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ÓÍÈÂÅÐÑÀËÜÍÀß ÌÎÄÅËÜ ÂÛÙÅËÀ×ÈÂÀÍÈß  
ÌÅÒÀËËÎÂ ÈÇ ÍÅÊÎÍÄÈÖÈÎÍÍÎÃÎ ÑÛÐÜß  
Ñ ÌÅÕÀÍÎÕÈÌÈ×ÅÑÊÎÉ ÀÊÒÈÂÀÖÈÅÉ  
ÏÐÎÖÅÑÑÎÂ ÈÇÂËÅ×ÅÍÈß 

Äàíû ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èçâëå÷åíèÿ ñâèíöà è öèíêà èç õâîñòîâ îáîãàùå-
íèÿ ñ èñïîëüçîâàíèåì äåçèíòåãðàòîðà, íà îñíîâå êîòîðûõ ïîñòðîåíû  ðåãðåññèîííûå 
óðàâíåíèÿ âàðèàíòîâ âûùåëà÷èâàíèÿ. Óñòàíîâëåíî, ÷òî àêòèâàöèÿ ìèíåðàëüíîãî ñû-
ðüÿ â äåçèíòåãðàòîðå îäíîâðåìåííî ñ âûùåëà÷èâàíèåì ñóùåñòâåííî óâåëè÷èâàåò èç-
âëå÷åíèå ìåòàëëîâ. Ïðèâåäåíà ìåòîäèêà ðàçðàáîòêè óíèâåðñàëüíîé ìîäåëè èçâëå÷å-
íèÿ ìåòàëëà èç ðóä, ó÷èòûâàþùàÿ îñîáåííîñòè ýòàïîâ ïåðåðàáîòêè. Óíèâåðñàëüíàÿ 
ìîäåëü è ñîñòàâëåííàÿ íà åå îñíîâå ïðîãðàììà ìîäåëèðîâàíèÿ ïîçâîëÿåò ìåõàíèçè-
ðîâàòü ðàñ÷åò ïàðàìåòðîâ òåõíîëîãèé, èñïîëüçóþùèõ ìåòîäû ìåõàíî-àêòèâàöèè. 
Êëþ÷åâûå ñëîâà: èçâëå÷åíèå ìåòàëëîâ, ïîëèìåòàëëû, õâîñòû îáîãàùåíèÿ, äåçèíòå-
ãðàòîð, ðåãðåññèîííûå óðàâíåíèÿ, âûùåëà÷èâàíèå, ìîäåëèðîâàíèå, ìåõàíî-àêòè-
âàöèÿ. 

 

 

 

åîáõîäèìîñòü îáåñïå÷åíèÿ ïðîìûøëåííîñòè ìåòàëëàìè ïðè óìåíüøå-
íèè çàïàñîâ óäîáíûõ äëÿ ðàçðàáîòêè ìåñòîðîæäåíèé, óñóãóáëÿåìàÿ 

êðèçèñíûìè ÿâëåíèÿìè â ýêîíîìèêå ñòðàí, çàñòàâëÿþò èñêàòü àëüòåðíàòèâíûå 
èñòî÷íèêè ïîëó÷åíèÿ ìåòàëëîâ. Îäíèì èç íàïðàâëåíèé ðåøåíèÿ ýòèõ ãëîáàëü-
íûõ ïðîáëåì ÿâëÿåòñÿ âîâëå÷åíèå â ïðîèçâîäñòâî îòõîäîâ äîáû÷è è ïåðåðà-
áîòêè èçâëå÷åííûõ íà çåìíóþ ïîâåðõíîñòü ðóä [1]. 

Òðàäèöèîííûå îáîãàòèòåëüíûå ïðîöåññû íå îáåñïå÷èâàþò ïîëíîãî ðàñêðû-
òèÿ ìèíåðàëîâ, ïîýòîìó äëÿ ðåøåíèÿ ýòèõ ïðîáëåì íå ìîãóò áûòü âîñòðåáîâà-
íû. Êîìáèíèðîâàíèå ìåòîäîâ ìàãíèòíîãî, ãðàâèòàöèîííîãî è ýëåêòðî-
õèìè÷åñêîãî ðàçäåëåíèÿ è îáîãàùåíèÿ â ðÿäå ñëó÷àåâ ïîçâîëÿåò âûäåëÿòü èç 
õâîñòîâ òîâàðíûå ïðîäóêòû, îäíàêî ïî ýêîíîìè÷åñêèì ñîîáðàæåíèÿì ðåäêî 
áûâàåò ïðèåìëåìûì. 

Ïåðñïåêòèâíûì íàïðàâëåíèåì ñ÷èòàþò èçâëå÷åíèå ìåòàëëîâ èç õâîñòîâ äî-
áû÷è è ïåðåðàáîòêè âûùåëà÷èâàíèåì â êó÷àõ è ïåðêîëÿòîðàõ, îäíàêî, ýòè 
ïðîöåññû òðåáóþò ìíîãî âðåìåíè è íåäîñòàòî÷íî êîíòðîëèðóþòñÿ. 

Ïîëó÷àþò ðàçâèòèå ìåòîäû ïåðåðàáîòêè íåêîíäèöèîííîãî ñûðüÿ êîìáèíè-
ðîâàííûìè òåõíîëîãèÿìè, ñî÷åòàþùèìè ìåòîäû õèìè÷åñêîãî îáîãàùåíèÿ è àê-
òèâàöèè â äåçèíòåãðàòîðå [2].  

Ýêñïåðèìåíòàëüíîå èçâëå÷åíèå ñâèíöà è öèíêà èç õâîñòîâ îáîãàùåíèÿ Ñà-
äîíñêèõ ìåñòîðîæäåíèé îñóùåñòâëåíî ñ èñïîëüçîâàíèåì äåçèíòåãðàòîðà, èçãî-
òîâëåííîãî ñ ó÷åòîì îñóùåñòâëåíèÿ îïåðàöèé õèìè÷åñêîãî âûùåëà÷èâàíèÿ â 
ïðîöåññå ìåõàíè÷åñêîé àêòèâàöèè. Â õîäå ýêñïåðèìåíòîâ ïîëó÷åíû ðåãðåññè-
îííûå óðàâíåíèÿ âàðèàíòîâ âûùåëà÷èâàíèÿ (òàáë. 1-10), êîòîðûå ïîçâîëèëè 
ñôîðìóëèðîâàòü óíèâåðñàëüíóþ ìàòåìàòè÷åñêóþ ìîäåëü âñåõ âàðèàíòîâ êîì-
áèíèðîâàíèÿ.    
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Òàáëèöà 1 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

àãèòàöèîííîãî âûùåëà÷èâàíèÿ ðóäû 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=39,02 +5,51Õ1-11,09Õ2 +5,6Õ3+1,43Õ4 +3,58Õ1
2 +  

+6,48Õ2
2 - 9,39Õ3

2 - 9,38Õ4
2- 2,61Õ1Õ2 -0,62Õ1Õ3 -1,86Õ1Õ4 – 

-3,0Õ2Õ3-1,48Õ2Õ4 +1,41Õ3Õ4 

R2=0,8873; Sad=62,01; 
F=31,96 

εPb=15,73 +0,58Õ1+6,3Õ2+1,42Õ3 – 2,17Õ1
2 -2,79Õ2

2-2,73Õ3
2-

-1,51Õ4
2 ++0,75Õ1Õ2 -0,89Õ1Õ3 +0,45Õ2Õ3-0,23Õ3Õ4 

R2=0,9023; Sad=9,37; 
F=25,89 

 
Òàáëèöà 2 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

àãèòàöèîííîãî âûùåëà÷èâàíèÿ õâîñòîâ 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=39,35 +6,76Õ1-18,88Õ2 -0,62Õ4 – 11,6Õ1
2+ 7,19Õ2

2+  
+2,03Õ4

2 –2,84Õ1Õ2 -1,39Õ1Õ3 -0,89Õ1Õ4 -2,04Õ2Õ3 + 
+1,00Õ2Õ4 - 2,45Õ3Õ4 

R2=0,9393; Sad=46,93; 
F=68,59 

εPb=42,43 +16,8Õ2+2,68Õ3 +0,93Õ4 – 3,89Õ1
2 -19,31Õ2

2 + 
+2,36Õ4

2 +2,12Õ1Õ2 -0,9Õ1Õ4 +1,73Õ2Õ3+1.04Õ3Õ4 
R2=0,8888; Sad=71,17; 
F=30,19 

 
Òàáëèöà 3 
Ðåãðåññèîííûé àíàëèç äàííûõ âûùåëà÷èâàíèÿ àêòèâèðîâàííîé ðóäû 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=26,82+2,8Õ1-7,21Õ2+4,81Õ3+2,34Õ4–6,99Õ1
2+3,29Õ2

2-  
-1,74Õ4

2 –0,45Õ1Õ2 +2,93Õ1Õ4 -2,98Õ2Õ3 -1,41Õ2Õ4 -1,12Õ3Õ4 

R2=0,8582; Sad=31,92; 
F=35,03 

εPb=11,16 +1,51Õ1+4,68Õ2+ 0,53Õ3 -0,81Õ4+0,50Õ1
2-4,50Õ2

2- 
-0,72Õ3

2 -0,94Õ1Õ3+0,60Õ2Õ3+0,24Õ2Õ4 +0,81Õ3Õ4 
R2=0,8754; Sad=6,87; 
F=23,92 

 
Òàáëèöà 4 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

âûùåëà÷èâàíèÿ àêòèâèðîâàííûõ õâîñòîâ 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=36,37+9,96Õ1-11,56Õ2+1,07Õ3–6,53Õ1
2+5,63Õ2

2-1,00Õ3
2 - 

- 3,95Õ4
2- –1,21Õ1Õ2 -5,79Õ1Õ3 -4,16Õ2Õ3 -0,74Õ2Õ4 -1,15Õ3Õ4 

R2=0,9688; Sad=24,88; 
F=102,17 

εPb=29,91 +1,1Õ1+10,63Õ2+ 6,15Õ3 +2,09Õ4–2,41Õ1
2- 

-26,29Õ2
2+3,84Õ3

2+ +9,25Õ4
2 +1,21Õ1Õ2 -0,72Õ1Õ3+  

+3,21Õ1Õ4+4,81Õ2Õ3+1,08Õ2Õ4 -1,00Õ3Õ4 

R2=0,8789; Sad=86,00; 
F=10,52 

 

Òàáëèöà 5 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

âûùåëà÷èâàíèÿ ðóäû  â  äåçèíòåãðàòîðå 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=20,40 +4,92Õ1-8,82Õ2 +2,55Õ3+1,71Õ4 +1,03Õ1
2 +6,57Õ2

2–
3,84Õ4

2+2,02Õ2
4-2,19 Õ1Õ2-2,77Õ1Õ3-2,53Õ2Õ3-1,02Õ2Õ4-0,61Õ3Õ4 

R2=0,9348; Sad=17,71; 
F=69,49 

εPb=11,10+0,35Õ1+3,46 Õ2+1,35Õ4 – 0,79Õ1
2 -5,061Õ2

2-0,82Õ3
2+ 

 +0,64Õ1Õ2-0,55Õ1Õ3+0,16Õ1Õ4 -1,06Õ2Õ3+ 1,45Õ2Õ4+ +1,24Õ3Õ4 
R2=0,9254; Sad=3,69; 
F=29,06 

 

Òàáëèöà 6 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

âûùåëà÷èâàíèÿ õâîñòîâ â äåçèíòåãðàòîðå 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=32,15 +11,4Õ1-14,04Õ2 +0,68Õ3+1,85Õ4 -2,90Õ1
2+9,25Õ2

2–2,53Õ4
2 

--0,39Õ1Õ2-1,95Õ1Õ3+1,32Õ1Õ4 +1,47Õ2Õ3+4,84Õ2Õ4+ 3,61Õ3Õ4 

R2=0,8277; 
Sad=143,62; F=18,06 

εPb=39,44 -1,17Õ1+16,76 Õ2+1,28Õ3 -0,55Õ4 – 5,64Õ1
2 -14,81Õ2

2-
0,86Õ3

2-4,09Õ1Õ3-1,42Õ1Õ4 -0,42Õ2Õ3-1,00Õ2Õ4-0,82Õ3Õ4 
R2=0,9483; Sad=35,09; 
F=44,58 
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Òàáëèöà 7 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

âûùåëà÷èâàíèÿ ðóäû ïîñëå äåçèíòåãðàöèè 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=29,66+6,94Õ1-8,41Õ2 +3,6Õ3+1,65Õ4-11,17Õ1
2-3,29Õ2

2+ 
+1,78Õ3

2 --3,43Õ1Õ2-1,65Õ1Õ3- 1,58Õ1Õ4 -0,75Õ2Õ3 -1,08Õ3Õ4 

R2=0,8254; Sad=65,40; 
F=28,84 

εPb=15,40 +1,64Õ1+7,47 Õ2+2,28Õ3+1,78Õ4 – 1,66Õ1
2 -6,80Õ2

2+ 

+1,50Õ3
2+1,63Õ1Õ2-1,60Õ1Õ3+0,23Õ1Õ4 1,08Õ2Õ3+1,9Õ2Õ4-+0,66Õ3Õ4 

R2=0,9321; Sad=11,62; 
F=25,08 

 

Òàáëèöà 8 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

âûùåëà÷èâàíèÿ õâîñòîâ ïîñëå äåçèíòåãðàöèè 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=37,54 +8,39Õ1-20,02Õ2 +3,33Õ3 -6,72Õ1
2-6,54Õ2

2–1,93Õ4
2--

0,95Õ1Õ3-1,34Õ1Õ4-4,79Õ2Õ3+1,66Õ2Õ4+1,05Õ3Õ4 

R2=0,9484; Sad=56,50; 
F=47,63 

εPb=32,93 +3,63Õ1+17,87 Õ2+3,58Õ3 – 4,81Õ1
2 -7,32Õ2

2-1,49Õ3
2+ 

+4,77Õ1Õ2 -1,45Õ1Õ3-1,3Õ1Õ4 +1,33Õ2Õ3-0,73Õ3Õ4 
R2=0,9535; Sad=29,69; 
F=55,26 

 

Òàáëèöà 9 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

ìíîãîöèêëîâîé àêòèâàöèè ðóäû 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

εZn=33,52 +5,04Õ1-3,42Õ2 +3,15Õ3-10,55Õ1
2+15,37Õ2

2–4,08Õ3
2--

2,39Õ4
2-2,01Õ1Õ2-2,67Õ1Õ3+3,63Õ2Õ3+ 6,90Õ2Õ4+ 3,05Õ3Õ4 

R2=0,8000; Sad=65,74; 
F=32,66 

εPb=15,28+0,47Õ1 +3,75Õ2+3,91Õ3+1,43Õ4 – 3,14Õ1
2 -3,46Õ2

2+ 
+1,03Õ3

2-1,41Õ4
2+0,54Õ1Õ2 -0,52Õ1Õ3-0,29Õ1Õ4-1,73Õ2Õ4+3,46Õ3Õ4 

R2=0,9795; Sad=2,08; 
F=117,40 

 

Òàáëèöà 10 
Ðåãðåññèîííûé àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ  

ìíîãîöèêëîâîé àêòèâàöèè õâîñòîâ 

Óðàâíåíèå ðåãðåññèè Ïîêàçàòåëè çíà÷èìîñòè 

-εZn=38,15 +10,66Õ1-15,17Õ2 +2,42Õ3-1,37Õ4-6,10Õ1
2-+3,92Õ2

2– 
-2,99Õ3

2--1,68Õ4-4,85Õ1Õ2-4,62Õ1Õ3+2,1Õ1Õ4-3,56Õ2Õ3+ 1,95Õ2Õ4 + 
+ 1,6Õ3Õ4 

R2=0,9206; Sad=73,40; 
F=30,72 

εPb=40,94 +16,12Õ2+4,13Õ3+0,66Õ4 – 6,36Õ1
2 -17,44Õ2

2+ 3,58Õ3
2--

-1,36Õ4
2+4,04Õ1Õ2 -1,32Õ1Õ3+2,47Õ2Õ3-2,00Õ2Õ4-0,72Õ3Õ4 

R2=0,9535; Sad=29,69; 
F=55,26 

 
Àêòèâàöèÿ â äåçèíòåãðàòîðå ñ ïîñëåäóþùèì âûùåëà÷èâàíèåì âíå åãî ïî 

ñðàâíåíèþ ñ àãèòàöèîííûì âûùåëà÷èâàíèåì óâåëè÷èâàåò èçâëå÷åíèå: 
 - èç õâîñòîâ îáîãàùåíèÿ – ïî ñâèíöó – â 1,36 ðàçà, ïî öèíêó – â 1,13 ðàçà; 
- èç çàáàëàíñîâîé ðóäû – ïî ñâèíöó – â 1,63 ðàçà, ïî öèíêó – â 2,09 ðàçà. 
Àêòèâàöèÿ ñûðüÿ â äåçèíòåãðàòîðå îäíîâðåìåííî ñ âûùåëà÷èâàíèåì ïî 

ñðàâíåíèþ ñ âàðèàíòîì ðàçäåëüíîé àêòèâàöèè è âûùåëà÷èâàíèÿ  óâåëè÷èâàåò 
èçâëå÷åíèå íà âåëè÷èíó â ïåðâûå ïðîöåíòû. Ïðè ýòîì âðåìÿ ïåðåðàáîòêè  ñî-
ñòàâëÿåò ïåðâûå ñåêóíäû, â òî âðåìÿ êàê ïðîäîëæèòåëüíîñòü àãèòàöèîííîãî 
âûùåëà÷èâàíèÿ íà 2 ïîðÿäêà âûøå.  

Èçâåñòíûå ê íàñòîÿùåìó âðåìåíè âàðèàíòû âûùåëà÷èâàíèÿ ìåòàëëîâ èç ðóä 
âêëþ÷àþò â ñåáÿ: 

–  âûùåëà÷èâàíèå â ïåðêîëÿòîðå; 
– âûùåëà÷èâàíèå â ïåðêîëÿòîðå ïîñëå îáðàáîòêå â àêòèâàòîðå â ñóõîì ñî-

ñòîÿíèè; 
– âûùåëà÷èâàíèå ðåàãåíòàìè â ðàáî÷åé êàìåðå àêòèâàòîðà. 
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Ïîñëåäíèé âàðèàíò âêëþ÷àåò â ñåáÿ: 
–  âûùåëà÷èâàíèå ðåàãåíòàìè â ðàáî÷åé êàìåðå àêòèâàòîðà â îäíó ñòàäèþ; 
– âûùåëà÷èâàíèå ðåàãåíòàìè â ðàáî÷åé êàìåðå àêòèâàòîðà â íåñêîëüêî ñòàäèé. 
Íà îñíîâàíèè ïîëó÷åííûõ ðåãðåññèîííûõ óðàâíåíèé ðàçðàáîòàíà óíèâåð-

ñàëüíàÿ ìîäåëü  èçâëå÷åíèÿ ìåòàëëà èç ðóä, ó÷èòûâàþùàÿ îñîáåííîñòè âûùåëà÷è-
âàíèÿ ìåòàëëîâ èç ìèíåðàëüíîãî ñûðüÿ íà ðàçëè÷íûõ ýòàïàõ.  

Ó÷åò ýòàïîâ âûùåëà÷èâàíèÿ ìåòàëëîâ âûïîëíÿåòñÿ ñ ïîìîùüþ ïåðåìåííîé «n»: 
 – çíà÷åíèþ 1=n  ñîîòâåòñòâóåò ýòàï àãèòàöèîííîãî âûùåëà÷èâàíèÿ â ïåðêî-

ëÿòîðå; 
–  çíà÷åíèþ 2=n  ñîîòâåòñòâóåò àãèòàöèîííîå âûùåëà÷èâàíèå â ïåðêîëÿòîðå 

ïðåäâàðèòåëüíî àêòèâèðîâàííûõ â ñóõîì ñîñòîÿíèè â äåçèíòåãðàòîðå ìèíåðàëîâ; 
– çíà÷åíèþ 3=n  ñîîòâåòñòâóåò âûùåëà÷èâàíèå ìèíåðàëîâ ðåàãåíòàìè â 

ðàáî÷åé êàìåðå äåçèíòåãðàòîðà; 
– 4=n  ñîîòâåòñòâóåò àãèòàöèîííîå âûùåëà÷èâàíèå àêòèâèðîâàííûõ â ðà-

áî÷åé êàìåðå äåçèíòåãðàòîðà ìèíåðàëîâ ðåàãåíòàìè â îäíó ñòàäèþ; 
– 5=n  ñîîòâåòñòâóåò âûùåëà÷èâàíèå àêòèâèðîâàííûõ â ðàáî÷åé êàìåðå äå-

çèíòåãðàòîðà ìèíåðàëîâ  ðåàãåíòàìè â íåñêîëüêî ñòàäèé. 
Ó÷åò ðàçíûõ ñëó÷àåâ èçâëå÷åíèÿ ìåòàëëîâ èç ðóäû îïèñûâàåòñÿ ñ ïîìîùüþ 

ïåðåìåííîé «m»: 
 – çíà÷åíèþ 1=m  ñîîòâåòñòâóåò ìîäåëü âûùåëà÷èâàíèÿ öèíêà èç ðóäû; 

 – çíà÷åíèþ 2=m  ñîîòâåòñòâóåò ìîäåëü âûùåëà÷èâàíèÿ ñâèíöà èç ðóäû; 

– çíà÷åíèþ 3=m  ñîîòâåòñòâóåò ìîäåëü âûùåëà÷èâàíèÿ öèíêà èç õâîñòîâ; 

– çíà÷åíèþ 4=m  ñîîòâåòñòâóåò ìîäåëü âûùåëà÷èâàíèÿ ñâèíöà èç õâîñòîâ. 
Ðàñ÷åòû ðåãðåññèîííûõ ìîäåëåé ïðîâåäåíû â ñðåäå Maple 9.5, ïðè÷åì 

óðàâíåíèÿ ðåãðåññèé, ðàññ÷èòàííûå íà îñíîâå ýêñïåðèìåíòàëüíûõ äàííûõ, ïî-
ëó÷àþòñÿ èç îáùåé ìîäåëè ïðè ñîîòâåòñòâóþùèõ çíà÷åíèÿõ «m» è «n».  

I. Èñïîëüçóÿ ðåãðåññèîííûå ìîäåëè âûùåëà÷èâàíèÿ èç ðóäû öèíêà  
( 1=m ), îáúåäèíèì âñå ïÿòü ýòàïîâ âûùåëà÷èâàíèÿ â åäèíóþ ìîäåëü. Ïðè 

ýòîì â îäíó ìîäåëü îáúåäèíÿþòñÿ óðàâíåíèÿ ðåãðåññèé ïî öèíêó, ðàññ÷èòàí-
íûå íà îñíîâå ýêñïåðèìåíòàëüíûõ äàííûõ ( 1=n ).....( 5=n ).  

Íà êàæäîì èç ýòàïîâ ðåãðåññèîííûå ìîäåëè èìåþò âèä: 

( ) 2 2 2
0 1 1 2 2 3 3 4 4 5 1 6 2 7 3

2
8 4 9 1 2 10 1 3 11 1 4 12 2 3 13 2 4 14 3 4

;1

,

ε ε= = + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅
Zn n a a X a X a X a X a X a X a X

a X a X X a X X a X X a X X a X X a X X
           (1) 

ãäå 
 

( );1 ; 0,1,...14; 1,2,...,5.= = =k ka a n k n
  

êîíêðåòíûå ÷èñëà èç òàáëèö ïðè çà-

äàííûõ çíà÷åíèÿõ k è n. Íàïðèìåð, äëÿ ïåðâîé ìîäåëè âûùåëà÷èâàíèÿ èç ðóäû 

öèíêà ( 1=m ) ïðè k=0 è n=1 êîýôôèöèåíò ( )0 0 1;1 39,02= =a a  (ýòîò êîýôôè-

öèåíò ðàâåí ñâîáîäíîìó ÷ëåíó èç òàáë. 1), àíàëîãè÷íî ( )1 1 1;1 5,51= = −a a ýòî 

êîýôôèöèåíò ïðè Õ1, è ò.ä.  Çíà÷åíèå −ka  ýòî k-é êîýôôèöèåíò â óðàâíåíèè 

ðåãðåññèè, k=1,2,…,14. 
 Çíà÷åíèå n óêàçûâàåò íà íîìåð ýòàïà èññëåäîâàíèé, íàïðèìåð, ïðè  n=1 

ðàññìàòðèâàåòñÿ ýòàï àãèòàöèîííîãî âûùåëà÷èâàíèÿ â ïåðêîëÿòîðå, è ò.ä. 
Çíà÷åíèå m  îçíà÷àåò íîìåð ìîäåëè âûùåëà÷èâàíèÿ öèíêà èëè ñâèíöà, èç 

ðóäû, èëè õâîñòîâ. Ïðè 1=m  ðàññìàòðèâàåòñÿ ìîäåëü âûùåëà÷èâàíèÿ öèíêà 
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èç ðóäû è ò. ä. Ðàññóæäåíèÿ â ïîñëåäóþùèõ ìîäåëÿõ (m=2, 3, 4) ïîâòîðÿþòñÿ 
ïî òîé æå ñõåìå.  

Çíà÷åíèÿ ( ); ; 0,1,...14; 1,2,...,5; 1,2,...,4= = = =k ka a n m k n m  îïèñûâàþò âñå 

êîýôôèöèåíòû ðåãðåññèé ðàññìàòðèâàåìîé îáùåé ìîäåëè.    

Òàê êàê ìîäåëü (1) ÿâëÿåòñÿ ëèíåéíîé îòíîñèòåëüíî ïàðàìåòðîâ ,ka  òî äëÿ 

íàõîæäåíèÿ åäèíîé ìîäåëè äîñòàòî÷íî íàéòè çíà÷åíèÿ êîýôôèöèåíòîâ ka . 

Ôîðìóëû äëÿ êîýôôèöèåíòîâ ka  ñòðîÿòñÿ ñ ïîìîùüþ èíòåðïîëÿöèîííîãî ïî-

ëèíîìà Ëàãðàíæà: 

( ) ( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( )

2 3 4 5 1 3 4 5
;1 1;1 2;1

4! 3!
1 2 4 5 1 2 3 5

3;1 4;1
2! 2! 3!

1 2 3 4
5;1 .

4!

− − − − − − − −
= − +

− − − − − − − −
+ − +

⋅
− − − −

+

k k k

k k

k

n n n n n n n n
a n a a

n n n n n n n n
a a

n n n n
a

  (2) 

ãäå  4! - ÷åòûðå ôàêòîðèàë- ñîêðàùåííàÿ çàïèñü ïðîèçâåäåíèÿ ÷èñåë îä åäèíè-
öû äî ÷åòûðåõ.    

Êîýôôèöèåíòû ( ) ( )1;1 ,...., 5;1 , 0,1,...,14=k ka a k  îïðåäåëÿþòñÿ èç óðàâíå-

íèé ðåãðåññèè, ðàññ÷èòàííûõ äëÿ ïîëó÷åííûõ ýêñïåðèìåíòàëüíî äàííûõ.  
Ðàññ÷èòàííîå â Maple ðåãðåññèîííîå óðàâíåíèå, îïðåäåëÿþùåå ïðîöåíò 

âûùåëà÷èâàíèÿ èç ðóäû öèíêà ( 1=m ) èìååò âèä (1), ãäå êîýôôèöèåíòû 

( );1 ; 0,1,...14= =k ka a n k  îïðåäåëÿþòñÿ ïî ôîðìóëàì: 

) ( ) 2 3 4
01 ;1 14,37 65,24 54,34 15,087 1,335 ;= + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
12 ;1 19,09 21,31 8,964 1,284 0,046 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
23 ;1 32,42 35,221 16,861 3,164 0,194 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
34 ;1 9,45 30,158 19,5 4,793 0,4 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
45 ;1 7,4 15,984 9,107 2,131 0,178 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n        (3) 

) ( ) 2 3 4
56 ;1 145,1 262,609 154,969 36,916 3,036 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
67 ;1 93,72 170,058 108,155 27,808 2,47 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
78 ;1 96,63 158,414 90,85 21,451 1,775 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
89 ;1 9,99 8,568 12,703 3,873 0,347 ;= − − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
910 ;1 15,31 20,743 9,617 1,667 0,093 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1011 ;1 25,22 46,781 28,385 6,759 0,555 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1112 ;1 30 46,758 22,66 4,327 0,285 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1213 ;1 3,12 0,254 0,145 0,004 0,015 ;= − + ⋅ − ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
1314 ;1 3,4 10,133 7,054 2,007 0,206 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
1415 ;1 20,6 34,46 19,54 4,67 0,4 .= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  
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II.  Àíàëîãè÷íî, èñïîëüçóÿ ðåãðåññèîííûå ìîäåëè âûùåëà÷èâàíèÿ ñâèíöà 
èç ðóäû ( 2=m ), îáúåäèíèì âñå ïÿòü ýòàïîâ âûùåëà÷èâàíèÿ â åäèíóþ ìîäåëü. 
Ïðè ýòîì â îäíó ìîäåëü îáúåäèíÿþòñÿ óðàâíåíèÿ ðåãðåññèé ïî ñâèíöó, ðàñ-
ñ÷èòàííûå íà îñíîâå äàííûõ ýêñïåðèìåíòà ( 1=n ),( 2=n ),( 3=n ),( 4=n ),( 5=n ).  

Íà êàæäîì èç ýòàïîâ ðåãðåññèîííûå ìîäåëè èìåþò âèä: 

( ) 2 2 2
0 1 1 2 2 3 3 4 4 5 1 6 2 7 3

2
8 4 9 1 2 10 1 3 11 1 4 12 2 3 13 2 4 14 3 4

;2

,

ε ε= = + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅
Pb n a a X a X a X a X a X a X a X

a X a X X a X X a X X a X X a X X a X X
   (4) 

ãäå ( );2 ; 0,1,...14; 1,2,...,5.= = =k ka a n k n  

Òàê êàê ìîäåëü (4) ÿâëÿåòñÿ ëèíåéíîé îòíîñèòåëüíî ïàðàìåòðîâ ,ka  òî äëÿ 

íàõîæäåíèÿ åäèíîé ìîäåëè äîñòàòî÷íî íàéòè çíà÷åíèÿ êîýôôèöèåíòîâ ka . 

Ôîðìóëû äëÿ êîýôôèöèåíòîâ ka  ñòðîÿòñÿ ñ ïîìîùüþ èíòåðïîëÿöèîííîãî ïî-

ëèíîìà Ëàãðàíæà [1]: 

( ) ( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( )

2 3 4 5 1 3 4 5
;2 1;2 2;2

4! 3!
1 2 4 5 1 2 3 5

3;2 4;2
2! 2! 3!

1 2 3 4
5;2 .

4!

− − − − − − − −
= − +

− − − − − − − −
+ − +

⋅
− − − −

+

k k k

k k

k

n n n n n n n n
a n a a

n n n n n n n n
a a

n n n n
a

  (5) 

Êîýôôèöèåíòû ( ) ( )1;2 ,...., 5;2 , 0,1,...,14=k ka a k  îïðåäåëÿþòñÿ èç óðàâíå-

íèé ðåãðåññèè, ðàññ÷èòàííûõ äëÿ ýêñïåðèìåíòàëüíûõ äàííûõ.  
Ðàññ÷èòàííîå â Maple ðåãðåññèîííîå óðàâíåíèå, îïðåäåëÿþùåå ïðîöåíò 

âûùåëà÷èâàíèÿ èç ðóäû ñâèíöà ( 2=m ) èìååò âèä (4), ãäå êîýôôèöèåíòû 

( );2 ; 0,1,...14= =k ka a n k  îïðåäåëÿþòñÿ ïî ôîðìóëàì: 

) ( ) 2 3 4
01 ;2 16,23 6,573 10,317 3,608 0,363 ;= + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
12 ;2 16,43 32,076 19,366 4,694 0,394 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
23 ;2 14,3 43,698 30,574 8,218 0,741 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
34 ;2 5,69 15,374 10,889 2,871 0,246 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
45 ;2 14,13 25,653 14,425 3,138 0,235 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n       (6) 

) ( ) 2 3 4
56 ;2 18,74 28,216 14,454 3,039 0,23 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
67 ;2 10,88 25,38 15,283 3,928 0,354 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
78 ;2 21,22 33,975 19,926 4,85 0,409 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
89 ;2 8,46 11,61 5,84 1,285 0,105 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
910 ;2 2,54 1,846 0,292 0,406 0,058 ;= − ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1011 ;2 6,93 15,511 10,048 2,584 0,227 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
1112 ;2 0,16 0,178 0,035 0,063 0,01 ;= − ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1213 ;2 19,75 39,463 24,934 6,198 0,526 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  
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) ( ) 2 3 4
1314 ;2 0,87 1,074 0,104 0,374 0,066 ;= − ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1415 ;2 3,31 8,758 7,08 2,063 0,2 .= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

III. Ðàññìîòðèì òåïåðü ìîäåëü èçâëå÷åíèÿ öèíêà èç õâîñòîâ ( 3=m ), îáúåäè-
íèâ âñå ïÿòü ýòàïîâ âûùåëà÷èâàíèÿ â åäèíóþ ìîäåëü. Ïðè ýòîì â îäíó ìîäåëü 
îáúåäèíÿþòñÿ óðàâíåíèÿ ðåãðåññèé ïî öèíêó, ðàññ÷èòàííûå íà îñíîâå ýêñïå-
ðèìåíòàëüíûõ äàííûõ ( 1=n ), ( 2=n ),( 3=n ), ( 4=n ), ( 5=n ).  

Íà êàæäîì èç ýòàïîâ ðåãðåññèîííûå ìîäåëè èìåþò âèä: 

( ) 2 2 2
0 1 1 2 2 3 3 4 4 5 1 6 2 7 3

2
8 4 9 1 2 10 1 3 11 1 4 12 2 3 13 2 4 14 3 4

;3

,

ε ε= = + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅
Zn n a a X a X a X a X a X a X a X

a X a X X a X X a X X a X X a X X a X X
   (7) 

ãäå ( );3 ; 0,1,...14; 1,2,...,5.= = =k ka a n k n  

Ôîðìóëû äëÿ êîýôôèöèåíòîâ ka  èç (7) ñòðîÿòñÿ ñ ïîìîùüþ èíòåðïîëÿöè-

îííîãî ïîëèíîìà Ëàãðàíæà: 

( ) ( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( )

2 3 4 5 1 3 4 5
;3 1;3 2;3

4! 3!
1 2 4 5 1 2 3 5

3;3 4;3
2! 2! 3!

1 2 3 4
5;3 .

4!

− − − − − − − −
= − +

− − − − − − − −
+ − +

⋅
− − − −

+

k k k

k k

k

n n n n n n n n
a n a a

n n n n n n n n
a a

n n n n
a

  (8) 

Êîýôôèöèåíòû ( ) ( )1;3 ,...., 5;3 , 0,1,...,14=k ka a k  îïðåäåëÿþòñÿ èç óðàâíå-

íèé ðåãðåññèè, ðàññ÷èòàííûõ ïî äàííûì ýêñïåðèìåíòà.  
Ðàññ÷èòàííîå â Maple ðåãðåññèîííîå óðàâíåíèå, îïðåäåëÿþùåå ïðîöåíò 

âûùåëà÷èâàíèÿ èç õâîñòîâ öèíêà ( 3=m ) èìååò âèä (7), ãäå êîýôôèöèåíòû 

( );3 ; 0,1,...14= =k ka a n k  îïðåäåëÿþòñÿ ïî ôîðìóëàì: 

) ( ) 2 3 4
01 ;3 5 71,355 48,278 12,325 1,052 ;= + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
12 ;3 16,91 24,967 19,923 5,623 0,518 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
23 ;3 34,27 16,841 0,51 2,296 0,335 ;= − + ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
34 ;3 18,13 34,635 21,418 5,375 0,463 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
45 ;3 14,03 29,243 18,83 4,618 0,38 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n       (9) 

) ( ) 2 3 4
56 ;3 5,8 41,08 31,394 8,46 0,746 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
67 ;3 108,77 200,766 129,628 33,369 2,927 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
78 ;3 7,01 11,604 5,473 0,921 0,042 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
89 ;3 32,32 50,254 24,593 4,991 0,362 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
910 ;3 10,85 14,354 8,354 2,226 0,216 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1011 ;3 31,58 56,344 28,69 5,701 0,385 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
1112 ;3 17,55 38,028 25,756 6,773 0,604 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
1213 ;3 66,49 131,043 80,419 19,532 1,626 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  
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) ( ) 2 3 4
1314 ;3 54,45 101,179 61,025 14,476 1,18 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
1415 ;3 31,7 67,841 43,441 10,634 0,884 .= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

IV. Ðàññìîòðèì ìîäåëü èçâëå÷åíèÿ ñâèíöà èç õâîñòîâ ( 4=m ), îáúåäèíèâ âñå 
ïÿòü ýòàïîâ âûùåëà÷èâàíèÿ â åäèíóþ ìîäåëü. Ïðè ýòîì â îäíó ìîäåëü îáúåäè-
íÿþòñÿ óðàâíåíèÿ ðåãðåññèé ïî ñâèíöó, ðàññ÷èòàííûå íà îñíîâå ýêñïåðèìåí-
òàëüíî ïîëó÷åííûõ äàííûõ ( 1=n ), ( 2=n ), ( 3=n ), ( 4=n ), ( 5=n ).  

Íà êàæäîì èç ýòàïîâ ðåãðåññèîííûå ìîäåëè èìåþò âèä: 

( ) 2 2 2
0 1 1 2 2 3 3 4 4 5 1 6 2 7 3

2
8 4 9 1 2 10 1 3 11 1 4 12 2 3 13 2 4 14 3 4

;4

,

ε ε= = + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅
Pb n a a X a X a X a X a X a X a X

a X a X X a X X a X X a X X a X X a X X
 (10) 

ãäå ( );4 ; 0,1,...14; 1,2,...,5.= = =k ka a n k n  

Ôîðìóëû äëÿ êîýôôèöèåíòîâ ka  èç (10) ñòðîÿòñÿ ñ ïîìîùüþ èíòåðïîëÿöè-

îííîãî ïîëèíîìà Ëàãðàíæà: 

( ) ( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( ) ( )( )( )( ) ( )

( )( )( )( ) ( )

2 3 4 5 1 3 4 5
;4 1;4 2;4

4! 3!
1 2 4 5 1 2 3 5

3;4 4;4
2! 2! 3!

1 2 3 4
5;4 .

4!

− − − − − − − −
= − +

− − − − − − − −
+ − +

⋅
− − − −

+

k k k

k k

k

n n n n n n n n
a n a a

n n n n n n n n
a a

n n n n
a

(11) 

Êîýôôèöèåíòû ( ) ( )1;4 ,...., 5;4 , 0,1,...,14=k ka a k  îïðåäåëÿþòñÿ èç óðàâíå-

íèé ðåãðåññèè, ðàññ÷èòàííûõ äëÿ ýêñïåðèìåíòàëüíûõ äàííûõ.  
Ðàññ÷èòàííîå â Maple ðåãðåññèîííîå óðàâíåíèå, îïðåäåëÿþùåå ïðîöåíò 

âûùåëà÷èâàíèÿ èç õâîñòîâ öèíêà ( 4=m ) èìååò âèä (10), ãäå êîýôôèöèåíòû 

( );4 ; 0,1,...14= =k ka a n k  îïðåäåëÿþòñÿ ïî ôîðìóëàì: 

) ( ) 2 3 4
01 ;4 183,74 258,448 149,23 34,953 2,86 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
12 ;4 40,85 79,337 49,954 12,548 1,081 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
23 ;4 72,07 96,957 51,878 11,003 0,812 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
34 ;4 49,07 95,311 55,307 12,764 1,018 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
45 ;4 21,09 40,654 23,575 5,361 0,42 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n               (12) 

) ( ) 2 3 4
56 ;4 34,06 56,311 33,306 7,799 0,634 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
67 ;4 37,41 94,224 44,557 7,421 0,368 ;= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n  

) ( ) 2 3 4
78 ;4 35,97 62,643 32,893 6,677 0,458 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
89 ;4 82,06 152,648 85,96 19,232 1,5 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
910 ;4 21,31 48,053 32,33 8,447 0,74 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1011 ;4 27,77 54,923 35,039 8,602 0,716 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1112 ;4 44,3 77,493 42,739 9,357 0,711 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1213 ;4 47,83 91,243 52,812 12,082 0,953 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  
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) ( ) 2 3 4
1314 ;4 22,8 42,927 25,787 6,173 0,513 ;= − + ⋅ − ⋅ + ⋅ − ⋅a n n n n n  

) ( ) 2 3 4
1415 ;4 9,93 14,438 6,803 1,352 0,097 .= − ⋅ + ⋅ − ⋅ + ⋅a n n n n n

 
Íà îñíîâå âûïîëíåííûõ ðàñ÷åòîâ ñòðîèòñÿ óíèâåðñàëüíàÿ ìàòåìàòè÷åñêàÿ 

ìîäåëü èçâëå÷åíèÿ ìåòàëëà èç ðóäû. Òàê êàê äëÿ êàæäîãî çíà÷åíèÿ ïåðåìåííîé 
«m» ðåãðåññèîííàÿ ìîäåëü èìååò îäíó è òó æå ëèíåéíóþ ñòðóêòóðó, òî è óíè-
âåðñàëüíàÿ ìîäåëü èìååò òîò æå âèä: 

( ) 2 2 2
0 1 1 2 2 3 3 4 4 5 1 6 2 7 3

2
8 4 9 1 2 10 1 3 11 1 4 12 2 3 13 2 4 14 3 4

;

,

ε ε= = + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅

n m a a X a X a X a X a X a X a X

a X a X X a X X a X X a X X a X X a X X
  (13) 

çäåñü ( ); ; 0,1,...,14; 1,2,...,5; 1,2,3,4.= = = =k ka a n m k n m  

Êîýôôèöèåíòû ( );=k ka a n m  îïðåäåëÿþòñÿ ÷åðåç ( ) ( );1 , ;2 ,k ka n a n  

( ) ( );3 , ;4k ka n a n   ñ ïîìîùüþ èíòåðïîëÿöèîííîãî ïîëèíîìà Ëàãðàíæà: 

( ) ( )( )( ) ( ) ( )( )( ) ( )

( )( )( ) ( ) ( )( )( ) ( )

2 3 4 1 3 4
; ;1 ;2

3! 2!
1 2 4 1 2 3

;3 ;4 ,
2! 3!

− − − − − −
= − + −

− − − − − −
− +

k k k

k k

m m m m m m
a n m a n a n

m m m m m m
a n a n

   (14) 

ãäå êîýôôèöèåíòû ( ) ( ) ( ) ( );1 , ;2 , ;3 , ;4k k k ka n a n a n a n  îïðåäåëÿþòñÿ ïî ôîð-

ìóëàì (3), (6), (9), (12). 
Èç ôîðìóë (3), (6), (9), (12) ïðè ïîäõîäÿùèõ çíà÷åíèÿõ «n» ìîæåò áûòü ïîëó-

÷åíî êàæäîå èç óðàâíåíèé ðåãðåññèè (îòíîñÿùååñÿ ê ñâîåìó êëàññó), îïèñàííîå 
â òàáëèöàõ. 

Èç ôîðìóë (13, 14) ïðè ñîîòâåòñòâóþùèõ çíà÷åíèÿõ «n» è «m» ìîæåò áûòü 
ïîëó÷åíî ëþáîå óðàâíåíèå ðåãðåññèè, îïèñàííîå â òàáëèöàõ. Òàêèì îáðàçîì, 
óðàâíåíèå (13) ñ êîýôôèöèåíòàìè (14) îïèñûâàåò îáùóþ ìîäåëü èçâëå÷åíèÿ 
ìåòàëëà èç ðóäû. 

Èç ìîäåëåé (13, 14) ìîæíî ïîëó÷àòü ðàçëè÷íûå îñðåäíåííûå ïî íåêîòîðûì 
ïàðàìåòðàì çàâèñèìîñòè, õàðàêòåðèçóþùèå îñòàëüíûå (íå îñðåäíåííûå) ïàðà-
ìåòðû èçâëå÷åíèÿ ìåòàëëîâ. 

Óíèâåðñàëüíàÿ ìîäåëü è ñîñòàâëåííàÿ íà åå îñíîâå ïðîãðàììà ìîäåëèðîâà-
íèÿ ïîçâîëÿåò ìåõàíèçèðîâàòü ðàñ÷åò ïàðàìåòðîâ òåõíîëîãèé, èñïîëüçóþùèõ 
ìåòîäû ìåõàíî-àêòèâàöèè. 

 
ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ 

 

1. Ãîëèê Â.È. Óïðî÷íåíèå ñûðüåâîé áàçû öâåòíîé ìåòàëëóðãèè èçâëå÷åíèåì ìåòàëëîâ èç 
õâîñòîâ îáîãàùåíèÿ. Öâåòíàÿ ìåòàëëóðãèÿ. Ìîñêâà.2010.№12. 

2. Ãîëèê Â.È. Íàó÷íûå îñíîâû èííîâàöèîííûõ òåõíîëîãèé èçâëå÷åíèÿ ìåòàëëîâ èç õâî-
ñòîâ îáîãàùåíèÿ//Öâåòíàÿ ìåòàëëóðãèÿ.2010.№5.  
 

ÊÎÐÎÒÊÎ ÎÁ ÀÂÒÎÐÀÕ  
 

Ãîëèê Âëàäèìèð Èâàíîâè÷ — äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, ÖÃÈ ÂÍÖ ÐÀÍ, ã. Âëà-
äèêàâêàç, 
Èñìàèëîâ Òàõèð Òóðñóíîâè÷ – äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, Ìîñêîâñêèé ãîñóäàð-
ñòâåííûé ãîðíûé óíèâåðñèòåò, Moscow State Mining University, Russia, ud@msmu.ru, 
Ìèöèê Ì.Ô. – êàíäèäàò òåõíè÷åñêèõ íàóê, äîöåíò, ÞÐÃÓÝÑ, ã. Øàõòû. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


