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APPROACHES TO CHOOSING EFFECTIVE OPTIONS
IN ENGINEERING DESIGN OF AGRO-TECHNOLOGIES

Results are given from investigations into the comprehensive realization of achievements
obtained by various research establishments in the uniform system of technological, engineering,
ecological, and economic decisions. It is suggested to solve this problem by the methods of
engineering design of complex systems. The main task in designing a technology for cultivating
agricultural crops is to form a set of possible options of objects designed, to evaluate them and to
choose the most effective ones among them. To choose the effective options is suggested a
four-stage procedure of multicriterion assessment. For making decisions is offered to use
integrated criteria formed by the methods of qualimetry. There were used the following methods:
morphological analysis of systems, expertise, qualimetry, technical and economic analysis of
processes of functioning engineering objects in soil management. There are given the examples of
assessing and choosing engineering tools for soil tillage, when cultivating grain crops in the forest
steppe areas near the Ob River. At the first two stages of assessing options of the objects designed
were mainly used the expert methods, and at the follow-on stages – the methods of technical and
economic analysis.
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Ðàçðàáîòàíà ìåòîäèêà îïðåäåëåíèÿ êîýôôèöèåíòà âîññòàíîâëåíèÿ ñêîðîñòè ñåìÿí ïðè
óäàðå î ðàññåêàòåëü ïîñåâíîé ìàøèíû ïóòåì èìèòàöèè ðåàëüíîãî ïðîöåññà ðàñïðåäåëåíèÿ
ñåìÿí ïîä ëàïîé ñîøíèêà. Äëÿ îáåñïå÷åíèÿ íóæíîé ñêîðîñòè ñåìÿí ïðè óäàðå èõ ñáðàñûâàëè
ñ ïîëêè, óñòàíîâëåííîé íà âûñîòå 50, 100, 150 è 200 ìì íà ìåòàëëè÷åñêóþ ïëàñòèíó,
ðàñïîëîæåííóþ ïîä óãëîì 45� íà âûñîòå 50 ìì îò ïîâåðõíîñòè. Ïî ñðåäíåìó ðàññòîÿíèþ îò-
ñêîêà ñåìÿí ðàññ÷èòàíû êîýôôèöèåíòû âîññòàíîâëåíèÿ ñêîðîñòè ñåìÿí ïîñëå óäàðà î ïî-
âåðõíîñòü ïëàñòèíû. Ïðîâåäåíû ýêñïåðèìåíòû ñ ñåìåíàìè ïøåíèöû, îâñà, ðæè, ÿ÷ìåíÿ,
ãðå÷èõè è ãîðîõà. Îïðåäåëåíû ñðåäíèå çíà÷åíèÿ ðàññòîÿíèé ïðè îòñêîêå ñåìÿí îò ðàññåêàòå-
ëÿ è äîâåðèòåëüíûå èíòåðâàëû. Ïîñòðîåí ïîëèãîí ðàñïðåäåëåíèÿ ñåìÿí îòíîñèòåëüíî ñðåäíåé
âåëè÷èíû îòñêîêà. Óñòàíîâëåíû ñðåäíèå çíà÷åíèÿ êîýôôèöèåíòîâ âîññòàíîâëåíèÿ ñêîðîñòè
ñåìÿí ïîñëå óäàðà: ñåìÿí ïøåíèöû – 0,54, îâñà – 0,46, ðæè – 0,51, ÿ÷ìåíÿ – 0,56, ãðå÷èõè –
0,51, ãîðîõà – 0,65. Îïðåäåëåíî, ÷òî êîýôôèöèåíò âîññòàíîâëåíèÿ ñêîðîñòè ñåìÿí çàâèñèò îò
ôîðìû ñåìÿí, ñîñòîÿíèÿ èõ ïîâåðõíîñòè è îò ñêîðîñòè óäàðà î ïëàñòèíó.

Êëþ÷åâûå ñëîâà: ñåìåíà, êîýôôèöèåíò âîññòàíîâëåíèÿ, îòñêîê, ñðåäíåå ðàññòîÿíèå,
ñîøíèê.

Óðîæàéíîñòü çåðíîâûõ êóëüòóð âî ìíîãîì çàâèñèò îò ðàâíîìåðíîãî
ðàñïðåäåëåíèÿ ñåìÿí â ïîëîñå èõ ðàññåâà. Ïðè ðàçðàáîòêå ñîøíèêîâ ïî-
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ñåâíûõ ìàøèí íåîáõîäèìî çíàòü ñêîðîñòü ïàäåíèÿ ñåìÿí íà ðàññåêàòåëü è
ðàññòîÿíèå, íà êîòîðîå îíè îòñêî÷àò ïîñëå óäàðà [1–9]. Ôèçè÷åñêèå ÿâëå-
íèÿ ïðè ñòîëêíîâåíèè ñåìÿí ñ ðàññåêàòåëåì äîâîëüíî ñëîæíû, è ïðàêòè-
÷åñêè åäèíñòâåííûì ñðåäñòâîì òåîðåòè÷åñêîãî èçó÷åíèÿ ñòîëêíîâåíèé
òåë ÿâëÿåòñÿ ïðèìåíåíèå çàêîíîâ ñîõðàíåíèÿ ýíåðãèè è èìïóëüñà. Íàáëþ-
äåíèÿ ïîêàçûâàþò, ÷òî îòíîñèòåëüíûå ñêîðîñòè ñåìÿí ïîñëå óäàðà íå äîñ-
òèãàþò ñâîåé ïðåæíåé ÷èñëåííîé âåëè÷èíû [10]. Ïðè óäàðå ñåìåíà äåôîð-
ìèðóþòñÿ, âîçíèêàþò óïðóãèå ñèëû è ñèëû òðåíèÿ. Ýòî ïðèâîäèò ê òîìó,
÷òî ïðè óäàðå ýíåðãèÿ âîññòàíàâëèâàåòñÿ ëèøü ÷àñòè÷íî. Äëÿ ó÷åòà äàííûõ
ïîòåðü ýíåðãèè ââîäèòñÿ êîýôôèöèåíò âîññòàíîâëåíèÿ k.

Öåëü ðàáîòû – ðàçðàáîòàòü ìåòîäèêó è îïðåäåëèòü êîýôôèöèåíòû
âîññòàíîâëåíèÿ ñêîðîñòè ñåìÿí îñíîâíûõ çåðíîâûõ êóëüòóð ïîñëå èõ óäà-
ðà î ðàññåêàòåëü ñîøíèêà.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÈÊÀ ÈÑÑËÅÄÎÂÀÍÈÉ

Ñëîæíîñòü îïðåäåëåíèÿ êîýôôèöèåíòà âîññòàíîâëåíèÿ ìåòîäîì ñî-
óäàðåíèÿ äâóõ òåë äëÿ ñåìÿí çåðíîâûõ êóëüòóð çàêëþ÷àåòñÿ â òîì, ÷òî ñå-
ìåíà èìåþò ñëîæíûå ôîðìû, ìíîãèå èç íèõ ïîêðûòû ïëåíêîé, ïðè óäàðå
îíè íå îðèåíòèðîâàíû è òðàåêòîðèÿ èõ ïîëåòà ïîñëå óäàðà íåîäíîçíà÷íà.
Îïðåäåëèòü êîýôôèöèåíò âîññòàíîâëåíèÿ ñêîðîñòè ñåìÿí ïîñëå óäàðà î
ðàññåêàòåëü äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ â ðàñ÷åòàõ ñîøíèêîâ ìîæíî
ïóòåì èìèòàöèè ðàáîòû â ðåàëüíûõ óñëîâèÿõ. Äëÿ ýòîãî íåîáõîäèìî ñðàâ-
íèòü ôàêòè÷åñêóþ ñêîðîñòü îòñêîêà ñåìÿí îò ðàññåêàòåëÿ ñî ñêîðîñòüþ îò-
ñêîêà àáñîëþòíî òâåðäîãî òåëà. Òåîðåòè÷åñêè ïðè óäàðå àáñîëþòíî òâåðäî-
ãî òåëà î ïëàñòèíó ñêîðîñòü îòñêîêà ðàâíà ñêîðîñòè ïðè óäàðå, óãîë îòðà-
æåíèÿ ïðè ïàäåíèè òåëà íà ïëàñòèíó, óñòàíîâëåííóþ ïîä óãëîì 45�, òàêæå
äîëæåí ðàâíÿòüñÿ 45�. Ñëåäîâàòåëüíî, ïðè ïàäåíèè òåëà ñ âûñîòû h â òî÷êå
óäàðà íà ïëàñòèíå îíî áóäåò èìåòü ñêîðîñòü V g hïàä � �2 . Íà îñíîâàíèè

çàêîíà î ñîõðàíåíèè ýíåðãèè ïðè àáñîëþòíî óïðóãîì óäàðå òåëî îòñêî÷èò
ãîðèçîíòàëüíî ïîâåðõíîñòè íà ðàññòîÿíèå, ðàâíîå L V h g� �îò 2 2 / , ïðåæ-

äå ÷åì óïàäåò íà ïîâåðõíîñòü, ïîêðûòóþ ëèïêîé ëåíòîé.
Â ýêñïåðèìåíòå íåîáõîäèìî ñáðàñûâàòü ñåìåíà ñ ðàçëè÷íûõ âûñîò íà

ïëàñòèíó, èìèòèðóþùóþ ðàññåêàòåëü ñîøíèêà. Ñåìåíà, ïàäàþùèå ñ íå-
áîëüøîé âûñîòû, íå óñïåâàþò íàáðàòü ñêîðîñòü, ïðè êîòîðîé ñîïðîòèâëå-
íèå âîçäóõà ïîâëèÿåò íà ðåçóëüòàò, ïîýòîìó åãî ìîæíî íå ó÷èòûâàòü â
ðàñ÷åòàõ. Ïðè íåóïðóãîì óäàðå ñåìÿí î ïëàñòèíó ñêîðîñòü îòñêîêà ñåìÿí
íå ðàâíà ñêîðîñòè óäàðà, à óãîë ïàäåíèÿ íå ðàâåí óãëó îòðàæåíèÿ. Ñëåäîâà-
òåëüíî, îïðåäåëèâ ðàññòîÿíèå, êîòîðîå ïðîëåòÿò ñåìåíà îò òî÷êè óäàðà äî
òî÷êè ïàäåíèÿ è âðåìÿ ïàäåíèÿ ñåìÿí ñ âûñîòû h2 , îò òî÷êè óäàðà äî ïî-
âåðõíîñòè ïàäåíèÿ îïðåäåëèì ôàêòè÷åñêóþ ñêîðîñòü îòñêîêà ñåìÿí:

V L h gîò � / /2 2 ,

ãäå L – ðàññòîÿíèå, íà êîòîðîå îòñêàêèâàþò ñåìåíà îò òî÷êè óäàðà, ì.
Ñîîòâåòñòâåííî êîýôôèöèåíò âîññòàíîâëåíèÿ îïðåäåëèòñÿ êàê

k V V� ïàä îò/ ,

ãäå Vïàä – ñêîðîñòü ïàäåíèÿ ñåìÿí íà ïëàñòèíó, ì/ñ; Vîò – ñêîðîñòü îòñêîêà
ñåìÿí îò ïëàñòèíû, ì/ñ.
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Óãîë ïàäåíèÿ ñåìÿí íà ïëàñòèíó � è óãîë èõ îòðàæåíèÿ îò ïëàñòèíû �1
ñâÿçàíû ìåæäó ñîáîé ñîîòíîøåíèåì tg tg 1b b� �k .

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Âàæíûì ïàðàìåòðîì ïðè ïðîåêòèðîâàíèè ñîøíèêîâ ÿâëÿåòñÿ ñêî-
ðîñòü ïàäåíèÿ ñåìÿí íà ðàññåêàòåëü. Ìàëàÿ ñêîðîñòü íå îáåñïå÷èâàåò ðàç-
áðîñ ñåìÿí íà íóæíóþ øèðèíó áîðîçäû, à áîëüøàÿ ïðè îòñêîêå ñåìÿí îò
ðàñïðåäåëèòåëÿ ïðèâîäèò ê ïîâòîðíîìó óäàðó èõ î ëàïó è ïîòåðè ýíåðãèè
[11, 12]. Íåîáõîäèìî, ÷òîáû ñêîðîñòü ñåìÿí â ìîìåíò èõ óäàðà î ïëàñòèíó
áûëà íåâûñîêîé – îò 1 äî 2 ì/ñ. Â îïûòå äëÿ îáåñïå÷åíèÿ íóæíîé ñêîðîñòè
èñïûòóåìûå ñåìåíà ñáðàñûâàëè ñ ïîëêè, óñòàíîâëåííîé íà âûñîòå 50, 100,
150 è 200 ìì, ïðè ýòîì ñêîðîñòü ïðè óäàðå ñîîòâåòñòâåííî áûëà ðàâíîé 1;
1,4; 1,7 è 2 ì/ñ. Ñåìåíà íà ïîëêó óêëàäûâàëè ïî 10 øò. è ñáðàñûâàëè ïîî÷å-
ðåäíî íà ìåòàëëè÷åñêóþ ïëàñòèíó, óñòàíîâëåííóþ ïîä óãëîì 45� íà âûñîòå
50 ìì îò ïîâåðõíîñòè, çàêðûòîé ëèïêîé ëåíòîé. Îïûò ïîâòîðÿëè 10 ðàç, â
èòîãå ñ êàæäîé âûñîòû ñáðàñûâàëè ïî 100 ñåìÿí. Ïî êàæäîé ïàðòèè èç 100
ñåìÿí îïðåäåëÿëè ñðåäíåå ðàññòîÿíèå îòñêîêà è äîâåðèòåëüíûå èíòåðâàëû
ïðè 5%-ì óðîâíå çíà÷èìîñòè (òàáë. 1). Èñïîëüçóÿ äàííûå òàáëèöû, ìîæíî
ïðè ïðîåêòèðîâàíèè ñîøíèêîâ, çíàÿ øèðèíó ëàïû, âûáðàòü íóæíóþ ñêî-
ðîñòü ïàäåíèÿ ñåìÿí íà ðàññåêàòåëü.

Ïðè ïðîåêòèðîâàíèè ñîøíèêîâ òàêæå âàæíî çíàòü ïîëèãîí ðàñïðåäå-
ëåíèÿ ñåìÿí îòíîñèòåëüíî ñðåäíåé âåëè÷èíû îòñêîêà. Ïîëèãîí ðàñïðåäå-
ëåíèÿ ñåìÿí ïîä ëàïîé ïîñòðîåí ïðè ñêîðîñòè èõ ïàäåíèÿ íà ïëàñòèíó
1,7 ì/ñ (ñì. ðèñóíîê).

Àíàëèçèðóÿ ãðàôèê, ìîæíî îòìåòèòü, ÷òî ó ñåìÿí îâñà, ïøåíèöû è
ãðå÷èõè íåò ÿðêî âûðàæåííîãî ïèêà, êàê, íàïðèìåð, ó ñåìÿí ðæè è ÿ÷ìå-
íÿ. Ýòî ìîæíî îáúÿñíèòü òåì, ÷òî ïîïåðå÷íûå ñå÷åíèÿ ñåìÿí ðæè è ÿ÷ìå-
íÿ áëèçêè ê îêðóæíîñòè, è ïðè óäàðå ÷àùå ïðîèñõîäèò áîëåå ïëîòíûé
êîíòàêò ñåìÿí ñ ïëàñòèíîé â îòëè÷èå îò ñåìÿí ïøåíèöû, îâñà è ãðå÷èõè.
Êðîìå ýòîãî îâåñ è ãðå÷èõà èìåþò ÷åøóþ, êîòîðàÿ âíîñèò ïîãðåøíîñòü â
òðàåêòîðèþ èõ ïîëåòà.

Ïîëó÷èâ ñðåäíåå ðàññòîÿíèå è ñêîðîñòü îòñêîêà äëÿ êàæäîé ïàðòèè
ñåìÿí, ìîæíî îïðåäåëèòü êîýôôèöèåíòû âîññòàíîâëåíèÿ. Ñðåäíåå çíà÷å-
íèå êîýôôèöèåíòà âîññòàíîâëåíèÿ îïðåäåëÿåòñÿ êàê ñðåäíåå àðèôìåòè÷å-
ñêîå ïî âñåì 10 ïàðòèÿì ñåìÿí (òàáë. 2).
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Ò à á ë è ö à 1
Ñðåäíåå ðàññòîÿíèå îòñêîêà ñåìÿí çåðíîâûõ êóëüòóð, ìì

Êóëüòóðà
Ñêîðîñòü ñåìÿí ïðè óäàðå î ïëàñòèíó, ì/ñ

1,0 1,4 1,7 2

Ïøåíèöà 54,3 ± 2,2 72,5 ± 4,1 90,9 ± 7,1 107,5 ± 9,8

Îâåñ 44,0 ± 2,6 70,7 ± 5,3 75,5 ± 6,2 95,5 ± 12,8

Ðîæü 52,3 ± 2,3 73,5 ± 6,2 89,3 ± 4,3 93,2 ± 4,2

ß÷ìåíü 56,5 ± 3,0 83,9 ± 5,3 97,0 ± 3,9 107,2 ± 2,0

Ãðå÷èõà 50,2 ± 4,6 73,4 ± 4,0 89,4 ± 5,9 92,2 ± 6,0

Ãîðîõ 66,2 ± 1,7 93,2 ± 5,0 112,5 ± 3,5 125,5 ± 1,8



Êîýôôèöèåíò âîññòàíîâëåíèÿ âàðüèðóåò â øèðîêèõ ïðåäåëàõ, çàâèñèò
íå òîëüêî îò ôîðìû è ñîñòîÿíèÿ ïîâåðõíîñòè ñåìÿí, íî è îò ñêîðîñòè èõ
óäàðà î ïëàñòèíó.
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Ðàñïðåäåëåíèå ðàññòîÿíèÿ îòñêîêà 100 ñåìÿí çåðíîâûõ êóëüòóð îò òî÷êè èõ óäàðà
íà ïëàñòèíå

Ò à á ë è ö à 2
Êîýôôèöèåíòû âîññòàíîâëåíèÿ ñêîðîñòè ñåìÿí ïðè óäàðå èõ î ìåòàëëè÷åñêóþ ïëàñòèíó
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DETERMINING THE VELOCITY RESTORING FACTOR
IN SEEDS STRICKEN AGAINST THE OPENER SPLITTER

There was developed a method for determining the velocity restoring factor in seeds stricken
against the splitter of a seeding machine by simulating a real process of seed distribution under the
blade of the opener. To ensure the desired velocity of seeds when impacted, the seeds were thrown off
the shelves installed at the heights of 50, 100, 150, and 200 mm to a metal plate installed at the angle of
45� and the height of 50 mm from the surface. The velocity restoring factors of seeds after hitting the
plate were calculated based on average distances of rebounds. Experiments were carried out on seeds
of wheat, oats, rye, barley, buckwheat, and peas. The average values of distances, at which seeds were
rebounded from the splitter, and the confidence intervals were determined. The area of seed
distribution relative to the average rebound was constructed. There were determined the average
values of seed velocity restoring factors after the impact: wheat seeds 0.54, oats 0.46, rye 0.51, barley
0.56, buckwheat 0.51, and peas 0.65. It has been found that the seed velocity restoring factor depends
on a shape of seeds, their surface, and a velocity of their attack on the plate.

Keywords: seeds, velocity restoring factor, rebound, average distance, opener.
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