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DETERMINATION OF THE OPTIMAL COMPOSITION 
OF MIXED FUEL BASED ON ENVIRONMENTAL 
INDICATORS OF DIESEL ENGINE

Àëüòåðíàòèâíîå ìîòîðíîå òîïëèâî – ýòî ñìåñü ðàçëè÷íûõ óãëåâîäîðîäîâ è èõ ñîåäèíåíèé. Îñíîâó ìîòîð-
íîãî òîïëèâà ñîñòàâëÿþò íàôòåíîâûå, ïàðàôèíîâûå è àðîìàòè÷åñêèå óãëåâîäîðîäû. Ýêñïëóàòàöèîííûå õà-
ðàêòåðèñòèêè òîïëèâà çàâèñÿò îò åãî êîìïîíåíòíîãî ñîñòàâà. Ïðè ðàçðàáîòêå ìåòîäîâ êîíòðîëÿ õàðàêòåðè-
ñòèê òîïëèâ îñíîâíîé ïðîáëåìîé ÿâëÿåòñÿ èõ ìíîãîêîìïîíåíòíîñòü, òàê êàê êàæäûé êîìïîíåíò âíîñèò ñâîé 
âêëàä â ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè. Ýêñïëóàòàöèîííûìè æå õàðàêòåðèñòèêàìè ÿâëÿþòñÿ: öåòàíîâîå 
÷èñëî, ñîäåðæàíèå ñåðû, âîäîðàñòâîðèìûõ êèñëîò è ùåëî÷åé, íèçøàÿ òåïëîòà ñãîðàíèÿ è íåêîòîðûå äðóãèå. 
Äëÿ èõ îïðåäåëåíèÿ â íàñòîÿùåå âðåìÿ ïðîèçâîäÿò ñæèãàíèå äèçåëüíîãî òîïëèâà è ïîñëåäóþùèé àíàëèç ïðî-
äóêòîâ ñãîðàíèÿ. Íåäîñòàòêîì ñóùåñòâóþùåãî ìåòîäà ÿâëÿåòñÿ òî îáñòîÿòåëüñòâî, ÷òî íåâîçìîæíî îïåðàòèâ-
íî êîíòðîëèðîâàòü òîïëèâî ïî ìåñòó ýêñïëóàòàöèè, áóäü òî íåôòåáàçà, áåíçîêîëîíêà, òåõíîëîãè÷åñêàÿ òðóáà 
èëè òîïëèâíûé áàê òðàíñïîðòíîãî ñðåäñòâà.
Ïðè ïðîåêòèðîâàíèè àíàëèçàòîðîâ è èçìåðèòåëüíûõ ïðèáîðîâ èñïîëüçóþò êîððåëÿöèîííûå çàâèñèìîñòè, êî-
òîðûå ñâÿçûâàþò âåëè÷èíó ýêñïëóàòàöèîííîãî ñâîéñòâà òîïëèâà ñ åãî ôèçèêî-õèìè÷åñêèìè õàðàêòåðèñòèêàìè.
Ó÷èòûâàÿ ïðèìåíåíèå ðàçëè÷íûõ âèäîâ àëüòåðíàòèâíûõ òîïëèâ ñ øèðîêèì ñïåêòðîì èõ ýêñïëóàòàöèîííûõ 
ñâîéñòâ, âîçíèêàåò ïðîáëåìà áûñòðîé è òî÷íîé ïðåäâàðèòåëüíîé îöåíêè óêàçàííûõ ñâîéñòâ. Íàðÿäó ñ äèçåëü-
íûì òîïëèâîì, äëÿ îöåíêè âîñïëàìåíÿåìîñòè àëüòåðíàòèâíûõ òîïëèâ ïðåäëîæåíî èñïîëüçîâàòü àíàëîãè÷íûå 
ôèçèêî-õèìè÷åñêèå ìåòîäû.
Êëþ÷åâûå ñëîâà: äâèãàòåëü, àëüòåðíàòèâíîå òîïëèâî, ýêñïðåññ àíàëèç, ýêñïëóàòàöèîííûå ñâîéñòâà.
Äëÿ öèòèðîâàíèÿ: Ïëîòíèêîâ Ñ.À., Ãíåâàøåâ Ï.Â. Ýêñïðåññ-ìåòîäû îöåíêè ìîòîðíûõ ñâîéñòâ äèçåëüíûõ 
òîïëèâ // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. № 2. Ñ. 16–20. DOI: 10.31992/0321-4443-2021-2-16-20.

Alternative motor fuel is a mixture of various hydrocarbons and their compounds. Motor fuel is based on naphthenic, 
paraffinic and aromatic hydrocarbons. The performance characteristics of the fuel depend on its composition. When 
developing methods for monitoring the characteristics of fuels, the main problem is their multicomponent nature, 
since each component contributes to the operational characteristics. The operational characteristics are: cetane num-
ber, sulfur content, water-soluble acids and alkalis, lower heat of combustion and some others. To determine them, 
the combustion of diesel fuel (DF) and the subsequent analysis of the combustion products are carried out. The dis-
advantage of the existing method is the fact that it is impossible to quickly control the fuel at the place of operation, 
at a tank farm, a gas station, a process pipe or a vehicle fuel tank.
When designing analyzers and measuring instruments the correlation dependences, which link the value of the oper-
ational property of the fuel with its physicochemical characteristics, are used.
Taking into account the use of various types of alternative fuels (AT) with a wide range of their operational properties, 
the problem of a quick and accurate preliminary assessment of these properties arises. Along with diesel fuel, it is 
proposed to use similar physicochemical methods to assess the flammability of alternative fuels.
Keywords: engine, alternative fuel, express analysis, performance.
Cite as: Plotnikov S.A., Gnevashev P.V. Determination of the optimal composition of mixed fuel based on 
environmental indicators of diesel engine. Traktory i sel’khozmashiny. 2021. No 2, pp. 16–20 (in Russ.). 
DOI: 10.31992/0321-4443-2021-2-16-20.
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Ââåäåíèå
Áîëüøàÿ ÷àñòü àâòîòðàêòîðíîé òåõíèêè ðà-

áîòàåò íà äâèãàòåëÿõ âíóòðåííåãî ñãîðàíèÿ, 
êîòîðûå áûâàþò, êàê áåíçèíîâûå, òàê è äèçåëü-
íûå. Äèçåëüíûå äâèãàòåëè îáëàäàþò ðÿäîì ñó-
ùåñòâåííûõ ïðåèìóùåñòâ ïåðåä áåíçèíîâûìè. 
Ýòî – è òîïëèâíàÿ ýêîíîìè÷íîñòü, è ìåíüøåå 
ñîäåðæàíèå îêñèäîâ óãëåðîäà è íåñãîðåâøèõ 
óãëåâîäîðîäîâ â îòðàáîòàâøèõ ãàçàõ (ÎÃ), òàê 
êàê äèçåëüíûå äâèãàòåëè áîëüøóþ ÷àñòü âðå-
ìåíè ðàáîòàþò íà áåäíûõ ñìåñÿõ. Êðîìå òîãî, 
äèçåëüíûå äâèãàòåëè îáëàäàþò áîëüøåé ìîù-
íîñòüþ ïðè ìåíüøåé ÷àñòîòå âðàùåíèÿ êîëåí-
÷àòîãî âàëà.

Äîïîëíèòåëüíûì ïðåèìóùåñòâîì äèçå-
ëåé ïåðåä áåíçèíîâûìè äâèãàòåëÿìè ÿâëÿåòñÿ 
èõ õîðîøàÿ àäàïòàöèÿ ê ðàáîòå íà òîïëèâàõ 
ñ ðàçíûìè ôèçèêî-õèìè÷åñêèìè ñâîéñòâàìè. 
Ïîýòîìó àëüòåðíàòèâíûå òîïëèâà (ÀÒ) ïðîùå 
ðåàëèçóþòñÿ íà áàçå äèçåëüíûõ äâèãàòåëåé. 
Ðàáîòà äèçåëÿ íà ñìåñÿõ äèçåëüíîãî òîïëè-
âà (ÄÒ) ñ áåíçèíàìè è êåðîñèíàìè âîçìîæíà 
ïðè âíåñåíèè â êîíñòðóêöèþ äâèãàòåëÿ íåêîòî-
ðûõ èçìåíåíèé. Òàêæå â äèçåëÿõ, ïî ñðàâíåíèþ 
ñ äâèãàòåëÿìè ñ ïðèíóäèòåëüíûì âîñïëàìåíå-
íèåì (èñêðîâûìè), ïðîèñõîäèò ýôôåêòèâíåå 
ñãîðàíèå è òÿæåëûõ, è ëåãêèõ òîïëèâ ïðè âû-
ñîêèõ ñòåïåíÿõ ñæàòèÿ è áîëüøèõ êîýôôèöè-
åíòàõ èçáûòêà âîçäóõà.

Íàèáîëåå âàæíûìè ïîêàçàòåëÿìè êà÷åñòâà 
ÄÒ, êîòîðûå âëèÿþò íà ïîêàçàòåëè äâèãàòåëÿ, 
ÿâëÿþòñÿ öåòàíîâîå ÷èñëî è êèíåìàòè÷åñêàÿ 
âÿçêîñòü.

Öåòàíîâîå ÷èñëî (Ö×) – âàæíåéøèé ïîêà-
çàòåëü, õàðàêòåðèçóþùèé âîñïëàìåíÿåìîñòü 
äèçåëüíîãî òîïëèâà. Äàííûé ïîêàçàòåëü äàåò 
èíôîðìàöèþ î ïåðèîäå çàäåðæêè âîñïëàìåíå-
íèÿ òîïëèâíîé ñìåñè. Öåòàíîâîå ÷èñëî (Ö×) 
îïðåäåëÿåò áûñòðîòó çàïóñêà è òÿãîâûå ïàðà-
ìåòðû äâèãàòåëÿ, æåñòêîñòü ðàáî÷åãî ïðîöåñ-
ñà, ðàñõîä òîïëèâà, ïîëíîòó ñãîðàíèÿ ñìåñè 
è äûìíîñòü îòðàáîòàâøèõ ãàçîâ. ×åì âûøå 
Ö× òîïëèâà, òåì ìåäëåííåå ïðîèñõîäèò íàðàñ-
òàíèå äàâëåíèÿ è ìÿã÷å ðàáîòàåò äâèãàòåëü. 
Íî ïðè ïðåâûøåíèè îïòèìàëüíîãî çíà÷åíèÿ 
öåòàíîâîãî ÷èñëà óõóäøàåòñÿ ýêîíîìè÷íîñòü 
äâèãàòåëÿ, â ñðåäíåì íà 0,2–0,3 % íà åäèíèöó 
öåòàíîâîãî ÷èñëà, à òàêæå ïîâûøàåòñÿ äûì-
íîñòü ÎÃ íà 1–1,5 åäèíèöû Õàðòðèäæà. Öåòà-
íîâîå ÷èñëî îïðåäåëÿåò ñêîðîñòü ïðåäâàðè-
òåëüíîãî îêèñëåíèÿ òîïëèâà â êàìåðå ñãîðàíèÿ 
(ÊÑ) äâèãàòåëÿ, ÷òî óñêîðÿåò âîñïëàìåíåíèå 
ñìåñè, à ñëåäîâàòåëüíî, è áûñòðîòó çàïóñêà 

äâèãàòåëÿ. Ýòî îñîáåííî âàæíî ïðè óñëîâèÿõ 
íèçêèõ òåìïåðàòóð.

Âÿçêîñòü ÄÒ õàðàêòåðèçóåò åãî ïîäâèæ-
íîñòü, âåëè÷èíó âíóòðåííåãî òðåíèÿ è ñèëó 
âçàèìíîãî ñöåïëåíèÿ ìîëåêóë. Âÿçêîñòü îêà-
çûâàåò ðåøàþùåå âëèÿíèå íà ïåðâóþ ñòàäèþ 
ñìåñåîáðàçîâàíèÿ – ðàñïûëèâàíèå â öèëèíäðå 
äâèãàòåëÿ, äàëüíîáîéíîñòü ñòðóè, ÷åòêîñòü 
íà÷àëà è êîíöà ïîäà÷è òîïëèâà ôîðñóíêîé [1]. 
Ñ óâåëè÷åíèåì âÿçêîñòè òîïëèâà âîçðàñòàåò 
ñîïðîòèâëåíèå òîïëèâíîé ñèñòåìû, óìåíüøà-
åòñÿ ñòåïåíü íàïîëíåíèÿ íàñîñà. Ïðè ïðåäåëü-
íîì çíà÷åíèè âÿçêîñòè ïîòåðè íàïîðà ñòàíîâÿò-
ñÿ íàñòîëüêî áîëüøèìè, ÷òî òîïëèâíàÿ ñòðóÿ 
ðàçðûâàåòñÿ, íàðóøàåòñÿ íîðìàëüíàÿ ïîäà÷à 
òîïëèâà ê íàñîñó, è îí íà÷èíàåò ðàáîòàòü 
ñ ïåðåáîÿìè. Òîïëèâî ñ íåâûñîêîé âÿçêîñòüþ 
õîðîøî ðàñïûëèâàåòñÿ, îäíàêî, ïðè ñëèøêîì 
ìàëîé âÿçêîñòè îíî ïîäòåêàåò ÷åðåç ðàñïû-
ëèâàþùèå îòâåðñòèÿ ôîðñóíîê, ÷òî ïðèâîäèò 
ê èõ çàêîêñîâûâàíèþ [2]. Èç-çà ñëàáîãî íàïîðà 
ñòðóè êàìåðà ñãîðàíèÿ çàïîëíÿåòñÿ íåðàâíî-
ìåðíî, òîïëèâî ñãîðàåò ðÿäîì ñ ðàñïûëèòåëåì 
ôîðñóíêè, ÷òî çàòðóäíÿåò ïðîöåññ ñãîðàíèÿ 
è ñíèæàåò ìîùíîñòü äâèãàòåëÿ. Êðîìå òîãî, 
êà÷åñòâî ðàáîòû è èçíîñ ïëóíæåðíûõ ïàð çà-
âèñèò îò âÿçêîñòè è ÷èñòîòû äèçåëüíîãî òî-
ïëèâà, òàê êàê ñìàçûâàþòñÿ èì. Íà âÿçêîñòü 
âëèÿåò óãëåâîäîðîäíûé ñîñòàâ òîïëèâà è òåì-
ïåðàòóðà îêðóæàþùåé ñðåäû. Òîïëèâî ñòàíî-
âèòñÿ áîëåå âÿçêèì ïðè ñíèæåíèè òåìïåðàòó-
ðû è íàîáîðîò.

Â íàñòîÿùåå âðåìÿ â êà÷åñòâå àëüòåðíàòè-
âû òîâàðíîãî äèçåëüíîãî òîïëèâà ïðèìåíÿåòñÿ 
áîëüøîå êîëè÷åñòâî äðóãèõ èñòî÷íèêîâ ýíåð-
ãèè, ê êîòîðûì îòíîñÿòñÿ ãàçû ïðîìûøëåííî-
ãî è ïðèðîäíîãî ïðîèñõîæäåíèÿ, ñïèðòû, ðàñ-
òèòåëüíûå ìàñëà, àììèàê è íåêîòîðûå äðóãèå 
âèäû [3–5].

Òåì íå ìåíåå, èç áîëüøîãî ÷èñëà àëèôàòè÷å-
ñêèõ ñïèðòîâ òîëüêî ìåòàíîë è ýòàíîë íàøëè 
ïðèìåíåíèå â êà÷åñòâå ìîòîðíûõ òîïëèâ. 
Ýòàíîë (ýòèëîâûé ñïèðò, âèííûé ñïèðò, ìåòèë-
êàðáèíîë, ÷àñòî ïðîñòî «ñïèðò») – îäíîàòîì-
íûé ñïèðò, èìåþùèé ìîëåêóëÿðíóþ ôîðìóëó 
C

2
H

5
OH èëè CH

3
−CH

2
−OH, âòîðîé ïðåäñòàâè-

òåëü ãîìîëîãè÷åñêîãî ðÿäà îäíîàòîìíûõ ñïèð-
òîâ. Ýòàíîë è ìåòàíîë èìåþò ïðàêòè÷åñêè 
îäèíàêîâûå àíòèäåòîíàöèîííûå ñâîéñòâà. 
Â ñâÿçè ñ ìåíüøåé êîððîçèîííîé àêòèâíîñòüþ 
ïî îòíîøåíèþ ê ðåçèíîòåõíè÷åñêèì èçäåëèÿì 
è ìåòàëëàì, ìåíüøåé òîêñè÷íîñòüþ è áîëåå 
âûñîêîé òåïëîòâîðíîé ñïîñîáíîñòüþ ýòàíîë 
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ïîëó÷èë â ìèðå áîëüøåå ðàñïðîñòðàíåíèå, 
÷åì ìåòàíîë.

Â êà÷åñòâå ìîòîðíûõ òîïëèâ ïðèìåíÿþòñÿ 
ñîåâîå, ïîäñîëíå÷íîå, àðàõèñîâîå, õëîïêîâîå, 
ïàëüìîâîå, ðàïñîâîå è äðóãèå ðàñòèòåëüíûå 
ìàñëà. Ñðåäè íèõ îñîáåííî âûäåëÿþò ðàï-
ñîâîå ìàñëî, òàê êàê ðàïñ íåïðèõîòëèâ è îò-
íîñèòåëüíî çèìîñòîåê. Ïîýòîìó ïîëó÷åíèå 
òîïëèâà íà îñíîâå ðàïñîâîãî ìàñëà ñ÷èòàåò-
ñÿ ïåðñïåêòèâíûì. Èññëåäîâàíèÿ âîçìîæíî-
ñòè ïðèìåíåíèÿ ðàïñîâîãî ìàñëà â êà÷åñòâå 
òîïëèâà (êàê â ÷èñòîì âèäå, òàê è â ñìåñè 
ñ äèçåëüíûì òîïëèâîì) ïîêàçàëè ðÿä íåãà-
òèâíûõïîñëåäñòâèé â ðàáîòå äèçåëüíîãî äâèãà-
òåëÿ. À èìåííî: óõóäøàåòñÿ çàïóñê äâèãàòåëÿ 
ïðè íèçêèõ òåìïåðàòóðàõ, ïðîèñõîäèò ïîòåðÿ 
ìîùíîñòè, ñíèæàåòñÿ ñðîê ñëóæáû òîïëèâ-
íîé àïïàðàòóðû, íàðóøàåòñÿ ðàáîòà âûïóñê-
íûõ êëàïàíîâ äâèãàòåëÿ è ïðîöåññ ñãîðàíèÿ 
òîïëèâà â êàìåðå ñãîðàíèÿ, ìîòîðíîå ìàñëî 
ïîëèìåðèçóåòñÿ è ò.ä. Ïðåäïðèÿòèÿì, ýêñïëóà-
òèðóþùèì ñâîè äèçåëè ñ ïðèìåíåíèåì æèäêèõ 
ÀÒ, î÷åíü âàæíî çàáëàãîâðåìåííî îöåíèâàòü 
èíòåíñèâíîñòü è õàðàêòåð âëèÿíèÿ ýêñïëóàòà-
öèîííûõ ñâîéñòâ íîâûõ òîïëèâ íà ïîêàçàòåëè 
ðàáîòû ìåõàíèçìîâ è ñèñòåì ÄÂÑ.

Öåëü èññëåäîâàíèé
Àíàëèç ñóùåñòâóþùèõ ìåòîäîâ áåçìîòîð-

íîé îöåíêè ýêñïëóàòàöèîííûõ ñâîéñòâ äèçåëü-
íûõ è àëüòåðíàòèâíûõ òîïëèâ.

Ìàòåðèàëû è ìåòîäû 
Íàðÿäó ñ õèìè÷åñêèìè è ôèçèêî-õèìè÷å-

ñêèìè ìåòîäàìè îïðåäåëåíèÿ êà÷åñòâà íåôòå-
ïðîäóêòîâ â ïîñëåäíåå âðåìÿ óæå èñïîëüçóþò-
ñÿ ñîâðåìåííûå ôèçè÷åñêèå ìåòîäû. Îäíàêî 
íè îäèí èç ñîâðåìåííûõ ìåòîäîâ íå ïîçâîëÿåò 
ñ èñ÷åðïûâàþùåé ïîëíîòîé îïðåäåëèòü ïî-
êàçàòåëè êà÷åñòâà òîïëèâà. Ëèøü êîìáèíèðóÿ 
ìåòîäû îïðåäåëåííûì îáðàçîì, ìîæíî ðåøèòü 
ýòó çàäà÷ó. Ïåðñïåêòèâíûì íàïðàâëåíèåì ðàç-
ðàáîòêè ïðèáîðîâ, ñ òî÷êè çðåíèÿ îïåðàòèâíî-
ãî êîíòðîëÿ, ÿâëÿåòñÿ ýëåêòðîìàãíèòíàÿ òåõ-
íèêà, îáúåäèíÿþùàÿ â ñåáå ýëåêòðîäèíàìèêó, 
îïòîýëåêòðîíèêó, ñïåêòðîìåòðèþ [6], à òàêæå 
àêóñòèêó è ìàãíèòîîïòèêó, íå ïðèìåíÿþùèåñÿ 
â íàñòîÿùåå âðåìÿ ïðè èññëåäîâàíèè òîïëèâà.

Ïðè ïðîåêòèðîâàíèè àíàëèçàòîðîâ è èç-
ìåðèòåëüíûõ ïðèáîðîâ èñïîëüçóþò êîððåëÿ-
öèîííûå çàâèñèìîñòè, êîòîðûå ñâÿçûâàþò âå-
ëè÷èíó ýêñïëóàòàöèîííîãî ñâîéñòâà òîïëèâà 
ñ åãî ôèçèêî-õèìè÷åñêèìè õàðàêòåðèñòèêàìè.

Â íàñòîÿùåå âðåìÿ ñóùåñòâóþò ðàçðàáîò-
êè, êîòîðûå ïîçâîëÿþò áåç ñæèãàíèÿ òîïëèâà 
îïðåäåëÿòü õàðàêòåðèñòèêè åãî ñàìîâîñïëàìå-
íåíèÿ. Âåäóùèì â ýòîé îáëàñòè èññëåäîâàíèé 
ÿâëÿåòñÿ Ñàìàðñêèé ãîñóäàðñòâåííûé àýðî-
êîñìè÷åñêèé óíèâåðñèòåò èì. Ñ.Ï. Êîðîëåâà 
(ÑÃÀÓ) [6]. Äëÿ îïðåäåëåíèÿ öåòàíîâîãî ÷èñëà 
äèçåëüíûõ òîïëèâ ñîòðóäíèêàìè ÑÃÀÓ áûëè 
ñîçäàíû è çàïàòåíòîâàíû ñïåöèàëüíûå ïðèáî-
ðû. Ïðèáîðû ñîçäàíû íà îñíîâå êîððåëÿöèîí-
íîé çàâèñèìîñòè ìåæäó äèýëåêòðè÷åñêîé ïðî-
íèöàåìîñòüþ ε è öåòàíîâûì ÷èñëîì Z (ðèñ. 1).

Ðèñ. 1. Ãðàôèê çàâèñèìîñòè äèýëåêòðè÷åñêîé 
ïðîíèöàåìîñòè ε äèçåëüíîãî òîïëèâà îò öåòàíîâîãî 

÷èñëà Z ïðè òåìïåðàòóðå 20 Ñ (ïî äàííûì [3])

Fig. 1. The graph of the dependence of the dielectric 
constant ε of diesel fuel on the cetane number Z 

at a temperature of 20 Ñ (according to [3])

Ðàññìîòðèì ìåòîä îöåíêè öåòàíîâîãî ÷èñëà 
äèçåëüíûõ òîïëèâ ïî èçìåðåíèþ ñëåäóþùèõ 
îïòè÷åñêèõ õàðàêòåðèñòèê: ïîêàçàòåëÿ ïðå-
ëîìëåíèÿ 20

Dn  è âåëè÷èíû ìàãíèòíîãî äâóëó-
÷åïðåëîìëåíèÿ [7, 8]. Ñîîòâåòñòâóþùèå çàâè-
ñèìîñòè ïîêàçàíû íà ðèñ. 2.

Ðèñ. 2. Çàâèñèìîñòü ìåæäó öåòàíîâûì ÷èñëîì 
Z îñíîâíûõ ãðóïï óãëåâîäîðîäîâ è ïîêàçàòåëÿ 

ïðåëîìëåíèÿ 20
Dn

Fig. 2. The relationship between the cetane 
number Z of the main groups of hydrocarbons 

and the refractive index 20
Dn  

Ïîêàçàòåëü ïðåëîìëåíèÿ 20
Dn  (ðèñ. 2) ìîæ -

íî èçìåðèòü ïîãðóæíûì ðåôðàêòîìåòðîì 
AtagoPenRi, ïîêàçàííûì íà ðèñ. 3.

Ïîêàçàòåëü ïðåëîìëåíèÿ èíäèâèäóàëüíûõ 
àëêèëáåíçîëîâ ïî÷òè íå âëèÿåò íà èõ öåòàíî-
âîå ÷èñëî. Ýòî ìîæåò áûòü ó÷òåíî ïðè ââåäå-
íèè â êîððåëÿöèîííîå ñîîòíîøåíèå äëÿ îïè-
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ñàíèÿ öåòàíîâîãî ÷èñëà èíäèâèäóàëüíûõ 
àëêèëáåíçîëîâ ìàãíèòîîïòè÷åñêîãî áåíçîëü-
íîãî èíäåêñà BIN, êîòîðûé âîçðàñòàåò ñ óìåíü-
øåíèåì öåïè àëêèëüíîãî çàìåñòèòåëÿ ïðè ôå-
íèëüíîì êîëüöå.

Ðèñ. 3. Ïîãðóæíîé ðåôðàòîìåòð AtagoPenRi

Fig. 3. Immersion refratometer AtagoPenRi

Â ðàáîòå [9] áûëî ïîêàçàíî, ÷òî öåòàíîâîå 
÷èñëî çàâèñèò îò àíèëèíîâîé òî÷êè, êîòîðàÿ 
èìååò óäîâëåòâîðèòåëüíûå ñòàòèñòè÷åñêèå õà-
ðàêòåðèñòèêè, è äëÿ åå ïîëó÷åíèÿ èñïîëüçîâà-
íû äàííûå ïî 257 îáðàçöàì äèçåëüíûõ òîïëèâ.

Ïðè ñòàíäàðòíîé ïîãðåøíîñòè â ±1,6 öåòà-
íîâûõ åäèíèö êîýôôèöèåíò êîððåëÿöèè ñîñòà-
âèë r = 0,903.

Òàê êàê àíèëèíîâûå òî÷êè è ìàãíèòîîïòè-
÷åñêèå áåíçîëüíûå èíäåêñû ñâÿçàíû, òî áûëî 
èñïîëüçîâàíî ëèíåéíîå ñîîòíîøåíèå äëÿ îïè-
ñàíèÿ öåòàíîâûõ ÷èñåë:

 
20BIN .DZ A B C n      (1)

Íåñìîòðÿ íà òî ÷òî ïîêàçàòåëü ïðåëîìëå-
íèÿ 20

Dn  ñîäåðæèò âêëàä àðîìàòè÷åñêèõ óãëå-
âîäîðîäîâ, âêëþ÷åíèå ìàãíèòîîïòè÷åñêîãî 
áåíçîëüíîãî èíäåêñà BIN â êîððåëÿöèîííóþ 
çàâèñèìîñòü (1) âñå ðàâíî ïîçâîëÿåò âëèÿòü 
íà îöåíêè âêëàäîâ â òî èëè èíîå ýêñïëóàòàöè-
îííûå ñâîéñòâî ïàðàôèíî-íàôòåíîâûõ è àðî-
ìàòè÷åñêèõ óãëåâîäîðîäîâ. Ýòî âêëþ÷åíèå 
îñóùåñòâëÿåòñÿ ïîñðåäñòâîì âàðüèðîâàíèÿ 
ñîîòíîøåíèÿ ìåæäó êîýôôèöèåíòàìè ïåðåä 

20
Dn  è BIN, ïðè òîì ÷òî áåíçîëüíûé èíäåêñ BIN 

çàâèñèò òîëüêî îò ñîäåðæàíèÿ àðîìàòè÷åñêèõ 
óãëåâîäîðîäîâ. Íà ðèñ. 4 ïðåäñòàâëåíà êîððå-
ëÿöèîííàÿ ñâÿçü öåòàíîâûõ ÷èñåë Z ñ áåíçîëü-
íûì èíäåêñîì è ïîêàçàòåëåì ïðåëîìëåíèÿ äè-
çåëüíûõ òîïëèâ.

Àíàëèç èçâåñòíûõ äàííûõ ïîäòâåðæäàåò, 
÷òî çíà÷åíèå Ö× äëÿ ÷èñòîãî äèçåëüíîãî òî-
ïëèâà ìîæíî îïåðàòèâíî è ñ äîñòàòî÷íîé òî÷-
íîñòüþ îïðåäåëÿòü óêàçàííûìè ìåòîäàìè.

Ðåçóëüòàòû è îáñóæäåíèå
Â ñîîòâåòñòâèå ñ âûøåèçëîæåííûì ñïðà-

âåäëèâî ïðåäïîëîæèòü, ÷òî ñóùåñòâóþò 

àíàëîãè÷íûå êîððåëÿöèîííûå çàâèñèìîñòè 
öåòàíîâîãî ÷èñëà Z îò äèýëåêòðè÷åñêîé ïðî-
íèöàåìîñòè ε, îò ïîêàçàòåëÿ óãëà ïðåëîìëåíèÿ 

20
Dn , áåíçîëüíîãî èíäåêñà BIN è äðóãèõ âàæ-

íåéøèõ ñâîéñòâ äëÿ àëüòåðíàòèâíûõ òîïëèâ 
íà áàçå ñìåñè äèçåëüíîãî òîïëèâà ñ ðàñòèòåëü-
íûìè ìàñëàìè èëè ñïèðòàìè.

Èñïîëüçóÿ äàííûå, ïîëó÷åííûå íàìè â ïðî-
öåññå ôèçè÷åñêîãî ýêñïåðèìåíòà íà ïîëíîðàç-
ìåðíîì äâèãàòåëå, âîçìîæíî ïðåäïîëîæèòü 
íàõîæäåíèå óñòîé÷èâûõ êîððåëÿöèîííûõ çà-
âèñèìîñòåé ìåæäó âàæíåéøèìè ïîêàçàòåëÿìè 
ïðîöåññà ñãîðàíèÿ, òîïëèâíîé ýêîíîìè÷íîñòè 
äèçåëÿ, ýìèññèåé îñíîâíûõ òîêñè÷íûõ êîìïî-
íåíòîâ è ðàçëè÷íûìè ñîñòàâàìè èñïîëüçîâàí-
íûõ æèäêèõ ÀÒ.
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ïðÿìóþ çàâèñÿò îò ìîòîðíûõ è ôèçèêî-õèìè-
÷åñêèõ ñâîéñòâ ïðèìåíÿåìûõ òîïëèâ.

2. Ïåðñïåêòèâíûì èññëåäîâàíèåì â îáëàñòè 
ïðèìåíåíèÿ àëüòåðíàòèâíûõ âèäîâ òîïëèâà 
ÿâëÿåòñÿ áåçìîòîðíàÿ îöåíêà èõ ýêñïëóàòàöè-
îííûõ ñâîéñòâ ñ ïîìîùüþ ôèçèêî-õèìè÷åñêèõ 
ýêñïðåññ-ìåòîäîâ.

Ëèòåðàòóðà
1. Èòèíñêàÿ Í.È. Êóçíåöîâ Í.À. Òîïëèâà, ìàñëà 

è òåõíè÷åñêèå æèäêîñòè. Ñïðàâî÷íèê. Ì.: Àãðî-
ïðîìèçäàò, 1989. 303 ñ.

2. Íèêèôîðîâ À.Í. Íàó÷íûå îñíîâû èñïîëüçîâàíèÿ 
òîïëèâà è ñìàçî÷íûõ ìàòåðèàëîâ â ñåëüñêîì õî-
çÿéñòâå. Ì.: ÂÎ Àãðîïðîìèçäàò, 1987. 248 ñ.

3. Ïëîòíèêîâ Ñ.À. Óëó÷øåíèå ýêñïëóàòàöèîí-
íûõ ïîêàçàòåëåé äèçåëåé ïóòåì ñîçäàíèÿ íîâûõ 
àëüòåðíàòèâíûõ òîïëèâ è ñîâåðøåíñòâîâàíèÿ 

Ðèñ. 4. Êîððåëÿöèîííàÿ ñâÿçü öåòàíîâûõ ÷èñåë Z 
ñ áåíçîëüíûì èíäåêñîì è ïîêàçàòåëåì ïðåëîìëåíèÿ 

äèçåëüíûõ òîïëèâ

Fig. 4. Correlation of cetane numbers Z with 
benzene index and refractive index of diesel fuels



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2021

Ý
Ê

Î
Ë

Î
Ã

È
×

Å
Ñ

Ê
È

 ×
È

Ñ
Ò

Û
Å

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
È

 È
 Î

Á
Î

Ð
Ó

Ä
Î

Â
À

Í
È

Å
Ïëîòíèêîâ Ñ.À., Ãíåâàøåâ Ï.Â. 

Ýêñïðåññ-ìåòîäû îöåíêè ìîòîðíûõ ñâîéñòâ äèçåëüíûõ òîïëèâ

20

òîïëèâîïîäàþùåé àïïàðàòóðû: àâòîðåô. äèñ. ... 
äîêò. òåõí. íàóê. Í. Íîâãîðîä, 2011.

4. Ïëîòíèêîâ Ñ.À., Êàðòàøåâè÷ À.Í., Ñìîëüíè-
êîâ Ì.Â., ×åðåìèñèíîâ Ï.Í. Ðàñøèðåíèå ìíîãî-
òîïëèâíîñòè àâòîòðàêòîðíîãî äèçåëÿ ïðè èñ-
ïîëüçîâàíèè àëüòåðíàòèâíûõ òîïëèâ // Èçâåñòèÿ 
ÌÃÒÓ «ÌÀÌÈ», 2019. № 3 (41). Ñ. 66−72.

5. Ïëîòíèêîâ Ñ.À., Êàíòîð Ï.ß., Âòþðèíà Ì.Í. 
Ïðîáëåìû è ïåðñïåêòèâû ðàñøèðåíèÿ ìíîãî-
òîïëèâíîñòè ÄÂÑ // Èííîâàöèîííîå ðàçâèòèå 
àãðîïðîìûøëåííîãî êîìïëåêñà êàê ôàêòîð êîí-
êóðåíòîñïîñîáíîñòè: ïðîáëåìû, òåíäåíöèè, ïåð-
ñïåêòèâû: êîëëåêòèâíàÿ ìîíîãðàôèÿ: â 2 ÷. ×. 1 / 
ïîä îáù.ðåä. ä-ðà ïåä. íàóê Å.Ñ. Ñèìáèðñêèõ. 
Êèðîâ, 2020. Ñ. 327−336.

6. Ñêâîðöîâ Á.Â. Ýëåêòðîôèçè÷åñêèå óñòðîéñòâà 
êîíòðîëÿ êà÷åñòâà óãëåâîäîðîäíûõ òîïëèâ. 
Ñàìàðà: Èçä-âî Ñàìàðñêîãî ãîñ. àýðîêîñì. óí-òà 
èì. àêàä. Ñ. Ï. Êîðîëåâà, 2000. 264 ñ.

7. Íèêîëàåâ Â.Ô., Êóòóøåâ È.Ð., Õàìåäçÿíîâ À.Ê. // 
Âåñòíèê Êàçàí.òåõíîë. óí-òà. 2003. № 2. Ñ. 302−313.

8. Êóòóøåâ È.Ð., Íèêîëàåâ Â.Ô., Äèàðîâ È.Í., 
Âàðøàâñêèé Î.Ì. Ýëåêòðîìåõàíè÷åñêèå è âíó-
òðèêàìåðíûå ïðîöåññû â ýíåðãåòè÷åñêèõ óñòà-
íîâêàõ, ñòðóéíàÿ àêóñòèêà è äèàãíîñòèêà, ïðè-
áîðû è ìåòîäû êîíòðîëÿ ïðèðîäíîé ñðåäû, 
âåùåñòâ, ìàòåðèàëîâ è èçäåëèé: ñáîðíèê ìà-
òåðèàëîâ XV Âñåðîññèéñêîé ìåæâóçîâñêîé 
êîíôåðåíöèè, 2003, 20–22 ìàÿ 2003 ã. ×àñòü II. 
Êàçàíü: Ìèõàéëîâñêèé âîåííûé àðòèëëåðèé-
ñêèé óíèâåðñèòåò.

9. Ladommatos N., Goacher J. // Fuel, 1995, vol. 74, 
No. 7, pp. 1083−1093.

References
1. Itinskaya N.I. Kuznetsov N.A. Topliva, masla i 

tekhnicheskiye zhidkosti. Spravochnik [Fuels, oils 
and technical fluids. Reference book]. Moscow: 
Agropromizdat Publ., 1989. 303 p.

2. Nikiforov A.N. Nauchn·yye osnovy ispol’zovani-
ya topliva i smazochnykh materialov v sel’skom 
khozyaystve [Scientific basis for the use of fuels and 
lubricants in agriculture]. Moscow: VO Agropro-
mizdat Publ., 1987. 248 p.

3. Plotnikov S.A. Uluchsheniye ekspluatatsionnykh po-
kazateley dizeley putem sozdaniya novykh al’terna-
tivnykh topliv i sovershenstvovaniya toplivopoday-
ushchey apparatury: avtoref. diss. dokt. tekhn. nauk 
[Improving the performance of diesel engines by cre-
ating new alternative fuels and improving fuel supply 
equipment: Abstract for Dissertation for Degree of 
DrSc in Engineering]. N-Novgorod, 2011.

4. Plotnikov S.A., Kartashevich A.N., Smol’nikov M.V., 
Cheremisinov P.N. Expansion of the multi-fuel 
capacity of an automotive diesel engine using al-
ternative fuels. Izvestiya MGTU «MAMI», 2019. 
No 3 (41), pp. 66−72 (In Russ.).

5. Plotnikov S.A., Kantor P.YA., Vtyurina M.N. Prob-
lems and prospects for expanding the multi-fuel 
internal combustion engine. Innovatsionnoye raz-
vitiye agropromyshlennogo kompleksa kak faktor 
konkurentosposobnosti: problemy, tendentsii, pers-
pektivy: Kollektivnaya monografiya [Innovative de-
velopment of the agro-industrial complex as a factor 
of competitiveness: problems, trends, prospects: 
Collective monograph]: v 2 ch. CH. 1. Pod obshch.
red. d-ra ped. nauk YE.S. Simbirskikh. Kirov, 2020, 
pp. 327−336 (In Russ.).

6. Skvortsov B.V. Elektrofizicheskiye ustroystva kon-
trolya kachestva uglevodorodnykh topliv [Electro-
physical devices for quality control of hydrocarbon 
fuels]. Samara: Izd-vo Samarskogo gos. aerokosm. 
un-ta im. akad. S. P. Koroleva. 2000. 264 p.

7. Nikolayev V.F., Kutushev I.R., Khamedzyanov 
A.K. // Vestnik Kazan. tekhnol. un-ta, 2003. No 2, 
pp. 302−313 (In Russ.).

8. Kutushev I.R., Nikolayev V.F., Diarov I.N., Var-
shavskiy O.M. Electromechanical and intra-chamber 
processes in power plants, jet acoustics and diagnos-
tics, devices and methods for monitoring the natural 
environment, substances, materials and products. 
Sbornik materialov XV Vserossiyskoy mezhvu-
zovskoy konferentsii [Collection of materials of the 
XV All-Russian interuniversity conference]. Chast’ 
II. Kazan’: Mikhaylovskiy voyennyy artilleriyskiy 
universitet 20–22 maya 2003 g. (In Russ.)

9. Ladommatos N., Goacher J. // Fuel, 1995, vol. 74, 
No. 7, pp. 1083−1093.


