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Íàëè÷èå èçáûòî÷íîé íàïîðíîñòè Íèçá – ýòî îäíî èç óñëîâèé ñòàáèëüíîé
ðàáîòû öåíòðîáåæíûõ íàñîñîâ. Èçáûòî÷íàÿ íàïîðíîñòü ðàñõîäóåòñÿ íà 

ïåðåìåùåíèå âîäû ïî ñåòè òðóáîïðîâîäà è ïðåîäîëåíèå ñîïðîòèâëåíèÿ. Íå-
îáõîäèìîñòü ïîääåðæàíèÿ çàïàñà èçáûòî÷íîé íàïîðíîñòè ïðîäèêòîâàíà âîç-
ìîæíûì êîëåáàíèåì ÷àñòîòû ïèòàþùåé ñåòè è ÷àñòîòû âðàùåíèÿ ïðèâîäíîãî 
äâèãàòåëÿ, ðàçúåäàíèåì êîíöîâ ëîïàòîê ðàáî÷èõ êîëåñ, èõ ãèäðîîáðàçèâíîãî 
èçíîñà è äð.

×èñëåííî èçáûòî÷íàÿ íàïîðíîñòü Íèçá îïðåäåëÿåòñÿ êàê ðàçíîñòü ôàêòè÷å-
ñêîãî ìàíîìåòðè÷åñêîãî íàïîðà íàñîñà è ãåîäåçè÷åñêîé âûñîòû íàãíåòàíèÿ [1]:

Íèçá = Íì – Íã, (1)

ãäå Íì – ôàêòè÷åñêèé ìàíîìåòðè÷åñêèé íàïîð íàñîñà, ì; Íã – ãåîäåçè÷åñêàÿ 
âûñîòà íàãíåòàíèÿ, ì.

Ñ óâåëè÷åíèåì èçáûòî÷íîé íàïîðíîñòè Íèçá óâåëè÷èâàåòñÿ çíà÷åíèå óäåëü-
íîé ìîùíîñòè q, ò.å. êîëè÷åñòâî ýíåðãèè, çàòðà÷èâàåìîé íà îòêà÷èâàíèå âîäû. 
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ãäå q – óäåëüíàÿ ìîùíîñòü, êÂò·÷/ì3; NH – ìîùíîñòü íàñîñà, êÂò; QH – ïðîèç-
âîäèòåëüíîñòü íàñîñà, ì3/÷.
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ãäå – ïëîòíîñòü øàõòíîé âîäû; i – òåêóùåå çíà÷åíèå ê.ï.ä. íàñîñà, ñîîòâåò-
ñòâóþùåå Hèçá.i.

Èçáûòî÷íàÿ íàïîðíîñòü íàñîñà ìîæåò áûòü çàïèñàíà ñëåäóþùèì îáðàçîì
2

. .èçá i òð iH R Q , (4)
ãäå Ròð – ïîñòîÿííàÿ òðóáîïðîâîäà; Qi – òåêóùåå çíà÷åíèå ïîäà÷è íàñîñà.
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Óñëîâèåì ñòàáèëüíîé ðàáîòû öåíòðîáåæíûõ íàñîñîâ øàõòíûõ óñòàíîâîê ÿâëÿåòñÿ 
íàëè÷èå èçáûòî÷íîé íàïîðíîñòè. Ñ åå èçìåíåíèåì ìåíÿåòñÿ êîëè÷åñòâî ýíåðãèè, 
çàòðà÷èâàåìîå íà îòêà÷èâàíèå âîäû. Â ñâÿçè ñ ýòèì ðàññìàòðèâàþòñÿ ýíåðãåòè÷å-
ñêèå çàâèñèìîñòè â ôóíêöèè èçáûòî÷íîé íàïîðíîñòè.
Êëþ÷åâûå ñëîâà: øàõòíûå âîäîîòëèâíûå óñòàíîâêè, èçáûòî÷íàÿ íàïîðíîñòü, óäåëü-
íàÿ ýíåðãîåìêîñòü, çàâèñèìîñòè.
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Èç óðàâíåíèÿ (4) ñëåäóåò:

. /i èçá i òðQ H R= . (5)

Àíàëèòè÷åñêîå âûðàæåíèå õàðàêòåðèñòèê 1 if Q  ìîæåò áûòü ïðåäñòàâ-
ëåíî â âèäå êâàäðàòè÷íîé ôóíêöèè [2]:

1 2i i iQ C C Q , (6)
ãäå Ñ1, Ñ2 – îïûòíûå êîýôôèöèåíòû äëÿ êàæäîãî òèïà íàñîñà.

Ñ ó÷åòîì (5) çàïèøåì àíàëèòè÷åñêîå âûðàæåíèå õàðàêòåðèñòèê i = f(Hèçá.i):
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Ïîäñòàâèâ âûðàæåíèå (7) â (3), ïîëó÷èì çàâèñèìîñòü óäåëüíîé èçáûòî÷íîé 
ìîùíîñòè íàñîñà îò åãî èçáûòî÷íîé íàïîðíîñòè:
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Èëè â äðóãîì âèäå çàïèñè:
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Ðàñ÷åòíûå çàâèñèìîñòè èçá èçáq f H , ïîñòðîåííûå ñîãëàñíî âûðàæåíèé 
(9;10) ïðèâåäåíû íà ðèñ. 1 (äëÿ íàñîñîâ òèïà ÖÍÑ). Èñõîäíûå äàííûå äëÿ ýòèõ 
ðàñ÷åòîâ ïðèâåäåíû â òàáëèöå.

Ýêñïåðèìåíòàëüíîå óñòàíîâëåíèå çàâèñèìîñòåé óäåëüíîé ýíåðãîåìêîñòè 
íàñîñíûõ àãðåãàòîâ èçá èçáq f H  âûïîëíÿëîñü íà òðåõ íàñîñíûõ óñòàíîâêàõ 
ðóäíèêà «×åáà÷èé» ÎÀÎ «Âåðõíåóðàëüñêàÿ ðóäà» ñ íàñîñàìè ÖÍÑÊ 300–480.

Èñõîäíûå äàííûå äëÿ ïîñòðîåíèÿ çàâèñèìîñòåé qèçá = f(Hèçá)

Íàñîñ Ôîðìóëà ÊÏÄ = Q(C1-C2 Q) Ïîäà÷à, ì3/÷ Ròð

ÖÍÑ 38-44 – ÖÍÑ 38-220 = Q(0,03887–0,00059Q) 0 Q 50 0,01300

ÖÍÑ 60-198 – ÖÍÑ 60-330 = Q(0,0207–0,00016Q) 0 Q 80 0,00550

ÖÍÑ 105-98 – ÖÍÑ 105-490 = Q(0,01106–0,00004276Q) 0 Q 170 0,00180

ÖÍÑ 180-85 – ÖÍÑ 180-425 = Q(0,008821–0,00002677Q) 0 Q 215 0,00061

ÖÍÑ 300-120 – ÖÍÑ 300-600 = Q(0,004243–0,000006119Q) 0 Q 400 0,00022
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Öåíòðîáåæíûé ñåêöèîí-
íûå íàñîñû òèïà ÖÍÑÊ 
300-480 ïðåäíàçíà÷åíû äëÿ 
ïåðåêà÷èâàíèÿ â ñòàöèîíàð-
íûõ óñëîâèÿõ âîäû, ñîäåð-
æàùåé ìåõàíè÷åñêèå ïðèìå-
ñè íå áîëåå 0,2% ïî âåñó, 
òåìïåðàòóðîé äî 40 °Ñ. Íà-
ñîñû ìîãóò èñïîëüçîâàòüñÿ 
äëÿ îòêà÷êè âîäû íà âîäî-
îòëèâå â øàõòàõ ñ ïîêàçàòå-
ëåì êèñëîòíîñòè ðÍ 3,5–8,5. 
Ýêñïåðèìåíòàëüíûå äàííûå 
ïî îïðåäåëåíèþ ïðîèçâîäè-
òåëüíîñòè òðåõ íàñîñîâ ãëàâ-
íîãî âîäîîòëèâà ÖÍÑÊ 300-
480 áûëè ïîëó÷åíû ïðè ïî-
ìîùè ðàñõîäîìåðà «ÂÇËÅÒ 
ÏÐ», ïðåäíàçíà÷åííîãî äëÿ 
îïåðàòèâíîãî èçìåðåíèÿ 
ðàñõîäà è îáúåìà æèäêîñòè 
ñ ïîìîùüþ íàêëàäíûõ äàò÷è-
êîâ áåç âñêðûòèÿ òðóáîïðî-
âîäà. Ðàñõîäîìåð-ñ÷åò÷èê 
óëüòðàçâóêîâîé ïîðòàòèâíûé 
«ÂÇËÅÒ ÏÐ» óñòàíàâëèâàë-
ñÿ ïðè çàìåðàõ íà íàïîð-
íûé òðóáîïðîâîä íàñîñíûõ 
àãðåãàòîâ. Ðàñõîäîìåð îáåñ-
ïå÷èâàë èçìåðåíèå ñðåäíå-
ãî îáúåìíîãî ðàñõîäà ïðè 
ñêîðîñòè ïîòîêà äî 13 ì/ñ, 
÷òî ñîîòâåòñòâóåò ðàñõîäó, 
îïðåäåëÿåìîìó ïî ôîðìóëå:

3 22,83 10H yQ V D ,(11)

ãäå QH – èçìåðÿåìûé ñðåä-
íèé ðàñõîä, ì3/÷; V – ñêî-
ðîñòü ïîòîêà, ì/ñ; Dy – äèà-
ìåòð óñëîâíîãî ïðîõîäà òðó-
áîïðîâîäà, ìì.

Íàïîð êàæäîãî íàñîñà 
Hì èçìåðÿëñÿ ìàíîìåòðîì 
ÄÌ2010Ñ.Ó2, óñòàíîâëåí-
íûì íà íàãíåòàòåëüíîé ëè-
íèè íàñîñíîé óñòàíîâêè.

Íà ðèñ. 2 ïðåäñòàâëåíû çàâèñèìîñòè óäåëüíîé ýíåðãîåìêîñòè òðåõ íàñî-
ñîâ (q) â ôóíêöèè èçáûòî÷íîé íàïîðíîñòè â ðåàëüíûõ óñëîâèÿõ ýêñïëóàòàöèè. 
Çàâèñèìîñòè ïîëó÷åíû ïóòåì ìàòåìàòè÷åñêîé îáðàáîòêè ðåçóëüòàòîâ ýêñïåðè-

Ðèñ. 1. Çàâèñèìîñòè óäåëüíîé èçáûòî÷íîé ýíåðãî-
åìêîñòè íàñîñîâ â ôóíêöèè èçáûòî÷íîé íàïîðíîñòè 
íàñîñíîãî àãðåãàòà qèçá = f(Íèçá)

Ðèñ. 2. Çàâèñèìîñòè óäåëüíîé ýíåðãîåìêîñòè íàñî-
ñîâ â ôóíêöèè èçáûòî÷íîé íàïîðíîñòè íàñîñíîãî 
àãðåãàòà q = f(Íèçá)
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The presence of excess of pressure is important condition of stable operation of centrifugal pumps. With 
changing of excess of pressure the amount of energy, which spends on water pumping, changes. The depend-
ences of the energy costs of mine dewatering installation of excess pressure shaft section pumps of various 
sizes were stated.

Key words: mine dewatering installations pumps of mines, excess of pressure, power density, depend-
ence.
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ìåíòà ñ èñïîëüçîâàíèåì ìåòîäà íàèìåíüøèõ êâàäðàòîâ è ïðåäñòàâëÿþò ñîáîé 
ïîëèíîìèàëüíûå ôóíêöèè òðåòüåé ñòåïåíè ñ êîððåëÿöèîííûì îòíîøåíèåì äëÿ 
íàñîñà ¹ 1 R2 = 0,83; äëÿ íàñîñà ¹ 2 R2 = 0,99; äëÿ íàñîñà ¹ 3 R2 = 0,51 [3].

Ïîëó÷åííûå ñîîòíîøåíèÿ ñâèäåòåëüñòâóþò î ñóùåñòâåííîé çàâèñèìîñòè óäåëü-
íîé ýíåðãîåìêîñòè íàñîñíûõ àãðåãàòîâ îò èçáûòî÷íîé íàïîðíîñòè íàñîñîâ.


