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Ïðåäëàãàåòñÿ êîíñòðóêöèÿ óñòðîéñòâà, óñòàíàâëèâàåìîãî íà ìóëüòèêîïòåð äëÿ ðåàëèçàöèè òåõíîëîãèè òî÷å÷-
íîãî îïðûñêèâàíèÿ ðàñòåíèé. Ïðè ïîðàæåíèè îòäåëüíûõ íåáîëüøèõ ó÷àñòêîâ ïîëÿ îáðàáîòêà âñåãî ïîëÿ ñ ýêî-
ëîãè÷åñêîé è ýêîíîìè÷åñêîé òî÷êè çðåíèÿ íå öåëåñîîáðàçíà. Âûåçä â ïîëå òðàêòîðà, îñíàùåííîãî îïðûñêè-
âàòåëåì, çà÷àñòóþ íåâîçìîæåí ïî ïðè÷èíå îòñóòñòâèÿ òåõíîëîãè÷åñêîé êîëåè è íåýôôåêòèâåí ïðè ñëèøêîì 
ìàëîé ïëîùàäè ïðîáëåìíîãî ó÷àñòêà. Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ðåøåíèÿ óêàçàííîé ïðîáëåìû 
ÿâëÿåòñÿ èñïîëüçîâàíèå áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ. Öåëüþ âûïîëíåííûõ ðàáîò ÿâëÿåòñÿ ðàçðàáîòêà 
êîíñòðóêöèè îïðûñêèâàþùåãî ìîäóëÿ äëÿ óñòàíîâêè åãî íà ìóëüòèêîïòåð. Ïðåäëàãàåìàÿ íàìè òåõíîëîãèÿ 
òî÷å÷íîé îáðàáîòêè ïîëåé ñ ïîìîùüþ ìóëüòèêîïòåðà ñîäåðæèò ýòàïû àýðîôîòîñúåìêè ðàñòåíèé, ñîñòàâëåíèÿ 
è àíàëèçà ýëåêòðîííûõ êàðò ïîëåé, íàñòðîéêè ìóëüòèêîïòåðà è íàâåñíîãî îáîðóäîâàíèÿ íà âûïîëíåíèå çà-
ïëàíèðîâàííûõ ðàáîò, îáðàáîòêè òî÷å÷íûõ îáúåêòîâ îïðûñêèâàíèåì, îöåíêè ðåçóëüòàòîâ îáðàáîòêè îáúåêòîâ. 
Ñóùåñòâóþùèå òåõíîëîãèè îïðûñêèâàíèÿ ïîëåé ïðåäóñìàòðèâàþò èñïîëüçîâàíèå ìóëüòèêîïòåðîâ ãðóçîïîäú-
åìíîñòüþ îêîëî äåñÿòè ëèòðîâ ðàáî÷åé æèäêîñòè. Îñíîâíûìè îãðàíè÷åíèÿìè ïðè ýòîì ÿâëÿþòñÿ âûñîêàÿ ñòî-
èìîñòü ìóëüòèêîïòåðà è íåâîçìîæíîñòü òî÷å÷íîãî îïðûñêèâàíèÿ îáúåêòîâ ìàëîé ïëîùàäè. Äëÿ ïðåäëàãàåìîé 
òåõíîëîãèè âîçìîæíî èñïîëüçîâàíèå íåäîðîãèõ êîìïàêòíûõ ìóëüòèêîïòåðîâ ãðóçîïîäúåìíîñòüþ îêîëî äâóõ 
êèëîãðàììîâ. Ðàçðàáîòàí îïðûñêèâàþùèé ìîäóëü åìêîñòüþ îêîëî îäíîãî ëèòðà ðàáî÷åãî ðàñòâîðà. Äàâëåíèå 
æèäêîñòè íà âûõîäå ôîðñóíêè ñîçäàåòñÿ çà ñ÷åò ýíåðãèè ñæàòîãî âîçäóõà, ïîäàâàåìîãî èç ñïåöèàëüíîãî ðåçåð-
âóàðà ÷åðåç ïíåâìîðåäóêòîð. 
Ïðèìåíåíèå îïðûñêèâàþùåãî ìîäóëÿ ïîçâîëÿåò ðàñøèðèòü àññîðòèìåíò ìàøèí äëÿ çàùèòû ðàñòåíèé è ïî-
âûñèòü êà÷åñòâî èõ îïðûñêèâàíèÿ íà òðóäíîäîñòóïíûõ ó÷àñòêàõ, íà ïîëÿõ íåáîëüøîé ïëîùàäè è ñëîæíîé 
êîíôèãóðàöèè, â óñëîâèÿõ ïîâûøåííîé âëàæíîñòè ïî÷âû è îòñóòñòâèÿ òåõíîëîãè÷åñêèé êîëåè. Èçãîòîâëåíèå 
ïðåäëàãàåìîé êîíñòðóêöèè íå òðåáóåò ñëîæíîãî îáîðóäîâàíèÿ è èíñòðóìåíòîâ. Èñïîëüçîâàòü óñòðîéñòâî öå-
ëåñîîáðàçíî â íåáîëüøèõ õîçÿéñòâàõ. 
Êëþ÷åâûå ñëîâà: çàùèòà ðàñòåíèé, îïðûñêèâàòåëü, áåñïèëîòíûé ëåòàòåëüíûé àïïàðàò, öèôðîâûå òåõíîëîãèè, 
ìîäóëü.

A design of a device mounted on a multicopter for implementing the technology of spot spraying of plants is pro-
posed. When individual small areas of the field are damaged from an environmental and economic point of view, 
the processing of the entire field is not advisable. The use of tractor equipped with a sprayer is often impossible due 
to the lack of wheeltrack and is not effective when the problem area is too small. One of the promising directions 
for solving this problem is the use of unmanned aerial vehicles. The aim of the work is to develop the design of the 
spraying module for further installation of it on a multicopter. The technology for spot processing of fields using a 
multicopter contains the steps of aerial photography of plants, compilation and analysis of electronic field maps, 
setting up a multicopter and attach-ments to carry out planned work, spraying point objects, and evaluating object 
processing results. Existing field spraying technologies involve the use of multicopter with a carrying capacity of 
about ten liters of working fluid. The main limitations are the high cost of the multicopter and the impossibility of spot 
spraying objects of small area. For the proposed technology, it is possible to use inexpensive compact multicopter 
with a carrying capacity of about two kilograms. A spray module of about one liter of working fluid was developed. 
The liquid pressure at the nozzle exit is created due to the energy of compressed air supplied from a special reservoir 
through a pneumatic reducing unit. The use of a spraying module allows to expand the range of machines for plant 
protection and improve the quality of their spraying in hard-to-reach areas, in fields of small area and of complex 
configuration, in conditions of increased soil moisture and lack of wheeltrack. The production of the proposed design 
does not require sophisticated equipment and tools. The use of the device is advisable in small farms.
Keywords: plant protection, sprayer, unmanned aerial vehicle, digital technology, module.
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Ââåäåíèå
Ñåðüåçíîé ïðîáëåìîé ïðè âîçäåëûâàíèè 

ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ÿâëÿåòñÿ çàñî-
ðåíèå ïîëåé ñîðíÿêàìè, ïîðàæåíèå ðàñòåíèé 
áîëåçíÿìè è íàñåêîìûìè. Âûáîð òåõíè÷åñêèõ 
ñðåäñòâ äëÿ çàùèòû ðàñòåíèé ìåòîäîì îïðû-
ñêèâàíèÿ îáû÷íî îñóùåñòâëÿåòñÿ íà îñíîâå 
àíàëèçà èõ òåõíè÷åñêèõ è ýêîíîìè÷åñêèõ õà-
ðàêòåðèñòèê. Àêòóàëüíî òàêæå èñïîëüçîâàòü 
ïîêàçàòåëè îïðûñêèâàòåëåé, ó÷èòûâàþùèå 
ýêîëîãè÷åñêèå àñïåêòû [1] è óðîâåíü èñïîëüçî-
âàíèÿ öèôðîâûõ òåõíîëîãèé [2].

Äîâîëüíî ÷àñòî ïðîèñõîäèò ïîðàæåíèå 
íå âñåãî ïîëÿ, à òîëüêî îòäåëüíûõ íåáîëüøèõ 
ó÷àñòêîâ. Ñ ýêîëîãè÷åñêîé è ýêîíîìè÷åñêîé 
òî÷êè çðåíèÿ îáðàáîòêà âñåãî ïîëÿ â ýòîì 
ñëó÷àå íå öåëåñîîáðàçíà. Âûåçä â ïîëå òðàê-
òîðà, îñíàùåííîãî îïðûñêèâàòåëåì, çà÷àñòóþ 
íåâîçìîæåí ïî ïðè÷èíå îòñóòñòâèè òåõíîëî-
ãè÷åñêîé êîëåè è íåýôôåêòèâåí ïðè ñëèøêîì 
ìàëîé ïëîùàäè ïðîáëåìíîãî ó÷àñòêà.

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ðå-
øåíèÿ óêàçàííîé ïðîáëåìû ÿâëÿåòñÿ èñïîëü-
çîâàíèå áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ. 
Ñ ó÷åòîì ñïåöèôèêè âûïîëíÿåìûõ çàäà÷ îï-
òèìàëüíûì âàðèàíòîì ïðåäñòàâëÿåòñÿ ïðè-
ìåíåíèå ëåòàòåëüíûõ àïïàðàòîâ âåðòîëåòíîãî 
òèïà – ìóëüòèêîïòåðîâ, îáëàäàþùèõ âûñîêîé 
ìàíåâðåííîñòüþ, êîìïàêòíîñòüþ è ìàëîé 
ýíåðãîåìêîñòüþ [3]. Èñïîëüçîâàíèå öèôðîâûõ 
òåõíîëîãèé äëÿ îáðàáîòêè äàííûõ ñ âèäåîêà-
ìåðû ìóëüòèêîïòåðà ïîçâîëÿåò ïîëó÷èòü äî-
ñòîâåðíóþ èíôîðìàöèþ îá èíäåêñå âåãåòàöèè 
NDVI íà ïîëÿõ è îáíàðóæèòü íàèáîëåå ïðî-
áëåìíûå ó÷àñòêè, ïîäëåæàùèå îáðàáîòêå.

Öåëü èññëåäîâàíèé
Ðàçðàáîòêà êîíñòðóêöèè îïðûñêèâàþùåãî 

ìîäóëÿ äëÿ óñòàíîâêè åãî íà ìóëüòèêîïòåð.

Ìàòåðèàëû è ìåòîäû
Ïðåäëàãàåìàÿ íàìè òåõíîëîãèÿ òî÷å÷íîé 

îáðàáîòêè ïîëåé ñ ïîìîùüþ ìóëüòèêîïòåðà 
ñîäåðæèò 5 ýòàïîâ (ðèñ. 1).

Ñóùåñòâóþùèå òåõíîëîãèè îïðûñêèâà-
íèÿ ïîëåé ïðåäóñìàòðèâàþò èñïîëüçîâàíèå 
ìóëüòèêîïòåðîâ ãðóçîïîäúåìíîñòüþ îêîëî 
10 ëèòðîâ ðàáî÷åé æèäêîñòè [4]. Îñíîâíûìè 
îãðàíè÷åíèÿìè ïðè ýòîì ÿâëÿþòñÿ âûñîêàÿ 
ñòîèìîñòü ìóëüòèêîïòåðà è íåâîçìîæíîñòü 
òî÷å÷íîãî îïðûñêèâàíèÿ îáúåêòîâ ìàëîé ïëî-
ùàäè.

Äëÿ íàøåé òåõíîëîãèè ïðåäëàãàåì èñïîëü-
çîâàòü íåäîðîãèå êîìïàêòíûå ìóëüòèêîïòåðû 
ãðóçîïîäúåìíîñòüþ 1−2 êã.

Íàìè áûëè îïðåäåëåíû îïòèìàëüíûå õà-
ðàêòåðèñòèêè äëÿ òàêèõ ìóëüòèêîïòåðîâ 
è íà îñíîâå ïîêàçàòåëåé êîíêóðåíòîñïîñîáíî-
ñòè âûáðàíû îïòèìàëüíûå ìîäåëè â íèæíåì 
è âåðõíåì öåíîâîì äèàïàçîíå [5].

Êðîìå ýòîãî, âîçìîæåí âàðèàíò ðàçðàáîòêè 
è èçãîòîâëåíèÿ ñîáñòâåííûìè ñèëàìè ñïåöè-
àëüíîãî ìóëüòèêîïòåðà äëÿ ðåàëèçàöèè ïðåä-
ëàãàåìîé òåõíîëîãèè.

Ðåçóëüòàòû è îáñóæäåíèå
Ãëàâíûì çâåíîì òåõíîëîãèè ÿâëÿåòñÿ íà-

âåñíîå îáîðóäîâàíèå äëÿ îïðûñêèâàíèÿ.
Ðàçðàáîòàí îïðûñêèâàþùèé ìîäóëü ìàññîé 

îêîëî 0,5 êã áåç çàãðóçêè, âìåùàþùèé îêîëî 
1 ëèòðà ðàáî÷åãî ðàñòâîðà. Íà ðèñ. 2 ïîêàçàíà 

Ðèñ. 1. Ýòàïû òî÷å÷íîé îáðàáîòêè ïîëåé îïðûñêèâàíèåì
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êîíñòðóêöèÿ óñòðîéñòâà (â ðàçðåçå), íà ðèñ. 3 
ïîêàçàí âèä ñïåðåäè.

Îïðûñêèâàþùèé ìîäóëü ñîñòîèò èç êîëü-
öà 5, â êîòîðîì óñòàíàâëèâàåòñÿ ïðîñòàâêà 6 
ñ âòóëêîé 14. Â íèæíåé ÷àñòè ìîäóëÿ óñòàíàâ-
ëèâàåòñÿ êîðïóñ 11. Ñ ëåâîé ñòîðîíû êîðïó-
ñà 11 óñòàíàâëèâàåòñÿ óãîëêîâûé øòóöåð 13 
ñ ôîðñóíêîé 12. Ñ ïðàâîé ñòîðîíû êîðïóñà 11 
óñòàíàâëèâàåòñÿ äèñòàíöèîííûé ñîëåíîèä 7 
ñ çàïîðíûì ñòåðæíåì 10. Çàêðûòîå ñîñòîÿíèå 
êàíàëà îáåñïå÷èâàåòñÿ ïðóæèíîé 9, êîòîðàÿ 

ïåðåìåùàåò ñòåðæåíü 10 â ëåâîå ïîëîæåíèå. 
Îòêðûòèå êàíàëà ïðîèñõîäèò ïðè ïåðåìåùå-
íèè ñòåðæíÿ 10 âïðàâî ïðè ïîäà÷å íàïðÿæåíèÿ 
íà ñîëåíîèä 7 îò äèñòàíöèîííî óïðàâëÿåìîãî 
ðåëå 8.

Ñâåðõó â êîëüöî 5 óñòàíàâëèâàåòñÿ ñòàêàí 3 
äëÿ çàëèâàíèÿ ðàáî÷åé æèäêîñòè â ïîëîñòü 4. 
Íà ñòàêàíå 3 ñ ïîìîùüþ äåðæàòåëÿ 15 çàêðå-
ïëåí ðåçåðâóàð âûñîêîãî äàâëåíèÿ 16. Ïîñëåä-
íèé ñîåäèíåí íèæíèì ïàòðóáêîì 17 (íà ðèñ. 2 
íå ïîêàçàí) ñ ïíåâìîðåäóêòîðîì 18, êîòîðûé 
÷åðåç âåðõíèé ïàòðóáîê 19 ñîçäàåò èçáûòî÷íîå 
äàâëåíèå (10–20 àòì) âîçäóõà â âåðõíåé ÷àñòè 
ïîëîñòè 4 ñòàêàíà 3. 

Âñÿ êîíñòðóêöèÿ ïîäâåøèâàåòñÿ íà ìóëü-
òèêîïòåð ñ ïîìîùüþ êðîíøòåéíîâ 1. Äëÿ ïè-
òàíèÿ äèñòàíöèîííîãî ñîëåíîèäà 7 è ïîäà÷è 
íà íåãî óïðàâëÿþùåãî ñèãíàëà åãî êîíòàêòû 
ñîåäèíÿþòñÿ ñ ñîîòâåòñòâóþùèìè êëåììàìè 
íà ìóëüòèêîïòåðå.

Íà ðèñ. 4 ñõåìàòè÷íî ïîêàçàí ìóëüòèêîï-
òåð 20 ñ âèäåîêàìåðîé 22 è ïîäâåøåííûì 
îïðûñêèâàþùèì ìîäóëåì 21.

Ðèñ. 4. Ìóëüòèêîïòåð ñ îïðûñêèâàþùèì ìîäóëåì

Óñòðîéñòâî ðàáîòàåò ñëåäóþùèì îáðàçîì. 
Ðàáî÷àÿ æèäêîñòü îáúåìîì îêîëî 0,5 ëèòðà çà-
ëèâàåòñÿ â ïîëîñòü 4, è çàëèâî÷íîå îòâåðñòèå 
çàêðûâàåòñÿ ïðîáêîé 2. Íà ðåçåðâóàðå 16 îò-
êðûâàþò êëàïàí è âîçäóõ ÷åðåç ïíåìîðåäóêòîð 
19 ïîñòóïàåò â âåðõíþþ ÷àñòü ïîëîñòè 4.

Äàëåå ïðîèçâîäÿò ïðîáíûé ðàñïûë ðàáî÷å-
ãî ðàñòâîðà, êîòîðûé áóäåò îñóùåñòâëÿòüñÿ 
èç âûõîäíîãî îòâåðñòèÿ ôîðñóíêè 12. Îòêðû-
òèå è çàêðûòèå âûõîäíîãî îòâåðñòèÿ ïðîèñõî-
äèò çà ñ÷åò âîçâðàòíî-ïîñòóïàòåëüíîãî äâèæå-
íèÿ çàïîðíîãî ñòåðæíÿ 10 â äèàïàçîíå îêîëî 
20 ìì. 

Åñëè ïîäòâåðæäàåòñÿ íåîáõîäèìîå êà÷åñòâî 
ïðîáíîãî ðàñïûëà, òî ìóëüòèêîïòåð ìîæíî 
îòïðàâëÿòü äëÿ îáðàáîòêè êóñòàðíèêîâ, äå-Ðèñ. 3. Îïðûñêèâàþùèé ìîäóëü (âèä ñïåðåäè)

Ðèñ. 2. Îïðûñêèâàþùèé ìîäóëü (ïðîäîëüíûé ðàçðåç)
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ðåâüåâ èëè ïðîáëåìíîãî ó÷àñòêà ïîëÿ. Êîí-
òðîëü ïðîöåññà îáðàáîòêè îñóùåñòâëÿåòñÿ 
÷åðåç âèäåîêàìåðó 22. Êîãäà ðàáî÷èé ðàñòâîð 
â åìêîñòè ìîäóëÿ çàêîí÷èòñÿ, ìóëüòèêîïòåð 
âîçâðàùàþò, è òåõíîëîãè÷åñêèé ïðîöåññ îïðû-
ñêèâàíèÿ ïîâòîðÿþò äëÿ íåîáðàáîòàííûõ îáú-
åêòîâ. Ïðè ñíèæåíèè äàâëåíèÿ â ðåçåðâóàðå 16 
íèæå äîïóñòèìîãî óðîâíÿ åãî çàìåíÿþò çà-
ïðàâëåííûì. 

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè 
ìîäóëÿ:

– øèðèíà îáðàáàòûâàåìîé ïîëîñû – 1−1,2 ì;
– ðàáî÷àÿ ñêîðîñòü ìóëüòèêîïòåðà – 6−8 êì/÷;
– ïðîèçâîäèòåëüíîñòü óñòðîéñòâà – 1,7−2,6 ì2/ñ;
– âðåìÿ ðàáîòû óñòðîéñòâà äî îïîðîæíåíèÿ 

åìêîñòè – 5−7 ìèí;
– îáðàáàòûâàåìàÿ ïëîùàäü çà îäèí âûëåò – 

500−900 ì2

– ðàäèóñ äåéñòâèÿ ìóëüòèêîïòåðà – 1−1,5 êì.

Âûâîäû
Ïðèìåíåíèå îïðûñêèâàþùåãî ìîäóëÿ 

ïîçâîëèò ðàñøèðèòü àññîðòèìåíò ìàøèí 
äëÿ çàùèòû ðàñòåíèé è ïîâûñèòü êà÷åñòâî 
èõ îïðûñêèâàíèÿ íà òðóäíîäîñòóïíûõ ó÷àñò-
êàõ, íà ïîëÿõ íåáîëüøîé ïëîùàäè è ñëîæíîé 
êîíôèãóðàöèè, â óñëîâèÿõ ïîâûøåííîé âëàæ-
íîñòè ïî÷âû è îòñóòñòâèÿ òåõíîëîãè÷åñêèé 
êîëåè, ïðè îáðàáîòêå êóñòàðíèêîâ è îòäåëüíî 
ñòîÿùèõ äåðåâüåâ. 

Èçãîòîâëåíèå ïðåäëàãàåìîé êîíñòðóêöèè 
íå òðåáóåò ñëîæíîãî îáîðóäîâàíèÿ è èíñòðó-
ìåíòîâ. Èñïîëüçîâàòü óñòðîéñòâî öåëåñîîáðàç-
íî â íåáîëüøèõ õîçÿéñòâàõ.
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