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Ïðîáëåìû, ñâÿçàííûå ñ ïîâûøåíèåì íàäåæíîñòè è äîëãîâå÷íîñòè äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ â çíà÷è-
òåëüíîé ñòåïåíè çàâèñÿò îò êà÷åñòâà èñïîëüçóåìûõ òîïëèâî-ñìàçî÷íûõ ìàòåðèàëîâ. Îäíèì èç ïîêàçàòåëåé 
êà÷åñòâà ðàáîòàþùåãî ìîòîðíîãî ìàñëà ÿâëÿåòñÿ êðàåâîé óãîë ñìà÷èâàíèÿ. Îí ïîçâîëÿåò îöåíèòü çàãðÿç-
íåííîñòü ìàñëà íåðàñòâîðèìûìè ïðîäóêòàìè è ñïîñîáíîñòü ìàñåë èõ äèñïåðãèðîâàòü. Ìåòîä çàêëþ÷àåòñÿ â 
îïðåäåëåíèè äèñïåðãèðóþùå-ñòàáèëèçèðóþùèõ ñâîéñòâ ðàáîòàþùåãî ìîòîðíîãî ìàñëà, ñòåïåíè çàãðÿçíåíèÿ 
ìàñëà ïî êðàåâîìó óãëó ñìà÷èâàíèÿ ìàñëà íà ïîâåðõíîñòè ñóáñòðàòà. Ìîòîðíîå ìàñëî ÿâëÿåòñÿ êîëëîèäíîé 
æèäêîñòüþ, êîòîðàÿ äåëèòñÿ íà ñëîè. Â âåðõíåé ÷àñòè êàïëè íàõîäèòñÿ ïðèñàäêà, êîòîðàÿ êîàãóëèðóåò òâåðäûå 
çàãðÿçíèòåëè, â íèæíåé ÷àñòè – áàçîâîå ìàñëî ñ æèäêèì çàãðÿçíèòåëåì. Òàêîé ñïîñîá îáåñïå÷èâàåò îäíîçíà÷-
íóþ îöåíêó äèñïåðãèðóþùèõ è ñòàáèëèçèðóþùèõ ñâîéñòâ ðàáîòàþùèõ ìàñåë, ïîñêîëüêó ó÷èòûâàåòñÿ óãîë 
ñìà÷èâàíèÿ â ðàçíûõ ñëîÿõ êàïëè ìîòîðíîãî ìàñëà. Çàãðÿçíåííîñòè ìîòîðíîãî ìàñëà ìåõàíè÷åñêèìè ïðè-
ìåñÿìè, õàðàêòåðèçóþùèå äèñïåðãèðóþùèå ñâîéñòâà ðàáîòàþùåãî ìîòîðíîãî ìàñëà, îïðåäåëÿåþòñÿ óãëîì â 
âåðõíåì ñëîå ìîòîðíîãî ìàñëà. Îöåíêà êðàåâîãî óãëà ñìà÷èâàíèÿ çàêëþ÷àåòñÿ â îïðåäåëåíèè ãðàíèö ðàñòåêà-
íèÿ ìîòîðíîãî ìàñëà ïî ïîâåðõíîñòè ñóáñòðàòà. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî: óãîë ñìà÷è-
âàíèÿ ðàáîòîñïîñîáíîãî ìîòîðíîãî ìàñëà íà ïîâåðõíîñòÿõ èçìåíÿåòñÿ â ïðåäåëàõ: íà ñòàëüíîì ñóáñòðàòå – îò 
5,36 äî 20,62°; íà ìåäíîì ñóáñòðàòå – îò 7,45° äî 20,39°; íà ñóáñòðàòå ïîäøèïíèêà ñêîëüæåíèÿ – îò 6,62° äî 
11,73°. Îäíàêî ïî ðåçóëüòàòàì èññëåäîâàíèÿ áûëî âûÿâëåíî, ÷òî ñóáñòðàò, èçãîòîâëåííûé èç ïîäøèïíèêà 
ñêîëüæåíèÿ, ñìà÷èâàåòñÿ ïðè ëþáîì ñîäåðæàíèè çàãðÿçíèòåëåé. Èç ýòîãî ñëåäóåò, ÷òî çà êðèòåðèé êðàåâîãî 
óãëà ñìà÷èâàíèÿ íåîáõîäèìî ïðèíèìàòü ñóáñòðàòû íà îñíîâå ñòàëè (÷óãóíà) è ìåäè, ïîñêîëüêó îíè â áîëüøåé 
ìåðå îòðàæàþò äèàãíîñòè÷åñêèé ïðèçíàê.
Êëþ÷åâûå ñëîâà: êðàåâîé óãîë ñìà÷èâàíèÿ, îõëàæäàþùàÿ æèäêîñòü, òîñîë, ìîòîðíîå òîïëèâî, ñóáñòðàò, 
ìàñëÿíàÿ ïëåíêà.

The problems associated with improving the reliability and durability of internal combustion engines largely depend 
on the quality of the fuel and lubricants used. One of the indicators of the quality of work-ing engine oil is the wet-
ting angle. It allows to assess the contamination of the oil with insoluble products and the ability of oils to disperse 
them. The method consists in determining the dispersing-stabilizing properties of a working engine oil, the degree 
of oil pollution by the contact angle of oil wetting on the surface of the substrate. Motor oil is a colloidal fluid that is 
layered. At the top of the drop is an additive that coagulates solid pollutants, at the bottom there is the base oil with 
a liquid pollutant. This method provides an unambiguous assessment of the dispersing and stabilizing properties of 
working oils, since the wetting angle in different layers of a drop of motor oil is taken into account. Contamination of 
engine oil with mechanical impurities, characterizing the dispersing properties of working engine oil, is determined 
by the angle in the upper layer of engine oil. Assessment of the wetting angle is to determine the boundaries of the 
spreading of motor oil on the surface of the substrate. Experimental studies have shown that: the wetting angle of a 
working motor oil on surfaces varies within: on a steel substrate from 5,36 to 20,62°; on a copper substrate from 7,45 
to 20,39°; on a plain bearing substrate from 6,62 to 11,73 °. However, according to the results of the study, it was 
revealed that the substrate made of a plain bearing is wetted at any content of contaminants. From which it follows 
that substrates based on steel (cast iron) and copper should be taken as a criterion for the wetting angle, since they 
more closely reflect the diag-nostic feature.
Keywords: wetting angle, coolant, antifreeze, engine fuel, substrate, oil film.
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 Ââåäåíèå
Ïðîáëåìû, ñâÿçàííûå ñ ïîâûøåíèåì íàäåæ-

íîñòè è äîëãîâå÷íîñòè äâèãàòåëåé âíóòðåííå-
ãî ñãîðàíèÿ, â çíà÷èòåëüíîé ñòåïåíè çàâèñÿò 
îò êà÷åñòâà èñïîëüçóåìûõ òîïëèâî-ñìàçî÷íûõ 
ìàòåðèàëîâ. 

Îäíèì èç ïîêàçàòåëåé êà÷åñòâà ðàáîòàþ-
ùåãî ìîòîðíîãî ìàñëà ÿâëÿåòñÿ êðàåâîé óãîë 
ñìà÷èâàíèÿ. Îí ïîçâîëÿåò îöåíèòü çàãðÿçíåí-
íîñòü ìàñëà íåðàñòâîðèìûìè ïðîäóêòàìè 
è ñïîñîáíîñòü ìàñåë èõ äèñïåðãèðîâàòü.

Öåëü èññëåäîâàíèÿ
Ïîâûøåíèå îäíîçíà÷íîñòè îöåíêè ïîêàçà-

òåëåé êà÷åñòâà ðàáîòàþùåãî ìîòîðíîãî ìàñëà 
ïóòåì èçìåðåíèÿ êðàåâîãî óãëà ñìà÷èâàíèÿ, 
êîòîðûé ïîçâîëÿåò îöåíèòü çàãðÿçíåííîñòü 
ìàñëà íåðàñòâîðèìûìè ïðîäóêòàìè, à òàêæå 
ñïîñîáíîñòü ìàñëà èõ äèñïåðãèðîâàòü.

Ìàòåðèàëû è ìåòîäû
Ìåòîä çàêëþ÷àåòñÿ â îïðåäåëåíèè äèñïåð-

ãèðóþùå-ñòàáèëèçèðóþùèõ ñâîéñòâ ðàáîòà-
þùåãî ìîòîðíîãî ìàñëà, ñòåïåíè çàãðÿçíåíèÿ 
ìàñëà ïî êðàåâîìó óãëó ñìà÷èâàíèÿ ìàñëà 
íà ïîâåðõíîñòè ñóáñòðàòà.

Êðàåâîé óãîë ñìà÷èâàíèÿ  èëè cos ÿâ-
ëÿåòñÿ õàðàêòåðèñòèêîé ãèäðîôèëüíîñòè (ãè-
äðîôîáíîñòè) ïîâåðõíîñòè. Îí îïðåäåëÿåòñÿ, 
êàê óãîë ìåæäó êàñàòåëüíîé ÀÂ, ïðîâåäåííîé 
ê ïîâåðõíîñòè ñìà÷èâàþùåé æèäêîñòè, è ñìà-
÷èâàåìîé ïîâåðõíîñòüþ òâåðäîãî òåëà ÀÀ, 
ïðè ýòîì  âñåãäà îòñ÷èòûâàåòñÿ îò êàñàòåëüíîé 
â ñòîðîíó æèäêîé ôàçû. Êàñàòåëüíóþ ïðîâîäÿò 
÷åðåç òî÷êó ñîïðèêîñíîâåíèÿ òðåõ ôàç: òâåð-
äîé ôàçû (ìåìáðàíû), æèäêîñòè (äèñòèëëèðî-
âàííàÿ âîäà) è ãàçà (âîçäóõ) [1, 2].

Â ñîîòâåòñòâèè ñ òåîðèåé, êðàåâîé óãîë 
îïðåäåëÿåòñÿ êîíêóðåíöèåé äâóõ äåéñòâóþ-
ùèõ ñèë. Îäíà ñèëà – ýòî ïðèòÿæåíèå ìîëåêóë 
æèäêîñòè ê áëèæàéøèì ìîëåêóëàì æèäêîñòè 
íà ïîâåðõíîñòè êàïëè. Äðóãàÿ ñèëà – ñèëà àä-
ãåçèè, êîòîðàÿ ñîçäàåòñÿ ïðèòÿæåíèåì ìîëå-
êóë ê áëèæàéøèì ìîëåêóëàì íà ïîâåðõíîñòè 
òâåðäîãî òåëà è ìîëåêóëàì ãàçà. Ýòà ñèëà íà-
ïðàâëåíà âäîëü ïîâåðõíîñòè òâåðäîãî òåëà 
âî âíåøíþþ ñòîðîíó [1, 3].

Êðàåâîé óãîë ñìà÷èâàíèÿ íàõîäÿò èç óñëî-
âèÿ ìåõàíè÷åñêîãî ðàâíîâåñèÿ ïî îñíîâíûì ïà-
ðàìåòðàì êàïëè ìîòîðíîãî ìàñëà, íàíåñåííîãî 
íà ïîâåðõíîñòü ñóáñòðàòà:
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ãäå d – äèàìåòð îñíîâàíèÿ êàïëè, ìì (ðèñ. 1); 
h – âûñîòà êàïëè, ìì.

Ðèñ. 1. Èçìåðåíèå êðàåâîãî óãëà ñìà÷èâàíèÿ

Ðàáîòîñïîñîáíûì ñîñòîÿíèåì äëÿ ìîòîð-
íîãî ìàñëà ÿâëÿåòñÿ ñîñòîÿíèå, õàðàêòåðèçó-
þùååñÿ âûñîêîé ýíåðãèåé ïîâåðõíîñòíîãî íà-
òÿæåíèÿ, êîòîðàÿ îáåñïå÷èâàåò íåðàçðûâíîñòü 
ìàñëÿíîé ïëåíêè è åå ñòàáèëüíîå òåìïåðàòóð-
íîå ñîñòîÿíèå.

Ìîòîðíîå ìàñëî – êîëëîèäíàÿ æèäêîñòü, 
êîòîðàÿ ðàçäåëÿåìàÿ íà ñëîè. Â âåðõíåé ÷àñòè 
êàïëè íàõîäèòñÿ ïðèñàäêà, êîòîðàÿ êîàãóëèðóåò 
òâåðäûå çàãðÿçíèòåëè, â íèæíåé ÷àñòè  – áàçîâîå 
ìàñëî ñ æèäêèì çàãðÿçíèòåëåì. Òàêîé ñïîñîá 
îáåñïå÷èâàåò îäíîçíà÷íóþ îöåíêó äèñïåðãèðó-
þùèõ è ñòàáèëèçèðóþùèõ ñâîéñòâ ðàáîòàþùèõ 
ìàñåë, ïîñêîëüêó ó÷èòûâàåòñÿ óãîë ñìà÷èâàíèÿ 
â ðàçíûõ ñëîÿõ êàïëè ìîòîðíîãî ìàñëà [4, 5]. 

Îñòðûé óãîë â íèæíåì ñëîå ÿâëÿåòñÿ ïîêà-
çàòåëåì àäñîðáöèîííîé àêòèâíîñòè áàçîâîãî 
ìàñëà ëèáî ñâèäåòåëüñòâóåò î íàëè÷èè âûñî-
êîé êîíöåíòðàöèè ìîòîðíîãî òîïëèâà â ðàáî-
òàþùåì ìîòîðíîì ìàñëå [6].

Îòíîñèòåëüíî áîëüøîé óãîë â íèæíåì ñëîå 
ñâèäåòåëüñòâóåò î íàëè÷èè âûñîêîé êîíöåí-
òðàöèè îõëàæäàþùåé æèäêîñòè â ðàáîòàþùåì 
ìîòîðíîì ìàñëå.

Çàãðÿçíåííîñòè ìîòîðíîãî ìàñëà ìåõàíè÷å-
ñêèìè ïðèìåñÿìè, õàðàêòåðèçóþùèå äèñïåðãè-
ðóþùèå ñâîéñòâà ðàáîòàþùåãî ìîòîðíîãî ìàñëà, 
îïðåäåëÿþòñÿ óãëîì â âåðõíåì ñëîå ìîòîðíîãî 
ìàñëà. Ñ öåëüþ òî÷íîãî îïðåäåëåíèÿ óãëà ñìà÷è-
âàíèÿ ïðåäëàãàåòñÿ èñïîëüçîâàíèå ïåðñîíàëüíî-
ãî êîìïüþòåðà ñ ïðîãðàììíûì îáåñïå÷åíèåì.

Äëÿ ïîääåðæàíèÿ ÄÂÑ â ðàáîòîñïîñîáíîì 
ñîñòîÿíèè íåîáõîäèìî ïåðèîäè÷åñêè êîíòðî-
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ëèðîâàòü ïîêàçàòåëè êà÷åñòâà ðàáîòàþùåãî 
ìîòîðíîãî ìàñëà è ïðè íåîáõîäèìîñòè ïðî-
âîäèòü ìåðîïðèÿòèÿ ïî óñòðàíåíèþ ïðè÷èí, 
ïðèâîäÿùèõ ê èñ÷åðïàíèþ ñëóæåáíûõ ñâîéñòâ 
[7].

Èç ïðîâåäåííîãî àíàëèçà ñëåäóåò:
– ïðèíÿòàÿ â íàñòîÿùåå âðåìÿ ìåòîäèêà 

îöåíêè ÄÑÑ ðàáîòàþùåãî ìîòîðíîãî ìàñëà 
íå ó÷èòûâàåò èííåðâàöèîííûå è àäñîðáöèîí-
íûå ïðîöåññû, ÷òî ñíèæàåò òî÷íîñòü ïîñòàíîâ-
êè äèàãíîçà [8];

– íà îñíîâàíèè àíàëèçà íåäîñòàòêîâ ìåòî-
äîâ îöåíêè ðàáîòîñïîñîáíîñòè ðàáîòàþùèõ 
ìîòîðíûõ ìàñåë â ðàìêàõ íàñòîÿùåé ðàáîòû 
ïðåäëàãàåòñÿ â êà÷åñòâå äèàãíîñòè÷åñêîãî ïà-
ðàìåòðà ðàññìîòðåòü ïðèìåíåíèå îöåíêè ðàáî-
òîñïîñîáíîñòè ðàáîòàþùåãî ìîòîðíîãî ìàñëà 
ïî êðàåâîìó óãëó ñìà÷èâàíèÿ [9].

×àñòíûå ìåòîäèêè 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé
Èññëåäîâàíèÿ ñîñòîÿíèÿ ìîòîðíûõ ìàñåë 

ïðîâîäèëè íà ìàñëå ïîä áðåíäîì Mobil 10W40 
API SM. Ýòè ìàñëà âñåñåçîííûå è ïðåäíàçíà-
÷åíû äëÿ ýêñïëóàòàöèè â áåíçèíîâûõ äâèãàòå-
ëÿõ, ðàçðàáîòàííûõ è ââåäåííûõ â ýêñïëóàòà-
öèþ ïîñëå 2004 ã.

Ñõåìà óñòðîéñòâà äëÿ èçìåðåíèÿ êðàåâîãî 
óãëà ñìà÷èâàíèÿ ïðåäñòàâëåíî íà ðèñ. 2. 

Ðèñ. 2. Ñõåìà óñòðîéñòâà 
äëÿ èçìåðåíèÿ êðàåâîãî óãëà ñìà÷èâàíèÿ

Óñòðîéñòâî ñîñòîèò èç ïëèòû, íà êîòîðîé 
óñòàíîâëåíû: òóáóñ íà ñòîéêå; îñâåòèòåëü 
ñ ïîäîáðàííûì ñâåòîôèëüòðîì; ïðåäìåòíûé 
ñòîëèê íà êîòîðîì ðàñïîëàãàþòñÿ ñóáñòðàò 
è êàïèëëÿð óñòàíîâëåííûé íà ñòîéêå.

Îáðàçöû ñóáñòðàòîâ èçãîòîâëåíû èç ñòàëè 
è ìåäè ñ 11 êâàëèòåòîì øåðîõîâàòîñòè.

Ïðîáà ìàñëà îòáèðàëàñü èç êàðòåðà ñðàçó æå 
ïîñëå îñòàíîâêè äâèãàòåëÿ òðàíñïîðòíîãî 
ñðåäñòâà. Â ïðîòèâíîì ñëó÷àå ïðîáà íå áóäåò 
îòðàæàòü ôàêòè÷åñêîå ñîñòîÿíèå ðàáîòàþùåãî 
ìàñëà, èñïðàâíîñòü ñèñòåì àãðåãàòîâ è ðåæèì 
ôóíêöèîíèðîâàíèÿ óçëîâ òðåíèÿ.

Â êàïèëëÿð íàáèðàþò îòîáðàííîå èç êàðòå-
ðà äâèãàòåëÿ ìîòîðíîå ìàñëî îáúåìîì 0,2 ñì3. 
Ïîñëå ýòîãî èç êàïèëëÿðà, óñòàíîâëåííîãî 
íàä ñóáñòðàòîì è ïðîãðåòîãî äî òåìïåðàòóðû 
92,7 Ñ, íàíîñÿò êàïëþ ìàñëà çàäàííîãî îáúåìà 
è âûäåðæèâàþò â òå÷åíèè 1 ìèíóòû. Ïðè ýòîì 
â îêóëÿðå òóáóñà íàáëþäàþò êàïëþ ìîòîðíîãî 
ìàñëà, âèä êîòîðîé ïîêàçàí íà ðèñ. 3.

Ðèñ. 3. Êàïëÿ ìîòîðíîãî ìàñëà â îêóëÿðå òóáóñà

Äëÿ îöåíêè êðàåâîãî óãëà ñìà÷èâàíèÿ ïðîèç-
âîäèëè öèôðîâóþ ôîòîñúåìêó (öèôðîâàÿ êàìåðà 
Sony Alpha 58 ñ ðàçðåøåíèåì 24 ìåãàïèêñåëÿ) 
ñóáñòðàòà ñ íàõîäÿùåéñÿ íà íåì êàïëåé ðàáîòà-
þùåãî ìîòîðíîãî ìàñëà. Ïîñëå ïðîâåäåíèÿ ýêñ-
ïåðèìåíòîâ ìàññèâ ôîòîãðàôèé îáðàáàòûâàëñÿ 
â ñïåöèàëüíî íàïèñàííîé ïðîãðàììå äëÿ îïðåäå-
ëåíèÿ êðàåâîãî óãëà ñìà÷èâàíèÿ. 

Ïðîãðàììà ïîçâîëÿåò, àíàëèçèðóÿ ãðàôè÷å-
ñêèé ôàéë ìèêðîôîòîãðàôèè, îïðåäåëÿòü êðàå-
âîé óãîë ñìà÷èâàíèÿ è ïðîèçâîäèòü îáðàáîòêó 
ðåçóëüòàòîâ. Ïðèìåð îáðàáîòàííîé â ïðîãðàì-
ìå ìèêðîôîòîãðàôèè ìîòîðíîãî ìàñëà ïðèâå-
äåí íà ðèñ. 4.

Ðèñ. 4. Îáðàáîòàííàÿ ôîòîãðàôèÿ
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Ðåçóëüòàòû è îáñóæäåíèå
Ïðîöåññû, ïðîòåêàþùèå â ìîòîðíîì ìàñëå, 

ñêàçûâàþòñÿ íà ñïîñîáíîñòè ñìà÷èâàòü ïî-
âåðõíîñòè ïàð òðåíèÿ. Ïîýòîìó êðàåâîé óãîë 
ñìà÷èâàíèÿ äàåò âîçìîæíîñòü ñóäèòü î ðàáîòî-
ñïîñîáíîñòè ìîòîðíîãî ìàñëà.

Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå èññëå-
äîâàíèÿ ïîêàçàëè, ÷òî â çàâèñèìîñòè îò ñëó-
æåáíûõ ñâîéñòâ è ìàðêè ìîòîðíîãî ìàñëà, ñî-

äåðæàíèÿ îõëàæäàþùåé æèäêîñòè è òîïëèâà 
èçìåíÿåòñÿ êðàåâîé óãîë ñìà÷èâàíèÿ.

Ïðèâåäåííûå íèæå ôîòîãðàôèè îòëè÷àþò-
ñÿ çíà÷åíèåì óãëà ñìà÷èâàíèÿ íà ïîâåðõíî-
ñòè. Õàðàêòåðíûå çíà÷åíèÿ óãëîâ ñìà÷èâàíèÿ 
íà ðàçëè÷íûõ ïîâåðõíîñòÿõ ñóáñòðàòà ñ ïîñòà-
íîâêîé äèàãíîçà î ðàáîòîñïîñîáíîñòè ìîòîð-
íîãî ìàñëà ïðèâåäåíû â òàáëèöàõ 1–4.

Òàáëèöà 1
Ñðàâíèòåëüíàÿ õàðàêòåðèñòèêà êðàåâûõ óãëîâ ñìà÷èâàíèÿ çàãðÿçíèòåëåé 

Îáùèé âèä Çíà÷åíèå êðàåâîãî 
óãëà ñìà÷èâàíèÿ, ãðàä. Çàãðÿçíèòåëü

5,82 Ìîòîðíîå òîïëèâî ÀÈ-92.
Ìåäíàÿ ïëàñòèíà

0 Ìîòîðíîå òîïëèâî ÀÈ-92.
Ñòàëüíàÿ ïëàñòèíà

55,36 Âîäà äèñòèëëèðîâàííàÿ.
Ìåäíàÿ ïëàñòèíà

56,89 Âîäà äèñòèëëèðîâàííàÿ.
Ñòàëüíàÿ ïëàñòèíà

 

75,60
Îõëàæäàþùàÿ æèäêîñòü –

òîñîë À-40 ÃÎÑÒ 28084-89.
Ñòàëüíàÿ ïëàñòèíà
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Òàáëèöà 2
Õàðàêòåðíûå êðàåâûå óãëû ñìà÷èâàíèÿ ñèíòåòè÷åñêîãî ñåçîííîãî ìîòîðíîãî ìàñëà 

ôèðìû Mobil API SM íà ñòàëüíîé ïîâåðõíîñòè

Îáùèé âèä
Çíà÷åíèå 

êðàåâîãî óãëà 
ñìà÷èâàíèÿ, ãðàä.

Ñîäåðæàíèå çàãðÿçíèòåëåé 
â ìîòîðíîì ìàñëå Äèàãíîç

12,91
Òîâàðíîå ìîòîðíîå ìàñëî. 
×èñòîå ðàáîòîñïîñîáíîå 

ìîòîðíîå ìàñëî
Ðàáîòîñïîñîáíî

5,36
Ïðåäåëüíîå ñîñòîÿíèå ìîòîðíîãî 

ìàñëà ïî ìîòîðíîìó òîïëèâó
(êîíöåíòðàöèÿ – 1 %)

Íå ðàáîòîñïîñîáíî

20,62
Ïðåäåëüíîå ñîñòîÿíèå

ìîòîðíîãî ìàñëà ïî íàëè÷èþ 
âîäû (êîíöåíòðàöèÿ – 0,1 %)

Íå ðàáîòîñïîñîáíî

Òàáëèöà 3
Õàðàêòåðíûå êðàåâûå óãëû ñìà÷èâàíèÿ ñèíòåòè÷åñêîãî ñåçîííîãî ìîòîðíîãî ìàñëà 

ôèðìû Mobil API SM íà ìåäíîé ïîâåðõíîñòè

Îáùèé âèä
Çíà÷åíèå 

êðàåâîãî óãëà 
ñìà÷èâàíèÿ, ãðàä.

Ñîäåðæàíèå çàãðÿçíèòåëåé 
â ìîòîðíîì ìàñëå, â ïðîöåíòàõ Äèàãíîç

11,46 ×èñòîå ðàáîòîñïîñîáíîå 
ìîòîðíîå ìàñëî Ðàáîòîñïîñîáíî

7,45
Ïðåäåëüíîå ñîñòîÿíèå ìîòîðíîãî 

ìàñëà ïî ìîòîðíîìó òîïëèâó
(êîíöåíòðàöèÿ – 1 %)

Íå ðàáîòîñïîñîáíî

20,39
Ïðåäåëüíîå ñîñòîÿíèå ìîòîðíîãî 

ìàñëà ïî íàëè÷èþ âîäû
(êîíöåíòðàöèÿ – 0,1 %)

Íå ðàáîòîñïîñîáíî
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Òàáëèöà 4 
Õàðàêòåðíûå êðàåâûå óãëû ñìà÷èâàíèÿ ñèíòåòè÷åñêîãî ñåçîííîãî ìîòîðíîãî ìàñëà 

ôèðìû Mobil API SM íà ïîâåðõíîñòè ñóáñòðàòà èç ÀÑÌ9

Îáùèé âèä

Çíà÷åíèå 
êðàåâîãî óãëà 
ñìà÷èâàíèÿ, 

ãðàä.

Ñîäåðæàíèå çàãðÿçíèòåëåé 
â ìîòîðíîì ìàñëå Äèàãíîç

6,33 ×èñòîå ðàáîòîñïîñîáíîå 
ìîòîðíîå ìàñëî Ðàáîòîñïîñîáíî

3,64

Ïðåäåëüíîå ñîñòîÿíèå ìî-
òîðíîãî ìàñëà ïî ìîòîðíîìó 

òîïëèâó (êîíöåíòðàöèÿ – 
áîëåå 5 %)

Íå ðàáîòîñïîñîáíî

11,73
Ïðåäåëüíîå ñîñòîÿíèå ìîòîð-
íîãî ìàñëà ïî íàëè÷èþ âîäû 

(êîíöåíòðàöèÿ – 0,1 %)

Íå ðàáîòîñïîñîáíî

11,74 Ìàñëî áåç çàãðÿçíèòåëåé Íå ðàáîòîñïîñîáíî

Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî äëÿ äî-
ñòîâåðíîãî àíàëèçà îäíîçíà÷íîãî îïðåäåëåíèÿ 
êðàåâîãî óãëà ñìà÷èâàíèÿ íåîáõîäèìà âûäåðæ-
êà êàïëè ìîòîðíîãî ìàñëà íà ïîâåðõíîñòè ñóá-
ñòðàòà â òå÷åíèå 1 ìèíóòû.

Òàêèì îáðàçîì, îïòèìàëüíîå âðåìÿ äëÿ àíà-
ëèçà õðîìàòîãðàììû è ïîñòàíîâêè äèàãíîçà 
äîëæíî ñîñòàâëÿòü íå ìåíåå 1 ìèíóòû.

Âûáîð ñóáñòðàòîâ îáóñëîâëåí ìàòåðèàëà-
ìè, èç êîòîðûõ èçãîòîâëåíû äåòàëè äâèãàòåëÿ 
âíóòðåííåãî ñãîðàíèÿ [3]. 

Íàëè÷èå îõëàæäàþùåé æèäêîñòè è ìîòîð-
íîãî òîïëèâà ñóùåñòâåííî âëèÿþò íà êðàåâîé 
óãîë ñìà÷èâàíèÿ. Äèàïàçîí èçìåíåíèÿ êðàåâî-
ãî óãëà ñìà÷èâàíèÿ çàâèñèò îò øåðîõîâàòîñòè 
òåìïåðàòóðû è ïîâåðõíîñòè ñóáñòðàòà è ìàòå-
ðèàëà èç êîòîðîãî îí èçãîòîâëåí.

Àíàëèç ïîêàçàë, ÷òî êðàåâîé óãîë ñìà÷èâà-
íèÿ ðàáîòîñïîñîáíîãî ìîòîðíîãî ìàñëà íà ïî-
âåðõíîñòÿõ èçìåíÿåòñÿ â ïðåäåëàõ: 

– íà ñòàëüíîì ñóáñòðàòå – îò 5,36° äî 20,62°;

– íà ìåäíîì ñóáñòðàòå – îò 7,45° äî 20,39°;
– íà ñóáñòðàòå ïîäøèïíèêà ñêîëüæåíèÿ – 

îò 6,62° äî 11,73°.
Îäíàêî ïî ðåçóëüòàòàì èññëåäîâàíèÿ áûëî 

âûÿâëåíî, ÷òî ñóáñòðàò, èçãîòîâëåííûé èç ïîä-
øèïíèêà ñêîëüæåíèÿ, ñìà÷èâàåòñÿ ïðè ëþáîì 
ñîäåðæàíèè çàãðÿçíèòåëåé. Èç ýòîãî ñëåäó-
åò, ÷òî çà êðèòåðèé êðàåâîãî óãëà ñìà÷èâàíèÿ 
íåîáõîäèìî ïðèíèìàòü ñóáñòðàòû íà îñíîâå 
ñòàëè (÷óãóíà) è ìåäè, ïîñêîëüêó îíè â áîëü-
øåé ìåðå îòðàæàþò äèàãíîñòè÷åñêèé ïðèçíàê.

Òàêèì îáðàçîì, ïðè ñóùåñòâåííîì ïðåâûøå-
íèè êîíöåíòðàöèè îõëàæäàþùåé æèäêîñòè è ìî-
òîðíîãî òîïëèâà êðàåâîé óãîë ñìà÷èâàíèÿ èçìå-
íÿåòñÿ â íåçíà÷èòåëüíûõ ïðåäåëàõ, âñëåäñòâèå 
÷åãî ïîñòàâëåííûé äèàãíîç ìîæåò áûòü ëîæíûì. 

Äëÿ ïðåäîòâðàùåíèÿ ïîñòàíîâêè ëîæíîãî 
äèàãíîçà èññëåäîâàíèå êðàåâîãî óãëà ñìà÷èâà-
íèÿ íà ïîâåðõíîñòè ñóáñòðàòà, èçãîòîâëåííîãî 
èç ïîäøèïíèêà ñêîëüæåíèÿ, ïðîâîäèòü íåöåëå-
ñîîáðàçíî.
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Âûâîäû
Äèàãíîñòè÷åñêèì ïðèçíàêîì íàëè÷èÿ ïðå-

äåëüíîé êîíöåíòðàöèè îõëàæäàþùåé æèäêî-
ñòè ÿâëÿåòñÿ óâåëè÷åíèå êðàåâîãî óãëà ñìà÷è-
âàíèÿ äî 20°.

Ïðåäåëüíîå çíà÷åíèå êðàåâîãî óãëà ñìà÷è-
âàíèÿ:

– íà ñòàëüíîì ñóáñòðàòå – îò 5,36 äî 20,62°;
– íà ìåäíîì ñóáñòðàòå – îò 7,45 äî 20,39°;
– íà ñóáñòðàòå – ïîäøèïíèêà ñêîëüæåíèÿ 

îò 6,62 äî 11,73°.
Ïðè ïðåâûøåíèè êîíöåíòðàöèè ìîòîðíîãî 

òîïëèâà óãîë ñìà÷èâàíèÿ óìåíüøàåòñÿ â ñðåä-
íåì äî 5,36° (÷òî ÿâëÿåòñÿ ãðàíè÷íûì äèàãíî-
ñòè÷åñêèì ïðèçíàêîì ïî êîíöåíòðàöèè ìîòîð-
íîãî òîïëèâà).

Ìîòîðíîå ìàñëî ñ÷èòàåòñÿ ðàáîòîñïîñîá-
íûì ïðè êðàåâîì óãëå ñìà÷èâàíèÿ îò 6 äî 20° 
íà ñòàëüíûõ è ìåäíûõ ñóáñòðàòàõ.
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