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ÓÄÊ 621.316

È.È. Íèêóëîâ, À.Ð. Áàêèðîâ 

ÊÎÌÌÓÒÀÖÈÎÍÍÛÅ ÀÏÏÀÐÀÒÛ ÄËß ÃÎÐÍÎÉ 
ÏÐÎÌÛØËÅÍÍÎÑÒÈ. ÑÈÑÒÅÌÛ ÁÛÑÒÐÎÄÅÉÑÒÂÓÞÙÅÃÎ 
ÀÂÒÎÌÀÒÈ×ÅÑÊÎÃÎ ÂÂÎÄÀ ÐÅÇÅÐÂÀ (ÁÀÂÐ)

Ñâåðõáûñòðîäåéñòâóþùèå âàêóóìíûå âûêëþ÷àòåëè ñåðèè BB/TEL-10–31,5/2000Q 
ïðîèçâîäñòâà Òàâðèäà Ýëåêòðèê îáåñïå÷èâàþò ìèíèìàëüíûå âðåìåíà âêëþ÷åíèÿ è 
îòêëþ÷åíèÿ, ÷òî ïðè ïðèìåíåíèè ñîâìåñòíî ñ ÌÁÏÓ ÁÀÂÐ 072 ïîçâîëÿåò ïîëó÷èòü 
óíèêàëüíî ìàëîå âðåìÿ öèêëà ÁÀÂÐ íå ïðåâûøàþùåå 34 ìñ.
Êëþ÷åâûå ñëîâà: àâòîìàòè÷åñêèé ââîä ðåçåðâà (ÀÂÐ), âàêóóìíûå âûêëþ÷àòåëè (ÂÂ), 
íàðóøåíèå ýëåêòðîñíàáæåíèÿ, âíåøíåå ýëåêòðîñíàáæåíèå, óñòðîéñòâà ÁÀÂÐ.

Î ñíîâíûìè ïðè÷èíàìè íàðó-
øåíèÿ íàäåæíîñòè ýëåêòðî-

ñíàáæåíèÿ ïîòðåáèòåëåé ÿâëÿþòñÿ 
êîðîòêèå çàìûêàíèÿ â ñõåìàõ âíåøíå-
ãî è âíóòðåííåãî ýëåêòðîñíàáæåíèÿ. 
Â óñëîâèÿõ, êîãäà óðîâåíü èçíîñà 
ýëåêòðîîáîðóäîâàíèÿ äîñòàòî÷íî âå-
ëèê, ÷èñëî êîðîòêèõ çàìûêàíèé, îáó-
ñëàâëèâàþùèõ ïðîâàëû íàïðÿæåíèÿ, 
âîçðàñòàåò ñ êàæäûì ãîäîì.

Â òàêèõ óñëîâèÿõ ðåøåíèå ïðîáëå-
ìû íàäåæíîñòè ýëåêòðîñíàáæåíèÿ âîç-
ëàãàåòñÿ íà ñàìèõ ïîòðåáèòåëåé ýëåê-
òðîýíåðãèè. Â îñîáåííîñòè, ïîñëåäíåå 
àêòóàëüíî äëÿ ïðåäïðèÿòèé ñî ñëîæ-
íûìè òåõíîëîãè÷åñêèìè ïðîöåññàìè 
è ïðåäïðèÿòèé øèðîêî èñïîëüçóþùèõ 
ñðåäñòâà àâòîìàòèçàöèè äëÿ âûïîëíå-
íèÿ ñâîèõ çàäà÷. Ñðåäè íèõ – ïðåäïðè-
ÿòèÿ, ñïåöèàëèçèðóþùèåñÿ íà äîáû÷å 
è ïåðåðàáîòêå íåôòè è ãàçà, ìåòàë-
ëóðãè÷åñêèå ïðåäïðèÿòèÿ, ïðåäïðè-
ÿòèÿ âîäîñíàáæåíèÿ è âîäîîòâåäåíèÿ 
è êîíå÷íî ïðåäïðèÿòèÿ ãîðíîé îòðàñ-
ëè. Íà ðàáîòó âûñîêîâîëüòíûõ ýëåê-
òðè÷åñêèõ äâèãàòåëåé, íèçêîâîëüòíûõ 
ýëåêòðîäâèãàòåëåé ðàçëè÷íûõ ïðèâî-
äîâ, óñòðîéñòâ óïðàâëåíèÿ ýëåìåíòàìè 
ýëåêòðîòåõíè÷åñêèõ ñèñòåì è òåõíîëî-
ãè÷åñêèõ ïðîöåññîâ ýòèõ ïðåäïðèÿòèé 
îêàçûâàþò âëèÿíèå êîðîòêèå ïî ïðî-
äîëæèòåëüíîñòè ïðîâàëû ïèòàþùåãî 
íàïðÿæåíèÿ. Ïîñëåäíèå ïðîèñõîäÿò 

äåñÿòêè ðàç â ãîä è ïðèâîäÿò ê çíà-
÷èòåëüíûì ýêîíîìè÷åñêèì óùåðáàì, 
äàæå åñëè èõ äëèòåëüíîñòü ñîñòàâëÿåò 
íåñêîëüêî ñîòåí ìèëëèñåêóíä.

Òðàäèöèîííî â ýëåêòðè÷åñêèõ ñå-
òÿõ äëÿ áîðüáû ñ êðàòêîâðåìåííûìè 
ïåðåðûâàìè ýëåêòðîñíàáæåíèÿ ïðè-
ìåíÿþòñÿ óñòðîéñòâà àâòîìàòè÷åñêî-
ãî âêëþ÷åíèÿ ðåçåðâíîãî èñòî÷íèêà 
ïèòàíèÿ (ÀÂÐ). Â êà÷åñòâå ïóñêîâîãî 
îðãàíà â ýòèõ óñòðîéñòâàõ, êàê ïðàâè-
ëî, èñïîëüçóåòñÿ îðãàí ìèíèìàëüíîãî 
íàïðÿæåíèÿ. Íåñìîòðÿ íà òî, ÷òî äëÿ 
ïîòðåáèòåëåé ýëåêòðîýíåðãèè íåîá-
õîäèìî êàê ìîæíî áûñòðåå ïîëó÷èòü 
ýëåêòðîïèòàíèå, òðåáóåòñÿ ââîäèòü íà-
ìåðåííîå çàìåäëåíèå äåéñòâèÿ ïóñêî-
âîãî îðãàíà ÀÂÐ. Óêàçàííîå ïðîèçâî-
äèòñÿ äëÿ ïðåäîòâðàùåíèÿ èçëèøíåãî 
äåéñòâèÿ óñòðîéñòâ ÀÂÐ ïðè ÊÇ íà 
ñìåæíûõ ó÷àñòêàõ ñåòè è ïðè äåéñòâèè 
óñòðîéñòâ ÀÏÂ ïèòàþùèõ ëèíèé. Òà-
êèì îáðàçîì, òðåáóåòñÿ ïðîèçâîäèòü 
çàìåäëåíèå íà âðåìÿ, áîëüøåå, ÷åì 
ìàêñèìàëüíàÿ âûäåðæêà âðåìåíè ðå-
ëåéíîé çàùèòû íà ñìåæíûõ ó÷àñòêàõ 
ñåòè, èëè íà âðåìÿ, áîëüøåå ÷åì âû-
äåðæêà âðåìåíè óñòðîéñòâà ÀÏÂ. 
Â ðåçóëüòàòå, âûäåðæêà âðåìåíè íà 
äåéñòâèå óñòðîéñòâà ÀÂÐ ìîæåò äî-
ñòèãàòü íåñêîëüêèõ ñåêóíä. 

Òàêèå âåëè÷èíû âûäåðæåê âðåìå-
íè äåéñòâèÿ ÀÂÐ îêàçûâàþòñÿ íåäî-
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ïóñòèìû ïðè ïîñòàíîâêå çàäà÷è ñî-
õðàíåíèÿ íåïðåðûâíîñòè ñëîæíûõ 
òåõíîëîãè÷åñêèõ ïðîöåññîâ ïðîìûø-
ëåííûõ ïðåäïðèÿòèé: ïðîèñõîäèò âû-
ïàäåíèå èç ñèíõðîíèçìà ñèíõðîííûõ 
äâèãàòåëåé, îïðîêèäûâàíèå àñèí-
õðîííûõ äâèãàòåëåé, îòêëþ÷åíèå êîí-
òàêòîðîâ è ïóñêàòåëåé íàïðÿæåíèåì 
380Â, îòêëþ÷åíèå ÷àñòîòíî-ðåãóëè-
ðóåìûõ ïðèâîäîâ, óñòàíîâîê ýëåêòðî-
öåíòðîáåæíûõ íàñîñîâ è äðóãîé îò-
âåòñòâåííîé íàãðóçêè.

Äëÿ èñêëþ÷åíèÿ óùåðáîâ è îáå-
ñïå÷åíèÿ íåïðåðûâíîñòè òåõíîëîãè-
÷åñêèõ ïðîöåññîâ ðàçðàáîòàíû áîëåå 
òåõíè÷åñêè ñîâåðøåííûå, ïî ñðàâ-
íåíèþ ñ òðàäèöèîííûìè, óñòðîéñòâà 
ÀÂÐ, îòëè÷àþùèåñÿ ñâåðõáûñòðîäåé-

ñòâèåì (óñòðîéñòâà áûñòðîäåéñòâóþ-
ùåãî ÀÂÐ – ÁÀÂÐ). Óñòðîéñòâà ÁÀÂÐ 
ñî÷åòàþò â ñåáå öåëûé ðÿä ïóñêîâûõ 
îðãàíîâ, âçàèìîäåéñòâóþùèõ ìåæäó 
ñîáîé ñîãëàñíî ñïåöèôè÷åñêèì àë-
ãîðèòìàì, ïîçâîëÿþùèì ïðàâèëüíûì 
îáðàçîì èäåíòèôèöèðîâàòü àâàðèé-
íûå ðåæèìû, â êîòîðûõ òðåáóåòñÿ 
ïðîèçâîäèòü ââîä ðåçåðâíîãî èñòî÷-
íèêà ïèòàíèÿ (êîðîòêèå çàìûêàíèÿ 
Ê1, Ê2, Ê5) è â êîòîðûõ ïåðåêëþ÷å-
íèå íà ðåçåðâíûé èñòî÷íèê ïèòàíèÿ 
íå òðåáóåòñÿ (êîðîòêèå çàìûêàíèÿ 
Ê3, Ê4). Ê ïðèìåðó, ýòè óñòðîéñòâà 
ìîãóò âêëþ÷àòü â ñåáÿ îðãàíû ìèíè-
ìàëüíîãî íàïðÿæåíèÿ, ðåëå íàïðàâ-
ëåíèÿ ìîùíîñòè, îðãàíû êîíòðîëÿ 
óãëîâ ñäâèãà ìåæäó íàïðÿæåíèÿìè 

Ðèñ. 1. Ñõåìà äâóõñåêöèîííîãî ðàñïðåäåëèòåëüíîãî óñòðîéñòâà ñ äâóìÿ ââîäíûìè 
è îäíèì ñåêöèîííûì âûêëþ÷àòåëåì.
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ïåðâîé è âòîðîé ñåêöèé øèí è îð-
ãàíû ìèíèìàëüíîãî òîêà. Àëãîðèòìû 
óñòðîéñòâà ÁÀÂÐ ïîçâîëÿþò ðåøèòü 
îáîçíà÷åííûå çàäà÷è çà ìèíèìàëü-
íîå âðåìÿ, íå òðåáóÿ ñîãëàñîâàíèÿ 
ïî âðåìåíè ñ óñòðîéñòâàìè ðåëåéíîé 
çàùèòû è àâòîìàòèêè ñìåæíûõ ýëå-
ìåíòîâ. Ñîáñòâåííîå âðåìÿ ðåàêöèè 
óñòðîéñòâ ÁÀÂÐ íà àâàðèéíûå ðåæè-
ìû â ïåðâè÷íîé ñåòè, êàê ïðàâèëî, íå 
ïðåâûøàåò 20–30 ìñ.

Ïóñêîâûå óñòðîéñòâà ÁÀÂÐ ÿâëÿ-
þòñÿ ëèøü îäíîé ñîñòàâëÿþùåé ñèñòå-
ìû ÁÀÂÐ, â êîòîðóþ ïîìèìî ñàìîãî 
ïóñêîâîãî óñòðîéñòâà òàêæå âõîäÿò 
òðàíñôîðìàòîðû òîêà è íàïðÿæåíèÿ, 
à òàêæå ñèëîâûå âûêëþ÷àòåëè â ÷èñëå 
òðåõ åäèíèö. Ïðè ýòîì íà áûñòðîäåé-
ñòâèå ïåðåêëþ÷åíèÿ íà ðåçåðâíûé èñ-
òî÷íèê ïèòàíèÿ ñðåäè ïåðå÷èñëåííûõ 
ìîãóò îêàçûâàòü âëèÿíèå òîëüêî ñèëî-
âûå âûêëþ÷àòåëè. Ýòî îáóñëàâëèâàåò 
íåîáõîäèìîñòü ïðèìåíåíèÿ ñîâðåìåí-
íûõ ñâåðõáûñòðîäåéñòâóþùèõ âûêëþ-
÷àòåëåé, îáåñïå÷èâàþùèõ ïîëíîå âðå-
ìÿ ïåðåêëþ÷åíèÿ íà ðåçåðâíûé èñòî÷-
íèê, ñ ó÷åòîì âðåìåíè ñðàáàòûâàíèÿ 
ïóñêîâîãî óñòðîéñòâà ÁÀÂÐ, íå áîëåå 
40 ìñ, ÷òî ïîçâîëÿåò îáåñïå÷èòü óñòîé-
÷èâîñòü ôóíêöèîíèðîâàíèÿ âñåé íà-
ãðóçêè â íåçàâèñèìîñòè îò åå ñîñòàâà. 

Òàêèìè âûêëþ÷àòåëÿìè ñòàëè ðàç-
ðàáîòàííûå èíæåíåðàìè êîìïàíèè 

Òàâðèäà Ýëåêòðèê ñâåðõáûñòðîäåé-
ñòâóþùèå âûêëþ÷àòåëè BB/TEL-10–
31,5/2000Q (ðèñ. 2). Ñîáñòâåííîå 
âðåìÿ âêëþ÷åíèÿ êîòîðûõ ñîñòàâëÿåò 
íå áîëåå 22 ìñ, à ñîáñòâåííîå âðå-
ìÿ îòêëþ÷åíèÿ – íå áîëåå 8 ìñ. Óêà-
çàííûõ õàðàêòåðèñòèê âûêëþ÷àòåëÿ 
óäàëîñü äîñòè÷ü çà ñ÷åò íîó-õàó, ïðè-
ìåíåííûõ ïðè ðàçðàáîòêå áûñòðîäåé-
ñòâóþùåãî áëîêà óïðàâëåíèÿ CM_15_
FT è êîíñòðóêöèè ñàìîãî âàêóóìíîãî 
âûêëþ÷àòåëÿ. Ïðè ýòîì, íåñìîòðÿ íà 
òî, ÷òî âûêëþ÷àòåëü ñòàë îáëàäàòü âû-
ñîêèì áûñòðîäåéñòâèåì, ðåñóðñ ïî 
êîììóòàöèîííîé ñòîéêîñòè ñîõðàíèë-
ñÿ íà ïðåæíåì óðîâíå, õàðàêòåðíîì 
äëÿ òðàäèöèîííîãî èñïîëíåíèÿ âû-
êëþ÷àòåëÿ BB/TEL, íàäåæíîñòü êî-
òîðîãî ïðîâåðåíà òûñÿ÷àìè ðåàëèçî-
âàííûõ ïðîåêòîâ ïî âñåìó ìèðó.

Âûêëþ÷àòåëü BB/TEL-10–31,5/
2000Q îñíîâûâàåòñÿ íà çàïàòåíòîâàí-
íîé èäåîëîãèè ïîôàçíîãî ýëåêòðîìàã-
íèòíîãî ïðèâîäà ñ ìàãíèòíîé çàùåë-
êîé. Âûêëþ÷àòåëü èìååò ïðîñòåéøóþ 
êèíåìàòè÷åñêóþ ñõåìó, ïðè êîòîðîé 
âñå ïîäâèæíûå ÷àñòè äâèãàþòñÿ âäîëü 
âåðòèêàëüíîé îñè. Ýòî ïîçâîëÿåò èñ-
êëþ÷èòü íàëè÷èå âðàùàþùèõñÿ ýëå-
ìåíòîâ è ñîçäàòü íå îáñëóæèâàåìûé 
ìàëîãàáàðèòíûé ïðèâîä. Ïîôàçíûé 
ýëåêòðîìàãíèòíûé ïðèâîä óäåðæèâà-
åò âûêëþ÷àòåëü âî âêëþ÷åííîì ïîëî-

Ðèñ. 2. Âíåøíèé âèä BB/TEL-10–31,5/
2000-Q ñ áëîêîì óïðàâëåíèÿ CM_15_FT

Ðèñ. 3. Âíåøíèé âèä ÌÁÏÓ ÁÀÂÐ 072
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æåíèè íåîãðàíè÷åííî äîëãî ïðè ìè-
íèìàëüíîì ïîòðåáëåíèè ýëåêòðîýíåð-
ãèè ïî öåïè îïåðàòèâíîãî ïèòàíèÿ. Íà 
ñåãîäíÿøíèé äåíü èíæåíåðàìè ðîñ-
ñèéñêîé ãðóïïû êîìïàíèé «Òàâðèäà 
Ýëåêòðèê» ðàçðàáîòàí êîìïëåêñ ðåøå-
íèé ïî ïðèìåíåíèþ áûñòðîäåéñòâóþ-
ùåãî âûêëþ÷àòåëÿ BB/TEL-10–31,5/
2000Q êàê ïðè ìîäåðíèçàöèè ðàñ-
ïðåäåëèòåëüíûõ óñòðîéñòâ ïðåæíèõ 
ëåò âûïóñêà, òàê è äëÿ ïðèìåíåíèÿ 
â ñîñòàâå íîâûõ ðàñïðåäåëèòåëüíûõ 
óñòðîéñòâ. 

Äëÿ ïîäòâåðæäåíèÿ õàðàêòåðèñòèê 
ñâåðõáûñòðîäåéñòâóþùåãî âûêëþ-
÷àòåëÿ BB/TEL-10–31,5/2000-Q è 
ýôôåêòèâíîñòè åãî ïðèìåíåíèÿ â ñè-
ñòåìàõ ÁÀÂÐ áûëè ïðîâåäåíû ëàáî-
ðàòîðíûå èñïûòàíèÿ ñèñòåìû, â êîòî-

ðîé â êà÷åñòâå ïóñêîâîãî óñòðîéñòâà 
ÁÀÂÐ èñïîëüçîâàëîñü ìèêðîïðîöåñ-
ñîðíîå ïóñêîâîå óñòðîéñòâî ÌÁÏÓ 
ÁÀÂÐ 072 (ðèñ. 3) ðàçðàáîòêè íàó÷íî-
ïðîèçâîäñòâåííîé êîìïàíèè «ÏÐÎ-
ÌÈÐ» èìåþùåå óíèêàëüíîå âðåìÿ ðå-
àêöèè íà âîçíèêíîâåíèå àâàðèéíîãî 
ðåæèìà ñîñòàâëÿþùåå âñåãî 6–12 ìñ. 
Â ðåçóëüòàòå èñïûòàíèé áûëî ïîä-
òâåðæäåíî, ÷òî ñîáñòâåííîå âðåìÿ 
âêëþ÷åíèÿ âûêëþ÷àòåëÿ íå ïðåâûøà-
åò 22 ìñ, à ñîáñòâåííîå âðåìÿ îòêëþ-
÷åíèÿ íå ïðåâûøàåò 8 ìñ. Ïðè ýòîì 
ñîáñòâåííîå âðåìÿ ðåàêöèè ìèêðî-
ïðîöåññîðíîãî ïóñêîâîãî óñòðîéñòâà 
ÌÁÏÓ ÁÀÂÐ èçìåíÿëîñü â äèàïàçîíå 
îò 11 äî 16 ìñ, â ïîëíîå âðåìÿ ïåðå-
êëþ÷åíèÿ íà ðåçåðâíûé èñòî÷íèê ïè-
òàíèÿ â äèàïàçîíå îò 27 äî 34 ìñ.

Îñíîâíûå òåõíè÷åñêèå ïàðàìåòðû

Íàèìåíîâàíèå ïàðàìåòðà BB/TEL-10–31,5/2000Q 
Ó2

Íîìèíàëüíîå íàïðÿæåíèÿ, êÂ 10

Íàèáîëüøåå ðàáî÷åå íàïðÿæåíèå, êÂ 12

Íîìèíàëüíûé òîê, À 2000

Íîìèíàëüíûé òîê îòêëþ÷åíèÿ, êÀ 31,5 

Òîê äèíàìè÷åñêîé ñòîéêîñòè (íàèáîëüøèé ïèê), êÀ 80

Èñïûòàòåëüíîå êðàòêîâðåìåííîå íàïðÿæåíèå (îäíîìèíóòíîå) 
ïðîìûøëåííîé ÷àñòîòû, êÂ 42

Íîðìèðîâàííîå ïðîöåíòíîå ñîäåðæàíèå àïåðèîäè÷åñêîé 
ñîñòàâëÿþùåé, % 40

Ðåñóðñ ïî êîììóòàöèîííîé ñòîéêîñòè:
ïðè íîìèíàëüíîì òîêå, öèêëîâ «ÂÎ»
ïðè íîìèíàëüíîì òîêå îòêëþ÷åíèÿ, îïåðàöèé «Î»
ïðè íîìèíàëüíîì òîêå îòêëþ÷åíèÿ, öèêëîâ «ÂÎ»

30 000
50
25

Ñîáñòâåííîå âðåìÿ âêëþ÷åíèÿ âûêëþ÷àòåëÿ ïðè èñïîëüçîâàíèè 
óñòðîéñòâà óïðàâëåíèÿ CM_15_FT, ìñ, íå áîëåå 22

Ñîáñòâåííîå âðåìÿ îòêëþ÷åíèÿ âûêëþ÷àòåëÿ ïðè èñïîëüçîâàíèè 
óñòðîéñòâà óïðàâëåíèÿ CM_15_FT, ìñ, íå áîëåå 8

Ïîëíîå âðåìÿ îòêëþ÷åíèÿ âûêëþ÷àòåëÿ ïðè èñïîëüçîâàíèè 
óñòðîéñòâà óïðàâëåíèÿ CM_15_FT, ìñ, íå áîëåå 18

Âåðõíåå/íèæíåå çíà÷åíèå òåìïåðàòóðû îêðóæàþùåãî âîçäóõà, °Ñ +55 /-40

Ñòîéêîñòü ê ìåõàíè÷åñêèì âîçäåéñòâèÿì, 
ãðóïïà ïî ÃÎÑÒ 17516.1–90 Ì6

Ìàññà, êã, íå áîëåå 55
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Äëÿ ïîëó÷åíèÿ âðåìåí ðåàêöèè 
6–12 ìñ è äîñòèæåíèÿ óíèêàëüíîãî 
îáùåãî âðåìåíè ïåðåêëþ÷åíèÿ íà ðå-
çåðâíûé ââîä íå áîëåå 34 ìñ ñïåöè-
àëèñòàìè êîìïàíèè «ÏÐÎÌÈÐ» ðåàëè-
çîâàíî ïóñêîâîå óñòðîéñòâî, êîòîðîå 
âêëþ÷àåò îðãàí ìèíèìàëüíîãî íà-
ïðÿæåíèÿ, îñîáîå ðåëå íàïðàâëåíèÿ 
ìîùíîñòè (òîêà), îðãàí êîíòðîëÿ óãëîâ 
ñäâèãà ìåæäó íàïðÿæåíèÿìè ïåðâîé 
è âòîðîé ñåêöèè, îðãàí ìèíèìàëüíîãî 
òîêà [1]. Ïóñêîâîå óñòðîéñòâî ñíàáæå-
íî îñîáûì àëãîðèòìîì ðàáîòû ðåëå 
íàïðàâëåíèÿ òîêà (ÐÍÒ). Õàðàêòåðè-
ñòèêà ñðàáàòûâàíèÿ ÐÍÒ â êîìïëåêñ-
íîé ïëîñêîñòè ïðåäñòàâëåíà íà ðèñ. 4.

Íàïðàâëåíèå òîêà (ìîùíîñòè) îïðå-
äåëÿåòñÿ ðàñ÷åòíûì ïóòåì è ñ÷èòàåòñÿ 
ïðÿìûì (îò èñòî÷íèêà ê øèíàì), åñëè:
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ãäå Uab1, Ubc1, Uña1, Uab2, Ubc2, Uña2 –
êîìïëåêñíûå äåéñòâóþùèå çíà÷åíèÿ 
íàïðÿæåíèé íà øèíàõ èñòî÷íèêà ïè-
òàíèÿ îñíîâíîãî è ðåçåðâíîãî ñîîò-
âåòñòâåííî; 1 1 1' ,�� ,��a b cI I ' I '  – êîìïëåêñ-
íûå ÷èñëà, ñîîòâåòñòâåííî ñîïðÿæåí-
íûå ñ êîìïëåêñíûìè äåéñòâóþùèìè 
çíà÷åíèÿìè òîêîâ Ia1, Ib1, Iñ1 íà ââîäå 
îñíîâíîãî èñòî÷íèêà ïèòàíèÿ; ϕóñò, 
Ióñò, kÏ – çàäàííûå óñòàâêè óãëà, òîêà 
è êîýôôèöèåíòà ïîäïèòêè îò øèí ðå-
çåðâíîãî èñòî÷íèêà ïèòàíèÿ ñîîòâåò-
ñòâåííî [2]. 
Ðàçðàáîòàííûé êîìïëåêñ ÁÀÂÐ ñîñòî-
ÿùèé èç ñâåðõáûñòðîäåéñòâóþùèõ âû-
êëþ÷àòåëåé BB/TEL-10–31,5/2000Q 
è ïóñêîâîãî óñòðîéñòâà ÁÀÂÐ 072 
èìååò óñïåøíûé îïûò âíåäðåíèÿ íà 
äåñÿòêàõ îáúåêòîâ, ïî èòîãàì êîòîðî-
ãî ñðîêè îêóïàåìîñòè ýòîãî ðåøåíèÿ 
ñîñòàâëÿþò 1–2 ãîäà. 
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Tavrida Electric vacuum circuit breakers BB/TEL-10–31,5/2000Q are designed in a way to provide both 
trip and close time minimal in the industry and with High Speed Transfer Device ÁÀÂÐ 072 reaches extremely 
short transfer times no more than 34ms.

Key words: Automatic Transfer Switches (ATS), Vacuum Circuit Breakers (VCB), power supply interrup-
tions, external power supply, high speed transfer devices.
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Ñòàòüÿ ïîñâÿùåíà ìåòîäó îïðåäåëåíèÿ ñîñòàâà ðàñïëàâà â ïðîöåññå âîññòàíîâèòåëüíîé 

ïëàâêè îêñèäà íèêåëÿ â ýëåêòðîäóãîâîé ïå÷è, êîòîðûé îñíîâàí íà ñïåêòðàëüíîì àíàëèçå øó-
ìîâ ïå÷è. Èäåÿ çàêëþ÷àåòñÿ â òîì, ÷òî óâåëè÷åíèå ñîäåðæàíèÿ îêñèäîâ ìåòàëëà â ðàñïëàâå, 
ñîïðîâîæäàåòñÿ áóðëåíèåì è îáðàçîâàíèåì ìèêðîâçðûâîâ âáëèçè ýëåêòðîäîâ, ÷òî ïðèâîäèò ê 
óâåëè÷åíèþ àìïëèòóäû çâóêîâîãî ñèãíàëà íà îïðåäåëåííûõ ÷àñòîòàõ. Ñäåëàíû âûâîäû î âîç-
ìîæíîñòè ïðèìåíåíèÿ äàííîãî ìåòîäà äëÿ îïðåäåëåíèÿ ñîñòàâà ðàñïëàâà â ðåàëüíîì âðåìåíè.
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THE METHOD FOR THE DETERMINATION THE STATE OF METAL AT PROCESS 
OF REDUCTION SMELTING NICKEL MONOXIDE IN ELECTRIC ARC FURNACE
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The article is devoted to a method for determining the composition of the melt in the process 

of smelting reduction of nickel oxide in an electric arc furnace, which is based on spectral analysis 
of the noise furnace The idea is that an increase in the content of metal oxides in the melt is ac-
companied by the formation of microexplosions near the electrodes, which increases the amplitude 
of the sound signals at certain frequencies. It was concluded that this method can be used for deter-
mining the composition of the melt in real time.
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