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Abstract

BACKGROUND: The combination of machine learning and medical metal materials can make up for the inefficiency and high cost of traditional experiments
and computational simulations, and quickly and accurately predict the characteristics of metal materials by analyzing large amounts of data, optimize material
design and performance, and improve the safety and efficiency of medical applications.

OBIJECTIVE: To summarize the research progress and shortcomings of machine learning in the characteristics of medical materials.

METHODS: The first author searched CNKI, PubMed, X-MOL, and Web of Science databases by computer to search all relevant articles from January 2013 to
April 2023. The Chinese search terms were “machine learning of medical metal materials, medical titanium alloy, medical magnesium alloy, medical metal
material properties”. The English search terms were “machine learning medical metal materials, medical stainless steel alloy, medical cobalt-chromium alloy,
medical titanium alloy, medical magnesium alloy”. Finally, 70 relevant articles were included for a summary.

RESULTS AND CONCLUSION: (1) The introduction of machine learning as a material design methodology has opened up new paradigms for material science
research as the accessibility of large amounts of data generated by traditional experimental and computational simulation methods increases. (2) The machine
learning workflow is divided into four main parts: data collection and preprocessing, feature engineering, model selection and training, and model evaluation,
each of which is indispensable. (3) Medical metal materials are categorized into: stainless steel co-base alloys, cobalt-chromium alloys, titanium alloys, and
magnesium alloys. For stainless steel co-base alloy, machine learning predicts its mechanical properties, to improve the generalization ability of machine
learning. For cobalt-chromium alloy, machine learning predicts its mechanical properties, and it can conclude that cobalt-chromium alloy is the optimal material
for hip implants. For titanium alloy, machine learning predicts its mechanical properties, and it can select the implant with the best mechanical properties. For
magnesium alloy, machine learning predicts its corrosion resistance and mechanical properties; the ensemble model can accurately predict the mechanical
properties of magnesium alloys, and the random forest model can predict the optimal elemental contents of magnesium alloys as vascular stents. (4) Machine
learning has deficiencies in the field of medical materials. For example, the model is relatively lagging; the data failed to be standardized, and the generalization
is low. To solve such problems, we should make full use of deep learning and segmentation algorithm technology, use unified standard data, and improve the

model to increase the generalization ability.

Key words: medical metal material; machine learning; material characteristics; corrosion performance; mechanical property; stainless steel co-base alloy;

cobalt-chromium alloy; titanium alloy; magnesium alloy; characteristic parameter
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&, BEEFNFFRYEIL. FRRGIEF B R GARIT HI
Jak e e, SEREWK, hAR, 20242 REER T EHTR
M SR EARE F B B 7 F .

A3t 5 A AE A S0 B, DUAN % IR T 26 3T 5230 49 139
A~ L-PBF 454K 316 L AR b 4038, wAObh 3 Po a3 B v ettt 2B
t ABAERSL, AR QAP Z A ZE 2 45 (ANFIS) T b7 2L AU Fe i
FEG, ERRPATASTAAALA LG, K, 2R GE
AT I 4R E. Bk, BEEAREEGHATEHEIR
TR R AT D SR 3T IR SARAR 2k N £ A R, Ak, SHEN F " 5
KT —HEoZFQEN NI ELRIZIEFOHAUNE F I A4
A, B AE A 102 A UHS RFAAAEAR, A D KAKEAR, B4R KK
BOUR e F AT . BACRE A L ALI B AR A AFAE AL, R T
T R AR T, dodR 2 FT R, XA TN L RS R TN L R
A5, Rz LA RF Q2R S TRNE, £ EE
EERAXARE.

F2 | SVM-PM HERIFNEY 500 MU E S XHILER

e SR SR THIERES DA de R TR 245 2R
JETE

MR A% SPEILR R LIP3 AR E R
T 96.8% 0.05/HRC 98.3% 0.33/HRC

b, 2REFHIEF JEEE RGN FHETL TR T — &
HRE. ARf, BERIERBBA S . ¥ K488 E 0 Rk
FRKREMAGMAT SEFEM, o, EZEREAT, TIALKEL S
AR VAGRAT B a9 TR
222 4EHsAE MERTHEMEBAMMR, AR AR LM
MR AEAIRAT . AT BAAAN A T FHE RS R AR P
FE) A W ki, RSB ETIIRRF A SHAMZ A8
JL 7 e, Gt BB Sk HAEA N 6 H A48 M T 42 R i ] 445 5 BUB .
i, ARAR ARSI A FRITT AR, AREHFH
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BERRZEAFHE, b TEBRSLNIFHRENIZYARERSE
By ahRLEM), PTOAST TS0 AR, MLEF 3] B MM R S5
ANF, BILEATUN £ A F AL, TR R A S iRt
B PR

4bat % kb4 A4, ZHAO 5 W qE A A LAY W AR A 5 LK 4
ARG R HIB AL A, UIERFRAS T HULLEH F A FA2 B X
T, BIERGEFIRE. RFRTKRE. BRAK. &AkEfFRS
Y EAE A I N AR R TR oA K e, G, EAFIAE]T 82%, A
LML LEH 64 54k, CHANG 5 ¥ 4% Al A TAb 22 W 284 77 ik Fm)
Al-Co-Cr-Fe-Mn-Ni &4 6982 &, FHR R A A otk LR 69 Bk 2, i
WA BAREEAR TR ARG, EiEE RIS AT I
B, R RAFH—50 (R'=0.94; MAE=36 HV). WEN % " 545 %
5 B4t G R ARLE A, 3K Al-Co-Cr-Cu-Fe-Ni &4 8958 B, &N AE
89 8T & P SE B 2 AR K AT B 6 AR AR h B R, A ek
I —ANERIEIR, 50T ALE 3 3 A8, SRRt S ik Ae S0 R,
FIT GRAE0ZT. ARLI, Semykditas, A 354
AW AR EAR & T 4 40B R P A9 B, CHEN 5 P %A 9 Fh AL 2
S e JARER Fa g3 ) AL, w AR ik R 3 PR, XIFG)
ARG B AL AR E R, BTN REAF. AN FIRE
VEC, ZAx At Ev An ik JR AL 69 R I B DEC AF A s N4 AE, 83T £ 4%
©) E AR 6] B HAL TN H A0 BIRGR T, AFLD) 97%, 5RA
B, VsCrigFe,CosNiss LA & & 69 R IRGR B, FF ELIL & AR 404938 A,
MBS AR 6 ST 3] T IR .
<3 | BINgE / MREXS 9 MEIERVE I E RIS R

DIk T L e B (N8R / MaE )
BREaCE| 0.30/0.36
K f3 4% 0.27/0.38
SR ) B ] oA % 0.26/0.27
SRR R AL 0.24/0.33
SRR EAL 2 T 0.29/0.40
) 0.60/0.59
BEALARAR A 0.26/0.30
BRI R B DA 0.38/0.48
WA FEE B ] ) 0.29/0.31

WG, ATATAE B M 44ES A4, MILONE 5 PRI AMLE 3 5] Sk e
A BT ATIAANAR AT AL, FARIE A A4 B AR K IPAE X T
AN IR T R FAEM . AFRAR ST AT AER AT AL, FERPAUR
gy, 3k, AATERAT, VLB AT AL BR S AR A
MATA, FIMLRT BEAMK. BRAK. EAIEFT kA%
A A Kb )RR A AR AR, TRMAESEA-4 . TiALV VAR Si;N,-TiN
HRARA., SRR AT, BT EER(HRF R4L) 7L
HRBRIRK 7 @RI EAF, FHPFERE LRARIAITT IR, 5
th RIF— B, FlaT, Es AN, At THGAN, Pl AT A
ME, TR ATAER St L AT FHE IR —FP A B BERFT &, A
FAE AR R B X PN L4 5 BAese b 0, FFRAF T a9 R,

R4 | BEEYEFMEERR 3 HAEME (SHBEREX) 31EMN
IR TN SR

MEZ TR PRER (um?)
s A4 0.004
TiAlLV 2.500
Si,N,-TiN 0.040

b PR, BIRARARAALINZ W hf 5 HESNENEF T E
SRR TN A A M AR UL MY, 38 TS TR AR AT A S B AR A N
HFAE, RAMFILT ATAERE. RIRGREF A EATIN. Ik,

At AR S LA B TR, AR AMLE 5 3] FR AT AR AT AL,

G X P A O RAAEMA, TR IT AR HATT £
IRiE, LT AA H, AUES F 3] T ik AR A TR e ik i AR,
) B AL 25 5 ) LA 44 2 A o e SAR AR LR A A A AT BAR &R HT A4
FHAati Ao a i e A T, sboh, BAMEF ) fo LI e 7 ik,

2770 | DEHERTIEHAR | 5528% | 55178 | 2024F68

VA BATH IR R AT A Ak f, A B AR A 69 KR A R AR A
H WAL 691E &,

223 4b4e HKRARESERFEAR ZGEBEANMMH, BALE
Hoa Bt A AR, KBS B KR A AR s RSB . BB,
TS mE, KA TRFELN EMT AT OKES, L#EL
R B R IC B o i A E45 1) 2 2, Bk, AT TFARA AR RATR, MLRE
3 EZANEBEATF, MR FEFEKRFLEE.

AERT I NGRS R A AE A SRR, Z0U % P 48 ) L F 114 7)
REVIAT X 60 538 23+ B A e 438, arEsFah sk, FoRE.
RALR AT E AR L i, RERALTROAZ L I HEE
B, KIFN 64 B A0 4 Ti-7443 45 F2066 &4AAtk, LA
48 GPa W91k KARF . RIEF6RIRIRE A& Mo S e9fb k%, FHF AT
VA 338 Bt Feh b T4 38R Ti-7443 -4 H M ReAR R 09 R B
B sb, Z77 AR T AL~ M) - B X 4 BLME, m BT
VAVA AT A6G 7 Rkt & 5% LAt L M AR A4, IZONIN 4 P42 | 7 — A
RAAWEF T ik (BEATZ % LHFG BN ) 5T EFHEADKLD K
(Ti-6AI-4V Fu Ti-Al-V-Zr) $E4T M 4817 4& .

4o 5(a) BT &, BP AMLEADLZ W %6 M, ISR A2 % A
TR I ST 49 TE, #irsh AMEADZ W ) RAe B i, MR I
BMEISESR—FTER L IHLER, ARAREREAGE RN S
+, BRI LT E Foby RBK T XAV A SR N, TN E 344
AR KRS B ERARR B RIS, SR EH,
MEEAYZ W % X FHEEHG TN B @ FE 91%, TTH RIS SN R
SRR E, TR R4 &2 e s A8 1838 MR AE LA & 200 7K
MLLE LR B Fa Aot 8 )AL, AR LA B R Y I A M B FAAA )
MAE. B A AH KB, WU S B g R A DAV M %K LT LA kAR
TR B AL A

Yo (& 5(b) Ff 7, BRRARALA 2 AATAYZ W LALA 5 5] 04k
SN LR TREAYHREE, 2 MATAVE W LN IR A
Ti, Nb, Zr, Sn, Mo = Ta ) LFE A& &, MLRAIN, HEREE
#9FM RMSE 25 12.7 GPa, Iy KR4 R & 49 TR RMSE 2 33.4 K, 45
RESF, FEIT —A R BB F 4964 Ti-12Nb-122r-125n, ZE4HE
=/ F 50 GPa, JFHAREHRAR A EERANEE, KIZEEGR
AR, B, R T ARk, RRARKI KL ETH G4, &
FTIMBF D Tk he e TR EF RN TH. RAF " iam 3%
LM A5H . ATAVE W LAATHIREE R4 3 IR F I Hik, A
BB TFE R ANIEE AN, TR TRE L E R T 494062195 HAEE,

(a) (b) Vi
sy XY DEGEE
| e
=]
[
|
[
= o
DO
,‘\o m=
3iREQ,
31REQ,
SRR |
s | (o
BovEEE | T2RE
s3rEQ,

Bl BFFE N DU AL 22 ST P 1) (a) R R X 2% E) L i 1
T 55 FHAE 4 22 X 4 3 B AT TR, T e S SR A2 W, IF
WEbREER S TAE. B (b) A2 M ANTHEMKEIRSE, 42
PLTi, Nb, Zr, Sn, Mo fll Ta BJJe & Mo & &=AE NN B— N L
ZeW 240 ST TR IR R L IR AR IR B, — S 2 NEIR)Z, A 8
AT BN T ARG 0T RN R R KR, —I8E 2 MR
WRZ, R 11 R 6 AT B (o) NAEREE BRI SN S

EZ SO EACIE- S0k G2 IR N A - S S E2 N - SN Oy = A7 3D O Gl Rt
235, AR ERRE Q. Q. Q M1 Q,, Ja A E TR
I EIE R ST AR AL 4

&5 | #l38% SERE
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FRFAEI, Al, Zr, Fe, Snfa Cr o2 AR ERREMALT T @A LR HRH AL oA LA I A SR . JAAFREH 5 4 AFLOW £

?%ﬁ%m ARt BB B A KB, BIAT LU 5 59 2 354

PANE A B R AT, A A 3% e R 4 B AR TR AL 4
#LJ s AR AR AR TR KRS, TSRS R —8, &
HER  BAT S B AL L Ao 4y K AR S 69.91 GPa 49 Ti-13Nb-12Ta-10Zr-4Sn
P

XTI AR B R AT LS P, ZHENG 5 ™ 42 7 —
BB Z N, S ERA P % . B ¥ kAR K AR R
AR, wo[E 5(c) AT R, AT B AR B EA T ER T ST,
TN A B B A AR, TRRMS ARG BRI A, SR AR, &
PRI AER 899R £ AR 3%-4% Z 8], TR T HE A AABERBR AT &
AR RIS E. Y02 TAR M AL AN A A AN
R T — AR AR A B S F A FREERBE Z M4
MeEbAe Rk, B A T U RS ARG # 5. BHANDARI & ¥ 3
3T F LA AR )2 AE A 34 MoNbTaTiW F= HEMoNbTaTiZr & 44k &4 64 48 &
PRATTRW], AR R RIRGR B 6 KRR T, DRAREEE . BB A
FEHFAL, TN R A RARMARR 69 o0 FIX 2] T 95%. KM, E4E
ﬁéﬂf;ﬁ@ A H TR B AR E UK, S22 D). A TR SGER 62

#7, SUN % ™ 540 B3t L 5 IRAS R R AR AR LA, WU Ta 28,
If E Ao RN A ARSI AT B RS AR, TR 45 R A e
A %] 97.8%, JFikitd B BALER B 64 Ti-Zr-Nb-Ta M5 S 64, % /e
B FIIER KT8 B L T4 R 534 98% s9AE Kbk, KA
EHERFRES TAARGZACG S, B S R A R AN
AR INGH A B AL, ZHOU F ) A 6 FrALEE 3 4R, AR4E
AR T ASCR TN SRR, SR i AR S0k & 4 A
S ERIETNE R, SRR PIw, ANEHEETELAHMEH
HAEASUE , SRR TN LA FRAZERI, ARSI
BB RN F S ABA G A BUR & S R A AR TR .
=5 | AMEBHFIETZSHETEM 6 FH 25 SRR TN E R E LS
L2 S Y ARG i T2 540 NI A G T2 24

HRRHR) Boribinz MERE(R) Bz

(RMSE) (RMSE)

KSR EEL 0.85 0.150 0.90 0.140
N LA 4% 0.83 0.160 0.89 0.150
B RTINS 0.70 0.275 0.80 0.175
SRR TR 0.75 0.225 0.78 0.210
FEALARAR 0.72 0.265 0.78 0.160
HTFBERI L 073 0.240 0.76 0.210
FAIBE 12 S IR

ST, EEAMAFR Y, BT Tk ARSEEH S

Tl Ak R AE T 692, AARARFAME F 3 ik, i HFa
gm MR AV 2 R B Aa A LAV R MBS, BORIEASMIMN, RATR
M T AR BMARE fe i K KA AR AT, R TR 4
B FIIIE P R I BT AL R M AR, RAFIE D iR
E R MR T R T B, Aobk ik L& E FE R EGHEAY, BT
MEF T EZHEEFHMARTTOEA, HIREHES AR
TR RA A, FFRAR oM EF I A fem B L5 7%, &
HIRANE AT A R M Sy, BAFTRF TN G R, XAMEF
JHERMRS T SRR, @B FEAKT AL A
Bf ) femx A, A B R AAHG T LR T F 69834, &E, HFRAR AL
Yo R EA ISR F 3] G kARG S, AR EATE
BE ARG B R, R E ARG L EAER. BARTmT,
W F ) R AR RIS EXHES, HRKRETF BN
W TFRRAET A ) X 3.
224 Hb48 BAHA—FHEERAM, E0eBA H EAYTERE
YL AE AMAMAEAAMRLLLE S, T VARLH AR R 47 T,
TG HAT ORI, JFEER M. ARd, BRI IR A F K
B —RAR EFRH T R AEBE ARG A . AT AR B IRk,
AR ARG 5 5 AR RAMACAE S M A, AT IRIT E A B 57 AT
w9 52 A

Pk O b hikd 3591 MAES LA RIS, HIRT ke HIR.
ARAEE . AS M AN S R A 271 AN AE R TR AL S 4 6 3T oAt
FARAEE, SR AERRAFERA, R AR R R,
o[ 6a B, EAEA R KA D)2 B AT D HRAE R )2 E,
M TR A AL e 4. TR R A, AREEA T EZ TR E
R A 4.92% F2 16.9%, A8% F 3 R*#F 555 A 0.94 4= 0.92 18 it i%
ARAL 0 it R 49 MgBy, A= MgPd, ELA7 4E 749 37 wﬁi%%#ﬁz,ﬁf
A 5 — b R 32it FL B AR AL A d b AT A e T A AR
AR R B, AT BE, L*ﬂ%i%,ﬁﬁﬁﬁmf
Ak KA AL AL E A kAR E 0 L, SRS H — R
AT AT e T AL T B TR A H AR RS A MR - 45X
FRRBET — BN TR WANG 5 Mk ) 338 2 I i A7 4] 2 ARG 4k,
& 6b 4 %l & L AAR A, @ik KT NEL B RS, E1L
Ao ST A ) AR AR LA B 09 ) L) ) AR SR I B, S5 R
K I YsMg, Y,Mg Fo LagMg T 47426409 0188 1. REMAANR L
B G A Ao AR S — b B A A AL, ) K ZE AR SR AR A TR A4 44 5 4
w15, REIK S Mg-RE =443 B E5 Mg AR ELA 3169
PR A, SF5 DFT BiE—3k, ALK F SR T ik 538 2 i ik eg 142,
DB FHAIE F T 094 AT T — A AR 49 =50 Mg 43 1Al 1A
H, TVATLFG QAR bR, M L A B 4k e B ot R T — A il
%ﬁﬁ%m,ﬁ?ﬁﬂi%%i%ﬂﬁﬁ%%xg

a gﬂgﬂwﬁ Bk K a AHEEMRTHE

== NPT
wA | = EEET i 1 5|

> s A ST W, &

i, g PN 2 A G B ch

s GRS, IR E R E

. / = LPMNFIHE 3 H

B3 AR 5], 53

g v W 9 [5]U 22 25 5 (L W,

BREEANFISE 4 A 551E T 5

b DLIRSHE, SERTIAACH]
1+§ﬁ%mﬂ‘]§tﬂ&|?ﬂ‘§§

BE ¥ TE 55 R E 28 FOBCE Wi B, H i B S AR g, B
AR HREEAS . B b ymEnE R R S R v 0 R
HEMEE, —IL995 4, HAEMATHE LT NE L AR AR E
PR IR, TRER T 995 P4 Ja Al b G- i 329 Fi B b VA4l i 02 07
1, PR 50 A4 JE AL G e AR I ol FE AR A AR, B 5 Mg gk
PRAH L B f/ NP AL 22 . BE FH LR /K P4 (HER) 3l ) 2258 1
SRR E B H IR RE

lslaﬁrhﬁﬁiﬁilﬂmﬁE%Lmkl

M EF) IR A BILT R GBAR A R R —. R, @©F

RS IR TR EDRT R, BAECR—A LT HOHEK, I
BBMZGAELEINNABR, € F AT B EMEFEEAEY
Mg T A W Ffg ot a7 1 iR a2 00t B Ak AU B, 1% A
F I FHBRIGAS A 04 X 22, Bk, SUH Z ™ Fa LU 5 1 R4k A AU MRAR
AT T 4564000 ) S Fo B ik A, P BB s E A
FAL, REZAAETF ISUH S A AR5 50 2 MIRATE 3R B
Fotk SN ihik F g KA RE R FE, FF4RE T 05% < Zn R 454< 1.5%,
0.6% < Mn JE & 44 < 1.2%, 0.0 < Sr /i %44 < 0.6% # 0.0 < Ca /i
THH<015% mfES T, BiTiESFA AL WNMIRILETRE A
244-305 MPa, K5} B 4kik & 4 0.31-0.83 mm/ 4, T4 AN Z| o F
FAREEHAMRET REAFASE, REESEHAKRGFL. @
LU % ® bt 7 4 AP ALE S 3 fok: AR, S ALME)a. LHd
FHUE )2 Fa bk 5k A AR I FURSE A0 B ik A2 4o 3R 6 P, 4R AW
R I AR AL T o 2 3 AP HLEE 22 3] Bk oA e Fml, sbsh, AF
TR A) A FAUARAMALR! L I Mg-Al A4 b sk Mg &4 35698 1k b,
£, FHAER T AR (A R AR ) R T At B4R IE ), Eb
NIRRT F s, R TEF A a2 0k, Gt
TOAA S, MARARAEEE EFUNAE A ZI B F a4 Y, HRE
BN EHE T,

AERTIT NS A R EAS R, U F SRR giE g
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g ik

6 | FRINBRFIEETUNES €F B ATUNLER

5 IR T 25 51 IR TN 25 1

FHSERHL (R “PH4aFEZE (MAE) FIOE RS (RY) “FH4an 5 2% (MAE)
FEALARAR 0.90 0.025 0.79 0.042
ZIe& MR 0.43 0.079 0.14 0.093
SCREREHLEA 0.59 0.067 0.50 0.078
Womith EHE T 0.95 0.013 0.69 0.049

PRI R G Ae LF &) BTN SN 44 R RS AR TR AL 32 3%
Jo, KPP ERMENAL( Q4L ERT T2 £, @ik M i
B )AEARAERIN, BT T P ERBMEN LSRN ) F A 6
A, REMAREKBAALRBRERGET MESF I BTN, T
Mk REPER G EHFE ST 08, HAAVAT §EEAYRENIE
32 A Yo fe L@ BHAR £ TRES AR T B4 B 2 Ao f AHA 89
N FATH T T ARG, MU S 45 s FBEAL R LA
T Ap 22 P 45 AE A TN 4RO e MU M B (R IRALALSR . ARIRAITIR
Fofb KB ), FAbb Mo, FE LS 11 ANSEE AR,
Fmlgs £ o) 4 R 0.98. 0.96 4= 0.95, EHERZ. REHAAR A
F 3 6% AR A R & & i R B AR R AR 69 B A L A 4,
TR TR A A 7%, Zidihik, KT 4R EA HEERK
A Ao, FRR L E RS A TR I UAT T IE, R E A A
7.8%. 6.6%. 8.6% f= 6.3%. 4R AW, eIt AER T A Tkt fe
RBZHAZHMEE. SAS0NEESE, LF ARl RFENFTAE.
ZAER AR N BRR, RE EARFAE LR T A T H LR 64K
it. XUS ® L FATAE R SA L@ AR, BRI ALK (H
SRR ARy 8], AU/ kiR ek L iR OKORE ARG R ) 4
AAEAEST N, @A 112 MBS EMET 2 MER, 2 AR AR
MR NRARJE . ARFRAILIL IR E Ao A A R 5 o @ ARIAT T RAT ) /B A4,
Fumlgs R A A A2 W A X @ AR 9 AR TAF T RATa) A1,
FPASL IR T —A# e R 04, FHK L AE ST, B
25, LUIZAER 2 e D ERGER, mik4EAS S N FRENITA. MI
% gk 90 ML F SR HAT T ILE IR, 4R AV REAA LM
G AR 80% A, s, MIE PR RHFLT 4
A Mg-Mn &4, ARt rag. LU S U KO0
JEARITARA, DAZACASA AR TR MR, FE AR T — A # A
Mg-Al-Sn-Zn-Ca-Mn &4, A&t 4 KA E ALY 110.5 Hy, #BiL 7 Uk
I HAE P GRS (1025 HY);, RER AL SR ALZELNRRA,
H B R MgpAlL, = Mg,Sn ZAbitA2 o 4 s T i dh, R GE4 0
. iZT TR B AR RS, ik SR EAR S AT A
2 EPTE, EAESEWMIAFERSIRT &, S AFFR B AR AL
BE) ik, WwAERRALE. KRARE R AMAAKRE, S6KH
FEAFRTRNE At b ge, XS TR 45 R R 7 b BIF 6 A A ds 2
M, AMAPHERAAIR TR T 2RI, £, EARIERER (W h
& ARI k) ETRES S RBREZ R T RS 5 BT TR G0
A, eI, MR ke RS F R, LA
ARG E A K AIRAE T BN T B, APRTAE S0 5% JE VA RS phikk
B, AFRARAEA B AME T IR AT, R IR E I BT
TR, TR IZARR TR 4R 2 R E A B, AR ER
AT EHBS L IR, RETARANLL SRS, RATH
BB T KA R VAFIESSAR F, HL8s 5 S AL, Je L & FAL.
FEHLAR AR A A LAY 22 W45, ) FFRMEE2049 J) S M AE A b M 4.
XS AR L TR A F Ty @ R IR R AR, A B T Amak 4 et
FregiatAetitt, BARm T, WBF T EES R T4EA A
FEFRM . ST FACIRAE T F G RUR AR, RIS —
GREEAFLA, KA E AN AR &E0 5 1R M.

3 {7if Discussion

WATAT U AR F 5] £ o B AT R e 488, RIAMLE F 3]
KR TR R TR E 2R P EAE RS L. TE A
T ML MR R AR | ARGt B AR AU E RS TRk, LR

2772 | PEPLTIEHAR | 55285 | 51781 | 2024F68

3 A B ik 5 ik RS ENLE RS E L EAARLRRRGEE
HFMELE RS, i8R AR EA LA IR 2 B A, K,
L LA TS, BT F 3] 2 B A T8RS et
N> AR R TR A a9 45 . JEi Ao b A B AR, ST L BT
PR T LA, FUPEMEFELE. REEMUEMT @, NEFS)
ST AR AL AT A A G UL MY P 49 B b S M AT ), T4
FAEbE, BT A M S AKX R, RE A/ ST
@, MBS T AR BT AR AR e 2 B AT AR A M. )
o St AR, AL F ST ER IR T IR ALA Y 4o AR IR 4G R AEAT
FhkdE; AT AR, ARG F T RASRS A T A HRR T, TR
B B G M AR ATIE L,

3.1 B ATEZIEARNGIAGENGRE £5k, nEFI A
B AT 69 R RH 2, BRRA R AR AUES B 3 Fikxt KA A A
BB RMATZHE IR, TNARE BRSSP, W E. Rk
IREBJR RS, A nik B R AT e A2, S Bad AL
5 5] HE TN ARG SR M A AL LR, R IR AR AR R AR
RAWE, A TREEALEMF MR TR, BARTAR AL
FAMES 5 3] Fik e o2, RERRSEA S, ROMA e
8, BldedtARbE . H AL, A BT BiE A T E ARG AR
AEE. ARG AR, TNl E A2 B AR h e, Bk
MR F DR, AMFEARBEZLAS . b T A4 THEEAX
HARAG, 43 RREEHH A%, FEEHAMAAEE, FHILH
A, MBI RS AR ER T ML LMENLR, FEXE
HARART . BN, WA REEHTE R, BAHL B
FatE MG A S AR, BATey i AN T AR E Z T R, FHE
% RE ety R AT T DA EDRIK, & BH R R 7 ik R R R L
Z A 0915 BAE B A AR AR AL, B BAE I ALES F S AR IRAR T X Sk Hh &
Bl A o] ke AT . R, B ATAEALE F 5T A5 B R & B A AHARRAT
HE—RFEE, Bk, SATRAGNES D ke, RikHLER
& BRI T L AR B R Ao d F R, EART A AT eG4 b i) e X
RUATHAATON, B TFMEF IR BET T4, ARHNTRELE
NS A TN R, (2 N IRLE M AR R omid 8y, BPAEA 4940
AT ANAFAEFIAL AT G, BRAER BT T &,

BB AT FHAR IR A T B A BB M R B Z AT AL, T AR AL IR &
AR A RIS RIE AL ALK . SR ZARRAC R A RAT KR AT,
KRR FF R B AT 8RR R 8 L0 7 ik . MEXAH . SRS, §
FAFR MBI AE LT, F—HKE, 2FHARTAR ERATIHKAFTR
FABEXT OB T 44218 3 B XE, X ALFRA] T 3 A A Ao AT A 69 0 22 AR
Fa i, BT HAEE Y 25N, AL F AR 62 AR B A R A
KA XA T R B R, EFEARA 62 D EAK, FEAM
B AR FARE F 3 A Py A2 b e MKk 2 AR K, KR
B A AER K AL IR A Bk EAe i 5 it AR R SRS 0 B ek, BIBbiR £
LK, BB, MEF I EBBGAIES T 0S4 5IB E RIS H
R E PR, BTSSR T R T F AR, XSt
FALRTAL ), FIATt T 3L BARAE, Tk B R A KA
AL R — AR AR R, A BB AR R B AR IR T ik 9 A B R Y Y ST
BB REZE L, 2RI RAEGHIE RS R EA PR
3.2 {EBEAXBITFAIAMBRIVNESR & TS 3 EERE BT
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