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ÐÀÑ×ÅÒ ÏÀÐÀÌÅÒÐÎÂ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÕ 
ÐÅÃÓËßÒÎÐÎÂ ØÀÕÒÍÛÕ ÂÅÍÒÈËßÒÎÐÎÂ 

Ïîëó÷åíû êðèòåðèè ïîäîáèÿ òå÷åíèÿ â âåíòèëÿòîðå ñ ýíåðãåòè÷åñêèì ðåãóëÿòî-
ðîì íà áàçå òåîðèè ýêâèâàëåíòíîñòè ñëîæíûõ ñèñòåì. Ñ èñïîëüçîâàíèåì òåîðèè 
ýêñòðåìàëüíîãî ïëàíèðîâàíèÿ ýêñïåðèìåíòà ïîëó÷åíû çàâèñèìîñòè äëÿ îïòèìàëü-
íûõ çíà÷åíèé ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ýíåðãåòè÷åñêîãî ðåãóëÿòîðà. Ïðîâå-
äåííûå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçàëè óäîâëåòâîðèòåëüíóþ ñõîäè-
ìîñòü ïîëó÷åííûõ çàâèñèìîñòåé ñ ýìïèðè÷åñêèìè äàííûìè. 
Êëþ÷åâûå ñëîâà: öåíòðîáåæíûå âåíòèëÿòîðû, ýíåðãåòè÷åñêèé íàïðàâëÿþùèé àï-
ïàðàò, àýðîäèíàìèêà, ãëóáèíà ýêîíîìè÷íîãî ðåãóëèðîâàíèÿ. 

 

 
 

 îòå÷åñòâåííîé è çàðóáåæíîé 
ëèòåðàòóðå îòñóòñòâóþò äàí-

íûå ïî èññëåäîâàíèÿì ìåòîäà âèõðå-
âîãî óïðàâëåíèÿ îáòåêàíèåì ëîïàòîê 
ðàáî÷åãî êîëåñà íà âõîäå â öåíòðî-
áåæíûé âåíòèëÿòîð, âûáîðó îïòè-
ìàëüíûõ ýíåðãåòè÷åñêèõ õàðàêòåðè-
ñòèê óïðàâëÿþùåãî ïîòîêà âèõðåè-
ñòî÷íèêà, ãåîìåòðè÷åñêèõ ïàðàìåòðîâ 
âèõðåâîé êàìåðû è êîíñòðóêòèâíîé 
èõ ðåàëèçàöèè. 

Óñòðîéñòâî äëÿ èçìåíåíèÿ ïàðà-
ìåòðîâ ïîòîêà íà âõîäå â ðàáî÷åå êî-
ëåñî çà ñ÷åò ýíåðãèè ñàìîãî ïîòîêà 
íàçûâàåòñÿ ýíåðãåòè÷åñêèì ðåãóëÿòî-
ðîì (ÝÐ). Êîíñòðóêòèâíî ÝÐ ïðåä-
ñòàâëÿåò ñîáîé óñòàíîâëåííóþ íà 
âõîäå â öåíòðîáåæíûé âåíòèëÿòîð 
ðàäèàëüíóþ ëîïàòî÷íóþ ìàëîêàíàëü-
íóþ èëè áåçëîïàòî÷íóþ âèõðåâóþ êà-
ìåðó [3] (ðèñ. 1). 

Çàäà÷à ìàòåìàòè÷åñêîãî îïèñàíèÿ 
ðåçóëüòèðóþùåãî òå÷åíèÿ, ñôîðìè-
ðîâàííîãî âçàèìîäåéñòâèåì òðàíçèò-
íîãî è öèðêóëÿöèîííîãî ïîòîêîâ â 
öåíòðîáåæíîì âåíòèëÿòîðå ÷ðåçâû-
÷àéíî ñëîæíà è äî íàñòîÿùåãî âðå-
ìåíè áåç çíà÷èòåëüíî óïðîùàþùèõ 
êàðòèíó òå÷åíèÿ äîïóùåíèé íå ðåøå-
íà. Ïî ýòîé ïðè÷èíå áîëüøîå çíà÷å-
íèå ïðè èññëåäîâàíèè âåíòèëÿòîðîâ ñ 

ÝÐ ïðèîáðåòàþò ìåòîäû, îñíîâàííûå 
íà èñïîëüçîâàíèè òåîðèè ïîäîáèÿ è 
ôèçè÷åñêîãî ìîäåëèðîâàíèÿ. 

Äàííàÿ ñòàòüÿ ïîñâÿùåíà îïðåäå-
ëåíèþ êðèòåðèåâ ïîäîáèÿ òå÷åíèÿ â 
ñèñòåìå «âåíòèëÿòîð – ÝÐ» äëÿ ñîç-
äàíèÿ ìàòåìàòè÷åñêèõ ìîäåëåé àý-
ðîäèíàìè÷åñêèõ ïðîöåññîâ, ïðîòå-
êàþùèõ â ïðîòî÷íîé ÷àñòè ÝÐ è ïî-
ñòðîåíèÿ èíæåíåðíûõ ìåòîäîâ èõ 
ðàñ÷åòà. 

Ñèñòåìà õàðàêòåðèñòèê äàííîãî 
òå÷åíèÿ ìîæåò áûòü ïðåäñòàâëåíà 
òðåìÿ ãðóïïàìè ïàðàìåòðîâ [1]: 

• õàðàêòåðèñòèêè òðàíçèòíîãî ïîòî-
êà: ρ — ïëîòíîñòü âîçäóõà, êã/ì3; μ – 
äèíàìè÷åñêàÿ âÿçêîñòü âîçäóõà, Ïà*ñ; à 
— ñêîðîñòü çâóêà, ì/ñ; ω — ÷àñòîòà 
âðàùåíèÿ ðàáî÷åãî êîëåñà, ñ-1; Q — 
ïîäà÷à âåíòèëÿòîðà, ì3/ñ; P – äàâëåíèå 
âåíòèëÿòîðà, Ïà; N – ãèäðàâëè÷åñêàÿ 
ìîùíîñòü âåíòèëÿòîðîâ, Âò. 

• ãåîìåòðè÷åñêèå ïàðàìåòðû âåí-
òèëÿòîðà. Ïîëàãàÿ, ÷òî óñëîâèÿ ãåî-
ìåòðè÷åñêîãî ïîäîáèÿ âûïîëíåíû, â 
êà÷åñòâå áàçû ïðèâåäåíèÿ, ïðèíèìà-
åì äèàìåòð D2 — äèàìåòð ðàáî÷åãî 
êîëåñà âåíòèëÿòîðà, ì; 

• õàðàêòåðèñòèêè óïðàâëÿþùåãî 
ïîòîêà, îïðåäåëÿþùèå åãî âçàèìî-
äåéñòâèå ñ òðàíçèòíûì ïîòîêîì:  

Â 
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Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà öåíòðî-
áåæíîãî âåíòèëÿòîðà ñ ÝÐ 
 
Qó — ïîäà÷à óïðàâëÿþùåãî ïîòîêà ÷å-
ðåç ÝÐ âåíòèëÿòîðà, ì3/ñ; Ró – öèðêó-
ëÿöèÿ óïðàâëÿþùåãî ïîòîêà â ÝÐ 
âåíòèëÿòîðà, ì2/ñ; 

Öèðêóëÿöèÿ óïðàâëÿþùåãî ïîòîêà 
è åãî ðàñõîä îïðåäåëÿåò êèíåòè÷å-
ñêèé ìîìåíò óïðàâëÿþùåãî ïîòîêà íà 
âõîäå â âåíòèëÿòîð Kó, ì

5/ñ2. 
Ó÷èòûâàÿ ïðàâèëî Ôóðüå, ñîãëàñ-

íî êîòîðîìó ÷ëåíû óðàâíåíèé, îïè-
ñûâàþùèõ ôèçè÷åñêèå ÿâëåíèÿ, èìå-
þò îäèíàêîâóþ ðàçìåðíîñòü, ìîæíî 
ñ÷èòàòü, ÷òî óðàâíåíèÿ, ìîäåëèðóþ-
ùèå ñèñòåìó âîçäóøíûé ïîòîê — 
âåíòèëÿòîð ñ ýíåðãåòè÷åñêèì íà-
ïðàâëÿþùèì àïïàðàòîì, ãîìîãåííû. 
Ïðèìåíåíèå π – òåîðåìû â äàííîì 
ñëó÷àå, ââèäó îòñóòñòâèÿ èñ÷åðïû-
âàþùåé èíôîðìàöèè î ðåçóëüòè-
ðóþùåì òå÷åíèè, áàçèðóåòñÿ íà 
ñëåäñòâèè ïåðâîãî äîïîëíèòåëüíîãî 
ïîëîæåíèÿ Â.À. Âåíèêîâà î ïîäî-
áèè ñëîæíûõ ñèñòåì [2]. 

Ðàíã ìàòðèöû ðàçìåðíîñòåé, îï-
ðåäåëÿþùèõ õàðàêòåðèñòèêè ïàðà-
ìåòðîâ ||Ì|| ñîîòâåòñòâóåò 3, 
÷èñëî îïðåäåëÿþùèõ õàðàêòåðèñòèê 
ïàðàìåòðîâ ðàâíî 9, ñëåäîâàòåëüíî 
êîëè÷åñòâî êðèòåðèåâ ïîäîáèÿ ðàñ-
ñìàòðèâàåìîãî ïðîöåññà, ñîãëàñíî π 
– òåîðåìå ñîîòâåòñòâóåò Êπ = 6. 

Ì

− − − − −
=
− − − − − − −

3 1 3 1 1 1 3 0 1

0 2 0 1 1 0 1 0 0

1 2 1 2 1 1 0 1 0

 

(1) 
Ïîñêîëüêó â àýðîäèíàìèêå âåíòè-

ëÿòîðîâ ïàðàìåòðû ρ, ω, D2 îïðåäå-
ëÿþò ìàñøòàá ïðè ðàñ÷åòå áåçðàç-
ìåðíûõ õàðàêòåðèñòèê òå÷åíèÿ [1] è 
îïðåäåëèòåëü, ïîëó÷åííûé èç èõ ìàò-
ðèöû ðàçìåðíîñòåé íå ðàâåí íóëþ, 
êðèòåðèè ïîäîáèÿ òå÷åíèÿ â âåíòèëÿ-
òîðå ñ ÝÍÀ ìîæíî ïðåäñòàâèòü â 
ñëåäóþùåì âèäå: 

óπ ω ;
ρ

m m
m

Q
D= 21 31

1 211

π ω ;
ρ

ó m m
m

R
D= 22 32

2 212

π ω ;
ρ

m m
m

Q
D= 23 33

3 213

 

π ω ;
ρ

m m
m

P D= 24 34

4 214

 (2) 

μπ ω ;
ρ

m m
m

D= 25 35

5 215

π ω .
ρ

m m
m

à D= 26 36

5 216

  

Ïîêàçàòåëè ñòåïåíåé íåçàâèñèìûõ 
ïàðàìåòðîâ íàõîäèì èç ñîîòíîøåíèÿ 

ij
ijm

Δ
=

Δ
, ãäå ∆ — îïðåäåëèòåëü, ñî-

ñòàâëåííûé èç ðàçìåðíîñòåé íåçàâè-
ñèìûõ ïàðàìåòðîâ; ∆ij — îïðåäåëè-
òåëü, ïîëó÷àåìûé èç ∆ ïîñðåäñòâîì 
çàìåíû i-îé ñòðîêè íà ñòðîêó èç ðàç-
ìåðíîñòåé j-îãî ïàðàìåòðà. 

Ïîñëå ïðåîáðàçîâàíèÿ, ïîëó÷èì 
äëÿ êðèòåðèåâ ïîäîáèÿ ñëåäóþùèå 
âûðàæåíèÿ: 

óπ
π ;

ω 4
óQ

D
ϕ

= =3

1 2
 

óρπ ω ;
ρ

óR
D= =2 2

2 2

2

3

ππ ;
ω
Q D

ϕ= =3

2

4
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ψπ ω ;
ρ
P D= =2 2

4 2

2

 

μπ ω Re ;
ρ

D −= =2 1

5 2
                       (3) 

6π ,
ω
a D M −= =2 1

2
 

ãäå φ, ψ – êîýôôèöèåíòû ïîäà÷è è 
äàâëåíèÿ âåíòèëÿòîðà. 

Ñîãëàñíî òåîðèè ïîäîáèÿ [1] ïà-
ðàìåòðû, õàðàêòåðèçóþùèå òå÷åíèå â 
âåíòèëÿòîðå ñ ÝÐ ÿâëÿþòñÿ ôóíêöèÿ-
ìè ïðèíÿòûõ êðèòåðèåâ: 
ψ(φ, Re, M, φó, ρó); λ(φ, Re, M, φó, ρó);  
η(φ, Re, M, φó, ρó), kó (φ, Re, M, φó, ρó).  

(4) 
Êîýôôèöèåíò êèíåòè÷åñêîãî ìî-

ìåíòà óïðàâëÿþùåãî ïîòîêà ÝÐ ók  

ìîæíî âûðàçèòü ÷åðåç êîýôôèöèåíòû 
ïîäà÷è è öèðêóëÿöèè: 

ó ó ó

π ρ ;ÝÐÊ D= ϕ
2

4

                          (5) 

ãäå ÝÐD  — îòíîñèòåëüíûé äèàìåòð 
ÝÐ. 

Ïîñëå ïðåîáðàçîâàíèÿ, ñ ó÷åòîì 
çàêîíà ñîõðàíåíèÿ êèíåòè÷åñêîãî 
ìîìåíòà ïðåíåáðåãàÿ ïîòåðÿìè íà 
òðåíèå ïðè âçàèìîäåéñòâèè òðàíçèò-
íîãî è óïðàâëÿþùåãî ïîòîêîâ â ñëó-
÷àå àâòîìîäåëüíîñòè òå÷åíèÿ â âåíòè-

ëÿòîðå ïî êðèòåðèÿì Re è M ïîëó÷à-
åì [1]: 

ÝÐ ó óψ( , ,ρ , )Dϕ ϕ ,                             (6) 

ÝÐ ó óη ( , ,ρ , )Dϕ ϕ ,                             (7) 

ÝÐ ó óλ ( , ,ρ , ,ψ)Dϕ ϕ ,                         (8) 

ãäå λ  — êîýôôèöèåíò ãèäðàâëè÷å-
ñêîé ìîùíîñòè âåíòèëÿòîðà 

Èññëåäîâàíèå ýòèõ çàâèñèìîñòåé 
ïîçâîëÿåò â ïåðâîì ïðèáëèæåíèè îï-
ðåäåëÿòü îïòèìàëüíûå çíà÷åíèÿ ïà-
ðàìåòðîâ àýðîäèíàìè÷åñêîé ñõåìû 
ÝÐ äëÿ ðàçðàáîòêè ìåòîäèêè åãî ïðî-
åêòèðîâàíèÿ. 

Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå 
èññëåäîâàíèÿ ñ èñïîëüçîâàíèåì ñòà-
òèñòè÷åñêîãî ìåòîäà ëèíåéíîãî ïëà-
íèðîâàíèÿ ýêñïåðèìåíòà ïîçâîëèëî 
óñòàíîâèòü, ÷òî îñíîâíûìè ïàðàìåò-
ðàìè ÝÐ, ñóùåñòâåííî âëèÿþùèìè íà 
åãî ýôôåêòèâíîñòü, òî åñòü ãëóáèíó 
ýêîíîìè÷íîãî ðåãóëèðîâàíèÿ âåíòè-
ëÿòîðà, ÿâëÿþòñÿ îòíîñèòåëüíûé äèà-

ìåòð ÝÐ ÝÐD  è êîýôôèöèåíòû ïîäà-

÷è óϕ  è öèðêóëÿöèè óρ  óïðàâëÿþùå-

ãî ïîòîêà. 
Ñ èñïîëüçîâàíèåì ïîëó÷åííûõ ðå-

çóëüòàòîâ ðàçðàáîòàí ýíåðãåòè÷åñêèé 
ðåãóëÿòîð ÝÐ92-64, óñòàíîâëåííûé 

 
 
Ðèñ. 2. Çàâèñèìîñòü ãëóáèíû ýêîíîìè÷íîãî ðåãóëèðîâàíèÿ âåíòèëÿòîðà ñ ÝÐ îò 
åãî ãåîìåòðè÷åñêèõ è ýíåðãåòè÷åñêèõ ïàðàìåòðîâ 
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íà âåíòèëÿòîð ìåñòíîãî ïðîâåòðèâà-
íèÿ ÂÐÂÏ-6 è ïîçâîëèâøèé óâåëè÷èòü 
ãëóáèíó ýêîíîìè÷íîãî ðåãóëèðîâàíèÿ 

âåíòèëÿòîðà äî Ãý = 0,67, òî åñòü íà 
65 % ïî ñðàâíåíèþ ñ óïðîùåííûì 
íàïðàâëÿþùèì àïïàðàòîì. 
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íî çà÷àñòóþ èõ ïðèìåíåíèå ÿâëÿåòñÿ íå âûãîäíûì äëÿ ïðåäïðèÿòèé. Äëÿ ñòèìóëèðîâàíèÿ ïðèðî-
äîîõðàííîé äåÿòåëüíîñòè ïðèìåíÿþòñÿ ðàçëè÷íûå ýêîíîìè÷åñêèå èíñòðóìåíòû. Ïðåäñòàâëåíû 
ñòàòüè ïî âîïðîñàì ýêîëîãî-ýêîíîìè÷åñêîãî ðåãóëèðîâàíèÿ ïðèðîäîîõðàííîé äåÿòåëüíîñòè íà 
ãîðíûõ ïðåäïðèÿòèÿõ è â ãîðíîïðîìûøëåííûõ ðåãèîíàõ. 

Êëþ÷åâûå ñëîâà: ãîðíî-äîáûâàþùèå ïðåäïðèÿòèÿ; ðåãóëèðîâàíèå íåäðîïîëüçîâàíèÿ è ïðè-
ðîäîîõðàííîé äåÿòåëüíîñòè; íàëîã íà äîáû÷ó ïîëåçíûõ èñêîïàåìûõ; ïëàòà çà íåãàòèâíîå âîçäåé-
ñòâèå íà îêðóæàþùóþ ñðåäó; íàèëó÷øèå ñóùåñòâóþùèå òåõíîëîãèè. 

 
ENVIRONMENTAL-ECONOMIC REGULATION OF NATURE PROTECTION  
ACTIVITY AT THE MINING ENTERPRISES 
Tho À.À., Ismailov B.T. 
Modern mining production is accompanied by considerable negative impact on environment. For 

minimization of this influence various approaches are used. The set of technical solutions at various 
production phases is already created, but often their application is not favorable to the enterprises. 
Various economic tools are applied to stimulation of nature protection activity. Articles concerning envi-
ronmental-economic regulation of nature protection activity at the mining enterprises and in mining re-
gions are presented. 

Key words: the mining enterprises; regulation of subsurface resources management and nature pro-
tection activity; the tax to mining operations; a payment for adverse environmental impact; the best ex-
isting technologies. 


