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Abstract

There are many factors affecting the production cost of surface mine, and the influence factors of
each step are different. This paper mainly discusses the relationship between the unit consump-
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tion of explosives and the cost of the four main steps including perforation, blasting, shovel load-
ing and secondary blasting, and the mathematical relationship between each step is established
according to the quadratic polynomial curve model. Firstly, the local summation method is used to
deduce the mathematical expression of parameters of the quadratic polynomial curve model. Se-
condly, the actual data are preprocessed to obtain the unit cost of perforation, the unit cost of
blasting, the unit cost of shovel loading and the unit cost of secondary blasting. Finally, with the
help of numerical calculation software programming, the analytical expression of the quadratic
polynomial curve model in each step is constructed and the corresponding numerical results are
solved, respectively, and then the optimal unit consumption cost value in each step is given.
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BUCH ML R FE RS it PR B AR LA W BT T WL PR ] it 5 ZE S IR — AL Rl A
PRRG, RS R RRBUL TRE R R 57 I RAE NI L TREA R A E 34, XRE”
AV R R A 2 R R E R RS JCHRRT TN R k. B KRR TR AR MR R IR LA
A, KA B R SRR E TS BT R R . AEXA AR S AR R AT A TR R S N
fLo B B ORBRE . S R AE I . AR 2 Y AR A R R L A P A O T, TR
LT R A ROS AL FRARAE P A . DRI, R R I AE P AN HEAT B A S B I i B EE N E
Mo

FER B 2 78 B 73 M B L R L A7 BRASHEAT 1 0 A, WA IR R SRR T
ELBGSE IR, AT BE BERL 2 & B R A 7o DL WIAE N (2] AT A7 ik 6 e M 0 2 F) 58 ER A 0T
W5 LA X AR HORAT LU 20, JFRIIEZG RE . JiRPigk. FLIREE. HMFLAoAT BB NS 2 K
BEATIAL, BUE T AEEIRCR . EEIEBIERM BIER D WHEX T H A A AT 20 M, I AR S M
Wi 7R TR A S AR R o P e AaKsE [4 1R K G ORIk 73 A I ik 0 A 1 S Ll A 7 oA 1) 22
IR AIRER ZR . A PSR B R 2014 4R35 1. 26 2 FIEE 3 FRJE A Ia AT B et i 70
Bl WAL AL F R B SR IS AT T 00 R R B A A 7 AN (K 1 EE A 3R, NI L 4l
BRARAE P AR R B ALt 4t 1 B A B BRI . A0, AR S PR e £ — Ik 22 Tl e 7Y )
P A 5o g0, B, 573, “UORBEX A EEIRATHIRA SRR, Ifar h R AR,

FEGEF A [6] [T1VA LI TR PP 2 73 i Ob (8T 4R 2, W SR WF Fe AT 51 (A 5 Bt 2 I 1) ) e g 2 3
Y P AR E R B BB AR E B R B A A tE AR th, AR a3 05 RE, Bl —Rr 200 2 i, ok
XL R BEAT 2R o G R TR B SR A B B I 8] 4R O SR AR AR S, T AR
FE AL K, HIRMBHRLT RGP A, W G imLih s, k=
TG iR IR @SR AP R, WA D& =k 2 N 2B Bl R & A
W 2 AP, MG b 2 I 2B
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BET SERREUE O BARE, A SOR k% T 2 A 51N B Fe RA LA AR A eh, € Akt
DB FFLEFERA . BOLRFERCA . 53 AR AR T ORI BB A AR LV S T . A0S DA BIF
FOSCHRA LR, EZ TARRBIE R AN : 1) £ E Ik 2 NI AR R EOT T, R 1 RAR
AT LN /D 3Rk . XS HORIED R B RN BR B S MIEL. 2) 1
PRI RIE G, A T R U AR BRI, TR i L A 7 AR A 1 5 AL
FBHEUAE -

ARG BAR LT 55 2 1R RN xRk 2 N e R ) S RO AT SR, R4
MBS HRARIEN 5 3 RN R A 5 FLIRARRA . FRASC R B L 572 B e SRS — O
FERASN BARRI A, AL T2 B IR B 2R, IR ARSI AG E2n T el i AR A U . 26
4G T AR

2. RS HZARE
AR B8 U R AR SR R SRR, R4 th I BUM S M MoE ik
2.1. HHEARB S HEAE

HISCRR[6] [7] [8]7T %A, IR 2 T i e R ) — I W
y(t)=at’ +bt+c (1)

Hra#0. RTBMSE a,b,c PTHITNER BN = mEMSTIER/AN P IEESE, MR
PASH GORLFNSCHERI6] [7] [8]. TEX ., R RHRAA AT LA H IR Z W TS5 a,b, ¢ HIEL

WIREHEE ZKE RN n WIE 5T 5 Y=(y(1),y(2),---,y(n)) o o H T B TR AR O
(y(l),y(Z),---,y(nl)) ; ﬂ%?fﬁ%ﬂ‘]ﬁﬁﬁ‘ﬁﬁﬁ(}/(% +1),y(n, +2),---,y(n)) o H, R TR [A]
Fea oy RS 3 M, FAAREBEEG m=n /3 5. WRIEEHBE y (k) K 3 ANEERESAKE S5
a,b,c o BARNy: WIFIEHHE 3 MRS G0N S,,S,, S, ME W N RKRA

S= > y(t).i=123 )

t=(i-1)m+1

FERIEAQ)P 04 i FHRERN 1, 2, 3, TRA
S, = iy(t) = f:(at2 +bt+c)
=1 =

2m® +3m® +m m> +m
=a +b +cm,
6 2

2m 2m
S, = Z y(t)= Z (at2 +bt+c)
t=m+1 k=m+1 (4)

14m* +9m”> +m 3m* +m
=a 6 +b 3 +cm,

3)

S, = 3Zm: y(1)= % (at2+bt+c)

t=2m+1 k=2m+1 (5)

38m’ +15m* +m 5m* +m
a ) +b 3 +cm.
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W, AW =8, -S,i=12, GEREXQG)~SEH,

12m* +6m*  2m?

w=S,-§=a 5 +b 5 :a(2m3+m2)+bm2, (6)
24m’® +6m* | 2m’ s )
W,=8,-8,=a +b =a(4m +m )+bm . @)
6 2
HRIEA6)M(7), 152
W, -w,
a=—22m3 L. (8)

BRIEXRGVRANFKIENX(6), BESH b HEKIERXN

b:Wl—a(2nz¢3+m2). ©

m

b, RRIEAGMOARERC)HFE S ¢ REAN
oS 2w dmel m]

m 6 2

2, ZxkEDAMEHEMPSHEACEEE], RGN =k 2 Wi h S A% 8 B v] 45 21 4H B2
MR ECERIE S, BT AT S §(r), 0 =12, n UM
2.2. HHEARBYAYH B VT

FERT ZE FLERFERUAS . BRI FRFE A . 572 R FE A A ORI PR AFE OV ST, 45 PP 2
R SRR B MRS B LSRN Fe b, Ho B AR R R T A S SRR ZBE . P2
DAy 2 it 2R A ARG B2 PR A o
o 4 iR ZE(APE)

(10)

APE(t):MXIOO%,t=1,2,---,n (11)
(1)
o JJ7HRIR Z(RMSPE)
_ 1 r y(t)—j/(l) ZX o
RMSPE—\/r_lJrl;( ) 100% (13)

K =1,r = n FoRIGEEBIRE, 10N RMSPEg, [ =n, +1,7 = n FRIZEIARZE, iIE8 RMSPE,
l= 1,V =n i%ﬂ?ﬁ/ﬂx%)é E(Ji%%’ iﬂy\j RMSPEtota1°
o “PHYLNTH 53 H iR 2 (MAPE)
- t)—-y(t
MApE - L (0)-3()]
r—I1+1 =1 y(l)

3. ZREMAHMERBARXT WE~RAPHINA

AT BB R TR SEbn s, I 2 A A AL BEAG 2R T A B AR, AR 1.
X1 BB, AR Rk 2 T LA T 0 ) BEAT S AR, SRS 2 B i) L A A R X T 1Y
TR, JFE LA bR AR R A0 AR PR (E

x100% (12)
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Table 1. Statistical table of production cost of surface mine

= 1. 7 WLWFFRIE R AT RS TR

FE 24 B FE (kg/M) 2F FL(76/MH) 1R (/) BB/ IR (/)
1 0.117 121 1.43 2.08 0.26
2 0.128 137 1.55 1.91 0.22
3 0.129 1.47 1.61 1.88 0.26
4 0.131 1.59 1.63 1.98 0.23
5 0.133 1.51 1.58 1.85 0.21
6 0.136 1.52 1.70 1.83 0.19
7 0.145 1.56 1.78 1.68 0.21
8 0.146 1.58 1.80 1.67 0.22
9 0.147 1.59 1.81 1.76 0.24
10 0.148 1.63 1.84 1.88 0.20
11 0.153 1.73 1.92 1.84 0.21
12 0.159 1.74 1.94 1.72 0.22
13 0.168 1.85 2.18 2.17 0.28

(a) ZIRZ TN i SRR 7 2 FL B FE LA O B
B, & EEAT R A TR = LIRS R, B

Y =(y(1),5(2),»(13))
= (10.3419,10.703 1,12.1705,12.1374,11.3534,11.1765,10.7586,
10.8219,10.8163,11.0135,11.3072,10.9434,11.01 19)

BRARIEAT 13 AN Hde, WRIEEE 2 WRELRHE S 2 3 MM R AT @R ik, BGET 12 DU
AR, A
S, =10.3419+10.7031+12.1705+12.1374 = 45.3529,

S, =11.3534+11.1765+10.7586+10.8219 = 44.1104, (14)
S, =10.8163+11.0135+11.3072+10.9434 = 44.0804.

T, A RITRE WA W, B EARE Y

W =S, —S, =44.1104—45.3529 = —1.2425, s)
W, =S, -8, = 44.0804 — 44.1104 = —0.0300.
FEAH R B ARN IR (8)~(10)43 3]
a=0.0095,
b=-0.1629, (16)
c=11.6745.
W, ZkZ AR A
() =0.00957 —0.1629¢ +11.6745, (17)
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JiFR(LT) RIS ik 2 i i SR AR A0 28 FL R AT & (R ek iRl 2. i s #R, W AT SRR B A AL
HE, HTE MR SR RAE, BAARGRI TR 2 ME 1. WSS R AT CUE B 5 RR ZE 5N
5.0985%, 1.3224%H14.9122%, ~FIJ4a0IH 73 LR 25 il 3.8069%, 1.3224%F1 3.6158%. H.45 R#(4E
W, UL IR 2 I 20t 5 LR R EAE A R L . 320, il Q) ME 1 TR
F, EMRmEILRFERA N 10.9740 S0/ T 5.

Table 2. Calculation results of the unit cost of perforation by the quadratic polynomial curve model

2. RSTA LSRN ST AR AR B AR

5 FLRFERACT T ) TR IR R APE (%)
1 10.3419 11.5210 11.4018
2 10.7031 11.3865 6.3852
3 12.1705 11.2710 —7.3912
4 12.1374 11.1744 —7.9343
5 11.3534 11.0967 —2.2607
6 11.1765 11.0380 —1.2389
7 10.7586 10.9982 2.2272
8 10.8219 10.9774 1.4369
9 10.8163 10.9755 1.4721
10 11.0135 10.9926 —0.1897
11 11.3072 11.0286 —2.4634
12 10.9434 11.0836 1.2813
13 11.0119 11.1575 1.3224

RMSPEqim, (%) 5.0985 MAPEm, (%) 3.8069
RMSPEeq (%) 1.3224 MAPE preq (%) 1.3224
RMSPE;a (%) 49122 MAPE 1 (%) 3.6158
1.6
\
150
__ 114
=
iy \
B 113 \
® kS
& Y
¥ 1.2 .
# .
~ . 10.9740
R 1.1 . J
\\ /‘ 7’
\\s //
1 \\-__ y 7
N A
10.9 * :
4 6 8 10 12
5
Figure 1. The plot of the unit cost of perforation by the quadratic
polynomial curve model
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(b) ZIRZ IR M AR LR R A AR R A T Y B
B, BRI BRI EAR: BBCRERAR = BBEL R, 153
Y =((1),(2),,»(13))
= (12.2222,12.1094,12.4806, 12.4427,11.8797,12.5000,12.2759,
12.3288,12.3129,12.4324,12.5490,12.2013,12.9762)

UEARIEAT 13 N, IRAESS 2 WROBLEHE S 75 2 3 A SN B T @, Dt BT 12 M
HEAT AR, LT V2 AL SRR A A S AR A B — R Tk A ik Xk
¥(£)=0.00617 —0.0719¢ +12.4477, (18)

JrFE(18)RI A ik 2 Tl 2 th B A 2R o] ol B R AR UL A R R B R A e @ e A, IR B S A
8, FEAITF SR AFE A, 455 N2 3 RN 2. M54l B a] DLE B3 5 R 240 BN 1.5907%,
3.3196%K1 1.7842%, “FI4axt E 4 LR 273 5N 1.3634%, 3.3196%A1 1.5139%. 4k BARAEH 1)/, B
A 0k 2 T3 2 2 o R R IR A B LA AR U o 325, I FEQ8) AN 2 WA R, BT
FRE FE A 12.2361 J0/T 58

Table 3. Calculation results of the unit cost of blasting by the quadratic polynomial curve model

% 3. SRS TR BRI R SR AN R

75 PR B FE AR T/ T 70) kT AR APE (%)
1 12.2222 12.3819 1.3063
2 12.1094 12.3283 1.8080

3 12.4806 12.2870 ~1.5517

4 12.4427 12.2578 ~1.4862

5 11.8797 12.2409 3.0406

6 12.5000 12.2362 -2.1103

7 12.2759 12.2437 ~0.2617

8 12.3288 12.2635 ~0.5296

9 12.3129 12.2954 ~0.1421

10 12.4324 12.3396 ~0.7467

11 12.5490 12.3960 ~1.2194

12 12.2013 12.4646 2.1584

13 12.9762 12.5454 -3.3196
RMSPEq, (%) 1.5907 MAPE i, (%) 1.3634
RMSPEjeq (%) 33196 MAPE, .. (%) 3.3196
RMSPE 0 (%) 1.7842 MAPE i (%) 1.5139

(0) ZRZ A il SARTLAE G4 B AR AR A o (0 S
B, WA BT R A PR = PRIEL R, 53

Y =(y(1),»(2),»(13))
= (17.7778,14.9219,14.5736,15.1 145,13.9098,13.4559,11.5862,
11.4384,1 1.9728,12.7027,12.0261,10.8176,12.9167)
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Figure 2. The plot of the unit cost of blasting by the quadratic poly-
nomial curve model

B 2. RSB HZ AR B R R A A B LS B

BEACIEA 13 ANEE, RAEEE 2 WIS HE S 7R 2 3 OB B T . Dk, BXRT 12 AN
BEAT AL, RO IHS L. R FE A B TH SR RE A 31 — 0k 2 T il 2 B ) ik a0

»(¢)=0.0713¢* —=1.39161 +18.5411,

(19)

JiFR(19) RIS — ¥k 2 Tt i SR A A0 4725 FURE A 1L & (R ek iRl 2. Jd i B 7 #2 R DAV SRR B A5 A AL
HE, HTE RN SFERAE, BAARGR TR 4 fE 3. WIS 4R AT IR B 5 RR ZE 20N
5.9335%, 3.2200%AH1 5.7702%, ~F-IJ4a%IH 73 LR 25 N 5.1983%, 3.2200%F1 5.0461%. H.45 F 50 1]
TR T R A R AR BRI A 1 LR G . 2, B TR RE 3 AR, mrE
B HFERAN 11.7515 76/,

Table 4. Calculation results of the unit cost of shovel loading by the quadratic polynomial curve model

4. IRSWMAHMSRBN TR BFRRANHELER

75 B AR AR (T T 38) TR AT LR APE (%)
1 17.7778 17.2208 -3.1328
2 14.9219 16.0432 7.5145
3 14.5736 15.0081 2.9813
4 15.1145 14.1157 —6.6085
5 13.9098 13.3658 -3.9106
6 13.4559 12.7586 ~5.1822
7 11.5862 12.2939 6.1083
8 11.4384 11.9719 4.6645
9 11.9728 11.7925 -1.5062
10 12.7027 11.7556 ~7.4557
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Continued
11 12.0261 11.8614 -1.3699
12 10.8176 12.1098 11.9450
13 12.9167 12.5007 —3.2200
RMSPEim, (%) 5.9335 MAPE i, (%) 5.1983
RMSPE yreq (%) 3.2200 MAPE 4 (%) 3.2200
RMSPE, 1 (%) 5.7702 MAPE 1 (%) 5.0461
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Figure 3. The plot of the unit cost of shovel loading by the quadratic

polynomial curve model

s

B 3. ZRZIMA SR B 2R SRR AU A BT

(d) ZXRB I M RARRTE — IR B BRE RRA I B FH

B, AR EEEAT R A I ORI RO = ORI 2GR, 153

Y =(y(1),»(2),-»(13))

= (2.2222,1.7188,2.0155,1.7557,1.5789,1.3971,1.4483,

1.5068,1.6327,1.3514,1.3725,1.3836,1.6667)

BEARICA 13 AN HdE, ARPESS 2 WROEIRHE S 7 2 3 M BT . ik, HURT 12 D EdE
BEATEENE, RN RSl B, 5758 SR A (K T SO REAS 21— U 2 T i e 2 R s 0

y(£)=0.0124 —0.22317+2.3927,

(20)

J7 FR(20)RIA — k2 1 2 th SRR 0 — B B A UL () iR B 10l e U7 R, AT RATE SR R A
ANEAE, TR R RRE R AE, BRI TE 5 FIE 40 IWTHESE R T LUE B3 7R 253
BN 8.1325%, 4.5063%F1 7.9127%, ~FIJ4aX] H 43 LR 25 N 6.5053%, 4.5063%F1 6.3516%. 455
Wi I R 2 T 2ot — ORI SR AR B S AR LB R 28, B TR 20) A 4 AT RLH B
B, R IR SRR RA N 1.3908 T/ T b .
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Table 5. Calculation results of the unit cost of secondary blasting by the quadratic polynomial curve model

5. RSB AR RIRT R IRR RFEM AT EER

T RN RFERSA T/ T IE) /€2 wan 2 APE (%)
1 2.2222 2.1820 —1.8106
2 1.7188 1.9961 16.1386
3 2.0155 1.8351 —8.9497
4 1.7557 1.6990 —3.2331
5 1.5789 1.5876 0.5507
6 1.3971 1.5012 7.4523
7 1.4483 1.4395 -0.6027
8 1.5068 1.4028 —6.9072
9 1.6327 1.3908 -14.8113
10 1.3514 1.4037 3.8774
11 1.3725 1.4415 5.0241
12 1.3836 1.5041 8.7062
13 1.6667 1.5916 —4.5063

RMSPEqn, (%) 8.1325 MAPEm, (%) 6.5053
RMSPE yeq (%) 4.5063 MAPEeq (%) 45063
RMSPE o1 (%) 7.9127 MAPE, 11 (%) 63516
2.3
22- y
\‘
\;
21 %
—~ A3
B o2 N ]
T+ N,
B 19 Y
s \‘\
= 18 AN
¥ ",
N,
% 1.7 ‘\.\
L .
2 16 N 1.3908 ;
’1\] \‘s ‘
15 o o
14 el 1 .........
13 ! ! 1 1
2 4 6 8 10 12
5

Figure 4. The plot of the unit cost of secondary blasting by the qua-
dratic polynomial curve model

B 4. 2RI AR RN R RAK S R A AN O E B

4, ERIE
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