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Âîïðîñ îáåñïå÷åíèÿ íàäåæíîñòè äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ ÿâëÿåòñÿ àêòóàëüíîé êîìïëåêñíîé çàäà÷åé, 
ðåøàåìîé ïî ðàçíûì íàïðàâëåíèÿì, ñðåäè êîòîðûõ âàæíûìè ÿâëÿþòñÿ óñëîâèÿ ýêñïëóàòàöèè, âèä ïðèìåíÿ-
åìîãî òîïëèâà, êîíòðîëü ñîñòîÿíèÿ ìîòîðíûõ ìàñåë, à òàêæå îáîñíîâàíèå ñðîêîâ ñëóæáû ïîñëåäíèõ. Ïðè 
ñîâåðøåíñòâîâàíèè êîíñòðóêöèè òðàêòîðîâ íåîáõîäèìî ó÷åñòü âîïðîñ ïîâûøåíèÿ èõ íàäåæíîñòè è äîëãî-
âå÷íîñòè â ïðîöåññå ýêñïëóàòàöèè. Èññëåäîâàíèÿìè óñòàíîâëåíî, ÷òî îò 40 äî 45 % âñåõ îòêàçîâ ñåëüñêîõî-
çÿéñòâåííîé òåõíèêè ïðèõîäèòñÿ íà äîëþ äâèãàòåëÿ. Ðàöèîíàëüíûì ÿâëÿåòñÿ ðåøåíèå ïðîáëåìû ïîâûøåíèÿ 
íàäåæíîñòè äâèãàòåëÿ, îïðåäåëåíèå ñîñòîÿíèÿ àãðåãàòîâ è äåòàëåé ìàøèí ïî ñîäåðæàíèþ ïðîäóêòîâ èçíîñà â 
ðàáîòàþùåì ìàñëå ïðè ýêñïëóàòàöèè äâèãàòåëåé è ïðèíÿòèå îáîñíîâàííûõ ðåøåíèé ïî óëó÷øåíèþ ñîñòîÿíèÿ 
ìàñëà. Â öåëÿõ óëó÷øåíèÿ ýêñïëóàòàöèîííûõ ñâîéñòâ ê ìàñëàì äîáàâëÿåòñÿ ïðèñàäêè. Öåëüþ èññëåäîâàíèÿ 
ÿâëÿåòñÿ àíàëèç âëèÿíèå ñðàáàòûâàåìîñòè ïðèñàäîê íà ýêñïëóàòàöèîííûå ñâîéñòâà ìîòîðíîãî ìàñëà è ðàç-
ðàáîòêà ìåðîïðèÿòèé ïî íåïðåðûâíîìó ââîäó ïðèñàäîê â ìàñëî. Ñ öåëüþ îïðåäåëåíèÿ âëèÿíèÿ íåïðåðûâíîãî 
ââîäà ïðèñàäîê â ñìàçî÷íîå ìàñëî è îïðåäåëåíèÿ èõ ðàöèîíàëüíûõ çíà÷åíèé áûëà ðàçðàáîòàíà ëàáîðàòîðíàÿ 
óñòàíîâêà. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ùåëî÷íîå ÷èñëî ïðè íåïðåðûâíîì ââîäå ïðèñàäêè óâåëè÷èâàëîñü â 
1,5 ðàçà ïî ñðàâíåíèþ ñ ïðîáàìè ìàñåë, îòðàáîòàííûõ áåç óñòðîéñòâà íåïðåðûâíîãî ââîäà ïðèñàäîê. Áûë 
èñïûòàíî óñòðîéñòâî äëÿ ââîäà ïðèñàäêè ñ ôèëüòðîâàëüíûì ýëåìåíòîì. Ïî ðåçóëüòàòàì èññëåäîâàíèé áûë 
óñòàíîâëåí ñëåäóþùèé ðåæèì ðàáîòû Ò = 85 °Ñ,  = 2 ì/ñ è êîíöåíòðàöèÿ ìåõàíè÷åñêèõ ïðèìåñåé ñîñòàâèëà 
0,25 %. Ýêñïëóàòàöèîííûå èñïûòàíèÿ óñòðîéñòâà ïðîâîäèëèñü â òå÷åíèå âðåìåíè ïîêà ùåëî÷íîå ÷èñëî íå 
îïóñòèëîñü íèæå 2 ìãÊÎÍ/ã. Â ðåçóëüòàòå èñïûòàíèé óñòàíîâëåíî, ÷òî èñïîëüçîâàíèå ïðåäëàãàåìîãî óñòðîé-
ñòâà óâåëè÷èâàåò ðåñóðñ ìàñëà â ñðåäíåì íà 15–20 %.
Êëþ÷åâûå ñëîâà: äâèãàòåëü, êîíöåíòðàöèÿ, ìàñëî, ïðèñàäêà, ñðàáàòûâàåìîñòü ïðèñàäêè, íàäåæíîñòü äâèãà-
òåëåé.

The issue of ensuring the reliability of internal combustion engines is an urgent complex task, solved in different 
directions. Important among which are the operating conditions, the type of fuel used, monitoring the condition of 
engine oils, as well as the rationale for the service life of oils. When improving the design of tractors, it is necessary 
to take into account the issue of increasing their reliability and durability during operation. The studies show that 
40–45 % of failures of agricultural machinery are caused by engine breakage. It is rational to solve the problem of 
improving the reliability of the engine, determining the state of the aggregates and machine parts on the content of 
wear products in the oil during engine operation, and making informed decisions to improve the condition of the oil. 
In order to improve the performance properties the additives are used. In order to determine the effect of the continu-
ous use of additives to the oil, a cylinder was designed, comprising a housing, a cylindrical element for the additive, a 
cap, an inlet nozzle and an outlet nozzle. The element located inside the housing is filled with an additive. Engine oil 
lubrication system is supplied from the outside, i.e. in the annular gap between the housing and the element for the 
additive. In the housing, due to the temperature difference, the process of oil diffusion and additives take place. The 
purpose of the development of the laboratory setup was to study the influence of external factors on the process of 
continuous input of additives and the determination of their rational values. Studies have shown that the base number 
with continuous input of additives increased 1,5 times higher compared to samples of oils, used without a device for 
continuous input of additives. A device for introducing the additive with a filter element was tested. The operating 
mode of the installation was set according to the results of studies T = 85 °C,  = 2 m/s and the concentration of me-
chanical impurities was 0,25 %. Operational tests of the device were carried out over a period of time until the base 
number dropped below 2 mgKOH/g. It follows that the oil life cycle increases on average by 15–20 %.
Keywords: engine, concentration, oil, additive, additive response, engine reliability.



Ðåçóëüòàòû àíàëèçà íåïðåðûâíîãî ââîäà ïðèñàäîê â ñìàçî÷íóþ ñèñòåìó äâèãàòåëÿ, 
ðàáîòàþùåãî íà ãàçîîáðàçíîì òîïëèâå
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Ââåäåíèå
Âîïðîñ îáåñïå÷åíèÿ íàäåæíîñòè äâèãàòå-

ëåé âíóòðåííåãî ñãîðàíèÿ ÿâëÿåòñÿ àêòóàëü-
íîé êîìïëåêñíîé çàäà÷åé, ðåøàåìîé ïî ðàçíûì 
íàïðàâëåíèÿì, ñðåäè êîòîðûõ âàæíûìè ÿâëÿ-
þòñÿ óñëîâèÿ ýêñïëóàòàöèè, âèä ïðèìåíÿåìîãî 
òîïëèâà, êîíòðîëü ñîñòîÿíèÿ ìîòîðíûõ ìàñåë, 
à òàêæå îáîñíîâàíèå ñðîêîâ ñëóæáû ïîñëåä-
íèõ. Ïðè ñîâåðøåíñòâîâàíèè êîíñòðóêöèè 
òðàêòîðîâ íåîáõîäèìî ó÷åñòü âîïðîñ ïîâûøå-
íèÿ èõ íàäåæíîñòè è äîëãîâå÷íîñòè â ïðîöåññå 
ýêñïëóàòàöèè.

Èññëåäîâàíèÿìè óñòàíîâëåíî, ÷òî îò 40 äî 
45 % âñåõ îòêàçîâ ñåëüñêîõîçÿéñòâåííîé òåõ-
íèêè ïðèõîäèòñÿ íà äîëþ äâèãàòåëÿ. 

Ðàöèîíàëüíûì ÿâëÿåòñÿ ðåøåíèå ïðîáëåìû 
ïîâûøåíèÿ íàäåæíîñòè äâèãàòåëÿ, îïðåäåëå-
íèå ñîñòîÿíèÿ àãðåãàòîâ è äåòàëåé ìàøèí ïî 
ñîäåðæàíèþ ïðîäóêòîâ èçíîñà â ðàáîòàþùåì 
ìàñëå ïðè ýêñïëóàòàöèè äâèãàòåëåé è ïðèíÿ-
òèå îáîñíîâàííûõ ðåøåíèé ïî óëó÷øåíèþ ñî-
ñòîÿíèÿ ìàñëà. 

Â öåëÿõ óëó÷øåíèÿ ýêñïëóàòàöèîííûõ 
ñâîéñòâ ê ìàñëàì äîáàâëÿåòñÿ ïðèñàäêè. Òîëüêî 
ñîâìåñòíîå âëèÿíèå ôèçè÷åñêèõ ñâîéñòâ áàçî-
âîãî ìàñëà è ïðèñàäîê, ñîñòàâëÿþùèõ êîìïî-
çèöèþ, îïðåäåëÿåò ýêñïëóàòàöèîííûå ñâîéñòâà 
ìàñëà. Â íàñòîÿùåå âðåìÿ äîëÿ ïðèñàäîê ñî-
ñòàâëÿåò 20 % ïî îòíîøåíèþ ê áàçîâîìó ìàñëó. 
Íàìå÷àåòñÿ òåíäåíöèÿ ê äàëüíåéøåìó óâåëè÷å-
íèþ êîíöåíòðàöèè ïðèñàäîê â ìàñëàõ.

Îäíîé èç âàæíåéøèõ ñîñòàâíûõ ÷àñòåé 
ïðîöåññà ñòàðåíèÿ ìîòîðíûõ ìàñåë, êîòîðàÿ 
âî ìíîãîì îïðåäåëÿåò ðàáîòîñïîñîáíîñòü ïî-
ñëåäíèõ, ÿâëÿåòñÿ ñðàáàòûâàåìîñòü ïðèñàäîê 
ñîäåðæàùèõñÿ â ìàñëå.

Â íàñòîÿùèé âðåìÿ åñòü ðàáîòû, ïîñâÿùåí-
íûå ñðàáàòûâàíèþ ïðèñàäîê, â êîòîðûõ òåîðå-
òè÷åñêè è ýêñïåðèìåíòàëüíî îáîñíîâûâàåòñÿ 
äîçèðîâàííûé ââîä ïðèñàäîê â ìàñëà ñ öåëüþ 
ïîâûøåíèÿ ðåñóðñà ìàñåë è ìàøèí. Â ýòèõ ðà-
áîòàõ óêàçûâàåòñÿ íà íåîáõîäèìîñòü ïîääåð-
æàíèÿ êîíöåíòðàöèè ïðèñàäîê â çàäàííîì äèà-
ïàçîíå ïóòåì ïåðèîäè÷åñêîé è íåïðåðûâíîé 
êîìïåíñàöèè èõ óáûëè. Â ðàáîòàõ Ì.ß. Àëü-
òøóëåðà è äðóãèõ ó÷åíûõ ðàññìàòðèâàåòñÿ çà-
êîíîìåðíîñòü ñðàáàòûâàíèÿ ïðèñàäîê [1].

Ñðàáàòûâàíèå íåêîòîðûõ ïðèñàäîê â íà-
÷àëüíîé ïåðèîä ðàáîòû ìàñåë îáúÿñíÿåòñÿ èõ 
àäñîðáöèåé íà äåòàëÿõ äâèãàòåëåé è íà ïîâåðõ-
íîñòè ìàñëÿíûõ ôèëüòðîâ [2].

Îäíàêî íàèáîëåå âàæíîé ïðè÷èíîé ñðàáà-
òûâàíèÿ ïðèñàäîê â ïðîöåññå ðàáîòû äâèãà-

òåëåé ÿâëÿþòñÿ èõ ôèçèêî-õèìè÷åñêèå âçàè-
ìîäåéñòâèÿ ñ ïðîäóêòàìè ñòàðåíèÿ ìàñëà è 
ñãîðàíèÿ òîïëèâà [3].

Öåëü èññëåäîâàíèÿ
Ñîñòîèò â îöåíêå âëèÿíèÿ ñðàáàòûâàåìîñòè 

ïðèñàäîê ìîòîðíûõ ìàñåë ãðóïïû Ã2 äèçåëåé, 
ðàáîòàþùèõ íà ãàçîîáðàçíîì òîïëèâå, íà ýêñ-
ïëóàòàöèîííûå ñâîéñòâà ìàñëà, à òàêæå âîç-
ìîæíîñòè óëó÷øåíèÿ èõ ýêñïëóàòàöèîííûõ 
ñâîéñòâ ïðè íåïðåðûâíîì ââîäå ïðèñàäîê. 

Ìàòåðèàëû è ìåòîäû
Äëÿ îïðåäåëåíèÿ âëèÿíèÿ íåïðåðûâíîãî 

ââîäà ïðèñàäîê â ìàñëî áûëà ðàçðàáîòàíà ëà-
áîðàòîðíàÿ óñòàíîâêà, âûïîëíåííàÿ â âèäå öè-
ëèíäðà. Öåëüþ ðàçðàáîòêè äàííîé óñòàíîâêè 
áûëî èññëåäîâàíèå âëèÿíèÿ âíåøíèõ ôàêòî-
ðîâ íà ïðîöåññ íåïðåðûâíîãî ââîäà ïðèñàäîê è 
îïðåäåëåíèå ðàöèîíàëüíûõ èõ çíà÷åíèé. 

Îñíîâíûìè âíåøíèìè ôàêòîðàìè, âëèÿ-
þùèìè íà ïðîöåññ íåïðåðûâíîãî ââîäà ïðè-
ñàäîê, ÿâëÿþòñÿ ïðîíèöàåìîñòü ýëåìåíòà äëÿ 
ïðèñàäêè óñòðîéñòâà íåïðåðûâíîãî ââîäà, ãè-
äðîäèíàìè÷åñêèé ðåæèì â ñèñòåìå è òåìïåðà-
òóðà ìàñëà. 

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè â êîí-
ñòðóêöèè ýêñïåðèìåíòàëüíîé óñòàíîâêè áûëè 
ïðåäóñìîòðåíû êîíòðîëüíî-èçìåðèòåëüíûå ïðè-
áîðû äëÿ ôèêñàöèè ïàðàìåòðîâ, íåîáõîäèìûõ 
äëÿ õàðàêòåðèñòèêè ðàáî÷èõ ðåæèìîâ ðàáîòû.

Ëàáîðàòîðíàÿ óñòàíîâêà ñîñòîèò èç åìêî-
ñòè äëÿ çàëèâà ìàñëà, øåñòåðåííîãî íàñîñà 
òèïà ÍØ-10, ýëåêòðîäâèãàòåëÿ, ñ÷åò÷èêà ðàñ-
õîäîìåðà, ïîäîãðåâàòåëÿ, ìàíîìåòðîâ, òåðìî-
ìåòðîâ, óñòàíîâêè äëÿ íåïðåðûâíîãî ââîäà 
ïðèñàäêè. Êîíñòðóêöèÿ âêëþ÷àåò öèëèíäðè÷å-
ñêèé êîðïóñ c ðàñïîëîæåííûì âíóòðè íåãî öè-
ëèíäðè÷åñêèì áàêîì, çàïîëíåííûì ïðèñàäêîé, 
êðûøêó, âõîäíîé è âûõîäíîé øòóöåðû. Ìîòîð-
íîå ìàñëî ñèñòåìû ñìàçêè ïîäàåòñÿ ñíàðóæè, 
ò.å. â êîëüöåâîé çàçîð ìåæäó êîðïóñîì è áàêîì 
äëÿ ïðèñàäêè. Â êîðïóñå çà ñ÷åò ðàçíîñòè òåì-
ïåðàòóðû ïðîèñõîäèò ïðîöåññ äèôôóçèè ìàñëà 
è ïðèñàäêè.

Áûë ïðèíÿò ñëåäóþùèé ðåæèì èñïûòàíèÿ: 
êîëè÷åñòâî çàëèâàåìîãî ìàñëà 2 êã, òåìïå-
ðàòóðà âî âðåìÿ ïðîêà÷êè 100 °Ñ è âðåìÿ èñ-
ïûòàíèÿ 20 ÷. Èñïûòóåìîå ìàñëî èç åìêîñòè 
ñ ïîìîùüþ íàñîñà ïîäàâàëîñü ïîä äàâëåíèåì 
1,5 êÃ/ñì2 â ïîäîãðåâàòåëü äëÿ íàãðåâà è ïîñëå 
íàãðåâà äî 100 °Ñ ñòðóéíî ïîñòóïàëî â áà÷îê. 
Íåîáõîäèìàÿ òåìïåðàòóðà â ñèñòåìå ïîääåð-



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 2019

Ê
À

×
Å

Ñ
Ò

Â
Î

, 
Í

À
Ä

Å
Æ

Í
Î

Ñ
Ò

Ü
Óòàåâ Ñ.À.

78

æèâàëàñü ïðè ïîìîùè êîíòàêòíîãî òåðìîìå-
òðà ÒÏÊ (ÃÎÑÒ 9871–2000) è òåðìîðåãóëÿòîðà 
òèïà ÏÒÐ-3.

Ìàñëî â èñõîäíîì áàêå íàãðåâàåòñÿ ñ 20 äî 
100 °Ñ, îäíîâðåìåííî öèðêóëèðóÿ ïî çàìêíó-
òîìó êîíòóðó ñ ïîìîùüþ øåñòåðåííîãî íàñîñà 
ÍØ-10, è ïîäàåòñÿ â êîðïóñ óñòðîéñòâà íå-
ïðåðûâíîãî ââîäà ïðèñàäêè. Ïðè öèðêóëÿöèè 
ãîðÿ÷åãî ìàñëà âäîëü ýëåìåíòà äëÿ ïðèñàäêè 
óñòðîéñòâà íåïðåðûâíîãî ââîäà ïðèñàäêè ïðî-
èñõîäèò èíòåíñèâíûé íåïðåðûâíûé ââîä ïóòåì 
ïðîòåêàíèÿ ïðèñàäêè ÷åðåç ïîðû ýëåìåíòà 
ïðèñàäêè, òî åñòü ïðîöåññ äèôôóçèè. Äàëåå 
ìàñëî ñ ïîâûøåííîé êîíöåíòðàöèåé ïðèñàäêè 
âîçâðàùàåòñÿ â èñõîäíûé áàê. 

Â êà÷åñòâå ïîêàçàòåëÿ äëÿ îöåíêè ýôôåê-
òèâíîñòè ìåòîäà ââåäåíèÿ ïðèñàäêè áûëè ïðè-
íÿòû: ïðîïóñêíàÿ ñïîñîáíîñòü ýëåìåíòà äëÿ 
ïðèñàäêè, òåìïåðàòóðà ìàñëà, ñêîðîñòü ìàñëà 
÷åðåç ëèíèþ öèðêóëÿöèè â ñèñòåìå ñìàçêè 
è çíà÷åíèå ùåëî÷íîñòè èñïûòóåìîãî ìàñëà, 
îïðåäåëÿþùååñÿ êîíöåíòðàöèåé ïðèñàäêè, êî-
òîðûå íåéòðàëèçóþò êèñëûå êîððîçèîííî-àê-
òèâíûå ïðîäóêòû, îáðàçóþùèåñÿ ïðè îêèñëå-
íèè ìàñëà.

Íà ýêñïåðèìåíòàëüíîé óñòàíîâêå èìååòñÿ 
âîçìîæíîñòü îïðåäåëåíèÿ ñëåäóþùèõ ïàðà-
ìåòðîâ:

– ãèäðàâëè÷åñêèå õàðàêòåðèñòèêè ìàòåðè-
àëà ýëåìåíòà äëÿ ïðèñàäêè óñòðîéñòâà íåïðå-
ðûâíîãî ââîäà â çàâèñèìîñòè îò êîíöåíòðàöèè 
ïðèñàäîê (ùåëî÷íîå ÷èñëî) ìàñëà îò òåìïåðà-
òóðû: Ñ = f(T);

– èññëåäîâàíèå èçìåíåíèÿ êîíöåíòðàöèè 
ïðèñàäêè (ùåëî÷íîñòè) ïðè åå íåïðåðûâíîì 
ââîäå;

– âëèÿíèå âíåøíèõ ôàêòîðîâ íà õàðàêòåðè-
ñòèêó íåïðåðûâíîãî ââîäà;

– ïðîïóñêíàÿ ñïîñîáíîñòü ôèëüòðîâàëüíîãî 
ýëåìåíòà.

Ðåçóëüòàòû è îáñóæäåíèå
Èññëåäîâàíèå èçìåíåíèÿ êîíöåíòðàöèè 

ïðèñàäêè (ùåëî÷íîñòè) ïðè íåïðåðûâíîì ââîäå 
ïðîâîäèëèñü â òå÷åíèå 1–3 ÷, ò.å. äî íàñòóïëå-
íèÿ óñòàíîâèâøåãîñÿ ðåæèìà ðàáîòû ýëåìåíòà 
äëÿ ïðèñàäêè ñî ñíÿòèåì èõ õàðàêòåðèñòèê â 
âèäå çàâèñèìîñòè Ñ = f() ïðè ðàçëè÷íûõ ðåæè-
ìàõ ðàáîòû.

Ãèäðàâëè÷åñêèå õàðàêòåðèñòèêè óñòðîé-
ñòâà íåïðåðûâíîãî ââîäà ñíèìàëèñü íà ïðåä-
âàðèòåëüíî î÷èùåííîì ìàñëå, îïðåäåëÿëèñü 
çíà÷åíèÿ êîíöåíòðàöèè (ùåëî÷íîñòè) ïðè ðàç-

ëè÷íûõ òåìïåðàòóðàõ è ñòðîèëèñü êðèâûå â 
âèäå: Ñ = f(T) (ðèñ. 1). 

Èññëåäîâàíèÿ âëèÿíèÿ âíåøíèõ ôàêòî-
ðîâ íà õàðàêòåðèñòèêó íåïðåðûâíîãî ââîäà 
ïðîâîäèëèñü ïðè ñëåäóþùåì ðåæèìå ðàáîòû 
ëàáîðàòîðíîé óñòàíîâêè: ñêîðîñòü ìàñëà 
÷åðåç ëèíèþ öèðêóëÿöèè 1–5 ì/ñ, òåìïåðàòóðà 
ìàñëà 20–100 °Ñ è êîíöåíòðàöèÿ çàãðÿçíåíèé 
0,05–1 % (ïðèìåð íà ðèñ. 2).

Ïî ðåçóëüòàòàì èññëåäîâàíèé ïðè íåïðå-
ðûâíîì ââîäå îïðåäåëÿëèñü ïðåäåëüíûå çíà-
÷åíèÿ ôàêòîðîâ, âëèÿþùèõ íà õàðàêòåðèñòèêó 
ïðîöåññà íåïðåðûâíîãî ââîäà: ñêîðîñòü ïîòîêà 
ìàñëà, òåìïåðàòóðà è êîíöåíòðàöèÿ ìåõàíè÷å-
ñêèõ ïðèìåñåé.

Äëÿ ïðîâåäåíèÿ ýêñïëóàòàöèîííûõ èñ-
ïûòàíèé ïðèìåíÿëèñü ìàñëà îòîáðàííîé èç 
ñèñòåìû ñìàçêè òðàêòîðà, ðàáîòàþùåãî íà 
ãàçîîáðàçíîì òîïëèâå ñ åñòåñòâåííûìè çàãðÿç-
íåíèÿìè.

Ãëàâíîé çàäà÷åé èñïûòàíèé ÿâëÿëîñü îïðå-
äåëåíèå ðåñóðñíîé õàðàêòåðèñòèêè óñòðîéñòâà 
íåïðåðûâíîãî ââîäà ïðèñàäêè â óñëîâèÿõ ýêñ-
ïëóàòàöèè.

Èñïûòàíèÿ ïðîâîäèëèñü ïðè åñòåñòâåííîé 
ñêîðîñòè ïîòîêà ìàñëà ñèñòåìû ñìàçêè ÷åðåç 
óñòðîéñòâà íåïðåðûâíîãî ââîäà ïðèñàäêè ïðè 
åñòåñòâåííîé òåìïåðàòóðå è åñòåñòâåííîé êîí-
öåíòðàöèè çàãðÿçíåíèÿ ìàñëà äâèãàòåëÿ â óñ-
ëîâèÿõ ýêñïëóàòàöèè.

Äëÿ îöåíêè ýôôåêòèâíîñòè ìàñåë äèçåëåé 
òðàêòîðîâ, ðàáîòàþùèõ íà ãàçîîáðàçíîì è äè-
çåëüíîì òîïëèâå, à òàêæå äåéñòâèÿ ââîäèìûõ 
â ìàñëî ïðèñàäîê ïðîâåäåíû ñðàâíèòåëüíûå 
èñïûòàíèÿ ìàñåë äâèãàòåëåé Ä-243 òðàêòîðîâ, 
ýêñïëóàòèðóåìûõ â îòðàñëè ñåëüñêîãî õîçÿé-
ñòâà, êîòîðûå âûïîëíÿþò òðàíñïîðòíî-óáîðî÷-
íûå ðàáîòû. 

Ïåðåä íà÷àëîì èñïûòàíèé ïðîâîäèëè êðàò-
êèé àíàëèç ðàáîòîñïîñîáíîñòè òðàêòîðîâ. 

Àíàëèç ñâîéñòâ ðàáîòàþùèõ ìîòîðíûõ 
ìàñåë, â ñîîòâåòñòâèè ñ ìåòîäèêîé èñïûòàíèé, 
ïðîâîäèëè ïî òàêèì ïîêàçàòåëÿì êàê ïëîò-
íîñòü, êèíåìàòè÷åñêàÿ âÿçêîñòü, ÷èñëî îìû-
ëåíèÿ, òåìïåðàòóðà çàñòûâàíèÿ, ñîäåðæàíèå 
ìåõàíè÷åñêèõ ïðèìåñåé, òåìïåðàòóðà âñïûø-
êè, ñîäåðæàíèå âîäû, êîêñóåìîñòü; ùåëî÷íîå 
÷èñëî, êèñëîòíîñòü, çîëüíîñòü, êîëè÷åñòâî 
ïðîäóêòîâ èçíîñà. 

Ïîëó÷åííûå çíà÷åíèÿ èçìåíåíèÿ ñâîéñòâ 
ðàáîòàþùèõ ìîòîðíûõ ìàñåë ñðàâíèâàëè ñ 
èçâåñòíûìè äàííûìè è çàêîíîìåðíîñòÿìè èç-
ìåíåíèÿ õàðàêòåðèñòèê ìàñåë, ðàáîòàþùèõ íà 



Ðåçóëüòàòû àíàëèçà íåïðåðûâíîãî ââîäà ïðèñàäîê â ñìàçî÷íóþ ñèñòåìó äâèãàòåëÿ, 
ðàáîòàþùåãî íà ãàçîîáðàçíîì òîïëèâå
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äèçåëüíîì è ãàçîîáðàçíûõ òîïëèâàõ. Îñîáåí-
íîñòü ðàññìàòðèâàåìîé òåõíîëîãèè ñîñòîèò â 
òîì, ÷òî â òå÷åíèå âñåãî ñðîêà ñëóæáû ìàñëà 
ïåðèîäè÷åñêè, ÷åðåç çàäàííóþ íàðàáîòêó, ïðî-
âåðÿþò íà ñîñòîÿíèå ðàáîòàþùåãî ìàñëà ïî 
çàãðÿçíåííîñòè è ùåëî÷íîìó ÷èñëó. Ïîñëå 
ïðîâåðêè â ðàáîòàþùåå ìàñëî ââîäÿò ïðèñàä-
êè, îáåñïå÷èâàþùèå óäàëåíèå ïðîäóêòîâ îêèñ-
ëåíèÿ (ñòàðåíèÿ) è óëó÷øåíèÿ ñìàçûâàþùèõ 
ñâîéñòâ ìàñëà. 

Ïðîöåññ ïðîâåäåíèÿ èññëåäîâàíèé îñíîâ-
íûõ õàðàêòåðèñòèê ìîòîðíûõ ìàñåë äâèãàòåëÿ 
Ä-243 ñîñòîÿë èç äâóõ ýòàïîâ. Íà ïåðâîì ýòàïå 
èññëåäîâàíèÿ ïîëó÷åíû ïðîáû ìàñåë ñîäåðæà-
íèåì èõ 100 ìë ïðè ðàáîòå òðàêòîðîâ íà äè-
çåëüíîì è ãàçîîáðàçíîì òîïëèâå.

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ùåëî÷íîå 
÷èñëî ïðè íåïðåðûâíîì ââîäå ïðèñàäêè óâå-
ëè÷èâàëîñü â 1,5 ðàçà ïî ñðàâíåíèþ ñ ïðîáàìè 
ìàñåë, îòðàáîòàâøèõ áåç óñòðîéñòâà íåïðå-
ðûâíîãî ââîäà ïðèñàäîê. 

Áûëî èñïûòàíî óñòðîéñòâî äëÿ ââîäà ïðè-
ñàäêè ñ ôèëüòðîâàëüíûì ýëåìåíòîì. Ðåæèì 
ðàáîòû óñòàíîâêè ïî ðåçóëüòàòàì èññëåäîâà-
íèé áûë óñòàíîâëåí ñëåäóþùèé: Ò = 85° Ñ, 
 = 2 ì/ñ è êîíöåíòðàöèÿ ìåõàíè÷åñêèõ ïðèìå-
ñåé 0,25 %.

Ýêñïëóàòàöèîííûå èñïûòàíèÿ óñòðîéñòâà 
ïðîâîäèëèñü â òå÷åíèå âðåìåíè, ïîêà ùåëî÷íîå 
÷èñëî íå ñíèçèëîñü íèæå óðîâíÿ 2 ìãÊÎÍ/ã. Â 
ðåçóëüòàòå ïîëó÷åíî, ÷òî ðåñóðñ ìàñëà óâåëè-
÷èâàåòñÿ â ñðåäíåì íà 15–20 %. 

Ùåëî÷íîñòü ìàñëà ðåçêî ñíèæàåòñÿ â 
ïåðâûå ÷àñû ðàáîòû â òå÷åíèå 10–12 ÷àñîâ, 
à ïîòîì íàñòóïàåò óñòàíîâèâøèéñÿ ðåæèì è 
îñòàâøååñÿ âðåìÿ îíà ïðàêòè÷åñêè ìàëî èçìå-
íÿåòñÿ.

Íà âòîðîì ýòàïå èññëåäîâàíèé ïîëó÷åíû 
ïðîáû ìàñëà ñ äèçåëÿ Ä-243, ðàáîòàþùåãî íà 
ãàçîîáðàçíîì òîïëèâå ñ ââåäåíèåì ïðèñàäîê.

Ïðîáû ïîëó÷èëè àíîëîãè÷íûå ïåðâîìó 
ýòàïó ïðè ðàáîòå òðàêòîðîâ íà ãàçîîáðàçíîì 

Ðèñ. 1. Çàâèñèìîñòü ùåëî÷íîãî ÷èñëà ìîòîðíîãî ìàñëà äâèãàòåëÿ, 
ðàáîòàþùåãî íà ãàçîîáðàçíîì òîïëèâå îò òåìïåðàòóðû Ò: 

                                                         – òåîðèòè÷åñêàÿ;                     – ýêñïåðèìåíòàëüíàÿ 

Ðèñ. 2. Èçìåíåíèå ùåëî÷íîãî ÷èñëà ìîòîðíîãî ìàñëà äâèãàòåëÿ, 
ðàáîòàþùåãî íà ãàçîîáðàçíîì òîïëèâå îò ñêîðîñòè ïîòîêà ìàñëà
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òîïëèâå ïî ñóùåñòâóþùåé ìåòîäèêå. Ðåçóëüòà-
òû àíàëèçà ìàñåë ïðèâåäåíû â òàáëèöå.

Ââåäåíèå ïðèñàäêè â ìàñëî Ì-10Ã2 ïðè 
ðàáîòå íà ãàçîîáðàçíîì òîïëèâå âëèÿåò íà 
óëó÷øåíèå ïîêàçàòåëåé êàê ùåëî÷íîãî ÷èñëà, 
òàê è êèñëîòíîñòè, íåçíà÷èòåëüíî óìåíüøàåò-
ñÿ ñîäåðæàíèå ìåõàíè÷åñêèõ ïðèìåñåé è ïðî-
äóêòû èçíîñà. 

Ùåëî÷íîå ÷èñëî â ìîòîðíûõ ìàñëàõ îäíà 
èç âàæíåéøèõ ïîêàçàòåëåé, óêàçûâàþùèõ 
íà ðàáîòîñïîñîáíîñòü ìàñëà, íà ïîòåíöèàë 
åãî ïðîòèâîèçíîñíûõ è àíòèîêèñëèòåëüíûõ 
ñâîéñòâ. Ùåëî÷íîå ÷èñëî ìàñëà Ì-10Ã2 ïî 
ÃÎÑÒó ñîñòàâëÿåò íå ìåíåå 6,0 ìã ÊÎÍ/ã è, 
â îñíîâíîì, îáåñïå÷èâàåòñÿ ñîäåðæàíèåì â 
ìàñëå ñóëüôàòíûõ, àëêèëôåíîëüíûõ, àëêèë-
ñàëèöèëàòíûõ, çîëüíûõ è àíòèîêèñëèòåëü-
íûõ ïðèñàäîê.

Â íàøåì ñëó÷àå, ïðè ðàññìîòðåíèè âëèÿíèÿ 
ïðèñàäêè íà èçìåíåíèå ñâîéñòâ ìàñëà Ì-10Ã2, 
â èññëåäóåìûõ îáðàçöàõ, çàãðÿçíåíèÿ ìàñëà 
óìåíüøàåòñÿ ñ 0,058 äî 0,038 %. 

Âûâîäû
Ïî ðåçóëüòàòàì èññëåäîâàíèé ìîæíî ñäå-

ëàòü ñëåäóþùèå âûâîäû:
– àíàëèçèðóÿ äàííûå, ïðåäñòàâëåííûå â òà-

áëèöå, îòìåòèì îòñóòñòâèå âëèÿíèÿ îñíîâíîé 
ìàññû ïðåïàðàòîâ íà ùåëî÷íîå ÷èñëî ìàñëà; 

– îòìå÷àåòñÿ óâåëè÷åíèå óðîâíÿ ðÍ ïðè 
ââåäåíèè â ìàñëà ïðèñàäîê;

– óâåëè÷åíèå ùåëî÷íîãî ÷èñëà ìîæíî õà-
ðàêòåðèçîâàòü êàê ïîêàçàòåëü óâåëè÷åíèÿ 
ñðîêà ñëóæáû ðàáîòàþùåãî ìîòîðíîãî ìàñëà; 

– íåïðåðûâíûé ââîä ïðèñàäêè â ñèñòåìó 
ñìàçêè äâèãàòåëÿ óëó÷øàåò ýêñïëóàòàöèîííûå 
ñâîéñòâà ìàñëà, óìåíüøàåò èçíîñ äåòàëåé.
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Òàáëèöà 
Ôèçèêî-õèìè÷åñêèå ïîêàçàòåëè ðàáîòàâøèõ ìîòîðíûõ ìàñåë ìàðêè Ì-10Ã2

Ïîêàçàòåëè Ïîêàçàòåëè ïðåäåëüíîãî 
ñîñòîÿíèÿ ìàñåë

Ðàáîòàâøèå ìàñëà 
äî ââîäà 

ñòàáèëèçàòîðîâ

Ðàáîòàâøèå ìàñëà 
ïîñëå ââîäà 

ñòàáèëèçàòîðîâ

Ïëîòíîñòü ïðè 20 Ñ, êã/ñì3,
íå áîëåå 0,890 0,891 0,892

Êèíåìàòè÷åñêàÿ âÿçêîñòü 
ïðè 100 Ñ, ñÑò 9,00,5 9,7 9,8

Ñîäåðæàíèå ìåõàíè÷åñêèõ 
ïðèìåñåé íå áîëåå , % 0,01 0,038 0,027

Ñîäåðæàíèå âîäû, % Ñëåäû Ñëåäû Ñëåäû
Ùåëî÷íîå ÷èñëî, ìã ÊÎÍ/ã 2 2,24 2,8


