
Îáîñíîâàíèå êîíñòðóêöèè è ïàðàìåòðîâ ïðèñïîñîáëåíèÿ 
äëÿ áåðåæíîé îòãðóçêè êî÷àíîâ êàïóñòû ïðè ìàøèííîé óáîðêå

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 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

41

ÓÄÊ 631.358:635.34

ÎÁÎÑÍÎÂÀÍÈÅ ÊÎÍÑÒÐÓÊÖÈÈ È ÏÀÐÀÌÅÒÐÎÂ 
ÏÐÈÑÏÎÑÎÁËÅÍÈß ÄËß ÁÅÐÅÆÍÎÉ ÎÒÃÐÓÇÊÈ 
ÊÎ×ÀÍÎÂ ÊÀÏÓÑÒÛ ÏÐÈ ÌÀØÈÍÍÎÉ ÓÁÎÐÊÅ

THE ESTIMATION OF CONSTRUCTION 
AND PARAMETERS FOR CAREFUL LOADING 
OF CABBAGE HEADS BY MACHINE-HARVESTING

Ñ.Ñ. ÀËÀÒÛÐÅÂ, ä.ò.í.
È.Ñ. ÊÐÓ×ÈÍÊÈÍÀ, ê.ò.í.
À.Ï. ÞÐÊÈÍ 
À.Ñ. ÀËÀÒÛÐÅÂ 
×óâàøñêàÿ ãîñóäàðñòâåííàÿ ñåëüñêîõîçÿéñòâåííàÿ 
àêàäåìèÿ, ×åáîêñàðû, Ðîññèÿ, if7@academy21.ru

S.S. ALATYREV, DSc in Engineering
I.S. CRUCHINKINA, PhD in Engineering 
A.P. YURKIN 
A.S. ALATYREV 
Chuvash State Agricultural Academy, Cheboksary, Russia, 
if7@academy21.ru

Ïðè òðàäèöèîííîé ìàøèííîé óáîðêå êàïóñòû åå êî÷àíû â çíà÷èòåëüíîé ñòåïåíè ìåõàíè÷åñêè ïîâðåæäàþòñÿ, 
÷òî ñíèæàåò èõ ëåæêîñòü ïðè õðàíåíèè. Îñíîâíàÿ ÷àñòü ïîâðåæäåíèé ïðèõîäèòñÿ íà ïðîöåññû îòãðóçêè êî-
÷àíîâ ýëåâàòîðîì â êóçîâ òðàíñïîðòíîãî ñðåäñòâà íàâàëîì è ðàçãðóçêè åãî ïðè çàêëàäêå êàïóñòû íà õðàíåíèå 
â áóðòàõ. Â ñóùåñòâóþùèõ êîíñòðóêöèÿõ è èçâåñòíûõ ðàáîòàõ íå íàéäåíû ðåøåíèÿ íà ïðàêòè÷åñêîì óðîâíå, 
êîòîðûå ìîæíî áûëî áû ðåàëèçîâàòü ñ ìàêñèìàëüíîé ðåçóëüòàòèâíîñòüþ íà óáîðêå áåëîêî÷àííîé êàïóñòû. 
Â ýòîé ñâÿçè öåëü èññëåäîâàíèÿ ñîñòîèò â îáîñíîâàíèè êîíñòðóêöèè è îñíîâíûõ ïàðàìåòðîâ ïðèñïîñîáëåíèÿ 
äëÿ áåðåæíîé îòãðóçêè êî÷àíîâ êàïóñòû ïðè ìàøèííîé óáîðêå. Äëÿ ýòîãî ïðåäëîæåí íîâûé ñïîñîá ìàøèííîé 
óáîðêè êàïóñòû (ïàòåíò ÐÔ № 2554403), ãäå â îòëè÷èå îò òðàäèöèîííîãî ñïîñîáà êî÷àíû ñíà÷àëà îòãðóæàþò â 
ùàäÿùåì ðåæèìå íà ãèáêèé íàñòèë êîðûòîîáðàçíîé ôîðìû, óñòàíîâëåííûé íà ñïåöèàëüíîé ñòîéêå íàä ñúåì-
íûìè êîíòåéíåðàìè â êóçîâå ñîïðîâîæäàþùåãî òðàíñïîðòíîãî ñðåäñòâà. Çàòåì êî÷àíû ñ íàñòèëà áåðåæíî 
ïåðåêëàäûâàþò â êîíòåéíåðû äëÿ ïîñëåäóþùåé çàêëàäêè èõ íà õðàíåíèå. Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ïðåä-
ëîæåííîãî ïðèñïîñîáëåíèÿ è ñòåïåíü ñíèæåíèÿ ïîâðåæäàåìîñòè êî÷àíîâ â ïðîöåññå îòãðóçêè çàâèñèò îò åãî 
êîíñòðóêòèâíîãî èñïîëíåíèÿ è êîððåêòíîãî îáîñíîâàíèÿ ïàðàìåòðîâ. Õàðàêòåð ïðîòåêàíèÿ ïðîöåññà îòãðóçêè 
êî÷àíîâ ñóùåñòâåííî çàâèñèò îò âèäà êðèâîé ïðîâèñàíèÿ êîðûòîîáðàçíîé ôîðìû íàñòèëà. Ñ öåëüþ îáîñíîâà-
íèÿ êîíñòðóêöèè è ïàðàìåòðîâ ïðèñïîñîáëåíèÿ äëÿ áåðåæíîé îòãðóçêè êî÷àíîâ êàïóñòû ïðè ìàøèííîé óáîðêå 
ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü êîíñòðóêöèè, èñïîëüçóÿ êîòîðóþ, îïðåäåëåíû íåîáõîäèìûå ïàðàìåòðû 
ïðåäëîæåííîãî ïðèñïîñîáëåíèÿ. 
Êëþ÷åâûå ñëîâà: ìàøèííàÿ óáîðêà êàïóñòû, ãèáêèé íàñòèë êîðûòîîáðàçíîé ôîðìû, ïîëîæåíèå íàèáîëüøåãî 
ïðîâèñàíèÿ.

When cabbage is traditionally machine-cleaned, its heads are mechanically damaged to a considerable extent, which 
reduces their shelf life during storage. The bulk of the damage is attributed to the processes of shipment of the heads 
to the body of the vehicle in bulk and unloading it when laying cabbage for storage in the coats. In existing designs 
and well-known works, no practical solutions were found, which could be realized with maximum efficiency in har-
vesting cabbage. In this regard, the aim of the study is to substantiate the design and basic parameters of the device 
for the careful shipment of cabbage heads during machine harvesting. For this purpose, a new method for machine 
harvesting cabbage is proposed (patent RF 2554403), where, unlike the traditional method, the head is first shipped 
in a sparing mode on a flexible trough-shaped flooring installed on a special rack above the detachable containers in 
the body of the accompanying vehicle. Then the heads from the flooring are gently transferred to containers for sub-
sequent storage in them. The efficiency of the use of the proposed device and the degree of reduction of head damage 
in the process of shipment depends on its design and correct justification of the parameters. The nature of the flow of 
the process of shipment of heads is essentially dependent on the type of sagging curve of the trough-like form of the 
flooring. For the purpose of substantiating the design and parameters of the device for careful shipment of cabbage 
heads during machine cleaning, a mathematical model of the construction is proposed, using which the necessary 
parameters of the proposed device are determined.
Keywords: cabbage machine cleaning, flexible trough flooring, position of greatest sagging.
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 Ââåäåíèå
Ïðè òðàäèöèîííîé ìàøèííîé óáîðêå êî-

÷àíû êàïóñòû ìåõàíè÷åñêè ïîâðåæäàþòñÿ â 
çíà÷èòåëüíîé ñòåïåíè, ÷òî ñíèæàåò èõ ëåæ-
êîñòü ïðè õðàíåíèè [1].

Îñíîâíàÿ ÷àñòü ïîâðåæäåíèé ïðèõîäèòñÿ 
íà ïðîöåññû îòãðóçêè êî÷àíîâ ýëåâàòîðîì â 
êóçîâ òðàíñïîðòíîãî ñðåäñòâà íàâàëîì è ðàç-
ãðóçêè åãî ïðè çàêëàäêå êàïóñòû íà õðàíåíèå 
â áóðòàõ.

Öåëü èññëåäîâàíèÿ
Â íàñòîÿùåå âðåìÿ, êàê ïîêàçûâàåò ïðî-

âåäåííûé àíàëèç, ïðîöåññ îòãðóçêè îâîù-
íîé ïðîäóêöèè ïðè ìàøèííîé óáîðêå â êóçîâ 
òðàíñïîðòíîãî ñðåäñòâà ÷àñòè÷íî èçó÷åí îòå-
÷åñòâåííûìè [2] è çàðóáåæíûìè [3] ó÷åíû-
ìè. Ïðåäëîæåíû òåõíè÷åñêèå ðåøåíèÿ [4], 
íàïðàâëåííûå íà ñíèæåíèå ïîâðåæäàåìîñòè 
îâîùåé ïðè ìàøèííîé óáîðêå. Îäíàêî â ñóùå-
ñòâóþùèõ êîíñòðóêöèÿõ è èçâåñòíûõ ðàáîòàõ 
íå íàéäåíû ðåøåíèÿ íà ïðàêòè÷åñêîì óðîâíå, 
êîòîðûå ìîæíî áûëî ðåàëèçîâàòü ñ ìàêñèìàëü-
íîé ðåçóëüòàòèâíîñòüþ íà óáîðêå áåëîêî÷àí-
íîé êàïóñòû.

Â ýòîé ñâÿçè öåëü èññëåäîâàíèÿ ñîñòîèò â 
îáîñíîâàíèè êîíñòðóêöèè è îñíîâíûõ ïàðàìå-
òðîâ ïðèñïîñîáëåíèÿ äëÿ áåðåæíîé îòãðóçêè 
êî÷àíîâ êàïóñòû ïðè ìàøèííîé óáîðêå.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Â ðàìêàõ ïîñòàâëåííîé öåëè ïðåäëîæåí 

íîâûé ñïîñîá ìàøèííîé óáîðêè êàïóñòû, ïî-
çâîëÿþùèé çíà÷èòåëüíî ñíèçèòü ïîâðåæäàå-
ìîñòü êî÷àíîâ ïðè îòãðóçêå è çàêëàäêå íà õðà-
íåíèå [5].

Ïðè ýòîì â îòëè÷èå îò òðàäèöèîííîãî ñïî-
ñîáà óáîðêè êî÷àíû ñíà÷àëà îòãðóæàþò íà 
ãèáêèé íàñòèë êîðûòîîáðàçíîé ôîðìû 1, óñòà-
íîâëåííûé íà ñïåöèàëüíîé ñòîéêå 2 íà ïëàò-
ôîðìå òðàíñïîðòíîãî ñðåäñòâà 3 íàä ñúåìíûìè 
êîíòåéíåðàìè 4 (ðèñ. 1). Îäíîâðåìåííî ðàáî-
÷èå, íàõîäÿñü íà ïëàòôîðìå, äîñòàþò êî÷àíû ñ 
ïîâåðõíîñòè íàñòèëà è áåðåæíî óêëàäûâàþò â 
êîíòåéíåðû 4, îðèåíòèðóÿ êî÷åðûãàìè â ñòîðî-
íó áîðòîâ.

Ïîñëå íàïîëíåíèÿ êîíòåéíåðîâ êî÷àíàìè 
êàïóñòû òðàíñïîðòíîå ñðåäñòâî îòïðàâëÿþò â 
õðàíèëèùå, ãäå ñ ïîìîùüþ âèëî÷íîãî ïîãðóç-
÷èêà ãðóæåíûå êîíòåéíåðû çàìåíÿþò ïîðîæ-
íèìè, îñòàâëÿÿ ãèáêèé íàñòèë 1 ñî ñòîéêîé 2 
íà ïëàòôîðìå äëÿ âûïîëíåíèÿ ïîñëåäóþùåãî 
öèêëà ðàáîòû. Äàëåå òðàíñïîðòíîå ñðåäñòâî ñ 
ïîðîæíèìè êîíòåéíåðàìè è îïèñàííûì âûøå 
ïðèñïîñîáëåíèåì îòïðàâëÿåòñÿ íà ïîëå äëÿ ñî-
ïðîâîæäåíèÿ êàïóñòîóáîðî÷íîãî êîìáàéíà.

Îñòàâëåííûå êîíòåéíåðû ñ êî÷àíàìè êàïó-
ñòû óñòàíàâëèâàþò â õðàíèëèùå â øòàáåëÿõ ñ 
ïîìîùüþ òîãî æå âèëî÷íîãî ïîãðóç÷èêà.

Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ïðèñïîñî-
áëåíèÿ è ñòåïåíü ñíèæåíèÿ ïîâðåæäàåìîñòè 
êî÷àíîâ â ïðîöåññå îòãðóçêè çàâèñÿò îò åãî 
êîíñòðóêòèâíîãî èñïîëíåíèÿ è êîððåêòíîãî 
îáîñíîâàíèÿ ïàðàìåòðîâ.

Òàê, â äàííîì ïðèñïîñîáëåíèè êðàÿ ïîäâåñà 
ãèáêîãî íàñòèëà ìîãóò íàõîäèòüñÿ êàê íà îäíîì 
(ðèñ. 2, à), òàê è íà ðàçíûõ óðîâíÿõ (ðèñ. 2, á).

Èç ïðèâåäåííûõ ñõåì íàèáîëåå ïðåäïî÷òè-
òåëüíîé ÿâëÿåòñÿ ñõåìà íà ðèñóíêå 2, á, êîãäà 
êðàé Â íàõîäèòñÿ íèæå êðàÿ À íà âåëè÷èíó h. 
Â ýòîì ñëó÷àå êî÷àíû êàïóñòû ïîñëå ïàäåíèÿ 
íà íàñòèë ñêàòûâàþòñÿ âíèç ïî íàêëîííîé ïî-

Ðèñ. 1 Ñõåìà îòãðóçêè êî÷àíîâ ñ èñïîëüçîâàíèåì 
ãèáêîãî íàñòèëà ïðè ìàøèííîé óáîðêå êàïóñòû 

äëÿ äëèòåëüíîãî õðàíåíèÿ
Ðèñ. 2. Ñõåìû ðàçìåùåíèÿ ãèáêîãî íàñòèëà 

íà ñòîéêå
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âåðõíîñòè è çàíèìàþò óñòîé÷èâîå ïîëîæåíèå 
íà ìåñòå íàèáîëüøåãî ïðîâèñàíèÿ f

max
 ó ïðàâî-

ãî êðàÿ íàñòèëà. Ýòèì èñêëþ÷àåòñÿ âåðîÿò-
íîñòü ñîóäàðåíèÿ êî÷àíîâ ìåæäó ñîáîé â ïðî-
öåññå îòãðóçêè.

Ïðè ýòîì, òàêæå êî÷àíû íàêàïëèâàþòñÿ â 
òîì ìåñòå, îòêóäà èõ ëåãêî äîñòàâàòü ðàáî÷èì 
ïðè ïåðåêëàäêå â êîíòåéíåðû.

Õàðàêòåð ïðîòåêàíèÿ ïðîöåññà îòãðóçêè 
êî÷àíîâ ñóùåñòâåííî çàâèñèò îò âèäà êðèâîé 
ïðîâèñàíèÿ íàñòèëà. Äëÿ áîëåå ïîëíîãî ïðåä-
ñòàâëåíèÿ î êðèâîé ïðîâèñàíèÿ íàñòèëà ñ÷è-
òàåì åãî èäåàëüíî ãèáêèì. Òîãäà, ïîëàãàÿ ðàñ-
òÿãèâàþùèå óñèëèÿ â ëþáîì ñå÷åíèè íàñòèëà 
êàñàòåëüíûìè ê êðèâîé ïðîâèñàíèÿ, äåéñòâó-
þùèå â íàñòèëå óñèëèÿ â òî÷êàõ êðåïëåíèÿ 
À è Â ðàâíû ðåàêöèÿì R

A
 è R

B
.

Ïðåäñòàâëÿÿ ðåàêöèè îïîð â âèäå ãîðèçîí-
òàëüíûõ ( ,AZ BZR R ) è âåðòèêàëüíûõ (R

AY
, R

BY
) 

ñîñòàâëÿþùèõ è ðàññìàòðèâàÿ ñèñòåìó â ñòà-
òèêå (ðèñ. 3), íàéäåì:

0;KZ AZ BZF R R   
0;KY AY BYF R R ql    

  
2

( ) 0,
2K AZ AY

ql
m F R h R l   

îòêóäà

 ;AZ BZR R   (1)

 
;

2AY AZ

ql h
R R

l
    (2)

.
2BY AZ

ql h
R R

l
 

Èç ðàññìîòðåíèÿ ðàâíîâåñèÿ ÷àñòè ãèáêîãî 
íàñòèëà (ðèñ. 3, á) íàõîäèì:

( ) 0;KZ AZ ZF R T z   
2

( ) .
2AY AZ

qz
M z R z R y   

Äëÿ àáñîëþòíî ãèáêîãî íàñòèëà ( ) 0.M z 
Òîãäà:

 ( );AZ ZR T z   (3)

 

2

0.
2AZ AY

qz
R y R z     (4)

Èç ïîëó÷åííûõ âûðàæåíèé (1) è (3) âèäíî, 
÷òî âî âñåõ ñå÷åíèÿõ íàñòèëà ãîðèçîíòàëüíàÿ 
ñîñòàâëÿþùàÿ óñèëèÿ îäèíàêîâàÿ, ò.å.:

( ).AZ BZ ZR R T z 

Ðåøàÿ ñîâìåñòíî âûðàæåíèÿ (4) è (2), âûðàçèì 
óðàâíåíèå êðèâîé ïðîâèñàíèÿ íàñòèëà â âèäå:

 
   

2

.
2 2z Z

ql h qz
y z

T z l T z

 
    
 

  (5)

Ðåçóëüòàòû è èõ îáñóæäåíèå
Àíàëèçèðóÿ âûðàæåíèå (5), ñëåäóåò çàìå-

òèòü, ÷òî êðèâàÿ ïðîâèñàíèÿ íàñòèëà èìååò 
àíàëèòè÷åñêîå âûðàæåíèå ïàðàáîëû. Â ýòîé 
êðèâîé ñ òî÷êè çðåíèÿ õàðàêòåðà ïðîòåêàíèÿ 
ïðîöåññà îòãðóçêè êî÷àíîâ êàïóñòû ïðåäñòàâ-
ëÿåò èíòåðåñ ïîëîæåíèå íèæíåé òî÷êè êðèâîé 
ïðîâèñàíèÿ Ñ ñ êîîðäèíàòàìè z a , maxy f .

Ïîëîæåíèå òî÷êè Ñ îïðåäåëèì, èññëåäóÿ 
ôóíêöèþ (5) íà ýêñòðåìóì, ò.å., ïðèðàâíÿâ 
íóëþ /dy dz :

   
0,

2 Z z

dy ql h qz

dz T z l T z
   

îòêóäà

 

 
.

2
zT z hl

z a
ql

     (6)

Èç âûðàæåíèÿ (6) âèäíî, ÷òî ïîëîæåíèå 
òî÷êè Ñ íàèáîëüøåãî ïðîâèñàíèÿ íàñòèëà çà-
âèñèò îò âåëè÷èíû ãîðèçîíòàëüíîé ñîñòàâëÿ-

þùåé åãî íàòÿæåíèå  zT z . Ïðè  
2

2z

ql
T z

h
  

a l  , ò.å. ïîëîæåíèå íàèáîëüøåãî ïðîâèñàíèÿ 
ñîâïàäàåò ñ ïîëîæåíèåì îïîðû Â (ðèñ. 4, à).

Â ýòîì ñëó÷àå êî÷àíû êàïóñòû, ñêàòûâàÿñü 
ïî íàñòèëó, âîçìîæíî áóäóò ïåðåêàòûâàòüñÿ 
÷åðåç áîðò êðàÿ è ïàäàòü â êîíòåéíåðû, ÷òî 
íåæåëàòåëüíî ñ òî÷êè çðåíèÿ îáåñïå÷åíèÿ ñî-
õðàííîñòè ïðîäóêöèè.

Ðèñ. 3. Ñõåìà ê îïðåäåëåíèþ óðàâíåíèÿ êðèâîé 
ïðîâèñàíèÿ ãèáêîãî íàñòèëà
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Ïðè  
2

4z

ql
T z

h
  íèçøàÿ òî÷êà ïðîâèñàíèÿ 

íàõîäèòñÿ â ïðåäåëàõ ïðîëåòà íàñòèëà íà ðàñ-

ñòîÿíèè 
3

4
a l  îò îïîðû À, ÷òî ÿâëÿåòñÿ íàè-

áîëåå ïðåäïî÷òèòåëüíûì óñëîâèåì äëÿ äàí-
íîãî ïðèñïîñîáëåíèÿ (ðèñ. 4, á), òàê êàê ïðè 
ýòîì êî÷àíû êàïóñòû ïîñëå îòãðóçêè áóäóò íà-
êàïëèâàòüñÿ â çîíå ðàñïîëîæåíèÿ íàèáîëüøå-
ãî ïðîâèñà íàñòèëà è óäîáíî ðàñïîëàãàòüñÿ íà 
íåì äëÿ ïîñëåäóþùåé áåðåæíîé ïåðåêëàäêè â 
êîíòåéíåðû âðó÷íóþ.

Â ýòîé ñâÿçè ðåêîìåíäóåòñÿ îáåñïå÷èâàòü â 
ïðèñïîñîáëåíèè íàòÿæåíèå íàñòèëà íà âåëè÷è-
íó, ðàâíóþ 2 4ql h .

Åñëè âûáðàòü â êà÷åñòâå ìàòåðèàëà äëÿ íà-
ñòèëà òðàíñïîðòåðíóþ ëåíòó òèïà ÒÊ-200-2 
(q = 354 H/ì ïðè øèðèíå ïðîëåòà l = 1000 ìì, 
äëèíå ïðîëåòà 3900 ìì ïðèìåíèòåëüíî äëÿ 
êóçîâà òðàêòîðíîé òåëåæêè 2-ÏÒÑ-4,5) ïðè 
h = 250 ìì, Ò

z
(z) = 354 H.

Ïðè ýòîì øèðèíà ëåíòû íàñòèëà L
AB

 (ìåæäó 
òî÷êàìè À è Â), âû÷èñëåííàÿ êàê äëèíà êðèâîé 
ïðîâèñàíèÿ ñîãëàñíî âûðàæåíèþ (6), ñîñòàâëÿ-
åò 1075 ìì.

Çàêëþ÷åíèå
Ïðåäëîæåíà êîíñòðóêòèâíî-òåõíîëîãè÷å-

ñêàÿ ñõåìà ïðèñïîñîáëåíèÿ äëÿ áåðåæíîé îò-
ãðóçêè êî÷àíîâ êàïóñòû ïðè ìàøèííîé óáîðêå 
è óêëàäêå èõ â êîíòåéíåðû äëÿ ïîñëåäóþùåé 
çàêëàäêè íà õðàíåíèå.

Ïðåäëîæåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü êîí-
ñòðóêöèè è íàéäåííûå ïàðàìåòðû ìîãóò áûòü 
ïðèíÿòû çà îñíîâó ïðè ïðîåêòèðîâàíèè ïðåä-
ëîæåííîãî ïðèñïîñîáëåíèÿ.
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