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ÈÑÑËÅÄÎÂÀÍÈÅ ÂÎÇÌÎÆÍÎÑÒÈ ÎÁÐÀÇÎÂÀÍÈß
ÎÏÀÑÍÛÕ ÐÀÇÐßÄÎÂ ÑÒÀÒÈ×ÅÑÊÎÃÎ ÝËÅÊÒÐÈ×ÅÑÒÂÀ
ÊÀÊ ÈÑÒÎ×ÍÈÊÀ ÇÀÆÈÃÀÍÈß ÏÐÈ ÏÐÎÄÓÂÊÅ
ÎÁÎÐÓÄÎÂÀÍÈß ÑÎ ÂÇÐÛÂÎÎÏÀÑÍÎÉ ÑÐÅÄÎÉ
ÈÍÅÐÒÍÛÌ ÃÀÇÎÌ

Ïðèâåäåí îáçîð íàó÷íûõ ðàáîò â îáëàñòè èññëåäîâàíèÿ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà, îïàñíîñòè
åãî ïðîÿâëåíèÿ â óñëîâèÿõ âçðûâîîïàñíûõ ïðîèçâîäñòâ, ïðè íàëè÷èè ïàðîâîçäóøíûõ è ãàçî-
âîçäóøíûõ ñìåñåé, ãäå èñêðîâûå ðàçðÿäû ìîãóò ïðèâåñòè ê âîñïëàìåíåíèþ ãîðþ÷åé ñðåäû,
âûçâàòü ïîæàð èëè âçðûâ. Ïðåäñòàâëåíû ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé â îáëàñòè íåéòðà-
ëèçàöèè çàðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà. Ðàññìîòðåíà ïðîáëåìà âîçìîæíîñòè îáðàçîâà-
íèÿ îïàñíûõ ðàçðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà, êîòîðûå ìîãóò ÿâëÿòüñÿ èñòî÷íèêîì çàæèãà-
íèÿ â óñëîâèÿõ ïðîäóâêè åìêîñòíîãî îáîðóäîâàíèÿ ñî âçðûâîïîæàðîîïàñíîé ñðåäîé èíåðòíûì
ãàçîì. Óñòàíîâëåíî, ÷òî â ðàçëè÷íûõ íîðìàòèâíûõ äîêóìåíòàõ ñóùåñòâóþò ïðîòèâîðå÷èÿ â âî-
ïðîñàõ èñïîëüçîâàíèÿ èíåðòíûõ ãàçîâ, â ÷àñòíîñòè óãëåêèñëîãî ãàçà, â êà÷åñòâå ôëåãìàòèçàòîðà
ãîðþ÷èõ ñìåñåé â åìêîñòíîì òåõíîëîãè÷åñêîì îáîðóäîâàíèè èç-çà âîçìîæíîñòè îáðàçîâàíèÿ
ðàçðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà. Äëÿ èññëåäîâàíèÿ îïàñíîñòè ïðîÿâëåíèÿ ñòàòè÷åñêîãî
ýëåêòðè÷åñòâà â ïðîöåññå ôëåãìàòèçàöèè óãëåêèñëûì ãàçîì åìêîñòåé ñî âçðûâîîïàñíîé ñðåäîé
ðàçðàáîòàíà ìåòîäèêà è ýêñïåðèìåíòàëüíûé ñòåíä. Íà îñíîâàíèè ïðîâåäåííûõ ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé ïðåäëîæåíû ìåòîäû è óñëîâèÿ áåçîïàñíîãî èñïîëüçîâàíèÿ óãëåêèñëîãî ãàçà
â êà÷åñòâå ôëåãìàòèçàòîðà åìêîñòåé ñî âçðûâîîïàñíîé ñðåäîé.

Êëþ÷åâûå ñëîâà: ðàçðÿäû ñòàòè÷åñêîãî ýëåêòðè÷åñòâà; ôëåãìàòèçàöèÿ; óãëåêèñëûé ãàç; åì-
êîñòíîå òåõíîëîãè÷åñêîå îáîðóäîâàíèå; âçðûâîïîæàðîîïàñíàÿ ñðåäà.
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ßâëåíèå ýëåêòðèçàöèè ïðåäñòàâëÿåò ñîáîé îïàñíîñòü

â óñëîâèÿõ âçðûâîîïàñíûõ ïðîèçâîäñòâ, ïðè íàëè-

÷èè ïàðî-, ãàçî- è ïûëåâîçäóøíûõ ñìåñåé, îáðàçó-

þùèõ âçðûâîîïàñíóþ ñðåäó, ñïîñîáíóþ âîñïëàìå-

íÿòüñÿ îò èñêðîâûõ ðàçðÿäîâ, ÷òî ìîæåò ïðèâåñòè ê

ïîæàðó èëè âçðûâó.

Ýëåêòðèçàöèÿ ïðîèñõîäèò è ïðè áàðáîòèðîâà-

íèè ãàçà ñêâîçü ñëîé æèäêîñòè, è ïðè ðàçáðûçãèâà-

íèè æèäêîñòè èëè ðàñïûëåíèè åå ñòðóåé ãàçà. Åñëè

õîòÿ áû îäíî èç âçàèìîäåéñòâóþùèõ òåë íå ÿâëÿåò-

ñÿ ýëåêòðîïðîâîäíûì, òî âîçíèêàþùèé èçáûòîê çà-

ðÿäà ñîõðàíÿåòñÿ íà íåì, è òåëî îêàçûâàåòñÿ ýëåêò-

ðè÷åñêè çàðÿæåííûì. Íàèáîëåå ñèëüíî ýëåêòðèçà-

öèÿ ïðîÿâëÿåòñÿ ïðè âûñîêèõ ñêîðîñòÿõ èëè ðàçâè-

òûõ ïîâåðõíîñòÿõ êîíòàêòà, ò. å. ïðè ôèëüòðîâàíèè,

ñìåøåíèè èëè ðàñïûëåíèè [1, 2].

Â ðàáîòàõ [3, 4] ïîêàçàíî, ÷òî ïðè çàæèãàíèè ãî-

ðþ÷åé ñìåñè èñêðîâûì çàðÿäîì êîíäåíñàòîðà (åì-

êîñòíàÿ èñêðà) âñåãäà òðåáóåòñÿ ìåíüøå òåïëà, ÷åì

ïðè ïðèìåíåíèè ëþáîãî äðóãîãî èñòî÷íèêà âîñïëà-
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ìåíåíèÿ. Ñëåäîâàòåëüíî, èñêðîâîé ðàçðÿä, â òîì ÷èñ-

ëå ñòàòè÷åñêîãî ýëåêòðè÷åñòâà, ïðåäñòàâëÿåò ñîáîé

ñàìûé ýôôåêòèâíûé, à ñëåäîâàòåëüíî, è ñàìûé îïàñ-

íûé èñòî÷íèê âîñïëàìåíåíèÿ. Îñíîâíûì ïàðàìåò-

ðîì, îïðåäåëÿþùèì âîñïëàìåíÿþùóþ ñïîñîáíîñòü

èñêðîâîãî ðàçðÿäà, ÿâëÿåòñÿ ýíåðãèÿ, âûäåëÿþùàÿñÿ

â èñêðîâîì êàíàëå. Äëÿ çàæèãàíèÿ ïàðîãàçîâîé ñìå-

ñè òðåáóåòñÿ íàèìåíüøàÿ ýíåðãèÿ â òîì ñëó÷àå, åñëè

êîíöåíòðàöèÿ ýòîé ñìåñè îïòèìàëüíà. Ýêñïåðèìåí-

òû ïîêàçûâàþò, ÷òî äëÿ ïàðî- è ãàçîâîçäóøíûõ ñìå-

ñåé îïòèìàëüíàÿ êîíöåíòðàöèÿ âñåãäà íåñêîëüêî

âûøå ñòåõèîìåòðè÷åñêîé [5]. Ñ ðîñòîì äàâëåíèÿ è

òåìïåðàòóðû ìèíèìàëüíàÿ ýíåðãèÿ çàæèãàíèÿ ñìå-

ñè óìåíüøàåòñÿ [6, 7]. Ñòàòè÷åñêîå ýëåêòðè÷åñòâî

ìîæåò áûòü èñòî÷íèêîì âîñïëàìåíåíèÿ ïðè íàëè-

÷èè ñëåäóþùèõ óñëîâèé [8]:

1) ñóùåñòâîâàíèå èñòî÷íèêà ñòàòè÷åñêèõ çàðÿ-

äîâ, îáðàçóþùåãîñÿ ïðè èñòå÷åíèè ïàðà, âîçäóõà èëè

ãàçà, ñîäåðæàùèõ êàïëè êîíäåíñèðîâàííîé âëàãè èëè

òâåðäûå ÷àñòèöû, è ò. ï.;

2) íàêîïëåíèå çàðÿäîâ íà êîíòàêòèðóþùèõ ïî-

âåðõíîñòÿõ, è äîñòàòî÷íîñòü ðàçíîñòè ïîòåíöèàëîâ

íà íèõ äëÿ âîçíèêíîâåíèÿ ýëåêòðè÷åñêîãî ðàçðÿäà;

3) íàëè÷èå ýëåêòðè÷åñêèõ ðàçðÿäîâ ñ ýíåðãèåé,

äîñòàòî÷íîé äëÿ âîñïëàìåíåíèÿ äàííîé ãîðþ÷åé

ñìåñè;

4) âîçíèêíîâåíèå ýëåêòðè÷åñêèõ ðàçðÿäîâ â ãî-

ðþ÷åé ñìåñè.

Ñóùåñòâóþò èçâåñòíûå ñïîñîáû óñòðàíåíèÿ

îïàñíîñòè ïðîÿâëåíèé ñòàòè÷åñêîãî ýëåêòðè÷åñòâà,

êîòîðûå ñîâåðøåíñòâóþòñÿ ñ ó÷åòîì îñîáåííîñòåé

ðàçëè÷íûõ òåõíîëîãè÷åñêèõ ïðîöåññîâ. Â ðàáîòå [9]

ïðåäñòàâëåíî îïèñàíèå íåéòðàëèçàòîðà ýëåêòðîñòà-

òè÷åñêèõ çàðÿäîâ äëÿ ïîâûøåíèÿ âçðûâî- è ïîæà-

ðîáåçîïàñíîñòè òðóáîïðîâîäîâ è ñèñòåì õðàíåíèÿ

íåôòè.

Â ïóáëèêàöèè [10] èññëåäîâàíû âîïðîñû ñòàòè-

÷åñêîé ýëåêòðèçàöèè ïåðåêà÷èâàåìûõ íåôòåïðîäóê-

òîâ, âûâåäåíà âåðîÿòíîñòü âîñïëàìåíåíèÿ ïàðîâ

íåôòåïðîäóêòà â ñìåñè ñ êèñëîðîäîì âîçäóõà ñ èñ-

ïîëüçîâàíèåì ìåòîäèêè ðàñ÷åòà ýíåðãèè èñêð ñòà-

òè÷åñêîãî ýëåêòðè÷åñòâà, à òàêæå ïðèâåäåíû ñïîñî-

áû ñíèæåíèÿ ýëåêòðèçàöèè íåôòåïðîäóêòîâ.

Â ðàáîòå [11] ïðåäñòàâëåíû íîâûå ïîäõîäû ê èçó-

÷åíèþ ìåòîäîâ íåéòðàëèçàöèè ñòàòè÷åñêîãî ýëåêò-

ðè÷åñòâà â ïðîìûøëåííîñòè.

Àâòîðîì [12] ðàçðàáîòàí ïðèáîð äëÿ èçìåðåíèÿ

óäåëüíîãî çàðÿäà ñòàòè÷åñêîãî ýëåêòðè÷åñòâà â ïî-

òîêå æèäêîñòè èëè àýðîçîëåé, êîòîðûé ïîçâîëÿåò

èçó÷àòü êèíåòèêó ïðîöåññîâ îáðàçîâàíèÿ è ðåëàê-

ñàöèè çàðÿäîâ â òâåðäûõ òåëàõ, æèäêîñòÿõ è àýðî-

äèñïåðñíûõ ñèñòåìàõ; ïðîâîäèòü èçìåðåíèå ñ÷åò-

íîé è ìàññîâîé êîíöåíòðàöèè çàðÿæåííûõ ÷àñòèö;

èññëåäîâàòü ýëåêòðîïîâåðõíîñòíûå è ýëåêòðîîï-

òè÷åñêèå ÿâëåíèÿ â àýðîçîëüíûõ ñèñòåìàõ. Êðîìå

òîãî, ïðåäëîæåíà ñèñòåìà àâòîìàòè÷åñêîé íåéòðà-

ëèçàöèè çàðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà.

Â ðàáîòàõ [13–15] èçëîæåíû îñíîâíûå ñâåäåíèÿ

ïî ýëåêòðîñòàòè÷åñêîé áåçîïàñíîñòè ïîæàðî- è âçðû-

âîîïàñíûõ ïðîèçâîäñòâ, à òàêæå ðàññìîòðåíû ïðèí-

öèïû èçìåðåíèÿ ïàðàìåòðîâ ýëåêòðèçàöèè, ìåòîäû

è óñòàíîâêè äëÿ èññëåäîâàíèÿ ýëåêòðîñòàòè÷åñêèõ

õàðàêòåðèñòèê ðàçëè÷íûõ ìàòåðèàëîâ. Äàíû ðåêî-

ìåíäàöèè ïî îöåíêå ýëåêòðîñòàòè÷åñêîé áåçîïàñíî-

ñòè òåõíîëîãè÷åñêèõ ïðîöåññîâ è îïèñàíû ìåòîäû

è óñòðîéñòâà çàùèòû îò ñòàòè÷åñêîãî ýëåêòðè÷åñòâà.

Ôëåãìàòèçàöèÿ ãàçîâîãî ïðîñòðàíñòâà èíåðòíû-

ìè ãàçàìè ÿâëÿåòñÿ îäíèì èç ïåðñïåêòèâíûõ ñïîñî-

áîâ îáåñïå÷åíèÿ ïîæàðîâçðûâîáåçîïàñíîñòè îãíå-

âûõ àâàðèéíî-ðåìîíòíûõ ðàáîò íà ðåçåðâóàðàõ ñ íà-

ëè÷èåì îñòàòêîâ ãîðþ÷èõ æèäêîñòåé. Ñîãëàñíî [16]

ôëåãìàòèçàöèÿ — ýòî ïðîöåññ çàìåùåíèÿ êèñëîðî-

äà âîçäóõà (èëè äðóãîãî îêèñëèòåëÿ) èíåðòíûì ãà-

çîì â ãîðþ÷åé ãàçîâîé ñìåñè. Â êà÷åñòâå ôëåãìàòè-

çàòîðîâ ïðèìåíÿþòñÿ òàêèå èíåðòíûå ãàçû, êàê äè-

îêñèä óãëåðîäà (óãëåêèñëûé ãàç) ÑÎ2, àçîò N2, àðãîí

Ar, ïðîäóêòû ñãîðàíèÿ, õèìè÷åñêè àêòèâíûå èíãè-

áèòîðû ãîðåíèÿ (õëàäîíû è êîìáèíèðîâàííûå ñî-

ñòàâû íà èõ îñíîâå). ×àùå âñåãî èñïîëüçóþò àçîò,

óãëåêèñëûé ãàç è äûìîâûå ãàçû. Â ðåçóëüòàòå ââåäå-

íèÿ èíåðòíûõ äîáàâîê ñîäåðæàíèå êèñëîðîäà â ãà-

çîâîì ïðîñòðàíñòâå ðåçåðâóàðà ñíèæàåòñÿ äî ìèíè-

ìàëüíî äîïóñòèìîé êîíöåíòðàöèè â ïðèñóòñòâèè îïðå-

äåëåííîãî ôëåãìàòèçàòîðà, è ïàðîâîçäóøíàÿ ñìåñü

ñòàíîâèòñÿ íåâçðûâîîïàñíîé.

Îïàñíîñòü èñïîëüçîâàíèÿ óãëåêèñëîòíûõ îãíå-

òóøèòåëåé âî âçðûâîîïàñíîé ñðåäå, à òàêæå ïîðà-

æåíèÿ ÷åëîâåêà ðàçðÿäàìè ñòàòè÷åñêîãî ýëåêòðè÷å-

ñòâà ïðè îáðàùåíèè ñ óãëåêèñëîòíûìè è ïîðîøêî-

âûìè îãíåòóøèòåëÿìè ðàññìîòðåíà â ðàáîòå [14].

Ñîãëàñíî [14, 17, 18] â ïðîöåññå âûñâîáîæäåíèÿ æèä-

êîé óãëåêèñëîòû â îáëàñòè åå ñòðóè ìîæåò âîçíèêàòü

âûñîêèé ýëåêòðè÷åñêèé çàðÿä, ïðèâîäÿùèé ê îáðà-

çîâàíèþ ðàçðÿäîâ, êîòîðûå â îïðåäåëåííûõ óñëî-

âèÿõ ìîãóò âûçâàòü âîñïëàìåíåíèå âçðûâîîïàñíîé

ñðåäû.

Ïðè èñïîëüçîâàíèè ðó÷íûõ óãëåêèñëîòíûõ îãíå-

òóøèòåëåé â êà÷åñòâå èñòî÷íèêà èíåðòíîãî ãàçà ïðè

ôëåãìàòèçàöèè ãîðþ÷èõ ñìåñåé â çàìêíóòîì îáú-

åìå èíîãäà ïðîèñõîäèëè âçðûâû [14, 19]. Ïðè÷èíîé

ýòèõ âçðûâîâ áûëî âîçíèêíîâåíèå ýëåêòðîñòàòè÷å-

ñêîãî ðàçðÿäà ìåæäó ïåðåíîñíûì îãíåòóøèòåëåì è

çàçåìëåííûìè ÷àñòÿìè åìêîñòè. Â ðåçóëüòàòå ñíåãî-

îáðàçîâàíèÿ ïðè ðåçêîì ðàñøèðåíèè ñæàòîãî ãàçà

è äâèæåíèÿ ñíåãà ïî ïîâåðõíîñòè êîììóíèêàöèîí-

íûõ ëèíèé íà êîíöå ðàñòðóáà îãíåòóøèòåëÿ ïðîèñ-

õîäèò íàêîïëåíèå ýëåêòðîñòàòè÷åñêîãî çàðÿäà. Åñëè

îãíåòóøèòåëü íå çàçåìëåí (íàïðèìåð, ïåðåíîñíîé),

òî íå èñêëþ÷åíî ïîÿâëåíèå èñêðû, êîòîðàÿ ìîæåò

âûçâàòü âîñïëàìåíåíèå ãîðþ÷åãî ãàçà èëè ïàðîâ ãî-
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ðþ÷åé æèäêîñòè. Íàïðÿæåííîñòü ýëåêòðîñòàòè-

÷åñêîãî ïîëÿ ïðè èñïîëüçîâàíèè ïåðåíîñíûõ îãíå-

òóøèòåëåé ñîñòàâëÿåò 500–1300 êÂ�ì, à õîðîøî

çàçåìëåííûõ ñòàöèîíàðíûõ îãíåòóøèòåëåé —

50–170 êÂ�ì.

Â ðàáîòå [20] â êà÷åñòâå êðèòåðèÿ îïàñíîñòè

ñòàòè÷åñêîãî ýëåêòðè÷åñòâà èñïîëüçóåòñÿ íàïðÿæåí-

íîñòü ýëåêòðîñòàòè÷åñêîãî ïîëÿ è ïðåäëàãàåòñÿ óñëî-

âèå áåçîïàñíîñòè:

E W qêð � 2 652 1 4, ,
min

,
min (1)

ãäå Åêð — êðèòè÷åñêàÿ íàïðÿæåííîñòü ýëåêòðîñòà-

òè÷åñêîãî ïîëÿ, êÂ�ì;

Wmin — ìèíèìàëüíàÿ ýíåðãèÿ çàæèãàíèÿ ïàðî-

ãàçîâîé ñìåñè, ìÄæ;

qmin — ìèíèìàëüíûé âîñïëàìåíÿþùèé çàðÿä, Êë.

Â ðåçóëüòàòå ïðåîáðàçîâàíèé (1) ñ ó÷åòîì êîýô-

ôèöèåíòà áåçîïàñíîñòè ïîëó÷åíà êðèòè÷åñêàÿ íàïðÿ-

æåííîñòü ýëåêòðîñòàòè÷åñêîãî ïîëÿ Eêð = 35 êÂ�ì.

Ñîãëàñíî èññëåäîâàíèÿì [21] ïðîäóâêà èíåðòíû-

ìè ãàçàìè ïðèâîäèò ê âîçíèêíîâåíèþ ýëåêòðîñòà-

òè÷åñêîãî çàðÿäà. Îäíàêî, êàê ïîêàçûâàþò ýêñïåðè-

ìåíòû, ïðîâåäåííûå íà òàíêåðàõ “Âîëãîíåôòü”, íà-

ïðÿæåííîñòü ïîëÿ íå äîñòèãàëà îïàñíûõ çíà÷åíèé

è ñîñòàâëÿëà 150–250 êÂ�ì.

Ïî äàííûì [22] îïàñíîé íàïðÿæåííîñòüþ ýëåêò-

ðîñòàòè÷åñêîãî ïîëÿ ÿâëÿåòñÿ 500 êÂ�ì. Ñðåäíÿÿ íà-

ïðÿæåííîñòü ýëåêòðîñòàòè÷åñêîãî ïîëÿ, ïðè êîòîðîé

âîçìîæåí ðàçðÿä, ñîñòàâëÿåò 400–500 êÂ�ì äëÿ ðåç-

êîíåîäíîðîäíîãî ýëåêòðè÷åñêîãî ïîëÿ, 150–200 êÂ�ì

— äëÿ ñëàáîíåîäíîðîäíîãî è äî 300 êÂ�ì — äëÿ

îäíîðîäíîãî [23]. Ïî ÃÎÑÒ 31613–2012 ðàçðÿäû ñòà-

òè÷åñêîãî ýëåêòðè÷åñòâà ñ íåìåòàëëè÷åñêèõ ó÷àñò-

êîâ ïîâåðõíîñòåé çàçåìëåííûõ èçäåëèé èç ýëåêòðî-

ïðîâîäÿùèõ êîíñòðóêöèîííûõ ìàòåðèàëîâ â ñìåñÿõ

ãîðþ÷åãî ñ âîçäóõîì îòñóòñòâóþò, åñëè â ðàññìàò-

ðèâàåìîé ñèñòåìå èñêëþ÷åíû ðàçðÿäíûå ïðîìåæóò-

êè ñ ðàçíîñòüþ ïîòåíöèàëîâ, ïðåâûøàþùåé 300 Â.

Â ïðàâèëàõ [24] çàïðåùàåòñÿ ïðîâîäèòü ôëåãìà-

òèçàöèþ åìêîñòåé ñî âçðûâîîïàñíîé ñðåäîé óãëå-

êèñëûì ãàçîì. Äðóãèå íîðìàòèâíûå äîêóìåíòû (íà-

ïðèìåð, ÃÎÑÒ 12.1.004–91, ÑÏ 156.13130.2014 [25]),

íàïðîòèâ, ðåêîìåíäóþò èñïîëüçîâàòü èíåðòíûå ãàçû,

ê êîòîðûì îòíîñèòñÿ è óãëåêèñëûé ãàç, äëÿ ôëåãìà-

òèçàöèè çàìêíóòûõ âçðûâîîïàñíûõ îáúåìîâ. Íîðìà-

òèâíûå äîêóìåíòû çàðóáåæíûõ ñòðàí [18] íå çàïðå-

ùàþò èñïîëüçîâàíèå óãëåêèñëîòíûõ ïðîòèâîïîæàð-

íûõ ñèñòåì äëÿ çàùèòû çîí, ãäå ìîæåò ñóùåñòâîâàòü

âçðûâîîïàñíàÿ ñðåäà, ïðè óñëîâèè èñïîëüçîâàíèÿ

ìåòàëëè÷åñêèõ ïàòðóáêîâ (ñîïëà, íàñàäêè), êîòîðûå

äîëæíû áûòü çàçåìëåíû.

Íà îñíîâàíèè ëèòåðàòóðíîãî îáçîðà ïðèøëè ê

âûâîäó î íåîáõîäèìîñòè ïðîâåäåíèÿ ýêñïåðèìåí-

òàëüíûõ èññëåäîâàíèé â öåëÿõ âûÿâëåíèÿ îïàñíî-

ñòè ïðîÿâëåíèÿ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà â ïðî-

öåññå ôëåãìàòèçàöèè óãëåêèñëûì ãàçîì åìêîñòåé ñî

âçðûâîîïàñíîé ñðåäîé ïðè èñïîëüçîâàíèè â êà÷åñò-

âå èñòî÷íèêà èíåðòíîãî ãàçà áàëëîíà ñ óãëåêèñëîòîé,

îáîðóäîâàííîãî ðåäóêòîðîì è ëèíèåé ïîäà÷è ãàçà.

Äëÿ èññëåäîâàíèÿ ýëåêòðîñòàòè÷åñêîé îïàñíî-

ñòè ïðîöåññà ïðîäóâêè óãëåêèñëûì ãàçîì èñïîëüçî-

âàëñÿ ñïåöèàëüíî ðàçðàáîòàííûé ýêñïåðèìåíòàëü-

íûé ñòåíä (ðèñ. 1).

Óãëåêèñëûé ãàç ïîäàâàëñÿ ïî îäíîé èç ÷åòûðåõ

ñõåì, ïðåäñòàâëåííûõ íà ðèñ. 1 (ïîç. 14, 15, 16 è 17).

Ïîäà÷à óãëåêèñëîãî ãàçà îñóùåñòâëÿëàñü ñ ðàñõîäîì

îò 26,8 äî 107 ë�ìèí. Òàêîé ðàñõîä âûáèðàëñÿ èñ-

õîäÿ èç ïðîãðàììèðóåìîé êðàòíîñòè ïðîäóâêè ïðè

èçó÷åíèè ïðîöåññîâ ôëåãìàòèçàöèè, êîòîðàÿ âàðüè-

ðîâàëàñü îò 2,5 äî 10 îáúåìîâ â ÷àñ. Äàò÷èê êîíòðîëÿ

ýëåêòðîñòàòè÷åñêîãî ïîëÿ áûë óñòàíîâëåí êàê â çîíå

ñòðóè ïîäàâàåìîãî ãàçà, íà ðàçëè÷íûõ ðàññòîÿíèÿõ

îò ñðåçà ðàñòðóáà, ïî êîòîðîé ïîäàâàëñÿ ÑÎ2, òàê è

âíå çîíû ñòðóè. Â ýêñïåðèìåíòàõ ìåíÿëñÿ ðåæèì

çàçåìëåíèÿ ïðîäóâàåìîé åìêîñòè è ñèñòåìû ïîäà-

÷è ÑÎ2.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé îá-

ðàçîâàíèÿ îïàñíûõ çíà÷åíèé ñòàòè÷åñêîãî ýëåêòðè-

÷åñòâà ïðè ïðîäóâêå ýêñïåðèìåíòàëüíîãî ðåçåðâóà-

ðà ÑÎ2 ïðåäñòàâëåíû íà ðèñ. 2 è 3.

Íà îñíîâàíèè ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ

äàííûõ ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû:
� óâåëè÷åíèå ðàñõîäà (ñêîðîñòè èñòå÷åíèÿ) óãëå-

êèñëîãî ãàçà ïðèâîäèò ê ïîâûøåíèþ íàïðÿæåí-

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà ýêñïåðèìåíòàëüíîãî ñòåíäà

äëÿ èññëåäîâàíèÿ ýëåêòðîñòàòè÷åñêîé îïàñíîñòè ïðîöåññà

ïðîäóâêè åìêîñòè óãëåêèñëûì ãàçîì: 1 — öèëèíäðè÷åñêèé

ðåçåðâóàð, èçãîòîâëåííûé èç ñòàëè, âìåñòèìîñòüþ 0,643 ì3;

2 — ïðîòèâîâçðûâíàÿ ìåìáðàíà; 3 — øòóöåðû ñ òðóáêàìè

äëÿ ïîäà÷è óãëåêèñëîãî ãàçà è âûáðîñà ïàðîãàçîâîé ñìåñè;

4 — ïîäñòàâêà; 5 — òåðìîìåòð; 6 — åìêîñòü äëÿ íåôòåïðî-

äóêòà; 7, 8, 9 — ïðèáîð ÏÊÓ-01 ñ ëèíèåé ñâÿçè è âûíîñíûì

çîíäîì äëÿ êîíòðîëÿ ñòàòè÷åñêîé ýëåêòðèçàöèè; 10 — áàëëîí

ñ óãëåêèñëîòîé; 11 — ðåäóêòîð; 12 — âåíòèëü òî÷íîé ðåãó-

ëèðîâêè; 13 — ðîòàìåòðû ÐÌ-6,3 ÃÓÇ, ñ ñóììàðíûì ìàêñè-

ìàëüíûì ðàñõîäîì ïî óãëåêèñëîìó ãàçó 10,53 ì3�÷; 14 — ãà-

çîâàÿ ëèíèÿ äëèíîé 1 ì (ñõåìà 1); 15 — ãàçîâàÿ ëèíèÿ äëèíîé

5 ì (ñõåìà 2); 16 — ãàçîâàÿ ëèíèÿ, âêëþ÷àþùàÿ ðåëàêñàöè-

îííóþ åìêîñòü âìåñòèìîñòüþ 2,2 ë, äëèíîé 1,5 ì (ñõåìà 3);

17 — ãàçîâàÿ ëèíèÿ äëèíîé 10 ì (ñõåìà 4); 18 — ëèíèÿ âû-

áðîñà ïàðîãàçîâîé ñìåñè; 19 — çàçåìëåíèå
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íîñòè ýëåêòðîñòàòè÷åñêîãî ïîëÿ íåçàâèñèìî îò

ñõåì ïîäà÷è ôëåãìàòèçàòîðà, ïðèìåíÿåìûõ â ýêñ-

ïåðèìåíòàëüíûõ èññëåäîâàíèÿõ (ñì. ðèñ. 2). Äëÿ

îáåñïå÷åíèÿ áåçîïàñíîé ïðîäóâêè òåõíîëîãè-

÷åñêèõ ðåçåðâóàðîâ ñî âçðûâîîïàñíîé ñðåäîé

ðàñõîä óãëåêèñëîãî ãàçà íå äîëæåí ïðåâûøàòü

100 ë�ìèí ïðè èñïîëüçîâàíèè â êà÷åñòâå ðàñ-

òðóáà ìåäíîé òðóáêè ñ äèàìåòðîì, ñîîòâåòñòâó-

þùèì äèàìåòðó ðåçèíîâîãî øëàíãà íàïîðíîãî

òèïà;

� ñõåìû, âêëþ÷àþùèå â ñåáÿ ðåçèíîâûé øëàíã íà-

ïîðíîãî òèïà íàèáîëüøåé äëèíû, ïî êîòîðîìó ïî-

äàåòñÿ óãëåêèñëûé ãàç, ÿâëÿþòñÿ áîëåå áåçîïàñ-

íûìè â ïëàíå îáðàçîâàíèÿ ñòàòè÷åñêîãî ýëåêò-

ðè÷åñòâà, ÷åì ñõåìû ñ ìåíüøåé äëèíîé øëàíãà

(ñì. ðèñ. 2). Óâåëè÷åíèå äëèíû ëèíèè ïîäà÷è îò

ðåçåðâóàðà ñ óãëåêèñëîòîé äî ôëåãìàòèçèðóåìîé

åìêîñòè ñ 1 ì (ñõåìà ïîäà÷è 1) äî 10 ì (ñõåìà ïî-

äà÷è 4) ïðè îäèíàêîâîì ðàñõîäå óãëåêèñëîãî ãàçà

ïîçâîëÿåò ñíèçèòü íàïðÿæåííîñòü ýëåêòðîñòàòè-

÷åñêîãî ïîëÿ ñ 30 äî 0,7 êÂ�ì (ò. å. â 43 ðàçà);

� íàèëó÷øèì ðåæèìîì çàçåìëåíèÿ ÿâëÿåòñÿ îä-

íîâðåìåííîå çàçåìëåíèå ýêñïåðèìåíòàëüíîãî

ðåçåðâóàðà è ðàñòðóáà ïîäà÷è óãëåêèñëîãî ãàçà

(ñì. ðèñ. 3). Ïðè ðåæèìå ïîäà÷è óãëåêèñëîãî ãàçà

ñ çàçåìëåíèåì ýêñïåðèìåíòàëüíîãî ðåçåðâóàðà

è ðàñòðóáà íàïðÿæåííîñòü ýëåêòðîñòàòè÷åñêîãî

ïîëÿ ñíèæàåòñÿ ñ 30 äî 9 êÂ�ì (â 3,3 ðàçà) ïî

ñðàâíåíèþ ñ íåçàçåìëåííûì ðåæèìîì ïðè äëèíå

ëèíèè ïîäà÷è óãëåêèñëîãî ãàçà 1 ì;

� â çîíå êîìïàêòíîé ñòðóè âåðîÿòíîñòü ñòàòè÷å-

ñêîé ýëåêòðèçàöèè ïîâûøàåòñÿ, à ïî ìåðå ðàññå-

èâàíèÿ ñòðóè è óìåíüøåíèÿ åå ñêîðîñòè — ñíè-

æàåòñÿ. Âíå çîíû ñòðóè ÑÎ2 íàïðÿæåííîñòü ýëåêò-

ðîñòàòè÷åñêîãî ïîëÿ íå ïðåâûøàåò 1 êÂ�ì.

Òàêèì îáðàçîì, íà îñíîâàíèè ýêñïåðèìåíòàëü-

íûõ èññëåäîâàíèé äëÿ îáåñïå÷åíèÿ áåçîïàñíîãî ðå-

æèìà ïðîäóâêè åìêîñòíîãî òåõíîëîãè÷åñêîãî îáîðó-

äîâàíèÿ ñî âçðûâîîïàñíîé ñðåäîé óãëåêèñëûì ãàçîì

ðåêîìåíäóåòñÿ ñíèæåíèå ðàñõîäà (ñêîðîñòè èñòå÷å-

íèÿ) óãëåêèñëîãî ãàçà ñ îäíîâðåìåííûì óâåëè÷åíè-

åì äëèíû ëèíèè ïîäà÷è è çàçåìëåíèåì ðåçåðâóàðà è

ðàñòðóáà ïîäà÷è óãëåêèñëîãî ãàçà.
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ABSTRACT

Review of scientific works in the field of study of static electricity has shown the existing danger of its

manifestation in the conditions of hazardous industries in the presence of vapor and gas mixture,

where sparks can ignite combustible environment, cause a fire or explosion.

When the ignition of the combustible mixture spark charge capacitor (capacitive spark) always it’s

required less heat than with any other ignition source. Therefore, spark discharge, including static

electricity, is the most efficient and therefore the most dangerous source of ignition.

There are known ways to eliminate the danger of static electricity, which improved allowing for

the different processes. A review of scientific works in the field of neutralization of static charges is

presented.

It is shown that the problem of the possibility of hazardous discharges of static electricity, which

can be a source of ignition under conditions of storage equipment with explosive purge inert gas.

For example, during the release of liquid carbon dioxide may be formed in the region of its high

electrical charge jet, leading to the formation of sparks, which in certain circumstances can cause

an outbreak in an explosive atmosphere.

It was found that different regulations exist contradictions in the use of inert gases, in particular

carbon dioxide, as a deterrent combustible mixtures in a capacitive process equipment due to possible

static electricity discharges.

Based on the literature review it was arisen a need for pilot studies to identify the dangers of static

electricity during desensitization carbon dioxide containers with a potentially explosive environment.

To investigate the dangers of static electricity during desensitization carbon dioxide containers

with a potentially explosive atmosphere there are worked out the technique and experimental stand.

On the basis of experimental studies methods and conditions of safe use of carbon dioxide as

a deterrent containers with explosive atmosphere were suggested. The most effective and safe

condition capacitive flushing process equipment with a potentially explosive atmosphere is carbon

dioxide savings (exhaust velocity) of carbon dioxide with increasing length of the line feed and

simultaneous grounding of the tank and the socket supply of carbon dioxide.

Keywords: discharges of static electricity; desensitization; carbon dioxide; capacitive technology

equipment; explosive atmosphere.
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