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Â ñòàòüå ðàññìàòðèâàåòñÿ èñïîëüçîâàíèå àëüòåðíàòèâíûõ ìèíåðàëüíûì è ñèíòåòè÷åñêèì íåôòåïðîäóêòàì 
ìàñåë ðàñòèòåëüíîãî ïðîèñõîæäåíèÿ â êà÷åñòâå ðàáî÷åé æèäêîñòè äëÿ ãèäðàâëè÷åñêèõ ñèñòåì ñåëüñêîõîçÿé-
ñòâåííîé òåõíèêè. Ïðè âûáîðå ðàñòèòåëüíîãî ìàñëà èñïîëüçîâàíèå ðûæèêîâîãî ìàñëà êàê áîëåå äîñòóïíîãî 
è ýêîíîìè÷åñêè äåøåâîãî ñûðüÿ ÿâëÿåòñÿ íàèáîëåå öåëåñîîáðàçíûì. Ê îñíîâíûì íåäîñòàòêàì ðàñòèòåëüíûõ 
ìàñåë ñëåäóåò îòíåñòè íèçêóþ òåðìîîêèñëèòåëüíóþ ñòàáèëüíîñòü è íåóäîâëåòâîðèòåëüíûå íèçêîòåìïåðàòóð-
íûå ñâîéñòâà. Ïîýòîìó èñïîëüçîâàíèå ðàñòèòåëüíûõ ìàñåë â ãèäðîñèñòåìàõ âîçìîæíî òîëüêî â âèäå ñìåñåé 
ñ ìèíåðàëüíûì ìàñëîì. Ñ öåëüþ èçó÷åíèÿ âîçìîæíîñòè èñïîëüçîâàíèÿ ðàñòèòåëüíî-ìèíåðàëüíîãî ìàñëà â 
êà÷åñòâå ðàáî÷åé æèäêîñòè äëÿ ãèäðîñèñòåì ñåëüñêîõîçÿéñòâåííîé òåõíèêè áûëè ïðîâåäåíû ëàáîðàòîðíûå 
èññëåäîâàíèÿ ôèçè÷åñêèõ ñâîéñòâ ðûæèêîâî-ìàñëÿíûõ ñìåñåé. Èññëåäîâàíèÿ âêëþ÷àëè â ñåáÿ îïðåäåëåíèå 
çàâèñèìîñòè êèíåìàòè÷åñêîé âÿçêîñòè è ïëîòíîñòè ðûæèêîâî-ìàñëÿíûõ ñìåñåé îò òåìïåðàòóðû è ïðîâîäè-
ëèñü â ðàçëè÷íûõ ïðîïîðöèÿõ ìèíåðàëüíîãî ãèäðàâëè÷åñêîãî ìàñëà ÂÌÃÇ (ÃÌ) è ðûæèêîâîãî ìàñëà (ÐûæÌ): 
100 % ÃÌ; 90 % ÃÌ – 10 % ÐûæÌ; 75 % ÃÌ – 25 % ÐûæÌ; 50 % ÃÌ – 50 % ÐûæÌ; 25 % ÃÌ –75% ÐûæÌ; 
10 % ÃÌ – 90 % ÐûæÌ; 100 % ÐûæÌ. Îïðåäåëåíèå ôèçè÷åñêèõ ñâîéñòâ ðûæèêîâî-ìàñëÿíûõ ñìåñåé ïðî-
âîäèëèñü íà êðèîòåðìîñòàòå âèñêîçèìåòðè÷åñêîì LOIPLT-912 ñ ïîìîùüþ àðåîìåòðà ÀÍÒ-2 è êàïèëëÿðíûõ 
âèñêîçèìåòðîâ ÂÏÆ-4, ÂÏÆ-2 â ñîîòâåòñòâèè ñ ÃÎÑÒ Ð ÈÑÎ 3675-2007 è ÃÎÑÒ 33-2000 (ÈÑÎ 3104-94), 
ñîîòâåòñòâåííî. Ïî ïîëó÷åííûì ðåçóëüòàòàì âûÿâëåíî, ÷òî ðûæèêîâî-ìàñëÿíûå ñìåñè ñ ñîîòíîøåíèåì 90 % 
ÃÌ – 10 % ÐûæÌ è 75 % ÃÌ – 25% ÐûæÌ ïî âÿçêîñòíî-òåìïåðàòóðíûì ñâîéñòâàì è ïëîòíîñòè ìîãóò áûòü èñ-
ïîëüçîâàíû êàê çàìåíèòåëè òîâàðíîãî ìèíåðàëüíîãî ãèäðàâëè÷åñêîãî ìàñëà ÂÌÃÇ. Ðåçóëüòàòû ïðîâåäåííûõ 
ëàáîðàòîðíûõ èññëåäîâàíèé ïîçâîëÿþò îòîáðàçèòü äèíàìèêó èçìåíåíèÿ âÿçêîñòíî-òåìïåðàòóðíûõ è ïëîò-
íîñòíûõ ñâîéñòâ ðûæèêîâî-ìàñëÿíûõ ñìåñåé ðàçëè÷íûõ êîíöåíòðàöèé.
Êëþ÷åâûå ñëîâà: ðàñòèòåëüíîå ìàñëî, êèíåìàòè÷åñêàÿ âÿçêîñòü, ïëîòíîñòü, ðûæèêîâî-ìàñëÿíàÿ ñìåñü, ãè-
äðàâëè÷åñêàÿ ñèñòåìà.

The article considers the use of oils of vegetable origin alternative to mineral and synthetic oil products as a work-
ing fluid for hydraulic systems of agricultural machinery. When choosing vegetable oil, the use of camelina oil as 
a more affordable and economically cheap raw material is most appropriate. The main disadvantages of vegetable 
oils include low thermal and oxidative stability and unsatisfactory low-temperature properties. Therefore, the use of 
vegetable oils in hydraulic systems is possible only in the form of mixtures with mineral oil. To study the possibility 
of using vegetable-mineral oil as a working fluid for hydraulic systems of agricultural machinery, laboratory studies 
of the physical properties of camelina oil mixtures were carried out. The studies included the determination of the 
relationship between the kinematic viscosity and the density of the camelina oil mixtures from the temperature and 
were carried out in various proportions of the mineral hydraulic oil – multigrade oil hydraulic thickened (hydraulic 
oil – GM) and camelina oil (RyzhM) – 100 % GM, 90 % GM – 10 % RyzhM, 75 % GM – 25 % RyzhM, 50 % GM – 
50 % RyzhM, 25 % GM – 75 % RyzhM, 10 % GM – 90 % RyzhM, 100 % RyzhM. Determination of the physical 
properties of the camelina oil mixtures was carried out on a cryo-thermostat with viscosimetric LOIPLT-912, using 
an ANT-2 hydrometer and capillary viscosimeter VPZh-4, VPZh-2 in accordance with GOST R ISO 3675-2007 and 
GOST 33-2000 (ISO 3104-94) respectively. Based on the results obtained, it was found that red-and-oil mixtures 
with a ratio 90 % GM – 10 % RyzhM è 75 % GM – 25 % RyzhM according to viscosity-temperature properties and 
density can be used as substitutes for merchant mineral hydraulic oil GM. The results of the laboratory tests allow 
us to display the dynamics of the change in viscosity-temperature and density properties of red-and-oil mixtures of 
various concentrations.
Keywords: vegetable oil, kinematic viscosity, density, camelina oil mixture, hydraulic system.
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 Ââåäåíèå
Â ñâÿçè ñ íåóêëîííûì óõóäøåíèåì ýêîëî-

ãè÷åñêîé îáñòàíîâêè, ðîñòîì öåí íà íåôòåïðî-
äóêòû è ïîñòîÿííûì óâåëè÷åíèåì ñïðîñà íà 
ìèíåðàëüíûå ñìàçî÷íûå ìàòåðèàëû â ïðîìûø-
ëåííîñòè âî âñåì ìèðå ðåçêî âîçðîñ èíòåðåñ ê 
ïðàêòè÷åñêîìó èñïîëüçîâàíèþ ïðîäóêòîâ ðàñ-
òèòåëüíîãî ïðîèñõîæäåíèÿ, â ÷àñòíîñòè ìàñåë 
è ñìàçîê. Ìîäèôèêàöèÿ ìèíåðàëüíîãî ìàñëà 
ïóòåì äîáàâëåíèÿ íåïèùåâûõ ðàñòèòåëüíûõ 
ìàñåë ìîæåò ñâåñòè ê ìèíèìóìó èñïîëüçî-
âàíèå ìèíåðàëüíîãî ìàñëà â êà÷åñòâå ñìàçêè 
[1–8]. 

Â ïîñëåäíåå âðåìÿ íàèáîëüøåå ðàñïðîñòðà-
íåíèå ïîëó÷àþò ðàñòèòåëüíûå ìàñëà – ðàï-
ñîâîå, ïàëüìîâîå, ïîäñîëíå÷íîå, àðàõèñîâîå 
è ñîåâîå. Îäíàêî èñïîëüçîâàíèå ðûæèêîâîãî 
ìàñëà êàê áîëåå äîñòóïíîãî è ýêîíîìè÷åñêè 
äåøåâîãî ñûðüÿ ÿâëÿåòñÿ íàèáîëåå öåëåñî-
îáðàçíûì [1, 7].

Ðàñòèòåëüíûå ìàñëà èìåþò âûñîêèé èíäåêñ 
âÿçêîñòè, âûñîêóþ ñìàçûâàþùóþ ñïîñîáíîñòü, 
íèçêóþ òîêñè÷íîñòü è âûñîêóþ áèîðàçëàãàå-
ìîñòü. Ñ òî÷êè çðåíèÿ ýêîíîìèêè ðàñòèòåëüíîå 
ìàñëî ÿâëÿåòñÿ áîëåå ðåíòàáåëüíûì ïî ñðàâíå-
íèþ ñ ìèíåðàëüíûì ìàñëîì, îäíàêî íåäîñòàòêè 
ðàñòèòåëüíûõ ìàñåë âêëþ÷àþò ïëîõîå îêèñ-
ëåíèå, ãèäðîëèòè÷åñêóþ ñòàáèëüíîñòü è íèç-
êîòåìïåðàòóðíûå ñâîéñòâà. Ïîýòîìó èñïîëü-
çîâàíèå ðàñòèòåëüíûõ ìàñåë â ãèäðîñèñòåìàõ 
âîçìîæíî òîëüêî â âèäå ñìåñåé ñ ìèíåðàëüíûì 
ìàñëîì. Ïîëó÷åííûå ïðè ýòîì ñìåñåâûå ìàñëà 
èìåþò ôèçèêî-õèìè÷åñêèå è ýêñïëóàòàöèîííûå 
ñâîéñòâà, áëèçêèå ê ñâîéñòâàì ìèíåðàëüíûõ ãè-
äðàâëè÷åñêèõ ìàñåë [2–5].

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èññëåäîâà-

íèÿ ôèçè÷åñêèõ ñâîéñòâ ðûæèêîâî-ìàñëÿíûõ 
ñìåñåé äëÿ ãèäðàâëè÷åñêèõ ñèñòåì ñåëüñêîõî-
çÿéñòâåííîé òåõíèêè

Ìåòîäû è ðåçóëüòàòû èññëåäîâàíèÿ
Äëÿ óñòàíîâëåíèÿ ñîîòâåòñòâèÿ ïîêàçàòå-

ëåé ðàñòèòåëüíî-ìèíåðàëüíîãî ìàñëà òîâàðíî-
ìó ãèäðàâëè÷åñêîìó ïî âÿçêîñòíî-òåìïåðàòóð-
íûì ñâîéñòâàì è ïëîòíîñòè áûëè ïðîâåäåíû 
èññëåäîâàíèÿ íà êðèîòåðìîñòàòå âèñêîçèìå-
òðè÷åñêîì LOIPLT-912 (ðèñ. 1). Âûáîð ðàáî-
÷åé æèäêîñòè îñóùåñòâëÿëñÿ â ñîîòâåòñòâèè ñ 
òðåáîâàíèÿìè ÃÎÑÒ 33-2000: ïðè òåìïåðàòóðå 
îò –10 °Ñ äî +15 °Ñ èñïîëüçîâàëè òåõíè÷åñêèé 
ýòèëîâûé ñïèðò, îò +15°Ñ äî +60°Ñ – äèñòèë-

ëèðîâàííóþ âîäó, à îò +60 °Ñ äî +100 °Ñ – âî-
äíî-ãëèöåðèíîâóþ ñìåñü. Äëÿ èññëåäîâàíèé 
áûëè ïðèãîòîâëåíû ñëåäóþùèå ïðîïîðöèè 
ìèíåðàëüíîãî ãèäðàâëè÷åñêîãî ìàñëà ÂÌÃÇ 
(ÃÌ) è ðûæèêîâîãî ìàñëà (ÐûæÌ): 100 % 
ÃÌ; 90 % ÃÌ – 10 % ÐûæÌ; 75 % ÃÌ – 25 % 
ÐûæÌ; 50 % ÃÌ – 50 % ÐûæÌ; 25 % ÃÌ – 
75 % ÐûæÌ; 10 % ÃÌ – 90 % ÐûæÌ; 100 % 
ÐûæÌ. 

Îïðåäåëåíèå ïëîòíîñòè ñìåñåé ïðîâîäèëè 
ñ ïîìîùüþ àðåîìåòðà ÀÍÒ-2 (ÃÎÑÒ 18481-81) 
ðàçëè÷íûõ äèàïàçîíîâ èçìåðåíèÿ â ñîîòâåò-
ñòâèè ñ ÃÎÑÒ Ð ÈÑÎ 3675-2007 (ðèñ. 2). 

Ìåðíûé öèëèíäð íàïîëíÿëè èññëåäóåìîé 
ñìåñüþ è ïîìåùàëè â êðèîòåðìîñòàò. Ïðè 
óñòàíîâëåíèè â öèëèíäðå çàäàííîé òåìïåðà-
òóðû îïóñêàëè àðåîìåòð. Ïîñëå òîãî êàê ïðå-
êðàòÿòñÿ êîëåáàíèÿ àðåîìåòðà, ïðîèçâîäèëè 
îòñ÷åò ïëîòíîñòè ïî âåðõíåìó êðàþ ìåíèñêà ñ 
òî÷íîñòüþ äî åäèíèöû. Â òàáë. 1 ïðåäñòàâëåíû 
ðåçóëüòàòû èññëåäîâàíèÿ ïëîòíîñòè ÷èñòûõ 
èññëåäóåìûõ ìàñåë è èõ ñìåñåé â ðàçëè÷íûõ 
ïðîïîðöèÿõ. 

Èç âûøåïðèâåäåííûõ äàííûõ âèäíî, ÷òî 
ïëîòíîñòü ðûæèêîâî-ìàñëåíûõ ñìåñåé ñ ñîîò-
íîøåíèåì 90 % ÃÌ – 10 % ÐûæÌ è 75 % ÃÌ – 
25 % ÐûæÌ ïðè òåìïåðàòóðå 40 °Ñ ñîîòâåò-
ñòâóåò ìèíåðàëüíîìó ãèäðàâëè÷åñêîìó ìàñëó. 
Ñìåñè ñîñòàâîâ 50 % ÃÌ – 50 % ÐûæÌ, 25 % 
ÃÌ – 75 % ÐûæÌ è 10 % ÃÌ – 90 % ÐûæÌ 

Ðèñ. 1. Îáîðóäîâàíèå äëÿ îïðåäåëåíèÿ 
ïëîòíîñòè è âÿçêîñòè: 

1 – ìîäóëü òåðìîðåãóëèðîâàíèÿ êðèîòåðìîñòàòà; 
2 – ìîäóëü îõëàæäåíèÿ êðèîòåðìîñòàòà; 3 – ïðèáîð 

äëÿ îïðåäåëåíèÿ ïëîòíîñòè; 4 – êàïèëëÿðíûé 
âèñêîçèìåòð; 5 – ãðóøà
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ïðåâîñõîäÿò ïëîòíîñòü ìèíåðàëüíîãî ãèäðàâ-
ëè÷åñêîãî ìàñëà ñîîòâåòñòâåííî íà 25 êã/ì3, 
44 êã/ì3 è 55 êã/ì3. Ïëîòíîñòü ðûæèêîâîãî 
ìàñëà ïðåâûøàåò çíà÷åíèå ìèíåðàëüíîãî ãè-
äðàâëè÷åñêîãî ìàñëà íà 66 êã/ì3.

Îïðåäåëåíèå êèíåìàòè÷åñêîé âÿçêîñòè 
ïðîâîäèëè ñ ïîìîùüþ êàïèëëÿðíûõ âèñêî-
çèìåòðîâ â ñîîòâåòñòâèè ñ ÃÎÑÒ 33-2000 
(ÈÑÎ 3104-94) (ðèñ. 3) [6].

Âèñêîçèìåòð íàïîëíÿëè èññëåäóåìîé 
ñìåñüþ: íàäåâ íà îòâîäíóþ òðóáêó 3 ãðóøó è, 
ïåðåâåðíóâ âèñêîçèìåòð, çàæèìàëè êîëåíî 2, 
çàòåì îïóñêàëè êîëåíî 1 â òèãåëü ñî ñìåñüþ, 
ñîçäàâ ðàçðÿæåíèå ãðóøåé, çàïîëíÿëè âèñêî-
çèìåòð. Íàïîëíèâ âèñêîçèìåòð äî ìåòêè Ì

1
, 

ïåðåâîðà÷èâàëè, íàïðàâèâ îòêðûòûå êîíöû åãî 
êîëåí ââåðõ. Çàòåì ñíèìàëè ãðóøó è íàäåâàëè 

Ðèñ. 2. Ïðèáîð äëÿ îïðåäåëåíèÿ ïëîòíîñòè: 
1 – ìåðíûé öèëèíäð; 2 – àðåîìåòð

Òàáëèöà 1

Ïëîòíîñòü ìèíåðàëüíîãî ãèäðàâëè÷åñêîãî ìàñëà, ðûæèêîâîãî ìàñëà è ðûæèêîâî-ìàñëÿíûõ ñìåñåé

 à á

Ðèñ. 3. Êàïèëëÿðíûå âèñêîçèìåòðû: 
à – ÂÏÆ-4; á – ÂÏÆ-2; 1, 2 – êîëåíî; 

3 – îòâîäíàÿ òðóáêà; 4, 5 – ðàñøèðåíèÿ; 
Ì

1
 – âåðõíÿÿ ìåòêà; Ì

2
 – íèæíÿÿ ìåòêà
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åå íà êîëåíî 1. Ïðè äîñòèæåíèè ðàáî÷åé æèä-
êîñòè êðèîòåðìîñòàòà çàäàííîé òåìïåðàòóðû 
ïîãðóæàëè âèñêîçèìåòð â êðèîòåðìîñòàò è 
âûäåðæèâàëè åãî 10–15 ìèí. Íå âûíèìàÿ âè-
ñêîçèìåòð, ìåäëåííî çàêà÷èâàëè ñìåñü â ðàñ-
øèðåíèÿ 5 è 4 äî 1/3 âûñîòû ðàñøèðåíèÿ 4. 
Ïðåêðàòèâ çàêà÷èâàíèå, ñíèìàëè ãðóøó ñ 
êîëåíà 1 è îïðåäåëÿëè âðåìÿ ïåðåìåùåíèÿ 
óðîâíÿ ñìåñè îò ìåòêè Ì

1
 äî ìåòêè Ì

2
. Îïûò 

ïðîâîäèëè íà îäíîé ïðîïîðöèè 3 ðàçà. 
Âû÷èñëÿëè êèíåìàòè÷åñêóþ âÿçêîñòü ν ïî 

ôîðìóëå:

ν = Ñ t,

ãäå Ñ – ïîñòîÿííàÿ âèñêîçèìåòðà ìì2/ñ2; t – 
ñðåäíåå àðèôìåòè÷åñêîå çíà÷åíèå âðåìåíè èñ-
òå÷åíèÿ, ñ.

Â òàáë. 2 ïðåäñòàâëåíû ðåçóëüòàòû èññëå-
äîâàíèÿ êèíåìàòè÷åñêîé âÿçêîñòè ÷èñòûõ èñ-
ñëåäóåìûõ ìàñåë è èõ ñìåñåé â ðàçëè÷íûõ ïðî-
ïîðöèÿõ.

Èç âûøåïðèâåäåííûõ äàííûõ âèäíî, ÷òî 
êèíåìàòè÷åñêàÿ âÿçêîñòü ðûæèêîâî-ìàñëÿ-
íûõ ñìåñåé ñ ñîîòíîøåíèåì 90 % ÃÌ – 10 % 
ÐûæÌ è 75 % ÃÌ – 25 % ÐûæÌ ïðè òåìïå-
ðàòóðå 40 °Ñ áëèçêà ê çíà÷åíèþ ìèíåðàëüíîãî 
ãèäðàâëè÷åñêîãî ìàñëà. Ñìåñè ñîñòàâîâ 50 % 
ÃÌ – 50 % ÐûæÌ, 25 % ÃÌ – 75 % ÐûæÌ, 
10 % ÃÌ – 90 % ÐûæÌ ïðåâîñõîäÿò çíà÷å-
íèå ìèíåðàëüíîãî ãèäðàâëè÷åñêîãî ìàñëà 

ñîîòâåòñòâåííî íà 5,063 ìì2/ñ, 8,432 ìì2/ñ, 
12,042 ìì2/ñ. Âÿçêîñòü ðûæèêîâîãî ìàñëà ïðå-
âûøàåò çíà÷åíèå ìèíåðàëüíîãî ãèäðàâëè÷å-
ñêîãî ìàñëà íà 14,102 ìì2/ñ.

Âûâîäû
Ðåçóëüòàòû ïðîâåäåííûõ ëàáîðàòîðíûõ èñ-

ñëåäîâàíèé ïîçâîëÿþò îòîáðàçèòü äèíàìèêó 
èçìåíåíèÿ âÿçêîñòíî-òåìïåðàòóðíûõ è ïëîò-
íîñòíûõ ñâîéñòâ ðûæèêîâî-ìàñëÿíûõ ñìåñåé 
ðàçëè÷íûõ êîíöåíòðàöèé. Îñíîâûâàÿñü íà 
ðåçóëüòàòàõ èññëåäîâàíèé, ìîæíî ñäåëàòü 
âûâîäû, ÷òî ðûæèêîâî-ìàñëÿíûå ñìåñè ñ ñîîò-
íîøåíèåì 90 % ÃÌ – 10 % ÐûæÌ è 75 % ÃÌ – 
25 % ÐûæÌ ïî âÿçêîñòíî-òåìïåðàòóðíûì 
ñâîéñòâàì è ïëîòíîñòè ìîãóò áûòü èñïîëüçî-
âàíû êàê çàìåíèòåëè òîâàðíîãî ìèíåðàëüíîãî 
ãèäðàâëè÷åñêîãî ìàñëà ÂÌÃÇ.
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