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ĔŅĶŏĶňĵĬĶŌƟŒľƟŏĕƟŅŒěȮĔƞŀĬĸĚĴŊŀĻŉĔļŅĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟ 

2. ĬńĔŏĶňĵĬŐĭƞĚĔĸŋƞĴŀŀĔŏĮƦĬȮ6ȮĔĸŋƞĴȮĔĸŋƞĴĸŃȮ4-5ȮėĬȮőħĵėĸŃĬńĔŏĶňĵĬŒĬĔĸŋƞĴŏĮƦĬȮ3ȮĶŃħńĭ
ėŊŀȮŏĔƞĚȮĮŅĬĔĸŅĚȮŐĸŃŀƞŀĬ 

3. ĬńĔŏĶňĵĬĻŉĔļŅĽŅĶŃĔŅĶŏĶňĵĬĶŌƟȮįĸĔŅĶŏĶňĵĬĶŌƟȮěŋħĮĶŃĽĚėƢĔŅĶŏĶňĵĬĶŌƟȮŏĺĸŅĪňŗŒĝƟȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĪŜŅŐĭĭĪħĽŀĭĔƞŀĬŏĶňĵĬȮĻŉĔļŅĺŇīňĪŜŅĔŇěĔĶĶĴŐĸŃĸĚĴŊŀĮĢŇĭńĨŇĔŇěĔĶĶĴȮĻŉĔļŅŏĬŊŘŀľŅŒĬŒĭėĺŅĴĶŌƟ 
ŒľƟŏĕƟŅŒěȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĺńħįĸĮĶŃŏĴŇĬįĸĔŅĶŏĶňĵĬĶŌƟȮĨŅĴĸŜŅħńĭĕńŘĬĨŀĬ 

4. ĬńĔŏĶňĵĬĪŜŅŐĭĭĪħĽŀĭĔƞŀĬŏĶňĵĬȮĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ3ȮȮŏĽƟĬĽĬŅĴœĲĲƚŅ 
ěŜŅĬĺĬȮ/.ȮĕƟŀȮŏĺĸŅȮ/3ȮĬŅĪň ŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĶŌƟıŊŘĬģŅĬ 

3,ȮŏĴŊŗŀĬńĔŏĶňĵĬŐĨƞĸŃĔĸŋƞĴĮĢŇĭńĨŇĔŇěĔĶĶĴŒĬŐĨƞĸŃŏĶŊŗŀĚȮĪŜŅĔŅĶĭńĬĪŉĔĔŇěĔĶĶĴȮĝƞĺĵĔńĬĶŃħĴ
ėĺŅĴėŇħȮĶƞĺĴĔńĬŀĳŇĮĶŅĵŐĸŃĺŇŏėĶŅŃľƢįĸĔŅĶĪŜŅĔŇěĔĶĶĴȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĽĶŋĮįĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĔŅĶĪŜŅĔŇěĔĶĶĴȮŐĸŃĬŜŅėĺŅĴĶŌƟĪňŗœħƟěŅĔĔŅĶŒĝƟĝŋħĔŇěĔĶĶĴĴŅĪŜŅŐĭĭĮĶŃŏĴŇĬėĺŅĴĶŌƟŒĬĝŋħĔŇěĔĶĶĴȮ 

6. ĬńĔŏĶňĵĬĪŜŅŐĭĭĪħĽŀĭľĸńĚŏĶňĵĬȮĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ3ȮȮŏĽƟĬĽĬŅĴœĲĲƚŅ 
ěŜŅĬĺĬȮ/.ȮĕƟŀȮŏĺĸŅȮ/3ȮĬŅĪň ŏıŊŗŀĪĶŅĭėĺŅĴĔƟŅĺľĬƟŅ 
 7. ĨĶĺěįĸĔŅĶĪħĽŀĭěŅĔŏĜĸĵȮĞŉŗĚĬńĔŏĶňĵĬĨƟŀĚĪŜŅŐĭĭĪħĽŀĭľĸńĚŏĶňĵĬœħƟĶƟŀĵĸŃȮ75   
ĕŉŘĬœĮěŉĚěŃįƞŅĬŏĔĦĤƢȮȮĩƟŅĬńĔŏĶňĵĬœĴƞįƞŅĬŏĔĦĤƢĪňŗĔŜŅľĬħŒľƟĪĭĪĺĬŏĬŊŘŀľŅȮŐĸƟĺĪŜŅŐĭĭĪħĽŀĭ 
ľĸńĚŏĶňĵĬŀňĔėĶńŘĚȮȮŏĴŊŗŀįƞŅĬŏĔĦĤƢŐĸƟĺěŉĚĻŉĔļŅĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ4 ĨƞŀœĮ 
 8. ĬńĔŏĶňĵĬėĺĶĴňĽĴŅīŇŐĸŃėĺŅĴĞŊŗŀĽńĨĵƢĨƞŀĨĬŏŀĚŒĬĕĦŃĪňŗĮĢŇĭńĨŇĔŇěĔĶĶĴȮŒľƟĪŜŅĔŇěĔĶĶĴ
ĨŅĴĸŜŅħńĭĕńŘĬĨŀĬȮœĴƞŏĮƕħħŌŏĜĸĵěĬĔĺƞŅĬńĔŏĶňĵĬěŃĪŜŅĔŇěĔĶĶĴŏĽĶŖěĽŇŘĬ 

7,ȮĕĦŃĪňŗĬńĔŏĶňĵĬĮĢŇĭńĨŇĔŇěĔĶĶĴľŅĔıĭĮƤĠľŅľĶŊŀœĴƞŏĕƟŅŒěȮľĶŊŀĴňĕƟŀĽĚĽńĵȮŒľƟĞńĔĩŅĴ
ėĶŌįŌƟĽŀĬĪńĬĪň 

ėŜŅŐĬŃĬŜŅĔŅĶŒĝƟĝŋħĔŇěĔĶĶĴĽŜŅľĶńĭĬńĔŏĶňĵĬ
ĔŇěĔĶĶĴĔŜŅĶŏĶňĵĬĶŌƟ 

3 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ĽŅĶŃĔŅĶŏĶňĵĬĶŌƟ įĸĔŅĶŏĶňĵĬĶŌƟȮȮěŋħĮĶŃĽĚėƢĔŅĶŏĶňĵĬĶŌƟ ȮŏĺĸŅĪňŗŒĝƟ 
ĽŊŗŀĔŅĶŏĶňĵĬĶŌƟ ĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟ ŐĸŃĔŅĶĺńħŐĸŃĮĶŃŏĴŇĬįĸ 

 
 

ĝŋħĪňŗȮ3ȮȮŏĽƟĬĽĬŅĴœĲĲƚŅ 
 ĝŋħĔŇěĔĶĶĴĬňŘĴňŏĬŊŘŀľŅŏĔňŗĵĺĔńĭŏĔňŗĵĺĔńĭȮŏĽƟĬĽĬŅĴœĲĲƚŅȮȮĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋȮȮȮȮȮȮȮȮȮ
ĭĬĨńĺĬŜŅĪĶĚĔĸĴȮěŋħĽŃŏĪŇĬŒĬĽĬŅĴœĲĲƚŅ őħĵŒĝƟĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ7 ĕńŘĬĨŀĬȮ(5E)  
ŒĬĔŅĶŐĽĺĚľŅėĺŅĴĶŌƟœħƟ 
 

ĽŅĶŃĔŅĶŏĶňĵĬĶŌƟ 
ĽĬŅĴœĲĲƚŅĴňĪŇĻĪŅĚıŋƞĚŀŀĔěŅĔĮĶŃěŋĭĺĔŐĸŃıŋƞĚŏĕƟŅľŅĮĶŃěŋĸĭŒĬĪŋĔĪŇĻĪŅĚĽĬŅĴœĲĲƚŅ

ĕŀĚĨńĺĬŜŅȮĦȮĨŜŅŐľĬƞĚĨƞŅĚŕȮŒĬĪňŗĺƞŅĚĳŅĵŒĬĨńĺĬŜŅĶŌĮĪĶĚŒħŕȮĴňėƞŅŏĮƦĬĻŌĬĵƢȮŐĸŃĽĬŅĴœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĦȮĨŜŅŐľĬƞĚĨŇħĔńĭįŇĺĕŀĚĨńĺĬŜŅěŃĴňĪŇĻĪŅĚĨńŘĚĜŅĔĔńĭįŇĺŏĽĴŀ 

ŏĽƟĬĽĬŅĴœĲĲƚŅȮŏĮƦĬŏĽƟĬĪňŗŒĝƟŏıŊŗŀŐĽħĚĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦĶŀĭŕȮĮĶŃěŋœĲĲƚŅȮ
ĭĶŇŏĺĦĪňŗĴňŏĽƟĬĽĬŅĴœĲĲƚŅľĬŅŐĬƞĬĴŅĔȮĽĬŅĴœĲĲƚŅĪňŗĭĶŇŏĺĦĬńŘĬĴňėƞŅĴŅĔȮĭĶŇŏĺĦĪňŗĴňŏĽƟĬĽĬŅĴœĲĲƚŅ
ľĬŅŐĬƞĬĬƟŀĵȮĽĬŅĴœĲĲƚŅĪňŗĭĶŇŏĺĦĬńŘĬĴňėƞŅĬƟŀĵȮŏĽƟĬĽĬŅĴȮœĲĲƚŅĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽĴŗŜŅŏĽĴŀȮ
ĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦħńĚĔĸƞŅĺěŃĴňėƞŅĽĴŗŜŅŏĽĴŀȮĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔŐįƞĬĨńĺĬŜŅĪňŗĕĬŅĬĔńĬĪňŗĴňĮĶŃěŋ
œĲĲƚŅĨƞŅĚĝĬŇħĔńĬŏĮƦĬĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ 

ěŋħĽŃŏĪŇĬŒĬĽĬŅĴœĲĲƚŅȮľĴŅĵĩŉĚěŋħŒħŕȮŒĬĽĬŅĴœĲĲƚŅȮĞŉŗĚĴňėƞŅĕŀĚĽĬŅĴœĲĲƚŅĸńıīƢŏĮƦĬĻŌĬĵƢȮ
ŏĬŊŗŀĚěŅĔěŋħĬńŘĬŀŅěĴňĽĬŅĴœĲĲƚŅŀĵƞŅĚĬƟŀĵĪňŗĽŋħĽŀĚĽĬŅĴĪňŗĴňėƞŅĽĬŅĴœĲĲƚŅŏĪƞŅĔńĬȮȮŐĨƞĪŇĻĪŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĨĶĚĕƟŅĴȮľĶŊŀȮĦȮěŋħĬńŘĬȮĴňĽĬŅĴœĲĲƚŅĴŅĔĔĺƞŅĽŀĚĽĬŅĴȮŐĨƞėƞŅĕŀĚĽĬŅĴœĲĲƚŅŐĸŃĪŇĻĪŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĕŀĚĽĬŅĴœĲĲƚŅŏľĸƞŅĬńŘĬŀĵŌƞŒĬĸńĔļĦŃĪňŗĪŜŅŒľƟĽĬŅĴœĲĲƚŅľńĔĸƟŅĚĔńĬľĴħ 
 

įĸĔŅĶŏĶňĵĬĶŌƟ 
Ȯ 1,ȮŀīŇĭŅĵĽĬŅĴœĲĲƚŅȮĽĬŅĴœĲĲƚŅĕŀĚěŋħĮĶŃěŋȮŐĸŃĽĬŅĴœĲĲƚŅĕŀĚĨńĺĬŜŅĪĶĚĔĸĴ 
 

ěŋħĮĶŃĽĚėƢĔŅĶŏĶňĵĬĶŌƟ 
ħƟŅĬėĺŅĴĶŌƟȮ&K' 
 /,ȮĭŀĔėĺŅĴľĴŅĵĕŀĚŏĽƟĬĽĬŅĴœĲĲƚŅœħƟ 

2. ŏĕňĵĬĶŌĮŐĽħĚŏĽƟĬĽĬŅĴœĲĲƚŅěŅĔěŋħľĬŉŗĚĮĶŃěŋȮĽŀĚěŋħĮĶŃěŋĪňŗĴňĮĶŃěŋĨƞŅĚ 
ĝĬŇħĔńĬ ŐįƞĬĨńĺĬŜŅĕĬŅĬĪňŗĴňĮĶŃěŋĨƞŅĚĝĬŇħĔńĬȮŐĸŃĨńĺĬŜŅĪĶĚĔĸĴĞƟŀĬĔńĬĪňŗĴňĮĶŃěŋĨƞŅĚĝĬŇħĔńĬ 

1,ȮĭŀĔœħƟĺƞŅĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅȮĦȮĭĶŇŏĺĦľĬŉŗĚěŃĴňėƞŅĴŅĔȮĩƟŅŏĽƟĬĽĬŅĴœĲĲƚŅȮĦȮĭĶŇŏĺĦ
ĬńŘĬĴňėĺŅĴľĬŅŐĬƞĬĴŅĔ 

2,ȮĭŀĔœħƟĺƞŅĽĬŅĴœĲĲƚŅȮĦȮĨŜŅŐľĬƞĚĨƞŅĚŕȮŒĬĪňŗĺƞŅĚĳŅĵŒĬĨńĺĬŜŅĪĶĚĔĸĴŒħŕȮĴňėƞŅŏĮƦĬĻŌĬĵƢȮ
ŐĸŃĽĬŅĴœĲĲƚŅȮĦȮĨŜŅŐľĬƞĚĨƞŅĚŕȮěŅĔįŇĺĪĶĚĔĸĴŀŀĔœĮȮěŃĴňĸńĔļĦŃŏľĴŊŀĬĔńĭĽĬŅĴœĲĲƚŅĕŀĚěŋħ
ĪňŗŏĽĴŊŀĬĺƞŅĮĶŃěŋœĲĲƚŅĪńŘĚľĴħĕŀĚĨńĺĬŜŅĪĶĚĔĸĴœĮĶĺĴĔńĬŀĵŌƞĪňŗĻŌĬĵƢĔĸŅĚĕŀĚĪĶĚĔĸĴĬńŘĬ 

5. ĭŀĔœħƟĺƞŅĽĬŅĴœĲĲƚŅȮĦȮĨŜŅŐľĬƞĚĪňŗĨŇħĔńĭįŇĺĕŀĚĨńĺĬŜŅěŃĴňĪŇĻĪŅĚĨńŘĚĜŅĔĔńĭįŇĺŏĽĴŀ 

4 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ħƟŅĬĪńĔļŃ-ĔĶŃĭĺĬĔŅĶȮ&P' 
/,ȮĭŀĔĺŇīňľŅŏĽƟĬĽĬŅĴœĲĲƚŅȮőħĵĔŅĶőĶĵŏĔĸŖħħƞŅĚĪńĭĪŇĴĸĚĭĬĔĶŃħŅļĪňŗĝŊŘĬŕȮŐĸŃĴň

ĕńŘĺœĲĲƚŅĺŅĚĪńĭŏıŊŗŀŒľƟŏĔŇħĽĬŅĴœĲĲƚŅ 
2. ĴňĽƞĺĬĶƞĺĴėŇħȮĶƞĺĴĪŜŅȮĴňėĺŅĴĔĶŃĨŊŀĶŊŀĶƟĬȮĶńĭĲƤĚėĺŅĴėŇħŏľŖĬĕŀĚįŌƟŀŊŗĬĪŜŅĚŅĬĨŅĴĕńŘĬĨŀĬ

ŐĸŃĴňįĸĚŅĬŒĬĔŅĶĪŜŅĔŇěĔĶĶĴĪňŗĩŌĔĨƟŀĚĽĴĭŌĶĦƢĽŃŀŅħŏĶňĵĭĶƟŀĵ 
 

ħƟŅĬėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮŐĸŃėƞŅĬŇĵĴȮȮ&A' 
/,ȮĴňėĺŅĴĶńĭįŇħĝŀĭĨƞŀĚŅĬĪňŗœħƟĶńĭĴŀĭľĴŅĵȮĽĬŒěŒİƙĶŌƟȮȮĴňĬŇĽńĵĶńĔŒĬĔŅĶĪŜŅĚŅĬȮĴňĺŇĬńĵŐĸŃ

ĨĶĚĨƞŀŏĺĸŅ 
 

ŏĺĸŅĪňŗŒĝƟȮȮ2ȮĝńŗĺőĴĚ 
 

ĽŊŗŀĔŅĶŏĶňĵĬĶŌƟ 
 /,ȮŐĭĭĪħĽŀĭĔƞŀĬŏĶňĵĬĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ3ȮŏĽƟĬĽĬŅĴœĲĲƚŅ 
 2. ŒĭĔŇěĔĶĶĴĪňŗȮ5,1 ĪĭĪĺĬĔńĭĽĬŅĴœĲĲƚŅ 

1,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,2ȮȮĪŇĻĪŅĚĕŀĚŏĽƟĬĽĬŅĴœĲĲƚŅ 
2,ȮŒĭĔŇěĔĶĶĴĪňŗȮ3,1 ĔŅĶĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅ 
3,ȮŒĭėĺŅĴĶŌƟĪňŗȮ1 ŏĽƟĬĽĬŅĴœĲĲƚŅ 
4,ȮŒĭėĺŅĴĶŌƟĪňŗȮ2 ĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ 
5,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,4 ŏĶňĵĬĶŌƟĺŇŏėĶŅŃľƢőěĪĵƢĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ 
6,ȮĔŇěĔĶĶĴĪňŗȮ3.5  ĮĶŃŏĴŇĬėĺŅĴĶŌƟĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅ 
7,ȮĔŇěĔĶĶĴĪňŗȮ5.6 ĽĶƟŅĚĽĩŅĬĔŅĶĦƢőěĪĵƢĮƤĠľŅŐĸŃĺŇīňĔŅĶľŅėŜŅĨŀĭ 
/.,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,7 ĪĭĪĺĬĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅ 
//,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,8ȮȮȮĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕ 
/0,ȮŒĭĔŇěĔĶĶĴĪňŗȮ3,7 ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 
/1,ȮŒĭėĺŅĴĶŌƟĪňŗȮ3 ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 
/2,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,10ȮľŅėŜŅĨŀĭĔńĭĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 
/3,ȮŒĭėĺŅĴĶŌƟĪňŗȮ4 ěŋħĽŃŏĪŇĬ 
/4,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,11  ľŅėŜŅĨŀĭĔńĭěŋħĽŃŏĪŇĬ 
/5,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5.12  ėĺŅĴĶŌƟĔńĭĽĬŅĴœĲĲƚŅĪĶĚĔĸĴĨńĺĬŜŅŐĸŃěŋħĽŃŏĪŇĬ 
/6,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5.13 ĽĶƟŅĚĽĩŅĬĔŅĶĦƢőěĪĵƢĮƤĠľŅŐĸŃĺŇīňĔŅĶľŅėŜŅĨŀĭ 
//,ȮŐĭĭĪħĽŀĭľĸńĚŏĶňĵĬĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ3ȮŏĽƟĬĽĬŅĴœĲĲƚŅ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ŐľĸƞĚŏĶňĵĬĶŌƟ 
 1. ľƟŀĚĽĴŋħőĶĚŏĶňĵĬľƟĺĵĵŅĚĺŇĪĵŅėĴȮ 
 0. ŏĺŖĭœĞĨƢ  
 
 
 
 
 
 
 
 

 
 
ĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟ  
 ĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ7ȮĕńŘĬĨŀĬȮ&7E)ȮŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮ
ĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅȮĴňħńĚĬňŘ 
&ĝńŗĺőĴĚĪňŗȮ/-2' 
 ĕńŘĬĪňŗȮ1  ĕńŘĬĨĶĺěĽŀĭėĺŅĴĶŌƟŏħŇĴ  (ŏĺĸŅĪňŗŒĝƟȮ0.ȮĬŅĪň' 
  1,ȮĬńĔŏĶňĵĬĶńĭĝŋħĔŇěĔĶĶĴĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ7ȮĕńŘĬĨŀĬȮ&7E)Ȯ 
ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮȮ2ȮȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 
    2,ȮĬńĔŏĶňĵĬĪŜŅŐĭĭĪħĽŀĭĔƞŀĬŏĶňĵĬȮĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅȮ
ěŜŅĬĺĬȮ/.ȮĕƟŀȮ(ŏĺĸŅĪňŗŒĝƟȮ/3ȮĬŅĪň' 

1,ȮĬńĔŏĶňĵĬŏĶŇŗĴĮĢŇĭńĨŇĔŇěĔĶĶĴĨŅĴĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃȮ
ľŅėĺŅĴĶŌƟȮ7ȮĕńŘĬĨŀĬȮ&7E) 
  2,ȮĬńĔŏĶňĵĬĶƞĺĴĔńĬŀĳŇĮĶŅĵŐĸŃĨŀĭėŜŅĩŅĴŏĔňŗĵĺĔńĭėĺŅĴľĴŅĵĕŀĚĽĬŅĴœĲĲƚŅȮ
ĪŇĻĪŅĚĽĬŅĴœĲĲƚŅȮĽĴĔŅĶľŅėƞŅĽĬŅĴœĲĲƚŅȮĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5,1 ĪĭĪĺĬĔńĭĽĬŅĴœĲĲƚŅ 
 ĕńŘĬĪňŗȮ2 ĕńŘĬŏĶƟŅėĺŅĴĽĬŒě (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
  5.ȮėĶŌĨńŘĚėŜŅĩŅĴĬŜŅĺƞŅȮŏĴŊŗŀĴňĽĬŅĴœĲĲƚŅŏĬŊŗŀĚĮĶŃěŋĴŅĔĔĺƞŅȮ/ȮěŋħĮĶŃěŋĪňŗĴňĮĶŃěŋĨƞŅĚ
ĝĬŇħĔńĬĺŅĚŀĵŌƞŒĔĸƟĔńĬĸńĔļĦŃŏĽƟĬĽĬŅĴœĲĲƚŅěŃŏĮƦĬŀĵƞŅĚœĶȮ 
  6,ȮĬńĔŏĶňĵĬŐĨƞĸŃĔĸŋƞĴĶƞĺĴĔńĬŀĳŇĮĶŅĵįĸŐĸƟĺĨŀĭėŜŅĩŅĴĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5,2ȮȮ
ĪŇĻĪŅĚĕŀĚŏĽƟĬĽĬŅĴœĲĲƚŅ 
 ĕńŘĬĪňŗȮ3 ĕńŘĬĽŜŅĶĺěŐĸŃėƟĬľŅ (ŏĺĸŅĪňŗŒĝƟȮ1.ȮĬŅĪň' 
  7,ȮėĶŌŒľƟĬńĔŏĶňĵĬĽńĚŏĔĨĔŅĶĽŅīŇĨĪħĸŀĚŏĽƟĬĽĬŅĴœĲĲƚŅȮőħĵĔŅĶőĶĵŏĔĸŖħħƞŅĚĪńĭĪŇĴ
ĸĚĭĬĔĶŃħŅļĪňŗĝŊŘĬŐĸŃĴňĕńŘĺœĲĲƚŅĺŅĚĪńĭŏıŊŗŀŒľƟŏĔŇħĽĬŅĴœĲĲƚŅ ŒĬĸńĔļĦŃĨƞŅĚŕȮĨŅĴŒĭĔŇěĔĶĶĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĪňŗȮ3,1 ĔŅĶĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅ ŐĸŃŒľƟĬńĔŏĶňĵĬĔĸŋƞĴĪňŗŏľĸŊŀĻŉĔļŅŒĭėĺŅĴĶŌƟĸƞĺĚľĬƟŅŏıŊŗŀŏĮƦĬŏĽĶŇĴ
ėĺŅĴĶŌƟŒĬĔŅĶĪŜŅĨŀĭėŜŅĩŅĴŒĬŒĭĔŇěĔĶĶĴľĸńĚħŌĔŅĶĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅ 

http://www.cpn1.go.th/media/thonburi/lesson/14_Electrostatic/lesson2.html 
http://www.mwit.ac.th/~physics/phy4.php 
http://www.rmutphysics.com/physics/oldfront/52/electric20field.htm        
http://www.scimath.org/socialnetwork/groups/viewbulletin/2 

http://www.thaiphysicsteacher.com/electric-field-line-and-neutral-point/ 
http://www.vcharkarn.com/lesson/1200 
http://www.vcharkarn.com/lesson///72 
https://www.freegreatpicture.com/lightning-and-optical/roads-and 
       -lightning-in-the-sky-50975 
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http://www.cpn1.go.th/media/thonburi/lesson/14_Electrostatic/
http://www.vcharkarn.com/lesson/1194


 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 ĕńŘĬĪňŗȮ4 ĕńŘĬŀīŇĭŅĵŐĸŃĸĚĕƟŀĽĶŋĮȮ (ŏĺĸŅĪňŗŒĝƟȮ/3ȮĬŅĪň' 
  8, ĬńĔŏĶňĵĬŐĨƞĸŃĔĸŋƞĴĽƞĚĨńĺŐĪĬȮĬŜŅŏĽĬŀĕƟŀĴŌĸ įĸĔŅĶĽńĚŏĔĨĔŅĶĽŅīŇĨŏĽƟĬ
ĽĬŅĴœĲĲƚŅ 

9, ĬńĔŏĶňĵĬĻŉĔļŅŒĭėĺŅĴĶŌƟĪňŗȮ1 ŏĽƟĬĽĬŅĴœĲĲƚŅȮ  
ĕńŘĬĪňŗȮ5 ĕńŘĬĕĵŅĵėĺŅĴĶŌƟ (ŏĺĸŅĪňŗŒĝƟȮ03ȮĬŅĪň' 

  10. ĬńĔŏĶňĵĬĻŉĔļŅėĺŅĴĶŌƟŏıŇŗĴŏĨŇĴŏĔňŗĵĺĔńĭĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀȮĽĬŅĴœĲĲƚŅŒĬ
ŐĬĺħŇŗĚȮıĶƟŀĴĨńĺŀĵƞŅĚĔŅĶėŜŅĬĺĦȮěŅĔŒĭėĺŅĴĶŌƟĪňŗȮ2  (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
  11. ŒľƟĬńĔŏĶňĵĬİƗĔĔŅĶŐĔƟőěĪĵƢĮƤĠľŅȮĺŇŏėĶŅŃľƢőěĪĵƢȮŐĸŃŐĽħĚĺŇīňĪŜŅľŅėŜŅĨŀĭ
ŏĔňŗĵĺĔńĭŏĶŊŗŀĚĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀȮěŜŅĬĺĬȮ1ȮĕƟŀȮĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5,4 ŏĶňĵĬĶŌƟĺŇŏėĶŅŃľƢőěĪĵƢ
ĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ (ŏĺĸŅĪňŗŒĝƟȮ03ȮĬŅĪň' 

ĕńŘĬĪňŗȮ6 ĕńŘĬĮĶŃŏĴŇĬįĸ (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
  12,ȮŒľƟĬńĔŏĶňĵĬĮĶŃŏĴŇĬėĺŅĴĶŌƟŏĔňŗĵĺĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅȮėĺŅĴľĴŅĵĕŀĚŏĽƟĬĽĬŅĴȮ
ĪŇĻĪŅĚĽĬŅĴœĲĲƚŅȮĽĬŅĴœĲĲƚŅŐįƞĬĨńĺĬŜŅĕĬŅĬĔńĬȮĽĬŅĴœĲĲƚŅĨńĺĪĶĚĔĸĴĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ3.5  
ĮĶŃŏĴŇĬėĺŅĴĶŌƟĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅ 
 ĕńŘĬĪňŗȮ7 ĕńŘĬĬŜŅėĺŅĴĶŌƟœĮŒĝƟĮĶŃőĵĝĬƢ (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
  13,ȮŒľƟĬńĔŏĶňĵĬĽĶƟŅĚĽĩŅĬĔŅĶĦƢŏĔňŗĵĺĔńĭĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀőħĵĨńŘĚőěĪĵƢĮƤĠľŅȮ
ĺŅħĶŌĮĳŅıĮĶŃĔŀĭŐĸŃĔŅĶėŜŅĬĺĦĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5.6 ĽĶƟŅĚĽĩŅĬĔŅĶĦƢőěĪĵƢĮƤĠľŅŐĸŃĺŇīňĔŅĶ
ľŅėŜŅĨŀĭȮěŅĔĬńŘĬŐĸĔŏĮĸňŗĵĬĔńĬĨĶĺěĳŅĵŒĬĔĸŋƞĴ 
 

&ĝńŗĺőĴĚĪňŗȮ3-4'Ȯ  
ĕńŘĬĪňŗȮ1  ĕńŘĬĨĶĺěĽŀĭėĺŅĴĶŌƟŏħŇĴ (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 

  14,ȮĬńĔŏĶňĵĬĶƞĺĴĔńĬŀĳŇĮĶŅĵĪĭĪĺĬĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅŐĸŃĨŀĭėŜŅĩŅĴȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŒĭĔŇěĔĶĶĴĪňŗȮ5,7 ĪĭĪĺĬĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅ 
 ĕńŘĬĪňŗȮ2 ĕńŘĬŏĶƟŅėĺŅĴĽĬŒě (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
  15.ȮėĶŌĨńŘĚėŜŅĩŅĴĬŜŅĺƞŅȮĩƟŅĮĶŃěŋĭĺĔĽŀĚěŋħĴňĕĬŅħŏĪƞŅĔńĬĴŅĺŅĚŒĔĸƟĔńĬȮěŋħĔŉŗĚĔĸŅĚ
ěŃĴňĽĬŅĴœĲĲƚŅľĶŊŀœĴƞȮŐĸƟĺĨŀĭėŜŅĩŅĴĨŅĴŒĭĔŇěĔĶĶĴŒĭĔŇěĔĶĶĴĪňŗȮ5,8ȮĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕ 
 ĕńŘĬĪňŗȮ3 ĕńŘĬĽŜŅĶĺěŐĸŃėƟĬľŅ (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
  16.ȮĬńĔŏĶňĵĬŐĨƞĸŃĔĸŋƞĴĶƞĺĴĔńĬĺŇŏėĶŅŃľƢĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĕĬŅħĽĬŅĴœĲĲƚŅ
ĔńĭĶŃĵŃĪŅĚěŅĔěŋħĻŌĬĵƢĔĸŅĚĕŀĚĪĶĚĔĸĴĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮŐĸƟĺĨŀĭėŜŅĩŅĴĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ3,7 
ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 

ĕńŘĬĪňŗȮ4 ĕńŘĬŀīŇĭŅĵŐĸŃĸĚĕƟŀĽĶŋĮ (ŏĺĸŅĪňŗŒĝƟȮ0.ȮĬŅĪň' 
17, ĬńĔŏĶňĵĬĻŉĔļŅŒĭėĺŅĴĶŌƟĪňŗȮ3 ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴȮ 

(ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
/6,ȮěŅĔĬńŘĬĬńĔŏĶňĵĬĪŜŅőěĪĵƢĮƤĠľŅȮ/ȮĕƟŀȮĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5,10ȮľŅėŜŅĨŀĭĔńĭ

ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ (ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
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19, ĬńĔŏĶňĵĬĻŉĔļŅŒĭėĺŅĴĶŌƟĪňŗȮ4 ěŋħĽŃŏĪŇĬ &ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
0.,ȮěŅĔĬńŘĬĬńĔŏĶňĵĬĪŜŅőěĪĵƢĮƤĠľŅȮ0ȮĕƟŀȮĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5,11  ľŅėŜŅĨŀĭĔńĭěŋħ

ĽŃŏĪŇĬ &ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 
ĕńŘĬĪňŗȮ6 ĕńŘĬĮĶŃŏĴŇĬįĸ &ŏĺĸŅĪňŗŒĝƟȮ/3ȮĬŅĪň' 

  21,ȮŒľƟĬńĔŏĶňĵĬĽĶŋĮėĺŅĴĶŌƟŒĬĶŌĮįńĚĴőĬĪńĻĬƢȮĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5.12 ėĺŅĴĶŌƟĔńĭ
ĽĬŅĴœĲĲƚŅĪĶĚĔĸĴĨńĺĬŜŅŐĸŃěŋħĽŃŏĪŇĬ 
 ĕńŘĬĪňŗȮ7 ĕńŘĬĬŜŅėĺŅĴĶŌƟœĮŒĝƟĮĶŃőĵĝĬƢ &ŏĺĸŅĪňŗŒĝƟȮ3ȮĬŅĪň' 
  00,ȮŒľƟĬńĔŏĶňĵĬĽĶƟŅĚĽĩŅĬĔŅĶĦƢŏĔňŗĵĺĔńĭěŋħĽŃŏĪŇĬőħĵĨńŘĚőěĪĵƢĮƤĠľŅȮĺŅħĶŌĮĳŅı
ĮĶŃĔŀĭȮŐĸŃĔŅĶėŜŅĬĺĦĨŅĴŒĭĔŇěĔĶĶĴĪňŗȮ5.13 ĽĶƟŅĚĽĩŅĬĔŅĶĦƢőěĪĵƢĮƤĠľŅŐĸŃĺŇīňĔŅĶľŅėŜŅĨŀĭ 
&ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň' 

Ȯ 01,ȮĬńĔŏĶňĵĬĪŜŅŐĭĭĪħĽŀĭľĸńĚŏĶňĵĬȮĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ3ȮŏĽƟĬĽĬŅĴœĲĲƚŅȮ 
&ŏĺĸŅĪňŗŒĝƟȮ/3ȮĬŅĪň' 

 

ĔŅĶĺńħįĸĮĶŃŏĴŇĬįĸ 
ħƟŅĬėĺŅĴĶŌƟȮ&K' 
 

ŏĮƚŅľĴŅĵ- 
įĸĔŅĶŏĶňĵĬĶŌƟ 

ŏėĶŊŗŀĚĴŊŀ ĺŇīňĺńħ 
ŏĔĦĤƢĔŅĶĺńħŐĸŃ
ĮĶŃŏĴŇĬįĸ 

-ȮŀīŇĭŅĵĽĬŅĴœĲĲƚŅȮ
ĽĬŅĴœĲĲƚŅĕŀĚ 
ěŋħĮĶŃěŋȮŐĸŃ
ĽĬŅĴœĲĲƚŅĕŀĚ
ĨńĺĬŜŅĪĶĚĔĸĴ 
 

1,ȮŐĭĭĪħĽŀĭȮȮ 
ĔƞŀĬŏĶňĵĬȮľĸńĚŏĶňĵĬ 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟ 
ĝŋħĪňŗȮ3ȮŏĽƟĬĽĬŅĴœĲĲƚŅ 
 
2,ȮŒĭĔŇěĔĶĶĴĪňŗȮ5,1-5.4Ȯ
ŐĸŃŒĭĔŇěĔĶĶĴĪňŗȮ 
5,9-5.13 
Ȯ 
 

1,ȮĮĶŃŏĴŇĬįĸ
ŐĭĭĪħĽŀĭĔƞŀĬŏĶňĵĬȮ
ľĸńĚŏĶňĵĬȮĝŋħĔŇěĔĶĶĴ 
ĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ3Ȯ 
ŏĽƟĬĽĬŅĴœĲĲƚŅ 
2,ĮĶŃŏĴŇĬėĺŅĴĩŌĔĨƟŀĚ
ĕŀĚŒĭĔŇěĔĶĶĴ 

1,ėŃŐĬĬĪħĽŀĭ 
įƞŅĬŏĔĦĤƢĶƟŀĵĸŃȮ75  
ĕŉŘĬœĮ 
 
 
2,ėŃŐĬĬįƞŅĬŏĔĦĤƢ
ĶƟŀĵĸŃȮ75 ĕŉŘĬœĮ 

 

ħƟŅĬĪńĔļŃĔĶŃĭĺĬĔŅĶȮ&P' 
 

ŏĮƚŅľĴŅĵ-ĨńĺĝňŘĺńħ ŏėĶŊŗŀĚĴŊŀ ĺŇīňĺńħ 
ŏĔĦĤƢĔŅĶĺńħŐĸŃ
ĮĶŃŏĴŇĬįĸ 

ĪńĔļŃ-ĔĶŃĭĺĬĔŅĶ ŐĭĭĮĶŃŏĴŇĬĪńĔļŃ
ĔĶŃĭĺĬĔŅĶ 

ĽńĚŏĔĨȮĔŅĶŀĳŇĮĶŅĵ 
ĔŅĶĪŜŅĔŇěĔĶĶĴ 

įĸĔŅĶĮĶŃŏĴŇĬŀĵŌƞŒĬ
ĶŃħńĭħňĕŉŘĬœĮ 
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ŏĮƚŅľĴŅĵ-ĨńĺĝňŘĺńħ ŏėĶŊŗŀĚĴŊŀ ĺŇīňĺńħ 
ŏĔĦĤƢĔŅĶĺńħŐĸŃ
ĮĶŃŏĴŇĬįĸ 

ėŋĦĸńĔļĦŃŀńĬıŉĚ
ĮĶŃĽĚėƢĕŀĚįŌƟŏĶňĵĬ 

ŐĭĭĭńĬĪŉĔėŋĦĸńĔļĦŃȮ
ŀńĬıŉĚĮĶŃĽĚėƢĕŀĚ
įŌƟŏĶňĵĬ ĕƟŀĪňŗ 
3,ȮĴňĺŇĬńĵ 
4,ȮŒİƙŏĶňĵĬĶŌƟ 
6,ȮĴŋƞĚĴńŗĬŒĬĔŅĶĪŜŅĚŅĬ 
8,ȮĴňěŇĨĽŅīŅĶĦŃ 

ĔŅĶĽƞĚĚŅĬŐĸŃĔŅĶ
ĽńĚŏĔĨĕŀĚėĶŌįŌƟĽŀĬ 

įĸĔŅĶĮĶŃŏĴŇĬ 
ŀĵŌƞŒĬĶŃħńĭħňĕŉŘĬœĮ 
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1. ĽĬŅĴœĲĲƚŅȮėŊŀȮĭĶŇŏĺĦĶŀĭĮĶŃěŋĞŉŗĚĴňŐĶĚĪŅĚœĲĲƚŅŐįƞŀŀĔĴŅ  
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 Ĕ,ȮĕƟŀȮ1,2 ĩŌĔ      

ĕ,ȮĕƟŀȮ2,3 ĩŌĔ   
ė,ȮĕƟŀȮ1, 2, 3 ĩŌĔ     
Ě,ȮĕƟŀȮ1,2,4  ĩŌĔ 
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ȮȮȮȮȮȮ Ě,ȮȮŀŇŏĸŖĔĨĶŀĬœĴƞěŜŅŏĮƦĬĨƟŀĚŏėĸŊŗŀĬĪňŗœĮĨŅĴŏĽƟĬŐĶĚœĲĲƚŅ 
5. ĽĬŅĴœĲĲƚŅȮĦȮȮĨŜŅŐľĬƞĚĨŇħĔńĭįŇĺĨńĺĬŜŅħƟŅĬĬŀĔěŃĴňĪŇĻĪŅĚŒħ 
 Ĕ,ȮȮĨńŘĚĜŅĔĔńĭįŇĺ      

ĕ,ȮȮĽńĴįńĽĔńĭįŇĺ 
 ė,ȮȮĕŉŘĬĔńĭĶŌĮĶƞŅĚĕŀĚįŇĺ     

Ě,ȮȮĪŜŅĴŋĴĔńĭįŇĺĬƟŀĵĔĺƞŅȮȮ23ĎȮ 
6. ŀĬŋĳŅėĴĺĸ m ĮĶŃěŋŏĮƦĬĭĺĔ ŏėĸŊŗŀĬĪňŗĳŅĵŒĨƟŐĶĚőĬƟĴĩƞĺĚ ŐĸŃŐĶĚœĲĲƚŅěŅĔĽĬŅĴœĲĲƚŅȮ EȮ 
ĞŉŗĚĝňŘĕŉŘĬŒĬŐĬĺħŇŗĚ ĩƟŅŀĬŋĳŅėĨĔĸĚĴŅħƟĺĵėĺŅĴŏĶƞĚ a ȮěĚľŅėƞŅĮĶŃěŋȮq ȮĕŀĚŀĬŋĳŅė  

Ĕ. ( )ag
E

m
-        

ĕ. ( )ag
E

m
+  

ė. 
E

mg        

Ě. 
E

ma  
 

5,ȮȮĨńĺĬŜŅĪĶĚĔĸĴĴĺĸȮ0ȮĔĶńĴȮŐĕĺĬħƟĺĵŏĽƟĬŏĝŊŀĔĪňŗŏĮƦĬĜĬĺĬŀĵŌƞŒĬĭĶŇŏĺĦĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ 
ĴňĪŇĻŒĬŐĬĺĶŃħńĭħńĚĶŌĮȮĩƟŅĪĶĚĔĸĴĬňŘĴňĮĶŃěŋȮ2 x 10-6 ėŌĸŀĴĭƢȮŐĸŃĩŌĔįĸńĔěĬŏĝŊŀĔĪŜŅĴŋĴȮ23ȮŀĚĻŅ
ĔńĭŐĬĺħŇŗĚȮŐĸƟĺĬŇŗĚȮĽĬŅĴœĲĲƚŅĴňėƞŅĔňŗĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢ 

Ĕ,Ȯ 400  ĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ 
ȮȮȮȮȮȮȮ ĕ,ȮȮ3..ȮȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ ȮȮȮȮȮȮ 
ȮȮȮȮȮȮȮ ė,ȮȮ2*...ȮȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ 
ȮȮȮȮȮȮȮ Ě,ȮȮ3*...ȮȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ F

G
 

450 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

6,ȮĨńĺĬŜŅĪĶĚĔĸĴĸŌĔľĬŉŗĚĶńĻĴňįŇĺŒĬȮ6ȮŏĞĬĨŇŏĴĨĶȮĶńĻĴňįŇĺĬŀĔȮ/.ȮŏĞĬĨŇŏĴĨĶĴňĮĶŃěŋȮ 
    / x 10-10 ėŌĸŀĴĭƢȮȮĽĬŅĴœĲĲƚŅĪňŗįŇĺŒĬŐĸŃįŇĺĬŀĔĕŀĚĪĶĚĔĸĴŏĮƦĬŏĪƞŅŒħ 

Ĕ,ȮȮ.Ȯ*Ȯ7ȮȮȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ 
ĕ,ȮȮ.Ȯ*Ȯ7.ȮȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ 

Ȯ ė,ȮȮ7Ȯ*Ȯ/2ȮȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ 
Ě,ȮȮ/2Ȯ*Ȯ7.ȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢȮȮ 

9.ȮěŅĔĶŌĮĮĶŃěŋȮ0Q ŐĸŃȮůQ ĺŅĚŀĵŌƞŒĬŀŅĔŅĻȮŀĵŅĔĪĶŅĭĺƞŅĨŜŅŐľĬƞĚŒħėĺĶŏĮƦĬĨŜŅŐľĬƞĚ 
ȮȮȮȮĕŀĚěŋħĽŃŏĪŇĬ 
 
 
 

Ĕ,ȮȮA 
 ĕ,ȮȮB 
 ė,ȮȮC 
 Ě,ȮȮD 
 

10.ȮĮĶŃěŋĽŀĚĮĶŃěŋĴňĕĬŅħȮ-/4ȮŐĸŃȮ)2ȮœĴőėĶėŌĸŀĴĭƢȮĺŅĚŀĵŌƞŒĬĨŜŅŐľĬƞĚĞŉŗĚľƞŅĚĔńĬȮ1ȮŏĴĨĶ 
Ȯ ȮȮȮěĚľŅĺƞŅȮĨŜŅŐľĬƞĚĪňŗŀĵŌƞŒĬŐĬĺĶŃľĺƞŅĚĮĶŃěŋĪńŘĚĽŀĚĪňŗěŃŒľƟŏĔŇħĽĬŅĴœĲĲƚŅŏĮƦĬĻŌĬĵƢŀĵŌƞľƞŅĚȮȮȮ 
ȮȮȮȮȮĮĶŃěŋȮ)2ȮœĴőėĶėŌĸŀĴĭƢȮĔňŗŏĴĨĶ 

Ĕ,Ȯ /,3ȮŏĴĨĶȮȮ 
ȮȮȮȮȮȮȮ ĕ,ȮȮ1,.ȮŏĴĨĶȮȮ ȮȮȮȮȮȮ 
ȮȮȮȮȮȮȮ ė,ȮȮ2,3ȮŏĴĨĶȮȮ 
ȮȮȮȮȮȮȮ Ě,ȮȮ3,.ȮŏĴĨĶȮȮ 

A B C D 

2Q -Q 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
 
 
 
ĕƟŀ Ĕ ĕ ė Ě 
1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
ȮȮȮ 
ŏĔĦĤƢĔŅĶĮĶŃŏĴŇĬ 

  ėŃŐĬĬĶŃľĺƞŅĚȮ9-10 ŀĵŌƞŒĬŏĔĦĤƢȮħňĴŅĔ 
  ėŃŐĬĬĶŃľĺƞŅĚȮ 7-8 ȮŀĵŌƞŒĬŏĔĦĤƢȮħň 

ėŃŐĬĬĶŃľĺƞŅĚȮ 5-6 ȮŀĵŌƞŒĬŏĔĦĤƢȮıŀŒĝƟ 
ėŃŐĬĬĶŃľĺƞŅĚȮ 0-4  ŀĵŌƞŒĬŏĔĦĤƢȮĮĶńĭĮĶŋĚ 

ėŃŐĬĬŏĨŖĴ 10 

ėŃŐĬĬĪňŗœħƟ  

 

įĸĔŅĶĮĶŃŏĴŇĬ 
 ħňĴŅĔ 
ȮȮȮȮȮȮȮȮȮȮħň 
ȮȮȮȮȮȮȮȮȮıŀŒĝƟ 
ȮȮȮȮȮȮȮȮȮĮĶńĭĮĶŋĚ 
 

ĔĶŃħŅļėŜŅĨŀĭŐĭĭĪħĽŀĭĔƞŀĬŏĶňĵĬ 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

                                              
    
 

ėŜŅĝňŘŐěĚȮȮȮȮŒľƟĬńĔŏĶňĵĬŏĕňĵĬĨŀĭėŜŅĩŅĴĨƞŀœĮĬňŘŒľƟĩŌĔĨƟŀĚ 
 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 
 
 

1. ĽĬŅĴœĲĲƚŅȮľĴŅĵĩŉĚ 
ȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
0,ȮĽĬŅĴœĲĲƚŅĴňĪŇĻĪŅĚŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
3,ȮĔŅĶľŅėƞŅĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃľƞŅĚȮȮr ěŅĔĮĶŃěŋȮQȮŏĕňĵĬŏĮƦĬĽĴĔŅĶĺƞŅŀĵƞŅĚœĶȮŐĸŃĴňĨńĺ 
ȮȮȮȮŐĮĶŒħĭƟŅĚ 
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
4. ĺŅħĶŌĮĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅĕŀĚĮĶŃěŋȮ)Q ŐĸŃȮ-Q 

 
 

&ĝńŗĺőĴĚĪňŗȮ/-2' 
 

 
 

 

 

     
 
 

 

 

 

ĕńŘĬĨĶĺěĽŀĭėĺŅĴĶŌƟŏħŇĴ   ĕńŘĬĪňŗȮ/ ŏĺĸŅĪňŗŒĝƟȮ3ȮĬŅĪň 

ĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ7ȮĕńŘĬĨŀĬȮ&7E) 

ŒĭĔŇěĔĶĶĴĪňŗȮ5,1 ĪĭĪĺĬĔńĭĽĬŅĴœĲĲƚŅ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĕńŘĬŏĶƟŅėĺŅĴĽĬŒě  

 
 
ėŜŅĝňŘŐěĚȮȮŒľƟĬńĔŏĶňĵĬŏĕňĵĬĨŀĭėŜŅĩŅĴŒľƟĩŌĔĨƟŀĚ 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 
 
/,ȮŏĕňĵĬĪŇĻĪŅĚĽĬŅĴœĲĲƚŅĭĶŇŏĺĦĶŀĭŕȮĮĶŃěŋȮ+QȮȮŐĸŃȮ-QȮȮ&őħĵŒľƟĬńĔŏĶňĵĬĸŅĔŏĽƟĬŐĸŃ 
ȮȮȮȮĸŌĔĻĶĭĬŏĽƟĬĮŃĭŀĔĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅ' 
 
 
 
 
 
 
 
0,ȮĬńĔŏĶňĵĬĽŅĴŅĶĩĴŀĚŏľŖĬĽĬŅĴœĲĲƚŅœħƟľĶŊŀœĴƞ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

1,ȮŏĽƟĬĨƞŅĚŕĪňŗŒĝƟŏĕňĵĬŏıŊŗŀŐĽħĚĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦĶŀĭŕȮěŋħĮĶŃěŋȮŏĶňĵĔĺƞŅ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

2,ȮŏĴŊŗŀĴňĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔěŋħĮĶŃěŋĴŅĔĔĺƞŅȮ/ȮěŋħĮĶŃěŋȮŀĵŌƞŒĔĸƟĔńĬħńĚĶŌĮȮĸńĔļĦŃĕŀĚŏĽƟĬ 
ȮȮȮĽĬŅĴœĲĲƚŅěŃŏĮƦĬŀĵƞŅĚœĶȮ&ŒľƟĸŅĔŏĽƟĬŏĕňĵĬĸŌĔĻĶĭŀĔĪŇĻĪŅĚĕŀĚŏĽƟĬĽĬŅĴȮœĲĲƚŅĨŅĴ 
ȮȮȮŏĽƟĬĮŃĔŜŅľĬħŒľƟ' 
 
 
   
 
 

 ĕńŘĬĪňŗȮ0 ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň 

ŒĭĔŇěĔĶĶĴĪňŗȮ5,2ȮȮĪŇĻĪŅĚĕŀĚŏĽƟĬĽĬŅĴœĲĲƚŅ 
ŐĶĚœĲĲƚŅĔĶŃĪŜŅĨƞŀĮĶŃěŋĪħĽŀĭ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĕńŘĬĽŜŅĶĺěŐĸŃėƟĬľŅ  ĕńŘĬĪňŗȮ1 ŏĺĸŅĪňŗŒĝƟȮ30 ĬŅĪň 
&/.ȮėŃŐĬĬ' 

 

 

 

 

 
 
 
 

ėŜŅĝňŘŐěĚȮȮŒľƟĬńĔŏĶňĵĬĽńĚŏĔĨĔŅĶĦƢĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅĨƞŀœĮĬňŘ 
 

ěŋħĮĶŃĽĚėƢ 
 /,ȮĭŀĔĺŇīňľŅŏĽƟĬĽĬŅĴœĲĲƚŅȮőħĵĔŅĶőĶĵŏĔĸŖħħƞŅĚĪńĭĪŇĴĸĚĭĬĔĶŃħŅļĪňŗĝŊŘĬŕȮ 
ȮȮȮȮ ȮȮȮȮŐĸŃĴňĕńŘĺœĲĲƚŅĺŅĚĪńĭŏıŊŗŀŒľƟŏĔŇħĽĬŅĴœĲĲƚŅ 
 

ĺńĽħŋŀŋĮĔĶĦƢ  
1. ŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚȮ 1 ȮŏėĶŊŗŀĚ  
2. ĕńŘĺœĲĲƚŅȮ&őĸľŃĮĸŅĵŐľĸĴ'Ȯ 2 ȮĕńŘĺ  
3. ĺĚĔĸĴĨńĺĬŜŅĶńĻĴňĨƞŅĚĔńĬȮ 0ȮȮĺĚ 
4. ĽŅĵœĲȮ   2 ȮŏĽƟĬ 
5. įĚħƞŅĚĪńĭĪŇĴĸŃŏŀňĵħ  
6. ĔĶŃħŅļĔĶŀĚ  
7. ŐįƞĬĔĶŃěĔ 

 

ĨŀĬĪňŗȮ1 ŏĽƟĬĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĨƞŅĚĝĬŇħĔńĬĕŀĚĕńŘĺœĲĲƚŅőĸľŃĮĸŅĵŐľĸĴ 2ȮĕńŘĺȮ 
 

ĺŇīňĔŅĶĽŅīŇĨ  
1. ĺŅĚĔĶŃħŅļĔĶŀĚĪňŗŏĮƖĵĔĬŘŜŅľĴŅħŕȮĭĬŐįƞĬĔĶŃěĔȮőħĵěńħŒľƟŏĶňĵĭŐĸŃŐĬĭ 

ŐįƞĬĔĶŃěĔ   
2.ȮĺŅĚĕńŘĺœĲĲƚŅőĸľŃĮĸŅĵŐľĸĴȮŒľƟĮĸŅĵŐľĸĴĪńŘĚĽŀĚŐĨŃĭĬĔĶŃħŅļĔĶŀĚľƞŅĚ 

ĔńĬ 5 ŏĞĬĨŇŏĴĨĶ  
3. ĨƞŀĕńŘĺœĲĲƚŅĔńĭŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚȮŏĮƕħĽĺŇĨĝƢȮŒľƟŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚ 

ĪŜŅĚŅĬ  
 

ŒĭĔŇěĔĶĶĴĪňŗȮ3,1 ĔŅĶĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

4. őĶĵįĚħƞŅĚĪńĭĪŇĴŀĵƞŅĚĽĴŗŜŅŏĽĴŀĶŃľĺƞŅĚőĸľŃĮĸŅĵŐľĸĴĪńŘĚĽŀĚȮŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ
1ů 2 ĬŅĪň įĚħƞŅĚĪńĭĪŇĴĮĶŅĔĢŏĮƦĬŏĽƟĬŒľƟŏľŖĬȮĞŉŗĚŏĮƦĬŏĽƟĬĽĬŅĴœĲĲƚŅĕŀĚőĸľŃĮĸŅĵŐľĸĴ 
ĪňŗĴňĮĶŃěŋœĲĲƚŅ  

 
 
 
 
 

 
 

5. ĭńĬĪŉĔĽŇŗĚĪňŗŏĔŇħĕŉŘĬ 
 

ĨŀĬĪňŗȮ2 ȮŏĽƟĬĽĬŅĴœĲĲƚŅĪňŗŏĔŇħěŅĔĮĶŃěŋĨƞŅĚĝĬŇħĔńĬĕŀĚĕńŘĺœĲĲƚŅŐįƞĬőĸľŃȮ2 ĕńŘĺĪňŗĺŅĚ 
ȮȮȮȮȮȮȮȮȮȮȮȮĕĬŅĬĔńĬȮ 
 

ĺŇīňĔŅĶĽŅīŇĨ  
1. ěńħŀŋĮĔĶĦƢŏĝƞĬŏħňĵĺĔńĭĨŀĬĪňŗȮ1 ŐĨƞŏĮĸňŗĵĬőĸľŃĮĸŅĵŐľĸĴŀŀĔŐĸŃŒĝƟŐįƞĬőĸľŃ

ŏĮƦĬĕńŘĺœĲĲƚŅ  
2. ĺŅĚĔĶŃħŅļĔĶŀĚĪňŗŏĮƖĵĔĬŘŜŅľĴŅħŕȮĭĬŐįƞĬĔĶŃěĔȮőħĵěńħŒľƟŏĶňĵĭŐĸŃŐĬĭŐįƞĬ

ĔĶŃěĔ  
3. ĺŅĚŐįƞĬőĸľŃĪńŘĚĽŀĚĭĬĔĶŃħŅļĔĶŀĚľƞŅĚĔńĬȮ5 ŏĞĬĨŇŏĴĨĶȮŐĸŃĕĬŅĬĔńĬȮĕŀĭ

ħƟŅĬĸƞŅĚĕŀĚŐįƞĬ őĸľŃĨƟŀĚŐĬĭĽĬŇĪĔńĭĔĶŃħŅļĔĶŀĚ  
4. ĨƞŀŐįƞĬőĸľŃĔńĭŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚȮŏĮƕħĽĺŇĨĝƢȮŒľƟŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚ

ĪŜŅĚŅĬ  
5. őĶĵįĚħƞŅĚĪńĭĪŇĴŀĵƞŅĚĽĴŗŜŅŏĽĴŀĶŃľĺƞŅĚŐįƞĬőĸľŃĪńŘĚĽŀĚȮŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ1ů 2 

ĬŅĪňȮįĚħƞŅĚ ĪńĭĪŇĴĮĶŅĔĢŏĮƦĬŏĽƟĬŒľƟŏľŖĬȮĞŉŗĚŏĮƦĬŏĽƟĬĽĬŅĴœĲĲƚŅĕŀĚŐįƞĬőĸľŃĪňŗĴňĮĶŃěŋœĲĲƚŅ  
 
 
 
 
 
 
 
5. ĭńĬĪŉĔĽŇŗĚĪňŗŏĔŇħĕŉŘĬ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ĨŀĬĪňŗȮ3 ŏĽƟĬĽĬŅĴœĲĲƚŅĪňŗŏĔŇħěŅĔĮĶŃěŋĨƞŅĚĝĬŇħĔńĬĕŀĚĕńŘĺœĲĲƚŅĨńĺĬŜŅĺĚĔĸĴȮ2 ĺĚȮ 
ȮȮȮȮȮȮȮȮȮȮȮĺŅĚĞƟŀĬĔńĬȮ 
 

ĺŇīňĔŅĶĽŅīŇĨ  
1. ěńħŀŋĮĔĶĦƢŏĝƞĬŏħňĵĺĔńĭĨŀĬĪňŗȮ1 ŐĨƞŏĮĸňŗĵĬŐįƞĬőĸľŃĕĬŅĬĔńĬŏĮƦĬĺĚĔĸĴĨńĺĬŜŅȮ 

0ȮĺĚĞƟŀĬĔńĬ 
2. ĺŅĚĔĶŃħŅļĔĶŀĚĪňŗŏĮƖĵĔĬŘŜŅľĴŅħŕȮĭĬŐįƞĬĔĶŃěĔŒľƟŏĶňĵĭŐĸŃŐĬĭŐįƞĬĔĶŃěĔ  
3. ĺŅĚĨńĺĬŜŅĺĚĔĸĴȮ0ȮĺĚȮĕĬŅħĨƞŅĚĔńĬĞƟŀĬĔńĬĭĬĔĶŃħŅļĔĶŀĚ ěńħŒľƟĺĚĔĸĴĨńĺĬŜŅ

ĪńŘĚĽŀĚĨƟŀĚŐĬĭĽĬŇĪĔńĭĔĶŃħŅļĔĶŀĚ  
4. ĨƞŀĽŅĵœĲĔńĭĺĚĔĸĴĨńĺĬŜŅĪńŘĚĽŀĚĔńĭŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚȮőħĵŒľƟĕńŘĺĭŀĔĨƞŀĔńĭ

ĺĚĔĸĴĨńĺĬŜŅħƟŅĬŒĬȮŏĮƕħĽĺŇĨĝƢŒľƟŏėĶŊŗŀĚěƞŅĵœĲĨĶĚőĺĸĨƢĽŌĚĪŜŅĚŅĬ  
5. őĶĵįĚħƞŅĚĪńĭĪŇĴŀĵƞŅĚĽĴŗŜŅŏĽĴŀĶŃľĺƞŅĚŐįƞĬőĸľŃĪńŘĚĽŀĚȮŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ 

1ů 2 ĬŅĪňȮįĚħƞŅĚ ĪńĭĪŇĴĮĶŅĔĢŏĮƦĬŏĽƟĬŒľƟŏľŖĬȮĞŉŗĚŏĮƦĬŏĽƟĬĽĬŅĴœĲĲƚŅĕŀĚĺĚĔĸĴĨńĺĬŜŅȮ0ȮĺĚȮ 
ĪňŗĺŅĚĞƟŀĬĔńĬ  
 
 

 
 
 
 
 
 

6. ĭńĬĪŉĔĽŇŗĚĪňŗŏĔŇħĕŉŘĬ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 
 
 

ĽĴŅĝŇĔĔĸŋƞĴ 
 ľńĺľĬƟŅĔĸŋƞĴ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 ĶŀĚľńĺľĬƟŅĔĸŋƞĴ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
/, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,................................. 
0, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,................................. 
1, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,................................. 
2, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,................................. 
 

ěŋħĮĶŃĽĚėƢ 
/,ȮĭŀĔĺŇīňľŅŏĽƟĬĽĬŅĴœĲĲƚŅȮőħĵĔŅĶőĶĵŏĔĸŖħħƞŅĚĪńĭĪŇĴĸĚĭĬĔĶŃħŅļĪňŗĝŊŘĬŕȮ 

ŐĸŃĴňĕńŘĺœĲĲƚŅĺŅĚĪńĭŏıŊŗŀŒľƟŏĔŇħĽĬŅĴœĲĲƚŅ 
 

ėŜŅĩŅĴĔƞŀĬĔŅĶĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅ 
 /,ȮŏĴŊŗŀőĶĵŏĔĸŖħħƞŅĚĪńĭĪŇĴĸĚĭĬĔĶŃħŅļĪňŗĝŊŘĬŕȮŐĸŃĴňĕńŘĺœĲĲƚŅĨƞŅĚĝĬŇħĔńĬĺŅĚĪńĭ
ŏıŊŗŀŒľƟŏĔŇħĽĬŅĴœĲĲƚŅĸńĔļĦŃĔŅĶŐįƞĔĶŃěŅĵĕŀĚįĚĽňĴƞĺĚŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 0,ȮįĚĽňĴƞĺĚĪňŗŐįƞĔĶŃěŅĵĬňŘŏĮƦĬœŀŀŀĬĝĬŇħŒħ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

įĸĔŅĶĽńĚŏĔĨ 
ĨŀĬĪňŗȮ1 ŏĽƟĬĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĨƞŅĚĝĬŇħĔńĬĕŀĚĕńŘĺœĲĲƚŅőĸľŃĮĸŅĵŐľĸĴȮ2 ĕńŘĺ 
 

ĸńĔļĦŃĔŅĶŐįƞĕŀĚįĚĽňĴƞĺĚ ĺŅħŏĽƟĬĽĬŅĴœĲĲƚŅ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
 

 

 

ŒĭĶŅĵĚŅĬįĸĔŅĶĽńĚŏĔĨ 
ĔŇěĔĶĶĴȮ3,1ȮĔŅĶĽŅīŇĨŏĽƟĬĽĬŅĴœĲĲƚŅ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ĨŀĬĪňŗȮ2 ȮŏĽƟĬĽĬŅĴœĲĲƚŅĪňŗŏĔŇħěŅĔĮĶŃěŋĨƞŅĚĝĬŇħĔńĬĕŀĚĕńŘĺœĲĲƚŅŐįƞĬőĸľŃȮ2 ĕńŘĺĪňŗĺŅĚ 
ȮȮȮȮȮȮȮȮȮȮȮȮĕĬŅĬĔńĬȮ 
 

ĸńĔļĦŃĔŅĶŐįƞĕŀĚįĚĽňĴƞĺĚ ĺŅħŏĽƟĬĽĬŅĴœĲĲƚŅ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
 

 

 
ĨŀĬĪňŗȮ3 ȮŏĽƟĬĽĬŅĴœĲĲƚŅĪňŗŏĔŇħěŅĔĮĶŃěŋĨƞŅĚĝĬŇħĔńĬĕŀĚĕńŘĺœĲĲƚŅĨńĺĬŜŅĺĚĔĸĴȮ2 ĺĚȮ 
ȮȮȮȮȮȮȮȮȮȮȮĺŅĚĞƟŀĬĔńĬȮ 
 

ĸńĔļĦŃĔŅĶŐįƞĕŀĚįĚĽňĴƞĺĚ ĺŅħŏĽƟĬĽĬŅĴœĲĲƚŅ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
ȮȮȮȮȮȮȮ    ȮȮȮȮȮȮȮȮȮ Ȯ 
 

 

 

ėŜŅĩŅĴȮŏıŊŗŀĔŅĶĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮ 
/,ȮĸńĔļĦŃĔŅĶŐįƞĔĶŃěŅĵĕŀĚįĚĽňĴƞĺĚŏĮƦĬŀĵƞŅĚœĶ 

ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 0,ȮŏĴŊŗŀħƞŅĚĪńĭĪŇĴĸŃĸŅĵĬŘŜŅěŃŐĨĔĨńĺŏĮƦĬœŀŀŀĬĝĬŇħŒħĭƟŅĚ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   

1,ȮįĚĽňĴƞĺĚĪňŗŐįƞĔĶŃěŅĵĬňŘŏĮƦĬœŀŀŀĬĝĬŇħŒħ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   

2,ȮŏĽƟĬĽĬŅĴœĲĲƚŅĶŃľĺƞŅĚĨńĺĬŜŅĕĬŅĬĔńĬěŃŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

3,ȮĳŅĵŒĬĕŀĚĺĚĔĸĴŒĬȮ&ĺĚĔĸĴĨńĺĬŜŅĕĬŅħŏĸŖĔ'ȮĴňŏĽƟĬĽĬŅĴœĲĲƚŅľĶŊŀœĴƞȮ 
ŏıĶŅŃŏľĨŋŒħ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   

4,ȮĭĶŇŏĺĦĶŃľĺƞŅĚĺĚĔĸĴĪńŘĚĽŀĚěŃŏľŖĬŏĽƟĬĽĬŅĴœĲĲƚŅŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 
ĽĶŋĮįĸĔŅĶĪħĸŀĚ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
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ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦĶŀĭŕȮěŋħĮĶŃěŋȮĽŅĴŅĶĩŏĕňĵĬĳŅıŐĽħĚĪŇĻĕŀĚĽĬŅĴœĲĲƚŅŒĬ
ĭĶŇŏĺĦĶŀĭŕȮěŋħĮĶŃěŋœħƟȮħńĚĶŌĮ 5.1  

 
 
 

 
 
 
 
 

ĶŌĮȮ3,/ȮĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦĶŀĭěŋħĮĶŃěŋ 

ŏĽƟĬĨƞŅĚŕĪňŗŒĝƟŏĕňĵĬŏıŊŗŀŐĽħĚĪŇĻĕŀĚĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦĶŀĭŕȮěŋħĮĶŃěŋȮħńĚĶŌĮȮ5.1 ŏĶňĵĔĺƞŅȮ
ŏĽƟĬĽĬŅĴœĲĲƚŅ  
 ĽĬŅĴœĲĲƚŅŏĮƦĬĮĶŇĴŅĦŏĺĔŏĨŀĶƢȮĴňĪńŘĚĕĬŅħŐĸŃĪŇĻĪŅĚȮĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅľŅœħƟ
ěŅĔĕĬŅħĕŀĚŐĶĚĪňŗĔĶŃĪŜŅĨƞŀĮĶŃěŋĭĺĔĪħĽŀĭľŅĶħƟĺĵĕĬŅħĕŀĚĮĶŃěŋĪħĽŀĭȮŐĸŃĪŇĻĪŅĚ
ĕŀĚĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚŒħŕȮĔŖĴňĪŇĻŏħňĵĺĔńĭĪŇĻĕŀĚŐĶĚĪňŗĔĶŃĪŜŅĨƞŀĮĶŃěŋĪħĽŀĭĬńŘĬȮ
ėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŏĽƟĬŐĶĚœĲĲƚŅŐĸŃĽĬŅĴœĲĲƚŅĴňħńĚĬňŘ 
 /,ȮŏĽƟĬĽĬŅĴœĲĲƚŅŏĮƦĬŏĽƟĬĽĴĴŋĨŇȮĪňŗĸŅĔĕŉŘĬĨŅĴĪŇĻĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĮĶŃěŋĪħĽŀĭĪňŗŏĮƦĬ
ĮĶŃěŋĭĺĔȮőħĵŏĽƟĬĽńĴįńĽĔńĭŏĽƟĬŐĶĚœĲĲƚŅȮĦȮĨŜŅŐľĬƞĚŒħŕȮěŃŐĽħĚĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅĪňŗ
ĨŜŅŐľĬƞĚĬńŘĬ 

 
 
 
 

 
 
 

ĶŌĮȮ3,0ȮĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅĪňŗĽńĴįńĽĔńĭŏĽƟĬŐĶĚœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕ 

 
 
 
 
 

ĕńŘĬĪňŗȮ2 ĕńŘĬŀīŇĭŅĵŐĸŃĸĚĕƟŀĽĶŋĮ 

 

ŏĺĸŅĪňŗŒĝƟȮ/3ȮĬŅĪň   

ŒĭėĺŅĴĶŌƟĪňŗȮ1 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 

 

+ - 

Ĕ,ȮĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅĶŀĭěŋħĮĶŃěŋĭĺĔ ĕ,ȮĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅĶŀĭěŋħĮĶŃěŋ
ĸĭ 

+ - 

ĪŇĻĪŅĚĕŀĚ
ĽĬŅĴœĲĲƚŅ 

ŏĽƟĬĽĬŅĴœĲĲƚŅ 
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ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 

 

 

 

0,ȮĭĶŇŏĺĦĪňŗĴňěŜŅĬĺĬŏĽƟĬĽĬŅĴœĲĲƚŅŀĵŌƞľĬŅŐĬƞĬĴŅĔȮĽĬŅĴœĲĲƚŅĪňŗĭĶŇŏĺĦĬńŘĬ 
ĴňėƞŅĴŅĔ ĭĶŇŏĺĦĪňŗĴňŏĽƟĬĽĬŅĴœĲĲƚŅľĬŅĬŐĬƞĬĬƟŀĵȮĽĬŅĴœĲĲƚŅĴňėƞŅĬƟŀĵ 

 
 
 
 
 
 
 

ĶŌĮȮ3,1ȮŏĽƟĬŐĶĚœĲĲƚŅŏĬŊŗŀĚěŅĔěŋħĮĶŃěŋĭĺĔĭĶŇŏĺĦĨƞŅĚŕ 

1,ȮŏĽƟĬĽĬŅĴœĲĲƚŅěŃœĴƞĨńħĔńĬȮħńĚĬńŘĬĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚŒħŕȮěŃĴňŏıňĵĚĪŇĻĪŅĚŏħňĵĺ 
2,ȮŏĽƟĬĽĬŅĴœĲĲƚŅĴňĪŇĻıŋƞĚŀŀĔěŅĔĭĺĔŐĸŃĴňĪŇĻıŋƞĚŏĕƟŅľŅĮĶŃěŋĸĭ 
 

ĸńĔļĦŃŏĽƟĬĽĬŅĴœĲĲƚŅŐĭĭĨƞŅĚŕ 
/,ȮĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔěŋħĮĶŃěŋĨƞŅĚĝĬŇħĔńĬ 

ŏĽƟĬĽĬŅĴœĲĲƚŅĴňĪŇĻıŋƞĚŀŀĔěŅĔĭĺĔŐĸŃĴňĪŇĻıŋƞĚŏĕƟŅľŅĮĶŃěŋĸĭ ħńĚĶŌĮȮ3,2Ȯĕ, 
 
                
 

 
 
 

 
 
 
 
 
 

  
 

ĶŌĮȮ3,2ȮŏĽƟĬĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔěŋħĮĶŃěŋĨƞŅĚŕȮĝĬŇħĔńĬ 

 
 
 

 
 
 
 

+ A B 
ěŋħȮA ĴňėĺŅĴŏĕƟĴĽĬŅĴœĲĲƚŅ 
ĴŅĔĔĺƞŅěŋħȮB 

+ - + - 

1E
G

 

2E
G

 

E
G

 

Ĕ,ȮŏĽƟĬĽĬŅĴœĲĲƚŅĶŃľĺƞŅĚěŋħ 
ȮȮȮĮĶŃěŋĭĺĔŐĸŃĮĶŃěŋĸĭ 

ĕ,ȮĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮȮ 
ȮȮȮȮĶŃľĺƞŅĚěŋħĮĶŃěŋĭĺĔŐĸŃĮĶŃěŋĸĭ 

23 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 
 

 

 
ĶŌĮȮ3,3ȮĪŇĻĪŅĚĽĬŅĴĽĬŅĴœĲĲƚŅĶŃľĺƞŅĚĮĶŃěŋȮ2 ěŋħ 

0,ȮĽĬŅĴœĲĲƚŅĶŃľĺƞŅĚŐįƞĬĨńĺĬŜŅĕĬŅĬĔńĬȮȮĽĶŋĮœħƟħńĚĬňŘ 
0,/ȮŏĽƟĬĽĬŅĴœĲĲƚŅĶŃľĺƞŅĚĨńĺĬŜŅŏĮƦĬŏĽƟĬĨĶĚĕĬŅĬĔńĬȮŐĸŃĴňėĺŅĴľĬŅĬŐĬƞĬĕŀĚ

ŏĽƟĬĽĴŗŜŅŏĽĴŀĔńĬȮħńĚĬńŘĬȮĽĬŅĴœĲĲƚŅŒĬĭĶŇŏĺĦħńĚĔĸƞŅĺĴňėƞŅŏĪƞŅĔńĬ 
2.2 ĽĬŅĴœĲĲƚŅĴňĪŇĻěŅĔŐįƞĬĨńĺĬŜŅĭĺĔœĮĵńĚŐįƞĬĨńĺĬŜŅĸĭ 

 
 
 
 
 

ĶŌĮȮ3,4ȮŏĽƟĬĽĬŅĴĽĬŅĴœĲĲƚŅĕŀĚŐįƞĬĨńĺĬŜŅĕĬŅĬĔńĬ 

1,ȮĽĬŅĴœĲĲƚŅĨńĺĬŜŅĺĚĔĸĴĪňŗĺŅĚĞƟŀĬĔńĬ  ĽĶŋĮœħƟħńĚĬňŘ 
3.1 ĳŅĵŒĬĕŀĚĪĶĚĔĸĴŒĬœĴƞĴňĽĬŅĴœĲĲƚŅ 
3.2 ŏĽƟĬĽĬŅĴœĲĲƚŅĴňĪŇĻĨŅĴŐĬĺĶńĻĴň 
ıŋƞĚěŅĔĮĶŃěŋĭĺĔœĮĵńĚĮĶŃěŋĸĭ  

 
 

ĶŌĮȮ3,5ȮŏĽƟĬĽĬŅĴœĲĲƚŅĕŀĚĨńĺĬŜŅĺĚĔĸĴĞƟŀĬĔńĬ 
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E
G

 

 

+ 

+ 
+ + 

+ + + + 

+ + + + 

- 

- 

- - 

- - 
- - 

- 
- - 

- 

ĽŅĶŃĬƞŅĶŌƟĔńĭħƞŅĚĪńĭĪŇĴ 
ħƞŅĚĪńĭĪŇĴ ĴňĝŊŗŀĪŅĚŏėĴňĺƞŅ őıŐĪĽŏĞňĵĴŏĮŀĶƢŐĴĚĔŅŏĬĨ (KMnO4)  ĴňĸńĔļĦŃŏĮƦĬįĸŉĔ 
ĽňĴƞĺĚŏĴŊŗŀĸŃĸŅĵȮKMnO4 ĞŉŗĚŏĮƦĬĽŅĶĮĶŃĔŀĭŏĝŇĚĞƟŀĬĔńĭĬŘŜŅȮKMnO4 ěŃŐĨĔĨńĺŀŀĔŏĮƦĬ
œŀŀŀĬĭĺĔȮ(K+) œĴƞĴňĽňȮŐĸŃœŀŀŀĬĸĭȮ(MnO4-) įĚĽňĴƞĺĚ œħƟħńĚĽĴĔŅĶ 

024 HKMnO +   -++ 4MnOK                      
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https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%9E%E0%B9%81%E0%B8%97%E0%B8%AA%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1%E0%B9%80%E0%B8%9B%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B9%81%E0%B8%A1%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B9%80%E0%B8%99%E0%B8%95


 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 ĕńŘĬĕĵŅĵėĺŅĴĶŌƟ ĕńŘĬĪňŗȮ3 ŏĺĸŅĪňŗŒĝƟȮ13ȮĬŅĪň 
&/3ȮėŃŐĬĬ' 

 

 

 
 

 
ŏĴŊŗŀŐįƞĬőĸľŃȮ0ȮŐįƞĬĺŅĚĕĬŅĬĔńĬĞŉŗĚŐįƞĬľĬŉŗĚ 

ĴňĮĶŃěŋĭĺĔȮŐĸŃŀňĔŐįƞĬľĬŉŗĚĴňĮĶŃěŋĸĭȮĽĬŅĴœĲĲƚŅ 
ĶŃľĺƞŅĚŐįƞĬĨńĺĬŜŅĪńŘĚĽŀĚěŃĴňĪŇĻŀŀĔěŅĔĮĶŃěŋĭĺĔ 
ŏĕƟŅľŅĮĶŃěŋĸĭȮŐĸŃĕĬŅħĽĬŅĴœĲĲƚŅĪŋĔŕȮěŋħ 
ĶŃľĺƞŅĚŐįƞĬėŌƞĕĬŅĬĴňėƞŅŏĪƞŅĔńĬĪŋĔěŋħȮŏĶňĵĔĺƞŅ 
 

ĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ 
ŐĶĚĔĶŃĪŜŅĨƞŀĮĶŃěŋĭĺĔěŃĴňĪŇĻŏħňĵĺĔńĭĽĬŅĴœĲĲƚŅȮ 

ĽƞĺĬŐĶĚĪňŗĔĶŃĪŜŅĨƞŀĮĶŃěŋĸĭěŃĴňĪŇĻĨĶĚĕƟŅĴĔńĭĽĬŅĴœĲĲƚŅȮ 
ĽŅĴŅĶĩľŅĕĬŅħĕŀĚŐĶĚĔĶŃĪŜŅœħƟěŅĔ 
 
 
 ŏĴŊŗŀ FȮėŊŀȮŐĶĚĪňŗĔĶŃĪŜŅĨƞŀĮĶŃěŋĪħĽŀĭ &ĬŇĺĨńĬ' 
  ȮqȮėŊŀȮĮĶŃěŋĪħĽŀĭȮ&ėŌĸŀĴĭƢ' 
  ȮEȮėŊŀȮėĺŅĴŏĕƟĴĕŀĚĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀȮ&ĬŇĺĨńĬ-ėŌĸŀĴĭƢ' 
 
ĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀŒĬŐĬĺħŇŗĚ 
 

ŒĭėĺŅĴĶŌƟĪňŗȮ2  ĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀȮȮ 

 

-q 

+ + 
E
G

 

+ + + 
+ + 

+q 

F
G

 

F
G

 

ĶŌĮȮ3,6ȮĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ 

qEF =  

Eq
G
 

mg 
E
G

  
- 

ŐĶĚĚĸńıīƢŏĪƞŅĔńĭĻŌĬĵƢ 
       ä =0F      (ŐĶĚĕŉŘĬ=ŐĶĚĸĚ' 
         mgqE=  
 

ĶŌĮȮ3,7ȮĔĶĦňĮĶŃěŋľĵŋħĬŇŗĚ 

 

ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 
 
 
 
 
 
 
 
 
 
 
ĨńĺŀĵƞŅĚĪňŗȮ/ȮȮľĵŋħĬŘŜŅĴńĬĴĺĸȮ0,66 x 10-14 ĔŇőĸĔĶńĴȮĴňĮĶŃěŋœĲĲƚŅĪŜŅŒľƟĸŀĵľĵŋħĬŇŗĚŒĬ
ĽĬŅĴœĲĲƚŅȮ1 x 105 ȮĬŇĺĨńĬ-ėŌĸŀĴĭƢȮĪňŗĴňĪŇĻĕŉŘĬŒĬŐĬĺħŇŗĚȮěĚľŅėƞŅĮĶŃěŋĭĬľĵħĬŘŜŅĴńĬĬňŘȮ
&ĔŜŅľĬħŒľƟȮėƞŅȮg = 10 ŏĴĨĶ-ĺŇĬŅĪň0' 
ȮĺŇīňĪŜŅȮĺŇŏėĶŅŃľƢőěĪĵƢ 
 ŏĬŊŗŀĚěŅĔľĵħĬŘŜŅĴńĬĸŀĵľĵŋħĬŇŗĚĴňŐĶĚĔĶŃĪŜŅȮ0ȮŐĶĚȮėŊŀȮ 
 /,ȮĬŘŜŅľĬńĔȮ&mg'ȮĴňĪŇĻĸĚ 
 0,ȮŐĶĚĪŅĚœĲĲƚŅȮ&F=qE'ȮĨƟŀĚĴňĪŇĻĕŉŘĬ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŏıŊŗŀŒľƟľĵħĬŘŜŅĴńĬŒľƟĸŀĵĬŇŗĚœħƟ 
 őěĪĵƢĔŜŅľĬħŒľƟȮȮm =2.88 x 10-14 kg ,  E = 3 x 105 N/C  
   ȮȮg = 10Ȯm/s2 

őěĪĵƢĨƟŀĚĔŅĶľŅ  ĮĶŃěŋœĲĲƚŅ ?=q       
ĽĴĔŅĶĪňŗŒĝƟ ĽĴħŋĸĕŀĚŐĶĚȮŏĬŊŗŀĚěŅĔľĵħĬŘŜŅĴńĬľĵŋħĬŇŗĚȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

               
0=äF  

         FÃ÷ĈÚ = FæÈ 
                   mgqE=  
         ŐĪĬėƞŅŒĬĽĴĔŅĶ       

       
)/10)(1088.2()/103( 2145 smkgxCNxq -=  

       
Cxq 19106.9 -=  

 

ĨŀĭȮȮĬńŗĬėŊŀľĵħĬŘŜŅĴńĬĴňĮĶŃěŋȮȮ7,4 x 10-19 ėŌĸŀĴĭƢȮȮȮ 

ĶŌĮȮ3,/.ȮȮĔĶĦňĮĶŃěŋŏėĸŊŗŀĬĪňŗĕŉŘĬħƟĺĵėĺŅĴŏĶƞĚ 

 

Eq
G
 

mg 
E
G

  
- a 

ŐĶĚĚĸńıīƢŏĪƞŅĔńĭĴĺĸėŌĦėĺŅĴŏĶƞĚ 
            ä =maF                          
       maqEmg =-  
 

ĶŌĮȮ3,//ȮĔĶĦňĮĶŃěŋŏėĸŊŗŀĬĪňŗĸĚħƟĺĵėĺŅĴŏĶƞĚ 

 

Eq
G
 

mg 
E
G

  
- a 

ŐĶĚĚĸńıīƢŏĪƞŅĔńĭĴĺĸėŌĦėĺŅĴŏĶƞĚ 
            ä =maF                          
       mamgqE =-  
 

m 

E q= ? 

E
G

 

qEF =  

mgW =  
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ĨńĺŀĵƞŅĚĪňŗȮ0ȮĭĶŇŏĺĦĪňŗĴňŐįƞĬĽĬŅĴœĲĲƚŅȮ/4.ȮőĺĸĨƢ-ŏĴĨĶȮĴňĪŇĻŒĬŐĬĺħŇŗĚěŅĔĭĬĸĚĸƞŅĚȮ
ĮĶŅĔĢĺƞŅĸŃŀŀĚĬŘŜŅľĵħľĬŉŗĚĞŉŗĚĴňĮĶŃěŋȮ-4,2Ȯx/.-/6ȮėŌĸŀĴĭƢȮŏėĸŊŗŀĬĪňŗĸĚŒĬŐĬĺħŇŗĚħƟĺĵ
ėĺŅĴŏĶƞĚȮ0ȮŏĴĨĶ-ĺŇĬŅĪň0ȮȮĴĺĸĕŀĚĸŃŀŀĚĬŘŜŅĬňŘĴňėƞŅŏĪƞŅŒħ 

 

ĺŇīňĪŜŅȮĺŇŏėĶŅŃľƢőěĪĵƢ 
     ŏĬŊŗŀĚěŅĔľĵħĬŘŜŅĴńĬĸŀĵľĵŋħĬŇŗĚĴňŐĶĚĔĶŃĪŜŅȮ0ȮŐĶĚȮėŊŀȮ 
 /,ȮĬŘŜŅľĬńĔȮ&mg'ȮĴňĪŇĻĸĚ 
 0,ȮŐĶĚĪŅĚœĲĲƚŅȮ&F=qE'ȮĨƟŀĚĴňĪŇĻĕŉŘĬŏıĶŅŃľŅĔĸŃĸŀĚĬŘŜŅĨĔĸĚŀĵƞŅĚŀŇĽĶŃȮěŃĨĔĸĚ
ħƟĺĵėĺŅĴŏĶƞĚȮ/.ȮŏĴĨĶ-ĺŇĬŅĪň0ȮȮőěĪĵƢĭŀĔĺƞŅėĺŅĴŏĶƞĚȮ0ȮŏĴĨĶ-ĺŇĬŅĪň0ȮŐĽħĚĺƞŅĴňŐĶĚœĲĲƚŅ
ĔĶŃĪŜŅŒĬĪŇĻĕŉŘĬȮȮ 
 
 
 
 
 
 
 
 őěĪĵƢĔŜŅľĬħŒľƟȮȮq = -6.4 x 10-18 C ,  E = 160 V/m  
   ȮȮa = 2 m/s2 ,   g = 10Ȯm/s2 

őěĪĵƢĨƟŀĚĔŅĶľŅ  ĴĺĸĕŀĚĸŃĸŀĚ ?=m       
ĽĴĔŅĶĪňŗŒĝƟ ŏĬŊŗŀĚěŅĔĸŃŀŀĚĬŘŜŅŏėĸŊŗŀĬĪňŗĸĚħƟĺĵėĺŅĴŏĶƞĚȮěŃœħƟĺƞŅ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

               
maF =ä  

          FæÈ - FÃ÷ĈÚ = ma 
                     maqEmg =-  
         ŐĪĬėƞŅŒĬĽĴĔŅĶ       

          
 

)/2()/160)(104.6()/10( 2182 smmmVCxsmm =- -  

        
kgxm 1810128 -=  

 
ĨŀĭȮȮĴĺĸĕŀĚĸŃŀŀĚĬŘŜŅĴňėƞŅȮȮ/,06 x 10-16 ĔŇőĸĔĶńĴ 
 

E
G

 

qEF =  

mgW =  

a - 

+ 

E 

q 

a m== 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ĨńĺŀĵƞŅĚĪňŗȮ1ȮőĸľŃĪĶĚĔĸĴĴĺĸȮmȮŐĕĺĬħƟĺĵŏĝŊŀĔĪňŗŏĮƦĬĜĬĺĬȮ 
ŀĵŌƞŒĬĭĶŇŏĺĦĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀĕĬŅħȮ4..ȮĬŇĺĨńĬ-ėŌĸŀĴĭƢȮ 
ĴňĪŇĻĪŅĚŒĬŐĬĺĶŃħńĭħńĚĶŌĮȮĩƟŅĪĶĚĔĸĴĴňĮĶŃěŋȮ3ȮœĴőėĶėŌĸŀĴĭƢȮ 
ŐĸŃĩŌĔįĸńĔěĬŏĝŊŀĔĪŜŅĴŋĴȮ15ȮŀĚĻŅĔńĭŐĬĺħŇŗĚŐĸƟĺȮ 
ĴĺĸĕŀĚĪĶĚĔĸĴěŃĴňėƞŅŏĪƞŅŒħȮȮ 
 

ĺŇīňĪŜŅȮĺŇŏėĶŅŃľƢőěĪĵƢ 
   ŐĶĚĪňŗĔĶŃĪŜŅĨƞŀĪĶĚĔĸĴĪňŗľĵŋħĬŇŗĚěŃĴňĸńĔļĦŃħńĚĶŌĮ 
   ŏĬŊŗŀĚěŅĔőěĪĵƢœĴƞœħƟĔŜŅľĬħŐĶĚĨŉĚŏĝŊŀĔȮ&T'ȮĴŅŒľƟ 
ȮȮȮĽŅĴŅĶĩĔŜŅěńħŐĶĚĨŉĚŏĝŊŀĔœħƟħńĚĬňŘ 

ŐĬĺŐĔĬȮX   
ŐĶĚĞƟŅĵȮ= ŐĶĚĕĺŅ 

ȮȮȮȮȮ ȮȮȮȮȮȮqsinTqE=  ȮȮȮȮȮȮȮȮȮ&/' 
ŐĬĺŐĔĬȮy   

Ȯ ȮŐĶĚĕŉŘĬȮ= ŐĶĚĸĚ 
Ȯ Ȯ mgT =qcos   ȮȮȮȮȮȮȮȮ &0' 

 ěŅĔĬńŘĬĬŜŅĽĴĔŅĶȮȮȮ/·0ȮȮěŃœħƟĺƞŅ 

mg

qE

T

T
=
q

q

cos

sin  

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ\
mg

qE
=qtan    &1' 

 őěĪĵƢĔŜŅľĬħŒľƟȮȮ E = 600 N/C , q = 5 x 10-6 C  
      g = 10Ȯm/s2 , 037=q  

őěĪĵƢĨƟŀĚĔŅĶľŅ  ĴĺĸĕŀĚĪĶĚĔĸĴ ?=m     
ĽĴĔŅĶĪňŗŒĝƟ 

ȮȮ 
mg

qE
=037tan  

ŐĪĬėƞŅŒĬĽĴĔŅĶ ȮȮȮ
)/10(

)/600)(105(
75.0

2

6

smm

CNCx -

=  

Ȯ   ȮȮȮȮȮȮ
)/10)(75.0(

)/600)(105(
2

6

sm

CNCx
m

-

=    

    ȮȮȮȮȮȮkgxm 4104 -=  
ĨŀĭȮȮĴĺĸĕŀĚĪĶĚĔĸĴĴňėƞŅȮȮ.,2ȮĔĶńĴ 
 

 

370 E
G

 

370 

qcosT  

370 

qsinT  
qEF =  

mg 

E 

q 

m== 
q 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 

 

ėŜŅĝňŘŐěĚȮȮŏĴŊŗŀĬńĔŏĶňĵĬŀƞŅĬőěĪĵƢŐĸƟĺȮŒľƟĕňħŏĽƟĬŒĨƟĨńĺŐĮĶħƟĺĵĮŅĔĔŅŐħĚȮŏĕňĵĬėƞŅĨńĺŐĮĶ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĨŅĴĪňŗőěĪĵƢĔŜŅľĬħĴŅŒľƟȮĽŇŗĚĪňŗőěĪĵƢĨƟŀĚĔŅĶľŅȮĺŅħĶŌĮĨŅĴĪňŗőěĪĵƢĔŜŅľĬħŒľƟȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŐĸŃľŅėŜŅĨŀĭŒľƟĩŌĔĨƟŀĚ 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

/,ȮľĵħĬŘŜŅĴńĬĴĺĸȮ7,4ȮxȮ/.-5ȮĔŇőĸĔĶńĴȮĸŀĵĬŇŗĚŒĬĽĬŅĴœĲĲƚŅėĺŅĴŏĕƟĴȮ/.5ȮĬŇĺĨńĬ-ėŌĸŀĴĭƢ 
ȮȮȮĩƟŅĮĶŃěŋœĲĲƚŅĕŀĚľĵħĬŘŜŅĴńĬĬňŘŏĔŇħěŅĔŀŇŏĸŖĔĨĶŀĬĴňĴŅĔŏĔŇĬěŜŅĬĺĬőĮĶĨŀĬȮěĚľŅĮĶŃěŋ 
ȮȮȮĭĬľĵħĬŘŜŅĴńĬȮ&ĔŜŅľĬħŒľƟȮėƞŅȮg = 10 ŏĴĨĶ-ĺŇĬŅĪň0' 

 

ŒĭĔŇěĔĶĶĴĪňŗȮ5,4 ŏĶňĵĬĶŌƟĺŇŏėĶŅŃľƢőěĪĵƢĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀ  
 

 

 

(15 ėŃŐĬĬ' 
ŏĺĸŅĪňŗŒĝƟȮ03ȮĬŅĪň 

29 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

2. ĝŅĵėĬľĬŉŗĚĴĺĸȮȮ6.ȮȮĔŇőĸĔĶńĴȮȮȮȮĵŊĬŀĵŌƞŒĬľƟŀĚĪňŗĴňĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀĕĬŅħȮ 
1...ȮĬŇĺĨńĬ-ėŌĸŀĴĭƢȮĴňĪŇĻĪŅĚıŋƞĚĕŉŘĬĽŌƞŏıħŅĬŒĬŐĬĺħŇŗĚȮĩƟŅĝŅĵėĬĬňŘĨƟŀĚĔŅĶĸŀĵĨńĺĕŉŘĬĽŌƞ
ŏıħŅĬħƟĺĵŀńĨĶŅŏĶƞĚȮ3ȮŏĴĨĶ-ĺŇĬŅĪň0ȮěŃĨƟŀĚĽĶƟŅĚĮĶŃěŋœĲĲƚŅĕĬŅħŏĪƞŅŒħŒľƟĨĬŏŀĚ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

1,ȮĪĶĚĔĸĴĕĬŅħŏĸŖĔŐĕĺĬŀĵŌƞŒĬŐĬĺħŇŗĚħƟĺĵŏĝŊŀĔŏĭŅĪňŗŏĮƦĬĜĬĺĬȮŏĴŊŗŀĪĶĚĔĸĴľĵŋħĬŇŗĚ 
ŒĬĽĬŅĴœĲĲƚŅĽĴŗŜŅŏĽĴŀȮȮȮőħĵĴňĪŇĻĪŅĚĕŀĚŐĶĚŀĵŌƞŒĬŐĬĺĶŃħńĭħńĚĶŌĮȮȮȮĩƟŅĪĶĚĔĸĴĴňĮĶŃěŋȮ 
-0,3 x 10-6 ėŌĸŀĴĭƢȮŐĸŃĴňĴĺĸȮ.,./3ȮĔĶńĴȮěĚľŅĕĬŅħŐĸŃĪŇĻĪŅĚĕŀĚĽĬŅĴœĲĲƚŅ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ĕńŘĬĮĶŃŏĴŇĬįĸ 

          
 
 
 

ėŜŅĝňŘŐěĚȮȮŒľƟĬńĔŏĶňĵĬĨŀĭėŜŅĩŅĴĨƞŀœĮĬňŘŒľƟĩŌĔĨƟŀĚ 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 

 

/,ȮȮŏĽƟĬĽĬŅĴœĲĲƚŅȮľĴŅĵĩŉĚ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

0,ȮĪŇĻĪŅĚĕŀĚŏĽƟĬĽĬŅĴœĲĲƚŅŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

3. ĸńĔļĦŃĔŅĶŐįƞĔĶŃěŅĵĕŀĚįĚĽňĴƞĺĚŒĬĽĬŅĴœĲĲƚŅŏĮƦĬŀĵƞŅĚœĶȮŏıĶŅŃŏľĨŋŒħ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

2,ȮĽĬŅĴœĲĲƚŅĶŃľĺƞŅĚĨńĺĬŜŅĺŅĚĕĬŅĬĔńĬěŃŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

3,ȮĺĚĔĸĴĨńĺĬŜŅĽŀĚĺĚĞƟŀĬĔńĬŒĬĽĬŅĴœĲĲƚŅȮŏĽƟĬĽĬŅĴœĲĲƚŅěŃŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

4,ȮĭĶŇŏĺĦĪňŗĴňěŜŅĬĺĬŏĽƟĬĽĬŅĴœĲĲƚŅŀĵŌƞľĬŅŐĬƞĬĴŅĔȮĽĬŅĴœĲĲƚŅĪňŗĭĶŇŏĺĦĬńŘĬěŃŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 
 
 
 
 

 
 
 
  

ŒĭĔŇěĔĶĶĴĪňŗȮ3,3  ĮĶŃŏĴŇĬėĺŅĴĶŌƟĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅ 

 

ĕńŘĬĪňŗȮ4 

 

ŏĺĸŅĪňŗŒĝƟ 10 ĬŅĪň 
&4ȮėŃŐĬĬ' 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 

 
ėĬŏĔƞĚėĬĬňŘȮĝŊŗŀȮ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,ĝńŘĬȮĴ,,,,,,,,,,,ȮŏĸĕĪňŗ,,,,,,,,,,, 

 

ėŜŅĝňŘŐěĚȮŒľƟĬńĔŏĶňĵĬĽĶƟŅĚĽĩŅĬĔŅĶĦƢőěĪĵƢĮƤĠľŅŐĸŃĺŇīňĔŅĶľŅėŜŅĨŀĭŏĔňŗĵĺĔńĭĽĬŅĴœĲĲƚŅ
ĽĴŗŜŅŏĽĴŀȮ/ȮĨńĺŀĵƞŅĚ 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 
őěĪĵƢȮ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

ĺŇīňĪŜŅȮ őěĪĵƢĔŜŅľĬħ 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
őěĪĵƢĨƟŀĚĔŅĶĪĶŅĭ
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

 ĽĴĔŅĶĪňŗŒĝƟ 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
ėŜŅĨŀĭ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ĕńŘĬĬŜŅœĮŒĝƟĮĶŃőĵĝĬƢ 

ŒĭĔŇěĔĶĶĴĪňŗȮ5.6 ĽĶƟŅĚĽĩŅĬĔŅĶĦƢőěĪĵƢĮƤĠľŅŐĸŃĺŇīňĔŅĶľŅėŜŅĨŀĭ 

 

ĕńŘĬĪňŗȮ7 ŏĺĸŅĪňŗŒĝƟ 10 ĬŅĪň 
&3ȮėŃŐĬĬ' 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 

 

ėŜŅĝňŘŐěĚȮȮȮŒľƟĬńĔŏĶňĵĬŏĕňĵĬĨŀĭėŜŅĩŅĴĨƞŀœĮĬňŘŒľƟĩŌĔĨƟŀĚ 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 

 
/,ȮĪŇĻĪŅĚĕŀĚŏĽƟĬĽĬŅĴœĲĲƚŅŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 
0,ȮŏĕňĵĬĪŇĻĪŅĚĽĬŅĴœĲĲƚŅĨƞŀœĮĬňŘ 
 
 2.1  
 
 
 
 
 2.2  
 
 
 
 
  
 

2.3  

 
 
 

&ĝńŗĺőĴĚĪňŗȮ1-2' 
 

 

 

     

 

 

ĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ7ȮĕńŘĬĨŀĬȮ&7E) 

ĕńŘĬĪňŗȮ1  ĕńŘĬĨĶĺěĽŀĭėĺŅĴĶŌƟŏħŇĴ  

ŒĭĔŇěĔĶĶĴĪňŗȮ5,7 ĪĭĪĺĬĔńĭŏĽƟĬĽĬŅĴœĲĲƚŅ 

ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň  

+ - 

- + 

+ 

+ 

+ 

+ + 
+ 
+ 

+ + 

- 

- 
- 

- 

- 

- 
- 

- 
- - 

- 
- 

- 
- 
- 
- 
- 

- 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 
 

ėŜŅĝňŘŐěĚȮȮŒľƟĬńĔŏĶňĵĬŏĕňĵĬĨŀĭėŜŅĩŅĴĨƞŀœĮĬňŘŒľƟĩŌĔĨƟŀĚ 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 

 
/,ȮěŅĔĶŌĮȮĩƟŅĮĶŃěŋĭĺĔĪńŘĚĽŀĚěŋħĴňĕĬŅħĮĶŃěŋŏĪƞŅĔńĬĪňŗĨŜŅŐľĬƞĚȮA ĞŉŗĚŏĮƦĬěŋħĔŉŗĚĔĸŅĚıŀħňȮȮȮȮ 
ȮȮȮȮĦȮĨŜŅŐľĬƞĚȮA ĴňĽĬŅĴœĲĲƚŅľĶŊŀœĴƞȮŀĵƞŅĚœĶ 
 
 
 
 
 
 
ȮȮȮȮ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

0,ȮěŅĔĶŌĮȮěĚĨŀĭėŜŅĩŅĴŏĔňŗĵĺĔńĭĕĬŅħĽĬŅĴœĲĲƚŅŏĬŊŗŀĚĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴĪňŗĨŜŅŐľĬƞĚȮ 
ȮȮȮĨƞŅĚŕ ħńĚĨƞŀœĮĬňŘ 
 
 
 
 

 
 
0,/ȮěŋħŒħĪňŗĴňėƞŅĽĬŅĴœĲĲƚŅĽŌĚĽŋħ ėŊŀȮȮ ȮȮȮȮ    
0,0ȮěŋħĪňŗĴňėƞŅĽĬŅĴœĲĲƚŅĨŗŜŅĽŋħȮėŊŀȮ   
0,1ȮěŋħĪňŗĴňĶŃĵŃľƞŅĚěŅĔįŇĺĨńĺĬŜŅĪĶĚĔĸĴĴŅĔĕŉŘĬȮėƞŅĕŀĚĽĬŅĴœĲĲƚŅěŃŏĮƦĬŀĵƞŅĚœĶ 

ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   

 

ĕńŘĬĪňŗȮ0 ĕńŘĬŏĶƟŅėĺŅĴĽĬŒě  ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň  

ŒĭĔŇěĔĶĶĴĪňŗȮ5,8ȮȮĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚȮŕ 

A 

Q  

ĪĶĚĔĸĴĶńĻĴňȮa  

+ 

+ 

+ + 

+ + 

+ + 

+ + 

a  

ĽĬŅĴœĲĲƚŅȮE  

ĕ Ě ė Ĕ 

35 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 
 

ėŜŅĝňŘŐěĚȮȮŒľƟĬńĔŏĶňĵĬĺŇŏėĶŅŃľƢĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĨńĺĬŜŅĪĶĚĔĸĴȮŐĽħĚœħƟħńĚĶŌĮȮ 
 
 
 
 
 
 
 
 
 
 
 
 

 ŏĴŊŗŀĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĕĬŅħĽĬŅĴœĲĲƚŅĔńĭĶŃĵŃĪŅĚěŅĔěŋħĻŌĬĵƢĔĸŅĚ
ĕŀĚĪĶĚĔĸĴĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮŐĸƟĺȮŒľƟĬńĔŏĶňĵĬĨŀĭėŜŅĩŅĴĨƞŀœĮĬňŘ 
     1.ȮĽĬŅĴœĲĲƚŅĳŅĵŒĬĪĶĚĔĸĴĪŋĔěŋħĴňėƞŅŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
Ȯ    2.ȮĭĶŇŏĺĦįŇĺĕŀĚĪĶĚĔĸĴĕĬŅħĽĬŅĴœĲĲƚŅŏĮƦĬŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
Ȯ    3.ȮĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĨńĺĬŜŅĪĶĚĔĸĴěŃĴňėƞŅŏĮƦĬŀĵƞŅĚœĶȮŏĴŊŗŀĨŜŅŐľĬƞĚȮŀĵŌƞľƞŅĚěŅĔ 
ȮȮȮȮȮȮȮȮįŇĺĪĶĚĔĸĴĴŅĔĕŉŘĬ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
     4.ȮĽĶŋĮėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĕĬŅħĽĬŅĴœĲĲƚŅĔńĭĶŃĵŃĪŅĚěŅĔěŋħĻŌĬĵƢĔĸŅĚĕŀĚ 
ȮȮȮȮȮȮȮȮĪĶĚĔĸĴĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮœħƟŀĵƞŅĚœĶ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 

ĕńŘĬĪňŗȮ1 ĕńŘĬĽŜŅĶĺěŐĸŃėƟĬľŅ  
ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň 
&2ȮėŃŐĬĬ' 

 

ŒĭĔŇěĔĶĶĴĪňŗȮ3,7 ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 

 

0=E

 

Q

 

ĪĶĚĔĸĴĶńĻĴňȮa  

+ 

+ 

+ + 

+ + 

+ + 

+ + 

a  

ĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅȮ 
2a

kQ
E=

  

ĶŃĵŃĪŅĚȮr  
a  -a  )0,0(

 ĶŌĮėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĕĬŅħĽĬŅĴœĲĲƚŅĔńĭĶŃĵŃĪŅĚěŅĔěŋħĻŌĬĵƢĔĸŅĚĕŀĚĪĶĚĔĸĴ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 

 
ŏĽƟĬĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋœĲĲƚŅĨńĺĬŜŅĪĶĚĔĸĴȮŏĮƦĬħńĚĶŌĮȮȮ3,/0Ȯ 

 
 
 
 
 
 
 
 
ĮĶŃěŋĭĬįŇĺĨńĺĬŜŅĪĶĚĔĸĴĮĶŃıķĨŇĨńĺŏĽĴŊŀĬĺƞŅĮĶŃěŋĪńŘĚľĴħĶĺĴĔńĬŀĵŌƞĪňŗĻŌĬĵƢĔĸŅĚĕŀĚĪĶĚ
ĔĸĴŒĬĶŌĮĮĶŃěŋȮőħĵĪŅĚĮĢŇĭńĨŇȮŏĶŅĬŇĵĴŒĝƟĨńĺĬŜŅĪĶĚĔĸĴĪňŗĴňĮĶŃěŋĔĶŃěŅĵŀĵŌƞŀĵƞŅĚŏĽĴŀ
ĽĴŗŜŅŏĽĴŀ ħńĚĬńŘĬŏĶŅěŉĚĽŅĴŅĶĩŒĝƟĽĴĔŅĶ 

2r

kQ
E= ȮĞŉŗĚŏĮƦĬĽĴĔŅĶĕŀĚěŋħĮĶŃěŋĴŅŒĝƟŒĬĔĶĦň

ĕŀĚĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴȮŏıŊŗŀľŅĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĬŀĔįŇĺĕŀĚĪĶĚĔĸĴœħƟ 
 ĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅȮŐĽħĚœħƟħńĚĔĶŅĲ 
ħńĚĶŌĮȮ3,/1 

ĕńŘĬĪňŗȮ2 ĕńŘĬŀīŇĭŅĵŐĸŃĸĚĕƟŀĽĶŋĮ 

 

 
ŏĺĸŅĪňŗŒĝƟȮ0.ȮĬŅĪň 
&/.ȮėŃŐĬĬ' 

 

ŒĭėĺŅĴĶŌƟĪňŗȮ3 ĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 

 

ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň 
 

+ + 

+ + 
+ 
+ 

+ 
+ 

0=E  

Q

 

ĪĶĚĔĸĴĶńĻĴňȮa  

+ 

+ 

+ + 

+ + 

+ + 

+ + 

a  

ĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅȮE  
2a

kQ
E=  

2r

kQ
E=  

ĶŃĵŃĪŅĚȮr  
a  -a  )0,0(  

ĶŌĮȮ3,/1ȮȮĔĶŅĲŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĕĬŅħĕŀĚĽĬŅĴœĲĲƚŅȮE ŏĬŊŗŀĚěŅĔĮĶŃěŋ 
ȮȮȮȮȮȮȮȮȮȮȮȮĭĬĨńĺĬŜŅĪĶĚĔĸĴĔńĭĶŃĵŃȮěŅĔĻŌĬĵƢĔĸŅĚĕŀĚĪĶĚĔĸĴ 

ĶŌĮȮ3,/0ȮȮŏĽƟĬĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋœĲĲƚŅĭĬĨńĺĬŜŅĪĶĚĔĸĴ 
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ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ŒĬĔĶĦňĪŜŅĔŅĶĪħĸŀĚĽĬŅĴœĲĲƚŅĔńĭĨńĺĬŜŅĶŌĮĪĶĚŀŊŗĬŕȮěŃĽĶŋĮœħƟħńĚĬňŘ 
 1.  ĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚŒħŕȮŒĬĪňŗĺƞŅĚĳŅĵŒĬĨńĺĬŜŅĬńŘĬĴňėƞŅŏĮƦĬĻŌĬĵƢ 
 2. ȮŏĴŊŗŀŒľƟĮĶŃěŋŐĔƞĨńĺĬŜŅĪňŗŏĮƦĬĪĶĚĔĸĴĨńĬȮĮĶŃěŋěŃĔĶŃěŅĵœĮľĵŋħĬŇŗĚĪňŗįŇĺȮőħĵ
ĮĶŃěŋěŃŀĵŌƞľĬŅŐĬƞĬĭĶŇŏĺĦįŇĺĪňŗőėƟĚĴŅĔľĶŊŀĮĸŅĵŐľĸĴȮŐĸŃĽĬŅĴœĲĲƚŅĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮ
ĳŅĵŒĬĨńĺĬŜŅŏĮƦĬĻŌĬĵƢ 
 3.  ĽĬŅĴœĲĲƚŅȮĦȮĨŜŅŐľĬƞĚĪňŗŀĵŌƞħƟŅĬĬŀĔŐĨƞĨŇħĔńĭįŇĺĕŀĚĨńĺĬŜŅȮěŃĴňĪŇĻĪŅĚĨńŘĚĜŅĔ
ĔńĭįŇĺŏĽĴŀ 
 

ĨńĺŀĵƞŅĚĪňŗȮ4 ĪĶĚĔĸĴĶńĻĴňȮ1ȮŏĴĨĶȮŐĸŃĴňĮĶŃěŋȮ-1x10-9 ėŌĸŀĴĭƢȮěĚľŅĽĬŅĴœĲĲƚŅȮ 
ĦȮĨŜŅŐľĬƞĚŒħŕȮĨƞŀœĮĬňŘ 
Ȯ Ĕ,ȮĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃĪŅĚȮ2 ŏĴĨĶȮěŅĔįŇĺĪĶĚĔĸĴ 
ȮȮȮȮȮȮȮȮ ĕ,ȮĽĬŅĴœĲĲƚŅįŇĺĪĶĚĔĸĴȮ 
ȮȮȮȮȮȮȮȮ ė,ȮĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃȮ0.2 ŏĴĨĶȮěŅĔěŋħĻŌĬĵƢĔĸŅĚĪĶĚĔĸĴ 
ĺŇīňĪŜŅȮȮĕƟŀȮĔ,ȮľŅĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃĪŅĚȮ2 ŏĴĨĶȮěŅĔįŇĺĪĶĚĔĸĴ 

ĺŇŏėĶŅŃľƢőěĪĵƢ 
     ȮȮȮ ěŅĔĶŌĮĶŃĵŃľƞŅĚěŅĔěŋħĪňŗľƞŅĚ 
ěŅĔįŇĺĪĶĚĔĸĴȮ0Ȯm ĩŉĚěŋħĻŌĬĵƢĔĸŅĚ 
ĪĶĚĔĸĴȮr=3 m 

 őěĪĵƢĔŜŅľĬħŒľƟȮȮQ= -1x/.-9 C , r=3 m 
őěĪĵƢĨƟŀĚĔŅĶľŅ ĽĬŅĴœĲĲƚŅȮE  ĪňŗĶŃĵŃĪŅĚȮ2 ŏĴĨĶȮěŅĔįŇĺĪĶĚĔĸĴ    

ĽĴĔŅĶĪňŗŒĝƟ                 2r

kQ
E=  

ŐĪĬėƞŅŒĬĽĴĔŅĶ ȮȮȮȮȮȮȮ 1
)3(

)101)(.109(
2

929

==
-

m

CxmNx
E CN /  

Ĩŀĭ ĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃĪŅĚȮ2 ŏĴĨĶȮěŅĔįŇĺĪĶĚĔĸĴ ĴňėƞŅȮ/ȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢ  
ĺŇīňĪŜŅȮȮĕƟŀȮĕ,  ľŅĽĬŅĴœĲĲƚŅįŇĺĪĶĚĔĸĴ 

őěĪĵƢĔŜŅľĬħŒľƟȮȮQ= -1x/.-9 C , r=1 m 
ĽĴĔŅĶĪňŗŒĝƟ                 2r

kQ
E=  

ŐĪĬėƞŅŒĬĽĴĔŅĶ ȮȮȮȮȮȮȮ 9
)1(

)101)(.109(
2

929

==
-

m

CxmNx
E CN /  

Ĩŀĭ ĽĬŅĴœĲĲƚŅĪňŗįŇĺĪĶĚĔĸĴ ĴňėƞŅȮ7ȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢ  
 

ĺŇīňĪŜŅȮȮĕƟŀȮė,ȮĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃȮ0.2 ŏĴĨĶȮěŅĔěŋħĻŌĬĵƢĔĸŅĚĪĶĚĔĸĴ 
  ȮȮȮȮȮȮěŅĔȮEĳŅĵŒĬĪĶĚĔĸĴ= 0 ĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢ  
Ĩŀĭ ĽĬŅĴœĲĲƚŅĪňŗĶŃĵŃȮ0.2 ŏĴĨĶȮěŅĔěŋħĻŌĬĵƢĔĸŅĚĪĶĚĔĸĴĴňėƞŅȮ.ȮĬŇĺĨńĬĨƞŀėŌĸŀĴĭƢ  
 
             

*  2 m 1 m 
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ėŜŅĝňŘŐěĚȮȮŏĴŊŗŀĬńĔŏĶňĵĬŀƞŅĬőěĪĵƢŐĸƟĺȮŒľƟĕňħŏĽƟĬŒĨƟĨńĺŐĮĶħƟĺĵĮŅĔĔŅŐħĚȮıĶƟŀĴĪńŘĚŏĕňĵĬ
ėƞŅĨńĺŐĮĶĨŅĴĪňŗőěĪĵƢĔŜŅľĬħŒľƟȮŐĸƟĺŐĽħĚĺŇīňĪŜŅľŅėŜŅĨŀĭŒľƟĩŌĔĨƟŀĚ   

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+- 
 

/,ȮĨńĺĬŜŅĪĶĚĔĸĴȮA ĶńĻĴňȮ3ȮŏĞĬĨŇŏĴĨĶȮĴňĮĶŃěŋœĲĲƚŅĭĺĔŐĸŃĔĶŅĲŐĽħĚȮėĺŅĴĽńĴıńĬīƢ 
ȮȮȮĶŃľĺƞŅĚĽĬŅĴœĲĲƚŅĕŀĚĨńĺĬŜŅĪĶĚĔĸĴȮA ĔńĭĶŃĵŃĪŅĚŏĮƦĬħńĚĶŌĮ  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ĕ,ȮȮĽĬŅĴœĲĲƚŅĪňŗěŋħĞŉŗĚŀĵŌƞľƞŅĚěŅĔĻŌĬĵƢĔĸŅĚĪĶĚĔĸĴȮ2ȮŏĞĬĨŇŏĴĨĶȮĴňėƞŅŏĪƞŅŒħ 
ĕ,ȮȮĮĶŃěŋœĲĲƚŅĭĬĨńĺĬŜŅȮAȮĴňėƞŅŏĪƞŅŒħ 
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
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ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 
 

 

ŒĭĔŇěĔĶĶĴĪňŗȮ5,10 
ľŅėŜŅĨŀĭĔńĭĽĬŅĴœĲĲƚŅŏĬŊŗŀĚěŅĔĮĶŃěŋĭĬĨńĺĬŜŅĪĶĚĔĸĴ 

ŏĺĸŅĪňŗŒĝƟȮ/.ȮĬŅĪň 
&/.ȮėŃŐĬĬ' 

 

 

ĨńĺĬŜŅĪĶĚĔĸĴ 

ĶŃĵŃĪŅĚȮ&cm) 
3 -3 0 -/. -/3 /3 /. 

r=Ȯ3Ȯcm 
A 

ĶŌĮĽŜŅľĶńĭőěĪĵƢĕƟŀĪňŗȮ/ 

1,4Ȯx 106 

ĽĬŅĴœĲĲƚŅȮ&ȮN/C ) 

39 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
ȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   
 
 

 
 

40 



 
ĝŋħĔŇěĔĶĶĴĔŅĶŏĶňĵĬĶŌƟĪňŗŏĬƟĬĔŅĶŏĶňĵĬĶŌƟŐĭĭĽŊĭŏĽŅŃľŅėĺŅĴĶŌƟȮ5ȮĕńŘĬĨŀĬȮ&5E)  

ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

 
 

ěŋħĽŃŏĪŇĬȮ&neutral point'ȮŒĬĽĬŅĴœĲĲƚŅȮľĴŅĵĩŉĚȮěŋħŒĬĽĬŅĴœĲĲƚŅĞŉŗĚĴňėƞŅ
ĽĬŅĴœĲĲƚŅŏĮƦĬĻŌĬĵƢȮěŋħĽŃŏĪŇĬěŃŏĔŇħĕŉŘĬœħƟĨƟŀĚĴňĽĬŅĴœĲĲƚŅŀĵƞŅĚĬƟŀĵĽŀĚĽĬŅĴőħĵĴňĕĬŅħ
ĽĬŅĴœĲĲƚŅŏĪƞŅĔńĬȮŐĨƞĴňĪŇĻĪŅĚĨĶĚĔńĬĕƟŅĴȮĽĬŅĴœĲĲƚŅěŉĚěŃľńĔĸƟŅĚĔńĬľĴħ 

ěŋħĽŃŏĪŇĬĞŉŗĚŏĔŇħěŅĔĮĶŃěŋœĲĲƚŅĽŀĚĮĶŃěŋĺŅĚŒĔĸƟĔńĬĴňľĸńĔıŇěŅĶĦŅħńĚĬňŘ 
/,ȮĔĶĦňĮĶŃěŋœĲĲƚŅĪńŘĚĽŀĚŏĮƦĬĮĶŃěŋœĲĲƚŅĝĬŇħŏħňĵĺĔńĬ 
 ĨŜŅŐľĬƞĚěŋħĽŃŏĪŇĬěŃŀĵŌƞĶŃľĺƞŅĚĮĶŃěŋĪńŘĚĽŀĚȮŐĸŃěŃŀĵŌƞŒĔĸƟĔńĭĮĶŃěŋœĲĲƚŅĪňŗĴňėƞŅ 
ȮȮȮȮĬƟŀĵĔĺƞŅȮħńĚĶŌĮȮ5.14 
 
 
 
 
 
 
 
0,ȮĔĶĦňĮĶŃěŋœĲĲƚŅĪńŘĚĽŀĚŏĮƦĬĮĶŃěŋœĲĲƚŅĨƞŅĚĝĬŇħĔńĬ 
 ĩƟŅĮĶŃěŋĪńŘĚĽŀĚĴňėƞŅĮĶŃěŋŏĪƞŅĔńĬěŋħĽŃŏĪŇĬŀĵŌƞĪňŗĶŃĵŃŀĬńĬĨƢȮŐĨƞĩƟŅĮĶŃěŋĴňėƞŅĮĶŃěŋ 
œĴƞŏĪƞŅĔńĬĨŜŅŐľĬƞĚěŋħĽŃŏĪŇĬěŃŀĵŌƞĬŀĔĶŃĵŃĶŃľĺƞŅĚĮĶŃěŋĪńŘĚĽŀĚȮŐĸŃěŃŀĵŌƞŒĔĸƟĔńĭĮĶŃěŋ
œĲĲƚŅĪňŗĴňėƞŅĬƟŀĵĔĺƞŅȮħńĚĶŌĮȮ5.15 
 
 
 
 
 
 
 
 

ĕńŘĬĪňŗȮ3 ĕńŘĬĕĵŅĵėĺŅĴĶŌƟ 

 

 
ŏĺĸŅĪňŗŒĝƟȮ0.ȮĬŅĪň 
&/.ȮėŃŐĬĬ' 

 

 

ŒĭėĺŅĴĶŌƟĪňŗȮ4 ěŋħĽŃŏĪŇĬ 

 

* 
+ 1Q  + 2Q  

2E  
1E  

ěŋħĽŃŏĪŇĬ 

ĶŌĮȮ3,/2ȮȮĨŜŅŐľĬƞĚěŋħĽŃŏĪŇĬĪňŗŏĔŇħěŅĔĮĶŃěŋœĲĲƚŅĝĬŇħŏħňĵĺĔńĬȮ0ȮĮĶŃěŋȮőħĵĪňŗȮ1Q < 2Q  

* 
+ 2Q  - 2Q  

2E  
1E  

ěŋħĽŃŏĪŇĬ 

ĶŌĮȮ3,/3ȮȮĨŜŅŐľĬƞĚěŋħĽŃŏĪŇĬĪňŗŏĔŇħěŅĔĮĶŃěŋœĲĲƚŅĨƞŅĚĝĬŇħĔńĬȮ0ȮĮĶŃěŋȮőħĵĪňŗȮ1Q < 2Q  
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ŏĶŊŗŀĚȮœĲĲƚŅĽĩŇĨȮĶŅĵĺŇĝŅĲƕĽŇĔĽƢŏıŇŗĴŏĨŇĴȮ2ȮĝńŘĬĴńīĵĴĻŉĔļŅĮƖĪňŗȮ4ȮĝŋħĪňŗȮ5 ŏĽƟĬĽĬŅĴœĲĲƚŅ 

ĨńĺŀĵƞŅĚĪňŗȮ3ȮȮěŋħĮĶŃěŋȮ)2x/.-6ȮėŌĸŀĴĭƢȮŐĸŃ)7x/.-6ȮėŌĸŀĴĭƢȮŀĵŌƞľƞŅĚĔńĬȮ.,3ȮŏĴĨĶȮ 
ěĚľŅĨŜŅŐľĬƞĚĨŅĴŐĬĺŏĽƟĬĨĶĚĶŃľĺƞŅĚěŋħĮĶŃěŋĪńŘĚĽŀĚĪňŗĴňĽĬŅĴœĲĲƚŅŏĮƦĬĻŌĬĵƢ 
 

ĺŇīňĪŜŅȮȮĺŇŏėĶŅŃľƢőěĪĵƢ 
  ŏĬŊŗŀĚěŅĔĮĶŃěŋĪńŘĚĽŀĚŏĮƦĬĮĶŃěŋĝĬŇħŏħňĵĺĔńĬħńĚĬńŘĬĨŜŅŐľĬƞĚěŋħĽŃŏĪŇĬ 

ěŃŀĵŌƞĶŃľĺƞŅĚĮĶŃěŋĪńŘĚĽŀĚȮŐĸŃŀĵŌƞŒĔĸƟĮĶŃěŋĕĬŅħŏĸŖĔĔĺƞŅĔŜŅľĬħŒľƟŏĮƦĬȮQ1ȮħńĚĶŌĮ 
 
  
 
 
 
 
 őěĪĵƢĔŜŅľĬħŒľƟȮȮQ1= )2x/.-6 C,  Q2= )7x/.-6 C , 021 =+EE
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őěĪĵƢĨƟŀĚĔŅĶľŅ ĶŃĵŃľƞŅĚěŅĔěŋħĮĶŃěŋĪňŗĽĬŅĴœĲĲƚŅŏĮƦĬĻŌĬĵƢ    
ĽĴĔŅĶĪňŗŒĝƟ                 EĸńıīƢȮ0=  
     21 EE =  

            
2

2

2

2

1

1

r

kQ

r

kQ
=  

ŐĪĬėƞŅŒĬĽĴĔŅĶ       2

8

2

8

)5.0(

)109()104(

x

Cx

x

Cx

-
=

--

 

                    22 )5.0(

94

xx -
=    

Ȯ    ȮȮȮȮȮȮȮȮȮȮȮ
)5.0(

32

xx -
=  

ȮȮȮȮ    Ȯ xx 3)5.0(2 =-  
        2.0=x Ȯm 
 
ĨŀĭȮȮĨŜŅŐľĬƞĚĭĬŏĽƟĬĨĶĚĪňŗĴňĕĬŅħĽĬŅĴœĲĲƚŅŏĮƦĬĻŌĬĵƢȮŀĵŌƞľƞŅĚěŅĔĮĶŃěŋȮȮȮ 

)2x/.-6ȮėŌĸŀĴĭƢ ŏĮƦĬĶŃĵŃĪŅĚȮ.,0ȮŏĴĨĶ 
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Q1 Q2 r 
x 

Q2= )7x/.-6 C Q1= )2x/.-6 C 
2E  

1E  

r1=x r2=(0.5-x) 
R=0.5 m 
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