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Îäíèì èç îñíîâíûõ ïîêàçàòåëåé êîððåêòîðíîãî ó÷àñòêà ñêîðîñòíîé õàðàêòåðèñòèêè òðàêòîðíîãî äâèãàòåëÿ 
ñëóæèò åãî êîýôôèöèåíò ïðèñïîñîáëÿåìîñòè ïî êðóòÿùåìó ìîìåíòó. Â ñòàòüå èçëîæåí ìåòîä îáùåãî 
ðåøåíèÿ çàäà÷è ïî ðàñ÷åòó ýòîãî êîýôôèöèåíòà. Ìåòîä çàêëþ÷àåòñÿ â ìèíèìèçàöèè ðàçíîñòè äâóõ 
ôóíêöèé (êðèòåðèÿ îïòèìàëüíîñòè): ïåðâàÿ – çàâèñèìîñòü çíàìåíàòåëÿ ãåîìåòðè÷åñêîãî ðÿäà ïåðåäà÷ îò 
êîýôôèöèåíòà ïðèñïîñîáëÿåìîñòè, âòîðàÿ – çàâèñèìîñòü çíàìåíàòåëÿ îò ñèëîâîãî äèàïàçîíà òðàêòîðà, 
òî åñòü îò îòíîøåíèÿ êàñàòåëüíîé ñèëû òÿãè íà ïîñëåäíåé ïåðåäà÷å ê òàêîé æå ñèëå íà ïåðâîé ïåðåäà÷å. 
Ñ ó÷åòîì íàéäåííîãî êîýôôèöèåíòà ïðèñïîñîáëÿåìîñòè ïî ìîìåíòó îïðåäåëåíû ÷àñòîòà âðàùåíèÿ âàëà 
äâèãàòåëÿ ïðè ìàêñèìàëüíîì ìîìåíòå, êîýôôèöèåíò ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî ÷àñòîòå âðàùåíèÿ 
âàëà, òÿãîâûé è ñêîðîñòíîé äèàïàçîíû, òåîðåòè÷åñêàÿ ñêîðîñòü íà ïîñëåäíåé ïåðåäà÷å. ×àñòîòà âðàùåíèÿ 
âàëà ïðè ìàêñèìàëüíîì ìîìåíòå îïðåäåëåíà èç óñëîâèÿ, ÷òî êîýôôèöèåíò çàãðóçêè äâèãàòåëÿ ïî ìîùíîñòè 
ïðè ìàêñèìàëüíîì ìîìåíòå ðàâåí 0,85. Ñèëîâîé äèàïàçîí îïðåäåëåí ïî ðåçóëüòàòàì ìèíèìèçàöèè êðèòåðèÿ 
îïòèìàëüíîñòè, ñêîðîñòíîé äèàïàçîí ðàâåí ñèëîâîìó. Ñêîðîñòü òðàêòîðà íà ïîñëåäíåé ïåðåäà÷å îïðåäåëåíà ñ 
ó÷åòîì çàäàííîé ñêîðîñòè íà ïåðâîé ïåðåäà÷å è íàéäåííîãî ñêîðîñòíîãî äèàïàçîíà. Îáùåïðèíÿòûé äèàïàçîí 
ìèíèìàëüíûõ çíà÷åíèé êîýôôèöèåíòà ïðèñïîñîáëÿåìîñòè, èñõîäÿ èç âðåìåííîãî óâåëè÷åíèÿ òÿãîâîãî 
ñîïðîòèâëåíèÿ, ñîñòàâëÿåò 1,15…1,20. Â íåêîòîðûõ ñîâðåìåííûõ òðàêòîðíûõ äâèãàòåëÿõ ýòîò êîýôôèöèåíò 
áîëüøå 1,2. Öåëüþ ñòàòüè ÿâëÿåòñÿ îïòèìèçàöèÿ èíòåðâàëà çíà÷åíèé êîýôôèöèåíòà ïðèñïîñîáëÿåìîñòè 
áîëüøå 1,2. Îáúåêò èññëåäîâàíèÿ – äâèãàòåëü êîëåñíîãî òðàêòîðà òÿãîâîãî êëàññà 3. Èñõîäíûé ìàòåðèàë: 
íîìèíàëüíîå òÿãîâîå óñèëèå è ìàññà òðàêòîðà, åãî òÿãîâûé äèàïàçîí, èíòåðâàë òåîðåòè÷åñêîé ñêîðîñòè íà 
ïåðâîé ïåðåäà÷å. Ìåòîäû èññëåäîâàíèÿ íåëèíåéíîå ïðîãðàììèðîâàíèå ñ èñïîëüçîâàíèåì ìèíèìèçàöèè 
âûïóêëîé ôóíêöèè; àïïðîêñèìàöèÿ ëèíåéíîé ôóíêöèåé çàâèñèìîñòè êðóòÿùåãî ìîìåíòà îò òåêóùåé ÷àñòîòû 
âðàùåíèÿ âàëà. Îñíîâíîé âûâîä: ñ ó÷åòîì ïðèíÿòûõ êðèòåðèÿ îïòèìàëüíîñòè, îãðàíè÷åíèé è êîýôôèöèåíòà 
âàðèàöèè ìîìåíòà ñîïðîòèâëåíèÿ îïòèìàëüíûé êîýôôèöèåíò ïðèñïîñîáëÿåìîñòè ïî êðóòÿùåìó ìîìåíòó 
òðàêòîðíûõ äâèãàòåëåé íàõîäèòñÿ â èíòåðâàëå 1,27…1,45.
Êëþ÷åâûå ñëîâà: äâèãàòåëü êîëåñíîãî òðàêòîðà, êîððåêòîðíûé ó÷àñòîê ñêîðîñòíîé õàðàêòåðèñòèêè 
òðàêòîðíîãî äâèãàòåëÿ, êîýôôèöèåíò ïðèñïîñîáëÿåìîñòè ïî êðóòÿùåìó ìîìåíòó.

One of the main indicators of the corrector section of the high-speed characteristics of the tractor engine is its torque 
adaptability factor. The article describes the method of General solution of the problem of calculation of this coef-
ficient. The method is to minimize the difference between the two functions (optimality criterion): the first – the 
dependence of the denominator of the geometric series of gears on the coefficient of adaptability, the second-the 
dependence of the denominator on the tractor power range, that is, the ratio of the tangential thrust force in the last 
gear to the same force in the first gear. Taking into account the found coefficient of adaptability by the moment, the 
rotation frequency of the motor shaft at the maximum torque, the coefficient of adaptability of the engine by the shaft 
speed, the traction and speed ranges, the theoretical speed in the last gear are determined. The speed of the shaft at 
the maximum torque is determined from the condition that the engine load factor by power at the maximum torque 
is equal to 0,85. The power range is determined by the results of minimization of the optimality criterion, the speed 
range is equal to C-low. The speed of the tractor in the last gear is determined taking into account the given speed 
in the first gear and the found speed range. The generally accepted range of minimum values of the coefficient of 
adaptability, based on the time increase in traction resistance, is 1,15...1,20. In some modern tractor engines, this 
co-efficiency is greater than 1,2. The aim of the article is to optimize the interval of adaptability coefficient values 
greater than 1,2. The object of study – the engine of a wheeled tractor traction class 3. The initial material-nomi-nal 
traction and weight of the tractor, its traction range, the interval of theoretical speed in first gear. Research meth-
ods-nel programming using the minimization of the convex function; approximation of the linear function of the 
torque dependence on the current speed of the shaft. The main conclusion: given the accepted criterion of optimality, 
constraints, and the coefficient of variation moment of resistance of the optimum the coefficient of adaptability at the 
twisting mo-ment of tractor engines comply with the interval of 1,27 to 1,45.
Keywords: wheeled tractor engine, correcting section of the speed characteristic of the tractor engine, torque adapt-
ability coefficient.
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Ââåäåíèå
Ê îñíîâíûì ïîêàçàòåëÿì êîððåêòîðíîãî 

ó÷àñòêà ñêîðîñòíîé õàðàêòåðèñòèêè òðàêòîð-
íîãî äâèãàòåëÿ îòíåñåì ñëåäóþùèå: k

ì
 – êî-

ýôôèöèåíò ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî 
êðóòÿùåìó ìîìåíòó; k

n
 – êîýôôèöèåíò ïðè-

ñïîñîáëÿåìîñòè äâèãàòåëÿ ïî ÷àñòîòå âðàùå-
íèÿ âàëà; n

ì
 – ÷àñòîòà, ìèí–1, âðàùåíèÿ âàëà 

ïðè ìàêñèìàëüíîì êðóòÿùåì ìîìåíòå M
ìàõ

, 
Í·ì; ε

ì
 – êîýôôèöèåíò çàãðóçêè äâèãàòåëÿ ïî 

êðóòÿùåìó ìîìåíòó; ε
N
 – êîýôôèöèåíò çàãðóç-

êè äâèãàòåëÿ ïî ìîùíîñòè. 
Êîýôôèöèåíòû [1, 2]

k
ì
 = M

ìàõ
/Ì

í
; k

n
 = n

í
/n

ì
,

ãäå Ì
í
 è n

í
 – íîìèíàëüíûå êðóòÿùèé ìîìåíò, 

Í·ì, è ÷àñòîòà âðàùåíèÿ âàëà äâèãàòåëÿ, ìèí–1.
Îáùåïðèíÿòûì ñ÷èòàåòñÿ èíòåðâàë ìèíè-

ìàëüíûõ çíà÷åíèé k
ì
 = 1,15…1,20 [1], êîòîðûé 

îïðåäåëÿåòñÿ óðîâíåì êîëåáàíèÿ òÿãîâîãî ñî-
ïðîòèâëåíèÿ ðàáî÷åé ìàøèíû. Íåêîòîðûå 
ñîâðåìåííûå òðàêòîðíûå äâèãàòåëè èìåþò 
k

ì
 > 1,2. ×åì âûøå k

ì
, òåì óñòîé÷èâåå ðàáîòà 

äâèãàòåëÿ. Âûñîêèé k
ì
 ïîçâîëÿåò ïðåîäîëåâàòü 

âðåìåííîå óâåëè÷åíèå òÿãîâîãî ñîïðîòèâëåíèÿ 
áåç ïåðåêëþ÷åíèÿ íà ïîíèæåííóþ ïåðåäà÷ó. 

Òàêèì îáðàçîì, ðàñ÷åò îïòèìàëüíîãî èí-
òåðâàëà 1,2 < k

ì
 ≤ k

ìmax
 (k

ìmax
 – ìàêñèìàëüíîå 

çíà÷åíèå) çíà÷åíèé êîýôôèöèåíòà ïðèñïîñî-
áëÿåìîñòè ïî êðóòÿùåìó ìîìåíòó è ïåðå÷èñ-
ëåííûõ ïîêàçàòåëåé êîððåêòîðíîãî ó÷àñòêà 
ñêîðîñòíîé õàðàêòåðèñòèêè äâèãàòåëÿ – àêòó-
àëüíàÿ çàäà÷à òåîðèè òðàêòîðà. Àâòîðû ïðåä-
ëàãàþò îäèí èç ñïîñîáîâ åå îáùåãî ðåøåíèÿ.

Öåëü èññëåäîâàíèÿ 
Ñ èñïîëüçîâàíèåì èìåþùèõñÿ â òåîðèè 

òðàêòîðà çàâèñèìîñòåé îïðåäåëèòü êðèòå-
ðèé îïòèìàëüíîñòè è îáîñíîâàòü èíòåðâàë 
1,2 < k

ì
 ≤ k

ìmax
, ðàññ÷èòàòü óêàçàííûå îñíîâíûå 

ïîêàçàòåëè êîððåêòîðíîãî ó÷àñòêà ñêîðîñòíîé 
õàðàêòåðèñòèêè äâèãàòåëÿ è ñîîòâåòñòâóþùèå 
èì ïîêàçàòåëè òðàêòîðà.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ 
Äâèãàòåëü êîëåñíîãî òðàêòîðà 4Ê4 òÿãîâîãî 

êëàññà 3.
Èñõîäíûé ìàòåðèàë: íîìèíàëüíîå òÿãîâîå 

óñèëèå è ìàññà òðàêòîðà, åãî òÿãîâûé äèà-
ïàçîí, èíòåðâàë òåîðåòè÷åñêîé ñêîðîñòè íà 
ïåðâîé ïåðåäà÷å.

Äëÿ èññëåäîâàíèÿ ïðèìåíÿþòñÿ ìåòîäû: 
íåëèíåéíîå ïðîãðàììèðîâàíèå ñ èñïîëüçîâà-

íèåì ìèíèìèçàöèè âûïóêëîé áåçðàçìåðíîé 
ôóíêöèè; àïïðîêñèìàöèÿ ëèíåéíîé ôóíêöèåé 
çàâèñèìîñòè êðóòÿùåãî ìîìåíòà îò òåêóùåé 
÷àñòîòû âðàùåíèÿ âàëà.

Ðåçóëüòàòû è îáñóæäåíèå
Èñõîäíûå äàííûå äëÿ ðàñ÷åòà: Ð

êð1
 = 36 000 Í – 

íîìèíàëüíîå òÿãîâîå óñèëèå; φ
êð

 = 0,45 – êîýô-
ôèöèåíò èñïîëüçîâàíèÿ ñèëû òÿæåñòè òðàêòîðà 
íà ñîçäàíèå òÿãîâîãî óñèëèÿ [1]; m = Ð

êð1
/gφ

êð
 = 

= 8155 êã – ýêñïëóàòàöèîííàÿ ìàññà òðàêòîðà, 
êã; f = 0,12 – êîýôôèöèåíò ñîïðîòèâëåíèÿ êà-
÷åíèþ òðàêòîðà íà ñòåðíå [1, 2].

Ðàñ÷åò k
ì
 (îáùåå ðåøåíèå çàäà÷è)

Êîýôôèöèåíò k
ì
 ñâÿçàí ñî çíàìåíàòåëåì 

ãåîìåòðè÷åñêîãî ðÿäà ïåðåäà÷ q óñëîâèåì ñî-
ãëàñîâàííîñòè ðàáîòû äâèãàòåëÿ è òðàíñìèñ-
ñèè [1]:
 q ≥ 1/k

ì
,  (1)

îòêóäà

 k
ì
 ≥ 1/q.  (2)

Äëÿ çíàìåíàòåëÿ q ñïðàâåäëèâû çàâèñèìî-
ñòè [1, 2]:

 1n
vq   ;  (3)

 
1

p ,nq     (4)

ãäå n – êîëè÷åñòâî ðàáî÷èõ ïåðåäà÷; δ
v
 = v

ò1
 / v

òn
 – 

ñêîðîñòíîé äèàïàçîí òðàêòîðà: îòíîøåíèå òå-
îðåòè÷åñêîé ñêîðîñòè v

ò1
 íà ïåðâîé ïåðåäà÷å ê 

òåîðåòè÷åñêîé ñêîðîñòè v
òn

 íà ïîñëåäíåé ïåðå-
äà÷å; δ

ð
 = Ð

êì
/Ð

ê1
 – ñèëîâîé äèàïàçîí òðàêòîðà: 

îòíîøåíèå êàñàòåëüíîé ñèëû òÿãè Ð
êì

 íà ïî-
ñëåäíåé ïåðåäà÷å ê êàñàòåëüíîé ñèëå òÿãè Ð

ê1
 

íà ïåðâîé ïåðåäà÷å.
Èç (1) è (4) ïîëó÷èì

 
1

p1 / .nk  ì   (5)

Èç (3) è (4) íàéäåì

 δ
ð
 = δ

v
 = v

ò1
/v

òn
,  (6)

îòêóäà 

 v
òn

 = v
ò1

/δ
ð
.  (7)

Ðàâåíñòâà (5) è (6) îòðàæàþò óñëîâèå ñîãëàñî-
âàííîñòè ðàáîòû äâèãàòåëÿ è òðàíñìèññèè ïî ñè-
ëîâîìó è ñêîðîñòíîìó äèàïàçîíàì, êîòîðûì ñî-
îòâåòñòâóåò îïòèìàëüíîå çíà÷åíèå k

ì
. Ñ ó÷åòîì 

íàéäåííîãî èç ôîðìóëû (5) δ
ð
 ïî ôîðìóëå (7) ïðè 

çàäàííîé íà ïåðâîé ïåðåäà÷å ñêîðîñòè v
ò1

 îïðåäå-
ëÿåì ñêîðîñòü v

òn
 íà ïîñëåäíåé ïåðåäà÷å.
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Äëÿ îïðåäåëåíèÿ ãðàíèö èíòåðâàëà çíà-
÷åíèé k

ì
 èñïîëüçóåì ðàâåíñòâî (5), â êîòîðîì 

ëåâóþ ÷àñòü îáîçíà÷èì q
1
, ïðàâóþ – q

2
. Â èäå-

àëüíîì ñëó÷àå q
1
 = q

2
. 

Èç ýòîãî ðàâåíñòâà ïîëó÷èì êðèòåðèé îïòè-
ìàëüíîñòè äëÿ ðàñ÷åòà k

ì
 – âûïóêëóþ áåçðàç-

ìåðíóþ ôóíêöèþ, ìèíèìóì êîòîðîé ñòðåìèò-
ñÿ ê íóëþ [3]:

F = |q
1
 / q

2
 – 1| → min.

Ìèíèìóì F – ýòî óðîâåíü íåñîãëàñîâàííî-
ñòè ðàáîòû äâèãàòåëÿ è òðàíñìèññèè ïî ñèëî-
âîìó è ñêîðîñòíîìó äèàïàçîíàì. 

Èç (2) è (4) ïîëó÷èì

 
1

p

1 .
n

k



ì   (8)

Èç íåðàâåíñòâà (8) ñëåäóåò: ÷åì ìåíüøå n, 
òåì áîëüøå äîëæåí áûòü k

ì
. Ñ ó÷åòîì òîãî, 

÷òî n > 1, ïðèíèìàåì äîïóùåíèå: êîýôôèöè-
åíò k

ì
 îïðåäåëÿåòñÿ íîìåðîì óñëîâíîé ïåðå-

äà÷è èç èíòåðâàëà n = (2 – x
1
)…(3 + x

2
), ãäå x

1
 è 

x
2
 – ÷èñëà, îïðåäåëÿåìûå ïðè ìèíèìèçàöèè F. 

Íîìåð n = (3 + x
2
) îïðåäåëÿåò íèæíåå çíà÷åíèå 

k
ì
 â èíòåðâàëå, à íîìåð n = (2 – x

1
) – âåðõíåå 

çíà÷åíèå. 
Â ôîðìóëå (4) ñèëà Ð

êì
 çàâèñèò îò òÿãîâîãî 

äèàïàçîíà òðàêòîðà δ
ò
:

Ð
êì

 = Ð
êðì

 + mgf = Ð
êð1

/δ
ò
 + mgf,

ãäå Ð
êðì

 – ìèíèìàëüíîå òÿãîâîå óñèëèå (íà ïî-
ñëåäíåé ïåðåäà÷å).

Ôóíêöèþ F ìèíèìèçèðóåì ìåòîäîì äèõî-
òîìèè ïî ïåðåìåííîé k

ì
, âàðüèðóåìîé â èíòåð-

âàëå 1,2…1,5 äëÿ êàæäîãî èçìåíÿåìîãî â öèêëå 
çíà÷åíèÿ n.

Àëãîðèòì ðàñ÷åòà (â ïðîãðàììå çàäàåì k
ì
, 

Ð
êð1

, m,  f, δ
ò
, n): q

1
 = 1 / k

ì
; Ð

ê1
 = Ð

êð1
 + mgf; 

Ð
êðì

 = Ð
êð1

/δ
ò
; Ð

êì
 = Ð

êðì
 + mgf; δ

ð
 = Ð

êì
/Ð

ê1
; 

q
2
 = δ

ð
1/(n – 1); v

òn
 = v

ò1
 / δ

ð
; F.

Ïðè ðàñ÷åòå ó÷òåì îãðàíè÷åíèÿ ïî òåîðåòè-
÷åñêîé ñêîðîñòè, êì/÷ [1]: 

– íà ïåðâîé ïåðåäà÷å – 

 8 ≤ v
ò1

 ≤ 10;  (9)

– íà ïîñëåäíåé ïåðåäà÷å – 

 15 ≤ v
òn

 ≤ 17.  (10)

Ìàêñèìàëüíûé èíòåðâàë èçìåíåíèÿ ñêî-
ðîñòíîãî äèàïàçîíà ñîñòàâëÿåò

 8/17≤ δ
v
 ≤ 10/15, èëè 0,470 ≤ δ

v
 ≤ 0,666.  (11)

Ó÷òåì òàêæå îãðàíè÷åíèå ïî òÿãîâîìó äèà-
ïàçîíó òðàêòîðà [2]

 1,6≤ δ
ò
 ≤ 1,8.  (12)

Ôðàãìåíò ðàñ÷åòà ôóíêöèè k
ì
(n) ïðè δ

ò
 = 1,8 

ñ øàãîì Δn = 0,05 ïðåäñòàâëåí â òàáë. 1. Âåðõ-
íåé ãðàíèöåé èíòåðâàëà ïðèíèìàåì k

ì
 = 1,481, 

òàê êàê äàëåå F ðåçêî âîçðàñòàåò.
Ïî àíàëîãèè îïðåäåëèì ãðàíèöû èíòåðâàëà 

ïðè ðàçíûõ çíà÷åíèÿõ δ
ò
 è v

ò1
, à òàêæå ñîîò-

âåòñòâóþùèå èì çíà÷åíèÿ v
òn

 è Ð
êðì

. Ðåçóëüòà-
òû ðàñ÷åòà ïðèâåäåíû â òàáë. 2. Èç íàéäåííûõ 
çíà÷åíèé íèæíèõ è âåðõíèõ ãðàíèö k

ì
 ïîëó-

÷èì èíòåðâàë îïòèìàëüíûõ çíà÷åíèé êîýôôè-
öèåíòà ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî êðó-
òÿùåìó ìîìåíòó ïðè óñëîâèè ñîãëàñîâàííîñòè 
ðàáîòû äâèãàòåëÿ è òðàíñìèññèè ïî ñèëîâîìó 
è ñêîðîñòíîìó äèàïàçîíàì:

 1,20 ≤ k
ì
 ≤ 1,48.  (13)

Íåêîòîðûå ñîâðåìåííûå äâèãàòåëè èìåþò 
çíà÷åíèÿ k

ì
 â èíòåðâàëå (13): Ä-260.14Ñ2 (Ìèí-

ñêèé ìîòîðíûé çàâîä) – k
ì
 = 1,3; ßÌÇ-8501.10 

(ßðîñëàâñêèé ìîòîðíûé çàâîä) – k
ì
 = 1,3; 

Ä-3061-02 (ÎÀÎ «Àëòàéäèçåëü) – k
ì
 = 1,4 [4–6].

Ïðè âñåõ k
ì
 èç íåðàâåíñòâà (13) âîçìîæíû 

ñëåäóþùèå âàðèàíòû ïîêàçàòåëåé äâèãàòåëÿ è 
òðàêòîðà:

– ïåðâûé: v
ò1

 = 10 êì/÷ – óêàçàííûå îãðàíè-
÷åíèÿ (9)–(12) âûïîëíÿþòñÿ ïðè δ

ò
 = 1,7…1,8; 

– âòîðîé: v
ò1

 = 9 êì/÷ è v
ò1

 = 8 êì/÷ – âûïîë-
íÿþòñÿ òîëüêî îãðàíè÷åíèÿ (9), (11), (12);

– òðåòèé: δ
ò
 = 1,6 – âûïîëíÿþòñÿ òîëüêî 

îãðàíè÷åíèÿ (1) è (12).
Ïåðâûé âàðèàíò – íàèëó÷øèé, òàê êàê îòâå-

÷àåò âñåì îãðàíè÷åíèÿì. Íî íà ïðàêòèêå âîç-
ìîæíû âñå òðè âàðèàíòà. Âûáîð îïðåäåëÿþò 
òðåáîâàíèÿ çàêàç÷èêà íà ïðîåêòèðóåìûé òðàê-

Òàáëèöà 1
Ôóíêöèÿ kì(n) ïðè δò = 1,8

n 3,50 3,35 2,60 2,40 2,15 2,05

k
ì

1,200 1,202 1,310 1,362 1,481 1,500

F10–5 233,56 2,94 1,05 2,38 1,58 616,65
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òîð. Âî âñåõ âàðèàíòàõ òðàêòîð ìîæåò ðàáî-
òàòü ñ òÿãîâûì óñèëèåì Ð

êðì
 = 20,0…22,5 êÍ â 

òÿãîâîì êëàññå 2.

Ðàñ÷åò k
ì
 â çàâèñèìîñòè 

îò êîýôôèöèåíòà âàðèàöèè ìîìåíòà 
ñîïðîòèâëåíèÿ íà âàëó äâèãàòåëÿ 
Ïðè çíà÷èòåëüíîì êîëè÷åñòâå êîëåáàíèé 

íàãðóçêè ìîìåíò ñîïðîòèâëåíèÿ íà âàëó äâè-
ãàòåëÿ ïîä÷èíÿåòñÿ çàêîíó íîðìàëüíîãî ðàñ-
ïðåäåëåíèÿ ñ êîýôôèöèåíòîì âàðèàöèè λ

ì
 [7]. 

Â ýòîì ñëó÷àå ìàêñèìàëüíûé ìîìåíò ìîæíî 
çàïèñàòü êàê

Ì
ì
 = Ì

í
(1 + 3λ

ì
),

èëè

 k
ì
 = (1 + 3λ

ì
).  (14)

Ìàêñèìàëüíûå ñðåäíèå çíà÷åíèÿ λ
ì
 [7]: ïðè 

âñïàøêå ñóõèõ ëåãêèõ ïî÷â èëè ñðåäíèõ ïî÷â 
íîðìàëüíîé âëàæíîñòè – 0,09; ïðè âñïàø-
êå ñóõèõ òÿæåëûõ ïî÷â – 0,15; ïðè êóëüòèâà-
öèè ëàï÷àòûì êóëüòèâàòîðîì – 0,1. Èç (14) 
íàéäåì ãðàíèöû èíòåðâàëà: k

ì
 = (1 + 3 · 0,09)…

…(1 + 3 · 0,15) = 1,27…1,45, òî åñòü ýòîò èíòåð-
âàë âõîäèò â äèàïàçîí (13).

Òàêèì îáðàçîì, óñëîâèþ ñîãëàñîâàííîñòè 
ðàáîòû äâèãàòåëÿ è òðàíñìèññèè ïî ñèëîâîìó 
è ñêîðîñòíîìó äèàïàçîíàì ñ ó÷åòîì êîýôôèöè-
åíòà âàðèàöèè ìîìåíòà ñîïðîòèâëåíèÿ ñîîò-
âåòñòâóåò èíòåðâàë

 1,27 ≤ k
ì
 ≤ 1,45.  (15)

Ðàñ÷åò n
ì
, k

n
, ε

ì
, ε

N

Äëÿ ðàñ÷åòà ïðèíèìàåì N
í
 = 180 000 Âò; 

n
í
 = 2100 ìèí–1. Êîýôôèöèåíòû çàãðóçêè äâèãà-

òåëÿ ïî ìîùíîñòè è ìîìåíòó

 ε
N
 = N

e
/N

í
 = Ì

å
n

e
/Ì

í
n

í
;  (16)

 ε
ì
 = Ì

å
/Ì

í
,  (17)

ãäå N
e
, Ì

å
, n

e
 – òåêóùèå çíà÷åíèÿ ìîùíîñòè, 

Âò, ìîìåíòà, Í·ì, è ÷àñòîòû âðàùåíèÿ âàëà, 
ìèí–1.

Èç ñðàâíåíèÿ (16) è (17) ñëåäóåò, ÷òî

 ε
N
 = ε

ì
n

e
 / n

í
.  (18)

Çàïèøåì (18) ïðè n
e
 = n

ì
 è ε

ì
 = k

ì

ε
Nì

 = k
ì
n

ì
 / n

í
,

îòêóäà

 n
ì
 = ε

Nì
n

í
 / k

ì
,  (19)

ãäå ε
Nì

 – ìèíèìàëüíûé êîýôôèöèåíò çàãðóçêè 
äâèãàòåëÿ ïî ìîùíîñòè.

Ðåçóëüòàòû ðàñ÷åòà ïî ôîðìóëå (19) äëÿ ãðà-
íè÷íûõ çíà÷åíèé èç ôîðìóëû (15)

k
ì
 = 1,27; n

ì
 = 1405; k

n
 = 1,494;

k
ì
 = 1,45; n

ì
 = 1231; k

n
 = 1,706.

Äàëåå èñïîëüçóåì ðàñ÷åòíûå ôîðìóëû:

 Ì
í
 = 30N

í
/πn

í
;  (20)

 Ì
max

 = k
ì
Ì

í
;  (21)

Òàáëèöà 2
Ôóíêöèè n(δò), kì(δò), δð(δò), vòn(δò), Ðêðì (δò) 


ò
 Íèæíÿÿ ãðàíèöà, k

ì
Âåðõíÿÿ ãðàíèöà, k

ì


ð
 = 

v
v

òn
, êì/÷ Ð

êðì
, êÍ

v
ò1

 = 10 êì/÷

1,80 1,202 (n = 3,35) 1,481 (n = 2,15) 0,636 15,71 20,00

1,70 1,201 (n = 3,15) 1,482 (n = 2,00) 0,663 15,08 21,17

1,6 1,203 (n = 2,90) 1,477 (n = 1,90) 0,693 14,42 22,50

v
ò1

 = 9 êì/÷

1,80 1,202 (n = 3,35) 1,481 (n = 2,15) 0,636 14,14 20,00

1,70 1,201 (n  = 3,15) 1,482 (n = 2,00) 0,663 13,57 21,17

1,6 1,203 (n = 2,90) 1,477 (n = 1,90) 0,693 12,98 22,50

v
ò1

 = 8 êì/÷

1,80 1,202 (n = 3,35) 1,481 (n = 2,15) 0,636 12,57 20,00

1,70 1,201 (n = 3,15) 1,482 (n = 2,00) 0,663 12,06 21,17

1,6 1,203 (n = 2,90) 1,477 (n = 1,90) 0,693 11,54 22,50
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Ì
å
(n

e
) àïïðîêñèìèðóåì ëèíåéíîé ôóíêöèåé:

    Ì
å
 = Ì

í
 + (Ì

max
 – Ì

í
)(n

í
 – n

å
) / (n

í
 – n

ì
);  (22)

 N
e
 = πÌ

å
n

e
 / 30.  (23)

Ôóíêöèè (20)–(23), (16) è (17) ðàññ÷èòûâàåì 
â öèêëå ïî ïåðåìåííîé n

e
, èçìåíÿåìîé îò n

í
 äî 

n
ì
. Ïðèìåð ðàñ÷åòà äëÿ ãðàíè÷íûõ çíà÷åíèé k

ì
 

ïðåäñòàâëåí â òàáë. 3. 
Â ðàáîòå Ã.Ì. Êóòüêîâà [1] îáîñíîâàíî, ÷òî 

äâèãàòåëü â ðåæèìå ïåðåãðóçêè ðàáîòàåò ñ êî-
ýôôèöèåíòîì çàãðóçêè ïî ìîùíîñòè

 ε
N
 < 1,  (24)

íî ìîæåò ðàáîòàòü íà íåáîëüøîì ó÷àñòêå õà-
ðàêòåðèñòèêè è â íîìèíàëüíîì ðåæèìå, òî 
åñòü ïðè 

 ε
N
 = 1 èëè ïðè ε

N
 = 1 + ε,  (25)

ãäå ε – ìàëîå ÷èñëî.
Èç òàáë. 3 ñëåäóåò, ÷òî îãðàíè÷åíèÿ (24) è 

(25) âûïîëíÿþòñÿ ïðè ε
Nì

 = 0,85. 

Âëèÿíèå kì íà ýôôåêòèâíîñòü 
ðàáîòû òðàêòîðà
Ñðàâíèì çàãðóçêó äâèãàòåëÿ ïî ìîùíîñòè 

ïðè k
ì
 = 1,27; 1,35 è 1,45. Èç (22) ïîñëå ïðåîá-

ðàçîâàíèÿ ïîëó÷èì:

ε
ì
 = 1 + (k

ì
 – 1)(n

í
 – n

å
) / (n

í
 – n

ì
),

îòêóäà 

 n
å
 = n

í
 – (n

í
 – n

ì
)(ε

ì
 – 1) / (k

ì
 – 1).  (26)

Ïî ôîðìóëå (19) íàéäåì n
ì
: ïðè k

ì
 = 1,35 – n

ì
 =

= 0,85·2100 / 1,35 = 1322 ìèí–1; ïðè k
ì
 = 1,45  –

– n
ì
 = 0,85·2100 / 1,45 = 1231 ìèí–1.

Çàãðóçêó äâèãàòåëÿ ïî ìîùíîñòè íàéäåì 
ïðè îäèíàêîâîì äëÿ âñåõ k

ì
 ìîìåíòå ñîïðî-

òèâëåíèÿ íà âàëó äâèãàòåëÿ, ñîîòâåòñòâóþùåì 
ε

ì
 = 1,27. Ïî ôîðìóëå (26) ïîëó÷èì ñîîòâåò-

ñòâóþùèå ýòîìó êîýôôèöèåíòó òåêóùèå çíà-
÷åíèÿ ÷àñòîòû âðàùåíèÿ âàëà: n

å
 = 1500 ìèí–1 

ïðè k
ì
 = 1,35; n

å
 = 1578 ìèí–1 ïðè k

ì
 = 1,45. 

Ñ ó÷åòîì ýòèõ çíà÷åíèé ïî ôîðìóëå (18) íàõî-
äèì ε

N
.

Ïîëó÷èëè: ε
N
 = 0,85 ïðè k

ì
 = 1,27; ε

N
 = 0,907 

ïðè k
ì
 = 1,35; ε

N
 = 0,954 ïðè k

ì
 = 1,45. Òàêèì 

îáðàçîì, ñ óâåëè÷åíèåì k
ì
 ïîâûøàåòñÿ çà-

ãðóçêà äâèãàòåëÿ ïî ìîùíîñòè, ñëåäîâàòåëüíî 
ïîâûøàåòñÿ ýôôåêòèâíîñòü òðàêòîðà, ðåæèì 
ðàáîòû êîòîðîãî áëèæå ê íîìèíàëüíîìó.

Âûâîäû
1. Ïðåäëîæåí ìåòîä îáùåãî ðåøåíèÿ çàäà÷è 

ïî ðàñ÷åòó èíòåðâàëà èçìåíåíèÿ êîýôôèöèåí-
òà ïðèñïîñîáëÿåìîñòè òðàêòîðíîãî äâèãàòåëÿ 
ïî êðóòÿùåìó ìîìåíòó. Ìåòîä çàêëþ÷àåòñÿ 
â ìèíèìèçàöèè ðàçíîñòè äâóõ ôóíêöèé (êðè-
òåðèÿ îïòèìàëüíîñòè): ïåðâàÿ – çàâèñèìîñòü 
çíàìåíàòåëÿ ãåîìåòðè÷åñêîãî ðÿäà ïåðåäà÷ îò 
êîýôôèöèåíòà ïðèñïîñîáëÿåìîñòè, âòîðàÿ – 
çàâèñèìîñòü çíàìåíàòåëÿ îò îòíîøåíèÿ êà-
ñàòåëüíîé ñèëû òÿãè íà ïîñëåäíåé ïåðåäà÷å ê 
òàêîé æå ñèëå íà ïåðâîé ïåðåäà÷å, òî åñòü îò 
ñèëîâîãî äèàïàçîíà. 

2. Ïî ïðèíÿòîìó êðèòåðèþ îïòèìàëüíî-
ñòè ïîëó÷åí èíòåðâàë çíà÷åíèé êîýôôèöèåíòà 
ïðèñïîñîáëÿåìîñòè äâèãàòåëÿ ïî êðóòÿùåìó 
ìîìåíòó – 1,27…1,45, êîòîðûé ñîîòâåòñòâóåò 
óñëîâèþ ñîãëàñîâàííîñòè ðàáîòû äâèãàòåëÿ è 
òðàíñìèññèè ïî ñèëîâîìó è ñêîðîñòíîìó äèà-
ïàçîíàì ñ ó÷åòîì êîýôôèöèåíòà âàðèàöèè ìî-
ìåíòà ñîïðîòèâëåíèÿ íà âàëó äâèãàòåëÿ.

Òàáëèöà 3 
Ôóíêöèè εì (ne) è ε

N
 (ne) ïðè ãðàíè÷íûõ çíà÷åíèÿõ kì 

n
å
, ìèí–1 

ì 
N

n
å
, ìèí–1 

ì 
N

k
ì
 = 1,27; k

n
 = 1,494 k

ì
 = 1,45; k

n
 = 1,706

n
í
 = 2100 1,00 0 1,000 n

í
 = 2100 1,000 1,000

2090 1,004 0,999 2031 1,035 1,001

2005 1,037 0,989 2021 1,041 1,002

1905 1,075 0,975 2011 1,046 1,002

1805 1,114 0,958 2001 1,051 1,002

n
ì
 = 1405 1,27 0,850 1941 1,082 1,000

– – – 1931 1,087 0,999

– – – n
ì
 = 1231 1,45 0,850
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3. Êîýôôèöèåíò ïðèñïîñîáëÿåìîñòè äâèãà-
òåëÿ ïî ÷àñòîòå âðàùåíèÿ âàëà îïðåäåëåí èç 
óñëîâèÿ: ïðè ìàêñèìàëüíîì ìîìåíòå êîýôôè-
öèåíò çàãðóçêè äâèãàòåëÿ ïî ìîùíîñòè ðàâåí 
0,85.

4. Ñ óâåëè÷åíèåì êîýôôèöèåíòà ïðèñïîñî-
áëÿåìîñòè äâèãàòåëÿ ïî êðóòÿùåìó ìîìåíòó 
ïîâûøàåòñÿ êîýôôèöèåíò çàãðóçêè äâèãàòåëÿ 
ïî ìîùíîñòè, ñëåäîâàòåëüíî, ïîâûøàåòñÿ ýô-
ôåêòèâíîñòü ðàáîòû òðàêòîðà.
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