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Ãëàâíàÿ òåìà ñòàòüè – ðàçðàáîòêà ýôôåêòèâíîé êîíñòðóêöèè ñèñòåìû ïðåäïóñêîâîãî ðàçîãðåâà äâèãàòåëÿ âíó-
òðåííåãî ñãîðàíèÿ äëÿ óñëîâèé îãðàíè÷åííîãî ýíåðãîñíàáæåíèÿ.
Â Òèõîîêåàíñêîì ãîñóäàðñòâåííîì óíèâåðñèòåòå âåäåòñÿ ðàáîòà ïî ñîâåðøåíñòâîâàíèþ êîíñòðóêöèè ëåãêèõ 
êîëåñíûõ âåçäåõîäîâ íà ïíåâìàòèêàõ íèçêîãî äàâëåíèÿ. Îïûòíûå îáðàçöû ëåãêèõ êîëåñíûõ âåçäåõîäîâ èñïîëü-
çóþòñÿ â îñíîâíîì â ñåëüñêîì õîçÿéñòâå è äëÿ ëåñîïðîäóêöèîííîãî ïðîèçâîäñòâà. Ñóùåñòâóþò ïðåäïîñûëêè 
äëÿ èõ ïðèìåíåíèÿ íà íåôòå- è ãàçîïðîìûñëàõ, â óñëîâèÿõ Êðàéíåãî Ñåâåðà. Äàííàÿ òåõíèêà ýêñïëóàòèðóåòñÿ 
êðóãëûé ãîä, â óñëîâèÿõ ïîëíîãî îòñóòñòâèÿ ýíåðãîñíàáæåíèÿ, õðàíèòñÿ ïîä îòêðûòûì íåáîì, ïîýòîìó ïðîáëåìà 
çàïóñêà õîëîäíîãî äâèãàòåëÿ ñòîèò äîñòàòî÷íî îñòðî, à òåìà ñîçäàíèÿ êîíñòðóêöèè ñèñòåìû ïðåäïóñêîâîãî ðàçî-
ãðåâà ÄÂÑ â óñëîâèÿõ îãðàíè÷åííîãî ëèáî ïîëíîãî îòñóòñòâèÿ ýíåðãîñíàáæåíèÿ ÿâëÿåòñÿ àêòóàëüíîé. 
Öåëü ðàáîòû – ðàçðàáîòêà ñèñòåìû ïðåäïóñêîâîãî ðàçîãðåâà äâèãàòåëÿ âíóòðåííåãî ñãîðàíèÿ ñ æèäêîñòíûì 
îõëàæäåíèåì äëÿ óñëîâèé îãðàíè÷åííîãî ýíåðãîñíàáæåíèÿ è èññëåäîâàíèå ýôôåêòèâíîñòè åå ôóíêöèîíèðî-
âàíèÿ.
Ðàçðàáîòàíà ñîáñòâåííàÿ êîíñòðóêöèÿ ñèñòåìû îõëàæäåíèÿ ñ ôóíêöèåé ïðåäïóñêîâîãî ðàçîãðåâà íà áàçå áåí-
çèíîâîé ãîðåëêè. Äëÿ îöåíêè ýôôåêòèâíîñòè ïðîöåññà ðàçîãðåâà äâèãàòåëÿ ñõåìà áûëà ñîáðàíà íà ëåãêîì êî-
ëåñíîì âåçäåõîäå. Ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îïðåäåëåíèþ çàêîíîìåðíîñòè èçìåíåíèÿ 
òåìïåðàòóðû îõëàæäàþùåé æèäêîñòè äâèãàòåëÿ â õîäå ïðåäïóñêîâîãî ðàçîãðåâà ïðè ðàçëè÷íûõ òåìïåðàòóðàõ 
îêðóæàþùåé ñðåäû.
Ðåçóëüòàòû ïðîâåäåííîãî ýêñïåðèìåíòà ñâèäåòåëüñòâóþò î âûñîêîé ýôôåêòèâíîñòè ðàçðàáîòàííîé ñèñòåìû 
íà áàçå áåíçèíîâîé ãîðåëêè. Ñðåäíÿÿ ñêîðîñòü íàãðåâà îõëàæäàþùåé æèäêîñòè äâèãàòåëÿ â ïðîöåññå ðàçîãðå-
âà ñîñòàâèëà 2,1–2,8 Ñ â ìèíóòó, ÷òî ãîâîðèò îá èíòåíñèâíîì òåìïå ïðåäïóñêîâîãî ðàçîãðåâà.
Êëþ÷åâûå ñëîâà: ïðåäïóñêîâîé ðàçîãðåâ äâèãàòåëÿ, ëåãêèé êîëåñíûé âåçäåõîä, ñèñòåìà îõëàæäåíèÿ, ãîðåëêà 
áåíçèíîâàÿ, òåïëîîáìåííèê.
Äëÿ öèòèðîâàíèÿ: Èâàíîâ Í.À., Îòìàõîâ Ä.Â., Çàõàðû÷åâ Ñ.Ï., Êàçàííèêîâ Î.Â. Ðàçðàáîòêà êîíñòðóêöèè 
ñèñòåìû îõëàæäåíèÿ ÄÂÑ ñ ôóíêöèåé ïðåäïóñêîâîãî ðàçîãðåâà // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. № 1. 
Ñ. 51–56. DOI: 10.31992/0321-4443-2021-1-51-56.

The main topic of the article is the development of an effective design for a pre-starting heating system for an internal 
combustion engine for conditions of limited power supply. The work to improve the design of light wheeled all-ter-
rain vehicles on low pressure pneumatics is done at Pacific National University. Prototypes of light wheeled off-road 
vehicles are used mainly in agriculture and for forestry production. There are prerequisites for their use in oil and 
gas fields in the Far North conditions. This vehicle is operated all year round, in the absence of power supply, it is 
stored in the open air, so the problem of starting a cold engine is quite important, and the topic of creating a design 
for a pre-starting heating system for an internal combustion engine under conditions of limited or complete absence 
of power supply is relevant.
The purpose of the work is to develop and study the efficiency of the pre-starting heating system for an internal com-
bustion engine with liquid cooling for conditions of limited power supply.
Our own design of the cooling system with a pre-starting heating function based on a gasoline burner was developed. 
To assess the efficiency of the engine warm-up process, the circuit was assembled on a light wheeled all-terrain vehi-
cle. The experimental studies were carried out to determine the regularity of changes in the temperature of the engine 
coolant during pre-starting heating at different ambient temperatures.
The results of the experiment indicate the high efficiency of the developed system based on a gasoline burner. The av-
erage heating rate of the engine coolant during the warm-up process was 2.1–2.8 Ñ per minute, which indicates 
an intensive pace of pre-starting heating.
Keywords: engine pre-starting heating, light wheeled all-terrain vehicle, cooling system, gasoline burner, heat ex-
changer.
Cite as: Ivanov N.A., Otmakhov D.V., Zakharychev S.P., Kazannikov O.V. Development of the design of an inter-
nal combustion engine cooling system with a pre-starting heating function. Traktory i sel’khozmashiny. 2021. No 1, 
pp. 51–56 (in Russ.). DOI: 10.31992/0321-4443-2021-1-51-56.
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Ââåäåíèå
Ïðè ýêñïëóàòàöèè òðàíñïîðòíî-òåõíîëîãè-

÷åñêèõ ìàøèí â óñëîâèÿõ íèçêèõ òåìïåðàòóð 
îêðóæàþùåé ñðåäû â ïîñëåäíåå âðåìÿ ïîëó÷à-
þò ðàñïðîñòðàíåíèå ðàçëè÷íûå ñèñòåìû ïðåä-
ïóñêîâîãî ïîäîãðåâà äâèãàòåëÿ. Ðàçðàáîòêîé 
ñèñòåì ïðåäïóñêîâîãî ðàçîãðåâà àâòîìîáèëü-
íîãî äâèãàòåëÿ è èññëåäîâàíèåì èõ ýôôåê-
òèâíîãî ïðèìåíåíèÿ çàíèìàþòñÿ òàêèå âóçû, 
êàê ÌÀÄÈ, ÐÂÀÈ, ÑèáÀÄÈ, ÑÃÒÓ, ÒþìÃÍÃÓ 
è äð. [1].

Â Òèõîîêåàíñêîì ãîñóäàðñòâåííîì óíèâåð-
ñèòåòå ïîä ðóêîâîäñòâîì ïðîôåññîðà Í.À. Èâà-
íîâà âåäåòñÿ ðàáîòà ïî ñîâåðøåíñòâîâàíèþ 
êîíñòðóêöèè ëåãêèõ êîëåñíûõ âåçäåõîäîâ 
(ËÊÂ) íà ïíåâìàòèêàõ íèçêîãî äàâëåíèÿ. Ïðî-
âîäÿòñÿ èññëåäîâàíèÿ òÿãîâûõ ñâîéñòâ, ñîâåð-
øåíñòâóåòñÿ êîíñòðóêöèÿ ðàìû âåçäåõîäà, ìî-
äåðíèçèðóåòñÿ òðàíñìèññèÿ. 

Óíèêàëüíûå ïàðàìåòðû äâèæèòåëÿ âåçäåõî-
äà íà øèíàõ ñâåðõíèçêîãî äàâëåíèÿ ïîçâîëÿþò 
ñî÷åòàòü òàêèå íåîáõîäèìûå äëÿ ìàøèíû, ýêñ-
ïëóàòèðóåìîé ïî áåçäîðîæüþ â íåïîñðåäñòâåí-
íîì êîíòàêòå ñ ïðèðîäîé, ñâîéñòâà, êàê âûñîêàÿ 
ïðîõîäèìîñòü è ýêîëîãè÷åñêàÿ áåçîïàñíîñòü 
ïî îòíîøåíèþ ê ïî÷âå [2].

Â íàñòîÿùåå âðåìÿ îïûòíûå îáðàçöû ËÊÂ 
èñïîëüçóþòñÿ â îñíîâíîì â ñåëüñêîì õîçÿé-
ñòâå è äëÿ ëåñîïðîäóêöèîííîãî ïðîèçâîä-
ñòâà. Îäíàêî ñóùåñòâóþò âñå ïðåäïîñûëêè 
äëÿ èõ ïðèìåíåíèÿ íà íåôòå- è ãàçîïðîìûñëàõ 
â óñëîâèÿõ òóíäðû è âå÷íîé ìåðçëîòû, â êà÷å-
ñòâå ýêñïåäèöèîííîãî òðàíñïîðòà â óñëîâèÿõ 
Êðàéíåãî Ñåâåðà, âïëîòü äî îáñëóæèâàíèÿ ìå-
òåîñòàíöèé â Àðêòèêå è ò.ä. 

Äàííàÿ òåõíèêà ýêñïëóàòèðóåòñÿ êðóãëûé 
ãîä, ïîýòîìó ïðîáëåìà çàïóñêà õîëîäíîãî 
äâèãàòåëÿ ñòîèò äîñòàòî÷íî îñòðî. Òåõíèêà 
èñïîëüçóåòñÿ â äàëè îò «öèâèëèçàöèè», â óñ-
ëîâèÿõ ïîëíîãî îòñóòñòâèÿ ýíåðãîñíàáæåíèÿ, 
õðàíèòñÿ ïîä îòêðûòûì íåáîì èëè, â ëó÷øåì 
ñëó÷àå, â íåîòàïëèâàåìîì ïîìåùåíèè. 

Â íàñòîÿùåå âðåìÿ äëÿ ðåøåíèÿ ýòîé ïðî-
áëåìû – çàòðóäíåííîãî ïóñêà äâèãàòåëåé – ðàç-
ðàáîòàíû ñàìûå ðàçíîîáðàçíûå óñòðîéñòâà.

Ïðè âñåõ äîñòîèíñòâàõ àâòîíîìíûõ ïðåäïó-
ñêîâûõ ïîäîãðåâàòåëåé óñòàíîâêà èõ íà ïîäîá-
íóþ òåõíèêó âñëåäñòâèå âûñîêîé ñòîèìîñòè 
íå âñåãäà ïðèåìëåìà äëÿ âëàäåëüöåâ. Ïðèìå-
íåíèå ýëåêòðîîáîãðåâàòåëåé âîîáùå íå ïðåä-
ñòàâëÿåòñÿ âîçìîæíûì èç-çà îòñóòñòâèÿ ýíåð-
ãîñíàáæåíèÿ â óñëîâèÿõ ýêñïëóàòàöèè ËÊÂ, 
ïîýòîìó òåìà ñîçäàíèÿ êîíñòðóêöèè ñèñòåìû 

ïðåäïóñêîâîãî ðàçîãðåâà ÄÂÑ â óñëîâèÿõ îãðà-
íè÷åííîãî, ëèáî ïîëíîãî îòñóòñòâèÿ ýíåðãîñ-
íàáæåíèÿ ÿâëÿåòñÿ àêòóàëüíîé. 

Öåëü èññëåäîâàíèé
Öåëüþ äàííîé ðàáîòû ÿâëÿëîñü ðàçðàáîòêà 

ñèñòåìû ïðåäïóñêîâîãî ðàçîãðåâà äâèãàòåëÿ 
âíóòðåííåãî ñãîðàíèÿ ñ æèäêîñòíûì îõëàæäå-
íèåì äëÿ óñëîâèé îãðàíè÷åííîãî ýíåðãîñíàá-
æåíèÿ è èññëåäîâàíèå ýôôåêòèâíîñòè åå ôóíê-
öèîíèðîâàíèÿ.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè áûëè 
ðåøåíû ñëåäóþùèå çàäà÷è: ðàçðàáîòàíà 
è ñìîíòèðîâàíà íà îïûòíûé îáðàçåö âåçäåõîäà 
ñèñòåìà äëÿ ïðåäïóñêîâîãî ðàçîãðåâà äâèãàòå-
ëÿ â óñëîâèÿõ îãðàíè÷åííîãî ýíåðãîñíàáæå-
íèÿ; ïðîâåäåíû èññëåäîâàíèÿ ýôôåêòèâíîñòè 
ðàáîòû ñèñòåìû ðàçîãðåâà ïðè îòðèöàòåëüíûõ 
òåìïåðàòóðàõ îêðóæàþùåé ñðåäû.

Ìàòåðèàëû è ìåòîäû
Â íàñòîÿùåå âðåìÿ èçâåñòåí öåëûé ðÿä 

êîíñòðóêöèé ñèñòåì ïðåäïóñêîâîãî ðàçîãðå-
âà äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ, êîòîðûå 
õàðàêòåðíû äëÿ äâóõ îñíîâíûõ íàïðàâëåíèé 
äåÿòåëüíîñòè â äàííîé îáëàñòè. Îäíî íàïðàâ-
ëåíèå – ýòî ðàçðàáîòêà óñòðîéñòâ, ñáåðåãàþ-
ùèõ òåïëî, ïîëó÷åííîå ïðè ðàáîòå äâèãàòåëÿ, 
äëÿ äàëüíåéøåãî åãî çàïóñêà ïîñëå íåïðîäîë-
æèòåëüíûõ îñòàíîâîê [3−5]. Íåäîñòàòêîì ýòèõ 
êîíñòðóêöèé, ïî ìíåíèþ àâòîðîâ, ÿâëÿåòñÿ 
îãðàíè÷åííîå âðåìÿ ïðîñòîÿ òðàíñïîðòíî-
ãî ñðåäñòâà, â òå÷åíèå êîòîðîãî ñîõðàíÿåòñÿ 
òåïëî â ñáåðåãàþùèõ òåïëî óñòðîéñòâàõ è íå-
îáõîäèìîñòü ïèòàíèÿ îò ñåòè 220 Â äëÿ ïîäî-
ãðåâà òåïëîíîñèòåëÿ â ñëó÷àå åãî îñòûâàíèÿ. 
Êðîìå òîãî, ðàçîãðåâ ñìàçî÷íîé ñèñòåìû äâè-
ãàòåëÿ ïðåäïîëàãàåò äîïîëíèòåëüíûå çàòðà-
òû íà óñòàíîâêó òåïëîîáìåííèêà â ìàñëÿíûé 
ïîääîí äâèãàòåëÿ.

Âòîðîå íàïðàâëåíèå – ýòî ðàáîòû, ñâÿçàí-
íûå ñ ïðèìåíåíèåì âíåøíåãî èñòî÷íèêà òåïëà 
[6, 7]. Â óñëîâèÿõ îãðàíè÷åííîãî èëè ïîëíîãî 
îòñóòñòâèÿ ýíåðãîñíàáæåíèÿ ïðèìåíåíèå áåí-
çèíîâûõ ãîðåëîê â êà÷åñòâå èñòî÷íèêà òåïëî-
âîé ýíåðãèè, íà íàø âçãëÿä, ÿâëÿåòñÿ äîñòàòî÷-
íî àêòóàëüíûì ðåøåíèåì. 

Òåõíè÷åñêîé çàäà÷åé, íà ðåøåíèå êîòîðîé 
áûëà íàïðàâëåíà ðàáîòà, ÿâëÿåòñÿ ðàñøèðåíèå 
âîçìîæíîñòè ïðåäïóñêîâîãî ðàçîãðåâà äâèãàòå-
ëÿ â óñëîâèÿõ îòñóòñòâèÿ ýíåðãîñíàáæåíèÿ 220 Â 
â çèìíåå âðåìÿ. Äëÿ åå ðåàëèçàöèè äîñòàòî÷íî 
èìåòü àêêóìóëÿòîðíóþ áàòàðåþ íà 12 Â.
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Íà ðèñ. 1 ïîêàçàíà ðàçðàáîòàííàÿ ñõåìà ñè-
ñòåìû îõëàæäåíèÿ äâèãàòåëÿ. Çäåñü ïðåäñòàâëå-
íû êàê òðàäèöèîííûå ýëåìåíòû ñèñòåìû æèä-
êîñòíîãî îõëàæäåíèÿ äâèãàòåëÿ âíóòðåííåãî 
ñãîðàíèÿ, òàêèå êàê ðàñøèðèòåëüíûé áà÷îê 1, 
ðàäèàòîð 2, âåíòèëÿòîð 3, íàñîñ îõëàæäàþùåé 
æèäêîñòè 4, òåðìîñòàò 7, òàê è óñòàíîâëåííûå 
äîïîëíèòåëüíî – ïîäâîäÿùèå è îòâîäÿùèå ê 
ðóáàøêå îõëàæäåíèÿ øëàíãè 5 è 6, áåíçèíîâàÿ 
ãîðåëêà 8, òåïëîîáìåííèê 9, ýëåêòðè÷åñêèé 
íàñîñ 10 ñ ïèòàíèåì îò 12 Â, îòâîäÿùèé øëàíã 
îò íàñîñà ê ðóáàøêå îõëàæäåíèÿ äâèãàòåëÿ 11, 
øëàíã îòâîäà îõëàæäàþùåé æèäêîñòè èç ðó-
áàøêè îõëàæäåíèÿ ê òåïëîîáìåííèêó 12, øëàíã 
îòâîäà îõëàæäàþùåé æèäêîñòè îò òåïëîîáìåí-
íèêà ê ýëåêòðè÷åñêîìó íàñîñó 13.

Ðèñ. 1. Ñõåìà ñèñòåìû îõëàæäåíèÿ ÄÂÑ 
ñ ôóíêöèåé ïðåäïóñêîâîãî ðàçîãðåâà

Fig. 1. ICE cooling system diagram 
with pre-starting heating function

Êîíñòðóêöèÿ ðàáîòàåò ñëåäóþùèì îáðàçîì. 
Íà òðàíñïîðòíîå ñðåäñòâî óñòàíàâëèâàåòñÿ 
áåíçèíîâàÿ ãîðåëêà 8 òàêèì îáðàçîì, ÷òîáû 
ôàêåë ïëàìåíè ñîãðåâàë òåïëîîáìåííèê 9. 
Òóìáëåðîì âêëþ÷àåòñÿ ïèòàíèå ýëåêòðè÷å-
ñêîãî íàñîñà 10. Ñ ïîìîùüþ íàñîñà îõëàæäà-
þùàÿ æèäêîñòü öèðêóëèðóåò ïî çàìêíóòîìó 
êðóãó: îò íàñîñà 10 ïî ïàòðóáêàì 11 è 6 ê ðó-
áàøêå îõëàæäàþùåé æèäêîñòè ÄÂÑ, îò íåå 
ïî ïàòðóáêó 5 – ê òåïëîîáìåííèêó 13, äàëåå – 
ê íàñîñó 10 è âíîâü ïî çàìêíóòîìó êðóãó â òå-
÷åíèå 10–15 ìèíóò, ðàçîãðåâàÿ äâèãàòåëü 14. 

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé ïðîöåññà ðàçîãðåâà äâèãàòåëÿ ñõåìà 
áûëà ñîáðàíà íà ëåãêîì êîëåñíîì âåçäåõîäå, 
èìåþùåì â êà÷åñòâå ýíåðãåòè÷åñêîé óñòàíîâêè 
äâèãàòåëü îò àâòîìîáèëÿ ÂÀÇ–1111 («Îêà»). 

Äîïîëíèòåëüíî áûëî ïðèîáðåòåíî íå-
äîñòàþùåå îáîðóäîâàíèå: ýëåêòðîíàñîñ äî-

ïîëíèòåëüíîãî îòîïèòåëÿ è òåïëîîáìåííèê. 
Äëÿ îòâîäà è ïîäâîäà îõëàæäàþùåé æèäêîñòè 
èñïîëüçîâàëèñü ãèáêèå øëàíãè. 

Íàñîñ äîïîëíèòåëüíîãî îòîïèòåëÿ, êàê ïî-
êàçàíî íà ðèñ. 2, óñòàíàâëèâàåòñÿ íèæå òåïëî-
îáìåííèêà 3 â ñàìîì íèçêîì ìåñòå æèäêîñò-
íîé ñèñòåìû îõëàæäåíèÿ. Ê ðàìå âåçäåõîäà 4 
íàñîñ 2 êðåïèëñÿ áîëòàìè ñ ïîìîùüþ äåðæà-
òåëÿ 1. Óñòàíîâêà çàïîðíûõ êëàïàíîâ â òî-
ñîëüíîì øëàíãå, ïî êîòîðîìó îñóùåñòâëÿåòñÿ 
ïðèòîê æèäêîñòè ê íàñîñó, íåäîïóñòèìà.

Ðèñ. 2. Óñòàíîâêà ýëåêòðîíàñîñà íà ðàìå âåçäåõîäà: 
1 – äåðæàòåëü ýëåêòðîíàñîñà; 2 – ýëåêòðîíàñîñ; 

3 – òåïëîîáìåííèê; 4 – ðàìà âåçäåõîäà

Fig. 2. Installation of the electric pump on the frame 
of the all-terrain vehicle: 1 – electric pump holder; 

2 – electric pump; 3 – heat exchanger; 
4 – all-terrain vehicle frame

Êðåïëåíèå òåïëîîáìåííèêà ê ðàìå âåçäåõîäà 
ïîêàçàíî íà ðèñ. 3. Òåïëîîáìåííèê óñòàíàâëèâà-
åòñÿ âûøå ýëåêòðîíàñîñà. Òàêîå ðàñïîëîæåíèå 
îáåñïå÷èâàåò ñâîáîäíûé ïåðåòîê îõëàæäàþùåé 
æèäêîñòè îò òåïëîîáìåííèêà 2 ê íàñîñó 1. Òå-
ïëîîáìåííèê êðåïèòñÿ ê ðàìå âåçäåõîäà ïðèëè-
âàìè íà êîðïóñå ñ ïîìîùüþ äâóõ áîëòîâ 3.

Íà ðèñ. 4 ïîêàçàí îáùèé âèä ËÊÂ ñ óñòàíîâ-
ëåííîé íà íåãî ñèñòåìîé ðàçîãðåâà äâèãàòåëÿ. 
Ïîñëå çàêðåïëåíèÿ òåïëîîáìåííèêà 7 è ýëåê-
òðîíàñîñà 2 íà ðàìå âåçäåõîäà 1 èõ ñîåäèíèëè 
øëàíãàìè 3, 4 è 8 ñ ñèñòåìîé îõëàæäåíèÿ áëîêà 
öèëèíäðîâ äâèãàòåëÿ. Ïî îêîí÷àíèè ìîíòà-
æà ñèñòåìà áûëà ïðîâåðåíà íà ïðåäìåò óòå÷åê 
è áûëè çàêðåïëåíû ýëåêòðè÷åñêèå ïðîâîäà. 

Ïðåäëîæåííàÿ ñèñòåìà îõëàæäåíèÿ äâè-
ãàòåëÿ ñ ôóíêöèåé ïðåäïóñêîâîãî ïîäîãðåâà 
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áûëà îïðîáèðîâàíà â óñëîâèÿõ îòðèöàòåëüíûõ 
òåìïåðàòóð. Â ïðîöåññå ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé óñòàíàâëèâàëèñü çàêîíîìåð-
íîñòè èçìåíåíèÿ òåìïåðàòóðû îõëàæäàþùåé 
æèäêîñòè äâèãàòåëÿ â õîäå ïðåäïóñêîâîãî ðà-
çîãðåâà ïðè ðàçëè÷íûõ òåìïåðàòóðàõ îêðóæà-
þùåé ñðåäû.

Ðåãèñòðàöèÿ òåìïåðàòóðû îõëàæäàþùåé 
æèäêîñòè â áëîêå äâèãàòåëÿ îñóùåñòâëÿëàñü 
ñ ïîìîùüþ áåñêîíòàêòíîãî òåðìîìåòðà.

Â êà÷åñòâå ãðåþùåãî ìîäóëÿ ïðèìåíÿëè 
áåíçèíîâóþ ãîðåëêó. Áåíçèíîâàÿ ãîðåëêà ÿâëÿ-
åòñÿ îòäåëüíûì ìîäóëåì ñèñòåìû, ÷òî ïîçâî-
ëÿåò îñóùåñòâëÿòü åå ðîçæèã íà áåçîïàñíîì 
óäàëåíèè îò âåçäåõîäà ñ ïîñëåäóþùèì ââîäîì 
â ðàáî÷óþ çîíó ñèñòåìû ðàçîãðåâà.

Ðåçóëüòàòû è îáñóæäåíèå
Èññëåäîâàíèÿ ýôôåêòèâíîñòè ðàçîãðåâà 

ïðîâîäèëèñü â äíåâíîå âðåìÿ ïîñëå ïðîäîë-
æèòåëüíîãî ïðîñòîÿ âåçäåõîäà, â òîì ÷èñëå 
è ïðè áîëåå íèçêèõ íî÷íûõ òåìïåðàòóðàõ. 
Ðîçîææåííàÿ ïàÿëüíàÿ ëàìïà óñòàíàâëèâà-
ëàñü â ðàáî÷óþ çîíó ñèñòåìû ðàçîãðåâà òàêèì 
îáðàçîì, ÷òîáû åå ïëàìÿ áûëî íàïðàâëåíî 
íà òåïëîîáìåííèê. Çàòåì âêëþ÷àëñÿ òóìáëåð 
óïðàâëåíèÿ ýëåêòðîíàñîñîì äîïîëíèòåëüíî-
ãî ðàçîãðåâà, è íà÷èíàëàñü öèðêóëÿöèÿ îõ-
ëàæäàþùåé æèäêîñòè ÷åðåç òåïëîîáìåííèê 
ê íàñîñó è äàëåå – â ðóáàøêó îõëàæäåíèÿ 
äâèãàòåëÿ, à îòòóäà â òåïëîîáìåííèê. Çàìåðû 
òåìïåðàòóðû îõëàæäàþùåé æèäêîñòè äâèãàòå-
ëÿ ïðîâîäèëèñü â òå÷åíèå 20 ìèíóò ñ èíòåðâà-
ëîì â äâå ìèíóòû. Ïîñëå ðàçîãðåâà â òå÷åíèå 
20 ìèíóò ïàÿëüíàÿ ëàìïà âûâîäèëàñü èç ðàáî-
÷åé çîíû. Ðåçóëüòàòû ýêñïåðèìåíòà ïðåäñòàâ-
ëåíû íà ðèñ. 5.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâîäè-
ëèñü ïðè òðåõ ðàçíûõ òåìïåðàòóðàõ îêðóæàþ-
ùåé ñðåäû: Ò

1
 = −8 °Ñ; Ò

2
 = −16 °Ñ; Ò

3
 = −23 °Ñ, 

êàê ïîêàçàíî íà ðèñ. 5. Òåìïåðàòóðà æèäêî-
ñòè â áëîêå äâèãàòåëÿ çà 20 ìèíóò ïîäíÿëàñü 
íà 57 °Ñ ïðè òåìïåðàòóðå îêðóæàþùåé ñðåäû 
Ò

1
 = −8 °Ñ è íà 43 °Ñ, ïðè òåìïåðàòóðå îêðóæà-

þùåé ñðåäû Ò
3
 = −23 °Ñ. 

Ðåçóëüòàòû ïðîâåäåííîãî ýêñïåðèìåíòà 
ïîêàçûâàþò âûñîêóþ ýôôåêòèâíîñòü ïðåäëî-
æåííîãî ïðåäïóñêîâîãî ðàçîãðåâà äâèãàòåëÿ 
íà áàçå áåíçèíîâîé ãîðåëêè. Ñðåäíÿÿ ñêîðîñòü 
íàãðåâà îõëàæäàþùåé æèäêîñòè äâèãàòåëÿ ñî-
ñòàâèëà 2,1–2,8 °Ñ â ìèíóòó, ÷òî ãîâîðèò îá èí-
òåíñèâíîì òåìïå ïðåäïóñêîâîãî ðàçîãðåâà.

Ðèñ. 3. Óñòàíîâêà òåïëîîáìåííèêà 
íà ðàìå âåçäåõîäà: 

1 – ýëåêòðîíàñîñ äîïîëíèòåëüíîãî ïîäîãðåâà; 
2 – òåïëîîáìåííèê; 3 – êðåïåæíûå áîëòû

Fig. 3. Installation of the heat exchanger 
on the ATV frame: 1 – electric pump for additional 
heating; 2 – heat exchanger; 3 – fastening bolts

Ðèñ. 4. Ìîíòàæ ñèñòåìû ðàçîãðåâà äâèãàòåëÿ 
íà âåçäåõîäå: 

1 – ðàìà ëåãêîãî êîëåñíîãî âåçäåõîäà; 
2 – ýëåêòðîíàñîñ äîïîëíèòåëüíîãî îòîïèòåëÿ; 

3 – ïîäâîäÿùèé øëàíã îò íàñîñà ê ðóáàøêå 
îõëàæäåíèÿ äâèãàòåëÿ; 4 – øëàíã îòâîäà 

îõëàæäàþùåé æèäêîñòè èç ðóáàøêè îõëàæäåíèÿ 
ê òåïëîîáìåííèêó; 5 – äâèãàòåëü, 

6 – àêêóìóëÿòîðíàÿ áàòàðåÿ; 7 – òåïëîîáìåííèê; 
8 – øëàíã îòâîäà îõëàæäàþùåé æèäêîñòè 

îò òåïëîîáìåííèêà ê ýëåêòðè÷åñêîìó íàñîñó

Fig. 4. Installation of the engine heating system 
on the all-terrain vehicle: 1 – frame of a light 

wheeled ATV; 2 – electric pump of an additional 
heater, 3 – supply hose from the pump 

to the engine cooling jacket; 4 – coolant outlet hose 
from the cooling jacket to the heat exchanger; 
5 – engine, 6 – battery; 7 – heat exchanger; 

8 – coolant drain hose from the heat exchanger 
to the electric pump
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Çàêëþ÷åíèå
Ðàçðàáîòàíà ñîáñòâåííàÿ êîíñòðóêöèÿ ñè-

ñòåìû îõëàæäåíèÿ ñ ôóíêöèåé ïðåäïóñêîâî-
ãî ðàçîãðåâà äâèãàòåëÿ âíóòðåííåãî ñãîðàíèÿ 
â óñëîâèÿõ îãðàíè÷åííîãî ýíåðãîñíàáæåíèÿ. 
Ñèñòåìà áûëà óñòàíîâëåíà íà îïûòíûé îáðà-
çåö ëåãêîãî êîëåñíîãî âåçäåõîäà, è ïðîâåäåíû 
èñïûòàíèÿ åå ðàáîòîñïîñîáíîñòè. Ðåçóëüòàòû 
ïðîâåäåííîãî ýêñïåðèìåíòà ñâèäåòåëüñòâó-
þò î âûñîêîé ýôôåêòèâíîñòè ðàçðàáîòàííîé 
ñèñòåìû íà áàçå áåíçèíîâîé ãîðåëêè, êîòîðàÿ 
ïîçâîëÿåò ñ ìèíèìàëüíûìè çàòðàòàìè â óñ-
ëîâèÿõ ïîíèæåííûõ òåìïåðàòóð ïðîèçâåñòè 
ïðåäïóñêîâîé ðàçîãðåâ äâèãàòåëÿ è îñóùå-
ñòâèòü åãî çàïóñê. Ñðåäíÿÿ ñêîðîñòü íàãðåâà 
îõëàæäàþùåé æèäêîñòè äâèãàòåëÿ â ïðîöåñ-
ñå ðàçîãðåâà ñîñòàâèëà 2,1–2,8 °Ñ â ìèíóòó, 
÷òî ãîâîðèò îá èíòåíñèâíîì òåìïå ïðåäïóñêî-
âîãî ðàçîãðåâà.
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Ðèñ. 5. Èíòåíñèâíîñòü ðàçîãðåâà îõëàæäàþùåé æèäêîñòè â áëîêå äâèãàòåëÿ: 
1 – òåìïåðàòóðà îêðóæàþùåé ñðåäû Ò

1
 = −8 °Ñ; 2 – òåìïåðàòóðà îêðóæàþùåé ñðåäû Ò

2
 = −16 °Ñ; 

3 – òåìïåðàòóðà îêðóæàþùåé ñðåäû Ò
3
 = −23 °Ñ

Fig. 5. The intensity of heating the coolant in the engine block: 1 – ambient temperature Ò1 = −8 °Ñ; 
2 – ambient temperature Ò2 = −16 °Ñ; 3 – ambient temperature Ò3 = −23 °Ñ
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