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x= (x(1),%(2), mx(n)),  x(k)> 0 k= 12 - n,

A(k)=12(k)= x(k= 11 (k= 23, - n) x k ;0 (k)= x(k-
1)/(x(k)) x ;8 (k)=11- 0(k)I s Do(k) = V(8&(k))
: a(k) € (&Y &MYy oML, 1)
: & (k) -
(K
§.(k) = i—((@l
1.2 GM(1, 1)
1 {u S(x) (04 ©) L f(x)> 0o (x)-f(x)< 0.
n ( xi ¢xj,1<i,j<n),
flon) - 20 (1)
i;;‘(xi) _in
{xz} , 1< <n, Xi <xn,
[f(x)]'_ of (x)— f(x)
X = x2 < 0,
f(x)/x
Flxn)/xn SF(xi) /i, V1 <i S,
xif (xn) Sxnf(xi), V1<i <n.
xi f(%i)
f () < Xn _ (2)
a2
n s X ¢Xj,1<i,j <. , , (D)
1 : , .
1 {x} S(x)> Of (x)< 0,x € (0, + o). y= f(x)

)

F(x)= of (x)-f(x). F(x)=o (x)<0 F(x) (0 + o

F(0)=-f(0)< 0,F(x)< 0,x € (0,+ o0). 1
yi = f(xi),9i  GM(1,1) , Ri= L) )
yi— yi= f(x) - f(%:) = [ (& (xi— &i), (3)
, & xR .
(a 1 (5l<1
(b 1 (gl=1

(9 1f(gI>1
1 1
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2 {x} f(x) (0 + ) S(x)> 0. 1< (x)< f(x)/x
Foos ufi<o v fix) { , -
1.3 / / |
< £ (x) < f(x)/x, Flx)> of (x). f(x)= of (x)+ 9x),
?(x) > 0. f(x)
F (= Lak= Sl
fix) = x{C— [t dx] ¢
e L m= L f(U=a
f(x)= x[a— L Et%ldt] .
f(x) , Plx)
®x)> 0 f (x) = a- ﬁft%idt- Ex@% 1,
[ 1213] 1 .
y=bx+ ¢ (b>1,¢> 0) 2,
(i) b
3,6 ; b
a(b) = ”yn, _ ?xn,+ c
i b,Z“"' nc
gg;: : = > 0
b [b‘Zi-l— H(JZ
g b booob=1
(i) c

{x(k) RED);

y(k)= bx(k)+ c(k).

§ (k) y .
Av(k) L y(k)— y(k-= 1)1
Sk = 5 = y(k) =
blax(k)= x(k=1)1 _ bA(k)
bo(k) + c(k) = bu(k)+ c(k)
bk
e(h)= g~ (k).
5(k) &
c(k)= L‘xg(_kl— bx (k).
c¢ = max (k)= mad bA(R)/ e e (k)}, y(h)= b(k)+ ¢

y €.
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1.4

x(0 - (x(O)(l)’x(O)(z)’ _..’x‘(o)(n)).

2 2

(FAGO) : XM= AGOX Y,
XY= (V)2 2), xV(n)),

k
AUk = DxVi), k=12 - n.
i=1
deV7de+ ax' = b,
,a , b

W= (a, b)'= (B'B)'B"Y,,

Y, = (x(o)(Z),x(O)B), .‘3x(0)(n))T.
- 0.5xY2)+ V(1) 1
g | O 5(xV(3)+ 'V (2)) 1

~ 05" (n)+ x"V(n-1) 1
(4),

V()= CE ba.
= LC= («"(1)- b/a)e,
2V = () = Wa)e Vs b

sy =" ( 1-AGO)

V0= 2V - 2V )= (1= e« (1) - ba)e .

?

GM(], 1) 13 ”»

L1, GM(1,1)

, 51dM,

(4)
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t/d 3 6 9 12 15 18
a/ (%) 19.08 39.92 52.02 61.11 67.27 71. 87
t/d 21 24 27 30 33 36
a/(%) 75.80 71.54 78. 9% 80.03 81.03 81. 85

t/d 39 P 45 43 51
a/ (%) 82.69 83.36 83. 87 84.48 85. 04
2 2
. 10 (
30 d) GM(1,1) ; 33d
, GM(1, 1) \ 54 d \
, 1 , GM( 1, 1) , 1
2 2
€= 0.035, 2
y = 3x/2+ 833.263,
GM(1,1)
OV (k+ 1) = 153 825.25¢" "7 _ 152 963. 37
0 0.005 9( k- 1)
7%(k) = 904. 896 9¢* ¥V
2.
2
y y r R/ (%)
861.883 0 861.883 0 0 0
893. 1430 910.303 4 - 17.160 4 1.92
911.293 0 915.726 3 - 4433 3 0.49
R4. 280 N1.1815 3.746 5 0.41
934. 168 0 926.669 1 7498 9 0.80
H1.068 0 932.1895 8.878 5 0.94
H6.963 0 937.742 17 9.220 3 0.97
H9.5730 H3.3290 6.244 0 0.66
951.703 0 HM8.948 6 274 4 0.29
953.308 0 954.601 7 - 1.293 7 0.14
3
/(%) &/ (%) r R/ (%)
19.® 19.080 0 0 0
39.9 41.360 3 - 1.440 0 3.61
52. 02 54.9755 - 2955 5.68
61.11 58.612 3 2.497 17 4.09
67.27 62.2707 4.99 3 7.43
71.87 65.9510 59190 8.24
75. 80 69.653 1 6.146 9 8.11
77. 4 73.3773 4.162 7 5.37
78. % 77. 1237 1.836 3 2.33
80. 03 80.892 5 - 08625 1.08
, 0.277 0; 0.75% , 99.25% ,
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, 30d , 3
, GM(1,1) ,
FAGO .
2V (k+ 1)= 10 892 747 %~ 10 811. 707,
2V (k) = 81.39¢* %7V
4.
4 3d 51d
x/ (%) /(%) r R/ (%)
81. 03 81. 0300 0 0
81. 85 81.977 - 01477 0.18
82. 82.6116 0.078 4 0.09
83. 36 83. 230 2 0.129 8 0.16
83. 87 83.8533 0.016 7 0.02
84.48 84.4812 - 0.001 2 0
85. 04 85. 1137 - 00737 0.09
, 0.064 1; 8. 982 1E- 002, 99.911% .
54 d " " 33d " R 57d
) 5.
5
i/d /(%) M A
54 85.771 1 2(V(k) = 81. 3900750k 1 c=0.0641,p = 991
57 86. 360 1 £O(k) = 8. 11540721 c=0.042p=99%
1.
3
1) , GM(1,1) .
— S ’
2) y= bx+ ¢ ,
, GM(1,1)
3

010 20 30 40 50 €0
B HBfE 1/d
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Research on the Prediction of Leaching Rate in Heap Leaching

Process by the Grey Dynamic Model GDM(1, 1)

LU Jin zhi', WU A xiang’
(1. College of Information Technology, Shanghai Fisheries University,
Shan ghai 200090, P.R. China;

2.School of Civil and Environment Engineering, University of Science and
Technology Beijing, Beijing 100083, P .R. China)

Abstract: The method of developing GM(1, 1) model is extended on the basis of grey system theory.

Some conditions of the transfer function, which not only improve the smooth degree of original data
sequence but also decrease the revert error, were given. The grey dynamic model was first combined
with the transfer function to predict the leaching rate in heap leaching process. The results show that
high accuracy of prediction can be expeded by the method used. This provides a new approach to re-
alize the prediction and control of the future behavior of leaching kinetics.

Key words: leaching rate; prediction;, grey theory; dynamic model



