
Â ëèòåðàòóðå ïðîâîäÿòñÿ äîâîëüíî ìíîãî ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé ïî âëèÿíèþ ðàçëè÷íûõ òèïîâ íàïîëíèòå-
ëåé íà ñòðóêòóðó è ñâîéñòâà ïîëèìåðíûõ êîìïîçèòîâ íà îñ-
íîâå ïîëèîëåôèíîâ è ìèíåðàëüíûõ íàïîëíèòåëåé [1−5]. Íå-
îáõîäèìîñòü ïðîâåäåíèÿ íàó÷íûõ ðàçðàáîòîê â ýòîì íàïðàâ-
ëåíèè áûëà âûçâàíà òåì, ÷òî ââåäåíèå ìèíåðàëüíîãî êîìïî-
íåíòà â ñîñòàâ íåïîëÿðíîé ïîëèìåðíîé ìàòðèöû (ïîëèîëå-
ôèíîâ) â îïðåäåëåííîé ìåðå ñïîñîáñòâîâóåò óëó÷øåíèþ
îñíîâíûõ ôèçèêî-ìåõàíè÷åñêèõ õàðàêòåðèñòèê êîìïîçèòíûõ
ìàòåðèàëîâ íà èõ îñíîâå. Ïðîâåäåíèå ïîäîáíûõ èññëåäîâà-
íèé ïîçâîëÿëî â çíà÷èòåëüíîé ìåðå ðàñøèðèòü îáëàñòü ïðàê-
òè÷åñêîãî èõ èñïîëüçîâàíèÿ â ìàøèíîñòðîåíèè, áûòîâîé òåõ-
íèêå, àâèàöèîííîé, âîåííîé ïðîìûøëåííîñòè è ò.ä. Íî ýòîãî
îêàçûâàëîñü íåäîñòàòî÷íûì äëÿ âûÿâëåíèÿ îñíîâíûõ çàêî-
íîìåðíîñòåé â èçìåíåíèè ñâîéñòâ íàíîêîìïîçèòîâ [6−10]. 

Äëÿ ðàçðàáîòêè ðàçëè÷íûõ êîìïîçèòîâ íà îñíîâå ïðîìûø-
ëåííûõ ïîëèîëåôèíîâ è ìèíåðàëüíûõ íàïîëíèòåëåé íåîáõî-
äèìî áûëî, ïðåæäå âñåãî, ðàñïîëàãàòü äàííûìè ïî èññëåäî-
âàíèþ òåõíîëîãèè èõ ñìåøåíèÿ íà ñïåöèàëèçèðîâàííîì ýêñò-
ðóäåðå-ñìåñèòåëå, êîòîðûé, áåçóñëîâíî, âñåãäà áûë îäíèì èç
íàèáîëåå ýôôåêòèâíûõ è äîñòóïíûõ ìåòîäîâ ñìåøåíèÿ. Ïðå-
èìóùåñòâîì ýêñòðóçèîííîãî ìåòîäà ïðèãîòîâëåíèÿ ïîëèìåð-
íîé êîìïîçèöèè ÿâëÿþòñÿ, ïðåæäå âñåãî, ïðîñòîòà è äîñòóï-
íîñòü îáîðóäîâàíèÿ, à òàêæå âîçìîæíîñòü â åäèíîì ìîíî-
òðåì-òåõíîëîãè÷åñêîì öèêëå îñóùåñòâèòü ðàâíîìåðíîå ñìå-
øåíèå è âçàèìíîå äèñïåðãèðîâàíèå êîìïîíåíòîâ ñìåñè, îáåñ-
ïå÷èâàþùàÿ âîçìîæíîñòü ïîëó÷åíèÿ íà èõ îñíîâå öåëîãî íà-
áîðà ðàçëè÷íûõ òèïîâ êîíñòðóêöèîííûõ èçäåëèé [1, 7, 11−13].

Ñëåäóåò ïðèíÿòü âî âíèìàíèå è òî îáñòîÿòåëüñòâî, ÷òî èñ-
ïîëüçóåìûå íàìè ïîëèîëåôèíû ÐÝÏ è ÁÝÏ îòíîñèòñÿ ê ñðà-
âíèòåëüíî íîâûì òèïàì ïðîìûøëåííûõ ïîëèîëåôèíîâ, î
ïåðåðàáîòêå êîòîðûõ ìåòîäîì ýêñòðóçèè ïðèâîäÿòñÿ âåñüìà
ñêóäíûå ñâåäåíèÿ.

Â ñâÿçè ñ ýòèì, öåëüþ ïðîâîäèìûõ èññëåäîâàíèé ÿâëÿëîñü
èññëåäîâàíèå âëèÿíèÿ òåõíîëîãè÷åñêîãî ðåæèìà ýêñòðóçèè
íà ïðîèçâîäèòåëüíîñòü ýêñòðóäåðà è ñâîéñòâà êîìïîçèòíûõ
ìàòåðèàëîâ. Áåç ïðîâåäåíèÿ òùàòåëüíîãî èññëåäîâàíèÿ â îá-
ëàñòè ïåðåðàáàòûâàåìîñòè ïîëèìåðíûõ êîìïîçèòîâ íå ïðåä-
ñòàâëÿåòñÿ âîçìîæíûì ïðåäîïðåäåëèòü ýêñïëóàòàöèîííûå
ñâîéñòâà ðàññìàòðèâàåìûõ ïîëèìåðíûõ íàíîêîìïîçèòîâ è

òåì áîëåå äàòü êàêèå-ëèáî êîíêðåòíûå ðåêîìåíäàöèè ïî èõ
ïðàêòè÷åñêîìó èñïîëüçîâàíèþ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü
Â êà÷åñòâå ïîëèìåðíîé îñíîâû èñïîëüçîâàëè ðàíäîì ñî-

ïîëèìåð (ÐÝÏ) − ýòî þæíîêîðåéñêèé ïðîìûøëåííûé íå-
ïðîçðà÷íûé ñòàòèñòè÷åñêèé ñîïîëèìåð ýòèëåíà ñ ïðîïèëå-
íîì ìàðêè RP2400 (ñîäåðæàíèå ýòèëåíà 2−4%) ñî ñëåäóþ-
ùèìè ñâîéñòâàìè: ðàçðóøàþùåå íàïðÿæåíèå − 28.5 ÌÏà,
ìîäóëü óïðóãîñòè ïðè èçãèáå − 975 ÌÏà, îòíîñèòåëüíîå
óäëèíåíèå − 600 %, èíäåêñ ðàñïëàâà − 0.36 ã/10 ìèí., òåïëî-
ñòîéêîñòü ïî Âèêà − 125°Ñ, òåìïåðàòóðà ïëàâëåíèÿ − 145°Ñ.

Áëîê-ñîïîëèìåð ïîëèïðîïèëåíà ìàðêè ÍÂ240Ð (ÁÝÏ) ñî
ñëåäóþùèìè ñâîéñòâàìè: ñîäåðæàíèå ýòèëåíà − 20−25%,
ðàçðóøàþùåå íàïðÿæåíèå − 25.6 ÌÏà, îòíîñèòåëüíîå óäëè-
íåíèå − 200 %, èíäåêñ ðàñïëàâà − 0.61 ã/10 ìèí, òåïëîñòîé-
êîñòü ïî Âèêà − 148°Ñ.

Â êà÷åñòâå ìèíåðàëüíîãî íàïîëíèòåëÿ èñïîëüçîâàëè ïðè-
ðîäíûé ìèíåðàë âåçóâèàí Êåäîáåêñêîãî ìåñòîðîæäåíèÿ è
êëèíîïòèëëîëèò Àéäàãñêîãî ìåñòîðîæäåíèÿ Àçåðáàéäæàíà.

Äëÿ èññëåäîâàíèÿ ôèçèêî-ìåõàíè÷åñêèõ èñïûòàíèé ïîëè-
ìåðíûõ êîìïîçèòîâ ïîñëåäíèå ïðåäâàðèòåëüíî ïîäâåðãàëè
ïðåññîâàíèþ ïðè òåìïåðàòóðå 180−210°Ñ. Èç íèõ âûðóáàëè
ëîïàòêè äëÿ îïðåäåëåíèÿ ðàçðóøàþùåãî íàïðÿæåíèÿ è
îòíîñèòåëüíîãî óäëèíåíèÿ îáðàçöîâ íàïîëíåííûõ êîìïîçè-
òîâ â ñîîòâåòñòâèè ñ ÃÎÑÒ-17370-71.

Ýêñòðóçèîííîå ñìåøåíèå íàíîêîìïîçèòîâ íà îñíîâå ïîëè-
îëåôèíîâ è ìèíåðàëüíûõ íàïîëíèòåëåé îñóùåñòâëÿëîñü ïî
"ìîíîòðåì" òåõíîëîãèè, ñîãëàñíî êîòîðîé ïîäãîòîâêó êîìïî-
íåíòîâ èõ ñìåøåíèå è ïîëó÷åíèå êîìïîçèòíîãî ìàòåðèàëà
ïðîâîäèëîñü ïî îäíîïðîõîäíîé ñõåìå. Â êà÷åñòâå ñìåñèòåëÿ
èñïîëüçîâàëè îäíîøíåêîâûé ýêñòðóäåð, ó êîòîðîãî ñîîòíî-
øåíèå ðàáî÷èõ ïàðàìåòðîâ øíåêà L/D ñîñòàâëÿëî 16:1 ïðè
åãî äèàìåòðå, ðàâíîì 54 ìì. Â îäíîøíåêîâîì ýêñòðóäåðå
ñìåñèòåëüíûé ýôôåêò äîñòèãàåòñÿ òåì, ÷òî ÷àñòü ðàñïëàâà
ñîçäàåò ïðîòèâîòîê â åãî ðàáî÷åì öèëèíäðå. Ïðîòèâîòîê âî-
çðàñòàåò ïî ìåðå óâåëè÷åíèÿ ñîïðîòèâëåíèÿ íà âõîäå â
ãîëîâêó. Ïîýòîìó â ìàòåðèàëüíîì öèëèíäðå ëàáîðàòîðíîãî
ýêñòðóäåðà áûëà óñòàíîâëåíà ñåòêà, ñîçäàþùàÿ äîïîëíè-
òåëüíîå ñîïðîòèâëåíèå ïîòîêó ðàñïëàâà ïîëèìåðíîãî êîì-
ïîçèòà.
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Â ðàáîòå ïðèâîäÿòñÿ ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ òåõíîëîãè÷åñêîãî ðåæèìà ýêñòðóçèè: êîíöåíòðàöèè íàïîëíèòåëÿ, à òàêæå
òåìïåðàòóðíîãî ðåæèìà è äàâëåíèÿ ýêñòðóçèè è íà ïðîèçâîäèòåëüíîñòü ýêñòðóäåðà-ñìåñèòåëÿ íàíîêîìïîçèòíûõ ìàòåðèàëîâ íà îñíîâå
òåìîïëàñòè÷íûõ ñîïîëèìåðîâ ïðîïèëåíà ñ ýòèëåíîì è ïðèðîäíûõ ìèíåðàëüíûõ íàïîëíèòåëåé ìåñòîðîæäåíèé Àçåðáàéäæàíà. 

In work findings of investigation of influence of a technological mode of extrusion are resulted: concentration of filler, and also a temperature sched-
ule and pressure of extrusion and upon productivity of an extruder-amalgamator of nanocomposit stuffs on a basis thermoplastic copolymers of propy-
lene with ethylene and connatural mineral fillers of deposits of Azerbaijan.
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Ðåçóëüòàòû è èõ îáñóæäåíèå
Ïðè ðåøåíèè ïðîáëåì, ñâÿçàííûõ ñ âûáîðîì îïòèìàëü-

íîãî òåõíîëîãè÷åñêîãî ðåæèìà ýêñòðóçèè ïîëèìåðíûõ êîì-
ïîçèòîâ, îñíîâíóþ ðîëü ïðèîáðåòàþò èññëåäîâàíèÿ, íàïðàâ-
ëåííûå íà èçó÷åíèå âëèÿíèÿ òåìïåðàòóðíîãî ðåæèìà ïðî-
öåññà è ñêîðîñòè âðàùåíèÿ øíåêà íà ïðîèçâîäèòåëüíîñòü óñ-
òàíîâêè. Îäíèì èç îñíîâíûõ ôàêòîðîâ, âëèÿþùèõ íà ïðîèç-
âîäèòåëüíîñòü ýêñòðóäåðà, ÿâëÿåòñÿ ñêîðîñòü âðàùåíèÿ øíå-
êà. Îäíàêî óâåëè÷åíèå ñêîðîñòè âðàùåíèÿ øíåêà ÷ðåâàòî
ïîëó÷åíèåì êîìïîçèöèîííîãî ìàòåðèàëà ñ íåðàâíîìåðíûì
âçàèìíûì äèñïåðãèðîâàíèåì êîìïîíåíòîâ ñìåñè. Ïîýòîìó â
ïðîöåññå ýêñòðóçèè íåîáõîäèìî ïðàâèëüíî ïîäáèðàòü ñêî-
ðîñòü âðàùåíèÿ øíåêà è òåìïåðàòóðíûé ðåæèì â ìàòåðèàëü-
íîì öèëèíäðå, ïðè êîòîðîì óäîâëåòâîðèòåëüíîå êà÷åñòâî ïî-
ëó÷àåìîãî ìàòåðèàëà õîðîøî ñî÷åòàëîñü áû ñ äîñòàòî÷íî
âûñîêîé ïðîèçâîäèòåëüíîñòüþ ýêñòðóäåðà.

Ïðè ýòîì ñëåäóåò îòìåòèòü, ÷òî â ïðîöåññå ýêñòðóçèè ïî-
ëó÷àëè ñòðåíãè, êîòîðûå ïîñëå îõëàæäåíèÿ íàïðàâëÿëèñü â
ãðàíóëÿòîð, ãäå ðàçðåçàëèñü íà ãðàíóëû ñ ðàçìåðîì 5−7 ìì.
Ïîëó÷åííûå ãðàíóëû äàëåå ìîæíî áûëî èñïîëüçîâàòü äëÿ
ïîëó÷åíèÿ êîíñòðóêöèîííûõ èçäåëèé ïðè èõ ïåðåðàáîòêå
ìåòîäîì ëèòüÿ ïîä äàâëåíèåì.

Â òàáëèöàõ 1 è 2 ïðèâîäÿòñÿ ðåçóëüòàòû âûáîðà îïòèìàëü-
íîãî òåõíîëîãè÷åñêîãî ðåæèìà ýêñòðóçèè íàíî-êîìïîçèòîâ
íà îñíîâå ÐÝÏ è ÁÝÏ.

Àíàëèçèðóÿ äàííûå ïðèâåäåííûå â òàáëèöå 1 ìîæíî óñòà-
íîâèòü, ÷òî ñ óâåëè÷åíèåì êîíöåíòðàöèè âåçóâèàíà â ñîñòàâå
êîìïîçèòà îò 0 äî 40 ìàññ.% âîçðàñòàåò îïòèìàëüíàÿ òåìïå-
ðàòóðíàÿ îáëàñòü åå ïåðåðàáîòêè ìåòîäîì ýêñòðóçèè. Äëÿ
îáåñïå÷åíèÿ äîñòàòî÷íî õîðîøåé ïðîèçâîäèòåëüíîñòè ýêñò-
ðóäåðà òîëüêî â ãîëîâêå ýêñòðóäåðà òåìïåðàòóðà ïîâûøàåòñÿ
îò 180 äî 230°Ñ. Ñëèøêîì íèçêàÿ òåìïåðàòóðà ýêñòðóçèè
ñïîñîáñòâóåò ïîâûøåíèþ ýôôåêòèâíîé âÿçêîñòè ðàñïëàâà
êîìïîçèòà è êàê ñëåäñòâèå ïðèâîäèò ê ñíèæåíèþ ïðîèçâîäè-

òåëüíîñòè ýêñòðóäåðà. Âûñîêàÿ òåìïåðàòóðà ýêñòðóçèè ïðè-
âîäèò ê ðåçêîìó ñíèæåíèþ âÿçêîñòè ðàñïëàâà, ÷òî, íåñîì-
íåííî, ñêàçûâàåòñÿ íà óâåëè÷åíèè ïðîòèâîòîêà ðàñïëàâà êîì-
ïîçèòà â ìàòåðèàëüíîì öèëèíäðå è ñíèæåíèè ïðîèçâîäèòå-
ëüíîñòè îáîðóäîâàíèÿ. Òàêèì îáðàçîì, òåìïåðàòóðíûé ôàê-
òîð ÿâëÿåòñÿ âàæíûì òåõíîëîãè÷åñêèì ðû÷àãîì ðåãóëèðîâà-
íèÿ ïðîöåññà ýêñòðóçèè ïîëèìåðíûõ íàíîêîìïîçèòîâ. 

Èç ñîïîñòàâèòåëüíîãî àíàëèçà äàííûõ, ïðåäñòàâëåííûõ â
òàáëèöå 1, ìîæíî çàìåòèòü, ÷òî ñ óâåëè÷åíèåì êîíöåíòðàöèè
âåçóâèàíà è ÊÒË â ñîñòàâå ÐÝÏ íàáëþäàåòñÿ ïîâûøåíèå äàâ-
ëåíèÿ ýêñòðóçèè îò 6.2 äî 10.8 ÌÏà. Ýòî îáúÿñíÿåòñÿ òåì,
÷òî ñ ðîñòîì êîíöåíòðàöèè íàïîëíèòåëÿ óâåëè÷èâàåòñÿ ýô-
ôåêòèâíàÿ âÿçêîñòü ðàñïëàâà, ñïîñîáñòâóþùàÿ çàòðóäíåíèþ
ïåðåìåùåíèÿ ðàñïëàâà â êàíàëàõ øíåêà è ñîîòâåòñòâåííî
ïîâûøåíèþ äàâëåíèÿ ýêñòðóçèè.

×èñëî îáîðîòîâ øíåêà ïîäáèðàëîñü ñ ó÷åòîì âÿçêîñòè ðàñ-
ïëàâà êîìïîçèòà è âðåìåíè ïåðåìåøèâàíèÿ äëÿ îáåñïå÷åíèÿ
ðàâíîìåðíîãî äèñïåðãèðîâàíèÿ ÷àñòèö íàïîëíèòåëÿ â ïîëè-
ìåðíîé ìàññå [12, 13]. Ïðè ýòîì íàèáîëüøàÿ ïðîèçâîäèòåëü-
íîñòü ýêñòðóäåðà (22.6 è 22.3 êã/÷àñ) äîñòèãàåòñÿ ïðè êîíöåí-
òðàöèè âåçóâèàíà è ÊÒË â ïðåäåëàõ 10 ìàññ.% â ñîñòàâå ÐÝÏ.

Àíàëèçèðóÿ äàííûå, ïðåäñòàâëåííûå â òàáëèöå 2, ìîæíî
îáðàòèòü âíèìàíèå íà òî, ÷òî, â ñðàâíåíèè ñ êîìïîçèòàìè íà
îñíîâå ÐÝÏ, íàïîëíåííûå êîìïîçèòû ÁÝÏ ñïîñîáñòâóþò çíà-
÷èòåëüíîìó ñíèæåíèþ äàâëåíèÿ ýêñòðóçèè è ðîñòó ïðîèçâî-
äèòåëüíîñòè ýêñòðóäåðà. Êàê áûëî íàìè óñòàíîâëåíî, ýòî îá-
ñòîÿòåëüñòâî âûçâàíî òåì, ÷òî â ñðàâíåíèè ñ ÐÝÏ, ââåäåíèå
âåçóâèàíà è ÊÒË â ñîñòàâ ÁÝÏ ïðèâîäèò ê ìíîãîêðàòíîìó
óëó÷øåíèþ òåêó÷åñòè ðàñïëàâà íàíîêîìïîçèòîâ. Òàê, íàïðè-
ìåð, ïîêàçàòåëü òåêó÷åñòè ðàñïëàâà (ÏÒÐ) íàíîêîìïîçèòîâ
ÁÝÏ + 10 ìàññ.% âåçóâèàí è ÁÝÏ + 10% ÊÒË ñîñòàâëÿåò ñî-
îòâåòñòâåííî 4.55 è 3.51 ã/10 ìèí., â òî âðåìÿ êàê ó èñõîä-
íîãî ÁÝÏ âåëè÷èíà ýòîãî ïîêàçàòåëÿ áûëà ðàâíà âñåãî ëèøü
0.61 ã/10 ìèí. Èíûìè ñëîâàìè, ÏÒÐ íàíîêîìïîçèòîâ áûë âûøå
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Òàáë. 1. Âëèÿíèå òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ýêñòðóçèè íàíîêîìïîçèòîâ íà îñíîâå ÐÝÏ, à òàêæå êîíöåíòðàöèè âåçóâèàíà è
ÊÒË íà ïðîèçâîäèòåëüíîñòü ýêñòðóäåðà.

Òàáë. 2. Âëèÿíèå êîíöåíòðàöèè íàïîëíèòåëÿ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ýêñòðóçèè íàíî-êîìïîçèòîâ íà îñíîâå ÁÝÏ +
âåçóâèàí è ÁÝÏ + ÊÒË íà ïðîèçâîäèòåëüíîñòü ýêñòðóäåðà.



èñõîäíîãî ÁÝÏ ñîîòâåòñòâåííî â 7.8 è 5.8 ðàçà. Ïîäîáíûé
ýôôåêò ðîñòà ÏÒÐ ó íàíîêîìïîçèòîâ îáúÿñíÿåòñÿ òåì, ÷òî â
ñîñòàâå ðàññìàòðèâàåìûõ ìèíåðàëüíûõ íàïîëíèòåëåé
èìååòñÿ 9.7−12 ìàññ.% êàîëèíèòà èëè íàíîãëèíû. Íàíîãëèíà
õàðàêòåðèçóåòñÿ ñëîèñòîé ñòðóêòóðîé, êîòîðàÿ â ðåæèìå ðàñ-
ïëàâà â ðåçóëüòàòå èíòåðêàëÿöèè ìàêðîöåïåé â ìåæïàêåòíîå
ïðîñòðàíñòâî ñïîñîáñòâóåò åå ðàñïàäó íà áîëåå ìåëêèå
ñòðóêòóðû, áëàãîïðèÿòíî âëèÿþùèå íà ñíèæåíèå âÿçêîñòè
ðàñïëàâà íàíîêîìïîçèòà. Â ýòîì ñëó÷àå ðåçêîå ñíèæåíèå ýô-
ôåêòèâíîé âÿçêîñòè ðàñïëàâà ñïîñîáñòâóåò óâåëè÷åíèþ
÷èñëà îáîðîòîâ øíåêà è, êàê ñëåäñòâèå, ðîñòó ïðîèçâîäèòåëü-
íîñòè ýêñòðóäåðà. Ñîïîñòàâëÿÿ äàííûå, ïðèâåäåííûå â òàá-
ëèöàõ 1 è 2, ìîæíî óñòàíîâèòü, ÷òî, åñëè ó íàíîêîìïîçèòîâ
ÐÝÏ + âåçóâèàí è ÐÝÏ + ÊÒË ìàêñèìàëüíîå óâåëè÷åíèå ïðî-
èçâîäèòåëüíîñòè ýêñòðóäåðà ïî îòíîøåíèþ ê èñõîäíîìó ÐÝÏ
ñîñòàâëÿåò 4.3 êã/÷àñ, òî ó íàíîêîìïîçèòîâ ÁÝÏ + âåçóâèàí è
ÁÝÏ + ÊÒË ýòî óâåëè÷åíèå ïî îòíîøåíèþ ê èñõîäíîìó ÁÝÏ,
ðàâíî 14.2 êã/÷àñ. Õàðàêòåðíî, ÷òî ðàçðóøàþùåå íàïðÿæå-
íèå íàíîêîìïîçèòîâ ÐÝÏ+10 ìàññ.% âåçóâèàí, ÁÝÏ + 
10 ìàññ.% âåçóâèàí, ÐÝÏ + 10 ìàññ.% ÊÒË, è ÁÝÏ + 
10 ìàññ.% ÊÒË ñîîòâåòñòâåííî ñîñòàâèëî − 31.4, 27.6, 34,4 è
36.2 ÌÏà. Èç ñîïîñòàâèòåëüíîãî àíàëèçà äàííûõ ìîæíî
çàìåòèòü, ÷òî ðàçðóøàþùåå íàïðÿæåíèå íàíîêîìïîçèòîâ íà
îñíîâå ÊÒË õàðàêòåðèçóþòñÿ áîëåå âûñîêèìè çíà÷åíèÿìè. 

Âî âñÿêîì ñëó÷àå, ñòàíîâèòñÿ î÷åâèäíûì, ÷òî, ïðè óäîâëå-
òâîðèòåëüíîì óðîâíå ôèçèêî-ìåõàíè÷åñêèõ è ýêñïëóàòàöè-
îííûõ õàðàêòåðèñòèê ðàññìàòðèâàåìûõ îáðàçöîâ, ñ ýêîíîìè-
÷åñêîé òî÷êè çðåíèÿ íàìíîãî âûãîäíåå ïîëó÷àòü ýêñòðóçèîí-
íûå èçäåëèÿ íà îñíîâå íàíîêîìïîçèòîâ ÁÝÏ. Ïðè ýòîì ïå-
ðåðàáîòêà ìàòåðèàëîâ íà îñíîâå ÁÝÏ îñóùåñòâëÿåòñÿ ïðè
áîëåå ìÿãêèõ òåìïåðàòóðíûõ óñëîâèÿõ, â îñîáåííîñòè â ãî-
ëîâêå ýêñòðóäåðà. Ïðè ýòîì ìàêñèìàëüíàÿ ïðîèçâîäèòåëü-
íîñòü ýêñòðóäåðà (32.6 è 33.8 êã/÷àñ) äîñòèãàåòñÿ ó êîìïîçè-
òîâ íà îñíîâå ÁÝÏ ñ 10 ìàññ.% ñîäåðæàíèåì âåçóâèàíà è
ÊÒË. Â ïðîöåññå ïîäáîðà îïòèìàëüíîãî òåõíîëîãè÷åñêîãî
ðåæèìà ïåðåðàáîòêè ïðèíèìàëîñü âî âíèìàíèå íå òîëüêî
âûñîêàÿ ïðîèçâîäèòåëüíîñòü ýêñòðóäåðà, íî è äîñòèæåíèå
ýôôåêòèâíîé äèñïåðñèè íàïîëíèòåëÿ â ïîëèìåðíîé ìàòðèöå. 

Òàêèì îáðàçîì, íà îñíîâàíèè âûøåèçëîæåííîãî ìîæíî
êîíñòàòèðîâàòü, ÷òî òåõíîëîãè÷åñêèå ïàðàìåòðû ýêñòðóçèè îêà-
çûâàþò ñóùåñòâåííîå âëèÿíèå íà ïðîèçâîäèòåëüíîñòü ýêñò-
ðóäåðà. Ïðè ýòîì ñòðåìëåíèå ê óâåëè÷åíèþ ïðîèçâîäèòåëü-
íîñòè ýêñòðóäåðà íå äîëæíî ñïîñîáñòâîâàòü óõóäøåíèþ óñ-
ëîâèé äèñïåðãèðîâàíèÿ íàíî÷àñòèö â ðàñïëàâå ïîëèìåðíîé
ìàòðèöû.

Ëèòåðàòóðà
1. Ñèìîíîâ-Åìåëüÿíîâ È.Ä., Êóëåçíåâ Â.Í. Ïðèíöèïû ñîçäàíèÿ
êîìïîçèöèîííûõ ìàòåðèàëîâ. Ì.: ÌÈÕÌ, 1986, 85ñ.
2. Áåðëèí À.À., Âîëüôñîí Ñ.À., Îøìàí Â.Ã., Åíèêîëîïîâ Í.Ñ.
Ïðèíöèïû ñîçäàíèÿ êîìïîçèöèîííûõ ïîëèìåðíûõ ìàòåðèàëîâ. Ì.:
Õèìèÿ, 1990, 240 ñ.
3. Êàõðàìàíîâ Í.Ò., Àçèçîâ À.Ã., Îñèï÷èê Â.Ñ., Ìàìåäëè Ó.Ì.
Íàíîñòðóêòóðèðîâàííûå êîìïîçèòû è ïîëèìåðíîå ìàòåðèàëîâåäå-
íèå (îáçîð). //Ïëàñòè÷åñêèå ìàññû. 2016, ¹1-2, ñ. 49-57.
4. Ïðîêîïîâ Í.È., Ãðèöêîâà È.À., Ñåðõà÷åâà Í.Ñ. è äð. Ïîëó÷å-
íèå êîìïîçèöèîííûõ ïîëèìåðíûõ ìèêðîñôåð ñ íàíî÷àñòèöàìè îê-
ñèäà öèíêà íà ïîâåðõíîñòè.//Ïëàñòè÷åñêèå ìàññû, 2013, ñ.27-32.
5. Èâàí÷åâ Ñ.Ñ., Îçåðèí À.Í. Íàíîñòðóêòóðû â ïîëèìåðíûõ
ñèñòåìàõ. //Âûñîêîìîëåêóë.ñîåä. 2006, ò.48, ¹8Á, ñ. 1541-1544.
6. Êîäîëîâ Â.È., Õîõðÿêîâ Í.Â., Êóçíåöîâ À.Ï. Ê âîïðîñó î ìå-
õàíèçìå âëèÿíèÿ íàíîñòðóêòóð íà ñòðóêòóðíî èçìåíÿþùèåñÿ ñðåäû
ïðè ôîðìèðîâàíèè "èíòåëëåêòóàëüíûõ" êîìïîçèòîâ // Íàíîòåõíè-
êà. 2006. ¹ 3(7). Ñ. 27-35.
7. Êàõðàìàíîâ Í.Ò. Íàó÷íûå îñíîâû ìåõàíî-õèìè÷åñêîãî ñèíòåçà
ïîëèìåðíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ./ Ñá.íàó÷íûõ òðóäîâ Èí-
ñòèòóòà Ïîëèìåðíûõ Ìàòåðèàëîâ Íàöèîíàëüíîé ÀÍ Àçåðáàéä-
æàíà. 2014, ñ.108-115.
8. Êîäîëîâ Â.È., Õîõðÿêîâ Í.Â., Êóçíåöîâ À.Ï è äð. Ïåðñïåêòèâû
ïðèìåíåíèÿ íàíîñòðóêòóð è íàíîñèñòåì ïðè ñîçäàíèè êîìïîçèòîâ ñ
ïðîãíîçèðóåìûì ïîâåäåíèåì // Â êí. Space challenges in 21 century.
V. 3. Novel materials and technologies for space rockets and space deve-
lopment. Ì.: Òîðóñ ïðåññ, 2007, Ñ. 201-205.
9. Ìèêèòàåâ À.Ê., Êîçëîâ Ã.Â., Çàèêîâ Ã.Å. Ïîëèìåðíûå íàíîêîì-
ïîçèòû: ìíîãîîáðàçèå ñòðóêòóðíûõ ôîðì è ïðèëîæåíèé, Ì.: Íàóêà,
2009, 278 ñ.
10. Sheng N., Boyce M.C., Parks D.M. Multicale micromechanical
modeling of polymer/clay nanokompozites and the effective clay parti-
cle//Polymer, 2004, v.45, ¹2, p.487-506.
11.Øèòîâ Ä.Þ., Êðàâ÷åíêî Ò.Ï., Îñèï÷èê Â.Ñ., Ðàêîâ Ý.Ã. Êîì-
ïîçèöèîííûå ìàòåðèàëû íà îñíîâå ïîëèïðîïèëåíà ñ óãëåðîäíûìè
íàíîíàïîëíèòåëÿìè. //Ïëàñòè÷åñêèå ìàññû. 2013, ¹3, Ñ.29-32.
12. Õàííèíã Ð., Õèëë À. Íàíîñòðóêòóðíûå ìàòåðèàëû. Ì.: Òåõíî-
ñôåðà, 2009, 488 ñ.
13. Êàõðàìàíîâ Í.Ò., Àçèçîâ À.Ã. Âëèÿíèå òåõíîëîãè÷åñêîãî ðå-
æèìà ëèòüÿ ïîä äàâëåíèåì íà ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà íàíî-
êîìïîçèòîâ íà îñíîâå ñòèðîëüíûõ ïëàñòèêîâ. // Ïëàñòè÷åñêèå ìàññû.
Ìîñêâà, 2014, ¹9-10, ñ. 49-52.

65

Ïëàñòè÷åñêèå ìàññû, ¹1-2, 2019 Ïåðåðàáîòêà



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


