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Abstract: Nuclear explosion monitoring is a critical technology for nuclear test ban verification. In order to monitor potential
nuclear tests worldwide, the Comprehensive Nuclear-Test-Ban Treaty (CTBT) establishes a rigorous verification regime. Within
this framework, waveform data from the International Monitoring System (IMS) are transmitted in real time to the International
Data Centre (IDC) for processing and analyzing. The IDC delivers automated processing results at three stages: approximately
1 h, 4 h and 6 h after data acquisition. For region-specific nuclear explosion monitoring, direct reliance on IDC results faces
challenges of delayed response and high false detection rates. To address these limitations, we propose Seisprint, a rapid detection
method based on seismic waveform fingerprints. Inspired by audio fingerprinting techniques, Seisprint utilizes historical nuclear

explosion waveforms as templates. Continuous seismic waveforms are compressed into multiple binary fingerprints through sliding-
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window feature extraction. Automated nuclear event detection and real-time alerts are achieved via rapid similarity matching
and clustering. The method was tested using data from two IMS seismic stations near North Korea and four seismic
stations in Northeast China, covering six historical underground nuclear tests and natural seismic events in North Korea.
The fingerprints generated by Seisprint effectively distinguish nuclear explosions from non-nuclear signals and demonstrate
strong robustness against noise. The method processes an entire day of continuous data from multiple seismic stations within
just a few minutes, enabling rapid detection of underground nuclear explosion events. Results confirm that Seisprint promote
the timeliness and accuracy of underground nuclear explosion detection in specific area.

Key words: CTBT; nuclear explosion monitoring; seismic waveform fingerprint; locality - sensitive hashing; automatic data

processing; seismology.
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1996 4F 9 H 24 H , 41 45 1k #1055 2% 29 (Com-
prehensive Nuclear-Test-Ban Treaty, CTBT) 7£ 41
LAY A R A, CTBT % 1A o] [ 58 A A ik
AT T 20 2% 4 1R i 56 ( Asada, 20025 Bauer and
O’ Reilly, 2016). 24 1 W 4> 3K W] GE A& 4E (14 13 29 #%
g, CTBT i T — &% A AL, b 4
5 B 337 A 4% A 15 it 20 B Y [ PR 00 R 48 (Interna-
tional Monitoring System, IMS) , UL & 1 57 IMS %%
P 4k B 53 A 19 [ B &4 o (International Data
Centre, IDC).IMS H i 3 52 K 75 F UK A £ i s
Kt St A 3k B IDC 24T Ak BANI3 47, 23 530 £ =5 F
KEFRATh 4AhF6hagh il =R E BB A 3)
Ab AR (SELL, SEL2, SEL3). BfiJ& , IDC 43 #r 5
XA Ak BEEE IR SEL3 JEAT AL IE 58 36 Fl ot 5 o0 4%,
T B 2 S (Reviewed Event Bulletin, REB),
R B B A FREE RN T A5 RAE R IDC 1) £ i
Ak 385 i XA P & AT (Bobrov ez al., 2012).

A XTF N T Fr 4 8 IDC 38 % B 3 4b
PR S8 v R R A R K22 5000, R T R R
FE T 30% (Arora, 2012). 1F Jy 4> 1 45 1 %38 5 4%
A H LV E B AR, IDC — TS R4
Z2 B0 R OB BB J7 ¥ Ok AN W ek AR 9 Ak R
4t PR e . Arora et al. (2009) £ Bl H R K&
1SS09 i i) & ¥ #2 th NET - VISA (Network Pro-
cessing Vertically Integrated Seismic Analysis) , X
o 75 3 R D3 s S 0 R R 2 B0OR OG B £ 3 AR
SR 2 B T MR G TR R 5 gk DL e 7 B
RAEGWAG , REHEG 1 T —FhoFr 2 T AL
Enis NS N T X LS5 P 0 7 N2 Uiy pb S Y N f
56 ¥ AL 3K (Arora, 2012; Arora ez al., 2013) ,
NET-VISA # AR E F 2018 4F 1 H iE 204 s I 72
T IDC %4 ib B 3 G (Le Bras ez al., 2021).

Ali et al. (2025) BIFAL 45 R £ W], NET-VISA
B o FH A A5 41 R SRS i T 17.90% - 1B H
BHG 7 A SR TR GO T SRR SRR
2 R 46 G B R AT R 2 4 BR OC K (Global
Association, GA) (Z=f#,2021)8 ¥ ,NET-VISA &
FREAR T WA AHAE L PR T NET-VISA
SR 2 1 D7 50 = 4 AN T A3 B 45 R ok U1 25 SR 1
FUE 5 FRAE 2 BOBERY 6 5 8 1 DX, XS mT g ok
FECE DR NET-VISA 868 TR . b 4h,
IDC A 3l 4b 3 3R 4t 3= %2 18 0] 42 3K b 52 28 0, ok
RHRTE 2 5 i B0 30 W 5 SRR 2 1 h A A 4
T, R A8CPE M D R A L DX S D AT 55 18
SR M TR AE M DX MR R AR AR ] B il s P A
FEEA MR IERRE, — 235 52 i T 3 T O A
Rl A A 3 4] G0 i B A DG BRL v N AE A0 5 A
RU1: 1 i A I 7% (Fingerprint and Similarity Thresh-
old, FAST) (Yoon et al., 2015) % . ¥ & T #1 %
(Cross-Correlation) B 5 #f VG i (Matched Filtering)
2 Ml RR 2 R I R R I AR AR 43 b O ik L
b TR — A DG RBOT RS S B ME , 7] DLFE
ST B v AR 55 AR A IR I AH DR BE (9 7 43 (Seno-
bari ez al., 2018). H.AHICJ7 i € B 20 T ) fif 4% ik
o8 B K A4y 7% B 51 A9 #: 1 (Gibbons and Ringdal,
2012) , & i 1 R RE A5 ORI S 0 b G M B PR L Y
A IDC 3l 2 158 s o i 1 3 10 o OB B
M, S ERARRUE =, IF XA W i 45 5 AT S HOE
W F 81 R XSEL, LA Ab 58 SEL v /4 I 4 3 1
(Bobrov et al., 2014, 2016). 8K i , B {5 3 . AH 3¢
10 M 7 B A % PR BE T R K R8s (Li and Zhan,
2018; Muir ez al., 2023) , X & B [ (1 3% 252 404 it
B S A OCRT B Rt &M /O, 75 R
KB R B E i M L #0 ( Gibbons and Ringdal, 2006).
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A9 H 42 Hb 72 2R A TG I 2 R (Yoon er al., 2015;
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ot ] 25 B 38 (Sugita and Tto, 2015) , % b7 o 8% 4 55
A B4 3 T A SR ot Sk, 38 ek R sk B 42 ik A R Ak BRI %
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Fig.1 Magnitude distribution of earthquakes around the North

Korean nuclear test site from 2018 to 2024
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Fig.2 Station locations and event distribution around the
North Korean nuclear test site
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2017 4[] 47 (% 6 Yk N A% 55 = 4 (F NKT1-
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M (40°~42°N [ 128°~130°E) A 134 4~ K 4R h 7% F 14
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Table 1 Parameters of the six nuclear test events in North
Korea from 2006 to 2017 (denoted as NKTI1-
NKT6) and three subsequent aftershock events fol-
lowing NKT6 (denoted as PEV1-PEV3)

T i ) Y
- H 15 UTCHE 4 G (mb)
NKT1  2006/10/09  01:35:28  41.29°  129.09° 4.1
NKT2  2009/05/25  00:54:43  41.31°  129.04° 4.5
NKT3  2013/02/12  02:57:51  41.30°  129.06° 4.9
NKT4  2016/01/06  01:30:01  41.30° 129.05° 4.8
NKT5  2016/09/09  00:30:01  41.30°  129.05° 5.1
NKT6  2017/09/03  03:30:01  41.32° 129.03° 6.1
PEVI  2017/09/03  03:38:32  41.30° 129.07° 4.1
PEV2  2017/09/23  08:29:16  41.23° 129.35° 3.4

PEV3 2017/10/12  16:41:08  41.33°  129.17° 2.9
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T 55 MR 7 B0l U)K TG 5 A o B ot AL A B S B
T T BT A s T 4k 24 RIESLY
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Fig.4 Waveforms of six North Korean underground nuclear test events recorded at MDJ station
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SR, B I A (LA A5 B A 238 55 T Jaccard ARARLEE :

Pr[h(fp)=h(fp2) [ =7 (fprsp2), (4)
Hr, h(fﬁ)%%ﬁiﬁi?ﬁﬁfpl Y W Ay {H . Min-
Hash E & 832 4075 W Cohen ez al. (2001), F p 4
M 57 Min-Hash @ﬁH:{hl(I),hz(I), ---,/z,(x)}
M AER MBS E R LK E N p R AEL (p
A BB ) B )

(2)LSH 5| 5% M s 7 R 5 47 ik
LIRSS R KN p 22 VI LA+ ) &
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MESEER B HMPBERI B =0(o R
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Fig.7 Similarity matrix of fingerprint pairs
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24 ERE

J5 Ak AR P 3 ok = 2 45 ) Ak It TR I AR AL
XTI B HAIFR G

()b 5 B . fl & 6 — 9 38 g5 7R )
EAC R R N S e R RN T L
FAF I R, T3 R AR R R B T TR D ]
PE 5 IR T B S0 AR AH L BE 48 AR 0 R BR
HARAME 7GR .

2.5 FEHHIE

iy A AT 45 SR R AF R A B 4 b R B
T AR BN 1 SE 5015 B K 5wl 23 ] 43 A, 5| AT
23 29 o 55 I AR G B X e 38 AR R A O

(1) B 25 29 532 I o 3 45 5L o ) (Akaike In-
formation Criterion, AIC) J7 ik fit fb K& Wl 5 5 9] &
GRS 45, 2012) , 3% 7 v 38 5 J5e /N B 1) 1 910 53
B ()45 2 A0 2 S 0 e RS JRE 3] s G

AIC (k)= fIn(var(2[1,£]))+ (N —k—

1)-ln<var(1'[/e+ 1,N]>>, (5)
Horp e RN BB W) 2 ALE (55 A D RFE D), b
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51 %

REVTE R N 8 O, var ([ 1, £] )8 G
— AR RIS A SRR SR T 2 RN W 2T
B 7 B A RE K svar (2 [ A4+ 1N ] )5S
kA 1A RAE SUBIER NASRAE SN T 25, 3 s 40 7
AR5 I RE KT, P IsER) Z I 2% R ATC (%) i 4
Jeiy B /ML B, e 38 30T LU R A R AR ST BUAR S I SE it
FROE , ATC J5 ¥ BeA RO 2 AW 2 09 5848 5, 5L 3
fe R BE 19 Bl B I AR DX G R AR AR B W X
TR B ] 45 6 ol S B I 2% |, 15 I 2SR
et AR R0 25 B 3 0 SR LI 1 e 22 75 A BRI B A
22 FRVF IR 22 YW LN, 50 B AN 6 2 3 A 1 i S
(2) W I TA G B ik < DA Py S A% 1 = 14 7E 4%
Bl 0 B IE 0 SR AE N AR TS R R OE S
XN Bl AR A B U — 4k AR 56 & £ (Cross-
Correlation Coefficient, CC) ,i& AR T .

S (r-Te-e)
NGNS

Horr T BEHCBIY 105 i A~ R FE 8L, C, R it 50
(55 i A SRR, T 5 C R R TR (097 B IR 1E
WU KA L B HC IR A R B T RE R
¥, 0 53k -5 A58 M T A O 2 0 Ml AR A R A

3 i

Seisprint & # S5 B WK 2, H il T MDJ
B SRR 20 Hz, T REEIFA G 3 0S4
— B, HRSA UGS — FORMF 20 Hz. T
SR X 52 e BB vE PR R Y EE A S BT IR A B

CC= (6)

K2 Seisprint EiEXESE
Table 2 Key parameters of the Seisprint algorithm

Seisprint Z 4 Fr Z Kl
AR 30 3 1 7 11 () 6
A0 3 1 1 ) B () 0.2
R HE 2 (Hz) 20
A% PG A BE CRAE 2B 64
AT 145 ) B CR B 550 5
MG ER 98 BE CRFE S50 32
B S8 K 800
ROk 4096
WA B 4K p 400
W Ay R AHL 100
HRALEE B AH v 2
£ AW G 4/6

i i FE S8 K R B . K Ron i i JE S 40, /)
R4 G M AEF /N R B DR K hE TR AU
His i B BE 5 A ) AT, B E K 3G OR, f8 a0
AR BEYE T B AL 4 R D TR A5 4T B [A]
B s BECE K90/ 38 SO R B AR SRR T
4, AE AT R AT PR X T 55 A5 T B R B 2% S A K
J& .Bergen and Beroza (2019) 3§ i , X} F FAST 1fi
F . 164 096 4 — i 45 20, ] K=300~500 ( %}
N B RE 7 00~12%) 38 K s, T AEROR 5 R
B 2z B B4 RO A B 52 B9 Seisprint 5
FAST # H AR A7 78 X ), FAST B 48 3 “ K 1 1 55
M RE 5 Seisprint B T 20 A% 1% 15 5 AR A rp B2 {d
o i, iR SR 5 R AR R AR S 0 S M O IR B
T 22 B I PR A0 K R R SR i R 2 200, B K=
800 (4 096 4k ) , 1% W AH 7 45 LA ) J1 5 46 R o &
Z AR TR AT (2 R R B e, LRI 8).

WA RSB G A A K p M E$E . LSH
B R B2 A ] 22 32 BE5E G X P A OC B 2 B0 T
M 2.3 /N5 0] H1, 4K A m 1) band W 5 F] A4S il ST
W& A 2% 5 A48 BUHE m A B AL 8 By JE 2467 & 1 5¢
A3, A BE B A B0 AR [R] A9 RS A A L DRI A
K, il 48 MR 3 AT i R TR D, A TR T B 5 m B
JIN il FE MR R O, LRy EORS T R, Bz
(NGRS T N A S s 7 R 7=
FE AL s Ay R A E L B R E SN SR
Sl Y4E4P WA Rong er al. (2018) $5 W & 3= A4/
I H B 100, m i 22 55 E Iy - AR BRHE 4R (R —
J B m=4; KB E] —F)m=5 kK
B 4L (5~10 4F ) m = 6. TE AW I8 09 503 45,
K1 RBYELLPEIE , I m = 4(p=400).

AHARL BE 15 o 0 38 £ O S & IR B W AE A
L%, 7E AH oLV 48 R B Bt WO I 4G Bl AR
P A, # v =2 1F Rl sl , A2 W0 58 A i
BaEs;HTRAMp P&,

31 BHBIFEENK

W OF A SR A OC B R AR TR AR
128 M O 1 ) U DI A PR RE . B R R SRR TR R
AT M8 L TR A5 5 R R A B T, T s P R R A
BESSERBES X MG T RIE Seis-
print 98§ £ $i& BUE 0 0 S8 50k 7R B F A D 42
WA L R AR MR RN IR S B (Y 48 B0, 1B L
20164FE 1 A 6 H IR FEAF (NKT4) WU AR A,
A e o 5 AR S SOMALEE 43, a8l 8 i L 3
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Fig.8 Similarity distribution between different types of fingerprints and the template fingerprint
) p—y o 4 N R Vs
o, TR S R AR MR R AR — T LA AR BB A R E AR B R R R 8022 e ]

] if o 1B 2 6 A4~ & ol (B an NKT1 AL G HR 2] 1
MDIJ &5 i), [Nt & 8 v AN 6] & o 19 1% 08 =R 1 %L

MRR MR F R B %S

AR R A B0 B AR TR SR A 8L AR 0 B

1, KR MR 18 SUAL T AP e X ] A
A7 AE G2 /Y ) 23 B 5 0T S
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Fig.9 Original seismic waveform (a) and noise-added waveform with SNR=2 dB (b)
Pl B R O 1~2 Hz 38 B AT , 20 6 e 28 O P 3 i

W, I N M A5 R B Al i AR LB
1B 1% AR I % R 2 € RV, A2 I B b J M A K AR
KR LML A€ RY B [ A B Y M R
P AR L F ()~ {0, 1) 38 7% 48 803 BUR 1, 38 o
4 B T o 4% 5 Mt (SNR) -

SNR = 10lg ("—2), (7)

T8 8UKE B Accuracy 52 oA N MR 38 20 5 85 A 8
2 Jaccard AHALEE :

Accuracy(i):]<F<a,-I—0— 72(")),F(x)>. (8)

FLE AR BLBE Baseline i X Ry W 5 48 805 B AR 45
S IH] Y Jaccard AHBLEE

Baseline(j)=J<F<n<’)>,F(x)). (9)

7 % B ) DX P SR AR MR SR Y R OR E
e AT 5 Bt VS 0 7S X AR OE 19 52 e 1T B N
B3 N B IE Seisprint 7% XN Y R S A
) F 1, 2K e KDN 4 348 5% 19 — IR/ E 9
KR =Z F A WIE MR (F 285 2 Gl e
DUBEEA 2, % J TS T AS [ 45 W8 L A W 2 g A7 0 4k
7E SNR=2 dB if (& 9) , B I py e 7 JL-F i B 17 A
FAE 5, B R A 1~2 Hz ol ag 3, A T Mk 1
1776 R ME . P 10 J& B Seisprint 53 48 BB AR
& W (SNR=2 dB) 5 M 75 (1 15 &, 3% 15 48
LUK BE VRS 2R L BE 1 o3 A AEARAE M L AR,

16 BUN 5 B A AL 9 93 A A AR 2 1 B )
04 B B R A Jaccard AHAL (B A 0.2 T .
S50 R X TR M b Y b 7R I JE 90 SR, Seisprint
P2 WU 48 SRR 08 AT R IX 43 MR R R ML R (.
TEHE SO HUAY JE Al b, 25 B AR LR R A
it — 2 R H Precision-Recall(PR) il Z& X Seisprint 5
R M BB HE AT 25 B VR AG X T 45 2 A BLRE A
I 1] {E 5 155 A 48 S0 R Sy A i 42, R LSH 33k
TEAL S IR SO R 7 i S0 B A AT
FH AL 48 & F B BH P (True Positive, TP) &
B IE B R 5 A 5 R R 4 SR LY i B 48 2, R FH
£ (False Positive, FP) 2 9 £ 15 R 2 5 8 A 45
SUAH AL MRS HE 4 BT TP A FP 4 i vl 45 1
K5 B2 (Precision) 5 A [8] % (Recall ) 3% /4 4> 48 47
TP

Precision = ———, 10
recision TP+ FP (10)

TP

Recall = (11)

total

Hoh, N 2 78 W28 46 b i e 48 280 19 8 80 &
CEY BT A Ff A th B9 OE BE A B &) RS B AT B R
£ L4 1 s L o VL T e 7 IO S 1 e S T 4
FGE 4k BT A EOE DR I g ) .

PRl 2 1 25 K6 000 159 1872 DA S ™ A% CHH AL
R ) ) dwe v b CREABLRE ESRAK ) Y 8 R I 3 28 742
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Fig.12 Multi-station waveforms of detected events
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Table 3 Cross-correlation detection results of events at multiple stations
HAF I ) MDJ CN2 KS31 USAOB YNB KDN T E AR e A5 5
2013/02/12/02:58:56 0.72 0.66 0.49 0.63 0.68 0.62 0.63 IR
2016/09/09/00:30:46 0.91 0.76 0.67 0.25 0.90 0.67 0.69 LS AR
2016/09/09/11:56:38 0.20 0.20 0.22 0.20 0.18 0.32 0.22 |
2016/09/15/19:54:32 0.22 0.32 0.25 0.23 0.28 0.33 0.27 5]
2016/09/19/11:37:57 0.15 0.21 0.26 0.12 0.17 0.26 0.195 A
2017/09/03/03:30:43 0.63 0.58 0.62 0.57 0.62 0.61 0.605 LA M

F 445 T Seisprint, NET - VISA ( F 1§ %% ,
2021) A1 T2 H A & J7 3%k X F NKT3, NKT5 #l
NKT6 24 K % 22 9% B 504 0 K o 25 3%, 9 5 CTB-

TO REB #5f H st #4777 X L Horp Seisprint F1%
& H AR 2016 4F 1 H 6 H ) ff A% 45 4 35 14
(NKT4) 1y T AE R B AR , T8 BAH 56 5 15 S 80k
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Table 4 Event detection results of the three methods

R Jy ik A 11 I i I 17 35 2 (s)

2013-02-12 02:57:56 +5
Seisprint 2016-09-09 00:30:46 +45
2017-09-03 03:30:43 +42

2013-02-12 02:57:50 1

2016-09-09 00:30:04 +3

NET-VISA 2016-09-09 00:30:12 /
2017-09-03 03:30:01 0

2017-09-03 03:30:05 /

2013-02-12 23:58:34 /

2013-02-12 02:58:00 +9
WY HAH K 2016-09-09 00:30:11 +10
2017-09-03 03:30:09 +8

2017-09-03 23:58:15 /

BN A e BB N 0.8~4 Hz, B KE 20 s,
BRI (MDJ £33 ) , R A% 20 Hz, A1 56 B {E

0.5. K 25 L 7R, 30 7 vk 4 L oy A iy 3 R 4
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HH A I 52 & 7 A 2] iR 22 e KT GA 2 50 s,

n 5 ) BE A5 B 1 & R B %), 7E Seisprint
iR Z 5 AT 2 R 0 R A A BORT SE 7 5 3R . B
i, Ay A ECARS W ) RS 45 60 s BB TE, A DT
Bt -5 7 (M&L) J7 ¥ S AL #8 2% 2 J7 3k dE 17 58 A
WU 5 A7, 25 S 0 RS B B 2 507

XFF NKT6 i & 4 /Y 3 K 43 5% F 1F PEV1-
PEV3, Seisprint 5. 1% % R & i . € A #F 58 (He er
al., 2018) 48 th , X 2L F J5 FH M 7 M 5 & A1
£ (P.S.Rg/Lg) # xF & & & & b o % X 5 F
B b, 4 o R R A E) pR S ML R TR s e
PEV1 1R nf fE Jhy 4 ¥E i 1K U 38 800 & 0 1 Mo
% , M PEV2 . PEV3 H /] fig J& T 1 & A =
(Yao et al., 2018 ; X 12 ¥ %, 2019). % JH Seis-
print J5 1% %} PEV1-PEV3 (1 4§ &0 48 Bt 72 5 3%

21 AN G S S I AR U & TR R
2 B, Seisprint X #% 48 = 74 A1 K 9% 5= = 10 19 48
MR AT, B RR AR R A R B OR &
W TR — X3 B K SR MR R AN R A
33 HEXHE

N T VEAL Seisprint 7 78 52 BRI TR
RN HNAEF R sty ata #E 4T T o r HNAE
diFH FE B W LT =850 M B (1) W8 Ay 2 48 5T 8
O(LM), Ho Mo 8U8UR [N & R B0 . B4
W Ay 3R PAEAE TR 1 AR SCR A B AR AN 4
T ()W AR IR O(L6), Horb 6 A
A 2 TG A AR R R A S A 3R B R
A AR AE i — 8 ) N A4 R i FR B (4 05 f—
ISR N T8 SO IR R (4 54777) , 363 875 .(3)
TARBAFREITE O (poM ), Forb p WG B 2 4 K JE

EA SCH IR 7 St , 28 E T - B Ab A
BN FR 0, A B 24 /NI T BodE I PF 4 150 s
3k, BFEBUBURE M = 86 550. My Ay R B (= 100, F
BOCK B (M A 25 2 K ) p = 400, B4 A K I IG
A A AR 6 = 100 000. 41 )b 1534 F 73 A7- TH 4

O ([/*M ):4 735 X 100 X 86 550 =

34 620 000 745 ~ 33 MB, (12)
O(£+0):8 F45 X 100 X 100 000 =
80 000 000 “75 A 80 MB, (13)
O(p*M ):1 545 X 400 X 86 550 =
34 620 000 517 & 33 MB. (14)

BB AN 29 1 MB, 84 W A7 75 3R Bt
2900 147 MB. Y B 2 14 (365 d) I N A7 K41
53 GB, I N FF FLASE7E 3 38 iz 55 #% 30 4R B 20 45 vh m]
17 Seisprint B 715 2 22 5 FAST AHL, FRAE 42 Y
5 RAE R S ] 2V OC &R AU 48 2R O i A
BXREO(M"™). 24 1T, 7F Linux #7354 (Intel(R) Xe-
on (R) Gold 6248R CPU @ 3.00GHz, x86 - 64,
96 CPUs, 1.5 MB 2247 ) T, Ab B 6 4> £5 i 1 24 /N
S WOP B 1 v 2 9 AE B Y AE 1 min 30 s LY .

240 B Jin B, Seisprint 51k T Z0R B B9
B 4k 22 Pf 422 2= i Sk i AT I ) 25 R AR A B
K AH G 5 A X T R RS 3 S BT B AR AR L, A Ut
WOk By TTEY AT Z0WE R 35 i AR O — A4S B b,
P I8 HOA G B VE 1Y i AT B[R] AR RS B O — £
PR B K AR % 2 KL U5 B, Seisprint B (1
TH 8 3 i s TR B G
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51 %

4 4k

Shy M IR S b DX A B 0 Bl AS IS AR T
— B 5L T O 8 S0 A% 8 KR g5 R P A I i
Seisprint. 1% J7 1 [ 4% 0 i B AL 4 - 6 IR s A% 1 A
BOIEAE N B Wtk |, PF 42 2 3% 2 i 8 $dis R AL
IV BHIE TR 4 Sl R i — 1 T 20, A B e A Rl
J2E S B PR HURE (DA 98 AR 5 PR A I AS YRS A G
V] (0T 46 6 A1 T A ™ A B 38 L AN 2 2 A 1 il A
281 5 8 Al I AH AL EL AT 5 0 ) 2% 1R B S A
fik 2 " e A FH S AR 37 TR i 6 B i ad SR 6
R I3 S A R B R 9K b 52 B R AT Sk, A5 SR R B,
Seisprint A 7E 2 min N 58 B 2 £ 3 24 /)N i 3% SL 5088
B b B, ST X 12 bl DA e K A ) P A A TR
.5 BR B oG BLA P AR BRB AR L A Ty
TRAE R e X A 0 R B R R s A AR
R NAE AR B R T R TR I R AR A
e PR 0 VR A e 3 e AR TSk | 1 5 5 T 4
T 2 At X A% AR 0 8 A b R R R AR A U

SR, Seisprint 7 4§ SC 4 Wi 72 vh X5 45 5 i 4t
AT T 2 RE N % 5800 48 % F & i RE R o
A 5 B (R E , S 80— E R R B
2 DXl A AN ] 2 28 Ml 752 < DR 2 R PIL R 2 e T
AN [R) e T R AIE L 24 i 48 S0RAE T 278 X 0 4R R
fIEJ7 T 1 A7 AE Ry BR R — 20 B tE o 3R A T SRS 40 Y
WY Fi BURFAE B W7 15, O 45 6 T v a8 i 85 =X DE TG
BV LASR TH X AR g 4 00 X 43 8 0 55 46 D ] S 4

#E4F JL https://doi.org/10.3799/dqkx.2025.234.
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