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Â ñòàòüå ðàññìàòðèâàåòñÿ ïðîöåññ ïðÿìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð ñ îáðàçîâàíèåì âûñîêîñòåð-
íåâîé êóëèñû â êîëåå êîìáàéíà. Ïðèâåäåíà ñõåìà äèôôåðåíöèàöèè âûñîòû ñòåðíè ïî øèðèíå çàõâàòà êîì-
áàéíîâîé æàòêè ïðè óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîìáàéíèðîâàíèåì. Ïðåäñòàâëåíû çàêîíîìåðíîñòè, 
õàðàêòåðèçóþùèå èçìåíåíèå ïðîïóñêíîé ñïîñîáíîñòè ìîëîòèëêè è ðàáî÷åé ñêîðîñòè äâèæåíèÿ êîìáàéíà â 
çàâèñèìîñòè îò òåõíîëîãè÷åñêèõ ñâîéñòâ çåðíîâûõ êóëüòóð. Ðàñêðûâàåòñÿ çàâèñèìîñòü ìåæäó âûñîòîé ñòåðíè, 
ïîòåðÿìè çåðíà çà êîìáàéíîì è ñîëîìèñòîñòüþ õëåáíîé ìàññû. Ãðàôè÷åñêàÿ èíòåðïðåòàöèÿ äàííûõ çàâèñèìî-
ñòåé ñâèäåòåëüñòâóåò î òîì, ïîòåðè çåðíà çà êîìáàéíîì ìîæíî óìåíüøèòü ïîñðåäñòâîì èçìåíåíèÿ ñîëîìèñòî-
ñòè õëåáíîé ìàññû çà ñ÷åò óâåëè÷åíèÿ âûñîòû ñðåçà ïðîäóêòèâíûõ ðàñòåíèé âî âðåìÿ êîìáàéíèðîâàíèÿ çåð-
íîâûõ êóëüòóð. Îáîñíîâàíà ìàêñèìàëüíî äîïóñòèìàÿ âûñîòà ñòåðíè â êîëåå êîìáàéíà, ïðåäåëüíàÿ âåëè÷èíà 
êîòîðîé îïðåäåëÿåòñÿ âûñîòîé ñòåáëåñòîÿ çåðíîâûõ êóëüòóð ïðè óáîðêå ïðÿìûì êîìáàéíèðîâàíèåì. Êðîìå 
òîãî, âûÿâëåíà âçàèìîñâÿçü ìåæäó ìàêñèìàëüíî äîïóñòèìîé âûñîòîé ñòåðíè â êîëåå êîìáàéíà è ïàðàìåòðàìè, 
õàðàêòåðèçóþùèìè êèíåìàòè÷åñêèé ðåæèì ðàáîòû æàòêè: âûñîòîé óñòàíîâêè íîæà è ñòåáëåñòîÿ çåðíîâûõ 
êóëüòóð. Ïðè ïðÿìîì êîìáàéíèðîâàíèè ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ êîìáàéíà îïðåäåëÿåòñÿ íå òîëüêî ðàöè-
îíàëüíîé çàãðóçêîé ìîëîòèëêè, íî è îáåñïå÷åíèåì òðåáóåìîãî êà÷åñòâà ñêàøèâàíèÿ çåðíîâûõ, îò êîòîðîãî 
çàâèñÿò ïîòåðè çåðíà çà æàòêîé. Èñõîäÿ èç ýòîãî ïîëîæåíèÿ â õîäå òåîðåòè÷åñêèõ èçûñêàíèé ïîëó÷åíû çàêî-
íîìåðíîñòè, êîòîðûå õàðàêòåðèçóþò èçìåíåíèÿ ìàêñèìàëüíî äîïóñòèìîé âûñîòû ñòåðíè ïðè óáîðêå çåðíîâûõ 
êóëüòóð ïðÿìûì êîìáàéíèðîâàíèåì ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà. Îïðåäåëåíà 
âçàèìîñâÿçü ìåæäó ñîëîìèñòîñòüþ õëåáíîé ìàññû, òåõíèêî-ýêñïëóàòàöèîííûìè ïàðàìåòðàìè, ðåæèìàìè ðà-
áîòû êîìáàéíà è æàòêè è òåõíîëîãè÷åñêèìè ñâîéñòâàìè çåðíîâûõ êóëüòóð. Íà îñíîâå àíàëèòè÷åñêèõ çàâèñè-
ìîñòåé, õàðàêòåðèçóþùèõ èçìåíåíèå ïîòåðü çåðíà çà êîìáàéíîì îò ïàðàìåòðîâ ñîëîìèñòîñòè õëåáíîé ìàññû 
è âûñîòû ñòåðíè çåðíîâûõ êóëüòóð, ïîëó÷åíà ñèñòåìà óðàâíåíèé, ïîñðåäñòâîì êîòîðîé îïðåäåëåíà âçàèìîñ-
âÿçü ìåæäó âûñîòîé ñòåðíè çåðíîâûõ êóëüòóð è ñîëîìèñòîñòüþ õëåáíîé ìàññû. Òåîðåòè÷åñêèå èññëåäîâàíèÿ 
îáîñíîâûâàþò âçàèìîñâÿçü ìåæäó òåõíîëîãè÷åñêèìè ïàðàìåòðàìè ñòåðíè çåðíîâûõ êóëüòóð è ýêñïëóàòàöè-
îííûìè ïàðàìåòðàìè êîìáàéíà è æàòêè. Ïîëó÷åííûå çàêîíîìåðíîñòè ñâèäåòåëüñòâóþò î ñëîæíîì õàðàêòåðå 
ïðîòåêàíèÿ ïðîöåññà óáîðêè çåðíîâûõ êóëüòóð ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà.
Êëþ÷åâûå ñëîâà: êîìáàéí, ñòåðíÿ, âûñîêîñòåðíåâàÿ êóëèñà, ïîòåðè çåðíà, ðàáî÷àÿ ñêîðîñòü, ñîëîìèñòîñòü 
õëåáíîé ìàññû, âûñîòà ñòåðíè, æàòêà, óáîðêà, ïðÿìîå êîìáàéíèðîâàíèå.

The article deals with the process of direct combining of grain crops with the formation of a high-steep wedge in the 
track of the combine. The scheme of differentiation of the stubble height along the width of harvester of combine 
threshing during harvesting of grain crops by direct combining is given. Regularities characterizing the change in the 
threshing capacity and working speed of the combine harvester, depending on the technological properties of grain 
crops, are presented. A relationship is revealed between the height of the stubble, the loss of grain behind the com-
bine and the straw content of the bread mass. Graphical interpretation of these dependencies shows that the loss of 
grain behind the combine can be reduced by changing the straw content of the bread mass by increasing the cutting 
height of productive plants during the harvesting of cereals. The maximum allowable height of stubble in the track 
of the combine is substantiated, the limiting value of which is determined by the height of the stalk of cereals during 
harvesting by direct combining. In addition, the relationship between the maximum permissible height of stubble 
in the harvester track and the parameters characterizing the kinematic regime of the header, the height of the knife 
setting and the stalk of grain crops was revealed. With direct combining, the working speed of the combine is de-
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termined not only by the rational loading of the thresher, but also by ensuring the required quality of grain mowing, 
on which the loss of grain due to the header is dependent. Proceeding from this situation in the course of theoretical 
research, regularities that characterize changes in the maximum permissible stubble height during harvesting of grain 
crops by direct combining with the formation of a high-steep wedge in the track of the combine are obtained. The 
correlation between the straw capacity of grain, the technical and operational parameters, the operating conditions 
of the combine and header, and the technological properties of cereals is determined. On the basis of the analytical 
dependencies characterizing the change in grain losses behind the combine from the parameters of the straw content 
of the bread mass and the height of the stubble of cereal crops, a system of equations was obtained by means of which 
the relationship between the height of the stubble of cereals and the straw capacity of the bread mass was determined. 
Theoretical studies substantiate the relationship between the technological parameters of stubble crops and the opera-
tional parameters of the combine and header. The obtained regularities testify to the complex character of the course 
of the harvesting process of grain crops with the formation of a high-steep wedge in the track of the combine.
Keywords: harvester, stubble, high-steep wedge, grain loss, working speed, straw bread mass, stubble height, head-
er, harvesting, direct combining.

Ââåäåíèå
Â ïîñëåäíåå âðåìÿ êàê ïðàêòèêà, òàê è 

íàóêà [1–5] îáðàùàþò âíèìàíèå íà ðåñóðñî-
ñáåðåæåíèå â òåõíîëîãèÿõ âîçäåëûâàíèÿ çåð-
íîâûõ êóëüòóð çà ñ÷åò áèîëîãèçàöèè çåìëåäå-
ëèÿ, íàïðàâëåííîãî íà ñîõðàíåíèå ïëîäîðîäèÿ 
è âîäíûõ ðåñóðñîâ ïî÷âû, ïîâûøåíèå óðîæàé-
íîñòè è ñîêðàùåíèå ðåñóðñíûõ çà òðàò. Îäíèì 
èç ñïîñîáîâ â äàííîì íàïðàâëåíèè ÿâëÿåòñÿ 
ïðèìåíåíèå â ïåðèîä óáîðêè çåðíîâûõ êóëüòóð 
ïðÿìîãî êîìáàéíèðîâàíèÿ ñ îáðàçîâàíèåì âû-
ñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà.

Öåëü èññëåäîâàíèÿ
Óñòàíîâëåíèå çàêîíîìåðíîñòåé, õàðàêòåðè-

çóþùèõ âçàèìîñâÿçü ìåæäó êîíñòðóêòèâíû-
ìè, ýêñïëóàòàöèîííûìè è òåõíîëîãè÷åñêèìè 
ïàðàìåòðàìè çåðíîâûõ êóëüòóð è êîìáàéíà è 
æàòêè.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Èññëåäîâàíèÿ áàçèðóþòñÿ íà îáùåïðèíÿ-

òûõ ìåòîäè÷åñêèõ ïîëîæåíèÿõ îáùåëîãè÷å-
ñêîãî ìåòîäà è ìàòåìàòè÷åñêîãî àíàëèçà.

Â ïðîöåññå èññëåäîâàíèÿ ðåøàëè ñëåäóþ-
ùèå çàäà÷è: âûÿâëåíèå çàêîíîìåðíîñòåé, õà-
ðàêòåðèçóþùèõ èçìåíåíèå ýêñïëóàòàöèîííûõ 
ïàðàìåòðîâ êîìáàéíà â çàâèñèìîñòè îò êîí-
ñòðóêòèâíûõ ïàðàìåòðîâ æàòêè è òåõíîëîãè-
÷åñêèõ ñâîéñòâ çåðíîâûõ êóëüòóð; âûÿâëåíèå 
çàêîíîìåðíîñòåé, õàðàêòåðèçóþùèõ èçìåíå-
íèå ïàðàìåòðîâ ñòåðíè ïðè ïðÿìîì êîìáàéíè-
ðîâàíèè çåðíîâûõ êóëüòóð.

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ïðè óáîðêå çåðíîâûõ ïðÿìûì êîìáàéíè-

ðîâàíèåì ÷àñîâàÿ ïðîèçâîäèòåëüíîñòü (ãà/÷) 
ìàøèíû ñîñòàâèò [2–6]:

  ÷ æ k ñì0,36W B V , (1)

ãäå B
æ 

– øèðèíà çàõâàòà æàòêè, ì; V
k
 – ðàáî-

÷àÿ ñêîðîñòü êîìáàéíà, ì/ñ; 
cì 

– êîýôôèöèåíò, 
ó÷èòûâàþùèé ïîòåðè âðåìåíè ïî òåõíîëîãè-
÷åñêèì ïðè÷èíàì.

Ñîñòàâëÿþùàÿ B
æ
, ïðèâåäåííàÿ â âûðàæåíèè 

(1), ìîæåò áûòü îïðåäåëåíà èç óðàâíåíèÿ [5–6]:

 

æ

k
ñ

1
1

q
Â

V


 
  

ÇÓ

,  (2)

ãäå q – ïðîïóñêíàÿ ñïîñîáíîñòü ìîëîòèë-
êè, êã/ñ; Ó

Ç
 – óðîæàéíîñòü çåðíîâûõ êóëüòóð, 

êã/ì2; 
ñ
 – êîýôôèöèåíò, õàðàêòåðèçóþùèé ñî-

ëîìèñòîñòü õëåáíîé ìàññû.
Ïðîïóñêíàÿ ñïîñîáíîñòü ìîëîòèëêè q êîì-

áàéíà çàâèñèò îò íàëè÷èÿ â õëåáíîé ìàññå ïðî-
äóêòèâíûõ è íåïðîäóêòèâíûõ ðàñòåíèé è èç-
ìåíÿåòñÿ ñ ó÷åòîì ýòîãî ïî âûðàæåíèþ [5–6]:

 

  
      

ï
c

1
0,6 1q q ,  (3)

ãäå q
ï
 – ïàñïîðòíàÿ ïðîïóñêíàÿ ñïîñîáíîñòü 

ìîëîòèëêè, êã/ñ;  – êîýôôèöèåíò, õàðàêòåðè-
çóþùèé çàñîðåííîñòü õëåáíîé ìàññû;   – êî-
ýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå êîëåáàíèé 
ïîäà÷è õëåáíîé ìàññû íà ïðîïóñêíóþ ñïîñîá-
íîñòü ìîëîòèëêè.

Íà îñíîâå óðàâíåíèé (2) è (3) ïîñëå âñåõ 
ïðåîáðàçîâàíèé ïîëó÷èì, ÷òî [7, 8]: 

 
ï

ê

æ
ñ

1
0,6 1

1
1

c

q

V

B

  
     
 
  

ÇÓ

.   (4)

Èç âûðàæåíèÿ (4) âèäíî, ÷òî ïðè Â
æ 

= const 
è ïðîïóñêíîé ñïîñîáíîñòè ìîëîòèëêè êîìáàé-
íà q

ï
 ðàáî÷àÿ ñêîðîñòü ìàøèíû V

ê
 çàâèñèò îò 

òåõíîëîãè÷åñêèõ ñâîéñòâ çåðíîâûõ êóëüòóð 
(Ó

Ç
, 

ñ, 
).
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Â ðàáîòàõ Ø.Ñ. Èêñàíîâà [8, 9] îòìå÷àåòñÿ, 
÷òî óìåíüøåíèå êîýôôèöèåíòà ñîëîìèñòîñòè 
õëåáíîé ìàññû 

ñ
 çà ñ÷åò âûñîêîãî ñðåçà ñòå-

áëåé ïðîäóêòèâíûõ ðàñòåíèé ïîëîæèòåëüíî 
ñêàçûâàåòñÿ íà ðàáî÷åé ñêîðîñòè äâèæåíèÿ 
êîìáàéíà. Òàê, ñíèæåíèå êîýôôèöèåíòà 

ñ
 ñ 

0,724 äî 0,56 ïðèâîäèò ê ïîâûøåíèþ ðàáî-
÷åé ñêîðîñòè êîìáàéíà V

ê
 äî 23,0 %. Êðîìå 

òîãî, îñòàâëåíèå íà ïîëå áîëåå âëàæíîé ÷àñòè 
ñòåáëÿ – íèæíåé (21,0–48,0 % [9]) – ïîëîæè-
òåëüíî ñêàçûâàåòñÿ íà ïðîïóñêíîé ñïîñîáíî-
ñòè ìîëîòèëêè êîìáàéíà.

Íà îñíîâàíèè äàííûõ Ø.Ñ. Èêñàíîâà [8, 9] 
ïîëó÷åíà àíàëèòè÷åñêàÿ çàâèñèìîñòü âèäà:

 
2

ñò c c ,h a b c       (5)

ãäå h
ñò

 – âûñîòà ñòåðíè çåðíîâûõ êóëüòóð, ì; 


ñ
 – êîýôôèöèåíò, õàðàêòåðèçóþùèé ñîëîìè-

ñòîñòü õëåáíîé ìàññû, 
ñ
  (0,724–0,560). Âå-

ëè÷èíà 
ñ
 = 0,724 ñîîòâåòñòâóåò íîðìàëüíîìó 

ñðåçó ðàñòåíèé ïî âûñîòå, òî åñòü Íhñò  = 0,10 ì; 
a, b, c – êîýôôèöèåíòû ïðîïîðöèîíàëüíîñòè, 
îïðåäåëÿåìûå íà îñíîâå îïûòíûõ äàííûõ, 
a = 19,749; b = 26,856; c = 9,092.

Ïðè ýòîì ïîòåðè çåðíà P
ç
 çà êîìáàéíîì â 

çàâèñèìîñòè îò êîýôôèöèåíòà ñîëîìèñòîñòè 
õëåáíîé ìàññû 

ñ
 èçìåíÿþòñÿ: 

     2
ñò 1 c 1 c 1,P a b c   (6)

ãäå P
ç
 – ïîòåðè çåðíà çà êîìáàéíîì, %; 

a
1
, b

1
, c

1
 – êîýôôèöèåíòû ïðîïîðöèîíàëüíî-

ñòè, îï ðåäåëÿåìûå íà îñíîâå îïûòíûõ äàííûõ, 
a

1 
= –32,718; b

1 
= 48,672; c

1 
= 15,687.

Â çàâèñèìîñòè îò ðàáî÷åé ñêîðîñòè äâèæå-
íèÿ ìàøèíû V

k
 ïîòåðè çåðíà (P

ç
, %) çà êîìáàé-

íîì ðàâíû [10]:

    
2ä 0

ç ë k õë ñ õë0,2 / ( )õ kÐ Ó V V Ó Ó ,  (7)

ãäå Ó
õë

 – óðîæàéíîñòü ïîëÿ, ò/ãà; V
k
 – ðàáî÷àÿ 

ñêîðîñòü äâèæåíèÿ êîìáàéíà, ì/ñ; ä
kV  – àãðî-

òåõíè÷åñêè äîïóñêàåìàÿ ñêîðîñòü äâèæåíèÿ 
êîìáàéíà, ì/ñ, â ðàñ÷åòàõ ïðèíÿòà ä

kV  = 2,1 ì/ñ 
[6]; 0

õëÓ  – óðîæàéíîñòü àðáèòðàæíàÿ (áèîëîãè-
÷åñêàÿ) ïîëÿ, ò/ãà.

Ãðàôè÷åñêàÿ èíòåðïðåòàöèÿ óðàâíåíèé (5), 
(6), (7) ïðåäñòàâëåíà íà ðèñ. 1. Èç ãðàôè÷åñêèõ 
çàâèñèìîñòåé âèäíî, ÷òî ñ óâåëè÷åíèåì ðàáî-
÷åé ñêîðîñòè äâèæåíèÿ êîìáàéíà V

ê
 ïîòåðè 

çåðíà P
ç
 âîçðàñòàþò. Äàííûå ïîòåðè ìîæíî 

óìåíüøèòü çà ñ÷åò ñíèæåíèÿ ñîëîìèñòîñòè 
õëåáíîé ìàññû Ð

ç 
= f(

ñ
), ïîñðåäñòâîì óâåëè÷å-

íèÿ âûñîòû ñðåçà ñòåáëåé ïðîäóêòèâíûõ ðàñ-
òåíèé, à ýòî ïîâûøåíèå âûñîòû ñòåðíè h

ñò
, êî-

òîðàÿ îïèñûâàåòñÿ óðàâíåíèåì (5).
Çàâèñèìîñòè ðèñ. 1 ñâèäåòåëüñòâóþò î òîì, 

÷òî ïîòåðè çåðíà çà êîìáàéíîì P
ç
 ïðè ðàáî÷èõ 

ñêîðîñòÿõ áîëåå 2,0 ì/ñ ìîæíî óìåíüøèòü çà 
ñ÷åò ñíèæåíèÿ ñîëîìèñòîñòè õëåáíîé ìàññû 


ñ
. Èç ðèñ. 1 âèäíî, ÷òî ïðè êîýôôèöèåíòå ñî-

ëîìèñòîñòè õëåáíîé ìàññû 
ñ
, ðàâíîì 0,560, 

÷òî ñîîòâåòñòâóåò âûñîòå ñòåðíè çåðíîâûõ 
(0,20–0,25 ì), ïîòåðè çåðíà çà êîìáàéíîì ñíè-
æàþòñÿ íåñóùåñòâåííî. Â ñâÿçè ñ ÷åì âûñîòó 
ñòåðíè, ðàâíóþ 0,20–0,25 ì, ìîæíî ðàññìà-
òðèâàòü êàê Í

äñò 
ïðè ôîðìèðîâàíèè âûñîêî-

Ðèñ. 1. Èçìåíåíèå ïîòåðü çåðíà Pç çà êîìáàéíîì â çàâèñèìîñòè 
îò ðàáî÷åé ñêîðîñòè äâèæåíèÿ êîìáàéíà Vk è êîýôôèöèåíòà ñîëîìèñòîñòè õëåáíîé ìàññû ñ 

(À*
òä – àãðîòåõíè÷åñêè äîïóñòèìûå ïîòåðè çåðíà çà êîìáàéíîì)
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ñòåðíåâîé êóëèñû â êîëåå êîìáàéíà âî âðåìÿ 
óáîðêè çåðíîâûõ êóëüòóð ïðÿìûì êîìáàéíè-
ðîâàíèåì.

Ïðè ïðÿìîì êîìáàéíèðîâàíèè çåðíî-
âûõ êóëüòóð ðàáî÷óþ ñêîðîñòü äâèæåíèÿ V

ê
 

ìàøèíû îïðåäåëÿþò íå òîëüêî èç óñëîâèÿ îáå-
ñïå÷åíèÿ ðàöèîíàëüíîé çàãðóçêè ìîëîòèëêè, 
íî è èñõîäÿ èç îáåñïå÷åíèÿ òðåáóåìîãî êà÷å-
ñòâà ñêàøèâàíèÿ çåðíîâûõ, îò êîòîðîãî çàâè-
ñÿò ïîòåðè çåðíà çà æàòêîé.

Èñõîäÿ èç äàííîãî óñëîâèÿ, À.Ï. Òàðàñåíêî 
[11] îïðåäåëèë, ÷òî äîïóñòèìàÿ ðàáî÷àÿ ñêî-
ðîñòü äâèæåíèÿ êîìáàéíà ðàâíà:

 2 2
045

'
k 0

c

tg
n S

V h H H H
t


    

 äñò ,  (8)

ãäå n – ÷àñòîòà âðàùåíèÿ âàëà ïðèâîäà íîæà, 
ñ-1; S – õîä íîæà, ì; t

c
 – øàã ðàññòàíîâêè ñåã-

ìåíòîâ, ì; h’ – âûñîòà ñåãìåíòà, ì; Í
äñò 

– ìàê-
ñèìàëüíî äîïóñòèìàÿ âûñîòà ñðåçà, ì; çàâèñèò 
îò âûñîòû ñòåáëåñòîÿ çåðíîâûõ, ïîòåðü çåðíà 
çà æàòêîé, îáåñïå÷åíèÿ ñíåãîçàäåðæàíèÿ ñòåð-
íåé; Í

0
 – âûñîòà óñòàíîâêè íîæà, ì;  – óãîë 

íàêëîíà ñòåáëåé äî ñðåçà, ãðàä.
Ïðèìåì äîïóùåíèå â èññëåäîâàíèÿõ, ÷òî 

 = 0, òîãäà  0 tg 0H .
Â ðåçóëüòàòå âûðàæåíèå (8) ïðèìåò âèä:

 
 2 2

045
'

k
c

nS
V h H H

t
  äñò . (9)

Íà îñíîâàíèè âûðàæåíèÿ (9) ïîñëå âñåõ ïðå-
îáðàçîâàíèé ïîëó÷èì, ÷òî:

 

 
   

 

2

2c
äñò k 0

45
1

t
Í V H

nS
.   (10)

Èç âûðàæåíèÿ (10) ñëåäóåò, ÷òî ïîñðåä-
ñòâîì èçìåíåíèÿ ïàðàìåòðîâ (n, S, t

c
) ðåæóùå-

ãî àïïàðàòà æàòêè è ðàáî÷åé ñêîðîñòè äâèæå-
íèÿ êîìáàéíà V

ê
 ìîæíî èçìåíèòü ìàêñèìàëüíî 

äîïóñòèìóþ âûñîòó ñðåçà, à ñëåäîâàòåëüíî, è 
âûñîòó ñòåðíè. Ñ ó÷åòîì çàâèñèìîñòè (4) âû-
ðàæåíèå (10) ïðèìåò âèä:

ï
2c

äñò 0

æ
ñ

1
0,6 1

45

1
1

c

q
t

Í H
nS

B

   
                     

ÇÓ
. (11)

Èç âûðàæåíèÿ (11) ñëåäóåò, ÷òî ìàêñèìàëü-
íî äîïóñòèìàÿ âûñîòà ñðåçà ñòåáëåïðîäóêòèâ-
íûõ ðàñòåíèé Í

äñò
 ìîæåò áûòü óìåíüøåíà çà 

ñ÷åò (n, S, t
c
) è Í

0 
– âûñîòû óñòàíîâêè ðåæóùå-

ãî àïïàðàòà ëèáî ïîñðåäñòâîì ïðèìåíåíèÿ äî-
ïîëíèòåëüíîãî òåõíè÷åñêîãî óñòðîéñòâà äëÿ 
ñðåçàíèÿ ñòåáëåé ñòåðíè.

Ïðè óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîì-
áàéíèðîâàíèåì ñ îáðàçîâàíèåì âûñîêîñòåðíå-
âîé êóëèñû â êîëåå êîìáàéíà íà ó÷àñòêàõ Â

íñ
 

(ðèñ. 2) æàòêè êîìáàéíà, ãäå îáðàçóåòñÿ ñòåðíÿ 
íîðìàëüíîé âûñîòû ñðåçà ñòåáëåé, H

äñò
 ìîæíî 

ðàññìàòðèâàòü êàê ñóììó äâóõ ñîñòàâëÿþùèõ: 
í
ñòh – âûñîòà ñòåðíè íîðìàëüíîãî ñðåçà ñòåáëåé 

( í
ñòh = 0,10...0,12) è h – ÷àñòü âûñîòû ñòåðíè óäà-

ëÿåìîé äîïîëíèòåëüíûì òåõíè÷åñêèì óñòðîé-
ñòâîì æàòêè âî âðåìÿ ñêàøèâàíèÿ çåðíîâûõ 
êóëüòóð. 

Òîãäà èñõîäÿ èç äàííîãî óñëîâèÿ âåëè÷èíó 
H

äñò
 äëÿ ó÷àñòêîâ Â

íñ
 øèðèíû çàõâàòà æàòêè 

ìîæíî çàïèñàòü òàê: 

í
ñòh 2

0

10 6 1
45

11

ï

c

æ
ñ

,
c

q
t

h H
nS

B

   
                     

ÇÓ

èëè

2
0

10 6 1
45

11

ï

c

æ
ñ

,
c

q
t

h H
nS

B

   
                     

ÇÓ

í
ñòh .

 
  

(12)

Èç âûðàæåíèÿ (12) ñëåäóåò, ÷òî ïðè 
H

î
 = const è í

ñò consth  óäàëÿåìàÿ ÷àñòü âûñîòû 

Ðèñ. 2. Ñõåìà äèôôåðåíöèàöèè âûñîòû ñòåðíè ïðè ïðÿìîì êîìáàéíèðîâàíèè çåðíîâûõ êóëüòóð 
ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà



Ê îáîñíîâàíèþ çàêîíîìåðíîñòåé, õàðàêòåðèçóþùèõ ïðîöåññ ïðÿìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð 
ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà
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h ñòåðíè äîïîëíèòåëüíûì ðåæóùèì àïïà-
ðàòîì íà ó÷àñòêàõ Â

íñ
 øèðèíû çàõâàòà æàòêè 

(ðèñ. 2) çàâèñèò êàê îò ïàðàìåòðîâ ðåæóùåãî 
àïïàðàòà, òàê è îò êîìáàéíà.

Ñîñòàâëÿþùàÿ V
k
 âûðàæåíèÿ (10) ïðè 

ïðÿìîì êîìáàéíèðîâàíèè çåðíîâûõ êóëüòóð 
îãðàíè÷èâàåòñÿ è òðåáîâàíèÿìè ïî ïîòåðÿì 
çåðíà çà æàòêîé, êîòîðûå îáðàçóþòñÿ îò âîçäåé-
ñòâèÿ ðàáî÷èõ îðãàíîâ ìîòîâèëà. Ïî äàííûì 
ðàáîòû [11] ñêîðîñòü äâèæåíèÿ êîìáàéíà: 

    2

02
0

2 2

0 0

1

2
1

4

â
k

ì

3

( )
( )

( )

( )

V
V

l H
l H l

l
l

H l H


  

    
   
  
    

ñò
ñò

ñò

ñò

, (13)

ãäå V
â 
– ñêîðîñòü âîçäåéñòâèÿ ðàáî÷èõ îðãàíîâ 

ìîòîâèëà æàòêè, ïðè êîòîðîé íà÷èíàåòñÿ âûäå-
ëåíèå çåðíà èç êîëîñà, ì/ñ; l

ç
 – äëèíà çåðíîâêè, 

ì;  – êèíåìàòè÷åñêèé ðåæèì ðàáîòû ìîòîâè-
ëà, ñîîòíîøåíèå   ì êV V ; l

ñò
 – âûñîòà ñòåáëå-

ñòîÿ çåðíîâûõ êóëüòóð, ì; l
ì
 – âûñîòà óñòàíîâ-

êè ãðàáëèíû ìîòîâèëà, ì;  – êîýôôèöèåíò, 
õàðàêòåðèçóåò ñîîòíîøåíèå ìåæäó ñêîðîñòüþ 
íîæà ðåæóùåãî àïïàðàòà V

í
 è ðàáî÷åé ñêîðî-

ñòüþ äâèæåíèÿ êîìáàéíà V
k
 , òî åñòü   í êV V . 

Âåëè÷èíà  = 0,31–1,6 [11].
Èç óðàâíåíèÿ (13) ñëåäóåò, ÷òî äîïóñòèìàÿ 

ñêîðîñòü äâèæåíèÿ êîìáàéíà V
k
 çàâèñèò îò 

àãðîáèîëîãè÷åñêèõ õàðàêòåðèñòèê çåðíîâûõ 
êóëüòóð l

cò
, âûñîòû óñòàíîâêè íîæà Í

0
 è ïàðà-

ìåòðîâ  è .
Äàëåå âåëè÷èíó ðàáî÷åé ñêîðîñòè äâèæå-

íèÿ êîìáàéíà V
k
 èç âûðàæåíèÿ (13) ïîäñòàâèì â 

óðàâíåíèå (10) è îïðåäåëèì âçàèìîñâÿçü ìåæäó 
ìàêñèìàëüíî äîïóñòèìîé âûñîòîé ñðåçà Í

äñò
, 

à ñëåäîâàòåëüíî, è âûñîòîé ñòåðíè, è ïàðàìå-
òðàìè (, l

ñò
, Í

î
).

Â îáùåì âèäå óðàâíåíèå ïðèìåò âèä:

 
   

 

2
2

0 0
0

2 2

0 0

45

1

2
1

4

c

B

äñò
ì

ç

.

t

nS

V

l HH H
l H l

l
l

H l H

  
  

  
 
 

   
        

                

ñò
ñò

ñò

ñò

Òîãäà èñõîäÿ èç âûøåèçëîæåííîãî äëÿ ïðÿ-
ìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð ñ îá-
ðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå 
êîìáàéíà äîëæíî âûïîëíÿòüñÿ íåðàâåíñòâî:

– ïðè äëèíå ñòåáëåñòîÿ l
cò

 äî 0,8 ì:

H
äñò

  (0,20...0,25;

– ïðè äëèíå ñòåáëåñòîÿ l
cò

 áîëåå 0,8 ì:

H
äñò

  (0,20...0,35.

Ïðè óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîì-
áàéíèðîâàíèåì ñîëîìèñòîñòü õëåáíîé ìàññû 
èçìåíÿåòñÿ ïî âûðàæåíèþ: 

2

2
0

2 2

0
0 0

1

20 6 2
1

4

ì

ï 3

ñ
B

( )
( )

,

( )
( )

.

l H l

q l
l

l H
H l H

V B

  
   

   
  
       

ñò

ñò

ñò
ñò

æ çÓ

(14)
Èç âûðàæåíèÿ (14) âèäíî, ÷òî ñîëîìèñòîñòü 

õëåáíîé ìàññû ïðè ïðÿìîì êîìáàéíèðîâàíèè 
çåðíîâûõ êóëüòóð ñ îáðàçîâàíèåì âûñîêîñòåð-
íåâîé êóëèñû â êîëåå ïðÿìî ïðîïîðöèîíàëüíà 
ïðîïóñêíîé ñïîñîáíîñòè ìîëîòèëêè êîìáàéíà, 
ïàðàìåòðàì è ðåæèìàì ðàáîòû æàòêè è îáðàò-
íî ïðîïîðöèîíàëüíà ñêîðîñòè âîçäåéñòâèÿ ðà-
áî÷èõ îðãàíîâ íà êîëîñ, øèðèíå çàõâàòà æàòêè 
è óðîæàéíîñòè çåðíîâûõ êóëüòóð.

Â õîäå òåîðåòè÷åñêèõ èçûñêàíèé óñòàíîâ-
ëåíî, ÷òî ïîòåðè çåðíà çà êîìáàéíîì (P

ç
, %) â 

çàâèñèìîñòè îò ñîëîìèñòîñòè õëåáíîé ìàññû 
îïèñûâàþòñÿ óðàâíåíèåì:

      2
ç 2 2 2ñ ñÐ à â ñ , (15)

ãäå ñ  – êîýôôèöèåíò, õàðàêòåðèçóþùèé ñî-
ëîìèñòîñòü õëåáíîé ìàññû,    0,56...0,724ñ ; 

2 2 2,  , à â ñ  – êîýôôèöèåíòû ïðîïîðöèîíàëüíî-
ñòè, îïðåäåëÿåìûå íà îñíîâå îïûòíûõ äàííûõ, 

  2 2 232,718;  48,672; 15,687.à â ñ
Ïðè ýòîì ïîòåðè çåðíà çà êîìáàéíîì (P

ç
, %) 

â çàâèñèìîñòè îò âûñîòû ñòåðíè ïðè ïðÿìîì 
êîìáàéíèðîâàíèè çåðíîâûõ êóëüòóð ðàâíû:

  ç 1 ñò 1Ð à h â  ,  (16)

ãäå h
ñò

 – âûñîòà ñòåðíè çåðíîâûõ êóëüòóð, 
 ñò 0,10...0,40h  ì; 1 1,  à â  – êîýôôèöèåíòû 

ïðîïîðöèîíàëüíîñòè, îïðåäåëÿåìûå íà îñíîâå 
îïûòíûõ äàííûõ,  1 12,311;  0,039à â .
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Íà îñíîâå óðàâíåíèé (15) è (16) ìîæíî çà-
ïèñàòü ñèñòåìó âèäà:

 

      


 

2
ç 2 2 2

ç 1 cn 1

;

.
ñ ñÐ à â ñ

Ð à h â
 (17)

Ñîâìåñòíîå ðåøåíèå óðàâíåíèé ñèñòåìû 
(17) äàåò ðåøåíèå âèäà   cò ñh f , òî åñòü: 

    


2
2 2 2

ñò
1

ñ ñà â ñ
h

à
.

Âûðàæåíèå ïîêàçûâàåò, ÷òî âûñîòà ñòåðíè 
h

ñò
 çåðíîâûõ êóëüòóð ïðè èõ ïðÿìîì êîìáàé-

íèðîâàíèè â çàâèñèìîñòè îò ñîëîìèñòîñòè 
õëåáíîé ìàññû, êîòîðàÿ îïðåäåëÿåòñÿ, ïðåæäå 
âñåãî, âûñîòîé ñêàøèâàíèÿ, èçìåíÿåòñÿ ïî 
óðàâíåíèþ 2-ãî ïîðÿäêà.

Âûâîäû
Â ðåçóëüòàòå òåîðåòè÷åñêèõ èçûñêàíèé ïî-

ëó÷åíû àíàëèòè÷åñêèå çàâèñèìîñòè, êîòîðûå 
ðàñêðûâàþò âçàèìîñâÿçü ìåæäó ïàðàìåòðàìè 
è ðåæèìàìè ðàáîòû æàòêè è êîìáàéíà ïðè 
óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîìáàéíè-
ðîâàíèåì ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé 
êóëèñû â êîëåå. Óñòàíîâëåíà çàêîíîìåðíîñòü, 
îïèñûâàþùàÿ îáðàçîâàíèå ñòåðíè çåðíîâûõ 
êóëüòóð ñ ìàêñèìàëüíî äîïóñòèìîé âûñîòîé. 
Ïðè ýòîì ðàñêðûòà âçàèìîñâÿçü ìåæäó ïî-
òåðÿìè çåðíà çà êîìáàéíîì è âûñîòîé ñòåðíè 
çåðíîâûõ êóëüòóð è ñîëîìèñòîñòüþ õëåáíîé 
ìàññû.

Âûÿâëåííûå çàêîíîìåðíîñòè ñâèäåòåëü-
ñòâóþò î ñëîæíîì õàðàêòåðå ïðîòåêàíèÿ ïðî-
öåññà óáîðêè çåðíîâûõ êóëüòóð ñ îáðàçîâàíè-
åì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà.

Ëèòåðàòóðà
1. Ëîâ÷èêîâ À.Ï., Ëîâ÷èêîâ Â.Ï., Ïîçäååâ Å.À. 

Áèîëîãèçàöèÿ çåìëåäåëèÿ â ðåñóðñîñáåðåãàþùèõ 
òåõíîëîãèÿõ âîçäåëûâàíèÿ çåðíîâûõ êóëüòóð // 
Ìåæäóíàðîäíûé íàó÷íî-èññëåäîâàòåëüñêèé æóð-
íàë (International Researeh Journal):1143. 4.2. Åêà-
òåðèíáóðã. 2016. Ñ. 44–46.

2. Ëîâ÷èêîâ À.Ï. Òåõíèêî-òåõíîëîãè÷åñêèå îñíîâû 
ñîâåðøåíñòâîâàíèÿ çåðíîóáîðî÷íûõ êîìáàéíîâ 
ñ áîëüøèì ìîëîòèëüíûì àïïàðàòîì. Óëüÿíîâñê: 
Çåáðà, 2016. 111 ñ.

3. Ëîâ÷èêîâ À.Ï., Ëîâ÷èêîâ Â.Ï., Èêñàíîâ Ñ.Ø., 
Êîðûòêî À.Â., Êîñîâ Ï.À. Ê îáîñíîâàíèþ ñðîêîâ 
óáîðêè çåðíîâûõ êóëüòóð è òåõíè÷åñêîé îñíà-
ùåííîñòè óáîðî÷íîãî ïðîöåññà â òåõíîëîãèè 
ïðîèçâîäñòâà êîðìîâîãî çåðíà // Âåñòíèê Êðàñ-
ÃÀÓ. 2012. № 9. Ñ. 177–182.

4. Ëîâ÷èêîâ À.Ï., Ëîâ÷èêîâ Â.Ï., Èêñàíîâ Ø.Ñ. 
Ìåòîäè÷åñêèé ïîäõîä ê ðàçðàáîòêå ïðîöåññà 
ïðÿìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð 
ñ äâîéíûì ñðåçîì ñòåáëåé // Èçâåñòèÿ ÎÃÀÓ. 
2015. № 1. Ñ. 117–119.

5. Æàëíèí Ý.Â. Ïðåçåíòàöèÿ ëåêöèé ïî òåîðå-
òè÷åñêèì è ïðèêëàäíûì ïðîáëåìàì ìåõàíèçà-
öèè ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà. Ì.: 
Àëìàòû, 2011. 216 ñ.

6. Îðìàíäæè Â.Ñ. Óáîðêà êîëîñîâûõ êóëüòóð â ñëîæ-
íûõ óñëîâèÿõ. Ì.: Ðîññåëüõîçèçäàò, 1985. 145 ñ.

7. Ëîâ÷èêîâ À.Ï., Ëîâ÷èêîâ Â.Ï., Èêñàíîâ Ø.Ñ. 
Òåîðåòè÷åñêèé àñïåêò òåõíîëîãè÷åñêîãî ïðîöåñ-
ñà ïðÿìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð 
ñ äâîéíûì ñðåçîì ñòåáëåé // Èçâåñòèÿ ÎÃÀÓ. 
2015. № 3 (53). Ñ. 92–95.

8. Èêñàíîâ Ø.Ñ. Ïîâûøåíèå ýôôåêòèâíîñòè ïðÿ-
ìîãî êîìáàéíèðî-âàíèÿ çåðíîâûõ êóëüòóð íà 
ïðèìåðå êîìáàéíà ÐÑÌ–01 «Âåêòîð 410» â óñ-
ëîâèÿõ ×åëÿáèíñêîé îáëàñòè: àâòîðåô. … êàíä. 
òåõí. íàóê. Îðåíáóðã, 2016. 22 ñ.

9. Èêñàíîâ Ø.Ñ. Ïîâûøåíèå ýôôåêòèâíîñòè ïðÿ-
ìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð íà ïðè-
ìåðå êîìáàéíà ÐÑÌ–101 «Âåêòîð-410» â óñëîâè-
ÿõ ×åëÿáèíñêîé îáëàñòè: äèñ. … êàíä. òåõí. Íàóê. 
Îðåíáóðã, 2016. 42 ñ.

10. Stokman W. And Hers und Nieren untersich DLG 
Miteilungen. 1986. Jd. 101. № 17. P. 955 – 956.

11. Òàðàñåíêî À.Ï. Ïîâûøåíèå ïðîèçâîäèòåëüíîñòè 
çåðíîóáîðî÷íûõ ìàøèí. Âîðîíåæ: ÂÑÕÈ, 1977. 
85 ñ.

References
1. Lovchikov A.P., Lovchikov V.P., Pozdeev E.A. 

Biologization of agriculture in resource-saving tech-
nologies of cultivation of grain crops. Mezhdunar-
odnyy nauchno-issledovatel’skiy zhurnal (Interna-
tional Researeh Journal):1143. 4.2. Ekaterinburg. 
2016, pp. 44–46 (in Russ.).

2. Lovchikov A.P. Tekhniko-tekhnologicheskie 
osnovy sovershenstvovaniya zernouborochnykh 
kombaynov s bol’shim molotil’nym apparatom 
[Technical and technological basis for improving 
grain harvesters with a large threshing machine]. 
Ul’yanovsk: Zebra Publ., 2016. 111 p.

3. Lovchikov A.P., Lovchikov V.P., Iksanov S.Sh., 
Korytko A.V., Kosov P.A. Justification of the 
timing of harvesting of grain crops and the technical 
equipment of the harvesting process in the technol-
ogy of production of feed grain. Vestnik KrasGAU. 
2012. No 9, pp. 177–182 (in Russ.).

4. Lovchikov A.P., Lovchikov V.P., Iksanov Sh.S. 
Methodical approach to the development of the pro-



Ê îáîñíîâàíèþ çàêîíîìåðíîñòåé, õàðàêòåðèçóþùèõ ïðîöåññ ïðÿìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð 
ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 4, 2017

Ý
Ê

Î
Í

Î
Ì

È
Ê

À
, 

Î
Ð

Ã
À

Í
È

Ç
À

Ö
È

ß
 È

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
ß

 Ï
Ð

Î
È

Ç
Â

Î
Ä

Ñ
Ò

Â
À

57

cess of direct combining of cereals with a double 
cut of stems. Izvestiya OGAU. 2015. No 1, 
pp. 117–119 (in Russ.).

5. Zhalnin E.V. Prezentatsiya lektsiy po teoretich-
eskim i prikladnym problemam mekhanizatsii 
sel’skokhozyaystvennogo proizvodstva [Presenta-
tion of lectures on theoretical and applied prob-
lems of mechanization of agricultural production]. 
Moscow: Almaty Publ., 2011. 216 p.

6. Ormandzhi V.S. Uborka kolosovykh kul’tur v 
slozhnykh usloviyakh [Harvesting of crops under 
difficult conditions]. Moscow: Rossel’khozizdat 
Publ., 1985. 145 p.

7. Lovchikov A.P., Lovchikov V.P., Iksanov Sh.S. 
The theoretical aspect of the technological process 
of direct combining of cereals with a double cut of 
stalks. Izvestiya OGAU. 2015. No 3 (53), pp. 92–95 
(in Russ.).

8. Iksanov Sh.S. Povyshenie effektivnosti pryamogo 
kombaynirovaniya zernovykh kul’tur na primere 
kombayna RSM–01 «Vektor 410» v usloviyakh 

Chelyabinskoy oblasti: avtoref. … kand. tekhn. nauk 
[Increase in the efficiency of direct harvesting of ce-
reals by the example of the RSM-01 «Vector 410» 
combine in the Chelyabinsk Region: abstract for 
dissertation on scientific degree of Candidate for 
Technical Sciences]. Orenburg, 2016. 22 p.

9. Iksanov Sh.S. Povyshenie effektivnosti pryamogo 
kombaynirovaniya zernovykh kul’tur na primere 
kombayna RSM–101 «Vektor-410» v usloviyakh 
Chelyabinskoy oblasti: dis. … kand. tekhn. Nauk 
[Increase in the efficiency of direct harvesting of 
cereals by the example of the RSM-101 “Vector-
410” combine in the Chelyabinsk region: abstract 
for dissertation on scientific degree of Candidate for 
Technical Sciences]. Orenburg, 2016. 42 p.

10. Stokman W. And Hers und Nieren untersich DLG 
Miteilungen. 1986. Jd. 101. № 17. P. 955 – 956.

11. Tarasenko A.P. Povyshenie proizvoditel’nosti zer-
nouborochnykh mashin [Increasing the productivity 
of grain harvesters]. Voronezh: VSKhI Publ., 1977. 
85 p.


