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Êëþ÷åâîå ìåñòî â ñåëüñêîõîçÿéñòâåííîì ïðîèçâîäñòâå Ðîññèè óäåëÿåòñÿ ïðîèçâîäñòâó çåðíà. Íåäîïóñòèìî 
âûñîêèé óðîâåíü ïîòåðü çåðíà íà ðàçëè÷íûõ ýòàïàõ åãî ïðîèçâîäñòâà, íà÷èíàÿ îò âîçäåëûâàíèÿ è çàêàí÷èâàÿ 
ïîñëåóáîðî÷íîé îáðàáîòêîé, îêàçûâàåò íåãàòèâíîå âëèÿíèå íà îáúåìû è ýêîíîìèêó çåðíîâîãî õîçÿéñòâà. Äëÿ 
ñîçäàíèÿ îõëàäèòåëüíîé óñòàíîâêè çåðíà, îòâå÷àþùåé âûñîêèì òðåáîâàíèÿì, ðàçðàáîòàí è èçãîòîâëåí îïûò-
íûé îáðàçåö, íà êîòîðîì äëÿ ïîäòâåðæäåíèÿ òåîðåòè÷åñêèõ ïðåäïîñûëîê áûëè ïðîâåäåíû ýêñïåðèìåíòàëüíûå 
èññëåäîâàíèÿ. Âàæíûì çâåíîì â ðÿäó ðåøàåìûõ çàäà÷ ÿâëÿëîñü ïîëó÷åíèå ðàçëè÷íûõ îïûòíûõ çàâèñèìîñòåé, 
â òîì ÷èñëå êðèòåðèàëüíûõ. Â ðåçóëüòàòå äëÿ ïîäòâåðæäåíèÿ àíàëèòè÷åñêèõ âûêëàäîê ïîëó÷åíû çàâèñèìîñòè, 
ïîçâîëÿþùèå ïîëó÷èòü êà÷åñòâåííûå ïîêàçàòåëè ïðîöåññà ïðè ôóíêöèîíèðîâàíèè ýêñïåðèìåíòàëüíîé óñòà-
íîâêè. Ïîëó÷åííûå ðåçóëüòàòû ñóùåñòâåííî ðàñøèðÿþò ãðàíèöû îáúåìà èíôîðìàöèè â îáëàñòè òåõíè÷åñêèõ 
ñðåäñòâ è òåõíîëîãèé ìåõàíèçàöèè ïîñëåóáîðî÷íîé îáðàáîòêè çåðíà, ÷òî ñïîñîáñòâóåò ðàçðàáîòêå è ïðîåêòè-
ðîâàíèþ ìàøèí, ðàáîòàþùèõ íà èííîâàöèîííûõ ïðèíöèïàõ. 
Êëþ÷åâûå ñëîâà: ñåëüñêîå õîçÿéñòâî, êà÷åñòâî ðàáîòû, ïîñëåóáðî÷íàÿ îáðàáîòêà çåðíà.

The key place in agricultural production of Russia is given to production of grain. Unacceptably high level of losses 
of grain at various stages of its production, beginning from cultivation and finishing with postharvest processing, has 
negative impact on volumes and economy of grain farm. For creation of cooling installation of grain, to the meeting 
high requirements the test piece is developed and made. For creation of cooling installation of grain, to the meeting 
high requirements the test piece is developed and made. To confirm theoretical prerequisites there was a need of car-
rying out the pilot studies. An important link in this number of tasks is obtaining various experienced dependences, 
including criteria. As a result of the conducted pilot studies for confirmation of analytical calculations the depend-
ences allowing to receive quality indicators of process when functioning the pilot unit are received. This knowledge 
significantly expands information content borders in the field of technical means and technologies of mechanization 
of postharvest processing of grain. What promotes development and design of the cars working at the innovative 
principles.
Keywords: agriculture, quality of work, posleubrochny processing of grain.
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Ââåäåíèå
Ðåàëèçàöèÿ ïðîãðàììû íàó÷íî-òåõíè÷åñêî-

ãî ðàçâèòèÿ ñåëüñêîãî õîçÿéñòâà ïðåäïîëàãàåò 
ñîâåðøåíñòâîâàíèå ñóùåñòâóþùèõ, à òàêæå 
ñîçäàíèå èííîâàöèîííûõ òåõíè÷åñêèõ ñðåäñòâ 
è òåõíîëîãèé, îáåñïå÷èâàþùèõ ìåõàíèçàöèþ, 
àâòîìàòèçàöèþ è ýëåêòðèôèêàöèþ àãðîïðî-
ìûøëåííîãî êîìïëåêñà ñòðàíû íà ñîâðåìåí-
íîì óðîâíå [1, 4–6, 8–11]. Êëþ÷åâîå ìåñòî â 
ñåëüñêîõîçÿéñòâåííîì ïðîèçâîäñòâå Ðîññèè 
óäåëÿåòñÿ ïðîèçâîäñòâó çåðíà. Íåäîïóñòèìî 
âûñîêèé óðîâåíü ïîòåðü çåðíà íà ðàçëè÷íûõ 
ýòàïàõ åãî ïðîèçâîäñòâà, íà÷èíàÿ îò âîçäåëû-
âàíèÿ è çàêàí÷èâàÿ ïîñëåóáîðî÷íîé îáðàáîò-
êîé, îêàçûâàåò íåãàòèâíîå âëèÿíèå íà îáúåìû 
è ýêîíîìèêó çåðíîâîãî õîçÿéñòâà. Íåîáõîäè-
ìî ñóùåñòâåííî ïîâûñèòü ýôôåêòèâíîñòü èñ-
ïîëüçîâàíèÿ ìàòåðèàëüíî-òåõíè÷åñêîé áàçû, â 
òîì ÷èñëå íà ýòàïå ïîñëåóáîðî÷íîé îáðàáîòêè 
çåðíà [2, 3, 7], ïîñêîëüêó ïîòåðè ïðè îáðàáîò-
êå ïðåâûøàþò â 2–3 ðàçà ïîòåðè ïðè óáîðêå. 
Â îáùåé ñòðóêòóðå çàòðàò äîëÿ íà ïîñëåóáî-
ðî÷íóþ îáðàáîòêó ñîñòàâëÿåò 30–60 %, à â 
ñòðóêòóðå ñåáåñòîèìîñòè – 40 %. Ñâîåâðåìåí-
íàÿ è êà÷åñòâåííàÿ ïîñëåóáîðî÷íàÿ îáðàáîòêà 
çåðíà – îäèí èç ïóòåé ñîêðàùåíèÿ åãî ïîòåðü 
è óëó÷øåíèÿ êà÷åñòâà. Âàæíîé îïåðàöèåé ïî-
ñëåóáîðî÷íîé îáðàáîòêè çåðíà ÿâëÿåòñÿ åãî 
îõëàæäåíèå è ñóøêà. Ñóùåñòâóþùèå îõëàäè-
òåëüíûå óñòðîéñòâà íå îòâå÷àþò ñîâðåìåííûì 
òðåáîâàíèÿì. Â ýòîé ñâÿçè îñòðî ñòîèò âîïðîñ 
ñîçäàíèÿ ìàøèí íîâîãî ïîêîëåíèÿ.

Öåëü èññëåäîâàíèÿ
Cîçäàíèå îõëàäèòåëüíîé óñòàíîâêè çåðíà, 

îòâå÷àþùåé âûñîêèì òðåáîâàíèÿì, à òàêæå 
ðàçðàáîòêà è èçãîòîâëåíèå îïûòíîãî îá-
ðàçöà óñòàíîâêè, íà êîòîðîé äëÿ ïðîâåðêè è 
ïîäòâåðæäåíèÿ òåîðåòè÷åñêèõ ïðåäïîñûëîê 
áûëè ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäî-
âàíèÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Äëÿ ñîçäàíèÿ îõëàäèòåëüíîé óñòàíîâêè 

çåðíèñòûõ ìàòåðèàëîâ, îòâå÷àþùèì ñàìûì 
âûñîêèì òðåáîâàíèÿì ðàçðàáîòàí è èçãîòîâ-
ëåí îïûòíûé îáðàçåö (ðèñ. 1). Äëÿ òîãî, ÷òîáû 
ïîäòâåðäèòü òåîðåòè÷åñêèå ïðåäïîñûëêè, ïî-
ëó÷åííûå â õîäå àíàëèòè÷åñêèõ èçûñêàíèé, 
âîçíèêëà íåîáõîäèìîñòü ïðîâåäåíèÿ ýêñïåðè-
ìåíòàëüíûõ èññëåäîâàíèé. Âàæíûì çâåíîì â 
ýòîì ðÿäó ðåøàåìûõ çàäà÷ ÿâëÿëîñü ïîëó÷å-
íèå ðàçëè÷íûõ îïûòíûõ çàâèñèìîñòåé, îïèñû-

âàþùèõ ïðîöåññ îõëàæäåíèÿ çåðíèñòûõ ìàòå-
ðèàëîâ, â òîì ÷èñëå êðèòåðèàëüíûõ. 

Óñòàíîâêà âêëþ÷àåò ðàáî÷óþ êàìåðó 1, ùå-
ëåâîé àïïàðàò 2, âûïóñêíîé ïàòðóáîê 3, øëþ-
çîâîé çàòâîð 4, ïðèåìíûé áóíêåð 5, âåíòè-
ëÿòîð ñðåäíåãî äàâëåíèÿ 6, âûñîêîíàïîðíûé 
âåíòèëÿòîð 7, ùèò óïðàâëåíèÿ 8 è ðàìó 9.

Îïûòíàÿ îõëàäèòåëüíàÿ óñòàíîâêà çåðíè-
ñòûõ ìàòåðèàëîâ ôóíêöèîíèðóåò ñëåäóþùèì 
îáðàçîì. Çåðíî, êîòîðîå ïî ñâîèì òåìïåðàòóð-
íûì õàðàêòåðèñòèêàì ïðåâûøàåò íîðìàòèâ-
íûå ïðåäåëû, èç ïðèåìíîãî áóíêåðà óñòàíîâêè 
ïîäàåòñÿ â ðàáî÷óþ êàìåðó âèõðåâûì âîçäóø-
íûì ïîòîêîì ñ ïîìîùüþ âåíòèëÿòîðà ñðåäíåãî 
äàâëåíèÿ. Â êàìåðå îáðàáàòûâàåìûé ìàòåðèàë 
àêòèâíî îáäóâàåòñÿ çàêðó÷åííûì ïîòîêîì âîç-
äóõà ïðè âûñîêèõ ñêîðîñòÿõ îáòåêàíèÿ è àê-
òèâíî îõëàæäàåòñÿ. Ïîëó÷åíèå çàêðó÷åííîãî 
ïîòîêà âîçíèêàåò â êàìåðå çà ñ÷åò ïîäà÷è íà-
ðóæíîãî âîçäóõà âûñîêîíàïîðíûì âåíòèëÿòî-
ðîì ÷åðåç ùåëåâîé àïïàðàò. Ïîñòîÿííàÿ òðàíñ-
ïîðòèðîâêà îõëàæäåííîãî çåðíà èç óñòàíîâêè 
ïðîèñõîäèò ÷åðåç øëþçîâîé çàòâîð, à îòðàáî-
òàííûé âîçäóõ ÷åðåç öåíòðàëüíûé âûïóñêíîé 
ïàòðóáîê íàïðàâëÿåòñÿ íàðóæó.

Ñ öåëüþ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ 
ïðîöåññîâ, ïðîèñõîäÿùèõ ïðè ðàáîòå îïûòíîé 
îõëàäèòåëüíîé óñòàíîâêè çåðíèñòûõ ìàòåðèà-
ëîâ, èñïîëüçîâàëèñü ìåòîäû ôèçè÷åñêîãî ìî-
äåëèðîâàíèÿ. Â ñîîòâåòñòâèè c òåîðèåé ïîäî-
áèÿ ïðîöåññ òåïëîîáìåíà, ïðîèñõîäÿùèé ïðè 
âûñîêèõ ñêîðîñòÿõ îáòåêàíèÿ ìåæäó îòäåëüíî 
ðàññìàòðèâàåìîé çåðíîâêîé è çàêðó÷åííûì 
âîçäóøíûì ïîòîêîì, ìîæíî ïðåäñòàâèòü êàê 

Ðèñ. 1. Îïûòíàÿ îõëàäèòåëüíàÿ óñòàíîâêà 
çåðíèñòûõ ìàòåðèàëîâ
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ïðîöåññ òåïëîîáìåíà, ïðîèñõîäÿùèé ìåæäó 
íåïîäâèæíîé çåðíîâêîé è âûñîêîñêîðîñòíûì 
âîçäóøíûì ïîòîêîì, îáòåêàþùèì åå.

Ñ öåëüþ ïðîâåðêè è ïîäòâåðæäåíèÿ àíàëèòè-
÷åñêèõ èçûñêàíèé îïûòíûì ïóòåì áûë ñïðîåê-
òèðîâàí è èçãîòîâëåí ñòåíä, êîòîðûé âêëþ÷àåò:

– àïïàðàò äëÿ ïîäà÷è íàðóæíîãî âîçäóõà 
ïîä äàâëåíèåì, ñîñòîÿùèé èç êîìïðåññîðà 
ÐÃÍ-1300À è ðåñèâåðà îáúåìîì 1,61 êóáà;

– óñòðîéñòâî, ïîçâîëÿþùåå íàãðåâàòü çåð-
íîâêó äî íåîáõîäèìîé òåìïåðàòóðû, è åìêîñòü 
äëÿ àäñîðáåíòà;

– óñòðîéñòâî, ïîçâîëÿþùåå îõëàæäàòü çåðíîâ-
êè, ñîñòîÿùåå èç òðóáû è âåíòèëÿ-ðåãóëÿòîðà.

Êîíòðîëüíî-èçìåðèòåëüíûå ïðèáîðû: àâòî-
ìàòè÷åñêè ïèøóùèé ïîòåíöèîìåòð ÊÑÏ-5,1 ñ 
òåðìîïàðîé èç õðîìîíèêåëÿ; ìàíîìåòð ÌÌÍ 
è òåðìîìåòð, â êà÷åñòâî ðàáî÷åãî òåëà êîòîðî-
ãî ñëóæèò ñïèðò.

Íàðóæíûé âîçäóõ ïîäàâàëñÿ ãàçîäóâêîé â 
òðóáó ÷åðåç âåíòèëü ñ øèðîêèì äèàïàçîíîì 
ðåãóëèðîâàíèÿ, íà âûõîäå êîòîðîé óñòàíàâëè-
âàëàñü òåðìîïàðà ñ íåïîäâèæíî óñòàíîâëåííîé 
çåðíîâêîé. Â ïðîöåññå îáäóâàíèÿ èññëåäóåìî-
ãî ìàòåðèàëà íàãíåòàåìûì ñíàðóæè âîçäóõîì 
ïðîèñõîäèëî åãî îõëàæäåíèå, à âàðüèðîâàíèå 
òåìïåðàòóðû ðåãèñòðèðîâàëîñü íà àâòîìàòè÷å-
ñêè çàïèñûâàþùåì óñòðîéñòâå ïîòåíöèîìåòðà. 
Îñòûâøóþ çåðíîâêó âíîâü íàãðåâàëè â ãîðÿ-
÷åì àäñîðáåíòå, êîòîðûé, â ñâîþ î÷åðåäü,  íà-
ãðåâàëñÿ ñ ïîìîùüþ ýëåêòðîíàãðåâàòåëüíîãî 
ïðèñïîñîáëåíèÿ. Äîâåäÿ òåìïåðàòóðó îáúåêòà 
ýêñïåðèìåíòà äî îïðåäåëåííîãî çíà÷åíèÿ, åãî  
ñíîâà îõëàæäàëè ïðè äðóãèõ äèàïàçîíàõ ñêî-
ðîñòíîãî ðåæèìà âîçäóøíîãî ïîòîêà.

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ â ñåðåäèíå 
áîðîçäêè çåðíîâîê ïøåíèöû áûëè ïðîñâåðëå-
íû îòâåðñòèÿ äèàìåòðîì 0,8 ìì. Ïîî÷åðåäíî 
îáðàçöû çåðíîâîê óñòàíàâëèâàëèñü íà êîíåö 
òåðìîïàðû, è îïûòû ïðîâîäèëèñü ïðè ðàçëè÷-
íûõ ñêîðîñòÿõ îáòåêàíèÿ.

Ðåçóëüòàòû
Îáðàáîòêà äàííûõ, ïîëó÷åííûõ îïûòíûì 

ïóòåì è èõ òùàòåëüíûé àíàëèç ïîçâîëèëè ïî-
ëó÷èòü ñëåäóþùèå ýìïèðè÷åñêèå çàâèñèìîñòè 
äëÿ âû÷èñëåíèÿ êîýôôèöèåíòà òåïëîîòäà÷è â 
ïðîöåññå îõëàæäåíèÿ çåðíà:
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ãäå λ – ïàðàìåòð, õàðàêòåðèçóþùèé òåïëîïðî-
âîäíîñòü âîçäóõà, Âò/ì·°Ñ; ν – êèíåìàòè÷åñêàÿ 

âÿçêîñòü âîçäóõà, ì2/ñ; V – ñêîðîñòü âîçäóøíî-
ãî ïîòîêà ïðè îáòåêàíèè çåðíà, ì/ñ; d

ïð 
– ïðè-

âåäåííûé äèàìåòð îáðàçöà çåðíîâêè, ì.
Êëàññè÷åñêèì óðàâíåíèåì, õàðàêòåðèçó-

þùèì ïðîöåññ òåïëîîáìåíà ðàçëè÷íûõ òåë, 
ÿâëÿåòñÿ êðèòåðèàëüíàÿ çàâèñèìîñòü âèäà 
Nu = f(Re). 

Â ðåçóëüòàòå ïðîâåäåíèÿ íåêîòîðûõ ïðåîá-
ðàçîâàíèé çàâèñèìîñòè (1) ïîëó÷àåì ýêñïåðè-
ìåíòàëüíîå âûðàæåíèå ôîðìóëû äëÿ íàõîæäå-
íèÿ êðèòåðèàëüíûõ äàííûõ:

0,6 0,6

0,60,244
d d V


 
ý ïð ïð ;

 
0,60,244Nu Reý . (2)

Ïðåäñòàâëåííûå âûðàæåíèÿ â êîìïëåêñå ñ 
àíàëîãè÷íûìè ôîðìóëàìè ðàçíûõ èññëåäîâà-
òåëåé îòðàæåíû íà ðèñ. 2.

Ðèñ. 2. Çàâèñèìîñòè êðèòåðèÿ Íóññåëüòà 
îò ÷èñåë Ðåéíîëüäñà: 

1 – Â.Ì. Ëóðüå – äëÿ ïëîòíîãî ñëîÿ; 
2 – À.Â. Àâäååâà – äëÿ âèáðîîæèæåííîãî ñëîÿ; 

3 – È.Ì. Ôåäîðîâà – äëÿ êèïÿùåãî ñëîÿ; 
4 – ýêñïåðèìåíòàëüíàÿ; Nu – êðèòåðèé Íóññåëüòà; 

Re – ÷èñëî Ðåéíîëüäñà

Èç ðèñ. 2 âèäíî, ÷òî ïðè ñêîðîñòÿõ îáäóâà, 
ðàâíûõ ñêîðîñòè âèòàíèÿ çåðíà, èëè ÷èñëàõ 
Ðåéíîëüäñà (çàøòðèõîâàííàÿ ÷àñòü), ÷èñëî 
Íóññåëüòà, õàðàêòåðèçóþùåå èíòåíñèâíîñòü 
òåïëîîáìåíà, ñîñòàâëÿåò 20–30, ÷òî â 2–3 ðàçà 
áîëüøå, ÷åì ïðè îõëàæäåíèè çåðíà â êèïÿùåì 
ñëîå è íà ïîðÿäîê – â ïëîòíîì ñëîÿõ (2–3).

Òàêèì îáðàçîì, ïðè ýòèõ çíà÷åíèÿõ ñêîðî-
ñòåé îáòåêàíèÿ ïðîöåññ òåïëîîáìåíà ïðîèñõî-
äèò çíà÷èòåëüíî àêòèâíåå.

Çàâèñèìîñòè, ïîëó÷åííûå âûøåíàçâàííûìè 
àâòîðàìè, äåéñòâèòåëüíû òîëüêî äëÿ ÷èñåë Ðåé-
íîëüäñà Re äî 103. Ìàòåìàòè÷åñêèå âûðàæåíèÿ, 
êîòîðûå íàì óäàëîñü ïîëó÷èòü, ïîçâîëÿþò îïè-
ñûâàòü ïðîöåññû, ïðîèñõîäÿùèå ïðè îõëàæäå-
íèè çåðíà â èíòåðâàëå ÷èñåë îò 103 äî 104.
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Âûâîäû
Ïîëó÷åííûå ýêñïåðèìåíòàëüíûì ïóòåì çà-

âèñèìîñòè ïîçâîëÿþò óòî÷íèòü è ïîäòâåðäèòü 
èçâåñòíûå ðàíåå àíàëèòè÷åñêèå âûêëàäêè, îïðå-
äåëÿþò íîâûå çíàíèÿ, íåîáõîäèìûå äëÿ ðàçðà-
áîòêè è ïðîåêòèðîâàíèÿ òåõíè÷åñêèõ ñðåäñòâ è 
òåõíîëîãèé äëÿ ìåõàíèçàöèè ïðîèçâîäñòâåííûõ 
ïðîöåññîâ âîçäåëûâàíèÿ çëàêîâûõ êóëüòóð, à 
èìåííî ïîñëåóáîðî÷íîé îáðàáîòêè çåðíà. 
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