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Èíòåãðàöèÿ áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ â ðàáîòó ñîâðåìåííûõ èíôðàñòðóêòóðíûõ ñèñòåì ÿâëÿåò-
ñÿ îäíîé èç íàèáîëåå âàæíûõ çàäà÷ â ñîâðåìåííîé òðàíñïîðòíîé îòðàñëè. Òàêàÿ èíòåãðàöèÿ òðåáóåò ðåøåíèÿ
öåëîãî êîìïëåêñà ïðîáëåì, â òîì ÷èñëå òåõíîëîãè÷åñêèõ, óïðàâëåí÷åñêèõ, ïðàâîâûõ è ò.ä. Â ÷èñëå ïðî÷èõ îñîáî
ìîæíî âûäåëèòü ïðîáëåìó áåçîïàñíîñòè äâèæåíèÿ, òàê êàê èìåííî íåðåøåííàÿ ïðîáëåìà áåçîïàñíîñòè äâè-
æåíèÿ áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ ÿâëÿåòñÿ ïðè÷èíîé ðÿäà îãðàíè÷åíèé íà èõ ïðèìåíåíèå. Â íàñòî-
ÿùåé ñòàòüå àâòîðàìè ïðåäëîæåíà ñèñòåìà êóðñîâîé óñòîé÷èâîñòè, ïîçâîëÿþùàÿ ïðåäîòâðàòèòü âûõîä áåñïè-
ëîòíîãî ëåòàòåëüíîãî àïïàðàòà ñ ïîäâèæíûì êðûëîì (ìóëüòèêîïòåðà) èç ãðàíèö ïðåäîñòàâëåííîãî äëÿ åãî ïå-
ðåäâèæåíèÿ âîçäóøíîãî êîðèäîðà, ÷òî ñíèæàåò ðèñê âîçíèêíîâåíèÿ àâàðèéíûõ ñèòóàöèé ñ åãî ó÷àñòèåì. Ñèñòåìà
ðåøàåò çàäà÷ó îáåñïå÷åíèÿ áåçîïàñíîñòè äâèæåíèÿ ìóëüòèêîïòåðîâ, ðàáîòàþùèõ ïî çàðàíåå çàäàííûì ìàðø-
ðóòàì, íàïðèìåð â ñèñòåìàõ ìîíèòîðèíãà òåõíîëîãè÷åñêèõ ïðîöåññîâ, ñèñòåìàõ äîñòàâêè òîâàðîâ, ñèñòåìàõ îáúåê-
òîâîãî âèäåîíàáëþäåíèÿ è ò.ä. Òåõíîëîãè÷åñêèå ýëåìåíòû ïðåäëîæåííîé ñèñòåìû èìåþò íåáîëüøèå ãàáàðè-
òû è íå òðåáóþò ýëåêòðîïèòàíèÿ, ÷òî ìàêñèìàëüíî óïðîùàåò èõ âíåäðåíèå â ñóùåñòâóþùóþ èíôðàñòðóêòóðó.
Ïðåäëîæåííàÿ ñèñòåìà ìîæåò ïðåäñòàâëÿòü èíòåðåñ äëÿ êðóïíûõ ñåòåâûõ ðèòåéëåðîâ ñ öåëüþ ïðèìåíåíèÿ â
òàêèõ ïðèëîæåíèÿõ, êàê äîñòàâêà òîâàðîâ, ðàáîòàþùèõ ïî ñõåìå «öåíòðàëüíûé ëîãèñòè÷åñêèé öåíòð →  òî÷-

êè âûäà÷è òîâàðà â ãîðîäå». Ñèñòåìà ìîæåò áûòü ïðèìåíåíà â ìîíèòîðèíãå ïðîìûøëåííûõ îáúåêòîâ, ïðåäóñ-
ìàòðèâàþùèõ äâèæåíèå áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ ïî îïðåäåëåííûì ìàðøðóòàì íàä òåððèòîðèåé
ïðåäïðèÿòèÿ ñ óñòàíîâëåííûì íà íèõ äîïîëíèòåëüíûì îáîðóäîâàíèåì, òàêèì, êàê ñêàíåðû, òåïëîâèçîðû, âè-
äåîêàìåðû, äàò÷èêè îïðåäåëåíèÿ âûáðîñîâ è ò.ä., ñ öåëüþ êîíòðîëÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ ïðåäïðèÿòèÿ.
Äîïîëíèòåëüíîå íàïðàâëåíèå ïðèìåíåíèÿ ïðåäëîæåííîé ñèñòåìû — ýòî îáåñïå÷åíèå áåçîïàñíîñòè âçàèìî-
äåéñòâèÿ ìóëüòèêîïòåðîâ è âîçäóøíûõ ñóäîâ â çîíå àýðîïîðòà, â íàñòîÿùèé ìîìåíò çàêðûòîé äëÿ èõ ïîëåòîâ.
Ñèñòåìà ïîçâîëÿåò îáåñïå÷èòü ïåðåäâèæåíèå ìóëüòèêîïòåðà ñòðîãî â çàäàííîì âîçäóøíîì êîðèäîðå, ÷òî ðå-
øàåò çàäà÷ó ðàçâåäåíèÿ â âîçäóøíîì ïðîñòðàíñòâå çàäåéñòâîâàííûõ ìóëüòèêîïòåðîâ è äðóãèõ ó÷àñòíèêîâ âîç-
äóøíîãî äâèæåíèÿ.

Êëþ÷åâûå ñëîâà: ñèñòåìà êóðñîâîé óñòîé÷èâîñòè, ìóëüòèêîïòåð, âîçäóøíûé êîðèäîð, áåçîïàñíîñòü äâèæå-
íèÿ ìóëüòèêîïòåðîâ.
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Ââåäåíèå

Áåñïèëîòíûå ëåòàòåëüíûå àïïàðàòû (ÁÏËÀ)
ÿâëÿþòñÿ îäíèì èç îñíîâíûõ íàïðàâëåíèé ðàç-
âèòèÿ àýðîêîñìè÷åñêîé îòðàñëè â äâàäöàòü ïåð-
âîì âåêå [1—3]. Ñïåêòð ïðèëîæåíèé, ïðåäóñìàò-
ðèâàþùèõ ïðèìåíåíèå ÁÏËÀ, ïîñòîÿííî ðàñòåò
è óæå âêëþ÷àåò: ñêàíèðîâàíèå ñòðîèòåëüíûõ
îáúåêòîâ, ìîíèòîðèíã òåõíîëîãè÷åñêèõ ïðîöåñ-
ñîâ â ïðîìûøëåííîñòè è òðàíñïîðòå, âèäåîíàá-
ëþäåíèå è äð. [4—8]. Îäíèì èç ïåðñïåêòèâíûõ
ïðèëîæåíèé ìîæíî íàçâàòü ïðèìåíåíèå áåñïè-
ëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ, ïðåæäå âñåãî
âåðòîëåòíîãî òèïà – ìóëüòèêîïòåðîâ, â ñôåðå
äîñòàâêè [9, 10]. Ðÿä êðóïíåéøèõ ìèðîâûõ ðè-
òåéëåðîâ, âêëþ÷àÿ Amazon è Walmart, ðåàëèçó-
þò ñîáñòâåííûå èññëåäîâàòåëüñêèå ïðîãðàììû
ïî çàïóñêó ñèñòåì äîñòàâêè òîâàðîâ ìóëüòèêîï-
òåðàìè (ðèñ. 1).

Îñíîâíûì ñäåðæèâàþùèì ôàêòîðîì äëÿ çà-
ïóñêà âûøåíàçâàííûõ ñåðâèñîâ äîñòàâêè îñòàåò-
ñÿ íåðåøåííàÿ ïðîáëåìà áåçîïàñíîñòè äâèæåíèÿ
ìóëüòèêîïòåðîâ íàä ãóñòîíàñåëåííûìè ãîðîäñ-
êèìè ðàéîíàìè [10—18]. Ñ öåëüþ ðåøåíèÿ äàí-
íîé çàäà÷è â ðàçëè÷íûõ ñòðàíàõ ìèðà ðåàëèçóåòñÿ
ðÿä ïðîåêòîâ, â ÷èñëå êîòîðûõ ìîæíî âûäåëèòü
òðè íàèáîëåå êðóïíûõ [19—21], îñíîâàííûõ íà
óñëîâèÿõ ãîñóäàðñòâåííî-÷àñòíîãî ïàðòíåðñòâà.

Òàê, Åâðîïåéñêîé êîìèññèåé ñîâìåñòíî ñ
ðÿäîì óíèâåðñèòåòîâ è íàó÷íî-èññëåäîâàòåëüñ-
êèõ öåíòðîâ ðåàëèçóåòñÿ ïðîåêò «U-Space» [19].
Ïðîåêò ïðåäóñìàòðèâàåò ðàçäåëåíèå âñåõ óäàëåí-
íûõ ïèëîòîâ íà êàòåãîðèè ïî óðîâíþ ðèñêà.
Íèçøàÿ êàòåãîðèÿ — ýòî íåêâàëèôèöèðîâàííûå
ïèëîòû-ëþáèòåëè, êîòîðûì ðàçðåøàåòñÿ óïðàâ-
ëÿòü ÁÏËÀ òîëüêî íà ðàññòîÿíèè âèäèìîñòè, è
íàèâûñøàÿ ïðåäóñìàòðèâàåò äèñòàíöèîííîå ïè-
ëîòèðîâàíèå êðóïíûõ ÁÏËÀ ïðîôåññèîíàëüíû-
ìè (àêêðåäèòîâàííûìè) ïèëîòàìè, äàííîé êàòå-
ãîðèè ïðåäïîëàãàåòñÿ ðàçðåøèòü ïîëåòû íà âû-
ñîòå äî 10000 ì â ïðîñòðàíñòâå, èñïîëüçóåìîì
ãðàæäàíñêîé àâèàöèåé. Âòîðûì ïðîåêòîì, ðåà-
ëèçóåìûì â Åâðîïåéñêîì ñîþçå, ÿâëÿåòñÿ
ïðîåêò «EASA — Drone categories» [20], îñíîâíûì
ó÷àñòíèêîì êîòîðîãî ÿâëÿåòñÿ ìåæãîñóäàðñòâåí-
íûé îðãàí — Åâðîïåéñêîå àãåíòñòâî ïî àâèàöè-

îííîé áåçîïàñíîñòè. Ïðîåêò ïðåäïîëàãàåò ââå-
äåíèå ðÿäà ïðàâîâûõ íîðì è ïðàâèë, ðåãóëèðó-
þùèõ ñôåðó ïðèìåíåíèÿ ÁÏËÀ. Îñíîâíûì èí-
ñòðóìåíòîì îáåñïå÷åíèÿ áåçîïàñíîñòè â ïðî-
ãðàììå ÿâëÿåòñÿ óñòàíîâëåíèå çàïðåòà ïîëåòîâ
ÁÏËÀ â îïðåäåëåííûõ çîíàõ âîçäóøíîãî ïðî-
ñòðàíñòâà — «ãåîçîíàõ», â òîì ÷èñëå íàä æèëû-
ìè ðàéîíàìè. Â ÑØÀ ïðè ó÷àñòèè Ôåäåðàëüíî-
ãî àâèàöèîííîãî óïðàâëåíèÿ è Íàöèîíàëüíîãî

Ðèñ. 1. Ìóëüòèêîïòåð ñåðâèñà «Prime Air» êîìïàíèè Amazon, â ïðîöåññå ýêñïåðèìåíòàëüíîé äîñòàâêè [9]
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àýðîêîñìè÷åñêîãî àãåíòñòâà ðåàëèçóåòñÿ ïðîåêò
«Unmanned Aircraft System Traffic Management»
[21], ïðèçâàííûé ðåøèòü çàäà÷ó èíòåãðàöèè
ÁÏËÀ â âîçäóøíîå äâèæåíèå â ñòðàíå. Ïðîåêò
íàõîäèòñÿ íà òðåòüåì ýòàïå ðåàëèçàöèè, ïðîâî-
äèòñÿ ðÿä ýêñïåðèìåíòàëüíûõ ïîëåòîâ, ïîçâîëÿ-
þùèõ îöåíèòü ýôôåêòèâíîñòü ïðåäëàãàåìûõ ìåð,
ñðåäè êîòîðûõ — ñàìîñòîÿòåëüíûé âûáîð ÁÏËÀ
ñ ïðèìåíåíèåì êîìïüþòåðíîãî çðåíèÿ áåçîïàñ-
íîãî ó÷àñòêà ñóøè äëÿ àâàðèéíîãî ïðèçåìëåíèÿ
â ñëó÷àå âîçíèêíîâåíèÿ òåõíè÷åñêèõ íåèñïðàâ-
íîñòåé. Ïðè ýòîì äëÿ òàêîãî ïðèçåìëåíèÿ íåîá-
õîäèìî, ÷òîáû ÁÏËÀ áûë â ñîñòîÿíèè ñîâåðøàòü
óïðàâëÿåìûé ïîëåò â òå÷åíèå îòðåçêà âðåìåíè,
íåîáõîäèìîãî äëÿ ïðèçåìëåíèÿ.

Àíàëèç íàçâàííûõ ïðîåêòîâ ïîêàçûâàåò, ÷òî
îíè ïîêà åùå íå ðåøàþò ïðîáëåìó áåçîïàñíîñ-
òè äâèæåíèÿ ìóëüòèêîïòåðîâ, â íèõ ïðåäëîæåí
ðÿä íîðìàòèâíî-ïðàâîâûõ ìåð, ðåãóëèðóþùèõ
ñôåðó ïðèìåíåíèÿ ÁÏËÀ. Çàèíòåðåñîâàííûå
ñòðóêòóðû ïîêà åùå íå ìîãóò ïîëó÷èòü ðàçðåøå-
íèå íà îñóùåñòâëåíèå êîììåð÷åñêèõ ïîëåòîâ
ÁÏËÀ íàä æèëûìè ðàéîíàìè. Íàïðèìåð, òàêîé
êðóïíûé ðèòåéëåð, êàê Amazon, óæå èìåþùèé
ïðàêòè÷åñêè âñþ íåîáõîäèìóþ èíôðàñòðóêòóðó,
âêëþ÷àÿ ñïåöèàëüíî ðàçðàáîòàííûå ìóëüòèêîï-
òåðû, ñèñòåìû óïðàâëåíèÿ è áàçèðîâàíèÿ, â òå-
÷åíèå ïîñëåäíèõ ïÿòè ëåò íå ìîæåò ïðèñòóïèòü
ê ðåàëèçàöèè ïðîãðàììû äîñòàâêè òîâàðîâ ìóëü-
òèêîïòåðàìè ïî ïðè÷èíå îòêàçà â âûäà÷å íåîá-
õîäèìîãî ðàçðåøåíèÿ ãîñóäàðñòâåííûì ðåãóëÿ-
òîðîì. Ïðè÷èíà îòêàçà îñòàåòñÿ íåèçìåííîé –
íåðåøåííàÿ ïðîáëåìà áåçîïàñíîñòè äâèæåíèÿ
ìóëüòèêîïòåðîâ íàä ãóñòîíàñåëåííûìè ðàéîíà-
ìè.

Ðåøåíèå çàäà÷è îáåñïå÷åíèÿ áåçîïàñíîñòè
äâèæåíèÿ ìóëüòèêîïòåðîâ çíà÷èòåëüíî ðàñøèðèò
ñôåðó èõ ïðèìåíåíèÿ â ñîâðåìåííûõ èíôðà-
ñòðóêòóðíûõ ñèñòåìàõ.

Ñèñòåìà êóðñîâîé óñòîé÷èâîñòè ìóëüòèêîïòåðà

Ðàññìàòðèâàÿ ïðîáëåìó áåçîïàñíîñòè äâèæå-
íèÿ ìóëüòèêîïòåðîâ ïî çàðàíåå çàäàííûì ìàð-
øðóòàì â òàêèõ ïðèëîæåíèÿõ, êàê ìîíèòîðèíã
òåõíîëîãè÷åñêèé ïðîöåññîâ ïðîìûøëåííîãî
îáúåêòà èëè äîñòàâêà òîâàðîâ, íàïðèìåð ïî ñõåìå
«öåíòðàëüíûé ëîãèñòè÷åñêèé öåíòð →  òî÷êè
âûäà÷è òîâàðà â ãîðîäå», ìîæíî îòìåòèòü, ÷òî
áåçîïàñíîñòü äâèæåíèÿ ìàðøðóòíûõ ìóëüòèêîï-
òåðîâ ïðè ýòîì íåïîñðåäñòâåííî ñâÿçàíà ñ óñòîé-
÷èâîñòüþ ãðàíèö âîçäóøíîãî êîðèäîðà (ÂÊ),
ïðåäîñòàâëåííîãî äëÿ èõ äâèæåíèÿ. Ïðåñå÷åíèå

ìóëüòèêîïòåðîì ãðàíèö ÂÊ ìîæåò ïðèâåñòè ê
ñòîëêíîâåíèþ ñ âíåøíèìè îáúåêòàìè, â òîì
÷èñëå âîçäóøíûìè ñóäàìè, íàçåìíûìè òðàíñïîð-
òíûìè ñðåäñòâàìè èëè ëþäüìè.

Óñòîé÷èâîñòü ãðàíèö âîçäóøíîãî êîðèäîðà –
ñîñòîÿíèå, ïðè êîòîðîì ïîëåò ìóëüòèêîïòåðà (îò
òî÷êè âçëåòà äî òî÷êè ïîñàäêè) âîçìîæåí òîëü-
êî â ãðàíèöàõ ÂÊ.

Ðåøåíèå çàäà÷è îáåñïå÷åíèÿ óñòîé÷èâîñòè
ãðàíèö ÂÊ ñîçäàåò óñëîâèÿ äëÿ íà÷àëà ïðèìåíå-
íèÿ ìàðøðóòíûõ ìóëüòèêîïòåðîâ â ñåêòîðàõ âîç-
äóøíîãî ïðîñòðàíñòâà, â íàñòîÿùèé ìîìåíò çàê-
ðûòûõ äëÿ èõ ïîëåòîâ, âêëþ÷àÿ ñåêòîðà íàä ãóñ-
òîíàñåëåííûìè ðàéîíàìè, îïàñíûìè ïðîèçâîä-
ñòâåííûìè îáúåêòàìè, àýðîïîðòàìè.

Äëÿ ðåøåíèÿ äàííîé çàäà÷è ðàçðàáîòàíà ñè-
ñòåìà êóðñîâîé óñòîé÷èâîñòè ÁÏËÀ (ìóëüòè-
êîïòåðà), ñîñòàâ êîòîðîé ïðåäñòàâëåí íà ðèñ. 2.

Ñèñòåìà êóðñîâîé óñòîé÷èâîñòè ðàáîòàåò ñëå-
äóþùèì îáðàçîì: ïî çàäàííîìó ìàðøðóòó ìîí-
òèðóåòñÿ íàïðàâëÿþùàÿ ëèíèÿ, íà êîòîðóþ óñ-
òàíàâëèâàåòñÿ ïîäâèæíîå óäåðæèâàþùåå óñòðîé-
ñòâî. Ê óäåðæèâàþùåìó óñòðîéñòâó òðîñîì êðå-
ïèòñÿ áåñïèëîòíûé ëåòàòåëüíûé àïïàðàò âåðòî-
ëåòíîãî òèïà (ìóëüòèêîïòåð). Ïðè äâèæåíèè
ÁÏËÀ, ÿâëÿþùèéñÿ äâèæèòåëåì, íàòÿãèâàåò
òðîñ, âñëåäñòâèå ÷åãî óäåðæèâàþùåå óñòðîéñòâî
äâèæåòñÿ ïî íàïðàâëÿþùåé ëèíèè âñëåä çà
ÁÏËÀ,  îäíîâðåìåííî óäåðæèâàÿ ÁÏËÀ â ãðàíè-
öàõ ÂÊ. Íåîáõîäèìûì óñëîâèåì óäåðæèâàíèÿ
ÁÏËÀ â ãðàíèöàõ ÂÊ ÿâëÿåòñÿ òî, ÷òî äëèíà ïðè-
ìåíÿåìîãî òðîñà íå äîëæíà ïîçâîëÿòü ÁÏËÀ (èëè
åãî ÷àñòè) âûéòè èç ãðàíèö ÂÊ.

Ðàññ÷èòûâàåòñÿ ìàêñèìàëüíî äîïóñòèìàÿ
äëèíà óäåðæèâàþùåãî òðîñà (M) ïî ôîðìóëå

( ) 1
,

2
M R D X= - -                   (1)

ãäå R – ðàäèóñ ÂÊ; D – äëèíà ÁÏËÀ; X – äëèíà
ïîäâèæíîãî óäåðæèâàþùåãî óñòðîéñòâà.

Íàïðàâëÿþùàÿ ëèíèÿ ñîáèðàåòñÿ èç îòäåëü-
íûõ ñåêöèé Í-îáðàçíîãî àëþìèíèåâîãî ïðîôè-
ëÿ (ðèñ. 3).

Óñòàíîâêà íàïðàâëÿþùåé ëèíèè â âîçäóøíîì
ïðîñòðàíñòâå âûïîëíÿåòñÿ ñ ïðèìåíåíèåì äîïîë-
íèòåëüíûõ ìåòàëëè÷åñêèõ îïîð èç Ï-îáðàçíîãî
àëþìèíèåâîãî ïðîôèëÿ 50 × 50 ìì íåîáõîäèìîé
äëèíû (ðèñ. 4). Ïðè ñáîðêå ñåêöèÿ íàïðàâëÿþ-
ùåé ëèíèè 1 êðåïèòñÿ âåðõíèì êðåïåæîì 2 è
íèæíèì êðåïåæîì 3 ê ñîñåäíåé ñåêöèè íàïðàâ-
ëÿþùåé ëèíèè 4 è óãëîâûì êðåïåæîì 5 ê îïî-
ðå 6.
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Ìàòåðèàë ïîäâèæíîãî óäåðæèâàþùåãî óñò-
ðîéñòâà, íàïðàâëÿþùåé ëèíèè è îïîð – àëþìè-
íèåâûé ñïëàâ (ÀÄ31).

Íà îäíîé íàïðàâëÿþùåé ëèíèè ìîæåò îäíî-
âðåìåííî ïåðåäâèãàòüñÿ íåñêîëüêî óäåðæèâàþ-
ùèõ óñòðîéñòâ, ê êàæäîìó èç êîòîðûõ ìîæåò áûòü

ïðèêðåïëåí òîëüêî îäèí ÁÏËÀ. Äâèæåíèå ïðè-
êðåïëåííûõ ê óäåðæèâàþùèì óñòðîéñòâàì ÁÏËÀ
äîëæíî îñóùåñòâëÿòüñÿ â îäíîì âûáðàííîì íà-
ïðàâëåíèè (äëÿ ïðåäîòâðàùåíèÿ ñòîëêíîâåíèé).
Ïðè íåîáõîäèìîñòè äâóíàïðàâëåííîãî äâèæåíèÿ
âñòðå÷íûå ïîòîêè ÁÏËÀ ðàçâîäÿò ïî äâóì ðàç-

Ðèñ. 2. Ñèñòåìà êóðñîâîé óñòîé÷èâîñòè ÁÏËÀ (ìóëüòèêîïòåðà): a — âèä ñëåâà; á — âèä ñïåðåäè
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äåëüíûì íàïðàâëÿþùèì ëèíèÿì. Ïðè ýòîì äëÿ
ïðåäîòâðàùåíèÿ ñòîëêíîâåíèé ìåæäó ÁÏËÀ èç
âñòðå÷íûõ ïîòîêîâ àêòóàëüíûì ÿâëÿåòñÿ âîïðîñ
ðàñ÷åòà ìèíèìàëüíîãî ðàññòîÿíèÿ ìåæäó äâóìÿ
âñòðå÷íûìè íàïðàâëÿþùèìè ëèíèÿìè MD . Ðàñ-
÷åò âûïîëíÿåòñÿ ïî ôîðìóëå

( )2 ,D L UM D D= +                     (2)

ãäå DL – ðàññòîÿíèå îò êðàÿ íàïðàâëÿþùåé ëè-
íèè äî òî÷êè êðåïëåíèÿ òðîñà ê ÁÏËÀ (ïðè ìàê-
ñèìàëüíîì íàòÿæåíèè òðîñà); DU – äëèíà ÁÏËÀ.

Âûâîäû

Â ñòàòüå ïðåäëîæåíà ñèñòåìà êóðñîâîé óñòîé-
÷èâîñòè ìóëüòèêîïòåðà. Ïðèìåíåíèå äàííîé

Ðèñ. 3. Íàïðàâëÿþùàÿ ëèíèÿ: a — âèä ñëåâà; á — âèä ñïåðåäè; 1 — ñåêöèè íàïðàâëÿþùåé ëèíèè; 2 — âåðõíèé
êðåïåæ; 3 — íèæíèé êðåïåæ

                      à)                                                                       á)

Ðèñ. 4. Íàïðàâëÿþùàÿ ëèíèÿ, óñòàíîâëåííàÿ íà îïîðó: a — âèä ñëåâà; á — âèä ñïåðåäè
        à)                                                                                  á)

ñèñòåìû ñîâìåñòíî ñ ñóùåñòâóþùèìè ñèñòåìà-
ìè óïðàâëåíèÿ ïîçâîëÿåò îáåñïå÷èòü çàùèòó îò
àâàðèéíûõ ñèòóàöèé ïðè íåñàíêöèîíèðîâàííîé
ñìåíå êóðñà ìóëüòèêîïòåðà, íàïðèìåð ïðè ñáî-
ÿõ â åãî óïðàâëåíèè.

Ðåøåíèå çàäà÷è îáåñïå÷åíèÿ áåçîïàñíîñòè
äâèæåíèÿ ìóëüòèêîïòåðîâ ñîçäàåò óñëîâèÿ äëÿ
ðàñøèðåíèÿ ñôåðû ïðèìåíåíèÿ ìóëüòèêîïòåðîâ
â ñîâðåìåííûõ èíôðàñòðóêòóðíûõ ñèñòåìàõ, çà
ñ÷åò âîçìîæíîñòè èõ ïðèìåíåíèÿ íàä îáúåêòà-
ìè è òåððèòîðèÿìè, â íàñòîÿùèé ìîìåíò çàêðû-
òûìè äëÿ ïîëåòîâ ÁÏËÀ, â òîì ÷èñëå íàä òðàíñ-
ïîðòíûìè ñèñòåìàìè, ïðîìûøëåííûìè îáúåê-
òàìè è ãóñòîíàñåëåííûìè ðàéîíàìè.
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Abstract

The unmanned aerial vehicles integration into
modern infrastructure systems operation is one of the
most urgent tasks in the modern transport industry.
Such integration requires the solution of a whole
range of problems, including technological,
managerial, legal, etc. Among others, the problem of
traffic safety can be highlighted, since namely this
unresolved problem of the unmanned aerial vehicles
traffic is the cause of a number of restrictions on their
application. The authors of the presented work
proposed a system of directional stability, allowing
preventing the unmanned aerial vehicle with movable
wing (multicopter) escape from the air passage
boundaries available for its movement, which reduces
the risk of emergency occurrence with its
participation. The system solves the safety ensuring
problem for multicopter movement, operating along
the preset routs, such as in technological process
monitoring systems, goods delivery systems, object
video surveillance systems etc. Technological
elements of the system being proposed are of small
size and do not need electric power supply, which
maximally simplifies their implementation to the
existing infrastructure.

The proposed system may be of interest to large
chain retailers with the goal of employing it in such
applications as the goods delivery operating according
to the scheme “central logistics center →  points of
goods delivery in the city”. The system may be
employed in applications for industrial facilities
monitoring, providing for the movement of
unmanned aerial vehicles along certain routes over
the territory of the enterprise with additional
equipment installed on them, such as scanners,
thermal imagers, video cameras, emission detectors,
etc. to control technological processes of the
enterprise. An additional application trend of the
proposed system is safety ensuring of interaction
between multicopters and aircraft in the airport area,

UNMANNED AERIAL VEHICLES INTEGRATION INTO MODERN
INFRASTRUCTURE SYSTEMS OPERATION
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which is being currently closed for their flights. The
system allows ensuring the movement of the
multicopter strictly in a given air corridor, which
solves the problem of splitting the involved
multicopters and other air traffic participants in the
airspace.

Keywords: course stability system, multicopter, air
corridor, multicopter traffic safety.
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