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+C#�?P 6.2 �@+O��+O@/+O/! (�O@!-N@��/�(@&) O2��3-?��@!�/��@+N�>�'> -)์�/�! Q @P-3>     98 

+C#�?P 6.3 O$!(@&�/� Generalized Theory P�* J.C. Borland      100 

+C#�?P 6.4 O$!(@&�/� Modified Generalized Theory P�* Matsuda      101 

+C#�?P 6.5 O$!(@&�/� Technological Strength Theory P�* Prokhorov     102 
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&##?P 1 &#% ำ (Introduction) 
 

 P'3/>�$:�:%N�AP5# (Welding Metallurgy) N�O ��:%0@�1:O'85�>�:$�:%N�'?P$�O�'��:�P'3/>�$:�?P
N�>��@Q�":$Q�%5$N�AP5# (Within) O'8�%> N/�%5�%5$N�AP5# (Around) �@P �2N��'�%8���N5Pค%�2%O:��B'":ค 

(Microstructure) O'82#�9�>�N:� N (Properties) �5��>Q��:� %/#�@�ค/:#2:#:%�Q��:%N�AP5# (Weldability) �5�
/92�B �9Q ��?Q N�AP5��:��:%R�O%9�ค/:#%O5��?PN%O/O'859�%:�:%N$O��9/2C��@P �R�O%9�#:�:��%8�/��:%N�AP5# � :Q3O
��>�>%> $:�:�P'3/>�$:�?P N�>��@Q ��8N�>��@Q �Q�2":/8�9P/ค%CN  (Transient State) R#N5$CNQ�2":/82#�B' (Non-

equilibrium State) �O/$N3�B�'�9��'N:/ �@�#?ค/:#� :N�O ��?P�8�O5� >�:%�:�@�Pค%�2%O:��B'":ค�5��>Q��:�N�AP5#�9Q�
Q�%5$N�AP5#O'8�%> N/��N:� N �?P5$CN%5�O�/N�AP5# N AP5Q3O�%:��@��9Q �2#�9�>�:��' (Mechanical Properties) 
2#�9�>�:�Nค#?  (Chemical Properties) O'82#�9�>�:�!> 2>�2R  (Physical Properties) �@P �N�O ��%8P$��RQ��:%
�%/�25�O'8 >�:%�:ค/:#N3#:82#�5��>Q��:�N�AP5#Q��:%Q�O�:��:#�?PR�O55�O��3%A5� :3��R/O 
 

1.1 '�>�>/>.ำ#ำ�P13/>#.ำ (Metallurgical Reactions) 

N�AP5��:�/92�BR�O%9�ค/:#%O5��?P%/�N%O/Q�%83/N:��:%N�AP5#O'8#?59�%:�:%N$O��9/�?P2C�":$3'9��:�
O3'N�� :N�>�ค/:#%O5��N:��%> N/��9Q�R� � :Q3ON�>��:%N�'?P$�O�'��:�P'3/>�$:N�>��@Q��9Q�Q��%> N/��9��'N:/
O'8�%>N/�%5��O:� P�$#?��>�>%>$:�:�P'3/>�$:�?P�8N�>��@Q� N�N� 

 �:%N�>��:%3'5#N3'/ (Melting) O'8�:%O�O��9/ (Solidification) 

 �:%N�>��B�� :N�>� (Nucleation) �5�N�%�3%A5�'@��?P�8N�>��@Q�O'8�:%N�>�P� (Growth) 

 �:%N�>��:%O$��9/ (Segregation) O'8�:%O %N (Diffusion) 

 �:%N�>��'@�Q3#N (Recrystallization) O'8�:%N�>�P��5�N�%� (Grain Growth) 

 �:%N�'?P$�N!2 (Phase Transformation) 

 �:%���8�5� (Precipitation) O'8�:%3$:��@Q� (Coasrsening)   

 �:%N�>��5�N3'/ (Liquation) 
 �:%N�%:8 (Embrittlement) 
 

�5��:���>�>%>$:�:�P'3/>�$:�?P�8N�>��@Q�O'O/ / 92�B�?PR�O%9�ค/:#%O5��:��:%N�AP5#$9�5:�N�>�N3�B�:%�R
�:��'�@Q�R�O�O/$ N�N� N�>�ค/:#NคO���คO:� (Residual Stress) %/#�@�N�>��:%�>��9/�5��>Q��:� (Distortion) �@Q�R�O
Q��%�?�?P�>Q��:�2:#:%��>��9/R�O N AP5N�O ��:%'�%8�9�ค/:#NคO���คO:�":$Q� �@P �2N��'�N5��:� (Size) O'8
%C�%N:� (Dimensions) �5��>Q��:� 

 2#�9�>�5�/92�B�?P�N:��:%N�AP5# #?ค/:#O���N:��:�/92�BN�>#�N5��:%N�AP5# N�AP5��:�/92�BR�O%9�ค/:#
%O5��:��:%N�AP5#�@P �2:#:%�N�'?P$�O�'�Pค%�2%O:��B'":ค�5��:�N�AP5#R�O P�$Pค%�2%O:��B'":ค�?PR�O�?Q�@Q�5$CN



Pล//>#"@�@#Nช?Pอ!. @/#? />0/�#: N/ลO��ลO@ค@#์ อ� (Welding Metallurgy for Engineers: Carbon Steel)  

Maintenance Technology Center (MTC); KMUTT                       2 / 252 

�9�2N/��2#�:�Nค#? (Chemical Compositions) O'8�%8/9�>�:%R�O%9�ค/:#%O5� (Thermal History) �5��>Q��:� 
P�$�%8/9�>�:%R�Oค/:#%O5��9��'N:/�O5� >�:%�:�@�%8�9��5�5B�3"C#> (Temperature) �?PR�O%9� %8$8N/':�?PR�O%9�
ค/:#%O5� � 5B�3"C#>�9��'N:/ (Duration or Time) 59�%:�:%Q3Oค/:#%O5� (Heating Rate) O'8%/#�@�59�%:�:%
N$O��9/ (Cooling Rate) %N/#�O/$�9� 

 �:% >�:%�:N3�B�:%�R�9��'N:/ ค/%R�O%9��:% >�:%�:N�O �' :�9��9Q��5��:%N�>��5�N3�B�:%�R P�$
$9�ค�#?O�/�:�Q��:% >�:%�:�:%N�'?P$�O�'��:�P'3/>�$: (Metallurgical Changes) N�N�N�?$/�9��9��:%
 >�:%�:�:�P'3/>�$:�9P/R� �9Q ��?Q Q3ON >P#N�>#Q�2N/��5��:% >�:%�:' :�9��:%R�O%9�ค/:#%O5� (Heating or 

Thermal Sequences) �@P �%/#�9Q �O�N�:%Q3Oค/:#%O5��N5��:%N�AP5#  (Preheat) �:%N�AP5#�>Q��:��9Q ��9Q �N�?$/ 
(Singlepass Welding) O'8�:%N�AP5#3':$�9Q� (Multipass Welding) 59�%:�:%N$O��9/ (Cooling Rate) �5��>Q��:�
�:��:%N�AP5# �9Q��5�Q��:%N�AP5# (Welding Sequences) %/#�@��:%Q3Oค/:#%O5�3'9��:%N�AP5# (Post Weld Heat 

Treatment: PWHT) O'8�%8�/��:%�:��' (Mechanical Processes) �N:� N 3'9��:%N�AP5#�O/$  
 

 

 

%C��?P 1.1 �'�%8���5�2N/��2#�:�Nค#?O'8�%8/9�>�:%R�O%9�ค/:#%O5� 

  

�:��?P�'N:/#:�O:��O� 2N/��2#�:�Nค#?O'8�%8/9�>�:%R�O%9�ค/:#%O5�2N��'25��%82:��9��N5�:%
N�>�Pค%�2%O:��B'":ค�5��>Q��:� �9�O2��Q�%C��?P 1.1 � :Q3ON�>�Pค%�2%O:��B'":ค�?PO���N:��9�55�R� Q��:�
�%�?2#�9�>�:��'�5�/92�B 2 �%8N"�5:��8R#NO���N:��9� N�N� #?ค/:#O�O�O%��:��@� (Tensile Strength) R#N
O���N:��9� O�NPค%�2%O:��B'":ค�?PR�O5:��8O���N:��9�R�O �9Q ��?Q �@Q�5$CN�9��:%55�O��/92�B (Material Design) 

�9Q� N �?P�:�/92�BR�Oค/:#O�O�O%�#:�:��:%N�'?P$�N!2�5�/92�B Q���8�?P�:�/92�BR�Oค/:#O�O�O%�#:�:��:%
���8�5� (Precipitation) �@P�/ 92�B�9Q� 2 �%�?5:��8#?ค/:#O�O�O%��:��@�2C�2B� (Ultimate Tensile Strength) O'8
ค/:#O�O� (Hardness) R#NO���N:��9� O�N�8#?ค/:#��O%�!:��%8�� (Toughness) �?PO���N:��9�R�O �9��9Q��:%
N'A5�Q�O/ 92�BO'8�%8�/��:%�9��:%�9�/92�BR#N2:#:%� >�:%�:N ?$�O�N2#�9�>�:��'N ?$�5$N:�3�@P�5$N:�Q� O�N
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�O5� >�:%�:�@�2#�9�>�:��'5AP� N %/#�9Q�2#�9�>�:�P'3/>�$: (Metallurgical Properties) %N/#�O/$�9� �@��8R�O
�%8P$��RQ��:%Q�O�:�O'82:#:%�Q�O�:�R�O�%��:#/9��B�%82�คR (Intended Uses) �5��:%55�O��/92�B 

 

1.2 P13/>#.ำ�ำ.,ำ*�/�N31O��1Oำ (Physical Metallurgy of Steel) 

 N3'O��'O:�%8�5��O/$�:�BN3'O� (Iron: Fe) N�O �2N/�Q3�N 5$N:�R%�O�:#�8#?�:�B5AP� N �%8�5��O/$N AP5
N >P#N�>#2#�9�>�O:��N:� N �5�/92�B N�N� ค:%R�5� (Carbon: C) �N/$N >P#ค/:#O�O�O%� �9Q�Q�O�N2:%'8':$�5�O�O� 
(Solid Solution) O'8�:%N�'?P$�N!2 3:��O5��:%0@�1:P'3/>�$:�:$": �5�N3'O��'O:O'O/ � :N�O ��?P�8�O5�
0@�1:O��"C#>N!2�5�N3'O��'O:ค:%R�5� (Phase Diagram of Carbon Steel) �@P �N�O �O��"C#>Q�2":/82#�B'
%83/N:�N3'O�O'8ค:%RR��R (Fe-Fe3C) �?P5�>�:$�@��:%N�>�N!2�5�/92�B�?P5B�3"C#>O'82N/��2#�N:� N �5�
ค:%R�5�Q�N3'O��9P�N5� Q�2":/82#�B' (Equilibrium State) N!2�?P2:#:%�N�>��@Q�R�OQ�N3'O��'O:ค:%R�5��9Q�
5B�3"C#>2C� (Elevated Temperature) O'85B�3"C#>3O5� (Room Temperature) R�OO�N 

 N!5%RR%�R (Ferrite) P�$3:��%:���?P5B�3"C#>�  P:�8N%?$�/N: O5'!:N!5%RR%�R (ñ-Ferrite) O'83:�
�%:���?P5B�3"C#>2C��8N%?$�/N: N�'�O:N!5%RR%�R (ô-Ferrite) 

 N 5%RR'�R (Pearlite) �@P�N�O �2N/��2#%83/N:�N!5%RR%�R�9�ค:%RR��R�?PN%?$�/N: �?N#�R��R (Cementite: 

Fe3C) 

 552N�R��R (Austenite) N�O �N!2�?P N�>��@Q� � 5B�3"C#>2C��/N:5B�3"C#>$CN���5$�R (Eutectiod 
Temperature) �@P �N�>��@Q��N5��?P�8N�'?P$�N!2N�O �N!5%RR%�R3%A5N 5%RR'�R�9P�N5� P�$�B�$CN���5$�R
N�O ��B��?P#?5B�3"C#>O'82N/��2#�:�Nค#?N3#:82#2 :3%9�/92�BQ��:%N�'?P$�N!2�:��5�O�O� 1 

N!2 R�N�O ��5�O�O� 2 N!2 Q��?P�?Q  คA5 �:%N�'?P$��:�552N�R��RR�N�O �N 5%RR'�R �@P ��%8�5��O/$
N!5%RR%�RO'8�?N#�R��R�9P�N5� 

 

�5��:��?Q $ 9�#?P5�:2N�>�N!25AP��@P �R#N5$CNQ�2":/82#�B' (Non-equilibrium State) �?P5B�3"C#>3O5�R�O
�O/$N�N�N�?$/�9� 59�N�O ��'#:�:�59�%:�:%N$O��9/�?PN%O/ (Rapid Cooling) %N/#�9��:%Q2N�:�B59''5$ (Alloying 

Elements) �N:� N N�O:R�� :Q3ON >P#ค/:#2:#:%�Q��:%� :Q3OO�O� (Hardenability)R�O N!2N3'N:�?Q R�OO�N 
 #:%R N��R��R (Martensite) N�>��:��:%N$O��9/5$N:�%/�N%O /�:�N!2552N�R��R#?ค/:#O�O� 

(Hardness) O'8ค/:#O�O�O%� (Strength) 2C� O�N#?ค/:#N�%:8 (Brittle) O��%O:/�N:$ � :N�O ��O5�� :
�:%5�คA��9/ (Tempering) N AP5N >P#ค/:#��O%�!:��%8��Q3OO��%O:/R�O$:��@Q� P�$ค/:#
O�O�O%�$ 9�ค�R#NO���N:��:�N�>##:��9� 

 N�R��R (Bainite) N�O �5?�N!23�@P��?PR#N2#�B'$RN�N��9� 5$N:�R%�O�:#N!2�?Q�8N�>�Q��%�?�?P59�%:�:%
N$O��9/R#NN%O/ 53%A5ค/:#2:#:%�Q��:%�B�O�O�R#N�? 5 P�$N!2�?Q#?ค/:#O�O�O%�� P:�/N:#:%RN��
R��R O�N#?ค/:#��O%�!:��%8��2C��/N: 
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1.3 O(%,C->N+2�/�N31O��1Oำคำ/์&/% (Phase Diagram of Carbon Steel) 

O��"C#>�:%N�'?P$�O�'�N!2�5�/92�BN3'O��'O:ค:%R�5�O2��Q3ON3O��@�N!2�?PN�>��@Q� � 5B�3"C#>O'8
2N/��2#�5�ค:%R�5� O���5�N�O �2N/��2#�5�ค:%R�5��9Q�O�N2N/��2#�?PN�O �N3'O��'O: (Steel) �?P%:/ 2.11%C 
3%A5 2.08%C R����@�2N/��2#�?PN�O �N3'O�3'N5 (Cast Iron) O'82C�2B��?P�%8#:� (6.67%C) O���9Q�N�O �O��
�5�5B�3"C#>�?P >�:%�: O2���9/5$N:��9�%C��?P 1.2 

��>�>%>$:�:�P'3/>�$:�?PN�>��@Q��%8�5��O/$ 

 ��>�>%> $:$CN���>� (Eutectic Reaction) N�O ���>�>%> $:�?P N�>��@Q ��:��5�N3'/ 1 ��>�N�'?P$�N�O �
�5�O�O� 2 ��>� ��>�>%> $:�?Q N�>��@Q�N�O�2 :3%9�2N/��2#�:�Nค#?�5�N3'O�3'N5 P�$N�>��@Q��?P
5B�3"C#>�%8#:� 1148

o
C �?Pค:%R�5��%8#:� 4.3% 

 ��>�>%>$:$CN���5$�R (Eutectoid Reaction) N�O ���>�>%>$:�?PN�>��@Q��:��5�O�O� 1 ��>� (Q��?P�?Q  คA5 
552N�R��R) N�'?P$�N�O ��5�O�O� 2 ��>� (Q��?P�?Q  คA5 N 5%RR'�R�@P ��%8�5��O/$N!5%RR%�RO'8�?N#�
R��R) P�$N�>��@Q��?P5B�3"C#>�%8#:� 727

o
C �?Pค:%R�5��%8#:� 0.77% P�$N�O ���>�>%>$:�?P2 :ค9�

2 :3%9�N3'O��'O:ค:%R�5��@P��8�'N:/Q�%:$'8N5?$��N5R� 

 ��>�>%>$:N 5%>N���>� (Peritectic Reaction) N�O ���>�>%>$:�?P5B�3"C#>2C�O'8N�>�Q��N/�2N/��2#�:�
Nค#?�5�N3'O��'O:N�N:�9Q� N�O ���>�>%> $:�?P#?ค/:#�9��O5�#:� 2 :3%9�Q�N3'O��'O:ค:%R�5��8
N�>��@Q�Q��N/�5B�3"C#>29Q� N 2N��'Q3ON3'O��'O:ค:%R�5�#?ค/:#N2?P$��N5�:%O��%O:/%O5� (Hot 

Cracking) � P:�/N:�%�?�5���>�>%>$:$CN���>� 

 

3:�O�N��'BN#�5�N3'O��'O:ค:%R�5��:#�%>#:�ค:%R�5�O'O/2:#:%�O�N�55�R�ON�O � 2 �'BN# คA5 �'BN#�?P
#?ค:%R�5�2C��/N:�B�$CN���5$�R (Hypereutectiod) O'8�'BN#�?P#?ค:%R�5�� P:�/N:�B�$CN���5$�R (Hypoeutectiod) 
P�$�'BN#�?P#?ค:%R�5�� P:�/N:�B�$CN���5$�RN%?$�/N: N3'O��'O:R6P�$CN���5$�R (Hypoeutectoid Steels) #?Pค%�2%O:�
�B'":ค � 5B�3"C#>3O5� Q��%�?�?P N$O��9/O��2#�B'$R �%8�5��O/$N 5%RR'�RO'8N!5%RR%�R �9�%C��?P 1.3 N#AP5
N3'O��'O:ค:%R�5�#?2N/��2#5$CNQ��'BN#�9��'N:/N$O��9/'�#:�:�5B�3"C#>�?PN�O �552N�R��R�8N%>P #N�'?P$�N!2
�':$N�O �N!5%RR%�R�N5�Q��:�2N/� P�$N%>P#�:�%5$�N5N�%��5�552N�R��RO'8N#AP5N$O��9/'�#:N%AP5$ N �%>#:�
�5�N!5%RR%�R�8N >P#�@Q�Q���8�?P�%>#:��5�552N�R��R�8'�'� ���%8�9P��@�5B�3"C#>$CN���5$�R3%A5�B�$C
N���5$�R552N�R��R�?PN3'A55$CN�8N!2�':$N�O �N 5%RR'�R�:#��>�>%>$:$CN���5$�R �9��9Q��%>#:��5�N 5%RR'�RQ�
Pค%�2%O:��B'":ค�8�@Q�5$CN�9��%>#:�ค:%R�5��?P#?5$CNQ�2N/��2#�:�Nค#? �%>#:�ค:%R�5�#:�2N��'Q3O#?
Pค%�2%O:��B'":ค�5�N 5%RR'�R#:��:#R��O/$ �?P�2:#:%� >�:%�:R�O�:����5�ค:��9� (Tie Line) �?PQ�OQ��:%
3:29�2N/��5�N!2�:�O��"C#>N!2 

N3'O��'O:ค:%R�5��?P#?�%>#:�ค:%R�5�2C��/N:�B�$CN���5$�RN%? $�/N: N3'O��'O:R6N�5%R$CN���5$�R 
(Hypereutectoid Steels) #?Pค%�2%O:��B'":ค � 5B�3"C#>3O5� Q��%�?�?PN$O��9/O��2#�B'$R�%8�5��O/$�?N#�R��R
O'8N 5%RR'�R �9�%C��?P 1.4 N#AP5N3'O��'O:ค:%R�5��?P#?2N/��2#�:�Nค#?5$CNQ��'BN#�9��'N:/ N%>P#N$O��9/'�#:�:�
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5B�3"C#>�?P N�O �552N�R��R�8N%>P #N�'?P$�N!2�':$N�O ��?N#�R��R%N/#�9�552N�R��R O'8N#AP55B�3"C#>�@��B�$C
N���5$�R552N�R��R�?PN3'A5�8N�'?P$�N!2�':$N�O �N 5%RR'�R�:#��>�>%>$:$CN���5$�R 29�2N/��%>#:�N!2�?P
N�>��@Q��82:#:%�ค :�/�3:R�O�:����5� <Tie Line= Q�'9�1�8N�?$/�9��9�N3'O��'O:R6P�$CN���5$�R 

 

 

%C��?P 1.2 O��"C#>N!2�5�N3'O��'O:ค:%R�5� (Fe-Fe3C Phase Diagram) (�%9��:� ASM Handbook Vol. 4 [1]) 
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%C��?P 1.3 Pค%�2%O:��B'":ค�5�N3'O��'O:R6P�$CN���5$�R (Hypoeutectoid Steel) (P�$ 5>0%�9� WELLab at 

MTC) 

 

 

%C��?P 1.4 Pค%�2%O:��B'":ค�5�N3'O��'O:R6N�5%R$CN���5$�R (Hypereutectoid Steel) (P�$ 5>0%�9� WELLab at 

MTC) 

Ferrite 

Pearlite 
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�:%N�>�N!2�5�N 5%RR'�R�:�552N�R��RN�O ��:%N�'?P$�O�'�2N/��2#�:�Nค#?":$Q�/92�B�N:��:%
O %N (Diffusion) �5�ค:%R�5� N!5%RR%�R�O5��:%ค:%R�5�Q��%>#:��?P�  P:#:� (%:/ 0.02%C) N#AP5N�?$��9��?N#�
R��R (%:/ 6.67%C) �9��9Q ��:%N�>�Pค%�2%O:��B'":ค�5�N 5%RR'�R2:#:%�N�?$�N�O �": %N :�O2���:%
N�'?P$�O�'�R�O�9�%C��?P 1.5 P�$5:�N%>P#�:��:%N�>�N!5%RR%�R�@Q�#:�N5� �@P ��8N�O ��:%�'9��9�Q3Oค:%R�5�55�
�:�N!5%RR%�R�9Q�25��O:� ค:%R�5��9��'N:/�8N�O �5�คR�%8�5��5��:%N�>��?N#�R��R�%8��คCN�9Q�25��O:��5�
N!5%RR%�R Q���8N�?$/�9��?N#�R��R�?PN�>��@Q��O�8�@�N5:ค:%R�5��:��%> N/�%5� N �O:�#:Q�OQ��:%N�>�P� � :Q3O
�%> N/�%5��O:��:�ค:%R�5� �@P �N�O ��9��9$2N�N2%>#Q3ON�>�N!5%RR%�R�@Q� N3�B�:%�R�9��'N:/N�>��@Q�2'9��9�� Q :R�� Q :
#: �@��':$N�O �Pค%�2%O:��B'":คN 5%RR'�R�?P#?�:%N%?$�2'9��9�%83/N:�N!5%RR%�RO'8�?N#�R��R�9P�N5� 

 

%C��?P 1.5 ": � :'5��:%N�>�Pค%�2%O:�N 5%RR'�R 
 

1.4 O(%,C->�ำ/N'1?P.%N+2#?P/B�3,C->ค�#?P (Isothermal Transformation Diagram) 

N�O �O��"C#>�?PO2���@��:%N�'?P$�O�'�N!2�5�/92�B � 5B�3"C#>�:%N�'?P$�O�'�ค��?P  (Isothermal 

Temperature) �9�O2��Q�%C��?P  1.6 2 :3%9�N3'O��'O:ค:%R�5� �:%N�'?P$�N!2Q�2�:�8�5�O�O� (Solid State 

Phase Transformation) �:�N!2552N�R��R�8N%>P#�O��?PN2O��:��O:��O:$#A5 (Starting of Reaction) � 5B�3"C#>�?P
 >�:%�:Q� N �@P �5B�3"C#>�9��'N:/ค��?P�'5��:%N�'?P$�O�'�N!2 ���%8�9P��:%N�'?P$�N!2N2%O�2>Q�2#�C%�RN#AP5
%8$8N/':� :N�>�R��@�N2O��:��O:��/:#A5 (Ending of Reaction) Q��%�?�?P5B�3"C#>�:%N�'?P$�O�'�ค��?P  �8R�O
Pค%�2%O:��B'":ค�?PN�>��@Q�N�O ��B�N�?$/ 5$N:�R%�O�:#Q�ค/:#N�O ��%>�O'O/�8R#NN�>�N3�B�:%�R�?P5B�3"C#>�:%
N�'?P$�O�'�ค��?P �@P ��8� :Q3ON�>�Pค%�2%O:��B'":ค�?P�2#�9� N�N� N 5%RR'�R�2#�9�N�R��RN�O ��O� 

O��"C#>�?Q �C�Q�O�%8P$��RQ��:%� :�:$�@�N!2�N:� N �?PN�>��@Q��:��:%N$O��9/�@P �2N��'�N52#�9�>�:��'
�5��>Q��:� N�N� ค/:#O�O� ค/:#O�O�O%� � :Q3O2:#:%�� :�:$R�O/N:ค/:#O�O��5�/92�B�8N�O �N�N�R% 5$N:�R%�O
�:#�:%Q�O�%8P$��RQ��:��%�?�O�8Q�ON AP5�:%�O5��9��:%N�>�N!2�:�5$N:��?PR#N @��%82�คRQ��:��%�? N�N� 
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