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Ðîìáîâèäíûé ïëóã, îòêðûâàÿ áîðîçäó ñ íàêëîííîé ñòåíêîé, óìåíüøàåò ïëîùàäü áîêîâîé îïîðû, ÷òî ðîæäàåò 
ïðîáëåìó ñîõðàíåíèÿ óñòîé÷èâîãî õîäà ïëóãà. Â òî æå âðåìÿ áîëåå øèðîêàÿ áîðîçäà ðîìáîâèäíîãî êîðïóñà 
ïîçâîëÿåò ýíåðãîíàñûùåííîìó òðàêòîðó äâèãàòüñÿ ïðàâûìè êîëåñàìè ïî íåé è áëàãîäàðÿ ýòîìó, ñìåñòèòü 
ëèíèþ òÿãè ïëóãà âïðàâî, ÷òî â ñâîþ î÷åðåäü ðàçãðóæàåò áîêîâóþ îïîðó è óìåíüøàåò òÿãîâîå ñîïðîòèâëåíèå 
ïëóãà. Çàìåíà ïîëåâûõ äîñîê íà âñåõ êîðïóñàõ îáùåé ïîëåâîé äîñêîé, óñòàíîâëåííîé íà ïîñëåäíåì êîðïóñå, 
èçìåíÿåò ìåñòî ïðèëîæåíèÿ óðàâíîâåøèâàþùåé ðåàêöèè ñòåíêè áîðîçäû è åå âåëè÷èíó, âñëåäñòâèå ÷åãî èç-
ìåíÿåòñÿ è òÿãîâîå ñîïðîòèâëåíèå ïëóãà. Â âåðòèêàëüíîé ïëîñêîñòè ïðîåêöèé ýòî ñîîòâåòñòâóåò ñìåùåíèþ 
ñèëû òðåíèÿ ïîëåâîé äîñêè ïî ëèíèè äåéñòâèÿ. Ó ðîìáîâèäíîãî êîðïóñà, âñëåäñòâèå èíîé ôîðìû îòðåçàåìîãî 
ïëàñòà, òî÷êà ïðèëîæåíèÿ ðàâíîäåéñòâóþùåé äàâëåíèÿ ïî÷âû íà íåãî ñìåùàåòñÿ â ãîðèçîíòàëüíîé ïëîñêîñòè 
áëèæå ê íîñêó ëåìåõà ïî ñðàâíåíèþ ñ îáû÷íûì êîðïóñîì. Èññëåäóåìûé ðîìáîâèäíûé ïëóã íàâåøèâàåòñÿ 
íà òðàêòîð ïî äâóõòî÷å÷íîé ñõåìå ñ ïðîõîæäåíèåì ãîðèçîíòàëüíîé ïðîåêöèè öåíòðàëüíîé òÿãè ÷åðåç òî÷êó 
ïðèñîåäèíåíèÿ íèæíèõ òÿã ê òðàêòîðó. Ýòà òî÷êà ÿâëÿåòñÿ ìãíîâåííûì öåíòðîì âðàùåíèÿ ïëóãà â ãîðèçîí-
òàëüíîé ïëîñêîñòè. Ïðè ðàññìîòðåíèè ñõåìû ïëóãà ñ ïîëåâûìè äîñêàìè, îäèíàêîâûìè íà âñåõ êîðïóñàõ (ïðî-
èçâîäñòâåííàÿ), áóäåì óñëîâíî ïðåäñòàâëÿòü åå ñ îäíîé ïîëåâîé äîñêîé íà ñðåäíåì êîðïóñå, ÷òî îáëåã÷àåò 
òåîðåòè÷åñêèé àíàëèç. Íåîòðûâíîå èçìåíåíèå âî âðåìåíè ñèë, äåéñòâóþùèõ íà ðàáî÷èå è äîïîëíèòåëüíûå 
îðãàíû – ñïåöèôè÷åñêàÿ îñîáåííîñòü óñëîâèé ðàáîòû ñåëüñêîõîçÿéñòâåííûõ àãðåãàòîâ. Íà äàííîì îñíîâàíèè 
ýòè óñèëèÿ ðàññìàòðèâàþò êàê ñòàöèîíàðíûå ñëó÷àéíûå ôóíêöèè âðåìåíè, à äëÿ èçó÷åíèÿ äèíàìè÷åñêèõ îáú-
åêòîâ, íàõîäÿùèõñÿ ïîä èõ âîçäåéñòâèåì, èñïîëüçóþò ñòàòèñòè÷åñêèé ìåòîä, áàçèðóþùèéñÿ íà ïðåäñòàâëåíè-
ÿõ òåîðèè ñòàöèîíàðíûõ ñëó÷àéíûõ ïðîöåññîâ.
Êëþ÷åâûå ñëîâà: ïëóã, ðîìáîâèäíûé, ñîïðîòèâëåíèå, òÿãà, êîëåáàíèÿ, îïîðà, áîðîçäà, äîñêà.

Diamond-shaped plow, opening the furrow with an inclined wall, reduces the area of the side support, which gives 
rise to the problem of maintaining a stable course of the plow. At the same time, the wider groove of the dia-
mond-shaped case allows the energy-saturated tractor to move the right wheels on it and thereby shift the line of 
the plow thrust to the right, which in turn unloads the side support and reduces the traction resistance of the plow. 
Replacing field boards on all cases with a common field board installed on the last case changes the location of the 
balancing reaction of the furrow wall and its size and, as a result the plow’s traction resistance also changes. In the 
vertical plane of the projections, this corresponds to the displacement of the friction force of the field board along the 
line of action. In a diamond case, due to a different shape of the cut layer, the point of application of the resultant soil 
pressure on it is shifted in a horizontal plane closer to the toe of the plowshare compared to a conventional case. The 
studied dia-mond-shaped plow is hung on the tractor in a two-point scheme with the passage of the horizontal projec-
tion of the central rod through the point of attachment of the lower rods to the tractor. This point is the in-stantaneous 
center of rotation of the plow in the horizontal plane. When considering the plow scheme with field boards, identical 
on all cases (production), we will conditionally present it with one field board on the middle case, which facilitates 
the theoretical analysis. The continuous change in time of the forces acting on the working and additional bodies is a 
specific feature of the working conditions of agricultural units. On this basis, these efforts are considered as stationary 
random functions of time, and for studying dynamic objects under their influence, they use a statistical method based 
on the concepts of the theory of stationary random processes.
Keywords: plow, diamond, resistance, rod, oscillations, support, furrow, board.



Ðàâíîâåñèå ðîìáîâèäíîãî ïëóãà â ãîðèçîíòàëüíîé ïëîñêîñòè

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 1, 2019

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

37

Ââåäåíèå
Ïðè îòâàëüíîé âñïàøêå ê ïîêàçàòåëÿì êà-

÷åñòâà ïðåäúÿâëÿþòñÿ áîëåå æåñòêèå àãðîòðå-
áîâàíèÿ, ÷åì ê äðóãèì âèäàì îáðàáîòêè ïî÷âû. 
Íåñîáëþäåíèå óñòàíîâëåííîé ãëóáèíû âñïàøêè 
â ñòîðîíó óâåëè÷åíèÿ ìîæåò ïðèâåñòè ê âûíîñó 
íåïëîäîðîäíîãî ñëîÿ ïî÷âû íà ïîâåðõíîñòü 
ïîëÿ, ÷òî ïðèâåäåò ê óìåíüøåíèþ óðîæàéíî-
ñòè. Ïðè êîëåáàíèÿõ ïëóãà â ãîðèçîíòàëüíîé 
ïëîñêîñòè ïðîèñõîäèò èçìåíåíèå øèðèíû åãî 
çàõâàòà. Ïî àãðîòðåáîâàíèÿì ôàêòè÷åñêàÿ 
øèðèíà çàõâàòà íå äîëæíà îòêëîíÿòüñÿ îò êîí-
ñòðóêòèâíîé áîëåå, ÷åì íà 10 %. Èçìåíåíèå 
øèðèíû çàõâàòà â ñòîðîíó óâåëè÷åíèÿ ïðèâî-
äèò ê ñíèæåíèþ êðîøåíèþ ïî÷âû, óâåëè÷åíèþ 
ãðåáíèñòîñòè ïîëÿ, óõóäøåíèþ çàäåëêè ðàñ-
òèòåëüíûõ îñòàòêîâ. Óìåíüøåíèå ôàêòè÷åñêîé 
øèðèíû çàõâàòà ïðèâîäèò ê óìåíüøåíèþ ïðî-
èçâîäèòåëüíîñòè ïàõîòíîãî àãðåãàòà. Ïîýòîìó 
âàæíî äîáèâàòüñÿ óñòîé÷èâîãî äâèæåíèÿ ïëóãà 
â ãîðèçîíòàëüíîé ïëîñêîñòè.

Öåëü èññëåäîâàíèé
Öåëüþ èññëåäîâàíèé ÿâëÿåòñÿ àíàëèç ôàê-

òîðîâ, âëèÿþùèõ íà ðàâíîâåñèå ðîìáîâèäíîãî 
ïëóãà â ãîðèçîíòàëüíîé ïëîñêîñòè.

Ìåòîäû è ñðåäñòâà 
ïðîâåäåíèÿ èññëåäîâàíèé
Äëÿ îïèñàíèÿ äâèæåíèÿ ðîìáîâèäíî-

ãî ïëóãà êàê äèíàìè÷åñêîé ñèñòåìû ñîñòà-
âèì óïðîùåííóþ ñõåìó ñèë è ïåðåìåùåíèé 
(ðèñ. 1). Ïðè ýòîì ïðèìåì, ÷òî ëèíèÿ òÿãè ïðî-
õîäèò ÷åðåç íîñîê ñðåäíåãî êîðïóñà è ñîâïà-
äàåò ñî ñëåäîì öåíòðà ìàññ ïëóãà. Â ýòîé æå 
òî÷êå (O) ïðèëîæåíû âîçìóùàþùàÿ ñèëà òÿãî-
âîãî ñîïðîòèâëåíèÿ (R) è ñèëà ñîïðîòèâëåíèÿ 
ïðîòàñêèâàíèþ ïëóãà â áîðîçäå (F

ï
) [1].

Íàèáîëåå ïîëíî äèíàìèêà ñèñòåìû ñ èäåàëüíû-
ìè ãîëîíîìíûìè ñâÿçÿìè (òî åñòü íå íàðóøàþ-
ùèìèñÿ ïðè äâèæåíèè) îïèñûâàåòñÿ óðàâíåíè-
ÿìè Ëàãðàíæà âòîðîãî ðîäà [2, 3, 4]:

 
i

i i

d T T Q
dt q q
  

    
, (1)

ãäå Ò – êèíåòè÷åñêàÿ ýíåðãèÿ ñèñòåìû; q
i
 – 

îáîáùåííàÿ êîîðäèíàòà; Q
i
 – îáîáùåííàÿ ñèëà.

Çà îáîáùåííóþ êîîðäèíàòó ïðèìåì óãîë 
ïîâîðîòà (ïåðåêîñà) (φ) ïëóãà â ãîðèçîíòàëüíîé 
ïëîñêîñòè îòíîñèòåëüíî òî÷êè ïðèöåïà (Ñ).

Îïðåäåëèì âåëè÷èíû, âõîäÿùèå â óðàâíå-
íèå (1). 

Êèíåòè÷åñêàÿ ýíåðãèÿ ñèñòåìû

  
2 2 2

22 2

2 2 2 2C
mV J JmT V k r 

        
 

 , (2)

ãäå m – ìàññà ïëóãà; V
C
 – ñêîðîñòü òî÷êè C; 

J – ìîìåíò èíåðöèè ïëóãà îòíîñèòåëüíî âåð-
òèêàëüíîé îñè, ïðîõîäÿùåé ÷åðåç òî÷êó C; J○ – 
öåíòðàëüíûé ìîìåíò èíåðöèè ïëóãà; k – äëèíà 
íàâåñêè òðàêòîðà; r – ãåîìåòðè÷åñêèé ïàðà-
ìåòð ïëóãà (ðèñ. 1).

Ðèñ. 1. Ñèëû, äåéñòâóþùèå íà ðîìáîâèäíûé ïëóã 
â ãîðèçîíòàëüíîé ïëîñêîñòè

Ïîñëå ïðåîáðàçîâàíèé ïîëó÷èì

 
  

2
2

2
dm k r J Q
dt


   . (3)

Áîëåå õàðàêòåðíûì äëÿ ðàáîòû ïëóãà ÿâëÿåò-
ñÿ åãî ïîâîðîò ïî ÷àñîâîé ñòðåëêå. Ýòî íàïðàâëå-
íèå ïðèìåì çà ïîëîæèòåëüíîå çíà÷åíèå óãëà (φ) 
è ñîñòàâèì óðàâíåíèå ýëåìåíòàðíîé ðàáîòû:

 CA M   . (4)
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Îòêóäà

 C R F NQ M R h F h N h       Ï , (5)

ãäå h
R
, h

F
, h

N
 – ïëå÷è ñîîòâåòñòâóþùèõ ñèë 

(ðèñ. 1). Ïëå÷è ñèë (h
R
) è (h

N
) ïðè ìàëûõ ïåðå-

ìåùåíèÿõ ïî÷òè íå èçìåíÿþòñÿ è ìîãóò áûòü 
îïðåäåëåíû ÷åðåç ãåîìåòðè÷åñêèå ïàðàìåòðû 
ïëóãà (ðèñ. 1)

 sinRh k r   ; 

   cos
cos

T
Nh k r i

   
   


 .

Îïðåäåëèì h
F

   sinFh k r       ,

ãäå ε′ – óãîë ìåæäó íàïðàâëåíèåì àáñîëþòíîé 
ñêîðîñòè öåíòðà ìàññ è CV .

Ââèäó ìàëîñòè óãëîâ ε′ è φ äëÿ äàëüíåéøèõ 
ðàñ÷åòîâ ïðèìåì

sin ; ; tg , sin ; ; tg        .

Îòñþäà

 ; ;Y Y

X C C

k rV V d
V V V dt

    



;

 

   
   

2

.

F

C

h k r

k r d k r
V dt

      

 
    

 (6)

Ïðè ïîâîðîòå ïëóãà íà óãîë φ èçìåíÿåòñÿ 
âåëè÷èíà ðåàêöèè ñòåíêè áîðîçäû N çà ñ÷åò èç-
ìåíåíèÿ óãëà δ ìåæäó íàïðàâëåíèåì äâèæåíèÿ 
è ïëîñêîñòüþ ïîëåâîé äîñêè.

   
2lg lg sin ;

2cos 2cosT T

q d h q dN       
 

     

 ,       (7)

ãäå δ○ – êîíñòðóêòèâíûé óãîë óñòàíîâêè ïîëå-
âîé äîñêè; ε – óãîë ìåæäó íàïðàâëåíèåì àáñî-
ëþòíîé ñêîðîñòè ïîëåâîé äîñêè è CV .

Ïîñêîëüêó δ ìàëî è φ
Ò
 íàìíîãî ïðåâûøàåò 

δ, âûðàæåíèå (7) î äîñòàòî÷íîé ñòåïåíüþ òî÷-
íîñòè ïðèíèìàåò âèä:

  
2lg

2cos T

q dN D   
  

  
. (8)

Ââèäó ìàëîãî óãëà ε, ìîæíî çàïèñàòü

 ; tg ; ;gY

gX C

V k r i d
V V dt

  
   .

Íà îñíîâàíèè ýòîãî

C

d k r i
dt V
  

      .

Òîãäà âûðàæåíèå (8) ïðèìåò âèä:

 C

d k r iN D
dt V

   
       

 
 . (9)

Ïîäñòàâèì íàéäåííûå âûðàæåíèÿ (6) è (9) â 
ôîðìóëó (5)

 

 

   

  

2

2

sin

sin

C R
C

N N
C

N
N

C

N R N

k r dQ M R h F
V dt

d k r iF k r D h D h
dt V

F k r D h k r i
D h

V
d F k r D h R h D h
dt

 
     

  
        

    
     


           







ï

ï

ï

ï

 

(10)

Ïîäñòàâëÿÿ ýòî âûðàæåíèå â óðàâíåíèå (3) 
ïîëó÷èì

 
 

2

2
d dJ A B M t

dtdt
 
    , (11)

ãäå J – êîýôôèöèåíò èíåðöèè ïëóãà, 

  2J J m k r   ; (12)

A – êîýôôèöèåíò, ó÷èòûâàþùèé ñîïðîòèâ-
ëåíèå èçìåíåíèþ ïîëîæåíèÿ ïëóãà,

 

   2
N

C

F k r D h k r i
A

V
    

 Ï ; (13)

B – êîýôôèöèåíò æåñòêîñòè ñâÿçåé, 

   NB F k r D h   Ï ; (14)

M(t) – âîçìóùàþùèé ìîìåíò, 

   sinR NM t R h D h      . (15)

Âûðàæåíèå (11) ïðåäñòàâëÿåò ñîáîé óðàâíå-
íèå âûíóæäåííûõ êîëåáàíèé ïëóãà ñ çàòóõà-
íèåì ïîä äåéñòâèåì ñîñòàâëÿþùåé ñèëû R(t) 
(15).

Ïîäñòàâèâ â âûðàæåíèÿ (11)–(15) ïàðàìåòðû 
ïðîèçâîäñòâåííîé ñõåìû ïëóãà, ïîëó÷èì óðàâ-
íåíèå åãî äâèæåíèÿ ñ ó÷åòîì äèíàìè÷åñêèõ 
ñâîéñòâ.

Äëÿ îïðåäåëåíèÿ õàðàêòåðà çàòóõàíèÿ êîëå-
áàíèé ïëóãà ïðåäñòàâèì êîýôôèöèåíòû ñîïðî-
òèâëåíèÿ, æåñòêîñòè è âîçìóùàþùèé ìîìåíò 
ñëåäóþùèì îáðàçîì:
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M td dh

dt Jdt
 
     , (16)

ãäå 
2
Ah
J

  – ïîñòîÿííàÿ çàòóõàíèÿ; 
B
J

   – 

÷àñòîòà ñîáñòâåííûõ êîëåáàíèé ïëóãà.
Íàïðèìåð, êîëåáàíèÿ ïëóãà â ãîðèçîíòàëüíîé 

ïëîñêîñòè çàâèñÿò îò îòíîøåíèÿ (h / ω○), êîòîðîå 
íàçûâàåòñÿ êîýôôèöèåíòîì çàòóõàíèÿ [5, 6].

Ïðè h / ω○ < 1 (ìàëûé êîýôôèöèåíò ñîïðî-
òèâëåíèÿ ïî îòíîøåíèþ ê êîýôôèöèåíòó èíåð-
öèè) äâèæåíèå ïëóãà áóäåò èìåòü õàðàêòåð 
ïåðèîäè÷åñêèõ çàòóõàþùèõ êîëåáàíèé ñ àìïëè-
òóäîé è ÷àñòîòîé, çíà÷åíèÿ êîòîðûõ çàâèñÿò îò 
êîýôôèöèåíòà èíåðöèè. Ïðè h / ω○ > 1 (áîëüøîé 
êîýôôèöèåíò ñîïðîòèâëåíèÿ) êîëåáàòåëüíîå 
äâèæåíèå ïëóãà ñîâåðøàåòñÿ ïðè àïåðèîäè÷å-
ñêîì çàòóõàíèè è â ìåíüøåé ñòåïåíè çàâèñèò îò 
êîýôôèöèåíòà èíåðöèè, à îïðåäåëÿåòñÿ, ãëàâ-
íûì îáðàçîì, õàðàêòåðîì ôóíêöèè R(t).

Ïîäñòàâëÿÿ íåîáõîäèìûå ïàðàìåòðû ïëóãà 
â âûðàæåíèÿ (12)–(14), ïîëó÷èì äëÿ ýêñïåðè-
ìåíòàëüíîãî ðîìáîâèäíîãî ïëóãà ñ L = 600 ìì 
è îäíîé ïîëåâîé äîñêîé íà ïîñëåäíåì êîð-
ïóñå h / ω○ = 8...10, à äëÿ ïðîèçâîäñòâåííîé 
ñõåìû ñ L = 800 ìì è îáû÷íûìè êîðïóñàìè, 
îòðåçàþùèìè âåðòèêàëüíóþ ñòåíêó áîðîçäû 
h / ω○ = 6...7 è äëÿ ïðîèçâîäñòâåííîé ñõåìû ñ 
L = 800 ìì è ðîìáîâèäíûìè êîðïóñàìè, îñòàâ-
ëÿþùèìè òîëüêî ÷àñòü ñòåíêè áîðîçäû âåðòè-
êàëüíîé (d = 50 ìì), – h / ω○ = 3...4.

Âèäíî, ÷òî êîýôôèöèåíòû çàòóõàíèÿ êîëå-
áàíèé h / ω○ >> 1 êàê äëÿ ýêñïåðèìåíòàëüíîé, 
òàê è äëÿ ïðîèçâîäñòâåííîé ñõåì. Òî åñòü õà-
ðàêòåð èõ êîëåáàíèé îïðåäåëÿåòñÿ ãëàâíûì 
îáðàçîì èçìåíåíèåì R(t).

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîêàçûâàþò, 
÷òî ýòè êîëåáàíèÿ íå ïðèâîäÿò ê îòêëîíåíè-
ÿì øèðèíû çàõâàòà ïëóãà áîëüøå äîïóñòèìûõ 
òðåáîâàíèÿìè.

Äàæå â òåõ îïûòàõ, ãäå ôàêòè÷åñêàÿ øèðèíà 
çàõâàòà (ñðåäíÿÿ çà îïûò) îòêëîíÿåòñÿ îò ðàñ-
÷åòíîé áîëüøå, ÷åì íà 10 %, êîýôôèöèåíò âà-
ðèàöèè íå ïðåâûøàåò 6 %. Òî åñòü ïëóã øåë 
ñðàâíèòåëüíî óñòîé÷èâî, íî êîëåáàíèÿ åãî ïðè 
ýòîì ñîâåðøàëèñü íå îêîëî ðàñ÷åòíîãî ñðåäíå-
ãî ïîëîæåíèÿ, à îêîëî íîâîãî ðàâíîâåñíîãî 
ñîñòîÿíèÿ. Ýòî ïðîèñõîäèò ïîòîìó, ÷òî ïðè 
ðàçâîðîòå ïëóãà ïëå÷è ñèë èçìåíÿþòñÿ, ïîêà 
íå íàñòóïàåò íîâîå ðàâíîâåñíîå ñîñòîÿíèå. 
Îêîëî íåãî è ïðîèñõîäÿò êîëåáàíèÿ ïîä äåé-
ñòâèåì R(t), êîòîðûå íå ïðåâûøàþò äîïóñòèìûå 
àãðîòðåáîâàíèÿìè. ×òîáû èñêëþ÷èòü íà÷àëüíûé 

óãîë ïîâîðîòà ïëóãà, íóæíî îïðåäåëèòü ïîëî-
æåíèå åãî ëèíèè òÿãè â çàâèñèìîñòè îò ïîëî-
æåíèÿ äðóãèõ ñèë, äåéñòâóþùèõ íà ïëóã. 

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîé ïðîâåðêè 
ðàáîòû ïëóãà ïðè ðàçëè÷íûõ (ðàññìàòðèâà-
åìûõ âûøå) âàðèàíòàõ àãðåãàòèðîâàíèÿ ïîä-
òâåðæäàþò îïòèìàëüíîñòü âûáðàííûõ òåîðå-
òè÷åñêèõ âàðèàíòîâ àãðåãàòèðîâàíèÿ.

Ýêñïåðèìåíòàëüíàÿ ïðîâåðêà âîçìîæíî-
ñòè ðàáîòû 5 êîðïóñíîãî ðîìáîâèäíîãî ïëóãà 
ñ ìåæêîðïóñíûì ðàññòîÿíèåì 600 ìì è óäëè-
íåííîé ïîëåâîé äîñêîé (500 ìì) íà ïîñëåäíåì 
êîðïóñå ïðè ñìåùåíèè òðàêòîðà â áîðîçäó ïîä-
òâåðäèëà ðàáîòîñïîñîáíîñòü ýòîãî ïëóãà.

Äëÿ âîçìîæíîñòè àãðåãàòèðîâàíèÿ 6 êîð-
ïóñíîãî ðîìáîâèäíîãî ïëóãà ñ Ò-150Ê ïî âàðè-
àíòó åãî äâèæåíèÿ ïî áîðîçäå íóæíî ëèíèþ 
òÿãè ñìåùàòü íå íà 370 ìì, à òîëüêî íà 270 ìì 
[7, 8]. Ïðè ýòîì ðåàêöèÿ ñòåíêè áîðîçäû N 
è òðåáóåìàÿ äëèíà ïîëåâîé äîñêè lg áóäóò 
òàêèìè æå, êàê è äëÿ 5 êîðïóñíîãî â âàðèàíòå 
äâèæåíèÿ òðàêòîðà ïî áîðîçäå. À äëÿ ñëèòíî-
ñòè ïàøíè ìåæäó ïðîõîäàìè íàâåñêó íà òðàê-
òîðå íåîáõîäèìî ñìåñòèòü âëåâî íà 100 ìì, 
÷òî â ñâîþ î÷åðåäü áóäåò êîìïåíñèðîâàòü ðàç-
âîðà÷èâàþùèé òðàêòîð ìîìåíò îò ñèëû R

y
. 

Äëÿ îñóùåñòâëåíèÿ ýòîãî âàðèàíòà àãðåãàòè-
ðîâàíèÿ íóæíî èìåòü íà òðàêòîðå êîíñòðóê-
öèþ íàâåñêè, ïîçâîëÿþùóþ åå ñìåùåíèå ëåâåå 
îñè ñèììåòðèè íà óêàçàííóþ èëè áëèçêóþ ê 
íåé âåëè÷èíó.

Âûâîäû
Ïîäâîäÿ èòîã ìîæíî ñäåëàòü ñëåäóþùèå 

âûâîäû.
Ýêñïåðèìåíòàëüíûé ðîìáîâèäíûé ïëóã ñ 

óìåíüøåííûì ìåæêîðïóñíûì ðàññòîÿíèåì 
è îäíîé ïîëåâîé äîñêîé íà ïîñëåäíåì êîðïó-
ñå èìååò áîëüøîå ñîïðîòèâëåíèå èçìåíåíèþ 
åãî ïîëîæåíèÿ â ãîðèçîíòàëüíîé ïëîñêîñòè, è 
âñëåäñòâèå ýòîãî åãî êîëåáàíèÿ ñîâåðøàþòñÿ ñ 
àïåðèîäè÷åñêèì çàòóõàíèåì.

Ñìåùåíèå ëèíèè òÿãè âïðàâî óìåíüøàåò 
áîêîâîå äàâëåíèå ïëóãà N è åãî òÿãîâîå ñîïðî-
òèâëåíèå P

x
.

Óìåíüøåíèå äëèíû ïëóãà (ìåæêîðïóñíîãî 
ðàññòîÿíèÿ) ïðèâîäèò ê áîëåå èíòåíñèâíîìó 
èçìåíåíèþ òÿãîâîãî ñîïðîòèâëåíèÿ îò ñìåùå-
íèÿ ëèíèè òÿãè, à âûíîñ áîêîâîé îïîðû íà ïî-
ñëåäíèé êîðïóñ – ê ìåíåå èíòåíñèâíîìó.

Ïîëó÷åíû òåîðåòè÷åñêèå çàâèñèìîñòè òÿ-
ãîâîãî ñîïðîòèâëåíèÿ P

x
, áîêîâîãî äàâëåíèÿ N 

è äëèíû ïîëåâîé äîñêè lg îò ñìåùåíèÿ ëèíèè 
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òÿãè m, êîòîðûå ïîçâîëÿþò ïðîèçâîäèòü âûáîð 
îïòèìàëüíûõ ïàðàìåòðîâ è âàðèàíòîâ àãðåãà-
òèðîâàíèÿ ðîìáîâèäíîãî ïëóãà.
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