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Effect of particle size ratio, fertilizer application amount, and seeding rate
combinations coal gangue matrix properties in restoration of a mining area

MA Li-li', JIANG Fu-zhen’, MA Yu-shou', QI Kai-bin’, JTIA Shun-bin’, LI Zheng-peng®
1. Academy of Animal and Veterinary Sciences, Qinghai University, Xining 810016, China; 2. Academy of Agriculture and Forestry
Sciences, Qinghai University, Xining 810016, China; 3. Qinghai Province Grassland Station, Xining 810016, China

Abstract: Coal gangue, a solid waste produced from mining activities, has a poor physical structure, making the
nutrients it contains inaccessible to plants. Therefore, improving the matrix properties of coal gangue is crucial in the
ecological restoration of mining areas. This study utilized an L,(3*) orthogonal design to investigate the combined
effects of: (A) coal gangue particle size ratio<<7 mm (0%, 25% or 50% ), (B) organic fertilizer application amount
(15+7.5, 30+15 0or 45 m*+ha '+22. 5 t-ha 'sheep manure+commercial organic fertilizer), (C) slow-release urea
application amount (30, 60 or 90 kg-ha '), and (D) seeding rate (60, 120, or 180 kg+ha '), on above-ground
vegetation and soil nutrients. The optimal improvement model was selected using TOPSIS multivariate analysis.
The findings revealed that over time, the above-ground biomass and soil nutrient levels decreased across different
treatments. Specifically, soil organic matter, total nitrogen, total phosphorus, available nitrogen, available

phosphorus, and available potassium decreased significantly, while total potassium showed a notable increase.

Wi B < 2024-05-22; 2k [B] H #: 2024-07-15
FATE < FE R E S I RIIE (2021 YFC3201605) flF 44 SR BR24 3 4 F 4RI H (2023-72J-987Q) W Bl .
PEF A - SRR (1994 — ), &, H RO FE eI 1 o E-mail: 18997076162@163. com

* il {5 /E# Corresponding author. E-mail: lipengzheng131@163. com



72 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 3

Range analysis indicated that the application rate of slow-release urea and seeding rate were critical for above-ground
biomass, whereas the particle size ratio<{7 mm and organic fertilizer amount were key factors for soil nutrient
content. A comprehensive TOPSIS analysis based on above-ground biomass and soil fertility indicators identified the
T, (AB,C,D,) treatment as the most effective, comprising 0% of coal gangue with a particle size ratio<{7 mm, 30
m’-ha ' of sheep manure+15 t-ha™' of commercial organic fertilizer, 60 kg+ha 'of sustained-release urea, and a

—1

seeding rate of 120 kg+ha '. The results of this study offer valuable insights for ecological restoration in the Muli
mining area.

Key words: coal gangue; substrate improvement; above-ground biomass; soil nutrients; comprehensive evaluation
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Fig. 1 Location map of sampling points and test plots

XN, HD HN1.HX HB HN2 GL.YS 73 54K G 7107 I AT 965 s A N T8 P 52 3 R S 19 YR M I B B3R N L 2 g R 11 T M 2Rk
JECE B v M ARG A AN o BT AR G IR S AR o IR 5 i GS(2019) 333 5 bk ofE b BT A L IS B B 68 2. The map depicts Xining City
(XN), Haidong City (HD), Hainan Tibetan Autonomous Prefecture (HN1), Haixi Mongolian Tibetan Autonomous Prefecture (HX) , Haibei Tibetan
Autonomous Prefecture (HB), Huangnan Tibetan Autonomous Prefecture (HN2), Goluo Tibetan Autonomous Prefecture (GL), and Yushu Tibetan
Autonomous Prefecture (YS). Based on the standard map service GS (2019) 333 website of the Ministry of Natural Resources Standard Map Service,

with no modifications to the base map boundary.
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x®1 EXKE
Table 1 The orthogonal tests
fib B <7 mm AR5 A HUIE it 8 (S AR 3+ 1 AT ALIE ) 7R PR e JT) £ Eiiis

Treatment Proportion of particle size ~ Amount of organic fertilizer applied (sheep manure—+ Amount of slow-release Seeding rate

less than 7 mm (A, % )  commercial organic fertilizer) (B, m*hm “+t-hm °) urea applied (C, kg-hm *) (D, kg-hm %)

T,(AB,C,D,) 0(A) 15+7.5(B)) 30(C,) 60(D,)
T,(A,B,C,D,) 0(A,) 30-+15(B,) 60(C,) 120(D,)
T,(A,B,C.D,) 0(A) 45+4-22.5(B,) 90(C,) 180(D,)
T,(A,B,C,D,) 25(A,) 15+7.5(B)) 60(C,) 180(D,)
T,(A,B,C.D,) 25(A,) 30+15(B,) 90(C,) 60(D,)
T,(A,B,C,D,) 25(A,) 45422 5(B,) 30(Cy) 120(D,)
T,(AB,C.,D,) 50(A,) 15+7.5(B,) 90(C,) 120(D,)
T,(AB,C,D,) 50(A,) 30+15(B,) 30(C,) 180(D,)
To(AB,C,D)) 50(A,) 45422, 5(B,) 60(C,) 60(D,)

E: 7E<<7 mm B2 i LR R T, A KSR BT A7 35 BT KT 7 mm CRERT A1 L JFORLAR 3G ) 5 A, ZKSF R BT A1 25T 2500 /T 7 mm, HAR 7590 KT 7
mm BT A L B R RS ) s A K T RERF A 285 50 %6 /T 7 mm, A 5026 KT 7 mm CUERF A7 2 BRI AR 380/ ) o

Note: Under the factor of <<7 mm particle size, all the gangue matrix at A, level is larger than 7 mm (particle size of the gangue matrix increases) ; 25%
of the gangue matrix at A, level is smaller than 7 mm, and the remaining 75% is larger than 7 mm (initial state of the gangue matrix) ; 50% of the gangue

matrix at A, level is smaller than 7 mm, and the remaining 50% is larger than 7 mm (particle size of the gangue matrix decreases).

F2 KA ERENEGNEMNERLZER

Table 2 Basic chemical property of coal gangue, sheep manure and organic fertilizer

WH 4% Total 4 Total 424 Total B A Avail-  HAEE Avail-  #HEH Available A HLJ Soil
Items nitrogen phosphorus  potassium  able nitrogen  able phospho- potassium organic mat-

(g-kg™) (g-kg ™) (g-kg™) (mg-kg ") rus (mg-kg ") (mg-kg ") ter (g-kg )

JEAT A Coal gangue 1.5 0.7 27.3 12.4 7.8 189. 2 127.8

M #€ Sheep manure 11.1 3.7 13.0 — — — 400. 8

T i A ALIE Commercial organic fertilizer 23.1 12.3 16. 7 — — — 354.7
IFI="> fw,

i=1

A o ML TR AR B o 2R TG bR B SRR AH , w, o 56 i R AR A (B P B (TR AU T

1.0 =0,
SE=00140.9(x —2)/(2,—21) T <<z
0.1 <

Ao, O —FE bR R KA o R e —F8 b d/ME L o BRI E M . AR 7 0L 3 57 43 48 AR & 1 7E — 5 ¥
PO g AT R T AR R O A R Y R D) S o AN AT SR P R SR S B R

R A 2R FH 053 3 0, % 25 VRN F bR 2R AT R 2 104 T8 A 0 2 DR O 22 o S DR O 2 BRI 4 R TR
DL T8 bR 0~1. 0 Z [A] i A B (i o
1.3.3 TOPSISZAFM s trit & TOPSIS £ 4 WA i 2 A8 3 — A 5 1 B 46 46 B v 4% Bt 7 R i 4
05 58 (43 S R S A 1o 5 R0 45 ) B8R ) L SR 40 BT 55t PE A X 2 5 SR e D R e 4 O S IRI (W BE 8 AR5 0Tt
XF G 5 g 0 5 28 00 AR R 0 R B, L AR S TN O 45 BRI o AE X O B e B PP AR O SRR I T IR A O
e A B R A T

C,=D,/(D/+D;)
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18 J1 Excel 2021 X % 48 7E 47 4 BLAI KL AR G5 11, 6 1] SPSS 27. 04T 2 £ 7 B0 2 F R A K i B
%5 (Duncan, P<<0. 05 i {2 3 , P<<0. O1 B} 4 {2 3 ) , il SPSSAU #47 TOPSIS ik 4347 , i ] Origin 2021 fE &,

2 #REHH
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2021 1 2023 4[] ) 1 1 A= 4 A8 AL C i 3 22 5% (P>>0. 05) , Horp B W AE IR B934 i, T, . T, . T, T, T,
ToF T A B 8N R &GS T, 8 TR EIH S, AR B A YR A 2021 4 22 %8 W3 78 T4
PR B, 700,19 gom %, 1E T AL PR A%, 4 478. 73 g-m 252023 4F T ACFE b [ A=Wyt B 3% KT T Ab 3, N
639.5g-m “, AL T T AL BRIGIN T 46.35% , HofAb BRAH (R i3t FAE Y B EH 2R (K 2a) . WESHER
(3),7E 2021 4F 4N E X M | A= W RS2 i A2 8 o C>D>B > AL 18 2023 4F 4 R E 0 3 b AR Wy e i AR i
D>C>A>B, BRKE 500 b A= Yy 5 5 0% PR 3R 2 92 R R 3R it ) R o (F b - 2R ) o 32 4% T 3R 1 5
M AN 25 (P=>0.05) o 43 A1 AN 1) R 28K b b A 9 4k 28 A6 A 1E 38 3800 46 % B (&L 2b) A3 T IR A IR &R
B, N2 C A ZE D AR ih 28 280 R 3 K . 2021 4F #b b A= 9 it i (K 22 C A 388 hnn g 388 i, 8 Co/K S F 15 31 e
KLOEHED T DK Tk B, 2023 4 # A= 4 it Bl B 28 C AP 2R D iy 38 in i S5 38 in J5 B IS, 76 C,F1 D, K
R A B R K.
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Fig. 2 The effects of different treatments and factor level on above-ground biomass

a WAL BT AR Y AR AL, b O IE RSO M2k . A RR<TT mmokiAR 5 L, BARERA WU A, C AR 2R IR Rt 4, DARRAE 2, A VAL FI
A MRE<T mm B AE 7 LR R KF B, B, 1 B, AR A HLILHE 4 R R AR RIKCF 5 C) Cy R Co AR 2 8 IR i H 4k R R T IR TR K- 5
D, D, 1 D, R F S R TR KT ANE/NE TR R — 4y A 6] 4 BB A6 0.05 K F 225 8.3, FIA.  ais the change of aboveground
biomass under different treatments, b is the orthogonal effect curve. A represents the proportion of <<7 mm particle size, B represents the amount of
organic fertilizer applied, C represents the amount of slow-release urea applied, and D represents the seeding rate. Different levels of the factor of <<7 mm
particle size are denoted as A;, A,, and A,, while different levels of organic fertilizer applied are denoted as B,, B,, and B, and different levels of slow-
release urea applied are denoted as C,, C,, and C,. Similarly, different levels of sowing amount are denoted as D, D,, and D,. Lowercase letters are

used to indicate significant differences among treatments in the same year at the 0.05 level, the same below.
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Table 3 Range analysis of above-ground biomass

11 2021 2023
Parameter A B C D A B C D
K, 574. 56 544. 35 526. 10 573. 41 522.16 524.08 471.47 472.62
K, 572.17 600. 27 532. 90 525.10 495. 88 508. 05 568. 09 573.27
K, 567.15 569. 25 654. 89 615. 37 513.98 499. 89 492.46 486.13
R 7.41 55.92 128.79 90. 27 26.28 24.18 96. 63 100. 65
P NS NS NS NS NS NS NS NS

o Ky RRIZFE R TKE TR KR w2 T K 2093408, K 22R 1% 2 T K 3 09 F- B, R 3878 1% 3 45 /KT 2Z 8] KA 5 i /IME
22 NSERIZR R MARE, TR,

Note: K, represents the average value of level 1 under this factor, K, represents the average value of level 2 under this factor, K, represents the average
value of level 3 under the factor. R represents the difference between the maximum value and the minimum value among each level of the factor. NS

represents that the influence of the factor is not significant, the same below.

2.2 BEEIL GEIEEALEN TR TLER SO A

it 5 3 0 4 B A 38 i, AN TR A B 2023 AR A AL 4 R A A AL RO R S 1 A B AT 2021
AR (P<0.001) , 17 481 & &t 1 25 & T 2021 4F (P<<0. 05) . 2021 4F N [FI b3 T + 3524 & 100 35 M 25 5 (B
) A SR EAMLL, I BRE T HERE ST R (BRI ). 202345 R ABA LT A 28
SRRSO DA B R R A A B 25 R (P<0.05) . Hoh  TAAMAFHIE MRS REEST T, T, T A
T oAb FHZH A 4 Wl 1 o 0 v T T, T A B4 20 e 280 R S A5l 2 o 43 0] 3 T T RN T Ty T, TR Ty Ak 38
AL S i B T T TR T AR B (813) . ek, 2023 4545 B 5 A 42 B 5 o 249 B A T 00 46 1
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2200 2 SFPBRIA] Annual P<0.001
1 8
=
éé/g 150
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e g I
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E S0t
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g 2 = \ 2 30|
=7, 6} g a =2 g o=
= 27 SE 2} E & 25}
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& ) [ 2 r
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Fig.3 Effects of different treatments on soil nutrient content
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e 25 53 B R B (32 4) 16 2021 4F A P PRV R XA HLIE & 2 19 5% ) K/NR B C>D>B> A 4 2 A & B 1952 0
K/NEKI N A>D>C>B, R A& B2 K/NRI Ry A= C>D>B, % 28 & & 152 K/NR Ly B>A>
D>, i i 207 2 (52 I RN R B A>>D>C > B, % #R08E & 2 52 0 K /NR BN A>C>D>B, G s a4
FEISE R K/ NR I A>C>B>D o 3k U6 76 7R Y AR A AL 2 G R R i R RS T A AL 4
B LR 2R R LA R S R B R 2 <7 mm R AR LAY RS R o 2023 4F XA AL A B A R IR KN R B
B>A>C>D, WMARSEHMEIA/NER N B>ASD>CL, W2 & /I K /NEH I B>D>A>C, %4
B AR R /NS 2021 SRR — 2L, BRI B>ASDC L, W B A S B I RN RIS B>C>A>D,
Xof S A R SE I RN R I B> C > A D, A sUCR B i RS KN RN B>AS>D>Co i Ul B 6 5
34T SR O R B A A PRt A = A (R 4) .

x4 TEAVNRMERFDHRESHF

Table 4 Range analysis of soil organic matter and available nutrients

£t i1 2021 2023
Index Parameter A B C D A B C D
A HLIT K, 136.18 134.40 134.50 131.36 85.48 81.19 88.49 87. 64
Organic matter K, 134.74 133.79 130. 24 134.89 89. 46 89. 90 86. 50 89. 47
(g-kg ")
£ K, 138.12 140. 85 144.29 142.79 89.15 93.00 89. 11 86.99
R 3.38 7.05 14. 06 11.43 3.97 11.81 2.61 2.48
E A K, 4.38 4.78 4.82 4.54 1.95 1.71 2.06 2. 14
Total nitrogen K, 4.78 4.63 4.59 4.90 2.30 2.25 2.12 2.16
(g-kg ")
K, 5.22 4.96 4.96 4.93 2.10 2.39 2.17 2.05
R 0.84 0.33 0.37 0.38 0.35 0.68 0.11 0.12
Es K, 1.78 1.93 1.89 1.91 1.35 1.22 1.32 1.28
Total phosphorus K, 1.90 1.93 1.88 1.89 1.38 1.35 1.37 141
(g-kg ")
K, 2.08 1.89 1.98 1.95 1.32 1.48 1.35 1.36
R 0.30 0.04 0.10 0.06 0.06 0.26 0.05 0.13
Bl K, 23.27 23.05 22.84 23.48 24.69 25.01 24.17 24.50
Total potassium K, 23.37 23.48 23.05 22. 84 23.47 23.77 24.09 24.29
(g-kg™ ")
£ K, 22.52 22.62 23.27 22.84 24.28 23.66 24.18 23.65
R 0.85 0.86 0.43 0.64 1.22 1.34 0.10 0.85
Bl A A K, 186. 44 206. 33 202. 89 220. 89 52.89 45.22 50. 67 57.22
Available nitrogen K, 202. 33 213. 11 207. 11 190. 22 56. 44 62. 44 60. 44 54. 56
(mg-kg™") -
K, 240. 11 209. 44 218. 89 217.78 57.00 58. 67 55. 22 54.56
R 53.67 6.78 16.00 30. 67 4.11 17.22 9.78 2.67
QT K, 31.14 42.18 42.56 42.57 15.13 10. 96 13.51 15.00
Available phosphorus K, 47.98 42.58 35. 90 46. 66 14.31 16. 39 15. 96 13.82
(mg-kg ") _
K, 49.66 44.02 50. 32 39.56 13.76 15. 86 13.73 14.38
R 18.51 1.84 14.42 7.10 1.38 5.43 2.44 1.18
] K, 510.22 573. 67 570. 00 569. 44 225. 44 206. 00 223.56 235.33
Available potassium K, 552.78 559. 00 538. 89 549. 22 227. 33 238. 89 231. 67 223. 67
(mg-kg™") -
K, 615.33 545. 67 569. 44 559. 67 237.22 245.11 234.78 231.00
R 105. 11 28.00 31.11 20.22 11.78 39. 11 11.22 11.67
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o3 i RN i AR AE B IR R T AR B d K P A LB A A DL RGH O P A B KSR B B
I R WAEAE B, KF N Sy, T4 B U AE B KPR e o BRI TT 220 45 R (38 5) , [N A 35 2 2021 4F 19 34
KWk, LR B IR 3 50 2023 4F 1 57 43 3% i (P<<0. 05) (BR 8 4h) i B R C A 2R D XS 138 57 53 1Y 52 0 AN
BF.
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Fig. 4 Effect curre of soil nutrient content under different factors

R5 ARAERTLERSERNTESN

Table 5 Variance analysis of different factors on soil nutrient indicators

AE ES AU 2 e il it A R R
Year Factor Organic  Total Total Total po- Available  Available  Available

matter nitrogen phosphorus tassium  nitrogen phosphorus potassium

2021 <7 mm #5425 L Proportion of particle size less than 7 mm (A) NS NS NS NS NS * NS
A MU H i Amount of organic fertilizer applied (B) NS NS NS NS NS NS NS
D2 B R it FH i Amount of slow-release urea applied (C) NS NS NS NS NS NS NS
% it Seeding rate (D) NS NS NS NS NS NS NS
2023 <7 mm $i4% (5 It Proportion of particle size less than 7 mm (A) NS NS NS NS NS NS NS
A MLAIEE FH 3 Amount of organic fertilizer applied (B) * ok ok NS * * ok
D¢ R R it FH i Amount of slow-release urea applied (C) NS NS NS NS NS NS NS
#& Seeding rate (D) NS NS NS NS NS NS NS

*: P<<0.05; **: P<<0.01.
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2.3 MAFBARARBEXMKL

ABIESE LA B0 56 3 4F 3 5740 45 RAE O T IR TR LR G PF M 0 S0P EE R I IR AL 2 A e 4
BB AR OB U 7 A8 AR AE R R IR A SR A VRN I SR T, SR R L R SRR B ek O B SR R R A
HER S it B A E M (R 6) )55 LI R 28 S (IFD . 45 &M, 76 T 0B N IFI & &,
J90. 8215, Hotk by T ALEE Wi 8 T ACH R IFTHAK, M 0. 2411(R 7)o X FIAZ TR T, Ab BB K5 BT A 38 5
JE T3 AR -

®6 TERSIERNERE

Table 6 The weight value of soil nutrient index

Jib 3 A o ol AR S LRV A AL
Treatment Total Total Total Available Available Available Organic
nitrogen phosphorus potassium nitrogen phosphorus potassium matter

AL Weight 0.1798 0.1263 0. 1227 0. 1458 0.1317 0. 1510 0.1527

£7 FEALEATEEHEETH

Table 7 Comprehensive evaluation of soil nutrients in different treatment groups

b 38 o 4 S WA B e Y T LT
Treatment Total Total Total Available Available Available Organic Integrated fertility
nitrogen phosphorus potassium nitrogen phosphorus potassium matter index (IFT)

T, 1.52 1.12 25.93 39.67 11.40 200. 33 78.71 0.2411
T, 2.14 1.44 24.40 64.00 18.10 229.67 87.26 0. 6989
T, 2.21 1.49 23.74 55.00 15.90 246.33 90.48 0. 6856
T, 1.82 1.27 23.77 50. 33 12.40 206. 00 80.04 0. 3295
T 2.52 1.32 23.48 65.00 16. 23 246.33 92.01 0.7388
T, 2.56 1.54 23.16 54.00 14. 30 229.67 96. 32 0.7091
T, 1.79 1.25 25.32 45.67 9.07 211.67 84.83 0.3632
Ty 2.11 1.30 23.44 58.33 14.83 240. 67 90. 44 0. 5953
T, 2.40 1.40 24.09 67.00 17.37 259.33 92.20 0.8215

HE— 2 L 2023 4F #_F AR Wy iR SRR I 35 BUVE 8 TOPSIS 25440 B BIPE M 35 45 20 Hr & B (6 8) , T, Ab B AR
Xof T fe iy, M 0. 8765, Hk Ol T A BRAL AR X 42T By 0. 6176, X R MITELR & % 8 L3N S RO UL K B4
A KRB, IR T, (A B,C,D,) A B R <<7 mm i 42 7 He o O, 45 HILIE jt FH 2 Ry 2 A 3% 30 m®-hm *+ 3 & A 4L
JIE 15 t-hm 2, 25 B bR 25t 1] 40 60 kg-hm 2, #% 5 K 120 kg-hm *I 25 S WOCR R U % 4 S 1E P e T3
MIRTHE T, AT AR R B R A 2R A R T i AR i i BUR
3 iFit

BERT A VE Ry SR 105 20 7= 26 1 B B 3590 WU IS R, 0k R i 4 22 TR A e R B D TS R A
REBERL Y BB A ORI B, S 1 LR A T 10006 2 R T 8 A K 0 S b 2R 1, T AT R A % R T ek R
TAf o 3B A AT A R R it T R TR R A IR S K AR R R A KRR T A AESIKENER ., BF
TfF 9 3¢ W 76 BEAT A 38 0 e R 0 Bt v, BSOS JRERT A R0 AT HILIE AP P e DA R A e ) 4 i R R X A B P
REBE Y A R A i kA T R AR AR AR SE AR TR ORI AR I L A HLIE A i R R IR R
Jih FH 2 DA B 285 A 4% o Xt B O 5 T R M R A K R B R, 20 AR X R 56 R B 1R R 5 — 4R
(2021 4F) % AL 3R 4t 1A= i 25 S AN 0 35 (AR 25 IS0 AR BR A 384 i, T, 5 T AL B4 17 ) & A 2023 48 22 57 3
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(P<C0.05), HAHLL T 2021 4F , 2023 4F i M At &8 REALETOPSISHETFMHER
ﬁﬁﬁl‘%ﬂfﬁo AT A 2 R o I 25 3 B AF PR By B4, - 4 Table 8 Comprehensive evaluation results of TOPSIS for
. o . different treatment
B F 4 6 BT W AR A 2R 4 S AT R LT M “‘M% —
b TERAR 1 FAR FF 422 30 i ¥
S He A PANY, PR ; al L s
2 PRS2 R A A B 2 G ) R B O i Treat-  Distance of posi-  Distance of nega- Relative Rank

SRR, X LR ﬁ fic 25 #b | %B ﬁ A7/ II% ment  tive ideal solution  tive ideal solution  proximity
IR0 B2 ST A 1 2021 47 4 A4S B 3 XT s 1 2 0 o0 (&)

Wy K N E BN C (B R R 6 &) >D T, 0.9333 0. 0866 0.0849 9
(#% 4) =>B (A HUIL ) > A (<7 mm K42 4 H) . 1908 -0z e
TE 2023 4F 4/ R 2 %0 Hi I 75 40 k5% 0 K B 25 T 06831 0. 4573 0-4163 %
jjD(%i)>C(?§*§ﬁ(?ﬁ@Fﬁ%)>A(<7mmﬁﬁé T, 0. 6404 0.4277 0.4004 7
5 1) = B A HLAR G P ) | 35 2 7 28 T B 22 it ik 0 B 0118 0020 o0 0
. R . ‘ T, 0.5219 0.5702 0.5221 3

A kB R 2 ) e G PR 22 TE SO h 4
T, 0. 5460 0. 5556 0.5044 4

M AR T E A(<7 mmok A2 5 ORI Z BCH
B Tg 0.7799 0.3791 0.3271 8

HUBE 3 1), D22 C (8 B IR 220 J ) Y 22 D3R ,

T 0.4386 0.7084 0.6176 2

©

St ) 1 AT i 2 A kI RE K, 3K R RE R PR R 28 R IR
R RSy 8 NE AR SL I A, B SR oy B AR
HEIWR S 35 43 IR 2B 0 AT o AT, SRR it A 88 ), T DAY /> — S A g Ak 2 R B X 3 43 B0 1 52, A 4
o NE LA S8, G2 0 M 138 40 AR R T 47 B R R e T R P R R — R 9 RN B A [
A BALT T X A R BT AR AR /N IR S e A R R T R O A W5 R R R AR A
0~8 mm i B A A, b b A Bl A R B A AR Y b R BB 2 /N T 7 mim MR AR AR B A B 0 b b A g
AT R, 2021 F1 2023 4 AR W EEATE A CRLAR<<7 mm (5 16 026) K P F e o

PR A7 ok R Fe 2 B B I 1 KO DU P A K s o 3R 40 AT EUL IR B+ A T K7 R A
WEFE M T AT A o Rt AR - A L A A A T R R A L B R AR A AR AR O A R R
B, ZE U0 56 14F (2021 4F ) 4% A 3 I S A5l S0 1+ 5637 00 & B 2 RT3 M 22 55 (0 S 0 IR (B AH LG L B 4 B0
AN AR T B AR B A 3G, 5 b B R R 4 BR A AN R SR 0 AE 2023 AR B W 2 S (P
0.05) , X F B G ol GBS i T 2021 4F 3 50 /6 3 TR 20 ad B 7= A O BB HLIR 22 Fr S 8000 . 2023 4F B &AL &0 A HL
JoT Bl i 2R O LA B OB A R T 2021 4F (P<20. 01) , M4 81 % &8 40 1 & & T 2021 42 (P<<0. 05) ,
X5 KRS AT A R B 5k R AR kY S PN AT BE R AR B A AR EAT AT L JR AN P38 it AT fi]
HERE T AR 04 AR B Oy 22 AF AR AR, LS SR 7 AR K B v 2 T O AR R i 3R 4 DR AR A5G v R
Gy BRI R S 20 RIS AT 25 A A R B AR I IR B 1 AR (2021 4F ) , S 0 A LT A G B
f1hy PR 3% 2 2 6 DR 3% it P 6, o ) D DR T B R R DR B P S, M e B A S S o T R R SR T e R e
A BT B 43 iR T 2 e A LG 2 B R A AL AL AU Al A R IR O B E R <7 mm
RLAR G b, A O A L A R A e RS <7 mm kAR & R 2 B T X S
IR 25 A — B 3 3 B RO AT AR AR 1 /NG i 3 B8 3% 40 1 58 5 AT, JRERT A (R R AR B/ | H 3
TET R, IR A T it A B b i 7R oy S R 2 PRI A 34E (2023 4F ) , ik 3 R e+ B TR Ay i
F18) X Bl PR 2R A HILE it ) o, 3K T B R O A MUAE AR il A+ 38 5, 75 B 0 5 B W 40 A G A S8 L T Ak it 7R
A R A ) R WSO P o ATk A ae AR T RE T A TRD A v ) R ) B S BT T A, i
FEAb 237048, Rt A HLIE AE A T35 T BB 2 — B R (Y e ) o 58 X — i BR . GAh RO A L3 A
HUAE & 4 fife AR DR JCAE 280 #4104 B 100 ) 6 55 76 4 0 A= 4 SRR DR C , 23 52 e A BILAE 19 & #°  %F BEAS ) I
FOKF T L850 & AR Ak B9 1E S RO 48 & B (1B 4) , M4 T 2021 4F , 45 T3 T 2023 4F - 18 37 43 1 5400 h 2%
WAV R EAE TR A I A B A B0 A P R 4 W R B ks T AR E L Y R A Ik B — S AR B
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SE [ 7K B, AR b i B 23 0/

AR g BT R 2 A AR (TP D) R & 00 R AE + A Jy &, PRtk , WF 5% v o 325 5 A8 ) 4 BOPF vk ok it Ak
TR T % AR AR g A Ak O~ 1 22 A BB BB O T 1, R R K 2
TKOF AR A SN AN [R50 A A - A AL A L A A B O AL KO EURCE S B A L
AR S8 BT e AR R B, T,(ALB,C,D) A B Y TFT f% /&5, 4 0. 8215, T T, 4b B IFTHRAK , 4 0. 2411, X £ W
28 TR PRI <<7 mm K42 &7 F o 502 , A MUAEHE FH & O FF A€ 45 m*-hm *+ Ry s A HLIC 22,5 t-hm*, 2R JR R it
4 60 kg-hm ™, #& &8 4 60 kg-hm "2 KB 5 B9 AF A ZE AR Rt . i — 2 A Ay = m+5EAE 5
R GEA TR, 4 TOPSIS oM Ja , E#E S AE 4L & 8 T,(AB,C,D,) Kb B, B <<7 mm 4748 (5 e ok 0, 47 HILAL Jiti FH it
R FEMFE 30 m*hm RS APUIE 15 ¢-hm *, 228 R i H & o 60 kg-hm *, # & 5 120 kg-hm *. b HEE6HS
vl FsF S B3R o 2 K AN - AT ) A

4 it

ARSIV T ASRDRLAR G e A HUIE ft P B 22 88 IR 387 FH 3k DA B3 b i iR 5 A 3R A A BE T b b AR W it
RSy Fr B AR ARG, 3 3 TOPSIS £ A WA 431 0 i Hh e AR B b . 75 DL R 4538 .

AN TR) Ak B Ml A= ) ek 0 R A3 B A 0 A B A 1S i e b, 0 R A AL A A A A G L
BT LA R A58 B e A S T A P o O R W 2 0 b 5 R B R 2 R R 2 it P A R R 5 1) b
AR R OCHE R FR <7 mm R AR (ORISR R R it R R ) 2021 AF 3SR 4y B i OG8RI  A HLAE it
FHE R 2023 4F TG S i QN &R . HIELGE G A (IFD 45, T,(A,B,C.D) Ab Y TF T £ 5 , N
0.8215, 254 BAEY & 3R T35 AR EAT TOPSIS £ 4 /0 Mg i T,(AB,C.D,) 4 H BT <<7 mm B 4% &5 el
0, A HUAE it A B o 2E AR 2 30 m®hm - B fb A HLAE 15 t-hm *, 28 B¢ JR 25 it A & 4 60 kg-hm *, #& £}y 120 kg-
hm B 28 A R R e o A A RPN B R AR D (U RTHR R, T AR R AR R A A K
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