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Îáçîð ñèñòåì óïðàâëåíèÿ ïðî-
ìûøëåííûìè òðàíñïîðòíûìè ñðåä-
ñòâàìè

Â íàñòîÿùåå âðåìÿ íàðàñòàþò òåí-
äåíöèè ïî óâåëè÷åíèþ àâòîíîì-

íîñòè ðàçëè÷íûõ ïîäâèæíûõ ñðåäñòâ 
â ïðîìûøëåííîñòè è ñåëüñêîì õîçÿé-
ñòâå. Âàæíåéøåé çàäà÷åé, ðåøåíèå 
êîòîðîé íåîáõîäèìî äëÿ ïîñòðîåíèÿ 
èíòåëëåêòóàëüíûõ ñèñòåì óïðàâëåíèÿ 
äâèæóùèìèñÿ ñðåäñòâàìè, ÿâëÿåòñÿ 
ñîçäàíèå ýôôåêòèâíîé âûñîêîòî÷íîé 
ñèñòåìû íàâèãàöèè.

Â íàñòîÿùåå âðåìÿ çàäà÷è àâòîìà-
òèçàöèè óïðàâëåíèÿ ãîðíûìè ìàøèíà-
ìè ñâîäÿòñÿ ê äèñïåò÷åðèçàöèè è ìî-
íèòîðèíãó òðàíñïîðòíîãî êîìïëåêñà. 
Äëÿ ðåøåíèÿ áîëüøèíñòâà çàäà÷ äàí-
íîãî êëàññà íå òðåáóþòñÿ âûñîêîòî÷-
íûå äàííûå î ïîçèöèîíèðîâàíèè îáú-
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Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà ñèñòåìû âûñîêîòî÷íîé ñïóòíèêîâîé íà-
âèãàöèè íà îñíîâå ôàçîâûõ èçìåðåíèé ñ ïîääåðæêîé îò èíåðöèàëüíîé ñèñòåìû 
íà áàçå ìèêðîýëåêòðîìåõàíè÷åñêèõ äàò÷èêàõ (ÌÝÌÑ ÈÍÑ). Â äàííîé ðàáîòå ðàñ-
ñìîòðåí ìåòîä ôàçîâûõ èçìåðåíèé áåç èñïîëüçîâàíèÿ îïîðíîé ñòàíöèè è ðàññìî-
òðåíà ñòðóêòóðíàÿ ñõåìà íàâèãàöèîííîãî êîìïëåêñà, èñïîëüçóþùåãî äàííûé ìåòîä. 
Òàêæå âûïîëíåí àíàëèç òåêóùèõ âíåäðåííûõ è ðàçðàáàòûâàåìûõ àâòîìàòè÷åñêèõ 
ñèñòåì, òðåáóþùèõ âûñîêîòî÷íîé íàâèãàöèè è âîçìîæíîñòüþ åå ïðèìåíåíèÿ â 
ãîðíûõ ìàøèíàõ ñ öåëüþ àâòîìàòèçàöèè è ðîáîòèçàöèè îòêðûòûõ ãîðíûõ ðàáîò. 
Îïèñàíû îñíîâíûå îáëàñòè ïðèìåíåíèÿ ñèñòåì âûñîêîòî÷íîé íàâèãàöèè äëÿ àâ-
òîìàòèçàöèè òåõíîëîãè÷åñêèõ ïðîöåññîâ â ðàçëè÷íûõ îáëàñòÿõ ðåàëüíîãî ñåêòîðà 
ýêîíîìèêè: ïðîìûøëåííîñòè è ñåëüñêîì õîçÿéñòâå. Îïèñàíû ïðåèìóùåñòâà è íåäî-
ñòàòêè ìåòîäà RTK (êèíåìàòèêà â ðåàëüíîì âðåìåíè), ÿâëÿþùèìñÿ îñíîâíûì â ñè-
ñòåìàõ àâòîìàòèçàöèè è êðàòêî îïèñàí ìåòîä, ïðåäëàãàþùèéñÿ àâòîðàìè â êà÷åñòâå 
àëüòåðíàòèâû. Îïèñàíû îñíîâíûå ïðîáëåìû èñïîëüçîâàíèÿ íàâèãàöèîííûõ ñèñòåì 
â îòêðûòûõ êàðüåðàõ è ïóòè èõ ðåøåíèÿ. Îïèñàíû íåäîñòàòêè ïðåäñòàâëåííîãî íî-
âîãî ìåòîäà ïðèìåíèòåëüíî ê çàäà÷àì ïîçèöèîíèðîâàíèÿ è àâòîìàòèçèðîâàííîãî 
óïðàâëåíèÿ â êàðüåðàõ ïðè ïðîâåäåíèè îòêðûòûõ ãîðíûõ ðàáîò è ïóòè èõ ðåøåíèÿ 
â ðàìêàõ ïðèìåíåíèÿ óêàçàííîãî ìåòîäà.
Êëþ÷åâûå ñëîâà: ñïóòíèêîâàÿ íàâèãàöèÿ, ÈÍÑ, ÌÝÌÑ, èíòåãðèðîâàííàÿ íàâèãà-
öèÿ, ôàçîâûå èçìåðåíèÿ, îòêðûòûå ãîðíûå ðàáîòû, Simulink.

åêòà; òðåáóåìàÿ òî÷íîñòü âàðüèðóåòñÿ 
â ïðåäåëàõ 5–15 ì äëÿ ìåñòîïîëîæå-
íèÿ, òðåáîâàíèÿ ïî óãëîâîé îðèåíòà-
öèè íå ïðåäúÿâëÿþòñÿ [3]. 

Òåì íå ìåíåå, óæå ñåé÷àñ ñóùåñòâó-
þò çàäà÷è, òðåáóþùèå âûñîêîé òî÷-
íîñòè ïîçèöèîíèðîâàíèÿ ïîäâèæíûõ 
îáúåêòîâ, à èìåííî – çàäà÷è ïîñòðîå-
íèÿ ïëàíà ðàçðàáîòêè ïëàíà ãîðèçîíòà 
ðàáîòû ýêñêàâàòîðà è êîððåêòèðîâêè 
åãî ðàáîòû [3]. 

Êðîìå òîãî, â íàñòîÿùåå âðåìÿ ðàç-
ðàáàòûâàþòñÿ è ãîòîâÿòñÿ ê âíåäðå-
íèþ ñèñòåìû àâòîìàòè÷åñêîãî äâèæå-
íèÿ êàðüåðíîãî òðàíñïîðòà, äëÿ êî-
òîðûõ òðåáóþòñÿ ñèñòåìû íàâèãàöèè 
êëàññà òî÷íîñòè ïîðÿäêà íåñêîëüêèõ 
ìèëëèìåòðîâ [3, 4]. Îòäåëüíî ñëåäó-
åò îòìåòèòü áîãàòûé îïûò ðàçðàáîò-
êè è ïðèìåíåíèÿ àâòîíîìíûõ ñèñòåì 
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óïðàâëåíèÿ ïîäâèæíûìè îáúåêòàìè, 
ïðåäíàçíà÷åííûìè äëÿ ïîëåâûõ ðàáîò 
â ñåëüñêîì õîçÿéñòâå. Â äàííîé îáëà-
ñòè óñïåøíî ïðèìåíÿþòñÿ è ðàçâèâà-
þòñÿ ñèñòåìû, êîòîðûå îáåñïå÷èâàþò 
â àâòîìàòè÷åñêîì ðåæèìå íå òîëüêî 
óïðàâëåíèå äâèæåíèåì, íî òàêæå è 
âûïîëíåíèå ðàçëè÷íûõ òåõíîëîãè÷å-
ñêèõ çàäà÷; òàêèõ, êàê îáðàáîòêà ïî-
÷âû, ïîñàäêà êóëüòóð, ñáîð óðîæàÿ è 
ïð. [8]. Òàêæå íàõîäÿòñÿ â ðàçðàáîòêå 
ðàçëè÷íûå ñèñòåìû àâòîíîìíîãî äâè-
æåíèÿ ïî òåððèòîðèè ïðîìûøëåííûõ 
ïðåäïðèÿòèé [5].

Àáñîëþòíîå áîëüøèíñòâî ñèñòåì 
íàâèãàöèè äëÿ àâòîíîìíûõ ïîäâèæ-
íûõ êîìïëåêñîâ èñïîëüçóþò ìåòîä êè-
íåìàòèêè â ðåàëüíîì âðåìåíè (RTK, 
real time kinematic), îñíîâàííûé íà 
ôàçîâûõ èçìåðåíèÿõ ñ èñïîëüçîâàíè-
åì êîððåêòèðóþùåé ñòàíöèè. Äàííûé 
ìåòîä îñíîâàí íà ïðèíöèïå ôàçîâîé 
èíòåðôåðîìåòðèè, òî åñòü èçìåðåíèÿ 
ðàçíîñòè ôàç ìåæäó îïîðíîé ñòàíöè-
åé è ïîäâèæíûì îáúåêòîì. RTK ÿâëÿ-
åòñÿ íàèáîëåå ïîäõîäÿùèì ìåòîäîì 
ïîçèöèîíèðîâàíèÿ â ðåàëüíîì âðåìå-
íè, òàê êàê, ñ îäíîé ñòîðîíû, ïðåäî-
ñòàâëÿåò íàâèãàöèîííûå äàííûå âûñî-
êîé òî÷íîñòè, à ñ äðóãîé – íå òðåáóåò 
âðåìåíè äëÿ èíèöèàëèçàöèè. Â ïðå-
äûäóùèõ ðàáîòàõ [1, 2] ïðåäñòàâëåí 
íîâûé ïðèíöèï ñîâìåñòíîé îáðàáîò-
êè äàííûõ ôàçîâûõ ñïóòíèêîâûõ èç-

ìåðåíèé è èíåðöèàëüíîé ñèñòåìû, 
ïîçâîëÿþùèé èñêëþ÷èòü èç íàâèãàöè-
îííîãî êîìïëåêñà êîððåêòèðóþùóþ 
ñòàíöèþ ïðè ñîõðàíåíèè òðåáóåìîé 
òî÷íîñòè èçìåðåíèé. Â äàííîé ðàáî-
òå ïðåäñòàâëåíû ðåçóëüòàòû äàëüíåé-
øèõ èññëåäîâàíèé äàííîãî ìåòîäà è 
ðàññìîòðåíû ñïîñîáû è îñîáåííîñòè 
åãî ïðèìåíåíèÿ ïðè îòêðûòûõ ãîðíûõ 
ðàáîòàõ.

Ìåòîä íàâèãàöèîííûõ èçìåðåíèé
Â ïðåäûäóùèõ ðàáîòàõ [1, 2] ïðåä-

ñòàâëåí ìåòîä íàâèãàöèîííûõ èçìå-
ðåíèé, ïîçâîëÿþùèé ïðîâîäèòü îá-
ðàáîòêó ôàçîâûõ íàâèãàöèîííûõ èç-
ìåðåíèé áåç èñïîëüçîâàíèÿ áàçîâîé 
ñòàíöèè. Îòëè÷èå äàííîãî ìåòîäà îò 
êëàññè÷åñêîãî îòëè÷àåòñÿ òåì, ÷òî îí 
îöåíèâàåò ôàçó íà ïåðåäàþùåé àíòåí-
íå ñ èñïîëüçîâàíèåì èçìåðåíèé ÈÍÑ. 
Öåëî÷èñëåííàÿ íåîäíîçíà÷íîñòü ðå-
øàåòñÿ ìåòîäîì äâóõ÷àñòîòíûõ èçìå-
ðåíèé. Íà÷àëüíàÿ ôàçà ïðèåìíèêà 
îöåíèâàåòñÿ â ôèëüòðå Êàëìàíà ïðè 
èñïîëüçîâàíèè ïÿòè íàâèãàöèîííûõ 
ñïóòíèêîâ.

Ñòðóêòóðíàÿ ñõåìà êàðüåðíîãî 
íàâèãàöèîííîãî êîìïëåêñà

Èñïîëüçîâàíèå ãëîáàëüíûõ íàâè-
ãàöèîííûõ ñèñòåì (ÃÍÑÑ) â óñëîâèÿõ 
îòêðûòûõ êàðüåðîâ èìååò ðÿä ñïåöè-
ôè÷åñêèõ îñîáåííîñòåé. Íàëè÷èå êðó-

Ñòðóêòóðíàÿ ñõåìà êàðüåðíîãî íàâèãàöèîííîãî êîìïëåêñà
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òûõ ñêëîíîâ âëå÷åò çà ñîáîé íå òîëüêî 
óìåíüøåíèå êîëè÷åñòâà âèäèìûõ ñïóò-
íèêîâ, íî è óâåëè÷åíèå óãëîâ âèçèðî-
âàíèÿ, à ñëåäîâàòåëüíî, è óâåëè÷åíèå 
êîýôôèöèåíòà DOP (ãåîìåòðè÷åñêîå 
ñíèæåíèå òî÷íîñòè). 

Îäíèì èç âîçìîæíûõ ñïîñîáîâ ðå-
øåíèÿ äàííîé ïðîáëåìû ÿâëÿåòñÿ èñ-
ïîëüçîâàíèå ïñåâäîñïóòíèêîâ, ïðåä-
ñòàâëÿþùèõ ñîáîé íàçåìíûå óñòðîéñò-
âà, èçëó÷àþùèå ñèãíàëû, àíàëîãè÷íûå 
ñèãíàëàì ÃÍÑÑ [6, 7]. 

Äðóãîé âàðèàíò ðåøåíèÿ ïðîáëå-
ìû – èñïîëüçîâàíèå èíòåãðèðîâàííûõ 
ñèëüíîñâÿçàííûõ íàâèãàöèîííûõ ñèñ-
òåì, ñïîñîáíûõ ôóíêöèîíèðîâàòü ïðè 
îòñóòñòâèè äîñòàòî÷íîãî êîëè÷åñòâà 
íàâèãàöèîííûõ ñïóòíèêîâ. Òåì íå ìå-
íåå, äàííûé ïîäõîä ïëîõî ïðèìåíèì 
â çàäà÷àõ óïðàâëåíèÿ, òàê êàê ïðè èñ-
ïîëüçîâàíèè ìåíüøåãî ÷èñëà ñïóòíèêîâ 
ñíèæàåòñÿ òî÷íîñòü èçìåðåíèé [5].

Ïðåäñòàâëåííûé ìåòîä íàâèãàöè-
îííûõ èçìåðåíèé òðåáóåò èñïîëüçî-

âàíèÿ êàê ìèíèìóì ïÿòè èñòî÷íèêîâ 
íàâèãàöèîííîãî ñèãíàëà. Òàêèì îáðà-
çîì, èñïîëüçîâàíèå ïñåâäîñïóòíèêîâ 
ïîçâîëÿåò ðåøèòü äàííóþ ïðîáëåìó 
â óñëîâèÿõ îòêðûòûõ ãîðíûõ ðàáîò. 
Ïðåäëàãàåìàÿ ñòðóêòóðíàÿ ñõåìà 
êàðüåðíîãî íàâèãàöèîííîãî êîìïëåê-
ñà ïðåäñòàâëåíà íà ðèñóíêå. 

Âûâîäû
Â äàííîé ñòàòüå îïèñàí ïðèíöèï 

îáðàáîòêè ôàçîâûõ íàâèãàöèîííûõ 
èçìåðåíèé è ðàññìîòðåíû îñîáåííî-
ñòè åãî ïðèìåíåíèÿ â ñîñòàâå ñèñòåì 
óïðàâëåíèÿ ïðîöåññàìè îòêðûòûõ 
ãîðíûõ ðàáîò. Îñíîâíîé îñîáåííî-
ñòüþ ñòðóêòóðíîé ñõåìû ÿâëÿåòñÿ îò-
ñóòñòâèå áàçîâîé ñòàíöèè, âìåñòî êî-
òîðîé èñïîëüçóþòñÿ äàííûå ñèñòåìû 
øèðîêîçîííîé äèôôåðåíöèàëüíîé 
êîððåêöèè. Ýòî ïîçâîëÿåò ñíèçèòü 
ñòîèìîñòü è ïîâûñèòü ýôôåêòèâíîñòü 
âûñîêîòî÷íîé íàâèãàöèîííîé ñèñ-
òåìû.
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The purpose of the current investigation is the development of the precision carrier-phase based satellite 
navigation system, aided by an inertial system based on microelectromechanical sensors (MEMS INS). The 
new method of the carrier-phase measurements without the use of the reference station is considered in the 
given paper, and the structure circuit of the navigation complex, applying this method, is considered. Also, 
the analysis of the current automatic systems: maintained and under development – requiring the high preci-
sion navigation data and the opportunities of its implementation in the mining machines with the purpose of 
automation and robotization of the open pit mining was carried out. The main fields of the implementation of 
high precision systems for the automation os technological processes in the different areas of the real sector 
of the economics: industry and agriculture. Basic problems related to the implementation of the precision sys-
tems in the open pits and the ways to solve them, including issues of the presented method implementation.

Key words: sattelite navigation, INS, MEMS, integrated navigation, carrier-phase measurements, open-pit 
mining, Simulink.
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Ãîðäèòüñÿ ñâîèìè ïðåäêàìè áëàãîðîäíî, à ïðèêðû-
âàòüñÿ èõ àâòîðèòåòîì íåäîïóñòèìî. Èíæåíåð âûíóæ-
äåí ñàìîñòîÿòåëüíî è êðîïîòëèâî çàâîåâûâàòü ñîá-
ñòâåííûé àâòîðèòåò â ïðîôåññèîíàëüíîé ñðåäå.  


