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it7-r^^(CR±t y 2 1 1 a £/<y^2 0 £(DmiZ.&3.tlZ>{iLmiZ.£>ttZ> 
fflbiy^SP 1 ©Jl^t reh©J;b r/t 

[0029] t/c, too BPP2 1 Wc<fc£ LZZ&t £ 

o R±ty2 1 1 a^/^f2O^:0f|©^lJ77>X^cre^ 

U Lo$JPX»7-r^^(CR±t y 2 1 1 at/<y^2 0t(DmiZ^ 

tlZltmiZ&tfZ Lo$JPXtu©MLiyj^ff^P 1 (DM-fr$: t re<h L/cif^ 

ic, { (tre-cre)/tre} xi oo-e^wnSo R 

±sy 2 1 1 a tJ^y^-2 0 £©F^C&3ift£feSl;:£tt£ Lo^JPXfi© 

M L m. y J»SP 1 ©Jl^ (C*@ ^t5o L ̂  $ W A $ IN & £\ Zn!«)^ 

< & y, too 

[0030] m £-ffl©too$Ji(C£tt£E7(Z)too$Ji 1 3©*=£IL-*. 

XRsk^t^77^5o too too $J1 1 3(D7,*IL 

-^XRsk^tfil^t^o ^l-^Rskfcli, a*H®B 

fe'So 

[0031] 7^2-^7Rsktt% too^Jfl 30HQ1 3a (^7#BS) 

[M 

(=iitefr^$a$£<£> 2 JfcE— / > b <DT3iW 
I Z3(x)dx : 3Jfct-;*> h 
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'>&<, too s k (C-^N 

Ttt, ^HHSIA^Ci: •i>4#Hf] 2 0 0 6—1 9 3 7 7 6^$£-etfftBJ^tlT^ 

^ o 

[0032] Z n^too$i!fe©ffl§I<h LT^ Zn-AI-Mg 
^^#to o $1!^ i^b;£S^£pxto o zmfa. ;§S^fpxto o ® 
%W&Jto o $IS*Jx;6^f tl£0 z n - A I - M g ^^r^to o it 

||&5(C(iZ n <h 6I1%0A I CPJU^-^A) ^31i%0Mg ("7^ 

*>^A) $ji^ii^®(cSteL/ct(Z)-efe^o * 

l±lgIA^^tl^tl©7sdrZL-^7sR s k £tiSL/c<h :5, g]8(C^-ti:9 

(C% Z n — A I — M g ^"n#to o $ life (D7-. dp IL —^3> R s k(£ — 0 . 6 7^ 

>Sfr^-1. 3 £1±©|5H (C#£tu ^©^©too 0. 6£l±fr 
0 l^T (D15H (C # £ tl £ o <h o /co 

[0033] )XIZS m 9(is Z n-A I - M g ^#too 

X (= r / t re) Lcmr 

/t re,h^^tl^tl^M-r^i:9(C, ~F§E©£#ICTZ n - A I -MglM 

to o <h t £ HI 2 © £ 9 &#nH Lj^ff^pp (Cft L T M 5 (C^f <£ 9 

L^JPI^TO/CO &fc\ 1 . 8 m 

mT\ f©to^$^fi(i9 0g/m2-eS)§o t/c, L JPIfu© t rett 2 

. 4 5m mT'feo/co 

[0034] [^1] 

1 ttHtt©rt#E!MKJ»%) 
C Si Mn P S Ai Ti 

Z n —A I — Mg| 0.002 0.006 0.14 0.014 0.006 0.032 0.056 
•n^ACio 

0.002 0.006 
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[H2] 

a 2 

(N/mm2) (N/ mm2) 
ft# 
(%) 

®$Hv 

Z n —A I —Mgl 
a"#<3£> "P 164 304 49.2 87 

[H3] 

7° I/X& 2500kN l-7>*77-7° b* 

L zrtiPXltKDi^ff^PXtPCD^^ 7.4mm 
2. Omm 

Lzr$iDXffl^§aCDH§|50ffi$^I r 1.0~4.2mm 
1.84~2. 50mm 

7° W;fi TN-20 (SijRSjftftBfi) 

[0035] |§|9©i£$fl& { (tre—cre) / t J XI 0 LL 

% r/t ret?^fe;*ft£MSP2 1 1 r «h U CT£2U]ItflSI7 f 

•2>(C Rih^ y 2 1 1 a t/<y^2 0 t<DffllZ&£tlZtiLSlZ£lf& 

JPIfu©MLI$yj5£ff^ 1 (DMfrtret(Dtt,TfoZ0 O 

tl^w#tta&o $5$©fg££i£p 

0f4^iPi§ £ <h "C $ o tc t IN 9 LT IN£c 

[0036] m 9 9 fC\ Z n - A I -M g ^hS&Sb-o Ttefc)1? 

s R s k 0. 6^>Sfr-3>-1. 3 yi±<Dtt&<DlM'£% L CT 

z?m$:Yt L r/t re£X£ LTY= 1 8. 7X-6. 1 -e^b£ft£itlfeg© 
0. 6^X^1. 5(DmMT6t)-3$}$(D^£$:iAo 

o, Muiyjtra 1 <D\j-^)iij££&afdt#-c 
tltco x> 1 . 5 r u/cil^ i;/cQ 

X^1. 5tt r (D±m%m,MLT^Z>o ±^(D^^)lZs ¥&r(D±m&fr& 
Liy J5£BaM h LTIN^)0 X=1. 5tfe§i$r = 3 
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. 7 mm-C&y, $h3(D£vlZ h = 7. 4 m m-?£>•?> CD T\ X^1. 5&r 

^0. X + ktf-O. 

-i. 3i^±mm(Dm^s Y=IS. 7X-6. my, A^X^O. 6 
, ^r^O, 5 h BnP2 1 1 r Jktf R ± £ y 

2 1 1 a^^>f2O^0Fp]0^iJ77>Xcre^T§(:^;t\ too$;$ 

Ts 0<Y<h*I£LT^£®&, Lo$^Y^O%iilT(Z)ii^(C(iLr$JP 

If C & b & IN to "C £> -5 o 

[0037] >kiZs HI 1 0 m 8 ©^#lb;£S4M£pxtoo >£I4»qxtoo 
&T/«Effifpxtoo$i!^C£tt£ LZZ&YtX (=r/tj t(Dmi%%^ 

o TiB©^#(cT^^b;§s^fpxtoo$iite 
s ^ii»pxtoo 

fco (i!3#BS) 15l0Zn-A 

I -Mg^^too^life® Lo$jQI,h^]i|-efe£o t/c, ^^-fb^illM 

fpto o ;§S4®fp'to o $ lite Its teJ¥tf 1 . 8 m m T\ too 

^9 0g/m2,hLfco BSlfSlSptoo $ii^C-3>INT&* 1 . 8mmf\ 

too?#ii^2 0g/m^L/c0 t/c, L CT$ JPXfu© t rett 2 . 4 5 mm 

"efeo/c0 

[0038] [^4] 

4 

#>o c!fS c Si Mn P S Al Ti 
£Mk;§iB!ffifav 

#>o c?ii® 
0,003 0.005 0.14 0.014 0.006 0.035 0.070 

;§S£®JB#>o ^ 0.004 0.006 0.15 0.014 0.007 0.039 0.065 

0.002 0.004 0.13 0.013 0.008 0.041 0.071 
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[H5] 

5 mmwmmwR 
(N/mm2) (N/mm2) (%) 

g$Hv 

«>o£SM5 175 315 46.2 89 

iguaa&i&^SMs 178 318 45.7 90 

easts# og»K 159 285 53.4 84 

[0039] m 1 0 9 ic, i^bM®£pxtoo 

t/BEMfpxtoo $iS*Jx©il^K ?t£;bt>s X^n — ̂ XRskif-O. 6£l 

±fr-D 0 £XT(Dttm(Dm^ L^$^Y^L r/tre^X^:lTY=1 4. 

4 X — 6. 0. 8^X^1. 5 

MLiyj»SP1 ©\f&*iJt£££F 
d <h tf-C $ £ O <h fils§£ tltco m 9 (DM t |W]^tC. X = 1 . 5V& 

Zt$r = 3. 7mmtfelJ, il3©i:9(Ch = 7. 4mm-?£>£©"?* X 

^1. 5&r^0. 5 Mc*g^f£o ^i-^Rski<-0 

. 6 J^Uzfr^OJ^TF ©**$•©*§•&. Y = 1 8 . 7 X — 6 . 1 J^T. fr^X^ 

0. 8, fr^r^O. 5 h <£•?£, MnP2 1 1©ffi^^r&t/R 

±^^2 1 1 a tJ^y^-2 0 <h©P^©^ U 77VXcre^)^t-i>ctt\ to 

o tff®s§£ tl7to 

[0040] XdrZL-^XR 

sk^-0. 6^A^-1. 3£l±©Hfa©lfi^C, { (t re-cre) /t re 

} X 1 0 0-C^b£ft£Y£ r/t re-C^;b;*ft£X£tfO<Y^ 18. 7 X 

-6. 1 ®cL, fr^X#X^0. 6^1itU fr^rtfr^ 0. 5h£ 

^fct" <£•?£, SnP2 1 10i$^lr^RjhSy2 1 1 aih/^Vf2 0 

<h©p^©^ IJ 77>7c j<^nt^5©-e, -SP©^®MiiJi (too$ 

si o) ic*s&^tf£i;£c:££[iKg-e^ ^©s (too^so ©3§ 

o 3&M*©5$©fg£fi£<frMT&ZtV* LZZAnIf£©j5£ 

MlSP 1 ©^®IC^/JN*K £*SP (fT*a) 

m ^/cS^ttfg/^Mb^ ti/c y, £ e> (c^©)$©p&£^n^£ L/C y t 
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[0041] Jfc, ^1-^Rskli-O. { 

(t re— c re) / t re} X 1 0 0 ti£ Yih r/t reT'll>b^ ti£ X <h if-

0<Y^14. 4 X — 6 . 4%ffitcU fr-DXtfX^O. 8 ZffitcU frl 

rtfr^ 0. 5 h <fc 9 £MSP2 1 1 0i$^g r&tJfR±S y 2 1 

1 a 2 0 ^©1©^ U 77 V^cre^^tltl,^©t\ ±§E L/c 

X + s ktf-0. 1 . 

, MSP2 1 1 o 

[0042] t/c, n SSH&-e&£ L 

/c^\ *fgBJ3tt0iJ A.(CfStt £ tl/c7)1 $ - £ At5#©ffe©^l® 

(c fc M T? $ £ o 
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HacOlfiH 
[II^IH] ftjin. ^JIH 

iyj^SPlCtt LT LZZbUX&ftjfctiXD 

Xs 

tu IB/ ̂  y 51 (D #J1 IZ13® £ tls tu IBSTJSPP £ %#fn t L T tu IBJfnJx L 

i y L 3A £ ft £ * tu IB/ * > T t (D ̂  IZMJ&T Z> V 4 

fulBAy^Rtfmi^y-i t(Df&\IciulBtfnH Liy Jq^pPAMiSI"£ 

<£ 9 (CfuEBAV-^^.t/fuEBy-f (Cftfq] LTIBST* ft% f!uE3A>-^>&.TJ? 

fulB^y t ftttmz.iz J; y fulBM Liy J»SP£fulBff 
£}f LKSP£ 

fulfil-f (is fulBfl3A7v:©AP^ii(C|BS^ ft£ 111 (Cp/r^CDffi 

£ a® (c £ y ft/cssp ^, IUIBSPP© R ± t y ^ 
^IUIBM Liy mttmnTk^mzy^-o tis^ ftxtuiBM Li 
y $J12SP©Jf J: y fulEM Liy J»SP©fulE^Jllt©lt®^ 
jfUj^ftsi^jis^^^-eay. 

tulBII®MlI#Ste©7vdr J- —^-Tv R s k (i — 0 . 67^)^^"^—1 

. 3j^±-es>y. 
fuiBSSP©a^^t/tuiBR±t y tmm^yTtvmw <j r 

^yxits 

fulESpPCDffi^^l^: r t Ls fulERih^ y hfulEAV^11 (DW\(D 

0 <J T^yxfrc ret Ls tulBLo$Jpx»7-r^^(CfulBR±t 

y «htulB/^>51«h©rp^c^Sfti>l4Stcjjt-ti>tul3 L CT$JPlfuCDfu 

HBSTJSLiy J5£ff^pPCDJ5<^£: t re<h Ls tuHBSijSLiy ̂ ff^pP©i^^ 

£ h t L/cif-n 
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{ (t re— c re) / t re} X 1 0 0 X^^D^S ft£ Yih r/t reX^O 

$tl5Xt^0<Y^18. 7 X — 6 . I^USfcU A^XA<X^O 

. 6^ifcU ^rii^r^O. 5 h *kWct &• 9 tlX^Z 

\ 

bzttiNJim&Mo 
[ii^ii2] ftjin. ^JIH 

iyj^SPlCtt LT LZZbUX&ftjfctiXD 

Xs 

tu IB/ ̂  y 51 (D #J1 IZ 13® £ tis tu IBSTJS PP £ %£ L T tu IBSTJS L 

i y L & £ ft £ £ tu IB/ * > 51 £ (D (C JFMt 5^ 

tulBA y^Rtfmi^y-i £ (DM IctulBtfnH Li y J^ff^pPAMiSt" £ 

<£ 9 (CtuHB/'NV^^.t/tuHBy-f (Cftfq] LTIBS^ tu tuEBAV-^^.t/ 

tulB^-r £ fttemz.iz J: y tulBM Liy J»SP£tulBff3£^ 
£}f L*£>*-/KSP£ 

tulBy-f (is tulBfl3£7^©AP^ii(C|BS£ ft£ <h <h t (Cp/r^CDffi 

&a® icj:yft/cSpP^, ttiiBSpP©R±sy^ 
^tulBM Liy J»SP©ffM^HC;vnvo TIS^ ftTtulBM Li 

y $J12SP©Jf J: y tulBM Liy J»SP©tulB^Jllt©lt®^ 

£ ft& ftJI® <h £#A,-e&y. 

ttllBII®MlI#Ste©7vdr J- — ^-Tv R s k (£ — 0. 6iH-tfr~D OJ^l 

my^ 
tul3MSP©ffl^¥^t^tul3R±S y htulBAV^OF^©^ U 7 

tulBSpP©®^^^^ r <h Ls tulBRih^ y <htul£(DW\(D 
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£ 'J 77>X^cre^ u tulBLo$Jpx»7'r^^(CtulBR±t 
l) <hfu§3A>51<h©P^(C}^ft'i>'fAZ:S(C£W''i>fiJ§3 L o $-JPItuCDtu 

EBJfrjJs Liy J5£ff^p|3CDJ5<7^£: t re<h Ls tuEB#T^ Liy J^ff^pPCDiffi^ 

't h £ L/cif-n 

{ (t re— c re) /1 re} X 1 0 0 tl& Yih r/t reT!l>b 

£tl£X<h;6*0<Y^ 1 4. 4 X — 6 . 4^ifcL, A^X^X^O 

. 8£>^/cLs fr^rtfr^0. 5 h *kWct &• 9 tlZ^Z 

\ 

[Il5t<II3] iSfeCDiHitC Z n tltc Z n 

^ too II^I11 (CIES© L^^JPXffl# 
gyo 

[11^114] '>&1 0©J$Ml£^®4ra&Jgt5lC?T9 

£ L i y £ Ii <h. 

tu IBM L i y L tcm £ L ̂  $ JPlffl (C «fc y tu IB 

M L i y (c L ̂  $ JP x * ft 9 ii <h 

o Ts 

tu§ELo$JPlffl#§m. 

tu IB/ ^ > 51 CD ^J1 (C IBS £ tls tu IBSTJS PP £ 7*n<h L T tu IBJfnJx L 

i y mmntm L & t ti & £ tu IB/ * > 51 ^ tc jFMt 5^ 

tulBA y^Rtfmi^y-i £ (DM (CtulBJfnJx Li y J^ff^plWftSt" £ 

<£ 9 (CtuHB/'NV^^.t/tuHBy-f (Cftfq] LTIBS^ tu mJEBy^y^RZf 

tusB^-r <h (C J: y tulBM Liy J»^£tu§Eff 

£}f LKSB£ 
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fuiEimft© A Polite IBS 3 ft£ £ £ =fc 

^¥^£^1"3ffi®(C<J;y*ij^ft/cMSP^ fu§SMSP©R±£y 

"bfuEEJfrjJs Liy j^ff^pPCDfliiAJj [RHWO o ftTfuEEjfrjJx Li 

y <fc y IU§EM Liy j»SP©tu§E^jnt©it®^ 

jfia£ft£F>3J!®££^A,'e£y, 

tulEII®MII#Ste©Xdr J. —^-Tv R s Mi — 0. 6 7fe)SAv^-1 

. 3&±-e&y. 
ltllESSP(Dffl^^lRt/tiIlERihSy httllE/^V^«h©^©^ IJ 7 

7 yxits 

fuIEM$P©ffi^¥fl£ r t Ls fuIERitSy £mIBAv^hOfl© 

g 77>X^cre^ Ls fulELo$Jpx^7'r^^(CfulER±t 

y h tulE/ * > 51 <h (D IZ& £. ft £ ftgtc a £ tulE L o $ JPIfu ©tu 

EEJJTJSLiy J^ff^pPCDff^^: t re<h L% IUHESTJSLiy J55cff^pP®I^^ 

h £ L/ciH % 

{ (t re— c re) / t re} X 1 0 0 ft£ Yi; r/t re"Cl^^b 

^fti.X^<0<Y^1 8. 7 X — 6 . 1 ^ifcL, ^9X^X^0 

. 6^ifcL, ^Or^r^O. 5 h <fc-Mc:$fc:££ftTlN£ 

N 

I/io 

cii^ii5] &t£<£&i mommx^mmmm^mmzftv z £x\ fiiwm 
s ^llltMtJHCtulBftllltl&T^fulB^Jlltro^irTn^rflCST^PP^^I" 

z m^kmm L i y J»SP 
IUIBM L i y L tc L C: 5- JPIS ^ & y tuiB 

M L i y J»SP (c L ̂  $ JP x * ft 9 ii «h 

fu§EL^JPIffl#5^ 

fulEAV^OD^JWHClBS^ft, tu§EMSP£«£ LTfuIEML 



WO 2015/111233 22 PCT/JP2014/060704 

i y mmwn L & t n & ty^tom izmmt & v 4 

fulEAy^RtfmiB^-i £(Df&\(CfulEJfnJx Liy J^ff^pPAMiSt"£ 

<£ 9 (CfuEEAV-^^.t/fuEEy-f (Cftfq] LTIBS^ tu mJEBy^y^RZf 

tuiE^y «h ftttmz. iz j; y IUIBM Li y 

iz&b&tetioyf-'ty KSP£ 

tulEy-f (is fulEfl3A7v:©AP^ii(C|BS^ ti£ £ £ t (Cp/r^CDffi 

&a® icj; y n/cssp«h, HUIBMSP© R ±£ y ^ 
^tulEM Liy J»SP©ffM^HC;vnvo TIS^ tiTfulEM Li 

y m^mw^iz £ y tuiEM Li y j»SP©fu§E^jiit©it®^ 
jfUj^nsi^jis^^^-eay. 

tulEII®MlI#Ste©7vdriL —^-Tv R s k(£ — 0. 6iil±Av"^ Oi^l 

T-e&y, 
tuiESSP©a^^t/tuiER±t y tmm^y^tvmw <j r 

^yxits 

fulESpPCDffi^^l^: r t Ls fulERih^ y <hfulE/,N>51<h(Z)^(Z) 

^ U 77>X^cre^ Ls fu§ELo$Jpi»7't£^Cfu§ER±£ 

y <htulE/,N>51<h(Z)^(C^^tl'i)'fAZ;S(Cj3^'i)fiIIE L o ̂ iPIfuCDfu 

HESTJSLiy J55cff^pP©J5<7^^: t re<h Ls IUBEST^ Liy J^ff^pPCDifii^ 

't h £ L/cif-n 

{ (t re— c re) / t re} X 1 0 0 tl£ Yih r/t reT!l>b 

£tl£X<h;6*0<Y^ 1 4. 4 X — 6 . 4^ifcL, A^X^X^O 

. 8£>^/cLs fr^rtfr^0. 5 h *kWct &• 9 tlT^£ 

N 

[If^<II6] fulEII®MlI#Ste(is iSfeCDil®(C Z n titc Z n 

Il^ii4x(iil^ii5 (c§Ei6©j5£ff^S^a;fr)£ 
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O 


