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^d[il�ui�8Y'^Kc:`+mCc8ZKf�w/l-t-Y5]8`dl�w&l�WCZE�:[G`dl-}-ZK[Gc:W8Y�t-`dl&�Cl-`Xg!uGc:���/[GZ\f!`dl-Y5e8l-}-Z;Z1c�ZKfCl&Y5t-ZK]C`dt=ZK[Gc:W�^\[il�ui�:Y�~� WCl't-�8�:[GZ\[Gc�WCt�u:�8l�w&t-n:W8l-ZK[i�-t-Z\[Gc:W�l�^\^\l-}-Z;t-`d[iY5l-Y�[iW�ZKfCl/}-t-Yhl/c:^;��l&^K`dc�w�ZKfCl&^Kt-}-Z;ZKfCt=ZIZKfCl/}-`d[GZ\[G{
}-t�uEYh[iW8n:uil��8c�w/t�[iW
�:[it�w&l-ZKl-`/[iY�c:W8uig�r=�I~ ��W8w#�ioIr=�=~IVdWy}-c:WCZ1`dt-Y5Z1j � [Ot-WC���+c�fCt��Cl�t
w/]8}�f
f8[in:fCl-`;Yh[iW8n:uil��8c:w/t�[iW&�:[it�w&l-ZKl-`Ic:^"t-mCc:]8Z"�8�/t-WC�&q8�&W8w/j:Yhui[in:fCZ\uig&uit-`dn8l-`;ZKfCt-W/ZKfCl�ZKg�e:[i}-t�u:e8c:`dl
�:[Gt�w&l-ZKl-` � ≈ �8p&W8w/�=~��EfC]8Y5j"t&w/]:uGZ\[G�8c�w/t�[iW!Y5ZKt-ZKl/[GY(t-WCZ\[i}�[ie8t-ZKl-�![iW�ZKfCl&[G`dc:W�Y5t�w&e:uil-Y(�/fCl-`dl-t�Y
[iW�ZKfCl!�+cyt-WC� � [;Yht�w/e:uil�Y5jEc:WCl�w/t�g�t�Y5Y5]:w&l!t!Yh[iW8n:uil!�8c:w&t�[iW�Y5ZKt-ZKl�c:^(w/t-n:WCl-Z\[G��t-ZK[Gc:W"~"�(g
`dl-�8]8}�[iWCn
ZKfCl!��l!e8c:`dl!�8[Gt�w&l-ZKl-`�mCl�uGc:��r=�yW8w/jOc:WCl�w/[in:fCZ(l-zCe8l�}-Z(t�f8[Gn:fCl-`'}-c:l-`d}-[i�Cl�^\[il�ui�:Y
}-c:`\`dl-Y5e8c:WC�:[iWCn&Z1c�t�Y5[iWCn:uil��8c:w&t�[iW/e8t-`dZ\[G}�uil-j:t-Y+[iWC�8l-l-�&c:mCY5l-`X�Cl-��m8g��+l�^5~-�&t-WC�&qI~

'Y
�8[iYh[im:uil�[iW��"[inI~(��t-WC����ZKfCl�w/t-n:WCl-Z\[G}�f8gCY5ZKl-`dl-Yh[iYyY5fCc:�/Yyt�mC`dc:t-��^\[il�ui��`dt-WCn8l�c:^

t-e8e8`dc:t-}-f�Z1c�Y5t-ZK]C`dt=ZK[Gc:W"~��El�w/e:uit-ZKl-Y&^\[iu1uil-�
�/[GZ\f � [;YhfCc:��ZKfCl!uGc:�'l-Y5Z+Y5t-ZK]8`dt=ZK[Gc:W
^\[il�ui�8Y/}-c�w/{
e8t-`dl-��Z1c!ZKfCc:Y5l/^\[iu1uil-���/[GZ\f!�+c�c:`O��l:~8��c:`Ot-e8e8ui[i}�t-ZK[Gc:W!ZKfCl&Y5�8]8t-`dl�WCl�Y5Y�c:^EZKfCl&f8gCY5ZKl-`dl-Yh[iY'uGc:c:e
fCt�Y'Z1c
mCl�Y5Z1`\c:WCn:uig�[iW8}-`dl-t-Y5l-�8jO^Kc:`��'f8[G}�f�ZKfCl!`dt-ZK[Gc
c:^+ZKfCl!Y5t-ZK]8`dt=ZK[Gc:W
^\[il�ui�
ZKc
}=c:l-`d}-[i�8l�^\[il�ui�
n:[i�Cl�Y�t�w/l-t-Y5]8`dl:~8��`dc�w�c:]8`Ow/l-t�Y5]8`dl�w&l�WCZKY � ["c:` � [G{d`dl�uit-ZKl-��Y5c:^KZEw/t-n:WCl-Z\[G}&t�u1uGc�gCY � Permal-
uGc�gC�Ot-e8e8l-t-`+ZKfCl&w/c:Y5ZEe8`\c:w&[iYh[iW8n�}-t�WC�:[i�8t-ZKl-Y�t-Y'^\[iu1u1[iW8n�w&t-ZKl-`d[Gt�uiY'c:^Et�ui]:w&[iW8t&ZKl�w/e:uit-ZKl-Y��/[GZKf
e8c:`dl��8[Gt�w&l-ZKl-`dY�mCl�uGc:� �8��W8w&j!�'fCl�W�ZKfCl�ZKl�w/e:uit-ZKl�Y5Z1`d]8}=ZK]8`dl�fCt-Y�t�e8[GZK}-f�c:^�r=p8p�W8w�~

temperature

Nickel 423 219 4.000 1.500 17,0 38,3
���

600 112 2.500 2.500 28,3 9,0 ����� �

Nickel* 990 130 2.300 6.000 78,0 6,5 ����� �

Cobalt 650 505 14.000 6.000 8,7 39,7
���

464 265 10.000 4.000 6,7 10,8 ����� �

Iron 343 111 8.500 6.000 5,7 2,8 ����� �
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CONCLUSION


�f8[Gn:f8u1g�l�^\^d[i}�[il�WCZ&w/l-ZKfCc:��c:^/�8l-e8c:Yh[GZ\[iWCn�W8[i}-b:l�uGj�}-c:mCt�uGZ/t-WC��[G`dc:W�[iWCZKc�c:`d�8l-`dl-� nano-
}-fCt�W8W8l�uiY(c:^;e8c:`\c:]8Y(t-uG]:w�[iW8t&fCt-Y�mCl-l�W�e8`dl-Y5l�WCZKl-�I~C�+g&ZKf8[iW8W:[iW8n�ZKfCl&mCt-`d`X[Gl-`(uit�gCl-`+fCc�w/c:n8l-WCl-{
c:]8Y5uigCj'ZKfCl�e8c:`\c:]8Y�Y5Z1`d]8}-ZK]C`dl�}=c:]8uG��m8l�b8l-e8Z&c:W�ZKfCl�t�uG]8w�[1W8]:w#Y5]:m8Y5ZK`dt-ZKlyc:�Cl-`!ZKfCl��'fCc�uGl
e8`dc:}-l-Y5Y�~ � ]8`!t-e8e8`\c:t-}-f�Z1c�^Kt�mC`X[i}-t-Z\[iWCn�t�f8[in:f8u1g�c:`d�8l-`dl-��w/l-ZKt�u/WCt�WCc:�/[G`dl�t-`d`dt�g�[iY�[iW8l-zC{
e8l-W8Yh[i�8l
t-WC���Cl-`Xg�^duil�z8[im:uil
�/[GZKf�`dl-Y5e8l-}-Z'Z1c�ZKfCl
Yh[G��l
t-WC��ZKf8[G}�b:WCl-YhY!c:^'ZKfCl
e8c:`dl
Y5Z1`d]8}=ZK]8`dl:~� l-t-`Xuig�r=p8p8�%c:^"ZKfCl�eCc:`dl-YO�'l-`dl�^\[iu1uil-�&�/[GZ\f/WCt�WCc:{d}-`dgCY5ZKt�uiu1[iW8l'W8[i}-b8l�uGj:}-c:mCt�uGZ"c:`E[G`dc:W�[iw/e:u1g8[iW8n
c:W8uig�Yhu1[in:fCZO^\ui]8}-ZK]8t-ZK[Gc:WCY/[iW�ZKfCl�n8`dc:��ZKf�`dt=ZKl�c:^+ZKfCl-Y5l!W8t�WCc:�/[G`dl-Y�~��+]:uGb
w&t�n:WCl-Z\[G} w/l-t-Y5]8`dl-{
w&l�WCZKY��'l-`dl�e8l-`d^Kc:`Xw/l-��c:W�ZKfCl�fCl-z8t-n8c:WCt�u�c:`d�8l-`dl-��W8[G}-b:l�uGj/}-c:mCt�uGZ�t-WC��[G`dc:W�WCt�WCc�w/t-n:WCl-Z
YhgCY5ZKl�w��/[GZKf/t�e:[GZK}-f/c�^Or=p8p&W8w�t�WC�&t��/[G`dl'�:[it�w&l-ZKl-`;c:^It-mCc:]8ZI�8p&W8w�t-ZI� ��t-WC���8p8p ��~��EfCl
t-`d`dt�g'c:^ � [8}-c�uG]:w&W8YOYhfCc:�'YOf8gCY5ZKl-`dl-Yh[iY(uGc:c:e8Y+�/[GZKf&Y5w&t�u1uil-`E}-c:l-`d}�[i�Cl/^\[il�ui�:Y(^Kc:`Ee8l-`de8l-WC�:[G}-]:uit-`
w&t-n:WCl-Z\[G�-t-Z\[Gc:Wy[iW8�:[i}-t-Z\[iWCnyZKfCl��8c:w&[iW8t�WC}-l�c:^(`dl-�8l-`dYh[im:uil�`dc8ZKt=ZK[Gc:W
e8`dc:}-l-Y5Y5l-Y&�Cl-`XY5]8Y&ZKfCl�t-W8[G{
Y5c8ZK`\c:e8g�^\[il�ui��c:^�ZKfCl�^Kc:`dw#l�^\^\l�}-Z5~OVdW�ZKfCl�}-t-Y5l�c:^!�+c�ZKf8[GY�mCl�fCt��8[Gc:]8`
[GY�uil-YhYy�8l��Cl�uGc:e8l-�
mCl-}�t-]8Y5l�t�w/c:`dl�c8`'uGl-YhY�[iY5c8ZK`\c:e8[G}��8c�w/t�[iWyY5ZK`d]8}=ZK]8`dl�l-z8[GY5ZKY�~"��c:`(ZKfCl�e8l-`de8l-WC�:[i}-]:uit-`/Y5ZKc8`dt-n8l
w&l-�:[it-jIW8[i}-b8l�uIY5l�l�w&Y'Z1c
mCl�t�Y5]:[GZKt-m8uil!w/t-n:WCl-Z\[G}!^\[1u1u1[iW8n
w&t-ZKl-`d[it�u;^Kc:`(f8[in:f8uig�c:`d�8l-`dl-��eCc:`\c:]8Y
t�uG]:w�[iW8t�ZKl-w/e:uit-ZKl-Y+�/[GZKf&t'e:[GZK}�f&c:^+r=p8p�W8w�~��+l-�8]8}�[iW8n�ZKfCl'e8c:`dl'�8[Gt�w&l-ZKl-`E^K`dc:w��8p�Z1c!�8�&W8w/j
�'f8[1uil�b8l-l-e:[iW8n�ZKfCl![iWCZKl-`deCc:`dl��8[GY5ZKt-WC}�l�}-c:WCY5ZKt-WCZKj;[iWC}-`dl-t-Y5l�Y/ZKfCl!Y5�8]8t-`dl-W8l-YhY/c:^+ZKfCl!f8gCY5ZKl-`dl-Yh[iY
uGc:c:e&t-WC�&`dt�[GY5l�YOZKfCl�}-c:l-`d}-[i�Cl'^\[il�ui�&ZKc&]8e�r=p8p8p Oe.
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