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�

�
�����.21861,�=83A$1,&,�
�

.RQXVQL� ]XSaDQLFL� VD� SUDYLP�� NRVLP� L� NULYROLQLMVNLP� ]XSFLPD� VOXCH� ]D�
SUHQRV�NUHWDZD�L�REUWQRJ�PRPHQWD�NRG�]XSaDQLK�SUHQRVQLND�aLMH�VH�RVH�YUDWLOD�VHNX��
RGQRVQR�XNU^WDMX��

�
�

� � �
�

�

.RQXVQL� ]XSaDQLFL� VD� SUDYLP� ]XSFLPD�
SULPHZXMX�VH�SUHWHCQR�]D�PDZH�EURMHYH�
REUWDMD�� QSU�� NRG� SUHQRVQLND� GL]DOLFD�
VD� UXaQLP� XSUDYTDZHP�� NRG� XQLYHU]DO�
QLK�SUHQRVQLND�PDZH�VQDJH�WG���

�Y � #��P�V��D�NRG�EUX^HQLK�]XEDFD�L�GR�
Y � #���P�V����

�

�

.RQXVQL�]XSaDQLFL�VD�NRVLP�]XSFLPD�VX�
YH`HJ�VWHSHQD�VSUH]DZD�L�PDZH�VX�EXaQL�
RG� NRQXVQLK� ]XSaDQLND� VD� SUDYLP� ]XS�
FLPD��3ULPHZXMX�VH�]D�YH`H�VQDJH�L�YH`H�
EURMHYH� REUWDMD�� QSU�� NRG� XQLYHU]DOQLK�
SUHQRVQLND�� NRG� YL^HVWHSHQLK� SUHQR�
VQLND�L�NRG�SUHQRVQLND�PD^LQD�DODWNL�

�Y � #���P�V��EUX^HQL�]XSFL�GR�Y � #���P�V���

�

.RQLaQL� ]XSaDQLFL� VD� NULYROLQLMVNLP�
]XSFLPD� VH� SUYHQVWYHQR� SULPHZXMX� X�
VOXaDMHYLPD� NDGD� VH� ]DKWHYD� EH^XPDQ�
UDG�L�YLVRND�QRVLYRVW�SRGQRCMD�]XEDFD��
1DOD]H� SULPHQX� QSU�� NRG� SUHQRVQLND�
YLVRNH�VQDJH�L�NRG�PHKDQL]PD�PRWRUQLK�

YR]LOD��Y � #���P�V��EUX^HQL�]XSFL�GR�
Y � #���P�V����

�
0DWHULMDO�]D�L]UDGX�NRQXVQLK�]XSaDQLND� MH�LVWLK�NDUDNWHULVWLND�NDR�L�PDWHULMDO�
]D�L]UDGX�FLOLQGULaQLK�]XSaDQLND��

��



 ����� ��� ���
	�� �� ��� ������� ���� �
 

49

� .RQXVQL� ]XSaDQL� SUHQRVQLFL� PRJX� ELWL� MHGQRVWHSHQL� L� YL^HVWHSHQL��
9L^HVWHSHQL� SUHQRVQLN� MH� QDMaH^`H� NRPELQDFLMD� MHGQRVWHSHQRJ� NRQXVQRJ� SDUD� VD�
FLOLQGULaQLP�]XSaDQLP�SDURYLPD�
�

�
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7DEHOD������.21861,�=83A$1,&,�

%'&�(*)�+!) ,�-/.�0 ( 0*1 )2 -�3*- 1D]LY�L�YUHGQRVW�

6� 4 5 6 RVQL�XJDR� 21 G�G 6 �

G� 4 5 6
XJORYL�NLQHPDWVNLK�NRQXVD�

ucos
sin

1 �6
6 G �� ��

u/1cos
sin

2 �6
6 G �

]D� q 6 90 �� u/1tan 1  G �� utan 2  G �

X� SUHQRVQL�RGQRV�
2

1

1

2

1e

2e

2e

1e

2

1

sin
sin

z
z

r
r

d
d

n
n

u G
G     �

G 798 � 4 :;:<6

SUHaQLN�SRGHRQRJ�NUXJD�X�VUHGZHP�SUHVHNX�
�

3
22

limH

A1
1m

1u

1KT
2000d ��V

�� �

7 8 � 4 =>:<6 REUWQL�PRPHQW�QD�SULWLVDN�]XSaDQLND� 11 n/P9550T � �

. ? � IDNWRU�UDGQLK�XVORYD�

V @�A B 7 � 4 =DC :;:<E 6 WUDMQD�L]GUCTLYRVW�ERNRYD�]XEDFD�

E� 4 :;:<6
DNWLYQD�^LULQD�]XSaDQLND��

1ud15,0b 2
1m �� �� ����� 1u15,0

d
b 2

e
bd �  < �

] 8 � 4 F�G�:<6 EURM�]XEDFD�SRJRQVNRJ�]XSaDQLND�

[� 4 :;:<6 SRPHUDZH�SURILOD�

D H � 4 5 6 XJDR�QDJLED�SURILOD� q D 20n ��

q D 5,17n �GRELMD�VH�PDZD�EXND�L�YLEUDFLMD�]D�YH`L�VWHSHQ�VSUH]DZD�

E7 � 4 5 6 XJDR�QDJLED�ERaQH�OLQLMH��
qy E 4530 SUHSRUXND�SURL]YR_DaD�

5 I � 4 :;:<6 VSRTD^ZH�NRQXVQR�UDVWRMDZH�

� b3)sin2/(d)sin2/(dR 22e11ee tG G �

5 B � 4 :;:<6 XQXWUD^ZH�NRQXVQR�UDVWRMDZH�

2/bRbRR mei � � �

G I � 4 :;:<6 SUHaQLFL�VSRTZLK�SRGHRQLK�NUXJRYD�

1et1e zmd � �� 1e2et2e duzmd � � �

G 7 � 4 :;:<6
SUHaQLN�VUHGZHJ�SRGHRQRJ�NUXJD�

�
m

1mn
e1etm cos

zm
sinbdzmd E

� G�� � ��
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7DEHOD������1DVWDYDN�WDEHOH�

X'Y�Z*[�\![ ]�^/_�` Z `*a [b ^�c*^ 1D]LY�L�YUHGQRVW�

P I d � 4 :;:<6 PRGXO�X�VSRTD^ZHP�aHRQRP�SUHVHNX��
e

en

2

2e

1

1e
et

cos
m

z
d

z
d

m E   �

P 7�H � 4 :;:<6 PRGXO� X� VUHGZHP� SUHVHNX

� 22m11mmtmmtmn z/dz/dm;cosmm   E� �

D d � 4 5 6 XJDR�QDJLED�� � ED D cos/tantan nt �

G e$8 � 4 :;:<6 SUHaQLFL�WHPHQLK�NUXJRYD�

11a11a cosh2dd G�� ���� 22a22a cosh2dd G�� �

.RQXVQL�]XSaDQLFL�VD�SURPHQTLYRP�YLVLQRP�]XSFD��PHURGDYDQ�P I d ��

�G f � 4 :;:<6 SUHaQLN�SRGQRCQLK�NUXJRYD�

11f11f cosh2dd G�� ��� 22f22f cosh2dd G�� �

G e � 4 5 6
XJDR�WHPHQRJ�NRQXVD��

2f11a -�G G �]D� 2f1a - - ��

1f22a -�G G �]D 1f2a - - ��

G f � 4 5 6 XJDR�SRGQRCQRJ�NRQXVD�

1f11f -�G G �� 2f22f -�G G �

- e � 4 5 6 XJDR�JODYH�]XSFD��XVYRMHQR�

2f1a - - �� 1f2a - - �

Y f � 4 5 6 XJDR�QRJH�]XSFD�

� e1fe1f R/htan  - �� � e2fe2f R/htan  -
�

K e I � 4 :;:<6 YLVLQD�JODYH�]XSFD� 2/)tanb(h)x1(mh 1a1amheet1ae -�� � �

� � � 2/)tanb(h)x1(mh 2a2amheet2ae -�� � �

K f I � 4 :;:<6
YLVLQD�QRJH�]XSFD��� )xc1(mh he

*
pet1fe �� ���

� � � )xc1(mh he
*
pet2fe �� �

*
pc �NRHILFLMHQW�WHPHQRJ�]D]RUD�� 3,0...1,0c*

p  �� � �

.RQXVQL�]XSaDQLFL�VD�NRQVWDQWQRP�YLVLQRP�]XSFD��PHURGDYDQ�P 7�H ��

G e ��G f ��G� 4 5 6
XJDR�WHPHQRJ�NRQXVD� �XJDR�SRGQRCQRJ�NRQXVD�

11f1a G G G �� �

22f2a G G G �

- f � 4 5 6 XJDR�JODYH�]XSFD� �XJDR�QRJH�]XSFD�

0fa  - - �

K e 7 � 4 :;:<6 YLVLQD�JODYH�]XSFD� �

)x1(mh hmmn1am � �� )x1(mh hmmn2fm � �

K f 7 � 4 :;:<6
YLVLQD�QRJH�]XSFD� )xc1(mh hm

*
pmn1fm �� ��

� � � )xc1(mh hm
*
pmn2fm �� �

�

] g�8 ��] g$h � i
EURM�]XED�RVQRYQH�]XSaDVWH�SORaH�]D�6 ��q�GRSXQVNRJ�]XSaDQLND�

2

2

1

1
p cos

z
cos

z
z G G �

��
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3XCQL�SUHQRVQLN� MH� ]DYRMQL�SUHQRVQLN�� VD�RVDPD�YUDWLOD�NRMH�VH�PLPRLOD]H��
6DVWRML� VH�RG�PDORJ� ]XSaDQLND�� WM�� SXCD�L�ZHPX�RGJRYDUDMX`HJ�SXCQRJ� WRaND��3UHPD�
REOLNX�SXCD��SXCQL�SDURYL�PRJX�ELWL�FLOLQGULaQL�LOL�JORERLGQL��8�]DYLVQRVWL�RG�
REOLND�L�SRORCDMD�DODWD�SUL�L]UDGL�SXCD�UD]OLNXMHPR��=$��=1��=,��=.�L�=+�SXC��

�
�
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�
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.DUDNWHULVWLNH�L]GUCTLYRVWL�PDWHULMDOD�]D�SXCQH�]XSaDQLNH�
 

$&%�'�(�)�*�+ %�,.-�/�021�%�32*24�%
 

Rp0,2 

2mm
N

 

 
Rm 

2mm
N

 

 
HB 

 
E 

2mm
N

 

 
ZE 

2mm
N  

5
Hlim 

2mm
N

 

5
Flim 

2mm
N

 

 
YW 

1. P. CuSn 12 140 260 80 88300 147 265 172 1,3 
2. C. CuSn 12 150 280 95 88300 147 425 285 1 
3. P. CuSn 12Ni 160 280 90 98100 152,2 310 210 1,2 
4. C. CuSn 12Ni 180 300 100 98100 152,2 520 337 0,95 
5. P. CuSn 10Zn 130 260 75 98100 152,2 350 247 1,3 
6. C. CuSn 10Zn 150 270 85 98100 152,2 430 285 1 
7. C. CuSn 14 200 300 115 92700 150 3700 270 1 
8. P. CuZn 25A 15 450 750 180 107900 157,4 500 847 1,4 
9. C. Cu Zn 25A 15 480 750 190 107900 157,4 550 907 1,1 
10. P. CuAl 11 Ni 320 680 170 122600 163,9 250 603 1,4 
11. C. CuAl 11 Ni 400 750 185 122600 163,9 265 753 1,1 
12. C. Al 10 Ni  300 700 160 122600 163,9 660 565 1,1 
13. Si 250 120 300 250 98100 152,3 350 225 1,4 
14. NL 700 

0�(�)2,�*2'�32*
 500 790 260 175000 182 490 942 1,3 5

Hlim - 6 %�78*9-�%;:#0<)�(�=�/>:�%@?�(�A�(�32'�*<)�%�32*2AB*DC�)�/�EF(�32*2AB02/�7.(�A
 (HRC = 60 G 2). H %@:#0<)�(�=�(@:�%I3�(�C�)�/�EF(�32*2AJ0�K�C<K<LMEF%�32*2A02/�7.( 6 *2A�% 6 )�(�N�3�K2:#'�*  

:#A�%�OM*2'�*83�%
 0,75, 

%�:�%
3�(�C�)�/�EF(�32*2AP02/�7.(�AQK<NR:#* 6 K<=�,�* 6 %
3�%  S2T U N�%�'�*2V 6 )�(�N�3�K2:#'�*�W  5
Flim - 6 %�78*8-�%  X n = 20°; 

-�%
 X n = 25°[ 5 F]M = 1,2 5 Flim; 

-�%
3�%�*2-�A�(�32*21232/�0<)�K<A�(�32/�3�%�0�K<3�%
 [ 5 F]M = 0,7 5 Flim. 

ZE Y -�%�:#0<)�(�=�/R:�%
1�(�,�*21232*2AP02/�7.(�A
WZ�[  - 6 %�78*\-�%.:#0<)�(�=�/]:�%8?�(�A�(�32'�*<)�%�32*2AI*^C�)�/�EF(�32*2AI02/�7.(�A
_�-�%80�K�C<K<LMEF%�3�(M02/�7.( 6 (M4�`�/ 6 (�a�%�'�*F-�%  1,2 
02/�'�% T %M-�%M02/�7DK<N.:#* 6 K<=,�* 6 %
-�%Rb T b�02/�'�%<W  

�
3UHSRUXaHQH�YUHGQRVWL�RVQRJ�UDVWRMDZD�L�SUHQRVQRJ�RGQRVD�SXCQLK�SUHQRVQLND�

c :#3�KR)�%�:#'�K�+ %�O8(
d�/�eMe
U�S f�g h�S b S�S b�i U b f�S i S�S i U�S g b U j�S�S U�S�S-�% k i i T U g2T b U j U f<T g h b S b�i T U b f i Sl<m<n�o p�q�r i�i T j i f<T U g�g2T U j�S U�S f�g h�S s�U b�b�i b j�S b�t Sl<m�u<o p�q�r v k b�b T i S b S2T f b S2T f�j b S b S b S b S s<T U h<T s�f h<T t U h<T U�Sl<m�w<o x y g�h g�s j�S j�S j�S j�S j�S j�S j b j b j bz { S2T j { S2T j { S2T S�h S2T S S2T S { S2T j S2T S { S2T i U { S2T i�i { S2T b�i U { T S i Ul<m<n�ox|r m�w }|~<� � � b s<T f�U i S2T f t i S2T f b i<b T h�S i<b T h�S i<b T h�S i<b T h�S i�i T h�g i j2T S�f i j2T U t i U2T i S

l<m�u<ox|r m�w }|~<� � � b S2T b g b S2T f�s b S2T f�U b�b T g b b�b T g b b�b T g b b�b T g b b�b T h�s b�i T U�h b�i T h�h b g2T i j
l<m�w<ox|r m�w }|~<� � � U2T b S U2T g�s U2T g t U2T t2b U2T t2b U2T t2b U2T t2b f<T S b f<T g t f<T U i f<T t2b-�% k b b T i U b T f i i T U g2T b U j U f<T g h b Sl<m<��o p�q�r b�t i�i T j i h g�U2T U j i T U U�g f t h�U b�b�i b j�S b�t Sp�q�r v k b�t b�t T s i b�t T U�S b�t T t U b�t T S b f<T h�g b f<T t U b�t b�t T t h b�t T U�S b�t

x y h�g h i h i h i h�g2T S h�j h�g h�g h i h i h�gz S { S2T j�j { S2T i U { S2T b�i U S2T S { S2T g�h { S2T b�i U S2T S { S2T b�b�b { S2T i U S2T Sx|r m<n }|~<� � � g2T g t g2T b s g2T i�t g2T i�i g2T g t g2T j�S g2T j i g2T g t g2T i�i g2T i�t g2T g t
 

a eMe u m 
mm 

z1 q a eMe u m 
mm 

z1 q a eMe u m 
mm 

z1 q 

50 9,5 2 4 11,2 125 10 5 4 10 315 10,25 12,5 4 8,96 
 19 2 2 11,2  20 5 2 10  20,5 12,5 2 8,96 
 38 2 1 11,2  40 5 1 10  41 12,5 1 8,96 
 83 1 1 17  83 2,5 1 17  82 6,3 1 17,5 

63 9,75 2,5 4 6,625 160 10 6,3 4 10 400 10,25 16 4 8,75 
 19,5 2,5 2 10,6  20 6,3 2 10  20,5 16 2 8,75 
 39 2,5 1 26,25  40 6,3 1 10  41 16 1 8,75 
 82 1,25 1 17,92  84 3,15 1 16,825  82 8 1 17,5 

80 10 3,15 4 10,635 200 10 8 4 10 500 10,25 20 4 8,5 
 20 3,15 2 10,635  20 8 2 10  20,5 20 2 8,5 
 40 3,15 1 10,635  40 8 1 10  41 20 1 8,5 
 82 1,6 1 17,5  83 4 1 16,75  82 10 1 17 

100 10 4 4 10 250 10 10 4 9,5      
 20 4 2 10  20 10 2 9,5      
 40 4 1 10  40 10 1 9,5      
 82 2 1 17,75  83 5 1 17      
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3XCQL� SUHQRVQLN� LOL� SXCQL� UHGXNWRU� PRCH� ELWL� MHGQRVWHSHQL� LOL� GYRVWH�
SHQL�� 'YRVWHSHQL� UHGXNWRU� � PRCH� ELWL� L]UD_HQ� L� X� NRPELQDFLML� VD� FLOLQGULaQLP�
]XSaDQLFLPD��
�
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�
�����/$1A$1,�35(1261,&,�
�
� /DQaDQL�SUHQRVQLFL�VX�PHKDQLaNL�SUHQRVQLFL�NRG�NRMLK�VH�SUHQRV�VQDJH�RV�
WYDUXMH� REYRMQLP� HOHPHQWRP� �� ODQFHP�� 8� VDVWDYX� MHGQRJ� ODQaDQRJ� SUHQRVD� VX�
ODQaDQLFL�� NDR� L� XUH_DML� ]D� ]DWH]DZH� L� SRGPD]LYDZH� ODQFD�� /DQaDQL� SUHQRV� XSRW�
UHETDYD�VH�WDPR�JGH�MH�YUHPHQVNL�SUHQRV�PRJX`�]ERJ�OR^LK�SURVWRUQLK�L�SUHQRVQLK�
SULOLND� LOL� UD]PDND� RVD�� /DQaDQL� SUHQRVQLFL� LPDMX� ^LURNX� SULPHQX� X� XJUDGZL�
WUDQVSRUWQLK�XUH_DMD��X�LQGXVWULML�PRWRUQLK�YR]LOD�L�SRTRSULYUHGQLK�PD^LQD���
�

�

��
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/DQDF� MH� JLSNL� HOHPHQW� NRML� SUHNR� ODQaDQLND� SRYH]XMH� GYD� SDUDOHOQD�
YUDWLOD�� 0DWHULMDO� ]D� L]UDGX� ODQFD� MH� A������ � A������ A����� �]D� Y��P�V��� D� ]D� YH`H�
EU]LQH�XSRWUHETDYDMX�VH�aHOLFL�]D�FHPHQWDFLMX�A������A������A�����L�A������
�

�
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7DEHOD������/$1A$1,�35(1261,.�

$&%('�)+*-,�.(/ )+0+)+1 %2 .�3+. 1D]LY�L�YUHGQRVW�

u 4 SUHQRVQL�RGQRV� 121221 z/zd/dn/nu    �� 10u � �

d 5 67698 SUHaQLN�SRGHRQRJ�NUXJD�ODQaDQLND�

p 5 67698 NRUDN�ODQaDQLND�

EURM�]XEDFD�ODQaDQLND�
76z y �]D�UXaQR�SRJRZHQL�ODQDF��

2517z1 y �SUHSRUXaHQH�YUHGQRVWL��

:�; <�= <�> <�? <�@ A�< A�= A�>
]�

SUHSRUXaHQH�YUHGQRVWL� :CB <�D >�?E?�F�>G@�> <�<�H
F0 5 IJ8 RELPQD�VLOD�QD�ODQaDQLNX�

T1 5 IK698 REUWQL�PRPHQW�QD�SRJRQVNRP�ODQaDQLNX�

Fc 5 IJ8 FHQWULIXJDOQD�VLOD�� 2
c vqF � �

q 5 L�MCN 698 PDVD�MHGLQLFH�GXCLQH�ODQFD�

FG 5 IJ8
RSWHUH`HZH�ODQFD�XVOHG�VRSVWYHQH�WHCLQH�

LgqFG �� �RVH�ODQaDQLND�X�YHUWLNDOQRM�UDYQL� )70( qtD �

f8/cosLgqF 2
G D�� �RVH�ODQaDQLND�OHCH�X�KRUL]RQWDOQRM�UDYQL��

q�D 70 �

g 5 6ON P B 8 XEU]DZH�]HPTLQH�WHCH�

L 5 67698 UDaXQVND�GXCLQD�ODQFD��/� �D��

f Q 6767R XJLE�VORERGQRJ�RJUDQND�ODQFD� a)025,002,0(f y �

a 5 67698
RVQR�UDVWRMDZH� p)5030(a y �

p80amax  �]D�ODQFH�VD�YDTFLPD��

p70amax  �]D�ODQFH�VD�]XSFLPD�

F 5 IJ8 ]DWH]QD�VLOD�X�YXaQRP�RJUDQNX�ODQFD� Gc0A FFFCF ��� �

CA 4
IDNWRU�UDGQLK�XVORYD�� 1CA  �UDYQRPHUDQ�UDG��

� � � � 5,1CA  �XPHUHQL�XGDUL�L�

� � � � 2CA  �MDNL�XGDUL�

S 4 VWHSHQ�VLJXUQRVWL�SURWLY�GLQDPLaNRJ�ORPD�ODPHOH�ODQFD�

5F/FS M t �

FM 5 IJ8 VLOD�UD]DUDZD�ODQFD�

p Q IKS 6767T R SRYU^LQVNL�SULWLVDN�X�NOL]QRP�SDUX�]JORERYD�ODQFD��

dozpA/Fp d �

A 5 676 B 8 QRVH`D�SRYU^LQD�]JORED� 22 dbA � �

b2 5 67698 ^LULQD�

d2 5 67698 SUHaQLN�

S U#V�W � 5 IXN 676 B 8 GR]YRTHQL�SRYU^LQVNL�SULWLVDN�� sLphNdoz KKKKPp ���� �
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