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Íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà íà ñìåíó ñóùåñòâóþùåé ñåëüñêîõî-
çÿéñòâåííîé òåõíèêå ïðèõîäèò íîâàÿ, îñíîâàííàÿ íà ðîáîòèçàöèè òåõíîëîãè÷åñêèõ ïðîöåññîâ ñ ýëåìåíòàìè 
àâòîíîìíûõ ñèñòåì ïðèíÿòèÿ ðåøåíèé. Îñíîâó ðàáîòû òàêèõ ñèñòåì ñîñòàâëÿþò àëãîðèòìû óïðàâëåíèÿ, áà-
çèðóþùèåñÿ íà òåõíîëîãèÿõ ïîñòðîåíèÿ ìàòåìàòè÷åñêèõ ìîäåëåé îáúåêòà óïðàâëåíèÿ ñ ó÷åòîì çàêîíîìåðíî-
ñòåé åãî ôóíêöèîíèðîâàíèÿ. Öåëüþ ïðåäñòàâëåííîãî â ñòàòüå èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà ýôôåêòèâíîãî 
àëãîðèòìà óïðàâëåíèÿ ðåæèìàìè ðàáîòû ìàøèííî-òðàêòîðíîãî àãðåãàòà, îñíîâàííîãî íà âûñîêîïðîèçâîäè-
òåëüíîì ìåòîäå ýêñïëóàòàöèîííîãî êîíòðîëÿ. Ðåøåíèå ïîñòàâëåííîé çàäà÷è ïðîâåäåíî íà îñíîâå ìåòîäîâ 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ è ïðîãðàììèðîâàíèÿ íà ÿçûêå Python. Êîíòðîëü èíòåíñèâíîñòè èçìåíåíèÿ 
ýêñïëóàòàöèîííîãî ïàðàìåòðà ÿâëÿåòñÿ ñàìûì âûñîêîýôôåêòèâíûì ñðåäè èçâåñòíûõ ìåòîäîâ ýêñïëóàòàöèîí-
íîãî êîíòðîëÿ è åãî ïðàêòè÷åñêàÿ ðåàëèçàöèÿ ïîçâîëÿåò óïðàâëÿòü ðåæèìàìè ðàáîòû ìàøèííî-òðàêòîðíîãî 
àãðåãàòà ñ ïðîãíîçèðîâàíèåì (ïðåäâèäåíèåì) ïî âðåìåíè çà ñ÷åò âûïîëíåíèÿ óïðåæäàþùèõ óïðàâëÿþùèõ 
âîçäåéñòâèé. Êðîìå òîãî, àëãîðèòì óïðàâëåíèÿ ðåæèìàìè ðàáîòû ìàøèííî-òðàêòîðíîãî àãðåãàòà íà îñíîâå 
äàííîãî ìåòîäà ïî âðåìåííîé ñëîæíîñòè ÿâëÿåòñÿ íàèáîëåå ïðåäïî÷òèòåëüíûì ïî ñðàâíåíèþ ñ àíàëîãè÷íûìè 
èçâåñòíûìè àëãîðèòìàìè óïðàâëåíèÿ.
Êëþ÷åâûå ñëîâà: ðîáîòèçàöèÿ, öèôðîâîå çåìëåäåëèå, ìàøèííî-òðàêòîðíûé àãðåãàò, àëãîðèòì óïðàâëåíèÿ, 
ýêñïëóàòàöèîííûé êîíòðîëü, âðåìåííàÿ ñëîæíîñòü. 

At the present stage of development of agricultural production to replace the existing agricultural ma-chinery comes 
new, based on robotization technological processes with elements of autonomous decision-making systems. The ba-
sis of which are the control algorithms, based on the technology of constructing mathematical models of the control 
object, taking into account its laws of functioning. The aim of the research presented in the article is to develop an 
efficient algorithm for controlling the operating modes of the machine and tractor unit based on the high-performance 
method of exploitative control. The solution of the problem is based on the methods of mathematical modeling and 
programming in the Python language. Control of the intensity of change in the operational parameter is the most 
highly effective among the known methods of exploitative control. The practical implementation of whom allows 
you to manage operation modes of the machine and tractor unit with prediction over time due to the implementation 
of preemptive control actions. In addition, the algorithm for controlling the modes of operation of the machine and 
tractor unit on the basis of this method, by time complexity, is the most preferable in comparison with similar known 
control algorithms.
Keywords: robotization, digital farming, machine and tractor unit, control algorithm, exploitative control, time com-
plexity.
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Ââåäåíèå
Íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ ñåëüñêîõî-

çÿéñòâåííîãî ïðîèçâîäñòâà íà ñìåíó ñóùåñòâó-
þùåé ñåëüñêîõîçÿéñòâåííîé òåõíèêå, ãäå óæå, 
íà÷èíàÿ ñ 2010 ãîäà, â êà÷åñòâå ñòàíäàðòíîãî 
îáîðóäîâàíèÿ ïðèìåíÿþòñÿ ðàçíîîáðàçíûå 
áîðòîâûå ñèñòåìû êîíòðîëÿ è óïðàâëåíèÿ, ïðè-
õîäèò íîâàÿ, îñíîâàííàÿ íà ðîáîòèçàöèè òåõíî-
ëîãè÷åñêèõ ïðîöåññîâ ñ ýëåìåíòàìè àâòîíîì-
íûõ ñèñòåì ïðèíÿòèÿ ðåøåíèé. Îñíîâó ðàáîòû 
òàêèõ ñèñòåì ñîñòàâëÿþò àëãîðèòìû îáðàáîòêè 
äàííûõ (àëãîðèòìû óïðàâëåíèÿ), áàçèðóþùèå-
ñÿ íà òåõíîëîãèÿõ ïîñòðîåíèÿ ìàòåìàòè÷åñêèõ 
ìîäåëåé îáúåêòà óïðàâëåíèÿ ñ ó÷åòîì åãî ñè-
ñòåìíûõ ñâÿçåé, ñòðóêòóðíûõ îñîáåííîñòåé è 
çàêîíîìåðíîñòåé ôóíêöèîíèðîâàíèÿ [1–7].

Îñíîâîé àëãîðèòìîâ óïðàâëåíèÿ ðåæèìàìè 
ðàáîòû ìàøèííî-òðàêòîðíîãî àãðåãàòà (ÌÒÀ) 
ÿâëÿþòñÿ ìåòîäû êîíòðîëÿ ýêñïëóàòàöèîííûõ 
ïàðàìåòðîâ. Ñîãëàñíî ïðîâåäåííûì íàìè èñ-
ñëåäîâàíèÿì, ðàçâèòèå ìåòîäîâ ýêñïëóàòàöè-
îííîãî êîíòðîëÿ íà ðàçëè÷íûõ ýòàïàõ ôîðìè-
ðîâàíèÿ ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà, 
íà íàø âçãëÿä, ìîæíî ðàñïðåäåëèòü íà íå-
ñêîëüêî íàïðàâëåíèé (òàáë.).

Àíàëèç ïðåäñòàâëåííûõ ìàòåðèàëîâ ïî-
êàçûâàåò, ÷òî äëÿ ðåøåíèÿ çàäà÷ ñëåäóþùåãî 
ýòàïà ðàçâèòèÿ ñåëüñêîõîçÿéñòâåííîãî ïðîèç-
âîäñòâà (Ñåëüñêîå õîçÿéñòâî 4.0 – «Öèôðîâîå 
çåìëåäåëèå» [8]), ìîãóò áûòü èñïîëüçîâàíû 
àëãîðèòìû, îñíîâàííûå íà êîíòðîëå òåêóùèõ 
çíà÷åíèé è èíòåíñèâíîñòè èçìåíåíèÿ ýêñïëóà-
òàöèîííîãî ïàðàìåòðà. 

Ñîîòâåòñòâåííî âîçíèêàåò âîïðîñ: êàêîé èç 
âûøåïåðå÷èñëåííûõ ìåòîäîâ ýêñïëóàòàöèîí-
íîãî êîíòðîëÿ íåîáõîäèìî èñïîëüçîâàòü äëÿ 
ðàçðàáîòêè àëãîðèòìà óïðàâëåíèÿ ðåæèìàìè 
ðàáîòû ÌÒÀ è êàê îí ïîâëèÿåò íà ïðîèçâîäè-
òåëüíîñòü ðîáîòèçèðîâàííîé ñèñòåìû óïðàâ-
ëåíèÿ? 

Öåëü èññëåäîâàíèÿ
Öåëüþ ïðåäñòàâëåííîãî â ñòàòüå èññëåäîâà-

íèÿ ÿâëÿåòñÿ ðàçðàáîòêà ýôôåêòèâíîãî àëãî-
ðèòìà óïðàâëåíèÿ ðåæèìàìè ðàáîòû ÌÒÀ, îñ-
íîâàííîãî íà âûñîêîïðîèçâîäèòåëüíîì ìåòîäå 
ýêñïëóàòàöèîííîãî êîíòðîëÿ.

Ìåòîäû èññëåäîâàíèÿ
Ñîãëàñíî ïðîâåäåííûì íàìè èññëåäîâàíè-

ÿì [9], óñòàíîâëåíî, ÷òî êîíòðîëü èíòåíñèâíî-
ñòè èçìåíåíèÿ ýêñïëóàòàöèîííîãî ïàðàìåòðà 
ÿâëÿåòñÿ ñàìûì âûñîêîýôôåêòèâíûì ñðåäè èç-
âåñòíûõ ìåòîäîâ ýêñïëóàòàöèîííîãî êîíòðîëÿ. 
Åãî ïðàêòè÷åñêàÿ ðåàëèçàöèÿ ïîçâîëÿåò:

– óïðàâëÿòü ðåæèìàìè ðàáîòû ÌÒÀ ñ ïðåä-
âèäåíèåì (ïðîãíîçèðîâàíèåì) ïî âðåìåíè çà 
ñ÷åò îñóùåñòâëåíèÿ óïðåæäàþùèõ óïðàâëÿþ-
ùèõ âîçäåéñòâèé (ðèñ. 1);

– óñòðàíèòü âîçíèêíîâåíèå îøèáî÷íûõ èç-
ìåíåíèé ðåæèìîâ ðàáîòû ÌÒÀ;

– ñíèçèòü ñóììàðíîå âðåìÿ, òðåáóåìîå äëÿ 
ïðèíÿòèÿ ðåøåíèÿ ïî óïðàâëåíèþ ÌÒÀ;

– óñòðàíèòü íåîáîñíîâàííûå è ñêðûòûå 
ïðîñòîè ÌÒÀ;

– ïðèáëèçèòü ýôôåêòèâíîñòü äåÿòåëüíîñòè ÷å-
ëîâåêà-îïåðàòîðà ê ýôôåêòèâíîñòè ðàáîòû òåõ-
íè÷åñêèõ çâåíüåâ â ïðîöåññå óïðàâëåíèÿ ÌÒÀ.

Ðàñõîä òîïëèâà ÿâëÿåòñÿ íàèáîëåå ïîäõîäÿ-
ùèì êîíòðîëèðóåìûì ïàðàìåòðîì, îòðàæàþ-
ùèì ðåæèìû ðàáîòû ÌÒÀ, äëÿ îñóùåñòâëåíèÿ 
ýêñïëóàòàöèîííîãî êîíòðîëÿ ñ ïðåäâèäåíè-
åì ïî âðåìåíè. Íà ðèñ. 2 ïðåäñòàâëåíà îáùàÿ 
ñòðóêòóðíàÿ ñõåìà àëãîðèòìà óïðàâëåíèÿ ðå-
æèìàìè ðàáîòû ÌÒÀ.

Â áëîêàõ 1–3 ïðåäñòàâëåííîãî íà ðèñ. 2 
àëãîðèòìà óïðàâëåíèÿ îñóùåñòâëÿåòñÿ îïðå-
äåëåíèå òåêóùèõ çíà÷åíèé miG , èçìåðåíèå 
ñóììàðíîãî çíà÷åíèÿ mG  è îïðåäåëåíèå èí-
òåíñèâíîñòè èçìåíåíèÿ muiG  ðàñõîäà òîïëèâà.

Òàáëèöà 
Ôîðìèðîâàíèå ìåòîäîâ ýêñïëóàòàöèîííîãî êîíòðîëÿ ðåæèìîâ ðàáîòû ÌÒÀ

Ìåòîäû ýêñïëóàòàöèîííîãî êîíòðîëÿ Ýòàï ðàçâèòèÿ ñåëüñêîõîçÿéñòâåííîãî  ïðîèçâîäñòâà

Ñóáúåêòèâíûé êîíòðîëü – íà ñëóõ, 
ïî äûìíîñòè âûõëîïà è ò.ä.

Ñåëüñêîå õîçÿéñòâî 1.0 – Òðóäîåìêàÿ ñèñòåìà ñåëüñêîãî 
õîçÿéñòâà ñ íèçêîé ïðîèçâîäèòåëüíîñòüþ [8]

Äîïóñêîâûé êîíòðîëü – ïî ñðåäíåìó çíà÷åíèþ 
êîíòðîëèðóåìîãî ïàðàìåòðà Ñåëüñêîå õîçÿéñòâî 2.0 – «Çåëåíàÿ ðåâîëþöèÿ» [8]

Äîïóñêîâûé êîíòðîëü òåêóùåãî çíà÷åíèÿ 
êîíòðîëèðóåìîãî ïàðàìåòðà Ñåëüñêîå õîçÿéñòâî 3.0 – «Òî÷íîå çåìëåäåëèå» [8]

Äîïóñêîâûé è èçìåðèòåëüíûé êîíòðîëü 
èíòåíñèâíîñòè èçìåíåíèÿ êîíòðîëèðóåìîãî 
ïàðàìåòðà

Ñåëüñêîå õîçÿéñòâî 3.0 – «Òî÷íîå çåìëåäåëèå» [8]
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Òåêóùèå çíà÷åíèÿ ðàñõîäà òîïëèâà äâèãà-
òåëÿ îïðåäåëÿþòñÿ íà îñíîâå ìàòåìàòè÷åñêîé 
ìîäåëè ïðîãíîçèðîâàíèÿ [10]:

2
1 1 11( ) [ ( ) ]g g G gmm MG M A B W p C M        

ïðè ;M M  í

2
2 2 2 2( ) [ ( ) ]m g g Gm gG M A B M W p C M          

M M  í ,   (1)

ãäå M  – âõîäíîå ñóììàðíîå âîçäåéñòâèå, 
ïðèâåäåííîå ê êîëåí÷àòîìó âàëó äâèãàòåëÿ; 
Ì

í
 – íîìèíàëüíûé êðóòÿùèé ìîìåíò äâèãàòå-

ëÿ; ( )GmW p  – ïàðàìåòð, õàðàêòåðèçóþùèé íåó-
ñòàíîâèâøèéñÿ ðåæèì ðàáîòû ÌÒÀ; 1gA , 2gA ,

1gB , 2gB , 1gC , 2gC  – êîýôôèöèåíòû õàðàê-
òåðèñòèêè äâèãàòåëÿ ( )mG M  ñîîòâåòñòâåí-
íî íà ðåãóëÿòîðíîì 1( )mG M  è êîððåêòîðíîì 

2 ( )mG M  ó÷àñòêàõ.

Ðèñ. 1. Ñõåìà ìåòîäîâ êîíòðîëÿ ðåæèìîâ ðàáîòû ÌÒÀ: 
t
1
 – âûõîä çíà÷åíèé èíòåíñèâíîñòè èçìåíåíèÿ ðàñõîäà òîïëèâà G

mu
 çà ãðàíèöó óñòàíîâî÷íîãî äîïóñêà muG  

(íàó÷íî-îáîñíîâàííîãî ïðåäåëüíîãî îòêëîíåíèÿ îò íîìèíàëüíîãî çíà÷åíèÿ); 
t
2
 – âûõîä òåêóùèõ çíà÷åíèé ðàñõîäà òîïëèâà G

m
 çà ãðàíèöó óñòàíîâî÷íîãî äîïóñêà muG ; 

t = t
2
 – t

1
 – ðåçåðâ âðåìåíè äëÿ îæèäàþùåãî èçìåíåíèÿ ðåæèìà ðàáîòû ÌÒÀ 

Ðèñ. 2. Ñòðóêòóðíàÿ ñõåìà àëãîðèòìà óïðàâëåíèÿ ðåæèìàìè ðàáîòû ÌÒÀ
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Èíòåíñèâíîñòü èçìåíåíèÿ ðàñõîäà òîïëèâà 
îïðåäåëÿåòñÿ ïóòåì äèôôåðåíöèðîâàíèÿ òåêó-
ùèõ çíà÷åíèé, ïîëó÷åííûõ íà îñíîâå âûðàæå-
íèÿ (1). 

Êðîìå òîãî, èíòåíñèâíîñòü èçìåíåíèÿ ðàñ-
õîäà òîïëèâà ( )muG M  ñîîòâåòñòâåííî äëÿ 
ðåãóëÿòîðíîãî 1( )muG M  è êîððåêòîðíîãî 

2 ( )muG M  ðåæèìîâ ðàáîòû äâèãàòåëÿ ìîæíî 
îïðåäåëèòü íà îñíîâå ìàòåìàòè÷åñêîé ìîäåëè, 
ðàçðàáîòàííîé íàìè ïî ðåçóëüòàòàì íàó÷íûõ 
èññëåäîâàíèé [10]:

1 11( ) gu gumu MG M A B    

ïðè ;M M  í

2 2 2( )mu gu guG M A B M      

ïðè M M  í ,  (2)

ãäå 1 1gu gA B  ; 2 2gu gA B  ; Bgu1
 = 2[W(p)

Gm
 + 

+ C
g1

]; Bgu2
 = 2[W(p)

Gm
 + C

g2
].

Âûðàæåíèÿ (1) è (2) ïðåäñòàâëÿþò ñîáîé 
îñíîâó äëÿ ðàçðàáîòêè àëãîðèòìîâ óïðàâëåíèÿ 
ðåæèìàìè ðàáîòû ÌÒÀ.

Â áëîêå 4 (ðèñ. 2) îïðåäåëÿåòñÿ òåêóùåå 
çíà÷åíèå êîýôôèöèåíòà âàðèàöèè   âíåøíåé 
íàãðóçêè.

Â áëîêå 5 (ðèñ. 2) îïðåäåëÿåòñÿ óñòàíîâî÷-
íûé äîïóñê G  íà âåëè÷èíó êîòîðîãî ïî-
ñòîÿííî â ñîîòâåòñòâèè ñ óñëîâèÿìè ýêñïëóà-
òàöèè ÌÒÀ êîððåêòèðóåòñÿ íèæíÿÿ ãðàíèöó 
äîïóñêà G . Êîëè÷åñòâåííîå çíà÷åíèå G  
îïðåäåëÿåòñÿ èç âûðàæåíèÿ:

2 2
1

1
2 1 2 1 2

2
1 2 1 2

1
1 2

2 2
1 2

[ ( ) ( )] 0,5[

( )] ( ) [

( ) ( )]

arcsin[( ) / ] ( ) [

( )] ( ) ,

m Gm g

g g g g g

g g g g

g g

g g

G G W p M A

A M B B A A

M B B M C C

M M A B B

M C C A M M

   


     

     


   

    

      

      

    

     

   

í

í

í

 (3)

ãäå A , M ,   – àìïëèòóäà êîëåáàíèé, ñðåä-
íåå çíà÷åíèå è ñðåäíåå êâàäðàòè÷åñêîå îòêëî-
íåíèå M ; mG í  – ðàñõîä òîïëèâà íà íîìèíàëü-
íîì ðåæèìå ðàáîòû äâèãàòåëÿ.

Â áëîêå 6 (ðèñ. 2) îïðåäåëÿåòñÿ çíà÷åíèå ðå-
ñóðñíîãî äîïóñêà tG , íà âåëè÷èíó êîòîðîãî 
êîððåêòèðóåòñÿ âåðõíÿÿ ãðàíèöà äîïóñêà G .
Êîëè÷åñòâåííîå çíà÷åíèå tG  îïðåäåëÿåòñÿ 
ïî ôîðìóëå:

[ ( ) ] 0,5( )

( ) ( ) ( ),
t m Gm gt gt

gt gt gt t

G G W p T A B T

A B T T B T

     

     
í

 (4)

ãäå Ò – íàðàáîòêà ÌÒÀ; T , t  – ñðåäíåå çíà-
÷åíèå è ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå 
íàðàáîòêè; Ô(Ò), ( )T  – ôóíêöèÿ è ïëîòíîñòü 
ðàñïðåäåëåíèÿ íàðàáîòêè äëÿ çàêîíà Ãàóññà 
[11]; À

gt
, B

gt
 – êîýôôèöèåíòû ôóíêöèîíàëüíîé 

çàâèñèìîñòè ðàñõîäà òîïëèâà â ôóíêöèè íàðà-
áîòêè.

Â áëîêå 7 (ðèñ. 2) óñòàíàâëèâàåòñÿ äîïóñòè-
ìîå çíà÷åíèå äëÿ èíòåíñèâíîñòè èçìåíåíèÿ 
ðàñõîäà òîïëèâà G . Ñðàâíèâàþòñÿ çíà÷åíèÿ 

muiG  ñ ãðàíèöàìè äîïóñêà G . Èçìåíåíèå 
ðåæèìà ðàáîòû ÌÒÀ âûïîëíÿåòñÿ, åñëè òåêó-
ùåå çíà÷åíèå muiG  âûõîäèò çà ïðåäåëû äîïóñêà 
G  (áëîê 8).

Àíàëèç ðåçóëüòàòîâ
Îöåíêà àëãîðèòìîâ ìîæåò áûòü ïðîâåäåíà 

ïî ðàçëè÷íûì êðèòåðèÿì, íî ÷àùå âñåãî èí-
òåðåñóåò âðåìåííàÿ ñëîæíîñòü, òî åñòü ïîðÿ-
äîê ðîñòà âðåìåííûõ çàòðàò íà èõ âûïîëíåíèå 
[12]. Ïîýòîìó äàëåå ïðîâåäåì ñðàâíèòåëüíûé 
àíàëèç âûøåîïèñàííûõ àëãîðèòìîâ óïðàâëå-
íèÿ ðåæèìàìè ðàáîòû ÌÒÀ, îñíîâàííûõ íà 
âûðàæåíèÿõ (1) è (2), ïî èõ âðåìåííîé ñëîæ-
íîñòè. Äëÿ ýòîãî ðàçðàáîòàíû ïðîãðàììû íà 
ÿçûêå ïðîãðàììèðîâàíèÿ Python ñ èñïîëüçî-
âàíèåì ìîäóëÿ timeit [13–15], ïðèìåð êîäà è 
ðåçóëüòàò âûïîëíåíèÿ êîòîðûõ ïðåäñòàâëåí 
íà Ëèñòèíã_1 è Ëèñòèíã_2 (ðèñ. 3). Âû÷èñëè-
òåëüíûé ýêñïåðèìåíò äëÿ ðàññìàòðèâàåìûõ 
àëãîðèòìîâ óïðàâëåíèÿ ðàññìàòðèâàåòñÿ íà 
ïðèìåðå ìàòåìàòè÷åñêèõ ìîäåëåé (1) è (2) äëÿ 
ðåãóëÿòîðíîãî ó÷àñòêà õàðàêòåðèñòèêè äâèãà-
òåëÿ ÑÌÄ-62 òðàêòîðà Ò-150Ê âáëèçè íîìè-
íàëüíîé çàãðóçêè.

Àíàëèç ïðåäñòàâëåííûõ ðåçóëüòàòîâ (Ëè-
ñòèíã_1) ïîêàçûâàåò, ÷òî ïîðÿäîê ðîñòà âðå-
ìåííûõ çàòðàò ïðè îïðåäåëåíèè èíòåíñèâ-
íîñòè èçìåíåíèÿ ðàñõîäà òîïëèâà íà îñíîâå 
âûðàæåíèÿ (1) áóäåò íà 12,4 % âûøå, ÷åì ïðè 
îïðåäåëåíèè òåêóùèõ çíà÷åíèé ðàñõîäà òîïëè-
âà. Îïåðàöèè äèôôåðåíöèðîâàíèÿ è óìíîæå-
íèÿ, íàðÿäó ñ îïåðàöèåé âîçâåäåíèÿ â ñòåïåíü, 
îäíè èç ñàìûõ ìåäëåííûõ â ýëåêòðîííî-âû-
÷èñëèòåëüíûõ ìàøèíàõ (ÝÂÌ). Ïîýòîìó, ñ ïî-
çèöèè âðåìåííîé ñëîæíîñòè, ïðåäñòàâëåííûé 
àëãîðèòì íà îñíîâå âûðàæåíèÿ (1) ÿâëÿåòñÿ íå-
óäà÷íûì.

Àëãîðèòì íà îñíîâå ìàòåìàòè÷åñêîé 
ìîäåëè (2) (Ëèñòèíã_2) ïîçâîëÿåò îñâîáîäèòü-
ñÿ îò îïåðàöèé âîçâåäåíèÿ â ñòåïåíü è äèôôå-
ðåíöèðîâàíèÿ, ÷òî, ñîãëàñíî ïðåäñòàâëåííûì 
ðåçóëüòàòàì, ïîçâîëÿåò ñíèçèòü âðåìåííûå 
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çàòðàòû ïðè îïðåäåëåíèè èíòåíñèâíîñòè èç-
ìåíåíèÿ çíà÷åíèé ðàñõîäà òîïëèâà íà 40,4 %, 
ïî ñðàâíåíèþ ñ àëãîðèòìîì Ëèñòèíã_1. Êðîìå 
òîãî, ñòðóêòóðíàÿ ñõåìà àëãîðèòìà óïðàâ-
ëåíèÿ ðåæèìàìè ðàáîòû ÌÒÀ, ïðåäñòàâëåí-
íàÿ íà ðèñ. 2, ìîæåò áûòü ñîêðàùåíà íà îäèí 
(ïåðâûé) áëîê, òàê êàê îïåðàöèÿ îïðåäåëåíèÿ 
òåêóùèõ çíà÷åíèé ðàñõîäà òîïëèâà íå ïðåäóñ-
ìîòðåíà äëÿ àëãîðèòìà, îñíîâàííîãî íà îïðå-
äåëåíèè èíòåíñèâíîñòè èçìåíåíèÿ ýêñïëóàòà-
öèîííîãî ïàðàìåòðà (Ëèñòèíã_2).

Âûâîäû
1. Êîíòðîëü èíòåíñèâíîñòè èçìåíåíèÿ ýêñ-

ïëóàòàöèîííîãî ïàðàìåòðà ÿâëÿåòñÿ ñàìûì 
âûñîêîýôôåêòèâíûì ñðåäè èçâåñòíûõ ìåòîäîâ 
ýêñïëóàòàöèîííîãî êîíòðîëÿ. Ïðàêòè÷åñêàÿ 
ðåàëèçàöèÿ òàêîãî êîíòðîëÿ ïîçâîëÿåò óïðàâ-
ëÿòü ðåæèìàìè ðàáîòû ìàøèííî-òðàêòîðíîãî 
àãðåãàòà ñ ïðîãíîçèðîâàíèåì (ïðåäâèäåíèåì) 
ïî âðåìåíè çà ñ÷åò âûïîëíåíèÿ óïðåæäàþùèõ 
óïðàâëÿþùèõ âîçäåéñòâèé. 

2. Ïðèìåíåíèå ìàòåìàòè÷åñêîé ìîäåëè 
ïðîãíîçèðîâàíèÿ èçìåíåíèÿ èíòåíñèâíîñòè 
òåêóùèõ çíà÷åíèé ðàñõîäà òîïëèâà ïîçâîëÿåò 
ñîêðàòèòü êîëè÷åñòâî ìåäëåííûõ âû÷èñëè-
òåëüíûõ îïåðàöèé è îïòèìèçèðîâàòü ñòðóêòóð-
íóþ ñõåìó àëãîðèòìà óïðàâëåíèÿ ðåæèìàìè 
ðàáîòû ÌÒÀ. Ýòî ïîçâîëÿåò ñíèçèòü âðåìåííûå 
çàòðàòû íà âûïîëíåíèå àëãîðèòìà íà 40,4 %,
ïî ñðàâíåíèþ ñ èçâåñòíûìè àíàëîãàìè.

3. Ðàçðàáîòàííûé àëãîðèòì óïðàâëåíèÿ (íà 
îñíîâå êîíòðîëÿ èíòåíñèâíîñòè èçìåíåíèÿ 
ýêñïëóàòàöèîííîãî ïàðàìåòðà) ïî âðåìåííîé 
ñëîæíîñòè ÿâëÿåòñÿ íàèáîëåå ýôôåêòèâíûì 
ïî ñðàâíåíèþ ñ àíàëîãè÷íûìè èçâåñòíûìè ðå-
øåíèÿìè è ïîýòîìó íàèáîëåå ïðåäïî÷òèòåëü-
íûì ïðè ðàçðàáîòêå ðîáîòèçèðîâàííûõ ñèñòåì 
óïðàâëåíèÿ ðåæèìàìè ðàáîòû ÌÒÀ.

Ëèòåðàòóðà
1. Ñû÷åâ Â.Ã., Àôàíàñüåâ Ð.À., Ãîäæàåâ Ç.À., 

Ãðèøèí À.Ï., Ãðèøèí À.À. Ðîáîòîòåõíèêà è 
àãðîõèìè÷åñêîå îáåñïå÷åíèå ðàñòåíèåâîäñòâà // 
Òðàêòîðû è ñåëüõîçìàøèíû. 2016. № 9. Ñ. 40–43. 

2. Ãðÿçíîâ Í.À., Ëîïîòà À.Â., Ñîñíîâ Å.Í. Ñî-
âðåìåííûå òåíäåíöèè ðàçâèòèÿ ðîáîòîòåõíè-
êè // Ðîáîòîòåõíèêà è òåõíè÷åñêàÿ êèáåðíåòèêà. 
№ 2 (15). Ñàíêò-Ïåòåðáóðã: ÖÍÈÈ ÐÒÊ. 2017. 
Ñ. 4–11.

3. Àôàíàñüåâ Ð.À., Åðìîëîâ È.Ë. Ïåðñïåêòèâíûå 
íàïðàâëåíèÿ ðîáîòèçàöèè òî÷íîãî çåìëåäåëèÿ // 
Ðîáîòîòåõíèêà è òåõíè÷åñêàÿ êèáåðíåòèêà. 
№ 1 (14). Ñàíêò-Ïåòåðáóðã: ÖÍÈÈ ÐÒÊ. 2017. 
Ñ. 27–32.

4. Î÷èðîâ Í.Ã., Ýâèåâ Â.À., Áåëÿåâà Á.È., Õóëõà-
÷èåâà Ñ.Ä. Àëãîðèòì ðàñ÷åòà ìàòåìàòè÷åñêîé 
ìîäåëè ýêñïëóàòàöèîííûõ ïîêàçàòåëåé ÌÒÀ â 
ñðåäå MAPLE // Âåñòíèê àãðàðíîé íàóêè Äîíà. 
2017. Ò. 3. № 39. Ñ. 55–63. 

5. Jabborov N.I., Eviev V.A., Belyaeva B.I., Ochi-
rov N.G. Estimation of operation efficiency of 

Ðèñ. 3. Èçìåðåíèå âðåìåíè âûïîëíåíèÿ ïðîãðàììíîãî êîäà



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 2019

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

Êàëà÷èí Ñ.Â.

50

machin-tractor units equipped with constant power 
engines // Research Journal of Pharmaceutical, Bio-
logical and Chemical Sciences, 2015. Vol. 6. № 1. 
Ð. 1793–1802.

6. Vieira A.W., Drews P., Campos M. Efficient 
change detection in 3d environment for autonomous 
surveillance robots based on implicit volume // The 
2012 IEEE International Conference on Robotics 
and Automation, (ICRA′12), 2012. Ð. 2999–3004.

7. Drews-Jr P., Rocha R., Campos M., Dias J. Fast and 
adaptive 3D change detection algorithm for autono-
mous robots based on Gaussian mixture Models // 
In International Conference on Robotic and Auto-
mation, ICRA, 2013. Ð. 4670–4675.

8. Áåëåíêîâ À.È. Öèôðîâîå çåìëåäåëèå // Íèâû 
Ðîññèè. 2017. № 10. Ñ. 52–58.

9. Êàëà÷èí Ñ.Â. Êîíòðîëü ýôôåêòèâíîñòè ôóíêöè-
îíèðîâàíèÿ ìàøèííî-òðàêòîðíîãî àãðåãàòà. Ñà-
ðàíñê: Èçä-âî Ìîðäîâ. óí-òà, 2009. 144 ñ.

10. Êàëà÷èí Ñ.Â. Îïòèìèçàöèÿ ðåæèìîâ ðàáîòû 
ìàøèííî-òðàêòîðíîãî àãðåãàòà íà îñíîâå íåïðå-
ðûâíîãî êîíòðîëÿ èíòåíñèâíîñòè èçìåíåíèÿ åãî 
ýêñïëóàòàöèîííûõ ïàðàìåòðîâ: àâòîðåô. äèñ. … 
äîêò. òåõí. íàóê. Ñàðàíñê, 2011. 34 c.

11. Êàëà÷èí Ñ.Â. Ïðîãíîçèðîâàíèå ýêñïëóàòàöèîí-
íûõ ïàðàìåòðîâ ÌÒÀ ñ ó÷åòîì åãî òåõíè÷åñêî-
ãî ñîñòîÿíèÿ // Òðàêòîðû è ñåëüñêîõîçìàøèíû. 
2008. № 7. Ñ. 30. 

12. Ñòèâåíñ Ð. Àëãîðèòìû: Òåîðèÿ è ïðàêòè÷åñêîå 
ïðèìåíåíèå. Ì.: Èçä-âî «Ý», 2016. 544 ñ.

13. Êàëà÷èí Ñ.Â. Ïîâûøåíèå ïðîèçâîäèòåëüíîñòè 
ðîáîòèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ ìîáèëü-
íûõ ñåëüñêîõîçÿéñòâåííûõ àãðåãàòîâ // Íèâà Ïî-
âîëæüÿ. 2018. № 2 (47). Ñ. 118–122.

14. Lutz M. Learning Python 5th Edition, O’Reilly 
Media. Inc, 2013. 1600 p.

15. Lutz M. Programming Python 4th Edition, O’Reilly 
Media. Inc, 2014. 1628 p.

References
1. Sychev V.G., Afanas'ev R.A., Godzhaev Z.A., 

Grishin A.P., Grishin A.A. Robotics technology 
and agrochemical support of plant cultivation. Trac-
tors and farm machinery. 2016. No 9, pp. 40–43 (in 
Russ.).

2. Gryaznov N. A., Lopota A.V., Sosnov E. N. Modern 
trends in the development of robotics. Robotics and 
technical cybernetics. № 2 (15). St. Petersburg. 
2017, pp. 4–11 (in Russ.).

3. Afanasiev R.A., Ermolov I.L. Perspective direc-
tions of robotization of precision farming. Robotics 
and technical cybernetics. № 1 (14). St. Petersburg. 
2017, pp. 27–32 (in Russ.).

4. Ochirov N.G., Eviev V.A., Belyaeva B.I., 
Khulkhachieva S. D. Algorithm for calculating the 
mathematical model of operational parameters of 
MTA in MAPLE software. Bulletin of Agrarian 
Science of the Don. 2017. Vol. 3. № 39, pp. 55–63 
(in Russ.).

5. Jabborov N.I., Eviev V.A., Belyaeva B.I., Ochi-
rov N.G. Estimation of operation efficiency of 
machin-tractor units equipped with constant power 
engines // Research Journal of Pharmaceutical, Bio-
logical and Chemical Sciences, 2015. Vol. 6. № 1, 
pp. 1793–1802.

6. Vieira A.W., Drews P., Campos M. Efficient change 
detection in 3d environment for autonomous surveil-
lance robots based on implicit volume // The 2012 
IEEE International Conference on Robotics and Au-
tomation, (ICRA № 12), 2012, pp. 2999–3004.

7. Drews-Jr P., Rocha R., Campos M., Dias J. Fast and 
adaptive 3D change detection algorithm for autono-
mous robots based on Gaussian mixture Models //In 
International Conference on Robotic and Automa-
tion, ICRA, 2013, pp. 4670–4675.

8. Belenkov A.I. Digital Farming. Niva of Russia. 
2017. № 10, pp. 52–58 (in Russ.).

9. Kalachin S.V. Performance monitoring of function-
ing of the machine and tractor unit [Performance 
monitoring of operation of the machine and tractor 
unit]. Saransk: Publishing house of the Mordovian 
university, 2009. 144 p. 

10.  Kalachin S.V. Optimization of operating modes of 
the machine and tractor units on the basis of contin-
uous moni-toring of changes in the intensity of its 
operating parameters: Abstract. Dis. ... Dr. Òechni-
cal Science [Optimization of operating modes of the 
machine and tractor units on the basis of continuous 
mon-itoring of changes in the inten-sity of its operat-
ing parameters: Abstract for Dissertation for Degree 
of Dr.Eng.]. Saransk, 2011. 34 ð.

11. Kalachin S.V. Forecasting of the machine and trac-
tor unit operational parameters taking into account 
its technical condition. Tractors and farm machin-
ery. 2008. № 7, pp. 30 (in Russ.).

12. Stevens R. Algoritmy: Teoriya i prakticheskoe 
primenenie [Algorithms: Theory and practical ap-
plication]. Mos-cow: Publishing house «E», 2016. 
544 p.

13. Kalachin S.V. Improving the performance of robotic 
control systems for mobile agricultural units. Niva 
Povolzhya. 2018. № 2 (47), pp. 118–122 (in Russ.).

14. Lutz M. Learning Python 5th Edition, O’Reilly 
Media. Inc, 2013. 1600 p.

15. Lutz M. Programming Python 4th Edition, O’Reilly 
Media. Inc, 2014. 1628 p.


