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775 WHRBEMOKEEERNESAN A7 AfRHTHEIE OB ~DISH OB L L T, JRFEE—2A
\ZE DA R FHZEIRIE R DOBRIK L | [RFBE — LA RUTB e 23 28R B O AT IR A T2,

RANHAEYEROFNFIRFTE T, & REDEZWINSE LDV UKIIR CHR TR T 77
FEFEOBRESC, BB E ZWIN L CTHFHL | AT T AT VR A SR T DM EM DB
F SRR E S0 oy T S AL ET DT DRSS | KB AAF~ Ae e LT BE
W) N AF~ A A7l W TOREL 7R EAEET D2 FIEO BRI /R E 21T o7,

1)
(|

(.

TE

A% O R

AEWEIFFE R OTEENL, A A8 — LIRS LD SRk B AR S AW & IR O 05 e 2
DIZKBISNDD, BF ML= DTl AWEREE NG 5701t/ v — L2 F s
FHT 27 EIZERLAEY LD THS,

SBOMSRRIX, A4 — ARSI M FES RICRIL , 5 & @ RN O/ B & It
[AC. A CTHEAE S IZH B CEX A=A O i BICHM T, £/, M stmicE
W, BYEFARSEAT O L RIBFZEOH & DNA G EEEIEIC T T 528 T4 B — A0ORHE:
ZiA b5 R B FIEOBF O, Y ffL ~L COZRE Bz S TR T8 FIEOH
FEITHAET e,

AT E— M E DM B ORI 5T | RpE
i PR X°Z O D ik B FIEICH RN THT
EDTELMEEL T, JRPEMRD DNA ~—H—
0, By DAL a7 R FEICE AT, F
7= BAEMESI N R EN TOHE SO TR /15T
M FIEOMESLIZE AL A | 18 VAR5 PE B O 3T
L. BE~DOIFERERLD,

KA EDEIROFEE AT, T8
ERW =R —IC LA K FAEFETIEDOM
FR0, BT B E A ZEIC R T e, [A=&IrmrseEE 8 (2018 4= 8 H BIfE) ]
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@ RLFHRESRATIEE DL B

AR, BTHA RS20 LG -, RN, AT AR (R
(CARGOFEREH  [UARI R FLIITER, & FHyE— i F LS, JYaUe i 38 B A, PEi
R EHES, MIOASEA T o8 +)

EEOME

KRR E R TR (2010~2017 4FEE DRI FHREEFRIFIE S L — 7)1, A A s — L% —aff
gt 4 — (WERC) ICRR S22 H gy v rabhmy - 205 ME &R U 7E0 —BREL T,
T TR AR D NS Z O JE L 53 B OWFFe % Fhi L CTE Tz, B TR AN AR IRIZ DU TR
WFFECREIRAIF L, 720 QNTIRIE s B IS T 7o S R A A BT O BRFEAF JE A ML 72, SHIT, BT
BRIEIR A b % (R - IR SR B BG F-RR 0s A TR o 2 —) O b0 . Mg b BIFICERL
Teo Eo, SEERREL T, HH ARKE SATEIR 3 248 55— R /) 38 S T i S i~ D AL 4R
DUFFETEENZAT o 72, ZOfth, MEZRFH R E (5= 3L — LW FRGIEE | 55180 AU TR A
JEEETE) OIEHR I LOWERFE BLIC LA — AR IS0, B TR A TR IR IF S I s | B SR
DR ENZIA T, AR TIiE, 20 10 FEM O LB R AN 15,

FERRER
L. B 1R ATBIR BRI

2002 FFEICFEREL 7B TR AR EEIE OTRERIZE | &t E, 2003~2009 FEEITIL, B F-#RAs A
TR DGR A EREL 7= (K 1), 20 8 FRITIAR LT RAFHEE LU 62 B THY . ZDONFRIZ, /i
SERRZS A 55 1, FFRIREZS A 6 51, FE/NFBRAT A3 A 1 BTz, b AER OGBSI H
P SR L R AT T RS2 D IO EHERNII# G S oTe, ZORMEEZIT T, B #IGHR
FABt % T DM I AT IRBE R RN AT IR 2 —SBRER S, 2011 4F 3 HIERABALTZ, =
DIEFRFAARIZ 8T, WERC IZEBIT DR 2/ TU ., AR, FL B LU E 205 -8 A3 A
TR 2 — B &N,

1 Y 2—IZRBIT 50 F#as A 2 ISR TS AR 2 —
TEWR BRI FE D FEREOAAR 2B =T O #DN AABTR IR AT ZED

A= RSN,
2. &SRB RN AR 2 — DL H I ~DE ik

18 H AT IR BE B 1R i A TR IR B o 2 — Dl s B 36 L ONE FH B4R 12> T B R 72 AB D Ffe
L7 e ST (3 2), ERIICOWTIZ. WERC (23BN TS 3RS A TR O G R BFZE | Z B 12
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Beoolm A\MEHRAE LT, F7-. EFWEL 1oV T, WERC IZBWTCAM B K EZITV., Rt %
— COMIBREES TNz vTReE LTc, 2R BURFREATIZ OV TIX, WERC TEHi L7z & RIFZEIZF
WCHEMAMEAT T CAMEZ B LIZ, SHIC, AR Al REZR BB oz A ?EL%:F%H%%‘%‘%
FEAL T AW R CITV, WERC Thio72 X CT ALk FiEZ R 2 —I2B £ bR L1
MRS, IRBOREIZE ST, FlErZ—0 M g8 B E I jté%,aﬁ@:w_o 7%, BUEL A
B A — LI U TR B A ki L TRV [EAEM IR E 0 L0 2D BEEZ T ANDT-
DD IR E ORGETE E L T D,

3. BB TR AR S EEA AT T 7= BRFEAF I

B T3 A TRIR D 1 BE AV ) C L BEARSE R O MR ) o8 BB I O e N1 4 B 45 L 7= B 36
WFGEAHEREL 7=, b PTREZRIE B At o 7ol BB OIE KA KRBT 52 L CREFEEE O M RE
o EEEY | FROBRRMIEICIE LT, Fi2, BBl T ChHAF ¥y =0 71D FZEI LR D%
FEFENEL , ZORREO—H AT EEOHIE S AT AT RAICIE A U, F2, 8 T2
TR B AR DB B4R U785 - B0 & A OB R BF TR ISR A 72, VT V2 A B IR e &
IAPNE S AT AOBAFIZIENT T, 77 A3 =2 F L —2% HWTZIE Y AT LD FEBER e, 3
SRS CMOS o — & G o T 227 iE S A7 LD BAFE A EFEMF7E2 F2 ki L7 (X
3) o FIT MR EFHED Z IR ST B A E AR DB T84 FE L 72,

X 3 ATy T IRITRRE DA 4 BT |8 L= Bh Sk =
{/E\IJ/E VAT nit'f/lz%

4. BB RS At i e EEAGIZ [ T SRR 78

b5 MR D LM BB O FERM IR AT 0 7 VL B 2 IR R OIRRE R E | R DB
S5 T8RN AR IR O FEEAGIZ T T SRR JE 2 HEtE LT, ST R @<l ~ oAb
VB IEZR TR B A TEIR 5702 i a OIRIRAEW F e T — 2 DERB L OE DRt ZE L
oo TER, B F#R1T X BRoMERR 1.1 DR RAFF D LS TEIZD, AR T 25RO FIE X
BREHL T—E T3/ B SO MIRREI KA L TR L T D282 HbIC LT, Fiz, B~
IV TORGEND EEEDOTRIRIT NS TOD -85 BRSO — [El# &2 BEFE IS & <BRET
EHTLDIRIRENT, SOIZ, FEROEFLANBIRO IR RIRA . B e X oI o%H g
R LOE D5 TR O E BFHEZTT o7, TNENOMFED BRI D5 R0 FHISNHIY
HRIREISHIAERFESN LI EE BT LEBIT, £ FHEMO —Imz I LT, ZhHDR
RlF EHRNLIR GRS #R A AT £ o 2 —12 361 5 HE B SR IE | OB IRITFEITE S



NTND, ZOML, S~ T8 EH ORI 36 L O EY S ROM BRIl FIADBR S B #as A
BRI R E TRT D720 OREIEFLRIZ— FIEDOBIZE | 51D ATBRIR &R 2RI O OF 2 R
DIFFE, HOGEMIA YT XILAF IR CR39 & AR E I EBANBHFE 72 82 F i LT,

5. 1@ 5 — IR 71 R AT I L~ D eI AR DA JETE )

ML D IFHE R BT A A KDL &M 2 MR+ 2 %% B A, IHBEEEYE R X2 381 B8k
HOHTFAKIZONWTH U~ BRI L DTG YR 51T o7, WERC OF T 557 /L~ =0 L 8RR
HERA W TR MU T2 L LI- 55 5, 4 613 o 7 T DWW TR U RE S E TR AR LA T
ThHHZEDHERINTZ, o, ImEREEX IR T DA~ ¥ —(ZL> Tl ES V- 22 Mk &
T A OWNE T — 2 T O & kA B 8 U7 R IR S e T2 15 0 B RS (T HUO R AU 72,
FEMTIE DS I KO IR AT T ORI A % DRI LT 22 LT EI LTz, SHI2, il 9l
S LD FLEE 2 8 A ARIR S 975 B 22121 A28 MR B R Ai DR Rt R A 4T - 72,

6. NN3EH SRR R LS S | R EC LA — AER e D ONT R -8R A A TG S 4 BF DI 5%

Bo FAR DS AABIE Tl A4 B — L& REH THITEZR D ONZEHEIL Thvd, LA T, RAHTA
T — 2% BT MNEOHHMOMFE /B T | B TR0 A TR OB — Al 3 X OGFEm £
iz IS 322 M TED, YHFFuEIL, IERFIH R EE CTHLEm =X — LY R E L1
RS AR FE 25 E O MERFE BRI LONEIRA P L T, IR =R L L 230 — AR
— LB BB R 81T CD, MRZEEE O —F—3, AWE R0 8 B
Oy EF . FARRECESE . RSB RE IR TRY, ZnbD a—F— LR BT
22N, B B BT DRI XD TNVD,

7. MiRRHE i

85 TR DS BRI ST LB L, 2007 AR IZJE AR TP 1S Lo TIEFian & U CHRGE KGR S T 14
FRIRRIFFEODH T L= 2009 4F B CRGERGED BRI STz, ZHAESZ T T By RS A TG IR D &0 45 B
[ZBT DM BB R E A 272D OUUEEAT o7, BRI, BE I — A TITREREZHN
T RE B ATREL 22> TRV, B Z E R E CBEN T 220 TR B G2 A L, IR IRH%E
HRUR R D EHE FTRE TH D, KT —ATIEBI & X, B RROILKR T 7y 7 — 7% FHui- i
SPIERA F ML T, Fl2, WERC TGRS A 55 i % C o D18 H RS LI BERS 18RS A TE R
BB —~BERRSIZHTZ0 . IS CEA IR E AR — 572012, 2012 4EEICEM) FEERER Bih
L7z (K 1), ZhHDlus e L 4B U T, 7 VB A WO 902 F2 0 7T Re7e
ENA Oz L7 oTz,

8. NEDZE

ERRIFZE D SRR T, ERT 2 4 PR R 2 4 DI R ER T 2 4 | BRI 14 3Bl E S,
85 TR DS ANBIR DS T= o Tz, BRSO TRITIL, 2~3 4 ORIV ER s F %
FRETALELIT, 1~3 A DIRETREHHNET A FOELE 2 L0 1872 37 ez ke L T 7,
I WA BL CEHM B 14 0B EE TEZEELIC, K0FITHEE T e B OEREICH
B 1 E G- CE Iz, ARFEEAED T, BALHDE KRBT NS H L BT 720,
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St DRI REY

2018 HFEFEMDIT, R TRREFRFIEENFRIE LIz, 4% b5 St &b T-HRIE R B L OBE /5 B o
TR A HEMEL | MU L P FUEHIRL COKETE Ch D, KRS, £T VB ~DAF B — L IRE

Al Re7e B EARAF ST R & U C L R T RR R DR 53 B~ D RIS 2 ER D T, A T, IR
ifﬁmﬁﬁ%ﬁ%)/u/’“féﬁt/5'~k@?‘£b B IE T — IR T 222l U T, [l 2 —D% T
AN BERE SR OYERICEH G LT, 2, 2019 4F 9 AT, fEHHICW T 118 [l H ARE
YRR PN R R E BBEES NS T ETHY , U TRE N LS TRIR S OB L4858 1[2h T2
%o WERC DFRHAIN, ZIWVETLL RIZFRAR— TR ALK T DS L7255 2 1D,

(kiR EEENFEEE B (2018 45 8 A BIME) ]
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@ =RNF =B N — T O SETEE)

FFREES ., ZeR S, gnARHHA
(CARTOTEFES : 2 HFE ST, Chuluunbaatar Batchuluun, f§ 2, fEdEHEA . - H & HI)

EENDOE

TRIVF =R L — T T OWF TR BHE I O B 3 - B LA B D 3T 12 0 1T DD, M EHZ IR
DEIFE - TIE LAV IEARHE BN ERLZAT > TS, MEIO 5 Tld, A4 B — 2% vz
Gy HT E RO R AT |, 2538 T R - BE AR BT | S L DI & B 2241 T2 T D, 2010 FREEDND 2012 4
FEIZIE. KBFZ WA ZEb AT o7, L7 B8 8RT . o T Mg B L O — 271,
YAV EAFAFRAA AL E 2 B BRI EEE, 300 kV Z A EE SR, 10 kW KA
A CHD,

MEFOBASE - BV Tl IS~ AT A A U IRAA AR AT E LS B I REEE E 2SR ST
Do AAAEANEKFEFTOMBUC L ER A SEIK AR A ORI 1% M ES82 051k, S Var ok
IRk & R HZE T D EZHIE LT, IR 7D O 2 bRy R, AKERH
UL EE DML K W S A DIFFEb AT o7, Fio, KR E AW TH bl lar 0t
ABEH T D HET OB AT o7,

FRLD Z3HT Tl @I 2 7 D84 B} - 22l RO D B %6 | B2 - e AT Hdfr o i B AL
BEHENDOEFEIIEC TR B E BT RSB A T 7o, BRMICITR e R A RINLZ &
BRI T 5 LA A DB ORI 53 AT LS L DT HH A 0D R 7 B OV » JEHE ~ 0D B8R E A |, R B2 A F
R LT T/ #E St o 15 & T I D RIS LM ke - =50 -7 AV B L DD S EED 3T 1—R
FIF a—THDT SR ~DHSEZEATOBHFE 347, S 2 i O FR LI D 3K 5 1 LD BREEEN R D AT
Bk, K5 E SR (Ag) BEMS i D G- R g LR HL O BIR O IA % Th 5,

A UE — BN T, B OT 7 4 —R % 5 8GEL (RBS) 1500 SRR 744 H (ERDA) ¥E12 0
2 EERTATBA— LY A RSN IA T B — A (A 7ae—0) &2 W= T30 IR TR
HTEVER R EH T D ICFHE A AT E L TRAT R & M SOBERL 782 HY (TOF-ERDA) 1A% A3 B 76
S, BB — =L R ZEIC L > TR SN CD, FIRATHRERIANEEOBRSE 2L, KFELY
T2 N DR IEEDIESIATIE . T/ A— L~V DIESAMRRE COILE ST N A REL 20 | UF
U LAT Y ZIREHM B OV T AAF U DG ARRE XA Y ERERIRFE (DLC) BEH DK B 34T
RSN TN, TSSO 7D DA A b — LIRS . KB El, (LAY 8K E 7N
AR, BRI B HE T LT T WD, £, MR EEE X G i s rlheis
R—2T7 )V X $EEEE R L, S &R O T2 T o7,

FERR
L. 8%k [ K AR A OMERE ) b SRR B AT

T A ENEL B R AENMEZ R EI O X 72 R O E ST A 9A A T2 Micro Electro
Mechanical System (MEMS)ERFEAL L/ INMERSL DBHIE N A T D, BT 7T 2o —Z 1T FIERENE
MBI B EZ T IR WNVEOR 35D, v A 7A=Y A XD K AR A DBRFE N EITNDT=D
BRI T 7 F 2 —Z O/ NI A TR, RAFFETlE MEMS ~OFI 2 L 7= 8k 4 Rk
DA DOYEREZ 7] RS 2HAN OB & | i 22 s~ 1 F & A8E U7 it O B sl a1 7
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7,

KETTOMETRERRLIENE RS-z (S FERIC, BB —DINEGE &L B T8k (Fe)
EA4 (Pt) 2 HACHIEL T, JEE2M 100 nm O @RI LTz, b A4 EAETZEOEHR
2 CONMEELT T35 ORIETINE 11.4 kOe THHTZM, BHEAA L EEARITEZEH TOHIER,
IKFBIT AR TOMEEATHIZETHRIES 1% 1.5 5D 17.2 kOe £TIA] L T&ETe, Fio, A4 ORRS &
CRBE S DBIRE TR, A4 BRI L DR DK T IE, A SR —IC LD & H UK
THEECREDZEEHLMNIZLT,

2. VAL ORI LS8 8 R 1 O & BIE DB

A ZR I D& @I, HECER 2R & KB DL ORERERYZ2 I 721 CFa L |BM O BRI A7 (4
L. BLART S, @A NI 7o DIC B ERERIZ R L Cd, BIZBWLTE, oA
VI DENTKE 2 72D TR . AR BAT T DB S I OB ThL T IR b TS
R, BLDOETET A& A LB TEEAIZREIZH<E B EIMENE WD RED DD, LUK L TR
T, &JEFR A LI St A IEL OO TN REFIHL TEATHFIELZHIE LI,

~ 7 R AR BIETO Si IEREZ KB AE BT ARG T D kL, Si kR ICZ (b
2 (SN Z I T 58T, AR, B, F . MRS A e Bll B BT, SEmFES LTV W EICE
FEEATRE, WA F LD EDOEI DI TERNERNRE DRSO, T TAT v 700 T A
WRCHEF L IpE LD S>ETTHIETHAABETHD,

3. AELRIIT LIEHG R E AR RE 247D AT X SR M A& & D BR %8

R CREICIE TEDHTLEND X #a AWM B 3 HTITIRS WS TS AN, Ll R o
HEPLETHY, WETELRBOIIRG RESNTLED, UM, B4 TORY-CHEY D
AR E T, IR E IR EE VTG CTRIE 22 LICE~ T A7) == 7 Bl 2 5%
BT DEEZALND, £, ABMIT eI 2 8 NG E 2 FFHIAA THE T 528N TEIUR, IRIFS
NTWEHERERD H T 2RO T DL ATREIT/2 %, ANFZE TIE TR T BIRE) 23 T 6E |
BATHHEMFTRERRN —2 70 X T AE OB 21T o7, FIoZOREE HV TRIFOH ©
LIeATAED X @B ok Ldot X #Rc LD e ot a1T-o7,

4. B MR EO& R > DO A VRN ERARNBE R

RUAIR (PD ITEEEM—=> 7L (ND) Do XL, DXV Tt en T —7 25 2 IR
FTRBRICED, PLENI Do EDEFMEEZFHM L7, 7V VALERRF R OB L PL ORI A 238
FTRD | PLR AT nm OREES SR IR GERE ) KO nm OERIR O i 2
23 Pl & Ni Do ZDEAEMZREIZL TWDEEZZ DI, IHIZ, PL OT7 )V AVEIRIIHE O A%
—PEDIFAENFE A TR QOB ATREME A FER L 72,

5. KDL ATk LEOB TR AT 7 K SRR A 2 0O PR 76

HEhEL, $0E , A0S OmRIEFERR 2T TR BRERT 4+ — U7 b REER S o TSR
ROFEBREDORELL L TR Y U AMEDI TS AN, AL A IRER O il Va0t BRI AL oD [R5 7K
RuRELL T KRB DEHNEEN TWVD, AKFLH T E TRAETHOE EIMENZ LG,
IKFEZ RN ZRAN 2% - RS 2720 1l LT KRR & @2 E RS 2 7RI B3 2 & 21T o7,
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KFEAE~T 27 I (MgHy) 137K E% 7.6 'E E%E @ CHETeM, KBRS 300°CLL R &
SHFEHBITITARV N, STERFHA ORE R . A IR EE OIR T I3 S O AR E( L., 7 dh T ORI,
W EN 72 I E DU, MgH, EAMIEME L OB N E I CTHLZEN T oT, Fiz, v 7 Rhrr A
PR AFEFFIZXOVERIL T MgH, I (&2 100 nm) 1325 IR T, ZO5s S I X8 Rl o
FEATIZED R Mg LRl — DR FEERIESN, B EHBIZIEM Mg L[A—Tholz, ZNHDFER
Db, KRBT MgH, H D 4 HRAIESHIZIE 22 LICEREIIL TN D EB 2 DLz, SHIT, MgH, #
B DK SE TR 3545 Fli 4 JB O Al AN Fo A~ NI 23K B IR E DR FIx L CTHZC
HHZEM DT,

INET, KFBWEA ST OKFREZPET DI, EEEMERET 20N EHERN2FIET
bolz, LinL, EREREMEDLDIZHOWTLEERE T HIENTERD o7, £ T, RAFIZE
FoAF =0 FIEAICHL ., BEHKEZNE T4 ELBRRE LT, AEEZ AT 50 nm
FEEED MgH, HIRIZ BV TH KR FE ORI Z AL . BRSO REtE A R LT,

6. I OT- DEAA L RBS {EDBH %

AR PR T SARRN—R T 4 A7 GBS E IO CUEED nm OB ME S hva ol
7o TETEY, ZOXHRMERED TR T EITI LN TELFIENRD LIV TND, AAFZETIE,
VB AT 0 LT SR A SR EICE T A28 E HIEL T, My % 5 8 C oy M R RE 7 B A
A RBS LD BRI 1T o7, HEKD RBSETIXEIZ T RFT =0 MeV O A — 2% FHW T,
BGELA A 2 8 R e 2 IO TR 75, TERIE TORS /3 EREIT 5~20 nm FREE | &R X
0.001~10 at%f2fE TH 5D, ZIUTK L CTHEAA L RBS {ETIZAFE — MR BEAF LV EDOEAL %
R, BELAA AT LT B B g a O T RATIRERTE 21 T9, RS RREDY | nm 2
FEBERRE I OWTHIERELY 1~2 #rom & HfRLZ, JESNBEZ 10 nm D4Rk
BELTAER, £, BEOFE O LY ST FODLERS S fEEZFHEL ., 24 1.6 nm, 3.3 nm
VO EELNT,

7. IEERE WU TT A B HTiE OB %

VT BAF BT, #ERERECENA N R AN FEINDEERAE IR DO 25T ML
HE L o7 KIS B S D I8 70> TE T, BUEIBRL CWAUT T A A El LR
BRI TABEA N TERY | KL DERIERGH DT80 | REIR)TF 7 bAA B O B EEA
IATON TS, EEREMITR RN T R — B EOA A BEE DRSS O ER S -
T, T IREN D DB D, ZOXH7 MR TIL, BREOUT T L5 F L ERFOVF T L
HENAEAENETHZET, @R b I PRI FER 2 52 BRI DS, LU BYF U L7
EORTTFRITIEME CE R T D TIEN RN | RAIFETliA 4B —2% V2 TOF-ERDA
[ZE DT FIEEFT L T D,

TOF-ERDA |IAA B — A LB e R e HE ML | £ DR EHENE T 50D THDH, Z0D
B, RO FVX — L E A AR ICHE 528 T, nBOEER T T 52Nk, 2Rk
FEHORS FH BT IR0 258 nm OWREREE CHIENAIRETH D, ZNE T, VTFTVLE
BT DT NI LE —LEVF T LD S KA E — AT 1 /LF— 1.6-5.0 MeV DI THY
Bl F-, B — AR SR O O — A EHAEEE OISR AT TET-,
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8. RAFICBITIDAA L E —DH THEDB%

AF L E— DTS MeV DA A LB — L& WA @ I3 B2 hCHIEETT), Lol 242K
B K B WA B e & O EZE T CAE - BT HREHZ DN TI AT TE Ay, ZHETIZRA
HZ I DR R AL 5% X BT (PIXE)VIEZBHFE L, ~ A /70— A Rt ~v v 7LD 4K
TP EREL DR E A AT - TE Tz, SOITE & DOFREIR DO ORI I [\ 5341 O EH W[ §EZ2 RBS-
ERDA (2 K& T oz HSE DT EIT - CD, A4 E— LRGP A8 D IEREA E
FERE RN AL T 2720, RRUBIREEREA ) < LI B2 ERIL7Z, K&H RBS BLO
ERDA A A BEZ S s Z AN HIFE A LR | FER IS = — 225 W N AT RE T B,

A% OB 7R

FIEFOBRE - BB T DI JE Tl A4 IS - I ARLHEIEE I LA R m S E N O e D, A
2 IR KD HEETE il ohE B S DB L E WS T2 L TEIRREDTE L, A A U AEAIZ LD E AN
WEINRLFEAL F B R O E DVERUC KBTI B O BT 2179, FToEBERAIZB O TH | #
IRHESCMEEFEME 72 & OMSRE DA 5., B2 DRERE DI OFEE I LA Bt EE L @ IO ERL | IR TRk
B LD HEL EARRED BB DT E D IFIEIZED  HrLWBEREZ R T M B DBRR 2179, MEHD
SINTIZDUNTIE, BRI e - BLER A, B il L7 R | SR OB - Tl o &
FEARICED . REFPEOHBEBITL L L0 EESENSOEHIG UM B B E i RS I8 % b
i Te,

FIEFBHSE - St B AATH BTl ATIC ROV EIR BB AR T 22 &N EE AR A R Th D, ERIE =
X = —DNEIRE T EHE — A7 A ZIEH L, RS2 B O LR o R st
TPL, TLHRIEERTCHE A% b CHE T D2 E L B OFBUER D3 R AT i OB
HEHED D, REFSITIENO A 72T HANCH A 2B THY | Brio 72 bt BHF 9855 B~ 0
WA BIEZ D, EAA e — DT RSP IR, ARREHCBIIDBARCH EWE ., SHITHEY
RENZRBITLERICHE ST TEDID | YL REATO LI T AT O W R 21T > TS,

[ —kE7 L —7 8 (2018 4E 8 A BIE) ]



® =RNF—BAFRET IV —T OGS E)

VO RIMAE L LA, AR R
(CARGOFEREH - R —, /NP EZL, B R, S . RPE A R] e | O st
WIS BRI, RS ] SORSOR, BRI E AT =], AT, B ELAOR)

TEEN DR E

TRNNF =R N — T, AT B kL X — DOHFFERE R & o L — G 20 R H ORFZE B %
ZHSTWD, 20D 10 FIE, FEIF B THRALHOTE IO BB - 7347 LE R DB . ARFH =%
SV — ORI | BOBHAT B S | 5171 B Se i AT B 38 . B i an i BT BRIE & 2 I
(DT R AT > TE T,

BULEI, BEJF B CRAL DT MO UL - B - 73 M LE IR D BAFE | AR FH =L — ORI H IR
BRFE I A TS,

FERER
1. BENA B CHANL DI OISR - BE B « M S BT D BH %
(1) A4k o fi (A

JEFAFARIT, b IS REL ~OL DS ORI THDZE0D, FRIRTEEREO/E¥ B OHX KRS
SRR H S PEBE IR D% A B IKIBUT B CTHD, TZ TR LEMEK T2 B2 K T7 I X~
BIEHECHE BN (7 7 LAY T T — 5 — T =y MIBOIEC LD BT 238 2 FE R L, BIETREO#)
CA BRI AT DR LT — X B2 FHE LT, R\ Tl — W — L CTH LA 7223,
2015 4F 2 A OL—P—FANBR ER L% I1T, RESBMAERT TRY, F=EOMEEIcEl
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1.1.1.1
L— W —% T B BHAE L NIP O SR EFOBEX AL
Welding Condition of Different Type of Metals and Hardening of NiP Metal Coat by Laser
BRI
Satoshi TSUZUKI
Abstract

Welding condition of different type of metals by laser was investigated. NiP metal coat laser hardening was
investigated.
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1.1.1.2
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Cutting of Low—Alloy Steel using 30 kW Fiber LASER
PR B Z™, ArhgERk™
Haruhiko KADOWAKI and Ryoya ISHIGAMI
Abstract

The cutting test of low—alloy steel as a simulant material of reactor pressure vessel by 30 kW fiber LASER
was conducted, and it was confirmed that test pieces with 300 mm in thickness were cuttable. The dust
generation during the cutting was evaluated and it was found that fine dust concentration in cutting
environment reduced by water spraying.
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1.1.1.3
U — Y — B IR 2 T R G
Decontamination by Laser Peeling Technique
ARG, WBHLIE™, e A
Satoshi TSUZUKI, Tadashi SHIMAZU and Naotoshi KUWAMURO
Abstract

About laser decontamination machine, we fabricated a dust collection assembly, developed small
decontamination machine, and conducted a peel test.
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Investigation for Dust Behavior of Cutting in Air and Cutting Underwater by Thermal Cutting Methods
RIS B R0 AR L™, HART AR 2 B Zeak s A CKARH
Goro SOEJIMA, Hiroki IWAI, Yasuyuki NAKAMURA, Satoshi TSUZUKI, Kazufumi YASUNAGA
and Kyo KUME

Abstract

We investigated the behavior of the dust generated by laser and plasma—arc cutting. Both behaviors were
compared with cutting underwater and in air for the simulant material of reactor components (SUS304) and the
pressure and calandria tube (Zr—2.5%Nb, Zry—2) of the prototype reactor “FUGEN”.
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Investigation of Properties of Additional Condensing Optics Applicable to the Laserhead
Featuring Co—axial Probing Optics
[EPE" S
Shigeru NISHIO

Abstract

This study aimed at collecting basic data of the condensing optics which can be used for the laser—head
featuring a co—axial probing geometry with high optical throughput.
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1.1.1.6
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Investigation of Facility Dependence of Laser—cutting Quality of Steels
E)ﬂ:'%?%*l
Shigeru NISHIO
Abstract

In this study relationship between laser—cutting quality of steels and cutting conditions was investigated and
compared with that investigated with other laser—cutting facility to provide basic data for examination of the
theoretical model.
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Development of Basic Technology for Radiation Resistance Robot Laser Decontamination and Practical
Training of Human Resource Development for Decommissioning
I P — RS | S SR
Ryuichiro YAMAGISHI and Naotoshi KUWAMURO

Abstract

We carried out development of basic technology for radiation resistance robot laser decontamination
machine constructed by the WERC and training of human resource development for decommissioning using our
laser decontamination setups.
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1.1.2.1
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Investigation on Recycling Concrete Waste Caused by Decommissioning
T !
Yoshihiko SHINODA
Abstract

From FY 2014 until FY 2017, we had been investigating the possibility of recycling the concrete waste
caused by the decommissioning of nuclear reactors. It is necessary to recycle the concrete waste into high—
quality aggregate at low cost in the recycling design.
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T A7 7 VNMERIR) 2 T g a =0 7 DR AT T2 FEREARR
Full-scale Re—conditioning Test of the Bituminization for Radioactive Wastes
fit] AR, PR R L EVEAT SRR AORAEH
Shota OKADA, Masashi TEZUKA, Daisuke TSUCHIDA, Yosuke YAMADA, Nobuyuki ENDO and Kyo KUME

Abstract

We have performed the preliminary re—conditioning test of the bituminization for radioactive wastes as a
part of study to apply them to the technical criteria by non—radioactive samples. As a result, we have
confirmed the applicability to secure homogeneity that is a part of the technical criteria by evaluating samples
at actual size.
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1.1.2.3
VT T Atk O & @ PR FIZ BT 2 B L O FR A
Preliminary Study on Recycle of Waste Metals below Clearance Levels for Radionuclides
JLIR AR RAEESR ZARFE R (L BEEAT, KIS
Noriyasu EBARA, Hiroshi OHTANI, Hideki KUTSUNA, Yosuke YAMADA and Kyo KUME
Abstract

We produced parking blocks preliminarily in order to promote recycling waste metals below clearance levels.
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1.1.3.1
FLBESR LD O BRI HH B39~ 25l L OMEt
Study of Verification Method for New Radiation Source caused
by Radioactive Rubbles at Nuclear Severe Accidents
DR TR 2, s g™
Kyo KUME, Tkuo KAWASAKI and Akira NAKAMURA
Abstract

For radioactive rubbles exhibited outside at nuclear severe accidents, applying drones is an effective way to
explore radiation sources. This research aims in simulating a spacial dose distribution caused by single
radioactive rubble for this purpose.
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Radiation Measurement of Cement Materials using Germanium Gamma Ray Spectrometer

DR KR O

Abstract
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= 5 JAZ R DB A NE W D F el E

Kyo KUME, Satoshi MIZUSHIMA and Shinko SANDO

In order to establish a radiation measurement method of cement materials at the factory of Tsuruga Cement

Co.Ltd. using a germanium gamma ray spectrometer, we are carrying out measurements of residual radiation
contaminant of radioactive Cs isotopes in cement materials for past 7 years after the 2011 TEPCO Fukushima
Dai—ichi Nuclear Power Plant accident. The data taken in 2017 were reported.

E:2 )

B AN (BR) DA TIENOORE N FIZOWTOT b~ =0 M a2 T U RER HINE 2
NP BHTZ0 Rk 23 AEOBUERRE R IR FE (1F) SHECARE 7 ARSI Cs DR S RERH 21T

STUWD, ST R 29 4D

ﬁ%‘

FHAMRIUZ DN THE 975,

HE B A (BR) CEHSNIZ B A RERIEDIZOWT, (A) F S = 3L X — 5t 4 — (WERC)

D Ge H o~y HEEE LD RFHIZ T o7, AV, 2V B —% AN (CD) 72 E O FHlZ B /IR 752
ET BESIT I Cs 23 CD IZEERESNAZEMBALNNI 7257, CD X7V h & B a7 AL TR
THY ., AL EL T Cs DMERETHLDEE 2 BIVD, Ak 29 4R FHAIZ kR L . ZOMEB A RS

7,
F1 ERR29EFED /) H—4 AMEE A LEHIME
DY A — B AN <A AN — [Bq/g] ) RE R AEEE CliRE
EB&E& E] 134CS 137CS [sec] [g] [%]
2017 4E4 A 17 H K (0.021 K5) 0.029+0.006 1000 66.8 13.2
2017 45 A 15 H AR (0.019 Fii) 0.016£0.005 1000 63.1 7.4
2017 46 A 12 H AR (0.017 i) K (0.020 Ai) 1000 64.6 10.0
201748 A 7T H AFH (0.022 Ai) AR (0.018 i) 1000 56.9 10.5
2017429 A 11 H AL (0.019 i) AR (0.019 i) 1000 68.0 9.1
2017410 A 16 H AR (0.024 i) AR HE (0.019 Aii) 1000 62.2 12.1
2017 4£ 11 A 13 H ARHgH (0.017 i) 0.018£0.005 1000 71.5 6.4
2017 412 A 11 H A HL (0.015 i) 0.016+0.005 1000 70.8 9.4
2018 4E2 H 19 H A (0.007 A0if) 0.016=0.004 1000 65.1 9.7
2018 4£3 H 12 H AR (0.011 Ai) 0.012+0.003 1000 72.0 11.0

FERBRBE RS

ok 29 FEESBUE AR (BR) DA PE TR THELNZ CD @R /LT REAMZ DUV T WERC @ Ge
T~ R SR T~ BT ke L TR L 72, FHARE A 1 &R 2 1 ORT, ZOREEDIL, Eil
RIVET U REA MO T CD IZEBWTh i Cs SRR LL FREEEIZ /20225 D2 LD,

() P =X — e — B SEBHSE IR - L TR E IR SR e —
AWFTET. (AR BPIE T — W JE o 2 — DB B A () LALRI CHEEL72b D THD,

_91_



P e = VX — gL B — W AR R AR 29 )]

HEEDREROIRE T DL, ARV T =T 23 FEEEDD AL 29 AL ETRIBIRFUL T TH D,

CD 1L FRE 23 4R 0.1 Ba/g F2HE V. SRR 24 455 0.05 - 0.09 Ba/gFLfiE 2 SRk 25 4FBEMND SRR 27 4FFE
THRIE Y9 RO EEETOT —F TIIMRHRALL FNZL AbTz, 1F FHLOR G EE L
BT Cs IBEMETLTWALDEE 2 HILD,

i

)

&% CD bR R I 3% b,

2 29O @RV TR A ME B EFHANE

IF % 7 HEARGHL T, BAC NI TOAEEDE O BERRL ~/UEikse L TR T LTV, IRFEOME:

H <A AN — [Bq/g] T R AR E &
ARV TR A MU A

liﬂcs 137CS [sec] [g]

2017 44 A ER)(1~15 H) A HE (0.012 i) K (0.009 Ais) 1000 126.6
2017 %4 A FA)(15~30 H) AR (0.011 ) AR (0.010 Fii) 1000 117.4
2017 &5 A EAJ(1~15 H) K (0.009 i) AR HE (0.010 Fii) 1000 119.4
2017 45 H THA)(16~31 H) A HE (0.012 i) AR (0.009 ATis) 1000 112.8
2017 6 A EAJ(1~13 H) AR (0.011 A5) AR HE (0.011 Aii) 1000 115.3
2017 -6 A ) (14~30 H) K (0.009 i) AR HE (0.011 Aii) 1000 114.2
201797 A ER)(1~15 H) A HE (0.012 i) AR (0.010 Ais) 1000 114.6
2017 %27 A TA)(16~31 H) AR HE (0.011 i) AR (0.011 Ai5) 1000 114.0
2017 8 A ERI(1~9 H) AR (0.012 A5) AR (0.007 Fii) 1000 109.7
2017 -8 A FA)(25~31 H) KR (0.013 i) A (0.008 Fii) 1000 122.4
201749 A FRJ(1~12 H) A HE (0.012 i) K (0.008 ATis) 1000 110.9
2017 %9 A FHa)(13~30 H) AR (0.013 i) AR (0.010 Fii) 1000 111.7
2017 & 10 A Efy(1~15 H) AR (0.014 Fi5) AR (0.011 Ais) 1000 112.9
2017 /210 A N (16~31 H) AR HE (0.012 i) K (0.008 i) 1000 112.8
2017 411 A Efy(1~14 B) A HE (0.013 i) K (0.008 Ais) 1000 111.8
2017 % 11 A ~A)(156~30 H) AR (0.010 i) A (0.009 Fii) 1000 132.1
2017 412 A Efj(1~12 H) AR HE (0.012 i) K (0.008 ATis) 1000 128.1
2017 /- 12 A N (13~28 H) AFHE (0.007 i) AR (0.004 i) 1000 129.1
2018 /1 A FA)(27~31 H) AR (0.005 i) A (0.004 Fii) 1000 120.3
2018 =2 A EAJ(1~15 H) AHH (0.006 i) A (0.005 Fii) 1000 117.3
2018 42 H T ) (16~28 H) AFHE (0.007 AHii) K (0.005 i) 1000 121.3
2018 =3 A FAJ(1~11 H) Ak (0.005 i) AHH (0.004 i) 1000 121.8

BE
SRS RS, TR () B PE =L —iige b 2 — R R ek 23 4R, 14, 73

1)
2)

3)
4)
5)
6)

(2012)

W JE S S, TR, (M) B PiE = p X — 78 o 2 —BF 2R RY 24 AEFE, 15, 82

(2013)

WA (A FE =) VX — A JE v o X —WF TR AR TR 25 4R FE, 16, 68(2014)
WA (A FE = p VX — A JE 2 o X —WFFE AR TR 26 4RFE, 17, 79(2015)
WA () FHE = L — R 9E b o 2 —WFZE A2 AR 27 4R, 18, 20-21(2016)
IKAS, KUBEL T~ M J LD v A NER D O ERERIE . () #5HE = r L X — i 9E ko4

—WFGCAEERRK 28 R, 19,

16-17(2017)

_92_




b i o L — B JE s & — W JRAE i O 29 4R )|
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1.1.4.1

~ 7 R LD LIE TG ETE I LT K =R — G BT A 7 L DA £
Development of Hydrogen Energy Cycle System Using Redox Reaction of Magnesium
MEREZ | LR 2™
Yoshihiko SHINODA, Ryuichiro YAMAGISHI and Nobuyuki ENDOU

Abstract
Hydrogen is a promising energy source to replace fossil fuels. However, social implementation of hydrogen

energy has many problems. Therefore, the purpose of this project will be to solve the problems of using
hydrogen energy by the concept of energy career. We began the feasibility study toward the development of
the sustainable energy cycle system using redox reaction of magnesium. Then, we have studied smelting
technology of magnesium oxide by solar heat and hydrogen production practice by reaction of water and
magnesium.
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1.1.4.2
PROFVT % T K B AT O AT A
Research on Carbon—Free Hydrogen Production Using Bacteria
R B A
Yoshikazu TANAKA
Abstract

Photoproduction of hydrogen by photosynthetic bacteria is one of the key technologies that produce carbon—
free hydrogen. However, there are still a lot of challenges, for example, low growth rate and low hydrogen
productivity. Therefore, we started the project with the aim of making the high hydrogen producing mutant
lines of cyanobacteria using ion—beam breeding technology.
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Research on Applications of Solar Thermal Energy by Solar Furnaces
W, L ERE—RR
Yoshihiko SHINODA and Ryuichiro YAMAGISHI
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T LT, INETICE U= RO B 2> DRI 72 iR 2 7R Uit T,

AR FHE =0 — B SE e 2 — ATZEB S - L — B 7 /L — 7 2 () PR = R V2 —RFSE o 2 — il SCER LA R
BARFRRRE

_97_



P e = VX — gL B — W AR R AR 29 )]

1.2. [ERTE
1.2.1. KL ATBTE & AL DT O AW B R BT 5T

1.2.1.1

AR OO I LD A IRIR O & AL 1A T IR0 AR 2 ) 7 kit
Therapeutic Biological Verifications for Advanced Treatment of Cancer by Combining Heterologous Radiation
AT SR AAAR AR | BT R, R I KSR | LA, ACKARY
Munetoshi MAEDA, Hideki MATSUMOTO, Mika MAEDA,
Takashi HASEGAWA, Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

Clinical trials of a new “Combined Concurrent Chemoradiotherapy” that combines general X-ray
irradiations and proton beam irradiations which can deposit energy concentrated to the local tumor site have
been started in Fukui Prefectural Hospital. We are pursuing various therapeutic biological verifications in
anticipation of further advancement of this treatment method under cooperation rooted in Fukui area.
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NDIVE R ISHIRAFEDFEINDZEN SV, AWFZEIE, B R IRE S X BRI ONEZ | #tt,
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Predictive Value of ®F-FDG and '®F-FLT Uptake in Cervical Cancer Treated with Charged Particle
[rradiation.

TEEPZR, BP0 RIRTE Z AKRIE
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME

Abstract

The reduction of ®F-FLT uptake preceded the change in cell proliferation ability at 26 hr after irradiation.
Although further F-FLT-PET study using tumor bearing mice are needed, *F-FLT is a promising tracer for
monitoring the early response of tumor to X-ray irradiation in cervical cancer.
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1.2.1.3
B 1 FREESERR DS AR IR I 31T 2 BRI 1 kb IR REs 0D 8 B RE 35 K OVR BE D FRAT
Analysis of Pathophysiological Kinetics and Symptoms of Oral Mucositis
Developed during Radiotherapy for Head/Neck Cancer
FAASTERE | AT A2, AT AR, B2, L 12, AR
Hideki MATSUMOTO, Munetoshi MAEDA, Mika MAEDA,
Takashi HASEGAWA, Shinko SANDO and Kyo KUME
Abstract

The oral mucositis is developed in most of the head/neck cancer patients treated with radiotherapy as a
side—effect. However, a medicine for oral mucosal diseases remains undeveloped until now. The patients
developing oral mucosal disease is treated with symptomatic treatment using a mouthwash and analgesics and
the radiotherapy is interrupted in the patients with worsening symptoms. This project was performed to
elucidate pathophysiological kinetics and symptoms of oral mucositis developed during radiotherapy for
head/neck cancer.
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1.2.1.4
AR D U BRI MR TE 3 D 15 AR A O fift B
Analysis of the Signal Transduction Mechanism Deciding Cellular Radiosensitivity
B HURESL | {i7 A
Masanori TOMITA and Munetoshi MAEDA
Abstract

Low—energy soft X-ray microbeams have sufficiently short range of secondary electrons in the irradiated
cells, therefore the responses of molecules and cells corresponding to the irradiated regions within the cells
can be clearly evaluated. We have been studying the relationship between the irradiation domain and the
molecular and cellular responses by using soft X-ray microbeams.
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P X fa, 7L = T — e W TR S|

PR L 0% DM NS OB 5 um LR ATM pS1981
X e Arne—2o% 1 EPTZ SR EEZEZ T St 10 Gy 3p Gy
BB 5 2 LN AT RE b B, o

HeLa a2 {275 K1 CdD fibronectin T
[HAEI—T A7 LIZEE 3 um ORY 7 ae’ L k)
DRLDIBET v o BICHRREL T—BiR5aE L,
Hﬁ& 2 1~60 Gy D~ A7mt —LEME L, 30 2514

(Z[EE L CHO R Y B A T o Tk R 1 Gy T
L NBSI1, IR ATM I BUREALC

DOEFRITFRDO LN -T2, 5 Gy uL TIRH LR X 1 8 X fpveAroe—L0BE8 30 5%
SHEAIZERRRL THRET D2 LR oT HeLa fif@icds17% NBS1, Vet ATM
(1), ZO%E T 1L — Ik SR 7 et (ATM pS1981) DML NRTE, /S—D RS
DFEE X i~ A 7me — AREHEEZ VTR 1% 20 1 m,

()7 R RAIFFEET < S - S EANRIFZE AT « R R 2e BRI GE o 2 — | ¥ (A ) F5 et = L 0 — Rl GE o 2 — « BIF SRR S8 08 « o7 1 MRS e A
S
REFZEIE, (—/) BFHPRBFTEATE (A S = —F9e o 2 — O LEFZEL L CEfiL7=H DO Th D,

-101 -



P et = 3 V¥ — P52 & — B JEAE- 3R Tk 29 4R )]

1E T RRMESE AN WI-38 ORMIEEE D A FRETL .
DNA #i50~—H—"Tbh b v -H2AX (V> E{beAR
> H2AX) ORISR ~DEFEZBIEI LT BRI AL H
LI 2 E= T 55D ThH D,
TSR IR I X > TA U 7= DNA 85I L0iENE
{EL7= ATM 1%, DNA EEERKEDO—>ThHD
FRIERAH ZAEE 2R AL T A2 EN BTN D
7280 D IRICAR AR X AETEH DFRIED— 2> TH D
Rad51 DR ~DEFEE B LT,
INETOERRNG, HllaZIZ 52 5 &EE %
AZTIX ~A7ne — L TREH L, Mo
Iz WH LT3 A e R G S R 2 RS LT 35
AT BB PE N E SN D Z EE B BLMIZL
TEY, ZTOFERE L CHILIEE ~D FE 23
B AR E S ~D ATM D17 (nucleo-
shuttling) 2352 Z 59" KB EIEIZ 8V C DNA
BEEERRENFESN TR ATREME D RIS S

DAPI (4iEai%) NBS1

T, % 2 #R X oA 70— LI 2 BER% 0

z&%%ﬁﬂi b N E 5 R HE AL WI-38 &2 U, WI-38 4ifalZ 3515 % NBS1. Rad51 OHifak:
T v o BICEEREL C MR L% . Ml PNUSTE. N ISR 1 AT 2. N+C 1
B2 MIE ONLE S IEREIHE]T STl SNREP | D FTEAINTL 2 7S FTOF 3 5T
CellTracker Orange CMRA % HV Tt Gz 7o BT, BREHRELT 2 Gy, S—DESIT
Tzo HAINZER X S~ A7 mE — 4 2 Gy 2k 50 1 m,

ND 1 7FTD I HLITHEEE N 1 » P
N 2 7 FTORE 3 7 FTAZR FRE LTz, FRE 2 FEE 1%
(AR A E L, SR A T 572 (K 2),

PR L AT MTHFR A F T DI sl — — USSR 2 O CRIZR U7 R M EE D 2% FRAF U7 Al
el (N) &bz UC L ks SRR E 2 R L 72 M B (N+C) Tl NBS1, Rad51 O BREHBAL ~DEFE N L A e
Ll EE ML, £, 10 Gy O E#r EZ FRIERIZH A L= 855 121E, ISR ~O BRI EZN RNt
MR LT,

DL EDOFERMNG BEHREN DKl 2 Gy LT OEAIZIE, MlaE ~OREHREIXFRIC ThHITh i
DHT ME ~D RS OF TS THFERB R ZAETE OTE AL Bp DT EN RSN Z e b, Mllfak%
(INZ TR E Z RS2 812> TAL D ATM OEENEBITN, HIBEENIZEITS ATM 20 Lz 7 G v
RIEEFEOTE M CICEEREE A R L QD EE 2 BD,

&

]

HIRREZ N 2 CHIIVEL 2 B SRR S 2 Z M K> CRREAS LD ATM ZA1 L7 AlEA% — M R oo 15
friEElL, FREHHIIE D DNA B EEE O MEHRESZ D 27259 ATM 24 U=/ fE s 2 K 1 D Ak
oM & T D AT =R DB HIEBHHUNTERIL TWDHZENE X BND, 550D HRDMFZEOHEREIZ LD /i
Bk R E LT MRE N 36 L ONHI R [ 1 SR s R O R 2 B S L T TS,

B TR
1) M. Tomita, K. Kobayashi, M. Maeda, Microbeam studies of soft X-ray induced bystander cell killing using
microbeam X-ray cell irradiation system at CRIEPI. J. Radiat. Res., 53, 3, 482-488 (2012)
2) M. Tomita, Involvement of DNA-PK and ATM in radiation— and heat-induced DNA damage recognition
and apoptotic cell death. J. Radiat. Res., 51, 5, 493-501 (2010)
3) M. Tomita, M. Maeda, Mechanisms and biological importance of photon—induced bystander responses: do
they have an impact on low—dose radiation responses. J. Radiat. Res., 56, 2, 205-219 (2015)
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1.2.1.5

Silicon—on-Insulator Microdosimeter % H\ =i #3523 T DINEESETE I B35~ A 7R U AR
Microdosimetry for Formation of Brain Radiation Necrosis in Particle Irradiation Field using Silicon—on—
Insulator Microdosimeter
PRI BRI E 0 E L FRREEES AORARS BT RA G 3
Yoshinori SAKURAI, Natsuko KONDO, Takushi TAKATA, Naonori KO, Kyo KUME, Munetoshi MAEADA
and Fuyumi ITO

B 1k, U R R D B e o TR PR BRI KT RS VA IR SEI WA LA B N EZ, Aif
B 7T R 72 6 B A RN RAIZ- DU VT, silicon—on—insulator microdosimeter (SIM)Z Az -~ 17~
R AN L BRI AR DD T T —F &5 Td Y,

SIM ~DHFYEFFRGHIBA T D3 2L — 2 al fiEHTHE R DD | RIS T o~ A7 R AN O AT REMEDS
MeRRSNT, 73y NITAT o T2 R KRB TEIF (KURNZ BT B~ A0 ik - FRAT F2BRC i, & 5 &
DMEMoT2728 . MRI B EO 72 BT RAZENTERD T, l~DOEFEE J0E DT, K EirE
DOHET BRI ZATIUENDHHZEDRBENT, ZIVE CTITIERR LT IMEESEE T /L2 DV T 20 MRI E{R S0
Gett i BUG DIRNTIZ 1 Tl IR~ N T 7 4 — B & T LD IRITHAT o7, ZALLDMTHE R,
PEAPE I AR A o7 AR A MDD Y Y IRAT 7 F D al gk 2707 )T OIEHEALEE N THDHIE,
ERHER ST,

FlEfEE, KUR Z W CHPEIZBET DM R I B 3B~ A 7 a R AN R D H L &0 12 A
TRVF =I5 2 — DN ZFH L TR T #RE O R R - HRI B T 2R D 5 T E Th D,

HEZER 1) L. T. Tran et al., IEEE Trans. Nucl. Sci., 62, 504 (2015).
2) N. Kondo et al., Appl. Radiat. Isot., 106, 242 (2015).

U « SR SR T - IO AR A A B AT R AT L 2 RO K S SEBR T < R BRI A e o — | RSB - LA E
Bh BT RE DT () A58 = V2 —RF S o & — - WP JE BT - R TR SR AF 52 7 e — 7
ARBFTRIE, AETRILEBTIE L LT (AW) B =3 F = JE b = R L3RR TRIMEL 72 D Th D,
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1.2.2. K-SRI EAR O AT IE
1.2.2.1

B F AL T A BRI ATNE S AT DO BHZE
Development of an Online Dose Distribution System
DORAR GHAUE 6% BTH AP B S8 I HOR+1 ZKIEEE
1 22 AR Rl B —
Kyo KUME, Fuyumi ITO, Munetoshi MAEDA, Takashi HASEGAWA, Shinko SANDO, Satoshi MIZUSHIMA,
Makoto SASAKI and Yoshikazu MAEDA

Abstract

Wakasa Wan Energy Research Center conducted R&D on the online 2-D dose distribution visualization
system to create a prototype of a Radiation Dose Distribution visualization system, RDD. This article
describes the present status of RDD.
B9

HR TR — RS 8 — (WERC) 1, A T4 2UERR I TTRAL S AT AOBFFEBRFERATU
R B P BALS AT 4 (RDD BV 27 748 —al v AT 4 RDD) Ok fEE 58S 7=, AT
I3 RDD BAFEDBZELBLRIZ DWW TR~ 5,

&

il

B THREB L OV X BB DR E D AT IRGE CIE, fE N EME CRFFMOFHIZ LB LT 2@
HNTND, ZD728 ., S I HERTRE TR RINTRE D 27 CEDH LW EE OFENHDHLEE 2 HND,
WERC T, #8627 S ga e Al I B o 728 LA T A 2R SeRk B0 AT Al AL B 2 B L
BB A FT AL S AT I (RDD) Ok ERE A ERLL 7=, —

EE - FEE

RDD 1%, v F L —TarA7Y—r (HO6R) 2 AV Cif
BB A 33272 AT WChD, I EL T DRZ-STD
(ZEINN) B LTz, ZO® R A B E B4 (HP,
EliteBook 820 G3) |Z#f¢ L7272 Complementary Metal
Oxide Semiconductor (CMOS) 7 A7 (acA1300-30uc,
BASLER) (Z XV Bl iR 952 AT DAL LT, 7Bl
AZ24E FL-HC6Z1218-VG (Va—) 28 L=, ZOV AT
WA Nl ) V2 N7 SVA N/ I Byl <8 DS SlVAY TR =370 <8 5o P P
HIZ, BYEFLERE T OMENTL ATREL L QN5 BIEiHRE B
JOGFEERIZIE, ScopeView 3.0 (7 AU ) i HLT-, F7-.
1 O BEGMATICIE, C#6.0 55 (Microsoft) ZH U TH
VEUT=fEMTY 7 b =7 B W=, ZoY 7y =7 Tk, R
SEHIZRRSR U7 HO OB 2 FREHE THRICT7 L — LT kI
INEFHZET, 2T (&) 204, 7e DO EAS
FED JF R B H W 2 31T 5 1R ot e (B E) A 2 5%
IRABEEL TG, VAT AR E R IR LTz, KU AT A
TIL., B BRSO N —F (L TV AT L
(Windows10Professional) 73 9 A [EH A ERED Y E—hT A 1 RDD #{f#4
I FaRANDZE T, AR s OO FHERENS OEMENATRE TH 5,

AR F5 N = L — B SE o —  WFSEBHSEER RT T-RRE SRR GE )V — 7 2 A& H ST B TR A TR 22—

ARRGEIE, (W) E P VX —HFFE Lo 2 — DS SCE R 728 MUl A /S 3 U R S 88 7 1 T Wi e /b 1 i b 2 ) — R 35 debE
AT VAT AT TR — DGR | FEO—BREL TEIMELIZH DO ThD, EIAMFIEO—1EL, (AM) BHIE = F—i5tts 2 — a5
SPBEE LRI CHEIEL I2b DO T D, AMFIEIL, B 156K19215 OBIRE 1T T,
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RDD FAAEMED BT 5| Efi X | WERC, &R NLIRBERS TR AR B 2 — | BRI R B R
BEAE - ORI P8 B F SR T (NIRS) O & FT O BG 1- 8- s% I 2BV TR Z B L, BB R AR L=, f8
EATIRBE Tl 7 m— R — A MRS 1 L FE g FRSE . WERC & NIRS Tldi7 m—Rbe—ARBEHEICED . #hF R
i S N A

EREO 3 FEFHIZIVT, RDD sl {ERZ VTR
ARG T ROBM B DA EBGF T DN TET, 15
SN EBREX 23R T, BE, BUE LT —%
DEERMILRIT 2 B 72> TND,

Fio, ERBIGICITDMRGEERER Tl Ao )
VEBRBEZEIZ DWW T 25054 XD L BEVED RIBS
Nz, WO BRI T LRELIEF IR TR
R CRE TP ® IRV, ZO ., CMOS
AT DEREALEIZHOUNTIE, W R AL D
TWEEBLRTNIE D20, 5%IE, VAT ALK
BACKIEZ MR L TSN B D,

SHIT, B EEREFZ AL, VAT LI O
7Ly (K4) ZERR T D01, Bl A~0~
— T T A TRESREBEFEE TORTIbIE IR

7"4 Analyzing
—o

g e B B e =

X 2 WERC TOFEBRTHRIGLIV AT A
Fi BB, A7 R R G oA
7e NI O RER i A R

%:é.:

il

AU TA Y 2R TR RS AT AL AT L B %
L. B fI b AT AR ERE A AF LT, [F

B O SAT A% T B L b1, Rk, HTBHC ez

BATBEDITLERR AT ORI ([ g

U, i, Esmg~ozsesgi ey UL =T e
. o L. B g

PEREED T ETDD, 3 BRI CO TR TR T — ¥

T FAL— g W RT A

E

%
=)
i

5
4
3
2
1

3
Gl
7
:

%f
:
£

(&5) BERBIAXF—PRESF—

4 VAT LRI ROk
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PVA-KI 7 /LR R 2 o S A e i 2t
Study of Dose Evaluation Technology using PVA-KI Gel Dosimeter
)1 FE™, Glenn HARVEL *2| # AM KRR, M T E &1, AR, B35
Takeyoshi SUNAGAWA, Glenn HARVEL, Yutaro AOKI, Masanori HATASHITA,
Kyo KUME and Toshiharu SAKURA

TR U723 ATRIBRIZ 3N T B RROD AT AR I X E 7 B e o0 AT D REAME D72 D I BEAS R R 724
Wi Chd, AT N—T1F, TN E TR ANCIERL AT REZ: PVA-KI 7 U BRI L C&E Q0D Y, R
WFFECIE, PVA-KI 7 VB EFHIRHME LT YR E D AT A B OB TE S AT DEBIR L, A7 /L~ X
R HE B LD W RR S B A ek AT, A7 VAT BE I E F DT A AR B /U AU CTHRIS 21 T o 72, X FRHR
S OSMT . BB 150k, B EH :20mA, 744 :Al 0.5mm + Cu 0.1mm, #E:2Gy/min TH D, 2Gy
TOMEIL, TOHREESRI AT I FHT LA B E L AR 2 CRUYEL 72 JIE Y AT A CRORIEE
Tty D% | ARFZECYERR L= 7 BN 7 N FAOC L B8 D RGB i 2177, RGB fi#dT L-fE 8. R
(IR) DI AR B D R LTI 573, BT Z RS20 o7, G (k) DAL, 2Gy THRRZRL., )
IR B DR S 2 B M 2R Uiz, B(F) OEIXRIGIR EO#E R EIITHA L, #iEtEERLTZ, B
DIEDHRIEZ R T BRI 239572012 . PVA-KI 7 U &3 OW O BE I E 24T ~ 770 WOGEE R E L=k
. PVA-KI Z VOB SEEE I, 490nm (T IR Z 7R L DGR E O HE R L4 2 LR L CHE N9~ A M 27~ L
2o 2, WIEEE A LTGRO R SEART MVIL, 490nm ITHKZFED | A Bl K E2 ootk
HEITAY 352 RGBIEDO T B DIESHIZHNIR D LT-8% 25,
2:7Z Wk 1)T. Sunagawa et al.: Memoirs of Fukui University of Technology, 47, 105-110 (2017) .

M LR LR DEARIS A LR 2 A 204 TRRS:, 2 (AM) EPE =1L — gt 2 — - WFFE B E5 - AE B IR 5E
S (AR B = RV — WG A —  WFSEBRSE RL TRREE A FE 2 L — 7 % (BF) NUCLEAR TECHNOLOGY
ARFZEI, B LR, (A BPE = 3L —iff 9t % —, (k) NUCLEAR TECHNOLOGY D3[FRFZEL L TEiL 72D TH D,
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1.3. BEE-EWnY
1.3.1. HWE® BEHEDOAA v — LB

1.3.1.1

DNA EAE A2 F1)H U 7= 28 BLEE SR B0l 0D B %%
- KU70, RAD54 RIAZE SUKDAELFHRITRIT 2 X #R IR o2 -
Development of a Method for Enhancing Mutation Rate by Utilizing DNA Damage Response
— The Effects of X-ray Irradiation on the Survival of Arabidopsis Seedlings Lacking KU70 or RAD54 —
U T B, A A IRRR S, TR 2, BT
Keiichi TAKAGI, Masanori HATASHITA, Kotaro ISHII, Hiroyuki ICHIDA, and Tomoko ABE

Abstract

The effects of X—ray irradiation on Arabidopsis seedlings which lack a function of KUT0 or RAD54 was
examined.
E3

DNA K- KUT0, 3518 RADS4 D#REZ RIALT= S 0 A X X FZERARG i DAEAFFRITHR 5 X
PRI DR,

HE

il

AF B —AF ZETITEWIRERFTEL T HIN TV, SHIZEWERE RIKIGRA155Z
L0, B ROV A X% LV EMEICHIEITHZENROOHILTND, Fx X, DNAEE R I3 53
FlaHWLZET, ZODOEAMTRE A RIR T 2L ER_ B TND, 2O HNEET L72012E, THEEDS
DNA BRI DO E U T T DZENF I EOIITTRB0, Fo, RN IEMIZERZ KIZL TWhDH0
LRl 572012, HETHEERE T OMED B b NG A TR I DB G202 T2 ER H 5, Zihb
O HINBET DNA ZAGHEIW(DSB)D 2 0D FEZMEE R | 1ERIFIFEAH RIR IS & (canonical non—
homologous end—joining, C-NHEJ). X OFH[F#HH 2 (homologous recombination, HRIZEEL . 2Dt
AR KUT0, 38108 RADS4 ORRE R A BAKZAFRIL | UK 2 X BRI 020 A | fll 2 DOfET X
P2 BRI LT S s O AR R L UGl L 72,

Bt iR

AR RF D KUTO ORERERFAZ KL T, SALK 123114 ¥k&(LLF KU70 —/-L3E0). RAD54 O
RER A BAREL T SALK 038057 #kA(LLF RAD5S4 —/-&%50), £ 41241 The European Arabidopsis Stock
Center JOATFL., BRIDBEGFDORELEBERTHAZ 2R LI ECHIEIZIVEAE25 CTERICHAW
77 WAL Arabidopsis thaliana DT % A~ Columbia %V 7=,

INHOFE R, 2% 27— 0.3% LB adite 1/2 MS 55l FICEEANCEREL  #5fE 4 H B
BT X MRS EEE (MBR-1520R-3, H S AT 42)Z FWT X #R(FEZ =R /LF— 33 keV, fREF 4.3
Gy/min)% 50 Gy, 100 Gy, 3310 200 Gy FREIL7-,

FEEHZ O ITZNENOERIR FREX T ST 25 BRSO RICAR R OB i CHEs 2k L, #8525 A
B CHIErs R E#E2b DIZOWTCIEERERE 47 B B CAEPIRA B L,

AERLEE

1. BXOX 2 1R8I0, BAETIO Y b A XX FOAFERIL, 100 Gy TTRIFE T, 200 Gy
T60%ETIX FL7=, —J KUT0 —/-Tl&. 100 Gy TATEERN 60%ETIK FL. 200 Gy TIZAEFEEN Lo
7einotz, RADSA —/=Tld, #REOHEINZ Y ATFR AL, AR LZIEREEOREEZT-E o7,

A FHE L — e 2 — - WFZEBH JE 0 - AW G IR 2= 2 (EWD B L2 JERT « B SR AT JE o & — « A4 BTN
JEpAsE =
AWFFET. (AR FPIE =0 —F5E ko 2 — 3 Ma BB 02 FENF7EE LT, (BN B L AR 7E A & 3L R CEREL 72b D Th D,
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L EDOFERD G KUTO OBBE R IR T v A X XS O X FESZ A IS 5D12% LT, RAD54 @
FERE R BITAEFRITHRIT D X BUBRZ HEITIZEAE 8% RIF SN2 EE/RL TS, RADS4 13 HR (2403
IEBIRF-D—>THY, HR T C-NHE] L L CIEREREBE 21752 8M 0, KUT0 OFERE R A KESH
LHUEB D IEMETR HR 23 FH 70D —F | RADS OREREZ KIASE TG (B C-NHE] N 338 L7257
B, RADS4 OREREZ RBEW T85O0, X FUESZ MR B EHZEM FAIINZA3, KUTO ORERERHEIX X
RIS ME A A (T R &5 — 77 C, RADS4 ORSRE R IR ITRAZ MEN B AR L R &I L DO SN R
GBI, Osakabe HOHETIX, RADS4 OREE KA LTS v A XX F OWKFEA 2T~ e FRETL
7256 BRI R CTARIEO BB BT LThd, ZIFENTH-o72 Y, HR ORERLIA T O REE KES
BT DNA AU G 69 DI M S B A B d £ L L2V 2 &1, [FIUL< HR ORERLIA T
% RAD51 OFEER KIAS A BARIZB WO CTHHES TV D 2, 2o Sl i RIRC L T, o~
1A XF R F OZETERCIRIGD 53 ZHERRIZ W T RGO <23, HR 2MEEEL 72V Gl WlicH 5720
RAD54 DRABINFEAEFBEL 72 ATREMESC . LR ZTE Rk 32 22 THSCHR I Tld, HR 23 DSB 2% 775
HRMEETERE L THBEL TR D TRV N E WD FTREMER E 2 B s,

1.00 ¥ B Q
A n\
075 S \\[
8 A 1
KU70 -/- e S e s
H "
o RADSHC
0z |- 8 gqig;(/’ .....
RAD54 -/- ;
0,00 : : : A
: . b i 0 50 100 150 200
. . BUR#EE (Gy)
1. #%HE 25 B H(RH 21 B FB)OSE AR \ )
(Bar=30 mm) 2. WA 35 KOV RIKOE 17 i

e

A1, KUT0 —/=X° RADS4 —/~ (23T DU BRSO DNA {5~ — 7 —ZE#)<°, DNA A RAE1TH#
faDZEEh el O BEPIIGEZTH DB, ZNODOERARIZBITHAA B — LR % D IEIRE D
B PTRSE A FAA L. C-NHEJ <0 HR OMSRER 1L DT LN, 229K B LR NEIC 5- 2 D5 B A T~ D,
Fo MMOEERIEIZ DN THERE R AL BURZERIL | FIBROEBRAZ1TO T E Th D,

BE R

1) K. Osakabe et al, Plant J., 48, 827 (2006)
2) U. Markmann—Mulisch et a/., Plant Cell, 19, 3080 (2007)
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A — LF AT ZERR 38 (ShfEdk B )
- BERED 'L = U ZE BT ERI R D Ik B AR R D S -
Influence of the Initiation Timing of the Selection on Efficiency for Obtaining Cerulenin—Resistant Yeasts
EE
Keiichi TAKAGI

Abstract

In order to obtain more selecting cerulenin—resistant mutants of Saccharomyces cerevisiae by means of the
irradiation of ionizing radiations, it was better to start selection after the cells restarting proliferation than to
start just after the irradiation.
Gy

FERE CHURFRIRANC Z D B L = U ZE RO 1T 6 I E & OREABG T 2508 | Ml
HIEAEIE L TR 21T 503 R RAKBUS DR BN &2 R 3 Ra 1372,

HE

il

— AR U R R AT L D 2R B BARRIE AT A IR E RO E Y E &2 X518k 2 B tG T
%o LU, MBEE % TIIIRE Lo TAU DNA FBEOEIE I, RHEREN B CL BIKTUS N REK T
SHETCWDAREMED DD, EZ CTARME TIL, BERFOF R m B FEM RIS I H St E Al v
SN ZRAEIC FRETE L . DNAEIE 58 T 1% . BLOVHIAHE AR T BR#Z (R Sk A BHAA L . 2 BAREUS D
B EAT o7, ZOFER, M B ISR KA BIA L= R0 ZL DL =itk a5 5 2 L3 C&
TeDTHET D,

MR TR

FEBRPPBHZIT R S BUARRE RE YPHA99 2 Tz, 70D _KEBRO A A B — LR A2 FIW T8 FED
RIBUTHEDIT DT | RAEE HI(YPDA) THIFES | MBI HoMIdE, —BA T LT 52—
(Dulapore membrane filter, ¢ 25 mm)IZfFE S, 4CT 1 BABWH%, BEZATV, BERZICHN4CT—
BRIV, BIRZ RS, T 2LV ) FIREEEA S, XTI, X #RHRE 25 E (MBR-1520R-3,
HIZAT 4% VY 500 Gy O X (R =R /LF—33 keV)Z& B L 72,

HERLEIE DT ORI EZTO T ICR KA FIE T 256 (BN E& DO Y), 20 M DL L=
Y EINUTERE I DNAEIEHE T HDOWITAM A F B £ CREIE IR A I 2 8k 2 B e T 056
X, BAL =0 E R I I AL T L T )L Z—(Hybond N+, ¢ 82 mm)ZAE X, 20 11T 2.0x107 fE D FR
FEARZHAEL 72, DNAB1E5E T £ CRIEHIMAE G AT, 3 MR Z1T o7 1% . M T BR £ Cla
HHIRZEGAIL 6 BEH. B L= a0V B TR A T 7218 AT LU T4 H—% 'L
=V RGBSR EISE T, Bl =R E RV ETo[EIEBIIE, Ty H2A HTASS DNA &0
7 —HARAN —DFE RN ORELT(T —ZIIRET), Flo, AT VLo TN E— ETHREITO, AT
TN LRI A B HOIE, BITEE R ISR L 72 28 B RE SRR L C AT L o2
n=—HRNHE 25D E T TH 5,

B3 P OBERFT, B53E 2 H HIC, AT LU T NE—T LB L0 = S A M EICB B S, B 4
HHFCTHEEL M=% iz, P CAV T LU I N — BB ST LD, [F—HH# =T
BB LT- 6 B AL =0 OARTEMARIZ LD FEMHE B OB BETE L 9572 THH(T — X ITRE
EDA

FERLELR
LIZ 8538 4 A BIZAV T L7 v 22— BB SN =B L = it an = — O Wi 2 R~ U=, FERRS
DA TV r E TR Ean=— 32 Ao 0y, B EI Tl LA 7L 72— BT

AR FHE L — e 22— - IFSEBR JE 0 - AL G PR SR
ARRFZEL, (D) B HE =RV —WFJE o Z— DM I DO Z RN ZEE L THREMELIZb DO T,
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I, B O = — RN RSV TNAIERN NS, K2 1285 2 AR EE 3 H A, 5% 4 H BICRITSZ
NENOEBREETCORAL =Vt an=—8E R Uz, AL =UiittEan=—%, B3 2 H BICHHATEE
Elpot-, BRI Z B TSR Z A LT-b DL Il 9 5L 6 RERTEEEZ T T-o72b DT 'L =il
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Development of Novel Immunostimulator with Use of Fungi
ST EE, s AR P
Masanori HATASHITA, Keiichi TAKAGI, Hiroyuki ICHIDA and Tomoko ABE
Abstract

It is well known that B —D-glucans from fungi are effective initiators of cell-mediated immunity in humans.
B —D—glucans isolated from various fungi differ in their chemical structures and consequently in their
immunomodulatory activities. For example, schizophyllan classified as a medicine, 8 —D—glucan extracted from
the fungus Schizophyllum commune, stimulates the immune system. In this study, several extremely rare fungi
with immunostimulatory activities are focused. In the latest study, we examined dose dependence of mycelial
growth against the irradiation of iron ion and argon ion beams. Several transient mutants with high proliferative
activity were isolated by carbon ion beam irradiation and some mutants whose phenotype remained stable after
repeated cultures were obtained.
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Development of Tailor—-Made Breeding Library of ‘Yamadanishiki’ by lon—Beam Irradiation and Breeding of
‘New Yamadanishiki’ for Fukui Prefecture
—IHZERERM EE —*

Kotaro MIURA and Keiichi TAKAGI

Abstract

It is hard to grow ‘Yamadanishi’, the brand leading rice cultivar for sake brewing in Japan, in Fukui
Prefecture, because of its low lodging resistance and of a problem in the period of ear emergence. Therefore,
we are trying to develop ‘Novel Yamadanishiki’ for Fukui Prefecture by means of the ion-beam breeding.
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Production of Novel Antitumor Agents with the Use of Cordyceps militaris Mutant
BOFBIZ" AT B
Akihiko SAKURAI and Masanori HATASHITA
Abstract

From the viewpoint of practical application of nucleoside antimetabolites, cordycepin production by
submerged culture was investigated using Cordyceps militaris mutant. One of the mutants obtained by ion
beam irradiation showed twenty—five—fold increase in cordycepin productivity in the submerged culture. In
addition, the derivatization of cordycepin was carried out for the improvement of efficiency in vivo. Several
derivatives were successfully synthesized with carboxylic acid anhydride and showed very high antibacterial
activity against opportunistic bacteria.
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Ltk BB T IRATIC KD E RE T2 R E 55
Z LI TR ER RS IR B2 fh DT A ~D
o B HIRFTE D,
2. VIR DOFEMRL
N D 6 LDTI ., 2 rFEIL S O]
NDOeRaxy a2 T AT 57D I FE 4~ D
TV R KW % AW C RS Stk 2 atL
7o TORER RIEE L T MR CHLEY
Dy HWERZRFHAT 25°C T 180 4R
FOGSEDHIET, BOIGRBZELNTZ,
AR EROREEE LC/MS, NMR Tf#
HrLi=&2 A, X 3 IR THE A OFERIARK
LTCWAZENHLNE ST,
3. ANV REFHERO ARG
BFONTFHERE G R 0EIN L, 4 o HFn
SR D RS R IN 2 CHAFE PN I 2h SR A e R L=,
FORRE, Sut =L a o T F LU
EUAE, LR IO B 23S LRI P
aeruginosa \ZXfLC, MWTIEEAZ R T ZED B
127227 (X 4),

&
RARREREEAOA D EEERKA~OAF B — L
FREHZ L0 2o VR 105 LT L U e AR RS B
OVEHINTRRIN LT, FT-. WVR R AW b oF
VORI EDE LT T v bmL e L, BN

UYL IR TV Bl 2 R LT,

StRIE, VT REVERERO K EGRETTV., JLE
hRAEFEEE T2 T EThD, Tz, BAMIIZS
F A FEANHI N R AR5 T E Th D,

BE R

T

10
—C— G81-3 (Shaking)
—@— H2000dO (Shaking)
8 | | =~ G81-3(Surface)
iy
=)
[ Gl
o
@
(%]
5 4}
o)
[&]
2 |
0
0 10 20 30 40
Time [d]
2 ERERLIEKRE DN TR UAEFEED

Cells [Abs at 615 nm)

b

O
O. R \\

HO o =N 7§ R/\O o =N
SO SO N
on N> 5 oH N~

). O__R
R o ~=N R Q 0] ~=N \\l/
\\UN P NH, \\D‘N P> | NH
i /
o NN o Ns
o= o=
R R

3 B L7ZalTe e UahER
RCO: 7TV A

—— Control

—w— Cordycepin (+)
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—B— Propionic cordycepin (+)
—@— Cordycepin phthalate (+)

0.45

Time [h]

X 4 FEIEEICHT D Uk B REER O HEHE

MR (BUmE)

1) HEHSEAM, & B BEOZSRE BAR K OO FUROREFR L, FriFH 5343264 75 (2013)
2) M. Masuda et al., Efficient production of cordycepin by the Cordyceps militaris mutant G81-3 for practical

use. Process Biochem., 49, 181 (2014)

3) BRI, 2V ORIES RO,
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1.3.1.6
AF e — LRI LD AN 7 OB
Breeding of Stock (Matthiola incana) Cultivars by lon Beam Irradiation
FEHSHIR™ | EE 2 T B
Takaharu FUJII, Keiichi TAKAGI and Masanori HATASHITA
Abstract

We achieved to obtain flower color variants of a certain stock (Matthiola incana) cultivar by irradiation of
carbon beams to dry seeds.
2K

Ay 7RI D R BEARIRGTZ LY HDAM 7 OO E R AT H LN TEIZDOTHET D,

I

=
ANy (Matthiola incana)i%. 777 B OZEHR(H AR TIE—HELL THbND)THY, BIEHEMEL
THEH ARSIV IE IR SN TS, Fox 13, A4 B — A AZH W CAMN 7O ) = — g A B0
FTELERRETND, ZDRHD TN E TR A VT i E L TR L Qoo i,
FROVEHICE B LT THIET 5,

%R SRS

WA ATV L— 7 2 T ) — O 12 H M BN BB = VX — e 2 —D
RS — Z(F = LX) HW T, 450 MeV D kMR (LET 57 keV/um, &3 30 Gy/min)Z B L
77

PR U7 - 1 AR AL R R OAFZE [ CHEE L. BRE 2 X B FE (M) & 457, Mo AR, DU T My A
TIE R RO AT T

FERLER

FEGTLU 72 My 72 [ L7203, M AR
TIIERERITIELN o7, L, M E
KOBARHEFZHGREALIZEZA 10 Gy &
BRI L72 R D Mo, & NE My AT, @ s
DF . W LEADIEA LN DIRLE 7 DAt
o5 R SR BN, ZIHDFINEA Y
F L L THTA L CUORWRSOE 7 DO
AL BROBEEMR LA K1
W R LT X E D3 IR(13-19)0 7 (13-
SN HE ST R A IFHIENTET,

NERXE

R 13-19 13-32
T
1. B IR EE(13-19, 13-32)D N
2L JDTE AR R BTG SREELT
R AL a2 2 T, AHIESBITA A
P RO B T T,

AL R i AR AR PE AR, (W) S =L e —BF e & — - TR BT - AR BRI e
ABFFEIE, A R R R A S (A RDEPIE =L — W 5E e #— LI FENFFEL L CEML 72 D Th D,
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1.3.1.7
AF L — BNGEIRIE BB Z KD T 7o et A Rf O A4 A58 S R 0D BRI RS
lon Beam Mutation Breeding for New Useful Characteristic Barley
SRR, P S R EE
Takashi NAGAMINE, Masaru Nakata, Tatsuya M. IKEDA and Keiichi TAKAGI
Abstract

To improve barley quality, the progenies of carbon beam irradiated barley “Fibersnow” were analyzed for
seed protein composition and amylose content. Appropriate exposure dose of carbon beam for the air—drying
seed was about 50-100 Gy. Useful starch mutants were identified by a urea—gelatinization method using the
progenies of 50Gy carbon beam radiated six—row barley. These mutants should be useful resources to improve
barley quality and functionality.

B

FALFOME L EE HHIEL T, RERIIT LD IR BF R 2l T, JRRLFE - Teh 3 D b7
SR BT 50~ 100Gy DR THDHL WISz, NEAF LM77 A/3—2 77 |0 50Gy [ TR
RIPOBITIRF RS AT L T AT —= 0 T Lo T, T TR DA LT R L2 B S b
BH ETFWERPRNZSN e, ZOOERIKIISHORED WE ., et BOF A fRERDZE
DHIRFEIND,

&

il

FGE = FF — T S — ST DR RIS R ARG A A AF OEN —OEMTHY | s B R
(6] ST A LR SRR O B FE IS R S 1) 2 B BRI L 720 TUD, 2T, ARSI W T
TpA A L3 SR AR G IROBAFEIZ TS T, A LR~ DR BRI Z1TV BRI BEDOE
FAZERIE R D3E S AAT ST,

MR R O
1. IRBEHIG RO

NGA A LR 7 7 A=A )7 || LA A LK LR [ Ethiopia 1) OJEELRE 124 EHE L C, #0722k 35
BRALFRAR A T BN 572012 10~100Gy DFRECTOMFE (K- ) 21772, LB 60 Kioots
NEHER G ORERE 7 At OELERAEL,
2. RFEHIRFHZ RO

NGAF LM 7 7 A/N—=R )7 || A4 L5 i fk [ Ethiopia 1) O EELFE 112 50 HLLIE 100Gy %[
FHUT A (My) & P B3R B IE o & — AL e ZE L GO I BB TD)IE SRICHRFEL | Ah Al - PR ST
CITIRABFEL T Mo (EIRZIR S FREE LK 2000 fEARIZOWCTEIRBIORFEZTT -7,
3. FETFHTE L OB RO

KER DA% RO SN INEE I A NI ST D2 RS HEEL SN AR -7 & v NV D-RVT A
Y DZEREROESEBIEL T, LR My [EIRBNCERREL 72 Ms 72 AW T, BROAI)—=0 7 %AT
oy AZV—=270% SDS-RY T VYN T INESIKENE (SDS-PAGE) &l D Rl - A)11(1995) 0 5 i VCrT
277,
4. FUT U ROVER

T T UREEII A A DX OB R BRI R EGEE T LB, TASAREDZEbIZEL 72> Tt
FEREREMERR 2y B —7 Ve D& BL LT HHEFIN MO TND, T2 T, REBAREMEAZIFELL T U7 A
HPOAI)—=2 7547572, 50 Gy IRFARREN AT 727 7 A8 —2 7 |O%A M, 1500 fE{RZEZE N TR
o MBS U CERAE L 72 (BRI M 12D, BB 2 Wiz A7) — = 7 e, BT 11300 % 5
FIMENEZE BARR 5 3M JRFBIK, TRV O A M bR At 372 AM JRFEIT 1 BRRIELZ%. 0.2%
/2% IV DRIEEZ INZ . WU T v AL D ROV T U R e R B LT, 78,
SR IE BRI DN T 2.5M JRFZIZED “IRAZV—= 7 %7572,

LRI - PR BN TR A — LRI FEHL - (Y DR SE NI FE R, 2 FRAPRRAR - 74 AR ZEDFIE e 2 — R IMARRIFE R, (2301 3%
BB T V=W FE o 2 — PR FE T - A IR TE =
AMFFEIL, FEOPRERS - T FR R JE o & — LA B = L —FJE o Z — D LRI FEE L CHRIML 72D Th D,
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RS
1. [RFBFRIG S ORES

INGAF DXL 7 7 A /83— )7 || 244 L5 S HE [ Ethiopia 1) 0 B EZFE 1244 8k L7z R R ALER
W 60 KO SEHR L ORERE 7 B2 OE L2 LR, ® 2 H3RIT 50Gy UL FOME CTIXIZEALED
X T95%LA I XK IZ T 72 100Gy KT 86% LA &7eo7-, B ITAERAR E OB 672> T,
INSL P2 DAE A B BH, ELIT 100Gy XTI 0 ShfEs EELLER X b 26~ 38%& 28 L\ N SCHNHI 2h 578 A,
BTz, ZOFERND, ZREREROT=O DA CIXE S HAZEL, BN RESNS BE ) H
DILTND 50Gy ALERE | BB =R B EH I 0372 BRI 2D AN BLAL TV D 100Gy ALER DN B &Il S a7z,
2. RFEHIIFHHROFERL

FRLO2 ST 255 TOMHRE 7 (M) Z4EFl - ek LIS B, 7 ve 2ER Rt M EA 2 2 b i,
JEIRAE BN RN TFFE RSN TNDEEB 2 DI, fnfl - B ST SR GEFEL . M ERIZIRZE TRy b
FREZL . #2000 fEIKIZ SOV TEIE R OBFEZIT T~
3. TR IR B OYRSR

My ERBINZERFEL 72 M 12\ CL SDS—RU T 27U 7 IR E SR ENE (SDS-PAGE) TOAZ Y —=7
EATOTRER, —HBICHTE S o /X DN RS — L N LT BRSO T2 03, ER D /S R R EEIC
FAEL CONDZENLMEZ LI EER CThHL S, BIRELTZ D-FVT A D4 EIMEL - R s
R LI TERD ST,
4. T U EOYRTR

IRBRAEEMZIEIE L L CT o T VB RO AT ) —=0 T aAT o756 R 4 M RFTHRUE L2 W EER b R 5
237 FAE (B 1), 2.5 M FRFETHIL T 25 ML R B0 3 RGO, ZOMITIREIZE AT HETIn—
A(EF) B 11 R, HERICEOTHETIR—ARMN 3 ZHELNT,

B1 #HBELEREORZY -7
- Rof

BRI EMTE UM L, FR %2
T AN, 4 MRERICEY T TV
ML LT, BRE (774 /1X=X/

7] ZERRT, EMLETTRTIRGM
AR TRLT.

B8

SDS-PAGE THH T&50+BE RO ITHRY L VG RTINS o720 A %I T/
REHOERERR T HNEN DD, Fo, SRIALHSNIZT V7 B RIIREO ME R EE D52 T,
BEABTEEMICRDEZZIOND, TIR—AGEOERTHLET ARG T In—AWERIIA A LF
DEEERESELZEDHEB LI, FiT- 7oA 4 LA MOBRIEIZ OB L AR D 0D, BEFRNOA 4 L% &
TI—AE BB amol 0L HIEBIE T wxlIHEENVERR Y B -7 VB Zn LR DL EEREZFFOZEN
FNHAV AL TRWESNIZE TN B~ NG BIZRIF TR OW IS BRGTT DL ER DD,

&

il

NFETCENOFF LAFBEREICB NI E— 2 AW 2ERE B EBOENIITEAE R, AT
TR BB I AT o T U B RAEN T AN TE, REBRICBIIAA A E— LB EOA H
MR ZEN R EZBND, S RIELNT-A A ROBRE RS S5 %ORBENHESND,

B 3CHR
) W a)llEsE, B4, 45, 87-90 (1995)
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A e —LFREEINO S E
Improvement of Heavy Ion Beam Breeding
IS —* T B RS =R ORARE, AR 2, B
Keiichi TAKAGI, Masanori HATASHITA, Hideo Nakashita, Kotaro MIURA, Hiroyuki ICHIDA, and Tomoko
ABE

HAREPNIZIZ AR A A B — LB ZATHZE N TEDNLES % 2N 4 FFTH . ZOWND | FHE
TRAX—WE A —CE= (D E & e 3 EETAY, BRIKA A /R —T a7 e T AT A A I A E
TR AR ORES |12 BT, A B — A B RO & AL ZRIC Bl LD,

BAL U E — LABFREEMO @ EAL T, ARDERFE =R S 2t RIS, ENENO B MRS, ZZ
DR B oA A B — L R L, BN DR E RO EEZ OGN T 5L T, BRR(ZE R DX
AT R A R)DGEIRIE B A GHT-OIILE DR D E D IH7eE — L& FBE T UZ L S NH Z &L TR
RAbE X > TUNB,

BT RO R FEE — (450 MeV, LET ca. 60 keV/pm, 100-150 Gy) CHRH L7-=hRo L0507z
KB BEHFEO IS BARD FBEL B SHARM) DR ) MENTEATN, A UT B BER R LA, BRIKGT-
DB LF 100 DEE PRI, AL TV EROMEIL, 1 HEERE KL E N 8 HILL FoHhTH
D, KRIEEBEOTTE 100 FHEELL FORIENDBIE 90%% 5D Tz, ZOZEIE, B RFDIRFEE — LDV
HIRL R I B TR T DITHE L TWAZEZ R L TS, IREDE R, 1R FEHT-VEBLZ 30 ThHLH#E
ESH, TS R DR R R T2 HEE T HIENRETHLEB 2 DI,

AS%IE, EUTEE RO IOFENT 2 1TOE LB, TNENOERARIZB T D RINEG T OB EIT,

) FPE =1 — B SE e 2 — < ITSEBH S0 - ARG IRAITZE 2 AR IS RS - AR IR AT - AR G IR PH ST e o & — (AT
BE L e 25 B D) B 850 e OV e R < P . Bt

ABFFEIT, (AIDEE =R —BEFE 22— SIP IR RAMOK EESE RSB B D S RIS 2 DO FERFFEL LT, f IR SR,
(WD EALZETFEFT & SER T HEIE L 72b D TH D,

A e — LRI LD M A B A F8 I 28 AR OG5
Construction of Heat—Resistant Organic Acid Fermentation Filamentous Fungi Mutants by Ion Beam
Irradiation 4l ~ B&* ., B EA, B2
Masanori HATASHITA, Maki TAKANO and Kazuhiro HOSHINO

fEABREOFE A ORI R LR 3R O HEH EOIHI D712, ELANYOAR AN 728 D/SAF~ A
EIROH AWE ~DEYEL T AN E B SN TETWD, FROLREAM 2l DL a— AR A4
T AINLDINAT VT 7 ATV —H RO 2 e f& H Y EL T, IR R OFEFEHAT E L TS AL TS L FE B2
RIRFEIT 7 BB RIZLAV Y BN a— AR AT ADEDNZRAI IRV TR O EEEEA T EH ThHAT
vaX A E AW TR R, &bl o— R RS, F < 2% AT AT Z 7 O3 BRI T 7 ot A |2
BBV AMROBEHEEPERROIIR LA v — AR I IS LD @ A PEMEZE AR O EEN ARG D H ) TH D,
ATkrZr(3 100g/L 7 VA —ADAFAE T | 4R850, 28°C T T, 12 RfilEF RSNz, 2Dk, 7 /v a—A(%
SERICYHE SN —J7C, VT RITH 40g/L WO @mhR CAEESN, BRI e — 2% A A~ AD
Tl a—BLa—REA RO RN LD) L AREDOBE B EFENN [ RETHh o772, LAL. Avicel X° Sigmacell
LV EED ST B — AR EFCIL, VBRI A RS2 o7, ZHUE, Aen X rinn0
TR NI —E (EG) RLreteRe7—8 (CBH) O3 MW &) f—7 Va2 —+E (BGL) D4yl 0E )
RN D TIXRWIINEE 2 BTz, ZDT2  ZIVLDEEE D /W E D SRR 15572012, [REBE — AT
KDAF L BRE FEBR A B AERR IS LT T o 70, SIS L7228 BER D 1ERIZ DWW T, G o m WA fEi Lo
— AR T BE LB [RIRFE T RO TV T, EG 38X BG O3 BGES L, Avicel 22HDY =
FRDEBEAFEDS A REIZ /2o T2,

) FPE =0 — B TE e 22— FFEBH SE 0 - AR IRAITZE R 2 B (LR B - B T AT 7R
AWFFEIL, (W) BPRE RN —WJE o =N E IR FLILF TEEL 2O Th D,
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BIERY) ~DA A — LIRS L8 L FE D F Rk
Development of Commercial Varieties of Ornamental Foliage Plants by lon Beam Irradiation
JH T B s SR
Masanori HATASHITA, Keiichi TAKAGI and Katsuhisa SUZUKI

KA B R OREMIR B WA Z L2 8D, B S RICB DT ROV E R AR T 52N TEIUL, £
DO BARZAF LR SCHARET B H O B> TREE L BRI EE 528 C, M co#rimfE
BB HFFCED, Bex 13, Wk D=F =F Y7 (Catharanthus roseus) 72X AL EFADZETH /3 ZLARR %L T
AT — LDIREEAT R0 28 BAR DR EZ O b E T TE Tz, MEREE X, =T =T YU Oftt
DIV —bxE BREL T, 4 ETITRMRERDO ERE DRV TH LR OD=F =F VUL LT, £D
W AKFEANZAA L E—LIBE L, ZORERLTZHDODF5, BT DH L BAKE SR, TRE D22 et
7 EE R LTtk HEE VMR Em4 L, SRR EA T -T2,

SARFEIL, AEZHEW A THEEOHLE ZEY &L CHIEEMY Z 0 LT | ERICELDOHHZE BARE 1S
THIEEHMELT, BIZERYEL T, SREBRDIFEN AIEE T, VY RIO SR THLA VI ) ke
LTHWz, LT ) OFERIZIRFBAT L E—LEIN L, ZO%ERLIZE DD HF NG, FZEDDEL TED H
DESIERREE DO EE T, OB EZ L WA B2k, [EELT,

AL BRTIEAOFHEO OB LR THEBICKBTEXAZEND, FrinflicEd a7z, 7=, [
— AR CRIFFHZHELARL CGHREF LR IZ T R CRIUEEZ R L, (BRI CLZNODE N L EL W -ZE
N5, RGO BN THA X BIM:, B—E, ZEMEZ T LT L CWAEE BT, 2Ly, KRR
KA LR LGV EamA L, iR ERO a1 T o7,

) BB = R — e 2 — W SEBHRE TR - R SE R 2 TV oA 2 —F Laf Wkt
AWFIEE, (D) EPIE =N —BESE e F =T oA =T 2aF VRS LI TEMEL/2b D Th D,

RLF BRI R D GEIRAE BRI FH LT B 320D i T B 38
Breeding of Vegetables by Particle Beam—induced Mutation
BRI R BT B LARKIHL MG GLT, B 5 KR
Keiichi TAKAGI, Yoshikazu TANAKA, Masanori HATASHITA, Junya YAMAMOTO, Tomohiro TANAHASHI,
and Yutaro GOTO

Fox T A — LB AAT - 72 AN TT 7558, ~ AR, BL O 2R 320 itk B4
RATND,

gk 29 FFEIXTIVETICRIN LT EM ORI ke 5L EH1T, B PRI 24T S T2 %64 2 ShFE()B-
1, HRS1606)D ST EE 1 fiHfCA RBAL , BRE 5 2 RO 72457, JB-1 1ZBIL Tk, &ML= 28 kirp 17
AR A Z45HZENTEIZA, HRS1606 Tld, 85 KL, 6 EIANS LA D LN TE o7, &
DOFEFIT, TR OB R Z RO ZER S T=b D EE 2 BT,

BRELWATL T, ShFRI BARANZITIT-0H D DNA v — I —{ERA R TI0 LA A SR~ —
T —OVER A I 7-, $£72, RAPD(Z> & AE DNA 28D 1EEZ O TR =R M7 b~ b L2 5 Sk
WA Z LN TEDHT- 72 b~ N A RS B~ — I — DIRRZATV, WO DA DNA R & Ao
7oy, HESEZRL DX EE RO BT,

A%, TNVETIZIRR 2T o T2 AL AL OB A, Pk 28 4 FTIloFhE LM RS A I i S
FHT-OAA e — LS EE A E OB Z E 5, £/2, DNA ~— I —OHEBRLMEL THEML ., fhfE
BAFE DR D DI TOD M MR A FE R 2R T2 28N CED~— D — DL 2 BT,

A FHE L — e 2 — - WIFZEBR JE D - AL B IR e 2R 2 ka7 e R
ARMFFEL, (ARBE L =R — T =W Fe R LA TEEL 726D Th D,
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1.3.2. T4 T4 B H v BH %8
1.3.2.1

TP T2 LT L 2 A fE O Rk
Varietal Characteristics of New Varieties of Lactuca sativa Suitable for Plant Factory
I B B A
Masanori HATASHITA, Keiichi TAKAGI and Yuji IMURA

WA, RIEPHFNC SV A EN FTRETHY | MK @Ml OB M EDOEMEELZ
ENTEDREY T I D EEAEFEMTONTETCND, ZHLT A TR RIS BRE OFIE F iz W e
JEEAPET DY AT MR TIL, BRI DD AR A Z L0 TH DN, SR A LD
SN D FEA LR T35 58 LT S RO AR OBA S IOV T, HEVR BT O TR, ABFRICE
W, BESTHZR Y OB T AR B i A A B — DB R A AT LW B R R &
O BF BRSO b 7e B2 L0 FHI R AR R 320 T4\ U7z i A2 PE P il A2 38 k| BRI L C
&7, ZHOLTEEA A28 U C, ME D TIGAPE I DD ERE AR ORI A 5 TEXHEE 2 TUD,

WEARBE ETOMFIEIZIV T, AT T TOKRBRET ST, mAEEEO B SRR DUV T, fEk M FEED

B, FA—HRICBI2AETZE, R TOAEBFEELTEL ., AMERHSET, SHESEOEAETHL XA
P B REEZ D THLITZL QOB ZEEHEGR LT, SR, TR 21TV SRRk S B
HETHD, O, EHFDOUFUALORL RO, O, SN EO I, OT U T =V B BOAH K, 3E
OMMYOTRES, 3 O F RO FTHORT FEE O Jehmil O IiA A O B L O Jehidl DO UIIA #0D
VRS, 2 OVEEINC R B R L O L A1 TO 2 &L SRR EZ B S LT,

) P = — B gE e 7 — - WFJERFE D - AR BRI R = P AR — MRt
ARBFFEIE, (AR BRI =N F— et 2 — @ H s — PR S L L [ CHE L2 H D Th D,

¥ BERED A HIE LT DNA ~— 7 —DRis
Development of a DNA Marker for Improvement toward Higher Efficiency in Plant Breeding
SNV IISNE SN/ NN
Yoshikazu TANAKA, Katsuhisa SUZUKI and Takashi MIZUNO

ARFFE, SR =— Rt L GRS O ZhRATHE O bk B 21 TH7-012, Dk
WEETHEH T2 DNA ~— U —ZERkL ., FrinfE BT RO R HF G TLHIEEBNETHHLDTHD, ZDF
B FAOFUE, IHROE R & TR DD ZREI B RS A SHUVR WS ATREL 70 D721 T2 | i
I WD BSCR AT B D AMEE OB kD, 2N ETIZ, b~ NEOOYREHIEE S T CF-9 Z21%
BT HFEZXB]T5 DNA = — I —RBLO AT F1 §hfEZ7% 5195 DNA ~— 0 —&{ER L7210, BEIT
AFIOMZERKIMER, b~ b B 2 fE RIEE BT 5720 D DNA ~— D —{EpkE ki T D, £z, BEH
® DNA ~—h—"% O Th~hEF A7 T A NV ARPIEB S T (Tm-2a) (RA KO PIEEEE T TD, A
FEFE T, Aay FL SRFEOHBINCOWT 18 Bk, b~k Tm—2a fIBNT- DUV TH 200 BRI EVEEAE TR L=, —
HOMEETRIT, BRIAEIC | OEZREAIRIETEEL THLHW, 20 5 izt N7 7 — TR
72H D% FAWT PCR 1TV, 7 H 0 — A7 VERIKENC > CHIE LIRS RA KA THHOTHY, Zhiae7n
h L CREHEIZE D DK b IR O MEZERER C B AT 7okl A M9 23 rIREL e o7z, A 121, BITEIER
® DNA ~—H—ZERLL -~ T HI1ED, HLW=— XGRS 2 D0 H kD Lo~ —h — 1Rl
DA EZ2AT ST,

BEER 1) FHERER 44:7-12(2012)

(A RS =L — TR A — R FRBH S B - LE B I IE SR 2T A A —F vat VRS, B T YT 7 — A SETO
ARFZEIE, (D) BRE = RV — et =3 B—TFLa AR E ., 7TV 77— SETO SALRITEMLI-HD TH D,
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PLER TG MR 40 B S
Development of Reactive Oxygen Species Detection Method for Evaluation of Antioxidative Activity
R 2
Nobuyuki ENDO

B AOEREMEO HF CHHERLIEMEIL, ATEEEROE L, A OB RIESNAEE L AR 224
HillFHBES1 LU TR B ST, T4, FUB LI EZ A T AR T RS | BWHIHEIZ IRV CIEE
L ORFER | LM B SN TEBY, BB LIEMED @O E S B2 & E 5B 03 %\, ZD7=8 ., bilig
{EIEEZH T 22 <GB MDOMRBENPED DIV TWBEN, FLERLIEMEZ ) D SRR 35 51k
TR0, RN TOERBCSZRZTH O, {EHRRFEMETN TRBY, il bGP ITE R i
EHETLNENZD, LU BOIEMHERR R ISOCED @S 2 IR ENREETHY |, ZERN TOAERES
TH E OB 72 EFE72 2B IHER TLV WG AL,

A TN ETOME TE AL IR E L RN TRAETAEERBR LN ETHFEELTHY, &
. BEEO S TR EDIT T D, A I EEE 2 I PR 38 T E TR T B B HE Tl E RS
FENT DD FED RS DD | B FF 7o M EE 58 % B D DR SIS T 975 FIEE LU CIER ITE L T
Do AWFGEIE, SESFRRAE GRIKR, R, R, BBk, KEEE72E) ThAH R MK T IEERAFEDIRE
N IELGHMl CEDH LW TIEEBIR 522 BINEL TS, EROIRNTEBICAR, fEFL TWAIER
HBNERS>TNDEREF UL TV L A== XU R T =4 TV VAU RTU )L — EIAR
FOMER LK FE 72 E DOIEMERR FE A RN R CLENOEICRAETELREFFE L, TNOHEME L2 O/
SRR T EDOROGMEIZBAL T, SESFREM T ClE AV IS 2 W o o 2170, BEFO 7iEK
DS E CHEBMEO B A RO 2 B L7-WF22 4 3L T\ D,

(AW BPE =N — e H— - B EBHSE I - AR B IR TE =
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1.4.1. DEEREA OB - &AL

1.4.1.1

BB TRV — W ge L Z— IR R DO BLK
Current Status of the Accelerator Facility at the WERC
PR SRR
AR AR L P SR ETHE SR R R R — A R TE AR R HERE
JERA )
Satoshi HATORI, Tetsuro KURITA,

Yutaka HAYASHI, Hiroaki YAMADA, Fumiyoshi YAMAGUCHI, Masao YODOSE, Shin’ya NAGASAKI,
Kazuto WADA, Makoto HIROTO, Masaya SHIMIZU, Ryuki OYA, Yuya HARA and Ryuta FUCHIKAMI

Abstract

In the periodic inspections in 2016 and 2017, we checked and reduced the distribution of the resistors
dividing the terminal voltage within the finite controlled limit. This control of the distribution of the dividers
yielded the uniform distribution of potential on the column and along the acceleration tubes. After the
inspection in 2017 and during filling SF6 insulation gas into the accelerator tank, we found the adhesions of the
accelerator tubes peeled off and all the tubes could not keep the vacuum inside of themselves. Replacement
of all of the tubes is now in progress, therefore, the reduction of the discharge has not been made certain.
B9

2016 FLELLR, #2 7 DN ZRIE S ERE-CE I 2B B B ICHO OIS F - IRPTE A S BRL BN /A D
—RRAGIC L D B INHI O BAE A ZA T > CTUND, 2017 42 FE 0D E B SRR T EEINHI O SR A fEsB L7208, —
OISR v FIILENFED B, AN 2016 FER O M EEMEGES (LI O7Rns ol RIEEAT o723
ZDRFIIRMER T D, R T E RTINS 0O B - A A 2E O RBED T S, FIBEZLY
R H AR TR Ip o T E O D LN E U728 Th D,

I

Ha
2T MINEEHE 2016 5, — R ClEd 505, M @S &2 ER 5 MV £ CHIE T2 #EIRAITHIZENT
X723, 2017 4F 4 A BUE, I @ EEZ 4 MV IZHIBR L7 E 52 RESIVTND, 227 DMINEERO NI
RS NI X B 5 B R a1 (S = VIl ) IS O DAL TNVA AN, ] B O 5 8 I3 i B % 4 4
T DIVRIEN R ST 72O TH D,

2017 FPEITRTFEEE N DOE — MM E 4 H TV, 5~7 AIZE A (EMR) 21770, =7Vl
DFIIAFENTMFFT T L (T = vaT s) R R Z A& T AN EIE ., 27 53%K m, ¥ A4 —RKA%
w707 L FIRII A IRE T D HEX v 7 I E IR E 5 BHREA RE T D EX v 71T — 7K
IR, 2017 FEE D ERM TIHIFE AL SN2 272, 2016 FEJE LD 2D B ZINHI+ 570 s
X vy T DOEN A FHEIC 2D _EDT, B AL LD BRI Z M2 2B AEIT > T0D, 372
b, EGT, A4 —RAZ 7 OWRTEHGT, A4 —RDNETT 1),/ W07 BT O S UE S A% E 95
BRI THDLD, ZORETHHENZ D, —EHDEF v 7 NZT — 7 IR JLOD 7205, 2016 4 9 H
15 H 5% 85 1 #0848 R (SN A e i B E 2 4 MV AZHIBR) (BT JRIK & 2 TD, 2017 4R
ERTRIENRENTZDT DR BITRMER TH 5,

2017 FPEERRENE A, 22T DIERRITE 12 Vg T A 6 7o b AT SFe SRR DBRZ MRS ~
D SFe IR RS-, IEE B 7 A (IR 1 AH7-0 80 BY) D5 H O HEEMNRIKN THY, 4
ARONHEE TR CTORMERE 2L EINT,

o raha AL TIE — 20O EH LOFIHEIOBI R 21T > TWOBH, ZhUTfE 2 Bl & S s 4
D

N B = R — W SE o — - W ZE B - I 2 28
AW, (A BRI = — B o 7 —DME I R DR B B2 S RE, ElE 2T TIT>72b DO Th D,
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Mafx= 7 AR IECMEX v 7 COBEBIXBEN A DT ANRFRNAZENRE O —2 L7V 5 E IS
BHEE ZTND, kg2 7 NWIZITE O BIRDFAE VIR E AR A F 5, #ifk= 7 A3 ORI
B —3F)VEIE RS ET D ERRTIR L DNEE AR B L ER DA M2 A2 ZRBSHEOR LR
TEORINEE 2| Mg T AZEER M ET DL T IBE AR A DM AZTIT>TND,

BE AL T EL D ERE IO BSUED AR I L DB RORE) — L3 A LD, EPUEDO A IX T 5
FIRF DN ZE B LD ZL DEAIRIRPUENC T — L 25| 5 A0 72 8 Th D, B TDHEF DU Z
L. EME, A OMEZE Uiz, MBS T D5 OEDS, IEE 2 EHRPL, & A4 — R 22y VIR
P, a7 AEHUCEL Tk, 22, 8.8, 1.2, 0.8 % LINIZARAIDCEHIL-, BFICELEE G52, FDH.
JIECHEUD AL B AR E LTz,

2017 AEPEDTEM THNRE | 27 ADOFLEX v 7 M%7 A EOEE SRS, —FE RV Tk
HREIXAHESN e oTe, T OX—bEX DRV ADFERBHLDLNTEHDEE 2 TND, E A /LX—l
INEAE O RS A2 X 2 QWA FT TSRS SBALE Y = 7V T DN DR vy 7 a A ktiE 9%
D, ZOENT — I BRI IO, X v T REOFPHENRES TO=ZENRIRTHY, 9 H 15 HDJik
BN oTEE 2 REHEVEIE LT, IEIEDORFIIRMER THD,

TIEE R #

2017 HEEERZ T HIXUDITHK A, #afgk A SFe & Fe 21T 572, 0.15 MPa gauge FEIE R AN O B2
JEDEALS RSN, IEE EHER T D EZER 7 b SNDEURIC SFeV—2 T 47 74— (B TR 3
g/a=1.6X10° Pam®/s) B LTz, F2, X7 DIHERO HFTE — AT AR E LT M EARE &5 et
& SFe Do RN SFs R i LT=,

BT MR AA A IEAT IR E 7 ar 380 ., Z 2, 2 AONNEE TRERRSNS, IHEE X
4R 2118 mm, #MX 330 mm O FEEZEL TS, [ED OISR OBIWZA—T LR O T &k 81 Kb
MR OWRERRE 7 7 ARG %R | ATy TFT CREEEE NS, HEDORER., 4 KOIEE T X TIZBW
T, BT ARERIAR OB HIZRIBEDR RO OV, Jx K 1.4 X107 Pam®/s OIRIEFRD LAV (NIHEZRR
E—ATA OBEZEFIE EHIUEL 1070 Parm®/s i) o

2017 FEEDONEZFIHIET X THRORLD L2 L MEEEFTANARNT— e =TV I —
1y HEIC R, B CONEE A HIEE LT, 2017 FEE R IS SSHAWEENED BN TVD,

I

FES
2016 FFFEDDEAHLA TWD F LRI 1 DIRFUFE L) — L DOFRAIL, IEZR DL L DA CO i EZ )
Hl4 D45 B B A TUNVD, 2016 4R —BEIZ 5 MV OIEREENEIF LA, HORELZEZ L0
DIREX v 7 DEAFIIIATHDHZ LD DN -T2, 2017 FEJEER TIIOLDHENO IV, RIET _REEFT DO
EBITo7z, Lol IEE O KBS DS A D MENER U T 72 | 2017 AL T NNEZR O 1EHR
7o TEOLT, EEERAED/ T p—< ARG RSN TUR,
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1.4.1.2
o raba O HEHE R OB %
Development of the Beam Extraction System of the Synchrotron at the WERC
SEHAETAR
Tetsuro KURITA
Abstract

A beam extraction system of the synchrotron at the WERC has been updated. In addition, a spill feedback
system to obtain constant beam intensity has been improved. The design of the new system and a preliminary
result of the beam test of the spill feedback system are reported.
2K

EAHLDT= DM 72 AT AR Ip o T r7abua MEHRER O B H217o8 8612, HEE
— L (REV) O HEIEZ — BT 57 4 — Ry 7l O 21T o7z, HLWHTER ORGHEAE LT 1 —
Ry 7 OFRERSS Ra s 15,

&

i)

EPE NG H— D rabn Tl Hillk A X% -V RE o — I Ko TEWEY H
LEATH, T72b 6 MK THRICNIRER A 2 i35 Z 2D 3IRIER D/ TN I 2 E BT %, JEE]
T ORIA DN—Z N ARENZA 35 8 0 & B A AT A HUINS 2 28 Ko T ERL 2L s
%o BTN AZ A TR 1T, BBIIREZ K UMS HERET 7L 72X ADEE — LTI S
Do
JERPRL D= ha ARBNEUZIXIED 0 D3 A7, HIINT 2 RE 213K 1kHz IROBEART T A THE
RENDHHG ) A R % BE SR 2R =T D, 2, B0 ms ORFRE 2N T ERE e —
L7 T 572002 S 8 I O g 2 R I S 2 L S S S A filiE T~ 2 B DD,

HIS RIS R O

TERD HEHIEHRIL, ISA NSAD A AS DA R—RIZE-> T, Wi/ A XB IO A& RO 7 D5
AL B HERRL T2, Windows NT 4 2EIET 5 PC ABUEETHY | BBEAFEALTZRHIIE IH TE720 Ik
DT, MR RSTFIEZ MR T A72D12, L RO/ A G IoH PC ~OKAF DMK N H 5 il 181 5% 2B
LTz,

HUSRHRAER O BGOSR Z X1, 212777, ED X7 PCIZH K CXHI012, #1342 T
USB CHERLS VD, T2 AL Al TBEARE T ILH B L OBE AL A/ A Ao TRk Et LT, Hilii 7 e
Z %, Windows 7 T Visual Basic.Net 333 Windows Presentation Foundation % FVNCHEUEL 7=,

AN T 4R\ 7D R

HEAE V2 —BICT 57201, HEE — 20 ERELZ AL F 2 X—THIEL, ZDIE 52 H A & E
BIRIEIZ T 4 — Ry 7§57 4 — R\ Il (AE VT 4 —R 30 7)) B LTz, 16RO 74— Ry 7l fH5R
i X 1 IZHDEIT, AE V=X DEHBAERLIZE B2 DA R OWEE SR 7 4 —R /3y 7 Lz
D, B = AR TR E S E D2 E LN TE T AE LV Z H I —BICT DIEN TER DT, 2T, X 2
DI, 74—\ 7155 HEEEE ORI +— RNy 73758912 -,

T4 — RV EIEOFEMZRK 3 1R T, 74— R\ Z(E 5 OB RO VERIZIE MTT #1:0> DSP(Digital
Signal Processor)BAZE3 vk sBox Iz, IR /A X% F = RE o —EDORE )L OREL T X4 @
TEDINCARA IR OEEINEE T D, ZOASATIROE B 2 RIR@ i 7 ¢ V¥ —(LPF) ThrEd 5, £D
BREV7 7L REHR L 2 MmO 7 A AF 5L TT7 44— w735,

ZDT 4 =Ry THIEITHELNI R R DK 4 ThH, LPF BIlSE AL U E SR —EIR> TNDHZEN
D, RBREEO KR T A—2%F 1 1R T, 74—R N\ 7 RO KRR ERIT AT 255 Ve FEREEOHil4#H
TR AR LR DR LT,

() FPE = X — W TE e 2 — - W R B - IR =
ABFFEL, (W) BPHE T RN —W e Z — @I Dl E B 52 RE, T 2P T -72b D Th D,
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TA—FINy T Ear
o R e

52

wEAZ | § J 31_
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= Ik Eg AR =% 0.05 0.1 ; 0 15[ ] 0.2 0.2 0.3
ime (S
3 AT 4—R/ (Al 4 74— RN TR DAL AR

TE A UEE, EB:LPF @itk oA VE S

# 1 AN T =R\ 7RERF D /3T A—H

DZA=1N=4 7'a by O R L — 200 MeV

5 i JE I (tune #2753 3.460 MHz 25 kHz (1.682-1.672)
T4 =R\ TR AD BTV TR K 100 kHz

1/TLPF 500 rad/s

1/TL 5.2 rad/s

1/TH 500 rad/s

&

il

orakay O IR OB ATV B L LTS AT LR EH LT, £ 74— Ry ZHI R O 8R
TIEBAFFEREAELI, SRk 29 AEFE T AN TITIE L L THY ., B — A% W HI 2 ORI T
7273077, R 30 EENSRBR B L ONEMA ARG T 5T ETHD,

BECER

1) T.Kruita et al., AN IMPROVEMENT OF MATCHING CIRCUIT OF RF KICKER ELECTRODES, The
Proceedings of EPAC’ 06 (2006)

2) H. Nishiuchi et al., ERHT v 7abormide —AHHHIEIS 27 LOB%E, 5 6 Bl A AN 724
DT —T 7 A, 287 (2009)
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1.4.2.1
A R DK
Hydrogen Analysis in Silicon Thin Films
EOARBHE™ , AAREERR, A
Kohtaku SUZUKI, Ryoya ISHIGAMI and Yoshinori NAKATA
Abstract

On the coloring by the silicon deposition, hydrogen quantity in deposited silicon thin films is related with
vivid coloring on metal surfaces. Hydrogen quantities of the silicon thin films in various deposit conditions
were measured using Elastic Recoil Detection Analysis (ERDA). Hydrogen quantities of the films were
determined by comparison with a high molecular film.

B

VA LD E BEIT TITS V3 T DK FEAEERCHH R AIZBIRL T0DEE R BND, 22T
Bk 2 7oV a B SE TYERIL 723 UBHI X L T A4 B — A0 Th D BB 1-# 5 (ERDA) & T
KFEZPNELTZ, BERIDE 5517 4V AR OKGEBEE AT T fE R, VU pESE D LK EES
EHTET,

&

il

EPE TR — g 2 — TR SNV as sl L D75 B EANICIX, <7 Rhas 23y 2% v
TS OEE AN TWD, T EKRFBOIRE T A W TI Va2 A w23 hE | )7 B AN T
BZENI - TND, ZHUTE R DI 2 DR TR KFEEDIREMDTER SN TNDT2D THHEE X
DIDD, KT NHEEZR = LB K E BEORIEIL TSN TN o7z, £ 2 THE— /KB E BT Al hE
IR AT e — DS TdhD ERDA Z W T, SV i ok FE S5 Ea1T -7,

KRERSHT
VA EEDTRE T ATHLT VA ERFEDFEAGM2EE L, IROO~DD 4 FIHOEZAERL
oo MEHI T RTT LI R (BT R) EITHIELTC, 7 AE NG Ll B =G CHIE LI BEEL FE

@O  SiHx/T 73w 7 A Ar:20 scem, Ho:20 scem JHIE 375 nm
®@  SiHx/T Y737 A Ar:20 scem, Ha:5 scem EJE 402 nm
®  SiHx/T 73w 7 A Ar:20 scem, Ho:2 scem JHIE 377 nm
@  SiHx/7T > 7\w 7 A Ar:20 scem, Ho:0 scem JEIE 371 nm
®  PPSJE/TL 8w I A HegalRt, sz L 1.2 um

AF e — LW CRRBREREITOGED—2EL T, KEEDPBEMOERGR L L35 Z & TR %
FERGHD, Z2TIRE S F 74V LT PPS(RV 7 ==L PV 77 AR CetiS) Z =, PPS 7 4 /L AJE
% 1.2 um T, mWEEIX 162 pg/cm?, 3.61 X 10" /cm?® TH D,

ERDA THIEZATH-OIZ, MEHERBE LR T2 LITRT, K1 O STy X RIZHELTC
SiHx 3BT, O DIEF I A TWD, BRI L > THL o P ENL A ETELL TOAZENS DD,
4 SOFED FITITT o307 A2 BITIRVAHT B2 PPS 74V LA #RE L CTV5, ERDA I Tl 4.5 MeV
AT LE— BEFEHIIRST L, 30° ICBELSITo KT AR, 30° FIICHELS = /KEIL 15 umD T4
ViEEEEL ., RIS CERNAX =2 ET D, FHEICIOKRBUNDOTTHEEZ YRR U, B L ¥
— A% 2 1R, EAN T AD M, TRENO: R, @k, @ k. @:F . PPS: AKAIZHIGL TV,

) P = — e 7 —  IFJERH A - = AL — R L — T (A ) B LS — ke — - BFSE B S - L —
—HAf B ==
ABFFEIE, () BRI =N — W JE b =DM H R B FEIITEL LTI REL 726 D T D,
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F B OMETHE XL — 2O B E THELL T 5, Bl 200-500 T RV OO MEEFER T 5
L TKRBEROHBAIT), 22 CRIELCHR I E LK GITKRBERD NI 7T RER D120 KET
AZB AL TWRD@DOREZ W TNy T0 RDZE LG & & ToT2, OIB@DI AT MEIH@DFA
BroOR A N EF X KFEEELTZ, ZivE PPS OfE R LT HERDFE R LT,
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WEENTWDILIT2 D, FTAKBHADEAREE 1/10 (IS Th, KEESA EITEDFREIZE LIS
RN EMS T,

7

i

BEDTDD I AL FEEEREHTIIKFE NG T TIRY, W KFE EZHETHZ L TR GBLOBEE M EZ
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ERFTDUEDN DD, ZOII7GEZ BARUSNOFIW FiEE LT, IR LK R RO RO E BRI L
ZATHOZEI A REL IR0 T,
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500 K ®PPS K

5
o
[=]

T T T[T T T T[T T T T[T T T T[T T T T[T T T T[T T T [TTT]1

J._AI_L_JL‘J 1| &-llll\lll.JLlelJ.l
0 200 300 400 500 600 700 800

0 100
Energy (channel)
1 #EOH@E PPS 7 4/L A, 308 2 RFDOTZARNF =40, EESLeAS
Z 5 ONDIE EADBIZHE ST T D, FZra0EFENEND:E, @K @k @:F,
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He-Li BUGSWrEAE DR E L& — N i s 2L E OB 58
Measurement for He—Li Cross Section and Development of Measuring System for Beam Current
ERARFHA, o R
Kohtaku SUZUKI and Yoshinori NAKATA

Abstract

Quantitative analysis of lithium with accelerators and a time—of-flight elastic recoil detection analysis (TOF-
ERDA) system has been developed at the Wakasa Wan Energy Research Center in Fukui Prefecture. The
differential cross section for Li( «, «)Li was measured with same setup of the last year, and the cross section
values were determined in helium beam energies of 1.65 to 5.0 MeV. A measuring system for beam current was
developed, and tested with beam irradiation.
B9

& IR B = L — W Fe o 2 — (/) L NME 2 & FRA T IRF TR 8 S R 748 H 7 (TOF-ERDA)
HELEE L AW TF U LE BT FEDIE AT TWD, REEREELFEERICAVT L — L% AFHRL & LT
LEDVTF U LEDRGEWI IS Z KO LRREATO . AT LD T R/LF—1.65 MeV 725 5.0 MeV ET
OFAFH TN R G LTz, Fob — AERAZFHIT 5720 0EEZBRE L, B — AN T AT o7,

I

=S
VF U LAY ZIREMIITRNAF =B ENRELS BFEMTHLEN ST RHED G, BUETIXIZE T X TOH
BEIES ) — X ar R E DR T —IZ AN TS, UL, BB RO A AN VSN TE
D IRIRALLIE K DFI DL > TND, 22 CTRER)TF U LAF B O BRI TR A THhI T
%o BEROVF T LA BERIT AR - HEAME DO BME 2 T2 5 KOG TIF IS REET
SOOIV RS2, FAEE NI /25720 g TEb Vo7 Al et R Fio, LR
AR F T LA B TIRRABE OL DXV TF U AOBE VD7 | EithE L TOMEREDMERNEVORY
RN HL, ITFFRES D255,

BERVT T LAF L EHMO AR NS E DI, BN TOVF I LOBEZ ST, IRFEWEFI~5HZ
DD BWEIEE72 D, L LIEEE CUF U ADE &SHTEATO FIEIIAIELR WD I RIFIEMEE Tt
FDERSWINATRERA T LB — L5 D —FETHD TOF-ERDA HIEEEZ V., VF U LAE RO FiE45
D, VF I LEETRDE T, UF T LA EBRMOWF TR D AEN SIS,

TOF-ERDA IZXDVF 0 AT CIEERE 2L CVF U AR 25 35 FIEAFEL TD, ZO7HIT
. AFRE—LEL THWANIT ALY T U LD KSWHFE, B — AE el MR Has O R0 3 >07
—ANMBTHD, AL TIIINGD T — 2 ERB I OUEE OB E21T-> T L,

NI LEYF T LD IS EOE H

TOF-ERDA [ZETFHVF U LM CIEL, VF U AL E BEOITWVE — LR 72 WA E TR Bk R /L F—7
B LIRS THIZ LN TED, TR TIEANI T AFTRFBIGERIRE L2, ZO R TAYD AT
Wed | RIL=RLX—THWE P REDELSREDOIEVER S OIEREGHIENTED, L LR HER
TR A EOREL T, 2 MeV O =L —FEIRIZ BV TTY 7 4+ — R BELO S W EFE ) ST B EL D,
ZDTD | AT =1L — G CTROGWT R FE 2 2R 6O TR EDH D,

ek 28 4RI AU LEVTF T LD RS W AED 1.65-3.6 MeV D& TR D TV =, LAl 2.0-3.2 MeV
DRI CEE S LD b, SOSHmFEO AL LD -T2, SFEEIFEDITE N RALF—DT
—BERD | AT = LWL T W ER T, L3 E s L OVSEER By M I3 FRK 28 4
ELFRETHD Uy NI AT RLE— 3.6 MeV LU EIZEWTH, FEEIC 50 keV AT w7 T R/LX—%EZE
WL, ISHimfEo 7 — 2% BF Lz,

AR F5 N = BB SE o Z — WF SRS TR » =X — B L — T 2 (A FE VX — iR ge e A — - BFSE B AEE - L —
— B =

AHRGEIE, (AW EPE X —iF et 2 — B E IRl AARR R EERSE, EREE NGRS 0 3 b0 Z 5kt
LLCHELIZHDOTHD,
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LTI BEVTF 7 LD KW i 2 7~
T AEEH AU AR — AD TRV — i
MIW T +—REELED L TH S, ST

WS B DO R — 2T ) a3 T 5
ST eEFKEL TG, ~ITLLI Ay 35 i
FO%IEm DT R X — R CIF T +— R ) %

HLEL TR CTEAH728, HRIZHWAZ LN

KD, IRTRUIZ AR THE L, BB T «

I A8 CBUB LT 7 4 T, 2= 23
UF 3.2 MeV BAETERIGOFEEL ., &

% 2.0 MeV LL T CEFHERMOENBLND o

TmDBME LT, EHLTHBILLZSA T

2.0-3.2 MeV OfEI RS KrRfEI L —EL

72o 1.8 MeV LA F ORI TIZT Y7 4 — FHiiL

IZIT2%, 2.0-3.2 MeV BLW 4.0 MeV DL E

TGO BN AN, 22T 3.2-4.0 ) I AN N AN A A VR

MoV O~ A — 2 A U R I 5 2 25 En3ergy FM5eV] 4 45

DERIHRSCAMARRALSTIOSES | sy o sHTR L, ST
e NEGELEDBTEIRTEL . BEIA A~ A= 3L X — T,

[y

=T T T

v —AEFEHEERE

TOF-ERDA TIFelEl 2 — AZX LT 20° 12
JE VBT CTRRIE T D, ZOINTREIZHIT DL,
B — AR R IR EE AL BB STk
HE BN A 20— AERZRETHZEN
I%ﬁf&;é FEBEOVF U LAAE Hﬁ@uﬂﬁﬂ

I BEENT2ROORENRMLETHY, &

otoi,cia/\ TRUBHMLE CEIFHI TE2W, &
ZC, BHE RN E — A B2 FHA T 5720 D a]
Hndr B P A BRR Uiz, X 2 153 EHE () L4 83
(F2) BT TRk 2, Zhud~ A7 afA
A ARA T AFENIEE OB T v N —HEA
L7-LEDBEETHD, 4 EINL RS A B
s TRy, et E T —2mL LB FHE 2L
HIATHITENTED, FEFRIT 50 keV KFEAF
ERRL, B — 2B FH TE WD L2 MR
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X 2 v —AEREHIEEE, A RIS ZRNZE
R EERP 23895,

==
AU LEVF 7 LD RS H IS 1.65-5.0 MeV OFEIL TR D 7K E ., 3.2-4.0 MeV OFEIRITHEC) 2
A {t%rb\ A — DD E RS LT W R —fHI CHHZ LN 0o, EoiEHc LS
LEGE T 5720, B4 @ P O — LE R HIEE 2B L, SEERICE T EHIN TE D2 LA kR
uto AT E—AZBITHE R OTDITIT, SOITHRMEROBR S RED T —F BB D, 51413
HZROMERREZEELL, EEOTZODT —H2ET 5,

BE W

D $AREHA, FHEED, ZHES, (A BRSOV —F et X — ISR R 28 42, 19, 76
(2016)
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1.4.2.3
K5 H ERDA 43 Bt oo BH 5%
Development of In—air ERDA Method
ERAHERL A A
Kohtaku SUZUKI and Yoshinori NAKATA
Abstract

lon beam analysis is usually performed in the vacuum because it often use several MeV ions. A in—air ERDA
system for hydrogen storage materials has been developed in the Wakasa Wan Energy Reserch Center.
Hydrogen analysis for high molecular films was performed by using the developed system, and it confirmed the
hydrogen quantification.
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1.4.2.4
TOF-ERDA IEIZI1T 25Ny F7 o R DA I»
Attempt for Background Reduction in the TOF-ERDA Measurement
AT, B ERDE &R, AR
Keisuke YASUDA, Kouki KURODA, Yoshinori NAKATA and Kohtaku SUZUKI
Abstract

A new shield covering a transmission detector was made for the background reduction in the TOF-ERDA
measurement. Test for the new shield was conducted using an electron source, and it was found that the
number of electrons counted by the transmission detector was reduced to 24% compared to conventional by
using the new shields.
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1.4.3. Jchsrss TR S DB - BBHO REAT B4R B ¢
1.4.3.1

N L RS~ A7 a2 2 — 2Ot 2L —ar
Radiation Tolerance Simulation Test for Microcomputer Onboard the Micro Satellite Kanazawa—SAT?
RPERH™ | VREP | T R ) PRAEH GRS BB R v
PUSE? L IOKRIR BN 55, KIGE
Daisuke YONETOKU, Tatsuya SAWANO, Kazuki YOSHIDA, Yasuaki KAGAWA, Masao INA, Kaichi Ota,
Satoshi HATORI, Kyo KUME, Takashi HASEGAWA and Satoshi MIZUSHIMA

Abstract

We performed radiation tolerance test on microcomputers onboard a micro—satellite, Kanazawa—SAT?,
developed by Kanazawa University. The microcomputer is equipped with a nonvolatile memory using a
ferroelectric (FRAM), and is planned to be used for control of a gamma-ray detector, a real time packet
communication device, and several satellite—bus devices. Through the radiation tolerance test, we were able to
verify that we can operate the FRAM microcomputer for about 10 years in satellite orbit by restarting when a
single event occurs.
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Evolution of Icy Moon’ s Interior Uncovered by Laboratory Experiment and Exploration: Modeling of Space
Weather by Ion Irradiation
IRASREREE | AP, ARE, SaAHHA™ ., TR, BN FLHERRSE™
HREP R R B RN
Tomoki KIMURA, Yusuke NAKAUCHI, Jun KIMURA, Koutaku SUZUKI, Yoshinori NAKATA,

Toru TAMAGAWA, Asami HAYATO, Toshio NAKANO, Go MURAKAMI and Kazuo YOSHIOKA

Abstract

In our solar system, the subsurface ocean inside icy body is potentially habitable environment for the extra—
terrestrial life. Focusing on Jupiter’s icy moon, we uncover the evolutions of subsurface ocean based on the
space weathering on solid surface that is driven by irradiation of energetic plasma around planets. Long—term
space weathering at the icy moons through Giga years is modeled by plasma irradiation to surface materials
with laboratory experiment. Duration of the icy moon’s magnetic field excited by molten interior flow is
discussed based on dependence of the space weathering on the surface magnetic field strength. We are going
to pin down the subsurface ocean evolution from the magnetic field duration. In this report, we describe
current status of our laboratory experiment made with an ion injector at the Wakasa Wan Energy Research
Center.
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Evaluation of Radiation Tolerance of Perovskite Solar Cells aiming at Space Application
&4 JE YA, Dayna Erdmann®, Gyu Min Kim*, i _EF0EE*, 7 G, B 0%, SRR,
BRI ZESCS L ERARBA, /NBLER Y, LA e SR 2™ B2
Shusaku KANAYA, Dayna ERDMANN, Gyu Min KIM, Masashi IKEGAMI, Youhei NUMATA,
Tsutomu MIYASAKA, Yuji HAZAMA, Hidefumi AKIYAMA, Kohtaku SUZUKI, Kanta OSONOE,
Tomoyuki YAMAMOTO, Yu MIYAZAWA, Hiroyuki TOYOTA and Kazuyuki HIROSE

Abstract

To investigate radiation tolerance and mechanism of radiation—induced degradation of perovskite power
generation layers, the perovskite single—layer samples instead of perovskite solar cells were irradiated with
protons. Those were not degraded by proton irradiations with fluences up to 1 X10" /cm?.
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HEZCER 1) Y. Miyazawa et al., iScience., 2, 148-155 (2018)
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Dependence of Ti Addition on Structure Development of lon Irradiated Vanadium Alloy
fEoT ", FIAR I, ArhgE k™
Ken—-ichi FUKUMOTO, Kaoru TONE and Ryoya ISHIGAMI
Abstract

TEM observation and nano—indenter test were examined for model alloys of V-4Cr—xTi ( x is less than 4
wt.%) irradiated with ion accelerator with helium ions. From surveillance examination with the helium ion
irradiation, there was same tendency of competition process on both void formation and Ti(CON) precipitate
formation depending Ti addition concentration. There is a threshold concentration of void formation an
Ti(CON) precipitate formation between x = 0.3 to 1% in the V-4Cr—xTi alloy.
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WAERT5bDEE X BND, £T-. RARTEALE Ti(CON) M T RATARD Ti TN EE DL X MEIE, Ti iR
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Performance Evaluatlon of Flexible Material for Radiation Shielding
BUTIERY A8 2 ZARE R RFHME—2, RIS, AR
Nobuhiro SHIGYO, Kosuke IMATOMI, Takahiro MINE, Ken-ichi KIMURA, Takashi HASEGAWA
and Kyo KUME

Abstract

Neutron attenuation of flexible material for radiation shielding was measured by activation method. Neutrons
generated by spallation reaction were used. It is found that attenuation coefficient of continuous energy
neutron between 0.01 eV and 200 MeV is 0.052 cm .
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1.4.3.6
DN aA 2 IR E L TE ENDKEC ~DEA A FREh IR
Radiation Effects of Heavy lons on Hydride Impurity in Zircaloy—2
7 i L N 31 X
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

Heavy ion irradiation effect on hydride as impurity in a Zircaloy—2 specimen was examined by scanning
transmission electron microscopy (STEM). STEM revealed that the decrease in volume density of hydride
especially for the size below 150 nm in diameter occurred probably due to the reaction between vacancies
induced by displacement damage and hydrogen atoms.
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WAZ B W TR D FEDMENZ &, AT O L EFARICHE H U EICER L ThaEB 2 5
%o ZZTLUT Tl M 245 O sl ARG TR M OFERE MR L 52825,
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R OREITIHRL TS, 150 nm AJiiod
YA XD KGO R BT D DE|
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Development of a Proton Irradiation Technique for Electronic Devices to be Mounted on Spaceships
DARAR ARG IO RN 522, PSS, MEHIEANY, BEat s
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Takashi HASEGAWA, Satoshi HATORI, Masato TAKITA
and Tatsuo TORII

B X —TCld, IEFEOFHRABEO=—ADEEVEZIT, Yoo X —ITREIIL TS 200 MeV B>
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WFEBHFEER - s =2, HUAURSAFHIBRITZERT, ™ (EWF) B AR /3 0F 7 B JE i
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KRR PRARE MMX FEHUT 55 351 O MU SR MR B AT 58
Basic Study for Radiation Tolerance Test of Martian Moons eXploration’s Scientific Imagers
FRIRIEAR™ | A FhEERR™
Masanobu OZAKI and Ryoya ISHIGAMI
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Fundamental Investigation on Performance Evaluation of Low Activation Building Materials
ARFPE—" | BRRB | BR)IEE2, FATE RS, RSN AORAE®
Ken-ichi KIMURA, Taiki MORI, Takashi HASEGAWA, Nobuhiro SHIGYO, Takushi TAKATA and Kyo KUME
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1.4.4. MEHZIFOBH3E

1.4.4.1
IKSE D27 2% & B ANTHH AT REZR 7K S8 Wk & 4 D B 78
Development of Hydrogen Storage Alloy for Safe Transporting and Handling of Hydrogen
FAPREERR* ZEARF | S AR
Ryoya ISHIGAMI, Kazufumi YASUNAGA and Kohtaku SUZUKI
Abstract

We investigated a method for manufacturing hydrogen storage alloy suitable for transporting and handling of
hydrogen that is used as fuel for transport equipment such as automobiles and railway vehicles, work
equipment such as agricultural equipment and forklift, and portable generator. Magnesium hydride MgH,
contains 7.6 wt% hydrogen but is not practical because the hydrogen release temperature is as high as 300°C
or higher. We surveyed the literature on methods of lowering desorbing temperature of hydrogen and gave an
idea to develop new hydrogen storage alloys. Various metal layers such as Nb, Ni, Ti, and Co were deposited
on MgH, films and the temperature was raised at a rate of 5°C/min. Starting temperature of hydrogen release
was lowest by depositing a Ni layer. Hydrogen release started at 130°C and finished at 200°C.

An analysis of the electron diffraction pattern of a MgH, thin film deposited by radio—frequency magnetron
sputtering revealed that the structure of the MgH, is hexagonal with almost the same lattice constant of pure
Mg. This result suggests that the possible occupied sites of hydrogen atoms in MgH, with hexagonal structure
are tetrahedral site (interstitial), and moreover, partly Mg lattice vacancy site.

On the in—air ion beam analysis, it is required for changing scattering and target angles on thickness of thin
films. Therefore, in—air systems were developed in some of the patterns.
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1.4.4.2
YA DRI L DGR A B D 2
Coloring of Insulating Materials by Depositing Silicon Films
FrPPEERL
Ryoya ISHIGAMI
Abstract

Electrically insulating materials such as plastic plates and glass plates were colored by deposition of silicon
films. Plastic plates and glass plates were colored in various colors by deposition of titanium films as a
reflective layers and further deposition of silicon films as an interference layers of light.
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1.4.4.3
BB D& R > X DB E MBI T A5
Influence of Surface Conditions of High—Polymer Materials on Plate Adhesion
LK s
Kazufumi YASUNAGA
Abstract

Polyimide (PI) films categorized as super engineering plastics were treated non—electrolytic plating
subsequent to alkali and catalytic treatments for flexible wiring boards. Cross—sectional TEM observations
showed that the surface roughness increased with alkali treatment time, which increased interface area and
strength.
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1.4.4.4
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Development of a Novel Fiber Produced by Polymers Containing Polyimide Structure
ol T B
Masanori HATASHITA
Abstract

[t is well-known that aromatic polyimides have found wide applications in many industrial fields due to their
excellent thermal stability, high mechanical strength and superior chemical resistance. To develop a new
polymer fiber, polymers containing polyimide structure have been focused at this time and were synthesized.
Aromatic polyimides composed of carboxylic dianhydrides, diamines having sulfonic acid and diamines without
any ionic residues were heat—treated for desulfonation. The properties of obtained polyimide polymer were
investigated. These polyimide polymers showed higher heat resistants and higher mechanical strength
properties than the existing polymer materials as plastic optical fiber (POF). In this study, the film forming
method with polyimide sulfonic acid polymer was examined. The optical transparencies in the near—infrared of
the obtained desulfonated polyimide polymer and the polymer as POF were compared.
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ELTE, 1,4,5,8-F 7 XL TRV BRI KY) (LLF | NCA) , AVRURE STy 7 LU TE, 4,4V
TV T 2= m—T)-2,2" - AV R (LLF , AES) . FEAA LMDV T LT, B AU-3-T /7 =

L (NRE) B =0 L — g 2 — TR S - A B A TR
ARFFEL, () BPHE =R —WF e 2 — 3B IR i, AR Je Bk tt, AbbEs ISt 3 H bOSZRERTJE
LLTHERLIZHD THD,
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XN T == )VIAVRY (BUTF ., 3APS) % U2, NCA/AES,/3APS (FE/VIEE, 5:1:4) DRVAIN AL R
o EAR LT,

i 22 D5y TR B e - GEIRIMED 53 W 21752 81280 RUAIR R &0 O e A 7 3%
ZEICUT, I B 35 5 1EEL TR, BRIEE T T4V LIRRE T T EATOZEMZE T Bid,
ZZ T IRVAIRZNVIR U i A IR L . 7 4V DI UTIREE T INEBLEE 24 TV R A LR A L7286 T
RUAIRRE D FEL T MDD E D FLRRRICIT IR D I3 He M 24TH 28 Uiz, RSk, By F DRI Tl
IR v ANMED WO TE T, ZOHETITREE O &R L IR L HmIZ LD A> TLEN, B)—727R
VAIRZIVIR BB = 5 PR AR DT LITEEL 0 o7, T v ANMEITE OFFME || REE R ED S 3 L wzlg:
LT < IEO NI R L CLED, R 7o 0 1 IR 2 o\ RO I R o 2z L Ik
WZUHE L Crp< s ZOUHE I EN M E A R 772\ &1 53 F DR R 43 1Skt L CL O H0J5 IS 73D b 1% 0
2\ ‘RO A ELER L0 D, £ T, JERITH T TITo TR v ANEIZ L DRl Z AR L L
T, BRI O A D 2P i A B 72012, T T CORBEEZRFT LTz, B2EHERETIE, £, BRI
A TRETHIDITHE FICB W CRIEREZIT o7, T D% E S FIRIENTRENE A IO FTHE T CHE
L., BB Lo TR BRI A bR 535 2L T — R A 157,

B A MBI T 7 A R—I2 8  TRIMEE E 0.8~1.6 1 mIICIBIFDI@IEZEM LU THWASA IR
ERDDIX, EDONBWIBITHEITHD, @ EHC BT B Em OB RIRKIZIL, REHSTTHK
BLIE TR D253 5, JEIBEIZHWOGNDIOW RiT, HffOtERELBIZREE R(LEL T D, BRRIC
XL ATEDEDNS 0.85, 1.30, 1.55pm ~ERIREALL TS, 29 7O kP e L U CTAE HI72 RAME BRI 25
RO FELHER 72> T, @y TR O YR R E G5 2 52 eI D, £2C, & FiE 018
BrOUTIRIME TOFFBEIELRE L FEER L2 (1) . RIAIRRE D T D3 HARTIVINBIL, RYAZ 7Y
JUER AT )L (PMMA) [ZEE~C, 700nm LA F D

W A CBE RS DO, 850nm L L K1 AMEEDFHEOIRIMNK T O

DI F B TG R m <R DA D32 D 15153 1l HIEE (%)

Az, RRLIZ @5 F- O T, AV ATF L 750nm 850nm 950nm
(PS) DYtz 23 BLAF THY |, RY A1 —HR =

—HPOBLIUAESEBEIEE RIS =T, joguitonated polyimide 91.5 89. 5 89. 4

RV Z e’ L (PP) VT ARAMEIR I Z BV CF

LRV BBSRE R, BRI/ g7 T LT 8T 886
JLRVEED C-H fE D& E-3°, i ikfgs  PC 91. 4 88. 3 86. 7
720D C-H #5 B D3R BRNT=0, PMMA  ps 92.7 89.8 89.3
R PSIZHATRARINIIZ BT DI E RIS 66,9 63,3 64 5

ELLEW RIS, KRBRIZBWT
EYEAGIE YD 731 L eitiean Byt

&

il

A FETOMFZEND Il B R ARRVAIRICA A ML AE AN LT R AR 2V B E S 2 AR
HZEZED | BT e oy TRER T AT ENTE e, OB RV @ 5 TR WDZET, 77AN
— AR D LN TETZ, ZORVAIR AV B E 77 1-1% 300°CONNEGLERIZ L~ T, AIRERO B
7T L7l B B RTIE O 70 VI BRI ChHA AV R R He A BB 9 A2 LN CX -, ALK TR A L
BEL7-RVAIR ZRE 1L, TG DORIAIRTHH I 7 o LRI, BT RIRTHY | SO 2R
L7e, SlialBRIZIS T 25 RIREE 3 L UMW OCDRIENS R T TAF v 7 T 7 A/3—L L THOWGILT
WBIRY AR TV VR AT A TR SR\ OBEATREE Th DT LMD~ T2, DI, HilE I
GEARIME) COFFTBMEIZ AL T, 1RO TR 0 - FBM L U Ch RIS O Sed i a4 = Lz,

INGDOZEEREZ T, 5% 77 A3 —OVERUC LR BT RO B B 258D 8 7y 12155128012,
By OLESHEEICEL T ES AT LS TR E TIRITRICEZ/EDZ LN TEAR ), F-—HhE(h
THZETHITRIZEZEDZENTERV, SHIT, BUNBROMEL I CEEEDZELOMBEIZHOITT S
ZENTODOWTHRFIEIT > QUK T ETH D,
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Laser Beam Scanning Mirrors Composed of a New Material and its Application to Eye—Wear Displays
s LR AR R, SR BRI 5 — R0, SaARHE LS @A AT
Toshio KATSUYAMA, Ryoya ISHIGAMI, Keiichi TERADA, Yoshiteru KEIKOIN, Kazuo IWAHORI,
Masaya SUZUKI and Yasukazu FUKUMURA

Abstract

Ultra—small Micro Electro Mechanical Systems (MEMS) mirrors have been fabricated by improving the
thickness and the coercivity of the Fe—Pt magnetic films. The optical engine with the MEMS mirror has also
been fabricated, which establishes the basic technology for the eye wear laser displays.
B

IREEHIL —H « T A AT VA DFEBLA BRI, Fe-Pt B RO R b AR RE T DR Z [FIRFZ X | 8/
B9 Micro Electro Mechanical Systems (MEMS) 27 —&AERIL7-, F7=. 2D MEMS X7 —Z## L7-F22E
HFm DU ERIEL IR T A AT LA D FARE AT LTz,

i

il

VTR, MUEIHREL COT AAT LA BOREITE L, E<ICMBE B ~EER Y T DIRER DT A
TLAE, A% RNIBETHEMFHSN TS Y, ZOEBOTDITIE, A7 —HiRE 557200 = JHfal —
PRIFEE ., ZNBHHT 5 ZARKDOL —VE—2%—RIZTHEHEZ 2P, BIOL—FE—20% 2 IRTICER
T HAEAM MEMS I7—% —{&{bLI=Dtpm o o | OB/ N EAREE /2> T D,

T ClE Fe-Pt BEMEEE © DOIERRAL IR O KZRIFHCXY, ZhE AW TEZRH MEMS 27 —0%
MR b2 X ST R AW E T 5, £72. 20 MEMS 7 —Z%fA AT R D ORIERE R, Zha H
WEIREEH T A AT VAR T DRREHE ROV TH I E 775,

ERFELERER

IRGETIL — - F 2L ADEBA B2, 12, 1EEEH MEMS 35—0 Fe-Pt BaME IO L m |
LR, 2. A D DR EFERME, BI O3 NFT D DIREE T L — A~ DS AL RS
T A ATV A T AT DIERUZ OV TR LTz, LA R B Z STl e R T,

1. eEAH MEMS 25— Fe-Pt WaM: I Ktk a1 & LA

WEAEE DR R T, Fe-Pt BAMEIRDJEE A | —HEAEFED 100 nm 7>5 500 nm FLE 2 Kb 9228 TE
D3, PRREIEIHZ 10 kOe 735 4 kOe &0/ NS o7, BRBEI DS K EUWNEE AN BRBE D AL 25 53T
—REDBAEDNEND T, AL, Fe-Pt EMEREO IR 500 nm ([ZfR->72F F, PREE ) DIR A -
77

PR SRR C BV BR R A il 2 28 2 TR LT S, BRODFL AR EE 51.3% D5 k2 750°C TEVILERL 7= Fe-Pt
WEMEERE DR 1 3 b K&EL L 8 kOe FREE THAHZ LMD o7, ZORFDRREAT Y AR AN 1 1R
T, F o MRS TR T, SRR LAY 53.8%0 46.9%2725 L IR I1IEFNZH 7 kOe, 6 kOe E270/NEL
72BN, WEAREEAERIL 7 REMEIE DRI /) 4 kOe VR EL 2> TD, BL EDOFERED, SRRk L 51.3%DFK
Bz 750°C TEVILER L 7= Fe-Pt BEMEHIE.Y, MEMS 27— FREME MRS L C, Bl AL Choi ChDZEMN 0

277,

2. FEADE D DR EERE

HIREHEVEIC SR ER B oL — a2 T MEMS 35— 4EEE R . — > 0iiEn o
PRENT 4~9 kHz, O — DD EA T 58l E D OIEE T 16~30 kHz (272D IR E LT, R, FEY =y F
UM AE VT, ANl DG I ERWITHR RIS =y F U7 SivTe MEMS 7 —Z2ERILT- (1K 2)

R RS E A B AR 2 () AP =L — S Z — BRI - =L — BB N — T B A e =R T T — LR
EAEBHIEED, R AL R 2T R AHEEAED, P RRA S v L~ S RGERR O BGIEDE ERR A AR B SEER T/ FRN EpE
il

AWFFEE, ATTILRINFFE R L L C(AM) B PSR — e X —DME R, A - R T U — VRS i, RS AL A
a7 RSt v = RHPEER S, MATEE TS LSRR T I L 72 D TH D,
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%12, 20O MEMS 37 —% W TCEBIOE R P a4 72 ERILUT- (4 3) . 2084 SN ~D
BRI B 713, FET VDO — HFOuERNL, SME~O) —R a3 Iz Lz,

3. P VUDIREET L — A~OEE I E L LIRS T A AT VA - TN AT DVERL

FEERE T D UAR BT L — AZEEE L IR T A AT LA T a N AT, S Db S
THHR, . FROL—FE— 0% BN TR BB LT B B TR L, BEFLICE DRSS L L
7o ZNHOBEEZ T X CHREE BT L7558 OIREIH T A AT L A - T ahF A7 ORERIZ X 4 12R LT,
Lth 51 &fE, ZOWBRDOT AAT L ADFEALE K > T TETHD,

&

(i

RS L — SR L Z— TR B R A D TOA T LM TR B Cdh D Fe-Pt 54 V=&
WEBRENR MEMS X7 —4 AR EL T, Bf b =R G/ OLIRE L ER H MEMS X7 —2 ML 72 328 L7
TV OVERIR R E D | ENOIRSE~DIEHAR AT -7,

ZORER, SkOMER L 51.3%D % 750°C TEVILEEL 7= Fe-Pt B&ME# .S MEMS 27— FRGIME RS L
THIE THHIEN ol Fe, IRV =y T 7 HilT 2 VT, Fe-Pt BaM: 2 IV 2 IotE#R
MEMS I5—%3RMEL ., Fa W B DRI, $7-, s DO DRSS~
L— LD R e, MR A R OBRETEATO, IREEEL T A AT L AT N AT DO IR AT T D280
T&ET,

SECER

1) B. Kress, Frontiers in Optics 201, San Jose, USA, FTu2C.1 (2015)

2) A. Nakao et a/, Opt. Commun., 330, 45 (2014)

3) A. Nakao et al, The 22nd International Display Workshops (IDW ’15), Otsu Prince Hotel, Otsu, Japan,
PRJp1-5L (2015)

4) R. Ishigami, C. Batchuluun and K. Yasuda, Nucl., Instr. Meth. B, 275, 58 (2012)
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o 1{

3 BB 4 IREFUT A ATV ARERK

- 159 -



P Beits = 3L — g o 2 — R Se AR Ok 29 4R )]

TN GEFVT T LA % T IR S FRIEIZ LD KB AT AT WO B RS
Development on Hydrogen Production System by Water Splitting at Room Temperature Using Radical Doped
Lithium Oxides
TR EE O, SeARBHAT, APEER
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

The effects of irradiation with 10 keV D," ions on the hydrogen and water absorption and desorption
characteristics of LiyZrOs; and platinum—coated LizZrO; (Pt-Li,ZrOs) were investigated by employing weight
gain measurements (WGM). The WGM results indicated that the amounts of H and H.O absorbed into the ion
irradiated bulk LizZrOs; and Pt—-Li,ZrOs; samples in air at room temperature increased up to 2—3 times, as
compared with those of the unirradiated ones.
Cy

LiyZrOs 38O Pt-LixZrOs DKWL FS L OWLEERFEIZ 35152 10 keV DEIKFED,)A A Ha G50 S i &
HIMWGM)EZ W TBUAIS Uz, Do A4 BRI STz LinZrOs B8 KON Pt-LisZrOs 2 SR IZ I W T2 IS
RL72EZA, MINSNTKRBLOUKFERIL, RIHFUEE 58 2~3 5 E TR A TN 52808
WGM (2o TORENTZ,

&

il

IRSEWINL, B L OV R A A 327 2 IV E B VT ALK BRI B O R K 5y
fif - KBRS AT DB O I A L2 EE B LT, BRIIZIE, 10 keV O EAFZED)AAHIB, 5 k
eV D DAFNANRBZIT K 25 nm DT T7FFPOFFE L ON) 4100°CETORENEED R I E %
WAL OELZEICED, E b, BRI OMEH LB S 25 [ ZE L, £ 10 nm L FOUF T AR 3R
f DI BB OT=T O IN AT S, BRI DK AKEWI I L OWTRR., KEARRED K

RoaY s A R A A RV B b =1 B b S e N = ) Dy

EB

ZIVETOMERRFICIE S, RV T T A(Li,CO) A% 1100°CLL E @& i3 L2 R 55 XU 30T
BEfE 52l ko T, BEAS 8 mm, JES 1 mm DF A AZMRD LinZrOs st ERL 7=, 20345 1x107 Pa
DL FoO@BEZZEENICE AL, RSB TV BLEERNSD 5 keV O DAL (10 keV D Dy’ A
T o) A BRI S U TR EIZH 0.5~1.0 X 10'8 ions/cm? DR B E TRE L=, Foid, 7 kb2
VB 7 HEE 2 W T RIRB L O EZEFR SISO CEUBHH A JESK 25 nm D Pt #78E LT,

fEE

Bt HEHINOEIS X, 2 TOREHIX L TR EBER RO MEEH ML 7, ZoE & INDZE
KRB R AAE T H B E BN O RIS L TRY,, BRI R K OKELIINNER O—>TH
HEEZ HNA, BT, DAF RS LizZrOs 38 LY Pt-LiyZrOs 5B IO E| S 1%, 9 2000 hrs THI 9
~12 wthlZEEL . RS LiZrOs BBt B EHINEOK 2~3 (5L L2752 203 b o7, 1E- T, kR mE
(BT DR IRGNEINAZ L AR ZU T FB KON P il h A LA R U Z L > Ta LS aZ &V HIBHL
72

2 SR
1) B. Tsuchiva et a/, Int. J. Hydrogen Energ., 42, 23746-23750 (2017)

AR B0 - BAR A 2 R Ll MM B R L (A M) BRI = X —WF5e o 2 — WFSEBR I - =L — 4 EE
="
ABFEIL ASERILRIAF TR 3 L LT () B PE = L — et 2 — RN R F L IL R THIEL 725 DO Th D,
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Observation of Pore Morphology in Lotus—type Porous Magnesium by means of X-ray CT Scan
HIS SR | RS | (LR — AR BPAT O PR
Hideo NAKAJIMA, Kazufumi YASUNAGA, Ryuichiro YAMAGISHI, Hikaru NOMURA and Takuya IDE

Abstract

Lotus—type porous magnesium was fabricated by means of continuous crucible solidification method in
pressurized hydrogen and helium. The morphology of the pores in lotus magnesium was observed through X-
ray CT(computed tomography) scan technique. Influence of partial pressure of hydrogen to the morphology of
lotus magnesium was investigated. It is found that the porosity increases with increasing partial pressure of
hydrogen under the constant total pressure of mixed gas, which is attributed to pore evolution due to
hydrogen.
Gy

TNEKFEEANVT AFRF S COBGEH B E AL > Co—Z AR —F 2~ 7 2o APMERIS -, £
DEALTERER X #t CT AX v ABIC Lo TR LTz, KBEDEOR—F AT R M RIE T HEE R~
oo AN AD T2 —EIHERF LIS T CRALRAVKFE S EOHIME I TN 72, 2T LD AR
TRNKFZE THLHT-D THA,

ﬁ%‘

il

YRV LBIOZDOGEITRBEEFZMNGEMEIEL TS ES R TSI TOMRBILRLS>2H5,
ORI FT D UL TENITHE RO\ B2 M H LA TED, MEZH A A Ton—Z 2R —F X
TR LOVERUTFER AFZENRSIVTOD YA, KALIERER 3 Yot A A=V 7 ELTHIEL . KALE, &
AR LILITRALR S 2 RFHUSER LA FE T B Th o7z, AFFETIE X #f CT AF v EZ VT 3R
TCRAZREA I IIE L | /AL RBIZ RIE T 7K BB L OANIT DI AD B2~

ERITE

HEE 99.9% D~ R Ay R &7 T 7 7 A MIHHICHE AL 2 0.5MPa
DKFBBLOANIY LIEE T AR THBE LRI T 750 CITINEAL TafREL
7% T7F 2 —2—|21->T0.33mm/s OFEE CHHRAZ T 7 ICBEIX
BT HEEEZT TR, X CT A%y kI lhn—2 A~/ 1w
LORAIREEBEE LT,

EBER ;
ORI EDOHINEITIIMN LT, X BR CT AX Y LA A= 7 2Rt SoEY KEE AL
L. GILER, GALER. KILES, 207 2~ ez R, A “ 6;

(b) 0.2MPa  12.7%
(c) 0.3MPa  23.4%
(d) 0.4MPa  29.7%
(e) 0.5MPa  34.3%

&
HiZ2 W — A Lo Tr— XA~ 7 20 AOVERLN AT HEIC
ol At RILOT AT N Z NS E LM 7E 217729,

il

2 TR 1 X#CT AF %2 koT
1) M. Tane et al., Acta Materialia, Vol. 84, 80-94 (2015). HESILFEO—Z A< T 3T A

() FEPRAB = R — e & — 2 () 3B = 0L — ek & — - BFZEHIE D - = p Lo — AR L — 7 5 (i) ki =
A —HFGE S — AR SRR - B R R SE T e R, P — 2 A —~ b a—ar
ARBFZEL, (AR B =N —WFFE 2 — DB —Z A=~ LY a—ar EARTTEBLIZH DO THD,
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Distribution of Sn Nanoparticles on Carbon Nanotubes
LIRS S O 2 2 AR L
Kazufumi YASUNAGA, Daisuke Hotta and Tatsuya SASAKI
Abstract

A coating technology of tin layer on carbon nanotubes (CNT) has been developed to increase sliding
properties. TEM observation revealed that inhomogeneous distribution of Sn nanoparticles on individual CNT
S.

B

HENRF RO UEEZ BEL T, I—AR T /T 2—7 (CNT) L1285 (Sn) 248 T 28 2B CTh o,

TEM BIERIZ LY, Sn 1FEEERED T 7RI L LT CNT _EIZARE—IZ A L CWDIZE LT,

I

=
MOBEE M EEREME o B R B ME (GBI ) 21X U & LT & O MEREZAT N DR REMED » X LT, T/
HAXELRR CNT, 77— DT SR Z B A LT iR Ni-P > X BT 58517 > CD, fx
720> XM CHRURRED B72 D) /G Do X3k A ERIL | iR A 7 BAMEE (TEM) %4 AV T kL
FDOS>XFETTOHBRIELZFAML . T /A D> EDIEREIN O ICH 5T 522 B L LT, K
WFZE I, BRI S B E S I SIS ONT oD Sn R DOIRBEIZ DWW TR LT,

AREEDEE

FIEERFE L TEE I —AR ) /F 2—7 (multi-walled carbon
nanotube; MWNT)& Sn O SR +2ERIL7-, BIELT 25 /84
K713, MWNT OB I —HEIZ Sn DRSS T-H D THS, MWNT
~O Sn OHE D FZHIZIL, DoXOHEMEHWTWD, T/ Ak
TR L CTRY, ZOBBIRE ~ A7y M W C TEM
DTV R A 2T R B2 T U — 2 — R CO 3 I itk
\Z TEM 8227, [} 1 1% Sn O - ZMLFRL 7= MWNT OAREEZ R4
A AH I E TSR B4 (STEM-BF 14) Th b, KEITRL
7= MWNT OEITH 25 nm TH D, sk CHHA TR IR B
nm OF SR HEEEL TOD, MOFEIRS [FIERIZ, BRI X R 72508
WEEE LT KI5 MWNT OB T fEls A 4 L T 5, 11 2 13X 1 1 MWNT & Sn O F SR T
Ao KV VR CHY L7 STEM-BF R OVE A @S TH @ STEM-BF &
BTN~ HI X oo s 5 g
(STEM-EDS &) T& 5, STEM-EDS 141
13 (C) &k, Sn ZAR CTHRRL TS,
L LT R DAY IE Sn T MWNT (2
B DEHEIRE CRIEL OB ENHD
INTHD,

=
CNT % Sn CHFE T 29I/ 528k C 2 MWNT & Sn OF &k DA% <1 STEM-
1%, —HEe Tl Sn T RIS BF 4 )% O STEM-EDS 4

CNT ORI EEE LT, A1k, &
DXL T HRELZ FZHR T LT ETHD,

AR FHE L — e 2 — S RFSEBR R - LR L — T T AT R - BT B AR
AWFFEE, (A BPIE RN — 50 e =037 A7y VRS L L F CEIE LI D TH D,
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Research Study of Durability Enhanced Metal Film for Flexible Conductive Materials
LR P — RIS 22 7KR B2 AR RS | AT
Ryuichiro YAMAGISHI, Kazufumi YASUNAGA, Takemichi Kasashima and Kazuhisa TSUJIMOTO

Abstract

Copper-silver (Cu-Ag) and silver (Ag) coated conductive textiles were fabricated, and their heat resistance
were investigated. Auger Electron Spectroscopy (AES) revealed that Cu migrated to the surface in the Cu-Ag
coated conductive textile, and X-ray Photoelectron Spectroscopy (XPS) revealed that the oxidation of Ag took
place in the Ag coated conductive textile.
B9

TL Y =7 25 BRI T OB A L LT fRHESRA ITH (Cu) O > 08 (Ag) h > &4 fit L7-Fl 4 DFE M
WHEFM ZBHFE T TH D, ZNHOBRARB T ORMIZIT, Ei-CEEREE T CEAASEBEOE TARETD
HORHY, MHAMED [ ESFREE /25> TD, AWFE T, BREEMAMER B2 HrE L C, FHEEMERM
DAL EMAX FENL O R E ST EAT o7, FORER. Cu-Ag D&M TldmiE FIZB W TEE~D Cu
DOILEN, Ag DX R TIIEHIRRHEE TIZHEWT Ag DR EAEZTWALZERI BN 5T,

HE

il

TL Y a= I AT O T LA T VIR RSB R L L C L MHEIC & B A AT 5 U7 i MR E R A
DRI A TV, ZNHOEBMHEE ML, BB A M RO SN TWD, BIERRR SO,
RIZAT AR RIZ Cu HoERL Ag Do S A fir L
7~ -oX M0, BLORY AT LRI Ag H->Z A oo
TERE LT Ag Do RIT, HHED 7L 7ML S8
DOEEMNZ TN LT HZM THDH, LLRAD, &l
BB HNTEE AR BT, BESLEBE DK
TR DT LRSI, MANED A L SFREEE 7R

T3y

Intensity

100 — Ag
S TND, RRFFETIE, ZNENOREH R T — } o
DT XPS SIHTEAT N, 28 (S5 D5 R 2R T2 oA IA N T
LEblz, EADMHANER -0 AIAEMEIC S THREL P e w w w o
7":0 ToF 7 EE
RS y EBEMAL

Cu-Ag > A D &R AER (100°C, 1000 K;f) T
25, (SR DI ET-1 T 4 60) SRSz, 28 ”

BIERALIZHDONT, A=V =B A IEEEZ AV Toe®E
IHTEAT ST, TEEERONE I TR ZEE D HHI 800
nm F£THI 10 nm ZN L LT, X 112 Cu-Ag H->EAfi

Intensity

DT Ty (WIABOIZE I LA QT O K Hi A AN A N sty
b)%{%éﬁm—]f{ﬁ@ 800 nm if@ﬁ%ﬁj\ﬁ%%bfzo ’ 0 10 20 30 40 '50 60 ‘:o 80

TIU U TIERBIZ Ag DFAET HDITKIL ., 22 Ty U EH
ALDTFIE Cu BEREITFTEL TWD, (RIRGER (—
40°C) TIHEQMNHALNIZN-T=ZED 5, 100°CDE
IREEBRFIC CumdMREANLHRLE AP ETEBZH
D,

1 Cu-Ag OSEXAFDT T 7 LI EERALD
FHHIRES T ~D TR

() BT L 5E s A — A S T - BT RR 2R L 2 (A F5BRE — L X — R SE s 2 — - SR B JE BT - =R L —
MR V=T B L RS ISR B 2 — BRI SE S — v —T
AHFGEIL, (AM) BB =R —I5e b F— 3t — L R A L R CEML 72D Th 5,
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Ag Do &% (= MlAK) O iR EER (100°C, 250 IKefE]) LR (FEEEIN 6 RFE) IZKVEEEOIR T

DHETR ST, BEMAR T ERALIZ DWW T, X B E 753 615 (XPS) Z W TR i 21T o7, Ag H-o &%
IR EEBITHRAA FNTDIRRED T2 | RIDIRAEN ) — 723 — NRFEHZ LE R T 3B DB LS
TN RN E 3 CHDHA— V= oW CIEIEMEfE RASDZENNEEE B 2 1=, 22 THlsigatkl ¢
HFRESHTINATRE.R XPS IR L, Se R 05K 200 nm £ TOTLEFHRAK 10 nm 24 THIE L, X 2
IZAg H-ZROT T 7 GREEAREN) | il ikliR, @ERBROS 7V RED LIRS 1A TH 200 nm £
TOILHR A E R LT, ZHORG, EEEOIR T RALN SRR L OB ERBR TIX O OFIER
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Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
2 @ SN 1:E 5
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

Carbon steel (S45C) with the diameter of sliding surfaces of 40~50 mm ¢ was burnished at 1200 rpm, which
was observed by cross—sectional Transmission Electron Microscopy (TEM). The dark—field observation and
Scanning Transmission Electron Microscopy—Energy Dispersive Spectroscopy (STEM-EDS) revealed that
both size of crystal grains and carbides changed from pm-—size to nano—sized structure after burnishing.
B9
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Microstructure of TiN-Latex Layer for a Separator Coating in PEFC
LEKFNEE L
Kazufumi YASUNAGA and Masahiko HATAKEYAMA
Abstract

Microstructures of a TiN-Latex layer for a separator coating in polymer electrolyte membrane fuel cell
(PEFC) were observed by STEM (Scanning Transmission Electron Microscopy), and the shape, size, and the
distribution of TiN particles on latex particles were investigated. TiN particles have various forms, and mean
diameter of them range nano to micrometers in size. Mainly nanometer—size TiN particles adhere to the latex
particles.
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