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Abstract: Reservoir impoundment-induced valley contraction deformation poses a significant threat to the overall safety of dams,
making the prediction of valley width deformation crucial for dam safety management. This study focuses on the valley deformation
characteristics of the Xiluodu Hydropower Station and proposes a physics-guided intelligent prediction model to conduct valley
deformation forecasting. Based on the analysis of valley deformation patterns, a statistical regression physics-based model (STPM)
is developed to quantify the displacement components contributed by individual triggering factors to valley deformation. Building
upon this foundation, a machine learning prediction framework (STPM-GRA-LSTM-RF) integrating grey relational analysis (GRA),
long short-term memory networks (LSTM), and random forest algorithms (RF) is constructed with displacement components as
inputs, incorporating uncertainty analysis in valley deformation prediction. Key findings include: (1) The valley deformation at
Xiluodu is primarily caused by viscoelastic deformation, viscoplastic deformation, and effective stress-induced deformation,
contributing 67.71%, 29.75%, and 2.51%, respectively, to the total displacement; (2) Compared with the STPM, LSTM, SVM, and
XGBoost models, the proposed STPM-GRA-LSTM-RF model delivers higher predictive accuracy, moreover, by incorporating the
physico-mechanical mechanisms of valley deformation, it significantly enhances the reliability of the predictions. This research
provides valuable insights for deformation prediction and safety control of high reservoir slopes in analogous projects.
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Fig.1 Aerial view of Xiluodu Reservoir (from Google Earth)
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Fig.4 Monitoring curves of valley deformation and reservoir
water level at Xiluodu Reservoir
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Fig.6 Displacement-time curve of the measuring line VD3
under different reservoir water conditions
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Table 1 Calculation results of model parameters in statistical
regression physical model
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Fig.12 Calculation results of grey correlation degree
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Table 3 Comparison of point prediction evaluation metrics

ML MAE MSE RMSE  MAPE R2

VDl.  0.99 1.49 1.22 2.24% 0.99
VDl,  2.01 6.35 1.49 5.22% 0.97
VDI, 292 14.25 3.78 6.81% 0.94
VDla 143 3.89 1.97 4.83% 0.98
VDI,  2.02 6.24 2.50 6.57% 0.97
VvDld  2.02 6.24 2.50 6.57% 0.97
VD3,  1.18 1.95 1.40 2.22% 0.99
VD3,  2.02 7.32 2.71 4.93% 0.98
VD3.  3.36 18.51 4.30 6.95% 0.94
VD3¢ 1.67 5.01 2.23 3.61% 0.98
VD3, 278 11.54 3.40 7.35% 0.97
VD5, 092 1.38 1.17 1.89% 0.99
VD5, 172 6.07 2.46 4.51% 0.97
VD5 3.05 15.55 3.94 6.63% 0.93
VD54 1.57 434 2.08 3.54% 0.98
VD5, 277 9.99 3.16 5.11% 0.96
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Fig.15 Evaluation metrics for point prediction. (a)VDI;

(b) VD3; (c) VD5
15
[ IMPIW-a[__|PICP-a[___]NMPIW-a
[ IMPIW-b[___|PICP-b[__ | NMPIW-b|
12
Fu|
&
& 9F 8.52
g 8.1 8.00
EARd —
<\_—;
=2 6t
&-{
=
o 4.16)
k38 3.49
3 -
0.960.95 0.90 0.89 0.93 0.93
0 .0510.073 0.0470.071 0.0450.059)
VD1 VD3 VD5
I
15
[ IMPIW-c [ PICP-c [__]NMPIW-c
[ IMPIW-d[___|PICP-d[___|NMPIW-d
12 - 11.69
Fo 10.79
26
Emi 1.2
gm
AR
$
26| bsa = 5.79
B
=
it
3 -
0.950.95 .89 0.89 0.93 0.93
0 .0810.064 0.084 0.058 0.0670.055
VDI VD3 VD5
w3

16 X [R] T PF 45 b

Fig.16 Evaluation metrics for interval prediction



VD14 IE A /mm

VD34 i AE T /mm

VD5 EAE T /mm

100

[0 95% [ 90% [ s0% [ 70% I 60%

s —— STPM —— LSTM—— SVM—— XGBoost

90

STPM-GRA-LSTM-RF

80

70

60 |-

30

20

60
2017/7/1

2017/11/18 !

2018/4/12

0
2013/4/12 2014/4/12 2015/4/12 2016/4/12

110

2017/4/12

2018/4/12

[0 95% [ 90% I 30% [ 70% I 60%

100 - WM —— STPM—— LSTM —— SVM —— XGBoost

STPM-GRA-LSTM-RF

90 -

80 |-

70

60

50

40

30

20

10 70
2017/7/1

1
2017/11/18 !

2018/4/12

0
2013/4/12 2014/4/12 2015/4/12 2016/4/12

110

2017/4/12

2018/4/12

[0 95% I 90% [ 30% I 70% I 60%

100 Ye{E —— STPM —— LSTM—— SVM —— XGBoost

90 -

80

70

1
1
1
STPM-GRA-LSTM-RF| |
1
1
1

(©)

50

30 -

10

60
2017/7/1

2017/11/18 !

2018/4/12

0
2013/4/12

2014/4/12

2015/4/12

2016/4/12

2017/4/12

13 AFEBRTLE R, (a) VDI; (b) VD3; (¢) VDS
Fig.13 Prediction results across models. (a) VDI; (b) VD3; (c) VD5

2018/4/12



100 100

95 @] o5 (b)
90 90
85 85
80 80
75 75 60%
70 -__’ 70 |
65 F 65
g 60F 60
£ 55 L L 55 L L
N
EE( 100 100
= 95 ©| 95 (d
& 90 90
A 8s 85
> 80 80
75 75
70 F 70 ;f
65 65 F——
60 | 60 |
55 1 1 55 1 1
2017/6/2  2017/9/10  2017/12/27 2018/4/12 2017/6/2  2017/9/10  2017/12/27 2018/4/12
H
135 135
(a) (b)
120 120
105 105
90 90 |
B 75k
é 60 1 1 60 1 1
E?é 135 135
p © @
= 120 120 4
&
8 105 105
g 4
N M 90 e —
1 e ——— | 75
60 1 1 60 1 1
2017/6/2  2017/9/10  2017/12/27 2018/4/12 2017/6/2  2017/9/10  2017/12/27 2018/4/12
HiA
130 130
120 @1 129 (b)
110 110
100 100
90 90
80 80
70 , 70
60 | 60 |
1 1 1 1
: 50 50
S 130 130
{120 ©1 120 [mmos% ()
L/“é‘i 110 110 4 I 90%
E 100 100 | | M 80%
2 90 90| 7%
80 go L 59%
f
70 M 70 —_——
60 | 60 -
1 1 1 1

50 50
2017/6/2  2017/9/10  2017/12/27  2018/4/12 2017/6/2  2017/9/10  2017/12/27 2018/4/12
HI#

B 14 AR TR X )% b

Fig.14 Comparative analysis of prediction intervals across different models.



VDI A /mm

VD3R /mm

VDS IEAE I /mm

100 T v 700
95% [ 90% [ s0% I 70% I 60% i : @
90 - Welfi —— STPM-GRA-LSTM-RF i :
L H 650
80 | : |
' !
70 | .
600
60 -
50 550
1
40 F !
: 2018/5-2020/6 500
30 , |
I ]
20 | |
| | =450
[ 1
10 ' 1
0 |
0 1 1 11 1 1 400
2013/4/12 2014/9/12 2016/2/12 2017/7/12 2018/12/12 2020/6/26
H
110 T T 700
95% [ 90% I 80% [ 70% N 60% ! : (b)
100 H—— YWl —— STPM-GRA-LSTM-RF | i
1 1
90 - X ! 650
1
80 '
ol 600
60 |
! 550
50 . |
1 1
40 X i 2018/5-2020/6
! : 500
30 ' |
1 1
20 : | =450
1 1
10 : :

0 1 1 : 1 : 1 400
2013/4/12 2014/9/12 2016/2/12 EE 2017/7/12 2018/12/12 2020/6/26
110 T T 700

95% I 90% I 0% [ 70% N 60% : i ©
100 7 Yi{ —— STPM-GRA-LSTM-RF ' i
90 - ' ! - 650
i i
1 1
I 600
550
1
1
1
! 500
1
:
i 450
1
:
1

0 1 . 400

2013/4/12 2014/9/12 2016/2/12 2017/7/12 2018/12/12 2020/6/26

7

B 17 BERAMERIAE R, (a) VDI1; (b) VD3; (¢) VD5
Fig.17 Extrapolated predictive outputs of the model. (a) VD1; (b) VD3; (c) VD5

7KAL/m



3.3 FMAFEEEM

TEAR T TR AL Zrad R rp,  E BB ATLAR FRIREX
AN FPRFAE O B A T Ry s e R, an ] 18 P
BT, E =25 A Il 2 ol v, 6 98 1 AR
gy bR E AL, P T 40.33%, P IHIE
TIRIEIERTRALTY F 22 J BT g . Rt
T oy B VR B MR T R B AR T, P
L 36.67% . B RS J1R T 43 B AE & AR I 2 v P o
(1) bE B AR /AN, H AR S0 R FH AT AN mT
B, YA E 20.33%0 FEIKALIR X = 2 A iE
L B RAR, ROZEA R, PR KA AR T
Tl &5 R s BN R, P4 2.67%, X —
SR SRET RS —8 CHIgERE, 201811) |
SRS, $2H A STPM-GRA-LSTM-RF Fi# AR
Tt T ARSI RS B2, FEDR 2 IS IR AR T AL
fil, HATEEME R E RIS
3.4 FWARRGER M

STPM-GRA-LSTM-RF #&7% . STPM A&7 |
LSTM #7%, SVM AT XGBoost A& 74 i 45 5
(X LA TR B, B A Y R A BAE
HLES 2 SRR N, 2 I 28 B AR F T A
AURTEEPE, AT DU A RO A R AR T 1 A F8 #a
e, [FIR, AECTHRE MER AT, AR
X5 T 0 i % B 4 T $h fsz Bt F00 10 A e o 1 R 9
TE RS, AP0 e S RH JR: B B AL B = () e
TR ER R RRNE T, BENLARMEAE R T
S (R AR A T (A KA, T HLES
SIREAIIE R R, AT BT B AR AR AR F 00 446 Hh A e
AIE fh) B A

FLARPE H (RS B ] B2 T 2 M A TR T (%) K FEE
AT sENE, EEF AR E A 2 2 ab. i,
A BT (R8RS T A R A T B U A R SRR A
AR (~5 W HD BRI AR T 0 o £
AAARELD, O] RESZ ML 5 AL A SRR -
FEARIE— DT, SR nl a4 7 vk
ThAk: 1 SINBIERIE . RSN B A 5%
VB ) S HOR RR IR 2 B RIE; 2)
KA RS WA, SREE I (= ks P2 M I s
FETT WM ECE P, 9 RIS R B LA o i N
(Wu et al., 2022127); Zhu et al., 202489 ; 3) FfJ@
IS ARTE T, 40 5] B 25 R 25 I 2 il 1 2 4
AT R 23 RERRHIE,  HIT e 8 2 HUsk 2 i

)03 SR B BRI, 1E— 2D ERTHN W] SE 4
(HRWIAE, 202500)

AR IR R 25 S T A e A B LA,
BA— @R NZARE ST (R, IR A R
LK HLh IR o RO AL S o BRI AR IR i )
T E R R AR S B TSR, H
ERFAERE I (8] T 3 AT AR . BRI, B TR ERIR
PR AR TN, FeHh o 2% AF AN AR T AL
NS AT REA M EE. i, #5E 1
oK L I R I SRAE B K I AR T U 5 R
BIRARTAFAE —E 25 (B9, 201528, fHi
RIS, —E RS KBTI AL . JE
B ZH OB SH) , &
SCHRH AR AL AT R A R TRE S

3%

( JE KA

a)
20% .
40%

37%

b 3%
® JE KA
22%
39%
F T ’

36%

(c 2%
JEE KA

)
19%

37%

K18 RFEEZHE. () VDI; (b) VD3; (¢) VDS
Fig.18 Importance of features. (a) VD1; (b) VD3; (c) VD5



4 #En

EF RIS TR IR T i AR SCHAEIRAN
AT AE 7Kk 7 2% At T 25 M WA 4 732 T v A A 1 i
fih b, $2 H B A IR AR TE AL (0 Ge vt [ )9 47 2 A
B, FmaE G KEORBE A TE (GRA) KA
2% (LSTMD) FIBENLARIR (RF) , MEIET
7/ S| B S S S N~ s o 2 i
(STPM-GRA-LSTM-RF) . A FELELUIT:

(1) BRI AR AR T 1 3 2 i KN
KR BRPETK 9 5| B2 AR 808 ) AR AT 51 R )
T, LS KCEE A LA FAASE A A4 7= A R A A 1) s
AT HAART .

(2) MIFBEIK AR, WEFEER
AT oy 2 RSN T o B A S 1R T 4y
BOGT R B R, BB S 8 N iRA
FEE SRR, MEA TYTTRE RN 67.71%; B
YA RIRZ, SR PRI TTIRE N 29.75%,
HIBWL N R SR B A RS S1 R T 43 8]
MRS TTHR L AR, X ATk RN 2.51%,
FEt 2 K A7 JE B 1k 7 i S B RS UK

(3) 5 STPM #i#, LSTM #%, SVM %Y
PL K XGBoost #AUH L, STPM-GRA-LSTM-RF i
DUPABEARY (10 S TRUMIAGS FE2 B vy, 5% A M i e X 1] 0 )
B S MR 90%, H H EA EU A Fini) [X i)
P VERE, ROASEH AR S TS S
R, A OAAIRAR T O S AR E PR e A
EIRMEAE AR Z%

References

[1] Barla, G., Paronuzzi, P., 2013. The 1963 Vajont Landslide:
50th Anniversary. Rock Mechanics and Rock Engineering,
46:1267-1270. doi: 10.1007/s00603-013-0483-7

[2]Chang, X.Y., Guo, J., Qin, H., et al., 2024. Single-Objective
and  Multi-Objective  Flood Interval Forecasting
Considering Interval Fitting Coefficients. Water Resources
Management, 38(10):3953-3972. doi:
10.1007/s11269-024-03848-2

[3]Chen, M.X., Feng, A.J.,, Wei, W., et al., 2024. Statistical
Analysis of Long-Term Deformations and Determination
of Warning Thresholds for Near-Dam Reservoir Bank
Slopes. Bulletin of Engineering Geology and the

Environment, 83(11):437. doi:

10.1007/s10064-024-03928-y

[4]Chen, M.X., Tao, P.J., Zhou, C.B., et al., 2024. Model
Modification of Verhulst Inverse-Function Forecasting
Model and Probabilistic Forecast for Landslide Failure
Time. Earth Science, 49 (05): 1692-1705(in Chinese with
English abstract).

[5]Chen, M.X., Wei, W., Jiang, Q.H., 2022. Use of Quantile
Regression with Fukui—-Okubo Model for Prediction and
Early-Warning of Reservoir Bank Slope Failure. Rock
Mechanics and Rock Engineering, 55(11): 7145-7169. doi:
10.1007/s00603-022-02975-9

[6]Devore, J.L., 2000. Probability and Statistics. Pacific Grove:
Brooks/Cole.

[7]Duffaut, P., 2013. The Traps Behind the Failure of
Malpasset Arch Dam, France, in 1959. Journal of Rock
Mechanics and Geotechnical Engineering, 5(5): 335-341.
doi: 10.1016/j.jrmge.2013.07.004

[8]Gong, W.P., Zhang, S.Y., Juang, C.H., et al, 2024.
Displacement Prediction of Landslides at Slope-Scale:
Review of Physics-Based and Data-Driven Approaches.
Earth-Science Reviews, 104948. doi:
10.1016/j.earscirev.2024.104948

[9]He, Z., Liu, Y.R., Yang, Q., et al., 2018. Mechanism of
ValleyDeformation of Xiluodu Arch Dam and Back
Analysis and Long-Term Stability Analysis. Chinese
Journal of Rock Mechanics and Engineering, 37(S2):
4198-4206(in Chinese with English abstract).

[10]Huang, F.M., Ou, Y.W.P., Jiang, S.H., et al., 2024.
Landslide  Susceptibility ~ Prediction  Considering
Spatio-Temporal Division Principle of Training/Testing
Datasets in Machine Learning Models. Earth Science,
49(05): 1607-1618(in Chinese with English abstract).

[11]Lei, Z.Q., 2018. DDA Analysis on Creep Deformation of
SlopeTriggered by Reservoir Impoundment. China
Institute of Water Resources and Hydropower, Beijing(in
Chinese with English abstract).

[12]Li, B.Y., Wang, G.L., Chen, L.C., et al., 2024. Analysis of
Landslide Deformation Mechanisms and Coupling Effects
Under Rainfall and Reservoir Water Level Effects.
Engineering Geology, 343: 107803. doi:
10.1016/j.enggeo.2024.107803

[13]Li, M.W., Selvadurai, A.P.S., Zhou, Z.F., 2023.
Observations and Computational Simulation of River
Valley Contraction at the Xiluodu Dam, Yunnan, China.

Rock Mechanics and Rock Engineering, 56(6): 4109-4131.
doi: 10.1007/s00603-023-03269-4



[14]Li, X.Y., Zhang, L.M., Jiang, S.H., 2016. Updating
Performance of High Rock Slopes by Combining
Incremental ~ Time-Series  Monitoring Data  and
Three-Dimensional Numerical Analysis. International
Journal of Rock Mechanics and Mining Sciences, 83:
252-261. doi: 10.1016/j.ijrmms.2014.09.011

[15]Ma, J.W., Tang, H.M., Liu, X., et al., 2018. Probabilistic
Forecasting of Landslide Displacement Accounting for
Epistemic Uncertainty: A Case Study in the Three Gorges
Reservoir Area, China. Landslides, 15: 1145-1153. doi:
10.1007/s10346-017-0941-5

[16]Reyad, M., Sarhan, A.M., Arafa, M., 2023. A Modified

Adam Algorithm for Deep Neural Network Optimization.

Neural Computing and Applications, 35(23): 17095-17112.

doi: 10.1007/s00521-023-08568-z

[17]Rong, G., Xu, L.D., Yu, S., et al., 2024. The Mechanism of
Large-Scale River Valley Deformation Induced by
Impoundment at the Baihetan Hydropower Station.
Computers and  Geotechnics, 165: 105898. doi:
10.1016/j.compgeo.2023.105898

[18]Sun, Y., Huang, J.S., Jin, W., et al., 2019. Bayesian
Updating for Progressive Excavation of High Rock Slopes
Using Multi-Type Monitoring Data. Engineering Geology,
252: 1-13. doi: 10.1016/j.enggeo.2019.02.013

[19]Sun, M.C., Xu, W.Y., Wang, H.L., et al., 2020. A Novel

Hybrid Intelligent Prediction Model for Valley
Deformation: A Case Study in Xiluodu Reservoir Region,
China. Computers, Materials and Continua, 66(1):
1057-1074. doi: 10.32604/cmc.2020.012537

[20]Sun, Z.G., Wang, G.T., Li, P.F., et al., 2024. An Improved
Random Forest Based on the Classification Accuracy and
Correlation Measurement of Decision Trees. Expert
Systems — with  Applications, 237: 121549. doi:
10.1016/j.eswa.2023.121549

[21]Wang, D., Zhu, H., Wu, B, et al.,, 2024. Performance
evaluation of underground pipelines subjected to landslide
thrust with fiber optic strain sensing nerves. Acta
Geotechnica, 19(10): 6993-7009. doi:
10.1007/s11440-024-02311-1

[22]Wang, L.Q., Xiao, T., Liu, S.L., et al., 2023. Quantification
of Model Uncertainty and Variability for Landslide

Monte Carlo

27-40. doi:

Displacement Prediction Based on
Simulation. Gondwana Research, 123:
10.1016/.r.2023.03.006

[23]Wang, N.T., Liu, L., Shi, T.T., et al., 2023. Study of the

Impact of Reservoir Water Level Decline on the Stability

Treated Landslide on Reservoir Bank. Alexandria
Engineering Journal, 65: 481-492. doi:
10.1016/j.a¢j.2022.10.042

[24]Wang, S.G., Liu, Y.R., Yang, Q., et al., 2020. Analysis of
the Abutment Movements of High Arch Dams Due to
Reservoir Impoundment. Rock Mechanics and Rock
Engineering, 53: 2313-2326. doi:
10.1007/500603-020-02059-6

[25]Wang, Y., Yang, Q., Zhang, M., et al., 2023. Study on
Mechanism of Reservoir Valley Width Deformation
During Impoundment of Xiluodu Arch Dam. Chinese
Journal of Rock Mechanics and Engineering, 42(05):
1083-1095(in Chinese with English abstract).

[26]Wen, H., Liu, L., Zhang, J., et al., 2023. A hybrid machine
learning model for landslide-oriented risk assessment of
long-distance pipelines. Journal of environmental
management, 342: 118177. doi:
10.1016/j.jenvman.2023.118177

[271Wu, P., Tan, D., Lin, S., et al., 2022. Development of a
monitoring and warning system based on optical fiber
sensing technology for masonry retaining walls and trees.
Journal of Rock Mechanics and Geotechnical Engineering,
14(4): 1064-1076. doi: 10.1016/j.jrmge.2021.09.013

[28]Yang, Q., Pan, Y.Y., Cheng, L., et al., 2015. Mechanism of
Valley Deformation of High Arch Dam and Effective
Stress Principle for Unsaturated Fractured Rock Mass.
Chinese Journal of Rock Mechanics and Engineering,
34(11): 2258-2269(in Chinese with English abstract).

[29]Yang, Y.T., Dai, Z.W., Lu, Y.S., et al., 2024. Deformation
Characteristics and Stability Changes Characteristics of
Reservoir Landslides with Double-Sliding Zones. Earth
Science, 49(4): 1498-1514(in Chinese with English
abstract).

[30]Yin, Y.P., Huang, B.L., Zhang, Z.H., et al., 2022.
GeologicalDisaster Prevention and Control in the Three
Gorges Reservoir Area. Science Press,Beijing(in Chinese).

[31]Zhang, C., Bai, Q.S., Han, P.H., 2023. A Review of Water
Rock Interaction in Underground Coal Mining: Problems
and Analysis. Bulletin of Engineering Geology and the
Environment, 82(5): 157. doi:
10.1007/s10064-023-03142-2

[32]Zhang, W.G., Gu, X., Liu, H.L., et al., 2018. Probabilistic
Back Analysis of Soil Parameters and Displacement
Prediction of Unsaturated Slopes Using Bayesian
Updating. Rock and Soil Mechanics, 43(04): 1112-1122(in
Chinese with English abstract).



[33]Zhao, S., Lin, S.Q., Tan, D.Y., et al., 2025. Smart
prediction of rock crack opening displacement from noisy
data recorded by distributed fiber optic sensing. Journal of
Rock Mechanics and Geotechnical Engineering, 17(5):
2619-2632. doi: 10.1016/j.jrmge.2024.09.009

[34]Zhao, S., Tan, D., Lin, S., et al, 2023. A deep
learning-based approach with anti-noise ability for
identification of rock microcracks using distributed fibre
optic sensing data. International Journal of Rock
Mechanics and Mining Sciences, 170: 105525. doi:
10.1016/j.ijrmms.2023.105525

[35]Zhuang, C., Zhou, Z.F., Li, M.W., et al., 2019. Prediction
of Valley Shrinkage Deformation in Xiluodu Hydropower
Plant Based on the Hydraulic Responses of a Confined
Aquifer. Chinese Journal of Geotechnical Engineering,
41(08): 1472-1480(in Chinese with English abstract).

[36]Zhou, C.B., Jiang, Q.H., Yao, C., et al., 2025. Research
Progress and Challenges to Studies on Deformation and
Stability of High Steep Slopes in Hydropower Projects.
Journal of Hydroelectric Engineering, 2025, 44(1):
1-17(in Chinese with English abstract).

[37]Zhou, L., Liu, S.M., Zhang, K., et al., 2024. Review on
Development of Valley Deformation Monitoring
Technology. Express Water Resources & Hydropower
Information, 45(10): 50-54(in Chinese with English
abstract).

[38]Zhou, X.P., Pan, X.K., Berto, F., 2022. A State-of-the-Art
Review on Creep Damage Mechanics of Rocks. Fatigue
& Fracture of Engineering Materials & Structures, 45(3):
627-652. doi: 10.1111/ffe.13625

[39]Zhu, H.H., Gao, Y.X., Chen, D.D., et al., 2024. Interfacial
behavior of soil-embedded fiber optic cables with
micro-anchors for distributed strain sensing. Acta
Geotechnica, 19(4): 1787-1798. doi:
10.1007/s11440-023-01956-8

FXZE R

(4] R 54 B0 P B 4 61 5, 282024 Verhulst 5 B A0 4% 7Y
FO) SO B T S TR RE 26 Tl [J]. HhERFAE, 2024, 49
(05): 1692-1705.

(91T KL, SR, #50, 4%, 2018, 1R & I HE 45 1% 28 T KL i)
J AR T S R B R e o . A R S TR
1, 37(S2) :4198-4206.

(1073 K& B, WRBAE P, K4, 45, 2024, 5 [EHL 35 > @i
eI /B S I 23 8] 43 DU £ T 35 5 AP ) A A
HUEREL 2, 49(05):1607-1618.

(1155 W E, 2018. K PE B /KR RILIEE R DDA 7347, db
e EKRIK B RHER R

[251FE 0, ¥k, 5K 2, 25, 2023, SR L& KIS IR AR T
Wz MW R A A ¥S TR
1, 42(05) :1083-1095.

[281# %8, W7ok, FEAL, &5, 2015, m HIA R A8 T ML) & Ak
LRI LR R RN T R T S A i S TR
%, 34 (11) :2258-2269.

291 =, KU, B sk, &, 2024, R EIEEIE
FeOAE K W W oW B o M omd R HLoEk R
2£,49(04) 1 1498-1514.

[30]BRERF-, BLUCAK, TRAHE, 45, 2022, =l AR PR X 1 i K%
FhiE. Abat: BRE AR

[B2UIL3C B, i, Xk, &5, 2022. HF T 585 1) AR
LIS A S 3 I RN < |
2,43(04) 1 1112-1122.

[35]HEE, JA 75, 22y 1, 45, 2019. B F 7&K & /K 27K J1m
S PRI IR 7K FL R X A i s A A % T At 7. 2
FRZEHR, 41(08) : 1472-1480.

(3618 Bl ke, 278, Bkith, 25, 2025. KR 7K B T2 e ki
B IS Wil R i Wt B S W R A S N
R, 44(01) :1-17.

(3714 4%, X, 5Kk, &, 2024. 2 IR AR W A K 8 47
. KR RLRAR, 45 (10) :50-54



