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Ïðè òðàäèöèîííîé ìàøèííîé óáîðêå êî÷àíû êàïóñòû â çíà÷èòåëüíîé ñòåïåíè ìåõàíè÷åñêè ïîâðåæäàþòñÿ. 
Â ýòîé ñâÿçè ïðåäëîæåí íîâûé ñïîñîá ìàøèííîé óáîðêè, ïîçâîëÿþùèé ñóùåñòâåííî ñíèçèòü èõ ïîâðåæäàå-
ìîñòü. Â íåì, â îòëè÷èå îò òðàäèöèîííîãî ñïîñîáà, êî÷àíû ñíà÷àëà îòãðóæàþò â ùàäÿùåì ðåæèìå íà ãèáêèé 
íàñòèë êîðûòîîáðàçíîé ôîðìû, óñòàíîâëåííûé íà ñïåöèàëüíîé ñòîéêå íà ïëàòôîðìå òðàíñïîðòíîãî ñðåäñòâà, 
à çàòåì âðó÷íóþ ïåðåêëàäûâàþò â êîíòåéíåðû. Èíòåíñèâíîñòü ïðîöåññà ïåðåêëàäêè êî÷àíîâ êàïóñòû ñ íà-
ñòèëà â êîíòåéíåðû ðàñòåò ñ óâåëè÷åíèåì êîëè÷åñòâà îáñëóæèâàþùåãî ïåðñîíàëà, íàõîäÿùåãîñÿ â êóçîâå ñî-
ïðîâîæäàþùåãî òðàíñïîðòíîãî ñðåäñòâà. Îäíàêî ýòî êîëè÷åñòâî äîëæíî áûòü ïî âîçìîæíîñòè ìèíèìàëüíûì, 
÷òîáû ñíèçèòü òðóäîçàòðàòû íà âûïîëíåíèå äàííîé îïåðàöèè. Ê òîìó æå ÷èñëî ðàáî÷èõ ìåñò â êóçîâå ñîïðîâî-
æäàþùåãî òðàíñïîðòíîãî ñðåäñòâà îãðàíè÷åíî åãî ðàçìåðàìè. Â ñèëó óêàçàííûõ ïðè÷èí öåëüþ èññëåäîâàíèÿ 
ÿâëÿåòñÿ îáîñíîâàíèå ïîòðåáíîãî êîëè÷åñòâà ðàáî÷èõ, çàíÿòûõ ïåðåêëàäêîé êî÷àíîâ êàïóñòû ñ íàñòèëà â êîí-
òåéíåðû. Â îáîñíîâàíèÿ ÷èñëà îáñëóæèâàþùåãî ïåðñîíàëà ýòîò ïðîöåññ ðàññìàòðèâàåòñÿ êàê ìíîãîêàíàëüíàÿ 
ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿ ñ îòêàçàìè. Â ðåçóëüòàòå îïèñàíà ñóòü ïðîèñõîäÿùèõ ÿâëåíèé è óñòàíîâëåíà 
ñ äîñòàòî÷íîé äëÿ ïðàêòèêè òî÷íîñòüþ êîëè÷åñòâåííàÿ ñâÿçü ìåæäó õàðàêòåðèñòèêîé ïîòîêà êî÷àíîâ êàïóñòû, 
ïîñòóïàþùèõ ñ ýëåâàòîðà íà íàñòèë, è ÷èñëîì îáñëóæèâàþùåãî ïåðñîíàëà, ïåðåêëàäûâàþùåãî èõ â êîíòåé-
íåðû. Ïðîâåäåíî ìîäåëèðîâàíèå ïðîöåññà îòãðóçêè è óêëàäêè êî÷àíîâ â êîíòåéíåðû ïðè ùàäÿùåì ðåæèìå 
ìàøèííîé óáîðêè êàïóñòû íà îñíîâå òåîðèè ìàññîâîãî îáñëóæèâàíèÿ. Ïðåäñòàâëåííûå ìåòîäèêà è ðåçóëüòàòû 
ðàñ÷åòîâ ìîãóò áûòü ïðèíÿòû çà îñíîâó ïðè îáîñíîâàíèè êîëè÷åñòâà îáñëóæèâàþùåãî ïåðñîíàëà â ïðåäëî-
æåííîì ñïîñîáå ìàøèííîé óáîðêè êàïóñòû.
Êëþ÷åâûå ñëîâà: ìàøèííàÿ óáîðêà êàïóñòû, ãèáêèé íàñòèë êîðûòîîáðàçíîé ôîðìû, ñèñòåìà ìàññîâîãî îá-
ñëóæèâàíèÿ, ÷èñëî îáñëóæèâàþùåãî ïåðñîíàëà.

During traditional machine cleaning cabbages are mechanically damaged to a considerable extent. In this regard, a 
new method of machine cleaning is proposed, which allows to significantly reduce their damageability. In it, unlike 
the traditional method, the heads are first shipped in a gentle manner to a flexible trough floor, mounted on a special 
rack on the vehicle platform, and then manually transferred into containers. The intensity of the process of shifting 
cabbage heads from the decking to the containers increases with the increase in the number of attendants on the back 
of the accompanying vehicle. However, the number of them should be as small as possible in order to reduce the labor 
costs for this operation. In addition, the number of jobs on the body of the accompanying vehicle is limited by its size. 
For these reasons, the purpose of the study is to justify the required number of personnel involved in rearranging the 
cabbage heads from the flooring into containers. In support of the number of personnel, this process is considered as 
a multi-channel queuing system with failures. As a result, the essence of the occurring phenomena is described and 
it is established with a quantitative enough connection for the practical accuracy between the characteristics of the 
cabbage flow coming from the elevator to the flooring and the number of maintenance personnel shifting them into 
containers. Modeling of the process of shipment and packing of cabbage in containers with sparing mode of machine 
harvesting of cabbage based on the theory of mass service is carried out. The presented methodology and results of 
calculations can be taken as a basis for justifying the number of personnel in the proposed method of machine har-
vesting of cabbage.
Keywords: machine harvesting of cabbage, flexible flooring trough-shaped, queuing system, number of personnel.
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Ââåäåíèå
Ïðè òðàäèöèîííîé ìàøèííîé óáîðêå êà-

ïóñòû åå êî÷àíû â çíà÷èòåëüíîé ñòåïåíè ìå-
õàíè÷åñêè ïîâðåæäàþòñÿ [1], ÷òî ñíèæàåò èõ 
ëåæêîñòü ïðè õðàíåíèè [2]. Â ýòîé ñâÿçè íàìè 
ïðåäëîæåí íîâûé ñïîñîá ìàøèííîé óáîðêè êî-
÷àííîé êàïóñòû [3], ïîçâîëÿþùèé ñóùåñòâåííî 
ñíèçèòü ïîâðåæäàåìîñòü êî÷àíîâ ïðè îòãðóçêå 
è çàêëàäêå íà õðàíåíèå [4].

Â íåì, â îòëè÷èå îò òðàäèöèîííîãî ñïîñîáà 
ìàøèííîé óáîðêè, ñíà÷àëà êî÷àíû îòãðóæàþò 
íà ãèáêèé íàñòèë êîðûòîîáðàçíîé ôîðìû 1, 
óñòàíîâëåííûé íà ñïåöèàëüíîé ñòîéêå 2 íà 
ïëàòôîðìå òðàíñïîðòíîãî ñðåäñòâà 3 íàä ñúåì-
íûìè êîíòåéíåðàìè 4 (ðèñ. 1). Îäíîâðåìåí-
íî ðàáî÷èå, íàõîäÿñü íà ïëàòôîðìå, äîñòàþò 
êî÷àíû ñ ïîâåðõíîñòè íàñòèëà è áåðåæíî óêëà-
äûâàþò â êîíòåéíåðû 4, îðèåíòèðóÿ êî÷åðûãà-
ìè â ñòîðîíó áîðòîâ [5].

Ïðè ýòîì îòãðóçêà êî÷àíîâ ïðîèçâîäèòñÿ 
íà íàñòèë ðîâíûì ñëîåì ïî âñåé äëèíå. Äëÿ 
ýòîãî ñîïðîâîæäàþùåå òðàíñïîðòíîå ñðåäñòâî 
äâèæåòñÿ ñ ïåðåìåííîé, ïëàâíî ìåíÿþùåéñÿ 
ñêîðîñòüþ, äîïóñêàÿ ïåðèîäè÷åñêè íåêîòîðîå 
çàïàçäûâàíèå èëè îïåðåæåíèå îòíîñèòåëüíî 
ýëåâàòîðà óáîðî÷íîãî àãðåãàòà.

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.

Öåëü èññëåäîâàíèÿ
Ïðîöåññ ìåõàíèçèðîâàííîé óáîðêè áåëî-

êî÷àííîé êàïóñòû ïî äàííîìó ñïîñîáó áóäåò 
ïðîòåêàòü óñòîé÷èâî, åñëè îáñëóæèâàþùèé 
ïåðñîíàë, íàõîäÿùèéñÿ â êóçîâå ñîïðîâîæäà-
þùåãî òðàíñïîðòíîãî ñðåäñòâà, áóäåò óñïåâàòü 
ïåðåêëàäûâàòü ïîñòóïèâøèå íà íàñòèë êî÷àíû 
êàïóñòû â êîíòåéíåðû. Â ïðîòèâíîì ñëó÷àå 
íà íàñòèëå íå îñòàíåòñÿ ñâîáîäíûõ ìåñò äëÿ 
âíîâü ïîñòóïàþùèõ êî÷àíîâ êàïóñòû, ñëå-
äîâàòåëüíî íåîáõîäèìî áóäåò ïåðèîäè÷åñêè 
îñòàíàâëèâàòü óáîðî÷íûé àãðåãàò, ÷òîáû áûëà 
ïàóçà äëÿ îñâîáîæäåíèÿ ìåñòà íà íàñòèëå ïîä 
âíîâü ïîñòóïàþùèå êî÷àíû. Òàêîé ðàáî÷èé 
ïðîöåññ ìåõàíèçèðîâàííîé óáîðêè íåëüçÿ ñ÷è-
òàòü ýôôåêòèâíûõ.

Çàìåòèì, èíòåíñèâíîñòü ïðîöåññà ïåðå-
êëàäêè êî÷àíîâ êàïóñòû ñ íàñòèëà â êîíòåé-
íåðû ðàñòåò ñ óâåëè÷åíèåì êîëè÷åñòâà îáñëó-
æèâàþùåãî ïåðñîíàëà, íàõîäÿùåãîñÿ â êóçîâå 
ñîïðîâîæäàþùåãî òðàíñïîðòíîãî ñðåäñòâà. 
Îäíàêî êîëè÷åñòâî ðàáî÷èõ äîëæíî áûòü ïî 
âîçìîæíîñòè ìèíèìàëüíûì, ÷òîáû ñíèçèòü 
òðóäîçàòðàòû íà âûïîëíåíèå äàííîé îïåðàöèè 
[6]. Ê òîìó æå ÷èñëî ðàáî÷èõ ìåñò â êóçîâå ñî-
ïðîâîæäàþùåãî òðàíñïîðòíîãî ñðåäñòâà îãðà-
íè÷åíî åãî ðàçìåðàìè.

Â ñèëó óêàçàííûõ ïðè÷èí öåëüþ èññëåäî-
âàíèÿ ÿâëÿåòñÿ îáîñíîâàíèå ïîòðåáíîãî êîëè-
÷åñòâà îáñëóæèâàþùåãî ïåðñîíàëà, çàíÿòîãî 
ïåðåêëàäêîé êî÷àíîâ êàïóñòû ñ íàñòèëà â êîí-
òåéíåðû.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Îáîñíîâàíèå ïîòðåáíîãî êîëè÷åñòâà îáñëó-

æèâàþùåãî ïåðñîíàëà, íà íàø âçãëÿä, ìîæåò 
áûòü óñïåøíî âûïîëíåíî ïóòåì èñïîëüçîâàíèÿ 
òåîðèè ìàññîâîãî îáñëóæèâàíèÿ îïåðàöèé. 
Ïðè ýòîì, ñòîèò çàäà÷à â ïîëíîì îáúåìå îïè-
ñàòü ñóòü ïðîèñõîäÿùèõ ÿâëåíèé è óñòàíîâèòü 
ñ äîñòàòî÷íîé äëÿ ïðàêòèêè òî÷íîñòüþ êîëè÷å-
ñòâåííóþ ñâÿçü ìåæäó õàðàêòåðèñòèêîé ïîòîêà 
ïîñòóïàþùèõ ñ ýëåâàòîðà êàïóñòîóáîðî÷íîãî 
êîìáàéíà êî÷àíîâ êàïóñòû è ÷èñëîì îáñëó-
æèâàþùåãî ïåðñîíàëà, à òàêæå êà÷åñòâîì îá-
ñëóæèâàíèÿ. Ïðè ýòîì, ïîä êà÷åñòâîì îáñëó-
æèâàíèÿ ïîíèìàåòñÿ, íàñêîëüêî ñâîåâðåìåííî 
ïåðåêëàäûâàþòñÿ êî÷àíû êàïóñòû ñ íàñòèëà â 
êîíòåéíåðû.

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

â ùàäÿùåì ðåæèìå
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Ïîñòóïëåíèå ïîòîêà êî÷àíîâ êàïóñòû îò 
ýëåâàòîðà íà íàñòèë, ïðîöåññ èõ ïåðåêëàäêè 
îáñëóæèâàþùèì ïåðñîíàëîì ñ íàñòèëà â êîí-
òåéíåðû ìîæíî ðàññìàòðèâàòü êàê ìíîãîêðàò-
íîå âûïîëíåíèå îäíîòèïíûõ çàäà÷, âõîäÿùèõ 
â ñèñòåìó ìàññîâîãî îáñëóæèâàíèÿ (äàëåå 
ÑÌÎ). Ñõåìà òàêîé ñèñòåìû èçîáðàæåíà íà 
ðèñ. 2.

Â äàííîì ñëó÷àå ïîòîê êî÷àíîâ êàïóñòû, 
îòãðóæàåìûõ ýëåâàòîðîì íà íàñòèë, íàçûâàåì 
âõîäÿùèì ïîòîêîì çàÿâîê. Ëèöà, ïåðåêëàäû-
âàþùèå êî÷àíû êàïóñòû ñ íàñòèëà â êîíòåéíå-
ðû, îòíåñåì ê êàíàëàì ÑÌÎ. Íà ðèñ. 1 êàíàëû 
ÑÌÎ ïîêàçàíû ïîçèöèÿìè îò 1 äî n.

Ðàññìàòðèâàåìàÿ ÑÌÎ ÿâëÿåòñÿ ìíîãîêà-
íàëüíîé ñèñòåìîé ñ îæèäàíèåì, òàê êàê îíà 
èìååò n êàíàëîâ, íà êîòîðûå ïîñòóïàåò ïîòîê 
çàÿâîê ñ èíòåíñèâíîñòüþ λ, èíòåíñèâíîñòü 
îáñëóæèâàíèÿ (äëÿ îäíîãî êàíàëà) μ, êî÷àíû 
êàïóñòû, íå èìåþùèå âîçìîæíîñòü îáñëóæè-
âàíèÿ â ñèþ ìèíóòó èç-çà çàíÿòîñòè êàíàëîâ, 
íàõîäÿùèõñÿ â îæèäàíèè íà íàñòèëå. Ïðè ýòîì 
äëÿ òîãî, ÷òîáû ñèñòåìà ýôôåêòèâíî ôóíêöè-
îíèðîâàëà, îòêàçîâ â îáñëóæèâàíèè ïðàêòè-
÷åñêè íå äîëæíî áûòü, ðåæèì äîëæåí áûòü 
óñòàíîâèâøèìñÿ, ò.å. î÷åðåäü íå äîëæíà áåñêî-
íå÷íî âîçðàñòàòü.

Èíòåíñèâíîñòü âõîäÿùåãî ïîòîêà çàÿâîê 
ïðè óáîðêå êàïóñòû îäíîðÿäíûì êîìáàéíîì 
ìîæåò áûòü îïðåäåëåíà èñõîäÿ èç ñðåäíåé ðà-
áî÷åé ñêîðîñòè υ

ñð
 óáîðî÷íîãî àãðåãàòà è ðàñ-

ñòîÿíèÿ  ìåæäó ðàñòåíèÿìè êàïóñòû â ðÿäó 
(øàãà ïîñàäêè ðàññàäû) ïî ôîðìóëå:

ñð .
a


 

Ïðè υ
ñð

 = 0,65 ì/ñ  èíòåíñèâíîñòü âõîäÿùåãî 
ïîòîêà 1,08   c–1.

Èíòåíñèâíîñòü îáñëóæèâàþùåãî îäíîãî 
êàíàëà ìîæåò áûòü îïðåäåëåíà ýêñïåðèìåí-
òàëüíî èñõîäÿ èç âðåìåíè îáñëóæèâàíèÿ  ïî 
ôîðìóëå:

îá

1

t
  .

Ïðè îá 2,5 2,8t    c èíòåíñèâíîñòü îáñëó-
æèâàíèÿ 0,33 0,4    c–1.

Â ðàññìàòðèâàåìîé ÑÌÎ âîçìîæíû ðàçíûå 
ñîñòîÿíèÿ. Ýòè âîçìîæíûå ñîñòîÿíèÿ ñèñòåìû 
îáîçíà÷èì èñõîäÿ èç ÷èñëà çàíÿòûõ êàíàëîâ è 
÷èñëà çàÿâîê â î÷åðåäè: S

î
 – âñå êàíàëû ñâîáîä-

íû; S
1
 – çàíÿò îäèí êàíàë, îñòàëüíûå ñâîáîäíû; 

S
k
 – çàíÿòû k êàíàëîâ, îñòàëüíûå ñâîáîäíû; 

S
n
 – çàíÿòû âñå n êàíàëîâ; S

1+1
 – çàíÿòû âñå  

n êàíàëîâ, îäíà çàÿâêà ñòîèò â î÷åðåäè; S
n+r

 – 
çàíÿòû âñå n êàíàëîâ, r çàÿâîê ñòîÿò â î÷åðåäè.

Ãðàô ñîñòîÿíèé ïðèâåäåí íà ðèñ. 3. Çäåñü 
ó êàæäîé ñòðåëêè ïîêàçàíû ñîîòâåòñòâóþùèå 
èíòåíñèâíîñòè ïîòîêîâ ñîáûòèé. Çàìåòèì, ïî 
ñòðåëêàì ñëåâà íàïðàâî ñèñòåìó ïåðåâîäèò èç 
îäíîãî ñîñòîÿíèÿ â äðóãîå âñåãäà îäèí è òîò 
æå ïîòîê çàÿâîê ñ èíòåíñèâíîñòüþ λ, ïî ñòðåë-
êàì ñïðàâà íàëåâî ñèñòåìó ïåðåâîäèò ïîòîê 
îáñëóæèâàíèé, èíòåíñèâíîñòü êîòîðîãî ðàâåí 
μ, óìíîæåííîìó íà ÷èñëî çàíÿòûõ êàíàëîâ.

Â äàííîì ñëó÷àå âûðàæåíèÿ äëÿ ïðåäåëü-
íûõ âåðîÿòíîñòåé ñîñòîÿíèé ñèñòåìû ìîæíî 
ïðåäñòàâèòü â âèäå [7]:
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Çäåñü /     – èíòåíñèâíîñòü íàãðóçêè 
êàíàëà.

Ðèñ. 2. Ñõåìà ÑÌÎ ïðè îòãðóçêå êî÷àíîâ êàïóñòû 
íà íàñòèë è ïåðåêëàäêå èõ â êîíòåéíåðû: 

ÂÏÇ – âõîäÿùèé ïîòîê çàÿâîê; ÏÎÇ – ïîòîê 
îáñëóæåííûõ çàÿâîê; 1, 2 … n – êàíàëû ñèñòåìû
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Çàìåòèì, ðàññìàòðèâàÿ ÑÌÎ áóäåò ôóíê-
öèîíèðîâàòü â óñòàíîâèâøåìñÿ ðåæèìå ïðè 

/ 1n    . Ïðè 1   î÷åðåäü çàÿâîê â îæè-
äàíèè îáñëóæèâàíèÿ áóäåò áåñêîíå÷íî âîç-
ðàñòàòü. Ïîýòîìó â äàëüíåéøåì áóäåì ðàññìà-
òðèâàòü òîëüêî âàðèàíòû, ïðè êîòîðûõ 1  . Â 
ÑÌÎ â äàííûõ âàðèàíòàõ êàæäàÿ çàÿâêà ðàíî è 
ïîçäíî áóäåò îáñëóæåíà, ïîýòîìó åå õàðàêòå-
ðèñòèêè ñîîòâåòñòâåííî áóäóò ðàâíû:

– âåðîÿòíîñòü îòêàçà Ð
îòê

 = 0;
– îòíîñèòåëüíàÿ ïðîïóñêíàÿ ñïîñîáíîñòü 

ñèñòåìû q = 1;
– àáñîëþòíàÿ ïðîïóñêíàÿ ñïîñîáíîñòü: 

 A = q =  (2)

Ïðè ýòîì ñðåäíåå ÷èñëî çàÿâîê, îæèäàþùèõ 
îáñëóæèâàíèÿ, îïðåäåëÿåòñÿ ïî ôîðìóëå [7]:
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n P
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 (3)

à ñðåäíåå âðåìÿ îæèäàíèÿ çàÿâêè

  
0

îæ 2
! 1

nP
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. (4)

Ñðåäíåå ÷èñëî çàíÿòûõ êàíàëîâ íàõîäèòñÿ 
÷åðåç àáñîëþòíóþ ïðîïóñêíóþ ñïîñîáíîñòü

 
,

A
z


   
 

 (5)

à âåðîÿòíîñòü îòñóòñòâèÿ î÷åðåäè â îáñëóæè-
âàíèè ïðè n  êàíàëàõ – ïî ôîðìóëå

 îî 0 1 2 .nP P P P P     (6)

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Ðåçóëüòàòû ðàñ÷åòîâ ïîêàçàòåëåé ýôôåê-

òèâíîñòè ôóíêöèîíèðîâàíèÿ ðàññìàòðèâàå-
ìîé ÑÌÎ, ïîëó÷åííûå ïî ôîðìóëàì (1–6) ïðè 
 = 1,08 è  = 0,38 äëÿ ðàçëè÷íîãî ÷èñëà îáñëó-
æèâàþùåãî ïåðñîíàëà, ïðåäñòàâëåíû â òàáë. 1.

Êàê âûÿñíèëîñü âûøå, ïîñòóïèâøèå íà âõîä 
ÑÌÎ çàÿâêè òîãäà, êîãäà âñå êàíàëû çàíÿòû, 
âðåìåííî ïîëó÷àþò îòêàç è îæèäàþò îáñëó-
æèâàíèÿ â î÷åðåäè íà íàñòèëå. ×èñëî èõ, îäíî-
âðåìåííî íàõîäÿùèõñÿ íà íàñòèëå, íå äîëæíî 
ïðåâûøàòü ÷èñëà ñâîáîäíûõ ìåñò [r] íà íåì. 
Â ïðîòèâíîì ñëó÷àå îíè áóäóò âûïàäàòü èç 
æåëîáà íàñòèëà, ÷òî íåäîïóñòèìî ïî óñëîâè-
ÿì áåðåæíîé óáîðêè áåëîêî÷àííîé êàïóñòû. 
Òàê, ïðè ðàáî÷åé äëèíå òðàêòîðíîé òåëåæêè 
2-ÏÒÑ-4,5 l = 3900 ìì ÷èñëî ñâîáîäíûõ ìåñò 
[r] = 7…9 ìåñò.

Òàêèì îáðàçîì, êàê âèäíî èç òàáë. 1, äëÿ 
òîãî ÷òîáû óäîâëåòâîðèòü óñëîâèþ r  [r], 
÷èñëî îáñëóæèâàþùåãî ïåðñîíàëà äîëæíî ñî-
ñòîÿòü èç 4 ÷åë. Ïðè ýòîì âåðîÿòíîñòü îòñóò-
ñòâèÿ î÷åðåäè ñîñòàâëÿåò 0,64, ñðåäíåå ÷èñëî 
çàÿâîê, îæèäàþùèõ îáñëóæèâàíèÿ, – 1,087, 
ñðåäíåå âðåìÿ îæèäàíèÿ çàÿâêè – 1,01 ñ, ñðåä-
íåå ÷èñëî çàíÿòûõ êàíàëîâ – 2,84.

Âìåñòå ñ òåì ñëåäóåò çàìåòèòü, ÷òî ðåçóëü-
òàòû ðàñ÷åòîâ, ïðåäñòàâëåííûå â òàáë. 1, ïîëó-
÷åíû ïðè èíòåíñèâíîñòè âõîäÿùåãî ïîòîêà  ñ 
ó÷åòîì òåîðåòè÷åñêîãî øàãà  ïîñàäêè ðàññàäû 
êàïóñòû. Îäíàêî ÷àñòî âûÿñíÿåòñÿ, ÷òî ÷àñòü 
âûñàæåííîé ðàññàäû ïîãèáàåò â ïåðèîä âåãå-
òàöèè, ïîýòîìó ôàêòè÷åñêàÿ èíòåíñèâíîñòü 

Ðèñ. 3. Ãðàô ñîñòîÿíèé ÑÌÎ ïðè îòðåçêå êî÷àíîâ êàïóñòû íà íàñòèë è ïåðåêëàäêå èõ â êîíòåéíåðû

Òàáëèöà 1
Ïîêàçàòåëè ýôôåêòèâíîñòè ôóíêöèîíèðîâàíèÿ ÑÌÎ ïðè îòãðóçêå êî÷àíîâ êàïóñòû 

íà íàñòèë è ïåðåêëàäêå èõ â êîíòåéíåðû (ïðè  < 1)

×èñëî êàíàëîâ ÑÌÎ 
(÷èñëî îáñëóæèâàþùåãî 

ïåðñîíàëà) n

Ïîêàçàòåëè ÑÌÎ

Ð
î

Ð
îî

À r t
îæ

, ñ z
3 0,0126 0,15 1,08 16,02 15,08 2,84

4 0,0475 0,64 1,08 1,087 1,01 2,84

5 0,0556 0,83 1,08 0,260 0,24 2,84

6 0,0577 0,90 1,08 0,07 0,07 2,84
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âõîäÿùåãî ïîòîêà îáû÷íî áûâàåò ìåíüøå 
 = 1,08 ñ–1. Â ýòîé ñâÿçè âîçìîæíî ñíèæåíèå 
íåîáõîäèìîãî ÷èñëà îáñëóæèâàþùåãî ïåðñî-
íàëà äî 3 ÷åë.

Çàêëþ÷åíèå
Ïðîâåäåíî ìîäåëèðîâàíèå ïðîöåññà îòãðóç-

êè è óêëàäêè êî÷àíîâ â êîíòåéíåðû ïðè ùà-
äÿùåì ðåæèìå ìàøèííîé óáîðêè êàïóñòû íà 
îñíîâå òåîðèè ìàññîâîãî îáñëóæèâàíèÿ.

Ïðåäñòàâëåííûå ìåòîäèêà è ðåçóëüòàòû 
ðàñ÷åòîâ ìîãóò áûòü ïðèíÿòû çà îñíîâó ïðè 
îáîñíîâàíèè êîëè÷åñòâà îáñëóæèâàþùåãî 
ïåðñîíàëà â ïðåäëîæåííîì ñïîñîáå ìàøèííîé 
óáîðêè êàïóñòû.
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