
Ñèëîâîé àíàëèç ìåõàíèçìîâ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ 
ïî÷âîîáðàáàòûâàþùèõ ìàøèí ïî çàäàííîé òðàåêòîðèè

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

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

47

ÓÄÊ 631.343:631.538

ÑÈËÎÂÎÉ ÀÍÀËÈÇ ÌÅÕÀÍÈÇÌÎÂ ÏÅÐÅÌÅÙÅÍÈß 
ÐÀÁÎ×ÈÕ ÎÐÃÀÍÎÂ ÏÎ×ÂÎÎÁÐÀÁÀÒÛÂÀÞÙÈÕ 
ÌÀØÈÍ ÏÎ ÇÀÄÀÍÍÎÉ ÒÐÀÅÊÒÎÐÈÈ

FORCE ANALYSIS OF THE MECHANISMS 
OF TILLAGE MACHINES WORKING ELEMENTS 
FOLLOWING A SPECIFIED PATH

Ã.Ã. ÏÀÐÕÎÌÅÍÊÎ1, ê.ò.í.
Ñ.Ã. ÏÀÐÕÎÌÅÍÊÎ2, ê.ò.í.
1 Ñåâåðî-Êàâêàçñêèé íàó÷íî-èññëåäîâàòåëüñêèé 

èíñòèòóò ìåõàíèçàöèè è ýëåêòðèôèêàöèè ñåëüñêîãî 
õîçÿéñòâà ÔÃÁÍÓ «Àãðàðíûé íàó÷íûé öåíòð «Äîíñêîé», 
Çåðíîãðàä, Ðîññèÿ, parkhomenko.galya@yandex.ru

2 Àçîâî-×åðíîìîðñêèé èíæåíåðíûé èíñòèòóò ÔÃÁÎÓ ÂÎ 
Äîíñêîé ÃÀÓ, Çåðíîãðàä, Ðîññèÿ, s-parkhom@mail.ru

G.G. PARKHOMENKO1, PhD in Engineering
S.G. PARKHOMENKO2, PhD in Engineering
1 North-Caucasian scientific research Institute of mechanization 

and electrification of agriculture Federal state research 
institution of the «Agrarian Science Center «Donskoy», 
Zernograd, Russia Federation, parkhomenko.galya@yandex.ru

2 Azov-Black sea engineering Institute of Don State Agrarian 
University, Zernograd, Russia Federation, s-parkhom@mail.ru

Ïðè îáðàáîòêå ïî÷âû â ðÿäàõ ìíîãîëåòíèõ íàñàæäåíèé ðàáî÷èå îðãàíû äîëæíû ïåðåìåùàòüñÿ â ïîïåðå÷íîì 
íàïðàâëåíèè ïðè îáõîäå øòàìáà. Òðàåêòîðèÿ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ îáóñëîâëåíà òðåáóåìîé çàùèòíîé 
çîíîé. Íåîáõîäèìî ñîáëþäàòü çàäàííóþ òðàåêòîðèþ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ ïðè ìèíèìàëüíûõ ýíåð-
ãîçàòðàòàõ íà îñóùåñòâëåíèå òåõíîëîãè÷åñêîãî ïðîöåññà îáðàáîòêè ïî÷âû. Ïåðåìåùåíèå ðàáî÷èõ îðãàíîâ 
îñóùåñòâëÿåòñÿ ÷åòûðåõçâåííûì ìåõàíèçìîì, óïðàâëÿåìûì ãèäðîïðèâîäîì. Ýíåðãîçàòðàòû çàâèñÿò îò ïðè-
íóäèòåëüíîãî óñèëèÿ, ïðèëîæåííîãî ê âåäóùåìó çâåíó ìåõàíèçìà è ñèë ñîïðîòèâëåíèÿ ïî÷âû, äåéñòâóþùèõ 
íà ðàáî÷èå îðãàíû â âèäå ðàñïðåäåëåííîé íàãðóçêè. Ïðèíóäèòåëüíîå óñèëèå ïðîïîðöèîíàëüíî ñîçäàâàåìîìó 
äàâëåíèþ â ãèäðîïðèâîäå. Ýíåðãîçàòðàòû ìîæíî óìåíüøèòü ïðè èñïîëüçîâàíèè ñèë ñîïðîòèâëåíèÿ ïî÷âû, 
äåéñòâóþùèõ íà ðàáî÷èå îðãàíû. Ïðè îïðåäåëåííîì ñîîòíîøåíèè ïàðàìåòðîâ ìåõàíèçìà ïåðåìåùåíèÿ ðàáî-
÷èå îðãàíû ïîä äåéñòâèåì ñèë ñîïðîòèâëåíèÿ ïî÷âû ñòðåìÿòñÿ â ðÿä ìíîãîëåòíèõ íàñàæäåíèé è óäåðæèâàþòñÿ 
â íåì áåç èñïîëüçîâàíèÿ ãèäðîïðèâîäà. Öåëü èññëåäîâàíèÿ: îáîñíîâàíèå ñïîñîáà ñíèæåíèÿ ýíåðãîçàòðàò íà 
îñóùåñòâëåíèå òåõíîëîãè÷åñêîãî ïðîöåññà îáðàáîòêè ïî÷âû ïóòåì àíàëèçà ìåõàíèçìîâ ïåðåìåùåíèÿ ðàáî÷èõ 
îðãàíîâ. Èññëåäîâàíèþ ïîäâåðãàëèñü ìåõàíèçìû: ïîäúåìíîãî êðàíà, òðàïåöåèäàëüíûé, ïàðàëëåëîãðàììíûé è 
êóëüòèâàòîðà Í-7 ôèðìû «Õîëäåð» ñ ëåâîðåæóùèì, ïðàâîðåæóùèì è ñèììåòðè÷íûì ïåðåìåùåíèåì ðàáî÷èõ 
îðãàíîâ. Ñíèæåíèå ýíåðãîçàòðàò âîçìîæíî ïðè ïåðåìåùåíèè òðàïåöåèäàëüíûì ìåõàíèçìîì ëåâîðåæóùåãî 
èëè ïðàâîðåæóùåãî, à òàêæå ñèììåòðè÷íîãî ðàáî÷èõ îðãàíîâ. Äðóãèå ìåõàíèçìû ïðè ýòîì õàðàêòåðèçóþòñÿ 
äîïîëíèòåëüíûìè çàòðàòàìè ýíåðãèè. Îñíîâíàÿ ÷àñòü ýíåðãèè ðàñõîäóåòñÿ íà îòâîä ïîñðåäñòâîì ãèäðîïðèâî-
äà ðàáî÷èõ îðãàíîâ èç ðÿäà íàñàæäåíèé. Âîçâðàò ëåâîðåæóùåãî èëè ïðàâîðåæóùåãî, à òàêæå ñèììåòðè÷íîãî 
ðàáî÷èõ îðãàíîâ â ðÿä îñóùåñòâëÿåòñÿ ïîä äåéñòâèåì ñèë ñîïðîòèâëåíèÿ ïî÷âû òðàïåöåèäàëüíûì ìåõàíèçìîì 
ñ ñîîòíîøåíèåì çâåíüåâ 1:0,448:0,325:0,896:1,563.
Êëþ÷åâûå ñëîâà: ïî÷âà, ðàáî÷èé îðãàí, øòàìá, øàðíèðíûé ÷åòûðåõçâåííèê, çàùèòíàÿ çîíà, ñèëîâîé àíàëèç.

During the soil tillage in the rows of perennial plantations, the working elements have to move in the transverse 
direction while traversing of the bole. The specified path of the working elements movement is determined by the 
required protective zone. The specified path of the working elements movement at minimum energy costs for the 
technological process of soil tillage implementation should be observed. The working elements movement is carried 
out by a four-bar linkage, controlled by a hydraulic drive. Energy costs depend on forced effort, applied to the driving 
link of mechanism and soil resistance forces, acting on the working elements in the form of distributed load. The 
forced effort is proportional to the created pressure in the hydraulic drive. The energy costs can be reduced by using 
soil resistance forces acting on the working elements. Under a certain ratio of the movement mechanism parameters, 
the working elements under the action of soil resistance forces, tend to a row of perennial plantations and are retained 
in it without the usage of the hydraulic drive. The aim of the investigation is to justify a method of reducing the energy 
costs for the implementation of the technological process of soil tillage by analyzing the mechanisms of the working 
elements movement. The crane mechanisms, trapezoidal, parallelogram, cultivator H-7 of «Holder» company, move-
ments of the left-handed, right-handed and symmetrical working elements were subjected to the research. A reduc-
tion in energy consumption is possible when moving the trapezoidal mechanism of the left-handed or right-handed, 
as well as the symmetrical working elements. Other mechanisms are characterized by additional energy costs as well. 
The main part of the energy is spent for retraction by means of hydraulic drive of working elements from a number 
of plantations. The retraction of the left-handed or right-handed, as well as of the symmetrical working elements in 
a row is carried out under the action of soil resistance forces by a trapezoidal mechanism with the ratio of the links 
1:0,448:0,325:0,896:1,563.
Keywords: soil, working element, bole, four-bar linkage, protective zone, force analysis.
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 Ââåäåíèå
Âûïîëíåíèå ðàçëè÷íûõ òåõíîëîãè÷åñêèõ 

ïðîöåññîâ ïðè ïðîèçâîäñòâå ñ/õ ïðîäóêöèè ñî-
ïðÿæåíî ñ ñîáëþäåíèåì çàäàííûõ òðàåêòîðèé 
äâèæåíèÿ ðàáî÷èõ îðãàíîâ. Òàê, ïðè îáðàáîòêå 
ïî÷âû â ðÿäàõ ìíîãîëåòíèõ íàñàæäåíèé ðàáî-
÷èå îðãàíû äîëæíû ïåðåìåùàòüñÿ ïðè îáõîäå 
øòàìáà ïî çàäàííîé òðàåêòîðèè, îáóñëîâ-
ëåííîé òðåáóåìîé çàùèòíîé çîíîé [1]. Îáõîä 
øòàìáà îñóùåñòâëÿåòñÿ ïîñðåäñòâîì ïåðåìå-
ùåíèÿ ðàáî÷èõ îðãàíîâ èç ðÿäà â ìåæäóðÿäüå 
ìíîãîëåòíèõ íàñàæäåíèé ÷åòûðåõçâåííûì ìå-
õàíèçìîì [2–6], óïðàâëÿåìûì ãèäðîïðèâîäîì. 
Ïðèìåíåíèå ãèäðîïðèâîäà ðàáî÷èõ îðãàíîâ íà 
ìàøèíàõ â ñàäîâîäñòâå áëàãîïðèÿòíî ñ òî÷êè 
çðåíèÿ ôóíêöèîíàëüíîãî ðàçìåùåíèÿ êîí-
ñòðóêòèâíûõ ýëåìåíòîâ ìàøèí [7].

Íàèáîëüøàÿ òðóäíîñòü çàêëþ÷àåòñÿ â ñî-
áëþäåíèè çàäàííîé òðàåêòîðèè ïåðåìåùåíèÿ 
ðàáî÷èõ îðãàíîâ ïðè ìèíèìàëüíûõ ýíåðãîçà-
òðàòàõ íà îñóùåñòâëåíèå òåõíîëîãè÷åñêîãî 
ïðîöåññà îáðàáîòêè ïî÷âû. Óìåíüøèòü ýíåðãî-
çàòðàòû ìîæíî çà ñ÷åò èñïîëüçîâàíèÿ ñèë ñî-
ïðîòèâëåíèÿ ïî÷âû ïðè ïåðåìåùåíèè ðàáî÷èõ 
îðãàíîâ. Ïðè ýòîì ãèäðîïðèâîä èñïîëüçóåòñÿ 
òîëüêî äëÿ îòâîäà ðàáî÷èõ îðãàíîâ èç ðÿäà íà-
ñàæäåíèé. Âîçâðàò ðàáî÷èõ îðãàíîâ â ðÿä íà-
ñàæäåíèé îñóùåñòâëÿåòñÿ ïîä äåéñòâèåì ñèë 
ñîïðîòèâëåíèÿ ïî÷âû ïðè äâèæåíèè àãðåãàòà è 
íå ñîïðîâîæäàåòñÿ ïîâûøåíèåì ýíåðãîçàòðàò. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îáîñíîâàíèå 

ñïîñîáà ñíèæåíèÿ ýíåðãîçàòðàò íà îñóùåñò-
âëåíèå òåõíîëîãè÷åñêîãî ïðîöåññà îáðàáîòêè 
ïî÷âû ïóòåì àíàëèçà ìåõàíèçìîâ ïåðåìåùå-
íèÿ ðàáî÷èõ îðãàíîâ.

Ìàòåðèàëû è ìåòîäû
Ðàññìîòðèì îáùèé ñëó÷àé ÷åòûðåõçâåííî-

ãî ìåõàíèçìà ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ 
ïî÷âîîáðàáàòûâàþùèõ ìàøèí (ðèñ. 1). 

Íà ðàìå ïî÷âîîáðàáàòûâàþùåãî àãðåãàòà 
ðàñïîëîæåíû øàðíèðû ÷åòûðåõçâåííîãî ìå-
õàíèçìà ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ, ôóíê-
öèîíèðóþùåãî â ãîðèçîíòàëüíîé ïëîñêîñòè. 
Ãèäðîöèëèíäð, ðàñïîëîæåííûé íà ðàìå, ñî-
åäèíåí ñ âåäóùèì çâåíîì ÀÑ (ðèñ. 1).

Âûáåðåì îñè êîîðäèíàò òàêèì îáðàçîì, 
÷òîáû òî÷êà À ñîâïàäàëà ñ íà÷àëîì êîîðäèíàò 
äëÿ àãðåãàòà â ïåðåíîñíîì äâèæåíèè. Â íà-
÷àëüíûé ìîìåíò âðåìåíè îñè êîîðäèíàò äëÿ 
ìåõàíèçìà â îòíîñèòåëüíîì äâèæåíèè ñîâïà-

äàþò ñ îñÿìè êîîðäèíàò äëÿ àãðåãàòà â ïåðå-
íîñíîì äâèæåíèè.

Ïðåäñòàâèì â àíàëèòè÷åñêîé ôîðìå êîí-
ñòðóêòèâíûå ïàðàìåòðû ìåõàíèçìà.

Ðàçìåð AG îïðåäåëèì èç AGB:

 

  

  

...
2

0

2...
0 0

cos 1,5

sin 1,5 ,





    

    

AG AB

GB AB
  (1)

ãäå AG – ðàññòîÿíèå îò øàðíèðà À äî òî÷êè 
êðåïëåíèÿ ãèäðîöèëèíäðà íà ðàìå; 

0
 – íà-

÷àëüíîå çíà÷åíèå óãëà ìåæäó îñüþ X è çâåíîì 
AB; GB

0
 – íà÷àëüíîå ðàññòîÿíèå ìåæäó øàðíè-

ðàìè êðåïëåíèÿ ãèäðîöèëèíäðà.
Íà÷àëüíûå çíà÷åíèÿ ñîîòâåòñòâóþò çíà÷åíè-

ÿì ïðè êðàéíåì ïðàâîì ïîëîæåíèè ìåõàíèçìà 
(ðàáî÷èå îðãàíû íàõîäÿòñÿ â ðÿäó íàñàæäåíèé).

Ïåðåìåùåíèå øòîêà ãèäðîöèëèíäðà X
øò

 
îïðåäåëèì ïî ôîðìóëàì:

 
 

øò îòâ î

øò îòâ î êî

øò ââ êî îòâ î êâ

,   ;

,   ;

,   ,

X t t t

X t t t

X t t t t t

   


  
      

ïðè

ïðè

ïðè
 

 (2)

ãäå îòâ ââ,   – ìàñøòàáíûé êîýôôèöèåíò äëÿ 
âõîäíîãî ñèãíàëà (ñêîðîñòè øòîêà ãèäðîöè-

Ðèñ. 1. Êèíåìàòè÷åñêàÿ ñõåìà ìåõàíèçìà 
ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ (îáùèé ñëó÷àé)



Ñèëîâîé àíàëèç ìåõàíèçìîâ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ 
ïî÷âîîáðàáàòûâàþùèõ ìàøèí ïî çàäàííîé òðàåêòîðèè
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ëèíäðà) ïðè îòâîäå è ââîäå ðàáî÷èõ îðãàíîâ; 
ñîîòâåòñòâåííî; î êî êâ, , , t t t t  – âðåìÿ òåêóùåå, 
îòâîäà, îêîí÷àíèÿ îòâîäà, îêîí÷àíèÿ ââîäà ðà-
áî÷èõ îðãàíîâ, ñîîòâåòñòâåííî, ñ.

Ðàññòîÿíèå ìåæäó øàðíèðàìè êðåïëåíèÿ 
ãèäðîöèëèíäðà:

 0GB GB X  øò .  (3)

Óãëû:

 

2 2 2

arccos
2

GB AG AB
AGB

GB AG

  
    

;  (4)

 
 

 

 

 

sin
arcsin , 

  cos ;

sin( )
arcsin , 

 cos .

AGB
GAB GB

AB

AG
AGB

GB

AGB
GAB GB

AB

AG
AGB

GB

  
       

  


        


 

ïðè

ïðè

  (5)

Èç AGB îïðåäåëèì: 

 

 
 
0

0 0

cos 1,5
arctg

sin 1,5

AB

GB AB

    
          

.  (6)

Óãîë ìåæäó çâåíüÿìè AB è AÑ:

 0 0    .  (7)

Óãîë ïîâîðîòà âåäóùåãî çâåíà ÀÑ:

 GAB      .  (8)

  2 2 2 cosFC AF AC AF AC        ,  (9)

ãäå  – óãîë íàêëîíà ïðÿìîé, ïðîõîäÿùåé 
÷åðåç øàðíèðû AF ê îñè X.

Óãëû:

 

 

2 2 2 2

2 cos
arccos

2

EF CE AF AC

AC AF
FEC

EF CE

    
 

           
; (10)

 

 

 

sin
arcsin

sin
arcsin ;

EF FEC
ACE

FC

AF

FC

  
    

 
   

   
 

  (11)

 AFE ACE FEC     . (12)

Óãîë ìåæäó îñüþ Õ è ðàáî÷èìè îðãàíàìè:
– äëÿ ïðàâîãî ëåçâèÿ:

 

 
 0 0 0 ,

AGE

ACE

      

    
 (13)

– äëÿ ëåâîãî ëåçâèÿ ðàáî÷åãî îðãàíà (LM íà 
ðèñ. 1):

        .  (14)

Äëÿ àíàëèçà ìåõàíèçìà ïåðåìåùåíèÿ ðàáî-
÷èõ îðãàíîâ, ïîëüçóÿñü ïîëó÷åííûìè âûðàæå-
íèÿìè (1) – (14), ïðîâåäåì ñèëîâîé àíàëèç. 

Íà ðàáî÷èå îðãàíû äåéñòâóþò ñèëû ñîïðî-
òèâëåíèÿ ïî÷âû â âèäå ðàñïðåäåëåííîé íàãðóç-
êè. Çàìåíèì ðàñïðåäåëåííóþ íàãðóçêó ñîñðå-
äîòî÷åííîé è ïîëó÷åííóþ ñóììàðíóþ ñèëó 
ðàçëîæèì íà äâå ñîñòàâëÿþùèå – ïîïåðå÷íóþ 
R

x
 è ïðîäîëüíóþ R

y
 (ðèñ. 2).

Ðèñ. 2. Óñèëèÿ â çâåíüÿõ AC, CE, EF ìåõàíèçìà 
ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ

Ìîìåíò îò ñèë ñîïðîòèâëåíèÿ ïî÷âû, äåé-
ñòâóþùèé íà ðàáî÷èå îðãàíû, îòíîñèòåëüíî 
òî÷êè Ñ ìîæíî îïðåäåëèòü ïî ôîðìóëå: 

 Ì
Ñ
 = R

nx
 · l

nx
 + R

ny
 · l

ny
 + R

ëx
 · l

ëx
 + R

ëy
 · l

ëy
,  (15)

ãäå ë ë, , , ïx ïy x yl l l l  – êîîðäèíàòû öåíòðà ïðàâîãî 
è ëåâîãî ëåçâèé ðàáî÷èõ îðãàíîâ. 

Âåëè÷èíû, âõîäÿùèå â ôîðìóëó (15), îïðå-
äåëÿþòñÿ ïî íèæåïðèâåäåííûì çàâèñèìîñòÿì 
(16)–(22).

Ïðîäîëüíàÿ ñîñòàâëÿþùàÿ îò ñèë ñîïðî-
òèâëåíèÿ ïî÷âû R

y
 ïðåäñòàâëÿåò ñîáîé òÿãîâîå 

ñîïðîòèâëåíèå ðàáî÷åãî îðãàíà è îïðåäåëÿåò-
ñÿ ïî èçâåñòíîé ôîðìóëå:

 0 01
100
        
C

y x aR B k v v ,

ãäå B
x
 – ïðîåêöèÿ øèðèíû ðàáî÷åãî îðãàíà íà 

îñü Õ, ì; k
0
 – íà÷àëüíîå çíà÷åíèå óäåëüíîãî ñî-
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ïðîòèâëåíèÿ ðàáî÷åãî îðãàíà, êÍ/ì; v
a
 – ñêî-

ðîñòü äâèæåíèÿ àãðåãàòà, êì/÷; v
0
 – íà÷àëüíîå 

çíà÷åíèå ñêîðîñòè äâèæåíèÿ àãðåãàòà, êì/÷; 


Ñ
 – òåìï íàðàñòàíèÿ óäåëüíîãî òÿãîâîãî ñî-

ïðîòèâëåíèÿ, %/(êì/÷).
Â ñòàòè÷åñêîì ïîëîæåíèè ìåõàíèçìà (v

à
 = 

= const): 
– äëÿ ïðàâîãî ëåçâèÿ:

 ïy ïx ïR B k  ,  (16)

– äëÿ ëåâîãî ëåçâèÿ:

 
 xR B kë ë ëy .  (17)

Äëÿ ïðàâîãî ëåçâèÿ:

 


  nx n

n
n

B Bk
B

,  0 1   n nk k k .  (18)

Äëÿ ëåâîãî ëåçâèÿ

 


  x nB Bk

B
ë

ë
ë

,  0 1   k k kë ë . (19)

Ïîïåðå÷íàÿ ñîñòàâëÿþùàÿ îò ñèë ñîïðîòèâ-
ëåíèÿ ïî÷âû: 

– äëÿ ïðàâîãî ëåçâèÿ:

 tg  nx nyR R ;  (20)

– äëÿ ëåâîãî ëåçâèÿ:

 tg   x yR Rë ë .  (21)

Ðàññìîòðèì ñòàòè÷åñêîå ðàâíîâåñèå çâåíà 
ÑÅ è îïðåäåëèì ðåàêöèè â øàðíèðå Ñ (çâåíà 
ÀÑ) F

CX
 è F

CY
:

 

 

 

cos ;

sin ,

   
    
    
    

CX nx x En

CY ny y En

F R R F
FEC ACE

F R R F

FEC ACE

ë

ë

  (22)

ãäå F
En

 – íîðìàëüíàÿ ðåàêöèÿ â øàðíèðå Å 
(çâåíà ÑÅ), êÍ.

sin 0       C En SM F CE FEC M .

Ìîìåíò îòíîñèòåëüíî òî÷êè À îò ñèë ñî-
ïðîòèâëåíèÿ ïî÷âû, ïðèëîæåííûõ ê çâåíó ÀÑ 
â òî÷êå Ñ, ðàâåí:

C CX CYÌ Ì Ì  .

Çäåñü 

sin ;
cos ,

   
    

CX CX

CY CY

M F AC
M F AC

 

ãäå M
CX

, M
CY

 – ìîìåíòû îò ïðîåêöèé ñèë ñî-
ïðîòèâëåíèÿ ïî÷âû, ïðèëîæåííûõ ê çâåíó ÀÑ 
â òî÷êå Ñ, îòíîñèòåëüíî òî÷êè À.

Ñëåäóåò îòìåòèòü, ÷òî äëÿ ââîäà è óäåð-
æàíèÿ ðàáî÷èõ îðãàíîâ â ðÿäó íàñàæäåíèé 
ïîä äåéñòâèåì ñèë ñîïðîòèâëåíèÿ ïî÷âû 
ìãíîâåííûé öåíòð âðàùåíèÿ âåäóùåãî çâåíà 
äîëæåí íàõîäèòñÿ ñçàäè ïî õîäó îò çâåíà CE è 
ñëåâà îò ëèíèè äåéñòâèÿ ðàâíîäåéñòâóþùåé îò 
ñèë R cîïðîòèâëåíèÿ ïî÷âû íà ðàáî÷èé îðãàí 
(ðèñ. 3, à). Â ýòîì ñëó÷àå ìîìåíò îò ðàâíîäåé-
ñòâóþùåé îòíîñèòåëüíî ìãíîâåííîãî öåíòðà 
âðàùåíèÿ (òî÷êè O), íàïðàâëåííûé ïî ÷àñî-
âîé ñòðåëêå, ââîäèò ðàáî÷èå îðãàíû â ðÿä íà-
ñàæäåíèé. Åñëè ìãíîâåííûé öåíòð âðàùåíèÿ 
ðàñïîëîæåí èíà÷å (íàïðèìåð, êàê ïîêàçàíî íà 
ðèñ. 3, á), òî ðàáî÷èå îðãàíû íå óäåðæèâàþòñÿ 
â ðÿäó íàñàæäåíèé, à âûòàëêèâàþòñÿ èç íåãî 
ïîä äåéñòâèåì ñèë ñîïðîòèâëåíèÿ ïî÷âû.

 à á

Ðèñ. 3. Ìãíîâåííûé öåíòð âðàùåíèÿ çâåíà CE 
ìåõàíèçìà ïåðåìåùåíèÿ ðàáî÷åãî îðãàíà

Îïðåäåëÿòü çíà÷åíèå è íàïðàâëåíèå ðàâ-
íîäåéñòâóþùåé ñèëû R

 
ñëîæíî. Ïðîùå ðàñ-

ñìîòðåòü ìîìåíòû îò ñîñòàâëÿþùèõ ñèë ñî-
ïðîòèâëåíèÿ ïî÷âû, äåéñòâóþùèå íà ðàáî÷èå 
îðãàíû â ïðîäîëüíîì è â ïîïåðå÷íîì íàïðàâ-
ëåíèè, ò.å. ïî îñÿì X, Y, êàê ýòî ñäåëàíî ðàíåå.

Äëÿ çàäàííîãî ïîëîæåíèÿ ìåõàíèçìà êîîð-
äèíàòû ìãíîâåííîãî öåíòðà âðàùåíèÿ îïðåäå-
ëÿþòñÿ ñëåäóþùèì îáðàçîì:

 
        AOF AFE .  (23)

Ïî òåîðåìå ñèíóñîâ:

 

 
 

sin
sin


 


FEC

AO AE
AOF

.  (24)



Ñèëîâîé àíàëèç ìåõàíèçìîâ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ 
ïî÷âîîáðàáàòûâàþùèõ ìàøèí ïî çàäàííîé òðàåêòîðèè
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Êîîðäèíàòû ìãíîâåííîãî öåíòðà âðàùåíèÿ 
çâåíà CE (òî÷êè O) îòíîñèòåëüíî òî÷êè A:

 

cos ;
sin .

  
   

O

O

x AO
y AO

   (25)

Êîîðäèíàòû öåíòðà ëåâîãî ëåçâèÿ ðàáî÷åãî 
îðãàíà îòíîñèòåëüíî ìãíîâåííîãî öåíòðà âðà-
ùåíèÿ:

 

cos ;
sin .

   
    

O x

O y

x l CO
y l CO
ë ë

ë ë

  (26)

Çäåñü CO AO AC  .
Êîîðäèíàòû öåíòðà ïðàâîãî ëåçâèÿ ðàáî÷å-

ãî îðãàíà îòíîñèòåëüíî ìãíîâåííîãî öåíòðà 
âðàùåíèÿ:

 

cos ;
sin .

   
    

On nx

On ny

x l CO
y l CO

  (27)

Ñóììàðíûé ìîìåíò îòíîñèòåëüíî ìãíîâåí-
íîãî öåíòðà âðàùåíèÿ îïðåäåëèì ñ ïîìîùüþ 
ïîëó÷åííûõ çàâèñèìîñòåé (23)–(27):

O y O x O yn On xn OnM R x R y R x R y       ë ë ë ë .
(28)

Ìîìåíò M
O
 óðàâíîâåøèâàåòñÿ ìîìåíòîì M

óð
:

 
 yp C

COM M
AC

.  (29)

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Äëÿ ðàçëè÷íûõ ìåõàíèçìîâ, ñîîòíîøåíèÿ 

ïàðàìåòðîâ êîòîðûõ ïðåäñòàâëÿþò îïðåäåëåí-
íóþ çàêîíîìåðíîñòü (ðèñ. 4, òàáë. 1), ïî ïîëó-
÷åííûì çàâèñèìîñòÿì ïðîèçâåäåí ðàñ÷åò ñèë 
ñîïðîòèâëåíèÿ ïî÷âû, äåéñòâóþùèõ íà ëåâî-
ðåæóùèé, ïðàâîðåæóùèé è ñèììåòðè÷íûé ðà-
áî÷èå îðãàíû. 

Ñèëû ñîïðîòèâëåíèÿ ïî÷âû, äåéñòâóþùèå 
íà ðàáî÷èå îðãàíû, ñîçäàþò ìîìåíò, êîòîðûé 
ìîæåò èìåòü êàê ïîëîæèòåëüíîå, òàê è îòðèöà-
òåëüíîå çíà÷åíèå.

Ïðè ïîëîæèòåëüíîì çíà÷åíèè ìîìåíòà îò 
ñèë ñîïðîòèâëåíèÿ ïî÷âû M

Ñ
 ðàáî÷èå îðãàíû 

ñòðåìÿòñÿ ïåðåìåñòèòüñÿ â ðÿä ìíîãîëåòíèõ íà-
ñàæäåíèé è óäåðæèâàþòñÿ â ðÿäó. Äàííîå ñâîé-
ñòâî ìåõàíèçìà ïîçâîëÿåò ñîêðàòèòü çàòðàòû 
ýíåðãèè, ò.ê. ïðè ýòîì íå òðåáóåòñÿ ïîâûøåíèÿ 
äàâëåíèÿ â ãèäðîïðèâîäå äëÿ ïðèíóäèòåëüíîãî 
ââîäà ðàáî÷èõ îðãàíîâ è óäåðæàíèÿ â ðÿäó íà-
ñàæäåíèé. Ýòî íàáëþäàåòñÿ ïðè èñïîëüçîâàíèè 
ëåâîðåæóùåãî ðàáî÷åãî îðãàíà (òàáë. 2).

Ïðè èñïîëüçîâàíèè ïðàâîðåæóùåãî ðàáî-
÷åãî îðãàíà óêàçàííûé ìîìåíò èìååò îòðè-
öàòåëüíîå çíà÷åíèå äëÿ I, III, IV ìåõàíèçìîâ, 
ò.å. ïðè ýòîì ðàáî÷èå îðãàíû íå óäåðæèâàþòñÿ 
â ðÿäó â ðàáî÷åì ïîëîæåíèè, à âûòàëêèâàþò-

 à  á  â  ã

Ðèñ. 4. Ñõåìû ìåõàíèçìîâ: 
à – ïîäúåìíîãî êðàíà (I) [8]; á – òðàïåöåèäàëüíûé (II); â – ïàðàëëåëîãðàììíûé (III); 

ã – êóëüòèâàòîðà Í-7 ôèðìû «Õîëäåð» (IV)

Òàáëèöà 1
Ïàðàìåòðû çâåíüåâ ìåõàíèçìîâ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ

Ïàðàìåòðû Ìåõàíèçì I Ìåõàíèçì II Ìåõàíèçì III Ìåõàíèçì IV
ÀÑ, ì 0,89 0,48 0,48 0,71
ÀF, ì 0,48 0,215 0,11 0,39
ÑÅ, ì 0,20 0,165 0,11 0,19
EF, ì 0,75 0,43 0,48 0,41
CN, ì 0,62 0,75 0,37 0,30
AG, ì 0,703 0,621 0,621 0,293
ÀÂ, ì 0,24 0,24 0,24 0,65
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ñÿ èç íåãî ïîä äåéñòâèåì ñèë ñîïðîòèâëåíèÿ 
ïî÷âû. Ýòî ïðèâîäèò ê ïåðèîäè÷åñêèì âêëþ-
÷åíèÿì ãèäðîïðèâîäà äëÿ âîçâðàòà ðàáî÷èõ 
îðãàíîâ â çàäàííîå ïîëîæåíèå. Â ïîðøíåâîé 
ïîëîñòè ãèäðîöèëèíäðà ñîçäàåòñÿ èçáûòî÷íîå 
äàâëåíèå, çàòðàòû ýíåðãèè âîçðàñòàþò. Ìåõà-
íèçì II ñîçäàåò ïîëîæèòåëüíûé ìîìåíò îò ñèë 
ñîïðîòèâëåíèÿ ïî÷âû, äåéñòâóþùèé è íà ïðà-
âîðåæóùèé ðàáî÷èé îðãàí (òàáë. 2).

Íàðÿäó ñ ýòèì, ìåõàíèçì II ñïîñîáåí óäåð-
æèâàòü ñèììåòðè÷íûå ðàáî÷èå îðãàíû â ðÿäó 
íàñàæäåíèé, äðóãèå ìåõàíèçìû ïðè ýòîì õà-
ðàêòåðèçóþòñÿ äîïîëíèòåëüíûìè çàòðàòàìè 
ýíåðãèè (òàáë. 2). Ñëåäîâàòåëüíî, ìåõàíèçì II 
ìîæíî èñïîëüçîâàòü ñî âñåìè âûøåóêàçàííû-
ìè èñïîëíåíèÿìè ðàáî÷åãî îðãàíà.

Îòðèöàòåëüíûé (íàïðàâëåííûé ïî ÷àñîâîé 
ñòðåëêå) ìîìåíò M

O
 (28) îò ñèë ñîïðîòèâëåíèÿ 

ïî÷âû, äåéñòâóþùèé íà ðàáî÷èå îðãàíû, ïðèëî-
æåííûé ê çâåíó ÑÅ îòíîñèòåëüíî åãî ìãíîâåí-
íîãî öåíòðà âðàùåíèÿ, ââîäèò ðàáî÷èé îðãàí â 
ðÿä íàñàæäåíèé, ïîëîæèòåëüíûé (íàïðàâëåí-
íûé ïðîòèâ ÷àñîâîé ñòðåëêè) – îòâîäèò.

Ìîìåíò M
O
 (ðèñ. 5) èìååò îòðèöàòåëüíûå 

çíà÷åíèÿ âî âñåì äèàïàçîíå ïåðåìåùåíèé ìå-
õàíèçìà II ñ ïðàâîðåæóùèì ðàáî÷èì îðãàíîì. 
Ìãíîâåííûé öåíòð âðàùåíèÿ íàèáîëåå óäàëåí 
îò ðàâíîäåéñòâóþùåé ñèë ñîïðîòèâëåíèÿ 
ïî÷âû R â êðàéíåì ëåâîì ïîëîæåíèè (êîãäà 
ðàáî÷èé îðãàí íàõîäèòñÿ â ìåæäóðÿäüå) è ïî-
ñòåïåííî ïðèáëèæàåòñÿ ê íåé ñ ïåðåìåùåíèåì 
ðàáî÷åãî îðãàíà â ñòîðîíó ðÿäà. 

Åñëè ïðèíÿòü çà íóëåâîå ïîëîæåíèå ìãíî-
âåííîãî öåíòðà âðàùåíèÿ ñëó÷àé, êîãäà ìåõà-
íèçì íàõîäèòñÿ â ðÿäó íàñàæäåíèé, òî ìãíî-

âåííûé öåíòð âðàùåíèÿ óäàëÿåòñÿ îò íóëåâîãî 
ïîëîæåíèÿ íà âñåì ïðîòÿæåíèè îòâîäà ðàáî-
÷èõ îðãàíîâ. Ñëåäîâàòåëüíî, ìîìåíò îò ñèë ñî-
ïðîòèâëåíèÿ ïî÷âû îòíîñèòåëüíî ìãíîâåííîãî 
öåíòðà âðàùåíèÿ íå ìåíÿåò çíàê. Ïðè ýòîì, 
åñëè ìãíîâåííûé öåíòð âðàùåíèÿ íàõîäèòñÿ 
ñëåâà îò ñèëû R è ñçàäè îò çâåíà CE, òî ââîä 
ðàáî÷èõ îðãàíîâ â ðÿä îñóùåñòâëÿåòñÿ ïîä äåé-
ñòâèåì ñèë ñîïðîòèâëåíèÿ ïî÷âû.

Ðèñ. 5. Òðàåêòîðèè ïåðåìåùåíèÿ ìãíîâåííîãî 
öåíòðà âðàùåíèÿ çâåíà CE òðàïåöåèäàëüíîãî 
ìåõàíèçìà ïåðåìåùåíèÿ ðàáî÷åãî îðãàíà (II)

Ïîëó÷åííûå ðåçóëüòàòû ñðàâíèì ñ ðåçóëü-
òàòàìè, ïîëó÷åííûìè ðàíåå ïðè ñèëîâîì àíà-
ëèçå ìåõàíèçìîâ. 

Èçîáðàçèâ çàâèñèìîñòü (29) ãðàôè÷åñêè 
(ðèñ. 6), âèäèì, ÷òî M

O
 = –M

óð
, ò.å. ïîëó÷åííûå 

äâóìÿ ñïîñîáàìè ðåçóëüòàòû îäèíàêîâû è ðàñ-
÷åòû âûïîëíåíû âåðíî.

Òàáëèöà 2

Èçìåíåíèå ìîìåíòà îò ñèë ñîïðîòèâëåíèÿ ïî÷âû, äåéñòâóþùåãî íà ðàáî÷èå îðãàíû (M
Ñ
, êÍ·ì) 

â çàâèñèìîñòè îò óãëà ïîâîðîòà âåäóùåãî çâåíà (α, ãðàä)

Íàèìåíîâàíèå ìåõàíèçìà è ðàáî÷åãî îðãàíà 250° 260° 270° 280° 290° 300° 310°
ìåõàíèçì ïîäúåìíîãî êðàíà 

(I)
ëåâîðåæóùèé – – – – – 0,7 0,2
ïðàâîðåæóùèé – – – – – –1,7 –2,1
ñèììåòðè÷íûé – – – – – –0,3 –0,7

òðàïåöåèäàëüíûé ìåõàíèçì 
(II)

ëåâîðåæóùèé 0,7 0,7 0,6 0,5 0,4 – –
ïðàâîðåæóùèé 0,4 0,3 0,1 0 0,3 – –
ñèììåòðè÷íûé 0,6 0,5 0,4 0,3 0,6 – –

ïàðàëëåëîãðàììíûé ìåõàíèçì 
(III)

ëåâîðåæóùèé 0,7 0,5 0,4 0,3 0,1 – –
ïðàâîðåæóùèé –0,1 –0,3 –0,4 –0,5 –0,7 – –
ñèììåòðè÷íûé 0,3 0,2 0 –0,2 –0,3 – –

ìåõàíèçì êóëüòèâàòîðà Í-7 
ôèðìû «Õîëäåð» 

(IV)

ëåâîðåæóùèé – 0,8 0,6 0,2 – – –
ïðàâîðåæóùèé – –0,1 –0,6 –1,2 – – –
ñèììåòðè÷íûé – 0,3 0 0,4 – – –



Ñèëîâîé àíàëèç ìåõàíèçìîâ ïåðåìåùåíèÿ ðàáî÷èõ îðãàíîâ 
ïî÷âîîáðàáàòûâàþùèõ ìàøèí ïî çàäàííîé òðàåêòîðèè
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Çàêëþ÷åíèå
Òàêèì îáðàçîì, ýíåðãîçàòðàòû íà îñóùåñò-

âëåíèå òåõíîëîãè÷åñêîãî ïðîöåññà îáðàáîò-
êè ïî÷âû â ðÿäàõ ìíîãîëåòíèõ íàñàæäåíèé 
ìîæíî óìåíüøèòü çà ñ÷åò èñïîëüçîâàíèÿ ñèë 
ñîïðîòèâëåíèÿ ïî÷âû. Ýíåðãèÿ ðàñõîäóåòñÿ 
òîëüêî íà îòâîä ïîñðåäñòâîì ãèäðîïðèâîäà 
ðàáî÷èõ îðãàíîâ èç ðÿäà íàñàæäåíèé. Âîçâðàò 
ëåâîðåæóùåãî èëè ïðàâîðåæóùåãî, à òàêæå 
ñèììåòðè÷íîãî ðàáî÷èõ îðãàíîâ â ðÿä îñó-
ùåñòâëÿåòñÿ ïîä äåéñòâèåì ñèë ñîïðîòèâëå-
íèÿ ïî÷âû òðàïåöåèäàëüíûì ìåõàíèçìîì ñ ñî-
îòíîøåíèåì çâåíüåâ AC:AF:CE:EF:CN, ðàâíûì 
1:0,448:0,325:0,896:1,563 [9, 10].
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