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THE RESULTS DETERMINE THE ACCELERATION 
AND THE MASS OF THE TRACTOR MTZ-80
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Ïðîèçâîäèòåëüíîñòü ìàøèííî-òðàêòîðíûõ àãðåãàòîâ çàâèñèò îò ìíîãèõ ôàêòîðîâ è óñëîâèé ïðîèçâîäñòâà è, 
â ïåðâóþ î÷åðåäü, îò ýíåðãîåìêîñòè ïðîöåññà. Ãëàâíûì æå ïîêàçàòåëåì ýíåðãîåìêîñòè ïðîöåññà ÿâëÿåòñÿ 
òÿãîâîå ñîïðîòèâëåíèå àãðåãàòèðóåìîé ñåëüñêîõîçÿéñòâåííîé ìàøèíû. Îòñóòñòâèå ïðîñòîãî è íàäåæíîãî 
ñïîñîáà îïðåäåëåíèÿ ýòîãî ïîêàçàòåëÿ ïðèâîäèò ê ðàçíîìàðî÷íîñòè èñïîëüçóåìûõ óñòðîéñòâ, èçãîòàâëèâà-
åìûõ çà÷àñòóþ, ñâîèìè ñèëàìè, à ýòî âëå÷åò çà ñîáîé ðàçëè÷íóþ äîñòîâåðíîñòü ïîëó÷àåìûõ ðåçóëüòàòîâ. 
Ïîýòîìó ðàçðàáîòêà ñïîñîáîâ è ñðåäñòâ îïðåäåëåíèÿ òÿãîâîãî ñîïðîòèâëåíèÿ ñåëüñêîõîçÿéñòâåííûõ ìàøèí, 
ïðèåìëåìûõ íå òîëüêî äëÿ ìàøèíîèñïûòàòåëüíûõ ñòàíöèé, íî è äëÿ êîíêðåòíûõ õîçÿéñòâ, ÿâëÿåòñÿ âåñüìà 
àêòóàëüíîé çàäà÷åé è ïðåäñòàâëÿåò çíà÷èòåëüíûé èíòåðåñ. Â äàííîé ðàáîòå ïðåäëîæåí îïåðàòèâíûé ñïîñîá 
îïðåäåëåíèÿ òÿãîâîãî ñîïðîòèâëåíèÿ àãðåãàòèðóåìûõ ñåëüñêîõîçÿéñòâåííûõ ìàøèí, îñíîâàííûé íà àíàëèçå 
ïàðàìåòðîâ ïåðåõîäíûõ ðåæèìîâ ðàçãîíà ìàøèííî-òðàêòîðíûõ àãðåãàòîâ ïðè ìãíîâåííîì óâåëè÷åíèè ïîäà-
÷è òîïëèâà. Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà è êîìïëåêòîâàíèå èçìåðèòåëüíî-âû÷èñëèòåëüíîãî êîìïëåêñà, 
à òàêæå ïðîâåäåíèå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî îïðåäåëåíèþ çíà÷åíèé óñêîðåíèÿ òðàêòîðà è åãî 
ïðèâåäåííîé ìàññû íà îäíîé èç ïîâûøåííûõ ïåðåäà÷, ïîçâîëÿþùèõ ðåàëèçîâàòü äàííûé ñïîñîá îïðåäåëåíèÿ 
ñîïðîòèâëåíèÿ ñåëüñêîõîçÿéñòâåííûõ ìàøèí. Äëÿ ðåàëèçàöèè îñòàâëåííîé öåëè áûë ðàçðàáîòàí è ñêîìïëåê-
òîâàí èçìåðèòåëüíî-âû÷èñëèòåëüíûé êîìïëåêñ äëÿ îïðåäåëåíèÿ äèíàìè÷åñêèõ ïîêàçàòåëåé ìàøèííî-òðàêòîð-
íûõ àãðåãàòîâ, ïîñðåäñòâàì êîòîðîãî ïðè ïîìîùè çàïàòåíòîâàííûõ ìåòîäèê íà áàçå ñòàíöèè «Êèñëÿêîâñêàÿ» 
Êóùåâñêîãî ðàéîíà Êðàñíîäàðñêîãî êðàÿ áûëè ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îïðåäåëåíèþ 
çíà÷åíèé óñêîðåíèÿ òðàêòîðà ÌÒÇ-80 è åãî ïðèâåäåííîé ìàññû íà îäíîé èç ïîâûøåííûõ ïåðåäà÷. Ïîëó÷åííûå 
ðåçóëüòàòû ïîçâîëÿþò ðåàëèçîâàòü ïðåäëàãàåìûé ñïîñîá îïðåäåëåíèÿ òÿãîâîãî ñîïðîòèâëåíèÿ ñåëüñêîõîçÿé-
ñòâåííûõ ìàøèí.
Êëþ÷åâûå ñëîâà: òÿãîâîå ñîïðîòèâëåíèå, ñåëüñêîõîçÿéñòâåííàÿ ìàøèíà, òðàêòîð, ïåðåõîäíûé ïðîöåññ, óñêî-
ðåíèå, ïðèâåäåííàÿ ìàññà.

The performance of machine-tractor units depends on many factors and production conditions, and primarily on the 
energy intensity of the process. The main indicator of the energy intensity of the process is the traction resistance 
of the aggregated agricultural machine. The absence of a simple and reliable method for determining this indicator 
leads to the heterogeneity of the devices used, often manufactured on their own, and this entails different reliability 
of the results. Therefore, the development of methods and means of determining the traction resistance of agricultural 
machines, acceptable not only for testing stations, but also for specific farms, is very relevant and of considerable in-
terest. In this paper, we propose an operational method for determining the traction resistance of mounted agricultural 
machines, based on the analysis of parameters of transient acceleration modes of machine-tractor units with an in-
stantaneous increase in fuel flow. The aim of the work is to develop and complete the measuring and computing com-
plex, as well as to conduct experimental studies to determine the values of acceleration of the tractor and its reduced 
weight on one of the increased gears, allowing to implement this method of determining the resistance of agricultural 
machines. For the realization of left targets was developed and assembled measuring and computing complex deter-
mine the dynamic characteristics of machine-tractor units, through which with the aid of patented techniques on the 
base station «Kislyakovskaya» Kushchevskaya district of Krasnodar region was carried out experimental studies to 
determine the acceleration values of the tractor MTZ-80 and its given mass in one of the elevated gear. The obtained 
results allow to implement the proposed method for determining the traction resistance of agricultural machinery.
Keywords: traction resistance, agricultural machine, tractor, transition mode, acceleration, reduced mass.

À.G.ARZHENOVSKIY, PhD in Engineering
S.V. ASATURYAN, PhD in Engineering
A.A. DAGLDIYAN 
D.S. KOZLOV 
E.R. SHCHUS
Azov-BlackSea engineering institute FSBEI HE Don SAU, 
Zernograd, Russian Federation, argenowski@mail.ru



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 2018

Ê
À

×
Å

Ñ
Ò

Â
Î

, 
Í

À
Ä

Å
Æ

Í
Î

Ñ
Ò

Ü
Àðæåíîâñêèé À.Ã., Àñàòóðÿí Ñ.Â., Äàãëäèÿí À.À., Êîçëîâ Ä.Ñ., Ùóñü Å.Ð.

80

Âåäåíèå
Â äàííîé ðàáîòå èññëåäîâàí îïåðàòèâíûé 

ñïîñîá îïðåäåëåíèÿ òÿãîâîãî ñîïðîòèâëå-
íèÿ àãðåãàòèðóåìûõ ñåëüñêîõîçÿéñòâåííûõ 
ìàøèí, îñíîâàííûé íà àíàëèçå ïàðàìåòðîâ 
ïåðåõîäíûõ ðåæèìîâ ðàçãîíà ìàøèííî-òðàê-
òîðíûõ àãðåãàòîâ (ÌÒÀ) ïðè ìãíîâåííîì 
óâåëè÷åíèè ïîäà÷è òîïëèâà, ïðåäëîæåííûé 
Í.Â. Ùåòèíèíûì [1, 2].

Îäíàêî ó äàííîãî ñïîñîáà, íà íàø âçãëÿä, 
èìåþòñÿ ðÿä ñóùåñòâåííûõ íåäîñòàòêîâ:

– ñëîæíîñòü è òðóäîåìêîñòü îïðåäåëåíèÿ 
ïðèâåäåííîé ìàññû òðàêòîðà;

– ñëîæíîñòü è òðóäîåìêîñòü îïðåäåëåíèÿ 
óñêîðåíèÿ òðàêòîðà ÷åðåç óãëîâîå óñêîðåíèå 
êîëåí÷àòîãî âàëà äâèãàòåëÿ èç-çà áóêñîâàíèÿ 
õîäîâîãî àïïàðàòà.

Ïðîáëåìà îïðåäåëåíèÿ ïðèâåäåííîé ìàññû 
òðàêòîðà ðåøàåòñÿ òåì, ÷òî âûïîëíÿåòñÿ äî-
ïîëíèòåëüíûé ðàçãîí òðàêòîðà, äîãðóæåííîãî 
èçâåñòíîé (ýòàëîííîé) ìàññîé, ñ èçìåðåíèåì 
óãëîâîãî óñêîðåíèÿ êîëåí÷àòîãî âàëà ïðè íî-
ìèíàëüíîé ÷àñòîòå âðàùåíèÿ [3].

Ïðîáëåìû îïðåäåëåíèÿ óñêîðåíèÿ òðàêòîðà 
÷åðåç óãëîâîå óñêîðåíèå êîëåí÷àòîãî âàëà äâè-
ãàòåëÿ ñ ó÷åòîì áóêñîâàíèÿ õîäîâîãî àïïàðàòà 
ðåøàþòñÿ òåì, ÷òî ê òðàêòîðó ïðèñîåäèíÿåòñÿ 
ïóòåèçìåðèòåëüíîå êîëåñî ñ âîçìîæíîñòüþ 
ôèêñàöèè åãî óãëîâîãî óñêîðåíèÿ âî âðåìÿ ðàç-
ãîíà òðàêòîðà [4].

Ñ ó÷åòîì âûøåèçëîæåííîãî ïðåäëàãàåìûé 
ñïîñîá îïðåäåëåíèÿ ñîïðîòèâëåíèÿ ðàáî÷èõ 
ìàøèí [5] çàêëþ÷àåòñÿ â ñëåäóþùåì. Ïðè äâè-
æåíèè òðàêòîðà áåç íàãðóçêè çà ñ÷åò ñíèæåíèÿ 
ïîäà÷è òîïëèâà äîñòèãàþò ÷àñòîòû âðàùåíèÿ 
êîëåí÷àòîãî âàëà, ñîîòâåòñòâóþùåé ìàêñè-
ìàëüíîìó êðóòÿùåìó ìîìåíòó. Ìãíîâåííî 
óâåëè÷èâàþò ïîäà÷ó òîïëèâà äî ìàêñèìàëü-
íîé. Ïðè äîñòèæåíèè íîìèíàëüíîé ÷àñòîòû 
âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ âî âðåìÿ 
ðàçãîíà òðàêòîðà èçìåðÿåòñÿ çíà÷åíèå óãëî-
âîãî óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî êîëåñà. 
Àíàëîãè÷íî èçìåðÿåòñÿ çíà÷åíèå óãëîâîãî 
óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî êîëåñà ïðè ðàç-
ãîíå òðàêòîðà ñ äîïîëíèòåëüíîé (ýòàëîííîé) 
ìàññîé è ðàáî÷åé ìàøèíîé. Èç óðàâíåíèé äâè-
æåíèÿ ðàçãîíà òðàêòîðà áåç íàãðóçêè è ñ ðàáî-
÷åé ìàøèíîé îïðåäåëÿåòñÿ ñîïðîòèâëåíèå ðà-
áî÷åé ìàøèíû:

( / ) ( / )xx mP M dV dt M dV dt    ò ðàáñ  

 
( / ) ,M dV dt ñõì ðàá Í,  (1)

ãäå Ì
ò
, Ì

ñõì
 – ñîîòâåòñòâåííî, ïðèâåäåííûå 

ìàññû òðàêòîðà è ðàáî÷åé ìàøèíû, êã; (dV/dt)
õõ

, 
(dV/dt)

ðàá
 – ñîîòâåòñòâåííî, óñêîðåíèÿ òðàêòîðà 

ïðè ðàçãîíå áåç íàãðóçêè è ñ ðàáî÷åé ìàøèíîé, 
ì/ñ2.

Ïðèâåäåííàÿ ìàññà òðàêòîðà îïðåäåëÿåòñÿ 
èç óðàâíåíèé äâèæåíèÿ ðàçãîíà òðàêòîðà áåç 
íàãðóçêè è ñ ýòàëîííîé ìàññîé: 

 

(( / )
( / ) ( / )xx

M dV dt g fM
dV dt dV dt

  



ýò ýò

ò
ýò

, êã,  (2)

ãäå Ì
ýò
 – äîïîëíèòåëüíàÿ (ýòàëîííàÿ) ìàññà, 

êã; (dV/dt)
ýò

 – óñêîðåíèå òðàêòîðà ïðè ðàçãîíå ñ 
ýòàëîííîé ìàññîé, ì/ñ2; g – óñêîðåíèå ñâîáîä-
íîãî ïàäåíèÿ, ì/ñ2; f – êîýôôèöèåíò ïåðåêàòû-
âàíèÿ òðàêòîðà.

Óñêîðåíèÿ òðàêòîðà ïðè åãî ðàçãîíå áåç íà-
ãðóçêè, ñ ðàáî÷åé ìàøèíîé è ñ äîïîëíèòåëüíîé 
(ýòàëîííîé) ìàññîé ñâÿçàíû ñ ñîîòâåòñòâóþ-
ùèìè óãëîâûìè óñêîðåíèÿìè ïóòåèçìåðèòåëü-
íîãî êîëåñà ñëåäóþùèìè çàâèñèìîñòÿìè:

 ( / ) ( / )xx xxdV dt d dt r   ïê , ì/ñ2,  (3)

 
( / ) ( / )dV dt d dt r  ðàá ðàá ïê , ì/ñ2,  (4)

 ( / ) ( / )dV dt d dt r  ýò ýò ïê , ì/ñ2,  (5)

ãäå (dω/dt)
õõ

, (dω/dt)
ðàá

, (dω/dt)
ýò
 – ñîîòâåòñòâåí-

íî, óãëîâûå óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî 
êîëåñà ïðè ðàçãîíå òðàêòîðà áåç íàãðóçêè, ñ 
ðàáî÷åé ìàøèíîé è ñ äîïîëíèòåëüíîé (ýòàëîí-
íîé) ìàññîé, ðàä/ñ2; r

ïê
 – ðàäèóñ ïóòåèçìåðè-

òåëüíîãî êîëåñà, ì.
Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà è êîì-

ïëåêòîâàíèå èçìåðèòåëüíî-âû÷èñëèòåëüíîãî 
êîìïëåêñà, ïîçâîëÿþùåãî ðåàëèçîâàòü ïðåä-
ëàãàåìûé ñïîñîá îïðåäåëåíèÿ ñîïðîòèâëåíèÿ 
ñåëüñêîõîçÿéñòâåííûõ ìàøèí, à òàêæå ïðî-
âåäåíèå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî 
îïðåäåëåíèþ çíà÷åíèé óñêîðåíèÿ òðàêòîðà è 
åãî ïðèâåäåííîé ìàññû íà îäíîé èç ïîâûøåí-
íûõ ïåðåäà÷.

Îñíîâíûå ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Äëÿ ðåàëèçàöèè ïðåäëàãàåìîãî ñïîñîáà áûë 

ðàçðàáîòàí è ñêîìïëåêòîâàí èçìåðèòåëüíî-âû-
÷èñëèòåëüíûé êîìïëåêñ (ÈÂÊ) äëÿ îïðåäåëå-
íèÿ äèíàìè÷åñêèõ ïîêàçàòåëåé ÌÒÀ (ðèñ. 1, 2). 

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îïðå-
äåëåíèþ çíà÷åíèé óñêîðåíèÿ òðàêòîðà è åãî 
ïðèâåäåííîé ìàññû íà îäíîé èç ïîâûøåííûõ 
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ïåðåäà÷ ïðîâîäèëèñü íà áàçå ñòàíöèè «Êèñëÿ-
êîâñêàÿ» Êóùåâñêîãî ðàéîíà Êðàñíîäàðñêîãî 
êðàÿ. 

Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ â äàííîé 
ðàáîòå âûáðàí òðàêòîð ÌÒÇ-80 ñ äâèãàòåëåì 
Ä-240 (n

íîì
 = 2200 îá/ìèí). Â êà÷åñòâå íàãðó-

çî÷íîãî óñòðîéñòâà èçâåñòíîé (ýòàëîííîé) 
ìàññû èñïîëüçîâàëñÿ ïëóã ÏËÍ-3-35.

Îïðåäåëåíèå çíà÷åíèé óñêîðåíèÿ òðàêòîðà 
è åãî ïðèâåäåííîé ìàññû íà îäíîé èç ïîâûøåí-
íûõ ïåðåäà÷ ïðåäëàãàåìûì èçìåðèòåëüíî-âû-
÷èñëèòåëüíûì êîìïëåêñîì îñóùåñòâëÿëîñü â 
÷åòûðå ýòàïà. 

1. Âçâåøèâàíèå òðàêòîðà è íàãðóçî÷íîãî 
óñòðîéñòâà èçâåñòíîé ìàññû.

2. Ïîäãîòîâêà òðàêòîðà è ÈÂÊ ê ðàáîòå.
3. Çàïèñü çàêîíîìåðíîñòåé èçìåíåíèÿ óãëî-

âûõ ñêîðîñòåé è óñêîðåíèé êîëåí÷àòîãî âàëà 
äâèãàòåëÿ è ïóòåèçìåðèòåëüíîãî êîëåñà ïðè 
ðàçãîíå òðàêòîðà áåç íàãðóçêè è ñ äîïîëíè-
òåëüíîé (ýòàëîííîé) ìàññîé.

4. Îáðàáîòêà ïîëó÷åííûõ äàííûõ.
Âçâåøèâàíèå òðàêòîðà è íàãðóçî÷íîãî 

óñòðîéñòâà ïðîèçâîäèëîñü íà âåñàõ ìàðêè «Íå-
âñêèå âåñû» ñ ìàêñèìàëüíîé ìàññîé âçâåøèâà-
íèÿ äî 80 òîíí è öåíîé äåëåíèÿ 20 êã (ðèñ. 3). 
Ìàññà òðàêòîðà ñ ëþäüìè (ìåõàíèçàòîðîì è 

Ðèñ. 1. Ñõåìà èçìåðèòåëüíî-âû÷èñëèòåëüíîãî êîìïëåêñà

à   

á

Ðèñ. 2. Àïïàðàòíûå ñðåäñòâà 
èçìåðèòåëüíî-âû÷èñëèòåëüíîãî êîìïëåêñà: 
à) ïîäãîòîâêà ê ðàáîòå; á) ïðîöåññ çàïèñè 

ïàðàìåòðîâ
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îïåðàòîðîì ÈÂÊ) è îáîðóäîâàíèåì äëÿ èçìå-
ðåíèÿ ñîñòàâèëà 3400 êã (ðèñ. 3, à). Ìàññà òðàê-
òîðà ñ ëþäüìè, îáîðóäîâàíèåì äëÿ èçìåðåíèÿ è 
ïëóãîì ÏËÍ-3-35 ñîñòàâèëà 3800 êã (ðèñ. 3, á). 
Òàêèì îáðàçîì, ìàññà ïëóãà, èñïîëüçóåìîãî â 
êà÷åñòâå íàãðóçî÷íîãî óñòðîéñòâà èçâåñòíîé 
ìàññû, ñîñòàâèëà 400 êã. 

à

á

Ðèñ. 3. Âçâåøèâàíèå òðàêòîðà ÌÒÇ-80: 
à) áåç íàãðóçêè; á) ñ äîïîëíèòåëüíîé 

(ýòàëîííîé) ìàññîé

Ïîäãîòîâêà ÌÒÀ è ÈÂÊ ê ðàáîòå çàêëþ÷à-
ëîñü â ðàçâåðòûâàíèè êîìïëåêñà, ïðèñîåäèíå-
íèè ïóòåèçìåðèòåëüíîãî êîëåñà è óñòàíîâêå 
èíäóêöèîííûõ äàò÷èêîâ. Îäèí äàò÷èê (äàò÷èê 
îáîðîòîâ êîëåí÷àòîãî âàëà) óñòàíàâëèâàë-
ñÿ â ñïåöèàëüíî ïîäãîòîâëåííîå îòâåðñòèå 
Ì16x1,5 â êàðòåðå ìàõîâèêà íàïðîòèâ çóá÷àòî-
ãî âåíöà ìàõîâèêà êîëåí÷àòîãî âàëà (ðèñ. 4, à), 
âòîðîé (äàò÷èê îáîðîòîâ ïóòåèçìåðèòåëüíîãî 
êîëåñà) – íàïðîòèâ çóá÷àòîãî âåíöà øåñòåð-

íè, æåñòêî ñâÿçàííîé ñ ïóòåèçìåðèòåëüíûì 
êîëåñîì (ðèñ. 4, á). Ðàññòîÿíèå îò äàò÷èêîâ äî 
âåðøèí çóáüåâ 1–3 ìì.

à 

á

Ðèñ. 4. Ðàñïîëîæåíèå äàò÷èêîâ îáîðîòîâ: 
à) äàò÷èê îáîðîòîâ êîëåí÷àòîãî âàëà, 

á) äàò÷èê îáîðîòîâ ïóòåèçìåðèòåëüíîãî êîëåñà

Çàïèñü çàêîíîìåðíîñòåé èçìåíåíèÿ óãëîâûõ 
óñêîðåíèé êîëåí÷àòîãî âàëà äâèãàòåëÿ è ïóòå-
èçìåðèòåëüíîãî êîëåñà ïðè ðàçãîíå òðàêòîðà 
áåç íàãðóçêè è ñ äîïîëíèòåëüíîé (ýòàëîííîé) 
ìàññîé çàêëþ÷àëàñü â ôîðìèðîâàíèè ìàññèâà 
äàííûõ çíà÷åíèé ÝÄÑ, ãåíåðèðóåìûõ êàòóø-
êàìè äàò÷èêîâ îáîðîòîâ êîëåí÷àòîãî âàëà è 
ïóòåèçìåðèòåëüíîãî êîëåñà âî âðåìÿ ñîîòâåò-
ñòâóþùèõ ðàçãîíîâ òðàêòîðà. 

Çàïèñü ìàññèâà äàííûõ äëÿ îïðåäåëåíèÿ çà-
êîíîìåðíîñòåé èçìåíåíèÿ óãëîâûõ óñêîðåíèé 
êîëåí÷àòîãî âàëà äâèãàòåëÿ è ïóòåèçìåðèòåëü-
íîãî êîëåñà ïðè ðàçãîíå òðàêòîðà ïðîâîäèëàñü 
ñëåäóþùèì îáðàçîì. Ïðè äâèæåíèè òðàêòî-
ðà áåç íàãðóçêè (ðèñ. 5, à) çà ñ÷åò ñíèæåíèÿ 
ïîäà÷è òîïëèâà äîñòèãàëàñü ÷àñòîòà âðàùå-
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íèÿ êîëåí÷àòîãî âàëà, ñîîòâåòñòâóþùàÿ ìàê-
ñèìàëüíîìó êðóòÿùåìó ìîìåíòó. Ìãíîâåííî 
óâåëè÷èâàëàñü ïîäà÷à òîïëèâà äî ìàêñèìàëü-
íîé. Òðàêòîð ðàçãîíÿëñÿ, ïðè ýòîì çíà÷åíèÿ 
ÝÄÑ äàò÷èêîâ îáîðîòîâ êîëåí÷àòîãî âàëà è 
ïóòåèçìåðèòåëüíîãî êîëåñà ïîñðåäñòâîì ÀÖÏ 
ôèêñèðîâàëèñü â ïàìÿòè êîìïüþòåðà ñ ÷àñòî-
òîé, ðàâíîé ïîëîâèíå ÷àñòîòû îïðîñà (äëÿ äâóõ 
êàíàëîâ), íà êîòîðóþ ïðåäâàðèòåëüíî íàñòðàè-
âàëñÿ ÈÂÊ. Àíàëîãè÷íî ôèêñèðîâàëèñü çíà÷å-
íèÿ ÝÄÑ äàò÷èêîâ ïðè ðàçãîíå òðàêòîðà ñ íà-
âåøåííûì ïëóãîì ÏËÍ-3-35 (ðèñ. 5, á).

Ðàçãîíû òðàêòîðà îñóùåñòâëÿëèñü íà 
âîñüìîé ïîâûøåííîé ïåðåäà÷å ïî ãðóíòîâîé 
äîðîãå. Äëÿ ïîëó÷åíèÿ äîñòîâåðíûõ ðåçóëüòà-
òîâ çàïèñè ðàçãîíîâ òðàêòîðà îñóùåñòâëÿëèñü 
ñ ïÿòèêðàòíîé ïîâòîðíîñòüþ.

 Â ðåçóëüòàòå áûëè ïîëó÷åíû ôàéëû ñ äàí-
íûìè çíà÷åíèé ÝÄÑ êàòóøåê äàò÷èêîâ îáî-
ðîòîâ â êîäîâîé ôîðìå, êîòîðûå ñ ïîìîùüþ 
ïàêåòà ïðèêëàäíûõ ïðîãðàìì ÀÖÏ áûëè ïðå-
îáðàçîâàíû â öèôðîâóþ ôîðìó, äîñòóïíóþ äëÿ 
îáðàáîòêè. 

Îáðàáîòêà ïîëó÷åííûõ äàííûõ çàêëþ÷à-
ëàñü â îïðåäåëåíèè çàêîíîìåðíîñòåé èçìå-
íåíèÿ ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà 
äâèãàòåëÿ (n

êâ
 = f(t)) è óãëîâîãî óñêîðåíèÿ ïó-

òåèçìåðèòåëüíîãî êîëåñà (
ïê

 = f(t)) îò âðåìåíè 
ðàçãîíà òðàêòîðà.

Äëÿ àâòîìàòèçàöèè ïðîöåññà îáðàáîòêè 
äàííûõ èñïîëüçîâàëàñü ïðîãðàììà îáðàáîòêè 
äàííûõ â ñðåäå Turbo-Paskal [6]. Èñõîäíûìè 
äàííûìè äëÿ ïðîãðàììû ÿâëÿëèñü ôàéëû ñî 
çíà÷åíèÿìè ÝÄÑ äàò÷èêîâ â öèôðîâîé ôîðìå. 
Ïîñëå îáðàáîòêè äàííûõ ïðîãðàììà âûäàëà 

çíà÷åíèÿ, ïî êîòîðûì áûëè ïîëó÷åíû çàâè-
ñèìîñòè ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà 
äâèãàòåëÿ è óãëîâîãî óñêîðåíèÿ ïóòåèçìåðè-
òåëüíîãî êîëåñà îò âðåìåíè ðàçãîíà òðàêòîðà.

Íà ðèñ. 6 ïðåäñòàâëåíû çàâèñèìîñòè ÷àñòî-
òû âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ îò 
âðåìåíè ðàçãîíà òðàêòîðà áåç íàãðóçêè.

Íà ðèñ. 7 ïðåäñòàâëåíû çàâèñèìîñòè óãëî-
âîãî óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî êîëåñà îò 
âðåìåíè ðàçãîíà òðàêòîðà áåç íàãðóçêè.

Ñîâìåùàÿ ðåçóëüòèðóþùèå ãðàôèêîâ çàâè-
ñèìîñòåé n

êâ
 = f(t) è 

ïê
 = f(t), áûëè îïðåäåëåíû 

çíà÷åíèÿ óãëîâûõ óñêîðåíèé ïóòåèçìåðèòåëü-
íîãî êîëåñà, ñîîòâåòñòâóþùèå íîìèíàëüíîé 
÷àñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ 
ïðè ðàçãîíå òðàêòîðà áåç íàãðóçêè è ñ äîïîë-
íèòåëüíîé (ýòàëîííîé) ìàññîé. 

Íà ðèñ. 8 ïðåäñòàâëåí àëãîðèòì îïðåäåëå-
íèÿ óãëîâîãî óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî 
êîëåñà, ñîîòâåòñòâóþùåãî íîìèíàëüíîé ÷àñòî-
òå âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ ïðè 
ðàçãîíå òðàêòîðà áåç íàãðóçêè.

Ñîãëàñíî ðèñ. 8, çíà÷åíèå óãëîâîãî óñêîðå-
íèÿ ïóòåèçìåðèòåëüíîãî êîëåñà, ñîîòâåòñòâó-
þùåãî íîìèíàëüíîé ÷àñòîòå âðàùåíèÿ êîëåí-
÷àòîãî âàëà äâèãàòåëÿ ïðè ðàçãîíå òðàêòîðà 
ÌÒÇ-80 áåç íàãðóçêè (dω/dt)

õõ
 = 6,2 ðàä/ñ2.

Àíàëîãè÷íî îïðåäåëèëè çíà÷åíèå óãëîâîãî 
óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî êîëåñà, ñîîò-
âåòñòâóþùåãî íîìèíàëüíîé ÷àñòîòå âðàùåíèÿ 
êîëåí÷àòîãî âàëà äâèãàòåëÿ ïðè ðàçãîíå òðàê-
òîðà ÌÒÇ-80 ñ äîïîëíèòåëüíîé (ýòàëîííîé) 
ìàññîé (dω/dt)

ýò
 = 5,8 ðàä/ñ2.

Ñ ó÷åòîì ðàäèóñà ïóòåèçìåðèòåëüíîãî 
êîëåñà (r

ïê
 = 0,4 ì) ïî ôîðìóëàì (3) è (5) îïðå-

     

 à á

Ðèñ. 5. Ðàçãîí òðàêòîðà ÌÒÇ-80: 
à) áåç íàãðóçêè; á) ñ äîïîëíèòåëüíîé (ýòàëîííîé) ìàññîé
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Ðèñ. 6. Çàâèñèìîñòè ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ 
îò âðåìåíè ðàçãîíà òðàêòîðà ÌÒÇ-80 áåç íàãðóçêè

Ðèñ. 7. Çàâèñèìîñòè óãëîâîãî óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî êîëåñà 
îò âðåìåíè ðàçãîíà òðàêòîðà ÌÒÇ-80 áåç íàãðóçêè
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Ðèñ. 8. Àëãîðèòì îïðåäåëåíèÿ óãëîâîãî óñêîðåíèÿ ïóòåèçìåðèòåëüíîãî êîëåñà, ñîîòâåòñòâóþùåãî 
íîìèíàëüíîé ÷àñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ ïðè ðàçãîíå òðàêòîðà ÌÒÇ-80 áåç íàãðóçêè

äåëèëè çíà÷åíèÿ óñêîðåíèé òðàêòîðà ÌÒÇ-80 
ïðè ñîîòâåòñòâóþùèõ ðàçãîíàõ: 

( / ) 6,2 0,4 2,48xxdV dt     ì/ñ2;
( / ) 5,8 0,4 2,32dV dt   ýò  ì/ñ2.

Çàòåì ïî ôîðìóëå (2) ñ ó÷åòîì ìàññû íàâå-
øåííîãî ïëóãà ÏËÍ-3-35 (Ì

ýò
 = 400 êã) è êî-

ýôôèöèåíòà ïåðåêàòûâàíèÿ êîëåñíîãî òðàêòî-
ðà ïî ãðóíòîâîé äîðîãå ( f = 0,07) îïðåäåëèëè 
ïðèâåäåííóþ ìàññó òðàêòîðà ÌÒÇ-80 íà âîñü-
ìîé ïîâûøåííîé ïåðåäà÷å:

400 2,32 9,8 0,07 5804
2,48 2,32

M   
 

ò  êã.

Çàêëþ÷åíèå
Ðàçðàáîòàííûé è ñêîìïëåêòîâàííûé èç-

ìåðèòåëüíî-âû÷èñëèòåëüíûé êîìïëåêñ äëÿ 
îïðåäåëåíèÿ äèíàìè÷åñêèõ ïîêàçàòåëåé ÌÒÀ 
è ïîëó÷åííûå ðåçóëüòàòû ïî îïðåäåëåíèþ çíà-
÷åíèé óñêîðåíèÿ òðàêòîðà è åãî ïðèâåäåííîé 
ìàññû ïîçâîëÿþò ðåàëèçîâàòü ïðåäëàãàåìûé 
ñïîñîá â óñëîâèÿõ ýêñïëóàòàöèè, ÷òî âåäåò ê 
ñíèæåíèþ òðóäîåìêîñòè îïðåäåëåíèÿ òÿãîâîãî 
ñîïðîòèâëåíèÿ ñåëüñêîõîçÿéñòâåííûõ ìàøèí.
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