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Â ñòàòüå ðàññìàòðèâàåòñÿ óëó÷øåíèå ýôôåêòèâíûõ ïîêàçàòåëåé äèçåëüíûõ äâèãàòåëåé òðàêòîðîâ íà ðåæèìàõ 
õîëîñòûõ îáîðîòîâ è ìàëûõ íàãðóçîê. Âîçìîæíûì ñïîñîáîì óëó÷øåíèÿ ïîêàçàòåëåé ðàáîòû íà òàêèõ ðåæè-
ìàõ ÿâëÿåòñÿ îòêëþ÷åíèå öèëèíäðîâ. Îäíàêî ó ýòîãî ìåòîäà ðåãóëèðîâàíèÿ åñòü ðÿä íåäîñòàòêîâ, â ÷àñòíîñòè 
ñòóïåí÷àòîå èçìåíåíèå õàðàêòåðèñòèêè óäåëüíîãî ðàñõîäà òîïëèâà. Öåëü ðàáîòû – ïîâûøåíèå òîïëèâíîé ýêî-
íîìè÷íîñòè òðàêòîðíûõ äèçåëåé ïðè ðåãóëèðîâàíèè ðåæèìîâ ðàáîòû îòêëþ÷åíèåì öèëèíäðîâ. Èññëåäîâàíèÿ 
ïðîâîäèëèñü íà òðàêòîðíûõ äèçåëüíûõ äâèãàòåëÿõ 2×105õ120 è 4×105õ120, îñíàùåííûõ ðàñïðåäåëèòåëüíûìè 
íàñîñàìè òèïà ÍÄ. Èñïûòàíèÿ äèçåëüíûõ äâèãàòåëåé 2×105õ120 è 4×105õ120 ïîêàçàëè, ÷òî ïî ìåðå îòêëþ÷å-
íèÿ öèëèíäðîâ ýêîíîìè÷íîñòü äâèãàòåëåé óõóäøàëàñü äàæå íà ìàëûõ íàãðóçêàõ. Ïðè äàëüíåéøèõ èñïûòàíèÿõ 
âûÿñíèëîñü, ÷òî äëÿ äîñòèæåíèÿ íåîáõîäèìîãî ïðè ðàáîòå ñ íàñîñîì ðàñïðåäåëèòåëüíîãî òèïà ýôôåêòà îò 
îòêëþ÷åíèÿ öèëèíäðîâ òðåáóåòñÿ êîððåêòèðîâêà öèêëîâîé ïîäà÷è òîïëèâà â ðàáîòàþùèé öèëèíäð. Õàðàê-
òåðíîé îñîáåííîñòüþ íàñîñîâ ðàñïðåäåëèòåëüíîãî òèïà ÿâèëîñü òî, ÷òî îòêëþ÷åíèå ïîäà÷è â îäèí öèëèíäð 
ñóùåñòâåííî èçìåíÿëî öèêëîâóþ ïîäà÷ó â äðóãîé – îñòàþùèéñÿ ðàáîòàòü – öèëèíäð. Â îäíîì ñëó÷àå îíà îêà-
çûâàëàñü áîëüøå òðåáóåìîãî è ïðè åå óìåíüøåíèè óäåëüíûé ðàñõîä òîïëèâà ñíèæàëñÿ. Â äðóãîì ñëó÷àå, êîãäà 
öèêëîâàÿ ïîäà÷à áûëà ìåíüøå, óäåëüíûé ðàñõîä òîïëèâà ìîæíî áûëî ñíèçèòü åå óâåëè÷åíèåì. Âûÿâèëîñü, ÷òî 
ïðè ïðîñòîì îòêëþ÷åíèè öèëèíäðîâ îñòàåòñÿ íåðåàëèçîâàííàÿ çîíà, â êîòîðîé ìîæíî äîïîëíèòåëüíî ïîëó-
÷èòü ýêîíîìèþ òîïëèâà. Îäíèì èç ñïîñîáîâ ðåàëèçàöèè ýòîé çîíû ìîæåò ñòàòü ïåðåõîä îò îòêëþ÷åíèÿ öèëèí-
äðîâ ê îòêëþ÷åíèþ îòäåëüíûõ ïîäà÷ òîïëèâà. Ðåàëèçîâàòü äàííûé ìåòîä âîçìîæíî ïðè îñíàùåíèè òîïëèâíîé 
ñèñòåìû äèçåëÿ ýëåêòðîííî-óïðàâëÿåìûì áûñòðîäåéñòâóþùèì êëàïàíîì, êîòîðûé â çàâèñèìîñòè îò ðåæèìà 
ðàáîòû äâèãàòåëÿ áóäåò ðåàëèçîâûâàòü íåîáõîäèìûé ïðîïóñê ïîäà÷ òîïëèâà è ðåãóëèðîâêó âåëè÷èíû öèêëî-
âîé ïîäà÷è ïî îòäåëüíûì öèëèíäðàì. Â êà÷åñòâå ýëåêòðîìàãíèòíîãî êëàïàíà äëÿ îòêëþ÷åíèÿ ïîäà÷è òîïëèâà 
áûë èñïîëüçîâàí êëàïàí ôèðìû Denso. Äëÿ óïðàâëåíèÿ ðàáîòîé ïåðåïóñêíîãî êëàïàíà áûë ðàçðàáîòàí ýëåê-
òðîííûé ðåãóëÿòîð. Ðåçóëüòàòû èñïûòàíèé ïîêàçàëè, ÷òî ïðè ïåðåõîäå îò ïðîñòîãî îòêëþ÷åíèÿ öèëèíäðîâ ê 
ðåãóëèðîâàíèþ ðåæèìîâ ðàáîòû ïðîïóñêîì îòäåëüíûõ ïîäà÷ òîïëèâà óäåëüíûé ðàñõîä òîïëèâà ìåíÿëñÿ ïëàâ-
íî è äèàïàçîí ìîùíîñòåé, ïðè êîòîðûõ äèçåëüíûé äâèãàòåëü ðàáîòàåò íà äàííîì ðåæèìå, ñîõðàíÿåòñÿ òàêèì 
æå, ÷òî è ïðè ðàáîòå ñî âñåìè öèëèíäðàìè.
Êëþ÷åâûå ñëîâà: äèçåëüíûé äâèãàòåëü, îòêëþ÷åíèå öèëèíäðîâ, íàñîñ, ðàñõîä òîïëèâà, ìîùíîñòü.

The article discusses the improvement of the effective performance of diesel engines of tractors at idle and low loads. 
A possible way to improve performance in such modes is deactivation of cylinders. However, this method of regula-
tion has a number of disadvantages, in particular, a step change in the characteristic of specific fuel consumption. The 
goal is to increase the fuel efficiency of tractor diesel en-gines when regulating the operation modes by switching off 
the cylinders. Studies were conducted on tractor diesel engines 2Ch105õ120 and 4Ch105õ120, equipped with distri-
bution pumps of dispenser type. Tests of 2Ch105õ120 and 4Ch105õ120 diesel engines showed that as the cylinders 
were disconnected, the engine efficiency reduced even at low loads. Upon further testing, it turned out that in order 
to achieve the distribution effect of the cylinder shutdown needed when working with the pump of the distribution 
type, a cyclic fuel supply correction to the operating cylinder is required. A characteristic feature of distribution type 
pumps was that shutting off the supply to one cylinder significantly changed the cycle flow to the other remaining 
cylinder. In one case, it turned out to be more than the required one and with its decrease, the specific fuel consump-
tion decreased. In another case, when the cycle feed was less, the specific fuel consumption could be possible to 
reduce by its increasing. It turned out that with a simple shutdown of the cylinders, there remains an unrealized zone 
in which you can additionally receive fuel economy. One of the ways to implement this zone can be the transition 
from disconnecting cylinders to disconnecting individual fuel supplies. It is possible to implement this method by 
equipping the diesel fuel system with an electronically-controlled high-speed valve, which, depending on the engine's 
operating mode, will re-alize the necessary omission of fuel supply and adjustment of the cycle feed amount for in-
dividual cylin-ders. A Denso valve was used as a solenoid valve to shut off the fuel supply. An electronic regulator 
has been developed to control the operation of the cross-valve. The test results showed that when switching from 
simple shutdown of cylinders to regulating the operation modes by skipping individual fuel feeds, the specific fuel 
consumption changed smoothly and the power range at which the diesel engine operates in this mode remains the 
same as during work with all cylinders.
Keywords: diesel engine, cylinder shutdown, pump, fuel consumption, power.
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Ââåäåíèå
Íà ñåãîäíÿøíèé äåíü èç-çà ïîñòîÿííîãî 

óäîðîæàíèÿ òîïëèâà àêòóàëüíîé çàäà÷åé ÿâëÿ-
åòñÿ åãî ýêîíîìèÿ. 

Äèçåëüíûå äâèãàòåëè, ïðèìåíÿåìûå íà àâ-
òîòðàêòîðíûõ ñðåäñòâàõ, ðàáîòàþò â øèðîêèõ 
äèàïàçîíàõ íàãðóçîê è ÷àñòîò âðàùåíèÿ. Íàè-
áîëüøèå ýêîíîìè÷åñêèå ïîêàçàòåëè äîñòèãà-
þòñÿ íà ðåæèìàõ, áëèçêèõ ê íîìèíàëüíûì. Ñ 
óìåíüøåíèåì íàãðóçêè, à òàêæå ïðè ïåðåõîäå íà 
íåóñòàíîâèâøèåñÿ íàãðóçêè èõ ýôôåêòèâíûå ïî-
êàçàòåëè óõóäøàþòñÿ. Ýòî âî ìíîãîì îáúÿñíÿåò-
ñÿ îñîáåííîñòüþ ðàáîòû èõ òîïëèâíîé ñèñòåìû, 
à èìåííî ñ óìåíüøåíèåì îáîðîòîâ è íàãðóçîê 
ñíèæàåòñÿ äàâëåíèå è âåëè÷èíà âïðûñêèâàåìîãî 
â öèëèíäð òîïëèâà, è, â èòîãå, âïðûñê îêàçûâàåò-
ñÿ «âÿëûì», óõóäøàåòñÿ êà÷åñòâî ñìåñåîáðàçî-
âàíèÿ è ñãîðàíèÿ [1]. 

Ðåøåíèþ ýòîé ïðîáëåìû â îïðåäåëåííîé 
ìåðå ìîæåò ñïîñîáñòâîâàòü âïðûñê óâåëè-
÷åííîé öèêëîâîé ïîäà÷è òîïëèâà íà ðåæèìàõ 
ìàëûõ íàãðóçîê, íàïðèìåð, ðåãóëèðóÿ ðåæèìû 
ðàáîòû äâèãàòåëÿ ïóòåì îòêëþ÷åíèÿ öèëèí-
äðîâ. Îäíàêî ó òàêîãî ñïîñîáà ðåãóëèðîâàíèÿ 
åñòü ðÿä íåäîñòàòêîâ, â ÷àñòíîñòè ñòóïåí÷àòîå 
èçìåíåíèå óäåëüíîãî ðàñõîäà òîïëèâà [2]. 

Ñîâðåìåííûå äèçåëüíûå äâèãàòåëè îñ-
íàùåíû ðàçëè÷íîé òîïëèâíîé àïïàðàòóðîé: 
àêêóìóëÿòîðíûå ñèñòåìû, íàñîñ-ôîðñóíêè 
è ñèñòåìû íåïîñðåäñòâåííîãî äåéñòâèÿ. Ïðè-
ìåíåíèå ñïîñîáà ðåãóëèðîâàíèÿ îòêëþ÷åíèåì 
öèëèíäðîâ óäîáíî â ñèñòåìàõ ñ ýëåêòðîííûì 
óïðàâëåíèåì, êàê ýòî ðåàëèçîâàíî â ñîâðåìåí-
íûõ ñèñòåìàõ îòêëþ÷åíèÿ öèëèíäðîâ àâòîìî-
áèëüíûõ äâèãàòåëåé (Honda, Volkswagen, Ford, 
BMW è äð.).

Äîñòàòî÷íî áîëüøàÿ äîëÿ äèçåëüíûõ äâè-
ãàòåëåé èìååò òîïëèâíóþ ñèñòåìó íåïîñðåä-
ñòâåííîãî äåéñòâèÿ. Îíè îñíàùåíû ðÿäíûìè, 
V-îáðàçíûìè è ðàñïðåäåëèòåëüíûìè òîïëèâ-
íûìè íàñîñàìè âûñîêîãî äàâëåíèÿ (ÒÍÂÄ). 
Åñëè ïåðåâîäèòü äèçåëüíûå äâèãàòåëè, îñíà-
ùåííûå ðÿäíûìè è V-îáðàçíûìè ÒÍÂÄ, íà 
ðåãóëèðîâàíèå îòêëþ÷åíèåì öèëèíäðîâ, òî 
äîïîëíèòåëüíî íà êàæäóþ ëèíèþ âûñîêîãî 
äàâëåíèÿ íåîáõîäèìî óñòàíàâëèâàòü óñòðîé-
ñòâî îòêëþ÷åíèÿ. Èëè íåîáõîäèìî ïðèìåíÿòü 
ñïåöèàëüíóþ êîíñòðóêöèþ ÒÍÂÄ, íàïðèìåð, 
êàê áûëî ðåàëèçîâàíî â äâèãàòåëå Ä-130 òðàê-
òîðà Ò-130 [3]. 

Óäîáñòâî ðàñïðåäåëèòåëüíûõ íàñîñîâ â òîì, 
÷òî îíè èìååò îäíó ñåêöèþ âûñîêîãî äàâëåíèÿ, 
îáñëóæèâàþùóþ âñå öèëèíäðû äâèãàòåëÿ.

Öåëü èññëåäîâàíèÿ 
Ïîâûøåíèå òîïëèâíîé ýêîíîìè÷íîñòè 

òðàêòîðíûõ äèçåëåé ïðè ðåãóëèðîâàíèè ðåæè-
ìîâ ðàáîòû îòêëþ÷åíèåì öèëèíäðîâ.

Ìàòåðèàëû è ìåòîäû
Èññëåäîâàíèÿ ïðîâîäèëèñü ïî îáùåïðè-

íÿòîé ìåòîäèêå [4]. íà òðàêòîðíûõ äèçåëüíûõ 
äâèãàòåëÿõ 2×105õ120 è 4×105õ120, îñíàùåí-
íûõ ðàñïðåäåëèòåëüíûìè íàñîñàìè òèïà ÍÄ. 
Èññëåäîâàíèÿ ïðîâîäèëèñü. 

Ðåçóëüòàòû è îáñóæäåíèå
Ïîñëåäîâàòåëüíîå âûêëþ÷åíèå öèëèíäðîâ 

ïðåäâàðèòåëüíî èññëåäîâàëîñü íà ÷åòûðåõöè-
ëèíäðîâîì äèçåëå 4×105õ120 ñî øòàòíûì íà-
ñîñîì ðàñïðåäåëèòåëüíîãî òèïà. Ðåçóëüòàòû 
ïðåäñòàâëåíû íà ðèñ. 1.

Ðèñ. 1. Íàãðóçî÷íûå õàðàêòåðèñòèêè äèçåëÿ 
4×105õ120 ïðè ðàáîòå ñ íàñîñîì ÍÄ-21/4 ïðè 
÷àñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà 1100 ìèí-1: 
● – ðàáîòàþò âñå öèëèíäðû; ○ – âûêëþ÷åí îäèí 

öèëèíäð; Δ – âûêëþ÷åíû äâà öèëèíäðà; 
 – îòêëþ÷åíû òðè öèëèíäðà

Ðåçóëüòàòû èñïûòàíèé ïîêàçàëè, ÷òî ïî ìåðå 
îòêëþ÷åíèÿ öèëèíäðîâ ýêîíîìè÷íîñòü äâèãàòå-
ëÿ óõóäøàëàñü äàæå íà ìàëûõ íàãðóçêàõ.

Äàëüíåéøèå èññëåäîâàíèÿ ïðîâîäèëèñü 
íà äâóõöèëèíäðîâîì äèçåëå 2×105õ120, ñ òåì 
÷òîáû, ïî âîçìîæíîñòè, ñíèçèòü âëèÿíèå íåèäåí-
òè÷íîñòè öèëèíäðîâ íà ðåçóëüòàòû èñïûòàíèé.

Èñïûòàíèÿ äâóõöèëèíäðîâîãî äèçåëüíîãî 
äâèãàòåëÿ 2×105õ120 ïðîâîäèëèñü íà ðåæè-
ìàõ ìàëûõ íàãðóçîê, îáåñïå÷èâàåìûõ ðàáîòîé 
îäíîãî öèëèíäðà. Ðåçóëüòàòû ïðèâåäåíû íà 
ðèñ. 2.
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Èç ãðàôèêîâ âèäíî, ÷òî ïðè îòêëþ÷åíèè 
ëþáîãî öèëèíäðà, òàê æå êàê è íà äèçåëå 
4×105õ120, ýêîíîìè÷íîñòü äâèãàòåëÿ íå ïîâû-
ñèëàñü, à, íàîáîðîò, óõóäøèëàñü (ðèñ. 2, à). 

Ïðè äàëüíåéøèõ èñïûòàíèÿõ âûÿñíèëîñü, 
÷òî äëÿ äîñòèæåíèÿ íåîáõîäèìîãî ïðè ðàáîòå 
ñ íàñîñîì ðàñïðåäåëèòåëüíîãî òèïà ýôôåêòà 
îò îòêëþ÷åíèÿ öèëèíäðîâ òðåáóåòñÿ êîððåê-
òèðîâêà öèêëîâîé ïîäà÷è òîïëèâà â ðàáîòà-
þùèé öèëèíäð. Õàðàêòåðíîé îñîáåííîñòüþ 
íàñîñîâ ðàñïðåäåëèòåëüíîãî òèïà ÿâèëîñü 
òî, ÷òî îòêëþ÷åíèå ïîäà÷è â îäèí öèëèíäð 
ñóùåñòâåííî èçìåíÿëî öèêëîâóþ ïîäà÷ó â 
äðóãîé îñòàþùèéñÿ – ðàáîòàòü öèëèíäð. Â 
îäíîì ñëó÷àå îíà îêàçûâàëàñü áîëüøå òðåáó-
åìîãî è ïðè åå óìåíüøåíèè óäåëüíûé ðàñõîä 
òîïëèâà ñíèæàëñÿ. Â äðóãîì ñëó÷àå, êîãäà öè-
êëîâàÿ ïîäà÷à áûëà ìåíüøå, óäåëüíûé ðàñõîä 
òîïëèâà ìîæíî áûëî ñíèçèòü åå óâåëè÷åíèåì 
(ðèñ. 2, á). 

Èç ðèñ. 2 âèäíî, ÷òî ïðè îòêëþ÷åíèè îäíîãî 
öèëèíäðà ñíèæåíèå óäåëüíîãî ðàñõîäà òîïëè-
âà íàáëþäàëàñü â äèàïàçîíå ìîùíîñòåé îò 0,8 
äî 3,7 êÂò. Íàïðèìåð, ïðè ðàáîòå íà ïåðâîì 
öèëèíäðå íà ðåæèìå ñ ìîùíîñòüþ 3 êÂò è ÷à-
ñòîòîé âðàùåíèÿ 1100 ìèí-1 óäåëüíûé ðàñõîä 
òîïëèâà, ïî ñðàâíåíèþ ñ ðàáîòîé íà äâóõ öè-
ëèíäðàõ, ñíèçèëñÿ íà 50 ã/(êÂò·÷). Äàëüíåéøåå 
óâåëè÷åíèå íàãðóçêè ïðèâîäèëî ê óõóäøåíèþ 
ýêîíîìè÷íîñòè, è äëÿ ïðåîäîëåíèÿ âîçðàñòàþ-
ùåé íàãðóçêè òðåáîâàëîñü âêëþ÷åíèå â ðàáîòó 
âòîðîãî öèëèíäðà. 

Èç ïðèâåäåííûõ äàííûõ ñëåäóåò, ÷òî îò-
êëþ÷åíèå îäíîãî öèëèíäðà ñíèæàåò ìàêñè-
ìàëüíóþ ìîùíîñòü äëÿ ðåæèìà ñ ÷àñòîòîé 
âðàùåíèÿ 1100 ìèí-1 ñ 6 äî 3,7 êÂò. Ïðè ýòîì 
ïîÿâëÿåòñÿ íåðåàëèçîâàííàÿ çîíà, îòìå÷åííàÿ 
íà ðèñ. 2, á øòðèõîâêîé.

Îäíèì èç ñïîñîáîâ ðåàëèçàöèè ýòîé çîíû 
ìîæåò ñòàòü ïåðåõîä îò îòêëþ÷åíèÿ öèëèí-
äðîâ ê îòêëþ÷åíèþ îòäåëüíûõ ïîäà÷ òîïëèâà 
[5]. Íàïðèìåð, ïðè ñíèæåíèè íàãðóçêè íà 20 % 
îòêëþ÷àþò îðèåíòèðîâî÷íî êàæäóþ ïÿòóþ 
ïîäà÷ó (ðèñ. 3), íà 10 % – äåñÿòóþ, íà 1 % – 
ñîòóþ è ò.ä. Ïðè ýòîì â ïðîäîëæàþùèå ðàáî-
òàòü öèëèíäðû áóäåò âïðûñêèâàòüñÿ óâåëè÷åí-
íûé îáúåì òîïëèâà. 

Ðèñ. 3. Óñëîâíûå îñöèëëîãðàììû ïîäúåìà 
èãëû ðàñïûëèòåëÿ hè, ïîÿñíÿþùèå ÷èñëî m 

ðåàëèçîâàííûõ î÷åðåäíûõ è ïîðÿäêîâûé íîìåð 
ê ïðîïóñêàåìîé ïîäà÷è ïðè ðàáîòå äâèãàòåëÿ 

ñ 80%-é íàãðóçêîé

Ðåàëèçîâàòü äàííûé ìåòîä âîçìîæíî ïðè îñ-
íàùåíèè òîïëèâíîé ñèñòåìû äèçåëÿ ýëåêòðîí-
íî-óïðàâëÿåìûì áûñòðîäåéñòâóþùèì êëàïà-
íîì, êîòîðûé â çàâèñèìîñòè îò ðåæèìà 

Ðèñ. 2. Íàãðóçî÷íûå õàðàêòåðèñòèêè äèçåëÿ 2×105õ120 ñ íàñîñîì ðàñïðåäåëèòåëüíîãî òèïà ÍÄ-21/2 
ïðè ÷àñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà 1100 ìèí-1 è ðàáîòå: 

● – íà äâóõ öèëèíäðàõ; Δ – íà ïåðâîì öèëèíäðå;  – íà âòîðîì öèëèíäðå; 
à) è á) – äî è ïîñëå êîððåêòèðîâêè öèêëîâûõ ïîäà÷, ñîîòâåòñòâåííî
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ðàáîòû äâèãàòåëÿ áóäåò ðåàëèçîâûâàòü íåîá-
õîäèìûé ïðîïóñê ïîäà÷ òîïëèâà è ðåãóëèðîâ-
êó âåëè÷èíû öèêëîâîé ïîäà÷è ïî îòäåëüíûì 
öèëèíäðàì.

Îñîáåííîñòü ðàñïðåäåëèòåëüíûõ íàñîñîâ â 
òîì, ÷òî ìíîãèå ìîäåëè èìåþò òåõíîëîãè÷å-
ñêèé êàíàë â öåíòðå êîðïóñà ñåêöèè âûñîêîãî 
äàâëåíèÿ. Ýòîò êàíàë ñîåäèíåí ñ ëèíèåé âûñî-
êîãî äàâëåíèÿ è çàãëóøåí áîëòîì [6]. 

Ïðè îñíàùåíèè ñèñòåìîé ïðîïóñêà ïîäà÷è 
òîïëèâà äèçåëüíîãî äâèãàòåëÿ ñ ÒÍÂÄ ðàñïðå-
äåëèòåëüíîãî òèïà äîñòàòî÷íî îäíîãî ýëåêòðî-
ìàãíèòíîãî êëàïàíà. 

Â êà÷åñòâå ýëåêòðîìàãíèòíîãî êëàïàíà äëÿ 
îòêëþ÷åíèÿ ïîäà÷è òîïëèâà áûë èñïîëüçîâàí 
êëàïàí ôèðìû Denso. Ýòîò êëàïàí âêðó÷èâàë-
ñÿ â êîðïóñ-øòóöåð, êîòîðûé â ñâîþ î÷åðåäü 
ââîðà÷èâàëñÿ â êîðïóñ ÒÍÂÄ (ðèñ. 4).

Äëÿ óïðàâëåíèÿ ðàáîòîé ïåðåïóñêíîãî êëà-
ïàíà áûë ðàçðàáîòàí ýëåêòðîííûé ðåãóëÿòîð, 
ôóíêöèîíàëüíàÿ ñõåìà êîòîðîãî ïðèâåäåíà íà 
ðèñ. 5.

Ýëåêòðîìàãíèòíûé êëàïàí 1 ïîëó÷àåò èì-
ïóëüñû îò ïðîöåññîðà 3 ýëåêòðîííîãî áëîêà 
óïðàâëåíèÿ II è êîììóòàòîðà 2 â ñîîòâåòñòâèè ñ 
ñèãíàëàìè, ïîñòóïàþùèìè îò äàò÷èêîâ III è IV.

Ïîëó÷àåìûå ñèãíàëû ïðåäâàðèòåëüíî ïðå-
îáðàçîâûâàþòñÿ â öèôðîâîé êîä àíàëîãî-öèôðî-
âûì ïðåîáðàçîâàòåëåì 7. Çàòåì ïðîöåññîð 3 âû-
÷èñëÿåò àäðåñ çíà÷åíèÿ ÷èñëà ïðîïóñêîâ ïîäà÷ 
òîïëèâà, îïòèìàëüíîãî äëÿ äàííîãî ðåæèìà 
ðàáîòû äâèãàòåëÿ â ïîñòîÿííî-çàïîìèíàþùåì 
óñòðîéñòâå 5, è ñ÷èòûâàåò çíà÷åíèå ÷åðåç øèíó 6. 
Ïðè âûðàáàòûâàíèè äàò÷èêîì IV èìïóëüñà ïðî-
öåññîð 3 ôîðìèðóåò ïðîïóñê èëè ïîäà÷ó òîêà ê 
îáìîòêå ýëåêòðîìàãíèòà êëàïàíà 1.

Íà ðèñ. 6 ïðåäñòàâëåí óïðîùåííûé àëãî-
ðèòì ïðîãðàììû óïðàâëåíèÿ, ïðîøèòûé â ïî-
ñòîÿííî-çàïîìèíàþùåå óñòðîéñòâî ðåãóëÿòîðà.

Îòëè÷èòåëüíûìè îñîáåííîñòÿìè àëãîðèò-
ìà ïðîãðàììû óïðàâëåíèÿ ÿâëÿþòñÿ:

– èñïîëüçîâàíèå ïðåðûâàíèé;
– âûâîä íà ýêðàí äèñïëåÿ èíôîðìàöèé îá 

îøèáêàõ (ïðè âûõîäå èç ñòðîÿ äàò÷èêîâ).

          

 à á â 
Ðèñ. 4. Âèä êîðïóñ-øòóöåðà ñ ìîíòèðîâàííûì êëàïàíîì Denso (à) 

è ýêñïåðèìåíòàëüíûå íàñîñû ÍÄ-21/2 (á), ÍÄ-21/4 (â)

Ðèñ. 5. Ôóíêöèîíàëüíàÿ ñõåìà ýëåêòðîííîãî ðåãóëÿòîðà: 
I – äèçåëü; II – ýëåêòðîííûé áëîê óïðàâëåíèÿ; III è IV – äàò÷èêè ÷àñòîòû âðàùåíèÿ 

è óãëîâîãî ïîëîæåíèÿ êîëåí÷àòîãî âàëà; 1 – ýëåêòðîìàãíèòíûé êëàïàí; 2 – êîììóòàòîð; 
3 – ìèêðîïðîöåññîð; 4 – îïåðàòèâíî-çàïîìèíàþùåå óñòðîéñòâî; 5 – ïîñòîÿííî-çàïîìèíàþùåå óñòðîéñòâî; 

6 – øèíà; 7 – àíàëîãî-öèôðîâîé ïðåîáðàçîâàòåëü
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Èíäèêàöèÿ äàííûõ îñóùåñòâëÿåòñÿ ñ ïî-
ìîùüþ æèäêîêðèñòàëëè÷åñêîãî äèñïëåÿ òèïà 
LCD, îáëàäàþùåãî áîëüøîé èíôîðìàòèâ-
íîñòüþ.

Â ðåæèìå ïåðåäà÷è äàííûõ äèñïëåé ïðèíè-
ìàåò è îòîáðàæàåò çíàêè êîäà ASCII, ïîëó÷åí-
íûå îò ìèêðîêîíòðîëëåðà. Ïðè ýòîì îí ìîæåò 
âûïîëíÿòü íåêîòîðîå êîëè÷åñòâî êîìàíä, îáå-
ñïå÷èâàþùèõ ÷àñòè÷íîå èëè ïîëíîå ñòèðàíèå 
îòäåëüíûõ ñèìâîëîâ, ïîëíîå ñòèðàíèå âñåé 
èíôîðìàöèè, óêàçàíèå ïîçèöèè êóðñîðà è ò.ä. 
Ýòè êîìàíäû óñêîðÿþò óïðàâëåíèå äèñïëååì 
(ïîâûøàþò áûñòðîäåéñòâèå). Îáìåí èíôîðìà-

öèåé ìåæäó ìèêðîêîíòðîëëåðîì è LCD îñó-
ùåñòâëÿåòñÿ âîñüìèáèòíûì èíòåðôåéñîì.

Ñ èñïîëüçîâàíèåì ðàçðàáîòàííîãî áëîêà 
óïðàâëåíèÿ è ïðåäëîæåííîãî ìåòîäà óïðàâ-
ëåíèÿ áûëè ïðîâåäåíû èñïûòàíèÿ äèçåëüíîãî 
äâèãàòåëÿ 2×105õ120 ñ ýêñïåðèìåíòàëüíûì íà-
ñîñîì ÍÄ21/2 (ðèñ. 7).

Êàê âèäíî èç ïðåäñòàâëåííûõ äàííûõ, ïðè 
òàêîì ñïîñîáå ðåãóëèðîâàíèÿ óäåëüíûé ðàñõîä 
òîïëèâà ìåíÿåòñÿ ïëàâíî è ðàñøèðÿåòñÿ äèàïà-
çîí ìîùíîñòåé íà ðåæèìå ñ ÷àñòîòîé âðàùåíèÿ 
êîëåí÷àòîãî âàëà 1100 ìèí-1. Òàê ïðè ìîùíîñòè 
4 êÂò óäåëüíûé ðàñõîä òîïëèâà ñíèçèëñÿ íà 4,8 %.

Ðèñ. 6. Óïðîùåííûé àëãîðèòì ïðîãðàììû óïðàâëåíèÿ: 
à – îñíîâíàÿ ïðîãðàììà; á è â – ïîäïðîãðàììû, çàïóñêàåìûå ïðè íàñòóïëåíèè ïðåðûâàíèé
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Âûâîäû
Äëÿ ïîëó÷åíèÿ ýôôåêòà îò îòêëþ÷åíèÿ öè-

ëèíäðîâ ïðè ðàáîòå ñ íàñîñîì ðàñïðåäåëèòåëü-
íîãî òèïà íåîáõîäèìà êîððåêòèðîâêà öèêëîâîé 
ïîäà÷è òîïëèâà â ðàáîòàþùèé öèëèíäð. Ïðè 
ýòîì âîçíèêàþò òðóäíîñòè, â ñâÿçè ñ òåì ÷òî 
ðàñïðåäåëèòåëüíûå íàñîñû íå äîïóñêàþò ðåãó-
ëèðîâêè âåëè÷èíû ïîäà÷è â îòäåëüíûå öèëèí-
äðû äâèãàòåëÿ. Â ñëó÷àå ýëåêòðîííîãî ðåãóëè-
ðîâàíèÿ ýòè òðóäíîñòè ìîãóò áûòü ïðåîäîëåíû 
îòíîñèòåëüíî ïðîñòî.

Êîíñòðóêòèâíàÿ îñîáåííîñòü ðàñïðåäåëè-
òåëüíûõ íàñîñîâ, çàêëþ÷àþùàÿñÿ â òîì, ÷òî 
îíè èìåþò òåõíîëîãè÷åñêèé êàíàë, êîòîðûé 
ñîåäèíåí ñ ëèíèåé âûñîêîãî äàâëåíèÿ, ïîçâî-
ëÿåò èñïîëüçîâàòü ëèøü îäèí ýëåêòðîìàãíèò-
íûé êëàïàí.

Ïðè ïåðåõîäå îò ïðîñòîãî îòêëþ÷åíèÿ öè-
ëèíäðîâ ê ðåãóëèðîâàíèþ ðåæèìîâ ðàáîòû 
ïðîïóñêîì îòäåëüíûõ ïîäà÷ òîïëèâà óäåëü-
íûé ðàñõîä òîïëèâà ìåíÿëñÿ ïëàâíî è äèà-
ïàçîí ìîùíîñòåé, ïðè êîòîðûõ äèçåëüíûé 
äâèãàòåëü ðàáîòàåò íà äàííîì ðåæèìå, ñîõðà-
íÿåòñÿ òàêèì æå, êàê è ïðè ðàáîòå ñî âñåìè öè-
ëèíäðàìè. 
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