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Îáåñïå÷åíèå áåçîòêàçíîé ðàáîòû òðàíñìèññèè ïðè ýêñïëóàòàöèè ýíåðãîíàñûùåííûõ òðàêòîðîâ – âàæíàÿ çà-
äà÷à. Íàäåæíîñòü åå ôóíêöèîíèðîâàíèÿ âî ìíîãîì çàâèñèò îò íàëè÷èÿ â ñìàçî÷íîé ñèñòåìå ãàçà. Öåëüþ èññëå-
äîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäèêè îïðåäåëåíèÿ êîëè÷åñòâåííîãî ñîäåðæàíèÿ ãàçà â ãàçîìàñëÿíîé ñìåñè. 
Â òðàíñìèññèÿõ òðàêòîðîâ ñîñòàâ ãàçîìàñëÿíîé ñìåñè ìîæåò èìåòü ðàçëè÷íûå çíà÷åíèÿ, êîòîðûå îïðåäåëÿ-
þòñÿ, â îñíîâíîì, ãåîìåòðè÷åñêèìè ðàçìåðàìè ýëåìåíòîâ ñáîðî÷íûõ åäèíèö, ñêîðîñòíûì ðåæèìîì ðàáîòû, 
òåìïåðàòóðîé è ñîðòîì ñìàçî÷íîãî ìàòåðèàëà. Óñòàíîâèòü âëèÿíèå óêàçàííûõ ïàðàìåòðîâ ìîæíî ïóòåì ðåãè-
ñòðàöèè ñîñòàâà ãàçîìàñëÿíîé ñìåñè ïðè ïðîâåäåíèè èñïûòàíèé êàê ñáîðî÷íûõ åäèíèö, òàê è òðàíñìèññèé â 
öåëîì, ïðè óñòàíîâêå íà ñòåíäå èëè íà òðàêòîðû. Âûáîð ìåòîäà ðåãèñòðàöèè ñîñòàâà ãàçîìàñëÿíîé ñìåñè ïðî-
âîäèëñÿ èñõîäÿ èç àíàëèçà ðÿäà ðàáîò, â êîòîðûõ ïðèâîäÿòñÿ ðàçëè÷íûå ñïîñîáû àíàëèçà ñîñòàâà äâóõôàçíûõ 
ñìåñåé. Ïðåäúÿâëÿÿ òðåáîâàíèå óíèâåðñàëüíîñòè ìåòîäà, çàêëþ÷àþùåéñÿ â åäèíîé ìåòîäèêå åãî ïðèìåíåíèÿ, 
êàê â ñòåíäîâûõ, òàê è â îáúåêòîâûõ óñëîâèÿõ, íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿåò ìåòîä, ñâÿçàííûé ñ îòñòîåì 
ïðîá. Ïðåäëîæåíû íàèáîëåå óäà÷íûå òî÷êè â ñèñòåìå ñìàçêè òðàíñìèññèè, èç êîòîðûõ íàèáîëåå óäîáíî îò-
áèðàòü ïðîáû, à òàêæå õàðàêòåðèçóþùèåñÿ íàèáîëüøèì ñîäåðæàíèåì ãàçà â ìàñëå. Òàêæå ïðåäëîæåí íàèáîëåå 
ïðîñòîé è èíôîðìàòèâíûé ìåòîä äëÿ îïðåäåëåíèÿ îáúåìíîãî ñîäåðæàíèÿ ãàçà â ñìåñè. Âûâåäåíû ðàñ÷åòíûå 
çàâèñèìîñòè, ïîçâîëÿþùèå ó÷åñòü èçìåíåíèå îáúåìíîãî ñîîòíîøåíèÿ ìàñëî – ãàç çà âðåìÿ îòáîðà ïðîáû. 
Ðàçðàáîòàííàÿ ìåòîäèêà ïîçâîëÿåò ñäåëàòü îöåíêó íåîáõîäèìîé ïðîèçâîäèòåëüíîñòè îòêà÷èâàþùèõ íàñîñîâ 
ïðèíóäèòåëüíûõ ñèñòåì ñìàçêè. Ìåòîäèêà ìîæåò èñïîëüçîâàòüñÿ êàê ïðè ñòåíäîâûõ, òàê è ïðè õîäîâûõ èñ-
ïûòàíèÿõ.
Êëþ÷åâûå ñëîâà: ýíåðãîíàñûùåííûå òðàêòîðû, òðàíñìèññèÿ, ñìàçî÷íûé ìàòåðèàë, ãàçîìàñëÿíàÿ ñìåñü, èñ-
ïûòàíèÿ.

Ensuring the trouble-free operation of the transmission during the operation of energy-saturated tractors is an impor-
tant task. The reliability of its operation largely depends on the presence of gas in the lubrication system. The aim 
of the study is to develop a methodology for determining the quantitative content of gas in a gas-oil mixture. In the 
tractor transmissions, the composition of the gas-oil mixture can have different values, which are determined mainly 
by the geometric dimensions of the elements of the assembly units, the speed mode of operation, the temperature and 
the grade of the lubricant. The influence of these parameters can be determined by recording the composition of the 
gas-oil mixture during tests, both assembly units and transmissions in general, when mounted on a test bench or on 
a tractor. The choice of the method for recording the composition of a gas-oil mixture was carried out on the basis of 
an analysis of a number of studies in which various techniques for analyzing the composition of two-phase mixtures 
are given. Demonstrating the requirement of universality of the method, consisting in a uniform method of its appli-
cation, both in bench and in object conditions, the most interesting is the method associated with sample sludge. The 
most successful points of the transmission lubrication system are suggested, from which it is most convenient to take 
samples, as well as those characterized by the largest content of gas in the oil. Also the most simple and informative 
method for determining the volumetric gas content in the mixture is proposed. Calculated dependences are derived, 
allowing to take into account the change in the volumetric ratio of oil to gas during the sampling time. The developed 
method allows to make an assessment of the required capacity of bilge pumps of forced lubrication systems. The 
technique can be used both for bench and for road tests.
Keywords: energy-saturated tractor, transmission, lubricant, gas-oil mixture, tests.
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Ââåäåíèå
Òðàíñìèññèÿ â àâòîòðàêòîðíîé òåõíèêå ðà-

áîòàåò â òÿæåëûõ ýêñïëóàòàöèîííûõ ðåæèìàõ. 
À â ñëó÷àå ôóíêöèîíèðîâàíèÿ â ýíåðãîíàñû-
ùåííûõ òðàêòîðàõ – åùå áîëåå íàïðÿæåííåå. 
Äëÿ îáåñïå÷åíèÿ áåçîòêàçíîé ðàáîòû íåîáõî-
äèìî èññëåäîâàòü óñëîâèÿ åå ýêñïëóàòàöèè, 
â ÷àñòíîñòè íàëè÷èå ãàçà â ñèñòåìå ñìàçêè. 
Ïîýòîìó äàííûé âîïðîñ íîñèò àêòóàëüíûé õà-
ðàêòåð.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ìåòîäèêè îïðåäåëåíèÿ êîëè÷åñòâåííîãî ñîäåð-
æàíèÿ ãàçà â ãàçîìàñëÿíîé ñìåñè.

Ìàòåðèàëû, ìåòîäû 
è ðåçóëüòàòû èññëåäîâàíèÿ
Îïðåäåëåíèå ñîñòàâà ãàçîìàñëÿíîé ñìåñè, 

ïîä êîòîðûì ïîäðàçóìåâàåòñÿ óäåëüíîå ìî-
ëÿðíîå ñîîòíîøåíèå ãàçîâîé è ìàñëÿíîé ôàç, 
íåîáõîäèìî â ïåðâóþ î÷åðåäü êàê äëÿ ïðîâåäå-
íèÿ ðàñ÷åòîâ ñèñòåì ñìàçêè ïî ìåòîäèêå, ïðåä-
ëîæåííîé â ðÿäå ðàáîò [1, 2], òàê è äëÿ îöåíêè 
íåîáõîäèìîé ïðîèçâîäèòåëüíîñòè îòêà÷èâàþ-
ùèõ íàñîñîâ ïðèíóäèòåëüíûõ ñèñòåì ñìàçêè. Â 
òðàíñìèññèÿõ òðàêòîðîâ è ñåëüñêîõîçÿéñòâåí-
íûõ ìàøèí ñîñòàâ ãàçîìàñëÿíîé ñìåñè ìîæåò 
èìåòü ðàçëè÷íûå çíà÷åíèÿ, êîòîðûå îïðåäåëÿ-
þòñÿ, â îñíîâíîì, ãåîìåòðè÷åñêèìè ðàçìåðàìè 
ýëåìåíòîâ ñáîðî÷íûõ åäèíèö, ñêîðîñòíûì ðå-
æèìîì ðàáîòû, òåìïåðàòóðîé è ñîðòîì ñìàçî÷-
íîãî ìàòåðèàëà. Óñòàíîâèòü âëèÿíèå óêàçàííûõ 
ïàðàìåòðîâ ìîæíî ïóòåì ðåãèñòðàöèè ñîñòàâà 
ãàçîìàñëÿíîé ñìåñè ïðè ïðîâåäåíèè èñïûòà-
íèé êàê ñáîðî÷íûõ åäèíèö, òàê è òðàíñìèññèé â 
öåëîì, ïðè óñòàíîâêå íà ñòåíäå èëè íà òðàêòîðû 
èëè ñåëüñêîõîçÿéñòâåííûå ìàøèíû.

Âûáîð ìåòîäà ðåãèñòðàöèè ñîñòàâà ãàçî-
ìàñëÿíîé ñìåñè ïðîâîäèëñÿ èñõîäÿ èç àíàëèçà 
ðÿäà ðàáîò [3, 4], â êîòîðûõ ïðèâîäÿòñÿ ðàç-
ëè÷íûå ñïîñîáû àíàëèçà ñîñòàâà äâóõôàçíûõ 
ñìåñåé. Â ðåçóëüòàòå àíàëèçà óñòàíîâëåíî 5 îñ-
íîâíûõ ìåòîäîâ èçìåðåíèÿ, êðàòêèå ñâåäåíèÿ 
î êîòîðûõ ïðèâåäåíû â òàáë. 1. Ïðåäúÿâëÿÿ 
òðåáîâàíèå óíèâåðñàëüíîñòè ìåòîäà, çàêëþ-
÷àþùåéñÿ â åäèíîé ìåòîäèêå åãî ïðèìåíåíèÿ, 
êàê â ñòåíäîâûõ, òàê è â îáúåêòîâûõ óñëîâèÿõ, 
íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿåò ìåòîä, ñâÿ-
çàííûé ñ îòñòîåì ïðîá, êîòîðûé ïðèâåäåí â 
òàáë. 1 ïîä íîìåðîì 5.

Ïðîâåäÿ âûáîð ìåòîäà ðåãèñòðàöèè ñîñòà-
âà ñìåñè, ñëåäóåò îïðåäåëèòü òî÷êó ñèñòåìû 
ñìàçêè, â êîòîðîé áóäåò ïðîâîäèòüñÿ ðåãèñòðà-
öèÿ. Òî÷êè äëÿ îòáîðà ïðîá äîëæíû áûòü ëåãêî 
äîñòóïíû, à âçÿòûå èç íèõ ïðîáû ìàñëà íåñòè 
íàèáîëüøóþ èíôîðìàöèþ ïî ïîñòàâëåííûì 
âîïðîñàì. Ñ ýòèõ ïîçèöèé íàèáîëüøèé èíòå-
ðåñ ïðåäñòàâëÿþò êàðòåðû ñáîðî÷íûõ åäèíèö 
òðàíñìèññèé èëè îáëàñòè ïåðåä îòêà÷èâàþ-
ùèì íàñîñîì ïðèíóäèòåëüíûõ ñèñòåì ñìàçêè. 
Îòáîð ïðîá â ëþáîé äðóãîé òî÷êå ñâÿçàí ñî 
ñëîæíîñòüþ, òðåáóþùåé äîðàáîòêè êîíñòðóê-
öèé, êîòîðûå ìîãóò èñêàçèòü êàðòèíó ïðîòåêà-
þùèõ ïðîöåññîâ. 

Áëàãîäàðÿ íàëè÷èþ â êàðòåðå ïàðîâîçäóøíî-
ãî êëàïàíà, äàâëåíèå â íåì áóäåò ïðàêòè÷åñêè 
ðàâíî àòìîñôåðíîìó, â ðåçóëüòàòå ÷åãî îáú-
åìíîå ñîäåðæàíèå ãàçîâ è ïóçûðüêîâ â ñìåñè 
áóäåò èìåòü íàèáîëüøåå çíà÷åíèå [5, 6]; ê òîìó 
æå ìàëîå çíà÷åíèå äàâëåíèÿ îáëåã÷èò ïðîâåäå-
íèå îòáîðà ïðîáû. Íàëè÷èå ñëèâíûõ îòâåðñòèé 
ó áîëüøèíñòâà êàðòåðîâ ñáîðî÷íûõ åäèíèö íå 
âûçûâàåò êàêèõ-ëèáî òðóäíîñòåé ïðè îòáîðå 
ïðîá êàê â ñòåíäîâûõ, òàê è â îáúåêòîâûõ óñ-
ëîâèÿõ. Îñíîâíûå ïðîöåññû íàñûùåíèÿ ãàçîì 

Òàáëèöà 1

Êðàòêèå õàðàêòåðèñòèêè ìåòîäîâ èçìåðåíèÿ ãàçîñîäåðæàíèÿ â ñìàçî÷íûõ ìàòåðèàëàõ

Ìåòîä èçìåðåíèÿ Äîñòîèíñòâà Íåäîñòàòêè

1. Èçîòîïíûé ïëîòíîìåð Òî÷íîñòü, íåïðåðûâíîñòü èçìåðåíèÿ, 
àâòîìàòè÷åñêàÿ ðåãèñòðàöèÿ äàííûõ

Ñëîæíîå îáîðóäîâàíèå, âûïîëíåíèå 
òðåáîâàíèé ê ðàäèàöèîííîé 

áåçîïàñíîñòè
2. Óëüòðàçâóêîâîé 

ïëîòíîìåð
Íåïðåðûâíîñòü èçìåðåíèÿ, 

àâòîìàòè÷åñêàÿ ðåãèñòðàöèÿ
Íèçêàÿ òî÷íîñòü, ñëîæíîå 

îáîðóäîâàíèå

3. Ãèäðîñòàòè÷åñêèé 
ïëîòíîìåð Òî÷íîñòü, ïðîñòîòà îáîðóäîâàíèÿ

Íåîáõîäèìîñòü ïîääåðæèâàòü 
ïîñòîÿííûé ñîñòàâ ïðîáû â òå÷åíèå 

îïðåäåëåííîãî âðåìåíè

4. Ñæàòèå ïðîáû Òî÷íîñòü, ïðîñòîòà èçìåðåíèÿ Íåîáõîäèìîñòü íàëè÷èÿ ñïåöèàëüíîãî 
îáîðóäîâàíèÿ äëÿ îòáîðà ïðîá

5. Îòñòîé ïðîáû Òî÷íîñòü, ïðîñòîòà, äîñòóïíîñòü Äëèòåëüíîñòü ðåãèñòðàöèè
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ñìàçî÷íîãî ìàòåðèàëà, êàê ñëåäóåò èç àíàëè-
çà ðàáîòû ñèñòåì ñìàçêè, ïðîèñõîäÿò èìåííî 
â êàðòåðàõ ñáîðî÷íûõ åäèíèö. Â ñèëó ýòîãî çà 
òî÷êó îòáîðà ïðîá íåîáõîäèìî è äîñòàòî÷íî 
âçÿòü ïîääîí êàðòåðà ñáîðî÷íîé åäèíèöû.

Ôèçè÷åñêîå ïðåäñòàâëåíèå ïðîöåññà îïðå-
äåëåíèÿ ãàçîñîäåðæàíèÿ çàêëþ÷àåòñÿ â ñëåäó-
þùåì.

Íàñûùåííîå ãàçîâûìè ïóçûðüêàìè ìàñëî 
âëèâàåòñÿ â ìåðíûé ñîñóä. Ïîñëå çàïîëíåíèÿ 
ñîñóäà ðåãèñòðèðóåòñÿ ïîëó÷åííûé îáúåì ãà-
çîìàñëÿíîé ñìåñè. Çàòåì ïðîèñõîäèò ïðîöåññ 
îòñòîÿ, â òå÷åíèå êîòîðîãî ãàçîâûå ïóçûðüêè 
ïîä äåéñòâèåì âûòàëêèâàþùåé ñèëû ñòðåìÿò-
ñÿ ïîäíÿòüñÿ íà ïîâåðõíîñòü æèäêîñòè. Íà ïî-
âåðõíîñòè ïóçûðüêè ëîïàþòñÿ, è íàõîäÿùåéñÿ 
â íèõ ãàç ïîïàäàåò â îêðóæàþùóþ ñðåäó. Åñëè 
â ïðîöåññå îòñòîÿ èìåëî ìåñòî ñíèæåíèÿ òåì-
ïåðàòóðû ïðîáû, òî âîçìîæíî ÷àñòè÷íîå ðàñ-
òâîðåíèå ãàçà â ñìàçî÷íîì ìàòåðèàëå. Â êîíöå 
ïðîöåññà îòñòîÿ (ïîëíîå èñ÷åçíîâåíèå ãàçîâûõ 
ïóçûðüêîâ â ñìàçî÷íîì ìàòåðèàëå) ïðîâîäèòü-
ñÿ ñëåäóþùàÿ ðåãèñòðàöèÿ îáúåìà. Ñîîòíîøå-
íèå îáúåìîâ ïðîáû äî è ïîñëå îòñòîÿ óêàæåò 
îòíîñèòåëüíîå îáúåìíîå ñîäåðæàíèå â ñìàçî÷-
íîì ìàòåðèàëå ãàçîâûõ ïóçûðüêîâ.

Ñëåäóåò îòìåòèòü, ÷òî ïðîèçâåñòè ìãíîâåí-
íûé îòáîð ïðîáû, êàê ïðàâèëî, íåâîçìîæíî. 
Çíà÷èò, çà âðåìÿ, â òå÷åíèå êîòîðîãî ïðîâîäèëñÿ 
îòáîð, ÷àñòü ãàçîâûõ ïóçûðüêîâ óñïååò âûäåëèòü-
ñÿ èç ñìåñè, è, ñëåäîâàòåëüíî, ñîñòàâ åå â ïðîáå 
íå áóäåò ñîîòâåòñòâîâàòü ñîñòàâó, êîòîðûé íàõî-
äèòñÿ â òðàíñìèññèè. Â òàêèõ ñëó÷àÿõ íåîáõîäè-
ìî ïðîâîäèòü çàïèñü èçìåíåíèÿ îáúåìà ïðîáû âî 
âðåìåíè â ïðîöåññå åå îòñòîÿ ñ öåëüþ ïîñëåäóþ-
ùåé ýêñòðàïîëÿöèè ïðîöåññà äî ìîìåíòà íà÷àëà 
îòáîðà ïðîáû. Çàïèñü èçìåíåíèÿ îáúåìà àïïðîê-
ñèìèðîâàëàñü çàâèñèìîñòüþ: 

 
    ã

ñì

, 
V

f
V

 (1)

ãäå V
ã
 – îáúåì ãàçà; V

ñì
 – îáúåì ãàçîìàñëÿíîé 

ñìåñè.
Ïëîòíîñòü ñìåñè â êàæäûé ìîìåíò âðåìåíè 

îïðåäåëÿåòñÿ ñîîòíîøåíèåì:

     ñì ì  1 ,

ãäå 
ñì

 – ïëîòíîñòü ñìåñè; 
ì
 – ïëîòíîñòü 

ìàñëà.
Ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ àïïðîêñèìà-

öèÿ áðàëàñü â âèäå:

 
  

 
, 

A
B

a
 (2)

ãäå τ – âðåìÿ â ñåêóíäàõ; À, Â, a – êîýôôèöèåí-
òû àïïðîêñèìàöèè. 

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ àïïðîê-
ñèìàöèè À, Â, a äîñòàòî÷íî òðåõ ýêñïåðèìåí-
òàëüíûõ òî÷åê δ1, δ2, δ3, снятых во время τ1, τ2, τ3. 
Обозначив δ1 – δ2 = δ12; δ1 – δ3 = δ13, ïîëó÷èì âûðà-
æåíèÿ äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ À, Â, a:

   
  
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2 1 3 1 12 13
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2 1
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    
       

        

    









  









 
 

Áîëåå ñòðîãî äëÿ àíàëèçà ïðîáû ìîæíî 
âîñïîëüçîâàòüñÿ è óðàâíåíèåì ïåðåíîñà ãàçà 
ìàñëîì [3–6]. Â ýòî óðàâíåíèÿ äëÿ ïðîáû ñìåñè 
div CV

M 
= 0; Y

V 
= 0. Ñ÷èòàÿ ã   div j divCV  (ìî-

ëåêóëÿðíûé ïåðåíîñ ãàçîâûõ ïóçûðüêîâ ïðî-
èñõîäèò çíà÷èòåëüíî ìåíåå èíòåíñèâíî, ÷åì 
ïåðåíîñ, îáóñëîâëåííûé âûòàëêèâàþùèìè 
ñèëàìè), ïîëó÷èì óðàâíåíèå êîíöåíòðàöèè 
ãàçîâûõ ïóçûðüêîâ äëÿ ïðîáû ãàçîìàñëÿíîé 
ñìåñè:

  
   

 
ã âõ .

c
divC CV

x

Ïðåíåáðåãàÿ èçìåíåíèåì ñêîðîñòè ãàçà ïî 
âûñîòå ïðîáû, îêîí÷àòåëüíî ïðèíèìàåì:

 
 

 
ã .

c c

x

Êðàåâûå óñëîâèÿ çàäàþòñÿ â âèäå:

X = 0; C = 0; τ = 0; C = C
0 
.

Äëÿ ðåøåíèÿ óðàâíåíèÿ ïðèìåíÿåòñÿ ïðå-
îáðàçîâàíèå Ëàïëàñà ïî ïåðåìåííîé X:

   

ã 00;  , / .

dc
SC C O S C S

d
 

Ðåøåíèå óðàâíåíèÿ çàïèøåòñÿ â âèäå:
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Âåëè÷èíà δ(τ) èç (1) ñ èñïîëüçîâàíèåì (3) 
âûðàçèòñÿ:

 





 
        

0

1

ã0

1 ,CMV

F d

ãäå 
0CMV  – îáúåì ñìåñè â íà÷àëüíûé ìîìåíò 

âðåìåíè; F – ïëîùàäü ìåðíîãî ñîñóäà. Âåëè÷è-
íà ã  îïðåäåëÿåòñÿ ýêñïåðèìåíòàëüíî ïî èçìå-
íåíèþ óðîâíÿ ãàçîìàñëÿíîé ñìåñè â ñîñóäå. Ïî 
ýêñïåðèìåíòàëüíîé çàâèñèìîñòè  ã   ÷èñëåí-

íî îïðåäåëÿåòñÿ ã

0

.d


  

Ïðîâåäåííûå ðàñ÷åòû ïîêàçàëè óäîâëåòâî-
ðèòåëüíîå ñîâïàäåíèå îöåíîê ïëîòíîñòè ãà-
çîìàñëÿíîé ñìåñè, ïîëó÷åííûõ îáîèìè ìåòî-
äàìè. Ïðè ýòîì, íàèìåíåå òðóäîåìêà ïåðâàÿ 
àïïðîêñèìàöèÿ ïî ôîðìóëå (2), ÷òî îïðåäåëè-
ëî åå ïðåäïî÷òèòåëüíîå èñïîëüçîâàíèå.

Çàêëþ÷åíèå
Ðàçðàáîòàííàÿ ìåòîäèêà äàåò âîçìîæíîñòü 

îïðåäåëÿòü êîíöåíòðàöèþ ãàçà â ñìàçî÷íîì ìà-
òåðèàëå, èñïîëüçóþùåìñÿ â òðàíñìèññèÿõ òðàê-
òîðîâ è ñåëüñêîõîçÿéñòâåííûõ ìàøèí. Çíà÷åíèå 
êîíöåíòðàöèè ãàçà íåîáõîäèìî äëÿ ðåàëèçàöèè 
ðàçðàáîòàííîé ìåòîäèêè ðàñ÷åòà ñèñòåì ñìàçêè; 
îäíîâðåìåííî äàåò è âîçìîæíîñòü îöåíèòü íå-
îáõîäèìóþ ïðîèçâîäèòåëüíîñòü îòêà÷èâàþùèõ 
íàñîñîâ ñáîðî÷íûõ åäèíèö òðàíñìèññèé. Ìåòî-
äèêà ìîæåò áûòü èñïîëüçîâàíà ïðè ñòåíäîâûõ è 
õîäîâûõ èñïûòàíèÿõ êàê îòäåëüíûõ ñáîðî÷íûõ 
åäèíèö, òàê è òðàíñìèññèé â öåëîì.
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