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 ������ �G H�C� IJE�กก����C���FJ>DEFIIกD��DJEKL"K�#MNNO�ก�FD��E��กH�E�L<�H� D�L9� �PL ����Q���PL    
R ก��SE�<TITU  T9#R;VDJEKL:E�LL� JE�ก"�กD�<C<I��� �F9��D�L9�  12 T�E<> 12 A-hr �L"�JE�ก��FกI�9V�#�L"�
#ก�F9��D�L9� �����กA�D�L9� RJV�L��� 100 VDC DEF�L"�NE�#D�Z��I C�I�>C<I�>T9#��I8�ก�B>JE�ก�[I����;><��C9�#�ก��
J�VID�EL����Q���PLC:[�I��V�LD�L9� �PL"K�#RJVก��D�KLI�CEZกT<�9D����Lก�F�IกUVI Dก �K��������K�DNกC<I�>
IL
� ��MNNO� %20* ≤η � � �IL;�G C:[�IRJV�P�D��
IL� ��MNNO�������M�K���H�C��I�PL����F9��D�L9�  2.391-2.808 kV 
R <I D�กM9VIIกD��DEF��V�LD�KLI�CEZกT<�9 "�ก �G M9V��ก��"H�EILก���H�L� 
IL�L"�DJEKL"K�#MN���M9VIIกD��    

^G 9V�# MATLAB/SIMULINK C:[�I#[ #� ก���H�L� ���QPก<VILC���#�C��#�ก��ก���9EIL M9V��ก���9�I�����Q F
IL
C��[�IL<V D��e�#R<V�e��Fก��C�E��# �F9��D�L9� CI��>:8< U^�L"F��SE<KI�����BTITU ���Cก�9
^G  
��������& :  DJEKL"K�#MNNO�ก�FD��E��กH�E�L<�H�, � ��MNNO�M�K���H�C��I�PL, J�VID�ELD�L9� �PL  
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Design and Analysis of a Low-Power, High-Voltage, High-Frequency AC Power Supply  
for Ozone Generation with Highly Non-Uniform Electric Field 

 

Sudaporn Chataputtisawan* 1)  Jrukkrit Chankiew 2) and Vijit  Kinnares 3) 

 
 

ABSTRACT 
 

This paper presents the design and analysis of a low power, high voltage, high frequency AC power 
supply for ozone generation, which energy is converted from a 12V, 12A-hr battery are proposed in this paper. 
The main circuit consists of, a constant 100VDC for DC boost regulator, a fly back converter with a step-up 
transformer and only one switching device and two insulator coaxial cylindrical electrodes with electric field 
factor %20* ≤η  for highly non uniform electric field and voltages range between 2.391-2.808kV. The study, 
design and construction of electrode are proposed. Then simulated of the design is using MATLAB/SIMULINK 
verifies correct operation compared with the experiment is given. Performance of the prototype under various 
operating conditions such as variations of output voltage, which affects generated ozone level, has been 
investigated. 
Keywords:  a low power AC power supply, highly non uniform electric field, step up transformer 
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1. �%��� 

 ก� �  H ��� � C� �� "H � :� ก   � EI ��        
9K�L������ C
V���R;VR ก��yK�C;[GIT�����CJEK� �G"F��GL���
<ก�V�L���C�z I� <��#CI�M�VR SE�<e�B{>" Cก�9�|}J�
���LD�9EVI�C�z :�A  TITU  C�z ก~�U��� H�C
V���C:[�IR;VR 
ก��yK�C;[GIT��D� ���C���CJEK� �G 9V�#�8B����<���LC���
��������Q�H������FI�9RJVก�� GH �DEFI�ก�������
���LC"[I� M9VC�z I#K�L9�C�[�IC��#�ก�����C���; �9I[� � 
DEF�E�#<��M9V<��=���;�<�T9#M�K��GL���<ก�V�LCI�M�V
D<Kก~�UTITU กZ���8B����<�C�z ก~�U:�A9�L �G ก�� H�M�R;V
"^L<VIL��ก������8������BRJVCJ��F��ก��E�กABFL�  

ก � �  H � ก~ � U TI TU  M � R ;V  �G  <V I L �H � ก � � SE� < ก~ � U               
B <H�DJ KLR;VL� C�K� �G  C [�IL"�กTITU C�z ก~�U���      
M�KC�Q�#�"^LM�K�����QCกZ�M�VM9V JE�กก��ก��SE�<TITU 
R ������ �GCก��#�
VILT9#<�Lก��ก����V�L���ก�ก��B>
ก��D<ก<��D��T�T� K� (Corona Discharge) R I�ก�� 
L� ��"�#��� H�C� I�K� ��ก"F H�C� Iก����V�LDJEKL"K�#
D��NPE���9">DEFD�����>N���9">�I C�I�>C<I�> (I 8��กA> 
��� �8
, 2550) 9�LD�9Lก��C���#�C��#���=�CกK�DEF��=����
 H�C� IR �P���� 1 DEF 2 <��EH�9�� 

 
 

 
 

��S%!� 1 ������������	
�����������
���������
�������������	��������������
�����������
ก�������ก��� ���� "��� 
��� 
���#$%
��� 

 

 
 

��S%!� 2 ������������	
�����������
���������
������"�&���
���������� �
ก�������ก��� ��
�� "��� 
��� ���#$%
��� 
 

"�ก�P���� 1 
VI9�
ILC�� �� �G �[I �F9�กR ก��
R;VL� C:��F�����QR;Vก��MNNO������M�M9V ��V�L�����B
TITU M9V��ก 
VIC��#�[I��T��L��V�L
 �9RJ}K <V �8 R 
ก��SE�<�PL ก�� H�M�R;V<VIL��ก������8�DEF H�M�R;V
L� I#K�LQPก<VILC:[�IM�KRJVCก�9I� <��# "^LCJ��Fก��L� 
I8<��Jก���
 �9RJ}K 

"�ก�P���� 2 C�z C�� ����� H�C� IR ������ �G   
��
VI9� �[I ��
 �9T��L��V�LCEZกก�K�D����� 1 <V �8       
R ก����V�L<�H�ก�K�DEFM9VIIกD��T9# H�D�<C<I���C
V� 

��R;VC�z DJEKL:E�LL� JE�กU^�L"F�����Q H�M�R;Vก��
�Q� ������M�K��MNNO�DEF�����Q H�M���F#8ก<>R;Vก��   
DJEKL:E�LL� �9D� I[� M9V C;K  :E�LL� E� :E�LL� 
D�LI���<#> C�z <V  
VIC��# �[I C��[�IL��� H�C� I"FSE�<
TITU M9VR �����B VI#R ������"^LC V ก�� H�CI�M�
R;Ve�#R ����C�[I  DEFC [�IL"�ก�����BTITU ���SE�<    
M9V VI#"^LM�KกKIRJVCก�9I� <��#D<KC:�#L:I<KIก�� H�M�R;V
C:[�IRJVCก�9��FT#; ><��E�กABFL�   
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2. %UVW!#�#$� 
2.1 ก��
����X������������������%!�YZ"Y�ก��
[�
�ก\�$#�#$�  

 ก���H� �BJ��K�:�����C<I�><K�L�
ILD�KL
I�CEZกT<�9������"H�C�z C:[�I H�M�IIกD��DJEKL"K�#RJV
�����Q"K�#:E�LL� MNNO�M9VC:�#L:I<KIก��Cก�9TITU  
"�ก�@A��ก~�UTITU C�z ก~�U���Cก�9"�กก��"��<��ก� 
IL
IIกU�C"  3 IF<I� 
�G <I ก��SE�<ก~�UTITU  �[I <VIL
�OI :E�LL� "�กe�# IกC
V�M�ก�F<8V RJVก~�UIIกU�C"  
(Oxygen gas:O2) D<ก:� =FIIกC�z IF<I�I���F
IL
IIกU�C"  (O) DEV�"^L���กE��C�z  O2 กE�#C�z  O3      
9�L��ก�� O2 + O = O3 U^�L:E�LL� :� =F
IL O3      
 VI#ก�K� O2 ��ก 9�L �G R ก��IIกD��DJEKL"K�#"^L<VIL
�H� �BJ��F9��:E�LL� ���"K�#RJVก���F��DEV�M�K�H�RJV
Cก�9�����VI 
^G R ;KIL�K�LI�ก����กCก� M� T9#<VIL
�F��Lก��Cก�9ก��C��ก9�� >R �F�� R #K� :E�LL� ��L
C�����������Q�H�RJVCก�9ก~�UTITU "FI#PKR #K� :E�LL� 

;K�L 493.2 - 682.8 kJ/mol 9�L �G �����Q�H� �B#K� 
:E�LL� ��LMNNO������9"�กIIกU�C"  21 %R I�ก�� 
T9#��F��B #K� :E�LL� MNNO����<VILR;VR ก���E�#
:E�LL� :� =FIIกU�C" �[I;K�L 1.172 - 1.62 kWh/m3    
"^L"F�����Q�H�RJVCก�9TITU 
^G R ;KIL�K�LI�ก��M9V 
 

2.2 ก����ก����%���
��]ก#������ก������	^
������%!�YZ"Y�ก����ก��	_����ก$
��� 

 R ก��IIกD���K� กH�C �9TITU "FR;VJE�กก��

IL� ��MNNO�����F#8ก<>R;VR ก����V�LD�KLI�CEZกT<�9 
T9#IIกD��RJVD�KLI�CEZกT<�9��E�กABFC�z ��Lก�F�Iก
UVI Dก �K����� � �IL;�G  U^�L"F�H�RJVCก�9� ��MNNO����
������M�K���H�C��I�PL ( %20* ≤η ) e�#R ;KIL�K�L
I�ก��T9#��
 �9
ILD�KLDEFก��IIกD��9�LD�9LR 
�P���� 3 DEF�����Q�H� �BJ��K�:�����C<I�><K�L� M9V
<����ก����� (1), (2)  

 
��S%!� 3 '
��"�(� ก)*("�+�����&ก��������� �,�������
 

 
� � ;�G ���  1 CE[IกR;VDกV�C�z � � ���K��L���� � 
���:��=> ( ) 81 =ε  � � ;�G ���  2 C�z I�ก�����K��L���    
� � ���:��=> ( ) 12 =ε , 

 .930.0.785.0.680.0 321 cmrcmrcmr ===

#�� .15cml = �K������<�I�ก��e�#R ;KIL�K�L
I�ก�� 37185.11)( cmV =   H����H� �BJ��K�#K� 
� ��MNNO�M9V9�L��ก����� (1)   
 

V

W
E

2

2
ε

=   
(1) 

 

 

 C�[�I E �[I�K�����C���#9� ��MNNO�, W �[I:E�LL� 
MNNO�, V �[I�����<�I�ก��e�#R ;KIL�K�LI�ก��"FM9V
#K� � ��MNNO����R;V<�H��89  
 

( )
( )( )

cmkVE /250.16
7185.1110854.8

0137.02
12min =

×
=

−

 

 

DEF#K� � ��MNNO����R;V�PL�89�[I 
 

( )
( )( )

cmkVE /087.19
7185.1110854.8

0189.02
12max =

×
= −

 

 

"�ก �� ก� ����  ( 1 )   H ��� �H �  � BJ ��K �;K � L 
I L
D�L9� MNNO�����H�RJVCก�9TITU DEFM�K�H�RJVCก�9ก��C��ก
9�� >R �F��M9V"�ก��ก����� (2) 
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21

1

2
2

2

3
12

εε

εε

.

lnln 







+

=
r

r

r

r
rE

V

Max

 
 

(2) 

 

C�[�I V �[I �K�D�L9� ����H�RJVCก�9TITU , EMAX �[I�K�
����C���#9� ��MNNO��PL�89   
C�[�I  Emax = cmkV /250.16  
 �K�D�L9� ����H�RJVCก�9TITU  (V) = 

( )( )
kV391.2

8
680.0

785.0
ln

930.0

785.0
ln8785.010250.16 3

=







 +×  

C�[�I  Emax = cmkV /087.19  
�K�D�L9� ����H�RJVCก�9TITU  (V) = 

( )( )
kV808.2

8
680.0

785.0
ln

930.0

785.0
ln8785.010087.19 3

=







 +×  

9�L �G �K�D�L9� MNNO����<VIL"K�#RJVก��D�KL
I�CEZกT<�9I#PKR ;K�L 2.391 � 2.808 kV "^LIIกD��
�L"��H�J�����V�LD�L9� �PLC:[�Iก��SE�<TITU RJV
�����Q"K�#D�L9� M9V 0-4 kVp CE[Iก����Q��R;VL� ��� 25 
kHz C [�IL"�ก<VILก��CE��#Lก��Cก�9��}}�B��ก� <KI
�F������Q��I[� � 

 

3. ก����ก����
������������ก�������� ก�����
���� ��������� �	�� !���� 
3.1 ก����ก���	����ก�����กV������������ 
(Boost Regulator) 

  D�L9� MNNO�ก�FD�<�L 12 V "�กD�<C<I���"F
QPก#กDEF��กA��F9��D�L9� MNNO�ก�FD�<�LC�z     
100 V กKI R ;K�LD�กU^�LD�<C<I������R;V"FC�z D��
<Fก��� � ก�9"K�#ก�FD�M9V 12 A-hr ก��IIกD��
�L"�#ก�F9��D�L9� �K�:�����C<I�>���"H�C�z R ก��
IIกD�� �[I �K� L, �K� C, DEFI8�ก�B>����;>���R;V 
9�L �G           C�������QJ�I�<���K� �FJ�K�L;K�L
����;>�H�L�  (t0n) DEF;K�L����;>M�K�H�L�  (toff) (Duty 
cycle) M9V"�ก��ก����� (3) 

 

DV

V

s

o

−
=

1
1   

(3) 

 

"�ก��ก����� (3) D� �K�<��D��C:[�I�H� �BJ��K�9��<�G
MUC��EM9V9�L �G 

D−
=

1

1

12

100 , 
25

3
1 =− D , 88.012.01 =−=D  

�H� �BJ��K� L �����
 �9CEZก����89
IL�L"�����H�L� R 
TJ�9ก�FD�<KIC [�IL"�ก��ก����� (4) DEFกH�J 9RJV 
����Q��C�K�ก�� 25 kHz  

( )
f

RDD
L

2

1 2

min

−
=  (4) 

 
( )

)25000(2

10088.0188.0 2

min

−
=L , HL µ34.25min =  

9�L �G "^L<VILIIกD���K� L 
�G <�H��[I Hµ34.25              
R L� ��"�#R;V�K� L= mH6.14 �H� �BJ��K� C ���
กH�J 9RJV��I�<���FEIก�E[� C�K�ก��   1 % "�ก��ก����� 
(5) DEFกH�J 9RJV ����Q��C�K�ก�� 25 kHz  
 

RCf

D

V

V

o

o =
∆  (5) 

 

o

o

V

V
Rf

D
C

∆
=

,  
01.025000100

88.0

××
=C  

9�L �G "^L<VILIIกD���K� C  VI#�89�[I Fµ20.35            
R L� ��"�#R;V�K� C = Fµ50  

"�กก���H� �B�K� L, C ���M9VDEFก��R;V"��L   
R �L"�������K�D<ก<K�Lก� ��กC [�IL"�กR ������M9V
IIกD���K� L, C C:[�IRJV�����Q�IL���R ก�B����<VIL
�^กA��K�I� :8<JE�#�F9��"^LIIกD��RJVR;V�K����
��กก�K�ก���H� �BJ�[I"FR;V�K�����H� �BกZM9VC;K ก�  
"�กก������9��<�GMUC��E�K�<K�L�DEV��H�ก����9J�D�L9� 
���
� 5 
IL TL494 �H�RJV�����K����9��<�GMUC��E 0.88 
�����K�D�L9� ���
� 5 M�V��� 1.35V 9�L �G C�[�I<VILก��
��กA��F9��D�L9� "^LR;V <��<V� �� �����K�M9V 10k ����
C:[�I"H�ก�9D�L9� M�V��� 1.35V �OI กE�������
� 3 C:[�IRJV
�L"���CI�<>:8<�L���9�LD�9LR �P���� 4 
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1
0

0
µ

F

1
0

0
0

µ
F

0
.1

µ
F

1
0

µ
F

3
5

 V

3
5

 V

3
5

 V

2
5

 V

 
 

��S%!� 4 ก����ก"�������ก"�(� ก)��(� �"��� 
 
 

3.2 ก����ก���
�"��S���	�� !���� 
 

 

��S%!� 5 ����"��+��+��-��.�ก�("��� �ก��� ��
�� "��� 
��� ���#$%
��� ����� �,�������
 
 

 "�กก���H� �BJ��K�D�L9� ���"K�#RJVก��D�KL
I�CEZกT<�9�����Q H���IIกD��J�VID�EL����Q���PLM9V
"�ก��ก����� (6)  

mfAB

V
N

4
=

 (6) 

C�[�I N �[I"H� � �I�
ILJ�VID�EL, V D�L9� MNNO�,      
f �[I����Q��, R ������ �GCE[IกR;VDก CNI�>M��> EE-55 A  
= 3.54 × 10-4m2, Bm = 0.2T กH�J 9RJVCE[Iก
 �9

9E�9
 �9 450 CUI�>�PEK��>��E <KIก�FD� 1A 
 

3.3 ก����ก���	����	��e��	
�Z�������ก����� 

 R ������ �GR;V�I�CN<กH�E�LC�z I8�ก�B>���<;>
��GLR �K� 
ILJ�VID�ELD�L9� �PL ����Q���PLDEF�L"�
#ก�F9��D�L9� U^�L"FR;VMIU� TL494 ��V�L��}}�B:�E�>
C:[�I����8�ก�����<;>
IL�I�CN<กH�E�L R �K� 
ILJ�VI
D�ELD�L9� �PLR;V IC PC923L C�z <��D#กก��� 9>��L
MNNO�
IL�L"�กH�E�LDEF�L"�
��Cก<9�LD�9LR �P���� 5 
�K� �L"�#ก�F9��D�L9� R;V IR 2110 C�z <��
��Cก< 

 3.4 ก��	
�����
�	���
�"��S���	�� !���� 

 
VIกH�J 9R ก����C���FJ>�L"����PE#> �[I 
1. I8�ก�B>�8ก�K� R �L"�กH�J 9RJV�H�L� C;�LI89��<� 
2. SE
IL�K�����CJ ��#� H� Lm R �L"�"FEFC�V          

M�K:�"��B�R ;K�L 0-ton  
3. ก�FD����MJESK�  Li ���C�E� t = 0 DEF���C�E� t = ton "F

���K� VI#��ก "^LEFC�V M�K:�"��B� 
4. D�L9� CI��>:8< ���M9V"�กก����C���FJ>�L"�M9V�KLSK� ��

��LI� :8<DEV�"FI#PKR �P�D����ก��C;�LI 8:� =>กH�E�L
�ILU^�L�����QD�KLM9V9�L�P���� 7 
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3.6 [�ก��������  
 H���ก�����  (8) (10) (12)  H����H�ก��"H�EILC:[�I
��C���FJ>T9#R;V MATLAB SIMULINK SE���M9V"�กก��
�� C �� � FJ> D�9 LR  �P� ���  8 ก  DEF  8 
  T9# กH �J  9
�K�:�����C<I�>R ก��"H�EIL�[I E = 12, n = 24.5, ton = 

17us, f = 15 kHz, Ri = 0.23Ω, Li = 0.3uH, Lm = 

230uH, Rx = 70Ω, DEF Cx = 0.87uF   
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��S%!� 8 ก) ,�ก��������(���#ก��"��� 
�����56�  ') ,�ก��������(���#ก��ก�("���
56� 
 

4. [�ก��%���� 

ก���9EILD�KLIIกC�z  2 �K� �[I ก���9�I�
CกZ�SE��LMNNO�DEF��LC��� T9#ก��CกZ�SE��LMNNO�  
U^�L"FCกZ�SE
IL�L"�#กDEF��กA��F9��D�L9�  D�9LM�V
9�L�P���� 9ก,9
 DEF�H�ก����9D�L9� CI��>:8<DEFก�FD�
I� :8<
ILJ�VID�ELD�9LM�VR �P���� 10ก, 10
, 11, T9#
R ก��CกZ�SEก���9EILC [�IL"�กD�KLI�CEZกT<�9D��
��Lก�F�IกUVI Dก �K��C���#�C��[I �� C <KII 8ก��ก� I#PK

DEF�����Q�H� �B�K� C (�H���# ��L
>�FI�9, 2547) 
"�กD�KLI�CEZกT<�9M9V�[I 0.0445nF "^LR;V�K� C �K�����"8 
4700nF <KII 8ก��ก��D�KLI�CEZกT<�9C:[�IE9�F9��D�L9� 
�PLRJV���F9��D�L9� �����9M9V��F��B 1:100 C�K� �K� ���
�IL��9SE��LC���T9#ก����9�����BTITU ����F9��D�L9� 
CI��>:8< 2.4 kV, 2.6 kV, 28 k.V SE
IL�����BTITU 
D�9LM�VR <���L��� 1 

                                       ก                                                             

 Vout

0

20

40

60

80

100

120

10 11 12 13

Vin (V)

V
o

u
t 

(V
)

Vout

 

��S%!� 9 ก) "��� 
�����56������ก�(� �"��� 
�%
��ก"��    ') ก���"������#� #5 
9�"��� 
��
56�ก �"��� 
�����56� 
 

"�ก�P���� 9
 M9V<�GL�K����8<��� RJV�9�I��K�D�L9� 
D�<C<I��������ก��C�E��# D�ELM9V 10 -13 T�E<> T9#D�L9�  

10 T�E<>C�z D�L9�  VI#�89����L"��H�L� M9VDEF 13 T�E<>
�[ID�L9� ��ก�89C�[�ID�<C<I���QPก��F"8" C<Z� 
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 ��S%!� 10     ,�ก��������(� �"��� 
�����56� ก) Vo = 2.40 kV, D = 0.17  ') Vo = 2.88 kV, D = 0.35 
"��� 
��
56� 100VDC, ���#$%
�
ก�������� 25 kHz                                                     

 


        



ก��IIกD��DEF��C���FJ>DJEKL"K�#MNNO�ก�FD��E��กH�E�L<�H� D�L9� �PL ����Q���PL  
�H�J���ก����V�LTITU 9V�#� ��MNNO����������M�K���H�C��I�PL 

 

57 

Vout

0
0.5

1
1.5

2
2.5

3
3.5

4

15 25 35 40

Duty cycle (%)

V
o

u
t 

(k
v)

Vout
 

 

��S%!� 11 ก���"������#� #5 
9��(��+��"��� 
�����56�
ก ��+�����%J-����� 

 

"�กก���9EIL��LMNNO�C�[�ID�L9� CI��>:8<
C�E��# SEก����9ก��Cก�9�����Bก~�UTITU ���K�C:���
^G  
T9#R;V��=�ก���� C���FJ>��LC������ C ��#ก�K� M<C<�;��  
(Titration) JE�กก���[I ก��Cก�9���ก���#��FJ�K�Lก~�U
TITU ก�����EFE�#T�D<�CU�#�MITIM99> (KI) 100 mL 
M9V���RJ�KCก�9
^G "�ก �G  H�M�M<�C<��ก�����EFE�#���
C�z <����9��U> �[I TUC9�#�M�TIU�ECN< (Na2S2O3) DEV�C<��
 GH�D�OLC�z I� 9�C�C<I�> ���EFE�#"FกE�#C�z �� GH�CL� 
�H�ก��M<�C<��" �� GH�CL� "�LJ�#M� �H�ก���� �̂ก�K�
�����BTUC9�#�M�TIU�ECN< C:[�I H���J��K������B
TITU <KIM�<����ก����� (13)  
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�����%!� 1 "���,�8��#�*ก���ก��กK������
��%��ก �
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-��.������56� 
�K�9��<�GMUC��E 

 (%) 
D�L9� �8<�#eP�� 

(kVrms) 
�����Bก~�UTITU  

(mg/h) 
0.17 2.40 50 
0.26 2.60 85 
0.35 2.88 150 

 

5. ��eS[�ก��%���� 
 "�กSEก���9EIL�L"�#ก�F9��D�L9� "�ก
D�<C<I��� 12V 12 A-hr �����Q��กA��F9��D�L9� 
��L9V� CI��>:8<M9V 100 V 9�LD�9LR �P���� 9ก,9
 SEก��
"H�EIL�L"�J�VID�EL����Q���PL9�LD�9LR �P����  8ก, 8
 
C�[�IC��#�ก��SEก���9EIL���M9VR �P���� 10ก,10
 "FCJZ 
M9V�K���ก���H�L� ����I9�EVILก� DEFC�[�I H�DJEKL"K�#���
IIกD����"K�#D�L9� RJVก��D�KLI�CEZกT<�9���IIกD�� 
D�KLI�CEZกT<�9�����Q��V�LD�L9� M9VR ;K�L 2.391 � 
2.808 kV <������H� �BM�VDEFC:�#L:IR ก���H�RJVCก�9
�����BTITU 9�LD�9LR <���L��� 1 "FCJZ M9V�K�����F9��
D�L9� CI��>:8<<K�Lก� T9#ก�������K�9��<�GMUC��EC�[�I
�F9��D�L9� CI��>:8<��ก
^G �KLSERJV�����BTITU ���SE�<
M9V��ก
^G  ��� L���<VIL�F�� L�[Iก������RJVDJEK L"K �#        
"K�#D�L9� ��กCก� :�ก�9����H� �BM�V"F�H�RJVCก�9ก��  
C��ก9�� >R �F��
^G   
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>�FI�9. 2547 � 	
k	ก�������������� �,  
 e����;�����ก���MNNO� �BF����ก�����<�> 
"8��ELก�B>�J����#�E�#. 

I 8��กA> ��� �8
. 2550 �C��[�ILSE�<ก~�UTITU D��CN�;�N�>
:� 9� � � E� � C IZ � NP E � �� 9 "> � I  C � I �> C < I �> �.
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