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Îäèí èç îñíîâíûõ êðèòåðèåâ çàìåíû ìîòîðíîãî ìàñëà ïðè ýêñïëóàòàöèè àâòîìîáèëÿ —

åãî ïðîáåã. Âìåñòå ñ òåì ïðîáëåìà êîíòðîëÿ ñîñòîÿíèÿ ðàáîòàþùåãî ìàñëà ââèäó îòñóò-

ñòâèÿ ñðåäñòâ êîíòðîëÿ íà ïðåäïðèÿòèÿõ è ñòàíöèÿõ òåõíè÷åñêîãî îáñëóæèâàíèÿ àêòóàëü-

íà. Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ñèíòåòè÷åñêèõ ìîòîðíûõ ìàñåë Ravenol 5W-40

SN/CF è Mobil 1 New Life 0W-40 SN/SM/SL/SJ ñ ïðèìåíåíèåì ôîòîìåòðè÷åñêîãî óñòðîé-

ñòâà, ïîçâîëÿþùåãî îñóùåñòâëÿòü ïðÿìîå ôîòîìåòðèðîâàíèå îáðàçöîâ. Ïðåäëîæåí ìåòîä

êîíòðîëÿ èíòåíñèâíîñòè ïðîöåññîâ ñòàðåíèÿ, âêëþ÷àþùèé îïðåäåëåíèå ïðèðàùåíèÿ ñêî-

ðîñòè èçìåíåíèÿ êîýôôèöèåíòà ïîãëîùåíèÿ ñâåòîâîãî ïîòîêà â çàâèñèìîñòè îò ïðîáåãà

àâòîìîáèëÿ. Ïîêàçàíî, ÷òî ïðîöåññ ñòàðåíèÿ ìàñëà íîñèò íåñòàáèëüíûé õàðàêòåð. Ýòî âû-

çâàíî îáðàçîâàíèåì ïðîäóêòîâ ñòàðåíèÿ ðàçëè÷íîé îïòè÷åñêîé ïëîòíîñòè è ýíåðãîåì-

êîñòè. Óñòàíîâëåíî òàêæå, ÷òî èíòåíñèâíîñòü ïðîöåññîâ ñòàðåíèÿ çàâèñèò îò óñëîâèé è ðå-

æèìîâ ýêñïëóàòàöèè äâèãàòåëÿ, åãî òåõíè÷åñêîãî ñîñòîÿíèÿ è ïðîèçâîäèòåëüíîñòè ñèñòå-

ìû î÷èñòêè. Íà îñíîâå ïîëó÷åííûõ äàííûõ ñäåëàí âûâîä îá ýôôåêòèâíîñòè ïðèìåíåíèÿ

ïðåäëîæåííîãî ìåòîäà êîíòðîëÿ ñîñòîÿíèÿ ìîòîðíûõ ìàñåë â ïåðèîä ýêñïëóàòàöèè äâèãà-

òåëåé è ïîäòâåðæäåíà èíäèâèäóàëüíîñòü ïðîöåññîâ ñòàðåíèÿ, èíòåíñèâíîñòü êîòîðûõ

ìîæíî îöåíèâàòü ïðèðàùåíèåì ñêîðîñòè èçìåíåíèÿ êîýôôèöèåíòà ïîãëîùåíèÿ ñâåòîâîãî

ïîòîêà â çàâèñèìîñòè îò ïðîáåãà àâòîìîáèëÿ.
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Mileage is one of the main criteria for replacing engine oil during car operation. At the same time, the

problem of timely monitoring the state of working oil due to the lack of control at enterprises and service

stations remains an urgent challenge. The results of studying Ravenol 5W-40 SN/CF and Mobil 1 New Life

0W-40 SN/SM/SL/SJ synthetic motor oils using a photometric device which allows direct photometric

measurements of samples are presented. A method intended for control of the intensity of aging processes

is proposed, including determination of the increment in the rate of change in the absorption coefficient of

the light flux as a function of the vehicle mileage. Aging of the oil is shown to be an unstable process which

is attributed to the formation of aging products of different optical density and energy intensity. It is also

shown that the intensity of aging depends on conditions and operating modes of the engine, technical con-

dition and performance of the cleaning system. The proposed method for monitoring the condition of mo-

tor oils during engine operation is proved to be effective. The individual character of aging processes is

proved, the intensity of aging can be estimated by the incrementing rate of change of the light flux absorp-

tion coefficient depending on the vehicle mileage.

Keywords: absorption coefficient of the light flux; optical density; car mileage; increment of the oil aging

rate.
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Ââåäåíèå

Îäèí èç îñíîâíûõ êðèòåðèåâ çàìåíû ìîòîð-

íîãî ìàñëà ïðè ýêñïëóàòàöèè àâòîìîáèëÿ — åãî

ïðîáåã, âûðàæåííûé â êèëîìåòðàõ. Â äðóãèõ ñëó-

÷àÿõ ìàñëî ìåíÿþò ïî îáùåìó âðåìåíè åãî èñ-

ïîëüçîâàíèÿ. Îäíàêî ðåñóðñ ìàñëà çàâèñèò îò óñ-

ëîâèé è ðåæèìîâ ýêñïëóàòàöèè äâèãàòåëÿ, åãî

òåõíè÷åñêîãî ñîñòîÿíèÿ, ñèñòåìû äîëèâà ìàñëà,

ïðîèçâîäèòåëüíîñòè ñèñòåìû ôèëüòðàöèè è îõ-

ëàæäåíèÿ, êà÷åñòâà ñàìîãî ìàñëà è òîïëèâà. Ïî-

ýòîìó ÷àñòî ïðîâîäèòñÿ çàìåíà ïðèãîäíîãî äëÿ

äàëüíåéøåãî èñïîëüçîâàíèÿ ìàñëà, ÷òî óâåëè÷è-

âàåò ýêñïëóàòàöèîííûå èçäåðæêè [1 – 6].

Â ïðîöåññå èññëåäîâàíèé ðàçðàáîòàíû ñðåä-

ñòâà êîíòðîëÿ è òåõíîëîãèè îïðåäåëåíèÿ ñîñòîÿ-

íèÿ ðàáîòàþùèõ ìàñåë ïðè ýêñïëóàòàöèè äâèãà-

òåëåé [7 – 12], ïðåäëîæåíû ïîêàçàòåëè ñîñòîÿíèÿ

ìîòîðíûõ ìàñåë, âêëþ÷àþùèå òàêèå ïàðàìåòðû,

êàê èõ êèíåìàòè÷åñêàÿ âÿçêîñòü è îïòè÷åñêèå

ñâîéñòâà [13 – 15].

Öåëü ðàáîòû — ðàçðàáîòêà ìåòîäà êîíòðîëÿ

ïðîöåññîâ ñòàðåíèÿ ìîòîðíûõ ìàñåë ñ ïðèìåíå-

íèåì ôîòîìåòðèè.

Ìåòîäèêà, ìàòåðèàëû, îáîðóäîâàíèå

Èññëåäîâàëè ñèíòåòè÷åñêèå ìîòîðíûå ìàñëà

Ravenol 5W-40 SN/CF è Mobil 1 New Life 0W-40

SN/SM/SL/SJ ñ èñïîëüçîâàíèåì ôîòîìåòðè÷åñêî-

ãî óñòðîéñòâà, ïîçâîëÿþùåãî îñóùåñòâëÿòü ïðÿ-

ìîå ôîòîìåòðèðîâàíèå îáðàçöîâ.

Ñóùíîñòü ìåòîäà çàêëþ÷àëàñü â ñëåäóþùåì.

Îïòè÷åñêèå ñâîéñòâà ðàáîòàþùèõ ìàñåë êîíòðî-

ëèðîâàëè ñ ìîìåíòà èõ çàëèâà â êàðòåð äâèãàòå-

ëÿ äî çàìåíû. Ïðîáû äëÿ àíàëèçà îòáèðàëè ÷åðåç

ðàçíûå ïðîáåãè àâòîìîáèëÿ èç êàðòåðà ñ ïîìî-

ùüþ çàìåðíîãî ùóïà. Ïðè îòáîðå ïðîáû ïðîáåã

ôèêñèðîâàëè. Îòîáðàííóþ ïðîáó íàíîñèëè íà

ôîòîìåòðè÷åñêóþ êþâåòó (òîëùèíà ôîòîìåòðè-

ðóåìîãî ñëîÿ — 0,15 ìì). Îïòè÷åñêèå ñâîéñòâà

îöåíèâàëè ïî êîýôôèöèåíòó ïîãëîùåíèÿ ñâåòî-

âîãî ïîòîêà

Kï = (ö – öð)/ö, (1)

ãäå ö — ìîíîõðîìàòè÷åñêèé ñâåòîâîé ïîòîê,

ïàäàþùèé íà ñëîé ñìàçî÷íîãî ìàñëà (äëèíà âîë-

íû — 700 íì); öð — ñâåòîâîé ïîòîê, ïðîøåäøèé

÷åðåç ñëîé ðàáîòàþùåãî ìàñëà.

Ïî ïîëó÷åííûì Kï îïðåäåëÿëè ïðèðàùåíèå

ñêîðîñòè ÄVKï èçìåíåíèÿ êîýôôèöèåíòà ïîãëî-

ùåíèÿ ñâåòîâîãî ïîòîêà:

ÄVKï = (Kï2 – Kï1)/(S2 – S1), (2)

ãäå Kï2 è Kï1 — êîýôôèöèåíòû ïîãëîùåíèÿ ñâå-

òîâîãî ïîòîêà ïîñëåäóþùåãî è ïðåäûäóùåãî àíà-

ëèçîâ; S2 è S1 — ïðîáåãè àâòîìîáèëÿ ïîñëåäóþ-

ùèé è ïðåäûäóùèé.

Ïîêàçàòåëü ÄVKï õàðàêòåðèçóåò ïðèðàùåíèå

ñêîðîñòè ïðîöåññà ñòàðåíèÿ ðàáîòàþùåãî ìîòîð-

íîãî ìàñëà ìåæäó äâóìÿ àíàëèçàìè.

Îáñóæäåíèå ðåçóëüòàòîâ

Íà ðèñóíêå ïðåäñòàâëåíû ðåçóëüòàòû èñ-

ñëåäîâàíèÿ èíòåíñèâíîñòè ïðîöåññîâ ñòàðåíèÿ

ìîòîðíûõ ìàñåë â äâèãàòåëå (êàæäûé îïûò íà÷è-

íàëè ïîñëå çàëèâà â êàðòåð òîâàðíîãî îáðàçöà).

Âèäíî, ÷òî ïðîöåññ ñòàðåíèÿ íîñèò íåñòàáèëü-

íûé õàðàêòåð. Ýòî âûçâàíî îáðàçîâàíèåì â ìàñ-

ëàõ ïðîäóêòîâ ñòàðåíèÿ ðàçëè÷íîé îïòè÷åñêîé

ïëîòíîñòè è ýíåðãîåìêîñòè (ðàçíîé ñòðóêòóðû è

äëèíû óãëåâîäîðîäíûõ çâåíüåâ). Ôîðìèðîâàíèå

áîëåå ýíåðãîåìêèõ ïðîäóêòîâ (ñ áîëüøèì ÷èñëîì

óãëåâîäîðîäíûõ çâåíüåâ) òðåáóåò áîëüøå òåï-

ëîâîé ýíåðãèè è âðåìåíè, ïîýòîìó ïðèðàùåíèå

ñêîðîñòè èçìåíåíèÿ êîýôôèöèåíòà Kï áóäåò

óìåíüøàòüñÿ.

Ïåðåñå÷åíèå êðèâûìè îñè îðäèíàò õàðàêòå-

ðèçóåò ñòåïåíü çàãðÿçíåíèÿ ìàñëÿíîé ñèñòåìû

äâèãàòåëÿ ïðè ñëèâå îòðàáîòàííîãî è çàìåíå åãî

íîâûì òîâàðíûì ìàñëîì (÷åì íèæå çíà÷åíèå,

òåì ÷èùå ñèñòåìà). Äëÿ èññëåäóåìûõ îáðàçöîâ

ïîêàçàòåëè ñîñòàâèëè, ×10–5 êì–1: 3 è 2 —

Ravenol, 2,1 è 0,7 — Mobil.
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(b) synthetic motor oils on the vehicle mileage



Â íà÷àëüíûé ïåðèîä ýêñïëóàòàöèè äâèãàòåëÿ

ïðèðàùåíèå ÄVKï óâåëè÷èâàåòñÿ çà ñ÷åò îáðàçî-

âàíèÿ ïåðâè÷íûõ ïðîäóêòîâ ñòàðåíèÿ, òðåáóþ-

ùèõ ìèíèìóì òåïëîâîé ýíåðãèè. Äëÿ ìàñëà

Ravenol ïðîäîëæèòåëüíîñòü ýòîãî ïåðèîäà ñîñòà-

âèëà 1046 (îïûò 1) è 2460 êì (îïûò 2). Îòìåòèì,

÷òî ïðèðàùåíèå â ïåðâîì ñëó÷àå çíà÷èòåëüíî

ìåíüøå, ò.å. ïðîöåññ ñòàðåíèÿ èíäèâèäóàëåí è

çàâèñèò îò óñëîâèé è ðåæèìîâ ýêñïëóàòàöèè äâè-

ãàòåëÿ.

Ñ óâåëè÷åíèåì ïðîáåãà ðîñò ïðèðàùåíèÿ

ÄVKï çàìåäëÿåòñÿ èç-çà îáðàçîâàíèÿ âòîðè÷íûõ

ïðîäóêòîâ ñòàðåíèÿ, òðåáóþùèõ áîëüøåãî êîëè-

÷åñòâà òåïëîâîé ýíåðãèè. Ïðîäîëæèòåëüíîñòü

ýòîãî ó÷àñòêà — 8700 è 6500 êì ñîîòâåòñòâåííî.

Äàëüíåéøèé ðîñò ïðîáåãà àâòîìîáèëÿ âû-

çûâàåò çíà÷èòåëüíûå êîëåáàíèÿ ïðèðàùåíèÿ

ñêîðîñòè. Ïîñëå 8500 êì (îïûò 2) ÄVKï èìååò

äàæå îòðèöàòåëüíûå çíà÷åíèÿ, ÷òî âûçâàíî äî-

ëèâîì ìàñëà. Òàêèå êîëåáàíèÿ ñâÿçàíû ñ ïåðå-

ðàñïðåäåëåíèåì òåïëîâîé ýíåðãèè ìåæäó ïåð-

âè÷íûìè è âòîðè÷íûìè ïðîäóêòàìè ñòàðåíèÿ,

à òàêæå âëèÿíèåì ñèñòåìû î÷èñòêè, êîòîðàÿ îò-

ôèëüòðîâûâàåò âòîðè÷íûå ïðîäóêòû, îñâåòëÿÿ

ìàñëî è óìåíüøàÿ êîýôôèöèåíò Kï (òåì ñàìûì

óìåíüøàÿ ïðèðàùåíèå ñêîðîñòè ïðîöåññîâ ñòà-

ðåíèÿ ÄVKï). Íà íà÷àëüíîì ýòàïå (äî 1046 è

2460 êì) ðîñò êîíöåíòðàöèè ïåðâè÷íûõ ïðîäóê-

òîâ âûçûâàë óâåëè÷åíèå ÄVKï, ïîñêîëüêó ñèñòå-

ìà ôèëüòðàöèè èõ íå çàäåðæèâàëà.

Äëÿ ìàñëà Mobil òàêæå õàðàêòåðíû êîëåáà-

íèÿ ÄVKï, âûçâàííûå ïåðåðàñïðåäåëåíèåì òåï-

ëîâîé ýíåðãèè ìåæäó ïðîäóêòàìè ñòàðåíèÿ è

âëèÿíèåì ñèñòåìû ôèëüòðàöèè íà êîýôôèöèåíò

ïîãëîùåíèÿ ñâåòîâîãî ïîòîêà.

Ñ ìîìåíòà çàëèâà â êàðòåð òîâàðíîãî ìàñëà

(ïðîáåã äî 1100 êì, îïûò 1) ïðèðàùåíèå ñêîðîñòè

âîçðàñòàëî (äî 5,5 · 10–5 êì–1) çà ñ÷åò óâåëè÷åíèÿ

êîíöåíòðàöèè ïåðâè÷íûõ ïðîäóêòîâ ñòàðåíèÿ.

Ñ ðîñòîì ïðîáåãà (äî 3650 êì) êîëåáàíèÿ ÄVKï

ñâÿçàíû ñ ïåðåðàñïðåäåëåíèåì òåïëîâîé ýíåðãèè

ìåæäó ïåðâè÷íûìè è âòîðè÷íûìè ïðîäóêòàìè

ñòàðåíèÿ, à òàêæå âëèÿíèåì ñèñòåìû î÷èñòêè,

êîòîðàÿ óìåíüøàåò ÄVKï âñëåäñòâèå îòôèëüòðî-

âûâàíèÿ ïîñëåäíèõ. Îòìåòèì, ÷òî ïîíèæåíèå

ÄVKï äî íóëÿ (ïðîáåã 4750 êì) — ðåçóëüòàò äî-

ëèâà ìàñëà, à íå ïåðåðàñïðåäåëåíèÿ òåïëîâîé

ýíåðãèè. Äàëüíåéøåå óâåëè÷åíèå ïðîáåãà (äî

9500 êì) ñîïðîâîæäàëîñü ïîñòîÿííûì ðîñòîì

ÄVKï, ÷òî âûçâàíî ïîâûøåíèåì êîíöåíòðàöèè

ïåðâè÷íûõ ïðîäóêòîâ ñòàðåíèÿ (àíàëîãè÷íî íà-

÷àëüíîìó ýòàïó).

Â îïûòå 2 ñ ìîìåíòà çàëèâà òîâàðíîãî îá-

ðàçöà (ïðîáåã äî 2000 êì) ÄVKï âîçðàñòàëî äî

4,5 · 10–5 êì–1. Ñ óâåëè÷åíèåì ïðîáåãà (äî

4000 êì) ÄVKï óìåíüøàëîñü çà ñ÷åò îáðàçîâàíèÿ

âòîðè÷íûõ ïðîäóêòîâ ñòàðåíèÿ, òðåáóþùèõ áîëü-

øåé òåïëîâîé ýíåðãèè è âðåìåíè ýêñïëóàòàöèè

äëÿ ïðåîáðàçîâàíèÿ ïåðâè÷íûõ ïðîäóêòîâ âî

âòîðè÷íûå. Ïîâòîðíûé ðîñò ÄVKï (4000 –

5000 êì) ñâÿçàí ñ óâåëè÷åíèåì êîíöåíòðàöèè

ïåðâè÷íûõ ïðîäóêòîâ ñòàðåíèÿ è îòôèëüòðîâû-

âàíèåì âòîðè÷íûõ. Ïðè äàëüíåéøåé ýêñïëóàòà-

öèè äâèãàòåëÿ (ïðîáåã 8750 êì) ÄVKï ïîñòîÿííî

ñíèæàëîñü (äî íóëÿ).

Çàêëþ÷åíèå

Íà îñíîâå ïðîâåäåííûõ èññëåäîâàíèé äîêà-

çàíà ýôôåêòèâíîñòü ïðèìåíåíèÿ ïðåäëîæåííîãî

ìåòîäà êîíòðîëÿ ñîñòîÿíèÿ ìîòîðíûõ ìàñåë â ïå-

ðèîä ýêñïëóàòàöèè äâèãàòåëåé è ïîäòâåðæäåíà

èíäèâèäóàëüíîñòü ïðîöåññîâ ñòàðåíèÿ, èíòåí-

ñèâíîñòü êîòîðûõ ìîæíî îöåíèòü ïðèðàùåíèåì

ñêîðîñòè èçìåíåíèÿ êîýôôèöèåíòà ïîãëîùåíèÿ

ñâåòîâîãî ïîòîêà â çàâèñèìîñòè îò ïðîáåãà àâòî-

ìîáèëÿ.
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