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2 

3 

4 

5 

6 

../7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

,	 26 

27 

28 

A 
0 ~ J:!1'If '5­ <>­

ZCuSn3Zn8Pb6Nii 

Z C uS n3Z nllP b4 

Z CuS n5P b5Z n5 

'ZCuSnlOPl 

ZCuS nlOPb5 
0 

Z CuS nlOZ n2 

ZCuP sins nlO 

ZCuPbl5S n8 

ZCuPbI7Sn,Zn4 

ZCuP'b20S n5 

ZCuP b30 

ZCuAI8\1nI3Fe3 

ZCuAI8 Mn13F'3Ni2 

ZCuAI9Mn2 

ZCuA 19 Fe4Ni4~ln2 

ZCuA I loFe:> 

ZCuA I1OFe3Mn2 

Z Cul n38 

ZCuZn25AI6 Fe3Mn3 

ZCuZn26.\ 14 Fc3Mn3 

lCuZ n31-11 2 
1 

lCuZn35A I Z~ln2F('1 

A 
0 ~ ;j; 1* 

jg, >¥ 

±: 

l!\ 

~ 

3-8-6-1\l,\jlj-1fo! 2.0-4.0 6.0-9.0 4.0-7.0 

3 -11- nf!j1f\lOJ . 2.0-4.0 9.0-13.0 3.0-6.0 

5-5-5m~lf~ 4.0-6.0 4.0-6.0 4.0-6.0 

10- 11£ 1:i.1f<lj 9.0-11.5 

10- 5l¥'o1f\j,] 9.0-11.0 4.0-6.0 

10- 2 1£i1fll' 9.0-11.0 1.0-3.0 

lO-lOlf\ ~.~~ 9.0-11.0 8.0-11.0 

15- 8l!\ ,WI!" 7.0-9.0 13.0-17.0 

l7-4-4'mff-~U1 3.5-5.0 2.0-6.0 14.0-20.0 

20- 5 ~g M",M 4.0-6.0 18,0-23.0 

30!C,iH"1 27.0-33.0 

8 -13- 3 ill i't\lOJ 

8 -13- 3 - 2 \il j!j~~ 

9-2 \giH~ 

9 ­ 4 - 4 - 2 \11 i-'fl!i.} 

10-- 3 ill tr'M 

10- 3 ­

38tii,. 
25- 6 ­

2 tn ilf/d"l 

3 - 3 \gill .. 

.­ it* 
lU 

26- .1 - 3 ­ 3 fR IA '{~ jl;~ 

31 ­ 2 I.e, <Ii ;" 
-

:~5-2-2-1 ~!A'd~ 

jl;~ 

tt* 
]8- 2 ­ Z ~~ !}J. ev1 it'" J .5 - 2.5 

..\.0- 2 !i VJ: ':ju1 jl;;?; 

l(l- 3 ­ 1 ~~ wi!~J 

33- 2 'illll: ,,,, 

10- 2 ill Jl'"j 

16--..\. fr£ 9!H~ 

I tt* 

tt* 
:It", 

jt0 

~ 10-3.0 

0.5-2.5 

I 

I 

- ­

Z C uZ n38.\t n2 r b2 

Z C uZ n'O Mn2 

I	 lCuZnlO\ln3F'1 

ZCuZ n33P b2 

lCul n'OP b2 

ZCuZn16S ;4 

, 

i
 

2 
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jl: % 

!I1l ~ til ~. tili Iii ll'I 

0.5-1.5 Jt;j< 

Jt;j< 

:la 
0.5-1.0 

j :It;j< 

:It#< 

:It;j< 

:It#< 

:It;j< 

:It;j< 

:It;j< 

:It;j< 

7.0-9.0 2.0-'.0 12.0- ).1.5 :It;j< 

1.8-2.5 ·7.0-8.5 2.5-'.0 11.5-14.0 :It;j< 

. 8.0-10.0 1.5-2.5 :It;j< 

4.0-5.0 8.5-10.0 4.0-5.0 0.8-2.5 :It;j< 

8.5-11.0 2.0-'.0 :It;j< 

9.0-11.0 2.0-'.0 1.0-2.0 :It;j< 

60.0-63.0 

.4.5-7.0 2.0-4.0 1.5-4.0 60.0-66.0 

2.5-5.0 1.5-1.0 1.5-·1.0 60.0-66.0 

2.0-3.0 66.0-68.0 

0.5-2.5 0.5 ­ 2. 0 0.1-3.0 57.0-65.0 

1.5-2.5 57.0-60.0 

1.0-2.0 57.0-60.0 

0.5-1.5 3.') -'.0 53.0-58.0 

63.0-67.0 

_. 
0.2-0.8 58.0-63.0 

2.5-.1..5 79.0-81.0 



.,
 

i< 2 

~ hI) I'« It, Yc. ;j;;!d' 
!~, ',~- ,:~I " ~.,', -:l~ '" 

'(, 'rH 'ct 61 6ji\ 6ii M1 

I j(·uSn.1ZniiJ'IJ(iNI [ u, I 11.02 0.3 0.02 0.05 

--
2 j( uSnJZnlll'1Jl ll.:l 1l.O2 0.3 0.02 0.05 

:1 Z ellS n5P bSZ nf 0.3 lull n.25 0.01 D.ns 0.10 

<\ ZC"S nIOI'JlI (J.t 0.01 0.05 0.02 0.05 

5 zeus nl0 P bS o.:~ 0.02 0.3 0.05 

b /('llS nlOZn2 0.25 (L01 0.3 0.01 0.05 0.10 

t ZCuPblOS nlll 11.25 u.m 0.5 0.01 0.05 0.10·, -. 
R ZCuP srss nR 0.25 0.01 0.5 0.01 0.10 . 0.10 

11 ZCur'b17SnlZnl 0.·1 n, 05 0.3 0.02 0.05 

---
10 !<'1I!Jb20SI1S 1).2."'1 (Ull {US 0.01 0.10 0.10 

~-- -
II I( lllJ bJO o, s n.ut 0.2 0.02 0.08 0.10 

---f-- .. 

12 1.(111\1 flMn131;c3 0.15 

13 zeliA 1 8Mnt31'c3Ni2 0,15 

I~ ZC"AI9Mn2 0.05 0.20 0.10 0.05 

15 ZCuAI.9I',<\Ni<\M,2 O.15 

fji 

0.10 

0.10 

0.10 

I, 
,~ W 1M H \{l 'fali .t\fll 

I 
1.0 

I 

1.0 

, 

2.5· 1.0 

0.10 0.05 0.25 0.05 0.75 
<-

1. n· 1.0 

2. O· 1.5- 0.2 1.5 

2.0· 2.0· 0.2 1.0 

2. O· 2. o· 0.2 1.0 

0.75 

2.5- 2.0* 0.2 1.0 

n.oos 1• (I. 0.3 1.0 

0.3'" 0.02 1.0 

().3· 0.02 1.0 

0.2 1. 5- 0.1 1.0 

0.02 1.0 

o 
=
 -
.... 
CJ) 

I 
CD .... 



~ Ml 
Jr: I.} go <1i/: ~-\! '} 

\1 III ell liE (;II iJf IJIl 

16 !C",,\IIOFe) 0,20 

17 lC"AIIOFc:lMn2 0.05 0.10 0.01 0.01 

I R ZCu!.n:18 O.R 0,5 O. j 0.01 

19 IC\lZn2SAI n!:c)\ln:1 0.10 

20 7-C"Z n2M 1 ,tFdMn.1 0.10 

21 !C"Zn3IAI2 0.8 

I.CuZn35AI2Mn2Fei22 0.10 

21 ZCuZn38MnZPb2 O.H I. 0" 0.1 

--­
2,1 I.Culn40Mn2 0.8 I. O· 0,1 

25 ZG:uZri40Mn:lf'eI 1. 0" 0.1 

26 zCllZn33P 112 0.8 0.1 0.05 0.05 

27 ZC,,7-n40Pb2 0.8 0.05 

28 IC\1f.nI65 i4 0.6 0.1 O. I 

(L~ (1) fJ 1' .. 

~U! 2 

P& &, % >f::k'f 

lil1 <i! ~ 1M t$ til f>li ,~,fP 

3.0· 0.3 0.4 0.2 1. o· 1.0 

0.1 0.5· 0.3 0.75 

0.002 1. O· 1.5 

3.0" 0.2 0.2 2.0 

3.0" 0.2 0.2 2.0 

1.0· r. 0" 0.5 1.5 

Sb+P+ 
3.0· 1.0· As 0.5 2.0 

0.40 

2.0" 2,0 

1.0 2,0 

0.5 0.5 1.5 , 

1.0" 1.5· 0.2 1.5 

1. 0" 1.0· 0.5 1.5 

o.a 0.5 0.5 .2.0 

C'l 
ttl 

.... 
'" I 
CD .... 

" n \c~·(t':J7l;*~+d-A~~IrIL0,,fjL> 

1];' ~§IjHI(r';)!J':;,hfi)l:j~, il-AA~'hU,rf!!,f:flo 

"' 
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2.1.2. ZCuAIIOFe3~~JljT~JI!fi~~.~1l"lI:fti'FXJI.0%-4.0%0ill:~~JljT~J'ii'f. itl 
1l".'I'~jin!0.02 %0 

2.1.3 ZCuZn40Mn3Felfr~JljT~~8~ME~,~1l".XJSS.0%-S9.0%0 

2.1.4 ~~1JIA.CJ. ZCuSnSPbSZnS. 2CuSnlOZn2. ZCuPblOSnIO. ZCuPblSSn8f!J 
Z C uPb 205 n Sfr~Jlj T • .cAj;jtif!Jii~ tIo~. fi1I1l"lil: fti'F:tel1.mjlJ1. S%, #'I'ttA~IJl'l.~f!Jo 

2.1.5 ZCuAI 8Mn13Fe3Ni2frii2I!lTJli:JI!fif!J;'H:Aii~.tg1l"fiXJ6.8%.-8.S%0 

2.2 :fJ'¥:tt~ 

2. 2.1	 ~~t't,);!]'¥:tt~&zff~* 3 (tJ!rlJ:iEo
 

'& 3
 

fi'('} L>. ~" 

ZCuSn [O

1 

2 

3 

4 Pb I 

5 

l!\! <5 

ZCuSn3Zn8Pb6Nd 

ZCuSn3ZnllPb4 

ZCuSn5Pb5Zn5 

tIi~:fj~ 

j] "" i!t fit • 1'1,,'1' 

1Ji:tJ:l!illt 

"b 

.\IPa (kgf/mm 2 ) 

.IB ij~ l!ilIll: 
(10.:z 

MP a (kg f /mm") 

. fljl*~ 

0, 

% 

:Iii EU.!' '! 

HB 

S 175 ()7.8i 8 590 

J 215 (21.9) 10 685 

S [75 (17.81 8 590 

J 215 (21.91 10 590 

S. J 200 (20.41 90 ( 9.21 13 590' 

t.i, La 250 (25.51 100 ([0.21' 13 635" 

S 220 (22.41 130 (13.31 3 785­

J 3HI (3) .61 110 ([7.3l 2 ass '" 

L; 330 (33.6) 170 ([1.3)' ~ 88;j .. 

La 36006.71 110 (11.3)' 6 88,).. 

S 195 ([9.9) 10 685 

J 2.15 (25;0> 10 685 

S 2..l0 (24.5 1 120 <12.2) 1, 68;') • 

J 2-15 (2,::;.0) 140 <14.3)­

~ 

ZCuSn lOP bS 

I 

lCuSnlO2n26 

I 

6 
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1J'i"ttfl@. l'1J!O'f 

fi' '% f'r 1il: JII\! '% !;jjil!i;lji! Iii:!;): 'Iil!ll' 
(1, 

MP. (kgf/mm2 ) 

lB~~'Iil!ll' 

a 0.2 

MPa(kgf/mm 2 ) 

f$ i("l' 
d, 

% 

1'IiElOliflll' 

. 
HB 

6 ZCuSnl0Zn2 Lt , L. 270 (27,5) 140 (14,3) , 7 78i" 

S 180 <18, l) I 80 ( 8,2) 7 635­

7 ZCuPblOSnlO I 220 (22" ) 140 <I, .31 ' 5 685· 

Lt , La 220 (22,l) 110 <11.2)' 6 685· 

S 170 (17,3: . 80 ( 8.21 ' 5 590' 

8 ZCuPbl5Sn8 I 200 (20,41 100 (10,2) 6 635 ' 

Lr, L. 220 (22.4) 100 <10.2)' 8 635­

9 ZCuPbl7Sn4Zn4 

5 

I 

150 <15.31 

175 (17.81 

5 

7 

540 

590 

10 ZC uPb20S n5 

S 

-
I 

L. 

I 

150 (15.3) 

150 <15.31 

180 (l8 ,l I 

60 ( 6.1) 

, 
70 ( 7.1)· 

80 ( 8.11' 

5 

6 

7 

440· 

540· 

540· 

11 Z CuP b30 I - - - 245 

12 

13 

lCuA I 8Mn13Fe3 

lCuA18Mn13Fe3Ni2 

S 

J 
.. 

S 

>-­
J 

600 (61.21 

650 (66,31 

-

645 (65,81 

670 (68.3) 

270 (27.51' 

280 (28.61 • 

280 (28.6) 

310 (3l.6)· 

15 

10 

20 

18 

.l570 

1665 

1570 

1665 

u ZCuAI9Mn2 S 390 (39.81 20 835 

7 
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16 

17 

18 
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~'} A 
Q ~ i:'l- 'l­

ZCuAI9~ln2 

ZCuAI9Fe4~;4~(n2 

Z CuA I IOFe3 

tl!il!i:t;"!i; 

J 

S 

S 

J 

Li~ La 

S 

ZCuAII0Fe3Mn2 

1 / 

S 

ZCuZn38 

1 

S 

ZCuZn25AI6Fe3Mn3 1 

i.r. La 

S 

ZCuZn26AI4Fe3Mn3 J 

Li ~ La 

. 
S 

ZCuZn31AI2 

J 

ZCuZn35AI 2~ln2Fe2 S 

littl: J!l!ll: 

<Tb 

MP. (kgf /mm') 

440 (44.91 

630 (64.3) 

490 (50.0) 

540 rss.i i 

540 (55. il 

490 (50.01 

; 

540 rss.n 

195 (30.01 

295 (30.01 

725 (73.91 

740 (75.51 

740 (75.5) 

600 (fi1.21 

600 (61.21 

600 (61.21 

295 00.01 

390 (39.8) 

450 (45.9) 

:IJ 'tt'E fre. l' fin 

til ij~J!l1t 

U Q. 2 

MP. (kg f z'mml ) 

250 (25.51 

180 <l8.n 

200 czo.r: 

200 (20.4) 

380 (38.71 

400 (40.8)' 

400 <40.8) 

300 <30.6) 

300 (30.6) 

300 (30.61 

.. 

170 <17.31 

f'!'*$ 
d, 

% 

20 

16 

13 

IS 

15 

15 

20 

30 

30 

10 

7 

7 

18 

18 

18 

12 

15 

20 

1'filHflt 

HB 

930 

1570 

980· 

1080· 

1080· 

1080 

1175 

590 

685 

1570· 

1665' 

1665· 

1175· 

1275­

1275­

785 

885 

980" 

20 

21 

22 
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If	 <3­, 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

. 
A 
0 j; ~ 

ZCuZn38Mn2Ph2 

Z C uZ n40~1 n2 

ZCuZ n40Mn3Fel 

ZCuZn33Ph2 

ZCuZn40Ph2 

ZCuZnlSSIJ 

fJ"J!:l'!'fl'e. 1'f!l;f 

r 
lllij~'&!t !$kf 'ffi",Il!!ttliil!iJ:iit lii:b:'&1Jt'5­

0,Ub O'Q,2 

Mp.<kgfimm')Mr. <kgfimm 2 ) HB"'"" 

475	 (48.4) 200	 (20.4) 18
 1080 ' J 

ZCuZn35AI 2~ln2Fe2 

<75	 (48.4) 1080·200 (20 .• ) 18
Li ~ La 

(0245	 (25.0) 685
S 

] 785
345	 (35.2> 18
 

3.5	 (35.2) 785
20
S 

390	 (39.8)J 885
25
 

440	 (44.9) 980
S 18
 

] 490	 150.0) 1080
15
 

490 t180	 (18.4) 70 17.n'S 12
 

785­220	 (22.~)S 15
 

885­280	 128.6)J 120	 (12.2)' 20
 

345	 135.21S IS 885
 

. 
] 390	 (39.8) 20
 980
 

/±,	 ([; -If .. , " 11 '" 8)1:7!\l1J ~!<j ill.
 
:g: "IiEl: Of ill' iA!J& jJ!i'j '" [,1' 1J'HtL
 

2. 2.2 ~ffi!fA ttl f1X!\:iA~9UHlr ~ !)lLT oti¥J)j\t$i!l~lE~ i1 IBJJ"J':l!£ 1lli. JiX:!\:! li'(WfU ~ci:R I't:Jf2·tJ( . 
R~mm.A.JJ~t!t1llili'(Wft~~~M~*W. 

-.2,.2.3 ttJJmtt*m IfF 1ro5t Elj~:x! 14mm. ~f,ie15Jll :X!70mm i¥Jml:UMtt. ~1'ffi JjiJ,.iiJ, fti'f 
~ffi rw ill\ 5t][1~ ;)iJ 10mm ~:tl21:t !7'Mt$. 

tit~ Vi¥f*W)j\t$ IB!Ji:trr:8l1't :t::i;}j~ T~ 3 q, jj(]JE mi¥J 80 %, j!jllZ *:t::j#lf!: T 50% 0 

3
 ~~~mIJ
 

3. 1 fto)': Jlt51 

9
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3.1.1	 it*,ht7.HHfr :1Ji!5HJIJt./iHIlf,j;IlE!m:iE tJ1.fr: 
GB 5122.1- 20-85 «~ii]it*,7.Hfri!»; 

CB 961-80 «'I:!ti~Ill;llj~l.'lttii]it,*,7.Hfi:1J$», 

YB 55-64 «l.'l 'i!i'ii]ft*'5Hfr fii'llE:1Jitl>, 
YB 493-64 «m~ii]ft*,5tfITf~I!E:1Ji£»o 

ft~RIll~~.~~~.5tfi.:1Ji!.:;E~*~re'*'ht5t.~5t~~_~.~H. ~re*,5tfi:1J 
i! Xl fU~ 51 fIT • 

3. 1.2 ft'ltr.&51;r;. 15-~111. ftl'F 1i!fJi*-IH!~ 5t11T -{:j: 0 :!I!:~ 51f1T~ _is tJH15- ~. !JlO15- ~~ft'lt 
bX 51;r; 15-~ 0 

3. 1.3 it*' bt51f&!J&CJ WHH!T±~ht 51. n~ imt./ifl1i:1J ~* ill'1T Mill'. 
3. 2 fJ"f:l!tfl!j 
3.2. 1 *III 2.2.3Jll! iE~ ti:fJ ill: I*:ill' IT ti:fJ i.i\~ • ~ l'o! itI*:;?() - m. 0 !W ill:!J& ~ _ /f; 1"f 15-~ 3 Jll!:;E. 

ft l'FjI}* il.'l m. ~I*: 1i!fJi iit~. il!:fJiill:~rj:1~ -jR iitl*: Hr ~. !ilIJ15-~if.JfJ'ltl!t fl!j:f; 15-~. 

3. 2.2 Ell T~!J&* !}il\J~I3I. ll1\iitl*:J: ~~ri3m b!i:l!tfllj/f;15-ttH. !JlO~~!l&7C5(I<. il!:fJi *1*: iit~ 
3. 2.3 ti:fJ~~I$<GB 228-76 «~l!IitJ1:tJ i.i\~$» ~m!:;EtI\lt. 

3. 2.4 15-*~m:i.i\~t./iGB 231-84 «~JliP\iB::!'Jitl,[i.i\!J&i!» if.JJll!iEtI\lt. 

.;.. 

0 

10 
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A.l liY~b-'UI<'!~*, (!AlooAI) ~fflT~.iil. t8.W>l:fjJIii.lil'~~o 

A .2 liY!l"i itJ:Jc (!AI 00 A2) jj!i ffl T'g j!j-Wi! fll/lt W>l 0 

A.3 ~jJl~~J:Jc (!AlOOA3) ~fflT~fljJAA!~itJil-~o 

. ..' >~ ". ~:. c 
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IIf1 ~ D
 

~jjHIl '€l'~ tt-J ~ J!~tt 'flIll!i Iil*~J
 
(~~i'f)
 

Fi' ~ "i 
A 
~ ~ m '} ± ~ ~ tt fiJi III $ ~J . 

I ZCuSn3Zn8Pb6Nii 
iHJl!!tt ill if. i'lhoI, 

if. 'CiJi11ill if • it" l'l! , 
i!O;),:TIft 

Yi~tttiE 

iiJ~ I'm ~J 

~~'!'I'~f.j.:It.MIJ.!< iii;'),:. ~Ji( 

lb,l,!;i'\«225'C) <ttIt'i'il'J~f!f. Hi 

;I:J Of: t: r2. 5MP ail'JRJij nlb1J~ f!f 
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