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Ðàáîòà ïîñâÿùåíà ñîçäàíèþ ðàçðàáîòêè ñèñòåì è òåõíè÷åñêèõ óñòðîéñòâ äëÿ ñíèæåíèÿ äèíàìè÷åñêèõ íàãðó-
çîê, äåéñòâóþùèõ íà îïåðàòîðîâ è íåñóùóþ ñèñòåìó ñàìîõîäíûõ ìàøèí. Ñôîðìóëèðîâàíà åå öåëü, çàêëþ-
÷àþùàÿñÿ â ðàçðàáîòêå àëãîðèòìà è çàêîíà îïòèìàëüíîãî óïðàâëåíèÿ ñèñòåìîé ñòàáèëèçàöèè. Îïðåäåëåí 
íàáîð ðåøàåìûõ äëÿ ýòîãî çàäà÷, âûäåëåíû òðåáîâàíèé ê èíôîðìàöèîííîìó ïîëþ, îáîñíîâàíà ýëåìåíòíàÿ 
áàçà ñèñòåìû ñòàáèëèçàöèè. Ñôîðìóëèðîâàíà çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ ñèñòåìîé ñòàáèëèçàöèè. Ïðåä-
ñòàâëåíà ðàçðàáîòêà çàêîíà óïðàâëåíèÿ ñèñòåìîé ñòàáèëèçàöèè äâèæåíèÿ ñàìîõîäíûõ êîëåñíûõ ìàøèí íà 
îñíîâå ïðèíöèïà àêòèâíîãî èíåðöèàëüíîãî ãàøåíèÿ êîëåáàíèé. Ðàçðàáîòàí çàêîí îïòèìàëüíîãî óïðàâëåíèÿ 
ñèñòåìîé ñòàáèëèçàöèè ñ âîçìîæíîñòüþ êîððåêòèðîâàíèÿ òðåáîâàíèé ïî çàòóõàíèþ è âèäó ïåðåõîäíîãî ïðî-
öåññà. Íà îñíîâå êâàäðàòè÷íûõ èíòåãðàëüíûõ êðèòåðèåâ âûäåëåíû ïîêàçàòåëè îöåíêè êà÷åñòâà óïðàâëåíèÿ ñè-
ñòåìîé. Îáîñíîâàíî, ÷òî äëÿ ñèñòåìû ñòàáèëèçàöèè êîðïóñà êîìáàéíà íåîáõîäèìî ðåãóëèðîâàíèå âûõîäíûõ 
ïåðåìåííûõ, òàêèõ êàê óãëîâàÿ ñêîðîñòü êîðïóñà è óãîë ïðîäîëüíîãî íàêëîíà êîðïóñà êîìáàéíà. Ðàññìîòðåíà 
ëèíåàðèçîâàííàÿ ìîäåëü ïðîäîëüíî-óãëîâîãî äâèæåíèÿ êîìáàéíà, ïðåäñòàâëåíû óðàâíåíèÿ, ñâÿçûâàþùèå çà-
êîíîìåðíîñòè âîçìóùåííîãî äâèæåíèÿ êîðïóñà è çàêîí îïòèìàëüíîãî óïðàâëåíèÿ. Ñ ïîìîùüþ èìèòàöèîííîãî 
ìîäåëèðîâàíèÿ ïîêàçàíà ýôôåêòèâíîñòü ïðåäëîæåííîãî ñïîñîáà ñòàáèëèçàöèè è çàêîíà óïðàâëåíèÿ ñèñòåìîé 
ñòàáèëèçàöèè â ÷àñòè ñíèæåíèÿ ïðîäîëüíûõ óãëîâ íàêëîíà êîðïóñà ïðè äâèæåíèè ïî àñôàëüòîáåòîííîìó øîñ-
ñå è ãðóíòîâîé äîðîãå. Ïîêàçàíà ýôôåêòèâíîñòü ïðåäëîæåííîãî çàêîíà óïðàâëåíèÿ äëÿ ïîäàâëåíèÿ òàíãàæà 
êîðïóñà êîìáàéíà ïðè ýêñòðåííîì òîðìîæåíèè. Ïðèâåäåíû ðàñ÷åòíûå çíà÷åíèÿ ìîùíîñòè, çàòðà÷èâàåìîé íà 
óïðàâëåíèå ñèñòåìîé ñòàáèëèçàöèè äëÿ ðàññìàòðèâàåìûõ ðåæèìîâ äâèæåíèÿ. Íà îñíîâå ðàñ÷åòîâ ïîêàçàíî, 
÷òî â îáùåì ýíåðãåòè÷åñêîì áàëàíñå êîìáàéíà çàòðàòû ìîùíîñòè íà óïðàâëåíèÿ íåñóùåñòâåííû, ÷òî ïîä-
òâåðæäàåò ðàáîòîñïîñîáíîñòü ïðåäëîæåííîãî ñïîñîáà ñòàáèëèçàöèè è çàêîíà óïðàâëåíèÿ. Ñäåëàíû âûâîäû, 
îïðåäåëåíû ýòàïû è íàïðàâëåíèå äàëüíåéøèõ èññëåäîâàíèé. 
Êëþ÷åâûå ñëîâà: êîðìîóáîðî÷íûé êîìáàéí, ïëàâíîñòü õîäà, ñòàáèëèçàöèÿ äâèæåíèÿ, àëãîðèòì óïðàâëåíèÿ, 
ýôôåêòèâíîñòü, ðàáîòîñïîñîáíîñòü.
Äëÿ öèòèðîâàíèÿ: Ñèðîòèí Ï.Â. Ñèíòåç çàêîíà îïòèìàëüíîãî óïðàâëåíèÿ ñèñòåìîé àêòèâíîé äèíàìè÷å-
ñêîé ñòàáèëèçàöèè äâèæåíèÿ ñàìîõîäíîé ìàøèíû ñ íàâåñíûì ðàáî÷èì îðãàíîì // Òðàêòîðû è ñåëüõîçìàøèíû. 
2020. № 5. Ñ. 5–12. DOI: 10.31992/0321-4443-2020-5-5-12.

The paper is devoted to the development of systems and technical devices for reduction of dynamic loads acting on 
operators and the supporting system of self-propelled vehicles. The goal of the paper is to develop an algorithm and a 
law of optimal control of the stabilization system. The set of tasks to be solved for this is determined, the requirements 
for the information field are highlighted, the element base of the stabilization system is substantiated. The problem 
of optimal control of the stabilization system is formulated. The development of a law of control of the stabilization 
system of the movement of self-propelled wheeled vehicles based on the principle of active inertial vibration damping 
is presented. The law of optimal control of the stabilization system with the possibility of correcting the requirements 
for attenuation and the type of transient process was developed. On the basis of quadratic integral criteria, the indica-
tors for assessing the quality of system control are distinguished. It is substantiated that for the system of stabilization 
of the harvester body it is necessary to regulate the output variables, such as the angular velocity of the body and the 
angle of the longitudinal inclination of the harvester body. A linearized model of the longitudinal-angular motion of 
the combine is considered, the equations that connect the laws of the disturbed motion of the body and the law of 
optimal control are presented. With the help of simulation modeling, the effectiveness of the proposed stabilization 
method and the law of control of the stabilization system in terms of reducing the longitudinal angles of inclination of 
the body when driving on an asphalt-concrete highway and a dirt road are shown. The effectiveness of the proposed 
law of control for suppressing the pitch of the combine body during emergency braking is shown. The calculated 
values of the power spent on control of the stabilization system for the considered driving modes are given. On the 
basis of calculations, it is shown that in the total energy balance of the combine, the power consumption for control is 
insignificant, which confirms the efficiency of the proposed stabilization method and the law of control. Conclusions 
are drawn, stages and directions of further research are determined.
Keywords: forage harvester, smooth running, motion stabilization, control algorithm, efficiency, performance.
Cite as: Sirotin P.V. Synthesis of the law of optimal control of the system of active dynamic stabilization of the move-
ment of a self-propelled vehicle with a mounted working body. Traktory i sel’khozmashiny. 2020. No 5, pp. 5–12 
(in Russ.). DOI: 10.31992/0321-4443-2020-5-5-12.
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Ââåäåíèå
Ðàçâèòèå àãðàðíî-ïðîìûøëåííîãî êîìïëåê-

ñà ÿâëÿåòñÿ îäíèì èç ïðèîðèòåòíûõ íàïðàâëå-
íèé ýêîíîìèêè ñòðàíû è âî ìíîãî îïðåäåëÿ-
åòñÿ ïðîèçâîäèòåëüíîñòüþ è ýôôåêòèâíîñòüþ 
èñïîëüçóåìûõ ìàøèí è ìåõàíèçìîâ [1], â òîì 
÷èñëå çåðíîóáîðî÷íûõ êîìáàéíîâ (ÇÓÊ) è êîð-
ìîóáîðî÷íûõ êîìáàéíîâ (ÊÓÊ), êàê íàèáîëåå 
ýíåðãîåìêèõ ñàìîõîäíûõ òðàíñïîðòíî-òåõíî-
ëîãè÷åñêèõ ìàøèí. Â ïîñëåäíèå ãîäû âàæíîå 
ìåñòî â ìèðîâîì êîìáàéíîñòðîåíèè îòâåäåíî 
ïîâûøåíèþ ïðîèçâîäèòåëüíîñòè è êîìôîðòíî-
ñòè íà ðàáî÷åì ìåñòå, ÷òî â áîëüøåé ñòåïåíè 
ìîæåò áûòü îáåñïå÷åíî óìåíüøåíèåì äåéñòâó-
þùèõ íà êîðïóñ êîìáàéíà íàãðóçîê â âèäå ñèëî-
âûõ è êèíåìàòè÷åñêèõ âîçìóùåíèé øèðîêîãî 
÷àñòîòíîãî äèàïàçîíà [2–4]. Èññëåäîâàíèå äèíà-
ìèêè äâèæåíèÿ è ðàçðàáîòêà íåòðàäèöèîííûõ 
òåõíè÷åñêèõ ñðåäñòâ è ñèñòåì ñíèæåíèÿ äèíà-
ìè÷åñêèõ íàãðóçîê íà ÇÓÊ è ÊÓÊ – àêòóàëüíàÿ 
çàäà÷à, ðåàëèçàöèÿ êîòîðîé ÿâëÿåòñÿ îäíèì 
èç óñëîâèé ïåðåõîäà ê âåäåíèþ ýôôåêòèâíîãî 
è ýêîëîãè÷åñêè áåçîïàñíîãî àãðîõîçÿéñòâà [5, 6].

Èñòîðè÷åñêè ñëîæèâøàÿñÿ êîìïîíîâêà ñî-
âðåìåííûõ ñàìîõîäíûõ êîìáàéíîâ èìååò ðÿä 
îñîáåííîñòåé, ÷òî óñëîæíÿåò è äàæå äåëàåò 
íåâîçìîæíûì ïðèìåíåíèå èçâåñòíûõ ñïîñî-
áîâ è ñèñòåì ïîäðåññîðèâàíèÿ òðàíñïîðòíîãî 
ìàøèíîñòðîåíèÿ [7]. Ðàçðàáîòàííûé àâòîðîì 
ñïîñîá [8] ñòàáèëèçàöèè äâèæåíèÿ ñàìîõîäíûõ 
ìàøèí ïðåäïîëàãàåò ñíèæåíèå íåãàòèâíûõ 
ÿâëåíèé, ñâÿçàííûõ ñ ãàëîïèðîâàíèåì ñàìî-
õîäíîé ìàøèíû, ïóòåì ïðèëîæåíèÿ ê åå êîð-
ïóñó ñòàáèëèçèðóþùèõ óñèëèé ïðè ïðèíóäè-
òåëüíîì ïîâîðîòå ïîäâèæíîé ñîñòàâíîé ÷àñòè 
ìàøèíû ñ ïîìîùüþ èñïîëíèòåëüíîãî ïðèâîäà 
(ðèñ. 1). Ïîäâèæíàÿ ñîñòàâíàÿ ÷àñòü ìàøèíû 1 
â âèäå íàâåñíîãî àäàïòåðà, ðàñïîëîæåííîãî 
ñïåðåäè, èìååò çà ñ÷åò èñïîëíèòåëüíîãî ïðè-
âîäà 2 è øàðíèðíîãî ñîåäèíåíèÿ ñ êîðïóñîì 
ìàøèíû 3 îäíó âðàùàòåëüíóþ ñòåïåíü ñâî-
áîäû îòíîñèòåëüíî öåíòðà êà÷àíèÿ Î. Ïðåä-
ñòàâëåííûé ïðèìåð ÊÓÊ RSM 2650 (ðèñ. 1, à) 
ðàññìîòðåí êàê äâóõ-ìàññîâàÿ äèíàìè÷å-
ñêàÿ ñèñòåìà, à óêàçàííîå ñòàáèëèçèðóþùåå 
óñèëèå, äåéñòâóþùåå íà êîðïóñ ìàøèíû 3, 
ìîæåò áûòü ðåàëèçîâàíî ñî ñòîðîíû èñïîë-
íèòåëüíîãî ïðèâîäà 2 ïðè ïîâîðîòå ïîäâèæ-
íîé ñîñòàâíîé ÷àñòè ìàøèíû 1 îòíîñèòåëüíî 
öåíòðà êà÷àíèÿ Î (ðèñ. 1, á) [8]. Ðåàëèçàöèÿ 
óêàçàííîãî ñïîñîáà âîçìîæíà íà îñíîâå àêòèâ-
íîé ñèñòåìû ñ äèíàìè÷åñêèì óïðàâëåíèåì. 
Â äàííîé ðàáîòå ïðåäïîëàãàåòñÿ, ÷òî àêòèâíàÿ 

ñèñòåìà òðåáóåò ïîäâåäåíèÿ ýíåðãèè îò âíåø-
íèõ èñòî÷íèêîâ, à äèíàìè÷åñêîå óïðàâëåíèå 
îñóùåñòâëÿåòñÿ â ðåæèìå ðåàëüíîãî âðåìåíè 
ñ òåêóùèì (ìãíîâåííûì) èçìåíåíèåì çíà÷åíèé 
ôàçîâûõ êîîðäèíàò. 

à 

á

Ðèñ. 1. Êîðìîóáîðî÷íûå êîìáàéíû RSM 2650 (à) 
è åãî äèíàìè÷åñêàÿ ìîäåëü (á) 

ñ ñèñòåìîé ñòàáèëèçàöèè äâèæåíèÿ

Òàêèì îáðàçîì, ïðåäëàãàåìàÿ ñèñòåìà îáÿ-
çàòåëüíî äîëæíà âêëþ÷àòü íàáîð äàò÷èêîâ ñî-
ñòîÿíèÿ 4 è áëîêà óïðàâëåíèÿ 5, êîòîðûå, ïî-
äàâàÿ ñèãíàëû íà èñïîëíèòåëüíûé ïðèâîä 2, 
äîëæíû îáåñïå÷èâàòü ïîâîðîò ïîäâèæíîé 
÷àñòè 1 ñ îïðåäåëåííûìè êèíåìàòè÷åñêèìè ïà-
ðàìåòðàìè äëÿ äîñòèæåíèÿ çàäàííîãî óðîâíÿ 
ñòàáèëèçàöèè êîðïóñà 3 (ðèñ. 1, á).

Ýôôåêòèâíîñòü è âîçìîæíîñòü ðåàëèçà-
öèè â ñåðèéíûõ òåõíè÷åñêèõ îáúåêòàõ ñèñòåì 
àêòèâíîãî èíåðöèàëüíîãî äèíàìè÷åñêîãî ãà-
øåíèÿ è ïîäðåññîðèâàíèÿ âî ìíîãîì îïðåäå-
ëÿþòñÿ òî÷íîñòüþ, áûñòðîäåéñòâèåì è ñòîèìî-
ñòüþ àïïàðàòíûõ è ïðîãðàììíûõ êîìïîíåíòîâ 
ñèñòåìû [9, 10]. Íà äàííîì ýòàïå ðàçðàáîòêè 
ïðåäëàãàåìîé ñèñòåìû åå ðàçâèòèå âî ìíîãîì 
áóäåò ïðåäîïðåäåëåíî ñîâåðøåíñòâîì ñèñòåìû 
óïðàâëåíèÿ, êîòîðàÿ îáåñïå÷èò äîñòèæåíèå çà-
äàííîãî óðîâíÿ âèáðîçàùèòíûõ ñâîéñòâ ÇÓÊ 
è ÊÓÊ, ïîäòâåðäèò åå ýôôåêòèâíîñòü è æèç-
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íåñïîñîáíîñòü, óñêîðèò ïðîöåññ âíåäðåíèÿ. 
Òàêèì îáðàçîì íåîáõîäèìî ðàçðàáîòàòü àë-
ãîðèòì è çàêîí îïòèìàëüíîãî óïðàâëåíèÿ ñè-
ñòåìîé àêòèâíîé èíåðöèàëüíîé äèíàìè÷åñêîé 
ñòàáèëèçàöèè äâèæåíèÿ ÇÓÊ è ÊÓÊ, à òàêæå 
áëèçêèõ ê íèì ïî êîìïîíîâêå òðàíñïîðòíî-
òåõíîëîãè÷åñêèõ ìàøèí. 

Çàäà÷ó îïòèìàëüíîãî óïðàâëåíèÿ ìîæíî 
ñôîðìóëèðîâàòü ïðè íàëè÷èå ñëåäóþùèõ óñ-
ëîâèé [11]:

– öåëü óïðàâëåíèÿ, ìàòåìàòè÷åñêè ïðåä-
ñòàâëåííàÿ â âèäå íåêîòîðîãî ôóíêöèîíàëà 
èëè êðèòåðèÿ óïðàâëåíèÿ;

– óðàâíåíèÿ ñèñòåìû (îáû÷íî â âèäå óðàâ-
íåíèé ñîñòîÿíèÿ);

– ñèñòåìà ãðàíè÷íûõ óñëîâèé â íà÷àëüíûé 
è êîíå÷íûé ìîìåíò âðåìåíè;

– ñèñòåìà îãðàíè÷åíèé, êîòîðûì äîëæíû 
óäîâëåòâîðÿòü ïåðåìåííûå ñîñòîÿíèÿ è óïðàâ-
ëåíèÿ.

Öåëü èññëåäîâàíèé 
Ñîçäàíèå ýôôåêòèâíîé ñèñòåìû óïðàâëå-

íèÿ àêòèâíûì èíåðöèàëüíûì ãàñèòåëåì ïóòåì 
ïîèñêà âåêòîðà óïðàâëåíèÿ, ïðè êîòîðîì óñ-
ëîâèå îïòèìàëüíîñòè ñèñòåìû ñîáëþäàåòñÿ 
â ñëó÷àå äîñòèæåíèÿ ìàêñèìóìà èëè ìèíèìó-
ìà ôóíêöèîíàëà [9].

Ìàòåðèàëû è ìåòîäû
Ñèíòåç ñèñòåìû îïòèìàëüíîãî óïðàâëåíèÿ 

îñíîâàí íà ïðèìåíåíèè êâàäðàòè÷íîãî èíòå-
ãðàëüíîãî êðèòåðèÿ, ñîäåðæàùåãî êîîðäèíàòû 
îáúåêòà è óïðàâëåíèÿ [9]. Ïîñêîëüêó èç-çà îñî-
áåííîñòåé êîìïîíîâêè è êîëåáàíèé ïðè äâèæå-
íèè êîìáàéíîâ [2, 3, 12] êîðïóñ èìååò îòíîñè-
òåëüíî ìàëûå óãëû îòêëîíåíèÿ, òî ìîäåëü åãî 
ïðîäîëüíî-óãëîâîãî äâèæåíèÿ ðàññìîòðåíà ëè-
íåàðèçîâàííîé (ðèñ. 2). 

Äëÿ àíàëèçà ðàññìîòðåíà äèíàìè÷åñêàÿ 
ìîäåëü ÊÓÊ, âêëþ÷àþùàÿ ïîäâèæíóþ ñîñòàâ-
íóþ ÷àñòü 1 â âèäå àäàïòåðà, ãèäðîöèëèíäð 2, 
êîðïóñ 3. Øàðíèðû O, N è Ê îáåñïå÷èâàþò ïîä-
âèæíîñòü àäàïòåðà 1 îòíîñèòåëüíî êîðïóñà 3 
(ðèñ. 2). Äëÿ õàðàêòåðèñòèêè èññëåäóåìîãî 
êëàññà îáúåêòîâ óïðàâëåíèÿ ñôîðìóëèðîâàíî 
òðåáîâàíèå ê èõ æåëàåìîìó äâèæåíèþ, îáó-
ñëîâëåííîå îáùèìè òåõíîëîãè÷åñêèìè è ýêî-
íîìè÷åñêèìè êðèòåðèÿìè ôóíêöèîíèðîâàíèÿ 
ðåàëüíîãî îáúåêòà. Â êà÷åñòâå îïòèìèçèðóå-
ìîãî ôóíêöèîíàëà (êðèòåðèÿ êà÷åñòâà) èíòå-
ãðàëüíîãî òèïà [10] ïðèíÿòû âûõîäíûå ïåðå-
ìåííûå, òàêèå êàê óãëîâàÿ ñêîðîñòü êîðïóñà 
ω

Ñ 
è óãîë ïðîäîëüíîãî íàêëîíà êîðïóñà φ

Ñ
, 

ñîîòâåòñòâóþùèå òðåáóåìîìó óðîâíþ ïëàâ-
íîñòè õîäà è âèáðîíàãðóæåííîñòè. Òðåáóåìûé 
äèíàìè÷åñêèé ñòàáèëèçèðóþùèé ìîìåíò  Ì

äñ
 

ôîðìèðóåòñÿ ïóòåì ïðèíóäèòåëüíîãî ïîâîðî-
òà àäàïòåðà 1 îòíîñèòåëüíî êîðïóñà 3 íà óãîë 
φ

0 
ñ òðåáóåìîé óãëîâîé ñêîðîñòüþ ω

0
 (ðèñ. 2).

Îöåíêà ýôôåêòèâíîñòè ðàçðàáàòûâàåìîé 
ñèñòåìû ñòàáèëèçàöèè äâèæåíèÿ ïðîâåäåíà 
íà îñíîâå ðàíåå ðàçðàáîòàííîé è âåðèôèöè-
ðîâàííîé àâòîðîì ìàòåìàòè÷åñêîé è èìèòà-
öèîííîé ìîäåëè äâèæåíèÿ ÇÓÊ è ÊÓÊ [14]. 
Ñðàâíèòåëüíûå èñïûòàíèÿ ïðîâåäåíû ïóòåì 
ñîïîñòàâëåíèÿ ñïåêòðàëüíûõ ïëîòíîñòåé óãëîâ 
ïðîäîëüíîãî íàêëîíà êîðïóñà äëÿ êîìáàéíîâ 
áåç ñèñòåìû ñòàáèëèçàöèè (èñõîäíîå ñîñòîÿíèå) 
è ïðè åå âêëþ÷åíèè. Êîëè÷åñòâåííàÿ îöåíêà 
ýôôåêòèâíîñòè ñèñòåìû ñòàáèëèçàöèè ïðîâå-
äåíà ïóòåì ñðàâíåíèÿ ïàðàìåòðîâ äâèæåíèÿ, 
â êà÷åñòâå êîòîðûõ áûëà ïðèíÿòà ñïåêòðàëüíàÿ 
ïëîòíîñòü óãëîâ ïðîäîëüíîãî íàêëîíà êîðïóñà 
êîìáàéíà. Äëÿ îöåíêè ðàáîòîñïîñîáíîñòè ñ ïî-
ìîùüþ èìèòàöèîííîãî ìîäåëèðîâàíèÿ îïðåäå-
ëåíû òðåáóåìûå çàòðàòû ìîùíîñòè íà óïðàâëå-
íèå ñèñòåìîé ñòàáèëèçàöèè.

Ðèñ. 2. Ñõåìà ðàáîòû ñèñòåìû ñòàáèëèçàöèè êîðïóñà ñàìîõîäíîãî êîìáàéíà
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Ðåçóëüòàòû è îáñóæäåíèå
Äëÿ ðàñ÷åòíîé ñõåìû íà ðèñ. 2 óïðîùåííîå 

óðàâíåíèå âîçìóùåííîãî äâèæåíèÿ êîðïóñà 
êîìáàéíà, äîñòàòî÷íî òî÷íî îïèñûâàþùèå åãî 
êîëåáàíèÿ â óêàçàííîé îáëàñòè èçìåíåíèÿ ôà-
çîâûõ êîîðäèíàò, èìååò âèä:

 c

1 ( );

,

d M M
dt j 

   

   

c
äñ ñò

ê àä

c


 (1)

ãäå J
ê+àä

 – ìîìåíò èíåðöèè êîðïóñà ñ àäàïòåðîì 
îòíîñèòåëüíî öåíòðà ìàññ ÊÓÊ;  – ñèìâîë 
ïðèðàùåíèÿ ôàçîâîé ïåðåìåííîé çà âðåìÿ dt; 
M

äñ
 – äèíàìè÷åñêèé ñòàáèëèçèðóþùèé ìî-

ìåíò; M
ñò

 = m
àä
g(Õ

À
 – Õ

O
) – ñòàòè÷åñêèé ìîìåíò 

îò âåñà àäàïòåðà; m
àä

 – ìàññà àäàïòåðà; Õ
À
, 

Õ
Î 

– ïðîäîëüíûå êîîðäèíàòû òî÷åê À è Î (ñì. 
ðèñ. 2) â ñâÿçàííîé ñ öåíòðîì ìàññ êîðïóñà ñè-
ñòåìå êîîðäèíàò ïåðåä íà÷àëîì äâèæåíèÿ, ñî-
îòâåòñòâåííî.

Çíà÷åíèå J
ê+àä

 ÿâëÿåòñÿ ïåðåìåííûì 
ïðè äâèæåíèè ÊÓÊ è îïðåäåëÿåòñÿ êàê:

2 ;J J J m AC   ê àä ê àä àä

2 2 2
02 cos( ),AC AO OC AO OC     

ãäå J
ê
 – ìîìåíò èíåðöèè êîðïóñà áåç àäàïòåðà 

îòíîñèòåëüíî öåíòðà ìàññ ÊÓÊ; J
àä

 – ìîìåíò 
èíåðöèè àäàïòåðà îòíîñèòåëüíî åãî öåíòðà 
ìàññ;     – ñèìâîë ðàññòîÿíèÿ ìåæäó òî÷êàìè.

Ââåäåì îáîçíà÷åíèÿ. Ïóñòü õ
1
 = φ

Ñ
 – óãîë 

íàêëîíà êîðïóñà; õ
2
 = ω

Ñ
 – óãëîâàÿ ñêîðîñòü; 

M
äñ

 – M
ñò

 = u; J
k+àä

 = j. Òîãäà ñèñòåìà (1) çàïè-
øåòñÿ â ñëåäóþùåì âèäå:

 

2

1 2

1 ;

.

dx u
dt J
x x

  

  

 (2)

Òðåáóåòñÿ íàéòè óïðàâëåíèå, êîòîðîå äî-
ñòàâëÿåò ìèíèìóì ôóíêöèîíàëó:

 

2
2 2

10

( , ) ,i i
i

J x u r u q x dt




 
    

 
  (3)

ãäå r > 0; q
i
 > 0; x, u – âåêòîðà ñîñòîÿíèÿ 

è óïðàâëåíèÿ îáúåêòà ñîîòâåòñòâåííî.
Ïðè ýòîì ïîòðåáóåì, ÷òîáû óäîâëåòâîðÿ-

ëèñü ñëåäóþùèå ãðàíè÷íûå óñëîâèÿ:

1 10(0)x x ; 2 20(0)x x ; 

 1( ) 0x   ; 2 ( ) 0x   . (4)

Ñôîðìóëèðîâàííàÿ âûøå çàäà÷à ïðåä-
ñòàâëÿåò ñîáîé çàäà÷ó Ëàãðàíæà íà óñëîâíûé 
ýêñòðåìóì [13]. Â ñîîòâåòñòâèè ñ ìåòîäîì 
ðåøåíèÿ çàäà÷è Ëàãðàíæà ñîñòàâèì âñïîìîãà-
òåëüíûé ôóíêöèîíàë:

2 2
2 2

1 10

2

1

( , ) ( )

;

i i i
i i

i ik k
k

J x u r u q x t

x a x b u dt



 




      




     



 



 

0 1
0 0

A  
  
 

; 
0

1/
B

J
 

  
 

. (5)

Çàïèøåì äëÿ ôóíêöèîíàëà (5) ñèñòåìó 
óðàâíåíèé Ýéëåðà – Ëàãðàíæà: 

 

0, 1,2;

0, 1,2,

i i

i i

d i
x dt x

d i
u dt u

      
    
 

Ô Ô

Ô Ô
 (6)

ãäå Ô(x
i
, u

i
, l

i
) – ïîäûíòåãðàëüíàÿ ôóíêöèÿ 

ôóíêöèîíàëà (3).
Äîáàâèâ ê óðàâíåíèÿì (6) óðàâíåíèÿ ñâÿçåé 

(2), ïîëó÷èì ñëåäóþùóþ ñèñòåìó ñîïðÿæåí-
íûõ óðàâíåíèé:

 

1 2

2 22

1 1 1

2 2 2 1

;

1 ;
2

2 ;
2 .

x x

x
J r
q x

q x



  

  

   







 (7)

Çàïèøåì õàðàêòåðèñòè÷åñêîå óðàâíåíèå 
äëÿ ëèíåéíîé îäíîðîäíîé ñèñòåìû äèôôåðåí-
öèàëüíûõ óðàâíåíèé (7):

 

2

1

2

1 0 0
0 0 1/ (2 )

( )
2 0 0

0 2 1

J r
D

q
q

 
   
  
    

, (8)

èëè 4 2 2
2 1
2 0.J r q q

r J
    




Òàê êàê r > 0, òî êîðíè õàðàêòåðèñòè÷åñêîãî 
óðàâíåíèÿ áóäóò ðàâíû:

 
0,5

2 2
1,2,3,4 2 2 12

2 4 .q q J r q
J r
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Ñîãëàñíî ãðàíè÷íûì óñëîâèÿì (4) îòáðîñèì 
ñîáñòâåííûå ÷èñëà, ëåæàùèå â ïðàâîé ïîëó-
ïëîñêîñòè, ÷òî ïðèâîäèò ê ñèíòåçó óñòîé÷èâîé 
ñèñòåìû àâòîìàòè÷åñêîãî óïðàâëåíèÿ. Äàëåå 
èçâåñòíûìè ìåòîäàìè îïðåäåëèì îáùåå ðåøå-
íèå ñèñòåìû (7):

1 1 3 2 4( ) exp( ) exp( );x t C t C t   

  2 1 3 3 2 4 4( ) exp( ) exp( ),x t C t C t       (9)

ãäå 
3
, 

4
t – êîðíè õàðàêòåðèñòè÷åñêîãî óðàâ-

íåíèÿ (8), êîòîðûå ðàñïîëîæåíû â ëåâîé ïîëó-
ïëîñêîñòè. 

Ðàçðåøèì ðàâåíñòâà (9) îòíîñèòåëüíî 
C

2
exp(

3
t) è C

2
exp(

4
t). Ïîëó÷èì:

1 4 2
1 3

4 3

exp( ) ;x xC t  
 

 
 

2 3 1
2 4

4 3

exp( ) .x xC t 
 

 

Òîãäà èç âòîðîãî óðàâíåíèÿ ñèñòåìû (2) 
íàéäåì îïòèìàëüíîå óïðàâëåíèå:

 

4 3
4 3 1 2

4 3

.u J x x
   

          
  (10)

Ñèñòåìà (1) ñ óïðàâëåíèåì (10) áóäåò óñòîé-
÷èâîé, ò.ê. êîðíè åå õàðàêòåðèñòè÷åñêîãî óðàâíå-
íèÿ 

3
 è 

4
 ðàñïîëîæåíû â ëåâîé ïîëóïëîñêîñòè. 

Ïîëó÷åííîå âûðàæåíèå (10) ìîæåò áûòü èñïîëü-
çîâàíî äëÿ îïòèìàëüíîãî óïðàâëåíèÿ ïðîïîðöè-
îíàëüíî-äèôôåðåíöèàëüíûì ðåãóëÿòîðîì. 

Ïåðåéäÿ ê íà÷àëüíûì ïåðåìåííûì, ïîëó÷èì:

1 2( ) ( ) ;M J C J C M      äñ ê àä c ê àä c ñò  

 1 3 4 ;C     2 3 4 ,C      (11)

ãäå C
1
, C

2
 – êîýôôèöèåíòû. 

Çíà÷åíèÿ êîýôôèöèåíòîâ C
1 
è C

2
 â óïðàâëå-

íèè îïðåäåëÿþò íà îñíîâàíèè òðåáîâàíèé ê âðå-
ìåíè çàòóõàíèÿ è âèäó ïåðåõîäíîãî ïðîöåññà 
â ñèñòåìå, à òàêæå âðåìåíè ïåðåðåãóëèðîâàíèÿ.

Îöåíêà ýôôåêòèâíîñòè 
è ðàáîòîñïîñîáíîñòè
Îöåíêà ýôôåêòèâíîñòè ðàçðàáàòûâàåìîé 

ñèñòåìû ñòàáèëèçàöèè äâèæåíèÿ ïðîâåäåíà 
íà îñíîâå ðàíåå ðàçðàáîòàííîé è âåðèôèöèðî-
âàííîé àâòîðîì ìàòåìàòè÷åñêîé è èìèòàöèîí-
íîé ìîäåëè äâèæåíèÿ ÇÓÊ è ÊÓÊ [14]. Íà ðèñ. 3 
è 4 ïîêàçàíû ñïåêòðàëüíûå ïëîòíîñòè óãëîâ 
ïðîäîëüíîãî íàêëîíà êîðïóñà êîðìîóáîðî÷-
íîãî êîìáàéíà (ñ ó ïðàâëåíèåì è áåç íåãî) 

ïðè ïðÿìîëèíåéíîì äâèæåíèè ïî àñôàëüòî-
áåòîííîìó øîññå (ðèñ. 3) è ãðóíòîâîé äîðîãå 
(ðèñ. 4) áåç ñèñòåìû ñòàáèëèçàöèè (èñõîäíîå 
ñîñòîÿíèå) è ïðè åå âêëþ÷åíèè. 

Â ïðåäûäóùèõ ðàáîòàõ àâòîðà ñ ïîìîùüþ 
àíàëèòè÷åñêèõ ìåòîäîâ îáðàáîòêè ýêñïåðè-
ìåíòàëüíûõ äàííûõ îáîñíîâàíî, ÷òî íà îñòîâå 
ÊÓÊ äåéñòâóþò óãëîâûå óñêîðåíèÿ ñ ÷àñòîòîé 
0,9−1,2 Ãö, à öåíòð ìàññ ñîâåðøàåò ïåðåìå-
ùåíèÿ â âåðòèêàëüíîé ïëîñêîñòè ñ ÷àñòîòîé 
1,6–2,1 Ãö [2]. Â ðåçóëüòàòå èìèòàöèîííîãî 
ìîäåëèðîâàíèÿ ïîêàçàíî, ÷òî íà èññëåäóå-
ìûõ ðåæèìàõ ýêñïëóàòàöèè ïðè ñêîðîñòè 
äî 5 è 10 êì/÷ ïðåèìóùåñòâåííî âûäåëÿåòñÿ 
âåðòèêàëüíàÿ ìîäà êîëåáàíèé, íà ñêîðîñòè 
15 è 20 êì/÷ – ïðîäîëüíî óãëîâàÿ. 

à 

á 

â

ã

Ðèñ. 3. Ñïåêòðàëüíûå ïëîòíîñòè óãëîâ 
ïðîäîëüíîãî íàêëîíà êîðïóñà ÊÓÊ ïðè äâèæåíèè 

àñôàëüòîáåòîííîìó øîññå ñî ñêîðîñòüþ: 
à – 5 êì/÷; á – 10 êì/÷; â – 15 êì/÷; ã – 20 êì/÷
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Íà ïðåäñòàâëåííûõ ãðàôèêàõ âèäíî, 
÷òî ïðè äâèæåíèè ïî àñôàëüòîáåòîííîìó 
øîññå íàèáîëüøàÿ ýôôåêòèâíîñòü ñèñòå-
ìû ñòàáèëèçàöèè ïðîÿâëÿåòñÿ íà ñêîðîñòè 
5 è 15 êì/÷ (ðèñ. 3 à, â). Êàê âèäíî íà ãðàôèêàõ 
(ðèñ. 3 à, á), ïðè äâèæåíèè ïî àñôàëüòîáåòîíó 
íà ñêîðîñòè äî 10 êì/÷ êîðïóñ ÊÓÊ ïðåèìó-
ùåñòâåííî ñîâåðøàåò âåðòèêàëüíûå ïåðåìå-
ùåíèÿ, ñ óãëîâîé ÷àñòîòîé îêîëî 12−15 ðàä/ñ. 
Ïðè ýòîì ñèñòåìà ñòàáèëèçàöèè ïîêàçûâàåò 
äîñòàòî÷íóþ ýôôåêòèâíîñòü ïî âûáðàííîìó 
êðèòåðèþ, îäíàêî â ðåçóëüòàòå ñðàáàòûâàíèÿ 
ñèñòåìû íà ãðàôèêàõ ïîÿâëÿåòñÿ ãàðìîíèêà 
íà ÷àñòîòå îêîëî 6 ðàä/ñ, ÷òî ìîæíî îáúÿñíèòü 
íàâåäåíèåì âîçìóùåíèé íà êîðïóñ â ðåçóëü-
òàòå ñðàáàòûâàíèÿ ñèñòåìû ñòàáèëèçàöèè. 
Íà ñêîðîñòè 15 è 20 êì/÷ êîðïóñ ñîâåðøàåò 
ïðåèìóùåñòâåííî ïðîäîëüíî-óãëîâûå êîëå-
áàíèÿ, êîòîðûå ñèñòåìà ñòàáèëèçàöèè ãàñèò 
áîëåå ýôôåêòèâíî. Îñîáåííî ýôôåêòèâíîñòü 
ïðîÿâëÿåòñÿ íà ñêîðîñòè 15 êì/÷. Íà ñêîðîñòè 
20 êì/÷ ñòàáèëèçàöèÿ ñíèæàåòñÿ èç-çà ñóùå-
ñòâåííî áîëüøåé àìïëèòóäû ðàñêà÷èâàíèÿ 
êîðïóñà è îãðàíè÷åííîñòè ýíåðãîñèëîâûõ ïà-
ðàìåòðîâ ïðèâîäà. 

Êàê ïîêàçàíî ðàíåå [2], äâèæåíèå ÊÓÊ 
ïî ãðóíòîâîé äîðîãå ÿâëÿåòñÿ îñíîâíûìè íà-
ãðóçî÷íûì ðåæèìîì, ïðè êîòîðîì íà êîðïóñ 
äåéñòâóþò åäèíè÷íûå ñòàòè÷åñêèå íàãðóçêè 
íîìèíàëüíîé âåëè÷èíû. Ïðè äâèæåíèè ÊÓÊ 
ïî ãðóíòîâîé äîðîãå ñî ñêîðîñòüþ 5 êì/÷ ñè-
ñòåìà ïîêàçûâàåò äîñòàòî÷íóþ ýôôåêòèâíîñòü, 
îäíàêî, êàê è â ñëó÷àå äâèæåíèÿ ïî àñôàëüòî-

áåòîíó, ñðàáàòûâàíèå ñèñòåìû ïðèâîäèò ê ïî-
ÿâëåíèþ ãàðìîíèêè êîëåáàíèé êîðïóñà ñ óãëî-
âîé ÷àñòîòîé îêîëî 6 ðàä/ñ. Íà ñêîðîñòè 10 êì/÷ 
ñèñòåìà èìååò íàèáîëüøóþ ýôôåêòèâíîñòü, 
ñíèæàÿ çíà÷åíèÿ ïàðàìåòðà êîëåáàíèé íà 52 %.

Êàê âûÿâëåíî ðàíåå, ñîâðåìåííûå ñàìîõîä-
íûå êîìáàéíû ñ àäàïòåðàìè áîëüøîé øèðèíû 
ïðè ýêñòðåííîì ñðàáàòûâàíèè òîðìîçíîé ñè-
ñòåìû èìåþò ñêëîííîñòü ê òàíãàæó íà àäàï-
òåð ñ îòðûâîì êîëåñ çàäíåé îñè îò îïîðíîé 
ïîâåðõíîñòè. Ñ öåëüþ îöåíêè ýôôåêòèâíî-
ñòè ðàçðàáîòàííîãî çàêîíà óïðàâëåíèÿ ïðî-
âåäåíî èìèòàöèîííîå ìîäåëèðîâàíèå ðåæèìà 
ýêñòðåííîãî òîðìîæåíèÿ ÊÓÊ ñî ñêîðîñòè 
20 êì/÷, ïðè ýòîì àëãîðèòì ñèñòåìû óïðàâëå-
íèÿ òàêæå áûë îñíîâàí íà óðàâíåíèè (11). Â ðå-
çóëüòàòå èìèòàöèîííîãî ìîäåëèðîâàíèÿ ýêñ-
òðåííîãî òîðìîæåíèÿ âîñïðîèçâåäåí òàíãàæ 
êîðïóñà ÊÓÊ. Èç ðèñ. 5 âèäíî, ÷òî ïðè æåñò-
êîì çàêðåïëåíèè àäàïòåðà ê êîðïóñó ïîñëå 2-é 
ñåêóíäû òîðìîæåíèÿ òàíãàæ êîðïóñà íà àäàï-
òåð óâåëè÷èâàåòñÿ áîëåå ÷åì íà 6 ãðàäóñîâ, 
÷òî, êàê è â ñëó÷àå íàòóðíûõ èñïûòàíèé ÊÓÊ, 
ïðèâîäèò ê åãî îïðîêèäûâàíèþ. Â ñëó÷àå òîð-
ìîæåíèÿ ÊÓÊ ñ ñèñòåìîé ñòàáèëèçàöèè ïîñëå 
ïåðâîé ñåêóíäû òîðìîæåíèÿ òàíãàæ êîðïóñà 
óìåíüøàåòñÿ äî âòîðîé ñåêóíäû â ðåçóëüòàòå 
ñðàáàòûâàíèÿ ñèñòåìû è îïóñêàíèÿ àäàïòåðà. 
Â äàííîì ñëó÷àå ýôôåêò ñòàáèëèçàöèè îáó-
ñëîâëåí ïðèíóäèòåëüíûì îïóñêàíèåì àäàïòå-
ðà, â ðåçóëüòàòå ÷åãî èçìåíÿåòñÿ ìîìåíò èíåð-
öèè ÊÓÊ, âåëè÷èíà êîòîðîãî â ïåðâóþ î÷åðåäü 
îïðåäåëÿåò ïðîäîëüíóþ óñòîé÷èâîñòü êîðïóñà. 
Ïîñëå âòîðîé ñåêóíäû íàáëþäàåòñÿ ïåðåõîä-
íîé ïðîöåññ, èíòåíñèâíîñòü çàòóõàíèÿ êîòîðî-
ãî îïðåäåëÿåòñÿ äåìïôèðóþùèìè õàðàêòåðè-
ñòèêàìè øèí (ðèñ. 5).

Ðèñ. 5. Âðåìåííûå ðåàëèçàöèè óãëà ïðîäîëüíîãî 
íàêëîíà êîðïóñà ÊÓÊ ïðè òîðìîæåíèè 

Íà íà÷àëüíîì ýòàïå ðàçðàáîòêè ñèñòåìû 
ñòàáèëèçàöèè â êà÷åñòâå îñíîâíîãî ïàðàìåòðà 
îöåíêè ðàáîòîñïîñîáíîñòè ïðèíÿòà ìîùíîñòü, 
çàòðà÷èâàåìàÿ íà óïðàâëåíèå (N

óïð
), âåëè÷èíó 

êîòîðîé îïðåäåëÿëè êàê:

à 

á

Ðèñ. 4. Ñïåêòðàëüíûå ïëîòíîñòè óãëîâ 
ïðîäîëüíîãî íàêëîíà êîðïóñà ÊÓÊ ïðè äâèæåíèè 

ïî ãðóíòîâîé äîðîãå ñî ñêîðîñòüþ: 
à – 5 êì/÷; á – 10 êì/÷
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ãäå Ò – âðåìÿ äâèæåíèÿ; M(t) − êðóòÿùèé 
ìîìåíò, íåîáõîäèìûé äëÿ ïîâîðîòà àäàïòåðà 
âîêðóã îñè âðàùåíèÿ (øàðíèðà O íà ðèñ. 3); 
(t) − óãëîâàÿ ñêîðîñòü ïîâîðîòà àäàïòåðà 
âîêðóã îñè âðàùåíèÿ (øàðíèðà O íà ðèñ. 3).

Èñïîëüçóÿ âûðàæåíèå (12), íà îñíîâå èìè-
òàöèîííîãî ìîäåëèðîâàíèÿ óñòàíîâëåíî, 
÷òî â óñòàíîâèâøèõñÿ ðåæèìàõ äâèæåíèÿ 
ÊÓÊ ïî ãðóíòîâîé äîðîãå è àñôàëüòîáåòîí-
íîìó øîññå N

óïð
 íå ïðåâûøàåò 8 êÂò. Âî âñåõ 

ìîäåëèðóåìûõ ðåæèìàõ N
óïð

 èìååò ïðÿìóþ 
çàâèñèìîñòü îò ñêîðîñòè äâèæåíèÿ êîìáàéíà. 
Íàèáîëåå ýíåðãîåìêèìè áûë ðåæèìû äâèæå-
íèÿ ïî àñôàëüòîáåòîííîìó øîññå ñî ñêîðî-
ñòüþ 20 êì/÷ è ïî ãðóíòîâîé äîðîãå ñî ñêîðî-
ñòüþ 10 êì/÷. Ðåæèì ñòàáèëèçàöèè äâèæåíèÿ 
ïðè òîðìîæåíèè îêàçàëñÿ íàèáîëåå ýíåðãî-
åìêèì. Òàê, íà íà÷àëüíîì ýòàïå òîðìîæåíèÿ 
äëÿ êîìïåíñàöèè òàíãàæà êîðïóñà òðåáóåòñÿ 
äî 18 êÂò ìîùíîñòè. Â ïåðåõîäíîì ïðîöåñ-
ñå óæå ïîñëå ïåðâîé ñåêóíäû òîðìîæåíèÿ 
(ðèñ. 5), êàê è äëÿ ðåæèìà óñòàíîâèâøåãîñÿ 
äâèæåíèÿ ïî àñôàëüòîáåòîíó èëè ãðóíòîâîé 
äîðîãå, òðåáóåòñÿ íå áîëåå 7−8 êÂò. 

Çàêëþ÷åíèå
1. Äëÿ òåõíè÷åñêîé ðåàëèçàöèè ñïîñîáà àê-

òèâíîãî èíåðöèàëüíîãî äèíàìè÷åñêîãî ãàøå-
íèÿ êîëåáàíèé êîðïóñà ÇÓÊ è ÊÓÊ ðàçðàáîòàí 
àëãîðèòì è çàêîí îïòèìàëüíîãî óïðàâëåíèÿ 
ñèñòåìîé ñòàáèëèçàöèè. Ïðåäëîæåííûé çàêîí 
óïðàâëåíèÿ ðàçðàáîòàí íà îñíîâå èçâåñòíûõ 
è øèðîêî ïðèìåíÿåìûõ ïîëîæåíèé òåîðèè îï-
òèìàëüíîãî óïðàâëåíèÿ è òåîðèè àíàëèòè÷åñêî-
ãî êîíñòðóèðîâàíèÿ îïòèìàëüíûõ ðåãóëÿòîðîâ.

2. Ìåòîäàìè èìèòàöèîííîãî ìîäåëèðîâà-
íèÿ äâèæåíèÿ êîðìîóáîðî÷íîãî êîìáàéíà 
óñòàíîâëåíî, ÷òî ðåàëèçàöèÿ ïðåäëîæåííîãî 
çàêîíà óïðàâëåíèÿ ñèñòåìîé ñòàáèëèçàöèè 
äâèæåíèÿ êîìáàéíà íà îñíîâå ïðèíöèïà àêòèâ-
íîãî èíåðöèàëüíîãî äèíàìè÷åñêîãî ãàøåíèÿ 
êîëåáàíèé ïîçâîëÿåò ñóùåñòâåííî óìåíüøèòü 
ìàêñèìàëüíûå çíà÷åíèÿ ñïåêòðàëüíûõ ïëîò-
íîñòåé óãëîâ ïðîäîëüíîãî íàêëîíà êîðïóñà 
êîìáàéíà, êàê îäíîãî èç îñíîâíûõ ïàðàìåòðîâ 
ïëàâíîñòè õîäà è áåçîïàñíîñòè äâèæåíèÿ ñà-
ìîõîäíûõ ìàøèí. Ýôôåêòèâíîñòü ïðåäëîæåí-
íîãî àëãîðèòìà ïîêàçàíà â ðåæèìàõ ïðÿìî-
ëèíåéíîãî äâèæåíèÿ ïî àñôàëüòîáåòîííîìó 
øîññå è ãðóíòîâîé äîðîãå, à òàêæå äëÿ ñëó÷àÿ 

ýêñòðåííîãî òîðìîæåíèÿ ñ öåëüþ ïîäàâëåíèÿ 
òàíãàæà êîðïóñà.

3. Ìåòîäàìè èìèòàöèîííîãî ìîäåëèðîâà-
íèÿ äâèæåíèÿ êîðìîóáîðî÷íîãî êîìáàéíà ïî-
êàçàíî ðàáîòîñïîñîáíîñòü ïðåäëîæåííîãî 
àëãîðèòìà ïî êðèòåðèþ çàòðà÷èâàåìîé ìîù-
íîñòè íà óïðàâëåíèå ñèñòåìîé ñòàáèëèçàöèè. 
Ñ ó÷åòîì ýíåðãîñèëîâûõ âîçìîæíîñòåé ñèëî-
âûõ óñòàíîâîê ñîâðåìåííûõ ÇÓÊ è ÊÓÊ ðàñ-
ñ÷èòàííûå çíà÷åíèÿ N

óïð
 ÿâëÿþòñÿ íåñóùå-

ñòâåííûìè â îáùåì ýíåðãåòè÷åñêîì áàëàíñå 
êîìáàéíà, ÷òî îáîñíîâûâàåò âîçìîæíîñòü ðåà-
ëèçàöèè óêàçàííîãî ñïîñîáà íà ìàøèíàõ ñóùå-
ñòâóþùèõ è íîâûõ ïîêîëåíèé.

Ëèòåðàòóðà
1. Áàáêèí Ê.À. Ðàçóìíàÿ ïðîìûøëåííàÿ ïîëèòèêà 

èëè êàê íàì âûéòè èç êðèçèñà. Ì., 2008. 100 ñ.
2. Sirotin P.V., Sapegin A.G., Zlenko S.V. Experi-

mental studies of ride quality of self-propelled com-
bine harvester // XIV International Scientific-Tech-
nical Conference “Dynamic of Technical Systems” 
(DTS-2018). September 12−14, 2018. Rostov-on-
Don, Russian Federation: MATEC Web of Confe-
rences Volume 226 (2018), 2018.

3. Ñèðîòèí Ï.Â., Ñàïåãèí À.Ã., Çëåíêî Ñ.Â. Ýêñïå-
ðèìåíòàëüíàÿ îöåíêà ïëàâíîñòè õîäà ñàìîõîäíî-
ãî êîðìîóáîðî÷íîãî êîìáàéíà // Òðóäû ÍÀÌÈ. 
2017. № 4 (271). Ñ. 67−74.

4. Muharrem KESKİN Yunus Emre ŞEKERLİ. An 
Evaluation of Combine Harvester Accidents in 
Turkey. Keskin ve Şekerli, 2018 | MKÜ Ziraat 
Fakültesi Dergisi, 23(2):137-147. ISSN:1300-9362 
23(2):137-147 (2018).

5. Îá óòâåðæäåíèè Ñòðàòåãèè ðàçâèòèÿ ñåëüñêîõî-
çÿéñòâåííîãî ìàøèíîñòðîåíèÿ Ðîññèè íà ïåðèîä 
äî 2030 ã.: ðàñïîðÿæåíèå Ïðàâèòåëüñòâà ÐÔ 
îò 07.07.2017 № 1455-ð.

6. Î Ñòðàòåãèè íàöèîíàëüíîé áåçîïàñíîñòè Ðîñ-
ñèéñêîé Ôåäåðàöèè: óêàç Ïðåçèäåíòà ÐÔ îò 
31.12.2015 № 683.

7. Ðîòåíáåðã Ð.Â. Ïîäâåñêà àâòîìîáèëÿ. Èçä. 3-å, 
ïåðåðàá. è äîï. Ì., «Ìàøèíîñòðîåíèå», 1972. 
392 ñ.

8. Æèëåéêèí Ì.Ì., Ñèðîòèí Ï.Â. Ñïîñîá ñòàáèëè-
çàöèè äâèæåíèÿ ñàìîõîäíûõ òðàíñïîðòíî-òåõíî-
ëîãè÷åñêèõ ìàøèí: ïàòåíò Ðîññèè № 2 708 404, 
2019, Áþë. 34. 

9. Àíäðþùåíêî Â.À. Òåîðèÿ ñèñòåì àâòîìàòè÷å-
ñêîãî óïðàâëåíèÿ: ó÷åáíîå ïîñîáèå. Ë.: Èçä.-
âî Ëåíèíãðàäñêîãî óíèâåðñèòåòà, 1990. 256 ñ.

10. Æèëåéêèí Ì.Ì. Òåîðåòè÷åñêèå îñíîâû ïîâû-
øåíèÿ ïîêàçàòåëåé óñòîé÷èâîñòè è óïðàâëÿåìî-



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 5, 2020

Ý
Ê

Î
Ë

Î
Ã

È
×

Å
Ñ

Ê
È

 ×
È

Ñ
Ò

Û
Å

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
È

 È
 Î

Á
Î

Ð
Ó

Ä
Î

Â
À

Í
È

Å

Ñèðîòèí Ï.Â.
Ñèíòåç çàêîíà îïòèìàëüíîãî óïðàâëåíèÿ ñèñòåìîé àêòèâíîé äèíàìè÷åñêîé ñòàáèëèçàöèè 

äâèæåíèÿ ñàìîõîäíîé ìàøèíû ñ íàâåñíûì ðàáî÷èì îðãàíîì

12

ñòè êîëåñíûõ ìàøèí íà áàçå ìåòîäîâ íå÷åòêîé 
ëîãèêè: ìîíîãðàôèÿ. Ì.: 2016. 238 ñ.

11. Åëèñååâ Ñ.Â. Äèíàìèêà óïðàâëÿåìûõ ìåõàíè÷å-
ñêèõ ñèñòåì / ïîä. ðåä. Ñ.Â.Åëèñååâà. Èðêóòñê, 
ÈÏÈ, 1982. 186 ñ.

12. Ñèðîòèí Ï.Â., Ëåáåäèíñêèé È.Þ., Êðàâ÷åíêî Â.Â. 
Àíàëèç âèáðîàêóñòè÷åñêîé íàãðóæåííîñòè ðà-
áî÷åãî ìåñòà îïåðàòîðîâ çåðíîóáîðî÷íûõ êîì-
áàéíîâ // Ñîâðåìåííûå íàóêîåìêèå òåõíîëî-
ãèè. Ðåãèîíàëüíîå ïðèëîæåíèå. 2018. № 1 (53). 
Ñ. 113−121.

13. Âàíüêî Â.È., Åðìîøèíà Î.Â., Êóâûðêèí Ã.Í. 
Âàðèàöèîííîå èñ÷èñëåíèå è îïòèìàëüíîå 
óïðàâëåíèå: ó÷åá. äëÿ âóçîâ / Ïîä ðåä. Â.Ñ. Çà-
ðóáèíà, À.Ï. Êðèùåíêî. 3-å èçä., èñïðàâë. Ì.: 
Èçä-âî ÌÃÒÓ èì. Í.Ý.Áàóìàíà, 2006. 488 ñ. 

14. Æèëåéêèí Ì.Ì., Ñèðîòèí Ï.Â. Èññëåäîâàíèå 
äèíàìèêè äâèæåíèÿ çåðíî- è êîðìîóáîðî÷íûõ 
êîìáàéíîâ ìåòîäàìè ìàòåìàòè÷åñêîãî è èìèòà-
öèîííîãî ìîäåëèðîâàíèÿ // Òðàêòîðû è ñåëüõîç-
ìàøèíû. 2019. № 1. Ñ. 53−59.

15. Êîð÷àãèí Ï.Â., Å.À. Êîð÷àãèíà, È.À. ×àêóðèí. 
Ñíèæåíèå äèíàìè÷åñêèõ âîçäåéñòâèé íà îïåðà-
òîðà àâòîãðåéäåðà â òðàíñïîðòíîì ðåæèìå: ìî-
íîãðàôèÿ. Îìñê: ÑèáÀÄÈ, 2009. 195 ñ.

References
1. Babkin K.A. Razumnaya promyshlennaya politika 

ili kak nam vyyti iz krizisa [Reasonable industrial 
policy or how we get out of the crisis]. Moscow: 
2008. 100 p.

2. Sirotin P.V., Sapegin A.G., Zlenko S.V. Experi-
mental studies of ride quality of self-propelled com-
bine harvester // XIV International Scientific-Tech-
nical Conference “Dynamic of Technical Systems” 
(DTS-2018). September 12–14, 2018. Rostov-on-
Don, Russian Federation,: MATEC Web of Confer-
ences Volume 226 (2018), 2018.

3. Sirotin P.V., Sapegin A.G., Zlenko S.V. Exper-
imental evaluation of the smooth running of a 
self-propelled forage harvester. Trudy NAMI. 2017. 
No 4 (271), pp. 67–74.

4. Muharrem KESKİN Yunus Emre ŞEKERLİ. An 
Evaluation of Combine Harvester Accidents in 
Turkey. Keskin ve Şekerli, 2018 | MKÜ Ziraat 
Fakültesi Dergisi, 23(2):137-147. ISSN:1300-9362 
23(2):137-147 (2018).

5. Rasporyazheniye Pravitel'stva RF ot 07.07.2017 
№ 1455-r Ob utverzhdenii Strategii razvitiya 
sel'skokhozyaystven-nogo mashinostroyeniya 
Rossii na period do 2030 g. [Order of the Govern-
ment of the Russian Federation of July 07, 2017 
No. 1455-r Approval of the Strategy for the devel-

opment of agricultural engineering in Russia for the 
period up to 2030.].

6. Ukaz Prezidenta RF ot 31.12.2015 No 683 O Strate-
gii natsional'noy bezopasnosti Rossiyskoy Federat-
sii [Decree of the President of the Russian Federa-
tion of December 31, 2015 No. 683 The National 
Security Strategy of the Russian Federation]. 

7. Rotenberg R.V. Podveska avtomobilya [Vehicle 
suspension]. Izd. 3-e, pererab. i dop. Moscow, 
Mashinostroyenie Publ., 1972. 392 p.

8. Zhileykin M.M., Sirotin P.V. Sposob stabilizatsii 
dvizheniya samokhodnykh transportno-tekhno-
logicheskikh mashin [A method for stabilizing the 
movement of self-propelled transport and techno-
logical machinery]. Patent Rossii No 2 708 404. 
2019. Byul. 34. 

9. Andryushchenko V.A. Teoriya sistem avtomatich-
eskogo upravleniya: uchebnoye posobiye [Theory 
of automatic control systems]. Leningrad: Izd.-vo 
Leningradskogo universiteta Publ., 1990. 256 p.

10. Zhileykin M.M. Teoreticheskiye osnovy povysh-
eniya pokazateley ustoychivosti i upravlyayemos-
ti kolesnykh mashin na baze metodov nechetkoy 
logiki [Theoretical foundations for increasing sta-
bility and controllability indicators of wheeled ve-
hicles based on fuzzy logic methods]: monografiya. 
Moscow: 2016. 238 p.

11. Yeliseyev S.V. Dinamika upravlyayemykh me-
khanicheskikh system [Dynamics of controlled me-
chanical systems]. Pod.red. S.V.Eliseyeva. Irkutsk, 
IPI Publ., 1982. 186 p.

12. Sirotin P.V., Lebedinskiy I.YU., Kravchenko V.V. 
Analysis of vibroacoustic loading of the work-
place of combine harvester operators. Sovremen-
n•yye naukoyemkiye tekhnologii. Regional'noye 
prilozheniye. 2018. No 1(53), pp. 113–121.

13. Van'ko V.I., Yermoshina O.V., Kuvyrkin G.N. Var-
iatsionnoye ischisleniye i optimal'noye upravleniye 
[Calculus of variations and optimal control]: Ucheb. 
dlya VUZov. Pod red. V.S.Zarubina, A.P.Krish-
chenko. 3-e izd., ispravl. Moscow: Izd-vo MGTU 
im. N.E.Baumana Publ., 2006. 488 p. 

14. Zhileykin M.M., Sirotin P.V. The study of the 
dynamics of the grain and forage harvesting com-
bines by methods of mathematical and simulation 
modeling. Traktory i sel'khozmashiny. 2019. No 1, 
pp. 53–59.

15. Korchagin P.V., Korchagina YE.A., Chakurin I.A. 
Snizheniye dinamicheskikh vozdeystviy na oper-
atora avto-greydera v transportnom rezhime [Re-
duction of dynamic impacts on the motor grader 
operator in transport mode]. Monografiya. Omsk: 
SiBADI Publ., 2009. 195 p.


