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Óñòàíîâëåíî óâåëè÷åíèå çíà÷åíèé êîýôôèöèåíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ ìîäèôèöèðîâàí-
íûõ æèäêèõ óãëåâîäîðîäîâ (ÆÓÂ) â óñëîâèÿõ âîçäåéñòâèÿ ïåðåìåííîãî ýëåêòðè÷åñêîãî ïîëÿ â
ñðåäíåì íà 10–30 % â ñðàâíåíèè ñ êîíòðîëüíûìè îáðàçöàìè. Ïîêàçàíî, ÷òî ïðè âîçäåéñòâèè
ïåðåìåííîãî ýëåêòðè÷åñêîãî ïîëÿ ïðîèñõîäèò ñíèæåíèå èíòåíñèâíîñòè èñïàðåíèÿ ñ îòêðûòîé
ïîâåðõíîñòè íàíîæèäêîñòåé íà 20–40 % â ñðàâíåíèè ñ êîíòðîëüíûìè îáðàçöàìè. Óñòàíîâëåíî
ñíèæåíèå äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè íàíîæèäêîñòåé â óñëîâèÿõ ñòàáèëèçàöèè óãëåðîä-
íûõ íàíîñòðóêòóð (ÓÍÑ) â ñðåäíåì íà 20–30 % â ñðàâíåíèè ñ êîíòðîëüíûìè îáðàçöàìè. Íà-
áëþäàëîñü óìåíüøåíèå íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ (íà 20 %), ãåíåðèðóåìîãî ïðè ãî-
ìîãåíèçàöèè â ñðåäå ÆÓÂ. Ïîêàçàíî, ÷òî ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè ðîñò óäåëüíîãî
îáúåìíîãî ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ ñíèæàåòñÿ íà 10–20 % â ñðàâíåíèè ñ êîíòðîëüíûìè
îáðàçöàìè. Ìåòîäîì àòîìíî-ñèëîâîé ìèêðîñêîïèè âûÿâëåíî, ÷òî ðàçìåðû àãëîìåðàòîâ ÓÍÑ
óìåíüøàþòñÿ íà 40 % â ñðàâíåíèè ñ íàíîæèäêîñòÿìè áåç ïðèìåíåíèÿ äîïîëíèòåëüíûõ ìåòî-
äîâ ñòàáèëèçàöèè ÓÍÑ. Ïðåäñòàâëåíû ôèçèêî-òåõíîëîãè÷åñêèå ïðèíöèïû óïðàâëåíèÿ íàíî-
ñòðóêòóðàìè, îñíîâàííûå íà ïðîöåññàõ ñòàáèëèçàöèè ïàðàìåòðîâ ÓÍÑ â æèäêèõ óãëåâîäîðî-
äàõ. Ïðåäëîæåíà ìåòîäèêà óïðàâëåíèÿ ïîæàðîîïàñíûìè ïðîöåññàìè ïðè îáðàùåíèè ñ ÆÓÂ.

Êëþ÷åâûå ñëîâà: ëåãêîâîñïëàìåíÿþùèåñÿ æèäêîñòè; ãîðþ÷èå æèäêîñòè; ïåðåìåííûé ÷àñòîòíî-
ìîäóëèðîâàííûé ïîòåíöèàë; ïàðîîáðàçîâàíèå; ýëåêòðèçàöèÿ; òåõíîëîãè÷åñêàÿ ðåàëèçàöèÿ.
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Ââåäåíèå

Æèäêèå óãëåâîäîðîäû (ÆÓÂ), îáðàùàþùèåñÿ â òåõ-

íîëîãè÷åñêèõ ïðîöåññàõ, ÿâëÿþòñÿ âàæíûì ôàêòî-

ðîì âîçíèêíîâåíèÿ âçðûâîïîæàðîîïàñíûõ ñèòóàöèé

íà ïðåäïðèÿòèè. Ñîãëàñíî ÃÎÑÒ Ð 12.3.047–2012

ôèçèêî-õèìè÷åñêèå ñâîéñòâà ïîæàðîîïàñíûõ æèä-

êîñòåé îïðåäåëÿþò ïîæàðîâçðûâîîïàñíûå ñâîéñòâà

òåõíîëîãè÷åñêîãî ïðîöåññà, ïîñêîëüêó õàðàêòåðè-

çóþò èõ ñïîñîáíîñòü ê âîçíèêíîâåíèþ è ðàñïðî-

ñòðàíåíèþ ãîðåíèÿ [1].

Ïðîâåäåí ðÿä èññëåäîâàíèé, îòðàæàþùèõ âîç-

ìîæíîñòü ïðèìåíåíèÿ óãëåðîäíûõ íàíîñòðóêòóð

(ÓÍÑ) â êà÷åñòâå ïðèñàäîê â öåëÿõ ñíèæåíèÿ ïî-

æàðíîé îïàñíîñòè ïðîöåññîâ õðàíåíèÿ, òðàíñïîðòè-

ðîâêè è ïåðåêà÷êè ëåãêîâîñïëàìåíÿþùèõñÿ (ËÂÆ)

è ãîðþ÷èõ (ÃÆ) æèäêîñòåé [2, 3]. Ïðåèìóùåñòâî òåõ-

íîëîãèè ïðèìåíåíèÿ ÓÍÑ — ýòî âîçìîæíîñòü ðå-

âåðñèâíîãî èçìåíåíèÿ ñâîéñòâ ìîäèôèöèðîâàííûõ

æèäêîñòåé äëÿ èõ èñïîëüçîâàíèÿ.

Ê íåäîñòàòêàì äàííîãî ìåòîäà îòíîñèòñÿ èçìå-

íåíèå ñâîéñòâ íàíîæèäêîñòåé íà íåçíà÷èòåëüíîå

âðåìÿ, ÷òî îáóñëîâëåíî àãëîìåðàöèåé íàíî÷àñòèö

â îáúåìå æèäêîñòè è èõ äàëüíåéøåé ñåäèìåíòà-

öèåé. Âîçíèêàåò íåîáõîäèìîñòü â èñïîëüçîâàíèè

© Èâàíîâ À. Â., Ìèôòàõóòäèíîâà À. À., Èâàõíþê Ã. Ê., Áàøàðè÷åâ À. Â., 2018
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äîïîëíèòåëüíûõ ìåòîäîâ ñòàáèëèçàöèè íàíîæèä-

êîñòåé. Â [4] îïðåäåëåíû óñëîâèÿ ñòàáèëèçàöèè íà-

íîñòðóêòóð ïóòåì ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ

ïåðåìåííîãî ÷àñòîòíî-ìîäóëèðîâàííîãî ïîòåíöèà-

ëà (Ï×ÌÏ) íà ãðàíèöå ðàçäåëà ôàç æèäêîñòü – ïàð

ïðèìåíèòåëüíî ê ýòàíîëó. Ïîêàçàíî, ÷òî ñêîðîñòü

îáðàçîâàíèÿ ïîæàðîîïàñíûõ êîíöåíòðàöèé ñíè-

æàåòñÿ ïðè ïîâûøåíèè ñòàáèëüíîñòè íàíîæèäêî-

ñòåé ñ ìíîãîñëîéíûìè óãëåðîäíûìè íàíîòðóáêàìè

(MWCNT), ÷òî äîñòèãàåòñÿ ïóòåì âîçäåéñòâèÿ ïåðå-

ìåííîãî ýëåêòðè÷åñêîãî ïîëÿ, ñîçäàâàåìîãî Ï×ÌÏ

[5]. Ïðè âîçðàñòàíèè êîíöåíòðàöèé íàíîñòðóêòóð

ñíèæåíèå óäåëüíîãî îáúåìíîãî ýëåêòðè÷åñêîãî ñî-

ïðîòèâëåíèÿ (ÓÎÝÑ) äîñòèãàåò ïîðÿäêà 50 %. Âðåìÿ

ñòàáèëèçàöèè çíà÷åíèé ÓÎÝÑ ñîñòàâëÿåò â ñðåäíåì

2 ÷, à ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè — 3–3,5 ÷,

÷òî ñâÿçàíî ñ áîëåå ìåäëåííûì ïðîöåññîì îáðàçî-

âàíèÿ àãëîìåðàöèé íàíîñòðóêòóð.

Õàðàêòåð òðàíñïîðòíûõ õàðàêòåðèñòèê ÓÍÑ,

âõîäÿùèõ â ñîñòàâ íàíîæèäêîñòåé, îïðåäåëÿåòñÿ

áðîóíîâñêèì (òåïëîâûì) äâèæåíèåì, ôîííîíûì è

áàëëèñòè÷åñêèì ìåõàíèçìàìè [6]. Ïðîöåññû ïàðî-

îáðàçîâàíèÿ â íàíîæèäêîñòÿõ ìîäåëèðóþòñÿ ñ èñ-

ïîëüçîâàíèåì ïè-òåîðåìû ñ ââåäåíèåì ïîïðàâî÷-

íîãî êîýôôèöèåíòà À [7]:

A = f (r, �, �, k, �, �, C, �), (1)

ãäå r — ñðåäíèé ðàçìåð íàíî÷àñòèö, íì;

� — ïîâåðõíîñòíîå íàòÿæåíèå, Í�ì;

� — äèíàìè÷åñêàÿ âÿçêîñòü, Ïà·ñ;

k — êîýôôèöèåíò äèôôóçèè;

� — êîíöåíòðàöèÿ ïàðîâ æèäêîñòè, %;

� — ïëîòíîñòü ïàðîâ æèäêîñòè, êã�ì3;

Ñ — êîýôôèöèåíò, õàðàêòåðèçóþùèé ïðîöåññ

èñïàðåíèÿ;

� — ñîîòíîøåíèå ðàçìåðîâ íàíî÷àñòèö.

Ïðîöåññû ýëåêòðèçàöèè ïðè îáðàùåíèè ñ ÆÓÂ,

ÿâëÿþùèìèñÿ äèýëåêòðèêàìè, îïðåäåëÿþòñÿ ýëåêò-

ðîôèçè÷åñêèìè ñâîéñòâàìè, òàêèìè êàê äèýëåêòðè-

÷åñêàÿ ïðîíèöàåìîñòü è óäåëüíîå îáúåìíîå ýëåêò-

ðè÷åñêîå ñîïðîòèâëåíèå [8], à òàêæå ïàðàìåòðàìè

íàíî÷àñòèö.

Â [2] îïðåäåëåíû ôàêòîðû, âëèÿþùèå íà ïðî-

öåññû ïàðîîáðàçîâàíèÿ â ëåãêîâîñïëàìåíÿþùèõñÿ

æèäêîñòÿõ, ìîäèôèöèðîâàííûõ íàíîêîìïîíåíòàìè.

Ê íèì îòíîñÿòñÿ ðàçìåðû ÓÍÑ, ðàññòîÿíèå ìåæäó

íàíî÷àñòèöàìè, óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè è äð.

Â [3] ïðèâåäåíû ôàêòîðû, ñïîñîáñòâóþùèå ñíè-

æåíèþ ýëåêòðèçàöèè íàíîæèäêîñòåé íà îñíîâå ÆÓÂ.

Ê íèì îòíîñÿòñÿ: ïëîòíîñòü áàçîâîé æèäêîñòè, ïî-

âåðõíîñòíîå íàòÿæåíèå íàíîæèäêîñòè, äîáðîòíîñòü

íàíîñòðóêòóð, ýëåêòðîïðîâîäíîñòü íàíîæèäêîñòè,

íàïðÿæåííîñòü âíåøíåãî ýëåêòðè÷åñêîãî ïîëÿ, ãå-

íåðèðóåìîãî Ï×ÌÏ.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿëîñü îáîñíîâàíèå

ôèçèêî-òåõíîëîãè÷åñêèõ ïðèíöèïîâ ïðîöåññà ñòà-

áèëèçàöèè íàíîñòðóêòóð. Â õîäå èññëåäîâàíèÿ ðàñ-

ñìàòðèâàëèñü çàêîíîìåðíîñòè ïðîöåññîâ ïàðîîáðà-

çîâàíèÿ è ýëåêòðèçàöèè ïîæàðîîïàñíûõ æèäêîñòåé

ñ ÓÍÑ ïðè âîçäåéñòâèè ïåðåìåííîãî ýëåêòðè÷åñêî-

ãî ïîëÿ. Íà îñíîâàíèè ïîëó÷åííûõ ðåçóëüòàòîâ äàíî

îïèñàíèå ïðîöåññà ñòàáèëèçàöèè ÓÍÑ â ÆÓÂ è

ïðåäëîæåíà ìåòîäèêà óïðàâëåíèÿ ïîæàðîîïàñíûìè

òåõíîëîãè÷åñêèìè ïðîöåññàìè, â êîòîðûõ îáðàùà-

þòñÿ ËÂÆ è ÃÆ, â óñëîâèÿõ âîçìîæíûõ àâàðèéíûõ

ñèòóàöèé.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè âûáðàíû

íàíîæèäêîñòè, â ñîñòàâ êîòîðûõ âõîäèëè MWCNT,

ïîëó÷åííûå ìåòîäîì êàòàëèòè÷åñêîãî ïèðîëèçà íà

óñòàíîâêå “CVDomna” [9]. Â êà÷åñòâå áàçîâûõ æèä-

êîñòåé èñïîëüçîâàëèñü: àöåòîí (ÃÎÑÒ 2768–84), ýòà-

íîë (ÃÎÑÒ 18300–87) è î-êñèëîë (ÃÎÑÒ 9410–78).

Ñâîäíûå äàííûå ïî ñâîéñòâàì óãëåðîäíûõ íàíî-

ñòðóêòóð, ñîäåðæàùèõ MWCNT, ïðèâåäåíû â òàáë. 1.

Íàíîæèäêîñòè ïîäãîòîâëåíû ïóòåì ðåàãåíòíîé

ìîäèôèêàöèè óãëåðîäíûõ íàíîñòðóêòóð, ñîäåðæà-

ùèõ MWCNT, â áàçîâûõ æèäêîñòÿõ (ñ êîíöåíòðà-

öèåé 0,5 è 1,0 % ìàññ.) ïðè âîçäåéñòâèè èñòî÷íèêà

óëüòðàçâóêà ñ ÷àñòîòîé 100 êÃö â òå÷åíèå 1 ÷ ïðè

òåìïåðàòóðå 40 °Ñ. Ðÿä îáðàçöîâ ïîäâåðãàëñÿ ýëåêò-

ðîôèçè÷åñêîìó âîçäåéñòâèþ — ïåðåìåííîìó ýëåêò-

ðè÷åñêîìó ïîëþ, ñîçäàâàåìîìó ãåíåðàòîðîì Ï×ÌÏ

ñ ïàðàìåòðàìè U = 50�120 Â, f = 50 Ãö [6].

Â èññëåäîâàíèè èñïîëüçîâàëèñü ñëåäóþùèå ìå-

òîäû: èçó÷åíèå ïðîöåññà èñòå÷åíèÿ íàíîæèäêîñòåé

èç ìàëûõ îòâåðñòèé [10]; èçìåðåíèÿ èíòåíñèâíîñòè

èñïàðåíèÿ íàíîæèäêîñòåé ñ îòêðûòîé ïîâåðõíîñòè

[4]; èçìåðåíèÿ äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ðå-

çîíàíñíûì ìåòîäîì [11]; èçìåðåíèÿ íàïðÿæåííî-

ñòè ýëåêòðè÷åñêîãî ïîëÿ ïðè ãîìîãåíèçàöèè íàíî-

æèäêîñòè [3]; èçìåðåíèÿ óäåëüíîé îáúåìíîé ýëåêò-

ðè÷åñêîé ïðîâîäèìîñòè íàíîæèäêîñòåé ïî ÃÎÑÒ

ISO 6297–2015; èññëåäîâàíèå òîïîëîãèè òâåðäîãî

îñòàòêà ÓÍÑ â íàíîæèäêîñòè ìåòîäîì àòîìíî-ñè-

ëîâîé ìèêðîñêîïèè [12].

¹ ï�ï

No.

Ñâîéñòâî MWCNT

MWCNT property

Çíà÷åíèå

Value

1 Äèàìåòð, íì � Diameter, nm 30–50

2 Äëèíà, íì � Length, nm 80–150

3 Äîáðîòíîñòü íàíî÷àñòèö � Merit
nanoparticles

0,86–0,92

4 Óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè
íàíî÷àñòèö, ì2�ã � Specific surface
area nanoparticles, m2�g

800–1200

Òàáëèöà 1. Ñâîéñòâà MWCNT

Table 1. Properties of the MWCNT
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Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èññëåäîâàíèå ïðîöåññà èñòå÷åíèÿ
íàíîæèäêîñòåé èç ìàëûõ îòâåðñòèé

Íàáëþäàëîñü óâåëè÷åíèå êîýôôèöèåíòà ïîâåðõ-

íîñòíîãî íàòÿæåíèÿ íàíîæèäêîñòåé ñ ðîñòîì êîí-

öåíòðàöèè MWCNT ïî ñðàâíåíèþ ñ áàçîâûìè æèä-

êîñòÿìè, êîòîðîå äëÿ íàíîæèäêîñòåé íà îñíîâå

àöåòîíà ñîñòàâëÿåò 15–20 %, ýòàíîëà — 10–20 %,

î-êñèëîëà — 10–20 %. Â óñëîâèÿõ ýëåêòðîôèçè÷å-

ñêîãî âîçäåéñòâèÿ êîýôôèöèåíò ïîâåðõíîñòíîãî íà-

òÿæåíèÿ äëÿ íàíîæèäêîñòåé ïî ñðàâíåíèþ ñ íàíî-

æèäêîñòÿìè, ïîäãîòîâëåííûìè áåç äîïîëíèòåëüíûõ

ñïîñîáîâ ñòàáèëèçàöèè, óâåëè÷èâàåòñÿ: íà îñíîâå

àöåòîíà — íà 20–30 %, ýòàíîëà — íà 10–20 %,

î-êñèëîëà — íà 10–20 % (ðèñ. 1).

Èññëåäîâàíèå èíòåíñèâíîñòè èñïàðåíèÿ
íàíîæèäêîñòåé ñ îòêðûòîé ïîâåðõíîñòè

Ðåçóëüòàòû èññëåäîâàíèÿ îòðàæàþò ñíèæåíèå

èíòåíñèâíîñòè èñïàðåíèÿ íàíîæèäêîñòåé â òå÷å-

íèå 2–3 ÷ ñ ðîñòîì êîíöåíòðàöèè MWCNT ïî ñðàâ-

íåíèþ ñ áàçîâûìè æèäêîñòÿìè: íà îñíîâå àöåòîíà

— íà 20–30 %, ýòàíîëà — íà 10–20 %, î-êñèëîëà —

íà 20–40 %. Â óñëîâèÿõ ñòàáèëèçàöèè ÓÍÑ ñíèæå-

íèå èíòåíñèâíîñòè èñïàðåíèÿ ñîõðàíÿåòñÿ â òå÷å-

íèå 5–6 ÷ ïî ñðàâíåíèþ ñ íåñòàáèëèçèðîâàííûìè

íàíîæèäêîñòÿìè è ñîñòàâëÿåò: äëÿ íàíîæèäêîñòåé

íà îñíîâå àöåòîíà 20–30 %, ýòàíîëà — 20–30 %,

î-êñèëîëà — 30–40 %.

Íà ðèñ. 2 ïðåäñòàâëåíû äàííûå ïî îòíîñèòåëü-

íîìó èçìåíåíèþ çíà÷åíèé èíòåíñèâíîñòè èñïàðå-

íèÿ KW èñï (êã�(ñ·ì2)) ïðè ðåàãåíòíîé è áåçðåàãåíò-

íîé ñòàáèëèçàöèè íàíîñòðóêòóð:

KW èñï = Wèñï.í �Wèñï, (2)

ãäå Wèñï.í, Wèñï — èíòåíñèâíîñòü èñïàðåíèÿ ñîîò-

âåòñòâåííî íàíîæèäêîñòè è êîíòðîëüíîãî îá-

ðàçöà, êã�(ñ·ì2).

Èññëåäîâàíèå äèýëåêòðè÷åñêîé
ïðîíèöàåìîñòè íàíîæèäêîñòåé

Äëÿ íàíîæèäêîñòåé áåç ïðèìåíåíèÿ äîïîëíè-

òåëüíûõ ñïîñîáîâ ñòàáèëèçàöèè íàáëþäàåòñÿ ñíè-

æåíèå äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ïî ñðàâíå-

íèþ ñ áàçîâûìè æèäêîñòÿìè íà îñíîâå àöåòîíà íà

10–20 %, ýòàíîëà — íà 20–30 %, î-êñèëîëà — íà

5–20 %. Ïðè ýëåêòðîôèçè÷åñêîé ñòàáèëèçàöèè ñíè-

æåíèå äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ñîñòàâëÿåò:

íà îñíîâå àöåòîíà — 20–30 %, ýòàíîëà — 20–30 %,

î-êñèëîëà — 10–20 % (ðèñ. 3,à–3,â).

Èññëåäîâàíèå óäåëüíîé îáúåìíîé
ýëåêòðè÷åñêîé ïðîâîäèìîñòè
íàíîæèäêîñòåé

Â òàáë. 2 ïðåäñòàâëåíû äàííûå ïî îòíîñèòåëü-

íîìó èçìåíåíèþ çíà÷åíèé ÓÎÝÑ K
vì � (Kì — êîýô-

ôèöèåíò ìîäèôèêàöèè ÆÓÂ ÓÍÑ) ïðè ðåàãåíòíîé

è áåçðåàãåíòíîé ñòàáèëèçàöèè íàíîñòðóêòóð:

K
vì � = �ê ��í, (3)

ãäå �í, �ê — èçìåðåííîå çíà÷åíèå ÓÎÝÑ ñîîòâåòñò-

âåííî íàíîæèäêîñòè è êîíòðîëüíîãî îáðàçöà, Îì.

Ðèñ. 1. Çàâèñèìîñòü êîýôôèöèåíòà ïîâåðõíîñòíîãî íàòÿæå-

íèÿ íàíîæèäêîñòåé íà îñíîâå àöåòîíà (à), ýòàíîëà (á) è

î-êñèëîëà (â) îò êîíöåíòðàöèè MWCNT áåç äîïîëíèòåëü-

íûõ ñïîñîáîâ ñòàáèëèçàöèè è â óñëîâèÿõ ýëåêòðîôèçè÷åñêî-

ãî âîçäåéñòâèÿ

Fig. 1. The dependence of the surface tension coefficient of nano-

fluids based on acetone (a), ethanol (b) and o-xylene (c) on the con-

centration of MWCNT without additional methods of stabiliza-

tion and under electrophysical conditions
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Ðèñ. 2. Çàâèñèìîñòü èíòåíñèâíîñòè èñïàðåíèÿ íàíîæèäêîñòåé íà îñíîâå àöåòîíà (à), ýòàíîëà (á) è î-êñèëîëà (â) îò ñòàáèëüíî-

ñòè íàíîñòðóêòóð MWCNT

Fig. 2. Dependence of the evaporation rate on the stability of MWCNT nanostructure acetone (a), ethanol (b) and o-xylene (v)
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Áåç âîçäåéñòâèÿ Ï×ÌÏ ñíèæåíèå ÓÎÝÑ äî çíà-

÷åíèé áàçîâîé æèäêîñòè íàáëþäàåòñÿ â òå÷åíèå

1,5–2 ÷ è ñîñòàâëÿåò äëÿ íàíîæèäêîñòåé íà îñíîâå

àöåòîíà 50–60 %, ýòàíîëà — 30–40 %, î-êñèëîëà —

15–20 %. Ðåçóëüòàòû èçìåðåíèÿ ÓÎÝÑ ñòàáèëèçè-

ðîâàííûõ íàíîæèäêîñòåé îòðàæàþò óâåëè÷åíèå

âðåìåíè ðîñòà çíà÷åíèé íà 10–15 %.

Èññëåäîâàíèå ïðîöåññà ýëåêòðèçàöèè
íàíîæèäêîñòåé ïðè ãîìîãåíèçàöèè

Ñíèæåíèå íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ

íàíîæèäêîñòåé, ïîäãîòîâëåííûõ ïóòåì ðåàãåíòíîé

ìîäèôèêàöèè, íà îñíîâå àöåòîíà, ýòàíîëà è î-êñèëîëà

ñîñòàâëÿåò ñîîòâåòñòâåííî 70, 60 è 80 % (ðèñ. 4).

Ñíèæåíèå íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ äëÿ

Ðèñ. 3. Çàâèñèìîñòü äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè íàíî-

æèäêîñòåé íà îñíîâå àöåòîíà (à), ýòàíîëà (á) è î-êñèëîëà (â)

îò êîíöåíòðàöèè MWCNT â óñëîâèÿõ ñòàáèëèçàöèè ÓÍÑ

Fig. 3. Dependence of the dielectric constant of nanofluids based

on acetone (a), ethanol (b) and o-xylene (v) on the concentration

of MWCNT under conditions of stabilization of the CNS

Ðèñ. 4. Çàâèñèìîñòü íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ ïðè

ãîìîãåíèçàöèè íàíîæèäêîñòåé íà îñíîâå àöåòîíà (à), ýòà-

íîëà (á) è î-êñèëîëà (â) îò êîíöåíòðàöèè íàíî÷àñòèö è ñïî-

ñîáà ìîäèôèêàöèè

Fig. 4. Dependence of the electric field strength during the homo-

genization of nanofluids based on acetone (a), ethanol (b) and

o-xylene (v) on the concentration of nanoparticles and method of

modification
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íàíîæèäêîñòåé, ïîäãîòîâëåííûõ â óñëîâèÿõ ðåàãåíò-

íîé ìîäèôèêàöèè è ïðè âîçäåéñòâèè Ï×ÌÏ, ñîñòàâ-

ëÿåò äëÿ íàíîæèäêîñòåé íà îñíîâå àöåòîíà 80 %,

ýòàíîëà — 80 %, î-êñèëîëà — 90 %.

Èññëåäîâàíèå òîïîëîãèè òâåðäîãî îñòàòêà
óãëåðîäíûõ íàíîñòðóêòóð â íàíîæèäêîñòÿõ

Ðåçóëüòàòû èññëåäîâàíèÿ òîïîëîãèè àãëîìåðà-

öèé ÓÍÑ â íàíîæèäêîñòÿõ, êîòîðûå ïîäâåðãàëèñü

ýëåêòðîôèçè÷åñêîìó âîçäåéñòâèþ, îòðàæàþò çàìåä-

ëåíèå ïðîöåññà ðîñòà ðàçìåðîâ àãëîìåðàöèé íàíî-

ñòðóêòóð â íàíîæèäêîñòÿõ íà îñíîâå: àöåòîíà —

íà 20–30 %, ýòàíîëà — íà 40–60 %, î-êñèëîëà —

íà 60–70 %. Ýòî, î÷åâèäíî, îòðàæàåò ïðîöåññ ñòà-

áèëèçàöèè ðàññòîÿíèé ìåæäó íàíî÷àñòèöàìè â òå-

÷åíèå 4 ÷ (ðèñ. 5), òîãäà êàê ïðè ðåàãåíòíîé ìîäè-

ôèêàöèè áåç âîçäåéñòâèÿ Ï×ÌÏ óâåëè÷åíèå ðîñòà

àãëîìåðàòîâ íàñòóïàåò ÷åðåç 1,5–2,0 ÷ ïîñëå ïðèãî-

òîâëåíèÿ íàíîæèäêîñòè.

Îáñóæäåíèå ðåçóëüòàòîâ èññëåäîâàíèé

Ôèçèêî-òåõíîëîãè÷åñêèå ïðèíöèïû
óïðàâëåíèÿ ïîæàðîîïàñíûìè ïðîöåññàìè
ïðè îáðàùåíèè ñ æèäêèìè óãëåâîäîðîäàìè
â óñëîâèÿõ ñòàáèëèçàöèè íàíîñòðóêòóð

Óâåëè÷åíèå ïîâåðõíîñòíîãî íàòÿæåíèÿ íàíîæèä-

êîñòåé â ñðàâíåíèè ñ áàçîâûìè æèäêîñòÿìè îáóñëîâ-

ëåíî äåéñòâèåì ñèë âàí-äåð-âààëüñîâîãî âçàèìî-

äåéñòâèÿ ìåæäó íàíîñòðóêòóðàìè MWCNT [13].

Äàííûé ýôôåêò îáúÿñíÿåòñÿ òåì, ÷òî ñèëà âçàèìî-

äåéñòâèÿ ìåæäó íàíî÷àñòèöàìè íà ãðàíèöå ðàçäåëà

ôàç æèäêîñòü – òâåðäîå âåùåñòâî óâåëè÷èâàåò

ïîâåðõíîñòíóþ ñâîáîäíóþ ýíåðãèþ, ÷òî ïðèâîäèò

ê ïîâûøåíèþ ïîâåðõíîñòíîãî íàòÿæåíèÿ. Ýíåðãèþ

âàí-äåð-âààëüñîâîãî âçàèìîäåéñòâèÿ U (êÄæ�ìîëü)

ìîæíî âûðàçèòü â îáùåì âèäå êàê [14]:

U = – A�l 6, (4)

ãäå l — ðàññòîÿíèå ìåæäó âçàèìîäåéñòâóþùèìè

ìîëåêóëàìè, íì.

Èíûìè ñëîâàìè, óâåëè÷åíèå ðàññòîÿíèé ìåæäó

íàíî÷àñòèöàìè, íåèçáåæíîå ïðè èõ àãëîìåðàöèè,

ïðèâîäèò ê çíà÷èòåëüíîìó îñëàáëåíèþ âçàèìîäåé-

ñòâèÿ ìåæäó íèìè è, êàê ñëåäñòâèå, ê íåñòàáèëüíî-

ñòè íàíîæèäêîñòåé [13, 15].

Ïðè îïðåäåëåííîé òîïîëîãèè íàíî÷àñòèö ðåçêî

óâåëè÷èâàåòñÿ ýëåêòðè÷åñêèé ðåçîíàíñ ýëåêòðîìàã-

íèòíîãî ïîëÿ íà ïîâåðõíîñòè íàíî÷àñòèö, ÷òî âëå÷åò

çà ñîáîé âîçíèêíîâåíèå íîâûõ íàäìîëåêóëÿðíûõ

ñòðóêòóð, êîòîðûå ÿâëÿþòñÿ ìåõàíèçìîì íàíîìî-

äèôèêàöèè æèäêîñòåé [16].

Ñíèæåíèå èíòåíñèâíîñòè èñïàðåíèÿ íàíîæèä-

êîñòåé â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ îáúÿñíÿåòñÿ

ñðàâíèòåëüíî áîëåå ìåäëåííûì ïðîöåññîì îáðàçî-

âàíèÿ àãëîìåðàöèé íàíî÷àñòèö è óâåëè÷åíèåì ðàñ-

ñòîÿíèé ìåæäó íàíîñòðóêòóðàìè. Ïðè âîçäåéñòâèè

ïåðåìåííûõ ýëåêòðè÷åñêèõ ïîëåé âîçìîæíî óïðàâ-

ëåíèå ïàðàìåòðàìè íàíîæèäêîñòåé â öåëÿõ ñòàáèëè-

Âåùåñòâî

Substance

Âðåìÿ
èçìåðåíèÿ, ÷

Measurement
time, hr

Áåçðåàãåíòíàÿ
ìîäèôèêàöèÿ + Ï×ÌÏ

(U = 56 Â, f = 50 Ãö)

Ðåàãåíòíàÿ ìîäèôèêàöèÿ
MWCNT

Reagent modification
MWCNT

Ðåàãåíòíàÿ ìîäèôèêàöèÿ + Ï×ÌÏ
(U = 56 Â, f = 50 Ãö) MWCNT

Reagent modification + VFMP
(U = 56 V, f = 50 Hz) MWCNT

Non-reagent
modification + VFMP
(U = 56 V, f = 50 Hz)

0,5 % ìàññ.

0.5 % by mass

1,0 % ìàññ.

1.0 % by mass

0,5 % ìàññ.

0.5 % by mass

1,0 % ìàññ.

1.0 % by mass

Àöåòîí
Acetone

0 0,58 0,33 0,33 0,33 0,33

1 0,76 0,58 0,73 0,52 0,70

2 1,00 1,00 0,88 0,85 0,85

3 1,00 1,00 1,00 1,00 1,00

4 1,00 1,00 1,00 1,00 1,00

Ýòàíîë
Ethanol

0 0,69 0,53 0,53 0,53 0,53

1 0,78 0,75 0,86 0,68 0,71

2 0,98 0,98 0,98 0,85 0,80

3 1,00 1,00 1,00 1,00 1,00

4 1,00 1,00 1,00 1,00 1,00

î-Êñèëîë
o-Xylene

0 0,83 0,81 0,81 0,79 0,81

1 0,96 0,83 0,83 0,83 0,88

2 1,00 0,96 0,92 0,90 0,94

3 1,00 1,00 1,00 1,00 1,00

4 1,00 1,00 1,00 1,00 1,00

Òàáëèöà 2. Îòíîñèòåëüíîå èçìåíåíèå ÓÎÝÑ ïðè ðåàãåíòíîé è áåçðåàãåíòíîé ñòàáèëèçàöèè íàíîñòðóêòóð

Table 2. Relative change in specific volume electrical resistance during reagent and non-reagent stabilization of nanostructures



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 12 13

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

çàöèè ðàçìåðà àãëîìåðàöèé íàíî÷àñòèö è ðàññòîÿ-

íèé ìåæäó íèìè, èçìåíåíèÿ ýëåêòðîêèíåòè÷åñêîãî

ïîòåíöèàëà (äçåòà-ïîòåíöèàëà) íà ãðàíèöå ðàçäåëà

ôàç æèäêîñòü – òâåðäîå âåùåñòâî [17].

Êèíåòèêà íàêîïëåíèÿ ýëåêòðîñòàòè÷åñêèõ çàðÿ-

äîâ ïðè îáðàùåíèè ÆÓÂ õàðàêòåðèçóåòñÿ ïðèìåñ-

íîé è êàòàôîðåòè÷åñêîé ïðîâîäèìîñòüþ æèäêîñòåé

[18]. Èçìåíåíèå ýëåêòðîôèçè÷åñêèõ ñâîéñòâ íàíî-

æèäêîñòåé (äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü, íà-

ïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ, ýëåêòðè÷åñêàÿ

ïðîâîäèìîñòü) çàâèñèò îò âðåìåíè ðåëàêñàöèè çà-

ðÿäà æèäêîñòè, òàê êàê ëîêàëèçîâàííûå â áàçîâûõ

æèäêîñòÿõ íàíîñòðóêòóðû ïðîÿâëÿþò èíäóöèðîâàí-

íóþ ïîëÿðèçàöèþ. Âðåìÿ ðåëàêñàöèè MWCNT â

æèäêèõ óãëåâîäîðîäàõ �r (ñ) îïðåäåëÿåòñÿ ñîîòíî-

øåíèåì [19]:

�
� �
� �r 	






2

2
1 2

1 2

, (5)

ãäå �1, �2 — äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ñîîò-

âåòñòâåííî áàçîâîé æèäêîñòè è íàíîñòðóêòóð;

�1, �2 — ýëåêòðîïðîâîäíîñòü ñîîòâåòñòâåííî

áàçîâîé æèäêîñòè è íàíîñòðóêòóð, Ñì�ì.

Ñóùåñòâåííîå ñíèæåíèå äèýëåêòðè÷åñêîé ïðî-

íèöàåìîñòè íàíîæèäêîñòåé â ñðàâíåíèè ñ áàçîâû-

ìè æèäêîñòÿìè îáóñëîâëåíî òåì, ÷òî óãëåðîäíûå

íàíî÷àñòèöû ëîêàëèçóþò çíà÷èòåëüíîå êîëè÷åñòâî

ñâîáîäíûõ çàðÿäîâ â áàçîâûõ æèäêîñòÿõ [20]. Ïðè

âîçäåéñòâèè ïåðåìåííîãî ýëåêòðè÷åñêîãî ïîëÿ ïðî-

èñõîäèò ïîëÿðèçàöèÿ è âûñòðàèâàíèå ìîëåêóë è íà-

íî÷àñòèö âäîëü ñèëîâûõ ëèíèé è èçìåíåíèå äçåòà-

ïîòåíöèàëà [17]. Òåì ñàìûì ñòàáèëèçèðóþòñÿ çíà-

÷åíèÿ ÓÎÝÑ, îáðàçîâàíèå àãëîìåðàòîâ çàìåäëÿåòñÿ

è ñòàáèëèçèðóåòñÿ ðàññòîÿíèå ìåæäó íàíî÷àñòè-

öàìè, ÷òî îáóñëàâëèâàåò ñíèæåíèå íàïðÿæåííîñòè

ýëåêòðè÷åñêîãî ïîëÿ ïðè ãîìîãåíèçàöèè, ïåðåêà÷êå

è ïíåâìàòè÷åñêîì ðàñïûëåíèè íàíîæèäêîñòåé.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ðàçðàáîòàòü

ìåòîäèêó óïðàâëåíèÿ ïîæàðîîïàñíûìè ïðîöåññàìè

ïðè îáðàùåíèè ñ æèäêèìè óãëåâîäîðîäàìè â óñëî-

âèÿõ ñòàáèëèçàöèè óãëåðîäíûõ íàíîñòðóêòóð.

Ðàçðàáîòêà òåõíè÷åñêèõ ðåøåíèé äëÿ îáåñïå÷å-

íèÿ ïîæàðíîé áåçîïàñíîñòè ïðîöåññîâ, ñâÿçàííûõ

ñ îáðàùåíèåì æèäêèõ óãëåâîäîðîäîâ, ïóòåì ñòàáè-

ëèçàöèè íàíîñòðóêòóð îñíîâûâàåòñÿ íà óïðàâëåíèè

ïîæàðîîïàñíûìè ñâîéñòâàìè îáðàùàþùèõñÿ ÆÓÂ

äëÿ îïåðàòèâíîãî ïðåäîòâðàùåíèÿ ïðîÿâëåíèé âîç-

ìîæíûõ ïîæàðîâçðûâîîïàñíûõ ñèòóàöèé â òåõíî-

ëîãè÷åñêîì ïðîöåññå. Ôóíêöèîíàëüíàÿ áëîê-ñõåìà

[20] ïðåäëîæåííîé ìåòîäèêè óïðàâëåíèÿ ïîæàðî-

îïàñíûìè ïðîöåññàìè ïðè îáðàùåíèè ñ æèäêèìè

Ðèñ. 5. Òîïîëîãèÿ òâåðäîãî îñòàòêà ÓÍÑ â íàíîæèäêîñòÿõ ñïóñòÿ 4 ÷ ïîñëå ïîäãîòîâêè íàíîæèäêîñòè íà îñíîâå: à — àöåòîíà;

á — àöåòîíà + Ï×ÌÏ; â — ýòàíîëà; ã — ýòàíîëà + Ï×ÌÏ; ä — î-êñèëîëà; å — î-êñèëîëà + Ï×ÌÏ

Fig. 5. The topology of agglomerations of nanostructures in nanofluids 4 hours after the preparation of nanofluids on the basis of: a —

acetone; b — acetone + VFMP; v — ethanol; g — ethanol + VFMP; d — o-xylene; e — o-xylene + VFMP
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óãëåâîäîðîäàìè â óñëîâèÿõ ñòàáèëèçàöèè óãëåðîä-

íûõ íàíîñòðóêòóð ïðåäñòàâëåíà íà ðèñ. 6.

Ïîäãîòîâêà íàíîêîìïîíåíòíîé ïðèñàäêè íà îñíî-

âå îáðàùàþùèõñÿ â òåõíîëîãè÷åñêîì ïðîöåññå ÆÓÂ

îñóùåñòâëÿåòñÿ íà îñíîâàíèè àíàëèçà íîìåíêëàòóð-

íûõ äàííûõ è îñîáåííîñòåé ïîæàðíîé îïàñíîñòè

òåõíîëîãè÷åñêîãî ó÷àñòêà ñ îáðàùåíèåì ÆÓÂ è ïî-

æàðîîïàñíûõ ñâîéñòâ îáðàùàþùèõñÿ âåùåñòâ.

Ñâîéñòâà ÆÓÂ, òàêèå êàê ìîëÿðíàÿ ìàññà Ì, äèíà-

ìè÷åñêàÿ âÿçêîñòü �, ïîâåðõíîñòíîå íàòÿæåíèå �,

óäåëüíîå îáúåìíîå ýëåêòðè÷åñêîå ñîïðîòèâëåíèå �v ,

äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü � è ïëîòíîñòü ��
ÿâëÿþòñÿ ðåøàþùèìè ôàêòîðàìè, âëèÿþùèìè íà

ñíèæåíèå ïîæàðîîïàñíîñòè ïðîöåññîâ, ñâÿçàííûõ

ñ îáðàùåíèåì ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ

æèäêîñòåé [3].

Ïðè ïîäãîòîâêå íàíîæèäêîñòè ïðîèçâîäèòñÿ âû-

áîð ÓÍÑ ñ îïðåäåëåííûìè ïàðàìåòðàìè: ñðåäíèì ðàç-

ìåðîì dñð, íîìèíàëüíûì ðàññòîÿíèåì ìåæäó íàíî-

ñòðóêòóðàìè â ñðåäå ðàññìàòðèâàåìûõ ÆÓÂ L, óäåëü-

íîé ïëîùàäüþ ïîâåðõíîñòè S, êîíöåíòðàöèåé � è

äîáðîòíîñòüþ G�D.

Ìåòîä è ñïîñîá ïîäãîòîâêè (ïðèãîòîâëåíèÿ) íàíî-

æèäêîñòåé âî ìíîãîì îïðåäåëÿþò èõ ñòàáèëüíîñòü

â ñðåäå ÆÓÂ è ñîõðàíåíèå óëó÷øåííûõ ôèçèêî-õè-

ìè÷åñêèõ ñâîéñòâ ìîäèôèöèðîâàííûõ æèäêîñòåé.

Ñëåäîâàòåëüíî, íåîáõîäèìî îïðåäåëèòü ìåòîä è ñïî-

ñîá ïîäãîòîâêè ñîñòàâîâ íàíîæèäêîñòåé íà îñíîâå

ÆÓÂ. Äëÿ óâåëè÷åíèÿ âðåìåíè ñòàáèëüíîñòè íàíî-

ñòðóêòóð, âõîäÿùèõ â ñîñòàâ íàíîêîìïîíåíòíîé ïðè-

ñàäêè, â ñðåäå ÆÓÂ ñëåäóåò îïðåäåëèòü ìåòîä è

ñïîñîá ñòàáèëèçàöèè ÓÍÑ, ïðè êîòîðîì äîëæíî âû-

ïîëíÿòüñÿ óñëîâèå

Kñò � �r , (6)

ãäå Kñò — ñòàáèëüíîñòü ÓÍÑ, ñ;

�r — âðåìÿ ðåëàêñàöèè ÓÍÑ â ÆÓÂ, ñ.

Â ñëó÷àå íåâûïîëíåíèÿ äàííîãî óñëîâèÿ ñëå-

äóåò ïåðåñìîòðåòü ïðèìåíÿåìûå ÓÍÑ èñõîäÿ èç èõ

ïàðàìåòðîâ, ïîñêîëüêó ïðèìåíåíèå íåêîòîðûõ âñïî-

ìîãàòåëüíûõ âåùåñòâ è ìàòåðèàëîâ äëÿ óëó÷øåíèÿ

äàííûõ ïàðàìåòðîâ ÓÍÑ ìîæåò ïðèâåñòè ê óõóäøå-

íèþ ñâîéñòâ áàçîâûõ æèäêîñòåé.

Äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ ïðè

âûáîðå ìåòîäà è ñïîñîáà ïîäãîòîâêè íàíîêîìïî-

íåíòíîé ïðèñàäêè íåîáõîäèìî ïðîàíàëèçèðîâàòü èõ

âëèÿíèå íà èçìåíåíèå ïîæàðîîïàñíûõ ñâîéñòâ â

ñðåäå ÆÓÂ. Ïðè îïðåäåëåíèè âëèÿíèÿ âêëàäà íàíî-

êîìïîíåíòíîé ïðèñàäêè äîëæíû âûïîëíÿòüñÿ óñëî-

âèÿ, ïðè âûïîëíåíèè êîòîðûõ ìîæåò áûòü îáåñïå-

÷åíà ïîæàðíàÿ áåçîïàñíîñòü ïðîöåññîâ ñ îáðàùåíè-

åì ÆÓÂ:

Wèñï2 < Wèñï1; (7)

�2 < �1; (8)

Uýï2 < Uýï1; (9)

�2 > �1, (10)

ãäå Wèñï2, Wèñï1 — èíòåíñèâíîñòü èñïàðåíèÿ ñîîò-

âåòñòâåííî íàíîêîìïîíåíòíîé ïðèñàäêè è ÆÓÂ,

êã�(ì2·ñ);

�2, �1 — äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ñîîò-

âåòñòâåííî íàíîêîìïîíåíòíîé ïðèñàäêè è ÆÓÂ;

Uýï2, Uýï1 — íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ

ñîîòâåòñòâåííî íàíîêîìïîíåíòíîé ïðèñàäêè è

ÆÓÂ ïðè ãîìîãåíèçàöèè, êÂ�100 ìì;

Ðèñ. 6. Ôóíêöèîíàëüíàÿ áëîê-ñõåìà óïðàâëåíèÿ ïîæàðî-

îïàñíûìè ïðîöåññàìè ïðè îáðàùåíèè ñ æèäêèìè óãëåâîäî-

ðîäàìè â óñëîâèÿõ ñòàáèëèçàöèè óãëåðîäíûõ íàíîñòðóêòóð

Fig. 6. Functional diagram for controlling fire-hazardous pro-

cesses when handling liquid hydrocarbons under conditions of

stabilization of carbon nanostructures
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�2, �1 — êîýôôèöèåíò ïîâåðõíîñòíîãî íàòÿæå-

íèÿ ñîîòâåòñòâåííî íàíîêîìïîíåíòíîé ïðèñàä-

êè è ÆÓÂ, Í�ì.

Â ñëó÷àå íåâûïîëíåíèÿ äàííûõ óñëîâèé ñëåäó-

åò ïåðåñìîòðåòü ìåòîä è ñïîñîá ïîäãîòîâêè íàíî-

æèäêîñòåé.

Ïðè âûïîëíåíèè óñëîâèé ïî âûáîðó ïðèìåíÿ-

åìûõ ÓÍÑ, ïîäãîòîâêå íàíîêîìïîíåíòíûõ ñîñòàâîâ

íà îñíîâå îáðàùàþùèõñÿ ÆÓÂ è âûáîðå ïàðàìåò-

ðîâ ìåòîäà (ñïîñîáà) ñòàáèëèçàöèè ÓÍÑ â ñðåäå ÆÓÂ

îïðåäåëÿåòñÿ òåõíè÷åñêîå ðåøåíèå íà òåõíîëîãè÷å-

ñêîé ëèíèè â öåëÿõ îïåðàòèâíîé ïîäà÷è è äàëüíåé-

øåé ñòàáèëèçàöèè ïîëó÷åííîé íàíîêîìïîíåíòíîé

ïðèñàäêè ïðè âîçíèêíîâåíèè ïîæàðîîïàñíîé ñè-

òóàöèè.

Âûâîäû

Óïðàâëåíèå ïîæàðîîïàñíûìè ïðîöåññàìè â óñ-

ëîâèÿõ àâàðèéíûõ ñèòóàöèé, ñâÿçàííûõ ñ ðàçëèòè-

åì è îáðàçîâàíèåì âçðûâîïîæàðîîïàñíûõ êîíöåíò-

ðàöèé ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ æèäêî-

ñòåé, à òàêæå ñ îïàñíûì ïðîÿâëåíèåì ñòàòè÷åñêîãî

ýëåêòðè÷åñòâà, âîçíèêàþùèì ïðè îáðàùåíèè ñ íåô-

òåïðîäóêòàìè, âîçìîæíî ïóòåì îïåðàòèâíîãî ââå-

äåíèÿ íàíîêîìïîíåíòíûõ ïðèñàäîê (ÓÍÑ), ñòàáè-

ëèçèðîâàííûõ â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî âîç-

äåéñòâèÿ.

Ìåõàíèçì óïðàâëåíèÿ ïðîöåññàìè ïàðîîáðàçî-

âàíèÿ è ýëåêòðèçàöèè ÆÓÂ îñíîâàí íà ëîêàëèçàöèè

ñâîáîäíûõ çàðÿäîâ â æèäêîñòè, âûñòðàèâàíèè ÓÍÑ

âäîëü ñèëîâûõ ëèíèé âíåøíåãî ýëåêòðè÷åñêîãî ïîëÿ,

à òàêæå íà èçìåíåíèè ýëåêòðîêèíåòè÷åñêîãî ïîòåí-

öèàëà íà ãðàíèöå ðàçäåëà ôàç æèäêîñòü – òâåðäîå

âåùåñòâî.

Ïîëó÷åííûå çàâèñèìîñòè êîýôôèöèåíòà ïîâåðõ-

íîñòíîãî íàòÿæåíèÿ îò êîíöåíòðàöèè ÓÍÑ â óñëî-

âèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ, èíòåíñèâíî-

ñòè èñïàðåíèÿ îò ñòàáèëüíîñòè íàíîñòðóêòóð, íàïðÿ-

æåííîñòè ýëåêòðè÷åñêîãî ïîëÿ ïðè ãîìîãåíèçàöèè

íàíîæèäêîñòåé îò êîíöåíòðàöèè ÓÍÑ è ñïîñîáà

ìîäèôèêàöèè, à òàêæå ðàçðàáîòàííûå óñëîâèÿ ñòà-

áèëèçàöèè ïîçâîëÿþò ðàçðàáîòàòü ìåòîäèêó óïðàâ-

ëåíèÿ ïîæàðîîïàñíûìè ïðîöåññàìè ïðè îáðàùåíèè

ñ ÆÓÂ äëÿ ïðåäîòâðàùåíèÿ ïîñëåäñòâèé àâàðèé-

íûõ ðîçëèâîâ ÆÓÂ è ñíèæåíèÿ ýëåêòðèçàöèè ïðè

õðàíåíèè, ãîìîãåíèçàöèè, ïåðåêà÷êå è òðàíñïîðòè-

ðîâêå íåôòåïðîäóêòîâ.
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ABSTRACT

Introduction. The emergence of a fire and explosion situation at the enterprise is due to the pe-

culiarities of the physicochemical properties of the circulating substances, materials and products.

To reduce the fire hazard of processes associated with the circulation of liquid hydrocarbons, a tech-

nique has been developed to control fire-hazardous processes under conditions of stabilization of

carbon nanostructures.

Results and discussion. It has been established that with the introduction of carbon nano-

structures (CNS) under the conditions of electrophysical influence, the surface tension coefficient

increases by 10–30 %. This effect is associated with an increase in the strength of the van der Waals

interaction between agglomerates of nanostructures.

A decrease in the intensity of evaporation of modified liquid hydrocarbons from the open surface

by 20–40 % under the influence of an alternating electric field was observed, which is caused by

the preservation of the parameters of the CNS in the medium of liquid hydrocarbons.

According to the results of the study of the electrophysical properties of nanofluids obtained under

conditions of stabilization of CNS, it was found that the dielectric constant decreases by 20–30 %,

which is caused by a decrease in the number of free charges in liquid hydrocarbons during polarization

of CNS. The values of the growth time of the values of specific volume electrical resistance increase

by 10–20 %, and the values of the electric field strength during homogenization decrease on average

by 20 % in comparison with nanofluids that are not subjected to electrophysical effects.

The results of the study of the topology of agglomerations of the CNS in nanofluids under stabi-

lization conditions reflect a decrease in the growth of agglomerations of nanostructures by an average

of 40 %, which indicates that the distances between nanoparticles remain unchanged compared to

nanofluids prepared without additional methods for stabilizing the CNS.

Conclusion. Physical and technological principles of control of fire-hazardous processes based

on the mechanism of stabilizing the parameters of the CNS under the influence of an alternating

electric field are formulated. Based on the physico-technological principles, a method for controlling

fire-hazardous processes when handling liquid hydrocarbons using nanocomponent additives and

further stabilizing CNS containing multi-layered carbon nanotubes (MWCNT) has been developed,

which allows reducing the intensity of vaporization and electrification processes when handling

liquid hydrocarbons to quickly prevent manifestations possible fire and explosion situations in

the process.

Keywords: flammable liquids; combustible liquids; variable frequency-modulated potential; vapori-

zation; electrification; technological implementation.
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Ââåäåíèå

Îïåðàòèâíîå óïðàâëåíèå ìåðîïðèÿòèÿìè ïîæàð-

íîé áåçîïàñíîñòè (ÏÁ) âñåãäà áûëî ïðèîðèòåòíûì

íàïðàâëåíèåì äåÿòåëüíîñòè äåæóðíûõ ñìåí íà ïðåä-

ïðèÿòèÿõ íåôòåïåðåðàáàòûâàþùåé è ãàçîïåðåðàáà-

òûâàþùåé îòðàñëåé. Ñîãëàñíî ñòàòèñòèêå îíè ÿâëÿ-

þòñÿ ïðè÷èíîé “îêîëî 48 % âûáðîñîâ ïîæàðîâçðû-

âîîïàñíûõ âåùåñòâ â àòìîñôåðó” ([1], ñ. 6), ïîýòîìó

îïåðàòèâíîå óïðàâëåíèå ìåðîïðèÿòèÿìè ÏÁ äëÿ äàí-

íûõ îáúåêòîâ òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà

(ÒÝÊ) îñîáåííî àêòóàëüíî.

Äëÿ ïðåäîòâðàùåíèÿ îïàñíûõ ñîáûòèé, ñâÿçàí-

íûõ ñ ðèñêîì âîçíèêíîâåíèÿ ïîæàðîâ è âçðûâîâ, íà

îáúåêòàõ ÒÝÊ ïðåäïðèíèìàþòñÿ ðàçëè÷íûå ìåðû

áåçîïàñíîñòè [2]. Âûïîëíåíèå òðåáîâàíèé ñòàíäàð-

òèçàöèè â îáëàñòè óïðàâëåíèÿ áåçîïàñíîñòüþ è çà-

áëàãîâðåìåííîå ïëàíèðîâàíèå ÿâëÿþòñÿ ýôôåêòèâ-

íûìè ñðåäñòâàìè êîíòðîëÿ [3]. Çàäà÷è îáåñïå÷åíèÿ

ÏÁ íà îáúåêòàõ ÒÝÊ äîñòàòî÷íî õîðîøî îïèñàíû â

ñïåöèàëèçèðîâàííîé òåõíè÷åñêîé ëèòåðàòóðå è çà-

êðåïëåíû â äåéñòâóþùåé íîðìàòèâíîé áàçå (çàêî-

íàõ, ÃÎÑÒàõ, ÑÍèÏàõ è ò. ï.). Òåì íå ìåíåå çàäà÷è

îïåðàòèâíîãî óïðàâëåíèÿ, ñâÿçàííûå ñ ðàçâèòèåì

êîíêðåòíûõ ñèòóàöèé íà îáúåêòàõ ÒÝÊ, òðåáóþò âíè-

ìàòåëüíîãî è ïðèñòàëüíîãî èçó÷åíèÿ â êîíòåêñòå èõ

ðàçâèòèÿ â êàæäîì îòäåëüíîì ñëó÷àå. Ïðè ýòîì íå-

îáõîäèìî ïðèíèìàòü âî âíèìàíèå áîëüøîå êîëè÷å-

ñòâî ðàçëè÷íûõ ñèòóàòèâíûõ îáñòîÿòåëüñòâ, êàæäîå

èç êîòîðûõ ÿâëÿåòñÿ, âîçìîæíî, ïàðàìåòðîì, à âîç-

ìîæíî, è êðèòåðèåì â ñëîæíîé ìíîãîêðèòåðèàëü-

íîé çàäà÷å óïðàâëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ.

Äëÿ ðåøåíèÿ ïîäîáíûõ çàäà÷ ïðåäëîæåíî íå-

ìàëî ýôôåêòèâíûõ ìîäåëåé è àëãîðèòìîâ, êàæäûé

èç êîòîðûõ ïîçâîëÿåò íàõîäèòü åå îòäåëüíûå ÷àñò-

íûå ðåøåíèÿ. Îäíàêî â íîâûõ óñëîâèÿõ ðåøåíèå

ñëîæíûõ çàäà÷ îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ íà óêà-

çàííûõ è èíûõ îáúåêòàõ ÒÝÊ òðåáóåò áîëåå ñèñòåì-

íîãî è êîìïëåêñíîãî ïîäõîäà. Â ñâÿçè ñ ýòèì äëÿ
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ðåøåíèÿ äàííîé ñëîæíîé çàäà÷è íåîáõîäèìî ïðè-

âëåêàòü íîâûå ìàòåìàòè÷åñêèå ìîäåëè. Ó÷èòûâàÿ òî

îáñòîÿòåëüñòâî, ÷òî çàäà÷à ìíîãîêðèòåðèàëüíîãî

óïðàâëåíèÿ ÏÁ íà îáúåêòàõ ÒÝÊ äîëæíà ðåøàòüñÿ â

ðàìêàõ êîíêðåòíûõ ïðåäïðèÿòèé, öåëåñîîáðàçíî

èñïîëüçîâàòü äëÿ òàêîãî ðåøåíèÿ èíñòðóìåíòàðèé

ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ, êîòîðûé ïîçâîëÿåò

îöåíèâàòü âêëàäû êîíêðåòíûõ ìåðîïðèÿòèé ÏÁ

(â ñëó÷àå èõ âûïîëíåíèÿ èëè íåâûïîëíåíèÿ ïî

îïðåäåëåííûì ïðè÷èíàì) â îáùóþ ñòðàòåãè÷åñêóþ

öåëü òàêîãî óïðàâëåíèÿ — îáåñïå÷åíèå ÏÁ íà îáú-

åêòàõ ÒÝÊ. Ñëåäóåò îòìåòèòü, ÷òî ðàññìîòðåííûå â

ðàáîòàõ [4–7] ìåòîäèêà, àëãîðèòìû è ïðîöåäóðû

ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ ïðè óïðàâëåíèè ñî-

âðåìåííûì ïðåäïðèÿòèåì ìîãóò âïîëíå ãàðìîíè÷-

íî èñïîëüçîâàòüñÿ äëÿ îöåíêè ýôôåêòèâíîñòè îïå-

ðàòèâíîãî óïðàâëåíèÿ ìåðîïðèÿòèÿìè ÏÁ íà îáú-

åêòàõ ÒÝÊ.

Èç òåîðèè óïðàâëåíèÿ [8] èçâåñòíî, ÷òî îäíîé èç

ãëàâíûõ çàäà÷ âñÿêîãî ìåíåäæìåíòà (óïðàâëåíèÿ,

â êîíòóðå êîòîðîãî íàõîäèòñÿ ÷åëîâåê — ëèöî, ïðè-

íèìàþùåå ðåøåíèÿ (ËÏÐ), èëè ãðóïïà ËÏÐ) ÿâëÿåò-

ñÿ îðãàíèçàöèÿ ýôôåêòèâíîãî îïåðàòèâíîãî óïðàâ-

ëåíèÿ îáúåêòîì óïðàâëåíèÿ. Äëÿ íåãî ðåãëàìåíòè-

ðîâàíû íå òîëüêî çàäà÷è è ïðîöåäóðû, íî è âðåìÿ,

â òå÷åíèå êîòîðîãî óñòàíîâëåííûå ïðîöåäóðû äîë-

æíû âûïîëíÿòüñÿ. Äëÿ ñëó÷àÿ óïðàâëåíèÿ ÏÁ íà

îáúåêòàõ ÒÝÊ âðåìÿ íà ïðèíÿòèå ðåøåíèé ËÏÐ

êðàéíå îãðàíè÷åíî, ïîýòîìó äëÿ ïðèíÿòèÿ ïðàâèëü-

íîãî ðåøåíèÿ â òå÷åíèå î÷åíü êîðîòêîãî ïðîìå-

æóòêà âðåìåíè ËÏÐ íåîáõîäèìà ìàêñèìàëüíî ïîë-

íàÿ èíôîðìàöèÿ îá îáúåêòå óïðàâëåíèÿ [9]. Êðîìå

òîãî, äëÿ ñîêðàùåíèÿ îáúåìà èíôîðìàöèè, êîòîðóþ

ËÏÐ äîëæåí îöåíèòü çà êîðîòêîå âðåìÿ äëÿ ïðè-

íÿòèÿ ðåøåíèÿ, íåîáõîäèìà àíàëèòè÷åñêàÿ ãðóïïà,

áåðóùàÿ íà ñåáÿ ïîäàâëÿþùóþ ÷àñòü äàííîé ðàáî-

òû, è ñïåöèàëüíîå ïðîãðàììíîå îáåñïå÷åíèå (ÑÏÎ),

ôóíêöèîíèðóþùåå â ðàìêàõ àâòîìàòèçèðîâàííîé

ñèñòåìû ïîääåðæêè óïðàâëåíèÿ (äëÿ ïðåäïðèÿòèé

è îáúåêòîâ ÒÝÊ — òåõíîëîãè÷åñêèìè ïðîöåññàìè

(ÀÑÓÒÏ)). Äëÿ óïðàâëåíèÿ ÏÁ íà ïðåäïðèÿòèÿõ

îòðàñëè îáû÷íî ïðèìåíÿþòñÿ àâòîìàòèçèðîâàííûå

ñèñòåìû ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) [1].

ËÏÐ â ëèöå ðóêîâîäèòåëÿ äåæóðíîé ñìåíû îáúåêòà

ÒÝÊ ÿâëÿåòñÿ êëþ÷åâûì çâåíîì óïðàâëåíèÿ ÏÁ.

Äëÿ ñîêðàùåíèÿ îáúåìà èíôîðìàöèè â ÀÑÏÂÁ,

îáðàáàòûâàåìîé àíàëèòè÷åñêîé ãðóïïîé ïðè îïåðà-

òèâíîì óïðàâëåíèè ÏÁ, ïðèìåíÿþò ðàçëè÷íûå ìà-

òåìàòè÷åñêèå ìîäåëè [10]. Ïðè ýòîì äëÿ ïîâûøåíèÿ

ýôôåêòèâíîñòè óïðàâëåíèÿ ÏÁ èíôîðìàöèÿ î ñî-

áûòèÿõ, ñòàâøèõ ïðè÷èíîé íàðóøåíèÿ ÏÁ íà îáú-

åêòàõ ÒÝÊ, íàêàïëèâàåòñÿ â ÀÑÏÂÁ â áàçàõ äàííûõ

(ÁÄ), êîòîðûå ÿâëÿþòñÿ ñîñòàâíîé ÷àñòüþ èíôîð-

ìàöèîííîãî îáåñïå÷åíèÿ ÀÑÏÂÁ ([1], ñ. 217).

Çàëîãîì óñïåøíîñòè äîñòèæåíèÿ îáùåé öåëè —

îáåñïå÷åíèÿ ÏÁ íà îáúåêòå ÒÝÊ — ÿâëÿåòñÿ ñâîå-

âðåìåííîå âûïîëíåíèå ðåãëàìåíòèðîâàííûõ ìåðî-

ïðèÿòèé [11]. Âìåñòå ñ òåì â ÐÔ èìååòñÿ äåôèöèò

ïðîèçâîäñòâåííîé, òåõíè÷åñêîé è íàó÷íîé áàçû

ïî ñîçäàíèþ îòå÷åñòâåííûõ ñðåäñòâ è ïðèáîðîâ ïî

ëèíèè îáåñïå÷åíèÿ ÏÁ, îñîáåííî íà îáúåêòàõ ÒÝÊ.

Â ïîñëåäíèå 20 ëåò â ðåàëüíûõ óñëîâèÿõ íà íèõ ïðè-

ìåíÿþòñÿ èìïîðòíûå ñèñòåìû êîíòðîëÿ, äèàãíîñ-

òèêè è îáåñïå÷åíèÿ ÏÁ, â òîì ÷èñëå äàò÷èêè [12],

êîíöåíòðàòîðû è äàæå ëèíèè ñâÿçè [13, 14]: íàïðè-

ìåð, äàò÷èêè çàãàçîâàííîñòè Draeger [15], îòñå÷íûå

êëàïàíû Emerson, ìíîãîêîìïîíåíòíûå àíàëèçàòî-

ðû Modcon. Â ñâÿçè ñ ýòèì è îáúåêòû ÒÝÊ, êîòîðûå

âûíóæäåíû ôóíêöèîíèðîâàòü â îñîáûõ óñëîâèÿõ

ôèíàíñîâî-ýêîíîìè÷åñêèõ îãðàíè÷åíèé, è ïðåäïðè-

ÿòèÿ, âûïóñêàþùèå äëÿ íèõ íîâóþ îòå÷åñòâåííóþ

âûñîêîòåõíîëîãè÷íóþ ïðîäóêöèþ ïî ëèíèè ÏÁ,

óæå íå ìîãóò â ïîëíîé ìåðå ãàðàíòèðîâàòü ïîëíîãî

âûïîëíåíèÿ âñåõ ðåãëàìåíòèðîâàííûõ ìåðîïðèÿòèé

ÏÁ íà òåððèòîðèè ñâîèõ ïðîèçâîäñòâ. Èç-çà ýòîãî

îáùèé óðîâåíü îáåñïå÷åíèÿ ÏÁ ñíèæàåòñÿ. Ñëåäî-

âàòåëüíî, è îáùåå, è îïåðàòèâíîå óïðàâëåíèå ÏÁ

íåîáõîäèìî âûñòðàèâàòü èíà÷å.

Äåôèöèò âðåìåíè ïðè îïåðàòèâíîì óïðàâëåíèè

è îòñóòñòâèå âîçìîæíîñòè âûïîëíåíèÿ ðÿäà ïî-

çèöèé ïëàíîâ ìåðîïðèÿòèé ÏÁ çàñòàâëÿþò ËÏÐ ðó-

êîâîäñòâîâàòüñÿ ëè÷íûìè çíàíèÿìè, îïûòîì è èí-

òóèöèåé [11]. Àíàëîãè÷íûì îáðàçîì äåéñòâóþò è

àíàëèòèêè â åãî êîìàíäå. Ýòî îçíà÷àåò, ÷òî èç àâòî-

ìàòè÷åñêîãî ðåæèìà óïðàâëåíèÿ ÀÑÏÂÁ ïåðåõîäèò

â àâòîìàòèçèðîâàííûé, ÷åëîâåêî-ìàøèííûé, à ðå-

øåíèÿ î ñîñòîÿíèè óïðàâëåíèÿ ÏÁ è ìåðîïðèÿòèÿõ

ðåàãèðîâàíèÿ ïðèíèìàþòñÿ ýêñïåðòíûìè ìåòîäà-

ìè [16].

Îñíîâíîé öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåò-

ñÿ ôîðìèðîâàíèå îáîñíîâàííûõ ïîäõîäîâ ê àíàëèçó

èçìåíåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ìåðîïðèÿ-

òèÿìè ÏÁ íà îáúåêòàõ ÒÝÊ. Â ïðîöåññå ïîñòðîåíèÿ

ìîäåëè îïðåäåëåí õàðàêòåð ïàðàìåòðîâ óïðàâëåíèÿ

ñîñòîÿíèåì ÏÁ, óñòàíîâëåíà èõ çàâèñèìîñòü îò ÷èñ-

ëåííîñòè ñîòðóäíèêîâ ñîñòàâà ËÏÐ. Âûÿâëåíû òàê-

æå ïðè÷èíû îòêëîíåíèÿ ïðèíèìàåìûõ â ÀÑÏÂÁ

ðåøåíèé îò îïòèìàëüíûõ. Äëÿ äàëüíåéøåé îöåíêè

ñíèæåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ïðåäëîæåíà

ôóíêöèÿ ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ËÏÐ

ÏÁ. Ïðè àíàëèçå ðåçóëüòàòîâ ìîäåëèðîâàíèÿ ðàñ-

ñìîòðåíà çàâèñèìîñòü çíà÷åíèé äàííîãî ïîêàçàòåëÿ

îò ââåäåííîãî îáîáùåííîãî ïàðàìåòðà óïðàâëåíèÿ

ìåðîïðèÿòèÿìè.

Ìåòîäû èññëåäîâàíèÿ

Ñ òî÷êè çðåíèÿ ãðóïïû íàóê î âîñïðèÿòèè ÷åëî-

âåêîì îêðóæàþùåé ñðåäû ëþáîé ÷åëîâåê ñïîñîáåí

âîñïðèíèìàòü ëèøü îãðàíè÷åííîå êîëè÷åñòâî âà-
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ðèàíòîâ óïðàâëåí÷åñêèõ ðåøåíèé [17]. Ðåçóëüòàòû

ýêñïåðèìåíòîâ ñâèäåòåëüñòâóþò î òîì, ÷òî ëþäè â

ñîñòîÿíèè îäíîâðåìåííî ñîïîñòàâèòü ìåæäó ñîáîé

âñåãî ëèøü (7
2) îïåðàíäîâ (îáúåêòîâ, ýëåìåíòîâ,

êëàñòåðîâ, ïîíÿòèé). Ïî êàæäîìó èç íèõ ÷åëîâåê

ñïîñîáåí çàôèêñèðîâàòü ïðèìåðíî (7
2) ñîñòîÿíèé.

Ñëåäîâàòåëüíî, ËÏÐ ìîæåò ãàðàíòèðîâàííî òî÷íî

ïðèíèìàòü ðåøåíèÿ, îïåðèðóÿ 77 = 0,823543 ìëí. âà-

ðèàíòîâ ñîñòîÿíèé ââåðåííîãî åìó îáúåêòà óïðàâ-

ëåíèÿ ([18], ñ. 2), ïðè÷åì íå âñåãäà îñîçíàííî.

Êàäðîâàÿ ðàáîòà ïî ëèíèè óïðàâëåíèÿ íà îáúåê-

òàõ ÒÝÊ ïîñòàâëåíà äîñòàòî÷íî õîðîøî, ïîýòîìó ðó-

êîâîäèòåëÿìè ñîîòâåòñòâóþùèõ ïîçèöèé â ÀÑÏÂÁ

íà îáúåêòàõ ÒÝÊ è àíàëèòèêàìè â èõ ãðóïïàõ ñòàíî-

âÿòñÿ êâàëèôèöèðîâàííûå è òðåíèðîâàííûå ëþäè.

Äëÿ òàêèõ ñîòðóäíèêîâ ÷èñëî ðåãèñòðèðóåìûõ ñî-

ñòîÿíèé è îáúåêòîâ íåñêîëüêî áîëüøå ñðåäíåãî

ñòàíäàðòíîãî. Òàê êàê íåìàëàÿ ÷àñòü îáðàáàòûâàåìûõ

èìè äëÿ ïðèíÿòèÿ ðåøåíèé ïî ÏÁ îáúåêòîâ ñâÿçàíà

íå òîëüêî ñ ñàìèì îáúåêòîì, íî è ñ åãî âíåøíèì

îêðóæåíèåì (ðàñïîëîæåíèå ïîæàðíûõ ÷àñòåé ïî

îòíîøåíèþ ê îáúåêòó ÒÝÊ, ìàêñèìàëüíîå âðåìÿ

ïðèáûòèÿ ñèë è ñðåäñòâ, íàëè÷èå äîñòóïíûõ èñòî÷-

íèêîâ âîäû äëÿ òóøåíèÿ, èõ óäàëåííîñòü îò îáúåêòà

ÒÝÊ è ò. ï.), îêðóãëèì öèôðó ñîñòîÿíèé. Â ýòîì ñëó-

÷àå ËÏÐ â ïðîöåññå óïðàâëåíèÿ ÏÁ íà ââåðåííîì

åìó îáúåêòå ÒÝÊ áóäåò ó÷èòûâàòü äî 1 ìëí. åãî ñî-

ñòîÿíèé.

Âûáåðåì äëÿ ïîñòðîåíèÿ ìîäåëè îöåíêè êà÷å-

ñòâà ïðèíÿòèÿ ðåøåíèé ËÏÐ ïî óïðàâëåíèþ ÏÁ íà

îáúåêòå ÒÝÊ äâóìåðíóþ ñåòåâóþ ñòðóêòóðó, ñîîò-

âåòñòâóþùóþ â îïðåäåëåííîì ïðèáëèæåíèè îïå-

ðàíäàì è èõ ñîñòîÿíèÿì, îòêëàäûâàåìûì ïî ðàç-

ëè÷íûì îñÿì êîîðäèíàòíîé ñåòêè [10]. È îïåðàíäû,

è èõ ñîñòîÿíèÿ áóäåì ðàññìàòðèâàòü â âèäå ïàðà-

ìåòðîâ óïðàâëåíèÿ ÏÁ, âûïîëíÿåìîãî ËÏÐ íà îáú-

åêòå ÒÝÊ. Äëÿ îïèñàíèÿ ìîäåëè ïðèìåì òàêæå ðÿä

îãðàíè÷åíèé. Áóäåì ðàññìàòðèâàòü ñõåìó ïðîöåññà

îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ â ñëåäóþùåì âèäå:

1) ðåøåíèÿ ïî êàæäîìó ïàðàìåòðó óïðàâëåíèÿ

ÏÁ ïðèíèìàþòñÿ îòäåëüíî;

2) ïðè ïåðåõîäå çíà÷åíèé ïàðàìåòðîâ óïðàâëå-

íèÿ ÏÁ ÷åðåç îïðåäåëåííûå óçëîâûå çíà÷åíèÿ ËÏÐ

äîëæåí ïðèíÿòü ðåøåíèå (ðèñ. 1); çäåñü è äàëåå áóäåì

ñ÷èòàòü ýòî äèñêðåòíûì (êâàíòîâàííûì) íàáîðîì

ñîñòîÿíèé îáúåêòà óïðàâëåíèÿ;

3) ËÏÐ íå ïðèíèìàåò ðåøåíèå äî òåõ ïîð, ïîêà

çíà÷åíèÿ ïàðàìåòðîâ óïðàâëåíèÿ íàõîäÿòñÿ ìåæäó

óçëàìè.

Èçìåíåíèå ÷èñëåííîñòè óïðàâëåí÷åñêîãî àïïà-

ðàòà è àíàëèòè÷åñêîãî ñîñòàâà L, èñïîëüçóåìîãî ËÏÐ

íà îáúåêòå ÒÝÊ, ïðîïîðöèîíàëüíî ìåíÿåò êîëè÷å-

ñòâî ïàðàìåòðîâ óïðàâëåíèÿ ÏÁ è èõ ñîñòîÿíèé.

Èíûìè ñëîâàìè, ìåíÿåòñÿ êîëè÷åñòâî óçëîâ êîîð-

äèíàòíîé ñåòêè äëÿ êàæäîãî ó÷àñòíèêà ïðîöåññà

óïðàâëåíèÿ ÏÁ. Ýòî òàêæå ñëåäóåò ó÷èòûâàòü ËÏÐ

ïðè ôîðìèðîâàíèè ñâîèõ ðåøåíèé.

Ðàññìîòðèì õàðàêòåð ýòîé çàâèñèìîñòè. Ñîêðà-

ùåíèå ÷èñëåííîñòè àïïàðàòà ËÏÐ óâåëè÷èâàåò

÷èñëî ïàðàìåòðîâ àíàëèçà èëè êîíòðîëÿ ñîñòîÿíèÿ

ÏÁ íà îðãàíèçàöèîííóþ åäèíèöó óïðàâëåíèÿ. Åñëè

ïðèíÿòü èõ ÷èñëî çà k, òî êîëè÷åñòâî îáðàáàòûâà-

åìûõ â õîäå ïðîöåññà ïðèíÿòèÿ ðåøåíèÿ óçëîâ (ñòå-

ïåíü äåòàëèçàöèè (êâàíòîâàíèÿ) ïàðàìåòðîâ ìî-

äåëè) îöåíêè ñîñòîÿíèÿ ÏÁ âûðàæàåòñÿ ïðîñòûì

ñîîòíîøåíèåì

k = F�L, (1)

ãäå F — îáùåå ÷èñëî ïàðàìåòðîâ àâòîìàòèçèðîâàí-

íîãî óïðàâëåíèÿ ÏÁ;

L — ÷èñëî ñîòðóäíèêîâ àïïàðàòà ËÏÐ è àíàëè-

òè÷åñêîãî ñîñòàâà, èñïîëüçóåìûõ ËÏÐ íà îáúåê-

òå ÒÝÊ.

Èç (1) âèäíî, ÷òî ïðè âîçðàñòàíèè L âåëè÷èíà k

ñíèæàåòñÿ.

Ïðè ýòîì äîëæíî âûïîëíÿòüñÿ óñëîâèå

M

h

M

h
N

k F L
�
�
�

�
�
� 	 �

�
�

�
�
� 	 , (2)

ãäå Ì — ìàñøòàá ìàêñèìàëüíî äîïóñòèìûõ îòêëî-

íåíèé ïàðàìåòðîâ îò íåêîòîðûõ îïòèìàëüíûõ

çíà÷åíèé; áóäåì äàëåå ïîëàãàòü, ÷òî çíà÷åíèÿ ìàñ-

øòàáà îòêëîíåíèé äëÿ âñåõ ïàðàìåòðîâ óïðàâ-

ëåíèÿ ÏÁ íîðìèðîâàíû ïî îòíîøåíèþ ê 1;

h — ñòåïåíü äåòàëèçàöèè ïðè àíàëèçå êàæäîãî

èç âîçìîæíûõ ðåøåíèé ñ ó÷åòîì ïàðàìåòðîâ ÏÁ

â òåêóùåì óïðàâëåíèè;

N — ÷èñëî îáúåêòîâ îïåðàòèâíîãî óïðàâëåíèÿ

ÏÁ íà îáúåêòå ÒÝÊ.

Ðèñ. 1. Ñåòü äëÿ îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ íà îáúåêòå

ÒÝÊ: h — âåëè÷èíà, îïðåäåëÿþùàÿ ñòåïåíü äåòàëèçàöèè ïðè

àíàëèçå êàæäîãî ïàðàìåòðà óïðàâëåíèÿ

Fig. 1. Grid for operational management of FS at facility of the fuel

and energy complex: h — the value that determines the level of

detail in the analysis of each control parameter



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1222

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

Èç (2) âèäíî, ÷òî

h M N
k	 . (3)

Óñëîâèå (2) çàäàåò ïðàâèëî ïîñòîÿíñòâà ÷èñëà

âîçìîæíûõ ðåøåíèé ËÏÐ â ÀÑÏÂÁ, ïîýòîìó ïðè

Ì = 1

h N Nk L F	 	� �1 . (4)

Èç ôîðìóëû (4) ñëåäóåò, ÷òî ïðè âîçðàñòàíèè

k = F�L óâåëè÷èâàåòñÿ h, ò. å. ðàñòåò øàã â ñåòêå

(ñì. ðèñ. 1), à çíà÷èò, ðàçðåøàþùàÿ ñïîñîáíîñòü â

ïðîöåññå óïðàâëåíèÿ ÏÁ ñíèæàåòñÿ. Ñëåäîâàòåëü-

íî, îòêëîíåíèå ïðèíèìàåìûõ ËÏÐ ðåøåíèé îò îï-

òèìàëüíûõ óâåëè÷èâàåòñÿ. Ìàñøòàá ìàêñèìàëüíî

äîïóñòèìûõ îòêëîíåíèé òàêæå ðàñòåò:

M hN k	 1 . (5)

Â ðåçóëüòàòå ýôôåêòèâíîñòü óïðàâëåíèÿ ÏÁ

ñíèæàåòñÿ. Äëÿ îöåíêè âåëè÷èíû ýòîãî ñíèæåíèÿ

ââåäåì ôóíêöèþ ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâ-

ëåíèÿ ËÏÐ ÏÁ íà îáúåêòå ÒÝÊ, êîòîðóþ îáîçíà÷èì

êàê W. Ïðåäïîëîæèì, ÷òî â îêðåñòíîñòè òî÷êè åãî

ýêñòðåìóìà (êàê âàðèàíò, íà÷àëà êîîðäèíàò) åãî çíà-

÷åíèå (ýôôåêòèâíîñòü îïåðàòèâíîãî óïðàâëåíèÿ

ÏÁ ïî çàäàííûì F íåçàâèñèìûì ïàðàìåòðàì) îïè-

ñûâàåòñÿ ñîîòíîøåíèåì

W e
ii

F
ix

	
�� 	 �

1
2

, (6)

ãäå �i — êîýôôèöèåíò çíà÷èìîñòè (âàæíîñòè) îò-

êëîíåíèÿ i-ãî ïàðàìåòðà óïðàâëåíèÿ ÏÁ, îïðå-

äåëÿþùèé óñòîé÷èâîñòü ïðîöåññà óïðàâëåíèÿ

ÏÁ íà îáúåêòå ÒÝÊ; ÷åì �i áîëüøå, òåì áîëåå

êðèòè÷íîå âëèÿíèå îêàçûâàåò îòêëîíåíèå ñîîò-

âåòñòâóþùåãî ïàðàìåòðà íà óïðàâëåíèå ÏÁ;

xi — ñòåïåíü îòêëîíåíèÿ i-ãî ïàðàìåòðà ÏÁ

ïðè ðàáîòå äåæóðíîé ñìåíû îáúåêòà ÒÝÊ îò åãî

íóæíîãî çíà÷åíèÿ.

Åñëè â (6) âûáðàòü ìàñøòàá äëÿ ïîêàçàòåëÿ ýô-

ôåêòèâíîñòè W, ïðè êîòîðîì îí ñòàíåò ðàâíûì 1

äëÿ îïðåäåëåííîé ãðóïïû ïàðàìåòðîâ óïðàâëåíèÿ

ÏÁ, òî óïðàâëåíèå ÏÁ íà îáúåêòå ÒÝÊ ñòàíåò îïòè-

ìàëüíûì [19].

Åñëè òàêæå, óïðîñòèâ ïîäõîä ê âàæíîñòè îò-

äåëüíûõ ïàðàìåòðîâ, ñ÷èòàòü, ÷òî âñå �i îäèíàêîâû

è ðàâíû � äëÿ âñåõ {�i, i = 1…F }, òî (6) ìîæíî çà-

ïèñàòü òàê:

W e i
F

ix
	

�� 	�
1

2

. (7)

Òàêîå óïðîùåíèå ìîæåò äàòü íîðìèðîâêà ìàê-

ñèìàëüíûõ çíà÷åíèé âñåõ ôàêòîðîâ ïî îòíîøåíèþ

ê 1. Â ýòîì ñëó÷àå ìîæíî ñ÷èòàòü, ÷òî âñå ïàðàìåò-

ðû ìîäåëè îäèíàêîâû ïî çíà÷èìîñòè è îäèíàêîâî

âëèÿþò íà ïîêàçàòåëü ýôôåêòèâíîñòè.

Ïðè âûïîëíåíèè ðåãëàìåíòèðîâàííûõ ìåðî-

ïðèÿòèé ÏÁ â øòàòíîì ðåæèìå íà îáúåêòå ÒÝÊ îò-

ñóòñòâóþò (èëè íå çàðåãèñòðèðîâàíû ñðåäñòâàìè

ÀÑÏÂÁ) ñîáûòèÿ, òðåáóþùèå ýêñòðåííîãî ðåàãè-

ðîâàíèÿ ËÏÐ. Â ýòîì ñëó÷àå çíà÷åíèÿ îòêëîíåíèé xi

äëÿ âñåõ ïàðàìåòðîâ óïðàâëåíèÿ ÏÁ áëèçêè ê îïòè-

ìàëüíûì è íàõîäÿòñÿ â äèàïàçîíå [0…h]. Èíûìè

ñëîâàìè, èõ àáñîëþòíûå çíà÷åíèÿ ìîãóò áûòü âû-

ðàæåíû â åäèíèöàõ h.

Òîãäà ìîæíî óòâåðæäàòü, ÷òî óïðàâëåíèå ìåðî-

ïðèÿòèÿìè ÏÁ íà îáúåêòå ÒÝÊ óäîâëåòâîðèòåëü-

íûì îáðàçîì ìîæåò îñóùåñòâëÿòüñÿ â àâòîìàòè÷å-

ñêîì ðåæèìå èëè ñ ïîìîùüþ îáîðóäîâàíèÿ âòîðîãî

óðîâíÿ èíôîðìèðîâàíèÿ â ÀÑÓÒÏ [20]. Îïåðàòîðû

ÀÑÏÂÁ â äåæóðíîé ñìåíå âûïîëíÿþò ðàáîòû ñî-

ãëàñíî ðåãëàìåíòèðîâàííûì ïðîöåäóðàì îáåñïå÷å-

íèÿ ÏÁ, à ËÏÐ ñëåäèò çà èõ äåéñòâèÿìè. Àíàëèòèêè

íàáèðàþò ñòàòèñòèêó î êîíêðåòíûõ óñëîâèÿõ òåõ-

íîëîãè÷åñêèõ ïðîöåññîâ è ãîòîâÿò ïðîìåæóòî÷íûå

îò÷åòû äëÿ ËÏÐ. Â òàêîì ðåæèìå ðåçóëüòàòû óïðàâ-

ëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ ìîæíî ñ÷èòàòü óñëîâíî

“ïëîñêèìè”, òàê êàê èåðàðõèÿ ïðèíÿòèÿ ðåøåíèé

(îò ËÏÐ ê èñïîëíèòåëüíûì ìåõàíèçìàì) çàäåéñò-

âîâàíà íå áóäåò.

Ó÷èòûâàÿ ýòî îáñòîÿòåëüñòâî, ïðîâåäåì ðàñ÷åò

ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ÏÁ ËÏÐ íà

îáúåêòå ÒÝÊ W, èñïîëüçóÿ äàííûå [7]. Ñíèæåíèå

åãî çíà÷åíèÿ, ïðè óñëîâèè, ÷òî “øàã” ðåøåíèé ðà-

âåí h (ñì. ðèñ. 1), ïî êàæäîìó èç ïàðàìåòðîâ óïðàâ-

ëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ îïðåäåëÿåòñÿ èñõîäÿ èç

ïðèìåíåíèÿ ôóíêöèè Ëàïëàñà [21]:

�( ) ,x e tt
x

	 ��
2 2

0�
d (8)

ãäå t — íåêîòîðàÿ ïåðåìåííàÿ.

Åñëè â ïðèíÿòèè ðåøåíèé ïî ÏÁ â ÀÑÏÂÁ îáú-

åêòà ÒÝÊ ËÏÐ äîïóñêàåò óñðåäíåíèå ïî âðåìåíè èõ

ïðèíÿòèÿ, òî â îïèñàííûõ âûøå óñëîâèÿõ ìîæíî

ñ÷èòàòü, ÷òî ñîñòîÿíèÿ ñåòêè óïðàâëåíèÿ (ñì. ðèñ. 1)

òàêæå äîïóñêàþò óñðåäíåíèå ïî ñîñòîÿíèÿì ïðè-

íÿòèÿ ðåøåíèé ñîãëàñíî ãèïîòåçå îá ýðãîäè÷íî-

ñòè ïðîöåññà [22]. Ôèçè÷åñêè ýòî îçíà÷àåò, ÷òî âñå

ðåãëàìåíòèðîâàííûå ïðîöåäóðû â ïðîöåññå îáåñ-

ïå÷åíèÿ ÏÁ íà îáúåêòå ÒÝÊ ïðîâîäÿòñÿ â ñîîòâåò-

ñòâèè ñ ïðåäïèñàíèÿìè íîðìàòèâíûõ äîêóìåíòîâ

(â òîì ÷èñëå äîêóìåíòîâ îáúåêòà ÒÝÊ).

Òîãäà ïîêàçàòåëü ýôôåêòèâíîñòè óïðàâëåíèÿ

ÏÁ ËÏÐ íà îáúåêòå ÒÝÊ ìîæíî çàïèñàòü â âèäå

W
h

h
F

F	
�

�
�
�

�

�
�
�

�
�
�

�
�
�

� �
��

2
. (9)

Ïðèìåíÿÿ (2), ïîëó÷àåì:

W N

N

LF

LF

F

	
�

�
�
�

�

�
�
�

�

�

�
�

�

�

�
�

�

�

�
�

�

�

�
�

�

�

�
�

2

. (10)
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Ñëåäóåò ñ÷èòàòü, ÷òî îøèáêà ëþáîãî ñîòðóäíèêà

äåæóðíîé ñìåíû, áóäü òî îïåðàòîð èëè àíàëèòèê,

ïðèâåäåò ê ïðèíÿòèþ ËÏÐ îøèáî÷íîãî ðåøåíèÿ è

ñòàíåò ïðè÷èíîé íåïðàâèëüíîãî ðåàãèðîâàíèÿ íà

âîçíèêàþùåå ñîáûòèå íàðóøåíèÿ ÏÁ íà îáúåêòå

ÒÝÊ. Ýòî ïðåäïîëîæåíèå îñîáåííî àêòóàëüíî â óñëî-

âèÿõ ïðèìåíåíèÿ íà îáúåêòàõ ÒÝÊ íîâûõ öèôðî-

âûõ òåõíîëîãèé, ñîâìåùàþùèõ â ñåáå âèðòóàëüíîå

è ðåàëüíîå ïðîèçâîäñòâà [23].

Äëÿ òîãî ÷òîáû ïîíÿòü, êàêèì îáðàçîì ñëåäóåò

ïðèíèìàòü ðåøåíèÿ ïî ÏÁ, ñ òåì ÷òîáû îáåñïå÷èòü

ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå ïîêàçàòåëÿ ýô-

ôåêòèâíîñòè óïðàâëåíèÿ ÏÁ, çàïèøåì ñëåäóþùåå

ñîîòíîøåíèå:

� �
�  

�  

h

h
e

h�

�
�
�

�

�
�
�

�
�
�

�
�
� 	

�

��
2

1

4

0

1 2 2

d , (11)

ãäå  = 2x�h.

Åñëè ÷èñëî ïàðàìåòðîâ àâòîìàòèçèðîâàííîãî

óïðàâëåíèÿ áóäåò îáåñïå÷èâàòüñÿ êàäðàìè äåæóð-

íîé ñìåíû â ñîîòíîøåíèè 1:1 (k ! 1), òî øàã ïðè-

íÿòèÿ ðåøåíèé â ñåòêå óïðàâëåíèÿ ÏÁ áóäåò ñòðå-

ìèòüñÿ ê 0 (k ! 0). Èç (11) âèäíî, ÷òî â ýòîì ñëó÷àå

ïîêàçàòåëü ýôôåêòèâíîñòè óïðàâëåíèÿ ÏÁ áóäåò

ñòðåìèòüñÿ ê 1 (W ! 1).

Àíàëèç ðåçóëüòàòîâ

Òàêèì îáðàçîì, ÷åì áîëåå äåòàëüíî ïðîðàáîòàíû

ðåãëàìåíòíûå ïðîöåäóðû îáåñïå÷åíèÿ ÏÁ íà îáú-

åêòå ÒÝÊ è ÷åì áîëåå ñòðîãèé ïîðÿäîê èõ çàêðåïëå-

íèÿ çà ñîòðóäíèêàìè äåæóðíûõ ñìåí îáúåêòîâ, òåì

ëó÷øå ïîêàçàòåëü ýôôåêòèâíîñòè óïðàâëåíèÿ.

Óñòàíîâëåííàÿ çàâèñèìîñòü ïðîèëëþñòðèðîâà-

íà íà ðèñ. 2. Çíà÷åíèÿ ïîêàçàòåëÿ ýôôåêòèâíîñòè

óïðàâëåíèÿ W â äàííîì ñëó÷àå ðàññ÷èòàíû èñõîäÿ

èç çíà÷åíèé îáîáùåííîãî ïàðàìåòðà óïðàâëåíèÿ

ìåðîïðèÿòèÿìè ÏÁ â ñîîòâåòñòâèè ñ ôîðìóëîé

x N LF
	 � . (12)

Ðåàëèè óïðàâëåíèÿ ÏÁ íà îáúåêòå ÒÝÊ äåëàþò

çàâèñèìîñòü ïîêàçàòåëÿ ýôôåêòèâíîñòè óïðàâëå-

íèÿ W îò x ñòóïåí÷àòîé. Ïðåäïîëîæèì, ÷òî ÷èñëî

ïàðàìåòðîâ àâòîìàòèçèðîâàííîãî óïðàâëåíèÿ íà ðå-

àëüíîì îáúåêòå ÒÝÊ F ðàâíî 100. Ïðè ýòîì îáîá-

ùåííûé ïàðàìåòð (12) áóäåò õàðàêòåðèçîâàòü “ðàñ-

ïðåäåëåíèå îáÿçàííîñòåé” â âûïîëíåíèè ðåãëàìåíò-

íûõ ïðîöåäóð ìåæäó ñîòðóäíèêàìè äåæóðíîé ñìåíû

äàííîãî îáúåêòà ïðè âîçíèêíîâåíèè ñîáûòèÿ íàðó-

øåíèÿ ÏÁ. Åñëè ñîêðàòèòü îáùåå ÷èñëî ïàðàìåòðîâ

àâòîìàòèçèðîâàííîãî óïðàâëåíèÿ äî 50, òî ìû ïî-

ëó÷àåì êðèâóþ, ðàñïîëîæåííóþ âûøå ðåàëüíîé

ñòóïåí÷àòîé ôóíêöèè, à åñëè óâåëè÷èòü äî 200, òî

êðèâóþ íèæå åå (ñì. ðèñ. 2). Àïïðîêñèìèðóþùèå

ðåàëüíóþ ôóíêöèþ êðèâûå ïîçâîëÿþò îöåíèòü êà-

÷åñòâî óïðàâëåíèÿ ìåðîïðèÿòèÿìè ÏÁ íà îáúåêòå

ÒÝÊ ïðè ðàçëè÷íûõ óñëîâèÿõ. Ïðè ýòîì ñ÷èòàåòñÿ,

÷òî âñå ïîêàçàòåëè âàæíîñòè îòäåëüíûõ ìåðîïðè-

ÿòèé ïî êàæäîìó èç ïàðàìåòðîâ � ðàâíû 1, à êîëè-

÷åñòâî îáúåêòîâ â ñåòè îïåðàòèâíîãî óïðàâëåíèÿ ÏÁ

íà îáúåêòå ÒÝÊ N = 106 (100 ñîòðóäíèêîâ íà 100 ñî-

áûòèé).

Çàêëþ÷åíèå

Òàêèì îáðàçîì, àíàëèç ðåçóëüòàòîâ ìàòåìàòè÷å-

ñêîãî ìîäåëèðîâàíèÿ ïðîöåññà óïðàâëåíèÿ ÏÁ íà

îáúåêòàõ ÒÝÊ ïîêàçàë, ÷òî íàèáîëåå ýôôåêòèâíîé

îðãàíèçàöèÿ óïðàâëåíèÿ ìåðîïðèÿòèÿìè ñòàíîâèò-

ñÿ ïðè äîñòàòî÷íîì óðîâíå îáåñïå÷åíèÿ äåæóðíûõ

ñìåí îáúåêòà ëè÷íûì ñîñòàâîì. Âàæíî ñîõðàíÿòü

ñîîòíîøåíèå ïàðàìåòðîâ àâòîìàòèçèðîâàííîãî

óïðàâëåíèÿ è êàäðîâ äåæóðíîé ñìåíû ìàêñèìàëüíî

ïðèáëèæåííûì ê 1. Ïðåäëîæåíî ðåøåíèå çàäà÷è î

ïðîáëåìå ïåðåõîäà ÀÑÏÂÁ èç àâòîìàòè÷åñêîãî ðå-

æèìà óïðàâëåíèÿ â àâòîìàòèçèðîâàííûé èç-çà íå-

õâàòêè âðåìåíè â ïðîöåññå îïåðàòèâíîãî óïðàâëå-

íèÿ è íåâîçìîæíîñòè ïîëíîãî âûïîëíåíèÿ ïëàíîâ

ìåðîïðèÿòèé ÏÁ.
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ABSTRACT

Introduction. This chapter considers the actuality importance of operational management of fire

safety (FS) at facilities of the fuel and energy complex. The tools of strategic planning are proposed to

assess of efficiency of the operational management of FS. The monitoring and analysis of volume of

information are carried out by a decision maker (DM) using automated system of fire and explosion

protection (ASFEP) is a part automated control system of technological process. The purpose of this

article is described. It is the formation of system approaches to the analysis of changes in the efficiency

of management of FS at facilities of the fuel and energy complex. To achieve this goal, mathematical

modeling and analysis of the results are carried out.

Methodology. The construction of model for assessing the quality of decision-making by DM on

the management of FS is considered. The scheme of process of operational management is presented

in the form of two-dimensional network structure. Parameters of management of FS (operands and

condition) are reserved for this structure. So there are certain restrictions. Then type of dependence of

number of the administrative apparatus on number of parameters of manual control is taken into

account. The author describes the reasons for the deviations of decisions from the optimal. Such

deviations are consequence of the decrease in the efficiency of FS management. The function of an

efficiency index of the operational management of FS is entered for assessment of this decrease.

Results. There is dependence of the work on the regulation procedures to ensure FS at facilities of

the fuel and energy complex and of the value of an efficiency index of management. This dependence

is justified. This dependence is illustrated in the form of curves. The equation of the generalized

parameter of FS management is entered. Ñorrelation of the value of an efficiency index and genera-

lized parameter is determined the character of received curves.

Conclusion. In summary it can be concluded that the personnel on duty shifts should correspond

to the number of parameters of manual control, thereby ensuring the efficiency of the organization of

FS management.

Keywords: automation; fire and explosion safety; automated system of fire and explosion protection;

duty shift; similarity criterions; optimization; parameters of management; condition; decision-making;

strategic planning; operational management; efficiency index.
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pp. 19–26 (in Russian). DOI: 10.18322/PVB.2018.27.12.19-26.
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ÍÀÒÓÐÍÛÅ ÍÀÁËÞÄÅÍÈß ÇÀ ÑÊÎÐÎÑÒÜÞ
ÑÂÎÁÎÄÍÎÃÎ ÄÂÈÆÅÍÈß ÏÀÖÈÅÍÒÎÊ
ÃÈÍÅÊÎËÎÃÈ×ÅÑÊÎÃÎ ÎÒÄÅËÅÍÈß Â ÊÈÒÀÅ

Èçó÷åíû äåìîãðàôè÷åñêèå ïîêàçàòåëè Êèòàÿ â ïåðèîä ñ 1951 ïî 2017 ãã. Ñôîðìóëèðîâàí ðÿä çà-
äà÷: ïðîâåäåíèå íàòóðíûõ íàáëþäåíèé çà ïàðàìåòðàìè äâèæåíèÿ ïàöèåíòîê ãèíåêîëîãè÷åñêîãî
îòäåëåíèÿ; ñòàòèñòè÷åñêàÿ îáðàáîòêà ïîëó÷åííûõ äàííûõ; ñðàâíèòåëüíûé àíàëèç ñ äàííûìè
ïàðàìåòðàìè äâèæåíèÿ íàøèõ ñîîòå÷åñòâåííèö. Îïèñàí âèçóàëüíûé ìåòîä íàòóðíûõ íàáëþäå-
íèé çà ïàðàìåòðàìè äâèæåíèÿ ïàöèåíòîê ãèíåêîëîãè÷åñêîãî îòäåëåíèÿ ïîëèêëèíèêè Õàðáèí-
ñêîãî ïîëèòåõíè÷åñêîãî óíèâåðñèòåòà â Êèòàå. Ïðîâåäåíà ñòàòèñòè÷åñêàÿ îáðàáîòêà ïàðàìåò-
ðîâ äâèæåíèÿ, ïîëó÷åííûõ â ðåçóëüòàòå íàòóðíûõ íàáëþäåíèé. Ïî èòîãàì ñòàòèñòè÷åñêîé
îáðàáîòêè äàííûõ íàòóðíûõ íàáëþäåíèé óñòàíîâëåíà ñêîðîñòü ñâîáîäíîãî äâèæåíèÿ ïàöè-
åíòîê. Ïðè äèôôåðåíöèàöèè ïîëó÷åííûõ ñòàòèñòè÷åñêèõ äàííûõ ïî ïàðàìåòðàì ñâîáîäíîãî
äâèæåíèÿ ïàöèåíòîê èñïîëüçîâàíû òàêèå êàòåãîðèè, êàê ïîë, âîçðàñò è ïðîôåññèîíàëüíàÿ ïðè-
íàäëåæíîñòü. Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç ïîëó÷åííûõ çíà÷åíèé ñðåäíåé ñêîðîñòè ñâî-
áîäíîãî äâèæåíèÿ ïàöèåíòîê è äàííûõ èññëåäîâàíèé, ïðîâåäåííûõ íà òåððèòîðèè Ðîññèè.
Ñäåëàí âûâîä î ïðåâûøåíèè ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ ïàöèåíòîê ãèíåêîëîãè÷åñêîãî îò-
äåëåíèÿ â Êèòàå íàä ñîîòâåòñòâóþùèìè ïîêàçàòåëÿìè íàøèõ ñîîòå÷åñòâåííèö.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ áåçîïàñíîñòü; ýâàêóàöèÿ; ïàðàìåòðû ñâîáîäíîãî äâèæåíèÿ; ðî-
äèëüíûé äîì; ýêñïåðèìåíò.

DOI: 10.18322/PVB.2018.27.12.27-36

Ââåäåíèå

Íàñåëåíèå Çåìëè íà 2018 ã. ñîñòàâëÿåò îêîëî

7,5 ìëðä. ÷åë. Èç íèõ 1,5 ìëðä. ÷åë. (ò. å. 20 % îò

âñåãî íàñåëåíèÿ) ïðîæèâàåò íà òåððèòîðèè Êèòàÿ.

Íà îñíîâàíèè äàííîé ñòàòèñòèêè Êèòàé ÿâëÿåòñÿ

ëèäåðîì ïî ÷èñëåííîñòè íàñåëåíèÿ.

Ñîãëàñíî íåçàâèñèìîé îöåíêå íà êîíåö 2016 ã. íà-

ñåëåíèå Êèòàÿ ñîñòàâëÿëî 1 382 494 824 ÷åë., â 2017 ã.

— 1 401 109 752 ÷åë. Òåíäåíöèÿ ïðèðîñòà íàñåëå-

íèÿ Êèòàÿ çà ïåðèîä ñ 1952 ïî 2016 ãã. ïîêàçàíà íà

ãðàôèêå ðèñ. 1, èëëþñòðèðóþùåì ñíèæåíèå äàí-

íîãî ïîêàçàòåëÿ, ÷òî âîâñå íå ñëó÷àéíî, à ÿâëÿåòñÿ

ñëåäñòâèåì äåéñòâèÿ ïðèíÿòîé âëàñòÿìè Êèòàÿ äå-

ìîãðàôè÷åñêîé ïðîãðàììû.

Â 70-õ ãîäàõ ÕÕ âåêà, êîãäà ñòàëî î÷åâèäíî, ÷òî

çåìåëüíûå, âîäíûå è ýíåðãåòè÷åñêèå ðåñóðñû ñòðà-

íû íå ñìîãóò îáåñïå÷èòü æèçíåäåÿòåëüíîñòü ïðè-

ðîñòà íàñåëåíèÿ, âëàñòÿì Êèòàÿ íà çàêîíîäàòåëüíîì

óðîâíå ïðèøëîñü ïðèíÿòü ìåðû ïî îãðàíè÷åíèþ

êîëè÷åñòâà ÷ëåíîâ ñåìüè. Â òî æå âðåìÿ ïåðåä âëàñ-

òÿìè Êèòàÿ ñòîÿëà çàäà÷à îáåñïå÷èòü áåçîïàñíîñòü

íàñåëåíèÿ.

Ïî ñîîòíîøåíèþ ÷èñëåííîñòè íàñåëåíèÿ è ïëî-

ùàäè Êèòàé çàíèìàåò 9-å ìåñòî â ìèðå: ïëîòíîñòü íà-

ñåëåíèÿ ñîñòàâëÿåò 648 ÷åë. íà 1 êì2, èëè 0,648 ÷åë.

íà 1 ì2.

Òàêîé ïîêàçàòåëü, êàê ïëîòíîñòü íàñåëåíèÿ, îêà-

çûâàåò áîëüøîå âëèÿíèå íà âñå ñôåðû äåÿòåëüíî-

ñòè Êèòàÿ, îñîáåííî íà ñòðîèòåëüíóþ îòðàñëü [1].

© Çîñèìîâà Î. Ñ., Êîðîëü÷åíêî Ä. À., 2018

Ðèñ. 1. Ïðèðîñò íàñåëåíèÿ Êèòàÿ â ïåðèîä 1952–2016 ãã.
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Ââèäó âûñîêîãî ïîêàçàòåëÿ ïëîòíîñòè íàñåëåíèÿ

ïðè ïðîåêòèðîâàíèè çäàíèé è ñîîðóæåíèé â Êèòàå

îñíîâíûì ïàðàìåòðîì ñòàíîâèòñÿ åãî ïðîïóñêíàÿ

ñïîñîáíîñòü [2–7].

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îïðåäåëåíèå

ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ îñíîâíîãî ñîñòàâà

ëþäñêîãî ïîòîêà â ãèíåêîëîãè÷åñêîì îòäåëåíèè ïî-

ëèêëèíèêè â Êèòàå.

Êàê èçâåñòíî, áîëüøèíñòâî êîììóíèêàöèîííûõ

ïóòåé íà íà÷àëüíîé ñòàäèè ïîæàðà ïðèìåíÿþòñÿ â

êà÷åñòâå ýâàêóàöèîííûõ [8–10] è ÿâëÿþòñÿ ÷àñòüþ

ñèñòåìû ïðîòèâîïîæàðíîé çàùèòû çäàíèÿ èëè ñî-

îðóæåíèÿ [11–13].

Ïðè ïîâñåäíåâíîì ïðåáûâàíèè ëþäåé â çäàíèè

çàäà÷à, âûïîëíÿåìàÿ êîììóíèêàöèîííûìè ïóòÿìè,

çàêëþ÷àåòñÿ â îáåñïå÷åíèè êîìôîðòà ïåðåäâèæå-

íèÿ, à â ñëó÷àå âîçíèêíîâåíèÿ ÷ðåçâû÷àéíîé ñèòóà-

öèè — ñâîáîäíîãî ïåðåäâèæåíèÿ ëþäåé, áåñïðåïÿò-

ñòâåííîñòè è ñâîåâðåìåííîñòè èõ îäíîâðåìåííîé

ýâàêóàöèè [13, 14].

Äëÿ âûïîëíåíèÿ ýòèõ çàäà÷ íåîáõîäèìî çíàòü âå-

ëè÷èíó ëþäñêèõ ïîòîêîâ, ôîðìèðóþùèõñÿ â çäàíè-

ÿõ ðàçëè÷íîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ, êîòîðàÿ

çàâèñèò îò ïàðàìåòðîâ èõ äâèæåíèÿ, ïñèõîôèçèîëî-

ãè÷åñêèõ ñâîéñòâ ëþäåé â ñîñòàâå ïîòîêîâ è ïñèõî-

ôèçè÷åñêè îáóñëîâëåííûõ [15–17] çàêîíîìåðíîñòåé

ñâÿçè ìåæäó ïàðàìåòðàìè ïîòîêîâ [18–20].

Â èþëå 2017 ã. â õîäå ïðîõîæäåíèÿ ïðàêòèêè ïî

îáìåíó ìåæäóíàðîäíûì îïûòîì ìåæäó Íàöèîíàëü-

íûì èññëåäîâàòåëüñêèì Ìîñêîâñêèì ãîñóäàðñòâåí-

íûì ñòðîèòåëüíûì óíèâåðñèòåòîì (ÍÈÓ ÌÃÑÓ) è

Õàðáèíñêèì ïîëèòåõíè÷åñêèì óíèâåðñèòåòîì àñ-

ïèðàíòêîé ÍÈÓ ÌÃÑÓ Î. Ñ. Çîñèìîâîé áûëè ïðî-

âåäåíû íàòóðíûå íàáëþäåíèÿ çà ñêîðîñòüþ ñâîáîä-

íîãî äâèæåíèÿ ïàöèåíòîê ãèíåêîëîãè÷åñêîãî

îòäåëåíèÿ â ïîëèêëèíèêå Õàðáèíñêîãî ïîëèòåõíè-

÷åñêîãî óíèâåðñèòåòà. Íàáëþäåíèÿ ïðîâîäèëèñü íà

ó÷àñòêå ãîðèçîíòàëüíûõ ïóòåé — â êîðèäîðå 2-ãî

ýòàæà çäàíèÿ ïîëèêëèíèêè, ãäå íàõîäèëñÿ ãèíåêî-

ëîãè÷åñêèé êàáèíåò.

Â íàñòîÿùåå âðåìÿ èçâåñòíû äâà ìåòîäà ïðîâå-

äåíèÿ íàòóðíûõ íàáëþäåíèé — âèçóàëüíûé è ñ ïðè-

ìåíåíèåì âèäåî- è ôîòîàïïàðàòóðû.

Ââèäó îòñóòñòâèÿ íåîáõîäèìîé àïïàðàòóðû áûë

èñïîëüçîâàí âèçóàëüíûé ìåòîä [21, 22]. Ïðè ïðîâå-

äåíèè íàòóðíûõ íàáëþäåíèé ñ ïðèìåíåíèåì âèçó-

àëüíîãî ìåòîäà áûë óñòàíîâëåí èíòåðâàë âðåìåíè,

â ðàìêàõ êîòîðîãî îïðåäåëÿëîñü ðàññòîÿíèå, ïðîé-

äåííîå íàáëþäàåìûì ÷åëîâåêîì, à òàêæå ïëîòíîñòü

ïîòîêà D (÷åë.�ì2). Äëÿ òî÷íîñòè è îäíîðîäíîñòè

íàáëþäåíèé âûáèðàëñÿ çàìåòíûé ïðåäìåò, à èìåí-

íî ïåðâîå ñèäåíüå â êîðèäîðå (ðèñ. 2).

Ìåòîäû èññëåäîâàíèÿ

Ïîñëå âûáîðà èíòåðâàëà âðåìåíè, êîíòðîëüíîé

òî÷êè è íàáëþäàåìîãî ÷åëîâåêà áûëè ðåàëèçîâàíû

ñëåäóþùèå äåéñòâèÿ. Êîãäà íàáëþäàåìûé ÷åëîâåê

ïåðåñåêàë âèçóàëüíóþ ëèíèþ, ïîäñ÷èòûâàëîñü êî-

ëè÷åñòâî íàïîëüíûõ ïëèòîê, ïðîéäåííûõ èì çà èí-

òåðâàë âðåìåíè, ðàâíûé 5 ñ (ðèñ. 3).

Íåîáõîäèìî îòìåòèòü, ÷òî Â. Â. Õîëùåâíèêîâûì

[23] âïåðâûå áûë îáîñíîâàí ïðè ïðîâåäåíèè íàòóð-

íûõ íàáëþäåíèé âûáîð â êà÷åñòâå ïîñòîÿííîé âå-

ëè÷èíû íå ðàññòîÿíèÿ, à âðåìåíè.

Òàê, ðàíåå ïðè èñïîëüçîâàíèè âèçóàëüíîãî ìå-

òîäà íàòóðíûõ íàáëþäåíèé çà êîíñòàíòó ïðèíèìà-

ëîñü ðàññòîÿíèå, êîòîðîå ïðîõîäèë íàáëþäàåìûé

çà âðåìÿ n. Îäíàêî ïðè ïðîâåäåíèè ìàòåìàòè÷åñêèõ

âû÷èñëåíèé äàííûõ, êîòîðûå áûëè ïîëó÷åíû ïðè

èñïîëüçîâàíèè âèçóàëüíîãî ìåòîäà íàòóðíûõ íà-

áëþäåíèé, Â. Â. Õîëùåâíèêîâ ïðèøåë ê âûâîäó, ÷òî

ïðè èñïîëüçîâàíèè âèçóàëüíîãî ìåòîäà ôóíêöèÿ

èìååò àñèììåòðè÷íûé âèä çàêîíà ðàñïðåäåëåíèÿ

ïëîòíîñòè âåðîÿòíîñòè (ðèñ. 4). Âñëåäñòâèå ýòîãî

íåâîçìîæíî îïðåäåëèòü äåéñòâèòåëüíûé âèä çàêî-

íà ðàñïðåäåëåíèÿ ïî äàííûì íàáëþäåíèé âèçóàëü-

íûì ìåòîäîì [24–26]. Âî âñåõ æå èññëåäîâàíèÿõ,

ïðîâåäåííûõ êèíîìåòîäîì, áûëè ïîëó÷åíû íîð-

ìàëüíûå çàêîíû ðàñïðåäåëåíèÿ (ðèñ. 5).

Ðèñ. 2. Ôðàãìåíò ïðîâåäåíèÿ íàòóðíûõ íàáëþäåíèé çà ïåðå-

äâèæåíèåì ÷åëîâåêà âèçóàëüíûì ìåòîäîì

Ðèñ. 3. Ñõåìà ó÷àñòêà ïóòè, íà êîòîðîì èçìåðÿëèñü ïëîòíîñòü

è ñêîðîñòü ïîòîêà
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Ñëîæèâøàÿñÿ ñèòóàöèÿ ïðèâåëà ê ìîäèôèêàöèè

âèçóàëüíîãî ìåòîäà íàòóðíûõ íàáëþäåíèé, à èìåí-

íî: ïðè ïðîâåäåíèè íàòóðíûõ íàáëþäåíèé âèçóàëü-

íûì ìåòîäîì çà ïîñòîÿííóþ âåëè÷èíó ïðèíèìàåòñÿ

âðåìÿ, çàòðà÷åííîå ÷åëîâåêîì íà ïðîõîæäåíèå êîí-

êðåòíîãî ó÷àñòêà ïóòè.

Ðåçóëüòàòû èññëåäîâàíèé

Äëÿ äèôôåðåíöèàöèè ðåçóëüòàòîâ íàáëþäåíèé

áûëè âûáðàíû òàêèå ïîêàçàòåëè, êàê ïîë, âîçðàñò è

ïðîôåññèîíàëüíàÿ ïðèíàäëåæíîñòü (ðèñ. 6–8).

Ïîëó÷åííûå â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòà

äàííûå ïî ñðåäíåé ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ

ïàöèåíòîê ãèíåêîëîãè÷åñêîãî îòäåëåíèÿ ïîëèêëè-

íèêè ïî ãîðèçîíòàëüíîìó ïóòè â Êèòàå îòîáðàæåíû

â òàáë. 1.

Îñíîâíûì êîíòèíãåíòîì ëþäñêîãî ïîòîêà ãèíå-

êîëîãè÷åñêèõ îòäåëåíèé ÿâëÿþòñÿ æåíùèíû, îäíàêî

ïðè ïðîâåäåíèè íàòóðíûõ íàáëþäåíèé áûëè îïðå-

äåëåíû òàêæå ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ âðà-

÷åé (ìóæ÷èí è æåíùèí) è ìóæ÷èí (òàáë. 2).

Âûâîäû

Íà îñíîâàíèè äàííûõ, ïðèâåäåííûõ â òàáë. 1 è 2,

ìîæíî ñäåëàòü âûâîä, ÷òî ñêîðîñòü äâèæåíèÿ êè-

òàÿíîê íèæå ïî ñðàâíåíèþ ñ ðîññèÿíêàìè. Ïðåäïî-

Ðèñ. 4. Ïðèìåðû ãèñòîãðàìì è ïîëèãîíîâ ðàñïðåäåëåíèÿ ñêîðîñòåé äâèæåíèÿ ïî ãîðèçîíòàëüíûì ïóòÿì, ïîëó÷åííûõ âèçóàëü-

íûì ìåòîäîì (z — êðèòåðèé Ôèøåðà)

Ðèñ. 5. Íîðìàëüíîå ðàñïðåäåëåíèå ñêîðîñòè äâèæåíèÿ ëþäåé, ïîëó÷åííîå ïðè ïîìîùè êèíîìåòîäà (ni — êîëè÷åñòâî íà-

áëþäåíèé)

Ðèñ. 6. Ñêîðîñòü ïåðåäâèæåíèÿ ïàöèåíòîê ãèíåêîëîãè÷åñêî-

ãî îòäåëåíèÿ ïîëèêëèíèêè â Êèòàå: êîëè÷åñòâî íàáëþäåíèé

— 78; îæèäàåìîå çíà÷åíèå � = 48,4 ì�ìèí; ñòàíäàðòíîå îò-

êëîíåíèå " = 10,12 ì�ìèí; äîâåðèòåëüíûé èíòåðâàë (íèæíèé

è âåðõíèé ïðåäåëû) äëÿ ñðåäíåãî: íèæíèé — 46,12 ì�ìèí,

âåðõíèé — 50,68 ì�ìèí

Ðèñ. 7. Ñêîðîñòü ïåðåäâèæåíèÿ ìåäèöèíñêîãî ïåðñîíàëà ãè-

íåêîëîãè÷åñêîãî îòäåëåíèÿ â Êèòàå: êîëè÷åñòâî íàáëþäåíèé

— 9; îæèäàåìîå çíà÷åíèå � = 55,9 ì�ìèí; ñòàíäàðòíîå îò-

êëîíåíèå " = 6,72 ì�ìèí, äîâåðèòåëüíûé èíòåðâàë (íèæíèé

è âåðõíèé ïðåäåëû) äëÿ ñðåäíåãî: íèæíèé — 50,75 ì�ìèí,

âåðõíèé — 61,1 ì�ìèí
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ëàãàåòñÿ, ÷òî ðàçëè÷èå îáóñëàâëèâàåòñÿ ìåíüøèìè

àíòðîïîìåòðè÷åñêèìè ðàçìåðàìè òåë êèòàÿíîê, ÷åì

ðîññèÿíîê, è, ñëåäîâàòåëüíî, ìåíüøåé äëèíîé øàãà.

Â ðåçóëüòàòå íàòóðíûõ íàáëþäåíèé çà ñêîðîñòüþ

äâèæåíèÿ ïàöèåíòîê ãèíåêîëîãè÷åñêîãî îòäåëåíèÿ

â Êèòàå ðåøåíà îñíîâíàÿ çàäà÷à èññëåäîâàíèÿ:

óñòàíîâëåíà ñêîðîñòü ñâîáîäíîãî (áåç âëèÿíèÿ ïëîò-

íîñòè) äâèæåíèÿ áåðåìåííûõ æåíùèí ïî ðàçëè÷-

íûì âèäàì ïóòè â çäàíèÿõ â Êèòàå. Ñ ïîìîùüþ ïî-

ëó÷åííûõ ðåçóëüòàòîâ âîçìîæíà îïòèìèçàöèÿ ñèñ-

òåìû ïîæàðíîé áåçîïàñíîñòè îáúåêòà çàùèòû â

âèäå àêòóàëèçàöèè òðåáîâàíèé íîðìèðîâàíèÿ ýâà-

êóàöèîííûõ ïóòåé â çäàíèÿõ. Îäíàêî äëÿ êîìïëåêñ-

íîãî ïîäõîäà ê âîïðîñó íîðìèðîâàíèÿ íåîáõîäèìî

óñòàíîâëåíèå îñîáåííîñòåé ïîâåäåíèÿ áåðåìåííûõ

æåíùèí íà íà÷àëüíîé ñòàäèè ïîæàðà è çàòðàò âðå-

ìåíè íà ýòîì ýòàïå, à òàêæå îïðåäåëåíèå ïàðàìåò-

ðîâ ïîòî÷íîãî äâèæåíèÿ.

¹ ï�ï
Êàòåãîðèÿ íàáëþäàåìûõ

ïàöèåíòîê ïî âîçðàñòó, ëåò
V, ì�ìèí

1 20–30 48,8

2 31–45 48,4

3 46–70 42,5

Òàáëèöà 1. Ñðåäíÿÿ ñêîðîñòü ñâîáîäíîãî äâèæåíèÿ V ïà-
öèåíòîê ãèíåêîëîãè÷åñêîãî îòäåëåíèÿ ïîëèêëèíèêè ïî ãî-
ðèçîíòàëüíîìó ïóòè â Êèòàå

¹ ï�ï Êàòåãîðèÿ íàáëþäàåìûõ ëþäåé V, ì�ìèí

1 Âðà÷è (ìóæ÷èíû è æåíùèíû) 55,76

2 Ìóæ÷èíû 55,1

Òàáëèöà 2. Ñðåäíÿÿ ñêîðîñòü ñâîáîäíîãî ïåðåäâèæåíèÿ V
âðà÷åé (ìóæ÷èí è æåíùèí) ãèíåêîëîãè÷åñêîãî îòäåëåíèÿ
ïîëèêëèíèêè è ìóæ÷èí ïî ãîðèçîíòàëüíîìó ïóòè â Êèòàå

Ðèñ. 8. Ñêîðîñòü ïåðåäâèæåíèÿ ìóæ÷èí â ãèíåêîëîãè÷åñêîì

îòäåëåíèè â Êèòàå: êîëè÷åñòâî íàáëþäåíèé — 34; îæèäà-

åìîå çíà÷åíèå � = 55,1 ì�ìèí; ñòàíäàðòíîå îòêëîíåíèå " =

= 9,18 ì�ìèí; äîâåðèòåëüíûé èíòåðâàë (íèæíèé è âåðõíèé

ïðåäåëû) äëÿ ñðåäíåãî: íèæíèé — 51,9 ì�ìèí, âåðõíèé —

58,3 ì�ìèí
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FULL-SCALE OBSERVATIONS OF THE SPEED
OF FREE MOVEMENT OF GYNECOLOGICAL
PATIENTS IN CHINA

The article examines the demographic indicators of China in the period from 1951–2017. A number of
tasks was formed: carrying out full-scale observations of the parameters of the movement of gyne-
cological patients, statistical processing of the data obtained and comparative analysis with these pa-
rameters of the movement of our compatriots. A visual method of field observations of the para-
meters of the movement of patients of the gynecological department of the polyclinic of the Harbin
University of Technology in China is described. Statistical processing of the motion parameters ob-
tained as a result of field observations was carried out. Based on the results of statistical processing of
field observations, the rate of free movement of patients was established. When differentiating
the obtained statistical data of the parameters of free movement of patients, such classifications as
gender, age and professional affiliation were adopted. According to the obtained values of the ave-
rage speed of free movement of patients, a comparative analysis was carried out with the data of
studies conducted in the territory of Russia. As a result of the research, the conclusion was made that
the rate of free movement of gynecological patients in China exceeded the corresponding indicators
of our compatriots.
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Introduction

The population of the Earth in 2018 is about 7.5 billion

people. Of these, 1.5 billion people live in China, which

is 20 % of the total. Based on these statistics, China is

the leader in terms of population.

According to an independent assessment at the end

of 2016, the population of China was 1 382 494 824

people, in 2017 it was 1 401 109 752. Fig. 1 shows

China’s population growth trend from 1952 to 2016.

Fig. 1 shows a tendency of reducing population

growth. This factor is not an accident, but deliberate

actions of the authorities.

China was forced to legislatively restrict the size of

the family in the 1970s, when it became clear that a huge

number of people were overloading the land, water and

energy resources of the country.

With such amount of population, ensuring its safety

and comfort itself became a priority task of the state.

With the ratio of population to area, China ranks 9th,

with a population density of 648 people per 1 km2,

or 0.648 people per 1 m2.

Such an indicator, as population density, has a great

influence on all spheres of activity of China, especially

on the construction industry [1]. Due to the high density

of population, in designing buildings and structures

in China, its carrying capacity becomes the main para-

meter [2–7].

The purpose of this article is to determine the speed

of free movement of the main composition of the hu-

man flow in the gynecological department of a clinic in

China.

In the initial stage of the fire, the vast majority of

communication paths are used as evacuation routes and

exits [8–10]. In these situations, they are a fire protec-

tion system for a building or structure [11–13].

Fig. 1. The increase in the population of China in 1952–2016
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Communication paths of buildings should ensure

the comfort of movement of people during their daily

stay in the building, free movement of people in the event

of their early (evacuation) evacuation from the building

when approaching emergency situations of natural

origin or the threat of terrorist attacks, as well as the un-

hindered and timely simultaneous evacuation of people

technogenic accidents and in case of fire [13, 14].

In order to provide these functions with commu-

nication routes, it is necessary to analyze the size of

the formed human flows, staying in buildings of va-

rious functional purposes, depending on the kinematics

of their movement, the psychophysiological properties

of their constituent people, and psycho-physically de-

termined [15–17] relationships between flow parame-

ters [18–20].

During the passage of the practice of sharing inter-

national experience between the National Research

Moscow State University of Construction and Harbin

University of Technology in 2017, the postgraduate stu-

dent of the NRU MGSU O. S. Zosimova managed to

organize full-scale observations of the speed of free

movement of gynecological patients in the clinic of

Harbin Polytechnic University. For reference: Harbin is

located in the northeast of China and is the administra-

tive center of Heilongjiang Province.

Observations were conducted in the corridor of

the 2nd floor of the polyclinic, where the gynecological

office was located.

Currently, there are two methods of field observa-

tions: visual method of observation and using video-

photo equipment.

Considering the lack of the ability to use the film

method of field observations, a visual method was used

[21, 22]. In this connection, the time interval during

which the distance traversed by the observed person was

counted was determined, and flux density D (person�m2).

For the accuracy and uniformity of the observation,

a noticeable object (checkpoint) was chosen, namely

the beginning of the seats in the corridor (Fig. 2).

Methods

After selecting the time interval, the control point

and the observed person, the following steps were taken.

When the observed person crossed the visual line,

the number of floor tiles passed by him over a time in-

terval of 5 seconds was calculated (Fig. 3).

It is necessary to note the following. The importance

of the choice of a constant in the form of time in both

the visual and film methods of field observations was

first substantiated by prof. V. V. Kholshchevnikov in

his works [23].

Previously, using the visual method of field obser-

vations, the distance traveled by the observed value was

taken as a constant value. However, during the perform-

ing mathematical calculations with the data of field ob-

Fig. 2. The process of visual method of carrying out full-scale ob-

servations of human movement

Fig. 3. Scheme of the section of the path on which the density and

flow velocity are measured

Fig. 4. Examples of histograms and polygons of velocity distribution along horizontal paths obtained by the visual method ( z — F-test)
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servations obtained by the visual method, V. V. Kholsh-

chevnikov came to the conclusion that when using

the visual method, the function gives the form of

an asymmetric form of the probability density distribu-

tion law (Fig. 4), so that it is impossible to determine

the actual form of the distribution law from the data of

the visual observation method [24–26].

In all the studies conducted by the film method,

normal distribution laws were obtained (Fig. 5).

The current situation led to a modification of the vi-

sual method of field observations. The solution was

the following: when carrying out the visual method of

field observations for a constant, the time taken by

a person to go through a particular section of the path

is taken.

Results

To differentiate the results of observations, the fol-

lowing indicators were chosen: gender, age, professio-

nal affiliation (Fig. 6–8).

Got during realization of experiment data about

average speed of free movement V of patients of gyne-

cological department clinics on a horizontal path in

China are represented in Table 1.

Although women make up the basic human compo-

sition of the gynecological department, it was also in-

Fig. 5. Normal distribution of the speed of movement of people obtained at the film method (ni is number of observations)

Fig. 6. Speed of movement of the patients of the gynecological

department in China: the number of observations is 78; mathe-

matical expectation � is 48.4 m�min; standard deviation " is

10.12 m�min; confidence interval for the mean: lower limit is

46.12 m�min, upper limit is 50.68 m�min

Fig. 7. Speed of movement of medical personnel of gynecolo-

gical department in China: number of observations is 9; mathe-

matical expectation � is 55.9 m�min; standard deviation " is

6.72 m�min; confidence interval for the mean: lower limit is

50.75 m�min, upper limit is 61.1 m�min

No.
Category of observed
patients (age, years)

V, m�min

1 Women 20–30 48.8

2 Women 31–45 48.4

3 Women 46–70 42.5

Table 1. Average speed of free movement V of patients of
gynecological department clinics on a horizontal path in China

Fig. 8. Speed of movement of men in the gynecological depart-

ment in China: number of observations is 34; mathematical ex-

pectation � is 55.1 m�min; standard deviation " is 9.18 m�min;

confidence interval for the mean: lower limit is 51.9 m�min,

upper limit is 58.3 m�min
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teresting to determine the speed of free movement of

doctors, as well as men (Table 2).

Conclusion

The data of the table show that the values of the spe-

ed of movement of Chinese women differ from the spe-

ed of Russians, but it is somewhat lower. It is assumed

that this difference is associated with smaller anthropo-

metric body size, and accordingly the length of the step.

As a result of the present study, one of the tasks has

been established: the speed of free (without the in-

fluence of density) movement of pregnant women has

been established in different types of pathway. The ob-

tained results are necessary for constructing a fire sa-

fety system for the protection object, but not sufficient,

since the behavior of pregnant women in the initial

stage of the fire and the time spent at this stage have not

been established, and the flow parameters have not

been established, however, studies in this area are acti-

vely continuing.

No. Category of observed people V, m�min

1 Doctors (men and women) 55.76

2 Men 55.10

Table 2. Average speed of free movement of doctors (men
and women) gynecological department of the polyclinic and
of men on a horizontal path in China
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ÝËÅÊÒÐÎÈÍÄÓÊÖÈÎÍÍÛÉ ÌÅÒÎÄ ÊÎÍÒÐÎËß
ÏÀÐÀÌÅÒÐÎÂ ÀÝÐÎÄÈÑÏÅÐÑÍÎÉ ÑÈÑÒÅÌÛ
È ÐÀÍÍÅÃÎ ÎÁÍÀÐÓÆÅÍÈß ÒÅÐÌÈ×ÅÑÊÎÃÎ
ÐÀÇËÎÆÅÍÈß ÊÀÁÅËÜÍÎÉ ÏÐÎÄÓÊÖÈÈ
È ÄÐÓÃÈÕ ÌÀÒÅÐÈÀËÎÂ

Îáîñíîâàíà íåîáõîäèìîñòü ïðèìåíåíèÿ ýëåêòðîèíäóêöèîííîãî ìåòîäà êîíòðîëÿ ïàðàìåòðîâ
àýðîäèñïåðñíîé ñèñòåìû ñðåäû äëÿ ðåøåíèÿ çàäà÷ ðàííåãî îáíàðóæåíèÿ ïîæàðîîïàñíîé ñèòó-
àöèè. Ïðåäëîæåíî äëÿ ðåøåíèÿ çàäà÷è ðàííåãî îáíàðóæåíèÿ ïîòåíöèàëüíîãî çàãîðàíèÿ îáåñ-
ïå÷èòü êðóãëîñóòî÷íûé ìîíèòîðèíã íàëè÷èÿ (ïîÿâëåíèÿ) â âîçäóõå àýðîäèñïåðñíîé ñèñòåìû –
ãàçîäûìîâûõ àýðîçîëåé ýëåêòðîèíäóêöèîííûì ìåòîäîì êîíòðîëÿ åå ïàðàìåòðîâ, êîòîðûé ïî-
çâîëÿåò àíàëèçèðîâàòü èçìåíåíèÿ â øèðîêîì äèàïàçîíå ôðàêöèé àýðîçîëüíûõ ÷àñòèö. Ïîä-
òâåðæäåí ôàêò îáíàðóæåíèÿ èçâåùàòåëåì ÈÏ 216-Ì5 ãàçîäûìîâûõ àýðîçîëåé â àýðîäèñïåðñ-
íîé ñèñòåìå ïðè íàãðåâå ñðåäû è êîíñòðóêòèâíûõ ýëåìåíòîâ â ðàéîíå âîçìîæíîãî î÷àãà
ïîæàðà.

Êëþ÷åâûå ñëîâà: òåðìè÷åñêîå ðàçëîæåíèå; ãàçîäûìîâàÿ àýðîçîëü; àñïèðàöèîííûé ïîæàð-
íûé èçâåùàòåëü; ïðåäîòâðàùåíèå çàãîðàíèÿ; äàò÷èê “çàïàõà ãàðè”; ÷àñòèöû äûìà; àíàëèç äèñ-
ïåðñíîé ñðåäû.

DOI: 10.18322/PVB.2018.27.12.37-48

Ââåäåíèå

Ðàííåå îáíàðóæåíèå ïîòåíöèàëüíîãî î÷àãà çàãîðà-

íèÿ äàåò âîçìîæíîñòü ïðåäîòâðàòèòü ïîæàð, à â ñëó-

÷àå åãî âîçíèêíîâåíèÿ ëèêâèäèðîâàòü åãî ïîñëåä-

ñòâèÿ ñ ìèíèìàëüíûìè çàòðàòàìè. Ýòî âîçìîæíî,

åñëè ïðèçíàêè ãîðåíèÿ îáíàðóæèâàþòñÿ àâòîìà-

òè÷åñêèìè ñèñòåìàìè ïîæàðíîé ñèãíàëèçàöèè íà

ñòàäèè íà÷àëüíîãî òåðìè÷åñêîãî ðàçëîæåíèÿ ãîðþ-

÷èõ ìàòåðèàëîâ. Èçâåñòíî, ÷òî îñíîâíûìè èíôîð-

ìàöèîííûìè õàðàêòåðèñòèêàìè ïîæàðà ÿâëÿþòñÿ

òàêèå ïàðàìåòðû, êàê òåìïåðàòóðà, ýëåêòðîìàãíèò-

íîå èçëó÷åíèå ïëàìåíè, äûìîîáðàçîâàíèå è âûäåëå-

íèå òîêñè÷íûõ ãàçîâ. Çàäà÷à îáíàðóæåíèÿ ïåðåãðåâà

ýëåêòðîèçîëÿöèîííûõ ìàòåðèàëîâ, âîçíèêàþùåãî

âñëåäñòâèå ïåðåãðóçêè îáîðóäîâàíèÿ ïðè òåìïåðà-

òóðàõ ìåíåå 200 °C (ò. å. çàäîëãî äî òåìïåðàòóðû èõ

ñàìîâîñïëàìåíåíèÿ), ìîæåò áûòü ðåøåíà ñ ïîìîùüþ

ïîæàðíûõ èçâåùàòåëåé, ðàáîòàþùèõ íà ïðèíöèïå

ýëåêòðîèíäóêöèîííîãî ìåòîäà îáíàðóæåíèÿ ÷àñòèö

äûìà. Ê òàêèì ïðèáîðàì îòíîñèòñÿ èçâåùàòåëü ïî-

æàðíûé ÈÏ 216-Ì5, ñåëåêòèâíàÿ ÷óâñòâèòåëüíîñòü

êîòîðîãî ê âûñîêîäèñïåðñíûì ÷àñòèöàì äûìà ïî-

çâîëÿåò ñîêðàòèòü âðåìÿ îáíàðóæåíèÿ ìåäëåííî

ðàçâèâàþùåãîñÿ çàãîðàíèÿ è ïðèíÿòü íåîáõîäèìûå

ìåðû ïî åãî ïðåäóïðåæäåíèþ íà ñàìîì ðàííåì ýòà-

ïå ðàçâèòèÿ ïîæàðîîïàñíîé ñèòóàöèè [1].

© Ãðèãîðüåâ È. Â., Êóòóçîâ Â. Â., Áåçðóêîâ Â. À., Êîðîëüêîâ À. Ï., Îñìàíîâ Ø. À., 2018



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1238

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

Ýòîò ìåòîä îðèåíòèðîâàí, â ïåðâóþ î÷åðåäü,

íà ðàáîòó â ñèñòåìàõ ïðåäóïðåæäåíèÿ àâàðèé ýëåêò-

ðîòåõíè÷åñêîãî è ýíåðãåòè÷åñêîãî îáîðóäîâàíèÿ, òàê

êàê îí äàåò âîçìîæíîñòü îáíàðóæèòü ïîòåíöèàëü-

íûé î÷àã çàãîðàíèÿ äî âîçíèêíîâåíèÿ îòêðûòîãî

ïëàìåíè è ïåðåõîäà ïðîöåññà çàãîðàíèÿ â ïåðâóþ

ñòàäèþ ïîæàðà.

Îñíîâíàÿ öåëü ïðèìåíåíèÿ ýëåêòðîèíäóêöèîí-

íîãî ìåòîäà îáíàðóæåíèÿ ÷àñòèö äûìà ñ èñïîëüçî-

âàíèåì èçâåùàòåëÿ ÈÏ 216-Ì5 — äîïîëíèòü íàáîð

ñóùåñòâóþùèõ ñðåäñòâ ïîæàðíîé àâòîìàòèêè âû-

ñîêî÷óâñòâèòåëüíûìè èçâåùàòåëÿìè ðàííåãî îá-

íàðóæåíèÿ ïîæàðîîïàñíîé ñèòóàöèè è îáåñïå÷èòü

èìïîðòîçàìåùåíèå äîðîãîñòîÿùåãî îáîðóäîâàíèÿ

èíîñòðàííûõ ïðîèçâîäèòåëåé.

Ýëåêòðîèíäóêöèîííûé ìåòîä
èññëåäîâàíèÿ ïàðàìåòðîâ

àýðîäèñïåðñíîé ñèñòåìû è îáíàðóæåíèÿ
ïîæàðîîïàñíîé ñèòóàöèè

Ïîñòàíîâêà çàäà÷è

Àíàëèç ïðîöåññà, ïðèâîäÿùåãî ê âîçãîðàíèþ,

ïîêàçûâàåò, ÷òî ðàçâèòèå ïîæàðà çà÷àñòóþ íà÷èíà-

åòñÿ ñ ïîÿâëåíèÿ ñëàáûõ èçìåíåíèé ôèçè÷åñêèõ õà-

ðàêòåðèñòèê ñðåäû ðÿäîì ñ ìåñòîì âîçãîðàíèÿ.

Ïîëàãàåòñÿ, ÷òî äëÿ ðàííåãî îáíàðóæåíèÿ ïî-

òåíöèàëüíîãî ïîæàðà íà îáúåêòå çàùèòû, ãäå â êà-

÷åñòâå îñíîâíîé ïîæàðíîé íàãðóçêè âûñòóïàþò ìà-

òåðèàëû ñ âûñîêîé äûìîîáðàçóþùåé ñïîñîáíîñòüþ,

äîñòàòî÷íî êîíòðîëèðîâàòü ñîñòîÿíèå âîçäóøíîé

ñðåäû íà ïðåäìåò íàëè÷èÿ â íåé àýðîçîëüíûõ ïðî-

äóêòîâ òåðìîîêèñëèòåëüíîé äåñòðóêöèè — ÷àñòèö

äûìà, ïîÿâëÿþùèõñÿ ïðè íèçêîòåìïåðàòóðíîì òåð-

ìè÷åñêîì ðàçëîæåíèè ðàçëè÷íûõ ãîðþ÷èõ ìàòåðè-

àëîâ, â òîì ÷èñëå ïîëèìåðîâ. Ýòè ïðîäóêòû äîñòà-

òî÷íî áûñòðî ðàñïðîñòðàíÿþòñÿ âîçäóøíûìè ïî-

òîêàìè è ìîãóò áûòü çàðåãèñòðèðîâàíû ïîæàðíûìè

èçâåùàòåëÿìè, óñòàíîâëåííûìè íà çàùèùàåìîì

îáúåêòå [1–5].

Àýðîçîëü (äûì) — ýòî àýðîäèñïåðñíàÿ ñèñòåìà,

ïðåäñòàâëÿþùàÿ ñîáîé ñîâîêóïíîñòü òâåðäûõ èëè

æèäêèõ ÷àñòèö, âçâåøåííûõ â ãàçîâîé ñðåäå. Äèñ-

ïåðñèîííûå àýðîçîëè îáðàçóþòñÿ â ðåçóëüòàòå èç-

ìåëü÷åíèÿ èëè ðàñïûëåíèÿ èñõîäíîãî ìàòåðèàëà è

ïåðåâîäà åãî âî âçâåøåííîå ñîñòîÿíèå, êîíäåíñà-

öèîííûå àýðîçîëè — âñëåäñòâèå îáúåìíîé êîíäåí-

ñàöèè íàñûùåííûõ ïàðîâ ëèáî ãàçîâûõ ðåàêöèé,

âåäóùèõ ê îáðàçîâàíèþ íåëåòó÷èõ ïðîäóêòîâ. Äèñ-

ïåðñèîííûå àýðîçîëè ñîäåðæàò çíà÷èòåëüíî áîëåå

êðóïíûå ÷àñòèöû, ÷åì êîíäåíñàöèîííûå, è â ñèëó

îñîáåííîñòåé îáðàçîâàíèÿ ïðåäñòàâëÿþò ñîáîé ïî-

ëèäèñïåðñíûå ñèñòåìû. Â êîíäåíñàöèîííûõ àýðî-

çîëÿõ òâåðäûå ÷àñòèöû ñîñòîÿò èç áîëüøîãî êîëè-

÷åñòâà ïåðâè÷íûõ ÷àñòèö øàðîîáðàçíîé èëè

ïðàâèëüíîé êðèñòàëëè÷åñêîé ôîðìû. Äëÿ àýðîäèñ-

ïåðñíûõ ñèñòåì õàðàêòåðåí ïðîöåññ êîàãóëÿöèè, ïîä

êîòîðûì ïîíèìàåòñÿ îáúåäèíåíèå ìåëêèõ ÷àñòèö

â áîëåå êðóïíûå ïîä âëèÿíèåì ñèë ñöåïëåíèÿ. Ïðè

êîàãóëÿöèè æèäêèõ êàïåëåê îáðàçóþòñÿ êàïëè ñ øà-

ðîîáðàçíîé èëè ýëëèïñîèäíîé ôîðìîé. Â ñëó÷àå

êîàãóëÿöèè òâåðäûõ ÷àñòèö îáðàçóþòñÿ ðàçëè÷íûå

àãðåãàòû íåïðàâèëüíûõ ôîðì ñ ñèëüíî ðàçâèòîé ïî-

âåðõíîñòüþ, èíîãäà èõ íàçûâàþò êëàñòåðàìè. Â àò-

ìîñôåðå âñòðå÷àþòñÿ êàê êîíäåíñàöèîííûå, òàê è

äèñïåðñèîííûå àýðîçîëè [1–4, 6–8].

Àýðîäèñïåðñíàÿ ñèñòåìà íèêîãäà íå áûâàåò óñòîé-

÷èâîé, ïîñêîëüêó â íåé ïðîòåêàþò ïðîöåññû ïåðå-

íîñà âîçäóøíûõ ìàññ, äèñïåðñèîííûå è êîíäåíñà-

öèîííûå ïðîöåññû, âîçíèêàþò âèõðåâûå ïîòîêè,

ïðîèñõîäèò êîàãóëÿöèÿ ÷àñòèö, ñåäèìåíòàöèÿ ïîä

äåéñòâèåì ñèëû òÿæåñòè, èñïàðåíèå è ïð. Âñå ýòî

ïðèâîäèò ê òîìó, ÷òî àýðîçîëüíûå èçìåðåíèÿ íîñÿò

ñòàòèñòè÷åñêèé õàðàêòåð.

Äëÿ ðàííåãî îáíàðóæåíèÿ ïðîäóêòîâ òåðìîîêèñ-

ëèòåëüíîé äåñòðóêöèè íàèáîëåå ïåðñïåêòèâíû äû-

ìîâûå ïîæàðíûå èçâåùàòåëè, ïîñêîëüêó âûõîä äû-

ìîâîãî àýðîçîëÿ íà ðàííåé ñòàäèè òåðìè÷åñêîãî ðàç-

ëîæåíèÿ ìàòåðèàëîâ (äî âîñïëàìåíåíèÿ) â 2–5 ðàç

ïðåâûøàåò ïî ìàññå âûõîä ãàçîîáðàçíûõ ïðîäóê-

òîâ, à õèìè÷åñêèé ñîñòàâ àýðîçîëüíûõ (äûìîâûõ)

÷àñòèö íå âëèÿåò íà ðàáîòó èçâåùàòåëåé [1–4, 7, 9].

Ãàçîâûå ïîæàðíûå èçâåùàòåëè òàêæå ìîãóò îêà-

çàòüñÿ âåñüìà ýôôåêòèâíûì ñðåäñòâîì äëÿ ðàííåãî

îáíàðóæåíèÿ ïîæàðîîïàñíîé ñèòóàöèè. Îäíàêî îíè

èìåþò ñóùåñòâåííûé íåäîñòàòîê: îíè â ñîñòîÿíèè

çàðåãèñòðèðîâàòü â âîçäóøíîé ñðåäå ëèøü îäèí èëè

íåñêîëüêî êîíêðåòíûõ ãàçîâ, âûäåëÿþùèõñÿ ïðè

òåðìè÷åñêîì ðàçëîæåíèè ìàòåðèàëîâ. Âìåñòå ñ òåì

íåò íèêàêîé ãàðàíòèè, ÷òî òåðìîîêèñëèòåëüíàÿ äå-

ñòðóêöèÿ â íà÷àëüíîé ñòàäèè áóäåò ñîïðîâîæäàòüñÿ

âûäåëåíèåì èìåííî òåõ ãàçîâ, íà êîòîðûå ðåàãè-

ðóåò êîíêðåòíûé ãàçîâûé ïîæàðíûé èçâåùàòåëü [1].

Â ñâÿçè ñ îòñóòñòâèåì âûâåðåííîé ìåòîäèêè ïðèìå-

íåíèÿ ãàçîâûõ ïîæàðíûõ èçâåùàòåëåé âîçíèêàþò

ïðîáëåìû ïðè èõ ýêñïëóàòàöèè, â ÷àñòíîñòè áîëü-

øîå êîëè÷åñòâî ëîæíûõ ñðàáàòûâàíèé.

Íàèáîëåå øèðîêîå ðàñïðîñòðàíåíèå â íàñòîÿùåå

âðåìÿ ïîëó÷èëè îïòè÷åñêèå äûìîâûå ïîæàðíûå

èçâåùàòåëè [1–3, 6–8, 10]. Îäíàêî èõ òåõíè÷åñêèå

õàðàêòåðèñòèêè íå ïîçâîëÿþò îáíàðóæèòü äûìîâûå

÷àñòèöû ðàçìåðîì ìåíåå 0,2 ìêì (èç-çà äèôðàê-

öèè), â ðåçóëüòàòå ÷åãî èç àíàëèçà âûïàäàåò áîëåå

95 % àýðîçîëüíûõ ÷àñòèö èç äèàïàçîíà îò 0,01 äî

1 ìêì. Èìåííî ïîýòîìó ïðèìåíåíèå îïòè÷åñêèõ

ïîæàðíûõ èçâåùàòåëåé äëÿ îáíàðóæåíèÿ ïîòåíöè-

àëüíûõ çàãîðàíèé íà ðàííåé ñòàäèè ðàçâèòèÿ, à òàê-

æå äëÿ èäåíòèôèêàöèè ïîæàðîîïàñíîé ñèòóàöèè

íå ïðåäñòàâëÿåòñÿ âîçìîæíûì [1].

Äëÿ ðàííåãî îáíàðóæåíèÿ ïîæàðîîïàñíîé ñèòó-

àöèè ìîæíî èñïîëüçîâàòü èîíèçàöèîííûå äûìîâûå
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ïîæàðíûå èçâåùàòåëè, òàê êàê îíè ñïîñîáíû àíà-

ëèçèðîâàòü øèðîêèé ñïåêòð ÷àñòèö äûìà. Èõ äåé-

ñòâèå îñíîâàíî íà òîì, ÷òî äûì, ïîïàäàÿ â èîíèçà-

öèîííóþ êàìåðó, óìåíüøàåò ýëåêòðè÷åñêóþ ïðî-

âîäèìîñòü ãàçîâ çà ñ÷åò îñàæäåíèÿ ÷àñòè ëåãêèõ

ãàçîâûõ èîíîâ íà ÷àñòèöû äûìà, ýëåêòðè÷åñêàÿ ïî-

äâèæíîñòü êîòîðûõ çíà÷èòåëüíî ìåíüøå, ÷åì ó

ïåðâûõ [4, 6, 11]. Îäíàêî îíè èìåþò îãðàíè÷åíèÿ ïî

÷óâñòâèòåëüíîñòè è âîçìîæíîñòè ðåãèñòðàöèè ñóá-

ìèêðîííûõ ÷àñòèö äûìà, êîòîðûå ïî ïîäâèæíîñòè

áëèçêè ê ãàçîâûì èîíàì. Êðîìå òîãî, ïðèìåíåíèå

çàêðûòûõ ðàäèîàêòèâíûõ èñòî÷íèêîâ òðåáóåò êîíò-

ðîëÿ ðàäèàöèîííîé áåçîïàñíîñòè è ó÷åòà ðàäèî-

àêòèâíûõ âåùåñòâ. Â ñâÿçè ñ ýòèì èñïîëüçîâàíèå

ýòèõ èçâåùàòåëåé ñóùåñòâåííî îãðàíè÷åíî [1].

Ïðèìåíåíèå àñïèðàöèîííûõ ñèñòåì îáíàðóæå-

íèÿ ïîæàðîâ, íåñîìíåííî, ïîêàçàëî èõ âûñîêóþ ýô-

ôåêòèâíîñòü, îäíàêî èõ ÷óâñòâèòåëüíûì ýëåìåíòîì

ÿâëÿåòñÿ îïòîïàðà. Êðîìå òîãî, ýòè ñèñòåìû â îñíîâ-

íîì çàðóáåæíîãî ïðîèçâîäñòâà ëèáî áîëüøèíñòâî

èõ êîìïîíåíòîâ èçãîòîâëåíû çà ðóáåæîì, ÷òî îáó-

ñëàâëèâàåò èõ âûñîêóþ ñòîèìîñòü. Èñõîäÿ èç âçÿòîãî

íàøåé ñòðàíîé êóðñà íà èìïîðòîçàìåùåíèå â ñåê-

òîðå ïðîìûøëåííîñòè è ýêîíîìèêè, ïðèìåíåíèå äàí-

íûõ ñèñòåì â íàñòîÿùåå âðåìÿ íåýôôåêòèâíî.

Ìàòåðèàëû è ìåòîäû

Âûáîð ìàòåðèàëîâ äëÿ ïðîâåäåíèÿ ýêñïåðèìåí-

òîâ ïî ïðèìåíåíèþ ýëåêòðîèíäóêöèîííîãî ìåòîäà

äëÿ îáíàðóæåíèÿ íà÷àëà èõ òåðìè÷åñêîãî ðàçëîæå-

íèÿ ïðîâîäèëñÿ èñõîäÿ èç òîãî, ÷òî èçîëÿöèÿ ýëåêò-

ðîòåõíè÷åñêèõ ìàòåðèàëîâ ìîæåò ïîäâåðãàòüñÿ

ïåðåãðåâó â ñâÿçè ñ óâåëè÷åíèåì ñèëû òîêà, ïðîòå-

êàþùåãî ïî æèëàì êàáåëüíîé ïðîäóêöèè, èç-çà àâà-

ðèéíîé ñèòóàöèè, âîçíèêøåé ïðè ðàáîòå ýëåêòðî-

îáîðóäîâàíèÿ.

Ýëåêòðîèíäóêöèîííûé ìåòîä êîíòðîëÿ ïàðàìåò-

ðîâ àýðîäèñïåðñíîé ñèñòåìû ïîçâîëÿåò íåïðåðûâ-

íî àíàëèçèðîâàòü èçìåíåíèÿ â øèðîêîì äèàïàçîíå

ñïåêòðà àýðîçîëüíûõ ÷àñòèö è îáëàäàåò âûñîêîé ÷óâ-

ñòâèòåëüíîñòüþ.

Ýëåêòðîèíäóêöèîííûé ìåòîä îáíàðóæåíèÿ ïî-

æàðîîïàñíîé ñèòóàöèè çàêëþ÷àåòñÿ â òîì, ÷òî èç-

ìåðÿåòñÿ îáúåìíûé ýëåêòðè÷åñêèé çàðÿä èññëåäó-

åìîãî àýðîçîëÿ, êîòîðûé ïðîêà÷èâàåòñÿ ïîáóäèòåëåì

ðàñõîäà ÷åðåç èçìåðèòåëüíóþ ëèíèþ, ñîñòîÿùóþ èç

çàðÿäíîé è èçìåðèòåëüíîé êàìåð. Â çàðÿäíîé êàìå-

ðå àýðîçîëüíûå ÷àñòèöû ïîëó÷àþò ýëåêòðè÷åñêèé

çàðÿä, ïðîïîðöèîíàëüíûé èõ ðàçìåðó. Â äàëüíåé-

øåì çàðÿæåííûå ÷àñòèöû, ïðîõîäÿ ÷åðåç èçìåðè-

òåëüíóþ êàìåðó, íàâîäÿò íà íåå çàðÿä, âåëè÷èíà êî-

òîðîãî çàâèñèò îò èõ ðàçìåðà è ñ÷åòíîé êîíöåíòðà-

öèè. Âåëè÷èíà çàðÿäà, ïîëó÷àåìîãî â èçìåðèòåëü-

íîé êàìåðå, óñèëèâàåòñÿ è ïîäâåðãàåòñÿ ïîñëåäó-

þùåé îáðàáîòêå. Â ðåçóëüòàòå ôîðìèðóåòñÿ òîò èëè

èíîé ïîëåçíûé ñèãíàë.

Êîíñòðóêöèÿ ïîæàðíîãî èçâåùàòåëÿ ÈÏ 216-Ì5,

ðåàëèçóþùåãî ýëåêòðîèíäóêöèîííûé ìåòîä îáíà-

ðóæåíèÿ çàãîðàíèé, ïðèâåäåíà íà ðèñ. 1.

Äîñòîâåðíîñòü êîíòðîëèðóåìûõ ïàðàìåòðîâ àýðî-

äèñïåðñíîé ñèñòåìû òåì âûøå, ÷åì øèðå äèàïàçîí

ðàçìåðîâ àíàëèçèðóåìûõ àýðîçîëüíûõ ÷àñòèö è

áîëüøå îáúåì àíàëèçèðóåìîé ïðîáû. Ýòè äâà êðè-

òåðèÿ ÿâëÿþòñÿ î÷åíü âàæíûìè äëÿ àýðîçîëüíûõ

(äûìîâûõ) ïîæàðíûõ èçâåùàòåëåé, òàê êàê îíè íà-

ïðÿìóþ âëèÿþò íà ïîìåõîçàùèùåííîñòü îò ñëó÷àé-

íûõ ñèãíàëîâ è íà âðåìÿ îáíàðóæåíèÿ ïîæàðîîïàñ-

íîé ñèòóàöèè.

Èññëåäîâàíèÿ åñòåñòâåííûõ ôîíîâûõ èçìåíå-

íèé ñïåêòðîâ ðàñïðåäåëåíèÿ àýðîçîëüíûõ ÷àñòèö

ïî ðàçìåðó ïîêàçàëè, ÷òî â âîçäóøíîé ñðåäå ïîñòî-

ÿííî ïðèñóòñòâóþò ìåëü÷àéøèå àýðîçîëüíûå ÷àñ-

òèöû ðàçìåðîì îò 0,01 ìêì è ìåíåå äî åäèíèö ìêì

[1–3, 6, 12–15]. Â 1 äì3 àòìîñôåðû ìîæåò íàõîäèòü-

ñÿ îêîëî 2 ìèëëèîíîâ òàêèõ ÷àñòèö (òàáë. 1).

Åñòåñòâåííûå èçìåíåíèÿ ôîíîâûõ ôðàêöèîí-

íûõ êîíöåíòðàöèé íåçíà÷èòåëüíû è ïðåäñòàâëåíû

â òàáë. 2 è 3.

Â ñëó÷àå íåñòàíäàðòíûõ (íåøòàòíûõ) ñèòóàöèé

(äûì îò ñèãàðåòû, ïåðåãîðåâøåãî äâèãàòåëÿ è ò. ï.)

èçìåíåíèÿ ôðàêöèîííûõ êîíöåíòðàöèé íà÷èíàþò

ïðîÿâëÿòüñÿ ñíà÷àëà â îáëàñòè âûñîêîäèñïåðñíûõ

(èç ñàìûõ ìåëêèõ ôðàêöèé) àýðîçîëåé, à çàòåì ïëàâíî

(â òå÷åíèå äåñÿòêîâ ìèíóò) ñäâèãàþòñÿ ê ôðàêöèÿì

ñ ðàçìåðîì ÷àñòèö 1 ìêì [1].

Òàêèì îáðàçîì, äëÿ ðàííåãî îáíàðóæåíèÿ íå-

øòàòíîé èëè ïîæàðîîïàñíîé ñèòóàöèè íåîáõîäèìî

ñëåäèòü çà âûñîêîäèñïåðñíîé (ñ ðàçìåðîì ÷àñòèö ìå-

íåå 0,1 ìêì) ÷àñòüþ ñïåêòðà ðàñïðåäåëåíèÿ ÷àñòèö.

Ýòî ïîçâîëèò íà äåñÿòêè ìèíóò è áîëåå ñîêðàòèòü

Ðèñ. 1. Êîíñòðóêöèÿ ýëåêòðîèíäóêöèîííîãî àâòîìàòè÷åñêî-

ãî ïîæàðíîãî èçâåùàòåëÿ ÈÏ 216-Ì5: 1 — âåíòèëÿòîð; 2 —

èçìåðèòåëüíàÿ êàìåðà; 3 — âûñîêîâîëüòíàÿ ïëàòà; 4 —

øòóöåð çàáîðà âîçäóõà; 5 — çàðÿäíàÿ êàìåðà; 6 — ïëàòà îá-

ðàáîòêè

Fig. 1. Schematic of an electro-inductive automated fire detector

IP 216-M5: 1 — fan; 2 — metering chamber; 3 — high voltage

board; 4 — air inlet fitting; 5 — charging chamber; 6 — pro-

cessing board



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1240

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

âðåìÿ îáíàðóæåíèÿ çàãîðàíèÿ äûìîâûìè ïîæàðíû-

ìè èçâåùàòåëÿìè [1–3, 6, 16, 17].

Äûìîâûå èçâåùàòåëè, ðàáîòàþùèå íà îñíîâå

ýëåêòðîèíäóêöèîííîãî ìåòîäà, îáëàäàþò ïîâûøåí-

íîé ÷óâñòâèòåëüíîñòüþ ê âûñîêîäèñïåðñíûì ÷àñ-

òèöàì. Ýòî îáóñëîâëåíî òåì, ÷òî ìåëêèå ÷àñòèöû

âíîñÿò ñàìûé çíà÷èòåëüíûé âêëàä â óâåëè÷åíèå

îáúåìíîãî ñóììàðíîãî ýëåêòðè÷åñêîãî çàðÿäà ïðè

íåñòàíäàðòíûõ èëè íåøòàòíûõ ñèòóàöèÿõ çà ñ÷åò

ñâîåãî êîëè÷åñòâà. Ïîìèìî ýòîãî, â óâåëè÷åíèå çà-

ðÿäà âíîñÿò ñâîþ äîëþ è òå ÷àñòèöû, ðàçìåðû êîòî-

ðûõ áëèçêè ê ðàçìåðàì îòäåëüíûõ ìîëåêóë. Ïðàâäà,

ñëåäóåò îòìåòèòü, ÷òî çàðÿäêà èõ íîñèò ñëó÷àéíûé

õàðàêòåð, òåì íå ìåíåå èõ äîëÿ âñå ðàâíî çíà÷èòåëüíà.

Ñîöèàëüíûé è ýêîíîìè÷åñêèé ýôôåêò îò ïðîèç-

âîäñòâà è âíåäðåíèÿ ýëåêòðîèíäóêöèîííîãî èçâåùà-

òåëÿ ÈÏ 216-Ì5 îáóñëàâëèâàåòñÿ:

� íåâûñîêîé ñòîèìîñòüþ èçâåùàòåëÿ, êîòîðàÿ â

5 ðàç íèæå ïî ñðàâíåíèþ ñ àñïèðàöèîííûìè èç-

âåùàòåëÿìè àíàëîãè÷íîãî ôóíêöèîíàëà;
� îòå÷åñòâåííûì ïðîèñõîæäåíèåì êîìïëåêòóþùèõ

èçâåùàòåëÿ.

Îïðåäåëåíèå íà÷àëüíûõ òåìïåðàòóð
òåðìè÷åñêîãî ðàçëîæåíèÿ
èçîëÿöèîííûõ ìàòåðèàëîâ

Ðåçóëüòàòû è èõ îáñóæäåíèå

Äëÿ ðåøåíèÿ çàäà÷è îáíàðóæåíèÿ ïåðåãðåâà èçî-

ëÿöèîííûõ ìàòåðèàëîâ, âîçíèêàþùåãî âñëåäñòâèå

ïåðåãðóçêè îáîðóäîâàíèÿ, è îïðåäåëåíèÿ òåìïåðà-

òóðû, ïðè êîòîðîé íà÷èíàåòñÿ èõ òåðìè÷åñêîå ðàç-

ëîæåíèå, ñîïðîâîæäàþùååñÿ âûäåëåíèåì àýðîçîëÿ,

ïðîâåäåíà ñåðèÿ ýêñïåðèìåíòîâ ñ èñïîëüçîâàíèåì

ýëåêòðîèíäóêöèîííîãî ïîæàðíîãî èçâåùàòåëÿ.

Ïàðàìåòð

Parameter

Íîìåð ôðàêöèè Ni � Fraction number Ni

1 2 3 4 5 6 7 8

Ni min �N8ñð � Ni min �N8avg 139 168 136 95 59 17 2 0,26

Ni ñð �N8ñð � Ni avg �N8avg 278 278 225 131 74 30 6 1

Ni max �N8ñð � Ni max �N8avg 537 377 317 160 103 50 11,2 2,6

Òàáëèöà 2. Ñîáñòâåííûå êîëåáàíèÿ ôîíîâûõ ôðàêöèîííûõ êîíöåíòðàöèé ïðè îòñóòñòâèè èñòî÷íèêîâ, âûäåëÿþùèõ
àýðîçîëü (çíà÷åíèÿ ïðîíîðìèðîâàíû ïî ¹ 8 (N8ñð))

Table 2. Background fractional concentrations’ fluctuation when aerosol-distribution sources are absent (values are normalized
by No. 8 (N8avg)

Ïàðàìåòð

Parameter

Íîìåð ôðàêöèè � Fraction number

1 2 3 4 5 6 7 8

Ñðåäíèé äèàìåòð ÷àñòèö, ìêì � Average particle diameter, �m

0,0133 0,0237 0,0422 0,075 0,133 0,237 0,422 0,75

Ñðåäíåå ÷èñëî ÷àñòèö â 1 äì3

Average particle amount within 1 dm3 556000 556000 450000 262000 148000 60000 12000 2000

Äîëÿ ôðàêöèè â îáùåì îáúåìå
÷àñòèö, % ìàññ.

Proportion of fraction in total volume,
% by mass

27 27 22 12,8 7,2 2,9 0,58 0,1

Òàáëèöà 1. Ðàñïðåäåëåíèå àýðîçîëüíûõ ÷àñòèö, ñîäåðæàùèõñÿ â 1 äì3 âîçäóøíîé ñðåäû, ïî 8 ôðàêöèÿì â äèàïàçîíå îò
0,01 äî 1 ìêì

Table 1. The distribution of aerosol particles in 8 fractions within the range of 0,01 to 1 �m contained within 1 dm3 cubic decimeter

Ïàðàìåòð

Parameter

Íîìåð ôðàêöèè Ni � Fraction number Ni

1 2 3 4 5 6 7 8

Ni min �Ni ñð � Ni min �Ni avg 0,5 0,6 0,6 0,7 0,79 0,57 0,33 0,26

Ni ñð �Ni ñð � Ni avg �Ni avg 1 1 1 1 1 1 1 1

Ni max �Ni ñð � Ni max �Ni avg 1,93 1,35 1,4 1,21 1,38 1,66 1,86 2,6

Òàáëèöà 3. Ñîáñòâåííûå êîëåáàíèÿ ôîíîâûõ ôðàêöèîííûõ êîíöåíòðàöèé â îòíîñèòåëüíûõ çíà÷åíèÿõ ïðè îòñóòñòâèè èñ-
òî÷íèêîâ, âûäåëÿþùèõ àýðîçîëü

Table 3. Relative values of background fractional concentrations’ fluctuation when aerosol-distribution sources are absent



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 12 41

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

Ãðàíè÷íûå óñëîâèÿ ýêñïåðèìåíòà:
� ïîìåùåíèå ïëîùàäüþ 120 ì2, ñ âûñîòîé ïîòîë-

êà 3,5 ì;
� òåìïåðàòóðà âîçäóõà â ïîìåùåíèè 22 °Ñ, àòìî-

ñôåðíîå äàâëåíèå 754 ìì ðò. ñò.;
� ðàáîòà ñ âûäåëåíèåì àýðîçîëÿ â ïîìåùåíèè

íå ïðîâîäèòñÿ;
� â ïîìåùåíèè ðàáîòàåò ñèñòåìà î÷èñòêè âîçäóõà,

âåäåòñÿ ïîñòîÿííûé êîíòðîëü çà åãî ÷èñòîòîé.

Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ïðèâåäå-

íà íà ðèñ. 2.

Íàãðåâ îáðàçöîâ îñóùåñòâëÿåòñÿ â ïàÿëüíîé âàí-

íî÷êå ÑÒ-11Ñ (ðèñ. 3), êîòîðàÿ íà ðèñ. 2 îáîçíà÷åíà

êàê ïëèòà. Ïåðåä êàæäûì ýêñïåðèìåíòîì ïàÿëüíàÿ

âàííî÷êà ïðîêàëèâàåòñÿ äëÿ âûæèãàíèÿ ñëó÷àéíî

ïîïàâøèõ â íåå ìàòåðèàëîâ. Èñïûòóåìûå ìàòåðèà-

ëû óêëàäûâàþòñÿ â âàííî÷êó â ïðåäâàðèòåëüíî ïðî-

êàëåííîé àëþìèíèåâîé ôîëüãå. Ìàêñèìàëüíàÿ òåì-

ïåðàòóðà íàãðåâà ïàÿëüíîé âàííî÷êè 500 °Ñ. Ñðåä-

íÿÿ ñêîðîñòü íàãðåâà 45 °Ñ�ìèí. Ðàññòîÿíèå îò äíà

âàííî÷êè äî âîçäóõîçàáîðíîãî îòâåðñòèÿ èçâåùàòå-

ëÿ ÈÏ 216-Ì5 Í = 7 ñì.

Ìàññà èñïûòóåìûõ îáðàçöîâ ëåæèò â ïðåäåëàõ

îò 0,1 äî 3 ã. Ïîñëå îêîí÷àíèÿ êàæäîãî ýêñïåðèìåíòà

îñòàòêè îáðàçöà óòèëèçèðóþòñÿ âìåñòå ñ ôîëüãîé.

Ìàññîâàÿ ôîíîâàÿ êîíöåíòðàöèÿ àýðîçîëÿ â ïîìå-

ùåíèè ïîääåðæèâàåòñÿ íà óðîâíå 0,01 ìã�ì3.

Èñïîëüçóåìîå îáîðóäîâàíèå è ïðèáîðû

Êîíòðîëü òåìïåðàòóðû íàãðåâà ïðîâîäèòñÿ ñ

ïîìîùüþ ìóëüòèìåòðà ñ òåðìîïàðîé â ðåæèìå èç-

ìåðåíèÿ òåìïåðàòóðû ñ øàãîì 1 °Ñ.

Íà÷àëî ïðîöåññà òåðìè÷åñêîãî ðàçëîæåíèÿ

ôèêñèðóåòñÿ ýëåêòðîèíäóêöèîííûì ïîæàðíûì èç-

âåùàòåëåì ÈÏ 216-Ì5 (ðèñ. 4).

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè èçâåùà-

òåëÿ ÈÏ 216-Ì5:
� ðàçìåðû êîíòðîëèðóåìûõ ÷àñòèö — îò 0,01 äî

äåñÿòêîâ ìêì;
� ðàáî÷èé äèàïàçîí ïî ìàññîâîé êîíöåíòðàöèè

àýðîçîëÿ — îò 0,01 äî äåñÿòêîâ ìã�ì3, ïîãðåø-

íîñòü ìåòîäà — 20 %.

Â èçâåùàòåëü ÈÏ 216-Ì5 ââåäåíû ñëåäóþùèå

íàñòðîéêè:
� ïåðâûé ïîðîã (Alarm) — 1,5 ôîíîâûõ çíà÷åíèÿ

(0,015 ìã�ì3);
� âòîðîé ïîðîã (Fire) — 3 ôîíîâûõ çíà÷åíèÿ

(0,03 ìã�ì3);
� âðåìåííûå çàäåðæêè ïî ïåðâîìó ïîðîãó — 3 ñ;
� âðåìåííûå çàäåðæêè ïî âòîðîìó ïîðîãó — 5 ñ.

Òåìïåðàòóðà ðàçëîæåíèÿ èñïûòóåìîãî ìàòåðèà-

ëà îïðåäåëÿåòñÿ ïî ïîêàçàíèÿì òåðìîïàðû, ÷óâñò-

âèòåëüíûé ýëåìåíò êîòîðîé ñîïðèêàñàåòñÿ ñ íàãðå-

âàåìîé ïîâåðõíîñòüþ ïàÿëüíîé âàííî÷êè.

Â âàííî÷êó êëàäåòñÿ â àëþìèíèåâîé ôîëüãå îáåç-

æèðåííûé èñïûòóåìûé îáðàçåö ìàòåðèàëà è âêëþ-

÷àåòñÿ íàãðåâ. Â ïðîöåññå ðàçîãðåâà ìàòåðèàëà íà-

ñòóïàåò ìîìåíò, êîãäà íà÷èíàåòñÿ åãî òåðìè÷åñêîå

ðàçëîæåíèå, ñîïðîâîæäàþùååñÿ âûäåëåíèåì â àòìî-

ñôåðíûé âîçäóõ ÷àñòèö ðàçëàãàþùåãîñÿ ìàòåðèà-

ëà, óâåëè÷èâàþùèõ ìàññîâóþ êîíöåíòðàöèþ àýðî-

çîëÿ. Êîãäà â çîíå êîíòðîëÿ èçâåùàòåëÿ ÈÏ 216-Ì5

ìàññîâàÿ êîíöåíòðàöèÿ àýðîçîëÿ óâåëè÷èòñÿ äî
Ðèñ. 2. Ñõåìà ðàçìåùåíèÿ îáîðóäîâàíèÿ

Fig. 2. Equipment placement scheme

Ðèñ. 3. Ïàÿëüíàÿ âàííî÷êà ÑÒ-11Ñ

Fig. 3. Soldering pot SÒ-11S

Ðèñ. 4. Ýëåêòðîèíäóêöèîííûé ïîæàðíûé èçâåùàòåëü

ÈÏ 216-Ì5

Fig. 4. Electrostatic induction fire detector IP 216-Ì5
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Ãðóïïà

Group

Äèàïàçîí
òåìïåðàòóð

Alarm-
Fire, °Ñ

Temperature
range of
Alarm-
Fire, °Ñ

Îáðàçåö

Sample

À
A

(100–
140 °Ñ)

100–134 Áóìàãà òåðìîñòîéêàÿ

Heat resistant paper

113–127 Õëîï÷àòîáóìàæíàÿ òêàíü

Cotton fabric

115–143 Äðåâåñèíà, ñîñíà

Wood, pine

134–140 Âîçäóõîçàáîðíàÿ òðóáà àñïèðàöè-
îííûõ èçâåùàòåëåé

Aspiration detectors’
intaketube

Á

B

(140–
180 °Ñ)

140–170 Óòåïëèòåëü ÈÇÎÂÅÐ

Heater IZOVER

146–180 Ïîðîëîí

Foam rubber

146–198 Ïðîâîä ÊÏÑÇíã(À)-FRLS 2#2

Wire KPSZng(À)-FRLS 2#2

150–180 Äðåâåñèíà, äóá

Wood, oak

154–187 Äðåâåñèíà, îñèíà

Wood, aspen

155–162 Ïðîâîä ØÂÂÏ

Wire ShVVP

156–190 Êàáåëü ÊÑÐÂíã(À)-FRLSLTx
1#2#0,80

Cable KSRVng(A)-FRLSLTx
1#2#0.80

156–200 Êàáåëü Parlans�ftrcat 6a 4#2#0,57

Cable Parlans�ftrcat 6a 4#2#0.57

164–170 Êàðòîí

Cardboard

169–170 Ðåçèíà

Rubber

170–173 Òðóáà ÏÂÕ àðìèðîâàííàÿ,
ïðîçðà÷íàÿ

PVC pipe reinforced, transparent

170–175 Ïðîâîä Ñåâêàáåëü ÏÂÑ, âíåøíÿÿ
èçîëÿöèÿ

PVS Sevkabel wire, external insulation

172–175 Âèíèïëàñò

Viniplast

179–187 Êàáåëü ÊÏÊÐÂÃíã(À)-FRLS 4#0,75

Cable KPKRVGng(A)-FRLS 4#0.75

Òàáëèöà 4. Òåìïåðàòóðû íà÷àëà è ñòàáèëèçàöèè òåðìè÷å-
ñêîãî ðàçëîæåíèÿ ìàòåðèàëîâ èëè îáðàçöîâ êàáåëüíîé
ïðîäóêöèè, ñîïðîâîæäàþùåãîñÿ âûäåëåíèåì àýðîçîëÿ

Table 4. Temperatures, at which thermal decomposition begins,
followed by aerosol discharge Ãðóïïà

Group

Äèàïàçîí
òåìïåðàòóð

Alarm-
Fire, °Ñ

Temperature
range of
Alarm-
Fire, °Ñ

Îáðàçåö

Sample

Â
C

(180–
220 °Ñ)

180–190 Êàáåëü ÂÂÃíã(À)-LS 3#2,5
Cable VVGng(A)-LS 3õ2.5

180–200 Ïåíîïëàñò
Styrofoam

180–207 Ïðîâîä TELECOM CRTSE FTR
24AW3 TIA�EIA
Wire TELECOM CRTSE FTR
24AW3 TIA�EIA

184–193 Ïîëèýòèëåí, ïëåíêà
Polyethylene

190–198 Êàáåëü êàíàë
Cablechannel

190–205 Îðãñòåêëî
Plexiglass

190–226 Òðóáà ìåòàëëîïëàñòèêîâàÿ
Metal-plasticpipe

194–200 Ïîëèïðîïèëåí
Polypropylene

198–203 Ïðîâîä Ñåâêàáåëü ÏÂÑ, èçîëÿöèÿ
íà ïðîâîäíèêàõ
PVS Sevkabel wire, insulation on
conductors

200–220 Êàáåëü Òðàíñêàá ÊÌÝÏíã(À)-HF
3#0,5
Cable Transkab KMEPng(A)-HF
3#0.5

200–236 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#2#0,90
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#2#0.90

202–212 Òðóáà ãîôðèðîâàííàÿ, ñåðàÿ
Corrugated pipe, grey

207–218 Òðóáà ÏÂÕ, ïðîçðà÷íàÿ
PVC pipe, transparent

217–220 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#4#0,9
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#4#0.9

Ã
D

(ñâûøå
220 °Ñ)

230–243 Òðóáà ãîôðèðîâàííàÿ, ÷åðíàÿ
Corrugated pipe, black

302–325 Ïðîâîä ÌÃÒÔ-0,2
Wire MGTF-0,2

Îêîí÷àíèå òàáë. 4 / End table 4

1,5 ôîíîâûõ çíà÷åíèé â òå÷åíèå íå ìåíåå 3 ñ, èçâåùà-

òåëü ñðàáàòûâàåò ïî ïåðâîìó ïîðîãó (Alarm). Â ýòîò

ìîìåíò ôèêñèðóåòñÿ íà÷àëî òåðìè÷åñêîãî ðàçëîæå-

íèÿ èñïûòóåìîãî îáðàçöà, à ïî ïîêàçàíèÿì òåðìî-

ïàðû îïðåäåëÿåòñÿ íà÷àëüíàÿ òåìïåðàòóðà ðàçëî-

æåíèÿ.
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Çàòåì, åñëè ïðîäîëæàåòñÿ ðîñò ìàññîâîé êîí-

öåíòðàöèè àýðîçîëÿ è êîãäà îíà äîñòèãàåò íå ìåíåå

3 ôîíîâûõ çíà÷åíèé â òå÷åíèå íå ìåíåå 5 ñ, èçâåùà-

òåëü ñðàáàòûâàåò ïî âòîðîìó ïîðîãó (Fire), ïîäòâåðæ-

äàÿ ïîëîæèòåëüíóþ äèíàìèêó ðîñòà òåðìè÷åñêîãî

ðàçëîæåíèÿ èñïûòóåìîãî îáðàçöà. Ïî ïîêàçàíèÿì

òåðìîïàðû îïðåäåëÿåòñÿ âòîðîå çíà÷åíèå òåìïåðà-

òóðû, êîòîðîå ïðåäîïðåäåëÿåò íàëè÷èå óñòîé÷èâî-

ãî ïðîöåññà òåðìè÷åñêîãî ðàçëîæåíèÿ.

Òåìïåðàòóðû, ïðè êîòîðûõ íà÷èíàåòñÿ òåðìè÷å-

ñêîå ðàçëîæåíèå ìàòåðèàëîâ è îáðàçöîâ êàáåëüíîé

ïðîäóêöèè, ïðèâåäåíû â òàáë. 4–6.

Ìåäëåííî ðàçâèâàþùàÿñÿ ïîæàðîîïàñíàÿ ñèòó-

àöèÿ ìîæåò íåñòè äîñòàòî÷íî ñåðüåçíóþ îïàñíîñòü,

ïîñêîëüêó “íàãðåâ ëþáûõ ìàòåðèàëîâ íèæå òåìïå-

ðàòóð èõ ñàìîâîçãîðàíèÿ ñîïðîâîæäàåòñÿ âûäå-

ëåíèåì òîêñè÷íûõ ãàçîâ è ïîäãîòîâêîé ýòèõ ìàòå-

ðèàëîâ ê ïîñëåäóþùåìó èíòåíñèâíîìó ãîðåíèþ”

[18–20].

Èñïûòóåìûå ìàòåðèàëû â òàáë. 4 ðàñïîëîæåíû â

ïîðÿäêå âîçðàñòàíèÿ èõ íà÷àëüíîé òåìïåðàòóðû òåð-

ìè÷åñêîãî ðàçëîæåíèÿ, îïðåäåëÿåìîé ïî ñðàáàòûâà-

íèþ ïåðâîãî ïîðîãà (Alarm). Ýòî îçíà÷àåò óâåëè÷å-

íèå ìàññîâîé êîíöåíòðàöèè àýðîçîëÿ â çîíå, êîíòðî-

ëèðóåìîé èçâåùàòåëåì ÈÏ 216-Ì5, äî 0,015 ìã�ì3.

Ñðàáàòûâàíèå âòîðîãî ïîðîãà (Fire) ïðè ìàññîâîé

êîíöåíòðàöèè àýðîçîëÿ 0,03 ìã�ì3 îïðåäåëÿåò âåðõ-

íþþ ãðàíèöó íà÷àëüíîãî òåìïåðàòóðíîãî äèàïàçî-

íà òåðìè÷åñêîãî ðàçëîæåíèÿ.

Ðàçíèöà ìåæäó ýòèìè òåìïåðàòóðàìè õàðàêòå-

ðèçóåò èíòåíñèâíîñòü òåðìè÷åñêîãî ðàçëîæåíèÿ ìà-

òåðèàëà. Òàê, íàïðèìåð, ó îáðàçöà âîçäóõîçàáîðíîé

òðóáû àñïèðàöèîííûõ ïîæàðíûõ èçâåùàòåëåé ýòà

ðàçíèöà ñîñòàâëÿåò 6 °Ñ, ðåçèíû — 1 °Ñ, êàáåëÿ

Òðàíñêàá PATCHSF�UTRCATSE 4#2#0.78 — ïî÷òè

100 °Ñ.

Ýòî ãîâîðèò î òîì, ÷òî îäíè ìàòåðèàëû ïðè íàãðå-

âå ñðàçó íà÷èíàþò èíòåíñèâíî ðàçëàãàòüñÿ, à ó äðó-

ãèõ èíòåíñèâíîñòü òåðìè÷åñêîãî ðàçëîæåíèÿ ðàñòåò

òîëüêî ïðè çíà÷èòåëüíîì óâåëè÷åíèè òåìïåðàòóðû

íàãðåâà [10, 21].

Àíàëèçèðóÿ äàííûå, ïðèâåäåííûå â òàáë. 5, ïðè-

õîäèì ê ñëåäóþùåìó çàêëþ÷åíèþ: ïðàêòè÷åñêè ó

âñåõ ìàòåðèàëîâ ðàçíèöà ìåæäó òåìïåðàòóðîé ñà-

ìîâîñïëàìåíåíèÿ è íà÷àëüíîé òåìïåðàòóðîé òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ïðåâûøàåò 200 °Ñ, à çíà÷èò,

îáíàðóæåíèå ïîòåíöèàëüíîãî î÷àãà ïîæàðà âîçìîæ-

íî çàäîëãî äî ïîÿâëåíèÿ îòêðûòîãî ïëàìåíè.

Òåìïåðàòóðû íà÷àëà òåðìè÷åñêîãî ðàçëîæåíèÿ

êàáåëåé, ñîïðîâîæäàþùåãîñÿ âûäåëåíèåì àýðîçîëÿ

tò.ð, ïðèâåäåíû â òàáë. 6.

Ðåçóëüòàòû ýòîé ñåðèè ýêñïåðèìåíòîâ è àíàëèçà

äàííûõ, ïðèâåäåííûõ â òàáë. 5 è 6, ïîêàçûâàþò, ÷òî

íà÷àëüíûå òåìïåðàòóðû òåðìè÷åñêîãî ðàçëîæåíèÿ

íåêîòîðûõ êàáåëåé íàñòîëüêî íèçêèå, ÷òî èõ èñ-

ïîëüçîâàíèå äîëæíî èìåòü îãðàíè÷åííûé õàðàêòåð.

Ìåäëåííî ðàçëàãàþùèéñÿ êàáåëü — ýòî ïîòåíöè-

àëüíûé èñòî÷íèê ïîæàðà, ïîñêîëüêó íåèñïðàâíîñòü

ýëåêòðè÷åñêîé ïðîâîäêè ÿâëÿåòñÿ îäíîé èç îñíîâ-

íûõ ïðè÷èí çàãîðàíèÿ.

Âûâîäû

Ïðàêòè÷åñêè âñå ãîðþ÷èå ìàòåðèàëû èìåþò ðàç-

íèöó ìåæäó òåìïåðàòóðîé ñàìîâîñïëàìåíåíèÿ è

íà÷àëüíîé òåìïåðàòóðîé òåðìè÷åñêîãî ðàçëîæåíèÿ

áîëåå 200 °Ñ. Ñëåäîâàòåëüíî, îáíàðóæåíèå ïîòåí-

öèàëüíîãî î÷àãà ïîæàðà âîçìîæíî çàðàíåå, äî ïîÿâ-

ëåíèÿ îòêðûòîãî ïëàìåíè.

Ïðàêòè÷åñêè âñå èñïûòóåìûå ìàòåðèàëû ïðè íà-

ãðåâå îò 100 äî 200 °Ñ ïîäâåðãàþòñÿ òåðìè÷åñêîìó

ðàçëîæåíèþ, ñîïðîâîæäàþùåìóñÿ âûäåëåíèåì àýðî-

çîëüíûõ ÷àñòèö, êîòîðûå ìîãóò áûòü îáíàðóæåíû

ýëåêòðîèíäóêöèîííûì ïîæàðíûì èçâåùàòåëåì.

¹ ï�ï

No.

Îáðàçåö

Sample

Alarm-Fire
tò.ð, °Ñ

Alarm-Fire
tth.d , °C

tñ.â, °Ñ

ta.i , °C

1 Áóìàãà òåðìîñòîéêàÿ
Heat resistant paper

100–134 230

2 Äðåâåñèíà, ñîñíà
Wood, pine

115–143 270

3 Ïîðîëîí
Foam rubber

146–180 450

4 Äðåâåñèíà, äóá
Wood, oak

150–180 250–300

5 Äðåâåñèíà, îñèíà
Wood, aspen

154–187 275

6 Êàðòîí
Cardboard

164–170 278

7 Ðåçèíà
Rubber

169–170 350

8 Âèíèïëàñò
Viniplast

172–175 > 600

9 Ïåíîïëàñò
Styrofoam

180–200 491

10 Ïîëèýòèëåí, ïëåíêà
Polyethylene, film

184–193 350–422

11 Îðãñòåêëî
Plexiglass

190–205 280–300

12 Ïîëèïðîïèëåí
Polypropylene

194–200 350

13 Òðóáà ÏÂÕ, ïðîçðà÷íàÿ
PVC pipe, transparent

207–218 454

14 Ïðîâîä ÌÃÒÔ-0,2

Wire MGTF-0.2

302–325 537–600

Òàáëèöà 5. Òåìïåðàòóðà íà÷àëà òåðìè÷åñêîãî ðàçëîæå-
íèÿ ìàòåðèàëîâ tò.ð è òåìïåðàòóðà èõ ñàìîâîçãîðàíèÿ tñ.â
Table 5. Temperatures, at which thermal decomposition begins
tth.d and auto ignition temperatures for following materials ta.i



Öåëûé ðÿä íàèìåíîâàíèé ýëåêòðîòåõíè÷åñêèõ

ìàòåðèàëîâ è êàáåëüíîé ïðîäóêöèè èìååò íàñòîëü-

êî íèçêèå íà÷àëüíûå òåìïåðàòóðû òåðìè÷åñêîãî ðàç-

ëîæåíèÿ, ÷òî â ðÿäå ñëó÷àåâ èõ èñïîëüçîâàíèå äîëæ-

íî íîñèòü îãðàíè÷åííûé õàðàêòåð.

Ýëåêòðîèíäóêöèîííûå ïîæàðíûå èçâåùàòåëè

ñïîñîáíû îáíàðóæèâàòü àýðîçîëüíûå ïðîäóêòû òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ðàçëè÷íûõ ìàòåðèàëîâ ïðè

èõ ìàññîâîé êîíöåíòðàöèè ìåíåå 0,1 ìã�ì3, ÷òî ïî-

çâîëÿåò îáåñïå÷èòü êà÷åñòâåííî áîëåå âûñîêèé óðî-

âåíü ïîæàðíîé áåçîïàñíîñòè.

Ýëåêòðîèíäóêöèîííûé ìåòîä êîíòðîëÿ ïàðàìåò-

ðîâ àýðîäèñïåðñíîé ñèñòåìû, ðåàëèçîâàííûé â èç-

âåùàòåëå ÈÏ 216-Ì5, ñëåäóåò ðàññìàòðèâàòü êàê ýô-

ôåêòèâíîå äîïîëíåíèå ê ñóùåñòâóþùèì ìåòîäàì è

òåõíîëîãèÿì îáíàðóæåíèÿ ïîæàðîâ, ïðèìåíÿåìûì

â ñèñòåìàõ ïîæàðíîé ñèãíàëèçàöèè.
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¹

ï�ï

No.

Îáðàçåö

Sample

tò.ð, °Ñ

tth.d, °C

1 Âíóòðåííÿÿ îáîëî÷êà ÊÐÝíã(À)-FRHF
Inner shell KREng(A)-FRHF

133–144

2 Âíåøíÿÿ îáîëî÷êà ÊÐÝíã(À)-FRHF
Outer shell KREng(A)-FRHF

134–137

3 Èçîëÿöèÿ ïðîâîäíèêà ÊÐíã(À)-FRHF
Conductor insulation KRng(A)-FRHF

144–158

4 Âíåøíÿÿ îáîëî÷êà ÊÐíã(À)-FRHF
Outer shell KRng(A)-FRHF

145–149

5 Êàáåëü ÊÐíã(À)-FRHF
Cable KRng(A)-FRHF

150–156

6 Èçîëÿöèÿ ïðîâîäíèêà ÊÐÝíã(À)-FRHF
Conductor insulation KREng(A)-FRHF

154–160

7 Êàáåëü ÊÐÝíã(À)-FRHF
Cable KREng(A)-FRHF

175–184

8 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#2#0,90
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#2#0.90

60–83

9 Êàáåëü ÊÏÐÂÃíã(À)-FRLS 4#1,5(N)
Cable KPRVGng(A)-FRLS 4#1.5(N)

80–82

10 Âíåøíÿÿ îáîëî÷êà ÊÏÐÏÃíã(À)-FRHF
2#1,5(N)
Outer shell KPRPGng(A)-FRHF 2#1.5(N)

90–97

11 Êàáåëü ÊÏÊÐÂÃíã(À)-FRLS 4#0,75
Cable KPKRVGng(A)-FRLS 4#0.75

106–115

12 Èçîëÿöèÿ ïðîâîäíèêà
ÊÑÐÂíã(À)-FRLSLTx 1#2#0,80
Conductor insulation
KSRVng(A)-FRLSLTx �#2#0.80

107–114

13 Ïðîâîä îäíîæèëüíûé ìíîãîïðîâîëî÷-
íûé Òðàíñêàá ÊÏÌíã(À)-HF 1,50
Single corewire Transkab KMPng(A)-HF 1.50

110–119

14 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#4#0,9
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#4#0.9

115–118

15 Âíåøíÿÿ îáîëî÷êà Ïàðàêñ ÐÊ
75-4,8-319íã(À)-HF
Outer shell Paraks RK
75-4.8-319ng(A)-HF

117–123

16 Êàáåëü Òðàíñêàá PATCHSF� UTRCAT-
SEZHíã(À)-HF 1#4#0,78
Cable Transkab PATCHSF�
UTRCATSEZHng(À)-HF 1#4#0.78

117–127

17 Êàáåëü ÊÏÐÏÃíã(À)-FRHF 2#1,5(N)
Cable KPRPGng(A)-FRHF 2#1.5(N)

121–126

18 Èçîëÿöèÿ ïðîâîäíèêà
ÊÏÐÏÃíã(À)-FRHF 2#1,5(N)
Conductor insulation
KPRPGng(A)-FRHF 2#1.5(N)

122–129

19 Âíåøíÿÿ îáîëî÷êà Parlans�ftrcat 6a
4#2#0,57
Outer shell Parlans�ftrcat 6a 4#2#0.57

128–133

Òàáëèöà 6. Òåìïåðàòóðû íà÷àëà òåðìè÷åñêîãî ðàçëîæåíèÿ
êàáåëåé, ñîïðîâîæäàþùåãîñÿ âûäåëåíèåì àýðîçîëÿ

Table 6. Temperature of cables’ initial thermal decomposition,
followed by aerosol discharge

¹

ï�ï

No.

Îáðàçåö

Sample

tò.ð, °Ñ

tth.d, °C

20 Âíóòðåííÿÿ îáîëî÷êà ÊÏÐÏÃíã(À)-
FRHF 2#1,5(N)

Inner shell KPRPGng(A)-FRHF 2#1.5(N)

134–140

21 Èçîëÿöèÿ ïðîâîäíèêà Parlans�ftrcat 6a
4#2#0,57

Conductor insulation Parlans�ftrcat 6a
4#2#0.57

136–144

22 Èçîëÿöèÿ ïðîâîäíèêà Ïàðàêñ
ÐÊ 75-4.8-319íã(À)-HF

Conductor insulation Paraks
RK 75-4.8-319ng(A)-HF

137–142

23 Âíåøíÿÿ îáîëî÷êà
ÊÑÐÂíã(À)-FRLSLTx 1#2#0,80

Outer shell KSRVng(A)-FRLSLTx
1#2#0.80

140–145

24 Èçîëÿöèÿ ïðîâîäíèêà Parlans�ftrcat
5EZHíã(À)-FRHF 4#2#0,57

Conductor insulation Parlans�ftrcat
5EZHng(À)-FRHF 4#2#0.57

148–164

25 Êàáåëü Parlans�ftrcat 6a 4#2#0,57

Cable Parlans�ftrcat 6a 4#2#0.57

151–156

26 Êàáåëü ÊÑÐÂíã(À)-FRLSLTx 1#2#0,80

Cable KSRVng(A)-FRLSLTx 1#2#0.80

153–159

27 Âíåøíÿÿ îáîëî÷êà Parlans�ftrcat
5EZHíã(À)-FRHF 4#2#0,57

Outer shell Parlans�ftrcat
5EZHng(À)-FRHF 4#2#0.57

166–172

28 Êàáåëü Ïàðàêñ ÐÊ 75-4.8-319íã(À)-HF

Cable Paraks RK 75-4.8-319ng(A)-HF

174–176

29 Êàáåëü ÂÂÃíã(À)-LS 3#2,5

Cable VVGng(A)-LS 3#2.5

188–190

30 Êàáåëü Parlans�ftrcat 5EZHíã(À)-FRHF
4#2#0,57

Cable Parlans�ftrcat 5EZHng(À)-FRHF
4#2#0.57

199–204

Îêîí÷àíèå òàáë. 6 / End table 6
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ABSTRACT

Introduction. For the sake of early detection of potential combustion it’s expedient to apply methods,

which utilize the analysis of curvature within indirect physical parameters of the area, such as aerosol

and gaseous combustion products, represented by aero dispersion systems.

Problem formulation. Aero dispersion system can never be sustainable, reason being there are

air mass transfer in progress, dispersion and condensation processes, vortex flows occur, particle

coagulation takes place, sedimentation under the weight of gravity, evaporation and etc.

Materials and methods. Electric induction method of monitoring the parameters of aero

dispersion systems implemented in the IP 216-M5 detector, allow for continuous analysis of changes

within a wide spectrum of aerosol particles and possess higher sensitivity comparing to other sensor

types.

The choice of materials was based on the fact, that insulation of electrotechnical materials may be

subject to overheat because the increase in the electrical load current flowing within cable products

through the conductors due to the emergency state of electrical equipment.

Equipment used and appliances. The heating temperature was controlled using a multimeter

with a thermocouple, in the temperature-measuring mode in increments of one degree.

The electrostatic induction fire detector IP 216-M5, fixes the beginning of the process of thermal

decomposition.

The decomposition temperature of the test material is determined by the data of a thermocouple,

the sensitive element of which is in contact with the heated surface of the solder bath.

Conclusion. It was experimentally proved that the electrostatic induction method for controlling

aerosol systems makes it possible to detect aerosol products of thermal decomposition in different
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materials with their lower concentration of less than 0.1 mg�m3 10–20 minutes before ignition of

the insulation within an electric cable.

The relationship between the auto-ignition temperature and the initial temperature of the thermal

decomposition of the insulating sheath of electrical cables has been proven — this temperature gap

is 200 °C.

Keywords: thermal decomposition; aerosol; insulation; detector; smoke particles; dispersed medium

analysis.
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Ââåäåíèå

Îáåñïå÷åíèå íàäåæíîé è áåçîïàñíîé ýêñïëóàòàöèè

îáúåêòîâ ìàãèñòðàëüíîãî òðàíñïîðòà íåôòè è ãàçà

ïðåäñòàâëÿåò ñîáîé ñòðàòåãè÷åñêîå íàïðàâëåíèå ðàç-

âèòèÿ òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà Ðîññèé-

ñêîé Ôåäåðàöèè. Êîìïëåêñíûé ïîäõîä ïðè îáåñïå-

÷åíèè áåçîïàñíîñòè â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ (×Ñ)

òåõíîãåííîãî õàðàêòåðà íà îïàñíûõ ïðîèçâîäñò-

âåííûõ îáúåêòàõ ìàãèñòðàëüíîãî òðóáîïðîâîäíîãî

òðàíñïîðòà íàïðàâëåí íà ñíèæåíèå âåðîÿòíîñòè

âîçíèêíîâåíèÿ àâàðèé, ïðèâîäÿùèõ ê êàòàñòðîôè-

÷åñêèì ïîñëåäñòâèÿì [1, 2]. Ýòî äîñòèãàåòñÿ, êàê

ïðàâèëî, çà ñ÷åò îáíîâëåíèÿ îáîðóäîâàíèÿ è òåõíè-

÷åñêèõ óñòðîéñòâ, ñîâåðøåíñòâîâàíèÿ òåõíîëîãèé

è îðãàíèçàöèîííûõ ìåðîïðèÿòèé, îáåñïå÷åíèÿ íå-

îáõîäèìîãî óðîâíÿ ïîäãîòîâêè ïåðñîíàëà ê ïðîâå-

äåíèþ äåéñòâèé ïî ëîêàëèçàöèè àâàðèè [3].

Íà ñîâðåìåííîì ýòàïå äëÿ ïðîâåäåíèÿ îïåðà-

òèâíîãî ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòåãà-

çîâîé îòðàñëè èñïîëüçóþò áåñïèëîòíûå âîçäóøíûå

ñóäà (ÁÂÑ), êîòîðûå ïîçâîëÿþò ðåøàòü öåëûé êîìï-

ëåêñ çàäà÷, â òîì ÷èñëå ïî îáåñïå÷åíèþ ïîæàðíîé

áåçîïàñíîñòè [4].

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäèêè

èñïîëüçîâàíèÿ áåñïèëîòíûõ âîçäóøíûõ ñóäîâ äëÿ

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè íåôòåãàçîâûõ

òðóáîïðîâîäîâ, à òàêæå îáîñíîâàíèå ðîëè è ìåñòà

ïðèìåíåíèÿ äàííûõ óñòðîéñòâ â ñóùåñòâóþùåé è

çàêðåïëåííîé â íîðìàòèâíûõ äîêóìåíòàõ ñèñòåìå

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ëèíåéíûõ îáú-

åêòîâ íåôòåãàçîâîé îòðàñëè [5, 6].

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè â õîäå èñ-

ñëåäîâàíèÿ ðåøàëèñü ñëåäóþùèå ÷àñòíûå çàäà÷è:

àíàëèç ïðèáîðîâ, ðàñïîëàãàåìûõ íà áåñïèëîòíîì

âîçäóøíîì ñóäíå, è èõ ïðèìåíèìîñòü äëÿ ôèêñèðî-

âàíèÿ ïîæàðà è àâàðèè íà êîíòðîëèðóåìîì îáúåêòå;

ìîäåëèðîâàíèå íàèáîëåå íåáëàãîïðèÿòíûõ ñöåíà-

ðèåâ, ïðåäøåñòâóþùèõ ïîæàðó, è âàðèàíòîâ èõ âîç-

ìîæíîé èäåíòèôèêàöèè ñ áîðòà áåñïèëîòíîãî âîç-

äóøíîãî ñóäíà; àíàëèç íîðìàòèâíîé áàçû ñ òî÷êè

© Êàëà÷ À. Â., Êàëà÷ Å. Â., Âûòîâòîâ À. Â., 2018
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çðåíèÿ âîçìîæíîñòè èíòåãðàöèè ëåòàòåëüíûõ àï-

ïàðàòîâ â ñèñòåìó îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè.

Ìàòåðèàëû è ìåòîäû

Äëÿ ñíèæåíèÿ âåðîÿòíîñòè âîçíèêíîâåíèÿ àâà-

ðèé íà ëèíåéíûõ îáúåêòàõ íåôòåãàçîâîé îòðàñëè

íåîáõîäèì àíàëèç ìíîæåñòâà ôàêòîðîâ, ê êîòîðûì

îòíîñèòñÿ âåðîÿòíîñòü âíåøíåãî ìåõàíè÷åñêîãî

âîçäåéñòâèÿ, ÷åëîâå÷åñêèõ îøèáîê, ÿâëåíèé ïðè-

ðîäíîãî õàðàêòåðà è äð. [7]. Àâàðèè íà íåôòåãàçî-

òðàíñïîðòíûõ îáúåêòàõ çà÷àñòóþ ñîïðîâîæäàþòñÿ

çíà÷èòåëüíûì ìàòåðèàëüíûì óùåðáîì. Â ñâÿçè ñ

ýòèì ïðåäîòâðàùåíèå ×Ñ íà ñòàäèè âîçíèêíîâåíèÿ

àâàðèè íà ëèíåéíûõ îáúåêòàõ íåôòåãàçîâîé îòðàñ-

ëè ÿâëÿåòñÿ ïåðñïåêòèâíûì è àêòóàëüíûì íàïðàâ-

ëåíèåì îáåñïå÷åíèÿ áåçîïàñíîñòè íà îáúåêòàõ ìà-

ãèñòðàëüíîãî òðàíñïîðòà [8, 9]. Èçâåñòíî, ÷òî ìàñ-

øòàáû ïîñëåäñòâèé ×Ñ òåõíîãåííîãî õàðàêòåðà â

ðåçóëüòàòå àâàðèé íà ìàãèñòðàëüíûõ íåôòåãàçîïðî-

âîäàõ çàâèñÿò îò ïðàâèëüíîñòè è áûñòðîòû äåéñò-

âèé îïåðàòèâíîãî ïåðñîíàëà ïðè ëîêàëèçàöèè àâà-

ðèè, à îïåðàòèâíîñòü åãî äåéñòâèé â ñâîþ î÷åðåäü

— îò ñâîåâðåìåííîãî ïîëó÷åíèÿ èíôîðìàöèè î íà-

ðóøåíèè ðåæèìà ôóíêöèîíèðîâàíèÿ, ðàçðóøåíèè

íåôòåãàçîïðîâîäà, à òàêæå îá óòå÷êå íåôòè è íåôòå-

ïðîäóêòîâ.

Äëÿ îáíàðóæåíèÿ óòå÷åê â íàñòîÿùåå âðåìÿ ñó-

ùåñòâóåò áîëüøîå êîëè÷åñòâî ïîäõîäîâ, îñíîâàí-

íûõ íà îòñëåæèâàíèè èçìåíåíèé õàðàêòåðèñòèê ïî-

òîêà æèäêîñòè, òðóáîïðîâîäà è îêðóæàþùåé ñðåäû

è îòëè÷àþùèõñÿ ïî ýôôåêòèâíîñòè è óñëîâèÿì ïðè-

ìåíåíèÿ, ñëîæíîñòè è ñòîèìîñòè ðåàëèçàöèè è ýêñ-

ïëóàòàöèè [10]. Îäíàêî âñå èçâåñòíûå ìåòîäû èìåþò

íåäîñòàòêè, îãðàíè÷èâàþùèå èõ èñïîëüçîâàíèå ïðè

ýêñïëóàòàöèè íåôòåãàçîïðîâîäîâ. Êðîìå òîãî, ñóùå-

ñòâóþùèå ñïîñîáû èäåíòèôèêàöèè óòå÷åê íåôòè è

íåôòåïðîäóêòîâ ëèáî ïðåäïîëàãàþò çíà÷èòåëüíûå

òðóäîâûå, âðåìåííûå è ôèíàíñîâûå çàòðàòû ïðåä-

ïðèÿòèé, ëèáî ïîçâîëÿþò îáíàðóæèâàòü óòå÷êó òîëü-

êî ïðè âûïîëíåíèè îïðåäåëåííûõ óñëîâèé.

Òàêèì îáðàçîì, íåñìîòðÿ íà ìíîãîîáðàçèå èñ-

ñëåäîâàíèé, ïîñâÿùåííûõ ðàñïîçíàâàíèþ óòå÷åê,

â íàñòîÿùåå âðåìÿ ýòó çàäà÷ó ñ÷èòàòü ðåøåííîé

íåëüçÿ [11]. Ñ òî÷êè çðåíèÿ ðàçâèòèÿ ìåòîäè÷åñêîãî

àïïàðàòà ïðåäñòàâëÿþò ïðàêòè÷åñêèé èíòåðåñ èñ-

ñëåäîâàíèÿ â îáëàñòè ðàñïîçíàâàíèÿ àâàðèéíûõ ñè-

òóàöèé, âîçíèêàþùèõ íà ëèíåéíûõ îáúåêòàõ íåôòå-

ãàçîâîé îòðàñëè. Âíåäðåíèå ñîâðåìåííûõ ñèñòåì

êîíòðîëÿ è îáåñïå÷åíèÿ áåçîïàñíîñòè â íåôòåãàçî-

âîì êîìïëåêñå òàêæå ÿâëÿåòñÿ àêòóàëüíûì íàïðàâ-

ëåíèåì, îñîáåííî íà ñòàäèè òåõíè÷åñêîãî ïåðåâî-

îðóæåíèÿ ïðîèçâîäñòâà [12, 13].

Ðåøåíèå äàííûõ çàäà÷ âîçìîæíî ñ ïîìîùüþ áåñ-

ïèëîòíûõ âîçäóøíûõ ñóäîâ. Êàê ïîêàçàëè èññëåäî-

âàíèÿ, ÁÂÑ ïðèìåíèìû äëÿ îáåñïå÷åíèÿ êîíòðîëÿ

íàä ïîæàðîîïàñíûìè ðàéîíàìè, ïðîâåäåíèÿ ïîèñ-

êîâûõ ðàáîò, ðàçâåäêè íà êðóïíûõ ïîæàðàõ, à òàêæå

äëÿ ïîëó÷åíèÿ îïåðàòèâíîé èíôîðìàöèè â êðèçèñ-

íûõ ñèòóàöèÿõ [14], ïîýòîìó îíè àêòèâíî èñïîëüçó-

þòñÿ äëÿ ìîíèòîðèíãà ïîæàðíîé è ïðîìûøëåííîé

áåçîïàñíîñòè ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé îò-

ðàñëè. Â ïåðñïåêòèâå ñóùåñòâóþùèå ìåòîäèêè ìî-

íèòîðèíãà íóæäàþòñÿ â ìîäåðíèçàöèè ñ ó÷åòîì ïî-

òðåáíîñòåé è çàäà÷, ñòîÿùèõ ïåðåä îðãàíèçàöèÿìè,

ýêñïëóàòèðóþùèìè òðóáîïðîâîä ñ ìàêñèìàëüíîé

àâòîìàòèçàöèåé ïðîöåññà [15].

Òåîðåòè÷åñêèå îñíîâû

Àêòóàëüíîñòü èññëåäîâàíèÿ îáóñëîâëåíà íåîá-

õîäèìîñòüþ ðàçðàáîòêè ñèñòåì, îáåñïå÷èâàþùèõ

ñíèæåíèå ïîæàðíîé è ïðîìûøëåííîé îïàñíîñòè,

ïðåäóïðåæäåíèå âîçíèêíîâåíèÿ ïîæàðîâ è àâàðèé

íà îáúåêòàõ íåôòåãàçîâîãî êîìïëåêñà.

Îñíîâíîé çàäà÷åé â îáëàñòè ïîæàðíîé áåçîïàñ-

íîñòè ïðè ïðîâåäåíèè ìîíèòîðèíãà ñ ÁÂÑ ÿâëÿåòñÿ

ôèêñèðîâàíèå îòêðûòîãî ãîðåíèÿ âáëèçè òðóáîïðî-

âîäà, êîòîðîå ìîæåò âîçíèêíóòü â ñëåäóþùèõ óñëî-

âèÿõ:

– “Ïàë êîñòðîâ. Ðàçâåäåíèå îãíÿ êàòåãîðè÷åñêè

çàïðåùåíî âáëèçè ñ òðóáîïðîâîäîì, íî â óñëî-

âèÿõ íèçêèõ òåìïåðàòóð äëÿ ñîãðåâàíèÿ îñîç-

íàííî ê ýòîìó ñïîñîáó ïðèáåãàþò ðûáàêè, îõîò-

íèêè è îáñëóæèâàþùèé ïåðñîíàë ìàãèñòðàëåé.

– Ãîðåíèå ðàñòèòåëüíîé ïîäñòèëàþùåé ïîâåðõ-

íîñòè. Äàííûé òèï ïîæàðîâ âîçíèêàåò, êàê ïðà-

âèëî, â ðåçóëüòàòå ÷åëîâå÷åñêîãî ôàêòîðà ïðè

íåîñòîðîæíîì îáðàùåíèè ñ îãíåì. ×àñòíûì ñëó-

÷àåì ÿâëÿåòñÿ áåñêîíòðîëüíîå ãîðåíèå ÿãåëÿ íà

ïðîñòîðàõ òóíäðû, ÷òî ÿâëÿåòñÿ îïàñíûì ÿâëå-

íèåì äëÿ çàùèùàåìûõ îáúåêòîâ.

– Ëîêàëüíûé î÷àã ãîðåíèÿ óãëåâîäîðîäîâ äî ïå-

ðåòåêàíèÿ â ãëîáàëüíóþ ÷ðåçâû÷àéíóþ ñèòóà-

öèþ” [16].

Â ïåðå÷èñëåííûõ ñëó÷àÿõ îïåðàòèâíîñòü ïîëó-

÷åíèÿ èíôîðìàöèè î ïðîöåññå ãîðåíèÿ ïîâûøàåò

ïîæàðíóþ áåçîïàñíîñòü çà ñ÷åò ââåäåíèÿ îïåðàòèâ-

íûõ äåéñòâèé ïî ëèêâèäàöèè ïîæàðà.

Ñîãëàñíî ï. 2 ñò. 5 ÔÇ-123 îäíèì èç ýëåìåíòîâ

ñèñòåìû îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè îáú-

åêòà çàùèòû ÿâëÿåòñÿ ñèñòåìà ïðåäîòâðàùåíèÿ ïî-

æàðà. Â ñîîòâåòñòâèè ñ ï. 1 ñò. 50 ÔÇ-123 öåëü äàííîé

ñèñòåìû ñîñòîèò â èñêëþ÷åíèè óñëîâèé âîçíèê-

íîâåíèÿ ïîæàðà, â òîì ÷èñëå âíåñåíèÿ â ãîðþ÷óþ

ñðåäó èñòî÷íèêîâ çàæèãàíèÿ.

Îòêðûòîå ãîðåíèå âáëèçè ìàãèñòðàëüíîãî ãàçî-

íåôòåïðîâîäà, íà îáíàðóæåíèå êîòîðîãî íàïðàâëåíà

ðàçðàáîòàííàÿ ìåòîäèêà, ìîæåò ñòàòü èñòî÷íèêîì

çàæèãàíèÿ è ïðèâåñòè ê êðóïíîìàñøòàáíîé àâàðèè

è âçðûâó. Ñâîåâðåìåííîå îáíàðóæåíèå ãîðåíèÿ è
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ïðèíÿòèå ñîîòâåòñòâóþùèõ ìåð ïîçâîëèò ëèêâèäè-

ðîâàòü èñòî÷íèê çàæèãàíèÿ è ïîâûñèòü ïîæàðíóþ

áåçîïàñíîñòü îáúåêòà.

Îäíàêî íåäîñòàòêîì ÁÂÑ, ñîñòîÿùèõ â íàñòî-

ÿùåå âðåìÿ íà âîîðóæåíèè, ÿâëÿåòñÿ ìàëîå âðåìÿ

ïðåáûâàíèÿ â ïîëåòå [17]. Ìîùíîñòü àêêóìóëÿòîð-

íûõ áàòàðåé, óñòàíîâëåííûõ íà àïïàðàòàõ, íå ìîæåò

îáåñïå÷èòü âûïîëíåíèå ïîëåòíîãî çàäàíèÿ â òå÷å-

íèå äëèòåëüíîãî âðåìåíè. Îïûò ýêñïëóàòàöèè äàí-

íûõ àïïàðàòîâ â íåôòåãàçîâîé îòðàñëè ïîçâîëèë

âûÿâèòü ðÿä îáùèõ òðóäíîñòåé è ñïåöèôè÷íûõ íå-

äîñòàòêîâ ïðèìåíåíèÿ ÁÂÑ äëÿ ëèíåéíûõ îáúåêòîâ:

� íèçêàÿ ïðîäîëæèòåëüíîñòü ðàáîòû àïïàðàòîâ;

� ïðîáëåìû çàïóñêà ïðè îòðèöàòåëüíûõ òåìïåðà-

òóðàõ;

� ïðîáëåìû ïîèñêà ïðè àâàðèéíîì ïðèçåìëåíèè;

� îòñóòñòâèå àâòîìàòèçàöèè ïðîöåññà ìîíèòî-

ðèíãà;

� ïîãîäíûå îãðàíè÷åíèÿ ýêñïëóàòàöèè àïïàðàòîâ;

� ñèëüíîå âëèÿíèå âåòðà íà ðåçóëüòàòû ìîíèòî-

ðèíãà è ïð.

Óñòðàíåíèå âûÿâëåííûõ íåäîñòàòêîâ âîçìîæíî

ïðåæäå âñåãî ïóòåì ïðèìåíåíèÿ áîëåå ýôôåêòèâ-

íûõ àêêóìóëÿòîðîâ, ðàçðàáîòêè íàó÷íûõ îñíîâ ñî-

çäàíèÿ óñòðîéñòâ àâòîìàòè÷åñêîãî êîíòðîëÿ è

óïðàâëåíèÿ ñèñòåìàìè îáåñïå÷åíèÿ ïðîìûøëåííîé

è ïîæàðíîé áåçîïàñíîñòè ëèíåéíûõ îáúåêòîâ íåô-

òåãàçîâîé îòðàñëè [18]. Àíàëèç ðåçóëüòàòîâ èññëå-

äîâàíèé â ýòîé îáëàñòè ïîêàçàë, ÷òî â îòå÷åñòâåí-

íûõ ìåòîäèêàõ ïî ïðèìåíåíèþ ÁÂÑ ïðîöåññ öèô-

ðîâîãî îáíàðóæåíèÿ âîâñå íå ðåàëèçîâàí, à âñþ

ïîëåçíóþ èíôîðìàöèþ ñ ìîíèòîðà ïðèíèìàåò ÷å-

ëîâåê-îïåðàòîð íà ïðîòÿæåíèè âñåãî âðåìåíè ìî-

íèòîðèíãà [19].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïî ðåçóëüòàòàì ìîíèòîðèíãà ëèíåéíûõ îáúåê-

òîâ íåôòåãàçîâîé îòðàñëè íàèáîëåå ïîæàðîîïàñ-

íûì èç êîíòðîëèðóåìûõ ïàðàìåòðîâ ÿâëÿåòñÿ îò-

êðûòîå ãîðåíèå, òàê êàê îíî ìîæåò ïîâëå÷ü çà ñîáîé

âíåñåíèå èñòî÷íèêà çàæèãàíèÿ â ãîðþ÷óþ ñðåäó è,

êàê ñëåäñòâèå, ðàçâèòèå ïîëíîìàñøòàáíîé ÷ðåç-

âû÷àéíîé ñèòóàöèè íà ìàãèñòðàëè íåôòåãàçîïðî-

âîäà [16].

Äëÿ ñíèæåíèÿ ïîæàðíîé è ïðîìûøëåííîé îïàñ-

íîñòè íà îáúåêòàõ íåôòåãàçîâîãî êîìïëåêñà ïðåä-

Ñõåìà àëãîðèòìà ìåòîäèêè ïðèìåíåíèÿ áåñïèëîòíûõ âîçäóøíûõ ñóäîâ äëÿ ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé

îòðàñëè � Schematic diagram of the technique of free aircraft for monitoring of linear objects of oil and gas industry
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ëàãàåòñÿ îðèãèíàëüíàÿ ìåòîäèêà àâòîìàòè÷åñêîãî

ìîíèòîðèíãà ñ áîðòà ÁÂÑ, îáåñïå÷èâàþùàÿ îáíà-

ðóæåíèå ïëàìåííîãî ãîðåíèÿ ïî âèäåîïðîòîêîëó.

Ïðè åå ðåàëèçàöèè áóäåò äîñòèãíóòî ðåøåíèå ñëå-

äóþùèõ ÷àñòíûõ çàäà÷:

1) ïðîâåðêà èññëåäóåìîé îáëàñòè íà íàëè÷èå ãî-

ðåíèÿ â ðåæèìå ðåàëüíîãî ìàñøòàáà âðåìåíè áåç

ó÷àñòèÿ îïåðàòîðà, ñ ïðèâëå÷åíèåì åãî ëèøü ïðè

îáíàðóæåíèè ïîæàðà;

2) ýêîíîìèÿ ýíåðãèè çà ñ÷åò îáðàáîòêè èíôîð-

ìàöèè øòàòíûì ìèêðîïðîöåññîðîì áåç ïåðåäà÷è

âèäåîïðîòîêîëà íà íàçåìíóþ ñòàíöèþ;

3) àâòîìàòèçàöèÿ ïðîöåññà îáíàðóæåíèÿ ñ ïî-

ìîùüþ øòàòíîãî îáîðóäîâàíèÿ, áåç äîêóïêè äîðî-

ãîñòîÿùèõ ýëåìåíòîâ;

4) âîçìîæíîñòü ðàñøèðåíèÿ îáëàñòè ìîíèòî-

ðèíãà çà ñ÷åò âûëåòà çà ãðàíèöû ïåðåäà÷è óñòîé÷è-

âîãî âèäåîñèãíàëà;

5) àâòîíîìíàÿ ðàáîòà óñòðîéñòâà ïî âûïîëíåíèþ

ïîëåòíîãî çàäàíèÿ ñ ïåðåäà÷åé ñèãíàëà îïåðàòîðó

òîëüêî â ñëó÷àå îáíàðóæåíèÿ ïîæàðà;

6) ïîâûøåíèå íàäåæíîñòè îáíàðóæåíèÿ ïîæà-

ðîîïàñíûõ ÿâëåíèé çà ñ÷åò óìåíüøåíèÿ âëèÿíèÿ ÷å-

ëîâå÷åñêîãî ôàêòîðà;

7) îáðàáîòêà èíôîðìàöèè â ðåæèìå ðåàëüíîãî

ìàñøòàáà âðåìåíè ñ âîçìîæíîñòüþ îïåðàòèâíîãî

ðåàãèðîâàíèÿ íà ïîæàðîîïàñíóþ ñèòóàöèþ.

Àëãîðèòì ìåòîäèêè àâòîìàòè÷åñêîãî ìîíèòî-

ðèíãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé îòðàñëè ñ

áîðòà áåñïèëîòíîãî âîçäóøíîãî ñóäíà, îáåñïå÷èâà-

þùåé ñíèæåíèå ïîæàðíîé îïàñíîñòè, ïðåäóïðåæ-

äåíèå ïîæàðîâ è àâàðèé, ïðåäñòàâëåí ñõåìàòè÷íî

íà ðèñóíêå [20].

Ïðèâåäåííàÿ ñõåìà èëëþñòðèðóåò ïîðÿäîê âû-

ïîëíåíèÿ ïðîãðàììíûõ îïåðàöèé, îáåñïå÷èâà-

þùèõ àâòîìàòèçèðîâàííûé ìîíèòîðèíã ëèíåéíûõ

îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà íà ïðåäìåò íà-

ëè÷èÿ ïëàìåííîãî ãîðåíèÿ. Äàííîå ÿâëåíèå âáëèçè

ìàãèñòðàëè ïðåäñòàâëÿåò ñîáîé íàèáîëåå íåáëàãî-

ïðèÿòíûé ñöåíàðèé, âåäóùèé ê ðàçâèòèþ ïîæàðà è

àâàðèè.

Çàêëþ÷åíèå

Àíàëèç íîðìàòèâíîé äîêóìåíòàöèè ïîêàçàë,

÷òî ïðèìåíåíèå áåñïèëîòíûõ âîçäóøíûõ ñóäîâ äëÿ

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ëèíåéíûõ

îáúåêòîâ íåôòåãàçîâîé îòðàñëè äîïóñòèìî ïðè âû-

ïîëíåíèè çàäà÷ èäåíòèôèêàöèè èñòî÷íèêà çàæèãà-

íèÿ íà ðàííåé ñòàäèè äî åãî âíåñåíèÿ â ãîðþ÷óþ

ñðåäó. Â ýòîì êîíòåêñòå èñïîëüçîâàíèå ðàçðàáîòàí-

íîé ìåòîäèêè äåéñòâèòåëüíî ïîâûøàåò ïîæàðíóþ

áåçîïàñíîñòü ãàçîíåôòåïðîâîäîâ, îñîáåííî ïðè âû-

ïîëíåíèè äàííûõ ðàáîò â àâòîìàòèçèðîâàííîì ðå-

æèìå. Â ñóùåñòâóþùåé ñèñòåìå îáåñïå÷åíèÿ ïî-

æàðíîé áåçîïàñíîñòè ìàãèñòðàëåé ìîíèòîðèíã ñ

ÁÂÑ äîïîëíÿåò óæå èçâåñòíûå ìåòîäû, ïîçâîëÿÿ

ïðîâîäèòü êîíòðîëü ñ âûñîòû, îïåðàòèâíî è áåç çíà-

÷èòåëüíûõ ìàòåðèàëüíûõ çàòðàò.
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ABSTRACT

Introduction. At the present stage for carrying out expeditious monitoring of linear objects of the oil

and gas industry use the free aircrafts. The purpose of work is development of a technique of use of

free aircrafts for ensuring fire safety of oil and gas pipelines and also justification of a role and

the place of use of these devices in the system of ensuring fire safety of linear objects of the oil and gas

industry existing and enshrined in normative documents.

Materials and methods. Accidents on oil and gas transport objects, often, are followed by

significant material damage. As showed researches, free aircrafts are applicable for ensuring control

over fire-dangerous areas, carrying out search works, investigation on major fire in regions of the

country and also for obtaining operational information in crisis situations.

Theoretical basis. The main task in the field of fire safety when carrying out monitoring from

the free aircraft is fixing of open burning near the pipeline. It can arise in the following conditions: fell

fires, burning of the vegetable spreading surface, the local center of burning of hydrocarbons before

overflowing in global emergency situation. In the listed cases the efficiency of obtaining information

on burning increases fire safety due to conducting prompt actions on fire elimination. Thereby the re-

quirement of Paragraph 1 of Article 50 FZ-123 providing an exception of conditions of emergence of

the fire due to prevention of entering into the combustible environment of sources of ignition is

fulfilled.

Results and discussion. Free aircrafts are actively used for monitoring of fire and industrial safety

of linear objects of the oil and gas industry. However in the long term they need modernization taking

into account the requirements and tasks facing the organizations operating the pipeline with the maxi-

mum automation of process.

Conclusion. The analysis of the regulatory documentation showed that the use of a drone to

ensure the fire safety objectives of the linear objects of the oil and gas industry is permissible when

they perform the tasks of identifying the ignition source at an early stage before it is introduced into the

combustible environment.

Keywords: emergency situation; accident; oil and gas complex; system of automatic monitoring;

fire; monitoring.
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Ðàññìîòðåíû ðàçëè÷íûå ñïîñîáû îïðåäåëåíèÿ èíòåíñèâíîñòè îðîøåíèÿ, â ÷àñòíîñòè îðèåíòè-
ðîâî÷íûé (ïðèáëèçèòåëüíûé) – ïî ïàñïîðòíûì äàííûì êîýôôèöèåíòà ïðîèçâîäèòåëüíîñòè,
êîððåêòíûé – ïî ýïþðàì èíòåíñèâíîñòè îðîøåíèÿ îðîñèòåëÿ, äîñòîâåðíûé – ïî ãðàôèêàì èí-
òåíñèâíîñòè îðîøåíèÿ è àäåêâàòíûé – ïî ýïþðàì îðîøåíèÿ îðîñèòåëÿ. Ïîêàçàíî, ÷òî íàèáîëåå
ïðîñòûì è ðàñïðîñòðàíåííûì ñïîñîáîì ÿâëÿåòñÿ îðèåíòèðîâî÷íûé (ïðèáëèçèòåëüíûé), êîòî-
ðûé ïðèìåíÿåòñÿ ïðè îòñóòñòâèè ýïþð è ãðàôè÷åñêèõ çàâèñèìîñòåé, íàèáîëåå òî÷íûì – äîñòî-
âåðíûé ñïîñîá, à íàèáîëåå ñëîæíûì – àäåêâàòíûé. Ïîêàçàíî òàêæå, ÷òî âïîëíå óäîâëåòâîðè-
òåëüíûå ðåçóëüòàòû äàåò êîððåêòíûé ñïîñîá, äîñòàòî÷íî íåñëîæíûé ïðè âû÷èñëåíèè ïàðàìåò-
ðîâ äèêòóþùåãî îðîñèòåëÿ.

Êëþ÷åâûå ñëîâà: äàâëåíèå; ðàñõîä; èíòåíñèâíîñòü îðîøåíèÿ; êîýôôèöèåíò ïðîèçâîäèòåëü-
íîñòè; Ê-ôàêòîð; ýïþðà.

ÂÎÏÐÎÑ 1

Êàêèì îáðàçîì ìîæíî îïðåäåëèòü ïàðàìåòðû äèê-

òóþùåãî îðîñèòåëÿ âîäÿíûõ ÀÓÏ?

ÎÒÂÅÒ:

Ñîãëàñíî ÑÏ 5.13130.2009 [1] ãèäðàâëè÷å-

ñêîìó ðàñ÷åòó äîëæíî ïðåäøåñòâîâàòü îïðåäåëåíèå

òðåáóåìîé èíòåíñèâíîñòè îðîøåíèÿ. Ïðåæäå âñåãî

ïî ïðèëîæåíèþ Á ÑÏ 5.13130.2009 [1] â ñîîòâåòñò-

âèè ñ õàðàêòåðèñòèêàìè ïîìåùåíèé, ïðîèçâîäñòâ èëè

òåõíîëîãè÷åñêèõ ïðîöåññîâ, êîòîðûì óäîâëåòâîðÿåò

çàùèùàåìûé îáúåêò, óñòàíàâëèâàþò ãðóïïó ïîäëåæà-

ùèõ çàùèòå ïîìåùåíèé. Â çàâèñèìîñòè îò âûáðàí-

íîé ãðóïïû îáúåêòà çàùèòû ïðèíèìàþò íîðìàòèâíîå

çíà÷åíèå èíòåíñèâíîñòè îðîøåíèÿ.

Ïàðàìåòðû äèêòóþùåãî îðîñèòåëÿ (äàâëåíèå è ðàñ-

õîä) ñ ó÷åòîì íîðìàòèâíîãî çíà÷åíèÿ èíòåíñèâíîñòè

îðîøåíèÿ ìîæíî îïðåäåëèòü ñëåäóþùèìè ðàñ÷åòíû-

ìè ñïîñîáàìè:

1) îðèåíòèðîâî÷íûì (ïðèáëèçèòåëüíûì) — ïî ïàñ-

ïîðòíûì äàííûì êîýôôèöèåíòà ïðîèçâîäèòåëü-

íîñòè;

2) êîððåêòíûì — ïî ýïþðàì èíòåíñèâíîñòè îðîøå-

íèÿ îðîñèòåëÿ;

3) äîñòîâåðíûì — ïî ãðàôèêàì èíòåíñèâíîñòè îðî-

øåíèÿ;

4) àäåêâàòíûì — ïî ýïþðàì îðîøåíèÿ îðîñèòåëÿ.

Îðèåíòèðîâî÷íûé ñïîñîá îïðåäåëåíèÿ

èíòåíñèâíîñòè îðîøåíèÿ

Âñå îðîñèòåëè ïîäâåðãàþò ñåðòèôèêàöèîííûì èñïû-

òàíèÿì íà ñîîòâåòñòâèå, ïðè÷åì èíòåíñèâíîñòü îðî-

øåíèÿ îïðåäåëÿþò íà ïëîùàäè â ôîðìå êðóãà ðàäèó-

ñîì 2 ì S12 = 12 ì2 (êðîìå îðîñèòåëåé ñïåöèàëüíîãî

íàçíà÷åíèÿ, ó êîòîðûõ ïëîùàäü ìîæåò áûòü äðóãîé

ôîðìû è èíîãî ðàçìåðà).

Ðàñõîä îãíåòóøàùåãî âåùåñòâà (ÎÒÂ) q12, ïðèõîäÿ-

ùèéñÿ íà ïëîùàäü S12 ïðè íîðìàòèâíîé èíòåíñèâíî-

ñòè îðîøåíèÿ ií, ñîñòàâèò:

q12 = ií S12.

Îäíàêî ñëåäóåò ó÷èòûâàòü, ÷òî íå âñÿ ìàññà äèñïåð-

ãèðóåìîãî èç îðîñèòåëÿ îãíåòóøàùåãî âåùåñòâà ïî-

ñòóïàåò íåïîñðåäñòâåííî â çàùèùàåìóþ çîíó S12,

ò. å. íà ïëîùàäè êðóãà ðàäèóñîì R2ì îáåñïå÷èâàåòñÿ

òðåáóåìîå çíà÷åíèå íîðìàòèâíîé èíòåíñèâíîñòè

îðîøåíèÿ, à âñÿ ìàññà ÎÒÂ, äèñïåðãèðóåìîãî èç îðî-

ñèòåëÿ, ðàñïðåäåëÿåòñÿ íà ïëîùàäè êðóãà ðàäèóñîì

Rîðîø (ðèñ. 1).

Â çàâèñèìîñòè îò òèïà îðîñèòåëÿ íà ïëîùàäü çîíû

îðîøåíèÿ $S = (Sîðîø – S12) âûïàäàåò îò 10 äî 70 %

âñåé ìàññû îãíåòóøàùåãî âåùåñòâà, ïðèõîäÿùåãîñÿ

íà S12. Åñòåñòâåííî, ÷åì ìåíüøå ÎÒÂ ïðè îäíîì è

òîì æå ðàñõîäå ñîñðåäîòî÷åíî â çîíå ïåðèôåðèéíîé

ïëîùàäè $S, òåì âûøå èíòåíñèâíîñòü îðîøåíèÿ íå-

ïîñðåäñòâåííî â çîíå ïëîùàäè S12.

Òàêèì îáðàçîì, ðàñõîä äèêòóþùåãî îðîñèòåëÿ qäèêò

ñîñòàâèò:

qäèêò = �q12,

ãäå � — êîýôôèöèåíò ðàñïðåäåëåíèÿ ðàñõîäà ÎÒÂ ïî

îðîøàåìîé ïëîùàäè.

Ðèñ. 1. Ýïþðà èí-

òåíñèâíîñòè îðî-

øåíèÿ îðîñèòåëÿ
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Â îáùåì ñëó÷àå ðåêîìåíäóþ ïðèíèìàòü � = 1,3.

Çàòåì ïî ïàñïîðòíûì äàííûì ïðèíèìàþò êîýôôèöè-

åíò ïðîèçâîäèòåëüíîñòè îðîñèòåëÿ K è îïðåäåëÿþò

äàâëåíèå ó äèêòóþùåãî îðîñèòåëÿ Ðäèêò, íåîáõîäèìîå

äëÿ îáåñïå÷åíèÿ çàäàííîé íîðìàòèâíîé èíòåíñèâ-

íîñòè îðîøåíèÿ:

Ðäèêò = [qäèêò �(10K)]2.

Îäíàêî äàííûé ñïîñîá íå ó÷èòûâàåò õàðàêòåð âàðèà-

öèè èíòåíñèâíîñòè îðîøåíèÿ íà ðàñ÷åòíîé ïëîùàäè

S12 â çàâèñèìîñòè îò äàâëåíèÿ è âûñîòû ðàñïîëîæå-

íèÿ îðîñèòåëÿ.

Êîððåêòíûé ñïîñîá îïðåäåëåíèÿ

èíòåíñèâíîñòè îðîøåíèÿ

Êîððåêòíûé ñïîñîá îïðåäåëåíèÿ èíòåíñèâíîñòè îðî-

øåíèÿ ïî ýïþðàì èíòåíñèâíîñòè îðîøåíèÿ ÿâëÿåòñÿ

áîëåå òî÷íûì ïî ñðàâíåíèþ ñ ïðåäûäóùèì.

Â çàðóáåæíûõ ïðîñïåêòàõ íà îðîñèòåëè òàêèå ýïþðû,

êàê ïðàâèëî, îòñóòñòâóþò, òàê êàê ïðîèçâîäèòåëè ýòèõ

îðîñèòåëåé íå ïðîâîäÿò ïîäîáíûõ èñïûòàíèé. Â äåé-

ñòâóþùåì ìåæäóíàðîäíîì ñòàíäàðòå ISO 6182-1 [2]

â îòëè÷èå îò ÃÎÑÒ Ð 51043–2002 [3] èíäèâèäóàëüíûå

èñïûòàíèÿ îðîñèòåëÿ íà èíòåíñèâíîñòü îðîøåíèÿ

äî íàñòîÿùåãî âðåìåíè íå ïðåäóñìàòðèâàëèñü*. Èí-

òåíñèâíîñòü îðîøåíèÿ ïî ýòèì ñòàíäàðòàì îïðåäå-

ëÿåòñÿ â êâàäðàòíîé çîíå, ðàñïîëîæåííîé ìåæäó ÷å-

òûðüìÿ îäíîâðåìåííî ðàáîòàþùèìè îðîñèòåëÿìè.

Â ñâÿçè ñ ýòèì ïðèâîäèìûå â îòäåëüíûõ ïðîñïåêòàõ

çàðóáåæíûõ ôèðì ýïþðû îðîøåíèÿ îðîñèòåëåé îá-

ùåãî íàçíà÷åíèÿ õàðàêòåðèçóþò ëèøü âèäèìóþ ãðà-

íèöó çîíû îðîøåíèÿ, íå ÿâëÿþòñÿ ÷èñëîâîé õàðàêòå-

ðèñòèêîé èíòåíñèâíîñòè îðîøåíèÿ è òîëüêî ââîäÿò â

çàáëóæäåíèå ñïåöèàëèñòîâ ïðîåêòíûõ îðãàíèçàöèé.

Íàïðèìåð, êàêóþ èíôîðìàöèþ íåñóò ýïþðû îðîøåíèÿ

îðîñèòåëÿ òèïà ÑU�P, ïðèâåäåííûå íà ðèñ. 2? Àíàëèç

ýòèõ ýïþð ñâèäåòåëüñòâóåò î òîì, ÷òî ïðè ïîñòîÿííîé

âûñîòå ìîíòàæà îðîñèòåëÿ òèïà CU�P:

� ïîâûøåíèå äàâëåíèÿ íà îðîñèòåëå, óñòàíîâëåííîì

ðîçåòêîé ââåðõ, ïðàêòè÷åñêè íå âëèÿåò íà ôîðìó

ðàñïûëÿåìîãî ïîòîêà ÎÒÂ, èç ÷åãî ñëåäóåò, â ÷àñò-

íîñòè, íåèçìåííîñòü êàê îðîøàåìîé ïëîùàäè,

òàê è èíòåíñèâíîñòè îðîøåíèÿ (ñì. ðèñ. 2,à);

� ïîâûøåíèå äàâëåíèÿ íà îðîñèòåëå, óñòàíîâëåí-

íîì ðîçåòêîé âíèç, âûçûâàåò ðàñøèðåíèå ðàñ-

ïûëÿåìîãî ïîòîêà, ÷òî óâåëè÷èâàåò ïëîùàäü îðî-

øàåìîé ïîâåðõíîñòè. Îäíàêî êàêîâà èíòåíñèâ-

íîñòü îðîøåíèÿ, ñîõðàíÿåòñÿ ëè îíà íåèçìåííîé,

âîçðàñòàåò èëè óìåíüøàåòñÿ, ïî ïðèâåäåííûì

ýïþðàì âûÿñíèòü íå ïðåäñòàâëÿåòñÿ âîçìîæíûì

(ñì. ðèñ. 2,á).

Èñõîäÿ èç âûøåèçëîæåííîãî äëÿ îáåñïå÷åíèÿ ïðîåê-

òèðîâùèêîâ âîäÿíûõ ÀÓÏ êà÷åñòâåííîé èíôîðìàöèåé

â òåõíè÷åñêîé äîêóìåíòàöèè íà îðîñèòåëè äîëæíû

áûòü ïðåäñòàâëåíû ýïþðû èíòåíñèâíîñòè îðîøåíèÿ

â çàâèñèìîñòè îò äàâëåíèÿ è âûñîòû èõ ìîíòàæà. Ïî-

äîáíûå ýïþðû äëÿ óíèâåðñàëüíîãî îðîñèòåëÿ òèïà

ÐÏÒÊ ïðèâåäåíû íà ðèñ. 3.

Çàâèñèìîñòü èíòåíñèâíîñòè îðîøåíèÿ îò äàâëåíèÿ

íà îðîñèòåëå â èäåàëüíîì ñëó÷àå (ïðè íåèçìåííîñòè

ôîðìû ðàñïûëÿåìîãî ïîòîêà ÎÒÂ è ïëîùàäè îðîøå-

íèÿ) äîëæíà áûòü âûðàæåíà ñëåäóþùèì îáðàçîì:

q = 10KP0,5, èëè iS = 10KP0,5,

îòêóäà i = 10KP0,5�S, èëè i = f (P0,5).

Äðóãèìè ñëîâàìè, ïðè ïîâûøåíèè äàâëåíèÿ â 2 ðàçà

è íåèçìåííîé ïëîùàäè îðîøåíèÿ èíòåíñèâíîñòü îðî-

øåíèÿ äîëæíà óâåëè÷èòüñÿ â 1,41 ðàçà.

Îäíàêî ñîãëàñíî ïðèâåäåííûì ýïþðàì èíòåíñèâíî-

ñòè îðîøåíèÿ, åñëè îðîñèòåëü ÐÏÒÊ óñòàíîâëåí íà

âûñîòå 2,5 ì ðîçåòêîé ââåðõ, èíòåíñèâíîñòü îðîøå-

íèÿ ïðàêòè÷åñêè íå çàâèñèò îò äàâëåíèÿ (íàáëþäà-

åòñÿ åå íåçíà÷èòåëüíîå óâåëè÷åíèå) (ñì. ðèñ. 3,a).

Â ïðåäåëàõ ïëîùàäè îðîøåíèÿ ñ ðàäèóñàìè 1,5; 2,0 è

2,5 ì èíòåíñèâíîñòü îðîøåíèÿ ïðè ïîâûøåíèè äàâ-

ëåíèÿ â 2 ðàçà óâåëè÷èâàåòñÿ âñåãî íà 0,005 ë�(ñ·ì2) ,

÷òî ñâèäåòåëüñòâóåò î çíà÷èòåëüíîì óìåíüøåíèè ïëî-

ùàäè îðîøåíèÿ (ïðè íåèçìåííîé ïëîùàäè îðîøåíèÿ

èíòåíñèâíîñòü äîëæíà óâåëè÷èòüñÿ íà 41 %).

Ïðè óñòàíîâêå îðîñèòåëÿ ÐÏÒÊ ðîçåòêîé âíèç èíòåí-

ñèâíîñòü îðîøåíèÿ âîçðàñòàåò áîëåå ñóùåñòâåííî —

ïðèìåðíî íà 0,03 ë�(ñ·ì2) (ñì. ðèñ. 3,á), ÷òî ãîâîðèò

* Â íàñòîÿùåå âðåìÿ â ïðîåêòå íîâîé ðåäàêöèè ISO

6182-1 [4] ïðåäëàãàåòñÿ ïðîâåäåíèå èíäèâèäóàëüíûõ

èñïûòàíèé îðîñèòåëÿ íà èíòåíñèâíîñòü îðîøåíèÿ àíà-

ëîãè÷íî ÃÎÑÒ Ð 51043-2002 [3].

Ðèñ. 2. Ýïþðû îðîøåíèÿ óíèâåðñàëüíûì îðîñèòåëåì òèïà

CU�P ïðè åãî ìîíòàæíîì ðàñïîëîæåíèè: à — ðîçåòêîé ââåðõ;

á — ðîçåòêîé âíèç
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î çíà÷èòåëüíîì óâåëè÷åíèè ïëîùàäè îðîøåíèÿ (ïðè íå-

èçìåííîé ïëîùàäè îðîøåíèÿ èíòåíñèâíîñòü äîëæíà

óâåëè÷èòüñÿ íà 41 %).

Ïðè ïîâûøåíèè äàâëåíèÿ â 5 ðàç è íåèçìåííîé ïëî-

ùàäè îðîøåíèÿ èíòåíñèâíîñòü îðîøåíèÿ äîëæíà óâå-

ëè÷èòüñÿ â 2,24 ðàçà (ðèñ. 4,à è 4,á).

Ðèñ. 3. Ýïþðû èíòåíñèâíîñòè îðîøåíèÿ îðîñèòåëåì ÑÂÓ 10-Ð68 òèïà ÐÏÒÊ ìîä. À, óñòàíîâëåííûì íà âûñîòå 0,7 è 2,5 ì

ðîçåòêîé ââåðõ (à, á), ðîçåòêîé âíèç (â, ã), ïðè äàâëåíèè ïîäà÷è ó îðîñèòåëÿ 0,4 ÌÏà (à, â) è 0,2 ÌÏà (á, ã)

Ðèñ. 4. Ýïþðû èíòåíñèâíîñòè îðîøåíèÿ îðîñèòåëåì ÑÂÂ-15 (ÄÂÂ-15), óñòàíîâëåííûì íà âûñîòå 2,5 è 4,0 ì, ïðè äàâëå-

íèè ó îðîñèòåëÿ 0,1 ÌÏà (à) è 0,5 ÌÏà (á)
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Îäíàêî ñîãëàñíî ýïþðàì, ïðèâåäåííûì íà ðèñ. 4,à

è 4,á, ïðè ïîâûøåíèè äàâëåíèÿ â 5 ðàç è óñòàíîâêå

îðîñèòåëÿ ÑÂÂ-15 (ÄÂÂ-15) ðîçåòêîé ââåðõ íà âû-

ñîòå 2,5 ì â ïðåäåëàõ ïëîùàäè ðàäèóñîì 1 ì èíòåí-

ñèâíîñòü îðîøåíèÿ ïðàêòè÷åñêè íå çàâèñèò îò äàâëå-

íèÿ è óâåëè÷èâàåòñÿ íåçíà÷èòåëüíî — ñ 0,173 äî

0,178ë�(ñ·ì2), à â ïðåäåëàõ ïëîùàäè ðàäèóñîì 2 ì îíà

ïîâûøàåòñÿ ïî÷òè âäâîå — ñ 0,12 äî 0,23 ë�(ñ·ì2).

Ïðàêòè÷åñêè òàêîé æå õàðàêòåð îðîøåíèÿ íàáëþäà-

åòñÿ ïðè ìîíòàæå îðîñèòåëÿ íà âûñîòå 4 ì: â ïðåäå-

ëàõ ïëîùàäè ðàäèóñîì 1 ì èíòåíñèâíîñòü îðîøåíèÿ

ïðàêòè÷åñêè íå çàâèñèò îò äàâëåíèÿ è ïîâûøàåòñÿ

íåçíà÷èòåëüíî — ñ 0,15 äî 0,16 ë�(ñ·ì2), à â ïðåäåëàõ

ïëîùàäè ðàäèóñîì 2 ì — áîëåå ÷åì âäâîå — ñ 0,10

äî 0,22 ë�(ñ·ì2).

Àíàëîãè÷íûé õàðàêòåð ðàñïðåäåëåíèÿ èíòåíñèâíî-

ñòè îðîøåíèÿ èìååò îðîñèòåëü ÑÂÍ-15 (ÄÂÍ-15), óñòà-

íîâëåííûé ðîçåòêîé âíèç (ðèñ. 5). Îòëè÷èå çàêëþ÷à-

åòñÿ ëèøü â òîì, ÷òî èíòåíñèâíîñòü îðîøåíèÿ ÑÂÂ-15

(ÄÂÂ-15) ïî÷òè íà ëþáîì èç ñðàâíèâàåìûõ ýòàïîâ

âûøå, ÷åì â àíàëîãè÷íûõ óñëîâèÿõ ó îðîñèòåëÿ ÑÂÂ-15

(ÄÂÂ-15).

Ñòîèò îòìåòèòü, ÷òî â çàâèñèìîñòè îò êîíñòðóêöèè îðî-

ñèòåëÿ ïðè íåèçìåííîé âûñîòå åãî óñòàíîâêè ïëîùàäü

îðîøåíèÿ ïî ìåðå ïîâûøåíèÿ äàâëåíèÿ ìîæåò

íå òîëüêî îñòàâàòüñÿ íåèçìåííîé èëè óâåëè÷èâàòü-

ñÿ, íî è óìåíüøàòüñÿ.

Åñëè ñ âîçðàñòàíèåì äàâëåíèÿ ïëîùàäü îðîøåíèÿ

óìåíüøàåòñÿ, òî ïîâûøàåòñÿ èíòåíñèâíîñòü îðîøå-

íèÿ. Åñëè æå ñ âîçðàñòàíèåì äàâëåíèÿ ïëîùàäü îðî-

øåíèÿ óâåëè÷èâàåòñÿ, òî èíòåíñèâíîñòü îðîøåíèÿ

ìîæåò íåñêîëüêî ïîâûøàòüñÿ, îñòàâàòüñÿ íåèçìåí-

íîé èëè ñóùåñòâåííî ñíèæàòüñÿ.

Äîñòîâåðíûé ñïîñîá îïðåäåëåíèÿ

èíòåíñèâíîñòè îðîøåíèÿ

Â ïîñëåäíåå âðåìÿ Áèéñêîå ÇÀÎ «ÏÎ «Ñïåöàâòîìàòèêà»

â äîêóìåíòàöèè íà ñâîè îðîñèòåëè ïðåäñòàâëÿåò ãðà-

ôè÷åñêèå çàâèñèìîñòè i = f(K, Ð). Ïðèìåðîì òàêèõ çà-

âèñèìîñòåé ìîãóò ñëóæèòü ïðèâåäåííûå íà ðèñ. 6 ãðà-

ôèêè èíòåíñèâíîñòè îðîøåíèÿ ÑÂÍ (ÄÂÍ) ñ K-ôàêòî-

ðîì (ïî çàðóáåæíîé äîêóìåíòàöèè) KISO = 57; 80; 115;

160 ë�(ìèí·áàð0,5), ÷òî ñîîòâåòñòâóåò êîýôôèöèåíòó

ïðîèçâîäèòåëüíîñòè (ïî ðîññèéñêîé äîêóìåíòàöèè)

KÐÔ = 0,30; 0,42; 0,61; 0,84 ë�(ñ·ì0,5).

Äîïóñòèì, îáúåêò çàùèòû — ïîìåùåíèÿ 2-é ãðóïïû

ïî ïðèëîæåíèþ Á ÑÏ 5.13130.2009 [1]. Äëÿ äàííîé

ãðóïïû èíòåíñèâíîñòü îðîøåíèÿ äîëæíà áûòü íå ìå-

íåå 0,12 ë�(ñ·ì2). Ïðîâîäèì ïðÿìóþ ëèíèþ, ïàðàë-

ëåëüíóþ îñè àáñöèññ íà óðîâíå îðäèíàòû, ðàâíîé èí-

òåíñèâíîñòè îðîøåíèÿ i = 0,12 ë�(ñ·ì2). Òîãäà ïðè

èñïîëüçîâàíèè îðîñèòåëÿ ñ KÐÔ = 0,30 ë�(ñ·ì0,5) äàâ-

ëåíèå íà äèêòóþùåì îðîñèòåëå áóäåò ðàâíî 0,48 ÌÏà,

ñ KÐÔ = 0,42 ë�(ñ·ì0,5) — 0,26 ÌÏà, ñ KÐÔ = 0,61 ë�(ñ·ì0,5)

— 0,17 ÌÏà.

Ðèñ. 5. Ýïþðû èíòåíñèâíîñòè îðîøåíèÿ îðîñèòåëåì ÑÂÍ-15 (ÄÂÍ-15), óñòàíîâëåííûì íà âûñîòå 2,5 è 4,0 ì, ïðè äàâëåíèè ó

îðîñèòåëÿ 0,1 ÌÏà (à) è 0,5 ÌÏà (á)

Ðèñ. 6. Ãðàôèêè èíòåíñèâíîñòè îðîøåíèÿ îðîñèòåëåì ÑÂÍ

(ÄÂÍ), óñòàíîâëåííûì ðîçåòêîé âíèç, â çàâèñèìîñòè îò äàâ-

ëåíèÿ ïðè çíà÷åíèè K: 1 — 160; 2 — 115; 3 — 80; 4 — 57
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Ðàñõîä äèêòóþùåãî îðîñèòåëÿ òèïà ÑÂÍ (ÄÂÍ) ñ KISO =

= 0,42 ë�(ñ·ì0,5) áóäåò îñòàâëÿòü:

qäèêò = 10KÐ0,5,

ò. å. qäèêò = 10 · 0,42 · 0,260,5 = 2,14 ë�ñ.

Àäåêâàòíûé ñïîñîá îïðåäåëåíèÿ

èíòåíñèâíîñòè îðîøåíèÿ

Ïîñëå òîãî êàê â ïðîåêò íîâîé ðåäàêöèè ISO 6182-1

ââåäåíû èñïûòàíèÿ íà èíòåíñèâíîñòü îðîøåíèÿ îä-

íîãî îðîñèòåëÿ, â òåõíè÷åñêîé äîêóìåíòàöèè íà îðî-

ñèòåëè ñòàëè ïðèâîäèòüñÿ ýïþðû îðîøåíèÿ, àíàëî-

ãè÷íûå ïðåäñòàâëåííûì, íàïðèìåð, íà ðèñ. 7.

Çàäà÷åé àäåêâàòíîãî ñïîñîáà ÿâëÿåòñÿ âû÷èñëåíèå

äàâëåíèÿ è ðàñõîäà äèêòóþùåãî îðîñèòåëÿ äëÿ ñîîò-

âåòñòâóþùåé ãðóïïû ïîìåùåíèé ÷åðåç èçâåñòíûå

ïàðàìåòðû ýïþðû îðîøåíèÿ (äàâëåíèå è ðàñõîä îðî-

ñèòåëÿ, ïðîöåíòíûå äîëè ðàñõîäà îðîñèòåëÿ, ïðèõî-

äÿùèåñÿ íà îïðåäåëåííûå ïëîùàäè).

Ñóòü ðàñ÷åòà èíòåíñèâíîñòè îðîøåíèÿ ïî äàííîìó

ñïîñîáó çàêëþ÷àåòñÿ â ñëåäóþùåì:

� îïðåäåëÿþò ïî èçâåñòíûì çíà÷åíèÿì ðàñõîäà qèñõ

è äàâëåíèÿ Pèñõ êîýôôèöèåíò ïðîèçâîäèòåëüíîñòè

îðîñèòåëÿ: K q P	 èñõ èñõ
0 5,

;

� âûáèðàþò ðàäèóñ ñîîòâåòñòâóþùåé ïëîùàäè

îðîøåíèÿ S (ïðîùå, åñëè ïëîùàäü âûáèðàþò ïî

êðèâîé);

� âû÷èñëÿþò ðàñõîä qS îãíåòóøàùåãî âåùåñòâà, ïðè-

õîäÿùåãîñÿ íà âûáðàííóþ ïëîùàäü S, â ñîîòâåò-

ñòâèè ñ ïðîöåíòíîé äîëåé, ïðèâåäåííîé íà ýïþ-

ðå (50, 70 èëè 90 %);

� îïðåäåëÿþò â ïðåäåëàõ âûáðàííîé ïëîùàäè S

ñðåäíþþ èíòåíñèâíîñòü îðîøåíèÿ: iS = qS�S;

� ïðåäïîëàãàÿ, ÷òî ñîáëþäàåòñÿ ïðîïîðöèÿ ìåæäó

i Ð
,

S 	 èñõ
0 5 è i Ð

,
í 	 äèêò

0 5 , îïðåäåëÿþò äàâëåíèå ó äèê-

òóþùåãî îðîñèòåëÿ Ðäèêò ïðè íîðìàòèâíîé èíòåí-

ñèâíîñòè îðîøåíèÿ ií íà âûáðàííîé ïëîùàäè S:

Ðäèêò = Ðèñõ (ií �iS)2;

� îïðåäåëÿþò ðàñõîä äèêòóþùåãî îðîñèòåëÿ:

qäèêò = KÐäèêò.

Ïîäðîáíî àëãîðèòì îïðåäåëåíèÿ èíòåíñèâíîñòè îðî-

øåíèÿ ïî ýïþðàì îðîøåíèÿ, àíàëîãè÷íûì ïðèâå-

äåííûì íà ðèñ. 7, áóäåò ïðåäñòàâëåí â ñëåäóþùåì

íîìåðå æóðíàëà.

ÂÎÏÐÎÑ

Ñîãëàñíî ÑÏ 5.13130.2018 (ï. 5.1.14 è òàáë. 5.1)

óñòàíàâëèâàþòñÿ òðåáîâàíèÿ ê âîäÿíûì ÀÓÏ. Ïðè

ýòîì îáåñïå÷èòü îäíîâðåìåííî ìèíèìàëüíûé ðàñ-

õîä ÎÒÂ è ìèíèìàëüíóþ èíòåíñèâíîñòü îðîøåíèÿ

íà ìèíèìàëüíîé ïëîùàäè íåâîçìîæíî. Íàïðèìåð,

äëÿ 1-é ãðóïïû ïîìåùåíèé òðåáóåòñÿ îáåñïå÷èòü

èíòåíñèâíîñòü 0,08 ë�(ñ·ì2) è ðàñõîä ÎÒÂ 10 ë�ñ íà

60 ì2, íî åñëè âû÷èñëèòü òåîðåòè÷åñêóþ ïëîùàäü,

íà êîòîðîé ñ òðåáóåìîé èíòåíñèâíîñòüþ äîëæåí

áûòü îáåñïå÷åí òðåáóåìûé ðàñõîä, òî èç ôîðìóëû

Q = IS ïîëó÷èòñÿ S = Q�I = 10 ë�ñ : 0,08 ë�(ñ·ì2) =

= 125 ì2, ÷òî áîëåå ÷åì â äâà ðàçà áîëüøå ìèíè-

ìàëüíîé ïëîùàäè òóøåíèÿ.

Ïðîøó óòî÷íèòü, ïðàâîìåðíî ëè ïðèíÿòü äëÿ îáåñ-

ïå÷åíèÿ ïàðàìåòðîâ ÀÓÏ çíà÷èòåëüíîå óâåëè÷å-

íèå ðàñ÷åòíîé ïëîùàäè, íàïðèìåð â äâà ðàçà, äëÿ

îáåñïå÷åíèÿ òðåáóåìîãî ðàñõîäà ïðè ñîõðàíåíèè

íîðìàòèâíîé èíòåíñèâíîñòè.

ÎÒÂÅÒ:

Îøèáêà òàêèõ ðàññóæäåíèé çàêëþ÷àåòñÿ â

ïðåäïîëîæåíèè, ÷òî èíòåíñèâíîñòü îðîøåíèÿ â ïðå-

äåëàõ âñåé ïðèíÿòîé çàùèùàåìîé ïëîùàäè îäèíà-

êîâà. Â ïðèíöèïå òàêîé ñëó÷àé íå èñêëþ÷åí, åñëè, íà-

ïðèìåð, äëÿ 1-é ãðóïïû ïîìåùåíèé ïðèíÿòü äèàìåòð

ðàñïðåäåëèòåëüíîãî òðóáîïðîâîäà 65 ìì è áîëåå,

íî ýòî äîðîãîñòîÿùèé âàðèàíò ïðîåêòà, êîòîðûé ìî-

æåò áûòü âûïîëíåí òîëüêî ïðè ñîãëàñèè çàêàç÷èêà.

Ðèñ. 7. Ýïþðû îðîøåíèÿ îðîñèòåëÿìè TY 363 (TY-FRB, TY-B),

óñòàíîâëåííûìè íà âûñîòå 2,5 ì: à — äàâëåíèå ó îðî-

ñèòåëÿ 0,05 ÌÏà è ðàñõîä 0,93 ë�ñ; á — òî æå, 0,10 ÌÏà è

1,37 ë�ñ; â — òî æå, 0,21 ÌÏà è 1,94 ë�ñ; íà ïëîùàäü, îãðà-

íè÷åííóþ êðèâîé 1, ïðèõîäèòñÿ 50 % ðàñõîäà ÎÒÂ, êðè-

âîé 2 — 70 %, êðèâîé 3 — 90 %, êðèâîé 4 — 100 %
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Íà ïðàêòèêå äèàìåòð ðàñïðåäåëèòåëüíîé ñåòè ïðè-

íèìàþò îò 20–25 äî 35–40 ìì, ïðè ýòîì äèêòóþùèé

îðîñèòåëü äîëæåí îáåñïå÷èòü èíòåíñèâíîñòü îðîøå-

íèÿ íå ìåíåå íîðìàòèâíîé. Ïîñêîëüêó ó êàæäîãî ïî-

ñëåäóþùåãî îðîñèòåëÿ ðàñõîä áóäåò áîëüøå, ÷åì ó

ïðåäûäóùåãî, ñóììàðíûé ðàñõîä ÀÓÏ ìîæåò ñóùåñò-

âåííî ïðåâûøàòü íîðìàòèâíûé, ïðè÷åì ýòà ðàçíèöà

òåì áîëüøå, ÷åì ìåíüøå äèàìåòðû ðàñïðåäåëèòåëü-

íîãî òðóáîïðîâîäà è ðàññòîÿíèå ìåæäó îðîñèòåëÿìè

è ÷åì áîëüøå îðîñèòåëåé ðàñïîëîæåíî íà çàùèùàå-

ìîé ïëîùàäè îðîøåíèÿ.

Â ñâÿçè ñ ýòèì ñîãëàñíî ïðèëîæåíèþ Á (ï. Á.1.1.9)

ÑÏ 5.13130.2009 [1] ðàñ÷åò ãèäðàâëè÷åñêîé ðàñïðå-

äåëèòåëüíîé ñåòè ñïðèíêëåðíîé ÀÓÏ íà÷èíàåòñÿ ñ

îïðåäåëåíèÿ ðàñõîäà êàæäîãî îðîñèòåëÿ, íàõîäÿùå-

ãîñÿ â ïðèíÿòîé äèêòóþùåé çàùèùàåìîé ïëîùàäè

îðîøåíèÿ (ñ ó÷åòîì òîãî îáñòîÿòåëüñòâà, ÷òî ðàñõîä

îðîñèòåëåé, óñòàíîâëåííûõ íà ðàñïðåäåëèòåëüíîé

ñåòè, âîçðàñòàåò ïî ìåðå óäàëåíèÿ îò äèêòóþùåãî îðî-

ñèòåëÿ), à çàòåì óñòàíàâëèâàþò ñóììàðíûé ðàñõîä

ýòèõ îðîñèòåëåé, ïðåäñòàâëÿþùèé ñîáîé ðàñ÷åòíûé

ðàñõîä ñïðèíêëåðíîé ÀÓÏ.

Åñëè ïðè ýòîì íà çàùèùàåìîé íîðìàòèâíîé ïëîùàäè

ðàñ÷åòíûé ðàñõîä áóäåò áîëüøå íîðìàòèâíûõ çíà÷å-

íèé, ïðèâåäåííûõ â òàáë. 5.1–5.3 [1], òî ëèáî ðàñõîä

äîëæåí áûòü ïðèíÿò ðàâíûì ðàñ÷åòíîìó, ëèáî ñëåäóåò

ïîâòîðèòü ðàñ÷åò ïðè óâåëè÷åííûõ äèàìåòðàõ òðóáî-

ïðîâîäîâ ðàñïðåäåëèòåëüíîé ñåòè. Åñëè íà çàùèùà-

åìîé íîðìàòèâíîé ïëîùàäè ðàñ÷åòíûé ðàñõîä ÀÓÏ

ïîëó÷èòñÿ ìåíåå íîðìàòèâíûõ çíà÷åíèé, ïðèâåäåí-

íûõ â òàáë. 5.1–5.3 [1], òî ðàñõîä ïðèíèìàåòñÿ ðàâ-

íûì íîðìàòèâíîìó.

Íàïðèìåð, åñëè ðàñ÷åòíûé ðàñõîä ÀÓÏ äëÿ ïîìåùå-

íèé 1-é ãðóïïû ñîñòàâèë 12 ë�ñ, òî ñëåäóåò ëèáî ïðèíÿòü

ýòîò ðàñõîä çà ïðîåêòíûé, ëèáî óâåëè÷èòü äèàìåòðû

òðóáîïðîâîäîâ ðàñïðåäåëèòåëüíîé ñåòè, ÷òîáû ïðî-

åêòíûé ðàñõîä íå ïðåâûøàë íîðìàòèâíîãî çíà÷å-

íèÿ, ò. å. 10 ë�ñ. Åñëè ðàñ÷åòíûé ðàñõîä ÀÓÏ ñîñòàâèë

9 ë�ñ, òî çà ïðîåêòíûé ðàñõîä ñëåäóåò ïðèíÿòü íîðìà-

òèâíîå çíà÷åíèå, ò. å. 10 ë�ñ.

Ïðåäëàãàþ âñåì ñîìíåâàþùèìñÿ ïðîâåñòè íåáîëü-

øîé ïîâåðî÷íûé ãèäðàâëè÷åñêèé ðàñ÷åò ðàñïðåäåëè-

òåëüíîé ñåòè äëÿ äèêòóþùåé çàùèùàåìîé ïëîùàäè

îðîøåíèÿ 60 è 120 ì2 (óâåëè÷åííàÿ â äâà ðàçà ïëî-

ùàäü ïåðâîé ãðóïïû ïîìåùåíèé) è ñðàâíèòü ïîëó-

÷åííûå ðàñõîäû.

Ãèäðàâëè÷åñêèå ðàñ÷åòû âîäÿíûõ è ïåííûõ ÀÓÏ ïî-

äðîáíî èçëîæåíû â ó÷åáíî-ìåòîäè÷åñêèõ ïîñîáèÿõ

[5, 6].
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ABSTRACT

Various methods for determining the intensity of irriga-

tion, in particular, the approximate (approximate) —

according to the passport data of the coefficient of pro-

ductivity, correct-according to the diagrams of irriga-

tion intensity of the sprinkler, reliable — according to

the graphs of irrigation intensity and adequate — accord-

ing to the irrigation diagrams of the sprinkler. The simplest

and most common method is the approximate method,

which is used in the absence of plots and graphic de-

pendencies, and the most accurate — a reliable way.

Quite satisfactory results are presented by the correct

method, which is quite simple when calculating the pa-

rameters of the dictating sprinkler. The most difficult

way seems adequate.

Keywords: calculation; pressure; flow rate; dictating

sprinkler; water distribution; productivity coefficient;

K-factor; diagram.
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ÏÐÎÔÈËÀÊÒÈÊÀ ÏÎÆÀÐÎÂ Â ÇÈÌÍÈÉ ÏÅÐÈÎÄ

Óêàçàíû îñíîâíûå ïðè÷èíû ïîæàðîâ â îòîïèòåëüíûé ñåçîí. Ðàññìîòðåíû íîðìàòèâíûå äîêó-
ìåíòû, ðåãëàìåíòèðóþùèå ïîðÿäîê ïðîâåäåíèÿ ïîæàðíîé ïðîôèëàêòèêè â çèìíèé ïåðèîä. Îò-
ìå÷åíû îñîáåííîñòè áåçîïàñíîé ýêñïëóàòàöèè ïå÷íîãî îòîïëåíèÿ è ýëåêòðîíàãðåâàòåëüíûõ
ïðèáîðîâ. Ïðåäñòàâëåíû êîíêðåòíûå ìåðîïðèÿòèÿ ïî ïðåäóïðåæäåíèþ è òåõíè÷åñêîìó îáñëó-
æèâàíèþ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû è òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ ïðîôèëàêòèêà; îòîïèòåëüíûå ïå÷è; ïîæàðíàÿ îïàñíîñòü; ýëåêòðè-
÷åñêèå ñåòè; ñèñòåìà ïîæàðîòóøåíèÿ; ïðîìûøëåííàÿ áåçîïàñíîñòü.

ÂÎÏÐÎÑ:

Ñ íàñòóïëåíèåì îòîïèòåëüíîãî ñåçîíà ïîâûøà-

åòñÿ ïîæàðîîïàñíàÿ îáñòàíîâêà íà îáúåêòàõ çà-

ùèòû. Èìåííî íà ýòîò ïåðèîä ïðèõîäèòñÿ íàèáîëü-

øåå ÷èñëî ïîæàðîâ, ñâÿçàííûõ ñ íàðóøåíèÿìè

óñòðîéñòâà è ýêñïëóàòàöèè ïå÷åé, à òàêæå ýëåêòðî-

íàãðåâàòåëüíûõ ïðèáîðîâ. Ñòàòèñòèêà ïî ïîæàðàì

â äàííûé ïåðèîä ãîâîðèò î íåîáõîäèìîñòè áîëåå

àêòèâíîé ïðîòèâîïîæàðíîé ïðîïàãàíäû êàê îäíîé

èç îñíîâíûõ ôîðì ïðîôèëàêòèêè ïîæàðîâ è ãèáå-

ëè ëþäåé. Â ñâÿçè ñ ýòèì ñîòðóäíèêàìè ÃÏÑ Ì×Ñ

Ðîññèè åæåãîäíî ïðîâîäÿòñÿ ðåéäû ïî çàùèùà-

åìûì îáúåêòàì â öåëÿõ ðàçúÿñíåíèÿ îñíîâíûõ

ïðàâèë ïîæàðíîé áåçîïàñíîñòè ïðè ýêñïëóàòàöèè

îòîïèòåëüíûõ ïðèáîðîâ ñ âðó÷åíèåì ïàìÿòîê.

Âûïîëíåíèå êàêèõ òðåáîâàíèé íîðìàòèâíûõ äî-

êóìåíòîâ ïîçâîëèò îáåñïå÷èòü ïîæàðîáåçîïàñíóþ

îáñòàíîâêó â çèìíèé ïåðèîä?

ÎÒÂÅÒ:

Ñ íàñòóïëåíèåì õîëîäîâ íàñåëåíèå íà÷èíàåò

àêòèâíî èñïîëüçîâàòü îáîãðåâàòåëüíûå ïðèáîðû è îòî-

ïèòåëüíûå ïå÷è, çà÷àñòóþ ïðåíåáðåãàÿ ïðîâåðêîé

èõ èñïðàâíîãî ñîñòîÿíèÿ. Â ñò. 81 Ïðàâèë ïðîòèâîïî-

æàðíîãî ðåæèìà â Ðîññèéñêîé Ôåäåðàöèè (ÏÏÐ) [1]

óêàçàíî, ÷òî çà èñïðàâíîå ñîñòîÿíèå è áåçîïàñíóþ

ýêñïëóàòàöèþ ïå÷åé è äðóãèõ îòîïèòåëüíûõ ïðèáîðîâ

îòâå÷àþò ðóêîâîäèòåëü îðãàíèçàöèè è ñîáñòâåííèêè

æèëûõ äîìîâ.

Îêîëî ïîëîâèíû âñåõ ïîæàðîâ îò îáîãðåâàòåëüíûõ

ïðèáîðîâ ïðèõîäèòñÿ íà äîìà ñ ïå÷íûì îòîïëåíèåì.

Çà ïåðèîä ïðîñòîÿ â ïå÷àõ è äûìîõîäàõ íàêàïëèâàåò-

ñÿ ñàæà, íà÷èíàþòñÿ ðàçðóøåíèÿ: îáðàçóþòñÿ òðåùè-

íû, ïîâðåæäàþòñÿ âíåøíèå îòäåëî÷íûå ìàòåðèàëû.

Ñîãëàñíî ï. 82 ÏÏÐ [1] ïåðåä íà÷àëîì è â òå÷åíèå îòî-

ïèòåëüíîãî ñåçîíà ñëåäóåò î÷èùàòü äûìîõîäû è ïå÷è

îò ñàæè íå ðåæå 1 ðàçà â 3 ìåñ., ïå÷è è î÷àãè íåïðå-

ðûâíîãî äåéñòâèÿ — íå ðåæå 1 ðàçà â 2 ìåñ., êóõîí-

íûå ïëèòû è ïå÷è äîëãîâðåìåííîé òîïêè — íå ðåæå

1 ðàçà â ìåñÿö. Çîëà è øëàê, âûãðåáàåìûå èç òîïîê,

äîëæíû áûòü çàëèòû âîäîé è óäàëåíû â ñïåöèàëüíî

îòâåäåííîå äëÿ íèõ ìåñòî [1]. Ïåðåä òîïêîé ñëåäóåò

ðàçìåùàòü íà ïîëó ïðåäòîïî÷íûé ëèñò èç íåãîðþ÷åãî

ìàòåðèàëà (îáû÷íî ìåòàëëè÷åñêèé) ðàçìåðàìè íå ìå-

íåå 0,5#0,7 ì (ï. 81 ÏÏÐ [1]).

Êðîìå òîãî, ïîâðåæäåíèÿ ìîãóò âîçíèêíóòü â ðåçóëü-

òàòå ïåðåêàëà ïå÷è, ïîýòîìó åå ðåêîìåíäóåòñÿ òîïèòü

2–3 ðàçà â äåíü ïî 1,5 ÷ è çàêàí÷èâàòü çà 2–3 ÷ äî

ñíà. Ñîãëàñíî ï. 85 ÏÏÐ [1] òîïêó ïå÷åé â çäàíèÿõ è

ñîîðóæåíèÿõ (çà èñêëþ÷åíèåì æèëûõ äîìîâ) ñëåäóåò

ïðåêðàùàòü íå ìåíåå ÷åì çà 2 ÷ äî îêîí÷àíèÿ ðàáî-

òû, à â áîëüíèöàõ è íà äðóãèõ îáúåêòàõ çàùèòû ñ êðóã-

ëîñóòî÷íûì ïðåáûâàíèåì ëþäåé — çà 2 ÷ äî îòõîäà

áîëüíûõ êî ñíó. Â äåòñêèõ ó÷ðåæäåíèÿõ ñ äíåâíûì

ïðåáûâàíèåì ëþäåé òîïêà äîëæíà çàêàí÷èâàòüñÿ

íå ïîçäíåå ÷åì çà 1 ÷ äî ïðèõîäà äåòåé [1]. Ïðè ýêñ-

ïëóàòàöèè ñîâðåìåííûõ ìåòàëëè÷åñêèõ ïå÷åé äëè-

òåëüíîãî ãîðåíèÿ â äîïîëíåíèå ê òðåáîâàíèÿì ÏÏÐ [1]

ñëåäóåò ðóêîâîäñòâîâàòüñÿ çàâîäñêîé èíñòðóêöèåé ïî

ýêñïëóàòàöèè è òåõíè÷åñêîìó îáñëóæèâàíèþ.

Îñòàëüíàÿ ÷àñòü ïîæàðîâ ïðèõîäèòñÿ íà ýëåêòðîíà-

ãðåâàòåëüíîå îáîðóäîâàíèå. Çäåñü âñå ïðè÷èíû âîç-

ãîðàíèÿ ìîæíî ðàçäåëèòü íà äâå ãðóïïû: ïåðâàÿ —

íàëè÷èå ãîðþ÷èõ ìàòåðèàëîâ âáëèçè îòîïèòåëüíîãî

ïðèáîðà, à òàêæå èñïîëüçîâàíèå åãî íå ïî íàçíà÷å-

íèþ, âòîðàÿ — íåèñïðàâíîñòè ýëåêòðîíàãðåâàòåëü-

íîãî îáîðóäîâàíèÿ è ïåðåãðóçêè ñåòè.

Äëÿ ïðåäîòâðàùåíèÿ âîçíèêíîâåíèÿ ïîæàðîâ ïî ïåð-

âîé ïðè÷èíå íå ñëåäóåò îñòàâëÿòü áåç ïðèñìîòðà ïðè-

áîðû, âêëþ÷åííûå â ýëåêòðè÷åñêóþ ñåòü, ðàçìåùàòü

èõ âáëèçè ãîðþ÷èõ âåùåñòâ (áëèæå 1 ì), èñïîëüçî-

âàòü íàãðåâàòåëè â êà÷åñòâå ñóøèëîê äëÿ îäåæäû è

îáóâè (ñì. ï. 42 ÏÏÐ [1]). Óìåíüøåíèå êîëè÷åñòâà ïî-

æàðîâ ïî âòîðîé ïðè÷èíå âîçìîæíî çà ñ÷åò èñêëþ-

÷åíèÿ èç ïðèìåíåíèÿ ñàìîäåëüíîãî ýëåêòðîíàãðå-

âàòåëüíîãî îáîðóäîâàíèÿ, îáîðóäîâàíèÿ ñ âèäèìû-

ìè ïîâðåæäåíèÿìè, à òàêæå îáîðóäîâàíèÿ, êîòîðîå

â ïðîöåññå ýêñïëóàòàöèè âûäåëÿåò ðåçêèé íåïðèÿò-

íûé çàïàõ (ãîðåëîé ïëàñòìàññû, òóõëûõ ÿèö, ðûáû,

ìåðòâîãî æèâîòíîãî). Îáû÷íî òàêîé çàïàõ èñõîäèò îò

ðîçåòîê, â êîòîðûå âêëþ÷åíî áîëüøîå êîëè÷åñòâî

ïîòðåáèòåëåé èëè íåñêîëüêî ìîùíûõ ïðèáîðîâ, ñî-

çäàþùèõ âðåìåííóþ ïåðåãðóçêó ýëåêòðè÷åñêîé ñåòè.
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Â ðåçóëüòàòå íàãðåâà êîíòàêòíûõ ñîåäèíåíèé èçîëÿ-

öèÿ ïðîâîäîâ íà÷èíàåò ðàçëàãàòüñÿ, âûäåëÿÿ ïðè ýòîì

ïëîõî ïàõíóùèå àýðîçîëè.

Ïîìèìî îòîïèòåëüíîãî îáîðóäîâàíèÿ, íåîáõîäèìî

ïîìíèòü îá óòåïëåíèè îòäåëüíûõ óçëîâ ñèñòåì ïðîòè-

âîïîæàðíîé çàùèòû è òåõíîëîãè÷åñêîãî îáîðóäîâà-

íèÿ. Äëÿ èñêëþ÷åíèÿ çàìåðçàíèÿ âîäû â çàãëóáëåí-

íûõ ðåçåðâóàðàõ àâòîìàòè÷åñêèõ óñòàíîâîê âîäÿíîãî

ïîæàðîòóøåíèÿ (ÀÓÂÏ) èíñòðóêöèåé ïî ýêñïëóàòàöèè

(ÐÄ 34.49.501–95) [2] òðåáóåòñÿ äî íà÷àëà ìîðîçîâ

îáÿçàòåëüíîå çàïîëíåíèå ïðîìåæóòêà ìåæäó íèæíåé

è âåðõíåé êðûøêàìè ëþêà óòåïëÿþùèì ìàòåðèàëîì

(ñì. ï. 5.3.7). Êðîìå òîãî, ñëåäóåò âûïîëíÿòü îñìîòð

è íåîáõîäèìûé ðåìîíò àðìàòóðû âñàñûâàþùåãî òðó-

áîïðîâîäà ÀÓÂÏ ñ àíàëîãè÷íûì óòåïëåíèåì êîëîäöà

(ñì. ï. 5.4.1 ÐÄ [2]). Íà îáúåêòàõ çàùèòû â ñëó÷àå

ïðîìåðçàíèÿ òðóáîïðîâîäîâ çàïðåùàåòñÿ ïðîâîäèòü

èõ îòîãðåâàíèå ñ ïîìîùüþ îòêðûòîãî îãíÿ (ïï. 23 è

391 ÏÏÐ [1]), à ñëåäóåò ïîëüçîâàòüñÿ ïîæàðîáåçîïàñ-

íûìè ñïîñîáàìè, íàïðèìåð ãîðÿ÷åé âîäîé èëè ïàðîì

(ï. 147 ÏÏÐ [1]).

Äëÿ ñèñòåìû ïðèòî÷íîé ïðîòèâîäûìíîé âåíòèëÿöèè

ñ åñòåñòâåííûì ïîáóæäåíèåì â õîëîäíîå âðåìÿ ãîäà

ñëåäóåò ïðåäóñìàòðèâàòü ñðåäñòâà ïðåäîòâðàùåíèÿ

ïðîìåðçàíèÿ ïðèòâîðîâ êëàïàíîâ â ïðîåìàõ íàðóæ-

íûõ îãðàæäåíèé çäàíèÿ (ï. 8.8 ÑÏ 7.13130.2013 [3]).

Êëàïàíû äûìîâûõ ëþêîâ òàêæå äîëæíû óòåïëÿòüñÿ è

ïðîâåðÿòüñÿ íà ðàáîòîñïîñîáíîñòü íå ðåæå 1 ðàçà

â 10 ñóò (ñì. ï. 114 ÏÏÐ [1]).

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ïï. 24 è 55 ÏÏÐ [1] â

çèìíåå âðåìÿ äîëæíà âûïîëíÿòüñÿ î÷èñòêà ïîæàð-

íûõ ëåñòíèö, ãèäðàíòîâ è ðåçåðâóàðîâ ñèñòåìû ïðî-

òèâîïîæàðíîãî âîäîñíàáæåíèÿ îò ëüäà è ñíåãà.

Ñîãëàñíî Ïðàâèëàì ïðîìûøëåííîé áåçîïàñíîñòè

[4, 5] íà ñêëàäàõ íåôòè è íåôòåïðîäóêòîâ â çèìíèé

ïåðèîä íåîáõîäèìî ðåãóëÿðíî î÷èùàòü äûõàòåëüíûå

êëàïàíû è ñåòêè îò ëüäà è èíåÿ â öåëÿõ íåäîïóùåíèÿ

ñíèæåíèÿ èõ ïðîïóñêíîé ñïîñîáíîñòè (ñì. ï. 354 [1]).

Òàêèì îáðàçîì, ïðîôèëàêòèêà ïîæàðîâ â çèìíèé ïå-

ðèîä äîëæíà ïðåäóñìàòðèâàòü ïðîâåäåíèå ñðåäè

íàñåëåíèÿ óñèëåííîé ïðîïàãàíäû â îáëàñòè áåçîïàñ-

íîãî èñïîëüçîâàíèÿ îòîïèòåëüíûõ ïðèáîðîâ è ýëåêò-

ðè÷åñêèõ ñåòåé, à òàêæå âûïîëíåíèå îñìîòðîâ, òåõ-

íè÷åñêîãî îáëóæèâàíèÿ è ðåìîíòà òåõíîëîãè÷åñêîãî

îáîðóäîâàíèÿ è ïîääåðæàíèå â ðàáîòîñïîñîáíîì ñî-

ñòîÿíèè ñèñòåì ïðîòèâîïîæàðíîé çàùèòû.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE

AND EXPLOSION SAFETY” ñòàòüè äîëæíû ñîäåðæàòü ðåçóëüòàòû íà-

ó÷íûõ èññëåäîâàíèé è èñïûòàíèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ

óñòðîéñòâ è ïðîãðàììíî-èíôîðìàöèîííûõ 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

÷åòêî îáîçíà÷åííûå ïîäðàçäåëû Ââåäåíèå (Introduction), Öåëè è çà-

äà÷è (Aims and Purposes), Ìåòîäû (Methods), Ðåçóëüòàòû (Results),

Îáñóæäåíèå (Discussion), Çàêëþ÷åíèå (âûâîäû) (Conclusions).

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 ñëåäóåò âêëþ÷àòü ñõåìû, òàáëèöû, èëëþ-

ñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåííûå 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.
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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.

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

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

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

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

íèìàþòñÿ.

4. 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.

5. 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 “Ïîæàðîâçðûâî-

áåçîïàñíîñòü / Fire and Explosion Safety”, ñîãëàñíû ñ óñëîâèÿìè

ïóáëèêàöèè èëè îòêëîíåíèÿ ðóêîïèñè, à òàêæå ñ ïðàâèëàìè åå

îôîðìëåíèÿ!
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Õàðëàìåíêîâ À. Ñ. Òðåáîâàíèÿ áîåâîãî óñòàâà ïîä-

ðàçäåëåíèé ïîæàðíîé îõðàíû ê ó÷àñòíèêàì òóøå-

íèÿ ïîæàðà ïðè íàëè÷èè ýëåêòðîóñòàíîâîê ïîä

íàïðÿæåíèåì, ¹ 4, 70

Õàðëàìåíêîâ À. Ñ. Òðåáîâàíèÿ ïîæàðíîé áåçîïàñ-

íîñòè ê êóëüòîâûì ñîîðóæåíèÿì, ¹ 7-8, 89

Õàðëàìåíêîâ À. Ñ. Òðåáîâàíèÿ ïîæàðíîé áåçîïàñ-

íîñòè ê ñîáñòâåííèêàì îáúåêòîâ çàùèòû ïðè ñìå-

íå êàòåãîðèè è öåëåâîãî íàçíà÷åíèÿ ïîìåùåíèé,

¹ 1, 77

Õàñàíîâ È. Ð. ñì. Àíòîíîâ Ä. Â.

Õàñóåâà Ç. Ñ., Ñàìîøèí Ä. À. Ïàðàìåòðû äâèæåíèÿ

ëþäñêèõ ïîòîêîâ, ñîñòîÿùèõ èç áåðåìåííûõ ïà-

öèåíòîê ó÷ðåæäåíèé ðîäîâñïîìîæåíèÿ, ¹ 6, 52

Õèòîâ Ñ. Á. ñì. Êàìåíåöêàÿ Í. Â.

Õîëîñòîâ À. Ë. ñì. Àëåøêîâ Ì. Â.

Õîëùåâíèêîâ Â. Â. Òåðìèíîëîãèÿ èëè èäåîëîãèÿ —

ïðåïÿòñòâèå áåçîïàñíîé ýâàêóàöèè ëþäåé èç âû-

ñîòíûõ çäàíèé ïðè ïîæàðå, ¹ 1, 5

Õîëùåâíèêîâ Â. Â. ñì. Ñ¸ìèí À. À.

Ö
Öàðè÷åíêî Ñ. Ã. ñì. Àëåøêîâ Ì. Â.

×
×åëåêîâà Å. Þ. ñì. Áàêèðîâ È. Ê.

×åðíûøîâ Ì. Â. ñì. Çàõìàòîâ Â. Ä.

Ø
Øåáåêî À. Þ. ñì. Êîíñòàíòèíîâà Í. È.

Øåáåêî À. Þ. ñì. Øåáåêî Þ. Í.

Øåáåêî Þ. Í., Øåáåêî À. Þ., Ãèëåòè÷ À. Í. Ìåòî-

äû îïðåäåëåíèÿ òðåáóåìûõ ïðåäåëîâ îãíåñòîéêî-

ñòè ñòðîèòåëüíûõ êîíñòðóêöèé ïðîèçâîäñòâåííûõ

îáúåêòîâ, ¹ 11, 51

Øåáåêî Þ. Í. ñì. Åâñååâ Ä. Ã.

Øåâ÷åíêî À. Ì. Ê. Ñ. ñì. Ïðóñàêîâ Â. À.

Øåïåëþê Ñ. È. ñì. Íåñòåðåíêî À. Ã.

Øèìêî Â. Þ. ñì. Àõìåäîâ À. Á.

Øèõàëåâ Ä. Â. ñì. Çóåâ Í. Þ.

Øëåãåëü Í. Å. ñì. Àíòîíîâ Ä. Â.

Øóòîâ Ô. À. ñì. Êîáåëåâ À. À.

Ù
Ùåðáàêîâ Î. Â. ñì. Ìàòâååâ À. Â.

Þ
Þã À. ñì. Åðåìèíà Ò. Þ.
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ÓÊÀÇÀÒÅËÈ

ÒÅÌÀÒÈ×ÅÑÊÈÉ ÓÊÀÇÀÒÅËÜ ÑÒÀÒÅÉ,
ÎÏÓÁËÈÊÎÂÀÍÍÛÕ Â ÆÓÐÍÀËÅ Â 2018 ã.

Ôàìèëèè àâòîðîâ è íàçâàíèå ñòàòåé
Íîìåð

æóðíàëà
Ñòð.

ÞÁÈËÅÈ

ÏÎÊÐÎÂÑÊÎÉ Åëåíå Íèêîëàåâíå — 80 ëåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 5

ÊÎÐÎËÜ×ÅÍÊÎ Àëåêñàíäðó ßêîâëåâè÷ó — 80 ëåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 1

ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

ÒÎÏ-5 áóäóùèõ òåõíîëîãèé áåçîïàñíîñòè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 6

ÎÁÙÈÅ ÂÎÏÐÎÑÛ ÊÎÌÏËÅÊÑÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ

Åðåìèíà Ò. Þ., Þã À. Íåêîòîðûå àñïåêòû îñíîâ ïîäãîòîâêè ìåòîäè÷åñêèõ ðåêîìåíäàöèé

ïî îðãàíèçàöèè ó÷åáíîé ýâàêóàöèè äåòåé ðàçëè÷íîãî âîçðàñòà . . . . . . . . . . . . . . . . . . . . . . . 4 6

Êàìåíåöêàÿ Í. Â., Ìåäâåäåâà Î. Ì., Õèòîâ Ñ. Á., Ìàñëàêîâ Ì. Ä. Ìåòîäèêà îöåíêè

ðèñêà îòêàçà â ðàáîòå ñïåöèàëüíîé òåõíèêè â õîäå ëèêâèäàöèè ÷ðåçâû÷àéíîé ñèòóàöèè . . . 2-3 5

Êîðîáêî Â. Á., Ãëóõîâåíêî Þ. Ì., Îâ÷èíñêèé À. Ñ., Ãóðëåâ È. Â. Àêòóàëèçàöèÿ òðåáî-

âàíèé ïîæàðíîé áåçîïàñíîñòè íà îñíîâå ðèñê-îðèåíòèðîâàííîãî ïîäõîäà . . . . . . . . . . . . . 6 7

Êðàñàâèí À. Â., Êðåïûøåâ Ñ. À., Ìåäÿíèê Ì. Â. Àíàëèòè÷åñêèé îáçîð ñïåöèàëüíûõ òåõ-

íè÷åñêèõ óñëîâèé äëÿ îáúåêòîâ íåôòåãàçîâîé ïðîìûøëåííîñòè . . . . . . . . . . . . . . . . . . . . . . 2-3 14

Ïðèñàäêîâ Â. È., Åðåìèíà Ò. Þ., Áîãäàíîâ À. Â., Ñóøêîâà Î. Â., Òèõîíîâà Í. Â. Îáçîð

ìåæäóíàðîäíûõ íîðìàòèâíûõ äîêóìåíòîâ, ðåãëàìåíòèðóþùèõ ïðàâèëà ïîæàðíîé áåç-

îïàñíîñòè äëÿ îáúåêòîâ èñòîðè÷åñêîãî è êóëüòóðíîãî íàñëåäèÿ. . . . . . . . . . . . . . . . . . . . . . . 5 7

Õîëùåâíèêîâ Â. Â. Òåðìèíîëîãèÿ èëè èäåîëîãèÿ — ïðåïÿòñòâèå áåçîïàñíîé ýâàêóàöèè

ëþäåé èç âûñîòíûõ çäàíèé ïðè ïîæàðå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

Àíòîíîâ Ä. Â., Âîéòêîâ È. Ñ., Âîëêîâ Ð. Ñ., Æäàíîâà À. Î., Êóçíåöîâ Ã. Â., Õàñàíîâ È. Ð.,
Øëåãåëü Í. Å. Âëèÿíèå ñïåöèàëèçèðîâàííûõ äîáàâîê íà ýôôåêòèâíîñòü ëîêàëèçàöèè

ïëàìåííîãî ãîðåíèÿ è òåðìè÷åñêîãî ðàçëîæåíèÿ ëåñíûõ ãîðþ÷èõ ìàòåðèàëîâ. . . . . . . . . . . 9 5

Ãîðåâ Â. À., Ìîëüêîâ Â. Â. Î çàâèñèìîñòè ïàðàìåòðîâ âíóòðåííåãî âçðûâà îò óñòðîéñòâà

ïðåäîõðàíèòåëüíûõ êîíñòðóêöèé â ïðîåìàõ îãðàæäàþùèõ ñòåí ïðîìûøëåííûõ è æèëûõ

çäàíèé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 6

Ïîëàíäîâ Þ. Õ., Êîðîëü÷åíêî À. Ä. Îá óñëîâèÿõ ðàçâèòèÿ âèáðàöèîííîãî ãîðåíèÿ ïðè

ãàçîâîì âçðûâå â íåçàìêíóòîì îáúåìå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 9

Ïóçà÷ Ñ. Â., Ëå Àíü Òóàí. Îáîñíîâàíèå âûáîðà ïàðàìåòðîâ ãîðåíèÿ äðåâåñíîé ìàññû

äåðåâüåâ äëÿ ðàñ÷åòà âîçäåéñòâèÿ âåðõîâûõ ëåñíûõ ïîæàðîâ íà îáúåêòû ýíåðãåòèêè

Âüåòíàìà. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 5

Ïóçà÷ Ñ. Â., Ñèòíèêîâ È. Â., Ëåáåä÷åíêî Î. Ñ., Êîìðàêîâ Ï. Â., Äî Òõàíü Òóíã. Âëèÿ-

íèå íåîäíîðîäíîãî ðàñïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå ïîìåùåíèÿ íà âûñîòó ïëîñêîñòè

ðàâíûõ äàâëåíèé ïðè ïîæàðå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 24

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

Ãðîõîòîâ Ì. À., Áåãèøåâ È. Ð., Êîìàðîâ À. À., Áåëèêîâ À. Ê. Êèíåòè÷åñêèé ïîäõîä ïðè

ðàñ÷åòå ïàðàìåòðîâ ïîæàðîâçðûâîîïàñíîñòè ãàçîâûõ ñìåñåé ìåòàíà ñ õëîðîì. . . . . . . . . . . 2-3 27
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Ôàìèëèè àâòîðîâ è íàçâàíèå ñòàòåé
Íîìåð

æóðíàëà
Ñòð.

Èâàíîâ À. Â., Ìèôòàõóòäèíîâà À. À., Èâàõíþê Ã. Ê., Áàøàðè÷åâ À. Â. Ôèçèêî-òåõíî-

ëîãè÷åñêèå ïðèíöèïû è ìåòîäèêà óïðàâëåíèÿ ïîæàðîîïàñíûìè ïðîöåññàìè ïðè îáðàùå-

íèè ñ æèäêèìè óãëåâîäîðîäàìè â óñëîâèÿõ ñòàáèëèçàöèè íàíîñòðóêòóð . . . . . . . . . . . . . . . . 12 7

Êîáåëåâ À. À., Êðóãëîâ Å. Þ., Àñååâà Ð. Ì., Ñåðêîâ Á. Á., Øóòîâ Ô. À. Òåðìè÷åñêîå

ïîâåäåíèå ïîëèìåðíîé òåïëîèçîëÿöèè ïîíèæåííîé ãîðþ÷åñòè . . . . . . . . . . . . . . . . . . . . . . . 4 13

Êîíñòàíòèíîâà Í. È., Åðåìèíà Ò. Þ., Íèêîëàåâà Å. À., Àëüìåíáàåâ Ì. Ì. Îñîáåí-

íîñòè âûáîðà îãíåçàùèòíûõ ñîñòàâîâ äëÿ òåêñòèëüíûõ ìàòåðèàëîâ . . . . . . . . . . . . . . . . . . . 9 17

Êîíñòàíòèíîâà Í. È., Ñìèðíîâ Í. Â., Øåáåêî À. Þ. Ê âîïðîñó îá îöåíêå ýôôåêòèâíîñòè

îãíåçàùèòû ïîëèìåðíûõ ìàòåðèàëîâ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 32

Êîðîëåâà Ë. À., Õàéäàðîâ À. Ã., Èâàõíþê Ã. Ê., Êîâàëü Ä. Í. Ýêñåðãåòè÷åñêèé ïîäõîä

ê îöåíêå ýíåðãîýêîëîãè÷åñêîé ýôôåêòèâíîñòè è ïîæàðíîé îïàñíîñòè ãðóçîâûõ ïåðåâîçîê

íà æåëåçíîäîðîæíîì òðàíñïîðòå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 43

Ïîðòíîâ Ô. À. Âëèÿíèå ìîäèôèêàòîðîâ íà õàðàêòåðèñòèêè ïåíîêîêñà, îáðàçóþùåãîñÿ

ïðè òåðìè÷åñêîì ðàçëîæåíèè äðåâåñèíû . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 24

Õàéäàðîâ À. Ã., Êîðîëåâà Ë. À., Èâàõíþê Ã. Ê. Ýêñåðãåòè÷åñêàÿ îöåíêà ïîæàðíîé îïàñ-

íîñòè ïåðåâîçîê íà æåëåçíîäîðîæíîì òðàíñïîðòå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 26

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ,
×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

Áóòóçîâ Ñ. Þ., Àìàíêåøóëû Ä., Ðûæåíêî Í. Þ. Ìîäåëü ïîääåðæêè óïðàâëåíèÿ ïîäãî-

òîâêîé ìàãèñòðîâ â îáðàçîâàòåëüíûõ ó÷ðåæäåíèÿõ ïîæàðíî-òåõíè÷åñêîãî ïðîôèëÿ. . . . . . 6 31

Áóòóçîâ Ñ. Þ., Êðþ÷êîâ À. Â., Ñàìàðèí È. Â. Ìåòîä êîëè÷åñòâåííîãî ðàñ÷åòà ñîâîêóï-

íîãî ôàêòîðà âëèÿíèÿ ïåðñîíàëà íà óñòîé÷èâîñòü ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷å-

íèÿ àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè . . . . . . . . . . . . . . . . . . . . . . . . 7-8 60

Ãðèí÷åíêî Á. Á., Òàðàêàíîâ Ä. Â. Ìîäåëü óïðàâëåíèÿ áåçîïàñíîñòüþ ïðè ðàáîòàõ íà ïî-

æàðàõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 45

Çóåâ Í. Þ., Õàáèáóëèí Ð. Ø., Øèõàëåâ Ä. Â., Ãóäèí Ñ. Â. Èíôîðìàöèîííàÿ òåõíîëîãèÿ

ýêñïåðòíîãî îïðîñà ñïåöèàëèñòîâ íåôòåãàçîâîé îòðàñëè äëÿ ïðåäîòâðàùåíèÿ ïîæàðîâ íà

îáúåêòàõ çàùèòû . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 17

Êóñàèíîâ À. Á. Àëãîðèòì îðãïðîåêòèðîâàíèÿ ãàðíèçîíà ïðîòèâîïîæàðíîé ñëóæáû ãî-

ðîäà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 23

Ìèíàåâ Â. À., Òîïîëüñêèé Í. Ã., Êîðîáåö Á. Í., Äàî Àíü Òóàí. Ìîäåëè îïòèìàëüíîãî

ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæáû íà îñíîâå òèïîëîãèçàöèè

òåððèòîðèé ïî ïîæàðíûì ðèñêàì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 18

Òàðàêàíîâ Ä. Â., Áàêàíîâ Ì. Î., Êîëáàøîâ Ì. À., Ìîèñååâ Þ. Í. Àâòîìàòèçèðîâàííàÿ

èíôîðìàöèîííàÿ ñèñòåìà ñâÿçè è óïðàâëåíèÿ ïîæàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè 2-3 20

Òîïîëüñêèé Í. Ã., Êðþ÷êîâ À. Â., Ãðà÷åâ Ä. Ñ., Ìèõàéëîâ Ê. À. Îïðåäåëåíèå ñîñòàâà

ïðîãðàìì â ñïåöèàëüíîì ïðîãðàììíîì îáåñïå÷åíèè àâòîìàòèçèðîâàííûõ ñèñòåì ïîæà-

ðîâçðûâîáåçîïàñíîñòè îáúåêòîâ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 67

Òîïîëüñêèé Í. Ã., Êðþ÷êîâ À. Â., Ìèõàéëîâ Ê. À., Íãóåí Òóàí Àíü. Ìîäåëü îöåíêè

âëèÿíèÿ ÷åëîâåêà íà óñòîé÷èâîñòü ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìàòèçè-

ðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 53

Òîïîëüñêèé Í. Ã., Ñàìàðèí È. Â., Ñòðîãîíîâ À. Þ. Ìåòîäèêà îöåíêè ýôôåêòèâíîñòè

óïðàâëåíèÿ ìåðîïðèÿòèÿìè ïîæàðíîé áåçîïàñíîñòè íà îáúåêòàõ ÒÝÊ â ñîñòàâå àâòîìàòè-

çèðîâàííîé ñèñòåìû ïîääåðæêè óïðàâëåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 19
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