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Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ôèçè÷åñêèõ ñâîéñòâ âîäíîãåëåâûõ ñîñòàâîâ (ÂÃÑ) íà
îñíîâå ðåäêîñøèòîãî ïîëèìåðà àêðèëîâîé êèñëîòû ìàðêè “Carbopol ETD 2020” â óñëîâèÿõ
ýëåêòðîôèçè÷åñêîé è òåìïåðàòóðíîé ìîäèôèêàöèè è âîçäåéñòâèÿ ïåðåìåííîãî ÷àñòîòíî-ìî-
äóëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ). Ìåòîäàìè ðàìàíîâñêîé ñïåêòðîñêîïèè è àòîìíî-ñèëîâîé
ìèêðîñêîïèè óñòàíîâëåí ôàêò èçìåíåíèÿ ñòðóêòóðû ìîäèôèöèðîâàííûõ âîäû è ãèäðîãåëåé.
Ïîëó÷åíû äàííûå îá èçìåíåíèè ïëîòíîñòè ãèäðîãåëåé â çàâèñèìîñòè îò êîíöåíòðàöèè ãåëå-
îáðàçóþùåãî êîìïîíåíòà, âîçäåéñòâèÿ Ï×ÌÏ è òåìïåðàòóðû. Óñòàíîâëåíî, ÷òî ñðàâíèòåëüíîå
âðåìÿ íàãðåâà ìîäèôèöèðîâàííûõ ãèäðîãåëåé âîçðàñòàåò ñ óâåëè÷åíèåì êîíöåíòðàöèè ãåëå-
îáðàçóþùåãî êîìïîíåíòà â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ, à òàêæå ïðè òåìïåðàòóðíîì âîçäåé-
ñòâèè äëÿ òåðìè÷åñêè ìîäèôèöèðîâàííûõ ãèäðîãåëåé âáëèçè êðèòè÷åñêîé òî÷êè âîäû 4 +Ñ.
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Ââåäåíèå

Ïîæàðû íåôòåïðîäóêòîâ â ðåçåðâóàðíûõ ïàðêàõ,

êàê ïðàâèëî, íà÷èíàþòñÿ ñî âçðûâà ïàðîâîçäóøíîé

ñìåñè, ïðèâîäÿùåãî ê ÷àñòè÷íîìó èëè ïîëíîìó

ðàçðóøåíèþ êðûøè ðåçåðâóàðà, è ñîïðîâîæäàþòñÿ

çíà÷èòåëüíûì òåïëîâûäåëåíèåì. Ïðè òàêèõ ïîæà-

ðàõ âîçìîæíî ôàêåëüíîå ãîðåíèå ïàðîâîçäóøíîé

ñìåñè íà äûõàòåëüíîé àðìàòóðå, â ìåñòàõ ðàñïîëî-

æåíèÿ òåõíîëîãè÷åñêèõ îòâåðñòèé è òðåùèí â êîí-

ñòðóêòèâíûõ ýëåìåíòàõ ðåçåðâóàðà. Ïðè ëèêâèäàöèè

ôàêåëüíîãî ãîðåíèÿ íåîáõîäèìî îáåñïå÷èòü îõëàæ-

äåíèå è òåïëîâóþ çàùèòó òåõíîëîãè÷åñêîé àðìàòó-

ðû ðåçåðâóàðîâ [1].

Òóøåíèå ïîæàðîâ â ðåçåðâóàðíûõ ïàðêàõ îñëîæ-

íÿåòñÿ òàêæå âûäåëåíèåì áîëüøîãî êîëè÷åñòâà òåï-

ëîòû îò ãîðÿùåãî ðåçåðâóàðà, êîòîðîå ïîñðåäñòâîì

ëó÷èñòîãî è êîíâåêòèâíîãî òåïëîîáìåíà ðàñïðîñòðà-

íÿåòñÿ íà ñîñåäíèå ðåçåðâóàðû. Â ðåçóëüòàòå ïðîèñ-

õîäèò ðàçîãðåâ ñòåíîê áëèçëåæàùèõ ðåçåðâóàðîâ,

÷òî ìîæåò ïðèâåñòè ê âîñïëàìåíåíèþ èëè âçðûâó

âíóòðè åìêîñòè ëèáî ê âîñïëàìåíåíèþ âûõîäÿùåé

÷åðåç äûõàòåëüíûå êëàïàíû ñìåñè ïàðîâ íåôòåïðî-

äóêòîâ ñ âîçäóõîì. Äëèòåëüíûé ðàçîãðåâ ñòåíîê

òàêæå ìîæåò âûçâàòü âñêèïàíèå è âûáðîñ íåôòå-

ïðîäóêòà [2].

Îñíîâíûì òåõíîëîãè÷åñêèì ðåøåíèåì äëÿ îáåñ-

ïå÷åíèÿ òåïëîâîé çàùèòû ðåçåðâóàðîâ ÿâëÿåòñÿ ïðè-

ìåíåíèå ñòàöèîíàðíûõ óñòàíîâîê îõëàæäåíèÿ, êî-

òîðûå ñîñòîÿò èç ãîðèçîíòàëüíûõ ñåêöèîííûõ êîëåö

îðîøåíèÿ, ðàçìåùàåìûõ â âåðõíåì ïîÿñå ñòåíîê

ðåçåðâóàðà, ñóõèõ ñòîÿêîâ è ãîðèçîíòàëüíûõ òðóáî-

ïðîâîäîâ, ñîåäèíÿþùèõ ñåêöèîííîå êîëüöî îðîøå-
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íèÿ ñ ñåòüþ ïðîòèâîïîæàðíîãî âîäîïðîâîäà, çàäâè-

æåê ñ ðó÷íûì ïðèâîäîì äëÿ îáåñïå÷åíèÿ ïîäà÷è

âîäû ïðè ïîæàðå íà îõëàæäåíèå ïîâåðõíîñòè. Ïðè

òóøåíèè ïîæàðîâ â ðåçåðâóàðíûõ ïàðêàõ äëÿ òåï-

ëîâîé çàùèòû ãîðÿùåãî è ñîñåäíèõ ñ íèì ðåçåðâóà-

ðîâ èñïîëüçóåòñÿ ïîæàðíî-òåõíè÷åñêîå îáîðóäîâà-

íèå (â îñíîâíîì ëàôåòíûå è ðó÷íûå ñòâîëû) [3].

Â êà÷åñòâå îõëàæäàþùåãî âåùåñòâà ïðè ïîæà-

ðàõ íà ñêëàäàõ íåôòåïðîäóêòîâ ÷àùå âñåãî ïðèìå-

íÿþò âîäó êàê íàèáîëåå äîñòóïíîå îãíåòóøàùåå è

îõëàæäàþùåå âåùåñòâî, ñ õîðîøèìè òåïëîôèçè÷å-

ñêèìè õàðàêòåðèñòèêàìè. Âìåñòå ñ òåì íèçêàÿ âÿç-

êîñòü è íåâûñîêèå àäãåçèîííûå ñâîéñòâà âîäû íå ïî-

çâîëÿþò ýôôåêòèâíî èñïîëüçîâàòü åå äëÿ òåïëîâîé

çàùèòû ìåòàëëè÷åñêèõ êîíñòðóêöèé ðåçåðâóàðîâ.

Âîäíîãåëåâûå ñîñòàâû (ÂÃÑ) èìåþò ëó÷øóþ ïî

ñðàâíåíèþ ñ âîäîé àäãåçèþ ê äðåâåñèíå, ìåòàëëàì,

ïîëèìåðàì è äðóãèì ìàòåðèàëàì, íèçêóþ êîððîçè-

îííóþ àêòèâíîñòü è õîðîøèå ýêñïëóàòàöèîííûå

õàðàêòåðèñòèêè [2]. Îäíàêî èõ èñïîëüçîâàíèå âåäåò

ê óâåëè÷åíèþ ñòîèìîñòè òåïëîçàùèòíûõ âåùåñòâ â

ñðàâíåíèè ñ âîäîé. Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè

ïðèìåíåíèÿ ÂÃÑ íà ïîæàðå íåîáõîäèìî îáîñíîâà-

íèå ìèíèìàëüíûõ ýôôåêòèâíûõ êîíöåíòðàöèé ãåëå-

îáðàçóþùèõ êîìïîíåíòîâ äëÿ îáåñïå÷åíèÿ òåïëîâîé

çàùèòû. Â ñâÿçè ñ ýòèì ïðåäñòàâëÿåòñÿ àêòóàëüíîé

ðàçðàáîòêà òåõíîëîãèé ïîëó÷åíèÿ ýôôåêòèâíûõ ÂÃÑ

ñ óëó÷øåííûìè òåõíè÷åñêèìè è ýêîíîìè÷åñêèìè

ïîêàçàòåëÿìè.

Ïîñòàíîâêà çàäà÷è èññëåäîâàíèÿ

Â óñëîâèÿõ ôàêåëüíîãî ãîðåíèÿ ìàêñèìàëüíóþ

ñðåäíåïîâåðõíîñòíóþ ïëîòíîñòü èçëó÷åíèÿ ôàêåëà

ïëàìåíè ãîðÿùåãî ðåçåðâóàðà Qô ìîæíî îïðåäåëèòü

ïî ôîðìóëå [4]:
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ãäå dp — äèàìåòð ãîðÿùåãî ðåçåðâóàðà;

mâûã — ìàññîâàÿ ñêîðîñòü âûãîðàíèÿ æèäêîñòè.

Ìîäåëèðîâàíèå ïðîöåññà íàãðåâà ðåçåðâóàðà ñ

íåôòåïðîäóêòîì ïðè ïîæàðå â ñîñåäíåì ðåçåðâóàðå

îïèñàíî â ðàáîòå [5]. Ïðè äîïóùåíèè, ÷òî êðûøà è

ñòåíêè ðåçåðâóàðà ïðîãðåâàþòñÿ ðàâíîìåðíî, îñíîâ-

íàÿ ÷àñòü òåïëà ïåðåäàåòñÿ îò ãîðÿùåãî ðåçåðâóàðà

ñîñåäíåìó ïîñðåäñòâîì èçëó÷åíèÿ. Êîëè÷åñòâî òåï-

ëîâîé ýíåðãèè Q1, çàòðà÷èâàåìîå íà ïðîãðåâ ìåòàë-

ëè÷åñêîé ñòåíêè è êðûøè ðåçåðâóàðà íà òåìïåðàòó-

ðó Tk , îïèñûâàåòñÿ ñîîòíîøåíèåì

d dQ S c Tk ñ c c k1 � � ' , (2)

ãäå Sk , �c, 'c, cc — ïëîùàäü, òîëùèíà, ïëîòíîñòü è

òåïëîåìêîñòü ñòàëüíîãî ìàòåðèàëà ðåçåðâóàðà

ñîîòâåòñòâåííî.

Â óñëîâèÿõ ïðèìåíåíèÿ òåïëîèçîëèðóþùèõ âå-

ùåñòâ íà âíåøíåé ïîâåðõíîñòè ðåçåðâóàðà êîëè÷å-

ñòâî òåïëà Q2, ðàñõîäóåìîå íà ïðîãðåâ ñëîÿ çàùèò-

íîãî âåùåñòâà íà òåìïåðàòóðó ÒÂÃÑ, ìîæåò áûòü

îïðåäåëåíî ñîîòíîøåíèåì

d dÂÃÑ ÂÃÑ ÂÃÑ ÂÃÑ ÂÃÑQ S c T2 � � ' , (3)

ãäå SÂÃÑ, �ÂÃÑ,'ÂÃÑ, ñÂÃÑ — ïëîùàäü, òîëùèíà, ïëîò-

íîñòü è òåïëîåìêîñòü òåïëîèçîëèðóþùåãî âåùå-

ñòâà ñîîòâåòñòâåííî.

Òàêèì îáðàçîì, ñïîñîáîì ïîâûøåíèÿ ýôôåêòèâ-

íîñòè çàùèòû îò íàãðåâà ïàðîãàçîâîé ñìåñè è æèä-

êîñòè âíóòðè ðåçåðâóàðà â óñëîâèÿõ âíåøíåãî òåï-

ëîâîãî âîçäåéñòâèÿ ìîæåò ñòàòü èçìåíåíèå òåïëî-

åìêîñòè ÂÃÑ. Ðåøåíèå äàííîé çàäà÷è âîçìîæíî ïðè

ìîäèôèêàöèè ÂÃÑ ïóòåì òåìïåðàòóðíîãî è ýëåêòðî-

ôèçè÷åñêîãî âîçäåéñòâèÿ íà âõîäÿùèå â íèõ âîäó è

ãåëåîáðàçóþùèé êîìïîíåíò.

Èçâåñòíî, ÷òî äëÿ âîäû õàðàêòåðíû íåêîòîðûå

àíîìàëèè, â ÷àñòíîñòè ñíèæåíèå òåïëîåìêîñòè ïðè

ïîâûøåíèè òåìïåðàòóðû âïëîòü äî 40 °C è âÿçêî-

ñòè — ïðè òåìïåðàòóðå îò 0 äî 25 °Ñ.

Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè íà âîäíûå

ñèñòåìû èçìåíåíèå èõ ñâîéñòâ ñîîòâåòñòâóåò ãåòå-

ðîãåííûì ñèñòåìàì è ôàçîâûì ïåðåõîäàì, çà ñ÷åò

÷åãî íåçíà÷èòåëüíîå ïî ñâîèì ýíåðãåòè÷åñêèì ïà-

ðàìåòðàì âîçäåéñòâèå ìîæåò ïðèâåñòè ê ñóùåñò-

âåííûì èçìåíåíèÿì õàðàêòåðèñòèê ýòèõ ñèñòåì [6].

Ýëåêòðîôèçè÷åñêîå âîçäåéñòâèå ïðèâîäèò ê èç-

ìåíåíèþ êëàñòåðíîé ñòðóêòóðû âîäû, ÷òî ôèêñèðó-

åòñÿ ðàçëè÷íûìè ìåòîäàìè èññëåäîâàíèÿ. Â ðàáîòå

[7] ïîêàçàíî, ÷òî âîçäåéñòâèå íà äèñòèëëèðîâàííóþ

âîäó ýëåêòðîìàãíèòíîãî ïîëÿ óìåíüøàåò åå óäåëü-

íîå ýëåêòðè÷åñêîå ñîïðîòèâëåíèå, óâåëè÷èâàåò ðÍ

è èçìåíÿåò ÈÊ-ñïåêòðû ïîãëîùåíèÿ. Â ðàáîòå [8] îò-

ìå÷àåòñÿ çíà÷èòåëüíûé ðîñò èíòåíñèâíîñòè è ñäâèã

íåêîòîðûõ ïèêîâ ðàìàíîâñêèõ ñïåêòðîâ ïðè âîç-

äåéñòâèè ìàãíèòíîãî ïîëÿ íà äèñòèëëèðîâàííóþ

âîäó â äèàïàçîíå 20–1900 è 3000–3800 ñì–1. Ïîêà-

çàíî òàêæå, ÷òî ïðè âíåñåíèè èëè óäàëåíèè èñòî÷-

íèêà ìàãíèòíîãî ïîëÿ íàáëþäàåòñÿ ñîîòâåòñòâåííî

óâåëè÷åíèå èëè ñíèæåíèå ïîãëîùåíèÿ ÈÊ-èçëó÷å-

íèÿ â òå÷åíèå 40–120 ìèí â çàâèñèìîñòè îò ìîùíî-

ñòè èñòî÷íèêà.

Îäíèì èç ñïîñîáîâ ýëåêòðîôèçè÷åñêîãî âîçäåé-

ñòâèÿ íà âîäíûå ñèñòåìû ÿâëÿåòñÿ ïðèìåíåíèå ÷àñ-

òîòíî-ìîäóëèðîâàííîãî ïîòåíöèàëà [9]. Â ðàáîòå [10]

îòìå÷àåòñÿ óâåëè÷åíèå îêèñëèòåëüíî-âîññòàíîâè-

òåëüíîãî ïîòåíöèàëà îáðàçöîâ äèñòèëëèðîâàííîé

âîäû, à òàêæå ðÍ âîäíî-ñîëåâûõ ðàñòâîðîâ â óñëî-

âèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ. Íà íåçíà÷è-

òåëüíîå ñíèæåíèå ïëîòíîñòè è ïîâûøåíèå ïîâåðõ-

íîñòíîãî íàòÿæåíèÿ âîäû ïðè âîçäåéñòâèè ïåðåìåí-

íîãî ÷àñòîòíî-ìîäóëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ)

óêàçàíî â ðàáîòå [11]. Ýòîò ýôôåêò áûë èñïîëüçîâàí
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àâòîðàìè äëÿ ìîäèôèêàöèè âîçäóøíî-ìåõàíè÷å-

ñêèõ ïåí (ÂÌÏ) íà îñíîâå ñòàíäàðòíûõ ïîâåðõíî-

ñòíî-àêòèâíûõ âåùåñòâ, èñïîëüçóåìûõ ïðè òóøå-

íèè ïîæàðîâ íåôòåïðîäóêòîâ, ÷òî ïîçâîëèëî óâå-

ëè÷èòü îáúåì ÂÌÏ íà 10–12 %, à èõ óñòîé÷èâîñòü

— ïðàêòè÷åñêè âäâîå.

Ïðèìåíåíèå îãíåòóøàùèõ âåùåñòâ (ÎÒÂ), ìî-

äèôèöèðîâàííûõ ïóòåì âîçäåéñòâèÿ Ï×ÌÏ, â óñëî-

âèÿõ óæå ðàçðàáîòàííûõ ñõåì òóøåíèÿ ïîæàðîâ

ðàññìîòðåíî â ðàáîòå [12]. Óñòàíîâëåíî, ÷òî ìîäè-

ôèöèðîâàííûå ÎÒÂ ìîãóò ïðèìåíÿòüñÿ â ñòàíäàðò-

íûõ ñõåìàõ ïîæàðîòóøåíèÿ, ÷òî íå òðåáóåò èçìåíå-

íèÿ êîíñòðóêöèè ñòàíäàðòíîãî îáîðóäîâàíèÿ. Ïðè

ìàëûõ êîíöåíòðàöèÿõ ðåàãåíòîâ (äî 0,25 % ãåëå-

îáðàçóþùåãî êîìïîíåíòà) â îãíåòóøàùèõ ñîñòàâàõ

äàëüíîñòü ïîäà÷è ÎÒÂ ñóùåñòâåííî íå óìåíüøàåò-

ñÿ, à âðåìÿ òóøåíèÿ ïîæàðà ñîêðàùàåòñÿ â 3 ðàçà ïî

ñðàâíåíèþ ñ âîäîé. Òåïëîâûå õàðàêòåðèñòèêè ÂÃÑ

è ìîäèôèöèðîâàííûõ íàíîæèäêîñòåé â ñîïîñòàâ-

ëåíèè ñ òðàäèöèîííî èñïîëüçóåìûìè îãíåòóøàùè-

ìè âåùåñòâàìè áûëè èññëåäîâàíû àâòîðàìè ðàáî-

òû [13]. Èìè îòìå÷åíî ñîêðàùåíèå èíòåíñèâíîñòè

ïîäà÷è ÎÒÂ â 2,5 ðàçà è âðåìåíè òóøåíèÿ íà

30–40 % ïðè èñïîëüçîâàíèè ìîäèôèöèðîâàííûõ

ÂÃÑ ïî ñðàâíåíèþ ñ âîäîé. Íàèëó÷øèé ðåçóëüòàò

áûë äîñòèãíóò ïðè èñïîëüçîâàíèè ìîäèôèöèðîâàí-

íûõ ÂÃÑ ñ êîíöåíòðàöèåé ãåëåîáðàçóþùåãî êîìïî-

íåíòà 0,15 %.

Äëÿ îöåíêè âîçìîæíîñòè èñïîëüçîâàíèÿ ìîäè-

ôèöèðîâàííûõ ÂÃÑ â óñòàíîâêàõ òåïëîâîé çàùèòû

ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ìîëåêóëÿðíîé

ñòðóêòóðû, äèíàìèêè íàãðåâà â óñëîâèÿõ êîíâåê-

öèè äëÿ ÂÃÑ, ìîäèôèöèðîâàííûõ â óñëîâèÿõ ýëåêò-

ðîôèçè÷åñêîãî è òåìïåðàòóðíîãî âîçäåéñòâèÿ.

Ìàòåðèàëû äëÿ èññëåäîâàíèé

Â êà÷åñòâå ìàòåðèàëîâ äëÿ èññëåäîâàíèÿ èñ-

ïîëüçîâàëèñü äèñòèëëèðîâàííàÿ âîäà è ÂÃÑ íà åå

îñíîâå, à â êà÷åñòâå ãåëåîáðàçóþùåãî êîìïîíåíòà

— ðåäêîñøèòûé àêðèëîâûé ïîëèìåð (ÐÀÏ) ìàðêè

“Carbopol ETD-2020”.

Êàðáîïîëû ïðåäñòàâëÿþò ñîáîé ïîëèìåðû ïî-

ëèàêðèëîâîé êèñëîòû ñ ïîïåðå÷íîé ñâÿçàííîé àëëè-

ëîâîé ñàõàðîçîé è âûïîëíÿþò ðîëü ãåëåîáðàçîâàòå-

ëåé. Ãåëè íà îñíîâå êàðáîïîëîâ õàðàêòåðèçóþòñÿ

ïðîçðà÷íîñòüþ è âûñîêîé âÿçêîñòüþ ïðè íåáîëü-

øîé êîíöåíòðàöèè ãåëåîáðàçóþùåãî êîìïîíåíòà.

ÂÃÑ íà îñíîâå êàðáîïîëîâ ëåãêî ñìåøèâàþòñÿ ñ

äðóãèìè âåùåñòâàìè, íå ðàññëàèâàþòñÿ, íå âûñû-

õàþò, ïðàêòè÷åñêè íå èçìåíÿþò ñâîèõ ôèçèêî-õè-

ìè÷åñêèõ ñâîéñòâ (àäãåçèÿ, ðÍ, êîíñèñòåíöèÿ è äð.)

ïðè èçìåíåíèè òåìïåðàòóðû. Ìîäèôèêàöèÿ ÂÃÑ íà

îñíîâå êàðáîïîëîâ ïðîâîäèòñÿ ïóòåì äåïîíèðî-

âàíèÿ â ñóñïåíçèè ðàçëè÷íûõ âåùåñòâ (ãëèöåðèíà,

ýòàíîëà è äð.), à òàêæå ðàçëè÷íûìè ìåòîäàìè èçìå-

íåíèÿ ñâîéñòâ âîäû. Ïðè ýòîì èçìåíÿþòñÿ ðÍ, ðåî-

ëîãè÷åñêèå, òåïëîôèçè÷åñêèå è äðóãèå õàðàêòåðèñ-

òèêè ÂÃÑ [14–16].

Â äàííîì èññëåäîâàíèè òåõíîëîãèÿ ïîäãîòîâêè

âîäû âêëþ÷àëà â ñåáÿ âîçäåéñòâèå Ï×ÌÏ ñ ïàðà-

ìåòðàìè 220 Â, 50 Ãö â òå÷åíèå 30 ìèí ïðè òåìïåðà-

òóðå 4 è 20 °Ñ. Äàëåå â åìêîñòü ñ âîäîé äîáàâëÿëèñü

íàâåñêè ÐÀÏ â êîíöåíòðàöèè îò 0,1 äî 1,0 % ìàññ.

Â òå÷åíèå âðåìåíè ãåëåîáðàçîâàíèÿ (äî 12 ÷) ïðî-

äîëæàëîñü âîçäåéñòâèå Ï×ÌÏ. Ñòàáèëèçàöèÿ ÂÃÑ

ïðîâîäèëàñü ïóòåì ââåäåíèÿ â äèñïåðñèþ 20 %-íîãî

âîäíîãî ðàñòâîðà àììèàêà â êîíöåíòðàöèè 0,1–1,0 %

ìàññ.

Èññëåäîâàíèå ñòðóêòóðû
ìîäèôèöèðîâàííûõ ÂÃÑ

Îöåíêà èçìåíåíèÿ õàðàêòåðèñòè÷åñêèõ ïèêîâ

äëÿ âîäû è ÂÃÑ â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî

âîçäåéñòâèÿ îñóùåñòâëÿëàñü ìåòîäîì ðàìàíîâñêîé

ñïåêòðîñêîïèè íà óñòàíîâêå “Ntegra Spectra” c äëè-

íîé âîëíû ëàçåðà 532 íì. Óñòàíîâëåíî, ÷òî âîçäåé-

ñòâèå Ï×ÌÏ ïðèâîäèò ê ñäâèãó õàðàêòåðèñòè÷åñêèõ

÷àñòîò ðàìàíîâñêîãî ñïåêòðà â îáëàñòè âàëåíòíûõ

êîëåáàíèé ñâÿçåé O–H âîäû â èíòåðâàëå ÷àñòîò ïî-

ðÿäêà 3200–3400 ñì–1 (ðèñ. 1).

Äëÿ èññëåäîâàíèÿ ÂÃÑ ìåòîäîì àòîìíî-ñèëî-

âîé ìèêðîñêîïèè (ÀÑÌ) ïðåäâàðèòåëüíî ïîäãîòîâ-

ëåííóþ ñóñïåíçèþ âìåñòå ñî ñëþäÿíîé ïîäëîæêîé

ïîìåùàëè íà íàãðåòóþ äî 80 °Ñ ìåòàëëè÷åñêóþ ïî-

âåðõíîñòü íà 10 ìèí, â ðåçóëüòàòå ÷åãî ïðîèñõîäèëî

âûñâîáîæäåíèå âîäû ñ ñîõðàíåíèåì îáúåìíîé ñòðóê-

òóðû ÐÀÏ (ðèñ. 2).

Ïîëó÷åííûå ñ ïîìîùüþ ÀÑÌ ðåçóëüòàòû ïîêà-

çûâàþò èçìåíåíèå îáúåìíîé ñòðóêòóðû ÐÀÏ â ÂÃÑ,

ìîäèôèöèðîâàííûõ Ï×ÌÏ, â ñðàâíåíèè ñ êîíò-

Ðèñ. 1. Ðàìàíîâñêèé ñïåêòð âîäû â óñëîâèÿõ ýëåêòðîôèçè÷å-

ñêîãî âîçäåéñòâèÿ (1) è êîíòðîëüíîãî (íåìîäèôèöèðîâàííî-

ãî) îáðàçöà (2)
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ðîëüíûìè îáðàçöàìè, ÷òî ñâèäåòåëüñòâóåò îá èçìå-

íåíèè ìåõàíèçìà ñòðóêòóðîîáðàçîâàíèÿ â óñëîâèÿõ

ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ (ðèñ. 3). Äàííûé

ýôôåêò ìîæåò áûòü îáúÿñíåí äîïîëíèòåëüíîé ïî-

ëÿðèçàöèåé öåïî÷åê ìîëåêóë ÐÀÏ, âõîäÿùèõ â ñî-

ñòàâ ÂÃÑ, ïðè âîçäåéñòâèè Ï×ÌÏ.

Ïëîòíîñòü ìîäèôèöèðîâàííûõ ÂÃÑ

Îïðåäåëåíèå ïëîòíîñòè ÂÃÑ ïðîâîäèëîñü ïóòåì

èçìåðåíèÿ ìàññû âåùåñòâà ñ ïîìîùüþ ëàáîðàòîð-

íûõ âåñîâ ìàðêè “VIBRA LN3202CE” â ôèêñèðî-

âàííîì îáúåìå æèäêîñòè. Äàííûå î ïëîòíîñòè ÂÃÑ

â çàâèñèìîñòè îò êîíöåíòðàöèè ÐÀÏ ïðèâåäåíû íà

ðèñ. 4. Íà ãðàôèêå íàáëþäàåòñÿ ñíèæåíèå ïëîòíî-

ñòè ÂÃÑ ñ ðîñòîì êîíöåíòðàöèè ãåëåîáðàçóþùåãî

êîìïîíåíòà, à òàêæå ïðè âîçäåéñòâèè Ï×ÌÏ.

Ãèäðîãåëè, ïîëó÷åííûå íà îñíîâå âîäû ïðè 4 °Ñ,

êàê ïðàâèëî, îáëàäàþò áîëåå âûñîêîé ïëîòíîñòüþ

ïî ñðàâíåíèþ ñ îáðàçöàìè, ïîëó÷åííûìè ïðè 20 °Ñ.

Äàííûé ýôôåêò ìîæåò áûòü îáúÿñíåí óìåíüøåíè-

åì ïëîòíîñòè âîäû ïðè óâåëè÷åíèè òåìïåðàòóðû [17]

è ôèêñàöèåé ñòðóêòóðû âîäû ñ ïîìîùüþ ÐÀÏ. Âîç-

äåéñòâèå Ï×ÌÏ òàêæå ñïîñîáñòâóåò íåçíà÷èòåëü-

íîìó (íà 0,2–0,3 %) ñíèæåíèþ ïëîòíîñòè ÂÃÑ çà

Ðèñ. 2. Ñòðóêòóðà ÐÀÏ â ìîäèôèöèðîâàííûõ Ï×ÌÏ (à) è

íåìîäèôèöèðîâàííûõ (á) ÂÃÑ íà ñëþäÿíîé ïîäëîæêå

Ðèñ. 3. Ðåçóëüòàòû ÀÑÌ ìîäèôèöèðîâàííûõ Ï×ÌÏ (à) è íåìîäèôèöèðîâàííûõ (á) ÂÃÑ íà ñëþäÿíîé ïîäëîæêå (10�10 ìêì)
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ñ÷åò äîïîëíèòåëüíûõ ýëåêòðîñòàòè÷åñêèõ ñèë â ïå-

ðåêðåñòíûõ ñâÿçàííûõ ïîëèìåðíûõ öåïÿõ ÐÀÏ [18].

Èññëåäîâàíèå ìåõàíèçìà ïðîãðåâà
è êèïåíèÿ ìîäèôèöèðîâàííûõ ÂÃÑ
â óñëîâèÿõ òåïëîâîãî âîçäåéñòâèÿ

Äëÿ èññëåäîâàíèÿ ìåõàíèçìà ïðîãðåâà è êèïå-

íèÿ ÂÃÑ è îïðåäåëåíèÿ çàâèñèìîñòè òåïëîïðîâîä-

íîñòè îò ñïîñîáà ìîäèôèêàöèè ÂÃÑ è êîíöåíòðà-

öèè ÐÀÏ èñïîëüçîâàëàñü ëàáîðàòîðíàÿ óñòàíîâêà

äëÿ èçó÷åíèÿ ïðîöåññîâ ïîâåðõíîñòíîãî è îáúåì-

íîãî êèïåíèÿ æèäêîñòåé (ðèñ. 5). Â ñîñòàâ óñòàíîâêè

âõîäèò åìêîñòü 1, â êîòîðóþ íàëèâàåòñÿ æèäêîñòü 2,

ýëåêòðè÷åñêèé íàãðåâàòåëü 3 ôèêñèðîâàííîé ìîù-

íîñòè 100 Âò, òåðìîïàðû 4 è 5, äâóõêàíàëüíûé ðåãè-

ñòðàòîð òåìïåðàòóðû 6, âûòÿæíîé âåíòèëÿòîð äëÿ

óäàëåíèÿ ïàðà íàä æèäêîñòüþ 7. Îáúåì ãåëÿ â åìêî-

ñòè ñîñòàâëÿë 100 ìë. Â õîäå èññëåäîâàíèÿ ôèêñè-

ðîâàëèñü äàííûå îá èçìåíåíèè òåìïåðàòóðû æèäêî-

ñòè âíóòðè åìêîñòè íà òåðìîïàðå 5, ðàñïîëîæåííîé

íà ðàññòîÿíèè 50 ìì îò äíà åìêîñòè ñ æèäêîñòüþ [19].

Â òàáëèöå ïðèâåäåíû äàííûå ïî ìàêñèìàëüíîé

òåìïåðàòóðå ìîäèôèöèðîâàííûõ ÂÃÑ è äèñòèëëè-

ðîâàííîé âîäû. Èç ýòèõ äàííûõ ìîæíî ñäåëàòü âû-

âîä î ñíèæåíèè ìàêñèìàëüíîé òåìïåðàòóðû íàãðåâà

ÂÃÑ äëÿ ãåëåé â óñëîâèÿõ ýëåêòðîôèçè÷åñêîé è òåì-

ïåðàòóðíîé ìîäèôèêàöèè.

Äàííûå ïî âðåìåíè íàãðåâà ìîäèôèöèðîâàííûõ

ÂÃÑ è äèñòèëëèðîâàííîé âîäû äî ìàêñèìàëüíîé

òåìïåðàòóðû ïðåäñòàâëåíû íà ðèñ. 6.

Ñîñòàâ
Êîíöåíò-

ðàöèÿ
ÐÀÏ, %

Íàëè÷èå
ìîäèôèêàöèè

Òåìïåðà-
òóðà ñòðóêòó-
ðèçàöèè, °Ñ

Òåìïå-
ðàòóðà íà-
ãðåâà, °Ñ

ÂÃÑ 0,10 Íåìîäèô. 4 98

Ï×ÌÏ 4 99

Ï×ÌÏ 20 97

0,20 Íåìîäèô. 20 92

Ï×ÌÏ 4 98

Ï×ÌÏ 20 98

0,25 Íåìîäèô. 20 96

Ï×ÌÏ 4 85

Ï×ÌÏ 20 95

0,3 Íåìîäèô. 20 94

Ï×ÌÏ 4 94

Ï×ÌÏ 20 98

0,4 Íåìîäèô. 20 99

Ï×ÌÏ 20 91

0,5 Íåìîäèô. 20 96

Ï×ÌÏ 20 85

1,0 Íåìîäèô. 20 82

Ï×ÌÏ 20 67

Âîäà – Íåìîäèô. 20 98

Ï×ÌÏ 20 98

Ìàêñèìàëüíàÿ òåìïåðàòóðà ïðè íàãðåâå æèäêîñòåé

Ðèñ. 4. Ïëîòíîñòü âîäû è ìîäèôèöèðîâàííûõ ÂÃÑ ïðè êîí-

öåíòðàöèè ÐÀÏ îò 0,10 äî 0,25 % ìàññ. (à) è îò 0,3 äî 1,0 %

ìàññ. (á)

Ðèñ. 5. Ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ èññëåäîâàíèÿ ïî-

âåðõíîñòíîãî è îáúåìíîãî êèïåíèÿ æèäêîñòåé
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Êàê âèäíî èç ðèñ. 6, âðåìÿ íàãðåâà ìîäèôèöèðî-

âàííûõ ÂÃÑ äî ìàêñèìàëüíîé òåìïåðàòóðû âîçðàñ-

òàåò ñ óâåëè÷åíèåì êîíöåíòðàöèè ãåëåîáðàçóþùåãî

êîìïîíåíòà. Âðåìÿ íàãðåâà ÂÃÑ ïðè êîíöåíòðàöèè

ÐÀÏ îò 0,1 äî 0,2 % ìàññ. ìåíüøå âðåìåíè íàãðåâà

äèñòèëëèðîâàííîé âîäû íà 30–50 %. Â òî æå âðåìÿ

ïðè áîëåå âûñîêèõ êîíöåíòðàöèÿõ ìîäèôèöèðî-

âàííûå ÂÃÑ íàãðåâàþòñÿ çíà÷èòåëüíî ìåäëåííåå,

ïðè÷åì íàèëó÷øèé ðåçóëüòàò ïîêàçûâàþò ãåëè ñ

êîíöåíòðàöèåé ÐÀÏ îò 0,25 äî 1,0 % ìàññ. Äëÿ âñåõ

îáðàçöîâ ÂÃÑ, ñòðóêòóðèðîâàííûõ íà îñíîâå âîäû

ïðè òåìïåðàòóðå 4 °Ñ, íàáëþäàåòñÿ çíà÷èòåëüíîå

(äî 60 %) óâåëè÷åíèå âðåìåíè íàãðåâà æèäêîñòè.

Íà ðèñ. 7 ïðåäñòàâëåíû äàííûå ïî ñðàâíèòåëü-

íîé äèíàìèêå ïðîãðåâà ÂÃÑ (ñ êîíöåíòðàöèåé ÐÀÏ

0,25 % ìàññ.) è âîäû. Èç ïîëó÷åííûõ äàííûõ ìîæ-

íî ñäåëàòü âûâîä, ÷òî ðîñò òåìïåðàòóðû ÂÃÑ, ìîäè-

ôèöèðîâàííûõ â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ,

ïðîèñõîäèò ìåäëåííåå, ÷òî ïîçâîëÿåò èñïîëüçîâàòü

èõ â êà÷åñòâå òåïëîèçîëÿöèîííîãî ìàòåðèàëà äëÿ

áëîêèðîâàíèÿ ïåðåäà÷è ýíåðãèè îò èñòî÷íèêà òåïëà

ê çàùèùàåìîìó ìàòåðèàëó.

Âûâîäû

1. Òåìïåðàòóðíàÿ ìîäèôèêàöèÿ, çàêëþ÷àþùàÿñÿ

â ôèêñèðîâàíèè ñ ïîìîùüþ ÐÀÏ òåïëîôèçè÷åñêèõ

ñâîéñòâ âîäû ïðè åå àíîìàëüíûõ ïàðàìåòðàõ ïëîò-

íîñòè è òåïëîåìêîñòè, ïîçâîëÿåò ñóùåñòâåííî èç-

ìåíèòü ïðîöåññû òåïëîìàññîïåðåíîñà â óñëîâèÿõ íà-

ãðåâà æèäêîñòåé. Ýëåêòðîôèçè÷åñêàÿ ìîäèôèêàöèÿ

îáåñïå÷èâàåò óëó÷øåíèå òåïëîçàùèòíûõ ñâîéñòâ

ÂÃÑ çà ñ÷åò èçìåíåíèÿ ñâîéñòâ âîäû è ïàðàìåòðîâ

ñòðóêòóðîîáðàçîâàíèÿ ÂÃÑ.

2. Ñî÷åòàíèå óêàçàííûõ ïàðàìåòðîâ ïîçâîëÿåò

âûäåëèòü íåêîòîðûå èç ïîëó÷åííûõ ÂÃÑ â êà÷åñòâå

ïåðñïåêòèâíûõ äëÿ óëó÷øåíèÿ òåïëîçàùèòíûõ õà-

ðàêòåðèñòèê æèäêîñòåé, ïðèìåíÿåìûõ ïðè òóøåíèè

ïîæàðîâ íåôòåïðîäóêòîâ. Â ÷àñòíîñòè, çíà÷èòåëüíî

áîëåå áûñòðûé, ÷åì ó âîäû, íàãðåâ ÂÃÑ (0,1 % ìàññ.)

ïîçâîëÿåò èñïîëüçîâàòü åãî äëÿ óâåëè÷åíèÿ ñêîðî-

ñòè òåïëîîòâîäà ïðè îðîøåíèè íàãðåâàþùåãîñÿ ïðè

ïîæàðå ðåçåðâóàðà ñ ãîðÿùèì íåôòåïðîäóêòîì. ÂÃÑ

Ðèñ. 6. Âðåìÿ äîñòèæåíèÿ ìàêñèìàëüíîé òåìïåðàòóðû ÂÃÑ

ïðè êîíöåíòðàöèè ÐÀÏ îò 0,10 äî 0,25 % ìàññ. (à) è îò 0,3 äî

1,0 % ìàññ. (á) ïî ñðàâíåíèþ ñ âîäîé

Ðèñ. 7. Êèíåòèêà íàãðåâà ÂÃÑ ïðè êîíöåíòðàöèè ÐÀÏ 0,25 % ìàññ. ïî ñðàâíåíèþ ñ âîäîé
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ñ áîëåå âûñîêîé êîíöåíòðàöèåé ÐÀÏ (0,25 % ìàññ.)

ïîâûøàåò ýôôåêòèâíîñòü óñòàíîâîê òåïëîâîé çàùè-

òû ñîñåäíèõ ñ ãîðÿùèì ðåçåðâóàðîâ.

3. Íèçêàÿ âÿçêîñòü ãèäðîãåëåé ñ ìàëîé êîíöåíò-

ðàöèåé ÐÀÏ [13] ïîçâîëÿåò äîñòàâëÿòü ÂÃÑ ê ìåñòó

ïîæàðà ñ ïîìîùüþ ñòàíäàðòíîãî ïîæàðíî-òåõíè÷å-

ñêîãî îáîðóäîâàíèÿ ïîæàðíî-ñïàñàòåëüíûõ ïîäðàç-

äåëåíèé. Äàííîå ðåøåíèå ïîçâîëèò ïîâûñèòü ýô-

ôåêòèâíîñòü óñòàíîâîê òåïëîâîé çàùèòû â ðåçåð-

âóàðíûõ ïàðêàõ íåôòåïðîäóêòîâ.
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ABSTRACT

The fires in the park of petroleum products tanks are inextricably linked with intense heating from

burning tank and creation conditions for dissemination of the fire on the nearest tanks by the radiative

and convection heat transfer.

The water is the main cooling agent, using in standard equipment today, because of its accessi-

bility and good thermal characteristics. At the same time, the waters efficiency for the thermal protec-

tion purpose of petroleum products tanks is greatly reduced, because of low adhesion and low

viscosity.

This work studies the physical properties of modified hydrogel suspensions (HGS), prepared by

distilled water and polymers of acrylic acid marked “Carbopol ETD 2020”. Thermal modification was

to clamping the abnormal water properties, such as heat capacity and thermal conductivity, in con-
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ditions of 4 °C. Electrophysical modification was the impact on researching compositions by

the variable frequency modulated potential (VFMP).

Present VFMP-impact results in a characteristic Raman frequency shear into the valence vibration

area of O–H bond in the frequency rang &3200…3400 cm–1, indicating that the structure was mo-

dified. The modification HGS and water structures by VFMP was confirmed by Raman spectra and

atomic force microscopy.

We got a density value for HGS depending on concentration of Carbopol, while HGS density was

decreased in conditions of VFMP. Also noticed, that HGS, which was prepared in conditions of 4 °C,

have more value of density, than HGS which was prepared in conditions of 20 °C. This fact can be

explained by the density of water decreasing with temperature increasing.

During the heating and boiling processes studying, we have found, that heating time for modified

HGS, which have concentration 0.1–0.2 % mas., to a maximum temperature was lower than distill

water by 30–50 %, while a higher concentration HGS was heated slowly, with the best result for

0.25–1 % concentrated HGS. A significant increase of heating time (to 60 %) was noted for all HGS,

which was prepared in conditions of 4 °C.

These results suggest the possibility of significant influence on the processes of heat and mass

transfer in HGS heating conditions due to changes in water properties and structure parameters, which

in turn, provides improved thermal insulation properties HGS compared with the standard cooling

agents that will efficiently use them in standard cooling equipment of petroleum products tanks.

Keywords: hydrogel; electrophysical modification; thermal modification; thermal protection; vari-

able frequency modulated potential; petroleum products fires.
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