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Ïî÷âîîáðàáàòûâàþùèå ìàøèíû, èìåþùèå â ñâîåé êîíñòðóêöèè óïðóãèå çâåíüÿ â êðåïëåíèè ðàáî÷èõ îðãà-
íîâ, ïðè îïðåäåëåííûõ óñëîâèÿõ ìîãóò ãåíåðèðîâàòü äåéñòâóþùèå íåçàòóõàþùèå êîëåáàíèÿ ðàáî÷èõ îðãàíîâ 
çà ñ÷åò îñîáåííîñòè ïðîöåññà ðåçàíèÿ ïî÷âåííîãî ïëàñòà, ÷òî ïîçâîëÿåò ñíèæàòü îáùèé óðîâåíü ñèëîâîãî 
íàãðóæåíèÿ è äèíàìè÷íîñòü ôóíêöèîíèðîâàíèÿ âñåé ñèñòåìû. Ïðè ýòîì àêòóàëüíûì ñòàíîâèòñÿ âîïðîñ î 
âëèÿíèè êîëåáàíèé ðàáî÷åãî îðãàíà íà àãðîòåõíè÷åñêèå ïîêàçàòåëè ðàáîòû ÌÒÀ, â ÷àñòíîñòè íà îòêëîíåíèå 
ãëóáèíû îáðàáîòêè îò ñðåäíåãî çíà÷åíèÿ. Â ñòàòüå ðàññìàòðèâàåòñÿ ìàòåìàòè÷åñêàÿ ìîäåëü, îïèñûâàþùàÿ 
äèíàìèêó äâèæåíèÿ óïðóãî çàêðåïëåííîãî ðàáî÷åãî îðãàíà êóëüòèâàòîðíîãî ÌÒÀ, ó÷èòûâàþùàÿ ñèëîâûå, 
óïðóãèå è äèññèïàòèâíûå õàðàêòåðèñòèêè çâåíüåâ ñèñòåìû. Àíàëèç àâòîêîððåëÿöèîííîé ôóíêöèè ãîðèçîí-
òàëüíîé ñîñòàâëÿþùåé òÿãîâîãî ñîïðîòèâëåíèÿ ðàáî÷åãî îðãàíà êóëüòèâàòîðà, ïîëó÷åííîé ïî ýêñïåðèìåí-
òàëüíîé îñöèëëîãðàììå, ïîêàçàë íàëè÷èå â ïðîöåññå ñêðûòîé ïåðèîäè÷åñêîé ñîñòàâëÿþùåé, ÷òî ïîçâîëèëî 
àïïðîêñèìèðîâàòü ýêñïåðèìåíòàëüíûå äàííûå ðÿäîì Ôóðüå; îòíîñèòåëüíàÿ ðàçíîñòü ñðåäíèõ çíà÷åíèé àï-
ïðîêñèìàöèè è ýêñïåðèìåíòàëüíûõ äàííûõ ñîñòàâèëà 0,3 %. Äèññèïàòèâíûå ñâîéñòâà ïî÷âû â ðàáîòå õàðàê-
òåðèçóþòñÿ êîýôôèöèåíòîì çàòóõàíèÿ ïî÷âåííîé ñðåäû. Æåñòêîñòü óïðóãîãî ýëåìåíòà â êðåïëåíèè ðàáî÷åãî 
îðãàíà îïðåäåëÿëàñü èç óñëîâèÿ ðàâåíñòâà ÷àñòîòû ñîáñòâåííûõ êîëåáàíèé ñèñòåìû è ÷àñòîòû âîçìóùàþùåé 
ñèëû, ÷òî ñîîòâåòñòâóåò ðåçîíàíñíîìó ðåæèìó ðàáîòû. Ðàñ÷åò ïî äàííîé ìàòåìàòè÷åñêîé ìîäåëè ïîçâîëèë â 
èòîãå îïðåäåëèòü ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ãëóáèíû îáðàáîòêè è ñðàâíèòü åãî çíà÷åíèå ñî çíà÷åíèåì 
ðàçðàáîòàííîãî òåõíîëîãè÷åñêîãî äîïóñêà íà èçìåíåíèå æåñòêîñòè óïðóãîãî ýëåìåíòà â êðåïëåíèè ðàáî÷åãî 
îðãàíà, â ðåçóëüòàòå ÷åãî áûëè ñäåëàíû ñëåäóþùèå âûâîäû: èñïîëüçîâàíèå ðåæèìà àâòîêîëåáàíèé ðàáî÷èõ 
îðãàíîâ ìîæåò ñóùåñòâåííî âëèÿòü íà óñòîé÷èâîñòü õîäà ðàáî÷åãî îðãàíà â âåðòèêàëüíîé ïëîñêîñòè, îñîáåííî 
ýòî ñêàçûâàåòñÿ íà ïî÷âàõ ñî ñëàáûìè äèññèïàòèâíûìè ñâîéñòâàìè, òàêæå ìîæíî ïðåäïîëîæèòü, ÷òî çíà÷è-
òåëüíûå àìïëèòóäû êîëåáàíèÿ ðàáî÷åãî îðãàíà â ãîðèçîíòàëüíîé ïëîñêîñòè ìîãóò ïðèâîäèòü ê ïîâûøåííîìó 
èñòèðàíèþ ïî÷âåííîãî ôîíà ðàáî÷èì îðãàíîì è, êàê ñëåäñòâèå, ê ïîâûøåíèþ êîëè÷åñòâà ýðîäèðóþùèõ ÷àñòèö 
â ïî÷âå è ðàçâèòèþ âåòðîâîé ýðîçèè.
Êëþ÷åâûå ñëîâà: óïðóãèé ýëåìåíò, ðàáî÷èé îðãàí êóëüòèâàòîðà, ïî÷âåííûé ôîí, ãëóáèíà îáðàáîòêè, òÿãîâîå 
ñîïðîòèâëåíèå.

Tillage machines that have in their design elastic links in the fastening of working organs, under certain conditions, 
can generate active undamped oscillations of working bodies due to the peculiarity of the cutting process of the soil 
layer, which allows to reduce the overall level of force loading and the dynamism of the functioning of the entire 
system. At the same time, the question of the effect of vibrations of the working organ on the agrotechnical indices 
of the operation of machine-tractor aggregates, in particular on the deviation of the processing depth from the mean 
value, becomes topical. The mathematical model describing dynamics of movement of the elastically fixed working 
body of the cultivator machine-tractor aggregates, taking into account the force, elastic and dissipative characteristics 
of the links of the system is considered in the article. Dissipative properties of soil in the work are characterized by 
the coefficient of attenuation of the soil environment. The rigidity of the elastic element in the attachment of the 
working member was determined from the condition that the frequency of the natural oscillations of the system and 
the frequency of the disturbing force be equal, which corresponds to a resonant mode of operation. Calculation of 
this mathematical model allowed to determine the root-mean-square deviation of the treatment depth and compare 
its value with the value of the developed technological tolerance for the change in the rigidity of the elastic element 
in the fastening of the working member, as a result of which the following conclusions were made: the use of the 
self-oscillation mode of the working organs can significantly influence on the stability of the working body in the 
vertical plane, especially this affects the soils with weak dissipative properties, It can be assumed that significant 
amplitude oscillations of the working element in the horizontal plane can lead to an increased abrasion of the soil 
background by the working organ and, as a consequence, to an increase in the number of eroding particles in the soil 
and the development of wind erosion.
Keywords: elastic element, working body of the cultivator, soil background, processing depth, traction resistance.
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Ââåäåíèå
Ïî÷âîîáðàáàòûâàþùèå ìàøèíû, èìåþùèå â 

ñâîåé êîíñòðóêöèè óïðóãèå çâåíüÿ â êðåïëåíèè 
ðàáî÷èõ îðãàíîâ, ïðè îïðåäåëåííûõ óñëîâèÿõ 
ìîãóò ãåíåðèðîâàòü äåéñòâóþùèå íåçàòóõàþ-
ùèå êîëåáàíèÿ ðàáî÷èõ îðãàíîâ çà ñ÷åò îñîáåí-
íîñòè ïðîöåññà ðåçàíèÿ ïî÷âåííîãî ïëàñòà, ÷òî 
ïîçâîëÿåò ñíèæàòü îáùèé óðîâåíü ñèëîâîãî íà-
ãðóæåíèÿ è äèíàìè÷íîñòü ôóíêöèîíèðîâàíèÿ 
âñåé ñèñòåìû [1]. Ïðè ýòîì àêòóàëüíûì ñòàíî-
âèòñÿ âîïðîñ î âëèÿíèè êîëåáàíèé ðàáî÷åãî 
îðãàíà íà àãðîòåõíè÷åñêèå ïîêàçàòåëè ðàáîòû 
ÌÒÀ [2], â ÷àñòíîñòè íà îòêëîíåíèå ãëóáèíû 
îáðàáîòêè îò ñðåäíåãî çíà÷åíèÿ [3].

Öåëü èññëåäîâàíèÿ
Èçó÷èòü âëèÿíèå ðåçîíàíñíîãî ðåæèìà 

ðàáîòû ðàáî÷åãî îðãàíà êóëüòèâàòîðà, èìåþ-
ùåãî óïðóãèé ýëåìåíò â êðåïëåíèè, íà îòêëî-
íåíèå ãëóáèíû îáðàáîòêè ïî÷âû îò ñðåäíåãî 
çíà÷åíèÿ.

Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ âûáðàí 
êóëüòèâàòîð BOURGAULT 8810.

Äèôôåðåíöèàëüíîå óðàâíåíèå äâèæåíèÿ ðà-
áî÷åãî îðãàíà êóëüòèâàòîðà ñ óïðóãèì êðåïëå-
íèåì ê ðàìå ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ 
ïðåäñòàâëåíî â âèäå [4]:

 
 2 1

2 k R t
m

      ,  (1)

ãäå 2 h m  ; k2 = c
ïð

/m; h – êîýôôèöèåíò ëè-
íåéíîãî âÿçêîãî ñîïðîòèâëåíèÿ ïî÷âû, Íñ/ì; 
ñ

ïð
 – ïðèâåäåííàÿ æåñòêîñòü ñèñòåìû, Í/ì; 

m – ìàññà ðàáî÷åãî îðãàíà, êã; k2 – ÷àñòîòà ñîá-
ñòâåííûõ êîëåáàíèé ðàáî÷åãî îðãàíà îòíîñè-
òåëüíî îñè ïîäâåñà, ñ-1; φ – óãîë ïîâîðîòà êóëü-
òèâàòîðíîé ñòîéêè îòíîñèòåëüíî âåðòèêàëüíîé 

îñè, ðàä; R(t) – ãîðèçîíòàëüíàÿ ñîñòàâëÿþùàÿ 
òÿãîâîãî ñîïðîòèâëåíèÿ â ôóíêöèè âðåìåíè, Í.

Ðàññìîòðèì îïèñàíèå ñèëîâûõ, óïðóãèõ è 
äèññèïàòèâíûõ õàðàêòåðèñòèê çâåíüåâ, âõîäÿ-
ùèõ â óðàâíåíèå (1).

Îïèñàíèå âîçìóùàþùèõ âîçäåéñòâèé 
îò ñîïðîòèâëåíèÿ ïî÷âû îáðàáîòêå
Àíàëèç àâòîêîððåëÿöèîííîé ôóíêöèè ãî-

ðèçîíòàëüíîé ñîñòàâëÿþùåé òÿãîâîãî ñîïðî-
òèâëåíèÿ ðàáî÷åãî îðãàíà (ðèñ. 1) ïîêàçûâàåò, 
÷òî ñ ðîñòîì k êîððåëÿöèîííàÿ ñâÿçü ìåæäó 
îðäèíàòàìè ïðîöåññà îñëàáåâàåò. Ïðè íåêî-
òîðîì çíà÷åíèè k = k

0
 êðèâàÿ r(k) ïåðåñåêàåò 

îñü àáñöèññ, è äàëåå íàáëþäàåòñÿ çàòóõàíèå 
êîëåáàíèé êðèâîé îòíîñèòåëüíî ýòîé îñè. 
Òàêîé õàðàêòåð ïðîòåêàíèÿ êðèâîé r(k) ñâè-
äåòåëüñòâóåò î íàëè÷èè â ïðîöåññå ñêðûòîé 
ïåðèîäè÷åñêîé ñîñòàâëÿþùåé, ÷òî ïîçâîëÿåò 
èñïîëüçîâàòü ãàðìîíè÷åñêèé àíàëèç äëÿ àï-
ïðîêñèìàöèè ýêñïåðèìåíòàëüíûõ äàííûõ [5]. 

Àïïðîêñèìàöèÿ ýêñïåðèìåíòàëüíûõ äàííûõ 
ïðåäñòàâëåíà ðÿäîì Ôóðüå âèäà:

0
1

2 2
cos sini n n

n

n t n t
Y a a





       
 ,

ãäå n – ÷èñëî ãàðìîíèê; a
n
, 

n
 – êîýôôèöèåíòû 

ãàðìîíèê;  – äëèíà âîëíû îñíîâíîé ãàðìîíèêè.
Ðåçóëüòàòû àïïðîêñèìàöèè ãîðèçîíòàëüíîé 

ñîñòàâëÿþùåé òÿãîâîãî ñîïðîòèâëåíèÿ ðàáî-
÷åãî îðãàíà êóëüòèâàòîðíîãî ÌÒÀ ïðåäñòàâëå-
íû íà ðèñ. 2.

Ñòàòèñòè÷åñêèå ïîêàçàòåëè ïîëó÷åííîãî 
ðÿäà Ôóðüå áëèçêè ïî çíà÷åíèÿì ê ýêñïåðè-
ìåíòàëüíûì äàííûì: îòíîñèòåëüíàÿ ðàçíîñòü 
ñðåäíèõ çíà÷åíèé ñîñòàâèëà 0,3 %, à ñðåäíå-
êâàäðàòè÷åñêèõ îòêëîíåíèé – 3,8 %.

Ðèñ. 1. Àâòîêîððåëÿöèîííàÿ ôóíêöèÿ ãîðèçîíòàëüíîé ñîñòàâëÿþùåé òÿãîâîãî ñîïðîòèâëåíèÿ 
ðàáî÷åãî îðãàíà êóëüòèâàòîðíîãî ÌÒÀ



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 10, 2017

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

Ãàïè÷ Ä.Ñ., Ôîìèí Ñ.Ä., Øèðÿåâà Å.Â.

30

Îïðåäåëåíèå ñîáñòâåííîé ÷àñòîòû 
êîëåáàòåëüíîé ñèñòåìû
Äëÿ îïðåäåëåíèÿ ÷àñòîòû ñîáñòâåííûõ êî-

ëåáàíèé ðàññìàòðèâàåìîé ñèñòåìû ñîñòàâëåíû 
äèôôåðåíöèàëüíûå óðàâíåíèÿ ñîáñòâåííûõ 
êîëåáàíèé â ôîðìå óðàâíåíèé Ëàãðàíæà: 

 

x

d T T
Q

dt x x
d T T

Q
dt d 

     
    
  





, (2)

ãäå Q
x
, Qφ – îáîáùåííûå ñèëû ñèñòåìû; Ò – êè-

íåòè÷åñêàÿ ýíåðãèÿ ñèñòåìû; ,x    – îáîáùåí-
íûå ñêîðîñòè; ,x   – îáîáùåííûå êîîðäèíàòû.

Íà îñíîâàíèè ñèñòåìû (2) äèôôåðåíöèàëü-
íîå óðàâíåíèå ñâîáîäíûõ êîëåáàíèé ñòîéêè 
êóëüòèâàòîðà ïîëó÷åíî â âèäå:

2 0k   ,
ãäå k – êðóãîâàÿ ÷àñòîòà ìàëûõ êîëåáàíèé 
ñòîéêè, Ãö.

Â íàøåé çàäà÷å æåñòêîñòü óïðóãîãî ýëåìåí-
òà âûáèðàëàñü èç óñëîâèÿ ðàâåíñòâà ÷àñòîòû 
ñîáñòâåííûõ êîëåáàíèé ñèñòåìû è ÷àñòîòû 
âîçìóùàþùåé ñèëû:

k   ,
ãäå  – ãîñïîäñòâóþùàÿ ÷àñòîòà êîëåáàíèé ãî-
ðèçîíòàëüíîé ñîñòàâëÿþùåé òÿãîâîãî ñîïðî-
òèâëåíèÿ ðàáî÷åãî îðãàíà, Ãö. 

Æåñòêîñòü óïðóãîãî ýëåìåíòà îïðåäåëè-
ëàñü âûðàæåíèåì:

 

 2 2

2

zJ ma mga
c

h

  
 . (3)

Ïîäñòàâèâ â ôîðìóëó (3) ÷èñëîâûå çíà÷åíèÿ: 
 = 14,8 Ãö – ÷àñòîòà âûíóæäåííûõ êîëåáàíèé, 

îïðåäåëåííàÿ ïî ñïåêòðàëüíîé ïëîòíîñòè ãî-
ðèçîíòàëüíîé ñîñòàâëÿþùåé òÿãîâîãî ñîïðî-
òèâëåíèÿ ðàáî÷åãî îðãàíà [3]; 2,7zJ êã·ì2 – 
ìîìåíò èíåðöèè êóëüòèâàòîðíîé ñòîéêè îòíî-
ñèòåëüíî îñè ïîäâåñà; à = 0,4 ì; m = 16,5 êã, 
ïîëó÷èì êÍ140 ìc  .

Îïðåäåëåíèå äèññèïàòèâíûõ 
ñâîéñòâ ïî÷âû
Â êà÷åñòâå îñíîâíîé âåëè÷èíû, õàðàêòåðè-

çóþùåé äèññèïàòèâíûå ñâîéñòâà ïî÷âû, ìîæåò 
ñëóæèòü óäåëüíîå âíóòðåííåå ñîïðîòèâëåíèå 
 . Îïðåäåëÿåòñÿ äàííàÿ âåëè÷èíà ýêñïåðè-
ìåíòàëüíî ïî äèàãðàììàì íàãðóæåíèÿ-ðàç-
ãðóæåíèÿ è ïðåäñòàâëÿåò ñîáîé îòíîøåíèå 
ïëîùàäè ïåòëè ãèñòåðåçèñà ê ïîëíîé ýíåðãèè 
êîëåáàíèé (ðèñ. 3). 

Îáðàáîòêà ýêñïåðèìåíòàëüíûõ êðèâûõ â 
ïàêåòå «Microsoft Excel» ïîçâîëèëà àïïðîê-
ñèìèðîâàòü èõ ïîëèíîìàìè òðåòüåé ñòåïåíè. 
Äëÿ ïî÷âåííîãî ôîíà – ñòåðíÿ êðèâàÿ íàãðó-
æåíèÿ îïèñûâàåòñÿ óðàâíåíèåì:

3 254 219,5 475,75 1,66y x x x    ,

êðèâàÿ ðàçãðóæåíèÿ: 
3 21389 6012 7635 3014,3y x x x     .

Ïëîùàäü ïåòëè ãèñòåðåçèñà: 

ÀBDÀ ÀBCÀ DBCD 354,13 83,78 266,35S S S     .

Îòíîñèòåëüíîå âíóòðåííåå ñîïðîòèâëåíèå 
ñâåòëî-êàøòàíîâûõ ïî÷â äëÿ çàäàííîãî ïî-
÷âåííîãî ôîíà è çàäàííûõ óñëîâèé ýêñïåðè-
ìåíòà îïðåäåëèëîñü êàê:

ÀBDÀ ÀBCÀ 0,75S S   .

Ðèñ. 2. Ýêñïåðèìåíòàëüíàÿ è ðàñ÷åòíàÿ îñöèëëîãðàììà òÿãîâîãî ñîïðîòèâëåíèÿ 
ðàáî÷åãî îðãàíà êóëüòèâàòîðíîãî ÌÒÀ
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ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 10, 2017

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

31

Òîãäà êîýôôèöèåíò çàòóõàíèÿ èññëåäóåìîé 
ïî÷âåííîé ñðåäû ñîñòàâèò:

2 4 5,55k     ,

äëÿ ïî÷âåííîãî ôîíà ïàð çíà÷åíèå êîýôôèöè-
åíòà çàòóõàíèÿ ñîñòàâèëî 2,45.

Ïî÷âåííûå ôîíû ìîæíî óñëîâíî ðàçäåëèòü 
íà ôîíû, îáëàäàþùèå ñèëüíûìè äèññèïàòèâ-
íûìè ñâîéñòâàìè, – 2 0,5   , è ïî÷âåííûå 
ôîíû, îáëàäàþùèå ñëàáûìè äèññèïàòèâíûìè 
ñâîéñòâàìè, – 2 0,5   . Çíà÷åíèå äàííîãî 
ïàðàìåòðà äëÿ ïî÷âåííîãî ôîíà – ñòåðíÿ ñî-
ñòàâèëî 0,75, äëÿ ïî÷âåííîãî ôîíà – ïàð – 0,43.

Èíòåãðèðîâàíèå äèôôåðåíöèàëüíûõ 
óðàâíåíèé âûíóæäåííûõ êîëåáàíèé 
ñòîéêè êóëüòèâàòîðà
Ïîëíîå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâ-

íåíèÿ (1), â ñëó÷àå ìàëîãî ñîïðîòèâëåíèÿ, 
áûëî ïîëó÷åíî â âèäå:


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 
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2 2 2
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2

4
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A
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    


    
, 

 
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2
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B
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2

 


.

Ðàñ÷åò ïî äàííîé ìàòåìàòè÷åñêîé ìîäåëè 
ïîçâîëèë, â êîíå÷íîì ñ÷åòå, ïîëó÷èòü ðàñ÷åò-
íóþ îñöèëëîãðàììó óãëà ïîâîðîòà êóëüòèâà-
òîðíîé ñòîéêè îòíîñèòåëüíî øàðíèðà (ðèñ. 4), 
ïîñëåäóþùàÿ ìàòåìàòè÷åñêàÿ îáðàáîòêà êîòî-
ðîé ïîçâîëèëà îïðåäåëèòü ñðåäíåêâàäðàòè÷åñêîå 
îòêëîíåíèå ãëóáèíû îáðàáîòêè è ñðàâíèòü åãî 
çíà÷åíèå ñî çíà÷åíèåì ðàçðàáîòàííîãî òåõíîëî-
ãè÷åñêîãî äîïóñêà íà èçìåíåíèå æåñòêîñòè óïðó-
ãîãî ýëåìåíòà â êðåïëåíèè ðàáî÷åãî îðãàíà. Ðå-
çóëüòàòû ðàñ÷åòîâ ïðåäñòàâëåíû íà ðèñ. 5.

Àíàëèç äàííûõ ãðàôè÷åñêèõ çàâèñèìîñòåé 
ãîâîðèò î òîì, ÷òî èñïîëüçîâàíèå ðåçîíàíñ-
íûõ è äîðåçîíàíñíûõ ðåæèìîâ ðàáîòû ðàáî÷å-
ãî îðãàíà íà ïîëÿõ ñî ñëàáûìè äèññèïàòèâíû-
ìè ñâîéñòâàìè ìîæåò ïðèâîäèòü ê íàðóøåíèþ 
àãðîòåõíè÷åñêèõ òðåáîâàíèé, ïðåäúÿâëÿåìûõ 
ê êóëüòèâàöèè. Íàáëþäàþòñÿ ïîâûøåííûå çíà-
÷åíèÿ îòêëîíåíèÿ ãëóáèíû îáðàáîòêè, à ñëåäî-
âàòåëüíî, è äîñòàòî÷íî áîëüøèå ïåðåìåùåíèÿ 
ðàáî÷åãî îðãàíà â ãîðèçîíòàëüíîé ïëîñêîñòè 

Ðèñ. 3. Ýêñïåðèìåíòàëüíàÿ äèàãðàììà íàãðóæåíèÿ-
ðàçãðóæåíèÿ ñâåòëî-êàøòàíîâûõ ïî÷â, ôîí – ñòåðíÿ

Ðèñ. 4. Ðàñ÷åòíàÿ îñöèëëîãðàììà 
óãëà ïîâîðîòà ñòîéêè êóëüòèâàòîðà

Ðèñ. 5. Ðàñ÷åòíûå çàâèñèìîñòè 
ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ ãëóáèíû 

îáðàáîòêè â ôóíêöèè æåñòêîñòè óïðóãîãî ýëåìåíòà 
â êðåïëåíèè ðàáî÷åãî îðãàíà êóëüòèâàòîðà: 

1 – ôîí – ñòåðíÿ; 2 – ôîí – ïàð
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ïðè êîëåáàòåëüíîì õàðàêòåðå äâèæåíèÿ. Çíà÷è-
òåëüíûå àìïëèòóäû êîëåáàíèÿ ðàáî÷åãî îðãàíà 
â ãîðèçîíòàëüíîé ïëîñêîñòè ìîãóò ïðèâîäèòü ê 
ïîâûøåííîìó èñòèðàíèþ ïî÷âåííîãî ôîíà ðà-
áî÷èì îðãàíîì è, êàê ñëåäñòâèå, ê ïîâûøåíèþ 
êîëè÷åñòâà ýðîäèðóþùèõ ÷àñòèö â ïî÷âå.

Ðåçóëüòàòû, ïîëó÷åííûå ïî ìàòåìàòè÷å-
ñêîé ìîäåëè, õîðîøî ñîãëàñóþòñÿ ñ ýêñïåðè-
ìåíòàëüíûìè äàííûìè, ÷òî ïîäòâåðæäàåòñÿ 
ãðàôè÷åñêèìè çàâèñèìîñòÿìè îòêëîíåíèÿ ãëó-
áèíû îáðàáîòêè ðàáî÷åãî îðãàíà îò ñðåäíåãî 
çíà÷åíèÿ â ôóíêöèè æåñòêîñòè óïðóãîãî ýëå-
ìåíòà â êðåïëåíèè (ðèñ. 6).

Ëèòåðàòóðà
1. Ãàïè÷ Ä.Ñ., Ôîìèí Ñ.Ä., Äåíèñîâà Î.À. Ýíåð-

ãåòè÷åñêèå è êà÷åñòâåííûå ïîêàçàòåëè ðàáîòû 
êóëüòèâàòîðíîãî ÌÒÀ â ðåæèìå àâòîêîëåáàíèé 
ðàáî÷èõ îðãàíîâ // Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ». 
2015. Ò. 1. № 4 (26). Ñ. 17–20. 

2. Ãàïè÷ Ä.Ñ., Äåíèñîâà Î.À. Ýêîëîãè÷åñêèå îñî-
áåííîñòè èñïîëüçîâàíèÿ ðåçîíàíñíûõ ðåæèìîâ 
ðàáîòû ðàáî÷èõ îðãàíîâ êóëüòèâàòîðíîãî ìà-
øèííî-òðàêòîðíîãî àãðåãàòà // Íàó÷íîå îáîçðå-
íèå. 2015. № 10-1. Ñ. 40–44. 

3. Êóçíåöîâ Í.Ã., Ãàïè÷ Ä.Ñ., Íàçàðîâ Å.À. Óñòîé-
÷èâîñòü äâèæåíèÿ ðàáî÷åãî îðãàíà êóëüòèâàòîðà 
BOURGAULT 8810 â çàâèñèìîñòè îò æåñòêîñòè 
óïðóãèõ ýëåìåíòîâ â åãî êðåïëåíèè // Íàó÷íîå 
îáîçðåíèå. 2011. № 6. Ñ. 103–108. 

4. Êóçíåöîâ Í.Ã., Ãàïè÷ Ä.Ñ., Íàçàðîâ Å.À. Îïòè-
ìèçàöèÿ æåñòêîñòè óïðóãîãî ýëåìåíòà â êðåïëå-
íèè ðàáî÷åãî îðãàíà êóëüòèâàòîðà BOURGAULT 
8810 // Íàó÷íîå îáîçðåíèå. 2010. № 6. Ñ. 89–93.

5. Ãàïè÷ Ä.Ñ., Øèðÿåâà Å.Â., Äåíèñîâà Î.À. Ôóðüå-
àíàëèç ýêñïåðèìåíòàëüíûõ îñöèëëîãðàìì òÿãîâîãî 
ñîïðîòèâëåíèÿ ðàáî÷åãî îðãàíà êóëüòèâàòîðíîãî 
ÌÒÀ // Èçâåñòèÿ Íèæíåâîëæñêîãî àãðîóíèâåðñè-
òåòñêîãî êîìïëåêñà: Íàóêà è âûñøåå ïðîôåññèî-
íàëüíîå îáðàçîâàíèå. 2015. № 3 (39). Ñ. 151–154. 

References
1. Gapich D.S., Fomin S.D., Denisova O.A. Energy 

and quality indicators of cultivator machine-tractor 
aggregates operation in the mode of auto-oscillations 
of working bodies. Izvestiya MGTU «MAMI». 
2015. Vol. 1. No 4 (26), pp. 17–20. 

2. Gapich D.S., Denisova O.A. Ecological features of 
the use of resonant operating modes of the working 
bodies of the cultivator machine and tractor unit. 
Nauchnoe obozrenie. 2015. No 10-1, pp. 40–44. 

3. Kuznetsov N.G., Gapich D.S., Nazarov E.A. Sta-
bility of the movement of the working body of the 
cultivator BOURGAULT 8810, depending on the 
rigidity of the elastic elements in its bracing. Nauch-
noe obozrenie. 2011. No 6, pp. 103–108. 

4. Kuznetsov N.G., Gapich D.S., Nazarov E.A. Op-
timization of the rigidity of the elastic element in 
the mounting of the working body of the cultivator 
BOURGAULT 8810. Nauchnoe obozrenie. 2010. 
No 6, pp. 89–93.

5. Gapich D.S., Shiryaeva E.V., Denisova O.A. Fouri-
er analysis of experimental oscillograms of the trac-
tion resistance of the cultivator machine-tractor unit. 
Izvestiya Nizhnevolzhskogo agrouniversitetskogo 
kompleksa: Nauka i vysshee professional’noe obra-
zovanie [Izvestiya of the Nizhnevolzhsk Agro-Uni-
versity Complex: Science and Higher Vocational 
Education]. 2015. No 3 (39), pp. 151–154.

Ðèñ. 6. Îòêëîíåíèå ãëóáèíû îáðàáîòêè 
îò ñðåäíåãî çíà÷åíèÿ â çàâèñèìîñòè 

îò æåñòêîñòè óïðóãèõ ýëåìåíòîâ â êðåïëåíèè 
ðàáî÷èõ îðãàíîâ êóëüòèâàòîðà: 
1 – ôîí – ñòåðíÿ; 2 – ôîí – ïàð

Âûâîäû
Èñïîëüçîâàíèå ðåæèìà àâòîêîëåáàíèé ðà-

áî÷èõ îðãàíîâ ìîæåò ñóùåñòâåííî âëèÿòü íà 
óñòîé÷èâîñòü õîäà ðàáî÷åãî îðãàíà â âåðòèêàëü-
íîé ïëîñêîñòè, îñîáåííî ýòî ñêàçûâàåòñÿ íà 
ïî÷âàõ ñî ñëàáûìè äèññèïàòèâíûìè ñâîéñòâàìè. 

Ñòåïåíü ïðîÿâëåíèÿ äèññèïàòèâíûõ ñâîéñòâ 
ïî÷âû îöåíèâàåòñÿ îòíîøåíèåì äâîéíîãî êî-
ýôôèöèåíòà çàòóõàíèÿ èññëåäóåìîé ïî÷âåííîé 
ñðåäû ê ÷àñòîòå êîëåáàíèé ãîðèçîíòàëüíîé ñî-
ñòàâëÿþùåé òÿãîâîãî ñîïðîòèâëåíèÿ ðàáî÷åãî 
îðãàíà – 2  . Ê ïî÷âàì ñî ñëàáûìè äèññèïà-
òèâíûìè ñâîéñòâàìè, îòíîñÿòñÿ ïî÷âû, äëÿ êî-
òîðûõ óêàçàííîå îòíîøåíèå ìåíüøå 0,5.

Çíà÷èòåëüíûå àìïëèòóäû êîëåáàíèÿ ðàáî-
÷åãî îðãàíà â ãîðèçîíòàëüíîé ïëîñêîñòè ìîãóò 
ïðèâîäèòü ê ïîâûøåííîìó èñòèðàíèþ ïî÷âåí-
íîãî ôîíà ðàáî÷èì îðãàíîì è, êàê ñëåäñòâèå, ê 
ïîâûøåíèþ êîëè÷åñòâà ýðîäèðóþùèõ ÷àñòèö â 
ïî÷âå è ðàçâèòèþ âåòðîâîé ýðîçèè.


