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Ïðîàíàëèçèðîâàíû ðåçóëüòàòû èññëåäîâàíèé êà÷åñòâåííûõ ïîêàçàòåëåé ðàáîòû òðåõ ìàðîê çåðíîóáîðî÷íûõ 
êîìáàéíîâ ñ ðàçëè÷íûìè êîíñòðóêöèÿìè ìîëîòèëüíî-ñåïàðèðóþùèõ óñòðîéñòâ: áèëüíîãî òèïà (Äîí-1500Á), 
áèëüíîãî ñ óñêîðèòåëåì (Tucano 480) è ðîòîðíîãî (TORUM-740). Öåë èññëåäîâàíèÿ – âûÿâèòü ëó÷øóþ êîí-
ñòðóêöèþ ìîëîòèëüíî-ñåïàðèðóþùèõ óñòðîéñòâ, îáåñïå÷èâàþùóþ ïîâûøåíèå ïðîèçâîäèòåëüíîñòè êîìáàéíà, 
êà÷åñòâî ðàáîòû, ñíèæåíèå çàòðàò è ïîòåðü óðîæàÿ. Àêòóàëüíîñòü ðåøàåìîé çàäà÷è â ñîâðåìåííûõ ðûíî÷íûõ 
óñëîâèÿõ îïðåäåëÿåòñÿ ñíèæåíèåì ñïðîñà íà ðîññèéñêîå çåðíî, êîòîðîå ðåàëèçóåòñÿ çà ðóáåæîì íà óðîâíå 
4–5-ãî êëàññà, à òàêæå íåîáõîäèìîñòüþ ñíèæåíèÿ çàòðàò íà òåõíîëîãè÷åñêèé ïðîöåññ è ïîòåðü óðîæàÿ. Ïðè 
ïðîâåäåíèè èññëåäîâàíèÿ èñïîëüçîâàëèñü òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå ìåòîäû, îñíîâàííûå íà ïðè-
ìåíåíèè îñíîâíûõ ïîëîæåíèé òåîðèè ñåëüñêîõîçÿéñòâåííûõ ìàøèí è ìåòîäîâ èçìåðåíèé, ðåãëàìåíòèðóåìûõ 
íîðìàòèâíîé äîêóìåíòàöèåé. Ïðèâåäåíû ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé ïî îïðåäåëåíèþ çàâèñèìî-
ñòè ïîòåðü óðîæàÿ çåðíà îçèìîé ïøåíèöû îò ïðîèçâîäèòåëüíîñòè çåðíîóáîðî÷íîãî êîìáàéíà TORUM-740 çà 
÷àñ îñíîâíîãî âðåìåíè. Îáîñíîâàíà ñòîèìîñòü êîñâåííûõ ïîòåðü óðîæàÿ (îò ìàêðî- è ìèêðîïîâðåæäåíèÿ çåð-
íà îçèìîé ïøåíèöû ñîðòà Îëüõîí) ðàçëè÷íûìè êîíñòðóêöèÿìè ìîëîòèëüíî-ñåïàðèðóþùèõ óñòðîéñòâ. Ïðåä-
ñòàâëåíû ðåçóëüòàòû ëàáîðàòîðíûõ èññëåäîâàíèé òåõíîëîãè÷åñêèõ êà÷åñòâ çåðíà: ñòåêëîâèäíîñòü, ñîäåðæà-
íèå ïðîòåèíà è ñûðîé êëåéêîâèíû ïîñëå óáîðî÷íîãî äîçðåâàíèÿ, à òàêæå âñõîæåñòü ñåìÿí. Ïðåäñòàâëåíû 
ðåçóëüòàòû èñïûòàíèé êîìáàéíîâ ïî óäåëüíûì ïîêàçàòåëÿì ïðîèçâîäèòåëüíîñòè, ðàñõîäó òîïëèâà, ýíåðãîåì-
êîñòè è ñåáåñòîèìîñòü çåðíà. Ñäåëàí âûâîä î òîì, ÷òî èç ïðèìåíÿåìûõ â îïûòå ñàìîõîäíûõ çåðíîóáîðî÷íûõ 
êîìáàéíîâ íà óáîðêå çèìîé ïøåíèöû ñîðòà Îëüõîí ñåëåêöèè Êðàñíîäàðñêîãî ÍÈÈÑÕ èì. Ï.Ï. Ëóêüÿíåíêî 
íàèëó÷øèå ýêñïëóàòàöèîííî-ýêîíîìè÷åñêèå ïîêàçàòåëè è òåõíîëîãè÷åñêèå ñâîéñòâà ïîëó÷åííîãî çåðíà îáå-
ñïå÷èë êîìáàéí TORUM-740. 
Êëþ÷åâûå ñëîâà: êà÷åñòâî çåðíà, êîìáàéí, ìîëîòèëüíî-ñåïàðèðóþùåå óñòðîéñòâî, óðîæàé, ïîòåðè, çàòðàòû.

The results of research on the qualitative performance of three types of combine harvesters with various designs of 
threshing-separating devices: the slashing type (Don-1500B), the slashing type with the accelerator (Tucano 480) 
and the rotor type (TORUM-740) are analyzed. The aim of the research is to reveal the best design of threshing-sep-
arating devices, which ensures the increase of combine productivity, quality of work, reduction of costs and crop 
losses. The urgency of the task under current market conditions is determined by the decrease in demand for Russian 
grain, which is sold abroad at the level of 4–5 class, and also by the need to reduce costs for the technological process 
and crop losses. During the research, theoretical and experimental methods were used, based on the application of 
the main provisions of the theory of agricultural machines and measurement methods, regulated by specific docu-
mentation. The results of theoretical studies on the determination of the dependence of the loss of the grain yield of 
winter wheat on the productivity of the combine harvester TORUM-740 per hour of the main time are presented. 
The cost of indirect losses of harvest (from macro- and micro damage to the grain of winter wheat of Olkhon type) 
is substantiated by various designs of threshing-separating devices. The results of laboratory studies of technological 
qualities of grain are presented: vitreousness, protein and raw gluten content after harvest ripening, as well as seed 
germination. The results of tests of combines on specific performance indicators, fuel consumption, energy intensity 
and grain cost are presented. It is concluded that from the self-propelled combine harvesters used in harvesting winter 
wheat of Olkhon type of Krasnodar Research Institute of Agriculture named after P. Lukyanenko the best operational 
and economic parameters and technological properties of the received grain were ensured by TORUM-740 combine.
Keywords: grain quality, harvester, threshing-separating device, crop, losses, costs.
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 Ââåäåíèå
Ñîâðåìåííîå ïðîèçâîäñòâî çåðíà äîëæíî 

áûòü îðèåíòèðîâàíî íà ïîëó÷åíèå âûñîêîêà÷å-
ñòâåííîé ïðîäóêöèè ñ íàèìåíüøèìè çàòðàòà-
ìè. Îñîáåííî ýòî îòíîñèòñÿ ê îçèìîé ïøåíè-
öå, êîòîðàÿ ðåàëèçóåòñÿ çà ðóáåæîì íà óðîâíå 
4–5-ãî êëàññà [1], è ñïðîñ íà êîòîðóþ ñíè-
æàåòñÿ [2]. Ïîëó÷åíèå âûñîêîêà÷åñòâåííîãî 
çåðíà ïøåíèöû, êîíå÷íî æå, â ïåðâóþ î÷åðåäü, 
îïðåäåëÿåòñÿ ñîðòîâûì ñîñòàâîì, ñîáëþäåíè-
åì ñèñòåìû çåìëåäåëèÿ [3], íî íåìàëîâàæíîå 
çíà÷åíèå èìååò è çåðíîóáîðî÷íàÿ òåõíèêà, â 
÷àñòíîñòè êîíñòðóêöèÿ ìîëîòèëüíî-ñåïàðèðó-
þùèõ óñòðîéñòâ (ÌÑÓ). 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ âûÿâëåíèå 

ëó÷øåé êîíñòðóêöèè ÌÑÓ, îáåñïå÷èâàþùåé 
ïîâûøåíèå ïðîèçâîäèòåëüíîñòè êîìáàéíà, 
êà÷åñòâî ðàáîòû, ñíèæåíèå çàòðàò è ïîòåðü 
óðîæàÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Ïðè ïðîâåäåíèè èññëåäîâàíèÿ èñïîëüçî-

âàëèñü òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå 
ìåòîäû, îñíîâàííûå íà ïðèìåíåíèè òåîðèè 
ñåëüñêîõîçÿéñòâåííûõ ìàøèí è ìåòîäîâ èçìå-
ðåíèé â ñîîòâåòñòâèè ñ äåéñòâóþùèìè ÃÎÑÒ 
è ëàáîðàòîðíûì îáîðóäîâàíèåì (ëàáîðàòîðíûå 
âåñû ÂËÒÊ-500, âëàãîìåð, ïðîáîîòáîðíèê, äè-
àôàíîñêîï, èíôðàêðàñíûé àíàëèçàòîð «Èíôðà-
ëþì ÔÒ-10»). Çàâèñèìîñòè ïîòåðü çåðíà çà êîì-
áàéíîì îò åãî ïðîèçâîäèòåëüíîñòè ïîëó÷åíû 
íà îñíîâàíèè àïïðîêñèìàöèè îïûòíûõ äàííûõ 
íà óáîðêå îçèìîé ïøåíèöû ñîðòà Îëüõîí ñ 
óðîæàéíîñòüþ 7,2 ò/ãà.

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Äëÿ âûïîëíåíèÿ ïîñòàâëåííîé öåëè â 2017 ã. 

íàìè èçó÷àëèñü êà÷åñòâåííûå ïîêàçàòåëè 
ðàáîòû òðåõ êîíñòðóêöèé ÌÑÓ: áèëüíîå (íà 
êîìáàéíå Äîí-1500Á), áèëüíîå ñ óñêîðèòåëåì 
(íà êîìáàéíå Tucano-480) è ðîòîðíîå ñ âðàùàþ-
ùåéñÿ äåêîé (íà êîìáàéíå TORUM-740). Èññëå-
äîâàíèÿ âûïîëíåíû â ó÷õîçå «Êóáàíü» ÊóáÃÀÓ 
íà óáîðêå îçèìîé ïøåíèöû ñîðòà Îëüõîí ïðè 
óðîâíå óðîæàéíîñòè çåðíà 7,2 ò/ãà. Âûáðàí-
íûé ó÷àñòîê èìåë òèïè÷íûå óñëîâèÿ óáîðêè: 
âûñîòà ðàñòåíèé ïøåíèöû – 75 ñì, ãóñòîòà ñòî-
ÿíèÿ – 753 øò/ì2, âëàæíîñòü çåðíà – 12,5 %, 
âëàæíîñòü ñîëîìû – 30 %, âûñîòà ñðåçà íà 
ïðÿìîì êîìáàéíèðîâàíèè – 15 ñì, êîëè÷åñòâî 

çåðåí, îñûïàâøèõñÿ äî óáîðêè, – 5 øò/ì2, ïî-
ëåãëîñòü ñòåáëåé îòñóòñòâîâàëà, çàñîðåí-
íîñòü – ñëàáàÿ. Ðàáî÷àÿ øèðèíà çàõâàòà æàòêè 
êîìáàéíà TORUM ñîñòàâèëà 6,65 ì, Tucano – 
7,13 ì, Äîí – 5,7 ì. Ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ, 
ñîîòâåòñòâåííî, – 7,2 êì/÷, 5,2 è 4,5 êì/÷. Ðå-
çóëüòèðóþùèå ïîêàçàòåëè ïî òðåì êîìáàéíàì 
ïðèâåäåíû íà ðèñ. 1. Îáðàùàåò âíèìàíèå âûñî-
êàÿ ýôôåêòèâíîñòü êîìáàéíà TORUM-740 ñ ðî-
òîðíûì ÌÑÓ (ðèñ. 1). Äðîáëåíèå çåðíà ðîâíî 
â 10 ðàç íèæå Äîíà è áîëåå ÷åì 10 ðàç íèæå 
Tucano-480. Ñóùåñòâåííî íèæå ó TORUM ìè-
êðîïîâðåæäåíèå çåðíà (17,2 %) è îáùèå ïîòåðè 
(1,85 %). 

Çåðíîóáîðî÷íûé êîìáàéí Äîí-1500Á 
èìååò ñàìóþ íèçêóþ ñåáåñòîèìîñòü çåðíà 
(448,1 ðóá./ò) ïî ñðàâíåíèþ ñ àíàëîãàìè, îñîáåí-
íî ïî ñðàâíåíèþ ñ Tucano-480 èç-çà åãî âûñîêîé 
áàëàíñîâîé ñòîèìîñòè. Ïî âñåì îñòàëüíûì ïî-
êàçàòåëÿì Äîí-1500Á óñòóïàåò Tucano-480 è òåì 
áîëåå TORUM-740. Ïðåäâàðèòåëüíàÿ ñåïàðàöèÿ 
çåðíà äî îáìîëîòà ïîä óñêîðèòåëåì ó Tucano-
480 ñïîñîáñòâîâàëà ñíèæåíèþ ìèêðîïîâðåæäå-
íèÿ çåðíà íà 5 % (ðèñ. 1).

Âûñîêàÿ óðîæàéíîñòü çåðíà, îïòèìàëüíàÿ 
ðàáî÷àÿ ñêîðîñòü äâèæåíèÿ, øèðèíà çàõâàòà 
æàòêè è ñîñòîÿíèå õëåáîñòîÿ îáåñïå÷èëè âûñî-
êóþ ïðîèçâîäèòåëüíîñòü ðàçëè÷íûõ êîíñòðóê-
öèé ÌÑÓ ïî íàìîëîòó (ðèñ. 1): ó TORUM – 
34,5 ò/÷, ó Tucano – 26,7 ò/÷ è ó Äîíà – 17,6 ò/÷. 
Òàêàÿ ïðîèçâîäèòåëüíîñòü ïîâëèÿëà íà óäåëü-
íûå ýêñïëóàòàöèîííûå ïîêàçàòåëè ðàáîòû 
êîìáàéíîâ: ðàñõîä òîïëèâà, ýíåðãîåìêîñòü, ñå-
áåñòîèìîñòü çåðíà.

Ïî âñåì ýòèì ïîêàçàòåëÿì êîìáàéí 
TORUM-740 èìåë îùóòèìîå ïðåèìóùåñòâî, 
óñòóïàÿ òîëüêî ïî ñåáåñòîèìîñòè çåðíà Äîíó. 
Ó÷èòûâàÿ áîëüøèå ïðåèìóùåñòâà îòå÷åñòâåí-
íîãî êîìáàéíà TORUM-740, åãî ìîæíî ðåêî-
ìåíäîâàòü äëÿ òåõíè÷åñêîãî ïåðåîñíàùåíèÿ 
ñåëüõîçïðåäïðèÿòèé. Ñëåäóåò îæèäàòü, ÷òî è 
åãî íîâûå ìîäèôèêàöèè TORUM-750 è 780 íå 
õóæå ïðåäøåñòâåííèêà. 

Íà îñíîâå àïïðîêñèìàöèè ïîëó÷åííûõ îïûò-
íûõ äàííûõ ïî ïðîèçâîäèòåëüíîñòè êîìáàéíà 
TORUM-740 è ïîòåðÿì çåðíà çà êîìáàéíîì óñòà-
íîâëåíà èõ çàâèñèìîñòü (ðèñ. 2). Ïîëó÷åííîå 
óðàâíåíèå (ðèñ. 2) àäåêâàòíî îïèñûâàåò çàâèñè-
ìîñòü ïîòåðü çåðíà çà êîìáàéíîì TORUM-740 
îò èçìåíåíèÿ åãî ïðîèçâîäèòåëüíîñòè.

Âàæíî òàêæå óñòàíîâèòü ñòîèìîñòü ïîòåðü 
óðîæàÿ îò âåëè÷èíû åãî ìàêðî- è ìèêðîïîâ-
ðåæäåíèé.
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Íàìè ïðåäëàãàåòñÿ ìåòîäèêà îöåíêè ýêîíî-
ìè÷åñêîé ýôôåêòèâíîñòè îò ñíèæåíèÿ ìåõàíè-
÷åñêèõ ïîâðåæäåíèé çåðíà êîìáàéíîì (ìàêðî- 
è ìèêðîïîâðåæäåíèÿ). Ïðåæäå ðàññìîòðèì 
ïðèíÿòûå äîïóùåíèÿ â ðàñ÷åòàõ. Ñîãëàñíî èñ-
ñëåäîâàíèÿì ÊóáÍÈÈÒèÌ, ê ïîòåðÿì çåðíà çà 
êîìáàéíîì äîáàâëÿþòñÿ åùå ïîòåðè îò äðîáëå-
íèÿ è ðàñïûëà, êîòîðûå ñîñòàâëÿþò îêîëî 20 %, 
à ïîòåðè îò ìèêðîïîâðåæäåíèé çåðíà – 10 êã/ãà 
íà êàæäûé ïðîöåíò ìèêðîïîâðåæäåíèé [4, 5].

Ñ ó÷åòîì èçëîæåííîãî ïîëó÷åíà çàâèñè-
ìîñòü ñòîèìîñòè ïîòåðü çåðíà ïðè êîìáàéíî-
âîé óáîðêå îò åãî óðîæàéíîñòè U, çàêóïî÷íîé 
öåíû Z íà çåðíî, âåëè÷èí äðîáëåíèÿ Ä

ð
 êîì-

áàéíîì è ìèêðîïîâðåæäåíèé Ì
ï
:

ï
iC = ZU (0,012 Др + 0,0001 Мп),

ãäå ï
iC  – ñòîèìîñòü ïîòåðü çåðíà îò ìåõàíè÷å-

ñêèõ ïîâðåæäåíèé êîìáàéíàìè ïî i-ìó âàðè-
àíòó òåõíîëîãèè, ðóá./ãà; Z – çàêóïî÷íàÿ öåíà, 
ðóá./ò; U – óðîæàéíîñòü óáèðàåìîãî çåðíà, 

Ðèñ. 1. Êà÷åñòâî ðàáîòû ðàçëè÷íûõ ÌÑÓ 
(2017 ã., ñîðò ïøåíèöû Îëüõîí, óðîæàéíîñòü U = 72 ö/ãà, ó÷õîç «Êóáàíü» ÊÃÀÓ)

Ðèñ. 2. Çàâèñèìîñòü ïîòåðü çåðíà îò 
ïðîèçâîäèòåëüíîñòè êîìáàéíà TORUM-740: 

P – ïîòåðè çåðíà, %; W – ïðîèçâîäèòåëüíîñòü 
êîìáàéíà, ò/÷; å – îñíîâàíèå íàòóðàëüíîãî 

ëîãàðèôìà; G
p 
è G

t
 – ñîîòâåòñòâåííî, ðàñ÷åòíûå 

è òàáëè÷íûå çíà÷åíèÿ êðèòåðèÿ Êîõðåíà
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ò/ãà; Ä
ð
 – äðîáëåíèå çåðíà ïðè óáîðêå, %; Ì

ï
 – 

ìèêðîïîâðåæäåíèÿ çåðíà ïðè óáîðêå, %.
Ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü ïðåäëàãàå-

ìîé íîâîé ìàøèíû (òåõíîëîãèè), ò.å. i-ãî âàðè-
àíòà, îïðåäåëèòñÿ ðàçíèöåé ñòîèìîñòè ïîòåðü 
óðîæàÿ îò òðàâìèðîâàíèÿ ñðàâíèâàåìûìè ìà-
øèíàìè:

Ý
i
 = C

ï1
 – Ñ

ï2
,

ãäå Ý
i
 – ýêîíîìè÷åñêèé ýôôåêò îò ñíèæåíèÿ 

ïîòåðü óðîæàÿ çà ñ÷åò ñíèæåíèÿ ìåõàíè÷å-
ñêèõ ïîâðåæäåíèé çåðíà êîìáàéíîì, ðóá./ãà; 
C

Ï1
, Ñ

Ï2
 – ñòîèìîñòü ïîòåðü çåðíà îò ìåõàíè-

÷åñêèõ ïîâðåæäåíèé, ñîîòâåòñòâåííî, ïî 1-ìó 
è 2-ìó âàðèàíòàì ïðèìåíÿåìûõ ìàøèí, ðóá/ãà.

Òàêèì îáðàçîì, ïî ðåçóëüòàòàì ñðàâíè-
òåëüíûõ èñïûòàíèé ðàçëè÷íûõ êîíñòðóêöèé 
êîìáàéíîâ íà óáîðêå çåðíà, çíàÿ âåëè÷èíó 
óðîæàéíîñòè, çàêóïî÷íóþ öåíó, äðîáëåíèå è 
ìèêðîïîâðåæäåíèÿ çåðíà, ëåãêî ìîæíî îïðåäå-
ëèòü ýôôåêòèâíîñòü ïðåäëàãàåìîãî âàðèàíòà 
îò ñíèæåíèÿ ìåõàíè÷åñêèõ ïîòåðü çåðíà.

Âûâîäû
1. Íà îñíîâàíèè èññëåäîâàíèÿ òðåõ êîí-

ñòðóêòèâíûõ ñõåì ÌÑÓ íà óáîðêå âûñîêî-
óðîæàéíîãî ñîðòà îçèìîé ïøåíèöû Îëüõîí 
ëó÷øèå êà÷åñòâåííûå è ýêñïëóàòàöèîííî-òåõ-
íîëîãè÷åñêèå ïîêàçàòåëè îáåñïå÷èëà ðîòîðíàÿ 
ìîäèôèêàöèÿ. Íà çåðíîóáîðî÷íîì êîìáàéíå 
TORUM-740 ñ ðîòîðíûì ÌÑÓ ïîëó÷åíà ïðî-
èçâîäèòåëüíîñòü 34,5 ò çà 1 ÷àñ îñíîâíîãî âðå-
ìåíè ïðè ðàñõîäå òîïëèâà 1,4 êã/ò, ýíåðãîåì-
êîñòè 9,8 êÂò-÷/ò è ñåáåñòîèìîñòè îáìîëîòà 
622 ðóá./ò. 

2. Ñõåìà áèëüíîãî ÌÑÓ ñ óñêîðèòåëåì 
(êîìáàéí Tucano-480) ñíèæàåò íà 5 % ìèêðî-
ïîâðåæäåíèå çåðíà ïî ñðàâíåíèþ ñ Äîí-1500Á, 
íî çíà÷èòåëüíî óñòóïàåò ðîòîðíîìó êîìáàéíó 
TORUM-740, êîòîðûé ÿâëÿåòñÿ áîëåå ïðåäïî-
÷òèòåëüíûì ïî êà÷åñòâó ðàáîòû è ñíèæåíèþ 
çàòðàò íà óáîðêó óðîæàÿ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîä-
äåðæêå ÐÔÔÈ è Àäìèíèñòðàöèè Êðàñíîäàð-
ñêîãî êðàÿ ïî íàó÷íîìó ïðîåêòó № 16-48-
230386.
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