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Optimization of Water and Nitrogen Management for Nitrogen—Reduced
Drip-Irrigated Cotton Fields Based on RZWQM?2 Model
LI Bo"*, WANG Chunxia"*, WANG Sijia"*, YANG Yuefa'*, ZHANG Jingrui"*

(1.College of Water Conservancy and Architectural Engineering ., Shihezi University, Shihezi, Xinjiang 832000, China; 2.Key
Laboratory of Modern Water-Saving Irrigation of Xinjiang Production and Construction Corps, Shihexi, Xinjiang 832000, China)
Abstract: [ Objective] Based on the field experiment data from drip-irrigated cotton fields in northern Xinjiang,
parameters for the RZWQM2 model with high suitability were obtained to explore the optimal nitrogen reduction
and irrigation regimes for stable cotton production with reduced nitrogen. [ Methods] The RZWQM?2 model was
calibrated using the measured data from the field experiment with three irrigation quotas (400, 444, 488 mm) and
four nitrogen application levels (294, 336, 378, 420 kg/hm?*). The calibrated RZWQM2 model was then used to
simulate the yield, water use efficiency, partial factor productivity of nitrogen, and nitrogen fate under the
combinations of ten different irrigation quotas (320, 340, 360, 380, 400, 420, 440, 460, 480, 500 mm) and
eight different nitrogen reduction levels (conventional nitrogen application and reductions of 4%, 8%, 12%,
16%, 20%, 24%, 28%). The optimal water-nitrogen management regime was selected by a comprehensive
evaluation method. [ Results] The simulation accuracy was satisfactory for soil volumetric water content (RMSE
0.012—0.038 cm®/cm®) , nitrate nitrogen content (RMSE 2.486 —7.908 mg/kg) , and yield (RMSE 167 —406 kg/hm?).

The simulation results showed that soil nitrogen mineralization tended to stabilize when the irrigation amount
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was << 360 mm, while nitrogen losses (ammonia volatilization + denitrification + leaching) increased significantly
when the irrigation amount exceeded 360 mm. Nitrogen reduction measures effectively decreased nitrogen losses but led
to a decrease in yield. [ Conclusion] Principal component analysis recommends an optimized scheme of 360 mm
irrigation quota with 8% —12% nitrogen reduction (nitrogen application rate of 369.6— 386.4 kg/hm?). This scheme
can maintain stable yield (4 310 —4 439 kg/hm?) , while balancing water use efficiency [8.74—9.00 kg/(hm?-mm) ]
and partial factor productivity of nitrogen (11.50—11.65 kg/kg) , significantly reducing nitrogen leaching. These
findings provide a theoretical basis and technical reference for sustainable water-nitrogen management in drip-
irrigated cotton fields in arid areas.

Keywords: nitrogen-reduced drip irrigation; RZWQM2 model; water and nitrogen transport patterns; water and

nitrogen management optimization; cotton
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Table 1 Basic soil parameters
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Z:m e ki L %/(g-cm"z) KE/Y% (mgekg ) (mg-kg D xRl
(<<0.002 pm)  (0.05~0.002 pm>  (5~0.05 pm)
0~20 5.84 61.76 32.4 1.53 26.78 37.69 11.11 IR
20~40 9.51 68.27 22.22 1.59 31.23 23.42 7.26 Wb+
40~60 7.36 70.39 22.25 1.67 41.87 7.99 1.91 Kb 4
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Table 2 Cotton irrigation and fertilization scheme
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Fig.1

Temperature and rainfall data from 2022 to 2023
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Table 3 Crop parameters after calibration
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Fig. 2 Variation trends of simulated and measured average soil volumetric water content during cotton growth period under

different treatments in 2023
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Table4 Accuracy of RZWQM?2 model in simulating soil volumetric water content across different soil layers under different
treatments
2 H
£ /em

1% 22 Fa bR PE A NIWI1 N2W1 N3W1 N4W1 N1W2 N2W2 N3W2 N4W2 N1W3 N2W3 N3W3 N4W3

MRE/ % 10.90  4.31 8.01 530 1242  8.55 7.11  4.09 898 9.73 10.00 3.89

0~20 RMSE/(cm’-ecm™)  0.035 0.014 0.023 0.014 0.032 0.027 0.017 0.012 0.023 0.028 0.027 0.014
NRMSE/ % 13.74  5.38 9.14 523 12.88 10.83 7.05 496 9.66 12.07 11.33 4.72
MRE/ % 13.05 3.86 12.53 5.93 9.60  9.05 6.88 3.95 11.91 6.26 10.09 4.12

20~40 RMSE/(cm’>em ?  0.038 0.013 0.035 0.016 0.031 0.027 0.019 0.013 0.030 0.020 0.034 0.012
NRMSE/ % 1498 528 13.82 6.22 1252 11.11 7.96 5.51 13.07 8.70 14.47 542
MRE/ % 11.04 4.94 5.83 6.39 10.21 11.34 10.65 525 6.36 589 523 6.86

40~60 RMSE/(cm’-em™)  0.029 0.012  0.016 0.018 0.027 0.033 0.029 0.014 0.018 0.015 0.014 0.019
NRMSE/ % 12.88  5.46 7.02 7.68 12.36 15.25 13.32 6.59 875 7.14 6.89 9.03
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Fig.3 Variation trends of simulated and measured average soil nitrate nitrogen content during cotton growth period under
different treatments in 2023
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Table 5 Accuracy of RZWQM?2 model in simulating nitrate nitrogen content across different soil layers under different

treatments

E‘:}if REFEIRVE M NIWI1 N2W1 N3W1 N4W1 NIW2 N2W2 N3W2 N4AW2 N1IW3 N2W3 N3W3 N4W3
MRE/% 22.09 20.49 22.38 20.49 19.15 17.59 15.24 20.51 20.88 18.63 22.50 17.52

0~20 RMSE/(mg-kg ") 4.427 4.280 3.881 2.507 3.301 2.990 3.035 4.089 4.689 3.563 4.581 3.261
NRMSE/ % 24.89 25.98 25.59 18.05 17.63 16.29 18.01 26.56 24.52 17.88 24.90 21.20

MRE/ % 13.47 17.57 10.85 16.59 15.18 23.05 13.25 17.74 20.97 28.11 19.61 13.99

20~40 RMSE(mg-kg ") 3.778 4586 2.783 3.464 3.802 5.440 3.368 5.148 5.540 7.405 5.399 3.635
NRMSE/ % 18.59 24.47 16.22 22.27 16.34 22.06 14.90 25.05 22.84 27.37 21.64 17.49

MRE/% 16.99 16.13 10.18 12.66 20.48 20.79 15.50 12.23 19.35 27.35 20.79 15.13

40~60  RMSE/(mg-kg " 5.156  4.075 2.486 2.830 5.469 6.426 4.284 2.884 6.009 7.908 5.434 4.490
NRMSE/ % 20.73 17.31 11.21 13.60 21.00 25.23 17.70 12.58 24.67 28.96 20.84 19.08
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213 MR LI A FTAFFTHELT HH
RZW QM2 #5132 5 1) 7K o3 M B F1 35 o Al e, 45
FET 420 £ S 00 K005 | % AR AE 9 b | AR e R
HEAT B0 o AR AL b b 3528 o R R HLE
SR X B LR 4 RIS LA R LR 6, h K6
ALHL, B AR AR W) i % E 45 R MRE O 8.27 %~
18.94% ,RMSE & 599.00~2 360.00 kg/hm?; # 1£ =
R E 45 R 1 MRE A 3.32%~8.93% , RMSE H
167~406 kg/hm?*, B RLX; T4 46 A W) i B 7 i i A58
PG R Y /), HAR 226808 A RZW QM2 #5284 7]
DL TF A L6, RZW QM2 A5 8 AT LA 47 i B 48 AN [
Aub 3K AR AR A K S

er = SR
Tr — A
z -+
2 1
2 N
m WWT
e
H
=
_I_l
=
> O & S » ) "\/_\ > OH SO
SSSSFSFSEFSS

B4 2023FERFEAETREM EHEYEXNESENE
Fig. 4 Measured and simulated values of aboveground
biomass of cotton under different treatments in 2023

T = Sl =
ok — AR
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=5l
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1,
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5 2023 AEAABTHRESEXNESEUE
Fig. 5 Measured and simulated values of cotton yield under
different treatments in 2023

22 AEEMBEETLIEREZERND

TR AR R W L B AR R AR B R
L NGRS - Wi R R (AN T D=l = -2 (K f A
ROMAMB I, £ 24 F W8 & FlH
RZWQM2 5% A B #5250 A 95 Al H & B it 20
420 kg/hm* T 7 [w] (14 3 7K 52 40, B 22 A 380 mm T
AN T el 607K T 2 A 4 BE SR AR B 4 BT AR K &
ik .

Ro6 WMELWERTEFEMNESINENUESHEE
Table 6 Fitting accuracy of simulated and measured values

of cotton biomass and yield

Pl o b
T e e
WIN4 7.18 290 10.33 881
WIN3 4.07 170 13.59 1274
WINZ 7.46 340 10.25 1026
WINI 7.91 406 18.94 2 360
W2N4 7.09 280 8.27 599
W2N3 4.59 188 14.53 1263
W2N2 6.87 314 13.27 1264
W2N1 3.32 167 16.38 1 804
W3N4 8.93 351 16.04 1067
W3N3 4.62 190 9.08 684
W3N2 8.01 366 13.84 1218
W3N1 4.79 245 9.24 866

221 FAR#FEAZHMHEEEIHEET LA HE
6 RIS [ T K A AT R S R R AR N AR R
FETE 0.048~0.125 kg/hm?. il 7 # 7K 2 55048 i 52 0
AN B AR K B K B, s R D 61.44 %,
AN TR W K E R A T e B B R IR R TR 0.762~
1.326 kg/hm?, Fifi #5 ¥ 7K & & i b o, 009 18]
JRETE o ASTRIVE E 40 T 9 3 Y A b B B AR
T #5176 2.877~10.468 kg/hm?, bt 25 J Ik % & A9 34
e, RS AR R R W E L, R OK E S AT
440 mm BF 3G K0 BE R 2, BE AR R HF 7E 9.726~
10.468 kg/hm?,

FH 11 6 A1, A [R] 8 K 8 T B AU BT AL A
FEAE 113.65~135.67 kg/hm?, B % # K = 0985, &
YA A B 2 TRl /D, 2 B K E <360 mm I, A ik
10 0N I AN e b B 2 REAE 133.59~135.67
kg/hm?; 24 3 /K 52 4 > 360 mm I, Z 0 1k & 6 3 /)N
g B A% R, BE & M\ 360~500 mm + HEH 1k B B A%
14.93% o /S [R)E WE 2 A T 1A F B AR L B8 B
i, 2 K RE R T 360 mm B 35 T ORI B, A
6.65 kg/hm*#4 # 2] 12.02 kg/hm?, B & ¥ 7K & % 1Y
gk S 880, 20 Z B T B0 iR B A B, £ 400~
500 mm K E % F Al ik 21.64~122.12 kg/hm?, i
B K B 0 19 0 B 4 52 e R 1B T 2 TR e A
BRI R EEE A RENTG Y.

222 ARABREKFTEEREEZS ANREBAK
TR RE N e B R RS R B TR
UL 7, BB 7R, BE A i EUK TR R,
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A LT RZW QM2 R A it 00 HE AR TR U 2 AL e 413

FAE R 0.084 2 kg/hm* F [# %] 0.043 1 kg/hm?,
AR MW, B AR B R E LA RS
T, DA [ 2 /0 4 38 2 4% i 400 % o s A Y [ B

3 it R K S B IR T R R R S Bk

S FE (kg -hm™)

R FAE L )Z P RBL (SR LUREI R Y
Bl AL AR, o Bl 2 0 S A A ek b o SR Al
AR R B T A AL iR BB T AR E B A il KT
9 ARG, 4 A ek S 8 T 3, T 9 T e 22 Dl 2 4

()

~ 140 | A =

T

hm

E

iEiEE R (kg
2

--flll;l 7

40t
20
0 L L L 1 Il L L Il
320 340 360 380 400 420 440 460 480 500
B 2 kR

4 : W320,W340 ,W360,W380,W400 . W420 ,W440 ,W460 , W480 , W 500 43 5l & 7% E I 22 451k 320,340,360 ,380.,400 420,440,460 .480
500 mm; N420 ,N403 N386 .N370 N353 N336 . N319.N302 43 % /= 9 & K V-2 420.,403.386.370.353.336.319.302 kg/hm*, Fa],
Ee ARAEREHTIEARIEL. BT . RELERTVHLEERE

Fig.6 Nitrogen ammonia volatilization, fixation, denitrification, mineralization, and leaching amounts in soil layers under

different irrigation quotas

EFEMR/(kg-hm?)

(b)

)

g 0B

L L 1
420 403 38 370 353 336 319 302
Tl F i /(kg -hm™?)

A ik

40 | | | | .
| B B B N
1 | | |

7 ARBEAFTIEERZEER EAENEHUERTHE.BRE

Fig.7 Nitrogen ammonia volatilization, fixation, denitrification, mineralization, and leaching amounts in soil layers under

different nitrogen reduction levels
ik R ORI SR R 2 AL
BN, B R EAMUR B R R WS 5 RN, i b A
JK B A4 O RRH A NS T 1 R 4 QB W Rk 1
AR MNP A G R + A AL+ 38 ) Bl WK 1
M WA K, A 5.62 kg/hm84 Jin %] 132.63 kg/hm?,
ool S, AR Y Bk g P
17.96 kg/hm?Jf /> F] 16.48 kg/hm?,
23 AEEMEETHRBEKEHERL
231 MK FETHEMESH HETRZWQM2
A X6 AN [R) 1 S A A HE 4 T 00 R Y 2%

ET #4784 & 30, AN 7] it 6 /K 7 A [ 9 K o &0 1
) 78 B i ET JE A A W), B L DL it 20 K 7 7
420 kg/hm* T~ AN [RI#E K E &R A1 5 T B9 ET 2246 1%
R A3 BT (R 2~T81 8) o e AIAWS FH 110 28 it A e
G T 0 5 91 09 17 B W320N420 F ,ET K 456.23 mm;
T i A Y 2% 0 B AR A v I E 0 =
W500N420 1 & F , ET & 565.06 mm; 7 ¥ & )
104 E &N 5 F L ET M R 521.45 mm., Bl
FE K A2 A 3G N S O B L TR g LR %
JE BRI BE, FLET i 388 I ig B B R R R B K
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BT ET #9540 fg
700

AR/

600 kT —521.45 mm ——

ZEBUE(ET)/mm

\*] w N w

[ o o (=3

(=) (=) S (=)
T

100 -

320 340 360 380 400 420 440 460 480 500
VEWE € A1/mm
TE BV ET, e 92215 5 19 28 8O- 3948
B8 RERARKETARERENRBALEETHETEL
Fig.8 Variations in ET of cotton fields throughout growth
period under different irrigation quotas at standard
nitrogen application levels

232 AT EAKSH A E(WUE) R EHAE
7 51 (PFP) & 4 3 F RZWQM2 & 8 % B 1 80 4>
ANTRIZK AR 3R B8 S5, X i R AT B4 AT, S I
B4 = WUE K& PFP. f &9 Al T, 76 VE I 22 4
L) NI L R O F S N B R TN
320 mm 34 K F] 400 mm I, H B & &0 T H
M 4 562 kg/hm?3 /i 2] 4 800 kg/hm?, 7= & 34 fifl i F&£

T KR 5210, Bl A W URE BE A B AIG , L 7™ o 18 o xof
T K & 04 e 7 S B R AR, A 826 ~28%6 , 7 B I
K B AE 1.63%~2.00% 5 24 #E /K 52 % 400 mm
BF, 77 g5t 1 AR A B0 3 T 1) T B S AR A i
AT D ok O T X 3 7 ) R AN o

JKHE 4 ) FH 2005 32 ) 48 3 il R R L
SRS Z W R, A % R K A& E T
9 7K 73 F) 80 B R R A 7 S AR s O . Bl
Jiti 8 B B U D K g R R T R Bl
K E 3, K A R AL 3R B G B H , WUE WA
9.99~8.35 kg/(hm? -mm) F [#% % 8.48~6.42 kg/
C(hm? mm), FRE15.1%~19.7 % ; bifi 25 3 0% 72 %5 (1) 14
I, R R A 7 ) S - - AR R B, R K A
<2400 mm I, Il & 28R A9 15 5, H PFP XK 20 1Y
e L7 5 R RR RS OB ME R T ST, B K E B
320 mm #§ & ] 400 mm B , PFP M 10.86 kg/kg 3 £
% 11.43 kg/kg, ¥ B 5.21 % , T 98 2 28 V6 Ak 22
LM 12.61 kg/kg M4 K 2 12.85 kg/kg, # K & & K
1.86% . 41 5 ¥ 7E 400 mm 4b 5 B % K Y PFP,
TE 7K 8 A =400 mm /Y 3 7K 8 #F BN R R R
L E R

O T N 2] ©
P i 128 -M
4600 - g 95 1267
— MIA/N——A—A———AM r‘ﬂ | n B
T 4400_% & 9.0 &“g;
< 4200 'Mw/o\o—o\o,w\o &0 851 =5 W
& Q_Q/«zq/q\qf«w-—q‘—q/q < A 120 -W
‘ b H L
Eﬂ 3800 oo eme—o—o—q E r = H'g
7 10r oat
3600 - = = ol
Jq00b——L L1111 < 6.5 L0 TR N B R | 10:8 T R T R N R RO T
QO O OO QO O D
N AR N A SO R A AR e R L AR A QRO

T E B/mm

EIE 5 A/mm

T E B/mm

—o— WA —o— WEA% —2—IRE8% v A 12% o IHE16% —<— JRE20% —— HE24% —o— HE28%

B9 AEKELETHRESEMKEMAREREN

Fig.9 Variations in cotton yield and water and nitrogen use efficiency under different water and nitrogen treatments

233 MwmuosLAFH HTAMKRE MAL™
T MK R R L U, R SPSS 27.0 B4
W) T2 53 A B AR AR 7R B \WUE K& PFP 345 45 1)
LA S . BRAETMA AR IRZBREBRZE X
bR, AR R B T Z 0, X BB 05 G e A ]
WG . K 3SR BRIEAT 2 B4 4 M R AR, KMO B
FEE P PE R B0 0.693>>0.6, Ui W] X — R 51 B dis il &
TFJ 2o b o i — 25 3 B J2 o RRAEAE B Bt
Tk R I 45, PC1 R AE{ 2.557 i =>1; PC2 F1 PC3 43
S8 0.360 F1 0.083 M i T [, #F A& £ &4 i e
Z PR A R, UL PCL A0 B o H T
i ST IS 0 a0 I T SR R B L PCL 5 i K 4y

A28 3 8 E A5G , 55 %03 b 2B 7 0 588 SR G, LT
A AR A 22 S AR 5 O B A A fe K7
ZEVE TR 1k A FE Lo RS Y i R TS M. PCL
T 78, PC2 KA FHME , PC3IZHAR
A A 77 3 e Rl B R G I PC L™ — 2 I LA

‘@ ( i’% 7'\"%‘?{ 9) o
F7 KMOKKERBHFFHE
Table 7 KMO test and Bartlett's test

KMO HORE 35 171 B2 5 0.693

EL A R AR ER TR B 4G 50 IR T 198.286
H 3
s 0
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x8 IHHOFHMEERRTREKE
Table 8 Principal component eigenvalues and cumulative
contribution rates

A5 (PO WIRKRIEM FEAESH/ % BB/Y%

s 2.557 85.232 85.232
K53 R R 0.360 11.994 97.226
RE A= T 0.083 2.774 100.000

®9 BFEHEEST

Table 9 Factor loading matrix analysis
&b ENE TEH 5
D i A PCl  PC2 PC3 PCl PC2 PC3

[ s 0.944 —0.267 0.194  0.892
KRR 0.864 —0.502 0.023  0.332
AEMET —0959 0190 0.212 —0.672 —0.395  0.626

HEK ORI, AR B R A
b Fe, BCPE B0 E 360 mm by B AT HE I E A . AE
360 mm f# K & & R i WUE & PFP 3
ANFE BR U4 A5 AT 0 R R R L 25 G Ak S T

Wy (2 10D,
£10 EWEHH 360 mm B EZHISHES SN ERER

Table 10 Ranking of comprehensive analysis results for

0.357 —0.278
0.915 —0.229

different indicators under irrigation quota of

360 mm

s o e R

(kg kg™
1 4 4 600 9.33 11.41 1.021 45
2 8 4439 9.00 11.50 0.615 40
3 12 4310 8.74 11.65 0.238 05
4 16 4175 8.47 11.83  —0.171 80
5 20 4 064 8.24 12.10  —0.587 55
6 24 3952 8.02 12.39 —1.02201
7 28 3832 7.77 12.69 —1.47814

WA AV ~120 M SRR E A E D IEE L £
BB DA 4% B A 80 Mg AL & 17
kg/hm?, 7= & [ Ik 3.50%, 7K 4> F F % % B %
3.54 %, AN A 7= J7 34 i 0.08%6 5 Ui &L 8% 48 I AL
1296 1% 55 T 38 i 008 7t o 4 Oy 17 kg/hm?®, 7 &t B
1% 2.91 %% , 7K 43 R FHBCR AR 2.89 %6 , B A A= 7 T3
B 1.30% 5 25 & % BE B AR AL AR L 7E AL 8V~
1296 B9 4 Tt BE 3k B AR ™= &% 2%, BTG | T b ik
TR X B BE AT KR R R e A e A
8% ~12Y% , Wk 52 %1 360 mm A4 FE /K it %0 B, B
G VRSV

F11 mMEKEEFR

Table 11 Optimal irrigation and nitrogen application scheme

A8 T WA 12 T

. W ) . o
B J;frfm WRR/ AR
= (kg-hm ®  (kg-hm 2
1 A0 & 44
D 2
- R 28 27.6 26.4
BEENE 28 41.4 39.6
WIEZEREAE 35 69.0 66.0
A 35 55.2 52.8
R 35 69.0 66.0
TR 1) h
2k A 35 69.0 66.0
4 35 27.6 26.4
A 35 27.6 26.4
25
224
25
At 360 386.4 369.6
R o

3.1 RZWQM2 =B H91E A M 1E 4y

AW 5 F B RZW QM2 455 B A b i B 1 37 7
i HH ) 7K 32 B B0 v e B0 A 3 R AR A7 7
— A RS H] A% A B A AR B K R A AR S 4R
Fr RMSE (0.012~0.038 cm®/cm®) . MRE (4.72% ~
13.74 %) F1 NRMSE(4.72 % ~15.25 YO M e F 2 502
BT R B AR R B . B R A
SEIEIE R L, RZW QM2 5 IR 2 - SR LORS 2 B
EMTRZONEG EGE NS AR 2%
MG, — Wl B S5 RG> w200 KR
KB Z K 5y A AL R BE RN s oy — D, AT
AE 2 A5 B A0) 46 b R K (B B, AR B 78 20 A 0L M
K 4 eI 4y (kb 78

TEA A A LAy I, R AU 2 R 2%, & b B
- RMSE (2.486~7.908 mg/kg) \MRE (10.18 % ~
28.11%) 1 NRMSE(11.12%~28.96%) . Al g 5%
TR RS I B 2R O AR LR s B A Y
W T W BE | 5 40 A ) B A R R AR Ak s B A 2 o
B 55— 7 B R, A G R K
AR S B0 R S0 2 A0 AR R 3 AR AR 25 8] S e, #R T
A5 B A A I MME Y — S22 Mk s, EAER W
S A A R 2 R S D IR S PR AT I AR L I
JEMAE A BT RS EE  RZ WA R A R
T LA 2 i = 3, 20~60 em £ )2 B A
R 2 SRR SRS 55—, Al
fig 2k 22 IV K R D, 3 SR R B W AOR TR
M8 R 2 R R W R " iR &, SE
AERTBARZ LI,
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RAAE 7™ f K b5 i BB 25 5 /R L RMSE
4% 1k 167~406.599.00~2 360.00 kg/hm?, MRE 5
NRMSE Jy 3.32%~8.93% #18.27%~18.94% , 5 &
SCAFUSRIE 5 A S — B, (R R 7 A 0000 A A
PRGN MR ZE . FEIRR RS A s T
R R X, B R D R R R M KA
Ko, HEERWAEY AR R E . W
WEFE & B, RZWMQ2 £ B £ 7K 43 75 e i X 9 A
R R 2. REAFAARE  HIEERE,
F W RZW QM2 #E B AT o] T A 56 2% 14 T 1 7 it
B,
32 EFRZWQM2IEHITERZE@OH

IR ET L2 L HEIE S B KBS K
A BETE R A R R E A O I A
FERE S SRR A TR K S Bl KR
Z B, AT S &K E 2 IEMHEE . AR A,
T 5 A <<360 mm B, ZH Ik B f TR E 5 MK i
3 360 mm, Ak B R I G GO, JE O 320~
360 mm VE Bk 1 A 58 K B T R S AR X R i
3 360 mm T2 3 A2 A TR, TR B 1) DR AEAR
W PRESMET RAEALVE B3 i S A (NOH B L
JE RS E(NO FINLD 1 R Ak B bl R R
R0 o it o I B A BT 2 B, i R R AR
T R FE A A AN A A N R R
TR Z M, S8 L E AR B

BIERMRARARZFTEMBR KGR, THH
SR OY R B T E AR v TR L AR 2 B
Ty 2 &R AR LB 4 B . A B9 v i 2 K
SRR /IS W] RE S T M A G, R ARG NH,
18 T8 B A FH 9802 NHL #8 & k0 o AR BF 58 v, Bl
VE 7K E B 3G N, S % s/ D R AT R O Y U K
WA, RZLEPRREOABH RN, LK
WARIMMAZAB MO RZEAELE. SHTHE
SRR ST A A A ] 0 K R IR AR R L
R Kt 4 4 R B TR] AR UNE S R T R
M85 — B, ADEIE T BE S A 00> B R
L 2 BN R, 5 ORI A e — B
A B b ek /0 il L T DAREAIR R 2 H 0 NH,T-N R
JEE AT 9 A S R I A

A 5% Hh Bt 2 E R A A 0 3G, R A b R
Ay RSN e AR 5 R e g R —
B, MR R, SRS AL TN RE 3K A nosZ 3 P I 1 10
JEE BT TR AR S AR B &R Y B A R, 4
Al s P o DR A B S R A A R A Ak
o AR S b AR B A, A R

il Ak B A WD Y 07 A5 TR g e B v U e
1K nirS 78 56 Ak 40 TR (S5-78 T2 TR 4D = B ok Ik 2% I il
flidi

GARRLMEREELR + M +B),
JK BN 0B e 2R BT O B
3K Bl R, K A3 X I O Y s R R Ok
KR I 360 mm B, A 3K 43 3 B8 M I I 5 AR A
A AR R TE S N5 A RO R (S PN U]
B 5, AR BE K 45 7 R PR e 1) R S
Vol 2R R RE R AR U o, E 0N 55 T K A I

AW 5% RE 5 B T RO A AL e =
FET ) 3k 6 19 L2 36 HIF 5 S 0 B S 7, 5 Bk o 4
SRS o B R AT SRR S R M DA 4 T R R R R R
TR E it fE . 5 S0 TRAL BB 5 [ )3 55
gh 4 P AR A DL T o b e R % VA R R
11 00 BE 77 o
33 BASGHTETHEREKRTERL

5 S B ALL 2 B B AE 7K 43 ) BCR (WUED Bifi
JK A ARG i R, R WD AR K s AR AR G
VR A A 400 mum I 7 i R R 2B 7 1 (PFP) ik 14
B, e AR, o R K S BRI
I PFP T R0 EZHLEN W S 2 A A B A S 72
JE 35 43 9k O, I 55 - SR AR Ty 5 I AR &R 4L, BR il K
3 W5 15 R AL G BRI 5 808 e A PR T
PR B AR i A R RO A R S Mg PR
PE T, DA 7RG U RS BE T B — b A A K AL
i, (A A B 5% S8 B T A AT TR ASE TR Xk i R I
1) A5 HDLAF 7 Jmy PR S5 B AR Ml A= 7 v g i 1 4 9
MR R Y B3R R 4 2 R BT R ¥k 58 4 TE A
AT A R R HEMEEN. S5RKBRES
BT R X8l 52 %, B 5 360 mm Sy S5 A0 I 5 40, JOF At
W 320~400 mm 1 B HE K X [H] .

Pl I e B SR it U R R S O
KRR BCR AL, B A BEA R SRS
e R e & EE R (ERTE 2SN A Al I -
B AE 25 A A IR 26 FL i s 280 2k 326 0, 1 A1 2L
ZA TR S U K R A A B IO BIL R, 1 iR AR A X R R
WO BT U o BT R S A VR & WUE Al
PFP, #7360 mm ¥ %0 F I A 8% ~12% . AWF
FEERGEREFE R R 5.

4 % e

D RZW QM 2 £5 7 X6f A< 324 56 1) 7K 43 B e F1 A 4
M Bt L4, AR R B3R 4F, Bk b
RZW QM 2 #5175 AR BIF 5 b X A9 38 7 4k 4 4, T LA
T AU S5 Ik VR A P R ARLARE Y
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2) AR B I AL K i =360 mm B 35K W]
M 6.65 kg/hm2 34 3] 12.02 kg/hm?, b % #E 7K & 41 1)
Ak BN, R F S T 10 A W . A i A] ok
122.12 kg/hm*. A R # fk & 75 # /K £ <360 mm K}
#aka, Hoa 1k & 4E 55 7 133.59~135.67 kg/hm?, # i
Jo B 2, R Al AR 14.93 00 A SR &
(AR + RS+ 3 ) BEE K & 3% 2 83 F7t+
A Horh J AR A LD o B I E AR RS
L A 4 e 38 L TEE K E R T 440 mm
FERE R MR AR 5% AR RRTE 9.726~10.468 kg/hm?;
ol 8 Ak BT A A R B A R i R AR, R I 3 Bl
A H AR

3 F I RZW QM 2 B U A5 4LLAN [ 114 38 7K ek 01
SOMIE R E B R 7 R KSR SR (WUE)
KRAFE WA T T3 (PEPYEG PR o 45 Hh S5 0 0 9
Jite A 52 R < 98 AL 8 %0 ~12% (386~370 kg/hm?) , i
W% 7 %1 360 mm, HEK EIHH 7 d.
5% i
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