îòêàòà îòäåëüíûõ ñòâîëîâ è âñåãî ìîäóëÿ â

öåëîì. ÌÌñ â õîäå ìíîãîëåòíåãî íàõîæäåíèÿ â ðå-

æèìå îæèäàíèÿ íå òðåáóåò ñåðâèñíîãî îáñëóæèâà-

íèÿ, êðîìå êîíòðîëÿ ñëàáîòî÷íûì èìïóëüñîì öåëî-

ñòíîñòè èíèöèèðóþùåé öåïè. Ðàç â ãîä äëÿ ïðîâåðêè

ìîæíî îòñòðåëèâàòü 1–2 ñòâîëà, è åñëè ðàñïûëåíèå

íîðìàëüíîå, òî äîïóñêàåòñÿ ïåðåçàðÿäêà òîëüêî ýòèõ

ñòâîëîâ. Êà÷åñòâåííàÿ ñáîðêà êîíòåéíåðîâ ñ ÎÑ è

ðàñïûëèòåëüíûõ ïàòðîíîâ ïðè ïðàâèëüíîì çàðÿæà-

íèè ìîæåò ãàðàíòèðîâàòü áåçîòêàçíîå ñðàáàòûâà-

íèå ÌÌñ â ïåðèîä íàõîæäåíèÿ â ðåæèìå îæèäàíèÿ

äî 10 ëåò. Òðàäèöèîííûå áîåïðèïàñû ñîõðàíÿþò ïðè-

ãîäíîñòü äî 15–20 ëåò.

ÌÌ ìîãóò êîìïàêòíî ðàçìåùàòüñÿ íà çàùèùà-

åìûõ ïàëóáàõ è â îòñåêàõ êîðàáëÿ, òàíêåðà, ñóäíà.

Ïðè ýòîì, êàê áûëî óáåäèòåëüíî ïðîäåìîíñòðèðî-

âàíî â ðåçóëüòàòå ïîñëåäíèõ èñïûòàíèé íà ïîëèãî-

íå â Äóí-Õóà, îíè ìîãóò òåõíè÷åñêè ïðîñòî è ñ íå-

áîëüøèìè çàòðàòàìè ñîçäàâàòü äâóõ-òðåõêðàòíîå è

áîëåå (ïî ìåðå íåîáõîäèìîñòè) ïåðåêðûòèå îãíåòó-

øàùèìè øêâàëàìè îñîáî îïàñíûõ ó÷àñòêîâ äâèãà-

òåëüíûõ îòñåêîâ, ïîãðåáîâ áîåïðèïàñîâ — ðàêåò,

òîðïåä, ñíàðÿäîâ. Îñîáåííî âàæåí ìíîãîêðàòíûé

ðåçåðâ íàäåæíîé çàùèòû îò ïîæàðîâ â õðàíèëèùàõ

áîåïðèïàñîâ ñ àòîìíûìè áîåãîëîâêàìè.

Îáîñíîâàíèå öåëåñîîáðàçíîñòè
è ðåêîìåíäàöèè ïî ïðèìåíåíèþ ÌÌ

Íàäåæíîñòü òóøåíèÿ ÌÌ îáåñïå÷èâàåòñÿ êîì-

ïëåêñîì ôàêòîðîâ, ê êîòîðûì îòíîñèòñÿ: àâòîíîì-

íîñòü ðàáîòû, âûñîêèå áûñòðîäåéñòâèå, ìàñøòàá òó-

øåíèÿ, îãíåòóøàùàÿ ýôôåêòèâíîñòü, à òàêæå îòñóò-

ñòâèå òðóáîïðîâîäîâ, áîëüøèõ öèñòåðí âûñîêîãî

äàâëåíèÿ, íàñîñîâ, êîìïðåññîðîâ. Ãèáêîñòü óïðàâ-

ëåíèÿ è òåõíè÷åñêè ëåãêî äîñòèãàåìàÿ ìíîãîêðàò-

íîñòü âîçäåéñòâèÿ íà îïàñíûé ó÷àñòîê ñîçäàåò áåñ-

ïðåöåäåíòíûå âîçìîæíîñòè â ïëàíå íîâîãî êà÷åñòâà

çàùèòû. Àëãîðèòìû ïðîãðàìì äëÿ ïîðÿäêà ñðàáàòû-

âàíèÿ ëèíèé è ãðóïï ñòâîëîâ â îäíîé èëè ñèñòåìå

íåñêîëüêèõ ÌÌ, çàùèùàþùèõ îäèí îòñåê, ñîñòàâ-

ëÿþòñÿ íà îñíîâàíèè èçó÷åíèÿ âîçìîæíûõ ñöåíà-

ðèåâ ðàçâèòèÿ âîçãîðàíèé è ïîæàðîâ íà çàùèùà-

åìûõ ïàëóáàõ, â îòñåêàõ è âàðèàíòîâ èõ çàùèòû ñ

ïîìîùüþ ñåðèé çàëïîâ èç ñèñòåìû ÌÌ. Äèíàìèêà

âîçìîæíûõ âàðèàíòîâ ðàçâèòèÿ ïîæàðà çàâèñèò îò

ðÿäà ôàêòîðîâ — ïðè÷èí è ìåñò âîçíèêíîâåíèÿ

âîçãîðàíèé, òåõíîëîãè÷åñêèõ ðåæèìîâ ðàáîòû îáî-

ðóäîâàíèÿ â îòñåêå; âàðèàíòîâ îòêëþ÷åíèÿ ìàãèñò-

ðàëüíûõ òðóáîïðîâîäîâ òîïëèâà, âîäû è ýíåðãå-

òè÷åñêèõ ëèíèé, îñíîâíûõ è âñïîìîãàòåëüíûõ äâè-

ãàòåëåé, îòäåëüíûõ àïïàðàòîâ, âåíòèëÿöèè è ïð.

Èçó÷åíèå ïóòåé âîçíèêíîâåíèÿ è ðàçâèòèÿ ïîæàðîâ

äèôôåðåíöèðîâàííî ïî ðàçëè÷íûì çàùèùàåìûì

ó÷àñòêàì ïîçâîëèò îïðåäåëèòü îïòèìàëüíóþ òàêòè-

êó òóøåíèÿ — ïîðÿäîê ñðàáàòûâàíèÿ ãðóïï è îòäåëü-

íûõ ÌÌ. Ýôôåêòèâíîñòü èñïîëíèòåëüíîé ïîäñèñ-

òåìû ÌÌ îïðåäåëÿåòñÿ ëåãêîñòüþ ïåðåíàñòðîéêè

àëãîðèòìà ïîæàðîòóøåíèÿ è êîððåêòèðîâêè óïðàâ-

ëÿþùèõ ïðîãðàìì â çàâèñèìîñòè îò èçìåíåíèÿ òå-

êóùèõ ïàðàìåòðîâ çàùèùàåìûõ áîåâûõ ïîñòîâ, äâè-

ãàòåëüíûõ îòñåêîâ è äðóãèõ îáúåêòîâ. Ýòî îñîáåííî

àêòóàëüíî â ñëó÷àå ïîäæîãîâ, ïîðàæàþùåãî âîçäåé-

ñòâèÿ ïîïàâøèõ â êîðàáëü ðàêåò, ñíàðÿäîâ è ïîñëåä-

ñòâèé èõ ïîïàäàíèÿ, çàòðàãèâàþùèõ ðàáîòîñïî-

ñîáíîñòü è áåçîïàñíîñòü áîåâûõ ïîñòîâ, ïóñêîâûõ

ðàêåòíûõ óñòàíîâîê, àðòèëëåðèéñêèõ áàøåí, ïî-

ãðåáîâ áîåïðèïàñîâ, äâèãàòåëüíûõ îòñåêîâ, êîìàí-

äíûõ ïîñòîâ è ïð. Òî æå ñàìîå ìîæíî ñêàçàòü îòíî-

ñèòåëüíî âîçãîðàíèé íà ñóäíå, òàíêåðå, ãäå çàòðàãè-

âàþòñÿ ðàáîòîñïîñîáíîñòü è áåçîïàñíîñòü ðàáî÷èõ

ïîñòîâ, äâèãàòåëüíûõ îòñåêîâ, òàíêîâ ñ íåôòüþ è

íåôòåïðîäóêòàìè. Èçìåíåíèÿ â ðåæèìàõ ðàáîòû

ýòèõ ó÷àñòêîâ êîðàáëÿ, ñóäíà, ñâÿçàííûå ñ ðàçâè-

òèåì ïîæàðà è îñóùåñòâëåíèåì òóøåíèÿ, íåîáõî-

äèìî îïåðàòèâíî óâÿçûâàòü ñ ñîñòîÿíèåì êîðàáëÿ

â öåëîì.

Ïðèìåíåíèå ÌÌ âïåðâûå â ïðàêòèêå ðàáîòû àâ-

òîìàòè÷åñêèõ ñèñòåì òóøåíèÿ äàåò âîçìîæíîñòü ïî-

ëó÷èòü ñîîòâåòñòâèå âðåìåííûõ ìàñøòàáîâ ñîâî-

êóïíîñòè ïðîöåññîâ: ðàçâèòèÿ ïîäæîãà, îáðàáîòêè

èíôîðìàöèè, ïðèíÿòèÿ ðåøåíèé è èõ ýôôåêòèâíî-

ãî èñïîëíåíèÿ. Ýòî îçíà÷àåò âîçìîæíîñòü ñâîåâðå-

ìåííîãî òóøåíèÿ ïðè ðàçëè÷íûõ ïîäæîãàõ. Ñîîò-

âåòñòâèå âðåìåí ïðèíÿòèÿ ðåøåíèé, èõ âûïîëíåíèÿ,

êîíòðîëÿ è êîððåêòèðîâêè ïîñëåäîâàòåëüíîñòè çàë-

ïîâûõ âîçäåéñòâèé — ãëàâíîå óñëîâèå ýôôåêòèâ-

íîãî ïðèìåíåíèÿ ÀÑÏ. ÌÌ ñòîÿò íà îäíîì êà÷åñò-

âåííîì óðîâíå ïî áûñòðîòå è íàäåæíîñòè ñðàáàòû-

âàíèÿ è òóøåíèÿ, ïî òî÷íîñòè è ìàñøòàáó òóøåíèÿ

ñ äàò÷èêàìè, àíàëîãîâûìè è êîìàíäíûìè áëîêàìè

ñîâðåìåííûõ ÀÑÏ. Âïåðâûå èñïîëíèòåëüíàÿ ñèñ-

òåìà ãàðàíòèðóåò ðàâíîìåðíîå âîçäåéñòâèå íà çíà-

÷èòåëüíóþ ïëîùàäü — 102–104 ì2 è áîëåå è ïî-

ýòîìó âïåðâûå ìîæåò îáåñïå÷èòü òóøåíèå çà ìè-

íèìàëüíî âîçìîæíîå âðåìÿ. Ýòî ïîçâîëÿåò òóøèòü

ïîæàðû, áûñòðî âîçíèêàþùèå è ðàçâèâàþùèåñÿ
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ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

âñëåäñòâèå ñåðüåçíûõ àâàðèé — ðàçðûâà åìêîñòåé

è òðóáîïðîâîäîâ âûñîêîãî äàâëåíèÿ, âçðûâîâ áîå-

ïðèïàñîâ íà êîðàáëå, àðòèëëåðèéñêèõ è ðàêåòíûõ

îáñòðåëîâ, ñîçäàþùèõ ìîìåíòàëüíî èíòåíñèâíîå è

ìàñøòàáíîå ãîðåíèå íà íåôòÿíîé ïëàòôîðìå, êî-

ðàáëå, ñóäíå, ïåðåõîäÿùåå â áûñòðîðàçâèâàþùèéñÿ

ïîæàð èëè ñåðèþ âçðûâîâ, êàê ïðàâèëî, íàðàñòà-

þùèõ ïî ìîùíîñòè. Óíèâåðñàëüíîñòü ÀÑÏ îáåñïå-

÷èâàåòñÿ çà ñ÷åò ðàçëè÷íîé êîìïîíîâêè ÌÌ è òèïî-

âûõ ýëåêòðîííûõ áëîêîâ, îáðàáîòêè äàííûõ äàò÷è-

êîâ âîçãîðàíèÿ, ïðèíÿòèÿ ðåøåíèé è èõ ðåàëèçàöèè

ñèñòåìîé íåñêîëüêèõ ÌÌ, âçàèìîäåéñòâóþùèõ ïî

åäèíîé ôóíêöèîíàëüíîé ñõåìå [18].

Íàäåæíîñòü, áûñòðîäåéñòâèå ñèñòåìû è óìåíü-

øåíèå âåðîÿòíîñòè ëîæíîãî ñðàáàòûâàíèÿ ìîãóò

áûòü äîñòèãíóòû òàêæå ñëåäóþùèìè ïóòÿìè: ïîâû-

øåíèåì óñòîé÷èâîñòè äàò÷èêîâ ê ïîìåõàì çà ñ÷åò

ñòðóêòóðû ñåòè äàò÷èêîâ, èõ äóáëèðîâàíèÿ èëè ââå-

äåíèÿ ïîäñèñòåìû, ðàçëè÷àþùåé ïîìåõè îò âîçãî-

ðàíèé; ïðèìåíåíèåì äàò÷èêîâ, ðàáîòàþùèõ ïî ëî-

ãè÷åñêèì ñõåìàì, ïîäòâåðæäàþùèì äîñòîâåðíîñòü

âîçíèêíîâåíèÿ ïîæàðà; öåíòðàëèçîâàííûì ñáîðîì

èíôîðìàöèè îá èçìåíåíèè ïàðàìåòðîâ ñîñòîÿíèÿ

îáúåêòà è îêðóæàþùåé åãî ñðåäû. Áûñòðîäåéñòâèå

ÌÌ êîìïåíñèðóåò ïîòåðè âðåìåíè íà àíàëèç äîñòî-

âåðíîñòè ïîêàçàíèé ñåòè äàò÷èêîâ.

Äëÿ ñâîåâðåìåííîãî òóøåíèÿ âîçãîðàíèé — ïðåä-

îòâðàùåíèÿ ïîæàðîâ è âçðûâîâ íà êîðàáëÿõ è ñóäàõ

èìåííî àâòîìàòèçèðîâàííûå çàùèòíûå ñèñòåìû ñ

èìïóëüñíûìè èñïîëíèòåëüíûìè ÌÌ âïåðâûå äàþò

âîçìîæíîñòü ïîëó÷èòü ñîîòâåòñòâèå âðåìåííûõ ìàñ-

øòàáîâ ïðîöåññîâ îáðàáîòêè èíôîðìàöèè î âîçãî-

ðàíèÿõ è îá èõ ðàçâèòèè, ïðèíÿòèÿ ðåøåíèé è èõ

ýôôåêòèâíîé ðåàëèçàöèè. Ýòî îçíà÷àåò ðåàëüíóþ âîç-

ìîæíîñòü ñâîåâðåìåííîãî îãíåòóøàùåãî âîçäåéñò-

âèÿ ïðè âûñîêèõ ñêîðîñòÿõ ðàçâèòèÿ ïîæàðîâ, ÷òî

ÿâëÿåòñÿ ãëàâíûì óñëîâèåì ýôôåêòèâíîãî èñïîëü-

çîâàíèÿ ñàìîóïðàâëÿåìûõ àâòîìàòè÷åñêèõ ñèñòåì ïî-

æàðîòóøåíèÿ è âçðûâîïðåäîòâðàùåíèÿ. Èìïóëüñíî-

ðàñïûëèòåëüíûå ÌÌ ïî ñêîðîñòè è ýôôåêòèâíîñòè

äåéñòâèÿ âïîëíå ñðàâíèìû ñ ñîâðåìåííûìè ñèñòå-

ìàìè àâòîìàòèçàöèè. Óíèâåðñàëüíîñòü èìïóëüñíî-

ðàñïûëèòåëüíûõ èñïîëíèòåëüíûõ ïîäñèñòåì ÌÌ

îáåñïå÷èâàåòñÿ çà ñ÷åò ðàçëè÷íîé êîìïîíîâêè òè-

ïîâûõ ÌÌ, âçàèìîäåéñòâóþùèõ ïî åäèíîé ôóíê-

öèîíàëüíîé ñõåìå. Íåâûñîêàÿ ñòîèìîñòü ÀÑÏ ñ

èìïóëüñíî-ðàñïûëèòåëüíîé èñïîëíèòåëüíîé ïîä-

ñèñòåìîé (äàëåå — ÀÑÏèìï) îáåñïå÷èâàåòñÿ äåøå-

âèçíîé è äîëãîâå÷íîñòüþ ÌÌ, à òàêæå âîçìîæíî-

ñòüþ âêëþ÷åíèÿ äàííîé ñèñòåìû â óæå ñóùåñòâó-

þùóþ ñèñòåìó àâòîìàòèçèðîâàííîãî óïðàâëåíèÿ

êîðàáëåì è ñóäíîì. ÀÑÏèìï óäîáíà â ýêñïëóàòàöèè

áëàãîäàðÿ èñïîëüçîâàíèþ ñòàíäàðòíûõ ýëåêòðîí-

íûõ óçëîâ, âîçìîæíîñòè ïðîâåðêè ïðîñòåéøèìè

èìèòàòîðàìè ãîðåíèÿ è îñóùåñòâëåíèÿ ïðîâåðîê

áåç ïóñêà ñèñòåìû. Ñèñòåìà ïðè ñðàáàòûâàíèè îáåñ-

ïå÷èâàåò âîçìîæíîñòü ýâàêóàöèè ýêèïàæà è ñîõðàí-

íîñòü îáîðóäîâàíèÿ è ìàòåðèàëîâ çà ñ÷åò âîçäåéñò-

âèÿ íà íèõ èìïóëüñíûõ âèõðåé. Ïðåäëàãàåìàÿ ìîäåð-

íèçàöèÿ ñèñòåìû ïî êà÷åñòâó ïðåâîñõîäèò äðóãèå

âîçìîæíûå âàðèàíòû, ïîýòîìó èìåííî ÌÌ ïåðñ-

ïåêòèâíû äëÿ áûñòðîãî óñèëåíèÿ çàùèòû êîðàáëåé,

ñóäîâ, ïîðòîâûõ ñîîðóæåíèé, ìîðñêèõ íåôòåäîáû-

âàþùèõ ïëàòôîðì [19, 20].

Ëîêàëèçàöèÿ è ëèêâèäàöèÿ ðîçëèâîâ
íåôòè è íåôòåïðîäóêòîâ

Ïîìèìî òóøåíèÿ ïîæàðîâ è ïðåäîòâðàùåíèÿ

âçðûâîâ íà ãðàæäàíñêèõ ñóäàõ, î÷åíü âàæíà ëèêâè-

äàöèÿ ðîçëèâîâ íåôòè è íåôòåïðîäóêòîâ, ïðîèñ-

øåäøèõ âñëåäñòâèå àâàðèé, ïèðàòñêèõ è òåððîðè-

ñòè÷åñêèõ àòàê. Íàèáîëåå ïåðåäîâîé òåõíîëîãèåé

ÿâëÿåòñÿ ðàñïûëåíèå ïî ïëåíêå ðîçëèâà íåôòè áèî-

ñîðáåíòîâ, áûñòðî ïîãëîùàþùèõ ïëåíêó è ïåðåðà-

áàòûâàþùèõ åå â èíåðòíûé îñòàòîê, â ðåçóëüòàòå

÷åãî ãðàíóëû áèîñîðáåíòà òîíóò, íå çàãðÿçíÿÿ âîä-

íûé áàññåéí. Îäíàêî äëÿ ðàñïûëåíèÿ ýòèõ ëåãêèõ,

ïîðèñòûõ ãðàíóë íåò òåõíèêè [17].

Ðàññìîòðèì ðåçóëüòàòû ýêñïåðèìåíòîâ ïî èì-

ïóëüñíîìó ðàñïûëåíèþ ãðàíóë áèîñîðáåíòà èç ÌÌ.

Ýêñïåðèìåíòàëüíî îïðåäåëåíû îïòèìàëüíûå äèàïà-

çîíû, îáåñïå÷èâàþùèå äàëüíåå è êðóïíîìàñøòàá-

íîå ðàñïûëåíèå èç îäíîãî ñòâîëà ìàññû áèîñîðáåí-

òà 1,5 êã è ðàâíîìåðíîå ðàñïðåäåëåíèå åãî ïî çíà÷è-

òåëüíîé ïëîùàäè — äî 35 ì2 ïðè óäåëüíûõ ðàñõîäàõ

îò 15 äî 25 ã�ì2 ñîãëàñíî ïàñïîðòó áèîñîðáåíòà.

Âíèìàòåëüíûé îñìîòð çîíû íåôòÿíîãî ðîçëèâà, ïî-

êðûòîé ðàâíîìåðíûì ñëîåì ðàñïûëåííîãî áèîñîð-

áåíòà, ïîêàçàë, ÷òî áîëüøàÿ ÷àñòü ãðàíóë áèîñîð-

áåíòà (äî 80–90 %) ýôôåêòèâíî âïèòûâàåò è ïåðå-

ðàáàòûâàåò íåôòÿíóþ ïëåíêó â èíòåðâàëå âðåìåíè

äî 2 ÷, êàê è â ñëó÷àå ðó÷íîãî ðàñïûëåíèÿ áèî-

ñîðáåíòà. Ïðè ýòîì ïîòåðè áèîñîðáåíòà â ïðåäåëàõ

10–20 % îò èñõîäíîé ðàñïûëÿåìîé ìàññû â 5–20 ðàç

ìåíüøå, ÷åì ïîòåðè ïðè ðàñïðåäåëåíèè áèîñîðáåí-

òà ïî äàííîé ïëîùàäè 35 ì2 òðàäèöèîííûì ìåòîäîì

— âðó÷íóþ ñ ïîìîùüþ ëîïàòû èëè ñîâêà [17, 21].

Óáåäèòåëüíî ïîêàçàíî ãëàâíîå ïðåèìóùåñòâî

èìïóëüñíîãî çàëïîâîãî ðàñïûëåíèÿ, ñâîéñòâåííîå

òîëüêî ãàçîäèñïåðñíûì âèõðÿì, — âçàèìíîå óñèëå-

íèå è ñëèÿíèå ïðè îïòèìàëüíîì âçàèìîäåéñòâèè

ñîñòàâëÿþùèõ âèõðåé èç îòäåëüíûõ ñòâîëîâ. Ìàñ-

øòàáû âîçäåéñòâèÿ ñóììàðíîãî âèõðÿ óâåëè÷èâà-

ëèñü â 1,5–2,5 ðàçà ïî ñðàâíåíèþ ñ àðèôìåòè÷åñêîé

ñóììîé ïëîùàäåé, êîòîðûå ïîäâåðãàëèñü âîçäåéñò-

âèþ âèõðåé èç îòäåëüíûõ ñòâîëîâ. Óâåëè÷åíà äàëü-

íîñòü ôóíêöèîíàëüíîãî âîçäåéñòâèÿ ñóììàðíîãî

âèõðÿ äî 53 ì (â 4,5 ðàç áîëüøå ïî ñðàâíåíèþ ñ âû-

ñòðåëîì-ðàñïûëåíèåì èç îäíîãî ñòâîëà) è ïëîùàäü

ðàâíîìåðíîãî ðàñïûëåíèÿ áèîñîðáåíòà — äî 450 ì2

ïðè çàëïå èç 5 ñòâîëîâ, ðàñïîëîæåííûõ â øàõìàò-
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íîì ïîðÿäêå. Ýòî â 2,3 ðàçà áîëüøå, ÷åì ñóììà îò-

äåëüíûõ ïëîùàäåé ýôôåêòèâíîãî âîçäåéñòâèÿ ïðè

ïîñëåäîâàòåëüíîì ðàñïûëåíèè èç 5 ñòâîëîâ. Äëÿ

ñðàâíåíèÿ çàëïîâîå âîçäåéñòâèå áîåâûõ ðàêåò èëè

ñíàðÿäîâ íå óâåëè÷èâàåò äàëüíîñòè èõ ïîëåòà, à òîëü-

êî ïîâûøàåò ïëîùàäü ïîðàæåíèÿ äî 1,5 ðàçà ïî ñðàâ-

íåíèþ ñ àðèôìåòè÷åñêîé ñóììîé ïëîùàäåé ïîðà-

æåíèÿ òàêèì æå êîëè÷åñòâîì îòäåëüíûõ âçðûâîâ

ðàêåò è ñíàðÿäîâ. Ïîêàçàíà âîçìîæíîñòü ñíèæåíèÿ

ñåáåñòîèìîñòè ëèêâèäàöèè 1 ì2 ðîçëèâà ñ 20–40 äî

1–3 äîëë. è ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè ðîç-

ëèâîâ äî 5–10 ðàç, ÷òî â ìíîãîêðàòíîé ñòåïåíè ïî-

çâîëèò ñíèçèòü ìàòåðèàëüíûå è ýêîëîãè÷åñêèå óáûò-

êè îò ðîçëèâà íåôòè [20].

Ïîëó÷åííûå âûñîêèå çíà÷åíèÿ ôóíêöèîíàëüíûõ

ïîêàçàòåëåé ïîçâîëÿþò óâåðåííî ïðåäëàãàòü òåõíî-

ëîãè÷åñêèé ïðîöåññ è îáîðóäîâàíèå — ìíîãîñòâîëü-

íûé ìîäóëü èìïóëüñíîãî ðàñïûëåíèÿ áèîñîðáåí-

òîâ äëÿ ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ â âèäå ñòàöè-

îíàðíûõ ïàëóáíûõ ìîäóëåé íà êîðàáëÿõ, íàïðèìåð

íà ñêîðîñòíûõ àâàðèéíî-ñïàñàòåëüíûõ áîëüøèõ êà-

òåðàõ èëè ìàíåâðåííûõ ïîðòîâûõ áóêñèðàõ. Äîñòèã-

íóòàÿ äàëüíîñòü ýôôåêòèâíîãî ðàñïûëåíèÿ ïîçâî-

ëÿåò êîðàáëÿì “ðàññòðåëèâàòü” ðîçëèâû íåôòè è

íåôòåïðîäóêòîâ, íå âõîäÿ â çîíó ðîçëèâà, òàê êàê

ïîñëå ïðîõîæäåíèÿ ëþáîãî êîðàáëÿ èëè ñóäíà, îñî-

áåííî ñêîðîñòíîãî, ïî íåôòÿíîé ïëåíêå åå òðóäíî

ëèêâèäèðîâàòü. Ìàñøòàá ýôôåêòèâíîãî ðàñïûëåíèÿ

è ñêîðîñòü ýôôåêòèâíîãî âîçäåéñòâèÿ ïî ðîçëèâàì

íåôòè ïîçâîëÿþò ìàëîìó êîëè÷åñòâó êîðàáëåé (2–4

íà àêâàòîðèþ ïîðòà è ïðèëåãàþùóþ òåððèòîðèþ

ïîáåðåæüÿ) íàäåæíî è áûñòðî ëèêâèäèðîâàòü ðàç-

ëè÷íûå íåôòÿíûå ðîçëèâû âïëîòü äî êðóïíîìàñø-

òàáíûõ. Äëÿ çàùèòû îïðåäåëåííîãî ó÷àñòêà ìîð-

ñêîãî ïîáåðåæüÿ, íàõîäÿùåãîñÿ ìåæäó ýòèìè ïîðòà-

ìè, öåëåñîîáðàçíî îñíàñòèòü ýòèìè óñòàíîâêàìè

ìèíèìóì ïî 2–3 âñïîìîãàòåëüíûõ ñóäíà â êàæäîì

ïîðòó — áóêñèðû, ïîæàðíî-ñïàñàòåëüíûå. Âñÿ ïî-

ëîñà ïîáåðåæüÿ ïîäåëåíà ìåæäó ïîðòàìè íà çîíû èõ

îòâåòñòâåííîñòè. Ñóäà ñ ðàñïûëèòåëüíûìè óñòàíîâ-

êàìè îò êàæäîãî ïîðòà ðàáîòàþò ïî ñâîåé çîíå ïðè

ðîçëèâàõ íåôòè, ïëîùàäü è ìàññû êîòîðûõ íå ïðå-

âûøàåò ñðåäíåé âåëè÷èíû.

Âûâîäû

Ïðåäëàãàåìàÿ ïðèíöèïèàëüíî íîâàÿ èñïîëíè-

òåëüíàÿ ïîäñèñòåìà ÀÑÏ íà áàçå ÌÌ âûñîêîýôôåê-

òèâíà, áåçîïàñíà, óíèâåðñàëüíà, êà÷åñòâåííî ïðå-

âîñõîäèò ëó÷øèå â ìèðå ÀÑÏ ñ ãèäðàâëè÷åñêèìè,

ïíåâìàòè÷åñêèìè, ãàçîãåíåðèðóþùèìè àýðîçîëü-

íûìè, ïíåâìîèìïóëüñíûìè èñïîëíèòåëüíûìè óñòà-

íîâêàìè:
� ðàñõîäû îãíåòóøàùèõ ñîñòàâîâ â 10–100 ðàç

íèæå, ÷òî ïîçâîëÿåò òóøèòü àâòîíîìíî — òîëü-

êî çàïàñîì ÎÑ â ñòâîëàõ ÌÌ;
� ãèáêàÿ è ïðîñòàÿ ðåãóëèðîâêà âèäà, ìîùíîñòè è

ìàñøòàáà âîçäåéñòâèÿ, óâåëè÷èâàþùèõñÿ ïðî-

ïîðöèîíàëüíî ÷èñëó óñòðîéñòâ, ìîäóëåé áåç ñíè-

æåíèÿ íàäåæíîñòè è ýôôåêòèâíîñòè âîçäåéñòâèÿ;
� íèçêàÿ ñåáåñòîèìîñòü ïðîèçâîäñòâà è ñåðâèñíî-

ãî îáñëóæèâàíèÿ;
� ýêîëîãè÷åñêè ÷èñòîå òóøåíèå è îáåñïå÷åíèå ýâà-

êóàöèè;
� ìàëûå ðàçìåðû åìêîñòåé âûñîêîãî äàâëåíèÿ;

âðåìÿ ñóùåñòâîâàíèÿ âûñîêîãî äàâëåíèÿ âñåãî

äîëè ñåêóíäû; 10-êðàòíûé çàïàñ ïðî÷íîñòè åì-

êîñòåé, ïðàêòè÷åñêè èñêëþ÷àþùèé èõ ðàçðûâ,

÷òî îáåñïå÷èâàåò áåçîïàñíîñòü ðàáîòû ñ îáîðó-

äîâàíèåì;
� ïðîñòàÿ êîíñòðóêöèÿ: îòñóòñòâèå ãàçîâûõ áàëëî-

íîâ, êîìïðåññîðîâ, íàñîñîâ, ðåçåðâóàðîâ è òðó-

áîïðîâîäîâ, îïàñíûõ åìêîñòåé ñ äëèòåëüíî äåð-

æàùèìñÿ âûñîêèì äàâëåíèåì, ðóêàâîâ ïîäà÷è

ÎÑ, ÷òî îáåñïå÷èâàåò âûñîêóþ òåõíîëîãè÷íîñòü

è íèçêóþ ñåáåñòîèìîñòü ìàññîâîãî ïðîèçâîäñò-

âà íà ðàçëè÷íûõ çàâîäàõ, ïðîñòîé ðåìîíò è îá-

ñëóæèâàíèå; îáñëóæèâàíèå ñòàöèîíàðíîãî ÌÌ

òðåáóåò òîëüêî êîíòðîëÿ ýëåêòðîëèíèè èíèöèè-

ðîâàíèÿ ñðàáàòûâàíèÿ;
� íàäåæíîå è ñòàáèëüíîå ðàñïûëåíèå â øèðîêîì

äèàïàçîíå òåìïåðàòóð — îò ìèíóñ 50 äî +50 °Ñ,

êëèìàòè÷åñêèõ óñëîâèé, âëàæíîñòè, çàïûëåííî-

ñòè, ïðè ñêîðîñòè âåòðà äî 5 ì�ñ;
� ïðåäîòâðàùåíèå âçðûâîâ ãàçîïàðîïûëåâîçäóø-

íûõ ñðåä â ïîìåùåíèè è íà îòêðûòîì âîçäóõå;
� ëîêàëèçàöèÿ ðîçëèâîâ íåôòè íà ðåêàõ, îçåðàõ,

ìîðå, îêåàíå;
� îñòàíîâêà ïèðàòñêèõ àòàê ïî âñåìó ïåðèìåòðó

áîëüøîãî ñóäíà è òàíêåðà, íåôòåäîáûâàþùåé

âûøêè â ìîðå;
� âïåðâûå îòñóòñòâèå îãðàíè÷åíèé íà àãðåãàòíîå

ñîñòîÿíèå, ïëîòíîñòü, âÿçêîñòü ÎÑ; îáåñïå÷åíèå

êîìáèíèðîâàííîãî òóøåíèÿ.

Ðåàëèçàöèÿ äàííîãî ïðîåêòà â Ðîññèè ïîçâîëèò

â âåñüìà çíà÷èòåëüíîé ñòåïåíè ïîâûñèòü áåçîïàñ-

íîñòü ìîðñêèõ è ðå÷íûõ êîðàáëåé, ñóäîâ, áàðæ, òàí-

êåðîâ, ïîðòîâ, ïðèïîðòîâûõ ïðîìûøëåííûõ îáú-

åêòîâ, ýêîëîãèè âîäíûõ áàññåéíîâ è ïðèëåãàþùèõ

ê íèì ðàéîíîâ è, êàê ñëåäñòâèå, ïîâûñèòü áåçîïàñ-

íîñòü ýêîíîìèêè Ðîññèéñêîãî ãîñóäàðñòâà â öåëîì.
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ABSTRACT

Introduction. A brief analysis of catastrophic fires and explosions on the offshore oil platform, ships

and vessels is performed. It’s shown the relevance of the qualitative improvement of marine fire

equipment. Analysis of modern fire fighting systems on vessels, ships: sprinkler, deluge, gas and

pneumatic-impulse fire extinguishing systems is carried out. It’s substantiated new equipment for

upgrading existing systems — subsystems of multi-module pulse, vortex combined quenching for

the protection of ships, vessels, tankers, offshore oil platforms. The choice of the arrangement of

modules based on the results of polygon tests is described. There are created systems of modules for

the upper decks, engine rooms, holds, corridors, gangways, sections, electrical cabinets, etc.

The modules create gas-water squalls, gas-powder vortices that extinguish all fires and continuous

fires in all or part of the compartment and deck in seconds. The participation of pilot modules in

operations for eliminating the consequences of disasters in hard-to-reach zones of collapses, with high

levels of radioactive and toxic contamination in emergency locations is described.

Description and analysis of experiments. The recommendations on the use of multi-barrel

modules based on the analysis of experiments on the creation of fine-dispersed water squalls for

extinguishing developed fires of classes A, B, C, F, the inhibition of explosive vapor-air clouds,

the deposition and detoxification of gas-air clouds of ammonia and chlorine are substantiated and

developed. The localization and liquidation of oil and oil products are described. The possibility of

reducing the cost of liquidation of 1 sq m of bottling from $ 20–40 to $ 1–3 is shown, and reducing

the time for liquidation of bottles to 5–10 times, which in a more multiple degree will reduce material

and environmental losses from oil bottling.



Conclusion. The advantages of introducing new technology and techniques for eliminating

the consequences of accidents at sea and preventing their development into a catastrophe are

summarized.

Keywords: vessel; tanker; ship; multi-barrels module; pulse spray; gas-water squall; gas-powder

whirly; serial of volleys; combine extinguishing; blow flame; smoke sediment; penetration spray of

droplets; carbonized zone; destruction; intensive cooling.
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Â Ðîññèéñêîé Ôåäåðàöèè â 2009 ã. âñòóïèë â ñèëó

íîâûé íîðìàòèâíûé ïðàâîâîé àêò — Ôåäåðàëüíûé

çàêîí ¹ 123-ÔÇ îò 22.07.2008 ã. “Òåõíè÷åñêèé

ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè”.

Ñ åãî ïðèíÿòèåì áîëüøóþ àêòóàëüíîñòü ïðèîáðåëà

îöåíêà ïîæàðíîãî ðèñêà, ïîæàðíûé àóäèò è ðàçðà-

áîòêà äåêëàðàöèé ïîæàðíîé áåçîïàñíîñòè.

Â ñòàòüå Êîæåâèíà Ä. Ô., Íîâèêîâà Â. Ð., Ïîëÿ-

êîâà À. Ñ. è Êëåéìåíîâà Â. À. “Ìåòîäèêà ðàñ÷åòà

ïîæàðíîãî ðèñêà íà ïðîèçâîäñòâåííûõ îáúåêòàõ ñ

æèäêèìè ìîòîðíûìè òîïëèâàìè ñ ó÷åòîì ïðèìåíå-

íèÿ ïîðîøêîâûõ îãíåòóøèòåëåé”, îïóáëèêîâàííîé

â ¹ 1 æóðíàëà “Ïîæàðîâçðûâîáåçîïàñíîñòü” çà ýòîò

ãîä, äîñòàòî÷íî ïîëíî îñâåùåí ïîäõîä ê îöåíêå ïî-

æàðíîãî ðèñêà è âëèÿíèå íà íåãî ïðèìåíåíèÿ îãíå-

òóøèòåëåé íà ïîæàðå.

Âìåñòå ñ òåì íå èçó÷åíà ïðàêòè÷åñêàÿ ýôôåê-

òèâíîñòü ïðèìåíåíèÿ îãíåòóøèòåëåé, îñíîâàííàÿ íà

ñòàòèñòè÷åñêîé èíôîðìàöèè î âëèÿíèè ïðèìåíåíèÿ

îãíåòóøèòåëåé íà óìåíüøåíèå óðîâíÿ òðàâìèðîâà-

íèÿ è ãèáåëè ëþäåé ïðè ïîæàðå â íåôòåãàçîâîé îò-

ðàñëè, çàïðîñ êîòîðîé îñóùåñòâëÿåòñÿ âî ÂÍÈÈÏÎ

Ì×Ñ Ðîññèè.

Êðîìå òîãî, àâòîðàìè íå èçó÷åí îïûò ðàñ÷åòíûõ

ìåòîäîâ îöåíêè ïðîìûøëåííîãî ðèñêà. Â ìåòîäèêå

îöåíêè ïîñëåäñòâèé àâàðèéíûõ âçðûâîâ îïðåäåëÿ-

åòñÿ ýôôåêòèâíûé ýíåðãîçàïàñ, âåðîÿòíîñòü ïîâðåæ-

äåíèÿ çäàíèé è âåðîÿòíîñòü ïîòåðè óïðàâëÿåìîñòè

ó ëþäåé, â òî âðåìÿ êàê â ìåòîäèêå îïðåäåëåíèÿ ðàñ-

÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà â ïðîèçâîäñòâåí-

íûõ çäàíèÿõ óñòàíàâëèâàåòñÿ èíòåíñèâíîñòü òåïëî-

âîãî èçëó÷åíèÿ îò îãíåííîãî øàðà è êðèòåðèè ïîðà-

æàþùåãî äåéñòâèÿ âîëíû äàâëåíèÿ (ïîâðåæäåíèå

çäàíèé è òðàâìèðîâàíèå ÷åëîâåêà). Ðàñ÷åò èçáûòî÷-

íîãî äàâëåíèÿ è ýôôåêòèâíîãî ýíåðãîçàïàñà ïðîâî-

äèòñÿ ïî ðàçíûì ôîðìóëàì. Â ìåòîäè÷åñêîì ðóêî-

âîäñòâå ïî îöåíêå ñòåïåíè ðèñêà àâàðèé íà ìàãèñò-

ðàëüíûõ òðóáîïðîâîäàõ îïðåäåëÿåòñÿ ÷àñòîòà óòå÷åê

íåôòè äëÿ ó÷àñòêà íåôòåïðîâîäà, ÷àñòîòà îáðàçîâà-

íèÿ äåôåêòíîãî îòâåðñòèÿ è îöåíêà ðèñêà äëÿ ó÷àñò-

êà íåôòåïðîâîäà, â òî âðåìÿ êàê â ìåòîäèêå îïðåäå-

ëåíèÿ ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà íà ïðî-

èçâîäñòâåííûõ îáúåêòàõ óñòàíàâëèâàþòñÿ ÷àñòîòà

ïîæàðîîïàñíûõ ñèòóàöèé, ïîëÿ îïàñíûõ ôàêòîðîâ

ïîæàðà, ïîòåíöèàëüíûé, èíäèâèäóàëüíûé è ñîöè-

àëüíûé ïîæàðíûå ðèñêè. Èç ýòîãî ìîæíî áûëî áû

ñäåëàòü îïðåäåëåííûå âûâîäû, êîòîðûå ìîãëè áû

ïîâëèÿòü íà îöåíêó ðèñêà ñ ó÷åòîì ïðèìåíåíèÿ ïî-

ðîøêîâûõ îãíåòóøèòåëåé.

Íîðìàòèâíàÿ âåðîÿòíîñòü òóøåíèÿ îãíåòóøè-

òåëåì çàäàííîãî ìîäåëüíîãî î÷àãà ïîæàðà ïðèíÿòà

ðàâíîé 2�3 â ñâÿçè ñ òåì, ÷òî ñîãëàñíî ï. Â.3.3.6

ÃÎÑÒ Ð 51057–2001 ñ÷èòàåòñÿ, ÷òî îãíåòóøèòåëü

âûäåðæàë èñïûòàíèå, åñëè â äâóõ ïîïûòêàõ èç òðåõ

ìîäåëüíûé î÷àã ïîæàðà áûë ïîòóøåí.

Îäíàêî ïî ëîãèêå ïîíÿòèé äîëæíà ñîõðàíÿòüñÿ

çàâèñèìîñòü: âåðîÿòíîñòü îòêàçà + âåðîÿòíîñòü áåç-

îòêàçíîé ðàáîòû (íîðìàòèâíàÿ âåðîÿòíîñòü òóøå-

íèÿ îãíåòóøèòåëåì çàäàííîãî ìîäåëüíîãî î÷àãà

ïîæàðà) = 1. Åñëè æå íîðìàòèâíàÿ âåðîÿòíîñòü òó-

øåíèÿ îãíåòóøèòåëåì çàäàííîãî ìîäåëüíîãî î÷àãà

ïîæàðà çàâèñèò íå òîëüêî îò ñðàáàòûâàíèÿ èëè íå-

ñðàáàòûâàíèÿ îãíåòóøèòåëÿ, íî è, íàïðèìåð, îò ïî-

ãîäíûõ óñëîâèé, ïëîùàäè ïðîëèâà, òîãäà åå íåîáõî-

äèìî íàõîäèòü èñõîäÿ èç âåðîÿòíîñòè áåçîòêàçíîé

ðàáîòû, ðàâíîé 0,95 (ñì. ï. 9.37 ÃÎÑÒ Ð 51057–2001),

ñ ïðèìåíåíèåì êîýôôèöèåíòîâ. Ê ñîæàëåíèþ, ýòà

çàâèñèìîñòü íå èçó÷åíà äî êîíöà, ïîýòîìó åå ìîæíî

ñ÷èòàòü âîïðîñîì áóäóùèõ èññëåäîâàíèé. À ïîêà äî-

ïóñêàåòñÿ ïðèíèìàòü âåðîÿòíîñòü òóøåíèÿ ðàâíîé

2�3 ñ ó÷åòîì òîãî, ÷òî âåðîÿòíîñòü òóøåíèÿ ïî ëî-

ãèêå äîëæíà áûòü ìåíüøå âåðîÿòíîñòè áåçîòêàçíîé

ðàáîòû, ÷òî è ïîëó÷àåòñÿ â ðàñ÷åòàõ.

×òî êàñàåòñÿ öåëåé è çàäà÷, òî èç ñòàòüè íåïî-

íÿòíî, î êàêîì ïðîãðåâå âî âðåìÿ ïðîëèâà æèäêîñòè

èäåò ðå÷ü, êîãäà îïðåäåëÿåòñÿ öåëåñîîáðàçíîñòü ïðè-

ìåíåíèÿ îãíåòóøèòåëåé. Âûâîäèòñÿ óìîçàêëþ÷åíèå

î òîì, ÷òî äîëæíî áûòü “äëèòåëüíîå âîçäåéñòâèå

èñòî÷íèêà íàãðåâàíèÿ (îòñðî÷åííîå çàæèãàíèå)”

(ò. å. ïðîãðåâ) ãîðþ÷åé æèäêîñòè äî “òåìïåðàòóðû

âñïûøêè è äàëåå äî òåìïåðàòóðû âîñïëàìåíåíèÿ”

(ò. å. äî òåìïåðàòóðû ñàìîâîñïëàìåíåíèÿ), à çàòåì

“ïîñòåïåííîå” îõâàòûâàíèå ïëàìåíåì ïëîùàäè ïðî-

ëèâà, è òîëüêî â ýòîì ñëó÷àå ïðèìåíåíèå îãíåòóøè-
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òåëåé ñ÷èòàåòñÿ öåëåñîîáðàçíûì. Êàê ýòî ñâÿçàíî ñ

ðàñ÷åòîì ïîæàðíîãî ðèñêà, íå ïîääàåòñÿ ëîãèêå ïî-

íèìàíèÿ. Âîçìîæíî, ýòî ñâÿçàíî ñ âèäàìè íåôòå-

ïðîäóêòîâ, ó÷òåííûõ â ôîðìóëå (3), ïðèâåäåííîé â

ñòàòüå. Íî òîãäà íàäî áûëî ôîðìóëèðîâàòü çàâèñè-

ìîñòü öåëåñîîáðàçíîñòè ïðèìåíåíèÿ îãíåòóøèòå-

ëåé òîëüêî îò ìàññîâîé ñêîðîñòè èñïàðåíèÿ è íèç-

øåé òåïëîòû ñãîðàíèÿ íåôòåïðîäóêòà, ó÷òåííûõ â

ôîðìóëå (3), à íå ñâÿçûâàòü åå ñ ýòàïîì ðàçâèòèÿ ïî-

æàðà — “ïîñòåïåííûì” îõâàòûâàíèåì ïëàìåíåì

ïëîùàäè ïðîëèâà, êîòîðîå “ïîñòåïåííûì” íå áûâà-

åò, à ïðîèñõîäèò ìãíîâåííî èëè áûñòðî, äàæå ïðè

ãîðåíèè òÿæåëûõ íåôòåïðîäóêòîâ.

Ïðè îáîñíîâàíèè ñâÿçè “ïîñòåïåííîãî” îõâàòû-

âàíèÿ ïëàìåíåì ïëîùàäè ïðîëèâà è öåëåñîîáðàç-

íîñòè ïðèìåíåíèÿ îãíåòóøèòåëåé â ôîðìóëå (3) ïî-

æàðíûé ðèñê óâÿçûâàåòñÿ ñ âèäîì íåôòåïðîäóêòà

÷åðåç åãî ìàññîâóþ ñêîðîñòü èñïàðåíèÿ è íèçøóþ

òåïëîòó ñãîðàíèÿ (÷åðåç ñâîéñòâà íåôòåïðîäóêòà,

à íå ÷åðåç ýòàïû ïîñòåïåííîñòè îõâàòà ïëàìåíåì

ïëîùàäè ïðîëèâà). Êàê ýòàï ïîñòåïåííîñòè îõâà-

òûâàíèÿ ïëàìåíåì íåôòåïðîäóêòà ìîæåò âëèÿòü íà

öåëåñîîáðàçíîñòü ïðèìåíåíèÿ îãíåòóøèòåëåé? Òà-

êîãî ïîíÿòèÿ, êàê ïîñòåïåííîñòü îõâàòûâàíèÿ, äëÿ

íåôòåïðîäóêòîâ âîîáùå íå äîëæíî áûòü, ïîñêîëüêó

îíè âñåãäà îõâàòûâàþòñÿ ïëàìåíåì ìãíîâåííî èëè

áûñòðî, è îò ýòîãî âîïðîñ — ïðèìåíÿòü èëè íå ïðè-

ìåíÿòü îãíåòóøèòåëü, íå ïðîñòî íå ðåøàåòñÿ, à âû-

ãëÿäèò àáñóðäíî. Öåëåñîîáðàçíîñòü ïðèìåíåíèÿ

îãíåòóøèòåëåé îáúåêòèâíî çàâèñèò òîëüêî îò ïëî-

ùàäè ïðîëèâà óæå ãîðÿùåãî íåôòåïðîäóêòà è îïàñ-

íîñòè äàëüíåéøåãî ðàñïðîñòðàíåíèÿ îãíÿ, íî íèêàê

íå îò ñâîéñòâ íåôòåïðîäóêòà è íå îò ýòàïà ðàçâèòèÿ

ïîæàðà — îõâàòà ïëàìåíåì ïðîëèâà íåôòåïðîäóê-

òà, êàê óòâåðæäàþò àâòîðû ñòàòüè.

Ïðè àâàðèÿõ, ñâÿçàííûõ ñ ïðîëèâîì ëåãêîâîñ-

ïëàìåíÿþùèõñÿ è ãîðþ÷èõ æèäêîñòåé, äëÿ êîòîðûõ

òåìïåðàòóðà òåõíîëîãè÷åñêîãî ïðîöåññà â ïðîèç-

âîäñòâåííîì îáîðóäîâàíèè âûøå òåìïåðàòóðû ñà-

ìîâîñïëàìåíåíèÿ æèäêîñòè, ïðè ðàçãåðìåòèçàöèè

îáîðóäîâàíèÿ è ïîïàäàíèè êèñëîðîäà â çàêðûòûé

ïðîöåññ ãîðþ÷àÿ ïàðîâîçäóøíàÿ ñìåñü îáðàçóåòñÿ

ñðàçó ïîñëå ðàçãåðìåòèçàöèè àïïàðàòà áåç èñòî÷-

íèêà çàæèãàíèÿ. Ïðè âíåñåíèè æå èñòî÷íèêà çàæè-

ãàíèÿ ïîñëå ðàçãåðìåòèçàöèè îáîðóäîâàíèÿ è ïðî-

ëèâà æèäêîñòè â äðóãèõ òåõíîëîãè÷åñêèõ ïðîöåññàõ

ïðîèñõîäèò ìãíîâåííîå âîñïëàìåíåíèå è ãîðåíèå,

ïîýòîìó ïðèìåíåíèå îãíåòóøèòåëåé íåöåëåñîîá-

ðàçíî è íåëîãè÷íî ñâÿçûâàòü ñ âèäîì íåôòåïðîäóê-

òà, à öåëåñîîáðàçíî ñâÿçûâàòü òîëüêî ñ ïëîùàäüþ

ãîðåíèÿ, êàê áûëî ñäåëàíî â ôîðìóëå (2) àíàëèçèðó-

åìîé ñòàòüè.
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ÇÄÀÍÈß È ÏÎÌÅÙÅÍÈß
Ñ ÌÀÑÑÎÂÛÌ ÏÐÅÁÛÂÀÍÈÅÌ ËÞÄÅÉ

Ðàññìîòðåíû òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè ê çäàíèÿì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé.
Ïðåäñòàâëåíà èíôîðìàöèÿ ïî îñîáåííîñòÿì îòíåñåíèÿ îáúåêòîâ çàùèòû ê çäàíèÿì è ïîìåùå-
íèÿì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé. Ïðîâåäåí àíàëèç íîðìàòèâíîé ëèòåðàòóðû è äàíû ïî-
ÿñíåíèÿ ïî ïîðÿäêó ïðèìåíåíèÿ ñóùåñòâóþùèõ òåðìèíîâ è îïðåäåëåíèé ïðè îöåíêå êîëè÷åñò-
âà ÷åëîâåê, íàõîäÿùèõñÿ â ïîìåùåíèÿõ çäàíèÿ. Îòìå÷åíû íåñîîòâåòñòâèÿ â äåéñòâóþùèõ
ïðîòèâîïîæàðíûõ òðåáîâàíèÿõ ê âûøåóêàçàííûì îáúåêòàì çàùèòû.

Êëþ÷åâûå ñëîâà: íîðìàòèâíûå äîêóìåíòû; ïîæàðíàÿ áåçîïàñíîñòü; ïðîòèâîïîæàðíûé ðå-
æèì; çäàíèÿ è ïîìåùåíèÿ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé; óñòàíîâêè ïîæàðîòóøåíèÿ; ýâàêóà-
öèÿ ëþäåé.

ÂÎÏÐÎÑ:

Â íîðìàòèâíûõ äîêóìåíòàõ èñïîëüçóþòñÿ ðàçëè÷-

íûå, ìåñòàìè ïðîòèâîðå÷àùèå äðóã äðóãó îïðåäå-

ëåíèÿ òåðìèíà “çäàíèå (ïîìåùåíèå) ñ ìàññîâûì

ïðåáûâàíèåì ëþäåé”. Â ðåçóëüòàòå ýòîãî ó ïðîåê-

òèðîâùèêîâ âîçíèêàþò çàòðóäíåíèÿ ïðè âûáîðå

îáúåìíî-ïëàíèðîâî÷íûõ, êîíñòðóêòèâíûõ è òåõíè-

÷åñêèõ ðåøåíèé ïî îáåñïå÷åíèþ ïîæàðíîé áåç-

îïàñíîñòè îáúåêòîâ ðàçëè÷íîãî ôóíêöèîíàëüíîãî

íàçíà÷åíèÿ.

Â êàêèõ íîðìàòèâíûõ äîêóìåíòàõ èìåþòñÿ ñâå-

äåíèÿ ïî îòíåñåíèþ îáúåêòîâ çàùèòû ê çäàíèÿì

(ïîìåùåíèÿì) ñ ìàññîâûì ïðåáûâàíèåì ëþäåé

è â ÷åì èõ ðàçëè÷èå?

ÎÒÂÅÒ:

Â ïåðâóþ î÷åðåäü ñëåäóåò îòìåòèòü, ÷òî ñîãëàñ-

íî “Òåõíè÷åñêîìó ðåãëàìåíòó î òðåáîâàíèÿõ ïîæàð-

íîé áåçîïàñíîñòè” (Ôåäåðàëüíûé çàêîí ¹ 123-ÔÇ)

[1], ÃÎÑÒ 12.1.004–91 [2] è Ïðàâèëàì ïðîòèâîïîæàð-

íîãî ðåæèìà (ÏÏÐ) [3] çäàíèÿ, ñîîðóæåíèÿ è ïîìå-

ùåíèÿ, äëÿ êîòîðûõ óñòàíîâëåíû òðåáîâàíèÿ ïîæàð-

íîé áåçîïàñíîñòè â öåëÿõ ïðåäîòâðàùåíèÿ ïîæàðà è

çàùèòû ëþäåé, ÿâëÿþòñÿ “îáúåêòàìè çàùèòû”. Â òî æå

âðåìÿ â ï. 7 ÏÏÐ [3] óêàçûâàåòñÿ, ÷òî ê îáúåêòàì ñ

ìàññîâûì ïðåáûâàíèåì ëþäåé îòíîñÿòñÿ çäàíèÿ è

ñîîðóæåíèÿ, â êîòîðûõ ïîñòîÿííî èëè âðåìåííî ìî-

æåò íàõîäèòüñÿ 50 ÷åë. è áîëåå. Ïðè ýòîì íå ó÷èòûâà-

åòñÿ íè êîëè÷åñòâî ïîìåùåíèé â òàêîì çäàíèè, íè èõ

ïëîùàäü.

Â íîðìàòèâíîé ëèòåðàòóðå òàêæå âñòðå÷àåòñÿ òåðìèí

“ïîìåùåíèå ñ ìàññîâûì ïðåáûâàíèåì ëþäåé”. Íà-

ïðèìåð, â ñîîòâåòñòâèè ñ ï. 3.71 ÑÏ 5.13130.2009 [4]

ê ïîìåùåíèÿì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé îò-

íîñÿòñÿ çàëû è ôîéå òåàòðîâ, êèíîòåàòðîâ, çàëû çà-

ñåäàíèé, ñîâåùàíèé, ëåêöèîííûå àóäèòîðèè, ðåñòî-

ðàíû, âåñòèáþëè, êàññîâûå çàëû, ïðîèçâîäñòâåííûå

ïîìåùåíèÿ è äðóãèå ïîìåùåíèÿ ïëîùàäüþ 50 ì2 è

áîëåå ñ ïîñòîÿííûì èëè âðåìåííûì ïðåáûâàíèåì

ëþäåé (íå ñ÷èòàÿ àâàðèéíûõ ñèòóàöèé) ÷èñëîì áîëåå

1 ÷åë. íà 1 ì2. Àíàëîãè÷íîå îïðåäåëåíèå äàíî â ï. Á.20

ïðèë. Á ÑÏ 118.13330.2012* [5]. Èç ýòèõ îïðåäåëå-

íèé ñëåäóåò, ÷òî åñëè â ïîìåùåíèè ïëîùàäüþ 50 ì2

íàõîäèòñÿ áîëåå 50 ÷åë., òî îíî áóäåò îòíåñåíî ê ïî-

ìåùåíèÿì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé. Òàêàÿ

ïëîòíîñòü çàïîëíåíèÿ ïðîñòðàíñòâà ëþäüìè ñ÷èòàåò-

ñÿ äîñòàòî÷íî îïàñíîé, ïîýòîìó ÑÏ 5.13130.2009 [4]

çàïðåùàåò ïðèìåíåíèå óñòàíîâîê îáúåìíîãî óãëå-

êèñëîòíîãî, ïîðîøêîâîãî è àýðîçîëüíîãî ïîæàðîòóøå-

íèÿ â ïîìåùåíèÿõ ñ êîëè÷åñòâîì ÷åëîâåê 50 è áîëåå

(ñì. ïï. 8.1.2, 9.1.3, 10.1.7 [4]). Â òî æå âðåìÿ ñóùåñò-

âóþò íîðìàòèâû ïî äîïóñòèìîìó çàïîëíåíèþ ëþäüìè

ïîìåùåíèé ðàçëè÷íîãî íàçíà÷åíèÿ, ïðèìåíÿåìûå

äëÿ ðàñ÷åòà ïàðàìåòðîâ ïóòåé ýâàêóàöèè, êîòîðûå ïî-

çâîëÿþò ñíèçèòü ïëîòíîñòü çàïîëíåíèÿ ïîìåùåíèÿ

ëþäüìè. Íàïðèìåð, â ï. 7.2.5 ÑÏ 1.13130.2009 [6]

äëÿ ìàãàçèíîâ ìàêñèìàëüíîå ÷èñëî ïîêóïàòåëåé îïðå-

äåëÿåòñÿ èç ðàñ÷åòà 1 ÷åë. íà 3 ì2 îáùåé ïëîùàäè

òîðãîâîãî çàëà. Ñëåäîâàòåëüíî, â ìàãàçèíå ñ ïëîùàäüþ

òîðãîâîãî çàëà 153 ì2 ìîæåò íàõîäèòüñÿ íå áîëåå

51 ÷åë. Â òàêîì ñëó÷àå ñîãëàñíî ÏÏÐ [3] ñàì ìàãàçèí

áóäåò îòíîñèòüñÿ ê îáúåêòàì ñ ìàññîâûì ïðåáûâàíè-

åì ëþäåé, íî åãî òîðãîâûé çàë íå áóäåò ÿâëÿòüñÿ ïî-

ìåùåíèåì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé èç-çà

íèçêîé ïëîòíîñòè çàïîëíåíèÿ. Ïðè ýòîì ïðèñóòñòâèå

áóëüøåãî êîëè÷åñòâà ëþäåé â çàëå íå äîïóñêàåòñÿ,

òàê êàê ï. 32 ÏÏÐ [3] çàïðåùàåò íàðóøàòü óñòàíîâëåí-

íûå íîðìû çàïîëíåíèÿ ïîìåùåíèé ëþäüìè, à ï. 119

ÏÏÐ [3] îáÿçûâàåò ðóêîâîäèòåëÿ îðãàíèçàöèè èëè îò-

âåòñòâåííûõ ëèö ïðèíèìàòü äîïîëíèòåëüíûå ìåðû

ïîæàðíîé áåçîïàñíîñòè, íàïðàâëåííûå íà îãðà-

íè÷åíèå äîñòóïà ïîñåòèòåëåé â òîðãîâûå çàëû ïðè

ïðîâåäåíèè ðàñïðîäàæ, ðåêëàìíûõ àêöèé è äðóãèõ
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ìåðîïðèÿòèé, ñâÿçàííûõ ñ ìàññîâûì ïðåáûâàíèåì

ëþäåé.

Ïðåäñòàâëåííîå â ï. 3.71 ÑÏ 5.13130.2009 [4] îïðå-

äåëåíèå âåäåò ê ðàçëè÷íîìó òîëêîâàíèþ åãî ïðîåêòè-

ðîâùèêàìè, ÷åãî áûòü íå äîëæíî.

Êðîìå òîãî, â ÏÏÐ [3] âñòðå÷àåòñÿ ôðàçà “ìåðîïðèÿ-

òèå ñ ìàññîâûì ïðåáûâàíèåì (ó÷àñòèåì) ëþäåé”,

ïðè ýòîì íå óêàçûâàåòñÿ, ñêîëüêî ëþäåé äîëæíî ó÷à-

ñòâîâàòü â ìåðîïðèÿòèè, ÷òîáû îíî îòíîñèëîñü ê ìàñ-

ñîâîìó. Èíòóèöèÿ, à òàêæå ñîäåðæàíèå ï. 7 ÏÏÐ [3]

íàâîäÿò íà ìûñëü î ìàññîâîñòè ìåðîïðèÿòèÿ ïðè

ó÷àñòèè â íåì 50 ÷åë. è áîëåå, íî ýòî ïîðîæäàåò äî-

ïîëíèòåëüíûå âîïðîñû. Åñëè â òîðãîâîì çàëå ìàãà-

çèíà ïðîõîäèò ðàñïðîäàæà ñ ó÷àñòèåì â íåé 45 ÷åë. è

5 ñîòðóäíèêîâ, êîòîðûå íàõîäÿòñÿ â ýòîò ïåðèîä â äðó-

ãèõ ïîìåùåíèÿõ, òî òàêîå ìåðîïðèÿòèå â çàëå áóäåò

ñ÷èòàòüñÿ ìàññîâûì? Ñàì ìàãàçèí áóäåò îäíîçíà÷íî

ÿâëÿòüñÿ çäàíèåì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé,

à êàêèì áóäåò ìåðîïðèÿòèå, îòâåòà íåò. Çà îñíîâó

ìîæíî âçÿòü òðåáîâàíèÿ ï. 10 ïîñòàíîâëåíèÿ Ïðàâè-

òåëüñòâà ÐÔ îò 25 ìàðòà 2015 ã. ¹ 272 [7] ïî àíòèòåð-

ðîðèñòè÷åñêîé çàùèùåííîñòè ìåñò ìàññîâîãî ïðå-

áûâàíèÿ ëþäåé. Â íåì óêàçàíî, ÷òî äàííûå ìåñòà

äåëÿòñÿ íà òðè êàòåãîðèè, ãäå “ìåñòî ìàññîâîãî ïðå-

áûâàíèÿ ëþäåé 3-é êàòåãîðèè — ìåñòî ìàññîâîãî

ïðåáûâàíèÿ ëþäåé, â êîòîðîì ïðè îïðåäåëåííûõ

óñëîâèÿõ ìîæåò îäíîâðåìåííî íàõîäèòüñÿ îò 50 äî

200 ÷åëîâåê” [7]. Òðåòüÿ êàòåãîðèÿ ÿâëÿåòñÿ ñàìîé

íèçêîé è õàðàêòåðèçóåòñÿ íàèìåíüøèì ÷èñëîì ëþäåé.

Èç îïðåäåëåíèÿ ñòàíîâèòñÿ î÷åâèäíûì, ÷òî ìåñòî è

òî ìåðîïðèÿòèå, êîòîðîå â ýòîì ìåñòå ïðîõîäèò, áóäóò

ñ÷èòàòüñÿ ìàññîâûìè ïðè íàõîæäåíèè òàì íå ìåíåå

50 ÷åë. Ýòîò ïóíêò ïîäòâåðæäàåò ïðåäûäóùèå óìîçà-

êëþ÷åíèÿ è ìîæåò áûòü àäàïòèðîâàí äëÿ ïðèìåíå-

íèÿ â ÏÏÐ [3].

Õîòåëîñü áû îòìåòèòü, ÷òî òåðìèí “ïîìåùåíèå ñ ìàñ-

ñîâûì ïðåáûâàíèåì ëþäåé” íå ïðèìåíÿåòñÿ íè â

ÏÏÐ [3], íè â ðàññìîòðåííûõ âûøå ñâîäàõ ïðàâèë.

Â ñâÿçè ñ ýòèì âîçíèêàåò ðåçîííûé âîïðîñ, ïðàâî-

ìåðíî ëè ïðèìåíåíèå ýòîãî òåðìèíà â íîðìàòèâíîé

ëèòåðàòóðå? Îòâåò îòðèöàòåëüíûé, òàê êàê ýòî ñîçäà-

åò äîïîëíèòåëüíûå ñëîæíîñòè â îïðåäåëåíèè ïðèíàä-

ëåæíîñòè ïîìåùåíèÿ ê ìàññîâîìó. Åñëè æå è îñòàâ-

ëÿòü ýòîò òåðìèí, òî åãî îïðåäåëåíèå äîëæíî áûòü

ïåðåñìîòðåíî è îòêîððåêòèðîâàíî â íîâîé ðåäàêöèè

ÑÏ 5.13130.2009 [4], îáñóæäåíèå êîòîðîé íàìå÷åíî

íà 2018 ã. (ïèñüìî Äåïàðòàìåíòà íàäçîðíîé äåÿòåëü-

íîñòè è ïðîôèëàêòè÷åñêîé ðàáîòû Ì×Ñ Ðîññèè îò

30.06.2017 ã. ¹ 19-16-835).

Îïèðàÿñü íà îïûò ïðåäûäóùèõ ïîêîëåíèé è íà òðåáî-

âàíèÿ íåäåéñòâóþùèõ Ïðàâèë ïðîòèâîïîæàðíîé áåç-

îïàñíîñòè (ÏÏÁ 01–03), ìîæíî êîíñòàòèðîâàòü, ÷òî ïî-

ìåùåíèåì ñ ìàññîâûì ïðåáûâàíèåì ëþäåé ñëåäóåò

ñ÷èòàòü ïîìåùåíèå, â êîòîðîì îäíîâðåìåííî ìîæåò

íàõîäèòüñÿ 50 ÷åë. è áîëåå (ñì. ï. 43 ÏÏÁ 01–03) è

äëÿ êîòîðîãî ìàêñèìàëüíî äîïóñòèìóþ ïëîòíîñòü çà-

ïîëíåíèÿ ëþäüìè ñëåäóåò ïðèíèìàòü èç ðàñ÷åòà 1 ÷åë.

íà 1 ì2, åñëè èíîå çíà÷åíèå ïëîòíîñòè çàïîëíåíèÿ

ïîìåùåíèÿ íå ïðåäóñìîòðåíî äðóãèìè íîðìàòèâíû-

ìè äîêóìåíòàìè. Ïëîùàäü ñàìîãî ïîìåùåíèÿ çäåñü

íå èãðàåò ñóùåñòâåííîé ðîëè, òàê êàê äëÿ îòäåëüíûõ

âèäîâ ïîìåùåíèé ïëîòíîñòü çàïîëíåíèÿ ìîæåò ñî-

ñòàâëÿòü áîëåå 50 ÷åë. íà ïëîùàäè ìåíåå 50 ì2. Íà-

ïðèìåð, äëÿ òåàòðîâ è êîíöåðòíûõ çàëîâ ïðè ðàñ÷åòå

ïóòåé ýâàêóàöèè ñëåäóåò ïðèíèìàòü ïëîùàäü 0,7 ì2

íà 1 ÷åë. (ñì. ï. 5.23 ÑÏ 118.13330.2012* [5]). Â ýòîì

ñëó÷àå 50 ÷åë. ñìîãóò óìåñòèòüñÿ íà ïëîùàäè 35 ì2,

ò. å. òàêèå çàëû ïî ïëîùàäè ïîä îïðåäåëåíèå ï. 3.71

ÑÏ 5.13130.2009 [4] íå ïîäõîäÿò, õîòÿ ïëîòíîñòü ëþ-

äåé â íèõ âûøå òðåáóåìîé.

Îòìå÷åííûå âûøå íåñîîòâåòñòâèÿ ïðèâîäÿò ê çàìå-

øàòåëüñòâó ïðè âûáîðå ïðîâîäîâ è êàáåëåé äëÿ çäàíèé

ñ ìàññîâûì ïðåáûâàíèåì ëþäåé. Ñîãëàñíî òàáë. 2

ÃÎÑÒ 31565–2012 [8] ïðîêëàäêó ýëåêòðè÷åñêèõ ñåòåé

â óêàçàííûõ çäàíèÿõ òðåáóåòñÿ âûïîëíÿòü äîðîãî-

ñòîÿùèìè êàáåëÿìè òèïà íã(…)-HF (íå ðàñïðîñòðàíÿ-

þùèìè ãîðåíèå è íå âûäåëÿþùèìè êîððîçèîííî-

àêòèâíûå ãàçîîáðàçíûå ïðîäóêòû ïðè ãîðåíèè è òëå-

íèè). Áîëåå äåøåâûå êàáåëè òèïà íã(…)-LS (íå ðàñ-

ïðîñòðàíÿþùèå ãîðåíèå, ñ ïîíèæåííûì äûìî- è ãàçî-

âûäåëåíèåì) ìîãóò ïðèìåíÿòüñÿ â èíûõ çäàíèÿõ è

ñîîðóæåíèÿõ.

Èñõîäÿ èç ðàññìîòðåííûõ âûøå òåðìèíîâ è îïðåäå-

ëåíèé, êàñàþùèõñÿ îáúåêòîâ ñ ìàññîâûì ïðåáûâà-

íèåì ëþäåé, êàáåëè òèïà íã(…)-HF ñëåäóåò ïðîêëàäû-

âàòü â çäàíèÿõ (â òîì ÷èñëå â ïîìåùåíèÿõ) ñ ïîñòîÿí-

íûì èëè âðåìåííûì ïðåáûâàíèåì 50 ÷åë. è áîëåå.

Â çàêëþ÷åíèå õîòåëîñü áû îòìåòèòü, ÷òî òåðìèíû “çäà-

íèå (îáúåêò) ñ ìàññîâûì ïðåáûâàíèåì ëþäåé” è “ïî-

ìåùåíèå ñ ìàññîâûì ïðåáûâàíèåì ëþäåé” íå ñëå-

äóåò ðàññìàòðèâàòü êàê ðàâíîçíà÷íûå. Äàæå åñëè

çäàíèå ñ ïðåáûâàíèåì â íåì 50 ÷åë. è áîëåå è áóäåò

îòíîñèòüñÿ ê çäàíèÿì ñ ìàññîâûì ïðåáûâàíèåì ëþ-

äåé, ýòî ñîâñåì íå çíà÷èò, ÷òî â íåì åñòü ïîìåùåíèÿ,

â êîòîðûõ îäíîâðåìåííî íàõîäèòñÿ óêàçàííîå ÷èñëî

ëþäåé.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

íèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ óñòðîéñòâ è ïðîãðàììíî-èíôîð-

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû

óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

ââåäåíèå, öåëè è çàäà÷è, ìåòîäû, ðåçóëüòàòû, çàêëþ÷åíèå (âûâîäû).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ðåêîìåíäóåòñÿ âêëþ÷àòü ñõåìû, òàáëèöû,

èëëþñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåí-

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.6. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷êó ñ çàïÿ-

òîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü òåðìèíû

îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.), íå ÿâëÿ-

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

óïîòðåáëåíèÿ ñëîâ “and” (è), “of” (ïðåäëîã, óêàçûâàþùèé íà ïðè-

íàäëåæíîñòü), àðòèêëåé “a”, “the” è ò. ï.

2.7. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:

� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;

� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;

� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:

� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);

� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;

� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);

� âûõîäíûå äàííûå;

� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

(ò. å. îí íå äîëæåí áûòü ñâÿçàí ñ ìåñòîì ðàáîòû (ó÷åáû) àâòîðîâ

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

åãî Ô. È. Î., ó÷åíîãî çâàíèÿ, ó÷åíîé ñòåïåíè, äîëæíîñòè, ìåñòà ðà-

áîòû), çàâåðåíà îòäåëîì êàäðîâ (ó÷åíûì ñåêðåòàðåì) è ïå÷àòüþ.

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

4. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

5. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

âñå âîïðîñû è çàìå÷àíèÿ ðåöåíçåíòà. Íåñâîåâðåìåííûé, à òàêæå

íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòî-

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå÷àíèé ðåöåíçåíòîâ è íàó÷íûõ

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!










