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Â òî âðåìÿ êàê äëÿ ñîõðàíåíèÿ ïðèðîäíûõ ðåñóðñîâ ïðèìåíÿþòñÿ çàêîíîäàòåëüíûå îãðàíè÷åíèÿ â îòíîøåíèè 
èñïîëüçîâàíèÿ èñêîïàåìûõ âèäîâ òîïëèâà, âñå áîëüøåå âíèìàíèå ïðèâëåêàþò â êà÷åñòâå ïåðñïåêòèâíûõ àëü-
òåðíàòèâíûõ óñòîé÷èâûõ èñòî÷íèêîâ ýíåðãèè äëÿ òðàêòîðîâ è ñåëüõîçìàøèí ñìåñåâûå ñïèðòîâûå òîïëèâà, 
ðàñòèòåëüíûå ìàñëà è èõ ýôèðû. Â ðàáîòå îáîñíîâàíà íåîáõîäèìîñòü ïðèìåíåíèÿ áèîòîïëèâà â òðàêòîðíûõ 
äèçåëÿõ. Ïîêàçàíî, ÷òî âûáîð äëÿ äèçåëÿ àëüòåðíàòèâíîãî áèîòîïëèâà, èìåþùåãî ïåðñïåêòèâó, äîëæåí ïðî-
âîäèòüñÿ â ñîîòâåòñòâèè ñ êîíñòðóêòèâíûìè îñîáåííîñòÿìè äâèãàòåëÿ è â õîäå ïåðâè÷íûõ åãî èñïûòàíèé. Â 
ðàáîòå èññëåäîâàíû òàêèå ýêîëîãè÷íûå èñòî÷íèêè ýíåðãèè, êàê ìåòàíîë, ýòàíîë è ìåòèëîâûé ýôèð ðàïñîâîãî 
ìàñëà (ÌÝÐÌ). Ìåòàíîë, ýòàíîë è ÌÝÐÌ ïîòåíöèàëüíî ïðèâîäÿò ê íåêîòîðûì ðåøåíèÿì ýêîëîãè÷åñêèõ 
ïðîáëåì, òàê êàê äëÿ èõ ïðîèçâîäñòâà ñóùåñòâóþò äîñòàòî÷íî îáèëüíûå ðåñóðñû è ýòè èñòî÷íèêè ýíåðãèè 
õàðàêòåðèçóþòñÿ îòíîñèòåëüíî íèçêèìè âûáðîñàìè âðåäíûõ âåùåñòâ ïðè ãîðåíèè. Ðàññìîòðåíû ïóòè ïðî-
èçâîäñòâà áèîýòàíîëà èç ðàçëè÷íûõ ñûðüåâûõ ìàòåðèàëîâ è ïðîöåññ ìåòàíîëèçà ðàïñîâîãî ìàñëà. Ïîêàçàíî, 
÷òî ñåëüñêîõîçÿéñòâåííûå ïðåäïðèÿòèÿ, ïîòðåáëÿþùèå â êà÷åñòâå òîïëèâà ãëàâíûì îáðàçîì íåôòåïðîäóêòû, 
â íàñòîÿùåå âðåìÿ âïîëíå ñïîñîáíû ïðîèçâîäèòü, õîòÿ áû äëÿ ñâîèõ òðàêòîðîâ, ýêîëîãè÷åñêè ÷èñòîå âîç-
îáíîâëÿåìîå áèîòîïëèâî. Ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ òðàêòîðíûõ äèçåëåé íà áèîòîïëèâàõ 
ñëåäóþùèõ ñîñòàâîâ: ñïèðòî-òîïëèâíàÿ ýìóëüñèÿ (ÑÒÝ, ñïèðò (ìåòàíîë, ýòàíîë) – 25 %, ìîþùå-äèñïåðãè-
ðóþùàÿ ïðèñàäêà ñóêöèíèìèä Ñ-5À – 0,5 %, âîäà – 7,0 %, äèçåëüíîå òîïëèâî – 67,5 %); ìåòàíîë (88,0 %) è 
ÌÝÐÌ (12,0 %). Íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâàíèé ïîêàçàòåëåé òåïëîâûäåëåíèÿ òðàêòîðíûõ äèçåëåé, 
ðàáîòàþùèõ íà áèîòîïëèâå, óñòàíîâëåíû çàâèñèìîñòè âëèÿíèÿ èõ ðåæèìîâ ðàáîòû íà õàðàêòåðèñòèêè òåïëî-
âûäåëåíèÿ è îïðåäåëåíû èõ ÷èñëîâûå çíà÷åíèÿ.
Êëþ÷åâûå ñëîâà: äèçåëü, áèîòîïëèâî, ýòàíîë, ìåòàíîë, ýìóëüñèÿ, ìåòèëîâûé ýôèð, ðàïñîâîå ìàñëî, òåïëîâû-
äåëåíèå.

While legal restrictions on the use of fossil fuels are being applied to conserve natural resources, mixed spirit fuels, 
vegetable oils and their esters are attracting increasing attention as promising alternative sustainable energy sources 
for tractors and agricultural machinery. The paper substantiates the need for the use of biofuels in tractor diesel en-
gines. It is shown that the choice for diesel alternative biofuel with a perspective should be carried out in accordance 
with the design features of the engine and during its primary tests. In the paper we investigate such environmentally 
friendly energy sources such as methanol, ethanol and methyl ester of rapeseed oil (MÅRÎ). Methanol, ethanol and 
MÅRÎ have the potential to lead to some solutions to environmental problems, as there are abundant resources for 
their production and these sources of energy are characterized by relatively low emissions of harmful substances 
during combustion. The ways of bioethanol production from various raw materials and the process of rapeseed oil 
methanolysis are considered. It is shown that agricultural enterprises that consume mainly petroleum products as fuel 
are now quite capable of producing at least environmentally friendly renewable biofuels for their tractors. Experimen-
tal studies of tractor diesel engines on biofuels of the following compositions were carried out: alcohol-fuel emulsion 
(AFE, alcohol (methanol, ethanol) – 25 %, detergent-dispersing additive succinimide C-5A – 0,5 %, water – 7,0 %, 
diesel fuel – 67,5 %); methanol (88,0 %) and MÅRÎ (12,0 %). Based on the studies of the thermal performance of 
tractor diesel engines running on biofuel, the nature of the influence of their work on the characteristics of heat dissi-
pation and defined their numeric values.
Keywords: diesel, biofuel, ethanol, methanol, emulsion, methyl ether, rapeseed oil, heat dissipa-tion.
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 Ââåäåíèå
Â òî âðåìÿ êàê äëÿ ñîõðàíåíèÿ ïðèðîäíûõ 

ðåñóðñîâ ïðèìåíÿþòñÿ çàêîíîäàòåëüíûå îãðà-
íè÷åíèÿ â îòíîøåíèè èñïîëüçîâàíèÿ èñêîïà-
åìûõ âèäîâ òîïëèâà, âñå áîëüøåå âíèìàíèå 
ïðèâëåêàþò â êà÷åñòâå ïåðñïåêòèâíûõ àëüòåð-
íàòèâíûõ óñòîé÷èâûõ èñòî÷íèêîâ ýíåðãèè äëÿ 
òðàêòîðîâ è ñåëüõîçìàøèí ñìåñåâûå ñïèðòîâûå 
òîïëèâà, ðàñòèòåëüíûå ìàñëà è èõ ýôèðû [1].

Ìåòàíîë (CH
3
OH) ðàññìàòðèâàåòñÿ êàê 

îäèí èç îïòèìàëüíûõ âèäîâ òîïëèâà äëÿ äâè-
ãàòåëåé âíóòðåííåãî ñãîðàíèÿ (ÄÂÑ), à ýòàíîë 
(C

2
H

5
OH) ñ÷èòàåòñÿ îäíèì èç âàæíåéøèõ êîì-

ïîíåíòîâ áèîòîïëèâà è ïåðñïåêòèâíûì àëüòåð-
íàòèâíûì òîïëèâîì â ÄÂÑ. Ïîñêîëüêó öåíû íà 
íåôòü ðàñòóò âìåñòå ñ íàêîïëåíèåì âûáðîñîâ 
ïàðíèêîâûõ ãàçîâ è æåñòêèìè çàêîíîäàòåëü-
íûìè íîðìàìè â îáëàñòè îõðàíû îêðóæàþùåé 
ñðåäû, òî äëÿ ðåøåíèÿ ýòèõ ïðîáëåì íåîáõî-
äèìî èñïîëüçîâàòü íîâûå âîçîáíîâëÿåìûå è 
ýêîëîãè÷åñêè ÷èñòûå âèäû òîïëèâà. Èñïîëüçî-
âàíèå ìåòàíîëà è ýòàíîëà ïîòåíöèàëüíî ìîæåò 
ïðèâåñòè ê íåêîòîðûì ðåøåíèÿì ýòèõ ïðî-
áëåì, òàê êàê äëÿ èõ ïðîèçâîäñòâà ñóùåñòâóþò 
äîñòàòî÷íî îáèëüíûå ðåñóðñû è ýòè ñïèðòû õà-
ðàêòåðèçóþòñÿ îòíîñèòåëüíî íèçêèìè âûáðî-
ñàìè âðåäíûõ âåùåñòâ ïðè ãîðåíèè [2].

Â íàñòîÿùåå âðåìÿ ñóùåñòâóåò äîñòàòî÷íî 
ñïîñîáîâ ïîëó÷åíèÿ ñïèðòîâ â êà÷åñòâå àëü-
òåðíàòèâíîãî òîïëèâà èç ðàçëè÷íûõ èñõîäíûõ 

ìàòåðèàëîâ (áèîìàññà, ïðèðîäíûé ãàç, êîêñî-
âûé ãàç, óãëåêèñëûé ãàç è äð.). Ýòàíîë â îñ-
íîâíîì ïðîèçâîäèòñÿ ïóòåì ôåðìåíòàöèè èç 
äâóõ èñõîäíûõ ìàòåðèàëîâ, êîòîðûå ïðåäñòàâ-
ëÿþò ñîáîé ñûðüå íà îñíîâå êðàõìàëà, âêëþ-
÷àÿ êóêóðóçó, çåðíà ÿ÷ìåíÿ, çåðíîâîãî ñîðãî, 
ñàõàðíîå ñûðüå, ôðóêòû, ñàõàðíûé òðîñòíèê, 
öèòðóñîâóþ ïàòîêó, òðîñòíèêîâûé ñîðãî, 
ñàõàðíóþ ñâåêëó. Êðîìå òîãî, ñóùåñòâóþò 
ñïîñîáû äëÿ ïðîèçâîäñòâà ýòàíîëà èç öåëëþ-
ëîçíûõ ìàòåðèàëîâ, òàêèõ êàê äðåâåñíûå èëè 
áóìàæíûå îòõîäû. Ïîìèìî ýòèõ èñõîäíûõ ìà-
òåðèàëîâ ýòàíîë ïîëó÷àþò ïóòåì ãèäðàòàöèè 
ýòèëåíà [3].

Ýòàíîë ìîæåò áûòü ïîëó÷åí ïóòåì ïðÿìîé 
ôåðìåíòàöèè ñàõàðîâ ñ äðîææàìè, èç ëèãíî-
öåëëþëîçíûõ ìàòåðèàëîâ è êàòàëèòè÷åñêîé 
ãèäðàòàöèåé ýòèëåíà (ðèñ. 1).

Ïðîöåññû, íåîáõîäèìûå äëÿ ïðîèçâîäñòâà 
áèîýòàíîëà èç ðàçëè÷íûõ ñûðüåâûõ ìàòåðèà-
ëîâ, ïðèâåäåíû â òàáëèöå 1.

Ìåòàíîë – ñàìûé ïðîñòîé ñïèðò è èçâåñòåí 
êàê äðåâåñíûé ñïèðò. Äðåâåñíûå ñïèðòû ïðè-
îáðåëè ñâîå íàçâàíèå èç-çà ñïîñîáà ïîëó÷åíèÿ 
ïóòåì ïèðîëèçà äðåâåñèíû. Â íàñòîÿùåå âðåìÿ 
ìåòàíîë øèðîêî èñïîëüçóåòñÿ â êà÷åñòâå òîâàð-
íîãî õèìèêàòà. Îí íåïîñðåäñòâåííî èñïîëüçóåò-
ñÿ è ïðåäñòàâëÿåò ñîáîé ñûðüå äëÿ ïðîèçâîäñòâà 
ìíîãèõ ñïèðòîâ, æèäêèõ òîïëèâ, õèìèêàòîâ 
è ïëàñòìàññ, íî â îñíîâíîì èñïîëüçóåòñÿ ïðè 

Ðèñ. 1. Ñïîñîáû ïîëó÷åíèÿ ýòàíîëà
Òàáëèöà 1

Ïóòè ïðîèçâîäñòâà áèîýòàíîëà èç ðàçëè÷íûõ ñûðüåâûõ ìàòåðèàëîâ

 Сырьå Обработка
Äåðåâî Êèñëîòíûé ãèäðîëèç + ôåðìåíòàöèÿ
Äåðåâî Ôåðìåíòàòèâíûé ãèäðîëèç + ôåðìåíòàöèÿ
Ñîëîìà Êèñëîòíûé ãèäðîëèç + ôåðìåíòàöèÿ
Ñîëîìà Ôåðìåíòàòèâíûé ãèäðîëèç + ôåðìåíòàöèÿ
ïøåíèöà Ñîëîäêà + ôåðìåíòàöèÿ

Êàðàìåëüíàÿ òðîñòî÷êà Ôåðìåíòàöèÿ
Ñàõàðíàÿ ñâåêëà Ôåðìåíòàöèÿ
Çåðíî êóêóðóçû Ôåðìåíòàöèÿ

Êóêóðóçíûé ñòåáåëü Êèñëîòíûé ãèäðîëèç + ôåðìåíòàöèÿ
Ñëàäêèé ñîðãî Ôåðìåíòàöèÿ
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ïðîèçâîäñòâå äðóãèõ õèìè÷åñêèõ âåùåñòâ. Ìå-
òàíîë ìîæíî ïîëó÷àòü èç âîçîáíîâëÿåìûõ è 
íåâîçîáíîâëÿåìûõ èñêîïàåìûõ âèäîâ òîïëèâà, 
âêëþ÷àÿ ïðèðîäíûé ãàç, óãîëü, áèîìàññó, óãëå-
êèñëûé ãàç, íàõîäÿùèéñÿ â àòìîñôåðå ëèáî â 
ïðîìûøëåííûõ èñòî÷íèêàõ, òàêèõ êàê äûìîâûå 
ãàçû, âûäåëÿåìûå íà ïðîìûøëåííûõ ïðåäïðè-
ÿòèÿõ â ðåçóëüòàòå ñæèãàíèÿ èñêîïàåìûõ âèäîâ 
òîïëèâà. Áëàãîäàðÿ îñíîâíîìó èñòî÷íèêó óãëå-
ðîäíûõ àòîìîâ â ñâîåé ñòðóêòóðå – óãëåðîäó – 
ïîìèìî ýòèõ ìåòîäîâ ìåòàíîë òàêæå ìîæåò 
áûòü ïîëó÷åí è èç îòõîäîâ. Ýôôåêòèâíîñòü 
ñèíòåçà ìåòàíîëà èç ðàçëè÷íûõ ìàòåðèàëîâ îò-
ëè÷àåòñÿ, íî íàèáîëåå äîñòóïíûì ïîñòàâùèêîì 
óãëåêèñëîãî ãàçà äëÿ ñèíòåçà ìåòàíîëà ÿâëÿåò-
ñÿ ïðèðîäíûé ãàç. Ïðè ýòîì ýôôåêòèâíîñòü åãî 
ñèíòåçà ñîñòàâëÿåò áîëåå 70 % [4, 5].

Ñàìàÿ áîëüøàÿ ðàçíèöà ìåæäó äèçåëüíûì 
òîïëèâîì è òàêèìè ñïèðòàìè, êàê ìåòàíîë è 
ýòàíîë, – ýòî óðîâåíü êèñëîðîäà. Äèçåëüíîå 
òîïëèâî íå èìååò àòîìîâ êèñëîðîäà, òîãäà êàê 
ìåòàíîë èìååò 10 %, à ýòàíîë – 50 % ñîäåðæà-
íèÿ êèñëîðîäà ïî ìàññå. Ïîýòîìó äëÿ ñíèæå-
íèÿ òîêñè÷íîñòè îòðàáîòàâøèõ ãàçîâ ìåòàíîë 
è ýòàíîë ìîãóò ïðèìåíÿòüñÿ â òðàêòîðíûõ äè-
çåëÿõ áåç êàêèõ-ëèáî èçìåíåíèé â ñìåñÿõ áèî-
òîïëèâà ñ äèçåëüíûì òîïëèâîì [4].

Èç âñåõ ñóùåñòâóþùèõ àëüòåðíàòèâíûõ 
âèäîâ òîïëèâà äîñòàòî÷íî ïåðñïåêòèâíûìè 
ÿâëÿþòñÿ áèîòîïëèâà è èõ ñìåñè ñ äèçåëüíûì 
òîïëèâîì â ðàçíûõ ïðîïîðöèÿõ (ðàñòèòåëüíî-
ìèíåðàëüíûå ñìåñè). Ñåëüñêîõîçÿéñòâåííûå 
ïðåäïðèÿòèÿ, ïîòðåáëÿþùèå â êà÷åñòâå òîïëè-
âà ãëàâíûì îáðàçîì íåôòåïðîäóêòû, â íàñòîÿ-
ùåå âðåìÿ âïîëíå ñïîñîáíû ïðîèçâîäèòü õîòÿ 

áû äëÿ ñâîèõ òðàêòîðîâ ýêîëîãè÷åñêè ÷èñòîå 
âîçîáíîâëÿåìîå áèîòîïëèâî [5].

Ðàñòèòåëüíîå ìàñëî ëþáîãî âèäà – ýòî 
ñìåñü òðèãëèöåðèäîâ, ò.å. ýôèðîâ, ñîåäèíåí-
íûõ ñ ìîëåêóëîé ãëèöåðèíà. Ãëèöåðèí, â ñâîþ 
î÷åðåäü, ïðèäàåò âÿçêîñòü è ïëîòíîñòü ðàñ-
òèòåëüíîìó ìàñëó. Òàêèì îáðàçîì, îñíîâíîé 
çàäà÷åé ïðè ïîëó÷åíèè áèîòîïëèâà ÿâëÿåò-
ñÿ óäàëåíèå ãëèöåðèíà ïóòåì çàìåùåíèÿ åãî 
íà ñïèðò. Íà äàííûé ìîìåíò àëüòåðíàòèâíûå 
âèäû òîïëèâà èç ðàïñîâîãî ìàñëà íàõîäÿò ïðè-
ìåíåíèå â íàòóðàëüíîì âèäå, â âèäå ìåòèëîâî-
ãî è äèìåòèëîâîãî ýôèðîâ ðàïñîâîãî ìàñëà [6].

Íà ðèñ. 2 ïðåäñòàâëåí ïðîöåññ ìåòàíîëèçà 
ðàïñîâîãî ìàñëà. Ïðîöåññ ïðîèçâîäñòâà ÌÝÐÌ 
èç ìàñëà çàêëþ÷àåòñÿ â ïðåäâàðèòåëüíîì î÷è-
ùåíèè ðàïñîâîãî ìàñëà ñ ïîñëåäóþùèì äîáàâ-
ëåíèåì ìåòèëîâîãî ñïèðòà. Êàòàëèçàòîðîì äëÿ 
äàííîé ðåàêöèè ñëóæèò ùåëî÷ü. Äàëåå ñìåñü íà-
ãðåâàþò äî 50 °Ñ, îòñòàèâàþò è îõëàæäàþò. Æèä-
êîñòü ðàññëàèâàåòñÿ íà äâå ôðàêöèè – ëåãêóþ è 
òÿæåëóþ. Ëåãêàÿ ïðåäñòàâëÿåò ñîáîé ìåòèëîâûé 
ýôèð (áèîòîïëèâî), à òÿæåëàÿ – ãëèöåðèí [7].

Ðàçóìååòñÿ, âûáîð äëÿ òðàêòîðíîãî äèçåëÿ 
àëüòåðíàòèâíîãî áèîòîïëèâà, èìåþùåãî ïåð-
ñïåêòèâó, áóäü òî òîïëèâî íà îñíîâå ñïèðòà, 
ýôèðà èëè ðàñòèòåëüíîãî ìàñëà, ëèáî êàêîãî-òî 
èíîãî íîâîãî òîïëèâà, äîëæåí ïðîâîäèòüñÿ â ñî-
îòâåòñòâèè ñ êîíñòðóêòèâíûìè îñîáåííîñòÿìè 
äâèãàòåëÿ è â õîäå ïåðâè÷íûõ åãî èñïûòàíèé.

Öåëü èññëåäîâàíèÿ
Àíàëèç çàâèñèìîñòè ïîêàçàòåëåé òåïëîâû-

äåëåíèÿ òðàêòîðíûõ äèçåëåé, ðàáîòàþùèõ íà 
áèîòîïëèâå, îò èõ ðåæèìîâ ðàáîòû.

Ðèñ. 2. Ïðîöåññ ìåòàíîëèçà ðàïñîâîãî ìàñëà [7]
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Ðèñ. 3. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ òðàêòîðíîãî 
äèçåëÿ 4×11,0/12,5 â çàâèñèìîñòè îò èçìåíåíèÿ óãëà 

ÏÊÂ (Θâïð = 23°, n = 2200 ìèí-1):  
             – äèçåëüíîå òîïëèâî;  – ÝÒÝ; 

 – ÌÒÝ

Ìåòîäû è ñðåäñòâà 
ïðîâåäåíèÿ èññëåäîâàíèé
Â Âÿòñêîé ãîñóäàðñòâåííîé ñåëüñêîõîçÿé-

ñòâåííîé àêàäåìèè íà áàçå êàôåäðû òåïëîâûõ 
äâèãàòåëåé, àâòîìîáèëåé è òðàêòîðîâ ïðîâåäå-
íû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ òðàêòîð-
íûõ äèçåëåé íà áèîòîïëèâàõ ñëåäóþùèõ ñî-
ñòàâîâ: ÑÒÝ (ñïèðò (ìåòàíîë, ýòàíîë) – 25 %, 
ìîþùå-äèñïåðãèðóþùàÿ ïðèñàäêà ñóêöè-
íèìèä Ñ-5À – 0,5 %, âîäà – 7,0 %, äèçåëüíîå 
òîïëèâî – 67,5 %); ìåòàíîë (88,0 %) è ÌÝÐÌ 
(12,0 %) [8, 9].

Íà ðèñ. 3 è 4 ïðåäñòàâëåíà äèíàìèêà òåïëî-
âûäåëåíèÿ òðàêòîðíûõ äèçåëåé, ðàáîòàþùèõ 
íà áèîòîïëèâå, â çàâèñèìîñòè îò èçìåíåíèÿ 
óãëà ïîâîðîòà êîëåíò÷àòîãî âàëà (ÏÊÂ).

Â ïîäðèñóíî÷íûõ ïîäïèñÿõ ïðèíÿòû ñëåäó-
þùèå óñëîâíûå îáîçíà÷åíèÿ:

Θ
âïð

 – óãîë îïåðåæåíèÿ âïðûñêèâàíèÿ òî-
ïëèâà, ãðàä;

n – ÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà 
äèçåëÿ, ìèí-1;

p
å
 – ñðåäíåå ýôôåêòèâíîå äàâëåíèå, ÌÏà.

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Èññëåäîâàíèÿ äèçåëÿ íà ìåòàíîëî-òîïëèâ-

íîé ýìóëüñèè (ÌÒÝ) ïîêàçûâàþò (ðèñ. 3), ÷òî 
ìàêñèìàëüíàÿ òåìïåðàòóðà öèêëà (Ò

max
) ñî-

ñòàâëÿåò 2430 Ê ïðè óãëå ÏÊÂ φ = 14,0° ïîñëå 
ÂÌÒ. Â ìîìåíò æå îòêðûòèÿ âûïóñêíîãî êëà-
ïàíà òåìïåðàòóðà ñîñòàâëÿåò 1000 Ê, ÷òî íèæå 

â 2,4 ðàçà âåëè÷èíû Ò
max

. Èññëåäîâàíèÿ äèçåëÿ 
íà ýòàíîëî-òîïëèâíîé ýìóëüñèè (ÝÒÝ) õàðàê-
òåðèçóþòñÿ âåëè÷èíîé Ò

max
, ñîñòàâëÿþùåé 

2510 Ê ïðè óãëå ÏÊÂ φ = 12,0° ïîñëå ÂÌÒ. Â 
ìîìåíò æå îòêðûòèÿ âûïóñêíîãî êëàïàíà òåì-
ïåðàòóðà ðàâíÿåòñÿ 900 Ê, ÷òî íèæå â 2,8 ðàçà 
åå ìàêñèìàëüíîãî çíà÷åíèÿ.

Ïðèìåíåíèå ÑÒÝ ïðèâîäèò ê óâåëè÷åíèþ 
ñêîðîñòè àêòèâíîãî òåïëîâûäåëåíèÿ (dχ

i
/d) è 

ñäâèãàåò ìàêñèìóì ñêîðîñòè âïðàâî îò ÂÌÒ. 
Òàê, ó äèçåëÿ, ðàáîòàþùåãî íà ÌÒÝ, ìàêñèìàëü-
íàÿ âåëè÷èíà dχ

i
/d ñîñòàâëÿåò 0,180 ïðè óãëå 

ÏÊÂ φ = 9,0° ïîñëå ÂÌÒ, ÷òî íà 89,5 % âûøå 
äèçåëüíîãî ïðîöåññà. Ìàêñèìàëüíîå çíà÷åíèå 
ñêîðîñòè àêòèâíîãî òåïëîâûäåëåíèÿ ïðè ðàáîòå 
äèçåëÿ íà ÝÒÝ ñîñòàâëÿåò 0,160 ïðè óãëå ÏÊÂ 
φ = 6,5° ïîñëå ÂÌÒ, ÷òî íà 68,4 % âûøå äèçåëü-
íîãî ïðîöåññà. Òàêæå íåîáõîäèìî îòìåòèòü, ÷òî 
íàëè÷èå âòîðîãî ìàêñèìóìà íà êðèâûõ ñêîðîñòè 
àêòèâíîãî âûäåëåíèÿ òåïëà dχ

i
/d, êàê ïî äèçåëü-

íîìó ïðîöåññó, òàê è íà ÑÒÝ, õàðàêòåðèçóåòñÿ âå-
ëè÷èíîé äîïîëíèòåëüíîé òóðáóëèçàöèè òîïëè-
âî-âîçäóøíîé ñìåñè â êàìåðå ñãîðàíèÿ äèçåëÿ, 
âîçíèêàþùåé âñëåäñòâèå çàñàñûâàíèÿ ðàáî÷åãî 
çàðÿäà èç êàìåðû ñãîðàíèÿ â íàäïîðøíåâîå ïðî-
ñòðàíñòâî â ïðîöåññå ðàñøèðåíèÿ.

Èç ãðàôèêîâ (ðèñ. 4) âèäíî, ÷òî â ðåçóëüòà-
òå ïðèìåíåíèÿ ìåòàíîëà è ÌÝÐÌ íåñêîëüêî 
èçìåíÿåòñÿ õàðàêòåð êðèâîé ñêîðîñòè òåïëî-

Ðèñ. 4. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ 
òðàêòîðíîãî äèçåëÿ 2×10,5/12,0 â çàâèñèìîñòè 

îò èçìåíåíèÿ óãëà ÏÊÂ (n = 1800 ìèí-1): 
               – äèçåëüíîå òîïëèâî (Θ

âïð
 = 30°); 

 – ìåòàíîë è ÌÝÐÌ (Θ
âïð

 = 34°)
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âûäåëåíèÿ è îñðåäíåííîé òåìïåðàòóðû ãàçîâ 
â öèëèíäðå, ñëåäîâàòåëüíî ìîæíî ãîâîðèòü îá 
èçìåíåíèè ïîêàçàòåëåé ïðîöåññà. Ðàññìàòðèâàÿ 
îñîáåííîñòè ïðîöåññà òåïëîâûäåëåíèÿ â äèçåëå 
ïðè ðàáîòå íà ìåòàíîëå è ÌÝÐÌ, ìîæíî çàìå-
òèòü õàðàêòåðíîå ñìåùåíèå ìàêñèìóìà ñêîðî-
ñòè òåïëîâûäåëåíèÿ âïðàâî îò ÂÌÒ, ÷òî ãîâî-
ðèò îá àêòèâèçàöèè òåïëîâûäåëåíèÿ âî âòîðîé 
ôàçå ïðîöåññà ñãîðàíèÿ. Òàê, íà íîìèíàëüíîì 
ðåæèìå ïèê ñêîðîñòè òåïëîâûäåëåíèÿ ïðè 
ðàáîòå íà äèçåëüíîì òîïëèâå äîñòèãàåòñÿ çà 
1,0° äî ÂÌÒ, à íà ìåòàíîëå è ÌÝÐÌ ñìåùàåòñÿ 
âïðàâî è äîñòèãàåòñÿ óæå ïðè óãëå, ðàâíîì 10° 
ïîñëå ÂÌÒ. Òàêæå íàáëþäàåòñÿ íåêîòîðîå ñíè-
æåíèå ìàêñèìóìà ñêîðîñòè òåïëîâûäåëåíèÿ ñ 
0,044 ïðè ðàáîòå íà äèçåëüíîì òîïëèâå äî 0,041 
ïðè ðàáîòå íà ìåòàíîëå ñ ÌÝÐÌ. 

Ïðåäñòàâëåííûå êðèâûå òåïëîâûäåëåíèÿ 
íàãëÿäíî äîêàçûâàþò, ÷òî ïðèìåíåíèå ìåòàíî-
ëà è ÌÝÐÌ íå ïðèâîäèò ê óõóäøåíèþ ïîëíî-
òû ñãîðàíèÿ, ïîñêîëüêó ìàêñèìàëüíîå çíà÷åíèå 
ïîëíîãî òåïëîâûäåëåíèÿ (χ) ñîîòâåòñòâóåò çíà-
÷åíèÿì äèçåëüíîãî ïðîöåññà, à ìàêñèìàëüíàÿ 
âåëè÷èíà àêòèâíîãî òåïëîâûäåëåíèÿ (χ

i
) ïðèðà-

áîòå íà ìåòàíîëå è ÌÝÐÌ èõ ïðåâûøàåò.
Íà ðèñ. 5 è 6 ïðåäñòàâëåíû õàðàêòåðèñòèêè 

òåïëîâûäåëåíèÿ òðàêòîðíûõ äèçåëåé, ðàáîòà-
þùèõ íà áèîòîïëèâå, íà ðàçëè÷íûõ íàãðóçî÷-
íûõ ðåæèìàõ.

Ïðèìåíåíèå ÑÒÝ (ðèñ. 5) âûçûâàåò ðîñò 
óãëà, ñîîòâåòñòâóþùåãî ìàêñèìàëüíîé òåìïå-
ðàòóðå öèêëà (φ

T max
), íî íà ìàëûõ íàãðóçêàõ 

ýòîò ðîñò ÿâëÿåòñÿ áîëåå çíà÷èòåëüíûì. Òàê, 

ïðèìåíåíèå ÝÒÝ ïðè ìàêñèìàëüíîì çíà÷åíèè 
ýôôåêòèâíîãî äàâëåíèÿ p

å
 = 0,70 ÌÏà ïðèâî-

äèò ê çíà÷åíèþ φ
T max

 = 12,5° ÏÊÂ ïîñëå ÂÌÒ, à 
ïðè ñíèæåíèè íàãðóçêè äî p

å
 = 0,38 ÌÏà φ

T max
 

ïîâûøàåòñÿ óæå äî 20,0° ÏÊÂ ïîñëå ÂÌÒ, ÷òî, 
â ñâîþ î÷åðåäü, âûøå äèçåëüíîãî ïðîöåññà â 
ïðåäåëàõ îò 19,1 % äî 2,0 ðàç, ñîîòâåòñòâåííî, 
â ýòîì æå äèàïàçîíå èçìåíåíèÿ íàãðóçêè.

Â ðåçóëüòàòå ïðèìåíåíèÿ ÑÒÝ ñ óâåëè÷åíè-
åì íàãðóçêè ïðîèñõîäèò ñíèæåíèå ìàêñèìàëü-
íûõ çíà÷åíèé ñêîðîñòè àêòèâíîãî òåïëîâûäåëå-
íèÿ (dχ

i
/dφ)

max
, àêòèâíîãî òåïëîâûäåëåíèÿ ïðè 

ìàêñèìàëüíîì äàâëåíèè (χ
i, Ðz

), è àêòèâíîãî òå-
ïëîâûäåëåíèÿ ïðè ìàêñèìàëüíîé òåìïåðàòóðå 
(χ

i, Tmax
). Òàê, íàïðèìåð, ïðè p

å
 = 0,38 ÌÏà ïðè 

ðàáîòå íà ÝÒÝ çíà÷åíèå (dχ
i
/dφ)

max
 ñîñòàâëÿåò 

0,208, ÷òî íà 85,7 % âûøå äèçåëüíîãî ïðîöåññà. 
Èñõîäÿ èç ïîëó÷åííûõ êðèâûõ (ðèñ. 6), 

ìîæíî îòìåòèòü, ÷òî ïðè ðàáîòå íà ìåòàíîëå 
è ÌÝÐÌ âåëè÷èíà (dχ/dφ)

max
 ïðè ìàëûõ è ñðåä-

íèõ íàãðóçêàõ ñóùåñòâåííî íèæå äèçåëüíîãî 
ïðîöåññà, à ñ óâåëè÷åíèåì íàãðóçêè äî ìàêñè-
ìàëüíîé – ñòðåìèòåëüíî âîçðàñòàåò, ïðåâûøàÿ 
çíà÷åíèÿ äèçåëüíîãî ïðîöåññà. Òàê, ïðè ðàáîòå 
íà ìåòàíîëå è ÌÝÐÌ ïðè ìèíèìàëüíîé íà-
ãðóçêå (dχ/dφ)

max
 = 0,03, ÷òî íà 45,5 % íèæå äè-

çåëüíîãî ïðîöåññà, ïðè p
e 
= 0,59 ÌÏà âåëè÷èíà 

(dχ/dφ)
max

 âîçðàñòàåò äî 0,049, ÷òî óæå âûøå äè-
çåëüíîãî ïðîöåññà íà 8,9 %. Ïîõîæèì îáðàçîì 
âåäóò ñåáÿ è êðèâûå χ

i Pz max
. Ïðè÷èíîé ÿâëÿþò-

ñÿ ñîîòâåòñòâóþùèå çíà÷åíèÿ óãëà φ
T max

, ÷òî 

Ðèñ. 5. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ òðàêòîðíîãî 
äèçåëÿ 4× 11,0/12,5 â çàâèñèìîñòè îò èçìåíåíèÿ 

íàãðóçêè (Θâïð = 23°, n = 2200 ìèí-1): 
              – äèçåëüíîå òîïëèâî;  – ÝÒÝ; 

 – ÌÒÝ

Ðèñ. 6. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ 
òðàêòîðíîãî äèçåëÿ 2× 10,5/12,0 â çàâèñèìîñòè 

îò èçìåíåíèÿ íàãðóçêè (n = 1800 ìèí-1):  
              – äèçåëüíîå òîïëèâî (Θ

âïð
 = 30°); 

 – ìåòàíîë è ÌÝÐÌ (Θ
âïð

 = 34°)
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ïðèâîäèò ê íåêîòîðîìó ñìåùåíèþ ïðîöåññà 
ñãîðàíèÿ ïðè ðàáîòå íà ìåòàíîëå è ÌÝÐÌ íà 
ëèíèþ ðàñøèðåíèÿ.

Íà ðèñ. 7 è 8 ïðåäñòàâëåíû õàðàêòåðèñòèêè 
òåïëîâûäåëåíèÿ òðàêòîðíûõ äèçåëåé, ðàáîòà-
þùèõ íà áèîòîïëèâå, íà ðàçëè÷íûõ ñêîðîñò-
íûõ ðåæèìàõ ðàáîòû.

Àíàëèçèðóÿ ðèñ. 7, ñëåäóåò îòìåòèòü, ÷òî ñ 
óâåëè÷åíèåì ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî 
âàëà ðàñòóò çíà÷åíèÿ óãëà ïðè ìàêñèìàëüíîé 
òåìïåðàòóðå öèêëà φ

T max
 êàê ïðè äèçåëüíîì 

ïðîöåññå, òàê è ïðè ðàáîòå íà ÑÒÝ. Îäíàêî ïðè-
ìåíåíèå ÑÒÝ âûçûâàåò îòëè÷èòåëüíûé îò äè-
çåëüíîãî ïðîöåññà õàðàêòåð ïðîòåêàíèÿ êðèâûõ 
ñêîðîñòè àêòèâíîãî òåïëîâûäåëåíèÿ (dχ

i
/dφ)

max
. 

Ýòî îáóñëîâëåíî íèçêèìè çíà÷åíèÿìè öåòàíîâî-
ãî ÷èñëà ïðèìåíÿåìûõ ñïèðòîâ, ÷òî åñòåñòâåííî 
óâåëè÷èâàåò ÏÇÂ. Íî íåîáõîäèìî îòìåòèòü, ÷òî 
â òî æå âðåìÿ ýòàíîë è ìåòàíîë îáëàäàþò âûñî-
êèìè îêòàíîâûìè ÷èñëàìè, ÷òî íå ìîæåò íå ñêà-
çàòüñÿ íà ñêîðîñòè ãîðåíèÿ è òåïëîâûäåëåíèÿ.

Ðàññìàòðèâàÿ ïðåäñòàâëåííûå íà ðèñ. 8 ãðà-
ôèêè òåïëîâûäåëåíèÿ, íåîáõîäèìî îòìåòèòü, 
÷òî ïðè ðàáîòå äâèãàòåëÿ íà ìåòàíîëå è ÌÝÐÌ 
íà ìàëûõ è ñðåäíèõ ñêîðîñòíûõ ðåæèìàõ ïðî-
èñõîäèò óâåëè÷åíèå ìàêñèìàëüíîé ñêîðîñòè 
òåïëîâûäåëåíèÿ ïî îòíîøåíèþ ê äèçåëüíîìó 
ïðîöåññó. Ïðè ýòîì âåëè÷èíà (dχ/dφ)

max
 äîñòè-

ãàåò 0,069 (n = 1400 ìèí-1). Îäíàêî ñ ðîñòîì 
÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà îòâîäèòñÿ 
ìåíüøå âðåìåíè íà ñìåñåîáðàçîâàíèå, ÷òî ñíè-
æàåò ñêîðîñòü ñãîðàíèÿ, è âåëè÷èíà (dχ/dφ)

max
 

óæå ñîñòàâëÿåò 0,03 (n = 2000 ìèí-1), ÷òî óæå 
íåñêîëüêî íèæå äèçåëüíîãî ïðîöåññà.

Âûâîäû
Íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâàíèé ïî-

êàçàòåëåé òåïëîâûäåëåíèÿ òðàêòîðíûõ äèçåëåé, 
ðàáîòàþùèõ íà áèîòîïëèâå, óñòàíîâëåíû çàâè-
ñèìîñòè âëèÿíèÿ èõ ðåæèìîâ ðàáîòû íà õàðàêòå-
ðèñòèêè òåïëîâûäåëåíèÿ è îïðåäåëåíû èõ ÷èñëî-
âûå çíà÷åíèÿ, ïðèâåäåííûå â òàáëèöàõ 2 è 3.

Ðèñ. 7. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ òðàêòîðíîãî 
äèçåëÿ 4× 11,0/12,5 â çàâèñèìîñòè îò èçìåíåíèÿ 

÷àñòîòû âðàùåíèÿ (Θâïð = 23°): 
              – äèçåëüíîå òîïëèâî;  – ÝÒÝ; 

 – ÌÒÝ

Ðèñ. 8. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ 
òðàêòîðíîãî äèçåëÿ 2× 10,5/12,0 â çàâèñèìîñòè 

îò èçìåíåíèÿ ÷àñòîòû âðàùåíèÿ:  
              – äèçåëüíîå òîïëèâî (Θ

âïð
 = 30°); 

 – ìåòàíîë è ÌÝÐÌ (Θ
âïð

 = 34°)

Òàáëèöà 2
Ðåçóëüòàòû èññëåäîâàíèé õàðàêòåðèñòèê òåïëîâûäåëåíèÿ 

òðàêòîðíîãî äèçåëÿ 4× 11,0/12,5 (Θâïð = 23º, n = 2200 ìèí-1, på = 0,64 ÌÏà)

Òîïëèâî
Ïîêàçàòåëè

χ
i, Pz

χ
i, Tmax

(dχ
i
/d)

max


Òmax

,
ãðàäóñ

Äèçåëüíîå 0,58 0,64 0,095 10,5

ÌÒÝ 0,69 (óâåëè÷åíèå 
íà 19,0 %)

0,79 (óâåëè÷åíèå 
íà 23,4 %)

0,180 (óâåëè÷åíèå 
íà 89,5 %)

14,0 (óâåëè÷åíèå 
íà 3,3 %)

ÝÒÝ 0,68 (óâåëè÷åíèå 
íà 17,2 %)

0,76 (óâåëè÷åíèå 
íà 18,8 %)

0,160 (óâåëè÷åíèå 
íà 68,4 %)

12,0 (óâåëè÷åíèå 
íà 14,3 %)
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Òàáëèöà 3
Ðåçóëüòàòû èññëåäîâàíèé õàðàêòåðèñòèê òåïëîâûäåëåíèÿ òðàêòîðíîãî äèçåëÿ 2× 10,5/12,0 

(Θâïð = 34º, n = 1800 ìèí-1, på = 0,59 ÌÏà)

Òîïëèâî
Ïîêàçàòåëè

χ
i, Pz

χ
i, Tmax

(dχ
i
/d)

max


Òmax

,
ãðàäóñ

Äèçåëüíîå 0,38 0,59 0,044 20,0
Ìåòàíîë 
è ÌÝÐÌ

0,48 (óâåëè÷åíèå 
íà 26,3 %)

0,62 (óâåëè÷åíèå 
íà 5,1 %)

0,041 (ñíèæåíèå 
íà 6,8 %)

17,5 (ñíèæåíèå 
íà 12,5  %)
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Â ïîñëåäíèå ãîäû Ðîññèÿ ïðèñòóïèëà ê àêòèâíîìó õîçÿéñòâåííîìó îñâîåíèþ Àðêòè÷åñêîé çîíû, âêëþ÷àÿ 
äîáû÷ó óãëåâîäîðîäîâ, à òàêæå ðàçâèòèþ Ñåâåðíîãî ìîðñêîãî ïóòè. Ìàêñèìàëüíàÿ ïðîòÿæåííîñòü ãðàíèö 
Ðîññèè â Àðêòèêå ñîñòàâëÿåò ïî÷òè ïîëîâèíó àðêòè÷åñêîãî ïîáåðåæüÿ. Èç-çà îòñóòñòâèÿ äîðîã ñ òâåðäûì ïî-
êðûòèåì áîëåå 10 % íàñåëåíèÿ (15 ìëí ÷åëîâåê) â âåñåííèé è îñåííèé ïåðèîäû îñòàþòñÿ îòðåçàííûìè îò 
òðàíñïîðòíûõ êîììóíèêàöèé. Äî íàñòîÿùåãî âðåìåíè 39 òûñ. íàñåëåííûõ ïóíêòîâ ñ îáùåé ÷èñëåííîñòüþ 
íàñåëåíèÿ äî 2 ìëí æèòåëåé (â òîì ÷èñëå 7,5 % îáùåãî ÷èñëà ðàéîííûõ öåíòðîâ è 6,7 % öåíòðàëüíûõ óñàäåá 
ñåëüñêîõîçÿéñòâåííûõ îðãàíèçàöèé) íå èìåþò ñâÿçè ñ òðàíñïîðòíîé ñåòüþ ñòðàíû ïî àâòîìîáèëüíûì äîðîãàì 
ñ òâåðäûì ïîêðûòèåì. Â ýòîé ñâÿçè ñíåãîõîäíàÿ ìîòîòåõíèêà çàíèìàåò âïîëíå îïðåäåëåííóþ íèøó ñðåäè âåç-
äåõîäíûõ òðàíñïîðòíûõ ñðåäñòâ, ýêñïëóàòèðóåìûõ â óñëîâèÿõ Êðàéíåãî Ñåâåðà, Àðêòèêè è Äàëüíåãî Âîñòîêà, 
è ïîçâîëÿåò óñïåøíî ðåøàòü âàæíûå òðàíñïîðòíûå çàäà÷è. Íàðÿäó ñ öåíîâîé äîñòóïíîñòüþ, ìîáèëüíîñòüþ, 
ïðîñòîòîé ýêñïëóàòàöèè, ðåìîíòîïðèãîäíîñòüþ, ñíåãîõîäíàÿ ìîòîòåõíèêà òàêæå îáëàäàåò õîðîøèìè ïîêàçà-
òåëÿìè óäåëüíîé ãðóçîïîäúåìíîñòè. Â íàñòîÿùåå âðåìÿ ïðîèçâîäñòâî îòå÷åñòâåííûõ ñíåãîõîäîâ íàëàæåíî âî 
ìíîãèõ êîìïàíèÿõ Ðîññèè. 
Â ñòàòüå ïðåäñòàâëåí àíàëèç îòå÷åñòâåííîãî ñíåãîõîäîñòðîåíèÿ. Ïðîàíàëèçèðîâàíû ðåçóëüòàòû ìàðêåòèíãî-
âûõ èññëåäîâàíèé ðûíêà ñíåãîõîäîâ â Ðîññèè. Ðàññìîòðåíà äèíàìèêà ïðîèçâîäñòâà ñíåãîõîäîâ âåäóùèõ îò-
å÷åñòâåííûõ ïðîèçâîäèòåëåé çà 2014–2016 ãã. Ðàññìîòðåíû îñíîâíûå êëàññû îòå÷åñòâåííûõ ñíåãîõîäîâ, äàíà 
èõ ñðàâíèòåëüíàÿ îöåíêà. Ïðèâåäåíû îòëè÷èòåëüíûå êîí-ñòðóêòèâíûå ïðèçíàêè ñíåãîõîäîâ ñ òî÷êè çðåíèÿ 
ïîòðåáèòåëüñêèõ êà÷åñòâ. Ïðåäñòàâëåíû îñíîâíûå íàïðàâëåíèÿ ðàçâèòèÿ êîíñòðóêöèè îòå÷åñòâåííûõ ñíåãî-
õîäîâ òóðèñòè÷åñêîãî, óòèëèòàðíîãî è äåòñêîãî êëàññîâ. Ïðåäëîæåíû ïóòè óëó÷øåíèÿ èõ òåõíè÷åñêèõ õà-
ðàêòåðèñòèê è ïîòðåáèòåëüñêèõ ñâîéñòâ. Ïðîàíàëèçèðîâàíû íîâûå ìîäåëè îòå÷åñòâåííûõ ñíåãîõîäîâ 2018 ã.
Êëþ÷åâûå ñëîâà: îòå÷åñòâåííûå ñíåãîõîäû, «Ðóññêàÿ ìåõàíèêà», «Âåëîìîòîðñ ïëþñ», êîìïîíîâî÷íàÿ ñõåìà, 
ïëàòôîðìà, äâèãàòåëü, òðàíñìèññèÿ, ãóñåíè÷íûé äâèæèòåëü, ðóëåâîå óïðàâëåíèå, ñèñòåìû ïîäðåññîðèâàíèÿ, 
îòîïëåíèÿ è îñâåùåíèÿ.

In recent years, Russia has begun an active economic development of the Arctic zone, including the extraction of 
hydrocarbons, as well as the development of the Northern Sea Route. Russia has a maximum length of borders in the 
Arctic, which is almost half of the Arctic coast. Due to the lack of paved roads, more than 10 percent of the popula-
tion (15 million people) remain cut off from transport communications during the spring and autumn periods. So far, 
39 thousand settlements with a total population of up to 2 million inhabitants (including 7,5 percent of the total num-
ber of district centers and 6,7 percent of the central estates of agricultural organizations) do not have a connection to 
the country's transport network by road hard coating. In this regard, snowmobile motorcycles occupy a well-defined 
niche among all-terrain vehicles operated in the Far North, the Arctic and the Far East, and allows to successfully 
solve important transport problems. Along with affordability, mobility, ease of operation, maintainability, snowmo-
bile vehicles also has good indicators of specific carrying capacity. Currently, the production of domestic snowmo-
biles is made in many Russian companies. The article presents an analysis of domestic snowmobile engineering. The 
results of marketing research of the snowmobile market in Russia is ana-lyzed. The dynamics of the production of 
snowmobiles of leading domestic manufacturers for 2014–2016 was considered. The main classes of domestic snow-
mobiles are considered, their comparative assessment is given. The distinctive design features of snowmobiles from 
the point of view of consumer qualities are given. The main directions of development of domestic snowmobiles of 
the tourist, utilitarian and chil-dren's classes are presented. The ways to improve their technical characteristics and 
consumer properties are proposed. New models of domestic snowmobiles of 2018 are analyzed.
Keywords: Russian snowmobiles, Russian Mechanics, Velomotors Plus, layout scheme, platform, engine, transmis-
sion, tracked propulsion, steering, suspension systems, heating and lighting.
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 Ââåäåíèå
Â ïîñëåäíèå ãîäû Ðîññèÿ ïðèñòóïèëà ê àê-

òèâíîìó õîçÿéñòâåííîìó îñâîåíèþ Àðêòè÷å-
ñêîé çîíû, âêëþ÷àÿ äîáû÷ó óãëåâîäîðîäîâ, 
à òàêæå ðàçâèòèþ Ñåâåðíîãî ìîðñêîãî ïóòè. 
Ìàêñèìàëüíàÿ ïðîòÿæåííîñòü ãðàíèö Ðîññèè 
â Àðêòèêå ñîñòàâëÿåò ïî÷òè ïîëîâèíó àðêòè-
÷å-ñêîãî ïîáåðåæüÿ. Èç-çà îòñóòñòâèÿ äîðîã 
ñ òâåðäûì ïîêðûòèåì áîëåå 10 % íàñåëåíèÿ 
(15 ìëí ÷åëîâåê) â âåñåííèé è îñåííèé ïåðèîäû 
îñòàþòñÿ îòðåçàííûìè îò òðàíñïîðòíûõ êîì-
ìóíèêàöèé. Äî íàñòîÿùåãî âðåìåíè 39 òûñ. 
íàñåëåííûõ ïóíêòîâ ñ îáùåé ÷èñëåííîñòüþ íà-
ñå-ëåíèÿ äî 2 ìëí æèòåëåé (â òîì ÷èñëå 7,5 % 
îáùåãî ÷èñëà ðàéîííûõ öåíòðîâ è 6,7 % öåí-
òðàëüíûõ óñàäåá ñåëüñêîõîçÿéñòâåííûõ îðãà-
íèçàöèé) íå èìåþò ñâÿçè ñ òðàíñïîðòíîé ñåòüþ 
ñòðàíû ïî àâòîìîáèëüíûì äîðîãàì ñ òâåðäûì 
ïîêðûòèåì. Â ýòîé ñâÿçè ñíåãîõîäíàÿ ìîòî-
òåõíèêà çàíèìàåò âïîëíå îïðåäåëåííóþ íèøó 
ñðåäè âåçäåõîäíûõ òðàíñïîðòíûõ ñðåäñòâ, ýêñ-
ïëóàòèðóåìûõ â óñëîâèÿõ Êðàéíåãî Ñåâåðà, 
Àðêòèêè è Äàëüíåãî Âîñòîêà è ïîçâîëÿåò 
óñïåøíî ðåøàòü âàæíûå òðàíñïîðòíûå çàäà÷è. 
Íàðÿäó ñ öåíîâîé äîñòóïíîñòüþ, ìîáèëüíî-
ñòüþ, ïðîñòîòîé ýêñïëóàòàöèè, ðåìîíòîïðè-
ãîäíîñòüþ, ñíåãîõîäíàÿ ìîòîòåõíèêà òàêæå 
îáëà-äàåò õîðîøèìè ïîêàçàòåëÿìè óäåëüíîé 
ãðóçîïîäúåìíîñòè. Â íàñòîÿùåå âðåìÿ ïðîèç-
âîäñòâî îòå÷åñòâåííûõ ñíåãîõîäîâ íàëàæåíî 
âî ìíîãèõ êîìïàíèÿõ Ðîññèè. 

Íà îñíîâíûå íàïðàâëåíèÿ ðàçâèòèÿ îòå÷å-
ñòâåííîãî ñíåãîõîäîñòðîåíèÿ â çíà÷èòåëüíîé 
ñòåïåíè âëèÿåò íå òîëüêî ìèðîâîé óðîâåíü 
ñíåãîõîäîñòðîåíèÿ, íî è áîëåå ÷åì 100-ëåòíèé 
èñòîðè÷åñêèé îïûò ñîçäàíèÿ òàêèõ ìàøèí â 
Ðîññèè, à òàêæå ïîòðåáèòåëüñêèé ñïðîñ íà íèõ 
â íàñòîÿùåå âðåìÿ [1–8].

Â ýòîì ñìûñëå î÷åíü ïîëåçíû ðåçóëüòà-
òû, ïîëó÷åííûå ìàðêåòèíãîâûì àãåíòñòâîì 
DISCOVERY Research Group, çàâåðøèâøèì â 
àïðåëå 2017 ã. èññëåäîâàíèÿ ðûíêà ñíåãîõîäîâ 
â Ðîññèè [8]. Ñîãëàñíî ýòèì ðåçóëüòàòàì, íå-
ñìîòðÿ íà íàëè÷èå îêîëî äâóõ äåñÿòêîâ îòå÷å-
ñòâåííûõ ïðîèçâîäèòåëåé, ðåàëüíî â Ðîññèè â 
ïðîìûøëåííûõ ìàñøòàáàõ ñíåãîõîäû ïðîèç-
âîäÿò òîëüêî äâå êîìïàíèè: ÀÎ «Ðóññêàÿ ìåõà-
íèêà» è ÎÎÎ «Âåëîìîòîðñ ïëþñ». 

Â 2016 ã. ýòè êîìïàíèè ïðîèçâåëè 3,5 òûñ. 
ëûæíî-ãóñåíè÷íûõ ìàøèí íà îáùóþ ñóììó 
$26,59 ìëí, ÷òî ñ ó÷åòîì èìïîðòà çàðóáåæ-
íûõ ñíåãîõîäîâ îáåñïå÷èëî 40 % ïîòðåáíîñòåé 
ðûíêà â Ðîññèè. Ïðè ýòîì â 2016 ã. îáúåì ïðî-

èçâîäñòâà ñíåãîõîäîâ â Ðîññèè ïîêàçàë ïîëî-
æèòåëüíóþ äèíàìèêó. Òåìï ïðèðîñòà ñîñòàâèë 
6,3 % îò íàòóðàëüíîãî è 6,6 % îò ñòîèìîñòíîãî 
îáúåìîâ ñîîòâåòñòâåííî. 

Ñðåäè ïðîèçâîäèòåëåé áîëüøóþ äîëþ â ñòî-
èìîñòíîì îáúåìå ïðîèçâîäñòâà ñíåãîõîäîâ â 
Ðîññèè â 2016 ã. çàíÿëî ÀÎ «Ðóññêàÿ ìåõàíè-
êà» – 55 %. Âòîðûì ïî ñòîèìîñòíîìó îáúåìó 
ïðîèçâîäñòâà ÿâëÿåòñÿ ÎÎÎ «Âåëîìîòîðñ 
ïëþñ» ñ äîëåé 45 %.

Â 2014–2016 ãã. îáúåì èìïîðòà ñíåãîõîäîâ 
â Ðîññèþ çíà÷èòåëüíî ñîêðàùàëñÿ (ñ 31,9 òûñ. 
øò. â 2014 ã. äî 5,5 òûñ. øò. â 2016 ã.). Îáúåì 
ýêñïîðòà, íàïðîòèâ, óâåëè÷èëñÿ ñ 55 äî 
147 òûñ. øò. Çà ñ÷åò ñóùåñòâåííîãî óìåíüøå-
íèÿ èìïîðòà è íåñóùåñòâåííîãî óâåëè÷åíèÿ 
ïðîèçâîäñòâà â Ðîññèè îáúåì ðûíêà ñîêðàòèë-
ñÿ ñ 35,2 äî 8,9 òûñ. øò.

Áîëüøóþ ÷àñòü èìïîðòà ñíåãîõîäîâ â 
Ðîññèþ ñîñòàâëÿþò ìîäåëè ñ áåíçèíîâûì äâè-
ãàòåëåì. Â 2016 ã. ñíåãîõîäîâ ýòîãî òèïà èì-
ïîðòèðîâàëîñü 5,5 òûñ. øò., ÷òî ýêâèâàëåíòíî 
$36,3 ìëí. Â 2016 ã. ñíåãîõîäû ñ äèçåëüíûìè 
äâèãàòåëÿìè íå èìïîðòèðîâàëèñü. Èç Ðîññèè 
ýêñïîðòèðóþòñÿ òîëüêî ñíåãîõîäû ñ áåíçèíî-
âûì äâèãàòåëåì.

Èç äàííîãî èññëåäîâàíèÿ ñëåäóåò, ÷òî ïðè 
ðåçêîì ñîêðàùåíèè èìïîðòà ñïðîñ íà îòå÷å-
ñòâåííûå ñíåãîõîäû â Ðîññèè è çà ðóáåæîì 
ïîñòåïåííî ðàñòåò, ÷òî çàñòàâëÿåò âåäóùèå 
ðîññèéñêèå êîìïàíèè íàðàùèâàòü ñâîå ïðîèç-
âîäñòâî. 

Öåëü èññëåäîâàíèÿ
Ñðàâíèòåëüíûé àíàëèç îòå÷åñòâåííûõ ñíå-

ãîõîäîâ. Ðàññìîòðåíèå îñíîâíûõ íàïðàâëåíèé 
ðàçâèòèÿ ñíåãîõîäîñòðîåíèÿ â Ðîññèè.

Òðåáîâàíèÿ ê êîíñòðóêöèè 
îòå÷åñòâåííûõ ñíåãîõîäîâ
Èñõîäÿ èç ñïðîñà íà çèìíþþ òåõíèêó, â 

Ðîññèè âûïóñêàþòñÿ ñíåãîõîäû â îñíîâíîì 
òðåõ êëàññîâ: óòèëèòàðíûå, òóðèñòè÷åñêèå è 
äåòñêèå.

Èñõîäÿ èç íàçíà÷åíèÿ ýòèõ ìàøèí, èõ ðàç-
ðàáîòêà è ñîâåðøåíñòâîâàíèå èäåò ïî òðåì 
îñíîâíûì íàïðàâëåíèÿì: óëó÷øåíèå òåõíè÷å-
ñêèõ õàðàêòåðèñòèê, ïîâûøåíèå ýêñïëóàòàöè-
îííûõ ñâîéñòâ è óëó÷øåíèå ïîòðåáèòåëüñêèõ 
ñâîéñòâ. 

Äëÿ óòèëèòàðíîé òåõíèêè âàæíî, â ïåðâóþ 
î÷åðåäü, ïîâûøåíèå òÿãîâûõ âîçìîæíîñòåé 
ñíåãîõîäîâ. Äëÿ ýòîãî ïðåäïî÷òåíèå îòäàåòñÿ 
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ñõåìå «îäíà ëûæà – äâå ãóñåíèöû», îáåñïå÷è-
âàþùåé ê òîìó æå è ìèíèìàëüíîå äàâëåíèå íà 
ïîâåðõíîñòü çà ñ÷åò áîëüøîé îïîðíîé ïëîùà-
äè äâóõ ãóñåíèö. Îäíàêî äàííàÿ ñõåìà èìååò 
äîñòàòî÷íî áîëüøîé ðàäèóñ ïîâîðîòà, ÷òî íå 
ïîçâîëÿåò ñíåãîõîäó ñîâåðøàòü êðóòûå ïîâî-
ðîòû, íàïðèìåð, ïðè äâèæåíèè â ëåñó. Êîìïåí-
ñèðîâàòü äàííûé íåäîñòàòîê âîçìîæíî, ââåäÿ 
òðàêòîðíóþ ñõåìó ïîâîðîòà ïóòåì ïðèòîðìà-
æèâàíèÿ îòñòàþùåé ãóñåíèöû. Îäíàêî ýòî, 
ââèäó çàìåòíîãî óñëîæíåíèÿ êîíñòðóêöèè, íå 
íàøëî øèðîêîãî ðàñïðîñòðàíåíèÿ. 

Äëÿ òóðèñòè÷åñêèõ è äåòñêèõ ñíåãîõîäîâ 
ïðåäïî÷òèòåëüíà äðóãàÿ áîëåå ýêîíîìè÷íàÿ 
ñõåìà – «îäíà ãóñåíèöà – äâå ëûæè», êîòîðàÿ  
â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå ïåðñïåê-
òèâíîé ïðàêòè÷åñêè äëÿ âñåõ òèïîâ ñíåãîõîäîâ. 
Ïðè ýòîì äëÿ îáåñïå÷åíèÿ âûñîêîé ïðîõîäè-
ìîñòè ïî ëþáîìó ñíåæíîìó ïîêðûòèþ â ýòîé 
ñõåìå äîëæíû ïðèìåíÿòüñÿ äëèííûå ãóñåíè-
öû – øèðèíîé íå ìåíåå 500 èëè äàæå 600 ìì, 
÷òî ïðåäúÿâëÿåò äîïîëíèòåëüíûå òðåáîâàíèÿ 
ê êîíñòðóêöèè îïîðíûõ òåëåæåê ãóñåíè÷íîãî 
äâèæèòåëÿ è ãóñåíè÷íîé ëåíòû.

Êðîìå òîãî, äëÿ äàëüíåéøåãî ñíèæåíèÿ 
óäåëüíîãî äàâëåíèÿ íà îïîðíóþ ïîâåðõíîñòü 
íåîáõîäèìî âñåìåðíî îáëåã÷àòü ñíåãîõîä. Äëÿ 
ýòîãî ïðèìåíÿþò áîëåå ðàöèîíàëüíûå ñòàëü-
íûå êîíñòðóêöèè è îáëåã÷åííûå ðàìû, â òîì 
÷èñëå ñäåëàííûå èç àëþìèíèåâûõ ñïëàâîâ. 
Âîçìîæíî òàêæå ïðèìåíåíèå ïðî÷íûõ ïëàñò-
ìàññ èëè äðóãèõ ñîâðåìåííûõ ìàòåðèàëîâ, èñ-
ïîëüçóåìûõ â ñàìîëåòîñòðîåíèè. 

Ñ öåëüþ ïîâûøåíèÿ ìîùíîñòè è ýêîíîìè÷-
íîñòè ìîòîðîâ âìåñòî 2-òàêòíûõ ïðèìåíÿþò 
4-òàêòíûå äâèãàòåëè, ñíàáæåííûå ëèáî ñîâðå-
ìåííûìè êàðáþðàòîðàìè íà êàæäûé öèëèíäð, 
ëèáî èíæåêòîðíîé ñèñòåìîé ïîäà÷è òîïëèâà. 
Îäíàêî ýòî ïðèâîäèò ê óâåëè÷åíèþ åãî ñèëî-
âîé è òåïëîâîé íàãðóæåííîñòè äâèãàòåëÿ, ÷òî 
òðåáóåò óëó÷øåíèÿ óñëîâèé ñìàçêè è îõëàæ-
äåíèÿ. Äëÿ ýòîãî âìåñòî ñìåøàííîé òîïëèâíî-
ìàñëÿíîé ñèñòåìû íà÷èíàþò ïðèìåíÿòü ðàç-
äåëüíóþ, êàê â àâòîìîáèëüíûõ äâèãàòåëÿõ. 

Äëÿ îõëàæäåíèÿ ìîòîðà ïðèìåíÿþò ïðèíó-
äèòåëüíóþ âîçäóøíóþ ñèñòåìó, êîòîðàÿ ñî÷åòà-
åòñÿ ñ ãèäðàâëè÷åñêîé ñèñòåìîé îõëàæäåíèÿ çà 
ñ÷åò ïðèìåíåíèÿ äîïîëíèòåëüíûõ ðàäèàòîðîâ, 
ðàñïîëîæåííûõ â òîííåëå ñíåãîõîäà è îõëàæäà-
åìûõ ëåòÿùåé èç-ïîä ãóñåíèö ñíåæíîé ìàññîé.

Òðàíñìèññèÿ ñíåãîõîäîâ äîëæíà îáåñïå÷è-
âàòü áîëüøîé êðóòÿùèé ìîìåíò ïðè ìàëûõ 
îáîðîòàõ, ÷òîáû íå äîïóñêàòü áóêñîâàíèÿ è çà-

ðûâàíèÿ â ñíåã, íàïðèìåð, ïðè òðîãàíèè ñ ìåñòà 
èëè ðàáîòå â êà÷åñòâå òÿãà÷à, à òàêæå ïðè äâè-
æåíèè çàäíèì õîäîì. Â òî æå âðåìÿ òðàíñìèñ-
ñèÿ ñîâìåñòíî ñ ìîòîðîì äîëæíû îáåñïå÷èâàòü 
ìàêñèìàëüíóþ ñêîðîñòü 100 êì/÷ è âûøå. Äëÿ 
ýòîãî ïðèìåíÿþò âûñîêîîáîðîòèñòûå ìîòîðû è, 
êàê ïðàâèëî, âàðèàòîðû, äîïîëíåííûå êîðîáêà-
ìè ðåâåðñà è ïîíèæàþùèìè ðåäóêòîðàìè.

Ðóëåâîå óïðàâëåíèå äîëæíî îáåñïå÷èâàòü 
çàäàâàåìóþ òðàåêòîðèþ äâèæåíèÿ è íåáîëü-
øèå óñèëèÿ âîäèòåëÿ. Äëÿ ýòîãî âîçìîæíî 
óñòàíîâëåíèå óñèëèòåëåé â ðóëåâîé êîëîíêå 
ãèäðàâëè÷åñêîãî èëè ýëåêòðè÷åñêîãî òèïîâ. 
Äëÿ óäîáñòâà âîæäåíèÿ ðóëåâàÿ êîëîíêà 
äîëæíà áûòü ðåãóëèðóåìîé ïî óãëó è âûëåòó, à 
âñå ðû÷àãè óïðàâëåíèÿ – óäîáíûìè äëÿ óïðàâ-
ëåíèÿ â çèìíèõ ðóêàâèöàõ.

Ñèñòåìà ïîäðåññîðèâàíèÿ ïåðåäíåé è 
çàäíåé ïîäâåñîê äîëæíà îáåñïå÷èâàòü êîì-
ôîðòíîå äâèæåíèå ñíåãîõîäà ïî ñíåæíîé 
äîðîãå èëè áåçäîðîæüþ, à òàêæå äâèæåíèå 
çàäíèì õîäîì áåç çàðûâàíèÿ ãóñåíèöû â ñíåã. 
Äëÿ äâèæåíèÿ áåç ïðîáîåâ õîäà ïîäâåñêè 
äîëæíû áûòü óâåëè÷åííûìè è ñîñòàâëÿòü íå 
ìåíåå 200 ìì. Äëÿ îáåñïå÷åíèÿ òàêèõ õîäîâ 
ëó÷øå âñåãî ïðèìåíÿòü òåëåñêîïè÷åñêóþ èëè 
ðû÷àæíóþ ïåðåäíþþ ïîäâåñêó ñ ìîùíûìè 
ãàçîíàïîëíåííûìè ãèäðàâëè÷åñêèìè àìîðòè-
çàòîðàìè. Çàäíÿÿ ïîäâåñêà äîëæíà îáåñïå÷è-
âàòü åùå áîëüøèå õîäà, ïîñêîëüêó â îñíîâíîì 
íà íåå ïðèõîäèòñÿ âåñ âîäèòåëÿ, ïàññàæèðà è 
ïåðåâîçèìûõ ãðóçîâ. Ïîýòîìó îíà, ïî âîçìîæ-
íîñòè, äîëæíà áûòü ðåãóëèðóåìîé. Äëÿ äâè-
æåíèÿ çàäíèì õîäîì áåç çàðûâàíèÿ ãóñåíèöû 
â ñíåã çàäíÿÿ åå ÷àñòü âûïîëíÿåòñÿ ïîäëàìû-
âàþùåéñÿ ââåðõ. Äëÿ óïðîùåíèÿ è îáëåã÷åíèÿ 
êîíñòðóêöèè äâèæèòåëÿ îíà äåëàåòñÿ êàòêîâî-
ñêëèçîâîé. Îäíàêî äëÿ âîçìîæíîñòè äëèòåëü-
íîãî äâèæåíèÿ ïî ëüäó èëè óêàòàííîé ñíåæíîé 
òðàññå ëó÷øå ïîäõîäèò ãóñåíè÷íûé äâèæèòåëü 
òîëüêî ñ îïîðíûìè êàòêàìè. 

Ñèñòåìà îòîïëåíèÿ, êðîìå ðóêîÿòîê óïðàâ-
ëåíèÿ, äîëæíà îáåñïå÷èâàòü ïîäîãðåâ ñèäåíèé 
âîäèòåëÿ è ïàññàæèðîâ. Ïåðåäíåå îñâåùåíèå 
äîëæíî ñîçäàâàòü óñëîâèÿ äëÿ áåçîïàñíîãî âî-
æäåíèÿ â òåìíîå âðåìÿ ñóòîê.

Äëÿ óíèâåðñàëüíûõ òèïîâ ñíåãîõîäîâ áîëü-
øîå çíà÷åíèå èìååò âîçìîæíîñòü ïåðåâîçà 
áîëüøîãî áàãàæà, ïîýòîìó çàäíåå ñèäåíüå ïàñ-
ñàæèðà ÷àñòî ïðåîáðàçóåòñÿ â äîïîëíèòåëüíûé 
ãðóçîâîé îòñåê.

Ïîíÿòíî, ÷òî áîëüøèíñòâî ýòèõ òðåáîâà-
íèé â òîé èëè èíîé ìåðå óæå ðåàëèçóþòñÿ â 
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ïîñëåäíèõ è îñîáåííî íîâûõ ìîäåëÿõ ñíåãî-
õîäîâ, êîòîðûì ïðèõîäèòñÿ êîíêóðèðîâàòü ñ 
âåäóùèìè ìèðîâûìè ïðîèçâîäèòåëÿìè. Ïî-
ýòîìó îñíîâíûå íàïðàâëåíèÿ ðàçâèòèÿ ðûíêà 
îòå÷åñòâåííûõ ñíåãîõîäîâ ëó÷øå âñåãî âèäíû 
èìåííî â íîâûõ ìîäåëÿõ. 

Ñðàâíèòåëüíàÿ îöåíêà ñíåãîõîäîâ 
îòå÷åñòâåííûõ ïðîèçâîäèòåëåé
Â êà÷åñòâå ïðèìåðà ìîæíî ðàññìîòðåòü 

ñíåãîõîäû îòå÷åñòâåííûõ ïðîèçâîäèòåëåé, âû-
ïóùåííûå â 2018 ã. 

Êîìïàíèÿ «Âåëîìîòîðñ» âûïóñòèëà íîâûé 
áþäæåòíûé ñíåãîõîä Stels «Ìîðîç», ïîñòðîåí-
íûé ïî ôîðìóëå «îäíà ëûæà – äâå ãóñåíèöû» 
(ðèñ. 1) [9]. 

Ðèñ. 1. Ñíåãîõîä Stels «Ìîðîç» 2018 ã.

Ìîäåëü ñî÷åòàåò â ñåáå ïåðåäîâûå êîíñòðóê-
òîðñêèå ðåøåíèÿ, óæå âîïëîùåííûå â ñíåãî-
õîäå «Åðìàê», èìååò îðèãèíàëüíûé äèçàéí è 
íåâûñîêóþ ñòîèìîñòü. Íîâèíêà îáîðóäîâàíà 
óñèëåííîé ðàìîé ñ íàêëîííîé ïåðåäíåé ñòåí-
êîé òîííåëÿ äëÿ îáåñïå÷åíèÿ äîïîëíèòåëüíîãî 
ìåñòà äëÿ íîã ïèëîòà è óâåëè÷åíèÿ æåñòêîñòè 
ðàìû íà êðó÷åíèå è èçãèá. Íîâûé 2-òàêòíûé 
2-öèëèíäðîâûé ðÿäíûé äâèãàòåëü âîçäóøíîãî 
îõëàæäåíèÿ ñ êàðáþðàòîðîì íà êàæäûé öè-
ëèíäð âûäàåò ìîùíîñòü 49 ë.ñ.

Íà ñíåãîõîä óñòàíîâëåíû ñîâðåìåííàÿ ïðî-
ãðàììèðóåìàÿ ñèñòåìà çàæèãàíèÿ, âåíòèëÿ-
òîð îõëàæäåíèÿ áåç ïðèâîäíîãî ðåìíÿ (îñåâîé 
ïðèâîä), ðóëåâîå óïðàâëåíèå ñ âèáðîçàùèòíû-
ìè ïîäøèïíèêàìè äëÿ ñíèæåíèÿ âèáðàöèé íà 
ðóëå. Óëó÷øåíû òàêæå äðóãèå âàæíûå óçëû è 
äåòàëè, â òîì ÷èñëå ðóëåâàÿ êîëîíêà è âèáðîçà-
ùèòà îñíîâàíèÿ äâèãàòåëÿ.

Ñíåãîõîä âûïóñêàåòñÿ â äâóõ ìîäèôèêàöè-
ÿõ – îáû÷íîé è óäëèíåííîé. Ïðåäóñìîòðåíû 
è äîïîëíèòåëüíûå îïöèè: ñèëîâîé ïåðåäíèé 

áàìïåð, êîôð äëÿ õðàíåíèÿ ïðèíàäëåæíîñòåé, 
ôàðà-èñêàòåëü, çàùèòà äëÿ ëûæ.

Ê ñåçîíó 2018 ã. êîìïàíèÿ «Ðóññêàÿ ìåõà-
íèêà» ïðåäñòàâèëà îáíîâëåííûé «Áóðàí». Ëå-
ãåíäàðíûé ñíåãîõîä áûë óñîâåðøåíñòâîâàí ñ 
ó÷åòîì ïðåäëîæåíèé è îæèäàíèé âëàäåëüöåâ è 
ïîëó÷èë «ïðèñòàâêó» ê èìåíè «Ëèäåð» (ðèñ. 2) 
[10]. Êëþ÷åâûå èçìåíåíèÿ êàñàþòñÿ ïîâûøåíèÿ 
ïðî÷íîñòè ëûæè, óëó÷øåíèÿ óïðàâëÿåìîñòè 
è ïðîäëåíèÿ ðåñóðñà ñíåãîõîäà çà ñ÷åò óñòà-
íîâêè ñòàíäàðòíûõ òâåðäîñïëàâíûõ ïîäðåçîâ 
ÑÕÒ «Òàéãà». Áëàãîäàðÿ èì ïðè äëèòåëüíîé 
ýêñïëóàòàöèè íå óâåëè÷èâàåòñÿ ðàäèóñ ðàçâî-
ðîòà ñíåãîõîäà è íå òðåáóåòñÿ çàìåíÿòü ëûæó 
öåëèêîì – òîëüêî ïîäðåçû, ñîõðàíÿþùèå ñâîþ 
ôóíêöèîíàëüíîñòü ïðè ïðîáåãå äî 3000 êì.

Ðèñ. 2. Ñíåãîõîä «Áóðàí Ëèäåð» 2018 ã.

Ñíåãîõîä îñíàùàåòñÿ àâòîìàòè÷åñêèì íà-
òÿæèòåëåì öåïè íà êîðîáêå ðåâåðñà. Óñòðîé-
ñòâî ïîçâîëÿåò âëàäåëüöó ýêîíîìèòü âðåìÿ íà 
îáñëóæèâàíèè, èçáàâëÿåò îò ðó÷íîé ðàáîòû 
è íåîáõîäèìîñòè ïåðåä êàæäûì âûåçäîì ïðî-
âåðÿòü ñîñòîÿíèå öåïè. Óëó÷øåííûå òÿãîâî-
äèíàìè÷åñêèå õàðàêòåðèñòèêè è âîçìîæíîñòü 
ýêîíîìèè òîïëèâà îáåñïå÷èâàåò íîâûé öåíòðî-
áåæíûé ðåãóëÿòîð ñîáñòâåííîãî ïðîèçâîäñòâà 
«Ðóññêîé ìåõàíèêè». 

Ìîäåëü «Áóðàí Ëèäåð» îòëè÷àåòñÿ âûñîêèì 
ôîðìîâàííûì âåòðîâûì ñòåêëîì, ãåîìåòðèÿ 
êîòîðîãî èñêëþ÷àåò âîçìîæíîñòü åãî äåôîðìà-
öèè. Ñòåêëî çàùèùàåò âîäèòåëÿ îò âñòðå÷íîãî 
âåòðà è ëåòÿùåãî ñíåãà, à óñèëåííûé áàìïåð 
ïðåäîòâðàùàåò ïîâðåæäåíèÿ òåõíèêè ïðè äâè-
æåíèè ïî ëåñó è ïëîòíîìó êóñòàðíèêó. Ëåãêî-
ñòè â óïðàâëåíèå ñíåãîõîäîì äîáàâëÿåò âûñî-
êèé ðóëü ñ ïîäîãðåâîì ðóêîÿòîê è êóðêà ãàçà. 
«Áóðàí Ëèäåð» òàêæå îñíàùåí ñâåòîäèîäíûì 
çàäíèì ôîíàðåì.

Èçìåíåí è âíåøíèé âèä ñíåãîõîäà: òåïåðü 
îí âûïîëíåí â ÿðêîé ÷åðíî-îðàíæåâîé è áåëî-
îðàíæåâîé ðàñöâåòêå. Êðîìå òîãî, êîìïàíèÿ 
ïëàíèðóåò âûïóñê ñïåöèàëüíîé ñåðèè â çèìíåì 
êàìóôëÿæå äëÿ îõîòíèêîâ.
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Ñíåãîõîäû «Áóðàí Ëèäåð», Stels «Ìîðîç» 
è Stels «Åðìàê 600L» êîìïàíèé «Ðóññêàÿ ìå-
õàíèêà» è «Âåëîìîòîðñ» èìåþò îäèíàêîâûå 
êîìïîíîâî÷íûå ñõåìû «äâå ãóñåíèöû – îäíà 
ëûæà» è áëèçêèå õàðàêòåðèñòèêè (òàáë. 1) [11]. 
Îäíàêî èç íèõ íàèáîëåå íàäåæíûì ñ÷èòàåòñÿ, 
êîíå÷íî, «Áóðàí Ëèäåð».

Åùå îäíà íîâèíêà «Ðóññêîé ìåõàíèêè» 
2018 ã. – óòèëèòàðíî-òóðèñòè÷åñêèé ñíåãîõîä 
RMS 551i Tour, ïðåìüåðà êîòîðîãî ñîñòîÿ-
ëàñü íà âûñòàâêå â Ôèíëÿíäèè â íîÿáðå 2017 ã. 
(ðèñ. 3). Ïî ñâîèì òåõíè÷åñêèì õàðàêòåðèñòè-
êàì îí âïëîòíóþ ïðèáëèæàåòñÿ ê ñíåãîõîäàì 
âåäóùèõ çàðóáåæíûì ôèðì (òàáë. 2) [12].

Ðèñ. 3. Ñíåãîõîä RMS 551i Tour 2018 ã.

Äàííûé ñíåãîõîä ïîñòðîåí íà áàçå ìîäåëè 
«Òàéãà» ñ ìîäåðíèçèðîâàííûì 2-õòàêòíûì 
2-öèëèíäðîâûì ìîòîðîì ñ æèäêîñòíûì îõ-
ëàæäåíèåì è ðàçäåëüíîé ñèñòåìîé ñìàçêè, 
èìååò íîâóþ àëþìèíèåâóþ ïëàòôîðìó è øè-
ðîêóþ – 500 ìì – ãóñåíèöó ñ ãðóíòîçàöåïàìè 
âûñîòîé 32 ìì. Ïåðåäíÿÿ ïîäâåñêà – ðû÷àæíàÿ 
ñ õîäîì 225 ìì, à çàäíÿÿ ïîäâåñêà – ñêëèçîâàÿ 
ñ õîäîì 385 ìì. Îí ëåãîê â óïðàâëåíèè, ýðãî-
íîìè÷åí, îáëàäàåò ýôôåêòíîé âíåøíîñòüþ è 
ðàçâèâàåò ñêîðîñòü áîëåå 100 êì/÷. 

Ñíåãîõîä RMS 551i TOUR èìååò 10 ñëåäóþ-
ùèõ îñíîâíûõ ïðåèìóùåñòâ.

1. Ïëàòôîðìà äëÿ áîëüøåé æåñòêîñòè 
èìååò ïèðàìèäàëüíóþ êîíñòðóêöèþ è âû-
ïîëíåíà èç àëþìèíèåâîãî ñïëàâà. Ïåðåäíÿÿ 
åå ÷àñòü ñäåëàíà èç öåëüíîëèòûõ äåòàëåé, âû-
ïîëíåííûõ ìåòîäîì ëèòüÿ ïîä äàâëåíèåì, à 
çàêëåïî÷íîå ñîåäèíåíèå ýëåìåíòîâ ïëàòôîð-
ìû è ìèíèìàëüíîå êîëè÷åñòâî ñâàðíûõ øâîâ 
îáåñïå÷èâàþò âûñîêóþ ñòîéêîñòü â óñëîâèÿõ 
óäàðíûõ è âèáðàöèîííûõ íàãðóçîê. Â ïîäíîæ-
êàõ ïëàòôîðìû âûïîëíåíû ðàñøèðåííûå îò-
âåðñòèÿ ñ ãðåáåíêàìè, ïðåäíàçíà÷åííûå äëÿ 
ïðåäîòâðàùåíèÿ çàáèâàíèÿ ñíåãîì è ñîõðà-
íåíèÿ óñòîé÷èâîñòè âîäèòåëÿ. Îáùàÿ ìàññà 

ðàìû ðàâíà 55,5 êã, ÷òî íà 10 êã ëåã÷å ñòàëüíî-
ãî àíàëîãà. 

2. Äâèãàòåëü RMS 551i æèäêîñòíîãî îõëàæ-
äåíèÿ ìîùíîñòüþ 65 ë.ñ. èìååò ðàñïðåäåëåí-
íûé âïðûñê, ÷òî ïî ñðàâíåíèþ ñ äâèãàòåëåì 
ÐÌÇ-551 ñ êàðáþðàòîðíîé ñèñòåìîé ïèòàíèÿ 
îáåñïå÷èâàåò ðîñò ìîùíîñòè íà 8 %, ñíèæà-
åò ýêñïëóàòàöèîííûé ðàñõîä òîïëèâà íà 20 % 
è óìåíüøàåò âðåäíûå âûáðîñû. Â äâèãàòåëå 
ïðåäóñìîòðåíà âîçìîæíîñòü åãî çàïóñêà ñ àâà-
ðèéíîãî ñòàðòåðà äàæå ïðè ïîëíîñòüþ ðàçðÿ-
æåííîì àêêóìóëÿòîðå.

3. Íîâàÿ ÊÏÏ èìååò ëèíåéíûé ïîñòóïà-
òåëüíî-âîçâðàòíûé ìåõàíèçì ïåðåêëþ÷åíèÿ 
ïåðåäà÷ íà 4 ðåæèìà – L/H/N/R.

4. Ïåðåäíÿÿ ïîäâåñêà èìååò ñòàáèëèçàòîð 
ïîïåðå÷íîé óñòîé÷èâîñòè è âûïîëíåíà â âèäå 
äâóõ ïðÿìûõ À-îáðàçíûõ ðû÷àãîâ, îáåñïå÷è-
âàþùèõ õîä 225 ìì. Çàäíÿÿ ïîäâåñêà îáåñïå-
÷èâàåò õîä 385 ìì è ñíàáæåíà ðåãóëèðóåìûìè 
ãèäðîïíåâìàòè÷åñêèìè àìîðòèçàòîðàìè ñ âû-
íîñíûì ðåçåðâóàðîì (îïöèÿ), êîòîðûå ïîçâîëÿ-
þò áûñòðî íàñòðîèòü õàðàêòåðèñòèêè ïîäâåñêè 
ïîä êîíêðåòíûå óñëîâèÿ ýêñïëóàòàöèè. 

5. Ðåãóëèðîâêà ðóëÿ ïðåäóñìàòðèâàåò 4 ïî-
ëîæåíèÿ äëÿ èíäèâèäóàëüíîé íàñòðîéêè ïðè 
ðàçëè÷íûõ ñïîñîáàõ óïðàâëåíèÿ (ñèäÿ/ñòîÿ).

6. Ìîäóëüíîå äâóõóðîâíåâîå ñèäåíüå ñ ðå-
ãóëèðóåìîé ñïèíêîé äëÿ ïàññàæèðà ïîçâîëÿåò 
êîìôîðòíî ðàçìåñòèòüñÿ âîäèòåëþ è ïàññàæè-
ðó èëè óâåëè÷èòü îáúåì áàãàæíèêà â 2 ðàçà.

7. Ìíîãîôóíêöèîíàëüíûé áëîê óïðàâëå-
íèÿ ïîçâîëÿåò óïðàâëÿòü ñâåòîì, ïîäîãðåâà-
ìè è çàïóñêîì äâèãàòåëÿ. Ïðè ýòîì èìååò-
ñÿ âîçìîæíîñòü îäíîâðåìåííî èñïîëüçîâàòü 
áëèæíèé è äàëüíèé ñâåò, ìîùíîñòü ñâåòîâî-
ãî ïîòîêà ñâåòîäèîäíîé ôàðû ñîñòàâëÿåò äî 
3200 ëþìåí.

8. Ëèòûå àëþìèíèåâûå äåòàëè ïîäìîòîðíî-
ãî îòñåêà è ðóëåâîãî óïðàâëåíèÿ äîïîëíèòåëü-
íî ñíèæàþò âåñ ñíåãîõîäà. 

9. Íèçêàÿ ïîñòàíîâêà äâèãàòåëÿ è ñìåùåíèå 
åãî ê öåíòðó, à òàêæå ïåðåíîñ àêêóìóëÿòîðà â 
çàäíþþ ÷àñòü ïîä ñèäåíüå ïîçâîëèëè ñíèçèòü 
öåíòð òÿæåñòè ñíåãîõîäà è ïåðåìåñòèòü åãî 
áëèæå ê âåäóùåìó âàëó äâèæèòåëÿ. Ïåðåíîñ 
ÊÏÏ íà ïðàâóþ ñòîðîíó ïîçâîëèë ñáàëàíñè-
ðîâàòü ñíåãîõîä îòíîñèòåëüíî ïðîäîëüíîé îñè. 
Âñå ýòî ïîëîæèòåëüíî îòðàçèëîñü íà ïîâûøå-
íèè óñòîé÷èâîñòè è óïðàâëÿåìîñòè.

10. Äëÿ ïîâûøåíèÿ ïðîõîäèìîñòè â ãëóáî-
êîì ðûõëîì ñíåãó ïðèìåíåíà ãóñåíèöà ñ óâåëè-
÷åííûì ãðóíòîçàöåïîì (32 ìì âìåñòî 26 ìì).



Îñíîâíûå íàïðàâëåíèÿ ðàçâèòèÿ ïðîèçâîäñòâà îòå÷åñòâåííûõ ñíåãîõîäîâ
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Òàáëèöà 1

Òåõíè÷åñêèå õàðàêòåðèñòèêè ñíåãîõîäîâ «Áóðàí Ëèäåð», Stels «Ìîðîç 600 L» è Stels «Åðìàê 600L»

 Ìîäåëü «Áóðàí Ëèäåð» Stels «Ìîðîç 600 L» Stels «Åðìàê 600L»
Áàçà

Äâèãàòåëü

Îáúåì, ñì3/ êîë. öèë.

Äèàìåòð öèëèíäðà
õîä ïîðøíÿ, ìì

Ìîùíîñòü, ë.ñ.

Òîïëèâíàÿ ñèñòåìà, òèï/êîë.

Îõëàæäåíèå

Ñèñòåìà ñìàçêè

Ìàêñ. ñêîðîñòü, êì/÷

Òðàíñìèññèÿ

Òîðìîçíîé ìåõàíèçì 

Òîïëèâíûé áàê, ë 

Õîä ïåð. ïîäâåñêè, ìì

Õîä çàä. ïîäâåñêè, ìì

Ãóñåíèöà (ÄØÂ), ìì

Ñóõàÿ ìàññà, êã

Ãàáàðèòû (ÄØÂ), ìì

Öåíà, òûñ. ðóá.

Äëèííàÿ 

2-òàêòíûé
565/2

73,866

49
Êàðáþðàòîð Mikuni/2 

Âîçäóøíîå

Ñîâìåñòíàÿ 

Íå ìåíåå 70

Âàðèàòîð, ïåðåäà÷à 
âïåðåä, ðåâåðñ, íåéòðàëü

Ãèäðàâëè÷åñêèé

28

50

50

2(287838017,5)

320

27009101335 

255

Äëèííàÿ 

2-òàêòíûé

565/2

73,866

51
Êàðáþðàòîð Mikuni/1

Âîçäóøíîå

Ñîâìåñòíàÿ 

Íå ìåíåå 80

Âàðèàòîð, R/N/H/L

Ãèäðàâëè÷åñêèé

32 – îñíîâí. (58 – äîïîëí.)

150

190

2(404038017,5)

320

317010201560 

250 

Äëèííàÿ

PMP-640/2-òàêòíûé

635/2

7670

34
Êàðáþðàòîð Mikuni/1

Âîçäóøíîå

Ñîâìåñòíàÿ 

Íå ìåíåå 60

Âàðèàòîð, ïåðåäà÷à 
âïåðåä, ðåâåðñ, íåéòðàëü

Ìåõàíè÷åñêèé

28

50

50

2(368538017.5)

310

31009101335 

359

Òàáëèöà 2

Òåõíè÷åñêèå õàðàêòåðèñòèêè ñíåãîõîäà RMS 551i Tour

 Ïàðàìåòðû Òèï/çíà÷åíèÿ

Ãàáàðèòû â ðàáî÷åì ñîñòîÿíèè (ÄõØõÂ), ìì
Âåñ, êã

Êîëè÷åñòâî ìåñò
Äâèãàòåëü

Ìîùíîñòü äâèãàòåëÿ, ë.ñ
Êîë-âî öèë./ðàáî÷èé îáúåì äâèãàòåëÿ, ñì3

Òîïëèâíàÿ ñèñòåìà 
Ñèñòåìà ñìàçêè

Îõëàæäåíèå
Òðàíñìèññèÿ

Òîðìîçíàÿ ñèñòåìà
Òèï ïåðåäíåé ïîäâåñêè/õîä, ìì

Òèï çàäíåé ïîäâåñêè/õîä, ìì
Ãóñåíèöà (ÄØÂ), ìì 

Îáúåì òîïëèâíîãî áàêà, ë
Ìàêñèìàëüíàÿ ñêîðîñòü íå ìåíåå, êì/÷

Ãàðàíòèÿ, ìåñ.
Ïðîèçâîäèòåëü
Öåíà, òûñ. ðóá.

331512701340
320

2
ÐÌÇ 551i, äâóõòàêòíûé

65
2/553

Èíæåêòîð
Ðàçäåëüíàÿ

Æèäêîñòíîå
Âàðèàòîð

Ãèäðàâëè÷åñêàÿ
Ðû÷àæíàÿ (À-îáðàçíûé ðû÷àã) / 225

Ñêëèçîâàÿ / 385
369850032

42
105
36

Ðîññèÿ, Ðûáèíñê
499
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Êîìôîðòíîé ïîñàäêå âîäèòåëÿ ñïîñîáñòâó-
þò ñëåäóþùèå ôàêòîðû:

– çàóæåííàÿ ôîðìà ïåðåäíåé ÷àñòè ñèäåíüÿ 
è òîïëèâíîãî áàêà, ñìåùåíèå ïîñàäêè âîäèòå-
ëÿ âäîëü îñè áëèæå ê öåíòðó ìàññ ñíåãîõîäà è 
ïåðåìåùåíèå òî÷êè îïîðû íîã âïåðåä íà 80 ìì, 
ðåãóëèðóåìîå ïîëîæåíèå ðóëÿ;

– ìíîãîôóíêöèîíàëüíûå áëîêè ðóëÿ è ñâå-
òîäèîäíàÿ ôàðà ñ óìåíüøåííûì ýíåðãîïîòðå-
áëåíèåì óëó÷øàþò áåçîïàñíîñòü ýêñïëóàòà-
öèè â ëþáîå âðåìÿ ñóòîê.

Êîìôîðòíóþ ïîñàäêó ïàññàæèðó îáåñïå÷è-
âàåò äâóõóðîâíåâîå ñèäåíüå ñ ðåãóëèðóåìîé 
ñïèíêîé, ïîäîãðåâ ðó÷åê ïàññàæèðà è ýêðàíû 
äëÿ çàùèòû ðóê.

Ïîäíîæêè âûïîëíåíû ñ óâåëè÷åííûìè 
îêíàìè è ïðîòèâîñêîëüçÿùèìè çóáöàìè. Óâå-
ëè÷åííûå îêíà íå ïîçâîëÿþò ñêàïëèâàòüñÿ 
ñíåãó íà ïîäíîæêàõ, ÷òî ïðåäîòâðàùàåò ñî-
ñêàëüçûâàíèå íîã.

Âûâîäû
Êîìïàíèè «Ðóññêàÿ ìåõàíèêà» è «Âåëîìî-

òîðñ ïëþñ», âûïóñêàþò ñíåãîõîäû òðåõ êëàñ-
ñîâ: óòèëèòàðíûå, òóðèñòè÷åñêèå è äåòñêèå 
è ÿâëÿþòñÿ âåäóùèìè îòå÷åñòâåííûìè ïðî-
èçâîäèòåëÿìè òàêèõ çèìíèõ ìàøèí, êîòîðûå 
âîñòðåáîâàíû íå òîëüêî â Ðîññèè, íî è çà ðó-
áåæîì. Èñõîäÿ èç íàçíà÷åíèÿ ñíåãîõîäîâ, ïðî-
öåññ èõ ðàçðàáîòêè è ñîâåðøåíñòâîâàíèÿ èäåò 
ïî ñëåäóþùèì îñíîâíûì íàïðàâëåíèÿì:

– ñíèæåíèå âåñà çà ñ÷åò ïðèìåíåíèÿ áîëåå 
ðàöèîíàëüíûõ êîíñòðóêöèé îñíîâíûõ óçëîâ 
ñíåãîõîäîâ è îáëåã÷åííûõ ïëàòôîðì, âûïîë-
íåííûõ â òîì ÷èñëå èç ëåãêèõ ñïëàâîâ;

– ïîâûøåíèå ìîùíîñòè è ýêîíîìè÷íîñòè 
ìîòîðîâ çà ñ÷åò óëó÷øåíèÿ ýôôåêòèâíîñòè 
ðàáîòû êàðáþðàòîðíûõ è èíæåêòîðíûõ òî-
ïëèâíûõ ñèñòåì, ïðèìåíåíèÿ ðàçäåëüíîé ñè-
ñòåìû ñìàçêè è âîçäóøíî-æèäêîñòíîé ñèñòå-
ìû îõëàæäåíèÿ;

– óëó÷øåíèå óïðàâëÿåìîñòè è óñòîé÷èâî-
ñòè äâèæåíèÿ ñíåãîõîäîâ çà ñ÷åò ñíèæåíèÿ èõ 
öåíòðà òÿæåñòè è åãî ïåðåìåùåíèÿ áëèæå ê âå-
äóùåìó âàëó äâèæèòåëÿ;

– ïîâûøåíèå íàäåæíîñòè è ðåñóðñà ðàáîòû 
òðàíñìèññèè, ãóñåíè÷íîãî äâèæèòåëÿ, ëûæ 
è ïîäâåñîê, îáåñïå÷èâàþùèõ äâèæåíèå ïî 
ëþáûì ñíåæíûì ïîâåðõíîñòÿì è íåðîâíîñòÿì;

– óëó÷øåíèå ýðãîíîìè÷åñêèõ ïàðàìåòðîâ 
ñíåãîõîäîâ, êîòîðûå äîëæíû îáåñïå÷èâàòü èõ 
óäîáíóþ è áåçîïàñíóþ ýêñïëóàòàöèþ â ëþáûõ 
äîðîæíûõ óñëîâèÿõ.
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Â ñòàòüå ïðèâîäèòñÿ îáùèå äàííûå î ìàñøòàáàõ è ïåðñïåêòèâàõ èñïîëüçîâàíèÿ áëî÷íî-ìîäóëüíûõ ïðèíöèïîâ 
ïîñòðîåíèÿ òåõíè÷åñêèõ îáúåêòîâ â ðàçëè÷íûõ îòðàñëÿõ ïðîìûøëåííîñòè, â ÷àñòíîñòè â ñåëüñêîì õîçÿéñòâå 
ïðè ðàçðàáîòêå ïî÷âîîáðàáàòûâàþùèõ è ïîñåâíûõ àãðåãàòîâ. Â ëåñíîì õîçÿéñòâå áëî÷íî-ìîäóëüíîå ïîñòðîå-
íèå ïî÷âîîáðàáàòûâàþùèõ îðóäèé íå íàøëî ñòîëü øèðîêîãî ïðèìåíåíèÿ, ïîýòîìó ïðåîáëàäàþò êîíñòðóêöèè, 
ïðèñïîñîáëåííûå ê âûïîëíåíèþ îäíîé òåõíîëîãè÷åñêîé îïåðàöèè â ðàìêàõ îïðåäåëåííîé òåõíîëîãèè. Â òî æå 
âðåìÿ âñå ýòî ðàçíîîáðàçèå ñïåöèàëèçèðîâàííûõ ìàøèí îñòàåòñÿ íåâîñòðåáîâàííûì, ò.ê. ëåñíûå ïðåäïðèÿòèÿ 
íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ íå ñïîñîáíû çàêóïàòü è ýêñïëóàòèðîâàòü øèðîêèé ñïåêòð îáîðóäîâàíèÿ è îãðà-
íè÷èâàþòñÿ âåñüìà óçêèì íàáîðîì ìîðàëüíî óñòàðåâøèõ ïî÷âîîáðàáàòûâàþùèõ îðóäèé. Äëÿ ðåøåíèÿ ýòèõ 
ïðîáëåì àâòîðàìè áûëè ïðèìåíåíû áëî÷íî-ìîäóëüíûå ïðèíöèïû ïîñòðîåíèÿ òåõíè÷åñêèõ îáúåêòîâ äëÿ ðàçðà-
áîòêè êîìïëåêñà ïî÷âîîáðàáàòûâàþùèõ ëåñíûõ îðóäèé. Ïðèâîäèòñÿ êîíñòðóêòèâíîå îïèñàíèå ïðåäëàãàåìûõ 
áàçîâûõ ìîäóëüíûõ ïëàòôîðì (îäíîáðóñíàÿ çàäíåíàâåñíàÿ, äâóõáðóñíàÿ çàäíåíàâåñíàÿ è ïåðåäíåíàâåñíàÿ) 
è ðàçëè÷íûõ ñìåííûõ ìîäóëåé ðàáî÷èõ îðãàíîâ. Ïðîðàáîòàíû âîçìîæíûå âàðèàíòû êîìïîíîâêè ìîäóëüíûõ 
îðóäèé â ñðåäå 3D ÑÀÏÐ SolidWorks, è ïðåäñòàâëåí ïðèìåð ÌÒÀ íà áàçå ìíîãîôóíêöèîíàëüíîãî ìîäóëüíîãî 
ëåìåøíîãî ïëóãà. Ïðîâåäåííûé àíàëèç êîíñòðóêöèé ïîäòâåðäèë, ÷òî îñíàùàåìûå ðàçëè÷íûìè ðàáî÷èìè ìî-
äóëÿìè îðóäèÿ ñïîñîáíû ýôôåêòèâíî ïðîèçâîäèòü âñå îïåðàöèè ïî îñíîâíîé ïîäãîòîâêå ïî÷âû, ïðîâåäåíèþ 
àãðîòåõíè÷åñêèõ óõîäîâ, à òàêæå ÷àñòè÷íî ïîñåâ è ïîñàäêó ëåñíûõ êóëüòóð â ðàçíîîáðàçíûõ óñëîâèÿõ. Òàêèì 
îáðàçîì, áîëüøîå ðàçíîîáðàçèå èñïîëüçóåìîé ëåñíîé ïî÷âîîáðàáàòûâàþùåé òåõíèêè, çà÷àñòóþ îáëàäàþùåé 
íåâûñîêîé ýôôåêòèâíîñòüþ, ìîæíî ñâåñòè ê óçêîìó ñïåêòðó âûñîêîàäàïòèâíûõ ìîäóëüíûõ îðóäèé. 
Êëþ÷åâûå ñëîâà: áëî÷íî-ìîäóëüíàÿ êîìïîíîâêà, ïî÷âîîáðàáàòûâàþùåå îðóäèå, ëåñîâîññòàíîâëåíèå, òåõíî-
ëîãèÿ, ÑÀÏÐ.

The article provides general data on the scale and prospects for the use of block-modular principles for constructing 
technical objects in various industries, in particular, in agriculture in the development of tillage and sowing units. In 
forestry, the block-modular construction of tillage tools has not found a wide-spread use, therefore, designs adapted 
to perform a single technological operation within a specific tech-nology prevail. At the same time, all this variety 
of specialized machines remains unclaimed, since Forest enterprises at the present stage of development are not ca-
pable of purchasing and operating a wide range of equipment and are limited to a very narrow set of obsolete tillage 
tools. To solve these problems, the author applied block-modular principles for constructing technical objects for 
developing a set of tillage forest tools. A constructive description of the proposed basic modular platforms (single-bar 
rear-mounted, double-sided rear-hung and front-hung) and various interchangeable modules of the working bodies is 
given. The possible options for the layout of modular tools in 3D CAD software SolidWorks have been worked out 
and an example of machine tractor unit based on a multifunctional modular plow has been presented. The analysis of 
the structures confirmed that the tools equipped with various working modules are capable of effectively performing 
all operations on basic soil preparation, carrying out agrotechnical treatments, as well as partly sowing and planting 
of forest crops in various conditions. Thus, a large varie-ty of used forest tillage equipment used can be reduced to a 
narrow range of highly adaptable modular tools.
Keywords: block-modular layout, tillage tool, reforestation, technology, CAD.
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Ââåäåíèå
Áëî÷íî-ìîäóëüíûå ïðèíöèïû ïîñòðîåíèÿ 

òåõíè÷åñêèõ îáúåêòîâ íàõîäÿò øèðî÷àéøåå 
ïðèìåíåíèå â ðàçëè÷íûõ îòðàñëÿõ ñîâðåìåí-
íîãî ïðîìûøëåííîãî ïðîèçâîäñòâà. Èññëåäî-
âàíèþ äàííîãî âîïðîñà ïîñâÿùåíî ìíîæåñòâî 
ïóáëèêàöèé èíîñòðàííûõ ó÷åíûõ [1–6].

Â íàñòîÿùåå âðåìÿ ïðîãðàììû ðàçâèòèÿ ìî-
äóëüíûõ òåõíîëîãèé èíòåíñèâíî ðåàëèçóþòñÿ 
â ñòðàíàõ ÅÑ è ÑØÀ. Â ÷àñòíîñòè, â åâðîïåé-
ñêîì ñåãìåíòå ðàçâèòèÿ ïðîèçâîäñòâà íà 2015–
2020 ãã. ìîäóëüíûå òåõíîëîãèè îöåíèâàþòñÿ 
êàê íàèáîëåå ïåðñïåêòèâíûå ïðè âñåõ ñöåíàðè-
ÿõ áóäóùåãî ïðîìûøëåííîñòè Åâðîïåéñêîãî 
Ñîþçà. Â ÑØÀ ìîäóëüíîå ïðîèçâîäñòâî áûëî 
âêëþ÷åíî â ÷èñëî òåõíîëîãè÷åñêèõ ïðèîðèòå-
òîâ â ðàìêàõ ïðîèçâîäñòâåííîãî ðàçâèòèÿ. Â 
ßïîíèè òàêæå ïðàâèòåëüñòâåííûå ó÷ðåæäåíèÿ 
ïîääåðæèâàþò èññëåäîâàòåëüñêèå ïðîãðàììû, 
íàïðàâëåííûå íà ðàçâèòèå ìîäóëüíîãî êîí-
ñòðóèðîâàíèÿ è ïðîèçâîäñòâà. 

Îáû÷íî âîïðîñû èñïîëüçîâàíèÿ ìîäóëüíûõ 
êîíñòðóêöèé è ìîäóëüíûõ ïëàòôîðì çàòðàãè-
âàþò íàöèîíàëüíóþ êîíêóðåíòîñïîñîáíîñòü, à 
ïîòîìó íàõîäÿòñÿ â çîíå âíèìàíèÿ íàöèîíàëü-
íûõ ïðàâèòåëüñòâåííûõ è íåêîììåð÷åñêèõ íå-
ïðàâèòåëüñòâåííûõ îðãàíèçàöèé. 

Â íàøåé ñòðàíå â 1980-å ãã. âåëàñü èíòåí-
ñèâíàÿ ðàçðàáîòêà ìîäóëüíûõ êîíñòðóêöèé 
â ÎÏÊ, ñóäîñòðîåíèè, ñòðîèòåëüñòâå, ñåëü-
ñêîì õîçÿéñòâå è íåêîòîðûõ äðóãèõ îòðàñëÿõ. 
Íî â 1990–2000 ãã. ìîäóëüíàÿ òåìàòèêà äëÿ 
ðîññèéñêîé ïðîìûøëåííîñòè âðåìåííî óòðà-

òèëà ñâîþ àêòóàëüíîñòü. Ðîññèÿ ïðîïóñòèëà 
íåñêîëüêî ýòàïîâ â ðàçâèòèè ìîäóëüíûõ êîí-
ñòðóêöèé è ìîäóëüíîãî ïðîèçâîäñòâà. Êà-
êîé-ëèáî âíÿòíîé ïðîìûøëåííîé ïîëèòèêè â 
äàííîé ñôåðå ðåàëèçîâàíî íå áûëî. Â íàñòîÿ-
ùåå âðåìÿ óñèëèÿ ïî ðàçâîðà÷èâàíèþ ìîäóëü-
íûõ ïðîèçâîäñòâ ïðåäïðèíèìàþòñÿ, ïðåæäå 
âñåãî, â îòå÷åñòâåííîé àâòîìîáèëüíîé ïðî-
ìûøëåííîñòè [7].

Ïðèâåäåííûå äàííûå ïîêàçûâàþò íà ïåð-
ñïåêòèâíîñòü âíåäðåíèÿ ìîäóëüíûõ êîíöåï-
öèé ïîñòðîåíèÿ òåõíè÷åñêèõ îáúåêòîâ â ðàçíî -
îáðàçíûõ îòðàñëÿõ ïðîìûøëåííîãî ïðîèçâîä-
ñòâà (ðèñ. 1) [7].

Ñóùíîñòü áëî÷íî-ìîäóëüíîãî ïîñòðîåíèÿ 
ìàøèí ñîñòîèò â ðàçðàáîòêå ñîâîêóïíîñòè èç-
äåëèé, îáúåäèíåííûõ îáùíîñòüþ òåõíè÷åñêèõ 
ðåøåíèé, ñ èñïîëüçîâàíèåì îãðàíè÷åííîé íî-
ìåíêëàòóðû ñîñòàâíûõ ÷àñòåé. ×èñëî è âèä 
ìîäóëåé îïðåäåëÿåòñÿ ñîâîêóïíîñòüþ âûïîëíÿ-
åìûõ òåõíîëîãè÷åñêèõ îïåðàöèé. Ýòî äàåò âîç-
ìîæíîñòü ñâåñòè áîëüøîå ðàçíîîáðàçèå ñïåöè-
àëèçèðîâàííîé ïî÷âîîáðàáàòûâàþùåé òåõíèêè 
ê óçêîìó ñïåêòðó óíèâåðñàëüíûõ è êîìáèíè-
ðîâàííûõ îðóäèé. Íà ðèñ. 2 ïðåäñòàâëåíà ñîâî-
êóïíîñòü ôàêòîðîâ, îáåñïå÷èâàþùèõ ýôôåêòèâ-
íîñòü âíåäðåíèÿ áëî÷íî-ìîäóëüíûõ ïðèíöèïîâ 
ïîñòðîåíèÿ ëåñîõîçÿéñòâåííûõ îðóäèé.

Â íàñòîÿùåå âðåìÿ áëî÷íî-ìîäóëüíûé 
ïðèíöèï ïîñòðîåíèÿ îðóäèé è àãðåãàòîâ íàøåë 
øèðîêîå ðàñïðîñòðàíåíèå â ñåëüñêîì õîçÿé-
ñòâå, â ÷àñòíîñòè ïðè ðàçðàáîòêå ïî÷âîîáðàáà-
òûâàþùèõ è ïîñåâíûõ àãðåãàòîâ [8, 9, 10, 11].

Ðèñ. 1. Äîëÿ ïðîäóêòîâ, áàçèðóþùèõñÿ íà ìîäóëüíûõ ïëàòôîðìàõ ïî îòðàñëÿì, â 2010–2015 ãã. (%)
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Â ëåñíîì õîçÿéñòâå áëî÷íî-ìîäóëüíîå ïî-
ñòðîåíèå ïî÷âîîáðàáàòûâàþùèõ îðóäèé íå 
íàøëî øèðîêîãî ïðèìåíåíèÿ. Ïîýòîìó ïðå-
îáëàäàþò êîíñòðóêöèè, ïðèñïîñîáëåííûå ê 
âûïîëíåíèþ îäíîé òåõíîëîãè÷åñêîé îïåðàöèè 
â ðàìêàõ îïðåäåëåííîé òåõíîëîãèè [12, 13, 
14, 15]. Â òî æå âðåìÿ âñå ýòî ðàçíîîáðàçèå 
ñïåöèàëèçèðîâàííûõ ìàøèí îñòàåòñÿ íåâîñ-
òðåáîâàííûì, ò.ê. ëåñíûå õîçÿéñòâà íà ñîâðå-
ìåííîì ýòàïå ðàçâèòèÿ íå ñïîñîáíû çàêóïàòü 
è ýêñïëóàòèðîâàòü øèðîêèé ñïåêòð îáîðóäîâà-
íèÿ è îãðàíè÷èâàþòñÿ âåñüìà óçêèì íàáîðîì 
ìîðàëüíî óñòàðåâøèõ ïî÷âîîáðàáàòûâàþùèõ 
îðóäèé. 

Öåëü èññëåäîâàíèÿ
Óêàçàííûå âûøå îáñòîÿòåëüñòâà äåëàþò 

àêòóàëüíîé çàäà÷ó ñîçäàíèÿ ìíîãîôóíêöè-
îíàëüíîãî îðóäèÿ, ïîñòðîåííîãî íà îñíîâå 
áëî÷íî-ìîäóëüíîé êîìïîíîâêè, ïîçâîëÿþùåãî 
ñîâìåùàòü òåõíîëîãè÷åñêèå îïåðàöèè è âûïîë-
íÿòü èõ çà îäèí ïðîõîä àãðåãàòà ñ âûñîêèì êà-
÷åñòâîì ïðè ìåíüøèõ ýíåðãåòè÷åñêèõ, ìàòåðè-

àëüíûõ è òðóäîâûõ çàòðàòàõ. Ïðè ýòîì äîëæíû 
ïðîðàáàòûâàòüñÿ âàðèàíòû îðóäèé äëÿ ðàáîòû 
â àãðåãàòå ñ òðàêòîðàìè òÿãîâîãî êëàññà 1,4 ò.ñ. 
è òðàêòîðàìè òÿãîâîãî êëàññà 3,0 ò.ñ. ñ âûñîêîé 
ñòåïåíüþ óíèôèêàöèè îñíîâíûõ ýëåìåíòîâ. 

Áëî÷íî-ìîäóëüíàÿ êîìïîíîâêà ïî÷âîîáðàáà-
òûâàþùèõ îðóäèé ïîçâîëèò ñíèçèòü çàòðàòû íà 
ïðîèçâîäñòâî è îáåñïå÷èòü âûñîêóþ ãèáêîñòü 
â ðåãóëèðîâêàõ, äàþùóþ âîçìîæíîñòü êîìïî-
íîâàòü îðóäèå â çàâèñèìîñòè îò êîíêðåòíûõ 
ïîòðåáíîñòåé è ïðèðîäíûõ óñëîâèé. Â ðåçóëü-
òàòå õîçÿéñòâà ìîãóò îãðàíè÷èòüñÿ ìåíüøèì 
íàáîðîì íåîáõîäèìûõ ïî÷âîîáðàáàòûâàþùèõ 
îðóäèé çà ñ÷åò ïîâûøåíèÿ èõ óíèâåðñàëüíî-
ñòè, ÷òî áóäåò ñïîñîáñòâîâàòü çíà÷èòåëüíîìó 
ñíèæåíèþ çàòðàò è óâåëè÷åíèþ ðåíòàáåëüíî-
ñòè â óñëîâèÿõ ðûíî÷íûõ îòíîøåíèé.

Ìåòîäû è ñðåäñòâà 
ïðîâåäåíèÿ èññëåäîâàíèé
Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è íàìè 

ïðåäëàãàåòñÿ ìíîãîôóíêöèîíàëüíîå ìîäóëü-
íîå îðóäèå, èìåþùåå óíèâåðñàëüíóþ ðàìó, 

Ðèñ. 2. Ôàêòîðû, îáåñïå÷èâàþùèå ýôôåêòèâíîñòü âíåäðåíèÿ áëî÷íî-ìîäóëüíîé êîíöåïöèè 
ïîñòðîåíèÿ ëåñîõîçÿéñòâåííûõ îðóäèé
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Ðèñ. 3. Ðàáî÷èå îðãàíû ìîäóëüíîãî àãðåãàòà: 
à – ëåìåøíûé îäíîîòâàëüíûé; á – äèñêîâûé ïëóæíûé; â – ëåìåøíûé ïëîñêîðåæóùèé; 

ã – ãëóáîêîðûõëÿùèé; ä – äèñêîâûé ðûõëÿùèé; å – íîæåâîé äèñêðåòíûé; æ – áàòàðåÿ ÷åòûðåõäèñêîâàÿ 
êóëüòèâàòîðíàÿ; ç – áàòàðåÿ òðåõäèñêîâàÿ ñ âûðåçíûìè äèñêàìè; è – ðûõëÿùèé äëÿ óõîäà â ðÿäêå; 

ê – êóñòîðåçíûé; ë – îïîðíûé äèñêîâûé íîæ; ì – îïîðíîå êîëåñî; í – çàùèòíûé ýêðàí

îñíàùåííóþ èíäèâèäóàëüíûìè ïðåäîõðàíè-
òåëüíûìè ìåõàíèçìàìè è êîìïëåêòóåìóþ 
ðàçëè÷íûìè ðàáî÷èìè è âñïîìîãàòåëüíûìè 
îðãàíàìè â çàâèñèìîñòè îò âûïîëíÿåìîé òåõ-
íîëîãè÷åñêîé îïåðàöèè. 

Íà ðèñ. 3 ïðåäñòàâëåíû 3D-ìîäåëè ìîäóëåé 
ðàáî÷èõ îðãàíîâ, àäàïòèðîâàííûå ê èñïîëüçî-
âàíèþ ñ óíèâåðñàëüíîé ðàìîé. 

Íà ðèñ. 4 ïîêàçàíû òðè âàðèàíòà ðàì ìîäóëü-
íîãî îðóäèÿ: îäíîáðóñíàÿ ðàìà äëÿ ðàáîòû ñ 
òðàêòîðàìè 1,4 ò.ñ.; äâóáðóñíàÿ ðàìà äëÿ ðàáîòû 
ñ òðàêòîðàìè 3 ò.ñ. è îäíîáðóñíàÿ ïåðåäíåíàâåñ-
íàÿ ðàìà äëÿ òðàêòîðîâ, îáîðóäîâàííûõ ïåðåä-
íèì íàâåñíûì óñòðîéñòâîì.

Íà ðèñ. 5 ïîêàçàíà êîíñòðóêöèÿ äâóáðóñíîé 
ìîäóëüíîé ðàìû ñ ðàçíåñåííûì ïîëîæåíèåì 
ìîäóëåé. Ïåðâè÷íûé ìîäóëü ðàìû ñîñòîèò èç 
ñöåïíîãî óñòðîéñòâà 1, îñíîâíûõ ïîïåðå÷íûõ 
áðóñüåâ 2, ïàðû öèëèíäðè÷åñêèõ ïîïåðå÷íûõ 
íàïðàâëÿþùèõ 3, èõ êðîíøòåéíîâ êðåïëå-
íèÿ 4, îïîðíûõ áðóñüåâ 5, âåðõíåãî ïîïåðå÷íî-
ãî áðóñà 6, ñòûêîâî÷íûõ ôëàíöåâ 7 è êàðåòîê 
8, ñîåäèíåííûõ ñ âèíòîâûìè ìåõàíèçìàìè 9 
ïðîäîëüíîãî ïåðåìåùåíèÿ ãðÿäèëåé 10, îñíà-
ùåííûõ ìåõàíèçìàìè ðåãóëèðîâêè óãëîâ ðà-
áî÷èõ îðãàíîâ â âåðòèêàëüíîé è ãîðèçîíòàëü-

íîé ïëîñêîñòÿõ 11. Êîíñòðóêöèÿ âòîðè÷íîãî 
ìîäóëÿ ðàìû èäåíòè÷íà êîíñòðóêöèè ïåðâîãî, 
çà èñêëþ÷åíèåì îòñóòñòâèÿ ñöåïíîãî óñòðîé-
ñòâà 1. Ìîäóëè ñîåäèíÿþòñÿ ìåæäó ñîáîé ïðè 
ïîìîùè îñíîâíûõ ïðîäîëüíûõ áðóñüåâ 12, 
âåðõíèõ ïðîäîëüíûõ áðóñüåâ 13, ðàñêîñà 14 è 
áîëòîâûõ êðåïåæíûõ ýëåìåíòîâ 15. 

Ïðåäîõðàíèòåëüíûå ìåõàíèçìû ñîñòîÿò èç 
ãèäðîöèëèíäðîâ 16 è ïíåâìîãèäðîàêêóìóëÿ-
òîðà 17.

Íà ðèñ. 6 ïðåäñòàâëåíà êîíñòðóêöèÿ ïåðåä-
íåíàâåñíîé ìîäóëüíîé ðàìû ñ ðàçíåñåííûì ïî-
ëîæåíèåì ìîäóëåé. Îíà ñîñòîèò èç ñöåïíîãî 
ìîäóëÿ è âòîðè÷íîãî ìîäóëÿ, ïîëíîñòüþ àíà-
ëîãè÷íîãî èñïîëüçîâàííîìó íà çàäíåíàâåñíîé 
ðàìå (ðèñ. 5). Â ñâîþ î÷åðåäü ñöåïíîé ìîäóëü 
ïðåäñòàâëÿåò ñîáîé óïðîùåííûé âàðèàíò ïåð-
âè÷íîãî ìîäóëÿ çàäíåíàâåñíîé ðàìû è ñîñòîèò 
èç ñöåïíîãî óñòðîéñòâà 1 îñíîâíûõ ïîïåðå÷-
íûõ áðóñüåâ 2, âåðòèêàëüíûõ êðîíøòåéíîâ 
3, âåðõíåãî ïîïåðå÷íîãî áðóñà 4, ñòûêîâî÷-
íûõ ôëàíöåâ 5. Ìîäóëè ñîåäèíÿþòñÿ ìåæäó 
ñîáîé ïðè ïîìîùè ýëåìåíòîâ, àíàëîãè÷íûõ 
èñïîëüçîâàííûì â äâóáðóñíîé ðàìå, – ýòî îñ-
íîâíûå ïðîäîëüíûå áðóñüÿ 6, âåðõíèå ïðîäîëü-
íûå áðóñüÿ 7, ðàñêîñ 8 è áîëòîâûå êðåïåæíûå 
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Ðèñ. 4. Ðàìû ìîäóëüíûõ îðóäèé: 
à – îäíîáðóñíàÿ ðàìà äëÿ ðàáîòû ñ òðàêòîðàìè 1,4 ò.ñ.; á – äâóáðóñíàÿ ðàìà 

äëÿ ðàáîòû ñ òðàêòîðàìè 3 ò.ñ.; â – îäíîáðóñíàÿ ïåðåäíåíàâåñíàÿ ðàìà

Ðèñ. 5. Ìîäóëüíàÿ çàäíåíàâåñíàÿ ðàìà ïî÷âîîáðàáàòûâàþùåãî àãðåãàòà ñ ðàçíåñåííûìè ìîäóëÿìè
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ñîåäèíåíèÿ 9. Ïðåäîõðàíèòåëüíûå ìåõàíèçìû 
òàêæå ñîñòîÿò èç ãèäðîöèëèíäðîâ 10 è ïíåâìî-
ãèäðîàêêóìóëÿòîðà 11.

Òàêèì îáðàçîì, ìîäóëüíàÿ êîíöåïöèÿ ïî-
ñòðîåíèÿ ëåñíûõ ïî÷âîîáðàáàòûâàþùèõ è ïî-
ñàäî÷íûõ îðóäèé ïîçâîëÿåò âûïîëíÿòü îäíèì 
îðóäèåì, îñíàùåííûì ðàçëè÷íûìè òèïàìè 
ðàáî÷èõ îðãàíîâ, ïðàêòè÷åñêè âñå îñíîâíûå 
îïåðàöèè ïî îáðàáîòêå ïî÷âû è ÷àñòè÷íî – ïî 
ïîñàäêå êóëüòóð. 

Íà ðèñ. 7 ïîêàçàíû ïåðñïåêòèâíûå êîíñòðóê-
öèè ìîäóëüíûõ îðóäèé, ñïîñîáíûå ýôôåêòèâ-
íî çàìåíèòü ñóùåñòâóþùèå íà äàííûé ìîìåíò 
êëàññû îðóäèé, â ðàìêå – ñïåöèàëèçèðîâàííûå 
îðóäèÿ, êîòîðûå íå ìîãóò áûòü â ïîëíîé ìåðå 
ðåàëèçîâàíû â ðàìêàõ ìîäóëüíîé êîíöåïöèè.

Àíàëèç âîçìîæíûõ âàðèàíòîâ êîìïîíîâêè 
ïîêàçûâàåò, ÷òî âñå îïåðàöèè ïî îñíîâíîé ïîä-
ãîòîâêå ïî÷âû â ðàçëè÷íûõ ëåñíûõ óñëîâèÿõ 
ìîãóò áûòü âûïîëíåíû ìîäóëüíûìè îðóäèÿìè. 

Ðèñ. 6. Ìîäóëüíàÿ ïåðåäíåíàâåñíàÿ ðàìà ïî÷âîîáðàáàòûâàþùåãî àãðåãàòà ñ ðàçíåñåííûìè ìîäóëÿìè

Ðèñ. 7. Ïî÷âîîáðàáàòûâàþùèå è ïîñàäî÷íûå îðóäèÿ, ïðèìåíÿåìûå ïðè ëåñîâîññòàíîâëåíèè íà âûðóáêàõ
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Ïðè ýòîì äîñòóïíû øåñòü òèïîâ îðóäèé: 
– ëåìåøíûå ïëóãè;
– äèñêîâûå ïëóãè;
– ïëîñêîðåæóùèå ïëóãè;
– ãëóáîêîðûõëèòåëè;
– ïëóãè-ðûõëèòåëè;
– îðóäèÿ äèñêðåòíîé ïîäãîòîâêè ïî÷âû.
Îïåðàöèè ïî ïðîâåäåíèþ àãðîòåõíè÷åñêèõ 

óõîäîâ òàêæå ìîãóò áûòü ïðàêòè÷åñêè ïîëíî-
ñòüþ ðåàëèçîâàíû ñ ïðèìåíåíèåì ñëåäóþùèõ 
ìîäóëüíûõ îðóäèé:

– äèñêîâûå êóëüòèâàòîðû;
– ëàïîâûå êóëüòèâàòîðû;
– äèñêîâûå áîðîíû;
– ðîòàöèîííûå êóëüòèâàòîðû; 
– êàòêè-îñâåòèòåëè.
Åäèíñòâåííûì ñïåöèàëèçèðîâàííûì ïî÷âî-

îáðàáàòûâàþùèì îðóäèåì, êîòîðîå ñëîæíî ðå-
àëèçîâàòü â ðàìêàõ ìîäóëüíîãî ïîäõîäà, ÿâëÿ-
åòñÿ ëåñíîé äèñêàòîð, èìåþùèé çíà÷èòåëüíóþ 
øèðèíó çàõâàòà è èíäèâèäóàëüíûå ïðåäîõðà-
íèòåëè äëÿ êàæäîãî ðàáî÷åãî îðãàíà. 

Íà ðèñ. 7 áûëè ðàññìîòðåíû òîëüêî îäíîáðóñ-
íûå îðóäèÿ. Îíè ïðåäíàçíà÷åíû äëÿ èñïîëü-
çîâàíèÿ ñ òðàêòîðàìè òÿãîâîãî êëàññà 1,4 ò.ñ. 
(ðèñ. 8, à). Ïðè ýòîì â ñëó÷àå ïðèìåíåíèÿ 

áîëåå ìîùíûõ òðàêòîðîâ, à òàêæå íàëè÷èÿ 
ïåðåäíåãî íàâåñíîãî óñòðîéñòâà âîçìîæíî 
êîìïëåêòîâàíèå ÌÒÀ ñ äâóõðÿäíûì (ðèñ. 8, á) 
(äâóáðóñíîå îðóäèå íà çàäíåé íàâåñêå èëè îä-
íîáðóñíûå íà ïåðåäíåé è çàäíåé íàâåñêàõ) è 
òðåõðÿäíûì ðàñïîëîæåíèåì ðàáî÷èõ îðãàíîâ 
(ðèñ. 8, â) (îäíîáðóñíîå íà ïåðåäíåé è äâóáðóñ-
íîå íà çàäíåé íàâåñêå), ÷òî ïîçâîëÿåò îäíîâðå-
ìåííî âûïîëíÿòü íåñêîëüêî òåõíîëîãè÷åñêèõ 
îïåðàöèé. Òàê, íà ðèñ. 8, á ïðåäñòàâëåí âàðè-
àíò ÌÒÀ, âûïîëíÿþùèé îäíîâðåìåííî äâå 
îïåðàöèè – ïðîêëàäêó äâóõîòâàëüíîé áîðîçäû 
è äîïîëíèòåëüíóþ êóëüòèâàöèþ ïîñàäî÷íîãî 
ìåñòà. Íà ðèñ. 8, â äîïîëíèòåëüíî çàäåéñòâîâà-
íî ïåðåäíåå íàâåñíîå óñòðîéñòâî, íà êîòîðîì 
óñòàíîâëåí êëàâèøíûé êóñòîðåçíûé êàòîê, 
ïðåäâàðèòåëüíî óíè÷òîæàþùèé ìîëîäóþ äðå-
âåñíóþ ïîðîñëü íåæåëàòåëüíûõ ïîðîä. Ïðè 
òàêîé êîìïîíîâêå ÌÒÀ äîñòèãàåòñÿ ñîâìåùå-
íèå òðåõ òåõíîëîãè÷åñêèõ îïåðàöèé. 

Îäíàêî äàæå ïðè èñïîëüçîâàíèè îäíîáðóñ-
íûõ çàäíåíàâåñíûõ îðóäèé îáåñïå÷èâàåòñÿ èõ 
âûñîêàÿ àäàïòèâíîñòü, äîñòèãàåìàÿ çà ñ÷åò ìî-
äóëüíîé êîíñòðóêöèè.

Òàê, íà ðèñ. 9, à ïðåäñòàâëåí ÌÒÀ íà áàçå ëå-
ìåøíîãî îäíîáðóñíîãî ïëóãà, ïðåäíàçíà÷åííîãî 

Ðèñ. 8. Âîçìîæíûå âàðèàíòû êîìïîíîâêè ÌÒÀ íà áàçå ìíîãîôóíêöèîíàëüíîãî ëåìåøíîãî ïëóãà: 
à – äëÿ òðàêòîðîâ 1,4 ò.ñ.; á – äëÿ òðàêòîðîâ 3 ò.ñ.; â – äëÿ òðàêòîðîâ 3 ò.ñ., 

îñíàùåííûõ ïåðåäíèì íàâåñíûì óñòðîéñòâîì
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äëÿ îñóùåñòâëåíèÿ îäíîé òåõíîëîãè÷åñêîé îïå-
ðàöèè çà îäèí ïðîõîä – îñíîâíîé ïîäãîòîâêè 
ïî÷âû. Åãî ãèáêàÿ ìîäóëüíàÿ êîíñòðóêöèÿ ïî-
çâîëÿåò àäàïòèðîâàòü âàðèàíòû åãî êîìïîíîâêè 
ïîä ðàçíûå ïî÷âåííûå óñëîâèÿ. 

Ïåðâûé âàðèàíò êîìïîíîâêè ïëóãà ïðåäíà-
çíà÷åí äëÿ íàðåçêè äâóõîòâàëüíûõ áîðîçä íà 
âûðóáêàõ ñ äðåíèðîâàííûìè ïî÷âàìè (ðèñ. 9, á) 
è ñïîñîáåí ýôôåêòèâíî çàìåíèòü èñïîëüçóþ-
ùèåñÿ íà äàííûé ìîìåíò ïëóãè ÏÊË-70, ÏË-1, 
ÏËÄ-1,2. 

Âòîðîé âàðèàíò ïðåäíàçíà÷åí äëÿ îáðàçîâà-
íèÿ ìèêðîïîâûøåíèé íà âðåìåííî ïåðåóâëàæ-
íåííûõ ïî÷âàõ (ðèñ. 9, â) è ñïîñîáåí ýôôåê-
òèâíî çàìåíèòü èñïîëüçóþùèåñÿ íà äàííûé 
ìîìåíò ïëóãè ÏËÌ 1,3, ÏËÌ-1,5. 

Òðåòèé âàðèàíò ïðåäíàçíà÷åí äëÿ îäíîâðå-
ìåííîé íàðåçêè äâóõ áîðîçä ñ ïëàñòàìè, îòâà-
ëåííûìè íàðóæó (ðèñ. 9, ã). Àíàëîãîì äàííîãî 
âàðèàíòà ÿâëÿåòñÿ ïëóã ÏË-2-50.

Âûâîäû
Ïðèìåíåíèå áëî÷íî-ìîäóëüíûõ ïðèíöèïîâ 

ïîñòðîåíèÿ ïî÷âîîáðàáàòûâàþùèõ îðóäèé è 
êîìïëåêòóåìûõ íà èõ áàçå ÌÒÀ ïîçâîëÿåò ñíè-
çèòü çàòðàòû íà ïðîèçâîäñòâî è îáåñïå÷èòü âû-
ñîêóþ ãèáêîñòü â ðåãóëèðîâêàõ. Ýòî äàåò âîç-
ìîæíîñòü êîìïîíîâàòü îðóäèå â çàâèñèìîñòè 
îò êîíêðåòíûõ ïîòðåáíîñòåé è ïðèðîäíûõ óñ-
ëîâèé. Â ðåçóëüòàòå õîçÿéñòâà ìîãóò îãðàíè-
÷èòüñÿ ìåíüøèì íàáîðîì íåîáõîäèìûõ ïî÷âî-

îáðàáàòûâàþùèõ îðóäèé çà ñ÷åò ïîâûøåíèÿ èõ 
óíèâåðñàëüíîñòè, ÷òî áóäåò ñïîñîáñòâîâàòü çíà-
÷èòåëüíîìó ñíèçåíèþ çàòðàò è óâåëè÷åíèþ ðåí-
òàáåëüíîñòè â óñëîâèÿõ ðûíî÷íûõ îòíîøåíèé.
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Ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ èññëåäîâàíèé è èñïûòàíèé íà ÌÈÑ êà÷åñòâåííûõ ïîêàçàòåëåé ñ èõ íîð-
ìèðóåìûìè çíà÷åíèÿìè õàðàêòåðèçóåò ñîîòâåòñòâèå èëè íåñîîòâåòñòâèå ïî÷âîîáðàáàòûâàþùèõ ìàøèí è ðà-
áî÷èõ îðãàíîâ àãðîòåõíè÷åñêèì òðåáîâàíèÿì. Ñîãëàñíî àãðîòåõíè÷åñêèì òðåáîâàíèÿì, îäíèì èç îñíîâíûõ 
ïîêàçàòåëåé, õàðàêòåðèçóþùèõ êà÷åñòâî îáðàáîòêè ïî÷âû, ÿâëÿåòñÿ êðîøåíèå ïî÷âû. Îò êà÷åñòâà êðîøåíèÿ 
çàâèñèò ãðåáíèñòîñòü ïîâåðõíîñòè ïîëÿ, ïîñêîëüêó ïðè ïðåîáëàäàíèè â îáðàáîòàííîì ñëîå ïî÷âû òðåáóåìî-
ãî ðàçìåðà êîìêîâ íàáëþäàåòñÿ âûðîâíåííàÿ ïîâåðõíîñòü ïîëÿ. Ïðè âûñîêîì êà÷åñòâå êðîøåíèÿ ÷àñòèöû 
ïî÷âû ðàçìåðîì ìåíåå 1 ìì èç âåðõíåãî ñëîÿ ïðîñûïàþòñÿ â íèæíèå, ïðåïÿòñòâóÿ âîçíèêíîâåíèþ ýðîçèè. 
Öåëü ðàáîòû – îõàðàêòåðèçîâàòü êà÷åñòâî êðîøåíèÿ ïî÷âû ïðè èñïîëüçîâàíèè íîâûõ ðàáî÷èõ îðãàíîâ â ÷à-
ñòè ñîîòâåòñòâèÿ àãðîòåõíè÷åñêèì òðåáîâàíèÿì è ñðàâíèòü ñ àíàëîãàìè ïî òåõíîëîãè÷åñêîìó àäàïòåðó. Ñî-
îòâåòñòâèå àãðîòåõíè÷åñêèì òðåáîâàíèÿì íîâûõ ðàáî÷èõ îðãàíîâ îïðåäåëÿëè ïî íîðìàòèâíîé äîêóìåíòàöèè 
íà èñïûòàíèå ìàøèí äëÿ ãëóáîêîé áåçîòâàëüíîé îáðàáîòêè ïî÷âû. Óñòàíîâëåíî, ÷òî ïî êà÷åñòâó êðîøåíèÿ 
ïëàñòà (äî 98,5 %) è óìåíüøåíèþ êîëè÷åñòâà ýðîçèîííî-îïàñíûõ ÷àñòèö â âåðõíåì ñëîå ïî÷âû (äî 18,13 %) 
íîâûå ðàáî÷èå îðãàíû ïðåâîñõîäÿò àíàëîãè ïî òåõíîëîãè÷åñêîìó àäàïòåðó. Ïîëîæèòåëüíîå âëèÿíèå íà êà-
÷åñòâî êðîøåíèÿ îêàçàëî èñïîëüçîâàíèå ýëåìåíòîâ ðàáî÷åãî îðãàíà, âûïîëíåííûõ ïî êðèâîëèíåéíîé ôîðìå 
(87,8–98,5 %) ïî ñðàâíåíèþ ñ ïëîñêîðåçîì (65,1–76,8 %). Ìîäåðíèçàöèÿ êîíñòðóêöèè ïëîñêîðåçà ñ âîçìîæ-
íîñòüþ ñàìîóñòàíîâêè óãëà ðåçàíèÿ ïîä óãëîì åñòåñòâåííîãî ñêîëà ïî÷âû ïîçâîëèëà ïîâûñèòü êà÷åñòâî êðî-
øåíèÿ äî 80,5–82,0 %, à ïðèìåíåíèå àëüòåðíàòèâíûõ ìàòåðèàëîâ – äî 82,0–84,8 %. Ïî êà÷åñòâó êðîøåíèÿ 
ïëàñòà íîâûå ðàáî÷èå îðãàíû ñîîòâåòñòâóþò àãðîòðåáîâàíèÿì òàêæå è äëÿ ïðåäïîñåâíîé îáðàáîòêè ïî÷âû. 
Ýòî ïîçâîëÿåò ñîêðàòèòü êîëè÷åñòâî òåõíîëîãè÷åñêèõ îïåðàöèé íà äîïîëíèòåëüíîå ðûõëåíèå è âûðàâíèâàíèå 
ïîâåðõíîñòè ïîëÿ ïåðåä ïîñåâîì. Óñòàíîâëåíî, ÷òî íîâûå ðàáî÷èå îðãàíû íå óñòóïàþò ïî àãðîòåõíè÷åñêèì 
ïîêàçàòåëÿì ñîâðåìåííûì òåõíè÷åñêèì ñðåäñòâàì äëÿ îáðàáîòêè ïî÷âû.
Êëþ÷åâûå ñëîâà: ïî÷âà, êðîøåíèå, êà÷åñòâåííûå ïîêàçàòåëè, àãðîòåõíè÷åñêèå òðåáîâàíèÿ.

Comparison of quality indicators of the results of research and testing on machine-testing stations with with their 
normalized values characterizes the compliance or non-compliance with the agrotechnical requirements of soil tillage 
machines and working bodies. According to agrotechnical requirements, one of the main indicators characterizing 
the quality of tillage is soil crumbling. The crumbs of the field surface depend on the quality of crumbling as with 
the predominance of the required size of lumps in the treated soil layer, an even field surface is observed. At a high 
quality of crumbling, soil particles smaller than 1 mm from the upper layer spill to the lower ones, preventing erosion. 
Objective: to characterize the quality of crumbling of the soil when using new working bodies in terms of compliance 
with agrotechnical requirements and compare it with analogues by the technological adapter. Compliance with the 
agrotechnical requirements of the new working bodies was determined according to the regulatory docu-mentation 
for soil tillage testing machines. It was found that by the quality of the layer crumbling (up to 98,5 %) and by reducing 
the number of erosion-hazardous particles in the upper soil layer (up to 18,13 %) new working bodies are superior 
to analogues by the process adapter. A positive impact on the quality of crumbling has had the use of elements of the 
working body, made in a curvilinear form (87,8–98,5 %) compared with a flat-cutter (65,1–76,8 %). Modernization 
of the flat-cut design with the possibility of self-setting the cutting angle at the angle of the natural cleavage of the soil 
allowed improving the quality of crumbling to 80,5–82,0  %, and the use of alternative materials – to 82,0–84,8 %. 
In terms of the quality of crumbling of the reservoir, new working bodies correspond to agrotechnical requirements 
of tillage pre-sowing. This reduces the number of technological operations for additional loosening and leveling the 
field surface before sowing. This reduces the number of technological operations for additional loosening and leveling 
the field surface before sowing. It was established that new working bodies are not inferior in terms of agrotechnical 
indicators to modern technical means for tillage.
Keywords: soil, crumbling, quality indicators, agrotechnical requirements.
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 Ââåäåíèå
Íàó÷íîå íàïðàâëåíèå ôóíäàìåíòàëüíûõ èñ-

ñëåäîâàíèé ÏÔÍÈ ÃÀÍ â îáëàñòè îáðàáîòêè 
ïî÷âû ïðåäóñìàòðèâàåò ðàçðàáîòêó ìåòîäîëî-
ãè÷åñêîé îñíîâû ïðîåêòèðîâàíèÿ áàçîâûõ òåõ-
íîëîãèé è âûñîêîýôôåêòèâíûõ òåõíè÷åñêèõ 
ñðåäñòâ, îòâå÷àþùèõ çàäàííûì êà÷åñòâåííûì 
ïîêàçàòåëÿì â ñîîòâåòñòâèè ñ íîðìèðóåìûìè 
çíà÷åíèÿìè, êîòîðûå ïðåäóñìîòðåíû àãðîòåõ-
íè÷åñêèìè òðåáîâàíèÿìè [1]. 

Íîðìèðóåìûå çíà÷åíèÿ êà÷åñòâåííûõ ïîêà-
çàòåëåé ïî àãðîòåõíè÷åñêèì òðåáîâàíèÿì ðàç-
ðàáàòûâàþòñÿ íà îñíîâå ñèñòåìíîãî ïîäõîäà 
ôóíäàìåíòàëüíûõ íàó÷íûõ èññëåäîâàíèé, ïà-
ðàëëåëüíî ðåàëèçóþòñÿ ìåõàíèçìû òðàíñôåðà 
ðåçóëüòàòîâ íàó÷íî-òåõíè÷åñêîé äåÿòåëüíîñòè 
â ñôåðó ïðàêòè÷åñêîãî ïðèìåíåíèÿ. 

Ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ èññëåäîâà-
íèé è èñïûòàíèé íà ÌÈÑ êà÷åñòâåííûõ ïîêàçàòå-
ëåé ñ íîðìèðóåìûìè çíà÷åíèÿìè õàðàêòåðèçóåò 
ñîîòâåòñòâèå èëè íåñîîòâåòñòâèå àãðîòåõíè÷å-
ñêèì òðåáîâàíèÿì ìàøèí è ðàáî÷èõ îðãàíîâ. 

Ïî ðåçóëüòàòàì ñîîòâåòñòâèÿ àãðîòåõíè÷å-
ñêèì òðåáîâàíèÿì ðàçðàáàòûâàþòñÿ êîíöåï-
òóàëüíûé àïïàðàò è ìåòîäîëîãè÷åñêàÿ îñíîâà 
äëÿ ñîçäàíèÿ ñðåäñòâ îáúåêòèâíîãî êîíòðîëÿ 
êà÷åñòâà îáðàáîòêè ïî÷âû, äëÿ ìîäåëèðîâàíèÿ 
òåõíîëîãè÷åñêèõ ïðîöåññîâ è èññëåäîâàíèÿ ïî-
êàçàòåëåé ôóíêöèîíèðîâàíèÿ ðàáî÷èõ îðãàíîâ, 
íàïðàâëåííûå íà ïîâûøåíèå ýôôåêòèâíîñòè 
òåõíè÷åñêèõ ñðåäñòâ [2, 3, 4].

Ñîãëàñíî àãðîòåõíè÷åñêèì òðåáîâàíèÿì, 
îäíèì èç îñíîâíûõ ïîêàçàòåëåé, õàðàêòåðè-
çóþùèõ êà÷åñòâî îáðàáîòêè ïî÷âû, ÿâëÿåòñÿ 
êðîøåíèå ïî÷âû. Îò êà÷åñòâà êðîøåíèÿ çàâè-
ñèò ãðåáíèñòîñòü ïîâåðõíîñòè ïîëÿ, ïîñêîëüêó 
ïðè ïðåîáëàäàíèè â îáðàáîòàííîì ñëîå ïî÷âû 
êîìêîâ òðåáóåìîãî ðàçìåðà íàáëþäàåòñÿ âû-
ðîâíåííàÿ ïîâåðõíîñòü ïîëÿ. Ïðè âûñîêîì 
êà÷åñòâå êðîøåíèÿ ÷àñòèöû ïî÷âû ðàçìåðîì 
ìåíåå 1 ìì èç âåðõíåãî ñëîÿ ïðîñûïàþòñÿ â 
íèæíèå, ïðåïÿòñòâóÿ âîçíèêíîâåíèþ ýðîçèè. 
Ïîýòîìó òàêîé êà÷åñòâåííûé ïîêàçàòåëü, êàê 
èçìåíåíèå ñîäåðæàíèÿ ýðîçèîííî-îïàñíûõ 
÷àñòèö â âåðõíåì ñëîå ïî÷âû ïîñëå îáðàáîòêè, 
òàêæå ñâÿçàí ñ êðîøåíèåì.

Öåëü èññëåäîâàíèÿ 
Îõàðàêòåðèçîâàòü êà÷åñòâî êðîøåíèÿ 

ïî÷âû ïðè èñïîëüçîâàíèè íîâûõ ðàáî÷èõ îð-
ãàíîâ â ÷àñòè ñîîòâåòñòâèÿ àãðîòåõíè÷åñêèì 
òðåáîâàíèÿì è ñðàâíèòü ñ àíàëîãàìè ïî òåõíî-
ëîãè÷åñêîìó àäàïòåðó.

Ìàòåðèàëû è ìåòîäû
Êà÷åñòâåííûå ïîêàçàòåëè (êðîøåíèå 

ïëàñòà, ãðåáíèñòîñòü, ñîäåðæàíèå ýðîçèîííî-
îïàñíûõ ÷àñòèö) îïðåäåëÿëè ïî ÑÒÎ ÀÈÑÒ 
4.1-2010 «Ìàøèíû è îðóäèÿ äëÿ ãëóáîêîé îáðà-
áîòêè ïî÷âû. Ìåòîäû îöåíêè ôóíêöèîíàëüíûõ 
ïîêàçàòåëåé», ÑÒÎ ÀÈÑÒ 001-2010 «Àãðîòåõ-
íè÷åñêàÿ îöåíêà ñåëüñêîõîçÿéñòâåííîé òåõíè-
êè. Òåðìèíû è îïðåäåëåíèÿ» è ñðàâíèâàëè ïî 
âàðèàíòàì ðàáî÷èõ îðãàíîâ. 

Èññëåäîâàíèÿ ïðîâîäèëè â ïîëåâûõ óñëîâè-
ÿõ íà ýêñïåðèìåíòàëüíîé óñòàíîâêå äëÿ êàæäî-
ãî ðàáî÷åãî îðãàíà.

Ñîäåðæàíèå â îáðàáîòàííîì ñëîå êîìêîâ 
ïî÷âû ðàçíîãî ðàçìåðà (êðîøåíèå) îïðåäåëÿ-
ëè â ÷åòûðåõ ìåñòàõ ÷åðåç ðàâíûå ðàññòîÿíèÿ 
äðóã îò äðóãà ïî äèàãîíàëè ó÷àñòêà. Èñïîëüçî-
âàëè ðàìêó ðàçìåðîì 0,50,5 ì, â ïðåäåëàõ êî-
òîðîé èç îáðàáîòàííîãî ñëîÿ èçâëåêàëè ïî÷âó 
è ïîìåùàëè íà íàáîð ðåøåò äèàìåòðîì îò-
âåðñòèé 2,5; 5,0 è 10,0 ñì. Ïîä íàáîðîì ðåøåò 
óñòàíîâëåí ïîääîí äëÿ ñáîðà êîìêîâ ìåíåå 
2,5 ñì. Îïðåäåëÿëè äîëþ ïî îòíîøåíèþ êî 
âñåé ìàññå ïî÷âû â ðàìêå â ïðîöåíòàõ. Äîïîë-
íèòåëüíî êðîøåíèå ïî÷âû îöåíèâàëè âèçóàëü-
íî ñ ïîìîùüþ ïàëåòêè 5050 ñì, ðàçäåëåííîé 
íà êâàäðàòû 55 ñì (ðèñ. 1).

Ðèñ. 1. Ïàëåòêà äëÿ îïðåäåëåíèÿ êðîøåíèÿ ïî÷âû

Ñîäåðæàíèå ýðîçèîííî-îïàñíûõ ÷àñòèö 
ïî÷âû â ñëîå îò 0 äî 5 ñì îïðåäåëÿëè ïî ïðîáàì, 
îòîáðàííûì â ïÿòè òî÷êàõ äî è ïîñëå ïðîõîäà 
ðàáî÷èõ îðãàíîâ, ðàñïîëîæåííûõ ïî äèàãîíàëè 
ó÷àñòêà. Ïðîáû â ëàáîðàòîðíûõ óñëîâèÿõ äîâî-
äèëè äî âîçäóøíî-ñóõîãî ñîñòîÿíèÿ (ðàññûïàëè 
òîíêèì ñëîåì – íå áîëåå 2 ñì è ñóøèëè â åñòå-
ñòâåííûõ óñëîâèÿõ), çàòåì ïðîñåèâàëè ÷åðåç 
ðåøåòî äèàìåòðîì îòâåðñòèé 1 ìì. 

Ìàññó ôðàêöèè – ïðîõîä ðåøåòà äèàìåòðîì 
1 ìì – âçâåøèâàëè ñ ïîãðåøíîñòüþ  10 ã. Ñî-
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äåðæàíèå ýðîçèîííî-îïàñíûõ ÷àñòèö Ï
ý
, âû-

÷èñëÿëè ïî ôîðìóëå:

 
100 %m

m
 ýýÏ , (1)

ãäå m
ý
 – ìàññà ýðîçèîííî-îïàñíûõ ÷àñòèö, ã; 

m – îáùàÿ ìàññà ïðîáû, ã. 
Ãðåáíèñòîñòü ïîâåðõíîñòè ïîëÿ ïîñëå îá-

ðàáîòêè îïðåäåëÿëè ñ ïîìîùüþ øíóðà äëèíîé 
l
0
, ðàâíîé øèðèíå çàõâàòà ðàáî÷åãî îðãàíà, ê 

êîíöó êîòîðîãî ïðèêðåïëåíà èçìåðèòåëüíàÿ 
ëåíòà. Øíóð íàêëàäûâàëñÿ ïîïåðåê îáðàáî-
òàííîãî ó÷àñòêà íà ïîâåðõíîñòü ïîëÿ, ïðè ýòîì 
îäèí êîíåö åãî çàêðåïëåí. Ñâîáîäíûé êîíåö 
øíóðà ââèäó íåðîâíîñòè ïîâåðõíîñòè ïîëÿ 
òÿíåò çà ñîáîé èçìåðèòåëüíóþ ëåíòó. Îòñ÷åò 
íà ëåíòå äàåò ðàçíîñòü Δl. 

Ãðåáíèñòîñòü îïðåäåëÿëè ïî ôîðìóëå:
 

 0

100 %.lC
l


   (2)

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè íîðìàòèâ-
íîé äîêóìåíòàöèè, ïîëó÷åííûå ðåçóëüòàòû 
èçìåðåíèé ïðåäñòàâëÿþòñÿ â âèäå ñðåäíåãî 
àðèôìåòè÷åñêîãî çíà÷åíèÿ âåëè÷èí äëÿ ïîñëå-
äóþùåãî óñòàíîâëåíèÿ èõ ñîîòâåòñòâèÿ àãðî-
òåõíè÷åñêèì òðåáîâàíèÿì.

Ðåçóëüòàòû èññëåäîâàíèé è èõ àíàëèç
Ïî àãðîòåõíè÷åñêèì òðåáîâàíèÿì êîëè÷å-

ñòâî ýðîçèîííî-îïàñíûõ ÷àñòèö â âåðõíåì ñëîå 
ïîñëå ïðîõîäà ðàáî÷èõ îðãàíîâ íå äîëæíî âîç-
ðàñòàòü, êîëè÷åñòâî êîìêîâ ïî÷âû ðàçìåðîì 
ìåíåå 50 ìì äîëæíî áûòü íå ìåíåå 60 %, ãðåá-
íèñòîñòü ïîâåðõíîñòè ïîëÿ – íå áîëåå 30 % îò 
ãëóáèíû îáðàáîòêè.

Íîâûå ðàáî÷èå îðãàíû îáðàáàòûâàþò ïî÷âó 
ñ äèôôåðåíöèàöèåé íà íåñêîëüêî ñëîåâ, îòëè-
÷àþùèõñÿ ïî ñòåïåíè êðîøåíèÿ è óïëîòíåíèÿ, 
áåç èõ âçàèìíîãî ïåðåìåùåíèÿ. Òàêàÿ îáðà-
áîòêà ïî÷âû ÿâëÿåòñÿ ïîñëîéíîé, ïðè êîòîðîé 
âíóòðè ïëàñòà ôîðìèðóåòñÿ âëàãîíàêîïèòåëü-
íûé ñëîé ñ êîìáèíàöèåé îáîèõ òèïîâ òåïëî-
îáìåíà, ïîñêîëüêó òåðìîãðàäèåíòû èìåþò 
ïðîòèâîïîëîæíîå íàïðàâëåíèå, çà ñ÷åò ÷åãî 
ïîòîêè âëàãè ñîåäèíÿþòñÿ íà ãëóáèíå, äîñòóï-
íîé äëÿ êîðíåâîé ñèñòåìû çåðíîâûõ êóëüòóð.

Ïðåäïîñûëêîé ÿâèëñÿ ìåòîä «âîçäóøíîé 
èððèãàöèè» Îâñèíñêîãî, â îñíîâó êîòîðîãî ïî-
ëîæåí ïðîöåññ ðîñîîáðàçîâàíèÿ çà ñ÷åò ðàç-
íèöû òåìïåðàòóð ìåæäó ãîðÿ÷èì âîçäóõîì 
íàä ïî÷âîé è ïðîõëàäíûì – âíóòðè ïëàñòà. Ðå-
çóëüòàòîì ïðèìåíåíèÿ ýòîãî ìåòîäà â ñîâîêóï-

íîñòè ñ óñîâåðøåíñòâîâàííîé êîíñòðóêöèåé 
ðàáî÷èõ îðãàíîâ ÿâëÿåòñÿ íàêîïëåíèå âëàãè íà 
íåîáõîäèìîé ãëóáèíå ïàõîòíîãî ñëîÿ.

Êîíñòðóêöèÿ íîâûõ ðàáî÷èõ îðãàíîâ ðàçðà-
áîòàíà íà îñíîâå ÷èçåëÿ äëÿ ãëóáîêîãî ðûõëå-
íèÿ, â ïåðâîíà÷àëüíîì âèäå ïðåäñòàâëÿþùåãî 
ïðÿìîëèíåéíóþ ñòîéêó ñ äîëîòîì, êîòîðàÿ 
çàòåì îñíàùàåòñÿ ëàïàìè äëÿ óëó÷øåíèÿ êà-
÷åñòâà ðûõëåíèÿ. Äëÿ ñíèæåíèÿ ýíåðãîçàòðàò 
ïðÿìîëèíåéíàÿ ñòîéêà òðàíñôîðìèðóåòñÿ íà-
êëîííóþ íå òîëüêî ïî õîäó äâèæåíèÿ, íî è â 
ñòîðîíó – ïî òèïó paraplow. 

Ïîñêîëüêó ïðè ãëóáîêîì ðûõëåíèè òðåùè-
íû îò äîëîòà, ðàñïðîñòðàíÿÿñü âíóòðè ïëàñòà, 
íå äîñòèãàþò ïîâåðõíîñòè ïî÷âû, âîçíèêàåò 
íåîáõîäèìîñòü îñíàùåíèÿ êîíñòðóêöèè ðàáî-
÷èì îðãàíîì äëÿ ìåëêîé îáðàáîòêè. 

Òåíäåíöèè ïîñëîéíîé îáðàáîòêè ïî÷âû âîç-
íèêàþò ñ âíåäðåíèåì ñòîéêè òèïà paraplow, 
êîòîðàÿ, ôîðìèðóÿ íàêëîííûå ùåëè, ñïîñîá-
ñòâóåò óëó÷øåíèþ êà÷åñòâà ðûõëåíèÿ âñåãî 
ïàõîòíîãî ñëîÿ; ïëàñò êðîøèòñÿ ïîä âëèÿíèåì 
ðàñïðîñòðàíÿåìûõ îïåðåæàþùèõ òðåùèí îò 
äîëîòà, íå âçàèìîäåéñòâóÿ íåïîñðåäñòâåííî ñ 
ðåæóùèìè êðîìêàìè ðàáî÷åãî îðãàíà. 

Óñîâåðøåíñòâîâàííàÿ íàìè êîíñòðóêöèÿ 
ðûõëèòåëÿ äëÿ ìåëêîé îáðàáîòêè ïî÷âû ìîæåò 
áûòü ïðåäñòàâëåíà â âèäå ñòðåëü÷àòîé èëè ïëî-
ñêîðåçíîé ñ ñàìîóñòàíàâëèâàþùèìñÿ óãëîì 
ðåçàíèÿ ëàï, èëè â âèäå ýëëèïòè÷åñêîãî ðàçîì-
êíóòîãî êîëüöà (ðèñ. 2).

Äàëåå íàìè îáîñíîâàíà öåëåñîîáðàçíîñòü 
âûïîëíåíèÿ ñòîéêè òèïà paraplow â ôîðìå 
êðèâîé, ïàðàìåòðû êîòîðîé ñâÿçàíû ñ ôèçèêî-
ìåõàíè÷åñêèìè ñâîéñòâàìè ïî÷âû è òðåáóåìû-
ìè ïîêàçàòåëÿìè òåõíîëîãè÷åñêîãî ïðîöåññà. 

Êîíñòðóêöèÿ ðàáî÷åãî îðãàíà âûïîëíåíà ñ 
âîçìîæíîñòüþ òðàíñôîðìàöèè. Òðàíñôîðìè-
ðóåìàÿ êîíñòðóêöèÿ ðàáî÷åãî îðãàíà îñíàùåíà 
äåìîíòèðóåìûìè ýëåìåíòàìè: ïëîñêîðåçíûì, 
êðèâîëèíåéíûì è ñ ïðèìåíåíèåì àëüòåðíàòèâ-
íûõ ìàòåðèàëîâ (ñâåðõâûñîêîìîëåêóëÿðíûé 
ïîëèýòèëåí íèçêîé ïëîòíîñòè) ðûõëèòåëåì. 
Ïðè ýòîì îáåñïå÷èâàåòñÿ ñàìîî÷èùåíèå ïî-
âåðõíîñòè ðàáî÷åãî îðãàíà ñ ýëåìåíòàìè èç 
àëüòåðíàòèâíûõ ìàòåðèàëîâ, óíè÷òîæåíèå 
ñîðíîé ðàñòèòåëüíîñòè ïëîñêîðåçíûì ðûõëè-
òåëåì, óëó÷øåíèå êðîøåíèÿ ïëàñòà è âûðîâ-
íåííîñòè ïîëÿ ïðè èñïîëüçîâàíèè êðèâîëè-
íåéíîãî ðûõëèòåëÿ, à òàêæå ñíèæåíèå çàòðàò 
ýíåðãèè íà îáðàáîòêó ïî÷âû. Ïîìèìî êîìáè-
íèðîâàíèÿ âçàèìîçàìåíÿåìûõ ðûõëèòåëåé 
äëÿ ìåëêîé îáðàáîòêè ïî÷âû, â êîíñòðóêöèè 
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ðàáî÷åãî îðãàíà óñîâåðøåíñòâîâàíû äîëîòî 
è ýëåìåíòû íàêëîííîé ñòîéêè òèïà paraplow. 
Äàííîå óñîâåðøåíñòâîâàíèå ïîçâîëÿåò ðåãó-
ëèðîâàòü ïàðàìåòðû â çàâèñèìîñòè îò ñâîéñòâ 
ïî÷âû, è óïðîùàåò äåìîíòàæ ýëåìåíòîâ â 
ñëó÷àå èçíîñà èëè âîçíèêíîâåíèÿ íåèñïðàâíî-
ñòåé (ðèñ. 3). 

à 

á

Ðèñ. 3. Íîâûå òðàíñôîðìèðóåìûå ðàáî÷èå îðãàíû: 
à – ñ êðèâîëèíåéíûì è ïëîñêîðåçíûì 

ðûõëèòåëÿìè; á – ñ ïðèìåíåíèåì àëüòåðíàòèâíûõ 
ìàòåðèàëîâ

Êîìáèíàöèÿ ïîäñèñòåì íîâûõ ðàáî÷èõ îðãà-
íîâ ðåàëèçîâàíà êîíñòðóêòèâíî íà åäèíîé íåñó-
ùåé ñèñòåìå. Ðåçóëüòàòîì ÿâëÿåòñÿ óíèôèöèðî-
âàííàÿ êîíñòðóêöèÿ ïî ìåòîäó áàçîâîãî àãðåãàòà 
ñ îáùåé ÷àñòüþ (ñòîéêà òèïà paraplow ñ äîëîòîì) 
è ñìåííûìè ïîäñèñòåìàìè (ðûõëèòåëè, ëàïû).

Â òàáë. 1 ïðåäñòàâëåíû îáîáùåííûå ðå-
çóëüòàòû ïî êà÷åñòâó êðîøåíèÿ, ãðåáíèñòîñòè 
è èçìåíåíèþ ñîäåðæàíèÿ ýðîçèîííî-îïàñíûõ 
÷àñòèö ïîñëå îáðàáîòêè ïî÷âû íîâûìè ðàáî÷è-
ìè îðãàíàìè.

Óñëîâèÿ ïðîâåäåíèÿ èññëåäîâàíèé íîâûõ 
ðàáî÷èõ îðãàíîâ ñîîòâåòñòâîâàëè òðåáîâàíè-
ÿì íîðìàòèâíîé äîêóìåíòàöèè. Èñêëþ÷åíèå 
ñîñòàâèëà ýêñòðåìàëüíàÿ òâåðäîñòü ïî÷âû 
ãëóáæå 20 ñì (4,8-4,9 ÌÏà ïðè òðåáóåìîì íå 
áîëåå 4 ÌÏà). (Ïðè èññëåäîâàíèè íîâûõ êîí-
ñòðóêöèé ðàáî÷èõ îðãàíîâ äîïóñòèìî èñïîëü-
çîâàíèå ýêñòðåìàëüíûõ ôîíîâ, ïðè ýòîì èõ 
ïîêàçàòåëè ìîãóò íå âïîëíå ñîîòâåòñòâîâàòü 
àãðîòåõíè÷åñêèì òðåáîâàíèÿì.)

Èññëåäîâàíèÿ ïðîâîäèëèñü ïî äèñêîâàííî-
ìó ôîíó ïîæíèâíûõ îñòàòêîâ ïîäñîëíå÷íèêà è 
ïî ñòåðíå îçèìîé ïøåíèöû. 

Óñëîâèÿ ïðîâåäåíèÿ èññëåäîâàíèé íîâûõ 
òðàíñôîðìèðóåìûõ ðàáî÷èõ îðãàíîâ ñ ïëîñêî-
ðåçíûì, êðèâîëèíåéíûì ðàçðûõëèòåëÿìè è 
ñ ïðèìåíåíèåì àëüòåðíàòèâíûõ ìàòåðèàëîâ, 
òàêæå õàðàêòåðèçîâàëèñü ýêñòðåìàëüíîé òâåð-
äîñòüþ ïî÷âû ãëóáæå 15 ñì (4,23–5,18 ÌÏà ïðè 
òðåáóåìîì íå áîëåå 4 ÌÏà). Ýòî äîïóñòèìî, êàê 
óæå îòìå÷àëîñü. Ïîêàçàòåëè íîâûõ òðàíñôîð-
ìèðóåìûõ ðàáî÷èõ îðãàíîâ ïðèâåäåíû â òàáë. 2. 

Íîâûå ðàáî÷èå îðãàíû áûëè ðàçðàáîòàíû 
íà îñíîâå ïðîòîòèïîâ ñ êðîòîâàòåëÿìè, ðàçó-
ïëîòíèòåëÿìè è ïëîñêîðåçíîé ëàïîé. Ðàáî÷èå 
îðãàíû ïðîòîòèïîâ øèðîêî èñïîëüçóþòñÿ â 
õîçÿéñòâàõ þãà Ðîññèè. Äàííûìè ðàáî÷èìè îð-

    
 à á â

Ðèñ. 2. Íîâûå ðàáî÷èå îðãàíû ñ óñîâåðøåíñòâîâàííûì ðûõëèòåëåì äëÿ ìåëêîé îáðàáîòêè ïî÷âû: 
à – ñî ñòðåëü÷àòîé ëàïîé; á – ñ ïëîñêîðåçíîé ëàïîé ñ ñàìîóñòàíàâëèâàþùèìñÿ óãëîì ðåçàíèÿ; 

â – ñ ýëëèïòè÷åñêèì ðàçîìêíóòûì êîëüöîì
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ãàíàìè îñíàùåíû êîìáèíèðîâàííûå àãðåãàòû, 
ñìåííûå ÷àñòè óíèôèöèðîâàííîé êîíñòðóêöèè 
êîòîðûõ ðàçìåùåíû è íà ðàìå, è íåïîñðåä-
ñòâåííî íà ñòîéêå ðàáî÷åãî îðãàíà (ðèñ. 4).

Èññëåäîâàíèþ ïîâåðãàëèñü íà ýêñïåðèìåí-
òàëüíîé óñòàíîâêå îòäåëüíî êàæäûé èç ðàáî-
÷èõ îðãàíîâ. 

Óñëîâèÿ ïðîâåäåíèÿ èññëåäîâàíèé ïðîòî-
òèïîâ ðàáî÷èõ îðãàíîâ ñîîòâåòñòâóþò òðåáî-
âàíèÿì íîðìàòèâíîé äîêóìåíòàöèè (òâåðäîñòü 
äî 3,8 ÌÏà; âëàæíîñòü ïî÷âû äî 24 %).

Ïîêàçàòåëè ïðîòîòèïîâ ïðèâåäåíû â òàá ë. 3.

Òàáëèöà 1 
Ïîêàçàòåëè íîâûõ ðàáî÷èõ îðãàíîâ

Ñî ñòðåëü÷àòîé ëàïîé Ñ ýëëèïòè÷åñêèì 
ðàçîìêíóòûì êîëüöîì

Ñ ïëîñêîðåçíîé ëàïîé 
ñ ñàìîóñòàíàâëèâàþùèìñÿ 

óãëîì ðåçàíèÿ
Ãëóáèíà ðûõëåíèÿ, ñì

20,9–31,4 24,5–37,3 25,0–35,3
Ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ, ì/ñ

1,06–2,50 1,95–2,94 1,92–2,50
Êðîøåíèå ïëàñòà: ñîäåðæàíèå ôðàêöèé ðàçìåðîì ìåíåå 50 ìì, %

65,1–70,3 87,8–98,4 80,5–82,0
Ãðåáíèñòîñòü, ñì

0 7,53 0
Èçìåíåíèå ñîäåðæàíèÿ ýðîçèîííî-îïàñíûõ ÷àñòèö

óìåíüøàåòñÿ íà 3,77–15,89 % óìåíüøàåòñÿ íà 20,87–21,99 % óìåíüøàåòñÿ íà 5,51–13,78  %
Ðàçðàáîò÷èê: ÔÃÁÍÓ «ÀÍÖ «Äîíñêîé», ïîäðàçäåëåíèå «ÑÊÍÈÈÌÝÑÕ»

Òàáëèöà 2 
Ïîêàçàòåëè íîâûõ òðàíñôîðìèðóåìûõ ðàáî÷èõ îðãàíîâ

Ñ êðèâîëèíåéíûì ðûõëèòåëåì Ñ ïëîñêîðåçíûì ðûõëèòåëåì Ñ ïðèìåíåíèåì 
àëüòåðíàòèâíûõ ìàòåðèàëîâ

Ãëóáèíà ðûõëåíèÿ, ñì
25,0–35,4 34,9 24,8–35,4

Ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ, ì/ñ
1,97–2,99 2,54 2,07–2,98

Êðîøåíèå ïëàñòà: ñîäåðæàíèå ôðàêöèé ðàçìåðîì ìåíåå 50 ìì, %
96,4–98,5 76,8 82,0–84,8

Ãðåáíèñòîñòü, ñì
0 7,53 0

Èçìåíåíèå ñîäåðæàíèÿ ýðîçèîííî-îïàñíûõ ÷àñòèö
óìåíüøàåòñÿ íà 15,20–18,13 % óìåíüøàåòñÿ íà 4,13 % óìåíüøàåòñÿ íà 2,90–3,41  %

Ðàçðàáîò÷èê: ÔÃÁÍÓ «ÀÍÖ «Äîíñêîé», ïîäðàçäåëåíèå «ÑÊÍÈÈÌÝÑÕ»

      

 à á â

Ðèñ. 4. Ïðîòîòèïû íîâûõ ðàáî÷èõ îðãàíîâ: 
à – ñ ðàçóïëîòíèòåëÿìè; á – ñ ïëîñêîðåçíîé ëàïîé; â – ñ êðîòîâàòåëÿìè
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Ïîêàçàòåëè íîâûõ ðàáî÷èõ îðãàíîâ (òàáë. 1 
è 2) ñðàâíèâàëèñü ñ ïðîòîòèïàìè (òàáë. 3) è 
àíàëîãàìè (ðèñ. 5) îòå÷åñòâåííîãî ïðîèçâîä-
ñòâà (òàáë. 4). Àíàëîãîâ çàðóáåæíîãî ïðîèçâîä-
ñòâà íå âûÿâëåíî. 

à  

á

Ðèñ. 5. Àíàëîãè íîâûõ ðàáî÷èõ îðãàíîâ 
ïî òåõíîëîãè÷åñêîìó àäàïòåðó [5]: 

à – êóëüòèâàòîð-ãëóáîêîðûõëèòåëü ÊÃ-2,5/0,6; 
á – ãëóáîêîðûõëèòåëü íàâåñíîé ÃÐÍ-3

Óñòàíîâëåíî, ÷òî íîâûå ðàáî÷èå îðãàíû 
íå óñòóïàþò ïî àãðîòåõíè÷åñêèì ïîêàçàòå-
ëÿì ñîâðåìåííûì òåõíè÷åñêèì ñðåäñòâàì 

äëÿ îáðàáîòêè ïî÷âû. Ýòî âèäíî èç ñðàâíå-
íèÿ ñ äàííûìè, ïîëó÷åííûìè â ðåçóëüòà-
òå àíàëèçà ïîêàçàòåëåé ðàáî÷èõ îðãàíîâ èç 
ïðîòîêîëîâ ïðèåìî÷íûõ èñïûòàíèé Ñåâå-
ðî-Êàâêàçñêîé è Êèðîâñêîé ÌÈÑ, êàê íàè-
áîëåå áëèçêèõ àíàëîãîâ ïî òåõíîëîãè÷å-
ñêîìó àäàïòåðó (òàáë. 4). Äàííûå ðàáî÷èå 
îðãàíû â êîíñòðóêöèè áåçîòâàëüíîãî ïëóãà, 
êóëüòèâàòîðà-ãëóáîêîðûõëè òåëÿ è ãëóáîêîðûõ-
ëèòåëÿ íàâåñíîãî, ñîîò âåòñò âåííî, ïîëó÷èëè 
ðåêîìåíäàöèþ ê èñïîëü çîâàíèþ â ñ/õ ïðîèç-
âîäñòâå.

Àíàëèç äàííûõ òàáë. 1 è 2 ïîçâîëèë óñòà-
íîâèòü ñîîòâåòñòâèå àãðîòåõíè÷åñêèì òðåáî-
âàíèÿì íîâûõ ðàáî÷èõ îðãàíîâ äàæå íà ýêñòðå-
ìàëüíûõ ôîíàõ. 

Êðîøåíèå ïëàñòà ñîñòàâèëî 65,1–98,5 % ïðè 
òðåáóåìîì íå ìåíåå 60 %. Ñîäåðæàíèå ýðî-
çèîííî-îïàñíûõ ÷àñòèö â âåðõíåì ñëîå ïî÷âû 
ïîñëå îáðàáîòêè íîâûìè ðàáî÷èìè îðãàíàìè 
óìåíüøèëîñü íà 2,90–21,99 %. 

Ãðåáíèñòîñòü íàõîäèòñÿ â ïðåäåëàõ íîðìû.
Èç ñðàâíèòåëüíîãî àíàëèçà ïîêàçàòåëåé 

íîâûõ ðàáî÷èõ îðãàíîâ, ïðîòîòèïîâ è àíàëî-
ãîâ ïî òåõíîëîãè÷åñêîìó àäàïòåðó (òàáë. 1–4) 
ñëåäóåò ïðåèìóùåñòâî íîâîé êîíñòðóêöèè â 
÷àñòè âûïîëíåíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé, 
îñîáåííî ñòåïåíè êðîøåíèÿ ïëàñòà (äî 98,5 %) 
è óìåíüøåíèÿ êîëè÷åñòâà ýðîçèîííî-îïàñíûõ 
÷àñòèö â âåðõíåì ñëîå ïî÷âû (äî 21,99 %). 

Ïîëîæèòåëüíîå âëèÿíèå íà êà÷åñòâî êðî-
øåíèÿ îêàçàëî èñïîëüçîâàíèå ýëåìåíòîâ ðàáî-
÷åãî îðãàíà, âûïîëíåííûõ ïî êðèâîëèíåéíîé 
ôîðìå (87,8–98,5 %) ïî ñðàâíåíèþ ñ ïëîñêîðå-
çîì (65,1–76,8 %). 

Ìîäåðíèçàöèÿ êîíñòðóêöèè ïëîñêîðåçà ñ 
âîçìîæíîñòüþ ñàìîóñòàíîâêè óãëà ðåçàíèÿ ïîä 
óãëîì åñòåñòâåííîãî ñêîëà ïî÷âû ïîçâîëèëà 
ïîâûñèòü êà÷åñòâî êðîøåíèÿ äî 80,5–82,0 %, à 

Òàáëèöà 3 
Ïîêàçàòåëè ïðîòîòèïîâ íîâûõ ðàáî÷èõ îðãàíîâ

Ñ êðîòîâàòåëÿìè Ñ ðàçóïëîòíèòåëÿìè Ñ ïëîñêîðåçíîé ëàïîé
Ãëóáèíà ðûõëåíèÿ, ñì

27,3–28,3 43,3–44,1 25,0– 25,1
Ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ, ì/ñ

1,64–1,80 1,91–2,88 1,94–2,79
Êðîøåíèå ïëàñòà: ñîäåðæàíèå ôðàêöèé ðàçìåðîì ìåíåå 50 ìì, %

64 60 61
Ãðåáíèñòîñòü, ñì

7,6 8,9 5,5
Ðàçðàáîò÷èê: ÔÃÁÍÓ «ÀÍÖ «Äîíñêîé», ïîäðàçäåëåíèå «ÑÊÍÈÈÌÝÑÕ»
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ïðèìåíåíèå àëüòåðíàòèâíûõ ìàòåðèàëîâ – äî 
82,0–84,8 %.

Ïî êà÷åñòâó êðîøåíèÿ ïëàñòà íîâûå ðàáî-
÷èå îðãàíû ñîîòâåòñòâóþò àãðîòðåáîâàíèÿì 
òàêæå è äëÿ ïðåäïîñåâíîé îáðàáîòêè ïî÷âû è 
èõ ïðèìåíåíèå ïîçâîëÿåò ñîêðàòèòü êîëè÷å-
ñòâî òåõíîëîãè÷åñêèõ îïåðàöèé íà äîïîëíè-
òåëüíîå ðûõëåíèå è âûðàâíèâàíèå ïîâåðõíî-
ñòè ïîëÿ ïåðåä ïîñåâîì.

Ðåçóëüòàòû ïîñëóæàò íàó÷íîé áàçîé äëÿ 
ïðîåêòèðîâàíèÿ íîâûõ òåõíè÷åñêèõ ñðåäñòâ, 
îáåñïå÷àò ïîëó÷åíèå íàèáîëüøåãî ìóëüòèïëè-
êàòèâíîãî ýôôåêòà îò èñïîëüçîâàíèÿ ñîçäà-
âàåìûõ òåõíîëîãèé ïðîèçâîäñòâà ïðîäóêöèè 
ðàñòåíèåâîäñòâà, ÷òî ïðèâåäåò ê êîíêóðåíòî-
ñïîñîáíîñòè îòå÷åñòâåííîé ïðîäîâîëüñòâåí-
íîé ïðîäóêöèè íà ìèðîâîì ðûíêå è ñíèæåíèþ 
òåõíîëîãè÷åñêèõ ðèñêîâ â àãðîïðîìûøëåííîì 
êîìïëåêñå.

Çàêëþ÷åíèå
Ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ èññëå-

äîâàíèé è èñïûòàíèé íà ÌÈÑ êà÷åñòâåííûõ 
ïîêàçàòåëåé ñ èõ íîðìèðóåìûìè çíà÷åíèåÿìè 
õàðàêòåðèçóåò ñîîòâåòñòâèå èëè íåñîîòâåò-
ñòâèå ìàøèí è ðàáî÷èõ îðãàíîâ àãðîòåõíè-
÷åñêèì òðåáîâàíèÿì. Êðîøåíèå ïëàñòà ïðè 
èñïîëüçîâàíèè íîâûõ ðàáî÷èõ îðãàíîâ ñî-
ñòàâèëî 65,1–98,5 % ïðè òðåáóåìîì: íå ìåíåå 

60 % êîìêîâ ðàçìåðîì ìåíåå 50 ìì. Ïî ñòå-
ïåíè êðîøåíèÿ ïëàñòà (äî 98,5 %) è óìåíüøå-
íèþ êîëè÷åñòâà ýðîçèîííî-îïàñíûõ ÷àñòèö â 
âåðõíåì ñëîå ïî÷âû (äî 21,99 %) íîâûå ðàáî-
÷èå îðãàíû ïðåâîñõîäÿò àíàëîãè ïî òåõíîëî-
ãè÷åñêîìó àäàïòåðó. Ïîëîæèòåëüíîå âëèÿíèå 
íà êà÷åñòâî êðîøåíèÿ îêàçàëî èñïîëüçîâàíèå 
ýëåìåíòîâ ðàáî÷åãî îðãàíà, âûïîëíåííûõ ïî 
êðèâîëèíåéíîé ôîðìå (87,8–98,5 %) ïî ñðàâíå-
íèþ ñ ïëîñêîðåçîì (65,1–76,8 %). Ìîäåðíèçà-
öèÿ êîíñòðóêöèè ïëîñêîðåçà ñ âîçìîæíîñòüþ 
ñàìîóñòàíîâêè óãëà ðåçàíèÿ ïîä óãëîì åñòå-
ñòâåííîãî ñêîëà ïî÷âû ïîçâîëèëà ïîâûñèòü êà-
÷åñòâî êðîøåíèÿ äî 80,5–82,0 %, à ïðèìåíåíèå 
àëüòåðíàòèâíûõ ìàòåðèàëîâ – äî 82,0–84,8 %. 
Ïî êà÷åñòâó êðîøåíèÿ ïëàñòà íîâûå ðàáî÷èå 
îðãàíû ñîîòâåòñòâóþò àãðîòðåáîâàíèÿì òàêæå 
è äëÿ ïðåäïîñåâíîé îáðàáîòêè ïî÷âû è èõ ïðè-
ìåíåíèå ïîçâîëÿåò ñîêðàòèòü êîëè÷åñòâî òåõ-
íîëîãè÷åñêèõ îïåðàöèé íà äîïîëíèòåëüíîå 
ðûõëåíèå è âûðàâíèâàíèå ïîâåðõíîñòè ïîëÿ 
ïåðåä ïîñåâîì. 

Ëèòåðàòóðà
1. Ãóðååâ È.È., Äüÿêîâ Â.Ï., Ãðåáåíùèêîâ Ã.Ê., 

Äóðäûåâ Ñ. Àãðîòðåáîâàíèÿ ê íîâûì ìàøèíàì 
äëÿ ñîçäàíèÿ ðåãèîíàëüíîãî ðåãèñòðà ïåðñïåê-
òèâíûõ àãðîòåõíîëîãèé è ìàøèí. Êóðñê: ÂÍÈÈ-
ÇèÇÏÝ ÐÀÑÕÍ, 2012. 43 ñ.

Òàáëèöà 4 
Ïîêàçàòåëè àíàëîãîâ ïî òåõíîëîãè÷åñêîìó àäàïòåðó

 Ïëóã ÏÍ-8-40 ñ ðàáî÷èìè îðãàíàìè 
òèïà paraplow

Êóëüòèâàòîð-ãëóáîêîðûõëèòåëü 
ÊÃ-2,5/0,6

Ãëóáîêîðûõëèòåëü íàâåñíîé 
ÃÐÍ-3

Ãëóáèíà ðûõëåíèÿ, ñì

39,4 29,4–39,8 39,7

Ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ, êì/÷

10,0 6,4–7,6 6,7–6,9

Êðîøåíèå ïëàñòà – ñîäåðæàíèå ôðàêöèé ðàçìåðîì ìåíåå 50 ìì, %

69,7 íåò äàííûõ 58,9

Ãðåáíèñòîñòü, ñì

14,1 11,6 12,8

Èçìåíåíèå ñîäåðæàíèÿ ýðîçèîííî-îïàñíûõ ÷àñòèö

óìåíüøàåòñÿ íà 1,03 % íåò äàííûõ íå óâåëè÷èâàåòñÿ

Ðàçðàáîò÷èê

ÇÀÎ «Ïåòåðáóðãñêèé òðàêòîðíûé 
çàâîä» ÇÀÎ «Ïåðìòåõìàø-Àãðî» ÇÀÎ «Êðàñíûé Àêñàé»

Ïðîòîêîë èñïûòàíèé

Ñåâåðî-Êàâêàçñêàÿ ÌÈÑ
№ 11-30-01 (1010392)

Êèðîâñêàÿ ÌÈÑ
№ 06-23-2004 (4020552)
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çÿéñòâå. 2016. № 3 (18). Ñ. 40–47.
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5. Ñèñòåìà èñïûòàíèé ñåëüñêîõîçÿéñòâåííîé òåõ-
íèêè. URL: http://www.sistemamis.ru (äàòà îáðà-
ùåíèÿ 12.03.2018 ã.).

References
1. Gureev I.I., D'yakov V.P., Grebenshchikov G.K., 

Durdyev S. Agrotrebovaniya k novym mashinam 
dlya sozdaniya regional'nogo registra perspektivnyh 

agrotekhnologij i mashin [Requirements for new 
machines to create a regional register of promising 
agricultural technologies and machines]. Kursk: 
VNIIZiZPEH RASKHN Publ., 2012. 43 p.

2.  Parhomenko S.G., Parhomenko G.G. Improving the 
energy efficiency of mobile soil tillage machines. 
Innovacii v sel'skom hozyajstve. 2016. No 3 (18), 
pp. 40–47 (in Russ.).

3. Parhomenko G.G., Parhomenko S.G. Optimiza-
tion of indicators of technological processes of ag-
ricultural production in crop production. Hranenie 
i pererabotka zerna. 2017. No 1(209), pp. 55–60 
(in Russ.).

4. Parhomenko S.G., Parhomenko G.G. Measurement 
of traction force on a tractor hook in an aggregate 
with a mounted agricultural machine. Traktory i 
sel'hozmashiny. 2016. No 4, pp. 15–19 (in Russ.).

5. Sistema ispytanij sel'skohozyajstvennoj tekh-
niki [Test system of agricultural machinery] (in 
Russ.). URL: http://www.sistemamis.ru (accessed 
12.03.2018).



Êîìïüþòåðíîå ìîäåëèðîâàíèå ìåõàíè÷åñêîé ñèñòåìû «äâèãàòåëü – ðàáî÷àÿ ìàøèíà»

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

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

35

ÓÄÊ 621.43.001.4:681.518.3

DOI: 10.31992/0321-4443-2019-2-35-40

ÊÎÌÏÜÞÒÅÐÍÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ ÌÅÕÀÍÈ×ÅÑÊÎÉ 
ÑÈÑÒÅÌÛ «ÄÂÈÃÀÒÅËÜ – ÐÀÁÎ×Àß ÌÀØÈÍÀ»

COMPUTER SIMULATION OF THE «ENGINE – 
WORKING MACHINE» MECHANICAL SYSTEM

Â.Í. ÄÅËßÃÈÍ, ä.ò.í.
È.Ï. ÄÎÁÐÎËÞÁÎÂ, ä.ò.í.
Ñèáèðñêèé ôåäåðàëüíûé íàó÷íûé öåíòð 
àãðîáèîòåõíîëîãèé Ðîññèéñêîé àêàäåìèè íàóê, 
ï. Êðàñíîîáñê Íîâîñèáèðñêîé îáë., Ðîññèÿ, sibime@ngs.ru

V.N. DELYAGIN, DSc in Engineering
I.P. DOBROLYUBOV, DSc in Engineering
Siberian Federal Research Center for Agrobiotechnologies 
of the Russian Academy of Sciences, Krasnoobsk, 
Novosibirsk region, Russia, sibime@ngs.ru

Èññëåäîâàíî ïðèìåíåíèå äëÿ öåëåé äèàãíîñòèðîâàíèÿ òåõíè÷åñêîãî ñîñòîÿíèÿ àãðåãàòà äâèãàòåëü âíóòðåííå-
ãî ñãîðàíèÿ (ÄÂÑ) – ðàáî÷àÿ ìàøèíà (ÐÌ) óñîâåðøåíñòâîâàííîé êîìïüþòåðíîé íàñòðàèâàåìîé ìîäåëè ÄÂÑ 
ñ äîïîëíèòåëüíîé ôóíêöèåé îïðåäåëåíèÿ òåõíè÷åñêîãî ñîñòîÿíèÿ ðàáî÷èõ ìàøèí (ìåõàíèçìîâ) ñ ïðèâîäîì 
îò ÄÂÑ. Ìåõàíè÷åñêàÿ ñèñòåìà ÄÂÑ – ðàáî÷àÿ ìàøèíà (ìåõàíèçì) ðàññìàòðèâàåòñÿ â âèäå òðåõ- è äâóõìàñ-
ñîâîé ñèñòåìû ñ ñîñðåäîòî÷åííûìè ïàðàìåòðàìè. Ñîñòàâëåíû óðàâíåíèÿ ðàâíîâåñèÿ ìîìåíòîâ, äåéñòâóþùèõ 
íà âûäåëåííûå ñîñðåäîòî÷åííûå ìàññû, ñ ó÷åòîì ðàçëè÷íûõ íåëèíåéíîñòåé (ñóõîå è âÿçêîå òðåíèå, çîíà íå-
÷óâñòâèòåëüíîñòè è äð.), óïðóãîñòè âàëîâ è ñîåäèíåíèé. Ïðèâåäåíû ñòðóêòóðíûå ñõåìû ñèñòåìû ÄÂÑ – ÐÌ 
â ôîðìå ïåðåäàòî÷íûõ ôóíêöèé. Ïðîâåäåíî êîìïüþòåðíîå ìîäåëèðîâàíèå ýòîé ñèñòåìû ñ ïðåäñòàâëåíèåì 
ïîëó÷åííûõ êîìïüþòåðíûõ ñòðóêòóðíûõ ñõåì è ãðàôèêîâ äèíàìè÷åñêèõ ïðîöåññîâ (óãëîâûõ ñêîðîñòè è óñêî-
ðåíèÿ âàëîâ è äð.). Ââîäÿ â ýòè ñõåìû çíà÷åíèÿ ïàðàìåòðîâ, õàðàêòåðíûõ äëÿ êîíêðåòíîãî àãðåãàòà ÄÂÑ – ÐÌ, 
ïóòåì âàðüèðîâàíèÿ çíà÷åíèé ðàçëè÷íûõ ìîìåíòîâ ìîæíî â ñòàòè÷åñêîì è äèíàìè÷åñêîì ðåæèìàõ îöåíèòü èõ 
âëèÿíèå íà òåõíè÷åñêîå ñîñòîÿíèå ÄÂÑ – ÐÌ. Ïðèìåíåíèå êîìïüþòåðíîé ìîäåëè ïîçâîëÿåò ó÷åñòü âëèÿíèå 
óêàçàííûõ ôàêòîðîâ íà èíôîðìàòèâíûå äèàãíîñòè÷åñêèå ñèãíàëû, îòðàæàþùèå òåõíè÷åñêîå ñîñòîÿíèå ÄÂÑ –
ÐÌ, òàê êàê óðîâåíü ñèãíàëîâ, õàðàêòåðèçóþùèõ ìîùíîñòíûå ïîêàçàòåëè ÄÂÑ, ñóùåñòâåííî âûøå óðîâíÿ ñèã-
íàëîâ, îòðàæàþùèõ óïðóãîñòè è íåëèíåéíîñòè. Ðàçðàáîòàííàÿ êîìïüþòåðíàÿ ñòðóêòóðíàÿ ñõåìà ìîæåò íåïî-
ñðåäñòâåííî èñïîëüçîâàòüñÿ â äèàãíîñòè÷åñêèõ êîìïëåêñàõ, ïîñòðîåííûõ íà áàçå ìèêðîïðîöåññîðíûõ ñèñòåì, 
ìèêðîêîíòðîëëåðîâ è ìèêðîÝÂÌ äëÿ äèàãíîñòèðîâàíèÿ ÄÂÑ è ðàáî÷èõ ìàøèí â ýêñïëóàòàöèîííûõ óñëîâèÿõ.
Êëþ÷åâûå ñëîâà: ÄÂÑ – ðàáî÷àÿ ìàøèíà, íåëèíåéíîñòè, óïðóãîñòè âàëîâ è ñîåäèíåíèé, êîìïüþòåðíîå ìîäå-
ëèðîâàíèå.

There was investigated the application for the purpose of diagnosing the technical condition of the unit, the internal 
combustion engine (ICE) – the working machine (WM) of advanced computer models of internal combustion en-
gines with the additional function of determining the technical condition of ma-chines (mechanisms) driven by the 
internal combustion engine. The mechanical system «ICE-working machine» is considered as a three- and two-mass 
system with lumped parameters. Equations of equilibrium moments are made that act on the selected concentrated 
masses, taking into account various nonlinearities (dry and viscous friction, dead zone, etc.), elasticity of the shafts 
and joints. The block diagrams of the ICE-PM system in the form of transfer functions are given. A computer simula-
tion of this system was carried out with the presentation of the obtained computer structural diagrams and graphs of 
dynamic processes (angular velocities and shaft accelerations, etc.). Introducing into these schemes the values of the 
parameters characteristic of a specific unit ICE-PM by varying the values of different moments, it is possible in the 
static and dynamic modes to evaluate their influence on the technical state of ICE-PM. The use of a computer model 
allows to take into account the influence of these factors on informative diagnos-tic signals reflecting the technical 
condition of the internal combustion engine, since the level of signals characterizing the power indicators of the 
internal combustion engine is significantly higher than the level of signals reflecting elasticity and nonlinearity. The 
developed computer block diagram can be directly used in diagnostic complexes based on microprocessor systems, 
microcontrollers and microcomputers for diagnosing internal combustion engines and working machines under op-
erational conditions. 
Keywords: ICE – working machine, non-linearity, elasticity of shafts and connections, computer simulation.
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Ââåäåíèå
Â ðàáîòàõ ðÿäà àâòîðîâ [1–6] ïðèâåäåíû ðå-

çóëüòàòû èññëåäîâàíèé ïî âûáîðó è îïòèìèçà-
öèè îáíàðóæåíèÿ è èçìåðåíèÿ ñîâîêóïíîñòè 
êîñâåííûõ äèàãíîñòè÷åñêèõ ïàðàìåòðîâ, õàðàê-
òåðèçóþùèõ òåõíè÷åñêîå ñîñòîÿíèå äâèãàòåëåé 
âíóòðåííåãî ñãîðàíèÿ (ÄÂÑ), â òîì ÷èñëå íåëè-
íåéíîñòåé, ïî îïòèìèçàöèè àëãîðèòìà ïîèñêà 
ìåñòà îòêàçà, ïî îöåíêå òî÷íîñòíûõ è èíôîðìà-
öèîííûõ ïîêàçàòåëåé èçìåðèòåëüíûõ êàíàëîâ 
èçìåðèòåëüíîé ýêñïåðòíîé ñèñòåìû ÄÂÑ. Â ðà-
áîòàõ [7–8] ïîêàçàíà âîçìîæíîñòü ïðèìåíåíèÿ 
êîìïüþòåðíîé íàñòðàèâàåìîé ìîäåëè ÄÂÑ (áåç 
ó÷åòà íåëèíåéíîñòåé, óïðóãîñòè âàëîâ è ñîåäè-
íåíèé) ïðè èäåíòèôèêàöèè ñîñòîÿíèÿ ÄÂÑ. 

Öåëü ðàáîòû
Ñîâåðøåíñòâîâàíèå êîìïüþòåðíîé íàñòðà-

èâàåìîé ìîäåëè äâèãàòåëÿ âíóòðåííåãî ñãîðà-
íèÿ ïðè èäåíòèôèêàöèè ñîñòîÿíèÿ äâèãàòåëÿ ñ 
ó÷åòîì íåëèíåéíîñòåé, óïðóãîñòè âàëîâ è ñî-
åäèíåíèé. 

Ìåòîäû è ðåçóëüòàòû
Äëÿ áîëåå ýôôåêòèâíîãî ïðèìåíåíèÿ ýòîé 

ìîäåëè, à òàêæå ñ öåëüþ îïðåäåëåíèÿ òåõíè÷å-
ñêîãî ñîñòîÿíèÿ ðàáî÷èõ ìàøèí (ìåõàíèçìîâ) 
ñ ïðèâîäîì îò ÄÂÑ íåîáõîäèìî åå ñîâåðøåí-
ñòâîâàíèå çà ñ÷åò ó÷åòà íåëèíåéíîñòåé, óïðó-
ãîñòè âàëîâ è ñîåäèíåíèé. Èññëåäîâàíèþ ïî 
ýòîìó âîïðîñó è ïîñâÿùåíà äàííàÿ ñòàòüÿ.

Ïðè ìàòåìàòè÷åñêîì îïèñàíèè ôóíêöèîíè-
ðîâàíèÿ ìåõàíè÷åñêîé ñèñòåìû ÄÂÑ – ðàáî÷àÿ 
ìàøèíà (ìåõàíèçì) â áîëüøîì ÷èñëå ñëó÷àåâ 
äîïóñêàåòñÿ èäåàëèçàöèÿ, îñíîâàííàÿ íà ïðåä-
ñòàâëåíèè î æåñòêîé ñâÿçè ÄÂÑ: êèíåìàòè÷å-
ñêàÿ ñâÿçü ìåæäó äâèãàòåëåì è ìåõàíèçìîì 
íå ïîäâåðæåíà óïðóãèì äåôîðìàöèÿì è íå 
ñîäåðæèò çàçîðîâ, ëþôòîâ è äðóãèõ íåëèíåé-
íûõ ýëåìåíòîâ. Ðàáî÷àÿ ìàøèíà (ÐÌ) èëè ìå-
õàíèçì ëèøü îïðåäåëÿåò ìîìåíò íàãðóçêè íà 
äâèãàòåëü, à ìîìåíò èíåðöèè ÿâëÿåòñÿ ñóììîé 
ìîìåíòîâ èíåðöèè ÄÂÑ, ðåäóêòîðà è ïðè-
âåäåííîãî ê äâèãàòåëþ ìîìåíòà èíåðöèè ÐÌ 
(ìåõàíèçìà). Ïðè òàêîì äîïóùåíèè ñêîðîñòü 
ÄÂÑ è ïðèâåäåííàÿ ê äâèãàòåëþ ñêîðîñòü ÐÌ 
(ìåõàíèçìà) ðàâíû ìåæäó ñîáîé â ñòàòè÷åñêîì 
è äèíàìè÷åñêîì ðåæèìàõ ðàáîòû. Èçìåíåíèå 
ìîìåíòà íàãðóçêè íà ÐÌ (ìåõàíèçìå) â ýòîì 
ñëó÷àå ýêâèâàëåíòíî èçìåíåíèþ ìîìåíòà íà-
ãðóçêè íà äâèãàòåëå. Åñëè ñòàâèòñÿ çàäà÷à îïðå-
äåëåíèÿ òåõíè÷åñêîãî ñîñòîÿíèÿ ìåõàíè÷åñêîé 
ñèñòåìû ÄÂÑ – ÐÌ (ìåõàíèçì) ïðåíåáðåæåíèå 

óïðóãîñòüþ è íåëèíåéíîñòÿìè ìîæåò ïðèâåñòè 
ê îøèáî÷íûì ðåçóëüòàòàì. Êðîìå òîãî, ïðè èñ-
ïîëüçîâàíèè áûñòðîäåéñòâóþùåé ñèñòåìû àâ-
òîìàòè÷åñêîãî óïðàâëåíèÿ ðåæèìàìè ðàáîòû 
âëèÿíèå ýòèõ ôàêòîðîâ áóäåò çàìåòíûì. Êîì-
ïüþòåðíîå ìîäåëèðîâàíèå ìåõàíè÷åñêîé ñè-
ñòåìû ÄÂÑ – ÐÌ (ìåõàíèçì) ïîçâîëÿåò ó÷åñòü 
âëèÿíèå óêàçàííûõ ôàêòîðîâ ïóòåì èõ âàðüè-
ðîâàíèÿ íà èíôîðìàòèâíûå äèàãíîñòè÷åñêèå 
ñèãíàëû, îòðàæàþùèå òåõíè÷åñêîå ñîñòîÿíèå 
ýòîé ñèñòåìû, òàê êàê óðîâåíü ñèãíàëîâ, õà-
ðàêòåðèçóþùèõ ìîùíîñòíûå ïîêàçàòåëè ÄÂÑ, 
ñóùåñòâåííî âûøå óðîâíÿ ñèãíàëîâ, îòðàæàþ-
ùèõ óïðóãîñòè è íåëèíåéíîñòè.

Íà ðèñ. 1, à ïðèâåäåíà óïðîùåííàÿ ñõåìà 
ìåõàíè÷åñêîé ñèñòåìû ÄÂÑ – ÐÌ (ìåõàíèçì, 
äàëåå – ÐÌ), ãäå ÐÌ 1 ÷åðåç ðåäóêòîð, óñëîâ-
íî ïîêàçàííûé â âèäå çóá÷àòûõ êîëåñ 5 è 6, ïðè-
âîäèòñÿ âî âðàùåíèå äâèãàòåëåì, âàë êîòîðîãî 
èçîáðàæåí â âèäå âðàùàþùåéñÿ ìàññû 8. Ñî-
åäèíåíèå ðåäóêòîðà ñ äâèãàòåëåì è ÐÌ îñóùåñò-
âëÿåòñÿ ñ ïîìîùüþ ìóôò 2 è 7. Âàëû âðàùàþò-
ñÿ â ïîäøèïíèêàõ 3. Ñâÿçü ÄÂÑ ñ ÐÌ â îáùåì 
ñëó÷àå îêàçûâàåòñÿ óïðóãîé çà ñ÷åò ñêðó÷èâàíèÿ 
âàëà 4 è óïðóãîé äåôîðìàöèè çóáüåâ êîëåñ ðå-
äóêòîðà, à òàêæå ñîåäèíèòåëüíûõ ìóôò, âûïîë-
íåííûõ, íàïðèìåð, ñ îáðåçèíåííûìè ïàëüöàìè. 

Êèíåìàòè÷åñêàÿ öåïü â îáùåì ñëó÷àå ñîäåð-
æèò îáóñëîâëåííûé íåòî÷íîñòüþ èçãîòîâëåíèÿ 
óçëîâ ïåðåäà÷è ñóììàðíûé çàçîð, êîòîðûé ðàñ-
ïðåäåëåí ìåæäó ìóôòàìè è çóá÷àòûì çàöåïëå-
íèåì â ðåäóêòîðå. Íà ìåõàíè÷åñêóþ ñèñòåìó 
äåéñòâóþò âíåøíèå ìîìåíòû: ìîìåíò äâèãàòå-
ëÿ Ì

ä
, ïðèëîæåííûé ê âàëó, è äåéñòâóþùèé íà 

ÐÌ ìîìåíò íàãðóçêè Ì
ñ
, êîòîðûé ìîæåò áûòü 

àêòèâíûì èëè ïàññèâíûì. Íà ðàáîòó ÐÌ îêàçû-
âàþò âëèÿíèå äèññèïàòèâíûå ñèëû, ïðåäñòàâëÿ-
þùèå ñîáîé ñèëû òðåíèÿ â ïîäøèïíèêàõ, ñèëû 
òðåíèÿ â çóá÷àòûõ çàöåïëåíèÿõ, à òàêæå ñèëû 
âíóòðåííåãî òðåíèÿ â ìàòåðèàëå âàëà, âîçíèêà-
þùèå â ïðîöåññå åãî ñêðó÷èâàíèÿ. 

Ïðè èññëåäîâàíèè äèíàìè÷åñêèõ ïðîöåññîâ 
â ïðèâîäàõ ÐÌ äîïóñòèìî ïðåäñòàâëåíèå ÄÂÑ 
è ÐÌ â âèäå ñèñòåìû ñ ñîñðåäîòî÷åííûìè ïà-
ðàìåòðàìè, êîãäà âàë äâèãàòåëÿ è îòäåëüíûå 
ýëåìåíòû ÐÌ èëè ìåõàíèçìà (çóá÷àòûå êîëåñà, 
ìàõîâèêè, óçëû, ñîâåðøàþùèå ïîñòóïàòåëüíîå 
äâèæåíèå, è ò.ï.), ïðåäñòàâëÿþòñÿ â âèäå ìàòå-
ðèàëüíûõ òî÷åê, îáëàäàþùèõ îïðåäåëåííûìè 
ìàññàìè èëè ìîìåíòàìè èíåðöèè, à èäåàëèçè-
ðîâàííûå áåçèíåðöèîííûå ñâÿçè ìåæäó íèìè 
ìàññîé íå îáëàäàþò è õàðàêòåðèçóþòñÿ òîëüêî 
óïðóãîñòüþ è äèññèïàòèâíûìè ñâîéñòâàìè.
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Ïîëàãàåì, ÷òî âíåøíèå ñèëû, èëè ìîìåí-
òû, ïðèëîæåíû ê ñîñðåäîòî÷åííûì ìàññàì. Íà 
ðèñ. 1, à ñîñðåäîòî÷åííûìè ìàññàìè ìîæíî ñ÷è-
òàòü ìàññû âàëà 8, çóá÷àòûõ êîëåñ 5 è 6 è ÐÌ (ìå-
õàíèçìà) 1. Óïðóãîñòè çóá÷àòîãî çàöåïëåíèÿ è 
ìóôòû 7 ìîãóò áûòü îáúåäèíåíû â îáùóþ óïðó-
ãîñòü ñâÿçè äâèãàòåëÿ ñ ðåäóêòîðîì, à óïðóãîñòü 
ñâÿçè ðåäóêòîðà ñ ìåõàíèçìîì îïðåäåëèòñÿ êàê 
ðåçóëüòèðóþùàÿ óïðóãîñòü âàëà 4 è ìóôòû 2.

Óðàâíåíèÿ ðàâíîâåñèÿ ìîìåíòîâ, äåéñòâó-
þùèõ íà âûäåëåííûå ñîñðåäîòî÷åííûå ìàññû 
(áåç ó÷åòà çàçîðîâ è äðóãèõ íåëèíåéíîñòåé):

 

12 12 1 2 1 1 1

12 12 1 2

12 12 2 1 23 23

2 2 22 3

23 23 2 3

23 23 3 2 3 3 3

( ) ;

( );

( ) (1 / )

;( )

( );

( ) ,

f

f

c f

M M b M J

M c

M b i M b

M J

M c

M b M M J

      


  
        
        
       
               

  

 

 

  

ä

  (1)

ãäå Ì
ä
 – ìîìåíò äâèãàòåëÿ; Ì

ñ
 – ìîìåíò íà-

ãðóçêè íà ÐÌ (øòðèõîì ïîìå÷åíû âåëè-
÷èíû, íå ïðèâåäåííûå ê âàëó äâèãàòåëÿ); 
i – ïåðåäàòî÷íîå ÷èñëî ðåäóêòîðà; 

1
, 

2
, 

2 3 1 2 2 3 1 2 3, , , , , , , ,                    – óãëû ïîâîðîòà 
ñîîòâåòñòâóþùèõ ìàññ (ðèñ. 1, à), èõ ïåðâûå è 
âòîðûå ïðîèçâîäíûå; 12 23,b b  – êîýôôèöèåíòû 
âíóòðåííåãî òðåíèÿ, ïîñòîÿííûå, åñëè ñ÷è-
òàòü, ÷òî ìîìåíòû âíóòðåííåãî òðåíèÿ â óïðó-
ãèõ ñâÿçÿõ ïðîïîðöèîíàëüíû ðàçíîñòÿì óãëî-
âûõ ñêîðîñòåé êîíöîâ ýòèõ ñâÿçåé; Ì

f1
, Ì

f2
, 

M
f3
 – ìîìåíòû òðåíèÿ íà ñîñðåäîòî÷åííûõ 

ìàññàõ; Ì
12
 è Ì

23
 – ìîìåíòû â ñêðó÷èâàåìûõ 

óïðóãèõ ñâÿçÿõ ñîîòâåòñòâåííî ìåæäó 1-é è 
2-é, 2-é è 3-é ìàññàìè, ñâÿçàííûå ñ óãëîì ñêðó-
÷èâàíèÿ êîýôôèöèåíòàìè æåñòêîñòè ñ

12
 è ñ’

23
; 

J
1
 – ìîìåíò èíåðöèè âàëà äâèãàòåëÿ è ìóôòû 7; 

J
2
 – ïðèâåäåííûé ê âàëó äâèãàòåëÿ ìîìåíò 

èíåðöèè ðåäóêòîðà (çóá÷àòûõ êîëåñ 5 è 6); 
J

3
 – ìîìåíò èíåðöèè ÐÌ (ðèñ. 1, à); ñ

23
 = ñ

23
/i2; 

b
23

 = b
23

/i2.
Äëÿ ïîëó÷åíèÿ óðàâíåíèé (1) â íîðìèðî-

âàííîì âèäå äîëæíû áûòü âûáðàíû áàçîâûå 
çíà÷åíèÿ ñêîðîñòåé è ìîìåíòîâ íà âàëó äâèãà-
òåëÿ 

á
 è Ì

á
 è íà âàëó ìåõàíèçìà ’

á
 = 

á 
/i è 

M
á
 = M

6
i. Çà áàçîâûé óãîë ïîâîðîòà âàëà ÄÂÑ 

ïðèíèìàåì óãîë, íà êîòîðûé ïîâåðíåòñÿ âàë 
äâèãàòåëÿ, âðàùàþùèéñÿ ñî ñêîðîñòüþ 

á
 çà 

îäíó ñåêóíäó:
1

0

  á á , à âàëà ÐÌ: ’
á
=

á 
/i. 

Òîãäà, ââîäÿ â ðàññìîòðåíèå ñêîðîñòè ñîñðåäî-
òî÷åííûõ ìàññ 1 2 3, ,     , óðàâíåíèÿ (1) â áåç-
ðàçìåðíîé ôîðìå ïðèìóò âèä:

 

1 1 2 2 3 3

1
1 12 12 1 2 1 1

12
12 1 2

2
2 12 12 1 2 23

23 2 3 2 2

23
23 2 3

3
3 23 23 2

/ ; / ; / ;

( ) ;

( );

( )

( ) ;

( );

(

c f

c

c

c f

c

c

d dt d dt d dt
dT M M k k
dt
dMT

dt
dT M k M
dt

k k

dMT
dt

dT M k
dt



        


      

  


     

    

  


   

     

     


 

   

  


 

  

ì

ì

ì 3 3 3) ,c fM k
















    

 

 (2)

Ðèñ. 1. Ñòðóêòóðíûå ñõåìû òðåõìàññîâîé ñèñòåìû äâèãàòåëü – ðàáî÷àÿ ìàøèíà (à) è åå ìîäåëè (á): 
s – äèôôåðåíöèàòîð; 1/s – èíòåãðàòîð;  – ñóììàòîð (ñ çà÷åðíåííûì ñåêòîðîì – âû÷èòàþùåå óñòðîéñòâî)
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ãäå Ò
ì1

 = J
1 


á
/M

á
, Ò

ì2 
= J

2 


á
/M

á
, Ò

ì3 
= J

3 


á
/

M
á 
= J

3 


á
/M

á
 – ìåõàíè÷åñêèå ïîñòîÿííûå âðå-

ìåíè ñîñðåäîòî÷åííûõ ìàññ; Ò
ñ12

 = M
á
/(

á
ñ

12
), 

Ò
ñ23

 = Ì
á 

/(
á
ñ

23
) = Ì

á
/(

á
ñ

23
) – ïîñòîÿííûå 

âðåìåíè æåñòêîñòè êèíåìàòè÷åñêèõ ñâÿçåé; 
k

cl2
 = b

12


á
/M

á
, k

c23
 = b

23


á
/M

á
 = b

23


á
/M

á
 – îò-

íîñèòåëüíûå êîýôôèöèåíòû âíóòðåííåãî 
òðåíèÿ; k

f1
, k

f2
, k

f3
 – îòíîñèòåëüíûå (â îáùåì 

ñëó÷àå ïåðåìåííûå) êîýôôèöèåíòû, õàðàêòå-
ðèçóþùèå çàâèñèìîñòè ìîìåíòîâ âíåøíåãî 
òðåíèÿ 1 2 3, ,f f fM M M    îò ñêîðîñòåé ñîîòâåò-
ñòâóþùèõ ìàññ 1 2 3, ,      (ïðè ýòîì êàæäûé 
èç ìîìåíòîâ òðåíèÿ â îáùåì ñëó÷àå ñîñòî-
èò èç ìîìåíòîâ ñóõîãî è âÿçêîãî òðåíèÿ: 

c (sign )fi i i fi i iM M M k        ò âò .
Ñòðóêòóðíàÿ ñõåìà ìîäåëè ñèñòåìû ÄÂÑ – 

ÐÌ ñîãëàñíî ôîðìóëå (2) â ôîðìå ïåðåäà-
òî÷íûõ ôóíêöèé ïðèâåäåíà íà ðèñ. 1, á. Íà 
ñõåìå ó÷òåíû çàçîðû â êèíåìàòè÷åñêîé öåïè 
â âèäå íåëèíåéíûõ ýëåìåíòîâ íà âõîäàõ çâå-
íüåâ 1/Ò

ñ12
, k

cl2
s è 1/T

c23
, k

c23
s: óïðóãèé ìîìåíò 

( 12M  èëè 23M ) è ìîìåíò âíóòðåííåãî òðåíèÿ 
âîçíèêàþò ëèøü ïîñëå òîãî, êàê ðàçíîñòü óãëîâ 
( 1 2    èëè 2 3   ) ïðåâûñèò ðåçóëüòèðóþùèé 
çàçîð ( 01  èëè 02 ). Ïðè íåîáõîäèìîñòè ëè-
íåàðèçàöèè óðàâíåíèé (2) â îêðåñòíîñòè îïðå-
äåëåííîé óãëîâîé ñêîðîñòè âëèÿíèåì çàçîðîâ 
ïðåíåáðåãàþò è çàìåíÿþò êîîðäèíàòû èõ ïðè-
ðàùåíèÿìè, ñ÷èòàÿ, ÷òî ìîìåíò Ì

ñ
 íå çàâèñèò îò 

ñêîðîñòè, à êîýôôèöèåíòû k
f1
 è k

f2
 ïîñòîÿííû.

Â áîëüøèíñòâå ñëó÷àåâ àãðåãàò äèçåëü – ðà-
áî÷àÿ ìàøèíà (ãåíåðàòîð, òîðìîçíîå óñòðîé-
ñòâî, ñåëüñêîõîçÿéñòâåííûå ìàøèíû è ò.ï.) ñ 
äîñòàòî÷íîé ñòåïåíüþ äîñòîâåðíîñòè ìîæåò 
ðàññìàòðèâàòüñÿ êàê äâóõìàññîâûé. Ïðè ýòîì 
ìîìåíò èíåðöèè çóá÷àòûõ êîëåñ 5 è 6 ðåäóê-
òîðà (ðèñ. 1, à) ñóùåñòâåííî ìåíüøå ìîìåíòîâ 
èíåðöèè äèçåëÿ è ÐÌ. 

Òîãäà ïîñëå ïðèâåäåíèÿ ìîìåíòîâ è óãëîâ 
ê äâèãàòåëþ âòîðîå óðàâíåíèå ñèñòåìû (1) 
ïðèìåò âèä (J

2
 = 0, M

f2
 =  0):

12 12 2 1 23 23 2 3( ) ( )M b M b          .

Òàê êàê Ì
12
 è Ì

23
 ïðîïîðöèîíàëüíû óãëàì 

ñêðó÷èâàíèÿ ñîîòâåòñòâóþùèõ êèíåìàòè÷å-
ñêèõ ïåðåäà÷, à ìîìåíòû âíóòðåííåãî òðåíèÿ – 
ðàçíîñòè ñêîðîñòåé êîíöîâ ñâÿçè, òî 

12 23 1 3( )y jM cM jM     ;

12 2 1 23 2 3 1 3( ) ( ) ( )b b M b             âí.òð , 

ãäå  12 23 12 23/ cc cc c   è 12 23 12 23( )/b b b b b  . 
Êîýôôèöèåíòû c è b õàðàêòåðèçóþò ýêâè-

âàëåíòíóþ æåñòêîñòü êèíåìàòè÷åñêîé ïåðå-
äà÷è, ñâÿçûâàþùåé âàë äâèãàòåëÿ ñ ÐÌ è âíó-
òðåííåå òðåíèå â ýòîé ïåðåäà÷å.

Åñëè âûõîäíûìè êîîðäèíàòàìè ÿâëÿþòñÿ 
óãëîâûå ñêîðîñòè, òî äëÿ äâóõìàññîâîé ñè-
ñòåìû óðàâíåíèÿ â áåçðàçìåðíûõ âåëè÷èíàõ 
ïðèìóò âèä (ðèñ. 2 ñ ó÷åòîì çàçîðà è íåëèíåé-
íîé çàâèñèìîñòè òðåíèÿ îò ñêîðîñòè):

1
1 1 2

1 1

1 2

2
2 1 2

2 2

( )

;

( );

( )

,

c

f

c

c

c f

dT M M k
dt

k

dM
T

dt
dT M k
dt

M k


      


 

   



    


  

    




 

   

 

ì ó

ó

ì ó

 (3)

ãäå k
c
 = b

á
/M

á
; T

c
 = M

á
/(c

á
); â óðàâíåíèÿõ âå-

ëè÷èíû, ñâÿçàííûå ñ ÐÌ (ìåõàíèçìîì), èìåþò 
èíäåêñ 2.

Íà ðèñ. 3 ïðèâåäåíà ñõåìà êîìïüþòåðíîé 
ìîäåëè ìåõàíè÷åñêîé ñèñòåìû ÄÂÑ-ÐÌ, ïî-
ñòðîåííàÿ ñîãëàñíî óðàâíåíèÿì (3) è ðèñ. 2, 
ïðè ðåàëüíûõ çíà÷åíèÿõ ìîìåíòîâ, óãëîâûõ 
ñêîðîñòåé è óñêîðåíèé (áåç íîðìèðîâêè). Íà 
ñõåìå ó÷òåíû çàçîðû â êèíåìàòè÷åñêîé öåïè 
ÄÂÑ – ÐÌ â âèäå íåëèíåéíûõ ýëåìåíòîâ «çîíà 
íå÷óâñòâèòåëüíîñòè» Ì

c
, ìîìåíòû òðåíèÿ 

«ñóõîå òðåíèå» Ì
c 
è «âÿçêîå òðåíèå» cM   , 

Ðèñ. 2. Ñòðóêòóðíàÿ ñõåìà äâõìàññîâîé ìîäåëè ñèñòåìû äâèãàòåëü-ðàáî÷àÿ ìàøèíà (ìåõàíèçì): 
s – äèôôåðåíöèàòîð; 1/s – èíòåãðàòîð;  – ñóììàòîð (ñ çà÷åðíåííûì ñåêòîðîì – âû÷èòàþùåå óñòðîéñòâî)
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Ðèñ. 3. Êîìïüþòåðíàÿ ìîäåëü äâóõìàññîâîé ìåõàíè÷åñêîé ñèñòåìû ÄÂÑ – ÐÌ: 
à – îáùàÿ ìîäåëü; á – ñóáñèñòåìà äèçåëÿ; â – ñóáñèñòåìà ÐÌ

Ðèñ. 4. Ãðàôèêè ïðîöåññîâ ìîäåëè ÄÂÑ – ÐÌ: 
à – óãëîâûõ ñêîðîñòè è óñêîðåíèÿ ÄÂÑ ïðè îòñóòñòâèè íåäîïóñòèìûõ íåëèíåéíûõ ìîìåíòîâ; 

á – ìîìåíòà ñîïðîòèâëåíèÿ è óãëîâîãî óñêîðåíèÿ ÐÌ ïðè îòñóòñòâèè íåäîïóñòèìûõ íåëèíåéíûõ ìîìåíòîâ; 
â – óãëîâûõ ñêîðîñòè è óñêîðåíèÿ ÄÂÑ ïðè íåäîïóñòèìîì óðîâíå íåëèíåéíîãî ìîìåíòà «ñóõîå òðåíèå» 
â êèíåìàòè÷åñêîé öåïè ÄÂÑ; ã – ìîìåíòà ñîïðîòèâëåíèÿ è óãëîâîãî óñêîðåíèÿ ÐÌ ïðè íåäîïóñòèìîì 

óðîâíå íåëèíåéíîãî ìîìåíòà «ñóõîå òðåíèå» â êèíåìàòè÷åñêîé öåïè ÐÌ
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ââîäèìûå â ìîäåëè ÄÂÑ è ÐÌ; óïðóãèé ìîìåíò 
ñ ó÷åòîì âíóòðåííåãî ìîìåíòà «âÿçêîå òðåíèå»

12 12 12 12( )/M dM M dt    ; çàäàí ìîìåíò ñîïðî-
òèâëåíèÿ ÐÌ Ì

c
 â âèäå âåíòèëÿòîðíîé õàðàê-

òåðèñòèêè è ìèíèìàëüíûé çàçîð 
ê
 â êèíåìà-

òè÷åñêîé öåïè. Ïîäîáíàÿ ñõåìà ëåãêî ìîæåò 
áûòü ïðåîáðàçîâàíà â ñõåìó äëÿ òðåõìàññîâîé 
êèíåìàòè÷åñêîé öåïè. Â êà÷åñòâå ïðèìåðà íà 
ðèñ. 4 ïðèâåäåíû ãðàôèêè ðàññ÷èòàííûõ ïðî-
öåññîâ ïðè ââåäåíèè â ìîäåëü ðàçëè÷íûõ íåëè-
íåéíûõ ìîìåíòîâ.

Ââîäÿ â êîìïüþòåðíóþ ñòðóêòóðíóþ ñõåìó 
ìîäåëè ñèñòåìû ÄÂÑ – ÐÌ (ðèñ. 3) çíà÷åíèÿ 
ïàðàìåòðîâ, õàðàêòåðíûå äëÿ êîíêðåòíîé 
ìàðêè ÄÂÑ, ïóòåì âàðüèðîâàíèÿ çíà÷åíèé êðó-
òÿùèõ ìîìåíòîâ ÄÂÑ è ìîìåíòîâ ñîïðîòèâëå-
íèé (óïðóãîñòåé, íåëèíåéíîñòåé è íàãðóçêè) 
ìîæíî â ñòàòè÷åñêîì è äèíàìè÷åñêîì ðåæè-
ìàõ îöåíèòü èõ âëèÿíèå íà óãëîâûå ñêîðîñòè 
è óñêîðåíèÿ, à òàêæå íà òåõíè÷åñêîå ñîñòîÿíèå 
ÄÂÑ, ðåäóêòîðà è ÐÌ (ìåõàíèçìà). 

Çàêëþ÷åíèå
Ðàçðàáîòàííàÿ êîìïüþòåðíàÿ ñòðóêòóðíàÿ 

ñõåìà ìîæåò íåïîñðåäñòâåííî èñïîëüçîâàòüñÿ â 
äèàãíîñòè÷åñêèõ êîìïëåêñàõ, ïîñòðîåííûõ íà 
áàçå ìèêðîïðîöåññîðíûõ ñèñòåì, ìèêðîêîíòðîë-
ëåðîâ è ìèêðîÝÂÌ äëÿ äèàãíîñòèðîâàíèÿ ÄÂÑ 
è ðàáî÷èõ ìàøèí â ýêñïëóàòàöèîííûõ óñëîâèÿõ. 
Ýòî ïîçâîëèò ïîâûñèòü òî÷íîñòü è äîñòîâåðíîñòü 
äèàãíîñòèðîâàíèÿ ÄÂÑ è àãðåãàòèðóåìûõ ñ íèì 
ìåõàíèçìîâ è ðàáî÷èõ ìàøèí, à òàêæå óëó÷øèòü 
êà÷åñòâî âûïîëíåíèÿ òåõíîëîãè÷åñêèõ îïåðà-
öèé, ïðîèçâîäèìûõ ýòèìè àãðåãàòàìè.
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OPTIMIZATION OF PARAMETERS AND MODES 
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Ìåòîäîì ïëàíèðîâàíèÿ äâóõôàêòîðíîãî ýêñïåðèìåíòà îáîñíîâàíû îïòèìàëüíûå ïàðàìåòðû è ðåæèì ðàáîòû 
ñïèðàëüíî-âèíòîâîãî êàòêà äëÿ ïðèêàòûâàíèÿ ïî÷âû ñ öåëüþ ñîçäàíèÿ åå îïòèìàëüíîé ïëîòíîñòè â ïîñåâíîì 
ñëîå, îáåñïå÷èâàþùåé äðóæíûå âñõîäû âûñåÿííûõ ñåìÿí êóëüòóðíûõ ðàñòåíèé è èõ óñòîé÷èâîå ðàçâèòèå. Èñ-
ñëåäîâàíèÿ âûïîëíåíû ñ èñïîëüçîâàíèåì ïîëîæåíèé òåîðèè ïëàíèðîâàíèÿ ýêñïåðèìåíòà è îñíîâíûõ ìåòîäîâ 
èçìåðåíèé, ðåãëàìåíòèðîâàííûõ íîðìàòèâíîé äîêóìåíòàöèåé. Êîëè÷åñòâåííûìè ôàêòîðàìè ìàòåìàòè÷åñêîãî 
ìåòîäà ïëàíèðîâàíèÿ ÿâëÿþòñÿ êîíñòðóêòèâíûå ïàðàìåòðû è ðåæèìû ðàáîòû ïðèêàòûâàþùåãî êàòêà. Äëÿ èõ 
îïòèìèçàöèè èñïîëüçîâàëè Â

ê
 (ïëàí), à â êà÷åñòâå êðèòåðèÿ îïòèìèçàöèè (îòêëèêà) ïðèíÿòà ïëîòíîñòü ïî÷âû 

â ïðèêàòàííîì ñëîå, êîòîðàÿ çàâèñèò îò âåëè÷èíû áàëëàñòíîãî ãðóçà, çàêðåïëåííîãî íà ðàìå êàòêà, è ðàáî÷åé 
ñêîðîñòè äâèæåíèÿ àãðåãàòà. Óðîâíè âàðüèðîâàíèÿ ôàêòîðîâ âûáðàíû òàê, ÷òîáû èõ îïòèìàëüíûå çíà÷åíèÿ, 
ðàññ÷èòàííûå òåîðåòè÷åñêè, ïîïàäàëè â öåíòð èíòåðâàëà âàðüèðîâàíèÿ. Èñïîëüçóÿ ïîëó÷åííûå óðàâíåíèÿ ðå-
ãðåññèè â êàíîíè÷åñêîé ôîðìå, ïîëó÷èëè ãèïåðïîâåðõíîñòè çàâèñèìîñòè ïëîòíîñòè ïî÷âû â ïîñåâíîì ñëîå 
îò ðàáî÷åé ñêîðîñòè àãðåãàòà è áàëëàñòíîãî ãðóçà, à òàêæå çàâèñèìîñòè äâóìåðíûõ ñå÷åíèé ïëîòíîñòè ïî÷âû. 
Öåíòð ýêñïåðèìåíòà ëåæèò â ïðåäåëàõ îáëàñòè ýêñïåðèìåíòà. Ïîëó÷åíî çíà÷åíèå îïòèìàëüíîé ïëîòíîñòè ïî-
÷âû â ïîñåâíîì ñëîå – 1,25 ã/ñì3 ïðè ðàáî÷åé ñêîðîñòè àãðåãàòà 7,6 êì/÷ è âåëè÷èíû áàëëàñòíîãî ãðóçà 42,4 êã.
Êëþ÷åâûå ñëîâà: ïëàíèðîâàíèå ýêñïåðèìåíòà, ïîâåðõíîñòü îòêëèêà, äâóìåðíûå ñå÷åíèÿ, öåíòð ïëàíà, ôàêòî-
ðû, óðàâíåíèå ðåãðåññèè, ïëîòíîñòü ïî÷âû.

The method of planning a two-factor experiment substantiates the optimal parameters and operation mode of the 
spiral-helical roller for compacting the soil in order to create its optimum density in the sowing layer, which ensures 
friendly shoots of the sown seeds of cultivated plants and their sustainable development. The studies were carried out 
using the provisions of the experiment planning theory and the main measurement methods written in the regulatory 
documentation. The quantitative factors of the mathematical planning method are the design parameters and operat-
ing modes of the press roller. The V

ê
 (plan) was used for its optimization, and the density of the soil in the rolled layer 

was taken as the optimization criterion (response), which depends on the size of the ballast weight attached to the 
frame of the roller and the operating speed of the unit. The levels of variation of the factors are chosen so that their 
optimal values, calculated theoretically, fall into the center of the interval of variation. Using the obtained regression 
equations in canonical form, we obtained hypersurfaces of dependence of soil density in the sowing layer on the 
operating speed of the aggregate and ballast weights, as well as dependencies of two-dimensional sections of soil 
density. The center of the experiment lies within the scope of the experiment. The value of the optimum density of 
the soil in the sowing layer of 1,25 g/ñm3  at a working speed of the unit of 7,6 km/h and a ballast weight of 42,4 kg 
was obtained.
Keywords: experiment planning, response surface, two-dimensional sections, center of the plan, factors, regression 
equation, soil density.
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 Ââåäåíèå
Ðàçâèòèå ñîâðåìåííîé ñåëüñêîõîçÿéñòâåííîé 

òåõíèêè è åå òåõíè÷åñêèé óðîâåíü òåñíî ñâÿçà-
íû ñ îïòèìèçàöèåé ïðîèçâîäñòâåííûõ ïðîöåñ-
ñîâ, âûïîëíÿåìûõ ìàøèíàìè, à òàêæå èõ ïàðà-
ìåòðîâ è ðåæèìîâ ðàáîòû. Äëÿ ïîëó÷åíèÿ ýòèõ 
çíà÷åíèé èñïîëüçóþò ìàòåìàòè÷åñêèå ìåòîäû 
ïëàíèðîâàíèÿ ýêñïåðèìåíòîâ, êîòîðûå ïîçâîëÿ-
þò ñóùåñòâåííî ïîâûøàòü ýôôåêòèâíîñòü ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèé è ðàçðàáîòîê. 
Ïëàíèðîâàíèå ýêñïåðèìåíòà ïîçâîëÿåò áîëåå 
÷åì â òðè ðàçà ñîêðàòèòü ñðîêè èññëåäîâàíèé, 
çàòðàòû íà èõ ïðîâåäåíèå è ïîâûñèòü äîñòîâåð-
íîñòü ïîëó÷åííûõ ðåçóëüòàòîâ. 

Öåëü ðàáîòû
Îïòèìèçèðîâàòü ìåòîäîì ïëàíèðîâàíèÿ ýêñ-

ïåðèìåíòà êîíñòðóêòèâíûå è ðåæèìíûå ïàðà-
ìåòðû ïðèêàòûâàþùåãî ñïèðàëüíî-âèíòîâîãî 
êàòêà äëÿ ïðèêàòûâàíèÿ ïî÷âû ïîñëå ïîñåâà 
çåðíîâûõ, êîëîñîâûõ êóëüòóð. Çàäà÷à ïðèêàòû-
âàþùåãî êàòêà – ñîçäàòü îïòèìàëüíóþ ïëîò-
íîñòü ïî÷âû â ïîñåâíîì ñëîå, ÷òîáû îáåñïå÷èòü 
áëàãîïðèÿòíûå óñëîâèÿ äëÿ âñõîäîâ ñåìÿí ñåëü-
õîçêóëüòóð è ïîñëåäóþùåãî ðàçâèòèÿ ðàñòåíèé 
[1]. Ïðåäëàãàåìûé íàìè êàòîê èñïîëüçóåòñÿ â 
ñîñòàâå ìíîãîôóíêöèîíàëüíîãî ïîñåâíîãî àãðå-
ãàòà, îáåñïå÷èâàÿ çà îäèí ïðîõîä àãðåãàòà âíåñå-
íèå óäîáðåíèé, ïîñåâ ñåìÿí è ïðèêàòûâàíèå [2]. 
Òàêîå ñîâìåùåíèå òåõíîëîãè÷åñêèõ îïåðàöèé, 
áåññïîðíî, îáåñïå÷èò âûñîêóþ ýôôåêòèâíîñòü 
ïî ñðàâíåíèþ ñ îäíîîïåðàöèîííûìè ìàøèíàìè.

Ìàòåðèàëû è ìåòîäû
Äëÿ îïòèìèçàöèè êîíñòðóêòèâíûõ è ðå-

æèìíûõ ïàðàìåòðîâ ïðèêàòûâàþùåãî ñïè-
ðàëüíî-âèíòîâîãî êàòêà èñïîëüçîâàëñÿ ìåòîä 
ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ, èçâåñòíûé 
êàê Â

ê
 (ïëàí). Ïðè ýòîì èçó÷àëîñü âëèÿíèå 

äâóõ ôàêòîðîâ è ôèêñèðîâàëè èõ çíà÷åíèå íà 
îïòèìàëüíûõ óðîâíÿõ. Ôàêòîðû, èíòåðâàëû è 
óðîâíè âàðüèðîâàíèÿ ïðåäñòàâëåíû â òàáë. 1.

Â êà÷åñòâå êðèòåðèÿ îïòèìèçàöèè (îòêëè-
êà) ïðèíÿòà ïëîòíîñòü ïî÷âû â ïðèêàòàííîì 
ñëîå, êîòîðàÿ çàâèñèò îò áàëëàñòíîãî ãðóçà íà 

ðàìå êàòêà è ðàáî÷åé ñêîðîñòè äâèæåíèÿ àãðå-
ãàòà ïðè îïðåäåëåííîé âëàæíîñòè ïî÷âû.

Óðîâíè ôàêòîðîâ âûáðàëè òàêèì îáðàçîì, 
÷òîáû îïòèìàëüíûå èõ çíà÷åíèÿ, ðàññ÷èòàí-
íûå òåîðåòè÷åñêè èëè ñ ó÷åòîì ñóùåñòâóþ-
ùèõ îãðàíè÷åíèé, ïîïàäàëè â öåíòð èíòåðâàëà 
âàðüèðîâàíèÿ.

Ìàêñèìàëüíûì çíà÷åíèåì ïåðâîãî ôàêòîðà 
ÿâëÿëîñü çíà÷åíèå ðàáî÷åé ñêîðîñòè äâèæåíèÿ 
àãðåãàòà V

p
 = 12 êì/÷, ìèíèìàëüíûì – 4 êì/÷, 

ñðåäíèì – 8 êì/÷, ÷òî è ñîîòâåòñòâîâàëî èí-
òåðâàëó âàðüèðîâàíèÿ ñêîðîñòè â öåíòðå 
ïëàíà, ðàâíîìó 4 êì/÷.

Ìàêñèìàëüíûì çíà÷åíèåì âòîðîãî ôàêòîðà 
ÿâëÿëîñü çíà÷åíèå áàëëàñòíîãî ãðóçà íà ðàìå 
êàòêà G = 60 êã, êîòîðîå ñíèæàëîñü äî ìèíè-
ìàëüíîãî – 20 êã; ñðåäíåå çíà÷åíèå ñîñòàâèëî 
40 êã, ÷òî òàêæå ñîîòâåòñòâîâàëî èíòåðâàëó 
âàðüèðîâàíèÿ â öåíòðå ïëàíà, ðàâíîãî 20 êã.

Äðóãèå êîíñòðóêòèâíûå óïðàâëÿåìûå ôàê-
òîðû ïðèêàòûâàþùåãî êàòêà â ðàáîòå íå èñ-
ïîëüçîâàëèñü, òàê êàê îíè íå ÿâëÿþòñÿ îïðåäå-
ëÿþùèìè äëÿ êà÷åñòâåííîãî ïðèêàòûâàíèÿ.

Ìàòðèöà ïëàíèðîâàíèÿ ýêñïåðèìåíòà ïðåä-
ñòàâëåíà â òàáë. 2.

Ïîðÿäîê ïðîâåäåíèÿ îïûòà âûïîëíÿëñÿ ñî-
ãëàñíî òàáëèöå ñëó÷àéíûõ ÷èñåë. Ðåçóëüòàòû 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî îïðåäå-
ëåíèþ êà÷åñòâåííûõ ïîêàçàòåëåé è îïòèìèçà-
öèè ïàðàìåòðîâ ïðîöåññà îáðàáàòûâàëè ïî èç-
âåñòíûì ìåòîäèêàì [3, 4].

Ðåçóëüòàòû è îáñóæäåíèÿ
Ïîñëå ìàòåìàòè÷åñêîé îáðàáîòêè ýêñïå-

ðèìåíòàëüíûõ äàííûõ ïîëó÷èëè ñëåäóþùèå 
óðàâíåíèÿ ðåãðåññèè ñ äåéñòâèòåëüíûìè êîýô-
ôèöèåíòàìè:

 

1 1 2 2 12 1 2
2 2

11 1 22 2

0

,

Y D D X D X D X X

D X D X

    

 
  (1)

ãäå D
0
 = 0,463; D

1
 = –0,14; D

2
 = 0,062; D

12
 = 5 · 10–4; 

D
11

 = 7,813 · 10–3; D
22

 = 7,75 · 10–4 – äåéñòâèòåëü-
íûå çíà÷åíèÿ êîýôôèöèåíòîâ óðàâíåíèÿ ðå-
ãðåññèè.

Öåíòð ïëàíà: Õ
1
 = 8 êì/÷, à Õ

2
 = 40 êì/÷.

Òàáëèöà 1 
Ôàêòîðû, èíòåðâàëû è óðîâíè âàðüèðîâàíèÿ

 Ôàêòîðû Êîäèðîâàííûé èíòåðâàë Óðîâíè âàðüèðîâàíèÿ
Óðîâíè ôàêòîðîâ

–1 0 +1
Ñêîðîñòü äâèæåíèÿ 

àãðåãàòà V, êì/÷ x
1

4 4 8 12

Äîïîëíèòåëüíûé ãðóç x
2 20 20 40 60



Îïòèìèçàöèÿ ïàðàìåòðîâ è ðåæèìîâ ðàáîòû ñïèðàëüíî-âèíòîâîãî êàòêà
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Ïîñëå ïðåîáðàçîâàíèÿ äåéñòâèòåëüíûõ çíà-
÷åíèé êîýôôèöèåíòîâ óðàâíåíèÿ ðåãðåññèè â 
íîðìàëèçîâàííûå, ó÷èòûâàÿ óðàâíåíèÿ ïåðå-
âîäà, ïîëó÷èì:

 

1 1
1

1

ox xx 



;  (2)

 

2 2
2

2

ox xx 



;  (3)

íîðìàëèçîâàííûå çíà÷åíèÿ êîýôôèöèåíòîâ 
óðàâíåíèÿ ðåãðåññèè áóäóò:

b
o
 = 1,243; b

1
 = 0,020; b

2
 = 0,080; 

b
12

 = 0,040; b
11

 = 0,125; b
22

 = 0,310.

Ïîñëå ðàñ÷åòà êîýôôèöèåíòîâ ïðîâåðÿëè 
ãèïîòåçó îá èõ ñòàòèñòè÷åñêîé çíà÷èìîñòè ïî 
êðèòåðèþ Ñòúþäåíòà. Âñå êîýôôèöèåíòû óðàâ-
íåíèÿ ðåãðåññèè îêàçàëèñü ñòàòèñòè÷åñêè çíà-
÷èìûìè.

Óðàâíåíèå ðåãðåññèè ñ íîðìàëèçîâàííûìè 
êîýôôèöèåíòàìè ïðèìåò âèä:

 

1 2 12
2 2
1 2

1,243 0,020 0,080 0,040

0,125 0, .310

y x x x

x x

    

 
  (4)

Ïðîâåðêó àäåêâàòíîñòè ïîëó÷åííîãî óðàâ-
íåíèÿ ïðîâåëè ïî êðèòåðèþ Ôèøåðà, ñðàâíè-
âàÿ ïîëó÷åííîå çíà÷åíèå ñ òàáëè÷íûì, îíî íå 
ïðåâûøàåò åãî. Äèñïåðñèþ îïûòà îïðåäåëè-
ëè èç äîïîëíèòåëüíî ïðîâåäåííûõ îïûòîâ â 
öåíòðå ïëàíà – â êîëè÷åñòâå ïÿòè.

F
p
 < F

t
, 1,065 < 6,04.

Äëÿ íàõîæäåíèÿ îïòèìàëüíûõ çíà÷åíèé èñ-
ñëåäóåìûõ ôàêòîðîâ íàéäåì ÷àñòíûå ïðîèçâî-
äíûå óðàâíåíèÿ (4) ïî ôàêòîðàì:

 

1
2 1

1

1
1 2

2

0,02 0,04 0,25

0,08 0,04 0,62 .

dy x x
dx
dy x x
dx

   

   


 (5)

Ðåøàÿ ñèñòåìó ëèíåéíûõ óðàâíåíèé, íàõî-
äèì êîîðäèíàòû öåíòðà ïîâåðõíîñòè îòêëèêà.

õ
1
 = 0,1; õ

2
 = 0,123.

Ïîâåðõíîñòü èçó÷àëè ñ ïîìîùüþ äâóìåð-
íûõ ñå÷åíèé äëÿ áîëåå äåòàëüíîãî ïðåäñòàâëå-
íèÿ î ïîâåðõíîñòè îòêëèêà âáëèçè öåíòðà.

Ïîäñòàâëÿÿ íàéäåííûå çíà÷åíèÿ õ
1
 è õ

2
 â 

óðàâíåíèå (4), îïðåäåëÿåì çíà÷åíèå ïàðàìåòðà 
îïòèìèçàöèè â öåíòðå ïîâåðõíîñòè îòêëèêà: 
Y

0
 = 1,25.
Óãîë ïîâîðîòà îñåé ðàâåí 2,63 ãðàäóñà, ò.å. 

óðàâíåíèå (4) íå èìååò ïàðíûõ âçàèìîäåé-
ñòâèé, à êîýôôèöèåíòû ðåãðåññèè â êàíîíè÷å-
ñêîé ôîðìå ðàâíû Â

11
 = 0,126; Â

22
 = –0,311.

Èíâàðèàíòû: J
1
 = –0,158; J

2
 = –0,185.

Óðàâíåíèå ðåãðåññèè â êàíîíè÷åñêîé ôîðìå:

 
2 2
1 11,25 0,126 0,311Y X X   . (6)

Êîýôôèöèåíòû êàíîíè÷åñêîãî óðàâíåíèÿ 
ðåãðåññèè èìåþò ðàçíûå çíàêè, ïîâåðõíîñòü 
îòêëèêè ÿâëÿåòñÿ ãèïåðáîëè÷åñêèì ïàðàáîëî-
èäîì, à öåíòð ôèãóðû íàçûâàåòñÿ ñåäëîì, èëè 
ìèíèìàêñîì.

Ïîñëå ïîäñòàíîâêè ðàçëè÷íûõ çíà÷åíèé 
îòêëèêà Y â êàíîíè÷åñêîå óðàâíåíèå (6) áûëî 
ïîëó÷åíî ñåìåéñòâî ñîïðÿæåííûõ èçîëèíèé 
(ðèñ. 1 è 2).

Íà ðèñ. 3 ïðåäñòàâëåíû ïîâåðõíîñòè îòêëè-
êà â çàâèñèìîñòè îò ñêîðîñòè äâèæåíèÿ àãðå-
ãàòà è áàëëàñòíîãî ãðóçà, øêàëû â íàòóðàëü-
íûõ åäèíèöàõ: à) ãðàôèê ôóíêöèè P = f(G V

p
); 

á) ãðàôèê ôóíêöèè P = f(V
p
G).

Öåíòð ýêñïåðèìåíòà ëåæèò â ïðåäåëàõ îá-
ëàñòè ýêñïåðèìåíòà.

Îïòèìàëüíàÿ ïëîòíîñòü ïî÷âû â ñåìåííîì 
ëîæå ïðè ïîñåâå îçèìîé ïøåíèöû áóäåò ðàâíà 
1,25 ïðè ñêîðîñòè äâèæåíèÿ àãðåãàòà 7,6 êì/÷ è 
áàëëàñòíîì ãðóçå 42,4 êã.

Òàáëèöà 2 
Ìàòðèöà ïëàíèðîâàíèÿ ýêñïåðèìåíòà

№ опыта
Факторы Отклик

Vp, км/ч G, кг x1 x2 P, г/cм3

1 12 60 +1 +1 1,22
ПФЭ2 4 60 –1 +1 1,11

3 12 20 +1 –1 0,96
4 4 20 –1 –1 1,01
5 12 40 +1 0 1,41

Звездные точки6 4 40 –1 0 1,36
7 8 60 0 +1 1,04
8 8 20 0 –1 0,86
9 8 40 0 0 Центр плана
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Âûâîäû
Íà îñíîâàíèè îïòèìèçàöèè ïàðàìåòðîâ è 

ðåæèìîâ ðàáîòû ñïèðàëüíî-âèíòîâîãî êàòêà 
ìåòîäîì ïëàíèðîâàíèÿ äâóõôàêòîðíîãî ýêñïå-
ðèìåíòà óñòàíîâëåíî, ÷òî öåíòð ýêñïåðèìåíòà 
ëåæèò â ïðåäåëàõ îáëàñòè ýêñïåðèìåíòà; îïòè-
ìàëüíîå çíà÷åíèå ïëîòíîñòè ïî÷âû â ïîñåâíîì 
ñëîå ïðè ïðèêàòûâàíèè ïîñåâîâ îçèìîé ïøå-
íèöû ñîñòàâèëî 1,25 ã/ñì3 ïðè ðàáî÷åé ñêîðî-
ñòè äâèæåíèÿ àãðåãàòà 7,6 êì/÷ è áàëëàñòíîì 
ãðóçå íà ðàìå ïðèêàòûâàþùåãî êàòêà 42,4 êã.
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È ÒÅÕÍÎËÎÃÈ×ÅÑÊÈÕ ÏÀÐÀÌÅÒÐÎÂ 
ÑÏÈÐÀËÜÍÎÃÎ ÂÀËÜÖÀ ÊÀÒÊÀ-ËÎÆÅÎÁÐÀÇÎÂÀÒÅËß 
ÌÀØÈÍÛ ÄËß ÓÁÎÐÊÈ ËÓÊÀ

SUBSTANTIATION OF THE DESIGN AND TECHNOLOGICAL 
PARAMETERS OF THE SPIRAL ROLLER FOR THE ONION 
HARVESTING MACHINE

À.Â. ÑÈÁÈÐÅÂ, ê.ò.í.
À.Ã. ÀÊÑÅÍÎÂ, ê.ò.í.
ÔÃÁÍÓ «Ôåäåðàëüíûé íàó÷íûé àãðîèíæåíåðíûé öåíòð 
ÂÈÌ», Ìîñêâà, Ðîññèÿ, sibirev2011@yandex.ru

Îñîáåííîñòüþ óáîðêè ëóêà-ñåâêà ÿâëÿåòñÿ òî, ÷òî ñîñòàâ ïðèìåñåé ëóêî-ïî÷âåííîãî âîðîõà, ïîñòóïàþùåãî ñ 
âûêàïûâàþùèõ ðàáî÷èõ îðãàíîâ íà ñåïàðèðóþùèå, ñîñòàâëÿþò ïî÷âåííûå êîìêè, ñîèçìåðèìûå ïî ðàçìåðàì ñ 
ëóêîâèöàìè ëóêà-ñåâêà, êîòîðûå ÿâëÿþòñÿ òðóäíîîòäåëèìûìè íà ùåëåâûõ  ðàáî÷èõ îðãàíàõ (ïðóòêîâûå ýëåâà-
òîðû, ãðîõîòû). Äàííàÿ ïðîáëåìà ÿâëÿåòñÿ íàèáîëåå àêòóàëüíîé â ïåðâîé ôàçå óáîðêè ëóêà-ñåâêà. Êðîìå òîãî, 
âûäåëåíèå ïî÷âåííûõ êîìêîâ íà ùåëåâûõ ðàáî÷èõ îðãàíàõ ïðîèñõîäèò ïî ðàçìåðíûì ïðèçíàêàì, ÷òî íå ïðè-
âîäèò ê ðåøåíèþ ñóùåñòâóþùåé ïðîáëåìû – ñåïàðàöèè ïî÷âåííûõ êîìêîâ, ñîèçìåðèìûõ ïî ðàçìåðàì ñ ëóêî-
âèöàìè ëóêà-ñåâêà. Ñëåäîâàòåëüíî, äëÿ îáåñïå÷åíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé óáîðêè ëóêà-ñåâêà, à èìåííî 
ïîëíîòû îòäåëåíèÿ ëóêîâèö îò ïî÷âåííûõ ïðèìåñåé, íåîáõîäèìî îáåñïå÷èòü ñíèæåíèå èëè ïîëíåéøåå èñ-
êëþ÷åíèå ïîñòóïëåíèÿ íà ñåïàðèðóþùèå ðàáî÷èå îðãàíû ïî÷âåííûõ êîìêîâ âî âòîðîé ôàçå óáîðêè, ò.å. ïðè 
ïîäáîðå èç âàëêîâ, ÷òî è èíòåíñèôèöèðóåò ïðåäëàãàåìûé êàòîê-ëîæåîáðàçîâàòåëü ìàøèíû äëÿ óáîðêè ëóêà. 
Â ñòàòüå ïðåäñòàâëåíà êîíñòðóêöèÿ êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà, èíòåíñèôèöèðóþùåãî 
ìàêñèìàëüíóþ ïîëíîòó ñåïàðàöèè âîðîõà ëóêà îò ïî÷âåííûõ ïðèìåñåé, â òîì ÷èñëå îò ñîèçìåðèìûõ ïî÷âåí-
íûõ êîìêîâ, âî âòîðîé ôàçå óáîðêè ëóêà. Ïðèâåäåíû ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé îáîñíîâàíèÿ 
êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà. 
Êëþ÷åâûå ñëîâà: êàòîê-ëîæåîáðàçîâàòåëü, ìàøèíà äëÿ óáîðêè ëóêà, êîíñòðóêòèâíûå ïàðàìåòðû, òåõíîëîãè-
÷åñêèå ïàðàìåòðû, âàëåö ñïèðàëüíûé.

The peculiarity of harvesting onion sets is that the composition of the impurities of the onion-soil heap coming from 
the digging working bodies to the separating working bodies is made up by soil lumps commensurate in size with the 
onion-seed bulbs, which are difficult to separate at slotted (bar elevators, screens) working bodies. This problem is 
most relevant in the selection of onion sets from rolls, because together with the bulbs, the separating working bodies 
receive the soil layer, loosened by the digging working bodies in the first phase of harvesting onion sets, which are the 
basis of fractional composition and is hardly separable on slotted working bodies. This circumstance is explained by 
the fact that after the soil is digged together with commercial products, a significant amount of soil lumps, which are 
difficult to separate on the separating working bodies and lead to damage of root crops and bulbs during their in-ter-
action, come to the separating working bodies. In addition, the release of soil lumps on the slit working bodies (rod 
conveyors and screens) occurs according to dimensional signs and this does not lead to a solution to the existing prob-
lem - separation of soil lumps commensurate in size with onion bulbs. Conse-quently, to ensure quality indicators 
of harvesting onion sets, namely, the completeness of the separation of bulbs from soil impurities, it is necessary to 
ensure a reduction or complete exclusion of the receipt of soil lumps on the separating working bodies in the second 
phase of harvesting, which intensifies the onion harvesting roller. The article presents the design of device for onion 
harvesting, which intensifies the maximum completeness of separation of onion heaps from soil impurities, including 
comparable soil lumps during the second phase of onion harvesting. The results of theoretical studies of the device 
for on-ion harvesting based on the design and technological parameters are given.
Keywords: scraper bar roller, onion harvesting machine, design parameters, technological pa-rameters, spiral shaft.

A.V. SIBIRYOV, PhD in Engineering
A.G. AKSENOV, PhD in Engineering
Federal Scientific Agroengineering Center VIM, Moscow, Russia, 
sibirev2011@yandex.ru
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 Ââåäåíèå 
Àíàëèç ñîâðåìåííîãî ñîñòîÿíèÿ ñïîñî-

áîâ è òåõíè÷åñêèõ ñðåäñòâ, ñïîñîáñòâóþùèõ 
ñíèæåíèþ ñîäåðæàíèÿ ïî÷âåííûõ ïðèìåñåé â 
òîâàðíîé ïðîäóêöèè ëóêà-ñåâêà ïîêàçàë, ÷òî 
ðàçðàáîòêà íàó÷íî-îáîñíîâàííûõ òåõíè÷åñêèõ 
ðåøåíèé, ñïîñîáñòâóþùèõ ñíèæåíèþ ñîäåð-
æàíèÿ ïî÷âåííûõ ïðèìåñåé ïðè óáîðêå ëóêà 
òðåáóåò â ïåðâóþ î÷åðåäü äîïîëíèòåëüíûõ 
òåîðåòè÷åñêèõ è ïðàêòè÷åñêèõ èññëåäîâàíèé 
ïî âîçäåéñòâèþ ðàáî÷èõ îðãàíîâ è ôàêòîðîâ, 
âëèÿþùèõ íà ïîëíîòó îòäåëåíèÿ ïî÷âåííûõ 
êîìêîâ ïðè óáîðêå ëóêà-ñåâêà êàê â ïåðâîé, òàê 
è âî âòîðîé ôàçàõ. 

Öåëü èññëåäîâàíèé
Îáîñíîâàíèå îïòèìàëüíûõ êîíñòðóêòèâ-

íûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ êàòêà-ëî-
æåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà ñ 
öåëüþ èíòåíñèôèêàöèè ñåïàðàöèè ëóêà-ñåâêà 
îò ñîèçìåðèìûõ ïî÷âåííûõ êîìêîâ â ðåçóëü-
òàòå ñíèæåíèÿ ïîñòóïëåíèÿ ïî÷âåííûõ êîìêîâ 
íà ñåïàðèðóþùèå ðàáî÷èå îðãàíû ñîâìåñòíî 
ñ ëóêîâèöàìè ëóêà-ñåâêà âî âòîðîé ôàçå åãî 
óáîðêè, ò.å. ïðè ïîäáîðå èç âàëêîâ. 

Ìàòåðèàëû è ìåòîäû
Â ÔÃÁÍÓ ÔÍÀÖ ÂÈÌ ðàçðàáîòàí êàòîê-

ëîæåîáðàçîâàòåëü [3] ëóêîóáîðî÷íîé ìàøèíû, 
ñïîñîáñòâóþùèé ñíèæåíèþ ïîñòóïëåíèÿ ñî-
âìåñòíî ñ ëóêîâèöàìè ëóêà-ñåâêà ïî÷âåííûõ 
êîìêîâ íà ñåïàðèðóþùèå ðàáî÷èå îðãàíû âî 
âòîðîé ôàçå óáîðêè, ò.å. ïðè ïîäáîðå èç âàëêîâ, 
è èíòåíñèôèêàöèè ñåïàðàöèè â öåëîì [4]. 

Êàòîê-ëîæåîáðàçîâàòåëü (ðèñ. 1) âêëþ÷àåò 
ðàìó 1, öèëèíäðè÷åñêèé âàëåö 2, ñóæàþùèé 
ëîòîê 3 è îáðàçîâàòåëü âàëêà 4, ñåïàðèðóþùèé 
ýëåâàòîð 5, ïîä êîòîðûì íà ðàìå 1 óñòàíîâëåí 
ñïèðàëüíûé âàëåö 6 ñ ïåðèôåðèéíî ðàñïîëî-
æåííîé âäîëü âñåé åãî äëèíû ñïèðàëüíîé ïî-
âåðõíîñòüþ, èìåþùåé ôîðìó ïîïåðå÷íîãî 
ñå÷åíèÿ â âèäå ñåãìåíòà 7, ëîòîê 8 ñõîäà ïðè-
ìåñåé, ðåäóêòîðû 9 è 10 ðåãóëèðîâêè ÷àñòîòû 
âðàùåíèÿ êàòêîâ è öåïíîé ïåðåäà÷è 11. 

Êàòîê-ëîæåîáðàçîâàòåëü ðàáîòàåò ñëåäóþ-
ùèì îáðàçîì. 

Ïðè âðàùàòåëüíî-ïîñòóïàòåëüíîì äâèæå-
íèè ñïèðàëüíîãî âàëüöà 6 ïî ïîëþ îí ñâîåé 
öèëèíäðè÷åñêîé ïîâåðõíîñòüþ óïëîòíÿåò 
ïî÷âó äî îïòèìàëüíîãî çíà÷åíèÿ, à âûñòóïà-
ìè â âèäå ñåãìåíòà 7, ðàñïîëîæåííûìè íà ïî-
âåðõíîñòè ñïèðàëüíîãî âàëüöà 6 ñèììåòðè÷íî 
îòíîñèòåëüíî ïîïåðå÷íîé îñè, ñîçäàåò âîë-

íîâîé ðåëüåô íà ïîâåðõíîñòè ïî÷âû. Ñïèðà-
ëè 7 âàëüöà 6 îáðàçóþò âïàäèíó íà ïîâåðõ-
íîñòè ïîëÿ, ïðè÷åì çà ñ÷åò òîãî, ÷òî íà÷àëî è 
êîíåö êàæäîãî âûñòóïà ñåãìåíòà 7 íàõîäÿòñÿ 
íà îäíîé îáðàçóþùåé ñïèðàëüíîãî âàëüöà 6 
è ñîâïàäàþò ñ ñåðåäèíîé ñëåäóþùåãî çà íèì 
âûñòóïà, êàòîê ïåðåìåùàåòñÿ ðàâíîìåðíî, 
íå ñìåùàåò ïî÷âó è íå îêàçûâàåò íà íåå óäàð-
íîå âîçäåéñòâèå. Ãëàäêèé öèëèíäðè÷åñêèé 
âàëåö 2, óñòàíîâëåííûé çà ñïèðàëüíûì âàëü-
öîì 6, óïëîòíÿåò è îáðàçóåò îãðàíè÷èòåëüíûå 
âàëèêè, ðàñïîëîæåííûå ïî êðàÿì óáðàííîé ïî-
âåðõíîñòè ïîëÿ. 

Òàêèì îáðàçîì, ëîæå, ñôîðìèðîâàííîå 
êàòêîì-ëîæåîáðàçîâàòåëåì, ïðåïÿòñòâóåò ðàñ-
êàòûâàíèþ ëóêîâèö è îáðàçóåòñÿ èç ðûõëîé 
îòñåïàðèðîâàííîé ìåëêîêîìêîâàòîé ïî÷âû 
áåç óïëîòíåíèÿ, ÷òî èñêëþ÷àåò ïîñëåäóþùåå 
ïîñòóïëåíèå èëè ìàêñèìàëüíîå ñíèæåíèå ïî-
ñòóïëåíèÿ ïî÷âåííûõ êîìêîâ íà ñåïàðèðóþ-
ùèå îðãàíû ìàøèíû ïðè ïîäáîðå ëóêîâèö èç 
âàëêà è, êàê ñëåäñòâèå, îáåñïå÷èâàåò ñíèæåíèå 
ñîäåðæàíèÿ ïî÷âåííûõ è ðàñòèòåëüíûõ ïðèìå-
ñåé, à òàêæå òðàâìèðîâàíèå ëóêà-ñåâêà ïðè åãî 
ïîäáîðå èç âàëêîâ ïóòåì ôîðìèðîâàíèÿ ëîæà 
ïîä âàëîê ðåãóëèðóåìîé ïëîòíîñòè, îáåñïå÷è-
âàþùåãî äîçàðèâàíèå ïðîäóêòà íà åãî ïîâåðõ-
íîñòè.

Ðåçóëüòàòû è îáñóæäåíèå
Äëÿ îáåñïå÷åíèÿ êà÷åñòâåííî ïîäãîòîâëåí-

íîãî ëîæà ïîä âàëîê ëóêà-ñåâêà íåîáõîäèìî, 
÷òîáû ñïèðàëüíûé âàëåö êàòêà-ëîæåîáðàçî-
âàòåëÿ ïðîèçâîäèë èçìåëü÷åíèå ïî÷âåííûõ 
êîìêîâ äî ðàçìåðîâ ìåíüøå ìèíèìàëüíîãî 
äèàìåòðà ñòàíäàðòíîé ôðàêöèè ëóêîâèöû äëÿ 

Ðèñ. 1. Ñõåìà êàòêà-ëîæåîáðàçîâàòåëÿ 
ëóêîóáîðî÷íîé ìàøèíû: 

1 – ðàìà; 2 – âàëåö ñïèðàëüíûé; 3 – ëîòîê 
ñóæàþùèé; 4 – îáðàçîâàòåëü âàëêà; 5 –ñåïàðàòîð 
ðîëèêîâûé; 6 – âàëåö ñïèðàëüíûé; 7 – ñåãìåíò; 
8 – ëîòîê ñõîäà ïðèìåñåé; 9, 10 – ðåäóêòîðû; 

11 – ïåðåäà÷à öåïíàÿ



Îáîñíîâàíèå êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà
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òîãî, ÷òîáû ïðîèñõîäèëà î÷èñòêà ëóêîâèö íà 
ñåïàðèðóþùèõ ðàáî÷èõ îðãàíàõ îò ìåëêèõ ïî-
÷âåííûõ ïðèìåñåé (ò.ê. ïðèåìíî-ïîäêàïûâàþ-
ùàÿ ÷àñòü ëóêîóáîðî÷íîé ìàøèíû ñîâìåñòíî 
ñ ëóêîâèöàìè ïðîèçâîäèò ïîäáîð ïî÷âåííûõ 
êîìêîâ, êîòîðûå ÿâëÿþòñÿ òðóäíîîòäåëèìûìè 
èç-çà ñîèçìåðèìûõ ðàçìåðîâ ñî ñòàíäàðòíûìè 
ëóêîâèöàìè).

Èñõîäÿ èç ñêàçàííîãî ñëåäóåò, ÷òî ìàêñè-
ìàëüíûé äèàìåòð d

Êmax
 êîìêà ïî÷âû äîëæåí 

áûòü ìåíüøå ìèíèìàëüíîãî äèàìåòðà D
Ëmin

 
ñòàíäàðòíîé ôðàêöèè ëóêà-ñåâêà, ò.å. [5–8]:

 d
Êmax

  D
Ëmin

, (1)

ãäå d
Êmax

 – ìàêñèìàëüíûé äèàìåòð êîìêà 
ïî÷âû, ì.

Ìèíèìàëüíûé äèàìåòð d
ÑÏ

 ñïèðàëè âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ îïðåäåëÿåòñÿ èñõîäÿ 
èç âåëè÷èíû ìàêñèìàëüíîãî ðàçìåðà  ïî÷âåí-
íîãî êîìêà, îáðàçóþùåãîñÿ ïîñëå ïîäêàïûâà-
íèÿ ëåìåõîì ëóêîóáîðî÷íîé ìàøèíû ïëàñòà 
ïî÷âû, à òàêæå îáåñïå÷åíèÿ çàùåìëåíèÿ êîìêà 
ïî÷âû ìåæäó ñïèðàëüþ è áàðàáàíîì âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ [3]:

  
max cos

1 cos
dd  


 Â

Ê
ÑÏ . (2)

Äàííîå óñëîâèå âûïîëíèòñÿ òîãäà, êîãäà 
êîìêè ïî÷âû ïîñëå ïðîõîäà ñïèðàëüíîãî 
âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ áóäóò ñîñòàâ-
ëÿòü îäíó ôðàêöèþ, òàê êàê àãðîòåõíè÷åñêè-
ìè òðåáîâàíèÿìè êà÷åñòâî èçìåëü÷åíèÿ ïî÷âû 
îöåíèâàåòñÿ ïî åå ôðàêöèîííîìó ñîñòàâó.

Ðàññìîòðèì ãåîìåòðè÷åñêèå ðàçìåðû 
êîìêîâ ïî÷âû, èçìåëü÷àåìûå ñïèðàëüíûì 
âàëüöîì êàòêà-ëîæåîáðàçîâàòåëÿ (ðèñ. 2).

Øèðèíà è âûñîòà êîìêà ïî÷âû M è N çàâè-
ñèò îò òîëùèíû âçðûõëåííîãî ñëîÿ ïî÷âû è 
øèðèíû çàõâàòà B

ÑÏÂ
 ñïèðàëüíîãî âàëüöà êàò-

êà-ëîæåîáðàçîâàòåëÿ.
Ñëåäîâàòåëüíî, äëÿ òîãî ÷òîáû êîìêè ïî÷âû 

M è N ñîñòàâëÿëè îäíó ôðàêöèþ, íåîáõîäèìî 
îáåñïå÷èòü ðàâåíñòâî èõ ìàêñèìàëüíîé òîë-
ùèíû.

Äëÿ ýòîãî êîìîê ïî÷âû (M+N), îãðàíè÷åí-
íûé äâóìÿ òðàåêòîðèÿìè – ñïèðàëè è áàðà-
áàíîì ñïèðàëüíîãî âàëüöà, íåîáõîäèìî òàê 
ðàçäåëèòü â ïðîäîëüíîì ñå÷åíèè òðàåêòîðèè 
ñïèðàëè, ÷òîáû â âçðûõëåííîì ñëîå ïî÷âû 
ìàêñèìàëüíàÿ òîëùèíà êîìêà ïî÷âû F – ( max

M ) 
ðàâíÿëàñü ìàêñèìàëüíîé òîëùèíå êîìêà ïî÷âû 
G – ( max

N ).

Ïðåäïîëîæèì, ÷òî ðàâåíñòâî: 

 2max max
M N     (3)

âûïîëíÿåòñÿ ïðè ðàçäåëåíèè ïîïîëàì (
max

)M N  
òðàåêòîðèè ñïèðàëè âàëüöà.

Âåëè÷èíà R
ÑÏÂ

 äîëæíà áûòü òàêîé, ÷òîáû 
òî÷êè ñîïðèêîñíîâåíèÿ R

ÁÑÏ
 è R

ÑÏÂ
 ñ ïîâåðõ-

íîñòüþ âçðûõëåííîãî ñëîÿ ïî÷âû â ïðîäîëüíî-
âåðòèêàëüíîé ïëîñêîñòè ðàñïîëàãàëèñü íà ðàñ-
ñòîÿíèè:

 

2
M N

R
S S

 
 


ÑÏÁ ,  (4)

ãäå   – óãîë ìåæäó âèòêàìè ñïèðàëè âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ, ãðàä;  – êèíåìàòè÷å-
ñêèé ïîêàçàòåëü ñïèðàëüíîãî âàëüöà êàòêà-ëî-
æåîáðàçîâàòåëÿ:

 

0v
v

 
Ä

,  (5)

ãäå v
0
 – îêðóæíàÿ ñêîðîñòü ñïèðàëè âàëüöà êàò-

êà-ëîæåîáðàçîâàòåëÿ, ì/ñ; v
Ä
 – ïîñòóïàòåëüíàÿ 

ñêîðîñòü äâèæåíèÿ ëóêîóáîðî÷íîé ìàøèíû, 
ì/ñ.

Â êîîðäèíàòàõ îòðåçîê S
F
 ïàðàëëåëåí îñè 

àáñöèññ, ïîýòîìó ðàññòîÿíèå îò îñè îðäèíàò 
äî òî÷êè d äîëæíî áûòü áîëüøå ðàññòîÿíèÿ îò 
îñè îðäèíàò äî òî÷êè ñ íà âåëè÷èíó S

M
:

 

2
d c

R
L L

 
 


ÑÏÁ .  (6)

Âåëè÷èíà L
c 

îïðåäåëÿåòñÿ ñóììîé ïðî-
åêöèè íà îñü àáñöèññ îòðåçêà R

ÁÑÏ
 è ïîñòóïà-

òåëüíîãî ïåðåìåùåíèÿ áàðàáàíà ñïèðàëüíîãî 

Ðèñ. 2. Ñõåìà äëÿ îïðåäåëåíèÿ äèàìåòðà ñïèðàëè 
ñïèðàëüíîãî âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ 

ëóêîóáîðî÷íîé ìàøèíû
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âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ çà âðåìÿ ïîâî-
ðîòà R

ÁÑÏ
 äî ñîïðèêîñíîâåíèÿ ñ ïî÷âîé, ò.å. íà 

óãîë 
1
:

 

1
1cos . c

R
L R


 




ÑÏ

ÑÏ

Á
Á

 
(7)

Óãîë 
1
 ïîâîðîòà R

ÑÏÂ
 äî ñîïðèêîñíîâåíèÿ ñ 

ïîâåðõíîñòüþ âçðûõëåííîãî ñëîÿ: 

 

2
d c

R
L L

 
 


ÑÏÁ , (6)

ãäå 
1
 – óãîë âõîäà ñïèðàëüíîãî âàëüöà êàòêà-

ëîæåîáðàçîâàòåëÿ â ïî÷âó, ãðàä.
Ïîýòîìó âåëè÷èíà L

d
 îïðåäåëÿåòñÿ ñóììîé 

ïðîåêöèè íà îñü àáñöèññ îòðåçêà R
ÑÏÂ

 è ïîñòó-
ïàòåëüíîãî ïåðåìåùåíèÿ ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ çà âðåìÿ  ïîâîðîòà íà 
óãîë 

1
:

  1 1     ; (9)

 
 

 1
1cosd

R
L R

  
  


ÑÏ

Â

Á
ÑÏ . (10)

Ïîäñòàâëÿÿ (7) è (10) â óðàâíåíèå (6), ïîëó-
÷àåì:

 

 1 1
1

1

cos

2
cos .

R R
R

R
R

   
   

 
 

  







ÑÏ ÑÏ

Â

ÑÏ

ÑÏ

Á Á
ÑÏ

Á
Á 

  (11)

Èç âûðàæåíèÿ (11) âûðàçèì óãîë 
1
. Äëÿ 

ýòîãî îïðåäåëèì ðàññòîÿíèå îò îñè àáñöèññ äî 
òî÷åê d è ñ, à òàêæå ïðèðàâíÿåì èõ, îòêóäà: 

 

1
1

sinarcsin
/R R

 
    

 Â ÑÏÑÏ Á

. (12)

Ïîäñòàâèâ (12) â ôîðìóëó (11) èìååì:

 
 

1
1

2 2
1 1

sin/ arcsin
/

cos / sin

R R

R R

 
      

   
   


Â ÑÏ

Â ÑÏ

ÑÏ Á

ÑÏ Á

.  (13)

Âûðàæåíèå (13) èìååò ñìûñë ïðè

 1/ sinR R  
Â ÑÏÑÏ Á . (14)

Øèðèíà çàõâàòà B
ÑÏÂ

 ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ (ðèñ. 3) îïðåäåëÿåòñÿ 
òåõíîëîãè÷åñêîé øèðèíîé ïîäêàïûâàþùåãî 
óñòðîéñòâà B

Ê
, êîòîðàÿ â ñâîþ î÷åðåäü çàâè-

ñèò îò òåõíîëîãè÷åñêîé ñõåìû ïîñåâà ëóêà, 

øèðèíû ïðîñåèâàþùåãî òðàíñïîðòåðà B
Ò
 è 

ðàññòîÿíèÿ  ìåæäó ùèòêàìè, ñóæàþùèìè 
âîðîõ, êîòîðûé ñõîäèò ñ ñåïàðèðóþùåãî ðàáî-
÷åãî îðãàíà ëóêîóáîðî÷íîé ìàøèíû. 

Ðèñ. 3. Ñõåìà ê îïðåäåëåíèþ 
øèðèíû ñïèðàëüíîãî âàëüöà: 

1 – ùèòêè ñóæàþùèå; 2 – ñïèðàëüíûé âàëåö

Òàê êàê ïîñëåäíèì ôàêòîðîì, âëèÿþùèì íà 
øèðèíó îáðàçóþùåãîñÿ âàëêà, èñõîäÿ èç òåõ-
íîëîãè÷åñêîãî ïðîöåññà óáîðêè ëóêà, ÿâëÿåòñÿ 
ðàññòîÿíèå S

Ê
 ìåæäó ñóæàþùèìè ùèòêàìè 1, 

òî øèðèíà çàõâàòà B
ÑÏÂ

 ñïèðàëüíîãî âàëüöà 2 
êàòêà-ëîæåîáðàçîâàòåëÿ äîëæíà óäîâëåòâî-
ðÿòü íåðàâåíñòâó:

 
B S

ÂÑÏ Ê .  (15)

Îáðàçîâàíèå ðûõëîãî ïî÷âåííîãî ñëîÿ ïðî-
èñõîäèò â ðåçóëüòàòå êðîøåíèÿ è èçìåëü÷åíèÿ 
êîìêîâ ïî÷âû ïîñëå èçâëå÷åíèÿ ëóêîâèö èç 
ïî÷âû ëåìåõàìè ëóêîóáîðî÷íîé ìàøèíû. Èí-
òåíñèôèêàöèè ïðîöåññà èçìåëü÷åíèÿ êîìêîâ 
ïî÷âû êàòêîì-ëîæåîáðàçîâàòåëåì ëóêîóáîðî÷-
íîé ìàøèíû ñïîñîáñòâóåò ñïèðàëüíàÿ íàâèâêà 
íà êàòêå. Äëÿ îïðåäåëåíèÿ øàãà t

ÑÏ
  íàâèâêè 

ñïèðàëè è óãëà  íàêëîíà åå ê ãîðèçîíòàëü-
íîé îñè ÎÎ êàòêà ðàññìîòðèì ñèëû, âîçäåé-
ñòâóþùèå íà êîìîê ïî÷âû. Íà êîìîê ïî÷âû Ê 
äåéñòâóåò ñèëà âîçäåéñòâèÿ ñïèðàëè  (ðèñ. 4), 
êîòîðóþ ìîæíî ðàçëîæèòü íà äâå ñîñòàâëÿþ-
ùèå – íîðìàëüíóþ F

N
 è òàíãåíöèàëüíóþ F.

Ðèñ. 4. Ñõåìà ñèë, äåéñòâóþùèõ 
íà êîìîê ïî÷âû ñïèðàëüíîãî âàëüöà



Îáîñíîâàíèå êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà
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Ïåðåìåùåíèå êîìêà ïî÷âû ïî ïîâåðõíîñòè 
ñïèðàëè îñóùåñòâëÿåòñÿ ïðè óñëîâèè:

 F F  ÒÐ ,  (16)

ãäå F
TP

 – ñèëà òðåíèÿ êîìêà ïî÷âû ïî ïîâåðõ-
íîñòè ñïèðàëè, Í.

Îïðåäåëèì ñèëó òðåíèÿ:

 tgNF F  ÒÐ Ï ,  (17)

ãäå 
Ï
 – óãîë òðåíèÿ êîìêîâ ïî÷âû î ïîâåðõ-

íîñòü ñïèðàëè, ãðàä.
Îïðåäåëèì F êàñàòåëüíóþ ñîñòàâëÿþùóþ 

ñèëû F
CÏ

:

 tgNF F   .  (18)

Ñ ó÷åòîì ôîðìóë (17) è (18) óñëîâèå (16) çà-
ïèøåòñÿ â âèäå:

 tg tg  Ï .  (19)

Òàêèì îáðàçîì, óãîë  íàêëîíà ñïèðàëè ê 
ãîðèçîíòàëüíîé îñè ÎÎ äîëæåí áûòü áîëüøå 
óãëà 

Ï
 òðåíèÿ êîìêîâ ïî÷âû î ïîâåðõíîñòü 

ñïèðàëè.
Èñõîäÿ èç òåîðèè ðàñ÷åòà êîíñòðóêòèâíûõ 

ïàðàìåòðîâ øíåêîâûõ ìàøèí èìååì:

 
tgt D    

ÂÑÏ ÑÏ , (20)

ãäå D
ÑÏÂ

 – äèàìåòð ñïèðàëüíîãî âàëüöà, ì.
Êðîìå òîãî èçâåñòíî, ÷òî äëÿ ïðåäîòâðàùå-

íèÿ ñãðóæèâàíèÿ ïî÷âû ñïèðàëüíûì âàëüöîì 
êàòêà-ëîæåîáðàçîâàòåëÿ äèàìåòð D

ÑÏÂ
 âàëüöà 

äîëæåí îïðåäåëÿòüñÿ:

 
 2

max 1ctgD d    
ÂÑÏ Ê Ï ,  (21)

ãäå d
Êmax

 – ìàêñèìàëüíûé äèàìåòð êîìêà 
ïî÷âû, ì; 

1
 – óãîë âíóòðåííåãî òðåíèÿ êîìêîâ 

ïî÷âû, ãðàä.
Ñ ó÷åòîì ôîðìóëû (21) âûðàæåíèå, îïðåäå-

ëÿþùåå øàã ñïèðàëè, çàïèøåòñÿ â âèäå:

 
 2

max 1tg ctgt d         ÑÏ Ê Ï .  (22)

Â ñâÿçè ñ òåì ÷òî êàòîê-ëîæåîáðàçîâàòåëü 
ìàøèíû äëÿ óáîðêè ëóêà-ñåâêà âûïîëíÿåò 
òåõíîëîãè÷åñêèé ïðîöåññ ðàáîòû ïîòî÷íî ñ 
ëóêîóáîðî÷íîé ìàøèíîé ïðè çíà÷åíèè ïîñòó-
ïàòåëüíîé v

Ä
 ñêîðîñòè åå äâèæåíèÿ â ïðåäå-

ëàõ 2,8…5,6 êì/÷, òî ïðè èçâåñòíîì äèàïàçîíå 
çíà÷åíèé  = 6…9 êèíåìàòè÷åñêîãî ïîêàçàòå-
ëÿ ñïèðàëüíîãî âàëüöà, èñõîäÿ èç ðåçóëüòàòîâ 
áîëåå ðàííèõ èññëåäîâàíèé ðàáîòû ðîòàöèîí-
íûõ ïî÷âîîáðàáàòûâàþùèõ ìàøèí äëÿ ïðî-
ïàøíûõ êóëüòóð, îáåñïå÷èâàþùèõ êà÷åñòâåí-
íîå èçìåëü÷åíèå âçðûõëåííîãî ïî÷âåííîãî 

ïëàñòà, îïðåäåëèì ÷àñòîòó n
ÑÏÂ

 âðàùåíèÿ ñïè-
ðàëüíîãî âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ.

Èçâåñòíî, ÷òî 

 

0
Rv

v v


  


Â ÂÑÏ ÑÏ

Ä Ä

,  (23)

èñõîäÿ èç òîãî, ÷òî

 30
n 

  Â

Â

ÑÏ
ÑÏ ,  (24)

ãäå n
ÑÏÂ

 – ÷àñòîòà âðàùåíèÿ ñïèðàëüíîãî 
âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ, îá/ìèí.

Ïîñëå ïîäñòàíîâêè âûðàæåíèÿ (24) â âûðà-
æåíèå (23) ïîëó÷àåì:

 

30nv n
n

nR



Â

Â

Ä
ÑÏ

ÑÏ

. (25)

Âûâîäû
Òåîðåòè÷åñêèå èññëåäîâàíèÿ êàòêà-ëîæåî-

áðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà-ñåâêà 
ïîçâîëèëè ïîëó÷èòü çàâèñèìîñòè äëÿ îïðå-
äåëåíèÿ äèàìåòðà (2) è øàãà (22) ñïèðàëè, à 
òàêæå øèðèíû (15) çàõâàòà, êèíåìàòè÷åñêîãî 
ïîêàçàòåëÿ (23) è ÷àñòîòû âðàùåíèÿ (25) ñïè-
ðàëüíîãî âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ.

Íà îñíîâàíèè ïðîâåäåííûõ òåîðåòè÷åñêèõ 
èññëåäîâàíèé áûë èçãîòîâëåí êàòîê-ëîæåîáðà-
çîâàòåëü, êîòîðûé ïðîõîäèë èññëåäîâàíèÿ â 
ëàáîðàòîðíûõ è ïîëåâûõ óñëîâèÿõ ïî îáîñíî-
âàíèþ îïòèìàëüíûõ êîíñòðóêòèâíûõ è òåõíî-
ëîãè÷åñêèõ ïàðàìåòðîâ. 

Â ðåçóëüòàòå ïðîâåäåíèÿ ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé áûëî óñòàíîâëåíî, ÷òî ïîë-
íîòà ñåïàðàöèè âîðîõà ëóêà-ñåâêà ïîñëå åãî 
ïîäáîðà ñ ïîâåðõíîñòè ëîæà, îáðàçîâàííîãî 
êàòêîì-ëîæåîáðàçîâàòåëåì, íà îïòèìàëüíûõ 
ðåæèìàõ ñîñòàâëÿåò 98…99 % ïðè ïîâðåæäåíè-
ÿõ äî 1,0 %, ÷òî ñîîòâåòñòâóåò ñóùåñòâóþùèì 
ðåêîìåíäàöèÿì íà óáîðêó êîðíåïëîäîâ è ëóêà.
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ÒÎÐÌÎÇÍÀß ÑÈËÀ ÃÓÑÅÍÈ×ÍÎÉ ÌÀØÈÍÛ

BRAKE FORCE OF TRACKED VEHICLES

Â.È. ÊÎÏÎÒÈËÎÂ, ê.ò.í.
Òþìåíñêîå âûñøåå âîåííî-èíæåíåðíîå êîìàíäíîå 
ó÷èëèùå, ã. Òþìåíü, Ðîññèÿ, vikopotilov@mail.ru

Ïðèíÿòî ñ÷èòàòü, ÷òî çàìåäëåíèå è îñòàíîâêó ìàøèíû âûçûâàþò ñèëû ñöåïëåíèÿ åå ãóñåíèö ñ ãðóíòîâîé ïî-
âåðõíîñòüþ. Îäíàêî ñèëîâîé àíàëèç ïîêàçûâàåò, ÷òî, õîòÿ ýòè ñèëû ïðè òîðìîæåíèè è èãðàþò âàæíóþ ðîëü, 
íåïîñðåäñòâåííî ïðè÷èíîé çàìåäëåíèÿ ìàøèíû ÿâëÿþòñÿ ïðîäîëüíûå ñîñòàâëÿþùèå âíóòðåííèõ ñèë, ïðèêëà-
äûâàåìûõ ê âàëàì çàòîðìàæèâàåìûõ âåäóùèõ êîëåñ ìàøèíû è ïåðåäíèõ îïîðíûõ êàòêîâ ãóñåíè÷íîãî äâèæè-
òåëÿ. Ñóììà ýòèõ ïðîäîëüíûõ óñèëèé, íàïðàâëåííûõ ïðîòèâ õîäà äâèæåíèÿ ãóñåíè÷íîé ìàøèíû, è ñîñòàâëÿåò 
òîðìîçíóþ ñèëó ãóñåíè÷íîé ìàøèíû. Ïðè ýòîì âåëè÷èíà ýòîé ñóììàðíîé òîðìîçíîé ñèëû â êîíå÷íîì ñ÷åòå 
îïðåäåëÿåòñÿ îòíîøåíèåì òîðìîçíîãî ìîìåíòà, ðàçâèâàåìîãî ñèëàìè òðåíèÿ, ê ðàäèóñó âåäóùèõ êîëåñ, ñ êî-
òîðûìè ñîïðÿæåíû òîðìîçíûå óñòðîéñòâà.
Ïîñêîëüêó ïðè òîðìîæåíèè ãóñåíè÷íîé ìàøèíû ïðîäîëüíàÿ ðåàêöèÿ óðàâíîâåøåíà, òî îíà íå ìîæåò áûòü 
íåïîñðåäñòâåííîé ïðè÷èíîé çàìåäëåíèÿ ìàøèíû, ò.å. åå òîðìîçíîé ñèëîé. Ê òîìó æå, ïðîäîëüíàÿ ðåàêöèÿ, 
ïðèëîæåííàÿ ê íèæíåé íåïîäâèæíîé ÷àñòè ãóñåíèöû, íå ñîâåðøàåò ìåõàíè÷åñêóþ ðàáîòó è íå ìîæåò ïîãëî-
ùàòü êèíåòè÷åñêóþ ýíåðãèþ äâèæóùåéñÿ ìàøèíû. Òàêóþ ðàáîòó ñîâåðøàåò âíóòðåííÿÿ òîðìîçíàÿ ñèëà Ð

òîð
, 

ðàçâèâàþùàÿ ïðè òîðìîæåíèè îòðèöàòåëüíóþ (òîðìîçíóþ) ìîùíîñòü. Âûÿñíÿåòñÿ, ÷òî ïðè òîðìîæåíèè ïðî-
äîëüíàÿ ðåàêöèÿ íóæíà âîâñå íå äëÿ òîãî, ÷òîáû âûçûâàòü çàìåäëåíèå, à äëÿ òîãî ÷òîáû îíà, áóäó÷è âíåøíåé 
ñèëîé, óðàâíîâåøèâàëà ÷àñòü âíóòðåííèõ ñèë ãóñåíè÷íîé ìàøèíû. Â ðåçóëüòàòå åå äåéñòâèÿ íåóðàâíîâåøåí-
íàÿ ÷àñòü âíóòðåííèõ ñèë îáðàçóåò âíóòðåííþþ òîðìîçíóþ ñèëó, êîòîðàÿ íåïîñðåäñòâåííî âûçûâàåò çàìåä-
ëåíèå è îñòàíîâêó ìàøèíû. Ïðè ýòîì ïðîäîëüíàÿ ðåàêöèÿ îïîðíîé ïîâåðõíîñòè, áåç êîòîðîé íåâîçìîæíî 
îáðàçîâàíèå âíóòðåííåé òîðìîçíîé ñèëû, îãðàíè÷èâàåò êàê íèæíåå, òàê è âåðõíåå çíà÷åíèå ïîñëåäíåé, à ñàìè 
ýòè ñèëû ÷èñëåííî ðàâíû. 
Òîò ôàêò, ÷òî òîðìîçíàÿ ñèëà ãóñåíè÷íîé ìàøèíû, êàê è åå ñèëà òÿãè, ÿâëÿåòñÿ âíóòðåííåé ñèëîé, ñîâñåì íå 
ïðîòèâîðå÷èò òåîðåìàì î äâèæåíèè öåíòðà ìàññ èëè èçìåíåíèè êîëè÷åñòâà äâèæåíèÿ ìåõàíè÷åñêîé ñèñòåìû, 
êîòîðûå ñïðàâåäëèâû òîëüêî äëÿ èçîëèðîâàííûõ ìåõàíè÷åñêèõ ñèñòåì, íå èìåþùèõ èñòî÷íèêà àêòèâíûõ âíó-
òðåííèõ ñèë.
Êëþ÷åâûå ñëîâà: ãóñåíè÷íàÿ ìàøèíà, âåäóùåå êîëåñî, îïîðíûé êàòîê, ãóñåíèöà, òîðìîçíîé ìîìåíò, òîðìîç-
íàÿ ñèëà, ïðîäîëüíàÿ ðåàêöèÿ, îïîðíàÿ ïîâåðõíîñòü.

It is commonly supposed that the slowing down and stopping of vehicle is caused by adhesion of its tracks to the 
dirt surface. However, force analysis shows that, although these forces play an important role during braking, the 
longitudinal components of the internal forces applied to the shafts of the vehicle’s braked drive wheels and the front 
support rollers of the tracked propulsion are directly responsible for its deceleration. The sum of these longitudinal 
forces directed against the motion of the tracked vehicle con-stitutes the braking force of the tracked vehicle. The 
value of this total braking force is ultimately deter-mined by the ratio of the braking torque developed by the friction 
forces to the radius of the drive wheels with which the braking devices are coupled.
Since when braking a tracked vehicle, the longitudinal reaction is balanced, it cannot be the direct cause of the de-
celeration of the vehicle, i.e. its braking force. In addition, the longitudinal reaction applied to the lower fixed part of 
the track does not perform mechanical work and cannot absorb the kinetic energy of a moving vehicle. This work is 
performed by the internal braking force Ðòîð, which develops negative (braking) power during braking. It turns out 
that during braking, the longitudinal reaction is needed not at all to cause a slowdown, but as an external force, to 
balance some of the internal forces of the tracked vehicle. As a result of its action, the unbalanced part of the internal 
forces forms the internal braking force, which directly causes the machine to slow down and stop. In this case, the 
longitudinal reaction of the supporting surface, without which the formation of an internal braking force is not possi-
ble, limits both the lower and upper values of the latter, and these forces themselves are numerically equal. The fact 
that the braking force of a tracked vehicle, like its traction force, is an internal force, does not contradict theorems on 
the movement of the center of mass or the change in the amount of motion of a mechanical system, which are valid 
only for isolated mechanical systems that do not have a source of active internal forces.
Keywords: tracked vehicle, drive wheel, track roller, track, braking torque, braking force, longitudinal reaction, 
bearing surface.

V.I. KOPOTILOV, PhD in Engineering
Tyumen High Military Engineering Command School, Tyumen, 
Russia, vikopotilov@mail.ru
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Ââåäåíèå
Çàìåäëåíèå è îñòàíîâêó ãóñåíè÷íîé ìà-

øèíû îáåñïå÷èâàåò åå òîðìîçíàÿ ñèñòåìà, êî-
òîðàÿ ñîçäàåò èñêóññòâåííîå ñîïðîòèâëåíèå 
äâèæåíèþ, ò.å. òîðìîçíóþ ñèëó. 

Íåñìîòðÿ íà âàæíóþ ðîëü òîðìîçíîé ñèëû, 
ïðåäñòàâëåíèÿ î íåé â ëèòåðàòóðå ïî ãóñåíè÷-
íûì ìàøèíàì êðàéíå ñêóäíû è, ê ñîæàëåíèþ, 
íå ñîâñåì âåðíû. Ïðàêòè÷åñêè ñ÷èòàåòñÿ, ÷òî 
çàìåäëåíèå è îñòàíîâêó ìàøèíû âûçûâàåò 
ñèëà ñöåïëåíèÿ åå ãóñåíèö ñ ãðóíòîâîé ïîâåðõ-
íîñòüþ [1, 2]. Òàêîé âçãëÿä íà òîðìîçíóþ ñèëó, 
íà ïåðâûé âçãëÿä, êàæåòñÿ âïîëíå î÷åâèäíûì, 
õîòÿ è íå ïîäêðåïëÿåòñÿ ñîîòâåòñòâóþùèì òå-
îðåòè÷åñêèì îáîñíîâàíèåì. 

Öåëü èññëåäîâàíèÿ 
Àíàëèòè÷åñêîå îáîñíîâàíèå ïîíÿòèÿ òîð-

ìîçíîé ñèëû ãóñåíè÷íîé ìàøèíû.

 Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ñèëîâîé àíàëèç ïðîöåññà òîðìîæåíèÿ ãóñå-

íè÷íîé ìàøèíû ïîêàçûâàåò, ÷òî íåïîñðåäñòâåí-
íî ïðè÷èíîé åå çàìåäëåíèÿ è îñòàíîâêè ÿâëÿ-
åòñÿ âîâñå íå ïðîäîëüíàÿ ðåàêöèÿ ãðóíòà, õîòÿ 
îíà è èãðàåò ïðè òîðìîæåíèè âàæíóþ ðîëü.

×òîáû ðàçîáðàòüñÿ â òîì, êàêàÿ èìåííî 
ñèëà â äåéñòâèòåëüíîñòè òîðìîçèò ãóñåíè÷íóþ 
ìàøèíó, ðàññìîòðèì ïðîöåññ åå òîðìîæåíèÿ.

Ó ãóñåíè÷íîé ìàøèíû äëÿ òîðìîæåíèÿ è 
îñòàíîâêè ïðåäóñìàòðèâàåòñÿ, êàê ïðàâèëî, äâà 
îñòàíîâî÷íûõ òîðìîçà, ñîïðÿæåííûõ ñ âåäóùè-
ìè êîëåñàìè. Ñõåìà ðàñïîëîæåíèÿ òîðìîçîâ 
â ñëó÷àå ïðèâîäà âåäóùèõ êîëåñ ïîñðåäñòâîì 
áîðòîâûõ ôðèêöèîíîâ ïðèâåäåíà íà ðèñ. 1. 

Ðèñ. 1. Ñõåìà ïðèâîäà âåäóùèõ êîëåñ: 
1 – ãëàâíàÿ ïåðåäà÷à; 2 - âàë ïðèâîäà; 
3 – ôðèêöèîííàÿ ìóôòà; 4 – òîðìîç; 

5 – âåäóùåå êîëåñî ìàøèíû

Îñíîâó êàæäîãî èç íèõ ñîñòàâëÿåò îáû÷íî 
òîðìîçíîé øêèâ, öèëèíäðè÷åñêóþ ïîâåðõ-
íîñòü êîòîðîãî îõâàòûâàåò ñòàëüíàÿ ñîãíóòàÿ 
ïî äóãå îêðóæíîñòè ëåíòà, ê âíóòðåííåé ïî-
âåðõíîñòè êîòîðîé ïðèêðåïëåíû ôðèêöèîí-

íûå íàêëàäêè. Ëåíòî÷íûå òîðìîçà ãóñåíè÷íîé 
ìàøèíû ñàìîçàòÿãèâàþùèåñÿ, ïëàâàþùåãî 
òèïà. Ïðè òîðìîæåíèè ëåíòà ïðèæèìàåòñÿ ê 
ïîâåðõíîñòè òîðìîçíîãî øêèâà, è íà åãî ïî-
âåðõíîñòè îáðàçóþòñÿ ñèëû òðåíèÿ, êîòîðûå 
ñîçäàþò òîðìîçíîé ìîìåíò (Ì

ò
). Ýòîò ìîìåíò 

âîñïðèíèìàåò âåäóùåå êîëåñî ìàøèíû, âçàè-
ìîäåéñòâóþùåå ñ ãóñåíèöåé, â ðåçóëüòàòå ÷åãî 
íà ïîñëåäíþþ ïåðåäàåòñÿ ñîîòâåòñòâóþùåå 
ïðîäîëüíîå óñèëèå.

Ðàññìîòðèì ìåõàíèçì îáðàçîâàíèÿ ñèëû, 
íåïîñðåäñòâåííî âûçûâàþùåé çàìåäëåíèå ãó-
ñåíè÷íîé ìàøèíû, ò.å. òîðìîçíîé ñèëû. 

Ïðèìåì, ÷òî ãóñåíè÷íàÿ ìàøèíà èìååò 
çàäíåå ðàñïîëîæåíèå âåäóùèõ êîëåñ è òîðìîç-
íûõ ìåõàíèçìîâ. 

Ïðè òîðìîæåíèè ñèëû òðåíèÿ îáðàçóþò 
ñèëîâóþ ïàðó, êîòîðàÿ õàðàêòåðèçóåòñÿ ìî-
ìåíòîì òðåíèÿ Ì

ò
, ò.å. òîðìîçíûì ìîìåíòîì, 

êîòîðûé ïåðåäàåòñÿ âåäóùåìó êîëåñó ìàøèíû. 
Ïðåäñòàâèì ýòó ïàðó â âèäå äâóõ ñîñðåäîòî-
÷åííûõ ñèë OF


 è AF


 (ðèñ. 2). 

Ðèñ. 2. Ñõåìà ñèë, ïðèêëàäûâàåìûõ 
ê êîëåñó ãóñåíè÷íîãî äâèæèòåëÿ

Òàê êàê ïëå÷î ýòîé ïàðû ðàâíî ðàäèóñó r 
êîëåñà, òî ÷èñëåííîå çíà÷åíèå êàæäîé ñèëû:

 
O A

MF F
r

  ò .  (1)

Îäíà èç ñèë ïàðû ( OF


) ïðèêëàäûâàåòñÿ ê 
îñè Î êîëåñà, à äðóãàÿ ( AF


) ê òî÷êå À, íàõî-

äÿùåéñÿ íà ðàññòîÿíèè r îò îñè åãî âðàùåíèÿ 
(ðèñ. 2). Ïîñëåäíÿÿ ñèëà ïåðåäàåòñÿ ãóñåíèöå 
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â âèäå ñèëû AÒ


, êîòîðàÿ ïðèæèìàåò åå äóãî-
îáðàçíûé ó÷àñòîê ÀÂ ê êîëåñó è íàòÿãèâàåò 
âåðõíþþ ÷àñòü ãóñåíèöû. Â îòâåò íà äåéñòâèå 
ñèëû AÒ


 ãóñåíèöà ñîçäàåò àíàëîãè÷íóþ ïî âå-

ëè÷èíå ðåàêöèþ AP


 (Ð
À
 = Ò

À
), êîòîðàÿ ïðèêëà-

äûâàåòñÿ ê êîëåñó. Â ðåçóëüòàòå îêðóæíàÿ ñèëà 

AF


 êîëåñà îêàçûâàåòñÿ óðàâíîâåøåííîé ðåàê-
öèåé AP


 ãóñåíèöû ( AF


+ AP


= 0).
Âòîðóþ ñèëó ïàðû, ò.å. ñèëó OF


, ïðèëîæåí-

íóþ ê îñè êîëåñà, ðàçëîæèì íà äâå ñîñòàâëÿþ-
ùèå xF


 è zF


.

Âåðòèêàëüíàÿ ñîñòàâëÿþùàÿ zF


 ÷èñëåí-
íî ðàâíà sin ,z OF F    ñòðåìèòñÿ ñìåñòèòü 
êîëåñî ââåðõ, íî åå äåéñòâèå óðàâíîâåøèâàåòñÿ 
ñóììàðíîé ñèëîé ( G


ê ) òÿæåñòè ñàìîãî êîëåñà 

è ÷àñòüþ ñèëû òÿæåñòè êîðïóñà ñàìîé ìàøèíû 
( G

ê  + zF


 
= 0). 

Ãîðèçîíòàëüíàÿ ñîñòàâëÿþùàÿ xF


, ÷èñëåí-
íî ðàâíàÿ 

 cosx OF F     (2)

òîðìîçèò äâèæåíèå âàëà êîëåñà â ïðîäîëü-
íîì íàïðàâëåíèè è âîñïðèíèìàåòñÿ êîðïó-
ñîì ãóñåíè÷íîé ìàøèíû â âèäå ñèëû xF 


. Òàê 

êàê âåêòîð ýòîé ïðîäîëüíîé ñèëû íàïðàâëåí 
ïðîòèâ õîäà ãóñåíè÷íîé ìàøèíû, òî ñèëà xF 


 

âûçûâàåò åå çàìåäëåíèå. 
Îäíàêî ïðîäîëüíàÿ ñèëà xF 


 – ýòî íå åäèí-

ñòâåííàÿ ñèëà, çàìåäëÿþùàÿ õîä ìàøèíû. 
Äðóãîé ñèëîé, òîðìîçÿùåé ãóñåíè÷íóþ 
ìàøèíó, ÿâëÿåòñÿ ïðîäîëüíîå óñèëèå, âîñïðè-
íèìàåìîå ïåðåäíèì îïîðíûì êàòêîì äâèæèòå-
ëÿ. Ðàññìîòðèì, êàê îíî ïðè ýòîì îáðàçóåòñÿ.

Îïîðíàÿ ÷àñòü ãóñåíèöû, âçàèìîäåéñòâó-
þùàÿ ñ ãðóíòîâîé ïîâåðõíîñòüþ âñëåäñòâèå 
ñèëû íàòÿæåíèÿ AÒ


, ñîçäàâàåìîãî òîðìîçÿùèì 

êîëåñîì, ñòðåìèòñÿ âûòÿíóòü ãóñåíèöó èç-ïîä 
îïîðíûõ êàòêîâ äâèæèòåëÿ, êîòîðûå ïðèæèìà-
þò åå âñåé òÿæåñòüþ ìàøèíû. Îäíàêî, ãðóí-
òîâàÿ ïîâåðõíîñòü, âçàèìîäåéñòâóÿ ñ òðàêàìè 
ãóñåíèöû, ñîçäàåò ïðîäîëüíóþ ( xR


) ðåàêöèþ 

(ðèñ. 3), êîòîðàÿ, ÿâëÿÿñü ñèëîé ñöåïëåíèÿ ãó-
ñåíèöû ñ îïîðíîé ïîâåðõíîñòüþ, ïðåïÿòñòâóåò 
ýòîìó. Ïîýòîìó ó÷àñòîê ãóñåíèöû, íåïîñðåä-
ñòâåííî ïðèìûêàþùèé ê ïåðåäíåìó îïîðíî-
ìó êàòêó 1, â ïðîöåññå òîðìîæåíèÿ ìàøèíû 
èñïûòûâàåò äåéñòâèå òðåõ ñèë: xR


, Ò

Ä  è Q


 

(ðèñ. 3). Ïðè ýòîì ñèëà Ò

Ä  ïðåäñòàâëÿåò ñîáîé 

óñèëèå, ïåðåäàâàåìîå âåðõíåé ÷àñòüþ ãóñåíè-
öû âñëåäñòâèå ïðèëîæåíèÿ ê íåé ñèëû AÒ


 íà 

äðóãîì êîíöå ãóñåíèöû (ðèñ. 2). 
Äâå ïåðâûå èç âûøå óêàçàííûõ ñèë, ò.å. xR


 

è Ò

Ä , ñêëàäûâàÿñü, îïðåäåëÿþò ñèëó Q



 äàâëå-

íèÿ ãóñåíèöû íà êàòîê (íà ðèñ. 3 îíà ñìåùåíà 
îò òî÷êè Ä ïî ëèíèè äåéñòâèÿ â öåíòð êàòêà), 
êîòîðûé â îòâåò è ñîçäàåò ðåàêöèþ Q


, ïðè-

êëàäûâàåìóþ ê ãóñåíèöå â òî÷êå Ä.
Âåëè÷èíó ñèëû Q


 îïðåäåëèì èç óðàâíåíèÿ 

ðàâíîâåñèÿ òðåõ óêàçàííûõ ñèë, äåéñòâóþùèõ 
íà ðàññìàòðèâàåìûé ó÷àñòîê ãóñåíèöû, â ïðî-
åêöèè íà ïðîäîëüíóþ êîîðäèíàòíóþ îñü õ:

 
'cos cos 0xR Q T     Ä .  (3)

Ó÷èòûâàÿ, ÷òî R
x
 = Ò

Ä
 = Ò

Å
 = T

A 
= F

A
 = F

Î
, 

ïîëó÷àåì, ÷òî

 

(1 cos )
cos

OFQ    


.  (4) 

Ñèëà Q


 ñîçäàåò ïðîäîëüíîå óñèëèå xQ


, 
÷èñëåííî ðàâíîå cosxQ Q   . Òàê êàê 
Q = Q’, à ñèëà Q’ âûðàæàåòñÿ ôîðìóëîé (4), òî 
ïîëó÷àåì, ÷òî 

 1 – )os( cx OQ F   .  (5)

Ýòà ïðîäîëüíàÿ ñèëà, êàê è ñèëà F
x
, ïðèêëà-

äûâàåìàÿ ê òîðìîçÿùåìó êîëåñó, òàêæå ïåðå-
äàåòñÿ íà êîðïóñ, íàïðàâëåíà ïðîòèâ õîäà ãóñå-
íè÷íîé ìàøèíû è âûçûâàåò åå çàìåäëåíèå.

Ñêëàäûâàÿ (5) è (2), ïîëó÷àåì âûðàæåíèå 
çíà÷åíèÿ ñóììàðíîé ïðîäîëüíîé ñèëû, òîðìî-
çÿùåé ãóñåíè÷íóþ ìàøèíó:

 
(1 cos – c s )ox x OP Q F F     òîð .  (6)

Åñëè óãëû ñâåñà äâóõ ó÷àñòêîâ ãóñåíèöû, 
ïðèìûêàþùèõ ê òîðìîçíîìó è íàïðàâëÿþ-
ùåìó êîëåñó ìàøèíû, îäèíàêîâû (α = ), òî 
Ð

òîð 
= F

Î
. 

Ðèñ. 3. Ñèëû, ïðèêëàäûâàåìûå ê ïåðåäíåìó êàòêó 
ãóñåíè÷íîé ìàøèíû
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Ïðè ýòîì ãåîìåòðè÷åñêàÿ òî÷êà ïðèëîæå-
íèÿ âåêòîðà òîðìîçíîé ñèëû P


òîð  ðàñïîëàãàåò-

ñÿ íà âûñîòå 

 

1( ) O x xh F h Qh P
P




òîð

òîð

  (7)

îò íèæíåé (îïîðíîé) ÷àñòè ãóñåíèöû.
Åñëè æå óãëû ñâåñà íåîäèíàêîâû (α ≠ φ), òî 

ê äâóì óêàçàííûì âûøå ïðîäîëüíûì ñèëàì 

xQ


 è xF


, âûçûâàþùèì çàìåäëåíèå ìàøèíû, 
äîáàâëÿåòñÿ åùå îäíà ñèëà ñîïðîòèâëåíèÿ, 
êîòîðàÿ ÷åðåç êîëåñà ìàøèíû ïåðåäàåòñÿ íà 
êîðïóñ è îáóñëîâëåíà ðàçíèöåé ïðîäîëüíûõ 
ñîñòàâëÿþùèõ äâóõ ñèë EÒ


 è AÒ


, ïðèëîæåí-

íûõ ê âåðõíåé ÷àñòè ãóñåíèöû:

 ( )
cos cos
cos – co .s

x E A

O

T T T
F

   





 

 
  (8)

Åñëè æå ó÷åñòü ýòî ïðîäîëüíîå óñèëèå, òî 
îêàçûâàåòñÿ, ÷òî âåëè÷èíà òîðìîçíîé ñèëû Ð

òîð
 

ìàøèíû âñå ðàâíî ðàâíà F
Î
. Äåéñòâèòåëüíî,

1 cos – cos( )

(cos – co ) .s
x x x

O O

OP Q F T F

F F

        

   
òîð

 (9)

Òàêèì îáðàçîì, ìîæíî êîíñòàòèðîâàòü, ÷òî 
òîðìîçíàÿ ñèëà ãóñåíè÷íîé ìàøèíû íå çàâè-
ñèò îò ñîîòíîøåíèÿ óãëîâ ïåðåäíåãî è çàäíåãî 
ñâåñà ãóñåíèöû è ÷èñëåííî ðàâíà ñèëå F

Î
.

Òàê êàê F
Î 

= M
ò
/r, òî ÷èñëåííîå çíà÷å-

íèå ñóììàðíîé òîðìîçíîé ñèëû ãóñåíè÷íîé 
ìàøèíû:

 

MP
r

 ò
òîð .  (10)

Ïðè ñëóæåáíîì (óìåðåííîì) òîðìîæåíèè 
÷èñëåííîå çíà÷åíèå ýòîé òîðìîçíîé ñèëû ðå-
ãóëèðóåò âîäèòåëü, êîòîðûé, çàäàâàÿ ñîîòâåò-
ñòâóþùåå çíà÷åíèå ñèë òðåíèÿ â òîðìîçíîì 
ìåõàíèçìå, îïðåäåëÿåò ôàêòè÷åñêóþ âåëè÷èíó 
òîðìîçíîãî ìîìåíòà M

ò
.

Ðàññìîòðèì òåïåðü âåëè÷èíó ïðîäîëüíîé 
ðåàêöèè xR


, âîñïðèíèìàåìîé ãóñåíèöåé ïðè 

òîðìîæåíèè, è åå ðîëü â ïðîöåññå îáðàçîâàíèÿ 
òîðìîçíîé ñèëû.

Èç óðàâíåíèÿ (3) èìååì:

 [ ' cos cosR Q T    Ä .  (11)

Òàê êàê Ò
Ä
 = F

Î
, à óñèëèå Q’ âûðàæàåòñÿ 

ôîðìóëîé (4), òî íåòðóäíî óñòàíîâèòü, ÷òî 
ïðîäîëüíàÿ ðåàêöèÿ îïîðíîé ïîâåðõíîñòè ÷èñ-
ëåííî ðàâíà òîðìîçíîé ñèëå:

 
 /x OR F P M r  òîð ò .  (12)

Ïîñêîëüêó ïðè òîðìîæåíèè ãóñåíè÷íîé 
ìàøèíû ïðîäîëüíàÿ ðåàêöèÿ óðàâíîâåøåíà 
ñèëàìè Ò


Ä  è Q


 ( xR


+Ò

Ä + Q


= 0), òî xR


, 

åñòåñòâåííî, íå ìîæåò áûòü íåïîñðåäñòâåííîé 
ïðè÷èíîé çàìåäëåíèÿ ìàøèíû, ò.å. åå òîðìîç-
íîé ñèëîé. Ê òîìó æå, ïðîäîëüíàÿ ðåàêöèÿ xR


, 

ïðèëîæåííàÿ ê íèæíåé íåïîäâèæíîé ÷àñòè ãó-
ñåíèöû (V


í
ã = 0), íå ñîâåðøàåò ìåõàíè÷åñêóþ 

ðàáîòó 

0 0x x xA R V R V R        
 

í í
ã ã

è íå ìîæåò ïîãëîòèòü êèíåòè÷åñêóþ ýíåðãèþ 
äâèæóùåéñÿ ìàøèíû. Òàêóþ ðàáîòó ñîâåðøà-
åò âíóòðåííÿÿ òîðìîçíàÿ ñèëà Ð

òîð
, ðàçâèâàþ-

ùàÿ ïðè òîðìîæåíèè òîðìîçíóþ (îòðèöàòåëü-
íóþ) ìîùíîñòü ON P V  òîð òîð .

Ýòî îçíà÷àåò, ÷òî ïðè òîðìîæåíèè ïðîäîëü-
íàÿ ðåàêöèÿ xR


 íóæíà âîâñå íå äëÿ òîãî ÷òîáû 

âûçûâàòü ñîîòâåòñòâóþùåå çàìåäëåíèå, à äëÿ 
òîãî ÷òîáû îíà, áóäó÷è âíåøíåé ñèëîé, íàðó-
øàëà óðàâíîâåøåííîñòü ñîâîêóïíîñòè âíó-
òðåííèõ ñèë ãóñåíè÷íîé ìàøèíû. Â ðåçóëüòà-
òå åå äåéñòâèÿ ÷àñòü âíóòðåííèõ ñèë, à èìåííî 
ïðîäîëüíûå ñèëû xQ


, xF


 è xÒ


, è îáðàçóþò 
âíóòðåííþþ òîðìîçíóþ ñèëó, êîòîðàÿ íåïî-
ñðåäñòâåííî âûçûâàåò çàìåäëåíèå è îñòàíîâêó 
ãóñåíè÷íîé ìàøèíû.

Òàêàÿ ðîëü ïðîäîëüíîé ðåàêöèè ïîçâîëÿåò 
åé âûñòóïàòü â ðîëè ñèëîâîãî ôàêòîðà, îãðà-
íè÷èâàþùåãî äèàïàçîí ðåàëèçàöèè âåëè÷èíû 
òîðìîçíîé ñèëû è ïðîÿâëÿåòñÿ â ñëåäóþùåì.

Åñëè ïðîäîëüíàÿ ðåàêöèÿ xR


 ïî êàêèì-ëè-
áî ïðè÷èíàì èñ÷åçàåò ( xR


= 0), íàïðèìåð ïðè 

îòðûâå ãóñåíèöû îò îïîðíîé ïîâåðõíîñòè, òî 
îäíîâðåìåííî èñ÷åçàåò è òîðìîçíàÿ ñèëà. 

Åñëè ðåàêöèÿ îïîðíîé ïîâåðõíîñòè xR


 

äîñòèãàåò ñâîåãî ïðåäåëà ïî ñöåïëåíèþ 
max
xR G  , è ãóñåíè÷íàÿ ìàøèíà ïðè ýêñòðåí-

íîì òîðìîæåíèè ïåðåõîäèò â ñêîëüæåíèå, òî 
ýòî âûçûâàåò ñîîòâåòñòâóþùåå îãðàíè÷åíèå 
âåëè÷èíû åå òîðìîçíîé ñèëû è, êàê ñëåäñòâèå, 
ðàçâèâàåìîãî çàìåäëåíèÿ. Â òîì ñëó÷àå, êîãäà 
êîëåñà è ãóñåíèöû çàáëîêèðîâàíû, ãóñåíè÷íàÿ 
ìàøèíû ìîæåò ðàññìàòðèâàòüñÿ êàê îäíî ïðî-
ñòîå òåëî, ñîâåðøàþùåå ñêîëüæåíèå ïî îïîð-
íîé ïîâåðõíîñòè ñ óñêîðåíèåì xj g   (ãäå 
φ

õ
 – âåëè÷èíà êîýôôèöèåíòà ïðîäîëüíîãî ñöå-

ïëåíèÿ ãóñåíèö ñ ãðóíòîâîì). 

Çàêëþ÷åíèå
Â çàêëþ÷åíèå îòìåòèì: òîò ôàêò, ÷òî òîð-

ìîçíàÿ ñèëà ãóñåíè÷íîé ìàøèíû, êàê è åå ñèëà 
òÿãè [3], ÿâëÿåòñÿ âíóòðåííåé ñèëîé, ñîâñåì 
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íå ïðîòèâîðå÷èò òåîðåìàì î äâèæåíèè öåíòðà 
ìàññ èëè èçìåíåíèè êîëè÷åñòâà äâèæåíèÿ 
ìåõàíè÷åñêîé ñèñòåìû, êîòîðûå ñïðàâåäëè-
âû òîëüêî äëÿ èçîëèðîâàííûõ ìåõàíè÷åñêèõ 
ñèñòåì, íå èìåþùèõ èñòî÷íèêà àêòèâíûõ âíó-
òðåííèõ ñèë.

Ëèòåðàòóðà
1. Çàáàâíèêîâ Í.À. Îñíîâû òåîðèè òðàíñïîðòíûõ 

ãóñåíè÷íûõ ìàøèí. Ì.: Ìàøèíîñòðîåíèå, 1968. 
396 ñ.

2. Ìíîãîöåëåâûå ãóñåíè÷íûå è êîëåñíûå ìàøèíû. 
Òåîðèÿ / ïîä ðåä. ïðîô. Â.Ï. Áîéêîâà. Ìèíñê: 
Íîâîå çíàíèå; Ì.: Èíôðà-Ì, 2012. 543 ñ.

3. Êîïîòèëîâ Â.È. Ñèëà òÿãè ãóñåíè÷íîé ìàøèíû // 
Âåñòíèê ìàøèíîñòðîåíèÿ, 2017, № 6. Ñ. 3–7.

References
4. Zabavnikov N.A. Osnovy teorii transportnyh gusen-

ichnyh mashin [Fundamentals of the theory of trans-
port tracked vehicles]. Moscow: Mashinostroenie 
Publ., 1968. 396 p.

5. Mnogocelevye gusenichnye i kolyosnye mashiny. 
Teoriya [Multipurpose tracked and wheeled vehi-
cles]. Pod red. prof. V.P. Bojkova. Minsk: Novoe 
znanie; Moscow: Infra-M Publ., 2012. 543 p.

6. Kopotilov V.I. Traction of caterpillar vehicle. Vestnik 
mashinostroeniya, 2017, No 6, pp. 3–7 (in Russ.).



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

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

Ïàðòêî Ñ.À., Ãðîøåâ Ë.Ì., Ñèðîòåíêî À.Í., Âîéíàø Ñ.À.

56

ÓÄÊ 631.3:531:517:9777

DOI: 10.31992/0321-4443-2019-2-56-60

ÎÑÎÁÅÍÍÎÑÒÈ ÑÏÅÊÒÐÎÂ ÍÀÃÐÓÇÎÊ ÍÀ ÀÃÐÅÃÀÒÛ 
ÌÎÁÈËÜÍÛÕ ÌÀØÈÍ ÀÏÊ Â ÏÎËÅÂÛÕ ÓÑËÎÂÈßÕ 
ÏÐÈ ÇÀÏÀÇÄÛÂÀÍÈÈ ÂÍÅØÍÈÉ ÂÎÇÄÅÉÑÒÂÈÉ

FEATURES OF THE SPECTRA OF LOADS ON THE UNITS 
OF MOBILE AGRICULTURAL MACHINES IN THE FIELD 
WHEN DELAY IN EXTERNAL INFLUENCES

Ñ.À. ÏÀÐÒÊÎ1, ê.ò.í.
Ë.Ì. ÃÐÎØÅÂ1, ä.ò.í.
À.Í. ÑÈÐÎÒÅÍÊÎ1, ê.ò.í.
Ñ.À. ÂÎÉÍÀØ2

1 ÔÃÁÎÓ ÂÎ «Äîíñêîé ãîñóäàðñòâåííûé òåõíè÷åñêèé 
óíèâåðñèòåò», Çåðíîãðàä, Ðîññèÿ

2 Ðóáöîâñêèé èíäóñòðèàëüíûé èíñòèòóò (ôèëèàë) 
ÔÃÁÎÓ ÂÎ «Àëòàéñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé 
óíèâåðñèòåò èì. È.È. Ïîëçóíîâà», Ðóáöîâñê, Ðîññèÿ 
parlana@rambler.ru

Ïðîáëåìà âûáîðà êîëåáàòåëüíûõ ïàðàìåòðîâ ìîáèëüíûõ çåðíîóáîðî÷íûõ êîìáàéíîâ ïðèâîäèò ê ðàçðàáîòêå 
äèíàìè÷åñêèõ ìîäåëåé, îáåñïå÷èâàþùèõ íîðìàëüíîå ôóíêöèîíèðîâàíèå ìàøèí, à òàêæå ê ðàññìîòðåíèþ ýòèõ 
ïàðàìåòðîâ â âåðîÿòíîñòíîì àñïåêòå è, ñëåäîâàòåëüíî, ê îöåíêå èõ ðàññåèâàíèÿ. Îñíîâíûì âèäîì âîçäåéñòâèé 
ÿâëÿþòñÿ âîçäåéñòâèÿ, ñîçäàâàåìûå íåðîâíîñòüþ ïóòè ìîáèëüíîé ìàøèíû è èçìåíåíèåì ôèçèêî-ìåõàíè÷å-
ñêèõ õàðàêòåðèñòèê ïî÷âû. Ïîäîáíûå çàäà÷è ðåøàþòñÿ ñ äîñòàòî÷íîé äëÿ ïðàêòèêè òî÷íîñòüþ â ëèíåéíîé 
ïîñòàíîâêå. 
Â ñòàòüå âíåøíèå âîçäåéñòâèÿ â ìíîãîìåðíûõ äèíàìè÷åñêèõ ñèñòåìàõ ïðåäñòàâëåíû â ìàòðè÷íîé ôîðìå. Èñ-
ïîëüçîâàíèå ìàòðèö ñïåêòðàëüíûõ ïëîòíîñòåé ïðè âû÷èñëåíèè ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê ïðè íàëè÷èè 
âçàèìíûõ ñâÿçåé ïðèâîäèò ê íåîáõîäèìîñòè âû÷èñëÿòü ýëåìåíòû êàê ãëàâíûõ, òàê è ïîáî÷íûõ äèàãîíàëåé, ÷òî, 
â ñâîþ î÷åðåäü, âåäåò ê óñëîæíåíèþ ðàñ÷åòîâ. Ó÷åò êîððåëÿöèîííûõ ñâÿçåé ìåæäó âîçäåéñòâèÿìè îïðåäåëÿåò 
âèä ìàòðèöû ñïåêòðàëüíûõ ïëîòíîñòåé âíåøíèõ âîçäåéñòâèé. Ïðè âû÷èñëåíèè ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê 
ó÷åò ñâÿçåé ïðèâîäèò ê óñëîæíåíèþ ðàñ÷åòîâ. Ïîýòîìó öåëåñîîáðàçíî ìàòðèöó âíåøíèõ âîçäåéñòâèé ïðèâå-
ñòè ê äèàãîíàëüíîìó âèäó, ÷òîáû ïîëó÷èòü ìàòðèöû íåêîððåëèðîâàííûõ âîçäåéñòâèé.
Ïðîâåäåííûå ðàñ÷åòû ñïåêòðàëüíûõ ïëîòíîñòåé è èíòåíñèâíîñòè êîëåáàíèé äëÿ ìîáèëüíûõ ìàøèí àãðîïðî-
ìûøëåííîãî êîìïëåêñà ðàçëè÷íûìè ìåòîäàìè ïîçâîëèëè óñòàíîâèòü, ÷òî îäèíàêîâûå ðåçóëüòàòû ïîëó÷àþòñÿ 
òîëüêî äëÿ ìàøèí ñî ñëàáûìè ôóíêöèîíàëüíûìè ñâÿçÿìè ïðè äâèæåíèè ïî ìèêðîïðîôèëþ ïîëÿ, ñîçäàþùåãî 
íåêîððåëèðîâàííîå âíåøíåå âîçäåéñòâèå. Äàíû ðåêîìåíäàöèè ïî ïðàêòè÷åñêîìó èñïîëüçîâàíèþ ðàñ÷åòíûõ 
ôîðìóë. 
Êëþ÷åâûå ñëîâà: ìàòðèöà ñïåêòðàëüíûõ ïëîòíîñòåé, íåêîððåëèðîâàííûå âíåøíèå âîçäåéñòâèÿ, îáðàòíàÿ ìà-
òðèöà, ïðèñîåäèíåííàÿ ìàòðèöà, çàïàçäûâàíèå âîçäåéñòâèé, ïàðàìåòðû ðàñïðåäåëåíèÿ íàãðóçîê.

The problem of choosing the oscillatory parameters of mobile combine harvesters leads to the devel-opment of 
dynamic models that ensure the normal functioning of machines, as well as to consider these parameters in the prob-
abilistic aspect and, consequently, to assess their dispersion. The main type of im-pact is the impact created by the 
unevenness of the path of the mobile machine and the change in the physical and mechanical characteristics of the 
soil. Such problems are solved with sufficient accuracy for practice in the linear formulation.
In the article, external influences in multidimensional dynamic systems are presented in matrix form. Matrix of spec-
tral densities when calculation of statistical characteristics in the presence of mutual rela-tionships lead to the need 
to calculate the elements of both the main and secondary diagonals, which leads to the complication of calculations. 
Calculation of correlations between impacts determines the form of the matrix of spectral densities of external influ-
ences. When calculating statistical characteristics, rela-tions taken into account lead to a complication of calculations. 
Therefore, it is advisable to bring the matrix of external influences to a diagonal form in order to obtain matrices of 
uncorrelated influences.
The calculations of the spectral densities and vibrational intensities for mobile machines of the agro-industrial com-
plex made it possible to establish that the same results are obtained only for vehicles with weak functional connec-
tions, when moving along a field micro profile creating an uncorrelated external influence. Recommendations on the 
practical use of calculation formulas are given.
Keywords: spectral density matrix, uncorrelated external effects, inverse matrix, adjoint matrix, delay effects, load 
sharing options.
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 Ââåäåíèå
Ïðè ðàñ÷åòå äèíàìè÷åñêèõ ìíîãîìåðíûõ 

ñèñòåì èñïîëüçóåòñÿ ñïåöèàëüíàÿ ïðîãðàì-
ìà [1] äëÿ ÝÂÌ äëÿ îöåíêè êîëåáàíèé ìàøèí 
àãðîïðîìûøëåííîãî êîìïëåêñà. Ïðîãðàììà 
ïðèìåíÿåòñÿ ïðè ðàñ÷åòå íà ïëàâíîñòü õîäà 
çåðíîóáîðî÷íûõ êîìáàéíîâ, ðàñ÷åòå ïðî÷íî-
ñòè äåòàëåé [2], îöåíêå óñëîâèé òðóäà ìåõàíè-
çàòîðà, âûáîðå êîëåáàòåëüíûõ ïàðàìåòðîâ [3, 
4]. Îíà òðåáóþò âûáîðà äèíàìè÷åñêîé ìîäåëè 
[5, 6] è êîíñòðóêòèâíûõ ïàðàìåòðîâ ìàøèíû è 
åå àãðåãàòîâ, à òàêæå îïðåäåëåíèÿ èëè íàçíà-
÷åíèÿ ìàññîâî-ãåîìåòðè÷åñêèõ è óïðóãî-äèñ-
ñèïàòèâíûõ õàðàêòåðèñòèê ñèñòåìû [7]. 

Öåëü èññëåäîâàíèÿ
Àíàëèç ñïåêòðîâ íàãðóçîê íà àãðåãàòû ìî-

áèëüíûõ ìàøèí ÀÏÊ â ïîëåâûõ óñëîâèÿõ ïðè 
çàïàçäûâàíèè âíåøíèé âîçäåéñòâèé.

Ìåòîäû è ñðåäñòâà 
ïðîâåäåíèÿ èññëåäîâàíèé
Â îáùåì ñëó÷àå âíåøíèå âîçäåéñòâèÿ íà 

ìàøèíó ÀÏÊ ðàññìàòðèâàþòñÿ â âèäå ñèñòåìû 
ñ «n» ôóíêöèÿìè q

1
(t)... q

n
(t), êîòîðûå ÿâëÿþò-

ñÿ ïðîöåññàìè èçìåíåíèÿ ìèêðîíåðîâíîñòåé 
ïóòè èëè èçìåíåíèÿ òâåðäîñòè ïî÷âû.

Íàèáîëåå ïðîñòîå ñòàòèñòè÷åñêîå îïèñàíèå 
âíåøíèõ âîçäåéñòâèé ïðåäñòàâëÿåòñÿ, åñëè 
îíè äîïóñêàþò ñòîõàñòè÷åñêèå îðòîãîíàëüíûå 
ïðåäñòàâëåíèÿ:

       ( ) ,i i i iq t m q t Q t d




      ,

ãäå Q
i
(ω) – ñèñòåìà ñëó÷àéíûõ ôóíêöèé ω; 

φ
i
(t,ω) – ñèñòåìà íåñëó÷àéíûõ ôóíêöèé t è ïà-

ðàìåòðà ω; m[q
i
(t)] – ìàòåìàòè÷åñêîå îæèäàíèå.

Â äàëüíåéøåì ïîëàãàåì, ÷òî m[q
i
(t)] = 0.

Ìîáèëüíûå ìàøèíû ÀÏÊ â áîëüøèíñòâå 
ñëó÷àåâ – ýòî ñèñòåìû ñ çàïàçäûâàíèåì âîç-
äåéñòâèé. Âîçäåéñòâèÿ, õàðàêòåðèçóþùèå íå-
ðîâíîñòè ìèêðîðåëüåôà ïîëÿ èëè òâåðäîñòè 
ïî÷âû, ÿâëÿþòñÿ îäíîòèïíûìè è ìîãóò áûòü 
ñäâèíóòû âî âðåìåíè t

0
. Êðîìå òîãî, íà îáðà-

çîâàíèå êîððåëÿöèîííûõ ñâÿçåé ìåæäó âîç-
äåéñòâèÿìè (óãîë ïîïåðå÷íîãî íàêëîíà ψ è 
âûñîòà h) âëèÿåò êîíñòðóêöèÿ ìàøèíû (ïåðåä-
íèé èëè çàäíèé âåäóùèå êîëåñà). Ñ ó÷åòîì 
ýòîãî ìàòðèöà ñïåêòðàëüíûõ ïëîòíîñòåé âíåø-
íèõ âîçäåéñòâèé ïðåäñòàâëÿåòñÿ â âèäå [8]:

  

 
     

     
     

0

0

13

23

31 32

,

,

q

j t
h h h

j t
h h h

h h

S j

S S e c S j
S e S c S j
c S j c S j S

 





  

  

  
   

  

 (1)

ãäå 0 0
13 23 31 32; ; 1;j t j tc t c e c c e       – äëÿ 

ìàøèí ñ ïåðåäíèìè âåäóùèìè êîëåñàìè, 
0 0

13 22 31 32; 1; ; 1j t j tc e c c e c       – äëÿ ìàøèí 
ñ çàäíèìè âåäóùèìè êîëåñàìè. 

Ïîñêîëüêó ïðè âû÷èñëåíèè ñòàòèñòè÷åñêèõ 
õàðàêòåðèñòèê íàëè÷èå âçàèìíûõ ñâÿçåé ïðè-
âîäèò ê óñëîæíåíèþ ðàñ÷åòîâ, ïðèâåäåì ìà-
òðèöû ê äèàãîíàëüíîìó âèäó, ÷òîáû ïîëó÷èòü 
ìàòðèöû íåêîððåëèðîâàííûõ âíåøíèõ âîçäåé-
ñòâèé. Õàðàêòåðèñòè÷åñêàÿ ìàòðèöà òèïà 

   ,qS j j E     ,

ãäå λ – õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ; Å – åäè-
íè÷íàÿ ìàòðèöà.

Ìàòðèöà (1) ïðèâîäèòñÿ ê âèäó:

   
       
       

       

0

0

13

23

31 32

,

.

q

j t
h h h

j t
h h h

h h

S j j E

S j S e c S j
S e S j c S j
c S j c S j S j

 





  

      

     
     

    

 

(2)
Õàðàêòåðèñòè÷åñêîå óðàâíåíèå ïðåäñòàâëÿ-

åòñÿ êàê:

      3 2 0a j b j c j d          . (3)

Õàðàêòåðèñòè÷åñêèå ôóíêöèè  
1
( j),  

2
( j), 


3
( j) âû÷èñëÿëèñü ïðè ïîìîùè ôîðìóë Êàð-

äàíî [9].
Èç ðåøåíèÿ óðàâíåíèÿ (3) îïðåäåëÿëèñü êî-

îðäèíàòû ñîáñòâåííûõ âåêòîðîâ  i j   ïðè 
I = 1, 2, 3 ïðîèçâîäèìûõ ëèíåéíûõ ïðîèçâåäå-
íèé ìàòðèöû (2).

Ïî êîîðäèíàòàì âåêòîðîâ áûëè ñîñòàâëåíû 
ìàòðèöû ïåðåõîäà ê íîâîìó áàçèñó:

 

 
11 21 31

12 22 32

13 23 33

T j
  

    
  

 (4)

è îáðàòíàÿ ìàòðèöà:

 
   

 
1 T j

T j
T j

 
 




, (5)

ãäå  T j  – ïðèñîåäèíåííàÿ ìàòðèöà;  T j  – 
îïðåäåëèòåëü ìàòðèöû.

Èñêîìàÿ ìàòðèöà áûëà îïðåäåëåíà êàê:

 

       
     

1

1 2 3

,

,
d qS j T j S j T j

diag S j S j S j

        

     
 (6)

ãäå S
1
, S

2
, S

3
 – ñïåêòðàëüíûå ïëîòíîñòè íåêîð-

ðåëèðîâàííûõ âîçäåéñòâèé, ÿâëÿþùèåñÿ ôóíê-
öèÿìè êîìïëåêñíîãî ïåðåìåííîãî. 
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Ðåøåíèå ïëîñêîé çàäà÷è íàõîæäåíèÿ äèà-
ãîíàëüíîé ìàòðèöû (6) óïðîùàåòñÿ. Ïðè ýòîì 
âíåøíèå âîçäåéñòâèÿ, íå ïðèâåäåííûå ê äèàãî-
íàëüíîìó âèäó, èìåþò âèä:

 
     

   
0

0
,

i t
h h

q i t
h h

S S e
S j

S e S

 



 
  

 
, (7)

òîãäà õàðàêòåðèñòè÷åñêàÿ ìàòðèöà ðàâíà:

 

   
     
     

0

0

,

,

q

i t
h h

i t
h h

S j E

S S e
S e S

 



      

    


   

 (8)

à õàðàêòåðèñòè÷åñêîå óðàâíåíèå: 

    2 2 0hS      , (9)

îòêóäà êîðíè      1 20, 2 hS       .
À ñèñòåìà óðàâíåíèé äëÿ îïðåäåëåíèÿ êî-

îðäèíàò ñîáñòâåííûõ âåêòîðîâ ïðè  1 0  
èìååò âèä:

        0
11 12 0j t

h hS j S e j         . (10)

Çàäàâøèñü 0
11

j te   , íàõîäèì  12 1j   .
Ïðè    2 2 hS     ðàññìîòðåííàÿ ñèñòå-

ìà ðàâíà:

       
       

0

0

21 22

21 21

0

0,

j t
h h

j t
h h

S j S e j

S j S j

 



        


       
 (11)

à ìàòðèöà ïåðåõîäà ê íîâîìó áàçèñó èìååò âèä:

 
 

0 0

01 21

j t j t

j t

e eT j
e

  


 


. (12)

Èç âûðàæåíèÿ (8) áûëî íàéäåíî:

    0
1 (1 ) 0j t

hS j S e       ,

     0
2 (1 ) 0j t

hS j S e       . (13)

Åñëè ïðåäïîëîæèòü, ÷òî ïðîäîëüíûé è ïî-
ïåðå÷íûé ìèêðîïðîôèëü ÿâëÿþòñÿ íåêîððåëè-
ðîâàííûìè ñëó÷àéíûìè ïðîöåññàìè, òî ìîæíî 
ïðåäñòàâèòü òðåòèé ýëåìåíò äèàãîíàëüíîé ìà-
òðèöû êàê  S  .

Òîãäà ìàòðèöà (13) èìååò âèä:

 

   
   

0

0

(1 );

.(1 );

j t
d h

j t
h

S j diag S e

S e S

 




    

   
 (14)

Ïðè âû÷èñëåíèè ñïåêòðàëüíûõ ïëîòíîñòåé 
êîëåáàíèé áûëè èñïîëüçîâàíû ìàòðèöû (1), 
(14), à òàêæå ôîðìóëû, íå ó÷èòûâàþùèå êîððå-
ëÿöèîííûå ñâÿçè ìåæäó âîçäåéñòâèÿìè:

 
       2 2

11 12 0z hS S           .  (15)

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Íà ðèñ. 1 ïðåäñòàâëåíû ãðàôèêè ñïåêòðàëü-

íûõ ïëîòíîñòåé âåðòèêàëüíûõ óñêîðåíèé 
ïåðåäíåé ÷àñòè ìîëîòèëêè çåðíîêîìáàéíà 
«Íèâà», èç êîòîðûõ óñòàíîâëåíî, ÷òî øèðèíà 
ñïåêòðà çàâèñèò îò äèíàìè÷åñêèõ ïàðàìåòðîâ 
ìàøèíû. Ó çåðíîêîìáàéíîâ, èìåþùèõ áëèç-
êèå ÷àñòîòû ñîáñòâåííûõ êîëåáàíèé ïåðåäíåé 
è çàäíåé ÷àñòè ìîëîòèëêè, ñïåêòðû ìîæíî îò-
íåñòè ê óçêîïîëîñíûì (ñì. ðèñ. 1). Êðîìå òîãî, 
çäåñü ñêàçûâàåòñÿ çàïàçäûâàíèå âîçäåéñòâèé 
îò õîäîâûõ è óïðàâëÿåìûõ êîëåñ â âèäå ïîÿâ-
ëåíèÿ ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ. 

Î ðåçóëüòàòàõ ðàñ÷åòà ðàçëè÷íûìè ìåòî-
äàìè ìîæíî ñóäèòü òàêæå ïî ðèñ. 2, ãäå ïðåä-

Ðèñ. 1. Ñïåêòðàëüíûå ñêîðîñòè êîëåáàíèé 
ïðè èñïîëüçîâàíèè ïî âûðàæåíèÿì: 

1 – (1), 2 – (6), 3 – (15)

Ðèñ. 2. Ãðàôèêè èíòåíñèâíîñòè êîëåáàíèé 
ïðè äâèæåíèè ïî ìèêðîïðîôèëþ 

ñ ðàçëè÷íûì ñîñòàâîì íåðîâíîñòåé: 
1 è 3 – âäîëü áîðîçäû; 2 – ïîïåðåê áîðîçäû ïîëÿ



Îñîáåííîñòè ñïåêòðîâ íàãðóçîê íà àãðåãàòû ìîáèëüíûõ ìàøèí ÀÏÊ â ïîëåâûõ óñëîâèÿõ 
ïðè çàïàçäûâàíèè âíåøíèõ âîçäåéñòâèé
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ñòàâëåíû ãðàôèêè èíòåíñèâíîñòè êîëåáàíèé, 
âû÷èñëåííûå ñ èñïîëüçîâàíèå ìàòðèö (1), (6), 
(15). Èç ãðàôèêîâ âèäíî, ÷òî ðåçóëüòàòû ðàñ÷å-
òîâ âëèÿþò íà õàðàêòåð âíåøíèõ âîçäåéñòâèé 
è íàëè÷èå ôóíêöèîíàëüíûõ ñâÿçåé â ìàøèíå.

Îäèíàêîâûå ðåçóëüòàòû ïðè èñïîëüçîâà-
íèè ðàçëè÷íûõ ìåòîäîâ ðàñ÷åòîâ ïîëó÷àþòñÿ 
òîëüêî äëÿ ìàøèí ñî ñëàáûìè ôóíêöèîíàëü-
íûìè ñâÿçÿìè ïðè äâèæåíèè ïî ìèêðîïðî-
ôèëþ ïîëÿ, ñîçäàþùåãî íåêîððåëèðîâàííîå 
âíåøíåå âîçäåéñòâèå.

Èíæåíåðíûå îöåíêè äèíàìèêè çåðíîêîì-
áàéíîâ ïðîèçâîäèëîñü ïóòåì âû÷èñëåíèÿ äèñ-
ïåðñèé:
   

2

1

1
ke keW S d





   
  , (16)

ãäå ω
1
, ω

2
 – ãðàíè÷íûå ÷àñòîòû îñíîâíîé ÷àñòè 

ñïåêòðà.
Ðåçóëüòàòû ðàñ÷åòîâ ïî ôîðìóëå (16) ïðåä-

ñòàâëåíû íà ðèñ. 3 òàêæå â âèäå ãðàôèêîâ èí-
òåíñèâíîñòè êîëåáàíèé.

Ðèñ. 3. Ðåçóëüòàòû ðàñ÷åòà ïî ôîðìóëå (16)

Ñðåäíåêâàäðàòè÷åñêèå êîëåáàíèÿ ïðåä-
ñòàâëåíû â âèäå ãðàôèêîâ ïåðåãðóçîê z

g
 . 

Êàê âèäíî, ïðè äâèæåíèè ìàøèíû ïî ìèê-
ðîïðîôèëÿì ñ ðàçëè÷íûì ñïåêòðàëüíûì 
ñîñòàâîì íåðîâíîñòåé èíòåíñèâíîñòü êîëå-
áàíèé èçìåíÿåòñÿ. Â íåêîòîðûõ ñëó÷àÿõ ñóùå-
ñòâóþò ðåçîíàíñíûå ñêîðîñòè äâèæåíèÿ ïðè 
V ≈ 10–15 ì/ñ. Ãðàôèêè, ïðåäñòàâëåííûå íà 
ðèñ. 2, 3, ïîçâîëèëè òàêæå îöåíèòü ðàññåèâà-
íèå õàðàêòåðèñòèê âûõîäíûõ ïåðåìåííûõ (íà-
ãðóçîê íà àãðåãàòû). Íà ãðàôèêàõ çàøòðèõî-
âàííûå îáëàñòè èëëþñòðèðóþò ðàññåèâàíèå 
êîëåáàíèé è ïîçâîëÿþò îöåíèòü êîýôôèöèåí-
òû âàðèàöèè V(z). Â òàáëèöå ïðèâîäÿòñÿ ñîîò-
âåòñòâóþùèå ïàðàìåòðû ïðè ñðåäíèõ ñêîðî-
ñòÿõ äâèæåíèÿ ìàøèí.

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòîâ ïî ôîð-
ìóëàì (1), (6), (15) ïîêàçàíû íà ðèñ. 2 è 3. Èç 
ãðàôèêîâ âèäíî, ÷òî ïîãðåøíîñòü âû÷èñëåíèÿ 
ïåðåãðóçîê çàâèñèò îò äèíàìè÷åñêèõ ïàðàìå-
òðîâ ìàøèí è ñïåêòðîâ âîçäåéñòâèé.

Âûâîäû
Äëÿ ïðàêòè÷åñêèõ ðàñ÷åòîâ äîïóñòèìî èñ-

ïîëüçîâàíèå ôîðìóë (1), (6), (15). Èñïîëüçî-
âàíèå ôîðìóëû (6) òàêæå äîïóñòèìî, êðîìå 
ñëó÷àåâ, êîãäà ðàñ÷åòû âåäóòñÿ äëÿ ìàøèí, 
äâèæóùèõñÿ ïî äîðîãàì ñ íèçêî÷àñòîòíûì 
ñïåêòðàëüíûì ñîñòàâîì íåðîâíîñòåé, ó ìàøèí 
ñ íèçêèì çíà÷åíèåì êîýôôèöèåíòîâ ñâÿçè êîëå-
áàíèé õîäîâîé è óïðàâëÿåìîé ÷àñòè ìîëîòèëêè.

Ëèòåðàòóðà
1. Ðàñ÷åò ñëó÷àéíûõ êîëåáàíèé êîðïóñà çåðíîóáî-

ðî÷íîãî êîìáàéíà êëàññà «Äîí» / Ãðîøåâ Ë.Ì., 
Ïàðòêî Ñ.À., Ëóêîíèí À.Þ.:  ñâèäåòåëüñòâî î ãî-
ñóäàðñòâåííîé ðåãèñòðàöèè ïðîãðàììû äëÿ ÝÂÌ 

Òàáëèöà 
Ïàðàìåòðû ðàñïðåäåëåíèÿ íàãðóçîê â àãðåãàòàõ ìîáèëüíûõ ìàøèí ÀÏÊ

Òèï ìàøèíû Àãðîôîí Ñêîðîñòü 
äâèæåíèÿ

z
g


V

z

ÑÊ – 5, «Íèâà»
ñòåðíÿ 0,83 0,35 0,06

äîðîãà 0,6 0,85 0,085

ÌÒÀ Òðàêòîð Ê-700À, 
òåëåæêà 2 ÏÃÑ-4

ñòåðíÿ 3,8 0,45 0,095

äîðîãà 8,3 0,53 0,01

ÌÒÀ Òðàêòîð Ò-150À, 
êîìáàéí ÊÊÓ-7Â

ñòåðíÿ 1,2 0,35 0,015

äîðîãà 3,6 0,4 0,015

ÌÒÀ Òðàêòîð Ò-150À, 
ïëóã ÏÐ-2,7 ïàøíÿ 0,75 0,35 0,05



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

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

Ïàðòêî Ñ.À., Ãðîøåâ Ë.Ì., Ñèðîòåíêî À.Í., Âîéíàø Ñ.À.

60

№ 2012614015 – № 2012611617; çàÿâë. 07.03.2012; 
çàðåã. 28.04.2012.

2. Ãðîøåâ Ë.Ì., Ïàðòêî Ñ.À., Äüÿ÷åíêî À.Ã. Ïîâû-
øåíèå ðàáîòîñïîñîáíîñòè áîðòîâîãî ðåäóêòîðà 
êîìáàéíà ñåðèè «Äîí» // Ñîñòîÿíèå è ïåðñïåê-
òèâû ðàçâèòèÿ ñåëüñêîõîçÿéñòâåííîãî ìàøèíî-
ñòðîåíèÿ: ñá.ñò. VII Ìåæäóíàð. íàó÷.-ïðàêò. êîí-
ôåðåíöèè, â ðàìêàõ 17-é Ìåæäóíàð. àãðîïðîì. 
âûñòàâêè «Èíòåðàãðîìàø-2014». Ðîñòîâ í/Ä., 
2014. Ñ. 89–90.

3. Ïàðòêî Ñ.À. Îïòèìèçàöèÿ êîëåáàòåëüíûõ ïàðà-
ìåòðîâ õîäîâîé ñèñòåìû óáîðî÷íîãî êîìáàéíà // 
Âåñòíèê Äîíñêîãî ãîñóäàðñòâåííîãî òåõíè÷åñêî-
ãî óíèâåðñèòåòà. 2008. Ò. 8. № 2 (37). Ñ. 141–144.

4. Ãðîøåâ Ë.Ì., Ïàðòêî Ñ.À., Ñèðîòåíêî À.Í. Âëè-
ÿíèå ïðîäîëüíî-óãëîâûõ êîëåáàíèé ìîëîòèëêè 
çåðíîóáîðî÷íîãî êîìáàéíà íà ïëàâíîñòü õîäà 
æàòêè // Âåñòíèê Äîíñêîãî ãîñóäàðñòâåííîãî 
òåõíè÷åñêîãî óíèâåðñèòåòà. 2017. Ò. 17. № 2 (89). 
Ñ. 131–135.

5. Ïàðòêî Ñ.À. Ðàçðàáîòêà ìåòîäèêè ïîâûøåíèÿ 
ðàáîòîñïîñîáíîñòè õîäîâîé ñèñòåìû çåðíîó-
áîðî÷íîãî êîìáàéíà çà ñ÷åò óëó÷øåíèÿ åå äè-
íàìè÷åñêèõ ñâîéñòâ: äèñ. ... êàíä., òåõí. íàóê: 
05.02.13. – ìàøèíû, àãðåãàòû è ïðîöåññû (ïî îò-
ðàñëÿì ÀÏÊ); ÄÃÒÓ. Ðîñòîâ í/Ä, 2012. 155 ñ.

6. Ãðîøåâ Ë.Ì., Ïàðòêî Ñ.À., Ñèðîòåíêî À.Í. 
Ïðèìåíåíèå ìåòîäîâ ìàòåìàòè÷åñêîãî ìîäåëè-
ðîâàíèÿ ïðè èññëåäîâàíèè äèíàìèêè êîðïóñîâ 
ìîáèëüíûõ ñåëüñêîõîçÿéñòâåííûõ ìàøèí // Íà-
ó÷íîå îáîçðåíèå. 2016. № 23. Ñ. 92–95.

7. Ãðîøåâ Ë.Ì., Ïàðòêî Ñ.À Âëèÿíèå âàðèàöèè 
ìàññîâî-ãåîìåòðè÷åñêèõ è óïðóãî-äèññèïàòèâ-
íûõ õàðàêòåðèñòèê ìîáèëüíîãî àãðåãàòà íà åãî 
äèíàìè÷åñêóþ íàãðóæåííîñòü // Ñîñòîÿíèå è 
ïåðñïåêòèâû ðàçâèòèÿ ñåëüñêîõîçÿéñòâåííîãî 
ìàøèíîñòðîåíèÿ: ñá.ñò. X Ìåæäóíàð. þáèëåéíîé 
íàó÷.-ïðàêò. êîíôåðåíöèè â ðàìêàõ 20-é Ìåæäó-
íàð. àãðîïðîì. âûñòàâêè «Èíòåðàãðîìàø-2017». 
Ðîñòîâ í/Ä., 2017. Ñ. 39–41.

8. Êàìêå Ý. Ñïðàâî÷íèê ïî îáûêíîâåííûì äèôôå-
ðåíöèàëüíûì óðàâíåíèÿì. Ì.: Íàóêà, 1971. 575 ñ.

9. Õèììåëüáëàó Ä. Àíàëèç ïðîöåññîâ ñòàòèñòè÷å-
ñêèìè ìåòîäàìè. Ì.: Ìèð, 1973. 957 ñ.

References
1. Groshev L.M., Partko S.A., Lukonin A.YU. Raschet 

sluchajnyh kolebanij korpusa zernouborochnogo kom-
bajna klassa «Don» [Calculation of random fluctuations 
in the case of a combine harvester of the «Don» class]. 
Svi-detel'stvo o gosudarstvennoj registracii program-
my dlya EHVM No 2012614015 – No 2012611617; 
zayavl. 7.03.2012 g.; zareg. 28.04.2012 g.

2. Groshev L.M., Partko S.A., D'yachenko A.G. Im-
proving the performance of the onboard gearbox 
combine harvester of the «Don” series. Sostoyanie i 
perspektivy razvitiya sel'skohozyajstvennogo mash-
inostroeniya: sb.st. VII Mezhdunar. nauch.-prakt. 
konferencii, v ramkah 17-j Mezhdunar. agroprom. 
vystavki «Interagromash-2014» [State and pros-
pects of development of agricultural engineering: 
Collection of articles of VII International scientific 
and practical conference in the framework of 17th 
International Agroindustial exhibition «Interagro-
mash»]. Rostov n/D., 2014, pp. 89–90 (in Russ.).

3. Partko S.A. Optimization of vibrational parameters 
of undercarriage of harvester. Vestnik Donskogo 
gosudarstven-nogo tekhnicheskogo universiteta. 
2008. Vol. 8. No 2(37), pp. 141–144 (in Russ.).

4. Groshev L.M., Partko S.A., Sirotenko A.N. The 
influence of longitudinal – angular oscillations of 
the thresher of a combine harvester on the smooth-
ness of header movement. Vestnik Donskogo gosu-
darstvennogo tekhnicheskogo universiteta. 2017. 
Vol. 17. No 2 (89), pp. 131–135 (in Russ.).

5. Partko S.A. Razrabotka metodiki povysheniya rabo-
tosposobnosti hodovoj sistemy zernouborochnogo 
kom-bajna za schet uluchsheniya ee dinamicheskih 
svojstv: dis... kand., tekhn. nauk [Development of 
methods to improve the performance of the chassis of 
the combine harvester by improving its dynamic prop-
erties: Dissertation for degree of Ph.D. (Engineering)]: 
05.02.13. – mashiny, agregaty i processy (po otrasly-
am APK), DGTU, Rostov n/D, 2012, 155 p.

6. Groshev L.M., Partko S.A., Sirotenko A.N. Application 
of methods of mathematical modeling in the study of 
the dynamics of bodies of mobile agricultural vehicles. 
Nauchnoe obozrenie. 2016. No 23, pp. 92–95 (in Russ.).

7. Groshev L.M., Partko S.A The effect of variation of 
mass-geometric and elastic-dissipative characteris-
tics of a mo-bile unit on its dynamic loading. Sostoy-
anie i perspektivy razvitiya sel'skohozyajstvennogo 
mashinostroeniya: sb.st. X Mezhdunar. yubilejnoj 
nauch.-prakt. konferencii v ramkah 20-j Mezhdunar. 
agroprom. vystavki «Interagromash-2017» [The state 
and prospects of development of agricultural engi-
neering: Collection of articles of International jubilee 
scientific and practical conference in the framework 
20th International Agroindustial exhibition «Intera-
gro-mash»]. Rostov n/D., 2017, pp. 39–41 (in Russ.).

8. Kamke EH. Spravochnik po obyknovennym differen-
cial'nym uravneniyam [Handbook of ordinary differ-
ential equations]. Moscow: Nauka Publ., 1971. 575 p.

9. Himmel'blau D. Analiz processov statisticheski-
mi metodami [Analysis of processes by statistical 
methods]. Mos-cow: Mir Publ., 1973. 957 p.



Ðåãóëèðîâàíèå ðåæèìîâ ðàáîòû òðàêòîðíûõ äèçåëåé ïðîïóñêîì ïîäà÷ òîïëèâà

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

Ê
À

×
Å

Ñ
Ò

Â
Î

, 
Í

À
Ä

Å
Æ

Í
Î

Ñ
Ò

Ü

61

ÓÄÊ 621.43.038

DOI: 10.31992/0321-4443-2019-2-61-66

ÐÅÃÓËÈÐÎÂÀÍÈÅ ÐÅÆÈÌÎÂ ÐÀÁÎÒÛ ÒÐÀÊÒÎÐÍÛÕ 
ÄÈÇÅËÅÉ ÏÐÎÏÓÑÊÎÌ ÏÎÄÀ× ÒÎÏËÈÂÀ

REGULATION OF TRACTOR DIESEL ENGINE OPERATION 
MODES BY MISSING FUEL DISTRIBUTION

Â.È. ÏÎÒÀÏÎÂ1

Ý.Ì. ÃÀÉÑÈÍ1, ê.ò.í.
Ð.Ð. ÃÀËÈÓËËÈÍ1, ä.ò.í.
À.Ñ. ÐÎÆÊÎÂ2, ê.ò.í.
1 Áàøêèðñêèé ãîñóäàðñòâåííûé àãðàðíûé óíèâåðñèòåò, 

Óôà, Ðîññèÿ
2 Êàëèíèíãðàäñêèé ôèëèàë Ñàíêò-Ïåòåðáóðãñêîãî 

ãîñóäàðñòâåííîãî àãðàðíîãî óíèâåðñèòåòà, 
Êàëèíèíãðàä, Ðîññèÿ, gaisin@inbox.ru

Â ñòàòüå ðàññìàòðèâàåòñÿ óëó÷øåíèå ýôôåêòèâíûõ ïîêàçàòåëåé äèçåëüíûõ äâèãàòåëåé òðàêòîðîâ íà ðåæèìàõ 
õîëîñòûõ îáîðîòîâ è ìàëûõ íàãðóçîê. Âîçìîæíûì ñïîñîáîì óëó÷øåíèÿ ïîêàçàòåëåé ðàáîòû íà òàêèõ ðåæè-
ìàõ ÿâëÿåòñÿ îòêëþ÷åíèå öèëèíäðîâ. Îäíàêî ó ýòîãî ìåòîäà ðåãóëèðîâàíèÿ åñòü ðÿä íåäîñòàòêîâ, â ÷àñòíîñòè 
ñòóïåí÷àòîå èçìåíåíèå õàðàêòåðèñòèêè óäåëüíîãî ðàñõîäà òîïëèâà. Öåëü ðàáîòû – ïîâûøåíèå òîïëèâíîé ýêî-
íîìè÷íîñòè òðàêòîðíûõ äèçåëåé ïðè ðåãóëèðîâàíèè ðåæèìîâ ðàáîòû îòêëþ÷åíèåì öèëèíäðîâ. Èññëåäîâàíèÿ 
ïðîâîäèëèñü íà òðàêòîðíûõ äèçåëüíûõ äâèãàòåëÿõ 2×105õ120 è 4×105õ120, îñíàùåííûõ ðàñïðåäåëèòåëüíûìè 
íàñîñàìè òèïà ÍÄ. Èñïûòàíèÿ äèçåëüíûõ äâèãàòåëåé 2×105õ120 è 4×105õ120 ïîêàçàëè, ÷òî ïî ìåðå îòêëþ÷å-
íèÿ öèëèíäðîâ ýêîíîìè÷íîñòü äâèãàòåëåé óõóäøàëàñü äàæå íà ìàëûõ íàãðóçêàõ. Ïðè äàëüíåéøèõ èñïûòàíèÿõ 
âûÿñíèëîñü, ÷òî äëÿ äîñòèæåíèÿ íåîáõîäèìîãî ïðè ðàáîòå ñ íàñîñîì ðàñïðåäåëèòåëüíîãî òèïà ýôôåêòà îò 
îòêëþ÷åíèÿ öèëèíäðîâ òðåáóåòñÿ êîððåêòèðîâêà öèêëîâîé ïîäà÷è òîïëèâà â ðàáîòàþùèé öèëèíäð. Õàðàê-
òåðíîé îñîáåííîñòüþ íàñîñîâ ðàñïðåäåëèòåëüíîãî òèïà ÿâèëîñü òî, ÷òî îòêëþ÷åíèå ïîäà÷è â îäèí öèëèíäð 
ñóùåñòâåííî èçìåíÿëî öèêëîâóþ ïîäà÷ó â äðóãîé – îñòàþùèéñÿ ðàáîòàòü – öèëèíäð. Â îäíîì ñëó÷àå îíà îêà-
çûâàëàñü áîëüøå òðåáóåìîãî è ïðè åå óìåíüøåíèè óäåëüíûé ðàñõîä òîïëèâà ñíèæàëñÿ. Â äðóãîì ñëó÷àå, êîãäà 
öèêëîâàÿ ïîäà÷à áûëà ìåíüøå, óäåëüíûé ðàñõîä òîïëèâà ìîæíî áûëî ñíèçèòü åå óâåëè÷åíèåì. Âûÿâèëîñü, ÷òî 
ïðè ïðîñòîì îòêëþ÷åíèè öèëèíäðîâ îñòàåòñÿ íåðåàëèçîâàííàÿ çîíà, â êîòîðîé ìîæíî äîïîëíèòåëüíî ïîëó-
÷èòü ýêîíîìèþ òîïëèâà. Îäíèì èç ñïîñîáîâ ðåàëèçàöèè ýòîé çîíû ìîæåò ñòàòü ïåðåõîä îò îòêëþ÷åíèÿ öèëèí-
äðîâ ê îòêëþ÷åíèþ îòäåëüíûõ ïîäà÷ òîïëèâà. Ðåàëèçîâàòü äàííûé ìåòîä âîçìîæíî ïðè îñíàùåíèè òîïëèâíîé 
ñèñòåìû äèçåëÿ ýëåêòðîííî-óïðàâëÿåìûì áûñòðîäåéñòâóþùèì êëàïàíîì, êîòîðûé â çàâèñèìîñòè îò ðåæèìà 
ðàáîòû äâèãàòåëÿ áóäåò ðåàëèçîâûâàòü íåîáõîäèìûé ïðîïóñê ïîäà÷ òîïëèâà è ðåãóëèðîâêó âåëè÷èíû öèêëî-
âîé ïîäà÷è ïî îòäåëüíûì öèëèíäðàì. Â êà÷åñòâå ýëåêòðîìàãíèòíîãî êëàïàíà äëÿ îòêëþ÷åíèÿ ïîäà÷è òîïëèâà 
áûë èñïîëüçîâàí êëàïàí ôèðìû Denso. Äëÿ óïðàâëåíèÿ ðàáîòîé ïåðåïóñêíîãî êëàïàíà áûë ðàçðàáîòàí ýëåê-
òðîííûé ðåãóëÿòîð. Ðåçóëüòàòû èñïûòàíèé ïîêàçàëè, ÷òî ïðè ïåðåõîäå îò ïðîñòîãî îòêëþ÷åíèÿ öèëèíäðîâ ê 
ðåãóëèðîâàíèþ ðåæèìîâ ðàáîòû ïðîïóñêîì îòäåëüíûõ ïîäà÷ òîïëèâà óäåëüíûé ðàñõîä òîïëèâà ìåíÿëñÿ ïëàâ-
íî è äèàïàçîí ìîùíîñòåé, ïðè êîòîðûõ äèçåëüíûé äâèãàòåëü ðàáîòàåò íà äàííîì ðåæèìå, ñîõðàíÿåòñÿ òàêèì 
æå, ÷òî è ïðè ðàáîòå ñî âñåìè öèëèíäðàìè.
Êëþ÷åâûå ñëîâà: äèçåëüíûé äâèãàòåëü, îòêëþ÷åíèå öèëèíäðîâ, íàñîñ, ðàñõîä òîïëèâà, ìîùíîñòü.

The article discusses the improvement of the effective performance of diesel engines of tractors at idle and low loads. 
A possible way to improve performance in such modes is deactivation of cylinders. However, this method of regula-
tion has a number of disadvantages, in particular, a step change in the characteristic of specific fuel consumption. The 
goal is to increase the fuel efficiency of tractor diesel en-gines when regulating the operation modes by switching off 
the cylinders. Studies were conducted on tractor diesel engines 2Ch105õ120 and 4Ch105õ120, equipped with distri-
bution pumps of dispenser type. Tests of 2Ch105õ120 and 4Ch105õ120 diesel engines showed that as the cylinders 
were disconnected, the engine efficiency reduced even at low loads. Upon further testing, it turned out that in order 
to achieve the distribution effect of the cylinder shutdown needed when working with the pump of the distribution 
type, a cyclic fuel supply correction to the operating cylinder is required. A characteristic feature of distribution type 
pumps was that shutting off the supply to one cylinder significantly changed the cycle flow to the other remaining 
cylinder. In one case, it turned out to be more than the required one and with its decrease, the specific fuel consump-
tion decreased. In another case, when the cycle feed was less, the specific fuel consumption could be possible to 
reduce by its increasing. It turned out that with a simple shutdown of the cylinders, there remains an unrealized zone 
in which you can additionally receive fuel economy. One of the ways to implement this zone can be the transition 
from disconnecting cylinders to disconnecting individual fuel supplies. It is possible to implement this method by 
equipping the diesel fuel system with an electronically-controlled high-speed valve, which, depending on the engine's 
operating mode, will re-alize the necessary omission of fuel supply and adjustment of the cycle feed amount for in-
dividual cylin-ders. A Denso valve was used as a solenoid valve to shut off the fuel supply. An electronic regulator 
has been developed to control the operation of the cross-valve. The test results showed that when switching from 
simple shutdown of cylinders to regulating the operation modes by skipping individual fuel feeds, the specific fuel 
consumption changed smoothly and the power range at which the diesel engine operates in this mode remains the 
same as during work with all cylinders.
Keywords: diesel engine, cylinder shutdown, pump, fuel consumption, power.
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Ââåäåíèå
Íà ñåãîäíÿøíèé äåíü èç-çà ïîñòîÿííîãî 

óäîðîæàíèÿ òîïëèâà àêòóàëüíîé çàäà÷åé ÿâëÿ-
åòñÿ åãî ýêîíîìèÿ. 

Äèçåëüíûå äâèãàòåëè, ïðèìåíÿåìûå íà àâ-
òîòðàêòîðíûõ ñðåäñòâàõ, ðàáîòàþò â øèðîêèõ 
äèàïàçîíàõ íàãðóçîê è ÷àñòîò âðàùåíèÿ. Íàè-
áîëüøèå ýêîíîìè÷åñêèå ïîêàçàòåëè äîñòèãà-
þòñÿ íà ðåæèìàõ, áëèçêèõ ê íîìèíàëüíûì. Ñ 
óìåíüøåíèåì íàãðóçêè, à òàêæå ïðè ïåðåõîäå íà 
íåóñòàíîâèâøèåñÿ íàãðóçêè èõ ýôôåêòèâíûå ïî-
êàçàòåëè óõóäøàþòñÿ. Ýòî âî ìíîãîì îáúÿñíÿåò-
ñÿ îñîáåííîñòüþ ðàáîòû èõ òîïëèâíîé ñèñòåìû, 
à èìåííî ñ óìåíüøåíèåì îáîðîòîâ è íàãðóçîê 
ñíèæàåòñÿ äàâëåíèå è âåëè÷èíà âïðûñêèâàåìîãî 
â öèëèíäð òîïëèâà, è, â èòîãå, âïðûñê îêàçûâàåò-
ñÿ «âÿëûì», óõóäøàåòñÿ êà÷åñòâî ñìåñåîáðàçî-
âàíèÿ è ñãîðàíèÿ [1]. 

Ðåøåíèþ ýòîé ïðîáëåìû â îïðåäåëåííîé 
ìåðå ìîæåò ñïîñîáñòâîâàòü âïðûñê óâåëè-
÷åííîé öèêëîâîé ïîäà÷è òîïëèâà íà ðåæèìàõ 
ìàëûõ íàãðóçîê, íàïðèìåð, ðåãóëèðóÿ ðåæèìû 
ðàáîòû äâèãàòåëÿ ïóòåì îòêëþ÷åíèÿ öèëèí-
äðîâ. Îäíàêî ó òàêîãî ñïîñîáà ðåãóëèðîâàíèÿ 
åñòü ðÿä íåäîñòàòêîâ, â ÷àñòíîñòè ñòóïåí÷àòîå 
èçìåíåíèå óäåëüíîãî ðàñõîäà òîïëèâà [2]. 

Ñîâðåìåííûå äèçåëüíûå äâèãàòåëè îñ-
íàùåíû ðàçëè÷íîé òîïëèâíîé àïïàðàòóðîé: 
àêêóìóëÿòîðíûå ñèñòåìû, íàñîñ-ôîðñóíêè 
è ñèñòåìû íåïîñðåäñòâåííîãî äåéñòâèÿ. Ïðè-
ìåíåíèå ñïîñîáà ðåãóëèðîâàíèÿ îòêëþ÷åíèåì 
öèëèíäðîâ óäîáíî â ñèñòåìàõ ñ ýëåêòðîííûì 
óïðàâëåíèåì, êàê ýòî ðåàëèçîâàíî â ñîâðåìåí-
íûõ ñèñòåìàõ îòêëþ÷åíèÿ öèëèíäðîâ àâòîìî-
áèëüíûõ äâèãàòåëåé (Honda, Volkswagen, Ford, 
BMW è äð.).

Äîñòàòî÷íî áîëüøàÿ äîëÿ äèçåëüíûõ äâè-
ãàòåëåé èìååò òîïëèâíóþ ñèñòåìó íåïîñðåä-
ñòâåííîãî äåéñòâèÿ. Îíè îñíàùåíû ðÿäíûìè, 
V-îáðàçíûìè è ðàñïðåäåëèòåëüíûìè òîïëèâ-
íûìè íàñîñàìè âûñîêîãî äàâëåíèÿ (ÒÍÂÄ). 
Åñëè ïåðåâîäèòü äèçåëüíûå äâèãàòåëè, îñíà-
ùåííûå ðÿäíûìè è V-îáðàçíûìè ÒÍÂÄ, íà 
ðåãóëèðîâàíèå îòêëþ÷åíèåì öèëèíäðîâ, òî 
äîïîëíèòåëüíî íà êàæäóþ ëèíèþ âûñîêîãî 
äàâëåíèÿ íåîáõîäèìî óñòàíàâëèâàòü óñòðîé-
ñòâî îòêëþ÷åíèÿ. Èëè íåîáõîäèìî ïðèìåíÿòü 
ñïåöèàëüíóþ êîíñòðóêöèþ ÒÍÂÄ, íàïðèìåð, 
êàê áûëî ðåàëèçîâàíî â äâèãàòåëå Ä-130 òðàê-
òîðà Ò-130 [3]. 

Óäîáñòâî ðàñïðåäåëèòåëüíûõ íàñîñîâ â òîì, 
÷òî îíè èìååò îäíó ñåêöèþ âûñîêîãî äàâëåíèÿ, 
îáñëóæèâàþùóþ âñå öèëèíäðû äâèãàòåëÿ.

Öåëü èññëåäîâàíèÿ 
Ïîâûøåíèå òîïëèâíîé ýêîíîìè÷íîñòè 

òðàêòîðíûõ äèçåëåé ïðè ðåãóëèðîâàíèè ðåæè-
ìîâ ðàáîòû îòêëþ÷åíèåì öèëèíäðîâ.

Ìàòåðèàëû è ìåòîäû
Èññëåäîâàíèÿ ïðîâîäèëèñü ïî îáùåïðè-

íÿòîé ìåòîäèêå [4]. íà òðàêòîðíûõ äèçåëüíûõ 
äâèãàòåëÿõ 2×105õ120 è 4×105õ120, îñíàùåí-
íûõ ðàñïðåäåëèòåëüíûìè íàñîñàìè òèïà ÍÄ. 
Èññëåäîâàíèÿ ïðîâîäèëèñü. 

Ðåçóëüòàòû è îáñóæäåíèå
Ïîñëåäîâàòåëüíîå âûêëþ÷åíèå öèëèíäðîâ 

ïðåäâàðèòåëüíî èññëåäîâàëîñü íà ÷åòûðåõöè-
ëèíäðîâîì äèçåëå 4×105õ120 ñî øòàòíûì íà-
ñîñîì ðàñïðåäåëèòåëüíîãî òèïà. Ðåçóëüòàòû 
ïðåäñòàâëåíû íà ðèñ. 1.

Ðèñ. 1. Íàãðóçî÷íûå õàðàêòåðèñòèêè äèçåëÿ 
4×105õ120 ïðè ðàáîòå ñ íàñîñîì ÍÄ-21/4 ïðè 
÷àñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà 1100 ìèí-1: 
● – ðàáîòàþò âñå öèëèíäðû; ○ – âûêëþ÷åí îäèí 

öèëèíäð; Δ – âûêëþ÷åíû äâà öèëèíäðà; 
 – îòêëþ÷åíû òðè öèëèíäðà

Ðåçóëüòàòû èñïûòàíèé ïîêàçàëè, ÷òî ïî ìåðå 
îòêëþ÷åíèÿ öèëèíäðîâ ýêîíîìè÷íîñòü äâèãàòå-
ëÿ óõóäøàëàñü äàæå íà ìàëûõ íàãðóçêàõ.

Äàëüíåéøèå èññëåäîâàíèÿ ïðîâîäèëèñü 
íà äâóõöèëèíäðîâîì äèçåëå 2×105õ120, ñ òåì 
÷òîáû, ïî âîçìîæíîñòè, ñíèçèòü âëèÿíèå íåèäåí-
òè÷íîñòè öèëèíäðîâ íà ðåçóëüòàòû èñïûòàíèé.

Èñïûòàíèÿ äâóõöèëèíäðîâîãî äèçåëüíîãî 
äâèãàòåëÿ 2×105õ120 ïðîâîäèëèñü íà ðåæè-
ìàõ ìàëûõ íàãðóçîê, îáåñïå÷èâàåìûõ ðàáîòîé 
îäíîãî öèëèíäðà. Ðåçóëüòàòû ïðèâåäåíû íà 
ðèñ. 2.



Ðåãóëèðîâàíèå ðåæèìîâ ðàáîòû òðàêòîðíûõ äèçåëåé ïðîïóñêîì ïîäà÷ òîïëèâà
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Èç ãðàôèêîâ âèäíî, ÷òî ïðè îòêëþ÷åíèè 
ëþáîãî öèëèíäðà, òàê æå êàê è íà äèçåëå 
4×105õ120, ýêîíîìè÷íîñòü äâèãàòåëÿ íå ïîâû-
ñèëàñü, à, íàîáîðîò, óõóäøèëàñü (ðèñ. 2, à). 

Ïðè äàëüíåéøèõ èñïûòàíèÿõ âûÿñíèëîñü, 
÷òî äëÿ äîñòèæåíèÿ íåîáõîäèìîãî ïðè ðàáîòå 
ñ íàñîñîì ðàñïðåäåëèòåëüíîãî òèïà ýôôåêòà 
îò îòêëþ÷åíèÿ öèëèíäðîâ òðåáóåòñÿ êîððåê-
òèðîâêà öèêëîâîé ïîäà÷è òîïëèâà â ðàáîòà-
þùèé öèëèíäð. Õàðàêòåðíîé îñîáåííîñòüþ 
íàñîñîâ ðàñïðåäåëèòåëüíîãî òèïà ÿâèëîñü 
òî, ÷òî îòêëþ÷åíèå ïîäà÷è â îäèí öèëèíäð 
ñóùåñòâåííî èçìåíÿëî öèêëîâóþ ïîäà÷ó â 
äðóãîé îñòàþùèéñÿ – ðàáîòàòü öèëèíäð. Â 
îäíîì ñëó÷àå îíà îêàçûâàëàñü áîëüøå òðåáó-
åìîãî è ïðè åå óìåíüøåíèè óäåëüíûé ðàñõîä 
òîïëèâà ñíèæàëñÿ. Â äðóãîì ñëó÷àå, êîãäà öè-
êëîâàÿ ïîäà÷à áûëà ìåíüøå, óäåëüíûé ðàñõîä 
òîïëèâà ìîæíî áûëî ñíèçèòü åå óâåëè÷åíèåì 
(ðèñ. 2, á). 

Èç ðèñ. 2 âèäíî, ÷òî ïðè îòêëþ÷åíèè îäíîãî 
öèëèíäðà ñíèæåíèå óäåëüíîãî ðàñõîäà òîïëè-
âà íàáëþäàëàñü â äèàïàçîíå ìîùíîñòåé îò 0,8 
äî 3,7 êÂò. Íàïðèìåð, ïðè ðàáîòå íà ïåðâîì 
öèëèíäðå íà ðåæèìå ñ ìîùíîñòüþ 3 êÂò è ÷à-
ñòîòîé âðàùåíèÿ 1100 ìèí-1 óäåëüíûé ðàñõîä 
òîïëèâà, ïî ñðàâíåíèþ ñ ðàáîòîé íà äâóõ öè-
ëèíäðàõ, ñíèçèëñÿ íà 50 ã/(êÂò·÷). Äàëüíåéøåå 
óâåëè÷åíèå íàãðóçêè ïðèâîäèëî ê óõóäøåíèþ 
ýêîíîìè÷íîñòè, è äëÿ ïðåîäîëåíèÿ âîçðàñòàþ-
ùåé íàãðóçêè òðåáîâàëîñü âêëþ÷åíèå â ðàáîòó 
âòîðîãî öèëèíäðà. 

Èç ïðèâåäåííûõ äàííûõ ñëåäóåò, ÷òî îò-
êëþ÷åíèå îäíîãî öèëèíäðà ñíèæàåò ìàêñè-
ìàëüíóþ ìîùíîñòü äëÿ ðåæèìà ñ ÷àñòîòîé 
âðàùåíèÿ 1100 ìèí-1 ñ 6 äî 3,7 êÂò. Ïðè ýòîì 
ïîÿâëÿåòñÿ íåðåàëèçîâàííàÿ çîíà, îòìå÷åííàÿ 
íà ðèñ. 2, á øòðèõîâêîé.

Îäíèì èç ñïîñîáîâ ðåàëèçàöèè ýòîé çîíû 
ìîæåò ñòàòü ïåðåõîä îò îòêëþ÷åíèÿ öèëèí-
äðîâ ê îòêëþ÷åíèþ îòäåëüíûõ ïîäà÷ òîïëèâà 
[5]. Íàïðèìåð, ïðè ñíèæåíèè íàãðóçêè íà 20 % 
îòêëþ÷àþò îðèåíòèðîâî÷íî êàæäóþ ïÿòóþ 
ïîäà÷ó (ðèñ. 3), íà 10 % – äåñÿòóþ, íà 1 % – 
ñîòóþ è ò.ä. Ïðè ýòîì â ïðîäîëæàþùèå ðàáî-
òàòü öèëèíäðû áóäåò âïðûñêèâàòüñÿ óâåëè÷åí-
íûé îáúåì òîïëèâà. 

Ðèñ. 3. Óñëîâíûå îñöèëëîãðàììû ïîäúåìà 
èãëû ðàñïûëèòåëÿ hè, ïîÿñíÿþùèå ÷èñëî m 

ðåàëèçîâàííûõ î÷åðåäíûõ è ïîðÿäêîâûé íîìåð 
ê ïðîïóñêàåìîé ïîäà÷è ïðè ðàáîòå äâèãàòåëÿ 

ñ 80%-é íàãðóçêîé

Ðåàëèçîâàòü äàííûé ìåòîä âîçìîæíî ïðè îñ-
íàùåíèè òîïëèâíîé ñèñòåìû äèçåëÿ ýëåêòðîí-
íî-óïðàâëÿåìûì áûñòðîäåéñòâóþùèì êëàïà-
íîì, êîòîðûé â çàâèñèìîñòè îò ðåæèìà 

Ðèñ. 2. Íàãðóçî÷íûå õàðàêòåðèñòèêè äèçåëÿ 2×105õ120 ñ íàñîñîì ðàñïðåäåëèòåëüíîãî òèïà ÍÄ-21/2 
ïðè ÷àñòîòå âðàùåíèÿ êîëåí÷àòîãî âàëà 1100 ìèí-1 è ðàáîòå: 

● – íà äâóõ öèëèíäðàõ; Δ – íà ïåðâîì öèëèíäðå;  – íà âòîðîì öèëèíäðå; 
à) è á) – äî è ïîñëå êîððåêòèðîâêè öèêëîâûõ ïîäà÷, ñîîòâåòñòâåííî
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ðàáîòû äâèãàòåëÿ áóäåò ðåàëèçîâûâàòü íåîá-
õîäèìûé ïðîïóñê ïîäà÷ òîïëèâà è ðåãóëèðîâ-
êó âåëè÷èíû öèêëîâîé ïîäà÷è ïî îòäåëüíûì 
öèëèíäðàì.

Îñîáåííîñòü ðàñïðåäåëèòåëüíûõ íàñîñîâ â 
òîì, ÷òî ìíîãèå ìîäåëè èìåþò òåõíîëîãè÷å-
ñêèé êàíàë â öåíòðå êîðïóñà ñåêöèè âûñîêîãî 
äàâëåíèÿ. Ýòîò êàíàë ñîåäèíåí ñ ëèíèåé âûñî-
êîãî äàâëåíèÿ è çàãëóøåí áîëòîì [6]. 

Ïðè îñíàùåíèè ñèñòåìîé ïðîïóñêà ïîäà÷è 
òîïëèâà äèçåëüíîãî äâèãàòåëÿ ñ ÒÍÂÄ ðàñïðå-
äåëèòåëüíîãî òèïà äîñòàòî÷íî îäíîãî ýëåêòðî-
ìàãíèòíîãî êëàïàíà. 

Â êà÷åñòâå ýëåêòðîìàãíèòíîãî êëàïàíà äëÿ 
îòêëþ÷åíèÿ ïîäà÷è òîïëèâà áûë èñïîëüçîâàí 
êëàïàí ôèðìû Denso. Ýòîò êëàïàí âêðó÷èâàë-
ñÿ â êîðïóñ-øòóöåð, êîòîðûé â ñâîþ î÷åðåäü 
ââîðà÷èâàëñÿ â êîðïóñ ÒÍÂÄ (ðèñ. 4).

Äëÿ óïðàâëåíèÿ ðàáîòîé ïåðåïóñêíîãî êëà-
ïàíà áûë ðàçðàáîòàí ýëåêòðîííûé ðåãóëÿòîð, 
ôóíêöèîíàëüíàÿ ñõåìà êîòîðîãî ïðèâåäåíà íà 
ðèñ. 5.

Ýëåêòðîìàãíèòíûé êëàïàí 1 ïîëó÷àåò èì-
ïóëüñû îò ïðîöåññîðà 3 ýëåêòðîííîãî áëîêà 
óïðàâëåíèÿ II è êîììóòàòîðà 2 â ñîîòâåòñòâèè ñ 
ñèãíàëàìè, ïîñòóïàþùèìè îò äàò÷èêîâ III è IV.

Ïîëó÷àåìûå ñèãíàëû ïðåäâàðèòåëüíî ïðå-
îáðàçîâûâàþòñÿ â öèôðîâîé êîä àíàëîãî-öèôðî-
âûì ïðåîáðàçîâàòåëåì 7. Çàòåì ïðîöåññîð 3 âû-
÷èñëÿåò àäðåñ çíà÷åíèÿ ÷èñëà ïðîïóñêîâ ïîäà÷ 
òîïëèâà, îïòèìàëüíîãî äëÿ äàííîãî ðåæèìà 
ðàáîòû äâèãàòåëÿ â ïîñòîÿííî-çàïîìèíàþùåì 
óñòðîéñòâå 5, è ñ÷èòûâàåò çíà÷åíèå ÷åðåç øèíó 6. 
Ïðè âûðàáàòûâàíèè äàò÷èêîì IV èìïóëüñà ïðî-
öåññîð 3 ôîðìèðóåò ïðîïóñê èëè ïîäà÷ó òîêà ê 
îáìîòêå ýëåêòðîìàãíèòà êëàïàíà 1.

Íà ðèñ. 6 ïðåäñòàâëåí óïðîùåííûé àëãî-
ðèòì ïðîãðàììû óïðàâëåíèÿ, ïðîøèòûé â ïî-
ñòîÿííî-çàïîìèíàþùåå óñòðîéñòâî ðåãóëÿòîðà.

Îòëè÷èòåëüíûìè îñîáåííîñòÿìè àëãîðèò-
ìà ïðîãðàììû óïðàâëåíèÿ ÿâëÿþòñÿ:

– èñïîëüçîâàíèå ïðåðûâàíèé;
– âûâîä íà ýêðàí äèñïëåÿ èíôîðìàöèé îá 

îøèáêàõ (ïðè âûõîäå èç ñòðîÿ äàò÷èêîâ).

          

 à á â 
Ðèñ. 4. Âèä êîðïóñ-øòóöåðà ñ ìîíòèðîâàííûì êëàïàíîì Denso (à) 

è ýêñïåðèìåíòàëüíûå íàñîñû ÍÄ-21/2 (á), ÍÄ-21/4 (â)

Ðèñ. 5. Ôóíêöèîíàëüíàÿ ñõåìà ýëåêòðîííîãî ðåãóëÿòîðà: 
I – äèçåëü; II – ýëåêòðîííûé áëîê óïðàâëåíèÿ; III è IV – äàò÷èêè ÷àñòîòû âðàùåíèÿ 

è óãëîâîãî ïîëîæåíèÿ êîëåí÷àòîãî âàëà; 1 – ýëåêòðîìàãíèòíûé êëàïàí; 2 – êîììóòàòîð; 
3 – ìèêðîïðîöåññîð; 4 – îïåðàòèâíî-çàïîìèíàþùåå óñòðîéñòâî; 5 – ïîñòîÿííî-çàïîìèíàþùåå óñòðîéñòâî; 

6 – øèíà; 7 – àíàëîãî-öèôðîâîé ïðåîáðàçîâàòåëü
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Èíäèêàöèÿ äàííûõ îñóùåñòâëÿåòñÿ ñ ïî-
ìîùüþ æèäêîêðèñòàëëè÷åñêîãî äèñïëåÿ òèïà 
LCD, îáëàäàþùåãî áîëüøîé èíôîðìàòèâ-
íîñòüþ.

Â ðåæèìå ïåðåäà÷è äàííûõ äèñïëåé ïðèíè-
ìàåò è îòîáðàæàåò çíàêè êîäà ASCII, ïîëó÷åí-
íûå îò ìèêðîêîíòðîëëåðà. Ïðè ýòîì îí ìîæåò 
âûïîëíÿòü íåêîòîðîå êîëè÷åñòâî êîìàíä, îáå-
ñïå÷èâàþùèõ ÷àñòè÷íîå èëè ïîëíîå ñòèðàíèå 
îòäåëüíûõ ñèìâîëîâ, ïîëíîå ñòèðàíèå âñåé 
èíôîðìàöèè, óêàçàíèå ïîçèöèè êóðñîðà è ò.ä. 
Ýòè êîìàíäû óñêîðÿþò óïðàâëåíèå äèñïëååì 
(ïîâûøàþò áûñòðîäåéñòâèå). Îáìåí èíôîðìà-

öèåé ìåæäó ìèêðîêîíòðîëëåðîì è LCD îñó-
ùåñòâëÿåòñÿ âîñüìèáèòíûì èíòåðôåéñîì.

Ñ èñïîëüçîâàíèåì ðàçðàáîòàííîãî áëîêà 
óïðàâëåíèÿ è ïðåäëîæåííîãî ìåòîäà óïðàâ-
ëåíèÿ áûëè ïðîâåäåíû èñïûòàíèÿ äèçåëüíîãî 
äâèãàòåëÿ 2×105õ120 ñ ýêñïåðèìåíòàëüíûì íà-
ñîñîì ÍÄ21/2 (ðèñ. 7).

Êàê âèäíî èç ïðåäñòàâëåííûõ äàííûõ, ïðè 
òàêîì ñïîñîáå ðåãóëèðîâàíèÿ óäåëüíûé ðàñõîä 
òîïëèâà ìåíÿåòñÿ ïëàâíî è ðàñøèðÿåòñÿ äèàïà-
çîí ìîùíîñòåé íà ðåæèìå ñ ÷àñòîòîé âðàùåíèÿ 
êîëåí÷àòîãî âàëà 1100 ìèí-1. Òàê ïðè ìîùíîñòè 
4 êÂò óäåëüíûé ðàñõîä òîïëèâà ñíèçèëñÿ íà 4,8 %.

Ðèñ. 6. Óïðîùåííûé àëãîðèòì ïðîãðàììû óïðàâëåíèÿ: 
à – îñíîâíàÿ ïðîãðàììà; á è â – ïîäïðîãðàììû, çàïóñêàåìûå ïðè íàñòóïëåíèè ïðåðûâàíèé



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

Ê
À

×
Å

Ñ
Ò

Â
Î

, 
Í

À
Ä

Å
Æ

Í
Î

Ñ
Ò

Ü
Ïîòàïîâ Â.È., Ãàéñèí Ý.Ì., Ãàëèóëëèí Ð.Ð., Ðîæêîâ À.Ñ.

66

Âûâîäû
Äëÿ ïîëó÷åíèÿ ýôôåêòà îò îòêëþ÷åíèÿ öè-

ëèíäðîâ ïðè ðàáîòå ñ íàñîñîì ðàñïðåäåëèòåëü-
íîãî òèïà íåîáõîäèìà êîððåêòèðîâêà öèêëîâîé 
ïîäà÷è òîïëèâà â ðàáîòàþùèé öèëèíäð. Ïðè 
ýòîì âîçíèêàþò òðóäíîñòè, â ñâÿçè ñ òåì ÷òî 
ðàñïðåäåëèòåëüíûå íàñîñû íå äîïóñêàþò ðåãó-
ëèðîâêè âåëè÷èíû ïîäà÷è â îòäåëüíûå öèëèí-
äðû äâèãàòåëÿ. Â ñëó÷àå ýëåêòðîííîãî ðåãóëè-
ðîâàíèÿ ýòè òðóäíîñòè ìîãóò áûòü ïðåîäîëåíû 
îòíîñèòåëüíî ïðîñòî.

Êîíñòðóêòèâíàÿ îñîáåííîñòü ðàñïðåäåëè-
òåëüíûõ íàñîñîâ, çàêëþ÷àþùàÿñÿ â òîì, ÷òî 
îíè èìåþò òåõíîëîãè÷åñêèé êàíàë, êîòîðûé 
ñîåäèíåí ñ ëèíèåé âûñîêîãî äàâëåíèÿ, ïîçâî-
ëÿåò èñïîëüçîâàòü ëèøü îäèí ýëåêòðîìàãíèò-
íûé êëàïàí.

Ïðè ïåðåõîäå îò ïðîñòîãî îòêëþ÷åíèÿ öè-
ëèíäðîâ ê ðåãóëèðîâàíèþ ðåæèìîâ ðàáîòû 
ïðîïóñêîì îòäåëüíûõ ïîäà÷ òîïëèâà óäåëü-
íûé ðàñõîä òîïëèâà ìåíÿëñÿ ïëàâíî è äèà-
ïàçîí ìîùíîñòåé, ïðè êîòîðûõ äèçåëüíûé 
äâèãàòåëü ðàáîòàåò íà äàííîì ðåæèìå, ñîõðà-
íÿåòñÿ òàêèì æå, êàê è ïðè ðàáîòå ñî âñåìè öè-
ëèíäðàìè. 
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Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿåòñÿ ïðîöåññ âçàèìîäåéñòâèÿ ðàáî÷èõ îðãàíîâ ðîòîðà ïî÷âîîáðàáàòûâàþùåé 
ðûõëèòåëüíî-ñåïàðèðóþùåé ìàøèíû. Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ íîæ ðîòîðà, òðàíñïîðòèðóþùàÿ ñïî-
ñîáíîñòü êîòîðîãî îïðåäåëÿåòñÿ ðàçìåðàìè áîðîçäêè, îñòàâëåííîé èì â ïî÷âå, ñ ôîðìîé ïîïåðå÷íîãî ñå÷åíèÿ, 
êîòîðàÿ áëèçêà ê ôîðìå òðàïåöèè. Ðàññìîòðåí ôèçè÷åñêèé ïðîöåññ âçàèìîäåéñòâèÿ ñ ïî÷âîé íîæà ðîòîðà ðûõ-
ëèòåëüíî-ñåïàðèðóþùåãî óñòðîéñòâà. Â ïåðâîé ôàçå, ïðè çàãëóáëåíèè íîæà â ïî÷âó ïåðåä íîæîì îáðàçóåòñÿ 
íàðîñò ïî÷âû. Âî âòîðîé ôàçå ðàáîòû íîæà ïî÷âà íàõîäèòñÿ ïîä âîçäåéñòâèåì íàðîñòà, âåëè÷èíà êîòîðîãî óâå-
ëè÷èâàåòñÿ äî òåõ ïîð, ïîêà âíóòðåííèå íàïðÿæåíèÿ â íåì íå äîñòèãíóò ïðåäåëüíûõ çíà÷åíèé è íå ïðîèçîéäåò 
åãî ÷àñòè÷íîå ðàçðóøåíèå. Â òðåòüåé ôàçå âîçäåéñòâèÿ íîæà íà ïî÷âó íàðîñò íà÷èíàåò îòäåëÿòüñÿ îò îñíîâíîé 
÷àñòè ïî÷âû è ñáðàñûâàåòñÿ ñ ñåïàðèðóþùåé ðåøåòêè. Îïðåäåëåíû íàïðàâëåíèå è âåëè÷èíà ñìåùåíèÿ ïî÷âû, 
à òàêæå ïàðàìåòðû è ôîðìà áîðîçäêè, îáðàçîâàííîé ïîñëå ïðîõîäà íîæà. Óñòàíîâëåíî, ÷òî íàèáîëüøóþ ñèëó 
âëèÿíèÿ íà òðàíñïîðòèðóþùóþ ñïîñîáíîñòü íîæà ðîòîðà îêàçûâàåò òîëùèíà ïîäàâàåìîãî ñëîÿ ïî÷âû ê ðûõ-
ëèòåëüíî-ñåïàðèðóþùåìó óñòðîéñòâó è óãîë èçëîìà íîæà ðîòîðà, íàèìåíüøóþ ñèëó âëèÿíèÿ îêàçûâàåò øèðè-
íà íîæà ðîòîðà. Äîêàçàíî, ÷òî óâåëè÷åíèå òðàíñïîðòèðóþùåé ñïîñîáíîñòè ðîòîðà â íà÷àëüíûé ìîìåíò âõîäà 
íîæà â ïî÷âó ìîæåò áûòü äîñòèãíóòî, â îñíîâíîì, çà ñ÷åò ñíèæåíèÿ âåëè÷èíû óãëà âõîæäåíèÿ íîæåé ðîòîðà â 
ïî÷âó. Ïðè âûïîëíåíèè ðàáîòû ïðèìåíåíû òåîðåòè÷åñêèå èññëåäîâàíèÿ ñ èñïîëüçîâàíèåì ìåõàíèêî-ìàòåìà-
òè÷åñêîãî ìîäåëèðîâàíèÿ âçàèìîäåéñòâèÿ ðàáî÷èõ îðãàíîâ ñ ïî÷âîé. Èñõîäíàÿ èíôîðìàöèÿ äëÿ îáîñíîâàíèÿ 
èññëåäîâàíèÿ ïîëó÷åíà ýêñïåðèìåíòàëüíî è ïóòåì àíàëèçà ëèòåðàòóðíûõ èñòî÷íèêîâ. Àêòóàëüíîñòü ñîñòîèò 
â òîì, ÷òî óâåëè÷åíèå òðàíñïîðòèðóþùåé ñïîñîáíîñòè ðîòîðà çà ñ÷åò ñíèæåíèÿ âåëè÷èíû óãëà âõîæäåíèÿ íî-
æåé â ïî÷âó äàñò âîçìîæíîñòü íå èçìåíÿòü âåëè÷èíû ðàäèóñà è óãëîâîé ñêîðîñòè ðîòîðà, êîòîðûå îïðåäåëÿþò 
ýíåðãåòè÷åñêèå ïîêàçàòåëè ðàáîòû ðûõëèòåëüíî-ñåïàðèðóþùåãî óñòðîéñòâà. 
Êëþ÷åâûå ñëîâà: ïðîöåññ, ðîòîð, ñåïàðèðóþùàÿ ðåøåòêà, êà÷åñòâî, ýíåðãîåìêîñòü, íîæ, ïî÷âà, ôîðìà, àãðå-
ãàò, êðîøåíèå.

The subject of research is the process of interaction between the working bodies of the rotor of a soil-cultivating 
loosening and separating vehicle. The object of the study is a rotor knife, the transporting ca-pacity of which is 
determined by the size of the grooves left in the soil with a cross-sectional shape close to the trapezoid shape. The 
physical process of interaction with the soil of the rotor blade of a loosening and separating device is considered. In 
the first phase, when the knife is buried in the soil, a soil build-up is formed in front of the knife. In the second phase 
of the knife operation, the soil is under the influence of a build-up, the magnitude of which increases until the internal 
stresses in it reach the limit values and do not partially break it down. In the third phase of the impact of the knife on 
the soil, the build-up begins to separate from the main part of the soil and is discharged from the separation grid. The 
direction and mag-nitude of the displacement of the soil, as well as the parameters and shape of the grooves formed 
after the passage of the knife, are determined. It has been established that the thickness of the applied soil layer to 
the loosening and separating device and the angle of the rotor knife break have the greatest effect on the transporting 
ability of the rotor blade, the width of the rotor blade has the least effect. It has been proven that an increase in the 
transporting capacity of the rotor at the initial moment of entry of the knife into the soil can be achieved mainly by 
reducing the angle of entry of the rotor knives into the soil. The theoretical studies were applied using mechanical and 
mathematical modeling of the interaction of the working bodies with the soil. Baseline information to substantiate the 
study was obtained experimentally and by analyzing literary sources. The urgency lies in the fact that increasing the 
transporting ability of the rotor by reducing the angle of entry of knives into the soil will give the opportunity not to 
change the magnitude of the radius and angular velocity of the rotor which determine the energy performance of the 
loosening and separating device.
Keywords: process, rotor, separating grid, quality, energy intensity, knife, soil, form, aggregate, crumbling.
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 Ââåäåíèå
Óëó÷øåíèå êà÷åñòâà îáðàáîòêè ïî÷âû çà 

ñ÷åò óâåëè÷åíèÿ ýíåðãîåìêîñòè îðóäèÿ íåèç-
áåæíî ïðèâîäèò ê ñíèæåíèþ ïðîèçâîäèòåëü-
íîñòè àãðåãàòà è çàòÿãèâàíèþ ñðîêîâ âûïîë-
íåíèÿ òåõíîëîãè÷åñêèõ îïåðàöèé, ÷òî òàêæå 
îòðèöàòåëüíî ñêàçûâàåòñÿ íà óðîæàéíîñòè 
ñåëüñêîõîçÿéñòâåííûõ êóëüòóð è ñåáåñòîèìî-
ñòè èõ ïðîèçâîäñòâà [1, 2, 3, 4]. Íàïðèìåð, íà 
÷åðíîçåìíûõ ïî÷âàõ ñðåäíåãî è òÿæåëîãî ìå-
õàíè÷åñêîãî ñîñòàâà êà÷åñòâåííîå êðîøåíèå 
ïîâåðõíîñòíîãî ñëîÿ ïî÷âû îáåñïå÷èâàåòñÿ 
ôðåçåðíûìè ðàáî÷èìè îðãàíàìè. Îäíàêî èç-çà 
âûñîêîé ýíåðãîåìêîñòè â íàñòîÿùåå âðåìÿ 
ôðåçû øèðîêîãî ïðèìåíåíèÿ â óñëîâèÿõ ïðî-
èçâîäñòâà íå ïîëó÷èëè.

Ïðè îáîñíîâàíèè ãåîìåòðè÷åñêîé ôîðìû 
ðàáî÷åãî îðãàíà íåöåëåñîîáðàçíà ïîñòàíîâ-
êà âîïðîñà î ïåðâè÷íîñòè êà÷åñòâåííûõ èëè 
ýíåðãåòè÷åñêèõ ïîêàçàòåëåé ðàáîòû îðóäèé. 
Ýòè äâà âàæíåéøèõ ïîêàçàòåëÿ ñîâåðøåíñòâà 
îðóäèé íåîáõîäèìî îöåíèâàòü íå êàê îòäåëü-
íûå èçîëèðîâàííûå ýëåìåíòû ñèñòåìû òåõíè-
÷åñêèõ ñðåäñòâ, à êàê íåîòúåìëåìûå ýëåìåíòû 
âñåãî çàìêíóòîãî öèêëà òåõíîëîãèè âûðàùèâà-
íèÿ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð, ò.å. â êîì-
ïëåêñíîé âçàèìîñâÿçè [5, 6].

Ïðèíöèï ðàáîòû ïî÷âîîáðàáàòûâàþùèõ ðà-
áî÷èõ îðãàíîâ äëÿ îáðàáîòêè ïàõîòíîãî è ïî-
ñåâíîãî ñëîåâ ïî÷âû îñíîâàí íà ñîâìåùåíèè 
îïåðàöèé åå êðîøåíèÿ è ñåïàðàöèè ïî ãëóáè-
íå îáðàáàòûâàåìîãî ñëîÿ ïî÷âû. Íàðÿäó ñ ïî-
ëó÷åíèåì çà îäèí ïðîõîä àãðåãàòà òðåáóåìîãî 
êà÷åñòâà îáðàáîòêè ïî÷âû â ðåçóëüòàòå åå ñå-
ïàðàöèè îáåñïå÷èâàåòñÿ ïåðåìåùåíèå ñåìÿí 
ñîðíûõ ðàñòåíèé íà ãëóáèíó, ñíèæàþùóþ èõ 
âñõîæåñòü è âûáðîñ êîðíåâèù, â òîì ÷èñëå è 
êîðíåîòïðûñêîâûõ ñîðíûõ ðàñòåíèé íà ïî-
âåðõíîñòü ïîëÿ [7]. Âñå ýòî ïîçâîëÿåò óëó÷-
øèòü î÷èñòêó ïîëÿ îò ñîðíûõ ðàñòåíèé ìåõà-
íè÷åñêèì ñïîñîáîì.

Èçâåñòíà ïî÷âîîáðàáàòûâàþùàÿ ðûõëè-
òåëüíî-ñåïàðèðóþùàÿ ìàøèíà äëÿ îïòèìèçà-
öèè ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ îáðàáàòûâà-
åìîãî ñëîÿ ïî÷âû [8]. 

Ìàøèíà ðàáîòàåò ñëåäóþùèì îáðàçîì. 
Ïëîñêîðåæóùàÿ ëàïà (ëåìåõ) ïîäðåçàåò ïëàñò 
ïî÷âû è ïîäàåò åãî íà ñåïàðèðóþùóþ ðåøåòêó. 
Íîæè ðîòîðà çàõâàòûâàþò ïî÷âó, ïåðåìåùàþò 
åå ïî ñåïàðèðóþùåé ðåøåòêå ñ îäíîâðåìåí-
íûì åå êðîøåíèåì. Ìåëêèå êîìî÷êè ïî÷âû 
ïðîõîäÿò ÷åðåç çàçîðû ñåïàðèðóþùåé ðåøåò-
êè, êðóïíûå íîæàìè ðîòîðà ïåðåìåùàþòñÿ â 

âåðõíèå ñëîè ïî÷âû. Â ðåçóëüòàòå ñåïàðàöèè 
îáðàáàòûâàåìîãî ñëîÿ ïî÷âû ïðîèñõîäèò äèô-
ôåðåíöèàöèÿ åãî ïî ñòðóêòóðíîìó ñîñòàâó. 

Ïðèìåíåíèå íà êîìáèíèðîâàííîé ìàøèíå 
àêòèâíîãî ðàáî÷åãî îðãàíà (ðîòîðà) ïîçâîëÿåò 
çà îäèí ïðîõîä àãðåãàòà îáåñïå÷èòü âûñîêîå 
êà÷åñòâî îáðàáîòêè ïî÷âû, à âçàèìîäåéñòâèå 
àêòèâíî-ïàññèâíûõ ðàáî÷èõ îðãàíîâ – óëó÷-
øèòü êà÷åñòâî êðîøåíèÿ ïëàñòà ïî÷âû ñ îäíî-
âðåìåííûì ñíèæåíèåì ýíåðãåòè÷åñêèõ çàòðàò. 
Àêòèâíûå ðàáî÷èå îðãàíû êðîøàò ïëàñò ïî÷âû, 
ïåðåìåùàþò åå ïî ñåïàðèðóþùåé ðåøåòêå, ïå-
ðåðàñïðåäåëÿÿ ïî ñòðóêòóðå, òåì ñàìûì îáå-
ñïå÷èâàþò â çîíå çàäåëêè ñåìÿí ìåëêîêîìêîâà-
òóþ ñòðóêòóðó (ðèñ. 1). 

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà ìàøèíû: 
1 – íàðàëüíèê; 2 – ëåìåõ ñ çàãíóòûìè êîíöàìè 
êðûëüåâ; 3 – ñòîéêà; 4 – ðàáî÷èé îðãàí ðîòîðà; 

5 – ñåïàðèðóþùàÿ ðåøåòêà; 6 – ðàìà

Ðàñïîëîæåíèå íîæåé íà âàëó ðîòîðà âëèÿåò 
íà èçìåíåíèå ïðèâîäíîãî ìîìåíòà è ðàâíîìåð-
íîñòü õîäà ìàøèíû [9]. Â ñâÿçè ñ ýòèì íîæè 
ðàçìåùåíû íà âàëó ïî âèíòîâîé ëèíèè ñ ÷èñëîì 
çàõîäîâ, ðàâíûì ÷èñëó íîæåé íà âàëó, ïðè÷åì 
íà÷àëî ïåðâîé âèíòîâîé ëèíèè äîëæíî ñîâïà-
äàòü â ïðîòèâîïîëîæíîé ÷àñòè âàëà ñ êîíöîì 
âòîðîé âèíòîâîé ëèíèè è ò.ä. Êðîìå òîãî, 
íîæè íåîáõîäèìî ðàñïîëàãàòü ðàâíîìåðíî ïî 
âñåé îêðóæíîñòè âàëà ñ óãëîâûì ðàññòîÿíèåì 
ìåæäó ñìåæíûìè íîæàìè α

z
 = 360/2s (ãäå s – 

÷èñëî íîæåé). Ðàçìåùåíèå íîæåé ïî ñïèðàëè ñ 
ïîñòîÿííûì óãëîâûì øàãîì ñèììåòðè÷íî îò-
íîñèòåëüíî ïðîäîëüíîé îñè ìàøèíû äàåò âîç-
ìîæíîñòü èñêëþ÷åíèÿ êðóòÿùèõ ìîìåíòîâ â 
ïîïåðå÷íîé ïëîñêîñòè, ñïîñîáíûõ íàðóøèòü 
óñòîé÷èâîñòü õîäà ìàøèíû â íàïðàâëåíèè äâè-
æåíèÿ è ïî ãëóáèíå.

Íà ðèñ. 2 ðàññìîòðåí ïðèìåð ðàçìåùåíèÿ 
18 íîæåé, çàêðåïëåííûõ ïî ïàðàì ñèììåòðè÷-
íî îòíîñèòåëüíî ïðîäîëüíîé îñè.
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Íàäåæíîñòü, êà÷åñòâî è ýíåðãîåìêîñòü 
ðàáîòû ïî÷âîîáðàáàòûâàþùåé ìàøèíû âî 
ìíîãîì îïðåäåëÿþòñÿ ñïîñîáíîñòüþ åå ðûõëè-
òåëüíîãî óñòðîéñòâà ïðîïóñêàòü ïî÷âó, ïîñòó-
ïàþùóþ ñ ëåìåõà. Òàê êàê ïî÷âà ïåðåìåùàåò-
ñÿ ïî ñåïàðèðóþùåé ðåøåòêå íîæàìè ðîòîðà, 
ïðîïóñêíàÿ ñïîñîáíîñòü óñòðîéñòâà â öåëîì 
çàâèñèò îò òðàíñïîðòèðóþùåé ñïîñîáíîñòè 
íîæåé, òî åñòü èõ ñåêóíäíîé ïîäà÷è. Î÷åâèäíî, 
÷òî ñ ìîìåíòà âõîæäåíèÿ íîæåé ðîòîðà â ïî÷âó 
è äî ìîìåíòà ñáðàñûâàíèÿ åå ñ ñåïàðèðóþùåé 
ðåøåòêè òðàíñïîðòèðóþùàÿ èõ ñïîñîáíîñòü 
íå ÿâëÿåòñÿ ïîñòîÿííîé. Íàèõóäøèå óñëîâèÿ 
äëÿ ïåðåìåùåíèÿ ïî÷âû ïî ðåøåòêå ñîçäàþò-
ñÿ â ìîìåíò âõîäà íîæåé â ïî÷âó, êîãäà ïåðåä 
íèìè îáðàçóåòñÿ ïî÷âåííûé âàëîê, êîòîðûé çà-
òðóäíÿåò ðàáîòó ðîòîðà, óâåëè÷èâàåò çàòðàòû 
ýíåðãèè íà åãî ïðèâîä è çàòðóäíÿåò ñõîä ïî÷âû 
ñ ëåìåõà íà ñåïàðèðóþùóþ ðåøåòêó.

Öåëü ðàáîòû
Óâåëè÷åíèå òðàíñïîðòèðóþùåé ñïîñîá-

íîñòè ðîòîðà ðûõëèòåëüíî-ñåïàðèðóþùåãî 
óñòðîéñòâà ïî÷âîîáðàáàòûâàþùåé ìàøèíû.

Ìàòåðèàëû è ìåòîäû
Ïðîöåññ âçàèìîäåéñòâèÿ íîæà ðîòîðà 

ñ ïî÷âîé ìîæíî ðàññìîòðåòü íà îñíîâà-
íèè èñïîëüçîâàíèÿ ðåîëîãè÷åñêèõ ñâîéñòâ 
ïî÷âû, òåîðèè êîòîðîãî ïîñâÿùåíû ðàáîòû 
À.Ñ. Êóøíàðåâà, À.Â. Áàóêîâà, À.Í. Ïàí÷åíêî, 
Â.Í. Êóçüìèíà è äð. [10–13]. 

Ïî÷âà ðàññìàòðèâàåòñÿ êàê êâàçèîäíîðîä-
íàÿ òðåõôàçíàÿ ñðåäà, ïîçâîëÿþùàÿ ïðèìåíÿòü 
ê íåé çàêîíû äåôîðìàöèè èäåàëüíûõ òåë, ñ âîç-
ìîæíîñòüþ ïðåäñòàâëåíèÿ åå ðåîëîãè÷åñêèõ 
ñâîéñòâ êàê êîìáèíàöèè ñâîéñòâ ïðîñòûõ òåë. 
Ïîñëåäíåå ïîçâîëÿåò ðàññìàòðèâàòü ïî÷âó 

êàê ñîåäèíåííûå ìåæäó ñîáîé ïîñëåäîâàòåëü-
íî è ïàðàëëåëüíî èäåàëüíî óïðóãèå, âÿçêèå è 
ïëàñòè÷åñêèå òåëà. Âîçäåéñòâèå ðàáî÷èõ îð-
ãàíîâ ñåëüñêîõîçÿéñòâåííûõ ìàøèí è îðóäèé 
íà ïî÷âó, âðåìÿ êîòîðîãî íå ïðåâûøàåò 0,5 ñ, 
ïðèâîäèò ê óïðóãî-âÿçêî-ïëàñòè÷åñêèì äåôîð-
ìàöèÿì.

Äëÿ îáúÿñíåíèÿ ôèçè÷åñêîãî ïðîöåññà âçà-
èìîäåéñòâèÿ ñ ïî÷âîé íîæà ðîòîðà ðûõëèòåëü-
íî-ñåïàðèðóþùåãî óñòðîéñòâà áûë ïðîâåäåí 
ýêñïåðèìåíò. Íà âàëó ðåäóêòîðà óñòàíàâëè-
âàëñÿ íîæ ñ ðàäèóñîì 0,25 ì, è ïîä íèì ðàñ-
ïîëàãàëñÿ ÿùèê, äíîì êîòîðîãî ñëóæèëà ñå-
ïàðèðóþùàÿ ðåøåòêà ñ ðàññòîÿíèåì ìåæäó 
ïðóòêàìè 0,01 ì. Ïî÷âà ïåðåä çàêëàäêîé â 
ÿùèê ïðîñåèâàëàñü, óâëàæíÿëàñü è çàñûïàëàñü 
ñëîÿìè òîëùèíîé 0,02 ì. Ìåæäó çàñûïàííûìè 
â ÿùèê ñëîÿìè ïî÷âû çàêëàäûâàëèñü ìåëîâûå 
ïðîñëîéêè, ïîñëåäíÿÿ èç êîòîðûõ ðàñïîëàãà-
ëàñü íèæå ãëóáèíû õîäà íîæà. Íà ïîâåðõíîñòè 
ïî÷âû ïåðïåíäèêóëÿðíî ïëîñêîñòè âðàùåíèÿ 
íîæà ðîòîðà ÷åðåç 0, 015 ì íàíîñèëèñü ìåëî-
âûå ëèíèè.

Ïîñëå ïðîõîäà íîæà ðîòîðà â ïî÷âå ñ ïîìî-
ùüþ ôîòîàïïàðàòóðû è çàìåðîâ îïðåäåëÿëèñü 
íàïðàâëåíèå è âåëè÷èíà ñìåùåíèÿ ïî÷âû, à 
òàêæå ïàðàìåòðû îáðàçîâàííîé áîðîçäêè. Íà 
ðèñ. 3 ïîêàçàíà ôîðìà áîðîçäêè (âèä ñâåðõó), 
îáðàçîâàííîé ïîñëå ïðîõîäà íîæà. Èç ðèñóíêà 
âèäíî, ÷òî ïðîöåññ âîçäåéñòâèÿ íîæà íà ïî÷âó 

Ðèñ. 2. Ðîòîð ïî÷âîîáðàáàòûâàþùåé ìàøèíû 

Ðèñ. 3. Ôîðìà áîðîçäêè ïîñëå ïðîõîäà íîæà ðîòîðà 
â ïî÷âå â ïåðâîé, âòîðîé è òðåòüåé ôàçàõ åãî ðàáîòû 

(âèä ñâåðõó)
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ìîæíî ðàçäåëèòü íà òðè ôàçû. Ïðîöåññû, ïðîèñ-
õîäÿùèå â ïî÷âå ïîä âîçäåéñòâèåì íîæà ðîòîðà, 
ìîæíî îáúÿñíèòü íà îñíîâàíèè ðåçóëüòàòîâ èñ-
ñëåäîâàíèé À.Ñ. Êóøíàðåâà è À.Â. Áàóêîâà.

Â ïåðâîé ôàçå, ïðè çàãëóáëåíèè íîæà â 
ïî÷âó, êàñàòåëüíûå íàïðÿæåíèÿ íå ïðåâîñ-
õîäÿò ïî ñâîåé âåëè÷èíå âíóòðåííåãî ñîïðî-
òèâëåíèÿ ïî÷âû ñäâèãó è ïî÷âà âåäåò ñåáÿ êàê 
ëèíåéíî-äåôîðìèðóåìàÿ ñðåäà. Êàê òîëüêî íà-
ïðÿæåíèå äîñòèãàåò ïðåäåëüíîãî ðàâíîâåñèÿ, â 
ïî÷âå ïîÿâëÿþòñÿ ëîêàëüíûå ïëàñòè÷åñêèå äå-
ôîðìàöèè, ñêîðîñòü íàðàñòàíèÿ êîòîðûõ íà÷è-
íàåò ïðåâûøàòü ñêîðîñòü óâåëè÷åíèÿ íàãðóç-
êè. Ïðè ýòîì ïåðåä íîæîì îáðàçóåòñÿ íàðîñò 
ïî÷âû.

Âî âòîðîé ôàçå ðàáîòû íîæà ïî÷âà íàõîäèò-
ñÿ ïîä âîçäåéñòâèåì íàðîñòà, âåëè÷èíà êîòîðî-
ãî óâåëè÷èâàåòñÿ äî òåõ ïîð, ïîêà âíóòðåííèå 
íàïðÿæåíèÿ â íåì íå äîñòèãíóò ïðåäåëüíûõ 
çíà÷åíèé è íå ïðîèçîéäåò åãî ÷àñòè÷íîå ðàç-
ðóøåíèå. Îñòàâøàÿñÿ ÷àñòü íàðîñòà, èëè òàê 
íàçûâàåìîå ïî÷âåííîå ÿäðî, ïåðåìåùàåòñÿ 
âìåñòå ñ íîæîì, ÷òî ïðèâîäèò ê îáðàçîâàíèþ 
ñëåäóþùåãî íàðîñòà è ò.ä. Âïåðåäè íîæà îáðà-
çóåòñÿ îòíîñèòåëüíî ñòàáèëüíîå ïî ðàçìåðàì 
ïî÷âåííîå ÿäðî, à ïåðèîäè÷åñêè íàðàñòàþùàÿ 
íà íåì ïî÷âà ïåðåìåùàåòñÿ íà íåêîòîðîå ðàñ-
ñòîÿíèå ïî íàïðàâëåíèþ äâèæåíèÿ íîæà. Ýòîò 
óñòàíîâèâøèéñÿ ïðîöåññ ïðîèñõîäèò äî òåõ 
ïîð, ïîêà ñèëû òðåíèÿ íàðîñòà ïî÷âû î ñåïà-
ðèðóþùóþ ðåøåòêó, ñöåïëåíèÿ ñ ïî÷âîé è ñî-
ïðîòèâëåíèÿ äâèæåíèþ åãî â ïî÷âå (ïîäïîð) íå 
ñìîãóò ñîçäàòü â íåì íàïðÿæåíèé, ïðåâûøàþ-
ùèõ äîïóñòèìûå. Ñ ýòîãî ìîìåíòà íà÷èíàåòñÿ 
òðåòüÿ ôàçà âîçäåéñòâèÿ íîæà íà ïî÷âó. Íàðîñò 
íà÷èíàåò îòäåëÿòüñÿ îò îñíîâíîé ÷àñòè ïî÷âû 
è ñáðàñûâàåòñÿ ñ ñåïàðèðóþùåé ðåøåòêè.

Ïîñëå ïðîõîäà íîæà â ïî÷âå îñòàåòñÿ áî-
ðîçäêà ñ ïîïåðå÷íûì ñå÷åíèåì â âèäå òðàïå-
öèè, íèæíåå îñíîâàíèå êîòîðîé ðàâíî øèðèíå 
íîæà. Òàêîé ïðîöåññ ôîðìèðîâàíèÿ è ïåðå-
ìåùåíèÿ âïåðåäè íîæà ðîòîðà ïî÷âåííîãî 

ÿäðà, îáðàçîâàíèå ïîñëå ïðîõîäà â ïî÷âå íîæà 
áîðîçäêè òðàïåöèåâèäíîé ôîðìû ñîãëàñóåò-
ñÿ ñ öåëûì ðÿäîì èññëåäîâàíèé ïî èçó÷åíèþ 
äâèæåíèÿ â ïî÷âå ðàçëè÷íûõ âåðòèêàëüíî 
óñòàíîâëåííûõ íîæåâèäíûõ ðàáî÷èõ îðãàíîâ 
[14–16].

Ïî ìåðå óãëóáëåíèÿ íîæà â ïî÷âó óâåëè-
÷èâàþòñÿ ãëóáèíà è øèðèíà áîðîçäêè. Ôîðìà 
ïðîäîëüíîãî ñå÷åíèÿ áîðîçäêè îïðåäåëÿåòñÿ 
òðàåêòîðèåé äâèæåíèÿ íàèáîëåå óäàëåííîé 
òî÷êè íîæà îò îñè âðàùåíèÿ â ïî÷âå. Ïðè ýòîì 
íèæíèå ñëîè ïî÷âû ïîä âîçäåéñòâèåì íîæà 
ðîòîðà ïðàêòè÷åñêè íå ïåðåìåùàþòñÿ.

Îñíîâíûì íàçíà÷åíèåì ðîòîðà ÿâëÿåòñÿ ïå-
ðåìåùåíèå ïî÷âû ïî ñåïàðèðóþùåé ðåøåòêå. 
Ïîýòîìó îäíèì èç íàèáîëåå âàæíûõ ïîêàçàòå-
ëåé åãî ðàáîòû ñëóæèò êîëè÷åñòâî ïî÷âû, ïðî-
øåäøåå ÷åðåç çàçîðû ñåïàðèðóþùåé ðåøåòêè è 
ñáðîøåííîå ñ íåå çà îäèí ïðîõîä íîæà. 

Ðåçóëüòàòû è îáñóæäåíèå
Ïî÷âà ïåðåä çàêëàäêîé åå â ÿùèê ïðîñåèâà-

ëàñü íà ðåøåòå, è ïîñëå ïðîõîäà íîæà ïî÷âà, 
ñáðîøåííàÿ ñ ñåïàðèðóþùåé ðåøåòêè è ïðî-
øåäøàÿ ÷åðåç åå çàçîðû, âçâåøèâàëàñü.

Êîäîâûå îáîçíà÷åíèÿ è óðîâíè âàðüèðîâà-
íèÿ ôàêòîðîâ ïðèâåäåíû â òàáë. 1, à ìàòðèöà 
1/8 äðîáíîé ðåïëèêè îò 26 è ðåçóëüòàòû ýêñïå-
ðèìåíòîâ – â òàáë. 2.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ ïîëó÷åíî 
ñëåäóþùåå óðàâíåíèå ðåãðåññèè:

1 2 3

4 5 6

0,292 0,052 0,056 0,056
0,142 0,099 0,037 .

y x x x
x x x

    

  

Àíàëèç çíà÷åíèé êîýôôèöèåíòîâ ðåãðåññèè 
ïîêàçûâàåò, ÷òî íàèáîëüøóþ ñèëó âëèÿíèÿ íà 
òðàíñïîðòèðóþùóþ ñïîñîáíîñòü íîæà ðîòîðà 
îêàçûâàåò òîëùèíà ñëîÿ ïî÷âû, ïîäàâàåìîãî 
ê ðûõëèòåëüíî-ñåïàðèðóþùåìó óñòðîéñòâó, è 
óãîë èçëîìà íîæà ðîòîðà. Ïðîâåðêà êîýôôè-
öèåíòîâ ïî êðèòåðèþ Ñòüþäåíòà ïîêàçàëà, ÷òî 
âûäåëåííûå ôàêòîðû çíà÷èìû ñ 95 % âåðîÿòíî-

Òàáëèöà 1 
Êîäîâûå îáîçíà÷åíèÿ è óðîâíè âàðüèðîâàíèÿ ôàêòîðîâ

№ ï/ï Íàèìåíîâàíèå ôàêòîðîâ è èõ ðàçìåðíîñò ü Êîä
Óðîâíè ôàêòîðîâ
– +

1 Âëàæíîñòü ïî÷âû, % x1 19,2 24,4
2 ×àñòîòà âðàùåíèÿ ðîòîðà, ñ-1 x2 2,1 4,3
3 Ðàäèóñ ðîòîðà, ì x3 0,19 0,31
4 Òîëùèíà ñëîÿ ïî÷âû íà ðåøåòêå, ì x4 0,05 0,10
5 Óãîë èçëîìà íîæà, ãðàä x5 90 270
6 Øèðèíà íîæà, ì x6 0,025 0,05
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Òàáëèöà 2 

Ìàòðèöà ýêñïåðèìåíòà è åãî ðåçóëüòàòû

№ îïûòà x
1

x
2

x
3

x
4

x
5

x
6

y, êã

1 + + – – – + 0,117

2 + – + – – – 0,118

3 + – – + + + 0,562

4 – + + + – + 0,484

5 – + – – + – 0,212

6 – – + – + + 0,209

7 + + + + + – 0,637

8 – – – + – – 0,111

ñòüþ. Íàèìåíüøóþ ñèëó âëèÿíèÿ íà ïàðàìåòð 
îïòèìèçàöèè îêàçûâàåò øèðèíà íîæà ðîòîðà.

Òîëùèíà ñëîÿ ïî÷âû, ïîäàâàåìîé ê ðûõ-
ëèòåëüíî-ñåïàðèðóþùåìó óñòðîéñòâó, íåçíà-
÷èòåëüíî çàâèñèò îò ãëóáèíû õîäà ëåìåõà â 
ïðåäåëàõ èçìåíåíèÿ ãëóáèíû çàäåëêè ñåìÿí 
(0,01–0,05 ì) èç-çà ñãðóæèâàíèÿ ïî÷âû íà íåì 
äî ñîçäàíèÿ íåîáõîäèìîãî ïîäïîðà äëÿ åå îò-
íîñèòåëüíîãî äâèæåíèÿ. Ïîýòîìó äàëüíåé-
øèå èññëåäîâàíèÿ ïî èçó÷åíèþ âëèÿíèÿ óãëà 
èçëîìà íîæà ðîòîðà íà ïàðàìåòðû îáðàçîâàí-
íîé â ïî÷âå áîðîçäêè ïðîâîäèëîñü ïðè íåèç-
ìåííîé òîëùèíå ñëîÿ ïî÷âû (0,12 ì). ×àñòîòà 
âðàùåíèÿ ðîòîðà ñîñòàâëÿëà 2,5 ñ-1 è âëàæ-
íîñòü ïî÷âû – 22,6 %.

Ðåçóëüòàòû ýêñïåðèìåíòà ïîêàçàíû íà ãðà-
ôèêå (ðèñ. 4). Ïðè ýòîì äîñòîâåðíîñòü äàííûõ 
ðàâíÿëàñü 99 %.

Ðèñ. 4. Çàâèñèìîñòü íàêëîíà ñòåíêè áîðîçäû 
îò óãëà âõîæäåíèÿ íîæà â ïî÷âó

Â çàâèñèìîñòè îò óãëà âõîæäåíèÿ íîæà â 
ïî÷âó – îò 30 äî 75, óãîë íàêëîíà ñòåíêè áî-
ðîçäêè èçìåíÿåòñÿ íåçíà÷èòåëüíî – â ïðåäå-
ëàõ 13–15. Çíà÷åíèå ïîñëåäíåãî èñïîëüçîâàëè 

äëÿ ïðîâåäåíèè òåîðåòè÷åñêèõ èññëåäîâàíèé 
ïî èçó÷åíèþ òðàíñïîðòèðóþùåé ñïîñîáíîñòè 
íîæà ðîòîðà.

Òðàíñïîðòèðóþùàÿ ñïîñîáíîñòü íîæà 
ðîòîðà îïðåäåëÿåòñÿ ðàçìåðàìè áîðîçäêè, 
îñòàâëåííîé èì â ïî÷âå, ñ ôîðìîé ïîïåðå÷íîãî 
ñå÷åíèÿ, áëèçêîé ê ôîðìå òðàïåöèè. Íà îñíî-
âàíèè ðåçóëüòàòîâ ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé ïî èçó÷åíèþ ïðîöåññà âçàèìîäåéñòâèÿ 
íîæà ðîòîðà ñ ïî÷âîé ïîëàãàåì, ÷òî ôîðìà áî-
ðîçäêè èìååò ôîðìó ôèãóðû, èçîáðàæåííîé íà 
ðèñ. 5.

Ðèñ. 5. Ê îïðåäåëåíèþ îáúåìà ôèãóðû

Îáúåì ôèãóðû îïðåäåëÿåòñÿ ïî ôîðìóëå:

 3ABCDFE O MG
DQ SCV S QS

   
 

, (1)

ãäå O MGS   – ïëîùàäü ñå÷åíèÿ ôèãóðû; QS = AB  =
= EF = a – òîëùèíà íîæà ðîòîðà; DQ SC   – 
âûñîòà ôèãóðû.
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Ïëîùàäü ñå÷åíèÿ O MG  îïðåäåëÿåòñÿ ïî óðàâíåíèþ:

  

2

0 1 2 1

RR

Q MG i i i i
R R

S R dR d R dR d
 


 

      
ò Ò

, (2)

ãäå R – ðàäèóñ ðîòîðà; α
0
 – íà÷àëüíûé óãîë âõîæäåíèÿ íîæà â ïî÷âó; α

Ò
 – òåêóùèé óãîë ïîâîðîòà 

íîæà ðîòîðà; çíàê «+» èëè «–» âûáèðàåòñÿ â çàâèñèìîñòè îò óãëà èçëîìà íîæà.
Ïðå äåëû èíòåãðèðîâàíèÿ â ôîðìóëå (2) ðàâíû:

   
 

0
T

0 0
0

sinarctg
2 sin /2 cos /2+

cos
sin +

R
R

R


 

           
 

ò ò

ò

;

0
1

sin ;
sin 
RR 


ò   2

0

sin
sin 

RR 


  ò

,

ãäå  – óãîë ìåæäó êàñàòåëüíîé ê ðåæóùåé êðîìêå è ðàäèóñ-âåêòîðîì íîæà. 
Âûñîòà ôèãóð AQFD è BSEC âû÷èñëÿåòñÿ ïî ôîðìóëå:

  

0 02 sin cos tg
2 2tg ,

sin +

R
DQ SC AQ

       
    

 

ò ò

ò

 (3)

ãäå  – óãîë ìåæäó ñòîðîíàìè AQ è AD òðåóãîëüíèêà.
Ïîñëå èíòåãðèðîâàíèÿ âûðàæåíèÿ (2) ñ ó÷åòîì (3) ïîëó÷èì:

 


 

 

2
0 0 0

2

12

2
2

sin ctg ctg
4 tg ,ctg

2 3
sin ctg ctg + arctg

ABCDEF
RV a A RA

A

        
             
          

ò ò

ò

ò

 (4)

ãäå 
   

 
0 0

1

sin / 2 cos / 2
;

sin
A

          
 

ò ò

ò

 0 1
2

0

cos 2 .
sin

AA  




Ïðîäèôôåðåíöèðîâàâ óðàâíåíèå (4) ïî âðåìåíè, ïîëó÷èì ìàòåìàòè÷åñêóþ ìîäåëü ïîäà÷è 
ïî÷âû íîæîì ðîòîðà:

 
 

2 3
0 2 2

0

2
3

12
0 22

2
2

2 1 11 sin
sin sin sin

2 41
2 3sin 1

sin
sin

T T

T

A

AR a A Rtg
A

arctgA
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íèÿ ðîòîðà. 
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Êàê âèäíî èç óðàâíåíèÿ (5), ïîäà÷à ïî÷âû 
çàâèñèò îò ðàäèóñà ðîòîðà R, óãëîâîé ñêîðîñòè 
åãî âðàùåíèÿ ω, òîëùèíû íîæà a, óãëîâ α

0
 è β 

è óãëà ïîâîðîòà α
Ò
 (α

Ò
 = ωt).

Ðàäèóñ è óãëîâàÿ ñêîðîñòü ðîòîðà îïðåäåëÿ-
þò ýíåðãåòè÷åñêèå ïîêàçàòåëè ðàáîòû, è ïîý òî-
ìó ïîâûøàòü òðàíñïîðòèðóþùóþ ñïîñîáíîñòü 
íîæà çà ñ÷åò óâåëè÷åíèÿ èõ íåöåëåñîîáðàçíî. 
Òîëùèíà íîæà îãðàíè÷åíà êîíñòðóêòèâíûìè 
îñîáåííîñòÿìè ñåïàðèðóþùåé ðåøåòêè, êîòî-
ðûå îïðåäåëÿþòñÿ êà÷åñòâåííûìè ïîêàçàòåëÿ-
ìè ðàáîòû ìàøèíû.

Óãëû α
0
 è β â êîíå÷íîì èòîãå îïðåäåëÿþò 

óãîë âõîæäåíèÿ íîæà  â ïî÷âó ( = α
0
 + β). 

Ñëåäîâàòåëüíî, óâåëè÷åíèå òðàíñïîðòèðóþ-
ùåé ñïîñîáíîñòè ðîòîðà â íà÷àëüíûé ìîìåíò 
âõîäà íîæà â ïî÷âó ìîæåò áûòü äîñòèãíóòî, â 
îñíîâíîì, çà ñ÷åò ñíèæåíèÿ âåëè÷èíû óãëà 
âõîæäåíèÿ íîæåé ðîòîðà â ïî÷âó. Çàâèñè-
ìîñòü ïîäà÷è ïî÷âû íîæîì îò óãëà  ïîêàçà-
íà íà ðèñ. 6. Ðàñ÷åòû ïðîâîäèëèñü ïðè ðàäèóñå 
ðîòîðà 0,2 ì, óãëîâîé ñêîðîñòè ðîòîðà 15,7 ñ-1, 
òîëùèíå íîæà 0,006 ì è α

0
 = 35.

Ðèñ. 6. Çàâèñèìîñòü ñåêóíäíîé ïîäà÷è ïî÷âû 
îò óãëà âõîæäåíèÿ íîæà â ïî÷âó

Êàê âèäíî èç ðèñóíêà, ïîäà÷à óâåëè÷èâàåòñÿ 
ñ óìåíüøåíèåì óãëà âõîæäåíèÿ íîæà â ïî÷âó. 
Òàê, óìåíüøåíèå åãî ñ 60 äî 45 ïîçâîëÿåò óâå-
ëè÷èòü ïîäà÷ó ïðè âõîæäåíèè íîæà â ïî÷âó â 
2,52 ðàçà, à ñ 45 äî 30 – â 42,4 ðàçà.

Ñóùåñòâåííîå âëèÿíèå íà ñåêóíäíóþ ïîäà÷ó 
óãîë âõîæäåíèÿ  îêàçûâàåò íà èíòåðâàëå 30–
45. Ïðè äàëüíåéøåì óâåëè÷åíèè ýòîãî óãëà ñå-
êóíäíàÿ ïîäà÷à ïðàêòè÷åñêè íå èçìåíÿåòñÿ.

Âûâîäû
Ïðîöåññ âçàèìîäåéñòâèÿ ñ ïî÷âîé íîæà 

ðîòîðà ðûõëèòåëüíî-ñåïàðèðóþùåãî óñòðîé-
ñòâà ìîæíî ðàçäåëèòü íà òðè ôàçû: ôîðìèðî-

âàíèå ïî÷âåííîãî ÿäðà, óñòàíîâèâøååñÿ äâè-
æåíèå è ñáðàñûâàíèå ïî÷âû ñ ñåïàðèðóþùåé 
ðåøåòêè. Íàèõóäøèå óñëîâèÿ äëÿ äâèæåíèÿ 
ïî÷âû â òåõíîëîãè÷åñêîì ïðîöåññå ðàáîòû 
ìàøèíû ñîçäàþòñÿ â ïåðâîé ôàçå ðàáîòû 
íîæà – â ìîìåíò âõîäà â ïî÷âó, ÷òî ÿâëÿåòñÿ 
ïðè÷èíîé îáðàçîâàíèÿ ïåðåä íèì ïî÷âåííîãî 
âàëêà. Îí ñïîñîáñòâóåò ïîâûøåíèþ ýíåðãîåì-
êîñòè ïðîöåññà ðàáîòû ìàøèíû, ñíèæåíèþ íà-
äåæíîñòè è êà÷åñòâà ðàáîòû ìàøèíû â öåëîì. 
Âåëè÷èíó ïî÷âåííîãî âàëêà ïåðåä ðîòîðîì 
ìîæíî ñíèçèòü, â îñíîâíîì, çà ñ÷åò óâåëè÷å-
íèÿ êîëè÷åñòâà åãî âîçäåéñòâèé íà ïî÷âó â åäè-
íèöó âðåìåíè è óìåíüøåíèÿ óãëà âõîæäåíèÿ 
ðàáî÷åé êðîìêè íîæà â ïî÷âó.
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Ñëåäñòâèåì ìåõàíè÷åñêîé îáðàáîòêè ïî÷âû, ïîìèìî ïîëîæèòåëüíûõ ðåçóëüòàòîâ, ÿâëÿþòñÿ è îòðèöàòåëü-
íûå ïîñëåäñòâèÿ, ñâÿçàííûå ñ ðàçðóøåíèåì ïåðâè÷íûõ ïî÷âåííûõ ìèêðîàãðåãàòîâ. ×àñòü ïî÷âåííûõ ìèêðî-
àãðåãàòîâ, êîòîðûå íåïîñðåäñòâåííî êîíòàêòèðóþò ñ ïîâåðõíîñòüþ ðàáî÷åãî îðãàíà çåìëåäåëü÷åñêîãî îðó-
äèÿ, ñìèíàþòñÿ è ðàçðóøàþòñÿ. Íåïîñðåäñòâåííî ìèêðîàãðåãàò ïðåäñòàâëÿåò ñîáîé óñòîé÷èâóþ ïî÷âåííóþ 
ñîâîêóïíîñòü, èëè ñòðóêòóðíóþ åäèíèöó ñïåëîé ïî÷âû. Â öåíòðå ìèêðîàãðåãàòà èìåþòñÿ òâåðäûå ÷àñòèöû 
ìàòåðèíñêîé ïîðîäû, êàê ïðàâèëî – ýòî äèîêñèäû êðåìíèÿ SiO

2
, âîêðóã êîòîðûõ ðàñïîëàãàåòñÿ ïëîòíàÿ îð-

ãàíè÷åñêàÿ îáîëî÷êà. Ôàêò ðàçðóøåíèÿ ïåðâè÷íûõ ïî÷âåííûõ ìèêðîàãðåãàòîâ â îáðàáàòûâàåìîì ñëîå ïî÷âû 
ïîäòâåðæäàåòñÿ èçíîñîì ðàáî÷èõ îðãàíîâ çåìëåäåëü÷åñêèõ îðóäèé, êîòîðûå ïîäâåðãàþòñÿ âîçäåéñòâèþ àáðà-
çèâíûõ ÷àñòèö ìàòåðèíñêîé ïîðîäû, îáðàçóþùèõñÿ âñëåäñòâèå ðàçðóøåíèÿ ñàìèõ ìèêðîàãðåãàòîâ. Ïîëó÷àåò-
ñÿ, ÷òî èíòåíñèâíîñòü èçíîñà ðàáî÷èõ îðãàíîâ êîñâåííûì îáðàçîì õàðàêòåðèçóåò èíòåíñèâíîñòü ðàçðóøåíèÿ 
ïî÷âåííûõ ìèêðîàãðåãàòîâ. Â ðåçóëüòàòå îáðàáîòêè ñïåëûõ ïî÷â, åå ðûõëåíèå ñ öåëüþ îáåñïå÷åíèÿ íå ìåíåå 
50 % ïîðèñòîñòè, ïîïóòíî èçìåëü÷àÿ, ðàçðóøàåò îïðåäåëåííûé ñëîé ñòðóêòóðû àãðåãàòíîãî ñòðîåíèÿ òîé æå 
ñàìîé ïî÷âû. Äàííûå ïðîòèâîðå÷èÿ ôîðìèðóþò çàäà÷ó ïîèñêà ðåøåíèÿ ñíèæåíèÿ âîçìîæíîñòè ðàçðóøåíèÿ 
àãðåãàòíîãî ñòðîåíèÿ ïî÷âû ïðè åå îáðàáîòêå çåìëåäåëü÷åñêèìè îðóäèÿìè.
Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿëîñü âûÿâëåíèå âëèÿíèÿ ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ðàáî÷èõ îðãàíîâ çåìëå-
äåëü÷åñêèõ îðóäèé íà èíòåíñèâíîñòü ðàçðóøåíèÿ ìèêðîàãðåãàòîâ â ïðèëåãàþùåì ñëîå ïî÷âû. Äàííàÿ öåëü 
äîñòèãàëàñü ïîñðåäñòâîì òåîðåòè÷åñêèõ èññëåäîâàíèé è ïðè èñïîëüçîâàíèè èìèòàöèîííûõ ëàáîðàòîðíûõ èñ-
ïûòàíèé, â ðåçóëüòàòå êîòîðûõ îïðåäåëåíû èíòåðâàëû ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê ðàáî÷èõ îðãàíîâ, ïðè 
êîòîðûõ äîñòèãàåòñÿ íàèìåíüøåå ðàçðóøåíèå ïî÷âåííûõ ìèêðîàãðåãàòîâ.
Êëþ÷åâûå ñëîâà: ðàçðóøåíèå ïî÷âåííûõ ìèêðîàãðåãàòîâ, íîðìàëüíûå äàâëåíèÿ ïî÷âû, ñäâèãàþùèå ñèëû, 
äèëàòàíñèÿ.

The consequence of mechanical tillage, in addition to achieving positive results, are also negative consequences as-
sociated with the destruction of the primary soil microaggregates. Some of the soil mi-croaggregates that are in direct 
contact with the surface of the working body of the agricultural tools are crushed and destroyed. Directly microaggre-
gate is a sustainable soil aggregate, or structural unit of ripe soil. In the center of the microaggregate there are solid 
particles of the parent rock, as a rule, these are SiO

2
 silica, around which there is a dense organic shell. The very fact 

of the destruction of the primary soil microaggregates in the treated soil layer is confirmed by the wear of the working 
bodies of agricultural tools, which are carried out by abrasive particles of the parent rock due to the destruction of the 
mi-croaggregates themselves. It turns out that the intensity of wear of the working bodies indirectly charac-terizes the 
intensity of the destruction of soil microaggregates. As a result of the processing of ripe soils, its loosening in order 
to ensure at least 50 % of porosity, simultaneously grinding, destroys a certain layer of the structure of the aggregate 
structure of the same soil. These contradictions form the problem of find-ing a solution, reducing the possibility of 
destruction of the aggregate structure of the soil when it is pro-cessed by agricultural tools.
The purpose of this work was to identify the influence of the geometrical parameters of the working bodies of ag-
ricultural tools on the intensity of destruction of microaggregates in the adjacent soil layer. This goal was achieved 
through theoretical studies and with the use of simulation laboratory tests, as a re-sult of which the intervals of the 
geometric characteristics of the working bodies, at which the smallest destruction of soil microaggregates is achieved, 
are determined.
Keywords: destruction of soil microaggregates, normal soil pressure, shear forces, dilatancy.
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 Ââåäåíèå
Âåñü îïûò çåìëåäåëèÿ ñ ïðèìåíåíèåì ðàç-

íîîáðàçíûõ òåõíîëîãèé, êàê ïðàâèëî, ïðåäóñ-
ìàòðèâàåò ïåðèîäè÷åñêóþ îáðàáîòêó ïî÷âû. 
Îáðàáàòûâàþò ïî÷âó äëÿ îáåñïå÷åíèÿ íåîáõî-
äèìîé àýðàöèè è óíè÷òîæåíèÿ êîðíåé ñîðíûõ 
ðàñòåíèé, à òàêæå ïîëó÷åíèÿ òðåáóåìîé ïëîò-
íîñòè è âëàæíîñòè è â öåëîì äëÿ ñîçäàíèÿ áëà-
ãîïðèÿòíûõ óñëîâèé äëÿ ðàçâèòèÿ êóëüòóðíûõ 
ðàñòåíèé.

Âìåñòå ñ òåì, â ïðèëåãàþùåì ê ðàáî÷èì îð-
ãàíàì ñëîå ïî÷âû ïðîèñõîäÿò ðàçðóøåíèÿ ïî-
÷âåííûõ ìèêðîàãðåãàòîâ, à âûñâîáîæäåííûå 
òàêèì îáðàçîì òâåðäûå ÷àñòèöû ìàòåðèíñêîé 
ïîðîäû èñòèðàþò è èçíàøèâàþò ïîâåðõíîñòè 
òðåíèÿ ðàáî÷èõ îðãàíîâ [1]. Èíòåíñèâíîñòü 
èçíîñà, êàê è âåëè÷èíû ñèëîâîãî íàãðóæåíèÿ 
ðàáî÷èõ îðãàíîâ, â ïåðâóþ î÷åðåäü çàâèñÿò îò 
óãëîâ íàêëîíà èõ ëåçâèé îòíîñèòåëüíî äíà áî-
ðîçäû èëè îò óãëîâ ðûõëåíèÿ [2, 3]. Óãîë ðûõ-
ëåíèÿ âûáèðàþò èñõîäÿ èç àãðîòåõíè÷åñêèõ 
òðåáîâàíèé è íàçíà÷åíèÿ äëÿ òåõ èëè èíûõ 
çåìëåäåëü÷åñêèõ îðóäèé.

Öåëü èññëåäîâàíèÿ
Â êà÷åñòâå çàäà÷è íàñòîÿùåãî èññëåäîâàíèÿ 

áûëî ïðèíÿòî ðåøåíèå ïðîàíàëèçèðîâàòü âëè-
ÿíèå óãëà ðûõëåíèÿ ïî÷âû ðàáî÷èì îðãàíîì 
çåìëåäåëü÷åñêîãî îðóäèÿ íà èíòåíñèâíîñòü 
ðàçðóøåíèÿ ìèêðîàãðåãàòîâ â îáðàáàòûâàå-
ìîì ñëîå ïî÷âû.

Ìàòåðèàëû è ìåòîäû
Äåéñòâèå ðàáî÷åãî îðãàíà çåìëåäåëü÷åñêîãî 

îðóäèÿ â ïðîöåññå ðûõëåíèÿ ñîïðîâîæäàåòñÿ 
âíóòðåííèìè íàïðÿæåíèÿìè â ñòðóêòóðå îá-
ðàáàòûâàåìîãî ñëîÿ ïî÷âû. Â êà÷åñòâå îáðàç-
öà èññëåäóåìîãî ðàáî÷åãî îðãàíà áûë ïðèíÿò 
ðûõëèòåëü, âûïîëíåííûé â ôîðìå ïðÿìîãî 
êëèíà. Íà÷àëüíûì èñòî÷íèêîì íàïðÿæåíèé â 
ïî÷âå ÿâëÿåòñÿ ãîðèçîíòàëüíàÿ ñîñòàâëÿþùàÿ 
îò äåéñòâèÿ ðûõëèòåëÿ. Íà ðèñ. 1 ïîêàçàíà 
ñõåìà äåéñòâèÿ ïðÿìîãî êëèíà ðûõëèòåëÿ íà 
îáðàáàòûâàåìûé ñëîé ïî÷âû.

Ðàññìàòðèâàÿ íàïðÿæåíèÿ, âîçíèêàþùèå â 
ñòðóêòóðå ñïåëîé ïî÷âû ïðè åå ìåõàíè÷åñêîì 
ðûõëåíèè: íàïðÿæåíèÿ ñæàòèÿ σ

2
 è ðàñòÿæå-

íèÿ σ
1
, êîòîðûå ïðè ñâîèõ ïðåäåëüíûõ çíà÷å-

íèÿõ ñîçäàþò ñäâèãîâûé ýôôåêò â íàïðàâëåíèè 
äåéñòâèÿ êàñàòåëüíîãî íàïðÿæåíèÿ τ [4]. Ïî÷âà 
ïðèîáðåòàåò ñîñòîÿíèå, áëèçêîå ê çåðíèñòîé 
ñðåäå â ïåðèîä ñâîåé ñïåëîñòè ïðè îïðåäåëåí-

íûõ òåìïåðàòóðàõ è âëàæíîñòè, êîãäà â ïî÷âå 
â íàëè÷èè âîçäóõ è âîäà, à òâåðäàÿ ôàçà ïðåä-
ñòàâëÿåò ñîáîé îòäåëüíûå ïî÷âåííûå ñîâîêóï-
íîñòè, ñêðåïëåííûå ìåæäó ñîáîé. Ñàìè ñîâî-
êóïíîñòè ñîñòîÿò èç ïåðâè÷íûõ ñòðóêòóðíûõ 
åäèíèö ìèêðîàãðåãàòîâ. Ñäâèãîâûå ÿâëåíèÿ 
ïðè ðûõëåíèè ïðîèñõîäÿò çà ñ÷åò ïðåîäîëå-
íèÿ âíóòðåííèõ ñâÿçåé, ñêðåïëÿþùèõ ñîâî-
êóïíîñòè ìåæäó ñîáîé, ïðè ýòîì ïðîèñõîäÿò 
âçàèìíûå ïåðåìåùåíèÿ, êîòîðûå óâåëè÷èâàþò 
ïåðâîíà÷àëüíûé îáúåì ïî÷âû, óâåëè÷èâàþò 
åå ïîðèñòîñòü [5]. Ñäâèãîâûå ÿâëåíèÿ â çåðíè-
ñòûõ ñðåäàõ, çà ñ÷åò êîòîðûõ óâåëè÷èâàåòñÿ 
ïåðâîíà÷àëüíûé îáúåì, íàçûâàþò äèëàòàíñèåé 
[6]. Â ñîîòâåòñòâèè ñ çàêîíîì Êóëîíà âåëè÷è-
íà êàñàòåëüíîãî ñäâèãàþùåãî íàïðÿæåíèÿ τ

åg
 

îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì [7]: 

 2 tgeg C      , (1)

ãäå σ
2
 – ïðåäåëüíîå íàïðÿæåíèå ñæàòèÿ; φ – 

óãîë âíóòðåííåãî òðåíèÿ; Ñ – óäåëüíîå ñöå-
ïëåíèå ìåæäó ïî÷âåííûìè ñîâîêóïíîñòÿìè. 

Ðèñ. 1. Ñõåìà äåéñòâèÿ ïðÿìîãî êëèíà ðûõëèòåëÿ 
íà îáðàáàòûâàåìûé ñëîé ïî÷âû

Â ðåàëüíûõ óñëîâèÿõ çíà÷åíèÿ ïðåäåëüíûõ 
íàïðÿæåíèé ïî÷âû èçìåíÿþòñÿ â äîâîëüíî øè-
ðîêèõ ïðåäåëàõ â çàâèñèìîñòè îò òèïîâ ïî÷âû 
è åå âëàæíîñòè. Äëÿ êàæäîãî êîíêðåòíîãî 
ñëó÷àÿ îïðåäåëåíèå φ è Ñ ìîæíî ïðîèçâîäèòü 
ïðè ïîìîùè ïðèìåðíîãî ïàñïîðòà ïðî÷íîñòè 
ñïåëîé ïî÷âû.

Íà ðèñ. 2 èçîáðàæåíû êðóãè Ìîðà, ãäå ïî-
ñðåäñòâîì ãðàôè÷åñêîãî èçîáðàæåíèÿ ïðåäåëü-
íûõ íàïðÿæåíèé è èõ äèàïàçîíà èçìåíåíèÿ 
îïðåäåëÿþòñÿ ïîñòîÿííûå φ è Ñ â óðàâíåíèè 
(1). Äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ â ïåðâîì 



Âëèÿíèå óãëà ðûõëåíèÿ ðàáî÷åãî îðãàíà çåìëåäåëü÷åñêîãî îðóäèÿ íà èíòåíñèâíîñòü ðàçðóøåíèÿ ïî÷âåííûõ àãðåãàòîâ
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ïðèáëèæåíèè çàêîí Êóëîíà ìîæíî âûðàçèòü 
÷åðåç ñäâèãàþùóþ ñèëó Ð

ñg
:

 0tgcgP N P    , (2)

ãäå N – íîðìàëüíîå äàâëåíèå; φ – óãîë âíó-
òðåííåãî òðåíèÿ; Ð

0
 – íà÷àëüíàÿ ñèëà ñäâèãà, 

ïî ïðèðîäå ïîäîáíàÿ Ñ â ôîðìóëå (1).
Âñÿ òðóäíîñòü ïîñëåäóþùåãî ïîäõîäà ê âû-

ÿâëåíèþ èíòåíñèâíîñòè ðàçðóøåíèÿ ïî÷âåí-
íûõ ìèêðîàãðåãàòîâ, ïðè èçâåñòíûõ çíà÷åíèÿõ 
ïðåäåëüíûõ íàïðÿæåíèé, çàêëþ÷àåòñÿ â îïðå-
äåëåíèè íîðìàëüíûõ äàâëåíèé, äåéñòâóþùèõ 
íà îáðàáàòûâàåìûé ñëîé ïî÷âû ñî ñòîðîíû ðà-
áî÷åãî îðãàíà ðûõëèòåëÿ.

Ðåçóëüòàòû è îáñóæäåíèÿ
Ïðîöåññ ðàçðóøåíèÿ ìèêðîàãðåãàòîâ ïðî-

èñõîäèò â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè. 
Âíà÷àëå íà ïîâåðõíîñòè ðàáî÷åãî îðãàíà ïðî-
èñõîäèò ñæàòèå, è çàòåì, ïåðåìåùàÿñü, ìèêðî-
àãðåãàòû èñòèðàþò òâåðäûìè ÷àñòèöàìè ìàòå-
ðèíñêîé ïîðîäû ïîâåðõíîñòü òðåíèÿ ðàáî÷åãî 
îðãàíà. Ïðè èçìåíåíèè óãëà ðûõëåíèÿ ìåíÿåò-
ñÿ âåëè÷èíà ñäâèãàþùåé ñèëû Ð

ñg
, è, êîãäà îíà 

áóäåò ïðåâûøàòü íà÷àëüíóþ ñèëó ñäâèãà, ò.å. 
Ð

ñg
 > P

0
, ïî÷âåííûå ñîâîêóïíîñòè ïåðåìåùà-

þòñÿ â íàïðàâëåíèè ñäâèãà, à èõ ìåñòî çàíèìà-
þò ñëåäóþùèå ñîâîêóïíîñòè. Â èòîãå ïðè ïðî-
âåäåíèè èññëåäîâàíèé âàæíî çíàòü èçìåíåíèå 
âåëè÷èí íîðìàëüíûõ äàâëåíèé ïðè èçìåíåíèè 
óãëîâ ðûõëåíèÿ ðàáî÷åãî îðãàíà. Èçìåðåíèå 
íîðìàëüíûõ äàâëåíèé âî âñåõ òî÷êàõ ïîâåðõ-
íîñòè òðåíèÿ ïðè ñòåíäîâûõ èñïûòàíèÿõ ïðî-

âîäèëîñü êîñâåííûì îáðàçîì èñõîäÿ èç çàêîíà 
Àìîíòîíà-Êóëîíà:

 1tg
N

K



 
Èç

,  (3)

ãäå ΔÈç – òî÷å÷íàÿ âåëè÷èíà âûíîñà ìàòåðèà-
ëà ïî ãëóáèíå ñ ïîâåðõíîñòè òðåíèÿ; φ

1
 – óãîë 

òðåíèÿ ïî÷âû î ïîâåðõíîñòü èçíîñà; K – êîýô-
ôèöèåíò, õàðàêòåðèçóþùèé ñîïðîòèâëÿåìîñòü 
àáðàçèâíîìó èçíîñó ïîâåðõíîñòè òðåíèÿ.

Èíòåíñèâíîñòü àáðàçèâíîãî èçíîñà â ðàç-
íûõ òî÷êàõ ïîâåðõíîñòè òðåíèÿ èçìåðÿëàñü íà 
ëàáîðàòîðíîì ñòåíäå [8], ñõåìà êîòîðîãî ïðè-
âåäåíà íà ðèñ. 3.

Ðèñ. 3. Ñòåíä äëÿ óñêîðåííûõ èìèòàöèîííûõ 
èñïûòàíèé ðàáî÷èõ îðãàíîâ íà àáðàçèâíûé èçíîñ: 
1 – áàðàáàí; 2 – ïî÷âåííî-ïåñ÷àíàÿ ñðåäà, õîðîøî 

èçìåëü÷åííàÿ ñ âëàæíîñòüþ äî 20–25 %; 
3 – âàë; 4 – ñòîéêè; 5 – èñïûòûâàåìûé ðàáî÷èé 

îðãàí; 6 – ëåãêîèñòèðàåìûé ìàòåðèàë; 
7 – ñåðäå÷íèê; 8 – êàòóøêà 

Íà èñïûòûâàåìûé ðàáî÷èé îðãàí ðûõëèòå-
ëÿ 5 íàíîñèëñÿ ëåãêîèñòèðàåìûé ìàòåðèàë 6, 
ïî ðåçóëüòàòàì èçíàøèâàíèÿ êîòîðîãî ïðî-
èçâîäèëîñü èçìåðåíèå òîëùèíû ñëîÿ íàíå-
ñåííîãî ìàòåðèàëà. Òîëùèíà ñëîÿ èçìåðÿëàñü 
ìàãíèòîèíäóêöèîííûì ìåòîäîì ñ ïîìîùüþ 
ñåðäå÷íèêà 7 è êàòóøêè 8. Äàëåå ïî çàâèñèìî-
ñòè (3) ðàññ÷èòûâàëàñü âåëè÷èíà íîðìàëüíîãî 
äàâëåíèÿ.

Ðåçóëüòàòû èçìåðåíèé è ðàñ÷åòîâ ïðåä-
ñòàâëåíû íà ðèñ. 4. Èç ãðàôèêîâ ñëåäóåò, ÷òî 
íà âñåé äëèíå êëèíà ðûõëèòåëÿ èìåþò ìåñòî 
ðàçíûå âåëè÷èíû íîðìàëüíûõ äàâëåíèé. Íàè-
áîëüøèå âåëè÷èíû äàâëåíèÿ âîçíèêàþò áëèæå 
ê êðîìêå ëåçâèÿ ðûõëèòåëÿ. Â òî æå âðåìÿ ïðè 
óãëàõ ðûõëåíèÿ 20–25° âåëè÷èíû íîðìàëüíûõ 
äàâëåíèé îñòàþòñÿ ïðèìåðíî ïîñòîÿííûìè ïî 
âñåé äëèíå ïóòè òðåíèÿ. Óðàâíåíèÿ ðåãðåññèè 
ôóíêöèé íîðìàëüíûõ äàâëåíèé â çàâèñèìîñòè 
îò äëèíû ïóòè òðåíèÿ èìåþò ñëåäóþùèé âèä:

Ðèñ. 2. Ïðèìåðíûé ïàñïîðò ïðî÷íîñòè ñïåëîé ïî÷âû: 
σ

ð
, σ

ñæ
 – ïðåäåëüíûå íàïðÿæåíèÿ ðàñòÿæåíèÿ 

è ñæàòèÿ; φ – óãîë âíóòðåííåãî òðåíèÿ; Ñ – óäåëüíîå 
ñöåïëåíèå ìåæäó ïî÷âåííûìè ñîâîêóïíîñòÿìè
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2
1 1

2
2 2

2
3 3

2
4 4

2
5 5

6 6

,20 , 0,0019 0,075 5,68;

,25 , 0,0031 0,335 11,088;

,30 , 0,0094 1,305 49,263;

,35 , 0,0069 1,125 49,813;

,40 , 0,0094 1,335 55,963;

,45 , 0,

N f L N L L

N f L N L L

N f L N L L

N f L N L L

N f L N L L

N f L N

     

    

    

    

    

  

 
 

2

2
7 7

2
8 8

0138 1,750 64,105;

,50 , 0,0138 1,820 70,925;

,55 , 0,0219 2,665 95,412.

L L

N f L N L L

N f L N L L










  
     
     

  

(4)
Àíàëèçèðóÿ N = f(L, ), ìîæíî ñ îïðåäåëåí-

íîé äîñòîâåðíîñòüþ ïðåäïîëîæèòü, ÷òî ïðè 
óãëàõ ðûõëåíèÿ  = 20–25°, êîãäà íîðìàëüíûå 
äàâëåíèÿ ïî âñåé äëèíå ðûõëèòåëÿ áëèçêè ê 
ïîñòîÿííûì âåëè÷èíàì, ñëîé îáðàáàòûâàåìîé 
ïî÷âû ðàâíîìåðíî ïåðåìåùàåòñÿ ïî ïîâåðõíî-
ñòè òðåíèÿ, à ñäâèãîâûå äåôîðìàöèè íåçíà÷è-
òåëüíû. Ïðè òàêèõ óãëàõ ðûõëåíèÿ ðàçðóøå-
íèå ìèêðîàãðåãàòîâ ïî÷âû ïðîèñõîäèò òîëüêî 
â ñëîå íåïîñðåäñòâåííîãî êîíòàêòà ñ ïîâåðõ-
íîñòüþ òðåíèÿ ðàáî÷åãî îðãàíà. Ïðè äàííûõ 
çíà÷åíèÿõ óãëîâ ðûõëåíèÿ ìîæíî ñ÷èòàòü, ÷òî 
ñäâèãàþùèå ñèëû èìåþò ñâîè íîìèíàëüíûå 
çíà÷åíèÿ. Äàëåå îíè èçìåíÿþòñÿ ïðè óâåëè÷å-
íèè óãëîâ êðîøåíèÿ . Òîãäà â âûðàæåíèè (2) 
ïåðåìåííàÿ òîëüêî îäíà – N = f(L). Ïðèíèìàÿ 
íîìèíàëüíûå çíà÷åíèÿ ñäâèãàþùåé ñèëû çà 
åäèíèöó, ìîæíî ñðàâíèòü åå èçìåíåíèå â çà-
âèñèìîñòè îò óãëîâ ðûõëåíèÿ. Â ýòîì ñëó÷àå 
óäîáíî âîñïîëüçîâàòüñÿ ðàñ÷åòîì ïëîùàäåé, 

êðèâîëèíåéíûõ òðàïåöèé, îãðàíè÷åííûõ óðàâ-
íåíèÿìè ðåãðåññèè (4):

 

70 70
2

10 10
2

0

 [( 0,0019  0,075  

tg ] 57,36 ,5,680)

cg cgP P dL L L

P dL

   

 

  í í

ìì

  (5)

ãäå Ð
ñgí

 – íîìèíàëüíîå çíà÷åíèå ñóììàðíîé 
âåëè÷èíû ñäâèãàþùåé ñèëû; Ð

ñgí
 – íîìèíàëü-

íàÿ ñäâèãàþùàÿ ñèëà; L – êîîðäèíàòà òî÷åê èç-
ìåðåíèÿ íîðìàëüíûõ äàâëåíèé â ðàçìåðàõ îò 
êðîìêè ëåçâèÿ.

Òîãäà îòíîñèòåëüíîå èçìåíåíèå ñóììàðíîé 
âåëè÷èíû ñäâèãàþùåé ñèëû îïðåäåëÿåòñÿ ñî-
îòíîøåíèåì:

 

cgi

cg

P
P

 
í

,  (6)

ãäå Ð
ñgi

 – ñóììàðíàÿ âåëè÷èíà ñäâèãàþùåé 
ñèëû ïðè óãëå i ðûõëåíèÿ ïî÷âû;  – îòíîñè-
òåëüíîå èçìåíåíèå ñóììàðíîé ñäâèãàþùåé 
ñèëû.

Ðàññ÷èòàííûå çíà÷åíèÿ  ïðè ðàçíûõ óãëàõ 
ðûõëåíèÿ ïî÷âû ïî çàâèñèìîñòÿì (4) è (5) 
ïðåäñòàâëåíû íà ðèñ. 5. 

Ðèñ. 5. Îòíîñèòåëüíîå èçìåíåíèå ñóììàðíûõ 
âåëè÷èí ñäâèãàþùåé ñèëû â çàâèñèìîñòè îò óãëîâ 

ðûõëåíèÿ ðàáî÷èì îðãàíîì çåìëåäåëü÷åñêîãî îðóäèÿ

Èç ãðàôèêîâ ñëåäóåò, ÷òî èçìåíåíèå âåëè-
÷èí ñóììàðíûõ ñäâèãàþùèõ ñèë â çàâèñèìî-
ñòè îò óâåëè÷åíèÿ óãëà ðûõëåíèÿ ïî÷âû íîñèò 
íå ëèíåéíûé õàðàêòåð. Ïðè óâåëè÷åíèè óãëà 

Ðèñ. 4. Ãðàôèêè èçìåíåíèÿ íîðìàëüíûõ äàâëåíèé 
íà ïîâåðõíîñòè òðåíèÿ ðûõëèòåëÿ: 

N – íîðìàëüíîå äàâëåíèå; L – êîîðäèíàòà òî÷åê 
èçìåðåíèÿ íîðìàëüíûõ äàâëåíèé â ðàçìåðàõ 

îò êðîìêè ëåçâèÿ; 1 – ôóíêöèÿ N = f (L,  = 20); 
2 – ôóíêöèÿ N = f (L,  = 25); 3 – ôóíêöèÿ 

N = f (L,  = 30); 4 – ôóíêöèÿ N = f (L,  = 35); 
5 – ôóíêöèÿ N = f (L,  = 40); 6 – ôóíêöèÿ 

N = f (L,  = 45); 7 – ôóíêöèÿ N = f (L,  = 50); 
8 – ôóíêöèÿ N = f (L,  = 55)



Âëèÿíèå óãëà ðûõëåíèÿ ðàáî÷åãî îðãàíà çåìëåäåëü÷åñêîãî îðóäèÿ íà èíòåíñèâíîñòü ðàçðóøåíèÿ ïî÷âåííûõ àãðåãàòîâ
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ðûõëåíèÿ áîëåå 25° çíà÷èòåëüíî óâåëè÷èâà-
þòñÿ ñóììàðíûå ñäâèãàþùèå ñèëû. Ñëåäóåò 
èìåòü â âèäó, ÷òî â ëàáîðàòîðíûõ óñëîâèÿõ ïî-
÷âåííî-ïåñ÷àíàÿ ñðåäà áûëà äîñòàòî÷íî îäíî-
ðîäíîé ïî ñîñòàâó, è õîðîøî âçðûõëåííîé, è ñ 
íèçêîé âëàæíîñòüþ, à òàêæå òî, ÷òî â äàííûõ 
óñëîâèÿõ âåëè÷èíà íà÷àëüíîé ñäâèãàþùåé 
ñèëû Ð

0
 (ñì. óðàâíåíèå 2) áûëà çíà÷èòåëüíî 

ìåíüøå, ÷åì èìååòñÿ â ðåàëüíîì ïî÷âåííîì 
ñëîæåíèè. Â ðåàëüíûõ ïî÷âàõ ñëåäóåò îæè-
äàòü ñìåùåíèå ãðàôèêà çàâèñèìîñòè (ðèñ. 5) 
çà ñ÷åò óâåëè÷åíèÿ Ð

0
 – êàê ïîêàçàíî øòðèõî-

âûìè ëèíèÿìè.

Çàêëþ÷åíèå
Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé 

óñòàíîâëåíî ñëåäóþùåå. Ïðè óãëàõ ðûõëå-
íèÿ ìåíåå 25–30°, ñëîé ïî÷âû, îáðàáàòûâàå-
ìûé çåìëåäåëü÷åñêèì îðóäèåì, ðàâíîìåðíî 
ïåðåìåùàÿñü ïî ïîâåðõíîñòè òðåíèÿ ðàáî÷åãî 
îðãàíà, âîñïðèíèìàåò ïðàêòè÷åñêè îäèíàêîâîå 
äàâëåíèå ïî âñåé äëèíå ïåðåìåùåíèÿ; â ýòîì 
ñëó÷àå ñëåäóåò ñ÷èòàòü, ÷òî ïðîèñõîäÿò íàè-
ìåíüøèå ðàçðóøåíèÿ ìèêðîàãðåãàòíîé ñòðóê-
òóðû ïî÷âû.

Ïðè óâåëè÷åíèè óãëà ðûõëåíèÿ áîëåå 30° 
îáðàáàòûâàåìûé ñëîé ïî÷âû èñïûòûâàåò íå-
ðàâíîìåðíîå äàâëåíèå ïî äëèíå ïóòè ïåðåìå-
ùåíèÿ. Íàèáîëüøèå âåëè÷èíû äàâëåíèé âîç-
íèêàþò áëèæå ê êðîìêå ëåçâèÿ ðàáî÷åãî îðãàíà 
ðûõëèòåëÿ. Â ìåñòàõ íàèáîëüøåãî äàâëåíèÿ 
ïî÷âåííûå ñîâîêóïíîñòè (ìèêðîàãðåãàòû) èí-
òåíñèâíî èñòèðàþò ñâîèìè ÷àñòèöàìè ìàòå-
ðèíñêîé ïîðîäû ðàáî÷èé îðãàí, ïðè ýòîì, ñàìè 
èñòèðàÿñü, ïåðåìåùàþòñÿ ñäâèãîâûìè ñèëàìè 
âåðõíåãî ñëîÿ îáðàáàòûâàåìîé ïî÷âû. 

Äëÿ óãëîâ ðûõëåíèÿ 25–30° ïðèíèìàåì äàâ-
ëåíèå íà îáðàáàòûâàåìûé ñëîé ïî÷âû çà íîìè-
íàëüíîå, è äàëåå, ñðàâíèâàÿ åãî ñî çíà÷åíèÿìè 
ïðè áîëüøèõ óãëàõ ðûõëåíèÿ, èìååì óâåëè÷å-
íèå îò íîìèíàëüíîãî â 2–4 ðàçà, ÷òî õàðàêòå-
ðèçóåò çíà÷èòåëüíûé ðîñò èíòåíñèâíîñòè ðàç-
ðóøåíèÿ ìèêðîàãðåãàòîâ.
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Óðîæàéíîñòü ñåëüñêîõîçÿéñòâåííûõ êóëüòóð çàâèñèò îò ýôôåêòèâíîãî èñïîëüçîâàíèÿ òâåðäûõ ìèíåðàëüíûõ 
óäîáðåíèé. Ýôôåêòèâíîñòü ñàìèõ ìèíåðàëüíûõ óäîáðåíèé çàâèñèò îò ñïîñîáà è êà-÷åñòâà èõ âíåñåíèÿ (ðàâíî-
ìåðíîñòè ðàñïðåäåëåíèÿ è ìåñòà ïîäà÷è ê êîðíÿì ðàñòåíèé). Â ïîñëåäíèå ãîäû íà ðûíêå Ðîññèè, ââèäó îò-
ñóòñòâèÿ ïîëèòèêè ïî âûïóñêó ìàøèí îòå÷åñòâåííîãî ïðîèçâîäñòâà, èìååòñÿ áîëüøîå êîëè÷åñòâî èìïîðòíûõ 
ìàøèí è îáîðóäîâàíèÿ äëÿ âíåñåíèÿ òâåðäûõ ìèíåðàëüíûõ óäîáðåíèé, ÷òî ñîçäàåò îïðåäåëåííûå òðóäíîñòè 
â èõ îáñëóæèâàíèè è ýêñïëóàòàöèè. Ãëàâíûì ïðåèìóùåñòâîì ïðèöåïíûõ è ïîëóíàâåñíûõ ìàøèí, ïðåäíàçíà-
÷åííûõ äëÿ âíåñåíèÿ óäîáðåíèé, ÿâëÿåòñÿ áîëüøîé îáúåì áóíêåðà, ñíèæåíèå íàãðóçêè íà òðàêòîð è øèðèíà 
çàõâàòà. Â ñòàòüå îïèñûâàþòñÿ òåõíîëîãèè âíåñåíèÿ ìèíåðàëüíûõ óäîáðåíèé, ðàññìàòðèâàåòñÿ ïîòðåáíîñòü 
â ïðèöåïíûõ è ïîëóíàâåñíûõ ìàøèíàõ ïðè ñîîòâåòñòâóþùèõ çàòðàòàõ ðàáî÷åãî âðåìåíè è îïðå-äåëåíèÿ áà-
ëàíñîâîé ñòîèìîñòè ìàøèí íà çàâîäå-èçãîòîâèòåëå. Ïðè èññëåäîâàíèè ñóùåñòâóþùèõ òåõíîëîãèé âíåñåíèÿ 
óäîáðåíèé, îáúåìîâ è ñðîêîâ âíåñåíèÿ, ïîòðåáíîãî êîëè÷åñòâà òðàíñïîðòíûõ ñðåäñòâ, à òàêæå òåõíèêî-ýêñ-
ïëóàòàöèîííûõ è òåõíèêî-ýêîíîìè÷åñêèõ ïîêàçàòåëåé, áûëè ðàñ-ñìîòðåíû ïÿòü âàðèàíòîâ èñõîäíûõ óñëîâèé, 
îòëè÷àþùèõñÿ îäèí îò äðóãîãî ñòåïåíüþ ó÷åòà ðå-àëüíîé ñèòóàöèè. Â ðåçóëüòàòå áûëî ïîëó÷åíî ðàñ÷åòíîå 
÷èñëî ìàøèí íåîáõîäèìûõ äëÿ êàæäîãî âàðèàíòà. Íà îñíîâå ïðîâåäåííîãî èññëåäîâàíèÿ áûëè ñäåëàíû âûâî-
äû î òîì, ÷òî äëÿ êà÷åñòâåííîãî èñïîëüçîâàíèÿ òåõíîëîãèé âíåñåíèÿ òâåðäûõ ìèíåðàëüíûõ óäîáðåíèé íåîá-
õîäèìî ñîêðàòèòü ïîòåðè ðàáî÷åãî âðåìåíè, ñîêðàòèòü ïðîñòîè òðàíñïîðòíûõ ñðåäñòâ ïî ýêñïëóàòàöèîííûì 
ïðè÷èíàì, îáåñïå÷èòü ïðîèçâîäèòåëåé ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè âûñîêîïðîèçâîäèòåëüíûìè ðàçáðà-
ñûâàòåëÿìè è ïîãðóç÷èêàìè.
Êëþ÷åâûå ñëîâà: ìèíåðàëüíûå óäîáðåíèÿ, òåõíîëîãèÿ âíåñåíèÿ, ìàøèíà äëÿ âíåñåíèÿ, ìåòîäè÷åñêèå ðåêî-
ìåíäàöèè.

The yield of crops depends on the effective use of solid mineral fertilizers. The effectiveness of the mineral fertilizers 
themselves depends on the method and quality of their application (uniform distribution and place of supply to the 
roots of plants). In recent years, the Russian market has a large number of imported machines and equipment for the 
application of solid mineral fertilizers, which creates certain difficulties in their maintenance and operation and the 
lack of a policy for the production of domestically made machines. The main advantage of trailed and semi-mounted 
machines designed for fertilizer appli-cation is a large bunker volume, reduced load on the tractor and the width of the 
grip. The article describes the technology of mineral fertilizers, considers the need for trailed and semi-mounted ma-
chines with the corresponding cost of working time and determine the book value of machines at the manufacturer. In 
the study of existing technologies of fertilizer application, the volume and timing of application, the required number 
of vehicles, as well as technical, operational and technical and economic indicators, five baseline options were consid-
ered, differing from one another by the degree of consideration of the real situation. As a result, the estimated number 
of machines required for each option was obtained. Based on the study, it was concluded that for the qualitative use 
of solid mineral fertilizer application technology, it is necessary to reduce the loss of working time, reduce vehicle 
downtime for operational reasons, provide agricultural producers with high-performance spreaders and loaders.
Keywords: mineral fertilizers, application technology, application machine, methodical recom-mendations.
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 Ââåäåíèå
Ñòðåìëåíèå ñåëüõîçïðîèçâîäèòåëåé ê ïî-

ëó÷åíèþ ìàêñèìàëüíûõ óðîæàåâ ÿâèëîñü îñ-
íîâîé øèðîêîãî ïðèìåíåíèÿ óäîáðåíèé. Ðàç-
íîîáðàçèå ïî÷â è âîçäåëûâàåìûõ êóëüòóð, 
ðàçëè÷èå èõ ïëîäîðîäèÿ òðåáóåò ïðàêòè÷åñêè 
íåîãðàíè÷åííîãî ñî÷åòàíèÿ âèäîâ è äîç ìèíå-
ðàëüíîãî ïèòàíèÿ [1]. Ðåøåíèå ýòîé ïðîáëåìû 
îñóùåñòâëÿåòñÿ ïóòåì ïîñëåäîâàòåëüíîãî âíå-
ñåíèÿ êàæäîãî âèäà ïèòàòåëüíûõ ýëåìåíòîâ, 
âíåñåíèåì ñëîæíûõ óäîáðåíèé èëè èõ ñìåñåé 
ðàçëè÷íûõ ôîðì è ñîñòàâà (îðãàííî-ìèíåðàëü-
íûå ñìåñè, ñìåñè òâåðäûõ è æèäêèõ óäîáðåíèé 
è ðÿä äðóãèõ). Â ýòîé ñâÿçè íåîáõîäèìî ñîâåð-
øåíñòâîâàíèå òåõíîëîãèé è ñðåäñòâ ìåõàíèçà-
öèè äëÿ óâåëè÷åíèÿ óðîæàéíîñòè è ïîâûøå-
íèÿ êà÷åñòâà óðîæàÿ [2, 3]. 

Òâåðäûå ìèíåðàëüíûå óäîáðåíèÿ äîñòàâ-
ëÿþò â ïîëå è âíîñÿò â îïðåäåëåííûå ïåðè-
îäû ãîäà, îáóñëîâëåííûå àãðîòåõíè÷åñêèìè 
ñðîêàìè âíåñåíèÿ, ïîä ðàçëè÷íûå êóëüòóðû 
â ðàçíûõ ïðèðîäíî-ïðîèçâîäñòâåííûõ çîíàõ 
Ðîññèè. Òâåðäûå ìèíåðàëüíûå óäîáðåíèÿ 
âíîñÿò ïî ïðÿìîòî÷íîé, ïåðåâàëî÷íîé è ïåðå-
ãðóçî÷íîé òåõíîëîãè÷åñêèì ñõåìàì [4]. 

Ðàññìîòðèì äàííûå ñõåìû.
Ïðÿìîòî÷íàÿ. Óäîáðåíèÿ çàãðóæàþò íà 

ñêëàäå â ðàçáðàñûâàòåëü, êîòîðûé âûâîçèò èõ 
â ïîëå è ðàçáðàñûâàåò èëè çàäåëûâàåò â ïî÷âó. 
Òàêàÿ ñõåìà öåëåñîîáðàçíà ïðè ðàññòîÿíèè îò 
ñêëàäà äî ïîëÿ íå áîëåå 5 êì è ãðóçîïîäúåì-
íîñòè ìàøèí 4–6 ò.

Ïåðåâàëî÷íàÿ. Óäîáðåíèÿ, äîñòàâëÿåìûå 
ñî ñêëàäà òðàíñïîðòíûìè ñðåäñòâàìè, ïåðå-
ãðóæàþòñÿ â ñòàöèîíàðíîå ïîëåâîå õðàíèëèùå 
èëè ïåðåäâèæíóþ ïîëåâóþ åìêîñòü, èç êîòî-
ðûõ çàòåì çàïðàâëÿþò ìàøèíû äëÿ âíåñåíèÿ.

Ïåðåãðóçî÷íàÿ. Óäîáðåíèÿ ñî ñêëàäà äî 
ïîëÿ äîñòàâëÿþò òðàíñïîðòíûìè ñðåäñòâàìè, 
èç êîòîðûõ çàòåì èõ ïåðåãðóæàþò â ìàøèíû 
äëÿ âíåñåíèÿ è âíîñÿò â ïîëå. Ñõåìó ïðèìåíÿ-
þò ïðè äàëüíîñòè ïåðåâîçêè ñâûøå 5 êì è ãðó-
çîïîäúåìíîñòè ìàøèí 4–6 ò [5].

Ïîñëåäíÿÿ èìååò ðàçíîâèäíîñòè: èç îáû÷-
íûõ òðàíñïîðòíûõ ñðåäñòâ óäîáðåíèÿ ìîæíî 
ïåðåãðóæàòü â ïðèöåï-ðàçáðàñûâàòåëü ñïåöè-
àëüíûì àâòîìîáèëåì-ñàìîñâàëîì ñ óñòðîé-
ñòâîì ïðåäâàðèòåëüíîãî ïîäúåìà êóçîâà; èç 
àâòîìîáèëÿ-ñàìîñâàëà îáùåãî íàçíà÷åíèÿ ïðè 
ïîìîùè ïåðåäâèæíîé ýñòàêàäû – â ïðèöåïû 
ðàçáðàñûâàòåëè.

Öåëü èññëåäîâàíèÿ
Òåîðåòè÷åñêè ïîêàçàòü çàâèñèìîñòü çàòðàò 

ðàáî÷åãî âðåìåíè ðàáîòû ðàçáðàñûâàòåëÿ è 
òðàíñïîðòíûõ ñðåäñòâ îò èõ òåõíè÷åñêèõ õàðàê-
òåðèñòèê, à òàêæå îò äîïóñòèìûõ çàòðàò íà äî-
ñòàâêó è âíåñåíèå óäîáðåíèé. Óñòàíîâèòü êðè-
òåðèé îïòèìàëüíîñòè ïî äîñòàâêå è âíåñåíèþ 
óäîáðåíèé. Ïðèâåñòè ðåçóëüòàòû ðàñ÷åòîâ ýòèõ 
ïàðàìåòðîâ è ïîòðåáíîñòü â ðàçáðàñûâàòåëÿõ â 
çàâèñèìîñòü îò ïðèìåíÿåìûõ òåõíîëîãèé, îòâå-
÷àþùèõ àãðîòåõíè÷åñêèì òðåáîâàíèÿì [6].

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ
Ïðè ðåøåíèè çàäà÷è ïðåäóñìàòðèâàåòñÿ, ÷òî 

óäîáðåíèÿ âíîñÿòñÿ ïîäðàçäåëåíèÿìè õîçÿéñòâ. 
Ïðè ýòîì ïðèíèìàåòñÿ âî âíèìàíèå, ÷òî õîçÿé-
ñòâà íå âñåãäà ìîãóò ïðèâëå÷ü äëÿ âíåñåíèÿ óäî-
áðåíèé âñå èìåþùèåñÿ â èõ ðàñïîðÿæåíèè òðàê-
òîðû è àâòîìîáèëè-ñàìîñâàëû â ñâÿçè ñ òåì, 
÷òî â ýòè ïåðèîäû âûïîëíÿþòñÿ è äðóãèå âèäû 
ðàáîò. Ó÷èòûâàåòñÿ, ÷òî â ñåëüñêîì õîçÿéñòâå 
íå õâàòàåò ðàáî÷åé ñèëû, à â ïåðñïåêòèâå îíà 
áóäåò óâåëè÷èâàòüñÿ, ïîýòîìó çàòðàòû ðàáî÷åãî 
âðåìåíè íà âíåñåíèå óäîáðåíèé íå äîëæíû ïðå-
âûøàòü óñòàíîâëåííûõ íîðìàòèâîâ. 

Â ñâÿçè ñ ýòèì ââåäåì îãðàíè÷åíèÿ ïî çà-
òðàòàì ðàáî÷åãî âðåìåíè:

_ _
_ _

,
J J

( ) (z )

Ç ( , ) z
J pJ pJ

ikms J Jkms
J j i J J ikms

z
kms

kms

Q B v V

V



 

 

 äîïÇ
,

ãäå _
J J ikms
Ç  – çàòðàòû ðàáî÷åãî âðåìåíè ðàç-

áðàñûâàòåëÿ J è òðàíñïîðòíûõ ñðåäñòâ 
_
J  ïðè 

ðàáîòå ïî òåõíîëîãè÷åñêîé ñõåìå i; m – äëèíà 
ãîíà; s – äîçà âíåñåíèÿ; Q

j
  – ãðóçîïîäúåì-

íîñòü; B
pj
 – ðàáî÷àÿ øèðèíà çàõâàòà àãðåãàòà 

i; v
jp
 – ðàáî÷àÿ ñêîðîñòü àãðåãàòà; _

( )z

J j ikms
V   – êî-

ëè÷åñòâî óäîáðåíèé, êîòîðîå äîñòàâëÿåòñÿ 
òðàíñïîðòíûì ñðåäñòâîì 

_
J  è âíîñèòñÿ ðàçáðà-

ñûâàòåëåì i â çîíå z çà ïåðèîä  ïî òåõíîëî-
ãè÷åñêîé ñõåìå; ( )z

kmsV   – êîëè÷åñòâî óäîáðåíèé, 
êîòîðîå íåîáõîäèìî âíåñòè â çîíå z çà ïåðèîä 
; ( )z

äîïÇ  – äîïóñòèìûå çàòðàòû ðàáî÷åãî âðåìå-
íè íà äîñòàâêó è âíåñåíèå 1 ò óäîáðåíèé.

Ïðåäïîëàãàåòñÿ, ÷òî âåñü âûïóñê ïðèöåïîâ-
ðàçáðàñûâàòåëåé êàæäîãî òèïîðàçìåðà ñîñðå-
äîòî÷åí íà çàâîäå, òîãäà ïîòðåáíîñòü P

j
, ãîäî-

âàÿ çàãðóçêà T
ãi
 è îáúåì N

j
 âûïóñêà ñâÿçàíû ñ 

ïëàíîì èñïîëüçîâàíèÿ ðàçáðàñûâàòåëåé 
_
J  çà-

âèñèìîñòÿìè:
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n jikms
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; j

nb
jj PKN  .

ãäå ( )z
nT   – êîëè÷åñòâî ðàáî÷èõ ÷àñîâ â ïåðèî-

äå  çîíû z; nb
jK  – êîýôôèöèåíò, ñâÿçûâàþùèé 

ïîòðåáíîñòè ñ îáúåìîì âûïóñêà ðàçáðàñûâàòå-
ëåé j.

Èçâåñòíû ñëåäóþùèå âûõîäíûå äàííûå: 
îáúåìû è ñðîêè âíåñåíèÿ òâåðäûõ ìèíåðàëü-
íûõ óäîáðåíèé â êàæäîé çîíå; ïðèðîäíî-ïðî-
èçâîäñòâåííûå óñëîâèÿ ýêñïëóàòàöèè ìàøèí 
ïðè âíåñåíèè; òåõíèêî-ýêñïëóàòàöèîííûå 
è ýêîíîìè÷åñêèå ïîêàçàòåëè òðàíñïîðòíûõ 
ñðåäñòâ, ñâîáîäíûõ îò äðóãèõ ðàáîò, êîòîðûå 
ìîãóò áûòü èñïîëüçîâàíû íà âíåñåíèè óäîáðå-
íèé â êàæäîé çîíå [7]; ïðåäåëüíàÿ ãðóçîïîäú-
åìíîñòü; øèðèíà çàõâàòà è ðàáî÷àÿ ñêîðîñòü 
ðàçáðàñûâàòåëåé; çàâèñèìîñòü ñåáåñòîèìîñòè 
èçãîòîâëåíèÿ ðàçáðàñûâàòåëåé îò èõ ãîäîâîãî 
âûïóñêà. Ïðè ýòîì ïðåäïîëàãàåòñÿ, ÷òî òèïàæ 
ðàçáðàñûâàòåëåé ñóùåñòâåííî íå èçìåíÿåòñÿ 
ïî ðàéîíàì ïðèìåíåíèÿ è ïîòðåáíîñòü â íèõ 
îïðåäåëÿåòñÿ ñ ïîìîùüþ ïîïðàâî÷íûõ êîýô-
ôèöèåíòîâ.

Äàííûå î ñðîêàõ, äîçàõ, îáúåìàõ âíîñè-
ìûõ óäîáðåíèé ïî ïåðèîäàì ãîäà, ðàññòîÿíèÿõ 
ïðè ïåðåâîçêå, äëèíå ãîíîâ ìîãóò áûòü ïîëó-
÷åíû ïóòåì îáðàáîòêè òåõíîëîãè÷åñêèõ êàðò. 
×èñëî ìàøèí ïî çîíàì â ñòðàíå ðàñïðåäåëÿ-
åòñÿ èñõîäÿ èç èõ êîëè÷åñòâà ïî ñîñòîÿíèþ 
íà 2010 ã.: äëÿ òðàêòîðîâ – ïðîïîðöèîíàëüíî 
íîðìàì çîíàëüíîé ïîòðåáíîñòè [8, 9], äëÿ àâ-
òîìîáèëåé-ñàìîñâàëîâ – ïðîïîðöèîíàëüíî èõ 
ôàêòè÷åñêîìó ÷èñëó â çîíàõ â 2009 ã.

Áàëàíñîâàÿ öåíà ðàçáðàñûâàòåëåé îïðåäåëÿ-
åòñÿ êàê:

1
1 1

,
n

m
m

S


   á íÖ

ãäå  – êîýôôèöèåíò, ó÷èòûâàþùèé ïëàíîâóþ 
ðåíòàáåëüíîñòü çàâîäà-èçãîòîâèòåëÿ è ñòîè-
ìîñòü äîñòàâêè â õîçÿéñòâî; 0,1561,280N  í  –
 êîýôôèöèåíò ñåðèéíîñòè, âûðàæåííûé ñåáå-
ñòîèìîñòüþ èçãîòîâëåíèÿ îò îáúåìà âûïóñêà; 

1,18   – êîýôôèöèåíò, ó÷èòûâàþùèé ñòîè-
ìîñòü ñáîðêè ðàçáðàñûâàòåëÿ; m1

 – íîìåð óçëà 
( 1 1,...m n );

1mS – ñåáåñòîèìîñòü èçãîòîâëåíèÿ 
m1 óçëà ðàçáðàñûâàòåëÿ.

Êðèòåðèé îïòèìàëüíîñòè – ìèíèìóì ñóì-
ìàðíûõ ïðèâåäåííûõ çàòðàò íà âûïîëíåíèå 
ãîäîâîãî îáúåìà ðàáîò ïî äîñòàâêå è âíåñåíèþ 
òâåðäûõ ìèíåðàëüíûõ óäîáðåíèé. 

Âñå ïåðå÷èñëåííûå óñëîâèÿ â ôîðìàëèçî-
âàííîì âèäå ìîãóò áûòü ó÷òåíû â ýêîíîìèêî-
ìàòåìàòè÷åñêîé ìîäåëè. Çàäà÷à ðåøåíà ïðèìå-
íèòåëüíî ê ïÿòè âàðèàíòàì èñõîäíûõ óñëîâèé, 
îòëè÷àþùèõñÿ îäèí îò äðóãîãî ñòåïåíüþ ó÷åòà 
ðåàëüíîé ñèòóàöèè. Ðàññìîòðèì ýòè âàðèàíòû.

À (èäåàëüíûé âàðèàíò) – áåç îãðàíè÷åíèé 
ïî çàòðàòàì ðàáî÷åãî âðåìåíè, ÷èñëó òðàíñ-
ïîðòíûõ ñðåäñòâ (àâòîìîáèëåé-ñàìîñâàëîâ) è 
òðàêòîðîâ.

Á – áåç îãðàíè÷åíèé ïî çàòðàòàì ðàáî÷åãî 
âðåìåíè, íî ñ îãðàíè÷åíèåì ïî ÷èñëó àâòîìî-
áèëåé-ñàìîñâàëîâ è òðàêòîðîâ.

Â (ðåàëüíûé) – ñî âñåìè îãðàíè÷åíèÿìè;
Ã – ñî âñåìè îãðàíè÷åíèÿìè ïðè óñëîâèè 

âûáîðà òèïîðàçìåðîâ ïðèöåïîâ ðàçáðàñûâà-
òåëåé èç òèïàæà, ïðåäóñìîòðåííîãî ñèñòåìîé 
ìàøèí äî 2020 ã.

Ä – ñî âñåìè îãðàíè÷åíèÿìè è ïðè óñëîâèè 
âûáîðà òèïîðàçìåðîâ ïðèöåïîâ-ðàçáðàñûâà-
òåëåé èç òèïàæà, ïðåäóñìîòðåííîãî ñèñòåìîé 
ìàøèí äî 2020 ã. 

Â âàðèàíòàõ À, Á è Â ðåøåíà çàäà÷à îïòè-
ìèçàöèè òèïîðàçìåðíîãî ðÿäà, ïàðàìåòðîâ è 
ñòðóêòóðû ïàðêà ïðèöåïîâ-ðàçáðàñûâàòåëåé, 
â âàðèàíòàõ Ã è Ä îïòèìèçèðîâàëàñü òîëüêî 
ñòðóêòóðà èõ ïàðêà.

Íàèáîëåå ïîëíî ó÷èòûâàþò ðåàëüíûå óñëî-
âèÿ – îãðàíè÷åíèÿ â íàëè÷èè ìåõàíèçàòîðîâ, 
ñâîáîäíûõ òðàêòîðîâ è àâòîìîáèëåé – âàðè-
àíò Â.

Ðåçóëüòàòû ðàñ÷åòà òèïîâ, ïàðàìåòðîâ è ïî-
òðåáíîñòè â ðàçáðàñûâàòåëÿõ ïðèâåäåíû â òà-
áëèöå.

Ðàñ÷åòíîå ÷èñëî ìàøèí îïðåäåëåíî ïðè óñëî-
âèè, ÷òî èñïîëüçîâàíèå èõ îðãàíèçîâàíî õîðîøî, 
ïîòåðè ðàáî÷åãî âðåìåíè ïî îðãàíèçàöèîííûì 
ïðè÷èíàì ìèíèìàëüíû, îáåñïå÷åííîñòü âûñîêî-
ïðîèçâîäèòåëüíûìè ïîãðóç÷èêàìè ïîëíàÿ. 

Âûâîäû
Íà îñíîâå ïðîâåäåííîãî èññëåäîâàíèÿ 

ìîæíî ñäåëàòü âûâîä î òîì, ÷òî äëÿ êà÷åñòâåí-
íîãî èñïîëüçîâàíèÿ òåõíîëîãèé âíåñåíèÿ òâåð-
äûõ ìèíåðàëüíûõ óäîáðåíèé íåîáõîäèìî ñî-
êðàòèòü ïîòåðè ðàáî÷åãî âðåìåíè íà âíåñåíèè, 
ñîêðàòèòü ïðîñòîè òðàíñïîðòíûõ ñðåäñòâ ïî 
ýêñïëóàòàöèîííûì ïðè÷èíàì, îáåñïå÷èòü ïðî-
èçâîäèòåëåé ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè 
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âûñîêîïðîèçâîäèòåëüíûìè ðàçáðàñûâàòåëÿìè 
è ïîãðóç÷èêàìè, ïîäîáðàííûìè ïî ðåçóëüòà-
òàì ðàñ÷åòîâ ñ ó÷åòîì ðàññìàòðèâàåìûõ çàâè-
ñèìîñòåé, òèïîâ, ïàðàìåòðîâ è ïîòðåáíîñòè â 
ðàçáðàñûâàòåëÿõ. Êîìïëåêñ ìàøèí ïî âíåñå-
íèþ, òðàíñïîðòèðîâêå è çàãðóçêå äîëæåí áûòü 
óâÿçàí ïî ïðîèçâîäèòåëüíîñòè ïðè ìèíèìèçà-
öèè ôóíêöèè çàòðàò íà ïðîñòîè â òåõíîëîãèè 
ïðèìåíåíèÿ.
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