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>'+0ก2-?;',-2@-9A@-B0(03-@C+0ก97DE>ก,&F1?;'G212-H
@C+0ก97DE,กF7D&'+.ก&'() 

&9079:7,-23I0D&'8J2ก2-@-9A@-B0(03-,&F1?;'1.
KBLG1A9>F,@M7D@>21>'+0ก2-   N<O,PF=1@-OGF8QFR2P?7
ก2-?S'027?;'G1A-5LT)F=0*I:7  U&)D&'8J2ก2-Nก'D*
3B&AกP-6+0?7(03-,&F1?;'&.*I:7  &907.: 

1. -.,<)T3OD168J2027,1V=+DE>ก;-V+DE,กF7  ,@M7ก2-
Nก'D**'+AกP-6+0,&F18.=,1V=+DE>ก12กW  -.,<)T3O1.N-0DE
D16P+,<.:)0(03-  

2. D&'Nก'D*?;'(03-8J20278BกK-9:08.=DE>กDE,กF7
;-V+DE-9=(S9=(*LO 

3. G212-H?S'027D&'&.N1',1V=+DE>กHI0 12 U(<8T 
;-V+DE,กF7HI0 380 U(<8T 

4. G212-H@-9A?;'(03->9&,1V=+DE,กF7HI0 180 
U(<8T(;-V+12ก7'+)ก(627.:D&') 

5. G212-H@-9A?;'(03->9&,1V=+DEG50,กF7 >9:0N>6 
240 U(<8T*I:7D@ (;-V+12ก7'+0ก(62D&') 
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N-0DE8.=?S'027+)563OH5ก@C+7?;'ก9A8-27GTE+-1
,1+-T8.=++กNAA?;'*&DP-12-.=,862ก9A 380 U(<8T N<O,S[K
K97&2-.= ,862ก9A 20 U(<8T  32กKBLG1A9>F*+08-27GT
E+-T1,1+-T&90ก<62( 3O8J2?;'D&'N-0DE8.=*&,S[KK97&2-.= 12 
U(<8T ,1V=+N-0DE+F7PB8 ,@M7 220 U(<8T >21@ก>F 

N<O3OD&'N-0DE++ก  9.5 U(<8T  ,1V=+DE>กHI0 180 
U(<8T  N-0DE&90ก<62(3O@C+7?;'ก9AD&U+&,-[>>FDE,++-T 
D1-D4   ก2-8.=,-2?S'8-27E+-1T,1+-T8.=1.*&DP-12-.= 380 
U(<8T  ก[,PV=+@C+0ก97>9(;-27GTE+-1,1+-T,+0D16?;',กF&
ก2-,G.);2)  ,7V=+032กN-0DE,กF7 

N-0DE,<.:)0(03-8.=4627,-[K>FDE-TN<'(3ON)ก++ก,@M7 
2 820 820;7I=03O@C+74627  IC3 ,PV=+-9ก_2-O&9AN-0DE
?;'K08.=><+&D16(62DEEC28.=,*'2123O>=J2HI0 110 U(<8T ;-V+
G50HI0 380 U(<8T ก[>21 

3I0,SV=+D&'(62@-OGF8QFR2P*+0(03-3O&.,).=)1
><+&,(<2 

N-0DE+.กG6(7;7I=03O@C+74627 R1,R2 ?;'ก9A  IC1 
,PV=+,@-.)A,8.)Aก9AN-0DE12>-a278.=D&'32ก  R5 N<OH5ก

-9ก_2?;'1.-O&9A 5 U(<8T  K08.=&'()b.,7+-TD&U+&  D5 
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VR1 3O8J2;7'28.=@-9A,PV=+?;'N-0DE1.K62>=J2ก(62N-0
DE8.=*2 6 ,<[ก7'+)3O1.K62G50ก(62,1V=+N-0DE+F7PB8G50,กF7
K628.=กJ2;7&  N-0DE++ก8.=*2 7 3O,@C7A(ก@C+74627 
D6,D8 N<O R8  D@)90,AG*+0 Q1 8J2;? Q1 8J2027 

*LO,&.)(ก97 LED D9  3O>F& ,PV=+NG&0?;'-5'(62
(03-8J2027,7V=+032กDE,กF7 

 

 
�
���� 2 <2)@-F:78TN<O>J2N;760+B@ก-LT 
ก2-8J2027*+0  Q1 3O8J2?;'*2 3 *+0 IC2 1.e9ก)T

,@M7ก-2(7T  8J2?;'D&',+'2PB88.=*2 6 ,@M7A(ก Q2 3O

8J2027  N<O<&N-0DE8.=,AG*+0 Q3  ?;'>=J2<037 Q3  
;)B&8J2027  -.,<)Tก[3O>9&(03-,PV=+@C+0ก97(03-8.=,-2?S'
0278978. 

,1V=+N-0DE8.=,*'212@ก>F  N-0DE8.=,AG*+0 Q1 3O
>=J2<037  Q1  ;)B&8J2027  N>6  IC2  3O)90K08J2027
>6+D@&'(),(<28.=;76(0D('+.ก@-O12L 3 728.  32ก79:7
-.,<)T3I03O>6+DE?;'ก9A,K-V=+08.=@C+0ก97>21@ก>F 

VR2 3O@-9A?;'N-0DE8.=*2 2  G50ก(628.=*2 3 
,<[ก7'+)  N<O3O1.K62>=J2ก(62N-0DE8.=*2 3 ,1V=+N-0DE8.=
@C+7,*'212>=J2ก(628.=กJ2;7& 

,1V=+N-0DE8.= *2 2 >=J2ก(62 *2 3 3OD&'N-0DEA(ก
++ก8.=*2 1 *+0 IC1b @C+74627  D7,D9 D@8J2?;'  Q1 
8J2027 ,S67,&.)(ก9A,1V=+,กF&DE,กF7D&',S67,&.)(ก97 

LED D11 ,@M7>9(A+ก?;'8-2AHI0ก2-8J2027*+0
(03-,7V=+032กN-0DE>ก 

LED    D12  ,@M7>9(A+ก?;'8-2AHI0ก2-8J2027*+0
(03-,1V=+GR2(O@ก>F 

ก������� 

@-Oก+A+B@ก-LT<0A7N467@-F:78T  &90NG&0D('?7-5@
8.= 2 ?;'H5ก>'+0,-.)A-'+)  8&G+Aก2-8J2027*+0(03-&'()
ก2-362)N-0DE>21@ก>F?;'ก9A(03-DE  LED  89:0 3 &(0 
3O>'+0&9AG7F8  ,@M7,(<2727@-O12L 3-5 728.  LED 
D12 3O>F&,PV=+NG&0(62(03-8J2027>21@ก>F 

GJ2;-9A  LED D9,D11 ;2ก>F&*I:712?7S6(07.:?;'
@-9A  VR1 , VR2 37ก-O89=0 LED 89:0G+0&(0&9AG7F8 
8&<+0<&N-0DE8.=362)?;'(03-<037,;<V+  180 U(<8T 
P-'+189:0 @-9A  VR2 37ก-O89=0 LED D11 >F&G(620 P-'+1
ก9779:7  LED D12  ก[3O&9A,PV=+NG&0?;'8-2A(62-.,<)TD&'
;)B&8J2027  N<O>9&N-0DE++ก32ก(03-8.=,-23O@C0ก97
N<'( 

NG&0(62(03-@C+0ก97DE>ก8J2027>21@ก>F   K-2(
7.:8&<+0,PF=1N-0DE8.=362)?;'ก9A(03-37G50*I:7 HI0 240 
U(<8T N<'(@-9A  VR1 37  LED  D9 >F&G(620P-'+1ก9779:7  
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LED D12  3O&9A  NG&0?;'8-2A(62-.,<)T;)B&8J2027N<P
>9&N-0DE8.=362)?;'ก9A(03-8.=@C+0ก97N<'(,S67ก97 

GJ2;-9A86278.=D161.>9(@-9AN-0DE  AC 8.=362)?;'ก9A
(03-ก[+233O@-9AN>60(03-D&'U&)ก2-?S'N;<60362)DE
>-08.=G212-H@-9AN-0DED&'>9:0N>6 6-20 U(<8T ,@C7+)620
7'+)N87D&' U&)ก2->6+N-0DE>-0&90ก<62(,*'2128.=3B& TP 

89:07.: N-0DE 13.5 U(<8T 3O1.K62@-O12L,862ก9AN-0
DE+F7PB8 180 U(<8T N<ON-0DE 17.8 U(<8T  3O1.K62
,862ก9AN-0DE 240 U(<8T 

32ก79:7  (03-ก[P-'+13O?S'027D&'8978. 
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IC1 LM393 
IC2 AN6780 
IC3 7809 
Q1,Q2 BC547 
Q3 BC337 
D1-D4 1N4007 
D5 ZENER 5V 
D6,D7 ZENER 3V9 
D8,D9,D13 1N4148 
D10,D11,D12 LED 
R1,R2 27K 
R3,R5 15K 
R4 12K 
R6,R7,R14 820 
R8,R12 24K 
R9 910 
R10 180K 
R11 220 
R13 68K 
R15,R16 1K 
C1 470/35 
C2,C4 0.1MF 63V 
C3 10/16V 
C5 470/16 
-.,<)T 9 U(<8T 

 
   
 
 
 
 
 


