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ABSTRACT 
This project involves the creation of a control device for controlling the 

functioning of a single door refrigerator. Microcontroller It can turn off the refrigerator 
while the user is not using it to avoid ice from collecting too thickly in the freezer. As 
a result, cooling efficiency and electrical energy consumption are reduced. It uses data 
from a temperature analysis within the refrigerator, as well as the amount of energy 
used, to ensure that the device operates at optimal efficiency. 
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ïììĊę  1 
ïìîĞć 
 

1.1  ìĊęöćĒúąÙüćöÿĞćÙĆâ 
êĎšđ÷ĘîđðŨîđÙøČęĂÜĔßšĕôôŜćóČĚîåćîìĊęĒìïìčÖïšćîöĊĕüšĔßšÜćîǰēé÷đÞóćąêĎšđ÷ĘîĒïïðøąêĎđéĊę÷üîĆĚîǰ

öĊÝĞćîüîñĎšĔßšÜćîöćÖìĊęÿčéđîČęĂÜÝćÖöĊøćÙć÷ŠĂöđ÷ćǰĒúąÙüćöÝčđóĊ÷ÜóĂêŠĂÖćøĔßšÜćîĔîïšćîóĆÖĂćýĆ÷

ēé÷ìĆęüĕð àċęÜĀúĆÖÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîĔîúĆÖþèąĒïïîĊĚÝąĂćýĆ÷ÖćøĒñŠÙüćöđ÷ĘîÝćÖßŠĂÜìĞćÙüćö

đ÷ĘîìĊęĂ÷ĎŠéšćîïîǰđöČęĂĔßšÜćîĕðøą÷ąĀîċęÜǰÙüćößČĚîĔîĂćÖćýđüúćöĊÖćøđðŗéêĎšđ÷ĘîǰÝąđ×šćĕðõć÷Ĕî

êĎšđ÷ĘîĒúąìĞćĔĀšßŠĂÜìĞćÙüćöđ÷Ęî đøĉęööĊîĚĞćĒ×ĘÜđÖćąǰĒúąñĎšĔßšÜćîÿŠüîĔĀâŠĕöŠÙŠĂ÷Öéðčśöúąúć÷îĚĞćĒ×ĘÜ

đöČęĂîĚĞćĒ×ĘÜđøĉęöđÖćąöćÖ×ċĚîǰĒêŠÝąøĂĔĀšîĚĞćĒ×ĘÜđÖćąÝîĀîćöćÖÝċÜÝąìĞćÖćøúąúć÷îĚĞćĒ×ĘÜǰÝćÖðŦâĀć

éĆÜÖúŠćüîĆĚîöĊÙüćöđðŨîĕðĕéšüŠćÖćøðúŠĂ÷ĔĀš îĚĞćĒ×ĘÜđÖćąßŠĂÜĒßŠĒ×ĘÜÝîĀîćöćÖǰîŠćÝąöĊñúìĞćĔĀš

ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷Ęîõć÷ĔîêĎšđ÷ĘîúéúÜǰĔî×èąđéĊ÷üÖĆîÖĘîŠćÝąÖĉîóúĆÜÜćîöćÖ×ċĚîéšü÷ǰđóČęĂ

óĉÿĎÝîŤÿööêĉåćîéĆÜÖúŠćüǰÝċÜđðŨîìĊęöć×ĂÜēÙøÜÜćîìĊęêšĂÜÖćø üĉđÙøćąĀŤðøąÿĉìíĉõćóÖćøĔßšóúĆÜÜćî

×ĂÜêĎšđ÷ĘîĒïïðøąêĎđéĊę÷üǰĒúąÿøšćÜĂčðÖøèŤđóČęĂÙüïÙčöÖćøìĞćÜćî×ĂÜ êĎšđ÷ĘîđóČęĂĔĀšĔßšóúĆÜÜćîĕéš

Ă÷ŠćÜöĊðøąÿĉìíĉõćóöćÖìĊęÿčé  
 

1.2  üĆêëčðøąÿÜÙŤ  
1. đóČęĂýċÖþćÖćøđ×Ċ÷îēðøĒÖøöǰArduino IDE ĒúąǰõćþćǰC++ 
2. ýċÖþćÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîðøąêĎđéĊę÷üǰÖćøìĞćÙüćöđ÷Ęî 
3. đóČęĂýċÖþćĀúĆÖÖćøìĞćÜćî×ĂÜđÙøČęĂÜöČĂüĆéǰĒúąđàîđàĂøŤ 
4. ýċÖþćðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîǰìĊęĂčèĀõĎöĉêŠćÜǰėǰĒúąÙüïÙčöĔĀšöĊðøąÿĉìíĉõćóöćÖìĊęÿčéǰ 

 
1.3  ×Ăïđ×êÖćøìĞćÜćî  

ýċÖþćðøąÿĉìíĉõćóÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîǰđóČęĂđðŨîÖćøêŠĂ÷ĂéĔîÖćøüĉđÙøćąĀŤðøąÿĉìíĉõćó

×ĂÜđÙøČęĂÜöČĂĀøČĂđÙøČęĂÜÝĆÖøĔîēøÜÜćîĂčêÿćĀÖøøöǰÖćøàŠĂöïĞćøčÜøĆÖþćđÙøČęĂÜĔßšĕôôŜćǰĀøČĂ

đÙøČęĂÜÝĆÖøêŠćÜǰėǰøĎšÝĆÖđÙøČęĂÜöČĂüĆéìćÜĕôôŜćǰ×ĆĚîêĂîĒúąüĉíĊÖćøüĆéìĊęëĎÖêšĂÜøüöëċÜÖćøüĆéøąïïĕôôŜć

ĒúąĂčðÖøèŤêŠćÜǰėǰéšü÷ǰđóČęĂĔĀšĕéšñúÖćøüĆéìĊęÝąîĞćöćüĉđÙøćąĀŤǰĀćöćêøÖćøÖćøĂîčøĆÖþŤóúĆÜÜćîìĊę

đĀöćąÿöêŠĂĕðǰĒúąüĉíĊÖćøđ×Ċ÷îøć÷ÜćîǰÖćøêøüÝüĆéĒúąüĉđÙøćąĀŤÖćøĔßšóúĆÜÜćîĔĀšëĎÖêšĂÜêćö

ÖãÖøąìøüÜǰĒúąÖćøĒÖšðŦâĀćêĎšđ÷ĘîðøąêĎđéĊę÷üđöČęĂđÖĉéîĚĞćĒ×ĘÜÿŠüîđÖĉîǰēé÷ÖćøÙüïÙčöÖćøìĞćÜćî

×ĂÜêĎšđ÷Ęîǰ 
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1.�  ×ĆĚîêĂîÖćøéĞćđîĉîēÙøÜÖćø 
1. ǰýċÖþćÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîðøąêĎđéĊ÷ü 
2. ǰýċÖþćìùþãĊÖćøđÖĉéîĚĞćĒ×ĘÜđÖćąĔîßŠĂÜĒßŠĒ×ĘÜ 
3. ǰýċÖþćÖćøĔßšÜćîĂčðÖøèŤēöéĎúđàîđàĂøŤ 
4. ǰýċÖþćüĉíĊĒúą×ĆĚîêĂîÖćøêøüÝüĆé 
5. ǰĂĂÖĒïïĂčðÖøèŤêøüÝüĆéÙŠćêŠćÜǰėǰÝćÖēöéĎúđàîđàĂøŤǰĒúąïĆîìċÖÙŠć×šĂöĎúìĊęüĆéĕéšđóČęĂ

îĞćöćüĉđÙøćąĀŤðøąÿĉìíĉõćó 
6. ǰýċÖþćÖćøüĉđÙøćąĀŤóúĆÜÜćîĕôôŜć 
7. ǰìéúĂÜĒúąüĉđÙøćąĀŤĀćðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîðøąêĎđéĊ÷ü 
8. ǰÿøčðñúÖćøìéúĂÜ 

 
1.�  ðøąē÷ßîŤìĊęÙćéüŠćÝąĕéšøĆï  

1. òřÖÖćøĒÖšðŦâĀćǰĒúąĂčðÿøøÙêŠćÜǰėǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ

2. òřÖÙüćöÿćöćøëĔîìĞćÜćîđðŨîÖúčŠöǰ 
3. øĎšĀúĆÖÖćøìĞćÜćî×ĂÜđàîđàĂøŤǰÖćøĔßšÜćîĂčðÖøèŤǰĒúąÖćøüĉđÙøćąĀŤñúÝćÖÖćøìéúĂÜǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ

4. øĎšĀúĆÖÖćøĀćðøąÿĉìíĉõćó×ĂÜđÙøČęĂÜĔßšĕôôŜćǰĒúąÖćøĒÖšðŦâĀćìĊęêøÜÝčéǰǰǰǰǰǰ 
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ïììĊę  2 
ìùþãĊìĊęđÖĊę÷ü×šĂÜ 

 
ÿĞćĀøĆïÖćøóĆçîćĂčðÖøèŤÙüïÙčöêĎšĒßŠéšü÷ǰArduinoǰÝąêšĂÜöĊĂÜÙŤÙüćöøĎšđÖĊę÷üÖĆïÖćøìĞćÜćî

×ĂÜêĎšĒßŠēé÷øüöĒúąđßĉÜúċÖǰÖćøđúČĂÖĔßšĂčðÖøèŤĒúąÖćøìĞćÜćî×ĂÜĂčðÖøèŤ ǰArduinoǰÖćøìĞćÜćî

×ĂÜēöéĎúđàĘîđàĂøŤǰĒúąÖćøðøą÷čÖêŤĔßšÜćîǰøüöëċÜýċÖþćÝćÖñúÜćîüĉÝĆ÷ĂČęîǰėǰìĊęöĊÖćøêĊóĉöóŤĂĂÖöć

ÖŠĂîǰĀîšćǰÿĞćĀøĆïĔßšĔîÖćøóĆçîćêĆüĂčðÖøèŤÙüïÙčöĂčèĀõĎöĉéšü÷ǰArduinoǰéĆÜîĊĚ 
 

2.1  êĎšđ÷Ęî 
 êĎšđ÷Ęî đðŨîđÙøČęĂÜĔßšĕôôŜćìĊęìĞćÙüćöđ÷Ęîēé÷ðøąÖĂïéšü÷ÿĂÜÿŠüîĀúĆÖǰėǰÙČĂǰÿŠüîÞîüî

ðŜĂÜÖĆîÙüćöøšĂîǰ	ðŜĂÜÖĆîĕöŠĔĀšÙüćöøšĂîĕĀúđ×šćöć
ǰĒúąǰÿŠüîìĞćÙüćöđ÷Ęîǰ	ðŦūöìĊęîĞćÙüćöøšĂîĂĂÖ

ĕðÿĎŠõć÷îĂÖàċęÜöĊĂčèĀõĎöĉêęĞćÖüŠć
ǰêĎšđ÷ĘîđðŨîđÙøČęĂÜĔßšĕôôŜćìĊęîĉ÷ööćÖêćöïšćîđøČĂîǰĒúąĔßšÖĆîĂ÷ŠćÜ

ĒóøŠĀúć÷ǰÙîÿŠüîĔĀâŠĔßšêĎšđ÷ĘîđÖĘïĂćĀćø đóČęĂðŜĂÜÖĆîÖćøđîŠćđÿĊ÷ đîČęĂÜÝćÖĒïÙìĊđøĊ÷đêĉïēêßšćÖüŠć

ĔîĂčèĀõĎöĉêęĞćǰêĎšđ÷ĘîöĊĀúć÷ðøąđõìêĆĚÜĒêŠĒïïìĊęöĊĂčèĀõĎöĉÿĎÜÖüŠćÝčéđ÷ČĂÖĒ×ĘÜ (ßŠĂÜíøøöéć
ǰĒïïìĊę

ĂčèĀõĎöĉêęĞćÖüŠćÝčéđ÷ČĂÖĒ×ĘÜđúĘÖîšĂ÷ǰ	ßŠĂÜĒßŠĒ×ĘÜ
ǰÖŠĂîìĊęÝąöĊêĎšđ÷ĘîðøąđìýĔîđ×êĀîćüĔßšÖúŠĂÜ

îĚĞćĒ×ĘÜǰ	icebox) ĔîÖćøøĆÖþćĂćĀćø [1] 
ßŠĂÜĒßŠĒ×ĘÜ×ĂÜêĎšđ÷ĘîìĊę×ć÷Ă÷ĎŠìĆęüĕðöĊĂčèĀõĎöĉðøąöćèǰ�18 r$ ÿĞćĀøĆïêĎšđ÷ĘîìĊęĔßšĔîïšćîöĆÖöĊ

ßŠĂÜíøøöéćĒúąßŠĂÜĒßŠĒ×ĘÜøüöÖĆîǰĒúąöĆÖĔßšđÙøČęĂÜìĞćÙüćöđ÷ĘîøŠüöÖĆîǰ	ïćÜÙøĆĚÜÖĘĒ÷ÖÖĆî
ǰêĎšđ÷ĘîøčŠî

ĔĀöŠǰėǰöĆÖöĊđÙøČęĂÜìĞćîĚĞćĒ×ĘÜêĉéêĆĚÜöćóøšĂöÖĆî 
êĎšđ÷Ęî×îćéĔĀâŠøüöìĆĚÜđÙøČęĂÜìĞćîĚĞćĒ×ĘÜ×îćéĔĀâŠĔîēøÜÜćîöĆÖĔßšĒÖŢÿĒĂöēöđîĊ÷àċęÜđðŨî

ĂĆîêøć÷ĔîÖćøìĞćÖćøìĞćÙüćöđ÷ĘîǰìĞćĔĀšĕöŠðúĂéõĆ÷ĔîÖćøĔßšĔîïšćîđøČĂîǰ 
 

2.1.1�ǰÖćøìĞćÜćîõćÙøüö×ĂÜøąïï 
ÝćÖøĎðìĊęǰ���ǰðøąÖĂïéšü÷ĂčðÖøèŤÙĂöđóøÿđàĂøŤǰ 	Compressor) ÙĂîđéîđàĂøŤǰ

	Condenser) ÿćøìĞćÙüćöđ÷Ęîǰ	Refrigerant) ĂčðÖøèŤÙüïÙčöĂčèĀõĎöĉǰĒúąǰìŠĂìĂÜĒéÜĔîÖćøîĞć

îĚĞć÷ćǰēé÷ÖćøìĞćÜćî×ĂÜêĎšĒßŠĔîêúćéÝąĔßšĂčðÖøèŤÙüïÙčöēìēöÿêĆìǰ	Thermostat) ĔîÖćøüĆé

ĂčèĀõĎöĉĔîêĎšĒßŠàċęÜöĊĒìŠÜìĂÜĒéÜĂ÷ĎŠìĊęÝčéĔéÝčéĀîċęÜ×ĂÜêĎšĒßŠàċęÜđðŨîÝčéìĊęĔßšÖĞćĀîéĂčèĀõĎöĉǰ đöČęĂ

ĂčèĀõĎöĉÿĎÜÖüŠćìĊęÖĞćĀîéÝćÖēøÜÜćîìĞćĔĀšēúĀąÿĂÜßîĉéìĊęêŠćÜÖĆîÝąÿĆöñĆÿÖĆîǰđÖĉéÖćøĕĀú×ĂÜ

ÖøąĒÿĕôôŜćĕĀúëċÜÙĂöđóøÿđàĂøŤĔĀšìĞćÜćîĂĆéîĚĞć÷ćìĞćÙüćöđ÷ĘîĕðêćöìŠĂìĂÜĒéÜõć÷ĔîêĎšĒßŠǰđóČęĂ

îĞćÙüćöøšĂîõć÷ĔîêĎšĒßŠĂĂÖöćǰĒúąĕðúéĂčèĀõĎöĉìĊęÙĂîđéîđàĂøŤǰ[2] 
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øĎðìĊęǰ2.1 ǰüÜÝøÖćøìĞćÜćî×ĂÜêĎšĒßŠ 
 

ÖøąïüîîĊĚÝąìĞćüîĒïïîĊĚĕðđøČęĂ÷ǰėǰÝîëċÜĂčèĀõĎöĉìĊęÖĞćĀîéĕüšÝćÖēøÜÜćîēúĀąìĆĚÜÿĂÜ

ßîĉéÝąĒ÷ÖĂĂÖÝćÖÖĆîìĞćĔĀšÖøąĒÿĕôôŜćĕöŠĕĀúñŠćîǰĒêŠēúĀąÝąöĊøą÷ąđüúćÖćøĀéêĆüĒúąÙúć÷êĆü

Ă÷ĎŠđöČęĂĔßšĕðîćîǰėǰēúĀąÝąĀŠćÜÖĆîöćÖ×ċĚîìĞćĔĀšöĊÙüćÙúćéđÙúČęĂîÿĎÜǰÿŠÜñúĔĀšÖćøÙüïÙčöĂčèĀõĎöĉĕöŠ

êøÜìĊęÖĞćĀîéǰĒúąÿĎâđÿĊ÷óúĆÜÜćîĕôôŜćĔîÖćøìĞćÙüćöđ÷ĘîĕðĂ÷ŠćÜÿĉĚîđðúČĂÜǰ [3]ǰàċęÜÝćÖÖćøÙšîÙüšć

óïïìÙüćöüĉÝĆ÷ÖćøóĆçîćøąïïǰArduinoǰÙüïÙčöđÙøČęĂÜðøĆïĂćÖćýöćðøą÷čÖêŤĔßšǰ[4] 

 
2.1.2�ǰüÜÝøĔîêĎšđ÷ĘîðøąêĎđéĊę÷ü 

ÝćÖøĎðìĊęǰ���ǰđöČęĂĒøÜéĆîĕôôŜćëĎÖîĞćĕðĔßšÖĆïüÜÝøÖøąĒÿĕôôŜćÝąñŠćîĀîšćÿĆöñĆÿìĊęðŗé 
×ĂÜđìĂøŤēöÿêĆì ðčśöúąúć÷îĚĞćĒ×ĘÜïĆÜÙĆï øĊđú÷ŤðŜĂÜÖĆîÙüćöøšĂîǰĀîšćÿĆöñĆÿøĊđú÷Ť ĒñŠîǰbimetallic 
ÿêćøŤìøĊđú÷Ť ĀîšćÿĆöñĆÿøĊđú÷Ťǰ×éúüéøĊđú÷Ť öĂđêĂøŤÙĂöđóøÿđàĂøŤǰ đîČęĂÜÝćÖöĂđêĂøŤĕöŠĀöčî

ÖøąĒÿĕôôŜćìĊęĕĀúñŠćî×éúüéìĞćÜćîÝąÿĎÜÖüŠćÙŠćìĊęÖĞćĀîéĕüšĀúć÷đìŠć ÿêćøŤìøĊđú÷ŤëĎÖÝĆéđøĊ÷ÜĔî

úĆÖþèąìĊęđöČęĂÖøąĒÿđÖĉîóĉÖĆéĀîšćÿĆöñĆÿøĊđú÷ŤǰÝąðŗéÖćøđßČęĂöêŠĂÿêćøŤì×éúüé×ĂÜöĂđêĂøŤĕôôŜćÖĆï

üÜÝøàċęÜđøĉęöĀöčîđðŨîñúĔĀšÖøąĒÿĔî×éúüéìĞćÜćîúéúÜǰĀîšćÿĆöñĆÿøĊđú÷Ť×ĂÜÿêćøŤìøĊđú÷ŤĒêŠöĂđêĂøŤ

ĕôôŜć÷ĆÜÙÜìĞćÜćîĔîēĀöéðÖêĉǰđöČęĂëċÜĂčèĀõĎöĉìĊęêĆĚÜĕüšĀîšćÿĆöñĆÿÝąđðŗéǰĒúąĀ÷čéöĂđêĂøŤ

ÙĂöđóøÿđàĂøŤǰÿĞćĀøĆïÖćøðŗéöĂđêĂøŤĕôôŜćĔîÖøèĊìĊęÖøąĒÿĕôôŜćĒøÜĂĆîêøć÷ÖćøðŜĂÜÖĆîÙüćöøšĂî

öĊÝčéðøąÿÜÙŤǰ ĔîĂĊÖéšćîĀîċęÜÖĘßŠü÷ðÖðŜĂÜÙüćöøšĂîÿĎÜđÖĉîĕð×ĂÜöĂđêĂøŤĒúąĒêÖĀĆÖǰøĊđú÷Ť

ðøąÖĂïéšü÷ĒñŠîǰbimetallicǰàċęÜöĊÙüćöøšĂîĒúąĀîšćÿĆöñĆÿÝąđÖĉéÖćøéĆéÜĂĒúąđðŗéǰÝćÖîĆĚîđöČęĂ

ĒñŠîǰbimetallic đ÷ĘîúÜǰĀîšćÿĆöñĆÿÝąëĎÖðŗéĂĊÖÙøĆĚÜ 
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øĎðìĊęǰ���ǰǰüÜÝøÖćøìĞćÜćî×ĂÜêĎšđ÷Ęî 
 

�) ǰđìĂøŤēö 
�)  ðčśöúąúć÷îĚĞćĒ×ĘÜïĆÜÙĆï 
�) ǰøĊđú÷ŤðŜĂÜÖĆîÙüćöøšĂî 

���)ǰĀîšćÿĆöñĆÿøĊđú÷Ťǰ 
���) ĒñŠîǰbimetallic 

�) ǰöĂđêĂøŤÙĂöđóøÿđàĂøŤöĂđêĂøŤ, 
���) ×éúüéìĞćÜćîǰ 
���) ÿêćøŤì×éúüéǰ 

�)  ÿêćøŤìøĊđú÷Ťǰ 
�.1) ĀîšćÿĆöñĆÿøĊđú÷Ťǰ 
���) ×éúüéøĊđú÷Ť 

 
2.1.3�ǰ®úĆÖÖćøìĞćÜćî×ĂÜÙĂöđóøÿđàĂøŤ 

ÙĂöđóøÿđàĂøŤǰ	Compressor) ĀøČĂđÙøČęĂÜĂĆéĕĂǰđðŨîĂčðÖøèŤĀúĆÖìĊęÿĞćÙĆâĂĆîĀîċęÜ×ĂÜ

øąïïìĞćÙüćöđ÷ĘîǰìĞćĀîšćìĊęĔîÖćøéĎéĒúąĂĆéÿćøìĞćÙüćöđ÷ĘîĔîÿëćîąĒÖŢÿǰÙĂöđóøÿđàĂøŤÝąéĎé

ÿćøìĞćÙüćöđ÷ĘîìĊęđðŨîǰSuperheatǰĒÖŢÿÙüćöéĆîêęĞćǰĒúąĂčèĀõĎöĉêęĞćÝćÖĂĊüćóĂđøđêĂøŤñŠćîđ×šćöć

ìćÜìŠĂàĆÖßĆęîǰđ×šć÷ĆÜìćÜéĎé×ĂÜÙĂöđóøÿđàĂøŤǰĒúšüĂĆéĒÖŢÿîĊĚĔĀšöĊÙüćöéĆîÿĎÜ×ċĚîĒúąöĊĂčèĀõĎöĉÿĎÜ×ċĚî

éšü÷ǰÿŠÜđ×šć÷ĆÜÙĂîđéîđàĂøŤǰēé÷ñŠćîđ×šćìćÜìŠĂéĉÿßćøŤÝđóČęĂĕðÖúĆęîêĆüđðŨî×ĂÜđĀúüĔîǰÙĂîđéîđàĂøŤ

éšü÷Öćøøąïć÷ÙüćöøšĂîĂĂÖÝćÖÿćøìĞćÙüćöđ÷ĘîĂĊÖìĊĀîċęÜǰ[5] 
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ÙĂöđóøÿđàĂøŤđðŨîĂčðÖøèŤìĊęĒïŠÜÙüćöéĆîĔîøąïïøąĀüŠćÜéšćîÙüćöéĆîÿĎÜĒúąÙüćö

éĆîêęĞćǰÿćøìĞćÙüćöđ÷ĘîìĊęëĎÖéĎéđ×šćöćĔîÙĂöđóøÿđàĂøŤÝąöĊÿëćîąđðŨîĒÖŢÿìĊęöĊÙüćöéĆîêęĞćĒúąÿćøìĞć

Ùüćöđ÷ĘîìĊęĂĆéÿŠÜÝćÖÙĂöđóøÿđàĂøŤÝąöĊÿëćîąđðŨîĒÖŢÿìĊęöĊÙüćöéĆîÿĎÜ 
 

2.2ǰ Arduino 
Arduinoǰ đðŨîõćþćĂĉêćúĊ ǰàċę ÜĔßš ĔîÖćøđøĊ÷ÖēÙøÜÖćøóĆçîćĕöēÙøÙĂîēìøúđúĂøŤ ǰ

(Microcontroller) êøąÖĎúǰAVR ĒïïǰOpen Source ēé÷ÝčéðøąÿÜÙŤđóČęĂĔĀšñĎšđøĉęöêšîóĆçîćÿøšćÜǰ

ïĂøŤéĒúąüÜÝø×îćéđúĘÖǰêšîìčîêęĞćǰđóČęĂóĆçîćüĆêëčêĂïēêšĒïïóċęÜóćêîđĂÜǰ	Standalone) ÿćöćøë
óĆçîćēðøĒÖøöñŠćîøąïïĕéšĀúćÖĀúć÷øąïïðäĉïĆêĉÖćøĕéšĂ÷ŠćÜÜŠć÷éć÷ǰÝćÖøĎðìĊęǰ2.3 Arduino 
R5232 đðŨîêšîĒïïìĊęëĎÖóĆçîć×ċĚîĔîðŘǰ2004 ëĎÖóĆçîćēé÷îć÷ǰMassimoBanzi ÝćÖÖćøìĊęîĆÖđøĊ÷îǰ

îĆÖýċÖþćìĊę đøĊ÷îđÖĊę÷üÖĆïüĉßćĂĉđúĘÖìøĂîĉÖÿŤ ĔîđöČĂÜĕĂüĊđøĊ÷ǰ 	 Ivrea) ðøąđìýĂĉêćúĊǰ êšĂÜàČĚĂ

ĕöēÙøÙĂîēìøúđúĂøŤđïÿĉÖǰ	BASIC Stamp) ìĊęöĊøćÙćÿĎÜëċÜǰ100 éĂúúćøŤÿĀøĆåǰàċęÜîć÷ Massimo 
Banzi đĀĘîüŠćîĆÖđøĊ÷îêšĂÜàČĚĂÿĉîÙšćøćÙćĒóÜǰøćÙćĕöŠÿöđĀêčÿöñúǰÝċÜðøċÖþćÖĆïîć÷ Hernando 
Barragan ĔĀšßŠü÷ĂĂÖĒïïüÜÝø×ċĚîöćǰĒúąîĂÖÝćÖîĊĚîć÷ǰDavid Cuartielles ĕéšĒîąîĞćüŠćÙüøĔĀš

ïĂøŤéîĊĚđðŨîøąïïēĂđóîßĂøŤàǰ	Open Source) đóČęĂĔĀšìčÖÙîÿćöćøëđ×šćëċÜĕéš [6] 

 
 
 
 
 
 
 

øĎðìĊęǰ2.3 ǰArduino RS232 êšîĒïï×ĂÜArduino 
 
��3ǰ DHT�� 

øĎðìĊęǰ���ǰDHT��ǰēöéĎúđàîđàĂøŤüĆéÙüćößČĚîĒúąĂčèĀõĎöĉĔîêĆüđéĊ÷üǰöĊÙüćöĒöŠî÷ĞćÿĎÜǰöĊêĆü

êšćîìćîǰPull upǰöćĒúšüÿćöćøëêŠĂ×ćìéúĂÜĕéšđú÷ĕöŠêšĂÜêŠĂđóĉęöëšćêšĂÜÖćøÙüćöëĎÖêšĂÜĒöŠî÷Ğć

ĔîÖćøüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰDHT�� High Accuracy Digital Temperature and Humidity 
Sensor DHT��ǰĔßšÿĞćĀøĆïüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰĂĂÖĒïïöćĔĀšüĆéĕéšĒöŠî÷ĞćÖüŠćøčŠîǰDHT��ǰĔßš
ÜŠć÷ÿćöćøëîĞćǰDHT��ǰĕðđðúĊę÷îĒìîǰDHT��ǰĕéš 
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øĎðìĊęǰ2.4 ǰDHT22 

 
ēé÷ÙčèúĆÖþèąĂčðÖøèŤìĊęĔßšðøąÖĂïĕðéšü÷ 

- ĒĀúŠÜÝŠć÷ĕô �����VǰĒúąÖøąĒÿĕôđúĊĚ÷Üǰ1-1.5mA 
- ÷ŠćîÖćøüĆéĂčèĀõĎöĉǰ-��~��ǰ|CǰĒúą÷ŠćîÖćøüĆéÙüćößČĚîǰ������RH 
- ÙüćöĒöŠî÷Ğć×ĂÜÙüćößČĚî s2%RH (Max s5%RH) ÙüćöĒöŠî÷Ğć×ĂÜĂčèĀõĎöĉ s0.2ǰ|C 
- ÙüćöúąđĂĊ÷éĀøČĂÙüćöĕüÙüćößČĚî s0.1%RHǰÙüćöúąđĂĊ÷éĀøČĂĂčèĀõĎöĉǰs0.1ǰ|C 
- ÙüćöÿćöćøëĔîÖćøìüîàĚĞć×ĂÜÙüćößČĚî s1%RHǰĒúą×ĂÜĂčèĀõĎöĉ s0.2ǰ|C 
- ăĊÿđìĂøĊàĊÿǰ	hysteresis)ǰĒúą×ĂÜÙüćößČĚî s0.3%RH 
- ÖćøýċÖþćÙüćöÙÜÿõćóøą÷ą÷ćüǰs0.5%RH/year 
- øą÷ąđüúćđÞúĊę÷ĔîÖćøêøüÝÝĆï 2sǰ 
- ÙüćöÿćöćøëĔîÖćøìéĒìîÖĆîĕéš :ǰĔßšĒìîÖĆîĕéšĂ÷ŠćÜđêĘöìĊę 

 
2.4 ǰpzem-004t v3.0+CT senser 

ÿĞćĀøĆïÖćøüĆéÙŠćđóČęĂïĆîìċÖÖćøĔßšÜćîĕôôŜćǰđóČęĂÖćøêøüÝÿĂïüĆéÙŠćÖćøĔßšóúĆÜÜćîǰÙüïÙčö

ÙŠćĕôôŜćĒúšü ĂčðÖøèŤüĆéÝĞćđðŨîêšĂÜĔĀš×šĂöĎúĀúć÷ǰėǰÙŠćǰĕéšĒÖŠ  ĒøÜéĆîǰ	VAC) ÖøąĒÿǰ	IAC) 
ÖĞćúĆÜĕôôŜćÝøĉÜǰ	Active power) ÙŠćêĆüðøąÖĂïÖĞćúĆÜǰ	Power Factor) ÙŠćóúĆÜÜćîĕôôŜćǰ	Energy) 
đóČęĂöćĔßšĔîÖćøÙĞćîüèǰĀøČĂÙüïÙčöêŠĂ ëšćđðŨîÿöĆ÷ÖŠĂîìĊę÷ĆÜĕöŠöĊēöéĎúǰPZEM ĂĂÖöćǰàċęÜĒÿéÜéĆÜøĎð
ìĊęǰ��� ÖćøóĆçîćĂčðÖøèŤđóČęĂüĆéÙŠćóúĆÜÜćîĕôôŜćÖøąĒÿÿúĆïéĆÜÖúŠćüǰĂćÝÝąêšĂÜĔßšǰSensor đóČęĂüĆé

ÖøąĒÿǰĒúąĒøÜéĆîǰÝćÖîĆĚîÖĘîĞćÙŠćöćÙĞćîüèêŠĂÖĆîđĂÜ ĒêŠĔîðŦÝÝčïĆîēöéĎúǰPZEM øĆïĀîšćìĊęÖćø

ÙĞćîüèÙŠćêŠćÜǰėǰĕðđøĊ÷ïøšĂ÷ǰĒúąÿŠÜñúÖćøÙĞćîüèêŠćÜǰėǰĂĂÖöćÝćÖēöéĎúñŠćîÖćøÿČęĂÿćøĒïïǰ

serial (TX, RX) àċę ÜÿćöćøëĔßš đóČęĂÙüïÙčöÿĆę ÜÖćøêŠĂéšü÷ïĂøŤéǰArduino ĀøČĂÿŠÜÙŠćêŠĂĕðìĊę

ÙĂöóĉüđêĂøŤǰĂčðÖøèŤđðŨîÖćøêŠĂüÜÝøÖĆïøąïïĕôôŜćǰ220V àċęÜöĊÙüćöĂĆîêøć÷ĀćÖĕöŠöĊÙüćö

đßĊę÷üßćâǰÝċÜêšĂÜìĞćÜćîéšü÷ÙüćöøąöĆéøąüĆÜ ēé÷ÙčèúĆÖþèąĂčðÖøèŤìĊęĔßšðøąÖĂïĕðéšü÷ 
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- ĒøÜéĆîǰĂŠćîÙŠćĕéšêĆĚÜĒêŠǰ80 - 260 Vrms (ÙüćöúąđĂĊ÷éǰ0.1VǰÙüćöñĉéóúćéĕöŠđÖĉîǰ

0.5%) 
- ÖøąĒÿ  ĔßšÜćîĕéšêĆĚ ÜĒêŠ ǰ0 - 10 A (ÿĞćĀøĆïøčŠîǰPZEM-004T-10A) Ēúąǰ0 - 100 A 

(ÿĞćĀøĆïøčŠîǰPZEM-004T-100A) ÙüćöúąđĂĊ÷éĔîÖćøüĆéǰ0.001 A ĒúąǰÙüćöñĉéóúćé

ĕöŠđÖĉîǰ0.5% 
- ÖĞćúĆÜĕôôŜćÝøĉÜǰĂŠćîÙŠćĕéšêĆĚÜĒêŠǰ0 - 2.3ǰÖĉēúüĆêêŤǰ	ÿĞćĀøĆïøčŠîǰPZEM-004T-10A) Ēúąǰ

23ǰÖĉēúüĆêêŤ (ÿĞćĀøĆïøčŠîǰPZEM-004T-100A) ÙüćöúąđĂĊ÷éĔîÖćøüĆéǰ0.1ǰüĆêêŤ 
- ÙŠćêĆüðøąÖĂïÖĞćúĆÜ üĆéÙŠćĕéšêĆĚÜĒêŠǰ0 - 1 ÙüćöúąđĂĊ÷éǰ0.01ǰÙüćöĒöŠî÷Ğćǰ1% 
- ÙüćöëĊęǰüĆéÙŠćĕéšêĆĚÜĒêŠǰ45ǰëċÜǰ65 Hz 
- üĆéóúĆÜÜćîĕéšêĆĚÜĒêŠǰ0ǰëċÜǰ9,999.99 kWh ÙüćöúąđĂĊ÷éǰ0.1 Wh 
- đßČęĂöêŠĂ×šĂöĎúĒïïǰRS485 

 
 
 
 
 
 

 
 

øĎðìĊęǰ2.5ǰǰPZEM-004T-10A  
 

2.5ǰ ÜćîüĉÝĆ÷ìĊęÙšîóï 
óúĆÜÜćîĕôôŜćÙČĂóúĆÜÜćîøĎðĒïïĀîċęÜìĊęđÖĊę÷ü×šĂÜÖĆïÖćøĒ÷ÖêĆüĂĂÖöćĀøČĂđÙúČęĂîìĊę×ĂÜǰ

ĂĉđúĘÖêøĂîĀøČĂēðøêĂîĀøČĂĂîčõćÙĂČęîìĊęöĊÙčèÿöïĆêĉĔÖúšđÙĊ÷ÜÖĆîǰĒúąĕĀúđ×šćñŠćîüÜÝøêŠćÜǰėǰìĞć

ĔĀšñú×ĂÜÖøąĒÿĕôôŜćđÖĉéñúêŠćÜǰĂćìĉǰĂĞćîćÝÿîćöĒöŠđĀúĘÖǰĒÿÜÿüŠćÜǰÙüćöøšĂîǰđðŨîêšîǰ[3] ÖćøĔßš
óúĆÜÜćîĕôôŜćöĊĂ÷ĎŠǰ2 ðŦÝÝĆ÷ĂĆîĕéšĒÖŠǰðŦÝÝĆ÷đßĉÜēÙøÜÿøšćÜǰúĆÖþèąìćÜÖć÷õćóǰĒúąÿëćîõćó×ĂÜ

ĂćÙćøǰĒúąìĊęĂ÷ĎŠĂćýĆ÷ǰđðŨîêĆüĒðøÿĞćĀøĆïÖćøĔßšóúĆÜÜćîĕôôŜćǰðŦÝÝĆ÷đßĉÜóùêĉÖøøöǰúĆÖþèąÖćø

éĞćøÜßĊüĉê×ĂÜĒêŠúąïčÙÙúǰđÝêÙêĉǰÙüćöøĎšǰĒúąÖćøêĂïÿîĂÜêŠĂÖćøĔßšÜćî ǰ[7] àċęÜÖćøóĆçîćĕöŠĕéš

ÿîĔÝÿĉęÜĒüéúšĂöõć÷îĂÖ×ĂÜêĎšĒßŠǰĒêŠÿîĔÝÿĉęÜĒüéúšĂöõć÷Ĕî×ĂÜêĎšĒßŠđóĊ÷ÜĂ÷ŠćÜđéĊ÷üđìŠćîĆĚîǰ 
ĔßšĀúĆÖÖćøÙüïÙčöĂčèĀõĎöĉ×ĂÜđÙøČęĂÜðøĆïĂćÖćýöćðøą÷čÖêŤĔßšǰ [4]ǰArduinoǰđøĊ÷Ö×šĂöĎú

ÝćÖđàîđàĂøŤüĆéĂčèĀõĎöĉîĂÖĀšĂÜöćðøąöüúñúĂčèĀõĎöĉđóČęĂÿĆęÜĔĀšøĊđú÷ŤìĞćÜćîēé÷ÝŠć÷ÖøąĒÿĕôôŜć

ĔĀšđÙøČęĂÜðøĆïĂćÖćýìĞćÜćîǰñúÝćÖÖćøìéúĂÜÿćöćøëøĆÖþćĂčèĀõĎöĉĕéšéĊÖüŠćøąïïÙüïÙčöĂčèĀõĎöĉ
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ĒïïđéĉöǰĒúąðøąĀ÷ĆéóúĆÜÜćîĕôôŜćđúĘÖîšĂ÷ǰĒêŠĕöŠöĊÖćøîĞćǰArduinoǰöćÙüïÙčöêĎšĒßŠđßĉÜóćèĉß÷Ťǰ

đîČę ĂÜÝćÖêĎš ĒßŠ đßĉ Üóćèĉß÷ŤöĊĂčðÖøèŤÙüïÙčöĂčèĀõĎöĉĒïïéĉÝĉêĂúǰ 	Digital Temperature 
Controller)ǰÖćøĂĂÖĒïïēé÷ĔßšĀúĆÖÖćø×ĂÜǰPLC (Programmable Logic Controller) öĊ×šĂéĊÙČĂ
ÿćöćøëÙüïÙčöĂčèĀõĎöĉĕéšĂ÷ŠćÜĒöŠî÷ĞćđĀöČĂîǰFTC ĒúąöĊ×šĂđÿĊ÷Ă÷ĎŠǰ�ǰðøąÖćøĀúĆÖÙČĂǰ��øćÙć

ÝĞćĀîŠć÷Ĕîðøąđìýĕì÷öĊøćÙćĒóÜǰÝćÖÖćøÿĞćøüÝêúćéĔîðøąđìýĕì÷đéČĂîêčúćÙöǰ����ǰóïüŠ ć

øćÙćđøĉęöêšî×ĂÜĂčðÖøèŤÙüïÙčöĂčèĀõĎöĉĒïïéĉÝĉêĂúîĆĚîĂ÷ĎŠìĊęǰ�
���ǰïćì×ċĚîĕðǰđöČęĂđðøĊ÷ïÖĆï

ĂčðÖøèŤǰFTC êĆüêšîĒïïĒúšüǰöĊÙŠćĔßšÝŠć÷ĂčðÖøèŤēé÷ìĊęÙčèÿöïčêĉđìŠćÖĆîĂ÷ĎŠìĊęǰ�
���ǰïćìǰĒúąǰ��

ĂčðÖøèŤđÿĊ÷Āć÷ÝąêšĂÜàČĚĂêĆüĔĀöŠöćđðúĊę÷îĔĀöŠìĆĚÜßčéđóøćąüÜÝøĕéšëĎÖđßČęĂöêŠĂÝćÖēøÜÜćîñúĉê

ēé÷êøÜǰĒêŠǰFTC ìĊęÝąÿćöćøëđðúĊę÷îđÞóćąÝčéìĊęđÿĊ÷Āć÷ĕéšéšü÷êĆüđĂÜđóøćąĂčðÖøèŤđßČęĂöêŠĂÖĆî

ĒïïîĘĂê×ĆîđìŠćîĆĚîǰ 
J. Cai ĒúąǰJ. Stoustrup ĕéšîĞćđÿîĂïìÙüćöđøČęĂÜǰÖćøúéÙüćöđÿČęĂöÿõćó×ĂÜĂćĀćøìĊę

đðŨîñúöćÝćÖÖćøúąúć÷îĚĞćĒ×ĘÜüŠć [8]ǰîĚĞćĒ×ĘÜìĊęĒñÜđÙøČęĂÜøąđĀ÷đðŨîðøćÖãÖćøèŤìĊęøĎšÝĆÖÖĆîéĊǰĒúąǰ

îĚĞćĒ×ĘÜÝąúéðøąÿĉìíĉõćóÖćøĒúÖđðúĊę÷îÙüćöøšĂîǰÖćøìĞćúąúć÷îĚĞćĒ×ĘÜÝąêšĂÜöĊÖćøìĞćĂ÷ŠćÜ

ÿöęĞćđÿöĂǰĔîðŦÝÝčïĆîēé÷ìĆęüĕðøĎðĒïïÖćøÙüïÙčöÖćøúąúć÷îĚĞćĒ×ĘÜöĊÿĂÜøĎðĒïïÙČĂÖćøúąúć÷

îĚĞćĒ×ĘÜêćöÙüćöêšĂÜÖćøǰĒúąÖćøúąúć÷îĚĞćĒ×ĘÜêćöìĊęÖĞćĀîéĕüšǰđîČęĂÜÝćÖÝčéïÖóøŠĂÜ×ĂÜøąïï

úąúć÷îĚĞćĒ×ĘÜêćöÙüćöêšĂÜÖćøìĊęđÖĊę÷ü×šĂÜÖĆïÖćøêĉéêĆĚÜđàĘîđàĂøŤßîĉéóĉđýþǰøąïïÖćøúąúć÷îĚĞćĒ×ĘÜ

êćöìĊęÖĞćĀîéĕüš÷ĆÜÙÜđðŨîøąïïúąúć÷îĚĞćĒ×ĘÜìĊęĔßšÖĆîöćÖìĊęÿčéêćöēÙøÜÖćøĔîàčðđðĂøŤöćøŤđÖĘêêŠćÜǰėǰ

øąïïìĞćÙüćöđ÷ĘîđßĉÜóćèĉß÷ŤǰøąĀüŠćÜøĂïÖćøìĞćÜćîêćöðÖêĉĂčèĀõĎöĉĂćÖćýõć÷ĔîêĎšìĊęĒÿéÜđðŨî

ðÖêĉÖćøÙüïÙčöõć÷Ĕî×šĂÖĞćĀîéĂčèĀõĎöĉÿĎÜĒúąêęĞćêćöêĆüÙüïÙčöǰàċęÜđóĊ÷ÜóĂìĊęÝąøĆÖþćĂčèĀõĎöĉ

ÿĉîÙšćĂ÷ĎŠĔîøąéĆïìĊęđĀöćąÿöǰđöČęĂúąúć÷îĚĞćĒ×ĘÜǰĂčèĀõĎöĉĂćÖćýõć÷ĔîêĎšÝąđóĉęö×ċĚîǰÝąìĞćĔĀšĂčèĀõĎöĉ

ĂćĀćøđóĉęöÿĎÜ×ċĚîéšü÷ǰïćÜÙøĆĚÜĂčèĀõĎöĉìĊęÿĎÜöćÖ×ċĚîîĊĚ÷ĆÜúąđöĉéÖãøąđïĊ÷ïÝćÖĀîŠü÷ÜćîéšćîĂćĀćøǰ

ĂčèĀõĎöĉìĊęÿĎÜÖüŠćĂčèĀõĎöĉÖćøÝĆéđÖĘïðÖêĉÝąìĞćĔĀšđÖĉéÖćøÖćøÿĎâđÿĊ÷Ùčèõćó×ĂÜñúĉêõĆèæŤĂćĀćø

ðŦÝÝčïĆîîĊĚǰÿĞćĀøĆïøąïïìĞćÙüćöđ÷ĘîđßĉÜóćèĉß÷Ť÷ĆÜĕöŠöĊöćêøÖćøìĊęßĆéđÝîǰĒúąđßČęĂëČĂĕéšüŠćÿćöćøë

ðŜĂÜÖĆîÖćøÖŠĂêĆü×ĂÜîĚĞćĒ×ĘÜǰÖćøúąúć÷îĚĞćĒ×ĘÜêšĂÜöĊÖćøìĞćĂ÷ŠćÜÿöęĞćđÿöĂǰéĆÜîĆĚîÖćøÙüïÙčöĒïï

éĆĚÜđéĉöǰñú×šćÜđÙĊ÷Ü×ĂÜÖćøúąúć÷îĚĞćĒ×ĘÜÝąöĊñúêŠĂÙčèõćó×ĂÜÖćøÝĆéđÖĘïĂ÷ŠćÜĀúĊÖđúĊę÷ÜĕöŠĕéšǰöĊ

đóĊ÷ÜüĉíĊÖćøúéñú×šćÜđÙĊ÷ÜîĊĚēé÷øĎðĒïïÖćøđóĉęöðøąÿĉìíĉõćóđóĊ÷ÜïćÜÿŠüîǰNasrollah Azam 
Baleghy, Seyed Kamal-e-ddin Mousavi MashhadiǰÖúŠćüëċÜøąïïÙüïÙčö×ĂÜêĎšđ÷ĘîēîôøĂÿêŤ

üŠćǰÖćøđÝøĉâđêĉïēêĒúąÖćøĔßšÜćîìĊęđóĉęö×ċĚî×ĂÜøąïïìĞćÙüćöđ÷Ęîēé÷đÞóćąĂ÷ŠćÜ÷ĉęÜêĎšđ÷Ęî ǰĒúąêĎšĒßŠ

Ē×ĘÜõć÷ĔîðøąđìýöĊÖćøðøĆïðøčÜÖćøÙüïÙčöǰðŦÝÝčïĆîêĎšđ÷ĘîēîôøĂÿêŤìćÜđúČĂÖìĊęđĀöćąÿöÖüŠćêĎšđ÷Ęî

ìĊęúąúć÷îĚĞćĒ×ĘÜéšü÷öČĂǰóĉÝćøèćÝćÖðøąÿĉìíĉõćóÖćøĔßšóúĆÜÜćîǰĒúąðøąÿĉìíĉõćóÖćøìĞćÜćîǰÖćø

ĂĂÖĒïïøąïïÖćøÙüïÙčöìĊęđĀöćąÿöÿĞćĀøĆïêĎšđ÷ĘîéĆÜÖúŠćüđðŨîÿĉęÜìĊęÝĞćđðŨîĔîÖćøýċÖþćǰðŦÝÝčïĆîĕéšöĊ

êĆüÙüïÙčöĂčèĀõĎöĉĒúąÙüćö×ċĚîÿĆöóĆìíŤĒïïĔĀöŠđðŨîÿĂÜĂÜÙŤðøąÖĂïìĊęÿĞćÙĆâĔîÖćøđÖĘïøĆÖþć
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Ùčèõćó×ĂÜñúĉêõĆèæŤǰøąïïÖćøÙüïÙčöðøąÖĂïéšü÷ÿĂÜÿŠüîĒ÷ÖĂĂÖÝćÖÖĆîÙČĂǰÖćøÙüïÙčö

ĂčèĀõĎöĉĒúąÖćøÙüïÙčöÙüćößČĚîÿĆöóĆìíŤǰÖćøđðúĊę÷îĒðúÜ×ĂÜĂčèĀõĎöĉĒúąÙüćößČĚîÿĆöóĆìíŤ ǰđðŨî

Ăĉîóčê×ĂÜêĆüÙüïÙčöĒúąÙüćöëĊę×ĂÜÙĂöđóøÿđàĂøŤǰĒúąĒøÜéĆîĕôôŜć×ĂÜóĆéúöøąđĀ÷đðŨîđĂćêŤóčêǰ

ĔîĒÜŠ×ĂÜðŦâĀćĔîìćÜðäĉïĆêĉÿĞćĀøĆïÖćøìĞćÜćî×ĂÜêĆüÙüïÙčöôŦéàĊęĔîĕöēÙøÙĂîēìøúđúĂøŤǰìĊęĕöŠđðŨî

đßĉÜđÿšîĀúć÷êĆüĒðøǰÖćøëéëĂ÷ëĎÖîĞćöćĔßšǰøĎðĒïïĕöŠđðŨîđßĉÜđÿšîĒïïĕéîćöĉÖ×ĂÜêĎšđ÷ĘîǰĒúą

øĎðĒïïìĊęĕöŠøĎšÝĆÖđðŨîÿĂÜÿćđĀêčĔîÖćøĂĂÖĒïïêĆüÙüïÙčöôŦéàĊęēúÝĉÖ 
Dingyuan Wang andǰTangfei Tao [9] ĕéšîĞćđÿîĂïìÙüćöđøČęĂÜǰÖćøüĆéÙüćöĀîć×ĂÜ

îĚĞćĒ×ĘÜĒïïĕöŠÿĆöñĆÿéšü÷ÖúšĂÜ×îćéđúĘÖǰĒúąđìÙēîēú÷ĊÖćøðøąöüúñúøĎðüŠćǰÙüćöĀîć×ĂÜîĚĞćĒ×ĘÜ

đðŨîêĆüĒðøìĊęÿĞćÙĆâìĊęöĊñúÖøąìïêŠĂøąïïđÙøČęĂÜìĞćÙüćöđ÷ĘîǰĒêŠĕöŠĔßŠđøČęĂÜÜŠć÷ìĊęÝąüĆéÙüćöĀîć×ĂÜ

îĚĞćĒ×ĘÜéšü÷üĉíĊÖćøĒïïéĆĚÜđéĉöǰÿĞćĀøĆïîĚĞćĒ×ĘÜÿćöćøëìĞćúąúć÷ĕéšēé÷ÜŠć÷ÝćÖÙüćöøšĂîǰĀøČĂÙüćö

éĆîǰÝčéöčŠÜĀöć÷×ĂÜÖćøüĆéÙüćöĀîć×ĂÜîĚĞćĒ×ĘÜǰìĊęüĉíĊÖćøüĆéĂ÷ĎŠïîóČĚîåćî×ĂÜøąïïøĎðÝćÖÖúšĂÜ

ÝčúìøøýîŤǰĒúąđìÙēîēú÷ĊÖćøðøąöüúñúøĎðǰìĊęöĊÖćøđÿîĂĒúąĂíĉïć÷ĒîüÙĉéÙüćöĀîć×ĂÜîĚĞćĒ×ĘÜǰ 
ñúÖćøìéúĂÜÖĆïÙüćöĀîć×ĂÜîĚĞćĒ×ĘÜìĊęđóĉęöĀîć×ċĚîìĊęĒñŠîĂúĎöĉđîĊ÷öìĆĚÜÿĂÜ×šćÜđĀĘîĕéšĂ÷ŠćÜ

ßĆéđÝîÝćÖÖćøÿĆÜđÖêǰĒúąïĆîìċÖ×ĆĚîêĂîÖćøđÖĉé×ċĚî×ĂÜñúċÖîĚĞćĒ×ĘÜǰñúÖćøìéúĂÜĒÿéÜĔĀšđĀĘî

üĉíĊÖćøüĆéĒïïĕöŠìĞćúć÷ĔîßŠüÜÖøąïüîÖćøđÖĉéîĚĞćĒ×ĘÜǰĒúąöĆîĂćÝÝąÿĆÜđÖêÖøąïüîÖćøđÖĉéîĚĞćĒ×ĘÜ

ĕéšĂ÷ŠćÜÜŠć÷éć÷đßŠîđéĊ÷üÖĆïÖćøüĆéÙüćöĀîćîĚĞćĒ×ĘÜìĊęöĊÙüćöĒöŠî÷ĞćÿĎÜǰđðŨîüĉíĊìĊęöĊðøąÿĉìíĉõćóǰĒúą

ÿćöćøëîĞćöćĔßšĔîÖćøüĆéÖćøÖŠĂêĆü×ĂÜñúċÖîĚĞćÙšćÜĒ×ĘÜĒúąÙüćöĀîć×ĂÜßĆĚîîĚĞćÙšćÜĒ×ĘÜïîóČĚîñĉüìĊę

đ÷ĘîǰđßŠîǰĒñŠîĂúĎöĉđîĊ÷öǰĒúąÙøĊï×ĂÜđÙøČęĂÜøąđĀ÷
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ïììĊęǰǰ3 
üĉíĊÖćøéĞćđîĉîÜćî 

 
3.1 ǰÖćøýċÖþćđïČĚĂÜêšî 

ÿøšćÜĂčðÖøèŤüĉđÙøćąĀŤðøąÿĉìíĉõćó×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîǰēé÷ìĞćÖćøđÖĘï×šĂöĎú×ĂÜðøĉöćè

ÖøąĒÿĕôôŜćǰýĆÖ÷ŤĕôôŜćǰĒúąĂčèĀõĎöĉ×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîǰ×ĆĚîêĂîĒøÖĕéšìĞćÖćøýċÖþćÙšîÙüšćǰĒúą

øüïøüö×šĂöĎúÝćÖđüĘïĕàêŤìĊęđÖĊę÷ü×šĂÜÖĆïēÙøÜÖćøìĆĚÜÿŠüîìĊęđðŨîàĂôêŤĒüøŤĒúąăćøŤéĒüøŤǰúÜöČĂđ×Ċ÷î

ēðøĒÖøöǰÝćÖîĆĚîðøąÖĂïăćøŤéĒüøŤêŠćÜǰėǰìéÿĂïēðøĒÖøöÖŠĂîîĞćĕðĔßšÝøĉÜ 
 

3.1.1�ǰÖćøđÖĘïøüïøüö×šĂöĎú 
ĔîÖćøđÖĘïøüïøüö×šĂöĎúÖćøÿøšćÜĂčðÖøèŤêĆéÖøąĒÿĕôôŜć×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîǰēé÷

ÝąđøĉęöÝćÖÖćøýċÖþćĂčðÖøèŤăćøŤéĒüøŤ ǰĒúąàĂôêŤĒüøŤìĊęđÖĊę÷ü×šĂÜÖĆïÖćøÿøšćÜøąïïüĉđÙøćąĀŤ

ðøąÿĉìíĉõćó×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîēé÷ïĆîìċÖðøĉöćèÖøąĒÿĕôôŜćǰýĆÖ÷ŤĕôôŜćǰĒúąĂčèĀõĎöĉǰÝćÖ

ĂčðÖøèŤêøüÝüĆéǰđĂÖÿćøĒúąÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜÿŠüîĔĀâŠĕéšĂšćÜĂĉÜöćÝćÖĂĉîđìĂøŤđîĘêǰÖćøýċÖþć

ăćøŤéĒüøŤÝąđÖĘï×šĂöĎúđÖĊę÷üÖĆïÙčèÿöïĆêĉđÞóćą×ĂÜĂčðÖøèŤĒúąÖćøîĞćĕðêŠĂĔßšÜćîǰÿŠüîÖćøýċÖþć

àĂôêŤĒüøŤđóČęĂĔĀšÿćöćøëìĞćÖćøēðøĒÖøöăćøŤéĒüøŤĔĀšÿŠÜ×šĂöĎúÝćÖĂčðÖøèŤêøüÝøĎšǰ ĕðüĉđÙøćąĀŤ

ðøąÿĉìíĉõćóǰĒúąĒÿéÜñúñŠćîÙĂöóĉüđêĂøŤĕéš 
 

3.1.2�ǰăćøŤéĒüøŤìĊęĔßšĔîÖćøéĞćđîĉîÖćø 
ăćøŤéĒüøŤìĊęĔßšĔîÖćøéĞćđîĉîÜćîðøąÖĂïéšü÷ǰÿŠüîðøąöüúñúĕöēÙøÙĂîēìøúđúĂøŤǰ

ÿŠüîüĆéÙŠćàċęÜđðŨîĂčðÖøèŤêøüÝøĎšêŠćÜǰėǰÿŠüîïĆîìċÖ×šĂöĎúǰĒúąÿŠüîøĆïÿŠÜ×šĂöĎúǰēé÷ðøąÖĂïéšü÷ 
1. êĎšđ÷ĘîĒïïðøąêĎđéĊę÷ü Toshiba GR-D149-SH 
2. ĕöēÙøÙĂîēìøúđúĂøŤǰArduino UNO 
3. ēöéĎúđàîđàĂøŤüĆéðøĉöćèìćÜĕôôŜćǰpzem-004t v3.0+CT sensor 
4. ēöéĎúđàîđßĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰDHT22 
5. ēöéĎúïĆîìċÖ×šĂöĎúǰSD Card Data Logger Shield 
6. Digital multi meter  
7. Clamp meter UT202A 
8. Fluke 51-2  
9. SONGLEǰøĊđú÷Ť  
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3.1.3�ǰàĂôêŤĒüøŤìĊęĔßšĔîÖćøéĞćđîĉîÖćø 
1)  éćüîŤēĀúéēðøĒÖøöǰArduino IDE ĔßšĔîÖćøđ×Ċ÷îēðøĒÖøöđóČęĂĂĆðēĀúéēðøĒÖøö

úÜǰArduino UNO ÝćÖǰhttps://www.arduino.cc/en/software (ÿČïÙšîđöČęĂǰ

öĉëčîć÷îǰ2565) ĒúąìĞćÖćøêĉéêĆĚÜēðøĒÖøöǰàċęÜÿćöćøëđúČĂÖđüĂøŤßĆęîìĊęÝąêĉéêĆĚÜĕéš

ĒÿéÜéĆÜøĎðìĊęǰ��� 
 

 
 

 

 
 
 
 
 
 

øĎðìĊęǰ���ǰĀîšćêŠćÜēðøĒÖøöǰArduino IDE version����� 
øĎðìĊęǰ3.1ǰ ēðøĒÖøöǰArduino IDE đüĂøŤßĆęîǰ������ 

 
đöČęĂìĞćÖćøêĉéêĆĚÜēðøĒÖøöđøĊ÷ïøšĂ÷ĒúšüÝąĕéšēðøĒÖøöǰArduinoǰIDEǰđüĂøŤßĆęî 
������ǰéĆÜøĎðìĊęǰ��� 

 
 
 
 
 
 
 
 
 

 
øĎðìĊęǰ3.2 ǰĀîšćêŠćÜēðøĒÖøö Arduino 1.8.19 
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2)  êĉéêĆĚÜĕúïøćúĊęÿĞćĀøĆïøĆïøĂÜÖćøìĞćÜćî×ĂÜēöéĎúîćāĉÖćǰĒúąēöéĎúǰSD Card 
-ǰêĉéêĆĚÜĕúïøćúĊęÿĞćĀøĆïǰDatalogger Shield đóČęĂêĆĚÜđüúćǰĒúąïĆîìċÖ×šĂöĎúúÜ SD 

Card ìĊęđüĘïĕàêŤǰhttps://www.mediafire.com/file/Library_Data_Logger_ 
Shield_3in1.rar/fileǰ(ÿČïÙšîđöČęĂöĉëčîć÷îǰ����)ǰàċęÜĀîšćéćüîŤēĀúéÝąĒÿéÜ

éĆÜøĎðìĊęǰ��� 
 

 
 
 
 
 

 
 
 

øĎðìĊęǰ3.3ǰ ĕúïøćúĊęÿĞćĀøĆïøĆïøĂÜÖćøìĞćÜćî×ĂÜēöéĎúîćāĉÖć ĒúąēöéĎúǰSD Card 
 

�ǰĂĆðēĀúéēðøĒÖøöêĆĚÜđüúćúÜïĂøŤéǰArduinoǰéĆÜøĎðìĊęǰ��� àċęÜēðøĒÖøöÝąǰSet 
đüúćĔĀšêøÜÖĆïÙĂöóĉüđêĂøŤ 

 
 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ���ǰǰĒÿéÜÖćøđ×Ċ÷îēðøĒÖøöêĆĚÜđüúćĔîǰArduino IDE 
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-  ÝćÖøĎðìĊęǰ���ǰĒÿéÜÖćøĂĆðēĀúéêĆüĂ÷ŠćÜ Library éĆÜÖúŠćü 
 
 
 

 
   
 
 
 

 
øĎðìĊęǰ3.5 ǰĒÿéÜÖćøĂĆðēĀúéêĆüĂ÷ŠćÜǰLibrary 

 
- ÝćÖîĆĚîîĞćǰSD Card ìĊęöĊĕôúŤǰTest.text Ă÷ĎŠõć÷ĔîĒúšüđßČęĂöêŠĂÖĆïïĂøŤéǰĒúąìĞć

ÖćøĂĆðēĀúéēÙšéúÜïĂøŤéǰArduino ēðøĒÖøöÝąîĞćđüúćìĊęĂŠćîĕéšǰïĆîìċÖúÜǰSD 
Card ÝćÖîĆĚîđðŗéǰSerial Monitor đóČęĂìéÿĂïÖćøìĞćÜćîéĆÜøĎðìĊęǰ��� 

 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
øĎðìĊęǰ���ǰǰÙĞćÿĆęÜđøĊ÷ÖĔßšĕúïøćúĊęÿĞćĀøĆïøĆïøĂÜÖćøìĞćÜćî×ĂÜēöéĎúđàîđàĂøŤ 
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3) êĉéêĆĚÜĕúïøćúĊęÿĞćĀøĆïøĆïøĂÜÖćøìĞćÜćî×ĂÜēöéĎúđàîđàĂøŤ 
- éćüîŤēĀúéĒúąêĉéêĆĚÜĕúïøćúĊęÿĞćĀøĆïđàîđàĂøŤǰDHT22 éĆÜøĎðìĊęǰ��� 

 
 

 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.7 ǰđüĘïéćüîŤēĀúéĕúïøćúĊęÿĞćĀøĆïøĆïøĂÜÖćøìĞćÜćî×ĂÜēöéĎúđàîđàĂøŤǰDHT22 
 

- éćüîŤēĀúéĒúąêĉéêĆĚÜĕúïøćúĊęÿĞćĀøĆïđàîđàĂøŤǰpzem 004T V3.0ǰñŠćîđüĘïĕàêŤǰ

https://www.mediafire.com/file/vr17jw6dg4oyyua/PZEM004T.rar/file (ÿČïÙš î

đöČęĂöĉëčîć÷îǰ2565)ǰéĆÜøĎðìĊęǰ��� 
 

 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.8 ǰđüĘïéćüîŤēĀúéĕúïøćúĊęÿĞćĀøĆïđàîđàĂøŤǰpzem 004T V3.0 
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4)  đ×Ċ÷îĒñîñĆÜÖćøìĞćÜćî 
đ×Ċ÷îēðøĒÖøöñŠćîìćÜēðøĒÖøöǰArduino IDE ĒÿéÜéĆÜøĎðìĊę ǰ����ǰēé÷

ēðøĒÖøöÝąĒïŠÜǰđðŨîÿŠüîĀúĆÖǰėǰÿĂÜÿŠüîÙČĂÿŠüîđàîđàĂøŤüĆéĂčèĀõĎöĉǰDHT��ǰ
ÝąüĆéĂčèĀõĎöĉõć÷ĔîêĎšđ÷ĘîǰĒúąđàîđàĂøŤüĆéðøĉöćèìćÜĕôôŜćǰpzem-���t 
v����CT sensor ÝąüĆéÙŠćÖøąĒÿĕôôŜćǰýĆÖ÷ŤĕôôŜćǰÖĞćúĆÜĕôôŜćǰĒúąÙŠćêĆü

ðøąÖĂïÖĞćúĆÜǰĒúąÿŠÜĕð÷ĆÜĕöēÙøÙĂîēìøúđúĂøŤǰĒúąÿĆęÜĔĀšøĊđú÷Ť đðŗéıðŗéǰÖćø

ìĞćÜćîǰēé÷ïĆîìċÖÙŠćēé÷ǰDatalogger úÜǰSD card ìčÖǰėǰ�ǰîćìĊǰĒÿéÜéĆÜøĎðìĊęǰ

��� 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
øĎðìĊę 3.9ǰǰĒÿéÜĒñîñĆÜÖćøìĞćÜćî 
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øĎðìĊęǰ3.�� ǰđ×Ċ÷îēðøĒÖøöđóČęĂĂĆðēĀúéđ×šćǰMicrocontroller Arduino Unoǰ(õćÙñîüÖǰÖ) 

 
3.2 ǰ×ĆĚîêĂîÖćøéĞćđîĉîÜćî 

ÖćøÿøšćÜĂčðÖøèŤüĉđÙøćąĀŤðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷Ęî×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîēé÷ÝąöĊÿŠüî

üĆéĀúĆÖǰėǰĂ÷ĎŠǰ�ǰÿŠüîÙČĂǰÿŠüîìĊęĂ÷ĎŠõć÷ĔîđÙøČęĂÜìĞćÙüćöđ÷ĘîÝąìĞćÖćøüĆéÙŠćĂčèĀõĎöĉǰĒúąÙüćö×ċĚîǰ

õć÷ĔîêĎšđ÷ĘîǰĒúąÝąÿŠÜÙŠćĕð÷ĆÜõć÷îĂÖđÙøČęĂÜìĞćÙüćöđ÷ĘîǰàċęÜõć÷îĂÖđÙøČęĂÜìĞćÙüćöđ÷Ęîēé÷Ýą

êøüÝüĆéÙŠćÖøąĒÿĕôôŜćǰĒúąÙŠćĒøÜéĆîĕôôŜćìĊęđÙøČęĂÜìĞćÙüćöđ÷ĘîĔßšǰĒúąìĞćÖćøïĆîìċÖÙŠćêŠćÜǰėǰ

đĀúŠćîĊĚîĞćöćüĉđÙøćąĀŤðøąÿĉìíĉõćó×ĂÜđÙøČęĂÜìĞćÙüćöđ÷ĘîǰđóČęĂêĆéÖøąĒÿĕô×ĂÜđÙøČęĂÜìĞćÙüćöđ÷ĘîìĊę

ðøąÿĉìíĉõćóĕöŠđĀöćąÿöĀøČĂÖĞćúĆÜÿøšćÜîĚĞćĒ×ĘÜĀîć 
 

3.2.1 ǰÖćøđÖĘïøüïøüö×šĂöĎú 
ĔîÖćøđÖĘïøüïøüö×šĂöĎúÖćøÿøšćÜĂčðÖøèŤêĆéÖøąĒÿĕôôŜć×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîǰēé÷

ÝąđøĉęöÝćÖÖćøýċÖþćĂčðÖøèŤăćøŤéĒüøŤĒúąàĂôêŤĒüøŤìĊęđÖĊę÷ü×šĂÜÖĆïÖćøÿøšćÜøąïïüĉđÙøćąĀŤ

ðøąÿĉìíĉõćó×ĂÜđÙøČęĂÜìĞćÙüćöđ÷Ęîēé÷ïĆîìċÖðøĉöćèÖøąĒÿĕôôŜćǰýĆÖ÷Ť ĕôôŜćǰĒúąĂčèĀõĎöĉǰÝćÖ

ĂčðÖøèŤêøüÝüĆéêŠćÜǰėǰđĂÖÿćøĒúąÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜÿŠüîĔĀâŠĕéšĂšćÜĂĉÜöćÝćÖĂĉîđìĂøŤđîĘê ǰ[10]ǰ
ÖćøýċÖþćăćøŤéĒüøŤÝąđÖĘï×šĂöĎúđÖĊę÷üÖĆïÙčèÿöïĆêĉđÞóćą×ĂÜĂčðÖøèŤĒúąÖćøîĞćĕðêŠĂĔßšÜćîǰÿŠüî

ÖćøýċÖþćàĂôêŤĒüøŤđóČęĂĔĀšÿćöćøëìĞćÖćøēðøĒÖøöăćøŤéĒüøŤĔĀšÿŠÜ×šĂöĎúÝćÖĂčðÖøèŤêøüÝøĎšǰĕð

üĉđÙøćąĀŤðøąÿĉìíĉõćóǰĒúąĒÿéÜñúñŠćîÙĂöóĉüđêĂøŤĕéš 
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3.2.2�ǰđßČęĂöêŠĂĂčðÖøèŤăćøŤéĒüøŤ 
õć÷ĔîđÙøČęĂÜìĞćÙüćöđ÷ĘîÝąđßČęĂöêŠĂēöéĎúđàîđàĂøŤüĆéĂčèĀõĎöĉǰĒúąÙüćößČĚîēé÷Ĕßšǰ

DHT ��ǰéĆÜøĎðìĊęǰ����ǰđóČęĂÿŠÜêŠĂĂčèĀõĎöĉĕð÷ĆÜõć÷îĂÖßŠĂÜĒßŠĒ×ĘÜǰĒúąêĉéêĆĚÜđàîđàĂøŤüĆéðøĉöćè

ĕôôŜć×ĂÜÙĂöđóøÿđàĂøŤēé÷Ĕßšǰpzem-���t v���ǰéĆÜøĎðìĊęǰ����ǰàċęÜÝąìĞćÖćøđßČęĂöêŠĂēöéĎúđàîđàĂøŤ

üĆéðøĉöćèìćÜĕôôŜćǰpzem-���t v���ǰđ×šćÖĆïïĂøŤéĕöēÙøÙĂîēìøúđúĂøŤǰArduino UNOǰĒúąøĆï

ÙŠćĂčèĀõĎöĉìĊęÿŠÜöćÝćÖõć÷ĔîêĎšđ÷ĘîǰĒúąïĆîìċÖÙŠćêŠćÜǰėǰéšü÷ǰData logger shieldǰéĆÜøĎðìĊęǰ���� 
ĒúąîĞćöćüĉđÙøćąĀŤðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîǰĒÿéÜĒñîñĆÜÖćøìĞćÜćîéĆÜøĎðìĊęǰ����ǰĒúąĒÿéÜÖćø

đßČęĂöêŠĂĂčðÖøèŤǰéĆÜøĎðìĊęǰ���� 
 

 
 
 
 

 
 

 
 
 

øĎðìĊęǰ3.1�ǰǰÖćøêĉéêĆĚÜđàîđàĂøŤüĆéĂčèĀõĎöĉǰDHT22 
 
 
 
 
 
 
 

 
 
 
 

 
øĎðìĊęǰ3.1�ǰǰÖćøêĉéêĆĚÜđàîđàĂøŤüĆéðøĉöćèĕôôŜć×ĂÜÙĂöđóøÿđàĂøŤēé÷Ĕßš pzem-���t v��� 
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øĎðìĊęǰ3.1� ǰđßČęĂöêŠĂĂčðÖøèŤêøüÝøĎšđ×šćÖĆïïĂøŤéĕöēÙøÙĂîēìøúđúĂøŤ 
 

 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.1�ǰǰĒñîõćóĒÿéÜïúĘĂÙĕéĂąĒÖøö×ĂÜÖćøđßČęĂöêŠĂăćøŤéĒüøŤ 
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øĎðìĊęǰ3.1�ǰǰĒÿéÜÖćøđßČęĂöêŠĂĂčðÖøèŤ 
 

3.2.3ǰǰÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜĂčðÖøèŤüĆé 
ÖćøýċÖþćđÖĊę÷üÖĆïĂčðÖøèŤüĆéđßŠîēöéĎúđßîđàĂøŤêŠćÜǰėǰüŠćöĊÙüćöđìĊę÷ÜêøÜǰĒöŠî÷ĞćǰĒúą

ÙŠćÙüćöĕöŠĒîŠîĂîöćÖîšĂ÷đóĊ÷ÜĔéǰđðŨîÙŠćìĊę÷ĂöøĆïĕéšĀøČĂĕöŠǰēé÷ÝąđðøĊ÷ïđìĊ÷ïÙŠćìĊęüĆéĕéš ÝćÖ

ēöéĎúđàîđàĂøŤǰpzem-004t v3.0+CT sensor ÖĆïđÙøČęĂÜöČĂüĆéöćêøåćîǰDigital multimeter ĒÿéÜ
éĆÜøĎðìĊęǰ3.16ǰĒúąĒÿéÜüĉíĊÖćøüĆéÖøąĒÿĕôôŜć éĆÜøĎðìĊęǰ3.1�ǰÝćÖîĆĚîöćĀćÙŠćđÞúĊę÷đóČęĂĀćÙŠćÙüćö

ñĉéóúćé×ĂÜēöéĎúđàîđàĂøŤđÞúĊę÷ÿĉïÙøĆĚÜÝćÖîĆĚîîĞćöćĀćÙŠćÙüćöñĉéóúćéÿĆöïĎøèŤÝćÖÿöÖćøÙŠć

ÙüćöñĉéóúćéÿĆöïĎøèŤǰ�ǰȁܺ௧ െ ܺ௠ȁ ĒúąîĞćöćĀćÙŠćÙüćöñĉéóúćéÿĆöóĆîíŤÝćÖÿöÖćøǰ���ǰ 
 
ÙŠćÙüćöñĉéóúćéÿĆöóĆîíŤǰ�ǰቚ௑೟ି௑೘

௑೟
ቚ����ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ                          ǰǰ(3.1) 

 
đöČęĂǰǰǰܺ௧ǰÙČĂǰÙŠćìĊęüĆéĕéšÝćÖđÙøČęĂÜöČĂüĆéöćêøåćîǰǰǰ 
���������ܺm ÙČĂǰÙŠćìĊęüĆéĕéšÝćÖēöéĎúđàîđàĂøŤ 

 
 

 
 

 
 
 

øĎðìĊę 3.1� ǰÖćøüĆéÖøąĒÿĕôôŜćéšü÷ǰDigital multimeter 
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øĎðìĊęǰ3.1� ǰĒÿéÜüĉíĊÖćøüĆéÖøąĒÿĕôôŜćéšü÷ǰDigital multimeter 

 
3.2.4�ǰÖćøýċÖþćĒúąóĉÿĎÝîŤÿööčêĉåćî 

ÖćøýċÖþćÿööčêĉåćîÝćÖìùþãĊìĊęđÖĊę÷ü×šĂÜđÖĊę÷üÖĆïÖćøÖŠĂêĆü×ĂÜîĚĞćĒ×ĘÜĔîßŠĂÜĒßŠĒ×ĘÜ

ìĊęüŠćÖćøÖŠĂêĆü×ĂÜîĚĞćĒ×ĘÜĔîßŠĂÜĒßŠĒ×ĘÜÿŠÜñúĔĀšĂčèĀõĎöĉĔîßŠĂÜĒßŠĒ×ĘÜÿĎÜ×ċĚîǰđîČęĂÜÝćÖîĚĞćĒ×ĘÜđðŨî

ÞîüîÙüćöđ÷ĘîǰĒúąÿŠÜñúĔĀšðøąÿĉìíĉõćó×ĂÜđÙøČęĂÜìĞćÙüćöđ÷ĘîúéêęĞćúÜ 

 
3.2.4.1ǰ�ýċÖþćóùêĉÖøøö×ĂÜĂčèĀõĎöĉĒúąÖĞćúĆÜĕôôŜć×ĂÜêĎšđ÷Ęî 

ýċÖþćóùêĉÖøøö×ĂÜĂčèĀõĎöĉĒúąÖĞćúĆÜĕôôŜć×ĂÜêĎšđ÷ĘîìĊęÿĆöóĆîíŤÖĆïøą÷ąđüúć

ìĊęîĚĞćĒ×ĘÜđøĉęöÖŠĂêĆüìĞćÖćøüĆéĂčèĀõĎöĉõć÷ĔîêĎšđ÷Ęîēé÷ĔßšēöéĎúđàîđàĂøŤēé÷ÖćøîĞć×šĂöĎúĔîǰSD card 
ìĊęïĆîìċÖĕéšǰöćîĞćđ×šćĔîēðøĒÖøöĕöēÙøàĂôêŤđĂÖàŤđàúǰĒÿéÜéĆÜøĎðìĊęǰ����ǰĒúąîĞćöćüĉđÙøćąĀŤñúÙŠć

ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷Ęî×ĂÜêĎšđ÷Ęî ēé÷ÙĉéóúĆÜÜćîĕôôŜćǰ	kWh)ǰ[1�] ìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠ

úąüĆîĕéšÝćÖÿöÖćøìĊęǰ�.1 ĒúąĀćÙŠćðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜÜćîìĊęĔßšĒúąĀćÙŠćđÞúĊę÷Ĕî

ĒêŠúąüĆîĒÿéÜéĆÜÿöÖćøìĊęǰ3.2ǰ[12] 

 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰóúĆÜÜćîĕôôŜćǰ	kWh
ǰ�ǰÖĞćúĆÜĕôôŜćǰ	kWǰ
ǰx đüúćǰ	Hr
                    ǰǰǰ      (3.2) 

        ǰǰǰǰǰ      ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜÜćîǰ�ǰǰ
��ି்ሺ௧ሻ
௉�ሺ௧ሻ

�����   ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(3.3) 
 

đöČęĂ  T(t) ÙČĂ ĂčèĀõĎöĉìĊęüĆéĕéšõć÷ĔîêĎšđ÷ĘîìĊęđüúćǰt 	r$
 
P(t) ÙČĂ ÖĞćúĆÜĕôôŜć×ĂÜÙĂöđóøàđàĂøŤìĊęđüúćǰt (Watt) 
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øĎðìĊęǰ3.1� ǰîĞćđ×šćÙŠćìĊęïĆîìċÖĕéšĔîēðøĒÖøöĕöēÙøàĂôêŤđĂÖàŤđàú 

 
3.2.4.2ǰǰÖćøýċÖþćðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîÝćÖēĀúé 

ìĞćÖćøüĆéĂčèĀõĎöĉēé÷ĔßšǰFluke ĒÿéÜéĆÜøĎðìĊęǰ����ǰ×ĂÜêĆüĂ÷ŠćÜîĚĞćǰ1ǰúĉêø
ìčÖǰėǰ4ǰßĆęüēöÜǰĔîĒêŠúąüĆîđøĉęöêĆĚÜĒêŠǰ12.00ǰî�ǰ16.00ǰî�ǰ20.00ǰî�ǰ24.00ǰî�ǰĒúąǰ04.00ǰî�ǰĒÿéÜ

éĆÜøĎðìĊęǰ����ǰÝćÖîĆĚîìĞćÖćøđðúĊę÷îêĆüĂ÷ŠćÜîĚĞćĔĀöŠĔîǰ12.00ǰî�ǰ×ĂÜüĆîëĆéĕðđøČęĂ÷ǰėǰđðŨîđüúćǰ11ǰ
üĆîēé÷ÖĞćĀîéĔĀšĂčèĀõĎöĉ×ĂÜîĚĞćđøĉęöêšîđðŨîĂčèĀõĎöĉĀšĂÜĂ÷ĎŠĔîßŠüÜǰ28.7 r$ േ  1 r$ ĒÿéÜéĆÜøĎðìĊęǰ

����ǰĒúąêĆĚÜ×üéîĚĞćĔîêĎšđ÷ĘîĔîêĞćĒĀîŠÜđéĊ÷üÖĆîìčÖǰĒúąĕöŠöĊēĀúéĂČęîĂ÷ĎŠĔîêĎšđ÷Ęîǰ 
 

 
 
 
 
 

 
 

øĎðìĊęǰ3.1� ǰÖćøüĆéĂčèĀõĎöĉ×üéîĚĞć 
 
 
 
 
 
 
 

 
øĎðìĊęǰ3.��ǰǰ×ĆĚîêĂîÖćøüĆéđóČęĂđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷Ęî 

28.7 r$ േ  1 
r$

îĚĞćïøĉÿčìíĉĝǰ1 úĉêø 

îĞćĂĂÖöćüĆéìčÖǰ4 ßĆęüēöÜ 

đðúĊę÷îêĆüĂ÷ŠćÜìčÖėǰ24 ßĆęüēöÜ 
êĎšđ÷Ęî 
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�������ǰǰÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜêĎšđ÷Ęîēé÷ÙüïÙčöÖćøđðŗé-ðŗéĂĆêēîöĆêĉ 
  ĔßšøĊđú÷ŤĔîÖćøÙüïÙüïÖćøìĞćÜćî×ĂÜêĎšđ÷Ęîēé÷ÝąđøĉęöðŗéÖćøìĞćÜćî×ĂÜ

êĎšđ÷Ęîǰ[14]ǰĀúĆÜÝćÖêĎšđ÷ĘîìĞćÜćîĕðĒúšüǰ�ǰüĆîǰđðŨîđüúćǰ��ǰîćìĊǰĀúĆÜÝćÖîĆĚîÝąðŗéÖćøìĞćÜćî×ĂÜ

êĎšđ÷ĘîìčÖǰėǰ��ǰßĆęüēöÜđðŨîđüúćǰ��ǰîćìĊĕðđøČęĂ÷ǰėǰÝĞćúĂÜÝćÖÖćøìĞćÜćî×ĂÜêĎšđ÷Ęîúąúć÷îĚĞćĒ×ĘÜĒïï

ĂĆêēîöĆêĉǰēé÷ÝąüĆéĂčèĀõĎöĉõć÷ĔîêĎšđ÷Ęî ĒúąđàîđàĂøŤüĆéðøĉöćèìćÜĕôôŜćǰpzem-���t v����CT 
sensor ÝąüĆéÙŠćÖøąĒÿĕôôŜćǰýĆÖ÷ŤĕôôŜćǰÖĞćúĆÜĕôôŜćǰĒúąÙŠćêĆüðøąÖĂïÖĞćúĆÜǰĒúąÿŠÜĕð÷ĆÜ

ĕöēÙøÙĂîēìøúđúĂøŤĒúąÿĆęÜĔĀšøĊđú÷Ť đðŗéıðŗéǰÖćøìĞćÜćîǰÝćÖîĆĚîïĆîìċÖÙŠćēé÷ǰDatalogger úÜǰSD 
card ìčÖǰėǰ�ǰîćìĊǰĒÿéÜéĆÜøĎðìĊęǰ3.21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.21  ĒÿéÜĒñîñĆÜÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîìĊęëĎÖÙüïÙčöéšü÷øĊđú÷Ť
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ïììĊęǰǰ4 
ñúÖćøéĞćđîĉîÜćî 

 
4.1ǰ ñúÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜĂčðÖøèŤüĆé 

ÖćøýċÖþćđÖĊę÷üÖĆïĂčðÖøèŤüĆéđßŠîēöéĎúđßîđàĂøŤêŠćÜǰėǰüŠćöĊÙüćöđìĊę÷ÜêøÜǰĒöŠî÷ĞćǰĒúąÙŠć

ÙüćöĕöŠĒîŠîĂîöćÖîšĂ÷đóĊ÷ÜĔéǰđðŨîÙŠćìĊę÷ĂöøĆïĕéšĀøČĂĕöŠǰēé÷ÝąđðøĊ÷ïđìĊ÷ïÙŠćìĊęüĆéĕéšÖĆï

đÙøČęĂÜöČĂüĆéöćêøåćîöćĀćÙŠćđÞúĊę÷đóČęĂĀćÙŠćÙüćöñĉéóúćé×ĂÜēöéĎúđàîđàĂøŤ ǰìĞćÖćøüĆéÙŠć

ÖøąĒÿĕôôŜćÝćÖđÙøČęĂÜöČĂüĆéöćêøåćîēé÷ĔßšǰDigital multimeter ĒúąìĞćÖćøüĆéÙŠćÖøąĒÿĕôôŜć

ÝćÖēöéĎúđàîđàĂøŤǰpzem-���t v��� CT sensor ĒúąđÞúĊę÷ÿĉïÙøĆĚÜÝćÖîĆĚî ĒúąîĞćöćĀćÙŠćÙüćö

ñĉéóúćéÿĆöóĆîíŤÝćÖÿöÖćøìĊęǰ3.1 
ÝćÖêćøćÜìĊęǰ4.1 óïüŠćðøĉöćèìćÜĕôôŜćđÞúĊę÷ìĊęüĆéĕéšÝćÖǰPZEM-04T V3.0 ÖĆïǰDigital 

multimeter öĊÙŠćìĊęĔÖúšđÙĊ÷ÜÖĆîĒúąÿćöćøë÷ĂöøĆïĕéš 
 
êćøćÜìĊęǰ4.1  ĒÿéÜÙŠćìĊęüĆéĕéšÝćÖēöéĎúđàîđàĂøŤǰpzem-���t v���ǰÖĆïǰDigital multimeter 
 
 
 
 
 
 
 
  
4.2 ǰñúÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜêĎšđ÷Ęî 

4.2.1 ǰñúÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîÝćÖĂčèĀõĎöĉĒúąÖĞćúĆÜĕôôŜćêĎšđ÷Ęî 
ìĞćÖćøüĆéÙŠćĂčèĀõĎöĉõć÷ĔîêĎšđ÷ĘîĒúąĒúąïĆîìċÖÙŠćìčÖǰėǰ�ǰîćìĊǰđðŨîđüúćǰ��ǰüĆî

êĆĚÜĒêŠđøĉęöìĞćÜćîÝîöĊîĚĞćĒ×ĘÜđÖćąĀîćǰĒúąĀćĂčèĀõĎöĉđÞúĊę÷ĔîĒêŠúąüĆîǰĒúąÙŠćĂčèĀõĎöĉêęĞćÿčéÿĎÜÿčéĔî

ĒêŠúąüĆîǰøüöëċÜüĉđÙøćąĀŤóúĆÜÜćîĕôôŜćìĊęĔßšĔîĒêŠúąüĆîǰĒúąîĞćöćüĉđÙøćąĀŤĀćðøąÿĉìíĉÖćøìĞćÙüćö

đ÷ĘîêŠĂóúĆÜÜćîĕôôŜćìĊęĔßš 
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°»�®£¼¤·Á�¨¸É¥�°�ª´��¸É����¤¸���������00:00���������¤�̧��������00:00���

�)  ÖćøìéúĂÜÙøĆĚÜìĊęǰ� 
ÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷êúĂéìĆĚÜüĆî×ĂÜêĎšđ÷ĘîĔîĒêŠúąüĆîêĆĚÜĒêŠüĆîìĊęǰ��ǰöĊîćÙöǰ

đüúćǰ�����ǰî�ǰı ��ǰöĊîćÙöǰđüúćǰ�����ǰî�ǰóøšĂöĒÿéÜðøĉöćèîĚĞćĒ×ĘÜĔîßŠĂÜĒßŠĒ×ĘÜêĆĚÜĒêŠđøĉęöìĞć

ÖćøìéúĂÜǰÝîÿĉĚîÿčéÖćøìéúĂÜ 
 
 
 
 
 
 
 
 

   
 
 
 
 
 
 

 
 

øĎðìĊę 4.1ǰĒÿéÜĂčèĀõĎöĉđÞúĊę÷×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ��ǰöĊ�Ù�ǰ����ǰ00:00ǰî����ǰöĊ�Ù�ǰ����ǰ00:00ǰî� 
	Ö
ǰǰßŠĂÜĒßŠĒ×ĘÜ×èąđøĉęöđðŗéêĎšđ÷Ęîǰ	üĆîìĊęǰ�
ǰǰǰǰ 
	×
ǰǰßŠĂÜĒßŠĒ×ĘÜ×èąđðŗéĕðĒúšüǰ��ǰüĆîǰ	üĆîìĊęǰ��
 

 
ÝćÖøĎðìĊęǰ���ǰüĆîìĊęǰ��ǰöĊîćÙöǰ�����ǰîǰĕéšìĞćÖćøđøĉęöđÿĊ÷ïðúĆěÖêĎšđ÷Ęîǰēé÷ìĊęĕöŠöĊ

îĚĞćĒ×ĘÜõć÷ĔîßŠĂÜĒßŠĒ×ĘÜǰǰ	Ö
ǰĒúąöĊĂčèĀõĎöĉđøĉęöêšîìĊęǰ����ǰr$ǰ 
1) üĆîìĊęĂčèĀõĎöĉđÞúĊę÷êęĞćÿčéÙČĂüĆîìĊęǰ3ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîēé÷öĊĂčèĀõĎöĉ

đÞúĊę÷ìĊęǰ4.00 r$  
2) đøĉęööĊîĚĞćĒ×ĘÜđÖćąìĊęßŠĂÜĒßŠĒ×ĘÜüĆîìĊęǰ4ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîǰ 
3) üĆîìĊęĂčèĀõĎöĉđÞúĊę÷ÿĎÜÿčéÙČĂüĆîìĊęǰ10ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîǰēé÷öĊĂčèĀõĎöĉ

đÞúĊę÷ìĊęǰ9.5 r$ ĒúąöĊîĚĞćĒ×ĘÜđÖćąĀîćǰ	×
 

Á¦·É¤Á�· ��¼ oÁ¥È� 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�Á�µ³®�µ 

�� �� 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



     

 

26 

8.4

2.7
1.9 1.8

2.7
3.5

4.7 4.6

8

6.5

8.8

13.6

9.1
8.5

7
8.3

12.1

9.7
9.1 9

10.1

12.4

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11

° »�
®
£ ¼¤

·�(ïC
 )

¦³¥³Áª¨µ®¨�́�µ��¼oÁ¥È�Á¦·É¤�Îµ�µ��(ª�́)

°»�®£¼¤·Á�¨¸É¥�°�ª´��¸É����¤¸���������00:00������¤�̧��������00:00���

°»�®£¼¤·Á�¨¸É¥

°»�®£¼¤·�ÎÉµ­»�

°»�®£¼¤·­¼�­»�

êćøćÜìĊęǰ4.� ĒÿéÜĂčèĀõĎöĉđÞúĊę÷ǰĒúąêęĞćÿčé�ÿĎÜÿčé×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ15-25 öĊîćÙö 2565 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ���ǰǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷ĒúąêęĞćÿčé�ÿĎÜÿčé×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ�����ǰöĊ�Ù�ǰ���� 
 

ÝćÖøĎðìĊęǰ���ǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷ĒúąêęĞćÿčé�ÿĎÜÿčé×ĂÜêĎšđ÷Ęîǰ��ǰüĆîóïüŠć 
1) ĂčèĀõĎöĉêęĞćÿčé×ĂÜêĎšđ÷ĘîìĊęüĆéĕéšÙČĂǰ1.8 r$ǰĔîüĆîìĊęǰ3 ĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćî 
2) ĂčèĀõĎöĉÿĎÜÿčé×ĂÜêĎšđ÷ĘîìĊęüĆéĕéšÙČĂǰ12.4ǰr$ǰĔîüĆîìĊęǰ10 ĀúĆÜÝćÖêĎšđ÷Ęîđøĉęö

ìĞćÜćîĒúąöĊîĚĞćĒ×ĘÜđÖćąĀîćìĊęßŠĂÜĒßŠĒ×ĘÜ 
3) ĂčèĀõĎöĉÿĎÜÿčéǰ�ǰêęĞćÿčéìĊęüĆéĕéšöĊĒîüēîšöúéúÜđøČęĂ÷ǰėǰĔîǰ4ǰüĆîĒøÖǰĀúĆÜÝćÖ

đðŗéêĎšđ÷ĘîǰÖŠĂîìĊęÝąöĊĒîüēîšöÿĎÜ×ċĚîĀúĆÜÝćÖüĆîìĊęǰ5ǰàċęÜđøĉęööĊîĚĞćĒ×ĘÜđÖćąìĊęßŠĂÜ

ĒßŠĒ×ĘÜǰ 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 
�ÎÊµÂ�È�Á�µ³®�µ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



     

 

27 

2.80

1.51 1.65 1.58 1.50

1.97

2.59 2.54 2.65 2.63 2.70

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0

2

4

6

8

10

12

1 2 3 4 5 6 7 8 9 10 11

En
erg

y �(
kW

h)

°»�
®
£¼¤

·�(ïC
 )

¦³¥³Áª¨µ®¨�́�µ��¼ oÁ¥È�Á¦·É¤�Îµ�µ��(ª�́)

°»�®£¼¤·Á�¨¸É¥Á�¥̧���́¡¨�́�µ�Å¢¢oµ��°�ª�́�¸É����¤�̧��������00:00���������¤�̧��������00:00���

¡¨�́�µ��¸ÉÄ�o °»�®£¼¤·Á�¨¸É¥

ÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷óøšĂöóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠ

üĆîìĊęǰ�����ǰöĊîćÙöǰ����ǰēé÷ÙĉéóúĆÜÜćîĕôôŜćǰ	kWh) ìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîĕéšÝćÖÿöÖćø

ìĊęǰ��� 
 
 

 
 
 
 
 
 
 
 

 
øĎðìĊęǰ��3ǰǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷óøšĂöóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠüĆîìĊę 

�����ǰöĊ.Ùǰ���� 
 

ÝćÖøĎðìĊęǰ���ǰÖøćôĒÿéÜðøĉöćèóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîǰ

ÝĞćîüîǰ��ǰüĆîǰóïüŠć 
1) ÙĂöđóøÿđàĂøŤêĎšđ÷ĘîĔßšóúĆÜÜćîĕôôŜćöćÖìĊęÿčéìĊęǰ2.8 kWh ĔîüĆîĒøÖìĊęêĎšđ÷Ęî

đøĉęöìĞćÜćî 
2) ÙĂöđóøÿđàĂøŤêĎšđ÷ĘîĔßšóúĆÜÜćîĕôôŜćîšĂ÷ìĊęÿčéìĊęǰ1.5 kWh ĔîüĆîìĊęǰ4ǰĀúĆÜÝćÖ

đðŗéêĎšđ÷Ęî 
3) ÙĂöđóøÿđàĂøŤêĎšđ÷ĘîöĊÖćøĔßšóúĆÜÜćîĕôôŜćöĂćÖ×ċĚîđøČęĂ÷ǰėǰĔîüĆîìĊęǰ5ǰĒúą

öćÖìĊęÿčéüĆîìĊęǰ10ǰÿĎÜëċÜǰ2.7 kWh ĔîüĆîìĊęîĚĞćĒ×ĘÜđÖćąĀîćǰǰ 
 
ÖøćôĒÿéÜðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜÜćîìĊęĔßšǰ(οܶȀܹ݇)ǰđÞúĊę÷ĒêŠúą

üĆîõć÷ĔîêĎšđ÷Ęîǰēé÷ÙĉéÝćÖĂčèĀõĎöĉìĊęđðúĊę÷îĒðúÜĕðĔîĒêŠúąüĆîǰÝćÖĂčèĀõĎöĉĂšćÜĂĉÜìĊęǰ�� r$ǰĀøČĂ

ĂčèĀõĎöĉõć÷îĂÖǰđìĊ÷ïÖĆïÖĞćúĆÜĕôôŜćđÞúĊę÷×ĂÜÙĂöđóøÿđàĂøŤĔîĒêŠúąüĆîǰÝćÖîĆĚîîĞćöćÙĉéÙŠć

ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷ÝćÖÿöÖćøìĊęǰ	��3
 
 

ǰǰǰǰǰǰǰǰǰǰǰǰ 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�Á�µ³®�µ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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øĎðìĊęǰ4.4ǰǰÖøćôĒÿéÜðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷ìĊęĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠ 

üĆîìĊęǰ�����ǰöĊ.Ùǰ���� 
 

ÝćÖøĎðìĊęǰ���ǰóïüŠćðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîđóĉęööćÖ×ċĚîĔîǰ�ǰüĆîĒøÖĀúĆÜÝćÖêĎšđ÷Ęî

đøĉęöìĞćÜćîàċęÜüĆîìĊęǰ�ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîǰêĎšđ÷ĘîöĊðøąÿĉìíĉõćóĔîÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜĕôôŜć

ìĊęĔßšÿĎÜìĊęÿčéǰǰĒúąĀúĆÜÝćÖüĆîìĊęǰ�ǰ	üĆîìĊęǰ� ı üĆîìĊęǰ��ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćî
ǰàċęÜöĊîĚĞćĒ×ĘÜđøĉęöđÖćą

ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîöĊĒîüēîšöúéúÜĂ÷ŠćÜêŠĂđîČęĂÜǰÝîüĆîìĊęǰ��ǰĀúĆÜêĎšđ÷ĘîđøĉęöìĞćÜćîÝąđĀĘî

ĕéšüŠćöĊðøąÿĉìíĉõćóĔîÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜĕôôŜćìĊęĔßšêęĞćìĊęÿčéǰàċęÜđðŨîüĆîìĊęöĊîĚĞćĒ×ĘÜđÖćąĀîć 
 
�
ǰǰÖćøìéúĂÜÙøĆĚÜìĊęǰ� 

ÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷êúĂéìĆĚÜüĆî×ĂÜêĎšđ÷ĘîĔîĒêŠúąüĆîêĆĚÜĒêŠüĆîìĊęǰ �ǰöĊîćÙöǰ

đüúćǰ�����ǰîǰı ��ǰöĊîćÙöǰđüúćǰ�����ǰîǰóøšĂöĒÿéÜðøĉöćèîĚĞćĒ×ĘÜĔîßŠĂÜĒßŠĒ×ĘÜêĆĚÜĒêŠđøĉęöìĞć

ÖćøìéúĂÜǰÝîÿĉĚîÿčéÖćøìéúĂÜǰǰ 
 
 
 
 
 

 

Á¦·É¤Á�· ��¼ oÁ¥È� 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�Á�µ³®�µ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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øĎðìĊę 4.�ǰǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ3ǰđöþć÷îǰ- 13 đöþć÷îǰ2565 
(Ö)ǰǰßŠĂÜĒßŠĒ×ĘÜ×èąđøĉęöđðŗéêĎšđ÷Ęîǰ	üĆîìĊęǰ�
ǰǰǰǰ 
(×)ǰǰßŠĂÜĒßŠĒ×ĘÜ×èąđðŗéĕðĒúšüǰ��ǰüĆîǰ	üĆîìĊęǰ��
 

 
ÝćÖøĎðìĊęǰ���ǰüĆîìĊęǰ�ǰđöþć÷îǰ�����ǰîǰĕéšìĞćÖćøđøĉęöđÿĊ÷ïðúĆěÖêĎšđ÷Ęîǰēé÷ìĊęĕöŠöĊ

îĚĞćĒ×ĘÜõć÷ĔîßŠĂÜĒßŠĒ×ĘÜǰǰ	Ö
ǰĒúąöĊĂčèĀõĎöĉđøĉęöêšîìĊęǰ����ǰr$ 
1) üĆîìĊęĂčèĀõĎöĉđÞúĊę÷êęĞćÿčéÙČĂüĆîìĊęǰ2ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîēé÷öĊĂčèĀõĎöĉ

đÞúĊę÷ìĊęǰ6.62 r$  
2) đøĉęööĊîĚĞćĒ×ĘÜđÖćąìĊęßŠĂÜĒßŠĒ×ĘÜüĆîìĊęǰ5ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîǰ 
3) üĆîìĊęĂčèĀõĎöĉđÞúĊę÷ÿĎÜÿčéÙČĂüĆîìĊęǰ10ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîǰēé÷öĊĂčèĀõĎöĉ

đÞúĊę÷ìĊęǰ11.86 r$ ĒúąöĊîĚĞćĒ×ĘÜđÖćąĀîćǰ	×
 
 
 
 
 

 

� 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 
Á¦·É¤Á�· ��¼ oÁ¥È� 

�ÎÊµÂ�È�ÁÁ�µ³®�µ 

�� 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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¦³¥³Áª¨µ®¨�́�µ��¼oÁ¥È�Á¦·É¤�Îµ�µ��(ª�́)

°»�®£¼¤·Á�¨¸É¥�°�ª´��¸É�3�Á¤�¥�������00:00���������Á¤�¥�������00:00���

°»�®£¼¤·Á�¨¸É¥

°»�®£¼¤·�ÎÉµ­»�

°»�®£¼¤·­¼�­»�

êćøćÜìĊęǰ4.�ǰ ĒÿéÜĂčèĀõĎöĉđÞúĊę÷ǰĒúąêęĞćÿčé�ÿĎÜÿčé×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ3ǰ-ǰ13ǰđöþ÷ćîǰ2565 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ���ǰǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷ĒúąêęĞćÿčé�ÿĎÜÿčé×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ�ǰ�ǰ��ǰđöþ÷ćîǰ���� 
 
ÝćÖøĎðìĊęǰ���ǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷ĒúąêęĞćÿčé�ÿĎÜÿčé×ĂÜêĎšđ÷Ęîǰ��ǰüĆîóïüŠć 
1) ĂčèĀõĎöĉÿĎÜÿčéǰ�ǰêęĞćÿčéìĊęüĆéĕéšöĊĒîüēîšöúéúÜđøČęĂ÷ǰėǰĔîǰ2ǰüĆîĒøÖĀúĆÜÝćÖ

đðŗéêĎšđ÷Ęî 
2) ĂčèĀõĎöĉÝąöĊĒîüēîšöÿĎÜ×ċĚîøą÷ąđüúćǰ1ǰüĆîǰđîČęĂÜÝćÖĂčèĀõĎöĉõć÷îĂÖìĊę

ÿĎÜ×ċĚîǰĒúąĀúĆÜÝćÖüĆîìĊęǰ5ǰĂčèĀõĎöĉÝąöĊĒîüēîšöÿĎÜ×ċĚîđøČęĂ÷ǰėǰàċęÜöĊîĚĞćĒ×ĘÜ

đÖćąìĊęßŠĂÜĒßŠĒ×ĘÜ 
 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ Á¦·É¤Á�· ��¼ oÁ¥È� �ÎÊµÂ�È�ÁÁ�µ³®�µ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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¦³¥³Áª¨µ®¨�́�µ��¼oÁ¥È�Á¦·É¤�Îµ�µ��(ª�́)

°»�®£¼¤·Á�¨¸É¥Á�¥̧���́¡¨�́�µ�Å¢¢oµ��°�ª�́�¸É���Á¤�¥�������00:00���������Á¤�¥�������00:00���

¡¨�́�µ��¸ÉÄ�oÅ� °»�®£¼¤·Á�¨¸É¥

ÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷óøšĂöóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠ

üĆîìĊęǰ����ǰđöþć÷îǰ����ǰēé÷ÙĉéóúĆÜÜćîĕôôŜćǰ	kWh) ìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîĕéšÝćÖÿöÖćø

ìĊęǰ���ǰ 
 

 
 
 
 
 

 
 
 
 
 

 
øĎðìĊęǰ4.�ǰǰÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷óøšĂöóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠüĆîìĊęǰ 

�-�� đöþć÷î 2565 
 

ÝćÖøĎðìĊęǰ���ǰÖøćôĒÿéÜðøĉöćèóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîǰ��ǰ

üĆîóïüŠć 
1) ÙĂöđóøÿđàĂøŤêĎšđ÷ĘîĔßšóúĆÜÜćîĕôôŜćöćÖëċÜǰ1.32 kWh ĔîÙøĆĚÜĒøÖìĊęêĎšđ÷Ęîđøĉęö

ìĞćÜćî 
2) ÙĂöđóøÿđàĂøŤêĎš đ÷ĘîĔßšóúĆÜÜćîĕôôŜćîšĂ÷ìĊęÿčéìĊę ǰ1.23 kWh ĔîüĆîìĊę ǰ5ǰ

ĀúĆÜÝćÖđðŗéêĎšđ÷Ęî 
3) ÙĂöđóøÿđàĂøŤêĎšđ÷ĘîöĊÖćøĔßšóúĆÜÜćîĕôôŜćöćÖ×ċĚîđúĘÖîšĂ÷ĔîüĆîìĊęǰ3ǰĒúąöćÖ

ìĊęÿčéĔîüĆîìĊęǰ10ǰÿĎÜëċÜǰ1.38 kWh ĔîüĆîìĊęîĚĞćĒ×ĘÜđÖćąĀîćǰǰ 
 

ÖøćôĒÿéÜðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷êŠĂÖĞćúĆÜÜćîìĊęĔßšǰ(οܶȀܹ݇)ǰĒêŠúą

üĆîõć÷ĔîêĎšđ÷Ęîǰēé÷ÙĉéÝćÖĂčèĀõĎöĉìĊęđðúĊę÷îĒðúÜĕðĔîĒêŠúąüĆîǰÝćÖĂčèĀõĎöĉĂšćÜĂĉÜìĊęǰ �� r$ǰĀøČĂ

ĂčèĀõĎöĉõć÷îĂÖǰđìĊ÷ïÖĆïÖĞćúĆÜĕôôŜćđÞúĊę÷×ĂÜÙĂöđóøÿđàĂøŤĔîĒêŠúąüĆîǰÝćÖîĆĚîîĞćöćÙĉéÙŠć

ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷ÝćÖÿöÖćøìĊęǰ	���
ǰ 
 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 

�ÎÊµÂ�È�ÁÁ�µ³®�µ 
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øĎðìĊęǰ4.�ǰǰÖøćôĒÿéÜðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷ìĊęĔßšêĆĚÜĒêŠüĆîìĊęǰ�-�� đö.÷ 2565 
 

ÝćÖøĎðìĊęǰ���ǰóïüŠćðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîđóĉęööćÖ×ċĚîĔîǰ�ǰüĆîĒøÖǰĀúĆÜÝćÖêĎšđ÷Ęî

đøĉęöìĞćÜćîǰÝćÖîĆĚîđøĉęöúéúÜĔîüĆîìĊęǰ�ǰëċÜüĆîìĊęǰ�ǰđîČęĂÜÝćÖĂčèĀõĎöĉõć÷îĂÖǰ	õćÙñîüÖǰ×
ǰàċęÜ

ĂčèĀõĎöĉõć÷îĂÖđÞúĊę÷ÿĎÜ×ċĚîĂ÷ŠćÜêŠĂđîČęĂÜĒúąöĊÙüćöñĆîñüî×ĂÜĂčèĀõĎöĉÿĎÜĒúąǰðøąÿĉìíĉõćóđóĉęö

öćÖ×ċĚîÝîëċÜüĆîìĊęǰ�ǰĀúĆÜÝćÖüĆîìĊęǰ�ǰàċęÜöĊîĚĞćĒ×ĘÜđøĉęöđÖćąĀîćðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîöĊ

ĒîüēîšöúéúÜĂ÷ŠćÜêŠĂđîČęĂÜ 
 

4.2.2ǰǰñúÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîÝćÖĂčèĀõĎöĉ×ĂÜēĀúéìĊęđðúĊę÷îĒðúÜĕð 
ìĞćÖćøüĆéĂčèĀõĎöĉ×ĂÜêĆüĂ÷ŠćÜîĚĞćǰ�ǰúĉêøìčÖǰėǰ�ǰßĆęüēöÜĔîĒêŠúąüĆîđøĉęöêĆĚÜĒêŠǰ�����ǰî�ǰ

�����ǰî�ǰ�����ǰî�ǰ�����ǰî�ǰĒúąǰ�����ǰî�ǰÝćÖîĆĚîìĞćÖćøđðúĊę÷îêĆüĂ÷ŠćÜîĚĞćĔĀöŠĔîǰ�����ǰî�ǰüĆî

ëĆéĕðđøČęĂ÷ǰėǰđðŨîđüúćǰ��ǰĀúĆÜÝćÖđøĉęöđðŗéêĎšđ÷ĘîĒúąêĆĚÜ×üéîĚĞćĔîêĎšđ÷ĘîĔîêĞćĒĀîŠÜđéĊ÷üÖĆîìčÖǰĒúą

ĕöŠöĊēĀúéĂČęîĂ÷ĎŠĔîêĎšđ÷ĘîĒÿéÜéĆÜêćøćÜìĊęǰ��4 
 

 
 
 
 
 
 
 

�ÎÊµÂ�È�Á�µ³®�µ 
Á¦·É¤Á�· ��¼ oÁ¥È� 

�ÎÊµÂ�È�Á¦·É¤Á�µ³ 
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êćøćÜìĊęǰ4.4 ǰĂčèĀõĎöĉ×ĂÜîĚĞćǰ1 úĉêøìĊęđðúĊę÷îĒðúÜĕðìčÖėǰ4 ßĆęüēöÜĔîĒêŠúąüĆî 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ4.9ǰǰÖøćôĒÿéÜĂčèĀõĎöĉìĊęđðúĊę÷îĒðúÜĕðìčÖǰėǰ4 ßĆęüēöÜĔîĒêŠúąüĆî 
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°»�
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·��ï
C)

�́ÉªÃ¤�Ä��µ¦ª´� (HR)�

°»�®£¼¤·�°�Ã®¨�� ��¨·�¦�

ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É�� ª´��¸É��� ª´��¸É���

üĆîìĊęǰ� 

üĆîìĊęǰ� 
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ÝćÖøĎðìĊęǰ��9ǰĒÿéÜĂčèĀõĎöĉ×ĂÜîĚĞćǰ�ǰúĉêøǰìĊęđðúĊę÷îĒðúÜĕðēé÷ÙüïÙčöĂčèĀõĎöĉ

đøĉęöêšîìĊęǰ���� r$ േ  � r$ óïüŠćÖćøìĞćÙüćöđ÷ĘîĔîüĆîìĊęǰ�ǰÝąöĊĂčèĀõĎöĉìĊęéĊìĊęÿčéǰĒúąĂčèĀõĎöĉ×ĂÜîĚĞć

ĀúĆÜĒßŠĔîêĎšđ÷ĘîđðŨîđüúćǰ��ǰßĆęüēöÜǰÝąÿĎÜ×ċĚîđøČęĂ÷ǰėǰĀúĆÜÝćÖüĆîìĊęêĎšđ÷ĘîđøĉęöìĞćÜćîēé÷ÖćøüĆéĂčèĀõĎöĉ

×ĂÜēĀúéêĆüĂ÷ŠćÜ 
 

4.2.3 ǰñúÖćøýċÖþćðøąÿĉìíĉõćó×ĂÜêĎšđ÷Ęîēé÷ĔßšĂčðÖøèŤÙüïÙčöÖćøđðŗéðŗéĂĆêēîöĆêĉ 
ĔßšøĊđú÷ŤĔîÖćøÙüïÙüïÖćøìĞćÜćî×ĂÜêĎšđ÷Ęîēé÷ÝąđøĉęöðŗéÖćøìĞćÜćî×ĂÜêĎšđ÷Ęîǰ

ĀúĆÜÝćÖêĎšđ÷ĘîìĞćÜćîĕðĒúšüǰ�ǰüĆîǰđðŨîđüúćǰ��ǰîćìĊǰĀúĆÜÝćÖîĆĚîÝąðŗéÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîìčÖǰėǰ��ǰ

ßĆęüēöÜđðŨîđüúćǰ��ǰîćìĊĕðđøČęĂ÷ǰėǰÝćÖøĎðĒÿéÜÖćøêĆéÖøąĒÿĕôôŜć×ĂÜêĎš đ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ�ǰ

óùþõćÙöǰ�����ǰî�ǰı ��ǰóùþõćÙöǰ�����ǰî�ǰ���� 
 

 
 

 
 
 
 
 
 
 
 

øĎðìĊęǰ���0ǰǰÖøćôĒÿéÜĂčèĀõĎöĉĒúąÖøąĒÿĕôôŜć×ĂÜêĎšđ÷ĘîìĊęëĎÖÙüïÙčöéšü÷øĊđú÷Ť 
×ĂÜüĆîìĊę �ǰóùþõćÙö ı ��ǰóùþõćÙöǰ2565 

  
1) ÝćÖøĎðìĊęǰ���0ǰóïüŠćđöČęĂÖøąĒÿĕôôŜćÝąúéúÜđðŨîǰ�ǰĂčèĀõĎöĉÝąÿĎÜ×ċĚîđîČęĂÜÝćÖ

êĎšđ÷ĘîĕöŠöĊÖćøìĞćÜćî 
2) đöČęĂêĎšđ÷ĘîđøĉęöìĞćÜćîĔĀöŠÖøąĒÿĕôôŜćÝąđóĉęöÿĎÜ×ċĚîĒúąÿĎÜìĊęÿčéëċÜǰ0.49ǰAmp 

ÖŠĂîìĊęÝąúéúÜđøČęĂ÷ ėǰÝîëċÜßŠüÜǰ0.42ǰAmp ĒÿéÜüŠćÙĂöđóøÿđàĂøŤÝąĔßš

ÖøąĒÿĕôôŜćöćÖĔîêĂîìĊęđøĉęöìĞćÜćî 
 
øĎðìĊęǰ��1�ǰĒÿéÜÖøćôĂčèĀõĎöĉđÞúĊę÷ǰĒúąĂčèĀõĎöĉêęĞćÿčé�ÿĎÜÿčéǰìĊęüĆéĕéšĔîĒêŠúąüĆîǰ

óøšĂöĒÿéÜðøĉöćèîĚĞćĒ×ĘÜĔîßŠĂÜĒßŠĒ×ĘÜêĆĚÜĒêŠđøĉęöìĞćÖćøìéúĂÜǰÝîÿĉĚîÿčéÖćøìéúĂÜ 
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°»�®£¼¤·Á�¨¸É¥Â¨³­¼�­»���ÎÉµ­»���°�ª´��¸É�1�¡���������00:00���������¡���������00:00���
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øĎðìĊę 4.11ǰ ÖøćôĒÿéÜĂčèĀõĎöĉđÞúĊę÷×ĂÜêĎšđ÷ĘîêĆĚÜĒêŠüĆîìĊęǰ�ı��ǰó.Ùǰ���� 

(Ö)ǰǰßŠĂÜĒßŠĒ×ĘÜ×èąđøĉęöđðŗéêĎšđ÷Ęîǰ	üĆîìĊęǰ�
ǰǰǰǰ 
(×)ǰǰßŠĂÜĒßŠĒ×ĘÜ×èąđðŗéĕðĒúšüǰ��ǰüĆîǰ	üĆîìĊęǰ��
 

 
ÝćÖøĎðìĊęǰ��1�ǰüĆîìĊęǰ�ǰó.Ùǰ�����ǰî�ǰĕéšìĞćÖćøđøĉęöđÿĊ÷ïðúĆěÖêĎšđ÷Ęîǰēé÷ìĊęĕöŠöĊ

îĚĞćĒ×ĘÜõć÷ĔîßŠĂÜĒßŠĒ×ĘÜǰ	Ö
ǰĒúąöĊĂčèĀõĎöĉđøĉęöêšîìĊęǰ�6ǰr$ 
1) üĆîìĊęĂčèĀõĎöĉđÞúĊę÷êęĞćÿčéÙČĂüĆîìĊęĒøÖĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćîēé÷öĊĂčèĀõĎöĉ

đÞúĊę÷ìĊęǰ��� r$ øĂÜúÜöćÙČĂüĆîìĊęǰ�ǰÙČĂǰ��� r$ 

2) đøĉęööĊîĚĞćĒ×ĘÜđÖćąđúĘÖîšĂ÷ĔîüĆîìĊęǰ�ǰĀúĆÜÝćÖêĎšđ÷ĘîđøĉęöìĞćÜćî 
 

ÝćÖøĎðìĊę ǰ � ��2ǰĒÿéÜÖøćôĒÿéÜĂčèĀõĎöĉ đÞúĊę ÷óøš ĂöóúĆ Ü ÜćîĕôôŜ ćìĊę

ÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠüĆîìĊęǰ����ǰóùþõćÙöǰ���� ĒúąøĎðìĊęǰ����ǰĒÿéÜÖćøđðøĊ÷ï

óúĆÜÜćîĕôôŜćìĊęĔßšĔîĒêŠúąüĆîøąĀüŠćÜêĎšđ÷ĘîìĊęëĎÖÙüïÙčöēé÷úĊđú÷ŤÖĆïêĎšđ÷ĘîìĊęìĞćÜćîðÖêĉ ǰēé÷Ùĉé

óúĆÜÜćîĕôôŜćǰ	kWh)ǰìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîĕéšÝćÖÿöÖćøìĊęǰ���ǰ 
 
 
 

�� � 
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°»�®£¼¤·Á�¨¸É¥Á�¸¥���́¡¨�́�µ�Å¢¢oµ��°�ª´��¸É�1�¡���������00:00���������¡���������00:00���

¡¨�́�µ�Å¢¢oµ °»�®£¼¤·Á�¨¸É¥
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¦³¥³Áª¨µ®¨�́�µ��¼oÁ¥È�Á¦·É¤�Îµ�µ��(ª�́)

¡¨�́�µ��¸ÉÄ�oÅ��¦³®ªnµ��¼oÁ¥È��¸É�ª��»¤Ã�¥¦̧Á¨¥r��́�¼oÁ¥È����·

�¼o Á¥È����· �¼o Á¥È��¸É�ª��»¤Ã�¥¦̧Á¨¥r

 
 
 
 

 
 
 
 
 
 
 

øĎðìĊęǰ���2ǰǰĒÿéÜóúĆÜÜćîĕôôŜćìĊęêĎšđ÷ĘîĔßšĔîĒêŠúąüĆîêĆĚÜĒêŠüĆîìĊęǰ1 óÙǰı 11 óÙǰ2565 
 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ���3ǰǰĒÿéÜóúĆÜÜćîĕôôŜćìĊęêĎšđ÷ĘîìĊęëĎÖÙüïÙčöēé÷øĊđú÷ŤĒúąêĎšđ÷ĘîìĊęìĞćÜćîĒïïðÖêĉĔßš 
 

ÝćÖøĎðĒÿéÜðøĉöćèóúĆÜÜćîĕôôŜćìĊęÙĂöđóøÿđàĂøŤĔßšĔîĒêŠúąüĆîǰ ��ǰüĆîóïüŠćǰ

óúĆÜÜÜćîĕôôŜć×ĂÜêĎšđ÷ĘîìĊęìĞćÜćîĒïïðÖêĉöĊÖćøĔßšóúĆÜÜćîĕôôŜćĔÖúšđÙĊ÷ÜÖĆïêĎšđ÷ĘîìĊęëĎÖÙüïÙčöēé÷

øĊđú÷ŤǰĒêŠöĊĒîüēîšöÿĎÜ×ċĚîöćÖÖüŠćêĎšđ÷ĘîìĊęëĎÖÙüïÙčöēé÷øĊđú÷Ť×èąìĊęêĎšđ÷ĘîìĞćÜćîĕðëċÜüĆîìĊęǰ9 ĔîüĆîìĊęöĊ

îĚĞćĒ×ĘÜđÖćąĀîćǰĒúąÝćÖøĎðìĊęǰ4.14 ĒÿéÜðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜÜćîìĊęĔßšǰ(οܶȀܹ݇)ǰ

đÞúĊę÷ĒêŠúąüĆî×ĂÜêĎšđ÷Ęîǰēé÷ÙĉéÝćÖĂčèĀõĎöĉìĊęđðúĊę÷îĒðúÜĕðĔîĒêŠúąüĆîǰÝćÖĂčèĀõĎöĉĂšćÜĂĉÜìĊęǰ �� 
r$ǰĀøČĂĂčèĀõĎöĉõć÷îĂÖđìĊ÷ïÖĆïÖĞćúĆÜĕôôŜćđÞúĊę÷×ĂÜÙĂöđóøÿđàĂøŤĔîĒêŠúąüĆîǰÝćÖîĆĚîîĞćöćÙĉéÙŠć
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ðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷ÝćÖÿöÖćøìĊęǰ��3 ĒúąđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷Ęî

êŠĂÖĞćúĆÜÜćîìĊęĔßš×ĂÜêĎšđ÷ĘîðÖêĉǰĒúąêĎšđ÷ĘîìĊęëĎÖÙüïÙčöéšü÷øĊđú÷ŤĒÿéÜéĆÜøĎðìĊęǰ4.15 
 

 
 
 
 
 
 
 
 
 

øĎðìĊęǰ4.14ǰǰÖøćôĒÿéÜðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷ìĊęĔßšêĆĚÜĒêŠüĆîìĊęǰ1-�1 ó.Ù 2565 
 

 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ4.15ǰǰÖøćôđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćó×ĂÜêĎšđ÷ĘîðÖêĉĒúąêĎšđ÷ĘîìĊęëĎÖÙüïÙčöéšü÷øĊđú÷Ť 
 

ÝćÖøĎðóïüŠćðøąÿĉìíĉõćóÖćøìĞćÙüćöđ÷ĘîđÞúĊę÷êŠĂÖĞćúĆÜÜćîìĊęĔßš×ĂÜêĎšđ÷ĘîìĊę

ìĞćÜćîðÖêĉÝąöĊðøąÿĉìíĉõćóìĊęéĊÖüŠćĔîßŠüÜÿĊęüĆîĒøÖǰĒúąĀúĆÜÝćÖöĊîĚĞćĒ×ĘÜđÖćąðøąÿĉìíĉõćó×ĂÜ

êĎšđ÷ĘîìĊęìĞćÜćîĒïïðÖêĉĕéšúéêęĞćúÜĔî×èąìĊęêĎšđ÷ĘîìĊęëĎÖÙüïÙčöéšü÷øĊđú÷ŤöĊðøąÿĉìíĉõćóìĊęéĊÖüŠćĔî

øą÷ą÷ćüĀúĆÜÝćÖüĆîìĊęǰ6 ìĊęêĎšđ÷ĘîđøĉęöÜćî
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�.1 ǰÿøčðñú 
 ēÙøÜÜćîîĊĚđðŨîÖćøýċÖþćðøąÿĉìíĉõćóêĎšđ÷ĘîĒïïðøąêĎđéĊę÷üǰēé÷ìĞćÖćøüĆéĒúąïĆîìċÖÙŠć

ĂčèĀõĎöĉìĊęđðúĊę÷îĕðĔîêĎšđ÷ĘîǰĒúąóúĆÜÜćîĕôôŜćìĊęêĎšđ÷ĘîĔßšêŠĂüĆîǰđóČęĂüĉđÙøćąĀŤðøąÿĉìíĉõćóÖćøìĞć

Ùüćöđ÷ĘîêŠĂÖĞćúĆÜĕôôŜćìĊęêĎšđ÷ĘîĔßšĔîĒêŠúąüĆî ĒúąÿĆÜđÖêóùêĉÖøøö×ĂÜĂčèĀõĎöĉĒúąÖĞćúĆÜĕôôŜć×ĂÜ

êĎšđ÷ĘîđöČęĂđüúćñŠćîĕðǰÝćÖñúÖćøìéúĂÜÿøčðĕéšüŠćǰ 
1) êĎšđ÷ĘîĒïïðøąêĎđéĊę÷üìĊęđøĉęöìĞćÜćîĔîßŠüÜǰ���ǰüĆîĒøÖĀúĆÜÝćÖđÿĊ÷ïðúĆěÖĔî×èąìĊę÷ĆÜĕöŠöĊ

îĚĞćĒ×ĘÜđÖćąÝąöĊðøąÿĉìíĉõćóĔîÖćøìĞćÙüćöđ÷ĘîêŠĂÖĞćúĆÜĕôôŜćÿĎÜÖüŠćêĎšđ÷ĘîĔîüĆîìĊęöĊ

îĚĞćĒ×ĘÜđÖćąĀîćǰêćöÿööčêĉåćîìĊęüŠćêĎšđ÷ĘîìĊęöĊîĚĞćĒ×ĘÜđÖćąĀîćÝąÿŠÜñúêŠĂÖćøĀöčîđüĊ÷î

×ĂÜøąïïìĞćÙüćöđ÷ĘîúéúÜǰ 
2) ĂćÖćýõć÷îĂÖêĎšđ÷ĘîöĊñúêŠĂÖćøìĞćÙüćöđ÷ĘîĒúąóúĆÜÜćîĕôôŜć×ĂÜêĎšđ÷ĘîǰđîČęĂÜÝćÖ

ÙĂ÷úŤøšĂîĂ÷ĎŠéšćîĀúĆÜ×ĂÜêĎšđ÷ĘîàċęÜìĞćĀîšćìĊęĒúÖđðúĊę÷îÙüćöøšĂîÝćÖõć÷îĂÖĕéšîšĂ÷

ÖüŠćüĆîìĊęöĊĂčèĀõĎöĉõć÷îĂÖêęĞć 
3) êĎšđ÷ĘîìĊęëĎÖÖćøêĆéÖćøìĞćÜćîĂĆêēîöĆêĉÝąđøĉęööĊîĚĞćĒ×ĘÜđÖćąßšćÖüŠćêĎšđ÷ĘîìĊęìĞćÜćîĒïïðÖêĉ

ĒúąĔßšóúĆÜÜćîĕôôŜćîšĂ÷ÖüŠćǰĒêŠÙĂöđóøÿđàĂøŤ×ĂÜêĎšđ÷ĘîÝąìĞćÜćîĀîĆÖÝćÖÖćøđðŗé

ĒúąðŗéïŠĂ÷ǰė 
 

���ǰǰðŦâĀćĒúąĂčðÿøøÙ 
�
ǰǰÖćøìéÿĂïĔßšøą÷ąđüúćîćîǰêŠĂÖćøìéÿĂïǰ�ǰÙøĆĚÜǰđîČęĂÜÝćÖÖćøìéÿĂïÝąüĆéðøĉöćè

ìćÜĕôôŜćêŠćÜǰėǰēé÷ÖćøđÖĘï×šĂöĎúêúĂéđüúćǰìĞćĔĀšöĊ×šĂñĉéóúćéìĊęđÖĉéÝćÖÖćøéĆï

ĕôôŜć×ĂÜÖćøĕôôŜćîÙøĀúüÜǰìĞćĔĀš×šĂöĎúìĊęĕéšđÖĘïöćöĊÖćø×ćéßŠüÜǰÝĞćđðŨîêšĂÜđøĉęöìĞć

ÖćøìéúĂÜĔĀöŠǰĒúąøüöìĆĚÜÖćøêÖ×ĂÜĕôôŜćõć÷ĔîĂćÙćøìĊęìĞćÖćøìéúĂÜìĞćĔĀš

ÖøąĒÿĕôôŜćöĊÖćøñĆîñüîêćöĕðéšü÷ 
�
ǰǰÖćøđÖĘï×šĂöĎúđ×šćĂčðÖøèŤđÖĘï×šĂöĎúđÖĉé×šĂñĉéóúćéïćÜßŠüÜ×èąǰöĊÖćøïĆîìċÖÙŠćìĊęđóĊĚ÷îǰ

đîČęĂÜÝćÖÖćøêŠĂÿć÷ĕôôŜćìĊęĕöŠĒîŠîóĂ 
�
ǰǰìøĆó÷ćÖø×ĂÜÖćøđÖĘï×šĂöĎúàĂôĒüøŤìĊęöĊĂ÷ŠćÜÝĞćÖĆé×ĂÜêĆüĕöēÙøÙĂîēìøúđúĂøŤǰìĞćĔĀš

ÝĞćđðŨîêšĂÜúïàĂôĒüøŤÖćøĒÿéÜñúïćÜÿŠüîĂĂÖđóČęĂÝĆéÖćøìøĆó÷ćÖø×ĂÜàĂôĒüøŤĔĀš
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ÿćöćøëĂĆðēĀúéđ×šćêĆüĕöēÙøÙĂîēìøúđúĂøŤĕéšǰĒúąĕöŠÖøąìïêŠĂÖćøìĞćÜćî×ĂÜ

ēÙøÜÖćø 
�
ǰǰ×ćéĂÜÙŤÙüćöøĎšéšćîĕôôŜćĒúąĂĉđúĘÖìøĂîĉÖÿŤìĞćĔĀšđúČĂÖüĆÿéčìĊęđĀöćąÿöĕöŠéĊǰÝćÖìĊęđúČĂÖ

ÿć÷ĕôĕöŠđĀöćąÿöìĞćĔĀšÿć÷ĕôĕöŠÿćöćøëìîøĆïĒøÜéĆîÖøąĒÿĕôôŜćĕéšǰĒúąÖćøìĊęđßČęĂö

ĂčðÖøèŤÜćîĕôôŜćĕöŠéĊÿŠÜñúĔĀšĂčðÖøèŤđÖĉéÙüćöđÿĊ÷Āć÷đöČęĂĔßšÜćîÝøĉÜ 
�
ǰǰĂčðÖøèŤüĆÿéčìĊę×ć÷Ĕßšøą÷ąđüúćĔîÖćø×îÿŠÜîćîđóøćąîĞćđ×šćÝćÖêŠćÜðøąđìýēé÷ĕöŠñŠćî

óŠĂÙšćÙîÖúćÜĔîðøąđìýĕì÷ǰøćÙćëĎÖÖüŠćǰ�������ǰđöČęĂđðøĊ÷ïđìĊ÷ïÖĆïìĊę×ć÷Ĕî

ðøąđìýĕì÷ÙčèõćóĒúąöćêøåćîđéĊ÷üÖĆîǰàċęÜđöČęĂĂčðÖøèŤđÖĉéÙüćöđÿĊ÷Āć÷êšĂÜøĂÖćø

×îÿŠÜöćÿŠÜÿĉîÙšć 
6)  ĂčèĀõĎöĉõć÷îĂÖêĎšđ÷ĘîìĊęĕöŠÙÜìĊęöĊñúêŠĂÖćøĒúÖđðúĊę÷îÙüćöøšĂî×ĂÜÙĂ÷úŤøšĂîéšćîĀúĆÜ

êĎšđ÷ĘîÿŠÜñúĔĀšêĎšđ÷ĘîìĞćÜćîĒïïöĊðøąÿĉìíĉõćóîšĂ÷ 
 

��3ǰǰ×šĂđÿîĂĒîą 
1) ǰÙüøÙüïÙčöĂčèĀõĎöĉõć÷îĂÖĔĀšöĊÙŠćÙÜìĊęêúĂéÖćøýċÖþćđîČęĂÜÝćÖĂčèĀõĎöĉõć÷îĂÖ

ÿŠÜñúêŠĂÖćøìĞćÜćî×ĂÜêĎšđ÷ĘîìĞćĔĀšĂčèĀõĎöĉõć÷ĔîêĎšđ÷ĘîĕöŠđðŨîĕðêćöðÖêĉǰǰ 
2)  ÖćøüĆéĂčèĀõĎöĉõć÷ĔîêĎšđ÷ĘîÙüøüĆéöćÖÖüŠćǰ1ǰÝčéÙĉéÙŠćđÞúĊę÷ÝćÖĂčèĀõĎöĉđîČęĂÜÝćÖ

ĂčèĀõĎöĉĔîĒêŠúąêĞćĒĀîŠÜõć÷ĔîêĎšđ÷ĘîöĊÙŠćĕöŠđìŠćÖĆîǰĒúąĕöŠÙüøêĉéêĆĚÜĂčðÖøèŤüĆé

ĂčèĀõĎöĉõć÷ĔîßŠĂÜĒßŠĒ×ĘÜđîČęĂÜÝćÖöĊÿõćóÙüćößČĚîìĊęĕöŠđĀöćąÿö 
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ēðøĒÖøöǰ1.1ǰ êĆĚÜđüúćúÜïĂøŤéǰArduino ĔĀšêøÜÖĆïÙĂöóĉüđêĂøŤ 
#include <DS1307RTC.h> 
#include <TimeLib.h> 
#include <Wire.h> 
const char *monthName[12] = { 
  "Jan", "Feb", "Mar", "Apr", "May", "Jun", 
  "Jul", "Aug", "Sep", "Oct", "Nov", "Dec" 
}; 
tmElements_t tm; 
 
void setup() { 
  bool parse=false; 
  bool config=false; 
  // get the date and time the compiler was run 
  if (getDate(__DATE__) && getTime(__TIME__)) { 
    parse = true; 
  // and configure the RTC with this info 
    if (RTC.write(tm)) { 
      config = true; } 
  } 
  Serial.begin(9600); 
  while (!Serial) ;   // wait for Arduino Serial Monitor 
  delay(200); 
  if (parse && config) { 
    Serial.print("DS1307 configured Time="); 
    Serial.print(__TIME__); 
    Serial.print(", Date="); 
    Serial.println(__DATE__); }  
    else if (parse) { 
    Serial.println("DS1307 Communication Error :-{"); 
    Serial.println("Please check your circuitry"); 
  } else { 
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    Serial.print("Could not parse info from the compiler, Time=\""); 
    Serial.print(__TIME__); 
    Serial.print("\", Date=\""); 
    Serial.print(__DATE__); 
    Serial.println("\""); } 
} 
 
void loop() { 
} 
bool getTime(const char *str) 
{ 
  int Hour, Min, Sec; 
  if (sscanf(str, "%d:%d:%d", &Hour, &Min, &Sec) != 3) return false; 
  tm.Hour = Hour; 
  tm.Minute = Min; 
  tm.Second = Sec; 
  return true; 
} 
bool getDate(const char *str) 
{ 
  char Month[12]; 
  int Day, Year; 
  uint8_t monthIndex; 
  if (sscanf(str, "%s %d %d", Month, &Day, &Year) != 3) return false; 
  for (monthIndex = 0; monthIndex < 12; monthIndex++) { 
    if (strcmp(Month, monthName[monthIndex]) == 0) break; } 
  if (monthIndex >= 12) return false; 
  tm.Day = Day; 
  tm.Month = monthIndex + 1; 
  tm.Year = CalendarYrToTm(Year); 
  return true; 
} 
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ēðøĒÖøöǰ1.2  đÖĘïÙŠćúÜǰSD Card ìĊęöĊĕôúŤǰTest.tex 
#include <DS����RTC.h> 
#include <TimeLib.h> 
#include <Wire.h> 
#include <SPI.h> 
#include <SD.h> 
#include "DHT.h" 
#include <PZEM���Tv���h> 
 
File myFile; 
const int chipSelect = ��; 
String time ; 
tmElements_t tm; 
 
������������� 
#define DHTPIN � 
#define DHTTYPE DHT�� 
DHT dht(DHTPIN, DHTTYPE); 
PZEM���Tv�� pzem(�, �
; 
 
float t[�>ǰ; 
 
��������������� 
void setup() { 
  Serial.begin(����
; 
 
  dht.begin(); 
ǰǰ 
ǰǰ������������ 
  while (!Serial) ; // wait for serial 
  delay(���
; 
ǰǰ 
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  pinMode(SS,OUTPUT); 
 
  if (!SD.begin(chipSelect)) { 
    return;   
  } 
  Serial.println("SD Card OK."); 
  ReadText(); 
} 
 
void loop() { 
  float h = dht.readHumidity(); 
  float temp = dht.readTemperature(); 
  float f = dht.readTemperature(true); 
 
  float voltage = pzem.voltage(); 
  float current = pzem.current(); 
  float power = pzem.power(); 
  float energy = pzem.energy(); 
  float frequency = pzem.frequency(); 
  float pf = pzem.pf(); 
 
  if (isnan(h) || isnan(temp) || isnan(f)) { 
    Serial.println("Failed to read from DHT sensor!"); 
    return; 
  } 
ǰǰ�������������� 
  UJNFǰ�ǰ/PX	
��ǰ5ǰ��UFNQ��ǰr$ǰ$ǰ��DVSSFOU��ǰ"ǰ1ǰ��QPXFS��ǰ8ǰ&ǰ��FOFSHZ��ǰL8Iǰ

PF "+pf; 
  Serial.println(time);Serial.println(); 
  WriteText(time); 
  delay(�����
; 
} 
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void ReadText(){ 
ǰǰ��ǰre-open the file for reading: 
  myFile = SD.open("test.txt"); 
  if (myFile) { 
    Serial.println("test.txt:"); 
    while (myFile.available()) { 
      Serial.write(myFile.read()); 
    } 
    myFile.close(); 
  }  
} 
 
void WriteText(String txt){ 
  myFile = SD.open("test.txt", FILE_WRITE); 
  if (myFile) { 
    myFile.println(txt); 
    myFile.close(); 
  }  
  else { 
    Serial.println("error opening test.txt"); 
  } 
} 
 
String Now(){ 
  String time = ""; 
  if (RTC.read(tm)) { 
ǰǰǰǰ��time = String(tm.Hour+":"+tm.Minute+":"+tm.Secnd+" DAY : ǰǰ
"+tm.Day+"/"+tm.Month+"/"+tmYearToCalendar(tm.Year)); 
    time+=tm.Hour; 
    time+=":"; 
 
    time+=tm.Minute; 
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    time+=":"; 
 
    time+=tm.Second; 
    time+=" DAY : "; 
 
    time+=tm.Day; 
    time+="/"; 
 
    time+=tm.Month; 
    time+="/"; 
 
    time+=tmYearToCalendar(tm.Year); 
  }  
  else { 
    time = "NO"; 
    if (RTC.chipPresent()) { 
      Serial.println("The DS���� is stopped."); 
      Serial.println(); 
    }  
    else { 
      Serial.println("DS���� read error!."); 
      Serial.println(); 
    } 
  } 
  return time; 
} 
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ēðøĒÖøöǰ1.3  ÿŠüîÙüïÙčöøĊđú÷Ť 
const byteøĊđú÷Ť = 2; 
int I = 0; 
void setup() { 
  pinMode(relay,OUTPUT); 
  Serial.begin(9600); 
} 
 
void loop(){ 
  if(i==0) 
  { 
  digitalWrite(relay,HIGH); 
  Serial.println("on"); 
  delay(172800000); 
  i++; 
  } 
   
  for(i=1;i<5;i++) 
  { 
  digitalWrite(relay,LOW); 
  Serial.println("off"); 
  delay(1800000); 
  digitalWrite(relay,HIGH); 
  Serial.println("on"); 
  delay(43200000); 
  i--; 
  } 
} 
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ĂčèĀõĎöĉõć÷îĂÖđÞúĊę÷ìĊęđ×êúćéÖøąïĆÜǰÖøčÜđìóǰ×šĂöĎúÝćÖÖøöĂčêĉîĉ÷öüĉì÷ć ìĊęöć :ǰ
https://www.tmd.go.th/climate/climate.php?FileID=� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



     

 

52 

 
 
 
 
 
 
 
 
 
 

õćÙñîüÖǰÙ 
Data sheet 
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AC communication module

Overview 

This document describes the specification of the PZEM-004T AC communication module, 
the module is mainly used for measuring AC voltage, current, active power, frequency, power 
factor and active energy, the module is without display function, the data is read through the TTL 
interface. 

PZEM-004T-10A: Measuring Range 10A (Built-in Shunt) 

PZEM-004T-100A: Measuring Range 100A (external transformer) 

1.Function description 

1.1 Voltage 

1.1.1 Measuring range:80̚260V 

1.1.2 Resolution: 0.1V 

1.1.3 Measurement accuracy: 0.5% 

1.2 Current 

1.2.1 Measuring range: 0̚10A(PZEM-004T-10A); 0̚100A(PZEM-004T-100A) 

1.2.2 Starting measure current: 0.01A(PZEM-004T-10A); 0.02A(PZEM-004T-100A) 

1.2.3 Resolution: 0.001A 

1.2.4 Measurement accuracy: 0.5% 

1.3 Active power 

1.3.1 Measuring range: 0̚2.3kW(PZEM-004T-10A); 0̚23kW(PZEM-004T-100A) 

1.3.2 Starting measure power: 0.4W  

1.3.3 Resolution: 0.1W  

1.3.4 Display format:  

˘1000W, it display one decimal, such as: 999.9W 

ı1000W, it display only integer, such as: 1000W 

1.3.5 Measurement accuracy: 0.5% 
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1.4 Power factor  

1.4.1 Measuring range: 0.00̚1.00 

1.4.2 Resolution: 0.01  

1.4.3 Measurement accuracy: 1% 

1.5 Frequency 

1.5.1 Measuring range: 45Hz̚65Hz  

1.5.2 Resolution: 0.1Hz  

1.5.3 Measurement accuracy: 0.5% 

1.6 Active energy 

1.6.1 Measuring range: 0̚9999.99kWh  

1.6.2 Resolution: 1Wh  

1.6.3 Measurement accuracy: 0.5% 

1.6.4 Display format:  

˘10kWh, the display unit is Wh(1kWh=1000Wh), such as: 9999Wh  

ı10kWh, the display unit is kWh, such as: 9999.99kWh  

1.6.5 Reset energy: use software to reset. 

1.7 Over power alarm 

Active power threshold can be set, when the measured active power exceeds the threshold, it 
can alarm 

1.8 Communication interface  

RS485 interfaceǄ 

2 Communication protocol  

2.1 Physical layer protocol 

Physical layer use UART to RS485 communication interface 

Baud rate is 9600, 8 data bits, 1 stop bit, no parity 

2.2 Application layer protocol 
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The application layer use the Modbus-RTU protocol to communicate. At present, it only 
supports function codes such as 0x03 (Read Holding Register), 0x04 (Read Input Register), 0x06 
(Write Single Register), 0x41 (Calibration), 0x42 (Reset energy).etc. 

0x41 function code is only for internal use (address can be only 0xF8), used for factory 
calibration and return to factory maintenance occasions, after the function code to increase 16-bit 
password, the default password is 0x3721 

The address range of the slave is 0x01 ~ 0xF7. The address 0x00 is used as the broadcast 
address, the slave does not need to reply the master. The address 0xF8 is used as the general 
address, this address can be only used in single-slave environment and can be used for calibration 
etc.operation. 

2.3  Read the measurement result 

The command format of the master reads the measurement result is(total of 8 bytes): 

Slave Address + 0x04 + Register Address High Byte + Register Address Low Byte + Number 
of Registers High Byte + Number of Registers Low Byte + CRC Check High Byte + CRC Check 
Low Byte. 

The command format of the reply from the slave is divided into two kinds: 

Correct Reply: Slave Address + 0x04 + Number of Bytes + Register 1 Data High Byte + 
Register 1 Data Low Byte + ... + CRC Check High Byte + CRC Check Low Byte 

Error Reply: Slave address + 0x84 + Abnormal code + CRC check high byte + CRC check 
low byte 

Abnormal code analyzed as following (the same below) 

z 0x01,Illegal function 
z 0x02,Illegal address 
z 0x03,Illegal data 
z 0x04,Slave error 
The register of the measurement results is arranged as the following table 

Register 

address 
Description Resolution 

0x0000 Voltage value 1LSB correspond to 0.1V        

0x0001 Current value low 16 bits 1LSB correspond to 

0.001A 0x0002 Current value high 16 bits 

0x0003 Power value low 16 bits 
1LSB correspond to 0.1W 

0x0004 Power value high 16 bits 

0x0005 Energy value low 16 bits 
1LSB correspond to 1Wh 

0x0006 Energy value high 16 bits 

0x0007 Frequency value 1LSB correspond to 0.1Hz 

0x0008 Power factor value 1LSB correspond to 0.01 

0x0009 Alarm status 
0xFFFF is alarmˈ
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For example, the master sends the following command (CRC check code is replaced by 
0xHH and 0xLL, the same below) 

0x01 +  0x04 + 0x00 + 0x00 + 0x00 + 0x0A + 0xHH + 0xLL 

Indicates that the master needs to read 10 registers with slave address 0x01 and the start 
address of the register is 0x0000 

The correct reply from the slave is as following: 

0x01 + 0x04 + 0x14 + 0x08 + 0x98 + 0x03 + 0xE8+0x00 + 0x00 +0x08 + 0x98+ 0x00 + 
0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x01 + 0xF4 + 0x00 + 0x64 + 0x00 + 0x00 + 0xHH + 0xLL 

The above data shows 

z Voltage is 0x0898, converted to decimal is 2200, display 220.0V 
z Current is 0x000003E8, converted to decimal is 1000, display 1.000A 
z Power is 0x00000898, converted to decimal is 2200, display 220.0W 
z Energy is 0x00000000, converted to decimal is 0, display 0Wh 
z Frequency is 0x01F4, converted to decimal is 500, display 50.0Hz 
z Power factor is 0x0064, converted to decimal is 100, display 1.00 
z Alarm status is 0x0000, indicates that the current power is lower than the alarm power 

threshold 

2.4 Read and modify the slave parameters 

At present,it only supports reading and modifying slave address and power alarm threshold 

The register is arranged as the following table 

Register 

address 
Description Resolution 

0x0001 Power alarm threshold 1LSB correspond to 1W 

0x0002 Modbus-RTU address The range is 0x0001~0x00F7 

The command format of the master to read the slave parameters and read the measurement 
results are same(descrybed in details in Section 2.3), only need to change the function code from 
0x04 to 0x03. 

The command format of the master to modify the slave parameters is (total of 8 bytes): 

Slave Address + 0x06 + Register Address High Byte + Register Address Low Byte + Register 
Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low Byte. 

The command format of the reply from the slave is divided into two kinds: 

Correct Response: Slave Address + 0x06 + Number of Bytes + Register Address Low Byte + 
Register Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low 
Byte. 

Error Reply: Slave address + 0x86 + Abnormal code + CRC check high byte + CRC check 
low byte. 
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For example, the master sets the slave's power alarm threshold: 

0x01 + 0x06 + 0x00 + 0x01 + 0x08 + 0xFC + 0xHH + 0xLL 

Indicates that the master needs to set the 0x0001 register (power alarm threshold) to 0x08FC 
(2300W). 

Set up correctly, the slave return to the data which is sent from the master. 

For example, the master sets the address of the slave 

0x01 + 0x06 + 0x00 + 0x02 + 0x00 + 0x05 + 0xHH + 0xLL 

Indicates that the master needs to set the 0x0002 register (Modbus-RTU address) to 0x0005 

Set up correctly, the slave return to the data which is sent from the master. 

2.5  Reset energy 

The command format of the master to reset the slave's energy is (total 4 bytes): 

Slave address + 0x42 + CRC check high byte + CRC check low byte. 

Correct reply: slave address + 0x42 + CRC check high byte + CRC check low byte. 

Error Reply: Slave address + 0xC2 + Abnormal code + CRC check high byte + CRC check 
low byte 

2.6  Calibration 

The command format of the master to calibrate the slave is (total 6 bytes): 

0xF8 + 0x41 + 0x37 + 0x21 + CRC check high byte + CRC check low byte. 

Correct reply: 0xF8 + 0x41 + 0x37 + 0x21 + CRC check high byte + CRC check low byte. 

Error Reply: 0xF8 + 0xC1 + Abnormal code + CRC check high byte + CRC check low byte. 

It should be noted that the calibration takes 3 to 4 seconds, after the master sends the 
command, if the calibration is successful, it will take 3 ~ 4 seconds to receive the response from 
the slave. 

2.7  CRC check  

CRC check use 16bits format, occupy two bytes, the generator polynomial is X16 + X15 + 
X2 +1, the polynomial value used for calculation is 0xA001. 

The value of the CRC check is a frame data divide all results of checking all the bytes except 
the CRC check value. 
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Picture 3.1  PZEM-004T-10A Functional block diagram 

 
Picture 3.2  PZEM-004T-100A Functional block diagram 

 
4 Wiring diagram 

 
Picture 4.1  PZEM-004T-10A wiring diagram 
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Picture 4.2  PZEM-004T-100A wiring diagram 
 

5 Other instructions 

5.1The TTL interface of this module is a passive interface, it requires external 5V power supply, w
hich means, when communicating, all four ports must be connected (5V, RX, TX, GND), otherwis
e it cannot communicate. 

5.2  Working temperature 

-20¶C ~ +60¶CǄ 
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�������� (OHFWULFDO(OHFWULFDO(OHFWULFDO(OHFWULFDO &KDUDFWHULVWLFV�&KDUDFWHULVWLFV�&KDUDFWHULVWLFV�&KDUDFWHULVWLFV�
,WHPV &RQGLWLRQ 0LQ 7\SLFDO 0D[ 8QLW
3RZHU VXSSO\ '& ��� � � 9
&XUUHQW VXSSO\ 0HDVXULQJ � ��� P$

6WDQG�E\ �� 1XOO �� X$
&ROOHFWLQJ
SHULRG

6HFRQG � 6HFRQG

�������� $WWHQWLRQV$WWHQWLRQV$WWHQWLRQV$WWHQWLRQV RIRIRIRI DSSOLFDWLRQ�DSSOLFDWLRQ�DSSOLFDWLRQ�DSSOLFDWLRQ�
��� 2SHUDWLQJ DQG VWRUDJH FRQGLWLRQV

:H GRQ
W UHFRPPHQG WKH DSSO\LQJ 5+�UDQJH EH\RQG WKH UDQJH VWDWHG LQ WKLV VSHFLILFDWLRQ� 7KH $0���� VHQVRU
FDQ UHFRYHU DIWHU ZRUNLQJ LQ DEQRUPDO RSHUDWLQJ FRQGLWLRQ WR FDOLEUDWHG VWDWXV� EXW ZLOO DFFHOHUDWH VHQVRUV
 DJLQJ�
��� $WWHQWLRQV WR FKHPLFDO PDWHULDOV

9DSRU IURP FKHPLFDO PDWHULDOV PD\ LQWHUIHUH $0����
V VHQVLWLYH�HOHPHQWV DQG GHEDVH $0����
V VHQVLWLYLW\�
��� 'LVSRVDO ZKHQ ��� 	 ��� KDSSHQV

6WHS RQH� .HHS WKH $0���� VHQVRU DW FRQGLWLRQ RI 7HPSHUDWXUH ��a��&HOVLXV� KXPLGLW\ ����5+ IRU � KRXUV�
6WHS WZR� $IWHU VWHS RQH� NHHS WKH $0���� VHQVRU DW FRQGLWLRQ RI 7HPSHUDWXUH ��a��&HOVLXV� KXPLGLW\

!���5+ IRU � KRXUV�
��� $WWHQWLRQ WR WHPSHUDWXUH
V DIIHFWLRQ

5HODWLYH KXPLGLW\ VWURQJO\ GHSHQG RQ WHPSHUDWXUH� WKDW LV ZK\ ZH XVH WHPSHUDWXUH FRPSHQVDWLRQ WHFKQRORJ\ WR
HQVXUH DFFXUDWH PHDVXUHPHQW RI 5+� %XW LW
V VWLOO EH PXFK EHWWHU WR NHHS WKH VHQVRU DW VDPH WHPSHUDWXUH ZKHQ
VHQVLQJ�

$0���� VKRXOG EH PRXQWHG DW WKH SODFH DV IDU DV SRVVLEOH IURP SDUWV WKDW PD\ FDXVH FKDQJH WR WHPSHUDWXUH�
��� $WWHQWLRQV WR OLJKW

/RQJ WLPH H[SRVXUH WR VWURQJ OLJKW DQG XOWUDYLROHW PD\ GHEDVH $0����
V SHUIRUPDQFH�
��� $WWHQWLRQV WR FRQQHFWLRQ ZLUHV

7KH FRQQHFWLRQ ZLUHV
 TXDOLW\ ZLOO HIIHFW FRPPXQLFDWLRQ
V TXDOLW\ DQG GLVWDQFH� KLJK TXDOLW\ VKLHOGLQJ�ZLUH LV
UHFRPPHQGHG�
��� 2WKHU DWWHQWLRQV


 :HOGLQJ WHPSHUDWXUH VKRXOG EH EHOORZ ���&HOVLXV�

 $YRLG XVLQJ WKH VHQVRU XQGHU GHZ FRQGLWLRQ�

 'RQ
W XVH WKLV SURGXFW LQ VDIHW\ RU HPHUJHQF\ VWRS GHYLFHV RU DQ\ RWKHU RFFDVLRQ WKDW IDLOXUH RI $0���� PD\

FDXVH SHUVRQDO LQMXU\�
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2. APPLICATIONS 

• Domestic appliance, office machine, audio, equipment, automobile, etc. 

( Remote control TV receiver, monitor display, audio equipment high rushing current use application.) 
 
3. ORDERING INFORMATION 

SRD XX VDC S L C 
Model of relay Nominal coil voltage Structure Coil  sensitivity Contact form 

A:1 form A S:Sealed  type L:0.36W 
B:1 form B SRD 03ǃ05ǃ06ǃ09ǃ12ǃ24ǃ48VDC 

F:Flux free type D:0.45W C:1 form C 
 
4. RATING                                                                        

CCC        FILE NUMBER:CH0052885-2000   7A/240VDC 
CCC        FILE NUMBER:CH0036746-99     10A/250VDC 
UL /CUL     FILE NUMBER: E167996          10A/125VAC 28VDC  
TUV        FILE NUMBER: R9933789         10A/240VAC 28VDC 

5. DIMENSION(unit:mm)         DRILLING(unit:mm)        WIRING DIAGRAM            

 

 

 

 

 

 

 

RELAY  ISO9002 """"(+(+(+(+!
1. MAIN FEATURES      
• Switching capacity available by 10A in spite of 
  small size design for highdensity P.C. board  
  mounting technique. 

• UL,CUL,TUV recognized.  

• Selection of plastic material for high temperature and  

better chemical solution performance. 

• Sealed types available. 

• Simple relay magnetic circuit to meet low cost of  

mass production. 
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6. COIL DATA CHART (AT20!!!!C)  
Coil 

Sensitivity 

Coil 
Voltage 
Code 

Nominal 
Voltage 
(VDC) 

Nominal 
Current 

(mA) 

Coil 
Resistance 
(Ω) ±10% 

Power 
Consumption 

(W) 

Pull-In 
Voltage 
(VDC) 

Drop-Out 
Voltage 
(VDC) 

Max-Allowable 
Voltage 
(VDC) 

03 03 120 25 
05 05 71.4 70 
06 06 60 100 
09 09 40 225 
12 12 30 400 
24 24 15 1600 

SRD 
(High 
Sensitivity) 

48 48 7.5 6400 

abt. 0.36W 75%Max. 10% Min. 120% 

03 03 150 20 
05 05 89.3 55 
06 06 75 80 
09 09 50 180 
12 12 37.5 320 
24 24 18.7 1280 

abt. 0.45W SRD 
(Standard) 

48 48 10 4500 abt. 0.51W 

75% Max. 10% Min. 110% 

7. CONTACT RATING 
SRD Type 

Item FORM C FORM A 

Contact Capacity 
Resistive Load (cosΦ=1) 

7A  28VDC 
10A 125VAC 
7A  240VAC 

10A 28VDC 
10A 240VAC 

Inductive Load 
(cosΦ=0.4 L/R=7msec) 

3A 120VAC 
3A 28VDC 

5A 120VAC 
5A 28VDC 

Max. Allowable Voltage 250VAC/110VDC 250VAC/110VDC 
Max. Allowable Power Force 800VAC/240W 1200VA/300W 
Contact Material AgCdO AgCdO 
8. PERFORMANCE (at initial value)  
                     Type          
Item SRD 

Contact Resistance 100mΩ Max. 
Operation Time 10msec Max. 
Release Time 5msec Max. 
Dielectric Strength 
  Between coil & contact 
  Between contacts 

 
1500VAC 50/60HZ (1 minute) 
1000VAC 50/60HZ (1 minute) 

Insulation Resistance 100 MΩ Min. (500VDC) 
Max. ON/OFF Switching 
Mechanically     
Electrically 

 
300 operation/min 
30 operation/min 

Ambient Temperature -25°C to +70°C 
Operating Humidity 45 to 85% RH 
Vibration 
Endurance  
Error Operation 

 
10 to 55Hz Double Amplitude 1.5mm 
10 to 55Hz Double Amplitude 1.5mm 

Shock 
Endurance   
Error Operation 

 
100G Min. 
10G Min. 

Life Expectancy 
Mechanically    
 Electrically 

 
107 operations. Min. (no load) 
105 operations. Min. (at rated coil voltage) 

Weight abt. 10grs. 
 

 

9.REFERENCE DATA 
Coil Temperature Rise 

 

0.1 0.3 0.5 0.70.0 0.2 0.4 0.6 0.8
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Coil Power (W) 

 Operation Time 

 

0.1 0.3 0.5 0.70.0 0.2 0.4 0.6 0.8

2

6

10

0

4

8

12

Operation time

Release time

 
Coil Power (W) 

Life Expectancy 
AC120V/DC24V cosΦ=1 

 

2 6 100 4 8 12

2

3

5

2

3

5

1

10

100

 
Current of Load (A) 
Life Expectancy 

 

1 3 5 70 2 4 6 8

2

3

5

2

3

5

1

10

100

AC : 120V TV-5

 
Current of Load (A) 
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3URGXFW�5HIHUHQFH�0DQXDO
6.8��$������

� .�-$+/$*)

7KH�$UGXLQR�812�5��LV�WKH�SHUIHFW�ERDUG�WR�JHW�IDPLOLDU�ZLWK�HOHFWURQLFV�DQG�FRGLQJ��7KLV�YHUVDWLOH�PLFURFRQWUROOHU
LV�HTXLSSHG�ZLWK�WKH�ZHOO�NQRZQ�$7PHJD���3�DQG�WKH�$70HJD���8��3URFHVVRU�
7KLV�ERDUG�ZLOO�JLYH�\RX�D�JUHDW�ȴUVW�H[SHULHQFH�ZLWKLQ�WKH�ZRUOG�RI�$UGXLQR�

��-" /��- �.a

0DNHU��LQWURGXFWLRQ��LQGXVWULHV
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$70HJD���3�3URFHVVRU

0HPRU\

$95�&38�DW�XS�WR����0+]
��.%�)ODVK
�.%�65$0
�.%�((3520

6HFXULW\

3RZHU�2Q�5HVHW��325�
%URZQ�2XW�'HWHFWLRQ��%2'�

3HULSKHUDOV

�[���ELW�7LPHU�&RXQWHU�ZLWK�D�GHGLFDWHG�SHULRG�UHJLVWHU�DQG�FRPSDUH�FKDQQHOV
�[����ELW�7LPHU�&RXQWHU�ZLWK�D�GHGLFDWHG�SHULRG�UHJLVWHU��LQSXW�FDSWXUH�DQG�FRPSDUH�FKDQQHOV
�[�86$57�ZLWK�IUDFWLRQDO�EDXG�UDWH�JHQHUDWRU�DQG�VWDUW�RI�IUDPH�GHWHFWLRQ
�[�FRQWUROOHU�SHULSKHUDO�6HULDO�3HULSKHUDO�ΖQWHUIDFH��63Ζ�
�[�'XDO�PRGH�FRQWUROOHU�SHULSKHUDO�Ζ�&
�[�$QDORJ�&RPSDUDWRU��$&��ZLWK�D�VFDODEOH�UHIHUHQFH�LQSXW
:DWFKGRJ�7LPHU�ZLWK�VHSDUDWH�RQ�FKLS�RVFLOODWRU
6L[�3:0�FKDQQHOV
ΖQWHUUXSW�DQG�ZDNH�XS�RQ�SLQ�FKDQJH

$70HJD��8��3URFHVVRU

��ELW�$95p�5Ζ6&�EDVHG�PLFURFRQWUROOHU

0HPRU\

���.%�Ζ63�)ODVK
���%�((3520
���%�65$0
GHEXJ:Ζ5(�LQWHUIDFH�IRU�RQ�FKLS�GHEXJJLQJ�DQG�SURJUDPPLQJ

3RZHU

��������YROWV
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��7KH�%RDUG

����$SSOLFDWLRQ�([DPSOHV

����5HODWHG�3URGXFWV

��5DWLQJV

����5HFRPPHQGHG�2SHUDWLQJ�&RQGLWLRQV

����3RZHU�&RQVXPSWLRQ

��)XQFWLRQDO�2YHUYLHZ

����%RDUG�7RSRORJ\

����3URFHVVRU

����3RZHU�7UHH

��%RDUG�2SHUDWLRQ

����*HWWLQJ�6WDUWHG���Ζ'(

����*HWWLQJ�6WDUWHG���$UGXLQR�:HE�(GLWRU

����*HWWLQJ�6WDUWHG���$UGXLQR�ΖR7�&ORXG

����6DPSOH�6NHWFKHV

����2QOLQH�5HVRXUFHV

����%RDUG�5HFRYHU\

��&RQQHFWRU�3LQRXWV

����-$1$/2*

����-'Ζ*Ζ7$/

����0HFKDQLFDO�ΖQIRUPDWLRQ

����%RDUG�2XWOLQH�	�0RXQWLQJ�+ROHV

��&HUWLȴFDWLRQV

����'HFODUDWLRQ�RI�&RQIRUPLW\�&(�'R&��(8�

����'HFODUDWLRQ�RI�&RQIRUPLW\�WR�(8�5R+6�	�5($&+���������������

����&RQȵLFW�0LQHUDOV�'HFODUDWLRQ

��)&&�&DXWLRQ

��&RPSDQ\�ΖQIRUPDWLRQ

��5HIHUHQFH�'RFXPHQWDWLRQ

���5HYLVLRQ�+LVWRU\
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7KH�812�ERDUG�LV�WKH�ȵDJVKLS�SURGXFW�RI�$UGXLQR��5HJDUGOHVV�LI�\RX�DUH�QHZ�WR�WKH�ZRUOG�RI�HOHFWURQLFV�RU�ZLOO�XVH
WKH�812�DV�D�WRRO�IRU�HGXFDWLRQ�SXUSRVHV�RU�LQGXVWU\�UHODWHG�WDVNV�

)LUVW�HQWU\�WR�HOHFWURQLFV��ΖI�WKLV�LV�\RXU�ȴUVW�SURMHFW�ZLWKLQ�FRGLQJ�DQG�HOHFWURQLFV��JHW�VWDUWHG�ZLWK�RXU�PRVW�XVHG
DQG�GRFXPHQWHG�ERDUG��$UGXLQR�812��ΖW�LV�HTXLSSHG�ZLWK�WKH�ZHOO�NQRZQ�$7PHJD���3�SURFHVVRU�����GLJLWDO
LQSXW�RXWSXW�SLQV����DQDORJ�LQSXWV��86%�FRQQHFWLRQV��Ζ&63�KHDGHU�DQG�UHVHW�EXWWRQ��7KLV�ERDUG�LQFOXGHV�HYHU\WKLQJ
\RX�ZLOO�QHHG�IRU�D�JUHDW�ȴUVW�H[SHULHQFH�ZLWK�$UGXLQR�

ΖQGXVWU\�VWDQGDUG�GHYHORSPHQW�ERDUG��8VLQJ�WKH�$UGXLQR�812�ERDUG�LQ�LQGXVWULHV��WKHUH�DUH�D�UDQJH�RI
FRPSDQLHV�XVLQJ�WKH�812�ERDUG�DV�WKH�EUDLQ�IRU�WKHLU�3/&ȇV�

(GXFDWLRQ�SXUSRVHV��$OWKRXJK�WKH�812�ERDUG�KDV�EHHQ�ZLWK�XV�IRU�DERXW�WHQ�\HDUV��LW�LV�VWLOO�ZLGHO\�XVHG�IRU
YDULRXV�HGXFDWLRQ�SXUSRVHV�DQG�VFLHQWLȴF�SURMHFWV��7KH�ERDUG
V�KLJK�VWDQGDUG�DQG�WRS�TXDOLW\�SHUIRUPDQFH�PDNHV
LW�D�JUHDW�UHVRXUFH�WR�FDSWXUH�UHDO�WLPH�IURP�VHQVRUV�DQG�WR�WULJJHU�FRPSOH[�ODERUDWRU\�HTXLSPHQW�WR�PHQWLRQ�D
IHZ�H[DPSOHV�

7`8�� '�/ ���-*�0�/.

6WDUWHU�.LW
7LQNHUNLW�%UDFFLR�5RERW
([DPSOH

8���/$)".

8`7�� �*(( )� ���+ -�/$)"��*)�$/$*).

6\PERO 'HVFULSWLRQ 0LQ 0D[
&RQVHUYDWLYH�WKHUPDO�OLPLWV�IRU�WKH�ZKROH�ERDUG� ����r&�����r)� ���r&������r)�

127(��ΖQ�H[WUHPH�WHPSHUDWXUHV��((3520��YROWDJH�UHJXODWRU��DQG�WKH�FU\VWDO�RVFLOODWRU��PLJKW�QRW
ZRUN�DV�H[SHFWHG�GXH�WR�WKH�H[WUHPH�WHPSHUDWXUH�FRQGLWLRQV
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6\PERO 'HVFULSWLRQ 0LQ 7\S 0D[ 8QLW
9Ζ10D[ 0D[LPXP�LQSXW�YROWDJH�IURP�9Ζ1�SDG � � �� 9

986%0D[ 0D[LPXP�LQSXW�YROWDJH�IURP�86%�FRQQHFWRU � ��� 9

30D[ 0D[LPXP�3RZHU�&RQVXPSWLRQ � � [[ P$

9��0)�/$*)�'��1 -1$ 2

9`7��*�-���*+*'*"4

7RS�YLHZ

%RDUG�WRSRORJ\

5HI� 'HVFULSWLRQ 5HI� 'HVFULSWLRQ
;� 3RZHU�MDFN����[���PP 8� 63;����0��/���5HJXODWRU

;� 86%�%�&RQQHFWRU 8� $70(*$��8��0RGXOH

3&� (((��($���:3���9�60'�&DSDFLWRU 8� /09���/Ζ67�$���Ζ&

3&� (((��($���:3���9�60'�&DSDFLWRU )� &KLS�&DSDFLWRU��+LJK�'HQVLW\

'� &*5$�����*�5HFWLȴHU Ζ&63 3LQ�KHDGHU�FRQQHFWRU��WKURXJK�KROH���

-�=8� $70(*$���3�0RGXOH Ζ&63� 3LQ�KHDGHU�FRQQHFWRU��WKURXJK�KROH���

<� (&6���������;�'8�2VFLOODWRU
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7KH�0DLQ�3URFHVVRU�LV�D�$7PHJD���3�UXQQLQJ�DW�XS�WS����0+]��0RVW�RI�LWV�SLQV�DUH�FRQQHFWHG�WR�WKH�H[WHUQDO
KHDGHUV��KRZHYHU�VRPH�DUH�UHVHUYHG�IRU�LQWHUQDO�FRPPXQLFDWLRQ�ZLWK�WKH�86%�%ULGJH�FRSURFHVVRU�

9`9��*2 -��-  

3RZHU�WUHH
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ΖI�\RX�ZDQW�WR�SURJUDP�\RXU�$UGXLQR�812�ZKLOH�RɞLQH�\RX�QHHG�WR�LQVWDOO�WKH�$UGXLQR�'HVNWRS�Ζ'(�>�@�7R�FRQQHFW
WKH�$UGXLQR�812�WR�\RXU�FRPSXWHU��\RXȇOO�QHHG�D�0LFUR�%�86%�FDEOH��7KLV�DOVR�SURYLGHV�SRZHU�WR�WKH�ERDUG��DV
LQGLFDWHG�E\�WKH�/('�

:`8�� //$)"��/�-/ ��g��-�0$)*�� ����$/*-

$OO�$UGXLQR�ERDUGV��LQFOXGLQJ�WKLV�RQH��ZRUN�RXW�RI�WKH�ER[�RQ�WKH�$UGXLQR�:HE�(GLWRU�>�@��E\�MXVW�LQVWDOOLQJ�D�VLPSOH
SOXJLQ�

7KH�$UGXLQR�:HE�(GLWRU�LV�KRVWHG�RQOLQH��WKHUHIRUH�LW�ZLOO�DOZD\V�EH�XS�WR�GDWH�ZLWK�WKH�ODWHVW�IHDWXUHV�DQG�VXSSRUW
IRU�DOO�ERDUGV��)ROORZ�>�@�WR�VWDUW�FRGLQJ�RQ�WKH�EURZVHU�DQG�XSORDG�\RXU�VNHWFKHV�RQWR�\RXU�ERDUG�

:`9�� //$)"��/�-/ ��g��-�0$)*�
*���'*0�

$OO�$UGXLQR�ΖR7�HQDEOHG�SURGXFWV�DUH�VXSSRUWHG�RQ�$UGXLQR�ΖR7�&ORXG�ZKLFK�DOORZV�\RX�WR�/RJ��JUDSK�DQG�DQDO\]H
VHQVRU�GDWD��WULJJHU�HYHQWV��DQG�DXWRPDWH�\RXU�KRPH�RU�EXVLQHVV�

:`:���(+' ��& /�# .

6DPSOH�VNHWFKHV�IRU�WKH�$UGXLQR�;;;�FDQ�EH�IRXQG�HLWKHU�LQ�WKH�Ȋ([DPSOHVȋ�PHQX�LQ�WKH�$UGXLQR�Ζ'(�RU�LQ�WKH
Ȋ'RFXPHQWDWLRQȋ�VHFWLRQ�RI�WKH�$UGXLQR�3UR�ZHEVLWH�>�@

:`;��)'$) �� .*0-� .

1RZ�WKDW�\RX�KDYH�JRQH�WKURXJK�WKH�EDVLFV�RI�ZKDW�\RX�FDQ�GR�ZLWK�WKH�ERDUG�\RX�FDQ�H[SORUH�WKH�HQGOHVV
SRVVLELOLWLHV�LW�SURYLGHV�E\�FKHFNLQJ�H[FLWLQJ�SURMHFWV�RQ�3URMHFW+XE�>�@��WKH�$UGXLQR�/LEUDU\�5HIHUHQFH�>�@�DQG�WKH
RQOLQH�VWRUH�>�@�ZKHUH�\RX�ZLOO�EH�DEOH�WR�FRPSOHPHQW�\RXU�ERDUG�ZLWK�VHQVRUV��DFWXDWRUV�DQG�PRUH
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$OO�$UGXLQR�ERDUGV�KDYH�D�EXLOW�LQ�ERRWORDGHU�ZKLFK�DOORZV�ȵDVKLQJ�WKH�ERDUG�YLD�86%��ΖQ�FDVH�D�VNHWFK�ORFNV�XS�WKH
SURFHVVRU�DQG�WKH�ERDUG�LV�QRW�UHDFKDEOH�DQ\PRUH�YLD�86%�LW�LV�SRVVLEOH�WR�HQWHU�ERRWORDGHU�PRGH�E\�GRXEOH�
WDSSLQJ�WKH�UHVHW�EXWWRQ�ULJKW�DIWHU�SRZHU�XS�

;��*)) �/*-��$)*0/.

3LQRXW
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3LQ )XQFWLRQ 7\SH 'HVFULSWLRQ
� 1& 1& 1RW�FRQQHFWHG

� Ζ25() Ζ25() 5HIHUHQFH�IRU�GLJLWDO�ORJLF�9���FRQQHFWHG�WR��9

� 5HVHW 5HVHW 5HVHW

� ��9� 3RZHU ��9��3RZHU�5DLO

� ��9 3RZHU ��9�3RZHU�5DLO

� *1' 3RZHU *URXQG

� *1' 3RZHU *URXQG

� 9Ζ1 3RZHU 9ROWDJH�ΖQSXW

� $� $QDORJ�*3Ζ2 $QDORJ�LQSXW����*3Ζ2

�� $� $QDORJ�*3Ζ2 $QDORJ�LQSXW����*3Ζ2

�� $� $QDORJ�*3Ζ2 $QDORJ�LQSXW����*3Ζ2

�� $� $QDORJ�*3Ζ2 $QDORJ�LQSXW����*3Ζ2

�� $��6'$ $QDORJ�LQSXW�Ζ�& $QDORJ�LQSXW���Ζ�&�'DWD�OLQH

�� $��6&/ $QDORJ�LQSXW�Ζ�& $QDORJ�LQSXW���Ζ�&�&ORFN�OLQH

;`8���
�
��


3LQ )XQFWLRQ 7\SH 'HVFULSWLRQ
� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

�� '� 'LJLWDO�*3Ζ2 'LJLWDO�SLQ���*3Ζ2

�� 66 'LJLWDO 63Ζ�&KLS�6HOHFW

�� 026Ζ 'LJLWDO 63Ζ��0DLQ�2XW�6HFRQGDU\�ΖQ

�� 0Ζ62 'LJLWDO 63Ζ�0DLQ�ΖQ�6HFRQGDU\�2XW

�� 6&. 'LJLWDO 63Ζ�VHULDO�FORFN�RXWSXW

�� *1' 3RZHU *URXQG

�� $5() 'LJLWDO $QDORJ�UHIHUHQFH�YROWDJH

�� $��6'� 'LJLWDO $QDORJ�LQSXW���Ζ�&�'DWD�OLQH��GXSOLFDWHG�

�� $��6'� 'LJLWDO $QDORJ�LQSXW���Ζ�&�&ORFN�OLQH��GXSOLFDWHG�
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%RDUG�RXWOLQH
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:H�GHFODUH�XQGHU�RXU�VROH�UHVSRQVLELOLW\�WKDW�WKH�SURGXFWV�DERYH�DUH�LQ�FRQIRUPLW\�ZLWK�WKH�HVVHQWLDO�UHTXLUHPHQWV
RI�WKH�IROORZLQJ�(8�'LUHFWLYHV�DQG�WKHUHIRUH�TXDOLI\�IRU�IUHH�PRYHPHQW�ZLWKLQ�PDUNHWV�FRPSULVLQJ�WKH�(XURSHDQ
8QLRQ��(8��DQG�(XURSHDQ�(FRQRPLF�$UHD��(($��

52+6���'LUHFWLYH���������(8
&RQIRUPV�WR� (1����������

'LUHFWLYH���������(8���/9'�

&RQIRUPV�WR�
(1�������
�������$��������$�������$��������$&�����

'LUHFWLYH���������(&�	���������(&�	���������(8�
(0)
&RQIRUPV�WR� (1�����������

<`8�� �'�-�/$*)�*!��*)!*-($/4�/*�����*	��������	�877�67�7?�8687

$UGXLQR�ERDUGV�DUH�LQ�FRPSOLDQFH�ZLWK�5R+6���'LUHFWLYH���������(8�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�5R+6��
'LUHFWLYH����������(8�RI�WKH�&RXQFLO�RI���-XQH������RQ�WKH�UHVWULFWLRQ�RI�WKH�XVH�RI�FHUWDLQ�KD]DUGRXV�VXEVWDQFHV�LQ
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�

6XEVWDQFH 0D[LPXP�OLPLW��SSP�
/HDG��3E� ����

&DGPLXP��&G� ���

0HUFXU\��+J� ����

+H[DYDOHQW�&KURPLXP��&U��� ����

3RO\�%URPLQDWHG�%LSKHQ\OV��3%%� ����

3RO\�%URPLQDWHG�'LSKHQ\O�HWKHUV��3%'(� ����

%LV���(WK\OKH[\O`�SKWKDODWH��'(+3� ����

%HQ]\O�EXW\O�SKWKDODWH��%%3� ����

'LEXW\O�SKWKDODWH��'%3� ����

'LLVREXW\O�SKWKDODWH��'Ζ%3� ����

([HPSWLRQV��1R�H[HPSWLRQV�DUH�FODLPHG�

$UGXLQR�%RDUGV�DUH�IXOO\�FRPSOLDQW�ZLWK�WKH�UHODWHG�UHTXLUHPHQWV�RI�(XURSHDQ�8QLRQ�5HJXODWLRQ��(&������������
FRQFHUQLQJ�WKH�5HJLVWUDWLRQ��(YDOXDWLRQ��$XWKRUL]DWLRQ�DQG�5HVWULFWLRQ�RI�&KHPLFDOV��5($&+���:H�GHFODUH�QRQH�RI
WKH�69+&V��KWWSV���HFKD�HXURSD�HX�ZHE�JXHVW�FDQGLGDWH�OLVW�WDEOH���WKH�&DQGLGDWH�/LVW�RI�6XEVWDQFHV�RI�9HU\�+LJK
&RQFHUQ�IRU�DXWKRUL]DWLRQ�FXUUHQWO\�UHOHDVHG�E\�(&+$��LV�SUHVHQW�LQ�DOO�SURGXFWV��DQG�DOVR�SDFNDJH��LQ�TXDQWLWLHV
WRWDOLQJ�LQ�D�FRQFHQWUDWLRQ�HTXDO�RU�DERYH�������7R�WKH�EHVW�RI�RXU�NQRZOHGJH��ZH�DOVR�GHFODUH�WKDW�RXU�SURGXFWV
GR�QRW�FRQWDLQ�DQ\�RI�WKH�VXEVWDQFHV�OLVWHG�RQ�WKH��$XWKRUL]DWLRQ�/LVW���$QQH[�;Ζ9�RI�WKH�5($&+�UHJXODWLRQV��DQG
6XEVWDQFHV�RI�9HU\�+LJK�&RQFHUQ��69+&��LQ�DQ\�VLJQLȴFDQW�DPRXQWV�DV�VSHFLȴHG�E\�WKH�$QQH[�;9ΖΖ�RI�&DQGLGDWH�OLVW
SXEOLVKHG�E\�(&+$��(XURSHDQ�&KHPLFDO�$JHQF\�������������(&�
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$V�D�JOREDO�VXSSOLHU�RI�HOHFWURQLF�DQG�HOHFWULFDO�FRPSRQHQWV��$UGXLQR�LV�DZDUH�RI�RXU�REOLJDWLRQV�ZLWK�UHJDUGV�WR
ODZV�DQG�UHJXODWLRQV�UHJDUGLQJ�&RQȵLFW�0LQHUDOV��VSHFLȴFDOO\�WKH�'RGG�)UDQN�:DOO�6WUHHW�5HIRUP�DQG�&RQVXPHU
3URWHFWLRQ�$FW��6HFWLRQ�������$UGXLQR�GRHV�QRW�GLUHFWO\�VRXUFH�RU�SURFHVV�FRQȵLFW�PLQHUDOV�VXFK�DV�7LQ��7DQWDOXP�
7XQJVWHQ��RU�*ROG��&RQȵLFW�PLQHUDOV�DUH�FRQWDLQHG�LQ�RXU�SURGXFWV�LQ�WKH�IRUP�RI�VROGHU��RU�DV�D�FRPSRQHQW�LQ
PHWDO�DOOR\V��$V�SDUW�RI�RXU�UHDVRQDEOH�GXH�GLOLJHQFH�$UGXLQR�KDV�FRQWDFWHG�FRPSRQHQW�VXSSOLHUV�ZLWKLQ�RXU�VXSSO\
FKDLQ�WR�YHULI\�WKHLU�FRQWLQXHG�FRPSOLDQFH�ZLWK�WKH�UHJXODWLRQV��%DVHG�RQ�WKH�LQIRUPDWLRQ�UHFHLYHG�WKXV�IDU�ZH
GHFODUH�WKDW�RXU�SURGXFWV�FRQWDLQ�&RQȵLFW�0LQHUDOV�VRXUFHG�IURP�FRQȵLFW�IUHH�DUHDV�

=�������0/$*)

$Q\�&KDQJHV�RU�PRGLȴFDWLRQV�QRW�H[SUHVVO\�DSSURYHG�E\�WKH�SDUW\�UHVSRQVLEOH�IRU�FRPSOLDQFH�FRXOG�YRLG�WKH�XVHUȇV
DXWKRULW\�WR�RSHUDWH�WKH�HTXLSPHQW�

7KLV�GHYLFH�FRPSOLHV�ZLWK�SDUW����RI�WKH�)&&�5XOHV��2SHUDWLRQ�LV�VXEMHFW�WR�WKH�IROORZLQJ�WZR�FRQGLWLRQV�

����7KLV�GHYLFH�PD\�QRW�FDXVH�KDUPIXO�LQWHUIHUHQFH

����WKLV�GHYLFH�PXVW�DFFHSW�DQ\�LQWHUIHUHQFH�UHFHLYHG��LQFOXGLQJ�LQWHUIHUHQFH�WKDW�PD\�FDXVH�XQGHVLUHG�RSHUDWLRQ�

)&&�5)�5DGLDWLRQ�([SRVXUH�6WDWHPHQW�

���7KLV�7UDQVPLWWHU�PXVW�QRW�EH�FR�ORFDWHG�RU�RSHUDWLQJ�LQ�FRQMXQFWLRQ�ZLWK�DQ\�RWKHU�DQWHQQD�RU�WUDQVPLWWHU�

���7KLV�HTXLSPHQW�FRPSOLHV�ZLWK�5)�UDGLDWLRQ�H[SRVXUH�OLPLWV�VHW�IRUWK�IRU�DQ�XQFRQWUROOHG�HQYLURQPHQW�

���7KLV�HTXLSPHQW�VKRXOG�EH�LQVWDOOHG�DQG�RSHUDWHG�ZLWK�PLQLPXP�GLVWDQFH���FP�EHWZHHQ�WKH�UDGLDWRU�	
\RXU�ERG\�

(QJOLVK��8VHU�PDQXDOV�IRU�OLFHQVH�H[HPSW�UDGLR�DSSDUDWXV�VKDOO�FRQWDLQ�WKH�IROORZLQJ�RU�HTXLYDOHQW�QRWLFH�LQ�D
FRQVSLFXRXV�ORFDWLRQ�LQ�WKH�XVHU�PDQXDO�RU�DOWHUQDWLYHO\�RQ�WKH�GHYLFH�RU�ERWK��7KLV�GHYLFH�FRPSOLHV�ZLWK�ΖQGXVWU\
&DQDGD�OLFHQVH�H[HPSW�566�VWDQGDUG�V���2SHUDWLRQ�LV�VXEMHFW�WR�WKH�IROORZLQJ�WZR�FRQGLWLRQV�

����WKLV�GHYLFH�PD\�QRW�FDXVH�LQWHUIHUHQFH

����WKLV�GHYLFH�PXVW�DFFHSW�DQ\�LQWHUIHUHQFH��LQFOXGLQJ�LQWHUIHUHQFH�WKDW�PD\�FDXVH�XQGHVLUHG�RSHUDWLRQ�RI�WKH
GHYLFH�

)UHQFK��/H�SU«VHQW�DSSDUHLO�HVW�FRQIRUPH�DX[�&15�GȇΖQGXVWULH�&DQDGD�DSSOLFDEOHV�DX[�DSSDUHLOV�UDGLR�H[HPSWV�GH
OLFHQFH��/ȇH[SORLWDWLRQ�HVW�DXWRULV«H�DX[�GHX[�FRQGLWLRQV�VXLYDQWHV��

����Oȇ�DSSDUHLO�QHGRLW�SDV�SURGXLUH�GH�EURXLOODJH

����OȇXWLOLVDWHXU�GH�OȇDSSDUHLO�GRLW�DFFHSWHU�WRXW�EURXLOODJH�UDGLR«OHFWULTXH�VXEL��P¬PH�VL�OH�EURXLOODJH�HVW�VXVFHSWLEOH
GȇHQ�FRPSURPHWWUH�OH�IRQFWLRQQHPHQW�

Ζ&�6$5�:DUQLQJ�

(QJOLVK�7KLV�HTXLSPHQW�VKRXOG�EH�LQVWDOOHG�DQG�RSHUDWHG�ZLWK�PLQLPXP�GLVWDQFH����FP�EHWZHHQ�WKH�UDGLDWRU�DQG
\RXU�ERG\�

)UHQFK��/RUV�GH�Oȇ�LQVWDOODWLRQ�HW�GH�Oȇ�H[SORLWDWLRQ�GH�FH�GLVSRVLWLI��OD�GLVWDQFH�HQWUH�OH�UDGLDWHXU�HW�OH�FRUSV�HVW�G�ȇDX
PRLQV����FP�
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ΖPSRUWDQW��7KH�RSHUDWLQJ�WHPSHUDWXUH�RI�WKH�(87�FDQȇW�H[FHHG���ஜ�DQG�VKRXOGQȇW�EH�ORZHU�WKDQ����ஜ�

+HUHE\��$UGXLQR�6�U�O��GHFODUHV�WKDW�WKLV�SURGXFW�LV�LQ�FRPSOLDQFH�ZLWK�HVVHQWLDO�UHTXLUHPHQWV�DQG�RWKHU�UHOHYDQW
SURYLVLRQV�RI�'LUHFWLYH���������(8��7KLV�SURGXFW�LV�DOORZHG�WR�EH�XVHG�LQ�DOO�(8�PHPEHU�VWDWHV�
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&RPSDQ\�QDPH $UGXLQR�6�U�O
&RPSDQ\�$GGUHVV 9LD�$QGUHD�$SSLDQL����������021=$�ΖWDO\
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5HIHUHQFH /LQN
$UGXLQR�Ζ'(
�'HVNWRS�

KWWSV���ZZZ�DUGXLQR�FF�HQ�0DLQ�6RIWZDUH

$UGXLQR�Ζ'(��&ORXG� KWWSV���FUHDWH�DUGXLQR�FF�HGLWRU

&ORXG�Ζ'(�*HWWLQJ
6WDUWHG

KWWSV���FUHDWH�DUGXLQR�FF�SURMHFWKXE�$UGXLQRB*HQXLQR�JHWWLQJ�VWDUWHG�ZLWK�DUGXLQR�
ZHE�HGLWRU��E�H�D

$UGXLQR�3UR�:HEVLWH KWWSV���ZZZ�DUGXLQR�FF�SUR

3URMHFW�+XE KWWSV���FUHDWH�DUGXLQR�FF�SURMHFWKXE"E\ SDUW	SDUWBLG �����	VRUW WUHQGLQJ

/LEUDU\�5HIHUHQFH KWWSV���ZZZ�DUGXLQR�FF�UHIHUHQFH�HQ�

2QOLQH�6WRUH KWWSV���VWRUH�DUGXLQR�FF�
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'DWH 5HYLVLRQ &KDQJHV
[[�������� � 'DWDVKHHW�UHOHDVH
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