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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



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 128

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

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
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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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