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Èñïîëüçîâàíèå àëüòåðíàòèâíûõ òîïëèâ áèîëîãè÷åñêîãî ïðîèñõîæäåíèÿ, â ÷àñòíîñòè, ñïèðòîâ, 
ñëåäóåò ñ÷èòàòü äåëîì óæå ñàìîé áëèæàéøåé ïåðñïåêòèâû. Ó÷åíûå âñåãî ìèðà èññëåäóþò âñå 
áîëåå êîíöåíòðèðîâàííûå ñîñòàâû ýòàíîëî-òîïëèâíûõ ýìóëüñèé ñ ðàçëè÷íîãî ðîäà ïðèñàäêàìè. 
Îäíàêî äî íàñòîÿùåãî âðåìåíè íå îïðåäåëåíû öåëåñîîáðàçíûå ïðåäåëû çàìåùåíèÿ ÄÒ ýòàíî-
ëîì. Ñ ó÷åòîì ãëóáèíû ïðîáëåìû, â ïåðâóþ î÷åðåäü, íåîáõîäèìî ðàññìàòðèâàòü ñîçäàíèå ÝÒÝ 
ñ öåëûì ðÿäîì íåîáõîäèìûõ ñâîéñòâ, ÷òî âîçìîæíî òîëüêî â ñëó÷àå ïðèìåíåíèÿ ïðèñàäîê. Ïðîâå-
äåííûé àíàëèç èñïîëüçóåìûõ â òîïëèâå ïðèñàäîê ïîêàçàë, ÷òî íàïðàâëåííîñòü äåéñòâèÿ ïðèñàäîê 
îáû÷íî î÷åíü óçêà. Ñîîòâåòñòâåííî, äëÿ îáåñïå÷åíèÿ ðÿäà íåîáõîäèìûõ ñâîéñòâ ÝÒÝ òðåáóåòñÿ 
ïðèñàäêà êîìïëåêñíîãî äåéñòâèÿ. Èñïûòàíèÿ ïðîâîäèëèñü â íåñêîëüêî ýòàïîâ. Èññëåäîâàëàñü 
ñòàáèëüíîñòü íîâîãî ñîñòàâà òîïëèâà ñ ïðèìåíåíèåì ðàçëè÷íûõ ïðèñàäîê. Áûëà îïðåäåëåíà ïðè-
ñàäêà ñ íàèëó÷øèìè ïîêàçàòåëÿìè è ïðèíÿòà äëÿ äàëüíåéøåãî èñïîëüçîâàíèÿ â ýêñïåðèìåíòàõ. 
Äàëåå ïðîèçâîäèëèñü ñðàâíèòåëüíûå èñïûòàíèÿ ðàáîòû òîïëèâîïîäàþùåé àïïàðàòóðû êàê íà áà-
çîâîì òîïëèâå, òàê è íà íîâûõ ñîñòàâàõ òîïëèâ. Çàâåðøàþùèì ýòàïîì èññëåäîâàíèé áûëà ïðî-
âåðêà ïàðàìåòðîâ ðàáîòîñïîñîáíîñòè äâèãàòåëÿ â öåëîì ïðè ðàáîòå íà îñíîâíûõ íàãðóçî÷íûõ 
è ñêîðîñòíûõ ðåæèìàõ. Â ñòàòüå ðàññìîòðåí âîçìîæíûé âàðèàíò äåéñòâèÿ ïðèñàäêè êîìïëåêñíîãî 
äåéñòâèÿ íà îñíîâå äèñóëüôèäà ìîëèáäåíà MoS2 â êà÷åñòâå èãíèáèòîðà ãîðåíèÿ. Ïðèâåäåí ïðåä-
ïîëîæèòåëüíûé âèä è ìåõàíèçì ïðîòåêàþùèõ ðåàêöèé â êàìåðå ñãîðàíèÿ äèçåëüíîãî äâèãàòå-
ëÿ. Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàîâ ïî ðàáîòîñïîñîáíîñòè ôîðñóíîê 455.1112010-50 
íà ðàçëè÷íûõ ñîñòàâàõ íîâûõ òîïëèâ è ïðè èçìåíÿþùèõñÿ óñëîâèÿõ. Ðàññìîòðåíû ýêîëîãè÷åñêèå 
ïîêàçàòåëè ðàáîòû äâèãàòåëÿ 4×Í 11,0/12,5 ïðè ðàáîòå ïî âíåøíåé ñêîðîñòíîé õàðàêòåðèñòèêå 
íà ðàçëè÷íûõ ñîñòàâàõ òîïëèâ. Ïî ðåçóëüòàòàì àíàëèçà äàííûõ ñäåëàíû âûâîäû îá îãðàíè÷åíèè 
ïðèñóòñòâèÿ ýòàíîëà â ñìåñè è îáîñíîâàí ïðåäåë çàìåùåíèÿ îñíîâíîãî òîïëèâà.
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Ââåäåíèå
Èñïîëüçîâàíèå àëüòåðíàòèâíûõ òîïëèâ áèî-

ëîãè÷åñêîãî ïðîèñõîæäåíèÿ ñëåäóåò ñ÷èòàòü 
äåëîì óæå ñàìîé áëèæàéøåé ïåðñïåêòèâû. 
Ê íàñòîÿùåìó âðåìåíè èññëåäîâàòåëÿìè âñåãî 
ìèðà íàêîïëåíî çíà÷èòåëüíîå êîëè÷åñòâî 
äàííûõ, ñîïðîâîæäàþùèõ ïðèìåíåíèå áèîòî-
ïëèâ â âèäå äîáàâêè ê íåôòÿíîìó ìîòîðíîìó 
äèçåëüíîìó òîïëèâó (ÄÒ) [1]. Èññëåäîâàíî çíà-
÷èòåëüíîå êîëè÷åñòâî ñîñòàâîâ, îáúåìîâ çà-
ìåùàåìîãî ýòàíîëîì äèçåëüíîãî òîïëèâà, ïî-
âåðõíîñòíî-àêòèâíûõ âåùåñòâ (ÏÀÂ) è äðóãèõ 
ïðèìåíÿåìûõ ïðèñàäîê [2−4]. Ïðè ýòîì îñ-
íîâíîé àêöåíò äåëàåòñÿ íà ñîçäàíèå âñå áîëåå 
íîâûõ, áîëåå âûñîêîêîíöåíòðèðîâàííûõ ñî-
ñòàâîâ òîïëèâíûõ ýìóëüñèé, ñ ïðèìåíåíèåì 

ðàíåå íåèñïîëüçîâàííûõ äîáàâîê ê òîïëèâó. 
Ïîëó÷àåìûé ýôôåêò îáîñíîâûâàåòñÿ îáúåìà-
ìè ýêîíîìèè ÄÒ è ñíèæåíèåì óðîâíÿ ýêîëîãè-
÷åñêîé îïàñíîñòè. Òåì íå ìåíåå, äî íàñòîÿùåãî 
âðåìåíè íå îïðåäåëåíû öåëåñîîáðàçíûå ïðåäå-
ëû çàìåùåíèÿ ÄÒ ýòàíîëîì. Öåëüþ íàñòîÿùåé 
ðàáîòû ÿâèëàñü îïòèìèçàöèÿ ñîñòàâà ýòàíîëî-
òîïëèâíîé ýìóëüñèè (ÝÒÝ) íà îñíîâå àíàëèçà 
öåëîãî êîìïëåêñà îãðàíè÷åíèé.

Öåëü è çàäà÷è
Ñ ó÷åòîì ãëóáèíû ïðîáëåìû, â ïåðâóþ î÷å-

ðåäü, íåîáõîäèìî ðàññìàòðèâàòü ñîçäàíèå ÝÒÝ 
ñ öåëûì ðÿäîì íåîáõîäèìûõ ñâîéñòâ, ÷òî âîç-
ìîæíî òîëüêî â ñëó÷àå ïðèìåíåíèÿ êîìïëåêñ-
íîé ïðèñàäêè. Ïðèñàäêà äîëæíà íå òîëüêî 
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ñòàáèëèçèðîâàòü ÝÒÝ è âîçäåéñòâîâàòü íà ïðî-
öåññ åå ñãîðàíèÿ â öèëèíäðå äèçåëÿ, íî è ñâî-
äèòü ê ìèíèìóìó ñâîå âëèÿíèå íà ïðîöåññû 
äîëãîâå÷íîñòè äåòàëåé äèçåëÿ.

Ìåòîäû èññëåäîâàíèÿ
Äëÿ ðåøåíèÿ ïîñòàâëåííûõ çàäà÷ áûëî 

îïðåäåëåíî íåñêîëüêî íàïðàâëåíèé.
Ïåðâîíà÷àëüíî áûë ïðîâåäåí òåîðåòè÷å-

ñêèé àíàëèç èçâåñòíîé áàçû òîïëèâíûõ ïðèñà-
äîê, îáîñíîâàíèå è âûáîð äîáàâîê íîâîãî òèïà.

Ðàáîòîñïîñîáíîñòü ôîðñóíîê 455.1112010-50 
îïðåäåëÿëàñü íà ñòåíäå V-107 CR. Èññëåäîâà-
ëèñü è îöåíèâàëèñü ñëåäóþùèå ïîêàçàòåëè: 
äàâëåíèå íà÷àëà âïðûñêèâàíèÿ, ïîäâèæíîñòü 
èãëû, êà÷åñòâî ðàñïûëèâàíèÿ òîïëèâà, ãåðìå-
òè÷íîñòü ïî çàïèðàþùåìó êîíóñó. Â êà÷åñòâå 
òåõíîëîãè÷åñêèõ ñîñòàâîâ èñïîëüçîâàëèñü 
ñìåñè, ñîäåðæàùèå îò 0−100 % ÄÒ, çàìåùàå-
ìûå 100−0 % ýòàíîëà ñ äîáàâêîé 1 % ïðèñàäêè 
MoS

2
.

Îáîáùåííûå ýêñïåðèìåíòàëüíûå äàííûå 
áûëè ïîëó÷åíû íà îñíîâå ñòåíäîâûõ èñïûòà-
íèé äèçåëÿ 4×Í 11,0/12,5 íà ìîòîðíîì ñòåíäå 
SAK N670. Èñïîëüçîâàëîñü äèçåëüíîå òîïëèâî 
ïî ÃÎÑÒ 302-2013 è ÝÒÝ ðàçëè÷íîãî ñîñòàâà. 
Â ïðîöåññå èñïûòàíèé ïðîèçâîäèëîñü èíäèöè-
ðîâàíèå äèçåëÿ, çàïèñûâàëèñü è îáðàáàòûâà-
ëèñü ìîùíîñòíûå, ýêîíîìè÷åñêèå è ýêîëîãè÷å-
ñêèå ïîêàçàòåëè.

Òåîðåòè÷åñêèå èññëåäîâàíèÿ
Ïðîâåäåííûé òåîðåòè÷åñêèé àíàëèç [5] ïî-

çâîëèë îòêàçàòüñÿ îò èñïîëüçîâàíèÿ íèòðàò-
íûõ, ñóêöèíèìèäíûõ, ïåðîêñèäíûõ è äðóãèõ 
øèðîêî ïðèìåíÿåìûõ â èñïûòàíèÿõ òèïîâ 
ïðèñàäîê. Äåëî â òîì, ÷òî ïðèñàäêè óêàçàí-
íûõ òèïîâ äåéñòâóþò â êà÷åñòâå ìîäèôèêàòî-
ðîâ âîñïëàìåíåíèÿ ïðåèìóùåñòâåííî íà íà-
÷àëüíûõ ñòàäèÿõ ïðîöåññà ãîðåíèÿ. Ïîýòîìó 
îíè ïðàêòè÷åñêè íå âëèÿþò íà âðåìÿ ñãîðàíèÿ 
è íå ðåøàþò ïðîáëåìó æåñòêîñòè ðàáîòû äâè-
ãàòåëÿ êàðäèíàëüíûì îáðàçîì. Ïðèìåíèòåëü-
íî ê ðàáîòå äèçåëÿ öåëåñîîáðàçíåå ïðèñàäêè 
äðóãîãî òèïà – óëó÷øàþùèå ðàâíîìåðíîñòü 
ïðîöåññà ãîðåíèÿ ïóòåì èíãèáèðîâàíèÿ ñòàäèè 
ðàçâåòâëåíèÿ öåïè [6]. Ðàññìîòðèì, â ÷àñòíî-
ñòè, îäíó èç íèõ – äèñóëüôèä ìîëèáäåíà MoS

2
.

Èçâåñòíî, ÷òî ñîäåðæàíèå íàôòåíîâ â äè-
çåëüíîì òîïëèâå ñîñòàâëÿåò îò 20 äî 60 %. 
Â ñòðóêòóðå MoS

2
 (ðèñ. 1) èìååòñÿ òðè òèïà 

àòîìîâ ñåðû ñ ðàçíîé êîîðäèíàöèåé ïî ìî-
ëèáäåíó. ×àñòü èîíîâ Mo ëîêàëèçîâàíà â ÷à-

ñòè÷íî íåäîñòðîåííûõ òðèãîíàëüíûõ ïðè-
çìàõ – íà òîðöåâûõ ãðàíÿõ è óãëàõ ñëîåâ. 
Ïðåäïîëîæèòåëüíî êèíåòè÷åñêèå öåïè îáðû-
âàþòñÿ ïî ðåàêöèÿì ïåðîêñèäíûõ ðàäèêàëîâ 
ñ äèñóëüôèäîì ìîëèáäåíà íà ïîâåðõíîñòè åãî 
÷àñòèö, ÷òî âûðàæàåòñÿ â ïðèñîåäèíåíèè ðà-
äèêàëîâ ê âûñòóïàþùèì àòîìàì ìîëèáäåíà. 
Â ðåçóëüòàòå çàìåäëÿåòñÿ ïðîöåññ îêèñëå-
íèÿ òîïëèâà. Ïðîöåññ ãîðåíèÿ ðàñòÿãèâàåòñÿ 
âî âðåìåíè, íàðàñòàíèå òåìïåðàòóðû è äàâëå-
íèÿ ïðîèñõîäèò áîëåå ïëàâíî, ÷òî ýêâèâàëåíò-
íî óâåëè÷åíèþ öåòàíîâîãî ÷èñëà. Êðîìå òîãî, 
MoS

2
 èãðàåò ðîëü êàòàëèçàòîðà ãèäðîêðåêèí-

ãà, êîòîðûé ìîæåò ïðîèñõîäèòü, íàïðèìåð, ñî-
ãëàñíî óðàâíåíèþ:

 C
n
H

2n
 + H

2
 → C

n
H

2n+2
.  (1)

Ïîäîáíûì îáðàçîì ïðè ãèäðèðîâàíèè öè-
êëîïåíòàíà ðàñêðûâàåòñÿ öèêë ñ îáðàçîâàíèåì 
í-ïåíòàíà. Òàê êàê, ïðè ðàâíîì ÷èñëå àòîìîâ 
óãëåðîäà, öåòàíîâîå ÷èñëî öèêëè÷åñêîãî óãëå-
âîäîðîäà â ñðåäíåì íà 20…40 åäèíèö ìåíüøå, 
÷åì ó ñîîòâåòñòâóþùåãî àëêàíà, ýòî ïðåäñòàâ-
ëÿåò ñîáîé ÷àñòíûé ñëó÷àé îáùåé òåíäåíöèè 
ïîâûøåíèÿ öåòàíîâîãî ÷èñëà ñ ðîñòîì îòíî-
ñèòåëüíîãî ÷èñëà àòîìîâ âîäîðîäà (Í) â ìî-
ëåêóëå óãëåâîäîðîäà [6]. Òàêèì îáðàçîì, ðå-
çóëüòàòîì ãèäðîêðåêèíãà ÿâëÿåòñÿ ïîâûøåíèå 
öåòàíîâîãî ÷èñëà òîïëèâà.

Äèñóëüôèä ìîëèáäåíà, îáëàäàÿ âûñîêèìè 
àíòèôðèêöèîííûìè ñâîéñòâàìè èç-çà ñâîåé 
ñëîèñòîé ñòðóêòóðû, îáû÷íî ïðèìåíÿåòñÿ â êà-
÷åñòâå òâåðäîé ñìàçêè. Ïðè ýòîì èçíîñû òðó-
ùèõñÿ äåòàëåé ñíèæàþòñÿ íà 30…50 % äàæå 
â óñëîâèÿõ ãðàíè÷íîé ñìàçêè. Òåì ñàìûì íè-
âåëèðóåòñÿ óõóäøåíèå ñìàçûâàíèÿ òðóùèõñÿ 
ïàð ïðè èñïîëüçîâàíèè ÝÒÝ è ñíèæåíèå äîë-

Ðèñ. 1. Ñòðóêòóðà äèñóëüôèäà ìîëèáäåíà
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ãîâå÷íîñòè äåòàëåé. Ó÷èòûâàÿ, ÷òî äèñóëü-
ôèä ìîëèáäåíà ïðàêòè÷åñêè íå ðàñòâîðÿåòñÿ 
â ñïèðòå, åãî ïðèñóòñòâèå â ÝÒÝ òàêæå ìîæåò 
áûòü îïðàâäàíî íåîáõîäèìîñòüþ ñîõðàíåíèÿ 
ñìàçûâàþùèõ ñâîéñòâ 

Ðàíåå ïðèìåíåíèå MoS
2
 â êà÷åñòâå ñòà-

áèëèçàòîðà ÝÒÝ áûëî îáîñíîâàíî äî ãðàíè-
öû ñóùåñòâîâàíèÿ îáðàòíûõ ýìóëüñèé òèïà 
«âîäà-â-ìàñëå» − 50…55 % ìàññ. – âñëåäñòâèå 
åãî èçáèðàòåëüíîãî ñìà÷èâàíèÿ è ïðèëèïàíèÿ 
ê äèñïåðñèîííûì êàïëÿì [7, 8]. Àíàëèç ïðîâå-
äåííûõ èññëåäîâàíèé ñòàáèëüíîñòè âûñîêîêîí-
öåíòðèðîâàííûõ ÝÒÝ [9] ïîçâîëèë óñòàíîâèòü, 
÷òî íà ãðàíèöå ôàçîâîãî ïåðåõîäà èìååò ìåñòî 
âñïëåñê âðåìåíè èõ ñóùåñòâîâàíèÿ. Âïîëíå 
ðåçîííî ïðåäïîëîæèòü, ÷òî â òàêèõ óñëîâèÿõ 
îáðàçóåòñÿ äâîéíîé ëèïèäíûé ñëîé – «âíåø-
íÿÿ ñðåäà-ìàñëî-ñïèðò-ìàñëî». Êàðêàñîì ñëîÿ 
ñëóæàò äîáàâêè MoS

2
, âçàèìîäåéñòâóþùåãî 

ñ ìîëåêóëàìè âîäû (ñïèðòà) è êîîðäèíèðó-
þùåãî ãîìîëîãè÷åñêèå ãðóïïû ÄÒ (ìàñëà). 
Â ðåçóëüòàòå èìååò ìåñòî ïîâûøåíèå ïîâåðõ-
íîñòíîãî íàòÿæåíèÿ ñ îáðàçîâàíèåì âåñüìà 
òåðìîäèíàìè÷åñêè óñòîé÷èâîé êîíñòðóêöèè.

Ïðè îáðàùåíèè äèñïåðñèîííîé ôàçû â äèñ-
ïåðñèîííóþ ñðåäó ýôôåêòèâíîñòü äåéñòâèÿ 
MoS

2
 â êà÷åñòâå ñòàáèëèçàòîðà ÝÒÝ ïàäàåò.

Ðåçóëüòàòû è îáñóæäåíèå
Îäíèì èç êëþ÷åâûõ âîïðîñîâ îñòàåòñÿ ðà-

áîòîñïîñîáíîñòü òîïëèâîïîäàþùåé àïïàðàòó-
ðû äëÿ îáåñïå÷åíèÿ óñòîé÷èâîé ðàáîòû äèçåëÿ 
íà ÝÒÝ.

Ïîâûøåíèå òåìïåðàòóðû ñìåñåâîãî òîïëè-
âà (ðèñ. 2) âûçûâàåò ñíèæåíèå äàâëåíèÿ íà÷àëà 
ïîäúåìà èãëû ôîðñóíêè èç ðàñ÷åòà 0,5 ÌÏà 
íà êàæäûå 50 ãðàäóñîâ ïîâûøåíèÿ òåìïåðàòóðû.

Ïðèñóòñòâèå ýòàíîëà â òîïëèâå óæå 
íà óðîâíå 40 % âèçóàëüíî ïîêàçûâàåò ñíèæå-
íèå ïàðàìåòðîâ äàëüíîáîéíîñòè òîïëèâíîãî 
ôàêåëà.

Èç ãðàôèêà (ðèñ. 3) òàêæå âèäíî, ÷òî ñ óâå-
ëè÷åíèåì ïðîöåíòíîé äîëè ââîäèìîãî â ñìåñü 
ýòàíîëà ïîêàçàòåëè ãèäðàâëè÷åñêîé ïëîòíî-
ñòè ðàñïûëèòåëåé óâåëè÷èâàþòñÿ â 1,5−2 ðàçà. 
Íàðÿäó ñ ýòèì, íà 5…8 % ñíèæàåòñÿ äàâëåíèå 
íà÷àëà âïðûñêèâàíèÿ òîïëèâà. Ãåðìåòè÷íîñòü 
ïðåöèçèîííîé ïàðû «èãëà-êîíóñ» ïî çàïèðàþ-
ùåìó êîíóñó â îïûòå ñ ÷èñòûì äèçåëüíûì òî-
ïëèâîì ñîñòàâëÿåò 110 ñåêóíä, ñ óâåëè÷åíèåì 
äîëè ýòàíîëà â ýòàíîëî-òîïëèâíîé ýìóëüñèè 
ãåðìåòè÷íîñòü ïàðû ïàäàåò, è äëÿ ñëó÷àÿ ÷è-
ñòîãî ýòàíîëà óæå ñîñòàâëÿåò 10 ñåêóíä.

Ó÷èòûâàÿ, ÷òî ýòîò ïàðàìåòð íàïðÿìóþ 
îáåñïå÷èâàåò íàëè÷èå èëè îòñóòñòâèå ïîä-
âïðûñêèâàíèé, óâåëè÷åíèå íåðàâíîìåðíîñòè 
ïîäà÷è, ñäâèã óãëà íà÷àëà ïîäà÷è òîïëèâà, 
âûçûâàÿ íåðàáîòîñïîñîáíîñòü äèçåëÿ, ñíèæå-
íèå åãî íèæå 15−25 ñåêóíä (45−55 % ýòàíîëà 
â ÝÒÝ) âðÿä ëè öåëåñîîáðàçíî.

Íà ðèñ. 4 ïðèâåäåíû ñêîðîñòíûå õàðàêòåðè-
ñòèêè øèðîêî èñïîëüçóåìîãî â íàðîäíîì õî-
çÿéñòâå äèçåëÿ 4×Í 11,0/12,5 (Ä-245) ïðè åãî 
ðàáîòå íà ÷èñòîì äèçåëüíîì òîïëèâå è ÝÒÝ 
ñ ñîäåðæàíèåì 40 % è 50 % ìàññ. ýòàíîëà, ñî-
îòâåòñòâåííî.

Ðèñ. 2. Çàâèñèìîñòü äàâëåíèÿ íà÷àëà âïðûñêèâàíèÿ îò ñîäåðæàíèÿ ýòàíîëà è òåìïåðàòóðû òîïëèâà
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Êàê âèäíî èç ïðåäñòàâëåííûõ äàííûõ, 
ðàáîòà äèçåëÿ â íîìèíàëüíîì ðåæèìå ïðè ÷à-
ñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà n = 1800 ìèí–1 
íà ÷èñòîì ÄÒ ñîïðîâîæäàåòñÿ ñîäåðæàíèåì 
ñàæè â îòðàáîòàâøèõ ãàçàõ (ÎÃ) íà óðîâíå 

23 %. Â ñëó÷àå ïðèñóòñòâèÿ â ÝÒÝ 40 % ýòà-
íîëà ýòà öèôðà óæå ñîñòàâëÿåò 6 % (ñíèæå-
íèå íà 74 %). Óâåëè÷åíèå ñîäåðæàíèÿ ýòàíîëà 
â ÝÒÝ äî 50 % ñîïðîâîæäàåòñÿ âûáðîñîì ñàæè 
â îáúåìå 2,5 % – äîïîëíèòåëüíîå ñíèæåíèå ñî-
ñòàâëÿåò âñåãî 15 %.

Äëÿ ñóììàðíûõ îêñèäîâ àçîòà ýòè öèôðû, 
ñîîòâåòñòâåííî, ðàâíû – äëÿ ñëó÷àÿ ðàáîòû 
íà ÷èñòîì ÄÒ – 1120 ppm, äëÿ ñëó÷àÿ ðàáîòû 
íà ÝÒÝ ñ ñîäåðæàíèåì 40 % ýòàíîëà – 900 ppm 
(ñíèæåíèå íà 20 %), äëÿ ñëó÷àÿ ðàáîòû íà ÝÒÝ 
ñ ñîäåðæàíèåì 50 % ýòàíîëà – 810 ppm (äîïîë-
íèòåëüíîå ñíèæåíèå íà 7%).

Âìåñòå ñ óâåëè÷åíèåì ïðèñóòñòâèÿ ýòàíîëà 
â ÝÒÝ èìååò ìåñòî ïðîãðåññèâíûé ðîñò ýìèñ-
ñèè â ÎÃ äðóãèõ òîêñè÷íûõ êîìïîíåíòîâ – îê-
ñèäîâ óãëåðîäà CO, äèîêñèäîâ óãëåðîäà ÑÎ

2
 

è íåñãîðåâøèõ óãëåâîäîðîäîâ C
x
H

y
. Òàêèì îá-

ðàçîì, ïîâûøåíèå ýêîëîãè÷åñêîãî ýôôåêòà 
îò óâåëè÷åíèÿ äîëè ýòàíîëà â ÝÒÝ ñóùåñòâåí-
íî çàìåäëÿåòñÿ. 

Â òàáëèöå 1 ïðèâåäåíû îáîáùåííûå ñðàâíè-
òåëüíûå äàííûå ñòåíäîâûõ èñïûòàíèé äèçåëÿ 
4×Í 11,0/12,0 ïðè ðàáîòå íà ðàçëè÷íûõ ñîñòà-
âàõ òîïëèâà [10−14].

Êàê âèäíî èç äàííûõ òàáëèöû, ïðè óñëîâèè 
ñîõðàíåíèÿ ìîùíîñòíûõ ïîêàçàòåëåé ðàáîòû 
äèçåëÿ íà óðîâíå ïàñïîðòíûõ çíà÷åíèé, ðàâíî-
ìåðíûé ðîñò ïðèñóòñòâèÿ ýòàíîëà â ÝÒÝ âûçû-
âàåò ïîñòåïåííîå ñíèæåíèå ýôôåêòà çàìåùå-
íèÿ ÄÒ äîáàâî÷íûì òîïëèâîì. Òàê, íà ìàëûõ 
êîíöåíòðàöèÿõ, êàæäûå 10 % ýòàíîëà â òîïëè-
âå ýêîíîìÿò 9 % ÄÒ. Ñ ðîñòîì êîíöåíòðàöèè 
ýòàíîëà â ÝÒÝ öèôðà ýêîíîìèè ñíèæàåòñÿ 
äî 8,5 % íà 10% äîáàâêè ýòàíîëà. È, ïðè äîñòè-
æåíèè ñîñòàâà 50 % ÄÒ + 50 % Ý, ýêîíîìèÿ 
ÄÒ ñîñòàâëÿåò óæå 8 % íà 10 % äîáàâêè ýòà-
íîëà. Åñòåñòâåííî ïðåäïîëîæèòü, ÷òî äàëüíåé-
øåå óâåëè÷åíèå êîíöåíòðàöèè ýòàíîëà â ÝÒÝ 
áóäåò ñîïðîâîæäàòüñÿ âñå ìåíüøèì çíà÷åíèåì 
ýêîíîìèè çàìåùàåìîãî èì íåôòÿíîãî òîïëèâà.

Âìåñòå ñ òåì ïðîãðåññèâíî óâåëè÷èâàþò-
ñÿ ñóììàðíûå çàòðàòû íà ñîçäàíèå è õðàíåíèå 
ãîòîâîé ê ïðèìåíåíèþ ÝÒÝ, ïîäãîòîâêó è îá-
ñëóæèâàíèå òîïëèâîïîäàþùåé àïïàðàòóðû, èç-
ìåíÿþòñÿ ïîêàçàòåëè ðàáî÷åãî ïðîöåññà, âëèÿ-
þùèå íà íàäåæíîñòü è äîëãîâå÷íîñòü äèçåëÿ.

Âûâîäû
1. Ñ ó÷åòîì ñîâðåìåííîãî íàëè÷èÿ ñïå-

öèàëüíûõ ïðèñàäîê äëÿ ñïèðòîñîäåðæàùèõ 
òîïëèâ, îáúåì çàìåùàåìîãî ýòàíîëîì äèçåëü-
íîãî òîïëèâà â ýìóëüñèè ñëåäóåò îãðàíè÷èòü 

Ðèñ. 3. Ñðàâíèòåëüíûå ïîêàçàòåëè ðàáîòû 
òîïëèâíîé ôîðñóíêè

Ðèñ. 4. Ñêîðîñòíûå õàðàêòåðèñòèêè 
äèçåëÿ 4×Í 11,0/12,5: 

 − äèçåëüíîå òîïëèâî; 
 − 40 % ýòàíîëà â ýìóëüñèè; 

 − 50 ýòàíîëà â ýìóëüñèè
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íà óðîâíå 45…55 %, ìàññ. Íåîáõîäèìà ðàçðà-
áîòêà êîìïëåêñíîé ïðèñàäêè, ó÷èòûâàþùåé 
øèðîêèé ñïåêòð ñâîéñòâ äîïîëíèòåëüíîãî 
ñïèðòîâîãî òîïëèâà.

2. Ðàáîòà äèçåëüíîé ÒÏÀ íà ñïèðòîñîäåð-
æàùèõ òîïëèâàõ ñ ïîâûøåííûì (ñâûøå 50 %) 
ñîäåðæàíèåì ýòàíîëà âëå÷åò çà ñîáîé çàìåò-
íûå èçìåíåíèÿ åå òåõíîëîãè÷åñêèõ ïîêàçàòå-
ëåé, ÷òî ìîæåò ñóùåñòâåííî ñíèçèòü íàäåæ-
íîñòü è äîëãîâå÷íîñòü äèçåëÿ.

3. Îòíîñèòåëüíîå óëó÷øåíèå ýôôåêòèâíûõ 
è ýêîëîãè÷åñêèõ ïîêàçàòåëåé äèçåëÿ ïðè åãî 
ðàáîòå íà òîïëèâàõ ñ ðîñòîì ïðèñóòñòâèÿ 
äî 50 % ýòàíîëà (â ìàññîâûõ äîëÿõ) ïîñòåïåí-
íî ñíèæàåòñÿ â ñðàâíåíèè ñ ïîêàçàòåëÿìè, ïî-
ëó÷åííûìè ïðè ðàáîòå íà òîïëèâå ñ ìåíüøåé 
åãî êîíöåíòðàöèåé.

4. Ðàáîòà äèçåëÿ íà òîïëèâàõ ñ ñîäåðæàíè-
åì ýòàíîëà ñâûøå 50…60 % â ìàññîâûõ äîëÿõ 
ïîòðåáóåò ðåàëèçàöèè äîïîëíèòåëüíûõ ìåðî-
ïðèÿòèé, ÷òî ìîæåò íèâåëèðîâàòü ïîëó÷åííûé 
ïîëîæèòåëüíûé ýôôåêò.
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Ýôôåêòèâíûå ïîêàçàòåëè äèçåëÿ 4×Í 11,0/12,0 ïðè ðàáîòå íà ðàçëè÷íûõ ñîñòàâàõ òîïëèâà
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The use of alternative fuels of biological origin, in particular, alcohols, should be considered as a matter 
for the very near future. Scientists around the world are exploring more and more concentrated com-
positions of ethanol-fuel emulsions with various additives. However, to date, the reasonable limits of 
substitution of diesel fuel with ethanol have not been determined. Taking into account the depth of the 
problem, first of all, it is necessary to consider the creation of ethanol-fuel emulsions with a number of 
necessary properties, which is possible only if additives are used. The analysis of the additives used in 
the fuel showed that the directional effect of the additives is usually very narrow. Accordingly, a complex 
action additive is required to ensure a number of necessary properties of ethanol-fuel emulsions. The 
tests were carried out in several stages. The stability of the new fuel composition was investigated using 
various additives. The additive with the best performance was determined and adopted for further use in 
experiments. Further, the comparative tests of the operation of the fuel supply equipment, both on the 
basic fuel and on new fuel compositions, were carried out. The final stage of the research was to check 
the parameters of the engine operability as a whole when working at the main load and speed modes. 
The article considers a possible variant of the action of a complex additive based on molybdenum di-
sulfide MoS2 as a combustion ignibitor. A hypothetical type and mechanism of reactions occurring in the 
combustion chamber of a diesel engine is presented. The results of experiments on the performance 
of injectors 455.1112010-50 on various compositions of new fuels and under changing conditions are 
shown. Environmental performance indicators of the 4ChN 11,0/12,5 engine are considered when oper-
ating according to the external speed characteristic on various fuel compositions. Based on the results of 
the data analysis, conclusions were drawn about the limitation of the presence of ethanol in the mixture 
and the substitution limit for the main fuel was justified.

Keywords: diesel, alternative fuel, ethanol-fuel emulsion, fuel additive, injection, bench tests.
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