
70

Titova Î.V., Kravets V.I., Minakova N.O., Chernetsky E.V., Gnatko Î.Ì.

© Òèòîâà Å.Â., Êðàâåö Â.È., Ìèíàêîâà Í.À., ×åðíåöêèé Å.Â., Ãíàòêî Å.Í., 2019

ISSN 2521-6406, Computer Modeling: Analysis, Control, Optimization, 2019, No. 1, pp. 70-74

ÓÄÊ 621.926.4

Òèòîâà Å.Â., Êðàâåö Â.È., Ìèíàêîâà Í.À., ×åðíåöêèé Å.Â., Ãíàòêî Å.Í.

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ ÏÐÎÖÅÑÑÀ ÈÇÌÅËÜ×ÅÍÈß Ñ
ÎÄÍÎÂÐÅÌÅÍÍÎÉ ÑÓØÊÎÉ ÌÀÒÅÐÈÀËÀ Â ÖÅÍÒÐÎÁÅÆÍÎÉ ÌÅËÜÍÈÖÅ
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Â äàííîé ðàáîòå ðàññìîòðåíà àêòóàëüíàÿ çàäà÷à ïîëó÷åíèÿ ìàòåìàòè÷åñêîãî îïè-

ñàíèÿ ïðîöåññà èçìåëü÷åíèÿ ìàòåðèàëà â öåíòðîáåæíîé ìåëüíèöå ñ îäíîâðåìåí-

íîé ñóøêîé ìàòåðèàëà. Èññëåäîâàíèå ïðîöåññà ñóøêè ñ îäíîâðåìåííûì èçìåëü-

÷åíèåì ïîêàçàëè íå òîëüêî åãî óíèâåðñàëüíîñòü ïðè îáðàáîòêå ñàìûõ ðàçíîîáðàç-

íûõ ìàòåðèàëîâ, íî è ïðàêòè÷åñêè ìãíîâåííîå óäàëåíèå áîëüøåé ÷àñòè âëàãè.

Ïðè ýòîì ñóøêà èíòåíñèôèöèðóåòñÿ âñëåäñòâèå íå òîëüêî áûñòðîãî ðàçâèòèÿ ïî-

âåðõíîñòè êîíòàêòà, íî è àêòèâíîãî ïåðåìåøèâàíèÿ âîçäóõà è ìàòåðèàëà, à òàêæå

â ðåçóëüòàòå áîëåå áûñòðîãî èñïàðåíèÿ âëàãè ñî ñâåæåîáðàçîâàííûõ ïîâåðõíîñòåé.

Èçìåëü÷åíèå ìàòåðèàëîâ â öåíòðîáåæíûõ ìåëüíèöàõ, îñîáåííî òîíêîãî ïîìîëà,

ñîïðîâîæäàåòñÿ çíà÷èòåëüíûì òåïëîâûäåëåíèåì, ÷òî ïîçâîëÿåò îñóùåñòâëÿòü ñóøêó

ìàòåðèàëà îäíîâðåìåííî ñ èçìåëü÷åíèåì. Îáðàçîâàíèå òåïëîòû â ðàáî÷èõ çîíàõ

äàííîãî òèïà èçìåëü÷èòåëåé îáóñëîâëåíî ñëåäóþùèìè ôàêòîðàìè: òðåíèåì âîçäó-

õà è ìàòåðèàëà î ðàáî÷èå ýëåìåíòû, òóðáóëèçàöèè ïûëåãàçîâîé ñìåñè, âîçíèêíî-

âåíèåì íîâûõ ïîâåðõíîñòåé ïðè ðàçðóøåíèè, ìíîãîêðàòíûì ñæàòèåì ïûëåãàçî-

âîé ñìåñè è ò.ä.  Ñíèæåíèå âëàæíîñòè èçìåëü÷åííîãî ïðîäóêòà ÿâëÿåòñÿ íåîáõî-

äèìûì óñëîâèåì äëÿ äàëüíåéøåãî èñïîëüçîâàíèÿ â ïðîèçâîäñòâå, äëÿ ÷åãî èñ-

ïîëüçóþò äîïîëíèòåëüíîå ñóøèëüíîå îáîðóäîâàíèå. Ñ äðóãîé ñòîðîíû, ÷ðåçìåð-

íîå ïîâûøåíèå òåìïåðàòóðû ïðè èçìåëü÷åíèè äëÿ ìíîãèõ ìàòåðèàëîâ íåæåëà-

òåëüíî, òàê êàê ìîæåò ïðèâåñòè ê óõóäøåíèþ êà÷åñòâà ïðîäóêòà, à òàêæå, ïðèâî-

äèò ê ñîçäàíèþ âçðûâîîïàñíîé îáñòàíîâêè. Ïîëó÷åííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü

ïîçâîëÿåò ïðîãíîçèðîâàòü ðàáîòó èçìåëü÷èòåëÿ è îïðåäåëÿòü çíà÷åíèÿ âõîäíûõ

âåëè÷èí äëÿ ïîëó÷åíèÿ êà÷åñòâåííîãî èçìåëü÷åííîãî ïðîäóêòà ñ íåîáõîäèìîé

êîíå÷íîé âëàæíîñòüþ. Â ñòàòüå ïðåäñòàâëåí òåïëîâîé áàëàíñ öåíòðîáåæíîé ìåëü-

íèöû. Ïðèâåäåíû ìàòåìàòè÷åñêèå çàâèñèìîñòè äëÿ ðàñ÷åòà óäåëüíîãî ðàñõîäà

òåïëîòû è òåìïåðàòóðû ïûëåãàçîâîé ñìåñè íà âûõîäå èç öåíòðîáåæíîé ìåëüíè-

öû. Ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè ïî âëèÿíèþ òåõíîëîãè÷åñêèõ

ïàðàìåòðîâ íà òåìïåðàòóðó ïûëåãàçîâîé ñìåñè, ïîäòâåðæäàþùèå ðåçóëüòàòû òåî-

ðåòè÷åñêèõ èññëåäîâàíèé.

Êëþ÷åâûå ñëîâà: ìîäåëèðîâàíèå ïðîöåññà èçìåëü÷åíèÿ, òåïëîòà èçìåëü÷åíèÿ, òåì-

ïåðàòóðà ïûëåãàçîâîé ñìåñè, öåíòðîáåæíàÿ ìåëüíèöà, óðàâíåíèå ðåãðåññèè.

DOI: 10.32434/2521-6406-2019-5-1-70-74

Ïîñòàíîâêà ïðîáëåìû è àíàëèç ïîñëåäíèõ
èññëåäîâàíèé è ïóáëèêàöèé

Ìåòîä ñóøêè âëàæíûõ ìàòåðèàëîâ ñ îäíî-
âðåìåííûì èçìåëü÷åíèåì õàðàêòåðèçóåòñÿ âû-
ñîêîé èíòåíñèâíîñòüþ ïðîöåññà, øèðîêèì äè-
àïàçîíîì ñâîéñòâ îáðàáàòûâàåìûõ ìàòåðèàëîâ,
õîðîøèìè òåõíèêî-ýêîíîìè÷åñêèìè ïîêàçàòå-
ëÿìè. Ïðè ñóøêå ñ îäíîâðåìåííûì èçìåëü÷å-
íèåì ïðîèñõîäèò èíòåíñèôèêàöèÿ âíóòðåííåãî

è âíåøíåãî òåïëîîáìåíà, ïðè÷åì â ýòîì ñëó÷àå
îòñóòñòâóþò îãðàíè÷åíèÿ, ïðèñóùèå áîëüøèí-
ñòâó ñóøèëîê âçâåøåííîãî ñëîÿ, è ìîãóò ïåðå-
ðàáàòûâàòüñÿ êðóïíîêóñêîâûå, êîìêóþùèåñÿ è
ñëèïàþùèåñÿ ìàòåðèàëû.

Èññëåäîâàíèå ïðîöåññà ñóøêè ñ îäíîâðå-
ìåííûì èçìåëü÷åíèåì ïîêàçàëè íå òîëüêî åãî
óíèâåðñàëüíîñòü ïðè îáðàáîòêå ñàìûõ ðàçíîîá-
ðàçíûõ ìàòåðèàëîâ, íî è ïðàêòè÷åñêè ìãíîâåí-
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íîå óäàëåíèå áîëüøåé ÷àñòè âëàãè [1]. Ïðè ýòîì
ñóøêà èíòåíñèôèöèðóåòñÿ âñëåäñòâèå íå òîëü-
êî áûñòðîãî ðàçâèòèÿ ïîâåðõíîñòè êîíòàêòà, íî
è àêòèâíîãî ïåðåìåøèâàíèÿ âîçäóõà è ìàòåðèà-
ëà, à òàêæå, âåðîÿòíî, â ðåçóëüòàòå áîëåå áûñò-
ðîãî èñïàðåíèÿ âëàãè ñî ñâåæåîáðàçîâàííûõ
ïîâåðõíîñòåé. Ñðàâíåíèå ðàçëè÷íûõ òèïîâ ñó-
øèëîê ïîêàçàëî, ÷òî ñóøèëêè ñ îäíîâðåìåííûì
èçìåëü÷åíèåì ìàòåðèàëà èìåþò ïðåèìóùåñòâà
ïî äîïóñòèìûì òåìïåðàòóðàì ãàçà, âðåìåíè ïðå-
áûâàíèÿ, ñòåïåíè ïåðåìåøèâàíèÿ, çàíèìàåìûì
ãàáàðèòàì.

Èçìåëü÷åíèå ìàòåðèàëîâ â öåíòðîáåæíûõ
ìåëüíèöàõ, îñîáåííî òîíêîãî ïîìîëà, ñîïðîâîæ-
äàåòñÿ çíà÷èòåëüíûì òåïëîâûäåëåíèåì, ÷òî ïî-
çâîëÿåò îñóùåñòâëÿòü ñóøêó ìàòåðèàëà îäíîâðå-
ìåííî ñ èçìåëü÷åíèåì [2]. Îáðàçîâàíèå òåïëî-
òû â ðàáî÷èõ çîíàõ äàííîãî òèïà èçìåëü÷èòåëåé
îáóñëîâëåíî ñëåäóþùèìè ôàêòîðàìè: òðåíèåì
âîçäóõà è ìàòåðèàëà î ðàáî÷èå ýëåìåíòû, òóðáó-
ëèçàöèè ïûëåãàçîâîé ñìåñè, âîçíèêíîâåíèåì
íîâûõ ïîâåðõíîñòåé ïðè ðàçðóøåíèè, ìíîãî-
êðàòíûì ñæàòèåì ïûëåãàçîâîé ñìåñè è ò.ä. Äëÿ
áîëüøîãî êîëè÷åñòâà ìàòåðèàëîâ ñíèæåíèå
âëàæíîñòè ÿâëÿåòñÿ íåîáõîäèìûì óñëîâèåì äëÿ
äàëüíåéøåãî èñïîëüçîâàíèÿ â ïðîèçâîäñòâå, äëÿ
÷åãî èñïîëüçóþò äîïîëíèòåëüíîå ñóøèëüíîå
îáîðóäîâàíèå. Ñ äðóãîé ñòîðîíû, ÷ðåçìåðíîå
ïîâûøåíèå òåìïåðàòóðû ïðè èçìåëü÷åíèè äëÿ
ìíîãèõ ìàòåðèàëîâ íåæåëàòåëüíî, òàê êàê â íå-
êîòîðûõ ñëó÷àÿõ ýòî ïðèâîäèò ê óõóäøåíèþ êà-
÷åñòâà ïðîäóêòà, à òàêæå, ïðèâîäèò ê ñîçäàíèþ
âçðûâîîïàñíîé îáñòàíîâêè.

Òàêèì îáðàçîì, àêòóàëüíîé ïðîáëåìîé ÿâ-
ëÿåòñÿ íàõîæäåíèå ìàòåìàòè÷åñêèõ çàâèñèìîñ-
òåé, ïîçâîëÿþùèõ ïðîãíîçèðîâàòü ðàáîòó èç-
ìåëü÷èòåëÿ è îïðåäåëÿòü îïòèìàëüíûå çíà÷åíèÿ
âõîäíûõ âåëè÷èí äëÿ ïîëó÷åíèÿ êà÷åñòâåííîãî
èçìåëü÷åííîãî ïðîäóêòà ñ íåîáõîäèìîé êîíå÷-
íîé âëàæíîñòüþ.

Ôîðìóëèðîâêà öåëåé ñòàòüè
Çàäà÷åé èññëåäîâàíèÿ ÿâëÿåòñÿ óñòàíîâëå-

íèå ìàòåìàòè÷åñêîé çàâèñèìîñòè ìåæäó âõîä-
íûìè è âûõîäíûìè òåõíîëîãè÷åñêèìè ïàðàìåò-
ðàìè ïðîöåññà èçìåëü÷åíèÿ, ÷òî ïîçâîëèò ðàñ-
÷åòíûì ïóòåì îïðåäåëÿòü îïòèìàëüíûå çíà÷å-
íèÿ ïàðàìåòðîâ â öåíòðîáåæíîé ìåëüíèöå.

Èçëîæåíèå îñíîâíîãî ìàòåðèàëà èññëåäîâàíèÿ
Âûïîëíèì ïàðàìåòðè÷åñêèé àíàëèç öåíò-

ðîáåæíîé ìåëüíèöû íà îñíîâàíèè òåïëîâîãî
áàëàíñà ïðîöåññà èçìåëü÷åíèÿ.

Â ìåëüíèöó ïîñòóïàåò G0 (êã/ñ) èñõîäíîãî
ìàòåðèàëà, èìåþùåãî òåìïåðàòóðó 0 (

0Ñ) è íà-
÷àëüíóþ âëàæíîñòü 0 (%), èç êîòîðîãî èñïàðÿ-

åòñÿ W (êã/ñ) âëàãè. Â èçìåëü÷èòåëü ïîñòóïàåò
L0 (êã/ñ) âëàæíîãî âîçäóõà ñ òåìïåðàòóðîé t0 (

0Ñ)
è îòíîñèòåëüíîé âëàæíîñòüþ âîçäóõà 0, ñî-
äåðæàùåãî L (êã/ñ) àáñîëþòíî ñóõîãî âîçäóõà. Ýí-
òàëüïèÿ âîçäóõà íà âõîäå â ìåëüíèöó – I0 (Äæ/êã).
Èç ìåëüíèöû óäàëÿåòñÿ G2 (êã/ñ) âûñóøåííîãî
ìàòåðèàëà ñ òåìïåðàòóðîé 2 (

0Ñ) è êîíå÷íîé
âëàæíîñòüþ 2 (%). Âîçäóõ, âûõîäÿùèé èç ìåëü-
íèöû, èìååò ýíòàëüïèþ I2 (Äæ/êã) è òåìïåðàòó-
ðó t2 (

0Ñ).
Ïîëó÷åíèå ìàòåìàòè÷åñêîé çàâèñèìîñòè

òåìïåðàòóðû ïûëåãàçîâîé ñìåñè íà âûõîäå èç-
ìåëü÷èòåëÿ t2 îò èçìåíåíèÿ âõîäíûõ ïàðàìåò-
ðîâ âûïîëíèì àíàëèòè÷åñêèì ñïîñîáîì [3].

Îáùèé òåïëîâîé áàëàíñ ïðîöåññà âûðàæà-
åòñÿ çàâèñèìîñòüþ [4]:

QH=QÊ,  (1)

ãäå Qí – ïðèõîä òåïëà, Âò; Qê – ðàñõîä òåïëà, Âò.
Ñõåìà òåïëîâûõ ïîòîêîâ â ìåëüíèöå ïðåä-

ñòàâëåíà íà ðèñ. 1.
Ñîñòàâèì óðàâíåíèå òåïëîâîãî áàëàíñà:

LI0+G 0Câë.ì0+Q ä=LI2+G 2Cì2+Qï,  (2)

ãäå Câë.ì – òåïëîåìêîñòü âëàæíîãî ìàòåðèàëà,
Äæ/(êãÊ); Qä – òåïëîòà, âîçíèêàþùàÿ â ðàáî-
÷åé çîíå ìåëüíèöû ïðè èçìåëü÷åíèè (òåïëîòà
èçìåëü÷åíèÿ), Âò; Cì – òåïëîåìêîñòü âûñóøåí-
íîãî ìàòåðèàëà, Äæ/(êãÊ); Qï – ïîòåðè òåïëî-
òû â îêðóæàþùóþ ñðåäó, Âò.

Ðèñ. 1. Ñõåìà òåïëîâûõ ïîòîêîâ â öåíòðîáåæíîé ìåëüíèöå

Ïðèõîä òåïëîòû ñ âëàæíûì ìàòåðèàëîì
ïðåäñòàâèì êàê ñóììó äâóõ ñîñòàâëÿþùèõ: òåï-
ëîòû, ïðèõîäÿùåé ñ âûñóøåííûì ìàòåðèàëîì,
è òåïëîòû, ïðèõîäÿùåé ñ óäàëÿåìîé âëàãîé:

G0Câë.ì0=G2Cì0+WCâë.0.  (3)

Ïîäñòàâèâ óðàâíåíèå (3) â ôîðìóëó (2),
ïîëó÷èì:

LI0+G2Cì0+WCâë.0+Qä=LI2+G2Cì2+Qï.  (4)

Èç óðàâíåíèÿ (4) âûðàçèì ðàñõîä òåïëîòû
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èçìåëü÷åíèÿ Qä:

Qä=L(I2–I0)+G2Cì(2–0)–WCâë.0+Qï.   (5)

Ðàñõîä àáñîëþòíî ñóõîãî âîçäóõà îïðåäå-
ëèì ÷åðåç ðàñõîä âëàæíîãî âîçäóõà:

L=L 0(1–X0),  (6)

ãäå Õ0 – íà÷àëüíîå âëàãîñîäåðæàíèå âîçäóõà,
(êã âë./êã ñóõ.ìàò.).

Ðàñõîä âûñóøåííîãî ìàòåðèàëà âûðàçèì
÷åðåç ðàñõîä âëàæíîãî ìàòåðèàëà [5]:

0
2 0

2

(100 )
G G

(100 )





. (7)

Ðàñõîä óäàëåííîé âëàãè îïðåäåëèì ïî óðàâ-
íåíèþ:

 
 

0 2

0

2

W G
100

 



.  (8)

Êîíå÷íîå âëàãîñîäåðæàíèå âîçäóõà ïðåä-
ñòàâèì â âèäå:

X2=X0+Xä,  (9)

ãäå Õä – äîïîëíèòåëüíîå âëàãîñîäåðæàíèå, êî-
òîðîå âîçíèêàåò â ðåçóëüòàòå ïåðåõîäà èñïàðåí-
íîé âëàãè â âîçäóõ, (êã âë./êã ñóõ.ìàò.).

Äîïîëíèòåëüíîå âëàãîñîäåðæàíèå îïðåäå-
ëèì êàê îòíîøåíèå ðàñõîäà óäàëåííîé âëàãè ê
ðàñõîäó àáñîëþòíî ñóõîãî âîçäóõà:

 
 
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0 0

0 0 2

2 0 0

W W
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L L 1 X

G
.

100 L 1 X
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 


 

  
(10)

Íà÷àëüíóþ ýíòàëüïèþ âîçäóõà îïðåäåëèì
ïî óðàâíåíèþ:

I0=Cc.â.t 0+iï.0Õ0, (11)

ãäå Cñ.â. – òåïëîåìêîñòü ñóõîãî âîçäóõà, Äæ/(êãÊ);
in.o – íà÷àëüíàÿ ýíòàëüïèÿ ïàðà, Äæ/êã.

Êîíå÷íóþ ýíòàëüïèþ âîçäóõà îïðåäåëèì ïî
óðàâíåíèþ:

I2=Cc.â.t 2+iï.2Õ2, (12)

ãäå in.2 – êîíå÷íàÿ ýíòàëüïèÿ ïàðà, Äæ/êã.
Ïîòåðè òåïëîòû ïðåäñòàâëÿþò ñîáîé ñëîæ-

íóþ òåïëîîòäà÷ó îò ïîâåðõíîñòè èçìåëü÷èòåëÿ
â îêðóæàþùóþ ñðåäó [6]:

Qï=Ft, (13)

ãäå  – ñóììàðíûé êîýôôèöèåíò òåïëîîòäà÷è
ëó÷åèñïóñêàíèåì è êîíâåêöèåé, Âò/(ì2Ê);
F – ïëîùàäü ïîâåðõíîñòè ìåëüíèöû, ì2;
t – ðàçíîñòü òåìïåðàòóð ìåæäó ïîâåðõíîñòüþ
ìåëüíèöû è îêðóæàþùåé ñðåäîé, 0Ñ.

Ñóììàðíûé êîýôôèöèåíò òåïëîîòäà÷è ëó-
÷åèñïóñêàíèåì è êîíâåêöèåé îïðåäåëèì ïî
óðàâíåíèþ [5]:

=9,74+0,07t.  (14)

Ïîäñòàâèâ óðàâíåíèÿ (6)–(14) â óðàâíåíèå
(5), ïîëó÷èì:
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(15)

Ïîñëå ïðåîáðàçîâàíèé ïîëó÷èì:

с.в. 2 0

д 0 0
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(16)

Ðàçäåëèâ îáå ÷àñòè óðàâíåíèÿ (16) íà ìàñ-
ñîâûé ðàñõîä ïûëåãàçîâîé ñìåñè Ìñì ïîëó÷èì
óäåëüíûé ðàñõîä òåïëîòû èçìåëü÷åíèÿ, òî åñòü
òåïëîòó èçìåëü÷åíèÿ, ïðèõîäÿùóþñÿ íà 1 êã
ïûëåãàçîâîé ñìåñè:
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Ïðåîáðàçîâàíèå ôîðìóëû (16) ïîçâîëÿåò
ïîëó÷èòü çàâèñèìîñòü òåìïåðàòóðû ïûëåãàçîâîé
ñìåñè îò òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ïðîöåññà:

 
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
 
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(18)

Äëÿ ïðîâåðêè çàâèñèìîñòè (18) íà àäåêâàò-
íîñòü ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäî-
âàíèÿ ïî âëèÿíèþ òåõíîëîãè÷åñêèõ ïàðàìåòðîâ
ïðîöåññà èçìåëü÷åíèÿ íà òåìïåðàòóðó ïûëåãà-
çîâîé ñìåñè íà âûõîäå èç ìåëüíèöû.

Íà ðèñ. 2 ïðåäñòàâëåíû ãðàôè÷åñêèå çàâè-
ñèìîñòè òåìïåðàòóðû ïûëåãàçîâîé ñìåñè îò ðàñ-
õîäà ìàòåðèàëà ïðè èçìåëü÷åíèè ìðàìîðà è
êðàñíîãî æåëåçî-îêèñíîãî ïèãìåíòà.

Äëÿ ïîëó÷åííîé ìàòåìàòè÷åñêîé çàâèñèìî-
ñòè áûëè ðàññ÷èòàíû ïîêàçàòåëè àäåêâàòíîñòè
è ñäåëàí âûâîä, ÷òî ìàòåìàòè÷åñêàÿ ìîäåëü ÿâ-
ëÿåòñÿ äîñòîâåðíîé è ìîæåò áûòü èñïîëüçîâàíà
äëÿ òàêîãî òèïà èçìåëü÷èòåëåé.

Âûâîäû
Â ðåçóëüòàòå ïðîâåäåííûõ òåîðåòè÷åñêèõ

èññëåäîâàíèé, ïîëó÷åíà ìàòåìàòè÷åñêàÿ çàâè-
ñèìîñòü âëèÿíèÿ òåõíîëîãè÷åñêèõ ïàðàìåòðîâ
ïðîöåññà èçìåëü÷åíèÿ íà òåìïåðàòóðó ïûëåãà-
çîâîé ñìåñè íà âûõîäå ìåëüíèöû. Ïîëó÷åííàÿ
ìàòåìàòè÷åñêàÿ ìîäåëü ïîçâîëÿåò ïðîãíîçèðî-
âàòü ðàáîòó èçìåëü÷èòåëÿ è îïðåäåëÿòü îïòè-
ìàëüíûå çíà÷åíèÿ âõîäíûõ âåëè÷èí äëÿ ïîëó-
÷åíèÿ êà÷åñòâåííîãî èçìåëü÷åííîãî ïðîäóêòà ñ
íåîáõîäèìîé êîíå÷íîé âëàæíîñòüþ.
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Ðèñ. 2. Çàâèñèìîñòü òåìïåðàòóðû ïûëåãàçîâîé ñìåñè íà âûõîäå èç ìåëüíèöû îò ðàñõîäà ìàòåðèàëà è ðàñõîäà âîçäóõà ïðè

èçìåëü÷åíèè: à) ìðàìîðà:  – ýêñïåðèìåíòàëüíûå äàííûå ïðè ðàñõîäå âîçäóõà: 1 – 0,034 êã/ñ, 2 – 0,030 êã/ñ, 3 – 0,024 êã/ñ;
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ïðè ðàñõîäå âîçäóõà: 1 – 0,115 êã/ñ, 2 – 0,108 êã/ñ, 3 – 0,09 êã/ñ; – – äàííûå, ðàññ÷èòàííûå ïî çàâèñèìîñòè (18)
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Ó äàí³é ðîáîò³ ðîçãëÿíóòà àêòóàëüíà çàäà÷à îòðèìàííÿ
ìàòåìàòè÷íîãî îïèñó ïðîöåñó ïîäð³áíåííÿ ìàòåð³àëó â â³äöåí-
òðîâîìó ìëèí³ ç îäíî÷àñíîþ ñóøêîþ ìàòåð³àëó. Äîñë³äæåííÿ
ïðîöåñó ñóø³ííÿ ç îäíî÷àñíèì ïîäð³áíåííÿì ïîêàçàëè íå ò³ëüêè
éîãî óí³âåðñàëüí³ñòü ïðè îáðîáö³ íàéð³çíîìàí³òí³øèõ ìàòåð³-
àë³â, àëå ³ ïðàêòè÷íî ìèòòºâå âèäàëåííÿ á³ëüøî¿ ÷àñòèíè âî-
ëîãè. Ïðè öüîìó ñóø³ííÿ ³íòåíñèô³êóºòüñÿ âíàñë³äîê íå ò³ëüêè
øâèäêîãî ðîçâèòêó ïîâåðõí³ êîíòàêòó, àëå ³ àêòèâíîãî ïåðå-
ì³øóâàííÿ ïîâ³òðÿ ³ ìàòåð³àëó, à òàêîæ â ðåçóëüòàò³ á³ëüø
øâèäêîãî âèïàðîâóâàííÿ âîëîãè ç ñâ³æîóòâîðåíèõ ïîâåðõîíü.
Ïîäð³áíåííÿ ìàòåð³àë³â ó â³äöåíòðîâèõ ìëèíàõ, îñîáëèâî òîí-
êîãî ïîìåëó, ñóïðîâîäæóºòüñÿ çíà÷íèì âèä³ëåííÿì òåïëà, ùî
äîçâîëÿº çä³éñíþâàòè ñóø³ííÿ ìàòåð³àëó îäíî÷àñíî ç ïîäð³áíåí-
íÿì. Óòâîðåííÿ òåïëîòè â ðîáî÷èõ çîíàõ äàíîãî òèïó ïîä-
ð³áíþâà÷³â îáóìîâëåíî íàñòóïíèìè ôàêòîðàìè: òåðòÿì ïî-
â³òðÿ ³ ìàòåð³àëó îá ðîáî÷³ åëåìåíòè, òóðáóë³çàö³¿ ïèëîãàçîâî¿
ñóì³ø³, âèíèêíåííÿì íîâèõ ïîâåðõîíü ïðè ðóéíóâàíí³, áàãàòî-
ðàçîâèì ñòèñíåííÿì ïèëîãàçîâî¿ ñóì³ø³ òà ³í. Çíèæåííÿ âîëî-
ãîñò³ ïîäð³áíåíîãî ïðîäóêòó º íåîáõ³äíîþ óìîâîþ äëÿ ïîäàëü-
øîãî âèêîðèñòàííÿ ó âèðîáíèöòâ³, äëÿ ÷îãî âèêîðèñòîâóþòü
äîäàòêîâå ñóøèëüíå óñòàòêóâàííÿ. Ç ³íøîãî áîêó, íàäì³ðíå
ï³äâèùåííÿ òåìïåðàòóðè ïðè ïîäð³áíåíí³ äëÿ áàãàòüîõ ìàòåð³-
àë³â íåáàæàíî, îñê³ëüêè ìîæå ïðèâåñòè äî ïîã³ðøåííÿ ÿêîñò³
ïðîäóêòó, à òàêîæ, ïðèçâîäèòü äî ñòâîðåííÿ âèáóõîíåáåçïå÷-
íî¿ îáñòàíîâêè. Îòðèìàíà ìàòåìàòè÷íà ìîäåëü äîçâîëÿº ïðî-
ãíîçóâàòè ðîáîòó ïîäð³áíþâà÷à ³ âèçíà÷àòè çíà÷åííÿ âõ³äíèõ
âåëè÷èí äëÿ îäåðæííÿ ÿê³ñíîãî ïîäð³áíåíîãî ïðîäóêòó ç íåîá-
õ³äíîþ ê³íöåâîþ âîëîã³ñòþ. Ó ñòàòò³ íàäàíèé òåïëîâèé áà-
ëàíñ â³äöåíòðîâîãî ìëèíà. Íàâåäåíî ìàòåìàòè÷í³ çàëåæíîñò³
äëÿ ðîçðàõóíêó ïèòîìî¿ âèòðàòè òåïëîòè ³ òåìïåðàòóðè ïè-
ëîãàçîâî¿ ñóì³ø³ íà âèõîä³ ç â³äöåíòðîâîãî ìëèíà. Îòðèìàíî
åêñïåðèìåíòàëüí³ çàëåæíîñò³ ùîäî âïëèâó òåõíîëîã³÷íèõ ïà-
ðàìåòð³â íà òåìïåðàòóðó ïèëîãàçîâî¿ ñóì³ø³, ùî ï³äòâåðäæó-
þòü ðåçóëüòàòè òåîðåòè÷íèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: ìîäåëþâàííÿ ïðîöåñó ïîäð³áíåííÿ,
òåïëîòà ïîäð³áíåííÿ, òåìïåðàòóðà ïèëîãàçîâî¿ ñóì³ø³,
â³äöåíòðîâèé ìëèí, ð³âíÿííÿ ðåãðåñ³¿.

MATHEMATICAL MODELING OF THE GRINDING
PROCESS WITH SIMULTANEOUS DRYING OF THE
MATERIAL IN A CENTRIFUGAL MILL

Titova Î.V., Kravets V.I., Minakova N.O., Chernetsky E.V.,
Gnatko Î.Ì.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

In this work, the relevant task of obtaining a mathematical
description of the process of material grinding in a centrifugal mill
with simultaneous drying of the material is considered. The study of

the drying process with simultaneous grinding showed not only its
versatility in processing a wide variety of materials, but also almost
instantaneous removal of most of the moisture. In this case, drying is
intensified due to not only the rapid development of the contact
surface, but also the active mixing of air and material, as well as
due to the more rapid evaporation of moisture from freshly formed
surfaces. The grinding of materials in centrifugal mills, especially
fine grinding, is accompanied by a significant heat release, which
allows the material to be dried simultaneously with grinding. The
formation of heat in the working areas of this type of grinders happens
due to following factors: air and material friction on work items,
turbulence in the dust-gas mixture, emergence of new surfaces during
fracture, repeated compression of the dust-gas mixture, etc. Reducing
the moisture content of the crushed product is a prerequisite for
further use in production, for which additional drying equipment is
used. On the other hand, excessive temperature increase during
grinding is undesirable for many materials, as it can lead to
deterioration of the product quality, and also leads to the creation of
an explosive situation. The obtained mathematical model makes it
possible to predict the operation of the shredder and determine the
values of input quantities to obtain a high-quality grinded product
with a required final humidity. The article presents the heat balance
of a centrifugal mill. Mathematical dependences are given for
calculating the specific heat consumption and temperature of the
dust-gas mixture at the exit from the centrifugal mill. Experimental
dependences on the influence of technological parameters on the
temperature of the dust-gas mixture, confirming the results of
theoretical studies, are obtained.

Keywords: modeling of grinding process, heat of grinding,
temperature of the gas-dust mixture, centrifugal mill, regression
equation.
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