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Abstract

During the Russia-Ukraine War, the Russian army's famous "Surovikin Line of Defense"
became the biggest obstacle to the Ukrainian army's counterattack. The counterattack lasted
for five months, but the defense line remained motionless, bringing the war to a stalemate.
The solid defense line was the main reason for the deadlock in the war, and the vast minefield
was the area of the defense line that caused the most significatnt damage to tanks. This article
attempts to use system simulation methods to construct a model, and attempts to quantitatively
explore how much losses the Ukrainian army will bear if it breaks through the defense line.

The model considers four variables, including minefield depth, landmine density,
Russian attack time interval, and demining method; and perform 30 trials of 400 experimental
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combinations at different levels, generating a total of 12,000 samples. The data were analyzed
using multiple regression models. The regression equation is fit, and its adjusted R can reach
97.6%, which has a very high goodness of fit. It was further discovered that it was indeed a
wise move for the Russian army to widen the depth of the minefield, but the Ukrainian army's
lack of effective demining methods was its fatal flaw, and the Ukrainian army's inventory of
tanks was indeed insufficient to break through the minefield.

Keywords: Russian-Ukraine war, Landmines, System Simulation, Monte Carlo method,

Multiple Regression Model
SR 3
TMSHET ) C5EREE2E - 5
FH AR T H I Ry IE R ARy T /PRI H AT
g, E2022422 24 1 b il - BREEER
LA BIA E ooy = BRE AU R (Kyiv) ~ IS
Rk (Kharkiv) & $LIEfE 24 Zaporizhzhia) »
H LTS v B B N R & H KR
YT J\ 7 HE i B v AR A R R e EA
HEERERIERHCR - (B4588 7 EH TN
(Luhansk) ~ $H{E K 5E /N (Donetsk) ~ FLIBE 24
P B2 A B R PN (K herson) A5 o3 s - ' e
EAEAEHE A TR R T BRI ME SRR
(the Surovikin Line)B5 2 T 5 (40E1) -
R ERF RS - IR - MetEER - BT A
ARG - PRI ERURAE) - 2R fE R RE
oo
T T 2 WG R - JS e BIR2023 4
6 HAHBa%A 7 RERFSE H /Y " BRI

RIS E I B SSRAI AN ANTHI - (RS HAEE
TU7TRE VA - > B R 7 FHE
PR — —(E A (54 1.6 J5 2N ER A Ik 8 » B
IR R RE LOfE H 2K el (RETE
A FR20235F 1T HTHFIH 1 #S ra B i3
AR AR Al FLEE H A(Valerii Zaluzhnyi) iy &
i MREREFCHBA TER - SEEED
(REHYJTREH FTZEm -

SR B G RR R FH (R  E 2E
JEUIER] » 8 U A I o T PR B K S 2 T
ER AT - FERAY1,0008R 2 EAVEGER 5
TG T BHAR T35 - 18 ALE S B I AT E 70
JEHEFR SRR ~ IROIH DTS ~ BEA BARRIE R
W o B L SRR A T R (AL S
JERCEANE2) - AR — ELAR R E - BT
R e NS BTI  FEFR R A A Bt
EERAETS » SRR S -

HAI 2 W - R O FH eSS R 1y 3
- PRIMEGL - TS B A R ER ] S

1 s - (BSECFA B IR

CEEEEEMEE ) - SES9EEES925 - 20234E12H - H36-37 -

2 Valery Zaluzhnyi, "Ukraine's Commander-in-chief on the Breakthrough He Needs to Beat Russia," The Economist,

Oct, 27, 2023, <https://www.economist.com/europe/2023/11/01/ukraines-commander-in-chief-on-the-breakthrough-

he-needs-to-beat-russia> (MR HHEH : 2023411 H27H )
CGEEIEEERBES) » 20234£10H27H

3 &fER - RSB R AKE? >

» <https://www.rfi.fr/

tw/%E4%B8%AD%ES5%9C%8B/20231 026-%E7%83%8F%E5%85%8B%E8%98%AD%E5%8F% 8D%E6%94%
BB%E7%82%BA%E4%BD%95%E5%A4%B1%E6%95%97> (AERHIH : 20234£11 H27H )
4 REA TSR GE R - A DARH % £ v B Al B P SRR R AR

2 BpFHEE B TIUEETH 202456H



1P B R A M R B — SR AR R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

4 i RUSSIA
. T
Kyiv i
Kharkive
UKRAINE
Kherson
100k
100 miles Google
B Russian military control o Crimea’s west coast
8 Limited Russian military control e Tobomak

€ 105 highway

© rivnopi

%, Russian fortifications

O Russia annexed Crimea in 2014

Sounce Institute Tor the Study of War [21;00 GMT, B May), Brady Africk aoE

1 R ST s S A

Dragon's teett

Source: Planet Labs PBE, 3 May 2023 ooQ

2 SRR R R TR

ZERFEJE © Daniele Palumbo and Erwan Rivault, "Ukraine war: Satellite images reveal Russian defences before major assault,"
BBC news, May, 22, 2023, <https://www.bbc.com/news/world-europe-65615184> (fHER HHH : 2023411 H27

=)

ERV AR 5 R TG - EEER
WIE A TS T PR B A L P R iy -
(V1SS B AL T W e BE Ry 55 > D IeAE
FCE S vt 2 5 Rl b R T B s A - ©
HRENTRERE S T A o T AnERAMIPTRE - 32
SR A3 S IEAE S e Bl T SE 40 MR

BEa oo | RSEAG A ERR I DU LA 25 T R
HiEE - AP AER K N HETT - tWHEEFE
BB W B R S R R R E S - G R RF BRI {1
BRI K IR » A BE AR HEEE o °

B AR B2 B AN L BR e - BRIR At
BEAR - T 5 5 B ) B I B 3E 5 i H

5 Daniele Palumbo and Erwan Rivault, "Ukraine War: Satellite Images Reveal Russian Defences before Major Assault,"

BBC news, May, 22,2023, <https://www.bbc.com/news/world-europe-65615184> (fZK HHH : 2023411 H27H )

6 e - RSaBEH R BUR S IEAERS R D

(BBCHI=Z#g) - 202349 H18H » <https://www.bbc.

com/zhongwen/trad/world-66841236> (fHEEHHEH : 202311 H27H)

7 FRES 0 G ER BRI TR TR S SRR D
jumpfrom=weibocom> (fEEZRHHH : 2023411 H29H )

8 [Al§E6 -

> (THIHE) - <https://m.weibo.cn/status/N5fKAgyEZ?

National Defense Journal Vol.39, No.2, Jun 2024 3



LA ? 3 o Tl A R il BT B& (Volodymyr
Zelenskyy)HUEtiA Bk BT 1 HAp R - fife
202249 H Bl & E T FC & 3 ¢ o yiE
IR EEN—F ORI
i Z M YeE - L ° 5 F2ERE - Al
RETOMRH BB S - SNBSS v BRI
RE A - e RIS AE - BERFRIK
ATaHIMNE - B 1T IMEA REFHREE - A 8E
WiE 1 | B ph v B R LIRS 73T 2 K0T
BIRHVETE - fEBI R R SR IE 2 FT(The
Kiel Institute for the World Economy)#fat 172
BT (E2022424 H 2202345 H ) JMNEE
MBS TuB HesHE - 51 A 28 K5 %
HE8OZE ~ M (Hi) SI8JE e 2 AUBRERT ST
il > 'O SRR S % L WS - IR
WS H -

BRI » AR SR AR FE Ry R BH
N BRSTUEE TR L SRR E DR AT
e - WS HBYEZEL T -
— ~ BT REEEEIAE T ARV HME SRR o 28

W — R 1 - ATREE Y T =R frl » 3

T LA T — I8 LA R S A Y. o

— ~ FlJFdMicrosoft Excel VBAFRE 4% -kt
Y - FERSE N FEZ2BUKEET - DISEH
RAEEET TR - AN @ H AR TR A
FH LU 51 5 B 2R AR B G P ey S2 0
HIAR/IN

Al ~ BERIBUS T TP b R
e e T2\

— ~ M EETESH

HhEE A R 5y T N B 15 ER (anti-
personnel mines » ffHEAP mines) L 5z ;2 #H
e/ # B i ES (anti-tank mines » ffHAT
mines)JRFE Ry TEREAE o o ' FBSER TR
LK - {3~ SEETTYREZ i R - S
SR L AR Ry T L B KRR W - 1 {E TR
FHEE b - (RS EE TG0 ) SO D - Tk
Tttt A BREE - CAEES T
/DR T 68 SHH Te b e ke TR Bk 5

= 13

AE J5 T8 B 19 S XA T B 12 BA R AT

9

10

11

12

13

4

RN - ERfITES - N SMEPRER A EEE ) - (rhosE@ERi )
cna.com.tw/news/aopl/202209170080.aspx> (FERHHA : 2023411 H29H )
FEER [ SRS I S T RESRAR M SRR 2008 KT ~ AR S B » HLERANBG 2R ~ SEARE ~ TR K
KA - HISREESZMRET#IE 2N - 22/, : Pietro Bomprezzi, Katelyn Bushnell, André Frank, Ivan Kharitonov,
Christopher Schade, Leon Weiser and Christoph Trebesch, "Ukraine Support Tracker," The Kiel Institute for the

» 20229 H17H » <https://www.

World Economy, Sep. 7, 2023, <https://www.ifw-kiel.de/topics/war-against-ukraine/ukraine-support-tracker/> (g
HHH : 2023411 H29H )

A - (CEREEEMER 2 KIMMERK—REE) - (Phyu@EEiit) - 202359 2 HBEHT - <https:/
www.cna.com.tw/news/aipl/202301195006.aspx> (FZE HHH : 2023411 H27H )

Daniel Bpffey, "Ukraine Desperate for Help Clearing Mines, Says Defence Minister," The Guardian, Aug, 23,
2023, <https://www.theguardian.com/world/2023/aug/13/ukraine-desperate-for-help-clearing-mines-says-defence-
minister> (MK HHEA : 2023411 H27H )

Andrew Stroehlein, "Background Briefing on Landmine Use in Ukraine," Human Rights Watch, Jun, 15, 2022,
<https://www.hrw.org/news/2022/06/15/background-briefing-landmine-use-ukraine> (fHER HHH : 2023411 H27
FD

BISRES SRS 2024456 H



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

18 e JIT /T 22 KR EH A B] S BRIS ME < (Sergey
Vladimirovich Surovikin)¥f EH [ EEHEGHEIT T
IR - PR E SRR ER T 445
MELRIE 12028 RSN SSOR R » [RIRFHSINEE
SR ER AR - R ARSI T R HEE
HUEERS - BHSEN SRIE L 1B %E -
(5 P Y A B s 55 5 1R R AE R T BT
FRIGE P B4E - A AR AR H 20 TR 704E AR LA
S 80FFEAR o A B LAT-HBh{fii e iy M E5 £ B
JRERBRISEE - (RISEE T AT - RINEYIER

iR IO A R e R - P AR B E AL
B 105 = EERGHL -

L b B T UK B o Ty 3HE
53 3 R FEIATER ~ BRAAT EE DL b 5 i A7 7R
S M REEITISE K BT (UMZ > 8
FEARER B ) By — B A T #7302 12041
H e FE 5252, 100 A BB HEE > —
Wi e BB O AR 5 IRIL - — R EfE Y
FHEERIBOAN - MR AESAE « i
20234 4] I B 1 R 135S B 7 o 50 P A

el ST AT R st B R

FE R I A AR HA E =il a7 28
MON-50 fik et (ER e W F#h
MON-200 kbt (H R R
0OZM-72 ki BEE T WEF
NERIGE PMN-2 Ereaiin RN
B ik K S
PMN-4 P in TR
POM-2/POM-2R skl 1PRE WeR
POM-3 Eeiin WEF
PTKM-1R HRE T T HENF 5% F i)
PTM-1/PTM-1G fRlgk AR T 304 )
— B Rk K FiTE
PTM-4 2 zin TERENELE
S 3H va Ml EE
TM-62M wRlgE AR ERE T TR
TM-62P3 fiok it (ER e A F B
TM-83 fk et (E g TRRENF%E

ZRIAK IR © Andrew Stroehlein, "Background Briefing on Landmine Use in Ukraine," Human Rights Watch, Jun, 15, 2022,
<https://www.hrw.org/news/2022/06/15/background-briefing-landmine-use-ukraine> (#E2 HHEA : 2023411 H27

S D)

14 Andrew Stroehlein, "Landmine Use in Ukraine," Human Rights Watch, Jun, 13, 2022, <https://www.hrw.org/
news/2023/06/13/landmine-use-ukraine> ( #FZZ HHH : 2023411 H27H )
15 David Axe, "To Slow The Ukrainian Counteroffensive, the Russian Army Quadrupled The Size of Its Minefields,"

Forbes, Sep, 5, 2023, <https://www.forbes.com/sites/davidaxe/2023/09/05/to-slow-the-ukrainian-counteroffensive-
the-russian-army-quadrupled-the-size-of-its-minefields/?sh=7875cc7669¢8> (kaZEHHH : 2023411 H27H )

National Defense Journal Vol.39, No.2, Jun 2024 5



G MON-50 U 5 [m) Bz Fr 3t EE - [BLAEH 525 2 g
NS & R R i AR SRR - 10
Yo R S R T A B A LR T Ry
FIRBE » F R I 202144 4
E o

F2HER TR S R LAY STE R -

Her - NEREE > ZLURTT ~ wERREUR

gh=05 [ (AIEK ~ 283) 5 i SGH i

T 05 N B oS TUBE ELER il 5 [ - Bat BK
TR EEDL B ] s S [ (N4

Ke5) e

o HEE TR

722 ({HISEES B R ST I ER

R SEu

gllll

1]

LA

fRlh AR TR - (R RSN ES
RfI1228 57 » IR 3T L EHE
45 > JHEUE 2HRR G - R HEERER
DRt - ERME AR F
Gy - W LT ) ~ TREEECK

PFM-1/PFM-18
NERGE

LT AL

BRIGEEL - KIS - EIERILL
Doy o S ER R ) BE R AR
77 g o sy - g
] _ERRAE - R 2,400 2 {85l ek
R sEERTE) T A ME

) OZM-72
NERGE

wRIEEL > 2808 0 EIKRY
9.5N5) » BEHEKIS6AN T 0 ST
JER ) BN AT g s 5 1 8 - R NEA R

EESEN /A AN

RERHTEL » B9340 » SEHERY
1T 2 WRREYESE » 51502400
INITIRETI A RER & » MLk B &
5 g 4

WA » AN s A A

PTM-1/PTM-1G

4 iz 1L =% ELRG HE R ROR

PR -

16 Eve Sampson and Samuel Granados, "Ukraine is now the most mined country. It will take decades to make safe," The

Washingtion Post, Jul, 22, 2023, <https://www.washingtonpost.com/world/2023/07/22/ukraine-is-now-most-mined-
country-it-will-take-decades-make-safe/> (#ZE HHH : 20234£11 H27H )

6 BEFHEE EotJUER I 2024461



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

R > K32
K973 T HEEE > FE150 5500 T
AHES|R - fEE WS LR
M P —3 M EE - B R A K
T ZS T B TR IR FL A o

s TM-62%7%1]
SIHTEHhEE

AR 31

ZERAIR © David Axe, "To Slow The Ukrainian Counteroffensive, the Russian Army Quadrupled The Size Of Its Minefields,"
Forbes, Sep, 5, 2023, <https://www.forbes.com/sites/davidaxe/2023/09/05/to-slow-the-ukrainian-counteroffensive-
the-russian-army-quadrupled-the-size-of-its-minefields/?sh=7875¢c7669¢8> (fHERH M : 20234E11 H27H )

R 48 8 350 57 iR B 9% £ a /Y R B A e
GLOBSECH I — i & R » S ra iR
MAI30%Ay i (HFE#EE67,0005 7 5%
) RIMIEE - R~ B EEE DL A

SERGEGY  TREMETRR - BEHER
FOTSEATEY o |7 T R R R R T
TR SR B TE)  [FIRF S K T 6005
SERATE - SR ERA EE R A
fERT - 2T ST BN ARSI DL R B ER MR A i
J—-@‘ . 18

BB LA EEHAE - 55 R
PRERTEE ~ YESERRTEE - A THETE DU A B HE
EE o FHRAE B AT IR -

S ra RS I — B - BRAUT 27 by
HRE RIS - DUES HOFRH L 27K - |ER
@ AR - HERTRTE 2 EEE T

= DUN ST Rl RERYOREHEEE T -
(HALHEE
Fy—TREARAIHES 20 - IKGEAETF
BN SRS ERIEE - HESR AT DUH 2 R AR
FIHBFEZAET T TAF - 2RI RS S BiRIH 5,000
FHEE NG - VhZH208R5 4 REIH EE6,700°F- 5
SNH A - A BB E T EI R 2R
WL A I - SRR R ] S A T T ARy -
BR H F IR Cie S e B S JE R PR T H &
PRI - WIREMSH RS B R R BE -
(—)UR-77REF Hl g o>
B R o gt L ) R K S U R R BR
B SEEEMT-LBHEHR 2 f R SE FH E AR -
Al PR e B0 S e Fr S - AT R
F o HAAr 0 n 5 2 A UZP-T T EE e
ZE[YDM-140 K& - FREUZP-77HEE #RIEEE

17 Luliia Osmolovska, "Walking on Fire Demining in Ukraine," GLOBSEC IDEAS SHAPING THE WORLD, Apr, 26,
2023, <https://www.globsec.org/what-we-do/publications/walking-fire-demining-ukraine> (fZK HHEH : 2023412

H3HD

18 James Cowan, "Clear Landmines to rebuild Ukraine and feed the world," The Halo Trust, Jul, 19, 2023, <https://www.
halotrust.org/latest/halo-updates/news/clear-landmines-to-rebuild-ukraine-and-feed-the-world/> (fEERHHH : 2023

FI2H3H)

19 Luliia Osmolovska, "Walking on Fire Demining in Ukraine", GLOBSEC IDEAS SHAPING THE WORLD, 2023.
p- 14. At file:///Users/hanhan/Desktop/%E5%9C%B0%E9%9B%B7%E6%88%B0/Demining%20in%20Ukraine%20
report%20ver5%20web.pdf (FEZKHE] : 2023411 H27H )

20 Armtrac Ltd., "UR-77 Meteorit," WeaponSystems.net, <https://armtrac.net/wp-content/uploads/SPEC-100-350-MK2-

1SS-3.00-10-2018.pdf> (¥ZZ HHA : 2023411 H27H )

National Defense Journal Vol.39, No.2, Jun 2024 7



#3  fEE B BRE LER AT 2R

HEgE 720 -2

A B

e IR R BOR (S S %A 1
BWURE G sl mp Kb o (s -

PEAGER (i i) BE & THEE SRR 8 - i HL ik
T BRI AT R T 3 2R B IR B B i & -

RE %) TA)LJES fiE B M 2R - 5B S P R

A ERR B S AR E) - SRR

NESERREE (CERTI= R N R R v et DR Vs RET AR I - 1 HL w] RE & 51 3% AR B 1l
B AR TS R KESERI AT o AN E - M hfEkE T
A %) R W bl I H bt 1 57 1 AR A

T HEE SN AR 5 AN 7] B 1t 25 PR EXAS [R] 04 5 Bk 75 ;15&'?[% ~ SRR S PR - i L

FIAERER o B/ )N

o WAL B ARAE - T HLEHR R

= EEI R AT 5B 5 o

e ~ TG TELF ~ wT LUFIA fE]

SABHRE g s -

Ay H=

AR ~ Bl EOR ) ~ WTREZ BT R
BB -

BRI © ARBFIEEEE

93/ » EH1,069.0 )T »

UR-77HI B ] 7 — R 80290
R~ BO6R8 A RAEE - DI HHRE® -
SR RO AR A A A EE - B A DURF AR
FHERB0EI0N R » BRAIEE S —FRERTE - AR
i+ UR-77THYIRKETERS & T B AEREEE 2
TREG o B B BRI KRR - R
AT B R R Z RS R ES] - ERAh - AR
LRI E (i - & R REREIRSE TS
ERFTERUME - B NBERIfEks o

S RECRIUR-77EAHEEH » {2
UL EH RIS 168 - 7 F R KB elas A
5 I S R A A 5 o Bl I 0 B 1 s o R S
FAZRAE Ry T BRI B R K I EEE. - 1k
TERHEEZ A - 2

(=)Leopard 2REEFFEEH »2

NGy AU fi FF #i(heavy mine

breaching vehicle) » &2 FH LASY2A4 - HEIH

T R S S R A HE TR MRS T - RS
ERIE A 6% HH 2R I A 202342 H st - 3%
EHRAC G T I BRI B R R - LU
T W ESE S o (5P bl EE BE ISR - T LA
ERT A B B R B - 55 B M IR R A
535 BEH SO Sk B AR TR W - {5
E TR TLE E ] DU SRR O B -

% BRI A B R - Hoh
WG —REME » —RIEEE LS "
52+ | AT 2L 0 2 o R 15 S P 7 S48
RIEMEAER -t DB HARSE - B
B VR (E ] N/ i o S =X [ ato4s |
EHFETERE SR - HEE —EHR
H o BIAN - HE R ARG I 2 BE 1 T SEAT
BIANvH BRI R -

(P9) T-62M#H Tz KM T- 637 35 54 >

T-62M=F B HH T2 FHRTHRB DA T-62

B IH TR EERB ISR R - BREC SRR

21 HEHRFER - REEEE K - JREUR-77 TR ) i B TR A L) -

(H R/ ERARE) - 2023

F4HTH - <https://def.ltn.com.tw/article/breakingnews/4262967> (FZRHHEH : 2023411 H27H )
22 Andrius Genys, "Leopard 2R," Military-Today.com, <https://www.militarytoday.com/engineering/patria_hmbv.htm>

(RER H I « 20234E11 H27H)

8 BEpFHEEE B TIEHE T 202456H



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

KITEIHGTIHN - N bEgaaR T 2 B 5 SCERER
MR EE G )T 5 KMT-647 38 2244 HH /A
BASGHYEL TR - AIZEEAET-62ME T » H
A B R B B Y St R 2 B R - SRR
fRESEISMA] - DUBEGR W HRIBR S [ - SEIT
EEEH T AR R R s i e
(FL)MV-4$7538 8 A Hth i i >
MV - 4§ 25 A Hb T E g - E A
HRPY R IE 2 F](DOK-ING) G - ZH TRy
NGB FHEE A5 T a a4 SR M =R
g - o RS A SUE PEHEEE R - RITERR
P 3ERI AR 5 A B S FIoR i 2% » S5
JATE AR A B2 A E At s THEE -
FA RN R 202345 12 H R Ajfe it e v
B 1OEIMV -4 A HEFEH - MV-4B 5% H]
w o ERSEABEIRERI R T - IRIBHE A
FEOR - WA WOHL ~ gEE ~ HETAE T
F - DIREZ AL o G AT AR IR E B TR K E
R E R L HE - HEGE RAvEREFHE
Ve~ EX A 2 R RE D AR O Ry 28 BERE
F7 0 25
(7)RPV- 1635 88 K i >
15 JER 58 (thermobaric bomb) & —F#EFI| FH
rEn I = R Y J K S R 332 H AR UEs - e AT A

5 R EE Y KESE - B BB R B
A [FIRFIS R T8 5 b MM EE 2 H AR - e R
LR I A A OB B - Sl i B BE A
BRI - HEN R A BRI SR T6 R
SEBERT - {EARPE H LK T 28k o I fE
o HARR S IR s, - DURBIERA
L TSGR DU AL EEE | F
MR - F5 e IR R A B TR T ~ B ARk
BEBERYSP R - ARIE 1899190741y (¥ A
AKIY o ARE TREBFI MU SRR - 27
s TaBa#EAHIRPV-1615 R K &5 -
TR EE S SO B B SRAL B2 A AL W SR i 38 - 1R
2018 FFIGTR A - WHR2019F (IS 5e
BRI FEEL400 5 » BZaKIRE £k FH THEGHRITY — K
TEZSTE - BOCEN B AR - SR
1000 R » "EERFIRLKES (155 1% - 3tk -
e MRS E U AVow ST b R I SRASE R
REEE - BREEME 12005 R - 1
EE T i IR A ] LGERI2,500% - LhE S
HOMEREE 0= 1,000/ - FE e - #HEE
st e R L -
FeANESY 7 S v B H Rl T REFEE I HEER
J3i% o BR T NIHEE K RPV-1675 BE K #f
(K15 6) 4 - HERTTLEFERS

23 Hawk263#uUE - CHfldh © T-62MIEH SeFC i I RF RIS KM T-6f7 25 ZLHERR AR B ) -

(M%) - 20204

105 12H - <https://m.163.com/dy/article/FOO5JGAT0515974E html> (#ZEHHH : 2023411 H27H )

24 MILITARYLEAK.COM, <Republic of Korea Army Unveils MV-4 Mineclearing Unmanned Ground Vehicle>,
MILITARYLEAK.COM/Guound Warfare, <https://militaryleak.com/2020/05/21/republic-of-korea-army-unveils-
mv-4-mineclearing-unmanned-ground-vehicle/#> (K2 HHEA : 2023411 H27H )

25 FPEEEEGEHETTRMTE - (I A—HRER 2 0T —DOK-ING MV-4Z THEEHRIRISER A D

(WgZ) - 2022

fE8H16H - <https://www.163.com/dy/article/HESO07600531T8X5.html> (K HHH : 2023411 H27H )

26 HERKF R > GERIROE | BHE TR, SR EES e )

(H R BB ) - 20234359

H » <https://news.ltn.com.tw/news/world/breakingnews/4234728> (fZR HHH : 2023411 H27H )

27 B o R R R A T !

O T RLEERE ) M AR IO R )

(H R BRI S )

» 2023412 H4H - <https://def.ltn.com.tw/article/breakingnews/4510279> (#ZE HHH : 20234£12H5H )

National Defense Journal Vol.39, No.2, Jun 2024 9



F4 PR A

HR SEuE A

HEeE N\ B 2 dum B e S A - [

B &M AR fEkE - TREEER

T T 25 R 07 B A0 3 5 AT E Y PiT £ L

- B > —HHEE AN 8RR A REEH49

FE827F 7 He Rl » HUR 2 e
LABAGKEIFAL L o

—_—

UR-77HY K i 58 7] LLTE20022 500
N R [ P 5 R A S EE o
UR-77F8 44 UR-77FH¥E A Bt AL 35 85 77 =X »
PEE R4t TP H A IERR T o B
A & TR AN A2 Al E Y T E 2R

Bt B TSRS o

[\

2B Patria/X FIFRBASE » LAl RE 25
Tl [ B B R B oK o B2 Ay &
Leopard 2R FHEH 2E BB R E s - B H At
PEE = L E A EE e HaE o B RETE
B2 S R A e S 7 2 i R 2

HEPETEEY) o

98]

ATBRLIT. 62 BT R
o BB R T I MT- o
TOMIVENES R - b S S
i B B B S S R
FETE - HF MO -

N

FRVE N B AITE1,50025 R 72 45 FEEfE
ARPZER > Al T REAE R ~ VDl ~ U8
- 6~ T EERT | - 0.5
WA > AR B A AT (B JES AR Y R
A% > REPT 1R ER B A A B B R A

il e B FEEE o

O]

" 5 » BRI A0 A AR (IR

RPN Lo 45 5 1 A 40 4 340 0
i O T
RUSERIE + R R -

o))

BRI © ARBTSREEE o

10 BERGHEE B=THBE M 202456H



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

AL EROEME SN (THR2/4) B
=HRBISMER) (THRK3/5) 4GREHETRS - H
RAE R bR Rl T S0 R A AT
& - lfiLeopard 2REFEE B HIE JS SO R 4%
WHIHREE S0 - IR PEANSCRE o A2 S B EE BT
RREF - S HE B RIRERE Y2 UR-77FE A HE
T H# ~ Leopard 2R{JFEE B T-62MIH S jne
KMT-6fF 8 2 (IHR2 ~ 3/4) FH -

2 ~ Eaknt B BEE

BEEMSEE T - A E Zen
Frefdetis Bt - AEE DATR SRR HE R F i 1 -
Jo B DL SO B R Bl — /N B T 8 5 R ]
PR AR - BUERRGT k2L iEN
At
— ~ REERGRR

AN SCAR 5 B B R B T 2 A [R] - 8
Mg~ SHH O~ BESF BRI R AT - 5
EIRFT ARSI RSSO R
FIRE R B T TR R - T e B i R
TERES ERITER - [XIEGRE B A EE W e 2
F5E Fy100 ~ 200 ~ 300 ~ 400 525004 N 2578
TKHE o SR ~ SCHH SOt K HE A S IH AR R
AT AR T b A ARAR IS SR T it
FRET Rt o
= HER AT B R U5

B R P B8 W i S Se il EE e A
SR - HRASCARER A BB T - Kt
PR A5 B B SIH sO it i 5 SORIARE
B2HEME G G REe eSS L
FEEAARRI AT IIRE - Ry LR R - REhi

KR ER S AR RF & LR RS A R 1 -
i i AMBL R RS 4 B W Y & ] SR A
SEH A RSH 2B DL — B 3.3 R
T-628RHSKFE » fFRTHE 1A R fERkE 16.5
MOmEE - B BEAR —im Bk BT 1 S RN E
W PRI SORE L EE 25 B i Ry T A 22 8 > 47
ANERETE Ry T80 R0.5 ~ 1~ 1.5 255458
TKHE o

SENHFE TLEA2: —EFEHER
AFEE (flalleopard 2RIFEHEH ) BIETE
T-62MIH T NEEKMT-64mEE 2 (DL N fETE
HFE=E) - 2 UR-77[E A HEE 56 R
ZamimE (LUNfEEUR-77) - KIELHEE T
ZATDUH G AR K HE © (BT FIPRERER - fEEfl
FUR-77 ~ GAEWAT M RE A TR -

o EE FL AT HERS M A3 EE - (B —
TE LB EREE AR 4 3 v i St S ik e e R B HE
1% - [KIIHG AT RE R A2 Ea i o L f A HE A - AR
EE 5% EE A HERS - 4h - UR-77
FEG HEE AV HRE COR e - {H I A5
HERREE ERYRTE L - AR E B H
Te R HUIE RIS F599% - S3EUR-TTHY
— 2 K ET T AR — IR EAII0A R ~ EHISA
REVZEA03E - A TR638 K EiinRER R R
FES00 A Ry Ze a3l 5 AR LAE AL - fRE%
UR-77THYHE R A=/ N - 638 K& AT EFHEY ]
J 68 T 1 22 255 -
= &~ HRERY

5 D B0 Bt LA B —/ N B e R -
Ry SRS P TR R SR » 27 AU T B B AR S
87 AR Rz FHEENEERTE R

28 [AlFE6 °

29 ASCAEHEREREE Y B THERY - SRIRMKRPFE 72 F] - nIREE S PFE B s n s R © Ryl sapik

FRFE Y TLEE - KERSTEOL T B R R e -

National Defense Journal Vo0l.39, No.2, Jun 2024 11



AR - RITA] DUR FA e T SRS Ze W [ 4
PR - 1THERT - SSERTT LA LUK T T R AR
AR SRR T R R R i it - DUEE S
TR RS IR R 5 i RCE FS F R AR
B i e et ) SR BE B R Y A PR - i S e
1y ST AR BB R A =R HE G - HE T R
BB THE PR RRER - (EAREERR T K TSR
GAE—ERF A HEf SR (B R P8R 90
MEIFEEIIEC) - LERF S EATHE A B
i B SO vl iER AU RF RSO - RER IR
HELERAVEAS PR T 70% - [ RS ~ 15 ~ 30
» 45 f 60D ST K HE -
Py ~ TR

EARFEFFE LR T - SEBEEGLAF
T A E A - PR R - fTHE
JERRF B 10N L - AnE fEFIUR-77 » Hpsn]
PEINZEA0N B 5 RS Vil B Gl R B AR S
SO ER T A2 AH - 20200 < SRV B B R ER B
b S IH EIR R AR HEE - AR - (R
1 H B EAERGRR B RE —E®R T - DI ER
JIEdIHEA - IR HGE ISR Rl LA
VB B e R Ay - RIS kTl - (B
S L G A R P A bt B S H T i AR
HERE - HIMER R -

ERELLERTL - TR S T
EHEZE (100 ~ 200 ~ 300 ~ 40085000~ ) 5
M~ HIEHE (B HAR0.5~ 1~ 15802
) 4fE ~ HEETJTEE (EEEHUR-77 ~ (&
BREE - B ERE AR ) 4%H
SR SRR (5~ 15 ~ 30 ~ 458k60% ) 5
f#H - 2l & 400FE B b (experimentation)
» ANERSFT7R ©

WK _E SRR SE P 3 E L A T2 B - AEAR L
iy T A2, o B L HEZEE
AIH T ERE R ) B T EERETE , IES
i EL g ARASCRI IR " T BRI L 1Y
R  SEDEB CHIERR E L » DS
FiEERSAT - SSHRE - BBl iE )
BB S Bk gt B A B BRI - EEE P&
UG » WA SCAE AR T DU#E Y T 5
b o MEDUSERERTT 5 B RS AR S
BHALERA - a2 B BB - JTRekEHE
R FEHEE -

Bt~ BRERURI S
B (model) ERFMMIML - HHAZ

AT HSEGRERMAIRZE - R
(system)HIl Ry —E R LS (A—FE A B Eb

5 EHEEE RS EE

=2 lenhillly K Y IKHERY B R
B AR 100 ~ 200 ~ 300 ~ 4005250028 R 5 BfE
Hh A 0.5~ 1~ 1L.5B2 " FH AR 4 BfE
[es& 13 T 5~ 1530~ 45560F) 5 B
BEE 77 e UR-77 ~ HEEEH ~ &I ~ mE A 4 K1
S

* ZRPERIGTATE o B 2EUIOKHERL » T EEAE400 (5 X4 X 5X4 = 400)fEfH & ©
wx PEEE 7 AU BB B TR R HEEE 2R > AREEE H > TR SREE10AE ~ HEEES95% 5 IR
UR-77 » 1THEHEE BIHA0AN B ~ HEEZEE99% » WIMNE I » 17385 A B340 L o

BRI © AHToRsEE -

12 BRGHEE B=THEE N 202456 H



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

oy ) oE S E RS DI R R A A AR
FHLGESIHAE H A 5 0 s —s R s ar
AL - HILDZEARIHSE H R DR E SR s HER B
AR o 2 AR R A W o T B R
AT BB | - SRR DR IR SR AR A
AR 7R FRH i R - B AU A2 —
TR BRI - 2

AL AU W ] P o0 R i REHY (static) B E)
REMY(dynamic) ~ HEERY(deterministic) Bl
BE) (stochastic) ~ BB (discrete)BE &Y
(continuous) o i REREEAE AU T H, W Ry 52 3
K EHEEHE(Monte Carlo simulation) » {3 —1[E
FrERFElBn (M) AR - BhRER IR A
RE T BERFRTE LRI > ARSI
MU 2 BRG] KR - (EAERR B Ry [ E
2 T RBERISE R gAY -

AR T H |- 2FEEHER2022
RS O AR S P RAT
Microsoft Excel VBAFEZEES » B {EExcel
HiA BRI TR AL o ExceiZtHE & M iy
SCEESERKES © Excel VBARIW] R FI 2
fE G A Y EITEINCLE B - Ktk ] DUR B
KEME ~ BEEMENEERES - 2 NILIEE
BT HEFRERYSE M R -

DLUN BREH S A0n] 35 F Exce 12 A 3t 25 kY

RIS R ST T R LR
— ~ HuEEE

TR b M ] 4 B AR Excel i f74% £ - AR
Excel & [ RIS Ry — H A AR
REAFAS HYNL B A Ry R ASERE - FEAR LUK, YY)
FoR o fiE VEREFAS 2 R 0.33 A RZIETT
B+ W&y IR e B Y B - R 311 i
FERsAERE Ry 1A R - 35 2B R — R 8 A R~
F500A RAysdsHE - HILAZERFIRI36,0001E 17
R Bl - RS IEREAER(L, DE](1500, 24)
HIR TP Wik -
=~ HEEE

i O R Ry — R YT E S HIER
Bg(bernoulli trial) » <3838 _EAYERE FE A
(X;, YA HEERAIRRR Ry M - SR iy -
HHER I EE BYBER Ryp - JIREWIRE T 1 - [z B
O A0 - HII -

Pr(M=1)=p

Pr(M=0)=1-p

aniB g MlEl Bkl - HIE% RS R RO
Tol » 5 - AURERF Re22 B (A3 - Ry FIIE5
Al - FERC R LA BRI Ttk ) » pHIMEHY
RN F R - R P A RRZEER
NOMCHLER - 1 5 A REYH R R R 1
> Hilpks0.11 -

30 Averill M. Law, Simulation Modeling and Analysis (New York: McGraw-Hill, 2007), p. 4.
31 Jerry Banks, John S. Carson II, Barry L. Nelson & David M. Nicol, Discrete-event System Simulation (New Jersey:

Pearson Prentice Hall, 2005), p. 12.

32 IRER R~ FRA S BESCE -~ TEY - (EFEEE)  (bnt: HREBES T > 1993) - H153 -

33 [AJFE31 - HI13 -

34 BRATS - (EISHCEESEEEAL ) -
F6H » H160-170 -

35 Microsof » {f{HFHEHEREZHEMLTIE) -

{Microsof37 &)

(20222 =B E B RE E B TR Eam s BE B) - 2022

» <https://support.microsoft.com/zh-tw/office/

%E4%BD%BF%E7%94%A8%ES5%B7%A8%E9%9B% 86%E9%8C%84%E8%A3%BD%E5%99%A8%E8%87%
AAY%E5%8B%95%E5%8C%96%ES5%B7%A5%E4%BD%9C-974ef220-716-4¢01-b015-3ea70e64937b> (k=R H

HH : 202245 H9H )

National Defense Journal Vol.39, No.2, Jun 2024 13



=~ HFE M THE

R R[] i R A Fie T R (F 5 A
Bz > AEPRE SRS B (anfE R UR-77
AR EEE ) - BIAEEA ~ B EE FHE
—EITASSAEAEE - <l LR EHE RS
(X, YOHRERAGIRERINE - HREE mIhryik=R
Foq > ANMEA M E R R HRE Rl - HIRZ
FAASHYRERC R0 (R SEiR A I HYIREC 0
- DU SR B RSE Y BIE - R AR RIS Ry
Rt a4 ) - A RIEFRORERER R EE

15 - FERCHMERF e 1 - AT — Rk H 2 R AT
i€ - Bl :

Pr(E=0|M=1)=q

Pr(E=1|M=1)=1-q

Pr(E=0|M=0)=1

Pr(E=1|M=0)=0

B R E ARE A B AARTE - BAS
AT VIE GEF 1% - BIFFE B2 M A 1 Bk R
HEN (AEMETHERE) NEEFESE

AR - ANMERURERE A RTHELE - ASCZ2HERR
BIT-628 A T3 3N R F R A THE LS »
T E R Ry ME R AP A
VY ~ RS KT

ER IS L - O T TR 2 B T A8
R H Ry Ay - HE B E ARG e
JE - RS AE A b thml i Hm  1F 55 A
B2 - BRIL.ZSN > REEH 28 KHET - 1
ST~ R AR S R TR S AP
Ay - HEANFIEHEER SF A - HAHH
KA B2 YR I ERTAFE - PIANEHE ~ 38
JE ~ FEHERE ~ SRR RS - A
RERC R HERG R - BT ER A ER -
AT R BE N ER SR MR RAE AR AV B2 - TR
HISI K TT B GE R B —JH A - B R ml
W E S A FEA -

B 3H e e R A HE gy - AT b Bl
By N RIS - i B AR T 7 75 B
7= AR AR RS A Z i Ry (A 55 AR © [RIk -

e e,
; -l.-. efi= L nz L = | Ew = &
' R 2 II:'.-_'-__- : =g R W ."_-f-r'-f '-.-.l' u !
R R R H Thiiel it AR Rl -0
E:-.-.. gl S ey . i _'_.- iy, el e
_| - '. | r-lll. _SIRAL TN 'l L T .j..ll.t. ll._l o --':

&3 e ERE(p = 0.11)

PRI « ANBTSCHREEE -

[El4  ERET THEHIER R E

PRI « ABTICHEEE -

14 BRHEE BT BRI 202456 H



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

P U WS T TR 22 B S AR - L B 4G i TR
A BE 1 HRF ] L] B - — LRy i [ O 168 11 v )2
» BIIgH 55—k o DUF 53 A S o e Hog
IR - [EIRAROE - FORREY K TR L -
h~ AT

AR Excel VBAE Ry B R =\ T
Ho e ~ HEE RS SO IR 7 Al
FRYIRM B A RIBSR T R 55 A EU -
P LULE T R Ay subtE [ (ARiET T 8BORK)
220617 ) - BUREREA & S BRI REF A%
R o ARSCIRAYFRNE - et Ayt s
DUttt - 385 ] 25 e (AnEs) -

{h ~ ;ﬁ%ﬁ’ﬂ@*ﬁﬁﬁﬁiﬁ%ﬁ%ﬁ
i

AR E B A EE ~ HUEE B R R
BRI i S I T 2 gl 3t 5 el oy i Bt L S R
HEYR (indirect effect) - S5FE =l (&
UR-77 JeHFEE Bi2F8 ) HI Ky B W AfE R B 3l &5 2%
55 FE AR T T HE A8 B (moderating variables)

- LSS E AR ([E6) Pk -

iR E IR B WA EE - M R
R S BRI RS SRR T AT S T RE S 52
e N eSS AN - G RpE S =
225 HHE SRR R BRI SORR - o0l ans -

— ~ EEHEARRIMKRIRIEEL ~ W - B R FH Ik

FET ERIFESK - R T B AR L BRE

Fy 1003200 NAEE - 2S5 T

HRIES0%ZER0% - LLERF A T I A

JE o BB LR - 2O
— ~ Jacobs(1979) & BRI B DL~ LA

JEFE (Poisson process)ZE 7 — B FEAY -

T T
e pii
T T
Il [ ft—4 -
L L
..... P 4
i BE= ; 11 ™
i
iy
¥
e
By
REER

T

S AL E
LRI © ABFeHBE -

DUt e 2 22 R W A SR - 7
tho TEEEMER ) K THIEWE ) Bk
B2 — ; SRR Z & T R
REPR o - (HESSAE T SEEAYEER
= et

=~ THEE G AEE A ANEDRE T

36 LRI - (BRI WSEM ARG ) o (BEFE LISEET) - 202045 H - HS53-56 ©
37 Jacobs, P. A., A Model for the Defense of a Mine Field (California: Naval Postgraduate School., 1979), p. 2.

National Defense Journal Vol.39, No.2, Jun 2024 15



[El6 At ZEAA
FERIACE © ATTSEaE -

P MR EOR T HIE SR ) R - K
R Ry TR AR ) K TR
A8 -
0 2 o W ARt 2 B ST RS T A
[FIZKAETR » A]EAE400FE B H & (AR5 )
» (R B RS H#E T 30K 31T (replication)
» 3% DUEEAE12,000K 5k B (run) 5 FRAASTIE
26 Bl B L 58 T RS B AU T B — — B8 -
ESRTNREE i i it o 7 A E A A e L it
(multiple regression models)JILARCE » SZFERK
Nt -
E{Y} =Bo+ B X, + By Xy + B3 X3+ B, Xy +Bs X
T BraXis T Pog Xog  Bys Xys + PrsXos +

BasXys T BrasXias T PrasXaas

s

EF[ .

¢ SRR B P AT R U B B B & -
| EEEAMEEE - EIEIE 100ZE5004 R -
, L MR RE - AN 0.5 Z 2 MO EE -

><i><*<

Xy ¢ R SO SO TR BRI - AESE 608D
fi o
X, BEE TR SERIUR-77 - E s B (dummy
variable) > T > REHTO
X5 PEE T HEHBREE - EEERE - B
BEFI R - RIEFI R0 -
Xy, P BEHRBEX)EUR-77(X )M H IE
(interaction term) °
o - MBI (X)) EIUR-77(X ) HIAS A I8
:ER AR (X)) B AR ER (X )WY AL AL IH
s ER SRR (X B R B (X5 AU AL ©
45+ UR-TT(X ) B HJFER HH(X )R A -
145+ B ERHETR(X D ELX (s A A IH -
245 ¢ HUER B (X)) B X sYSS ALIH -
FE AR AU (a5 HEFE U7 =0 B W ME R (X))
e MR R (X)) Wy 188 - NHEE TR
Ty 21 i AR BU(X y, X5) » IR0 W] LU & A
FEE (0, 0) ~ EAIUR-77(1, 0) ~ fEFHHEFEHL(O,
D) e F (L, DFF4EME S - T 17 HERD
(LDRHAIREREHEAE - KEARE T X 55 A
T - AR R B SO % E R X~ X5
XT3 - AT Ry 7 BEEesE 31 e By +
PSR R E 3 fIal R S O R W PR (X))
B AR R (X 2418 H B B RIS A AL - AT
ARy B BGEE 1211 -
EHIS R ERYE - R B A 714 5 %3
WA B3E - IRE AR M - B8 B R AR
AR M > R M (collinarity) WA AEH A

—_
W

MM R K XX

38 [FIFE37 » H2-3 - B2 Jacobsky T (LAY » fiEk

seSF 7 — BB BT R U ERAE SR & - SR AT BER
BRI FL R (DU S A A A R T Ry 1 )

» WCAER R AR SR R FLAEE 2.8 - XTI thasiiey 1 I

BRIRFRE 5 TAEBL S ORISR b - IRMERHIT BBl LUK EETT - KA e E ) A s e R - (5K S

SR YA EE 2 DS H SR e HE it TR A SR AR SRS

HERY AR Ty E - BT EE —MORGHELEE MOR

T DR S DGR A TR RF [ I - 075 SRR RS IR S T SE T B S O
39 AMHTERs B B ER 2 BURG T-30KGERT - DIRE SR - IR IE H REIC - BHBIES 2 HTHy T HREME

FEARBEE Bt - DIOSHERIR SR -

16 BRGHEE B=THEE M 202456H



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

] E R SRBIE H B R - A AU 2 T A
AR fE 2= ) (Best Linear Unbiased
Estimator, BLUE) » K|tEEEERKM S »
e IR S T P fRA R R LTSI oA 3 e P g
AT [ ARSI A 8¢ A8 Bl e 17— 2D RS
EE i - *°

o B R AR DU %8 1% H10E FR B (Adjusted
R)FIB S RINCSE R - SRR FE R A B
B ERIRERE ST - B rY T2 FI E R 8
3E97.6% (AN5R6) - BRI CZEME S
e R T - A R 25 B AR R B B R A
e AEMEET BE R B - RS IR Y B A

HIRHRE B vl @5y Fedtl - o3l ™

EFEAHUR-77 , ~ TEEASEEHE, ~ THE
IR ) ke T RESAER o BRI

3] R W A R o 3t R 2 EE 2R A [R5 3
EHAEHAVE ¢
— ~ ER A

MR - TR RV R
T AEA BT HEE S - B e
REFWINI00A R - S8 2 1HF£196. 81 HE
H oo AHRBIZOIEM - EEEHUR-775
PEEET - EEMESREIE 1002 R > S
FERY B E B TR 9.9 52 17 .48 5 = i &
PEE TR - S e B R R AT
TREEZE6.8F (A1KT) o

— M

M R R - PR TN REAV B EE B
R AEANBEHLAPRESEH T~ - HE
RV RGO E - P& 2 4E8E
298 MELEE o HHE HEBIAMEH - EIEREA
UR-77eHFEH T - S &LV T AR
INKMCGHEE - SRR RO 757 9 K38 .4
5 s P EEE TR o SRR A R
ERAEFEHOT NREZR0.40 (4nFK8) -
= FCRERRRE

[ 3 v SR R BR R Rl 28 - ATRETHAE
ROER R B - BaHEE U ER - (R
WA VDB EETEIRE - sk & 3 NS EE0. 34 3B
FRAEIH - AHIBIRY W ME AR S il B o 23 Bk
B MR INTFFZ -

Y~ PR JTZREREE FRURER

FHA B B A 5 3E400%E » 5 F — Y
REAH & T s By Al 5 HEDRF (A SR TR i
FRIRERE - TR B R o AT eh - T A IER St
B St e L 2B B SBORIEK, - [RIE A S
BHEAMETFE T T - HEERSE e IR5E 2k
BEfEIRA T SH - Sr BIERE 2R ¢

() EEMERAES00 A RUT - AN Al EE &
JERTRR R R A ETHE (2o 7 B -

(OB EEAF VT AR2KECE -
[F] B e R A e Bk eR B R RO A R HE (AnfEl7
) e

AEFEE ST - B7_EREURE WL

40

|

Wl

5 DA SLZIRIA] 1~(Variance Inflation Factor, VIF)Z 7T ARY 10LIZE AR TE - AR a4 OflEl F 2 BTy VIF
ERIAL0 » S3HIEX,(21) ~ X5(21) ~ X 4(13) » Xpu(14) » X,5(13) ~ X,5(14) » Xys(31) ~ Xyu5(17) 2 X,45(19) » A
SCEE s N MHI 55 25 A B s PR DU T U B PR AT

* RERERA AR ER - NIRAR AR i BEB IS AR R A A T AN FIRERIRIREER - B LR

BRI S BR BT RAFAYEH -

» ANfE HHER IR - (AR R R ALE T A AR AR R R R S FHIIRE
» SRR R R —RIE AT UK EABRAE BRGSO BT ME - RO E AR HAR -

It - PR RS IE IS Al BE il T =N Ry fRRR e ACE B N - WIRA SR S5 EIRURER -

National Defense Journal Vol.39, No.2, Jun 2024 17



Fe6 IS EE SR (0 R R e oy R Bl B S A O AT i

FEREMELIRE REUE(LAREL S 18
SEE2E ¢ fH F1H R?
B(SE) B
(H ) -363.328 (2.766) -131.378%**
EA MR THEES 1.968 (.006) 942 335.505%%%*
e A A 297.991 (1.484) 564 200.774%%%*
A BE -.343 (.021) -.023 -16.393%%*
UR77 360.289 (3.802) 610 94.759%%*
PEEH 324.042 (3.802) .548 85.226%**
B A+ URT77 -1.869 (.008) -1.140 -225.319%** 41284 3%** 976
HhEE % *URT7 -290.062 (2.099) 726 -138.191%%*
B I A e -1.794 (.008) -1.094 -216.216%%*
IR A A e -259.625 (2.099) -.650 -123.690%**
UR77*fF&E H -314.764 (5.377) -.461 -58.538%**
B MR URT7T+HEEE B 1.763 (.012) .882 150.230%**
W B+ URT7T+HEE 252.121 (2.968) .520 84.93 4% %%

#p<0.05 5 **p<0.01 ; ***p<0.001
BERLARYR ¢ AT -

X7 BEMEEEEMI00A RTFIEAER S =
e E{HEFHUR-77 EHEAHYEEE W& a5 A e ENE S5
IR HER FE 10023 9.9 1741 6.8 196. 8l

NN (SRS TR

BRI © AR reag s

8 HUER R A R I LA A iR AR R B

tHE {f{HFHUR-77 {E{FFPEE = A & E {5 [EER=ZENE S|
BET7 5 RS R
S R I A 7.9t 38.41i# 0.4 2981

BRI © ARHFTTEEEE -

18 BEpGHEE B=THEE M 202456H



1P B R A M R B — SR AR R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

HE R BCRAYR R  E7 N R
B BT R B R AV R 5 ] DU 2
SEEANHFER T B ATTHY > R
Vet i % e Mt R R T ) > AR S AR W T i ol
IR B A e THE EOK o 6 UR-77HYSC R S
B EFHPRE S - IR SRR RS BE
FEH - UR-TTAYHEE R - H L
AR BE R R - Al w] DAJak A S EH S TR
RIS - AEEPFF RN - [RIRFOE 2R HE
T e AN ITZE - AN Rl DA #F 248
FE 5 AL WA SOt B L T A R2
& AhETRVERER R E39. 26 - SEEIRE K

T B Y B B e A B D[R] F T T 25 R 28l -
DI i REI DI -
Be A3

— ~ BEAURYE SR - FRAIEL R

A= A OB b =5 S 8 B e
PR~ MR ~ SO v TR SBR[ bR S HE R
T3tk o BRI 2B R B B SR AR - 2B
BIEK - iR AHE T ERAHEEZ S = Al 1T
By - EEEE AR - REER LR AR
e LRS00 R ~ i E 3 FEREP- 5 2 R2 MO
AR BRTEIRRA I R SR BRI R - PR EE6E

| 1215.1
2HE TN e
T6E.1
o 1229
A Rt i
654 e -2
50.6 = Mt I -1.5
R T B e A
48.7 u M- 0.5
§ 29.2
25k 300
M6
1] Wy 400 L] 800 LD 1200 L4y
SR UL RO (ISRER-500)
11151
2RI RN oy
G240
417.8
.
P TR o sﬁ‘:l S
' M HEFE-400
=y « AR 300
R HIUR-T7 ﬁ” o TR -200
21.0 w100
N 3.2
2R r 157
18,
1.1
1] 200 H0 GO0 SO0 1,000 1,200 1,400

REHEATRON (REE=2)

17 RIAHEE 55 i B T 2 S R s R R 2

BRI © ARBTSREE R -

National Defense Journal Vol.39, No.2, Jun 2024 19



FA1,215. 1B ERIRREZERLGRR » THE AR5
HEE T RSEATES I ERR e - B SE
RENEF] 28 E - Y fEth RS A HER I
77 AR IS EGE ] B AU 2K UR-77
» FEARIEIRYIR I T R TR TH #E60. 6 L EE -
A FFHPEE R - ATAFR39. 26 B sl AEZE
TeBAR o W - PR B AT i Bh ST — 5 TH
FIERER - AR H S s ER1E - HIE0E
G T -

AR - AR R REAL - B By
T T HE K SR AN SR AR = AE A+ B 2
(LR U th e B8 S JE PL A e - AR ST 2
Hr (REERIRGRR A SRR - S S EEE K2
FEAFFIHME TS - 1R J7 M 2SJETRGE ~ Kl
IR )] - S ERE LK R I HE B AT
A - AR E AN TR SR & E 2% - Ay %
PRt ez - AR » Uik LMK
il SPIE ] 2 SRR AR =0 e BB - DA
T -

R E A [ E R E L
HREE R - AR Y B S ESE i s E sk -
i " BRI REBHE = , (Extended
Air Defense Simulation, EADSIM) » 8@ " &
AL & FER A 524 =X, (Synthetic Theater
Operations Research Model, STORM) » #HS4E
L B2 o3 B A BRI ER] 5 2R1T - 38 SEik e
T REAN TR 1 - o 5 = AR R Al A
HH L2 P RL R s H P A TR - RN 500 T

[ garbage in, garbage out |, HYEEER - K[ - #A
oy 8 P AN SR AR AR B B - It Ay
S AR S UM R A B AR A iR R
% FREFTH B -

T B ELZHE - EHERS H EE ERAYE

B IR S BIEHE AR 22 22 (I E IR R

S LR Ve BRI LY R R ME PR E 12080 R

20 BIFEEE ST 20244E6H

IS0 RE B Z 5 5 1R FerIE Y
KE - AL EIVE MR T - RS
WRARR] LUE B SEHYSSCR - B4 - A8
FIE120A R~ IS R T A R2M ~ il
[ SE TR AR R SFD S o FHHFER BT
SRR IR REAU AL AT E A 56. 7T ;5 5 A WA
PRIGINESO0RA R - (B[R] e R
PR RO0.58 - SPIgEREIERE AL EHER TR
65.41 o SEEIRFIGINAMSE E@mMER T~ - HIfE
A AR A SRR EATSCR -
AT o0 (B 5 P 20 T R 2 L - s e gl B S 5
BT -

HHERERZNELY - dETERELLH
FHNHRBREE T - BIAVEUR - TEAEE
BRI A VRO S BT - ] USRI BE0.34 34
B EREIR 5 B EET T A AR B B R R
BEL (b FCHEME - SRTI BB - (EMRLET-H
HIBRR e SER B K I UE A ZE - (ER )
HRT ARt DA © Frals T HUHRR B
RN L - ARG SEROT LI E S
e n] BELAE . - 3 — 2 I AR S8 DURR AR A
HHESMWEFTARE - nJLUEBERETITEA
Wil e 22 T FRF , SRR E -

RS EAERNE b - PR PR BRIt
ARV E W2 B - AR AT DU
B U PR Y B P R S R 3 R - Atk T
DU TR ZR B ER &5 » AR - IIRA T3 L m]
DU ftiMe PR R Ay RRES - Aifed L HEH
gy ~ EZMIHEFETFE o A > fERARI - i
B s TH T FRGE T A MR 3 IS ER B E T T B S8R
HEEAR - EJ5E —ERREE - il RsE =i

e pry s
ERE

LRI ALK - B AN e
HERGRR - FEETRE/RER RIS
PUS S F e R A _ ANy LR -



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

B R AT DAZEMERGAR - SRERAE IR Al RE I
R R ] B B B E D I R R IR B -
AT PR = HE R A M Y N B HE Y
W - SR E R HBEMEIR S8 1Y
NIRRT - AITERYE - REACEIREERE
B AR A - SEISAE 2 BhHEEE 3 I IRF 55
K& » HEIRBGRER - e REE IS PEE
fifi - TERESEIER LA - B AR
» EAE IR S G CE IR TS IE 2
=~ BB S RIS ST 1]

TEZWIFES = » 2] LI 5
e M e A - PLEE AR S ER 5 T Ry R
EHESRIRRE Z IR R BEERIANE 5 RIS Rt
PRRGEENIVEE - 2B R 2 R B AU - i)
M ARAHIERI RS SR 2 T RERA LLAE 221 R
o AR ER A G R A S 2 2
TERE A F BT R AT SO TR 8t - T &
1E20224E12 H29H » LRI BRI E AR
HRHE14E T kA ESSH o (volcano mine
system) - FE{EET 18,0005 370 » B EHIE i
— IR - SR SRR R TR
s VSR RS R IR - ARSI R
ENJREW K F] T EAR—ESRRTE 4 (is-ought
problem) » FHREEZ WIEBER _LRIRKSE -
IR A B (BB B I R RE S RE R AS THRA A &
HEATWHT - My 7R R (5 AT 2
)EH o

HH A 22 18 AT fH e B B i AR K 2 HiE
PR - H59E i B K HAR Ty
ZE[ » PRI 92 (R R V8% A < V7 R 10 T 2
MeBR 3 AAWZERnIBi B FIEr - (SEEEfe =it EE
8% R N T i o R B o K T T REMS R
BT o AR - SLEE A B e A ik B S Y R

FRATEEH R HGE - BT LARIGY R T %
B MR VR - AR T A R ST AR Y
R T - B AR RT AR AN - Bk
R DURHTSE < 5 AL el - 5#E A
EADSIME(STORMZEE LR BSA THREHE - Bk
TR FE HA R & T5 30 5 T2 i e
R IRE I Z TIHE - AR TE AR w8 s 4 B
o R HEE B B A BB o e AR R 2
B -

T - VSRR S T A AR B AR AL
kP T B T 2 A e 2 s e Y
BEIRFA I EE Bt 0 IR A - T M ER R
BI—HR53 » AE SRR I ] i i B AF G S0 A7 H
HhiE BUAEEE 57k - METR RN TR - B
TWEOIHERERI TH - Gt —2
HufF TR L -

(M = 11353 H26H » #% : 11356 125H)

41 [EEF1L -

National Defense Journal Vo0l.39, No.2, Jun 2024 21



LA

HE

R R~ FRAE CBESGE Y TETT 1993 -
(FEEHHEEZEE) - JbR - HERNR AR
it o

TGRS

SRR - 2020/5 o CHE BYEE W E 2 HR
> o (BEEITILPEFET]) - H52-62 -

BRFTHS - 2022/6 - (B HE SR BRI
LI o (202255 = BB E B R
BEGURETEwm XL L) > H160-170 -

HERE - 2023/12 o (BSER T R EHIVRL
Ry v (REEEMEEAT]) - H59EH
5928H » EH29-52 -

BRI

Hawk2655 50 » 2020/10/12 - {(HHG, « T-
62 M $H e ic fi B 7 K 25 i KM T- 6 faf
EHERMENERE ) - (M%)
» <https://m.163.com/dy/article/FOO5
JGATO0515974E.html> -

Microsoft - (i FHE kB2 H B TIE)
> {MicrosoftsZ$g) - <https://support.
microsoft.com/zh-tw/office/%E4%BD%B
F%E7%94%A8%E5%B7%A8%E9%9B%
86%E9%8C%84%E8%A3%BD%ES5%99
%A8%E8%87%AA%ES%8B%95%ES5%
8C%96%E5%B7%A5%E4%BD%9C-974
ef220-f716-4e01-b015-3ea70e64937b> -

HNERY - 2023/9/18 55 B EHEEE Y S I
ERIEEREER) - (BBCHIGHE)

22 BIFHEE ST 20244E6H

» <https://www.bbc.com/zhongwen/trad/
world-66841236> -

2285 2023/10/27 o 5 B S BURy 4]
K? ) » (EEBEEREEES)

» <https://www.rfi.fr/tw/%E4%B8%AD%
E5%9C%8B/20231026-%E7%83%8F%E
5%85%8B%E8%98%AD%ES5%8F%8D%
E6%94%BB%E7%82%BA%E4%BD%95
%ES5%A4%B1%E6% 95%97> -

H FRRF#R - 2023/3/9 - (G2 RHEROE | RE TR
BRFHE T SRR L) - (H
FHRFER )Y - <https:/news.ltn.com.tw/news/
world/breakingnews/4234728> -

H EEF#z » 2023/4/7 - (ImEE EE KA -
JSHUR-77 TR f @ BT R AL
5 » (HHEF#ER) - <https://def.ltn.
com.tw/article/breakingnews/4262967> o

TSGR HETT EPT)F - 2022/8/16 - (fd
HH S A—HFEZHE T —DOK-ING
MV-4ZhRef@igss N> - (EZ)

» <https://www.163.com/dy/article/HESO
07600531T8X5.html> -

BRI - 2022/9/17 o {EBAMFHTE: @ NS
B AN EE ) o (R gsEERT )

» <https://www.cna.com.tw/news/aopl/
202209170080.aspx> -

WA - 2023/9/2 - (EFEEEAMTER 2 KL
MERM—mEE) - (hou@Eiiit)

» <https://www.cna.com.tw/news/aipl/
202301195006.aspx> °

AR - (R SR R SO IEAE S
LW REE) - (B4 ) - <https://m.
weibo.cn/status/N5SfKAgyEZ?jumpfrom



(PSS T TR R R B — SR R R R

Land Mine Warfare in the Russia-Ukraine War-Systematic Simulation Perspective

=weibocom> o

Qe TN

HE

Averill M. Law, 2007. Simulation Modeling and
Analysis. New York: McGraw-Hill.

Jerry Banks, John S. Carson II, Barry L Nelson,
& David M. Nicol, 2005. Discrete-event
System Simulation. New Jersey: Pearson
Prentice Hall.

Jacobs, P. A., 1979. A Model for the Defense of a
Mine Field. California: Naval Postgraduate
School.

g

Andrew Stroehlein, 2022/6/15. "Background
Briefing on Landmine Use in Ukraine,"
Human Rights Watch, <https://www.hrw.
org/news/2022/06/15/background-briefing-
landmine-use-ukraine>.

Andrew Stroehlein, 2022/6/13. "Landmine Use
in Ukraine," Human Rights Watch, <https://
www.hrw.org/news/ 2023/06/13/landmine-
use-ukraine>.

Andrius Genys, "Leopard 2R," Military-Today.
com, <https://www.military today.com/
engineering/patria_hmbv.htm>.

Armtrac Ltd. "UR-77 Meteorit,"
WeaponSystems.net, <https://armtrac.net/
wp-content/uploads/SPEC-100-350-MK2-
ISS-3.00-10-2018.pdf>.

Daniel Bpffey, 2023/8/23. "Ukraine Desperate
for Help Clearing Mines, Says Defence

Minister," The Guardian, <https:// www.

theguardian.com/world/2023/aug/13/

ukraine-desperate-for-help-clearing-mines-
says-defence-minister>.

Daniele Palumbo and Erwan Rivault, 2023/5/22.
"Ukraine war: Satellite Images Reveal
Russian Defences before Major Assault,"
BBC news, <https:// www.bbc.com/news/
world-europe-65615184>.

David Axe, 2023/9/5. "To Slow The Ukrainian
Counteroffensive, the Russian Army
Quadrupled The Size of Its Minefields,"
Forbes, <https://www.forbes.com/
sites/davidaxe/2023/09/05/to-slow-
the-ukrainian-counteroffensive-the-
russian-army-quadrupled-the-size-of-its-
minefields/?sh=7875cc7669e8>.

Eve Sampson and Samuel Granados, 2023/7/22.
"Ukraine is Now the Most Mined Country.
It Will Take Decades to Make Safe,"
The Washingtion Post, <https://www.
washingtonpost.com/world/2023/07/22/
ukraine-is-now-most-mined-country-it-
will-take-decades-make-safe/>.

James Cowan, 2023/6/19. "Clear Landmines to
Rebuild Ukraine and Feed the World," The
Halo Trust, <https://www.halotrust.org/
latest/halo-updates/news/clear-landmines-
to-rebuild-ukraine-and-feed-the-world/>.

Luliia Osmolovska, 2023/4/26. "Walking on Fire
Demining in Ukraine," GLOBSEC IDEAS
SHAPING THE WORLD, <https://www.
globsec.org/what-we-do/publications/
walking-fire-demining-ukraine>.

MILITARYLEAK.COM, 2020/5/21.
"Republic of Korea Army Unveils MV-4

Mineclearing Unmanned Ground Vehicle,"

National Defense Journal Vol.39, No.2, Jun 2024 23



MILITARYLEAK.COM/Guound Warfare,
<https://militaryleak.com/2020/05/21/
republic-of-korea-army-unveils-mv-
4-mineclearing-unmanned-ground-
vehicle/#>.

Pietro Bomprezzi, Katelyn Bushnell, André
Frank, Ivan Kharitonov, Christopher
Schade, Leon Weiser and Christoph
Trebesch, 2023/9/7. "Ukraine Support
Tracker," The Kiel Institute for the World
Economy, <https://www.ifw-kiel.de/topics/
war-against-ukraine/ukraine-support-
tracker/>.

Valery Zaluzhnyi, 2023/10/27. "Ukraine's
Commander-in-chief on the Breakthrough
He Needs to Beat Russia," The
Economist, <https://www.economist.com/
europe/2023/11/01/ukraines-commander-
in-chief-on-the-breakthrough-he-needs-to-

beat-russia>.

24 BIYEEE S HUEE T 20244E6H



