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Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ñïîñîáîâ ïîâûøåíèÿ ïðîèçâîäèòåëüíîñòè òðóäà ïðè âûïîëíåíèè ñåëüñêî-
õîçÿéñòâåííûõ ðàáîò ÿâëÿåòñÿ âíåäðåíèå ñèñòåì òî÷íîãî çåìëåäåëèÿ. Âàæíåéøèì ýëåìåíòîì òàêèõ ñèñòåì 
ÿâëÿþòñÿ ïîäðóëèâàþùèå óñòðîéñòâà è ñèñòåìû àâòîïèëîòèðîâàíèÿ. Â ÀëòÃÒÓ èì È.È. Ïîëçóíîâà ïðîâî-
äÿòñÿ èññëåäîâàíèÿ, öåëüþ êîòîðûõ ÿâëÿåòñÿ ðàçðàáîòêà ñèñòåìû óïðàâëåíèÿ äâèæåíèåì äëÿ êîëåñíûõ ñåëü-
ñêîõîçÿéñòâåííûõ ìàøèí ñ èñïîëüçîâàíèåì ñïóòíèêîâûõ ðàäèîíàâèãàöèîííûõ ñèñòåì. Îäíèì èç íàèáîëåå 
âàæíûõ ýòàïîâ ïðè ýòîì ÿâëÿåòñÿ àïðîáàöèÿ äàííîé ñèñòåìû â ðåàëüíûõ äîðîæíûõ óñëîâèÿõ. Íà íà÷àëüíûõ 
ýòàïàõ èññëåäîâàíèé áûëà ðàçðàáîòàíà ñòðóêòóðà ïðîãðàììíî-àïïàðàòíûõ ñðåäñòâ ýëåêòðîìåõàíè÷åñêîé ñè-
ñòåìû óïðàâëåíèÿ è ïðîâåäåíû åå ëàáîðàòîðíûå èñïûòàíèÿ â ðåæèìå ðåàëüíîãî âðåìåíè. Â ñîñòàâ ñèñòåìû 
óïðàâëåíèÿ âõîäÿò: áåñêîëëåêòîðíûé äâèãàòåëü ñ áëîêîì óïðàâëåíèÿ, óñòðîéñòâî ÖÀÏ/ÀÖÏ, íàâèãàöèîííûé 
ïðèåìíèê, äàò÷èê óãëà ïîâîðîòà óïðàâëÿåìûõ êîëåñ è ÏÊ ñ óïðàâëÿþùåé ïðîãðàììîé. Äîðîæíûå èñïûòà-
íèÿ ñèñòåìû óïðàâëåíèÿ áûëè ïðîâåäåíû íà òðàêòîðå ÌÒÇ-1221.2. Ïðåäâàðèòåëüíî ñ ïîìîùüþ ñïóòíèêîâî-
ãî ðàäèîíàâèãàöèîííîãî ïðèåìíèêà ÃËÎÍÀÑÑ/GPS áûëà çàïèñàíà òðåáóåìàÿ òðàåêòîðèÿ äâèæåíèÿ. Çàòåì 
îñóùåñòâëÿëîñü äâèæåíèå ïî çàäàâàåìîé òðàåêòîðèè ñ èñïîëüçîâàíèåì ðàçðàáîòàííîé ýëåêòðîìåõàíè÷åñêîé 
ñèñòåìû óïðàâëåíèÿ. Äîðîæíûå èñïûòàíèÿ ïîäòâåðäèëè äîñòàòî÷íî õîðîøóþ ðàáîòîñïîñîáíîñòü ðàçðàáîòàí-
íîé ñèñòåìû. Ïðè äâèæåíèè ïî ïðÿìîëèíåéíîé òðàåêòîðèè ñî ñðåäíåé ñêîðîñòüþ 1,5 ì/ñ ìàêñèìàëüíàÿ îøèá-
êà ñîñòàâèëà 0,23 ì, ñðåäíåå êâàäðàòè÷íîå îòêëîíåíèå – 0,09 ì. Ïðè äâèæåíèè ïî êðèâîëèíåéíîé òðàåêòîðèè 
ñî ñðåäíåé ñêîðîñòüþ 1,3 ì/ñ ìàêñèìàëüíàÿ îøèáêà ñîñòàâèëà 0,61 ì, ñðåäíåå êâàäðàòè÷íîå îòêëîíåíèå – 
0,27 ì. Â ïåðñïåêòèâå ïðåäïîëàãàåòñÿ àïðîáàöèÿ ðàçðàáîòàííîé ýëåêòðîìåõàíè÷åñêîé ñèñòåìû â ðåàëüíûõ 
ðàáî÷èõ óñëîâèÿõ ïðè ïðîâåäåíèè ïîëåâûõ ðàáîò.
Êëþ÷åâûå ñëîâà: òî÷íîå çåìëåäåëèå, ýëåêòðîìåõàíè÷åñêàÿ ñèñòåìà óïðàâëåíèÿ äâèæåíèåì, êîëåñíàÿ ìàøè-
íà, äîðîæíûé ýêñïåðèìåíò, ñïóòíèêîâûå ðàäèîíàâèãàöèîííûå ñèñòåìû, òðàêòîð ÌÒÇ-1221.2.

Precision farming systems implementation is one of the most efficient ways to increase labour productivity in agricul-
ture. Key elements of such systems include auxiliary thrust devices and auto-piloting systems. Altai State Technical 
University specialists conduct researches to develop vehicle wheelbase motion control systems for farm vehicles 
featuring satellite radio navigation systems. One of the most important parts of those research projects takes place 
during system testing in real road conditions. At the initial stages of the research, the structure of the firmware of 
the electromechanical control system was developed and its laboratory testing was carried out in real time mode. 
The control system consists of: brushless motor with a control unit, DAC/ADC device, navigation receiver, steering 
angle sensor and PC with a control program. On-road test of the control system were on the tractor MTZ-1221.2. 
Required trajectories had been set up before the experiment with a radio navigation receiver GLONASS/GPS. After 
that, the vehicle was directed along the trajectories with an electromechanical control system. On-road tests have 
confirmed a reasonably good efficiency of the developed system. On a rectilinear trajectory, at an average speed of 
1,5 m/s maximum error made 0,23 m, standard deviation made 0,09 m. On a curved trajectory, at an average speed of 
1,3 m/s maximum error made 0,61 m, standard deviation made 0,27 m. In future it is planned testing of the developed 
electromechanical system under actual operating conditions during the field work.
Keywords: precision farming, electromechanical motion control system, wheeled machinery, on-road experiment, 
satellite radio navigation systems, tractor MTZ-1221.2.
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Ââåäåíèå
Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ñïîñî-

áîâ ïîâûøåíèÿ ïðîèçâîäèòåëüíîñòè òðóäà 
ïðè âûïîëíåíèè ñåëüñêîõîçÿéñòâåííûõ ðàáîò 
ÿâëÿåòñÿ âíåäðåíèå ñèñòåì òî÷íîãî çåìëåäå-
ëèÿ, íåîòúåìëåìîé ÷àñòüþ êîòîðûõ ÿâëÿþò-
ñÿ ñèñòåìû ïàðàëëåëüíîãî è àâòîìàòè÷åñêîãî 
âîæäåíèÿ. Äàííûå óñòðîéñòâà ïîëó÷èëè øè-
ðîêîå ðàñïðîñòðàíåíèå â Àìåðèêå, Êàíàäå, 
ñòðàíàõ Çàïàäíîé Åâðîïû è ñ íåäàâíèõ ïîð 
àêòèâíî âíåäðÿþòñÿ íà òåððèòîðèè Ðîññèé-
ñêîé Ôåäåðàöèè. Ïðèìåíåíèå ñèñòåì òî÷íîãî 
çåìëåäåëèÿ ïîçâîëÿåò ñóùåñòâåííî ïîâûñèòü 
ýêîíîìè÷åñêóþ ýôôåêòèâíîñòü èñïîëüçîâàíèÿ 
ñåëüñêîõîçÿéñòâåííûõ ìàøèí, ÷òî îòìå÷àåòñÿ 
â ìíîæåñòâå ïóáëèêàöèé [1–4]. Îäíàêî ñëåäóåò 
îòìåòèòü îòñóòñòâèå íà îòå÷åñòâåííîì ðûíêå 
ñèñòåì ïîäðóëèâàíèÿ è àâòîïèëîòèðîâàíèÿ 
ðîññèéñêîãî ïðîèçâîäñòâà.

Â ÀëòÃÒÓ èì. È.È. Ïîëçóíîâà ïðîâîäÿò-
ñÿ ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ, öåëüþ 
êîòîðûõ ÿâëÿþòñÿ ðàçðàáîòêà è ñîçäàíèå îòå-
÷åñòâåííîé ñèñòåìû ïàðàëëåëüíîãî âîæäåíèÿ 
äëÿ óïðàâëåíèÿ äâèæåíèåì êîëåñíûõ ñåëüñêîõî-
çÿéñòâåííûõ ìàøèí ñ èñïîëüçîâàíèåì ñïóòíè-
êîâûõ ðàäèîíàâèãàöèîííûõ ñèñòåì ÃËÎÍÀÑÑ/
GPS è åå ïîñëåäóþùèå àïðîáàöèÿ è âíåäðåíèå â 
õîçÿéñòâà ðåãèîíà. Ïðè ýòîì î÷åíü âàæíûì ÿâ-
ëÿåòñÿ ïðîâåäåíèå äîðîæíûõ è ïîëåâûõ èñïûòà-
íèé íà òðàêòîðå ñ öåëüþ âûÿâëåíèÿ âîçìîæíûõ 
êîíñòðóêòèâíûõ è ïðîãðàììíûõ íåäîðàáîòîê.

Öåëü èññëåäîâàíèÿ
Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ïðîâåäåíèå 

äîðîæíûõ èñïûòàíèé íà òðàêòîðå ÌÒÇ-1221.2 
ýëåêòðîìåõàíè÷åñêîé ñèñòåìû óïðàâëåíèÿ 
äâèæåíèåì êîëåñíîé ìàøèíû, ðàçðàáîòàííîé 
è îïðîáîâàííîé ðàíåå â ëàáîðàòîðíûõ óñëî-
âèÿõ, ïðîâåðêà ðàáîòîñïîñîáíîñòè ñèñòåìû 
â ðåàëüíûõ óñëîâèÿõ, âûÿâëåíèå âîçìîæíûõ 
êîíñòðóêòèâíûõ è ïðîãðàììíûõ íåäîðàáîòîê.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íåîá-

õîäèìî àäàïòèðîâàòü ýëåìåíòû ýëåêòðîìåõà-
íè÷åñêîé ñèñòåìû äëÿ òðàêòîðà ÌÒÇ-1221.2, 
ïðîâåñòè ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ 
óïðàâëÿåìîãî äâèæåíèÿ òðàêòîðà ïî çàäàâà-
åìîé òðàåêòîðèè ñ èñïîëüçîâàíèåì ðàçðàáî-
òàííîé ñèñòåìû óïðàâëåíèÿ, ïðîâåñòè àíàëèç 
ðåçóëüòàòîâ ýêñïåðèìåíòà, îöåíèòü ðàáîòîñïî-
ñîáíîñòü ñèñòåìû óïðàâëåíèÿ è ñäåëàòü ñîîò-
âåòñòâóþùèå âûâîäû.

Ñòðóêòóðà ýëåêòðîìåõàíè÷åñêîé 
ñèñòåìû óïðàâëåíèÿ
Ïðè ñîçäàíèè ýëåêòðîìåõàíè÷åñêîé ñèñòå-

ìû óïðàâëåíèÿ áûëè èñïîëüçîâàíû ñëåäóþ-
ùèå àïïàðàòíûå ñðåäñòâà (ðèñ. 1):

– GNSS-ïðèåìíèê RTK Emlid Reach ñ âîç-
ìîæíîñòüþ ðàáîòû â ðåæèìå RTK;

– áåñêîëëåêòîðíûé ýëåêòðîäâèãàòåëü 
FL86BLS98 ñ áëîêîì óïðàâëåíèÿ BLSD-50;

– äâóõêàíàëüíûé öèôðî-àíàëîãîâûé (ÖÀÏ) 
è àíàëîãî-öèôðîâîé (ÀÖÏ) ïðåîáðàçîâàòåëè, 
èíòåãðèðîâàííûå â îäíîì ôèçè÷åñêîì óñòðîé-
ñòâå L-Card E14-140M;

– ïîòåíöèîìåòðè÷åñêèé äàò÷èê óãëà ïîâî-
ðîòà êîëåñ ÌÓ-615;

– ïðåîáðàçîâàòåëü íàïðÿæåíèÿ äëÿ ïèòàíèÿ 
îò ýëåêòðè÷åñêîé ñåòè êîëåñíîé ìàøèíû;

– ÏÊ ñ îïåðàöèîííîé ñèñòåìîé ñåìåéñòâà 
Windows è íàáîðîì áèáëèîòåê NET Framework 
4.0 èëè âûøå.

Äëÿ óäîáñòâà èñïîëüçîâàíèÿ áëîê óïðàâëå-
íèÿ äâèãàòåëåì, óñòðîéñòâî ÖÀÏ/ÀÖÏ è ïðå-
îáðàçîâàòåëü íàïðÿæåíèÿ áûëè èíòåãðèðîâà-
íû â îäèí êîðïóñ (íà ðèñ. 1 – áëîê óïðàâëåíèÿ 
óñòðîéñòâàìè).

Êðîìå óêàçàííûõ âûøå óñòðîéñòâ èñïîëü-
çîâàë ñåðâèñ âèðòóàëüíûõ áàçîâûõ ñòàíöèé 
SmartNet äëÿ äîñòóïà ê êîððåêòèðóþùåé èí-
ôîðìàöèè ñ öåëüþ âûñîêîòî÷íîãî îïðåäåëåíèÿ 
òåêóùåãî ìåñòîïîëîæåíèÿ è ñêîðîñòè äâè-
æåíèÿ êîëåñíîé ìàøèíû. Ïðè ýòîì äîñòóï ê 
ñåðâèñó îñóùåñòâëÿëñÿ ñ ÏÊ ïîñðåäñòâîì èí-
òåðíåò-ñîåäèíåíèÿ ÷åðåç USB-ìîäåì, â ñâîþ 
î÷åðåäü ïîïðàâêè ñ ÏÊ íà GNSS-ïðèåìíèê 
ïåðåäàâàëèñü ïî Wi-Fi ñîåäèíåíèþ.

Ïîñëåäîâàòåëüíîñòü ôóíêöèîíèðîâàíèÿ ñè-
ñòåìû óïðàâëåíèÿ âûãëÿäèò ñëåäóþùèì îáðà-
çîì. Â óïðàâëÿþùåé ïðîãðàììå çàäàåòñÿ òðà-
åêòîðèÿ äâèæåíèÿ êîëåñíîé ìàøèíû. Ïîñëå 
íà÷àëà äâèæåíèÿ ñèñòåìà íåïðåðûâíî ñ çàäàí-
íîé ÷àñòîòîé âûïîëíÿåò ñëåäóþùèå äåéñòâèÿ:

– GNSS-ïðèåìíèê íà îñíîâå êîððåêòèðó-
þùåé èíôîðìàöèè ñ áàçîâîé ñòàíöèè è ñîá-
ñòâåííûõ èçìåðåíèé âû÷èñëÿåò òåêóùèå êî-
îðäèíàòû ìåñòîíàõîæäåíèÿ êîëåñíîé ìàøèíû 
è ïðîåêöèè ñêîðîñòåé äâèæåíèÿ íà íåïîäâèæ-
íûå êîîðäèíàòíûå îñè;

– ñ äàò÷èêà óãëà ïîâîðîòà êîëåñ ñ÷èòûâàåò-
ñÿ íàïðÿæåíèå, ñîîòâåòñòâóþùåå îïðåäåëåí-
íîìó óãëó;

– ñ óïðàâëÿþùåãî áëîêà ýëåêòðîäâèãàòåëÿ 
ñ÷èòûâàþòñÿ ñèãíàëû ñ äàò÷èêîâ Õîëëà;
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– íàïðÿæåíèå ñ äàò÷èêà óãëà ïîâîðîòà 
êîëåñ è ñèãíàëû ñ äàò÷èêîâ Õîëëà ïîñòóïàþò 
íà ÀÖÏ, à îòòóäà ïåðåäàþòñÿ â óïðàâëÿþùóþ 
ïðîãðàììó íà ÏÊ;

– íà îñíîâàíèè ïîëó÷åííûõ äàííûõ óïðàâ-
ëÿþùàÿ ïðîãðàììà ðàññ÷èòûâàåò òåêóùèé 
óãîë ïîâîðîòà óïðàâëÿåìûõ êîëåñ, íàïðàâëå-
íèå âðàùåíèÿ ýëåêòðîäâèãàòåëÿ, âû÷èñëÿåò 
îòêëîíåíèå êîëåñíîé ìàøèíû îò çàäàííîé òðà-
åêòîðèè äâèæåíèÿ è îïðåäåëÿåò íåîáõîäèìûé 
óãîë ïîâîðîòà êîëåñ, êîòîðûé òðåáóåòñÿ ðåà-
ëèçîâàòü, ÷òîáû îáåñïå÷èòü äâèæåíèå ïî íåîá-
õîäèìîé òðàåêòîðèè;

– èñõîäÿ èç âåëè÷èíû òðåáóåìîãî óãëà ïîâî-
ðîòà êîëåñ, íà îñíîâàíèè ìîäåðíèçèðîâàííîãî 
àëãîðèòìà ÏÈÄ-ðåãóëèðîâàíèÿ îïðåäåëÿþòñÿ 
âåëè÷èíà óïðàâëÿþùåãî íàïðÿæåíèÿ è íåîáõî-
äèìîå íàïðàâëåíèå âðàùåíèÿ ýëåêòðîäâèãàòåëÿ;

– ýòè çíà÷åíèÿ ïåðåäàþòñÿ ÷åðåç ÖÀÏ íà 
áëîê óïðàâëåíèÿ äâèãàòåëåì, à îòòóäà äëÿ ðå-
àëèçàöèè – íà ñàì ýëåêòðîäâèãàòåëü.

Äîðîæíûå èñïûòàíèÿ
Ðàíåå ðàçðàáàòûâàåìàÿ ñèñòåìà óïðàâëå-

íèÿ ïðîøëà ðÿä óñïåøíûõ èñïûòàíèé íà ýêñ-
ïåðèìåíòàëüíîì ñòåíäå ñ èñïîëüçîâàíèåì ìà-
òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ óïðàâëÿåìîãî 
äâèæåíèÿ â ðåæèìå ðåàëüíîãî âðåìåíè [5]. 

Âî âðåìÿ ìîäåëèðîâàíèÿ ðåàëüíàÿ êîëåñíàÿ 
ìàøèíà çàìåíÿëàñü åå ìàòåìàòè÷åñêîé ìîäå-
ëüþ, ïîëó÷åííîé ñ èñïîëüçîâàíèåì äèôôåðåí-
öèàëüíûõ óðàâíåíèé ïëîñêîãî äâèæåíèÿ [6], 
ðåàëüíî ñóùåñòâîâàëè òîëüêî ïåðåäíÿÿ ïîä-
âåñêà è ðóëåâîé ìåõàíèçì àâòîìîáèëÿ. Â äàëü-
íåéøåì áûëè ïðîâåäåíû äîðîæíûå èñïûòàíèÿ 
íà òðàêòîðå ÌÒÇ-80.1 [7], â ðåçóëüòàòå êîòîðûõ 
áûëà óñòàíîâëåíà äîñòàòî÷íî õîðîøàÿ ðàáîòî-
ñïîñîáíîñòü ñèñòåìû óïðàâëåíèÿ ïðè ïðÿìî-
ëèíåéíîé çàäàâàåìîé òðàåêòîðèè äâèæåíèÿ, íî 
âñëåäñòâèå òóãîãî ðóëåâîãî óïðàâëåíèÿ è çíà-
÷èòåëüíûõ ëþôòîâ ðóëåâîãî êîëåñà ñèñòåìà íå 
ñìîãëà îáåñïå÷èòü êà÷åñòâåííîå äâèæåíèå ïî 
êðèâîëèíåéíîé òðàåêòîðèè. 

Äàëüíåéøèå èñïûòàíèÿ áûëè ïðîäîëæåíû 
íà ñîâðåìåííîì òðàêòîðå ÌÒÇ-1221.2 ñ áîëåå 
ëåãêèì ðóëåâûì óïðàâëåíèåì. Äëÿ ýòîãî áûë 
ñêîíñòðóèðîâàí íîâûé êðîíøòåéí äëÿ êðå-
ïëåíèÿ ýëåêòðîäâèãàòåëÿ ê ðóëåâîìó êîëåñó, 
à òàêæå ìîäåðíèçèðîâàíî êðåïëåíèå äàò÷èêà 
óãëà ïîâîðîòà êîëåñ äëÿ êîíêðåòíîé ìîäåëè 
òðàêòîðà. 

Äîðîæíûé ýêñïåðèìåíò ïðîõîäèë íà áàçå 
ó÷åáíî-îïûòíîé ñåëüñêîõîçÿéñòâåííîé ñòàíöèè 
Àëòàéñêîãî ãîñóäàðñòâåííîãî àãðàðíîãî óíè-
âåðñèòåòà. Íà ðèñ. 2–4 ïðåäñòàâëåí êîìïëåêò 
èñïîëüçóåìîãî íà ýêñïåðèìåíòå îáîðóäîâàíèÿ.

Ðèñ. 1. Ñõåìà âçàèìîäåéñòâèÿ àïïàðàòíûõ ÷àñòåé ñèñòåìû óïðàâëåíèÿ
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Ýêñïåðèìåíò ïðîâîäèëñÿ â ñëåäóþùåé ïî-
ñëåäîâàòåëüíîñòè. Ñíà÷àëà âîäèòåëþ òðàêòîðà 
ïðåäëàãàëîñü ïðîåõàòü ïî ïðîèçâîëüíîé òðà-
åêòîðèè. Â ýòî âðåìÿ ïðîèñõîäèëà çàïèñü êî-

Ðèñ. 2. Êðåïëåíèå óïðàâëÿþùåãî ýëåêòðîäâèãàòåëÿ 
ê ðóëåâîìó êîëåñó

Ðèñ. 3. Áëîê óïðàâëåíèÿ óñòðîéñòâàìè

Ðèñ. 4. Êðåïëåíèå äàò÷èêà óãëà ïîâîðîòà 
óïðàâëÿåìûõ êîëåñ

îðäèíàò òðàåêòîðèè äâèæåíèÿ, ôîðìèðîâàëñÿ 
ñïèñîê áàçîâûõ òî÷åê çàäàâàåìîé òðàåêòîðèè. 
Çàòåì òðàêòîð âîçâðàùàëñÿ â íà÷àëüíîå ïîëî-
æåíèå, è çàäàâàåìàÿ òðàåêòîðèÿ äîëæíà áûëà 
áûòü ðåàëèçîâàíà ñ èñïîëüçîâàíèåì ðàçðàáî-
òàííîé ýëåêòðîìåõàíè÷åñêîé ñèñòåìû óïðàâ-
ëåíèÿ áåç âìåøàòåëüñòâà âîäèòåëÿ â ïðîöåññ 
óïðàâëåíèÿ.

Ðåçóëüòàòû èñïûòàíèé
Âî âðåìÿ ýêñïåðèìåíòà îñóùåñòâëÿëîñü 

óïðàâëÿåìîå äâèæåíèå ïî ðàçëè÷íûì çàäàâà-
åìûì òðàåêòîðèÿì. Íà ðèñ. 5 ïðåäñòàâëåíû 
çàäàâàåìàÿ è ðåàëèçîâàííàÿ òðàåêòîðèè ïðè 
ïðÿìîëèíåéíîé äâèæåíèè ñî ñðåäíåé ñêîðî-
ñòüþ òðàêòîðà V

ñðåä
 = 1,5 ì/ñ, âðåìåíåì ïðî-

ãíîçà t
ïðîãíîçà

 = 1 ñ è êîýôôèöèåíòîì óñèëåíèÿ 
k

óñèëåíèÿ
 = 0,5. Íà ðèñ. 6 ïðèâåäåíû ãðàôèêè 

òðåáóåìîãî è äåéñòâèòåëüíîãî óãëîâ ïîâîðîòà 
óïðàâëÿåìûõ êîëåñ ïðè äàííîì äâèæåíèè.

Ìàêñèìàëüíàÿ îøèáêà â äàííîì ýêñïåðè-
ìåíòå ñîñòàâèëà E

max
 = 0,23 ì, ñðåäíåå êâàäðà-

òè÷íîå îòêëîíåíèå –  = 0,09 ì.

Ðèñ. 5. Çàäàâàåìàÿ è ðåàëèçîâàííàÿ òðàåêòîðèè ïðè ïðÿìîëèíåéíîì äâèæåíèè
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Íà ðèñ. 7 ïðåäñòàâëåíû çàäàâàåìàÿ è ðåàëè-
çîâàííàÿ òðàåêòîðèè äâèæåíèÿ ïðè êðèâîëè-
íåéíîì äâèæåíèè ñ V

ñðåä
 = 1,3 ì/ñ, t

ïðîãíîçà
 = 1 ñ è 

k
óñèëåíèÿ

 = 0,5; íà ðèñ. 8 – çíà÷åíèÿ òðåáóåìîãî è äåé-

Ðèñ. 6. Òðåáóåìûé è äåéñòâèòåëüíûé óãëû ïîâîðîòà óïðàâëÿåìûõ êîëåñ ïðè ïðÿìîëèíåéíîì äâèæåíèè

ñòâèòåëüíîãî óãëîâ ïîâîðîòà óïðàâëÿåìûõ êîëåñ.
Ìàêñèìàëüíàÿ îøèáêà ïðè äàííîì äâèæå-

íèè ñîñòàâèëà E
max

 = 0,61 ì, ñðåäíåå êâàäðà-
òè÷íîå îòêëîíåíèå –  = 0,27 ì.

Ðèñ. 7. Çàäàâàåìàÿ è ðåàëèçîâàííàÿ òðàåêòîðèè ïðè êðèâîëèíåéíîì äâèæåíèè

Ðèñ. 8. Òðåáóåìûé è äåéñòâèòåëüíûé óãëû ïîâîðîòà óïðàâëÿåìûõ êîëåñ ïðè êðèâîëèíåéíîì äâèæåíèè
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Âûâîäû
Ðåçóëüòàòû ïðîâåäåííîãî ýêñïåðèìåíòà 

ñâèäåòåëüñòâóþò î äîñòàòî÷íî õîðîøåì ôóíê-
öèîíèðîâàíèè ðàçðàáîòàííîé ýëåêòðîìåõà-
íè÷åñêîé ñèñòåìû óïðàâëåíèÿ äâèæåíèÿ â 
äîðîæíûõ óñëîâèÿõ. Ïðè çàäàâàåìîì äâèæå-
íèè, áëèçêîì ê ïðÿìîëèíåéíîìó (èìåííî îíî 
ÿâëÿåòñÿ îñíîâíûì ïðè âûïîëíåíèè ñåëüñêî-
õîçÿéñòâåííûõ ðàáîò), îòêëîíåíèÿ îò çàäàâàå-
ìîé òðàåêòîðèè íå ïðåâûøàþò 0 ,2 ì. Ñèñòåìà 
òàêæå îáåñïå÷èâàåò êà÷åñòâåííîå äâèæåíèå 
ïî êðèâîëèíåéíîé òðàåêòîðèè. Â ïåðñïåêòè-
âå ïðåäïîëàãàåòñÿ àïðîáàöèÿ ðàçðàáîòàííîé 
ýëåêòðîìåõàíè÷åñêîé ñèñòåìû â ðåàëüíûõ óñ-
ëîâèÿõ ïðè ïðîâåäåíèè ïîëåâûõ ðàáîò.
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