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Ïðîèçâîäèòåëüíîñòü ìàøèííî-òðàêòîðíîãî àãðåãàòà óâåëè÷èâàåòñÿ ñ ïîâûøåíèåì ýíåðãîíàñûùåííîñòè òðàê-
òîðà. Ïîýòîìó ïðåäñòàâëÿåò èíòåðåñ îïðåäåëåíèå ìàêñèìàëüíîé ýíåðãîíàñûùåííîñòè è ñîîòâåòñòâóþùèõ åé 
ïîêàçàòåëåé òÿãîâîé õàðàêòåðèñòèêè òðàêòîðà ñ îöåíêîé åãî ýôôåêòèâíîñòè ïî ïðîèçâîäèòåëüíîñòè è ðàñõîäó 
òîïëèâà ïðè ñðàâíåíèè ñ àíàëîãîì. Ñ ðîñòîì ýíåðãîíàñûùåííîñòè óâåëè÷èâàþòñÿ ðàáî÷àÿ ñêîðîñòü òðàêòîðà è 
òÿãîâîå ñîïðîòèâëåíèå ðàáî÷åãî îðãàíà àãðåãàòà, ñëåäîâàòåëüíî, ïîâûøàåòñÿ ðàñõîä òîïëèâà. Ýòî îáñòîÿòåëü-
ñòâî íåîáõîäèìî ó÷èòûâàòü ïðè ðàñ÷åòå. Îïðåäåëåíèå ìàêñèìàëüíîé ýíåðãîíàñûùåííîñòè òðàêòîðà ñ ó÷åòîì 
îãðàíè÷åíèé ïî ñêîðîñòè è áóêñîâàíèþ – àêòóàëüíàÿ çàäà÷à òåîðèè òðàêòîðà. Öåëü èññëåäîâàíèÿ çàêëþ÷àåòñÿ 
â ðàçðàáîòêå ìåòîäèêè è àëãîðèòìîâ ðàñ÷åòà ìàêñèìàëüíîé ýíåðãîíàñûùåííîñòè òðàêòîðà è ñîîòâåòñòâóþùèõ 
åé ïîêàçàòåëåé òÿãîâîé õàðàêòåðèñòèêè ïðè èçìåíåíèè ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ. Îáúåêò 
èññëåäîâàíèÿ – êîëåñíûé òðàêòîð îáùåãî íàçíà÷åíèÿ. Èñõîäíûé ìàòåðèàë: ïîêàçàòåëè äâèãàòåëÿ è òðàêòîðà; 
êîýôôèöèåíòû, õàðàêòåðèçóþùèå òÿãîâî-ñöåïíûå ñâîéñòâà òðàêòîðà; óðàâíåíèå áàëàíñà ìîùíîñòè òðàêòîðà; 
ôóíêöèÿ áóêñîâàíèÿ; ôóíêöèè ðàñõîäà òîïëèâà äâèãàòåëåì è åãî êðóòÿùåãî ìîìåíòà îò ÷àñòîòû âðàùåíèÿ êî-
ëåí÷àòîãî âàëà. Ìåòîä èññëåäîâàíèÿ – ðàñ÷åò ïî îñíîâíûì ôîðìóëàì òåîðèè òðàêòîðà ïðè èçìåíåíèè ÷àñòîòû 
âðàùåíèÿ êîëåí÷àòîãî âàëà íà îäèí îáîðîò. Èñïîëüçîâàíû ïåðåäàòî÷íûå ÷èñëà òðàíñìèññèè, ðàññ÷èòàííûå ñ 
ó÷åòîì çàäàííûõ çíà÷åíèé íîìèíàëüíîé ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ è êîýôôèöèåíòà åãî 
ïðèñïîñîáëÿåìîñòè ïî êðóòÿùåìó ìîìåíòó. Îñíîâíûå âûâîäû: ïðåäëîæåí êðèòåðèé îïòèìàëüíîñòè çíàìåíà-
òåëÿ ðÿäà ïåðåäà÷ ñ ó÷åòîì êîýôôèöèåíòà ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî êðóòÿùåìó ìîìåíòó; â òÿãîâóþ 
õàðàêòåðèñòèêó òðàêòîðà ââåäåíû äîïîëíèòåëüíûå ïîêàçàòåëè: êîýôôèöèåíòû ïîãåêòàðíîãî ðàñõîäà òîïëèâà, 
ïðîèçâîäèòåëüíîñòè è êðþêîâîé ðàñõîä òîïëèâà íà åäèíèöó ïðîèçâîäèòåëüíîñòè; êðèòåðèåì äëÿ ðàñ÷åòà ìàê-
ñèìàëüíîé ýíåðãîíàñûùåííîñòè ñëóæèò ìàêñèìóì òÿãîâîãî êïä ïðè ìàêñèìóìå òÿãîâîé ìîùíîñòè è êîýôôè-
öèåíòà ïðîèçâîäèòåëüíîñòè íà ñîîòâåòñòâóþùåé ïåðåäà÷å ñ ïðèíÿòîé íà íåé òåîðåòè÷åñêîé ñêîðîñòüþ.
Êëþ÷åâûå ñëîâà: ñåëüñêîõîçÿéñòâåííûé òðàêòîð, ýíåðãîíàñûùåííîñòü, òÿãîâàÿ õàðàêòåðèñòèêà, çíàìåíàòåëü 
ðÿäà ïåðåäà÷, ðàñõîä òîïëèâà.

The efficiency of the machine-tractor unit increases with the increase of the energy saturation of the tractor. There-
fore, it is of interest to determine the maximum energy saturation and the corresponding traction characteristics of 
the tractor with an estimate of its efficiency in terms of productivity and fuel consumption when compared with the 
analog. With increasing energy saturation, the working speed of the tractor and the traction resistance of the working 
element of the unit increase, hence the fuel consumption is increased. This circumstance must be taken into account 
in the calculation. Determination of the maximum energy saturation of the tractor, taking into account speed limits 
and skidding, is an actual task of the tractor theory. The purpose of the study is to develop a methodology and al-
gorithms for calculating the maximum energy saturation of the tractor and its corresponding traction performance 
when the engine speed is changed. The object of investigation is a general purpose wheeled tractor. Source material: 
engine and tractor performance characteristics; coefficients that characterize the traction and coupling properties 
of the tractor; the tractor power balance equation; slipping function; the function of fuel consumption of the engine 
and its torque from the speed of the crankshaft. The method of investigation is the calculation by the basic formulas 
of the theory of the tractor when the rotational speed of the crankshaft is changed by one turnover. Gear ratios of 
the transmission, calculated taking into account the set values of the nominal engine speed and the coefficient of its 
adaptability for torque, are used. Main conclusions: a criterion for the optimality of the denominator of a number of 
gears is proposed, taking into account the coefficient of adaptability of the engine for the torque; in the traction charac-
teristics of the tractor introduced additional indicators: the coefficients of per-hectare fuel consumption, productivity 
and hook consumption of fuel per unit of productivity; the criterion for calculating the maximum energy saturation is 
the maximum traction efficiency at the maximum tractive power and the efficiency factor in the corresponding gear 
with the theoretical speed assumed on it.
Keywords: agricultural tractor, energy saturation, traction characteristics, denominator of a number of gears, fuel 
consumption.
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Ââåäåíèå
Â ðàáîòå Â.À. Ñàìñîíîâà è Þ.Ô. Ëà÷óãè [1] 

íàéäåíû èíòåðâàëû èçìåíåíèÿ ýíåðãîíàñûùåí-
íîñòè òðàêòîðîâ îáùåãî íàçíà÷åíèÿ ïî ìèíèìó-
ìó óäåëüíûõ ýíåðãîçàòðàò. Ñ ðîñòîì ýíåðãîíà-
ñûùåííîñòè óâåëè÷èâàåòñÿ ïðîèçâîäèòåëüíîñòü 
òðàêòîðà. Ìàêñèìàëüíàÿ ïðîèçâîäèòåëüíîñòü 
òðàêòîðà äîñòèãàåòñÿ ïðè ìàêñèìàëüíîé ýíåðãî-
íàñûùåííîñòè, ðàñ÷åò êîòîðîé ñ ó÷åòîì ïðèíÿ-
òûõ îãðàíè÷åíèé ïî ñêîðîñòè è áóêñîâàíèþ – àê-
òóàëüíàÿ çàäà÷à òåîðèè òðàêòîðà. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ìåòîäèêè è àëãîðèòìîâ ðàñ÷åòà ìàêñèìàëüíîé 
ýíåðãîíàñûùåííîñòè òðàêòîðà è ñîîòâåòñòâó-
þùèõ åé ïîêàçàòåëåé òÿãîâîé õàðàêòåðèñòèêè 
ïðè èçìåíåíèè ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî 
âàëà äâèãàòåëÿ. 

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Ìåòîäèêà ðàñ÷åòà ðàññìîòðåíà íà ïðèìåðå 

êîëåñíîãî òðàêòîðà Ê-424 («Êèðîâåö») òÿãîâî-
ãî êëàññà 4 [2].

Èñõîäíûé ìàòåðèàë: ïîêàçàòåëè äâèãàòåëÿ 
è òðàêòîðà; êîýôôèöèåíòû, õàðàêòåðèçóþùèå 
òÿãîâî-ñöåïíûå ñâîéñòâà òðàêòîðà; óðàâíåíèå 
áàëàíñà ìîùíîñòè òðàêòîðà; ôóíêöèÿ áóêñîâà-
íèÿ; çàâèñèìîñòè ðàñõîäà òîïëèâà äâèãàòåëåì 
è åãî êðóòÿùåãî ìîìåíòà îò ÷àñòîòû âðàùåíèÿ 
êîëåí÷àòîãî âàëà. 

Ìåòîä èññëåäîâàíèÿ – ðàñ÷åò ïî îñíîâíûì 
ôîðìóëàì òåîðèè òðàêòîðà ïðè èçìåíåíèè 
÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà íà îäèí 
îáîðîò. 

Ðåçóëüòàòû è îáñóæäåíèå
Ó òðàêòîðà Ê-424 íåîáõîäèìî îòìåòèòü äâà 

ñóùåñòâåííûõ ïîëîæèòåëüíûõ ñâîéñòâà, ïî-
âûøàþùèå åãî ýôôåêòèâíîñòü ïî ñðàâíåíèþ 
ñ àíàëîãàìè â òÿãîâîì êëàññå 4: áîëåå ýêîíî-
ìè÷íûé äâèãàòåëü (óäåëüíûé ðàñõîä òîïëèâà 

g
å
 = 197 ã/(êÂò·÷) ïðè íîìèíàëüíîé ÷àñòîòå âðà-

ùåíèÿ n
í
 = 2300 ìèí–1), âûñîêèé êîýôôèöèåíò 

ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî êðóòÿùåìó 
ìîìåíòó k

ì
 = 1,3 [2].

Èñõîäíûìè äàííûìè ñëóæàò îñíîâíûå ïî-
êàçàòåëè òðàêòîðà Ê-424 (òàáë. 1) [2]. Òåîðåòè-
÷åñêàÿ ñêîðîñòü ïðèíÿòà ñ ó÷åòîì ðåêîìåíäà-
öèé Ã.Ì. Êóòüêîâà [3].

Íà ïðèìåðå Ê-424 ðàññìîòðèì ðåøåíèå ñëå-
äóþùèõ çàäà÷:

– ðàñ÷åò òÿãîâîé õàðàêòåðèñòèêè ïðè ýíåð-
ãîíàñûùåííîñòè Ý = N

í
/m = 176,5/10,6 = 16,65 

êÂò/ò (îáîçíà÷èì ÒÕ1);
– ðàñ÷åò ìàêñèìàëüíîé ýíåðãîíàñûùåííî-

ñòè Ý
ì
;

– ðàñ÷åò òÿãîâîé õàðàêòåðèñòèêè ïðè Ý
ì
 

(îáîçíà÷èì ÒÕ2);
– îöåíêà ýôôåêòèâíîñòè òðàêòîðà ñ ÒÕ2 è 

ÒÕ1.
Ïîêàçàòåëè, íåîáõîäèìûå äëÿ ðàñ÷åòà òÿ-

ãîâîé õàðàêòåðèñòèêè: N
í
 – íîìèíàëüíàÿ ìîù-

íîñòü äâèãàòåëÿ, Âò; m – ýêñïëóàòàöèîííàÿ 
ìàññà òðàêòîðà, êã; n

í
, n

ì
, n

õ
 – ñîîòâåòñòâåííî, 

÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ 
íîìèíàëüíàÿ, ïðè ìàêñèìàëüíîì êðóòÿùåì 
ìîìåíòå, õîëîñòîãî õîäà, ìèí–1; k

ì
 – êîýôôè-

öèåíò ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî êðóòÿ-
ùåìó ìîìåíòó; Ì

í
, Ì

ì
 – ñîîòâåòñòâåííî, íî-

ìèíàëüíûé è ìàêñèìàëüíûé êðóòÿùèé ìîìåíò 
äâèãàòåëÿ, Í·ì; ε

N
, ε

ì
 – ñîîòâåòñòâåííî, êîýô-

ôèöèåíò çàãðóçêè äâèãàòåëÿ ïî ìîùíîñòè è 
ìîìåíòó; n – êîëè÷åñòâî ðàáî÷èõ ïåðåäà÷; q – 
çíàìåíàòåëü ãåîìåòðè÷åñêîãî ðÿäà ïåðåäà÷; 
Ð

êð1
…Ð

êðn
 – äèàïàçîí òÿãîâîãî óñèëèÿ òðàêòî-

ðà íà ïåðåäà÷àõ 1…n, Í; v
ò1

…v
òn

 – äèàïàçîí òå-
îðåòè÷åñêîé ñêîðîñòè íà ïåðåäà÷àõ 1…n, êì/÷; 
η

ì
 – êïä òðàíñìèññèè; δ – áóêñîâàíèå; f – êî-

ýôôèöèåíò ñîïðîòèâëåíèÿ êà÷åíèþ òðàêòîðà; 
i
ò1

…i
òn

 – äèàïàçîí ïåðåäàòî÷íûõ ÷èñåë òðàíñ-
ìèññèè íà ïåðåäà÷àõ 1…n; r

ê
 – ðàäèóñ êà÷åíèÿ 

êîëåñà.

Òàáëèöà 1
Èñõîäíûå äàííûå äëÿ ðàñ÷åòà

Ïîêàçàòåëè Çíà÷åíèå Ïîêàçàòå ëè Çíà÷åíèå

N
í
, êÂò [2] (äâèãàòåëü ßÌÇ-53625) 176,5 r

ê
, ì [2] (øèíà 23,1R26) 0,8

m, ò [2] 10,6 v
ò1

, êì/÷ [3] 10

k
ì
 [2] 1,3 v

òn
, êì/÷ [3] 17

n
í
, ìèí–1 [2] 2300 η

ì
 [4] 0,9

n
ì
, ìèí–1 [2] 1600 f [3, 4] 0,12

n
õ
, ìèí–1 [2] 2500 – –
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Ðàñ÷åò ôóíêöèè q(n, kì). Äëÿ îïðåäåëåíèÿ 
çíàìåíàòåëÿ ñêîðîñòíîãî ðÿäà ñ n ðàáî÷èõ 
ïåðåäà÷ èñïîëüçóåì óñëîâèå ñîãëàñîâàííîñòè 
ðàáîòû äâèãàòåëÿ è òðàíñìèññèè [3]:

 q  1/k ,  (1)
îòêóäà:
 q – 1/k   0,  (2)
ãäå 

 
1

ò1 ò/ .n
nq v v   (3)

Ñ óâåëè÷åíèåì n ïðè k
ì
 = const âîçðàñòàåò 

q è óâåëè÷èâàåòñÿ ëåâàÿ ÷àñòü âûðàæåíèÿ (2). 
Ïðè êàêîì-òî çíà÷åíèè n îíà äîñòèãíåò ìàêñè-
ìóìà. Â ýòîì ñëó÷àå êðèòåðèé îïòèìàëüíîñòè 
äëÿ ðàñ÷åòà q è n çàïèøåì êàê, %:

 F
n
 = 100(q – 1/k )/(n – 1) → max.  (4)

Àëãîðèòì ðàñ÷åòà ôóíêöèè q(n, k
ì
): ïðè èç-

ìåíåíèè â öèêëå n äëÿ êàæäîãî çàäàâàåìîãî 
çíà÷åíèÿ k

ì
 ðàññ÷èòûâàåì (3) è (4). Ðåçóëüòàòû 

ðàñ÷åòà ïðè k
ì
 = 1,3 ïðåäñòàâëåíû â òàáë. 2. 

Ìàêñèìóì F
n
 = 2,6633 îïðåäåëÿåò îïòèìàëü-

íûå çíà÷åíèÿ n  5 è q = 0,8757. Ïðè ýòîì âû-
ïîëíÿåòñÿ îãðàíè÷åíèå (1): 0,8757 > 1/1,3 = 
0,7518. 

Ðàñ÷åò ïåðåäàòî÷íûõ ÷èñåë òðàíñìèññèè 
è òåîðåòè÷åñêîé ñêîðîñòè íà ïåðåäà÷àõ. 

Èñõîäíîå ïåðåäàòî÷íîå ÷èñëî íàõîäèì ïðè 
v

ò1
 = 10 êì/÷:

i
ò1

 = (n
í
r

ê
/30)/v

ò1
 = 

= (3,14 · 2300 · 0,8/30)/(10/3,6) = 69,3312.

Ïåðåäàòî÷íûå ÷èñëà è òåîðåòè÷åñêèå ñêîðî-
ñòè íà ïåðåäà÷àõ:

i
òj
 = i

ò1
qj–1 = 69,3312qj–1;

v
òj
 = v

ò1
/qj–1 = 10/qj–1,

ãäå j = 2…n; q = 0,8757. 
Ðåçóëüòàòû ðàñ÷åòà ïðåäñòàâëåíû â òàáë. 3.
Ôóíêöèè Ìå(nå). Äëÿ ðàñ÷åòà íåîáõîäèìû 

ôóíêöèè òåêóùåãî êðóòÿùåãî ìîìåíòà Ì
å
(n

e
) 

îò ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà íà êîð-
ðåêòîðíîì è ðåãóëÿòîðíîì ó÷àñòêàõ ñêîðîñò-
íîé õàðàêòåðèñòèêè äâèãàòåëÿ. Ïî àíàëîãèè ñ 
äâèãàòåëÿìè ßÌÇ-53622, ßÌÇ-53622-10, ßÌÇ-
53622-30 [5] èõ ïðèíèìàåì ïðÿìûìè: 

– íà êîððåêòîðíîì ó÷àñòêå 

 Ì
å
 = Ì

í
 + (Ì

ì
 – Ì

í
)(n

í
 – n

å
)/(n

í
 – n

å
); (5)

– íà ðåãóëÿòîðíîì ó÷àñòêå 

 Ì
å
 = Ì

í
(n

õ
 – n

å
)/(n

õ
 – n

í
).  (6)

Ôóíêöèÿ áóêñîâàíèÿ δ(φêð). Åå íàõîäèì àï-
ïðîêñèìàöèåé êðèâîé δ(φ

êð
), ïîëó÷åííîé ïî îñ-

ðåäíåííûì äàííûì äëÿ êîëåñíûõ òðàêòîðîâ [3]:

δ = 0,02879397 + 0,1489948φ
êð

 – 

 – 0,6006476φ
êð

2 + 1,929105φ
êð

3.  (7)

Èñïîëüçóåì (7) äëÿ ðàñ÷åòà ìàêñèìàëüíî-
ãî òÿãîâîãî ÊÏÄ. Àëãîðèòì ðàñ÷åòà (èçìåíÿ-
åì φ

êð
 â öèêëå ñ øàãîì 0,01): ôóíêöèÿ (7); ηδ = 

= 1 – δ – êîýôôèöèåíò, ó÷èòûâàþùèé ïîòåðè 
ýíåðãèè íà áóêñîâàíèå; η f = φкр/(φêð

 + f) – êî-
ýôôèöèåíò, ó÷èòûâàþùèé ïîòåðè ýíåðãèè íà 
êà÷åíèå òðàêòîðà; ηт = ηмηδη f – òÿãîâûé ÊÏÄ.

Ðåçóëüòàòû ðàñ÷åòà: ìàêñèìàëüíûé òÿãîâûé 
ÊÏÄ 

òì
 = 0,612545 ïðè δ = 10,9 %. Ïîëó÷åí-

íîå çíà÷åíèå η
òì

 èñïîëüçóåì äàëåå äëÿ îïðåäå-
ëåíèÿ ìàêñèìàëüíîé ýíåðãîíàñûùåííîñòè.

Ôóíêöèÿ ge(nå) óäåëüíîãî ðàñõîäà òîïëè âà 
äâèãàòåëåì. Èñïîëüçóåì äàííûå èç ðóêî-
âîäñòâà [5]: ó äâèãàòåëåé ßÌÇ-53622, 
ßÌÇ-53622-10, ßÌÇ-53622-30 ñ n

í
 = 2300 ìèí–1 

ôóíêöèÿ g
e
(n

å
) ïî âñåé ñêîðîñòíîé õàðàêòåðè-

ñòèêå – ïðÿìàÿ ëèíèÿ, ã/(êÂò·÷): 

g
e
 = 155 + 0,025n

å
.

Ïî àíàëîãèè ñ ýòîé ôîðìóëîé, ó÷èòûâàÿ 
÷òî ó äâèãàòåëÿ ßÌÇ-53625 ïðè n

í
 =2300 ìèí–1 

g
e
 = 197 ã/(êÂò·÷), íàéäåì ôóíêöèþ g

e
(n

å
) ó òðàê-

òîðà Ê-424: 
 g

e
 = 139,5 + 0,025n

å
.  (8)

Òàáëèöà 2
Ôóíêöèÿ q(n, kì) ïðè kì = 1,3

n 4 5 6 7
q 0,8378 0,8757 0,8993 0,9153
F

n 2,2884 2,6633 max 2,6016 2,4354

Òàáëèöà 3
Ðàñ÷åòíûå ïåðåäàòî÷íûå ÷èñëà òðàíñìèññèè è òåîðåòè÷åñêèå ñêîðîñòè

i
òj 69,3312 60,7133 53,1666 46,5580 40,7709

v
òj

, êì/÷ 10,00 11,42 13,04 14,89 17,00
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Äîïîëíèòåëüíûå ïîêàçàòåëè òÿãîâîé õà-
ðàêòåðèñòèêè. Â ðàáîòå [1] ïîêàçàíî, ÷òî ýê-
âèâàëåíòîì ïðîèçâîäèòåëüíîñòè ñëóæèò êîýô-
ôèöèåíò (ìîùíîñòü äëÿ åå äîñòèæåíèÿ), êÂò:

 k
ï
 = N

êð
/μ,  (9)

ãäå N
êð

 – òÿãîâàÿ ìîùíîñòü, êÂò; μ = 0,052v2 +
+ 0,9 – áåçðàçìåðíûé êîýôôèöèåíò, ó÷èòûâàþ-
ùèé óâåëè÷åíèå óäåëüíîãî òÿãîâîãî ñîïðîòèâëå-
íèÿ ïðè ïîâûøåíèè ðàáî÷åé ñêîðîñòè (íà ñòåðíå).

Ïðîèçâîäèòåëüíîñòè ñ êîýôôèöèåíòîì k
ï
 

ñîîòâåòñòâóåò îïðåäåëåííûé ïîãåêòàðíûé 
ðàñõîä òîïëèâà, ýêâèâàëåíòîì êîòîðîãî 
ñëóæèò áåçðàçìåðíûé êîýôôèöèåíò [1]:

 gг = μ/ηт.  (10)

Äâèãàòåëü òðàêòîðà ðàñõîäóåò íà åäèíèöó 
òÿãîâîé ìîùíîñòè N

êð
, êÂò, (íà ñîçäàíèå åäè-

íèöû ïîëåçíîé ýíåðãèè â åäèíèöó âðåìåíè) 
òîïëèâî â êîëè÷åñòâå g

êð
 = g

e
/η

ò
, ã/(êÂò·÷), –

ðàñõîä òîïëèâà (ïîëåçíûé) íà åäèíèöó òÿãîâîé 
ìîùíîñòè (èëè êðþêîâîé ðàñõîä òîïëèâà). Ýòî 
êîëè÷åñòâî òîïëèâà îáåñïå÷èâàåò ïðîèçâîäè-
òåëüíîñòü ñ êîýôôèöèåíòîì k

ï
.

Ïîêàçàòåëü ýôôåêòèâíîñòè òðàêòîðà ïî ïî-
ëåçíîìó ðàñõîäó òîïëèâà, ã/(êÂò·÷)/êÂò:

 g
êðî

 = g
êð

/k
ï
.  (11)

Ôèçè÷åñêèé ñìûñë g
êðî

: ïîëåçíûé ðàñõîä òî-
ïëèâà íà åäèíèöó ïðîèçâîäèòåëüíîñòè (îòíî-
ñèòåëüíûé ðàñõîä òîïëèâà èëè ñòîèìîñòü åäè-
íèöû ïðîèçâîäèòåëüíîñòè). Ïîêàçàòåëü g

êðî
 – 

îáîáùåííûé êðèòåðèé ýôôåêòèâíîñòè òðàêòî-
ðà ïî ïðîèçâîäèòåëüíîñòè è ðàñõîäó òîïëèâà: 
÷åì ìåíüøå g

êðî
, òåì ýôôåêòèâíåå òðàêòîð ïî 

ñðàâíåíèþ ñ àíàëîãîì. 
Ïîêàçàòåëè k

ï
, g

ã
, g

êðî
 âêëþ÷àåì â òÿãîâóþ 

õàðàêòåðèñòèêó òðàêòîðà â êà÷åñòâå îñíîâíûõ. 
Èñïîëüçóÿ èõ, ìîæíî ðàññ÷èòàòü ïðîèçâîäè-
òåëüíîñòü, ãà/÷, ïîãåêòàðíûé ðàñõîä òîïëèâà, 
êã/ãà, è ñòîèìîñòü åäèíèöû ïðîèçâîäèòåëü-
íîñòè, êã/(ãà/÷) èëè ð./(ãà/÷), íà âûïîëíÿåìîé 
òðàêòîðîì òåõíîëîãè÷åñêîé îïåðàöèè. 

Ðàñ÷åò ìàêñèìàëüíîé ýíåðãîíàñûùåííî-
ñòè. Ìàêñèìàëüíóþ ýíåðãîíàñûùåííîñòü Ý

ì
 

îïðåäåëÿåì íà ïåðåäà÷å, íà êîòîðîé äîñòèãàåò-

ñÿ ìàêñèìàëüíûé òÿãîâûé ÊÏÄ η
òì

 = 0,612545 
ïðè ìàêñèìàëüíîé òÿãîâîé ìîùíîñòè.

Àëãîðèòì ðàñ÷åòà (àëãîðèòì 1; â ïðîãðàì-
ìó ââîäèì i

òj
 èç òàáë. 3, Ý, n

í
, n

ì
, n

õ
, m = 10 600 

êã, f): N
í
 = Ým; Ì

í
 = 30N

í
/n

í
; Ì

ì
 = k

ì
Ì

í
; åñëè 

äâèãàòåëü ðàáîòàåò íà ðåãóëÿòîðíîì ó÷àñò-
êå ñêîðîñòíîé õàðàêòåðèñòèêè – ôîðìóëà (6); 
ïðè ðàáîòå äâèãàòåëÿ íà êîððåêòîðíîì ó÷àñòêå 
ñêîðîñòíîé õàðàêòåðèñòèêè – ôîðìóëà (5); εм = 
Ме/Мн; εN = εмnе/nн; Рк = ηмεмМнiтj/rк; vт = ηмεNNн/
Рк; Ркр = Рк – mgf; φкр = Ркр/mg; δ – по формуле 
(7); ηδ = 1 – δ; v = vтηδ; Nкр = Ркрv; ηт = Nкр/εNNн.

Ïî àëãîðèòìó 1 ìåòîäîì ïîäáîðà îïðåäå-
ëèëè, ÷òî ìàêñèìàëüíûé òÿãîâûé ÊÏÄ η

òì
 = 

0,612544 äîñòèãàåòñÿ íà ïåðåäà÷å ñ i
ò
 = 46,558 

ïðè Ý
ì
 = 22,6 êÂò/ò è âûïîëíåíèè îãðàíè÷åíèé 

ïî ñêîðîñòè è áóêñîâàíèþ. Ðåçóëüòàòû ðàñ÷å-
òà ïðèâåäåíû â òàáë. 4.

Íîìèíàëüíàÿ ìîùíîñòü äâèãàòåëÿ òðàê-
òîðà Ê-424 ïðè Ý

ì
 = 22,6 êÂò/ò ñîñòàâëÿåò 

N
í
 = 22,6 · 10,6 = 239,56 êÂò.
Ðàñ÷åò òÿãîâûõ õàðàêòåðèñòèê ÒÕ1 

è ÒÕ2. Ïîêàçàòåëè òÿãîâûõ õàðàêòåðèñòèê 
ðàññ÷èòûâàåì ïî ìàêñèìóìó k

ï
 ïðè ìàêñèìó-

ìå N
êð

, n
å
 èçìåíÿåì â öèêëå ñ øàãîì 1 ìèí–1. 

Àëãîðèòì ðàñ÷åòà (àëãîðèòì 2; â ïðîãðàììó 
ââîäèì i

òj
 èç òàáë. 3, N

í
, n

í
, n

ì
, n

õ
, m = 10 600 

êã, f): Ì
í
 = 30N

í
/n

í
; Ì

ì
= k

ì
Ì

í
; åñëè äâèãàòåëü 

ðàáîòàåò íà ðåãóëÿòîðíîì ó÷àñòêå ñêîðîñòíîé 
õàðàêòåðèñòèêè – ôîðìóëà (6); ïðè ðàáîòå äâè-
ãàòåëÿ íà êîððåêòîðíîì ó÷àñòêå ñêîðîñòíîé 
õàðàêòåðèñòèêè – ôîðìóëà (5); εм = Ме/Мн; εN = 
εмnе/nн; Рк = ηмεмМнiтj/rк; vт = ηмεNNн/Рк; Ркр = Рк – 
mgf; φкр = Ркр/mg; δ – по формуле (7); ηδ = 1 – δ; 
v = vтηδ; Nкр = Ркрv; ηт = Nкр/εNNн; ge – по формуле 
(8); gкр = ge/ηт; μ = 0,052v2 + 0,9; kп – ïî ôîðìóëå 
(9); g

ã
 – ïî ôîðìóëå (10); g

êðî
 – ïî ôîðìóëå (11). 

Ðåçóëüòàòû ðàñ÷åòà ïî àëãîðèòìó 2 ïðåä-
ñòàâëåíû â òàáë. 5: âåðõíèå ñòðîêè – ÒÕ1 ïðè 
Ý = 16,65 êÂò/ò; íèæíèå ñòðîêè – ÒÕ2 ïðè 
Ý

ì
 = 22,6 êÂò/ò. Èç òàáëèöû ñëåäóåò, ÷òî òðàê-

òîð ïðè Ý
ì
 = 22,6 êÂò/ò ñóùåñòâåííî ýôôåê-

òèâíåå ïî ïðîèçâîäèòåëüíîñòè (áîëüøå k
ï
) è 

ïî îòíîñèòåëüíîìó ðàñõîäó òîïëèâà (ìåíüøå 
g

êðî
). Áóêñîâàíèå íà ïåðåäà÷àõ 1 è 2 ñîèçìåðè-

ìî ñ áóêñîâàíèåì íà ñòåðíå äðóãèõ êîëåñíûõ 

Òàáëèöà 4

Ðåçóëüòàòû ðàñ÷åòà òÿãîâîãî ÊÏÄ ïðè Ýì = 22,6 êÂò/ò (i
ò
 = 46,558, vò = 14,87 êì/÷, δ = 10,6 %)

n
å
, ìèí–1 2294 2295 2296  2297 2298

N
êð

, Âò 146 736,3 146 736,7 146 737,1 146 737,3 146 737,4
η

ò 0,612551 0,612548 0,612544 max 0,612541 0,612537
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òðàêòîðîâ [6]: ÌÒÇ-82 – 25 %, Ò-150Ê – 23,5 %, 
Ê-701 – 23,9 %. 

Ïðè Ý
ì
 = 22,6 êÂò/ò íà ïåðåäà÷àõ 1 è 2 òðàêòîð 

ìîæåò ðàáîòàòü ñ íîìèíàëüíûì òÿãîâûì óñèëè-
åì. Ïî àëãîðèòìó 2 íàõîäèì ïîêàçàòåëè ðåæèìîâ:

– ïåðåäà÷à 1 – n
e
 = 2352 ìèí–1; ε

N
 = 0,757; 

Ð
êð

 = 44,959 êÍ; v
ò
 = 10,23 êì/÷; N

êð
 = 110,233 êÂò; 

η
ò
 = 0,6088; δ = 13,7 %; k

ï
 = 90,905 êÂò; 

g
êðî

 = 3,587 (ã/êÂò·÷)/êÂò;
– ïåðåäà÷à 2 – n

e
 = 2351 ìèí–1; ε

N
 = 0,856; 

Ð
êð

 = 44,956 êÍ; v
ò
 = 11,57 êì/÷; N

êð
 = 127,751 êÂò; 

η
ò
 = 0,6081; δ = 13,7 %; k

ï
 = 95,931 êÂò; 

g
êðî

 = 3,390 (ã/êÂò·÷)/êÂò.
Íà ýòèõ ðåæèìàõ òðàêòîð ðàáîòàåò ñ íåäî-

ãðóçêîé ïî ìîùíîñòè, íî åãî ïðîèçâîäèòåëü-

íîñòü áîëüøå (áîëüøå k
ï
) è îòíîñèòåëüíûé 

ðàñõîä òîïëèâà ìåíüøå (ìåíüøå g
êðî

), ÷åì ïðè 
ðàáîòå ñ òÿãîâîé õàðàêòåðèñòèêîé ÒÕ1.

Ïîêàçàòåëè ýôôåêòèâíîñòè Ê-424 ñ òÿ-
ãîâûìè õàðàêòåðèñòèêàìè ÒÕ1 è ÒÕ2. Ïî-
êàçàòåëè â ïîñëåäíèõ òðåõ ñòðîêàõ òàáë. 5 ðàñ-
ñ÷èòàíû ïî ôîðìóëàì:

– ïðîèçâîäèòåëüíîñòü, ãà/÷:

 = 0,36k /k
0
;

– ïîãåêòàðíûé ðàñõîä òîïëèâà, êã/ãà:

G  = 2,77k
0
g g ;

– ïîãåêòàðíûé ðàñõîä òîïëèâà íà åäèíèöó 
ïðîèçâîäèòåëüíîñòè (îòíîñèòåëüíûé ðàñõîä 

Òàáëèöà 5
Ðàñ÷åòíûå òÿãîâûå õàðàêòåðèñòèêè ÒÕ1 (âåðõíèå ñòðîêè, Ý = 16,65 êÂò/ò) è ÒÕ2 

(íèæíèå ñòðîêè, Ýì = 22,6 êÂò/ò)

Ïîêàçàòåëè

i
ò
, íîìåð ïåðåäà÷è

69,3 312
1

60,7133
2

53,1666
3

46,5580
4

40,7709
5

35,7031
6

Çíà÷åíèÿ ïîêàçàòåëåé

n
e
, ìèí–1 2300

2319
2255
2300

2148
2300

2078
2214

2030
2097

1852
2055

ε
N

1,000
0,912

0,999
1,000

0,995
1,000

0,989
1,000

0,985
0,996

0,960
0,987

ε
ì

1,000
0,905

1,019
1,000

1,065
1,000

1,095
1,002

1,116
1,05

1,192
1,105

Ð
êð

, êÍ 44,708
57,765

38,565
55,491

34,231
46,779

29,577
39,502

25,042
35,651

22,625
31,493

v
ò
, êì/÷ 10,00

10,08
11,20
11,42

12,18
13,04

13,45
14,87

15,01
15,98

15,64
17,35

v, êì/÷ 8,52
7,49

9,93
8,79

11,03
11,09

12,44
13,31

14,22
14,50

14,81
16,09

N
êð

, êÂò 105,791
120,221

106,324
135,464

104,273
144,050

102,246
146,076

98,914
144,524

93,095
140,792

η
ò

0,5994
0,5500

0,6028
0,5655

0,5973
0,6040

0,5855
0,6125

0,5621
0,6087

0,5495
0,5979

δ, % 14,8
25,7

11,1
23,0

9,4
15,0

7,5
10,4

5,3
8,7

5,0
7,2

g
êð

, ã/(êÂò·÷) 329
359

325
348

323
326

327
321

334
318

338
319

g
ã

1,987
2,046

2,149
2,140

2,324
2,306

2,599
2,630

3,007
2,883

3,240
3,243

k
ï
, êÂò 88,813

106,841
82,087

111,964
75,553

103,403
67,205
90,670

57,800
82,371

52,288
72,601

g
êðî

, (ã/êÂò·÷)/êÂò 3,701
3,361

3,959
3,112

4,281
3,154

4,866
3,545

5,784
3,861

6,466
4,397

g
å
, ã/(êÂò·÷) 197,000

197,475
195,875
197,000

193,200
197,000

191,450
196,900

190,250
193,550

185,800
190,875

Ï, ãà/÷ 1,776
2,136

1,641
2,239

1,511
2,078

1,344
1,823

1,156
1,652

1,045
1,457

G
ã
, êã/ãà 19,517

20,145
21,202
21,019

22,386
22,640

24,809
25,790

28,524
27,892

30,015
30,941

G
ãï

, (êã/ãà)/(ãà/÷) 10,989
9,431

12,920
9,587

14,815
10,895

18,459
14,147

24,674
16,883

28,722
21,236
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òîïëèâà, ñòîèìîñòü åäèíèöû ïðîèçâîäèòåëü-
íîñòè), (êã/ãà)/(ãà/÷):

G
ãï

 = G
ã
/Ï,

ãäå k
0
 – óäåëüíîå òÿãîâîå ñîïðîòèâëåíèå ïëóãà 

ïðè ñêîðîñòè 5 êì/÷, êÍ/ì (ïðè ðàñ÷åòå ïðèíÿòû: 
óäåëüíîå ñîïðîòèâëåíèå ïî÷âû – 60 êÍ/ì2, ãëó-
áèíà îáðàáîòêè – 0,3 ì, k

0
 = 60 · 0,3 = 18 êÍ/ì).

Ïîêàçàòåëè g
êðî

 è G
ãï

 – ýêâèâàëåíòíû; 
ïåðâûé íå ó÷èòûâàåò ñîïðîòèâëåíèå ïî÷âû, è 
åãî óäîáíåå ïðèìåíÿòü ïðè ïðîåêòèðîâàíèè, 
âòîðîé îöåíèâàåò ýôôåêòèâíîñòü òðàêòîðà 
â êîíêðåòíûõ óñëîâèÿõ ýêñïëóàòàöèè. ×åì 
ìåíüøå G

ãï
, òåì ýôôåêòèâíåå òðàêòîð. 

Ñðåäíèå ãåîìåòðè÷åñêèå çíà÷åíèÿ Ï, G
ã
 è 

G
ãï

 ïî âñåìó òÿãîâîìó äèàïàçîíó:
– õàðàêòåðèñòèêà ÒÕ1 –

Ï = 1,388 ãà/÷; G
ã
 = 24,117 êã/ãà; 

G
ãï

 = 17,375 (êã/ãà)/(ãà/÷);

– õàðàêòåðèñòèêà ÒÕ2 –

Ï = 1,876 ãà/÷; G
ã
 = 24,448 êã/ãà; 

G
ãï

 = 13,075 (êã/ãà)/(ãà/÷).

Ïðè íåçíà÷èòåëüíî áîëüøåì ïîãåêòàð-
íîì ðàñõîäå òîïëèâà òðàêòîð Ê-424 ñ ÒÕ2 
ýôôåêòèâíåå: ïî ïðîèçâîäèòåëüíîñòè – íà 
100·(1,876/1,388) – 1 = 35,1 %, ïî îòíîñèòåëü-
íîìó ðàñõîäó òîïëèâà – íà 100·(13,075/17,375) –
– 1 = –24,7 %; çà 1 ÷ ðàáîòû ïðè îáðàáîòêå 
1 ãà ðàñõîä òîïëèâà ìåíüøå íà 17,375 – 13,075 = 
= 4,3 êã, òî åñòü ýêîíîìèÿ òîïëèâà çà 10 ÷ 
ðàáîòû (îäíà ñìåíà) ñîñòàâèò 43 êã.

Òàêèì îáðàçîì, äëÿ òðàêòîðà Ê-424 ñ ýêñ-
ïëóàòàöèîííîé ìàññîé 10,6 ò ìàêñèìàëüíàÿ 
ýíåðãîíàñûùåííîñòü, ïðè êîòîðîé ñóùå-
ñòâåííî óâåëè÷èâàåòñÿ ïðîèçâîäèòåëüíîñòü è 
óìåíüøàåòñÿ îòíîñèòåëüíûé ðàñõîä òîïëèâà, 
ñîñòàâëÿåò 22,6 êÂò/ò.

Âûâîäû
1. Ïðåäëîæåí êðèòåðèé îïòèìàëüíîñòè çíà-

ìåíàòåëÿ ðÿäà ïåðåäà÷ ñ ó÷åòîì êîýôôèöèåíòà 
ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî êðóòÿùåìó 
ìîìåíòó.

2. Â òÿãîâóþ õàðàêòåðèñòèêó òðàêòîðà ââå-
äåíû äîïîëíèòåëüíûå ïîêàçàòåëè: êîýôôèöè-
åíòû ïîãåêòàðíîãî ðàñõîäà òîïëèâà, ïðîèç-
âîäèòåëüíîñòè è êðþêîâîé ðàñõîä òîïëèâà íà 
åäèíèöó ïðîèçâîäèòåëüíîñòè. Èñïîëüçóÿ èõ, 
ìîæíî ðàññ÷èòàòü ïðîèçâîäèòåëüíîñòü, ïîãåê-
òàðíûé ðàñõîä òîïëèâà è ñòîèìîñòü åäèíèöû 
ïðîèçâîäèòåëüíîñòè. 

3. Ìàêñèìàëüíàÿ ýíåðãîíàñûùåííîñòü òðàê-
òîðà îïðåäåëÿåòñÿ ìàêñèìóìîì òÿãîâîãî êïä ïðè 
ìàêñèìóìå òÿãîâîé ìîùíîñòè è êîýôôèöèåíòà 
ïðîèçâîäèòåëüíîñòè íà ñîîòâåòñòâóþùåé ïåðå-
äà÷å ñ ïðèíÿòîé íà íåé òåîðåòè÷åñêîé ñêîðîñòüþ.

Ëèòåðàòóðà
1. Ñàìñîíîâ Â.À., Ëà÷óãà Þ.Ô. Ðàñ÷åò îïòèìàëü-

íûõ çíà÷åíèé ìîùíîñòè è ýíåðãîíàñûùåííîñòè 
ñåëüñêîõîçÿéñòâåííîãî òðàêòîðà // Òðàêòîðû è 
ñåëüõîçìàøèíû. 2017. № 7. Ñ. 25–32.

2. Îïèñàíèå îñíîâíûõ óçëîâ è òåõíè÷åñêèå õàðàêòå-
ðèñòèêè òðàêòîðà Ê-424 «Êèðîâåö». URL: http://
kirovets-ptz.com/rus/i_dc1/ci_i/63/informatsiya_
pro_k-4f__1_.pdf

3. Êóòüêîâ Ã.Ì. Òðàêòîðû è àâòîìîáèëè. Òåîðèÿ è òåõ-
íîëîãè÷åñêèå ñâîéñòâà. Ì.: ÊîëîñÑ, 2004. 504 ñ.

4. Ñêîòíèêîâ Â.À., Ìàùåíñêèé À.À., Ñîëîí-
ñêèé À.Ñ. Îñíîâû òåîðèè è ðàñ÷åòà òðàêòîðà è 
àâòîìîáèëÿ. Ì.: Àãðîïðîìèçäàò, 1986. 384 ñ.

5. Äâèãàòåëè ßÌÇ-536, ßÌÇ-5361, ßÌÇ-5362, 
ßÌÇ-5363, ßÌÇ-5364, èõ ìîäèôèêàöèè è êîì-
ïëåêòàöèè. Ðóêîâîäñòâî ïî ýêñïëóàòàöèè / Ïîä 
ðåä. Í.Ë. Øàìàëÿ. ßðîñëàâëü: ÎÀÎ «Àâòîäè-
çåëü», 2013. 240 ñ.

6. Àíòîíîâ À.Ï., Àíòûøåâ Í.Ì., Áàííèê À.Ï. è äð. 
Òÿãîâûå õàðàêòåðèñòèêè ñåëüñêîõîçÿéñòâåííûõ 
òðàêòîðîâ. Àëüáîì-ñïðàâî÷íèê. Ì.: Ðîññåëüõî-
çèçäàò, 1979. 240 ñ.

References
1. Samsonov V.A., Lachuga Yu.F. Calculation of opti-

mum power and energy saturation of an agricultur-
al tractor. Traktory i sel’khozmashiny. 2017. No 7, 
pp. 25–32.

2. Opisanie osnovnykh uzlov i tekhnicheskie kharak-
teristiki traktora K-424 «Kirovets» URL: http://
kirovets-ptz.com/rus/i_dc1/ci_i/63/informatsiya_
pro_k-4f__1_.pdf

3. Kut’kov G.M. Traktory i avtomobili. Teoriya i tekh-
nologicheskie svoystva [Tractors and automobiles. 
Theory and technological properties]. Moscow: 
KolosS Publ., 2004. 504 p.

4. Skotnikov V.A., Mashchenskiy A.A., Solonskiy 
A.S. Osnovy teorii i rascheta traktora i avtomobilya 
[The fundamentals of the theory and calculation of 
tractor and automobile]. Moscow: Agropromizdat 
Publ., 1986. 384 p.

5. Dvigateli YaMZ-536, YaMZ-5361, YaMZ-5362, 
YaMZ-5363, YaMZ-5364, ikh modifikatsii i kom-
plektatsii. Rukovodstvo po ekspluatatsii [Engines 
YMZ-536, YMZ-5361, YMZ-5362, YMZ-5363, 
YMZ-5364, their modifications and configurations. 
Manual]. Pod red. N.L. Shamalya. Yaroslavl’: OAO 
«Avtodizel’» Publ., 2013. 240 p.

6. Antonov A.P., Antyshev N.M., Bannik A.P. i dr. 
Tyagovye kharakteristiki sel’skokhozyaystvennykh 
traktorov. Al’bom-spravochnik [Traction charac-
teristics of agricultural tractors. Album-directory]. 
Moscow: Rossel’khozizdat Publ., 1979.  240 p.


