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Ïðè ñîçäàíèè ïîëèìåðíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ ñ íîâûìè ñâîéñòâàìè èñïîëü-

çóþò ïðèðîäíûå íàïîëíèòåëè, êîòîðûå ââîäÿò â ïîëèìåðíóþ ìàòðèöó. Ïðè ýòîì ïðèðî-

äà ââîäèìîãî íàïîëíèòåëÿ ìîæåò âëèÿòü íà ôèçèêî-ìåõàíè÷åñêèå è ôèçèêî-õèìè÷å-

ñêèå ñâîéñòâà êîìïîçèöèîííûõ ìàòåðèàëîâ. Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ

ôèçèêî-ìåõàíè÷åñêèõ è ðåîëîãè÷åñêèõ ñâîéñòâ êîìïîçèöèé íà îñíîâå âòîðè÷íîãî ïîëè-

ìåðíîãî ñûðüÿ (îáðàçåö âòîðè÷íîãî ïîëèïðîïèëåíà (ÏÏ) ñîîòâåòñòâîâàë ïåðâè÷íîìó

ÏÏ ìàðêè FF/3350) è íàïîëíèòåëÿ ïðèðîäíîãî ïðîèñõîæäåíèÿ — ðèñîâîé øåëóõè ðàç-

ëè÷íîé äèñïåðñíîñòè. Ìîäåëèðîâàíèå ïðîöåññà ïåðåðàáîòêè ïîëèìåðíûõ ìàòåðèàëîâ

îñóùåñòâëÿëè íà ïëàñòîãðàôå PlastographEC (ÔÐÃ); ïðåññîâàíèå — íà àâòîìàòè÷åñêîì

ãèäðàâëè÷åñêîì ïðåññå AutoMH-NE (ÑØÀ). Äåôîðìàöèîííî-ïðî÷íîñòíûå ñâîéñòâà

îïðåäåëÿëè íà ïðåññîâàííûõ îáðàçöàõ òîëùèíîé 1 ìì. Ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà

ïîëèìåðíûõ êîìïîçèòîâ ïðè ðàçðûâå — íà ðàçðûâíîé ìàøèíå ShimadzuAGS-X (ßïî-

íèÿ) ïðè òåìïåðàòóðå 20 °C è ñêîðîñòè äâèæåíèÿ ïîäâèæíîãî çàõâàòà 1 ìì/ìèí. Ðåîëî-

ãè÷åñêèå èçìåðåíèÿ ðàñïëàâà ÏÏ è êîìïîçèöèîííî íàïîëíåííûõ ìàòåðèàëîâ íà åãî

îñíîâå ïðîâîäèëè íà ìîäóëüíîì äèíàìè÷åñêîì ðåîìåòðå HaakeMarsIII ïðè 220 °C.

Óñòàíîâèëè, ÷òî ââåäåíèå íàïîëíèòåëÿ ïðèâîäèò ê óâåëè÷åíèþ êðóòÿùåãî ìîìåíòà,

óìåíüøåíèþ çíà÷åíèÿ ïîêàçàòåëÿ òåêó÷åñòè ðàñïëàâà, ðîñòó äèíàìè÷åñêîé âÿçêîñòè

ðàñïëàâà, îäíàêî íå ñîïðîâîæäàåòñÿ óâåëè÷åíèåì óïðóãîñòè. Ïîâûøåíèå âÿçêîñòè, î÷å-

âèäíî, ñâÿçàíî ñ àäñîðáöèåé ïîëèìåðà íà ïîâåðõíîñòè íàïîëíèòåëÿ. Ïðè íàïîëíåíèè

âòîðè÷íîãî ÏÏ ðèñîâîé øåëóõîé çàôèêñèðîâàëè íåçíà÷èòåëüíîå èçìåíåíèå äåôîðìà-

öèîííî-ïðî÷íîñòíûõ ñâîéñòâ êîìïîçèöèè. Ââåäåíèå â êîìïîçèöèþ äî 10 ìàññ. ÷. ðèñî-

âîé øåëóõè ïîçâîëÿåò ôîðìèðîâàòü ìàòåðèàëû, íå óñòóïàþùèå ïî ñâîèì ôèçèêî-ìåõà-

íè÷åñêèì ïîêàçàòåëÿì èñõîäíîìó âòîðè÷íîìó ÏÏ è ñïîñîáíûå ïðè ýòîì ê áèîðàçëîæå-

íèþ. Êðîìå òîãî, ÷åì âûøå äèñïåðñíîñòü íàïîëíèòåëÿ, òåì áîëüøå ìåíÿþòñÿ õàðàêòå-

ðèñòèêè ìàòåðèàëà.
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Now development and creation of polymeric composites is a serious scientific problem. Introduction of

natural excipients to a polymeric matrix allows to create material with new properties. The nature of

the entered excipient can affect set of physicomechanical and physical and chemical properties of com-
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posites. In work physicomechanical and rheological properties of compositions on the basis of second-

ary polymeric raw materials and filler of natural origin — a rice peel are studied. The sample of second-

ary polypropylene corresponding to primary polypropelene of the FF/3350 brand and a rice peel of vari-

ous dispersion have been considered as objects of a research. Modeling of process of processing of poly-

meric materials carried out at the laboratory station (plastograf) of PlastographEC (Germany). Defor-

mation and strength properties of material defined on the pressed samples of material 1 mm thick.

Pressing was carried out on an automatic hydraulic press of AutoMH-NE (USA). Physicomechanical

properties of polymeric composites at a gap defined by explosive ShimadzuAGS-X car (Japan) at a tem-

perature of 20°C and speeds of the movement of mobile hijacking of the explosive car of 1 mm/min.

Rheological measurements of polypropelene fusion and compositionally the filled materials on its basis

carried out on a modular dynamic reometr of HaakeMarsIII at 220°C. It is established that introduc-

tion of filler leads to increase in size of torque, reduction of value of an indicator of fluidity of fusion,

growth of dynamic viscosity of fusion, but is not followed by increase in elasticity. To increase in viscos-

ity it is obviously connected with adsorption of polymer on the surface of filler. It is shown that during

filling of secondary polypropylene minor change and deformation and strength properties of composi-

tion happens a rice peel. At introduction to composition up to 10 mass part a rice peel will allow to form

the materials which aren’t conceding on the physicomechanical indicators to initial secondary poly-

propylene and capable at the same time to biodegradation. Besides the higher dispersion of filler, the all

mentioned indicators change stronger.

Keywords: secondary polymers; natural filler; processing; physicomechanical properties; torque; poly-

meric composite materials.

Ïðè ñîçäàíèè ïîëèìåðíûõ êîìïîçèöèîííûõ ìà-

òåðèàëîâ â êà÷åñòâå ïîëèìåðíîé ìàòðèöû èñ-

ïîëüçóþò êàê òåðìîðåàêòîïëàñòû, òàê è òåðìî-

ïëàñòû — ëèíåéíûå ïîëèìåðû, êîòîðûå ïðè ïî-

âûøåíèè òåìïåðàòóðû ìîãóò ìíîãîêðàòíî ïåðå-

õîäèòü â æèäêîå ðàñïëàâëåííîå ñîñòîÿíèå [1 – 3].

Îãðîìíîå äîñòîèíñòâî òåðìîïëàñòîâ — âîçìîæ-

íîñòü èõ âòîðè÷íîé ïåðåðàáîòêè (ðåöèêëèíãà),

÷òî îñîáåííî âàæíî â ñëó÷àå òàêèõ ïîëèìåðîâ,

êàê, íàïðèìåð, ïîëèýòèëåí (ÏÝ) èëè ïîëèïðîïè-

ëåí (ÏÏ).

Ñðåäè øèðî÷àéøåãî êðóãà ïðèìåíÿåìûõ

íàïîëíèòåëåé îñîáûé èíòåðåñ ïðåäñòàâëÿþò íà-

ïîëíèòåëè ïðèðîäíîãî ïðîèñõîæäåíèÿ [4, 5].

Ââåäåíèå èõ â ïîëèìåðíóþ ìàòðèöó ïîçâîëÿåò,

âî-ïåðâûõ, ñíèçèòü ñòîèìîñòü ìàòåðèàëà çà ñ÷åò

èñïîëüçîâàíèÿ äåøåâîãî ñûðüÿ, âî-âòîðûõ, ÷àñ-

òè÷íî ðåøèòü ïðîáëåìó áèîðàçëîæåíèÿ èçäåëèé

è, â-òðåòüèõ, ñîçäàòü ìàòåðèàë ñ íîâûìè ñâîé-

ñòâàìè.

Ôèçèêî-ìåõàíè÷åñêèå è ôèçèêî-õèìè÷åñêèå

ñâîéñòâà êîìïîçèöèîííîãî ìàòåðèàëà îïðåäåëÿ-

þòñÿ õàðàêòåðèñòèêàìè ïîëèìåðíîé ìàòðèöû è

íàïîëíèòåëåé. Âëèÿþò òàêæå ïîâåðõíîñòü ðàçäå-

ëà ôàç, à ñëåäîâàòåëüíî, ñòåïåíü äèñïåðñíîñòè

íàïîëíèòåëÿ [6].

Öåëü ðàáîòû — èññëåäîâàíèå âëèÿíèÿ äèñ-

ïåðñíîñòè ïðèðîäíîãî íàïîëíèòåëÿ íà ôèçè-

êî-ìåõàíè÷åñêèå è ðåîëîãè÷åñêèå ñâîéñòâà ïîëè-

ìåðíîé êîìïîçèöèè.

Èññëåäîâàëè îáðàçåö âòîðè÷íîãî ÏÏ

(ÂÏÏ), ñîîòâåòñòâóþùèé ïåðâè÷íîìó ÏÏ ìàðêè

FF/3350, — äðîáëåíûé ðàçíîöâåòíûé ìàòåðèàë

èç íåêîíäèöèîííûõ èçäåëèé, ïðîèçâîäèìûõ ìå-

òîäîì ëèòüÿ ïîä äàâëåíèåì. Â êà÷åñòâå íàïîë-

íèòåëÿ äëÿ êîìïîçèöèé èñïîëüçîâàëè ðèñîâóþ

øåëóõó äèñïåðñíîñòüþ 0,05, 0,2, 0,5 è 1 ìì.

Ïåðåä ñìåøèâàíèåì íàïîëíèòåëü âûñóøèâàëè â

òåðìîøêàôó ïðè 100 °C â òå÷åíèå 5 ÷. Êîëè÷å-

ñòâî ââîäèìîãî íàïîëíèòåëÿ âàðüèðîâàëè îò 2 äî

50 ìàññ. ÷. (îò 2 äî 50 ã íàïîëíèòåëÿ íà 100 ã

ÂÏÏ).

Ìîäåëèðîâàíèå ïðîöåññà ïåðåðàáîòêè ïîëè-

ìåðíûõ ìàòåðèàëîâ îñóùåñòâëÿëè â ðàñïëàâå ñ

ïîìîùüþ ïëàñòîãðàôà PlastographEC (ÔÐÃ)

(äëèòåëüíîñòü — 15 ìèí, íàãðóçêà — 200 Í, òåì-

ïåðàòóðà — 180 °C, êîëè÷åñòâî çàãðóæàåìîãî ïî-

ëèìåðíîãî êîìïîçèòà — 25 ã). Äåôîðìàöèîí-

íî-ïðî÷íîñòíûå ñâîéñòâà îïðåäåëÿëè íà ïðåññî-

âàííûõ íà àâòîìàòè÷åñêîì ãèäðàâëè÷åñêîì ïðåñ-

ñå AutoMH-NE (ÑØÀ) (òåìïåðàòóðà — 210 °C,

âûäåðæêà ïîä äàâëåíèåì — 7000 êãñ, äëèòåëü-

íîñòü — 3 ìèí) îáðàçöàõ òîëùèíîé 1 ìì. Ôèçè-

êî-ìåõàíè÷åñêèå ñâîéñòâà ïðè ðàçðûâå — íà ðàç-

ðûâíîé ìàøèíå ShimadzuAGS-X (ßïîíèÿ) (òåì-

ïåðàòóðà — 20 °C, ñêîðîñòü äâèæåíèÿ ïîäâèæ-

íîãî çàõâàòà — 1 ìì/ìèí) [7, 8]. Ïîêàçàòåëü òå-

êó÷åñòè ðàñïëàâà (ÏÒÐ) — íà èçìåðèòåëå ÏÒÐ

(òåìïåðàòóðà — 190 °C, ìàññà ãðóçà — 2,16 êã).

Äåëåíèå êîìïîçèöèè íà îòðåçêè ïðîâîäèëè êàæ-

äûå 30 ñ, ïîëó÷åííûå îáðàçöû âçâåøèâàëè è ðàñ-

ñ÷èòûâàëè ñðåäíþþ ìàññó. Äëÿ ðåîëîãè÷åñêèõ

èçìåðåíèé èñïîëüçîâàëè ìîäóëüíûé äèíàìè-

÷åñêèé ðåîìåòð Haake MarsIII (òåìïåðàòóðà —

220 °C, ðåæèì îñöèëëÿöèè, äèàïàçîí ÷àñòîò

îñöèëëÿöèè — 0,01 – 100 Ãö). Ïîãðåøíîñòü èçìå-

ðåíèé ïðè äîâåðèòåëüíîé âåðîÿòíîñòè 0,95 (êî-

ëè÷åñòâî ïîâòîðíûõ îïûòîâ — ïÿòü) íå ïðåâû-

øàëà 5 %.

Íà ðèñ. 1 ïðåäñòàâëåíà òèïè÷íàÿ ïëàñòî-

ãðàììà — çàâèñèìîñòü êðóòÿùåãî ìîìåíòà îò

âðåìåíè ñìåøèâàíèÿ êîìïîíåíòîâ â êàìåðå ïëà-

ñòîãðàôà â õîäå ïðèãîòîâëåíèÿ êîìïîçèöèè íà

îñíîâå ÂÏÏ è ðèñîâîé øåëóõè.
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Âèäíî, ÷òî ïî ìåðå çàïîëíåíèÿ êàìåðû êðó-

òÿùèé ìîìåíò âîçðàñòàåò, äîñòèãàÿ ìàêñèìàëü-

íîãî çíà÷åíèÿ ïî îêîí÷àíèè çàãðóçêè ïîñëå îïóñ-

êàíèÿ âåðõíåãî çàòâîðà êàìåðû (ïóíêòèðíàÿ ëè-

íèÿ). Â äàëüíåéøåì ïðîèñõîäèò åãî óìåíüøåíèå,

è ÷åðåç 3 – 5 ìèí îí äîñòèãàåò ñâîåãî ìèíèìàëü-

íîãî ðàâíîâåñíîãî çíà÷åíèÿ.

Íà ðèñ. 2 ïðèâåäåíà çàâèñèìîñòü ìàêñèìàëü-

íîãî (Mìàêñ) è ìèíèìàëüíîãî (Mìèí) êðóòÿùåãî

ìîìåíòà îò ñîäåðæàíèÿ íàïîëíèòåëÿ. Âèäíî, ÷òî

÷åì ìåíüøå ðàçìåð ÷àñòèö (÷åì áîëüøå äèñïåðñ-

íîñòü ñèñòåìû), òåì áîëüøå çíà÷åíèÿ Mìàêñ è

Mìèí.

Äàëåå îïðåäåëÿëè çíà÷åíèÿ ÏÒÐ. Óñòàíîâè-

ëè, ÷òî ââåäåíèå íàïîëíèòåëÿ â ìàòåðèàë óìåíü-

øàåò ïîêàçàòåëü òåêó÷åñòè. Ðåçóëüòàòû ïðåä-

ñòàâëåíû íà ðèñ. 3.

Óìåíüøåíèå ÏÒÐ ñ ðîñòîì ñîäåðæàíèÿ íà-

ïîëíèòåëÿ ôàêòè÷åñêè ñâèäåòåëüñòâóåò îá óâåëè-

÷åíèè âÿçêîñòè êîìïîçèöèè (ç). Îá ýòîì ãîâîðÿò

è äàííûå àáñîëþòíîé ðåîìåòðèè (ðèñ. 4). Âèäíî,

÷òî ÷åì áîëüøå ñîäåðæàíèå íàïîëíèòåëÿ, òåì

áîëüøå çíà÷åíèå ç. Ïðè ýòîì ðîñò ç ïðîèñõîäèò

òåì áûñòðåå, ÷åì ìåíüøå ðàçìåð íàïîëíèòåëÿ.

Ïåðâîî÷åðåäíàÿ ïðè÷èíà ñóùåñòâåííîãî âîç-

ðàñòàíèÿ âÿçêîñòè — àäñîðáöèÿ ìàêðîìîëåêóë

ïîëèìåðà íà ïîâåðõíîñòè ÷àñòèö íàïîëíèòåëÿ.

Â ðåçóëüòàòå ó òâåðäîé ïîâåðõíîñòè íàïîëíèòåëÿ

îáðàçóåòñÿ ñëîé ïîëèìåðà «ñ ïîíèæåííîé ïîä-

âèæíîñòüþ» [6]. Íàëè÷èå «çàòîðìîæåííûõ» ìàê-

ðîìîëåêóë è ïðèâîäèò ê ïîâûøåíèþ âÿçêîñòè

ïîëèìåðà â ïîëèìåðíîé êîìïîçèöèè.

Ôèçèêî-ìåõàíè÷åñêèå èññëåäîâàíèÿ êîìïîçè-

öèé ñ ðèñîâîé øåëóõîé ðàçëè÷íîé äèñïåðñíîñòè

(ðèñ. 5) ïîêàçàëè, ÷òî êîìïîçèòû, ñîäåðæàùèå

áîëåå âûñîêîäèñïåðñíûé íàïîëíèòåëü, èìåþò

óëó÷øåííûå ïîêàçàòåëè. Î÷åâèäíî, ÷òî óâåëè÷å-

íèå äèñïåðñíîñòè íàïîëíèòåëÿ ïðèâîäèò ê ðîñòó

ñóììàðíîé ïîâåðõíîñòè ðàçäåëà, ÷òî ñîïðîâîæ-

äàåòñÿ óâåëè÷åíèåì ðàáîòû àäãåçèè íà åäèíèöó

îáúåìà êîìïîçèòà, âñëåäñòâèå ÷åãî ïðî÷íîñòü

ïîëèìåðîâ âîçðàñòàåò. Ðàçëè÷èå â äåôîðìàöè-

îííî-ïðî÷íîñòíûõ ïîêàçàòåëÿõ ìàòåðèàëîâ

ôèêñèðîâàëè òîëüêî â îáëàñòè íåáîëüøèõ (äî
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Âðåìÿ ñìåøèâàíèÿ, ìèí Âðåìÿ ñìåøèâàíèÿ, ìèí

Ðèñ. 1. Çàâèñèìîñòü êðóòÿùåãî ìîìåíòà Ì îáðàçöà

ÂÏÏ, ñîäåðæàùåãî 10 ìàññ. ÷. ðèñîâîé øåëóõè ñ ðàçìåðîì

÷àñòèö 0,05 (à) è 1 ìì (á), îò âðåìåíè ñìåøèâàíèÿ êîì-

ïîçèöèè â êàìåðå ïëàñòîãðàôà

M
ì
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ê
ñ
,
Í

·
ì

M
ì

à
ê
ñ
,
Í

·
ì

à á

Ñîäåðæàíèå ðèñîâîé øåëóõè, ìàññ.÷. Ñîäåðæàíèå ðèñîâîé øåëóõè, ìàññ.÷.

Ðèñ. 2. Çàâèñèìîñòü ìàêñèìàëüíîãî Mìàêñ (à) è ìèíèìàëüíîãî Mìèí (á) êðóòÿùåãî ìîìåíòà äëÿ îáðàçöà ÂÏÏ îò ñîäåðæà-

íèÿ ðèñîâîé øåëóõè ñ äèñïåðñíîñòüþ 0,05 (1), 0,2 (2), 0,5 (3) è 1 ìì (4)

Ñîäåðæàíèå ðèñîâîé øåëóõè, ìàññ.÷.

Ðèñ. 3. Çàâèñèìîñòü ÏÒÐ äëÿ êîìïîçèöèé îáðàçöîâ

ÂÏÏ îò ñîäåðæàíèÿ ðèñîâîé øåëóõè äèñïåðñíîñòüþ

0,05 (1), 0,2 (2), 0,5 (3) è 1 ìì (4)



15 ìàññ. ÷.) ñîäåðæàíèé íàïîëíèòåëÿ. Îíî ñî-

ñòàâëÿëî íå áîëåå 15 %.

Ïîñêîëüêó âëèÿíèå íàïîëíèòåëÿ íà ôèçèêî-

ìåõàíè÷åñêèå ñâîéñòâà ïîëèìåðîâ îáû÷íî ñâÿçû-

âàþò ñ èçìåíåíèåì ñòåïåíè êðèñòàëëè÷íîñòè,

ïîäâèæíîñòè ìàêðîìîëåêóë, ðàçìåðîâ íàäìîëå-

êóëÿðíûõ îáðàçîâàíèé è õàðàêòåðîì âîçíèêíîâå-

íèÿ è ðàçâèòèÿ äåôåêòîâ, ìîæíî ïðåäïîëîæèòü,

÷òî êîëåáàíèå äèñïåðñíîñòè íàïîëíèòåëÿ â äèà-

ïàçîíå 0,05 – 1 ìì íå ïðèâîäèò ê çíà÷èòåëüíîìó

èçìåíåíèþ ýòèõ ïîêàçàòåëåé [9].

Óëó÷øåíèå ìåõàíè÷åñêèõ ñâîéñòâ ÂÏÏ ïðè

íàïîëíåíèè ðèñîâîé øåëóõîé (ñîäåðæàíèå íà-

ïîëíèòåëÿ ïîðÿäêà 10 ìàññ. ÷.) (ñì. ðèñ. 5) î÷å-

âèäíî, ñâÿçàíî ñ òåì, ÷òî íàïîëíèòåëü, êîí-

öåíòðèðóÿñü â àìîðôíûõ îáëàñòÿõ, óïðî÷íÿåò

èõ. Îá ýòîì êîñâåííî ñâèäåòåëüñòâóåò òîò ôàêò,

÷òî ââåäåíèå íåáîëüøèõ êîëè÷åñòâ íàïîëíèòåëÿ

ïðèâîäèò ê óâåëè÷åíèþ ïëîòíîñòè ìàòåðèàëà

(ðèñ. 6). Äàëüíåéøèé ðîñò ñîäåðæàíèÿ íàïîëíè-

òåëÿ (âûøå 10 ìàññ. ÷.) âåäåò ê ñíèæåíèþ ôèçè-

êî-ìåõàíè÷åñêèõ õàðàêòåðèñòèê (ñì. ðèñ. 5, 6).

Òîëüêî ïðè íåáîëüøîì ñîäåðæàíèè íàïîëíè-

òåëÿ åãî ÷àñòèöû, âåðîÿòíî, ëåãêî ðàçäåëÿþòñÿ

ïðîñëîéêàìè ïîëèìåðà è ðàâíîìåðíî ðàñïðå-

äåëÿþòñÿ, ÷òî ïîâûøàåò ïëîòíîñòü ñàìîé ïîëè-

ìåðíîé ìàòðèöû. Ñ ðîñòîì ñòåïåíè íàïîëíåíèÿ

ðàâíîìåðíîå ðàñïðåäåëåíèå íàïîëíèòåëÿ â ìàò-

ðèöå âñå áîëåå çàòðóäíåíî. Â ðåçóëüòàòå âîêðóã

åãî ÷àñòèö âîçíèêàåò äåôåêòíàÿ ñòðóêòóðà ñ ðûõ-

ëîé óïàêîâêîé, ÷òî âåäåò ê ñíèæåíèþ ïëîòíîñòè.

Òàêèì îáðàçîì, ââåäåíèå ïðèðîäíîãî íàïîë-

íèòåëÿ (ðèñîâîé øåëóõè) â êîìïîçèöèþ íà îñíî-

âå ÂÏÏ óâåëè÷èâàåò êðóòÿùèé ìîìåíò, óìåíü-

øàåò ÏÒÐ è ïîâûøàåò âÿçêîñòü, î÷åâèäíî,

âñëåäñòâèå àäñîðáöèè ïîëèìåðà íà ïîâåðõíîñòè

íàïîëíèòåëÿ. Â èòîãå íåáîëüøîå (äî 10 ìàññ. ÷.)

êîëè÷åñòâî ðèñîâîé øåëóõè ïðèâîäèò ê óëó÷øå-

íèþ äåôîðìàöèîííî-ïðî÷íîñòíûõ ïîêàçàòåëåé
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Ðèñ. 5. Çàâèñèìîñòü ðàçðûâíûõ íàïðÿæåíèÿ ó (à), óäëè-

íåíèÿ Äl (á) è ìîäóëÿ óïðóãîñòè E (â) äëÿ êîìïîçèöèé

ÂÏÏ îò ñîäåðæàíèÿ ðèñîâîé øåëóõè ñ äèñïåðñíîñòüþ

0,05 (1), 0,2 (2), 0,5 (3) è 1 ìì (4)

Ñîäåðæàíèå ðèñîâîé øåëóõè, ìàññ.÷.
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Ðèñ. 6. Çàâèñèìîñòü ïëîòíîñòè êîìïîçèöèé ÂÏÏ îò ñî-

äåðæàíèÿ ðèñîâîé øåëóõè (äèñïåðñíîñòü — 0,05 ìì)

Ðèñ. 4. Çàâèñèìîñòü âÿçêîñòè êîìïîçèöèè ç îò ñîäåðæà-

íèÿ ðèñîâîé øåëóõè äèñïåðñíîñòüþ 0,05 (1), 0,2 (2), 0,5 (3)

è 1 ìì (4)



ìàòåðèàëà (ìîäóëÿ óïðóãîñòè, ðàçðûâíûõ íàïðÿ-

æåíèÿ è óäëèíåíèÿ). Ïðè ýòîì ÷åì âûøå äèñ-

ïåðñíîñòü íàïîëíèòåëÿ, òåì ñèëüíåå ìåíÿþòñÿ

îòìå÷åííûå ïîêàçàòåëè.
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