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Ïðîâåäåíû èññëåäîâàíèÿ íà òîðìîçíîì ñòåíäîâîì îáîðóäîâàíèè äèçåëüíîãî äâèãàòåëÿ Ä-243 
ïðîèçâîäñòâà Ìèíñêîãî ìîòîðíîãî çàâîäà. Èñïûòàíèÿì ïîäâåðãëè ñèñòåìó ðàñïðåäåëåííîé ïî-
äà÷è ñæèæåííîãî óãëåâîäîðîäíîãî ãàçà ñ çàïàëüíîé äîçîé äèçåëüíîãî òîïëèâà ïóòåì àâòîìàòè÷å-
ñêîãî èçìåíåíèÿ óãëà ïîäà÷è ãàçà è âêëþ÷åíèåì â ñèñòåìó ðåöèðêóëÿöèè îòðàáîòàâøèõ ãàçîâ âî 
âñàñûâàþùèé êîëëåêòîð. Àäàïòàöèÿ äèçåëüíîãî äâèãàòåëÿ ïîçâîëÿåò ðàáîòàòü ñèñòåìå ïèòàíèÿ 
êàê â äèçåëüíîì, òàê è â ãàçîäèçåëüíîì ðåæèìå, ïðè ýòîì ýëåêòðîííîå ðåãóëèðîâàíèå ïîäà÷è 
äèçåëüíîãî òîïëèâà â ðåæèìå «äèçåëü» ïðîèñõîäèò áîëåå òî÷íî è ñïîñîáñòâóåò ñíèæåíèþ ðàñõî-
äà è áîëåå ïîëíîìó ñãîðàíèþ äèçåëüíîãî òîïëèâà â âûïóñêíîì êîëëåêòîðå. Äëÿ ðàñïðåäåëåííîé 
ïîäà÷è ñæèæåííîãî óãëåâîäîðîäíîãî ãàçà ïðèìåíÿåòñÿ ñòàíäàðòíîå îáîðóäîâàíèå, êîòîðîå èìå-
åò øèðîêîå ðàñïðîñòðàíåíèå äëÿ ïåðåâîäà áåíçèíîâûõ äâèãàòåëåé ñ âîñïëàìåíåíèåì îò ñâå÷-
íîé èñêðû. Ýëåêòðîííûé áëîê óïðàâëåíèÿ îòå÷åñòâåííîãî ïðîèçâîäñòâà áûë íàñòðîåí ñîãëàñíî 
ðàçðàáîòàííîé â ëàáîðàòîðèè ìåòîäèêå óïðàâëåíèÿ ïîäà÷åé ãàçà ïî öèëèíäðàì. Èññëåäîâàíèÿ 
ïîêàçàëè, ÷òî âûáðîñ çàãðÿçíÿþùèõ âåùåñòâ â àòìîñôåðó ñíèçèëñÿ íà âñåõ íàãðóçî÷íûõ ðåæè-
ìàõ ðàáîòû äâèãàòåëÿ ïî ãàçîäèçåëüíîìó ïðîöåññó è ñîîòâåòñòâóåò ñòàíäàðòó «Åâðî 4». Çà ñ÷åò 
âïîëîâèíó ìåíüøåé ñòîèìîñòè ñæèæåííîãî óãëåâîäîðîäíîãî ãàçà ïî ñðàâíåíèþ ñ äèçåëüíûì òî-
ïëèâîì çàòðàòû íà èñïîëüçîâàíèå ïîñëåäíåãî ñíèæàþòñÿ íà 20…25 %. Èñïîëüçîâàíèå ñæèæåí-
íîãî óãëåâîäîðîäíîãî ãàçà â ãàçîäèçåëüíûõ äâèãàòåëÿõ îáåñïå÷èâàåò ñíèæåíèå ñåáåñòîèìîñòè 
ïðîèçâîäñòâà ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè íà 10…12 %. Äàííûå ïîêàçàòåëè ïîäòâåðæäàþò 
àêòóàëüíîñòü íàó÷íûõ èññëåäîâàíèé ïî ñîçäàíèþ ñèñòåìû àäàïòàöèè äèçåëüíîãî àâòîòðàêòîðíîãî 
äâèãàòåëÿ äëÿ ðàáîòû íà àëüòåðíàòèâíûõ âèäàõ òîïëèâà.

Êëþ÷åâûå ñëîâà: äèçåëüíûé äâèãàòåëü, ãàçîìîòîðíîå òîïëèâî, ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü, 
ðàñõîä òîïëèâà.

 Ââåäåíèå
Íà÷èíàÿ ñ 90-õ ãîäîâ 20 âåêà êîëè÷åñòâî 

çàãðÿçíÿþùèõ âåùåñòâ, ïîïàäàþùèõ â îêðó-
æàþùóþ ñðåäó îò äèçåëüíûõ àâòîòðàêòîðíûõ 
äâèãàòåëåé íåóìîëèìî ðàñòåò. Çàãðÿçíÿþòñÿ 
ïî÷âåííûå ïîêðîâû, àòìîñôåðà, ãèäðîñôåðà, 
ïðîèñõîäèò àêêóìóëÿöèÿ çàãðÿçíÿþùèõ ýëå-
ìåíòîâ â áèîñôåðå. Èñïîëüçîâàíèå ñæèæåííî-
ãî ïðèðîäíîãî ãàçà â êà÷åñòâå àëüòåðíàòèâíîãî 
òîïëèâà ïîìîãàåò óñòðàíèòü ðÿä íåäîñòàòêîâ, 
ñâÿçàííûõ ñ ñîñòàâîì ãàçà-âîçäóøíîé ñìåñè. 
Ïåðâîñòåïåííîé çàäà÷åé ÿâëÿåòñÿ ðàçðàáîòêà 
ñðåäñòâ è ìåòîäîâ ñíèæåíèÿ çàãðÿçíåíèÿ îêðó-
æàþùåé ñðåäû, à èìåííî èññëåäîâàíèé â îáëà-
ñòè àëüòåðíàòèâíîãî òîïëèâà ñ ìèíèìàëüíûìè 
âðåäíûìè âûáðîñàìè â îêðóæàþùóþ ñðåäó, 

óâåëè÷åíèå äîñòóïíîñòè äàííîé òåõíîëîãèè 
ïóòåì ñíèæåíèÿ ñòîèìîñòè àäàïòàöèè òîïëèâ-
íîé àïïàðàòóðû äèçåëüíûõ äâèãàòåëåé.

Ñæèæåííûé óãëåâîäîðîäíûé ãàç – ýòî ïðî-
ïàí-áóòàíîâàÿ ñìåñü, êîòîðóþ çàïðàâëÿþò â 
áûòîâûå ãàçîâûå áàëëîíû. Îíà æå ñîñòàâëÿåò 
îñíîâíóþ äîëþ ãàçà, êîòîðûé ñãîðàåò â ôàêå-
ëàõ íåôòåäîáûâàþùèõ è ïåðåðàáàòûâàþùèõ 
ïðåäïðèÿòèé.

Ïðîïîðöèîíàëüíûé ñîñòàâ òîïëèâíîé ïðî-
ïàí-áóòàíîâîé ñìåñè ìîæåò ðàçëè÷àòüñÿ ïî 
òåìïåðàòóðíûì ñâîéñòâàì ïîëó÷àåìîãî ãîðþ-
÷åãî. ×èñòûé áóòàí (Ñ

4
Í

10
) ïåðåõîäèò â æèäêîå 

ñîñòîÿíèå óæå ïðè 0,5 °Ñ ïðè àòìîñôåðíîì 
äàâëåíèè. Ïîýòîìó ê íåìó äîáàâëÿþò ïðîïàí 
(Ñ

2
Í

8
) ñ òåìïåðàòóðîé êèïåíèÿ – 43 °Ñ. Ñî-
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îòíîøåíèå ýòèõ ãàçîâ â ñìåñè çàäàåò íèæíèé 
òåìïåðàòóðíûé ïðåäåë ïðèìåíåíèÿ òîïëè-
âà, êîòîðîå ïî ýòîé æå ñàìîé ïðè÷èíå áûâàåò 
«ëåòíèì» è «çèìíèì».

Ñèñòåìà ðàñïðåäåëåííîãî âïðûñêà ãàçîäè-
çåëÿ ïðåäíàçíà÷åíà äëÿ ïåðåîáîðóäîâàíèÿ äè-
çåëüíûõ äâèãàòåëåé äëÿ ðàáîòû â ðåæèìå äâîé-
íîãî òîïëèâà – äèçåëü-ãàç. Ïðè ýòîì äèçåëüíîå 
òîïëèâî èñïîëüçóåòñÿ êàê çàïàëüíàÿ äîçà äëÿ 
âîñïëàìåíåíèÿ ñìåñè ââèäó îòñóòñòâèÿ íà äè-
çåëüíûõ äâèãàòåëÿõ èñêðîâîé ñèñòåìû çàæèãà-
íèÿ [1, 2].

Îñíîâíîé öåëüþ äàííûõ èññëåäîâàíèé ÿâ-
ëÿåòñÿ îáîñíîâàíèå ïàðàìåòðîâ àâòîòðàêòîð-
íîãî äèçåëüíîãî äâèãàòåëÿ, ðàáîòàþùåãî ïî 
ãàçîäèçåëüíîìó ïðîöåññó ñ âîñïëàìåíåíèåì 
îò çàïàëüíîé äîçû. Çàìåùàþùèì äèçåëüíîå 
òîïëèâî ÿâëÿåòñÿ ñæèæåííûé óãëåâîäîðîä-
íûé ãàç (ÑÓÃ). Èñïûòàíèÿ ïðîâîäèëèñü íà 
âñåõ ðåæèìàõ ðàáîòû äâèãàòåëÿ, âêëþ÷àÿ 
ðåæèì ìàêñèìàëüíîãî êðóòÿùåãî ìîìåíòà 
ñ îïðåäåëåíèåì ñîñòàâà çàãðÿçíÿþùèõ âû-
áðîñîâ â îòðàáîòàâøèõ ãàçàõ. Ðåæèì ìàêñè-
ìàëüíîãî êðóòÿùåãî ìîìåíòà ÿâëÿåòñÿ ñàìûì 
âàæíûì, òàê êàê ðàñõîä òîïëèâà ïðè ýòîì 
èìååò ìàêñèìàëüíîå çíà÷åíèå, êàê íà ìàê-
ñèìàëüíîé ìîùíîñòè, íî ÷àñòîòà âðàùåíèÿ 
èìååò ìàëûå çíà÷åíèÿ, à ñîîòâåòñòâåííî óãîë 
ïîäà÷è äèçåëüíîãî òîïëèâà îñòàåòñÿ òåì æå. 
Äèçåëüíîå òîïëèâî â áîëüøîì êîëè÷åñòâå 
âïðûñêèâàåòñÿ ñëèøêîì ðàíî. Ïîýòîìó äëÿ 
âîñïëàìåíåíèÿ áîëüøîãî êîëè÷åñòâà òîïëèâà 
íåîáõîäèìà âûñîêàÿ êîìïðåññèÿ, ÷òî íå îáå-
ñïå÷èâàåò äàííûé äâèãàòåëü. Â ñâÿçè ñ ýòèì 
äîãîðàíèå ïðîèñõîäèò âî âûïóñêíîì êîëëåê-
òîðå, ÷òî ñîïðîâîæäàåòñÿ ïîâûøåíèåì òåìïå-
ðàòóðû âûïóñêíûõ ãàçîâ íà âûõîäå èç êàìåðû 
ñãîðàíèÿ. Ñîîòâåòñòâåííî ïðèìåíåíèå ÑÓÃ 
â ãàçîäèçåëüíîì ðåæèìå èñêëþ÷àåò âîçìîæ-
íîñòü íåïîëíîãî ñãîðàíèÿ òîïëèâíî-âîçäóø-
íîé ñìåñè, ÷òî óëó÷øàåò ýêîëîãè÷åñêèå ïîêà-
çàòåëè äâèãàòåëÿ ïî âðåäíûì âûáðîñàì [3].

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ àâòîòðàêòîð-

íûé äèçåëüíûé äâèãàòåëü, àäàïòèðîâàííûé ê 
ðàáîòå íà ñæèæåííîì óãëåâîäîðîäíîì ãàçå ïî 
ãàçîäèçåëüíîìó ïðîöåññó.

Îñíîâíàÿ ÷àñòü
Ñèñòåìà ðàñïðåäåëåííîé ïîäà÷è ãàçà 

ïî öèëèíäðàì îáåñïå÷èâàåò â ãàçîäèçåëü-
íîì ðåæèìå ðåãóëèðîâàíèå ïîäà÷è ãàçà äëÿ 

ðàáîòû äâèãàòåëÿ ïî âíåøíåé è ÷àñòè÷íûì 
ðåãóëÿòîðíûì õàðàêòåðèñòèêàì ñ îäíîâðå-
ìåííûì îáåñïå÷åíèåì ïîäà÷è çàïàëüíîé äîçû 
äèçåëüíîãî òîïëèâà. Â äèçåëüíîì ðåæèìå îíà 
ðåãóëèðóåò ïîäà÷ó òîïëèâà êàê âñåðåæèìíûé 
öåíòðîáåæíûé ðåãóëÿòîð òîïëèâíîãî íàñîñà 
âûñîêîãî äàâëåíèÿ (ÒÍÂÄ). Íà ðèñ. 1 ïîêàçà-
íà ïðèíöèïèàëüíàÿ ñõåìà ñèñòåìû àäàïòàöèè 
äèçåëüíîãî äâèãàòåëÿ ê ðàáîòå íà äâóõòîïëèâ-
íîì ðåæèìå. 

Îäíî èç ãëàâíûõ ïðåèìóùåñòâ äèçåëüíîãî 
äâèãàòåëÿ, ðàáîòàþùåãî íà ñìåøàííîì òîïëè-
âå, ñîñòîèò â îòñóòñòâèè íåîáõîäèìîñòè âíåñå-
íèÿ ñóùåñòâåííûõ èçìåíåíèé â êîíñòðóêöèþ 
òîïëèâíîé ñèñòåìû äâèãàòåëÿ. Êðîìå ýòîãî, 
ïîñëå ïîëíîãî ðàñõîäà çàïàñà ãàçà àãðåãàò ìî-
ìåíòàëüíî ïåðåâîäèòñÿ îáðàòíî íà äèçåëüíîå 
òîïëèâî è íà÷èíàåò ðàáîòàòü â êëàññè÷åñêîì 
ðåæèìå [4].

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà ñèñòåìû àäàïòàöèè 
ñåðèéíîãî äèçåëüíîãî äâèãàòåëÿ ê ðàáîòå íà ÑÓÃ

Íàèëó÷øèå ýêîíîìè÷åñêèå ïîêàçàòåëè äî-
ñòèãàþòñÿ ïðè èñïîëüçîâàíèè â âèäå çàìåùà-
þùåãî òîïëèâà ãàçà ïðîïàíà. Ìàêñèìàëüíûé 
ïðîöåíò çàìåùåíèÿ ïðè èñïîëüçîâàíèè ïðî-
ïàíà ñîñòàâëÿåò 80 %, ñðåäíèé ïðîöåíò çàìå-
ùåíèÿ – 70 %. Âûñîêèé ïðîöåíò çàìåùåíèÿ è 
âûñîêàÿ ýôôåêòèâíîñòü ðàáîòû äîñòèãàþòñÿ 
çà ñ÷åò èñïîëüçîâàíèÿ êîìáèíèðîâàííîé òåõ-
íîëîãèè. Ðàñõîä ãàçà è äèçåëüíîãî òîïëèâà, à 
òàêæå ïðîöåíòíîå çàìåùåíèå ïðåäñòàâëåíû â 
òàáë. 1.

Â êîìïëåêñå ñ ñèñòåìîé ïîäà÷è ãàçà ðàç-
ðàáîòàíà ñèñòåìà ðåöèðêóëÿöèè âûïóñêíûõ 
ãàçîâ, îáåñïå÷èâàþùàÿ àâòîìàòè÷åñêè ðåãóëè-
ðóåìûé ïåðåïóñê îòðàáîòàâøèõ ãàçîâ èç âû-
ïóñêíîãî êîëëåêòîðà âî âïóñêíîé. Ñèñòåìà ïî-
çâîëÿåò èçáåæàòü ïîÿâëåíèÿ äåòîíàöèîííîãî 
ñãîðàíèÿ ãàçî-âîçäóøíîé ñìåñè îò âîñïëàìå-
íåíèÿ çàïàëüíîé äîçû äèçåëüíîãî òîïëèâà ïðè 
âûñîêèõ è íîìèíàëüíûõ íàãðóçêàõ äâèãàòåëÿ.
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Íà äèàãðàììå (ðèñ. 2) ïîêàçàíû êðèâûå 
èçìåíåíèÿ ÷àñòîòû âðàùåíèÿ äâèãàòåëÿ îò 
ìîùíîñòè, èçìåíåíèÿ òîïëèâîïîäà÷è äèçåëü-
íîãî òîïëèâà è ãàçà â îòäåëüíîñòè, à òàêæå 
èçìåíåíèÿ ðàñõîäà òîïëèâà. Áëàãîäàðÿ îðè-
ãèíàëüíîìó àëãîðèòìó â êàæäûé ìîìåíò 
âðåìåíè ðàáîòû äâèãàòåëÿ ïðîèñõîäèò ìîíè-
òîðèíã íàãðóçêè è ÷àñòîòû âðàùåíèÿ äâèãà-
òåëÿ è äàííûõ, ïîñòóïàþùèõ ñ ñîáñòâåííûõ 
äàò÷èêîâ. Ïîñëå îáðàáîòêè ýòèõ äàííûõ áëîê 
óïðàâëåíèÿ ãàçîäèçåëÿ âûäàåò óïðàâëÿþùèå 
ñèãíàëû íà ôîðñóíêè ãàçîâîãî âïðûñêà, îáå-
ñïå÷èâàÿ ïîäà÷ó ãàçà â äâèãàòåëü è íà øàãîâûé 
äâèãàòåëü/ýëåêòðîííûé áëîê, îãðàíè÷èâàþ-

ùèé ïîäà÷ó äèçåëüíîãî òîïëèâà. Òàêèì îáðà-
çîì, ïîääåðæèâàåòñÿ îïòèìàëüíûé òîïëèâíûé 
áàëàíñ, ÷òî â ðàçû óâåëè÷èâàåò ýôôåêòèâíîñòü 
ðàáîòû ïî ñðàâíåíèþ ñ àíàëîãàìè, èñïîëüçóþ-
ùèìè æåñòêèå îãðàíè÷åíèÿ ÒÍÂÄ â êîìáèíà-
öèè ñ ýæåêòîðíîé ñèñòåìîé ïîäà÷è ãàçà.

Êðîìå òîãî, ýëåêòðîííûé áëîê óïðàâëåíèÿ 
îòñëåæèâàåò íåîáõîäèìûé óãîë ïîäà÷è ãàçà, 
êîòîðûé ïðè ïåðåêëþ÷åíèè íà ãàç äîëæåí áûòü 
áîëüøå, ÷åì äëÿ áåíçèíîâûõ äâèãàòåëåé, ïðè 
ïðî÷èõ ðàâíûõ óñëîâèÿõ. Ãàçîâîå òîïëèâî 
ãîðèò ìåäëåííåå, òåì ñàìûì îáúåì ãàçà â ãà-
çî-âîçäóøíîé ñìåñè äîëæíî áûòü áîëüøå äëÿ 
ïîëó÷åíèÿ íåîáõîäèìîãî äàâëåíèÿ îòðàáî-
òàâøèõ ãàçîâ. Ïî ýòîé æå ïðè÷èíå âîçðàñòàåò 
òåïëîâàÿ íàãðóçêà íà êëàïàíû è èõ ñåäëà, à 
òàêæå ïîÿâëÿåòñÿ äåòîíàöèÿ. Íî ãàç íå ñìûâà-
åò ìàñëî ñî ñòåíîê öèëèíäðîâ è â ãàçîâîì òî-
ïëèâå íå ñîäåðæèòñÿ êàòàëèçàòîðîâ ñòàðåíèÿ 
ìåòàëëîâ, ïðîõîäèò áîëåå ïîëíîå ñãîðàíèå 
òîïëèâà, óìåíüøàåòñÿ òîêñè÷íîñòü âûõëîïà è 
íàãàð â öèëèíäðàõ.

Ñ öåëüþ èñêëþ÷åíèÿ äåòîíàöèè ïðè ñãî-
ðàíèè ãàçà â öèëèíäðå äâèãàòåëÿ è ñíèæåíèÿ 
ïîðîãà åå âîçíèêíîâåíèÿ, à òàêæå äëÿ óëó÷øå-
íèÿ ýêîëîãè÷åñêèõ ïîêàçàòåëåé óñòàíîâëåíà 
ñèñòåìà ðåöèðêóëÿöèè îòðàáîòàâøèõ ãàçîâ, 
ðàçðàáîòàííàÿ àâòîðàìè. Êîíñòðóêöèÿ ñèñòå-
ìû ðåöèðêóëÿöèè áûëà èçìåíåíà â ÷àñòè ðàñ-
ïîëîæåíèÿ ñîåäèíèòåëüíûõ ýëåìåíòîâ ñèñòå-

Òàáëèöà 1

Ïàðàìåòðû ïîäà÷è ãàçà, îáåñïå÷èâàþùèå áåçäåòîíàöèîííóþ ðàáîòó äâèãàòåëÿ

×àñòîòà 
âðàùåíèÿ, ìèí-1 Íàãðóçêà, %

Çàïàëüíàÿ 
äîçà, %

Óãîë íà÷àëà 
âïðûñêà, ãðàä.

Óãîë âïðûñêà, 
ãðàä.

Îòêðûòèå çàñëîíêè 
ðåöèðêóëÿöèè, %

800…1000 0– 5 15 28 40 10
Áîëåå 5 17 28 45 15

1000…1200 0…15 15 28 45 20
Áîëåå 15 19 28 50 25

1200…1400 0…25 20 28 50 20
Áîëåå 25 21 29 60 30

1400…1600 0…35 21 29 60 30
Áîëåå 35 23 29 70 100

1600…1800 0…50 23 30 80 50
Áîëåå 50 25 31 90 100

1800…2000 0…70 25 32 110 80
Áîëåå 70 28 32 130 100

1800…2200 0…85 28 32 140 100
Áîëåå 85 29 32 180 100

2200…2400 0…85 29 32 110 100
Áîëåå 85 30 32 180 100

1100…1600 Ì
êð ìàõ

. 35 32 180 100

Ðèñ. 2. Äèàãðàììà ðàñõîäà òîïëèâà äâèãàòåëÿ: 
1 – ÷àñòîòà âðàùåíèÿ âàëà äâèãàòåëÿ, ìèí-1; 
2 – ÷àñîâîé ðàñõîä äèçåëüíîãî òîïëèâà, êã/÷; 

3 – ðàñõîä ãàçà, êã/÷; 4 – ÷àñîâîé ðàñõîä òîïëèâà, êã/÷
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ìû îõëàæäåíèÿ, ñèñòåìû âïóñêà è âûïóñêà 
äëÿ îáåñïå÷åíèÿ êîìïîíîâî÷íûõ ðåøåíèé íà 
ìîáèëüíîé ñåëüñêîõîçÿéñòâåííîé òåõíèêå ñ ñî-
õðàíåíèåì ôóíêöèîíàëüíûõ îñîáåííîñòåé.

Ñèñòåìà ðåöèðêóëÿöèè îáåñïå÷èâàåò ïåðå-
ïóñê îòðàáîòàâøèõ ãàçîâ âî âïóñêíîé êîëëåê-
òîð íà ðåæèìàõ õîëîñòîãî õîäà è ìàëîé ìîù-
íîñòè (äî 50 % îò íîìèíàëüíîé ìîùíîñòè) â 
ïðåäåëàõ 10…20 %, ÷òî îáåñïå÷èâàåò ñíèæåíèå 
âûáðîñîâ âðåäíûõ âåùåñòâ äî 50 %. Íà ðåæè-
ìàõ áîëåå 50 % îò íîìèíàëüíîé ìîùíîñòè è 
êîððåêòîðíîãî ðåæèìà ðåãóëÿòîðà ñèñòåìà 
ðåöèðêóëÿöèè îáåñïå÷èâàåò ïåðåïóñê äî 50 % 
îòðàáîòàâøèõ ãàçîâ âî âïóñêíîé êîëëåêòîð, 
÷òî îáåñïå÷èâàåò óâåëè÷åíèå ïîðîãà âîçíèêíî-
âåíèÿ äåòîíàöèè â öèëèíäðå äâèãàòåëÿ [5].

Äâèãàòåëü, ðàáîòàþùèé â ãàçîäèçåëüíîì 
ðåæèìå, îáëàäàåò áîëåå ñîâåðøåííûìè ýêîëî-
ãè÷åñêèìè õàðàêòåðèñòèêàìè, ÷åì äâèãàòåëü, 
ðàáîòàþùèé íà äèçåëüíîì òîïëèâå.

Îäíàêî ñòåïåíü óìåíüøåíèÿ ýìèññèè ýêîëî-
ãè÷åñêèõ âðåäíûõ âåùåñòâ ñèëüíî çàâèñèò îò 
ðåæèìà ðàáîòû äâèãàòåëÿ è ñòåïåíè çàìåùå-
íèÿ äèçåëüíîãî òîïëèâà ãàçîâûì.

Ïî äàííûì Åâðîïåéñêîé àññîöèàöèè ãàçî-
ìîòîðíûõ òðàíñïîðòíûõ ñðåäñòâ ïðè óðîâíå 
çàìåùåíèÿ äèçåëüíîãî òîïëèâà íà 50 % ãàçî-
âûì äîñòèãàåòñÿ ïàäåíèå âðåäíûõ âûáðîñîâ â 
3 ðàçà. Ñîîòâåòñòâåííî â íàøåì ñëó÷àå çàìå-
ùåíèå ïðîèñõîäèò äî 70 % è âðåäíûå âûáðî-
ñû ìåíüøå â 4 ðàçà îò áàçîâûõ. Íà äèàãðàììå 
(ðèñ. 3) ïîêàçàíû ñîîòíîøåíèÿ âðåäíûõ âûáðî-
ñîâ â îêðóæàþùóþ ñðåäó äèçåëüíîãî äâèãàòå-
ëÿ Ä-243 ñåðèéíîãî èñïîëíåíèÿ è ñ ñèñòåìîé 
àäàïòàöèè ê ðàáîòå íà ÑÓÃ ïî ãàçîäèçåëüíîìó 
ïðîöåññó.

Ðèñ. 3. Çàâèñèìîñòü âûáðîñîâ óãëåêèñëîãî ãàçà ÑÎ 
îò ìîùíîñòè äâèãàòåëÿ: 

1 – ÑÎ ãàçîäèçåëü; 2 – ÑÎ äèçåëü; 3 – ëèíåéíàÿ 
(ÑÎ ãàçîäèçåëü); 4 – ëèíåéíàÿ (ÑÎ äèçåëü)

Âûâîäû
1. Èñïîëüçîâàíèå àëüòåðíàòèâíûõ ìîòîð-

íûõ òîïëèâ ïîçâîëÿåò ñíèçèòü äîëþ çàòðàò íà 
òîïëèâî â âûðàæåíèè ñåáåñòîèìîñòè ïðîèçâîä-
ñòâà ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè, óìåíü-
øèòü íåãàòèâíóþ ýêîëîãè÷åñêóþ íàãðóçêó îò 
òîêñè÷íûõ âûáðîñîâ ñ îòðàáîòàâøèìè ãàçàìè 
äâèãàòåëåé ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ, 
îáåñïå÷èâàþò âûïîëíåíèå Ïðàâèë ÅÝÊ ÎÎÍ 
№ 96, Äèðåêòèâû 97/68 ÅÑ è ñîîòâåòñòâóþùå-
ãî îòå÷åñòâåííîãî ñòàíäàðòà ÃÎÑÒ Ð.41.96.

2. ÑÓÃ îáëàäàåò óíèêàëüíîé êîìáèíàöèåé 
êîììåð÷åñêèõ è ýêîëîãè÷åñêèõ ïðåèìóùåñòâ 
ïî ñðàâíåíèþ ñ äðóãèìè àëüòåðíàòèâíûìè 
òîïëèâàìè, ÷òî îáåñïå÷èëî â ïîñëåäíåå äåñÿ-
òèëåòèå çíà÷èòåëüíîå ðàñøèðåíèå åãî èñïîëü-
çîâàíèÿ â êà÷åñòâå ìîòîðíîãî òîïëèâà â ðàç-
ëè÷íûõ ñòðàíàõ [6].

3. Ïîëó÷åííûå ðåçóëüòàòû ÿâëÿþòñÿ ïîä-
òâåðæäåíèåì ðàöèîíàëüíîñòè èñïîëüçîâàíèÿ 
ÑÓÃ äëÿ íåïîëíîãî çàìåùåíèÿ äèçåëüíîãî òî-
ïëèâà: ãàç – 70 % è äèçåëüíîå òîïëèâî – 30 %. 
Äâóõòîïëèâíàÿ ñèñòåìà ïèòàíèÿ äâèãàòåëÿ – 
ñèñòåìà ïåðåêëþ÷åíèÿ ñ ãàçîäèçåëüíîãî íà 
äèçåëüíûé ðåæèì ðàáîòû – îáåñïå÷èâàåò áåñ-
ïåðåáîéíóþ ðàáîòó òðàêòîðà â îòëè÷èå îò çà-
ðóáåæíûõ àíàëîãîâ, íå ñïîñîáíûõ îáåñïå÷èòü 
ðàáîòó òðàêòîðà ïðè âûðàáîòêå ãàçà â áàëëî-
íàõ.
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THE AUTOMOBILE AND TRACTOR DIESEL ENGINE, ADAPTED TO WORK 
ON THE LIQUEFIED HYDROCARBON GAS ON THE GAS-DIESEL PROCESS

Academician of the Russian Academy of Sciences A.Yu. Izmaylov, Dr.Eng. G.S. Savel'ev, 
Ph.D. M.N. Kochetkov, E.V. Ovchinnikov, S.Yu. Uyutov

Federal Scientific Agro-Engineering Center VIM, Moscow, Russia 
evo-xpro-info@yandex.ru

The investigations were carried out on the brake bench equipment of the D-243 diesel engine manufac-
tured by the Minsk motor plant. The system of distributed supply of the liquefied hydrocarbon gas with 
an ignition charge of diesel fuel by automatically changing the gas injection angle and incorporating into 
the exhaust gas recirculation system into the intake manifold was subjected to the tests. Adaptation of 
the diesel engine allows the feed system to work as in diesel mode and as well in gas-diesel mode, with 
the electronic control of diesel fuel supply in the «diesel» mode is more accurate and contributes to lower 
fuel consumption and more complete combustion of the diesel fuel into the exhaust manifold. Standard 
equipment which is widely used for the transfer gasoline engines with ignition from a spark plug, used for 
distributed supply of the liquefied hydrocarbon gas. The electronic control unit of domestic production 
was adjusted according to the methodology for controlling the supply of gas through the cylinders devel-
oped in the laboratory. The investigations have shown that the emission of pollutants into the atmosphere 
has decreased on all loading modes of the engine on the gas-diesel process and corresponds to the 
standard «Euro 4». Due to half of the cost of liquefied hydrocarbon gas compared to the diesel fuel, the 
cost of using the latter is reduced by 20…25 %. The usage of liquefied hydrocarbon gas in the gas-diesel 
engines ensures a reduction in the cost of production of agricultural products by 10…12 %. These indi-
cators confirm the relevance of scientific researches on the development of a system for adapting the 
diesel automobile and tractor engine to work on alternative types of fuel.
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