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Óðîæàéíîñòü ñåëüñêîõîçÿéñòâåííûõ êóëüòóð çàâèñèò îò ýôôåêòèâíîãî èñïîëüçîâàíèÿ òâåðäûõ ìèíåðàëüíûõ 
óäîáðåíèé. Ýôôåêòèâíîñòü ñàìèõ ìèíåðàëüíûõ óäîáðåíèé çàâèñèò îò ñïîñîáà è êà-÷åñòâà èõ âíåñåíèÿ (ðàâíî-
ìåðíîñòè ðàñïðåäåëåíèÿ è ìåñòà ïîäà÷è ê êîðíÿì ðàñòåíèé). Â ïîñëåäíèå ãîäû íà ðûíêå Ðîññèè, ââèäó îò-
ñóòñòâèÿ ïîëèòèêè ïî âûïóñêó ìàøèí îòå÷åñòâåííîãî ïðîèçâîäñòâà, èìååòñÿ áîëüøîå êîëè÷åñòâî èìïîðòíûõ 
ìàøèí è îáîðóäîâàíèÿ äëÿ âíåñåíèÿ òâåðäûõ ìèíåðàëüíûõ óäîáðåíèé, ÷òî ñîçäàåò îïðåäåëåííûå òðóäíîñòè 
â èõ îáñëóæèâàíèè è ýêñïëóàòàöèè. Ãëàâíûì ïðåèìóùåñòâîì ïðèöåïíûõ è ïîëóíàâåñíûõ ìàøèí, ïðåäíàçíà-
÷åííûõ äëÿ âíåñåíèÿ óäîáðåíèé, ÿâëÿåòñÿ áîëüøîé îáúåì áóíêåðà, ñíèæåíèå íàãðóçêè íà òðàêòîð è øèðèíà 
çàõâàòà. Â ñòàòüå îïèñûâàþòñÿ òåõíîëîãèè âíåñåíèÿ ìèíåðàëüíûõ óäîáðåíèé, ðàññìàòðèâàåòñÿ ïîòðåáíîñòü 
â ïðèöåïíûõ è ïîëóíàâåñíûõ ìàøèíàõ ïðè ñîîòâåòñòâóþùèõ çàòðàòàõ ðàáî÷åãî âðåìåíè è îïðå-äåëåíèÿ áà-
ëàíñîâîé ñòîèìîñòè ìàøèí íà çàâîäå-èçãîòîâèòåëå. Ïðè èññëåäîâàíèè ñóùåñòâóþùèõ òåõíîëîãèé âíåñåíèÿ 
óäîáðåíèé, îáúåìîâ è ñðîêîâ âíåñåíèÿ, ïîòðåáíîãî êîëè÷åñòâà òðàíñïîðòíûõ ñðåäñòâ, à òàêæå òåõíèêî-ýêñ-
ïëóàòàöèîííûõ è òåõíèêî-ýêîíîìè÷åñêèõ ïîêàçàòåëåé, áûëè ðàñ-ñìîòðåíû ïÿòü âàðèàíòîâ èñõîäíûõ óñëîâèé, 
îòëè÷àþùèõñÿ îäèí îò äðóãîãî ñòåïåíüþ ó÷åòà ðå-àëüíîé ñèòóàöèè. Â ðåçóëüòàòå áûëî ïîëó÷åíî ðàñ÷åòíîå 
÷èñëî ìàøèí íåîáõîäèìûõ äëÿ êàæäîãî âàðèàíòà. Íà îñíîâå ïðîâåäåííîãî èññëåäîâàíèÿ áûëè ñäåëàíû âûâî-
äû î òîì, ÷òî äëÿ êà÷åñòâåííîãî èñïîëüçîâàíèÿ òåõíîëîãèé âíåñåíèÿ òâåðäûõ ìèíåðàëüíûõ óäîáðåíèé íåîá-
õîäèìî ñîêðàòèòü ïîòåðè ðàáî÷åãî âðåìåíè, ñîêðàòèòü ïðîñòîè òðàíñïîðòíûõ ñðåäñòâ ïî ýêñïëóàòàöèîííûì 
ïðè÷èíàì, îáåñïå÷èòü ïðîèçâîäèòåëåé ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè âûñîêîïðîèçâîäèòåëüíûìè ðàçáðà-
ñûâàòåëÿìè è ïîãðóç÷èêàìè.
Êëþ÷åâûå ñëîâà: ìèíåðàëüíûå óäîáðåíèÿ, òåõíîëîãèÿ âíåñåíèÿ, ìàøèíà äëÿ âíåñåíèÿ, ìåòîäè÷åñêèå ðåêî-
ìåíäàöèè.

The yield of crops depends on the effective use of solid mineral fertilizers. The effectiveness of the mineral fertilizers 
themselves depends on the method and quality of their application (uniform distribution and place of supply to the 
roots of plants). In recent years, the Russian market has a large number of imported machines and equipment for the 
application of solid mineral fertilizers, which creates certain difficulties in their maintenance and operation and the 
lack of a policy for the production of domestically made machines. The main advantage of trailed and semi-mounted 
machines designed for fertilizer appli-cation is a large bunker volume, reduced load on the tractor and the width of the 
grip. The article describes the technology of mineral fertilizers, considers the need for trailed and semi-mounted ma-
chines with the corresponding cost of working time and determine the book value of machines at the manufacturer. In 
the study of existing technologies of fertilizer application, the volume and timing of application, the required number 
of vehicles, as well as technical, operational and technical and economic indicators, five baseline options were consid-
ered, differing from one another by the degree of consideration of the real situation. As a result, the estimated number 
of machines required for each option was obtained. Based on the study, it was concluded that for the qualitative use 
of solid mineral fertilizer application technology, it is necessary to reduce the loss of working time, reduce vehicle 
downtime for operational reasons, provide agricultural producers with high-performance spreaders and loaders.
Keywords: mineral fertilizers, application technology, application machine, methodical recom-mendations.
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 Ââåäåíèå
Ñòðåìëåíèå ñåëüõîçïðîèçâîäèòåëåé ê ïî-

ëó÷åíèþ ìàêñèìàëüíûõ óðîæàåâ ÿâèëîñü îñ-
íîâîé øèðîêîãî ïðèìåíåíèÿ óäîáðåíèé. Ðàç-
íîîáðàçèå ïî÷â è âîçäåëûâàåìûõ êóëüòóð, 
ðàçëè÷èå èõ ïëîäîðîäèÿ òðåáóåò ïðàêòè÷åñêè 
íåîãðàíè÷åííîãî ñî÷åòàíèÿ âèäîâ è äîç ìèíå-
ðàëüíîãî ïèòàíèÿ [1]. Ðåøåíèå ýòîé ïðîáëåìû 
îñóùåñòâëÿåòñÿ ïóòåì ïîñëåäîâàòåëüíîãî âíå-
ñåíèÿ êàæäîãî âèäà ïèòàòåëüíûõ ýëåìåíòîâ, 
âíåñåíèåì ñëîæíûõ óäîáðåíèé èëè èõ ñìåñåé 
ðàçëè÷íûõ ôîðì è ñîñòàâà (îðãàííî-ìèíåðàëü-
íûå ñìåñè, ñìåñè òâåðäûõ è æèäêèõ óäîáðåíèé 
è ðÿä äðóãèõ). Â ýòîé ñâÿçè íåîáõîäèìî ñîâåð-
øåíñòâîâàíèå òåõíîëîãèé è ñðåäñòâ ìåõàíèçà-
öèè äëÿ óâåëè÷åíèÿ óðîæàéíîñòè è ïîâûøå-
íèÿ êà÷åñòâà óðîæàÿ [2, 3]. 

Òâåðäûå ìèíåðàëüíûå óäîáðåíèÿ äîñòàâ-
ëÿþò â ïîëå è âíîñÿò â îïðåäåëåííûå ïåðè-
îäû ãîäà, îáóñëîâëåííûå àãðîòåõíè÷åñêèìè 
ñðîêàìè âíåñåíèÿ, ïîä ðàçëè÷íûå êóëüòóðû 
â ðàçíûõ ïðèðîäíî-ïðîèçâîäñòâåííûõ çîíàõ 
Ðîññèè. Òâåðäûå ìèíåðàëüíûå óäîáðåíèÿ 
âíîñÿò ïî ïðÿìîòî÷íîé, ïåðåâàëî÷íîé è ïåðå-
ãðóçî÷íîé òåõíîëîãè÷åñêèì ñõåìàì [4]. 

Ðàññìîòðèì äàííûå ñõåìû.
Ïðÿìîòî÷íàÿ. Óäîáðåíèÿ çàãðóæàþò íà 

ñêëàäå â ðàçáðàñûâàòåëü, êîòîðûé âûâîçèò èõ 
â ïîëå è ðàçáðàñûâàåò èëè çàäåëûâàåò â ïî÷âó. 
Òàêàÿ ñõåìà öåëåñîîáðàçíà ïðè ðàññòîÿíèè îò 
ñêëàäà äî ïîëÿ íå áîëåå 5 êì è ãðóçîïîäúåì-
íîñòè ìàøèí 4–6 ò.

Ïåðåâàëî÷íàÿ. Óäîáðåíèÿ, äîñòàâëÿåìûå 
ñî ñêëàäà òðàíñïîðòíûìè ñðåäñòâàìè, ïåðå-
ãðóæàþòñÿ â ñòàöèîíàðíîå ïîëåâîå õðàíèëèùå 
èëè ïåðåäâèæíóþ ïîëåâóþ åìêîñòü, èç êîòî-
ðûõ çàòåì çàïðàâëÿþò ìàøèíû äëÿ âíåñåíèÿ.

Ïåðåãðóçî÷íàÿ. Óäîáðåíèÿ ñî ñêëàäà äî 
ïîëÿ äîñòàâëÿþò òðàíñïîðòíûìè ñðåäñòâàìè, 
èç êîòîðûõ çàòåì èõ ïåðåãðóæàþò â ìàøèíû 
äëÿ âíåñåíèÿ è âíîñÿò â ïîëå. Ñõåìó ïðèìåíÿ-
þò ïðè äàëüíîñòè ïåðåâîçêè ñâûøå 5 êì è ãðó-
çîïîäúåìíîñòè ìàøèí 4–6 ò [5].

Ïîñëåäíÿÿ èìååò ðàçíîâèäíîñòè: èç îáû÷-
íûõ òðàíñïîðòíûõ ñðåäñòâ óäîáðåíèÿ ìîæíî 
ïåðåãðóæàòü â ïðèöåï-ðàçáðàñûâàòåëü ñïåöè-
àëüíûì àâòîìîáèëåì-ñàìîñâàëîì ñ óñòðîé-
ñòâîì ïðåäâàðèòåëüíîãî ïîäúåìà êóçîâà; èç 
àâòîìîáèëÿ-ñàìîñâàëà îáùåãî íàçíà÷åíèÿ ïðè 
ïîìîùè ïåðåäâèæíîé ýñòàêàäû – â ïðèöåïû 
ðàçáðàñûâàòåëè.

Öåëü èññëåäîâàíèÿ
Òåîðåòè÷åñêè ïîêàçàòü çàâèñèìîñòü çàòðàò 

ðàáî÷åãî âðåìåíè ðàáîòû ðàçáðàñûâàòåëÿ è 
òðàíñïîðòíûõ ñðåäñòâ îò èõ òåõíè÷åñêèõ õàðàê-
òåðèñòèê, à òàêæå îò äîïóñòèìûõ çàòðàò íà äî-
ñòàâêó è âíåñåíèå óäîáðåíèé. Óñòàíîâèòü êðè-
òåðèé îïòèìàëüíîñòè ïî äîñòàâêå è âíåñåíèþ 
óäîáðåíèé. Ïðèâåñòè ðåçóëüòàòû ðàñ÷åòîâ ýòèõ 
ïàðàìåòðîâ è ïîòðåáíîñòü â ðàçáðàñûâàòåëÿõ â 
çàâèñèìîñòü îò ïðèìåíÿåìûõ òåõíîëîãèé, îòâå-
÷àþùèõ àãðîòåõíè÷åñêèì òðåáîâàíèÿì [6].

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ
Ïðè ðåøåíèè çàäà÷è ïðåäóñìàòðèâàåòñÿ, ÷òî 

óäîáðåíèÿ âíîñÿòñÿ ïîäðàçäåëåíèÿìè õîçÿéñòâ. 
Ïðè ýòîì ïðèíèìàåòñÿ âî âíèìàíèå, ÷òî õîçÿé-
ñòâà íå âñåãäà ìîãóò ïðèâëå÷ü äëÿ âíåñåíèÿ óäî-
áðåíèé âñå èìåþùèåñÿ â èõ ðàñïîðÿæåíèè òðàê-
òîðû è àâòîìîáèëè-ñàìîñâàëû â ñâÿçè ñ òåì, 
÷òî â ýòè ïåðèîäû âûïîëíÿþòñÿ è äðóãèå âèäû 
ðàáîò. Ó÷èòûâàåòñÿ, ÷òî â ñåëüñêîì õîçÿéñòâå 
íå õâàòàåò ðàáî÷åé ñèëû, à â ïåðñïåêòèâå îíà 
áóäåò óâåëè÷èâàòüñÿ, ïîýòîìó çàòðàòû ðàáî÷åãî 
âðåìåíè íà âíåñåíèå óäîáðåíèé íå äîëæíû ïðå-
âûøàòü óñòàíîâëåííûõ íîðìàòèâîâ. 

Â ñâÿçè ñ ýòèì ââåäåì îãðàíè÷åíèÿ ïî çà-
òðàòàì ðàáî÷åãî âðåìåíè:

_ _
_ _

,
J J

( ) (z )

Ç ( , ) z
J pJ pJ

ikms J Jkms
J j i J J ikms

z
kms

kms

Q B v V

V



 

 

 äîïÇ
,

ãäå _
J J ikms
Ç  – çàòðàòû ðàáî÷åãî âðåìåíè ðàç-

áðàñûâàòåëÿ J è òðàíñïîðòíûõ ñðåäñòâ 
_
J  ïðè 

ðàáîòå ïî òåõíîëîãè÷åñêîé ñõåìå i; m – äëèíà 
ãîíà; s – äîçà âíåñåíèÿ; Q

j
  – ãðóçîïîäúåì-

íîñòü; B
pj
 – ðàáî÷àÿ øèðèíà çàõâàòà àãðåãàòà 

i; v
jp
 – ðàáî÷àÿ ñêîðîñòü àãðåãàòà; _

( )z

J j ikms
V   – êî-

ëè÷åñòâî óäîáðåíèé, êîòîðîå äîñòàâëÿåòñÿ 
òðàíñïîðòíûì ñðåäñòâîì 

_
J  è âíîñèòñÿ ðàçáðà-

ñûâàòåëåì i â çîíå z çà ïåðèîä  ïî òåõíîëî-
ãè÷åñêîé ñõåìå; ( )z

kmsV   – êîëè÷åñòâî óäîáðåíèé, 
êîòîðîå íåîáõîäèìî âíåñòè â çîíå z çà ïåðèîä 
; ( )z

äîïÇ  – äîïóñòèìûå çàòðàòû ðàáî÷åãî âðåìå-
íè íà äîñòàâêó è âíåñåíèå 1 ò óäîáðåíèé.

Ïðåäïîëàãàåòñÿ, ÷òî âåñü âûïóñê ïðèöåïîâ-
ðàçáðàñûâàòåëåé êàæäîãî òèïîðàçìåðà ñîñðå-
äîòî÷åí íà çàâîäå, òîãäà ïîòðåáíîñòü P

j
, ãîäî-

âàÿ çàãðóçêà T
ãi
 è îáúåì N

j
 âûïóñêà ñâÿçàíû ñ 

ïëàíîì èñïîëüçîâàíèÿ ðàçáðàñûâàòåëåé 
_
J  çà-

âèñèìîñòÿìè:
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( )

max
;

[ ( , , )]

z
kms

z kms
j z

jikms i pj pj

V
P

W Q B v





 

 

( )

( )
1

[ ( , , )]

z z
n jikms

z jikms
rj z

j jikms j pj pj

T V
T

P W Q B v

 




 
; j

nb
jj PKN  .

ãäå ( )z
nT   – êîëè÷åñòâî ðàáî÷èõ ÷àñîâ â ïåðèî-

äå  çîíû z; nb
jK  – êîýôôèöèåíò, ñâÿçûâàþùèé 

ïîòðåáíîñòè ñ îáúåìîì âûïóñêà ðàçáðàñûâàòå-
ëåé j.

Èçâåñòíû ñëåäóþùèå âûõîäíûå äàííûå: 
îáúåìû è ñðîêè âíåñåíèÿ òâåðäûõ ìèíåðàëü-
íûõ óäîáðåíèé â êàæäîé çîíå; ïðèðîäíî-ïðî-
èçâîäñòâåííûå óñëîâèÿ ýêñïëóàòàöèè ìàøèí 
ïðè âíåñåíèè; òåõíèêî-ýêñïëóàòàöèîííûå 
è ýêîíîìè÷åñêèå ïîêàçàòåëè òðàíñïîðòíûõ 
ñðåäñòâ, ñâîáîäíûõ îò äðóãèõ ðàáîò, êîòîðûå 
ìîãóò áûòü èñïîëüçîâàíû íà âíåñåíèè óäîáðå-
íèé â êàæäîé çîíå [7]; ïðåäåëüíàÿ ãðóçîïîäú-
åìíîñòü; øèðèíà çàõâàòà è ðàáî÷àÿ ñêîðîñòü 
ðàçáðàñûâàòåëåé; çàâèñèìîñòü ñåáåñòîèìîñòè 
èçãîòîâëåíèÿ ðàçáðàñûâàòåëåé îò èõ ãîäîâîãî 
âûïóñêà. Ïðè ýòîì ïðåäïîëàãàåòñÿ, ÷òî òèïàæ 
ðàçáðàñûâàòåëåé ñóùåñòâåííî íå èçìåíÿåòñÿ 
ïî ðàéîíàì ïðèìåíåíèÿ è ïîòðåáíîñòü â íèõ 
îïðåäåëÿåòñÿ ñ ïîìîùüþ ïîïðàâî÷íûõ êîýô-
ôèöèåíòîâ.

Äàííûå î ñðîêàõ, äîçàõ, îáúåìàõ âíîñè-
ìûõ óäîáðåíèé ïî ïåðèîäàì ãîäà, ðàññòîÿíèÿõ 
ïðè ïåðåâîçêå, äëèíå ãîíîâ ìîãóò áûòü ïîëó-
÷åíû ïóòåì îáðàáîòêè òåõíîëîãè÷åñêèõ êàðò. 
×èñëî ìàøèí ïî çîíàì â ñòðàíå ðàñïðåäåëÿ-
åòñÿ èñõîäÿ èç èõ êîëè÷åñòâà ïî ñîñòîÿíèþ 
íà 2010 ã.: äëÿ òðàêòîðîâ – ïðîïîðöèîíàëüíî 
íîðìàì çîíàëüíîé ïîòðåáíîñòè [8, 9], äëÿ àâ-
òîìîáèëåé-ñàìîñâàëîâ – ïðîïîðöèîíàëüíî èõ 
ôàêòè÷åñêîìó ÷èñëó â çîíàõ â 2009 ã.

Áàëàíñîâàÿ öåíà ðàçáðàñûâàòåëåé îïðåäåëÿ-
åòñÿ êàê:

1
1 1

,
n

m
m

S


   á íÖ

ãäå  – êîýôôèöèåíò, ó÷èòûâàþùèé ïëàíîâóþ 
ðåíòàáåëüíîñòü çàâîäà-èçãîòîâèòåëÿ è ñòîè-
ìîñòü äîñòàâêè â õîçÿéñòâî; 0,1561,280N  í  –
 êîýôôèöèåíò ñåðèéíîñòè, âûðàæåííûé ñåáå-
ñòîèìîñòüþ èçãîòîâëåíèÿ îò îáúåìà âûïóñêà; 

1,18   – êîýôôèöèåíò, ó÷èòûâàþùèé ñòîè-
ìîñòü ñáîðêè ðàçáðàñûâàòåëÿ; m1

 – íîìåð óçëà 
( 1 1,...m n );

1mS – ñåáåñòîèìîñòü èçãîòîâëåíèÿ 
m1 óçëà ðàçáðàñûâàòåëÿ.

Êðèòåðèé îïòèìàëüíîñòè – ìèíèìóì ñóì-
ìàðíûõ ïðèâåäåííûõ çàòðàò íà âûïîëíåíèå 
ãîäîâîãî îáúåìà ðàáîò ïî äîñòàâêå è âíåñåíèþ 
òâåðäûõ ìèíåðàëüíûõ óäîáðåíèé. 

Âñå ïåðå÷èñëåííûå óñëîâèÿ â ôîðìàëèçî-
âàííîì âèäå ìîãóò áûòü ó÷òåíû â ýêîíîìèêî-
ìàòåìàòè÷åñêîé ìîäåëè. Çàäà÷à ðåøåíà ïðèìå-
íèòåëüíî ê ïÿòè âàðèàíòàì èñõîäíûõ óñëîâèé, 
îòëè÷àþùèõñÿ îäèí îò äðóãîãî ñòåïåíüþ ó÷åòà 
ðåàëüíîé ñèòóàöèè. Ðàññìîòðèì ýòè âàðèàíòû.

À (èäåàëüíûé âàðèàíò) – áåç îãðàíè÷åíèé 
ïî çàòðàòàì ðàáî÷åãî âðåìåíè, ÷èñëó òðàíñ-
ïîðòíûõ ñðåäñòâ (àâòîìîáèëåé-ñàìîñâàëîâ) è 
òðàêòîðîâ.

Á – áåç îãðàíè÷åíèé ïî çàòðàòàì ðàáî÷åãî 
âðåìåíè, íî ñ îãðàíè÷åíèåì ïî ÷èñëó àâòîìî-
áèëåé-ñàìîñâàëîâ è òðàêòîðîâ.

Â (ðåàëüíûé) – ñî âñåìè îãðàíè÷åíèÿìè;
Ã – ñî âñåìè îãðàíè÷åíèÿìè ïðè óñëîâèè 

âûáîðà òèïîðàçìåðîâ ïðèöåïîâ ðàçáðàñûâà-
òåëåé èç òèïàæà, ïðåäóñìîòðåííîãî ñèñòåìîé 
ìàøèí äî 2020 ã.

Ä – ñî âñåìè îãðàíè÷åíèÿìè è ïðè óñëîâèè 
âûáîðà òèïîðàçìåðîâ ïðèöåïîâ-ðàçáðàñûâà-
òåëåé èç òèïàæà, ïðåäóñìîòðåííîãî ñèñòåìîé 
ìàøèí äî 2020 ã. 

Â âàðèàíòàõ À, Á è Â ðåøåíà çàäà÷à îïòè-
ìèçàöèè òèïîðàçìåðíîãî ðÿäà, ïàðàìåòðîâ è 
ñòðóêòóðû ïàðêà ïðèöåïîâ-ðàçáðàñûâàòåëåé, 
â âàðèàíòàõ Ã è Ä îïòèìèçèðîâàëàñü òîëüêî 
ñòðóêòóðà èõ ïàðêà.

Íàèáîëåå ïîëíî ó÷èòûâàþò ðåàëüíûå óñëî-
âèÿ – îãðàíè÷åíèÿ â íàëè÷èè ìåõàíèçàòîðîâ, 
ñâîáîäíûõ òðàêòîðîâ è àâòîìîáèëåé – âàðè-
àíò Â.

Ðåçóëüòàòû ðàñ÷åòà òèïîâ, ïàðàìåòðîâ è ïî-
òðåáíîñòè â ðàçáðàñûâàòåëÿõ ïðèâåäåíû â òà-
áëèöå.

Ðàñ÷åòíîå ÷èñëî ìàøèí îïðåäåëåíî ïðè óñëî-
âèè, ÷òî èñïîëüçîâàíèå èõ îðãàíèçîâàíî õîðîøî, 
ïîòåðè ðàáî÷åãî âðåìåíè ïî îðãàíèçàöèîííûì 
ïðè÷èíàì ìèíèìàëüíû, îáåñïå÷åííîñòü âûñîêî-
ïðîèçâîäèòåëüíûìè ïîãðóç÷èêàìè ïîëíàÿ. 

Âûâîäû
Íà îñíîâå ïðîâåäåííîãî èññëåäîâàíèÿ 

ìîæíî ñäåëàòü âûâîä î òîì, ÷òî äëÿ êà÷åñòâåí-
íîãî èñïîëüçîâàíèÿ òåõíîëîãèé âíåñåíèÿ òâåð-
äûõ ìèíåðàëüíûõ óäîáðåíèé íåîáõîäèìî ñî-
êðàòèòü ïîòåðè ðàáî÷åãî âðåìåíè íà âíåñåíèè, 
ñîêðàòèòü ïðîñòîè òðàíñïîðòíûõ ñðåäñòâ ïî 
ýêñïëóàòàöèîííûì ïðè÷èíàì, îáåñïå÷èòü ïðî-
èçâîäèòåëåé ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè 
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âûñîêîïðîèçâîäèòåëüíûìè ðàçáðàñûâàòåëÿìè 
è ïîãðóç÷èêàìè, ïîäîáðàííûìè ïî ðåçóëüòà-
òàì ðàñ÷åòîâ ñ ó÷åòîì ðàññìàòðèâàåìûõ çàâè-
ñèìîñòåé, òèïîâ, ïàðàìåòðîâ è ïîòðåáíîñòè â 
ðàçáðàñûâàòåëÿõ. Êîìïëåêñ ìàøèí ïî âíåñå-
íèþ, òðàíñïîðòèðîâêå è çàãðóçêå äîëæåí áûòü 
óâÿçàí ïî ïðîèçâîäèòåëüíîñòè ïðè ìèíèìèçà-
öèè ôóíêöèè çàòðàò íà ïðîñòîè â òåõíîëîãèè 
ïðèìåíåíèÿ.

Ëèòåðàòóðà
1. Àíäðååâ Ê.Ï., Øåìÿêèí À.Â., Êîñòåíêî Ì.Þ., 

Ìàêàðîâ Â.À., Òåðåíòüåâ Â.Â. Ñîâåðøåíñòâî-
âàíèå öåíòðîáåæíûõ ðàçáðàñûâàòåëåé äëÿ ïî-
âåðõíîñòíîãî âíåñåíèÿ ìèíåðàëüíûõ óäîáðåíèé 
// Âåñòíèê Ðÿçàíñêîãî ãîñóäàðñòâåííîãî àãðîòåõ-
íîëîãè÷åñêîãî óíèâåðñèòåòà èì. Ï.À. Êîñòû÷å-
âà. 2017. № 1 (33). Ñ. 54–59.

2. Àíäðååâ Ê.Ï. Íàïðàâëåíèå ñîâåðøåíñòâîâàíèÿ 
ìàøèí äëÿ ïîâåðõíîñòíîãî âíåñåíèÿ ìèíåðàëü-
íûõ óäîáðåíèé // Ïðèíöèïû è òåõíîëîãèè ýêî-
ëîãèçàöèè ïðîèçâîäñòâà â ñåëüñêîì, ëåñíîì è 
ðûáíîì õîçÿéñòâå «Ðÿçàíñêèé ãîñóäàðñòâåííûé 
àãðîòåõíîëîãè÷åñêèé óíèâåðñèòåò èìåíè Ï.À. 
Êîñòû÷åâà». 2017. Ñ. 17–21.

3. Øåìÿêèí À.Â., Òåðåíòüåâ Â.Â., Àíäðååâ Ê.Ï. Ê 
âîïðîñó ðàçðàáîòêè êîìáèíèðîâàííûõ ðàçáðà-
ñûâàòåëåé óäîáðåíèé // Â ñá.: Òåõíè÷åñêîå îáå-
ñïå÷åíèå èííîâàöèîííûõ òåõíîëîãèé â ñåëüñêîì 
õîçÿéñòâå. Ìàòåðèàëû Ìåæäóíàðîäíîé íàó÷.-
ïðàêò. êîíô. 2017. Ñ. 202–204. 

4. Êëåíèí Í.È., Êèñåëåâ Ñ.Í., Ëåâøèí À.Ã. Ñåëüñêî-
õîçÿéñòâåííûå ìàøèíû. Ì.: Êîëîñ, 2008. 816 ñ.

5. Àíäðååâ Ê.Ï. Ðàçðàáîòêà è îáîñíîâàíèå ïàðà-
ìåòðîâ ðàáî÷èõ îðãàíîâ ñàìîçàãðóæàþùåéñÿ 
ìàøèíû äëÿ ïîâåðõíîñòíîãî âíåñåíèÿ òâåðäûõ 
ìèíåðàëüíûõ óäîáðåíèé: äèñ. … êàíä. òåõí. íàóê; 
Ðÿçàíñêèé ãîñóäàðñòâåííûé àãðîòåõíîëîãè÷å-
ñêèé óíèâåðñèòåò èì. Ï.À. Êîñòû÷åâà. Ðÿçàíü, 
2017.

6. Àíäðååâ Ê.Ï. Âëèÿíèå íåðàâíîìåðíîñòè âíåñå-
íèÿ óäîáðåíèé íà óðîæàéíîñòü // Ïðèíöèïû è 
òåõíîëîãèè ýêîëîãèçàöèè ïðîèçâîäñòâà â ñåëü-
ñêîì, ëåñíîì è ðûáíîì õîçÿéñòâå. Ðÿçàíü, 2017. 
Ñ. 13–17.

7. Èñõîäíûå òðåáîâàíèÿ íà áàçîâûå ìàøèííûå 
òåõíîëîãè÷åñêèå îïåðàöèè â ðàñòåíèåâîäñòâå.  
ïîñ. Ïðàâäèíñêèé: ÔÃÍÓ «Ðîñèíôîðìàãðîòåõ», 
2005. 270 ñ.

8. Èçìàéëîâ À.Þ., Ìàêàðîâ Â.À. Ê âîïðîñó îáî-
ñíîâàíèÿ òåõíèêî-ýêîíîìè÷åñêîãî óðîâíÿ ñåëü-
ñêîõîçÿéñòâåííûõ ìàøèí è îáîðóäîâàíèÿ // 
Ñåëüñêîõîçÿéñòâåííûå ìàøèíû è òåõíîëîãèè. 
Ì., 2016. Ñ. 3–9.

9. Ñèñòåìà ìàøèí è òåõíîëîãèé äëÿ êîìïëåêñíîé 
ìåõàíèçàöèè è àâòîìàòèçàöèè ñåëüñêîõîçÿé-
ñòâåííîãî ïðîèçâîäñòâà íà ïåðèîä äî 2020 ã. 
Òîì 1. Ðàñòåíèåâîäñòâî. Ì.: ÂÈÌ, 2012. 304 ñ.

References
1. Andreev K.P., SHemyakin A.V., Kostenko M.YU., 

Makarov V.A., Terent'ev V.V. Improvement of 

Òàáëèöà 

Ðåçóëüòàòû ðàñ÷åòà òèïîâ, ïàðàìåòðîâ è ïîòðåáíîñòè â ðàçáðàñûâàòåëÿõ

Âàðèàíò Òÿãîâûé êëàññ
òðàêòîðà, êÍ Òèï ðàçáðàñûâàòåëÿ Ãðóçîïîäúåìíîñòü, ò Øèðèíà çàõâàòà, ì Ïîòðåáíîñòü, øò.

À 14 ïîëóïðèöåïíîé 4,0 12,0 52 628

Á

14
14
30
50

ïîëóïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé

4,0
5,0

12,0
18.0

12,0
12,0
12,0
12,0

23 817
28 781
82 466
2 360

Â

14
14
30
50

ïîëóïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé

4,0
5,0

12,0
24,0

12,0
12,0
12,0
12,0

18 313
24 531
68 619
23 131

Ã

14
14
30
50

ïîëóïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé

4,0
5,0

10,0
16,0

10,0
6,0

10,0
12,0

17 747
40 267
86 842
5 509

Ä

14
14
30
50

ïîëóïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé
ïðèöåïíîé

4,0
4,0
9,0
9,0

10,0
6,0
7,0
7,0

18 688
38 725
76 122

823



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

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

Ëàòûøåíîê Ì.Á., Øåìÿêèí À.Â., Òåðåíòüåâ Â.Â., Àíäðååâ Ê.Ï., Ìàêàðîâ Â.À., Æóðàâëåâà Î.È.

84

centrifugal spreaders for the surface application of 
mineral fertilizers. Vestnik Ryazanskogo gosudarst-
vennogo agrotekhnolog-icheskogo universiteta im. 
P.A. Kostycheva. 2017. No 1(33), pp. 54–59.

2. Andreev K.P. The direction of improvement of ma-
chines for the surface application of mineral fertiliz-
ers. V sbornike: Principy i tekhnologii ehkologizacii 
proizvodstva v sel'skom, lesnom i rybnom hozya-
jstve «Ryazanskij gosudarstvennyj agrotekhnolog-
icheskij universitet im. P.A. Kostycheva» [In the 
collection: Principles and technol-ogies of ecologi-
zation of production in agriculture, forestry and fish-
eries “Ryazan State Agrotechnological Univer-sity 
named after P.À. Kostychev”]. 2017, pp. 17–21.

3. SHemyakin A.V., Terent'ev V.V., Andreev K.P. 
Development of combined fertilizer spreaders. 
V sb.: Tekhnicheskoe obespechenie innovacion-
nyh tekhnologij v sel'skom hozyajstve. Materialy 
Mezhdunarodnoj nauch.-prakt. konf. [In collection: 
Technical support of innovative technologies in ag-
riculture. Materials of the International Scientific 
Practical Conference]. 2017, pp. 202–204. 

4. Klenin N.I., Kiselev S.N., Levshin A.G. Sel'sko-
hozyajstvennye mashiny [Agreecultural machines.]. 
Moscow: Kolos Publ., 2008. 816 p.

5. Andreev K.P. Razrabotka i obosnovanie parametrov 
rabochih organov samozagruzhayushchejsya mash-
iny dlya poverhnostnogo vneseniya tverdyh min-
eral'nyh udobrenij : dis. … kand. tekhn. nauk [De-

velopment and substantia-tion of the parameters of 
the working bodies of the self-loading machine for 
the surface application of solid mineral fertilizers: 
dissertation for degree of Ph.D. (Eng)]; Ryazanskij 
gosudarstvennyj agrotekhnologicheskij universitet 
im. P.A. Kostycheva. Ryazan', 2017.

6. Andreev K.P. The influence of uneven fertilization 
on yield. V sb.: Principy i tekhnologii ehkologizacii 
proizvodstva v sel'skom, lesnom i rybnom hozya-
jstve [In the collection: Principles and technologies 
of ecologization of pro-duction in agriculture, forest-
ry and fisheries]. Ryazan', 2017, pp. 13–17.

7. Iskhodnye trebovaniya na bazovye mashinnye tekh-
nologicheskie operacii v rastenievodstve [Baseline 
requirements for basic machine process operations 
in crop production]. Pos. Pravdinskij: FGNU «Ros-
informagrotekh» Publ., 2005. 270 p.

8. Izmajlov A.YU., Makarov V.A. Substantiation of 
the technical and economic level of agricultural 
machinery and equipment. Sel'skohozyajstvennye 
mashiny i tekhnologii. Moscow: 2016, pp. 3–9.

9. Sistema mashin i tekhnologij dlya kompleksnoj me-
khanizacii i avtomatizacii sel'skohozyajstvennogo 
proizvodstva na period do 2020 g. [The system of 
machines and technologies for the integrated mech-
anization and automation of agricultural production 
for the period up to 2020]. Vol. 1. Rastenievodst-
vo [Crop production]. Moscow: VIM Publ., 2012. 
304 p.


