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Ïåðåâîä äâèãàòåëåé íà ïèòàíèå ïðèðîäíûì ãàçîì àêòóàëåí â ñâÿçè ñ ìåíüøåé ñòîèìîñòüþ ãàçîâîãî òîïëèâà è 
óëó÷øåíèåì ýêîëîãè÷åñêèõ ïîêàçàòåëåé. Â ðàìêàõ ïðîâîäèìûõ â ÌÀÄÈ ðàáîò ïî ñîçäàíèþ âûñîêî- è ñðåäíå-
îáîðîòíûõ òðàíñïîðòíûõ äâèãàòåëåé, ïèòàåìûõ ïðèðîäíûì ãàçîì, áûëè ðàçðàáîòàíû è èçãîòîâëåíû ñèñòåìà 
ýëåêòðîííîãî óïðàâëåíèÿ è ìîäóëüíàÿ ñèñòåìà ïèòàíèÿ ãàçîì ãàçîäèçåëÿ. Òàêîé ïîäõîä ïîçâîëèë èñïîëüçî-
âàòü òðè ìîäóëÿ äëÿ îáåñïå÷åíèÿ ïèòàíèåì ñðåäíåîáîðîòíîãî ãàçîäèçåëÿ 6×Í20/28 è îäèí ìîäóëü – äëÿ âû-
ñîêîîáîðîòíîãî ãàçîäèçåëÿ 6×Í10,7/12,4. Ñ öåëüþ ýêñïåðèìåíòàëüíîé îòðàáîòêè ñèñòåì â ÌÀÄÈ âûïîëíåíà 
êîíâåðòàöèÿ äèçåëÿ 6×Í10,7/12,4 â ãàçîäèçåëü ñ ìèíèìèçèðîâàííîé çàïàëüíîé ïîðöèåé äèçåëüíîãî òîïëèâà, 
ïîäàâàåìîãî ñèñòåìîé Common Rail. Êàëèáðîâêà ñèñòåì ãàçîäèçåëÿ ïðîâîäèëàñü ñ èñïîëüçîâàíèåì ðåçóëüòà-
òîâ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé è ðàñ÷åòíîãî êîìïëåêñà, ðàçðàáîòàííîãî â ÌÀÄÈ äëÿ ìîäåëèðîâàíèÿ 
ðàáî÷åãî ïðîöåññà ãàçîäèçåëÿ. Ñòåíäîâûå èñïûòàíèÿ âûñîêîîáîðîòíîãî ãàçîäèçåëÿ ïîêàçàëè, ÷òî ðàçðàáîòàí-
íûå ñèñòåìû ïèòàíèÿ ãàçîì è ýëåêòðîííîãî óïðàâëåíèÿ ïîçâîëÿþò ïîëó÷èòü áîëüøóþ äîëþ çàìåùåíèÿ ãàçîì 
äèçåëüíîãî òîïëèâà (îò 5 % íà ïîëíûõ íàãðóçêàõ äî 33 % íà ìàëûõ), âûñîêèå ýôôåêòèâíûå ïîêàçàòåëè, à òàêæå 
çàìåòíîå ñíèæåíèÿ âûáðîñîâ NOõ è ÑÎ2. Íà ìàëûõ ÷àñòîòàõ âðàùåíèÿ íå óäàëîñü ïîëó÷èòü òàêîãî æå âûñîêî-
ãî êðóòÿùåãî ìîìåíòà, êàê ó áàçîâîãî äèçåëÿ. Ïðîâåäåíû ñðàâíèòåëüíûå ðàñ÷åòû ïîêàçàòåëåé ñðåäíåîáîðîò-
íîãî ãàçîäèçåëÿ 6×Í20/28 è âûñîêîîáîðîòíîãî ãàçîäèçåëÿ 6×Í10,7/12,4 ïðè ñõîäíûõ óñëîâèÿõ (îäèíàêîâîé 
ñðåäíåé ñêîðîñòè ïîðøíÿ, ñðåäíåãî ýôôåêòèâíîãî äàâëåíèÿ è äàâëåíèÿ íàääóâî÷íîãî âîçäóõà), ïîêàçàâøèå 
áëèçêèå èíäèêàòîðíûå ïîêàçàòåëè, ÷òî ïîçâîëÿåò îæèäàòü ýôôåêòèâíîñòè ïðèìåíåíèÿ íà ñðåäíåîáîðîòíîì 
ãàçîäèçåëå ñèñòåì ïèòàíèÿ òîïëèâîì è ýëåêòðîííîãî óïðàâëåíèÿ, ðàçðàáîòàííûõ äëÿ âûñîêîîáîðîòíîãî ãàçî-
äèçåëÿ, ïîñëå èõ ñîîòâåòñòâóþùåé àäàïòàöèè.
Êëþ÷åâûå ñëîâà: êîíâåðòàöèÿ äâèãàòåëÿ, âûñîêîîáîðîòíûé ãàçîäèçåëü, ñðåäíåîáîðîòíûé ãàçîäèçåëü, ñèñòå-
ìà ïèòàíèÿ ãàçîì, ñèñòåìà ýëåêòðîííîãî óïðàâëåíèÿ, ñòåíäîâûå èñïûòàíèÿ, ìîäåëèðîâàíèå. 

Conversion of engines to natural gas feeding is actual due to the lower cost of gas fuel and improvement of environ-
mental performance. Within the works on creation of high- and medium-speed transport engines powered by natural 
gas conducted at MADI, an electronic control system and a modular gas supply system for a gas-diesel were devel-
oped and manufactured. This approach allowed using of three modules for feeding of the medium-speed gas diesel 
6ChN20/28 and one module for the high-speed gas diesel 6ChN10.7/12.4. For experimental testing of the systems, at 
MADI there was made the conversion of the 6ChN10.7/12.4 diesel into a gas-diesel with a minimized igniting por-
tion the diesel fuel supplied by the Common Rail system. Calibration of gas-diesel systems was carried out using the 
results of experimental studies and the computational complex developed at MADI for modeling of working process 
of a gas-diesel engine. Bench tests of the high-speed gas diesel showed that the developed systems of gas supply and 
electronic control allow obtaining of a large portion of gas substitution of diesel fuel (from 5 % for full loads to 33 % 
for small ones), high effective indicators, and notable reduction of NOx and CO2 emissions. It was not possible to 
obtain the high level of torque as for the base diesel engine, at low speeds. Comparative calculations of the medium-
speed gas diesel engine 6ChN20/28 and high-speed gas diesel engine 6ChN10.7/12.4 were carried out under similar 
conditions (the same average piston velocity, mean effective pressure and charge air pressure), which showed close 
indicator values, that allows to expect the efficiency of the medium-speed gas diesel systems of fuel supply and elec-
tronic controls designed for high-speed gas diesel engines after their respective adaptation.
Keywords: engine conversion, high-speed gas diesel, medium-speed gas diesel, gas supply system, electronic control 
system, bench tests, simulation.
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 Ââåäåíèå
Èçâåñòíî, ÷òî ïðèìåíåíèå ãàçîâîãî òî-

ïëèâà â ÄÂÑ ïîçâîëÿåò óìåíüøèòü çàòðàòû 
íà òîïëèâî, ñíèçèòü øóì, âûáðîñû NO

x
, CO, 

÷àñòèö è CO
2
. Â ÌÀÄÈ íàêîïëåí ìíîãîëåòíèé 

îïûò êîíâåðòàöèè âûñîêîîáîðîòíûõ äèçåëåé 
ÊÀÌÀÇ â ãàçîâûå äâèãàòåëè ñ èñêðîâûì çàæè-
ãàíèåì. Â íàñòîÿùåå âðåìÿ â ðàìêàõ ðàáîò ïî 
ñîçäàíèþ ñîâðåìåííûõ âûñîêî- è ñðåäíåîáî-
ðîòíûõ òðàíñïîðòíûõ äâèãàòåëåé, ïèòàåìûõ 
ïðèðîäíûì ãàçîì, ÌÀÄÈ çàíèìàåòñÿ ðàçðà-
áîòêîé ñèñòåì ïèòàíèÿ è ýëåêòðîííîãî óïðàâ-
ëåíèÿ äëÿ òàêèõ äâèãàòåëåé. 

Ïðåäâàðèòåëüíî âûïîëíåí àíàëèç ñ öåëüþ 
îïðåäåëåíèÿ íàèáîëåå ýôôåêòèâíûõ ìåòîäîâ 
êîíâåðòàöèè ñðåäíå- è âûñîêîîáîðîòíûõ òðàíñ-
ïîðòíûõ äâèãàòåëåé äëÿ ðàáîòû íà ïðèðîäíîì 
ãàçå [1]. Äëÿ òàêèõ äâèãàòåëåé ãàçîäèçåëüíûé 
ïðîöåññ ïðåäñòàâëÿåòñÿ áîëåå ïåðñïåêòèâíûì, 
÷åì ÷èñòî ãàçîâûé ñ èñêðîâûì çàæèãàíèåì, â 
ñâÿçè ñ ïîëó÷åíèåì ëó÷øåé òîïëèâíîé ýêîíî-
ìè÷íîñòè, à òàêæå ïîñêîëüêó â ýòîì ñëó÷àå íåò 
îãðàíè÷åíèé, ñâÿçàííûõ ñ äåòîíàöèåé, êîòîðûå 
îñîáåííî ñèëüíî ïðîÿâëÿþòñÿ ïî ìåðå óâåëè÷å-
íèÿ ðàçìåðîâ öèëèíäðîâ è ðîñòà ñòåïåíè ôîð-
ñèðîâàíèÿ. Ïðè ñîõðàíåíèè òîïëèâîïîäàþùåé 
àïïàðàòóðû êîíâåðòèðóåìîãî äèçåëÿ è ïîäà÷è 
â öèëèíäðû çàïàëüíîé äîçû äèçåëüíîãî òîïëè-
âà óäàåòñÿ çàìåñòèòü ÷àñòü äèçåëüíîãî òîïëèâà 
ãàçîì, óëó÷øèòü ïî ñðàâíåíèþ ñ áàçîâûì äèçå-
ëåì òîïëèâíóþ ýêîíîìè÷íîñòü è ñíèçèòü òîê-
ñè÷íûå âûáðîñû. Òàê, ó ãàçîäèçåëÿ ßÌÇ 236Ä 
òðàêòîðà ÐÒÌ-160 çàïàëüíàÿ äîçà äèçåëüíîãî 
òîïëèâà ñîñòàâëÿåò 30 % îò íîìèíàëüíîé ïðè 
ðàáîòå â äèçåëüíîì ðåæèìå [2], à ó ãàçîäèçå-
ëÿ ÄÌ ñàìîñâàëîâ ÁåëÀÇ óäàëîñü óìåíüøèòü 
çàïàëüíóþ äîçó äèçåëüíîãî òîïëèâà äî 18 % è 
ñíèçèòü âûáðîñû ÷àñòèö â 5 ðàç, ÑÎ – â 2–3 ðàçà, 
NO

x
 – â 1,3–1,4 ðàçà [3]. Â öåëîì, ó òàêèõ ãàçî-

äèçåëåé äîëÿ çàìåùåíèÿ äèçåëüíîãî òîïëèâà 
ãàçîì ïîëó÷àåòñÿ íå î÷åíü áîëüøîé (40–60 %), 
òàê êàê îíè çàïóñêàþòñÿ è ðàáîòàþò íà õîëî-
ñòîì õîäó íà äèçåëüíîì òîïëèâå.

Ïî ìíåíèþ À.À. Êàïóñòèíà [4], ìèíèìàëüíàÿ 
çàïàëüíàÿ äîçà äèçåëüíîãî òîïëèâà 20–25 % îïðå-
äåëÿåòñÿ ìèíèìàëüíûì êîëè÷åñòâîì òîïëèâà, 
êîòîðîå ìîæåò óñòîé÷èâî ïîäàâàòü ÒÍÂÄ òðàäè-
öèîííîãî òèïà. Åñëè íà äâèãàòåëå óñòàíîâèòü ñïå-
öèàëüíûé ÒÍÂÄ òîëüêî äëÿ âïðûñêà çàïàëüíîãî 
æèäêîãî òîïëèâà, ìîæíî îáåñïå÷èòü óñòîé÷èâóþ 
ðàáîòó ïðè çàïàëüíîé äîçå òîïëèâà 3–5 %. 

Íàêîíåö, âîçìîæåí èííîâàöèîííûé ïðî-
öåññ, ïðè êîòîðîì ïðîèñõîäèò âîñïëàìåíåíèå 

ãàçîâîçäóøíîé ñìåñè çàïàëüíîé ïîðöèåé òîíêî 
ðàñïûëåííîãî äèçåëüíîãî òîïëèâà, ïîäàâàåìî-
ãî ñèñòåìîé Common Rail, êîãäà ïðè ïðàâèëü-
íîé îðãàíèçàöèè ðàáî÷åãî ïðîöåññà äîçà äè-
çåëüíîãî òîïëèâà ìîæåò áûòü äîâåäåíà äî 5 % 
îò îáùåé öèêëîâîé ïîäà÷è äèçåëüíîãî è ãàçî-
âîãî òîïëèâà. Ïðè÷åì äîëÿ äèçåëüíîãî òîïëè-
âà îñòàåòñÿ íèçêîé è ïðè ñíèæåíèè íàãðóçêè.

Öåëü èññëåäîâàíèÿ
Ïî ðåçóëüòàòàì ïðîâåäåííîãî àíàëèçà 

áûëà ïîñòàâëåíà öåëü ñîçäàíèÿ ñèñòåì ïè-
òàíèÿ òîïëèâîì è ýëåêòðîííîãî óïðàâëåíèÿ 
äëÿ âûñîêî- è ñðåäíåîáîðîòíîãî ãàçîäèçåëÿ 
«íîâîãî ïîêîëåíèÿ» ñ âîñïëàìåíåíèåì ãàçà 
ìèíèìèçèðîâàííîé ïîðöèåé äèçåëüíîãî òî-
ïëèâà, ïîäàâàåìîãî ñèñòåìîé Common Rail. 

Ïîñêîëüêó îòñóòñòâîâàëà âîçìîæíîñòü ïðî-
âåäåíèÿ ýêñïåðèìåíòàëüíûõ ðàáîò íà ñðåäíåî-
áîðîòíîì äèçåëå, áûëî ðåøåíî êîíâåðòèðîâàòü 
âûñîêîîáîðîòíûé äèçåëü Êàììèíñ-ÊÀÌÀ 
6×Í10,7/12,4 â ãàçîäèçåëü ïóòåì ôîðìèðîâà-
íèÿ åãî ñèñòåì ïèòàíèÿ ãàçîì è ýëåêòðîííîãî 
óïðàâëåíèÿ ñ ïîñëåäóþùåé êàëèáðîâêîé ýòèõ 
ñèñòåì íà îñíîâå ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé è ìîäåëèðîâàíèÿ. Ðàçðàáîòàííûå 
ñèñòåìû èìåþò àðõèòåêòóðó, ïîçâîëÿþùóþ 
ïðèìåíÿòü èõ íà ñðåäíåîáîðîòíîì ãàçîäèçåëå 
6×Í20/28 ïîñëå ñîîòâåòñòâóþùåé àäàïòàöèè.

Ðàçðàáîòêà ñèñòåì ïèòàíèÿ 
ãàçîì è óïðàâëåíèÿ
Ïðåäëîæåíà ñèñòåìà ïèòàíèÿ ãàçîì ãàçî-

äèçåëÿ, ñîñòîÿùàÿ èç íåñêîëüêèõ ìîäóëåé, 
ñîåäèíåííûõ ìåæäó ñîáîé. Êàæäûé ãàçîâûé 
ìîäóëü îáåñïå÷èâàåò ðåäóöèðîâàíèå è ïîäà÷ó 
ïðèðîäíîãî ãàçà. Ýòî ïîçâîëÿåò èñïîëüçî-
âàòü â çàâèñèìîñòè îò ðàçìåðíîñòè ãàçîäè-
çåëÿ ñîîòâåòñòâóþùåå êîëè÷åñòâî ìîäóëåé. 
Òàê, äëÿ ãàçîäèçåëÿ 6×Í10,7/12,4 òðåáóåòñÿ 
îäèí ìîäóëü, à äëÿ ãàçîäèçåëÿ 6×Í20/28 – 
3 ìîäóëÿ. Ýêñïåðèìåíòàëüíûé îáðàçåö ñèñòå-
ìû ïîäà÷è ãàçà (ðèñ. 1) îáåñïå÷èâàåò ïîäà÷ó 
ïðèðîäíîãî ãàçà äëÿ ãàçîäèçåëÿ ñ âíåøíèì 
ñìåñåîáðàçîâàíèåì ñ ðàáî÷èì äàâëåíèåì 
1 ÌÏà. Ïî ñâîèì êîíñòðóêòèâíûì ïðèçíàêàì 
äàííàÿ ñèñòåìà îòíîñèòñÿ ê ãàçîâûì ðåäó-
öèðóþùèì òîïëèâíûì ñèñòåìàì ñ ýëåêòðî-
óïðàâëÿåìûìè äîçàòîðàìè ïðèðîäíîãî ãàçà. 
Äëÿ ïîäà÷è çàïàëüíîé ïîðöèè äèçåëüíîãî òî-
ïëèâà èñïîëüçîâàëàñü øòàòíàÿ àêêóìóëÿòîð-
íàÿ òîïëèâíàÿ ñèñòåìà äèçåëÿ 6×Í10,7/12,4 ñ 
ýëåêòðîãèäðîóïðàâëÿåìûìè ôîðñóíêàìè.
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Ýêñïåðèìåíòàëüíûé îáðàçåö ñèñòåìû ýëåê-
òðîííîãî óïðàâëåíèÿ ïîäà÷åé è âîñïëàìåíåíèÿ 
ãàçîâûõ òîïëèâ äëÿ 6-öèëèíäðîâîãî ãàçîäèçå-
ëÿ (ðèñ. 2) íà îñíîâàíèè äàííûõ, ïîëó÷àåìûõ 
îò èíôîðìàöèîííûõ ýëåìåíòîâ ñèñòåì ïîäà÷è 
ãàçà è çàïàëüíîé ïîðöèè äèçåëüíîãî òîïëèâà, 
ôîðìèðóåò ýëåêòðè÷åñêèå èìïóëüñû óïðàâëå-
íèÿ èñïîëíèòåëüíûìè ýëåìåíòàìè ýòèõ ñèñòåì, 
îáåñïå÷èâàåò ñèíõðîíèçàöèþ è ðàñïðåäåëåíèå 
èìïóëüñîâ óïðàâëåíèÿ ïî öèëèíäðàì â ñîîò-
âåòñòâèè ñ ðåæèìîì ðàáîòû äâèãàòåëÿ.

Ïðîâåäåíèå ðàñ÷åòíîãî 
ìîäåëèðîâàíèÿ
Èñïîëüçîâàëñÿ ðàçðàáîòàííûé â ÌÀÄÈ 

ïðîãðàììíûé êîìïëåêñ äëÿ ðàñ÷åòîâ ïîêàçàòå-
ëåé ãàçîäèçåëÿ [5]. 

Ïðîâîäèëèñü ñëåäóþùèå ñåðèè ðàñ÷åòîâ:
• ðàñ÷åòû ðàáî÷åãî ïðîöåññà ãàçîäèçåëÿ 

6×Í10,7/12,4 â øèðîêîì äèàïàçîíå ÷àñòîò 
âðàùåíèÿ è íàãðóçîê, íåîáõîäèìûå äëÿ 
êàëèáðîâêè ñèñòåì ïèòàíèÿ ãàçîì è ýëåê-
òðîííîãî óïðàâëåíèÿ, à òàêæå äëÿ àíàëè-
çà ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ ïîêà-
çàòåëåé äàííîãî ãàçîäèçåëÿ;

Ðèñ. 1. Ñõåìà ñèñòåìû ïîäà÷è ïðèðîäíîãî ãàçà 
íà ñòåíäîâîé óñòàíîâêå ãàçîäèçåëÿ: 

1 – ìàãèñòðàëüíûé ýëåêòðîìàãíèòíûé êëàïàí 
âûñîêîãî äàâëåíèÿ; 2 – äâóõñòóïåí÷àòûé ãàçîâûé 

ðåäóêòîð; 3 – äàò÷èêè òåìïåðàòóðû ãàçà 
â ðåäóêòîðå; 4 – ðåãóëÿòîð òåïëîíîñèòåëÿ; 

5 – äàò÷èê äàâëåíèÿ ãàçà; 6 – ãàçîâûå ôîðñóíêè; 
7 – ãàçîâûé ðåñèâåð; 8 – äàò÷èê òåìïåðàòóðû ãàçà

Ðèñ. 2. Ýêñïåðèìåíòàëüíàÿ ñèñòåìà ýëåêòðîííîãî óïðàâëåíèÿ ïîäà÷åé è âîñïëàìåíåíèÿ ãàçîâîãî òîïëèâà 
äëÿ ãàçîäèçåëÿ: 1 – èíôîðìàöèîííî-âû÷èñëèòåëüíûé áëîê (ÈÂÁ-ÃÄ); 2, 10 – äàò÷èê òåìïåðàòóðû è äàâëåíèÿ 

âî âïóñêíîì êîëëåêòîðå; 3, 9 – äàò÷èê òåìïåðàòóðû îõëàæäàþùåé æèäêîñòè; 4 – äàò÷èê áàðîìåòðè÷åñêîé 
êîððåêöèè; 5 – äàò÷èê ïîëîæåíèÿ êîëåí÷àòîãî âàëà; 6 – äàò÷èê ïîëîæåíèÿ ðàñïðåäåëèòåëüíîãî âàëà; 

7 – àäàïòåð ñèãíàëîâ äàò÷èêîâ ïîëîæåíèÿ ðàñïðåäåëèòåëüíîãî âàëà; 8 – áëîê òåðìîïàð
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• ñðàâíèòåëüíûå ðàñ÷åòû ïîêàçàòåëåé âû-
ñîêîîáîðîòíîãî ãàçîäèçåëÿ 6×Í10,7/12,4 
è ñðåäíåîáîðîòíîãî ãàçîäèçåëÿ 6×Í20/28 
ïðè ñõîäíûõ óñëîâèÿõ ðàáîòû äëÿ îöåíêè 
âîçìîæíîñòè óñïåøíîãî èñïîëüçîâàíèÿ 
íà ñðåäíåîáîðîòíîì ãàçîäèçåëå ðåøåíèé, 
ïðèíÿòûõ ïðè ðàçðàáîòêå ñèñòåì ïèòàíèÿ 
òîïëèâîì è ýëåêòðîííîãî óïðàâëåíèÿ âû-
ñîêîîáîðîòíîãî ãàçîäèçåëÿ.

Áûëî ñäåëàíî ïðåäïîëîæåíèå, ÷òî èíäè-
êàòîðíûå ïîêàçàòåëè ãàçîäèçåëåé áîëüøîé è 
ìàëîé ðàçìåðíîñòè ìîãóò áûòü áëèçêèìè ïðè 
ñëåäóþùèõ îäèíàêîâûõ ïàðàìåòðàõ:

• ñðåäíÿÿ ñêîðîñòü ïîðøíÿ Ñ
ï
;

• ñðåäíåå ýôôåêòèâíîå äàâëåíèå ð
å
;

• äàâëåíèå íàääóâà ð
s
 è ïîëó÷åííûå âñëåä-

ñòâèå ýòîãî áëèçêèå çíà÷åíèÿ êîýôôèöè-
åíòà èçáûòêà âîçäóõà ;

• ïàðàìåòðû òåïëîâûäåëåíèÿ ïî ôîðìó-
ëå È.È. Âèáå (äëÿ äâóõ ðàññ÷èòûâàåìûõ 
âåëè÷èí ñðåäíåé ñêîðîñòè ïîðøíÿ 9,33 è 
5,88 ì/ñ ïðèíèìàëèñü çíà÷åíèÿ äëèòåëü-
íîñòè òåïëîâûäåëåíèÿ 

z
 = 50° è 40° ïî-

âîðîòà êîëåí÷àòîãî âàëà è ïîêàçàòåëü òå-
ïëîâûäåëåíèÿ m = 1).

Ïðåäïîëîæåíèå î âîçìîæíîñòè ïîëó÷åíèÿ 
áëèçêèõ èíäèêàòîðíûõ ïîêàçàòåëåé ó äâèãàòå-
ëåé, çíà÷èòåëüíî ðàçëè÷àþùèõñÿ ðàçìåðàìè, 
ïðè óêàçàííûõ âûøå ñõîäíûõ óñëîâèÿõ îñíî-
âàíî íà âîçìîæíîñòè ïîëó÷åíèÿ áëèçêèõ çíà-
÷åíèé îòíîñèòåëüíûõ ïîòåðü òåïëîòû â ñòåíêè 
öèëèíäðîâ òàê êàê:

• ïðè óâåëè÷åíèè ðàçìåðîâ öèëèíäðîâ êî-
ëè÷åñòâî ðàáî÷åãî òåëà ðàñòåò ïðîïîð-
öèîíàëüíî óâåëè÷åíèþ ðàçìåðîâ öèëèí-
äðîâ â òðåòüåé ñòåïåíè, à ïëîùàäü – âî 
âòîðîé ñòåïåíè, ÷òî îáóñëàâëèâàåò ó äâè-
ãàòåëÿ áîëüøîãî ðàçìåðà ñíèæåíèå îòíî-
ñèòåëüíûõ ïîòåðü òåïëîòû â ñòåíêè èç-çà 
óìåíüøåíèÿ îòíîñèòåëüíîé ïëîùàäè òå-
ïëîîáìåíà;

• ó äâèãàòåëÿ ìàëîãî ðàçìåðà ïðè íåèçìåí-
íîé äëèòåëüíîñòè òåïëîâûäåëåíèÿ â ãðàäó-
ñàõ ïîâîðîòà êîëåí÷àòîãî âàëà è ïðè îäè-
íàêîâîé ñðåäíåé ñêîðîñòè ïîðøíÿ â ñèëó 
áîëüøåé ÷àñòîòû âðàùåíèÿ îòíîñèòåëüíûå 
ïîòåðè òåïëîòû â ñòåíêè ñíèæàþòñÿ èç-çà 
óìåíüøåíèÿ âðåìåíè êîíòàêòà ãîðÿ÷åãî ðà-
áî÷åãî òåëà ñî ñòåíêàìè öèëèíäðà.

Âíà÷àëå ìîäåëèðîâàëàñü ðàáîòà ãàçîäèçåëÿ 
6×Í20/28 ïðè äâóõ ÷àñòîòàõ âðàùåíèÿ 1000 è 
630 ìèí-1 (÷òî ñîîòâåòñòâîâàëî âåëè÷èíàì ñðåä-
íåé ñêîðîñòè ïîðøíÿ Ñ

ï
 = 9,33 è 5,88 ì/ñ) íà 

ïîëíîé è ÷àñòè÷íîé íàãðóçêàõ. Íà íîìèíàëü-
íîì ðåæèìå äîëÿ äèçåëüíîãî òîïëèâà ïðèíèìà-
ëàñü ðàâíîé 5 % îò îáùåé öèêëîâîé ïîäà÷è, è 
äàëåå öèêëîâàÿ ïîäà÷à äèçåëüíîãî òîïëèâà äëÿ 
âñåõ îñòàëüíûõ ðåæèìîâ îñòàâàëàñü íåèçìåí-
íîé, à ìåíÿëàñü òîëüêî öèêëîâàÿ ïîäà÷à ãàçî-
âîãî òîïëèâà. Äëÿ êàæäîãî ðåæèìà ïîäáèðàë-
ñÿ îïòèìàëüíûé ïî òîïëèâíîé ýêîíîìè÷íîñòè 
óãîë îïåðåæåíèÿ âîñïëàìåíåíèÿ. Çàòåì áûëè 
ïðîâåäåíû àíàëîãè÷íûå ðàñ÷åòû äëÿ ãàçîäèçåëÿ 
6×Í10,7/12,4. ×àñòîòû âðàùåíèÿ îïðåäåëÿëèñü 
èç óñëîâèé ðàâåíñòâà ñðåäíåé ñêîðîñòè ïîðøíÿ. 
Îäèíàêîâîå äàâëåíèå íàääóâà îáåñïå÷èâàëîñü 
çà ñ÷åò èçìåíåíèÿ ìèíèìàëüíîãî ýôôåêòèâíîãî 
ïðîõîäíîãî ñå÷åíèÿ òóðáèíû.

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ðåçóëüòàòû èñïûòàíèé ãàçîäèçåëÿ 6×Í10,7/12,4 

ïî òî÷êàì ñêîðîñòíîé è íàãðóçî÷íîé õàðàêòåðè-
ñòèê ïðåäñòàâëåíû íà ðèñ. 3 è 4. Çäåñü ïðèâîäÿò-
ñÿ âåëè÷èíû ñðåäíåãî ýôôåêòèâíîãî äàâëåíèÿ 
ð

å
, äàâëåíèÿ íàääóâî÷íîãî âîçäóõà ð

s
 è ãàçîâ 

ïåðåä òóðáèíîé ð
ò
, êîýôôèöèåíòà èçáûòêà âîç-

äóõà , ðàñõîäà âîçäóõà G
â
, äèçåëüíîãî òîïëèâà 

G
ò 
è ãàçà G

ã
, òåìïåðàòóðû íàääóâî÷íîãî âîçäóõà 

Ò
s
 è èíäèêàòîðíîãî ÊÏÄ 

å
. 

Êàê âèäíî èç ðèñ. 3, íà ìàëûõ ÷àñòîòàõ âðà-
ùåíèÿ íå óäàëîñü äîñòè÷ü âûñîêèõ âåëè÷èí ð

å
. 

Ýòî ìîæåò îáúÿñíÿòüñÿ ñíèæåíèåì êîýôôèöè-
åíòà èçáûòêà âîçäóõà ãàçîäèçåëÿ èç-çà ÷àñòè÷-
íîãî çàìåùåíèÿ âîçäóõà ãàçîì, à òàêæå òåì, ÷òî 
â äèçåëå âñå òîïëèâî íàõîäèòñÿ â êàìåðå ñãîðà-
íèÿ, à â ãàçîäèçåëå ãàç çàïîëíÿåò çàçîðû ìåæäó 
ïîðøíåì-ãèëüçîé è ïîðøíåì-ãîëîâêîé öèëèí-
äðîâ è ñãîðàåò íå ïîëíîñòüþ. Âûñîêèé ýôôåê-
òèâíûé ÊÏÄ ãàçîäèçåëÿ 

å
 = 0,43 ïîëó÷åí â 

äèàïàçîíå ÷àñòîò âðàùåíèÿ 1300–1600 ìèí-1. 
Ïðè ìèíèìàëüíîé ÷àñòîòå âðàùåíèÿ ýêñïåðè-
ìåíòàëüíîå çíà÷åíèå 

å
 = 0,34 çàìåòíî ìåíüøå 

ðàñ÷åòíîãî 
å
 = 0,42. Ýòî ìîæåò îáúÿñíÿòüñÿ 

íåïîëíûì ñãîðàíèåì òîïëèâà â çàçîðàõ, ÷òî 
îñîáåííî çàìåòíî âëèÿåò íà ìàëûõ ÷àñòîòàõ 
âðàùåíèÿ, êîãäà òóðáóëèçàöèÿ çàðÿäà ñíèæà-
åòñÿ. Ïðè ðàñ÷åòàõ ïîñëåäñòâèÿ ïîïàäàíèÿ òî-
ïëèâà â çàçîðû íå ó÷èòûâàëèñü.

Ïîñêîëüêó èçìåðåííûé ðàñõîä âîçäóõà ãà-
çîäèçåëÿ ìåíüøå, ÷åì áàçîâîãî äèçåëÿ ïðèìåð-
íî íà 8 %, íåêîòîðîå ïîâûøåíèå êðóòÿùåãî 
ìîìåíòà íà ìàëûõ ÷àñòîòàõ âðàùåíèÿ ìîæíî 
ïîëó÷èòü ïîäáîðîì òóðáîêîìïðåññîðà, îáå-
ñïå÷èâàþùåãî áîëüøèé ðàñõîä âîçäóõà. Äàëü-
íåéøåå ïîâûøåíèå êðóòÿùåãî ìîìåíòà ìîæåò 
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Ðèñ. 3. Âíåøíÿÿ ñêîðîñòíàÿ õàðàêòåðèñòèêà ãàçîäèçåëÿ 6×Í10,7/12,4: 
------- – ðàñ÷åò; - - - -  – ýêñïåðèìåíò

áûòü äîñòèãíóòî èçìåíåíèåì ôîðìû êàìåðû 
ñãîðàíèÿ â ïîðøíå, ÷òî òðåáóåò ïðîâåäåíèÿ äî-
ïîëíèòåëüíûõ èññëåäîâàíèé. 

Íà ðèñ. 5. ïðèâîäèòñÿ ñðàâíåíèå ðÿäà ïî-
êàçàòåëåé ãàçîäèçåëÿ è áàçîâîãî äèçåëÿ 
6×Í10,7/12,4 ïðè òðåõ ÷àñòîòàõ âðàùåíèÿ è 
äâóõ íàãðóçêàõ – ìàêñèìàëüíîé è ÷àñòè÷íîé 
(30–40 % îò ìàêñèìàëüíîé). Çäåñü óêàçàíà 
äîëÿ çàïàëüíîé ïîðöèè äèçåëüíîãî òîïëèâà ïî 
îòíîøåíèþ ê îáùåìó êîëè÷åñòâó òîïëèâà. Íà 
ïîëíûõ íàãðóçêàõ äîëÿ äèçåëüíîãî òîïëèâà ñî-
ñòàâëÿåò 4,5–6,2 %, à íà ìàëûõ ðàâíà 8,7–8,9 %. 
Íà õîëîñòîì õîäó äîëÿ äèçåëüíîãî òîïëèâà 

ðàâíà 33 %. Ýôôåêòèâíûé ÊÏÄ ãàçîäèçåëÿ â 
ñðåäíåì íà 3 % âûøå, ÷åì áàçîâîãî äèçåëÿ. Ïî-
ëó÷åíî ñðåäíåå ñíèæåíèå CO

2
 íà 1,17 è 1,46 %, 

à NO
x
 – íà 1,52 è 7,4 %, ñîîòâåòñòâåííî, íà 

ïîëíûõ è ÷àñòè÷íûõ íàãðóçêàõ.
Ðåçóëüòàòû ñðàâíèòåëüíûõ ðàñ÷åòîâ âûñî-

êîîáîðîòíîãî ãàçîäèçåëÿ 6×Í10,7/12,4 è ñðåä-
íåîáîðîòíîãî ãàçîäèçåëÿ 6×Í20/28 ïðè îäè-
íàêîâûõ âåëè÷èíàõ ñðåäíåé ñêîðîñòè ïîðøíÿ, 
ñðåäíåãî ýôôåêòèâíîãî äàâëåíèÿ è äàâëåíèÿ 
íàääóâà ïðèâîäÿòñÿ â òàáë. 1, ãäå êðîìå óïî-
ìÿíóòûõ ðàíåå ïàðàìåòðîâ ïðåäñòàâëåíû âå-
ëè÷èíû îòíîøåíèÿ ïîòåðü òåïëîòû â ñòåíêè 
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Ðèñ. 4. Íàãðóçî÷íàÿ õàðàêòåðèñòèêà ãàçîäèçåëÿ 6×Í10,7/12,4 ïðè n = 1420 ìèí-1:
--------- – ðàñ÷åò; - - - - – ýêñïåðèìåíò

Òàáëèöà 1

Ñðàâíåíèå èíäèêàòîðíûõ ïîêàçàòåëåé ñðåäíåîáîðîòíîãî è âûñîêîîáîðîòíîãî ãàçîäèçåëåé 
ïðè äâóõ çíà÷åíèÿõ ñðåäíåé ñêîðîñòè ïîðøíÿ è äâóõ íàãðóçêàõ
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ê òåïëîòå, âûäåëèâøåéñÿ ïðè ñãîðàíèè Q
w
/Q

â
, 

è ôàêòîðà òåïëîâîé íàïðÿæåííîñòè, ïðåäñòàâ-
ëÿþùåãî ñîáîé ïðîèçâåäåíèå ðåçóëüòèðóþùåé 
ïî òåïëîîáìåíó òåìïåðàòóðû Ò

ðåç 
íà êîýôôèöè-

åíò òåïëîîòäà÷è 
ñð

.
Èç òàáëèöû âèäíî, ÷òî ïîëó÷åíû áëèç-

êèå çíà÷åíèÿ îòíîñèòåëüíûõ ïîòåðü òåïëî-
òû ñðåäíåîáîðîòíîãî è âûñîêîîáîðîòíîãî 
ãàçîäèçåëåé. Â ñëó÷àå ñðåäíåîáîðîòíîãî ãàçî-
äèçåëÿ ýòè ïîòåðè ìåíüøå, ÷åì ó âûñîêîîáî-
ðîòíîãî íà 2,5–5 % íà âûñîêèõ ÷àñòîòàõ âðà-
ùåíèÿ è íà 5,6–6,7 – íà íèçêèõ. Ïîñêîëüêó 
îòíîñèòåëüíûå ïîòåðè òåïëîòû â ñèñòåìó îõëàæ-
äåíèÿ ðàññìàòðèâàåìûõ ãàçîäèçåëåé ñîñòàâëÿþò 
11,7–18,7 % îò âñåé òåïëîòû, ââîäèìîé ñ òîïëè-
âîì, ðàçëè÷èÿ â âåëè÷èíàõ èíäèêàòîðíîãî ÊÏÄ 
è ìàêñèìàëüíîãî äàâëåíèÿ ñãîðàíèÿ ïîëó÷àþò-
ñÿ çíà÷èòåëüíî ìåíüøå è íå ïðåâûøàþò 1–2 %.

Îáðàùàåò íà ñåáÿ âíèìàíèå, ÷òî â ñðåäíå-
îáîðîòíîì ãàçîäèçåëå ïîëó÷åíî ìåíüøåå, ÷åì 

Ðèñ. 5. Ñðàâíåíèå ïîêàçàòåëåé ãàçîäèçåëÿ è áàçîâîãî äèçåëÿ 6×Í10,7/12,4 

â âûñîêîîáîðîòíîì ãàçîäèçåëå çíà÷åíèå ôàêòî-
ðà òåïëîâîé íàïðÿæåííîñòè, õàðàêòåðèçóþùå-
ãî îäèí èç âàæíåéøèõ ïîêàçàòåëåé íàäåæíî-
ñòè äâèãàòåëÿ. Ïðè ñðåäíåé ñêîðîñòè ïîðøíÿ 
Ñ

ï
 = 9,33 ì/ñ ýòà ðàçíèöà ñîñòàâëÿåò 11–16 %, 

à ïðè Ñ
ï
 = 5,88 ì/ñ ðàâíà 13,5–14,4 %. Òî åñòü, 

íåñìîòðÿ íà ñóùåñòâåííî áîëüøèå ðàçìåðû 
öèëèíäðà, áîëüøóþ ïî âðåìåíè äëèòåëüíîñòü 
ãîðåíèÿ â ñðåäíåîáîðîòíîì ãàçîäèçåëå äîñòè-
ãàåòñÿ ìåíüøàÿ òåïëîâàÿ íàïðÿæåííîñòü. 

Ýôôåêòèâíûå ïîêàçàòåëè îáîèõ ãàçîäèçå-
ëåé, êðîìå ñðåäíåãî ýôôåêòèâíîãî äàâëåíèÿ, 
íå ïðèâîäÿòñÿ, òàê êàê çàäà÷à èõ ñðàâíåíèÿ íå 
ñòàâèëàñü, íî î÷åâèäíî, ÷òî ïðè âûáðàííûõ 
óñëîâèÿõ ñðàâíåíèÿ ýôôåêòèâíûå ïîêàçàòåëè 
âûñîêîîáîðîòíîãî ãàçîäèçåëÿ õóæå, ÷åì ñðåä-
íåîáîðîòíîãî, â îñíîâíîì ïîòîìó, ÷òî íà íåì 
óñòàíîâëåí òóðáîêîìïðåññîð ìåíüøåãî ðàçìå-
ðà, ñîîòâåòñòâåííî, èìåþùèé ìåíüøèé ÊÏÄ. 
À ýòî ïðèâîäèò ê ñíèæåíèþ ìåõàíè÷åñêîãî 
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ÊÏÄ äâèãàòåëÿ çà ñ÷åò ïîâûøåíèÿ ïîòåðü íà 
ãàçîîáìåí, ïîñêîëüêó ñ óìåíüøåíèåì ÊÏÄ 
òóðáîêîìïðåññîðà îòíîøåíèå äàâëåíèÿ íà 
âïóñêå è âûïóñêå ñíèæàåòñÿ.

Ïîëó÷åíèå áëèçêèõ ïðè âûáðàííûõ óñëîâè-
ÿõ ñðàâíåíèÿ èíäèêàòîðíûõ ïîêàçàòåëåé âûñî-
êîîáîðîòíîãî è ñðåäíåîáîðîòíîãî ãàçîäèçåëåé 
ïîçâîëÿþò ñäåëàòü âûâîä, ÷òî ïðè îäèíàêîâûõ 
âåëè÷èíàõ ñðåäíåé ñêîðîñòè ïîðøíÿ, ñðåäíå-
ãî ýôôåêòèâíîãî äàâëåíèÿ è äàâëåíèÿ íàääóâà 
ïîâûøåíèå îòíîñèòåëüíûõ ïîòåðü òåïëîòû â 
ñòåíêè ó âûñîêîîáîðîòíûõ ãàçîäèçåëåé èç-çà 
óâåëè÷åíèÿ îòíîñèòåëüíîé ïîâåðõíîñòè òåïëî-
îáìåíà â çíà÷èòåëüíîé ñòåïåíè êîìïåíñèðóåò-
ñÿ èõ ñíèæåíèåì èç-çà óìåíüøåíèÿ âðåìåíè 
êîíòàêòà ðàáî÷åãî òåëà ñî ñòåíêàìè. Ñëåäîâà-
òåëüíî ìîæíî îæèäàòü, ÷òî ðåàëèçîâàííûé íà 
ãàçîäèçåëå 6×Í10,7/12,5 ðàáî÷èé ïðîöåññ ñ âîñ-
ïëàìåíåíèåì ãàçà ìèíèìèçèðîâàííîé ïîðöèåé 
äèçåëüíîãî òîïëèâà, ïîäàâàåìîãî ñèñòåìîé 
Common Rail, è òàêæå ðàçðàáîòàííûå ñèñòå-
ìû ïèòàíèÿ ãàçîì è ýëåêòðîííîãî óïðàâëåíèÿ 
äâèãàòåëåì ïîñëå ñîîòâåòñòâóþùèõ àäàïòàöèé 
îáåñïå÷àò ïîêàçàòåëè ñðåäíåîáîðîòíîãî ãàçî-
äèçåëÿ íå õóæå, ÷åì âûñîêîîáîðîòíîãî. Ýòî 
îòíîñèòñÿ ê âûñîêîé äîëå çàìåùåíèÿ ãàçîì 
äèçåëüíîãî òîïëèâà, âûñîêîìó ýôôåêòèâíîìó 
ÊÏÄ è íèçêèì òîêñè÷íûì âûáðîñàì. 

Âûâîäû
Ðàçðàáîòàíû ìîäóëüíàÿ ñèñòåìà ïèòàíèÿ 

ãàçîì è ýëåêòðîííàÿ ñèñòåìà óïðàâëåíèÿ ãà-
çîäèçåëÿ, êîòîðûå ìîãóò ïðèìåíÿòüñÿ êàê íà 
âûñîêîîáîðîòíûõ, òàê è íà ñðåäíåîáîðîòíûõ 
äâèãàòåëÿõ. Ñ èñïîëüçîâàíèåì ýòèõ ñèñòåì 
âûïîëíåíà êîíâåðòàöèÿ â ãàçîäèçåëü áàçîâîãî 
äèçåëÿ 6×Í10,7/12,4 è ïðîâåäåíà êàëèáðîâêà 
ñèñòåì ïèòàíèÿ ãàçîì è óïðàâëåíèÿ.

Îïðåäåëåíû ýêñïåðèìåíòàëüíûå ïîêàçàòå-
ëè ãàçîäèçåëÿ 6×Í10,7/12,4, ïîêàçàâøèå âîç-
ìîæíîñòü ðàáîòû íà íàãðóçêàõ 100 %, 35 % è 
õîëîñòîì õîäó ñî ñðåäíèìè äîëÿìè äèçåëüíîãî 
òîïëèâà, ñîîòâåòñòâåííî, 5,5, 8,8 è 33 %, ÷òî 
ïðåâûøàåò ïîêàçàòåëè ãàçîäèçåëåé ñ òîïëèâ-
íîé àïïàðàòóðîé òðàäèöèîííîãî òèïà, à òàêæå 
äîñòèãíóòû: âûñîêèé ýôôåêòèâíûé ÊÏÄ 43 %, 
ñíèæåíèå âûáðîñîâ NO

x
 â ñðåäíåì â 1,52 ðàçà è 

âûáðîñîâ ÑÎ
2
 – â 1,18 ðàçà.

Ðàñ÷åòû ïîêàçàòåëåé âûñîêîîáîðîòíîãî è 
ñðåäíåîáîðîòíîãî ãàçîäèçåëåé ïðè îäèíàêîâûõ 
çíà÷åíèÿõ ñðåäíåé ñêîðîñòè ïîðøíÿ, ñðåäíåãî 
ýôôåêòèâíîãî äàâëåíèÿ è äàâëåíèÿ íàääóâà ïî-
êàçàëè áëèçêèå âåëè÷èíû èíäèêàòîðíûõ ïîêàçà-

òåëåé, ÷òî ïîçâîëÿåò îæèäàòü ïðè èñïîëüçîâàíèè 
íà ñðåäíåîáîðîòíîì ãàçîäèçåëå ðàçðàáîòàííûõ 
ñèñòåì ïèòàíèÿ òîïëèâîì è ýëåêòðîííîãî óïðàâ-
ëåíèÿ äîñòèæåíèÿ ïîêàçàòåëåé ðàáîòû íå õóæå, 
÷åì íà âûñîêîîáîðîòíîì ãàçîäèçåëå. 
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Äâóõïîòî÷íûå ãèäðîìåõàíè÷åñêèå ïåðåäà÷è øèðîêî èñïîëüçóþòñÿ â ïðîìûøëåííûõ òðàêòîðàõ è â áûñòðî-
õîäíûõ ãóñåíè÷íûõ ìàøèíàõ. Ãëàâíûì äîñòîèíñòâîì òàêîé ïåðåäà÷è ÿâëÿåòñÿ áîëåå âûñîêîå çíà÷åíèå ìàê-
ñèìàëüíîãî êîýôôèöèåíòà ïîëåçíîãî äåéñòâèÿ ïî ñðàâíåíèþ ñ îäíîïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷åé. 
Ðàññìîòðåíà äâóõïîòî÷íàÿ ãèäðîìåõàíè÷åñêàÿ ïåðåäà÷à ïðîìûøëåííîãî òðàêòîðà D8L «Êàòåðïèëëàð», è ïðè-
âåäåíû ðåçóëüòàòû åå ñòåíäîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé. Â äàííîé ïåðåäà÷å ãèäðîòðàíñôîðìàòîð 
â îïðåäåëåííîì äèàïàçîíå èçìåíåíèÿ ÷àñòîòû âðàùåíèÿ âåäîìîãî âàëà ðàáîòàåò â ðåæèìå ïðîòèâîâðàùåíèÿ 
òóðáèííîãî êîëåñà. Â îòå÷åñòâåííîé è çàðóáåæíîé ëèòåðàòóðå îòñóòñòâóþò âíåøíèå õàðàêòåðèñòèêè ãèäðî-
òðàíñôîðìàòîðîâ ñ ó÷åòîì ðåæèìà åãî ðàáîòû ñ ïðîòèâîâðàùåíèåì òóðáèííîãî êîëåñà. Ýêñïåðèìåíòàëüíî 
ïîëó÷èòü òàêèå âíåøíèå õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà ïîêà íèêîìó íå óäàâàëîñü. Ýòî ñâÿçàíî ñî 
ñëîæíîñòüþ îáåñïå÷åíèÿ íà ñòåíäå ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà ãèäðîòðàíñôîðìàòîðà ïðè 
åãî ñòåíäîâûõ èñïûòàíèÿõ. Òàêîé ðåæèì ðåàëèçóåòñÿ òîëüêî â äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷å. 
Îäíàêî ïðè åå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ íà ñòåíäå ñóùåñòâóþùèå ìåòîäèêè íå ïîçâîëÿëè ïîñòðîèòü 
âíåøíþþ õàðàêòåðèñòèêó ãèäðîòðàíñôîðìàòîðà äëÿ ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà. Ïðè ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèÿõ íà ñòåíäå òîëüêî ãèäðîòðàíñôîðìàòîðà òîæå íåâîçìîæíî îáåñïå÷èòü ðåæèì 
ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà. Â ðàáîòå ïðèâåäåíà ìåòîäèêà ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè ãè-
äðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà, åñëè èçâåñòíà âíåøíÿÿ õàðàêòå-
ðèñòèêà äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷è. Îáîñíîâàííîñòü è äîñòîâåðíîñòü ïðåäëàãàåìîãî ïîäõîäà 
ê ïîñòðîåíèþ âíåøíåé õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî 
êîëåñà ïîäòâåðæäåíà ðåçóëüòàòàìè ñòåíäîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèèé äâóõïîòî÷íîé ãèäðîìåõàíè-
÷åñêîé ïåðåäà÷è è ãèäðîòðàíñôîðìàòîðà ïðîìûøëåííîãî òðàêòîðà D8L «Êàòåðïèëëàð».
Êëþ÷åâûå ñëîâà: äâóõïîòî÷íàÿ ãèäðîìåõàíè÷åñêàÿ ïåðåäà÷à, ãèäðîòðàíñôîðìàòîð, âíåøíÿÿ õàðàêòåðèñòèêà 
äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷è è ãèäðîòðàíñôîðìàòîðà, ðåæèì ïðîòèâîâðàùåíèÿ òóðáèííîãî êî-
ëåñà ãèäðîòðàíñôîðìàòîðà. 

Double-flow hydromechanical transmissions are widely used in industrial tractors and high-speed tracked vehicles. 
The main advantage of this transmission is a higher value of the maximum efficiency compared to a single-flow hy-
dromechanical transmission. Considered is the double-flow hydromechanical transmission of the industrial tractor 
D8L «Caterpillar» and the results of its bench experimental studies are presented. In this transmission, the torque 
converter operates in a certain rotational speed range of the driven shaft in the counter-rotating mode of the turbine 
wheel. In the domestic and foreign literature there are no external characteristics of torque converters with the mode 
of turbine wheel anti-rotation. It was not possible to obtain such external characteristics of the torque converter 
experimentally so far. This is due to the complexity of providing a test-bench with anti-rotation mode of the turbine 
wheel of the torque converter. This mode is realized only in a double-flow hydromechanical transmission. However, 
with its experimental test-bench studies, existing techniques did not allow plotting of an external characteristic of the 
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for the turbine wheel counter-rotating mode. At experimental test-bench researches of a torque converter only it is 
also impossible to provide the mode of counter rotation of a turbine wheel. In this paper, a method is given for plot-
ting of external characteristic of a torque converter with turbine wheel anti-rotation mode, if an external characteristic 
of a double-flow hydromechanical transmission is known. The validity and reliability of the proposed approach to the 
plotting of the external characteristic of the torque converter with turbine wheel counter rotation mode is confirmed 
by the results of bench experimental studies of the double-flow hydromechanical transmission and the torque con-
verter of the industrial tractor D8L Caterpillar.
Keywords: double-flow hydromechanical transmission, torque converter, external characteristic of double-flow hy-
dromechanical transmission and torque converter, counter-rotating mode of torque converter turbine wheel.

 Ââåäåíèå
Ïðè ïðîåêòèðîâàíèè äâóõïîòî÷íîé ãèäðî-

ìåõàíè÷åñêîé ïåðåäà÷è (ÃÌÏ) íåîáõîäèìî 
ðàñïîëàãàòü âíåøíåé õàðàêòåðèñòèêîé ãèäðî-
òðàíñôîðìàòîðà (ÃÒ) [1–7]. Ïîñêîëüêó â ðÿäå 
ñõåì äâóõïîòî÷íûõ ÃÌÏ òóðáèííîå êîëåñî 
ÃÒ âðàùàåòñÿ â ñòîðîíó, ïðîòèâîïîëîæíóþ 
âðàùåíèþ íàñîñíîãî êîëåñà (ïðîòèâîâðàùåíèå 
òóðáèííîãî êîëåñà), ýòîò ôàêòîð íåîáõîäèìî 
ó÷èòûâàòü ïðè ïîñòðîåíèè âíåøíåé õàðàêòå-
ðèñòèêè äâóõïîòî÷íîé ÃÌÏ [4–7].

Ê ñîæàëåíèþ, â íàñòîÿùåå âðåìÿ ñóùåñòâó-
þùèå ìåòîäèêè òåîðåòè÷åñêèõ è ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé íå ïîçâîëÿþò ïîñòðî-
èòü âíåøíþþ õàðàêòåðèñòèêó ÃÒ äëÿ ðåæèìà 
ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà. Òàê, ïðè 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ íà ñòåíäå 
òîëüêî ÃÒ íåâîçìîæíî îáåñïå÷èòü ðåæèì ïðî-
òèâîâðàùåíèÿ òóðáèííîãî êîëåñà. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ìåòîäèêè ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòè-
êè ãèäðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà 
ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëà âûáðà-

íà äâóõïîòî÷íàÿ ÃÌÏ ïðîìûøëåííîãî òðàêòîðà 

D8L «Êàòåðïèëëàð». Ýêñïåðèìåíòàëüíûå èññëå-
äîâàíèÿ ïðîâîäèëèñü íà ñòåíäå (ðèñ. 1), â ñîñòàâ 
êîòîðîãî âõîäèë â êà÷åñòâå ïðèâîäà ýëåêòðî-
äèíàìîìåòð ñ èçìåðèòåëüíûì âàëîì, à â êà÷å-
ñòâå íàãðóæàþùåãî óñòðîéñòâà – èíäóêòîðíûé 
òîðìîç. Â êà÷åñòâå ðàáî÷åé æèäêîñòè â ÃÌÏ 
èñïîëüçîâàëîñü ìàñëî ÌÃÒ ÒÓ 38.401.220-80, 
ïîäà÷à êîòîðîãî â ÃÌÏ îñóùåñòâëÿëàñü àâòî-
íîìíîé íàñîñíîé óñòàíîâêîé ïðîèçâîäèòåëüíî-
ñòüþ 140 ë/ìèí, à îòêà÷êà – àâòîíîìíîé íàñîñíîé 
óñòàíîâêîé ïðîèçâîäèòåëüíîñòüþ 50 ë/ìèí. Ïðè 
ñíÿòèè âíåøíèõ õàðàêòåðèñòèê äâóõïîòî÷íîé 
ÃÌÏ è ÃÒ òåìïåðàòóðà ìàñëà íà âõîäå â ÃÌÏ 
ïîääåðæèâàëàñü â äèàïàçîíå 75–90 Ñ. 

Äëÿ ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè 
ÃÒ â ÃÌÏ áûëà ñíÿòà ñîëíå÷íàÿ øåñòåðíÿ è 
ìåæäó çóáüÿìè ñàòåëëèòîâ è ýïèöèêëè÷åñêîé 
øåñòåðíè áûëè óñòàíîâëåíû óïîðû, ïîçâîëÿ-
þùèå íàïðÿìóþ ñîåäèíèòü òóðáèííîå êîëåñî 
ñ âîäèëîì ÃÌÏ.

Â ïðîöåññå ñòåíäîâûõ èñïûòàíèé ðåãèñòðè-
ðîâàëèñü è êîíòðîëèðîâàëèñü ñëåäóþùèå ïà-
ðàìåòðû:
– êðóòÿùèé ìîìåíò âùM  íà âåäóùåì è âìM  

íà âåäîìîì âàëàõ äâóõïîòî÷íîé ÃÌÏ 
(ïðè ñíÿòèè âíåøíåé õàðàêòåðèñòèêè ÃÒ 

âù íM M , à âì òM M , ãäå íM  è òM  – 
êðóòÿùèé ìîìåíò, ñîîòâåòñòâåííî, íà íà-
ñîñíîì è òóðáèííîì êîëåñàõ ÃÒ);

Ðèñ. 1. Êèíåìàòè÷åñêàÿ ñõåìà ñòåíäà: 
à – ñîëíå÷íàÿ øåñòåðíÿ; ñ – ýïèöèêëè÷åñêàÿ øåñòåðíÿ; â – âîäèëî; Í – íàñîñíîå êîëåñî; 

Ò – òóðáèííîå êîëåñî; Ð – ðåàêòîð; âùÌ  è âìÌ  – êðóòÿùèé ìîìåíò, ñîîòâåòñòâåííî, íà âåäóùåì 
è âåäîìîì âàëàõ ÃÌÏ; âùn  è âìn  – ÷àñòîòà âðàùåíèÿ, ñîîòâåòñòâåííî, âåäóùåãî è âåäîìîãî âàëîâ ÃÌÏ
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– ÷àñòîòà âðàùåíèÿ âùn  âåäóùåãî è âìn  âåäî-
ìîãî âàëîâ äâóõïîòî÷íîé ÃÌÏ (ïðè ñíÿòèè 
âíåøíåé õàðàêòåðèñòèêè ÃÒ âù ín n , 
à âì òn n , ãäå ín  è òn  – ÷àñòîòà âðàùåíèÿ, 
ñîîòâåòñòâåííî, íàñîñíîãî è òóðáèííîãî 
êîëåñ ÃÒ);

– òåìïåðàòóðà ðàáî÷åé æèäêîñòè íà âõîäå â 
ÃÌÏ;

– äàâëåíèå ðàáî÷åé æèäêîñòè íà âõîäå è 
âûõîäå ÃÌÏ;

– ðàñõîä ðàáî÷åé æèäêîñòè íà âõîäå è âûõîäå 
ÃÌÏ.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâà-

íèé äâóõïîòî÷íîé ÃÌÏ òðàêòîðà D8L «Êàòåð-
ïèëëàð» ïðèâåäåíû â òàáë. 1, à ÃÒ – â òàáë. 2. 
Êîýôôèöèåíòû ìîìåíòà âù  íà âåäóùåì âàëó 
äâóõïîòî÷íîé ÃÌÏ è Í  íà íàñîñíîì êîëåñå 
ÃÒ îïðåäåëÿëèñü èç âûðàæåíèé [1–4, 7, 8]:

    
 

âù í
âù í2 5 2 5

âù í

;   , 
           

M M

n D n D

ãäå   8201,2  Í/ì3 – óäåëüíûé âåñ ìàñëà; 
D = 0,475 ì – àêòèâíûé äèàìåòð ÃÒ; 

 âù í 1500n n  ìèí-1.
Êîýôôèöèåíò òðàíñôîðìàöèè ãìïK  è ÊÏÄ 

ãìï  äâóõïîòî÷íîé ÃÌÏ (òàáë. 1), à òàêæå êî-
ýôôèöèåíò òðàíñôîðìàöèè ãòK  è ÊÏÄ ãò  ÃÒ 
(òàáë. 2) îïðåäåëÿëèñü èç ñëåäóþùèõ âûðàæå-
íèé [1–4, 7, 8]:

  ãìï âì âù ãìï ãìï ãìï/ ;   / ; K M M K u  

 ãò ò í/K M M ;  ãò ãò ãò/ . K u  (1)

Äëÿ ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè 
ÃÒ íà âñåõ ðåæèìàõ åãî ðàáîòû èñïîëüçîâà-
ëèñü ðàñ÷åòíûå çàâèñèìîñòè äëÿ îïðåäåëåíèÿ 
ïîêàçàòåëåé ðàññìàòðèâàåìîé ñõåìû äâóõïî-
òî÷íîé ÃÌÏ (ñì. ðèñ. 1) [1, 2, 4]:

– êèíåìàòè÷åñêîå ïåðåäàòî÷íîå ÷èñëî:

 


 


âù

ÃÌÏ
âì ÃÒ

1

1

n k
u

n k u
; (2)

– ñèëîâîå ïåðåäàòî÷íîå ÷èñëî:

  

 
   

 
âì

ÃÌÏ ÃÌÏ
âù ÃÒ ÃÒ

1 1

1 1

Ì k k
u K

Ì k u k K
; (3)

– êîýôôèöèåíò íàãðóçêè íàñîñíîãî êîëåñà 
ÃÒ (ó÷èòûâàåò äîëþ êðóòÿùåãî ìîìåíòà, 
ïîäâîäèìîãî îò âåäóùåãî âàëà ÃÌÏ ê íà-
ñîñíîìó êîëåñó ÃÒ):

 
   

 
Í

Í
âù ÃÒ ÃÒ

Ì k k

Ì u k K k
; (4)

– êîýôôèöèåíò ìîìåíòà íàñîñíîãî êîëåñà:

    í âù í  .   (5)

Çäåñü k – õàðàêòåðèñòèêà ïëàíåòàðíîãî 
ðÿäà (ïî àáñîëþòíîé âåëè÷èíå ðàâíà ïåðåäà-
òî÷íîìó ÷èñëó ïëàíåòàðíîãî ðÿäà ïðè îñòà-
íîâëåííîì âîäèëå);  c ak Z Z , ãäå cZ  è aZ  –
÷èñëî çóáüåâ, ñîîòâåòñòâåííî, ýïèöèêëè÷åñêîé 
è ñîëíå÷íîé øåñòåðåí ðÿäà.

Â äàííîé ñõåìå äâóõïîòî÷íîé ÃÌÏ 
(ñì. ðèñ. 1) âîçìîæåí ðåæèì ðàáîòû, êîãäà 
òóðáèííîå êîëåñî ÃÒ âðàùàåòñÿ â ñòîðîíó 
ïðîòèâîïîëîæíóþ âðàùåíèþ íàñîñíîãî êîëåñà 
(ïðîòèâîâðàùåíèå òóðáèííîãî êîëåñà). Ýòîò 
ôàêòîð íåîáõîäèìî ó÷èòûâàòü ïðè ïîñòðîåíèè 
âíåøíåé õàðàêòåðèñòèêè ÃÒ.

Òàáëèöà 1

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äâóõïîòî÷íîé ÃÌÏ òðàêòîðà D8L «Êàòåðïèëëàð»

Òàáëèöà 2

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ÃÒ òðàêòîðà D8L «Êàòåðïèëëàð»

ˆ

ˆ
ˆ
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Äëÿ ýòîãî èç âûðàæåíèÿ (2) îïðåäåëèì:

   ÃÒ ÃÌÏ1 [(1 ) / 1] /u k u k .  (6)

Òîãäà, çàäàâàÿñü âåëè÷èíîé ÃÌÏ1 u , èç 
òàáë. 1 îïðåäåëèì ñîîòâåòñòâóþùåå åé çíà÷å-
íèå ÃÒ1 u  ïðè çàäàííîé âåëè÷èíå õàðàêòåðè-
ñòèêè k  ïëàíåòàðíîãî ðÿäà. Â äâóõïîòî÷íîé 
ÃÌÏ òðàêòîðà D8L «Êàòåðïèëëàð»  2,84k . 

Êîýôôèöèåíò òðàíñôîðìàöèè ÃÒ îïðåäå-
ëèì èç âûðàæåíèÿ (3). Â ðåçóëüòàòå ïîëó÷èì:

  


 ãò
ÃÌÏ

. 
1 / 1

k
K

k K
 (7)

Â òàáë. 3 ïðèâåäåíû èñõîäíûå äàííûå ïî 
äâóõïîòî÷íîé ÃÌÏ òðàêòîðà D8L «Êàòåðïèë-
ëàð» è ðåçóëüòàòû ðàñ÷åòîâ îñíîâíûõ ïàðàìå-
òðîâ åãî ÃÒ. Ïðè ýòîì ãò1 / u  îïðåäåëÿëîñü ïî 
âûðàæåíèþ (4), ãòK  – ïî âûðàæåíèþ (7), í  – 
ïî âûðàæåíèþ (4), í  – ïî âûðàæåíèþ (5) è 
ãò  – ïî âûðàæåíèþ (1).

Âíåøíÿÿ õàðàêòåðèñòèêà ÃÒ ñ ó÷åòîì 
ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà, 

ïîñòðîåííàÿ íà îñíîâå äàííûõ òàáë. 3, ïðèâå-
äåíà íà ðèñ. 2.

Ñîïîñòàâëåíèå ðàñ÷åòíûõ çíà÷åíèé âíåø-
íåé õàðàêòåðèñòèêè ÃÒ (ñì. òàáë. 3 è ðèñ. 2) ñ 
ðåçóëüòàòàìè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé 
(ñì. òàáë. 2) ïîêàçûâàåò èõ õîðîøóþ ñõîäèìîñòü. 

Ñëåäîâàòåëüíî, ïðåäëîæåííàÿ ìåòîäè-
êà ìîæåò áûòü èñïîëüçîâàíà äëÿ ïîñòðîåíèÿ 
âíåøíåé õàðàêòåðèñòèêè ÃÌ âî âñåì äèàïàçî-
íå åãî ðàáîòû, âêëþ÷àÿ è ðåæèì ïðîòèâîâðà-
ùåíèÿ òóðáèííîãî êîëåñà.

Çàêëþ÷åíèå
Ïðåäëîæåíà ìåòîäèêà ïîñòðîåíèÿ âíåøíåé 

õàðàêòåðèñòèêè ÃÒ ñ ó÷åòîì ðåæèìà ïðîòèâî-
âðàùåíèÿ òóðáèííîãî êîëåñà ñ èñïîëüçîâàíèåì 
âíåøíåé õàðàêòåðèñòèêè äâóõïîòî÷íîé ÃÌÏ. 
Äîñòîâåðíîñòü è îáîñíîâàííîñòü ïðåäëîæåí-
íîé ìåòîäèêè ïîäòâåðæäåíà ðåçóëüòàòàìè 
ñòåíäîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé 
äâóõïîòî÷íîé ÃÌÏ è ÃÒ òðàêòîðà D8L «Êà-
òåðïèëëàð».

Òàáëèöà 3
Ðåçóëüòàòû ðàñ÷åòà äëÿ ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè ÃÒ 

òðàêòîðà D8L «Êàòåðïèëëàð» íà âñåõ ðåæèìàõ åãî ðàáîòû

Ðèñ. 2. Âíåøíÿÿ õàðàêòåðèñòèêà ÃÒ



Ïîñòðîåíèå âíåøíåé õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà 
â äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷å ïðîìûøëåííîãî òðàêòîðà
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Íàãðóæåííîñòü ñèñòåì ïîäðåññîðèâàíèÿ êàê ñîñòîÿíèå, îáóñëîâëåííîå âíåøíèìè âîçäåéñòâèÿìè è óñëîâèÿ-
ìè ôóíêöèîíèðîâàíèÿ, äëÿ áûñòðîõîäíûõ ãóñåíè÷íûõ ìàøèí îïðåäåëÿåòñÿ õàðàêòåðèñòèêàìè ïðîôèëÿ ïóòè 
è ðåæèìàìè äâèæåíèÿ. Íàèáîëåå äîñòîâåðíàÿ îöåíêà ýêñïëóàòàöèîííûõ ïàðàìåòðîâ íàãðóæåíèÿ äåòàëåé è 
óçëîâ ïîäâåñîê ïîëó÷àåòñÿ ýêñïåðèìåíòàëüíûì ïóòåì ñ ïðèìåíåíèåì ñïåöèàëèçèðîâàííîé èçìåðèòåëüíîé 
àïïàðàòóðû. Â ðàìêàõ ïðîâåäåííûõ èññëåäîâàíèé ïî îïðåäåëåíèþ êèíåìàòè÷åñêèõ è ñèëîâûõ ïàðàìåòðîâ íà-
ãðóæåíèÿ ýëåìåíòîâ ñèñòåìû ïîäðåññîðèâàíèÿ ãóñåíè÷íîé ìàøèíû ìàññîé 14 òîíí ïðè äâèæåíèè ïî ëåñíûì 
ãðóíòîâûì äîðîãàì ðàçðàáîòàíà èçìåðèòåëüíàÿ ñèñòåìà, ðåàëèçóþùàÿ îöåíêó õàðàêòåðèñòèê íàãðóæåííîñòè 
ïî óãëîâîìó ïîëîæåíèþ ïîäâåñîê îòíîñèòåëüíî êîðïóñà ìàøèíû. Èçìåðèòåëüíàÿ ñèñòåìà ñîñòîèò èç àïïàðàò-
íîé è ïðîãðàììíîé ïîäñèñòåì è îñóùåñòâëÿåò çàïèñü óãëîâ çàêðóòêè òîðñèîííûõ âàëîâ â ôóíêöèè âðåìåíè 
ñ ïîñëåäóþùèì ïðåîáðàçîâàíèåì è ñòàòèñòè÷åñêîé îáðàáîòêîé ïîëó÷åííûõ äàííûõ â õàðàêòåðèñòèêè íàãðó-
æåíèÿ óïðóãèõ ýëåìåíòîâ è ðû÷àãîâ ïîäâåñîê. Ïî ïîëó÷åííûì âûáîðî÷íûì äàííûì ïðîãðàììíàÿ ïîäñèñòå-
ìà ïðîèçâîäèò ðàñ÷åò ñðåäíåé äîëãîâå÷íîñòè òîðñèîííûõ âàëîâ ñ öåëüþ îïðåäåëåíèÿ íàèáîëåå íàãðóæåííûõ 
ïîäâåñîê. Ïðåèìóùåñòâî ðàçðàáîòêè çàêëþ÷àåòñÿ â îòíîñèòåëüíîé ïðîñòîòå è óíèâåðñàëüíîñòè. Àïïàðàòíàÿ 
ïîäñèñòåìà è îñíàñòêà êðåïëåíèÿ äàò÷èêîâîé àïïàðàòóðû íå òðåáóþò âíåñåíèÿ èçìåíåíèé â êîíñòðóêöèþ õî-
äîâîé ÷àñòè è ïîçâîëÿþò ïðîâîäèòü èññëåäîâàíèÿ íà áîëüøèíñòâå òèïîâ ãóñåíè÷íûõ ìàøèí. Ïðîãðàììíàÿ 
ïîäñèñòåìà ìîæåò áûòü àäàïòèðîâàíà ïîä èññëåäîâàíèÿ íàãðóæåííîñòè ãóñåíè÷íûõ ìàøèí ðàçëè÷íîé âåñîâîé 
êàòåãîðèè. Íàäåæíîñòü èñïûòàòåëüíîãî îáîðóäîâàíèÿ, à òàêæå óñòîé÷èâîñòü ôîðìèðîâàíèÿ è ðåãèñòðàöèè 
èçìåðèòåëüíûõ ñèãíàëîâ îöåíèâàëàñü â ðàìêàõ ïîëèãîííûõ èñïûòàíèé ïðè äâèæåíèè ãóñåíè÷íîé ìàøèíû â 
ñëîæíûõ äîðîæíûõ óñëîâèÿõ ïî òðàññàì ïðîòÿæåííîñòüþ 350 êì. 
Êëþ÷åâûå ñëîâà: ãóñåíè÷íûå ìàøèíû, èçìåðèòåëüíàÿ ñèñòåìà, ïîäâåñêà, êèíåìàòè÷åñêèå ïàðàìåòðû.

Loading of cushioning systems, as a condition caused by external influences and operating conditions, for high-
speed tracked vehicles is determined by the characteristics of the track profile and motion modes. The most reliable 
estimate of the operational parameters of loading of parts and suspension assemblies is obtained experimentally us-
ing specialized measuring equipment. Within the conducted investigations for determining of kinematic and force 
parameters of loading of the elements of the cushioning system of a 14-ton tracked vehicle while driving on forest 
ground roads, a measuring system has been developed that realizes estimation of the loading characteristics by the 
angular position of the suspensions relative to the vehicle body. The measuring system consists of the hardware and 
software subsystems and records angles of twisting of torsion shafts as a function of time, with subsequent conver-
sion and statistical processing of obtained data into the loading characteristics of elastic elements and suspension 
arms. According to received sample data, the software subsystem calculates average durability of torsion shafts in 
order to determine the most loaded suspensions. The advantage of the study is in relative simplicity and versatility. 
The hardware subsystem and rigging of the sensor equipment attachment do not require making changes in the con-
struction of the undercarriage and allows to carry out investigations on most types of tracked vehicles. The software 
subsystem can be adapted for studies of loading of tracked machines of different weight categories. Reliability of the 
test equipment, as well as stability of formation and recording of measuring signals, was evaluated in polygon tests 
during motion of a tracked vehicle in difficult road conditions along 350 km tracks.
Keywords: tracked vehicles, measurement system, suspension, kinematic parameters.



Ñïåöèàëèçèðîâàííàÿ èçìåðèòåëüíàÿ ñèñòåìà äëÿ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ 
íàãðóæåííîñòè ñèñòåì ïîäðåññîðèâàíèÿ áûñòðîõîäíûõ ãóñåíè÷íûõ ìàøèí

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 4, 2017

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

17

 Ââåäåíèå
Ýëåìåíòû ñèñòåìû ïîäðåññîðèâàíèÿ áûñòðî-

õîäíûõ ãóñåíè÷íûõ ìàøèí ÿâëÿþòñÿ íàèáîëåå 
íàãðóæåííûìè â ñîñòàâå õîäîâîé ÷àñòè, èõ íà-
äåæíîñòü íàïðÿìóþ âëèÿåò íà îäíî èç îñíîâíûõ 
ñâîéñòâ – ïîäâèæíîñòü ìàøèíû. Èññëåäîâàíèå 
ðàáî÷èõ ïðîöåññîâ è îïðåäåëåíèå ýêñïëóàòàöè-
îííûõ óðîâíåé íàãðóæåíèÿ ñèñòåìû ïîäðåññî-
ðèâàíèÿ ÿâëÿåòñÿ âàæíîé ïðàêòè÷åñêîé çàäà-
÷åé, ïîçâîëÿþùåé îöåíèòü ðàáîòîñïîñîáíîñòü 
è ðåñóðñ äåòàëåé íà ýòàïå ïðîåêòèðîâàíèÿ. Â 
íàñòîÿùåå âðåìÿ ïðîâåäåííûå èññëåäîâàíèÿ 
â îáëàñòè òåîðèè äâèæåíèÿ â ñîâîêóïíîñòè ñ 
ïðèìåíåíèåì ñîâðåìåííûõ ñðåäñòâ ÷èñëåííîãî 
ìîäåëèðîâàíèÿ ïîçâîëÿþò ñ âûñîêîé ñòåïåíüþ 
òî÷íîñòè îöåíèâàòü ýêñïëóàòàöèîííûå õàðàê-
òåðèñòèêè ãóñåíè÷íûõ ìàøèí. Îäíàêî, ó÷èòû-
âàÿ ñëó÷àéíûé õàðàêòåð âíåøíèõ âîçäåéñòâèé, 
âîçíèêàþùèõ ïðè äâèæåíèè ïî íåðîâíîñòÿì 
ìåñòíîñòè, íàèáîëåå äîñòîâåðíàÿ îöåíêà ýêñ-
ïëóàòàöèîííûõ ïàðàìåòðîâ íàãðóæåíèÿ ìîæåò 
áûòü ïîëó÷åíà òîëüêî ïðè ïðîâåäåíèè õîäîâûõ 
èññëåäîâàòåëüñêèõ èñïûòàíèé ñ ïðèìåíåíèåì 
ñïåöèàëèçèðîâàííîé èçìåðèòåëüíîé àïïàðà-
òóðû. Ñóùåñòâóþùèå òèïîâûå èçìåðèòåëüíûå 
ñèñòåìû è êîìïëåêñû ïîçâîëÿþò ðåøàòü øèðî-
êèé ñïåêòð çàäà÷, ñâÿçàííûõ ñ èñïûòàíèÿìè è 
èññëåäîâàíèÿìè â ðàçëè÷íûõ îáëàñòÿõ íàóêè è 
òåõíèêè [1]. Îäíàêî çàäà÷è ïî èçìåðåíèþ êèíå-

ìàòè÷åñêèõ è ñèëîâûõ ïàðàìåòðîâ íàãðóæåíèÿ 
ïîäâåñîê ãóñåíè÷íûõ ìàøèí èìåþò äîñòàòî÷íî 
óçêóþ íàïðàâëåííîñòü, äëÿ êîòîðîé ðàçðàáîòêà 
òèïîâûõ êîìïëåêñîâ ýêîíîìè÷åñêè íåöåëåñîî-
áðàçíà. 

Öåëü ðàáîòû 
Cîçäàíèå ýôôåêòèâíîé èçìåðèòåëüíîé ñè-

ñòåìû (ÈÑ), ïðåäíàçíà÷åííîé äëÿ îöåíêè âëè-
ÿíèÿ äîðîæíî-ãðóíòîâûõ óñëîâèé è ðåæèìîâ 
äâèæåíèÿ íà íàãðóæåííîñòü ýëåìåíòîâ ñèñòå-
ìû ïîäðåññîðèâàíèÿ áûñòðîõîäíûõ ãóñåíè÷-
íûõ ìàøèí. 

Ìåòîä îïðåäåëåíèÿ ïàðàìåòðîâ 
íàãðóæåíèÿ ýëåìåíòîâ ñèñòåì 
ïîäðåññîðèâàíèÿ
Â ïðîöåññå äâèæåíèÿ ãóñåíè÷íîé ìàøèíû 

ïî íåðîâíîñòÿì ìåñòíîñòè íàãðóçêè, äåéñòâó-
þùèå íà ñèñòåìó ïîäðåññîðèâàíèÿ, ðàñïðåäå-
ëÿþòñÿ ìåæäó ïîäâåñêàìè. Îïîðíûå êàòêè ïîä 
äåéñòâèåì ïðèëîæåííûõ ñèë ñî ñòîðîíû äî-
ðîæíîãî ïðîôèëÿ èçìåíÿþò ñâîå âåðòèêàëüíîå 
ïîëîæåíèå ïî êîîðäèíàòå z (ðèñ. 1). 

Äàëåå íàãðóçêà ïåðåäàåòñÿ ðû÷àãîì áàëàí-
ñèðà è ÷åðåç ïîäøèïíèêîâûå óçëû ðàñïðåäå-
ëÿåòñÿ íà êîðïóñ. Ïðè ýòîì óïðóãèé ýëåìåíò 
(òîðñèîííûé âàë) âîñïðèíèìàåò êðóòÿùèé 
ìîìåíò â ïëîñêîñòè ZOX è ïîä äåéñòâèåì ïðè-

Ðèñ. 1. Êèíåìàòè÷åñêàÿ ñõåìà óçëà ïîäâåñêè
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ëîæåííîé íàãðóçêè çàêðó÷èâàåòñÿ íà óãîë  , 
òåì ñàìûì ïðåîáðàçóÿ ÷àñòü êèíåòè÷åñêîé 
ýíåðãèè ïîäðåññîðåííîãî êîðïóñà â ïîòåíöè-
àëüíóþ ýíåðãèþ óïðóãîé äåôîðìàöèè òîðñè-
îííîãî âàëà. Îñíîâàííàÿ çàâèñèìîñòü, îïè-
ñûâàþùàÿ óïðóãóþ õàðàêòåðèñòèêó ïîäâåñêè 
(ðèñ. 2), âûðàæàåòñÿ äåéñòâóþùåé ñî ñòîðî-
íû îïîðíîé ïîâåðõíîñòè è ïðèâåäåííîé ê îñè 
îïîðíîãî êàòêà ñèëîé P â çàâèñèìîñòè îò õîäà 
ïîäâåñêè f.

Îáà ïàðàìåòðà ìîãóò áûòü âûðàæåíû ÷åðåç 
îäèí îáùèé – óãîë çàêðóòêè òîðñèîííîãî âàëà 
 . Òàêèì îáðàçîì, õîä ïîäâåñêè f îòíîñèòåëü-
íî ñòàòè÷åñêîãî ïîëîæåíèÿ ìîæíî îïèñàòü 
ñëåäóþùåé çàâèñèìîñòüþ:

 
        á ñò ñò cos cos ,f R

 
(1)

ãäå áR  – ðàäèóñ áàëàíñèðà, ñò  – ñòàòè÷åñêîå 
óãëîâîå ïîëîæåíèå áàëàíñèðà.

Â ñâîþ î÷åðåäü óðîâåíü íàãðóçêè P, òðåáó-
åìîé äëÿ ïåðåìåùåíèÿ êàòêà íà âåëè÷èíó f â 
ôóíêöèè îò óãëà  , ìîæåò áûòü âûðàæåí ñëå-
äóþùèì îáðàçîì: 

 
   

    


  0

  1
   

 sin

G I
P

L R
p

ñò
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, (2)

ãäå G  – ìîäóëü óïðóãîñòè âòîðîãî ðîäà ìàòå-
ðèàëà òîðñèîíà, pI  

– ïîëÿðíûé ìîìåíò èíåð-
öèè òîðñèîííîãî âàëà, TL  – äëèíà òîðñèîí-
íîãî âàëà, 0  – óãëîâîå ïîëîæåíèå áàëàíñèðà 
ïðè íóëåâîé çàêðóòêå òîðñèîíà.

Óãëîâîå ïîëîæåíèå áàëàíñèðà ïðè íóëåâîé 
çàêðóòêå òîðñèîíà 0  è ñòàòè÷åñêîå óãëîâîå 
ïîëîæåíèå áàëàíñèðà ñò , âõîäÿùèå â çàâèñè-
ìîñòè (1) è (2), ÿâëÿþòñÿ ïîñòîÿííûìè âåëè÷è-
íàìè è ìîãóò áûòü âûðàæåíû ÷åðåç îñíîâíûå 
ãåîìåòðè÷åñêèå è ôèçè÷åñêèå õàðàêòåðèñòèêè 
ýëåìåíòîâ ïîäâåñîê [2]: 

 


 
  

 

êë ãóñ îê
ñò

á

arccos ,
H H h R

R

ãäå êëH  – êëèðåíñ ìàøèíû; H  – ðàññòîÿíèå 
îò îñè òîðñèîíà äî äíèùà êîðïóñà ìàøèíû; 

ãóñh  – òîëùèíà òðàêà ãóñåíèöû; îêR  – ðàäèóñ 
îïîðíîãî êàòêà.

= 
ñò

 


 ñò á ñò Ò
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   sin  
,

 

P R L

G I

ãäå ñòP  – íàãðóçêà íà îïîðíûé êàòîê â ñòàòè÷å-
ñêîì ïîëîæåíèè ïîäâåñêè.

Íà îñíîâàíèè ïðèâåäåííûõ çàâèñèìîñòåé 
ïîêàçàíî, ÷òî ïîëó÷åíèå èíôîðìàöèè î êèíå-
ìàòè÷åñêèõ è ñèëîâûõ ïàðàìåòðàõ íàãðóæå-

íèÿ ýëåìåíòîâ ñèñòåì ïîäðåññîðèâàíèÿ ìîæåò 
áûòü ðåàëèçîâàíî ïóòåì çàïèñè èçìåíåíèÿ 
óãëîâ çàêðó÷èâàíèÿ óïðóãèõ ýëåìåíòîâ ïîäâå-
ñîê – òîðñèîííûõ âàëîâ. 

Òðåáîâàíèÿ, ïðåäúÿâëÿåìûå 
ê èçìåðèòåëüíîé ñèñòåìå
Ðàçðàáîòàííàÿ ÈÑ êàê ñîâîêóïíîñòü ôóíê-

öèîíàëüíî îáúåäèíåííûõ ñðåäñòâ èçìåðåíèé è 
âû÷èñëèòåëüíûõ êîìïîíåíòîâ èìååò áëî÷íî-
ìîäóëüíóþ ñòðóêòóðó, ñîñòîÿùóþ èç òåõíè÷å-
ñêîé (àïïàðàòíîé) è ïðîãðàììíîé (àëãîðèòìè-
÷åñêîé) ïîäñèñòåì. 

Àíàëèç ñïåöèôèêè ýêñïåðèìåíòàëüíîãî èñ-
ñëåäîâàíèÿ íàãðóæåííîñòè ýëåìåíòîâ ñèñòå-
ìû ïîäðåññîðèâàíèÿ, ïðîâîäèìîãî â ðàìêàõ 
ïîëèãîííûõ èñïûòàíèé ãóñåíè÷íûõ ìàøèí, 
ïîçâîëèë ñôîðìóëèðîâàòü ðÿä îñíîâíûõ òðå-
áîâàíèé, êîòîðûì äîëæíû óäîâëåòâîðÿòü ïå-
ðå÷èñëåííûå ïîäñèñòåìû:

– ìíîãîêàíàëüíîñòü;
– âûñîêàÿ íàäåæíîñòü è ïîìåõîóñòîé÷èâîñòü 

â ðàçëè÷íûõ óñëîâèÿõ ýêñïëóàòàöèè;
– ïðîãðàììíàÿ è òåõíè÷åñêàÿ àäàïòèâíîñòü 

äëÿ ðàçíûõ òèïîâ ãóñåíè÷íûõ ìàøèí.
Ìíîãîêàíàëüíîñòü. Íàãðóçêè, äåéñòâóþùèå 

íà ýëåìåíòû ñèñòåìû ïîäðåññîðèâàíèÿ ïðè äâè-
æåíèè ãóñåíè÷íîé ìàøèíû, ÿâëÿþòñÿ ôóíêöè-
åé ðåæèìîâ äâèæåíèÿ è ïðîôèëÿ ïîâåðõíîñòè 
äîðîæíîãî ïóòè. Ïðè äâèæåíèè ãóñåíè÷íûõ 
ìàøèí ïî ãðóíòîâûì íåïðîôèëèðîâàííûì äî-
ðîãàì èëè ïî áåçäîðîæüþ ïðîôèëü ïóòè ïîä 
ãóñåíèöàìè ìîæåò ñóùåñòâåííî ðàçëè÷àòüñÿ 
[3], ÷òî ïðèâîäèò ê ðàçëè÷èþ â óðîâíÿõ íàãðó-
æåíèÿ, à òàêæå ðàñïðåäåëåíèþ íàãðóçîê ïî ïîä-
âåñêàì ëåâîãî è ïðàâîãî áîðòîâ. Ñëåäîâàòåëüíî, 
äëÿ ïîëó÷åíèÿ äîñòîâåðíîé îöåíêè î ïðîöåññå 
íàãðóæåíèÿ ÈÑ äîëæíà ðåàëèçîâûâàòü ïàðàë-

Ðèñ. 2. Îáùèé âèä óïðóãîé õàðàêòåðèñòèêè 
òîðñèîííîé ïîäâåñêè

á ñò
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ëåëüíóþ ðåãèñòðàöèþ è îáðàáîòêó ñèãíàëîâ 
ñ êàæäîé ïîäâåñêè (ðèñ. 3). Äëÿ ôèêñàöèè ñêî-
ðîñòíûõ ðåæèìîâ äâèæåíèÿ â ñõåìó íåîáõîäè-
ìî âêëþ÷àòü äîïîëíèòåëüíûé êàíàë äëÿ ñíÿòèÿ 
ñèãíàëà ñ äàò÷èêà, óñòàíîâëåííîãî íà âåäóùåì 
êîëåñå èëè áîðòîâîé ïåðåäà÷å.

Âûñîêàÿ íàäåæíîñòü è ïîìåõîóñòîé÷èâîñòü 
â ðàçëè÷íûõ óñëîâèÿõ ýêñïëóàòàöèè. Àäåêâàò-
íîñòü ýêñïåðèìåíòàëüíî ïîëó÷åííûõ äàííûõ 
î ïðîöåññå íàãðóæåíèÿ ñèñòåì ïîäðåññîðèâà-
íèÿ, îñîáåííî ïðè äâèæåíèè â óñëîâèÿõ áåç-
äîðîæüÿ, íàïðÿìóþ çàâèñèò îò íàäåæíîé è 
óñòîé÷èâîé ôèêñàöèè èçìåðèòåëüíûõ ñèãíà-
ëîâ. Íåîáõîäèìî èñêëþ÷èòü óäàðíûå è ñíè-
çèòü âèáðàöèîííûå íàãðóçêè íà äàò÷èêîâóþ 
àïïàðàòóðó, à òàêæå ìèíèìèçèðîâàòü íàâî-
äèìûå ïîìåõè ñî ñòîðîíû êîðïóñà ìàøèíû è 
óñòàíîâëåííîãî ýëåêòðîîáîðóäîâàíèÿ íà ýëåê-
òðè÷åñêèå ñèãíàëû, ïåðåäàþùèåñÿ îò èçìåðè-
òåëüíûõ êîìïîíåíòîâ (äàò÷èêîâ) äî ðåãèñòðè-
ðóþùåé è âû÷èñëèòåëüíîé àïïàðàòóðû.

Ïðîãðàììíàÿ è òåõíè÷åñêàÿ àäàïòèâíîñòü 
äëÿ ðàçíûõ òèïîâ ãóñåíè÷íûõ ìàøèí. Òðåáîâà-
íèå óíèôèêàöèè îáóñëîâëåíî èñïîëüçîâàíèåì 
ÈÑ ïðè ïðîâåäåíèè èññëåäîâàíèé íà ìàøèíàõ 
ðàçíîé âåñîâîé êàòåãîðèè. Ïðè ýòîì, êîíñòðóê-
öèÿ ýëåìåíòîâ, âõîäÿùèõ â ñîñòàâ ñèñòåìû 
ïîäðåññîðèâàíèÿ, ðàçëè÷íà, ñëåäîâàòåëüíî, 
óðîâíè íàãðóæåíèÿ ïðè îäèíàêîâûõ çíà÷åíèÿõ 
êèíåìàòè÷åñêèõ ïàðàìåòðîâ áóäóò ðàçíûìè, 
òåì ñàìûì òðåáóÿ íàñòðîéêè ïðîãðàììíîé 
ïîäñèñòåìû ïîä êîíêðåòíûé îáðàçåö ãóñåíè÷-
íîé ìàøèíû.

Àïïàðàòíàÿ è ïðîãðàììíàÿ 
ïîäñèñòåìû
Ðàçðàáîòàííàÿ ÈÑ ïðîèçâîäèò êîñâåííûå 

èçìåðåíèÿ óãëîâ çàêðóòêè òîðñèîíîâ çà ñ÷åò 
ïðÿìûõ èçìåðåíèé ïåðåïàäà óðîâíÿ íàïðÿæå-
íèé â ýëåêòðè÷åñêîé öåïè (ðèñ. 4). Â êà÷åñòâå 
äàò÷èêîâ óãëîâîãî ïîëîæåíèÿ öåëåñîîáðàçíî 
èñïîëüçîâàòü ðåãóëèðóåìûå äåëèòåëè ýëåêòðè-
÷åñêîãî íàïðÿæåíèÿ – ïîòåíöèîìåòðû (ðåçè-
ñòîðû ïåðåìåííîãî ñîïðîòèâëåíèÿ). Äëÿ èçìå-
ðåíèÿ ñêîðîñòè äâèæåíèÿ ãóñåíè÷íîé ìàøèíû 
â ñîñòàâ ñõåìû ïîäêëþ÷àåòñÿ øòàòíûé òàõî-
ãåíåðàòîð. Ïîëó÷åííûå â ïðîöåññå äâèæåíèÿ 
ÃÌ àíàëîãîâûå èçìåðèòåëüíûå ñèãíàëû ïðå-
îáðàçóþòñÿ â äâîè÷íûé öèôðîâîé êîä ñ ïîñëå-
äóþùåé îáðàáîòêîé íà ÝÂÌ. Çàïèñü âõîäíîãî 
ñèãíàëà ìîæåò îñóùåñòâëÿòüñÿ íåïðåðûâíî, 
îáúåì ïîëó÷àåìîé èíôîðìàöèè îãðàíè÷èâàåò-
ñÿ åìêîñòüþ æåñòêîãî äèñêà. Â ñõåìå èñïîëüçó-
þòñÿ ýëåìåíòû ïèòàíèÿ, ÷òî ïîçâîëÿåò íå ïîä-
êëþ÷àòüñÿ ê áîðòîâîé ñåòè ìàøèíû. 

Ïðîãðàììíàÿ ïîäñèñòåìà ðåàëèçóåò ïðåîá-
ðàçîâàíèÿ èñõîäíîãî èçìåðèòåëüíîãî ñèãíà-
ëà, ïîñòóïàþùåãî ñ ÀÖÏ â êèíåìàòè÷åñêèå 
è ñèëîâûå ïàðàìåòðû íàãðóæåíèÿ, â ôóíêöèè 
âðåìåíè. Ïî ðàçðàáîòàííîìó àëãîðèòìó ïðî-
âîäèòñÿ àíàëèç ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê 
èññëåäóåìûõ ïàðàìåòðîâ è îïðåäåëÿåòñÿ ðàñ-
ïðåäåëåíèå íàãðóæåííîñòè ïî ïîäâåñêàì ïî 
êðèòåðèþ íàèìåíüøåé ðàñ÷åòíîé äîëãîâå÷íî-
ñòè òîðñèîííûõ âàëîâ îò äåéñòâèÿ ïîëó÷åí-
íûõ ýêñïëóàòàöèîííûõ ñïåêòðîâ íàãðóæåíèÿ 
(ðèñ. 5). Àäàïòàöèÿ ïîä èññëåäîâàíèå ãóñåíè÷-

Ðèñ. 3. Ñòðóêòóðíàÿ ñõåìà ÈÑ: 
ÎÊ – îïîðíûé êàòîê; ÈÊ – èçìåðèòåëüíûé êàíàë; ÀÈÏ – àíàëîãîâî-èçìåðèòåëüíûé ïðåîáðàçîâàòåëü; 

ÀÖÏ – àíàëîãîâî-öèôðîâîé ïðåîáðàçîâàòåëü; ÂÊ – âåäóùåå êîëåñî
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Ðèñ. 4. Ýëåêòðè÷åñêàÿ ñõåìà àïïàðàòíîé ïîäñèñòåìû ÈÑ

Ðèñ. 5. Àëãîðèòì ôóíêöèîíèðîâàíèÿ ïðîãðàììíîé ïîäñèñòåìû
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íûõ ìàøèí ðàçëè÷íîé âåñîâîé êàòåãîðèè îñó-
ùåñòâëÿåòñÿ çà ñ÷åò ââîäà ñîîòâåòñòâóþùèõ 
èñõîäíûõ äàííûõ î ãåîìåòðè÷åñêèõ õàðàêòåðè-
ñòèêàõ ýëåìåíòîâ ñèñòåìû ïîäðåññîðèâàíèÿ.

Äëÿ êàæäîé âûáîðêè ïðîâîäèòñÿ ñõåìàòè-
çàöèÿ ïðîöåññà íàãðóæåíèÿ, â ðåçóëüòàòå êî-
òîðîãî ñëó÷àéíûé ïðîöåññ íàãðóæåíèÿ èññëå-
äóåìûõ ïîäâåñîê çàìåíÿåòñÿ ýêâèâàëåíòíûì 
óïîðÿäî÷åííûì, ò.å. âûÿâëÿåòñÿ ñïåêòð àì-
ïëèòóä êàñàòåëüíûõ íàïðÿæåíèé òîðñèîííûõ 
âàëîâ, õàðàêòåðíûé äëÿ èññëåäóåìûõ óñëîâèé 
ýêñïëóàòàöèè ãóñåíè÷íîé ìàøèíû. Ñõåìàòè-
çàöèÿ îñóùåñòâëÿåòñÿ ïî ìåòîäó ìàêñèìóìîâ 
[4], ãäå çà àìïëèòóäó íàãðóæåíèÿ ïðèíèìàþò:

    _ max _ ,
jka ijk ijk ñð

ãäå max _ ijk  – ìàêñèìàëüíîå çíà÷åíèå êàñàòåëü-
íîãî íàïðÿæåíèÿ â òîðñèîííîì âàëå i-ì öèêëå 
íàãðóæåíèÿ, ïîëó÷åííîå ïî j-ìó èçìåðèòåëü-
íîìó êàíàëó (№ ïîäâåñêè) äëÿ k-é âûáîðêè; 
ñð _ jk  – ìåäèàíà ýêñòðåìóìîâ êàñàòåëüíûõ íà-
ïðÿæåíèé ïî âñåìó ïðîöåññó íàãðóæåíèÿ äëÿ 
äàííîãî èçìåðèòåëüíîãî êàíàëà è äàííîé âû-
áîðêè.

Ïðè ýòîì ó÷èòûâàåòñÿ, ÷òî õàðàêòåðèñòèêè 
ñîïðîòèâëåíèÿ óñòàëîñòè äëÿ ðàçëè÷íûõ ìà-
òåðèàëîâ è ñïëàâîâ, êàê ïðàâèëî, ïîëó÷àþòñÿ 
ïðè èñïûòàíèè ëàáîðàòîðíûõ îáðàçöîâ ïðè 
ñèììåòðè÷íîì öèêëå íàãðóæåíèÿ. Ïðèâåäåíèå 
àññèìåòðè÷íûõ öèêëîâ íàãðóæåíèÿ ê ýêâèâà-
ëåíòíûì ñèììåòðè÷íûì îñóùåñòâëÿëîñü ñ èñ-
ïîëüçîâàíèåì ñëåäóþùèõ çàâèñèìîñòåé:

 
     
   

ñð  ,    0;
 

,    0, 
ijk ijk ijk

ijk ijk

a m

a m

ïðè

ïðè

ãäå   – êîýôôèöèåíò ÷óâñòâèòåëüíîñòè ìà-
òåðèàëà ê àñèììåòðèè öèêëà íàãðóæåíèÿ; 
 _m ijk  ñðåäíåå çíà÷åíèå íàïðÿæåíèÿ â i-îì 
öèêëå íàãðóæåíèÿ.

Ñðåäíÿÿ äîëãîâå÷íîñòü òîðñèîííûõ âàëîâ 
îïðåäåëÿåòñÿ â ñîîòâåòñòâèè ñ ìåòîäèêîé, èç-
ëîæåííîé â ðàáîòå Â.Ï. Êîãàåâà [5]:

 


1 0   
, 

 

m
p

m
ai ii

a N

N
Ä

á

ãäå  0,1 1pa  – ðàñ÷åòíûé êîýôôèöèåíò ïî-
âðåæäåíèé;  1Ä  

– ïðåäåë âûíîñëèâîñòè äëÿ 
äåòàëè; m è 0N  – ïàðàìåòðû êðèâîé óñòàëîñòè 
[6];   ai – àìïëèòóäà öèêëà íàãðóæåíèÿ; áiN  – 
êîëè÷åñòâî öèêëîâ äåéñòâèÿ àìïëèòóäû ai  â 
îäíîì áëîêå íàãðóæåíèÿ.

Ïîëó÷åííîå ðàñïðåäåëåíèå ðàñ÷åòíûõ äîë-
ãîâå÷íîñòåé òîðñèîííûõ âàëîâ îò äåéñòâèÿ èç-

ìåðÿåìûõ íàãðóçîê â êîí÷åíîì èòîãå ïîçâîëÿ-
åò ñóäèòü î ðàñïðåäåëåíèè íàãðóæåííîñòè ïî 
ïîäâåñêàì è ñôîðìèðîâàòü ðàñ÷åòíûé ñïåêòð 
íàãðóæåíèÿ.

Áëîê ñòàòèñòè÷åñêîé îáðàáîòêè ïðîèçâîäèò 
òî÷å÷íûå îöåíêè ïàðàìåòðîâ ðàñïðåäåëåíèÿ 
ãåíåðàëüíîé ñîâîêóïíîñòè èçìåðÿåìûõ êèíå-
ìàòè÷åñêèõ è ñèëîâûõ ïàðàìåòðîâ íàãðóæå-
íèÿ ïîäâåñîê, à òàêæå îïðåäåëÿåò ìàêñèìàëü-
íûå è ìèíèìàëüíûå çíà÷åíèÿ ïàðàìåòðîâ äëÿ 
êàæäîé âûáîðêè. Ôîðìèðóþùèåñÿ â ðåçóëüòà-
òå ãèñòîãðàììû îòíîñèòåëüíûõ ÷àñòîò ïîçâî-
ëÿþò ñóäèòü î âèäå ôóíêöèè ðàñïðåäåëåíèÿ èç-
ìåðÿåìûõ âåëè÷èí äëÿ êàæäîé ïîäâåñêè.

Ïðàêòè÷åñêàÿ ðåàëèçàöèÿ 
èçìåðèòåëüíîé ñèñòåìû
Ðàçðàáîòàííûé êîìïëåêñ â îïûòíîì èñ-

ïîëíåíèè ïðèìåíÿëñÿ â õîäå èññëåäîâàíèé 
ïî îïðåäåëåíèþ êèíåìàòè÷åñêèõ è ñèëîâûõ 
ïàðàìåòðîâ íàãðóæåíèÿ ãóñåíè÷íîé ìàøèíû 
ìàññîé 14 ò ïðè äâèæåíèè ïî ëåñíûì ãðóíòî-
âûì äîðîãàì [7]. Êîìïîíîâî÷íàÿ ñõåìà èñïûòà-
òåëüíîé ìàøèíû ñîîòâåòñòâîâàëà ïåðåäíåìó 
ðàñïîëîæåíèþ ìîòîðíî-òðàíñìèññèîííîãî îò-
äåëåíèÿ. Òèï ñèñòåìû ïîäðåññîðèâàíèÿ – èí-
äèâèäóàëüíàÿ òîðñèîííàÿ ñ øåñòüþ îïîðíûìè 
êàòêàìè íà êàæäûé áîðò è äåìïôèðóþùèìè 
ýëåìåíòàìè òåëåñêîïè÷åñêîãî òèïà, ðàñïîëî-
æåííûìè íà ïåðâîé, âòîðîé è øåñòîé ïîäâå-
ñêàõ. 

Îñíàñòêà êðåïëåíèÿ äàò÷èêîâ ïðåäñòàâëÿëà 
ñîáîé êðîíøòåéí èç ëèñòîâîãî ìåòàëëà, óñòà-
íîâëåííûé íà êîðïóñå ìàøèíû ïðè ïîìîùè 
ýïîêñèäíîãî êëåÿ. Ïåðåäà÷à óãëà ïîâîðîòà 
óïðóãîãî ýëåìåíòà ïîäâåñêè îñóùåñòâëÿëàñü 
÷åðåç ãèáêóþ ìóôòó, ÷òî ïîçâîëÿëî êîìïåí-
ñèðîâàòü íåñîîñíîñòü óñòàíîâêè âàëà äàò÷èêà 
ñ îñüþ òîðñèîííîãî âàëà è ìèíèìèçèðîâàòü 
âèáðàöèîííûå âîçäåéñòâèÿ íà èçìåðèòåëüíûå 
êîìïîíåíòû (ðèñ. 6). 

Â ñîáðàííîé ñõåìå èñïîëüçîâàëèñü ïîòåíöè-
îìåòðû R-24N1-B10K ôèðìû SONG HUEI ñ íî-
ìèíàëüíûì ñîïðîòèâëåíèåì 10 êÎì (ðèñ. 7). 
Óãîë ïîâîðîòà âàëèêà ñîñòàâëÿåò 300, ðàáî÷àÿ 
òåìïåðàòóðà ïî äàííûì ïðîèçâîäèòåëÿ íàõî-
äèòñÿ â äèàïàçîíå îò ìèíóñ 10 äî ïëþñ 70 Ñ.

Ïîäàâëåíèå ïîìåõ îò âíåøíåé ñðåäû è 
ýëåêòðîîáîðóäîâàíèÿ îñóùåñòâëÿëîñü ïóòåì 
ñîåäèíåíèÿ ðåçèñòîðîâ ñ ýëåêòðè÷åñêîé 
ñõåìîé ïðè ïîìîùè ìíîãîæèëüíîãî ýêðàíè-
ðîâàííîãî ïðîâîäà FTP-4ST (âèòàÿ ïàðà), à 
òàêæå çà ñ÷åò èñïîëüçîâàíèÿ äèôôåðåíöè-
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 à á

Ðèñ. 6. Óñòàíîâêà äàò÷èêîâîé àïïàðàòóðû íà êîðïóñå ìàøèíû: 
à – ñõåìà êðåïëåíèÿ; á – îïûòíûé îáðàçåö

àëüíîé ñõåìû ïîäêëþ÷åíèÿ èçìåðèòåëüíîé 
àïïàðàòóðû ê ÀÖÏ. Êàáåëüíàÿ òðàññà óêëà-
äûâàëàñü âäîëü êîðïóñà ìàøèíû ñ âûâîäîì 
â îáèòàåìîå îòäåëåíèå. Â öåëÿõ ïðåäîòâðà-
ùåíèÿ âîçìîæíîãî ìåõàíè÷åñêîãî ïîâðåæäå-
íèÿ îñóùåñòâëÿëîñü àðìèðîâàíèå êàáåëüíîé 

òðàññû â îáëàñòè àìîðòèçàòîðîâ è äíèùà 
êîðïóñà. Â êà÷åñòâå èñòî÷íèêà ïèòàíèÿ äàò-
÷èêîâîé àïïàðàòóðû èñïîëüçîâàëàñü áàòàðåé-
êà «Êðîíà» ñ íîìèíàëüíûì íàïðÿæåíèåì 9Â. 
Äëÿ ïðåîáðàçîâàíèÿ àíàëîãîâûõ ñèãíàëîâ 
â öèôðîâîé êîä ïðèìåíÿëñÿ àíàëîãîâî-öèô-

Ðèñ. 7. Õàðàêòåðèñòèêè ïðèìåíÿåìûõ äàò÷èêîâ
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Ðèñ. 8. Çàïèñü ïðîöåññà íàãðóæåíèÿ ïîäâåñêè

 à á

Ðèñ. 9. Äîðîæíî-ãðóíòîâûå óñëîâèÿ ïðè ïðîâåäåíèè ýêñïåðèìåíòà:
à – èñïûòàíèÿ â ëåñíîé ìåñòíîñòè â óñëîâèÿõ áåçäîðîæüÿ; á – äâèæåíèå ïî ïåñ÷àíîìó ãðóíòó

ðîâîé ïðåîáðàçîâàòåëü E14-140M. Èñïîëü-
çóåìûé ÀÖÏ èìååò â ñâîåé ñõåìå âõîäíîé 
êîììóòàòîð è óñèëèòåëü ñèãíàëîâ, êîòîðûå 
ïîçâîëÿþò ðåàëèçîâàòü èçìåðåíèÿ ïî 16 äèô-
ôåðåíöèàëüíûì êàíàëàì. Ïîëó÷åííûå çíà÷å-
íèÿ íàïðÿæåíèé â ýëåêòðè÷åñêîé öåïè ïðåîá-
ðàçîâûâàëèñü â óãëû çàêðóòêè òîðñèîííîãî 
âàëà   â ñîîòâåòñòâèè ñ äàííûìè, ïîëó÷åí-

íûìè ïðè òàðèðîâêå äàò÷èêîâ. Íà÷àëüíîìó 
(íóëåâîìó) óãëîâîìó ïîëîæåíèþ âàëà ñîîò-
âåòñòâîâàë óãîë çàêðóòêè òîðñèîíà â ñòàòè÷å-
ñêîì ïîëîæåíèè ïîäâåñêè. 

Â ðåçóëüòàòå çàïèñè è ïîñëåäîâàòåëüíîãî 
ïðåîáðàçîâàíèÿ èñõîäíîãî èçìåðèòåëüíîãî 
ñèãíàëà ôîðìèðîâàëèñü îñöèëëîãðàììû ïðî-
öåññà íàãðóæåíèÿ ïîäâåñîê (ðèñ. 8).
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Òåñòèðîâàíèå èçìåðèòåëüíîé ñèñòåìû ïðî-
âîäèëîñü â òå÷åíèè òðåõ ñóòî÷íûõ ìàðøåé. 
Ïðîâåðêà óñòîé÷èâîñòè ðåãèñòðàöèè ñèãíàëà 
îñóùåñòâëÿëàñü íà ïðîòÿæåíèè 50 êì ïðîáåãà 
ïî ðàçìûòûì ëåñíûì äîðîãàì, à òàêæå ïî ïåñ-
÷àíîìó ãðóíòó (ðèñ. 9). Íàäåæíîñòü êðåïëåíèÿ 
è öåëîñòíîñòü èñïûòàòåëüíîé îñíàñòêè ïîä äåé-
ñòâèåì âèáðàöèîííûõ íàãðóçîê îöåíèâàëàñü íà 
ïðîòÿæåíèè 350 êì ïðè äâèæåíèè íà ìàêñèìàëü-
íî ðåàëèçóåìûõ ïî óïðàâëÿåìîñòè ñêîðîñòíûõ 
ðåæèìàõ, à òàêæå ïðè ïðåîäîëåíèè ðàçëè÷íûõ 
ïðåïÿòñòâèé, òàêèõ êàê ñòâîëû äåðåâüåâ, áåòîí-
íûå ïëèòû è ãëóáîêèå êàíàâû (ðèñ. 10).

Âûâîäû
Ðàçðàáîòàííûå èçìåðèòåëüíàÿ ñèñòåìà è 

êîíñòðóêöèÿ èñïûòàòåëüíîé îñíàñòêè ïîäòâåð-
äèëè ñâîþ ðàáîòîñïîñîáíîñòü, â òîì ÷èñëå â 
òÿæåëûõ óñëîâèÿõ áåçäîðîæüÿ.

Ðåãèñòðèðóþùàÿ àïïàðàòóðà óñòîé÷èâî ôèê-
ñèðóåò ýëåêòðè÷åñêèé ñèãíàë ñ äàò÷èêîâ â ðàç-
ëè÷íûõ äîðîæíûõ óñëîâèÿõ, ÷òî ïîçâîëÿåò ñ 
òðåáóåìîé òî÷íîñòüþ îöåíèâàòü êèíåìàòè÷åñêèå 
è ñèëîâûå ïàðàìåòðû íàãðóæåíèÿ ýëåìåíòîâ ñè-
ñòåìû ïîäðåññîðèâàíèÿ ãóñåíè÷íûõ ìàøèí.

Àïïàðàòíàÿ ïîäñèñòåìà è îñíàñòêà êðåïëå-
íèÿ äàò÷èêîâîé àïïàðàòóðû íå òðåáóþò âíåñå-
íèÿ èçìåíåíèé â êîíñòðóêöèþ õîäîâîé ÷àñòè 
è ïîçâîëÿþò ïðîâîäèòü èññëåäîâàíèÿ íà áîëü-
øèíñòâå òèïîâ ãóñåíè÷íûõ ìàøèí. Ïðîãðàìì-
íàÿ ïîäñèñòåìà ìîæåò áûòü àäàïòèðîâàíà ïîä 
èññëåäîâàíèÿ íàãðóæåííîñòè ãóñåíè÷íûõ 
ìàøèí ðàçëè÷íîé âåñîâîé êàòåãîðèè.
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Ïðîèçâîäñòâî ðàáî÷èõ êîëåñ äëÿ ãèäðîäèíàìè÷åñêèõ ïåðåäà÷ òÿãîâî-òðàíñïîðòíûõ ìàøèí ïðåäñòàâëÿåò ñîáîé 
ñëîæíóþ òåõíîëîãè÷åñêóþ çàäà÷ó. Èçãîòîâëåíèå ëîïàñòåé øòàìïîâêîé ñ ïîñëåäóþùåé ñáîðêîé è ïðèâàðêîé 
ê òîðîâûì ïîâåðõíîñòÿì îáåñïå÷èâàåò ïîëó÷åíèå çàäàííûõ óãëîâ âõîäà è âûõîäà ïîòîêà, íî íå äàåò ýêâèäè-
ñòàíòíîñòè ëèíèé òîêà ðàáî÷åé æèäêîñòè â ìåæëîïàñòíîì ïðîñòðàíñòâå, ïîñêîëüêó ëîïàñòè, îòøòàìïîâàííûå 
èç ëèñòîâîãî ìàòåðèàëà, èìåþò îäèíàêîâóþ òîëùèíó ïî äëèíå. Êàê ñëåäñòâèå, ïðîèñõîäèò óâåëè÷åíèå ïî-
òåðü ýíåðãèè ïðè äâèæåíèè ðàáî÷åé æèäêîñòè â ìåæëîïàñòíûõ êàíàëàõ è ñíèæàåòñÿ êîýôôèöèåíò ïîëåçíîãî 
äåéñòâèÿ. Ïðè èçãîòîâëåíèè ðàáî÷èõ êîëåñ ëèòüåì îáåñïå÷èâàåòñÿ íåîáõîäèìûå ïðîñòðàíñòâåííàÿ ôîðìà è 
ïåðåìåííàÿ ïî íàïðàâëåíèþ ïîòîêà òîëùèíà ëîïàñòè, îäíàêî â ñèëó òåõíîëîãè÷åñêèõ îãðàíè÷åíèé íå óäàåòñÿ 
ïîëó÷èòü òðåáóåìóþ òîëùèíó âõîäíîé è âûõîäíîé êðîìîê. Êðîìå òîãî, âûíóæäåííàÿ òîêàðíàÿ ïîäðåçêà ëî-
ïàñòåé èñêëþ÷àåò ñêðóãëåíèå óêàçàííûõ êðîìîê. Äîáèòüñÿ òðåáóåìîé ãåîìåòðèè êðîìîê ìîæíî èõ ñëåñàðíîé 
îáðàáîòêîé, îäíàêî òàêàÿ îïåðàöèÿ íåæåëàòåëüíà âñëåäñòâèå åå î÷åíü âûñîêîé òðóäîåìêîñòè. Ïðè êðóïíîñå-
ðèéíîì è ìàññîâîì ïðîèçâîäñòâå ñëåñàðíûå îïåðàöèè äîëæíû áûòü èñêëþ÷åíû. Â ñâÿçè ñî ñêàçàííûì âûøå 
âàæíûì ÿâëÿåòñÿ âîïðîñ î ñòåïåíè âëèÿíèÿ ãåîìåòðèè êðîìîê ëîïàñòåé ðàáî÷èõ êîëåñ íà õàðàêòåðèñòèêè 
ãèäðîïåðåäà÷è. Â äàííîé ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé âëèÿíèÿ îáðà-
áîòêè êðîìîê ëîïàñòåé ðàáî÷èõ êîëåñ òðàêòîðíîãî ãèäðîòðàíñôîðìàòîðà, èçãîòîâëåííûõ ëèòüåì â êîêèëü, 
íà êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ è ïðåîáðàçóþùèå ñâîéñòâà ãèäðîïåðåäà÷è. Ïîêàçàíî âëèÿíèå îáðàáîòêè 
êðîìîê ëîïàñòåé êàê äëÿ êàæäîãî êîëåñà â îòäåëüíîñòè, òàê è â ñîâîêóïíîñòè. Îáîñíîâàí âûâîä î òîì, ÷òî òðó-
äîåìêóþ îïåðàöèþ ñëåñàðíîé îáðàáîòêè êðîìîê ëîïàñòåé ðàáî÷èõ êîëåñ ìîæíî ïðè ìàññîâîì ïðîèçâîäñòâå 
ãèäðîòðàíñôîðìàòîðîâ èñêëþ÷èòü áåç ñóùåñòâåííîãî óõóäøåíèÿ õàðàêòåðèñòèê ãèäðîïåðåäà÷è. 
Êëþ÷åâûå ñëîâà: ãèäðîäèíàìè÷åñêàÿ ïåðåäà÷à, êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ ãèäðîäèíàìè÷åñêîé ïåðå-
äà÷è, õàðàêòåðèñòèêè ãèäðîäèíàìè÷åñêîé ïåðåäà÷è, îáðàáîòêà ëîïàñòåé ãèäðîäèíàìè÷åñêîé ïåðåäà÷è.

The production of impellers for hydrodynamic transmission of traction-transport machines is a complex technologi-
cal task. Manufacturing of blades by punching with subsequent assembling and welding to toroidal surfaces ensures 
obtaining of specified angles of flow input and output, but does not provide an equidistant flowline of the working 
fluid in the intervane space, since the blades punched from sheet material have the same thickness along the length. 
Consequently, there is an increase in energy losses during the movement of the working fluid in the intervane chan-
nels and the coefficient of efficiency decreases. In the manufacture of impellers by casting provides the necessary 
spatial shape and variable in direction of flow thickness of the blade, but due to technological limitations, it is not 
possible to obtain the required thickness of the input and output edges. In addition, the forced turn cutting of blades 
eliminates the rounding of these edges. The required geometry of the edges can be achieved by their machining, but 
such an operation is undesirable due to its very high labor intensity. In large-scale and mass production, locksmithing 
operations should be excluded. In connection with said above, the question of level of influence of the impeller blade 
edges geometry on the characteristics of hydrotransmission is important. This article presents the results of experi-
mental studies of the effect of machining of the torque converter impeller blade edges, manufactured by casting into 
the chill mold, on the efficiency coefficient and the converting properties of the hydrotransmission. The influence of 
blade edges machining is shown for each wheel separately and in aggregate. The conclusion is substantiated that the 
laborious operation of the metalworking of impeller blades’ edges can be eliminated in the mass production of torque 
converters without significant degrading of the hydrotransmission characteristics.
Keywords: hydrodynamic transmission, efficiency of hydrodynamic transmission, characteristics of hydrodynamic 
transmission, machining of hydrodynamic transmission blades.
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 Ââåäåíèå
Ïðè ðàçðàáîòêå è ñåðèéíîì ïðîèçâîäñòâå 

ãèäðîäèíàìè÷åñêèõ ïåðåäà÷ òÿãîâî-òðàíñïîðò-
íûõ ìàøèí íàèáîëüøèå òåõíîëîãè÷åñêèå çà-
òðóäíåíèÿ âîçíèêàþò ïðè èçãîòîâëåíèè ðàáî-
÷èõ êîëåñ. Äëÿ äîñòèæåíèÿ âûñîêèõ çíà÷åíèé 
ÊÏÄ íåîáõîäèìî òî÷íî âûïîëíÿòü ãåîìåòðèþ 
ëîïàñòíîé ñèñòåìû. Ýòî êàñàåòñÿ, â ÷àñòíîñòè, 
óãëîâ âõîäà è âûõîäà â ëîïàñòè è íàïðàâëåíèÿ 
ëèíèé òîêà â ìåæëîïàñòíîì ïðîñòðàíñòâå. Â 
íàñòîÿùåå âðåìÿ íåîáõîäèìîñòü âûïîëíåíèÿ 
ýòèõ òðåáîâàíèé îïðåäåëÿåò âûáîð òåõíîëîãèè 
èçãîòîâëåíèÿ ðàáî÷èõ êîëåñ ãèäðîòðàíñôîðìà-
òîðîâ [1, 2]. 

Íàèáîëåå ðàñïðîñòðàíåííûìè ñïîñîáàìè 
ÿâëÿþòñÿ èçãîòîâëåíèå ëîïàñòåé øòàìïîâêîé 
ñ ïîñëåäóþùåé ñáîðêîé è ïðèâàðêîé ê òîðîâûì 
ïîâåðõíîñòÿì è îòëèâêà ðàáî÷èõ êîëåñ ñ îáðà-
çîâàíèåì ìåæëîïàñòíîãî ïðîñòðàíñòâà ñïåöè-
àëüíûìè ñòåðæíÿìè ñëîæíîé ïðîñòðàíñòâåí-
íîé ôîðìû, êîòîðûå çàêðåïëÿþòñÿ â êîêèëå 
ìîäåëüíîé îñíàñòêè. 

Ïåðâûé ñïîñîá ãàðàíòèðóåò ïîëó÷åíèå çà-
äàííûõ óãëîâ âõîäà è âûõîäà ëîïàñòåé, íî íå 
äàåò ýêâèäèñòàíòíîñòè ëèíèé òîêà ðàáî÷åé 
æèäêîñòè â ìåæëîïàñòíîì ïðîñòðàíñòâå, ïî-
ñêîëüêó ëîïàñòè, îòøòàìïîâàííûå èç ëèñòîâî-
ãî ìàòåðèàëà, èìåþò îäèíàêîâóþ òîëùèíó ïî 
äëèíå. Êàê ñëåäñòâèå, ïðîèñõîäèò óâåëè÷åíèå 
ïîòåðü ýíåðãèè ïðè äâèæåíèè ðàáî÷åé æèäêî-
ñòè è ñíèæàåòñÿ ÊÏÄ. 

Âòîðîé ñïîñîá ïîçâîëÿåò ïîëó÷èòü ëîïàñòè 
ïåðåìåííîé òîëùèíû (òàê íàçûâàåìûé êðûëî-
âîé ïðîôèëü), íî èìååò îãðàíè÷åíèÿ ïî ìèíè-
ìàëüíî äîñòèãàåìîé â ëèòüå òîëùèíå êðîìîê 
ëîïàñòåé íà âõîäå è âûõîäå, à òàêæå ïî ðàäèóñó 
çàêðóãëåíèÿ êðîìîê ëîïàñòåé íà âõîäå. Áîëåå 
òîãî, êðîìêè ëîïàñòåé ïðèõîäèòñÿ ïîäðåçàòü 
ïðè òîêàðíîé îáðàáîòêå êîëåñ, è çàêðóãëåíèå 
êðîìîê ëîïàñòåé íà âõîäå â ðàáî÷èå êîëåñà îò-

ñóòñòâóåò. Äîáèòüñÿ íåîáõîäèìûõ ðàçìåðîâ è 
ôîðìû êðîìîê ìîæíî ñëåñàðíîé îáðàáîòêîé 
êàæäîé ëîïàñòè. Èçëèøíå ãîâîðèòü, ÷òî òàêàÿ 
òåõíîëîãè÷åñêàÿ îïåðàöèÿ âåñüìà òðóäîåì-
êà è òðåáóåò êâàëèôèöèðîâàííîãî ïåðñîíàëà. 
Ïðè êðóïíîñåðèéíîì è, òåì áîëåå, ìàññîâîì 
ïðîèçâîäñòâàõ ýòà òåõíîëîãè÷åñêàÿ îïåðàöèÿ 
äîëæíà áûòü èñêëþ÷åíà.

Öåëü èññëåäîâàíèÿ
Èçó÷åíèå âëèÿíèÿ îáðàáîòêè êðîìîê ëîïà-

ñòåé ðàáî÷èõ êîëåñ òðàêòîðíîãî ãèäðîòðàíñ-
ôîðìàòîðà íà åãî õàðàêòåðèñòèêè

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Äëÿ òîãî ÷òîáû âûÿñíèòü, íàñêîëüêî ãåî-

ìåòðèÿ êðîìîê ëîïàñòåé, ïîëó÷àåìàÿ ïîñëå 
òîêàðíîé ïîäðåçêè êðîìîê ëîïàñòåé îòëèâêè 
áåç ïîñëåäóþùåé ñëåñàðíîé îáðàáîòêè, âëèÿåò 
íà ïîêàçàòåëè ãèäðîòðàíñôîðìàòîðà, áûëè 
ïðîàíàëèçèðîâàíû ðåçóëüòàòû ñòåíäîâûõ èñ-
ïûòàíèé òðàêòîðíîãî ãèäðîòðàíñôîðìàòîðà 
ËÃ-420-35 [3], â õîäå êîòîðûõ îí ïîñëåäîâàòåëü-
íî êîìïëåêòîâàëñÿ ðàáî÷èìè êîëåñàìè ñ îáðà-
áîòàííûìè è íåîáðàáîòàííûìè êðîìêàìè. 

Íà ðèñ. 1 ïîêàçàíà òèïîâàÿ ñõåìà ñëåñàð-
íîé îáðàáîòêè ëîïàñòåé ðàáî÷èõ êîëåñ ãèäðî-
òðàíñôîðìàòîðà, ïîëó÷åííûõ îòëèâêîé. Äëÿ 
óìåíüøåíèÿ òîëùèíû êðîìêè ìåòàëë ñíèìàëè 
ñ îáåèõ ñòîðîí ëîïàñòè (çàøòðèõîâàííûå îá-
ëàñòè íà ðèñ. 1) ñ òåì, ÷òîáû íå èçìåíèòü íà-
ïðàâëåíèå ñðåäíåé ëèíèè ïðîôèëÿ. Çàêðóãëå-
íèå íà âõîäå ïîëó÷àëè, óáèðàÿ îñòðóþ êðîìêó 
ëîïàñòåé ñ âîãíóòîé ñòîðîíû ëîïàñòè. Îñòðàÿ 
êðîìêà ïîëó÷àëàñü â ðåçóëüòàòå òîêàðíîé ïîä-
ðåçêè êðîìîê ëîïàñòåé ïîñëå ëèòüÿ.

Ñëåñàðíàÿ îáðàáîòêà ëîïàñòåé ðàáî÷èõ 
êîëåñ ãèäðîòðàíñôîðìàòîðà ËÃ-420-35 ïîçâî-
ëÿëà ïîëó÷èòü ñëåäóþùèå òîëùèíû êðîìîê 

Ðèñ. 1. Òèïîâàÿ ñõåìà ñëåñàðíîé îáðàáîòêè êðîìîê ðàáî÷èõ êîëåñ ãèäðîòðàíñôîðìàòîðà
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(èçìåðåííûå íîðìàëüíî ê ñðåäíåé ëèíèè òîêà) 
è ðàäèóñû çàêðóãëåíèÿ: äëÿ ïåðâîãî ðåàêòîðà: 
in  = 2,85 ìì, out  = 0,95 ìì, inR  = 1,4 ìì; äëÿ 
âòîðîãî ðåàêòîðà: in  = 3,7 ìì, out  = 1,0 ìì, 

inR  = 1,85 ìì; äëÿ íàñîñíîãî êîëåñà: in  = 3,0 ìì, 
out  = 1,0 ìì, inR  = 1,5 ìì; äëÿ òóðáèííîãî 
êîëåñà: in  = 4,0 ìì, out  = 2,0 ìì, inR  = 2,0 ìì. 

Íà ïåðâîì ýòàïå èññëåäîâàíèé áûëà ïðî-
âåäåíà îöåíêà âëèÿíèÿ îáðàáîòêè êðîìîê ëî-
ïàñòåé äëÿ êàæäîãî êîëåñà â îòäåëüíîñòè, çà 
èñêëþ÷åíèåì âòîðîãî ðåàêòîðà. Äëÿ âòîðîãî 
ðåàêòîðà èññëåäîâàíèå íå ïðîâîäèëè, òàê êàê 
åãî ëîïàñòè ïîñëå îòëèâêè âûíóæäåííî îá-
ðàáàòûâàëè âñëåäñòâèå íåäîïóñòèìî áîëüøèõ 
îòêëîíåíèé ôîðìû è ðàçìåðîâ êðîìîê ëîïà-
ñòåé îò ïðåäóñìîòðåííûõ êîíñòðóêöèåé. 

Äëÿ îöåíêè âëèÿíèÿ ñëåñàðíîé îáðàáîòêè 
êðîìîê ëîïàñòåé êàæäîãî èç êîëåñ â îòäåëü-
íîñòè ïðîâîäèëîñü ñðàâíåíèå õàðàêòåðèñòèê 
ãèäðîòðàíñôîðìàòîðà, â êîòîðîì êðîìêè 
ëîïàñòåé âñåõ êîëåñ áûëè îáðàáîòàíû, è ãè-
äðîòðàíñôîðìàòîðà, ó êîòîðîãî èññëåäóåìîå 
êîëåñî áûëî çàìåíåíî íà ýêçåìïëÿð ñ íåîáðà-
áîòàííûìè êðîìêàìè. 

Âñå ñðàâíèòåëüíûå èñïûòàíèÿ ïðîâîäèëèñü 
íà ñòåíäå [4], êîòîðûé îáåñïå÷èâàë òî÷íîñòü 
èçìåðåíèÿ êðóòÿùèõ ìîìåíòîâ ñ ïîãðåøíî-
ñòüþ ± 0,2 %. Ïîãðåøíîñòü â îïðåäåëåíèè 
÷àñòîò âðàùåíèÿ íàñîñíîãî è òóðáèííîãî 
êîëåñ ãèäðîòðàíñôîðìàòîðà íå ïðåâûøàëà 
0,1 %. Â êà÷åñòâå ðàáî÷åé æèäêîñòè èñïîëüçî-
âàëîñü ìàñëî âåðåòåííîå ÀÓ ÃÎÑÒ 1642-50 [5], 
òåìïåðàòóðà ðàáî÷åé æèäêîñòè â ïðîöåññå èñ-
ïûòàíèé ïîääåðæèâàëàñü â ïðåäåëàõ 90±5 °Ñ, 
÷àñòîòà âðàùåíèÿ âàëà íàñîñíîãî êîëåñà ñî-
ñòàâëÿëà 1700 ìèí-1.

Â ðåçóëüòàòå ïðîâåäåííûõ èñïûòàíèé óñòà-
íîâëåíî, ÷òî ñëåñàðíàÿ îáðàáîòîê ëîïàñòåé 
ïåðâîãî ðåàêòîðà ñëàáî âëèÿåò íà õàðàêòåðè-
ñòèêè ãèäðîòðàíñôîðìàòîðà ËÃ-420-35. Óâå-
ëè÷åíèå ÊÏÄ âñëåäñòâèå îáðàáîòêè êðîìîê 
äàííîãî êîëåñà íàáëþäàåòñÿ ëèøü â èíòåð-
âàëå ïåðåäàòî÷íûõ îòíîøåíèé 0,47 < i < 0,6 
è íå ïðåâûøàåò 0,6 % (0,890 âìåñòî 0,864 ïðè 
i = 0,56).

Ñëåñàðíàÿ îáðàáîòêà êðîìîê ëîïàñòåé íà-
ñîñíîãî êîëåñà òàêæå ñëàáî ñêàçûâàåòñÿ íà õà-
ðàêòåðèñòèêå ãèäðîòðàíñôîðìàòîðà. Çíà÷åíèÿ 
êîýôôèöèåíòîâ ïåðâè÷íîãî ìîìåíòà äëÿ ñðàâ-
íèâàåìûõ ãèäðîòðàíñôîðìàòîðîâ ïðàêòè÷åñêè 
îäèíàêîâû âî âñåì äèàïàçîíå ïåðåäàòî÷íûõ 
îòíîøåíèé. ÊÏÄ íåçíà÷èòåëüíî ïîâûøàåòñÿ 
òîëüêî â îòíîñèòåëüíî óçêîì äèàïàçîíå ïåðå-

äàòî÷íûõ îòíîøåíèé 0,71 < i < 0,85. Ìàêñè-
ìàëüíîå ïîâûøåíèå ÊÏÄ ñîñòàâëÿåò 0,8 % 
ïðè ïåðåäàòî÷íîì îòíîøåíèé i = 0,75. Êðèâûå 
êîýôôèöèåíòîâ òðàíñôîðìàöèè ïî÷òè ïîëíî-
ñòüþ ñîâïàäàþò äëÿ îáîèõ âàðèàíòîâ, êðîìå 
ó÷àñòêîâ ïåðåäàòî÷íûõ îòíîøåíèé 0 < i < 0,07, 
à òàêæå 0,71 < i < 0,85. Â ïðåäåëàõ óêàçàííûõ 
ó÷àñòêîâ êîýôôèöèåíò òðàíñôîðìàöèè äëÿ 
âàðèàíòà ñ íåîáðàáîòàííûì íàñîñíûì êîëå-
ñîì íåñêîëüêî íèæå. Ñíèæàåòñÿ è êîýôôè-
öèåíò òðàíñôîðìàöèè íà ñòîïîâîì ðåæèìå 
(K = 3,453 âìåñòî K = 3,53). Äëÿ âàðèàíòà ñ íå-
îáðàáîòàííûìè êðîìêàìè ëîïàñòåé êðèâàÿ êî-
ýôôèöèåíòà òðàíñôîðìàöèè â îáëàñòè ìàëûõ 
ïåðåäàòî÷íûõ îòíîøåíèé (0 < i < 0,07) ïðèîá-
ðåòàåò âûïóêëûé âèä. Ýòî ñâèäåòåëüñòâóåò î 
ñòåñíåíèè ïîòîêà ðàáî÷åé æèäêîñòè â ìåæëî-
ïàòî÷íîì ïðîñòðàíñòâå, âûçâàííîì, î÷åâèäíî, 
áîëüøåé òîëùèíîé êðîìîê ëîïàñòåé ó íåîáðà-
áîòàííîãî íàñîñíîãî êîëåñà.

Íàèáîëåå çàìåòíîå è íåîäíîçíà÷íîå âëèÿ-
íèå íà õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà 
îêàçûâàåò îáðàáîòêà êðîìîê ëîïàñòåé òóðáèí-
íîãî êîëåñà. Ó ýòîãî êîëåñà, êàê áûëî îòìå÷å-
íî âûøå, ïîñëå îáðàáîòêè êðîìîê in  = 4,0 ìì, 

inR  = 2,0 ìì, out  = 2,0 ìì. Íåîáðàáîòàííîå 
êîëåñî èìåëî in  = 4,1 ìì, out  = 3,0 ìì. Çà-
êðóãëåíèå êðîìêè íà âõîäå îòñóòñòâîâàëî. 

Êàê ïîêàçàëè èñïûòàíèÿ, óñòàíîâêà òóð-
áèííîãî êîëåñà ñ íåîáðàáîòàííûìè êðîìêàìè 
ëîïàñòåé íåñêîëüêî èçìåíÿåò íàãðóæàþùèå 
ñâîéñòâà ãèäðîòðàíñôîðìàòîðà â äèàïàçîíå 
ïåðåäàòî÷íûõ îòíîøåíèé 0,6 < i < 0,9. Â ýòîì 
äèàïàçîíå êîýôôèöèåíò ìîìåíòà âõîäíîãî 
çâåíà ñ íåîáðàáîòàííûìè êðîìêàìè ëîïàñòåé 
òóðáèíû íèæå, ÷åì äëÿ ãèäðîòðàíñôîðìàòî-
ðà ñî âñåìè îáðàáîòàííûìè êîëåñàìè: ïðè 
i = 0,8 îí íèæå íà 4 %. Ïðè äðóãèõ ïåðåäàòî÷-
íûõ îòíîøåíèÿõ êðèâûå êîýôôèöèåíòà ìîìåí-
òà âõîäíîãî çâåíà äëÿ îáîèõ âàðèàíòîâ ãèäðî-
òðàíñôîðìàòîðà ïðàêòè÷åñêè ñîâïàäàþò. 

Â ïðåäåëàõ ïåðåäàòî÷íûõ îòíîøåíèé 
0,59 < i < 0,85 ÊÏÄ ãèäðîòðàíñôîðìàòîðà ñ íå-
îáðàáîòàííûìè ëîïàñòÿìè òóðáèíû îêàçûâàåò-
ñÿ äàæå âûøå, ÷åì äëÿ ãèäðîòðàíñôîðìàòîðà ñî 
âñåìè îáðàáîòàííûìè êîëåñàìè. Ìàêñèìàëü-
íûé ÊÏÄ ïðè ïåðåäàòî÷íîì îòíîøåíèè i = 0,69 
ðàâåí 0,913 ïðîòèâ 0,908, ò.å. âûøå íà 0,5 %. 
Ìàêñèìàëüíîå ïðèðàùåíèå ÊÏÄ íàáëþäàåò-
ñÿ ïðè i = 0,8: 0,888 âìåñòî 0,875, ò.å. âûøå íà 
1,3 %. Â çîíå íèçêèõ ïåðåäàòî÷íûõ îòíîøåíèé: 
0 < i < 0,14, ÊÏÄ ãèäðîòðàíñôîðìàòîðà ñ íåîá-
ðàáîòàííîé òóðáèíîé íåñêîëüêî íèæå.
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Ïðîòåêàíèå êðèâûõ êîýôôèöèåíòà òðàíñ-
ôîðìàöèè ñîîòâåòñòâóåò ïðîòåêàíèþ êðèâûõ 
ÊÏÄ. Ïðè ïåðåäàòî÷íûõ îòíîøåíèÿõ i < 0,2 
êðèâàÿ çíà÷åíèÿ K äëÿ ãèäðîòðàíñôîðìàòîðà 
ñ íåîáðàáîòàííîé òóðáèíîé íèæå, ÷åì äëÿ ãè-
äðîòðàíñôîðìàòîðà ñî âñåìè îáðàáîòàííûìè 
êîëåñàìè. Îäíàêî çàâèñèìîñòü K = f (i) íîñèò 
íîðìàëüíûé õàðàêòåð, ÷òî ñâèäåòåëüñòâóåò îá 
îòñóòñòâèè ñòåñíåíèÿ ïîòîêà ðàáî÷åé æèäêî-
ñòè íåîáðàáîòàííûìè ëîïàòêàìè òóðáèííîãî 
êîëåñà. Êîýôôèöèåíò òðàíñôîðìàöèè íà ñòîïî-
âîì ðåæèìå äëÿ ãèäðîòðàíñôîðìàòîðà ñ íåîá-
ðàáîòàííûìè êðîìêàìè ñîñòàâëÿåò K = 3,429 
ïðîòèâ K = 3,53 äëÿ ãèäðîòðàíñôîðìàòîðà ñî 
âñåìè îáðàáîòàííûìè êîëåñàìè (íèæå íà 3 %).

Òàêèì îáðàçîì, ñëåñàðíàÿ îáðàáîòêà êðî-
ìîê ëîïàñòåé òóðáèííîãî êîëåñà íå òîëüêî íå 
óëó÷øàåò, íî è äàæå íåñêîëüêî óõóäøàåò ÊÏÄ 
ãèäðîòðàíñôîðìàòîðà ËÃ-420-35 â îñíîâíîì 
ðàáî÷åì äèàïàçîíå ïåðåäàòî÷íûõ îòíîøåíèé. 
Êîýôôèöèåíò òðàíñôîðìàöèè íà ñòîïîâîì 
ðåæèìå ñíèæàåòñÿ. Êîýôôèöèåíò ìîìåíòà 
âõîäíîãî çâåíà ìåíÿåòñÿ âñëåäñòâèå ñëåñàðíîé 
îáðàáîòêè êðîìîê ëîïàòîê òóðáèííîãî êîëåñà 
íåçíà÷èòåëüíî. 

Íà âòîðîì ýòàïå èññëåäîâàíèé áûëà âûïîë-
íåíà îöåíêà ñîâìåñòíîãî âëèÿíèÿ îáðàáîòêè 
êðîìîê ëîïàñòåé òðåõ êîëåñ – ïåðâîãî ðåàêòîðà, 
íàñîñíîãî êîëåñà è òóðáèííîãî êîëåñà îäíîâðå-
ìåííî. Äëÿ ïîëó÷åíèÿ òàêîé îöåíêè áûëî ïðî-
âåäåíî ñðàâíåíèå ïîêàçàòåëåé ãèäðîòðàíñôîð-
ìàòîðà, ó êîòîðîãî êðîìêè âñåõ ðàáî÷èõ êîëåñ 
áûëè îáðàáîòàíû, è ãèäðîòðàíñôîðìàòîðà, ó 
êîòîðîãî êîëåñà ïåðâîãî ðåàêòîðà, íàñîñíîãî 
êîëåñà è òóðáèííîãî êîëåñà èìåëè íåîáðàáî-
òàííûå êðîìêè. Äëÿ ýêñïåðèìåíòà áûëè èñ-
ïîëüçîâàíû ðàáî÷èå êîëåñà, ðàíåå èñïûòàííûå 
â ñî÷åòàíèè ñ îáðàáîòàííûìè êîëåñàìè. 

Óñòàíîâêà â ãèäðîòðàíñôîðìàòîð òðåõ íå-
îáðàáîòàííûõ êîëåñ ñíèæàåò ýíåðãîåìêîñòü 
ãèäðîòðàíñôîðìàòîðà â ïðåäåëàõ ïåðåäàòî÷-
íûõ îòíîøåíèé 0,45 < i < 0,95. Íàèáîëüøåå 
ñíèæåíèå êîýôôèöèåíòà ìîìåíòà âõîäíîãî 
çâåíà íàáëþäàåòñÿ â ðàéîíå i = 0,89 (íà 6 %). 
Íàáëþäàåòñÿ òàêæå îáùåå ñíèæåíèå ÊÏÄ, 
îñîáåííî â çîíå ïåðåäàòî÷íûõ îòíîøåíèé 0,45 
< i < 0,85. Âåëè÷èíà ìàêñèìàëüíîãî ÊÏÄ äëÿ 
ãèäðîòðàíñôîðìàòîðà ñ íåîáðàáîòàííûìè ëî-
ïàñòÿìè ñîñòàâëÿåò 0,902 ïðîòèâ 0,908, èëè 
íèæå íà 0,6 %.

Íàèáîëüøåå ïîíèæåíèå ÊÏÄ, äîõîäÿùåå äî 
0,8–1 %, íàáëþäàåòñÿ â çîíå ïåðåäàòî÷íûõ îò-
íîøåíèé 0,5 < i < 0,6 – â ìåñòå, ãäå ðàñïîëàãà-

åòñÿ ïåðâûé ìàêñèìóì ÊÏÄ íà ðåæèìå òðàíñ-
ôîðìàöèè ìîìåíòà (ïðè îáîèõ îñòàíîâëåííûõ 
ðåàêòîðàõ). Íåñêîëüêî íèæå ÊÏÄ òàêæå è â 
çîíå ïåðåäàòî÷íûõ îòíîøåíèé i < 0,35. Àíàëè-
çèðóÿ õàðàêòåð ïðîòåêàíèÿ êðèâîé ÊÏÄ äëÿ ãè-
äðîòðàíñôîðìàòîðà ñ òðåìÿ íåîáðàáîòàííûìè 
êîëåñàìè, ìîæíî îòìåòèòü, ÷òî ñíèæåíèå êîýô-
ôèöèåíòà ïîëåçíîãî äåéñòâèÿ ïðîèñõîäèò â òåõ 
æå çîíàõ ïåðåäàòî÷íûõ ÷èñåë, ãäå ÊÏÄ ñíèæà-
åòñÿ ïðè óñòàíîâêå êàêîãî-ëèáî îäíîãî íåîáðà-
áîòàííîãî êîëåñà. Îäíàêî ýòî ñíèæåíèå áîëåå 
ÿðêî âûðàæåíî è ñîïðîâîæäàåòñÿ îäíîâðåìåí-
íûì ñíèæåíèåì òàêæå è ìàêñèìàëüíîãî ÊÏÄ. 

Êðèâàÿ ÊÏÄ äëÿ ãèäðîòðàíñôîðìàòîðà ñ 
òðåìÿ íåîáðàáîòàííûìè êîëåñàìè, â îñíîâ-
íîì, ðàñïîëàãàåòñÿ íåñêîëüêî íèæå, ÷åì äëÿ 
ãèäðîòðàíñôîðìàòîðà ñî âñåìè îáðàáîòàííû-
ìè êîëåñàìè, êðîìå çîíû ïåðåäàòî÷íûõ îòíî-
øåíèé 0,3 < i < 0,45, ãäå ýòè êðèâûå ñîâïàäà-
þò. Êîýôôèöèåíò òðàíñôîðìàöèè íà ñòîïîâîì 
ðåæèìå ñîñòàâëÿåò äëÿ ãèäðîòðàíñôîðìàòîðà 
ñ íåîáðàáîòàííûìè êîëåñàìè K = 3,333, ïðîòèâ 
K = 3,53, èëè íèæå íà 6,2 %.

Çàêëþ÷åíèå
Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ 

ïîçâîëÿþò çàêëþ÷èòü, ÷òî óñòàíîâêà â ãèäðî-
òðàíñôîðìàòîð ËÃ-420-35 òðåõ ðàáî÷èõ êîëåñ 
(ïåðâîãî ðåàêòîðà, íàñîñà è òóðáèíû) ñ ëîïà-
ñòÿìè, êðîìêè êîòîðûõ íå ïîäâåðãíóòû ñëå-
ñàðíîé îáðàáîòêå, ïîçâîëÿåò, òåì íå ìåíåå, 
ïîëó÷èòü äîñòàòî÷íî âûñîêèå çíà÷åíèÿ ìàê-
ñèìàëüíûõ êîýôôèöèåíòà òðàíñôîðìàöèè è 
ÊÏÄ. Ìîæíî ðåêîìåíäîâàòü â óñëîâèÿõ ìàñ-
ñîâîãî ïðîèçâîäñòâà íå ïðîèçâîäèòü îáðàáîòêè 
êðîìîê ëîïàñòåé óêàçàííûõ êîëåñ ïðè îäíîâðå-
ìåííîì íåêîòîðîì óòîíåíèè âûõîäíûõ êðîìîê 
â ëèòüå. Â ñëó÷àå, åñëè îáðàáîòêà êðîìîê ëîïà-
ñòåé âñå æå áóäåò ïðèçíàíà íåîáõîäèìîé, ñëå-
äóåò åå ïðîâîäèòü äëÿ ðàáî÷èõ êîëåñ ïåðâîãî 
ðåàêòîðà è íàñîñíîãî êîëåñà. Íåîáõîäèìîñòü â 
ñëåñàðíîé îáðàáîòêå êðîìîê ëîïàòîê òóðáèíû 
îòñóòñòâóåò. Ñòåïåíü âëèÿíèÿ íà ïàðàìåòðû 
ãèäðîòðàíñôîðìàòîðà ñëåñàðíîé îáðàáîòêè 
âòîðîãî ðåàêòîðà òðåáóåò äîïîëíèòåëüíûõ èñ-
ñëåäîâàíèé.
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Â ðàáîòå ïðåäëîæåí ìåõàíèçì è àëãîðèòì óïðàâëåíèÿ îäíîîïîðíîé ïíåâìàòè÷åñêîé ðåëàêñàöèîííîé ñèñòå-
ìîé ïîäðåññîðèâàíèÿ ñ ðåêóïåðàöèåé ýíåðãèè êîëåáàíèé ïðèìåíèòåëüíî ê øòàòíîìó ñèäåíüþ îïåðàòîðà òÿ-
ãîâî-òðàíñïîðòíîãî ñðåäñòâà ôèðìû Sibeko. Âûïîëíåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñòàòè÷åñêîé õàðàê-
òåðèñòèêè ïíåâìàòè÷åñêîé ïîäâåñêè øòàòíîãî ñèäåíüÿ ñ íåëèíåéíîé óïðóãîäåìïôèðóþùåé õàðàêòåðèñòèêîé. 
Ñîçäàíà ìàòåìàòè÷åñêàÿ ìîäåëü ïíåâìàòè÷åñêîé ðåëàêñàöèîííîé ïîäâåñêè ñèäåíüÿ ñ äâóìÿ äîïîëíèòåëüíûìè 
îáúåìàìè âîçäóõà, ìåæäó êîòîðûìè óñòàíîâëåí ïíåâìîäâèãàòåëü – ðåêóïåðàòîð, ïðèâîäÿùèéñÿ â äåéñòâèå çà 
ñ÷åò ïåðåòåêàíèÿ âîçäóõà èç îäíîãî äîïîëíèòåëüíîãî îáúåìà â äðóãîé. Â ðåçóëüòàòå ðàñ÷åòíûõ èññëåäîâàíèé ñ 
ïîìîùüþ áëîêà-èíñòðóìåíòà XY Graph Simulink MatLAB ïîëó÷åíà ðàáî÷àÿ óïðóãîäåìïôèðóþùàÿ õàðàêòåðè-
ñòèêà ìîäåëèðóåìîé ñèñòåìû ïîäðåññîðèâàíèÿ. Ìàòåìàòè÷åñêàÿ ìîäåëü, ñîçäàííàÿ ñ ó÷åòîì îñíîâíûõ ïîëî-
æåíèé òåîðåòè÷åñêîé ìåõàíèêè è ãàçîâîé äèíàìèêè, ðåàëèçóåò êîíöåïöèþ óïðàâëåíèÿ îäíîîïîðíîé ñèñòåìîé 
ïîäðåññîðèâàíèÿ ñ íåëèíåéíîé óïðóãîäåìïôèðóþùåé õàðàêòåðèñòèêîé è ïîãëîùåíèåì ýíåðãèè êîëåáàíèé â 
êîíöå õîäîâ ñæàòèÿ è îòáîÿ ïðè èçìåíåíèè íàïðàâëåíèÿ äâèæåíèÿ ïîäðåññîðåííîé ìàññû. Ïîäòâåðæäåíà ðà-
áîòîñïîñîáíîñòü ìåõàíèçìà è ñïîñîáà óïðàâëåíèÿ îäíîîïîðíîé ñèñòåìîé ïîäðåññîðèâàíèÿ, ðåàëèçóþùåé íå-
îáõîäèìóþ õàðàêòåðèñòèêó. Ðàñ÷åòíûå èññëåäîâàíèÿ ïðîâåäåíû â ïðîãðàììíîì êîìïëåêñå Simulink MatLAB. 
Äëÿ ïðåäâàðèòåëüíîé îöåíêè âèáðîçàùèòíûõ ñâîéñòâ ñèäåíüÿ áûëè ïîñòðîåíû àìïëèòóäíî-÷àñòîòíûå õàðàê-
òåðèñòèêè êîýôôèöèåíòîâ ïåðåäà÷è øòàòíîé è ïðåäëîæåííîé ïîäâåñîê. Âûïîëíåííûé ñðàâíèòåëüíûé àíàëèç 
àìïëèòóäíî-÷àñòîòíûõ õàðàêòåðèñòèê âûÿâèë çàìåòíîå óëó÷øåíèå âèáðîçàùèòû ïíåâìàòè÷åñêîé ðåëàêñàöè-
îííîé ñèñòåìû ïîäðåññîðèâàíèÿ ñ ðåêóïåðàöèåé ýíåðãèè êîëåáàíèé ïî ñðàâíåíèþ ñî øòàòíîé êàê â îáëàñòè 
ðåçîíàíñíûõ âîçìóùåíèé, òàê è â çàðåçîíàíñíîé îáëàñòè. Ïî ðåçóëüòàòàì àíàëèçà âûäåëåíû îñíîâíûå íàïðàâ-
ëåíèÿ äàëüíåéøåãî ñîâåðøåíñòâîâàíèÿ âèáðîçàùèòíûõ ñâîéñòâ ïðåäëîæåííîé ñèñòåìû ïîäðåññîðèâàíèÿ.
Êëþ÷åâûå ñëîâà: ïîäâåñêà ñèäåíüÿ, óïðóãîäåìïôèðóþùàÿ õàðàêòåðèñòèêà, ìàòåìàòè÷åñêàÿ ìîäåëü, ïíåâìà-
òè÷åñêèé óïðóãèé ýëåìåíò, ðàáî÷àÿ êàìåðà, äîïîëíèòåëüíûé îáúåì, äàâëåíèå âîçäóõà, ïíåâìîäâèãàòåëü, 

Simulink MatLAB, àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà.
The paper proposes a mechanism and an algorithm for controlling a single-bearing pneumatic relaxation suspension 
system with energy recovery of oscillations applied to the standard seat of operator of Sibeko traction vehicle. Experi-
mental studies of the static characteristic of a pneumatic suspension of a standard seat with a nonlinear elastic-damp-
ing characteristic have been performed. A mathematical model of a pneumatic relaxation seat suspension with two 
additional volumes of air is created, between which is installed an air motor – recuperator, which is activated by the 
flow of air from one additional volume to another. As a result of computational studies using the XY Graph Simulink 
MatLAB block-tool, the working elastic-damping characteristic of the simulated suspension system was obtained. 
The mathematical model, created taking into account the main provisions of theoretical mechanics and gas dynamics, 
realizes the concept of control of a single-bearing suspension system with a non-linear elastic-damping characteristic 
and absorption of vibrational energy at the end of compression and rebound strokes with a change in the direction of 
movement of the sprung mass. Calculation studies were carried out in the Simulink MatLAB software package. The 
working capacity of the mechanism and method of control of a single-bearing suspension system, realizing the neces-
sary characteristic, has been confirmed. For the preliminary evaluation of the vibration-protective properties of the 
seat, amplitude-frequency characteristics of the transmission coefficients of the nominal and proposed suspensions 
were constructed. The performed comparative analysis of the amplitude-frequency characteristics revealed a notice-
able improvement in the vibration protection of the pneumatic relaxation system of suspension with energy recovery 
of oscillations in comparison with the nominal one both in the region of resonant disturbances and in the resonant 
region. Based on the results of the analysis, the main directions for further improving the vibroprotective properties 
of the proposed suspension system are outlined.
Keywords: seat suspension, elastic-damping characteristic, mathematical model, pneumatic elastic element, working 
chamber, additional volume, air pressure, pneumatic engine, Simulink MatLAB, amplitude-frequency characteristic.
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Ââåäåíèå
Ñîâðåìåííûå òåíäåíöèè ðàçâèòèÿ íàçåì-

íûõ òðàíñïîðòíûõ ñðåäñòâ, òàêèå êàê ïîâû-
øåíèå óäåëüíîé ìîùíîñòè è ðàáî÷èõ ñêîðî-
ñòåé, òðåáóþò ñîîòâåòñòâóþùåãî ïîâûøåíèÿ 
ôóíêöèîíàëüíûõ êà÷åñòâ èõ ñèñòåì ïîäðåññî-
ðèâàíèÿ äëÿ îáåñïå÷åíèÿ íåîáõîäèìîé ïëàâ-
íîñòè õîäà ïðè âûïîëíåíèè òåõíîëîãè÷åñêèõ 
îïåðàöèé è ýôôåêòèâíîé çàùèòû îïåðàòîðà îò 
âðåäíîãî âëèÿíèÿ íèçêî÷àñòîòíûõ êîëåáàíèé, 
âèáðàöèé è øóìà.

Â íàñòîÿùåå âðåìÿ íàèáîëåå ýôôåêòèâíû-
ìè ñ÷èòàþòñÿ ïîäâåñêè ñèäåíüÿ îïåðàòîðà ñ íå-
ëèíåéíûìè õàðàêòåðèñòèêàìè. Íàïðèìåð, ïîä-
âåñêè ñ ïíåâìàòè÷åñêèì óïðóãèì ýëåìåíòîì, 
øèðîêî ïðèìåíÿåìûå íà ñîâðåìåííûõ òðàêòî-
ðàõ [7, 8]. Íàëè÷èå â íèõ øòàòíîãî íåðåãóëèðó-
åìîãî àìîðòèçàòîðà ïîçâîëÿåò îáåñïå÷èòü íå-
îáõîäèìîå ãàøåíèå êîëåáàíèé â ðåçîíàíñíîé 
çîíå, îäíàêî óõóäøàåò âèáðîçàùèùåííîñòü â 
çàðåçîíàíñíîé îáëàñòè [2, 3]. Ñóùåñòâóþò ðàç-
ëè÷íûå ïî ýôôåêòèâíîñòè âàðèàíòû ðåøåíèÿ 
äàííîé ïðîáëåìû, âêëþ÷àÿ èñïîëüçîâàíèå àê-
òèâíûõ ïîäâåñîê [5, 9], ñèñòåì «ïåðåñêîêà» [4] 
è ò.ä. Íî íàèáîëåå ïðåäïî÷òèòåëüíîé, ïî ðå-
çóëüòàòàì ïðîâåäåííîãî àíàëèçà [2], ÿâëÿåòñÿ 
ñàìîðåãóëèðóåìàÿ ñèñòåìà ïîäðåññîðèâàíèÿ 
ñ ïîëóàêòèâíûì óïðàâëåíèåì, íå òðåáóþùàÿ 
âíåøíèõ èñòî÷íèêîâ ýíåðãèè è ýôôåêòèâíî 
ðàáîòàþùàÿ âî âñåì ÷àñòîòíîì äèàïàçîíå âîç-
äåéñòâèé. Â ðàáîòå ðàññìîòðåíà ïðåäëîæåííàÿ 
óïðàâëÿåìàÿ ïíåâìàòè÷åñêàÿ ðåëàêñàöèîí-
íàÿ ñèñòåìà ïîäðåññîðèâàíèÿ ñ ðåêóïåðàöèåé 
ýíåðãèè êîëåáàíèé ïðèìåíèòåëüíî ê ïîäâå-
ñêå ñèäåíüÿ âîäèòåëÿ-îïåðàòîðà, âûïóñêàåìîé 
ôèðìîé Sibeko [6].

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèé áûëî îïðåäåëåíèå 

âîçìîæíîñòåé óëó÷øåíèÿ âèáðîçàùèòíûõ 
ñâîéñòâ îäíîîïîðíîé ñèñòåìû ïîäðåññîðèâà-
íèÿ çà ñ÷åò ïðèìåíåíèÿ ïíåâìàòè÷åñêîé ðåëàê-
ñàöèîííîé ïîäâåñêè ñ ðåêóïåðàöèåé ýíåðãèè 
êîëåáàíèé.

Îáúåêò èññëåäîâàíèÿ 
Øèðîêî ïðèìåíÿåìîå â àâòîìîáèëå- è 

òðàêòîðîñòðîåíèè ñèäåíüå ôèðìû Sibeko [6], 
èìåþùåå ïíåâìàòè÷åñêóþ ïîäâåñêó (ðèñ. 1) ñ 
àâòîìàòè÷åñêîé ðåãóëèðîâêîé ñòàòè÷åñêîãî 
ïîëîæåíèÿ.

Â ðåçóëüòàòå ïðîâåäåíèÿ íàòóðíûõ ýêñïåðè-
ìåíòîâ ïîëó÷åíà óïðóãîäåìïôèðóþùàÿ õàðàê-
òåðèñòèêà øòàòíîé ïîäâåñêè ñèäåíüÿ Sibeko [1] 
(ðèñ. 2).

Àíàëèç õàðàêòåðèñòèêè ïîêàçàë, ÷òî çíà-
÷èòåëüíàÿ ïëîùàäü ïåòëè ãèñòåðåçèñà ñâèäå-
òåëüñòâóåò î íàëè÷èè â ìåõàíèçìå ïîäâåñêè è, 
ãëàâíûì îáðàçîì, â ãèäðàâëè÷åñêîì àìîðòè-
çàòîðå ñóùåñòâåííûõ ïî âåëè÷èíå ñèë ñóõîãî 
òðåíèÿ, ÷òî íåãàòèâíî ñêàçûâàåòñÿ íà âèáðîçà-
ùèùåííîñòè ñèäåíüÿ ïðè âîçäåéñòâèè âîçáóæ-
äåíèÿìè âûñîêîé ÷àñòîòû [3].

Ðèñ. 1. Ñèñòåìà ïîäðåññîðèâàíèÿ ñèäåíüÿ Sibeko: 
1 – îñíîâàíèå; 2 – ñðåäíÿÿ ðàìà; 3 – ñèñòåìà 

ðû÷àãîâ ïî òèïó «íîæíèöû»; 3 – ïíåâìàòè÷åñêèé 
óïðóãèé ýëåìåíò; 5 – âåðõíÿÿ ðàìà; 6 – ïîëçóíû 

ìåõàíèçìà ðåãóëèðîâêè ïîëîæåíèÿ ïîäóøêè 
ñèäåíüÿ; 7 – îãðàíè÷èòåëü õîäà; 8 – êðîíøòåéí; 
9 – àìîðòèçàòîð; 10 – ïîëçóí íàïðàâëÿþùåãî 
ìåõàíèçìà; 11 – ñèñòåìà ðû÷àãîâ ìåõàíèçìà 

ðåãóëèðîâêè ïîëîæåíèÿ ïîäóøêè ñèäåíüÿ

Ðèñ. 2. Óïðóãîäåìïôèðóþùàÿ ñòàòè÷åñêàÿ 
õàðàêòåðèñòèêà øòàòíîé ïîäâåñêè ñèäåíüÿ Sibeko
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Ìàòåðèàëû è ìåòîäû
Ñîãëàñíî ïðåäëîæåííîé êîíöåïöèè, ïîãëî-

ùåíèå ýíåðãèè äîëæíî ïðîèñõîäèòü ïðåèìó-
ùåñòâåííî íà ó÷àñòêàõ â êîíöå õîäîâ ñæàòèÿ 
è îòáîÿ ïðè èçìåíåíèè çíàêà ñêîðîñòè äåôîð-
ìàöèè ïîäâåñêè. Àâòîðàìè áûëè ïðåäëîæåíû 
ñõåìà è ñïîñîá óïðàâëåíèÿ ìåõàíèçìîì îäíî-
îïîðíîé ïîäâåñêè, êîòîðûå ïîçâîëÿþò ðåàëè-
çîâàòü ðåëàêñàöèîííóþ õàðàêòåðèñòèêó, óäîâ-
ëåòâîðÿþùóþ òðåáîâàíèÿì ïðåäëîæåííîé 
êîíöåïöèè (ðèñ. 3).

Äåìïôèðîâàíèå êîëåáàíèé îñóùåñòâëÿåò-
ñÿ çà ñ÷åò ðàáîòû êëàïàíîâ 3, óïðàâëÿåìûõ ïî 
ñëåäóþùåìó àëãîðèòìó: îòêðûòèå êëàïàíîâ 
3 âûïîëíÿåòñÿ òàê, ÷òîáû îäèí êëàïàí ïðî-
ïóñêàë ìàññó ãàçà íà õîäå ñæàòèÿ èç ðàáî÷åãî 
îáúåìà 2 â ïåðâûé îáúåì 4, à äðóãîé êëàïàí – 
íà õîäå îòáîÿ èç âòîðîãî îáúåìà 5 â ðàáî÷èé 
îáúåì 2. Ìåæäó äîïîëíèòåëüíûìè îáúåìàìè 
óñòàíîâëåí ïíåâìîäâèãàòåëü – ðåêóïåðàòîð 
ýíåðãèè.

Ìàòåìàòè÷åñêàÿ ìîäåëü ñîñòàâëÿëàñü ñ 
ó÷åòîì îñíîâíûõ ïîëîæåíèé òåîðåòè÷åñêîé 
ìåõàíèêè è ãàçîâîé äèíàìèêè.

Óðàâíåíèå äèíàìèêè ïîäðåññîðåííîãî òåëà 
ìàññîé m:

     óïð òÿæ òðcos ,mz F F F

ãäå z  – òåêóùåå çíà÷åíèå óñêîðåíèÿ ïîäðåñ-
ñîðåííîãî òåëà, 2ì/ñ ; F

óïð
 – ñèëà óïðóãîñòè, 

Í;   – òåêóùåå çíà÷åíèå óãëà íàêëîíà ðû÷àãà 
íàïðàâëÿþùåãî ìåõàíèçìà ê îñíîâàíèþ, ðàä; 

òÿæF mg (g = 9,81 ì/ñ2) – ñèëà òÿæåñòè, Í; 

òðF  – ñèëà òðåíèÿ, Í.

Ñèëà óïðóãîñòè:

óïð p ,( )a pF p p S  

ãäå pP  òåêóùåå äàâëåíèå âîçäóõà â ðàáî÷åé 
êàìåðå, Ïà; aP  – àòìîñôåðíîå äàâëåíèå, Ïà; 

pS – ïëîùàäü ïîðøíÿ â óïðóãîì ýëåìåíòå, ì2. 
Òåêóùåå çíà÷åíèå óãëà íàêëîíà ðû÷àãà íàïðàâ-
ëÿþùåãî ìåõàíèçìà ê îñíîâàíèþ:

       
0arcsin sin ,

z

a b c

ãäå z – òåêóùåå çíà÷åíèå ïåðåìåùåíèÿ ïîä-
ðåññîðåííîãî òåëà, ì; a, b, c – ñîñòàâëÿþùèå 
äëèíû ðû÷àãà íàïðàâëÿþùåãî ìåõàíèçìà, ì; 

0  – íà÷àëüíîå çíà÷åíèå óãëà íàêëîíà ðû÷àãà 
íàïðàâëÿþùåãî ìåõàíèçìà ê îñíîâàíèþ, ðàä.

Ñèëà òðåíèÿ:

0òð sign( ),F T z q   

ãäå 0T , H (çíà÷åíèå îïðåäåëÿëîñü â ðåçóëüòàòå 
ýêñïåðèìåíòà [1]); ,z q   – òåêóùèå çíà÷åíèÿ ñêî-
ðîñòåé ïåðåìåùåíèÿ ïîäðåññîðåííîãî òåëà è 
îñíîâàíèÿ, ì/ñ.

Êèíåìàòè÷åñêîå ãàðìîíè÷åñêîå âîçäåé-
ñòâèå îñíîâàíèÿ:

  0 sin( ),q A t

ãäå 0 0,03A   ì – àìïëèòóäà âîçáóæäåíèÿ;   – 
÷àñòîòà âîçáóæäåíèÿ,  c–1; t – âðåìÿ, ñ.

Ñêîðîñòü èçìåíåíèÿ äàâëåíèÿ âîçäóõà â ðà-
áî÷åé êàìåðå:

 

2 1 ,p p p p p p
p

p p p

p m p m p S n
p

m m V

  
  

  
  (1)

Ðèñ. 3. Ðàñ÷åòíàÿ ñõåìà ïíåâìàòè÷åñêîé ïîäâåñêè ñ äâóìÿ äîïîëíèòåëüíûìè îáúåìàìè:
1 – ïîäðåññîðåííîå òåëî ìàññîé m; 2 – ðàáî÷èé îáúåì óïðóãîãî ýëåìåíòà; 3 – óïðàâëÿåìûå 

ýëåêòðîêëàïàíû; 4, 5 – äîïîëíèòåëüíûå îáúåìû; 6 – ïíåâìîäâèãàòåëü
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ãäå   – ïîêàçàòåëü ïîëèòðîïû; pm  – òå-
êóùàÿ ìàññà âîçäóõà â ðàáî÷åé êàìåðå, êã; 

2 pm , 1pm   – òåêóùèå çíà÷åíèÿ ðàñõîäà âîçäóõà, 
ñîîòâåòñòâåííî, èç âòîðîãî äîïîëíèòåëüíîãî 
îáúåìà â ðàáî÷óþ êàìåðó è èç ðàáî÷åé êàìåðû 
â ïåðâûé äîïîëíèòåëüíûé îáúåì, êã/ñ; n  – òå-
êóùåå çíà÷åíèå ñêîðîñòè äâèæåíèÿ øòîêà 
ïîðøíÿ â ðàáî÷åé êàìåðå óïðóãîãî ýëåìåíòà, 
ì/ñ; pV

 
– òåêóùèé îáúåì âîçäóõà â ðàáî÷åé 

êàìåðå, ì3. 
Òåêóùèé îáúåì âîçäóõà â ðàáî÷åé êàìåðå:

  0 ,p p pV V S n

ãäå 0pV  – íà÷àëüíûé ñòàòè÷åñêèé îáúåì âîçäó-
õà â ðàáî÷åé êàìåðå, ì3; n – òåêóùåå çíà÷åíèå 
êîîðäèíàòû ïîëîæåíèÿ øòîêà ïîðøíÿ â ðàáî-
÷åé êàìåðå óïðóãîãî ýëåìåíòà, ì.

Òåêóùåå çíà÷åíèå êîîðäèíàòû ïîëîæåíèÿ 
øòîêà ïîðøíÿ â ðàáî÷åé êàìåðå óïðóãîãî ýëå-
ìåíòà:      0tg tg .n a

Ñêîðîñòü èçìåíåíèÿ äàâëåíèÿ âîçäóõà â 
ïåðâîì äîïîëíèòåëüíîì îáúåìå:

 
 

 
 1 1 1 12

1
1 1

,pp m p m
p

m m

ãäå 1p  – òåêóùåå äàâëåíèå âîçäóõà â ïåðâîì äî-
ïîëíèòåëüíîì îáúåìå, Ïà; 1m  – òåêóùàÿ ìàññà 
âîçäóõà â ïåðâîì äîïîëíèòåëüíîì îáúåìå, êã; 

12m  – òåêóùåå çíà÷åíèå ðàñõîäà âîçäóõà èç ïåð-
âîãî äîïîëíèòåëüíîãî îáúåìà âî âòîðîé, êã/ñ.

Ñêîðîñòü èçìåíåíèÿ äàâëåíèÿ âîçäóõà âî 
âòîðîì äîïîëíèòåëüíîì îáúåìå:


 


 2 22 12

2
2 2

,pp mp m
p

m m

ãäå 2p  – òåêóùåå äàâëåíèå âîçäóõà âî âòîðîì 
äîïîëíèòåëüíîì îáúåìå, Ïà; 2m  – òåêóùàÿ 
ìàññà âîçäóõà âî âòîðîì äîïîëíèòåëüíîì 
îáúåìå, êã.

Äàâëåíèå âîçäóõà â ñèñòåìå ïðè ñòàòè÷å-
ñêîì ïîëîæåíèè ïîäðåññîðåííîãî òåëà:

 
   òÿæ 0

0 10 20

cos
,p a

p

F
p p p p

S

ãäå 0 10 20, ,pp p p  – äàâëåíèå âîçäóõà â ðàáî÷åé 
êàìåðå è äîïîëíèòåëüíûõ îáúåìàõ ïðè ñòàòè-
÷åñêîì ïîëîæåíèè ïîäðåññîðåííîãî òåëà, Ïà.

Ïëîòíîñòü âîçäóõà â ñèñòåìå ïðè ñòàòè÷å-
ñêîì ïîëîæåíèè ïîäðåññîðåííîãî òåëà:

 
        

 

0
0 10 20 ,p

p a

a

p

p

ãäå   0 10 20, ,p  – ïëîòíîñòü âîçäóõà â ðàáî÷åé 
êàìåðå è äîïîëíèòåëüíûõ îáúåìàõ ïðè ñòà-
òè÷åñêîì ïîëîæåíèè ïîäðåññîðåííîãî òåëà, 

3êã/ì ; à  – ïëîòíîñòü âîçäóõà ïðè àòìîñôåð-
íîì äàâëåíèè, 3êã/ì . 

Òåêóùàÿ ìàññà âîçäóõà â ðàáî÷åé êàìåðå:

 
      

 

1

0
0

.p
p p p

p

p
m V

p

Òåêóùàÿ ìàññà âîçäóõà â ïåðâîì äîïîëíè-
òåëüíîì îáúåìå:

 
     

 

1

1
1 10 1

10

,
p

m V
p

ãäå 1V  – çíà÷åíèå ïåðâîãî äîïîëíèòåëüíîãî 
îáúåìà, ì3. 

Òåêóùàÿ ìàññà âîçäóõà âî âòîðîì äîïîëíè-
òåëüíîì îáúåìå:

 
     

 

1

2
2 20 2

20

,
p

m V
p

ãäå 2V  – çíà÷åíèå âòîðîãî äîïîëíèòåëüíîãî 
îáúåìà, ì3. 

Óðàâíåíèå äèíàìèêè âðàùåíèÿ âàëà ïíåâ-
ìîäâèãàòåëÿ:

     
 1 2 ,cp p F r Md

dt J

ãäå 
d

dt


 – òåêóùåå óãëîâîå óñêîðåíèå âàëà 

ïíåâìîäâèãàòåëÿ, 2c ; F  – ïëîùàäü âîçäåé-
ñòâèÿ èçáûòî÷íîãî äàâëåíèÿ âîçäóõà, ì2; r – 
äëèíà ïëå÷à âîçäåéñòâèÿ, ; cM  – ìîìåíò 
ñîïðîòèâëåíèÿ ïðèâîäà ïíåâìîäâèãàòåëÿ, Í·ì; 
J – ìîìåíò èíåðöèè ïðèâîäà ïíåâìîäâèãàòåëÿ, 
êã·ì2.

Ìîìåíò ñîïðîòèâëåíèÿ ïðèâîäà ïíåâìîäâè-
ãàòåëÿ:

   2
0 0 ,c cM M

ãäå 0cM – íà÷àëüíûé ìîìåíò ñîïðîòèâëåíèÿ 
(«ïîêîÿ»), Í·ì; 

0
 – ïîïðàâî÷íûé êîýôôèöèåíò;  

 – ñêîðîñòü âðàùåíèÿ âàëà ïíåâìîäâèãàòåëÿ, 
1c .
Ïëîùàäü ñå÷åíèÿ âîçäóõîïðîâîäà:




2

,
4

d
F

ãäå d – äèàìåòð ñå÷åíèÿ âîçäóõîïðîâîäà, ì.
Òå÷åíèå ðàáî÷åãî òåëà èç îäíîãî îáúåìà â 

äðóãîé ïðè óñëîâèè, ÷òî ïðîïóñêíûå ñå÷åíèÿ 
äîñòàòî÷íî ìàëû, ìîæíî ïðèíÿòü àäèàáàòè÷å-
ñêèì.
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Òåêóùèé ðàñõîä âîçäóõà èç ðàáî÷åé êàìåðû 
â ïåðâûé äîïîëíèòåëüíûé îáúåì:

– ïðè 1 0,528
p

p

p
:

2 1

1 1
1

2
1

;

k

k k
p p

p

p p p

p m p pk
m F

k V p p

 
                       



– ïðè 1 0,528
p

p

p
:

2 1

1 1

1

2 2 2
,

1 1 1

k

k kp p
p

p

p mk
m F

k V k k


 

                    
 



ãäå   – êîýôôèöèåíò ðàñõîäà âîçäóõà óïðàâëÿ-
åìîãî êëàïàíà; k  – ïîêàçàòåëü àäèàáàòû.

Òåêóùèé ðàñõîä âîçäóõà èç ïåðâîãî äîïîë-
íèòåëüíîãî îáúåìà âî âòîðîé äîïîëíèòåëüíûé 
îáúåì:
– ïðè     1 2( ) 0,cp p F r M  2

1

0,528
p

p
: 

2 1

* 1 1 2 2
12

1 1 1

2
;

1

k

k kp m p pk
m F

k V p p





 
                     



– ïðè     1 2( ) 0,cp p F r M  2

1

0,528
p

p
:

2 1

1 1
* 1 1

12
1

2 2 2
,

1 1 1

k

k kp mk
m F

k V k k


 



                     
 



ãäå * – êîýôôèöèåíò ðàñõîäà âîçäóõà â ïîëî-
ñòè ïðèâîäà ïíåâìîäâèãàòåëÿ.

Òåêóùèé ðàñõîä âîçäóõà èç âòîðîãî äîïîë-
íèòåëüíîãî îáúåìà â ðàáî÷óþ êàìåðó:

– ïðè 
2

0,528pp

p
:

2 1

2 2
2

2 2 2

2
;

1

k

k k
p p

p

p pp mk
m F

k V p p

 
                    



– ïðè 
2

0,528pp

p
:

2 1

1 1
2 2

2
2

2 2 2
.

1 1 1

k

k k

p

p mk
m F

k V k k


 

                    
 



Ïðåäëîæåííûé àëãîðèòì ðàáîòû êëàïàíîâ 
ïðåäñòàâëåí â òàáë. 1.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ïðåäñòàâëåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü 

áûëà ðåàëèçîâàíà â ïðîãðàììíîì êîìïëåêñå 
Simulink MatLAB. Óðàâíåíèÿ ðåøàëèñü ìåòî-
äîì Äîðìàíäà-Ïðèíñà ñ ïåðåìåííûì øàãîì 
èíòåãðèðîâàíèÿ. Ïðèìåð ãðàôè÷åñêîãî îòî-
áðàæåíèÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ (1) â 
Simulink ïîêàçàí íà ðèñ. 4.

Â ðåçóëüòàòå ðàñ÷åòíûõ èññëåäîâàíèé ïî-
ëó÷åíà ðàáî÷àÿ õàðàêòåðèñòèêà ìîäåëè ïîä-
âåñêè (ðèñ. 5) ñ ïîìîùüþ áëîêà-èíñòðóìåíòà 
XY Graph.

Ïðè îòñóòñòâèè êîììóòàöèè ðàáî÷åé 
êàìåðû ñ äîïîëíèòåëüíûìè îáúåìàìè õàðàê-

Òàáëèöà 1
Àëãîðèòì óïðàâëåíèÿ ðàáîòîé êëàïàíîâ

Õîä ñæàòèÿ

 1 0;pm  2 0pm
   0z q

   00 z A

 1 0;pm  2 0pm   0z A

 1 0;pm  2 0pm    0z q

 1 0;pm  2 0pm    0z q  0z

Õîä îòáîÿ

 1 0;pm  2 0pm
   0z q

  00 z A

 1 0;pm  2 0pm  0z A

 1 0;pm  2 0pm    0z q  0z

 1 0;pm  2 0pm    0z q  0z
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òåðèñòèêà áîëåå æåñòêàÿ, ÷åì â ìîìåíòû ñâÿçè 
ðàáî÷åé êàìåðû ñ äîïîëíèòåëüíûìè îáúåìàìè. 
Âèäåí ÿâíûé ïåðåõîä ñ îäíîé âåòâè õàðàêòåðè-
ñòèêè íà äðóãóþ íà êîíöàõ õîäà ñæàòèÿ (ó÷à-
ñòîê 1–2) è îòáîÿ (ó÷àñòîê 3–4) ïðè èçìåíåíèè 
çíàêà ñêîðîñòè äåôîðìàöèè.

Äëÿ ïåðâîíà÷àëüíîé îöåíêè âèáðîçàùèò-
íûõ ñâîéñòâ ñèäåíüÿ áûëè ïîñòðîåíû àìïëè-
òóäíî-÷àñòîòíûå õàðàêòåðèñòèêè êîýôôè-
öèåíòîâ ïåðåäà÷è (ðèñ. 6) øòàòíîé (ðèñ. 2) è 
ïðåäëîæåííîé ïîäâåñêè (ðèñ. 5).

Ðèñ. 4. Ïðèìåð ãðàôè÷åñêîãî îòîáðàæåíèÿ óðàâíåíèÿ (1) ìîäåëè â Simulink

Ðèñ. 5. Ðàáî÷àÿ õàðàêòåðèñòèêà ìîäåëè, ïîëó÷åííàÿ XY Graph Simulink MatLAB 
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Àíàëèç ðåçóëüòàòîâ ïîêàçàë, ÷òî ïðåäëî-
æåííàÿ ñèñòåìà ïîäðåññîðèâàíèÿ ñ óïðóãî-
äåìïôèðóþùåé õàðàêòåðèñòèêîé (ðèñ. 6) ïî 
ñðàâíåíèþ ñî øòàòíîé ïîäâåñêîé Sibeko îáëà-
äàåò ñóùåñòâåííî ëó÷øåé âèáðîçàùèòîé êàê 
â ðåçîíàíñíîé çîíå, òàê è â âûñîêî÷àñòîòíîé 
çîíå. Çíà÷åíèÿ êîýôôèöèåíòà ïåðåäà÷è ó ïðåä-
ëîæåííîé ñèñòåìû ïîäðåññîðèâàíèÿ â ðåçî-
íàíñíîé îáëàñòè âîçìóùåíèé íèæå ïðèìåðíî 
â 1,19 ðàçà, à â çàðåçîíàíñíîé îáëàñòè – ïðè-
ìåðíî â 2 ðàçà ïî ñðàâíåíèþ ñ êîýôôèöèåíòîì 
ïåðåäà÷è øòàòíîé ïîäâåñêè. 

Çàêëþ÷åíèå
Ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ ñâè-

äåòåëüñòâóþò î òîì, ÷òî ïðåäëîæåííûé ìåõà-
íèçì è àëãîðèòì óïðàâëåíèÿ ïíåâìàòè÷åñêîé 
ðåëàêñàöèîííîé ñèñòåìîé ïîäðåññîðèâàíèÿ ñ 
ðåêóïåðàöèåé ýíåðãèè êîëåáàíèé ìîæíî ýô-
ôåêòèâíî ïðèìåíÿòü êàê äëÿ îäíîîïîðíûõ, òàê 
è äëÿ ìíîãîîïîðíûõ ñèñòåì ïîäðåññîðèâàíèÿ 
íàçåìíûõ òðàíñïîðòíûõ è òÿãîâûõ ñðåäñòâ. 
Äàëüíåéøåå ñîâåðøåíñòâîâàíèå ïðåäëîæåí-
íûõ ñèñòåì ïîäðåññîðèâàíèÿ ìîæåò îñóùåñò-
âëÿòüñÿ ïóòåì êîíñòðóêòèâíîãî èçûñêàíèÿ 
âîçìîæíîñòåé óâåëè÷åíèÿ âåëè÷èíû îòáèðà-
åìîé ýíåðãèè êîëåáàíèé. Ýòî ïîçâîëèò â ïåð-
ñïåêòèâå ñóùåñòâåííî ñíèçèòü ãèäðàâëè÷åñêîå 
äåìïôèðîâàíèå èëè äàæå ïîëíîñòüþ îòêàçàòü-
ñÿ îò øòàòíîãî ãèäðàâëè÷åñêîãî àìîðòèçàòîðà.

Ëèòåðàòóðà
1. Èñêàëèåâ À.È., Ëÿøåíêî Ì.Â. Ýêñïåðèìåíòàëü-

íàÿ îöåíêà ñèë ñîïðîòèâëåíèÿ â ñòàòè÷åñêîé 
óïðóãîé õàðàêòåðèñòèêå ïîäâåñêè àâòîòðàêòîð-
íîãî ñèäåíüÿ // Íàó÷íî-òåõíè÷åñêèé ïðîãðåññ: 
àêòóàëüíûå è ïåðñïåêòèâíûå íàïðàâëåíèÿ áóäó-
ùåãî : ñá. ìàòåð. IV ìåæäóíàð. íàó÷.-ïðàêò. êîíô. 
(30 íîÿáðÿ 2016 ã.). Â 2 ò. / ÎÎÎ «Çàïàäíî-Ñè-
áèðñêèé íàó÷íûé öåíòð». Êåìåðîâî, 2016. Ò. II. 
Ñ. 181–183.

2. Ëÿøåíêî Ì.Â. Ñèíòåç ñèñòåì ïîäðåññîðèâàíèÿ 
ãóñåíè÷íûõ ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ, 
àäàïòèðîâàííûõ ê óñëîâèÿì ýêñïëóàòàöèè: ìîíî-
ãðàôèÿ. Âîëãîãðàä: ÐÏÊ «Ïîëèòåõíèê», 2004. 
254 ñ.

3. Íîâèêîâ Â.Â., Ðÿáîâ È.Ì., ×åðíûøîâ Ê.Â. Âè-
áðîçàùèòíûå ñâîéñòâà ïîäâåñîê àâòîòðàíñïîðò-
íûõ ñðåäñòâ: ìîíîãðàôèÿ. Âîëãîãðàä: ÐÏÊ «Ïî-
ëèòåõíèê», 2009. 339 ñ.

4. Îñèíîâñêèé À.Ë. Òåîðåòè÷åñêîå îáîñíîâàíèå è 
âíåäðåíèå âèáðîçàùèòû îïåðàòîðîâ ìîáèëüíûõ 
ìàøèí ñèñòåìàìè ïåðåñêîêà: àâòîðåô. äèñ. … 
äîêò. òåõí. íàóê. ÑÏá. (Ë.), 1992. 41 ñ.

5. Ïîëèâàåâ Î.È., Þøèí À.Þ., Êîñòèêîâ Î.Ì. Ïà-
ðàìåòðû ïîäâåñêè ñèäåíüÿ ñ óïðàâëÿåìûì ïíåâ-
ìîïîðøíåâûì óïðóãèì ýëåìåíòîì // Òðàêòîðû 
è ñåëüñêîõîçÿéñòâåííûå ìàøèíû. 2008. № 9. 
Ñ. 47–49.

6. Sibeko. Ñèñòåìû áåçîïàñíîñòè, êîìôîðòà è 
îáçîðà. Ñèäåíüÿ äëÿ ñåëüõîçòåõíèêè [Ýëåêòðîí-
íûé ðåñóðñ]. 2016. Ðåæèì äîñòóïà: http://sibeko-
russia.ru/catalog/8/27/1253.html.

7. Òðàêòîðû CLAAS [Ýëåêòðîííûé ðåñóðñ]. 2016. 
Ðåæèì äîñòóïà: http://www.claas.ru/produkte/
traktoren.

8. Tractors – DEUTZ-FAHR [Ýëåêòðîííûé ðåñóðñ]. 
2016. Ðåæèì äîñòóïà: http://www.deutz-fahr.com/
ru-RU/products/tractors.

9. Þøèí À.Þ. Ïîâûøåíèå ýôôåêòèâíîñòè èñïîëü-
çîâàíèÿ òðàêòîðíî-òðàíñïîðòíîãî àãðåãàòà çà 
ñ÷åò ìîäåðíèçàöèè ïîäâåñêè ñèäåíüÿ òðàêòîðà: 
àâòîðåô. äèñ. … êàíä. òåõí. íàóê. Âîðîíåæ, 2007. 
21 ñ.

References
1. Iskaliev A.I., Lyashenko M.V. Experimental eval-

uation of the resistance forces in the static elastic 
characteristic of the suspension of an automotive 
tractor seat. Nauchno-tekhnicheskiy progress: aktu-
al’nye i perspektivnye napravleniya budushchego : 
sb. mater. IV mezhdunar. nauch.-prakt. konf. 
(30 noyabrya 2016 g.). V 2 vol. Vol. II / OOO «Za-

Ðèñ. 6. À×Õ êîýôôèöèåíòîâ ïåðåäà÷è



Ìàòåìàòè÷åñêàÿ ìîäåëü ïíåâìàòè÷åñêîé ðåëàêñàöèîííîé ïîäâåñêè ñèäåíüÿ ñ ðåêóïåðàöèåé ýíåðãèè êîëåáàíèé

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 4, 2017

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

37

padno-Sibirskiy nauchnyy tsentr» [Scientific and 
technical progress: current and future directions of 
the future: materials collection of IV international 
scientific-practical conference (November 30, 2016) 
in 3 volumes, volume II, LLC “West-Siberian Sci-
entific Center”]. Kemerovo, 2016, pp. 181–183 (in 
Russ.).

2. Lyashenko M.V. Sintez sistem podressorivaniya 
gusenichnykh sel’skokhozyaystvennykh traktorov, 
adaptirovannykh k usloviyam ekspluatatsii [Synthe-
sis of systems of suspension of caterpillar agricul-
tural tractors, adapted to operating conditions: mon-
ograph]. Volgograd: RPK «Poli-tekhnik» Publ., 
2004. 254 p.

3. Novikov V.V., Ryabov I.M., Chernyshov K.V. Vi-
brozashchitnye svoystva podvesok avtotransport-
nykh sredstv [Vibroprotective properties of vehicle 
suspensions: monograph]. Volgograd: RPK «Po-
litekhnik» Publ., 2009. 339 p.

4. Osinovskiy A.L. Teoreticheskoe obosnovanie i 
vnedrenie vibrozashchity operatorov mobil’nykh 
mashin sistemami pereskoka: avtoref. dis. … dokt. 
tekhn. nauk [Theoretical justification and introduc-
tion of vibration protection of operators of mobile 

machines by transition systems: abstract for disser-
tation on scientific degree of Doctor for Technical 
Sciences]. SPb. (L.), 1992. 41 p.

5. Polivaev O.I., Yushin A.Yu., Kostikov O.M. Seat 
suspension parameters with controlled pneumatic 
piston spring. Traktory i sel’skokhozyaystvennye 
mashiny. 2008. No 9, pp. 47–49 (in Russ.).

6. Sibeko. Sistemy bezopasnosti, komforta i obzora. 
Siden’ya dlya sel’khoztekhniki [Elektronnyy 
resurs]. 2016. URL: http://sibeko-russia.ru/cata-
log/8/27/1253.html.

7. Traktory CLAAS [Elektronnyy resurs]. 2016. URL: 
http://www.claas.ru/produkte/traktoren. 

8. Tractors – DEUTZ-FAHR [Elektronnyy resurs]. 
2016. URL: http://www.deutz-fahr.com/ru-RU/
products/tractors.

9. Yushin A.Yu. Povyshenie effektivnosti ispol’zovani-
ya traktornotransportnogo agregata za schet mod-
ernizatsii podveski siden’ya traktora: avtoref. dis. 
… kand. tekhn. nauk [Increasing the efficiency of 
using tractor-transport unit due to modernization of 
suspension of the tractor seat: abstract for disserta-
tion on scientific degree of Candidate for Technical 
Sciences]. Voronezh, 2007. 21 p.



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 4, 2017

Ý
Ê

Î
Í

Î
Ì

È
Ê

À
, 

Î
Ð

Ã
À

Í
È

Ç
À

Ö
È

ß
 È

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
ß

 Ï
Ð

Î
È

Ç
Â

Î
Ä

Ñ
Ò

Â
À

Èçìàéëîâ À.Þ., Àõàëàÿ Á.Õ., Øîãåíîâ Þ.Õ.

38

ÓÄÊ 631.33 

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÏÍÅÂÌÎÑÈÑÒÅÌÛ 
ÂÛÑÅÂÀÞÙÈÕ ÀÏÏÀÐÀÒÎÂ Ê ÑÅßËÊÀÌ ÒÎ×ÍÎÃÎ 
ÂÛÑÅÂÀ ÑÅÌßÍ

AUTOMATED PNEUMATIC SYSTEMS OF SOWING 
MACHINES TO SEEDERS OF PRECISE SEED SOWING

À.Þ. ÈÇÌÀÉËÎÂ1, àêàäåìèê ÐÀÍ 
Á.Õ. ÀÕÀËÀß1, ê.ò.í. 
Þ.Õ. ØÎÃÅÍÎÂ2, ä.ò.í.
1 ÔÃÁÍÓ «ÔÍÀÖ ÂÈÌ», Ìîñêâà, Ðîññèÿ
2 ÐÀÍ, Ìîñêâà, Ðîññèÿ, boris.novikov2012@yandex.ru, 

yh1961s@yandex.ru

A.YU. IZMAYLOV1, Academician of the Russian Academy 
of Sciences 
B.KH. AKHALAYA1, PhD in Engineering 
YU.KH. SHOGENOV2, DSc in Engineering
1 All-Russian Research Institute of Agricultural Mechanization, 

Moscow, Russia
2 Russian Academy of Sciences, Moscow, Russia, 

boris.novikov2012@yandex.ru, yh1961s@yandex.ru

Ñîâðåìåííîå èíòåíñèâíîå çåìëåäåëèå ïðèâåëî ê çíà÷èòåëüíîìó ðîñòó ïðîèçâîäñòâà ñåëüñêîõîçÿéñòâåííîé 
ïðîäóêöèè. Âî âñåõ ñòðàíàõ ãîñïîäñòâóþò ÷èñòûå (îäíîâèäîâûå) ïîñåâû, âûçâàâøèå íåìàëî ïðîáëåì â çåìëå-
äåëèè. Îäíîâèäîâûå àãðîñèñòåìû âûñîêîïðîäóêòèâíû, íî ïîòåíöèàëüíî íåñòàáèëüíû, ïîñêîëüêó ïîëíîñòüþ 
çàâèñÿò îò çíà÷èòåëüíûõ ðåñóðñîâ èçâíå. Ñóùåñòâóåò íåñêîëüêî ïóòåé äèâåðñèôèêàöèè àãðîýêîñèñòåì. Îäíèì 
èç âåñüìà ïåðñïåêòèâíûõ íàïðàâëåíèé ñ÷èòàåòñÿ ââåäåíèå â ïðàêòèêó ñîâìåùåííûõ ïîñåâîâ. Â ðàáîòå èçó -
÷åíû è ïðîàíàëèçèðîâàíû ðàçëè÷íûå òåõíîëîãèè ïîñåâà ñåìÿí íåñêîëüêèõ êóëüòóð îäíîâðåìåííî íà îäíîé 
ïëîùàäè â îäèí ðÿäîê. Ïðèâîäèòñÿ õàðàêòåðèñòèêà ïíåâìàòè÷åñêèõ ñåÿëîê ïóíêòèðíîãî ïîñåâà ðàáîòàþùèõ 
êàê íà âàêóóìå, òàê è íà èçáûòî÷íîì äàâëåíèè âîçäóøíîãî ïîòîêà. Ê ïåðâûì îòíîñÿòñÿ êîíñòðóêöèè ñåÿëîê 
îòå÷åñòâåííîãî ïðîèçâîäñòâà ïî òèïó ÑÓÏÍ-8, â êîòîðûõ âíåñåíû ñóùåñòâåííûå èçìåíåíèÿ, êî âòîðûì – 
ñåÿëêè íåìåöêîé ôèðìû «Áåêêåð», â êîòîðûõ ïðèâåäåííûå èçìåíåíèÿ ïîëíîñòüþ èñêëþ÷àþò âîçìîæíîñòü 
ïîâðåæäåíèÿ ñåìÿí. Ïðåäñòàâëåí ïíåâìàòè÷åñêèé âûñåâàþùèé àïïàðàò, ïîçâîëÿþùèé âûñåâàòü òðè êóëüòóðû 
îäíîâðåìåííî ñ ðàçìåùåíèåì èõ íà ðàçíûå ãëóáèíû ïîñåâà, à òàêæå àïïàðàò ñïîñîáíûé âûñåâàòü òðåìÿ ñïîñî-
áàìè: ïóíêòèðíûì, ãíåçäîâûì è ñîâìåùåííûì. Ðàçðàáàòûâàåìûå ïíåâìàòè÷åñêèå âûñåâàþùèå àïïàðàòû äëÿ 
ñîâìåùåííîãî è ãíåçäîâîãî ïîñåâîâ ïîçâîëÿþò óïðîñòèòü êîíñòðóêöèþ è ïîâûñèòü ýêñïëóàòàöèîííóþ íàäåæ-
íîñòü óñòðîéñòâà, óëó÷øèòü ýêîëîãèþ, ïîëó÷èòü ýêîíîìèþ ãîðþ÷åãî, èñêëþ÷èòü ïîâðåæäåíèå ñåìÿí. Ñåÿëêè, 
îáîðóäîâàííûå àâòîìàòèçèðîâàííûìè ïíåâìîñèñòåìàìè ñïîñîáíû ïîâûñèòü óðîæàéíîñòü ñèëîñíîé ìàññû íà 
20–30 %, óëó÷øèòü êà÷åñòâî êîðìà äëÿ æèâîòíîâîäñòâà è ïîëó÷èòü ýêîíîìèþ ïîñåâíûõ ïëîùàäåé çà ñ÷åò 
âûðàùèâàíèÿ íåñêîëüêèõ êóëüòóð íà îäíîì ïîëå. Êîíñòðóêöèÿ àïïàðàòà ïîçâîëÿåò ðàçìåùàòü ñåìåíà ðàçíûõ 
êóëüòóð â îäèí ðÿäîê è íà ðàçíóþ ãëóáèíó çàäåëêè. Íîâèçíà â äàííîé ðàáîòå çàêëþ÷àåòñÿ â ïðîâåäåíèè ñîâìå-
ùåííîãî ïîñåâà äâóõ êóëüòóð îäíîâðåìåííî â îäèí ðÿäîê íà ðàçíóþ ãëóáèíó çàäåëêè ñ ðàçëè÷íûìè ñõåìàìè è 
øàãîì ïîñåâà, ÷òî ïîäòâåðæäåíî ïàòåíòàìè íà èçîáðåòåíèå.
Êëþ÷åâûå ñëîâà: àïïàðàò, ñåÿëêà, ñåìåíà, âûñåâàþùèé äèñê, ñîøíèê.

Modern intensive farming led to a significant increase in agricultural production. In all countries, pure (single-spe-
cies) crops dominate, causing many problems in agriculture. Single-species agro-systems are highly productive, 
but potentially unstable, since they depend entirely on significant resources from outside. There are several ways of 
diversifying agroecosystems. One of the most promising areas is the introduction into practice of combined crops. 
The paper has studied and analyzed various technologies for sowing seeds from several crops simultaneously on the 
same area in a single row. The paper has studied and analyzed various technologies for sowing seeds from several 
crops simultaneously on the same area in a single row. The characteristics of pneumatic seed drills of dotted sowing 
working both on vacuum and overpressure of air flow are given. The first include the designs of seeders of domestic 
production in the type of SUPN-8, in which significant changes are made, to the second - the seeders of the German 
company «Becker», in which the above changes completely exclude the possibility of damage to the seeds. A pneu-
matic sowing device is presented that allows sowing three crops at the same time as placing them at different depths 
of sowing, as well as a device capable of sowing in three ways: dotted, nested and combined. Developed pneumatic 
sowing machines for combined and nesting crops allow to simplify the design and increase the operational reliability 
of the device, improve the ecology, obtain fuel economy, eliminate seed damage. Seeders equipped with automated 
pneumatic systems are able to increase the yield of silage by 20–30 %, improve the quality of feed for livestock and 
save crop areas by cultivating several crops on the same field. The design of the device allows you to place seeds 
of different cultures in one row and at different depths of embedding. The novelty in this work is the simultaneous 
sowing of two crops simultaneously in one row at different depths of the embankment with different schemes and 
step-by-sowing, confirmed by patents for the invention.
Keywords: apparatus, seeder, seed, sowing disk, opener.
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 Ââåäåíèå
Íåîáõîäèìûì óñëîâèåì ïîâûøåíèÿ ïðî-

èçâîäñòâà êîíêóðåíòîñïîñîáíîé ïðîäóêöèè 
ðàñòåíèåâîäñòâà ÿâëÿåòñÿ ìîáèëèçàöèÿ íàó÷-
íî-òåõíè÷åñêîãî ïîòåíöèàëà àãðîèíæåíåðíîé 
íàóêè äëÿ îñíàùåíèÿ îòå÷åñòâåííîãî àãðîïðî-
ìûøëåííîãî êîìïëåêñà âûñîêîýôôåêòèâíûìè 
òåõíè÷åñêèìè ñðåäñòâàìè [1].

Ñîâðåìåííîå èíòåíñèâíîå çåìëåäåëèå ïðè-
âåëî ê çíà÷èòåëüíîìó ðîñòó ïðîèçâîäñòâà ñåëü-
ñêîõîçÿéñòâåííîé ïðîäóêöèè. Âî âñåõ ñòðàíàõ 
ãîñïîäñòâóþò ÷èñòûå (îäíîâèäîâûå) ïîñåâû, âû-
çâàâøèå íåìàëî ïðîáëåì â çåìëåäåëèè. Îäíîâè-
äîâûå àãðîñèñòåìû âûñîêîïðîäóêòèâíû, íî ïî-
òåíöèàëüíî íåñòàáèëüíû, ïîñêîëüêó ïîëíîñòüþ 
çàâèñÿò îò çíà÷èòåëüíûõ ðåñóðñîâ èçâíå [2]. Â 
îòëè÷èå îò ïðèðîäíûõ ñèñòåì îíè ñëàáî àäàï-
òèâíû, áîëüøå ïîäâåðæåíû ñòðåññàì, âûçâàííû-
ìè èçìåíåíèÿìè ïîãîäíûõ óñëîâèé. Êðîìå òîãî, 
îíè áîëåå óÿçâèìû ê âîçäåéñòâèþ âðåäíûõ è áî-
ëåçíåòâîðíûõ îðãàíèçìîâ, ñèëüíåå ñòðàäàþò îò 
ýðîçèè è âåñüìà àêòèâíî èñòîùàþò ïëîäîðîäèå 
ïî÷âû. Ïîëàãàþò, ÷òî áèîëîãè÷åñêîå è ñòðóêòóð-
íîå ðàçíîîáðàçèå àãðîýêîñèñòåì áóäåò ïîääåð-
æèâàòüñÿ ìíîãèìè öèêëè÷åñêèìè ïðîöåññàìè, 
õàðàêòåðíûìè äëÿ ïðèðîäíûõ ÿâëåíèé. 

Ñóùåñòâóåò íåñêîëüêî ïóòåé äèâåðñèôèêà-
öèè àãðîýêîñèñòåì. Îäíèì èç âåñüìà ïåðñïåê-
òèâíûõ íàïðàâëåíèé ñ÷èòàåòñÿ ââåäåíèå â ïðàê-
òèêó ñîâìåùåííûõ ïîñåâîâ [3].

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ñîâåðøåí-

ñòâîâàíèå òåõíîëîãèè ñîâìåùåííîãî ïîñåâà, 
ìîäåðíèçàöèÿ ïíåâìàòè÷åñêèõ ïðîïàøíûõ 
ñåÿëîê ïóòåì óëó÷øåíèÿ êîíñòðóêöèè âûñå-
âàþùèõ àïïàðàòîâ ñ ó÷åòîì íåäîñòàòêîâ ñóùå-
ñòâóþùåé ïîñåâíîé òåõíèêè.

Ñîâåðøåíñòâîâàíèå òåõíîëîãèè 
ñîâìåùåííîãî ïîñåâà è ìîäåðíèçàöèÿ 
êîíñòðóêöèè âûñåâàþùèõ àïïàðàòîâ
Ñîâìåñòíûå ïîñåâû õàðàêòåðèçóþòñÿ ñëå-

äóþùèì ïðåèìóùåñòâîì ïî ñðàâíåíèþ ñ ÷è-
ñòûìè ïîñåâàìè:

• ôîðìèðóþò ôîòîñèíòåòè÷åñêèé àïïàðàò 
áîëüøîé ïëîùàäè, â ðàçíûõ ÿðóñàõ, à ñ 
óâåëè÷åíèåì êîëè÷åñòâà ÿðóñîâ ïîâûøà-
åòñÿ ýôôåêòèâíîñòü ïåðåõâàòà ðàñòåíè-
ÿìè ñîëíå÷íîé ðàäèàöèè è ó÷àñòèÿ èõ â 
ôîòîñèíòåçå;

• âñëåäñòâèå ðàçìåùåíèÿ êîðíåâûõ ñèñòåì 
äðóãèõ âèäîâ â ðàçíûõ ñëîÿõ ïî÷âû 

ïîëíåå èñïîëüçóþòñÿ ìèíåðàëüíûå âåùå-
ñòâà è âëàãà;

• â ñîâìåñòíûõ ïîñåâàõ ñîçäàåòñÿ áîëåå 
ïëîòíûé òðàâîñòîé, êîòîðûé ïîçâîëÿåò 
óñïåøíî ïîäàâëÿòü ñîðíûå ðàñòåíèÿ;

• àññîöèàöèè ðàñòåíèé ñ ðàçíûìè âèäàìè 
ðåæå ñòðàäàþò îò âñïûøåê âðåäèòåëåé è 
áîëåçíåé, ÷åì ÷èñòûå ïîñåâû;

• ââåäåíèå â ñîñòàâ áîáîâûõ êóëüòóð óëó÷-
øàåò àçîòíîå ïèòàíèå ïîñåâà.

Äëÿ âåäåíèÿ ðàçëè÷íîãî ñïîñîáà ïîñåâà, â 
òîì ÷èñëå ñîâìåùåííîãî è ãíåçäîâîãî, íåîá-
õîäèìî ïíåâìàòè÷åñêèå ñåÿëêè îñíàùàòü óíè-
âåðñàëüíûìè âûñåâàþùèìè àïïàðàòàìè. 

Èçâåñòíàÿ êîíñòðóêöèÿ ïíåâìàòè÷åñêîé 
ñåÿëêè ÑÓÏÍ–8 øèðîêî ïðèìåíÿåòñÿ íå îäèí 
äåñÿòîê ëåò, îäíàêî äëÿ âûïîëíåíèÿ ïîñòàâ-
ëåííîé öåëè íåîáõîäèìî åå ìîäåðíèçàöèÿ, äëÿ 
÷åãî âî ÔÍÀÖ ÂÈÌ ïðîâîäèòñÿ ñîîòâåòñòâó-
þùàÿ ðàáîòà.

Ê íåäîñòàòêàì ñóùåñòâóþùåé êîíñòðóêöèè 
ìîæíî îòíåñòè:

• äëÿ óäàëåíèÿ «ëèøíèõ» ñåìÿí èñïîëüçó-
åòñÿ ìåõàíè÷åñêèé ÷èñòèê, ÷òî ïîâðåæäà-
åò ñåìåíà;

• â íèæíåé ÷àñòè âûñåâàþùåãî äèñêà ñåìåíà 
ïàäàþò ëèøü ïîä âîçäåéñòâèåì ñîáñòâåí-
íîãî âåñà, ÷òî îòðèöàòåëüíî âëèÿåò íà ïî-
ñòóïàòåëüíóþ ñêîðîñòü ñåÿëêè;

• âûñåâ ñåìÿí ðàçíîé ôðàêöèè òðåáóåò 
çàìåíû âûñåâàþùèõ äèñêîâ, ÷òî âûçûâàåò  
ïîòåðþ ýêñïëóàòàöèîííîãî âðåìåíè;

• íåâîçìîæíî âûñåâàòü äâå ðàçíûå êóëüòó-
ðû îäíîâðåìåííî â îäèí ðÿäîê è ðàçìå-
ùàòü èõ íà ðàçíóþ ãëóáèíó çàäåëêè. 

Ðàçðàáàòûâàåìûé ïíåâìàòè÷åñêèé âûñåâà-
þùèé àïïàðàò (ðèñ. 1) ñîñòîèò èç ñåìåííîãî 
áóíêåðà 1, ðàçäåëåííîãî ïåðåãîðîäêîé 2 íà äâå 
÷àñòè, âåíòèëÿòîðà (íå ïîêàçàí), âîçäóõîâî-
äà 3, êàìåðû ðàçðåæåíèÿ 4, ñîøíèêà 5, âûñåâà-
þùèõ äèñêîâ 6 ñ ïðèñàñûâàþùèìè îòâåðñòèÿ-
ìè 7, óñòàíîâëåííûõ íà îñÿõ 8, ñîåäèíèòåëüíîé 
âòóëêè 9, âîðîøèëêè 10, çâåçäî÷åê 11. Êàìåðà 
ðàçðÿæåíèÿ 4 âûïîëíåíà ñî ùåëÿìè 12 [4]. 

Ê âîçäóõîâîäó 3, ïðèñîåäèíåííîìó ê âíåø-
íåé ñòîðîíå äóãè êàìåðû ðàçðåæåíèÿ 4, ÷åðåç 
îòâåðñòèÿ 13, âñòðîåíû äâà ïàòðóáêà 14, îòêóäà 
îòâåäåíû äâà ðóêàâà 15 è 16.

Âûñåâàþùèé àïïàðàò ñíàáæåí äâóõóðîâíå-
âûì ïîëîçîâèäíûì ñîøíèêîì 5, êîòîðûé êðå-
ïèòñÿ íà äâóõ îñÿõ 17 âûñåâàþùåãî àïïàðàòà.

Âî âðåìÿ ðàáîòû ñåìåíà èç ñåìåííîãî áóí-
êåðà ïîñòóïàþò ê ìåñòàì ðàñïîëîæåíèÿ âîðî-
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øèëîê, ÷àñòü èç íèõ íà ïóòè ïðèñàñûâàþòñÿ ê 
îòâåðñòèÿì âðàùàþùåãî äèñêà è òðàíñïîðòè-
ðóåòñÿ â çîíó ñáðîñà. Ñ ïîìîùüþ âåíòèëÿòîðà 
÷åðåç âîçäóõîâîä êàìåðà ðàçðåæåíèÿ ïî áîêàì 
èìåþùàÿ ùåëè ñîçäàåò ðàçðåæåíèå è ïðèæè-
ìàåò ñåìåíà äâóõ êóëüòóð ê îòâåðñòèÿì âûñå-
âàþùèõ äèñêîâ ñ ðàçíîé ñòîðîíû äóãè.

Ëèøíèå ñåìåíà, ïðèñîñàâøèåñÿ ê îòâåðñòè-
ÿì â âåðõíåé ïîëîâèíå âûñåâàþùèõ äèñêîâ, 
óäàëÿþòñÿ âîçäóøíûì ïîòîêîì ïîñðåäñòâîì 
ðóêàâîâ 15, èäóùèõ îò âîçäóõîâîäà ÷åðåç ïà-
òðóáîê, ïåðïåíäèêóëÿðíî ê îòâåðñòèÿì, òàê 
êàê ïðè íàïðàâëåíèè èõ ïîä óãëîì, âåðîÿò-
íîñòü óäàëåíèÿ âñåõ ñåìÿí âåëèêà, ÷òî íåäîïó-
ñòèìî. Äðóãèå ðóêàâà 16 – â íèæíåé ïîëîâèíå 
äèñêîâ, óñòàíîâëåíû ïîä óãëîì α, ðàâíûì 6–8° 
ê âåðòèêàëüíîé îñè âûñåâàþùåãî àïïàðàòà ïî 
íàïðàâëåíèþ äâèæåíèÿ ñåÿëêè, è ñëóæàò äëÿ 
ïðèíóäèòåëüíîãî óäàëåíèÿ ñåìÿí è ïðèäàíèÿ 
èì óñêîðåíèÿ. Òàêîé óãîë íàïðàâëåíèÿ âîç-
äóøíîãî ïîòîêà íåîáõîäèì äëÿ òîãî, ÷òîáû âî 
âðåìÿ äâèæåíèÿ ñåÿëêè ñåìåíà, ñäóòûå âîçäóø-
íûì ïîòîêîì, ïàäàëè áëèæå ê âåðòèêàëüíîé 

îñè. Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî åñëè 
α > 8°, òî ñåìåíà ïîñëå ïàäåíèÿ ïåðåêàòûâàþò-
ñÿ âïåðåä ïî íàïðàâëåíèþ äâèæåíèÿ ñåÿëêè, 
åñëè α < 6°, òî – íàçàä, ÷òî íàðóøàåò ñõåìó 
ïîñåâà. 

Îòâåðñòèÿ âûñåâàþùèõ äèñêîâ âûïîëíå-
íû â âèäå óñå÷åííîãî êîíóñà. Ïåðåâîðà÷èâàÿ 
äèñêè íà 180°, ìîæíî âûñåâàòü ðàçíûå ôðàêöèè 
ïîñåâíîãî ìàòåðèàëà; ïðè ýòîì ýêñïåðèìåí-
òàëüíî óñòàíîâëåíî, ÷òî ñîîòíîøåíèÿ ìàëîãî 
äèàìåòðà d

1
 êîíè÷åñêîãî îòâåðñòèÿ âûñåâàþ-

ùåãî äèñêà ê áîëüøîìó äèàìåòðó d
2
 è ê òîëùè-

íå äèñêà a äîëæíî áûòü d
1 
: d

2
 : a = 3 : 8 : 2.

Âîçäóõîâîä 3 ðàáîòàåò îäíîâðåìåííî â äâóõ 
ðåæèìàõ: ïåðâûé – îáåñïå÷èâàåò ðàçðåæåíèå 
âîçäóõà â êàìåðå 4, à äðóãîé ïðè ïîìîùè âñòðî-
åííîãî â íåì ïàòðóáêà 14, íàãíåòàÿ âîçäóõ, îáå-
ñïå÷èâàåò òåì ñàìûì ðàáîòó ðóêàâîâ 15 è 16.

Óäàëåííûå ñåìåíà â íèæíåé ÷àñòè âûñåâà-
þùåãî äèñêà ïîïàäàþò â äâóõóðîâíåâûé ïîëî-
çîâèäíûé ñîøíèê, êîòîðûé ðàçìåùàåò ñåìåíà 
äâóõ êóëüòóð â áîðîçäó íà ðàçíóþ ãëóáèíó çà-
äåëêè, ïðè ýòîì ðàññòîÿíèå ìåæäó îñÿìè L ñî-

Ðèñ. 1. Ñõåìà ïíåâìàòè÷åñêîãî âûñåâàþùåãî àïïàðàòà: 
à è á – äâà âèäà âûñåâàþùåãî àïïàðàòà; â – êàìåðà ðàçðÿæåíèÿ; ã – ðàçðåç ïî Á–Á; ä – âûñåâàþùèé äèñê
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øíèêà îïðåäåëåíî óñëîâèåì L = 2a + b, ìì, 
ãäå a – òîëùèíà äèñêà, ìì, b – øèðèíà êàìåðû 
ðàçðåæåíèÿ, ìì; ñîøíèê êðåïèòñÿ íà äâóõ îñÿõ 
âûñåâàþùåãî àïïàðàòà.

Ñëåäóþùàÿ êîíñòðóêöèÿ ïíåâìàòè÷åñêî-
ãî âûñåâàþùåãî àïïàðàò äëÿ ñîâìåùåííîãî 
ïîñåâà îòëè÷àåòñÿ îò ïðåäûäóùåé òåì, ÷òî 
ðàáîòàåò íà èçáûòî÷íîì äàâëåíèè âîçäóøíîãî 
ïîòîêà (ðèñ. 2).

Âî âðåìÿ ðàáîòû ïíåâìîâûñåâàþùåãî àïïà-
ðàòà [5] ñåìåíà äâóõ êóëüòóð èç äâóõ ÷àñòåé ñå-
ìåííîãî áóíêåðà 1, ðàçäåëåííîãî ïåðåãîðîäêîé 
2, ñàìîòåêîì ïîïàäàþò â ñêâîçíûå êîíè÷åñêèå 
ÿ÷åéêè 5 ÷àñòåé 3 è 4 ñäâîåííîãî âûñåâàþùåãî 
äèñêà. Âðàùàþùèéñÿ âûñåâàþùèé äèñê ïîäâî-
äèò êîíè÷åñêèå ÿ÷åéêè 5, çàïîëíåííûå ñåìåíà-
ìè, ê âîçäóøíîìó ñîïëó 6, êîòîðîå íà âûõîäå 
ðàçäåëåíî íà äâà ïàòðóáêà 7 è 8 ñ ðàçíûìè ñå÷å-
íèÿìè, âîçäóøíûå ïîòîêè êîòîðûõ íàïðàâëå-
íû íà êîíè÷åñêèå ÿ÷åéêè 5 ñîîòâåòñòâóþùèõ 
÷àñòåé 3 è 4 âûñåâàþùåãî äèñêà. Âîçäóøíûé 
ïîòîê ïðèæèìàåò îäíî ñåìÿ êî äíó ñêâîçíîé 
êîíè÷åñêîé ÿ÷åéêè 5, à îñòàëüíûå âûäóâàåò. 
Íàëè÷èå îòâåðñòèé 9 íà áîêîâîé ïîâåðõíîñòè 
ÿ÷åéêè 5 âûñåâàþùåãî äèñêà íà ¾ åå ãëóáè-
íû îáåñïå÷èâàåò íàäåæíîå ïðèæàòèå îäíîãî 

ñåìåíè êî äíó ÿ÷åéêè 5 è óäåðæàíèå åãî â íåé. 
Îñòàëüíûå ñåìåíà âûäóâàþòñÿ. 

Âûñåâàþùèé äèñê, âðàùàÿñü íà îñè 6, ñ çà-
ñòðÿâøèì â ÿ÷åéêå 5 ñåìåíåì, âñòðå÷àåòñÿ ñ 
âûòàëêèâàòåëåì ñåìÿí 11, ðàñïîëîæåííûì 
â ïàçó 10 íà âíóòðåííåé ïîâåðõíîñòè êàæäîé 
÷àñòè äèñêà ïîä êîíè÷åñêèìè ÿ÷åéêàìè 5. Âû-
òàëêèâàòåëåì ñåìÿí 11 óäàëÿþòñÿ çàñòðÿâøèå 
ñåìåíà èç ÿ÷åéêè 5 è íàïðàâëÿþòñÿ íà äíî áî-
ðîçäû.

×àñòè äèñêà 3 è 4 æåñòêî çàêðåïëåíû ìåæäó 
ñîáîé áîëòàìè ñ âîçìîæíîñòüþ èõ ñìåùåíèÿ è 
çàìåíû äèñêà. Ýòî ïîçâîëÿåò èçìåíÿòü ñõåìû 
ïîñåâà. Òàêîé âûñåâàþùèé äèñê óïðîùàåò êîí-
ñòðóêöèþ, èñêëþ÷àÿ äîïîëíèòåëüíóþ öåïíóþ 
ïåðåäà÷ó, è óäîáåí â ýêñïëóàòàöèè. 

Ïðèìåíåíèå ýëàñòè÷íîãî ðîëèêà ïîçâîëÿåò 
ñâåñòè äî ìèíèìóìà ïîâðåæäåíèå ñåìÿí.

Ïíåâìàòè÷åñêèé âûñåâàþùèé àïïàðàò, ïî-
çâîëÿþùèé âûñåâàòü òðè êóëüòóðû îäíîâðå-
ìåííî ñ ðàçìåùåíèåì èõ íà ðàçíûå ãëóáèíû 
ïîñåâà, ïðåäñòàâëåí íà ðèñ. 3.

Àïïàðàò ñîäåðæèò ñåìåííîé áóíêåð 1, âåð-
òèêàëüíî óñòàíîâëåííûé íà îñè 2, ñîñòàâíîé 
âûñåâàþùèé äèñê 3 ñ ïðèæèìàþùåé âòóëêîé 
4 è ñêâîçíûìè êîíè÷åñêèìè ÿ÷åéêàìè 5, âîç-

Ðèñ. 2. Ïíåâìàòè÷åñêèé âûñåâàþùèé àïïàðàò äëÿ ñîâìåùåííîãî ïîñåâà
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äóõîâîä, ðàçäåëåííûé íà äâà ïàòðóáêà, îäèí 6 
ñ òðåìÿ ñîïëàìè – ðàçìåùåí íàä ÿ÷åéêàìè 5 
âûñåâàþùåãî äèñêà 3, âòîðîé – 7 – îãèáàåò 
êðûøêó 8 è ïîäâîäèò ñîïëî ïîä âûñåâàþùèé 
äèñê 3 ïîä óãëîì 10–15° ê ãîðèçîíòó. Àïïàðàò 
âêëþ÷àåò òàêæå áîêîâûå êðûøêè 8 è ñîøíèê 9 
øèðèíîé ðàâíîé øèðèíå âûñåâàþùåãî äèñêà 3. 
Ñîøíèê 9 âûïîëíåí òðåõóðîâíåâûì.

Âûñåâàþùèé äèñê è ïîëîçîâîäíûé ñîøíèê, 
âûïîëíåíû ñîñòàâíûìè èç òðåõ ÷àñòåé è ðàâ-
íûìè ïî øèðèíå. Èõ ÷àñòè çàêðåïëåíû ìåæäó 
ñîáîé ñ âîçìîæíîñòüþ ñìåùåíèÿ, âûñåâàþùèé 
äèñê – ïðèæèìíîé âòóëêîé, à ïîëîçîâîäíûé 
ñîøíèê – áîëòàìè. 

Âìåñòå ñ àïïàðàòàìè äëÿ ñîâìåùåííîãî 
ïîñåâà ðàçðàáîòàí ðÿä ïíåâìàòè÷åñêèõ âûñå-
âàþùèõ àïïàðàòîâ äëÿ ãíåçäîâîãî ïîñåâà [6], 
îäèí èç êîòîðûõ ïðåäñòàâëåí íà ðèñ. 4.

Àïïàðàò ñîñòîèò èç ñåìåííîãî áóíêåðà 1, 
êîòîðûé óñòàíîâëåí âåðòèêàëüíî íà îñè 2 âû-

ñåâàþùèé äèñê 3 ñî ñêâîçíûìè êîíè÷åñêèìè 
ÿ÷åéêàìè 4, ðàñïîëîæåííûìè â òðè ðÿäà, è âîç-
äóøíîãî ñîïëà 5. Äèñê 3 ñíàáæåí êîïèðóþùåé 
åãî âíóòðåííþþ ïîâåðõíîñòü â çîíå äåéñòâèÿ 
âîçäóøíîãî ñîïëà 5 äóãîîáðàçíîé, ðåãóëèðî-
âî÷íîé çàñëîíêîé 6. Çàñëîíêà 6 óñòàíîâëåíà 
íà áîêîâîé êðûøêå 7 âûñåâàþùåãî àïïàðàòà ñ 
âîçìîæíîñòüþ ïðîäîëüíîãî ïåðåìåùåíèÿ îòíî-
ñèòåëüíî îñè 2 äèñêà 3 è ôèêñàöèè â çàäàííîì 
ïîëîæåíèè. Ïîä âûñåâàþùèì äèñêîì 3 ðàñïîëî-
æåí ïîëîçîâîäíûé ñîøíèê 8 øèðèíîé, ðàâíîé 
øèðèíå âûñåâàþùåãî äèñêà 3. Ñîøíèê 8 ñíàá-
æåí âîðîíêîé 9, ðàñïîëîæåííîé ïîä âûñåâàþ-
ùèì äèñêîì 3 â çîíå ñõîäà ñåìÿí äëèíîé, ðàâíîé 
øèðèíå âûñåâàþùåãî äèñêà 3 è øèðèíîé – åãî 
ïîëîâèíå, à ðàçìåð íèæíåé ÷àñòè âîðîíêè 9, ïî 
êðàéíåé ìåðå, íå ìåíüøå òðåõêðàòíîãî ìàêñè-
ìàëüíîãî ðàçìåðà âûñåâàåìîãî ñåìåíè. 

Ñåìåíà, ðàñïîëîæåííûå â òðåõ ÿ÷åéêàõ ïî 
øèðèíå äèñêà 3, ôîðìèðóþòñÿ ãíåçäîì ñ ïîìî-

Ðèñ. 3. Ïíåâìàòè÷åñêèé âûñåâàþùèé àïïàðàò äëÿ ñîâìåùåííîãî ïîñåâà

Ðèñ. 4. Ïíåâìàòè÷åñêèé âûñåâàþùèé àïïàðàò äëÿ ãíåçäîâîãî ïîñåâà
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ùüþ âîðîíêè 9 ñîøíèêà 8, íàõîäÿùåãîñÿ ïîä 
âûñåâàþùèì ä èñêîì 3 â çîíå ïàäåíèÿ ñåìÿí 
â áîðîçäó, îáðàçîâàííóþ ñîøíèêîì 8. Íîðìà 
âûñåâà ñåìÿí â ãíåçäî ðåãóëèðóåòñÿ ïåðåìåùå-
íèåì çàñëîíêè 6 âäîëü îñè 2 äèñêà 3. Òàê, íà-
ïðèìåð, äëÿ îáåñïå÷åíèÿ âûñåâà äâóõ ñåìÿí â 
ãíåçäî íåîáõîäèìî ïåðåêðûòü îäèí ðÿä ÿ÷ååê 4 
íà äèñêå 3.

Ðàçðàáîòàííàÿ êîíñòðóêöèÿ âûñåâàþùåãî 
àïïàðàòà (ðèñ. 5) [7] ðàáîòàåò ñëåäóþùèì îá-
ðàçîì: ñåìåíà èç áóíêåðà 1 ïîïàäàþò â êîíè-
÷åñêóþ ÿ÷åéêó 4 âðàùàþùåãîñÿ íà îñè 2 âû-
ñåâàþùåãî äèñêà 3. Íà ñåìåíà â òðåõ ñîñåäíèõ 
ÿ÷åéêàõ 4 äåéñòâóåò ïðèñàñûâàþùàÿ ñèëà ïà-
òðóáêà 7, êîïèðóþùåãî âíóòðåííþþ ïîâåðõ-
íîñòü âûñåâàþùåãî äèñêà 3. Ïðè ïðîõîäå ïîä 
ñîïëîì 6 ñ èñòåêàþùèì èç íåãî âîçäóõîì 
ñåìåíà ïðèæèìàþòñÿ ê îòâåðñòèÿì 5 ÿ÷åéêè 4, 
ëèøíèå ñåìåíà âûäóâàþòñÿ èç ÿ÷ååê 4 
ñîïëîì 6; ñåìåíà ïðåäâàðèòåëüíî ïðèæàòû êî 
äíó ÿ÷åéêè 4 ïðèñàñûâàþùèì äóãîîáðàçíûì 
ïàòðóáêîì 7, ò. å. íà ñåìåíà äåéñòâóþò äâå 
ñèëû, îäíà – ñ ïîìîùüþ ñîïëà 6 ïðèæèìàþùàÿ 
èõ, è âòîðàÿ – ïàòðóáêîì 7 ïðèñàñûâàþùàÿ 

èçíóòðè äèñêà, ÷òî ãàðàíòèðóåò ñîõðàíåíèå 
ñåìÿí â ÿ÷åéêå 4, îñòàëüíûå ñåìåíà âûäóâàþò-
ñÿ. Äàëåå ÿ÷åéêà 4 ñ ñåìåíàìè ïåðåìåøàåòñÿ â 
çîíó äåéñòâèÿ óïðóãîãî ýëàñòè÷íîãî ðîëèêîâî-
ãî âûòàëêèâàòåëÿ 9, çàêðåïëåííîãî íà áîêîâîé 
êðûøêå 8, ïîä åãî âîçäåéñòâèåì ñåìåíà ïîïàäà-
þò â áîðîçäó, îòêðûòóþ ñîøíèêîì 10. Âàæíî, 
÷òî ñåìåíà ïðèñàñûâàþòñÿ ïàòðóáêîì 7 åùå äî 
èõ âõîäà â çîíó äåéñòâèÿ âîçäóøíîãî ñîïëà 6, 
÷òî ãàðàíòèðóåò ñîõðàíåíèå îäíîãî ñåìåíè â 
ÿ÷åéêå 4.

Ïðè èçó÷åíèè àíàëîãîâ áûëè óñòàíîâëåíû 
ñëåäóþùèå íåäîñòàòêè: 

• âî âðåìÿ óäàëåíèÿ ëèøíèõ ñåìÿí èç ÿ÷ååê 
ñîïëîì íåò ãàðàíòèè, ÷òî âîçäóøíûì ïî-
òîêîì íå áóäóò óäàëåíû âñå ñåìåíà, ÷òî 
íåäîïóñòèìî;

• äëÿ èçìåíåíèÿ êîëè÷åñòâà ñåìÿí â ãíåçäî 
äèñê âûïîëíåí ãðîìîçäêèì, îò ÷åãî 
ðàñòåò ìåòàëëîåìêîñòü âûñåâàþùåãî 
äèñêà è óâåëè÷èâàþòñÿ ïàðàìåòðû âûñå-
âàþùåãî àïïàðàòà;

• äëÿ èçìåíåíèÿ øàãà ïîñåâà íåîáõîäèìà 
ñìåíà äèñêîâ.

Ðèñ. 5. Ïíåâìàòè÷åñêèé âûñåâàþùèé àïïàðàò äëÿ ãíåçäîâîãî ïîñåâà
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Ñíàáæåíèå âûñåâàþùèõ äèñêîâ âòóëêàìè 
íà ðåçüáå ñî ñêâîçíûìè îòâåðñòèÿìè íà èõ äíå 
ñ êîëè÷åñòâîì îò 1 äî 3 ïîçâîëÿåò âûñåâàòü 
ñåìåíà ãíåçäîâûì ñïîñîáîì áåç çàìåíû âûñå-
âàþùèõ äèñêîâ à èñïîëüçîâàíèå ãëóõîé âòóëêè 
ìîæíî ìåíÿòü ñõåìó ïîñåâà, à âûòàëêèâàòåëü 
ñåìÿí îáåñïå÷èâàåò íàäåæíîå ñáðàñûâàíèå 
âñåõ ñåìÿí èç ÿ÷åéêè â áîðîçäó. 

Çàêëþ÷åíèå
Ðàçðàáàòûâàåìûå ïíåâìàòè÷åñêèå âûñåâàþ-

ùèå àïïàðàòû äëÿ ñîâìåùåííîãî è ãíåçäîâîãî 
ïîñåâîâ ïîçâîëÿò:

• âûñåâàòü ñåìåíà äâóõ, òðåõ êóëüòóð îäíî-
âðåìåííî ñ ðàçìåùåíèåì èõ íà ðàçíóþ 
ãëóáèíó, ïîëó÷àòü ðàçëè÷íóþ ñõåìó 
ïîñåâà áåç çàìåíû äèñêîâ, ÷òî ïðèâåäåò ê 
ýêîíîìèè ìåòàëëà íà èçãîòîâëåíèå ñìåí-
íûõ äèñêîâ è âðåìåíè;

• óïðîñòèòü êîíñòðóêöèþ è ïîâûñèòü ýêñ-
ïëóàòàöèîííóþ íàäåæíîñòü óñòðîéñòâà, 
óëó÷øèòü ýêîëîãèþ, ïîëó÷èòü ýêîíîìèþ 
ãîðþ÷åãî, èñêëþ÷èòü ïîâðåæäåíèå ñåìÿí.

Ñåÿëêè, îáîðóäîâàííûå àâòîìàòèçèðîâàí-
íûìè ïíåâìîñèñòåìàìè, ñïîñîáíû ïîâûñèòü 
óðîæàéíîñòü ñèëîñíîé ìàññû íà 20–30 %, 
óëó÷øèòü êà÷åñòâî êîðìà äëÿ æèâîòíîâîä-
ñòâà è ïîëó÷èòü ýêîíîìèþ ïîñåâíûõ ïëîùàäåé 
çà ñ÷åò âûðàùèâàíèÿ íåñêîëüêèõ êóëüòóð íà 
îäíîì ïîëå. Êîíñòðóêöèÿ àïïàðàòà ïîçâîëÿ-
åò ðàçìåùàòü ñåìåíà ðàçíûõ êóëüòóð â îäèí 
ðÿäîê è íà ðàçíóþ ãëóáèíó çàäåëêè.
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Â ÀÊÑÈÀËÜÍÎ-ÐÎÒÎÐÍÎÌ ÊÎÌÁÀÉÍÅ

INCREASING THE EFFICIENCY OF THRESHING 
IN AN AXIAL ROTARY COMBINE

Ì.È. ËÈÏÎÂÑÊÈÉ, ä.ò.í.
ÈÀÝÏ, Ñàíêò-Ïåòåðáóðã, Ðîññèÿ, aperekopskii@mail.ru

M.I. LIPOVSKIY, DSc in Engineering
Institute of Agroengineering and Environmental Problems 
of Agricultural Production, Saint-Petersburg, Russia, 
aperekopskii@mail.ru

Öåëüþ ðàáîòû ÿâëÿåòñÿ îáîñíîâàíèå ñïîñîáà ñíèæåíèÿ ýíåðãîåìêîñòè òåõíîëîãè÷åñêîãî ïðîöåññà, óëó÷-
øåíèå êà÷åñòâåííûõ ïîêàçàòåëåé çà ñ÷åò óìåíüøåíèÿ ìèêðîòðàâìèðîâàíèÿ çåðíà, ïîâûøåíèå ïðîïóñêíîé 
ñïîñîáíîñòè àêñèàëüíî-ðîòîðíîãî ìîëîòèëüíî-ñåïàðèðóþùåãî óñòðîéñòâà ïóòåì ïðèìåíåíèÿ ðàçíîâûñîêèõ 
çóáîâûõ áè÷åé âìåñòî ðèôëåíûõ. Ïðèâåäåííûå ðåçóëüòàòû ïîëó÷åíû ïóòåì ïðîâåäåíèÿ ëàáîðàòîðíûõ èñ-
ñëåäîâàíèé, à òàêæå èñïûòàíèé êîìáàéíîâ êëàññè÷åñêîé ñõåìû, îáîðóäîâàííûõ ìîëîòèëüíûìè áàðàáàíàìè ñ 
ðàçíîâûñîêèìè çóáîâûìè áè÷àìè. Èñïûòàíèÿ ïðîâåäåíû ïðè óáîðêå âñåõ çåðíîâûõ êîëîñîâûõ êóëüòóð, âëàæ-
íîñòü çåðíà êîòîðûõ ñîñòàâëÿëà 11–37 %, âëàæíîñòü ñòåáëåé äîñòèãàëà 52 %. Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé 
öåëè ïðåäëîæåíî, ñ ó÷åòîì ñâîéñòâà êîëîñà çåðíîâûõ êóëüòóð, îñíàùåíèå ìîëîòèëüíûõ ýëåìåíòîâ çóáüÿìè 
ðàçíîé âûñîòû. Ðåçóëüòàòû ëàáîðàòîðíûõ èññëåäîâàíèé ïîêàçàëè, ÷òî ñóùåñòâåííîå óëó÷øåíèå òåõíîëîãè÷å-
ñêèõ ïîêàçàòåëåé íàáëþäàåòñÿ ïðè äîëå äëèíû ìîëîòèëüíûõ ýëåìåíòîâ ñ íèçêèìè çóáüÿìè â îáùåé èõ äëèíå, 
áëèçêîé ê çíà÷åíèþ 0,25. Ïðè äàëüíåéøåì óâåëè÷åíèè óêàçàííîãî ñîîòíîøåíèÿ íå íàáëþäàåòñÿ ñóùåñòâåí-
íîãî èçìåíåíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé îáìîëîòà, íî ýíåðãîçàòðàòû âîçðàñòàþò áîëåå ÷åì íà 20 %. Ïðè-
âåäåííûé àíàëèç ïîêàçàë, ÷òî ïðèìåíåíèå â ìîëîòèëüíîé çîíå ðîòîðà çóáîâûõ áè÷åé âìåñòî ðèôëåíûõ ìîæåò 
îáåñïå÷èòü ïîâûøåíèå ñòåïåíè ñåïàðàöèè çåðíà íà 4–7 %, ñíèæåíèå ñòåïåíè íåäîìîëîòà è óäåëüíîé ïîòðåá-
íîñòè ìîùíîñòè, ñîîòâåòñòâåííî, íà 0,7–1,6 % è 21–24 %. Ýòî ñîîòâåòñòâóåò çíà÷åíèÿì òåõ æå ïîêàçàòåëåé 
äëÿ îáû÷íîãî ìîëîòèëüíîãî àïïàðàòà (4; 0,6 è 21 %) èëè íåñêîëüêî ïðåâûøàåò èõ. Îòìå÷åííîå ïîçâîëÿåò 
îæèäàòü îò ïðèìåíåíèÿ ðàçíîâûñîêèõ çóáîâûõ áè÷åé óëó÷øåíèÿ ïîêàçàòåëåé ýôôåêòèâíîñòè àêñèàëüíî-ðî-
òîðíûõ êîìáàéíîâ: óìåíüøåíèÿ ïîòåðü çåðíà èëè ïîâûøåíèå ïðîïóñêíîé ñïîñîáíîñòè ïðè ñîõðàíåíèè óðîâíÿ 
ïîòåðü, ñíèæåíèÿ ýíåðãîåìêîñòè è ñòåïåíè ìèêðîòðàâìèðîâàíèÿ çåðíà, à òàêæå óïðîùåíèÿ òåõíîëîãè÷åñêîãî 
îáñëóæèâàíèÿ çà ñ÷åò èñêëþ÷åíèÿ ðåãóëèðîâàíèÿ çàçîðîâ ìåæäó äåêîé è ðîòîðîì. Óìåíüøåíèå êîëè÷åñòâà 
âûáðàñûâàåìûõ â àòìîñôåðó âûõëîïíûõ ãàçîâ, îáóñëîâëåííîå ìåíüøåé ýíåðãîåìêîñòüþ òåõíîëîãè÷åñêîãî 
ïðîöåññà, óëó÷øàåò ýêîëîãè÷íîñòü êîìáàéíà.
Êëþ÷åâûå ñëîâà: àêñèàëüíî-ðîòîðíûé êîìáàéí, îáìîëîò, çóáîâûé áè÷.

The purpose of the work is to justify the way to reduce the energy intensity of the technological process, improve the 
quality indicators by reducing the microtraction of grain, increase the capacity of the axial-rotary threshing-separating 
device by using a variety of tooth pests instead of corrugated ones. The shown results are received by carrying out 
of laboratory researches, and also tests of combines of the classical scheme equipped with threshing drums with 
the various tooth whips. The tests were carried out during the harvesting of all cereal grains, the moisture content 
of which was 11-37 %, the moisture content of the stems reached 52 %. To achieve this goal, it has been proposed, 
with the ability of the ear of cereals, to equip threshing elements with teeth of different heights. The results of labora-
tory studies showed that a significant improvement in technological performance is observed with a fraction of the 
length of threshing elements with low teeth in their total length close to 0,25. With a further increase in this ratio, 
there is no significant change in the quality of threshing, but energy costs increase by more than 20 %. The analysis 
showed that the use of tooth whips instead of grooved in the threshing area of the rotor can provide an increase in the 
degree of grain separation by 4–7 %, a decrease in the degree of nonsmoking and the specific power requirement by 
0,7–1,6 % and 21–24 %, respectively, corresponds to or slightly higher than the values for the same threshing ma-
chine (4, 0,6 and 21 %). The noted allows expecting from the use of different tooth whips to improve the performance 
of axial rotary combines: reducing grain losses or increasing throughput while maintaining the level of losses, reduc-
ing the energy intensity and degree of microtraction of grain, and simplifying maintenance by eliminating the need to 
adjust the clearances between the deck and the rotor. Reducing the amount of exhaust gases emitted into the atmo-
sphere, due to the lower energy consumption of the process, improves the ecological compatibility of the combine.
Keywords: axial rotary harvester, threshing, tooth whip.
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 Ââåäåíèå
Ðîòîðíûå êîìáàéíû ïðåâîñõîäÿò êîìáàé-

íû êëàññè÷åñêîé ñõåìû ïî òåõíîëîãè÷åñêîé 
ýôôåêòèâíîñòè çà ñ÷åò áîëüøåé óäåëüíîé 
ïðîïóñêíîé ñïîñîáíîñòè (íà 1 ì øèðèíû ìî-
ëîòèëêè) è çíà÷èòåëüíî ìåíüøåãî äðîáëåíèÿ 
çåðíà (â 1,5–2,0 ðàçà). Òàê, óäåëüíàÿ ïðîïóñê-
íàÿ ñïîñîáíîñòü ðîòîðíîãî êîìáàéíà Torum 
740 – 8 êã/(ñì-1), à êîìáàéíà êëàññè÷åñêîé 
ñõåìû Acros 530 – 6,3 êã/(ñì-1). Òàêèì îáðàçîì, 
ðîòîðíûé êîìáàéí ïî ðàññìàòðèâàåìîìó ïî-
êàçàòåëþ ïðåâîñõîäèò êîìáàéí êëàññè÷åñêîé 
ñõåìû íà 27 %. Ïðè óáîðêå îçèìîé ðæè äðî-
áëåíèå çåðíà êîìáàéíîì «Äîí-1500» ñîñòàâëÿ-
ëî 0,6 %, à êîìáàéíîì «Ðîòîð» – 0,3 %. Â òî 
æå âðåìÿ ìèêðîïîâðåæäåíèå çåðíà ñíèæàåòñÿ 
íåçíà÷èòåëüíî (òàáë. 1).

Èçâåñòíî, ÷òî îò óðîâíÿ ìèêðîïîâðåæäåíèÿ 
çàâèñèò ñòîéêîñòü çåðíà ê õðàíåíèþ, åãî òîâàð-
íûå, õëåáîïåêàðíûå, ïîñåâíûå è ïðîäóêòèâíûå 
ïîêàçàòåëè.

Ðîòîðíûå êîìáàéíû óñòóïàþò êîìáàé-
íàì êëàññè÷åñêîé ñõåìû ïî ýêîëîãè÷íîñòè 
èç-çà ïîâûøåííûõ âûáðîñîâ â àòìîñôåðó âû-
õëîïíûõ ãàçîâ, îáóñëîâëåííûõ áîëåå âûñî-
êîé ýíåðãîåìêîñòüþ òåõíîëîãè÷åñêîãî ïðî-
öåññà. Òàê, óäåëüíàÿ (íà åäèíèöó ïðîïóñêíîé 
ñïîñîáíîñòè) ýíåðãîíàñûùåííîñòü êîìáàéíà 
Torum 740 ñîñòàâëÿåò 33 ë.ñ./(êãñ-1), à êîìáàé-
íà Acros 530 – 27 ë.ñ./(êãñ-1).

Öåëü èññëåäîâàíèÿ
Ïîâûøåííàÿ ýíåðãîåìêîñòü òåõíîëîãè-

÷åñêîãî ïðîöåññà îáìîëîòà ÿâëÿåòñÿ îäíèì 
èç îñíîâíûõ íåäîñòàòêîâ àêñèàëüíî-ðîòîð-
íûõ êîìáàéíîâ. Óñòðàíåíèþ ýòîãî íåäîñòàòêà 
ìîæåò ñïîñîáñòâîâàòü ïðèìåíåíèþ â êà÷åñòâå 
ìîëîòèëüíûõ ýëåìåíòîâ ðîòîðà ðàçíîâûñîêèõ 
çóáîâûõ ðàáî÷èõ ýëåìåíòîâ âìåñòî ðèôëåíûõ 
áè÷åé [1]. Êàê ïîêàçàëè èññëåäîâàíèÿ è èñïû-
òàíèÿ îïûòíûõ îáðàçöîâ êîìáàéíîâ êëàññè-
÷åñêîé ñõåìû [2], ïðèìåíåíèå óêàçàííîé ðàç-

ðàáîòêè [3] ïîçâîëÿåò ñíèçèòü ýíåðãîåìêîñòü 
îáìîëîòà íà 20–30 %, è ñîîòâåòñòâåííî, ðàñõîä 
ãîðþ÷åãî íà ðàáîòó äâèãàòåëÿ è âûáðîñ â àò-
ìîñôåðó âûõëîïíûõ ãàçîâ íà 13–20 %. Öåëüþ 
èññëåäîâàíèÿ ÿâëÿåòñÿ îáîñíîâàíèå ñïîñîáà 
ñíèæåíèÿ ýíåðãîåìêîñòè òåõíîëîãè÷åñêîãî 
ïðîöåññà, óëó÷øåíèå êà÷åñòâåííûõ ïîêàçàòå-
ëåé çà ñ÷åò óìåíüøåíèÿ ìèêðîòðàâìèðîâàíèÿ 
çåðíà, ïîâûøåíèå ïðîïóñêíîé ñïîñîáíîñòè 
àêñèàëüíî-ðîòîðíîãî ìîëîòèëüíî-ñåïàðèðóþ-
ùåãî óñòðîéñòâà ïóòåì ïðèìåíåíèÿ ðàçíîâû-
ñîêèõ çóáîâûõ áè÷åé âìåñòî ðèôëåíûõ.

Ìàòåðèàëû è ìåòîäû
Ïðèâåäåííûå ðåçóëüòàòû ïîëó÷åíû ïóòåì 

ïðîâåäåíèÿ ëàáîðàòîðíûõ èññëåäîâàíèé, à 
òàêæå èñïûòàíèé êîìáàéíîâ êëàññè÷åñêîé 
ñõåìû, îáîðóäîâàííûõ ìîëîòèëüíûìè áàðà-
áàíàìè ñ ðàçíîâûñîêèìè çóáîâûìè áè÷àìè. 
Ïðè èññëåäîâàíèÿõ èñïîëüçîâàëèñü îçèìàÿ è 
ÿðîâàÿ ïøåíèöà, îçèìàÿ ðîæü. Èñïûòàíèÿ ïðî-
âîäèëèñü ïðè óáîðêå âñåõ çåðíîâûõ êîëîñîâûõ 
êóëüòóð. Âëàæíîñòü çåðíà óáèðàåìûõ êóëüòóð 
ñîñòàâëÿëà 11–37 %, âëàæíîñòü ñòåáëåé äîñòè-
ãàëà 52 %.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Èññëåäîâàíèÿ ïðîöåññà îáìîëîòà ïîêàçûâà-

þò [4, 5], ÷òî óâåëè÷åíèå âûñîòû çóáà h ðàáî÷å-
ãî ýëåìåíòà (çóáîâîãî áè÷à) âåäåò ê ñíèæåíèþ 
ýíåðãîåìêîñòè N

óä
 îáìîëîòà (ðèñ. 1). Íî ïðè 

ýòîì óõóäøàþòñÿ òåõíîëîãè÷åñêèå ïîêàçàòå-
ëè, â ÷àñòíîñòè óâåëè÷èâàåòñÿ íåäîìîëîò H

ã
 

çåðíà (ðèñ. 2).
Êîìïðîìèññíûì ðåøåíèåì, ó÷èòûâàþùèì 

ñâîéñòâà êîëîñà çåðíîâûõ êóëüòóð, ÿâëÿåòñÿ 
îñíàùåíèå ìîëîòèëüíûõ ýëåìåíòîâ çóáüÿìè 
ðàçíîé âûñîòû – íàçîâåì èõ âûñîêèìè è íèç-
êèìè. Äëÿ ñíèæåíèÿ ýíåðãîåìêîñòè îáìîëîòà 
ñóììàðíàÿ äëèíà ìîëîòèëüíûõ ýëåìåíòîâ ñ 
íèçêèìè çóáüÿìè äîëæíà áûòü ìèíèìàëüíîé. 
Ïðåäåë ìèíèìàëèçàöèè äàííîãî ïàðàìåòðà 

Òàáëèöà 1
Ïîâðåæäåíèå çåðíà çåðíîóáîðî÷íûìè êîìáàéíàìè

Ïîêàçàòåëü Òèï êîìáàéíà Îçèìàÿ ðîæü Îçèìàÿ ïøåíèöà ßðîâàÿ ïøåíèöà

Äðîáëåíèå çåðíà,  %
«Ñèáèðÿê»

«Äîí»
«Ðîòîð»

0,7
0,6
0,3

0,6
0,8
0,5

0,8
0,7
0,5

Ìèêðîïîâðåæäåíèå çåðíà,  %
«Ñèáèðÿê»

«Äîí»
«Ðîòîð»

48,7
47,8
44,6

24,4
23,9
22,6

21,7
19,9
18,3
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îïðåäåëÿåòñÿ îáåñïå÷åíèåì ðàöèîíàëüíûõ çíà-
÷åíèé êà÷åñòâåííûõ ïîêàçàòåëåé òåõíîëîãè÷å-
ñêîãî ïðîöåññà, â ÷àñòíîñòè ñòåïåíè ñåïàðàöèè 
Ñ

ç
 è íåäîìîëîòà Í

ã
 çåðíà.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâà-
íèÿ çàâèñèìîñòè ýíåðãåòè÷åñêèõ è òåõíîëîãè-
÷åñêèõ ïîêàçàòåëåé îáìîëîòà, ïðîâåäåííîãî íà 
ìîäåëÿõ òàíãåíöèàëüíîãî ìîëîòèëüíîãî àïïà-
ðàòà, îò äîëè äëèíû ìîëîòèëüíûõ ýëåìåíòîâ ñ 
íèçêèìè çóáüÿìè l

í
 â îáùåé äëèíå ìîëîòèëü-

íûõ ýëåìåíòîâ l ïðåäñòàâëåíû íà ðèñ. 3 4.
Êàê âèäíî èç ðèñ. 3, ñóùåñòâåííîå óëó÷øå-

íèå òåõíîëîãè÷åñêèõ ïîêàçàòåëåé – ñíèæåíèå 
íåäîìîëîòà è ïîâûøåíèå ñòåïåíè ñåïàðàöèè 
çåðíà íàáëþäàåòñÿ ïðè çíà÷åíèÿõ l

í
/ l, áëèçêèõ 

ê 0,25. Ïðè äàëüíåéøåì óâåëè÷åíèè óêàçàííî-
ãî îòíîøåíèÿ íå íàáëþäàåòñÿ ñóùåñòâåííîãî 
èçìåíåíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé îáìîëî-
òà, íî ýíåðãîçàòðàòû âîçðàñòàþò çíà÷èòåëüíî – 
áîëåå ÷åì íà 20 % (ðèñ. 4).

Íà ðèñ. 5 â ðàçðåçàõ ïðåäñòàâëåíî àêñè-
àëüíîå ìîëîòèëüíî-ñåïàðèðóþùåå óñòðîéñòâî 
äëÿ ðîòîðíîãî êîìáàéíà ñ èñïîëüçîâàíèåì 
äëÿ îáìîëîòà çóáîâûõ ðàáî÷èõ ýëåìåíòîâ 
ñ îáîñíîâàííûìè âûøå ðàöèîíàëüíûìè ïàðà-
ìåòðàìè.

Óñòðîéñòâî ñ ïðèåìíîé À, ìîëîòèëüíîé Â 
è ñåïàðèðóþùåé Ñ çîíàìè ñîäåðæèò ðîòîð 1 
è ïåðôîðèðîâàííûé êîæóõ 2, óñòàíîâëåííûé 
ñ âîçìîæíîñòüþ âðàùåíèÿ íà îïîðàõ 3. Íà 
âíóòðåííåé ñòîðîíå êîæóõà 2 óñòàíîâëåíû 
ðàñïîëîæåííûå ïî âèíòîâûì ëèíèÿì íàïðàâ-
ëÿþùèå ðåáðà 4. Ðîòîð ñíàáæåí çàáîðíûìè 
ëîïàñòÿìè 5, ìîëîòèëüíûìè ýëåìåíòàìè 6 
è ñåïàðèðóþùèìè ýëåìåíòàìè 7. Â êà÷åñòâå 
ìîëîòèëüíûõ ýëåìåíòîâ 6 èñïîëüçîâàíû çóáî-
âûå ðàáî÷èå ýëåìåíòû, ïðåäñòàâëÿþùèå ñîáîé 
ðÿäû èçîãíóòûõ çóáüåâ 8 ñ îáùèìè îñíîâàíèÿ-
ìè 9. Íà äâóõ äèàìåòðàëüíî ïðîòèâîïîëîæíûõ 

Ðèñ. 1. Ïîòðåáíàÿ íà îáìîëîò óäåëüíàÿ ìîùíîñòü Nóä 
â çàâèñèìîñòè îò âûñîòû çóáà h

Ðèñ. 2. Íåäîìîëîò çåðíà â ãðóáîì âîðîõå 
â çàâèñèìîñòè îò âûñîòû çóáà h: 

1 – α = 130, S = 74 ìì; 2 – α = 180, S = 74 ìì; 
3 – α = 180, S = 111 ìì (S – øàã ðàçìåùåíèÿ 

çóáüåâ íà ïëàíêå; α – óãîë ìåæäó ðàäèàëüíûì 
íàïðàâëåíèåì è íàïðàâëåíèåì ðàáî÷åé 

ïîâåðõíîñòè çóáà)

Ðèñ. 3. Ïîêàçàòåëè ðàáîòû ìîëîòèëüíîãî àïïàðàòà 
(íåäîìîëîò çåðíà â ãðóáîì âîðîõå Íã è ñòåïåíü 

ñåïàðàöèè çåðíà Ñç) â çàâèñèìîñòè îò îòíîñèòåëüíîé 
äëèíû lí/l áè÷åé ñ íèçêèìè çóáüÿìè: 
---------- – ñòåïåíü ñåïàðàöèè çåðíà; 

- - - - – íåäîìîëîò çåðíà â ãðóáîì âîðîõå; 
1 – ðîæü ßðîñëàâíà, h

í
 = 12 ìì; 2 – ïøåíèöà 

Ëåíèíãðàäêà, h
í
 = 16 ìì

Ðèñ. 4. Ïîòðåáíàÿ íà îáìîëîò óäåëüíàÿ ìîùíîñòü 
â çàâèñèìîñòè îò îòíîñèòåëüíîé äëèíû lí/l áè÷åé 

ñ íèçêèìè çóáüÿìè
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ðàáî÷èõ ýëåìåíòàõ óñòàíîâëåíû îáòåêàåìûå 
ïëàíêè 10 äëèíîé, ðàâíîé ïîëîâèíå äëèíû 
ìîëîòèëüíîãî ýëåìåíòà. Âîçìîæíû äðóãèå, 
ïî ñðàâíåíèþ ñ ðèñ. 5, âàðèàíòû ðàçìåùåíèÿ 
îáòåêàåìûõ ïëàíîê, â òîì ÷èñëå ïðè äëèíå ïî-
ñëåäíèõ, ðàâíîé ¼ äëèíû ìîëîòèëüíîãî ýëå-
ìåíòà (ðèñ. 6). Ïëàíêè 10 ÷àñòè÷íî ïåðåêðûâà-
þò çóáüÿ 8 ïî âûñîòå, òàê ÷òî ðàáî÷àÿ ÷àñòü 11 
ïîñëåäíèõ îñòàåòñÿ êîðî÷å, ÷åì çóáüÿ ïðè îò-
ñóòñòâèè ïëàíîê. Ïåðåäíèé êðàé êàæäîé îáòå-
êàåìîé ïëàíêè âûïîëíåí â âèäå ïîâåðõíîñòè, 
îáåñïå÷èâàþùåé ïëàâíîå ñîïðÿæåíèå ðàáî÷åé 
ïîâåðõíîñòè 12 ïëàíêè 10 ñ ïîâåðõíîñòüþ îñ-
íîâàíèÿ 9. Çóáüÿ 8 ðàáî÷èõ ýëåìåíòîâ ìîãóò 
áûòü ðàñïîëîæåíû íà ðîòîðå ïî âèíòîâîé 
ëèíèè èëè øàõìàòíîì ïîðÿäêå òàê, ÷òî ñîñåä-
íèå ñëåäû çóáüåâ ÷àñòè÷íî ïåðåêðûâàþò äðóã 
äðóãà, à âåðøèíû âñåõ çóáüåâ ëåæàò íà îäíîé 
öèëèíäðè÷åñêîé ïîâåðõíîñòè.

Àíàëîãè÷íûì îáðàçîì çóáîâûå ðàáî÷èå 
ýëåìåíòû ìîãóò áûòü èñïîëüçîâàíû â àêñèàëü-
íîì ìîëîòèëüíî-ñåïàðèðóþùåì óñòðîéñòâå ñ 
íåïîäâèæíûì êîæóõîì (ðèñ. 6). Â ýòîì ñëó÷àå 
â çîíå Â óñòðîéñòâà â íèæíåé ÷àñòè êîæóõà 
ðàçìåùàåòñÿ ìîëîòèëüíàÿ äåêà 13.

Àêñèàëüíîå ìîëîòèëüíî-ñåïàðèðóþùåå óñòðîé-
ñòâî ðàáîòàåò ñëåäóþùèì îáðàçîì.

Ïîäàâàåìàÿ ðàñòèòåëüíàÿ ìàññà â ïðèåì-
íîé çîíå óñòðîéñòâà çàáîðíûìè ëîïàñòÿìè 5 
ðîòîðà è ïðèåìíûìè ýëåìåíòàìè êîæóõà óâ-
ëåêàåòñÿ â âèíòîîáðàçíîå äâèæåíèå. Çíà÷è-
òåëüíàÿ ÷àñòü çåðíà ïðè ýòîì âûìîëà÷èâàåòñÿ. 
Ïåðåõîäÿ èç ïðèåìíîé çîíû â îñíîâíûå çîíû – 
ìîëîòèëüíóþ Â è ñåïàðèðóþùóþ Ñ, ìàññà ïîä 
äåéñòâèåì ìîëîòèëüíûõ ýëåìåíòîâ 6 è ñåïà-
ðèðóþùèõ ýëåìåíòîâ 7 ðîòîðà è íàïðàâëÿþ-
ùèõ ðåáåð 4 êîæóõà 2 ïðîäîëæàåò äâèãàòüñÿ 
ñ îòíîñèòåëüíî ìàëîé îñåâîé ñêîðîñòüþ â íà-
ïðàâëåíèè, ïðèîáðåòåííûì åþ â ïðèåìíîé 
çîíå. Ïðè ýòîì ïðîèñõîäèò îêîí÷àòåëüíûé 
âûìîëîò çåðíà è ñåïàðàöèÿ åãî ÷åðåç îòâåð-
ñòèÿ êîæóõà 2 èëè ìîëîòèëüíîé äåêè ïðè íå-
ïîäâèæíîì êîæóõå. Áëàãîäàðÿ èñïîëüçîâàíèþ 
â êà÷åñòâå ìîëîòèëüíûõ ýëåìåíòîâ çóáîâûõ 
ðàáî÷èõ ýëåìåíòîâ ñ ïåðåêðûòèåì ÷àñòè èõ 
äëèíû îáòåêàåìûìè ïëàíêàìè óäàðíîå âîçäåé-
ñòâèå íà îáìîëà÷èâàåìóþ ìàññó îêàçûâàåòñÿ 
íà äâóõ óðîâíÿõ èíòåíñèâíîñòè – âûñîêîì è 
íèçêîì, ÷òî îáåñïå÷èâàåò óìåíüøåíèå òðàâìè-
ðîâàíèÿ çåðíà, ýíåðãîåìêîñòè îáìîëîòà è ðàñ-
õîäà òîïëèâà íà ðàáîòó êîìáàéíà. Áëàãîäàðÿ 
ðàöèîíàëüíîìó ñî÷åòàíèþ óäàðíîãî, âûòèðà-
þùåãî è î÷åñûâàþùåãî âîçäåéñòâèé ìîëîòèëü-
íîãî óñòðîéñòâà íà îáìîëà÷èâàåìóþ êóëüòóðó 
ïîâûøàåòñÿ ïðîïóñêíàÿ ñïîñîáíîñòü êîìáàéíà 
(íà 20…25 %), óìåíüøàþòñÿ ïîòåðè çåðíà è åãî 
òðàâìèðîâàíèå.

Äëÿ îðèåíòèðîâî÷íîé ïðîãíîçíîé ñðàâíè-
òåëüíîé îöåíêè ýôôåêòèâíîñòè ïðèìåíåíèÿ 
ðîòîðà ñ çóáîâûìè áè÷àìè èñïîëüçóåì ïîëó-
÷åííûå ïðè èññëåäîâàíèè ìîëîòèëüíîãî àï-
ïàðàòà ñ çóáîâûìè áè÷àìè çàâèñèìîñòè ñåïà-
ðàöèè çåðíà è íåäîìîëîòà â ãðóáîì âîðîõå, à 

Ðèñ. 5. Àêñèàëüíîå ìîëîòèëüíî-ñåïàðèðóþùåå óñòðîéñòâî ñ çóáîâûìè áè÷àìè â ìîëîòèëüíîé çîíå ðîòîðà

Ðèñ. 6. Àêñèàëüíîå ìîëîòèëüíî-ñåïàðèðóþùåå 
óñòðîéñòâî ñ íåïîäâèæíûì êîæóõîì è îáòåêàåìûìè 

ïëàíêàìè äëèíîé, ðàâíîé ¼ äëèíû 
ìîëîòèëüíîãî ýëåìåíòà
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òàêæå ïîòðåáíîé íà îáìîëîò óäåëüíîé ìîùíî-
ñòè îò çíà÷åíèÿ çàçîðà ìåæäó áàðàáàíîì è ïîä-
áàðàáàíüåì íà âõîäå ìîëîòèëüíîãî àïïàðàòà 
(ðèñ. 7 – ðèñ. 9). 

Ðèñ. 7. Ñòåïåíü ñåïàðàöèè çåðíà 
â çàâèñèìîñòè îò çàçîðà ìåæäó áàðàáàíîì 

è ïîäáàðàáàíüåì íà âõîäå ìîëîòèëüíîãî àïïàðàòà: 
------------ ìîëîòèëüíûé àïïàðàò ñ çóáîâûìè áè÷àìè; 

- - - - - - áèëüíûé ìîëîòèëüíûé àïïàðàò

Òàáëèöà 2
Ïîâûøåíèå ýôôåêòèâíîñòè îáìîëîòà ïðè ïðèìåíåíèè çóáîâûõ áè÷åé âìåñòî ðèôëåíûõ 

è îáû÷íîì ìîëîòèëüíîì àïïàðàòå è ðîòîðíîì ÌÑÓ

Ïîêàçàòåëü
ýôôåêòèâíîñòè

Çíà÷åíèå ïîêàçàòåëÿ

äëÿ ìîëîòèëüíîãî 
àïïàðàòà ïðè çàçîðàõ 
íà âõîäå 7,5/19*, ìì

äëÿ çîíû îáìîëîòà ðîòîðíîãî ÌÑÓ 
ïðè çàçîðàõ íà âõîäå, ìì

30/40* 25/40*

Ïîâûøåíèå ñòåïåíè
ñåïàðàöèè çåðíà,  % 4 4 7

Ñíèæåíèå ñòåïåíè
íåäîìîëîòà çåðíà,  % 0,6 0,7 1,6

Ñíèæåíèå ïîòðåáíîé
óäåëüíîé ìîùíîñòè,  % 22 24 21

Ïðèìå÷àíèå: * â ÷èñëèòåëå ïðèâåäåíî çíà÷åíèå çàçîðà ïðè ïðèìåíåíèè çóáîâûõ áè÷åé, â çíàìåíàòåëå – ïðè ïðèìåíå-
íèè ðèôëåíûõ.

Ïðåäñòàâëåííûå çàâèñèìîñòè ïîçâîëÿþò 
ñïðîãíîçèðîâàòü ïîâûøåíèå ýôôåêòèâíîñòè 
îáìîëîòà çåðíîâûõ êóëüòóð àêñèàëüíî-ðîòîð-
íûì ÌÑÓ, óêàçàííîå â òàáë. 2.

Ðèñ. 8. Íåäîìîëîò çåðíà â ãðóáîì âîðîõå 
â çàâèñèìîñòè îò çàçîðà ìåæäó áàðàáàíîì 

è ïîäáàðàáàíüåì íà âõîäå ìîëîòèëüíîãî àïïàðàòà: 
------------ ìîëîòèëüíûé àïïàðàò ñ çóáîâûìè áè÷àìè; 

- - - - - áèëüíûé ìîëîòèëüíûé àïïàðàò

Ðèñ. 9. Ïîòðåáíàÿ óäåëüíàÿ ìîùíîñòü â çàâèñèìîñòè 
îò çàçîðà ìåæäó áàðàáàíîì è ïîäáàðàáàíüåì 

íà âõîäå ìîëîòèëüíîãî àïïàðàòà: 
------------ ìîëîòèëüíûé àïïàðàò ñ çóáîâûìè áè÷àìè; 

- - - - áèëüíûé ìîëîòèëüíûé àïïàðàò

Çàêëþ÷åíèå
Êàê ñëåäóåò èç òàáë. 2, ïðèìåíåíèå â ìî-

ëîòèëüíîé çîíå ðîòîðà çóáîâûõ áè÷åé âìåñòî 
ðèôëåíûõ ìîæåò îáåñïå÷èòü ïîâûøåíèå ñòåïå-
íè ñåïàðàöèè çåðíà â ýòîé çîíå íà 4–7 %, ñíè-
æåíèå ñòåïåíè íåäîìîëîòà çåðíà è ïîòðåáíîé 
óäåëüíîé ìîùíîñòè, ñîîòâåòñòâåííî, íà 0,7–
1,6 % è 21–24 %. Ýòî ñîîòâåòñòâóåò çíà÷åíèÿì 
òåõ æå ïîêàçàòåëåé äëÿ îáû÷íîãî ìîëîòèëüíî-
ãî àïïàðàòà (4; 0,6 è 21 %) èëè íåñêîëüêî ïðå-
âûøàåò èõ. Îòìå÷åííîå ïîçâîëÿåò îæèäàòü îò 
ïðèìåíåíèÿ çóáîâûõ áè÷åé â ðîòîðíîì ÌÑÓ 
äîñòèæåíèÿ òåõ æå ïîêàçàòåëåé ýôôåêòèâ-
íîñòè êîìáàéíà, êîòîðûå îòìå÷åíû ïðè ãîñó-
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äàðñòâåííûõ èñïûòàíèÿõ ðàçëè÷íûõ ìîäèôè-
êàöèé êîìáàéíîâ, îñíàùåííûõ ìîëîòèëüíûì 
àïïàðàòîì ñ çóáîâûìè áè÷àìè [4, 5], à èìåííî: 
óìåíüøåíèå ïîòåðü çåðíà èëè ïîâûøåíèå ïðî-
ïóñêíîé ñïîñîáíîñòè ïðè ñîõðàíåíèè óðîâíÿ 
ïîòåðü çåðíà, ñíèæåíèå ýíåðãîåìêîñòè è ñòå-
ïåíè ìèêðîòðàâìèðîâàíèÿ çåðíà, à òàêæå 
óïðîùåíèå òåõíîëîãè÷åñêîãî îáñëóæèâàíèÿ çà 
ñ÷åò óñòðàíåíèÿ íåîáõîäèìîñòè ðåãóëèðîâàòü 
çàçîðû ìåæäó äåêîé è ðîòîðîì. Óìåíüøåíèå 
êîëè÷åñòâà âûáðàñûâàåìûõ â àòìîñôåðó âû-
õëîïíûõ ãàçîâ, îáóñëîâëåííîå ìåíüøåé ýíåð-
ãîåìêîñòüþ òåõíîëîãè÷åñêîãî ïðîöåññà, óëó÷-
øàåò ýêîëîãè÷íîñòü êîìáàéíà.
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Â ñòàòüå ðàññìàòðèâàåòñÿ ïðîöåññ ïðÿìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð ñ îáðàçîâàíèåì âûñîêîñòåð-
íåâîé êóëèñû â êîëåå êîìáàéíà. Ïðèâåäåíà ñõåìà äèôôåðåíöèàöèè âûñîòû ñòåðíè ïî øèðèíå çàõâàòà êîì-
áàéíîâîé æàòêè ïðè óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîìáàéíèðîâàíèåì. Ïðåäñòàâëåíû çàêîíîìåðíîñòè, 
õàðàêòåðèçóþùèå èçìåíåíèå ïðîïóñêíîé ñïîñîáíîñòè ìîëîòèëêè è ðàáî÷åé ñêîðîñòè äâèæåíèÿ êîìáàéíà â 
çàâèñèìîñòè îò òåõíîëîãè÷åñêèõ ñâîéñòâ çåðíîâûõ êóëüòóð. Ðàñêðûâàåòñÿ çàâèñèìîñòü ìåæäó âûñîòîé ñòåðíè, 
ïîòåðÿìè çåðíà çà êîìáàéíîì è ñîëîìèñòîñòüþ õëåáíîé ìàññû. Ãðàôè÷åñêàÿ èíòåðïðåòàöèÿ äàííûõ çàâèñèìî-
ñòåé ñâèäåòåëüñòâóåò î òîì, ïîòåðè çåðíà çà êîìáàéíîì ìîæíî óìåíüøèòü ïîñðåäñòâîì èçìåíåíèÿ ñîëîìèñòî-
ñòè õëåáíîé ìàññû çà ñ÷åò óâåëè÷åíèÿ âûñîòû ñðåçà ïðîäóêòèâíûõ ðàñòåíèé âî âðåìÿ êîìáàéíèðîâàíèÿ çåð-
íîâûõ êóëüòóð. Îáîñíîâàíà ìàêñèìàëüíî äîïóñòèìàÿ âûñîòà ñòåðíè â êîëåå êîìáàéíà, ïðåäåëüíàÿ âåëè÷èíà 
êîòîðîé îïðåäåëÿåòñÿ âûñîòîé ñòåáëåñòîÿ çåðíîâûõ êóëüòóð ïðè óáîðêå ïðÿìûì êîìáàéíèðîâàíèåì. Êðîìå 
òîãî, âûÿâëåíà âçàèìîñâÿçü ìåæäó ìàêñèìàëüíî äîïóñòèìîé âûñîòîé ñòåðíè â êîëåå êîìáàéíà è ïàðàìåòðàìè, 
õàðàêòåðèçóþùèìè êèíåìàòè÷åñêèé ðåæèì ðàáîòû æàòêè: âûñîòîé óñòàíîâêè íîæà è ñòåáëåñòîÿ çåðíîâûõ 
êóëüòóð. Ïðè ïðÿìîì êîìáàéíèðîâàíèè ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ êîìáàéíà îïðåäåëÿåòñÿ íå òîëüêî ðàöè-
îíàëüíîé çàãðóçêîé ìîëîòèëêè, íî è îáåñïå÷åíèåì òðåáóåìîãî êà÷åñòâà ñêàøèâàíèÿ çåðíîâûõ, îò êîòîðîãî 
çàâèñÿò ïîòåðè çåðíà çà æàòêîé. Èñõîäÿ èç ýòîãî ïîëîæåíèÿ â õîäå òåîðåòè÷åñêèõ èçûñêàíèé ïîëó÷åíû çàêî-
íîìåðíîñòè, êîòîðûå õàðàêòåðèçóþò èçìåíåíèÿ ìàêñèìàëüíî äîïóñòèìîé âûñîòû ñòåðíè ïðè óáîðêå çåðíîâûõ 
êóëüòóð ïðÿìûì êîìáàéíèðîâàíèåì ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà. Îïðåäåëåíà 
âçàèìîñâÿçü ìåæäó ñîëîìèñòîñòüþ õëåáíîé ìàññû, òåõíèêî-ýêñïëóàòàöèîííûìè ïàðàìåòðàìè, ðåæèìàìè ðà-
áîòû êîìáàéíà è æàòêè è òåõíîëîãè÷åñêèìè ñâîéñòâàìè çåðíîâûõ êóëüòóð. Íà îñíîâå àíàëèòè÷åñêèõ çàâèñè-
ìîñòåé, õàðàêòåðèçóþùèõ èçìåíåíèå ïîòåðü çåðíà çà êîìáàéíîì îò ïàðàìåòðîâ ñîëîìèñòîñòè õëåáíîé ìàññû 
è âûñîòû ñòåðíè çåðíîâûõ êóëüòóð, ïîëó÷åíà ñèñòåìà óðàâíåíèé, ïîñðåäñòâîì êîòîðîé îïðåäåëåíà âçàèìîñ-
âÿçü ìåæäó âûñîòîé ñòåðíè çåðíîâûõ êóëüòóð è ñîëîìèñòîñòüþ õëåáíîé ìàññû. Òåîðåòè÷åñêèå èññëåäîâàíèÿ 
îáîñíîâûâàþò âçàèìîñâÿçü ìåæäó òåõíîëîãè÷åñêèìè ïàðàìåòðàìè ñòåðíè çåðíîâûõ êóëüòóð è ýêñïëóàòàöè-
îííûìè ïàðàìåòðàìè êîìáàéíà è æàòêè. Ïîëó÷åííûå çàêîíîìåðíîñòè ñâèäåòåëüñòâóþò î ñëîæíîì õàðàêòåðå 
ïðîòåêàíèÿ ïðîöåññà óáîðêè çåðíîâûõ êóëüòóð ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà.
Êëþ÷åâûå ñëîâà: êîìáàéí, ñòåðíÿ, âûñîêîñòåðíåâàÿ êóëèñà, ïîòåðè çåðíà, ðàáî÷àÿ ñêîðîñòü, ñîëîìèñòîñòü 
õëåáíîé ìàññû, âûñîòà ñòåðíè, æàòêà, óáîðêà, ïðÿìîå êîìáàéíèðîâàíèå.

The article deals with the process of direct combining of grain crops with the formation of a high-steep wedge in the 
track of the combine. The scheme of differentiation of the stubble height along the width of harvester of combine 
threshing during harvesting of grain crops by direct combining is given. Regularities characterizing the change in the 
threshing capacity and working speed of the combine harvester, depending on the technological properties of grain 
crops, are presented. A relationship is revealed between the height of the stubble, the loss of grain behind the com-
bine and the straw content of the bread mass. Graphical interpretation of these dependencies shows that the loss of 
grain behind the combine can be reduced by changing the straw content of the bread mass by increasing the cutting 
height of productive plants during the harvesting of cereals. The maximum allowable height of stubble in the track 
of the combine is substantiated, the limiting value of which is determined by the height of the stalk of cereals during 
harvesting by direct combining. In addition, the relationship between the maximum permissible height of stubble 
in the harvester track and the parameters characterizing the kinematic regime of the header, the height of the knife 
setting and the stalk of grain crops was revealed. With direct combining, the working speed of the combine is de-
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termined not only by the rational loading of the thresher, but also by ensuring the required quality of grain mowing, 
on which the loss of grain due to the header is dependent. Proceeding from this situation in the course of theoretical 
research, regularities that characterize changes in the maximum permissible stubble height during harvesting of grain 
crops by direct combining with the formation of a high-steep wedge in the track of the combine are obtained. The 
correlation between the straw capacity of grain, the technical and operational parameters, the operating conditions 
of the combine and header, and the technological properties of cereals is determined. On the basis of the analytical 
dependencies characterizing the change in grain losses behind the combine from the parameters of the straw content 
of the bread mass and the height of the stubble of cereal crops, a system of equations was obtained by means of which 
the relationship between the height of the stubble of cereals and the straw capacity of the bread mass was determined. 
Theoretical studies substantiate the relationship between the technological parameters of stubble crops and the opera-
tional parameters of the combine and header. The obtained regularities testify to the complex character of the course 
of the harvesting process of grain crops with the formation of a high-steep wedge in the track of the combine.
Keywords: harvester, stubble, high-steep wedge, grain loss, working speed, straw bread mass, stubble height, head-
er, harvesting, direct combining.

Ââåäåíèå
Â ïîñëåäíåå âðåìÿ êàê ïðàêòèêà, òàê è 

íàóêà [1–5] îáðàùàþò âíèìàíèå íà ðåñóðñî-
ñáåðåæåíèå â òåõíîëîãèÿõ âîçäåëûâàíèÿ çåð-
íîâûõ êóëüòóð çà ñ÷åò áèîëîãèçàöèè çåìëåäå-
ëèÿ, íàïðàâëåííîãî íà ñîõðàíåíèå ïëîäîðîäèÿ 
è âîäíûõ ðåñóðñîâ ïî÷âû, ïîâûøåíèå óðîæàé-
íîñòè è ñîêðàùåíèå ðåñóðñíûõ çà òðàò. Îäíèì 
èç ñïîñîáîâ â äàííîì íàïðàâëåíèè ÿâëÿåòñÿ 
ïðèìåíåíèå â ïåðèîä óáîðêè çåðíîâûõ êóëüòóð 
ïðÿìîãî êîìáàéíèðîâàíèÿ ñ îáðàçîâàíèåì âû-
ñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà.

Öåëü èññëåäîâàíèÿ
Óñòàíîâëåíèå çàêîíîìåðíîñòåé, õàðàêòåðè-

çóþùèõ âçàèìîñâÿçü ìåæäó êîíñòðóêòèâíû-
ìè, ýêñïëóàòàöèîííûìè è òåõíîëîãè÷åñêèìè 
ïàðàìåòðàìè çåðíîâûõ êóëüòóð è êîìáàéíà è 
æàòêè.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Èññëåäîâàíèÿ áàçèðóþòñÿ íà îáùåïðèíÿ-

òûõ ìåòîäè÷åñêèõ ïîëîæåíèÿõ îáùåëîãè÷å-
ñêîãî ìåòîäà è ìàòåìàòè÷åñêîãî àíàëèçà.

Â ïðîöåññå èññëåäîâàíèÿ ðåøàëè ñëåäóþ-
ùèå çàäà÷è: âûÿâëåíèå çàêîíîìåðíîñòåé, õà-
ðàêòåðèçóþùèõ èçìåíåíèå ýêñïëóàòàöèîííûõ 
ïàðàìåòðîâ êîìáàéíà â çàâèñèìîñòè îò êîí-
ñòðóêòèâíûõ ïàðàìåòðîâ æàòêè è òåõíîëîãè-
÷åñêèõ ñâîéñòâ çåðíîâûõ êóëüòóð; âûÿâëåíèå 
çàêîíîìåðíîñòåé, õàðàêòåðèçóþùèõ èçìåíå-
íèå ïàðàìåòðîâ ñòåðíè ïðè ïðÿìîì êîìáàéíè-
ðîâàíèè çåðíîâûõ êóëüòóð.

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ïðè óáîðêå çåðíîâûõ ïðÿìûì êîìáàéíè-

ðîâàíèåì ÷àñîâàÿ ïðîèçâîäèòåëüíîñòü (ãà/÷) 
ìàøèíû ñîñòàâèò [2–6]:

  ÷ æ k ñì0,36W B V , (1)

ãäå B
æ 

– øèðèíà çàõâàòà æàòêè, ì; V
k
 – ðàáî-

÷àÿ ñêîðîñòü êîìáàéíà, ì/ñ; 
cì 

– êîýôôèöèåíò, 
ó÷èòûâàþùèé ïîòåðè âðåìåíè ïî òåõíîëîãè-
÷åñêèì ïðè÷èíàì.

Ñîñòàâëÿþùàÿ B
æ
, ïðèâåäåííàÿ â âûðàæåíèè 

(1), ìîæåò áûòü îïðåäåëåíà èç óðàâíåíèÿ [5–6]:

 

æ

k
ñ

1
1

q
Â

V


 
  

ÇÓ

,  (2)

ãäå q – ïðîïóñêíàÿ ñïîñîáíîñòü ìîëîòèë-
êè, êã/ñ; Ó

Ç
 – óðîæàéíîñòü çåðíîâûõ êóëüòóð, 

êã/ì2; 
ñ
 – êîýôôèöèåíò, õàðàêòåðèçóþùèé ñî-

ëîìèñòîñòü õëåáíîé ìàññû.
Ïðîïóñêíàÿ ñïîñîáíîñòü ìîëîòèëêè q êîì-

áàéíà çàâèñèò îò íàëè÷èÿ â õëåáíîé ìàññå ïðî-
äóêòèâíûõ è íåïðîäóêòèâíûõ ðàñòåíèé è èç-
ìåíÿåòñÿ ñ ó÷åòîì ýòîãî ïî âûðàæåíèþ [5–6]:

 

  
      

ï
c

1
0,6 1q q ,  (3)

ãäå q
ï
 – ïàñïîðòíàÿ ïðîïóñêíàÿ ñïîñîáíîñòü 

ìîëîòèëêè, êã/ñ;  – êîýôôèöèåíò, õàðàêòåðè-
çóþùèé çàñîðåííîñòü õëåáíîé ìàññû;   – êî-
ýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå êîëåáàíèé 
ïîäà÷è õëåáíîé ìàññû íà ïðîïóñêíóþ ñïîñîá-
íîñòü ìîëîòèëêè.

Íà îñíîâå óðàâíåíèé (2) è (3) ïîñëå âñåõ 
ïðåîáðàçîâàíèé ïîëó÷èì, ÷òî [7, 8]: 

 
ï

ê

æ
ñ

1
0,6 1

1
1

c

q

V

B

  
     
 
  

ÇÓ

.   (4)

Èç âûðàæåíèÿ (4) âèäíî, ÷òî ïðè Â
æ 

= const 
è ïðîïóñêíîé ñïîñîáíîñòè ìîëîòèëêè êîìáàé-
íà q

ï
 ðàáî÷àÿ ñêîðîñòü ìàøèíû V

ê
 çàâèñèò îò 

òåõíîëîãè÷åñêèõ ñâîéñòâ çåðíîâûõ êóëüòóð 
(Ó

Ç
, 

ñ, 
).
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Â ðàáîòàõ Ø.Ñ. Èêñàíîâà [8, 9] îòìå÷àåòñÿ, 
÷òî óìåíüøåíèå êîýôôèöèåíòà ñîëîìèñòîñòè 
õëåáíîé ìàññû 

ñ
 çà ñ÷åò âûñîêîãî ñðåçà ñòå-

áëåé ïðîäóêòèâíûõ ðàñòåíèé ïîëîæèòåëüíî 
ñêàçûâàåòñÿ íà ðàáî÷åé ñêîðîñòè äâèæåíèÿ 
êîìáàéíà. Òàê, ñíèæåíèå êîýôôèöèåíòà 

ñ
 ñ 

0,724 äî 0,56 ïðèâîäèò ê ïîâûøåíèþ ðàáî-
÷åé ñêîðîñòè êîìáàéíà V

ê
 äî 23,0 %. Êðîìå 

òîãî, îñòàâëåíèå íà ïîëå áîëåå âëàæíîé ÷àñòè 
ñòåáëÿ – íèæíåé (21,0–48,0 % [9]) – ïîëîæè-
òåëüíî ñêàçûâàåòñÿ íà ïðîïóñêíîé ñïîñîáíî-
ñòè ìîëîòèëêè êîìáàéíà.

Íà îñíîâàíèè äàííûõ Ø.Ñ. Èêñàíîâà [8, 9] 
ïîëó÷åíà àíàëèòè÷åñêàÿ çàâèñèìîñòü âèäà:

 
2

ñò c c ,h a b c       (5)

ãäå h
ñò

 – âûñîòà ñòåðíè çåðíîâûõ êóëüòóð, ì; 


ñ
 – êîýôôèöèåíò, õàðàêòåðèçóþùèé ñîëîìè-

ñòîñòü õëåáíîé ìàññû, 
ñ
  (0,724–0,560). Âå-

ëè÷èíà 
ñ
 = 0,724 ñîîòâåòñòâóåò íîðìàëüíîìó 

ñðåçó ðàñòåíèé ïî âûñîòå, òî åñòü Íhñò  = 0,10 ì; 
a, b, c – êîýôôèöèåíòû ïðîïîðöèîíàëüíîñòè, 
îïðåäåëÿåìûå íà îñíîâå îïûòíûõ äàííûõ, 
a = 19,749; b = 26,856; c = 9,092.

Ïðè ýòîì ïîòåðè çåðíà P
ç
 çà êîìáàéíîì â 

çàâèñèìîñòè îò êîýôôèöèåíòà ñîëîìèñòîñòè 
õëåáíîé ìàññû 

ñ
 èçìåíÿþòñÿ: 

     2
ñò 1 c 1 c 1,P a b c   (6)

ãäå P
ç
 – ïîòåðè çåðíà çà êîìáàéíîì, %; 

a
1
, b

1
, c

1
 – êîýôôèöèåíòû ïðîïîðöèîíàëüíî-

ñòè, îï ðåäåëÿåìûå íà îñíîâå îïûòíûõ äàííûõ, 
a

1 
= –32,718; b

1 
= 48,672; c

1 
= 15,687.

Â çàâèñèìîñòè îò ðàáî÷åé ñêîðîñòè äâèæå-
íèÿ ìàøèíû V

k
 ïîòåðè çåðíà (P

ç
, %) çà êîìáàé-

íîì ðàâíû [10]:

    
2ä 0

ç ë k õë ñ õë0,2 / ( )õ kÐ Ó V V Ó Ó ,  (7)

ãäå Ó
õë

 – óðîæàéíîñòü ïîëÿ, ò/ãà; V
k
 – ðàáî÷àÿ 

ñêîðîñòü äâèæåíèÿ êîìáàéíà, ì/ñ; ä
kV  – àãðî-

òåõíè÷åñêè äîïóñêàåìàÿ ñêîðîñòü äâèæåíèÿ 
êîìáàéíà, ì/ñ, â ðàñ÷åòàõ ïðèíÿòà ä

kV  = 2,1 ì/ñ 
[6]; 0

õëÓ  – óðîæàéíîñòü àðáèòðàæíàÿ (áèîëîãè-
÷åñêàÿ) ïîëÿ, ò/ãà.

Ãðàôè÷åñêàÿ èíòåðïðåòàöèÿ óðàâíåíèé (5), 
(6), (7) ïðåäñòàâëåíà íà ðèñ. 1. Èç ãðàôè÷åñêèõ 
çàâèñèìîñòåé âèäíî, ÷òî ñ óâåëè÷åíèåì ðàáî-
÷åé ñêîðîñòè äâèæåíèÿ êîìáàéíà V

ê
 ïîòåðè 

çåðíà P
ç
 âîçðàñòàþò. Äàííûå ïîòåðè ìîæíî 

óìåíüøèòü çà ñ÷åò ñíèæåíèÿ ñîëîìèñòîñòè 
õëåáíîé ìàññû Ð

ç 
= f(

ñ
), ïîñðåäñòâîì óâåëè÷å-

íèÿ âûñîòû ñðåçà ñòåáëåé ïðîäóêòèâíûõ ðàñ-
òåíèé, à ýòî ïîâûøåíèå âûñîòû ñòåðíè h

ñò
, êî-

òîðàÿ îïèñûâàåòñÿ óðàâíåíèåì (5).
Çàâèñèìîñòè ðèñ. 1 ñâèäåòåëüñòâóþò î òîì, 

÷òî ïîòåðè çåðíà çà êîìáàéíîì P
ç
 ïðè ðàáî÷èõ 

ñêîðîñòÿõ áîëåå 2,0 ì/ñ ìîæíî óìåíüøèòü çà 
ñ÷åò ñíèæåíèÿ ñîëîìèñòîñòè õëåáíîé ìàññû 


ñ
. Èç ðèñ. 1 âèäíî, ÷òî ïðè êîýôôèöèåíòå ñî-

ëîìèñòîñòè õëåáíîé ìàññû 
ñ
, ðàâíîì 0,560, 

÷òî ñîîòâåòñòâóåò âûñîòå ñòåðíè çåðíîâûõ 
(0,20–0,25 ì), ïîòåðè çåðíà çà êîìáàéíîì ñíè-
æàþòñÿ íåñóùåñòâåííî. Â ñâÿçè ñ ÷åì âûñîòó 
ñòåðíè, ðàâíóþ 0,20–0,25 ì, ìîæíî ðàññìà-
òðèâàòü êàê Í

äñò 
ïðè ôîðìèðîâàíèè âûñîêî-

Ðèñ. 1. Èçìåíåíèå ïîòåðü çåðíà Pç çà êîìáàéíîì â çàâèñèìîñòè 
îò ðàáî÷åé ñêîðîñòè äâèæåíèÿ êîìáàéíà Vk è êîýôôèöèåíòà ñîëîìèñòîñòè õëåáíîé ìàññû ñ 

(À*
òä – àãðîòåõíè÷åñêè äîïóñòèìûå ïîòåðè çåðíà çà êîìáàéíîì)
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ñòåðíåâîé êóëèñû â êîëåå êîìáàéíà âî âðåìÿ 
óáîðêè çåðíîâûõ êóëüòóð ïðÿìûì êîìáàéíè-
ðîâàíèåì.

Ïðè ïðÿìîì êîìáàéíèðîâàíèè çåðíî-
âûõ êóëüòóð ðàáî÷óþ ñêîðîñòü äâèæåíèÿ V

ê
 

ìàøèíû îïðåäåëÿþò íå òîëüêî èç óñëîâèÿ îáå-
ñïå÷åíèÿ ðàöèîíàëüíîé çàãðóçêè ìîëîòèëêè, 
íî è èñõîäÿ èç îáåñïå÷åíèÿ òðåáóåìîãî êà÷å-
ñòâà ñêàøèâàíèÿ çåðíîâûõ, îò êîòîðîãî çàâè-
ñÿò ïîòåðè çåðíà çà æàòêîé.

Èñõîäÿ èç äàííîãî óñëîâèÿ, À.Ï. Òàðàñåíêî 
[11] îïðåäåëèë, ÷òî äîïóñòèìàÿ ðàáî÷àÿ ñêî-
ðîñòü äâèæåíèÿ êîìáàéíà ðàâíà:

 2 2
045

'
k 0

c

tg
n S

V h H H H
t


    

 äñò ,  (8)

ãäå n – ÷àñòîòà âðàùåíèÿ âàëà ïðèâîäà íîæà, 
ñ-1; S – õîä íîæà, ì; t

c
 – øàã ðàññòàíîâêè ñåã-

ìåíòîâ, ì; h’ – âûñîòà ñåãìåíòà, ì; Í
äñò 

– ìàê-
ñèìàëüíî äîïóñòèìàÿ âûñîòà ñðåçà, ì; çàâèñèò 
îò âûñîòû ñòåáëåñòîÿ çåðíîâûõ, ïîòåðü çåðíà 
çà æàòêîé, îáåñïå÷åíèÿ ñíåãîçàäåðæàíèÿ ñòåð-
íåé; Í

0
 – âûñîòà óñòàíîâêè íîæà, ì;  – óãîë 

íàêëîíà ñòåáëåé äî ñðåçà, ãðàä.
Ïðèìåì äîïóùåíèå â èññëåäîâàíèÿõ, ÷òî 

 = 0, òîãäà  0 tg 0H .
Â ðåçóëüòàòå âûðàæåíèå (8) ïðèìåò âèä:

 
 2 2

045
'

k
c

nS
V h H H

t
  äñò . (9)

Íà îñíîâàíèè âûðàæåíèÿ (9) ïîñëå âñåõ ïðå-
îáðàçîâàíèé ïîëó÷èì, ÷òî:

 

 
   

 

2

2c
äñò k 0

45
1

t
Í V H

nS
.   (10)

Èç âûðàæåíèÿ (10) ñëåäóåò, ÷òî ïîñðåä-
ñòâîì èçìåíåíèÿ ïàðàìåòðîâ (n, S, t

c
) ðåæóùå-

ãî àïïàðàòà æàòêè è ðàáî÷åé ñêîðîñòè äâèæå-
íèÿ êîìáàéíà V

ê
 ìîæíî èçìåíèòü ìàêñèìàëüíî 

äîïóñòèìóþ âûñîòó ñðåçà, à ñëåäîâàòåëüíî, è 
âûñîòó ñòåðíè. Ñ ó÷åòîì çàâèñèìîñòè (4) âû-
ðàæåíèå (10) ïðèìåò âèä:

ï
2c

äñò 0

æ
ñ

1
0,6 1

45

1
1

c

q
t

Í H
nS

B

   
                     

ÇÓ
. (11)

Èç âûðàæåíèÿ (11) ñëåäóåò, ÷òî ìàêñèìàëü-
íî äîïóñòèìàÿ âûñîòà ñðåçà ñòåáëåïðîäóêòèâ-
íûõ ðàñòåíèé Í

äñò
 ìîæåò áûòü óìåíüøåíà çà 

ñ÷åò (n, S, t
c
) è Í

0 
– âûñîòû óñòàíîâêè ðåæóùå-

ãî àïïàðàòà ëèáî ïîñðåäñòâîì ïðèìåíåíèÿ äî-
ïîëíèòåëüíîãî òåõíè÷åñêîãî óñòðîéñòâà äëÿ 
ñðåçàíèÿ ñòåáëåé ñòåðíè.

Ïðè óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîì-
áàéíèðîâàíèåì ñ îáðàçîâàíèåì âûñîêîñòåðíå-
âîé êóëèñû â êîëåå êîìáàéíà íà ó÷àñòêàõ Â

íñ
 

(ðèñ. 2) æàòêè êîìáàéíà, ãäå îáðàçóåòñÿ ñòåðíÿ 
íîðìàëüíîé âûñîòû ñðåçà ñòåáëåé, H

äñò
 ìîæíî 

ðàññìàòðèâàòü êàê ñóììó äâóõ ñîñòàâëÿþùèõ: 
í
ñòh – âûñîòà ñòåðíè íîðìàëüíîãî ñðåçà ñòåáëåé 

( í
ñòh = 0,10...0,12) è h – ÷àñòü âûñîòû ñòåðíè óäà-

ëÿåìîé äîïîëíèòåëüíûì òåõíè÷åñêèì óñòðîé-
ñòâîì æàòêè âî âðåìÿ ñêàøèâàíèÿ çåðíîâûõ 
êóëüòóð. 

Òîãäà èñõîäÿ èç äàííîãî óñëîâèÿ âåëè÷èíó 
H

äñò
 äëÿ ó÷àñòêîâ Â

íñ
 øèðèíû çàõâàòà æàòêè 

ìîæíî çàïèñàòü òàê: 

í
ñòh 2

0

10 6 1
45

11

ï

c

æ
ñ

,
c

q
t

h H
nS

B

   
                     

ÇÓ

èëè

2
0

10 6 1
45

11

ï

c

æ
ñ

,
c

q
t

h H
nS

B

   
                     

ÇÓ

í
ñòh .

 
  

(12)

Èç âûðàæåíèÿ (12) ñëåäóåò, ÷òî ïðè 
H

î
 = const è í

ñò consth  óäàëÿåìàÿ ÷àñòü âûñîòû 

Ðèñ. 2. Ñõåìà äèôôåðåíöèàöèè âûñîòû ñòåðíè ïðè ïðÿìîì êîìáàéíèðîâàíèè çåðíîâûõ êóëüòóð 
ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà
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h ñòåðíè äîïîëíèòåëüíûì ðåæóùèì àïïà-
ðàòîì íà ó÷àñòêàõ Â

íñ
 øèðèíû çàõâàòà æàòêè 

(ðèñ. 2) çàâèñèò êàê îò ïàðàìåòðîâ ðåæóùåãî 
àïïàðàòà, òàê è îò êîìáàéíà.

Ñîñòàâëÿþùàÿ V
k
 âûðàæåíèÿ (10) ïðè 

ïðÿìîì êîìáàéíèðîâàíèè çåðíîâûõ êóëüòóð 
îãðàíè÷èâàåòñÿ è òðåáîâàíèÿìè ïî ïîòåðÿì 
çåðíà çà æàòêîé, êîòîðûå îáðàçóþòñÿ îò âîçäåé-
ñòâèÿ ðàáî÷èõ îðãàíîâ ìîòîâèëà. Ïî äàííûì 
ðàáîòû [11] ñêîðîñòü äâèæåíèÿ êîìáàéíà: 

    2

02
0

2 2

0 0

1

2
1

4

â
k

ì

3

( )
( )

( )

( )

V
V

l H
l H l

l
l

H l H


  

    
   
  
    

ñò
ñò

ñò

ñò

, (13)

ãäå V
â 
– ñêîðîñòü âîçäåéñòâèÿ ðàáî÷èõ îðãàíîâ 

ìîòîâèëà æàòêè, ïðè êîòîðîé íà÷èíàåòñÿ âûäå-
ëåíèå çåðíà èç êîëîñà, ì/ñ; l

ç
 – äëèíà çåðíîâêè, 

ì;  – êèíåìàòè÷åñêèé ðåæèì ðàáîòû ìîòîâè-
ëà, ñîîòíîøåíèå   ì êV V ; l

ñò
 – âûñîòà ñòåáëå-

ñòîÿ çåðíîâûõ êóëüòóð, ì; l
ì
 – âûñîòà óñòàíîâ-

êè ãðàáëèíû ìîòîâèëà, ì;  – êîýôôèöèåíò, 
õàðàêòåðèçóåò ñîîòíîøåíèå ìåæäó ñêîðîñòüþ 
íîæà ðåæóùåãî àïïàðàòà V

í
 è ðàáî÷åé ñêîðî-

ñòüþ äâèæåíèÿ êîìáàéíà V
k
 , òî åñòü   í êV V . 

Âåëè÷èíà  = 0,31–1,6 [11].
Èç óðàâíåíèÿ (13) ñëåäóåò, ÷òî äîïóñòèìàÿ 

ñêîðîñòü äâèæåíèÿ êîìáàéíà V
k
 çàâèñèò îò 

àãðîáèîëîãè÷åñêèõ õàðàêòåðèñòèê çåðíîâûõ 
êóëüòóð l

cò
, âûñîòû óñòàíîâêè íîæà Í

0
 è ïàðà-

ìåòðîâ  è .
Äàëåå âåëè÷èíó ðàáî÷åé ñêîðîñòè äâèæå-

íèÿ êîìáàéíà V
k
 èç âûðàæåíèÿ (13) ïîäñòàâèì â 

óðàâíåíèå (10) è îïðåäåëèì âçàèìîñâÿçü ìåæäó 
ìàêñèìàëüíî äîïóñòèìîé âûñîòîé ñðåçà Í

äñò
, 

à ñëåäîâàòåëüíî, è âûñîòîé ñòåðíè, è ïàðàìå-
òðàìè (, l

ñò
, Í

î
).

Â îáùåì âèäå óðàâíåíèå ïðèìåò âèä:

 
   

 

2
2

0 0
0

2 2

0 0
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1

2
1

4

c

B

äñò
ì

ç

.

t

nS

V

l HH H
l H l

l
l

H l H

  
  

  
 
 

   
        

                

ñò
ñò

ñò

ñò

Òîãäà èñõîäÿ èç âûøåèçëîæåííîãî äëÿ ïðÿ-
ìîãî êîìáàéíèðîâàíèÿ çåðíîâûõ êóëüòóð ñ îá-
ðàçîâàíèåì âûñîêîñòåðíåâîé êóëèñû â êîëåå 
êîìáàéíà äîëæíî âûïîëíÿòüñÿ íåðàâåíñòâî:

– ïðè äëèíå ñòåáëåñòîÿ l
cò

 äî 0,8 ì:

H
äñò

  (0,20...0,25;

– ïðè äëèíå ñòåáëåñòîÿ l
cò

 áîëåå 0,8 ì:

H
äñò

  (0,20...0,35.

Ïðè óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîì-
áàéíèðîâàíèåì ñîëîìèñòîñòü õëåáíîé ìàññû 
èçìåíÿåòñÿ ïî âûðàæåíèþ: 

2

2
0

2 2

0
0 0

1

20 6 2
1

4

ì

ï 3

ñ
B

( )
( )

,

( )
( )

.

l H l

q l
l

l H
H l H

V B

  
   

   
  
       

ñò

ñò

ñò
ñò

æ çÓ

(14)
Èç âûðàæåíèÿ (14) âèäíî, ÷òî ñîëîìèñòîñòü 

õëåáíîé ìàññû ïðè ïðÿìîì êîìáàéíèðîâàíèè 
çåðíîâûõ êóëüòóð ñ îáðàçîâàíèåì âûñîêîñòåð-
íåâîé êóëèñû â êîëåå ïðÿìî ïðîïîðöèîíàëüíà 
ïðîïóñêíîé ñïîñîáíîñòè ìîëîòèëêè êîìáàéíà, 
ïàðàìåòðàì è ðåæèìàì ðàáîòû æàòêè è îáðàò-
íî ïðîïîðöèîíàëüíà ñêîðîñòè âîçäåéñòâèÿ ðà-
áî÷èõ îðãàíîâ íà êîëîñ, øèðèíå çàõâàòà æàòêè 
è óðîæàéíîñòè çåðíîâûõ êóëüòóð.

Â õîäå òåîðåòè÷åñêèõ èçûñêàíèé óñòàíîâ-
ëåíî, ÷òî ïîòåðè çåðíà çà êîìáàéíîì (P

ç
, %) â 

çàâèñèìîñòè îò ñîëîìèñòîñòè õëåáíîé ìàññû 
îïèñûâàþòñÿ óðàâíåíèåì:

      2
ç 2 2 2ñ ñÐ à â ñ , (15)

ãäå ñ  – êîýôôèöèåíò, õàðàêòåðèçóþùèé ñî-
ëîìèñòîñòü õëåáíîé ìàññû,    0,56...0,724ñ ; 

2 2 2,  , à â ñ  – êîýôôèöèåíòû ïðîïîðöèîíàëüíî-
ñòè, îïðåäåëÿåìûå íà îñíîâå îïûòíûõ äàííûõ, 

  2 2 232,718;  48,672; 15,687.à â ñ
Ïðè ýòîì ïîòåðè çåðíà çà êîìáàéíîì (P

ç
, %) 

â çàâèñèìîñòè îò âûñîòû ñòåðíè ïðè ïðÿìîì 
êîìáàéíèðîâàíèè çåðíîâûõ êóëüòóð ðàâíû:

  ç 1 ñò 1Ð à h â  ,  (16)

ãäå h
ñò

 – âûñîòà ñòåðíè çåðíîâûõ êóëüòóð, 
 ñò 0,10...0,40h  ì; 1 1,  à â  – êîýôôèöèåíòû 

ïðîïîðöèîíàëüíîñòè, îïðåäåëÿåìûå íà îñíîâå 
îïûòíûõ äàííûõ,  1 12,311;  0,039à â .
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Íà îñíîâå óðàâíåíèé (15) è (16) ìîæíî çà-
ïèñàòü ñèñòåìó âèäà:

 

      


 

2
ç 2 2 2

ç 1 cn 1

;

.
ñ ñÐ à â ñ

Ð à h â
 (17)

Ñîâìåñòíîå ðåøåíèå óðàâíåíèé ñèñòåìû 
(17) äàåò ðåøåíèå âèäà   cò ñh f , òî åñòü: 

    


2
2 2 2

ñò
1

ñ ñà â ñ
h

à
.

Âûðàæåíèå ïîêàçûâàåò, ÷òî âûñîòà ñòåðíè 
h

ñò
 çåðíîâûõ êóëüòóð ïðè èõ ïðÿìîì êîìáàé-

íèðîâàíèè â çàâèñèìîñòè îò ñîëîìèñòîñòè 
õëåáíîé ìàññû, êîòîðàÿ îïðåäåëÿåòñÿ, ïðåæäå 
âñåãî, âûñîòîé ñêàøèâàíèÿ, èçìåíÿåòñÿ ïî 
óðàâíåíèþ 2-ãî ïîðÿäêà.

Âûâîäû
Â ðåçóëüòàòå òåîðåòè÷åñêèõ èçûñêàíèé ïî-

ëó÷åíû àíàëèòè÷åñêèå çàâèñèìîñòè, êîòîðûå 
ðàñêðûâàþò âçàèìîñâÿçü ìåæäó ïàðàìåòðàìè 
è ðåæèìàìè ðàáîòû æàòêè è êîìáàéíà ïðè 
óáîðêå çåðíîâûõ êóëüòóð ïðÿìûì êîìáàéíè-
ðîâàíèåì ñ îáðàçîâàíèåì âûñîêîñòåðíåâîé 
êóëèñû â êîëåå. Óñòàíîâëåíà çàêîíîìåðíîñòü, 
îïèñûâàþùàÿ îáðàçîâàíèå ñòåðíè çåðíîâûõ 
êóëüòóð ñ ìàêñèìàëüíî äîïóñòèìîé âûñîòîé. 
Ïðè ýòîì ðàñêðûòà âçàèìîñâÿçü ìåæäó ïî-
òåðÿìè çåðíà çà êîìáàéíîì è âûñîòîé ñòåðíè 
çåðíîâûõ êóëüòóð è ñîëîìèñòîñòüþ õëåáíîé 
ìàññû.

Âûÿâëåííûå çàêîíîìåðíîñòè ñâèäåòåëü-
ñòâóþò î ñëîæíîì õàðàêòåðå ïðîòåêàíèÿ ïðî-
öåññà óáîðêè çåðíîâûõ êóëüòóð ñ îáðàçîâàíè-
åì âûñîêîñòåðíåâîé êóëèñû â êîëåå êîìáàéíà.
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Âûñåâàþùèå àïïàðàòû çåðíîâûõ è ïðîïàøíûõ ñåÿëîê ñóùåñòâåííî îòëè÷àþòñÿ. Âûñåâàþùèå àïïàðàòû çåðíî-
âûõ ñåÿëîê îñóùåñòâëÿþò îáû÷íûé íåóïîðÿäî÷åííûé âûñåâ, òîãäà êàê ïðîïàøíûå ñåÿëêè – òî÷íûé ïóíêòèð-
íûé âûñåâ ñ çàäàííûìè ðàññòîÿíèÿìè ìåæäó ñåìåíàìè â ðÿäêå. Íàèáîëüøåå ðàñïðîñòðàíåíèå äëÿ çåðíîâûõ 
ñåÿëîê ïîëó÷èë êàòóøå÷íûé âûñåâàþùèé àïïàðàò. Äëÿ âûñåâà ñåìÿí ðàçíûõ êóëüòóð èñïîëüçóþò êàòóøêè ñ 
ðàçëè÷íûìè ïî ðàçìåðàì è ôîðìå æåëîáêàìè. Êàòóøå÷íûå âûñåâàþùèå àïïàðàòû îñóùåñòâëÿþò ñòåñíåííîå 
ïåðåìåùåíèå ñåìÿí, ÷òî ïðèâîäèò ê ìåõàíè÷åñêîìó âîçäåéñòâèþ íà ñåìåíà, ÷àñòè÷íîìó èõ ïîâðåæäåíèþ. 
Â ïðîïàøíûõ ñåÿëêàõ ÷àùå âñåãî èñïîëüçóþò ïíåâìàòè÷åñêèå âûñåâàþùèå àïïàðàòû. Îíè ïðåäóñìàòðèâàþò 
íàëè÷èå âåíòèëÿòîðà, ïíåâìîñèñòåìû, âûñåâàþùèõ äèñêîâ. Ê îòâåðñòèÿì âûñåâàþùèõ äèñêîâ ÷àñòî ïðèñàñû-
âàåòñÿ ïî äâà-òðè ñåìåíè, ÷òî óñëîæíÿåò êîíñòðóêöèþ è ðåãóëèðîâêè. Ïðåäëîæåí óíèâåðñàëüíûé êîíóñíûé 
âûñåâàþùèé àïïàðàò. Îí âêëþ÷àåò óñå÷åííûé ïðÿìîé êîíóñ, êîòîðûé çàêàí÷èâàåòñÿ êîëüöàìè. Âåðõíåå êîëü-
öî ñîåäèíÿåòñÿ ñ áóíêåðîì äëÿ ñåìÿí, íà íèæíåì êîëüöå ïî âñåé îêðóæíîñòè ðàçìåùåíû ñêâîçíûå ÿ÷åéêè. 
Ñ òîðöåâîé ñòîðîíû íèæíåãî êîëüöà óñòàíîâëåíà êðûøêà, ÷àñòü êîòîðîé ñíàáæåíà îáîäîì, çàêðûâàþùèì 
ÿ÷åéêè. Êðûøêà èìååò âîçìîæíîñòü ïîâîðà÷èâàòüñÿ âîêðóã ãîðèçîíòàëüíîé îñè. Îïðåäåëåíû êîíñòðóêòèâíûå 
ïàðàìåòðû óñå÷åííîãî ïðÿìîãî êîíóñà: äèàìåòð âåðõíåãî îñíîâàíèÿ 55 ìì, íèæíåãî 80 ìì, óãîë êîíóñà 9°, 
äëèíà 80 ìì. Ðàññ÷èòàíû ïàðàìåòðû ñêâîçíûõ ÿ÷ååê ïðèìåíèòåëüíî ê âûñåâó ñåìÿí êóêóðóçû è ïîäñîëíå÷íè-
êà. Òåîðåòè÷åñêè îáîñíîâàíà êðèòè÷åñêàÿ ÷àñòîòà âðàùåíèÿ óñå÷åííîãî ïðÿìîãî êîíóñà. Îíà ñîñòàâëÿåò 2 ñ-1. 
Íàéäåíû ìàòåìàòè÷åñêèå ìîäåëè, îïðåäåëÿþùèå äîçû ñåìÿí ïðè âûñåâå çåðíîâûõ è ïðîïàøíûõ êóëüòóð â 
çàâèñèìîñòè îò ÷àñòîòû âðàùåíèÿ êîíóñà è ñêîðîñòè ðàáî÷åãî äâèæåíèÿ ñåÿëêè. Âûñåâàþùèé àïïàðàò îáåñïå-
÷èâàåò îáû÷íûé âûñåâ ñåìÿí çåðíîâûõ êîëîñîâûõ êóëüòóð è òî÷íûé – ïóíêòèðíûé ïðîïàøíûõ êóëüòóð. Ýòî 
åäèíñòâåííûé óíèâåðñàëüíûé âûñåâàþùèé àïïàðàò. 
Êëþ÷åâûå ñëîâà: ñåÿëêà, óíèâåðñàëüíûé âûñåâàþùèé àïïàðàò, êîíóñ, ÷àñòîòà âðàùåíèÿ, äîçû âûñåâà, ÿ÷åéêà.

The sowing machines of grain and tilled seeders are significantly different. The sowing machines of grain seeders per-
form the usual unsettled sowing, while the sowing drills are a precise dotted sowing with given distances between the 
seeds in a row. The greatest distribution for grain seeders has been a reel sowing machine. The greatest distribution 
for grain seeders has been a reel sowing machine. For the sowing of seeds of different cultures, coils with different 
in size and shape grooves are used. Coil sowing machines carry out a cramped movement of seeds, which leads to 
a mechanical effect on the seeds, partly to their damage. In a row seed drill, pneumatic seeders are most often used. 
They provide for the presence of a fan, pneumatic system, sowing discs. To the holes of the sowing discs, two or 
three seeds are often sucked in, which complicates the design and adjustments. A universal cone seeder is proposed. 
It includes a truncated straight cone, which ends in rings. The upper ring is connected to the seed hopper, and the 
through ring is placed along the entire circumference of the lower ring. From the front side of the lower ring there 
is a cover, part of which is provided with a rim, which closes the cells. The cover has the ability to rotate around the 
horizontal axis. The design parameters of the truncated straight cone are determined: the diameter of the upper base 
is 55 mm, the lower one is 80 mm, the cone angle is 9°, the length is 80 mm. The parameters of through cells for 
seeding corn and sunflower seeds are calculated. The critical rotational speed of a truncated straight cone is theoreti-
cally justified. It is 2 ñ-1. Mathematical models are found that determine the dose of seeds during sowing of cereals 
and tilled crops depending on the frequency of rotation of the cone and the speed of the working movement of the 
seeder. The sowing device provides the usual sowing of seeds of grain crops and exact – dotted row crops. This is 
the only universal seeder.
Keywords: seeder, universal seeder, cone, rotational speed, seeding dose, cell.
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Ââåäåíèå
Â íàñòîÿùèå âðåìÿ äëÿ âûñåâà ñåìÿí çåðíî-

âûõ êîëîñîâûõ êóëüòóð (ïøåíèöà è äð.) è ïðî-
ïàøíûõ êóëüòóð (êóêóðóçà, ïîäñîëíå÷íèê) èñ-
ïîëüçóþò ðàçíûå, êàê ïî êîíñòðóêöèè, òàê è ïî 
òåõíîëîãèè, âûñåâàþùèå àïïàðàòû. 

Äëÿ âûñåâà çåðíîâûõ êîëîñîâûõ êóëüòóð 
ïðèìåíÿþòñÿ êàòóøå÷íûå âûñåâàþùèå àïïàðà-
òû (ðèñ. 1) [1].

Êàòóøêà 2 ïðè âðàùåíèè ïðîòèâ ÷àñîâîé 
ñòðåëêè çàõâàòûâàåò ñâîèìè æåëîáêàìè ñåìåíà 
è ïåðåìåùàåò èõ â ùåëü ìåæäó ðåáðàìè êàòóøêè 
è êëàïàíîì. Çàòåì ñåìåíà ïîñòóïàþò â ñåìÿïðî-
âîä. Ïåðåìåùåíèå ñåìÿí îñóùåñòâëÿåòñÿ â ñòåñ-
íåííîì ïðîñòðàíñòâå ìåæäó êîðïóñîì è êàòóø-
êîé, ÷òî ÷àñòè÷íî ïðèâîäèò ê èõ ïîâðåæäåíèþ.

Äëÿ òî÷íîãî âûñåâà ñåìÿí ïðîïàøíûõ êóëü-
òóð, êàê ïðàâèëî, èñïîëüçóþò ïíåâìàòè÷åñêèå 
âûñåâàþùèå àïïàðàòû, âêëþ÷àþùèå âåíòè-
ëÿòîð, ïíåâìîïðîâîäû, êàìåðû ðàçðåæåíèÿ è 
âûñåâàþùèå äèñêè. Äëÿ ñåìÿí êàæäîé ïðîïàø-
íîé êóëüòóðû ïîäáèðàþò âûñåâàþùèå äèñêè ñ 
îïðåäåëåííûì äèàìåòðîì ïðèñàñûâàþùèõ îò-
âåðñòèé [2]. Îäíàêî è ïðè ýòîì ê îòâåðñòèÿì 
ïðèñàñûâàþòñÿ ïî äâà-òðè ñåìåíè, ÷òî ïîòðå-
áîâàëî óñòàâèòü íà äèñêàõ ñ÷èùàòåëü ëèøíèõ 
ñåìÿí. Íàèáîëåå ÷àñòî âñòðå÷àþòñÿ çóá÷àòûå 
ñ÷èùàòåëè ëèøíèõ ñåìÿí (ðèñ. 2). 

Ðåçóëüòàòû èññëåäîâàíèé ïîêàçûâàþò, ÷òî 
êîýôôèöèåíò âàðèàöèè øàãà âûñåâà ñóùåñòâåí-
íî ïðåâûøàåò òðåáóåìûå 20 % è äîñòèãàåò 
40–60 %. Íàáëþäàþòñÿ äâîéíèêè è ïðîïóñêè.

Ïðè ýòîì, ïðîïàøíûå ñåÿëêè – ñåêöèîí-
íûå, ÷òî óâåëè÷èâàåò èõ ìàòåðèàëîåìêîñòü, 
ñëîæíîñòü â îáñëóæèâàíèè, îñóùåñòâëÿåòñÿ 
èíäèâèäóàëüíàÿ çàãðóçêà ñåìåíàìè ìàëîåìêèõ 
áóíêåðîâ êàæäîé ñåêöèè. Îòñóòñòâèå óíèâåð-
ñàëüíîãî âûñåâàþùåãî àïïàðàòà íå ïîçâîëÿåò 
ðàçðàáîòàòü åäèíóþ óíèâåðñàëüíóþ ñåÿëêó.

Öåëü èññëåäîâàíèÿ 
Îîáîñíîâàíèå èííîâàöèîííîãî òåõíîëîãè-

÷åñêîãî è òåõíè÷åñêîãî ðåøåíèÿ óíèâåðñàëü-
íîãî âûñåâàþùåãî àïïàðàòà.

Óíèâåðñàëüíûé êîíóñíûé 
âûñåâàþùèé àïïàðàò
Äëÿ òî÷íîãî âûñåâà ñåìÿí îáÿçàòåëüíî 

äîëæíî áûòü íàëè÷èå ïðèñàñûâàþùèõ îòâåð-
ñòèé èëè ÿ÷ååê äëÿ çàïàäàíèÿ â íèõ ñåìÿí. Íå-
ïðåðûâíûé ðÿä îòâåðñòèé è ÿ÷ååê âîçìîæåí íà 
äèñêå èëè íà öèëèíäðå. Ïíåâìàòè÷åñêèå äèñ-
êîâûå âûñåâàþùèå àïïàðàòû íå îáåñïå÷èâàþò 

òî÷íîñòü âûñåâà. Êîýôôèöèåíò âàðèàöèè øàãà 
âûñåâà ñîñòàâëÿåò 40–60 % [3, 4], òîãäà êàê ïî 
àãðîòåõíè÷åñêèì òðåáîâàíèÿì îí íå äîëæåí 
ïðåâûøàòü 20 %. Äëÿ ïåðåìåùåíèÿ ìàòåðèàëà 
íóæåí óãîë óêëîíà. Ýòó ôóíêöèþ îáû÷íî âû-
ïîëíÿåò âðàùàþùèéñÿ êîíóñ [5, 6]. 

Óíèâåðñàëüíûé êîíóñíûé âûñåâàþùèé àï-
ïàðàò ïðåäñòàâëåí íà ðèñ. 3. Îáîñíîâàííîå 
òåõíè÷åñêîå ðåøåíèå ïðåäñòàâëÿåò ñîáîé óñå-
÷åííûé ïðÿìîé êîíóñ 1 (ðèñ. 3, à), êîòîðûé çà-
êàí÷èâàåòñÿ êîëüöàìè 2 è 3. Âåðõíåå êîëüöî 3 
ñîåäèíåíî ñ áóíêåðîì äëÿ ñåìÿí 4, èìåþùèì 
çàñëîíêó 5. Íà íèæíåì êîëüöå 2 ïî âñåé îêðóæ-
íîñòè ðàçìåùåíû ñêâîçíûå ÿ÷åéêè 6. Ïåðå-
ìû÷êè 7 ìåæäó ÿ÷åéêàìè èìåþò âèä òðåóãîëü-
íèêà âåðøèíîé íàðóæó. Ñ òîðöåâîé ñòîðîíû 
íèæíåãî êîëüöà óñòàíîâëåíà êðûøêà 8, ÷àñòü 
êîòîðîé ñíàáæåíà îáîäîì 9, çàêðûâàþùèì 
ÿ÷åéêè 6 (ñì. ðèñ. 3, á). Íà êðûøêå 8 ðàçìåùåí 
õâîñòîâèê 10 (ðèñ. 3, â), ñîåäèíåííûé ñ ñåêòî-
ðîì 11 (ðèñ. 3, ã), çàêðåïëåííûì íåïîäâèæíî. 
Íà ñåêòîðå 11 èìååòñÿ êðèâîëèíåéíûé ïàç 12. 

Ðèñ. 1. Êàòóøå÷íûé âûñåâàþùèé àïïàðàò: 
1 – êëàïàí; 2 – êàòóøêà; 3 – ðîçåòêà; 

4 – êîðïóñ; 5 – ìóôòà; 6 – âàë

 à á

Ðèñ. 2. Ïíåâìàòè÷åñêèé âûñåâàþùèé 
àïïàðàò ïðîïàøíîé ñåÿëêè: 

à – îáùèé âèä; á – çóá÷àòûé ñ÷èùàòåëü 
ëèøíèõ ñåìÿí
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Îòâåðñòèå 13 íà õâîñòîâèêå 10 ñîâìåùàþò ñ 
êðèâîëèíåéíûì ïàçîì 12. Êðûøêà 8 ïðè ïî-
âîðîòå âîêðóã ãîðèçîíòàëüíîé îñè ìîæåò ôèê-
ñèðîâàòüñÿ áîëòîì ÷åðåç îòâåðñòèå 13 è ïàç 
12. Êðûøêà 8 íàäåòà íà ïðèâîäíîé âàë 14. Íà 
âàë 14 íàäåò òàêæå óñå÷åííûé ïðÿìîé êîíóñ 1. 
Äëÿ ýòîãî â öåíòðå òÿæåñòè óñå÷åííîãî ïðÿìî-
ãî êîíóñà 1 ðàçìåùåíà âòóëêà 15 (ðèñ. 3, ä) ñî 
ñïèöàìè 16, êîòîðàÿ âèíòîì 17 êðåïèòñÿ ê ïðè-
âîäíîìó âàëó 14. Ñïèöû 16 âûïîëíÿþò åùå è 
ôóíêöèþ âîðîøèëîê. 

Êîíñòðóêòèâíûå ïàðàìåòðû 
êîíóñíîãî âûñåâàþùåãî àïïàðàòà
Äèàìåòð âåðõíåãî îñíîâàíèÿ óñå÷åííîãî 

ïðÿìîãî êîíóñà 1 (âõîäíîãî îòâåðñòèÿ) äîëæåí 
ñîîòâåòñòâîâàòü óñëîâèþ:

3â max ïâD C d  ,

ãäå Ñ
max

 – ìàêñèìàëüíàÿ äëèíà ñåìåíè, ìì; 

ïâd  – äèàìåòð ïðèâîäíîãî âàëà, ìì.
Èç ïðîïàøíûõ êóëüòóð áåðóòñÿ íàèáîëåå 

ðàñïðîñòðàíåííûå: êóêóðóçà è ïîäñîëíå÷íèê.

Ðèñ. 3. Ñõåìà óíèâåðñàëüíîãî êîíóñíîãî âûñåâàþùåãî àïïàðàòà:
à – ñõåìà ðàáîòû; á – êðûøêà (âèä ñáîêó); â – êðûøêà (âèä ñïåðåäè); ã – ñåêòîð ñ ïàçîì (âèä ñáîêó); 

ä – âòóëêà ñî ñïèöàìè (âèä ñïåðåäè);  – òî÷íûé âûñåâ; æ – âûõîä åäèíè÷íûõ ñåìÿí; ç – íåóïîðÿäî÷åííûé 
âûñåâ; è – âûõîä ñåìÿí çåðíîâûõ êóëüòóð; ê – îáùèé âèä êîíóñà ñ êðûøêîé
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Ïðîâåäåíî îïðåäåëåíèå ðàçìåðîâ ñåìÿí êó-
êóðóçû è ïîäñîëíå÷íèêà, ãäå à – òîëùèíà, b – 
øèðèíà, ñ – äëèíà ñåìåíè. Óñòàíîâëåíî äëÿ êó-
êóðóçû: a

ñð 
= 4,0 ìì;

 
a

max 
= 5,0 ìì;

 
b

ñð 
= 7,6 ìì; 

b
max

 = 10 ìì; c
ñð 

= 10,8 ìì;
 
Ñ

max 
= 13 ìì. Äëÿ 

ïîäñîëíå÷íèêà: a
ñð 

= 3,7 ìì;
 
a

max 
= 4,0 ìì;

 
b

ñð 
= 

= 6,5 ìì; b
max

 = 8 ìì; c
ñð 

= 12,0 ìì;
 
Ñ

max 
= 13 ìì.

 

Èñõîäÿ èç ýòîãî, Ñ
max

 = 13 ìì. Äèàìåòð ïðè-
âîäíîãî âàëà ïâd = 15 ìì. Îòñþäà â 54D   ìì. 

Ó ïðîïàøíûõ ñåÿëîê òèïà ÑÓÏÍ-8À èñ-
ïîëüçóþò âûñåâàþùèå äèñêè ñ êîëè÷åñòâîì 
ïðèñàñûâàþùèõ îòâåðñòèé Ê

Î
, ðàâíûì 14 è 21.

Ïî àíàëîãèè ïðèíèìàþò ñðåäíåå çíà÷åíèå 
êîëè÷åñòâà ÿ÷ååê 6 íà íèæíåì êîëüöå 2 (ðèñ. 3) 
Ê

Î 
= 18.
Øèðèíà ÿb  ÿ÷ååê 6 (ðèñ. 3) äîëæíà ðîâíÿòü-

ñÿ ìàêñèìàëüíîìó çíà÷åíèþ øèðèíû ñåìåíè 
(êóêóðóçà, ïîäñîëíå÷íèê): 

b
ÿ
 = b

max
 = 10 ìì,

à äëèíà ßl  ÿ÷åéêè 6 ðàâíà ìàêñèìàëüíîìó çíà-
÷åíèþ äëèíû ñåìåíè:

l
ß
 = Ñ

max
 = 13 ìì.

Ñóììàðíàÿ øèðèíà ÿ÷åéêè è ïåðåìû÷êè: 

ÿ ïØ Ø 10 4 14b      ìì.
Ñ ó÷åòîì ýòîãî, äèàìåòð íèæíåãî îñíîâà-

íèÿ óñå÷åííîãî ïðÿìîãî êîíóñà 1:

ß
í

Ø Ê
;D 



Ïîëó÷åíî: D
í
 = 80 ìì.

Äëèíó L  óñå÷åííîãî ïðÿìîãî êîíóñà 1 
îïðåäåëÿþò ïî ñëåäóþùåé çàâèñèìîñòè: 

max3  ,
tg

r
L C 



ãäå r – ðàäèóñ âåðõíåãî îñíîâàíèÿ, ìì; β – óãîë 
åñòåñòâåííîãî îòêîñà ñåìÿí, ãðàä.

Äëÿ ïøåíèöû β = 35°. Òîãäà L = 80 ìì.
Óãîë ìåæäó îáðàçóþùåé óñå÷åííîãî ïðÿìî-

ãî êîíóñà 1 è ãîðèçîíòàëüþ (óãîë êîíóñà):

í â
ê êtg ;  9 .

2 

D D

L


    

Øèðèíà îáîäà 9 êðûøêè 8:

Î ß í çØ ,l    

ãäå í  – òîëùèíà îáîäà êîëüöà ñ ÿ÷åéêàìè, 
ìì; ç  – çàçîð ìåæäó êðûøêîé è íèæíèì îñ-
íîâàíèåì, ìì. Òîãäà ÎØ 18  ìì.

×àñòîòà âðàùåíèÿ êðn  óñå÷åííîãî ïðÿìîãî 
êîíóñà, ïðè êîòîðîé ïðåêðàùàåòñÿ äâèæåíèå 

âäîëü ãîðèçîíòàëüíîé îñè ñåìÿí, íàçûâàåòñÿ 
êðèòè÷åñêîé (ñ–1). Ýòî ïðîèñõîäèò ïðè óñëî-
âèè, êîãäà:

 2 H
êð2        .

2

D
m n mg 

Ïîñëå ïðåîáðàçîâàíèÿ è óïðîùåíèÿ äàííîé 
çàâèñèìîñòè:

1
êð 2

2 
2,5 c .

4

g
n

D
 



Ìàêñèìàëüíàÿ ðàáî÷àÿ ÷àñòîòà âðàùåíèÿ 
óñå÷åííîãî ïðÿìîãî êîíóñà 1:

1
max 0,8  2 cn n  êð .

Ñëåäîâàòåëüíî, íåîáõîäèìî ðàáîòàòü ïðè 
÷àñòîòå âðàùåíèÿ, íå ïðåâûøàþùåé 2 ñ–1 
(120 ìèí–1). 

Îáåñïå÷åíèå òî÷íîãî 
ïóíêòèðíîãî âûñåâà ñåìÿí
Êîëè÷åñòâî âûñåâàåìûõ ñåìÿí íà îäíîì ïî-

ãîííîì ìåòðå (øò/ì) îïðåäåëÿåòñÿ ïî âûðàæå-
íèþ:

ÿ
ì

 
,

K n
q

V


à íà îäíîì ãåêòàðå (øò/ãà):
4

ÿ10    
  ,

 

K n
q

V B
ãà

ì

ãäå V  – ñêîðîñòü ðàáî÷åãî äâèæåíèÿ ñåÿëêè, 
ì/ñ; n – ÷àñòîòà âðàùåíèÿ óñå÷åííîãî ïðÿìîãî 
êîíóñà, ñ-1; B

ì
 – øèðèíà ìåæäóðÿäèé, ì.

Îòñþäà ÷àñòîòà âðàùåíèÿ óñå÷åííîãî ïðÿ-
ìîãî êîíóñà, íåîáõîäèìàÿ äëÿ âûñåâà òðåáóå-
ìîãî êîëè÷åñòâà ñåìÿí íà ãåêòàðå: 

ãà
4

ÿ

   B
.

10  

q V
n

Ê
 ì

Îáåñïå÷åíèå îáû÷íîãî 
(íåóïîðÿäî÷åííîãî) âûñåâà ñåìÿí
Åãî ïðèìåíÿþò ïðè âûñåâå ñåìÿí çåðíîâûõ 

êîëîñîâûõ êóëüòóð (ïøåíèöà, ÿ÷ìåíü, ðîæü).
Âûñåâàþùèé àïïàðàò äîëæåí âûñåâàòü äî -

çó ñåìÿí Q , ñîîòâåòñòâóþùóþ íîðìå âûñåâà, 
êã/ãà.

Äîçó âûñåâà ñåìÿí îïðåäåëÿþò ïî ôîðìóëå:
2 4  10

    sin2     ,
2  90 cos  B

R
Q D n

V

        
í

í
ê ì

ãäå  – óãîë òðåíèÿ ñåìÿí ïî ïîâåðõíîñòè êîð-
ïóñà, ãðàä;  – íàñûïíàÿ ïëîòíîñòü ñåìÿí, êã/ì3.
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Íàïðèìåð, ïðè 
ì

3 ;  
ñ

V    = 19°,  = 800 

êã/ì3, 11 cn  , ì B 0,15  ì ïîëó÷èì, ÷òî 
178 Q   êã/ãà. Ïðè ÷àñòîòå âðàùåíèÿ êîíóñà 

n = 2 c–1 ïîëó÷èì, ÷òî 356Q   êã/ãà.
Äëÿ ðåãóëèðîâàíèÿ äîçû âûñåâà ïîìèìî ÷à-

ñòîòû âðàùåíèÿ óñå÷åííîãî ïðÿìîãî êîíóñà 1 
ìîæíî èñïîëüçîâàòü ñêîðîñòü ðàáî÷åãî äâèæå-
íèÿ ïîñåâíîãî àãðåãàòà ïV .

Òàê, ïðè ï 2V   ì/ñ, 12 cn   ïîëó÷èì 
480Q   êã/ãà. 

Îïåðàöèè ñ ïîäáîðîì ÷àñòîòû âðàùåíèÿ 
óñå÷åííîãî ïðÿìîãî êîíóñà óäîáíî îñóùåñò-
âëÿòü ñ èñïîëüçîâàíèåì ãðàôèêà (ñì. ðèñ. 4).

Òåõíîëîãè÷åñêèé ïðîöåññ ðàáîòû óíèâåð-
ñàëüíîãî êîíóñíîãî âûñåâàþùåãî àïïàðàòà 
îñóùåñòâëÿåì ñëåäóþùèì îáðàçîì.

Ïðè òî÷íîì âûñåâå êðûøêó 8 ïîâîðà÷èâà-
þò âîêðóã ãîðèçîíòàëüíîé îñè è óñòàíàâëèâà-
þò îáðåç îáîäà 9 ïîä óãëîì ê ãîðèçîíòàëüíîé 
ïëîñêîñòè, ðàâíûì èëè íåçíà÷èòåëüíî ïðåâû-
øàþùèì óãîë â  âíóòðåííåãî òðåíèÿ ñåìÿí. 
Íàïðèìåð, äëÿ ñåìÿí êóêóðóçû â 20   .

Â ïðîöåññå ðàáîòû ñåìåíà èç áóíêåðà 4 ïî-
ïàäàþò â óñå÷åííûé ïðÿìîé êîíóñ 1. Çà ñ÷åò 
ñèë òðåíèÿ ñåìÿí î ïîâåðõíîñòü êîíóñà 1 è 
íàêëîíà ñòåíêè êîíóñà ïðè âðàùåíèè îíè ïå-
ðåìåùàþòñÿ âäîëü ãîðèçîíòàëüíîé îñè è äî-
ñòèãàþò êîëüöà 2 ñ ÿ÷åéêàìè 6. Ñåìåíà 18 çàïà-
äàþò â ÿ÷åéêè 6 è óäåðæèâàþòñÿ îò âûïàäàíèÿ 
îáîäîì 9 êðûøêè 8 (ñì. ðèñ. 3, å). Ïðè ïîäõîäå 
ê îáðåçó îáîäà 9 â ÿ÷åéêàõ îñòàþòñÿ ïî îäíîìó 
ñåìåíè, à îñòàëüíûå, ëåæàùèå íà íèõ, îñûïà-
þòñÿ ïîä ñîáñòâåííûì âåñîì. Ñåìåíà îñòàâ-
øèåñÿ â ÿ÷åéêàõ âûïàäàþò ÷åðåç îáðåç îáîäà 9 
(ñì. ðèñ. 3, æ) â ñåìÿïðîâîä. 

Òîëùèíà ñòåíêè óñå÷åííîãî ïðÿìîãî êîíóñà 
ñîñòàâëÿåò 0,6 òîëùèíû ñåìåíè. Ýòî îáåñïå-

÷èâàåò çàõâàò ïåðåìû÷êîé 7 òîëüêî îäíîãî 
ñåìåíè. Êðîìå òîãî, ïåðåìû÷êà 7 èìååò âèä 
òðåóãîëüíèêà, ðàñïîëîæåííîãî âåðøèíîé 
íàðóæó. Ýòî ïîçâîëÿåò ïðè âûïàäàíèè ñåìåíè 
íå çàõâàòûâàòü åãî è ïîäíèìàòü, à ñáðàñûâàòü 
ïî íàêëîííîé ñòîðîíå òðåóãîëüíèêà.

Çà ñ÷åò ñàìîîñûïàíèÿ ñåìÿí ïðè çàïîëíå-
íèè ÿ÷ååê, à íå ïðèíóäèòåëüíîé î÷èñòêè, êàê 
ýòî îñóùåñòâëÿåòñÿ ñåé÷àñ â ñåÿëêàõ òî÷íîãî 
âûñåâà, èñêëþ÷àåòñÿ èõ ïîâðåæäàåìîñòü. 

Ïðè âûñåâå, íàïðèìåð, ñåìÿí ïøåíèöû 
êðûøêó 8 ïîâîðà÷èâàþò âîêðóã ãîðèçîíòàëü-
íîé îñè õâîñòîâèêîì 10 äî òåõ ïîð, ïîêà îáîä 9 
îêàæåòñÿ â âåðõíåì ïîëîæåíèè; íèæíÿÿ ÷àñòü 
êîëüöà 2 ñòàíîâèòñÿ ñâîáîäíîé (ñì. ðèñ. 3, ç), 
îáîä åå íå çàêðûâàåò. Ñåìåíà ïðè âðàùåíèè 
óñå÷åííîãî ïðÿìîãî êîíóñà 1 ñòåêàþò ñ íåãî, 
ïîïàäàÿ â ñåìÿïðîâîä 19 (ñì. ðèñ. 3, è). Äîçó 
ðåãóëèðóþò ÷àñòîòîé âðàùåíèÿ óñå÷åííîãî 
ïðÿìîãî êîíóñà 1.

Â ïðîöåññå ïåðåìåùåíèÿ ñïèöû 16 âîðîøàò 
ñåìåíà, íå äàâàÿ âîçìîæíîñòè èì ñãðóïïèðî-
âûâàòüñÿ â êîìî÷êè. 

Êîëè÷åñòâî ïîäàâàåìûõ ñåìÿí â óñå÷åííûé 
ïðÿìîé êîíóñ 1 ðåãóëèðóþò çàñëîíêîé 5 [7]. 

Âûñåâàþùèé àïïàðàò èìååò íåáîëüøèå ðàç-
ìåðû è ïðîñò ïî êîíñòðóêöèè (ñì. ðèñ. 3, ê). 
Åãî î÷åíü óäîáíî èçãîòàâëèâàòü ñ èñïîëüçîâà-
íèåì àääèòèâíûõ òåõíîëîãèé.

Çàêëþ÷åíèå
Ïðåäëàãàåìûé êîíóñíûé âûñåâàþùèé àïïà-

ðàò ÿâëÿåòñÿ åäèíñòâåííûì â ìèðå àïïàðàòîì, 
îáåñïå÷èâàþùèì âûñåâ ñåìÿí êàê çåðíîâûõ 
êîëîñîâûõ, òàê è ïðîïàøíûõ êóëüòóð. Ýòî ïî-
çâîëèò èñêëþ÷èòü èç ïðîèçâîäñòâà íåòåõíî-
ëîãè÷íûå ñåêöèîííûå ïðîïàøíûå ñåÿëêè, 
îñíàùåííûå â áîëüøèíñòâå ñâîåì êîìïðåññî-

 à á

 Ðèñ. 4. Çàâèñèìîñòü ÷àñòîòû âðàùåíèÿ óñå÷åííîãî ïðÿìîãî êîíóñà: 
à – îò òðåáóåìîãî êîëè÷åñòâà âûñåâàåìûõ ñåìÿí ïðîïàøíûõ êóëüòóð; á – îò äîçû âûñåâà çåðíîâûõ êóëüòóð
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ðàìè, ïíåâìàòè÷åñêèìè âûñåâàþùèìè àïïàðà-
òàìè ñî ñ÷èùàòåëÿìè ëèøíèõ ïðèñîñàâøèõñÿ 
ñåìÿí, íåáîëüøèìè ïî îáúåìó áóíêåðàìè äëÿ 
ñåìÿí. 
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