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Â íàñòîÿùåå âðåìÿ â ðåñïóáëèêå ïðîðàáàòûâàåòñÿ êîíöåïöèÿ ïåðåõîäà õëîïêîâîä÷åñêîé ýíåðãåòèêè íà ÷åòû-
ðåõêîëåñíóþ, èìåþùóþ ïî ñðàâíåíèþ ñ ñóùåñòâóþùåé äîïîëíèòåëüíûé ïîòåíöèàë äëÿ ïîâûøåíèÿ ïðîèçâî-
äèòåëüíîñòè çà ñ÷åò óâåëè÷åíèÿ ðÿäíîñòè ñåëüõîçìàøèí. Õëîï÷àòíèê îòíîñèòñÿ ê âûñîêîñòåáåëüíûì òåõíè-
÷åñêèì êóëüòóðàì, òàê êàê íà ñòàäèè ìàêñèìàëüíîãî áèîëîãè÷åñêîãî ðàçâèòèÿ ðàñòåíèÿ äîñòèãàþò â âûñîòó 
800…1250 ìì. Ìèíèìàëüíûå òðàâìèðîâàíèå íàäçåìíîé ÷àñòè ðàñòåíèé ïðè îáðàáîòêå ìåæäóðÿäèé è ïîòåðÿ 
óðîæàÿ âî âðåìÿ óáîðêè âî ìíîãîì îáåñïå÷èâàþòñÿ áëàãîäàðÿ ïîâûøåííîìó àãðîòåõíè÷åñêîìó ïðîñâåòó õëîï-
êîâîä÷åñêèõ òðàêòîðîâ. Ñîâðåìåííûé õëîïêîâîä÷åñêèé òðàêòîð èìååò ñõåìó äâèæèòåëåé ñ êîëåñíîé ñõåìîé 
3Ê2 è àãðîïðîñâåò 820…830 ìì ïîä ðóêàâàìè ïîëóîñåé çàäíåãî ìîñòà çà ñ÷åò óñòàíîâêè äîïîëíèòåëüíûõ êîíå÷-
íûõ ïåðåäà÷. Ïåðåäíÿÿ óïðàâëÿåìàÿ îñü – îäíîêîëåñíàÿ, îíà íå ïðåïÿòñòâóåò áåçîïàñíîìó ïðîõîäó ðàñòåíèé 
ïîä îñòîâîì òðàêòîðà. Ïðè ðàçðàáîòêå ÷åòûðåõêîëåñíîãî õëîïêîâîä÷åñêîãî òðàêòîðà ñåðüåçíîé ïðîáëåìîé 
ÿâëÿåòñÿ îáåñïå÷åíèå òðåáóåìîãî àãðîòåõíè÷åñêîãî ïðîñâåòà ïîä áàëêîé ïåðåäíåãî ìîñòà. Ïðåäâàðèòåëüíûìè 
èññëåäîâàíèÿìè óñòàíîâëåíî, ÷òî ìåíÿòü àãðîòåõíè÷åñêèé ïðîñâåò ïîä ïîðòàëüíîé êîíñòðóêöèåé ïåðåäíåãî 
ìîñòà ìîæíî çà ñ÷åò èçìåíåíèÿ äëèíû øêâîðíåé ïîâîðîòíûõ öàïô äî ðàçìåðîâ, îáåñïå÷èâàþùèõ ÷åòûðåõ-
êîëåñíîìó òðàêòîðó óäîâëåòâîðèòåëüíûå ïîêàçàòåëè ïðîõîäèìîñòè íàä ðÿäêàìè õëîï÷àòíèêà. Ïðè ýòîì, íå-
îáõîäèìî ó÷èòûâàòü èçâåñòíîå âëèÿíèå ëèíåéíûõ è óãëîâûõ ðàçìåðîâ ïåðåäíåãî ìîñòà íà êèíåìàòè÷åñêèå 
õàðàêòåðèñòèêè ðóëåâîãî óïðàâëåíèÿ è ðàáîòó äâèæèòåëåé, â ñâÿçè ñ ÷åì áûëà óñòàíîâëåíà àíàëèòè÷åñêàÿ âçà-
èìîñâÿçü àãðîòåõíè÷åñêîãî ïðîñâåòà ïîä ïåðåäíèì ìîñòîì òðàêòîðà ñ êîëåñíîé ñõåìîé 4Ê4à, ðàçìåðîâ øêâîð-
íåé ïîâîðîòíûõ öàïô, ðàçìåðîâ óïðàâëÿåìûõ êîëåñ è óãëîâ èõ óñòàíîâêè, ïîçâîëÿþùàÿ ðàññ÷èòàòü âåëè÷èíó 
àãðîòåõíè÷åñêîãî ïðîñâåòà ïîä áàëêîé ïåðåäíåãî ìîñòà äëÿ ðàçëè÷íûõ ñî÷åòàíèé àðãóìåíòîâ, âõîäÿùèõ â 
ýòó çàâèñèìîñòü. Äëÿ ïðèìåðà óñòàíîâëåíî, ÷òî ïðè äëèíå øêâîðíåâîãî âàëà ýêñïåðèìåíòàëüíîãî ïåðåäíåãî 
âåäóùåãî ìîñòà 435 ìì è óñòàíîâêå øèí 11,2-20, 11,2R20 è 11,2R24 îáåñïå÷èâàåòñÿ àãðîòåõíè÷åñêèé ïðîñâåò 
â ïðåäåëàõ 826…877 ìì, ÷òî îòâå÷àåò òðåáîâàíèÿì òåõíè÷åñêîãî çàäàíèÿ íà õëîïêîâîä÷åñêèé òðàêòîð. 
Êëþ÷åâûå ñëîâà: òðàêòîð õëîïêîâîä÷åñêèé ÷åòûðåõêîëåñíûé, ïåðåäíèé ïîðòàëüíûé óïðàâëÿåìûé âûñîêî-
êëèðåíñíûé ìîñò, àãðîòåõíè÷åñêèé ïðîñâåò, øêâîðåíü ïîâîðîòíîé öàïôû, àíàëèòè÷åñêàÿ âçàèìîñâÿçü îñíîâ-
íûõ ïàðàìåòðîâ ïåðåäíåãî ìîñòà, àãðîòåõíè÷åñêèé ïðîñâåò, òèïîðàçìåð øèí. 

At present, the concept of the transition of cotton energy to a four-wheeled power plant is being worked out in the 
republic. And it has, in comparison with the existing one, an additional potential for increasing productivity due 
to increasing the ranks of agricultural machinery. Cotton refers to high-growth technical crops, as at the stage of 
maximum biological development plants reach a height of 800...1250 mm. Minimal traumatization of the above-
ground part of the plants during the processing of row spacing and loss of harvest during harvesting is largely due 
to the increased agrotechnical clearance of cotton-growing tractors. The modern cotton tractor has a scheme of 
propulsors with axle configuration of 3K2 and clearance of 820...830 mm under tubes of shafts of rear axles, due to 
the installation of additional final gears. The front steer axle is single-wheeled, it does not prevent the safe passage of 
plants under the tractor's framework. When developing a four-wheeled cotton tractor, a major problem is the provision 
of the required agro-technical clearance under the tube of the front axle. Preliminary studies have established that it 
is possible to change the agrotechnical clearance under the portal structure of the front axle by changing the length of 
the pivots of the pivot pins to the dimensions that provide the four-wheeled tractor with satisfactory flotation above 
the row of cotton. At the same time, it is necessary to take into account the known effect of the linear and angular 
dimensions of the front axle on the kinematic characteristics of the steering and the operation of the propulsors, in 
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îò ðàçìåðîâ ïîâîðîòíîé öàïôû, òèïîðàçìåðà øèí óïðàâëÿåìûõ êîëåñ è óãëîâ èõ óñòàíîâêè
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connection with which the analytical interrelation of the agrotechnical clearance under the front axle of the tractor 
with axle configuration 4K4a, the dimensions of the pivots of pivot pins, the dimensions of the steered wheels and the 
angles of their settings, allowing to calculate the amount of agrotechnical clearance under the beam of the front axle 
for different combinations of arguments that are included in this dependence. For example, it is established that with 
the length of the pivot shaft of the experimental front driving axle of 435 mm and the installation of 11.2-20, 11.2R20 
and 11.2R24 tires, an agro technical clearance is provided within 826...877 mm, which meets the requirements of the 
technical specification for the cotton tractor.
Keywords: four-wheeled cotton tractor, front portal controlled high-altitude axle, agrotechnical clearance, pivot pin, 
analytic relationship between the main parameters of the front axle, tire size.

 Ââåäåíèå
Íà ìåõàíèçèðîâàííûõ ïðîöåññàõ ïðè âîç-

äåëûâàíèè è óáîðêå õëîï÷àòíèêà â êà÷åñòâå 
ýíåðãåòè÷åñêèõ ñðåäñòâ â íàñòîÿùåå âðåìÿ 
èñïîëüçóþòñÿ ñïåöèàëüíûå õëîïêîâîä÷åñêèå 
ïðîïàøíûå òðàêòîðû, èìåþùèå àãðîòåõíè-
÷åñêèé ïðîñâåò íà óðîâíå 820±10 ìì, òàê êàê 
íà ñòàäèè ìàêñèìàëüíîãî ðàçâèòèÿ ðàñòåíèÿ 
õëîï÷àòíèêà äîñòèãàþò â âûñîòó 800…1250 ìì. 
Â îñíîâíîì ýòî òðàêòîðû ÒÒÇ-80.11 è ÌÒÇ-80Õ 
òÿãîâîãî êëàññà 1,4 ñ êîëåñíîé ñõåìîé 3Ê2.

Â íàñòîÿùåå âðåìÿ âåäóòñÿ íàó÷íî-èññëåäî-
âàòåëüñêèå è îïûòíî-êîíñòðóêòîðñêèå ðàáîòû 
ïî ñîçäàíèþ õëîïêîâîä÷åñêîãî òðàêòîðà ïî-
âûøåííîãî òÿãîâîãî êëàññà ñ êîëåñíîé ñõåìîé 
4Ê4à [1, 2].

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîëó÷åíèå 

çàâèñèìîñòè àãðîòåõíè÷åñêîãî ïðîñâåòà ïîä 
ïåðåäíèì ìîñòîì õëîïêîâîä÷åñêîãî òðàêòîðà ñ 
êîëåñíîé ñõåìîé 4Ê4à îò ðàçìåðîâ ïîâîðîòíîé 

öàïôû, òèïîðàçìåðà øèí óïðàâëÿåìûõ êîëåñ è 
óãëîâ èõ óñòàíîâêè. Íà îñíîâå àíàëèçà èìåþ-
ùåéñÿ èíôîðìàöèè [3, 4] â êà÷åñòâå ïðîòîòèïà 
äëÿ èññëåäîâàíèé âûáðàí òðàêòîð ÌÒÇ-82Ð 
ïðîèçâîäñòâà ÐÓÏ «Ìèíñêèé òðàêòîðíûé 
çàâîä», ïðèâëåêøèé âíèìàíèå òåì, ÷òî êîí-
ñòðóêöèÿ ïåðåäíåãî ìîñòà òðàêòîðà ÌÒÇ-82Ð 
ïîçâîëÿåò èçìåíÿòü àãðîòåõíè÷åñêèé ïðîñâåò 
ïîä ïåðåäíèì ìîñòîì çà ñ÷åò èçìåíåíèÿ äëèíû 
øêâîðíåé ïîâîðîòíûõ öàïô. Ïîä êîæóõàìè 
ïîëóîñåé çàäíåãî ìîñòà óæå èìååòñÿ íåîáõîäè-
ìûé àãðîòåõíè÷åñêèé ïðîñâåò áëàãîäàðÿ óñòà-
íîâêå äîïîëíèòåëüíûõ êîíå÷íûõ ïåðåäà÷.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Íà ðèñ. 1 ïîêàçàíà ñõåìà ïåðåäíåãî ïîð-

òàëüíîãî âåäóùåãî ìîñòà òðàêòîðà ÌÒÇ-82Ð è 
îñíîâíûå ëèíåéíûå è óãëîâûå ïàðàìåòðû, íå-
îáõîäèìûå äëÿ ðàñ÷åòà.

Ðàñ÷åòíàÿ ñõåìà ïðèâåäåíà íà ðèñ. 2, ãäå çà 
íà÷àëî êîîðäèíàò ïðèíÿòà òî÷êà ïåðåñå÷åíèÿ 
îñè âðàùåíèÿ êîëåñà (îñè öàïôû) è ïîâîðîòíîé 
îñè êîëåñà (îñè øêâîðíÿ). Ïðè ýòîì îñü X íà-
ïðàâëåíà ãîðèçîíòàëüíî ïî íàïðàâëåíèþ äâè-
æåíèÿ òðàêòîðà, îñü Y – ïåðïåíäèêóëÿðíî íà-
ïðàâëåíèþ äâèæåíèÿ, îñü Z – ââåðõ. 

        

 à á â

Ðèñ. 1. Ñõåìà ïåðåäíåãî ìîñòà óíèâåðñàëüíî-ïðîïàøíîãî òðàêòîðà: 
A – àãðîòåõíè÷åñêèé ïðîñâåò, ìì; A + C – ðàññòîÿíèå îò îïîðíîãî îñíîâàíèÿ äî ïîëóîñè êîíè÷åñêîé 

øåñòåðíè, ìì; l
Ø

 – äëèíà øêâîðíÿ, ìì;  – óãîë ïîïåðå÷íîãî íàêëîíà øêâîðíÿ, ãðàä.;  – óãîë ïðîäîëüíîãî 
íàêëîíà øêâîðíÿ, ãðàä; l

Ö
 – äëèíà öàïôû, ìì;  – óãîë ðàçâàëà óïðàâëÿåìûõ êîëåñ, ãðàä; 

r
ÑÒ

 – ñòàòè÷åñêèé ðàäèóñ óïðàâëÿåìûõ êîëåñ, ìì;  – óãîë ñõîæäåíèÿ êîëåñ, ìì
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Äëÿ óêàçàíèÿ íàïðàâëåíèÿ îñè øêâîðíÿ èñ-
ïîëüçóåì åäèíè÷íûé âåêòîð u


, êîòîðûé íà-

ïðàâëåí îò íà÷àëà êîîðäèíàò ê âåðõíåé òî÷êå 
øêâîðíÿ. 

Òîãäà êîîðäèíàòû âåêòîðà u


 áóäóò ðàâíû 
[5–7]: 

 1 2 3 2 2

2 2 2 2

tg
; ; ;

tg tg 1

tg 1
; .

tg tg 1 tg tg 1

u u u u
   
    

 
        



Âåêòîð DO


 èìååò äëèíó l
Ø

 è íàïðàâëåíèå, 
ïðîòèâîïîëîæíîå íàïðàâëåíèþ âåêòîðà u


, ò.å. 

DO


 = – l
Ø

 · u


. Ïîýòîìó:

 

Ø Ø

2 2 2 2

Ø

2 2

tg
; ;

tg tg 1 tg tg 1

.
tg tg 1

l tg l
DO

l

  
        



    



 (1)

Äëÿ óêàçàíèÿ íàïðàâëåíèÿ îñè öàïôû èñ-
ïîëüçóåì åäèíè÷íûé âåêòîð v


, êîòîðûé íà-

ïðàâëåí îò íà÷àëà êîîðäèíàò â ñòîðîíó öåíòðà 
êîëåñà.

Êîîðäèíàòû âåêòîðà v


 áóäóò ðàâíû:

 cos sin ;  cos cos ;  sinv       


.

Ïëîñêîñòü êîëåñà ïåðïåíäèêóëÿðíà âåêòîðó 
v


 è íàõîäèòñÿ îò íà÷àëà êîîðäèíàò íà ðàññòîÿ-
íèè, ðàâíîì äëèíå öàïôû l

Ö
.

Ïîýòîìó, êîîðäèíàòû âåêòîðà OS


 îïðåäå-
ëÿòñÿ èç âûðàæåíèÿ:

 
 Ö Ö Öcos sin ;   cos cos ;   sinOS l l l      


. (2)

Îïðåäåëèì êîîðäèíàòû âåêòîðà SN


 = 
= (X; Y; Z), íàïðàâëåííîãî èç öåíòðà êîëåñà S 
â òî÷êó N êàñàíèÿ êîëåñà ñ îïîðíîé ïîâåðõíî-
ñòüþ, èñõîäÿ èç ñëåäóþùèõ óñëîâèé:

1) âåêòîð SN


 ïåðïåíäèêóëÿðåí âåêòîðó v


, 
ò.å. Xcossin + Y cossin – Zsin = 0;

2) åãî äëèíà ðàâíà ñòàòè÷åñêîìó ðàäèóñó r
ÑÒ

 
êîëåñà, ò.å. X2 + Y2 + Z2 = r

ÑÒ
2;

3) âåêòîð SN


 íàïðàâëåí âíèç è íàõîäèòñÿ ñ 
âåêòîðîì v


 â îäíîé âåðòèêàëüíîé ïëîñêîñòè, ò.å. 

cos sin cos cos sin 0

0 0 1

X Y Z

       .

Èç ýòèõ óñëîâèé ñëåäóåò, ÷òî:

tg cosY Z   ; tg sinX Z   , 

ÑÒ cosZ r   .

Òàê êàê âåêòîð SN


 íàïðàâëåí âíèç, òî: 

 ÑÒ cosZ r   . (3)

Êàê èçâåñòíî, ïðîåêöèÿ ëþáîãî âåêòîðà íà 
îñü Z ðàâíà åãî âåðòèêàëüíîé êîîðäèíàòå. Ïî-
ýòîìó ðàññòîÿíèå îò îïîðíîãî îñíîâàíèÿ äî 
ïîâîðîòíîãî ðû÷àãà: 

 
DN DO OS SN
Z Z Z ZA C np np np np      
   

. (4)

Ïîñëå ïîäñòàíîâêè â (4) çíà÷åíèé âåðòè-
êàëüíûõ êîîðäèíàò âåêòîðîâ DO


, OS


 è SN


 
èç âûðàæåíèé (1), (2) è (3) ïîëó÷èì:

 

Ø
Ö ÑÒ2 2

sin cos
tg tg 1

l
A C l r     

   
. (5)

Óãëû óñòàíîâêè  ,  ,  , ðàçìåð C è äëèíó 
öàïôû l

Ö
 ñ÷èòàåì ïîñòîÿííûìè âåëè÷èíàìè è 

ðàâíûìè 2o  , 7o  , 3o  , Ö 185l   ìì, 
C = 65 ìì.

Ïî ôîðìóëå (5) àãðîòåõíè÷åñêèé ïðîñâåò 
âû÷èñëÿåòñÿ ïðè ðàçëè÷íûõ çíà÷åíèÿõ äëèíû 
øêâîðíÿ l

Ø
 è òèïîðàçìåðîâ øèí. Äëÿ ðàñ÷åòîâ 

âûáðàíû øèíû, êîòîðûå ìîãóò áûòü óñòàíîâ-
ëåíû íà ïåðåäíèé âåäóùèé ìîñò ýêñïåðèìåí-
òàëüíîãî óíèâåðñàëüíî-ïðîïàøíîãî òðàêòîðà. 
Ðåçóëüòàòû ðàñ÷åòîâ äëÿ øêâîðíåé, óâåëè-
÷åííûõ ïî ñðàâíåíèþ ñ ïðîòîòèïîì íà 150 è 
170 ìì, ïðèâåäåíû â òàáë. 1

Ðèñ. 2. Íàïðàâëåíèÿ îñåé øêâîðíÿ è öàïôû 
ïåðåäíåãî ìîñòà â êîîðäèíàòíîé ñèñòåìå
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Èç òàáë. 1 âèäíî, ÷òî ïðè äëèíå øêâîðíå-
âîãî âàëà ýêñïåðèìåíòàëüíîãî ïåðåäíåãî âå-
äóùåãî ìîñòà l

Ø
, ðàâíîé 435 ìì, è óñòàíîâêå 

óêàçàííûõ â òàáë. 1 øèí îáåñïå÷èâàåòñÿ àãðî-
òåõíè÷åñêèé ïðîñâåò â ïðåäåëàõ 826…877 ìì, 
÷òî ñîîòâåòñòâóåò òðåáîâàíèÿì òåõíè÷åñêîãî 
çàäàíèÿ íà õëîïêîâîä÷åñêèé òðàêòîð. 

Çàêëþ÷åíèå
Ïðè ïåðåâîäå õëîïêîâîé ýíåðãåòèêè ñ òðåõ-

êîëåñíîé íà ÷åòûðåõêîëåñíóþ ïðîáëåìîé ÿâ-
ëÿåòñÿ îáåñïå÷åíèå íåîáõîäèìîãî àãðîòåõíè-
÷åñêîãî ïðîñâåòà ïîä áàëêîé ïåðåäíåãî ìîñòà 
òðàêòîðà. Ïîêàçàíî, ÷òî ýòó ïðîáëåìó ìîæíî 
ðåøèòü çà ñ÷åò ðàöèîíàëüíîãî ñî÷åòàíèÿ òè-
ïîðàçìåðà øèí óïðàâëÿåìûõ ïåðåäíèõ êîëåñ è 
äëèíû øêâîðíåé ïîâîðîòíûõ öàïô. 
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Òàáëèöà 1
Ïàðàìåòðû âûñîêîêëèðåíñíîãî ïåðåäíåãî ìîñòà òðàêòîðà

l
Ø

, ìì Îáîçíà÷åíèå øèí r
ÑÒ

, ìì À , ìì

265 (áàçîâûé) 11,2-20 460 667
415 11,2-20 460 816
435 11,2-20 460 836

265 11,2R20 450 657
415 11,2R20 450 806
435 11,2R20 450 826

265 11,2R24 501 708
415 11,2R24 501 857
435 11,2R24 501 877


