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Electrophysical Influence Application for Steel Blocks
Heating Technology in Continous Pusher-Type Furnaces

Kurbatov Yu.L., Novikova Ye.V., Podzorov À.I.
Donetsk National Technical University

The electrophysical influence on heat and mass transfer processes during steel heat-tem-
perature oxidation is considered to be one of the methods of carbon-monoxide partial loss
reduction in continous pusher-type furnaces for milling blocks. The possibility of metal
dross losses reduction on 20-30 % by experimantal investigation in laboratory and indus-
trial conditions is displayed. At he same time energy consuption on heating decreases
herewith heat-insulating influence of dross layer decreases too. The technology of
electrophysical influence operation is proposed.
Key words: electrophysical influence, continous pusher-type furnace, carbon-monoxide
loss reduction, steel blocks, dross layer.
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Ïîëó÷åíèå ýíåðãèè è óäîáðåíèé èç áèîìàññû
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ÍÍÖ «Èíñòèòóò ìåõàíèçàöèè

è ýëåêòðèôèêàöèè ñåëüñêîãî õîçÿéñòâà», Ãëåâàõà

Ðàññìîòðåíà òåõíîëîãè÷åñêàÿ ëèíèÿ ïîñòàäèéíîãî ñáðàæèâàíèÿ îòõîäîâ ñåëüñêîõîçÿé-
ñòâåííîãî ïðîèçâîäñòâà äëÿ ïîâûøåíèÿ âûõîäà áèîãàçà. Âûïîëíåíèå äàííîé ðàáîòû
ïîçâîëèò ÷àñòè÷íî óëó÷øèòü ýíåðãåòè÷åñêîå è ýêîëîãè÷åñêîå ñîñòîÿíèå â ñåëüñêîì õî-
çÿéñòâå.
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äàðñüêîãî âèðîáíèöòâà äëÿ ï³äâèùåííÿ âèõîäó á³îãàçó. Âèêîíàííÿ äàíî¿ ðîáîòè äî-
çâîëèòü ÷àñòêîâî ïîêðàùèòè åíåðãåòè÷íèé òà åêîëîã³÷íèé ñòàí â ñ³ëüñüêîìó
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Ïîñòîÿííûå êîëåáàíèÿ öåí íà ýíåðãîíîñè-
òåëè è ïåðåáîè â ýíåðãîñíàáæåíèè äàëè òîë÷îê
ê ïîèñêó àëüòåðíàòèâíûõ òðàäèöèîííûì èñòî÷-
íèêîâ ýíåðãèè. Îäíèì èç òàêèõ èñòî÷íèêîâ
ýíåðãèè åñòü áèîìàññà, êîòîðàÿ ÿâëÿåòñÿ ñûðü-
åì äëÿ ïðîèçâîäñòâà áèîãàçà.

Ïðîèçâîäñòâî áèîãàçà ïîçâîëèò ïðîèçâîäè-
òåëÿì ñåëüñêîõîçÿéñòâåííîé ïðîäóêöèè ïîëó-
÷èòü ÷àñòè÷íóþ íåçàâèñèìîñòü îò ìîíîïîëüíûõ
ïîñòàâùèêîâ ýíåðãîíîñèòåëåé è îáåñïå÷èò ïðî-
èçâîäñòâî âûñîêîêà÷åñòâåííûõ îðãàíè÷åñêèõ
óäîáðåíèé. Òàêæå ýòî ñïîñîáñòâóåò óìåíüøå-
íèþ âûáðîñîâ àììèàêà â âîçäóõ è çàãðÿçíåíèþ
ïî÷â ñòî÷íûìè âîäàìè æèâîòíîâîä÷åñêèõ è
ïòèöåâîä÷åñêèõ ôåðì.

Ïðèìåíåíèå â àãðàðíîì ñåêòîðå Óêðàèíû
çàðóáåæíûõ òåõíîëîãèé è îáîðóäîâàíèÿ äëÿ
ìåòàíîâîãî ñáðàæèâàíèÿ áèîìàññû ïðèâîäèò ê
áîëüøèì êàïèòàëîâëîæåíèÿì. Òÿæåëîå ýêîíîìè-
÷åñêîå ïîëîæåíèå óêðàèíñêèõ àãðàðèåâ, îòñóòñò-
âèå ãîñóäàðñòâåííîé ïîääåðæêè, ôèíàíñèðîâàíèÿ
è ÷åòêîé ïîëèòèêè îòíîñèòåëüíî ðàçâèòèÿ ýíåð-
ãîñáåðåãàþùèõ òåõíîëîãèé â àãðîïðîìûøëåí-
íîì ñåêòîðå ñäåðæèâàþò ïðîèçâîäñòâî áèîãàçà
è îðãàíè÷åñêèõ óäîáðåíèé ñåëüñêîõîçÿéñòâåí-
íûìè ïðîèçâîäèòåëÿìè.

Ñîâðåìåííûå òåõíîëîãèè ñîäåðæàíèÿ æè-
âîòíûõ è ïòèöû ïðåäóñìàòðèâàþò ïîñòóïëåíèå
ïîìåòà âëàæíîñòüþ çíà÷èòåëüíî íèæå íåîáõîäè-
ìîé äëÿ ìåòàíîâîãî ñáðàæèâàíèÿ, òî åñòü ìåíåå
85 % [1]. Äîáàâëåíèå âîäû ê ñûðüþ äëÿ ïîëó÷å-
íèÿ íóæíîé âëàæíîñòè ñáðàæèâàåìîé ìàññû
(92–95 %) ïîçâîëÿåò îáåñïå÷èòü êà÷åñòâåííîå
ìåòàíîâîå ñáðàæèâàíèå è â ïîñëåäóþùåì âûáè-
ðàòü òåõíîëîãèè óòèëèçàöèè ñáðîæåííîãî ìàòå-
ðèàëà ïðè ïðîèçâîäñòâå îðãàíè÷åñêèõ óäîáðåíèé
â çàâèñèìîñòè îò èõ êîíñèñòåíöèè (æèäêèå, ïî-
ëóæèäêèå, ñóõèå è ãðàíóëèðîâàííûå) [2].

Ñóùåñòâóþùèå â Óêðàèíå áèîãàçîâûå óñ-
òàíîâêè èç-çà çíà÷èòåëüíîé ñòîèìîñòè è ñëîæ-
íîñòè â ýêñïëóàòàöèè ïîêà åùå íå îáåñïå÷èâà-
þò äîñòàòî÷íóþ ýêîíîìè÷åñêóþ ýôôåêòèâíîñòü
èõ ôóíêöèîíèðîâàíèÿ, ïîòîìó ÷òî ýêñïëóàòà-
öèÿ äåéñòâóþùèõ áèîãàçîâûõ óñòàíîâîê íà-
ïðàâëåíà íà ïîëó÷åíèå ëèøü áèîãàçà, à èñ-
ïîëüçîâàíèå ñáðîæåííîé ìàññû îñòàåòñÿ íå ðå-
øåííîé çàäà÷åé.

Öåëü èññëåäîâàíèé — ïîâûñèòü ýôôåêòèâ-
íîñòü ïðîèçâîäñòâà áèîãàçà è îðãàíè÷åñêèõ óäîá-
ðåíèé ïðè ïîñòàäèéíîì ñáðàæèâàíèè îòõîäîâ
êðóïíîãî ðîãàòîãî ñêîòà (ÊÐÑ), ñâèíåé, ïòèöû è
ðàñòèòåëüíîé áèîìàññû ýíåðãåòè÷åñêèõ ðàñòåíèé,
÷òî ïîçâîëèò îáåñïå÷èòü ÷àñòè÷íóþ ýíåðãåòè÷å-
ñêóþ àâòîíîìíîñòü õîçÿéñòâ è ýôôåêòèâíîå âîñ-
ñîçäàíèå ïëîäîðîäèÿ ïî÷â çà ñ÷åò èñïîëüçîâàíèÿ
ñáðîæåííîé áèîìàññû (øëàìà) êàê âûñîêîêà÷åñò-
âåííîãî îðãàíè÷åñêîãî óäîáðåíèÿ.

Ïîòåíöèàëüíûì ñûðüåì äëÿ ïðîèçâîäñòâà
áèîãàçà ìîãóò ñëóæèòü ïðîäóêòû åñòåñòâåííîé
âåãåòàöèè, îòõîäû ñåëüñêîãî õîçÿéñòâà, à òàêæå
óðîæàé ñïåöèàëüíî âûðàùåííûõ ýíåðãåòè÷å-
ñêèõ êóëüòóð.

Ðàáîòàþùèå â Óêðàèíå áèîãàçîâûå óñòà-
íîâêè ïîçâîëÿþò ïîëó÷èòü 50–70 % áèîãàçà îò
ïîòåíöèàëüíî âîçìîæíîãî âûõîäà, êîòîðûé çàëî-
æåí â îðãàíè÷åñêîé ñîñòàâëÿþùåé ñûðüÿ [1]. Ýòî
ñâÿçàíî ïðåæäå âñåãî ñ òåì, ÷òî â êîíñòðóêöèè
îáîðóäîâàíèÿ óñòàíîâîê îòñóòñòâóþò ýôôåêòèâ-
íîå ïåðåìåøèâàíèå ñáðàæèâàåìîé ìàññû, èíî-
êóëÿöèÿ âõîäíîé ìàññû, ñîäåðæàíèå àíàýðîá-
íîé ìèêðîôëîðû â ìåòàíòåíêå, ñòàáèëüíîå ïîä-
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Ðèñ.1. Âûõîä áèîãàçà ñ 1 êã ñóõîãî âåùåñòâà (äì3) (ñåðûé
ñòîëáèê) è ñîäåðæàíèå â íåì ìåòàíà (%) (÷åðíûé ñòîëáèê) â
çàâèñèìîñòè îò ñáðîæåííûõ îòõîäîâ: 1 — íàâîç ÊÐÑ; 2 —
êîíñêèé íàâîç ñ ñîëîìîé; 3 — ïòè÷èé ïîìåò; 4 — ôåêàëüíûå
îñàäêè; 5 — òâåðäûé îñàäîê ñòî÷íûõ âîä.

Òàáëèöà 1. Âûõîä áèîãàçà ïðè ìåòàíîâîì ñáðà-
æèâàíèè ñåëüñêîõîçÿéñòâåííûõ îòõîäîâ

Îðãàíè÷åñêèå îòõîäû
Âûõîä áèîãàçà
èç 1 êã ñóõîãî
âåùåñòâà, äì3

Êîëè÷åñòâî
ìåòàíà â ãà-

çå, %

Ñèëîñíûå îòõîäû 300 88

Ìîëî÷íûå îòõîäû 625 82

Ñîëîìà ñ äëèíîþ ðåçàíèÿ 30 ìì 603 80

Ñîëîìà ñ äëèíîþ ðåçàíèÿ 2 ìì 343 81

Çåëåíàÿ ìàññà ñâåêëû 426 85

Ëèñòüÿ äåðåâüåâ 294 59

Ñòåáëè êóêóðóçû 420 53

Ïîëîâà 615 62

Ñîëîìà ïøåíè÷íàÿ 342 58

Ñîëîìà ëüíà 359 59

Äîìàøíèå îòõîäû è ìóñîð 600 50

Øåëóõà ïîäñîëíóõà 300 60

Îòõîäû òîìàòîâ 750 59,9

Ïøåíè÷íàÿ ñîëîìà (50 %) 380 57,7

Ëþöåðíà ñâåæàÿ 350 50

Ñèëîñ èç ëþöåðíû 377 51

Òðàâà ñâåæàÿ 359 52

Îòõîäû ãîðîõà 290 60

Îòõîäû ôàñîëè 250 55

Îòõîäû ìîðêîâè 250 60



äåðæàíèå òåìïåðàòóðû ôåðìåíòàöèè, îïðåäåëå-
íèå îïòèìàëüíîé ýêñïîçèöèè ïðîöåññà ñáðàæè-
âàíèÿ.

Âûõîä áèîãàçà èç îòõîäîâ æèâîòíîâîäñòâà
êîëåáëåòñÿ â ïðåäåëàõ 250–750 ë áèîãàçà èç
1 êã ñóõîãî âåùåñòâà (â çàâèñèìîñòè îò âèäà
ñåëüñêîõîçÿéñòâåííûõ îòõîäîâ) ñ ñîäåðæàíèåì
ìåòàíà â ãàçå 58–85 % (ðèñ.1) [3]. Ïî äàííûì
Â.Ì.Ïàâëè÷åíêî (Èíñòèòóò ìåõàíèçàöèè æè-
âîòíîâîäñòâà, ã. Çàïîðîæüå), âûõîä áèîãàçà èç
îðãàíè÷åñêîãî ñûðüÿ êîëåáëåòñÿ òîæå â ïðåäå-
ëàõ 250–750 ë áèîãàçà èç 1 êã ñóõîãî âåùåñòâà
â çàâèñèìîñòè îò âèäà ñåëüñêîõîçÿéñòâåííûõ
îòõîäîâ, ïðè ýòîì ñîäåðæàíèå ìåòàíà â ãàçå ñî-
ñòàâëÿåò 50–88 % (òàáë.1).

Íà ñåãîäíÿ îñíîâíûì ñûðüåì äëÿ áèîýíåð-
ãåòè÷åñêèõ óñòàíîâîê, íà íàø âçãëÿä, ìîæåò
áûòü íàâîçíàÿ áèîìàññà. Â Óêðàèíå ðàñ÷åòíûé
âûõîä îò îáùåãî ïîãîëîâüÿ îòõîäîâ ïòèöåâîä-
ñòâà è æèâîòíîâîäñòâà äîñòèãàåò áîëåå 200 ìëí
ò/ãîä. Îæèäàåìîå ïîëó÷åíèå áèîãàçà îò ïåðå-
ðàáîòêè òîëüêî 10–15 % ýòîãî îáúåìà íàâîçà è
ïîìåòà ìîæåò ñîñòàâëÿòü ñâûøå 1 ìëðä
ì3/ãîä, ÷òî ïîçâîëèò ïîêðûòü 15–16 % ýíåðãî-
çàòðàò ñåëüñêîãî õîçÿéñòâà Óêðàèíû [4].

Ñ ó÷åòîì âûõîäíûõ äàííûõ ñåëüñêîõîçÿé-
ñòâåííûõ è ôåðìåðñêèõ õîçÿéñòâ ïðåäëàãàåòñÿ
ïîëîæèòü â îñíîâó òåõíîëîãèè ïðîèçâîäñòâà
áèîãàçà ïðèíöèï ïîñòàäèéíîãî ñáðàæèâàíèÿ,
êîòîðîå ïðîèñõîäèò ñíà÷àëà â àýðîáíîì áèîðå-
àêòîðå-ïîäîãðåâàòåëå (âûäåðæèâàòåëü), ïîòîì â
êàñêàäå àíàýðîáíûõ áèîðåàêòîðîâ (ìåòàíòåíêè)
â ÷åòûðå ñòàäèè (ðèñ.2).

Íà 1-é ñòàäèè ñáðàæèâàíèÿ áèîìàññó íàãðå-
âàþò äî ðåæèìíîé òåìïåðàòóðû. Çäåñü ïðîèñõî-
äèò ïðîöåññ ïåðâîíà÷àëüíîãî ïðåîáðàçîâàíèÿ
îðãàíè÷åñêèõ âåùåñòâ (íàâîçà, ïîìåòà è äð.),
ãèäðîëèç è êèñëîòîîáðàçîâàíèå â óñëîâèÿõ
àýðîáíîãî ñáðàæèâàíèÿ.

Ïîäãîòîâëåííóþ òàêèì îáðàçîì áèîìàññó
ïîäàþò â áèîðåàêòîð, ìåòàíòåíê 1-é ñòàäèè. Â
óñëîâèÿõ ïîëíîé ãåðìåòèçàöèè â íåì çàâåðøà-
åòñÿ ïåðâè÷íûé ïðîöåññ ãèäðîëèçà âûñîêîìîëå-
êóëÿðíûõ ñîåäèíåíèé, êîòîðûé ïðîèñõîäèò â
ðåçóëüòàòå äåÿòåëüíîñòè áàêòåðèé ãèäðîñàìîëå-
òîâ-àýðîáîâ. Àíàýðîáíûå óñëîâèÿ ìåòàíòåíêà
ñïîñîáñòâóþò îáðàçîâàíèþ êèñëîðîäà è ðàçâè-
òèþ íîâûõ ãðóïï áàêòåðèé — àíàýðîáîâ.

Ïîñëåäîâàòåëüíîå ïðîõîæäåíèå áèîìàññû
÷åðåç 2-é, 3-é è 4-é ìåòàíòåíêè óñëîâíî îòâå÷à-
åò ïðîõîæäåíèþ òðàäèöèîííûõ ñòàäèé ôóíê-
öèîíèðîâàíèÿ áàêòåðèé, âçàèìíî ñâÿçàííûõ
òðîôè÷åñêèìè ñâÿçÿìè: àöèòîãåííûõ — îáðà-
çóþùèõ âîäîðîä; ãîìîàöèòîãåííûõ — ñïîñîá-
íûõ ñáðàæèâàòü áîëüøîå êîëè÷åñòâî ìíîãî- è
ìîíîóãëåðîäíûõ ñîåäèíåíèé äî óêñóñíîé
êèñëîòû; ìåòàíîãåííûõ — ñáðàæèâàþùèõ âîäî-

ðîä, óãëåêèñëîòó, îäíîóãëåðîäíûå ñîåäèíåíèÿ
è àöåòàò äî ìåòàíà.

Âñå ýòè ðåàêöèè ñáðàæèâàíèÿ ìîãóò ïðîèñõî-
äèòü îäíîâðåìåííî, íî ñîîòâåòñòâóþùèå áàêòåðèè
íóæäàþòñÿ â ðàçíûõ óñëîâèÿõ ñâîåãî ñóùåñòâî-
âàíèÿ è èìåþò ðàçíûå ñðîêè ñîçðåâàíèÿ, ïîòîìó
îñóùåñòâëåíèå ïðîöåññà ñáðàæèâàíèÿ áèîìàññû â
ïîñëåäîâàòåëüíî ðàçìåùåííûõ ðåàêòîðàõ òðåáóåò
æåñòêîãî êîíòðîëÿ è ñîáëþäåíèÿ òðåáîâàíèé òåõ-
íîëîãè÷åñêîãî ïðîöåññà.

Ïîëó÷åííàÿ ñáðîæåííàÿ áèîìàññà ïðåäñòàâ-
ëÿåò ñîáîé âûñîêîêà÷åñòâåííîå îðãàíè÷åñêîå
óäîáðåíèå, êîòîðîå â çàâèñèìîñòè îò ïîòðåáíîñòè
ìîæíî èñïîëüçîâàòü â æèäêîì, ïîëóæèäêîì
èëè ñóõîì âèäå.
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Òàáëèöà 2. Ñîñòàâ îðãàíè÷åñêèõ óäîáðåíèé
ïðè ñáðàæèâàíèè 50 % ïòè÷üåãî ïîìåòà è 50 %
íàâîçà ÊÐÑ

Êîìïîíåíòû îðãàíè÷åñêîãî
óäîáðåíèÿ

Êîëè÷åñòâî ýëåìåíòà, %
ê ñóõîìó âåùåñòâó

Îðãàíè÷åñêàÿ ìàññà 76–77

Àçîò îáùèé 5,3–5,7

Àçîò àììèà÷íûé 3,2–3,4

Ôîñôîð 2,5–2,7

Êàëèé 2,6–2,9

Êàëüöèé 6,2–8,0

Ìàãíèé 0,9–1,1

Ñ/N 9,0–10,0

Íèòðàòû, ìã/êã 39,0–41,0

Ñòåïåíü îáåçâðåæèâàíèÿ, % 98,0

Äåãåëüìèíòèçàöèÿ, % 100,0

Ïðîðàñòàíèå ñåìÿí è áóðüÿíîâ, % 0–4,0

Êîëè÷åñòâî ìåòàíà â áèîãàçå, % 57,0–60,0

Ðèñ.2. Ñõåìà òåõíîëîãè÷åñêîé ëèíèè ïîñòàäèéíîãî ñáðàæè-
âàíèÿ áèîìàññû: 1 — çàãðóçêà ñûðüÿ; 2 — àýðîáíûé áèîðå-
àêòîð ïîäîãðåâàòåëü-ñìåñèòåëü; 3–6 — ìåòàíòåíêè 1–4-é
ñòàäèé; 7 — áëîê î÷èñòêè áèîãàçà; 8 — ãàçãîëüäåð; 9 —
áèîãàç íà ïîòðåáëåíèå; 10 — íàêîïèòåëü ñáðîæåííîãî øëà-
ìà; 11 — öåõ ïî ïåðåðàáîòêå ñáðîæåííîãî øëàìà â ãðàíóëè-
ðîâàííûå îðãàíè÷åñêèå óäîáðåíèÿ; 12 — âíåñåíèå ñáðîæåí-
íîãî øëàìà íà ïîëÿ â æèäêîì ñîñòîÿíèè.



Ñîñòàâ îðãàíè÷åñêèõ óäîáðåíèé, ïî äàííûì
ïðîòîêîëà Ãîñèñïûòàíèé áèîýíåðãåòè÷åñêîé
óñòàíîâêè «ÊÎÁÎÑ-1» ¹ 29-59-87, ïîëó÷åííî-
ãî ïðè ñáðàæèâàíèè â áèîýíåðãåòè÷åñêîé óñòà-
íîâêå ñ êîìïîçèöèåé 50 % ïòè÷üåãî ïîìåòà è
50 % íàâîçà ÊÐÑ, ïðèâåäåíû â òàáë.2.

Óäîáðåíèå íå èìååò íåïðèÿòíûõ çàïàõîâ,
ÿâëÿåòñÿ ýêîëîãè÷åñêè áåçîïàñíîé ñðåäîé äëÿ
ìèêðîîðãàíèçìîâ ïî÷âû, óëó÷øàåò åå ìèêðî-
ñòðóêòóðó, êîìïåíñèðóåò ïîòåðþ ãóìóñà èç ïî-
âåðõíîñòíîãî ïëîäîðîäíîãî ñëîÿ ïî÷âû, ïîâû-
øàåò óðîæàéíîñòü íà 17–21 %.

Âûâîäû

Çàäà÷ó ïîëó÷åíèÿ áèîãàçà íóæíî ðåøàòü îä-
íîâðåìåííî ñ çàäà÷åé ýôôåêòèâíîãî èñïîëüçîâà-
íèÿ ñáðîæåííîé áèîìàññû. Ñîâðåìåííûå îòå÷å-
ñòâåííûå áèîãàçîâûå óñòàíîâêè ìîãóò áûòü
äîñòóïíûìè äëÿ ñåëüñêîõîçÿéñòâåííîãî ïðîèç-

âîäñòâà è îáåñïå÷èâàòü ýêîíîìè÷åñêóþ ýôôåêòèâ-
íîñòü ïîëó÷åíèÿ è èñïîëüçîâàíèÿ áèîãàçà êàê
ýíåðãîíîñèòåëÿ, à ñáðîæåííîãî øëàìà — äëÿ
îáåñïå÷åíèÿ ïîääåðæêè áàëàíñà ãóìóñà â ïî÷âàõ.
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Energy and Fertilizers from Biomass Manufacture
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The technological line of phasic fermentation of agricultural production offcuts for
biogas output increase is displayed. The investigation execution shell allow to improve
power and ecological status in agriculture of Ukraine.
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