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Â íàñòîÿùåå âðåìÿ ïðè ñêàøèâàíèè ïîëåãøèõ çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð âàëêîâûå æàòêè è õåäåðà çåð-
íîóáîðî÷íûõ êîìáàéíîâ îáîðóäóþòñÿ ñòåáëåïîäúåìíèêàìè. Óñïåøíîå âûïîëíåíèå ïðîöåññà ïîäíÿòèè ïîëå-
ãëûõ è ñðåçàííûõ ñòåáëåé îáóñëîâëåíî ïðàâèëüíûì âûáîðîì çíà÷åíèÿ óãëà íàêëîíà êðûëà ñòåáëåïîäúåìíèêà. 
Â ñóùåñòâóþùèõ êîíñòðóêöèÿõ ñòåáëåïîäúåìíèêîâ óãîë íàêëîíà óñòàíàâëèâàåòñÿ ìåíüøå óãëà òðåíèÿ ñòåáëÿ 
î ïîâåðõíîñòü óñòðîéñòâà. Îäíàêî ïðè òàêîì ïîäõîäå ê âûáîðó óãëà ïðè âëàæíîì ñòåáëåñòîå è áîëüøèõ êîëå-
áàíèÿõ ìèêðîðåëüåôà ïîâåðõíîñòè ïîëÿ çàìå÷àåòñÿ îáâîëàêèâàíèå êðûëüåâ ñòåáëåïîäúåìíèêîâ è ñãðóæèâà-
íèå õëåáíîé ìàññû. Ýòî ãîâîðèò î òîì, ÷òî çíàíèÿ êîýôôèöèåíòà òðåíèÿ ñòåáëåé óáèðàåìûõ êóëüòóð ïðè ïðî-
åêòèðîâàíèè ñòåáëåïîäúåìíèêîâ íåäîñòàòî÷íî. Ïîýòîìó âîçíèêàåò íåîáõîäèìîñòü â èññëåäîâàíèè ïðîöåññà 
ïîäúåìà ñòåáëåé çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð. 
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå òåîðåòè÷åñêîé çàâèñèìîñòè âåëè÷èíû ïîäúåìà ñòåáëåé îò êîí-
ñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ðàáîòû ñòåáëåïîäúåìíîãî óñòðîéñòâà óáîðî÷íûõ ìàøèí ïðè ñêà-
øèâàíèè ïîëåãøèõ çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð, à òàêæå òåõíîëîãè÷åñêèõ ñâîéñòâ óáèðàåìîé êóëü-
òóðû. Â ñòàòüå ðàññìîòðåí ïðîöåññ ïîäúåìà ñðåçàííîãî ñòåáëÿ ïî ïîâåðõíîñòè ñòåáëåïîäúåìíèêà, à òàêæå 
ïîëåãøåãî íåñðåçàííîãî ñòåáëÿ ñ ó÷åòîì ñèëû ñîïðîòèâëåíèÿ èçãèáó è ïåðåïëåòåíèÿ ñòåáëåé. Îïðåäåëåíû 
ñèëû, äåéñòâóþùèå íà ñòåáåëü. Ïðèíÿòî äîïóùåíèå îá àáñîëþòíîé íåóïðóãîñòè óäàðà ñòåáëÿ î ïîâåðõíîñòü 
óñòðîéñòâà. Íà îñíîâå ïîëó÷åííîé ìàòåìàòè÷åñêîé ìîäåëè ïîñòðîåíû ãðàôèêè òåîðåòè÷åñêèõ çàâèñèìîñòåé 
ìàêñèìàëüíî âîçìîæíîãî ïåðåìåùåíèÿ ñòåáëÿ è âûñîòû ïîäúåìà åãî â çàâèñèìîñòè îò ñêîðîñòè äâèæåíèÿ 
ìàøèíû è óãëà óñòàíîâêè êðûëà ñòåáëåïîäúåìíèêà. Àíàëèç ïîëó÷åííûõ çàâèñèìîñòåé ïîçâîëÿåò ñäåëàòü âû-
âîä î òîì, ÷òî êîíñòðóêòèâíûå ïàðàìåòðû ñòåáëåïîäúåìíèêà îïðåäåëÿþòñÿ íå òîëüêî êîýôôèöèåíòîì òðåíèÿ 
ñêîëüæåíèÿ ñòåáëåé óáèðàåìûõ êóëüòóð, íî òàêæå ñêîðîñòüþ äâèæåíèÿ óáîðî÷íîé ìàøèíû è âåëè÷èíîé ñèëû 
ñîïðîòèâëåíèÿ èçãèáó ñòåáëÿ.
Êëþ÷åâûå ñëîâà: ñòåáëåïîäúåìíèê, óãîë òðåíèÿ, óãîë íàêëîíà, âûñîòà ïîäúåìà, ñêîðîñòü, ïîëåãëûå ñòåáëè, 
ïåðåìåùåíèå.

Nowadays, the roller reapers and headers of grain harvesters, when mowing down dead grain and le-guminous crops, 
are equipped with stalk lifts. The successful completion of the process of raising flat and cut stems depends on the 
correct choice of the angle of inclination of the wing of the stem lift. In existing designs of stalk lifts, the angle of 
inclination is set less than the angle of friction of the stalk on the surface of the device. However, with this approach 
to choosing an angle with a moist stalk and large fluctuations in the microrelief of the field surface, there are observed 
the enveloping of the wings of the stalk lifters and the process of unloading of the grain mass. This suggests that 
knowledge of the coefficient of friction of the stems of harvested crops in the design of stem lifters is not enough. 
Therefore, there is a need to study the process of lifting the stems of grain and leguminous crops. The aim of the study 
is to determine the theoretical dependence of the magnitude of the rise of the stems on the structural and techno-
logical parameters of the operation of the stem-lifting device of harvesting machines when mowing dead grains and 
legumes, as well as the technological properties of the harvested crop. The article discusses the process of lifting a cut 
stem along the surface of the stem lifter, as well as a laden uncut stem, taking into account the strength of resistance 
to bending and weaving of the stems. The forces acting on the stem are determined. The assumption is made about 
the absolute inelasticity of the impact of the stem on the sur-face of the device. Based on the obtained mathematical 
model, graphs of theoretical dependencies of the maximum possible movement of the stem and the height of its rise 
depending on the speed of the machine and the angle of installation of the wing of the stem lifter are constructed. 
Analysis of the obtained de-pendences allows us to conclude that the design parameters of the stem lifter are deter-
mined both by the sliding friction coefficient of the stems of harvested crops and by the speed of the harvester and the 
strength of the bending resistance of the stem as well.
Keywords: stem lifter, friction angle, tilt angle, lifting height, speed, dead stems, moving.
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Ââåäåíèå
Â íàñòîÿùåå âðåìÿ âàëêîâûå æàòêè 

è õåäåðà çåðíîóáîðî÷íûõ êîìáàéíîâ ïðè ñêà-
øèâàíèè ïîëåãøèõ çåðíîâûõ è çåðíîáîáîâûõ 
êóëüòóð îáîðóäóþòñÿ ñòåáëåïîäúåìíèêàìè, 
êîòîðûå óñòàíàâëèâàþòñÿ íà ïàëüöàõ ðåæó-
ùèõ àïïàðàòîâ èëè ÿâëÿþòñÿ ñîñòàâíîé ÷àñòüþ 
ïàëüöà. Ñòåáëåïîäúåìíèêè â îòäåëüíûõ ñëó-
÷àÿõ èìåþò æåñòêîå êðåïëåíèå ê ïàëüöàì 
èëè ìîãóò ñàìîñòîÿòåëüíî êîïèðîâàòü ðåëüåô 
ïîëÿ çà ñ÷åò ïðóæèííîãî ìåõàíèçìà [1, 2].

Òåõíîëîãè÷åñêèé ïðîöåññ, âûïîëíÿåìûé 
ñòåáëåïîäúåìíèêîì, çàêëþ÷àåòñÿ â ïîäíÿòèè 
ïîëåãëûõ, à òàêæå îòäåëüíûõ ñðåçàííûõ ñòå-
áëåé. Óñïåøíîå âûïîëíåíèå ïðîöåññà â çíà-
÷èòåëüíîé ñòåïåíè îáóñëîâëåíî ïðàâèëüíûì 
âûáîðîì çíà÷åíèÿ óãëà íàêëîíà α êðûëà ñòå-
áëåïîäúåìíèêà. 

Â ñóùåñòâóþùèõ ñòåáëåïîäúåìíèêàõ óãîë α
âçÿò ìåíüøå óãëà òðåíèÿ ñòåáëÿ î ìåòàëë, 
òàê êàê ïîâåðõíîñòü ñòåáëåïîäúåìíèêà 
ïðè äâèæåíèè ìàøèíû äîëæíà áðàòü íà ñåáÿ 
êàê ñðåçàííûå, òàê è íåñðåçàííûå ñòåáëè 
[3, 4]. Îäíàêî ïðè òàêîì óïðîùåííîì ïîäõî-
äå ê âûáîðó óãëà çàìå÷àåòñÿ îáâîëàêèâàíèå 
êðûëüåâ ñòåáëåïîäúåìíèêîâ ïðè âëàæíîì 
ñòåáëåñòîå, è îñîáåííî ïðè áîëüøèõ êîëå-
áàíèÿõ ìèêðîðåëüåôà ïîâåðõíîñòè ïîëÿ. Çà-
÷àñòóþ ïðè ñèëüíî ñïëåòåííîì ñòåáëåñòîå 
èìååò ìåñòî ñãðóæèâàíèå õëåáíîé ìàññû 
íà ñòåáëåïîäúåìíèêå, ìåøàþùåå íîðìàëüíîé 
ðàáîòå óáîðî÷íîé ìàøèíû. Âñå ýòî ãîâîðèò 
î òîì, ÷òî çíàíèÿ êîýôôèöèåíòà òðåíèÿ ñòå-
áëåé óáèðàåìûõ êóëüòóð ïðè ïðîåêòèðîâàíèè 
ñòåáëåïîäúåìíèêîâ íåäîñòàòî÷íî, à êà÷åñòâî 
ðàáîòû ñòåáëåïîäúåìíîãî óñòðîéñòâà îïðåäå-
ëÿåòñÿ è äðóãèìè ôàêòîðàìè.

Ïîýòîìó âîçíèêàåò íåîáõîäèìîñòü â èññëå-
äîâàíèè ïðîöåññà ïîäúåìà ñòåáëåé çåðíîâûõ 
è çåðíîáîáîâûõ êóëüòóð, îïðåäåëåíèè êîí-
ñòðóêòèâíûõ ïàðàìåòðîâ è ðåæèìîâ ðàáîòû 
ñòåáëåïîäúåìíèêîâ æàòîê, â ÷àñòíîñòè îáîñíî-
âàíèè óãëà ïîäúåìà ñòåáëåé ïðè ñêàøèâàíèè 
ïîëåãøèõ çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð.

Öåëü èññëåäîâàíèé
Îïðåäåëåíèå òåîðåòè÷åñêîé çàâèñèìîñòè 

âåëè÷èíû ïîäúåìà ñòåáëåé îò êîíñòðóêòèâíûõ 
è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ðàáîòû ñòå-
áëåïîäúåìíîãî óñòðîéñòâà óáîðî÷íûõ ìàøèí 
ïðè ñêàøèâàíèè ïîëåãøèõ çåðíîâûõ è çåðíî-
áîáîâûõ êóëüòóð, à òàêæå òåõíîëîãè÷åñêèõ 
ñâîéñòâ óáèðàåìîé êóëüòóðû.

Ìàòåðèàëû è ìåòîäû
Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå 
ïðîöåññà ïîäúåìà ñòåáëåé
Ðàññìîòðèì äâèæåíèå ñòåáëåïîäúåìíèêà 

ñî ñêîðîñòüþ v
0
. Êîîðäèíàòíûå îñè íàïðàâèì 

ïî ïîâåðõíîñòè ñòåáëåïîäúåìíèêà Ox è ïåð-
ïåíäèêóëÿðíî – Oy. Â òî÷êå Î ñòåáëåïîäúåì-
íèê âñòðå÷àåòñÿ ñ óæå ñðåçàííûì ñòåáëåì. 
Ïðè âñòðå÷å ïðîèñõîäèò óäàð è ñòåáåëü ïðè-
îáðåòàåò íåêîòîðóþ ñêîðîñòü v

0
, âåëè÷èíà êî-

òîðîé çàâèñèò îò õàðàêòåðà óäàðà è â ïåðâóþ 
î÷åðåäü îò ôèçè÷åñêèõ ñâîéñòâ ñîóäàðÿþùèõñÿ 
òåë. Âî âðåìÿ óäàðà ñòåáëåé òåõíè÷åñêèõ êóëü-
òóð î ìåòàëëè÷åñêóþ ïîâåðõíîñòü ñòåáëåïîäú-
åìíèêà êîýôôèöèåíò âîññòàíîâëåíèÿ èìååò 
âåñüìà íåáîëüøóþ âåëè÷èíó, ïîýòîìó ðàññìà-
òðèâàåìûé óäàð â ïåðâîì ïðèáëèæåíèè ìîæíî 
ïðèíÿòü àáñîëþòíî íåóïðóãèì. 

Ïðè ïåðåìåùåíèè ïî ïîâåðõíîñòè ñòåáëå-
ïîäúåìíèêà íà ñòåáåëü äåéñòâóþò cèëà òðåíèÿ 
ñêîëüæåíèÿ ñòåáëÿ î ïîâåðõíîñòü ñòåáëåïîäú-
åìíèêà F, ñèëà òÿæåñòè mg è ñèëà ðåàêöèè 
îïîðû N. Cîâîêóïíîñòü ñèë, äåéñòâóþùèõ 
íà ñâîáîäíûé ñðåçàííûé ñòåáåëü, ïðåäñòàâëå-
íà íà ðèñ. 1. 

Ðèñ. 1. Ñõåìà ñèë, äåéñòâóþùèõ 
íà ñðåçàííûé ñòåáåëü

Óãîë òðåíèÿ ìåæäó ñòåáëåì è ìåòàëëè÷å-
ñêîé ïîâåðõíîñòüþ îáîçíà÷èì ÷åðåç φ. Áåç-
óñëîâíî, ïîñëå óäàðà ñòåáåëü ïîäíèìàåò-
ñÿ íà ïîâåðõíîñòü ñòåáëåïîäúåìíèêà ëèøü 
ïðè óñëîâèè 

2


    [3]. Â ïðîòèâíîì ñëó÷àå 

ñòåáåëü áóäåò îáâîëàêèâàòüñÿ ïåðåä ñòåáëå-
ïîäúåìíèêîì.

Ïðè äîïóùåíèè àáñîëþòíîé íåóïðóãîñòè 

óäàðà è ïðè 
2


     ïîñëå âñòðå÷è ñî ñòåáëå-

ïîäúåìíèêîì ñòåáåëü ïðèîáðåòàåò ñêîðîñòü, 
ðàâíóþ 0 cosv  .

Äèôôåðåíöèàëüíîå óðàâíåíèå îòíîñèòåëü-
íîãî äâèæåíèÿ ñòåáëÿ ïî ïîâåðõíîñòè ñòåáëå-
ïîäúåìíèêà áóäåò:
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sin ,xdvm F mg

dt
     (1)

ãäå m − ìàññà ñòåáëÿ; v
x
 – ñêîðîñòü ïåðåìåùå-

íèÿ ñòåáëÿ ïî ïîâåðõíîñòè ñòåáëåïîäúåìíèêà.
Òàê êàê ñèëà òðåíèÿ ñêîëüæåíèÿ îïðåäåëÿ-

åòñÿ ïî èçâåñòíîé çàâèñèìîñòè:

cos ,F fN fmg  

ãäå f – êîýôôèöèåíò òðåíèÿ ñêîëüæåíèÿ ñòåáëÿ 
ïî ïîâåðõíîñòè ñòåáëåïîäúåìíèêà, òî

 
( cos sin ).xdv g f

dt
       (2)

Èíòåãðèðîâàíèå ýòîãî óðàâíåíèÿ äàåò:

0 cos ( cos sin ),xv v gt f     

èëè 

 
0

sin( )cos .
cosx

gtv v   
  


 (3)

Â ïîëó÷åííîì âûðàæåíèè ïåðâàÿ ñîñòàâ-
ëÿþùàÿ ðàâåíñòâà ÿâëÿåòñÿ ïîñòîÿííîé âåëè-
÷èíîé, à âòîðàÿ – ñî âðåìåíåì óâåëè÷èâàåòñÿ. 
Áåçóñëîâíî, ÷åðåç îïðåäåëåííîå âðåìÿ t

1
 íà-

ñòóïèò ìîìåíò, êîãäà äâèæåíèå ñòåáëÿ ââåðõ 
ïðåêðàòèòñÿ. Çíà÷åíèå t

1
 îïðåäåëÿåòñÿ èç âûðà-

æåíèÿ (3) ïðè óñëîâèè v
x 
= 0:

 

0
1

cos cos
sin( )

vt
g

  


  
. (4)

Äëÿ îïðåäåëåíèÿ ìàêñèìàëüíîãî ïåðåìåùå-
íèÿ L

x
 ñðåçàííîãî ñòåáëÿ, êîòîðîå îí ïðîõîäèò 

ïî ïîâåðõíîñòè ñòåáëåïîäúåìíèêà, ìîæíî ïî-
ñòóïèòü ñëåäóþùèì îáðàçîì. Èç âûðàæåíèÿ 
(3) ïîñëå èíòåãðèðîâàíèÿ èìååì:

 

2

0 1
sin( )cos
2cos

gtx v t C  
   


.  (5)

Òàê êàê ïðè t = 0, x = 0, òî Ñ
1
 = 0. Ñëåäîâà-

òåëüíî:

 

2

0
sin( )cos
2cos

gtx v t   
  


.  (6)

Âìåñòî t, âçÿâ t
1
 èç ýòîãî âûðàæåíèÿ ìîæíî 

ïîëó÷èòü:

 

2 2
0 cos cos1

2 sin( )x
vL
g

  


  
.  (7)

Ðåçóëüòàòû è îáñóæäåíèå
Íà îñíîâàíèè ïîëó÷åííîé ôîðìóëû (7) ïî-

ñòðîåíû ãðàôèêè çàâèñèìîñòè ìàêñèìàëüíî 
âîçìîæíîãî ïóòè L

x
, ïðîõîäèìîãî ñðåçàííûì 

ñòåáëåì îò óãëà íàêëîíà ñòåáëåïîäúåìíèêà  
ïðè  = 35 è ñêîðîñòè äâèæåíèÿ óáîðî÷íîé 
ìàøèíû 1,5 è 2 ì/ñ, ïðèâåäåííûå íà ðèñ. 2.

Ðèñ. 2. Òåîðåòè÷åñêàÿ çàâèñèìîñòü ìàêñèìàëüíî 
âîçìîæíîãî ïåðåìåùåíèÿ L

x
 ñðåçàííîãî ñòåáëÿ 

îò âåëè÷èíû óãëà íàêëîíà ñòåáëåïîäúåìíèêà  
ïðè  = 35 è ñêîðîñòè äâèæåíèÿ óáîðî÷íîé 

ìàøèíû 1,5 è 2 ì/ñ

Èç ãðàôèêà íà ðèñ. 2, à òàêæå ôîðìóëû (7) 
âèäíî, ÷òî ïðè ïîâûøåíèè ñêîðîñòè äâèæåíèÿ 
ìàøèíû ïðåäåëüíîå ðàññòîÿíèå L

x
, íà êîòîðîå 

ìîæåò äâèãàòüñÿ ñðåçàííûé ñòåáåëü, ðåçêî âîç-
ðàñòàåò. Ýòî ãîâîðèò â ïîëüçó ïîâûøåíèÿ ñêî-
ðîñòåé óáîðî÷íûõ ìàøèí, ñíàáæåííûõ ñòåáëå-
ïîäúåìíèêàìè.

Êðîìå òîãî, èç ãðàôèêà (ðèñ. 2) âèäíî, 
÷òî ñ óìåíüøåíèåì óãëà  ïóòü L

x
 óâåëè÷è-

âàåòñÿ. Íî òàê êàê äëÿ ðàáîòû ñòåáëåïîäúåì-
íèêîâ ãëàâíûìè ÿâëÿåòñÿ èõ ñïîñîáíîñòü ïîä-
íèìàòü ñòåáëè ïî âîçìîæíîñòè âûøå, ñ÷èòàÿ 
îò ïîâåðõíîñòè ïîëÿ, òî èç ðèñ. 1 âèäíî, 
÷òî âûñîòó ïîäúåìà ñðåçàííîãî ñòåáëÿ îïðåäå-
ëÿåòñÿ ïî ôîðìóëå: 

 sin .xh L   (8)

Íà îñíîâå ôîðìóëû (8) ïîñòðîåíû ãðàôèêè 
çàâèñèìîñòè âåëè÷èíû ïîäúåìà h ñðåçàííûõ 
ñòåáëåé îò óãëà íàêëîíà ñòåáëåïîäúåìíèêà 
 ïðè  = 35 è ñêîðîñòè äâèæåíèÿ óáîðî÷-
íîé ìà øèíû 1,5 ì/ñ è 2 ì/ñ, ïðèâåäåííûõ 
íà ðèñ. 3.

Èç ãðàôèêà (ðèñ. 3) âèäíî, ÷òî ïðè óâåëè÷å-
íèè óãëà α âåëè÷èíà ïîäúåìà ñðåçàííûõ ñòå-
áëåé ñòåáëåïîäúåìíèêîì âîçðàñòàåò. Íî äàæå 
ïðè ñêîðîñòè äâèæåíèÿ ìàøèíû v

0
 = 2,0 ì/ñ 

îíà íå ïðåâûøàåò 8 ñì (ïðè  = 35).
Ó÷èòûâàÿ íàëè÷èå ìèêðîðåëüåôà ïîâåðõíî-

ñòè ïîëÿ, çíà÷åíèå h = 8 ñì ïîçâîëèò ïîäíÿòü 
ëèøü íåáîëüøóþ ÷àñòü ñðåçàííûõ ñòåáëåé. 



Èññëåäîâàíèå òåõíîëîãè÷åñêîãî ïðîöåññà ðàáîòû ñòåáëåïîäúåìíèêà 
ïðè ñêàøèâàíèè ïîëåãøèõ çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð
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Ôîðìóëà (3) âûðàæàåò îòíîñèòåëüíóþ 
ñêîðîñòü äâèæåíèÿ ñðåçàííîãî ñòåáëÿ ïî ïî-
âåðõíîñòè ñòåáëåïîäúåìíèêà. Åñëè âçÿòü 
v

x
 = const, òî ìîæíî â êîîðäèíàòíîé ñèñòåìå 

Ot ïîëó÷èòü êðèâóþ ïîïåðå÷íîãî ñå÷åíèÿ ïî-
âåðõíîñòè ñòåáëåïîäúåìíèêà, ïðè äâèæåíèè 
ïî êîòîðîìó ñêîðîñòü ñðåçàííîãî ñòåáëÿ îñòà-
åòñÿ ïîñòîÿííîé. Òàêàÿ ïîâåðõíîñòü ïîëó÷àåò-
ñÿ ïðè ïîñòåïåííîì óìåíüøåíèè óãëà , è, êî-
íå÷íî, îíà ìîæåò èìåòü ïðàêòè÷åñêîå çíà÷åíèå 
äî 

0
. Îäíàêî ðàñ÷åòû ïîêàçûâàþò, ÷òî ïðî-

ìåæóòîê âðåìåíè, ïðè êîòîðîì óãîë  óìåíü-
øàåòñÿ äî  = 0, âåñüìà íåáîëüøîé, è ïîýòîìó 
äëÿ ïðèíÿòûõ ñêîðîñòåé äâèæåíèÿ óáîðî÷íûõ 
ìàøèí âûáîð ñòåáëåïîäúåìíèêîâ ñ òàêèìè ïî-
âåðõíîñòÿìè íåïðàêòè÷åí.

Ñòåáëåïîäúåìíèêè çíà÷èòåëüíî ëåã÷å ïîä-
íèìàþò íåñðåçàííûå ñòåáëè. Òàêèå ñòåáëè 
ìîãóò íàõîäèòüñÿ â ëþáîì ïîëîæåíèè îò-
íîñèòåëüíî ïîâåðõíîñòè ñòåáëåïîäúåìíèêà. 
Âîçüìåì, íàïðèìåð, èõ íàêëîííîå ïîëîæåíèå, 
êàê ýòî ïîêàçàíî íà ðèñ. 4. Ïðè äâèæåíèè ïî-
âåðõíîñòè ïî ñòðåëêå v

0
 ñòåáåëü áóäåò ïåðå-

ìåùàòüñÿ â íàïðàâëåíèè îñè Îõ, íî òàê êàê îí 
ñâÿçàí â òî÷êå À, òî ïåðåìåùåíèå åãî áóäåò 
èìåòü ñîñòàâëÿþùóþ òàêæå ïî îñè Îy. Îäíàêî 
â ðàññìàòðèâàåìîì ñëó÷àå áîëåå âàæíîå çíà÷å-
íèå èìååò ïåðåìåùåíèå ñòåáëÿ â íàïðàâëåíèè 
îñè Îõ, ïîýòîìó âìåñòî ïðèâåäåííîé áåðåì 
ïëîñêóþ çàäà÷ó è âîçâðàùàåìñÿ ê ðèñ. 1.

Â ïîñëåäíåì ñëó÷àå ê ïðèâåäåííûì ñèëàì 
(ðèñ. 5) ïðèáàâëÿåòñÿ Ð, ÿâëÿþùàÿñÿ ñèëîé ñî-
ïðîòèâëåíèÿ èçãèáó ñòåáëÿ è íàïðàâëåííàÿ îá-
ðàòíî íàïðàâëåíèþ äâèæåíèÿ [5, 6]. 

Ïðè ïåðåõîäå îò ïðîñòðàíñòâåííîé ê ïëî-
ñêîé çàäà÷å â íàïðàâëåíèè îñè Îx áóäåò äåé-

ñòâîâàòü ñîñòàâëÿþùàÿ ñèëà Ð, êîòîðóþ 
îáîçíà÷èì ÷åðåç Ð

õ
. Ñèëà ýòà – ïåðåìåííàÿ 

è â îáùåì ñëó÷àå çàâèñèò êàê îò ïåðåìåùåíèÿ 
ñòåáëÿ x, òàê è îò ñêîðîñòè ýòîãî ïåðåìåùåíèÿ 
x′ ïî îñè Îx. Â îáùåì âèäå äàííóþ ñèëó îáî-
çíà÷èì Ð

x
(õ, x′).

Ðèñ. 4. Ñõåìà ðàáîòû ñòåáëåïîäúåìíèêà 
ïðè âñòðå÷å ñ íåñðåçàííûì ñòåáëåì

Ðèñ. 5. Ñõåìà ñèë, äåéñòâóþùèõ 
íà íåñðåçàííûé ñòåáåëü

Äèôôåðåíöèàëüíîå óðàâíåíèå äâèæåíèÿ 
ñòåáëÿ â ïîñëåäíåì ñëó÷àå â îïðåäåëåííûõ 
ïðåäåëàõ áóäåò èìåòü ñëåäóþùèé âèä:

 
sin ( , ).x

x
dvm fN mg P x x
dt

      (9)

Íî òàê êàê ñèëà ðåàêöèè îïîðû ðàâíà
cosN mg  , òî

 
( cos sin ) ( , ).x

x
dv g f P x x
dt

       (10)

 
1

0

( cos sin ) ( , ) .
x

x xv gt f C P x x dx         (11)

Ïðè t = 0, 0 cosxv v   è 
0

( , ) 0.
x

xP x x dx 
Ïîýòîìó îêîí÷àòåëüíî ïîëó÷èì:

   
0

0

sin( )cos ( , ) .
cos

x

x x
gtv v P x x dx      

    (12)

Ðèñ. 3. Òåîðåòè÷åñêàÿ çàâèñèìîñòü âåëè÷èíû 
ïîäúåìà ñðåçàííîãî ñòåáëÿ h îò óãëà íàêëîíà 
ñòåáëåïîäúåìíèêà  ïðè  = 35 è ñêîðîñòè 

äâèæåíèÿ óáîðî÷íîé ìàøèíû 1,5 è 2 ì/ñ
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Â ôîðìóëå (12) çíà÷åíèå òðåòüåãî ÷ëåíà 
îãðàíè÷èâàåòñÿ óñëîâèåì:

 0

sin( )( , )
cos

x

x
gtP x x dx    

 .  (13)

Ïðè ðàâåíñòâå îáåèõ ÷àñòåé â âûðàæåíèè (8) 
ñòåáåëü, ïîïàäàÿ íà ïîâåðõíîñòü ñòåáëåïîäú-
åìíèêà, äâèæåòñÿ ñ îòíîñèòåëüíîé ñêîðîñòüþ, 
ðàâíîé ñêîðîñòè, ïîëó÷åííîé èì â ïåðâûé 
ìîìåíò âñòðå÷è ñî ñòåáëåïîäúåìíèêîì.

Î÷åâèäíî, ÷åì áîëüøå ñîïðîòèâëåíèå 
èçãèáó ñòåáëÿ, ÷åì ìåíüøå óãîë  (ðèñ. 4), 

òåì çíà÷åíèå ÷ëåíà 
0

( , )
x

xP x x dx  áîëüøå. 

Îäíàêî, êàê áûëî ñêàçàíî âûøå, åãî çíà÷åíèå 

íå ìîæåò áûòü áîëüøå 
sin( )

cos
gt   


.

Çà÷àñòóþ ïîëåãëûå ñòåáëè ïåðåïëåòàþò-
ñÿ ìåæäó ñîáîé. Â ïîñëåäíåì ñëó÷àå äèô-
ôåðåíöèàëüíîå óðàâíåíèå îòíîñèòåëüíîãî 
äâèæåíèÿ îïÿòü áóäåò èìåòü âèä (6), à âëèÿ-
íèå ïåðåïëåòåííûõ ñòåáëåé âûðàçèòñÿ ñèëîé 
Ð

x
(õ, x′). Â îáîèõ ñëó÷àÿõ ñèëà Ð

x
(õ, x′) çàâè-

ñèò îò ìíîãî÷èñëåííûõ ñëó÷àéíûõ ôàêòîðîâ, 
è ïîýòîìó åå çíà÷åíèå äëÿ ðàçëè÷íûõ ñëó÷à-
åâ ìîæíî îïðåäåëèòü ëèøü îïûòíûì ïóòåì 
[5, 6]. Îäíàêî íàëè÷èå ñèëû Ð

x
(õ, x′), îñîáåííî 

äëÿ ñòåáëåé, èìåþùèõ áîëüøîé ìîìåíò ñîïðî-
òèâëåíèÿ èçãèáó èëè ñèëüíî ïåðåïëåòåííûõ, 
âçàèìíî ïîääåðæèâàþùèõ, çíà÷èòåëüíî îá-
ëåã÷àåò ïîäúåì ñòåáëåé ïî ïîâåðõíîñòè ñòå-
áëåïîäúåìíèêîâ. Áåçóñëîâíî, ýòî îòíîñèòñÿ 
ê òîìó ïðîìåæóòêó âðåìåíè, êîãäà ñðåç ñòå-
áëåé åùå íå ïðîèçîøåë. Ïîñëå ñðåçà ñòåáëåé 
èõ ïåðåìåùåíèå ïîä÷èíÿåòñÿ çàêîíîìåðíî-
ñòÿì, ïðèâåäåííûì ðàíåå ïî çàâèñèìîñòè (3). 

Â ñèëó òîãî, ÷òî äëÿ ðàçëè÷íûõ êóëüòóð 
ñèëà Ð

x
(õ, x′) ìîæåò èçìåíÿòüñÿ â çíà÷èòåëü-

íûõ ïðåäåëàõ, â êàæäîì ñëó÷àå íåîáõîäèìî 
ïóòåì ëàáîðàòîðíûõ îïûòîâ îïðåäåëèòü åå 
çíà÷åíèå, à çàòåì, èñïîëüçóÿ âûøåïðèâåäåííûå 
òåîðåòè÷åñêèå èçûñêàíèÿ, îïðåäåëÿòü èñêîìîå 
çíà÷åíèå óãëà α. Ìîæíî èäòè è äðóãèì ïóòåì: 
ïðè ïîìîùè ïîëåâûõ îïûòîâ íåïîñðåäñòâåí-
íî îïðåäåëèòü íàèëó÷øåå çíà÷åíèå óãëà . 
Îäíàêî ýòîò ïóòü áîëåå äîðîãîñòîÿùèé, òàê 
êàê òðåáóåò ïîñòàíîâêè âåñüìà îáøèðíûõ 
îïûòîâ íà ðàçëè÷íûõ ó÷àñòêàõ. Ïðè ýòîì íå-
îáõîäèìî ó÷åñòü òàêæå âëèÿíèå ìèêðîðåëüåôà 
ïîâåðõíîñòè ïîëÿ è òîò ôàêò, ÷òî ïðè êîïèðî-
âàíèè ðåëüåôà ïîëÿ ïîñòîÿííî ìåíÿåòñÿ óãîë 
óñòàíîâêè ðåæóùåãî àïïàðàò ïî îòíîøåíèþ 
ê ñòåáëåñòîþ íà êîðíþ. Ýòî âëèÿåò íà êà÷å-

ñòâî ñðåçà è ïîòåðè íåñðåçàííûìè ðàñòåíèÿìè 
è çåðíîì â çîíå çàõâàòà ìàøèí è ïîä âàëêîì.

Âûâîäû
Â ðåçóëüòàòå äàííîãî èññëåäîâàíèÿ ðàñ-

ñìîòðåíà äèíàìèêà ïðîöåññà ðàáîòû ñòåáëå-
ïîäúåìíèêà óáîðî÷íîé ìàøèíû ïðè ïîäúåìå 
ïîëåãøèõ è ñðåçàííûõ ñòåáëåé. Îïðåäåëåíû 
àíàëèòè÷åñêèå çàâèñèìîñòè âåëè÷èí ïîäíÿ-
òèÿ è ìàêñèìàëüíîãî ïåðåìåùåíèÿ ñðåçàííî-
ãî è ïîëåãøåãî ñòåáëÿ îò ñêîðîñòè óáîðî÷íîé 
ìàøèíû è óãëà óñòàíîâêè ñòåáëåïîäúåìíèêà. 
Àíàëèç ïîëó÷åííûõ çàâèñèìîñòåé ïîçâîëÿ-
åò ñäåëàòü âûâîä î òîì, ÷òî êîíñòðóêòèâíûå 
ïàðàìåòðû ñòåáëåïîäúåìíèêà îïðåäåëÿþòñÿ 
íå òîëüêî êîýôôèöèåíòîì òðåíèÿ ñêîëüæåíèÿ 
ñòåáëåé óáèðàåìûõ êóëüòóð, íî è äðóãèìè òåõ-
íîëîãè÷åñêèìè ïàðàìåòðàìè ðàáîòû, à èìåííî 
ñêîðîñòüþ äâèæåíèÿ óáîðî÷íîé ìàøèíû, âå-
ëè÷èíîé ñîïðîòèâëåíèÿ èçãèáó ñòåáëÿ. Êðîìå 
òîãî, ïîëó÷åííûå àíàëèòè÷åñêèå çàâèñèìîñòè 
ìîãóò èñïîëüçîâàòüñÿ äëÿ ïðîâåäåíèÿ äàëüíåé-
øèõ èññëåäîâàíèé è ìîäåðíèçàöèè ñòåáëåïîäú-
åìíûõ óñòðîéñòâ äëÿ çåðíîóáîðî÷íûõ ìàøèí.
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