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Íà ñåãîäíÿøíèé äåíü îñíîâíûì ìåòîäîì áîðüáû ñ çàðàæåííîñòüþ çåðíà è ñåìÿí â ñåëüñêîì õîçÿéñòâå ÿâëÿåò-
ñÿ õèìè÷åñêîå ïðîòðàâëèâàíèå. Ñóòü åãî çàêëþ÷àåòñÿ â íàíåñåíèè íà ïîâåðõíîñòü ñåìÿí õèìè÷åñêè àêòèâíûõ 
âåùåñòâ, óíè÷òîæàþùèõ ïàðàçèòíóþ ìèêðîôëîðó. Îäíàêî õèìè÷åñêèé ìåòîä ñòåðèëèçàöèè íå ëèøåí ñåðüåç-
íûõ íåäîñòàòêîâ. Èçâåñòíî, ÷òî íàèáîëåå ýôôåêòèâíûå ïðîòðàâèòåëè – ñèñòåìíûå ôóíãèöèäû – ÿäîâèòû, â 
òîì ÷èñëå äëÿ ÷åëîâåêà. Ïðèìåíåíèå ïîäîáíûõ âåùåñòâ ïîìèìî òîêñèêîëîãè÷åñêèõ ïîñëåäñòâèé ñïîñîáñòâó-
åò âûðàáîòêå ðåçèñòåíòíîñòè ïàðàçèòíûõ ìèêðîîðãàíèçìîâ, èõ ìóòàöèÿì â ñòîðîíó ÷ðåçâû÷àéíî îïàñíûõ 
è óñòîé÷èâûõ âèäîâ. Âî èçáåæàíèå ýòîãî íóæíû àëüòåðíàòèâíûå ìåòîäû è ñîîòâåòñòâóþùåå îáîðóäîâàíèå. 
Îáåççàðàæèâàþùèì ýôôåêòîì îáëàäàþò ýëåêòðîôèçè÷åñêèå âîçäåéñòâèÿ, â ÷àñòíîñòè ñâåðõâûñîêî÷àñòîòíàÿ 
(ÑÂ×) ýíåðãèÿ. Ïðè ýòîì ìåõàíèçì ïîäàâëåíèÿ ïàðàçèòíîé ìèêðîôëîðû ïðèíöèïèàëüíî èíîé è çàêëþ÷àåòñÿ 
âî âëèÿíèè íà âíóòðåííþþ åñòåñòâåííóþ ñðåäó áèîîðãàíèçìîâ – áèîëîãè÷åñêóþ âëàãó. Â ýòîé ñðåäå ïðîòåêà-
þò âñå êëåòî÷íûå ïðîöåññû æèâûõ îðãàíèçìîâ, ïîýòîìó èçìåíåíèå åå ïàðàìåòðîâ, ñîïðîâîæäàþùååñÿ îáðàçî-
âàíèåì àêòèâíûõ èîíîâ, îêàçûâàåòñÿ êðèòè÷íûì äëÿ æèçíåäåÿòåëüíîñòè ïàðàçèòíûõ ìèêðîîðãàíèçìîâ. ×òîáû 
ïðîöåññ èîíèçàöèè âûçûâàë çíà÷èìûé ýôôåêò, íåîáõîäèìû îïðåäåëåííûå õàðàêòåðèñòèêè ÑÂ×-îáëó÷åíèÿ: 
ìîùíîñòü, äëèòåëüíîñòü, ðàâíîìåðíîñòü ïîäâîäà ê ìàòåðèàëó, ÷òî çàâèñèò îò ïðèìåíÿåìîãî îáîðóäîâàíèÿ. 
Â ñòàòüå ñôîðìóëèðîâàíû îñíîâíûå òðåáîâàíèÿ ê îáåççàðàæèâàþùåìó ÑÂ×-îáîðóäîâàíèþ, ñïîñîáíîìó ýô-
ôåêòèâíî èñïîëüçîâàòüñÿ â ñåëüñêîì õîçÿéñòâå. Ðàññìîòðåíû íàèáîëåå âàæíûå ïàðàìåòðû ñóùåñòâóþùèõ 
ÑÂ×-óñòàíîâîê. Äëÿ ñðàâíèòåëüíîé îöåíêè ïðåäëîæåí ïðàêòè÷åñêè óäîáíûé êðèòåðèé – êîýôôèöèåíò ýôôåê-
òèâíîñòè îáåççàðàæèâàíèÿ, ó÷èòûâàþùèé âàæíåéøèå õàðàêòåðèñòèêè ðàññìàòðèâàåìîãî îáîðóäîâàíèÿ â îä-
íîé öèôðå. Âûïîëíåí ðàñ÷åò âíîâü ââåäåííîãî êîýôôèöèåíòà äëÿ ðÿäà ÑÂ×-óñòàíîâîê, è äàíà åãî ãðàôè÷åñêàÿ 
èíòåðïðåòàöèÿ. Ïîêàçàíî, ÷òî èííîâàöèîííàÿ óñòàíîâêà «ÑÈÃÌÀ-1», ðàçðàáîòàííàÿ â Àãðàðíîì íàó÷íîì 
öåíòðå «Äîíñêîé», ïðåâîñõîäèò àíàëîãè ïî êîýôôèöèåíòó ýôôåêòèâíîñòè îáåççàðàæèâàíèÿ â 1,5…3 ðàçà. Ê 
åå ïðåèìóùåñòâàì òàêæå îòíîñèòñÿ âîçìîæíîñòü äàëüíåéøåãî ñîâåðøåíñòâîâàíèÿ ïóòåì íàðàùèâàíèÿ ÷èñëà 
âîëíîâîäíûõ ñåêöèé, ÷òî êðàòíî óâåëè÷èâàåò ïðîèçâîäèòåëüíîñòü. 
Êëþ÷åâûå ñëîâà: ñòåðèëèçàöèÿ, ýëåêòðîôèçè÷åñêîå îáåççàðàæèâàíèå, ÑÂ×-óñòàíîâêà, òåõíè÷åñêèå õàðàêòå-
ðèñòèêè, êîýôôèöèåíò ýôôåêòèâíîñòè îáåççàðàæèâàíèÿ, âîëíîâîäíàÿ ñåêöèÿ.

To date, the main method of combating the contamination of grain and seeds in agriculture is chemical etching. Its es-
sence lies in applying to the surface of seeds chemically active substances that destroy the parasitic microflora. How-
ever, the chemical method of sterilization is not without serious shortcomings. It is known that the most effective 
disinfectants – systemic fungicides – are poisonous, including for humans. The use of such substances in addition to 
toxicological effects contributes to the development of resistance of parasitic microorganisms, their mutations in the 
direction of extremely dangerous and resistant species. To avoid this, alternative methods and equipment are needed. 
Electrophysical effects, in particular, microwave frequency energy. At the same time, the mechanism for suppressing 
the parasitic microflora is fundamentally different and consists in the influence of biological organisms on the internal 
natural environment of biological organisms. In this environment, all the cellular processes of living organisms occur, 
therefore, changing its parameters, accompanied by the formation of active ions, is critical for the vital activity of par-
asitic microorganisms. For the ionization process to produce a significant effect, certain characteristics of microwave 
radiation are needed: power, duration, uniformity of supply to the material, which depends on the equipment used. 
The article formulates the basic requirements for decontaminating microwave equipment that can be effectively used 
in agriculture. The most important parameters of existing microwave devices are considered. For comparative eval-
uation, an almost convenient criterion is proposed – the decontamination efficiency factor, which takes into account 
the most important characteristics of the equipment in question in one digit. The calculation of the newly introduced 
coefficient for a number of microwave devices has been performed and its graphical interpretation is given. It is 
shown that the innovative installation SIGMA-1, developed at the Agrarian Science Center Donskoy, surpasses the 
analogues in terms of the decontamination efficiency factor of 1,5...3 times. Its advantages also include the possibility 
of further improvement by increasing the number of waveguide sections, which multiplies the productivity.
Keywords: sterilization, electrophysical disinfection, microwave device, technical characteristics, efficiency factor 
of decontamination, waveguide section.
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 Ââåäåíèå
Â ñîâðåìåííîé àãðîòåõíèêå âîçäåëûâàíèÿ 

çåðíîâûõ êóëüòóð îñíîâíûì ïðèåìîì áîðüáû ñ 
ôèòîïàòîãåííûìè èíôåêöèÿìè ÿâëÿåòñÿ ïðåä-
ïîñåâíîå ïðîòðàâëèâàíèå. Íàíåñåíèå íà ïî-
âåðõíîñòü ñåìÿí õèìè÷åñêè àêòèâíûõ âåùåñòâ 
îáåñïå÷èâàåò âûñîêèé óðîâåíü ïîäàâëåíèÿ ïà-
òîãåííîé ìèêðîôëîðû, îäíàêî ñàì ïðèíöèï 
õèìè÷åñêîé îáðàáîòêè íå ëèøåí ñåðüåçíûõ 
íåäîñòàòêîâ. Òàê, íàèáîëåå ýôôåêòèâíûå ïðî-
òðàâèòåëè – ñèñòåìíûå ôóíãèöèäû èç êëàññà 
áåíçèìèäàçîëîâ (ôóíäàçîë, ôóíäàçèì ÑÏ è 
äð.) – îòíîñÿòñÿ êî âòîðîìó êëàññó îïàñíîñòè, 
òî åñòü ÿäîâèòû, â òîì ÷èñëå, äëÿ ÷åëîâåêà. Ýòî 
÷ðåâàòî òîêñèêîëîãè÷åñêèìè ïîñëåäñòâèÿìè äëÿ 
îêðóæàþùåé ñðåäû è ÷åëîâåêà, â òî âðåìÿ êàê 
ïàðàçèòíûå ìèêðîîðãàíèçìû âûðàáàòûâàþò ðå-
çèñòåíòíîñòü ê ïðèìåíÿåìûì ÿäîõèìèêàòàì è 
ïîäâåðãàþòñÿ ìóòàöèÿì ïîä èõ äåéñòâèåì â ñòî-
ðîíó ÷ðåçâû÷àéíî îïàñíûõ è óñòîé÷èâûõ âèäîâ.

Óêàçàííûõ íåäîñòàòêîâ ëèøåíî ýëåêòðî-
ôèçè÷åñêîå îáåççàðàæèâàíèå, èñïîëüçóþùåå 
ñâåðõâûñîêî÷àñòîòíóþ (ÑÂ×) ýíåðãèþ. Ìåõà-
íèçì ýëåêòðîôèçè÷åñêîé ñòåðèëèçàöèè ïðèí-
öèïèàëüíî îòëè÷àåòñÿ îò õèìè÷åñêîãî. Îí íå 
òðåáóåò âíåñåíèÿ â ìàòåðèàë èíîðîäíûõ îïàñ-
íûõ âåùåñòâ, à îñíîâàí íà ïðåîáðàçîâàíèè âíó-
òðåííåé åñòåñòâåííîé ñðåäû áèîîðãàíèçìîâ – 
áèîëîãè÷åñêîé âëàãè. Ïðè äîñòàòî÷íîì óðîâíå 
âíåøíåé ýíåðãèè âëàãà æèâûõ îðãàíèçìîâ èî-
íèçèðóåòñÿ ñ èçìåíåíèåì òàêèõ ñòîëü âàæíûõ 
ïàðàìåòðîâ, êàê âîäîðîäíûé ïîêàçàòåëü pH è 
îêèñëèòåëüíî-âîññòàíîâèòåëüíûé ïîòåíöèàë 
(ÎÂÏ). Â ðåçóëüòàòå äåéñòâèÿ àêòèâíûõ èîíîâ 
â êëåòêàõ ïàðàçèòíûõ ìèêðîîðãàíèçìîâ ðàçâè-
âàåòñÿ îêñèäàíòíûé ñòðåññ, ïðîèñõîäèò ðàçðûâ 
ïåïòèäíûõ ñâÿçåé â äëèííûõ áåëêîâûõ öåïÿõ, 
íàðóøàåòñÿ ñèíòåç ÀÒÔ, íàáëþäàþòñÿ äðóãèå 
áèîëîãè÷åñêèå ÿâëåíèÿ, âûçûâàþùèå â êîíå÷-
íîì èòîãå ãèáåëü ãðèáêîâ è áàêòåðèé, íàñåëÿ-
þùèõ çåðíî, áåç ïðèìåíåíèÿ ÿäîõèìèêàòîâ [1]. 

Ïðè îòìå÷åííûõ ïðåèìóùåñòâàõ ÑÂ×-îá-
ðàáîòêà èìååò ñâîè íåäîñòàòêè. Ê íèì îòíîñÿòñÿ 
ìåíüøèé ñòåðèëèçóþùèé ýôôåêò ïî ñðàâíåíèþ 
ñ õèìè÷åñêèì ïðîòðàâëèâàíèåì è çíà÷èòåëüíûå 
çàòðàòû ýëåêòðîýíåðãèè. Ëó÷øèå ðåçóëüòàòû 
ìîãóò äàòü êîìáèíèðîâàííûå ìåòîäû [2], íî è 
äëÿ íèõ àêòóàëüíî ñíèæåíèå ýíåðãîçàòðàò è óâå-
ëè÷åíèå îáåççàðàæèâàþùåãî ýôôåêòà íà ýòàïå 
ÑÂ×-âîçäåéñòâèÿ. Ïðè ýòîì íåìàëîâàæíî, ÷òîáû 
ýòîò ýôôåêò íàáëþäàëñÿ íà ó÷àñòêå âûñîêîé ïðî-
èçâîäèòåëüíîñòè óñòàíîâêè, îáåñïå÷èâàÿ òåì 
ñàìûì âîçìîæíîñòü âñòðàèâàíèÿ äàííîé ýëåê-

òðîòåõíîëîãèè â êîíêðåòíûå ïðîèçâîäñòâåííûå 
ïðîöåññû ÀÏÊ ïðè ñîãëàñîâàííîé ðàáîòå âñåé 
òåõíîëîãè÷åñêîé ëèíèè. 

Ïåðåõîäÿ ê îöåíêå ÑÂ×-îáîðóäîâàíèÿ, ñëåäó-
åò îòìåòèòü åãî ñóùåñòâåííûå îòëè÷èÿ â ÷àñòè 
ãåíåðàöèè ìèêðîâîëíîâîé ýíåðãèè, åå ïîäâîäà ê 
ìàòåðèàëó, îðãàíèçàöèè äâèæåíèÿ ïîòîêà ìàòå-
ðèàëà ÷åðåç àêòèâíóþ çîíó, íàëè÷èÿ èëè îòñóò-
ñòâèÿ ñèñòåì ðåêóïåðàöèè òåïëà. Âñå ýòî ïðè-
âîäèò ê ðàçíûì òåõíè÷åñêèì õàðàêòåðèñòèêàì, 
êîòîðûå ïîäëåæàò àíàëèçó. Îñîáîãî âíèìàíèÿ 
ïðè ýòîì, ðàçóìååòñÿ, çàñëóæèâàþò íàèáîëåå 
âàæíûå ïàðàìåòðû: ïðîèçâîäèòåëüíîñòü, îáåççà-
ðàæèâàþùèé ýôôåêò è óñòàíîâëåííàÿ ìîùíîñòü, 
õàðàêòåðèçóþùàÿ ýíåðãîïîòðåáëåíèå. 

Öåëü èññëåäîâàíèÿ
Öåëü èññëåäîâàíèÿ – àíàëèç õàðàêòåðè-

ñòèê ÑÂ×-îáîðóäîâàíèÿ äëÿ îáåççàðàæèâàíèÿ 
çåðíà, âûðàáîòêà åäèíîãî êðèòåðèÿ äëÿ åãî 
îáúåêòèâíîé îöåíêè, ïðîâåäåíèå ñðàâíåíèÿ 
ÑÂ×-óñòàíîâîê ïî âíîâü ââåäåííîìó êðèòåðèþ.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Òåõíè÷åñêèå õàðàêòåðèñòèêè ÑÂ×-îáîðó äî-

âàíèÿ â òîé èëè èíîé ìåðå îñâåùàþòñÿ ïðîèç-
âîäèòåëÿìè è ìîãóò ñëóæèòü ìàòåðèàëîì äëÿ 
àíàëèçà. Èñõîäíîé áàçîé äëÿ íà÷àëüíîãî àíà-
ëèçà ñëóæèò ñîîòâåòñòâèå ýëåêòðîóñòàíîâêè 
íåêîòîðûì îáùèì òðåáîâàíèÿ, êîòîðûå ïðîèñ-
òåêàþò èç íàçíà÷åíèÿ ïîäîáíîãî îáîðóäîâàíèÿ, 
óñëîâèé åãî ðàáîòû â ÀÏÊ, êà÷åñòâà âûõîäíîé 
ïðîäóêöèè. Ê òàêèì òðåáîâàíèÿì îòíîñÿòñÿ: 

– ïðîèçâîäèòåëüíîñòü – îò 1 ò/÷ è âûøå;
– êà÷åñòâî îáåççàðàæèâàíèÿ – óìåíüøåíèå 

ñóììàðíîãî ñîäåðæàíèÿ ãðèáêîâîé è áàêòåðèàëü-
íîé ìèêðîôëîðû â çåðíå – íå ìåíåå ÷åì íà 25 %;

– ýíåðãîýêîíîìèÿ – äî 30 % çà ñ÷åò ðåêóïå-
ðàöèè òåïëà; 

– ñðåäà ýêñïëóàòàöèè – ñåëüñêîõîçÿéñòâåí-
íûå ïîìåùåíèÿ ñ îòíîñèòåëüíîé âëàæíîñòüþ 
70...90 %, òåìïåðàòóðîé îò +10 äî +30 °Ñ è çà-
ïûëåííîñòüþ äî 1,3 ã/ì3 [3]; 

– áåçîïàñíîñòü – ìèíèìàëüíûé óðîâåíü 
âíåøíåãî èçëó÷åíèÿ, íå ïðåâûøàþùèé äîïó-
ñòèìûõ íîðì. 

Íà ïðàêòèêå ïîëíàÿ òåõíè÷åñêàÿ èíôîðìà-
öèÿ î òîé èëè èíîé ÑÂ×-óñòàíîâêå ÷àùå âñåãî 
îòñóòñòâóåò. Ýòî âûíóæäàåò îïåðèðîâàòü îãðà-
íè÷åííûìè äàííûìè, èñïîëüçóÿ, â ÷àñòíîñòè, 
ïðîèçâîäèòåëüíîñòü è óñòàíîâëåííóþ ìîù-
íîñòü, êàê ïðàâèëî, èçâåñòíûå (ðèñ. 1–6). 



Ñðàâíèòåëüíûé àíàëèç ÑÂ×-óñòàíîâîê äëÿ îáåççàðàæèâàíèÿ çåðíà
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 Ðèñ. 1. ÑÂ×-óñòàíîâêà «ÌÀÃÐÀ-Ý»   Ðèñ. 2. ÑÂ×-óñòàíîâêà «ÏÎÒÎÊ»

     

 Ðèñ. 3. ÑÂ×-óñòàíîâêà «ÁÀÐÕÀÍ-3»  Ðèñ. 4. ÑÂ×-óñòàíîâêà «ËÀÌÈÍÀÐÈß»

     

 Ðèñ. 5. ÑÂ×-óñòàíîâêà «ÀÐÀÁÈÑ»  Ðèñ. 6. ÑÂ×-óñòàíîâêà «ÑÈÃÌÀ-1»
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Ôðÿçèíñêîå ïðåäïðèÿòèå «ÍÏÏ «Ìàãðà òåï» 
ðàçðàáîòàëî îáåççàðàæèâàþùóþ ÑÂ×-óñ òàíîâêó 
«ÌÀÃÐÀ-Ý» [4], èìåþùóþ áëî÷íî-ìîäóëüíîå 
ïîñòðîåíèå (ðèñ. 1). Åå ïðî èçâîäèòåëüíîñòü ñî-
ñòàâëÿåò 400 êã/÷, ÷òî íå óäîâëåòâîðÿåò ðàññìî-
òðåííûì âûøå òðåáîâàíèÿì è ÿâëÿåòñÿ îãðàíè-
÷èâàþùèì ôàêòîðîì äëÿ ïðèìåíåíèÿ â ÀÏÊ. 

Ðÿä ÑÂ×-óñòàíîâîê âûïóñêàåòñÿ â Ñàíêò-
Ïåòåðáóðãå [5]. Èõ âíåøíèé âèä è õàðàêòåðè-
ñòèêè ïðåäñòàâëåíû íà ðèñ. 2–5. 

Íà ðèñ. 6 ïîêàçàí âíåøíèé âèä è õàðàêòå-
ðèñòèêè íîâîé ÑÂ×-óñòàíîâêè, ïîëó÷èâøåé 
íàçâàíèå «ÑÈÃÌÀ-1», êîòîðàÿ ðàçðàáîòàíà â 
ëàáîðàòîðèè áèîýíåðãîòåõíîëîãèé ïîäðàçäåëå-
íèÿ ÑÊÍÈÈÌÝÑÕ ÔÃÁÍÓ «Àãðàðíîãî íàó÷-
íîãî öåíòðà «Äîíñêîé». 

Äàííûå íà ðèñ. 1–6 ñâèäåòåëüñòâóþò, ÷òî 
âñå ðàññìàòðèâàåìûå ÑÂ×-óñòàíîâêè èìåþò 
ïðîèçâîäèòåëüíîñòü íèæå òðåáóåìîé, ïðè òîì 
÷òî èõ óñòàíîâëåííàÿ ìîùíîñòü äîñòèãàåò äå-
ñÿòêîâ êÂò. Ïðåäïî÷òèòåëüíîé íà ýòîì ôîíå 
âûãëÿäèò óñòàíîâêà «ÑÈÃÌÀ-1», èìåþùàÿ 
ïðîèçâîäèòåëüíîñòü 900 êã/÷ ïðè óñòàíîâëåí-
íîé ìîùíîñòè 10 êÂò. Äàííàÿ óñòàíîâêà ðåà-
ëèçóåò êîìáèíèðîâàííûé êîíâåêòèâíî-ìèêðî-
âîëíîâûé ìåòîä îáåççàðàæèâàíèÿ, çà ñ÷åò ÷åãî 
ïîëó÷åí çíà÷èòåëüíûé îáåççàðàæèâàþùèé 
ýôôåêò 25 %. Ýíåðãîýêîíîìèÿ îáåñïå÷èâàåòñÿ 
èñïîëüçîâàíèåì âòîðè÷íîãî òåïëà îò ñèñòåìû 
îõëàæäåíèÿ ìàãíåòðîíîâ [6]. 

Èííîâàöèîííûå òåõíè÷åñêèå ðåøåíèÿ óñòà-
íîâêè «ÑÈÃÌÀ-1» âêëþ÷àþò: ìíîãîêàíàëü-
íûé ÑÂ×-ýíåðãîïîäâîä; ðàñøèðåííóþ çîíó 
ÑÂ×-îáëó÷åíèÿ íà âîñüìè ìàãíåòðîíàõ; ñïå-
öèàëüíûé êîðïóñ-âîçäóõîâîä-çàùèòíûé ýêðàí; 
çàãðóçî÷íûé áóíêåð ñ ôóíêöèåé ôîðìèðîâà-
íèÿ òîíêîãî ñëîÿ çåðíà è äð. Óñòàíîâêà èìååò 
ïîâûøåííóþ íàäåæíîñòü áëàãîäàðÿ ìíîãî-
êàíàëüíîìó ïîñòðîåíèþ [6] è ýôôåêòèâíîé 
ñèñòåìå îõëàæäåíèÿ, îäíîâðåìåííî âûïîëíÿ-
þùåé ôóíêöèè íàãíåòàíèÿ òåïëîíîñèòåëÿ â 
çîíó êîíâåêòèâíîãî íàãðåâà [7, 8].

Ñ öåëüþ äàëüíåéøåãî àíàëèçà íàèáîëåå 
âàæíûå ïàðàìåòðû ÑÂ×-óñòàíîâîê öåëåñîî-
áðàçíî îáúåäèíèòü â åäèíûé ïîêàçàòåëü – êî-
ýôôèöèåíò ýôôåêòèâíîñòè îáåççàðàæèâàíèÿ, 
ðàññ÷èòûâàåìûé ïî ôîðìóëå:

 
ýî

ó

Ç
 
100 

Q
K

P



 , (1)

ãäå K
ýî

 – êîýôôèöèåíò ýôôåêòèâíîñòè îáåç-
çàðàæèâàíèÿ; Q – ïðîèçâîäèòåëüíîñòü ÑÂ×-

óñòàíîâêè, êã/÷; P
Ó 

– óñòàíîâëåííàÿ ýëåêòðè÷å-
ñêàÿ ìîùíîñòü, êÂò; ΔÇ – îáåççàðàæèâàþùèé 
ýôôåêò â ïðîöåíòàõ: 

ΔÇ = Ç
í
 – Ç

ê
,

ãäå Ç
í
 – íà÷àëüíîå (äî îáðàáîòêè) ñóììàðíîå 

ñîäåðæàíèå ãðèáêîâîé è áàêòåðèàëüíîé ìèêðî-
ôëîðû â çåðíå, %; Ç

ê
 – êîíå÷íîå (ïîñëå îáðà-

áîòêè) ñóììàðíîå ñîäåðæàíèå ãðèáêîâîé è 
áàêòåðèàëüíîé ìèêðîôëîðû â çåðíå, %.

Ñîãëàñíî âûðàæåíèþ (1), êîýôôèöèåíò K
ýî

 
òåì âûøå, ÷åì áîëüøå ïðîèçâîäèòåëüíîñòü 
óñòàíîâêè, âûøå îáåççàðàæèâàþùèé ýôôåêò 
è íèæå óñòàíîâëåííàÿ ìîùíîñòü. Òàêèì îá-
ðàçîì, îí îäíîçíà÷íî õàðàêòåðèçóåò ÑÂ×-
óñòàíîâêó ïî âàæíåéøèì õàðàêòåðèñòèêàì, à 
ðàññ÷èòàííûé äëÿ ðÿäà óñòàíîâîê äàåò âîçìîæ-
íîñòü èõ îáúåêòèâíîãî ñðàâíåíèÿ. 

Ê ñîæàëåíèþ, íå âñå ïðîèçâîäèòåëè ÑÂ×-
îáîðóäîâàíèÿ óêàçûâàþò îáåççàðàæèâàþùèé 
ýôôåêò ΔÇ (îí èçâåñòåí òîëüêî äëÿ óñòàíîâêè 
«ÑÈÃÌÀ-1»), à òàêæå ïðîèçâîäèòåëüíîñòü, 
ïðè êîòîðîé îí áûë ïîëó÷åí. Ýòî çàòðóäíÿåò 
ïîëíîñòüþ êîððåêòíûé àíàëèç ïî âíîâü ââå-
äåííîìó ïîêàçàòåëþ K

ýî
. Äëÿ ïðèáëèæåííîãî 

àíàëèçà ââåäåì êîýôôèöèåíò: 
*
ýî ó/K Q P .

Äàííûå äëÿ ðàñ÷åòà êîýôôèöèåíòà *
ýîK   

èìåþòñÿ è ïðèâåäåíû íà ðèñ. 1–6. Ïðèíèìàÿ 
èõ âî âíèìàíèå, ïðîèçâåäåí ðàñ÷åò â ïðîãðàì-
ìå Ms Excel. Ðåçóëüòàòû ðàñ÷åòà â ãðàôè÷å-
ñêîì âèäå ïðåäñòàâëåíû íà ðèñ. 7. 

Ðèñ. 7. Êîýôôèöèåíò ýôôåêòèâíîñòè 
îáåççàðàæèâàíèÿ

Î÷åâèäíî, ÷òî íàèáîëüøèé êîýôôèöèåíò 
*
ýîK  èìååò óñòàíîâêà «ÑÈÃÌÀ-1», äëÿ êîòîðîé 
*
ýîK  = 90 êã/÷/êÂò. Ýòî îçíà÷àåò, ÷òî äàííàÿ 

óñòàíîâêà ñïîñîáíà îáåççàðàæèâàòü 90 êã ìàòå-
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ðèàëà â 1 ÷àñ íà 1 êÂò óñòàíîâëåííîé ìîùíî-
ñòè. Íà âòîðîì ìåñòå óñòàíîâêà «ÌÀÃÐÀ-Ý», 
óñòóïàþùàÿ óñòàíîâêå «ÑÈÃÌÀ-1» â 1,5 ðàçà 
ïî àíàëèçèðóåìîìó ïîêàçàòåëþ. Îñòàëü-
íûå ÑÂ×-óñòàíîâêè èìååò â òðè è áîëåå ðàçà 
õóäøèé êîýôôèöèåíò ýôôåêòèâíîñòè îáåççà-
ðàæèâàíèÿ, ò.å. îíè ìàëîïðîèçâîäèòåëüíû è 
ýíåðãîçàòðàòíû. 

Ñëåäóåò çàìåòèòü, ÷òî áëàãîäàðÿ òåïëîâî-
ìó ýôôåêòó ìèêðîâîëí ïðàêòè÷åñêè âñå ÑÂ×-
óñòàíîâêè ìîãóò èñïîëüçîâàòüñÿ äëÿ ñóøêè, à 
â îòäåëüíûõ ñëó÷àÿõ è äëÿ æàðêè ìàòåðèàëà, 
êàê, íàïðèìåð, óñòàíîâêà «ÁÀÐÕÀÍ-3». Åñòå-
ñòâåííî, ÷òî â ðåæèìå æàðêè ïðîèçâîäèòåëü-
íîñòü ìàëà, à çàòðàòû ýëåêòðîýíåðãèè âåëèêè, 
÷åì îáúÿñíÿåòñÿ êðàéíå íèçêèé êîýôôèöèåíò  
óêàçàííîé óñòàíîâêè. Ôóíêöèÿ îáåççàðàæè-
âàíèÿ ïðè ýòîì òàêæå ïðèñóòñòâóåò, íî ÷òîáû 
äîñòè÷ü óðîâíÿ óñòàíîâêè «ÑÈÃÌÀ-1», ïðî-
èçâîäèòåëüíîñòü óñòàíîâêè «ÁÀÐÕÀÍ-3» â 
ðåæèìå îáåççàðàæèâàíèÿ äîëæíà áûòü óâåëè-
÷åíà ïî÷òè â 20 ðàç, ÷òî êðàéíå ìàëîâåðîÿòíî. 
Èíà÷å ãîâîðÿ, íå èìåÿ óïîìÿíóòûõ èííîâàöè-
îííûõ ðåøåíèé, óñòàíîâêà «ÁÀÐÕÀÍ-3», íå 
ñìîæåò ïðåâçîéòè óñòàíîâêó «ÑÈÃÌÀ-1» ïî 
êîýôôèöèåíòó ýôôåêòèâíîñòè îáåççàðàæèâà-
íèÿ, íåñìîòðÿ íà â ÷åòûðå ðàçà áîëüøóþ óñòà-
íîâëåííóþ ìîùíîñòü.

Ê îñîáåííîñòÿì óñòàíîâêè «ÑÈÃÌÀ-1» îò-
íîñèòñÿ ìîäóëüíûé ïðèíöèï ïîñòðîåíèÿ, ñî-
ãëàñíî êîòîðîìó â åå îñíîâå ëåæèò íåçàâèñèìûé 
ìîäóëü – âîëíîâîäíàÿ ñåêöèÿ. Ñåêöèÿ ïðåäñòàâ-
ëÿåò ñîáîé çàïàòåíòîâàííîå ÑÂ×-óñòðîéñòâî íà 
4 ìàãíåòðîíàõ, ðàñïîëîæåííûõ îñîáûì îáðàçîì 
íà îáùåé êàìåðå-òðóáîïðîâîäå [8]. Â îðèãèíàëü-
íîé óñòàíîâêå äâå òàêèõ ñåêöèè, îäíàêî èõ êîëè-
÷åñòâî ìîæåò áûòü óâåëè÷åíî ïóòåì ïîñëåäîâà-
òåëüíîãî è ïàðàëëåëüíîãî ñîåäèíåíèÿ. 

Íà ðèñ. 8 ïîêàçàíî êîìáèíèðîâàííîå ïàðàë-
ëåëüíî-ïîñëåäîâàòåëüíîå ñîåäèíåíèå ÷åòûðåõ 
âîëíîâîäíûõ ñåêöèé, ÷òî â ñðàâíåíèè ñ óñòà-
íîâêîé «ÑÈÃÌÀ-1» îáåñïå÷èâàåò ïîâûøåíèå 
ïðîèçâîäèòåëüíîñòè â 2 ðàçà. Ïðè 8 ñåêöèÿõ 
ïðîèçâîäèòåëüíîñòü óâåëè÷èâàåòñÿ â 4 ðàçà è 
ò.ä. Íåìàëîâàæíî, ÷òî ïðè ïðåäëàãàåìîì ñïî-
ñîáå ñîåäèíåíèÿ ñåêöèé ãàáàðèòíàÿ âûñîòà 
óñòàíîâêè íå óâåëè÷èâàåòñÿ – îíà ñîõðàíÿåò 
êîìïàêòíîñòü. Èñïîëüçóÿ ðàçíîå êîëè÷åñòâî 
ñåêöèé, ïåðñïåêòèâíî ñîçäàíèå îáåççàðàæèâà-
þùåãî ÑÂ×-îáîðóäîâàíèÿ ðàçíîé ïðîèçâîäè-
òåëüíîñòè, îðèåíòèðîâàííîãî íà êîíêðåòíîãî 
ïîòðåáèòåëÿ, – îò ìàëûõ ôåðìåðñêèõ õîçÿéñòâ 
äî êðóïíûõ ðàñòåíèåâîä÷åñêèõ êîìïëåêñîâ. 

Âûâîäû
1. ÑÂ×-óñòàíîâêè äëÿ îáåççàðàæèâàíèÿ 

çåðíà äîëæíû óäîâëåòâîðÿòü îïðåäåëåííûì 
òðåáîâàíèÿì, âàæíåéøèìè ñðåäè êîòîðûõ 
ÿâëÿþòñÿ ïðîèçâîäèòåëüíîñòü, îáåççàðàæè-
âàþùèé ýôôåêò è ýíåðãîçàòðàòû. Ïðåäëîæåí 
èíòåãðàëüíûé êðèòåðèé – êîýôôèöèåíò ýô-
ôåêòèâíîñòè îáåççàðàæèâàíèÿ, îáúåäèíÿþùèé 
ýòè ïàðàìåòðû â îäíîé öèôðå è ðàññ÷èòûâàå-
ìûé ïî ïðåäëàãàåìîé ìåòîäèêå.

2. Ðàñ÷åò è ãðàôè÷åñêîå ïðåäñòàâëåíèå êî-
ýôôèöèåíòà ýôôåêòèâíîñòè îáåççàðàæèâàíèÿ  

*
ýîK  äëÿ ðÿäà ÑÂ×-óñòàíîâîê äåìîíñòðèðóåò 

ÿâíûå ïðåèìóùåñòâà óñòàíîâêè «ÑÈÃÌÀ-1», 
ïðåâîñõîäÿùåé àíàëîãè â 1,5…3 ðàçà. Âîçìîæ-
íî äàëüíåéøåå ñîâåðøåíñòâîâàíèå ïîäîáíîãî 
îáîðóäîâàíèÿ ïóòåì íàðàùèâàíèÿ ÷èñëà âîë-
íîâîäíûõ ñåêöèé, ÷òî êðàòíî óâåëè÷èâàåò ïðî-
èçâîäèòåëüíîñòü. 
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Ðèñ. 8. Ïàðàëëåëüíî-ïîñëåäîâàòåëüíîå ñîåäèíåíèå 
âîëíîâîäíûõ ñåêöèé ÑÂ×-óñòàíîâêè
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