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Abstract

A magnetic non-destructive inspection method based on measurement of the magnetic flux leakage near the material surface
has been studied for carbon steel pipes used in various plants. However, in actual plants, stress fluctuations caused by changes
in the temperature and internal pressure of the fluid passing through the pipes may affect the residual magnetization state due
to magnetomechanical effect and prevent accurate inspection. In this paper, we applied cyclic stress to pre-magnetized
STPG370 carbon steel up to 107 cycles and measured the change of the magnetization state as the change of the magnetic
field near the specimen surface. As a result, under the environmental magnetic field, the magnetization (or corresponding
magnetic field near the specimen surface) of the specimen decreases significantly after the first few cycles of stress loading,
which suggests the magnetization state approaches the anhysteretic (stable) magnetization state. Furthermore, the
magnetization gradually decreases further with higher cycles of stress loading.
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1. #

KFETT o FOREVEZRIET 570 OITIE, EOEERFEMRESR Th DB OHIRILZ F IR L Tl < &4
ERBHD. FRZ, BENZEDIRARE DILZRISICEDER (aun—Ta ) R0, ke OBEIZL 5T VY

(mr—va ) ICLHBPRNOERNEECH L. BIE, £ O7 7 MBS SRS Z A -RlE
A TOITNDD, MARBECHHRICHENRH Y, KRN TERE DD A BN MRE TIEOMNL KD
LTV % (MUik, 2009) (Rajetal,2002). % Z°C, ZHOLEFOMEFEMDLEEOMAESEEL LT, i
W EHINC X 2BREFIEOBRENED SN TWD. ZOFETIE, REHR L OEBEMEARECE 2 B mic
b5 2 LIk D, MEFRICRE BB 24 U S8, WEERSICER U CTHERETHICRNH 7B
ZHESTDHZ LT, NEBOE MR A Fn3 % (Babbar and Clapham, 2003) (Dubov and Kolokolnikov, 2012) .
ZOFEICLY, FEOICIINHER (8R) OMESRS 2SR EICRIT 2 Z L R TH H.

— 5T, FREMEROBALIRREIZFR S L <ITERZRS AR K> Tl b L <IFFErTHmIcEb 356 2 &
DHIHIVTEY, SRR F 7213 Villari 2053 & FEFL S iles, 1995) (Suzuki and Matsumoto, 2005). FZFED
77 T, EENEBDTRAOIRESCHNITEOZ TN T 5 JE 72 s AE) (Mo L&) BNELD D
DD, IS BRI RIT L0 B OFRRERALIREEAIE TR 2 b L, FRCEERF A (On Stream Inspection)
AT O G EIIIRAET LIS LIS b I8, BhatilE Oz FHECB O TIEM e RAN Tx 72 <
RHZENBRREIND. Thbb, MK LUAMZ ST DEE OWALIRBOZENEI TSN K 5 8 B RE
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T N EEDS E ST R A T AL L7238 13d 5 2% (Liand Jiles, 2003) (85K, #AAS, 2003), %X[aIfEEED
IR LISk T 2EHc & EE TRV, EBEOT I MEENILINTWD L D72 80 @A 7 LD
LARHNZIT DISTIBA LD RN OV THIE, M L7eplidzevy. Ziud, BdA 7 AVRRE OO LARTT, &)
AL DR & 0 A U B WAL AL DFERT W DIEFI N E < 72 572018, BR80Tz B 2 A VO RS
Z T, EfMeBb B2 EERNET A 2 ERREEE D7 Th D, L, @A 7 ViR LARIZL -
THRABIRRENIERTWIIIZ LT H D ThIUE, ZTOELIZ L DEEZMIE LT 5 Z THRELZITO LENELS.
T TR TIE, @A 7 VR U AR & ST D IR FFEIRBLE M ORAIRIEDZE\L A BT 2 2 & 2 HIN
LT 5. ZTDIDIZ, B LR SHL7z STPG370 fkFEHMFRER T IZEREERY T CMEREIR OMuR LIS 71 2 AT
L, BYA 7 VR L ARTRH AL OFHRI R EE L 72 206D B 24 V&2 AW TZRERIEERICR AT, —7F
MR LB B 2 B L, BB R OB E 2R L O lEST S Z & T, #Bh ok
WHEDZAL A N R T 2 FIE 2R R T 5. £77, HBIR LUV DA T ARGE 2 5% U - BREERES T T 0
K LUBAMRBEZIT) Z & C, @A 7 N LARREORBLIRREE L (SRR D A B = X LR %2R A
5.

2. =ERHE

2-1 HEBH

PEERAA 1T IS Bk CHUE 412 R4S RSB HRERE STPG370 2 v /-, STPG370 i, 350 FELL T D& i
KEEET HI2DOEEE LT, 77 N TELFHEIN TS, Fio, THETIIKETI AL TT4 00
BEiidt & LTHIERZHED TS (FE i, 2008).

STPG HMIFEM TH Y, IEDESHIICATA ALT, K 1@QITRTHEORBRA 280 L=, R
DEZIE3mm THY, 30mm (E) X300 mm (FS) O GRERES) L 0D EFICE T 2 60 mm (&)
X70mm (EX) OO TR EINTWD. ik, BRISHOMELZYERT -0 RE L (Ar FHEAH
IZHVNT 600 CT 1 IREINEM% 05 Clmin THF#) 217729 2 THEBRICHEH L. £7-, S20C O—AKDO kS
(40 mm (IF) x40 mm (BATE) X440 mm (X)) DO FEIZZIZEIL—20D N35 1AV LA (40 mm
(&) X40mm (B1TZ) X30mm (RX)) B0 AHT, “AOMH (40mm (bF) X40mm (BATX) X120 mm
(F&) THABAALTIER L2 207 ROERABM LS — 27 2T, Bba —27 Ofiliz SONHERICES ST
R ZRME L. (K 2 28). FIRERMITICL Y, A(ETEZHCD Z LT, BBAWNEIZIZET S
L6 TREDOH/FNIRERBHFBENEAET HZ L 2R L TN D.

K 1b)F 0O, @FBLU@D#EE (LIF, “=V 70", “=U7Q@", “=U7Q®" LMFTS) 1T, #HIEZ
ToTl-fEl () ThHo. Bba—27 1LV EBSNZABRF I 7@% NW, =V 7@% SHL LK
FN—TZ T D, R OBMLOTR S 1L Z OBFFEOTRE L e 5720, £V 7 THIE S D g
Bardob, =) 7@ LU TIHERSM 2 M) B %, =Y 7O TIEREFAM X Hn) Bsr Baik
B ORAIRAE A& [R5~ D WAV — 7 D /2R R Ay & B 2 JE Uiz, JIE ORI DWW TR 1 H
R THD.

22 BEUATLBESIURREH

PR T~ OMER LS I OARIIE, B ERT Y — AR vt — (BEHF-10-TQL, fKEMSHE 100 kN) 38 &
OIS 4830 FUHITEIEE 12 X A3BR S AT 2% AW =, BB, BB A B F 5 1012% LTk /7 50 MPa,
H/NE)5MPa (7156 R=0.1) DO RHR Y #ul U Efef 4 JE £ 30 Hz € 107 [BlE TH- 2 72. Z O, 108 [l
BN L CHRGIIEE T T2, THHDIRTIYA 7 VOSMEE, EEOT T MdEIZB W TAELDIET
FENAESBIRE LT, 72720, JEREICE LTI SRR OHE 2 X 572, FEEROISIZAE X 0 & & JE R
BaiE Lz, IRBIOIS I FT X B REBERSENHE | XM 7o i 25 s L D MEEREhE L RIS CTH H 2
ERIE STV S (Matsumoto, 1998) . — %72 R SEEH O KAIm FEE DRI 2 351 2 BEEERS BhE L 1T 10 m/s
FRETH Y (Urfh, 1984), BEEEREIEEREA K0T nm FLE & UE UL, BEGHIINC X 2 BEBEREEhREIIE 108s O A
—H—TRTTDEHEIND. 2720, RKFHERIZ AW BRI, SRR RIC S 2 BN T & L.
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Fig. 1 STPG specimen shape for cyclic loading and measurement areas.
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Fig. 2 U-shaped magnetizing yoke. Two N35 NdFeB magnets are attached to the underside of both ends of one long
rectangular piece of S20C and sandwiched by two short rectangular pieces of S20C.

WEFRE DT D OREEE X, LSRR 3 il ¥ (AK09940) % vz, kit o2
fha AR XY 27— (PM80B-100XY) (ZHL D f11F, iR R imirts GRER R mhs 580 2 mm B 7-0r&)
DREHE FE 53T % 5mm IR T IR GTHIIZE L7, ARBFZE THWZ 3 il v o X% 1.6 mm (IF) X 1.6
mm (Bf7X) X058mm (JEX) &/VHTHY, +or7eZeflnffiez KB CE 5. WEE, Ao X 5125
SEATERN O ) 7@, BB OMNAEPNZEBWO T NBANICHANS T2 =) 7T@RB LS BAIIZAHS 5= ) 7OIZ
RUCHEM LT,

AR OBACIRIBIE R L 5.2 DRF & LT, KO D EWRREICRR T 52k, F¥ ¥y
THEOYIIE T GRERATIZIZ A LT 20 MPaFREED S BRI IR E U D Z L MR L TV D), BREERS DR
ENEZOBND. 22T, ZRHDOEEBIZOWTHATEREZI TR Lc, £7, BALEZRORERA AT L
DR % 5760 4y (4 BRE]) O, 30 0EICHIE L7z, X 3 1ZH B £ T M OBEHRE RSy By DRIERE R4 R~
T Ik, JIEBADS 200 /E E TISHIEMIZ0REY (b bEMbIZED) Lizb oo, ZnLRE
W OETIEEAERONT —EL o7, KRIZ, Tv v X TROWMIE I ORBEMERT 5720, R
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Fig. 3 Measured magnetic field B, at a specimen center v.s. time.
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(a) Forward bias condition (b) Reverse bias condition

Fig. 4 Environmental magnetic field conditions (underlined : magnetic pole of specimen). Under the forward bias condition,
the direction of the specimen magnetization and the environmental magnetic field coincide, while under the reverse bias
condition, the direction of the specimen magnetization and the environmental magnetic field are in opposite directions.
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Fig.5 Change of averaged B, of Area 1 by attachment/detachment to chuck.

[DOI: 10.1299/transjsme.22-00319] © 2023 The Japan Society of Mechanical Engineers



Abe, Sumigawa, Mito and Miyazawa, Transactions of the JSME (in Japanese), Vol.89, N0.923 (2023)

BTy ZIELERL, BBREEITo72. ZOB, BREMGORBZONTHLIRETEET L0, Fv
v T EICITE T OB EFR L, BT v v 7B LT ¥ v 7 BENZEI S i L OYN fRl2Es < Bfb S etk
RRTREBR AT o 7o (F v v 7 Hfs CIlEHmER o 2~5 RERREE, 3Bk A AT Tl R oD 2 (5FEEE D BR BT/
BENFET DI EEMERLTVND). 22T, M4IRT X218, #Bri o N IR L7z oA % S MRk
{LEINTWD BT v v ZIZED 1T 5 5:M8% A NA 7 ARG, BB o N BRI L LIz o0Ad%a N
FRIZHE S TWD TETF v v ZIZHD (1 D5 E “WiNg 7 ARSI LEFRL, LUK, 2ot
WZOWTEBRZIT o7, A SA T ASMETIE, BB O b L RERSG O mR—E L TEBY, WA 7 A%
TIL, BB ol & BRGSO G Wim X Ld. =) TOICBT RIEREREZR 5 12T 5@FB LW
()i, EANENUENA T AE LWL T ARGSM T OFREREZRLTEBY, BT v v 7 ~OR T O &
Bz, MR REE ORI BRF MRS By O EE 7y L ThD. KLY, 5EFREOHEHIZ L -
THIERE BITZET D Z &5, FREOEEIZE Y 7OB LUICHOWTHIHR SN, Thbb, IS
F DB IBREERS DN X 59, 5 [AIFLE T 5.

PbXo, FEBICEEL T, BHEORIFZELOREDT- OISR 2 5% 1 HEL &b, BEioEEsr
LSO 2 TOF v v 7 ~5EEMTDHZE & LZ. 2B, @A 7 WK L AR OBMEZE LD A
T = A LRAOT=DIZ, RIEBRIZBWTHTF v v 7 OBLIFFR L7 E FFEML, NEAA T AFGMB LN A T
AGMETRERIToT-. £, HERHICOWT2 KT ORBAZHEL, EREITo7-.

3. WERBIUSBE

3.1 JE/NA 7 REBEHSBRER

6%, A7 8uxt LT@) =Y 7 OOBEAEREORER A BEFH M By (€) =V 7 QOREHE LM 7
MRS By, BEWY, () =V 7 @DORHEEEIEMR TS B, 27 ny FLTebDTHD. £72, (b), (d) BLD (f
FENEIU), ©FBL (€) D5 A V7 NVHETORERREIER LD THS. P EREDOIHIB LU=
AL, ZNEN1IAEBBLO 2 KHORBF ORERBRE T L TS, £z, BBV OMMAHNL 2 [BlORERS
ROWHEEZ R LTS,

X 6(h), (A)BL ) Lv, WTFho= ) TIZBWTHRBYHI O 1 7 LV TlE, BENRKEE L.
Z DOEACEIRITAMRIOBSAIT L THZ Y 7 L HIZ 20%EETH Y, Z BT ) 7O T 206 4T, =V 7@
T-T71A4uT, =V T@TE89uT Tholz. Fio, LY A 7 NHT-0 OZARIZ=Y 7TOT4L uTleycle, =V 7@
T-14.3 uT/cycle, =V 7@ T 13.8 uTlcycle TH o7z, ZHUL, IEHBMEIFIZ LD, A T A B EREE)
BILOG T TR O LEERBACIREE (T2 BIEe 27 U U ARYLIREE) IS L BLRAE L7272 Th 5.
ZZCHE AT U U ARILIREE L 1X, T ORERTOIGS] I & > T—EIICIRE 2 BRBEER ORGSR — J15 1)
WCRERTEIRRED Z L TH B, 1EH, I AT U U AU ANA T ARSI LT 5 Rihds & Eih
b, R NEr Lol L EORMbE LTHESID. A 7 ARG T ORAED, $thA 7 VERE D
ISTTARTA 7 L0 ZORERBCRIE~IERSRNZEL L, PRI AR A 7 Tkt LTS e E s
N—T /i< T EIXTATIIRRICB W T HIERR STV 5 (Suzuki and Matsumoto, 2005). —J57, X 6(a), (c)¥5 &
W) &Y, BBRYIHIEY A 7 L TORE RGO b B IRENTHY (WO T Ik LT
MIZZE L) T AHMICH D Z Enbnd. ZOEEEIGITATRIOBSIIR LT 20%R_ETHY, BT
TOT31L9 4T, TV T7@T-1387 4T BLOT Y 7@ T1291 uT ThHoT=. F£72, 1V A 7 VH7-0 OEFRIL
T 7D T3.2X10° uT/eycle, =V 7@ T-1.4X10% 4Tleycle B LU= Y 7@ T 1.3X10° uT/eycle TH-o7=. 14
A 7B T= 0 OZEALEITH) 100 70 LIS LTWb 00, BRI O 1 7 )V ORMEZELEO 2 (GFEE
OEERHER ST, ZD X5, RBROIHIDOIKY A 7 VAR CIE IR FAC X 5 20% 2 Ik alifd b 2 Lo i
Zolctb, MR USTTAMIC L - RIS/ S B bR IR EIZA T, BHLREBIZS HIZ3Ee 27
UV ABABIRIEIZE S Z &R LMo Tz,
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Fig. 6 Averaged magnetic flux density under forward bias condition.

3:2 M T REIEFHSHBRER

7L, A 7T D) =V 7 OOREREREORER AR F MG By, (€) =V 7 QORI LM
RS By, BETY, (6) =V 7 Q@DBEHE LM SRSy B A7 vy FLIcbDTHD. £z, (b), (d) BED
(f XEnzh@), ), € D5V A 7 /VHETORERREILRKLIZbOTHLS. P HEE OB L =A
L, ZThER I AREB IO 2 KR OB OWEEREZRL TS, E£70, BB QUM 2 [EORER- TR
DBl Z R L TN D.
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Fig. 7 Averaged magnetic flux density under reverse bias condition.

JE SA T ARG T ORER L RIER, RBRAIHOEY A 7 LTI, BEBIIRE KB LTZ. ZOBEIGITA
AT LT Y 708 L@ TILB5%FEE, =V 7@ TIX T5%RRE TH Y, Z ki =Y 7O T 615 4T,
T T@T-2569 uT, = U 7@ T2625 uT Tholo. F72, 194 7 Vb i= 0 ORI Y 7O T12.3 uTlcycle,
T U 7@T-514 uTleycle, =V 7@ T 525 yTlcycle Th o7z, £, ZDHRDEY A 7 VR LARIZHEWN TS,
WS T T DM 2~ Lz, 2 OZEEIGITAMRTORSI LT, =) 708 LO@TIX50%FRE, =7
@ TIXT0O%NRETHY, Z{bEiZ= ) 7O TS5LL 4T, =V 7@ T-2237 4T, =V 7@ T2331uT THo7-. £
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Fig. 8 Bending of magnetic domain wall and reversible magnetization.
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Fig. 9 Anhysteretic magnetization and magnetization under each bias condition. The driving force of the magnetization change
(magnetic domain wall shift) due to the magnetomechanical effect is positively correlated with the difference from the
anhysteretic magnetization 4 M.

72, 1A B0 OB eRII= Y 7D T5.1Xx10° 4Tleycle, =V 7@ T-2.2X10° uT/leycle, = U 7@ T 22X
10° uTleycle Th o7, 1HA 7V 7- 0 OZE(LEITK 200 53D LIZED L T2 00, RERVIIOEY1 -
NORH A R & [FREE OB R ST, 2O X DI, WA T ARG, B A 7 ABBGERFICE
T OSGEA L0 SRR L EN K E <, BEBNZIIRES O 5 A3 is L7

— 05, WASA T ARG & WA T ARGRIFOmME ORER REH 5L, EH6H 1 AHDOREMEDIED
MREREZRL TS, A, FRIZZNENOBSGSED 1L RBIZOW T T ThBEHIZ EHIFNRZEN
TeRIZENENDOGSRMD 2 RBIZOW T To 72, LARBE OERFFCHE LT, 2 AKH OFEERRHIIET v > 7
JEDDOWEGIREEDNLRMWD LT D Z L 2R L TR Y, BRA ICHIIN S 1 5 BREEREG IR DI N Z D X 5 72
BMZECTERREZZ DND. EHIT, AL 7 ARBGREORER-EIR & T 25 &, WA T RSSO
HERERDIT O BNEERZZREEOIZ LS BN/ NEL 2o TS, BRERIGHRDHERROIXS > 1%
JAFT AT =X NCOWTFBBEBE TIIAHTH L0, %RibT 2 X918, Fr v 7 ROF MGG W2 % H
TEARE/R VAT DEMEL, WETHZ EIEAD=ANRPAO—B L 7eb B2 BN,

3:3 EYAVILIEHAFRE CORMERBEEL

Jiles & ORGHEETNFERIC L D &, BEREII MO 1 K72 I V1D S oD RIS g5 2 &2
T2 (X18). BEEEMEROBAL M I Z OBEEDTE M CTA U 5 AlWRHME Mey &, 02 il SHARsEke 2 FE ]
W E O A R BREENEEN D Z & TA U HFE AL Mir DN & 705, FTo, BERED B 1R
HARR 2 B R AR IR B IE e AT U U ARHEE May &35 &, WEREICEI< 71 F (REEERSENOBRE) /)
1E Man & Mir DZEIZEFIS 2 (iles and Atherton, 1986) . Z D Z LD, BRI < 11 Fltg& e 27 U o 2 dhig
FOBHMEM EFEE AT U 2 ABHE Man D7E AMg= Man— M IZEBI2 2 E 88T 5. F£72, liles HITAIREE
Rayleigh DERIZ FHWT, Bk M OIS HARIZ LD OSIBEIRORE X) (X AMGIZHOWTHFIZIES
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725 L &E W (ilesand Li, 2003). I 7rdbo b, WML S IRBERICIS D AT D &, BLITEICE
WNCZTEIRIEE ATV 3 AL Man (2T &, ZOBREI /11T AMg & IEOBENH 5.

PLEOEmICD &0, MK LAMEOBILEL OSTIBEIE) ORA D=L TELETH. KoL,
WA DR e AT ) S 2 LI AT U T AL O TH v, Btk OFRRBRALIREBIZX T A STk d 5.
Tz, NEASA T ABEGSA T CORALIX B AU, WA T ABGSM T COBALIX C RIxhid 5. IS/ 2 A
T DL, IWTIRALZNRIZ X0 BT X 0 e 7eiifbikig (K9 H o B fi—B X C H—C s EOZEITH L) ~
&R R L OGERIIIC LT 5. Z ORMEELITRIR DOm0 I AT U 2 AL & D7 AMg BIRKE W
EBEE L 72577280, NENA T ARG T L0 WS, 7 ABGEM FOBLZLDIE ) BRELS oTe B X
LS. FATHRTIE, ZO®%REY A 7 NVEREOBK LS AR ET 5 LRI S REE NV —7 % 4/i< (T72
Db, 1V A 7NV EOIERHRBEEILITAE TR 78D) PRSI TV % (Suzuki and Matsumoto, 2005) .
ZAUTFE R R AL b & To 7o DI AMg DN E 72 0, IS TIBAEEI R L D IE R 2R b b3k D B
A U X DREIC L » THIEER R ATRE R LB L BEOFPH IR L7z E B2 bhb. LnL, A%
TRE LR A Bl OB AR EE 2R I VIET 2 FEEZH WS Z Lk, & A 7 AR L
IESARERICBNT Y, 1A 7 0H7-0 OB(LRIFHD T/hE <725 b 00, BALKREBITRECMNICZE R I
b AT U AREIRRE L FERIHNC (LT 2 2 & BHEGR STz, WA T ABGSIFOMEIZB T, @A
7 VAR ERS DTS N AR AT OB O 50 B L CWD Z Enbh, NUEHRBLW, BLLE
AHZANIZETHD EBEZOND. 1272 LABIE T, B OBHMEEiRCHE e A7 U o A gh#R, 7e b ONS
F ¥ v 7 R EBISRBR A ICHIN S A F IS & T &0 A C BB BIC W CORHIE TE TV, 4
BB E H ORI 2 RIS ER UM LR EZET 2 & & BT, T v v 7 BEORISOM 2 b E
BIERTRE/R Y AT AEEE LIET D2 L T, ABERA D =X LIV THECRIETE 2D EEZ LD,
£z, EBEORE ORBRHIIIHI LT ME S ERBATIROEELEZ O, ORI W TERRERL RS
DR OWTERREZIT 9 70 & L USRI EENROTCREIFIZHONT S S HITHRFTT 2 0ERH 5.

ZO LT, @A 7 NVARTEB CIIBEE) ) AMg 23/ NS < 2B b 0 B8, Wi N R FE AT b b3 A
U2 00%, K USDAMIZE > T, RO L O X 7 a ZgS BRI S, A0SR T 56
BEDQE L IEOZNEDGITE D (R RERBEN LB = VX =03 5) 2 LIlck D, Rt mlf
IRERERS BN Z o T2 o O TRV EHERI SN D, H7e, BRI OHEET D L, ZOB(LEITRBRYIL O
B A 7 TR TS, T ARG ORI/ NS < 70 5. ZiuL, BREN) L IEOMBENRH 5 AMg 23/ S < 7eo
Tl EILND.

4 &

ABFFE T, RS F RS STPG370 D&t A 7 Wiiinl LARHZ IS 1T DISTIALINIR & Z D A T = X
EWPLMIT DI LE AL L, BILdmE R CHmORERS (B A7 A8 S&F T KU T moOBREL
Wess (WisA 7 AWESs) S T CRnR LIS RmaBR 2 40 L7z, SO IZfERIZUUTO@EY TH 5.

1. NEAA T ARG, WA T AEESMEO E B BBV T, MR ORI 2 Ei0m5EE, &)
BREAUERRED A 7 WV DISTTATIC L > TRELS L LIz, ZDHD 107 %A 7 )V E TOMER LART T, f#%
SR (WIS I & W2 k) ERel, FEe 2T U U ABMBIREBIZIE S\ e, 1Yo
JibT= 0 OBIGIACERIT A T ABHEAEDIE 5 DB SA T AREGEAET T 2~4 fERE <, Wik
T AGIHEAITB T, BRI ARBNC R TGO B0 Wils Uiz, @A 7 BT 252k
X, £ 6OBIGEMHIZEO T HRBRBIAHR I 1 7 WIZH_T 100 By D LRRE L IEFIT/NS oz,

2. liles b OREEEBIFGERHICIES < &, IIIBMEIRIZ X AL bITFEe A7 U AL & DF AMg & TED
MRS D. NENA T ARG T L0 Wi 7 ARG T OIE 9 D3 Ui AR K D521k
MREL ol Z &, WA 7 ABGRIIZB O TIREHICIERSG O 5 ls L= 2 &, £, &t
A T IWCBW TGN NS 7B Z EIEZ DA T = AL e —ET 5.
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3. RSN W, BRI DREEED & 1k DA ML 2 T AU, MK LARHIZ LY AMg 13k~ 12D L,
AMq % BEEN 7] & F DAL LI TRERE DT N L 5 AR ek 284t BUINER V—7) IDGRT 5133 C
HY, TEROMZETY, BYA 7 NVRREOMK LAMIZIBWT, ZO X5 eI Tnhz, Ln
L, AWFETIE, BRI A 7 L TORE e Z D% bSEDRRRMTHU Uiz GErR b
A CT2). Ziud, MR USHARICE > T, R tiy, =0 2 7 alps hER M S,
EED E IEDIRDBFTFTE D L oTz, I 7 v ipfREEENA Ul EHER S S,

4, ABFFRIZEY, @A 7 VR UAMEIRIZEW T OIS BRI X D IE R b B bR AE T D 2 &
WE SN IR o T, TR &R U IS O FEREMRAE 21T D BRI, 20X ) @A 7 vk
R LUAMIZ L DAL EEB LI MIENLEL 2B EEZLND.

E | i
AWFZEDO—ERIL, R BRSO ZEEMIFE%E:, JST, CREST, JPMJICR2092 # J Tr JSPS BHaffEr JP21H04534
DXEEZIT-HLOTT.
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