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ÏÎÄÃÎÒÎÂÊÀ ÓÃÎËÜÍÎÃÎ ÒÎÏËÈÂÀ  
Â ÖÅÍÒÐÎÁÅÆÍÛÕ ÄÐÎÁÈËÜÍÎ- 
ÈÇÌÅËÜ×ÈÒÅËÜÍÛÕ ÓÑÒÀÍÎÂÊÀÕ 

Ðàññìîòðåíû âîïðîñû ïîäãîòîâêè ïûëåóãîëüíîãî òîïëèâà â öåíòðîáåæíûõ äðî-
áèëüíî-èçìåëü÷èòåëüíûõ óñòàíîâêàõ. Â çàâèñèìîñòè îò íåîáõîäèìîé òîíêîñòè èç-
ìåëü÷åíèÿ ðåêîìåíäóþòñÿ ðàçëè÷íûå ñõåìû ïîäãîòîâêè ñ èñïîëüçîâàíèåì äðî-
áèëüíî-èçìåëü÷èòåëüíîé óñòàíîâêè, âèáðàöèîííîé ìåëüíèöû è øàðîâîé áàðàáàí-
íîé ìåëüíèöû. 
Êëþ÷åâûå ñëîâà: äðîáëåíèå, èçìåëü÷åíèå, ìèíåðàëüíîå ñûðüё, óãîëüíîå òîïëèâî. 

 
 

 
 

ðîöåññû äðîáëåíèÿ è èç-
ìåëü÷åíèÿ øèðîêî èñïîëü-

çóþòñÿ â ãîðíî-ðóäíîé ïðîìûøëåííî-
ñòè ïðè ïåðåðàáîòêå ïîëåçíûõ èñêî-
ïàåìûõ. Îñîáóþ ðîëü çàíèìàåò äðîá-
ëåíèå è èçìåëü÷åíèå óãëÿ. Òîïëèâíî-
ýíåðãåòè÷åñêèé êîìïëåêñ, ÿâëÿÿñü îñ-
íîâîé ýêîíîìè÷åñêîé è ôèíàíñîâîé 
äåÿòåëüíîñòè ãîñóäàðñòâà, áàçèðóåòñÿ 
íà èñïîëüçîâàíèè óãîëüíîãî òîïëèâà 
(áîëåå 60 %). 

Åæåãîäíî â òåïëîýíåðãåòèêå ïåðå-
ðàáàòûâàåòñÿ ìèëëèîíû òîíí óãëÿ. 
Èñïîëüçóåìîå â íàñòîÿùåå âðåìÿ 
äðîáèëüíî-èçìåëü÷èòåëüíîå îáîðóäî-
âàíèå õàðàêòåðèçóåòñÿ çíà÷èòåëüíûì 
ðàñõîäîì ýëåêòðîýíåðãèè, ïîòåðåé 
ìåòàëëà âñëåäñòâèå èçíîñà ðàáî÷èõ 
îðãàíîâ, çàñîðåíèå ìåòàëëîì ïðîäóê-
òîâ èçìåëü÷åíèÿ, íèçêèì ê.ï.ä., êîòî-
ðûé äëÿ ìåëüíèö ñîñòàâëÿåò íåñêîëü-
êî ïðîöåíòîâ. 

Öåíòðîáåæíûå äðîáèëüíî-èçìåëü-
÷èòåëüíûå óñòàíîâêè, â îñíîâó ðàáî-
òû êîòîðûõ ïîëîæåí ïðèíöèï äèíà-
ìè÷åñêîãî ñàìîèçìåëü÷åíèÿ, ñî÷åòàþò 
ïðîöåññû äðîáëåíèÿ è èçìåëü÷åíèÿ â 
îäíîé ìàøèíå. 

Ðàáîòà ýòèõ ìàøèí õàðàêòåðèçóåò-
ñÿ çíà÷èòåëüíî ìåíüøèì óäåëüíûì 
ðàñõîäîì ýíåðãèè, â 2—3 ðàçà ìåíü-

øèì ïî ñðàâíåíèþ ñ øàðîâûìè áàðà-
áàííûìè ìåëüíèöàìè (ØÁÌ), ìåíüøåé 
ìåòàëëîёìêîñòüþ è óäåëüíûì èçíîñîì 
ìåòàëëà. 

Ýêîíîìè÷åñêàÿ òîíêîñòü èçìåëü÷å-
íèÿ çàâèñèò, ïðåæäå âñåãî, îò ñîðòà 
óãëÿ. Òàê, íàïðèìåð, êàìåííûå óãëè, 
òðåáóþò ïîìîë ñ ñîäåðæàíèåì êëàññà 
88 ìêì îò 15 äî 35 % òîùèå óãëè, 
òðåáóþò ñîäåðæàíèÿ ýòîãî êëàññà  îò 
5 äî 15 %. Ñóùåñòâåííûì ïàðàìåò-
ðîì, îïðåäåëÿþùèì òîíêîñòü ïîìîëà, 
ÿâëÿåòñÿ ñîäåðæàíèå ëåòó÷èõ ñîñòàâ-
ëÿþùèõ òîïëèâà. 

Äëÿ ïîäãîòîâêè ïûëåóãîëüíîãî 
òîïëèâà ïðåäëàãàåòñÿ äâå òåõíîëî-
ãè÷åñêèå ñõåìû â çàâèñèìîñòè îò 
òîíêîñòè ïîìîëà ãîòîâîãî ïðîäóêòà 
(ðèñóíîê). 

Íà ïåðâîé ñòàäèè èñïîëüçóåòñÿ 
äðîáèëüíî-èçìåëü÷èòåëüíàÿ óñòàíîâêà І. 
Ìàêñèìàëüíàÿ êðóïíîñòü èñõîäíîãî 
ïèòàíèÿ ñîñòàâëÿåò 50 ÷ 70 ìì. Êî-
íå÷íûé ïðîäóêò ïåðâîé ñòàäèè ñî-
äåðæèò çåðíà — 2 ìì — 10 %, è äî 
60 % êëàññà — 90 ìêì. 

Äðîáèëüíî-èçìåëü÷èòåëüíàÿ óñòà-
íîâêà ñîñòîèò èç âåðòèêàëüíî ðàñïî-
ëîæåííîãî öèëèíäðè÷åñêîãî êîðïóñà 
6 ñ ñîîñíî óñòàíîâëåííûì â íåì

Ï 
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âàëîì 7, íà êîòîðîì çàêðåïëåí ÷àøå-
îáðàçíûé ðîòîð 5. Âàë çàêðåïëåí â 
ïîäøèïíèêîâûõ óçëàõ 2. Â âåðõíåé 
÷àñòè âàëà êðåïèòñÿ øêèâ 1 êëèíî-
ðåìåííîé ïåðåäà÷è. Ðåãóëèðîâî÷íîå 
êîëüöî 9 óñòàíîâëåíî íà òðåõ âèíòî-
âûõ äîìêðàòàõ 10, êîòîðûå êðåïÿòñÿ ê 
êîðïóñó  ïîñðåäñòâîì êðîíøòåéíîâ. 
Äîìêðàòû 10 óñòàíîâëåíû ïî ïåðè-
ìåòðó êîðïóñà ÷åðåç 120°. Â íèæíåé 
÷àñòè êîðïóñà 6 èìååòñÿ ðàçãðóçî÷íûé 
ëîòîê 8, â âåðõíåé ÷àñòè — çàãðóçî÷-
íûé ïàòðóáîê 11. ×àøà ðîòîðà èìååò 
ôîðìó ïåðåâåðíóòîãî ïîëîãî óñå÷åí-
íîãî êîíóñà, âíóòðè êîòîðîãî ðàâíî-
ìåðíî óñòàíîâëåíû øåñòü âåðòèêàëü-
íûõ ðàäèàëüíûõ ðåáåð. ×àøåîáðàçíûé 
ðîòîð îáðàçóåò ñ ðåãóëèðîâî÷íûì 
êîëüöîì ðÿä ïîëîñòåé äðîáëåíèÿ. 

Èñõîäíûé ìàòåðèàë ðàâíîìåðíî 
ïîäàåòñÿ ÷åðåç çàãðóçî÷íûé ïàòðó 
áîê 11. Äëÿ ðàáîòû ìåëüíèöû â îï-
òèìàëüíûõ ðåæèìàõ íàä ÷àøåé 5 íå-
îáõîäèìî èìåòü ñëîé ìàòåðèàëà, 
êîòîðûé ñîçäàåò äàâëåíèå íàä ÷à-
øåé 6—7 êÏà. Ïðè âðàùåíèè ðîòî-
ðà ìàòåðèàë ðàçãîíÿåòñÿ ðàäèàëü-
íûìè ðåáðàìè äî ñêîðîñòè 10— 
15 ì/ñ è âûáðàñûâàåòñÿ èç ÷àøè â 
àêòèâíóþ çîíó ñàìîèçìåëü÷åíèÿ, 
êîòîðàÿ íàõîäèòñÿ íàä ÷àøåé. ×àñ-
òèöû ìàòåðèàëà, êîòîðûå ñîèçìåðè-

ìû ñ ðàçìåðîì êàëèáðîâî÷íîé ðàç-
ãðóçî÷íîé ùåëè, ïîä äåéñòâèåì öåí-
òðîáåæíîé ñèëû âûáðàñûâàþòñÿ èç 
ìåëüíèöû è ïîïàäàþò íà ðàçãðóçî÷-
íûé ëîòîê 8. Êðóïíûå ÷àñòèöû ìà-
òåðèàëà âîçâðàùàþòñÿ â ÷àøó 5, è 
öèêë ïîâòîðÿåòñÿ. 

Îêàòàííûå ÷àñòèöû ìàòåðèàëà, êî-
òîðûå íåýôôåêòèâíî èçìåëü÷àþòñÿ â 
àêòèâíîé çîíå ñàìîèçìåëü÷åíèÿ, ïîä 
äåéñòâèåì öåíòðîáåæíîé ñèëû ïîïà-
äàþò â ïîëîñòè äðîáëåíèÿ, íàõîäÿ-
ùèåñÿ ìåæäó ÷àøåé 5 è ðåãóëèðîâî÷-
íûì êîëüöîì 9. Óãîë ìåæäó ÷àøåé è 
ðåãóëèðîâî÷íûì êîëüöîì äîëæåí 
áûòü â ïðåäåëàõ 15—25°. Ïðè òàêîì 
çíà÷åíèè óãëà ïðîèñõîäèò ýôôåêòèâ-
íûé çàõâàò îêàòàííûõ êóñêîâ ìàòå-
ðèàëà è èõ äðîáëåíèå â ïîëîñòÿõ, 
áëàãîäàðÿ âîëíîîáðàçíîé ïîâåðõíî-
ñòè êîëüöà 9.  

Íà ðåãóëèðîâî÷íîì êîëüöå 9 ðàñ-
ïîëîæåí ñòàòîð 3 ñ ðàäèàëüíûìè ïå-
ðåãîðîäêàìè 4. Ïåðåãîðîäêè 4 äåëÿò 
ñòàòîð íà 6 ðàâíûõ ñåêòîðîâ è ñïî-
ñîáñòâóþò óäåðæàíèþ ïîòîêà ìàòå-
ðèàëà îò âðàùàòåëüíîãî äâèæåíèÿ. 
×åì íèæå ðàñïîëîæåí ñòàòîð, òåì 
áîëüøå ïåðåïàä îêðóæíûõ ñêîðîñòåé 
ìåæäó ïîòîêîì ìàòåðèàëà óâëå÷åííî-
ãî ðîòîðîì è ìàòåðèàëîì, íàõîäÿ-
ùèìñÿ â ñòàòîðå.  

Òåõíè÷åñêàÿ õàðàêòåðèñòèêà öåíòðîáåæíîé ìåëüíèöû ÄÈÓ-Ê-6
 

Ïàðàìåòð Åä. èçìåðåíèÿ Âåëè÷èíà 

Äèàìåòð ÷àøè ðîòîðà, âíóòðåííèé ìì 600 

Âûñîòà êîðïóñà ïîä ÷àøåé ìì 800 

Ðàçìåð êàëèáðîâî÷íîé, ðàçãðóçî÷íîé ùåëè, min ìì 1,5 

Ïðîèçâîäèòåëüíîñòü (íà àíòðàöèòå) 
ò 
÷ 

5,49÷6,03 

Óäåëüíûé ðàñõîä ýíåðãèè 
êÂò·÷ 

ò 6,9 

Óäåëüíûé èçíîñ ìåòàëëà 
ã 
ò 14 

Óäåëüíàÿ ìåòàëëîёìêîñòü ïðè ðàáîòå  
íà àíòðàöèòå 

ò·÷ 
ò 0,5 

 



 132 

Ôðàêöèÿ +90 ìêì îòäåëÿåòñÿ â ñå-
ïàðàòîðå ΙΙ è íàïðàâëÿåòñÿ íà âòîðóþ 
ñòàäèþ èçìåëü÷åíèÿ. Äëÿ òîíêîãî èç-
ìåëü÷åíèÿ ðåêîìåíäóåòñÿ èñïîëüçî-
âàòü âèáðàöèîííóþ ìåëüíèöó. Èíòåí-
ñèâíîñòü èçìåëü÷åíèÿ â âèáðàöèîííîé 
ìåëüíèöå îáúÿñíÿåòñÿ âûñîêîé ÷àñòî-
òîé âîçäåéñòâèÿ ìåëþùèõ òåë íà èç-
ìåëü÷àåìûé ìàòåðèàë. Óñòàíîâëåíî, 
÷òî íàèáîëåå ýôôåêòèâíî âèáðàöèîí-
íûå ìåëüíèöû ðàáîòàþò ñ ðàçìåðîì 
÷àñòèö èñõîäíîãî ìàòåðèàëà 2÷3 ìì. 
Ïðè òàêîì ïèòàíèè òîíêîñòü ïîìîëà 
ìîæåò äîñòèãàòü 10 ìêì. Äàëåå ïûëå-
âîçäóøíàÿ ñìåñü ïîñòóïàåò â öèêëîí ІV.  

Äëÿ ïîëó÷åíèÿ áîëåå ãðóáîãî ïî-
ìîëà ìîæåò èñïîëüçîâàòüñÿ ñõåìà ñ 
øàðîâîé áàðàáàííîé ìåëüíèöåé íà 
âòîðîé ñòàäèè èçìåëü÷åíèÿ, èëè èñ-
ïîëüçîâàòü äðîáèëüíî-èçìåëü÷èòåëü-
íóþ óñòàíîâêó â çàìêíóòîì öèêëå ñ 
ñåïàðàòîðîì. Ïàðàëëåëüíàÿ çîíà ìå-
æäó ÷àøåé è ðåãóëèðîâî÷íûì êîëü-
öîì äðîáèëüíî-èçìåëü÷èòåëüíîé óñòà-
íîâêè ïîçâîëÿåò êàëèáðîâàòü ïðî-
äóêò, ÷òî âåñüìà âàæíî äëÿ îáåñïå÷å-
íèÿ ïîëíîòû ñæèãàíèÿ òîïëèâà. Îñ-
íîâíûå ïîêàçàòåëè äðîáèëüíî-èçìåëü-
÷èòåëüíîé óñòàíîâêè ïðèâåäåíû â 
òàáëèöå. 
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The article deals with the preparation of pulverized coal in rotary crushing and grinding plants. Depending 
on the required subtlety crushing recommended the preparation of various schemes with the use of crushing 
and shredding plants, vibratory mill and ball mill drum.  

Crushing and grinding equipment that is now in use features high power consumption, high metal loss due 
to wear of active parts, contamination of ground product with metal chips and low efficiency, which amounts 
to a few percent in mills.  

Centrifugal crushing–grinding units based on the dynamic self-grinding principle combine crushing and 
grinding processes in the same machine.  
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Two process flow sheets are offered to prepare pulverized coal depending on the fineness of grinding of 
the finished product. Coarse grinding can use a ball drum mill at the second milling stage, or a crushing–
grinding unit in the complete cycle with separator. The parallel working area arranged between the bowl and 
adjust ring of the crushing–grinding unit allows size grading of the product, which is important for the fuel 
combustion efficiency.  

Key words: crushing, grinding, minerals, coal fuel.  
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ÓÃËÅÂÎÄÎÐÎÄÎÂ  
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Ïðåäñòàâëåíû ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé ïî èçìåíåíèþ ðÿäà ïàðàìåòðîâ òðàíñïîðòè-
ðóåìîé ñðåäû â ðàçëè÷íûõ óñëîâèÿõ ñ ïðèìåíåíèåì ìàòåìàòè÷åñêîãî àïïàðàòà. Ñìîäåëèðîâàíû íåñòà-
öèîíàðíûå è ñòàöèîíàðíûå ïðîöåññû äâèæåíèÿ æèäêèõ è ãàçîîáðàçíûõ ñðåä. Äëÿ îïèñàíèÿ ïàðàìåò-
ðîâ ðàçðóøåíèÿ ãîðíûõ ïîðîä ïðèìåíåíû ìîäåëè, îïèñûâàþùèå ñòàäèè òåõíîëîãè÷åñêîãî ïðîöåññà, 
îïðåäåëåíû îñíîâíûå ôàêòîðû èçìåíåíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ èñïîëüçóåìîãî 
îáîðóäîâàíèÿ. Ðàññìîòðåíû âîïðîñû ýêñïëóàòàöèè îáîðóäîâàíèÿ ãàçîíåôòåïðîâîäîâ, âêëþ÷àþùèå 
òåõíîëîãè÷åñêèå, ìåòðîëîãè÷åñêèå, ýêîíîìè÷åñêèå ïàðàìåòðû è âîïðîñû, ñâÿçàííûå ñ ïðîìûøëåííîé è 
ýêîëîãè÷åñêîé áåçîïàñíîñòüþ óêàçàííûõ îáúåêòîâ. 
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The author presents the novelty of the connection of drilling bars by straight thread nipples.  
The complex theoretical and experimental analysis of structural evolution of two-phased media in internal 

systems in regimes of steady and transitive, laminar and turbulent flows is presented. 
It is proposed to design the emergency protection control using Markov’s models to minimize economic 

loss and maximize operational safety. The paper considers current certification of gas flow rate measurement 
units in terms of an offspring of the GAZPROM and reveals shortcomings of the certification procedure. The 
article illustrates economic effect of replacement of imported fuel by gas and displays dynamics of the shared 
funding of the project by the federal budget, republican budged as well as by financial establishments and in-
vestment companies. Description of experimental procedure and field research data on the percussive destruc-
tion of granite is followed with estimation of the effect exerted by the percussive system parameters on the 
rock breaking quality. The article reviews processing equipment used in cleaning of oil and oil products out-
flows by sorbents. The authors analyze current situation in the field of enhanced efficiency and safety of the 
main processing equipment at booster stations and show strategic lines toward optimization of maintenance 
service of the electric gas-compressor units in operation in the Gazprom Transgaz Tomsk LLC. 
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