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Ñîâðåìåííûå ìåòîäû êëàññèôèêàöèè ìîòîðíûõ ìàñåë ïî êëàññàì âÿçêîñòè è ãðóïïàì ýêñ-

ïëóàòàöèîííûõ ñâîéñòâ íå ïîçâîëÿþò ïîëó÷èòü íåîáõîäèìóþ èíôîðìàöèþ î òåìïåðàòóð-

íîé îáëàñòè ðàáîòîñïîñîáíîñòè è ñêëîííîñòè ìàñëà ê ñòàðåíèþ èç-çà êîíñòðóêòèâíûõ îñî-

áåííîñòåé äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ, ðåæèìîâ è óñëîâèé ýêñïëóàòàöèè, ñòåïåíè

ôîðñèðîâàíèÿ è òåõíè÷åñêîãî ñîñòîÿíèÿ. Îäíà èç îñíîâíûõ çàäà÷ ïîâûøåíèÿ òåõíè÷åñêèõ

è ýêñïëóàòàöèîííûõ ïîêàçàòåëåé ïðîåêòèðóåìîé è ýêñïëóàòèðóåìîé òåõíèêè — ïîäáîð

ñîîòâåòñòâóþùèõ ñìàçî÷íûõ ìàòåðèàëîâ, îïòèìàëüíûõ ðåæèìîâ ýêñïëóàòàöèè è ðåæèìîâ

ñìàçêè. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ òåìïåðàòóðû íà ðàáî-

òîñïîñîáíîñòü ñìàçî÷íûõ ìàòåðèàëîâ, ïðèâåäåíû îáçîð è àíàëèç ìåòîäîâ èõ êîíòðîëÿ.

Òåìïåðàòóðíûå ïàðàìåòðû ðàáîòîñïîñîáíîñòè îïðåäåëÿëè ìåòîäîì òåðìîñòàòèðîâàíèÿ,

â êà÷åñòâå ñðåäñòâ èçìåðåíèÿ èñïîëüçîâàëè ôîòîìåòðè÷åñêîå óñòðîéñòâî äëÿ ïðÿìîãî

ôîòîìåòðèðîâàíèÿ îêèñëåííûõ ìàñåë è ýëåêòðîííûå âåñû. Ïî ðåçóëüòàòàì èñïûòàíèé

îáðàçöà ÷àñòè÷íî ñèíòåòè÷åñêîãî ìîòîðíîãî ìàñëà îöåíèâàëè îïòè÷åñêóþ ïëîòíîñòü è

êîýôôèöèåíò èñïàðÿåìîñòè ñìàçî÷íîãî ìàòåðèàëà. Ïîëó÷åííûå äàííûå èñïîëüçîâàëè äëÿ

ïîñòðîåíèÿ âðåìåííûõ è òåìïåðàòóðíûõ çàâèñèìîñòåé îïòè÷åñêîé ïëîòíîñòè, îïðåäåëå-

íèÿ êîýôôèöèåíòà ñîïðîòèâëåíèÿ îêèñëåíèþ, èñïàðÿåìîñòè è êîýôôèöèåíòà òåðìîîêèñ-

ëèòåëüíîé ñòàáèëüíîñòè èñïûòóåìîãî îáðàçöà. Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè îöå-

íèòü òåìïåðàòóðíûå ïðåäåëû ðàáîòîñïîñîáíîñòè ìîòîðíîãî ìàñëà, âêëþ÷àþùèå òåìïåðà-

òóðû íà÷àëà ïðîöåññîâ îêèñëåíèÿ è òåìïåðàòóðíûõ ïðåîáðàçîâàíèé, êðèòè÷åñêèå òåìïå-

ðàòóðû ýòèõ ïðîöåññîâ, è åãî ïîòåíöèàëüíûé ðåñóðñ. Ïðåäëîæåííûé ìåòîä îáåñïå÷èâàåò

âîçìîæíîñòü ñðàâíåíèÿ ðàçëè÷íûõ ñìàçî÷íûõ ìàòåðèàëîâ îäíîãî íàçíà÷åíèÿ ïî òåìïåðà-

òóðíûì ïàðàìåòðàì è îïðåäåëåíèÿ òåìïåðàòóðíîé îáëàñòè èõ ðàáîòîñïîñîáíîñòè äëÿ ýô-

ôåêòèâíîãî èñïîëüçîâàíèÿ â ìåõàíè÷åñêèõ ñèñòåìàõ.

Êëþ÷åâûå ñëîâà: îïòè÷åñêàÿ ïëîòíîñòü; èñïàðÿåìîñòü; êîýôôèöèåíò òåðìîîêèñëèòåëü-

íîé ñòàáèëüíîñòè; ïîòåíöèàëüíûé ðåñóðñ; òåðìîñòàòèðîâàíèå; òåìïåðàòóðû íà÷àëà ïðî-

öåññîâ îêèñëåíèÿ, èñïàðåíèÿ è òåìïåðàòóðíûõ ïðåîáðàçîâàíèé.
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Modern methods for classifying motor oils by viscosity classes and groups of the performance properties

are characterized by the lack of information about the temperature range of the oil working capacity and

tendency to aging due to the design features of internal combustion engines, operating modes and condi-

tions, the degree of forcing and technical condition. One of the main goals of improving the technical and

operational indicators of the designed and operated equipment is the selection of appropriate lubricants,

the proper choice of optimal modes of operation and lubrication. We present the results of studying the ef-

fect of temperature on the performance of lubricants, review and analyze methods for their control. The
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temperature parameters of the working capacity of lubricants are determined by the method of thermo-

stating. A photometric device for direct photometry of oxidized oils and electronic weighing machine were

used as measuring instruments. The optical density and evaporation coefficient of the lubricant were esti-

mated proceeding from the results of testing a sample of partially synthetic motor oil. The temperature

and time dependences of the optical density, oxidation resistance coefficient, volatility, thermal oxidation

stability coefficient, and temperature limits for the test specimen were determined, including the temper-

atures of the onset of oxidation, evaporation and temperature transformations, critical temperatures of

the processes considered and potential in-service life. The proposed method provides the ability to com-

pare various lubricants of the same duty by the temperature parameters and determine the temperature

range of their efficient use in mechanical systems.

Keywords: optical density; volatility; coefficient of thermo-oxidative stability; potential lifetime; thermo-

stating; temperatures of the onset of oxidation, evaporation and temperature transformations.

Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ïðîìûøëåííîñòü ïðîèç-

âîäèò îãðîìíûé àññîðòèìåíò ñìàçî÷íûõ ìàòå-

ðèàëîâ ðàçëè÷íîãî íàçíà÷åíèÿ. Íàèáîëüøåå ðàñ-

ïðîñòðàíåíèå ïîëó÷èëè íåôòÿíûå ìàñëà, îäíàêî

èõ íåäîñòàòîê — ïëîõèå íèçêîòåìïåðàòóðíûå

ñâîéñòâà, íåóäîâëåòâîðèòåëüíûå òåðìè÷åñêàÿ è

îêèñëèòåëüíàÿ ñòàáèëüíîñòè.

Ñîâðåìåííàÿ òåõíèêà ïðåäúÿâëÿåò ê ñìàçî÷-

íûì ìàñëàì íîâûå ïîâûøåííûå òðåáîâàíèÿ. Óñ-

ëîâèÿ ðàáîòû ñîïðÿæåííûõ òðóùèõñÿ äåòàëåé

âåñüìà ðàçíîîáðàçíû — îäíè óçëû ðàáîòàþò ïðè

âûñîêèõ îòíîñèòåëüíûõ ñêîðîñòÿõ, äðóãèå — â

óñëîâèÿõ ñèëüíûõ êîíòàêòíûõ äàâëåíèé. Â îä-

íèõ ñëó÷àÿõ èìåþò ìåñòî âûñîêèå òåìïåðàòóðû,

â äðóãèõ, íàîáîðîò, ïðîèñõîäèò ñèëüíîå îõëàæäå-

íèå. Âìåñòå ñ òåì íè îäèí èç ôèçèêî-õèìè÷åñêèõ

ïàðàìåòðîâ ñìàçî÷íîãî ìàñëà, âõîäÿùèõ â òåõíè-

÷åñêèå óñëîâèÿ (âÿçêîñòü, êîêñóåìîñòü, êèñëîòíîå

÷èñëî, çîëüíîñòü, òåìïåðàòóðà âñïûøêè), íå äàåò

âîçìîæíîñòè îöåíèòü åãî «ìîòîðíûå» êà÷åñòâà

ò.å. íå ãàðàíòèðóåò, ÷òî ìàñëî îáåñïå÷èò óäîâëå-

òâîðèòåëüíóþ ðàáîòó ìîòîðà.

Ìåòîäû êîíòðîëÿ ñìàçî÷íûõ ìàòåðèàëîâ,

øèðîêî ïðèìåíÿåìûå â òåõíîëîãè÷åñêèõ ïðîöåñ-

ñàõ èõ ïðîèçâîäñòâà, ìîãóò âêëþ÷àòü îïòè÷åñêèå,

ýëåêòðîìåòðè÷åñêèå, ìèêðîñêîïè÷åñêèå, ñåäè-

ìåíòàöèîííûå, ïîëÿðîãðàôè÷åñêèå, ñïåêòðàëü-

íûå è àêóñòè÷åñêèå èññëåäîâàíèÿ, îïðåäåëåíèå

ìàññû òâåðäûõ çàãðÿçíåíèé (ÃÎÑÒ 12275–66,

ÃÎÑÒ 6370–83) è âëàãîñîäåðæàíèÿ [1 – 9]. Ïðè

ýòîì ìîãóò èñïîëüçîâàòüñÿ ñïåöèàëüíûå ìàøè-

íû òðåíèÿ (íàïðèìåð, ìåòîä ñ ïðèìåíåíèåì

òðåõøàðèêîâîé ìàøèíû òðåíèÿ) [10 – 11], àêó-

ñòè÷åñêèå ñïîñîáû îïðåäåëåíèÿ êîýôôèöèåíòà

ïîãëîùåíèÿ óëüòðàçâóêà ìàñëÿíîé ñðåäîé

[12, 13] è äð.

Îñíîâíûå ýêñïëóàòàöèîííûå ñâîéñòâà ìîòîð-

íûõ ìàñåë çàâèñÿò îò òåìïåðàòóðû íà ïîâåðõíî-

ñòÿõ òðåíèÿ [17, 18], à ïîêàçàòåëåì èõ êà÷åñòâà â

äàííîì ñëó÷àå ìîæåò ñëóæèòü òåìïåðàòóðíàÿ

ñòîéêîñòü, õàðàêòåðèçóþùàÿ ñïîñîáíîñòü ñìàçêè

ðàçäåëÿòü ïîâåðõíîñòè òðåíèÿ ïðè èíòåíñèâíîì

òåïëîâûäåëåíèè [14 – 16].

Öåëü ðàáîòû — èññëåäîâàíèå âëèÿíèÿ òåìïå-

ðàòóðû íà ðàáîòîñïîñîáíîñòü ìîòîðíûõ ìàñåë ñ

èñïîëüçîâàíèåì ìåòîäà òåðìîñòàòèðîâàíèÿ.

Ìàòåðèàëû, îáîðóäîâàíèå, ìåòîäèêà

Èññëåäîâàëè îáðàçåö ÷àñòè÷íî ñèíòåòè÷åñêî-

ãî ìîòîðíîãî ìàñëà Total Quartz 10W-40 SL/CF.

Èñïîëüçîâàëè ïðèáîð äëÿ òåðìîñòàòèðîâàíèÿ,

ôîòîìåòðè÷åñêîå óñòðîéñòâî äëÿ ïðÿìîãî ôîòî-

ìåòðèðîâàíèÿ îêèñëåííûõ ìàñåë, ýëåêòðîííûå

âåñû [19, 20].

Ïðîáó ìàññîé 100 ± 0,1 ã òåðìîñòàòèðîâàëè

ïîñëåäîâàòåëüíî ïðè òåìïåðàòóðàõ 190, 180, 170

è 160 °C ñ ïåðåìåøèâàíèåì ñòåêëÿííîé ìåøàë-

êîé. Òåìïåðàòóðó èñïûòàíèÿ è ÷àñòîòó âðàùå-

íèÿ ìåøàëêè ïîääåðæèâàëè àâòîìàòè÷åñêè ñ ïî-

ìîùüþ òåðìîðåãóëÿòîðà è ñòàáèëèçèðîâàííîãî

èñòî÷íèêà ïèòàíèÿ ìèêðîäâèãàòåëÿ. ×åðåç ðàâ-

íûå ïðîìåæóòêè âðåìåíè (â íàøåì ñëó÷àå 8 ÷)

ïðîáó âçâåøèâàëè è îïðåäåëÿëè ìàññó èñïàðèâ-

øåãîñÿ ìàñëà.

Êîýôôèöèåíò èñïàðÿåìîñòè âû÷èñëÿëè ïî

ôîðìóëå [21 – 23]

KG = m/M, (1)

ãäå m, M — ìàññû èñïàðèâøåãîñÿ ìàñëà çà 8 ÷ èñ-

ïûòàíèÿ è ïðîáû äî èñïûòàíèÿ.

Çàòåì ÷àñòü ïðîáû (2 ã) îòáèðàëè äëÿ ôîòî-

ìåòðèðîâàíèÿ (òîëùèíà ôîòîìåòðè÷åñêîãî ñëîÿ

ñîñòàâëÿëà 2 ìì) è îïðåäåëåíèÿ îïòè÷åñêîé

ïëîòíîñòè

D = lg(300/Ï), (2)

ãäå 300 è Ï — ïîêàçàíèÿ ôîòîìåòðà ïðè îòñóòñò-

âèè ïðîáû â êþâåòå è ïðè çàïîëíåííîé êþâåòå.

Ïîñëå ôîòîìåòðèðîâàíèÿ ìàñëî èç êþâåòû

ñëèâàëè â ñòàêàí ïðèáîðà äëÿ òåðìîñòàòèðî-

âàíèÿ. Èñïûòàíèÿ ïðåêðàùàëè ïî äîñòèæåíèè

îïòè÷åñêîé ïëîòíîñòè çíà÷åíèÿ 0,5 ïðè òåìïåðà-

òóðå 160 °C.
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Îáñóæäåíèå ðåçóëüòàòîâ

Íà ðèñ. 1 ïðåäñòàâëåíû çàâèñèìîñòè îïòè÷å-

ñêîé ïëîòíîñòè îò âðåìåíè ïðè ðàçëè÷íûõ òåì-

ïåðàòóðàõ èñïûòàíèÿ èññëåäóåìîãî îáðàçöà.

Êðèâûå îïèñûâàþòñÿ ïîëèíîìîì âòîðîãî ïîðÿä-

êà, ðåãðåññèîííûå óðàâíåíèÿ èìåþò âèä:

D = 3,5559 · 10–4t2 + 0,0069t –

– 0,0022 (190 °C), (3)

D = 7,4028 · 10–5t2 + 0,004t –

– 0,0064 (180 °C), (4)

D = 7,5408 · 10–6t2 + 0,0027t –

– 0,0092 (170 °C), (5)

D = 7,7286 · 10–7t2 + 0,0014t –

– 0,0118 (160 °C). (6)

Âëèÿíèå òåìïåðàòóðû íà ïðîöåññû îêèñëå-

íèÿ îöåíèâàëè ñ ïîìîùüþ òàêîãî ïîêàçàòåëÿ,

êàê ïîòåíöèàëüíûé ðåñóðñ Pï (îïðåäåëÿåòñÿ âðå-

ìåíåì äîñòèæåíèÿ îïòè÷åñêîé ïëîòíîñòè çíà÷å-

íèÿ 0,5 ïðè êàæäîé òåìïåðàòóðå èñïûòàíèÿ). Íà

ðèñ. 2 ïðèâåäåíû çàâèñèìîñòè äåñÿòè÷íîãî ëîãà-

ðèôìà âðåìåíè äîñòèæåíèÿ D çíà÷åíèé 0,5 è

0,05 îò òåìïåðàòóðû. Òî÷êè ïåðåñå÷åíèÿ çàâèñè-

ìîñòåé ñ îñÿìè àáñöèññ — êðèòè÷åñêèå òåìïåðà-

òóðû ïîòåíöèàëüíîãî ðåñóðñà è îêèñëåíèÿ (233 è

216 °C ñîîòâåòñòâåííî). Îíè âàæíû äëÿ îöåíêè

ýêñïëóàòàöèîííûõ ñâîéñòâ ñìàçî÷íûõ ìàòåðèà-

ëîâ è èõ ñðàâíåíèÿ.

Ëèíåéíûå óðàâíåíèÿ, îïèñûâàþùèå çàâèñè-

ìîñòè, ñëåäóþùèå:

lg
Ï

t
P

= 0,03397(233 – T), (7)

lg tD = 0,03(216 – T), (8)

ãäå 0,03397, 0,03 — êîýôôèöèåíòû, õàðàêòåðè-

çóþùèå ñêîðîñòü èçìåíåíèÿ Pï è D; 233, 216 —

êðèòè÷åñêèå òåìïåðàòóðû Pï è îêèñëåíèÿ.

Èñïîëüçóÿ (7) è (8), ìîæíî îïðåäåëèòü äåñÿ-

òè÷íûé ëîãàðèôì âðåìåíè äîñòèæåíèÿ D çíà÷å-

íèé 0,5 è 0,05 ïðè ëþáîé òåìïåðàòóðå, à ñëåäîâà-

òåëüíî, è ïðîäîëæèòåëüíîñòü èñïûòàíèÿ è îêèñ-

ëåíèÿ. Íàïðèìåð, ïðè 200 °C lg
Ï

t
P

= 1,1, à lg tD =

= 0,47. Ñîîòâåòñòâåííî, âðåìÿ èñïûòàíèÿ ñîñòàâ-

ëÿåò 12,59, à âðåìÿ îêèñëåíèÿ — 2,95 ÷.

Òåìïåðàòóðó íà÷àëà ïðîöåññà îêèñëåíèÿ

îïðåäåëÿëè ïî çàâèñèìîñòè D(T) ïîñëå 20 ÷ òåð-
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Ðèñ. 1. Çàâèñèìîñòè D(t) ïðè òåìïåðàòóðàõ èñïûòàíèÿ 190 (1), 180 (2), 170 (3) è 160 °C (4)

Fig. 1. Dependence D(t) at different testing temperatures 190 (1), 180 (2), 170 (3), and 160°C (4)
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Ðèñ. 2. Çàâèñèìîñòè äåñÿòè÷íîãî ëîãàðèôìà âðåìåíè äî-

ñòèæåíèÿ D çíà÷åíèé 0,5 (à) è 0,05 (á) îò òåìïåðàòóðû

Fig. 2. Dependence of the decimal logarithm of the time

when the optical density reaches the values 0.5 (a) and 0.05

(b) on the temperature

Ðèñ. 3. Çàâèñèìîñòü D(T) ïîñëå 20 ÷ èñïûòàíèÿ

Fig. 3. Dependence D(T) after 20-h testing



ìîñòàòèðîâàíèÿ èññëåäóåìîãî îáðàçöà (ðèñ. 3).

Ðåãðåññèîííîå óðàâíåíèå çàâèñèìîñòè

D = 2,759 · 10–4T2 + 0,088T + 6,98. (9)

Ïîëó÷èëè, ÷òî òåìïåðàòóðà íà÷àëà îêèñëå-

íèÿ ñîñòàâèëà 158 °C.

Âëèÿíèå òåìïåðàòóðû íà ñâîéñòâà ïðîäóêòîâ

îêèñëåíèÿ îöåíèâàëè ïî çíà÷åíèþ êîýôôèöèåí-

òà ñîïðîòèâëÿåìîñòè îêèñëåíèþ

R0 = 1 – DKG/(D + KG), (10)

ãäå 1 — õàðàêòåðèçóåò ïîòåíöèàëüíóþ ýíåð-

ãèþ ñîïðîòèâëÿåìîñòè òîâàðíîãî ìàñëà îêèñ-

ëåíèþ; KG — êîýôôèöèåíò, õàðàêòåðèçóþùèé

èñïàðåíèå.

Çàâèñèìîñòè R0 îò îïòè÷åñêîé ïëîòíîñòè è

òåìïåðàòóðû òåðìîñòàòèðîâàíèÿ ïðåäñòàâëåíû

íà ðèñ. 4. Âèäíî, ÷òî â íà÷àëüíûé ïåðèîä îêèñëå-

íèÿ â äèàïàçîíå èçìåíåíèÿ D 0 – 0,2 êîýôôèöè-

åíò R0 íå çàâèñèò îò òåìïåðàòóðû èñïûòàíèÿ. Â

ýòîò ïåðèîä îáðàçóþòñÿ ïåðâè÷íûå ïðîäóêòû

îêèñëåíèÿ, êîòîðûå îêàçûâàþò îäèíàêîâîå âëèÿ-

íèå íà îïòè÷åñêóþ ïëîòíîñòü.

Ñ óâåëè÷åíèåì îïòè÷åñêîé ïëîòíîñòè (D >

> 0,2) âëèÿíèå òåìïåðàòóðû èñïûòàíèÿ íà ñî-

ïðîòèâëÿåìîñòü ìàñëà îêèñëåíèþ âîçðàñòàåò.

Ïðè îäíèõ è òåõ æå çíà÷åíèÿõ îïòè÷åñêîé ïëîò-

íîñòè ÷åì íèæå òåìïåðàòóðà èñïûòàíèÿ, òåì

íèæå ñîïðîòèâëÿåìîñòü îáðàçöà îêèñëåíèþ.

Â ýòîò ïåðèîä îáðàçóþòñÿ âòîðè÷íûå ïðîäóêòû

îêèñëåíèÿ, âîçíèêàþùèå â ðåçóëüòàòå äîîêèñëå-

íèÿ ïåðâè÷íûõ è õàðàêòåðèçóþùèåñÿ áîëüøåé

ýíåðãîåìêîñòüþ.

Íà ðèñ. 5 ïðèâåäåíû çàâèñèìîñòè èñïàðÿ-

åìîñòè G îò âðåìåíè. Ðåãðåññèîííûå óðàâíåíèÿ

êðèâûõ:

G = –0,0041t2 + 0,4415263t +

+ 0,1346 (190 °C), (11)

G = –9,0043 · 10–4t2 +

+ 0,2142t + 0,1422 (180 °C), (12)

G = –1,6568 · 10–4t2 +
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Ðèñ. 4. Çàâèñèìîñòü R
0
(D) ïðè òåìïåðàòóðàõ èñïûòàíèÿ

180 (1), 170 (2) è 160 °C (3)

Fig. 4. Dependence R
0
(D) at different testing temperatures

180 (1), 170 (2) and 160°C (3)
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Ðèñ. 5. Çàâèñèìîñòè G(t) ïðè òåìïåðàòóðàõ èñïûòàíèÿ 190 (1), 180 (2), 170 (3) è 160 °C (4)

Fig. 5. Dependence G(t) at different temperatures 190 (1), 180 (2), 170 (3) and 160°C (4)
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Ðèñ. 6. Çàâèñèìîñòü lg t
G
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Fig. 6. Temperature dependence of log tG



+ 0,1013t + 0,0804 (170 °C), (13)

G = –1,608 · 10–5t2 +

+ 0,0445t + 0,0468 (160 °C). (14)

Ïî (11) – (14) ðàññ÷èòûâàëè çàâèñèìîñòü äå-

ñÿòè÷íîãî ëîãàðèôìà âðåìåíè èñïàðåíèÿ 2 ã ìàñ-

ëà lg tG îò òåìïåðàòóðû (ðèñ. 6). Ïåðåñå÷åíèå ñ

îñüþ àáñöèññ — êðèòè÷åñêàÿ òåìïåðàòóðà èñïà-

ðåíèÿ (ñîñòàâèëà 208 °C).

Çàâèñèìîñòü lg tG(T) îïèñûâàåòñÿ ëèíåéíûì

óðàâíåíèåì

lg tG = 0,03396(208 – T), (15)

ãäå 0,03396 — êîýôôèöèåíò, õàðàêòåðèçóþùèé

ñêîðîñòü èçìåíåíèÿ lg tG; 208 — êðèòè÷åñêàÿ òåì-

ïåðàòóðà èñïàðåíèÿ.

Ñ ïîìîùüþ lg tG(T) è ôîðìóëû (15) ìîæíî

îïðåäåëèòü âðåìÿ èñïàðåíèÿ 2 ã ìàñëà ïðè ðàç-

ëè÷íûõ òåìïåðàòóðàõ. Íàïðèìåð, ïðè 200 °C lg tG

ñîñòàâëÿåò 0,27, ñëåäîâàòåëüíî, âðåìÿ èñïûòà-

íèÿ — 1,86 ÷, ò.å. çà ýòî âðåìÿ ïðè òåìïåðàòóðå

200 °C èñïàðèòñÿ 2 ã ñìàçî÷íîãî ìàòåðèàëà.

Íà ðèñ. 7 ïðåäñòàâëåíû âðåìåííûå çàâèñèìî-

ñòè êîýôôèöèåíòà òåðìîîêèñëèòåëüíîé ñòàáèëü-

íîñòè ÏÒÎÑ èñïûòóåìîãî îáðàçöà. Ðåãðåññèîííûå

óðàâíåíèÿ çàâèñèìîñòåé:

ÏÒÎÑ = 5,2015 · 10–4t2 +

+ 0,0084t – 0,0023 (190 °C), (16)

ÏÒÎÑ = 6,7835 · 10–5t2 +

+ 0,0061t – 0,0059 (180 °C), (17)

ÏÒÎÑ = 6,5529 · 10–6t2 +

+ 0,0036t – 0,0086 (170 °C), (18)

ÏÒÎÑ = –5,1093 · 10–7t2 +

+ 0,0021t – 0,011 (160 °C). (19)

Èñïîëüçóÿ (16) – (19), ìîæíî îïðåäåëèòü âðå-

ìÿ äîñòèæåíèÿ ÏÒÎÑ çíà÷åíèÿ 0,05, ïðè êîòîðîì

âëèÿíèå ïðîäóêòîâ îêèñëåíèÿ íà îöåíêó êðèòè-

÷åñêèõ òåìïåðàòóð îêèñëåíèÿ è òåìïåðàòóðíûõ

ïðåîáðàçîâàíèé îòñóòñòâóåò.

Íà ðèñ. 8 ïðèâåäåíà çàâèñèìîñòü äåñÿòè÷íîãî

ëîãàðèôìà âðåìåíè äîñòèæåíèÿ ÏÒÎÑ çíà÷åíèÿ

0,05 îò òåìïåðàòóðû ïðåîáðàçîâàíèé. Êàê è â

ïðåäûäóùèõ ñëó÷àÿõ, ïåðåñå÷åíèå êðèâîé ñ îñüþ

àáñöèññ — êðèòè÷åñêàÿ òåìïåðàòóðà ïðåîáðàçî-
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Ðèñ. 7. Çàâèñèìîñòè Ï
ÒÎÑ

(t) ïðè òåìïåðàòóðàõ èñïûòàíèÿ 190 (1), 180 (2), 170 (3) è 160 °C (4)

Fig. 7. Dependence Ð
TOC

(t) at different testing temperatures 190 (1), 180 (2), 170 (3) and 160°C (4)
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Fig. 8. Temperature dependence of log tÏTOC
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Ðèñ. 9. Çàâèñèìîñòü Ï
ÒÎÑ

(T) ïîñëå 20 ÷ òåðìîñòàòè-

ðîâàíèÿ

Fig. 9. Dependence Ð
TOC

(T) after thermostating for 20 h



âàíèé (ñîñòàâèëà 217 °C). Çàâèñèìîñòü îïèñûâà-

åòñÿ ëèíåéíûì óðàâíåíèåì

lg
ÒÎÑ

t
Ï

= 0,02667(217 – T), (20)

ãäå 0,02667 — êîýôôèöèåíò, õàðàêòåðèçóþùèé

ñêîðîñòü èçìåðåíèÿ lg
ÒÎÑ

t
Ï

; 217 — êðèòè÷åñêàÿ

òåìïåðàòóðà ïðåîáðàçîâàíèé.

Òåìïåðàòóðó íà÷àëà ïðîöåññîâ ïðåîáðàçî-

âàíèÿ îïðåäåëÿëè ïî çàâèñèìîñòè ÏÒÎÑ(T) ïîñëå

20 ÷ òåðìîñòàòèðîâàíèÿ (ðèñ. 9). Çàâèñèìîñòü

îïèñûâàåòñÿ ðåãðåññèîííûì óðàâíåíèåì

ÏÒÎÑ = 3,29 · 10–4T2 – 0,104T + 8,23. (21)

Ïîëó÷èì, ÷òî òåìïåðàòóðà íà÷àëà ïðîöåññîâ

ïðåîáðàçîâàíèÿ â èññëåäóåìîì îáðàçöå ñîñòàâèëà

158 °C.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ

ïîêàçàëè, ÷òî ïðåäëîæåííûé ìåòîä ïîçâîëÿåò

êîíòðîëèðîâàòü òåìïåðàòóðíûå ïàðàìåòðû ðàáî-

òîñïîñîáíîñòè ìîòîðíîãî ìàñëà è îïðåäåëÿòü

òåìïåðàòóðíûå îáëàñòè åãî ïðèìåíåíèÿ. Êðîìå

òîãî, äàííûå î òåìïåðàòóðàõ íà÷àëà ïðîöåññîâ

îêèñëåíèÿ è òåìïåðàòóðíûõ ïðåîáðàçîâàíèÿõ,

êðèòè÷åñêèõ òåìïåðàòóðàõ è ïîòåíöèàëüíîì ðå-

ñóðñå äàþò âîçìîæíîñòü ñðàâíèâàòü ñìàçî÷íûå

ìàòåðèàëû îäíîãî íàçíà÷åíèÿ è, ñîîòâåòñòâåííî,

äåëàòü îáîñíîâàííûé âûáîð.
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