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Ê ïîëèìåðíûì ìàòåðèàëàì, èñïîëüçóþùèìñÿ â ïîäâèæíîì ñîñòàâå, â íàñòîÿùåå âðåìÿ

ïðåäúÿâëÿþòñÿ ïîâûøåííûå òðåáîâàíèÿ ïî ñòîéêîñòè. Â ðàáîòå ïðåäñòàâëåí ìåòîä óñêî-

ðåííîãî ïðîâåäåíèÿ è àâòîìàòèçàöèè ýêñïðåññ-àíàëèçà ïðîïèòêè ïîëèìåðíûõ ìàòåðèà-

ëîâ, ýêñïëóàòèðóþùèõñÿ â ðàçëè÷íûõ àãðåññèâíûõ ñðåäàõ, äëÿ îïðåäåëåíèÿ èõ ðåñóðñà ðà-

áîòîñïîñîáíîñòè êàê óïëîòíèòåëüíûõ èçäåëèé. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ èç-

ìåíåíèé ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ îáðàçöîâ íà ïðèìåðå ýëàñòîìåðíûõ ìàòåðèàëîâ,

ïðèìåíÿåìûõ â êà÷åñòâå ðàçäåëèòåëüíûõ è óïëîòíèòåëüíûõ ìàòåðèàëîâ, âûïîëíåííûõ èç

ìàñëîáåíçîñòîéêîé ðåçèíû ÌÁÑ-Ñ. Â êà÷åñòâå ðàáî÷èõ ñðåä èñïîëüçîâàíû óãëåâîäîðîäû

íà îñíîâå ìèíåðàëüíûõ íåôòåïðîäóêòîâ ñ ðàçëè÷íûìè êîýôôèöèåíòàìè âÿçêîñòè. Óñòà-

íîâëåíî, ÷òî âðåìÿ ïðîïèòêè ïîëèìåðà ÌÁÑ-Ñ, çàòðà÷åííîå íà èñïûòàíèÿ ïî ñòàíäàðòíîé

ìåòîäèêå, ïðåâûøàåò áîëåå ÷åì â 10 ðàç íîðìàòèâíûå ñðîêè ïðîâåäåíèÿ ðåìîíòíûõ è ðåã-

ëàìåíòíûõ ðàáîò. Èñïûòàíèÿ ñ èñïîëüçîâàíèåì ðàçðàáîòàííîé óñòàíîâêè ýêñïðåññ-íàïîë-

íåíèÿ ïîêàçàëè ñíèæåíèå âðåìåíè ïðîïèòêè äî ïðèåìëåìîãî íà ïðîèçâîäñòâå óðîâíÿ.

Ïðèâåäåííûå ìàòåìàòè÷åñêèå çàâèñèìîñòè ïðîöåññà íàïîëíåíèÿ ìàñëîáåíçîñòîéêîé ðåçè-

íû ñòàíäàðòíîé ðàáî÷åé æèäêîñòüþ è àâòîìàòèçàöèÿ êîíòðîëÿ íàïîëíåíèÿ äàþò âîçìîæ-

íîñòü ïðîãíîçèðîâàòü èçìåíåíèå ñòîéêîñòè ïîëèìåðíûõ ìàòåðèàëîâ. Ïîëó÷åííûå ðåçóëü-

òàòû ìîãóò áûòü èñïîëüçîâàíû ïðè íàðàáîòêå áàçû äàííûõ äèíàìèêè íàáóõàíèÿ ðàçëè÷-

íûõ ìàòåðèàëîâ, ÷òî ïîçâîëèò ïîëó÷àòü ïðîãíîçíûå ðåñóðñû ðàáîòû ïîëèìåðîâ â àãðåñ-

ñèâíîé ñðåäå ðàçëè÷íîé ýòèîëîãèè.
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Polymeric materials used in the rolling stock are currently subject to increased requirements for durabil-

ity. We present a method for accelerated and automated rapid analysis of the impregnation of polymeric

materials used in various aggressive environments to determine their service life as sealing products. The

results of studying changes in the physical and mechanical properties of samples are given on the example

of elastomeric materials used as separating and sealing materials made of oil- and petrol resistant rubber

MBS-S. Hydrocarbons based on mineral oil products with different viscosity coefficients were used as

working media. It is shown that the time of impregnation of the MBS-S polymer, spent on testing accord-

ing to the standard method, exceeds more than 10 times the standard terms rated for repair and mainte-

nance. Tests using the developed express filling unit showed a reduction of the impregnation time to a

level acceptable in production. The derived mathematical dependences for the process of filling MBS-S oil

and petrol resistant rubber with a standard working fluid and automation of filling control make it possi-

ble to predict changes in the resistance of polymeric materials. The results obtained can be used in devel-

oping database of the swelling dynamics for various materials and predicting the service life of polymers in

an aggressive environment of various etiology.

Keywords: polymer, drain valve; drain device; industrial rubber products; swelling; gasoline; hydraulic

fluid; automation; thermal vacuum.
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Ââåäåíèå

Ïðè òðàäèöèîííîì èñïîëüçîâàíèè èçäåëèé

èç ìåòàëëîâ è ñïëàâîâ ñóùåñòâóåò çíà÷èòåëüíîå

êîëè÷åñòâî ìåòîäîâ è ñðåäñòâ, îáåñïå÷èâàþùèõ

èõ óâåðåííûé è îïåðàòèâíûé êîíòðîëü [1 – 3].

Ïîëèìåðíûå ìàòåðèàëû â êà÷åñòâå êîíñòðóêöè-

îííûõ ýëåìåíòîâ ïðèìåíÿþò âñåãî íåñêîëüêî äå-

ñÿòèëåòèé [4 – 6]. Ìåòîäû êîíòðîëÿ èçäåëèé èç

íèõ â ñâÿçè ñ íåçíà÷èòåëüíîé àêòèâíîñòüþ ìàòå-

ðèàëîâ ê ðàçëè÷íûì àãðåññèâíûì æèäêîñòÿì è

ñðåäàì (íåñîìíåííî, ïîëîæèòåëüíàÿ õàðàêòåðè-

ñòèêà) ïðåäóñìàòðèâàþò ïåðèîäè÷åñêèå èçìåðå-

íèÿ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ, ïðè÷åì âðåìÿ

èñïûòàíèé çàâèñèò îò ìàòåðèàëîâ è âàðüèðóåòñÿ

â øèðîêèõ ïðåäåëàõ. Ýòî çà÷àñòóþ íå ïîçâîëÿåò

êà÷åñòâåííî îðãàíèçîâàòü êîíòðîëü öåëîãî ðÿäà

ðàáîò, ñâÿçàííûõ ñ ðåãëàìåíòíûìè, ïëàíîâî-ïðå-

äóïðåäèòåëüíûìè è äðóãèìè ðåìîíòàìè ïîäâèæ-

íîãî æåëåçíîäîðîæíîãî ñîñòàâà.

Öåëü ðàáîòû — ðàçðàáîòêà ìåòîäà ïðîâåäå-

íèÿ è àâòîìàòèçàöèè ýêñïðåññ-àíàëèçà ïðîïèòêè

ïîëèìåðíûõ ìàòåðèàëîâ, ýêñïëóàòèðóþùèõñÿ â

ðàçëè÷íûõ àãðåññèâíûõ ñðåäàõ, äëÿ îïðåäåëåíèÿ

èõ ðåñóðñà ðàáîòîñïîñîáíîñòè êàê óïëîòíèòåëü-

íûõ èçäåëèé.

Ìàòåðèàëû, ìåòîäèêà, îáîðóäîâàíèå

Èññëåäîâàëè ïîëèìåðíûé ýëàñòîìåð ìàðêè

ÌÁÑ-Ñ. Çàìåòèì, ÷òî äàííûé ìàòåðèàë èñïîëü-

çóþò â óïëîòíèòåëüíûõ êîëüöàõ êëàïàíà ñëèâ-

íîãî ïðèáîðà öèñòåðí. Ïðè÷åì ïîòåðÿ ñòîéêîñòè

èçäåëèé îáðàòíî ïðîïîðöèîíàëüíà ïðîöåíòó

ïðîïèòêè [4, 5].

Â êà÷åñòâå ðàáî÷åé ñðåäû èñïîëüçîâàëè ñòàí-

äàðòíóþ ðàáî÷óþ æèäêîñòü (ÑÐÆ): ñìåñü áåíçè-

íà ìàðêè ÀÈ-95 è ãèäðàâëè÷åñêîé æèäêîñòè ìàð-

êè ÌÃ-15-Á â îïðåäåëåííîì è ïîñòîÿííîì ñîîò-

íîøåíèè.

Ýêñïåðèìåíòàëüíûå çàïîëíåíèÿ ïðîâîäèëè

ïðè òåìïåðàòóðàõ 20 – 50 °C, ñîîòâåòñòâóþùèõ

íàèáîëåå ÷àñòî âñòðå÷àþùèìñÿ óñëîâèÿì ýêñ-

ïëóàòàöèè ïîäâèæíîãî ñîñòàâà. Èññëåäîâàíèÿ

ïîêàçàëè, ÷òî ñêîëü-íèáóäü çíà÷èòåëüíîãî âëèÿ-

íèÿ íà ïðîïèòêó ïîëèìåðîâ òåìïåðàòóðíûå óñëî-

âèÿ (â äàííîì äèàïàçîíå) íå îêàçûâàþò. Ïîýòîìó

â äàëüíåéøåì çà òåìïåðàòóðó íàïîëíåíèÿ ïðè-

íèìàëè íîðìàëüíóþ òåìïåðàòóðó t = 20 °C.

Èçìåíåíèå àòìîñôåðíîãî äàâëåíèÿ â ðåàëü-

íûõ óñëîâèÿõ òðàíñïîðòèðîâêè òàêæå ïðàêòè-

÷åñêè íå âëèÿåò íà ïðîïèòêó ýëàñòîìåðíûõ ìà-

òåðèàëîâ, ïîñêîëüêó ïåðåïàäû äàâëåíèÿ äàæå íà

ãîðíî-ïåðåâàëüíûõ ó÷àñòêàõ æåëåçíûõ äîðîã

ïðåíåáðåæèìî ìàëû. Ïîýòîìó ïðè ïðîâåäåíèè

èñïûòàíèé èñïîëüçîâàëè çíà÷åíèå íîðìàëüíîãî

äàâëåíèÿ.

Îáðàçöû ýëàñòîìåðà ïåðåä èñïûòàíèÿìè àê-

êëèìàòèçèðîâàëèñü, îñìàòðèâàëèñü íà ïðåäìåò

ñïëîøíîñòè è íàëè÷èÿ íàðóæíûõ ïîâðåæäåíèé.

Âçâåøèâàíèå îáðàçöîâ ïðîâîäèëè íà àíàëèòè-

÷åñêèõ âåñàõ ñ òî÷íîñòüþ èçìåðåíèÿ 0,0001 ã.

Âûáîðêó èç ïÿòè îáðàçöîâ ïîìåùàëè â åìêîñòü ñ

ÑÐÆ [7, 8].

Ïîêàçàòåëåì íàïîëíåíèÿ ñëóæèëà äèíàìèêà

èçìåíåíèÿ ìàññû îáðàçöîâ. Ñðåäíåàðèôìåòè÷å-

ñêîå ñóììàðíîé ìàññû M îïðåäåëÿëè ïî ôîðìóëå
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ãäå Mi — çíà÷åíèå ìàññû (ìåíÿåòñÿ îò 1 äî N);

N — êîëè÷åñòâî îáðàçöîâ.

Ïîêàçàòåëè äèíàìèêè èçìåíåíèÿ ìàññû îá-
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100%, (2)

ãäå M1, M2 — ìàññû ïðåäâàðèòåëüíî âçâåøåííî-

ãî è âçâåøåííîãî â îïðåäåëåííûé ìîìåíò âðåìå-

íè âûäåðæêè îáðàçöà.

Äèíàìèêà èçìåíåíèÿ ìàññû ïîëèìåðíîãî ìà-

òåðèàëà ïðè âçàèìîäåéñòâèè ñ ÑÐÆ ïîêàçàíà íà

ðèñ. 1.

Âèäíî, ÷òî ïðè êîíòàêòå ìàòåðèàëà ñî ñìåñüþ

ÑÐÆ íàèáîëüøåå ïîãëîùåíèå ïðîèñõîäèò â òå÷å-

íèå ïåðâûõ 24 ÷. Ïðè ýòîì ìàññà îáðàçöà âîçðàñ-

òàåò ïðèìåðíî íà 27,7 %. Ñëåäóþùèå 24 ÷ íàïîë-

íåíèÿ õàðàêòåðèçóþòñÿ ñòàáèëüíûì äèíàìè-

÷åñêèì ñíèæåíèåì ñêîðîñòè çàïîëíåíèÿ, ïîçâî-

ëÿþùèì ïîâûñèòü íàïîëíÿåìîñòü äî 32 %. Äàëü-

íåéøèé ïåðèîä âïèòûâàíèÿ æèäêîñòè îòìå÷à-

åòñÿ ëèíåéíîé õàðàêòåðèñòèêîé çàïîëíÿåìîñòè

âïëîòü äî åãî ïîëíîãî îêîí÷àíèÿ (ô = 144 ÷).

Ïðèðîñò ìàññû îáðàçöà íà äàííûé ïåðèîä âðåìå-

íè ñîñòàâèë 35 % îò ïåðâîíà÷àëüíîé.

Ïîëíîå çàïîëíåíèå îáðàçöà ÑÐÆ îïðåäåëÿëè

ïîêàçàòåëåì óâåëè÷åíèÿ äèíàìèêè íàïîëíåíèÿ
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Ðèñ. 1. Çàâèñèìîñòü èçìåíåíèÿ ìàññû ïîëèìåðíîãî ìà-

òåðèàëà îò âðåìåíè âûäåðæêè â ÑÐÆ

Fig. 1. Dependence of the change in the mass of a polymer

material on the exposure time in SRF



íà 0,5 % ìàññû îáðàçöà â òå÷åíèå 144 ÷ ýêñïå-

ðèìåíòà.

Àïïðîêñèìàöèÿ ïîëó÷åííîé çàâèñèìîñòè

y = 3,5838 ln x + 16,589 (R
1

2 = 0,9969) (3)

ïîçâîëÿåò ñïðîãíîçèðîâàòü ïðîöåññ íàïîëíåíèÿ

ÑÐÆ ýëàñòîìåðíîãî ìàòåðèàëà ÌÁÑ-Ñ, ïðîâîäè-

ìûé â óñëîâèÿõ, ñîîòâåòñòâóþùèõ òðåáîâàíèÿì

ÃÎÑÒîâ [7 – 9].

Îòìåòèì, ÷òî äàííûé ìåòîä êîíòðîëÿ íàïîë-

íåíèÿ àãðåññèâíûìè æèäêîñòÿìè èçäåëèé, âû-

ïîëíåííûõ èç ïîëèìåðíûõ ýëàñòè÷íûõ ìàòåðèà-

ëîâ, ñ öåëüþ îïðåäåëåíèÿ èõ ýêñïëóàòàöèîííûõ

âîçìîæíîñòåé ìàëîïðèãîäåí â óñëîâèÿõ ïðî-

ìûøëåííûõ ëàáîðàòîðèé [10 – 14].

Íà ðèñ. 2 ïðåäñòàâëåíà ñõåìà ìîäåðíèçè-

ðîâàííîé ýêñïåðèìåíòàëüíî-èññëåäîâàòåëüñêîé

óñòàíîâêè íà áàçå ïðîìûøëåííîãî îáîðóäîâàíèÿ

AZ pre-ink N2 äëÿ òåðìîâàêóóìíîãî íàïîëíåíèÿ

[4, 8].

Íàðÿäó ñ âûáðàííûìè ðàíåå ïàðàìåòðàìè

êîíòðîëÿ (òåìïåðàòóðà TE, äàâëåíèå PE) èñïîëü-

çîâàëè äîïîëíèòåëüíûå êîíòðîëèðóåìûå ïàðà-

ìåòðû: óðîâåíü æèäêîñòè á è èçìåíåíèå âûñîòû

îáðàçöà ì â ïðîöåññå íàáóõàíèÿ. Çàìåòèì, ÷òî

êîíòðîëü íîâûõ ïàðàìåòðîâ ìîæíî îñóùåñòâëÿòü

ñ ïîìîùüþ ýëåêòðîííûõ äàò÷èêîâ (ãèðîñêîïîâ)

ïî óãëó íàêëîíà êîíòàêòíûõ ïëàñòèí.

Ïðè àâòîìàòèçèðîâàííîì ìåòîäå ýêñïðåññ-

íàïîëíåíèÿ îáðàçöû ïîãðóæàþòñÿ â âàííû òåð-

ìîâàêóóìíîé êàìåðû 1 (ñì. ðèñ. 2), çàïîëíåííûå

àãðåññèâíûìè æèäêîñòÿìè 5. Äàâëåíèå â êàìåðå

óñòàíîâêè êîíòðîëèðóåòñÿ ñ ïîìîùüþ äàò÷èêà 2,

óñòàíîâëåííîãî â êðûøêå. Óñòàíîâêà òåìïåðàòó-

ðû è åå êîíòðîëü îñóùåñòâëÿþòñÿ ÷åðåç ìèêðî-

êîíòðîëëåð 4 ñ âûâîäîì èíôîðìàöèè â âèäå ãðà-

ôè÷åñêîãî èíòåðôåéñà íà ýêðàí ÏÊ. Äëÿ óïðàâ-

ëåíèÿ ýëåêòðîííûìè óñòðîéñòâàìè è ïåðåäà÷è

äàííûõ íà ÏÊ èñïîëüçîâàëñÿ ìèêðîêîíòðîëëåð

ATMega, â êîòîðûé ïðåäâàðèòåëüíî áûëà çàãðó-

æåíà äîðàáîòàííàÿ ïðîãðàììà [7, 8, 15, 16].

Îáñóæäåíèå ðåçóëüòàòîâ

Äèíàìèêà èçìåíåíèÿ ìàññû ïîëèìåðíîãî ìà-

òåðèàëà ïðè âçàèìîäåéñòâèè ñ ÑÐÆ è àïïðîêñè-

ìèðóþùàÿ êðèâàÿ ýêñïåðèìåíòàëüíûõ äàííûõ

ïðè àâòîìàòèçèðîâàííîì ïðîöåññå òåðìîâàêóóì-

íîãî íàïîëíåíèÿ îáðàçöîâ ïðåäñòàâëåíû íà

ðèñ. 3.

Âèäíî, ÷òî ïðè êîíòàêòå ìàòåðèàëà â òåð-

ìîâàêóóìíîé êàìåðå ñî ñìåñüþ ÑÐÆ íàèáîëü-

øåå ïîãëîùåíèå íàáëþäàåòñÿ â òå÷åíèå ïåðâûõ

17 ìèí âçàèìîäåéñòâèÿ. Ïðè ýòîì ìàññà îáðàçöà

âîçðàñòàåò ïðèìåðíî íà 28 %. Ïåðèîä 17 –

24 ìèí õàðàêòåðèçóåòñÿ ïëàâíûì ñíèæåíèåì äè-

íàìèêè íàïîëíåíèÿ. Çàâåðøåíèå âïèòûâàíèÿ

ìîæíî îïðåäåëèòü âðåìåííûì èíòåðâàëîì â

27 ìèí ðàáîòû óñòàíîâêè è íàïîëíÿåìîñòüþ äî

35 %. Äàëüíåéøåå èçìåíåíèå ìàññû îáðàçöà

íàõîäèòñÿ â 0,5 %-ì èíòåðâàëå ÄM, ÷òî áûëî

ïðèíÿòî ðàíåå êàê èäåíòèôèêàöèÿ çàâåðøåíèÿ

çàïîëíåíèÿ.

Ïðåäâàðèòåëüíî (äî ïðîâåäåíèÿ ýêñïåðèìåí-

òà) ïîäáèðàëè îïòèìàëüíûå çíà÷åíèÿ ïàðàìåò-

ðîâ òåìïåðàòóðû è äàâëåíèÿ â âàêóóìíîé êàìå-

ðå. Êðèòåðèåì îïòèìèçàöèè ñëóæèëî ìèíèìàëü-

íîå âðåìÿ ïîëíîãî çàïîëíåíèÿ ômin. Çà òåìïåðà-
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Ðèñ. 2. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè: 1 — âàêó-

óìíàÿ êàìåðà; 2 — ìàíîìåòð; 3 — íàãðåâàòåëüíûé ýëå-

ìåíò; 4 — äàò÷èê òåìïåðàòóðû; 5 — ðàáî÷èå æèäêîñòè;

6 — îáðàçåö; 7 — ìèêðîêîíòðîëëåð; 8 — ïåðñîíàëüíûé

êîìïüþòåð (ÏÊ); 9 — âàêóóìíûé êîìïðåññîð; 10 — äàò÷è-

êè óãëà íàêëîíà (ãèðîñêîïû)

Fig. 2. Scheme of the experimental setup: 1 — vacuum

chamber; 2 — pressure gauge; 3 — heating element; 4 —

temperature sensor; 5 — working fluids; 6 — sample; 7 —

microcontroller; 8 — personal computer; 9 — vacuum com-

pressor; 10 — tilt angle sensors (gyros)

È
ç
ì

å
í

å
í

è
å

ì
à
ñ
ñ
û

î
á
ð

à
ç
ö

à
,
%

Ä
M

0,5 % ÄM

Ðèñ. 3. Çàâèñèìîñòü èçìåíåíèÿ ìàññû ïîëèìåðíîãî ìà-

òåðèàëà îò âðåìåíè âûäåðæêè â ÑÐÆ â òåðìîâàêóóìíîé

êàìåðå: 1 — ýêñïåðèìåíòàëüíûå äàííûå; 2 — àïïðîêñè-

ìèðóþùàÿ êðèâàÿ

Fig. 3. Dependence of the change in the mass of a polymer

material ÄM on the exposure time in the SRF in a thermal

vacuum chamber: 1 — experimental values; 2 — approxi-

mating curve



òóðó íàïîëíåíèÿ, êàê óæå óêàçûâàëîñü, ïðèíèìà-

ëè t = 20 °C. Îïòèìèçàöèÿ âûáîðà äàâëåíèÿ Pîïò

îñíîâûâàëàñü íà óñëîâèÿõ ìàêñèìàëüíîãî çàïîë-

íåíèÿ ÑÐÆ çà ômin. Îäíî èç òàêèõ óñëîâèé — ëà-

ìèíàðíûé ïîòîê ÑÐÆ, êîòîðûé ìîæíî ðàññ÷è-

òàòü ñîãëàñíî çàêîíàì Ïóàçåéëÿ. Îäíàêî â ñèëó

áîëüøèõ äîïóùåíèé è ïîãðåøíîñòåé, âîçíèêàþ-

ùèõ â ðàñ÷åòàõ â ñâÿçè ñ íåîäíîðîäíîñòüþ è âà-

ðèàòèâíîñòüþ ôèçèêî-õèìè÷åñêîãî ñîñòîÿíèÿ èñ-

ñëåäóåìîãî ìàòåðèàëà, çíà÷åíèå äàâëåíèÿ íàõî-

äèëè ýêñïåðèìåíòàëüíî. Îíî áûëî îïðåäåëåíî â

äèàïàçîíå íèçêîãî âàêóóìà è ñîñòàâëÿëî

Pîïò = 104 Ïà.

Òàêèì îáðàçîì, ïåðèîä ïîëíîãî îêîí÷àíèÿ

âïèòûâàíèÿ ÑÐÆ â òåðìîâàêóóìíîé êàìåðå ýêñ-

ïåðèìåíòàëüíî áûë îïðåäåëåí âðåìåíåì ô =

= 27 ìèí. Ìàññà îáðàçöà çà äàííûé ïåðèîä óâå-

ëè÷èëàñü íà 35 % îò ïåðâîíà÷àëüíîé [9, 11 – 14,

17].

Àïïðîêñèìèðîâàíèå ïîëó÷åííîé çàâèñè-

ìîñòè (f1(x))

y = – 0,0034x3 + 0,1214x2 + 0,5156x – 0,1964

(R
2

2 = 0,9943) (4)

äàåò âîçìîæíîñòü ñïðîãíîçèðîâàòü íàïîëíåíèå

ÑÐÆ ýëàñòîìåðíîãî ìàòåðèàëà ìàðêè ÌÁÑ-Ñ,

ïðîâîäèìîå â òåðìîâàêóóìíîé êàìåðå.

Ñîïîñòàâëåíèå äèíàìèê íàïîëíåíèÿ â ñòàí-

äàðòíîì ðåæèìå ñ äàííûìè, ïîëó÷åííûìè ìåòî-

äîì óñêîðåííîãî èñïûòàíèÿ (ýêñïðåññ-àíàëèçà),

ïîçâîëèëî âûÿâèòü èõ ôóíêöèîíàëüíóþ ïîä÷è-

íåííîñòü.

Èñïîëüçóÿ àíàëèòè÷åñêèå çàâèñèìîñòè (3),

(4) â âèäå

f1(x) = –0,0034x3 + 0,1214x2 +

+ 0,5156x – 0,1964; (5)

f2(x) = 3,5838 ln x + 16,589, (6)

íåñëîæíî îïðåäåëèòü, ÷òî ôóíêöèÿ ïåðåâîäà çíà-

÷åíèé, ïîëó÷åííûõ ýêñïðåññ-ìåòîäîì, â çíà÷å-

íèÿ, ñîîòâåòñòâóþùèå íàïîëíåíèþ â íîðìàëü-

íûõ óñëîâèÿõ, áóäåò îïðåäåëÿòüñÿ êàê

f x
f x

f x
3

1

2

( )
( )

( )
� �

�

	 � � 	

�

0 0034 0 1214 0 5156 0 1964

3 5838 16 589

3 2, , , ,

, ln ,

x x x

x
. (7)

Ïîñëå âû÷èñëåíèé ïåðåâîäíàÿ ôóíêöèÿ ïðè-

íèìàåò ñëåäóþùèé âèä:

f x x x
3

3 20 0084 0 376( ) , ,� 	 � �

� 	 �

�

0 03 0 1964
0 305

3 6 16 589
, ,

,

, ,
.x

x
(8)

Ñðåäíåå çíà÷åíèå äîñòîâåðíîñòè àïïðîêñè-

ìàöèè çàâèñèìîñòåé f1(x) è f2(x), ñâèäåòåëüñòâóþ-

ùåå îá àäåêâàòíîñòè ïðåäëàãàåìîé ìåòîäèêè, ñî-

ñòàâèëî

R R
1

2

2

2

2

0 9969 0 9943

2
0 9956

�

�

�

�

, ,
, .

Îòìåòèì, ÷òî ðàçðàáîòàííàÿ ìåòîäèêà íàïîë-

íåíèÿ ïîëèìåðîâ â àâòîìàòèçèðîâàííîé òåðìî-

âàêóóìíîé óñòàíîâêå èìååò äîïîëíèòåëüíûå âîç-

ìîæíîñòè, çàêëþ÷àþùèåñÿ â èçó÷åíèè ðàáîòî-

ñïîñîáíîñòè ïîëèìåðíûõ ìàòåðèàëîâ â ðåæèìå

öèêëè÷åñêîãî òåìïåðàòóðíîãî âîçäåéñòâèÿ (ëåò-

íå-çèìíèé è ñ ïåðåõîäîì ÷åðåç 0 °C â îñåííå-âå-

ñåííèé ïåðèîäû ýêñïëóàòàöèè). Ïîäîáíûå òåì-

ïåðàòóðíûå ðåæèìû ôîðìèðóþòñÿ â åìêîñòÿõ

ïðè ïåðåâîçêå è õðàíåíèè óãëåâîäîðîäîâ, ÷òî àê-

òóàëüíî äëÿ óñëîâèé Ñèáèðè è Äàëüíåãî Âîñòîêà

[18 – 20].

Çàêëþ÷åíèå

Ïðîâåäåííûå èññëåäîâàíèÿ íàïîëíåíèÿ è íà-

áóõàíèÿ ìàñëîáåíçîñòîéêîé ðåçèíû ìàðêè

ÌÁÑ-Ñ — íàèáîëåå ÷àñòî ïðèìåíÿåìîãî ýëàñòî-

ìåðíîãî ìàòåðèàëà óïëîòíåíèé — ïîêàçàëè íå-

âîçìîæíîñòü èñïîëüçîâàíèÿ â óñëîâèÿõ ïðîìûø-

ëåííûõ ëàáîðàòîðèé ñòàíäàðòíûõ ìåòîäîâ èñïû-

òàíèé. Ðàçðàáîòàííàÿ ìåòîäèêà è àâòîìàòèçèðî-

âàííàÿ óñòàíîâêà äëÿ åå îñóùåñòâëåíèÿ ïîçâîëÿ-

þò óìåíüøèòü âðåìÿ ïðîöåññà ïðîïèòêè ñî 144 ÷

äî 27 ìèí. Êðîìå òîãî, ñ ó÷åòîì ðàñ÷åòíîãî êîýô-

ôèöèåíòà ïåðåâîäà îïðåäåëåíà âçàèìîñâÿçü âðå-

ìåíè óñêîðåííîãî èñïûòàíèÿ (ýêñïðåññ-àíàëèçà)

è âðåìåííûõ èíòåðâàëîâ ñòàíäàðòíîãî íàïîëíå-

íèÿ ìàñëîáåíçîñòîéêèõ ðåçèí ìàðêè ÌÁÑ ñ óäîâ-

ëåòâîðèòåëüíîé äîñòîâåðíîñòüþ (R2 = 0,9956).

Ïåðñïåêòèâíûå íàïðàâëåíèÿ äàëüíåéøèõ èñ-

ñëåäîâàíèé ìîãóò áûòü ñâÿçàíû ñ òåì, ÷òî ïðè

ðàñøèðåíèè áàçû äàííûõ äèíàìèêè íàáóõàíèÿ

ðàçëè÷íûõ ìàòåðèàëîâ, èñïîëüçóÿ ïðåäëîæåí-

íóþ ìåòîäèêó, ìîæíî ïîëó÷àòü ïðîãíîçíûå ñðî-

êè ðàáîòû ïîëèìåðîâ â àãðåññèâíûõ ñðåäàõ ðàç-

íîé ýòèîëîãèè è ïðåäîïðåäåëÿòü ïåðèîäè÷íîñòü

ïðîâåäåíèÿ ðåãëàìåíòíûõ è ðåìîíòíûõ ðàáîò ïî

ïðèíöèïó îñòàòî÷íîãî ðåñóðñà.
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