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Abstract: Multiple sets of lacustrine carbonate rocks are developed in the fourth member of the Shahejie Formation (Ess) in
the Leijia area of the western sag of the Liaohe Depression. With favorable geological conditions and promising resource
potential, this interval currently serves as the primary target for tight oil exploration in the region. To clarify the characteristics
of high-quality reservoirs and define exploration targets, this study integrates cyclostratigraphy, drilling, logging, seismic
inversion, and analytical testing data to identify astronomical cycles and analyze reservoir properties, aiming to predict the
distribution of high-quality "sweet spot" reservoirs. The main findings are as follows: (1) The Ess member contains
approximately six long eccentricity cycles and nineteen short eccentricity cycles, and the relationship between long eccentricity
cycles and oil-bearing intervals in the area is elucidated. (2) High-quality reservoirs in the Leijia area are dominated by dolomite,
characterized by fine dolomite crystals (mostly 1-3 pm), well-developed intercrystalline pores and structural fractures,
micropores mainly distributed in the 0.3-0.4 um range, effective throat lengths ranging from 1 to 20 pum, and pore volumes
primarily between 0.5—4 pm?®. Light oil components are mainly hosted within fractures and intercrystalline pores. These tight
and brittle dolomites are primarily developed within the Du-3 oil layer. (3) A single-well evaluation was conducted using a
multi-parameter fusion method to establish reservoir evaluation criteria. Combined with pre-stack geological inversion data,
the study clarified the distribution pattern of high-quality sweet spots within the sequence stratigraphic framework and carried
out planar prediction. This research systematically refines the stratigraphy and sedimentary reservoir characteristics of
lacustrine carbonates in the Ess member of the western sag, and effectively identifies sweet spot distribution using pre-stack

seismic inversion, providing a robust geological basis for tight oil exploration in the area.

Keywords: Lacustrine carbonates, astronomical cycles, high-quality reservoir, sweet spot prediction, western sag
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Fig. 1. Comprehensive geological background map of the western sag of the Liaohe Depression in the
Bohai Bay Basin
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Fig. 2. Cyclostratigraphic analysis results of the fourth member of the Shahejie Formation in the Leijia area
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Fig. 3. Paleoenvironmental Discrimination Indicators Derived from Different Analytical Methods
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Fig. 4. Core and Petrographic Characteristics of Carbonate Rocks
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Fig. 5. Types and Development Characteristics of Reservoir Spaces
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Table 3. Statistical Summary of Mercury Injection Parameters for Dolomite Samples

ERZH PIME CR/ME~BRED
HEDR 77, MPa, 3.037(0.008~20.064)
LIP3 4%, um 5.557(0.025~30.770)
5 RE 1.303(0.162~5.300)
B KRN % 52.840(2.40~96.06)
R ALMEEAZ, pm 32.377(0.037~92.053)
B R4 0.267(0.031~0.790)
BIREE, % 31.99(5.63~97.84)
s 6.381(1.751~26.062)
kR 7.644(0.004~35.345)
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Ak CT H9 A G0E I R FHE R X ST 2B O dh, ATEH 7 sRSREURE & YR 1) = 4k 2544 (5%
fik&E, 2023) o TR 57 I 2355.31 m AISURARVE BT A = A FE S EEAT T8 04K CT 34 (B 7D .
90K CT BfERIM, MIILRE, RMREBRILE (g6, 26D, FLBRE 2.9121%, IR
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2 pum? A1 20 pm?, FLFEARAR R XSS AT, VA 73 B0 0.2 pm® AT 2 um?, FLBRZ NIIGERAL, 2~3 M
FLA RIS, BB AR AE 1~3, SFLBREE T 0 AT LE 0.3~0.4 pm, A RRIE K E M ATAE 1~20 pm,
FLBRAAR F Z A AGTE 0.5~4 pm’s



() FLEE=ESHE;  (b) HmiFH 3D KEE; (o) MILRAHESNXE, EEEZESTE 300 um, 600~3000 pm Xidl; (d) FLEEFE
mRNES T, EESHH 2 um? F1 20 um?;  (e) FLERAFRZERUES T, EED A4 0.2 umPF1 2 um®; () FLBEZ RIMSIMFL, 2~3 M
FLEARRRO LA, BLEARTE 1~3; (9) WMFLBHEHR DT 0.3~04 um;  (h) BEMEEKE S HAE 1~20 um; (i) FLERAREESHE
0.5~4 um?
7 &E 57 HELHK CT 1AELER
Fig. 7. Nano-CT Scanning Results of Core Samples from Well Lei 57
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Fig. 8. Correlation and Statistical Diagrams of Physical Properties in Dolomite Samples
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Fig. 9. Crude Oil Occurrence States and Laser Confocal Microscopy Results in Dolomite Samples
3.7 BEME%FE

filt J2 5 0 By P PR ) S B g 1 R R EUE R RCR, JFEEE R AU R W AA
A BRIRER AL b & W E A e — e, ek e s A e R R ] e AR B )
BRI A M TR 22 I PREE, il R AR REBOR . sEBUR AR M, AT g B 7 (2
IRMESE, 2023) o REHUHLE T~ EXIEHBGERINEVET Y, B AMITEAT YT £ &
FH DX VP VY B it 2, 08 29-15 JF 2572.2~2588.0 m HUL BGIAT T A7 SRR 45 . =l R 47 TR AR50,
PrfroR LG,  JExtpr IR R BE BEAT BB A, IS 1 AN 4 5 T TIX RS T e
JRzE SPRBITAE. ST o iles UL = e s WA A RS A et e (AT bbriE
NB/T 10248-2019) .

Bl =(YM _BRIT +PR_BRIT)/2 (1)
YM _BRIT = (YMC-YM min)/ (YM max-YM min) x100%  (2)

PR_BRIT = (PRC —PRmax)/ (PRmin—PRmax) x100% 3)

AP YMCHIPRC —it S KR (GPa) AIHMALL
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Fig. 10. Comparison of Brittleness Index Among Different Lithologies
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Table 4. Evaluation Criteria for Reservoir “Sweet Spots” in Esa, Leijia Area, Western Sag
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12 & 53 #dit4 65 E HEREXT IR X FR(Laskar etal, 2011; Lietal, 2025)
Fig. 12. Relationship between solar insolation at 65N and Well Lei 53 (Laskar et al, 2011; Lietal,
2025)



() BFBEAN MR 2508, 2HEREELARORREMZ; (b)) &7 AVO RIRSIE
13 FE93H-F88-H501 SH-F 37 H-F 7 H-FE3HMELENE
Fig. 13. Distribution Pattern of Reservoir Sweet Spots Along Wells Lei 93 — Lei 88-H501D — Lei 37 — Lei
97 — Lei 53
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Fig. 14. Sweet Spot Assessment for c7—c10 Layers in Es4, Leijia Area, Western Sag



References

Bao, R., Sheng, X., Meng, X, etal., 2023. 100 Ky Pacing of the East Asian Summer Monsoon Over the Past
Five Glacial Cycles Inferred From Land Snails. Geology, 51(2): 179—183.
https://doi.org/10.1130/G50243.1

Bau, M., Balan, S., Schmidt, K., et al., 2010. Rare Earth Elements in Mussel Shells of the Mytilidae Family
as Tracers for Hidden and Fossil High-Temperature Hydrothermal Systems. Earth and Planetary Science
Letters, 299(3-4): 310—316. https://doi.org/10.1016/j.epsl.2010.09.011

Berger, A., 2021. Milankovitch, the Father of Paleoclimate Modeling. Climate of the Past, 17(4): 1727—
1733. https://doi.org/10.5194/cp-17-1727-2021

Chen, J. D., 1982. Block Faulting Differential Activities and Subtle Traps. Petroleum Geology & Experiment,
4(04): 254—262. (in Chinese with English abstract)

Chen, Z. J., 2018. Characteristics and Genetic Analysis of Analcime-Bearing Rocks in the Fourth Member
of the Shahejie Formation, Western Sag of the Liaohe Depression. [D]. Southwest Petroleum University.
(in Chinese with English abstract)

Deng, D. Z., Zhao, Y. H., Riel, B., et al., 2025. Quantification and Unsupervised Clustering Analysis of
Morphological Characteristics of Seamounts in South China Sea Basin. Earth Science, 50(01): 217—
233. (in Chinese with English abstract)

Debruyne, D., Hulsbosch, N., Muchez, P., 2016. Unraveling Rare Earth Element Signatures in Hydrothermal
Carbonate Minerals Using a Source-Sink System. Ore Geology Reviews, 72: 232—252.
https://doi.org/10.1016/j.oregeorev.2015.07.022

Du, J. M., Long, P. Y., Yang, P., et al., 2020. Characteristics of Carbonate Reservoir and Its Forming
Conditions in Continental Lake Basin of China. Advances in Earth Science, 35(01): 52—609. (in Chinese
with English abstract)

Editorial Committee of Liaohe Qil and Gas Area, 2022. Petroleum Geology of China (Vol. 4): Liaohe Oil
and Gas Area. [M]. Petroleum Industry Press. (in Chinese with English abstract)

Fan, X. J., Teng, X. H., Wang, C. L., et al., 2025. Sedimentary Environment and Organic Matter Enrichment
Mechanism of the Lower Member of the Xingouzui Formation in the Jianghan Basin During the Early
Eocene. Earth Science, 50(05): 1953—1967. (in Chinese with English abstract)

Fang, R., Dai, Z. Y., Chen, Z. J., etal., 2020. Characteristics and Genesis of Analcites in Different Occurrence
States: A Case Study of the Fourth Member of Shahejie Formation in the Leijia Area of the Western
Liaohe Depression. Acta Mineralogica Sinica, 40(06): 734—746. (in Chinese with English abstract)

Frei, R., Dessing, L. N., Gaucher, C., etal., 2017. Extensive Oxidative Weathering in the Aftermath of a Late
Neoproterozoic Glaciation—Evidence From Trace Element and Chromium Isotope Records in the
Urucum District (Jacadigo Group) and Puga Iron Formations (Mato Grosso do Sul, Brazil). Gondwana
Research, 49: 1—20. https://doi.org/10.1016/j.gr.2017.05.003

Guan, X., Liu, Y. W., Ren, Z. Y, et al., 2023. Characterization and Comparison of Pore Structure and
Connectivity of Anthracite Based on CT Three-Dimensional Reconstruction. Unconventional Oil & Gas,
10(01): 69—76. (in Chinese with English abstract)

Huang, L., 2016. Reservoir Characteristics and Genetic Mechanism of Lacustrine Carbonate—A Case Study
of the Fourth Member of the Shahejie Formation, Western Sag, Liaohe Depression. [D]. Southwest
Petroleum University. (in Chinese with English abstract)

Jiao, M. Y., Yuan, Y. J, Wang, J., et al., 2024. Impacts of Major Geologic Events on Sedimentary
Paleoenvironments and Organic Matter Enrichment of Shales During the Ordovician-Silurian Boundary:
A Case Study of Shales of the Wufeng—Longmaxi Formation in the Middle and Upper Yangtze Regions.



Unconventional Oil & Gas, 11(05): 82—94. (in Chinese with English abstract)

Laskar, J., Fienga, A., Gastineau, M., etal., 2011. La2010: A New Orbital Solution for the Long-Term Motion
of the Earth. Astronomy & Astrophysics, 532: A89. https://doi.org/10.1051/0004-6361/201116836

Li, M., Hinnov, L., Kump, L., 2019. Acycle: Time-Series Analysis Software for Paleoclimate Research and
Education. Computers & Geosciences, 127: 12—22. https://doi.org/10.1016/j.cage0.2019.02.011

Li, Q. H., Xiao, H., Liang, C. Y., etal., 2023. Study on Compressibility Evaluation of Shale Oil Reservoir in
Fu-2 Section. Unconventional Oil & Gas, 10(05): 134—144. (in Chinese with English abstract)

Li, T., Dai, Z. Y., Li, Y., et al., 2022. Genesis of Lacustrine Dolomites of the Fourth Member of Paleogene
Shahejie Formation in the Leijia Area, Western Liaohe Depression. Lithologic Reservoirs, 34(02): 75—
85. (in Chinese with English abstract)

Li, T.J., 2016. Discussion on Lithology Prediction Methods for Tight and Complex Reservoirs: A Case Study
of Dolomite in the Fourth Member of the Shahejie Formation, Leijia Area, Western Sag of the Liaohe
Depression. Petroleum Geology and Engineering, 30(04): 71—74. (in Chinese)

Li, X. G., Jin, K., Zhou, Y., 2016. Lacustrine Carbonate Reservoir Properties of the Sha-4 Member in the
Leijia Area. Special Oil & Gas Reservoirs, 23(04): 25—28. (in Chinese with English abstract)

Li, Y., Li, X. G,, Zhang, T. S, et al., 2024. Identification of Astronomical Cycles in Fine-Grained Rocks and
Their Application in High-Resolution Stratigraphic Division: A Case Study of the Fourth Member of the
Shahejie Formation in the Leijia Area, Western Sag of the Liaohe Depression. Acta Sedimentologica
Sinica, 2024: 1—19. (in Chinese with English abstract)

Li, Y., Li, X,, Zhang, T., etal., 2025. Identification of Astronomical Cycles in Fine-Grained Rocks and Their
Application in High-Resolution Stratigraphic Correlation: A Case Study of the Fourth Member of the
Shahejie Formation in the Leijia Area, Western Sag of the Liaohe Depression, China. Geological Journal,
60(6): 1515—1531. https://doi.org/10.1002/gj.5140

Liang, D. G., Ran, L. H., Dai, D. S,, et al., 2011. Re-recognition of the Prospecting Potential of Jurassic
Large-Area and Unconventional Qil in the Central-Northern Sichuan Basin. Acta Petrolei Sinica, 32(01):
8—17. (in Chinese with English abstract)

Liang, H. D., Shen, S. W, Liu, X. T., etal., 1992. The Age of the Volcanic Rocks and Their Geological Time
in the Liaohe Depression. Acta Petrolei Sinica, 13(02): 35—41. (in Chinese with English abstract)

Liu, S. J, Cao, Y. C,, Liang, C., 2019. Lithologic Characteristics and Sedimentary Environment of Fine-
Grained Sedimentary Rocks of the Paleogene in the Dongying Sag, Bohai Bay Basin. Journal of
Palaeogeography, 21(03): 479—489. (in Chinese with English abstract)

Liu, X. L., 2020. Fluid Charging Periods of Lacustrine Carbonate Rock for the Leijia Area in the Liache
Western Depression. Fault-Block Oil & Gas Field, 27(04): 432—437. (in Chinese with English abstract)

Liu, Z., Zhang, J. H., Wang, J., et al., 2022. Review and Prospect of Research on Lacustrine Carbonate Rocks.
Oil Geophysical Prospecting, 57(02): 487—497. (in Chinese with English abstract)

Luan, X. W., Kong, X. X., Zhang, J. L., et al., 2024. Astronomical Forcing of Origins of Eocene Carbonate-
Bearing Fine-Grained Sedimentary Rock in Dongying Sag. Acta Sedimentologica Sinica, 42(02): 688—
700. (in Chinese with English abstract)

Lv, X. D., Tong, G. H., Wang, P. H., 2003. Reservoir Characteristics and Prediction for the South of
Gaosheng QOilfield. Special Oil & Gas Reservoirs, 10(06): 26—29. (in Chinese with English abstract)

M. I, A., E. E., A,, Laith, A,, et al., 2023. K-Means Clustering Algorithms: A Comprehensive Review,
Variants Analysis, and Advances in the Era of Big Data. Information Sciences, 622: 1—25.
https://doi.org/10.1016/j.ins.2022.11.139

Mann, M. E., Lees, J. M., 1996. Robust Estimation of Background Noise and Signal Detection in Climatic



Time Series. Climatic Change, 33(3): 409—445. https://doi.org/10.1007/BF00142586

Meng, W. G., Chen, Z. Y., Zhao, H. M., 2010. Main Factors Controlling Hydrocarbons and Distribution of
Subtle Reservoirs in the Shuguang—Leijia Area, Western Sag of the Liache Oilfield. China Petroleum
Exploration, 15(03): 1—7. (in Chinese with English abstract)

Meyers, S. R., 2015. The Evaluation of Eccentricity-Related Amplitude Modulation and Bundling in
Paleoclimate Data: An Inverse Approach for Astrochronologic Testing and Time Scale Optimization.
Paleoceanography, 30(12): 1625—1640. https://doi.org/10.1002/2015PA002850

Reijmer, J. J., Blok, C. N., El Husseiny, A., et al., 2022. Petrophysics and Sediment Variability in a Mixed
Alluvial to Lacustrine Carbonate System (Miocene, Madrid Basin, Central Spain). The Depositional
Record, 8(1): 317—339. https://doi.org/10.1002/dep2.158

Robbins, L. J., Lalonde, S. V., Planavsky, N. J., et al., 2016. Trace Elements at the Intersection of Marine
Biological and  Geochemical  Evolution.  Earth-Science  Reviews, 163:  323—348.
https://doi.org/10.1016/j.earscirev.2016.10.013

Shan, J. F., Huang, S. Q., Li, L., 2014. Sedimentary Environment of Lacustrine Carbonate Rocks in Leijia
Area in West Sag of Liaohe Depression. Special Oil & Gas Reservoirs, 21(05): 7—11. (in Chinese with
English abstract)

Shi, J. Y., Jin, Z. J., Liu, Q. Y., et al., 2023. Application of Astronomical Cycles in Shale Oil Exploration
and in High-Precision Stratigraphic Isochronous Comparison of Organic-Rich Fine-Grained
Sedimentary Rocks. Earth Science Frontiers, 30(04): 142—151. (in Chinese with English abstract)

Shi, Z., Xia, G. Q., Hao, X. W., et al., 2024. Carbon and Oxygen Isotopic Composition and
Paleoenvironmental Characteristics of Eocene—Miocene Lacustrine Carbonate Rocks in the Tuotuohe
Basin, Qinghai-Tibet Plateau. Sedimentary Geology and Tethyan Geology, 2024: 1—16. (in Chinese
with English abstract)

Shuxin, L., Xiangdong, L., 2021. Research on Density-Based K-Means Clustering Algorithm. Journal of
Physics: Conference Series, 2137(1): 012058. http://dx.doi.org/10.1088/1742-6596/2137/1/012071
Song, B. R., Han, H. D., Cui, X. D., et al., 2015. Genesis of Lacustrine Analcime Dolomite in the Fourth
Member of the Shahejie Formation, Paleogene, Liaohe Depression, Bohai Bay Basin. Journal of

Palaeogeography, 17(01): 33—44. (in Chinese with English abstract)

Talbot, M. R., 1990. A Review of the Palaeohydrological Interpretation of Carbon and Oxygen Isotopic
Ratios in Primary Lacustrine Carbonates. Chemical Geology: Isotope Geoscience Section, 80(4): 261—
279. https://doi.org/10.1016/0168-9622(90)90009-2

Tan, F. L., Sun, X. M., Cao, J. Z,, et al., 2024. Petrogenetic Analysis of Lacustrine Analcite Dolostone in the
Fourth Member of the Paleogene Shahejie Formation, Liaohe Depression, Bohai Bay Basin.
Unconventional Oil & Gas, 11(06): 67—74. (in Chinese with English abstract)

Tian, J., Wu, H. C., Huang, C. J., et al., 2022. Revisiting the Milankovitch Theory From the Perspective of
the 405 ka Long Eccentricity Cycle. Earth Science, 47(10): 3543—3568. (in Chinese with English
abstract)

Wang, D. W, Li, J. Y., Liu, D, et al., 2024. Characterization of Capillary Pressure Curve and Pore-Throat
Distribution Based on Reservoir Physical Parameters. Unconventional Oil & Gas, 11(04): 1—9. (in
Chinese with English abstract)

Wang, S., Liu, C., Xing, S. J., 2022. Review on K-Means Clustering Algorithm. Journal of East China
Jiaotong University, 39(05): 119—126. (in Chinese with English abstract)

Wu, J., Jiang, Z. X., Tong, J. H., et al., 2016. Sedimentary Environment and Control Factors of Fine-Grained
Sedimentary Rocks in the Upper Fourth Member of the Paleogene Shahejie Formation, Dongying Sag.



Acta Petrolei Sinica, 37(04): 464—473. (in Chinese with English abstract)

Wu, S. Q., Guo, L. B., Xu, S., et al., 2025. Lithofacies Types and Reservoir Characteristics of Lacustrine
Carbonate Rocks in the Third Member of the Qianjiang Formation, Qianjiang Sag. China Petroleum
Exploration, 30(02): 42—53. (in Chinese with English abstract)

Xu, S., Gou, Q., 2023. The Importance of Laminae for China Lacustrine Shale Oil Enrichment: A Review.
Energies, 16(4): 1661. https://doi.org/10.3390/en16041661

Yan, W. P, Yang, T., Li, X., et al., 2014. Geological Characteristics and Hydrocarbon Exploration Potential
of Lacustrine Carbonate Rock in China. China Petroleum Exploration, 19(04): 11—17. (in Chinese with
English abstract)

Yao, Y. M., 1994. The Bohai Gulf Basin, Vol. 4: Tertiary in Petroliferous Regions of China. [M]. China
Petroleum Industry Press. (in Chinese)

Zhang, Y. R., Zhang, G. L., Yang, J., et al., 2024. Characteristics of Mixed Sedimentation in the Member 4
of Shahejie Formation of Paleogene at Leijia Area of Western Sag of Liaohe Oilfield. Journal of
Palaeogeography, 26(06): 1498—1515. (in Chinese with English abstract)

Zhao, H. M., 2012. Mixed Sedimentary Characteristics of the Fourth Member of the Shahejie Formation,
Leijia Area, Western Sag of the Liaohe Depression. Acta Sedimentologica Sinica, 30(02): 283—290. (in
Chinese with English abstract)

Zhao, X. Z., Zeng, J. H., Han, G. M., et al., 2020. Charging Characteristics and Accumulation Process of
Deep Low-Permeability (Tight) Sand Gas Reservoirs in Bangiao Sag, Huanghua Depression. Oil & Gas
Geology, 41(05): 913—927. (in Chinese with English abstract)

Zhao, Y. Y., Li, S. Z, Li, D, et al., 2019. Rare Earth Element Geochemistry of Carbonates and Their
Paleoenvironmental Implications. Geotectonica et Metallogenia, 43(01): 141—167. (in Chinese with
English abstract)

H LS 30k

Mrscih, 1982, Helriz sl B P P —— DAL ] o5 S R o Bl [3]. A Seae it it, 4(04): 254—262.,

WHARAE, 2018, IZWT VG ESIMIRE VD VU B 7 A S RHAE S FL R R J AT [D]. P RS A R

BRI, BOUUR, 2B, 2014, TLJT 38 6 VS 1T e B ST AR B IR 5  DUARIABRE[3]. AR5y (3K, 21(05):
7—11,

XEiEYR, BAFHEL, Riel Bryan, 45, 2025. B LTESRAE R & BAFTC B R0 [J]. Bk
Bl2, 50(01): 217—233.,

ML, M5, %8, %, 2020. [ FEAHS) G0k R £ f 1 05 AR IE A JL R R[] M ERA 2 1
f&, 35(01): 52—69.

OIS, BRiRAE, FAE, 55, 2025, FAGH LI A M 4N Byt A B 5 A P & N1 I].
HiERAl 22, 50(05): 1953—1967.

Jign, A, R, 4, 2020, ANRIMRAEIRES 7 6 A O RFAE 55 R —— BLIZ T0] G 35 111 s 5 2K M X
TR R IUBCRBI). 054, 40(06): 734—746.

KK, XNEH, AEE, 4, 2023. 2T CT=4EE MK TSR 51 SR MR RFAERT U RAE]. JF
O, 10(01): 69—76.

T, 2016, WIAHBKIR Hha %= S R LR [D]. VU RS AR

FERWE, REG, TR, 5, 2024, BP0 2 AT I E R BT S T DU A M U A L
Jit B RIS —— LA rp b 477 X Tl 2 — e iR H TUE B[], ARH LM, 11(05): 82—94.

ZORME, M, BERAMH, 45, 2023, B TRRUUEMAEZE AT PN BT[], AEH ALM A, 10(05): 134—
144,

2o, AR, ZEPH, &, 20220 T03TEERIMIRE S IX i RV DY BOEIAR B 2 D). S iR



W, 34(02): 75—85.

KT, 2016, FUE R A0t E A PETN J5 VR PR I —— DL 30T G 35 V] f B R X 70 DU B 1 = 5 A 3 3]
FimH RS TRE, 30(04): 71—74.

AR, SR, JEH, 2016, T SHLX VD DY B AR B L £ A T ASEURE A BT 3], R S, 23(04):
25—28.

Z0H, b, dkiE, 5, 2024. HIRA R SCHERE K AR RS 40 HbE R 7 b 18R —— DU ] 75 35
(1R B K X 7B U BONBI[]. iR 224k, 2024: 1—19,

TR, PR, #RaE, 25, 2011, DU AR OR B R K IEAR AR F A TR 0 i FA R[]
FimeEAR, 32(01): 8—17.

pStE, FRASC, XIFEWE, S5, 1992, 3LV RE K g LT AR RS S 2 BEAR[I]. AR, 13(02):
35—41.

AR X mER RS, 2022, FEAMMEE GBI < ICRHSX ML A k.

XK, HRA, ZEH, 2019, )T 7 AR 8 VIR o I R AR TR S R S TRR IR [0]. o b3
%, 21(03): 479—489.

XIGENN , 2020. 3L VA] PG 3 IUTRE T 2 DO AH B R 2658 VAR 78 v E AR [3]. Wbl <UL, 27(04): 432—437.

XIRE, KEHE, T, &, 2022, WIRHIRIR Ha 9Tl e R BB 0], A il b ek B 48, 57(02): 487—
497,

S, LA, TkEsE, 55, 2024, ROUHEIRIZYH R 4B VI H 4R T 4 2 IR SR A0 R AR R 4y
9] PURR2ER, 42(02): 688—700.

BRI, FARPE, 2003, 1 i H R il SRR A i 2= TN [9]. 45 Rk <k, 2003(06): 26—
29.

BT, BRIRE, BB, 2010, 3LVA) PG 10T RA BE ' — e S X Be iz =0t 3= 45 8 2 o0 A B [J].
o E AR, 15(03): 1—7.

FENM, &2, XA, 55, 2023, RKICHERIE GUA AR & S A AL DUA Hb 2 S i b A i 5 A
[J]. Hu2:Erg%, 30(04): 142—151,

e, BENE, MBS, 55, 2024, T R TE T b 6 Bt — o A B R Sk i AR R 2R R
IES MR L[], DUARSRepE it )i, 2024: 1—16.

Kbz, ®hkl, AR, 55, 2015, BV R L T I R ] 2 DY B AR 7 A e
R M ], b4, 17(01): 33—44.

WARFR, PhRAS, @&, 55, 2024, BT DUEMAEZ <R A TS S d b i R 2R o A
[3]. JAEH WA, 11(06): 67—74.

HE, RWE, WHEH, 5, 2022. A0 FK A% R K =R 47 20 [J]. HhERELEE, 47(20):
3543—3568.

RN, ZEH, KR, 25, 2024, BT Z0MSH B TE S R MFURE DA RAED]. JEH M
<, 11(04): 1—9.

AR, XK, WIS, 2022. K-meansfEREIEM T LR [J]. TR IE R ¥ 54k, 39(05): 119—126.,

RuE, BN, BEEI, 5, 2016. KREMFE ML RIDIETAIY BE b BRI TR 2 DU IR 858 S 42 il
KR [J]. Ak, 37(04): 464—473.

R, FERAL, B, 5, 2025, JETIVIRGIET AL = BOM A BR IR £ A A 2RI K Ak EARE[D). R
Fim#haR, 30(02): 42—53,

SIS, #3%, 25K, 55, 2014, H [EIRG L ISTAH BRI Hh 2 M S RAE S BRI J1[9). b B AR, 19(04):
11—17.

Bhai i, 1994, HERHAIXE =RV « BHEE EHH X MM A Tl ARk

skAELn, skITHE, MR, 5, 2024, FHEAFRIPUARMRE BSR4 SR A ik X R A S AT [].



AR, 26(06): 1498—1515.

B2 R, 2012, L] P M P S M IX 3 R D DU BOR G TR R R 7L [3]. DA 54k, 30(02): 283—
290.

RAGEIE, Sk, BRESER, &, 2020. HhiETD 7k b S BE AR U TR B RIB I (B ) D A AR AT
REAE S i AR (3], A i S RAR ST, 41(05): 913—927.

BREE, =0, 0k, 5, 2019, IR ECE) M LT R RHE R IR RR R B L[], KitiEs
B, 43(01): 141—167.



