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ʒʊʈǔɰȁ 
ɰǐʫɴʄʊʧʄʁrʃʄɺʧʌɿǌɰʈǕʗʏȚʐɰʈǕ˒ ,ˎ ʃʧɴǱʊ̡ǗʄǗʄɩʋǸʏɰʋ ʃrǗʄʆˀʃǏʒʄ̒ʊʁǱʊʆǗɴʩɴʏʈɿǍȈʆ

ʏʧʏȚʃʫʏʧʏǜʡǖȉʃʗɿǇʈȈʆrʃǱʊɲʧɿɲʪǸ ǳɦʋ ȬɦʉʫʁǏȐɚʏǌɵʈǑɴ˄ ɰǐʫɴȐǕʊɿʨɦʃ̫ ʏɦɠʌɦȹ «ʏʶɾʭ ʊʱɿ
ʏǌɲʁʊʬrʃɰʈǕʌʧʂʨʒʃǌʊǸɿʧ(PISA) ʏǌʨʆʨʊǵǙʉɿrʈǘʋʁǏʅʋʏʧɰȚʊʄʏʏ̒ʧʏǜ̡ʅǐɰʌʧʁȘȐɚʏǌʊʬʄʌʧʁȘʌʧʁȘȁǐɰ̒ʁʨ̞
» ǗɿɨʌȅʃɦʊɠʄɵʁɦʑʨɴɦɺʨʈǑʨǸʆʫʁǏʧʃʧɴǸʗʄɰʊɾ ȍ̔ʏʻ̡ʌɴʏʈɿǍȈʆɺʿȉʃǗʄʏʧʁǏȈʆ ǗʏʄȀʈʏǌɴ̒ǻʊʒʄ̒ʊʁ
ʄ̡ʄʁʁɦʃʨʄ˄  

ɰǐʫɴȄʈǸ ȐȌ ʊɦɠʃɷʁȄʃ̒ʀǕʨ(New Generation School) ʲɺʋǸʈɷǄʈɾǉʋʗɿǌʈȈʆrʃǱʊʏʧɰȚ
ʉɦʨɴɦɷɝǸɰ̒Ȋ ɴ́ʈʫɿȉȁʁ ǱʊɦʊɠʃʏʬǗɿʈʧʃ̡ʈʃǗɿʩʈ̡ɿǸǱʊɵɴǶǗʁʁʩʏǌʨʄʁɦȄʷɦʁʄ́ʫ̡ʃǌɲʪǸǱʊʒʇʧʌɼǊʏʈɿǍ
Ȉʆɦǻ Ǘ̫Ȑ ʉʄɤǝʃʧɴǱʊʌʧȈɲ̡ʄʄɿɰƼʌʧǸǃ˄ ʏɦɠʌɦȹ ʃɦ̫ǗɿɨʌȅʃɵɴǗɰɴɦʑʨɴɦǻʉ ʅ̡ǟɰɦʋʨǗɰʄɱɾǉȍʉ
ɿrʈǘʊʄʏɰ̒ʈǕʌʧʂʨPISA ɺ̡ʋ Ȇɦǌɿʏǲʁʃ̒ɦʋʨǱʊɦǗʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʌʧʁȘȐɚʏǌɰǐʫɴȐǍʃȈʆɷʨʌȈʆǸɰ̡̒ʏǌɴ
ʃʧɴǱʊɷǗʈɧɹʡǖʏʧʏǜȉʃǱʊɲʧɿɰǗʈʧɿɱǓʏ &̒Higher-Order Thinking Skills)  ˄
ɱǘʩʈȐ ʊrʃʏɾʁʭʊʃʨʈʭʉ ɰ̌ǐʫɴɦʏɠʌɦȹ ʃɦ̫ ǗɿɨʌȅʃʏǗʈʧɿʏǗȉɴʁɦɺʨʈǑʨ̂ 
¶ ʋɦʨɰɰʈǓʏǱ̒ʊɲʧɿʏʫʨɷɦǗȺ  ̂ ʄ̡ɴǙʊǱʊɦʊɠʃȀʈ̡ʄʄɦʈǱʃʧɵʈɰǸǱʊʌʧȈɲǱʊȍʉɿrʈǘʃʧɴǱʊʄɦɴƼʨɿ
ʀǕʨ˄ 

¶ ʆǗɴʩɴʒɰƽʊɰʈǕʌʧʁȘȐɚʏǌ̂ ɷʭʉʡǖʏʧʏǜʉʋɺ̒ʩɴʆʨȅɿʫʇʬɿɲʨʈʨɷʫʁʌʧɹɱǘʭʃʃʧɴȓɵɦʂǙʨǱʊʏʃǐʧǻǈʃɦǻʉ
ʅ̡ǟɰɦʋʨʇʏǌʫȀɴʌʧʁȘȐɚʏǌɵȗʏȌ̒ ʏʻ˄ 

¶ ǱʊɦǗɿɠʈɱǘʭʃǸʏɰʋ  ̂ ʄʁȇɰ̒ʄʁʄ́ʃʏʈɿǍȈʆʏʧʏǜʡǖɦɺʨʊȂʃ̒ʏǌɴ̒ǻʊʒʃǌʊǸɿʧɦɺʨʈǑʨǱǘʉǸʂʃȃʃ
ʈʃʫʏǜ̡ɺʋȉʃʏǱǌʃʫʆʋʃʧɴȈʆǗʄɰʭɿǗʄ̡ɷɴɱǓʏɰ̒ǐʫɴʉʫɲʏʈˀʉʏɰʋȈʌʬʄʃʨʉɰʈǕ˄ 

ʉɦʨɴɱǅʫʁʏɴƿʩʈȊ ɴ́ʈʫɿȉȁʁ ʏɦɠʌɦȹʏɾʁʭʊɦɿʏǌɲʁʊʬɦʃ̫ ʃʩɴǱǘʉǸʈɲƾʫɦʁǎʏɰ̔ɺʿȉʃɿrʈǘʏǗȉʄ̒ɦȌ ɰǗɲɨ
ʒǐɰǗɲɨɰǐʫɴǱʊrɵǐǗʄɼʧɿʌʧʂʨȐɚʏǌʄɦǗɴɠʃʃʧɴǸʆʃǘʪrʃǱʊɦɵ̫ɺʩɴʏǗȉʄ̒ʏʧʏȚʃʫʏʧʏǜɰǐʫɴǱʊ̡ʏǙɴʊɰʗɿǌʈȈʆ
ʃrǱʊʏʧɰȚ˄ ǱʊʌʧʃʧɦȊ ɲɦʋʨǱʊɲʧɿʊʄʏʏ̒ʧʏǜɦȵ ʀrǀɦʃ̫ ɲʪǸǱʊȐɴǗɲʩ̫ɺʿʊʩɴȉʏʁǗȉʄ̒ʒȄɲɿrʃʂʃȃʃ
ʈʃʫʏǜʊʄʏɰ̒ʈǓʫǸ ȵɦ ʋɦʨǷɰʒʃǌʊǸɿʧ˄ 
Ȃɦ Ǹ̫Ȋ ɴ́ǿ ɰʿɦǻʉ ǻɦʉȐ ʊǱʊɵɴǗɰɴɦʃ̫ȉʃʋɰƽɾ ʄyɦɵǁɰɦʁʏʏʫʨɷɦǗȺ ɰǐʫɴɺʁɦɾʨʊǱʊɦʊɠʄɵʁ

ǗȅɰɺǸʈʧʃȓɵɦɷɠʏʅʫɿȂɴʁǗʏɧɴʃʬʌɰʁʐʫʏʒɦɵɿȄ ʜɵʁɾʫɵɱǙ̫ǲɿɦǻʉǗʄǱʊǿ ʈʭʉ ʑɦʨʉ˄ȓǗʏʉˀ
ʐɦɿʫɦʃ̫ ʉɦʨɴɱǅʫʁǸʒǐɰɦʊɠʄɵʁɵɴǗɰɴ ʏʬʈɱʃǌʨʒʇˀʉ ȂɦʏʁʫɰǸʈʫʃɵʁɦȇ ȋ̫ʋȋ̒ʋɰ̒ʁʐʫʏɶƾɴȂɴʁȒ ʉ ʃʧɴʊɴ̒
Ƕʁʁʁʭʋʉɰʃʬʌʈɿʧʊʧ̫ɲʃ̒ɰǐʫɴʃˀʉȐǍʄȄʆʨʏǿʁ ɰ̒ɦȌ ɰǗɲɨʒǐɰǗɲɨʃʧɴʒǐɰʏʧɰȚȂɴʁʒʏʻɦɺʨʈǑʨ̡ɰʋʈǟɦʏɠʌɦȹ
ʃɦ̫ʡǖǱʃ̡̒ɿȉʃȈʆʋǟǗʄɦʏʨʊʃʧɴɦʆɹ ʋɦɹ ʁɦǙɦʑʨɴɦȵ ʆɦʋ ȅɦ ʆ̫ʫʈǓɦʋʨɰɦǗǱʉˇɦʁɠɿ˄  
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ɷʆʁʬɰʁʨˏ ɰʱȺǇ 
 

¡Y¡[ TRw½    `wPzOĶȩW  

 
 

áUȤTURRw½¶   Ȓ[áPȐPWvTvPȑà`zBȩWAÚçE[K{]¡ɄĨȑ 

 

ɰǐʫɴʒʁʑʫɴ̡ɱɦʈȐ ǗʄɦʁʏɰʈǓʫǸɰʁʆʫɴʁʁʭʋʊɴʃʬʌʊʋɰɰɦȺǇ(Heatwave) Ȋ́ ɴʂǀʃʻʂǀʊǻɦʉʏʨɿʫɾǝ
ȈʆʄʊʧȊ Ǳʏȅʃɦɰʨʃɦʑʨɴɺʋ ̒ o42 C ˄ ȵɦȐ Ȍ ʊɦɠʃʈʭʉ ɲɾ Ǘyɲʄ̒Ǘɲɴȅʃǻɰ̒ɦɵɹʃʬʌʌʧȃʃǱʊ
ǗɿɩɿʆʧʃʧɿǖʏʫɱȈʆʏʧʏǜʈʫʃɦʆʋɵʬʋ ʊɦɠʃ ɺɦʨʈǑʨǱʊȇʊɰʊɾʨ ɱǖʋɲ̒ ʜ ǱʊɦʑʨɴɰɦȺǇʐʭʏɰǗʈʧɿ(Heat 

Stroke)˄ ǗɲɨǗʄǶȁʁǐɰ̒ɦǗʄʨǗȅʏ ̒ ʁ̡ʈ́ʬ̡ʈ́Ǘɿɼʨɷʨʀʋ ʏɦƼʃ(Infrared Thermometer) ɦɺʨʈǑʨȍʏʏ̒ʨɿʫɾǝȈʆɦȵ
ȁǀʏʊʄʏʏ̒ʧʏǜ˄ Ǳʊʉʋɺ̒ʩɴʒʁʆʨʏɤǆɾ ʏʨɿʫɾǝȈʆʊȍɴʏʨɿʫɾǝȈʆȋɴǱʉ ʃʧɴʏʨɿʫɾǝȈʆ
ʄʊʧȊ ǱʏɲʪǸɵʁɦɾ ɺ̫ʩɴǶȅʁɵ̒ʏǗȉʄ̒ʏʫʌɿǍʧȈʆɰǐʫɴʏɴƾʈʄɵǁʫʄǑʃǐ˄ 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ˏ  ̂ʉʃǌǱʊrʃǱʊȍʏʏ̒ʨɿʫɾǝȈʆ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰǗɲɨȅʃǻɰʻʗʄɰʊɾ̔ ȍʏʻɰʱȺǇ ʱȵɵȉǀ ʉ5 cm  ʆʨȁǀʏʊʄʏʏ̒ʧʏǜɦǻʉʈʧʃʡǖʄ̫́ ʏ̡Ǒɰɦʑʨ
ʉ˄ ʗʄɰʊɾ̔ ʄǵǝ ɹʱʋɱ o36.5 C ˄ɦɿʨ̡ʁʈ́ʬ̡ʈ́ǗɿǗʄɦʇʁɦʃ̫ ɺʁɦɾʨʊǱʊɦǻʉǶʄ̒ʉɰʏɤǆʒǙʨʆʨ
ȁǀʏʊʄʏʏ̒ʧʏǜ?  

ɰ,Ƕʄ̒ʉɰɰɦȺǇȀʈʊʉ Ǳyʊɵʈǘɴʆʨɱǖʋɷ̒ʫʁʌʧɹȁǀʏ  ˄
ɱ,Ƕʄ̒ʉɰʏʶɦɾʨʈʜɦɹʨʏ ɺ̡ʋʐʭɿɦɵɹʆʨ̡ʏǑɰ˄  
ɲ,Ƕʄʻʉɰ ǱʊʁʏǕʨʒʫʨʃɚȑǙɦʊ́ɺ(Infrared Radiation) ʲɺʋʄʱɣǁɹʱǻʉȋɴǱʉ˄ 
ɳ,Ƕʄ̒ʉɰʆʃǘʪ̡ɺʋǶɴʁȆǘɿʆʨ̡ʏǑɰ˄ 
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴʸʏ̡Ǚɴʉʋʆ̒ʨɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘrʃʄɦɵǁɰʌʧʁȘȍʏʻ̡ʌɴʁʁɦʃʨʄ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ& ɲ' 
ǱʊʄɰǗȐʉ ʐɦɿʫʅʋ ʃrɵɦʈǘʨʉ  
ʐɦɿʫʅʋɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂  Ǘɲʄ̒ʌɿǍʫ̡ɺʋȉʃɰɦȺǇ̡ɿɴ̡ɿʄɦɣǁɹǱʊʁʏǕʨʌʧʁǖʫʏɰʈǕɰɦȺǇ˄ ʗʄɰʊɾʽ

Ƕʄ̒ʉɰɰǗʈʧɿȁʈʆʋ ʃrǱʊʁʏǕʨɦʃ̫ ʐɦʨʉʄʁ̡ʄǘɴȍɦȳǸɿrʈǘʏʨɿʫɾǝ
ȈʆɦǻʉʈʧʃǶȅʁɵ̒ʄ̫́Ȇǎʋʻ˄ 

ʐɦɿʫʅʋɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂
ɰ.  ǱʊɵʈǘɴɿǗʈɨʌʡǖȉʃǱʊʄʹʷȆǎ ʋʻʜɶǘɴǱɿ̒ʈɷǄǻǈʃʊʬʄȃɿʫʄ́ʫ̡ʃǌʗʄɰʊɾʽɦʃ̫ȍʏʆ̒ʨ
ɵȉǀ ʉȀʈʊʉʸʊʋɰ˄ 

ɱ. ʗʄɰʊɾʽɦʃ̫ȍʏɰ̒ǗʈʧɿȁʈʆʋɰɦȺǇʈʧʃ̡ʈʃȍʏɰ̒Ǘʈʧɿʏʶɦɾʨʈɦʁ˄  
ɳ . ʆʃǘʪɦʈʨʋ ɳɦʨɹ Ǘǳʃ̡̒ɿǸǱʊɵʁǿ ɴʁȆǘɿʆʨǗʄʇʆʆʃǘʪɦʅǜɴʈʧʃɿʁǿ ɴʡǖɰǗʈʧɿ
ȁʈʆʋɰɦȺǇǲɴɰǐʫɴrʃȋɴǱʉ ʁɦ˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ 
ʏȉʏȈɲ ɱǘʩʈȐ ʊrʃǱʊɰʁɾ ɿ̒ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǗɿɨʌǱʊɵʁɦɾ ɺ̫ʩɴʒʁʆʨʌʧʁǖʫʏɰʈǕ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʄɦɵǁɰʌʧʁȘʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʄɵǁʫʄǑʃǐ&ʄɦɵǁɰʌʧʁȘʏʫǲʇʧȅʋ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦʈɦʊɠʃʌʧʁȘȐɚʏǌ 
ʏʈɿǍȈʆ ʆʃǖʋʒ̒ʁʆʨȅɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ǱʊǶʄ̒ȓʊʈǕɾʽɦʋʨʄɦɵǁɰʌʧʁȘ 

ʏɾʁʭʊʁʨˏ,ːˆǱʊʄɰǗȐʉʁʧʃǐʃˀʉ Ǘɦǳ ȁ̫ǐɰ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʏʧʏǜȉǐɰ̒ɦǹ Ǖ̫ȃȋ́ǗɿɨʌȅʃȍʏʻɦɳʨɹʏʨɿʫɾǝȈʆ o39.5 C ɱɾ ʸ̡ɺʋʏʧʏǜɺrʁɦʁɠɿȉʃ
ʈʂǖʈȈɲ o36.5 Cʱȳ o37.0 C˄ȃȋ́ȉʃȓǱʊyʈʫɱǗɰʐʈʃʧɴ̡ʏǑɰʏǀʭɿʜǳǕʃɦɹʨʏ  ˄
ʅ̡ǟɰɦʋʨʏɤǆrʃʏʨɿʫɾǝȈʆɦʃ̫ ɿɦʨȐǍʃȈʆʊʄʏ ȃ̒ȋ́ʁʁʃɴǸʒǙʨ?  

ɰ,ʏǍʧɿɰǐʫɴʏȈʆʂʈǕȀ Ǘɦȇ ȓ̫ǱʏȃɿʫǲɴɦǗȢ ȢɦǇ 
ɱ,ʏǍʧɿɰǐʫɴʏȈʆʀʉɰɦȺǇ 
ɲ,ʏǍʧɿɰǐʫɴʏȈʆȋɴǱʉɱǙ̫Ǹɿʧʁʩɰʄ́ʫ̡ʃǌʈʧʃȂʃ̒ɦǗǳ ȁ̫ǐɰ̒ 
ɳ,ʏǍʧɿɰǐʫɴʏȈʆɦʑʨɴɰɦȺǇʐʭʏɰǗʈʧɿ ʲɺʋǗɿɨʌǱʊʏʱɚǵƾ ʷʄȄǎ ʃʻ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲʁʧʃǐʃˀʉ ɺɦʨʈǑʨȍʉɿrʈǘȑ ʃʧʇˀʉʏʫɱȈʆ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8  ɳ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʏʨɿʫɾǝȈʆȋɴǱʉ ʋɦʨʏ o39 C  ʄʬɰʊʭʈʃʩɴʏɤǆ̡ʏǑɰʏǀʭɿ ʜǳǕʃɦɹʨʏ
ʄǵǝɹȁǗʄʆˀʃǏʄɣǁʫ̫ɰɦȺǇȋɴǱʉȅʃǳɴʁ ɺ̡ʋǸʏɤǆrʃHeat Stroke˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂
ɰ. ʏʨɿʫɾǝȈʆȋɴǱʉʈʃʫʏǜʈʧʃɲʭʊ̡ǗʄǗʄɩʋȀʈʄʊʧȊ Ǳʏǲǘʁɴɺʋȁ̒ǐɰ̒ɦʃ̫ ʁɦ

o39.5 CɲʪǸɰǗʈʧɿɦǗǳ ȁ̫ǐɰ̒˄  
ɱ.  Hypothermia ɲʪǸǱʊɵʫ̫ǗɿǸɰ̒rʃʏʨɿʫɾǝȈʆ&ɦǗǱʈ o35 C)ʅǎʫʉʆʨȐǍʃȈʆɦʃ̫
ʲɺʋʱȢǇ ǲǘ ʶɴ˄ 

ɲ.  ǱʊǳǕʃɦɹʨʏ ȵɦ ʆɦʋ ȢɦǇǲǘʁɴɲʪǸʏɤǆɦǗǳ ȁ̫ǐɰ̒ʂǀʃ̒ʂǀʊɺʋɷ̒ʨʌʧɿʈʧʃ̡ʈʃǗǳʃ̡̒ɿǸ
ʊɦɝɴʂʈǕȀ ʃrǱʊɱǙ̫Ǹɿʧʁʩɰɦʁ˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ  
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ &ǱʊʄɰǗȐʉʱȋɲʏɤǆ Ǹɰʻʲʏǌɴ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ɺɦʨʈǑʨɦʂǙʨǱʊʏ Ǘɦʈɵɵʧɿǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʄɵǁʫʄǑʃǐ&ʏʫɱȈʆȐȃʊɾ 'y 
ɵʁɦɾ ɺ̫ʩɴ ǱʊʊʏʻʱȵǗʄǶʶʳʀǀ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴǸɰ̒Ȍ ɰ̒ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌɦʋʨʏʫɱȈʆ 

ʏɾʁʭʊʁʨˏ,ˑˆʉʃǌǱʊrʃǱʊʄɣǁʫ̫ɰɦȺǇ&ʊʁʐʭɿ' 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɺɦʨʈǑʨɷʭʉʏʧʏǜ̡ɺʋ ȢɦǇǲǘʁɴǗɲɨȅʃ̡ɾ Ȅʡʁǖʋʫʄʈʫɱʃʩɴʁʩɰ ʐɦʨʉʒɴƾʫʉʈʫɱɰǵǝʊ˄ 
ɿɦʨǱʊɦʂǙʨ̡ʄʄɦʃ̫ɷʭʉʄɣǁʫ̫ʏɤǆʏʨɿʫɾǝȈʆʊʄʏȋ̒ɴǱʉȀʈʊʉ ʉyʃǌǱʊʌʧʁȘȐɚʏǌʒǙʨ?  

ɰ,ɱǖʋɰ̒ǵǝʊʊʫɹȈʆǗɿǸɰ̒ɵʬʋɰǐʫɴʊʃǏɦɹʨʏ  ˄
ɱ,ʁʩɰɦȵ ʋɦʨ̡ʏǑɰǗʏɨʄʉɰɰɦȺǇʆʨȋɴǱʉ ɺɦʨʈǑʨʄʁ̡ʄǘɴɱǘʭʃǸɵʁȑ ʉ &ʊʁʐʭɿ'˄  
ɲ,ʁʩɰɷʭʉʄʧʁʊʃǏɦɹʨʏʈʧʃʡǖɰɦȺǇǲɴɦǗȢɵʬʋ  ˄
ɳ,ɰǵǝʊʄɰ̒ʉɰǱʊʁʏǕʨɰɦȺǇɦɵɹʆʨɱǘʭʃ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʆʃǖʋʆ̒ʨʕʁǏʧʆʋ ʃrǱʊʄǌʬʊȈʆʊʬʄ&ʊʁʐʭɿ'ɦȳ ʋɦʨʏʨɿʫɾǝȈʆ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ǱʊʊʁʐʭɿǗɿɨʌǱʊȁʈʆʋɰɦȺǇ˄ ʁʩɰʉɰɰɦȺǇʆʨ̡ʏǑɰɦɺʨʈǑʨʐʭɿ ɺ̡ʋ ʂɦǙʨʡǖʏʨ

ɿʫɾǝ ȈʆʲʏǑɰʀʉɵʫʷ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂

ɰ. ɰǐʫɴʊʬʄʌʧʁȘǳǕʃǱʊʐʬʊrʃȈʆǗɿǸɰ̒ ʁɦȉʃ̡ɿǱʊʐʬʊrʃȁʈʆʋɰɦȺǇ˄ 
 ɰǵǝʊɷʭʉʆɦʃǘɞʃǱʊʊʁʐʭɿʈʧʃ̡ʈʃʊʫɹȈʆǗɿǸɰ̒ɦʁ˄  
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ɲ. ǱʊʄʧʁʊʃǏɦɹʨʏʃʩɴɦʂǙʨʡǖȋɴǱʉǱʃ̡̒ɿɦȢǇɦǗȇ ʈ̫ʧʃȓɵʄɦɣǁɹ ɹɦʨʏȅʃ˄  
ɳ . ɰǵǝ ʊɷʭʉʆʱʃǘɞʃɵʊʃǌɱǖʋʻ ʃʧɴǱʊʊʁʐʭɿʈʧʃ̡ʈʃʄɰ̒ʉɰǱʊʁʏǕʨ̡ɺʋǸʆʃǘʪɦȄʷɦʁ˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ  
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǱʊʅȚʊȈǃʄ̒ɲʨʈʨ-ʊʬʄʌʧʁȘ ȳɦʃʩɴɷʨʌʌʧʁȘ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊrʃǱʊʄǇʬʊʋɰƽɾ ʊyʬʄʃʧɴɲʨʈʨ 
ʏʈɿǍȈʆ ʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ Ǳʊʉʋɺ̒ʩɴʆʨǱʊ̡ʀȂɱʁǘʭʃ 

ʏɾʁʭʊʁʨˏ,˒ˆʋʃʁʩɴɰɦȺǇ 
ʅ̡ǐɰʁʨˏˆɱǘʩʈȐʊʏɾʁʭʊ 

ʏʧʏǜȉǐɰ̒ȅʃʉɰǗɰǿ ɿ̒ǗɿǸɰ̒ o15 C  ʈɰʏǟɦʁʋʨȁǀʏ ɺ̡ʋɰʁʆʫɴɦȢǇ o38 C  ˄ʄȄǎʄ̒ʆʨʊʉʸ
ʱʆʋ2ȄʁʨǗɰǿ ɿ̒ɦȄ ȅ̫ʃǱǘʉǸ ȢɦǇʒ̋ʫʃ̌  ˄
ɿɦʨɺʁɦɾʨʊǱʊɦʅǎʊɰɦȺǇȉʃʁʧʏ ȬɦȊ ɴ́ɺʬɵɦʈǌɵ?  

ɰ,ȈʆǗɿǸɰ̒ʐʬʊʆʨǗɰǿ ɿ̒ɵʬʋ ȳɦɰǐʫɴȁǀʏ  ˄
ɱ,ɰɦȺǇʐʬʊʆʨȁǀʏɵʬʋ ȳɦɰǐʫɴǗɰǿ ɿ̒ʊʐʬɿȂʋʻ̡ɿʏʨɿʫɾǝȈʆʌɿǍʫȂɴʁʆʨʊɦʏǕʨǳǐ˄ 
ɲ,ɰɦȺǇʐʬʊɦɵɹʆʨǗɰǿ ɿ̒ʃʧɴȁǀʏ ȳɦɰǐʫɴʄʊʧȊ ǱʏǗʆʈǳǐ˄ 
ɳ,ʈʧʃȉʃǱʊɦʅǎʊɰɦȺǇɦʁɲʪǗǳʃ̡̒ɿǸȓʊʈǕɾʽ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋʆ̒ʨɵȗʄ̡̒ʁʈ́ʬɼʨǿ ʈʧɵ&ʁʧʏ Ȭɦ ʃrɰɦȺǇ'˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ Ȁʈɵȗʄ̒ʁʨ2 ʃr̡ʁʈ́ʬɼʨǿ ʈʧɵȁʈʆʋɰɦȺǇ̡ɿɴ̡ɿʐʬʊʆʨʌɿǍʫ̡ɺʋȉʃʏʨɿʫɾǝ

ȈʆɱǓʏʻɦȳǱʃ̒ʌɿǍʫ̡ɺʋȉʃʏʨɿʫɾǝȈʆȂʄ ǻɦʉʟɰʟɴʊʐʬɿɺʋʻ
ʏ ǗɦʈɵȅʃʋʃʁʩɴɰɦȺǇ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂
ɰ.  ʱʃʷǸǱʊʉʋʻǗɵʑʶʁʬʱȳ˄ȈʆǗɿǸɰʻ ɲʪǸɰɴǙ̫ɰɦȺǇʈʧʃ̡ʈʃǸȁʈʆʋ ɺ̡ʋȓɵ
ʐʬʊȅʃʱʁ˄ 

ɲ.  Ȃɦ ʄ̫ʨȉʃǱʊȅɿ̒ʄɴ̒ɰɦȺǇɦȳʄʊʧȊ Ǳʏɱǘ̫ʄ́ʫ̡ʃǌɦȵɰǐʫɴʄʊʧʄʁrʃǱʊʏǟʁʏɰʈǕȈʆ  
ɵʈǑɴɲʪǱʊɦʅǎʊʆʨȁǀʏ ȳɦǗɰǿ ɿ̒˄  

ɳ . Ǳʊ̡ǗʄǗʄɩʋʏʨɿʫɾǝȈʆrʃǗɰǿ ɿ̒&ʆʨǗɿǸɰ̒ɦȳ ȢɦǇʒ̋ʫʃ̌ 'ʄɤǃɰ̒ȁȉʃǱʊɦʅǎʊ
ȁʈʆʋ ɰɦʨɿɦʑʨɴʆʧɿǗȅɰɺ˄  
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ʅ̡ǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ  
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ &ʲɰɿǗʈɨʌǱʊʉʋʻǗɵʑʶʁʬʱȳ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿˑ&ǱʊɦǗʄʨǗȅʏɲ̒ʁʃʧɿʌʧʁȘȐɚʏǌʆʃǖʋȅ̒ɿʫʇʬɿ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴȉʃǗȐ ʄ̒ 
ʏʈɿǍȈʆ ʆʃǖʋʆ̒ʨȅɿʫʇʬʁʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ǱʊǗɿʧ̫ʊʧ̫ʆʧǶʊǿ  

ʏɾʁʭʊʁʨˏ,˓ ˆǱʊʌʧȈɲǗǱʐǙ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰʌʧʁȘȐɚʏǌȅʃʄǵǝɹǗǱʐǙʈʭʉ ʃrǱʊ̡ǗʄǗʄɩʋʏʨɿʫɾǝȈʆ̂  
 
 
 
 
 
 
 
 
 
 
 
 
ʲɱǜʁʨ1 &ʏʨɿʫɾǝȈʆʄʊʧȊ Ǳʏ'8ɦɰʨʃɦʑʨɴʆʨ o25 C ɺʋʻ  o40 C  ɰǐʫɴʊʉʸɦʆʋ 5 ʱȉ́ ɴ˄ 
ʲɱǜʁʨ2 &ʏʨɿʫɾǝȈʆȋɴǱʉʈʃʫʏǜ'8ɦȵ ʀɦʊǗɿʩʈ o37 C Ȃɦ ʄ̫ʨʄʊʧȊ Ǳʏ ɰɦʨʃɦʑʨɴɰǇʨ˄ 
ɿɦʨǗǱʐǙɦʃ̫ʄǵǝɹʆʨʋɰƽɾ ʆyʧɦʏʏʒǙʨʊʄʏʈ̒ʃʫʏǜ̡ɺʋɱʫʏʆʨʏɿǙʋǕʬʃ&ǹ ʈǗɿǸɰ̒'?  

ɰ,ʈʃʫʏǜȉʃ̡ʏǑɰǗǱʏǸ̒ɴʏɿǙʋǕʬʃ˄  
ɱ, ʈʃʫʏǜȉʃʏʈɿǍȈʆ ʊɰȚʋʃʁʩɴʈɷǄǻǈʃɰǐʫɴ ɺ̡ʋ ʂɦǙʨʡǖʏʨɿʫɾǝȈʆȋɴǱʉ ʀɦʊʈʧʃ
Ǘ̡ʄȀʈʄʊʧȐǍʃ˄  

ɲ,̡ʁʈ́ʬ̡ʈ́Ǘɿ̡ɺʋȍʏʻɦʋʨʈʃʫʏǜȉʃǱʊɱʫʏɶƾɴ˄  
ɳ,ʈʃʫʏǜǗʏɨʄɰɦȺǇȅʃʉʪɿǸɴʏɿǙʋǕʬʃ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲʁʧʃǐʃˀʉǗǱʐǙʃʧɴʉʋʆ̒ʨɦǳʋɲʁʃʧɿɷʨʌʌʧʁȘ)  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
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ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʏɿǙǹ ʈɦȢǌɺʬɵǸʈʃʫʏǜȉʃʉʃǌǱʊɷʨʌȐɚʏǌ&ɺʬɵǸ ʄ̡ɰɦɹʨʏʜʊʫɹʏʊrʏǹ ʈ'

ɺɦʨʈǑʨʊɰȚʏʨɿʫɾǝȈʆʡǖɦʀʊɦȂ ʄ̫ʨǸʏʨɿʫɾǝȈʆǲɴɦǗȢ Ǘ̡ʄǗʄɩʋǲǘʁɴɰʿɦǻʉ  ˄
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂

ɰ.  ɰǗȉʏʻ̡ʏǑɰʈʧʃ̡ʈʃǸɰȀǌɰʁɾ ɿ̒ɵʈǑɴrʃʏʨɿʫɾǝȈʆɦʀʊɦʁ˄ ʏɿǙǗɰɦʆʨȉʃ̡ʏǑɰ
ǗǱʏǿ̒ ʏ ʄ̒́ʫ̡ʃǌʏʨɿʫɾǝȈʆȍɦȵ ɿ̡̡ǗʄȀʈʄʊʧȐǍʃ˄  

ɲ.  ǗǱʐǙɿʁǿ ɴʡǖʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌǗɿʩʈǗɿɨʌʈʧʃ̡ʈʃǸɰʁʐʫʏʗʄɰʊɾʽɦʁ˄  
ɳ .  ʄɤǝʈʧʃ̡ʈʃʏǍʧɿɦʋʨǱʊǗʏɨʄɰɦȺǇʉʪɿʜɦʋɝʃɦʁ ɿ̡ʏǍʧɿɦʋʨʏʈɿǍȈʆʅʋʧɿʃʧɴ
ʄɦɣǁɹɰɦȺǇɦǻʉɱǘʭʃʟɴ˄  

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄɦɵǁɰɦʁʏ  
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋȅʁɰ&ǱʊʌʧȈɲǗʄʆˀʃǏɷʨʌȐɚʏǌʏǕʫɲȐǕɹ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉǗǱʐǙʃʧɴȈǃʄ̒Ǘʁʩʏǌʨ' 
ʄʊʧʄʁ ʏɴƾʈ+ʄɵǁʫʄǑʃǐ&ɷʨʌʌʧʁȘʃʧɴʄʊʧȐǍʃ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴ̡ʅǐɴɦȋɲʌʧʁȘ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ Ǳʊʉʋɺ̒ʩɴʆʨʂʈǕǸɿʧ 

 
 

cP×URRw¾¶   Ȓ[¢áUáUȐ\`wPzOĶȩW`A\ TvEU¡FËA]vRȑȹȮ`«¢]E 
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ȵɦɰǐʫɴʆʧʇʆɦȌ ɰʄɵǁʫʄǑʃǐǱʊȀʈǻʃʏʨɿʫɾǝȈʆȅʃǱǘʉǸɰʧɵǁǱʊɺʿʏǲʁʃ̒Ƕʄ̒ʆʨǱʊȀʈǻʃǱʊ
ʑɦʨɴɰɦȺǇrʃʇʆ̡ʅʃɺʨʊʐʬɿɺʋǱ̒ʊǗɲʄ̒ǗɲɴʏʫɱȈʆȐ ȃʊɾ ʸ˄ ɰʈǓʫǸ ʃʧɴǗʄɦʁʏȈɲɦǗɵʨʃɦʋʨʆʧʇʆ
Ȍɦ ɰɦǗʄʨǗȅʏȉ̒Ǘɿǻǈʃ̡ʏʋʏǖ̋ʫʏ( )t ʏǗȉʄ̒ɷʨʌȈʆǗʄǶʶrʀǀʄ́ʫ̡ʃǌɰǐʫɴʌʧʏʉˀʌʧʁȘȐ ɚʏǌʃʧɴʄɦɵǁɰʌʧʁȘ
ȉǗɿǻǈ ʃ ɰ̡ʌʧʃ( )T  ǗɿɨʌȅʃɦǗʄʨǗȅʏǸ̒ʏǌɴ̒ǻʊʒʃǌʊǸɿʧ(SI) ˄ ǻɦʉ ʑ̡ɰɰǐʫɴʄǿǇɹʆˀɿ̓ȉʃʒʃǌʊǸɿʧ
ʈʭʉɵʁʃʭʃ Ȍɦ ɰʒǐɰȓɵʃʩɴɦɳʨɹǱʊɦǗʄʨǗȅʏȉ̒Ǘɿǻǈʃ ȑǙʊʧʃrʐ( )F ʅɴ̡ɺʊ˄ Ǳʊʉʋɺ̒ʩɴʆʨǱʊʄʁ̡ʄǘɴ
ɿrʈǘʃʧɴʒɿǍʃˀʉ ʃrȉǗɿǻǈʃʃʨʈʭʉˇɷʭʉʡǖɦʉʨɴʉʋɺ̒ʩɴǱʃ̡̒ɿɵȗʏʆ̒ʨʁʧʃǐʃˀʉȓǱʏȃɿʫʃʧɴʄɦɵǁɰʌʧʁȘ
ɺ̡ʋɰʁʆʫɴɦǗʄʨǗȅʏɷ̒ʫʁʌʧɹɱǘʭʃ˄  
ʏɾʁʭʊʁʨˏ,ˏˆǱʊʄɰǗȐʉɿrʈǘʏʬʃǖǻɵ̒ǲɿ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴʈʃǎʨʊʆʧɦȐ ʂʃ̔ʊʬʄʌʧʁȘɰǗʈʧɿɱǓʏ ʒ̒ǐɰʌʧʁȘȐɚʏǌʆȘȊ ʈʄɣǁʫ̫ʏʨɿʫɾǝȈʆʒɴƾȃɿʫʡǖɺʋʏ̒ʬʃǖ
ǻɵʻǲɿ&0K  )  ˄
ɿɦʨȐǍʃȈʆʏʬʃǖǻɵ̒ǲɿ&0K ) ɰǐʫɴȉǗɿǻǈʃ̡ɰʌʧʃȉʃʃˀʉɺʬɵɦʈǇɵɰǐʫɴʊʬʄʌʧʁȘ?  

ɰ,Ǹɵʁɾʫɵ̡ɺʋʁʩɰɰɰǶʄ̒ɦʅǇʨʈʊȌʉǸʁʩɰ 
ɱ,Ǹɵʶɾʫ ɵʲɺʋʈʹʬʱʋɲʫʋʳʃʒɴƾȃɿʫȉʃɵʋȄǲǘ ʶɴʄʶʅʫɿ 
ɲ,Ǹɵʁɾʫɵ̡ɺʋȁʈʆʋʏʫʨɦʃʁʧɵrʃȈɲʋǟʧɿɦʏǕʨʃʩɴʏʬʃǖ&ǳǕʃɵʋȄ' 
ɳ,ǸʏʨɿʫɾǝȈʆʈʂǖʈrʃʁʩɰʏʈʫǗʁɰǐʫɴʊɺʬʌʊǵ 

ʅ̡ǐɰʁʨː̂  ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴǱʊʉʋɺ̒ʩɴʒʁʆʨʃʧʉʈʃˀʉʌʧʁȘȐɚʏǌrʃȉǗɿǻǈʃ̡ɰʌʧʃ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȉǗɿǻǈʃ̡ɰʌʧʃ̡ʅǟɰɦʋʨǗʁʩʏǌʨ̡ʁʊʈ́ʬɼʨǿ ʈʧɵ˄  0 K  ɲʪǸʏʨɿʫɾǝȈʆȂʄ

ʄʶʅʫɿʲɺʋȓɵȉʃɺ̡ʋ ȵɦʁʨɦȄ Ȉ̫ɲʋǟʧɿɸ ʄ̒ȉʃɵʋȄȂɴʁǗʏɧɴ˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 
ɰ &ɱʫʏ'8 ɵʁɾʫɵʁʩɰɰɰʊȌʉɲʪ o0 C   ʈʧʃ̡ʈʃ 0 K  ʱʁ 
ɱ&ɱʫʏ'8 ɵʋȄǲǘʁɴɦɰʨɿɦʑʨɴɦȵʏʨɿʫɾǝȈʆɱǓʏ ʈ̒ʧʃ̡ʈʃȂʄʄʁʅʫɿɦʁ 
ɳ &ɱʫʏ'8 ǸǱʊȐǕʃɦǻʉǳǕʃʈʬʋǻǈʃʌʧʁȘȐɚʏǌ 

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄɦɵǁɰɦʁʏ  
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǗɿɨʌǱʊǱʊʉʋɺ̒ʩɴʒʁʆʨǗʁʩʏǌʨʏʫʨɦʃʁʧɵ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ǳɦʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɰʋ&ʌʧʁȘȐɚʏǌʏʫʁǏ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊʌʧʁȘȐɚʏǌ 
ʏʈɿǍȈʆ ʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰ̒Ȍ ɰ̒ʃʧɴǱʊʁʁʭʋȐƾʋʏ̒ǌɴ̒ǻʊʌʧʁȘȐɚʏǌ 
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ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊʄʁ̡ʄǘɴȉǗɿǻǈʃɰǐʫɴɷʨʌȈʆ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʏʧʏǜȉǐɰ̒ȅʃʁʧɹʗʄɰʊɾ ȍ̔ʏʏ̒ʨɿʫɾǝȈʆȀʈʒʃȒ ɹ ʄ́ʫ̡ʃǌʗʄɰʊɾʽɦȄ ʄ̫ǵǝɹʏʨɿʫɾǝ
ȈʆǸȑǙʊʧʃrʐ˄ʗʄɰʊɾ ȍ̔ʏʏ̒ʨɿʫɾǝȈʆɰǐʫɴʄʃǎʄ̒ɦɳʨɹ  o77 C  ˄ &ʊʬʄʈʃǌʄʶʲʄǘɴˆ 

32

1.8

F
T

-
=  ˄ ɿɦʨʏʨɿʫɾǝȈʆɰǐʫɴʄʃǎʄ̒ɦȄ ȉ̫ʃɿrʈǘʄ́ʫȄǕʃǸʒɴȚ̡ʏʋʏǖ̋ʫʏ = 

ɰ,  o20 CT =   
ɱ,  o25 CT =   
ɲ,  o30 CT =   
ɳ, o45 CT =   

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʒʃʫʌɿǌʄʁɾʧʃɲɾʧɿʌʧʁȘɦɺʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝʄɦɵǁɰɦʁʏɰǐʫɴʏɴƾʈ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 

ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʒʃʫʌɿǌȀʈʊʬʄʈʃǌˆ77 32 45- =  ˄ ʄȄǎ ʄʻʈɰ o45
25 C

1.8
=   ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂  
ɰ  , ɲ ʃʧɴɳ &ɱʫʏ'8 ǸʋʁǏʅʋ ʃrɰʁʐʫʏɰǐʫɴǱʊɲɾ ȄʜǱʊɦǗʄʨǗȅʏʻɦʋɱɰǐʫɴʊʬʄʈʃǌ

ʈʧʃǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄɦɵǁɰɦʁʏ  

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ &ǱʊʒʃʫʌɿǌʊʬʄʈʃǌʲɺʋȉʃǗȐʄʻ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊɦǗʄʨǗȅʏɲ̒ɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈʃ&ǱʊɦǗʄʨǗȅʏʏ̒ȉǔʊʄɦɵǁɰʌʧʁȘ' 
ɵʁɦɾ ɺ̫ʩɴ ʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏɲ̒ɾʧʌʧʁȘɰǐʫɴɲɾ Ȅ  
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 

 
ʏɾʁʭʊʁʨˏ,ˑˆǱʊʌʧȈɲʄ̡ǗʈʄǗʈɩʋɰɦȺǇʏɰʋ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒɴƾǱʊʏʐǗʄǸǸɿʧȅʃǗʆȉʃȁʏʨɿʫɾǝȈʆʈʂǖʈʊʄʏʇ̒ʆ̡ʅʃɺʨȅʃɦɰʨʃɦʑʨɴ1.5 K   
ʂɦɠʄʃʩɴʏʈˀʉʈʫʃʄɺʧʌɿǌʃ̔ʗʏȚʐɰʈǕ˄ɦɿʨǱʊɦɰʨʃɦʑʨɴ 1.5 K  ʱʃʷɦʄʨɲʧɿǸȉǗɿǻǈʃ̡ʏʋʏǖ̋ʫ
ʏʌʧɹ ɿɦʨȍɦʏǕʨʃʩɴǱʊɦɰʨʃɦʑʨɴʄ́ʫȄǕʃ?  
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ɰ,ɦɰʨʃɦʑʨɴ o1.5 C  
ɱ,ɦɰʨʃɦʑʨɴ o274.65 C  
ɲ,ʀʉɵʫʷ o1.5 C 
ɳ,ʈʧʃȓɵɦǗʄɠʄɦʂɠʄȅʃɦʁ Ǘɦȇ ȉ̫Ǘɿǻǈʃɱʫʏǳǐ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴʄ̡ǗʈʄǗʈɩʋ  ʳʃȉǗɿǻǈ ʃʏ̡ʋʏǖ̋ʫʏʃʧɴ ɰ̡ʋʌʧʃʜǻɵ̒ǲɿ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ Ȃɦ ʄ̫ʨǸɵʁɾʫɵʏʬʃǖɱʫʏǳǐʄ́ʫ̡ʃǌʁʶʐʶʳʃʒʲɴƾo1 C ɲʪɦʏǕʨʃʩɴ1K Ǹʃʧɵǁ˄ɺʬɦɵǐ̫ʄ̡Ǘʈʄ

ǗʈɩʋʏʨɿʫɾǝȈʆ T KD = D˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂-  

ɱ &ɱʫʏ'8 ǸǱʊȈʃʻǗɵʑʶʱǻʉʉɰɿʳʈǘʄʶʲʄǘɴɵʶɾʫ ɵʏʬʃǖ &273.15) ȳɦʄʬɰʃʩɴʄ̡Ǘʈʄ
Ǘʈɩʋ˄ 

ɳ &ɱʫʏ'8 ǸǱʊʉʋǗ̒ɵʑȁʁʡǖ̡ɿɦǹ Ǖ̫ȉǗɿǻǈʃɱʫʏǳǐɲʪʈʧʃȓɵȉʃɿrʈǘʄ̡ǗʈʄǗʈɩʋ
ʏɦǕʨǳǐ˄ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵƾɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&Ǳʊʉʋɺ̒ʩɴʆʨȈʆɱʫʏǳǐʊȍɴɵʁɾ ɴʃʧɴʄ̡ǗʈʄǗʈɩʋ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ˒&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʏǕʫɲȐǕɹʃʧɴǱʊʉʋɺ̒ʩɴʏʫʨɷɦǗȺ' 
ʄʊʧʄʁ ʏɰʋ&ʄʊʧȐǍʃʃʧɴǱʊ̡ǗʄǗʄɩʋȓǱʏȃɿʫ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʒʁʆʨʒɿǍʧȈʆ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ Ǳʊʉʋɺ̒ʩɴʆʨʄɤǝʏɰʋ 

 
ʏɾʁʭʊʁʨˏ,˒ˆɵʁɾʫɵʊʁʆʫ̫rʃȓʏʬɿȋʌ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴʌʧʏʉˀ ʌɦɷǃȐ ɚʏǌʏʈˀʉʀǕʨɦɲɦǗʄʨǗȅʏȓ̒ʏʬɿȋʌ(Liquid Nitrogen)ɦɺʨʈǑʨʊɰȚʁʫɰȍ́ɰ̒Ȑ ɴʁ˄ ȓ
ʏʬɿȋʌʆʫ̫ɦȵʏʨɿʫɾǝȈʆ 77 K  ˄ɦʄʨɦʂɠʄʃʩɴɵʁɾʫɵɰɰrʃʁʩɰ273 K   ɿɦʨȓʏʬɿȋʌȉʃʏȈʆ
Ȋ́ ɴǿ ?  

ɰ,ɦȢǇǸɴʁʩɰʆʫ̫ 
ɱ,ǗɿǸɰ̒ǲǘʁɴǸɴʁʩɰɰɰ 
ɲ,ȉʃʏʨɿʫɾǝȈʆɦʏǕʨʃʩɴʁʩɰɰɰ 
ɳ,ʏǍʧɿɰǐʫɴȐǍʃȈʆʗʏǕˀʃɦȵʏʨɿʫɾǝȈʆʄʃǎʄ̒ 
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ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8     ǗɦʄɠʄɦʂɠʄɿrʈǘʏʨɿʫɾǝȈʆɰǐʫɴȉǗɿǻǈʃʌʧʁȘȐɚʏǌ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʱǻʉȐʊ 77 K   ɿʬɵǸɴ273 K   Ƿǀʉǿʏʻ &Ǘʄʲʐʋo196 C- )  

ɺʬʱɵǐʷȍȉʃʏȈʆǗɿǸɰʻǲǘ ʶɴʄʶʅʫɿ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 

ɰ &ɱʫʏ'8  ʅǎʫʉʆʨǱʊʆʧɿʌʧʁȘȐɚʏǌ 
ɳ &ɱʫʏ'8  ʏɾʁʭʊʏʭʊʆʨǱʊɦǗʄɠʄɦʂɠʄʏʨɿʫɾǝȈʆʈʧʃ̡ʈʃʏʭʊʆʨȐǍʃȈʆʊʬʄȃɿʫɦȵ 

ʋɰƽɱɾǉ ʄʃǎʄʻʱʁ 
ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄɦɵǁɰɦʁʏ  

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈǱʊɦǗʄɠʄɦʂɠʄʁʧʃǐʃˀʉ ʋɦɱɰǐʫɴʄʊʧʄʁʌʧʁȘȐɚʏǌ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊʄɰǗȐʉʇʏǌʫȀɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʏɰʋ&ʏʫǲʇʧȅʋʃʧɴʄɦɵǁɰʌʧʁȘ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦʈɦʊɠʃ 
ʏʈɿǍȈʆ ʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 

 
ʏɾʁʭʊʁʨˏ,˓ˆǱʊʊɵȄǱʊʆʧɦȐ ʂʃ̔ȉǗɿǻǈʃ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰʌʧʁȘȐɚʏǌȉǐɰ̒ɵɴ̒ʄɦɴƼʨɿȉǗɿǻǈʃʏʨɿʫɾǝȈʆʀǕʨʈʭʉ ǻɦʉɱǘʭʃʟɴ˄ ǳɿ̒ɰʁɾ ɿ̒ʉɰɵʁɾʫɵ
ɰɰrʃʁʩɰǸ o0 C   ʃʧɴɵʁɾʫɵʆʫ̫rʃʁʩɰǸ o200 C˄ɦɿʨȉǗɿǻǈʃʀǕʨɦʃ̫ȉʃʋɰƽɾ Ǘyʏ ɺɦɠɴʃʩɴ
ȉǗɿǻǈʃ̡ʏʋʏǖ̋ʫʏ( )t Ȋ́ ɴɺʬɵʱʈǇɵ?  

ɰ,1 ǗʄɦȌ Ǘ̫ɰʧɿrʃȉǗɿǻǈʃʀǕʨɦʏǕʨʃʩɴ o2 C  ˄
ɱ,1 ǗʄɦȌ Ǘ̫ɰʧɿrʃȉǗɿǻǈʃʀǕʨɦʏǕʨʃʩɴ o0.5 C  ˄
ɲ,ɵʁɾʫɵʏʬʃǖʊʄʏȍ̒ ʏɦǕʨʃʩɴɵʁɾʫɵʏʬʃǖǻɵ̒ǲɿ˄  
ɳ,ȍʈʧʃȓɵȍʏʏ̒ʨɿʫɾǝȈʆɦʋʨʏʆʨ o200 C ȅʃʱʁ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʉɿrʈǘǱʊʉʋɺ̒ʩɴʒʁʆʨǱʊʄɦɴƼʨɿʏǌɴ̒ǻʊʊǵǙʏʊ̒ǵǙʋʻ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȉǗɿǻǈ ʃʏ̡ʋʏǖ̋ʫʏȉʃ100ǗʄɦȌ Ǘ̫ɰʧɿ ɵɦȄǘ̫ɵʁɾʫɵɰɰʃʧɴʆʫ̫
(100 0 100)- = ˄ȉǗɿǻǈʃʀǕʨȉʃ200ǗʄɦȌ Ǘ̫ɰʧɿ (200 0 200)- =

˄ ɺʬʱɵǐʷ1 ǗʄɦȌ Ǘ̫ɰʧɿʀǕʨɦʏǕʨʃʩɴ o100
0.5 C

200
=   ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 
ɰ &ɱʫʏ'8 ɲɾȄǗǶʏʏȉȉǗɿ˄ 
ɲ &ɱʫʏ'8 ʈʧʃȇɰ̒ʆˀʃǏʃʩɴʃʧʉʈʃˀʉ ɰ̡ʌʧʃɦʁ˄  
ɳ &ɱʫʏ'8 ȉǗɿǻǈʃȓɵʄʃǌɦʋɱɦʋʨʏʆʨɵʁɾʫɵɰʁɾ ɿ̒ȅʃ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋȅʁɰ&Ǳʊɲʧɿ̡ʄʄɿɰƼʌʧǸǃʃʧɴǱʊʄɦɴƼʨɿɲʁʊʬ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ˓&ǱʊȍʉɿrʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʄɵǁʫʄǑʃǐ&ǱʊʄɦɴƼʨɿʏǌɴ̒ǻʊ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʒɿǍʧȈʆ 
ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊʒɦɴƼɿ 
ʕʊʧȊ ʄʀ ȈʆrɵǐǗʄɼʧɿʃʧɴȈʆǸɰ̒Ȍ ɰ̒ 

 
 
 
cP×URRw¿¶ Ȓ[¡áH}`¡[ā`hUA[O­Ȯ`«A¡ɜĨȑAÚçE`Y°ZȒ\U¡FËA]vRȑȹ 
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ȵɦɰǐʫɴɷʨʌȈʆʊʏʻɦȵǗʄǶʶrʀǀʃʧɴɰǐʫɴȐǍʃȈʆʏʫɱȈʆȐȃʊɾ Ǳyʊȍʏʏ̒ʨɿʫɾǝȈʆȅʃǱǘʉǸ
ɰʧɵǁǱʊɺʿʏǲʁʃ̒ʄʁʅʫɿʈʭʉ˄ ɺɦʨʈǑʨɦɶǘʨʉɿʄɦȳʃʩɴɿǗʈɨʌǱʊɦʅǜɴ̌ ǳǐʌʧʁȘȐɚʏǌȅʃʄɦɴƼʨɿǗʄɦʇʁ̡ʁʊʈ́ʬ̡ʈ́Ǘɿ
Ǹ ǗɦɵʨʃǗʄɦʇʁ ɺ̡ʋʃʨʈʭʉ ȉ̌ʃɦǳʋǱʊɾ ɺ̔ɦʁɾʨʊǱʊʃʧɴʒɿǍǗʄɦȊ ɷʃ̔ɱʫʏ ǳ̌ǐ˄ ȵɦȀʈʈʃǎʨʊɦʆʁǖʜ
Ȁʈʅǎ̫ɦʉʨɴɦǗɵʨʃɦɳʨɹ ʲʁʈʹʬʲʈʹǗɿȋʌ&Liquid-in-glass thermometer)  ɺ̡ʋ Ǘɦʄʨȅʊɿʜȓʋɰ̒ʫʋʃʧɴ ʲʁʈʹʬ
ʈ̡́Ǘɿɼʨɷʨʀʋ (Digital thermometer) ̡ɺʋ ǗɦʄʨʏʧʃʏʊˀɦʒʑʧɵǗɿɨʃʧɵ˄ ɰǐʫɴʒʁʑʫɴɦʆʋȉʃɷʁɴʪȋɿɿȗɿ ʲʁʈʹʬ
ʈ̡́ǗɿʒʫʨʃɚȑǙɦʊ́ɺ(Infrared thermometer) ȅʃɦɺʨʊɿʭȄʁʨȊ ɴ́ʏǲʁʃ̒ɰǐʫɴǱʊȍʏɰ̒ɦȺǇʆʨɵȉǀʉ ǻɦʉʈʧʃȅɵ̒
ʄ̫́Ȇǎʋʻ˄ʄ̡ʃǍʈʆʨɦʃ̫ ȵɦɰǐʫɴʌʧʏʉˀʗʏȚʐɰʈǕȓȑ ʊɦɲɦǗʄʨ ʲʁʈʹʬʲʈʹǗɿʱȌʐʸ(Bimetallic strip 

thermometer) ɺɦʨʈǑʨȍʏɰ̒ɦȺǇɰǐʫɴɵɚǵƼʃʒɲƾʧʏʃʨ˄Ǳʊʉʋɺ̒ʩɴʆʨʋɰƽɾ ʄyɦɵǁɰɦʁʏʃʧɴ̡ɺʃɰʁɾ ɿ̒rʃ
ʗʄɰʊɾ ʃ̔ʨʈʭʉˇɷʭʉʡǖɦʉʨɴʁʁʭʋȅʃʁʧʃǐʃˀʉʏʫɱȈʆʃʧɴʏʫʌɿǍʧȈʆǗʄɰʄɦǻʉȈʆɦɷɝǸɰ̒˄  

 
ʏɾʁʭʊʁʨˏ,ˏˆǳɦʋǱʊɾ ʊ̔ʨɰȉɼrʃʊʬʄȃɿʫ 
ʅ̡ǐɰʁʨ̂ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰǗʏʨȆʃǐʨɦǗʄʨ̡ʁʈ́ʬ̡ʈ́ǗɿȅʊɿɦɺʨʈǑʨȍʏʏ̒ʨɿʫɾǝȈʆʁʩɰɦȢǇʒ̋ʫʃ̌ ˄ǳɿ̒ʏ ɴɦƼɿɦɳʨɹȁ ȵɦ ʆɦʋ
ǻɰ̡̒ɰʌ̡ʁʈ́ʬ̡ʈ́ǗɿɰǐʫɴʁʩɰǸɿʧȋʌʆɾ Ǘ̓ȅɰ̒ɰǐʫɴʄʁʆɴ̡̒ɰʌǶʄ̒ɦʅǇʨʈɦɰʨʃɰʈǓʏʻɦʑʨɴɦʋʨ˄ 
ɿɦʨȅɿʫʇʬɿʊʬʄʌʧʁȘʈʭʉǿ ɺ̡ʋʆʃǖʋʆ̒ʨǱʊɦɰʨʃɦʑʨɴrʃɰʈǓʏȅ̒ʊɿɰǐʫɴ̡ʁʈ́ʬ̡ʈ́Ǘɿɦʃ̫?  

ɰ,ɰɦȺǇɦʂǙʨʡǖɺɴ̒ʏʫʨɦɿrʃȅʊɿɦɰʨʃɦʑʨɴ 
ɱ,ɰɦȺǇɦʂǙʨʡǖʈ́ʬɦʋɲʫʋȅʊɿʊʨɰȉɼ&ʄɦɴƼʨʃɵȉǀʉʊȍɴʈ́ʬɦʋɲʫʋ' 
ɲ,ɰɦȺǇɦʂǙʨʡǖʄʁʆɴ̡̒ɰʌʊʭʈɿʬɵʊʫɹȅʊɿʡǖɦʑʨɴɦʋʨ 
ɳ,ȅʊɿǗʏɨʄʉɰʏʶɦɾʨʈʆʨʁʩɰɦʂǙʨʡǖȍȉʃȉɼʂʁǸɴʈʫʃ 
 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴǱʊʉʋɺ̒ʩɴʒʁʆʨɦǳʋǱʊɾ ʊ̔ʨɰȉɼrʃʒɴƾȃɿʫȋʌɦǻʉɰɦȺǇ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ ʃʧɴ ʐɦɿʫʅʋǗɿʩʈǗɿɨʌɲʪʒɴƾȃɿʫȋʌʊʨɰȉɼɦȵ ʆɦʋʏʨɿʫɾǝȈʆɦɰʨʃɦʑʨɴ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȀʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘǱʋǿ ʒɴƾȃɿʫȋʌǗʏɨʄɰɦȺǇȁʈʆʋʏʫʨɦʃʁʧɵʈ́ʬɦʋɲʫʋ ɰɦʨʃ

ʑɦʨɴ ʂɦǙʨʡǖʆʭɰȍɺɰǴǘǷǀʉʆʨǳǐ̡ɺʋȄʡʁǖȉɼʏʊʫʄɦɰʨʃɦʑʨɴ&ʊʨɰȉɼ'˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 

ɰ ɱʫʏ Ǘɦȇ Ǳ̫ʊʊʨɰȉɼɦʂǙʨʡǖɺɴ̒ʏʫʨɦɿʀʉɵʫ̫ʈʧʃ̡ʈʃɦɰʨʃɦʁ˄   
ɲ ɱʫʏ Ǘɦȇʷ̡ɰʌɰʿʊʨɰȉɼ̡ɺʊ̡ɿɿʧɵǸɴȅʊɿ˄   
ɳ ɱʫʏ Ǘɦȇ ȅ̫ʊɿɦȵɰǐʫɴ̡ɰʌɷʧɿʈʧʃȓɵǗʏɨʄʏʶɦɾʨʈȅʃɦʁ˄  
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ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 

 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɦǗʄʨǗȅʏʻ̡ʁʈ́ʬ̡ʈ́ǗɿɰǐʫɴʄʊʧʄʁʏʫɱȈʆȐȃʊɾ  y
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȵɦǗɵɰɵʬʋʅȚʊʁʁɦʃʨʄʈʭʉʄʫɲƾʋʧɰʏʃǌʧʏʫɱɦǗʄʨ̡ʁʈ́ʬ̡ʈ́ǗɿʒʫʨʃɚȑǙɦʊ́ɺ(Infrared Gun) ɺɦʨʈǑʨɦʏƼʃ
ɰɦȺǇʒɿʧʀʧɷʃʆʨɵȉǀʉ 3 ʱȳ5 ʏɴ̒ʁʨ̡ʈ́Ǘɿʆʨȁǀʏ  ˄
ɿɦʨʒǙʨǸʒɿǍǗʄɦȊ ɷʃ̔ɵʈǑɴrʃǱʊɦǗʄʨ̡ʁʊʈ́ʬ̡ʈ́ǗɿǗʄɦʇʁɦʃ̫ ɰǐʫɴȐǍʃȈʆ̡ɺʋȉʃʈʃʫʏǜɦǗɵʨʃɰǐʫɴ
ʏɴƾʈ?  

ɰ,ȍʅǌʋɿ̒rʈǘʏʨɿʫɾǝȈʆɵȗʏȌ̒ ʏǸ̒ɴ̡ʁʈ́ʬ̡ʈ́Ǘɿȅʊɿ˄  
ɱ,ȍȉʃɿrʈǘɦȁɰʃʧɴǵʉǗʏɩʋɷʭʏɷʫʋǸɴǗʄɦʇʁɦʅǜɴ̌  ˄
ɲ,ȍȓɵȍʏȅ̒ʃɦʋɝʃʃʧɴǱɿ̒ʄʃǍʉȑ ʃʧʇˀʉ ʃrǱʊɵʈǘɴɦʈɦȋɲɦǻʉȐʊʈʧʃȉʃǱʊ
ʄʹʷȆǎ ʋʻ˄ 

ɳ,ȍʈʧʃɦǗʄʨǗȅʏȁ̒ʈʆʋʀǕɺʬɵɦʃ̫ȓɵɦǗʄʨȅʃǗɲʄ̒ɦʆʋ ʌɦȌ  ˄
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ8 ȍʉɿrʈǘǱʊʉʋɺ̒ʩɴʆʨɲʫɾ ʏʈǑɿǌʧʄɦɵǁɰʌʧʁȘɰǐʫɴʄʊʧʄʁʏʫɱȈʆʏɴƾʈ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ ( ʐɦɿʫʅʋǗɿʩʈǗɿɨʌɲʪǱʊʈʧʃʄ̫́Ȇǎʋɷ̒ʭʉʁʄ̒ȐƼɿ̒Ǳʊɵʈǘɴɷʁɴʪ)  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ɰǐʫɴʄʊʧʄʁʏɴƾʈ̡ɺʋȉʃʈʃʫʏǜɦǗɵʨʃǱʊʈʧʃʄ̫́Ȇǎʋ ɲ̒ʪǸɰȀǌʏǲʁʃ̒ʄʁʅʫɿ

ɺɦʨʈǑʨʊɰȚʒȄʈˀʉ ʃʧɴʄɦɴƼʨʃɦʋǑɞʃrʃǱʊǗɿɩɿʆʧʃʧɿǖ˄ 
ʐɦɿʫʒǙʨɵʈǘʒǙʨɦʅǜɴɦʁɠɿɱʫʏ  

ɰ ɱʫʏ Ǘɦȇʷ̡ʁʈ́ʬ̡ʈ́ǗɿȅʊɿɦǗɵʨʃ̡ɿȉʃȈʆʏʫǗɰʩɿɱǓʏǸ̒ɴɰǐʫɴʋɰƽɱɾǉɦʀʊ˄ 
ɳ ɱʫʏ Ǘɦȇ ȍ̫ǗɿɨʌǱʊʀǕɦɺʨʈǑʨɺʁɦɾʨʊǱʊʏʧʃʏʊˀɦʒʑʧɵǗɿɨʃʧɵ˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ&Ǳʊʉʋɺ̒ʩɴʆʨǱʊʒʃʫʌɿǌǸɰ̡̒ʏǌɴ' 
ɰǗʈʧɿʏʈɿǍȈʆ ɰǗʈʧɿː&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉɰǐʫɴʄʊʧʄʁʏɴƾʈ' 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ &ɦǳʋǱʊɾ Ǘ̔ɲʩ̫rʃ̡ʁʊʈ́ʬ̡ʈ́Ǘɿ' 
ɰǗʈʧɿʏʈɿǍȈʆ ɰǗʈʧɿ0&Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ&ǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ȍ̔ʏ'̒ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊʌʧʁȘȐɚʏǌ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋʻ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 
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ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ&ʏʫɱȈʆȐȃʊɾʸ' 
ɵʁɦɾ ɺ̫ʩɴ ʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ Ǳʊȍʉɿʳʈǘ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌ 

 
ʏɾʁʭʊʁʨˏ,ˑ Ǳ̂ʊʌʧȈɲ̡ɺʃɰʁɾ ɿ̒rʃ̡ʁʈ́ʬ̡ʈ́Ǘɿȅʊɿ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȵɦɰǐʫɴʈʃǎʨʊʆʧɦȐ ʂʃ̔ɿʁʄʃ̒ʒɴ̒Ȁɰ̒ʁʧɰ&ʄ́ʬʋǲɴɿǑʬɴ'ɺ̡ʋʏʨɿʫɾǝȈʆȓɵȃǘɰ̒ɵʫ̫ɺʋʻ
o60 C-  ʒǐɰʌʧʁȘȐɚʏǌʈʧʃɦǗʄʨ̡ʁʈ́ʬ̡ʈ́Ǘɿȅʊɿɦʑʨʉ ʄ́ʫ̡ʃǌɦɲɦǗʄʨ̡ʁʈ́ʬ̡ʈ́Ǘɿȓʋɰ̒ʫʋʌʧɹ˄ ɲɦɺʩɴȁ

ȅʊɿɰɰʱȵ  o39 C-  ʐɦʨʉȓʋɰ̒ʫʋɰɰɦȵ o114 C-  ˄
ʅ̡ǟɰɦʋʨʁʧʃǐʃˀʉ ʃɦ̫ ʐɦɿʫʒǙʨȅʃǸ ʁ̡ʈ́ʬ̡ʈ́ǗɿȅʊɿʈʧʃȓɵɦǗʄʨǗȅʏɰ̒ǐʫɴɿʁʄʃ̒ǗɿǸɰ̒ǲǘʁɴȅʃ?  

ɰ,ɦǗȇʷ̡ɰʌ̡ʁʈ́ʬ̡ʈ́Ǘɿʃʩɴ̡ʄɰɦȵʏʨɿʫɾǝȈʆɦǗǱʈʏʬʃǖ˄ 
ɱ,ɦǗȇ ȅ̫ʊɿʃʩɴ̡ǗʄǸʏȈʆʊʩɴ&ɰɰ'̡ɺʋ ʂɦǙʨʡǖȍʈʧʃȓɵʊʨɰȉɼȀʈʄʁʆɴ̡̒ɰʌȅʃ˄  
ɲ,ɦǗȇ ȅ̫ʊɿȉʃʆɾ Ǘ̓ȅɰ̒ʆʧȅɰɦʈʨʋɰǐʫɴɿʁʄʃ̡̒ɺʋȉʃǗʆʧʋʏǲǘʁɴ˄  
ɳ,ɦǗȇ ȓ̫ʋɰ̒ʫʋǗʏɨʄɰɦȺǇȅʃɦʋɝʃǸɴȅʊɿɰǐʫɴʈɷǄǻǈʃǗɿǸɰ̒˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲ̡ɺʃɰʁɾ ɿ̒rʃʏȉǔʊy̡ʅǟɰɦʋʨɵʁɾʫɵɰɰ  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ ( ʐɦɿʫʅʋǗɿʩʈǗɿɨʌɲʪȅʊɿȅɿ̒ʄɴ̒ʋɰƽɾ ǸyʒɴƾȃɿʫȋʌɦȵʏʨɿʫɾǝȈʆ 

` ʱǗǱʈ o39 C- )  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʁ̡ʈ́ʬ̡ʈ́ǗɿȋʌɺʁɦɾʨʊǱʊȅʃʋʫ̫ǗȀ ɿ̡ǸɿʧȋʌɦȄ ʏ̫ǍʧɿɰǐʫɴʏȈʆȋʌ˄ ʄɦʨȍʏǍʧɿ

ɰǐʫɴʏʨɿʫɾǝȈʆȂʄǸɴɵʁɾʫɵɰɰȍʃʩɴǱǘʉǸʒɴƾȃɿʫʊʩɴ̡ɺʋʈʧʃȓɵ
ʊʁɰʧʋɵʫ̫ɦʑʨɴɰǐʫɴʄʁʆɴ̡̒ɰʌȅʃɦʑʨʉ  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  
ɰ ɱʫʏ Ǘɦȇʷ̡ɰʌȓɵʂʃ̒ʃʩɴǗɿǸɰ̒ȅʃ˄  
ɲ ʃʧɴ ɳ ʈʧʃ̡ʈʃǸʈʬʋ ʐɦɿʫʄɦɵǁɰɦʁʏɵʈǑɴʲɺʋȋȋʶɴǱʊȍʏʻʲʌɴʱȄʷʱʁ˄ 

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄɦɵǁɰɦʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǱʊɦǗʄʨǗȅʏʁ̒ʧʃǐʃˀʉʄɦɵǁɰɦʁʏ ɺɦʨʈǑʨɦʂǙʨǱʊʏʃǐʧǻǈʃ' 
ɰǗʈʧɿʏʈɿǍȈʆ ɰǗʈʧɿ1&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɰʋ&ǱʊʏʧɰȚʌʧʁȘȐɚʏǌ' 
ɵʁɦɾ ɺ̫ʩɴ ʋɰƽɾʸʲʁʈʹʬʲʈʹǗɿ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 
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ʏɾʁʭʊʁʨˏ,˒ˆʏʫʌɿǍʧȈʆʏɴƾʈʃʧɴǱʊǗɲʄ̒Ǘɲɴʏɾʁ ʋʻɦǗǳ ȁ̫ǐɰ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʄɵǁʫʄǑʃǐǗʄɦʁʏǸ Ǘɦɵʨʃȅʃȑ ʈǴ ɿ̒ǱʊɦǗʄʨ̡ʁʈ́ʬ̡ʈ́ǗɿȅʊɿȀʈʅǎ̫ʃʧɴȐȌ ʊɦɠʃ ʐɦʨʉɷʁʃʭʏ
ʈɰʌʧɹʃʬʌǗʄɦʇʁɼʨɷʨʀʋ˄ɦɿʨʒǙʨǸʈʬʋ ʐɦɿʫɵʈǑɴrʃ ʏʫʌɿǍʧȈʆʏɴƾʈʃʧɴʄʊʧȐǍʃ ̡ɺʋȄʡʁǖ
ȉʃǱʊǱɿ̒ʄʃǍʉǱʊɦǗʄʨ̡ʁʊʈ́ʬ̡ʈ́Ǘɿȅʊɿ?  

ɰ,ɦǗȇ ȅ̫ʊɿǸ Ȍɦ ʐ ȋyʌ̡ɺʋȉʃǸɿʧʆʫʋǲǘʁɴɺʋʈ̒ʃʫʏǜʃʧɴǗʄʆˀʃǏɦʒɰʬʑʬʏʫʨ
Ǘʄʏʧʃɦʄʨ̡ʁʈ́ʬ̡ʈ́Ǘɿ̡ʄɰ˄  

ɱ,ɦǗȇʷ̡ʁʊʈ́ʬ̡ʈ́Ǘɿȅʊɿȍʏʏ̒ʨɿʫɾǝȈʆʉʪɿɦʆɰʈʧʃȂʃ̒ʏʈˀʉǱʋɼʨɷʨʀʋ  ˄
ɲ,ɦǗȇ ȅ̫ʊɿȉʃɿrʈǘrʀǘǲǘʁɴ ʂɦǙʨʡǖʊɺǈȅɿ̒ʄɴ̒ʀʌʧǱ Ǘɦɵʨʃ˄  
ɳ,ɦǗȇ Ǳ̫ʊʅʋʧɿȅʊɿʄɴƼʡǖȉʃǱʊɦɰʨʃɦʑʨɴrʃʗʏǕˀʃʅǎ̫ɰɣǁɰ̒ǲǘʁɴ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʅʋʄ̫́ȇʋʻrʃȐ ʊȃɿʫɲʨʈʨɰǐʫɴʗʄɰʊɾ ʌ̔ʧʁȘȐɚʏǌɵʁɦȇ ʏ̫ɴƾʈ 

ʃʧɴʄʊʧȐǍʃ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰ ʐɦɿʫʅʋǗɿʩʈǗɿɨʌɲʪǸɿʧʆʫʋ ʃrȅʊɿʄɴƼɦǗǳ ȁ̫ǐɰ̒ɺʋʏ̒ʫɱȈʆ 

ʃʧɴʄʊʧȐǍʃ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȅʊɿɲʪǸ Ȍɦ ʐ ʂyǀʃ̡̒ɺʋʆʫʋǲǘʁɴ˄ ʄɦʨ̡ʁʊʈ́ʬ̡ʈ́Ǘɿ̡ʄɰɵʁȑ ʉȅʊɿȓɵʄɴƼ

ʱǗǳʷȁǐ ɰʻɺʋʻǗʄʆˀʃǏǗʄȐʁʐɦʨʉǱʊɦȅʷɦǶʋʏɾʁ ʋȅ̒ʊɿɵʬʋɰǐʫɴʁʩɰ
ʃʩɴʄʁʆʫʋ ɱ̡ǜɵǵǙɰ̒ȓȑ ʊ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  
ɱ ɲʪǸɲʫɾ ʌʧʄɿǌʧʄɦɵǁɰɦʁʏʈʧʃ̡ʈʃǸʄɤǝʏʫʌɿǍʧȈʆʄʊʧȐǍʃɵʈǑɴɦʁ 
ɲ ʃʧɴ ɳ ʈʧʃ̡ʈʃǸ ʐɦɿʫʅʋɵʈǑɴ̡ɺʋȄʡʁǖȉʃǱʊȑ ʈǴ ɿ̒Ǹʏɰʋ Ȅɦʷɦʁ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ&ɵʁɦɾ ɺ̫ʩɴʁʬɦȳʒʁʆʨʄʊʧȐǍʃʃʧɴʏʫɱȈʆ' 
ɰǗʈʧɿʏʈɿǍȈʆ ɰǗʈʧɿ0&Ǳʊʉʋɺ̒ʩɴʆʨʄɤǝʏɴƾʈ+ʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈʃ&ʏʫʌɿǍʧȈʆʃʧɴʄʊʧȐǍʃ' 
ɵʁɦɾ ɺ̫ʩɴ ɲʨʈʨʌʧʁȘʃʧɴʏɴƾʈʊʏʻɦȵ  
ʏʈɿǍȈʆ Ǳʊȍʉɿʳʈǘ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌ 

 
ʏɾʁʭʊʁʨˏ,˓ˆǱʊʌʧȈɲȈʆʏʫǗɰʩɿrʃǱʊȍʏʻ̡ʌɴ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
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Ȍɦ ɰʏʫɱɵɴ̒ɺʩɴʆʨʏʨɿʫɾǝȈʆɰǐʫɴɵɚǵƼʃʒɲƾʧʏʃʨ̡ɺʋɰʁʆʫɴɺʫɿʃʁ˄ ǳɿ̒Ȑ ɰʋǑɴɦǗʄʨ̡ʁʈ́ʬ
ʈ̡́ǗɿɼʨɷʨʀʋʏǗȉʄ̒ȍʏɰ̒ɦȺǇɱǘʭʃʈʃʫʏǜʃʧɴ̡ʁʈ́ʬ̡ʈ́ǗɿɦȌ ʐ (yBimetallic) ˄ɦɿʨɦʐɿʫʒǙʨȅʃǸ
ʁ̡ʈ́ʬ̡ʈ́Ǘɿȍʏɰ̒ɦȺǇɱǘʭʃʈʃʫʏǜʈʧʃȓɵʉɰʈɰȍʏʏ̒ʨɿʫɾǝȈʆɰǐʫɴɵɚǵƼ ʃȅʃ?  
ɰ,ɦǗȇʷ̡ʁʈ́ʬ̡ʈ́Ǘɿʈʃʫʏǜȉʃʁʁʐʂʁɦʁʆɰʈʧʃȓɵǻɰ̒ɵʬʋɵɚǵƼʃȅʃ 
ɱ,ɦǗȇ ȍ̫ȉʃ̡ɺʃȍʏɰ̒ʁɾ ɿ̒Ǘɿʩʈ o35 C ʱȳ o42 C ɺ̡ʋʃʩɴɱʬɵɦȵʏʨɿʫɾǝȈʆɱǓʏʻrʃ 
ɵɚǵƼ ʃo200 C  

ɲ,ɦǗȇ ʏ̫ʧʃʏʊˀɦʒʑʧɵǗɿɨʃʧɵʈʧʃȓɵɺʁɦɾʨʊǱʊȅʃɦʁǗʄʏʧʃɦʄʨȉʃʆʃǘʪɦȵɰǐʫɴɵɚǵƼʃ˄  
ɳ,ɦǗȇ ɵ̫ɚǵƼʃɦǗʄʨɵʊʃǌʒɲƾʧʏʃʨ̡ɺʋ ʂɦǙʨʡǖ̡ʁʈ́ʬ̡ʈ́Ǘɿɶǘɴɵʊʃǌ 

ʅ̡ǐɰʁʨː̂   ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨ̡ɺʃɰʶɾɿʻȍʏʻʳʃʗʄɰʊɾ̔ ʱʅǜɴˇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ ʐɦɿʫʅʋǗɿʩʈǗɿɨʌɲʪʗʄɰʊɾ ʃ̔ʨʈʭʉ Ǘ̌ɿɨʌȅʃʊɵȄʏǗȉʄ̡̒ɺʃʏʨɿʫɾǝȈʆ

ǸɰʻȌɰʻ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ̂  
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʗʄɰʊɾ ʃ̔ʨʈʭʉ Ǘ̌ɿɨʌȅʃʅʋʧɿɦʑʨɴȀʈɦǳʋʄʁɾ ɴɱʫʏǳǐ˄ ʁ̡ʈ́ʬ̡ʈ́Ǘɿ

ȍʏɰ̒ɦȺǇɱǘʭʃȉʃ̡ɺʃɵɦɴǟɡɿʃʧɴǗʄɿʧɰʈǕʃʩɴɰɦȺǇǲǘʁɴ ɺ̡ʋʃʩɴʊȌʉʜ
ɱʬɵȈǘʈ̌ ɰǐʫɴɵɚǵƼʃ  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
 ɰ, ɲ ʃʧɴ ɳ ɲʪǸǱʊȐǕʃ̡ɺʋʈʧʃȉʃʈʬʋǻǈʃʄɦɵǁɰɦʁʏǗɿʩʈǗɿɨʌrʃʗʄɰʊɾ ȍ̔ʏʻ̡ʌɴ˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&Ǳʊʉʋɺ̒ʩɴʆʨʋɰƽɾ ʄyɦɵǁɰɦʁʏ ʃrʗʄɰʊɾ '̔ 
ɰǗʈʧɿʏʈɿǍȈʆ ɰǗʈʧɿ1&ǱʊɦǗɷʨʏ ʊɦʨʏʗʄɰʊɾ ʏ̔ʈǗʏʄȀʈȐǍʃȈʆ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ&Ǳʊɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴɷʨʌȈʆ' 
ɵʁɦɾ ɺ̫ʩɴ ʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 
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áUȤTURRwÀ Ȓ[[FȥUTØU«¡CErȑàáPșA«á`|\ȡY¢UU]vRȑȹȱþ`Ö 

 
ǗɲɩȐʊʈʭʉ ȵɦ ɱɦɿǌȅɿ̒ɺʁʄɴ ʁɦʨʄ̡ɿȐ ɴʏɴ̒ʅǎ̫ʀǕʨ̡ɺʋȉʃʄʃǎʄ̒ɦɲɴʆʨʊɱʫʏǳǐ˄ʄʃǎʄ̒ʁʨ1 ȉʃʄɴǟʭɵ

ʂʁɦȵʁʧʏǲɴʋʧɵʃʧɴȌ ʄʆɾ ɷ̓ɤǃʁɴǲɴɦǗȢʆɾ Ǘ̓ɰʐʈǗɰɦȺ́˄ʄʃǎʄ̒ʁʨ2 ȉʃʄɴǟʭɵɿʬɵǸɴɦȵʁʧʏ
ǲɴɦɷʨɴʃʧɴȌ ʄʆɾ ɷ̓ɤǃʁɴǲɴɦǗȢʆɾ ʏ̓˄ ȵɦ ʆɦʋʊɦʏɠʋ ȉɦ́ɴ2:00 Ȅʁʨɰʬʃ̌ ʊʄʏǳ̒ɿ̒ʏ ɴɦƼɿ
ɳɦʨɹȁ ʄʃǎʄ̒ʁʨ1ȉʃɰɦȺǇʐʄ̒ǲǘʁɴǸɴʄʃǎʄ̒ʁʨ2 ʄɦʨɦȂ ʄ̫ʨǸʄʃǎʄ̒Ȃɴʁʆʨʊȉʃʁʁʐʄʁ́ʫʃǳǐɰʿɦǻʉ˄Ȁʈ
ʁʧʃǐʃˀʉʈʃǎʨʊʆʧɦȐ ʂʃ̔ʆɾ ʏ̓ȉʃʏʈɿǍȈʆɷ̫ɰɦȺǇǗɿʑʄ̒ɦȳʌʧɹȅʃɺʋʻɦȳ 80%ʱȳ90%ɱɾʸʆɾ̓
ǗɰɦȺ́ǗʏɨʄʉɰȁʈʆʋɰɦȺǇʆʨʊʏǕʨǗʆ̫ȓʁʧɿǖʊʐʬɿɺʋ 7̒0%ʱȳ90%˄Ǳʊʉʋɺ̒ʩɴʒʁʆʨ ǱʊʄɣǃʬʃɰɦȺǇ
&Heat Transfer) ʊʭʈȉʃǱʊɵʈǘɴǱʊɵʊʃǌʃʧɴǱʊʄɦɣǁɹʊʏǕʨɲʪǸɲʃǘʩ̫ɰǐʫɴǱʊɦʊɠʄɵʁʄʃǎʄ̒ɦɲɴʡǖȉʃ
ȆʏʫɰȈʆʃʧɴʏʃǜʁʏʶrɵȁʈʆʋʒɲƾʧʏʃʨ˄ 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ˏˆǱʊʄɣǃʬʃɰɦȺǇȀʈʊʉ ʊyʏǕʨǗʆ̫ȓʁʧɿǖ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰɦȺǇʆʨǗʆ̫ȓʁʧɿǖɦʂǙʨɺʁɦɾʨʊɶǘɴǱɿ̒ʋʐʁȓǱʏ ɺ̡ʋǸʏʫɤǆǱʏʊʭɵʈɰʄ̫́ʃʩɴɷɤǃʁɴʅǎ̫˄  
ɿɦʨɰɦȺǇʆʨǗʆ̫ȓʁʧɿǖʈɰɺʋɷ̒ɤǃʁɴʄʃǎʄ̒ɦɲɴȀʈʊʉ ʌyʧʂʨʄɣǃʬʃɰɦȺǇʈʭʉǿ ?  

ɰ,ǱʊɵʈǘɴɰʱȺǇ(Conduction) 
ɱ,ɵʊʃǌʌʧʋʌʋ (̒Convection) 
ɲ,ǱʊʄɦɣǁɹʊʏǕʨɰɦȺǇ(Radiation) 
ɳ,ǱʊɦɰʨʃɦʑʨɴrʃʏȉǓʂɱǖʋ ̒

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴʏʈɿǍȈʆ̡ʄɴ̡ɵɰʌʧʂʨʄɣǃʬʃɰɦȺǇɰǐʫɴʋʐʁ  ˄
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ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ 
ʐɦɿʫʒǙʨǗɿɨʌ8 ɰɦȺǇɦʂǙʨɺʁɦɾʨʊɶǘɴǱɿ̒ʏʫɤǆǱʏȅʃ ɿ̡Ȁʈʊʉ ʊyʋɰɦʒʑʧɵǗɿɨȉ́ ɹɦʁ́ʧɵ&ʊʏǕʨʒ̋ʫʋ

ǗȀʌʨʉʬɦʑ ʜInfrared) ʄʹʫʱǿǋ ʷ˄ 
ʐɦɿʫʒǙʨɱʫʏ 

ɰʃʧɴɱǗɿɨʌǱʊʊʬʄȃɿʫ &ʊʩɴȋʌʃʧɴʗʏǕʬʃ) ɺɦʨʈǑʨʄɣǃʬʃʄ́ʫ̡ʃǌɵɦȄǘ̡̫ʅʃɺʨʃʧɴǗʆ̫ȓʁʧɿǖ 
ɲʪǸʏʫɤǆǱʏ  ˄

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ&ɵʁɦɾ ɺ̫ʩɴʈʬʋǻǈʃ' 
ɰǗʈʧɿNGQ? ɰǗʈʧɿ/&ǱʊɵɴǶʃʁʧʉʈʃˀʉ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ-ʏɰʋ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊǱʊʁʏǕʨ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,ː ʕ̂ʁǏʧʆʋ ʃrʆɾ ɷ̓ɤǃʁɴ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʄʃǎʄ̒ʁʨˏ ɺ̡ʋȌʄʆɾ Ǘ̓ɰʐʈǗɰɦȺ́ ȉʃʏʨɿʫɾǝȈʆɱǓʏǸ̒ɴʄʃǎʄ̒ʁʨː ɺ̡ʋȌʄʆɾ ʏ̓  ˄
ɿɦʨɦʐɿʫʒǙʨȅʃǸǱʊɦǗɷʨʏ ʊɦʨʏʆɾ ʏ̓ʏǗȉʄ̒ɷɤǃʁɴǲɴɦǗȢ ɷʭʉʡǖʄʃǎʄ̒ɦɲɴǗɿǸɰ̒Ǹɴ?  

ɰ,ʆɾ̓ ʏǗʏɨʄʉɰɰʱȺǇ ȅʃʋǟǸɴʆɾ̓ ǗɰʱȺ́ ˄ 
ɱ,ʆɾ ʏ̓ɷ̫ɰɦȺǇʆʨǗʆ̫ȓʁʧɿǖɦɵɹ ȳɦʌʧɹȅʃɦǗɵʨʃǸɴ˄  
ɲ,ʆɾ ʏ̓ ʂɦǙʨʡǖɱǖʋɰ̒ǐʫɴʄʃǎʄ̒ɦɺʨʊɦʋɝʃǸɴʈʫʃ 
ɳ,ʆɾ ʏ̓ʁʄ̒ȐƼɿ̒ʈʧʃʡǖȉʃɵʊʃǌʌʧʋʌʋʻɦɰʨɿɦʑʨɴ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲʕʁǏʧʆʋ ʃrrʅǎʒɴƾȃɿʫɦȳ ʋɦʨǱʊǗʏɨʄʃʧɴɷ̫ʊʏǕʨɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ʐɦɿʫʒǙʨǗɿɨʌ8 ʅrǎ̡ɺʋȉʃʆɾ ʇ̓ǘʪʜʊɦȌ ɴȉʃʏʈɿǍȈʆɷ̫ʊʏǕʨɰɦȺǇ&Reflect) ɵɦɹ ȳɦʌʧɹȅʃ

Ǘɦɵʨʃ ʂɦǙʨʡǖʒɴƾȃɿʫɦȄ ʈ̫ʧʃʏʬʌɦʑʨɴɰɦȺǇ˄ 
ʐɦɿʫʒǙʨɱʫʏ  

ɰ ɱʫʏȂɴʁǗʏɧɴɦǗȇ ʆ̫ɾ Ǘ̓ɰɦȺ́ ʁɦʨʄǸʒǐɰǗʏɨʄɰɦȺǇȅʃʋǟ 
ɲʃʧɴɳ,ʱǗȇʷʈʧʃȇɰ̒ʆˀʃǏʃʩɴǱʊʄɣǃʬʃɰɦȺǇ 
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ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&Ǳʊʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴɰǐʫɴȐǍʃȈʆǸɰ̡̒ʏǌɴ' 
ɰǗʈʧɿNGQ? ɰǗʈʧɿ0&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʆɾ ʃ̓ʧɴɰɦȺǇ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ǱʊʉʋʻɦɳʨɹʃʧɴǱʊɶǘʫ̫ʄɤǁʁɴ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,ˑˆɵʊʃǌɱǖʋɰ̒ǐʫɴʄʃǎʄ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɺɦʨʈǑʨʡǖʄʃǎʄ̒ɦɲɴǗɿǸɰ̒ ɲɦɦǗɵʨʃǻɰ̒ʄɴǟʭɵɦȵʁʧʏ ɺ̡ʋɱǖʋʄ̒ɰ̒ɵʬʋʃʧɴǻɰ̒ʊʃǏɱǖʋʻɦȵ ʅ̡ǐɰ
ǲɴɦʋʨrʃɷɤǃʁɴ˄ ȵɦ ʆɦʋɱǖʋɰ̒ǐʫɴʄʃǎʄ̒ɦȢǇɦɿʨȍʃʩɴȉʃʄ̡ǗʈʄǗʈɩʋɺʬɵɦʈǇɵ?  

ɰ,ɱǖʋʻɦȢǇȉʃɺɴ̒ʏʫʨɦɿɱǓʏ ʊ̒ʭɵȃǘɰ̒ɵʫ̫ʈɰȅɿʄʃǎʄ̒˄  
ɱ,ɱǖʋʻɦȢǇȉʃɺɴ̒ʏʫʨɦɿȂʄʊʭɵʒ̡ɾǇɿɦʑʨɴɦȳ ʋɦʨȉɿ̒ʄɴǟʭɵʜʊʃǏɱǖʋʻ˄ 
ɲ,ɱǖʋʻɦȢǇ̡ǗʄǸʂǀʃ̒Ǹɴʈʫʃ ʐɦʨʉʏǍʧɿɦȵ ʀɦʊʈʭʉɰ̡ʃǘɴ˄  
ɳ,ɱǖʋʻɦȢǇ̡ǗʄǸǗɿǸɰ̒ɦǻʉɱǘʭʃʟɴɦȵ ʆɦʋʄ̫́ɷɤǃʁɴ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʉʃǌǱʊ ɵʊʃǌʌʧʋʌʋ ̒ɰǐʫɴʗʏǕˀʃ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ʐɦɿʫʒǙʨǗɿɨʌ8 ȵɦ ʆɦʋɱǖʋʻɦȢǇȈɲʋǟʧɿɱǖʋʊ̒ʨɰȉɼ ʂɦǙʨʡǖɺɴ̒ʏʫʨɦɿʀʉɵʫ̫&ǗȐʋǸɴʈʫʃ'ɦʁʨʄ

ȍʒ̡ɾǇɿɦʑʨɴɦʋʨ˄ 
ʐɦɿʫʒǙʨɱʫʏ  

ɰ,ɱʫʏȂʶɴǗʏɧɴʱǗȇʷɱǖʋʻɦȢǇȉʃɺɴ̒ʏʫʨɦɿȂʄʃʧɴǗȐʋ 
ɲ,ɱʫʏȂʶɴǗʏɧɴʱǗȇʷɱǖʋʻʱȢǇʲǗʄʱȳǸȉʃɺɴ̒ʏʫʨɦɿȂʄʃʧɴǗȐʋǲǘʁɴ  
ɳ,ɱʫʏȂʶɴǗʏɧɴʱǗȇʷɱǖʋʻʱȢǇʈʧʃǵʉʃʩɴɵʫ̫ǗɿǸɰ̒ʌʧɹ ʁɦ  ˄

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵƾɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ʉʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴɰɦȺǇʃʧɴɺɴ̒ʏʫʨɦɿ' 
ɰǗʈʧɿNGQ? 0 &ǱʊʄɰǗȐʉʁʧʃǐʃˀʉɵʊʃǌɱǖʋʻʄɰʻ' 
ʄʊʧʄʁ ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ɵʊʃǌɱǖʋʃ̒ʧɴʋʐʁɷʫʁʌʧɹɱǘʭʃ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,˒ˆǱʊɦǗʄʨǗȅʏȍ̒ʁɴʃʃǱʊȇʊɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
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ȵɦ ʆɦʋ ʀrǀǗɿɴ̒ ʄɦʨɦɲʄʧʁȍʁɴʃʃɷʧɿ ɲɦɦɳʨɹȁʏʨɿʫɾǝȈʆɰǐʫɴʄʃǎʄ̒ʈʧʃʏʬʌɦʑʨɴɱǓʏǲ̒ǘʁɴɺʬɵ
ʆɦʋ ʄɦʨɰɵʁʐʄɴǟʭɵɰɣǁɰ̒ɦǶʋ ʑɦʨʉ˄ɦɿʨȍʁɴʃʃɷʭʉǱɿ̒ʄʃǍʉɰɦȺǇɰǐʫɴʄʃǎʄ̒Ȁʈʊɦʄɠʄǿ ?  

ɰ,ȍʄɦɴƼʨɿʡǖȉʃɵʊʃǌǗɿǸɰ̒ɦɵɹʆʨȐ ɵ̒Ǘɰǿ ɿ̒ 
ɱ,ȍɦʂǙʨʡǖʊʋɰɰɦȺǇʄʁ̡ʄɰɦȳǸɱǖʋʒ̒ʫɰʏʫʨ̡ʏʃ 
ɲ,ȍɦɺʨʊɿʭǸʊȅɴʁ ɺɦʨʈǑʨʁʄ̒ȐƼɿ̒ǱʊʄɣǃʬʃɰɦȺǇɦǻʉʊʏǕʨʃʧɴɵʊʃǌɱǖʋʻɦȢǇʆʨǲɴɦǗȢ 
ɳ,ȍɰȉǁ ɿʻʱǶʋʊʋɰʏʶʱʑɴʲɺʋȄʶɰʱȺǇ ɵʬʋ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲɿʭȄʁʨʊʄʏʊ̒ȅɴʁǱʊȇʊɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ 
ʐɦɿʫʒǙʨǗɿɨʌ8 ȍʶɴʃʃ&ǸʆʧɦʏʏǗʄɦʇʁǗǱʏ'̒ʄɦɴƼʨɿǸǗʏȂʄ̒Ǳʊȇʊ̡ɺʋʁʄ̒ȐƼɿ̒ʊʏǕʨʈʧʃʡǖ

ʄ̫́Ȇǎʋʃ̒ʩɴrʅǎɰǐʫɴʄʃǎʄ̒˄  
ʐɦɿʫʒǙʨɱʫʏ  

ɰ,ɦǗȇ ȍ̫ʈʧʃȓʃʄɦɴƼʨɿʡǖȉʃɵʊʃǌǗɿǸɰ̒ɦǻʉɱǘʭʃʟɴȅʃɦʁ 
ɱ,ʃʧɴɳ ɱʫʏʱǗȇʷǱʊʆʃǖʋʻʈʧʃǗʏʄȀʈ̡ʄʄʌʧʁȘȐɚʏǌ˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&Ǳʊʏ ɴɦƼɿɰǐʫɴɷʨʌȈʆʊʏʻɦȵ' 
ɰǗʈʧɿNGQ? 1 &ǱʊʄɰǗȐʉɦʐɿʫʅʋʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈʊʏʻʱȵ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦʈɦʊɠʃǱʊʄɣǃʬʃɰɦȺǇ 
ʏʈɿǍȈʆ Ǳʊɺʁɦǿ Ǘ̫Ȑ ʉʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˓ˆǱʊʌʧȈɲʁʧʃǐʃˀʉʏʨɿʫɾǝȈʆ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȀȋɴǲɴɦǗǱʈʄǵǝɹʆʨʏʨɿʫɾǝȈʆɰǐʫɴʄʃǎʄ̡̒ɺʋ Ǘɦʄʨȉ́ʏʫʨʃǗɿǸɰ̒& o25 C) ʃʧɴʄʃǎʄ̒ɦǗʄʨ
ɰǵǝ ʊʂʈǕȀˆ 
ʱȉ́ ɴ12:00 ̂ ʄʃǎʄʻA o25 C  / ʄʃǎʄʻB o32 C 
ʱȉ́ ɴ15:00 ̂ ʄʃǎʄʻA o25 C/ ʄʃǎʄʻB o35 C 
Ǘʄʏʧʃɦʄʨɷɤǃʁɴʄʃǎʄ̒B Ǘɿɨʌȅʃʄʧʁɦǻʉʄʃǎ̫ɦȐǐ̡ɺʋǸʒʫʨʏʬʑɴ̒ ɿɦʨʋʁǏʅʋʃʩɴɦȳǸȊ ɴ́
ǿ ?  

ɰ,ʏʨɿʫɾǝȈʆʄʃǎʄ̒B ʃʩɴɦʑʨɴɺʋʻ o40 CʱʋɝʃǸɴʈʫʃ 
ɱ,ʏʨɿʫɾǝȈʆʄʃǎʄ̒B ʃʩɴɦɰʨʃɦʑʨɴʉʪɿǸɴʈʫʃ ǗɦȇʷɦȐǐȋȋʁɴǱʊɵʈǘɴɰɦȺǇʆʨɦǗȢ 
ɲ,ɦȐǐʃʩɴʄɦɣǁɹȈʆǗɿǸɰ̒ɦʂǙʨʡǖʄʃǎʄ̒B ɵʫʷǗɿǸɰʻɺʋʻo10 C  
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ɳ,ɦȐǐǳǕʃʕʁǏʧʆʋʒǙʨȂɴʁʒʏʻɦȳ ʋɦʨɰɦȺǇ 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ʐɦɿʫʒǙʨǗɿɨʌ8 ʒʫʨʏʬʑɴ̒ɲʪǸʌɿǍʫȃɿʫ̡ɺʋɵʈǘɴɰɦȺǇȅʃʒʃ̒ʄʁʅʫɿɺʬɵɦʃ̫ȍɷʭʉʊɰȚʏʨɿʫɾǝȈʆ

ʡǖʱȵʱʀʊȅʃʉʬʊ˄ 
ʐɦɿʫʒǙʨɱʫʏ  

ɰ,ɦǗȇ ʏ̫ʨɿʫɾǝȈʆɦɰʨʃɦʑʨɴɦʋɝʃɦʆɰ 
ɲ,ɦ ǗȇʷɦȐǐʈʧʃȓɵɦɣǁɹȈʆǗɿǸɰ̒ȅʃɦʁǳʪȉʃʏʈǍɿȈʆǗʏɨʄɰɦȺǇʆʨɦɲʄ́ʫɦǿ ǋ̫  

  ɳ.ʱǗȇʷɦȐǐǸʒɴƾȃɿʫʒʫʨʏʬʑɴ̒ 
ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&ǱʊɦǗʄʨǗȅʏʁ̒ʧʃǐʃˀʉ ɺɦʨʈǑʨʁʏǜʃ̔Ȃʉ' 
ɰǗʈʧɿNGQ? ɰǗʈʧɿ˒&ǱʊʌʧȈɲ̡ʄʄʌʧʁȘȐɚʏǌɰǗʈʧɿɱǓʏ'̒ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌɰǐʫɴǱʊʏʃǜʁȁʈʆʋ 
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¡Y¡[ TRw¾ U[ĀȪOA¡ɜĨȑ 

 
 

áUȤTURRw½ Ȓ[¡Sã}áPw¡E P TvEU¡FËA¡R``YÊéP¡ȜZA¡ɜĨȑ£QÊ 
 

ȵɦȀʈʇʬʈʧǻǈʃ̡ɰǑʊʄʩɴʁɦʃǘȐʄɰǐʫɴʊɺʬʌǗɿʨǗɿɨʌǗʄǸɰʏʧɰʊ̡ɱǕʊ̡ɿɴɦʂǙʨǗɿʨɦɴɠɿ ɺɦʨʈǑʨʊɰȚʁʫɰȅʃʉʬʊ˄
ɰǐʫɴɺʁɦɾʨʊǱʊɦʃ̫ ɲɦʉɰǗɿʨ̡ɺʋǗʄȒ ɰ̒ɦǗɲɝɴʊʭɵɦȳȑ ʋ ȵɦ ʋɦʨȋʃ ʜʏǗȉʏʻɦǗǱʈʆʃǘʪrʀǀɺʿɦȢǌǲǘʁɴ˄
ȀʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘɰɦȺǇʆʨǗʆ̫ȓʁʧɿǖǗɿɨʌȅʃʄɣǃʬʃʈɰ̡ʅʃɺʨȀʈʊʉ ʄyʃȚʉɰɦȺǇɦʐʨʉȁʈʆʋɰɦȺǇ
ʃɦ̫ǗɿɨʌȅʃǗʏɨʄɦǻʉȐ ɵ̒Ǘɿʨʃʧɴȋʃȑ ʋ ʒ˄ǐɰǗʏʨʏʫʇʨǸʒǐɰɦʂǙʨǗɿʨɦɴɠɿȉǐɰ̒ǳɿ̒ȅʃʏ ɴɦƼɿɦɳʨɹȁ
Ǘʄʏʧʃɦʄʨǳɿ̒ɦǗʄʨȋʃȑ ʋ ɺ̡ʋ ʂɦǙʨʆʨʄʃǎ̡̫ɺɰɦʏǇʨɴ Ǘɿʨȑ ɰ̒ɺʬɵǸǷʄ̒ʏǀʭɿǸɴǱʊɦǗʄʨȋʃʛʏǜʨ˄ Ȃɦ Ǹ̫
Ȋ́ ɴǿ ɰʿɦǻʉ ǳɿ̒ǗɿɨʌǗʄɧɴǗʄʉɿˀǐɦǗȇʷ̡ɺɰɦʑʨɴɰɦȺǇɦʋɝʃǿ ʏʻ̡ɺʋȓɵɦʂǙʨʡǖȐ ɵ̒Ǘɿʨɶǟʧʃ̡ʅǐɰǲɴ
ǗɦȢǲǘʁɴɦʆɰʈʫʃɦʆʋʁʩɰɰǐʫɴȐ ɵ̒Ǘɿʨʊʐʭɿʒʏʻ˄Ǳʊʉʋɺ̒ʩɴʒʁʆʨ ʄʊʧȉɾ ɰɦȺǇ( )Q  ȉ́ ʏ( )m  ɰʱȺǇ ȉ́ ʏ
( )c  ʃʧɴ ʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ( )tD ɲʪǸɲʃǘʩ̫ʏǲʁʃ̒ɰǐʫɴǱʊǗɲʄ̒Ǘɲɴɲʫɾ ȈʆǗɿʨɦɴɠɿ˄  
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ʏɾʁʭʊʁʨˏ,ˏˆǱʊɦǗʄɠʄɦʂɠʄʏʈɿǍȈʆǗʏɨʄɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰǗʏʨʏʫʇʨɵɴ̒ɺʩɴȁ ʐɦɿʫʒǙʨȅʃǸʄʃǎ̡̫ɺɰɦʑʨɴɰɦȺǇɦʋɝʃǸɴʛʏǜʨɦȵ ʆɦʋǻɰ̒ɦǗǱʈrʀǀ
ɺʬɵǳǐ˄ ǳɿ̒ɺʩɴȁ ɺ̡ɰȉʃɰɦȺǇȉ́ʏ o450J/kg C

Fe
c = Ö  ʐɦʨʉʛʏǜʨȉʃɰɦȺǇȉ́ʏǗʄȑ ɰ̒

Ǘʄʲʐʋ o1500J/kg C
B

c = Ö ˄ɦʄʨɦɲʉɰʄʃǎ̡̫ɺɰ1kg ʃʧɴʛʏǜʨ1kgʈɰǻɰ̒ȑ ʋ ʀrǀɰǐʫɴʊ
ʉʸɦʆʋɺʬɵǳǐɦɿʨʈʭʉǿ ȉʃʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆǲǘʁɴǸɴ? ǗɦȇʷɦʐɿʫʒǙʨ?  

ɰ,ʛʏǜʨɦǗȇ ȍ̫ȉʃɰɦȺǇȉ́ʏʂʁǵʉǗʏɨʄɰɦȺǇȅʃɦǗɵʨʃ˄  
ɱ,ʄʃǎ̡̫ɺɰ Ǘɦȇ ȍ̫ȉʃɰɦȺǇȉ́ʏɿʬɵǗɿɨʌǱʊȁʈʆʋɿʧɵɦɺʨʈǑʨɦʑʨɴʏʨɿʫɾǝȈʆ˄  
ɲ,ȂɴʁʆʨʊɦʑʨɴʏʨɿʫɾǝȈʆɦʏǕʨǳǐɦǗȇ ʁ̫ʁʭʋȅʃɰɦȺǇʆʨǗʆ̫ȓʁʧɿǖɺʬɵǳǐ˄ 
ɳ,ʈʧʃȓɵɰʁɾ ɿ̒ȅʃ Ǘɦȇ ȓ̫Ǘʏʉˀ ʋɦʨʁʁʐʶrʃrʅǎȑ ʋ  ˄

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8  ȍʉɿrʈǘʏʈɿǍȈʆʏʧʏǜɰǐʫɴǱʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴɰɦȺǇȉ́ʏ  

ʃʧɴʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ʄʃǎ̡̫ɺɰ Ǘɦȇ ȍ̫ȉʃɰɦȺǇȉ́ʏɿʬɵǗɿɨʌǱʊȁʈʆʋɿʧɵɦɺʨʈǑʨɦʑʨɴʏʨɿʫɾǝȈʆ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8  ȀʈʊʬʄʈʃǌQ mc t= D Ȅʶʡǖ Q
t

mc
D =  ˄ɰǐʫɴɰʊɾʨ Q   ʃʧɴ m  ʀɦʊʄ̡ǗʈʄǗʈɩʋʏʨɿʫ

ɾǝ Ȉʆ tD  ǗǶʏʏȉȉǗɿʃʩɴɰɦȺǇȉ́ʏ c  ˄ ʲɺɰȉʃ c  ɿʬɵȄʡʁǖȍǵʉ ʑɦʨɴ
ɰɦȺǇ&ʏʨɿʫɾǝȈʆɦʑʨɴǲǘʁɴ'˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8  
ɰɱʫʏ ʱǗȇʷ c  ʂʁȉʃʃˀʉȁȍʆʧȅɰɦʑʨɴʏʨɿʫɾǝȈʆ˄  
ɲʃʧɴɳʈʧʃǗɿʩʈǗɿɨʌȀʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘ̡ɺʋȁʒɴƾȃɿʫɱʫʏǳǐȉʃʏʈɿǍȈʆǗʏɨʄ
ɰʱȺǇ ɱʫʏǳǐ ˄ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ɿǗʈɨʌʡǖʌʧȈɲʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊɦǗʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʌʧʁȘȐɚʏǌɦɺʨʈǑʨʆʃǖʋȅ̒ɿʫʇʬɿ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ&ǱʊɦʂǙʨǗɿʨɦɴɠɿɦȵɰʈǓʫǸ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ɰɦȺǇȉ́ʏʃʧɴʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ' 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ&ʉʋɵ̒ȗʏʆ̒ʨɿrʈǘɦʋɱrʃɰʱȺǇ ȉ́ ʏ' 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɲɾ Ȅʄʊʧȉɾ ɰɦȺǇɦɺʨʈǑʨʡǖʁʩɰʐʭɿ 
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ʅ̡ǐɰʁʨ1̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ɺɦʨʈǑʨʡǖǗɿʨɦɴɠɿʏǀʭɿʁʩɰɦȵɰǐʫɴȐ ɵ̒ǗɿʨǗɿɨʌ̡ɿʁʁʭʋȅʃɰɦȺǇɦɺʨʈǑʨɦʑʨɴʏʨɿʫɾǝȈʆʊʐʬɿɺʋʐ̒ʭ
ɿ˄ ʗʄȉȁʁʩɰɰǐʫɴȐ ɵ̒Ǘɿʨȉʃȉ́ʏ 0.5 kg  ȉʃʏʨɿʫɾǝȈʆɦɺʨʈ o30 C  ˄
ɿɦʨǗɿɨʌǱʊʄʊʧȉɾ ɰɦȺǇʄ́ʫȄǕʃɦɺʨʈǑʨʡǖʁʩɰɦʃ̫ ʑɦʨɴʏʨɿʫɾǝȈʆɺʋ ̒ o100 C? ʱɲʡǖɰʱȺǇ ȉ́ ʏ
ʁʩɰ o4200J/kg C

W
c = Ö   ˄
ɰ, 2100JQ =  
ɱ, 126 000JQ =  
ɲ, 147 000JQ =  
ɳ, 210 000JQ =  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʏ̒ǎɴ̒ʄʁɾʧʃɲɾ Ȅ ʋɦɱȀʈʊʬʄʈʃǌʄʊʧȉɾ ɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ, 147 000JQ =   
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 Ǘɦʄʨʊʬʄʈʃǌ 2 1

( )Q mc t mc t t= D = -  ˄
ʉɦʨɴȉʃ  o0.5kg , 4200J/kg Cm c= = Ö   

o o o100 C-30 C=70 CtD =   
Ȅʶʡǖ       0.5 4200 70 147 000JQ = ³ ³ =   ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  
ɰ.Ǹɿʳʈǘ 0.5 4200Q = ³   
ɱ.ǸǱʊɦǗʄʨ o60 CtD =   
ɳ.ǸǱʊɦǗʄʨ o

2
100 Ct = ǻɦʉʈʧʃɺɰ 

1
t   

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ&ǱʊʒʃʫʌɿǌʊʬʄʈʃǌȆǎ ʋʻ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊȂɹʉɰʁʧʃǐʃˀʉʆʨʒɿǍʄʁʈɰɲɾ Ȅ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-Ǳʊǵʊ&Ǳʊɲɾ Ȅɰǐʫɴʄɦɵǁɰɦʁʏʏʈǀʭɿ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʃʨɿʧʌʧʂʨ&ɷʁȑ ʃrʃǱʊɲɾ ȄO' 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ&ǱʊɲɾȄʱʋɱ' 

 
ʏɾʁʭʊʁʨˏ,ˑˆǱʊʌʧȈɲʊʬʄȋɴrʃȋʃȑ ʋ 
ʅ̡ǐɰʁʨˏ̂  ɱǘʩʈȐʊʏɾʁʭʊ 
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ʒǐɰǗʏʨʏʫʇʨȆǘʏʄ̒ǌʬʊʆʨȋʃ̡ɺɰʏʃǘʩɰɦʆɹʈɰɦǗʄʨǸʏǿʁ ɹʻ̡ɺɰ ɺ̡ʋȉʃǗʄɦȑ ɴɿʬɵ̌ ɷʁʃʭʏʌʧ
ɹ˄ǳɿ̒ɦɳʨɹȁǗɿʨǱʃ̡̒ɿǷʄ̒ʏǀʭɿʃʧɴʈʧʃʏʬʌɦɶ̫ǲǘʁɴɺʬɵʈʫʃ˄  
ȀʈʁʏǜʃyʌʧʁȘȐɚʏǌɦʐɿʫʒǙʨȅʃǸǱʊɦǗʄʨʏǿʁ ɹ Ǘ̒ʄɦʏʨʊǸɴ̡ɺɰʏʃǘʩɰ?  
ɰ,ɦǗȇ ʏ̫ǿʁ ɹǗ̒ʏɨʄɰɦȺǇȅʃɦǗɵʨʃǸɴ̡ɺɰʏʃǘʩɰ˄  
ɱ,ɦǗȇ ʏ̫ǿʁ ɹɷ̒ʭʉʡǖȉʃɵʊʃǌɱǖʋ ʉ̒ɰʏʶɦɾʨʈɦɵɹʆʨȐ ɵ̒Ǘɿʨȅʃɦʋɝʃ˄  
ɲ,ɦǗȇ ʏ̫ǿʁ ɹȉ̒ʃȉ́ʏʂ̒ǀʃ̒Ǹɴ ʂɦǙʨʡǖǗɿʨʏʶ̡ʄ́ɿǵʉʏǀʭɿ˄  
ɳ,ɦǗȇ ʏ̫ǿʁ ɹǱ̒ʊȇʊʈʧʃʡǖɰɦȺǇʄʫɰʈɰɦʋʨǗɿʨǲǘʁɴɦʆɰ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲɦʋʨʕʁǏʧʆʋ ʃrʄʃȚʉɰɦȺǇʃʧɴɵʊʃǌɰɦȺǇɰǐʫɴɷʨʌȈʆʆʧɿ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ɦǗȇ ʏ̫ǿʁ ɹɷ̒ʭʉʡǖȉʃɵʊʃǌɱǖʋȄ̒ʉʁɰʏʶɦɾʨʈɦɵɹʆʨȐ ɵ̒Ǘɿʨȅʃɦʋɝʃ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 Ǳʊʏʈǀʭɿʈʧʃ̡ʈʃȓǗʏʉˀ ɿ̡ɦʋʨɰɦȺǇɦʁ ɿ̡ȓǗʏʉˀ ʋɦʨǱʊɺɰʏʶɦɾʨʈ˄

Ǘʄʱȑɴʏʶǿɹʻʒʃʫɤǆ ɿʡǖɱǖʋʻʄɰʻɶǘɴǱɿʻ &ɵʊʃǌɰʱȺǇ -ɱǖʋʻ'ɷʭʉɺɰ
ɵʁȑ ʉʁʩɰɦɵɹʆʨ̡ʅǐɰǲɴɦǗǱʈrʃǗɿʨ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 
ɰ,ɱʫʏ Ǘɦȇ ʏ̫ǿʁ ɹȉ̒ʃrʅǎɿʧɵǸɴǗʏɨʄɰɦȺǇɿʧɵǸɴ 
ɲ,ʈʧʃȇɰ̒ʆˀʃǏ, 
ɳ,ʈʧʃ̡ʈʃǸʈʬʋ ʐɦɿʫɵʈǑɴrʃǱʊǷʄ̒ʏǀʭɿ˄  

ʅ̡ǐɰʁʨˑ  ̂Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&ɿǗʈɨʌʡǖȈǃʄ̒ʉʃǌǱʊɰɦȺǇɦȳʃʩɴǱʊʐʭɿ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ3&ǱʊʌʧȈɲȐǍʃǱʊɾ ʏ̔ǕʫɲȐǕɹ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ&ʄʱɵǁɰʱʁʏʲɰʳɵǐȓȑʊ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴ̡ʅǐɰʊʫɰʊɰ&ǱʊɦʂǙʨʆʧɦȐ ʂʃ̔ʃʧɴʏ ɴɦƼɿ' 
ʏʈɿǍȈʆ ǱʊȍʉɿʳʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ Ǳʊɵɴ̒ɺʩɴɵɴ̒ɦɳʨɹ 

ʏɾʁʭʊʁʨˏ,˒ˆʕʁǏʧʆʋ ʃrʆɾʼɦʋʨǱʊǗʏɨʄɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰǗʏʨʏʫʇʨȉʃȋʃȑ ʋʆʨʊ̡ɺʋ ʂɦǙʨʆʨȓʋʫʉʈʨɹʬ́ʈɺʬɵǳǐʄ́ʫ̡ʃǌʈʭʉȌʄʆɾʼɦȣǕʃʧɴʈʭʉ ʁɦɠɿ
ʆɾ ʏ̓Ǘȅɰ̒˄ ɿɦʨǳɿ̒ɲʭʊɦǗɷʨʏ ʊɦʨʏȋʃʆɾ ʒ̓ǙʨɦɺʨʈǑʨʡǖǗɿʨʁʁʭʋȅʃɰɦȺǇǲǘʁɴʄʁʅʫɿ? Ǘɦȇ ʒ̫Ǚʨ?  

ɰ,ʆɾ ʏ̓Ǘȅɰ̒ Ǘɦȇ ȍ̫ǶɴʁʆʃǘʪɷʭʉʡǖǗɿʨǵʉ ʈɦʨʋ ɳɦʨɹ  ˄
ɱ,ʆɾ ʏ̓Ǘȅɰ̒ Ǘɦȇ ȍ̫ɶǘʫ̫ɰɦȺǇǗɿʑʄ̒ɦȳǗɿʨʌʧɹ  ˄
ɲ,ʆɾ̓ ʱȣǕ ʱǗȇʷʆɾ̓ ʱȣǕ ǸʒɴƾȃɿʫǗʏɨʄɰʱȺǇ ȅʃʋǟʄʶʅʫɿ˄ 
ɳ,ʆɾ̓ ʱȣǕǗɦȇ ȍ̫ɦʂǙʨʡǖǗɿʨɦʈʨʋ ȳɦȉʃɦȐ ʇˀɾ ȈʆǸɴ˄  
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ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʏ̒ǎɴ̒ɵʁɦɾ ɺ̫ʩɴʒʁʆʨʕʁǏʧʆʋʆɾʼɦȳ ʋɦʨʄʃȚʉɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ, ʆɾ̓ ʱȣǕ ʱǗȇʷʆɾ̓ ʱȣǕ ǸʒɴƾȃɿʫǗʏɨʄɰʱȺǇ ȅʃʋǟʄʶʅʫɿ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ȀʈǗʁʩʏǌʨʄʃȚʉɰɦȺǇʒɴƾȃɿʫʆɾʼɦȣǕʜʆɾ Ǘ̓ɰɦȺ Ǘʏɨʄʉɰȁʈʆʋʆʨȋ́

ɺǖʏǖʫɴǗʆ̫ȓʁʧɿǖȅʃɦǗɵʨʃǸɴʒɴƾȃɿʫʆɾ ʇ̓ǘʪʜʆɾ ʏ̓  ˄
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 ʆɾ ʏ̓Ǘȅɰ̒ɶǘʫ̫ɰɦȺǇɦɵɹ ʂɦǙʨʡǖȍɦʑʨɴɰɦȺǇʉʪɿ˄  

ɰʃʧɴɳǸ ʐɦɿʫʅʋʈʧʃ̡ʈʃʌʧʁȘȐɚʏǌ˄ 
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ&ɵʁɦɾ ɺ̫ʩɴʈʬʋǻǈʃʆʨʆɾ ʃ̓ʧɴɰɦȺǇ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&Ǳʊɰʶɾɿʻʒɿǌʏɤǆ ɾȅɿʫʇʬɿ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ʄʃȚʉɰʱȺǇ ' 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌ 

ʏɾʁʭʊʁʨˏ,˓ˆǱʊʊɰȚʏʨɿʫɾǝȈʆ&ʌʧʏǙɰʈǕȐʈɣǆ' 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʄȄǎʄ̒ʆʨȑ ʋʏǀʭɿʒǐɰǗʏʨʏʫʇʨɵɴ̒ʊɰȚǗɿʨɦɴɠɿʡǖɦȵ ɿ̡ɦȢǇʋǟɦɺʨʈǑʨʋɰ̒ʡǖʈ́ʬʉ˄ǳɿ̒ȉʃǗʄʒʄ̒
ʆʨʊ̂Ǘʄʒʄ̒ɷˀʊɦȐǐʃʧɴǗʄʒʄ̒ɷˀʊʊʩɴʂʈǕȀ˄ɦɿʨǗʄʒʄ̒ʈʭʉǿ ɺ̡ʋȓɵʊɰȚɰɦȺǇǗɿʨȅʃʉʬʊǸɴ? 
ɿɦʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌʒǙʨ̡ɺʋǗɿɨʌȅʃɦǗʄʨ?  

ɰ,ǗʄʒʄʻʱȐǐǗɦȇʷɦȐǐǸʒʫʨʏʬʑɴ̒ɰɦȺǇ̡ɺʋʁʄ̒ȐƼɿ̒ǱʊʄɣǃʬʃɰɦȺǇɦɵɹ ȳɦ ǗɦȢ  ˄
ɱ,Ǘʄʒʄ̒ɷˀʊʂʈǕȀ Ǘɦȇ ȍ̫ɦʏǌʨɴǵʉʡǖɰɦȺǇɵʬʋʆʨǲɴɦǗȢ  ˄
ɲ,Ǘʄʒʄ̒ɦȐǐɦǗȇ ȍ̫ȓɵʄɦɴƼʨɿɰɦȺǇʄ̡ʃǍʈɦǻʉɱǘʭʃʟɴȅʃ˄  
ɳ,ɺʬɵǳǐɦǗȇ ȍ̫ǸǗʄɦʇʁɷˀʊɺʬɵǳǐ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʄ̡ɴ̡ɵɰʊȍɴɰʫɴɼʫɵʁˀʊʃʧɴʒʫʨʏʬʑɴ̒ɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰǗʄʒʄ̒ɦȐǐɦǗȇʷɦȐǐǸʒʫʨʏʬʑɴ̒ɰɦȺǇ̡ɺʋʁʄ̒ȐƼɿ̒ǱʊʄɣǃʬʃɰɦȺǇɦɵɹ ȳɦ
ʱǗȢ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ȐɦǐȉʃʊɵȄʏʈǓˀʃǏɱǖʋʻɦǗɵʨʃɦȵǲɴɰǐʫɴ ɺ̡ʋɱǖʋǸ̒ʒʫʨʏʬʑɴ̒ɰɦȺǇɺʿʋǟ˄ȍ
ɷʭʉǱɿ̒ʄʃǍʉǱʊȅɿ̒ʄɴ̒ɰɦȺǇȀʈʊʉ ɵyʈǘɴɰɦȺǇ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 

ɱ,ɱʫʏ Ǘɦȇ Ǳ̫ʊʊɰȚɰɦȺǇɲʪǗɿɨʌǱʊʁʄ̒ɰɦȺǇʈʧʃʡǖɦɵɹ  ˄
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ɲ,ɱʫʏ Ǘɦȇ Ǘ̫ʄʒʄ̒ʈʧʃ̡ʈʃǸǗʄʇʆȁʈʆʋ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊɦǗʄʨǗȅʏʒ̒ʫʨʏʬʑɴ̒ɰǐʫɴɷʨʌȈʆ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ&ǱʊʊɰȚȓȑʊ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ɵʈǘɴɰɦȺǇʃʧɴʒʫʨʏʬʑɴ̒' 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 

 
 
 

áUȤTURRw¾¶  Ȓ[GzEȒ¡aãRxA¡Ȝ§¡ȔRxAAA 

 

Ǹ ʊɦɠɴȋʋǗ̒ʆʩɰ Ȍɦ ɰʏʫɱ̡ɿɴ̡ɿɶʫɴǱ ʐɦǙʁʩɰɦǻʷɦǳǺʫʁ˄ ǳɿ̒Ƕʄ̒ɦʅǌʨʈɦǻʉǱʊǶɰ̒ʁʩɰɦȢǇ
ɺ̡ʋȉʃʏʨɿʫɾǝȈʆ o90 C ɵʬʋ ȳɦɰǐʫɴ̡ɰʌ̡ɺʋȉʃǱ ʐɦǙʃʧɴʁʩɰɦǻʷɦǳǲʄ̒ o28 C˄ ʄȄǎ ʄʻʈɰǳɿʻɰʬʊ
ʡǖʏʆǙʊʐʬɿɺʋʋ̒ȗʉǱ ʐɦǙɦȄ ȉ̫ʃʏʨɿʫɾǝȈʆɦʀʊʈʭʉ ʜȉʃʋʃʁʩɴɰɦȺǇʈʫʃʃʩɴǳɿ̒ǻɰ̒ʁʩɰɰɰɵʬʋ  ˄
ȀʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘǱʋǿ ʒɴƾȃɿʫʆʨʊ̡ɺʋȉʃʏʨɿʫɾǝȈʆɱʫʏǳǐʈɰʄ̫́ǳǐʜȌ ʉɵʬʋǳǐȍʃʩɴ
ȉʃǱʊʄǌʬʊɰɦȺǇɦɰʨɿɦʑʨɴ˄ ʒɴƾȃɿʫ̡ɺʋȉʃʏʨɿʫɾǝȈʆɱǓʏʃ̒ʩɴʄɦɣǁɹɰɦȺǇ out

Q ʐɦʨʉʒɴƾȃɿʫ̡ɺʋ
ȉʃʏʨɿʫɾǝȈʆȂʄʃʩɴ ǗʏɨʄɰʱȺǇ

in
Q ˄ɺʁɦɾʨʊǱʊɦʃ̫ʃʩɴʄʃǌʊʐʬɿɺʋʒ̒ɴƾȃɿʫȂɴʁʆʨʊȉʃʏʨɿʫɾǝȈʆ

ʏɦǕʨǳǐ˄ ʄʊʧȉɾ ɰɦȺǇ̡ɺʋʒɴƾȃɿʫʈʭʉǗʏɨʄʜʄɦɣǁɹ ȓǗʏʉˀ ʋɦʨȉ́ʏm , ɰʱȺǇ ȉ́ ʏc  ʃʧɴʄ̡Ǘʈʄ
ǗʈɩʋʏʨɿʫɾǝȈʆ tD  ˄
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ʏɾʁʭʊʁʨˏ,ˏˆʃʧʉʈʃˀʉ ʃrɦǳʋǱʊɾ ʄ̔ǌʬʊɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴɺʁɦɾʨʊǱʊɶʫɴǱ ʐɦǙǲɴɦʋʨʁʩɰɦȢǇȅʃʄɦɣǁɹɰɦȺǇɦȳʡǖʁʩɰɦǻʷɦǳǲʄ̒ʃʧɴɦʈɋǱ ʐɦǙ˄ 
ǗʄʏʧʃɦʄʨɦɲǶɿ̒ʁʫɰȁʈʧʃȉʃǱʊȅɿ̒ʄɴ̒ɰɦȺǇɦȳʈɷǄǻǈʃǲɴɦǗȢ ɿɦʨʁʁȄɰ̒ʁʁʃɴʊȍɴʄʊʧȉɾ
ɰɦȺǇǗʏɨʄʃʧɴʄʊʧȉɾ ɰɦȺǇʄɦɣǁɹȉʃʋɰƽɾ ɺyʬɵɦʈǌɵ?  

ɰ,ʄʊʧȉɾ ɰɦȺǇǗʏɨʄʂʁǸɴʄʊʧȉɾ ɰɦȺǇʄɦɣǁɹ  ˄
ɱ,ʄʊʧȉɾ ɰɦȺǇǗʏɨʄɿʬɵǸɴʄʊʧȉɾ ɰɦȺǇʄɦɣǁɹ  ˄
ɲ,ʄʊʧȉɾ ɰɦȺǇǗʏɨʄ ʏɦǕʨʃʩɴʄʊʧȉɾ ɰɦȺǇʄɦɣǁɹ ( )

in out
Q Q=   

ɳ,ʈʧʃȓɵɰʁɾ ɿ̒ȅʃ Ǘɦȇ ȓ̫Ǘʏʉˀ ʋɦʨǗʄɦʇʁ̡ɰʌ˄ 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ   ȍʏʏ̒ǎɴ̒Ǳʊʉʋɺ̒ʩɴʒʁʆʨɵȗʄ̒ʊɰȚȁʈʆʋɰɦȺǇɰǐʫɴǗʄʆˀʃǏʄʧʁ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ,ʄʊʧȉɾ ɰɦȺǇǗʏɨʄ ʏɦǕʨʃʩɴʄʊʧȉɾ ɰɦȺǇʄɦɣǁɹ& in out

Q Q= )  ˄
ǱʊʄɰǗȐʉʋʈǟʧɿ8 

ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 Ȁʈɵȗʄ̒ʊɰȚȁʈʆʋɰǐʫɴǗʄʆˀʃǏǻɵ̒ɦǻʉ ʑ̡ɰ&ǳǕʃǱʊȅɿ̒ʄɴ̒ɰɦȺǇɦ ȳ
ǗɦȢ'ȁʈʆʋ ɺ̡ʋʒɴƾȃɿʫɦȢǇȅɿ̒ʄɴ̒Ǘɿɨʌ̡ɿǗɿɨʌȅʃǗʏɨʄʉɰȂɴʁǗʏɧɴ
ʱǻʉʒɴƾȃɿʫǗɿǸɰʻ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰʃʧɴ ɱʄʶȇʃɵȗʄʻʊɰȚȁʈʆʋ 
ɳ. ʈʧʃǗɿʩʈǗɿɨʌȀʈǗʁʩʏǌʨʋʃʁʩɴɰɦȺǇ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ/ 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɲɾ ȄʏʨɿʫɾǝȈʆʋʃʁʩɴ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

Ȍɦ ɰʏʫɱȌʉʁʩɰɦȢǇȉ́ʏ ̒m1=0.1kg 
1

0.1kgm =  ʏʨɿʫɾǝȈʆ  o

1
90 Ct =  Ǹʈʭʉʁʩɰ

ǗɿǸɰʻȉ́ ʏʻ
2

0.1kgm = ʏʨɿʫɾǝȈʆ o

2
30 Ct =  ʱǻʉǶɿ̒ʁʫɰȁʁʩɰȂɴʁʆʨʊȉʃɰɦȺǇȉ́ʏ 

c   ɺʬɵǳǐ˄ ɿɦʨʏʨɿʫɾǝȈʆʋʃʁʩɴrʃʁʩɰ̡ɺʋȌʉʊʭɵȉʃɿrʈǘʄ́ʫȄǕʃ?  
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ɰ,  o45 Ct =  
ɱ, o60 Ct =   
ɲ,  o120 Ct =   
ɳ, o30 Ct =   

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʒʃʫʌɿǌǱʊɲɾ Ȅ ʅ̡ǟɰɦʋʨɦǳʋǱʊɾ ʄ̔ǌʬʊɰɦȺǇ& in out

Q Q= )  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ, o60 Ct =  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8ǻɦʉȐ ʊȉ́ʏ ʏɦǕʨǳǐ& 1 2

m m=  ) ʃʧɴʒɴƾȃɿʫɺʬɵǳǐ& 1 2
c c= )  

ʏʨɿʫɾǝȈʆʋʃʁʩɴɲʪ o2 1 90 30
60 C

2 2

t t
t

+ +
= = =  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ. ǸǱʊʉɰ 90 45-   
ɲ. ǸǱʊʄʬɰʄɣǁʬʋǳǐɦǻʉʈʧʃ̡ɵɰ  

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ˑˆɰȀǌ̡ɺʋɷ̫ʕʁǏʧʆʋ ʋɦʨʄʊʧȉɾ ɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɺɦʨʈǑʨǻʁʁʩɰʡǖʆʫ̫ɦȌ ɰʏʫɱʏ ɴɦƼɿɦɳʨɹȁ ʄɦʨǳɿ̒ɦǗʄʨʁʩɰ1ɰʶʱʏɠʌʱʆɹ ǳɿʻǗɿɨʌɵʶǿʉʱʆʋ
ʉʬʊǸɴǱʊǻʁʁʩɰǗɿʩʈ̡ɿɰʃǘ̫ɰʁɦʏɠʌɦȂ ʄ̫ʨɦǗʄʨɵɚǵƼʃɺ̡ɺʋɰʿɦǻʉ  ˄
ɿɦʨɰȀǌʈʭʉǿ ɺ̡ʋ ʂɦǙʨʡǖʄʊʧȉɾ ɰɦȺǇ̡ɺʋǗɿɨʌǱʊȉʃǱʊɦɰʨʃɦʑʨɴɰǐʫɴȐǍʃȈʆɦʃ̫?  

ɰ,ʏʨɿʫɾǝȈʆɦɺʨʈrʃʁʩɰ 
ɱ,ǗʄʱʇʁʳʃɵɚǵƼ ʃȑƾʏ 
ɲ,ȉ́ʏʊʄʏʁ̒ʩɰm  
ɳ,ʏȉǓʂʄʊʧȊ Ǳʏ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʏȉƾ ʋʻʁʶȄɰʻʁʶʃɴʏȉȉǗɿʊȍɴ Q  ʃʧɴm  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ, 
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ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ  Ȁʈʊʬʄʈʃǌ Q mc t= D ʄʊʧȉɾ ɰɦȺǇ Q   ʏȉȉǗɿȆǎʋʃ̒ʩɴȉ́ʏ m  ˄

Ǳʋǿ ȉ́ʏǱʃ̡̒ɿɦǗɵʨʃȁʈʆʋɰɦȺǇ̡ɺʋǗɿɨʌǱʊɦɺʨʈǑʨɦʑʨɴʏʨɿʫɾǝȈʆɰʿ
Ǳʃ̡̒ɿɦǗɵʨʃ̡ɺʊ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ɰȀǌɦʅǜɴɦʁɠɿʈʧʃ̡ʈʃǸʈʬʋ ʐɦɿʫɵʈǑɴ̡ɺʋ Ǘ̡ʄǗʄɩʋɰǐʫɴȐǍʃ
Ǳʊɾʽɦʃ̫ ʑɦʨʉ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˒ˆǱʊʌʧȈɲʏʈɿǍȈʆǗʏɨʄɰɦȺǇ&ɰɦȺǇȉ́ʏ' 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɲɦɺʩɴȁɰɦȺǇȉ́ʏʊʄʏʁ̒ʩɰɲʪ o4200J/kg C
w

c = Ö  ʐɦʨʉɰɦȺǇȉ́ʏʊʄʏʻɦǗʄɴǷɲʪ 
o2000J/kg C

coil
c = Ö  ˄
ʄɦʨɦɲʉɰʁʩɰˏɲʨʑʬǗǱʈʃʧɴɦǗʄɴǷˏɲʨʑʬǗǱʈ ɺ̡ʋȉʃʏʨɿʫɾǝȈʆ 30 Cʐ ɺʬɵǳǐ ʱȳǻɰʻ
ʋɦʨɵɚǵƼʃ̡ɺʋʅǌʋɰ̒ɦȺǇɦʏǕʨǳǐɦɿʨʒɴƾȃɿʫʈʭʉǿ ɺ̡ʋʃʩɴɦʑʨɴɺʋʏ̒ʨɿʫɾǝȈʆ 100 Cʐ ʈʫʃ
ʱɲ?  

ɰ,ʁʩɰ Ǘɦȇ ȍ̫ȉʃɰɦȺǇȉ́ʏʂʁ˄  
ɱ,ɦǗʄɴǷ Ǘɦȇ ȍ̫ȉʃɰɦȺǇȉ́ʏɿʬɵǵʉ ʑɦʨɴʏʨɿʫɾǝȈʆ˄  
ɲ,ɦʑʨɴɺʋǗ̒ʆʈǳǐɦǗȇ ȉ̫ʃȉ́ʏʻɦʏǕʨǳǐ˄ 
ɳ,ʁʩɰ Ǘɦȇ ȍ̫ȉʃɺɴ̒ʏʫʨɦɿȂʄǸɴɦǗʄɴ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʒɿǍʃˀʉʊʬʄʌʧʁȘrʃɰɦȺǇȉ́ʏ&c)  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ɦǗʄɴǷ Ǘɦȇ ȍ̫ȉʃɰɦȺǇȉ́ʏɿʬɵǵʉ ʑɦʨɴʏʨɿʫɾǝȈʆ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ɰɦȺǇȉ́ʏɿʬɵȉʃʃˀʉȁ ʒɴƾȃɿʫɦȄ Ǘ̫ɿɨʌǱʊȁʈʆʋɿʧɵɿʭɵɦɺʨʈǑʨɦʂǙʨʡǖ 

ʏʨɿʫɾǝȈʆɦʑʨɴˏɺʪɦǗɰ˄ ɺʬɦɵǐ̫ɦǗʄɴǷʃʩɴɦʑʨɴɰɦȺǇɦʋɝʃǸɴʁʩɰ˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8  

ɰ.Ǘɵʑʶȁ c   ʂʁǵʉ ʑɦʨɴɰɦȺǇ 
ɲ.ʈʧʃɲʧɿʆʨǗʄɦʇʁʒɴƾȃɿʫ˄ 
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ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2 
ʄʊʧʄʁ ʏɰʋ-ʌʧʁȘȐɚʏǌ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊȍʉɿrʈǘʁʧʃǐʃˀʉ 

ʏɾʁʭʊʁʨˏ,˓ˆǱʊȅɿ̒ʄɴ̒ɰɦȺǇǸɰ̡̒ʏǌɴ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴǱʊʆʧɦȐ ʂʃ̔Ǹɰ̡̒ʏǌɴ Ȍɦ ɰʏʫɱɲɾ ȄȀʈǗʁʩʏǌʨɦɳʨɹȁʁʩɰɦȢǇɲʭʊ̡ɿȉʃʏʨɿʫɾǝȈʆ
ʋʃʁʩɴ 60 Cʐ ʄ́ʫ̡ʃǌɦȵ ʆɦʋǳɿ̒ʉɰ̡ʁʈ́ʬ̡ʈ́ǗɿʈɰȍʏȆ̒ǎʋ ǳ̒ɿ̒ɦɳʨɹȁʏʨɿʫɾǝȈʆʋʃʁʩɴȉʃ̡ɿ 
55 Cʐ ʄʹʫʱǿǋ ʷ˄ 
ɿɦʨʈɰʆʨʈʬʋ ʐɦɿʫʒǙʨȅʃǸʏʨɿʫɾǝȈʆǸɰ̡̒ʏǌɴȂʄǸɴǱʊɲɾ Ȅ?  

ɰ,ʈɰʆʨ̡ʁʈ́ʬ̡ʈ́Ǘɿɱʬɵ 
ɱ,ʈɰʆʨʄʊʧȉɾ ɰɦȺǇǗʏɨʄʂʁǸɴʄʊʧȉɾ ɰɦȺǇʄɦɣǁɹ 
ɲ,ʈɰʆʨȉʃǱʊȅɿ̒ʄɴ̒ɰɦȺǇʈʭʉ ʅ̡ǐɰɦȳǱʃ̒ʈɷǄǻǈʃǲɴɦǗȢ ʃʧɴ̡ɰʌ 
ɳ,ʈɰʆʨʁʩɰɦȢǇȉʃɺɴ̒ʏʫʨɦɿ̡ǗʄǗʄɩʋǲǘʁɴ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʉɿrʈǘǱʊʉʋɺ̒ʩɴʆʨɰȀǌʈɷǄǻǈʃɷʫʁʌʧɹʃʧɴȈʆʈʧʃʋǟʕɿɦǲǁ̫rʃ 

ǗʄʆˀʃǏʆʧɦȐ ʂʃ̔˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ,ʈɰʆʨȉʃǱʊȅɿ̒ʄɴ̒ɰɦȺǇʈʭʉ ʅ̡ǐɰɦȳǱʃ̒ʈɷǄǻǈʃǲɴɦǗȢ ʃʧɴ̡ɰʌ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8  ɰǐʫɴɷʨʌȈʆʊʏʻɦȵ ǳǕʃǗʄʆˀʃǏǿ ɺ̡ʋʄʧʁɷʧɿˏˎ #ˎ ʑɦʨʉ˄ɰɦȺǇʈʭʉ ʅ̡ǐɰ

ʃʩɴʄɦɣǁɹ ȳɦɰǐʫɴɱǖʋ ʃ̒ʧɴǗʏɨʄɦǻʉɿʭ̡ɰʌɦʂǙʨʡǖȁʈʆʋʏʊʫʄɰǐʫɴʁʩɰʀʉ
ɵʫʷ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 ɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿʈʧʃ̡ʈʃǸʈʬʋ ʐɦɿʫɵʈǑɴrʃʄ̡ǗʈʄǗʈɩʋ
ȁʈʆʋɰǐʫɴʆʧɦȐ ʂʃ̔ɦʑʨʉ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ3 
ʄʊʧʄʁ ʏɴƾʈ-ʈʬʋǻǈ ʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴ̡ʅǐɰʊʫɰʊɰ 
ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿ 
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áUȤTURRw¿ ¶ Ȓ[]vȩCȢYW\AÚçEUTØU«Wv¡ȱST­[{U]vRȑȹ 

 

ȵɦɰǐʫɴɦȉ́ɴʏʧɰȚʒʃʫʌɿǌʃ̔ʏʧʏǜȁǐɰ̒ʁʨ̞ ʈʭʉǗɰɧʈȅʃɦʊɠʄɵʁǱʊʆʧɦȐ ʂʃ̔ǻʁʁʩɰɦɺʨʈǑʨʏʧɰȚʒʁʆʨ
ʄʊʧȉɾ ɰɦȺǇ˄ ʆʭɰɦɲȅʃɦǗʄʨǗȅʏʻ̡ɰʌʈʭʉɺ̡ʋȉʃʅǎʫɰʁʩɰȉ́ʏ 0.5 kgm =  ʃʧɴȍʏʏ̒ʨɿʫɾǝȈʆɺʁʄʬɴ
ȅʃ o

1
30 Ct =  ˄ǗɰɧʈʏʧʏǜȅʃɦǗʄʨɵɚǵƼʃʒɲƾʧʏʃʨ̡ɺʋȉʃɰȉǘʁɴɦʀʊɦɺʨʈǑʨʅǇʋɰ̒ɦȺǇʊʐʬɿɺʋʁ̒ʩɰʆʫ̫ɦȵ

ʏʨɿʫɾǝȈʆ o

2
100 Ct = ɰ˄ǐʫɴʒʁʑʫɴɦʆʋʆʧɦȐ ʂʃ̔ʆʭɰɦɲȅʃʏ ɴɦƼɿɦɳʨɹȁ Ȃɦ ʄ̫ʨǸɵɚǵƼʃɦȵ ɿ̡ʄʃǌ

ʅǇʋɰ̒ɦȺǇɰʿɦǻʉ ʄ́ʫ̡ʃǌɦȵ ʆɦʋʁʩɰɰʁʆʫɴʆʫ̫ʏʨɿʫɾǝȈʆʊʄʏȍ̒ʈʧʃȅʃɦɰʨʃɦʑʨɴɦʋʨʏʆʨ o100 C ʑɦʨʉ˄
ʆʭɰɦɲǗɿɨʌɦǗʄʨǗȅʏʊ̒ʬʄʈʃǌ Q mc t= D  ɺɦʨʈǑʨɲɾ Ȅȁʈʆʋ ɺ̡ʋʁʩɰȅʃǗʏɨʄʉɰ ǻɦʉɺʩɴȁɰɦȺǇȉ́ʏ
ʊʄʏʁ̒ʩɰɲʪ o4200J/kg C

w
c = Ö  ˄ǱʊʆʧɦȐ ʂʃ̔ɦʃ̫ʈʧʃǗɿʩʈ̡ɿʄǵǝɹʆʨǱʊɲɾ Ȅʄʊʧȉɾ ɰɦȺǇʄ́ʫɦǿ ǋ̫

ʁɦʄ́ʫ̡ʃǌ̡ʀʈȂɴʁɷʭʉʡǖʏʧʏǜʉʋʆ̒ʨʄ̡ǗʈʄǗʈɩʋȐǍʃȈʆʊʬʄȃɿʫʃʧɴǱʊȅɿ̒ʄɴ̒ȁʈʆʋ ȳɦɰǐʫɴʈɷǄǻǈʃɷʫʁ
ʌʧɹʅɴ̡ɺʊ˄ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ˏˆǱʊɲɾ ȄȁʈʆʋɰɦȺǇǗʏɨʄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ&Question Content)  

ʏʧʏǜǗɿɨʌɰʁɾ ɿ̒ʄʊʧȉɾ ȁʈʆʋɰɦȺǇʏʊʫʄ̡ɺʋʁʩɰȅʃǗʏɨʄʉɰʆʨɵɚǵƼʃ ɺɦʨʈǑʨʄɦɴƼʨʃʏʨɿʫɾǝ
Ȉʆʆʨ o30 C ʱȳɺʋʻɵʶɾʫ ɵʆʫʷ˄ 
ɿɦʨʄʊʧȉɾ ɰɦȺǇ̡ɺʋʁʩɰȅʃǗʏɨʄʉɰȉʃɿrʈǘɦʏǕʨʃʩɴʄ́ʫȄǕʃ?  

ɰ, 63 000JQ =   
ɱ, 147 000JQ =   
ɲ, 210 000JQ =   
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ɳ, 273 000JQ =   
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴʏʈɿǍȈʆʒʃʫʌɿǌʊʬʄʈʃǌǗɲʩ̫rʃʄʊʧȉɾ ɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ Ȁʈʊʬʄʈʃǌ 

2 1
( )Q mc t mc t t= D = -  

ɲɾȄ  ̂ 0.5 4200 (100 30) 147 000JQ = ³ ³ - =  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ǸʋʁǏʅʋ ʃrǱʊɲɾ Ȅɱʫʏʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆʜɦʇǘɵɲʫɾ

ʃʩɴȉ́ʏ 0.5 kgm =  
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ &ǱʊʒʃʫʌɿǌʊʬʄʈʃǌȆǎ ʋʻ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊɦǗʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʌʧʁȘȐɚʏǌɲɾ Ȅ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ&ǱʊʆʧɦȐ ʂʃ̔ɰǐʫɴȐȌ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦʈɦʊɠʃʃ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊʌʧȈɲȅɿʫʇʬɿɦʆʋʁʩɰɰʁʆʫɴʆʫ̫ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȵɦ ʆɦʋʁʩɰɦʑʨɴɺʋʻ o100 Cʏʧʏǜʏ ɴɦƼɿɦɳʨɹȁ ʁ̡ʈ́ʬ̡ʈ́Ǘɿʄǵǝɹ ʋɦɱɦʀʊɦȂ ʄ̫ʨǸ ʇɦǘʨɴɵ
ɚǵƼʃɦȵ ɿ̡ɦɶ̫ǲǘʁɴɰʿɦǻʉ˄ɦɿʨȁʈʆʋɰɦȺǇ̡ɺʋɵɚǵƼʃʄʃǌʅǇʋʡ̒ǖɦȵ ʆɦʋʁʩɰɰʁʆʫɴʆʫ̫Ǘɿɨʌȅʃ
ǗɦʄʨǗȅʏʏ̒Ǘȉʄ̒ɦʂǙʨʒǙʨ?  

ɰ,ɦǗʄʨʏǗȉʄ̒ʄɦɴƼʨʃʏʨɿʫɾǝȈʆʁʩɰʡǖɦʋʨʏʆʨ o100 C  
ɱ,ɦǗʄʨʏǗȉʄ̒ʄʁ̡ʄɰɵʁɾ ɴʊȍɴʈ́ʬɦʋɲʫʋʁʩɰ ɺɦʨʈǑʨʄʁ̡ʄǘɴʒɴƾȃɿʫȋʌʱȳǸʗʏǕˀʃ
&ɵʶȑʉ' 
ɲ,ȁʈʆʋ Ȅɦ Ǘ̫ɿɨʌȅʃȅɿ̒ʄɴ̒ȂɴʁǗʏɧɴɦȳɰǐʫɴȓǱʏ ǻɦʉʈʧʃȅʃɵʬʋɰǐʫɴʁʩɰɦʑʨʉ 
ɳ,ɦǗʄʨʏǗȉʄ̒ɦʂǙʨʡǖȉ́ʏʁʩɰɦɰʨʃɦʑʨɴɦʋʨʏʆʨʈʫʃ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾʽrʃɰɦȺǇȒ ɿɴ̒ ʃʧɴʄ̡ǗʈʄǗʈɩʋȐǍʃȈʆʊʬʄȃɿʫ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȵɦɵʁɾʫɵʆʫ̫ȁʈʆʋ ɺ̡ʋǗʏɨʄʉɰʈʧʃǗɿɨʌȅʃɦǗʄʨɦɺʨʈǑʨʄɦɴƼʨʃʏʨɿʫɾǝȈʆ
ʁɦʄ́ʫ̡ʃǌɦǗʄʨʏǗȉʄ̒ʄʁ̡ʄǘɴȐǍʃȈʆʆʨʁʩɰɦȳǸɵʁȑ ʉ  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ.ɱʫʏ Ǘɦȇ ʏ̫ʨɿʫɾǝȈʆʁʩɰʆʫ̫ɦȵʏȉǓʂʂʈǕȀɲʪɦʀʊ 
ɲ.ɱʫʏ Ǘɦȇ ȁ̫ʈʆʋ ȵɦ ɿ̡ǗɿɨʌȅʃǗʏɨʄɦǻʉʁʩɰ 
ɳ. ɱʫʏ Ǘɦȇ ȉ̫́ʏʁʩɰʃʩɴʀʉɵʫ̫ɦǻʉȐʊǱʊȈʉɵʁȑ ʉ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&Ǳʊʉʋɺ̒ʩɴʆʨʄ̡ǗʈʄǗʈɩʋȐǍʃȈʆ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊʄɰǗȐʉʇʏǌʫȀɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊǱʊʊʫɰʊɰ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ˑˆǱʊȍʉɿrʈǘǗʄʏʧʁǏȈʆȁʈʆʋ  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȀʈǱʊɲɾ ȄǗʁʩʏǇʨʁʩɰǗɿɨʌǱʊʄʊʧȉɾ ɰɦȺǇ147 000J  ʄ́ʫ̡ʃǌȀʈǱʊȍʏʏ̒ǎɴ̒ȁʈʆʋʒɲƾʧʏʃʨ
ʆʨɵɚǵƼʃ ɲɦɦɳʨɹȁɵɚǵƼʃȅʃʄɦɣǁɹȁʈʆʋʏʊʫʄɺʋʻɦȳ 180000J  ˄
ɿɦʨɦʐɿʫʒǙʨȅʃǸȉʃȈʆɱʫʏǳǐʊȍɴȁʈʆʋ ɺ̡ʋɵɚǵƼʃʄɦɣǁɹʃʧɴȁʈʆʋ ɺ̡ʋʁʩɰǗʏɨʄ
ʉɰ?  

ɰ,ʈɰʆʨǱʊɲɾ ȄȀʈʊʬʄʈʃǌʊʬʄʌʧʁȘ̡ɿɴ̡ɿɱʫʏǸʃʧɵǁ˄ 
ɱ,ʈɰʆʨȁʈʆʋʈʭʉ ʅ̡ǐɰǗɿɨʌȅʃȅɿ̒ʄɴ̒ɦȳʈɷǄǻǈʃɷʫʁʌʧɹʃʧɴɰɦȺǇǷǐʁɴ˄  
ɲ,ʈɰʆʨʁʩɰȉʃʏʈɿǍȈʆʄɦɴƼʨɿȁʈʆʋ ǻɦʉɱǘʭʃʟɴ˄  
ɳ,ʈɰʆʨ̡ʁʈ́ʬ̡ʈ́Ǘɿȍʏʏ̒ʨɿʫɾǝȈʆʈʧʃȅʃǗɿʩʈǗɿɨʌ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲɦʋʨǱʊȅɿ̒ʄɴ̒ȁʈʆʋɰǐʫɴʆʧʇʆʆʧɿʃʧɴǗʄʏʧʁǏȈʆȁʈʆʋ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ɰǐʫɴǱʊʆʧɦȐ ʂʃ̔Ǹɰ̡̒ʏǇɴɰɦȺǇʈʧʃǗɿɨʌȅʃɦʅǎʊɦȳʁʩɰ100%ʱʁ 

ɱǘȈ̫ʉ ȳɦɰǐʫɴɱǖʋ ʃ̒ʧɴɱǘ̫Ǘʏɨʄɦǻʉʄ̋ʧɵ̡ʏʺ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿʈʧʃ̡ʈʃǸ ʐɦɿʫʅʋʌʧʁȘȐɚʏǌ̡ɺʋʏʈɦʐɿʫ

ʅʋɰǐʫɴʄʊʧʄʁʆʧɦȐ ʂʃ̔˄  
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
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ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǱʊǗɿʧ̫ʊʧ̫ɦʋʨʋʁǏʅʋʆʧɦȐ ʂʃ̔' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿː&ǱʊʄɰǗȐʉǗʁʩʏǇʨɦʈʱʊɠʃ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ʅ̡ǐɰɦʋʨǱʊʊʫɰʊɰ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌʃʧɴȈʆǸɰ̒Ȍ ɰ̒ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˒ˆʕʁǏʧʆʋ ʃrɰȀǌȉ́ʏ  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

Ǘʄʏʧʃɦʄʨʏʧʏǜȉǐɰ̒ɦʁɠɿǻʁʁʩɰɰǐʫɴʄ̋ʧɵ̡ʏɺ̡̋ɺʋ ʄ́ʫ̡ʃǌɦǗʄʨȉ́ʏʁʩɰǗɿʩʈ̡ɿ0.25 kg ʀʉɵʫʷȇɰʻɰ
ǿǇ ʋ  ˄
ɿɦʨʄʊʧȉɾ ɰɦȺǇ̡ɺʋǶȅʁɵ̒ɦɺʨʈǑʨʡǖʁʩɰ0.25 kg ʃɦ̫ʆʫ̫&Ƕʄ̒ʆʨ o30 C  ɺʬɵǳǐʃʩɴ̡ǗʄǗʄɩʋ
Ȋ́ ɴɺʬɵʱʈǇɵ?  

ɰ,ǗɿɨʌǱʊɰɦȺǇɦɰʨʃɦʑʨɴ2ɺɴ ˄
ɱ,ǗɿɨʌǱʊɰʱȺǇ ʀʉɵʫʷ2ɺɴ ˄
ɲ,ǗɿɨʌǱʊɰɦȺǇɦʀʊɦʏǕʨʃʩɴʁʩɰ0.5 kgʲɺʊ˄ 
ɳ,ǗɿɨʌǱʊɰʱȺǇ ʀʉɵʫʷ4ɺɴ ˄

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴǱʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʏȉȉǗɿȆǎʋʊ̒ȍɴ Q   ʃʧɴ m   ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ Ȁʈʊʬʄʈʃǌ QʏȉȉǗɿȆǎʋʃ̒ʩɴ m˄ ʄɦʨȉ́ʏʀʉɵʫ̫ȇɰ̒ɰǿǇʋȁʈʆʋ

ʲɺʋǗɿɨʌǱʊɰʿʀʉɵʫʷȇɰʻɰǿǇ ʋʲɺʊ73500J  ˄
ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ&Ǳʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʏȉȉǗɿ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ʅ̡ǐɰɦʋʨǱʊʊʫɰʊɰ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌʃʧɴȈʆǸɰ̒Ȍ ɰ̒ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˓ˆǱʊʊɵȄǱʊʆʧɦȐ ʂʃ̔ɦǗʄɠʄɦʂɠʄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
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Ȍɦ ɰǗɲɨɵɴ̒ʡǖʏʧʏǜʊɰɦʈʨʋȁ ɿɦʨǱʊɦǗʄʨǗȅʏɲ̒Ǘʈʄ̡ ɰʌȓɵɷʭʉʡǖʁʩɰʆʫ̫ɦʋɝʃǸɴʈʫʃʜȊ ɴ́
ǿ˄  
ɺɦʨʈǑʨʡǖǱʊʆʧɦȐ ʂʃ̔ɦǗʄɠʄɦʂɠʄɦʃ̫ȉʃȈʆǗɿʩʈǗɿɨʌǸɰ̒Ȍ ɰ̒ ɿɦʨɰȀǌǿ ɱǘ̡̫ɺʋʏʧʏǜǗɿɨʌʊɰȚ
ʡǖɦȵ ʀɦʊ&ʈʧʃʡǖʄǌʬʊ'?  

ɰ,ȉ́ʏʁʩɰʏʨɿʫɾǝȈʆɺʁʄʬɴʃʧɴɰȉǘʁɴɦʇǘʨɴɵɚǵƼʃ 
ɱ,̡ɿǗʄʱʇʁɲǗʈʄʃʧɴȉ́ʏʁʩɰʄ́ʫɦǿ ǋ̫ 
ɲ,̡ɿʏʨɿʫɾǝȈʆɵʫɴɦǗǱʉʃʧɴʊʉʸɦʆʋʄ́ʫɦǿ ǋ̫ 
ɳ,ʏʧʏǜȓɵʄǌʬʊʒǙʨɰʿȅʃʡǖ̡ɿʁʩɰʆʫ̫ɺʬɵǳǐ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ɰǐʫɴǱʊʆʧɦȐ ʂʃ̔ʌʧʁȘȐɚʏǌɦɺʨʈǑʨɺʩɴʆʨʕʁǏʧʆʋ ʃrʒɦʀʊʈʭʉ&ɲǗʈʄ'ɦʉʨɴ

ǗɿɨʌʊɰȚʒʱʀʊɺʳʁʱʁɠɿʡǖʱȵʱʀʊȂʶɴʒʏʻ˄ 
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ &Specification Sheet) 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ&Ǳʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʏȉȉǗɿ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿː&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ Ǳʊʏ ɴɦƼɿʃʧɴʏʃǐʧǻǈʃ 
ʕʊʧȊ ʄʀ Ǳʊɵɴ̒ɺʩɴʃʧɴǱʊʁʁʭʋɱʫʏǗɿɨʌ 

 
 
 
áUȤTURRwÀ¶ U¡FËA]vRȑȹUñËç§A¡ɜĨȑ TvE`Tȑä¦`¦£FȢYW\AÚçEh`ȑȺaAYß 

 
 

ȵɦɰǐʫɴɦȋɴɵǗɰʅʋʧɿɦǗɲɝɴʄɴƾʫʁɦʒʑʧɵǗɿɨʃʧɰʈʭʉȄ ɱɦɿǌɰǿǌʋ ʌʧʏǙɰʊɰʁʆʫɴǗʄɸ ʈʃʩɴʄɤǝȉ́ʏʫʨʃ
ʄɦɣǁɹɰɦȺǇǲǘʁɴ ɺ̡ʋȓɵʄǿǇʋʡǖɱʬɵǲɿʗʄɰʊɾʽ˄ ɺɦʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝɦʃ̫ ɲɦǗɿɨʌɦǗʄʨǗȅʏ ʒ̒ɴƾ
ȃɿʫȋʌʄɣǁʫ̫ɰɦȺǇɦɺʨʈǑʨǗʏɨʄʉɰɰɦȺǇɦɵɹʆʨȉ́ʏʫʨʃ˄ ǗɰɧʈǱʊǵʊȅʃɦʂǙʨǱʊʆʧɦȐ ʂʃ̔ɦǗʄɠʄɦʂɠʄʊȍɴʒɴƾȃɿʫ
ȋʌʆʨʊǗʄɦʇʁɲʪ ʁʩɰ o4200J/kg Cc = Ö   ʃʧɴ Ǘɦʄɴȉ́ʏʫʨʃʆʧɦʏʏ o2000J/kg Cc = Ö ɰ˄ǐʫɴǱʊʆʧɦȐ ʂʃ̔
ɲɦʅǇʋȁ̒ʈʆʋɰɦȺǇɦʏǕʨǳǐ 126 000JQ =  ȳɦ ʋɦʨʒɴƾȃɿʫȋʌʃʨʈʭʉˇ̡ɺʋȉʃȉ́ʏ 1.5 kg ɺʬɵǳǐ ˄ ʋʁǏ
ʅʋʄǵǝɹȁ ʒɴƾȃɿʫȋʌȂɴʁʆʨʊȉʃʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆɱʫʏǳǐǻɵ̒Ǘʏʑʷ ɺ̡ʋɷ̫ʕʁǏʧʆʋɺʋǱ̒ʊ
ʏ ǗɦʈɵɵʧɿǌɰǐʫɴǱʊɦǗɷʨʏ ʊɦʨʏʏȉǔʊyʏǗȉʄ̒ǗʄʆˀʃǏǗɿǸɰ̒˄ Ǳʊʉʋɺ̒ʩɴʒʁʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴȉ́ʏ ɰɦȺǇȉ́ʏ
ʃʧɴʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆʈʧʃǗɿʩʈ̡ɿɷʭʉǱʊȇʊȉ́ʏʫʨʃʄ́ʫɦǿ ǋ̫ ʁɦʄ́ʫ̡ʃǌ̡ʀʈȂɴʁɷʭʉǱɿ̒ʄʃǍʉǱʊɦǗʄʨ
Ǘȅʏʒ̒ɲƾʧʏʃʨɰǐʫɴɦȋɴɵǗɰɦʁɠɿʅɴ˄  
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ʏɾʁʭʊʁʨˏ,ˏˆǱʊʌʧȈɲʁʁȄɰ̒ʁʁʃɴʒɦʀʊʊʬʄʌʧʁȘ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʅ̡ǟɰɦʋʨʊʬʄʈʃǌ Q mc t= D ʌʧʏǙɰʊɵɴ̒ɺʩɴʆʨʕʁǏʧʆʋ ʃrɰɦȺǇȉ́ʏc &ɦȳ ʋɦʨʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝ
Ȉʆ tD  ˄
Ǘʄʏʧʃɦʄʨʄʊʧȉɾ ɰɦȺǇQ   ʃʧɴȉ́ʏ m  ǗɿɨʌȅʃʊɰȚʡǖɦȵ ʀɦʊɦɿʨʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ tD

ȉʃʁʶȄɰʻʁʶʃɴȊ́ ɴɺʬɵʱʈǇɵǸʈʭʉɰʱȺǇ ȉ́ ʏc ?  
ɰ, tD   ʏȉȉǗɿȆǎʋʃ̒ʩɴ c  ( ʄɦʨ c ɰɦʨʃɦʑʨɴːɺɴ tD ɰʿɦɰʨʃɦʑʨɴːɺɴ'˄  
ɱ, tDʏȉȉǗɿǗǶʏʃʩɴ c  ( ʄɦʨ c ɰɦʨʃɦʑʨɴːɺɴ tD  ʃʩɴʀʉɵʫ̫ː ɺɴ'˄  
ɲ, tDʈʧʃȓǗʏʉˀ ʋɦʨɿrʈǘrʃɰɦȺǇȉ́ʏ c  ʑɦʨʉ  ˄
ɳ, tD ɰɦʨʃɦʑʨɴȀʈʋǻʁʄ̒Ǳ ʊɦŕʃɰɦȺǇȉ́ʏ 2c  ˄

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴʏʈɿǍȈʆʌʧȈɲʁʁȄɰ̒ʁʁʃɴǗǶʏʊȍɴʒɦʀʊɰǐʫɴʊʬʄʈʃǌɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 

ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȀʈʊʬʄʈʃǌQt
mc

D =  ˄ ʱǻʉȐʊ c  ʏǍʧɿɦȵȈɲ̡ʄɴȄʡʁǖ tD  ʃʧɴ c   

  ȉʃʁʶȄɰʻʁʶʃɴǗǶʏǳǐ ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 

 ɰ, ɲ ʃʧɴɳ ʈʧʃǗʏʄȀʈʋɰƽɾ ʊyʬʄʌʧʁȘ ɺ̡ʋʒɴƾȃɿʫȉʃʏʈɿǍȈʆǗʏɨʄɰɦȺǇʂʁ 
   &c  ʂʁ'ʃʩɴȉʃʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆɿʬɵ˄  
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ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǱʊʄɰǗȐʉʁʶȄɰʻʁʶʃɴʊʬʄʈʃǌ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊɦǗʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʌʧʁȘȐɚʏǌʆʃǖʋȅ̒ɿʫʇʬɿ' 
ʄʊʧʄʁ ʏɰʋ&ʄɦɵǁɰʌʧʁȘʃʧɴʗʏȚʐɰʈǕ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦ ʈʱʊɠʃ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰ̒Ȍ ɰ̒ʃʧɴǱʊǗɿʧ̫ʊʧ̫ʆʧǶʊǿ  

ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɲɾ Ȅ Ǘɦʄɠʄɦʂɠʄʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɲɦɦǗʄʨʁʧʃǐʃˀʉʆʨǗʄȃʃʄʁǲɴɦʋʨ 126 000JQ = ʃʧɴ 1.5 kgm = ɺɦʨʈǑʨʊɰɦʈʨʋȁ ɿɦʨʒɴƾȃɿʫ
ȋʌʈʭʉǿ ʑɦʨɴɰɦȺǇǲǘʁɴǸɴ˄ ɿɦʨʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ tD ʊʄʏʻ Ǘɦʄɴȉ́ʏʫʨʃ ȉʃɿʳʈǘ
ʄ́ʫȄǕʃ ʐɦʨʉȍɱǓʏǸ̒ɴʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆʊʄʏ ̒ʁʩɰ ɵʶʃʭʃʄʹʫȄǕ ʃɺɴ?  

ɰ, o20 CtD =   ʃʧɴɱǓʏǸ̒ɴʁʩɰ2ɺɴ ˄
ɱ, o42 CtD = ʃʧɴɱǓʏǸ̒ɴʁʩɰ2.1ɺɴ ˄
ɲ, o84 CtD =  ʃʧɴɱǓʏǸ̒ɴʁʩɰ4.2ɺɴ ˄
ɳ, o63 CtD =  ʃʧɴɱǓʏǸ̒ɴʁʩɰ3ɺɴ ˄

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴʄʁɾʧʃɲɾ Ȅʆʐʫɷʁȑ ʃʃʧɴǱʊɦǗʄɠʄɦʂɠʄʁʧʃǐʃˀʉʄʊʧȉɾ  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂    
2
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ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ǸʋʁǏʅʋ ʃrǱʊɲɾ Ȅɱʫʏ ʋɦɱʜʈʧʃȅʃɲʧɿɲʬʊʄɣǁʬʋȉ́ʏ1.5 kg   ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋȅʁɰ&ɲɾ Ȅʆʨʊɿʁǿ ɰ̒ǱʋʃʧɴɦǗʄɠʄɦʂɠʄ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊɦǗʄʨǗȅʏɲ̒ʁʊʬɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɰʋ&ʌʧʏǙɰʈǕ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦʈɦʊɠʃ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 
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ʏɾʁʭʊʁʨˏ,ˑˆǱʊʏ ǗɦʈɵɵʧɿǌɦǗɷʨʏ ʊɦʨʏʏȉǔʊyǗʄʆˀʃǏǗɿǸɰ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʌʧʏǙɰʊɵɴ̒ʡǖȉ́ʏʫʨʃʊɰȚʏʨɿʫɾǝȈʆʡǖɦȵ ȂʄʄʁʅʫɿȀʈ̡ɺʋȓɵɦʂǙʨɦȳȅʃ ɺɦʨʈǑʨǱʊȇʊǱʊ
ʊȌʉ Ǘɦɲɝɴʄɴƾʫʁ̡˄ʅǟɰɦʋʨʋʁǏʅʋ ʃrǱʊʆʧɦȐ ʂʃ̔ ɿɦʨʒɴƾȃɿʫȋʌʈʭʉǿ ɺ̡ʋʏɰˀǌʧʏʈʄʁʅʫɿ
ʏǗȉʄ̒ʉɰʈɰɦʂǙʨǸʄɣǁʫ̫ɰɦȺǇȉ́ʏʫʨʃ? ǗɦȇʷɦʐɿʫʒǙʨ?  

ɰ,ɦǗʄɴȉ́ʏʫʨʃ Ǘɦȇ ȍ̫ɦʑʨɴʏʨɿʫɾǝ Ȉʆȅʃʱʋɝʃ ǵʉǗʏɩʋʱʅǎʊɰʱȺǇ ʱǶʋ˄ 
ɱ,ʁʩɰ Ǘɦȇ ȍ̫ȉʃɰɦȺǇȉ́ʏʂʁȓɵǗʏɨʄɰɦȺǇȅʃɦǗɵʨʃɦǻʉʈʧʃɦʑʨɴʏʨɿʫɾǝ 
 ȈʆɱǓʏʻʱʆɰ˄ 
ɲ,ʁʩɰ Ǘɦȇ ȍ̫ȉʃɿrʈǘɦȁɰʃʧɴǵʉǗʏɩʋʊɰǸɴɦǗʄɴ˄  
ɳ,ɦǗʄɴȉ́ʏʫʨʃ Ǘɦȇ ȍ̫ȉʃɺɴ̒ʏʫʨɦɿȂʄǸɴʁʩɰ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴʏʈɿǍȈʆȍʉɿrʈǘʃʧɴʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉʌʧʁȘȐɚʏǌ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʒɴƾȃɿʫ̡ɺʋȉʃɰɦȺǇȉ́ʏʂʁ&ɺʬɵǸʁʩɰ'ɲʪǸȈǐɰ̒ǵʊʄɣǁʫ̫ɰɦȺǇɺʿʋǟɦǗȇʷ

ȍǗɿɨʌǱʊȁʈʆʋ Ǘɦɵʨʃǿ ʏʻɦʁʨʄɦʑʨɴʏʨɿʫɾǝ Ȉʆo1 C &ɰɦȺǇɰǐʫɴȉ́ʏʫʨʃ
ǗɿɨʌȅʃʁʩɰǗʏɨʄʉɰȅʃɦǗɵʨʃ'˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ,ɱʫʏʄʱɵǁɰʱʁʏ 
ɲ,Ǹ ʐɦɿʫʅʋ ʏɦɺǈɰʧɵǁʈʧʃ̡ʈʃʌʧʁȘȐɚʏǌ 
ɳ,ʈʧʃȂɰ̒ʁɴʃʩɴʏʈɿǍȈʆǗʏɨʄɰɦȺǇ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǱʊʒʃʫʌɿǌǗʁʩʏǇʨɰǐʫɴʄɤǝǸɰ̡̒ʏǇɴ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊȍʉɿrʈǘʇʏǌʫȀɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈʃ&ǱʊǵʊʌʧǸǃɷʨʌy' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦ ʈʱʊɠʃ 
ʏʈɿǍȈʆ ǱʊȍʉɿʳʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌ 
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ʏɾʁʭʊʁʨˏ,˒ˆ ɵȗʄʻʊɰȚȁʈʆʋɰʱȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ǗʄʏʧʃɦʄʨʌʧʏǙɰʊʉɰ̡ɺɰɦȢǇ̡ɺʋȉʃʏʨɿʫɾǝȈʆ o150 C ʈɰǻɰ̒ɵʬʋɰǐʫɴʂʫɴʁʩɰǗɿǸɰ̒ o25 C

ɺɦʨʈǑʨʄɣǁʫ̫ɰɦȺǇ˄ ȵɦ ʆɦʋǗʄʆˀʃǏǹ ʃɺʋ ʋ̒ʃʁʩɴɰɦȺǇ ɿɦʨǱʊʒ̫ȓɴʈʭʉǿ ǗɿʩʈǗɿɨʌʄʁʅʫɿǶɿ̒
ʁʫɰȁǳǕʃǱʊȅɿ̒ʄɴ̒ɰɦȺǇɦȳ ǗɦȢ ?  

ɰ,ʏʨɿʫɾǝȈʆɵʫɴɦǗǱʉʃʩɴɦʏǕʨʃʩɴ o o o150 C+25 C=175 C   
ɱ,ʄʊʧȉɾ ɰɦȺǇ̡ɺʋ ɺ̡ɰʄɦɣǁɹ ʏɦǕʨʃʩɴʄʊʧȉɾ ɰɦȺǇ̡ɺʋʁʩɰǗʏɨʄʉɰ in out

Q Q=   
ɲ,̡ɺɰʃʩɴȅɿ̒ʄɴ̒ȁʈʆʋȂɴʁʒʏʻɦʐʨʉʏʨɿʫɾǝȈʆʊʄʏȍ̒ɵʫ̫ɺʋ ̒ o0 C  
ɳ,ʄʊʧȉɾ ɰɦȺǇȓǗʏʉˀ ɿ̡ɦʋʨʏʨɿʫɾǝȈʆʄ́ʫɦǿ ǋ̫ʈʧʃȓǗʏʉˀ ʋɦʨǗʄɦʇʁʒɴƾȃɿʫɦʁ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ ʊ̔ɰȚȁʈʆʋɰɦȺǇɰǐʫɴǗʄʆˀʃǏʄʧʁ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ Ȁʈɵȗʄ̒ʊɰȚȁʈʆʋɰǐʫɴǗʄʆˀʃǏǻɵ̒ɦǻʉ ʑ̡ɰȁʈʆʋʲɺʋʒɴƾȃɿʫʱȢǇ

ȅɿ̒ʄɴ̒ǗɿɨʌȅʃɦʅǎʊȂɴʁǗʏɧɴɦȳʡǖʒɴƾȃɿʫǗɿǸɰ̒˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿʄʁȇʃɦʋʨɵȗʄ̒ʁʨ1 ʃr̡ʁʈ́ʬɼʨǿ ʈʧɵʃʧɴɦǳʋ

Ǳʊɾ ʋ̔ʃʁʩɴɰɦȺǇ˄ 
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&Ǳʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ Ǘ̔ɲʩ̫' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊʄɰǗȐʉʇʏǌʫȀɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʄɦɵǁɰʌʧʁȘ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐ ʊɦ ʈʱʊɠʃ 
ʏʈǍɿȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 
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áUȤTURRw½ CȪĴȑP`z]P×vȩWAÚçE`¦OE« TvEU¡FËA]vRȑȹ 

 

ȵɦȀʈʄɦǿǌʉʅǘʬʌʊʀɦʇǘʨɴʆʨʇǐɦʁʆɹ ȳɦǗɰɧɴǗʆ̫ʏʨʐʃʫɦɲʏ ɴɦƼɿɦɳʨɹȁ ȵɦɵɦȄǘ̫ɿʁɾ ʃr̡ɺɰʅǘʬʌʊʀ
ʇɦǘʨɴʃʨʈʭʉˇʌʧʏǙɰʊ̡ɿɴ̡ɿʁʫɰɵɦȄǘ̫ɿʬɵʈʭʉ ʈʧʃʡǖ̡ɺɰʄ̫́ǳǐɷʧɿɦʑʨʉ˄ɺʬɵǳǐ̡ɺʊɵʶʱȇʷȐǓʃʱʄɿʫɴʲʌɴˇ
ɲɦ̡ɿɴ̡ɿǻɰ̒ɿʁɾ ʉʪɿ ɺ̡ʋȉʃȋɴɺʬɵɦʂǕɹʏʧɿʏɰ̒ɦȵɵɦȄǘ̫ɰȗʋȐǓʃ˄ ȅɿʫʇʬɿɦʃ̫ȇɰ̒ʆˀʃǏʃʩɴ Ǳʊʊʨɰ
ʃrʒɴƾȃɿʫ˄ ȵɦ ʆɦʋʏʨɿʫɾǝȈʆɦʑʨɴɱǓʏ Ǹ̒ʆʧɦʏʏ ȵɦ ʆɦʋ ʀrǀǗɿɴ̒ɰǐʫɴǗʄɦʁʏɰʈǓʫǸȈɲʋǟʧɿrʃʒɴƾȃɿʫ
ʊʩɴʁʁʭʋȅʃȁʈʆʋɰɦȺǇɦʐʨʉɹʊˀǲǘʁɴǸɴʈʫʃ ɺ̡ʋ ʂɦǙʨʡǖȍǗɿɨʌǱʊʋʶʐʊʏʻʱȵʂʶǸɴʈʫʃ Ȅʶʡǖʒɴƾȃɿʫ
Ȅɦ ʊ̫ʨɰȉɼ˄ ǗʄʏʧʃɦʄʨɦɲʈʧʃʁʫɰɵɦȄǘ̫ʁʁɦʃʊɦʁȍʃʩɴʄɴƼʡǖȉʃʏȉǓʂǲǘʁɴʊʫɹǗǶʃǳǐʊʐʬɿɺʋʻ̡ɺɰʅǘʬʌʊʀ
ʇɦǘʨɴɦʌɠɵʜȐǓʃɦǗʄ̫ǗȐ ʶ̡ɺʋʄɴƼɦǗǳ ȁ̫ǐɰ̒Ǹʉȁ ʐɦɿʫ˄ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʊʬʄȈʆʄǵǝ ɹɵ̂ɦȄǘ̫ɿʁɾ ɺ̡ɰʅǘʬʌʊʀɦʇǘʨɴʃʧɴɿʁɾ ȐǓʃɦʄɿʫɴ ǻɦʉȉʃʊʬʄɿʁǿ ɴɰǗʈʧɿʈ́ʬɦʋɲʫʋ 

ʄǵǝɹʆʨǱʊɹʊˀʃʧɴǱʊʊʨɰɵȉǀʉʊȍɴȓɿʬʈɦȵ ʆɦʋ ȢɦǇ˄  
ʏɾʁʭʊʁʨˏ,ˏˆʈʬʋ ʐɦɿʫrʃǱʊʊʨɰrʃʒɴƾȃɿʫʊʩɴ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʏʧʏǜȉǐɰ̒ʉɰ̡ɺɰɦǳʋʈʭʉ ɺɦʨʈʈɰɺʫɿɰɦȺǇ˄ ǳɿ̒ʏ ɴɦƼɿɦɳʨɹȁ ɺ̡ɰɦǳʋ Ȅɦ ȉ̫ʃǗʄ̡ʌɴ
ʌ̡ɴǸɴʈʫʃʄʃǌʧɵ&ɦȂʷɦʈʨʋʈʧʃɵȗʏʃ̒ʩɴ̡ʇǐɰʁɦʁ'˄ ɿɦʨȉʃʒǙʨɦɰʨɿɦʑʨɴɵʁɦȇ Ȉ̫ɲʋǟʧɿ&ȓɿʬʈ'
ǲɴɰǐʫɴ̡ɺɰɦǳʋ ȵɦ ʆɦʋȍɦʑʨɴɦȢǇ?  

ɰ,Ȉɲʋǟʧɿʃʨʈʭʉ ʊ̌ʨɰȉɼʂʁǸɴʈʫʃ 
ɱ,ɵʁʃʭʃȈɲʋǟʧɿɦɰʨʃɦʑʨɴɦǗɵʨʃǸɴʈʫʃ 
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ɲ,ȈɲʋǟʧɿɹʊˀǲǘʁɴǸɴʈʫʃʃʧɴʊʫɹǳǐʡǖɦȵǷǀʉʆʨǳǐ 
ɳ,ȈɲʋǟʧɿʊȌʉǱǘʉǸʒɴƾȃɿʫȋʌȈǘʈ̌  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʏʏ̒ǎɴ̒Ǳʊʉʋɺ̒ʩɴʒʁʆʨǗʁʩʏǌʨȈɲʋǟʧɿrʃɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ,ȈɲʋǟʧɿɹʊˀǲǘʁɴǸɴʈʫʃʃʧɴʊʫɹǳǐʡǖɦȵǷǀʉʆʨǳǐ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 Ǳʊʊʨɰrʃʒɴƾȃɿʫʈʧʃ̡ʈʃɦǻʉȐʊȓɿʬʈʊʨɰʂʁɦʁʄ́ʫ̡ʃǌɦǻʉȐ ʊȁʈʆʋɰɦȺǇ
ʂɦǙʨʡǖȓɿʬʈɹʊˀǲǘʁɴȉʃʃˀʉȁȁʈʆʋ ʈɦǱʃʧɵɦɰʨʃɦ ȄȄ̫ʡʁǖɵȉǀʉʈʂǖʈʊȍɴȓɿʬʈɦɰʨʃɦʑʨ
ɴ  ˄
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 

ɰ.ɱʫʏɦǗȇʷʁʶʐʶȓɿʬʈʱȵʱʀʊ 
ɱ.ɱʫʏ Ǘɦȇ ȉ̫́ʏʈ̒ʧʃ̡ǗʄǗʄɩʋ 
ɳ,ʈʧʃȂʃ̒ɺʋɵ̒ʁɾʫɵʊȌʉ ʑɦʨʉ  ˄

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǁˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&Ǳʊʆʃǖʋɰ̒Ǘʈʧɿʈ́ʬɦʋɲʫʋ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ǱʊʆʧɦȐ ʂʃ̔ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɦǗʄɠʄɦʂɠʄǱʊʊʨɰrʃʈɷǄǻǈʃȂɴʁʄʨ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɲɦȉʃɦʄ́ɴɦȅ́ɴɱǖʋʈ̒ʭʉɺʄʁʩɰɦʆɹʈʭʉʃʧɴɺʁʄɴ̡ɺɰʈʭʉ ɺ̡ʋȉʃȉɼɦɺʨʈɦʏǕʨǳǐ˄ ʱɲɺʫɿ
ɰɦȺǇʆʭɰɦɲɰǐʫɴʏʨɿʫɾǝȈʆɺʬɵǳǐ˄ ɿɦʨʒɴƾȃɿʫʈʭʉǿ ɺ̡ʋʊʨɰȉɼǲǘʁɴǸɴɦɲ?  
ɰ,ɺʁʄɴ̡ɺɰ&ʒɴƾȃɿʫʊʩɴ' 
ɱ,ʁʩɰɰǐʫɴɺʄ&ʒɴƾȃɿʫȋʌ' 
ɲ,ɱǖʋɰ̒ǐʫɴɦʄ́ɴɦȅ́ɴ&ʗʏǕˀʃ' 
ɳ,ʊʨɰɦʏǕʨǳǐȂɴʁʒʏʻɦǗȇʷɦȢǇɦʏǕʨǳǐ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ǗɦʄɠʄɦʂɠʄʏʈɿǍȈʆʊʨɰrʃʊʩɴȋʌʃʧɴʗʏǕˀʃ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ,ɱǖʋɰ̒ǐʫɴɦʄ́ɴɦȅ́ɴ&ʗʏǕˀʃ' 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ȈɲʋǟʧɿʗʏǕˀʃȉʃɰȉǘʁɴɵɴȈǃʄ̒ɦɱȚʉʄʁʅʫɿɺʬɦɵǐ̫ȍǵʉʊʨɰȉɼǲǘʁɴǸɴɦɲ
ʄʶʅʫɿʱȵʱʆʋʱȢǇ ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 ʒɴƾȃɿʫʊʩɴʊʨɰɿʧɵǸɴɦɲʄʁʅʫɿ ǻɦʉȐ ʊɰȉǘʁɴɵɴȈǃʄ̒ 
ȓɿʬʈǲǘ ʶɴ˄ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǁˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ/&ǱʊɵɴǶ ʃʁʧɴɦǗʄɠʄɦʂɠʄ' 
ʄʊʧʄʁ ʏɰʋ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,ˑˆɰʊɾʨɦʋʨɰ̡ʋɴrʃʁʩɰ&Anomalous expansion of water) 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

Ǹʁʬɦȳ ʒɴƾȃɿʫʊʨɰǱʋǿ ȢɦǇʃʧɴʊʭʈʌʧɹǱʋǿ ǗɿǸɰ̒˄ ʄ́ʫ̡ʃǌ ʁʩɰ ȉʃʋɰƽɾ ʆyʧɦʏʏ
ʈʭʉ ȵɦɵɦȄǘ̫ʏʨɿʫɾǝȈʆ o0 C  ɺʋʻ o4 C  ˄
Ǘʄʏʧʃɦʄʨʒǐɰʄɣǁʫ̫ʏʨɿʫɾǝȈʆʁʩɰʆʨ o4 Cɵʫʷʈɰo0 C  (ʊʐʬɿɰɰ'ɿɦʨȉɼʊʄʏʁ̒ʩɰʃʩɴ̡ǗʄǗʄɩʋ
ɺʬɵʱʈǌɵ?  

ɰ,ȍʊʭʈȉɼɿʬɵǸɴʈʫʃ &ɺʬɵʒɴƾȃɿʫʁʬʱȳ' 
ɱ,ȍʊʨɰȉɼʂʁǸɴʈʫʃ ɺ̡ʋȓɵɦʂǙʨʡǖɺʄʁʩɰɰɣǁɰ̡̒ʄɰ 
ɲ,ȍɦȵ ʀɦʊʈʧʃ̡ǗʄǗʄɩʋ 
ɳ,ȍʊʭʈȉɼʱȵ o2 Cʊʭɵɦʁʨʄʊʨɰʌʧɹ ȵɦ o0 C   

ʅ̡ǐɰʁʨː̂ ,ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʋɰƽɾ ʆyʧɦʏʏ ʃrɺɴ̒ʏʫʨɦɿʁʩɰ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ȍʊʨɰȉɼʂʁǸɴʈʫʃ ɺ̡ʋȓɵɦʂǙʨʡǖɺʄʁʩɰɰɣǁɰ̡̒ʄɰ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ  ʁʩɰȉʃɺɴ̒ʏʫʨɦɿɱǓʏʄ̒ʁʅʫɿɦȵ o4 C  ˄ ȵɦ ʆɦʋǗɿǸɰ̒ɵʫ̫ʆʨo4 C  ɺʋʻo0 C  

ʈ́ʬɦʋɲʫʋʁʩɰǶʄ̒ɦʅǌʨʈɦʊɠʄɵʁǸʁǗʈɴ̒ǗɲʨȐǌʋʻ̡ɺʋȉʃɵɦȄǘ̫ʁʁɦʃʊɦǗɵʨʃȄʶ
ʡǖȍʊʨɰȉɼ&ɦʐɿʫɦʃ̫ ʐɦʨʉȅʃǸʁʩɰɰɰʒ̡ɾǌɿɦʋʨʁʩɰ'˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 ʈʧʃǗɿʩʈǗɿɨʌȀʈȅɿʫʇʬɿʊʬʄʌʧʁȘǸɰ̡̒ʏǌɴʊʄʏʁ̒ʩɰ˄  
ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǁˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ˒&ǱʊʌʧȈɲȅɿʫʇʬɿʆʧɦʏʏ' 
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ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-Ǳʊʊʏʻɦȵ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,˒ˆʄʃǎ̫ɦʁǙɦȌ ʐ ɰyǐʫɴǷǐʁɴȅʉʒɲƾʧʏʃʨ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴǷǐʁɴȅʉʒɲƾʧʏʃʨʜ̡ɺɰʒ̋ʫɿ ɲɦɦǗʄʨ ʄʃǎ̫ɦʁǙɦȌ ʐ  y&̡ɺɰʃʧɴȐǓʃ̒ʄʧʁǸʄ̒ǳǐ'ɺɦʨʈǑʨʄʧʁ+
ʄɦʨɰɦʇǘʨɴʏǙˀʉǗʄʌɿǌʧ˄ ɲɦɺʩɴȁȐǓʃ̒ʊʨɰǲǘʁɴǸɴ̡ɺɰǱʋǿ ȢɦǇ˄ 
ȵɦ ʆɦʋʄʃǎ̫ɦʃ̫ ʑɦʨɴɦȢǇɦɿʨȍʃʩɴȉʃȋɴɺʬɵɦʈǌɵ?  

ɰ,ȍɦȵǗɿɴ̒ɺ̡ɺʋǗǳʃ̡̒ɿ̡ʌɴǸɴʈʫʃ˄  
ɱ,ȍʃʩɴɦǱɴɦȳǲɴ ɺ̡ɰ&ɦǗȇ Ȑ̫Ǔʃ̡̒ʌɴǸɴʊʫɹʡǖɦǱɴ'˄  
ɲ,ȍʃʩɴɦǱɴɦȳǲɴȐǓʃ̒&ɦǗȇʷ̡ɺɰɱǘʨǸɴȂɹʡǖɦǱɴ'˄  
ɳ,ȍʃʩɴǻɵ̒ɦɵɹʆʨǳǐǸʆʨʊɵʁ̡ɾ ɰ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋʆ̒ʨǱʊʊʨɰɱʫʏǳǐrʃɦȌ ʐ ɱyʫʏǗʄɦʇʁ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ  ȍʃʩɴɦǱɴɦȳǲɴ̡ɺɰ&ɦǗȇ Ȑ̫Ǔʃ̡̒ʌɴǸɴʊʫɹʡǖɦǱɴ'˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ǻɦʉȐ ʊȐǓʃ̒ʊʨɰ̡ʌɴǸɴ̡ɺɰ ʐɦʨʉʆʭɰȍʄʧʁǸʄ̒ǳǐȐǓʃ̡̒ɺʋ ʌ̡ɴǸɴʃʩɴ

ʄɴƽʁʡǖʄʃǎ̫ɦȄʷɦǱɴɦȳǲɴɦȌ ʐ ǿy ɺ̡ʋʊʨɰɿʧɵǸɴ&ɲʪ̡ɺɰ'ɦɺʨʈǑʨʊɰȚ
ǱʊȈǃ ʄʻǳǐ ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 
ɰ.ʈʧʃȓɵɦȳʊʭɵɦʄʨʒʃʫɦʈɲʫɾ ʊʨɰɱʫʏǳǐ 
ɲ.Ǘɵʑʁʁʧʏ Ȭɦ Ǳɦɴ 

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǁˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ˓&Ǳʊʁʏǜʃ̔ȂʉʋʁǏʅʋʆʨʋɰƽɾ ʊyʬʄȃɿʫ' 
ʄʊʧʄʁ ʏɴƾʈ-ʄɦɵǁɰʌʧʁȘ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʃʨɿʧʌʧʂʨ-ɱǘʩʈȐʊ 
ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿ 

ʏɾʁʭʊʁʨˏ,˓ˆǱʊʱǻʷɲǗʈʄɺʄʲɺɰʲɺʋǸʄʻʲɾʃ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰȉʃɺʄɰɣǁɰ̒ʈʭʉ ɺ̡ʋȉʃɲǗʈʄ̡ɺɰʄʧʁɷʧɿ̡ɾ ʃɦǻ ʈ̫ʧʃɦɵɹ˄ȉ́ɰ̒ʊʄʏʒ̒ǐɰǗȅʄ̒ȁ ɵʬʊ
ʉɰȍɦȳǗȀʁʁʩɰɦȢǇʄʃǌʧɵɦȳ ʃʩɴɦǻʷɦɵɹ ʐɦʨʉ  ˄
ʐɦɿʫʒǙʨȅʃǸǱʊǗȀʁʁʩɰɦȢǇɷʭʉʡǖɦǻ ɲ̫Ǘʈʄ̡ɺɰɦɵɹȅʃ?  
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ɰ,ʁʩɰɦȢǇɦʂǙʨʡǖɰɣǁɰ̒ʊʨɰʂʁǸɴ̡ɺɰ 
ɱ,ʁʩɰɦȢǇɦʂǙʨʡǖ̡ɺɰʊʨɰǲǘʁɴǸɴɰɣǁɰ̒Ȅʡʁǖȍʂʬʊʆʨȉɿ̒ɺʄ 
ɲ,ʁʩɰɦȢǇɦʂǙʨʡǖɲǗʈʄ̡ɺɰʊʭʈɿʬɵǸɴʈʫʃ 
ɳ,ʁʩɰɦȢǇɦʂǙʨʡǖɰɣǁɰ̒ʊʩɴǸɴʈʫʃ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʶʲɾʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴʊʨɰɰɦȺǇɰǐʫɴɦǻ Ǘ̫Ȑ ʉʄɤǝǗʄǶʶrʀǀ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ʁʩɰɦȢǇɦʂǙʨʡǖ̡ɺɰʊʨɰǲǘʁɴǸɴɰɣǁɰ̒Ȅʡʁǖȍʂʬʊʆʨȉɿ̒ɺʄ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ʱȌʐʸ̡ɺɰȉʃɦʈɲʫɾ ʊʨɰȉɼʂʁǸɴɰɣǁɰ̒˄ ȵɦ ʆɦʋǗɿɨʌɰɦȺǇɲǗʈʄ̡ɺɰ

ʊʨɰʂʁǸɴȉɿ̒ɺʄɰɣǁɰ̒ ʂɦǙʨʡǖȍ̡ʋɴ̡ɾ ʃɺʬɵʈʫʃ˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 

ɰ,ɱʫʏ Ǘɦȇ ɰ̫ɣǁɰ̒ʊʨɰɿʧɵǿ ʏ ̒
ɲ,ɰɦȺǇʈʧʃɦʂǙʨʡǖʊʭʈɦʁ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǁˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊɦǗʄʨǗȅʏʌ̒ʧʁȘȐɚʏǌɰǐʫɴɷʨʌȈʆ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ&Ǳʊǵʊʅǎʷȅʉ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
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ɷʆʁʬɰʁʨː Ǳ ʊʄɣǃʬʃɰ ȺɦǇ 
¡Y¡[ TRw½  Ȓ[FYâEA¡ɜĨȑ 

 

áUȤTURRw½¶ ȴQ¬A¦Ȧ¦E£T`ȪĲȑ[VØ§ȦZ TvE`z]P×vȩW 

 

ȵɦɰǐʫɴʅǎ̫ȅʉʊʄʏǗ̒ɲɩȐ ʊ̡ɱǕʊɦʉʨɴ ɲɦʏ ɴɦƼɿɦɳʨɹȁ ʌ̡ɰʜǷǐʁɴȈɲɦǗɵʨʃɦʂǙʨʆʨɦȌ ʐ ɺyʬɵǸȓʋʫʉ
ʈʨɹʬ́ʈʜ̡ɺɰʒʫʨɾʫɰʄ́ʫ̡ʃǌɦȵǗɿɴ̒ɺɴʜrɺǱʃ̒ ɲɦ̡ɿɴ̡ɿɦǗȐ ʄɦǻʉȆǘʏǎʧɰǗǱʏ ʜ̒ɦɸ ʨ˄ ȵɦ ʆɦʋ ʉɦʨɴʏǘ
ʏʈǘɰɦȺǇʆʨɵɚǵƼʃɺʫɿȅɿǷǐʁɴʊʭɵɰɦȺǇɦȄ ɰ̫ɦʿʂǙʨɺʁɦɾʨʊɦʑʨɴʈɰɺʋȉ̒ɿ̒Ƿǐʁɴʃʧɴɺɴ̡ʌɰ̡ɺʋɰʁʆʫɴǗɷʈʫɷ
ɰǐʫɴʁʩɰʏʈǘ˄ȅɿʫʇʬɿɦʃ̫ ɂɦ ȁ ǱʊɵʈǘɴɰʱȺǇ˄ȍɲʪǸǱʊʄɣǃʬʃȁʈʆʋɰɦȺǇȀʈʊʉ Ǳyʊʄ̫́ʁɴƾʧɵǳǐrʃ
Ȉɲʋǟʧɿ&ȓɿʬʈʜʈ́ʬɦʋɲʫʋ'ȵɦɰǐʫɴʒɴƾȃɿʫʈʭʉʜʊȍɴʒɴƾȃɿʫʆʨʊ̡ɺʋʄ̫́ǳǐ˄ ʒɴƾȃɿʫɱǘ̫ɵʈǘɴɰɦȺǇȅʃ
ʱʋɝʃʄʶʅʫɿʱɂȁ ɰʫɴɼʫɵʁˀʊɵʁ̡ɾ ɰʒɴƾȃɿʫɱǘ̫ɦʁɠɿɵʈǘɴɰɦȺǇȅʃʉʪɿǲǘʁɴʜɦʏǎʨʊ̡ɿʈʧʃɵʈǘɴȂʋʻ̡ɿɦȐ ʷ
ʱɂȁ ʒʫʨʏʬʑɴ̒˄ ǱʊɦǗɷʨʏ ʊɦʨʏʏȉǔʊǗɿʩʈǗɿɨʌɷʭʉʡǖɦʉʨɴɵʁʒʧʃȓȑ ʊȅʃǷʄ̒ɶǟʧʃʃʧɴǱʊȇʊʈʧʃʡǖʊȌɰ
ʳɺ˄ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ˏˆʉʃǌǱʊrʃǱʊɵʈǘɴɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʏʧʏǜȉǐɰ̒Ǳʃ̒ɵʫɴȉƽɴrʃ̡ɺɰɦǳʋʊʭɵʉɰɵʫɴȉƽɴɦʁɠɿɦȳɺʫɿɦʋʨʒǿǌɿɦʇǘʨɴɦʁɠʃ˄ ʈʧʃʉʬʊ
ʄʹʫȄǕ ʃ ǳɿʻȉʃȓʊʈǕɾ̔ ȁʱȢǇ ɺʋʻǗȉʈʳɺ˄ 
ɿɦʨɰɦȺǇɦʂǙʨɺʁɦɾʨʊʆʨɵʫɴ̡ɺɰɦǳʋȉƽɴ ȳɦɺʋǗ̒ȉʈrɺȀʈʊɦʄɠʄǿ ?  

ɰ,ʈ́ʬɦʋɲʫʋ ɺ̡ɰɦǳʋ ȵɦ ɰ̡Ǒʊɦʇǘʨɴʊɿ̒ɦȳɺʋǗ̒ȉʈrɺɦɺʨʈǑʨȄɰʁɦȺǇɦȳ  ˄
ɱ,Ȉɲʋǟʧɿ̡ɺɰɦǳʋɹʊˀǲǘʁɴʊʭɵɦȅɰʁɴƾʧɵʄɣǃʬʃȁʈʆʋ ȳɦȈɲʋǟʧɿʄȄǎʄ̒̌ ǳǐ˄ 
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ɲ,ɱǖʋʻɦȵɷʫʁʌʧɹ ɺ̡ɰɦǳʋɷʭʉʄɰ̒ȄɰʁɦȺǇɦȳɺʋʻrɺ˄  
ɳ,̡ɺɰɦǳʋǗʏɨʄʉɰʆʃǘʪʆʨɦʁɠʃʊʭɵʄʁ̡ʄǘɴǸʒɲƾʧʏʃʨʈɰɺʋʻrɺ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʏ̡Ǚɴʉʋʆ̒ʨʉʃǌǱʊɰǗʈʧɿȈɲʋǟʧɿrʃǱʊɵʈǘɴɰɦȺǇ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,Ȉɲʋǟʧɿ̡ɺɰɦǳʋɹʊˀǲǘʁɴʊʭɵɦȅɰʁɴƾʧɵʄɣǃʬʃȁʈʆʋ ȳɦȈɲ 

ʋǟʧɿʄȄǎʄ̒̌ ǳǐ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ɰǐʫɴǱʊɵʈǘɴɰɦȺǇɰǐʫɴʒɴƾȃɿʫʊʩɴȈɲʋǟʧɿʈʧʃȆǘʏʁ̒ʨʆʨɰ̡ʃǘɴʈʭʉ ȳɦɰ̡ʃǘɴ

ʈʭʉʱʁɲʪɱʫʏʆʨɵʊʃǌʌʧʋʌʋ ʄ̒́ʫ̡ʃǌȍɹʊˀɦȵʃʩɴɰ̡ʃǘɴʊʭɵʄɣǃʬʃȁʈʆʋȀʈʊ
ʉ Ǳyʊʁɴƾʧɵǳǐ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ. Ǹʋɰƽɾʸʒɴƾȃɿʫȋʌ ʜʗʏǕˀʃ 
ɲ. Ǹɵʊʃǌʌʧʋʌʋ ̒
ɳ.ʈʧʃȇɰ̒ʆˀʃǏʃʩɴɦǳʋǱʊɾ ɰ̔ɦȺǇ 

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0Ǳʊʆʃǖʋɰ̒Ǘʈʧɿʈ́ʬɦʋɲʫʋ 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃǱʊʆʧɦȐ ʂʃ̔Ȑ ʈɣǆ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɦǗʄɠʄɦʂɠʄʏʈɿǍȈʆɵʈǘɴɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʱɲʉɰȐǘʄǗȇ3Ǘʄɦʇʁɲʪ̂ȐǘʄǗȇ ɺ̡ɰȐǓʃ̒ʃʧɴȓʋʫʉʈʨɹʬ́ʈ ɺ̡ʋȉʃʁʁʐ ʃʁʧɴǗʄ̡ʌɴɦʏǕʨǳǐ
ʈɰǻɰ̒ɰǐʫɴʁʩɰɦȢǇʏʨɿʫɾǝȈʆ o90 C ɰǐʫɴɦʆʋ ɿ̡ʈʭʉ˄ɦɿʨɵʫɴȐǘʄǗȇʈʭʉǿ ɺ̡ʋʃʩɴɦʑʨɴɦȢǇ
ʈʫʃʱɲʄɴǟʏʻ? ɲɦɺʩɴȁ ȐǓʃ̒ǸɰʫɴɼʫɵʁˀʊʋǟǸɴȓʋʫʉʈʨɹʬ́ʈɦʐʨʉȓʋʫʉʈʨɹʬ́ʈʋǟǸɴ̡ɺɰ  ˄

ɰ,ȐǘʄǗȇʲɺɰ˄ 
ɱ,ȐǘʄǗȇȓʋʫʉʈʨɹʬ́ʈ˄  
ɲ,ȐǘʄǗȇȐǓʃʻ˄ 
ɳ,ɦȢǇǗʆʈǳǐȂɴʁʒʏʻɦǗȇ ǻ̫ɰ̒ɰǐʫɴʁʩɰɦȢǇǸʈʭʉǳǐ˄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ ʱǗʄɠʄʱʂɠʄɲʫɾȈʆɵʈǘɴɰʱȺǇ ʳʃʱȌʐʸɱʫʏǳǐ ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ,ȐǘʄǗȇȐǓʃʻ 
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ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 Ȍɦ ʐ ʃyʨʈʭʉ ȉ̌ʃ ʈɦɲʫɾ ɵʈǘɴɰɦȺǇɱʫʏ ǳ̌ǐ˄ ȐǓʃ̒ɲʪǸ Ȍɦ ʐʸ̡ɺʋ

ɵʈǘɴɰɦȺǇȅʃɦʋɝʃʄʁʅʫɿɰǐʫɴɵʁɦǿ ʈɷɦǗʈʨʏȂɴʁʄʨ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ   ɺ̡ɰʃʧɴȓʋʫʉʈʨɹʬ́ʈɵʈǘɴɰɦȺǇʉʪɿǸɴȐǓʃ̒˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿˏ&ǱʊɦǗʄʨǗȅʏʁ̒ʧʃǐʃˀʉ ɺ̡ʋȅʃʅǇʋʡ̒ǖ' 
ʄʊʧʄʁ ʏɰʋ&ʋɰƽɾ ʏyʈǑɿǌʧʊʬʄȃɿʫ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ˑˆʒʫʨʏʬʑɴ̒ɰɦȺǇɰǐʫɴɷʨʌȈʆ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʱȵʊɺʬʌʊǵʜɦʆʋʉʄ̒ǗɿǸɰ̒ ɲɦɦǗʄʨʇʭʉʏʊrʏʒʁɦȅʷɦɺʨʈǑʨɺɾǇʄ̒ʡǖȉʃȈʆɰɰ̒ɦȢǌ˄ 
ɿɦʨʇʭʉɷʭʉʡǖɦʉʨɴɰɰ̒ɦȢǌȀʈʊɦʄɠʄǿ ?  

ɰ,ʇʭʉʄɦɣǁɹɰɦȺǇʈɰʡǖȋɴǱʉ ʉɦʨɴ 
ɱ,ʇʭʉǗʏɨʄʉɰȈʆǗɿǸɰ̒ʆʨɱǖʋʈ̒ʧʃʡǖʄ̫́ɱǘʭʃ 
ɲ,ʇʭʉǸʒʫʨʏʬʑɴ̒ ɺ̡ʋʁʄ̒ȐƼɿ̒ʈʧʃʡǖɰɦȺǇʆʨȋɴǱʉ ʉɦʨɴɵʈǘɴɦɵɹ ȳɦ ǗɦȢ 
ɳ,ʇʭʉɷʭʉʄɦɴƼʨɿɵʊʃǌʌʧʋʌʋɰ̒ɦȺǇɦȵɷʫʁʌʧɹ ʏ̡Ǒɰ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨɿʭȄʁʨʊʄʏʒ̒ʫʨʏʬʑɴ̒ɰǐʫɴǱʊʊɰȚɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲʇʭʉǸʒʫʨʏʬʑɴ̒ ɺ̡ʋʁʄ̒ȐƼɿ̒ʈʧʃʡǖɰɦȺǇʆʨȋɴǱʉ ʉɦʨɴɵʈǘɴɦɵɹ ȳɦ ǗɦȢ  ˄
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ȋɴǱʉʈʃʫʏǜȉʃʏʨɿʫɾǝȈʆǗʄ̡ʐʋ o37 C  ɺ̡ʋɱǓʏǸ̒ɴʄʊʧȊ Ǳ

ʏ˄ʇʭʉ ʂɦǙʨʆʨʏʊrʏʒʁɦȅʷ̡ɺʋȉʃɱǖʋǸ̒ʄ̒ɰǐʫɴɵɦȄǘ̫ʏʊrʏɲʪǸʒʫʨʏʬʑɴ̒
ɺʿʋǟ̡ɺʋǱʊȇʊǱʊȅɿ̒ʄɴ̒ɰɦȺǇʆʨȋɴǱʉȀʈʊʉ Ǳyʊɵʈǘɴ˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ,ʇʭʉʈʧʃ̡ʈʃǸǗʄʇʆȁʈʆʋ ʁɦ 
ɱ,ȈʆǗɿǸɰ̒ʈʧʃ̡ʈʃǸȁʈʆʋ ɺ̡ʋǗɿɨʌǗʏɨʄɦʁ 
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ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿˑ&ǱʊʒʃʫʌɿǌʌʧʁȘȐɚʏǌɰǐʫɴɿǗʈɨʌǱʊȋɴǱʉ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,˒ˆǱʊʌʧȈɲȐǍʃȈʆ̂ ʕɺǈǱʊ́ʬʃʧɴɰǗȉʋǗʆʁ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȵɦ ʆɦʋǗʆʩɰǗʆʋʩʈ ʄɦʨʒǐɰɦɺʨʊɦǻʉ ɷɦʨɴʁɦʁɦʋʨ ʕɺǈǱʊ́ʬ ʒǐɰȉʃȓʊʈǕɾ ȁ̔ǗɿǸɰ̒ǲǘʁɴʄ́ʫ̡ʃǌɦʄʨ
ʒǐɰɦɺʨʊɦʋʨɰǗȉʋǗʆʁɰǐʫɴʄʃǎʄ̒ǸʈʭʉǳǐʒǐɰȉʃȓʊʈǕɾ ȁ̔ʈʧʃʏʬʌǗɿǸɰ̒ɦʁ˄ ȀʈʆʧɿʌɿǍʫȂɴʁ
ʆʨʊȉʃʏʨɿʫɾǝȈʆɦʏǕʨǳǐ˄ ɿɦʨɦʐɿʫʒǙʨȅʃǸʕɺǈǱʊ́ʬ ȉʃȓʊʈǕɾ ȁ̔ ǗɿǸɰ̒ǸɴɰǗȉʋǗʆʁ?  

ɰ,ɦǗȇ ʕ̫ɺǈǱʊ́ʬȉʃʏʨɿʫɾǝȈʆȂʄǸɴɰǗȉʋǗʆʁ̡ʈʃ̡ʁʃ˄  
ɱ,ɦǗȇ ʕ̫ɺǈǱʊ́ʬǸɰʫɴɼʫɵʁˀʊʋǟ̡ɺʋɵʈǘɴɰɦȺǇʆʨɦɷʨɴʊʄʏʻɦʉʨɴɦɵɹ ȳɦȅʃɦʋɝʃʄʁʅʫɿ˄  
ɲ,ɦǗȇ ɰ̫ǗȉʋǗʆʁʄɦɣǁɹɰɦȺǇʈɰʡǖɦɷʨɴɦʉʨɴʌʧɹ  ˄
ɳ,ɦǗȇ ʕ̫ɺǈǱʊ́ʬǗʏɨʄʉɰʆʃǘʪrʀǀȅʃɿʧɵǸɴɰǗȉʋǗʆʁ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʉɿrʈǘʏʈɿǍȈʆ̡ʄɴ̡ɵɰʊȍɴ ʏʨɿʫɾǝȈʆ ʃʧɴ ʒǗȀɵʈǘɴɰɦȺǇ ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ Ǘɦȇ ʕ̫ɺǈǱʊ́ʬǸɰʫɴɼʫɵʁˀʊʋǟ̡ɺʋɵʈǘɴɰɦȺǇʆʨɦɷʨɴʊʄʏʻɦʉʨɴɦɵɹ ȳɦȅʃ

ʱʋɝʃʄʶʅʫɿ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ȓʊʈǕɾ Ǘ̔ɿǸɰ̒ɲʪʈɰʆʨǱʊȅɿ̒ʄɴ̒ɰɦȺǇʆʨȋɴǱʉ˄ʕɺǈǱʊ́ʬɵʈǘɴɰɦȺǇȅʃ

ʋǟǸɴɰǗȉʋǗʆʁɺʬɦɵǐ̫ȍȄʉʁɰɰɦȺǇʆʨȅɿɦɷʨɴɦʉʨɴɦɵɹ ȳɦ ʋɦɝʃǸɴ ʂɦǙʨ
ʡǖɦʉʨɴȉʃȓʊʈǕɾ ȁ̔ȍǗɿǸɰ̒˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ,ɱʫʏɦǗȇ ʌ̫ɿǍʫɰǐʫɴʄʃǎʄ̡̒ɿʈʭʉȉʃʏʨɿʫɾǝȈʆɦʏǕʨǳǐ&ʋʃʁʩɴɰɦȺǇ' 
ɲ,Ǘʆʁʈʧʃ̡ʈʃǸǗʄʇʆɰɦȺǇ˄ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&ǱʊʌʧȈɲȈʆɱʫʏǳǐʊȍɴȓʊʈǕɾ ʃ̔ʧɴǱʊʆʧɿʌʧʁȘȐɚʏǌ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ˓&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʏǕʫɲȐǕɹ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴ̡ʅǐɰʊʫɰʊɰ-ɱǘʩʈȐʊ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 
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ʏɾʁʭʊʁʨˏ,˓ˆǱʊʊɵȄ ɰ̡ʌʊɰȚɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰ̡ʌʊɰȚɰɦȺǇǗɿɨʌȅʃʊɵȄ ʑɦʨɴɦǻʉȉʃɷɤǃʁɴʆʨʊǸʃ̒ ʐɦʨʉ ȵɦɵɦȄǘ̫ɷɤǃʁɴȂɴʁʆʨʊɦȄ ɲ̫ʪǸ
ʏʫɤǆǱʏ˄ɦɿʨʏʫɤǆǱʏ ȵɦɰǐʫɴɷɤǃʁɴ̡ɰʌȉʃɿʭȄʁʨʒǙʨɰǐʫɴǱʊʁʄ̒ȐƼɿ̒Ǳʊȅɿ̒ʄɴ̒ɰɦȺǇ?  

ɰ,ȍɷʭʉǗʏɨʄʉɰɰɦȺǇʆʨǲɴɦǗȢʈɰʁʫɰɰǐʫɴ̡ɰʌ˄ 
ɱ,ȍʄɦɴƼʨʃɦʋǑɞʃrʃǱʊɵʈǘɴɰɦȺǇʡǖʁʩɰǷʄ̒ɦȢǇ˄ 
ɲ,ȍʁʄ̒ȐƼɿ̒ǱʊɵʈǘɴɰɦȺǇʃʧɴɵʊʃǌʌʧʋʌʋʻɦǗȇ ɰ̫ǐʫɴʏʫɤǆǱʏǳǕʃȈɲʋǟʧɿ 
ɺɦʨʈǑʨʄɣǃʬʃɰɦȺǇ˄ 

ɳ,ȍǱɿ̒ʄʃǍʉǱʊʄɦɣǁɹʊʏǕʨɰɦȺǇʆʨrʅǎʁʩɰ˄  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʋɰƽɱɾǉʈɷǄǻǈʃrʃʌʧʂʨʄɣǃʬʃɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ ȍʁʄ̒ȐƼɿ̒ǱʊɵʈǘɴɰɦȺǇʃʧɴɵʊʃǌʌʧʋʌʋʻɦǗȇ ɰ̫ǐʫɴʏʫɤǆǱʏǳǕʃȈɲʋǟʧɿ

ɺɦʨʈǑʨʄɣǃʬʃɰɦȺǇ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ ǱʊɵʈǘɴɰɦȺǇɿǗʈɨʌʡǖȉʃǱʊʄ̫́ʁɴƾʧɵȈɲʋǟʧɿ˄ ʏʫɤǆǱʏǳǕʃȈɲʋǟʧɿɦʁ

ɺʬɦɵǐ̫ɰɦȺǇʈʧʃȓɵɵʈǘɴɶǘɴǱɿ̒ɷɤǃʁɴ̡ɰʌɦɵɹ ȳɦ ǗɦȢȅʃɦʑʨʉ  ˄
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 

ɳ,ǱʊǱɿ̒ʄʃǍʉʄʃȚʉʊʏǕʨɦɲɦǗʄʨrʅǎǶɴʁʆɾ Ǘ̓ȅɰ̒ʈʧʃ̡ʈʃʏʫɤǆǱʏ ʁɦ 
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ˒&ǱʊʌʧȈɲʊɵȄʏʈǓˀʃǏʄɦɵǁɰɦʁʏ' 
ʄʊʧʄʁ ʏɰʋ-ʄɦɵǁɰʌʧʁȘ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿ 
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áUȤTURRw¾¶ ̀ v\ȑÛ¨£TȒ[FYævTYåèU¢UUUzȬOAÚçEWvSwUzOȑàX{Yv 

 

ȵɦɰǐʫɴʆʧʂʨʄʫɾ ǖʇʬʈʧʈʭʉȄ ɱɦɿǌɦʏɠʈȋʄʒǐɰʇʬʈʧȅʃɷʭʄɷʫʁǳǐɦɺʨʈǑʨǻʏʁǘʈǝʬʄȓȑ ʊʏǗȉʄ̒ʁʁʭʋ ʇɦǅɡʌ˄
ʏɰʈǕȈʆɺʿʈȉɹʩɰʄʁʅʫɿʈʭʉɲʪǱʊǻʏʁǘɰǐʫɴɱǎ̫ɦȀǐɿɺʿʂʁ̡ɺʋǻɰ̒ɦȵ ʋɦʨɵɚǵƼʃʒʫʏ˄ Ȍɦ ɰȀʏʫɱ ɺ̡ʋǸ
ʒǐɰɷʁȄɹǻʏʁǘ̡ʄʄʄʫȋɾ ȅʃɦǗʄʨǗȅʏʻ̡ʌɰ̡ɺɰɺɴɦɸ ʨȊ ɴ̡́ʌɴɦɺʨʈǑʨɰʬʊɦǗɲɝɴʏʫ̋ʄ̡ɺʋɰʁʆʫɴʆʫ̫ɰɦɚɤǃʋ˄
Ȍɦ ɰȀȅʃʆʃǖʋɺ̒ʋʉ̒ʫʌɷʃɷʁȄʃ̒ɦǗǱʉȁ ǱʊɦǗɷʨʏ ʊɦʨʏʏȉǔʊyʏǗȉʄ̒ɵʈǟʧʃɲʪǸ ʊɦɝɴʏʶǲʃʻǿʏʻ˄
ɱǎ̡̫ɺʋ ʂɦǙʨʆʨ̡ɺɰʏʃǘʩɰʜȐǓʃ̒ɷʭʉʡǖʈǝʬʄɶǟʧʃȅʃǷʄ̒ʊʐʏˀ Ǘɦȇ ȍ̫ǸʒɴƾȃɿʫɵʈǘɴɰɦȺǇɺʿʆʬ̡ɰ˄ Ȃɦ Ǹ̫
Ȋ ɴ́ǿ ɰʿɦǻʉ ȵɦ ʆɦʋǻʏʁǘɰǐʫɴʄʊʧȉɾ ǗɦɵʨʃʃʧɴɦǗʄʨɰɦȺǇǲǘʁɴ ɲɦǗɿɨʌǗʄɧɴǗʄʉɿˀǐɵʁɦȇ Ǳ̫ʊʊȌ ɰrɺ˄
ȈɲʋǟʧɿrʃɦȌ ʐʸ̡ɺʋʁʁʭʋȅʃȁʈʆʋʆʨɦʇǘʨɴɵɚǵƼʃʃʩɴɹʊˀǲǘʁɴʃʧɴʄɣǃʬʃȁʈʆʋʄʃǌǳǐʆʨȅɿɱǎ̫
ʊʐʬɿɺʋȉ̒ɿ̒ɱǎ̫ʃʧɴɺɴ̡ʌɰȀʈʊʉ ȅyɿʫʇʬɿǱʊɵʈǘɴɰɦȺǇ˄ǱʊɦǗʄʨǗȅʏɺ̒ɴ̡ʌɰɦʂǙʨʆʨɦɸ ʨʜǱʊɦǗʄʨǗɰǿ ɿ̒
ɷʭʉǱʃ̒ɺɴǷǐʁɴɲʪǸʄɦɵǁɰɦʁʏʄʫȋɾ ɺ̡ʋ ʅ̡ǟɰɦʋʨɦǳʋǱʊɾ  ̔ʒʫʨʏʬʑɴ̒ɰɦȺǇ ɦɺʨʈǑʨȋȋʁɴɦʋǑɞʃrʃǱʊɦʂǙʨ
ɺʁɦɾʨʊʊʄʏɰ̒ɦȺǇʈɰɺʋʻrɺʒǐɰɵʈǟʧʃ˄  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ˏˆʉʃǌǱʊrʃǱʊɵʈǘɴɰɦȺǇɰǐʫɴɱǎ̡̫ɺɰ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȵɦ ʆɦʋ ʇɦǘʨɴʒʫʏɰʁʆʫɴɦɶ̫ǲǘʁɴɦȵȅɿɱǎ̫ȁʈʆʋɰɦȺǇǶʄ̒ɦʅǇʨʈʊʨɰȋʋǻʋ ʆɦɹ ʅrǎɱǎ̡̫ɺɰȂɴʁ
ʈʬʋ˄ɦɿʨǱʊɦʅǎʊɰɦȺǇɦȵɰǐʫɴȐ ɵ̡̒ɺɰrʃɱǎ̫ɦɰʨɿɦʑʨɴȊ ɴ́ɺʬɵɦʈǇɵɰǐʫɴɰǗʈʧɿȈɲʋǟʧɿ?  

ɰ,Ȉɲʋǟʧɿrʃ̡ɺɰɦȵȅɿɱǎ̫ȅʃɦȑ ʷɦʑʨɴɦȳǲɴɦʋʨɦɺʨʈǑʨʄɣǃʬʃɰɦȺǇ˄ 
ɱ,Ȉɲʋǟʧɿrʃ̡ɺɰɹʊˀɦȵʃʩɴɰ̡ʃǘɴǲǘʁɴʊʭɵɦȅɰʁɴƾʧɵʄɣǃʬʃȁʈʆʋʄʃǌǳǐɦȳȈɲʋǟʧɿ
ʲɺʋʱȵʲɰǑʊȍ˄ 

ɲ,ɰɦȺǇɦʂǙʨɺʁɦɾʨʊȀʈʊʉ ɵyʊʃǌɱǖʋʻ̡ɺʋʏǍʧɿɦȵɵɦȄǘ̫Ȉɲʋǟʧɿrʃ̡ɺɰ˄  
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ɳ,Ȉɲʋǟʧɿrʃ̡ɺɰ̡ǗʄʊʬʄȋɴɦȳǸʒɴƾȃɿʫȋʌɦʁʨʄȓɵʄɣǃʬʃɰɦȺǇȅʃɦʋɝʃ˄  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ8 ȍʏʻ̡ʌɴʏʈɿǍȈʆʆʃǖʋʆ̒ʨʉʃǌǱʊɵʈǘɴɰɦȺǇɰǐʫɴʒɴƾȃɿʫʊʩɴ&Scientific 
Explanation)  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ  ʐɦɿʫʅʋǗɿʩʈǗɿɨʌrʃɵɦʈǘʨʉ ʃɦ̫8 ɰǐʫɴʒɴƾȃɿʫʊʩɴȈɲʋǟʧɿʈʧʃȆǘʏʁ̒ʨɰ̡ʃǘɴ

ʑɦʨʉ ʄ́ʫ̡ʃǌȍʄɣǃʬʃȁʈʆʋȀʈʊʉ ǱyʊɹʊˀʃʧɴǱʊʄ̫́ʁɴƾʧɵǳǐ&Molecular 
Collision)  ˄

ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȍǗʏʄȀʈǗʁʩʏǇʨʏʫʨɦʃʁʧɵrʃȈɲʋǟʧɿ ɺ̡ʋɰɦȺǇʄɦɴƼʨʃǱʊɹʊˀrʃȈɲʋǟʧɿɰǐʫɴ

ʈɷǄǻǈʃʊʩɴ˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 

ɰ. Ǹʋɰƽɾʸʒɴƾȃɿʫȋʌ  ʃʧɴʗʏǕˀʃ 
ɲ. ɱǖʋʈ̒ʧʃ̡ʈʃǸʒǐɰɵʈǘɴɰǐʫɴȐ ɵ̡̒ɺɰɦʑʨʉ 
ɳ. ɺ̡ɰʈʧʃʊȌʉɰǐʫɴʏʨɿʫɾǝȈʆǻʏʁǘʂʈǕȀ ʁɦ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ɿǗʈɨʌʡǖʌʧȈɲɵʋȄȈɲʋǟʧɿ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿː&Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈʃ&ʄʫɾ ǖʇʬʈʧʃʧɴǱʊɦʂǙʨʈǝʬʄ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊǱʊɵʈǘɴɰʱȺǇ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɦǗʄɠʄɦʂɠʄɵʊʃǌɰɦȺǇrʃʏȉǔʊy 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

Ȍɦ ɰȀʏʫɱɦǗʄʨ̡ʌɰ̡ɺɰ̡ɺʋȉʃɺɴɦʂǙʨʆʨɦɸ ʨ˄ǳɿ̒ʏ ɴɦƼɿɦɳʨɹȁ ʌ̡ɰ̡ɺɰɦȢǇǲǘʁɴ ɿ̡ɺɴɦɸ ʨ
ʈʧʃʏʬʌɦȢǇɦʁ˄ ɿɦʨʈɰʆʨʈʬʋ ʐɦɿʫʌʧʁȘȐɚʏǌʒǙʨɦʁʨʄɰɦȺǇɦʂǙʨɺʁɦɾʨʊȀʈɺɴɦɸ ʨʉʪɿǸɴȀʈȐ ɵ̒
ʲɺɰ?  

ɰ,ɦǗȇʷɦɸ ʨȉʃɺɴ̒ʏʫʨɦɿɱǓʏǸ̒ɴ̡ɺɰ ʁɦʨʄɰɦȺǇɶǘɴʈʧʃʊʭɵ 
ɱ,ɦǗȇʷɦɸ ʨȉʃɵʊʃǌɰɦȺǇȂʄʄʁʅʫɿ ɺ̡ʋ ʂɦǙʨʡǖȍǱǘʉǸʒʫʨʏʬʑɴ̒ 
ɲ,ɦǗȇʷɦɸ ʨǗʏɨʄʉɰɰɦȺǇʁʫɰɰǐʫɴɱǘʭʃȂɴʁʒʏ ʈ̒ʧʃǗʆʈʄɣǃʬʃʄʃǌ 
ɳ,ɦǗȇʷɦɸ ʨȉʃʊʃǏɿʬɵ̌ ʏǗȉʄ̒ʡǖɱǖʋǗ̒ɿǸɰ̒ɵʬʋʈɰʄʃȚʄɰɦȺǇǸʃʧɵǁ 
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ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲʋɰƽɾ ʊyʬʄʌʧʁȘrʃʒɴƾȃɿʫɵʈǘɴʃʧɴʒʫʨʏʬʑɴ̒˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ ʐɦɿʫʅʋǗɿʩʈǗɿɨʌrʃɵɦʈǘʨʉ ʃɦ̫8 ɸɦ ʨɲʪǸʒɴƾȃɿʫɵʈǘɴɰɦȺǇʒʃ̒ɦǻʉȐ ʊʊɵȄ

ʏʈǓˀʃǏʈ́ʬɦʋɲʫʋʊʄʏȍ̒ʄɣǃʬʃȁʈʆʋʏʫʨɦʃʁʧɵʉʪɿ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ɿrʈǘɵʊʃǌɰɦȺǇȂʄʊʄʏʻɦɸ ʨɷʭʉǱʊȇʊrɺʒǐɰɦǗʄʨǗȅʏʆ̒ʨɰɦȺǇǲǘʁɴrʃʈǝʬʄ˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 

ɰ,̡ɺɰȉʃɺɴ̒ʏʫʨɦɿɱǓʏǸ̒ɴɦɸ ʨ 
ɲʃʧɴɳǸǱʊʉʋǗ̒ɵʑʶ̡ɺʋǳǕʃʈʬʋǻǈʃʌʧʁȘȐɚʏǌ 

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ&ǱʊʱǗʄɠʄʱʂɠʄʋɰƽɾʸʏȉǔ ʊʸ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊɦǗʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊʋɰƽɾ ʏyʈǑɿǌʧrʃɵʊʃǌʒɲƾʧʏʃʨ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴ 
ʕʊʧȊ ʄʀ Ǳʊɵɴ̒ɺʩɴ 

ʏɾʁʭʊʁʨˏ,ˑˆǱʊʌʧȈɲɦʋʨʊʬʄȋɴʃʧɴrʅǎʄ̫́  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰʇʬʈʧʏ ɴɦƼɿɦɳʨɹȁǱʊɦǗʄʨɱǎ̡̫ɺɰ̡ɺʋȉʃȅɿʂʁʃʧɴʏʶ̡ʄ́ɿɦʂǙʨʡǖʈǝʬʄɶǟʧʃɦʋɝʃǸɴǱʊɦǗʄʨ
Ƿǐʁɴɺʨ̡ɺʋȉʃȅɿɿʬɵʃʧɴǗǱʏʻ˄ɦɿʨɰȀǌʒǙʨɱǘ̡̫ɺʋ ʂɦǙʨʡǖɱǎ̡̫ɺɰȅɿʏʶ̡ʄ́ɿɵʈǘɴɰɦȺǇȅʃ
ǗʄɦʏʨʊǸɴ?  

ɰ,ȉʃrʅǎʄ̫́Ǹʈʭʉ ʇɦǘʨɴʂʁʃʧɴȉʃɰǗȉʏʻɦʏǇʨɴ̡ɺʋǱɿ̒ʄʃǍʉɵȉǀʉ ʅɦǎʊɰɦȺǇ 
ɱ,ȉʃʁʈǀʃ̒ʂǀʃ̒Ǹɴ ɺ̡ʋɷʭʉʏɴƼɿ̒ɰɦȺǇʡǖɵʬʋɰǐʫɴʈǝʬʄȅʃɦʋɝʃ 
ɲ,ɦǗȇʷ̡ɺɰȉʃʆɾʼɦȣǕ̡ɺʋȓɵʄʪɿǗʏɨʄʉɰɰɦȺǇʆʨ̡ʅǜɴʒʫʏȅʃʋǟ 
ɳ,ɦǗȇ ɱ̫ǎ̡̫ɺɰȓɵʄɦɴƼʨɿɰɦȺǇɦǻʉɱǘʭʃʟɴɦȵ ʆɦʋʄ̫́Ǹʈʭʉʁʩɰʏʫ̋ʄ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʉʋɺ̒ʩɴʆʨʕʁǏʧʆʋ ʃrrʅǎ(Area) ʃʧɴɰǗȉʏ (̒Thickness) ȳɦ ʋɦʨɦʋǑɞʃɦʅǎʊɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰ ʐɦɿʫʅʋǗɿʩʈǗɿɨʌrʃɵɦʈǘʨʉ ʃɦ̫8 ʋɦǑɞʃɵʈǘɴɰɦȺǇʏȉȉǗɿȆǎʋʃ̒ʩɴrʅǎʄ̫́ A

ʃʧɴʏȉȉǗɿǗǶʏʃʩɴɰǗȉʏ (̒ )e  ˄
 
 
 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ȅɿʂʁɷʭʉʡǖǗʏɨʄɰɦȺǇȅʃɦǗɵʨʃɰǐʫɴɦʆʋ ɿ̡ʈʭʉ ʐɦʨʉɰǗȉʏʻɦʏǇʨɴɷʭʉʡǖ
ɰɦȺǇɦʂǙʨɺʁɦɾʨʊɦȳɺʋʈ̒ǝʬʄȅʃʊʐʏˀ  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 
ɱ. ʁʈǀʃ̒ʈʧʃ̡ʈʃǸɰȀǌɵʈǘɴ 
ɲ. ʆɾ ȉ̓ʃʕʁǏʧʆʋ ʋɦʨǱʊʄɦɣǁɹʊʏǕʨʈʧʃ̡ʈʃǱʊɵʈǘɴɦʑʨʉ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&ǱʊʌʧȈɲʁʁȄɰ̒ʁʁʃɴʒɦʀʊʊʬʄʌʧʁȘ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿˑ&ǱʊɦǗʄʨǗȅʏɲ̒ʁʊʬʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ 
ɵʁɦɾ ɺ̫ʩɴ ʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 

ʏɾʁʭʊʁʨˏ,˒ˆǱʊǱʊȇʊʏʫʌɿǍʧȈʆʃʧɴʒʫʨʏʬʑɴ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ȵɦ ʆɦʋǗɿɨʌɦʋʨɰǷǐʁɴɦȢǇɦɵɹʆʨɵɚǵƼʃʒǐɰʇʬʈʧ̡ɿɴ̡ɿɦǗʄʨǿ ɿ̒ǗǱʏʻ̌ʄɿ̒Ǹ ǗɦɵʨʃǸʃ̒ɦɺʨʈǑʨ
ǗȂʄ̒rɺ˄ ɿɦʨǱʊʄɿ̒Ǘɰǿ ɿ̒ʡǖȉʃɦǗɵʨʃǸʃ̒ ɷʭʉǱʊȇʊǱʊʊȌ ɰrɺȅʃȊ ɴ́ɺʬɵɦʈǇɵ ʅ̡ǟɰɦʋʨ
ʱǳʋǱʊɾ̔ ɵʈǘɴɰʱȺǇ?  

ɰ,ɷʭʉʄɦɴƼʨʃɵʊʃǌɰɦȺǇʡǖǱʃ̡̒ɿɦʋɝʃ ɺɦʨʈǑʨʡǖɰɦȺǇȈʉ ɵɦɹ ȳɦ ǗɦȢʒʏ ̒
ɱ,ʄɦɴƼʨɿǗʏȂʄ̒ɱǖʋʻɦȵɵɦȄǘ̫Ǘɰǿ ɿ̒ ɺ̡ʋɱǖʋǸ̒ʒʫʨʏʬʑɴ̒ɰɦȺǇɺʿʋǟʄʁʅʫɿɷʭʉʁʄ̒
ȐƼɿʻɰʱȺǇ 

ɲ,ɦʂǙʨʡǖrɺȉʃʏʶɦɾʨʈɷʭʉʄʃȚʄɰɦȺǇʆʨǷǐʁɴ 
ɳ,ɷʭʉʡǖǷǐʁɴɵʫ̫ǗɿǸɰ̒Ȉǘʈ̌ ȵɦɵʁɾʫɵ̡ɺʋʄ̫́ʃʩɴǗɰǿ ɿ̒ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʉɿrʈǘǱʊʉʋɺ̒ʩɴʆʨɿʭȄʁʨʊʄʏɱ̒ǖʋɰ̒ǐʫɴȄʈǸʒʫʨʏʬʑɴ̒ɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ. ʐɦɿʫʅʋǗɿʩʈǗɿɨʌrʃɵɦʈǘʨʉ ʃɦ̫8 ɱǖʋʻ̡ɺʋʏǍʧɿɰǐʫɴɵɦȄǘ̫ʏʊrʏʒʁɦȅʷrʃǗɰ
ǿɿʻ ɵʈǘɴɰʱȺǇ ȅʃʒʃʻʄʶʅʫɿ0.024 W/m KÖ  ˄
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ǱʊʄɦɴƼʨʃɰǗȉʏ ʃ̒ʧɴǱʊʁʄ̒ɱǖʋʡ̒ǖɦȵ ʀɦʊǸʊȅɴʁǱʊȇʊɰɦȺǇɺʿȉʃ 

                          ǗʄʏʧʁǏȈʆ˄  
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 

ɰ.ʅǎʫʉʆʨǱʊʆʧɿ 
ɲʃʧɴɳʈʧʃ̡ʈʃǸʉʃǌǱʊɵʈǑɴrʃǱʊǱʊȇʊɦʑʨʉ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
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ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&Ǳʊʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴɰǐʫɴʏʫʌɿǍʧȈʆ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʏɴƾʈ 
ɵʁɦɾ ɺ̫ʩɴ ʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉ 
ʕʊʧȊ ʄʀ ǱʊʁʁʭʋɱʫʏǗɿɨʌ 

 
ʏɾʁʭʊʁʨˏ,˓ˆǱʊʌʧȈɲɦʋʨȅɿʫʇʬɿʋʃʁʩɴɰɦȺǇ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

Ȍɦ ɰȀʏʫɱʉɰ ʌ̡ɰ̡ɺɰʈʭʉ ɺ̡ʋǗɿǸɰ̒ǲǘʁɴ ȳɦǻɰ̒ɰǐʫɴʁʩɰʏʫ̋ʄ ɺ̡ʋɰʁʆʫɴʆʫ̫˄ ʄȄǎʄ̒ʆʨʁʫɰ
Ƕɦʋʈʭʉʏʃǎʫ̡̫ʌɰ̡ɺɰǶʄ̒ɦʅǇʨʈɦȢǇɦʏǕʨʃʩɴʁʩɰʏʫ̋ʄ˄  
ɿɦʨȅɿʫʇʬɿɦʃ̫ʄɤǃɰ̒ʒʁʆʨʒǙʨȂɰ̒ʁɴʃʩɴʁʧʏ Ȭɦ ʃrǱʊɵʈǘɴɰɦȺǇ?  

ɰ,ɰɦȺǇɦʂǙʨɺʁɦɾʨʊʆʨʒɴƾȃɿʫ̡ɺʋȉʃʏʨɿʫɾǝȈʆȂʄ ȳɦʏʨɿʫɾǝȈʆɱǓʏʻ˄ 
ɱ,ɰɦȺǇɦʂǙʨɺʁɦɾʨʊʆʨʒɴƾȃɿʫ̡ɺʋȉʃʏʨɿʫɾǝȈʆɱǓʏʻɦȳʏʨɿʫɾǝȈʆȂʄʊʐʬɿɺʋʒ̒ɴƾ
ȃɿʫȂɴʁʆʨʊȉʃʏʨɿʫɾǝȈʆɦʏǕʨǳǐ˄ 

ɲ,ɰɦȺǇɦʂǙʨɺʁɦɾʨʊʆʨ̡ʌɰ̡ɺɰɦȳɰǐʫɴʁʩɰʏʫ̋ʄ ɺɦʨʈǑʨʡǖʁʩɰʏʫ̋ʄʆʫ̫ǲǘʁɴǸɴʈʫʃ˄  
ɳ,ɰɦȺǇʈʧʃɦʂǙʨɺʁɦɾʨʊɦȳǿ ʁɦɲʪȍʄɦɴƼʨɿɦʑʨɴɦǻʉɱǘʭʃʟɴɦȵɰǐʫɴ̡ʌɰ̡ɺɰ˄  

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʁʧʏ Ȭɦ ʃrʋʐʁʬʊɰɦȺǇʃʧɴʋʃʁʩɴɰɦȺǇ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ  ʐɦɿʫʅʋǗɿʩʈǗɿɨʌrʃɵɦʈǘʨʉ ʃɦ̫8 ɰɦȺǇ̡ɿɴ̡ɿɦʅǎʊʆʨɰ̡ʃǘɴɦȢǇɦȳɰ̡ʃǘɴǗɿǸɰ̒

ǸʃʧɵǁȀʈɵȗʄ̒ʁʨː ʃr̡ʁʈ́ʬɼʨǿ ʈʧɵ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ̂ ʋʃʁʩɴɰɦȺǇɦɰʨɿɦʑʨɴɦȵ ʆɦʋǳǕʃʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆʊȍɴʒɴƾȃɿʫȂɴʁʆʨʊ

ʲɺʋʄʹʷǳǐ ˄ 
ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ 

ɰ.ʅǎʫʉʆʨɵȗʄ̒ʊʬʄʌʧʁȘ 
ɲʃʧɴɳǸǱʊʉʋǗ̒ɵʑʶɦʋʨǗʄʇʆȁʈʆʋ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ&Ǳʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ Ǘ̔ɲʩ̫' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ' 
ɵʁɦɾ ɺ̫ʩɴ ɱǘʩʈȐʊɿʫʋǖȈʆɰʱȺǇ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌ 
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ʕʊʧȊ ʄʀ ȈʆǸɰʻȌɰʻ 
 
 

¡Y¡[ TRw¾ F[TÖ]v\]\« 
 

áUȤTURRw½  F[TÖ]v\]\« 

 

áUȤTURRw½¶  Bȑà\«H¦¡ȥ[ȪP«R¡Tâ TvEȒ[Ȝ¦RxA`â 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
ʱȵȀʈʄʱǿǌ ʉɺɴʁʱʃǘȐʄ Ȅʱʆʋʊʱʏɠʋʈʃʫʏǜȉǐ̡ɿɴ̡ɿʈɰʒɴƾʫʉ ʋɦɴɦȵȉɿ̒ʁɦʃǘɦǗȇ ȉ̫ʃ

ɱǖʋɷ̒ɦʁȄʊʄɰ̒ʈɰȊ ɴ́ǗɿǸɰ̒˄ ȅɿʫʇʬɿɦʃ̫ ɰɦʨɿɦʑʨɴɦǻʉȐʊɱǖʋʻɦȵʆʨɦʋʨɺʨɦǳɰɦʑʨɴɰɦȺǇɦʋɝʃǸɴ
ɱǖʋʻɦȵʆʨɦʋʨʁʩɰ˄ ɱǖʋʻɦȢǇȉʃɺɴ̒ʏʫʨɦɿȂʄʜǗȐʋȍʃʩɴʒ̡ɾǌɿɦʑʨɴɦȳ ʋɦʨɦʐʨʉɱǖʋǗ̒ɿǸɰ̒ʆʨɦʋʨrʅǎ
ʁʩɰ̡ɺʋȉʃɺɴ̒ʏʫʨɦɿɱǓʏ ʜ̒ʂǀʃ̒ʄɰ̒ɵʬʋʈɰɷʁʃʭʏɰʲʃǘɴɱǖʋʻʱȢǇ ʱȄʷ˄ȅɿʫʇʬɿȆǘʏʁ̒ʨrʃʊʬʄȃɿʫ&ɱǖʋʻ
ʜʁʩɰ'ɦǻʉȐʊʄ̡ǗʈʄǗʈɩʋɺɴ̒ʏʫʨɦɿɦʃ̫ ɂɦ ȁ ɵʊʃǌʌʧʋʌʋʻ˄ ǳɦʋǱʊɾʽɦʃ̫ɰʿǗɿɨʌȅʃʏ ɴɦƼɿɦɳʨɹʅɴ
ɺ̡ʊɦȵɰǐʫɴʅǎ̫ȅʉ ȵɦ ʆɦʋ ʉɦʨɴǻʁʁʩɰʏǘ˄ ȵɦ ʆɦʋʁʩɰɦȵȅɿǷǐʁɴɦȢǇȍʃʩɴʊʫɹɱǘʭʃɦʑʨɴʈɰɦʋʨɦʐʨʉʁʩɰ
ǗɿǸɰ̒ɦȵǲɴɦʋʨȃǘɰ̒ɵʫ̫ʈɰɦǗǱʈʌʧɹ ʄɦɴƼʨɿȅʃǸʌɺǌʌʧʋʌʋʻ̡ɺʋ ʂɦǙʨʡǖʁʩɰɰǐʫɴǷǐʁɴɦȢǇʏʆǙȅʃʊʐʏˀ  ˄
ʏɾʁʭʊʁʨˏ,ˏˆʈʬʋ ʐɦɿʫrʃɵʊʃǌʌʧʋʌʋ ̒
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴʆʧɦȐ ʂʃ̔ʈʭʉʏʧʏǜȅʃǻɰ̒ʆɾ Ȑ̓Ǚʉ&ʄ́ʬȀʏǖʬʈ̡ʆʈ́ɴ̒Ǳǿ ɿ'ɦȳɰǐʫɴ̡ɰʌʁʩɰ̡ɺʋ
ɰʁʆʫɴǻʶ˄ ɲɦɦɳʨɹʆɾʼɦȄ ʊ̫ɿ̒ɦʑʨɴɦȳ ʋɦʨʊʭɵʄɿ̒ɵʫ̫ʈɰɦǗǱʈʌʧɹȀʈɵʁɦʐɠɴ̡ɰʌ˄ 
ɿɦʨɰȀǌɵʈǑɴʒǙʨ̡ɺʋ ʂɦǙʨʡǖʊʬʄȃɿʫ&ʁʩɰʜɱǖʋ'̒Ȇǘʏʁ̒ʨʄɦɴƼʨɿǸɵʊʃǌʌʧʋʌʋȅ̒ʃ?  

ɰ,ǱʊȆǘʏʄ̒ǌʬʊʆɾʼrʃʒɴƾȃɿʫȋʌ 
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ɱ,Ȉʆɱʫʏǳǐrʃɺɴ̒ʏʫʨɦɿɦǻʉȐ ʊʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ 
ɲ,Ǳʊʄ̫́ʁɴƾʧɵǳǐʊȍɴʈ́ʬɦʋɲʫʋʊʩɴʃʧɴʈ́ʬɦʋɲʫʋȋʌ 
ɳ,ɰȉǘʁɴʁʁȄɹ ʅ̡ʃɺʨȂɹʉɰɰɦȺǇʡǖȃǘɰ̒ɵʫ̫ɦǗǱʈ 

ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʏ̡Ǚɴʉʋʆ̒ʨʈʬʋ ʐɦɿʫʛʏɲʋʻrʃɵʊʃǌʌʧʋʌʋ &̒ɺɴ̒ʏʫʨɦɿʃʧɴʏʨɿʫɾǝȈʆ'˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,Ȉʆɱʫʏǳǐrʃɺɴ̒ʏʫʨɦɿɦǻʉȐ ʊʄ̡ǗʈʄǗʈɩʋʏʨɿʫɾǝȈʆ˄  
ǱʊʄɰǗȐ ʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ȵɦ ʆɦʋʒɴƾȃɿʫȋʌʜʗʏǕˀʃɦʑʨɴɦȢǇȍʊʨɰȉɼ ʂɦǙʨʡǖɺɴ̒ʏʫʨɦɿʊʄʏȍ̒ʀʉɵʫ̫

&ǗȐ ʋǸɴʈʫʃ'ʁɦʨʄȍʒ̡ɾǌɿɦʑʨɴ˄ ʅǎʫʉ ȳɦʌʧɹ ʅ̡ǐɰ̡ɺʋǗɿǸɰ̒ȉʃɺɴ̒
ʏʫʨɦɿɱǓʏ &̒ʂǀʃ̒'ɰʿȃǘɰ̒ɵʫ̫ʈɰɦǗǱʈ˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ. ʆɾ̓ ǗǳʃʻʲɿǸʒǐɰʄǵǝ ɹɵʊʃǌʄʹʫʱǿǋ ʷ 
ɲ. ǸʋɰƽɾʸɵʈǘɴɰʱȺǇ 
ɳ.ʁʁȄɹ ʅ̡ʃɺʨȂɹ ɿ̡ʊʄʏʂ̒ǀʃ̒(ǗɿǸɰ̒'ʡǖɵʫ̫ɦǗǱʈʈʧʃ̡ʈʃȂɹɰɦȺǇɦʁ  

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ/&ǱʊʏȉƾʋʻɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɴƾʈ-ʈʬʋǻǈ ʃ&Ǳʊʏ ɴɦƼɿɰǐʫɴʆʧɦȐ ʂʃ̔' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ʉʃǌǱʊrʃɵʊʃǌʌʧʋʌʋ'̒ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ːˆǱʊɺʁɦʑʨɴȉ́ʏʫʨʃǗɿǸɰ̒&̡ʒ̋ʊɰʫɴ' 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐ ʊʏɾʁʭʊ 

Ǹʁʬɦȳ ɲɦ̡ɿɴ̡ɿɺʁɦʑʨɴȉ́ʏʫʨʃǗɿǸɰ̒ɦȵ ʅ̡ǐɰǲɴɦʋʨɷʧɿɺʁʄʬʋʅǎ̫ǸǸɴǻɰ̒ȍɦȵ ɰɦɠɰʃʩɴ
ȅɿɺʨ˄̡ʅǟɰɦʋʨɵʁɦɾ ɺ̫ʩɴʒʁʆʨɵʊʃǌʌʧʋʌʋʻ˄ ʐɦɿʫʒǙʨȅʃǸ ɲɦǻɰ̒ȉ́ʏʫʨʃǗɿǸɰ̒ɦȵ ʅ̡ǐɰǲɴɦʋʨ
ʳʃʄʃǎʄʻ?  
ɰ,ɦɺʨʈǑʨʡǖȍǷǀʉʆʨrɺɦɰǕɴ̌ ɰʫʁʡǖȉʃɦǗǳ ȁ̫ǐɰ̒˄  
ɱ,ɦɺʨʈǑʨʡǖɱǖʋǗ̒ɿǸɰ̒&ʂǀʃ̒'ȃǘɰ̒ɵʫ̫ʈɰɦǗǱʈʃʧɴʊʫɹɱǖʋʻɦȢǇ&ǗȐ ʋ'ʡǖɦʑʨɴɦȳ ʋɦʨ
ʄɦɴƼʨɿǸɵʊʃǌʌʧʋʌʋǗ̒ɿǸɰ̒ʏʆǙʄʃǎʄ̒˄  

ɲ,ɦǗȇ ɱ̫ǖʋʻɦȢǇɵʬʋɵʧɿǌɦȵ ʅ̡ǐɰǲɴɦǗǱʈɺʬɦɵǐ̫ȉ́ʏʫʨʃǗɿɨʌɦȵǲɴɦʋʨɦɺʨʈǑʨɦɺɹȍɦɵɹ  ˄
ɳ,ɦɺʨʈǑʨʡǖȉ́ʏʫʨʃʁʁʭʋȅʃɱǖʋʒ̒ʫɰʏʫʨ̡ʏʃɦǗɵʨʃʆʨɺʁʄʬʋʅǎ̫˄  

ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴɵʊʃǌʌʧʋʌʋɰ̒ǐʫɴɷʨʌȈʆʊʏʻɦȵʄɦɵǁɰʌʧʁȘ˄  
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ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ɦɺʨʈǑʨʡǖɱǖʋǗ̒ɿǸɰ̒&ʂǀʃ̒'ȃǘɰ̒ɵʫ̫ʈɰɦǗǱʈʃʧɴʊʫɹɱǖʋʻɦȢǇ&ǗȐʋ' 
ʡǖɦʑʨɴɦȳ ʋɦʨʄɦɴƼʨɿǸɵʊʃǌʌʧʋʌʋǗ̒ɿǸɰ̒ʏʆǙʄʃǎʄ̒˄  

ǱʊʄɰǗȐ ʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8  ɱǖʋǗ̒ɿǸɰ̡̒ɺʋ ɵɦɹʆʨȉ́ʏʫʨʃǗɿǸɰ̒ȉʃɺɴ̒ʏʫʨɦɿɱǓʏ ȍ̒ʃʩɴȃǘɰ̒ɵʫ̫ʈɰ

ǗɦǱʈɦǻʉʟɰʟɴ˄ ɺʁɦɾʨʊǱʊɦʃ̫ɷʭʉʡǖȉʃǱʊȌ ʉʑɱʁǖʋʻɦʆɹʄʃǎʄ̒
ȅʃɦʋɝʃʃʧɴȉʃǗʄʏʧʁǏȈʆ˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ,ʈʧʃ̡ʈʃǸ ʐɦɿʫʅʋʊʬʄʌʧʁȘ 
ɲ,ɱʫʏʆʨǱʊʆʧɿ̡ɺʋȁɱǖʋʻɦȢǇʒ̡ɾǌɿɦȵǲɴɦʋʨ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&ǱʊɦǗʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴɦɺʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝǸɰ̡̒ʏǌɴ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ-ʅǎ̫ʏ ʈ̡Ǒɴ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ˑˆɱǖʋɷ̒ɦʁȄʊɺʨɦǳɰ&Land Breeze) Ȅʱʆʋʉʄʻ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐ ʊʏɾʁʭʊ 

Ȅ ʆɦʋʉʄ̒ɦǗȩ ɺʨɦǳɰǗɿǸɰ̒ɦʋɝʃǸɴʁʩɰʁɦʃǘ˄ ȵɦ ʆɦʋ Ȅɦ ɱ̫ǖʋǶ̒ʄ̒ɦʅǌʨʈʄɰ̒ʆʨãɺʨɦǳɰ
ʱǷǓ ʷʱȳʁʱʃǘäʌʧɹ &ʅǎʫʉʆʨɦʆʋʊɦʏɠʋ'˄ ɿɦʨʈʭʉǿ ǸǱʊʄɰǗȐ ʉʌʧʁȘȐ ɚʏǌǗɿʩʈǗɿɨʌʒʁʆʨ
ȅɿʫʇʬɿʱʃʷ?  

ɰ,ʁʩɰʁɦʃǘʄɦɣǁɹɰɦȺǇɦʂǙʨʡǖɱǖʋʻɦʋʨʁʩɰɦȢǇɦʐʨʉʒ̡ɾǌɿɦʑʨɴʊʭɵȂɹɱǖʋǗ̒ɿǸɰ̒ʆʨɺʨ
ʱǳɰʡǖʄɰʻɵʬʋɷʁʃʭʏ  ˄

ɱ,ɺʨɦǳɰǗʏɨʄɰɦȺǇʆʨǗʆ̫ɵˀʃǎȅʃɦǗɵʨʃǸɴʁʩɰ ʂɦǙʨʡǖɱǖʋʄ̒ɰ̒ɦɵɹ  ˄
ɲ,ɱǖʋʄ̒ɰ̒ʆʨɺʨɦȳʁɦʃǘɦǗȇ Ǘ̫ɿʨɰǐʫɴʁɦʃǘǗɿɨʌǱʊʒʫɰʏʫʨ̡ʏʃɦǗɵʨʃɦȵ ʆɦʋʉʄ̒˄  
ɳ,ɰȉǘʁɴʊɴǙʧʋ ʃr̡ʅʃɺʨʊʫɹɱǖʋʡ̒ǖʄɰ̒Ǘɿʑʄ̒ɦǗǱʉ ȵɦ ʆɦʋʉʄ̒˄  

ʅ̡ǐɰʁʨːˆʒǗȀɰʶʲɾʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʌʧȈɲȅɿʫʇʬɿʂʈǕǸɿʧɦǻʉ ǗɦʄʨɦǳʋǱʊɾ ɵ̔ʊʃǌʌʧʋʌʋʻ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɰ,ʁʩɰʁɦʃǘʄɦɣǁɹɰɦȺǇɦʂǙʨʡǖɱǖʋʻɦʋʨʁʩɰɦȢǇɦʐʨʉʒ̡ɾǌɿɦʑʨɴʊʭɵȂɹɱǖʋʻ

ǗɿǸɰ̒ʆʨɺʨɦǳɰʡǖʄɰ̒ɵʬʋɷʁʃʭʏ  ˄
ǱʊʄɰǗȐ ʉʋʈǟʧɿ8 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ʱȵʱʆʋʉʄʻɺʨɦǳɰȅɿ̒ʄɴ̒ɰɦȺǇɦʋɝʃ&ǗɿǸɰ̒ɦʋɝʃ'ɵʁ̡ɾ ɰʁʩɰʁɦʃǘɦȵ
ʊɰȚɰɦȺǇȅʃʉʬʊ&ɦȢǇǸɴɺʨ'˄ ɱǖʋʻɦʋʨrʅǎʁʩɰ̡ɺʋ ȢɦǇǸɴɰʿʒ̡ɾǌɿɦʑʨɴ
ʄɦɴƼʨɿǸɿʁʄʃ̒ʏȉǓʂȂʄ ɺ̡ʋ ʂɦǙʨʡǖɱǖʋǗ̒ɿǸɰ̒ʆʨɦʋʨɺʨʄɰ̒ɵʬʋ ȳɦʊɰʁɦʃǘ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɱ , ɲ ʃʧɴɳ ʈʧʃ̡ʈʃǸʈʬʋ ʐɦɿʫ̡ʅǟɰɦʋʨ̡ʁʈ́ʬɼʨǿ ʈʧɵʃʧɴɵʊʃǌʌʧʋʌʋʻɦʑʨʉ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&ɿǗʈɨʌʡǖʉʋʆ̒ʨȈʆɱʫʏǳǐrʃǱʊʊɰȚɰɦȺǇʊȍɴɺʨʃʧɴʁʩɰ' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊɦǗʄʨǗȅʏɲ̒ʁʃʧɿʌʧʁȘȐɚʏǌɦɺʨʈǑʨʌʧȈɲȅɿʫʇʬɿʂʈǕǸɿʧ' 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ&ʇʬʈʧȐɚʏǌɰʈǓʫǸ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ɵʊʃǌʌʧʋʌʋɰ̒ǐʫɴʄʊʧȊ Ǳʏ' 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˒ˆɵʊʃǌʌʧʋʌʋɰ̒ǐʫɴʏʫɤǆǱʏ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐ ʊʏɾʁʭʊ 

ʒʌǱʏȊ ʃʧɰȉǐɰ̒ɵɴ̒ǻʁʁʩɰɦȵɰǐʫɴȐǍʃʨʉʒʌǱʏ ɺ̡ʋǸɰ̡ʃǘɴǳǕʃʁʁȄɹ ʅ̡ʃɺʨʃʧɴǳǕʃ
ɱǖʋʻ &ʏʫɤǆ Ǳʏ' ɿɦʨɵʊʃǌʌʧʋʌʋȓ̒ɵɦɰʨɿɦʑʨɴɦȵɰǐʫɴʏʫɤǆǱʏȅʃ̡ɺʊʜɦʁ? Ǘɦȇ ʒ̫Ǚʨ?  

ɰ,ȅʃ Ǘɦȇ ɰ̫ɦȺǇȓɵɦʂǙʨɺʁɦɾʨʊȅʃǗɲʄ̒ɰ̡ʃǘɴ˄  
ɱ,ʈʧʃȅʃɦʁ Ǘɦȇ ɵ̫ʊʃǌʌʧʋʌʋǗ̒ɿɨʌǱʊȈɲʋǟʧɿrʃʊʬʄȃɿʫ&ȋʌʜʗʏǕˀʃ'ɦɺʨʈǑʨ 
ɺʩɰȄȁʁʈʆʋ  ˄

ɲ,ȅʃ Ǘɦȇ ȉ̫ʃʆʃǘʪǗʆ̫ȓʁʧɿǖɷʭʉʊʫɹʁʩɰʡǖʌʧʋ  ˄
ɳ,ʈʧʃȅʃɦʁ Ǘɦȇ ɰ̫ǐʫɴʒʌǱʏǳǕʃʆɾ ʏ̓Ǘȉʄ̒ʡǖɦʉʨɴɦʈʨʋ ɳɦʨɹɵʊʃǌ˄ 

ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʄ̡ɴ̡ɵɰʋɰƽɱɾǉǶȅʁɵ̒ʏǗȉʄ̒ʌʧʂʨʄɣǃʬʃɰɦȺǇʃʨʈʭʉˇ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ʈʧʃȅʃɦʁ Ǘɦȇ ɵ̫ʊʃǌʌʧʋʌʋǗ̒ɿɨʌǱʊȈɲʋǟʧɿrʃʊʬʄȃɿʫ&ȋʌʜʗʏǕˀʃ' 

ɺɦʨʈǑʨɺʩɰȄȁʁʈʆʋ  ˄
ǱʊʄɰǗȐ ʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ɵʊʃǌʌʧʋʌʋɲ̒ʪǸ ãǱʊʄɣǃʬʃɰɦȺǇɦǻʉȐ ʊǱʊȆǘʏʁ̒ʨrʃʊʬʄȃɿʫä˄ ɰǐʫɴʏʫɤǆ

ǱʏǳǕʃʊʬʄȃɿʫ&ǳǕʃʈ́ʬɦʋɲʫʋ' ʑɦʨʉ ɺʬɦɵǐ̫ɵʊʃǌʌʧʋʌʋʈ̒ʧʃȓɵɦɰʨɿȉʃ
ʁɦ˄ ɰɦȺǇȓɵʄɣǃʬʃȅʃ̡ɿȀʈʊʉ ãyǱʊʄɦɣǁɹʊʏǕʨäʄ́ʫɦǿ ǋ̫ɰǐʫɴʋɰƽɱɾǉ
ʱʃʷ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 ɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿʈʧʃʉʋʆ̒ʨʋɰƽɱɾǉʈɷǄǻǈʃɵʈǘɴrʃɵʊʃǌʌʧʋʌʋʻ˄ 
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ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊȍʉɿrʈǘʋɰƽɱɾǉʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɰʋ&ʌʧʁȘȐɚʏǌʒʌǱʏ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˓ˆǱʊʊɵȄɵɚǵƼʃȒ ʌ &ɵɚǵƼ ʃʏʃǜʶʏʶʳɵ' 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐ ʊʏɾʁʭʊ 

ɵɚǵƼʃȒ ʌǗɿɨʌȅʃʊɵȄ ʑɦʨɴʡǖȉʃʊʃǏɱǖʋ ̒ʱȵʲʅǐɰǲɴʱǗǱʈʃʧɴȉʃȋɴɺʬɵɦǱɾ ʄʧʁɷʧɿɦȵ
ɵʁɦʐɠɴ˄ ɿɦʨʊʃǏɱǖʋʻɦȵȅɿɵɚǵƼʃȉʃɿʭȄʁʨʒǙʨ̡ɺʋȇɰ̒ʆˀʃǏʃʩɴɵʊʃǌʌʧʋʌʋ?̒  

ɰ,ɦɺʨʈǑʨʡǖɦʅ̫ȃǘɰ̒ɵʫ̫ʈɰɦǗǱʈȅʃǵʉǗʏɩʋ 
ɱ,ɦɺʨʈǑʨʡǖɱǖʋǗ̒ɿǸɰ̒ʄɰ̒ɵʬʋʆʨǲɴɦǗǱʈʊʭɵɦʑʨɴɦȢǇʒ̡ɾǌɿɦȳ ʋɦʨɷʭʉʡǖɦʇǘʨɴɦɶ̫
Ǳʃ̡̒ɿǲǘʁɴʃʧɴʄɣǃʬʃɰɦȺǇɦȳȅɿǷǐʁɴ 

ɲ,ɦɺʨʈǑʨʡǖɰɦȺǇʄɦɣǁɹȀʈʊʃǏɦȄʷɦȳ ȢɦǇɦɷʨɴʒǐɰǻʏʁǘ 
ɳ,ǗǳʃʻʲɿǸʊʬʄȋɴʏǗȉʄʻʋʈǟɵɚǵƼ ʃʡǖȐǟɿ 

ʅ̡ǐɰʁʨː  ̂ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨǱʊɦǗʄʨǗȅʏɵ̒ʊʃǌʌʧʋʌʋɰ̒ǐʫɴʄɦɵǁɰʌʧʁȘǗʄrʆɾʨ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ɦɺʨʈǑʨʡǖɱǖʋǗ̒ɿǸɰ̒ʄɰ̒ɵʬʋʆʨǲɴɦǗǱʈʊʭɵɦʑʨɴɦȢǇʒ̡ɾǌɿɦȳ ʋɦʨɷʭʉʡǖɦʇǘʨ

ɴɦɶ̫Ǳʃ̡̒ɿǲǘʁɴʃʧɴʄɣǃʬʃɰɦȺǇɦȳȅɿǷǐʁɴ˄  
ǱʊʄɰǗȐ ʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8     ʊʃǏɱǖʋǲ̒ɴɦǗǱʈʒʃʫɤǆɿʡǖɱǖʋʀ̒Ǖʨʄɰ̒ɵʬʋ˄ ȵɦ ʆɦʋɱǖʋʄ̫̒́ʃʩɴʊɦɴʨɰɦʇǘʨ

ɴȍɦȢǇɦʐʨʉʒ̡ɾǌɿɦʑʨɴɦȳ ʋɦʨ&ɵʊʃǌʌʧʋʌʋ'̒Ȅʉʁɰʒʫɰʏʫʨ̡ʏʃɦȳ
ɵʧɣǁʩʈʒǿǌɿɦʇǘʨɴʃʧɴȄɰʁɦȺǇɦȳʄ̫́ȅɿǷǐʁɴɦǻʉȆǎʋʻ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8 ɵɦʈǘʨʉȂɴʁɦȄ ʈ̫ʧʃ̡ʈʃǸ ǳɦʋʄʁɾ ɴɵʈǑɴrʃǗʄʏʧʁǏȈʆɰɦȺǇ
ʊʄʏɵ̒ɚǵƼʃɦʑʨʉ  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊʌʧȈɲǱʊʊɵȄʗʄɰʊɾ '̔ 
ʄʊʧʄʁ ʏɴƾʈ+ʈʬʋǻǈ ʃ&ʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ǐʫɴʅǎ̫ȅʉ ɱ̡Ǖʊ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ-ʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ ǱʊȍʉɿʳʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿʌʧʁȘȐɚʏǌ 



 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 61 | 254 

 
¡Y¡[ TRw¿ Ȓ[U¡ñËJ[`ßw 

 

áUȤTURRw½  VØ§AñËA« TvEȒ[¡b}EA¡ɜĨȑ£TXW¢VTKw 

 

ȵɦɰǐʫɴʈʃǎʨʊʆʧɦȐ ʂʃ̔ɰʏʧɰʈǕʁʁɦʃʨʄʈʭʉ ȵɦɰʈǓʫǸ ɲɦȅʃʏɴ̒ ʅǎʷɰɣǁɰʻ(Greenhouse) ɺɦʨʈǑʨǻɺʁʁǿ ʶ
ɿʶʄʃʻǗɿǸɰʻ˄ǳɦʋǱʊɾʽrʃʅǎ̫ɰɣǁɰ̒ɲʪʒʃʫɤǆɿʡǖ ȋ́ɺǖʏǖʫɴ(Radiation)ʆʨǗʆ̫ȓʁʧɿǖɶǘɴǱɿ̒ɰɣǁɰ̒ɵʬʋ
ʈɰǲɴɰǐʫɴʄ́ʫ̡ʃǌȍȋȋʁɴʈʧʃʡǖɰɦȺǇɷ̫ ɵɦɹ ȳɦ ǗɦȢʌʧɹǵʉˇɦʑʨʉ ɺ̡ʋ ʂɦǙʨʡǖʏʨɿʫɾǝȈʆǲɴɰǐʫɴɱǓʏǸ̒ɴ
ǲɴɦǗȢ ȅ˄ɿʫʇʬɿɦʃ̫ȉʃʋɰƽɾ Ǘyʏ ɺɦɠɴǳǐɦȳʃʩɴʕʁǏʧʆʋʅǎ̫ɰɣǁɰ ʃrʇʆ̡ʅʃɺʨɦʉʨɴ̡ɺʊ˄ ǗʏȂʄʻ
ʄʊʧȊ Ǳʏ ɺ̡ʋȉʃʗʏǕˀʃɺʬɵǸ Ǳʄʬʃɼʨʒʫɰʏʫʨɿ 2

CO ɺɦʨʊɿʭɺʬɵǸɰɣǁɰ̡̒ɺʋǗʏɨʄʃʧɴʊɰȚɰɦȺǇʆʨǱʊ
ʄɦɣǁɹʊʏǕʨʊʄʏɺ̒ʨ˄ǗʄʏʧʃɦʄʨʗʏǕˀʃȂɴʁɦʃ̫ ɰɦʨʃɦʑʨɴǲǘʁɴȍʃʩɴɦʂǙʨʡǖ̡ʅʃɺʨɦʑʨɴɰɦȺǇ˄ Ǳʊʉʋɺ̒ʩɴʒʁʆʨ
ʊɦʄɠʄ̡ɺʋʊʏǕʨʄɣǃʬʃȁʈʆʋȀʈʊʉ  yʏʫɤǆ Ǳʏ ʃʧɴʊɦʄɠʄ̡ɺʋʒɴƾȃɿʫɱʫʏǳǐǗʏɨʄ ʜɷ̫ʊʏǕʨɲʪǸ ʊɦɝɴ
Ƕȅʁɵ̒ʏǗȉʄ̒ɦǻ Ǘ̫Ȑ ʉʄɤǝʄʊʧȐǍʃʏɰʋ  ˄
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʏɾʁʭʊʁʨˏ,ˏˆʋɰƽɾ ʆyʧɦʏʏ ʃrǱʊʄɦɣǁɹʊʏǕʨ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴɦʈɦʊɠʃʊʬʄʌʧʁȘʏʧʏǜȅʃɦʊɠʃȁǱʊʄɣǃʬʃɰɦȺǇȉʃˑ ʄ̡ʄɲʪ̂ɵʈǘɴɰɦȺǇɵʊʃǌɰɦȺǇʃʧɴǱʊ
ʄɦɣǁɹʊʏǕʨ˄ 
ɿɦʨǱʊʄɣǃʬʃɰɦȺǇȀʈʊʉ  yǱʊʄɦɣǁɹʊʏǕʨȉʃʋɰƽɾ ɱyʫʏ ʄ̡ǘɰʆʨʌʧʂʨʆʨʊɦʁɠɿȊ ɴ́ɺʬɵɦʈǌɵ?  

ɰ,ȍǗɿɨʌǱʊʒɴƾȃɿʫȋʌǸʈɷǄǻǈ ʃɵʈǘɴ˄ 
ɱ,ȍȓɵʄɣǃʬʃȁʈʆʋɶǘɴǱɿ̒ʏʫɤǆǱʏ &ɰʲʃǘɴǳǕ ʃʊʬʄȃɿʫ' ȅʃ˄ 
ɲ,ȍɦɰʨɿɦʑʨɴ̡ɿɦȵɰǐʫɴʒɴƾȃɿʫʊʩɴ̡ɺʋɵʈǘɴʒɲƾʧʏʃʨȅʃʋǟʄ́ʫɦǿ ǋ̫˄  
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ɳ,ȍɿǗʈɨʌʡǖȉʃǱʊʄ̫́ǳǐɦǻʉȆǎʋʊ̒ȍɴǗʄʇʆɰɦȺǇʃʧɴʒɴƾȃɿʫʁʁʭʋ  ˄
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ8 ȍʏʏ̒ǎɴ̒Ǳʊʉʋɺ̒ʩɴʆʨʃʧʉʈʃˀʉ ʃʧɴʋɰƽɾ ʊyʬʄrʃȋ́ɺǖʏǖʫɴ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ȍȓɵʄɣǃʬʃȁʈʆʋɶǘɴǱɿ̒ʏʫɤǆǱʏ&ɰ̡ʃǘɴǳǕʃʊʬʄȃɿʫ'ȅʃ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ɱʫʏʆʨɵʈǘɴɰɦȺǇʃʧɴɵʊʃǌɰɦȺǇ̡ɺʋǗɿɨʌǱʊȈɲʋǟʧɿrʃʊʬʄȃɿʫ&ȓɿʬʈʜʈ́ʬɦʋ

ɲʫʋ'ɦɺʨʈǑʨʄɣǃʬʃȁʈʆʋǱʊʄɦɣǁɹʊʏǕʨʄɣǃʬʃȁʈʆʋȀʈʊʉ ʊyʋɰɦʒʑʧɵ
Ǘɿɨȉ́ ɹɦʁ́ʧɵ̡ɺʋȓɵɦʂǙʨɺʁɦɾʨʊɶǘɴǱɿ̒ʋʐʁȓǱʏʁʁɦʃʊ&ʏʫɤǆǱʏ'ȅ
ʃ  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰ,ǸʋɰƽɾʸɵʊʃǌɰʱȺǇ 
ɲʃʧɴɳǸʋɰƽɾʸɵʈǘɴɰʱȺǇ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ/&ǱʊɵɴǶ ʃʁʧɴʏȉƾʋʆ̒ˀɿ̓ȉʃʌʧʁȘȐɚʏǌ' 
ʄʊʧʄʁ ʏɰʋ&ǱʊʄɣǃʬʃȁʈʆʋʆʨǗʆ̫ȓʁʧɿǖ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ʃʧʉʈʃˀʉǱʊʄɦɣǁɹʊʏǕʨ' 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,ː Ǳ̂ʊɦǗɷʨʏ ʊɦʨʏʆɾ ʏ̓Ǘȉʄ̒ʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ɦȺǇrʀǀ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʌʧʏǙɰʊȉǐɰ̒ɵɴ̒ʊɵȄɵɚǵƼʃɦǗʄʨʆʃǘʪǗʆ̫ȓʁʧɿǖ ɺɦʨʈǑʨǻʁʁʩɰ˄ ǳɿ̒ɵɴ̒ʡǖǷǐʁɴǷʄ̒ɦȢǇʄʁʅʫɿɦȵ ʆɦʋ
ǻɰ̒ȑ ʋ ʀrǀ˄ɦɿʨǷǐʁɴʆɾ ʒ̓Ǚʨ̡ɺʋǗʏɨʄʉɰȁʈʆʋʆʨʊʏǕʨǗʆ̫ȓʁʧɿǖȅʃʋǟʄʁʅʫɿ?  

ɰ,ʆɾ ʏ̓ʇǘʪɦǗȇ ȍ̫ɷʭʉʡǖǷǐʁɴɦʈʨʋ ȳɦȐǟɿʃʧɴȐǟɿ 
ɱ,ʆɾ ʁ̓ʩɰǗȅɰ̒ Ǘɦȇ ȍ̫Ƕɴʁɶǘʫ̫ʊʏǕʨȅʃʋǟ 
ɲ,ʆɾ̓ ʱȣǕ Ǘʏȓʄʻ ʱǗȇʷȍǸʆɾ̓ ʲɺʋǗʏɨʄȋʹɺǖʏǖʫɴȅʃɦǗɵʨʃʄʁʅʫɿ 
ɳ,ʆɾ ȁ̓ǘɦǗȇ ȍ̫ʒʃʫɤǆɿʡǖʊʏǕʨɶǘɴǱɿ̒ɦȳɰǐʫɴʁʩɰɦǻʉǗɿɴ̒ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴʆɾʼrʅǎʒɴƾȃɿʫʃʧɴǱʊǗʏɨʄʊʏǕʨ˄ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ, ʆɾ̓ ʱȣǕ ǗʏȓʄʻǗɦȇ ȍ̫Ǹʆɾʼ̡ɺʋǗʏɨʄȋ́ɺǖʏǖʫɴȅʃɦǗɵʨʃʄʁʅʫɿ˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
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ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ʒɴƾȃɿʫ̡ɺʋȉʃrʅǎʆɾʼɦȣǕʃʧɴǗʏȓʄ̒ȉʃʏʈɿǍȈʆǗʏɨʄʉɰȁʈʆʋʆʨʊ
ʏǕʨ̡ɺʋȅɹʈ̒ɰɦʋʨȍȅʃɦǗɵʨʃǸɴɦɲʃʧɴʄɦɣǁɹɰɦȺǇɦɵɹʈɰʌʧɹɿʧɵʄʁʅʫɿ
&ǱʋǿȍǗɿǸɰʻ'˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ 
ɰʃʧɴɱǸʒɴƾȃɿʫ̡ɺʋɷ̫ʊʏǕʨɦɵɹ ǗɦɵʨʃǸɴǗʏɨʄ 
ɳ. ʈʧʃ̡ʈʃǸʋɰƽɾ ǗyʏɨʄɰɦȺǇʊʄʏʻrʅǎʒɴƾȃɿʫɦʑʨʉ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ǵʉ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ0&Ǳʊʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴɰǐʫɴʄɦɵǁɰʌʧʁȘȐʈɣǆ' 
ʄʊʧʄʁ ʏɴƾʈ-ʏɰʋ&ȁʈʆʋɰɦɰʨɿɦʑʨɴʌʧɹ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ&ǱʊǗʏɨʄʃʧɴǱʊɷ̫ʊʏǕʨ' 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 

ʏɾʁʭʊʁʨˏ,ˑˆǱʊʌʧȈɲʒʁʆʨʕʁǏʧʆʋʅǎ̫ɰɣǁɰ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ɰǐʫɴʅǎ̫ɰɣǁɰ̒ǱʊʁʏǕʨǗʆ̫ȓʁʧɿǖȓɵɶǘɴǱɿ̒ɰɣǁɰ̒ɵʬʋʈɰȅʃ˄ ȵɦ ʆɦʋȍʄ̫́ɺʨȍǱǘʉǸɰɦȺǇ
ʐɦʨʉɺʨʄɦɣǁɹʊʏǕʨʈɰʌʧɹɰǐʫɴʁǗʈɴ̒Ǹ ʊʏǕʨʒʫʨʃɚȑǙɦʊ́ɺ&ʊʋɰ̡ʌɴ'̡ɺʋʈʧʃȓɵɶǘɴǱɿ̒ɰɣǁɰ̒
ɵɦɹ ȳɦ ǗɦȢȅʃɦʑʨʉ Ǘ˄ʄʏʧʃɦʄʨrʅǎɺʨǗɿɨʌȅʃǗɲʄɺɾǌʄ̒ɦǻʉǗʆʧʋʆɾ ʏ̓ ɷʁʃʭʏʡǖɺʨɦȣǕɦɿʨ
ɰɦȺǇɦȵɰǐʫɴʅǎ̫ɰɣǁɰ̒ʃʩɴ̡ǗʄǗʄɩʋɺʬɵɦʈǌɵ?  

ɰ,ɦɰʨʃɦʑʨɴǲǘʁɴ Ǘɦȇ ʆ̫ɾ ʏ̓ʄɦɴƼʨɿɰɦȺǇʄ̡ʃǍʈ 
ɱ,ʀʉɵʫ̫ɦǗȇ Ǘ̫ʆʧʋʆɾ ʏ̓ɷ̫ʊʏǕʨǗʆ̫ȓʁʧɿǖɦɵɹ ȳɦʌʧɹʈʫʃɦʆʋȍʄʁ̡ʄǘɴǸɰɦȺǇ 
ɲ,ʈʧʃ̡ǗʄǗʄɩʋ Ǘɦȇ ɰ̫ɣǁɰ̒ɦȵ ɿ̡ʁʄ̒ɰɦȺǇɺ̡ɺʋ 
ɳ,ɦɰʨʃɦʑʨɴ Ǘɦȇ Ǘ̫ʆʧʋɷʭʉʡǖɰɣǁɰ̒Ƿʄ̒ɦʑʨɴɰɦȺǇ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ȍʉɿrʈǘǱʊʉʋɺ̒ʩɴʏʫʨɷɦǗȺʒʁʆʨǱʊɷ̫ʊʏǕʨʃʧɴʕʁǏʧʆʋ ʋɦʨʏʨɿʫɾǝȈʆ˄  
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,ʀʉɵʫʷǗɦȇ Ǘ̫ʆʧʋʆɾ ʏ̓ɷ̫ʊʏǕʨǗʆ̫ȓʁʧɿǖɦɵɹ ȳɦʌʧɹʈʫʃɦʆʋȍ 

ʄʶʲʄǘɴǸɰʱȺǇ ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ   ʅrǎʆɾ ʏ̓ʏʈɿǍȈʆɷ̫ʊʏǕʨȅʃɱǓʏʻ˄ ȵɦ ʆɦʋʊʏǕʨɷ̫ ɵɦɹ ȳɦʌʧɹȈǘʈ̌ ȍ

ʈʧʃǗɿɨʌȅʃǗʏɨʄɦǻʉɺʨɦɺʨʈǑʨʄʁ̡ʄǘɴǸȁʈʆʋɰɦȺǇɦʑʨʉȄʡʁǖʏʨɿʫɾǝȈʆ
ʈʧʃʏʬʌɦʑʨɴɱǓʏʻ˄ 

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  
ɰ ,ɲ ʃʧɴɳʅǎʫʉʃʩɴɦǳʋǱʊɾ A̔lbedo ʃʧɴǱʊǗʏɨʄȁʈʆʋ  ˄
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ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ&ǱʊʌʧȈɲʒɦʀʊ?j`cbmɰǐʫɴǗʄʆˀʃǏʅǎ̫ɰɣǁɰ̒' 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ3&ǱʊɦǗʄʨǗȅʏɲ̒ʁʊʬʌʧʁȘȐɚʏǌɦɺʨʈǑʨʌʧȈɲȐǍʃȈʆʏǕʫɲȐǕɹ' 
ʄʊʧʄʁ ʏɰʋ&ʄʊʧȐǍʃʌʧʁȘ' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴ̡ʅǐɰʊʫɰʊɰ 
ʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 

 
ʏɾʁʭʊʁʨˏ,˒ˆǱʊʊɵȄɺʄʁʩɰʏǗȉʄ̒ʒǐɰɦʂǙʨɺʁɦɾʨʊɰǐʫɴȍʋɱȚɵ̒ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʒǐɰʌʧʁȘȐɚʏǌɵɴ̒ʊɵȄɺʄʁʩɰ̡ɺʋȓɵʊɰȚʁʩɰʡǖǗɿǸɰ̒ȅʃʉʬʊɦȂ ʄ̫ʨǸǗɿɨʌȑ ʋ ʀrǀɰǐʫɴȍʋ
ɱȚɵ̒ɰʿɦǻʉ˄ɦɿʨrʅǎǲɴɦǗȢ ʃrɺʄʁʩɰɲʭʊ̡ɿȉʃʋɰƽɾ ɺyʬɵɦʈǌɵ?  
ɰ,rʅǎɦǗɲʨʈʃʧɴʆɾʼɦȣǕ 
ɱ,rʅǎʊɦȌ ɴʄ́ʬʋʨʁʩɰǗȅɰ̒&ʆɾ ʇ̓ǘʪ' 
ɲ,rʅǎʊʫʶɦ ǻʉǗɰǿɿʻʆɾ̓ ʱɱɠʌ 
ɳ,rʅǎɷˀʊȁǘɺʬɵɺʄʁʩɰʏʫʁǏʂʈǕȀ 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱǳʋʄʶɾɴ8 ʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴȋ́ɺǖʏǖʫɴɰǐʫɴǱʊɦǻ Ǘ̫Ȑ ʉʄɤǝʄɦɵǁɰɦʁʏ  ˄
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɱ,rʅǎʊɦȌ ɴʄ́ʬʋʨʁʩɰǗȅɰ̒&ʆɾ ʇ̓ǘʪ'˄  
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8 ʅrǎ̡ɺʋʊɦȌ ɴʃʧɴȉʃʆɾ ʇ̓ǘʪ&ɺʬɵʁʩɰǗȅɰ̒'ɦɺʨʊɿʭǸʒǐɰɷ̫ʊʏǕʨɺʿʋǟ˄ȍʃʩɴ

ɷ̫ʊʏǕʨɰɦȺǇʆʨǗʆ̫ȓʁʧɿǖɦɵɹ ȳɦʌʧɹʈʧʃʡǖɺʄǗʏɨʄʉɰɰɦȺǇɵʬʋ ȳɦɰǐʫɴʁʩ
ɰ  ˄

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8  
ɰ,ʃʩɴɦʂǙʨʡǖʁʩɰǷʄ̒ɦȢǇʄʁʅʫɿ 
ɳ,ʃʩɴʒʃʫɤǆɿʡǖʊʏǕʨɶǘɴǱɿ̒ɵʬʋ ȳɦɰǐʫɴʁʩɰȆǎʋ ̒

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 
ɰǗʈʧɿʋȅʁɰ ʈʂǖʈ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ1&ǱʊȍʉɿrʈǘɷɦǗʈʨʏʄɦɵǁɰɦʁʏ' 
ʄʊʧʄʁ ʏɰʋ-Ȇǎʋɱ̒ǘʭʃ 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʃʨɿʧʌʧʂʨ 
ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴʊɵȄǱʊɦʏʫʨʄʒɦɴƼɿʌʧʁȘȐɚʏǌ 
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ʏɾʁʭʊʁʨˏ,˓ˆɵȉǀʉʃʧɴȓɴʁɿɴ̒ʏʫʨɦɿʊʏǕʨ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 

ʏʧʏǜȉǐɰ̒ɦʂǙʨʆʧɦȐ ʂʃ̔ɦǻʉǻɰ̒rɺɦȵɷʧɿʒʁʆʬʋ ʇɦǘʨɴɰɦȺǇ˄ ǳɿ̒ʏ ɴɦƼɿɦɳʨɹȁ ȵɦ ʆɦʋǳɿ̒
ɺɰrɺɦɵɹǷǀʉʆʨʒʁʆʬʋ ʁɦǙɺɴɰɦȺǇ̡ɺʋǳɿ̒ʁʁʭʋȅʃȑ ɰ̒ɺʬɵǸʀʉɵʫ̫Ȋ ɴ́ɦʋɝʃ˄ ɿɦʨʈɰʆʨ
ʈʬʋ ʐɦɿʫʒǙʨ?  
ɰ,ɦǗȇ ʊ̫ʏǕʨʈʧʃȓɵɦʂǙʨɺʁɦɾʨʊɰǐʫɴɵȉǀʉǷǀʉȅʃ 
ɱ,ɦǗȇʷɰʱȺǇ ǗɿɨʌȅʃɱǖʋʻǗʏɨʄʒʏʻȇɰʻɰǿǌ ʋ 
ɲ,ɦǗȇ ʊ̫ʏǕʨʄɦɣǁɹ ɵɦɹʆʨǗʄʇʆɰǐʫɴʁǗʈɴ̒Ǹ Ǳɦɾ ʊʨɰʂʁ ɺ̡ʋ ʂɦǙʨʡǖɺɴ̒ʏʫʨɦɿȁʈʆʋ 
ʀʉɵʫʷȀʈɵȉǀ ʉ 

ɳ,ɦǗȇ ʒ̫ʁʆʬʋ ʇɦǘʨɴʀʉɵʫ̫ȁʈʆʋ ǻɦʉɱǘʭʃʟɴȀʈɦʆʋ ʌɦȌ  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱǳʋʄʶɾɴ8 ʉʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴȓɴʁɿɴ̒ʏʫʨɦɿʊʏǕʨʃʧɴɵȉǀʉ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ8 ɲ,  Ǘɦȇ ʊ̫ʏǕʨʄɦɣǁɹ ɵɦɹʆʨǗʄʇʆɰǐʫɴʁǗʈɴ̒Ǹ Ǳɦɾ ʊʨɰʂʁ ɺ̡ʋ ʂɦǙʨʡǖɺɴ̒ʏʫʨɦɿ

ȁʈʆʋʀʉɵʫʷȀʈɵȉǀ ʉ˄ 
ǱʊʄɰǗȐʉʋʈǟʧɿ8 
ʐɦɿʫʒǙʨɵɦʈǘʨʉǗɿɨʌ8   ǱʊʄɦɣǁɹʊʏǕʨʊʨɰȐʉȈʉ ɵɦɹʆʨǗʄʇʆǗɲʄ̒ʁʧʏʁʨ˄Ǳʋǿ Ƿǀʉʆʨ

ǗʄʇʆȁʈʆʋǗɿɨʌ̡ɵɰʊʁ̡ʋɰɦȳ ʋɦʨrʅǎ̡ɺʋǱʃ̡̒ɿʂʁȄʡʁǖȓɴʁɿɴ̒ʏʫʨɦɿ
ȁʈʆʋɰǐʫɴʈʭʉʟɰȀ ʅrǎʀʉɵʫ̫&ɵȗʄ̒ʏȉȉǗɿǗǶʏʃʩɴǱ ʊɦ́ɵȉǀʉ'˄  

ʐɦɿʫʒǙʨɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ8  
ɰʃʧɴɱ ʈʧʃǗɿʩʈǗɿɨʌȀʈʋɰƽɾ ʊyʬʄrʃʊʏǕʨɰǐʫɴɵȉǀʉɱǘʨ 

ʅ̡ǐɰʁʨˑˆ Ȁȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ Ǳʊʆʧʆɾ Ȅ̓ 

ɰǗʈʧɿʋȅʁɰ ʋʶȅɰ 
ɰǗʈʧɿʏʈɿǍȈʆNGQ? ɰǗʈʧɿ2&ǱʊɦǗʄʨǗȅʏɲ̒ʁʃʧɿʒʊʬʄʨɦɺʨʈǑʨʆʃǖʋʄ̡̒ǗʈʄǗʈɩʋʁʧʃǐʃˀʉ' 
ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ&ǱʊʆʧɦȐ ʂʃ̔' 
ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐʊ 
ʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
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ɷʆʁʬɰʁʨˑ  ʒɲƾʧʏʃʨ 

¡Y¡[ TRw½  UTØçAcCÈv`Tw 
 

áUȤTURRw½¶   ȦPzX{P¡ɗ¡W\`vP`A« 
 

cP×UR¶ cCÈv`TwAYß 

ȵɦ ʀrǀʈʭʉ ɺ̡ʋȉʃȓǱʏȃɿʫʏǀʭɿǲǘʁɴʊɿȄȅʃʏʧɿʏɰ̒
ʊʄʏǳ̒ɿ̒ǸʈʭʉʃʩɴǗǱʏȆǘʏǎʧɰ˄ ʄȄǎʄ̒ʆʨʏʧɿʊʭɵǳɿ̒ȅʃʉɰ
ʏǐʧɿɦȄʷɦȳǻɰ̡̒ɰǑʊɰɦʈǎɵǗɰǻʏɿʬɵ̌ ɺ̡ʋ ȵɦ ʋɦʨɿʫ˄ǳɿ̒
ʏ ɴɦƼɿɦɳʨɹȁ ɰɦʈǎɵǗɰǻʏȂɴʁɦȄ Ǘ̫ɿɨʌȅʃɶɰ̒Ǹʄ̒ʃʩɴǗǱ
ʏ˄ ʄȄǎ ʄʻʈɰ ǳɿʻȐɰʋǑɴʉɰǗǱʏȆǘʏǎʧɰʈʭʉ ʁɦɠɿ̡ɺʋ
ʁɦʨʄʃʩɴʏʧɿʏɰ̒ʊʭɵɺʬɵǳǐʈɰǻɰ̒ɷʧɿʏǐʧɿɺʁʄʬɴǗȐ ʄ̡̒ɿǗǱʏȂɴʁʆʨʊɦȄ ʊ̫ʫɹǳǐɦȳʌʧɹ ȳɦʈɰ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊʁʨˏ̂ ʅ̡ǟɰȀʈǱʊʏ ɴɦƼɿʊʄʏʊ̒ɿȄ ʃʧɴɵʁɦɾ ɺ̫ʩɴʒʁʆʨʄʃǎʫɰʒɲƾʧʏʃʨɦɿʨǱʊʄɰǗȐʉʈʭʉǿ ǲɴɦǗǱʈ

ʃɦ̫ǗɿʩʈǗɿɨʌȀʈ̡ʄʄʌʧʁȘȐɚʏǌ?  
Ãɰ,ǗǱʏȉʃʄʃǎʫɰʒɲƾʧʏʃʨɱʫʏǳǐʆʨʏɰ̒ ʁɦʨʄȍȓɵɶɰ̒ɰɦʈǎɵǗɰǻʏ ɺ̡ʋɾʪɿȅʃ˄  
Ãɱ,ǗǱʏȂɴʁʆʨʊȉʃʄʃǎʫɰɺʬɵǳǐɦǗȇ ȍ̫ǗɿɨʌȅʃɦʂǙʨʒɲƾʧʏʃʨɰʈǕɦǻʉǱʊɺʫʏǲɿʻ 

Ǹʈʭʉʏɰʻɺʬɵǳǐ ˄ 
Ãɲ,ǗǱʏʁʨʈʭʉȉʃʄʃǎʫɰʌʧɷǃȉʃ ʐɦʨʉǗǱʏʁʨʆʨʊȉʃʄʃǎʫɰʒʌʧɷǃȉʃ ʁɦʨʄȍǗǶʃǳǐ˄ 
Ãɳ,ɰɦʈǎɵǗɰǻʏȉʃʄʃǎʫɰʒɲƾʧʏʃʨǗȐ ʄ̒ʆʨʂʈǕǸɿʧɦʁʨʄȍȓɵʊɿ̒ɦȳʊɰǗǱʏȅʃ  ˄

 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌʏǗȉʄ̒ʏɾʁʭʊɦʃ̫ɲʪ̂ 
ɱ,ǗǱʏȂɴʁʆʨʊȉʃʄʃǎʫɰɺʬɵǳǐɦǗȇ ȍ̫ǗɿɨʌȅʃɦʂǙʨʒɲƾʧʏʃʨɰʈǕɦǻʉǱʊɺʫʏǲɿ̒Ǹʈʭʉʏɰ̒ɺʬɵǳǐ˄ 
ɺɦʨʈǑʨʉʋɵ̒ȗʏʆ̒ʨȅɿʫʇʬɿɦʃ̫ ʉɦʨɴǗɿɨʌʆʧʃʧɿǖɦʋʨɵʁɾʫɵʏǲʁʃ̒̌ ʃrʒɲƾʧʏʃʨɰʈǕɦǻʉǱʊɺʫʏǲɿ̒̂  
F Ǳʊɰɦɰʨɿʄʃǎʫɰ̂ ȵɦ ʆɦʋʊɿȄʏʧɿʏɰ̒&ɺʫʏǲɿ̒ǗǱʏȆǘʏǎʧɰǸʈʭʉʏɰ̒'ȍȉʃǱʊɦʅǎʊɦʒʑʧɵǗɿɧɴʊ
ȍɴʏɰ̒ʃʧɴǗǱʏ˄Ǹʁʬɦȳ ǗǱʏȆǘʏǎʧɰʃʩɴʁʁʭʋʉɰɦʒʑʧɵǗɿɧɴʆʨʏɰ̒ ɺ̡ʋ ʂɦǙʨʡǖǗǱʏȉʃʄʃǎʫɰ
ʒʌʧɷǃȉʃ˄  

F ʒʃǌʊɰʈǕʊȍɴʄʃǎʫɰɺʬɵǳǐ̂ ǻɦʉȐ ʊǗǱʏȂɴʁʆʨʊǗɿɨʌȅʃʏʧɿɦʋʨʏɰ̒ɺʬɵǳǐʆʭɰȍȂɴʁʆʨʊȉʃʄʃǎʫɰʒɲƾʧ
ʏʃʨǗʄɦʇʁ̡ɿʈʭʉ&ʄʃǎʫɰʒʌʧɷǃȉʃɺʬɵǳǐ'˄ Ȁʈɵȗʄ̒rʃʄʃǎʫɰʒɲƾʧʏʃʨ ʄʃǎʫɰɺʬɵǳǐǗǶʃǳǐʜʊʫɹǳǐ
ʁɦʨʄɦʉʨɴɦɳʨɹǗǱʏȂɴʁʆʨʊʊʫɹǳǐɦȳʌʧɹ ȳɦʈɰ˄  

F Ǳʊɶɰ̒ɰɦʈǎɵǗɰǻʏˆǗǱʏ ɺ̡ʋȉʃʄʃǎʫɰȓɵɶɰ̒ɰɦʈǎɵǗɰǻʏ ɺ̡ʋɾʪɿȅʃȀʈʊʉ ȅyɿʫʇʬɿ
ʒɲƾʧʏʃʨɰʈǕɦǻʉʕʁǏʧʆʋ˄ʄʃǎʫɰɦȵ ʋɦʨǗǱʏʃʩɴʊʫɹǗǶʃʄʃǎʫɰɦȵɰǐʫɴǗɰǻʏ ʂɦǙʨʡǖȉʃǱʊɦʊɠʄɵʁ
ʄʃǎʫɰɦʑʨɴʌʧɹʃʧɴʄɦɴƼʨɿʡǖȉʃɰȉǘʁɴȂɹɷɣǃɰ̒˄  
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ʐɦɿʫʅʋɵɦʈǘʨʉ ʅɦǜɴɦʁɠɿɱʫʏ  ̂ɰ,ʈʧʃǗɿʩʈǗɿɨʌȂɴʁǗʏɧɴ̂ Ȃɦ ʄ̫ʨǗǱʏȉʃʄʃǎʫɰɱʫʏʆʨʏɰ̡̒ʈʃʄ́ʫ̡ʃǌȍʈʧʃ
ʈ̡ʃǸʈʬʋ ʐɦɿʫ̡ɺʋ ʂɦǙʨʡǖǗǱʏȂɴʁʆʨʊʊʫɹǳǐ ʱȄʷʱʁ˄ 
ɲ,ʈʧʃǗɿʩʈǗɿɨʌ̂ ʄɦʨǗǱʏʈʭʉȉʃʄʃǎʫɰʌʧɷǃȉʃ ʐɦʨʉʈʭʉ ʁɦɠɿʒʌʧɷǃȉʃʆʭɰȍǗɿɨʌȂɹǳǐʈʧʃ̡ʈʃǗǶʃǳǐɦʁ˄  
ɳ,ʈʧʃǗɿʩʈǗɿɨʌ̂ȀʈʂʈǕȀ ɰɦʈǎɵǗɰǻʏɲʪǸʒɴƾȃɿʫɾʪɿ&ǳǕʃʄʃǎʫɰʒɲƾʧʏʃʨʏʫʁǏ'ȍʈʧʃ̡ʈʃȉʃʄʃǎʫɰ
ǗȐ ʄ̒ʆʨʂʈǕǸɿʧ̡ɺʋ ʂɦǙʨʡǖȍʊɿ̒ɦȳʊɰǗǱʏ ǻɦʉɱǘʭʃʟɴɦȄʷɦʁ˄  
ʅ̡ǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ 

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
ˏ,ɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
˒,ɵʁɦɾ ɺ̫ʩɴ ʄʃǎʫɰʒɲƾʧʏʃʨʃʧɴɰȉǘʁɴʒʃǌʊɰʈǕʊȍɴʄʃǎʫɰ˄  
,˓ʏʈɿǍȈʆ ǱʊʌʧȈɲʃʧɴȂɹ ʏɦɵɰǇʨʏʃǐʧǻǈʃ 
,̝ʕʊʧȊ ʄʀ ɷʁʊʫɹʡǖʏʧʏǜȉʃɵʈǀʋ ʃ̒ʧɴɵɴ̒ɺʩɴɵɴ̒ɦɳʨɹʒʁʆʨʄʫʆǙɦʐɿʫrʃ

ȅɿʫʇʬɿʂʈǕǸɿʧ˄ 
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊʁʨː ɵ̂ʬʊɲʬʏʏɤǆRɰǐʫɴǗʄʒʄ̒ɵɦʈǘʨʉǲɴɦǗǱʈ  ̂ 

ʏʶɾʭ ʊ Ǘɿɨʌ ɱʫʏ 
 ˏ ǗǱʏɶɰ̒ɰɦʈǎɵǗɰǻʏȅʃɦǻʉȐ ʊ̡ɿɰɦʈǎɵǗɰǻʏȉʃʄʃǎʫɰʒɲƾʧʏʃʨʆʨʂʈǕǸɿʧ˄  δ  δ
 ː ʱȵʱʆʋɺʫʏǲɿʻǗǱʏʃʩɴʏɰ̒ȉʃǱʊɦʅǎʊɦʒʑʧɵǗɿɧɴʊȍɴʒɴƾȃɿʫȂɴʁʆʨʊ˄  δ  δ
 ˑ ȓɿʬʈʳʃǗǱʏȆǘʏǎʧɰȉʃʅǎʫɰǗʄɨɿʫɴ&)'ɦȵɰǐʫɴrɾǙʉʬ́ʃʧɴɦʒʑʧɵǗɿɧɴ&+'ʌʧʋɷʫʁʌʧɹ  ˄  δ  δ
 ˒ ǗǱʏȂɴʁʆʨʊʊʫɹǳǐʄɤǃɰ̒ȁʏǐʧɿʃʨʈʭʉ ȉ̌ʃʄʃǎʫɰʒɲƾʧʏʃʨǗʄɦʇʁʅǎʫʉǳǐ˄  δ  δ
 ˓ ȅɿʫʇʬɿʒɲƾʧʏʃʨȐǌʁʧɵǵʉʃʩɴɦɰʨɿɦʑʨɴǲǘʁɴʄʁʅʫɿɦȵ ʆɦʋȓǱʏȃɿʫȉʃʏʶɦɾʨʈ  ˄  δ  δ
 ̝ Ǘʄʏʧʃɦʄʨɦʉʨɴʉɰʏɰ̡̒ɺʋ ʁɦʨʄʃʩɴʏʧɿʊʭɵɦȳǻɰ̒ɷʧɿǗǱʏ̡ɺʋʏʧɿʏɰ̒ɦȄ ȍ̫Ȃɹ  ˄  δ  δ
 ̞ ʒɴƾȃɿʫʆʨʊ̡ɺʋȉʃʄʃǎʫɰʒɲƾʧʏʃʨɺʬɵǳǐȍʃʩɴǗǶʃǳǐɺʬɵɰʊɾʨǗǱʏȂɴʁʆʨʊʊʄʏʊ̒ɿȄ  ˄  δ  δ

 

ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
,ˏȀȋɴɵɦʈǘʨʉǗɿʩʈǗɿɨʌ 

ʱʋɱ ɱǘʩʈȐʊʏɾʁʭʊ ɵɦʈǘʨʉ 
 ˏ ǗǱʏɶɰ̒ɰɦʈǎɵǗɰǻʏȅʃɦǻʉȐ ʊ̡ɿɰɦʈǎɵǗɰǻʏȉʃʄʃǎʫɰ

ʒɲƾʧʏʃʨʆʨʂʈǕǸɿʧ˄ 
ɱʫʏ 

 ː ȵɦ ʆɦʋɺʫʏǲɿ̒ǗǱʏʃʩɴʏɰ̒ȉʃǱʊɦʅǎʊɦʒʑʧɵǗɿɧɴʊȍɴʒɴƾ
ȃɿʫȂɴʁʆʨʊ˄ 

Ǘɿɨʌ 
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 ˑ ȓɿʬʈrʃǗǱʏȆǘʏǎʧɰȉʃʅǎʫɰǗʄɨɿʫɴ&)'ɦȵɰǐʫɴrɾǙʉʬ́ʃʧɴɦʒ
ʑʧɵǗɿɧɴ&+'ʌʧʋɷʫʁʌʧɹ  ˄

Ǘɿɨʌ 

 ˒ ǗǱʏȂɴʁʆʨʊʊʫɹǳǐʄɤǃɰ̒ȁʏǐʧɿʃʨʈʭʉ ȉ̌ʃʄʃǎʫɰʒɲƾʧʏʃʨ
Ǘʄɦʇʁʅǎʫʉǳǐ˄ 

ɱʫʏ 

 ˓ ȅɿʫʇʬɿʒɲƾʧʏʃʨȐǌʁʧɵǵʉʃʩɴɦɰʨɿɦʑʨɴǲǘʁɴʄʁʅʫɿɦȵ ʆɦʋ
ȓǱʏȃɿʫȉʃʏʶɦɾʨʈ˄  

ɱʫʏ 

 ̝ Ǘʄʏʧʃɦʄʨɦʉʨɴʉɰʏɰ̡̒ɺʋ ʁɦʨʄʃʩɴʏʧɿʊʭɵɦȳǻɰ̒ɷʧɿǗǱʏ
ɺ̡ʋʏʧɿʏɰ̒ɦȄ ȍ̫Ȃɹ  ˄

Ǘɿɨʌ 

 ̞ ʒɴƾȃɿʫʆʨʊ̡ɺʋȉʃʄʃǎʫɰʒɲƾʧʏʃʨɺʬɵǳǐȍʃʩɴǗǶʃǳǐɺʬɵɰʊɾʨ
ǗǱʏȂɴʁʆʨʊʊʄʏʊ̒ɿȄ  ˄

Ǘɿɨʌ 

ː,Ǳʊɰʁɾ ɿ̒ʆʧʃǎʫȀʈɵʁʃʭʃɵɦʈǘʨʉˆɰǐʫɴˏɰǐʫɴɵɦʈǘʨʉǗɿʩʈǗɿɨʌʁʁʭʋȅʃ ˏ ȳɦ ːʆʧʃǎʫ˄ 
ʲʅǐɰʁʨˑˆȀȋɴʄɦɵǁɰɦʁʏ 

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴʌʧʁȘȐɚʏǌ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʒʃǌʊɰʈǕrʃʄʃǎʫɰʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊɦʊɠʄɵʁʇʏǌʫȀɴʌʧʁȘȐɚʏǌ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ǗɿɩɿʆʧʃʧɿǖȈʆǗɿʩʈǗɿɨʌrʃʆˀɿ̓ȉʃʃʧɴǱʊʉʋʻ

ɳɦʨɹʊʄʏɱ̒ǘʭʃǸɷʁȑ ʃ̌  ˄
 

ʅ̡ǐɰʁʨˏˆɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊˑˆɰ, ɰǐʫɴɦʆʋɰʁʆʫɴʏʧɿʏɰ̒ǗʄʏʧʃɦʄʨɦʒʑʧɵǗɿɧɴǗɿɨʌȅʃɦʅǎʊʆʨʏɰ̒ ȳɦʡǖǗǱʏȆǘʏǎʧɰ˄ ɿɦʨǗǱʏ
ȆǘʏǎʧɰɦȄ ʃ̫ʩɴʅǎʫɰʄʃǎʫɰʒɲƾʧʏʃʨʏɤǆʒǙʨ?  
ɵɦʈǘʨʉ  ̂...................................................................................,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
ɱ, ȵɦ ʆɦʋʊɿȄɺɰǗǱʏ ɵɦɹʆʨʏɰ̒ǳɿ̒ʏ ɴɦƼɿɦɳʨɹȁʏɰ̒ʊʄʏǳ̒ɿ̒ȑ ɰʻɺʬɵǸ ʱȑʷȀʈǗǱʏʱȄʷ˄ 
ɿɦʨʒʃǌʊɰʈǕʊȍɴʏɰ̒ʃʧɴǗǱʏ Ȃɹǳǐ ʜ ǗǶʃǳǐ?  
ɵɦʈǘʨʉ  ̂..................................................................................,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
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ʱȵɦʆʋȉʃɦʇǘɡɴʅƾʊʊʃǎ̫ɰɰʧɿʊȍɴȈɲʋǟʧɿʁʩɰʃʧɴɱǖʋʻ
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ʌʧɷǃȉʃɦȵ ʋɦʨrʅǎɺʨǸʆʧɦʏʏ ȵɦ ʋɦʨʌɿǍʫɱǓʏʻ̌ɺʬɵǸ ɺɦʨʈɦɸ ʨ
ʜʒǳʊ˄ ȵɦ ʆɦʋʄʃǎʫɰȂɴʁɦʃ̫ȉʃʄʊʧȉɾ Ǘɦɵʨʃɦʋʨʏ
ʋʄ̒ȍʃʩɴɦȑ Ǳ̫ɿ̒ǗʏȂʄ̒ɱǖʋʈ̒ɰʄ̫́ǳǐʄɦɴƼʨɿȅʃǸ
ǱʶʊʃǎʷʲɺʋȉʃɰʱȺǇʃʧɴȁʈʆʋʈʐʧȉ˄ ɺɦʨʈǑʨǱʊȇʊ
ʒǳʊʆʨǱʊʄʁʅǘʧɵʄʁȆǘɹ ǻɦʉʊʃǎ̫ɦɲ̡ɿɴɺʁɦʑʨɴ̡ɱǜǱʊȇʊ
ʊʃǎ̫ɦȵ ʋɦʨɺʁʄʬʋʒǳʊɱǓʏʻ̌˄ ɱ̡ǜɦʃ̫ ʂɦǙʨʆʨɦȌ ʐ ɵyʈǘɴʒɲƾʧʏʃʨȊ ɴ́ʋǟɦʐʨʉǗɿɨʌȅʃɿȈǃʄ̒ɦȳʃʩɴɺʨ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏˆɿɦʨɰȀǌɵʈǑɴʒǙʨ̡ɺʋʄɴƼʡǖȉʃʄʃǎʫɰʒɲƾʧʏʃʨɦȵɰǐʫɴʆʆɰȆǘʏʁ̒ʨɦ ȵʱʆʋȉʃʱʇǘɡɴʅƾʊʊʃǎʷ?  
Ãɰ,Ǳʊʄ̫́ʁɴƾʧɵǳǐʊȍɴʆʃǘʪǗʆ̫ȓʁʧɿǖʃʧɴɺʁɾ ɰ̒ʁʩɰɦʇǘɡɴ˄  
Ãɱ,ǱʊɰɰʧɿʊȍɴȈɲʋǟʧɿʁʩɰʃʧɴɱǖʋʻɦȵɰǐʫɴʆʆɰ˄  
Ãɲ,ǱʊȆǘʏʄ̒ǌʬʊʏʨɿʫɾǝȈʆȈǘʈ̌ ʆʨɦȢǌɦȳǗɿǸɰ̒˄  
Ãɳ,ǱʊɦɰʨʃɦʑʨɴrʃʏȉǓʂʄʊʧȊ Ǳʏ ȵɦȅɿʆʆɰ˄  
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ'̂ ǗʄʏʧʃɦʄʨɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏ ɱ˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ'̂ ǗʄʏʧʃɦʄʨɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴ&ɰ, ɲ, ɳ'ʜʈʧʃɦɶǘʨʉ  ˄
ʐɦɿʫʒǙʨʈʧʃ̡ʈʃ&ɰ'̂ Ǳʊʄ̫́ʁɴƾʧɵʊȍɴʆʃǘʪǗʆ̫ȓʁʧɿǖʃʧɴɺʁɾ ɰ̒ʁʩɰ 
F ǱʊʆʃǖʋʻˆʆʃǘʪǗʆ̫ȓʁʧɿǖɲʪǸʌʧʁǖʫʏɰʈǕɦʒʑʧɵǗɿɨȉ́ ɹɦʁ́ʧɵȁʈʆʋʆʃǘʪ˄ Ȃɦ ʄ̫ʨǸʆʃǘʪǗʆ̫ȓʁʧɿǖ
ȓɵɦɺɹ ʒɦʑʧɵǗɿɧɴɦɵɹʆʨɦȌ ʐ ɱyǘ̫ȅʃȅɿʫʇʬɿʊʬʄʒɲƾʧʏʃʨ+Photoelectric Effect ɰʿʱǻʉ ʄʹʫʲʃǌ
Ǳʊʄ̫́ʁɴƾʧɵʊȍɴʆʃǘʪʃʧɴʁʩɰɦʇǘɡɴʈʧʃȓɵʄɦɴƼʨɿʄʃǎʫɰʒɲƾʧʏʃʨɰǐʫɴɰǗʈʧɿʈʐʧȉʊʐʬɿɺʋʻɦɰʨɿȉʃʊʃǎ̫
ȅʃɦʁ˄ ʈȘ́ɴʌʧɹ ʁɦɠɿʊʃǎ̫ɦǗɵʨʃ̡ɿɦɰʨɿȉʃɦȵ ʆɦʋ ʈɦɳ ȣɦǕɴɴʩɿ ɺ̡ʋȉʃʆʃǘʪǗʆ̫ȓʁʧɿǖɿʧɵɿʭɵ
ʄʶʅʫɿ˄ 

ʐɦɿʫʒǙʨʈʧʃ̡ʈʃ&ɲ'̂ ǱʊȆǘʏʄ̒ǌʬʊʏʨɿʫɾǝȈʆȈǘʈ̌  
F ǱʊʆʃǖʋʻˆǱʊ̡ǗʄǗʄɩʋʏʨɿʫɾǝȈʆȓɵʄɦɴƼʨɿʡǖȉʃɵʊʃǌɱǖʋʻ &ɵʊʃǌɰʱɚɤǃ ʋ+Convection) ʲɺʋ
ʂɦǙʨʡǖȈɲʋǟʧɿɰǐʫɴʆʆɰȉʃɵʋȄ ʄ́ʫ̡ʃǌʏʨɿʫɾǝȈʆɱǘʭʃʟɴʈʧʃ̡ʈʃǸʒǐɰʄɦɴƼʨɿʄʃǎʫɰʒɲƾʧʏʃʨɦǻʉ
ȆǎʋʻɦȄʷɦʁ˄ ʏʨɿʫɾǝȈʆǗǳʃ̡̒ɿǸ ɰȉǘʁɴɷʁʊʫɹ ʡǖȈɲʋǟʧɿʁʩɰʃʧɴɰɦʈǎɵʁʩɰɰɰʊɿ̒ɦȳ ɰɰʧɿǳǐ
ʄ́ʫɦǿ ǋ̫˄ ʄɦʨǳǕʃǱʊɰɰʧɿ&Friction) ɰʿǳǕʃǱʊɦʅǎʊɦʒʑʧɵǗɿɧɴ̡ɺʊ˄ 
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ʐɦɿʫʒǙʨʈʧʃ̡ʈʃ&ɳ'̂ ǱʊɦɰʨʃɦʑʨɴrʃʏȉǓʂʄʊʧȊ Ǳʏ 
F ǱʊʆʃǖʋʻˆʏȉǓʂʄʊʧȊ ǱʏȂɰ̒ʁɴʃʩɴɺɴ̒ʏʫʨɦɿɱǖʋ ʃ̒ʧɴʁʈǀʃ̒rʃǗʏȂʄ̒ʄʊʧȊ Ǳʏ˄ʏȉǓʂȓɵ
ʄ̫́ȇʋɺ̒ʋʊ̒ʬʄȋɴʆʆɰʜɦʋǑɞʃɱǖʋ ʄ̒́ʫ̡ʃǌȍʈʧʃ̡ʈʃǸʉʃǌǱʊrʃǱʊʄʁ̡ʄɰʄʃǎʫɰȓɿʬʈʄʁ̡ʄɰǗʄɨɿʫɴ
ʃʧɴɦʒʑʧɵǗɿɧɴ Ȅɦʷɦʁ˄ ǱʊʄɦɴƼʨɿʒɲƾʧʏʃʨȐǌʁʧɵɰǐʫɴʆʆɰǗɿɨʌǱʊǸǶȅʁɵ̒ʃʬʌǱʊʄ̫́ʁɴƾʧɵʃʧɴǱʊ
ɺʫʏǲɿʻǳǐ ʊȍɴʊʬʄȃɿʫ ˄ 

ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɰʋʃʧɴʄʊʧȐǍʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ǱʊɰɰʧɿʃʧɴǱʊɦʅǎʊʄʃǎʫɰʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏʒ̒ɿǍʄʁǸʈʬʋǻǈʃɦɺʨʈǑʨɦɶǘʨʉʏɾʁʭʊʡǖȅʃǗɿʩʈǗɿɨʌ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖʉʋʆ̒ʨɦǗǳ ȁ̫ǐɰ̒ʂʈǕǸɿʧʃʧɴʌʧȃʃǱʊǱʊȇʊ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨːˆ ɿɦʨɦȵ ʅ̡ǐɰǿ ʃrʆʆɰ̡ɺʋȉʃǱʊǗʄʈʬʋʅǌʫʁʃʬʌ ʄʃǎʫɰʒʌʧɷǃȉʃ? ʐɦʨʉ ɿɦʨȍɷ̫ʕʁǏʧʆʋȊ ɴ́ɺʬɵ
ʈɦǌɵɺʋʻrʅǎɺʨ̡ɺʋ ȵɦǲɴɦǗǱʈ?  
ɵɦʈǘʨʉ  ̂......................................................................................................................................,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
F ʁʨȀɴʁʄʃǎʫɰʒʌʧɷǃȉʃ̂  ʄʃǎʫɰʒʌʧɷǃȉʃǗʄʈʬʋʅǌʫʁɦȵ ʲʅǐɰǲɴʱǗǱʈ ʜȅɿʳʃʆʆɰ˄ 
F ʕʁǏʧʆʋ ʋɦʨrʅǎɺʨ̂ ʄʃǎʫɰʒʌʧɷǃȉʃɦȵȅɿʆʆɰɦʃ̫ ʄɦɴƼʨɿʡǖȉʃȅɿʫʇʬɿ ʒɲƾʧʏʃʨɰʈǕɦǻʉʕʁǏʧʆʋ ȵɦ
ʋɦʨrʅǎɺʨ˄ȍɦɺɹʄʃǎʫɰʒʌʧɷǃȉʃɦȵ ʋɦʨɺʨʡǖɵʫ̫ɦȳ ǗɦǱʈʃʧɴȂɹʉɰ ʄʃǎʫɰʌʧɷǃȉʃ&)' ʡǖʈɰʅǌʫʁǳǐɦȵ
ʋɦʨrʅǎɺʨǸʆʧɦʏʏ ȵɦ ʋɦʨʌɿǍʫɱǓʏʻ̌ɺʬɵǸ ɺɦʨʈɦɸ ʨʒǳʊʜʈʃʫʏǜ̡ɺʋ ȵɦʁʨȍʋ'ɦɺʨʈǑʨɦǗɿɠʈʄɦɴƼʨɿǸ
Ǳʶʊʃǎʷ˄ 

ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˒ ʆʧʃǎʫ' ɶɦǘʨʉǗɿɨʌȂɴʁʆʨʊɵʁɾʫɵ̂  

ˏ,ʄɤǃɰ̒ȁʄʃǎʫɰʒʌʧɷǃȉʃɦȵȅɿʆʆɰ&ː ʆʧʃǎʫ'˄  
,ːʆʃǖʋʆ̒ʨǱʊʄɾǇʫ̫ʄʃǎʫɰʌʧɷǃȉʃɦȵ ʋɦʨɺʨȀʈʊʉ ʕyʁǏʧʆʋ &ː ʆʧʃǎʫ'˄  
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ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː ʆʧʃǎʫ' ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵʁʨˏʄ́ʫ̡ʃǌʈʧʃȅʃʆʃǖʋʆ̒ʨʕʁǏʧʆʋ ʋɦʨɺʨʜʆʃǖʋɱ̒ʫʏ  ˄
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃɦɶǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɰʋʃʧɴʄʊʧȐǍʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʒɲƾʧʏʃʨɰʈǕɦǻʉʕʁǏʧʆʋʃʧɴʒʃǌʊɰʈǕʊȍɴʄʃǎʫɰʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ ʏʧʏǜǗɿɨʌȂɹ ʏɦɵɰǇʨʏʃǐʧǻǈʃʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴʆʆɰʃʧɴɺʨ˄ 
,̝ʕʊʧȊ ʄʀ ɷʁʊʫɹʡǖʏʧʏǜʉʋʆ̒ʨʈʬʋ ʐɦɿʫ̡ɺʋ ɲɦʈʧʃɲʭʊɦȵ ǗɦǱʈɦɺʨʈɦɸ ʨɱǓʏɰ̒ǐʫɴɦʆʋȉʃʊʃǎ̫˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑ ɵ̂ʬʊɦǗɷʨʏ ʊɦʨʏØǗɿɨʌʜɱʫʏÙɵʁɦȇ ȋ̫ʋǲ̒ɴɦǗǱʈ̡ɺʋȂɰ̒ʁɴʃʩɴǗʄʆˀʃǏǱʊȇʊʊʃǎ̫̂ 
Ǳʊʒʷȓɴ Ǘɿɨʌ ʜ ɱʫʏ 
,ˏ̡ɱǜǱʊȇʊʊʃǎ̫Ǘɿɨʌ̡ɿɦʂǙʨʆʨȐʊȃɿʫʒʫʨʏʬʑɴ̒ɦɺʨʈǑʨʁʄ̒ȐƼɿ̒ɵʊʃǌʒɲƾʧʏʃʨ˄ .......... 
ː,̡ɱǜǱʊȇʊʊʃǎ̫ɷʭʉȄʅʁǘʬʌʄʃǎʫɰʒɲƾʧʏʃʨʆʨrʅǎɦʈɳɵʫ̫ɦȳɰǐʫɴɺʨɦǻʉʏʫʌɿǍʧȈʆ˄  .......... 
ˑ,ʊʃǎ̫ɦǗɵʨʃ̡ɿȅɹɵ̒ʁʌɿǍʫ̡ɺʋ ȵɦȂʄǸɴɦɲʄʁʅʫɿɦȵɰǐʫɴɿʁʄʃ̒ǿ ʈʭʉ  ˄ .......... 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱʋɱ Ǳʊʒʷȓɴ Ǘɿɨʌ ʜ ɱʫʏ 

 ˏ ɱ̡ǜǱʊȇʊʊʃǎ̫Ǘɿɨʌ̡ɿɦʂǙʨʆʨȐʊȃɿʫʒʫʨʏʬʑɴ̒ɦɺʨʈǑʨʁʄ̒ȐƼɿ̒ɵʊʃǌʒɲƾʧʏʃʨ˄ ɱʫʏ 
 ː ɱ̡ǜǱʊȇʊʊʃǎ̫ɷʭʉȄʅʁǘʬʌʄʃǎʫɰʒɲƾʧʏʃʨʆʨrʅǎɦʈɳɵʫ̫ɦȳɰǐʫɴɺʨɦǻʉʏʫʌɿǍʧȈʆ˄  Ǘɿɨʌ 
 ˑ ʊʃǎ̫ɦǗɵʨʃ̡ɿȅɹɵ̒ʁʌɿǍʫ̡ɺʋ ȵɦȂʄǸɴɦɲʄʁʅʫɿɦȵɰǐʫɴɿʁʄʃ̒ǿ ʈʭʉ  ˄ ɱʫʏ 

ǱʊʄɰǗȐʉʄʱɵǁɰʱʁʏ ̂
F ɵʁɾʫɵʁʨˏ &ɱʫʏ'̂  ɱ̡ǜǱʊȇʊʊʃǎ̫Ǘɿɨʌ̡ɿɦʂǙʨʆʨ ʒɴƾȃɿʫɵʈǘɴɺʬɵǸ ʁɴ̡̒ɺɴʜ̡ɺɰ ɺɦʨʈǑʨʒʃʫɤǆɿʡǖ
ɵʊʃǌʒɲƾʧʏʃʨɺʿʈʐʧȉʊʄʏʊ̒ʃǎ̫ɶǘɴǱɿ̒ȅʃȊ ɴ́ɦʋɝʃɵʫ̫ɦȳɰǐʫɴɺʨ˄ ʄɦʨɦǗʄʨʒʫʨʏʬʑɴ̒ȍʃʩɴȋȋʁɴɵʊʃǌʄɴƼ
ʡǖȉʃɰɦȺǇǲǘʁɴʃʧɴȓɵʄǿǇʋʡǖʒǳʊɦɶ̫ ʜʅǎʫ̫˄  

F ɵʁɾʫɵʁʨˑ &ɱʫʏ' ̂ ȀʈɦǳʋǱʊɾ ʒ̔ɲƾʧʏʃʨɰʈǕɦǻʉʕʁǏʧʆʋ ʄʃǎʫɰʌʧɷǃȉʃʃʩɴǗʄʈʬʋʅǇʫʁǳǐɦǗɵʨʃ
ʄʶʅʫɿʱȵ ʌɿǍʫ̡ɺʋɱǓʏǸ̒ɴɦɲʃʧɴǗʏɩɵǸɴɦɲ˄ ɺʬɦɵǐ̫ʊʃǎ̡̫ɿɴ̡ɿ̡ʏǙɴʊɰʅǘʬʌ̡ɺʋɱǘʨʄʁʅʫɿʃʧɴǵʉǗʏɩʋ
ʄʁʅʫɿɦɺʨʈǑʨɵʫ̫ʈɰɺʨ̡ɺʋ Ȅɦ ɲ̫ʪǸʒǳʊɱǓʏʻ̌ʜɦɺʨʈɦɸ ʨʂʁ̌  ˄

ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɴƾʈʃʧɴʏʫʌɿǍʧȈʆ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʒɴƾȃɿʫɵʈǘɴʃʧɴʒʫʨʏʬʑɴ̒*ɵʊʃǌʒɲƾʧʏʃʨ*ʃʧɴ̡ɺʃʒɲƾʧʏʃʨɷʫʁʌʧɹʌɿǍʫǗʏɩɵ˄  
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˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰǐʫɴǱʊʆʧʃʧɿǖɦʈʨʋȈʆǗɿʩʈǗɿɨʌrʃǗʁʩʏǇʨʊʬʄʌʧʁȘ˄  
,̝ʕʊʧȊ ʄʀ ʄǵǝɹʆʨȐ ʊyʏǲʁʃ̒rʃʌʧʏǙɰʈǕʊʬʄʌʧʁȘɰǐʫɴǱʊʏ ɚɦǵƾ̫ɷʨʌʧɿ˄  

 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˒ ˆǗʄʏʧʃɦʄʨɦʉʨɴɰʁʆʫɴʏǍʧɿɦȵȍʋ Ǘ̡ʏɺʿʂʁʁʬȌ ʉʈʭʉ ʐɦʨʉȉʃɦʇǘɡɴʅƾʊʊʃǎ̫ɦɰʨɿɦʑʨɴ ǻɦʉ ȵɦ
ʲɰǑʊʱȄʷȉʃʲɿ ɺɦʨʈɦɸ ʨɱǓʏʈ̒ʭʉ ɺɦʨʈ ʃʧɴ ɱǎʈȂʄʈʭʉ˄ ɿɦʨɦʉʨɴɲʭʊɦǗɷʨʏ ʊɦʨʏǗɷɰɦȵɰ̡ʃǘɴǿ ɺɦʨʈǑʨʏʫʌɿǍʧ
Ȉʆ? ɵʬʊʆʃǖʋʻ˄ 
ɵɦʈǘʨʉ  ̂......................................................................................................................................,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ ʉɦʨɴɲʭʊɦǗɷʨʏ ʊɦʨʏǗɷɰɦȵɰǐʫɴ "ɱǎʈȂʄ ˄ 
ǱʊʄɰǗȐʉˆ 
ˏ, ɷɦɠʏȍɴɦɺʨʈɦɸ ʨɱǓʏʻ̂ ʊʃǎ̡̫ɿɴ̡ɿ̡ʏǙɴʊɰʅǘʬʌ̡ɺʋɱǘʨʄʁʅʫɿɦɺʨʈǑʨɵʫ̫ʈɰɺʨ̡ɺʋ Ȅɦ ɲ̫ʪǸʌɿǍʫ̡ɺʋɱǓʏǸ̒ɴɦɲ
ȵɦɰǐʫɴɿʁʄʃ̒ ɺɦʨʈɦɸ ʨɱǓʏʻ˄ǗʄʏʧʃɦʄʨɦʉʨɴǗɷɰɦǗǱʈɦɺʨʈɦɸ ʨɦʉʨɴʃʩɴǗʄɸʈʈʫɱʃʩɴɦǗǳ ȁ̫ǐɰ̒ʆʨʊȊ ɴ́̂ Ǳʊ
Ǘɿɨʌʊʃǎ̫ȅɹʻɦǻʉȆǎʋ ʃ̒ʧɴɵʊʃǌɺʨ̡ɺʋʊʨɰȐʉȈʉ ɵɦɹʆʨʊʩʏ ɸɦ ʨɦȵ ʆɦʋʊʃǎ̫ȅɹɵ̒ɦʁɺʨʈɦɸ ʨɦȄʷ˄  
ː, ʏʫʌɿǍʧȈʆrʃʌɿǍʫȂʄ̂  ɱǎʈȂʄȉʃʡǱʏɿʧɵǸɴɰǐʫɴǱʊʊɴǱʊȅɹɷ̒Ǘʈɧɹʆʨʊʃǎ̫ɦʄʨɦʂɠʄʃʩɴɦɺʨʈɦɸ ʨɱǓʏʻ˄
Ȃɦ Ǹ̫Ȋ ɴ́ǿ ɰʿɦǻʉ ǗʄʏʧʃɦʄʨɦȵɰǐʫɴɱǎʈɦȄ ȉ̫ʃ̡ɺɰʜʒɴƾȃɿʫɵʈǘɴ ʉɦʨɴʈʧʃǗɿɨʌʄ̫́ȇʋȍ̒ɦʑʨʉ  ˄
ˑ, ɰʊɾʨǳǕʃɷɦǗʈʨʏʋǟ̂ ǗʄʏʧʃɦʄʨɱǎʈɦȄ ʈ̫ʧʃȉʃʏʫʌɿǍʧȈʆǗɲʄ̒Ǘǳʃ̒ʌʧȃʃǱʊʋǟʄʁʅʫɿɲʪ ʒɴƾʫʉɵʫ̫ʡǖȂʄ
ʄʁʅʫɿȀʈ̡ɺʋȓɵɦʂǙʨȅʃ ǻɦʉ ɷɦʨɴȂɴʁʆʨʊʅǟʩʄǸʄ̒ǳǐ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉ ʅrǎʄ̫́ȇʋ ʃ̒ʧɴɰʈǓʏʻɦɷɠʏȍɴǱʊ
ǱǘʉɱǘʭʃǸ ǳɦʋ Ȭɦʊʃǎ̫˄  
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' ,ˏɦǗɷʨʏ ʊɦʨʏʉɰ ɱǎʈȂʄ ȅʃǗɿʩʈǗɿɨʌ&ˏ ʆʧʃǎʫ'˄  

ː,ʆʃǖʋʆ̒ʨɦǗǳ ȁ̫ǐɰ̒rʃʌɿǍʫɱǓʏ &̒ɦɺʨʈɦɸ ʨ'ȁǸ ǳɦʋ Ȭɦʊʃǎ̫&ː ʆʧʃǎʫ'˄  
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ˑ,ʄɤǃɰ̒ʆʨɦǳʋǱʊɾ  ̔ʅǘʬʌɱǘʨʄʁʅʫɿ ʜ ǱʊʄɦɴƼʨʃʄʃǎʫɰɦȵʌɿǍʫɱǓʏ ̒&ː ʆʧʃǎʫ'˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɰ̡ʃǘɴǗɿɨʌʄ́ʫ̡ʃǌǱʊʄɰǗȐʉʈʧʃȂʃ̒ɵȗʏȌ̒ ʏ ʜ̒ʈʧʃȅʃɦʋʨɰɦʑʨɴʆʨ

ʈʬʋʱʐɿʫʊʬʄʌʧʁȘǱʊǗʄʈʬʋʅǇʫʁʄʃǎʫɰɦȵʌɿǍʫɱǓʏʻ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏʉɰ ɦɺʨʈɦɸ ʨɱǓʏ ̒ʜʈʧʃɦɶǘʨʉ  ˄

 
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿ˒  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʇ̒ʏǌʫȀɴʌʧʁȘȐɚʏǌɦɺʨʈǑʨɦʂǙʨǱʊʏ Ǘɦʈɵɵʧɿǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴʏɴƾʈ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʒɲƾʧʏʃʨɰʈǕɦǻʉʕʁǏʧʆʋʃʧɴǱʊǗʄʈʬʋʅǇʫʁʄʃǎʫɰɦȵʌɿǍʫǗʏɩɵʜɱǓʏʻ˄ 
˓, ʏʈɿǍȈʆ Ǳʊɰʁɾ ɿ̒ʊɰʅǘʬʌʏʫʌɿǍʧȈʆʄʁʅʫɿɦǻʉ ʅ̡ǟɰɦʋʨǱʊʉʋɺ̒ʩɴʊʬʄʌʧʁȘ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ʁȉǘʄ̒ɦǗʄʨǗȅʏʌ̒ʧʁȘȐɚʏǌɦɺʨʈǑʨǱʊȇʊȓʉʫɷʨʌʧɿ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˓ˆ ȵɦɰǐʫɴǱʊɿȈǃʄ̡̒ɱǜǱʊȇʊʊʃǎ̫ ɲɦ̡ɿɴȈǃʄ̡̒ɱǜɦȌ ʐ ɵyʫ̫ɦȳɰǐʫɴɺʨɷɦǗȺȊ ɴ́ɿʧɵː ʈ̡́Ǘɿ˄ ɵʬʊ
ʆʃǖʋʻȁʐɦɿʫʒǙʨȅʃǸ ɲɦʈʧʃǗǳʃ̡̒ɿʁʫɰ̡ɱǜɦȄʷɦȵǗɿʩʈɦʋʨɺʁʄʬʋ ʜɦʋʨrʅǎɺʨʄ́ʫ̡ʃǌǗɿɨʌɰʄ̒ȍʡǖɦǗȩ ȳɦɰǐʫɴɺʨ?  
ɵɦʈǘʨʉ  ̂.....................................................................................................................................,,,. 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ʈʬʋ ʐɦɿʫ̡ɺʋ ɲɦǗɿɨʌɰʄ̡̒ɱǜɦȌ ʐ ʡyǖɦǗȩ ȳɦɰǐʫɴɺʨɲʪɦɺʨʈǑʨ̂ 
ˏ, ȄʄʁʃǎʫɰʒɲƾʧʏʃʨɦȳǱʃ̒ȓɴʅǎʫɰɺʿʂʁ̂  ʅ̡ʃɺʨ&ɺʨ'ɲʪǸʒɴƾȃɿʫɵʈǘɴɺʿʂʁʈʐʧȉ ɺ̡ʋȓɵʁʁʭʋʉɰʜʅǇʋʻɦʒ
ʑʧɵǗɿɧɴɰǐʫɴʄʊʧȉɾ ʈʧʃɰʁɾ ɿ̒ɦǻʉʈʧʃ̡ǗʄǗʄɩʋʄʃǎʫɰ˄ Ǳʊɰʄ̡̒ɱǜʡǖɦǗȩ ɲʪɦɺʨʈǑʨȃȄȁʄʃǎʫɰʒɲƾʧʏʃʨɺʿǲǘʁɴ
Ǳǘʊʄʏʊ̒ʃǎ̫ǗɿɨʌȅʃʄʃȚʄɦȳɰǐʫɴɺʨȂɴʁǗʏɧɴʃʧɴǷʄ̒ʊʐʏˀʄʁʅʫɿ˄  
ː, Ǳɿ̒ʄʃǍʉ ʊɦ́ʏʫʨʏǌɴ̒  ̂ ȵɦɷɦǗȺ Ǘɦȩ ɺʨɦǗɵʨʃ̡ɿȉʃʏʶɦɾʨʈǲǘʁɴǸɴɦʋʨrʅǎɺʨ˄ʏʶɦɾʨʈɷʭʉʡǖɵʊʃǌʒɲƾʧʏʃʨ
ɶǘɴǱɿ̒ȅʃǗʏɩʋ &ɦʊ́ʏʫʨʏǌɴ̒Ȃʄ'̡ɺʋ ʂɦǙʨʡǖʊʃǎ̫ʈʧʃǵɰɦɵɹ ȳɦʊɰʅǘʬʌɦʅǜɴ&ɺʬɵǸɷɤǃʁɴʒǳʊʜʈʃʫʏǜ'˄  
ˑ, ʏʫʌɿǍʧȈʆɦʋʨrʅǎɺʨ̂ Ǘʄʏʧʃɦʄʨʁʫɰ̡ɱǜǗɿʩʈɦʋʨrʅǎɺʨȁʈʆʋʒɲƾʧʏʃʨʈʐʧȉʃʩɴʊʨɰȐʉȈʉ ʋɦʨrʅǎɺʨɷʫʁʌʧɹ
ʱȄʷ̡ɺʋȓɵʄɴƼɦǗǳ ȁ̫ǐɰ̒ɺʋʈ̒ʃʫʏǜʜʏɿǙ̡ɺʋ ɺɦʨʊ̡ɰǑʊɦȄʷ˄ Ǳʊɰʄ̒ɦǗȩɷʭʉʡǖȁʈʆʋʊȌʉȅɿ̒ɦȳɰǐʫɴ
ɺʨɦǻʉʏʫʌɿǍʧȈʆ˄  
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  

ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' 
,ˏɦʋʨɰɦʑʨɴʆʨɿʭȄʁʨʊʄʏɺ̒ʨǸ  ȓɴʅǎʫɰʄʃǎʫɰ ʜ ǱʊʄʃȚʄʄʃǎʫɰ &ː ʆʧʃǎʫ'˄  
,ːʆʃǖʋʆ̒ʨȐ ʊyʏǲʁʃ̒rʃʏʶɦɾʨʈɺʨʜǱʊǱɿ̒ʄʃǍʉ ʊɦ́ʏʫʨʏǌɴ̒&ː ʆʧʃǎʫ'˄  
ˑ,ʄɤǃɰ̒ʆʨʏʫʌɿǍʧȈʆɷʫʁʌʧɹʒǳʊ&ɦɷɠʏȍɴǱʊɶɰ̒ɦʋʨrʅǎɺʨ'&ˏ ʆʧʃǎʫ'˄  

ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' 
ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉ&ʗȂʐʊɾʽ̂ ɺɦʨʈǑʨʡǖʊʃǎ̫ɵʬʋɺʨ'ʄ́ʫ̡ʃǌʈʧʃȅʃ
ʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫʄɦɵǁɰɦʁʏ ʃrɷɦǗȺɺʨʜʏʶɦɾʨʈ˄  

ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏȂɴʁǗʏɧɴʜǗǳʃ̡̒ɿȁ  ɦɺʨʈǑʨʡǖȐǟɿ ʜ ʡǖǸʄ̒ʋǟ ˄ 
ʅ̡ǐɰʁʨˑˆȀȋɴʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿ˒  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɴƾʈʃʧɴʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ǱʊʄʃȚʄʄʃǎʫɰʒɲƾʧʏʃʨ*ɦ ʊʏʫʨʏǌɴ̒*ʃʧɴʋɰƽɾ ɵyʈǘɴʊʄʏɺ̒ʨ˄ 
˓, ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊʏʃǐʧǻǈʃ 
,̝ʕʊʧȊ ʄʀ ʉʋɺ̒ʩɴȁǱʊʒʃʫʌɿǌȀʈʄʁǻǈʃʄɦɵǁɰɦʁʏǗɿʩʈǗɿɨʌɲʪǸǱʊʏ ɚɦǵƾ̫ɷʨʌʧɿ˄  
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áUȤTURRw¿¶ Ȫĸȑ`zwTF¡áȪ§S{\w 

 

cP×UR¶ Ȫĸȑ`zwTFáY¡`}S{\w 

ʱȋɴɵǗɰʅʋʧɿʏʫʨʈ́ɴɿ̔ʈʭʉɰ̡ʃǘɴʄɦɣǁɹ ʅ̡ǜɴ̡ɺʋ
ȉʃʅǎʫɰȈɲʋǟʧɿʂʬʋʨɿʬɵ̌ Ȋ ɴ́ɦǗɵʨʃɵʬʋ ȳɦɰǐʫɴʄʊʧ
Ȋ Ǳʏ˄ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉǱʊʄʁʆʫʋʱɲȅʃɺʁɦʑʨɴ
ʗʄɰʊɾ ʈ̔ʭʉ ɂɦ ȁȉ́ʏʫʨʃɵɦǗȉ ʂ̫ʬʋʨʒɲƾʧʏʃʨȐǌ
ʁʧɵ(Electrostatic Precipitator)˄ ʗʄɰʊɾ̔ ʱʃʷ
ɺʁɦɾʨʊǱʊɦǻʉʄɣǃʬʃ̡ʅǜɴǱɿ̒Ȁʈʏǿʁ ɹʻɦȌ
ʐʸ̡ɺʋȉʃʄʃǎʫɰʒɲƾʧʏʃʨʒʌʧɷǃȉʃǲǘʁɴ ɺɦʨʈǑʨʡǖʂʬʋʨȂɴʁɦȄ Ǳ̫ǘʉǸȉʃʄʃǎʫɰʊʭɵȍʃʩɴǗɿɨʌȂɹʡǖɦȳǸʄ̒ʃʩɴ
ȆǎʁɴɦȌ ʐʸ̡ɺʋȉʃʄʃǎʫɰʅǎʫʉǳǐ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ ˆ ȵɦ ʆɦʋȈɲʋǟʧɿʂʬʋʨȆǘʏʁ̒ʨǱɿʻʏʶǿɹʻʲɺʋȉʃʄʃǎʫɰ ʒʌʧɷǃȉʃ ȍʃʩɴʁʁʭʋʊɴʃʬʌʕʁǏʧʆʋ ʃr
ɺ̡ʃʒɲƾʧʏʃʨ˄ ɿɦʨȈɲʋǟʧɿʂʬʋʨȂɴʁɦȄ ʃ̫ʩɴǱǘʉǸȉʃʄʃǎʫɰʒǙʨ? ʐɦʨʉȍȂɹ ȳɦʊɰȆǎʁɴɦȌ ʐʸ̡ɺʋȉʃ
ʄʃǎʫɰǗʄɦʇʁǿ ?  
Ãɰ,ʂʬʋʨȉʃʄʃǎʫɰʌʧɷǃȉʃ ʐɦʨʉʊɿ̒ɦȳʊɰȆǎʁɴɦȌ ʐ ʄyʃǎʫɰʒʌʧɷǃȉʃ˄  
Ãɱ,ʂʬʋʨȉʃʄʃǎʫɰʒʌʧɷǃȉʃ ʐɦʨʉʊɿ̒ɦȳʊɰȆǎʁɴɦȌ ʐ ʄyʃǎʫɰʌʧɷǃȉʃ˄  
Ãɲ,ʂʬʋʨʈʧʃȉʃʄʃǎʫɰɦʁʄ́ʫ̡ʃǌȍʏǟʧɿǸʄ̒ɦǻʉȐʊɰɦȺǇ̡ʅǜɴ˄  
Ãɳ,ʂʬʋʨȉʃʄʃǎʫɰʒʌʧɷǃȉʃ ʐɦʨʉʊɿ̒ɦȳʊɰȆǎʁɴɦȌ ʐ ʄyʃǎʫɰʒʌʧɷǃȉʃɺʬɵǳǐ˄ 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ ɱ,ʂʬʋʨȉʃʄʃǎʫɰʒʌʧɷǃȉʃ ʐɦʨʉʊɿ̒ɦȳʊɰȆǎʁɴɦȌ ʐ ʄyʃǎʫɰʌʧɷǃȉʃ˄  
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɱȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴ&ɰ*ɲ*ɳ'ʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ 
F Ǳʊʁʁʭʋȅʃʄʃǎʫɰ̂  ȵɦ ʆɦʋʂʬʋʨɶǘɴǱɿ̒ʏǿʁ ɹʻ̡ɺʋȉʃʄʃǎʫɰʒʌʧɷǃȉʃǲǘʁɴȍǗʏɨʄʉɰɦʒʑʧɵǗɿɧ
ɴʃʧɴǱǘʉǸȉʃʄʃǎʫɰʒʌʧɷǃȉʃ&+' ɺʬɵʏʶǿɹʻʲɺʊ˄ 

F ʱǳʋǱʊɾ̔ Ȃɹɷɣǃɰʻˆ Ȋɦ ɴȀʈɵȗʄ̒ʄʃǎʫɰʒɲƾʧʏʃʨ "ʄʃǎʫɰʅǎʫʉǳǐȂɹǳǐ  ɺʬɦɵǐ̫ʂʬʋʨ̡ɺʋȉʃ
ʄʃǎʫɰʒʌʧɷǃȉʃʃʩɴǗɿɨʌȂɹʡǖɦȳʏǟʧɿǸʄ̒ʃʩɴȆǎʁɴɦȌ ʐʸ̡ɺʋȉʃʄʃǎʫɰʌʧɷǃȉʃ&)'˄  
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ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɰʋʃʧɴʄʊʧȐǍʃ 

,˒ɵʁɦɾ ɺ̫ʩɴ 
ʒɲƾʧʏʃʨȐǌʁʧɵ*ʒʃǌʊɰʈǕʊȍɴʄʃǎʫɰ&)ʃʧɴ+'*ʃʧɴǱʊɦʅǎʊʄʃǎʫɰȀʈʊʉʸ̡ɺʃʒɲƾʧ
ʏʃʨ˄ 

˓, ʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨǗʄʆˀʃǏʄɦɵǁɰʌʧʁȘ 

,̝ʕʊʧȊ ʄʀ 
ʉʋɺ̒ʩɴʆʨȐ ʊyʏǲʁʃ̒rʃʌʧʁȘȐɚʏǌʃʧɴʄɦɵǁɰʌʧʁȘɰǐʫɴǱʊǱʊȇʊʏʫɱȈʆȐ
ȃʊɾ ʃyʧɴʈɷǄǻǈʃɷʫʁʌʧɹ  ˄

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ǗʄʏʧʃɦʄʨɦɲʄʧʁǗʄʇʆʒɲƾʧʏʃʨ̡ɺʋʅƾɿ̒ʅƾɴ̒ɺʋȉ̒́ʏʫʨʃɵɦǗȉʷɦʃ̫ ɿɦʨȉʃʒǙʨɦɰʨɿɦʑʨɴɵʁɦȇʷ̡ʅǜɴ
ɺ̡ʋȈʉ ɵɦɹʆʨʄʁʆɴ̡̒ʅǜɴɦȋɴɵǗɰ?  
ɵɦʈǘʨʉ  ̂......................................................................................................................................,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ ʅ̡ǜɴ̡ɺʋȈʉ ɵɦɹʆʨʄʁʆɴ̡̒ʅǜɴʃʩɴ ȉʃʅǎʫɰʂʬʋʨȊ ɴ́ɦǗɵʨʃ&̡ʅǜɴʱȣǕ ʜǗǱʏʻ' ʲɺʋʄɴƼʡǖȉʃǱʊ
ʄʁʆʫʋʄʊʧȊ ǱʏȊ ɴ́ǲǘʁɴ˄  
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ' ʄɤǃɰ̒ȅʃȁ ʂʬʋʨʈʧʃǗɿɨʌȅʃɵɦǗȉʷɦɵɹ ʅ̡ǜɴɰɱǙɰ̒ ǻɦʉȐ ʊȉ́ʏʫʨʃɸ ʄ̒

ɺʁɦɾʨʊǱʊ˄ 
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ˏ ʆʧʃǎʫ' ɶɦǘʨʉȁ  ̡ʅǜɴɦɵɹʈɰʂʈǕȀ ʜ ̡ʅǜɴʄʁʆʫʋ ʄ́ʫ̡ʃǌʈʧʃȅʃʆʃǖʋʆ̒ʨʈʬʋ

ʱʐɿʫʄʱɵǁɰʱʁʏ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉȁ ǳǕʃ̡ʅǜɴɦɵɹʈɰ ʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ǱʊʄɰǗȐʉ̂ 
F Ǳʊȅɿ̒ʄɴ̡̒ɺʃʒɲƾʧʏʃʨ̂ ȵɦ ʆɦʋʄʧʁǗʄʇʆʒɲƾʧʏʃʨʏǿʁ ɹʻɦȌ ʐ ȅyɿ̒ʄɴ̒ʄʃǎʫɰʒʌʧɷǃȉʃ ʐɦʨʉ
Ȇǎ ʶɴʱȌʐʸȅɿʻʄɴ̒ʄʃǎʫɰʌʧɷǃȉʃ˄  
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F ǳǕʃʒʃǌʊɰʈǕʄʃǎʫɰ̂  Ȉɲʋǟʧɿʂʬʋʨ̡ɺʋ ȑɦ Ǳ̫ɿ̒ʃʩɴʈʧʃǗɿɨʌȅʃʅǇʋʄ̒ʃǎʫɰ&Ionization) ʐɦʨʉɰʿǳǕʃ
ɰȉǘʁɴʒɲƾʧʏʃʨȂɹɷɣǃɰ̒ʆʭɰȍʡǖɦȳǸʄ̒ʃʩɴȆǎʁɴɦȌ ʐʸ̡ɺʊ˄ ɺʬɵɦʃ̫ ʂʬʋʨȂɴʁʒʏʃ̒ʩɴɦȑ ʷɦɵɹ ȳɦ
ǗɦȢǸʈʭʉɱǖʋʻ̡ʅǜɴɦǻʉ ʏɦʊʨ˄ 

ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɰʋʃʧɴʄʊʧȐǍʃ 

,˒ɵʁɦɾ ɺ̫ʩɴ 
Ǳʊʉʋɺ̒ʩɴʆʨɿʭȄʁʨrʃȁʈʆʋʒɲƾʧʏʃʨɰǐʫɴǱʊʄɦɴƼʨɿ̡ɺʃʒɲƾʧʏʃʨʏǗȉʄ̒
ɵɦǗȉ ʂ̫ʬʋʨ˄ 

˓, ʏʈɿǍȈʆ Ȃɹ ʏɦɵɰǇʨʏʃǐʧǻǈʃʆʨǱʊȅɿ̒ʄɴ̒ɰȉǘʁɴʒɲƾʧʏʃʨȐǌʁʧɵ˄  

,̝ʕʊʧȊ ʄʀ ɷʁʊʫɹʡǖʏʧʏǜʡǖɿrʈǘɦʋʨǱʊɦǗʄʨǗȅʏʄ̒ɦɵǁɰʌʧʁȘɦɺʨʈǑʨǱɿ̒ʄʃǍʉǱʊʄʁʆʫ
ʋ  ˄

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ʒǐɰɷʁȄɹȉǐ ɰʻȅʃʅǌʋʻʱȊʄʋʻȁʉɦʨɴɲʭʊɺʁɦʑʨɴʗʄɰʊɾ ɵ̔ɦǗȉ ʂ̫ʬʋʨʒɲƾʧʏʃʨǲǐɿɿʬɵɦȵɰǐʫɴ
ȉ́ʏʫʨʃǗɿǸɰ̒Ȁʈʅǎ̫˄ ɿɦʨɦȌ ɰʒǐɰʉʋǗ̒ʏʄʃʩɴɲʁʃʧɿɦʃ̫ ɺ̡ʊʜɦʁ? ɵʬʊʅǌʋʻɦʐɿʫʅʋȊ ɴ́ɿʧɵʆʨʊɺɦʨʈǑʨǳǗʁʁ
ɵɦʈǘʨʉʊʄʏʒ̒ǐɰɲʧɿɦȳ ʋɦʨʏʫɱȈʆʃʧɴǗʄʏʧʁǏȈʆǱʊǵʊ˄ 
ɵɦʈǘʨʉ  ̂......................................................................................................................................,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ɱǅʫʁ "ʉʋʻǗʏʄ  ʃʩɴɲʁʃʧɿɦʃ̫  ˄
ʱʐɿʫʅʋǳʶǗʁˆ 
F ʲʅǐɰʏʫɱȈʆˆ ȉ́ʏʫʨʃɵɦǗȉ ʒ̫ɲƾʧʏʃʨȐǌʁʧɵȓɵǶʄ̒ʉɰȈɲʋǟʧɿʂʬʋʨɿʬɵ̌ ǲǘʁɴ&PM 2.5) ȅɰ̒ɦɿʊʨ
ʃʧɴʋʒʁɴȆƼ̡ɺʋɿǗʈɴʏǿʁ ɹʂ̒ʈǕȀʈʧʃȓɵɦʂǙʨȅʃ˄ ȍɷʭʉǱɿ̒ʄʃǍʉʄɤǝʅǘʬʌɺɦɴǝʨʈȓ ʑ̡ʏʫʨʃʧɴ
ʂɦǙʨʡǖɱǖʋɰ̒ǐʫɴʅǎ̫ȉʃɲʫɾ ȈʆʋǟʏǗȉʄ̒ʒǐɰʊʏʻɦȵ  ˄
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F ʅ̡ǐɰǗʄʏʧʁǏȈʆǱʊǵʊ̂ ʗʄɰʊɾʽɦʃ̫ʈʧʃʄɴƼʡǖȉʃǱʊʏǎ̫ʋʐʁʬʊɱǖʋǲ̒ǘʁɴɺʬɵɿǗʈɴǗɰǻʏǗǱʏʻ̌
ʑɦʨʉ ɺ̡ʋ ʂɦǙʨʡǖȉ́ʏʫʨʃǗɿǸɰ̒ʈʧʃʏʬʌǗʄʩɴǲǘʁɴ&ʏʃǜʁʏʶrɵʒɲƾʧʏʃʨ'˄ ʈȘ́ɴɦʁɠɿ ɲɦǗǳʃ̡̒ɿɺɰȆǎʁɴ
ʱȌʐʸʈɰȌɴʏȉǟ ɿʊʭɵǻɰʻɵʬʋʌʧɹǸǱʊɦǗʏɵ ǻɦʉʈʧʃǶȅʁɵ̒ʄǇʬʊɿǗʈɴʀǕʨɹʩɰǺ ʄ̒ɦʑʨʉ  ˄

ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˒ ʆʧʃǎʫ' ʄǵǝɹʆʨǱʊʉʋǗ̒ʏʄʃʧɴʅǌʋʻɦʐɿʫʅʋǗɿʩʈǗɿɨʌȂɴʁːɵʁɾʫɵ&ʏʫɱȈʆʃʧɴ

ǗʄʏʧʁǏȈʆ'˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː ʆʧʃǎʫ' ʄǵǝɹʆʨǱʊʉʋǗ̒ʏʄʄ́ʫ̡ʃǌʅǌʋʻɦʐɿʫʅʋȅʃǗɿʩʈ̡ɿˏɵʁɾʫɵʜɦʐɿʫʅʋʈʧʃ

ȂʃʻɵȗʏʻȌʏʻ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉȁ ʈʧʃʉʋǗ̒ʏʄ ɦǻʉǳǕʃɦʐɿʫʅʋʌʧʁȘȐɚʏǌʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʇ̒ʏǌʫȀɴʌʧʁȘȐɚʏǌɦɺʨʈǑʨɦʂǙʨǱʊʏ Ǘɦʈɵɵʧɿǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴʏʫɱȈʆ 
,˒ɵʁɦɾ ɺ̫ʩɴ Ǳʊʉʋɺ̒ʩɴʆʨʊɦʄɠʄ̡ɺʋʌʧʁȘȐɚʏǌ˄ 
˓, ʏʈɿǍȈʆ ǱʊʆʧǶʊǿ ʋɦʨǗʄʏʧʁǏȈʆʄɦɵǁɰɦʁʏʃʧɴʅʋɵʁɦɾ ɹʊʉʸɦʆʋ ʌ̡ɴ˄  

,̝ʕʊʧȊ ʄʀ 
ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ɲʧɿɲʬʊʆʨǱʊɦǗʄʨǗȅʏʄ̒ɦɵǁɰʌʧʁȘ̡ɺʋʅǇʋʅ̒ʋ
ɵʁɦɾ ɹ Ǘɦɵʨʃ̡ʅǐɰ  ˄
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¡Y¡[ TRw¾  F[TÖcCÈv`Tw 
 

áUȤTURRwÀ¶ cEÆȤPzFYâEcCÈv`Tw 

 

ʒɿǍʄʁˆɦȌʐ  y
ʏʫʌɿǍʧȈʆɰǐʫɴǱʊɦǗʄʨǗȅʏʒ̒ɲƾʧʏʃʨɦȵɰǐʫɴɦȉ́ɴʆʧɦȐ ʂʃ̔ʊʬʄʌʧʁȘǗɲɨȅʃ
ʄǵǝɹʏʧʏǜʃʬʌ̡ɱǜʒɲƾʧʏʃʨʈʭʉǗʄɦʇʁ̡ɺʋ ǗɦʄʨǗȅʏʻɦȵɰǐʫɴʅǎ̫˄ ǳɿ̒
ȅʃǱɿ̒ǗʏȂʄ̒ɷˀʊȅǘʏǎʧɰǲɴɦǗȢ ɵɦɹ ɺɦʨʈǑʨʄǵǝɹʡǖɦɳʨɹʏʊrʏ
Ȍɦ ʐ ȐyǓʃ̒ɦȵǲɴɰǐʫɴ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊʁʨˏ̂ ȵɦɰǐʫɴɦʏɠɲǙʨʒɲƾʧʏʃʨɦɿʨʒɴƾȃɿʫɵʈǘɴɦȌ ʐ ȉyʃɿʭȄʁʨʏǲʁʃ̒ʒǙʨɱǘ̫?  
Ãɰ,ɦɺʨʈǑʨʁʄ̒ȐƼɿ̒ʈʧʃʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȅʃ 
Ãɱ,ɦɺʨʈǑʨȆǘʏʄ̒ǌʬʊȁʈʆʋʒɲƾʧʏʃʨɦȳǸȁʈʆʋɰɦȺǇ 
Ãɲ,ɦɺʨʈǑʨʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ʆʨǗʄʇʆɦȳǱʃ̒ʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨ 
Ãɳ,ɦɺʨʈǑʨǱʊȇʊʒǐɰɦǗʄʨǗȅʏɰ̒ʫʁʡǖɶɰ̒ɦȵ ʆɦʋʄ̫́ ɱ̡ǜ 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ ɲ,ɦɺʨʈǑʨʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ʆʨǗʄʇʆɦȳǱʃ̒ʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨ 
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂  
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɲȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴ&ɰ*ɱ*ɳ'ʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ 
F ʋɰƽɾʸʳʃʒɴƾȃɿʫɵʈǘɴ: ʱȌʐ ȉyʃɦʒʑʧɵǗɿɧɴɦʏʊʨɦǗɵʨʃ ɺ̡ʋʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒
ȅʃȊ ɴ́ǵʉǗʏɩʋ ǻɦʉȉʃɦʊ́ʏʫʨʏǌɴ̒Ȃʄ˄  

F ɿʭȄʁʨɰǐʫɴɦʏɠɲǙʨ̂ ȍɦɺʨʊɿʭǸʅǘʬʌʏǗȉʄ̒ʄɣǃʬʃȁʈʆʋʒɲƾʧʏʃʨʆʨǗʄʇʆ ȳɦǱʃ̒ɦǗɲɝɴʁʁʭʋ&ʒʁʆʬʋ
ʈ́ʬʁˀʊ,,,'ɦɺʨʈǑʨʡǖʗʄɰʊɾ Ȃ̔ɴʁɦȄ ɺ̫ɦʁɾʨʊǱʊȅʃ˄  

F ǱʊʌʧȈɲɷɦǗʈʨʏ ʅɦǜɴ̂  ɷɦǗʈʨʏ ɰ ʃʧɴ ɳ ɲʪǸɿʭȄʁʨʊʄʏ ̒ʒʫʨʏʬʑɴ̒ (ʏʄʁɰɷˀʊ'ɵʁ̡ɾ ɰɷɦǗʈʨʏ ɱ ɲʪ
ǸɿʭȄʁʨʊʄʏ ̒ʱǗɲɝɴʁʁʭʋ ʜ ʲɱǜʱʊʏʫʨʏǌɴ̒ (ɺʬɵǸʏʊrʏɰǐʫɴʒʁʆʬʋʜʂǐʩʈʒ̋ʫɿɦǲȓʌ'˄  

ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
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ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴǱʊʒʄ̒ʊʁ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʒɲƾʧʏʃʨɼʨǿ ʈʧɵɵʊʃǌʒɲƾʧʏʃʨʃʧɴʋɰƽɾ ʒyɴƾȃɿʫɵʈǘɴ˄  
˓, ʏʈɿǍȈʆ Ǳʊɰʁɾ ɿ̒ʒɿǌʏɤǆǵʊʌʧʁȘȐɚʏǌ 

,̝ʕʊʧȊ ʄʀ 
ǱʊǶʄ̒ȓʊʈǕɾʽɦʋʨʌʧʁȘȐɚʏǌ̂ɷʁʊʫɹʡǖʏʧʏǜȉʃǱʊʉʋɺ̒ʩɴʆʨʏȉʏ
ȃɿʫɷʫʁʌʧɹɱǘʭʃ̡ɺʋɷʭʉʡǖɷʨʌȈʆʊʏʻɦȵǱʃ̡̒ɿǵʉǗʏɩʋ  ˄

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ǗʄʏʧʃɦʄʨǗʏȂʄ̒ɷˀʊȅǘʏǎʧɰǲɴɦǗȢǗɿɨʌȅʃʊ̡ʐɰʜǻɵ̒ ɿɦʨȉʃɦǗǳ ȁ̫ǐɰ̒ʒǙʨɱǘ̡̫ɺʋȓɵɦɰʨɿȉʃ
ʑɦʨɴɵʁɦȇ ʒ̫ǐɰɦǗʄʨǗȅʏ?̒ ʏʬʈǗȅʄ̒ɦʐɿʫʅʋȊ ɴ́ɿʧɵ  ˏ
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
F ɵɦʈǘʨʉ  ̂ Ǘɦǳ ȁ̫ǐɰ̒ɵʈǑɴ̡ɺʋʃʩɴɦɰʨɿȉʃɦʑʨɴɲʪ Ǳʊɶɰ̒ʒɲƾʧʏʃʨɺʋʒ̒ǐɰɦǗʄʨǗȅʏʻ˄ 
F ʱʐɿʫʅʋˆ Ǳʊȅɿ̒ʄɴ̒ʊȅɴʁǱʊȇʊ̂ ǗʏȂʄ̒ɷˀʊȅǘʏǎʧɰɲʪǸ ʒɴƾȃɿʫʒʫʨʏʬʑɴ̒ ɺ̡ʋȉʃɿʭȄʁʨȋȋʁɴʈʧʃ
ʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ɦɵɹʈɰɦǗȢ˄Ǳʋǿ ȍǻɵ̒ʜʊ̡ʐɰȍʃʩɴɦʂǙʨʡǖʏʊrʏ Ȍɦ ʐ ȐyǓʃ̒ʒɴƾȃɿʫ
ɵʈǘɴ ɺ̡ʋȉʃɵʊʃǌʒɲƾʧʏʃʨʊɿ̒Ǳɿ̒ɦȄʷɦȵʁʁɦʃʊ˄ 

F ǱʊʄɦɴƼʨɿɦʏɠɲǙʨȀʈʊʉ ȋyɴǱʉ  ̂Ǘʄʏʧʃɦʄʨʈʃʫʏǜɦȳʄ̫́ɵʁɰ̡ʃǘɴ̡ɺʋʊ̡ʐɰɦȄ ȋ̫ɴǱʉʈʃʫʏǜ
&̡ɺʋǸʒɴƾȃɿʫɵʈǘɴʒɲƾʧʏʃʨ̡ɺʊ'ʃʩɴǱǘʉǸʅǘʬʌʏǗȉʄ̒ɵʊʃǌʒɲƾʧʏʃʨʊɿ̒ɶǘɴǱɿ̒ɵʫ̫ɦȳɺʨ̡ɺʋ
ʄǿǇʋʡǖȉʃǱʊɶɰ̒ʊȌɰȐ ɵ̒ɺʫʁʜȓɵɦǗǳ ȁ̫ǐɰ̒ɺʋɷ̒ʨʌʧɿ˄  

ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˑ ʆʧʃǎʫ' ʄɤǃɰ̒ʆʨɦǗǳ ȁ̫ǐɰ̒ʃʧɴʅǇʋʻɦʐɿʫʅʋȂɰ̒ʁɴʃʩɴɿʭȄʁʨʒʫʨʏʬʑɴ̒ȅʃǗɿʩʈǗɿɨʌ˄ 

ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ˏ +ː ʆʧʃǎʫ' 
ɶɦǘʨʉȁɶɰ̒ʄ́ʫ̡ʃǌʈʧʃȅʃʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫʄɦɵǁɰɦʁʏʜǱʊʆʃǖʋʈ̒ʧʃȂʃ̒
ǗɲʄʻǗɷɧɴʱǗǸʉ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏʆʨɦǳʋǱʊɾ ʏ̔ʫʌɿǍʧȈʆʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
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,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄʫɲƾʋ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʒʫʨʏʬʑɴ̒*ɵʊʃǌʒɲƾʧʏʃʨ*ʃʧɴʕʁǏʧʆʋɵʊʃǌɦʋʨȋɴǱʉʈʃʫʏǜ˄ 
˓, ʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨɦʐɿʫʃʧɴʅʋ ʃrȈʆʈʧʃǗʄǗɰɿʨʊʄʏʻ̡ɱǜɵʈǘɴ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖȉʃǱʊǗʄɧɴǗʄʉɿˀǐɱǓʏɵ̒ɦʁȇ ʗ̫ʄɰʊɾ ʒ̔ɲƾʧʏʃʨ̡ɺʋɱʬɵǲɿ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ʐɦɿʫʒǙʨȅʃǸ ɲɦʈʧʃɦǗʄʨǗȅʏʻ̡ɺɰɦʂǙʨǸʏʊrʏɵʈǘɴɦȵǲɴɰǐʫɴ̡ɱǜɦʇǘʨɴɷʁʃʭʏʡǖȐǓʃʻɦʄʨɦȂ ʄ̫ʨǸ
ɺ̡ɰǸʒɴƾȃɿʫɵʈǘɴɺʬɵǳǐɦʐʨʉȉʃɿrʈǘɦȁɰǸɴ? ʏʬʈɦǗʄʨǗȅʏɵ̒ɦʁɾ ʊ̫ʄʏʒ̒ǐɰɦɺʨʈǑʨʆʃǖʋʻ˄ 
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ʈʬʋ ʐɦɿʫ̡ɺʋ ɲɦʈʧʃɦǗʄʨ̡ɺɰɷʁʃʭʏȐǓʃ̒ Ȃɦ ʄ̫ʨǸȍɦȁɰǸɴɰʿɦǻʉ ɲʪɦǻʉȐʊ  ̂
ˏ, Ȉʆɵʈǘɴʒɲƾʧʏʃʨ̂  ȐǓʃ̒ɲʪǸʒɴƾȃɿʫɵʈǘɴɺʿʋǟʄʁʅʫɿʈʭʉ &ʄȄǎʄ̒ʆʨǗȅɰ̒' ɺ̡ʋȉʃɦʊ́ʏʫʨʏǌɴ̒Ȃʄǲǘʁɴ˄
ʅǎʫʉ ȳɦʌʧɹ ɺ̡ɰȉʃɦʊ́ʏʫʨʏǌɴ̒ɱǓʏǸ̒ɴȐǓʃ̒Ǘʄ̡ʐʋ˔ ȳɦ ˕ɺɴ˄ ǱʊɦǗʄʨ̡ɺɰʃʩɴɦʂǙʨʡǖȅɿ̒ʄɴ̒ȁʈʆʋʒɲƾʧʏ
ʃʨɦǗɵʨʃɰǐʫɴʁǗʈɴ̒ǸɰɦȺǇ&̡ɱǜǷʄ̒ɦȢǇ'̡ɺʋȓɵʄɴƼǸʒɲƾʧʇˀʉ  ˄
ː, Ȉʆʂʃ̒ʃʩɴʒʫɰʏʫʨɿɰʈǕ̂ ȐǓʃ̒ʈʧʃǵʉ Ǘ̡ɵ̫ ʜʆʫɰʊʋʭʉ ȵɦ ʆɦʋʄ̫́ʃʩɴɱǖʋ ʜ̒ʏʶɦɾʨʈɦʑʨʉ˄ɵʁ̡ɾ ɰʟ
ɺ̡ɰǵʉʃʩɴɦʑʨɴ̡Ǘɵ̫ǲǘʁɴ ɺ̡ʋ ʂɦǙʨʡǖrʅǎʄ̫́ʊȍɴ̡ɱǜʃʧɴɦǗɲɝɴɿʁɾ ʅɦǜɴ̌ ȅɿ̒ʄɴ̒ʏʈɿǍȈʆɵʈǘɴʃʧɴʄɴƼʡǖ
ȉʃʱǗǳʷȁǐ ɰʻ˄ 
ˑ, ʋɰƽɾʸʊʬʄ ̂ȐǓʃ̒ȉʃȈʆʁʃ̒ʃʧɴʉʪɿǵʉǗʏɩʋɰǐʫɴǱʊʄɿ̡̒ʄʃʜʊʈʬʋɵʬʋǳǐɦǻʉʈʧʃǵʉǻɵ̒˄ ɺ̡ɰ
ȉʃȈʆʊʩɴʃʧɴǗʏɩʉǸɴ ɺ̡ʋʆʧȅɰɰǐʫɴǱʊɦʊɠʄɵʁɦʏɠɲǙʨɰǐʫɴʅǎ̡̫ɺʋȂʈȂʊǱʊʄɿ̡̒ʄʃɦǗɵʨʃ˄  
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &˒ ʆʧʃǎʫ' ʋɦʨɰɦʑʨɴʆʨɦʐɿʫʅʋǗɿʩʈǗɿɨʌȊ ɴ́ɿʧɵːɵʁɾʫɵ&Ȉʆɵʈǘɴ* ʱʊʏʫʨʏǌɴ̒ʃʧɴǱʊ

ʲǗɵʷ'˄ 
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː ʆʧʃǎʫ' ʋɦʨɰɦʑʨɴȅʃǗɿʩʈ̡ɿˏ ʐɦɿʫʅʋ ʜɦʐɿʫʅʋʈʧʃȂʃ̒ȉʃʋɰƽɾ ʄyɦɵǁɰɦʁʏ

ǗɲʄʻǗǳʃʻ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏʆʨɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
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ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴɦʏɺǈɰʧɵǁ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʱʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨ*ʒʫɰʏʫʨɿɰʈǕ*ʃʧɴʋɰƽɾ ʸɦʈǱʃʧɵrʃɦȌ ʐʸ˄ 
˓, ʏʈɿǍȈʆ ǱʊʌʧȈɲʃʧɴǱʊȍʉɿrʈǘ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖʉʋȁ̒ ʏʫʌɿǍʧȈʆʄɦɵǁɰɦʁʏʏǲʁʃ̒ǸɴǱʊʏʃǜʁʏʶrɵʀʌʧǱ  ˄

 
Ǘʄȃʃʄʁʁʨ˓̂ɦ ʏɠɲǙʨʒɲƾʧʏʃʨ 

 
ʒɿǍʄʁˆɷʭʏɷʫʋɵʱɴƼɡɴɿʫʲɺʋɱʬɵ 

ʌʧʄʫʋȉʃɵɦɴƼɡɴɿʫʈʭʉ ɺ̡ʋʈʧʃʇǘʪ˄ ǳɿ̒ȅʃʏ Ǘɦʈɵɵʧɿǌʆʧʃʧɿǖɦʈʨʋ Ǘɦɲɝɴʄɴƾʫʁǲɴɰǐʫɴ ʐɦʨʉ ɳɦʨɹȁ
ȉʃ̡ɱǜɦʇǘʨɴʈʭʉɰ̡ʃǘɴȅʃǻɵ̒ɦɵɹʆʨʄ́ʬʋ ʃrɰȗʋ ǻɦɿ˄ ɰǐʫɴɦʆʋɰʁʆʫɴɷʭʏɷʫʋ ǳɿ̒ʏ ɴɦƼɿɦɳʨɹ Ǘɦɲɝɴʄɴƾʫʁ
Ǹ Ǘɦɵʨʃʊʭʈȉʃʏǐʬʋ ɱ̡ǜɦʂǙʨʆʨȐǓʃ̒ʏʄʁɰ̡ɱǜɦʂǙʨʆʨɦȢʏʬ̋ʃʧɴɰʫɴȀɰ̒ʏǗȉʄ̒ʄʧʁɦʄʨɰ˄ ɺɦʨʈǑʨʡǖɵɦɴƼɡɴʇǘʪʌʧʄʫʋɺʩɴ
ȁǳɿ̒Ǘɿɨʌ̡ɿʄɦɴƼʨɿ ʏɦɠɲǙʨʄʧʁ ɺ̡ʋȉʃɵʊʃǌʐʬʊǱɿ̒Ǘɲʄ̒ɦǗɲɝɴʒɲƾʧʏʃʨȂɴʁʒʏʻ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏˆɵʬʊǗɦɷʨʏ ʊɦʨʏ ØǗɿɨʌ ʜ ɱʫʏÙʏǗȉʄ̒ȋʋʊ̒ȅʉǱʊɾ ǲ̔ɴɦǗǱʈʒʁʆʨɦǗɲɝɴʄɴƾʫʁʃʧɴɺʁɦɾʨʊǱʊrʃ
ʏɦɠɲǙʨ̂ 
ʊȅʉǱʊɾ̔ Ǘɿɨʌ ʜ ɱʫʏ 
,ˏǗʄʏʧʃɦʄʨʌʧʄʫʋ Ǘɦʄʨ̡ɱǜɷˀʊʏʫʁǏʈɰɿȈǃʄ̒ɰ̡ʃǘɴ̡ɺʋǻɵ̒ɦȄ ɵ̫ɦɴƼɡɴʃʩɴȓɵʇǘʪɦʑʨɴʌʧɹ  ˄ [.......]  
,ːɦȵɰǐʫɴɦʏɠɲǙʨɦʃ̫ ɰʫɴȀɰ̒ȉʃɿʭȄʁʨʏǗȉʄ̒ɦʄʨɰʜʄʧʁʋʐʁʬʊrʃɦʒʑʧɵǗɿɧɴ˄  [.......] 
ˑ,ɦǗɲɝɴʒɲƾʧʏʃʨɲʪǸʒǐɰʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸȁʈʆʋʆʃǘʪʃʧɴɰɦȺǌ˄ [.......]  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱʋɱ ʊȅʉǱʊɾ̔ Ǘɿɨʌ ʜ ɱʫʏ 

 ˏ Ǘʄʏʧʃɦʄʨʌʧʄʫʋ Ǘɦʄʨ̡ɱǜɷˀʊʏʫʁǏʈɰɿȈǃʄ̒ɰ̡ʃǘɴ̡ɺʋǻɵ̒ɦȄ ɵ̫ɦɴƼɡɴʃʩɴȓɵʇǘʪɦʑʨɴʌʧɹ  ˄ ɱʫʏ 
 ː ȵɦɰǐʫɴɦʏɠɲǙʨɦʃ̫ ɰʫɴȀɰ̒ȉʃɿʭȄʁʨʏǗȉʄ̒ɦʄʨɰʜʄʧʁʋʐʁʬʊrʃɦʒʑʧɵǗɿɧɴ˄  Ǘɿɨʌ 
 ˑ ǗɦɲɝɴʒɲƾʧʏʃʨɲʪǸʒǐɰʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸȁʈʆʋʆʃǘʪʃʧɴɰɦȺǌ˄ Ǘɿɨʌ 

ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ 
ɵʁɾʫɵʁʨˏ &ɱʫʏ'̂  ɷˀʊɲʪǸ ʒɴƾȃɿʫʒʫʨʏʬʑɴ̒ ɺ̡ʋʈʧʃʒʃʫɤǆɿʡǖɦʒʑʧɵǗɿɧɴɶǘɴǱɿ̒ȅʃɦʑʨʉ˄ ɺɦʨʈǑʨʡǖ
ɵɦɴƼɡɴʇǘʪɦʏɠɲǙʨǗɿɨʌ̡ɿǸ ʏɦɠɲǙʨʄʧʁ ʲɺʋɿȈǃ ʄʻʱǻʉʒɴƾȃɿʫɵʈǘɴʱȌʐʸ˄ 
ɵʁɾʫɵʁʨː &Ǘɿɨʌ'̂  ɰʫɴȀɰ̒ɦɺʨʊɿʭǸʒǐɰʄɤǃɦʏɠɲǙʨ˄Ǳʋǿ  ʄʧʁɰʫɴȀɰ̒ ȍɦʂǙʨʡǖɦʏɠɲǙʨǸʄ̒ǳǐ ʄɴƼǸʋʶʐʬʊ
ʒɦʑʧɵǗɿɧɴ ʐɦʨʉǱʋǿ  ɦʄʨɰɰʫɴȀɰ̒ ȍȆǇɵ̒ɵʊʃǌʒɲƾʧʏʃʨ˄ 
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ɵʁɾʫɵʁʨˑ &Ǘɿɨʌ'̂  ʃɦ̫ɲʪǸ ǳɦʋǱʊɾʽrʃ ʄʁ̡ʄǘɴȁʈʆʋ˄ʗȂʐʊɾʽ̂ʒʁʆʬʋ ʇɦǘʨɴʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨ
ȳɦǸʆʃǘʪʃʧɴȈʉɰɦȺǇɦɵɹʈɰɱǘʷ˄ 
ʒǗȀɰʶʲɾ ̂
ʁʁʭʋȅʃˏʆʧʃǎʫʏǗȉʄ̒ɵɦʈǘʨʉǗɿʩʈǗɿɨʌʃʨʈʭʉˇ&ʏʊʫʄˑʆʧʃǎʫ'˄  
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʏɦɠɲǙʨʒɲƾʧʏʃʨ*Ǳʊʄʶʲʄǘɴȁʈʆʋ*ʃʧɴʋɰƽɾ ʸɦʒʑʧɵǗɿɨʃʧɰ˄  
˓, ʏʈɿǍȈʆ ʆʧʃʧɿǖȈʆǗɿʩʈǗɿɨʌrʃɿʭȄʁʨʗʄɰʊɾ ʃ̔ʨʈʭʉ ɰ̌ǐʫɴɦʏɠɲǙʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲɦǗɲɝɴʄɴƾʫʁʈʫʃʃʩɴʏʃǐʧǻǈʃʆʨɺʁɦɾʨʊǱʊʊʄʏȍ̒˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː ˆʌʧʄʫʋȅʃɶǀʋȁ̒ ʐɦɿʫʒǙʨȅʃǸ Ǘɦɲɝɴʒɲƾʧʏʃʨɰǐʫɴʅǎ̫ȈɲɦǗɵʨʃ ɿ̡ɴ̡ɿȉʃʏʄʁɰǲɴɦǗȢ ʂɦǙʨʆʨɷˀʊ
ʜɦɸ ʨɱɾ ʸ̡ɺʋ ʅ̡ǐɰǲɴɰǐʫɴɦʂǙʨʆʨɦȌ ʐ ?y ɵʬʊʆʃǖʋʻɦȳǱʃ̒ʌʧʄʫʋ ǻɦʉ Ǘɦʄʨȇɰǖʄɦɵǁɰɦʁʏ «ʒɴƾȃɿʫ
ɵʈǘɴ» ʃʧɴ «ʒʫʨʏʬʑɴ̒» ǗʆʈȂɴʁɦʋʨɰɦʑʨɴʆʨʄɤǝʏʫʌɿǍʧȈʆ˄  
ɵɦʈǘʨʉ ,̂,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ ʈʬʋ ʐɦɿʫ̡ɺʋ ǗɦɲɝɴʒɲƾʧʏʃʨȉʃʏʄʁɰǲɴɦǗȢ ʂɦǙʨʆʨɷˀʊʜɦɸ ʨɱɾ ʸ̡ʅǐɰǲɴɰǐʫɴɦʂǙʨʆʨɦȌ ʐʸɲʪ
ʱǻʉȐʊˆ 
ˏ, ɿʭȄʁʨ̡ʅǐɰǲɴɰǐʫɴ&ʒɴƾȃɿʫɵʈǘɴ'̂  ʅ̡ǐɰǲɴɰǐʫɴǗɿɨʌɦʂǙʨʆʨɦȌ ʐ ɺyʬɵǸȐǓʃ̒ʜȓʋʫʉʈʨɹʬ́ʈ Ǘɦȇ ȍ̫Ǹ 
ʒɴƾȃɿʫɵʈǘɴ˄ ȍȉʃɿʭȄʁʨʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨʐʬʊɶǘɴǱɿ̒ȅʃȊ ɴ́ʋǟ ɺɦʨʈǑʨʄɣǃʬʃȁʈʆʋ ȳɦʅƾɿ̒ʅƾɴ̒
ʗʄɰʊɾ ʡ̔ǖɺʁɦɾʨʊǱʊ˄ 
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ː, ɿʭȄʁʨʏʄʁɰǲɴɦǗȢ &ʒʫʨʏʬʑɴ̒'̂  ʏʄʁɰǲɴɦǗȢǗɿɨʌɦʂǙʨʆʨɷˀʊʜɦɸ ʨɦǗȇ ȍ̫Ǹ ʒʫʨʏʬʑɴ̒˄ ʒʫʨʏʬʑɴ̒ɲʪǸʒɴƾ
ȃɿʫ̡ɺʋʈʧʃʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȅʃɦʑʨʉ  ˄
ˑ,ʄɤǝʏʫʌɿǍʧȈʆ̂  ǱʊɦǗʄʨǗȅʏʒ̒ʫʨʏʬʑɴ̒ɦʂǙʨǸʏʄʁɰǲɴɦǗȢ ɲʪɦɺʨʈǑʨǱʊȇʊʏʫʌɿǍʧȈʆʒǐɰɦǗʄʨǗȅʏʻ˄ ȍʁʄ̒
ȐƼɿ̒ʈʧʃʡǖɵʊʃǌʒɲƾʧʏʃʨʆʨʒɴƾȃɿʫɵʈǘɴǲɴɰǐʫɴɶǘɴʈɰʄ̫́ʃʩɴrɺʊʄʏʈ̒ʃʫʏǜ̡ɺʋȓɵʄɴƼʡǖȉʃǱʊ "ɶɰ̒ʒɲƾʧ
ʏʃʨ  Ǘɦǳ ȁ̫ǐɰ̒ɺʋȋ̒ɴǱʉʜȅɿ̒ʄɴ̒ɷʨʌʧɿ˄  
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  

ʆʧʃǎʫɦʆɹ &˒ ʆʧʃǎʫ' 
ǗɦʄʨǗȅʏȇ̒ɰǖ ʒɴƾȃɿʫɵʈǘɴ ʃʧɴ ʒʫʨʏʬʑɴ̒ ȅʃǗɿʩʈǗɿɨʌȀʈʄʊʧʄʁ&ː ʆʧʃǎʫ'
ǗʆʈȂɴʁʆʃǖʋʆ̒ʨʏʫʌɿǍʧȈʆrʃǱʊǱʊȇʊǱʊɶɰ̒&ː ʆʧʃǎʫ'˄  

ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː ʆʧʃǎʫ' 
ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉʜʈʧʃȅʃɦǗʄʨǗȅʏȇ̒ɰǖʄɦɵǁɰɦʁʏ ɺ̡ʋɿǗʈɨʌʡǖɦǗʄʨ
ɰǐʫɴʏɾʁʭʊ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʋɰƽɾʸʊʬʄȃɿʫʃʧɴʏʫʌɿǍʧȈʆʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰǐʫɴǱʊʅǇʋʻɦʐɿʫʅʋȀʈ̡ʄʄʌʧʁȘȐɚʏǌɦȳǱʃ̒ʒǐɰɺrʁ  ˄

,̝ʕʊʧȊ ʄʀ 
ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲʆʨȐ ʊyʏǲʁʃ̒rʃɦǗɲɝɴʄɴƾʫʁʃʨʈʭʉ ɵ̌ɦʁȇ ȓ̫ʉʫ
ɷʨʌʧɿ˄  

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊˑˆǗʄʏʧʃɦʄʨʌʧʄʫʋɵɴ̒ʡǖɵɦɴƼɡɴɿʫʊʄʏǳ̒ɿ̒ȉʃʏʫʌɿǍʧȈʆʄʁʅʫɿʄȄǎʄ̒ʆʨɷʭʏɷʫʋʊʭɵ ɿɦʨǳɿ̒ɲʭʊɦǗʄʨǗȅʏʻ
ʏƼʫɿʊʫ̡ʁɱǜɦʇǘʨɴ ȵɦǗɿɴ̒ɵʁɾʫɵǿ ʐɦʨʉɰǐʫɴɦǳʋʄʁɾ ɴʒǙʨ?  
Ãɰ,ʊʫɦʁȵɵɦȄǘ̫ʏʊrʏȐǓʃ̒ʃʧɴʄ́ʬʋ Ȍɦ ʐʸɦɺʨʈǑʨɷʭʉʡǖɵʊʃǌʒɲƾʧʏʃʨʐʬʊǱɿ̒ȅʃǱʃ̡̒ɿʋǟ˄ 
Ãɱ,ʊʫʁɷʫʁʌʧɹɰȗʋ ǻɦɿȂɴʁʈʬʋ ɺɦʨʈǑʨǱʊȇʊɰʫʁʡǖɰɦȺǌɦɵɹʈɰɦǗȢȅʃ˄  
Ãɲ,ʊʫɦʁȵɰ̡ʃǘɴɿȈǃʄ̡̒ɺʋʏʄʁɰɦȢʏʬ̋ǻɵ̒ʊ̡ʐɰ ɺɦʨʈǑʨǱʊȇʊɰʫʁʡǖʏʊrʏȐǓʃ̒ʄ̫́Ǹʈʭʉ ɺrʈʃʫʏǜ˄ 
Ãɳ,ʊʫɦʁȵǲɴɰǐʫɴʒʁʆʬʋ ʇɦǘʨɴ ɺɦʨʈǑʨɰʫʁʡǖʒʁʆʬʋ ɶɦ̫ǲǘʁɴɦʆɰ  ˄
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ɿʭȄʁʨʊʄʏʏ̒Ƽʫɿʊʫ̡ʁɱǜɦʇǘʨɴ̂  ʏƼʫɿʊʫ̡ʁɱǜɦʇǘʨɴǗɿɨʌȅʃʅʋʧɿɦʑʨɴʆʨȐʊȃɿʫ ʇʨʌʨʏʫʨ&PVC) 
ʜɷˀʊ̡ɺʋǸ ʒʫʨʏʬʑɴ̒ Ȋ ɴ́ʋǟ˄ȍʈʧʃʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȅʃɦʑʨʉ  ˄
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ǳɦʋʄʁɾ ɴʏʫʌɿǍʧȈʆ̂  ʱȵʱʆʋʏʶʄɰȢɦʏʬ̋ǻɵ̒ʊ̡ʐɰʏʊrʏȐǓʃ̒&ʒɴƾȃɿʫɵʈǘɴ'ʃʩɴɦȵʁʁɦʃʊ˄ ǱʊɦǗʄʨʏƼʫ
ɿʊʫɦʁȵǗɿɴ̒ɵʁɾʫɵɦȄʷɲʪɦɺʨʈǑʨʄɦɴƼʨɿʊȅɴʁʒʫʨʏʬʑɴ̒ʀǕʨʈʭʉɷʁʃʭʏʏʄʁɰ̡ɺʋǻɵ̒ Ǳʊȇʊǻɵ̒ǲɿʈʧʃʡǖȉʃǱʊ
ʄ̫́ʁɴƾʧɵɦǻʉȆǎʋʊ̒ȍɴrɺʈʃʫʏǜʃʧɴɵʊʃǌʒɲƾʧʏʃʨ̡ɺʋȄʡʁǖȉʃɦǗǳ ȁ̫ǐɰ̒ɺʋɷ̒ʨʌʧɿ˄  
ǱʊʌʧȈɲɷɦǗʈʨʏ ʅɦǜɴ  ̂ɷɦǗʈʨʏ ɰ ʈʧʃǗɿʩʈǗɿɨʌɦʁ Ǘɦȇ ʏ̫ƼʫɿǸʒʫʨʏʬʑɴ̒ ʄɦʨǻɰ̒ɵɦȄǘ̫ȐǓʃ̒ȍʃʩɴȆǇɵ̒ɵʊʃǌɦʇǘʨɴ
ȳɦʌʧɹ˄ɷɦǗʈʨʏ ɱ ʃʧɴ ɳ ʈʧʃ̡ʈʃǸʄɦɵǁɰɦʁʏ ǗɦʄʨǗȅʏʏ̒Ƽʫɿʊʫ̡ʁɱǜɦʇǘʨɴǗɿʩʈǗɿɨʌʃʧɴȉʃǗʄʏʧʁǏȈʆɦʑʨʉ  ˄
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɲȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴ&ɰ*ɱ*ɳ'ʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʒʁʆʨʃʨɿʧʌʧʂʨʏʫʌɿǍʧȈʆʃʧɴʋɰƽɾ ʸrʃʒɴƾȃɿʫʒʫʨʏʬʑɴ̒˄  
˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰǐʫɴǱʊɦǗɷʨʏ ʊɦʨʏʌʧʂʨȐɚʏǌ̡ɺʋʅǇʋʏ̒ʫʌɿǍʧȈʆʄʁʅʫɿ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜȉʃǱʊǗʄɧɴǗʄʉɿˀǐʃʧɴɦɵ̫ǱʊȇʊɱǘʭʃʆʨɦǗǳ ȁ̫ǐɰ̒ʒɲƾʧ

ʏʃʨȀʈʄɦɵǁɰɦʁʏǗɿʩʈǗɿɨʌ˄ 
 
  

áUȤTURRwÁ¶ ¡` CãwcCÈv`Tw 
 
ʒɿǍʄʁˆɷʭʏɷʫʋɵʱɴƼɡɴɿʫʲɺʋɱʬɵ 
ʌʧʄʫʋȉʃɵɦɴƼɡɴɿʫʈʭʉ ɺ̡ʋʈʧʃʇǘʪ˄ǳɿ̒ȅʃʏ Ǘɦʈɵɵʧɿǌʆʧʃʧɿǖɦʈʨʋ Ǘɦɲɝɴʄɴƾʫʁǲɴɰǐʫɴ ʐɦʨʉ ɳɦʨɹȁȉʃ̡ɱǜɦʇǘʨ
ɴʈʭʉɰ̡ʃǘɴȅʃǻɵ̒ɦɵɹʆʨʄ́ʬʋ ʃrɰȗʋ ǻɦɿ˄ ɰǐʫɴɦʆʋɰʁʆʫɴɷʭʏɷʫʋǳɿ̒ʏ ɴɦƼɿɦɳʨɹ ǗɦɲɝɴʄɴƾʫʁǸ Ǘɦɵʨʃʊʭʈ
ȉʃʏǐʬʋ ɱ̡ǜɦʂǙʨʆʨȐǓʃ̒ʏʄʁɰ̡ɱǜɦʂǙʨʆʨɦȢʏʬ̋ʃʧɴɰʫɴȀɰ̒ʏǗȉʄ̒ʄʧʁɦʄʨɰ˄ ɺɦʨʈǑʨʡǖɵɦɴƼɡɴʇǘʪʌʧʄʫʋɺʩɴȁǳɿ̒
Ǘɿɨʌ̡ɿʄɦɴƼʨɿ ʏɦɠɲǙʨʄʧʁ ɺ̡ʋȉʃɵʊʃǌʐʬʊǱɿ̒Ǘɲʄ̒ɦǗɲɝɴʒɲƾʧʏʃʨȂɴʁʒʏʻ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏˆɵʬʊǗɦɷʨʏ ʊɦʨʏ ØǗɿɨʌ ʜ ɱʫʏÙʏǗȉʄ̒ȋʋʊ̒ȅʉǱʊɾ ǲ̔ɴɦǗǱʈʒʁʆʨɦǗɲɝɴʄɴƾʫʁʃʧɴɺʁɦɾʨʊǱʊrʃ
ʏɦɠɲǙʨ̂ 
ʊȅʉǱʊɾ̔ Ǘɿɨʌ ʜ ɱʫʏ 
,ˏǗʄʏʧʃɦʄʨʌʧʄʫʋ Ǘɦʄʨ̡ɱǜɷˀʊʏʫʁǏʈɰɿȈǃʄ̒ɰ̡ʃǘɴ̡ɺʋǻɵ̒ɦȄ ɵ̫ɦɴƼɡɴʃʩɴȓɵʇǘʪɦʑʨɴʌʧɹ  ˄ [.......]  
,ːɦȵɰǐʫɴɦʏɠɲǙʨɦʃ̫ ɰʫɴȀɰ̒ȉʃɿʭȄʁʨʏǗȉʄ̒ɦʄʨɰʜʄʧʁʋʐʁʬʊrʃɦʒʑʧɵǗɿɧɴ˄  [.......] 
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ˑ,ɦǗɲɝɴʒɲƾʧʏʃʨɲʪǸʒǐɰʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸȁʈʆʋʆʃǘʪʃʧɴɰɦȺǌ˄ [.......]  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱʋɱ ʊȅʉǱʊɾ̔ Ǘɿɨʌ ʜ ɱʫʏ 

 ˏ Ǘʄʏʧʃɦʄʨʌʧʄʫʋ Ǘɦʄʨ̡ɱǜɷˀʊʏʫʁǏʈɰɿȈǃʄ̒ɰ̡ʃǘɴ̡ɺʋǻɵ̒ɦȄ ɵ̫ɦɴƼɡɴʃʩɴȓɵʇǘʪɦʑʨɴʌʧɹ  ˄ ɱʫʏ 
 ː ȵɦɰǐʫɴɦʏɠɲǙʨɦʃ̫ ɰʫɴȀɰ̒ȉʃɿʭȄʁʨʏǗȉʄ̒ɦʄʨɰʜʄʧʁʋʐʁʬʊrʃɦʒʑʧɵǗɿɧɴ˄  Ǘɿɨʌ 
 ˑ ǗɦɲɝɴʒɲƾʧʏʃʨɲʪǸʒǐɰʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸȁʈʆʋʆʃǘʪʃʧɴɰɦȺǌ˄ Ǘɿɨʌ 

ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ 
ɵʁɾʫɵʁʨˏ &ɱʫʏ'̂  ɷˀʊɲʪǸ ʒɴƾȃɿʫʒʫʨʏʬʑɴ̒ ɺ̡ʋʈʧʃʒʃʫɤǆɿʡǖɦʒʑʧɵǗɿɧɴɶǘɴǱɿ̒ȅʃɦʑʨʉ˄ ɺɦʨʈǑʨʡǖ
ɵɦɴƼɡɴʇǘʪɦʏɠɲǙʨǗɿɨʌ̡ɿǸ ʏɦɠɲǙʨʄʧʁ ʲɺʋɿȈǃ ʄʻʱǻʉʒɴƾȃɿʫɵʈǘɴʱȌʐʸ˄ 
ɵʁɾʫɵʁʨː &Ǘɿɨʌ'̂  ɰʫɴȀɰ̒ɦɺʨʊɿʭǸʒǐɰʄɤǃɦʏɠɲǙʨ˄Ǳʋǿ  ʄʧʁɰʫɴȀɰ̒ ȍɦʂǙʨʡǖɦʏɠɲǙʨǸʄ̒ǳǐ ʄɴƼǸʋʶʐʬʊ
ʒɦʑʧɵǗɿɧɴ ʐɦʨʉǱʋǿ  ɦʄʨɰɰʫɴȀɰ̒ ȍȆǇɵ̒ɵʊʃǌʒɲƾʧʏʃʨ˄ 
ɵʁɾʫɵʁʨˑ &Ǘɿɨʌ'̂  ʃɦ̫ɲʪǸ ǳɦʋǱʊɾʽrʃ ʄʁ̡ʄǘɴȁʈʆʋ˄ʗȂʐʊɾʽ̂ʒʁʆʬʋ ʇɦǘʨɴʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨ
ȳɦǸʆʃǘʪʃʧɴȈʉɰɦȺǇɦɵɹʈɰɱǘʷ˄ 
ʒǗȀɰʶʲɾ ̂
ʁʁʭʋȅʃˏʆʧʃǎʫʏǗȉʄ̒ɵɦʈǘʨʉǗɿʩʈǗɿɨʌʃʨʈʭʉˇ&ʏʊʫʄˑʆʧʃǎʫ'˄  
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʏɦɠɲǙʨʒɲƾʧʏʃʨ*Ǳʊʄʶʲʄǘɴȁʈʆʋ*ʃʧɴʋɰƽɾ ʸɦʒʑʧɵǗɿɨʃʧɰ˄  
˓, ʏʈɿǍȈʆ ʆʧʃʧɿǖȈʆǗɿʩʈǗɿɨʌrʃɿʭȄʁʨʗʄɰʊɾ ʃ̔ʨʈʭʉ ɰ̌ǐʫɴɦʏɠɲǙʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲɦǗɲɝɴʄɴƾʫʁʈʫʃʃʩɴʏʃǐʧǻǈʃʆʨɺʁɦɾʨʊǱʊʊʄʏȍ̒˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː ˆʌʧʄʫʋȅʃɶǀʋȁ̒ ʐɦɿʫʒǙʨȅʃǸ Ǘɦɲɝɴʒɲƾʧʏʃʨɰǐʫɴʅǎ̫ȈɲɦǗɵʨʃ ɿ̡ɴ̡ɿȉʃʏʄʁɰǲɴɦǗȢ ʂɦǙʨʆʨɷˀʊ
ʜɦɸ ʨɱɾ ʸ̡ɺʋ ʅ̡ǐɰǲɴɰǐʫɴɦʂǙʨʆʨɦȌ ʐ ?y ɵʬʊʆʃǖʋʻɦȳǱʃ̒ʌʧʄʫʋ ǻɦʉ Ǘɦʄʨȇɰǖʄɦɵǁɰɦʁʏ «ʒɴƾȃɿʫ
ɵʈǘɴ» ʃʧɴ «ʒʫʨʏʬʑɴ̒» ǗʆʈȂɴʁɦʋʨɰɦʑʨɴʆʨʄɤǝʏʫʌɿǍʧȈʆ˄  
ɵɦʈǘʨʉ ,̂,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ ʈʬʋ ʐɦɿʫ̡ɺʋ ǗɦɲɝɴʒɲƾʧʏʃʨȉʃʏʄʁɰǲɴɦǗȢ ʂɦǙʨʆʨɷˀʊʜɦɸ ʨɱɾ ʸ̡ʅǐɰǲɴɰǐʫɴɦʂǙʨʆʨɦȌ ʐʸɲʪ
ʱǻʉȐʊˆ 
ˏ, ɿʭȄʁʨ̡ʅǐɰǲɴɰǐʫɴ&ʒɴƾȃɿʫɵʈǘɴ'̂  ʅ̡ǐɰǲɴɰǐʫɴǗɿɨʌɦʂǙʨʆʨɦȌ ʐ ɺyʬɵǸȐǓʃ̒ʜȓʋʫʉʈʨɹʬ́ʈ Ǘɦȇ ȍ̫Ǹ 
ʒɴƾȃɿʫɵʈǘɴ˄ ȍȉʃɿʭȄʁʨʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨʐʬʊɶǘɴǱɿ̒ȅʃȊ ɴ́ʋǟ ɺɦʨʈǑʨʄɣǃʬʃȁʈʆʋ ȳɦʅƾɿ̒ʅƾɴ̒
ʗʄɰʊɾ ʡ̔ǖɺʁɦɾʨʊǱʊ˄ 
ː, ɿʭȄʁʨʏʄʁɰǲɴɦǗȢ &ʒʫʨʏʬʑɴ̒'̂  ʏʄʁɰǲɴɦǗȢǗɿɨʌɦʂǙʨʆʨɷˀʊʜɦɸ ʨɦǗȇ ȍ̫Ǹ ʒʫʨʏʬʑɴ̒˄ ʒʫʨʏʬʑɴ̒ɲʪǸʒɴƾ
ȃɿʫ̡ɺʋʈʧʃʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȅʃɦʑʨʉ  ˄
ˑ,ʄɤǝʏʫʌɿǍʧȈʆ̂  ǱʊɦǗʄʨǗȅʏʒ̒ʫʨʏʬʑɴ̒ɦʂǙʨǸʏʄʁɰǲɴɦǗȢ ɲʪɦɺʨʈǑʨǱʊȇʊʏʫʌɿǍʧȈʆʒǐɰɦǗʄʨǗȅʏʻ˄ ȍʁʄ̒
ȐƼɿ̒ʈʧʃʡǖɵʊʃǌʒɲƾʧʏʃʨʆʨʒɴƾȃɿʫɵʈǘɴǲɴɰǐʫɴɶǘɴʈɰʄ̫́ʃʩɴrɺʊʄʏʈ̒ʃʫʏǜ̡ɺʋȓɵʄɴƼʡǖȉʃǱʊ "ɶɰ̒ʒɲƾʧ
ʏʃʨ  Ǘɦǳ ȁ̫ǐɰ̒ɺʋȋ̒ɴǱʉʜȅɿ̒ʄɴ̒ɷʨʌʧɿ˄  
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  

ʆʧʃǎʫɦʆɹ &˒ ʆʧʃǎʫ' 
ǗɦʄʨǗȅʏȇ̒ɰǖ ʒɴƾȃɿʫɵʈǘɴ ʃʧɴ ʒʫʨʏʬʑɴ̒ ȅʃǗɿʩʈǗɿɨʌȀʈʄʊʧʄʁ&ː ʆʧʃǎʫ'
ǗʆʈȂɴʁʆʃǖʋʆ̒ʨʏʫʌɿǍʧȈʆrʃǱʊǱʊȇʊǱʊɶɰ̒&ː ʆʧʃǎʫ'˄  

ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː ʆʧʃǎʫ' 
ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉʜʈʧʃȅʃɦǗʄʨǗȅʏȇ̒ɰǖʄɦɵǁɰɦʁʏ ɺ̡ʋɿǗʈɨʌʡǖɦǗʄʨ
ɰǐʫɴʏɾʁʭʊ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʋɰƽɾʸʊʬʄȃɿʫʃʧɴʏʫʌɿǍʧȈʆʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰǐʫɴǱʊʅǇʋʻɦʐɿʫʅʋȀʈ̡ʄʄʌʧʁȘȐɚʏǌɦȳǱʃ̒ʒǐɰɺrʁ  ˄

,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲʆʨȐ ʊyʏǲʁʃ̒rʃɦǗɲɝɴʄɴƾʫʁʃʨʈʭʉ ɵ̌ɦʁȇ ȓ̫ʉʫ
ɷʨʌʧɿ˄  

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
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ʏʶɾʭ ʊˑˆǗʄʏʧʃɦʄʨʌʧʄʫʋɵɴ̒ʡǖɵɦɴƼɡɴɿʫʊʄʏǳ̒ɿ̒ȉʃʏʫʌɿǍʧȈʆʄʁʅʫɿʄȄǎʄ̒ʆʨɷʭʏɷʫʋʊʭɵ ɿɦʨǳɿ̒ɲʭʊɦǗʄʨǗȅʏʻ
ʏƼʫɿʊʫ̡ʁɱǜɦʇǘʨɴ ȵɦǗɿɴ̒ɵʁɾʫɵǿ ʐɦʨʉɰǐʫɴɦǳʋʄʁɾ ɴʒǙʨ?  
Ãɰ,ʊʫɦʁȵɵɦȄǘ̫ʏʊrʏȐǓʃ̒ʃʧɴʄ́ʬʋ Ȍɦ ʐʸɦɺʨʈǑʨɷʭʉʡǖɵʊʃǌʒɲƾʧʏʃʨʐʬʊǱɿ̒ȅʃǱʃ̡̒ɿʋǟ˄ 
Ãɱ,ʊʫʁɷʫʁʌʧɹɰȗʋ ǻɦɿȂɴʁʈʬʋ ɺɦʨʈǑʨǱʊȇʊɰʫʁʡǖɰɦȺǌɦɵɹʈɰɦǗȢȅʃ˄  
Ãɲ,ʊʫɦʁȵɰ̡ʃǘɴɿȈǃʄ̡̒ɺʋʏʄʁɰɦȢʏʬ̋ǻɵ̒ʊ̡ʐɰ ɺɦʨʈǑʨǱʊȇʊɰʫʁʡǖʏʊrʏȐǓʃ̒ʄ̫́Ǹʈʭʉ ɺrʈʃʫʏǜ˄ 
Ãɳ,ʊʫɦʁȵǲɴɰǐʫɴʒʁʆʬʋ ʇɦǘʨɴ ɺɦʨʈǑʨɰʫʁʡǖʒʁʆʬʋ ɶɦ̫ǲǘʁɴɦʆɰ˄  
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ɿʭȄʁʨʊʄʏʏ̒Ƽʫɿʊʫ̡ʁɱǜɦʇǘʨɴ̂  ʏƼʫɿʊʫ̡ʁɱǜɦʇǘʨɴǗɿɨʌȅʃʅʋʧɿɦʑʨɴʆʨȐʊȃɿʫ ʇʨʌʨʏʫʨ&PVC) 
ʜɷˀʊ̡ɺʋǸ ʒʫʨʏʬʑɴ̒ Ȋ ɴ́ʋǟ˄ȍʈʧʃʒʃʫɤǆɿʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȅʃɦʑʨʉ  ˄
ʱǳʋʄʁɾ ɴʏʫʌɿǍʧȈʆ̂  ȵɦ ʆɦʋʏʄʁɰɦȢʏʬ̋ǻɵ̒ʊ̡ʐɰʏʊrʏȐǓʃ̒&ʒɴƾȃɿʫɵʈǘɴ'ʃʩɴɦȵʁʁɦʃʊ˄ ǱʊɦǗʄʨʏƼʫ
ɿʊʫɦʁȵǗɿɴ̒ɵʁɾʫɵɦȄʷɲʪɦɺʨʈǑʨʄɦɴƼʨɿʊȅɴʁʒʫʨʏʬʑɴ̒ʀǕʨʈʭʉɷʁʃʭʏʏʄʁɰ̡ɺʋǻɵ̒ Ǳʊȇʊǻɵ̒ǲɿʈʧʃʡǖȉʃǱʊ
ʄ̫́ʁɴƾʧɵɦǻʉȆǎʋʊ̒ȍɴrɺʈʃʫʏǜʃʧɴɵʊʃǌʒɲƾʧʏʃʨ̡ɺʋȄʡʁǖȉʃɦǗǳ ȁ̫ǐɰ̒ɺʋɷ̒ʨʌʧɿ˄  
ǱʊʌʧȈɲɷɦǗʈʨʏ ʅɦǜɴ̂  ɷɦǗʈʨʏ ɰ ʈʧʃǗɿʩʈǗɿɨʌɦʁ Ǘɦȇ ʏ̫ƼʫɿǸʒʫʨʏʬʑɴ̒ ʄɦʨǻɰ̒ɵɦȄǘ̫ȐǓʃ̒ȍʃʩɴȆǇɵ̒ɵʊʃǌɦʇǘʨɴ
ȳɦʌʧɹ˄ɷɦǗʈʨʏ ɱ ʃʧɴ ɳ ʈʧʃ̡ʈʃǸʄɦɵǁɰɦʁʏ ǗɦʄʨǗȅʏʏ̒Ƽʫɿʊʫ̡ʁɱǜɦʇǘʨɴǗɿʩʈǗɿɨʌʃʧɴȉʃǗʄʏʧʁǏȈʆɦʑʨʉ  ˄
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɲȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴ&ɰ*ɱ*ɳ'ʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʒʁʆʨʃʨɿʧʌʧʂʨʏʫʌɿǍʧȈʆʃʧɴʋɰƽɾ ʸrʃʒɴƾȃɿʫʒʫʨʏʬʑɴ̒˄  
˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰǐʫɴǱʊɦǗɷʨʏ ʊɦʨʏʌʧʂʨȐɚʏǌ̡ɺʋʅǇʋʏ̒ʫʌɿǍʧȈʆʄʁʅʫɿ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜȉʃǱʊǗʄɧɴǗʄʉɿˀǐʃʧɴɦɵ̫ǱʊȇʊɱǘʭʃʆʨɦǗǳ ȁ̫ǐɰ̒ʒɲƾʧ

ʏʃʨȀʈʄɦɵǁɰɦʁʏǗɿʩʈǗɿɨʌ˄ 
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áUȤTURRwÂ¶  Ȓ[Ȯ`«F[TÖcCÈv`Tw 

 
ʒɿǍʄʁ̂ǗɲɩȐʊʊʄʏʻʄʹȋ 
ǗɲɩȐʊʊʄʏʻʄʹʬȋȅʃʱȳɰʈȚʃǌʱȵʅǎʷʋʶʲʐǱʉʈʭʉʲɰǑʊ
ɷɦʨɴʇǐ˄ʁʅǎ̫ɦȄʷɦǗʄʨǗȅʏǗ̒ʄʆˀʃǏȁʈʆʋʆʃǘʪǗʆ̫ȓʁʧɿǖ
ɺ̡ʋʅǎʫɰȁʈʆʋɰǐʫɴȓɲʫʉʂʁʈʭʉ˄ ȵɦʉʄ̒ɦ Ȅɱ̫ɾʸ
ʱʆʋʲɺʋȉǇ ʉʊʄʏʻʄʹʬȋɰʁʆʫɴɦǗʄʨǗȅʏʒ̒ʁʆʬʋ ʇɦǘʨɴʃʧɴ
ʁʬʊʁʏǜʃ̔ǗȐ ʄ̡̒ɿʒʁʆʬʋ ʇɦǘʨɴȂɴʁʒʏɰ̒ǐʫɴʅǎ̫ʊʋɿ̒ɴɴʩɿ
ʏʬʃǖɸ ʩɴʄ́ʫ̡ʃǌʁʬʊʁʏǜʃ̔ɦȵ ɿ̡ɺʁɦɾʨʊǱʊʂʈǕȀ˄ʚʆʫɰ
ʊʄʏʻʄʹʬȋɺ̡ʋǸǸɴʒɲƾʧʏʃʨȅʃʆʃǖʋȁ̒ « ʃɦ̫ʈɰʆʨ
ʊɦʄɠʄ̡ɺʋ ɲɦɿȈǃʄ̒ɦʏɠɲǙʨ˄ ʄɦʨʒʁʆʬʋʈʭʉǻɵ̒ ʐɦʨʉʒʁʆʬʋ ʅɦǜɴɦʁɠɿʊʋɿ̡̒ɺʊȉʃʃˀʉȁȍǗɿɨʌȅʃɿǸ ʏɦʊ̋ʨ˄
ʄ́ʫ̡ʃǌʁʬʊʁʏǜʃ̔ɦȵ ɺɦʨʊɦǗȇ ȍ̫ʏǍʧɿɰǐʫɴ̡ɱǜʄǿǌɹ ɱ̡ǐɴɦʅǜɴʆʨʒʁʆʬʋ»˄ǳɿ̒ɰʿȅʃʊʁʋʩɰʄʹʬȋʒʁʆʨɦǗǳ ȁ̫ǐɰ̒rʃǱʊ
ʄ̫́ȇʋʻ̡ɱǜɦʇǘʨɴ̡ɺʋǶʏʻɦʊɵʊʩʋ Ǘɦȇ ȍ̫ȓɵȅɿ̒ʄɴ̒ʋɰƽɾ ʒyʫʨʏʬʑɴ̒ʃʧɴɦʂǙʨʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȋɴǱʉ
ʉɦʨɴȅʃ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ʅ̡ǟɰɦʋʨǱʊʆʃǖʋʊ̒ʄʏʚ̒ʆʫɰʄʹʬȋǗʄʏʧʃɦʄʨʒʁʆʬʋ ʇɦǘʨɴɵʁʃʭʃˑǗɿɨʌȅʃɿȈǃʄ̒ǳǐǸ « ʏɦʊ̋ʨ» ȵɦɰǐʫɴ
ʄʃǎʄ̒ɦɲɴ ɿɦʨȉʃʒǙʨɦɰʨɿɦʑʨɴǗʄʏʧʃɦʄʨʒʁʆʬʋʁʨːǗɿɨʌɦɶ̫ǻɵ̒?  
Ãɰ,ʒʁʆʬʋʁʨˏʃʧɴʁʨˑ ȵɦ ɿ̡ʇǘʪʂʈǕȀ  ˄
Ãɱ,ʒʁʆʬʋȂɴʁʒʏʃ̒ʩɴʊʋɿ̒ ǗɦȇʷɦʏɠɲǙʨǗɿɨʌȅʃǱɿ̒ȆǇɵ̒˄  
Ãɲ,ʒʁʆʬʋʁʨˏʃʧɴʁʨˑʃʩɴʇǘʪǲǘʁɴǸɴʈʫʃ˄  
Ãɳ,ȉʃ̡ɿʒʁʆʬʋʁʨːʄ́ʫɦǿ ǋ̡̫ɺʋʊʋɿ̒˄  
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ɱ,ʒʁʆʬʋȂɴʁʒʏʃ̒ʩɴʊʋɿ̒ ǗɦȇʷɦʏɠɲǙʨǗɿɨʌȅʃǱɿ̒ȆǇɵ̒˄  
 
ǱʊʄɰǗȐʉ ˆ ɰǐʫɴɦʏɠɲǙʨɦʏʊ̋ʨɵʊʃǌʒɲƾʧʏʃʨȉʃʅǘʬʌʐʬʊ̡ɿʈʭʉɲɿ̒˄ Ǘʄʏʧʃɦʄʨʒʁʆʬʋǿ ʈʭʉ ɶɦ̫ǻɵ̒ȍɦʂǙʨʡǖɦʏɠ
ɲǙʨǱǘʉǸ  ɦʏɠɲǙʨɵʁʐ ̡ɺʋȄʡʁǖǳǕʃʋʐʁʬʊɦʒʑʧɵǗɿɧɴɶǘɴǱɿ̒ɦȳǱʃ̒ʒʁʆʬʋ ʅɦǜɴɦʁɠɿȅʃɦʑʨʉ  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ːʆʧʃǎʫʏǗȉʄ̒ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ɵʬʊʆʧʃʧɿǖɦʈʨʋ ʏɦɵɰǇʨ̡ʀǘɴǱʊɾ ǲ̔ɴɦǗǱʈʒʁʆʨɵʊʃǌʒɲƾʧʏʃʨʃʧɴʏʫʌɿǍʧȈʆʊʭɵɦǗɷʨʏ ʊɦʨʏ «ȅʁ-
Ƕʏ» ǗʄʏʧʃɦʄʨǗɿʩʈǗɿɨʌʜ «ʱʁ» ǗʄʏʧʃɦʄʨʈʧʃǗɿʩʈǗɿɨʌ̂ 

ʏɦɵɰǇʨ̡ʀǘɴǱʊɾ  ̔ ȅʁ-Ƕʏ ʱʁ 
1. ɰǐʫɴɦʏɠɲǙʨʒɲƾʧʏʃʨɵʊʃǌʒɲƾʧʏʃʨȉʃʁʧʏ Ȭɦ ɵɦɹʆʨʄ́ʬʋʌʧɷǃȉʃɦȳʄ́ʬʋʒʌʧɷǃȉʃ˄   δ  δ
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2. ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʒɲƾʧʏʃʨǱʃ̡̒ɿʂʁ Ǳʋǿ ʄʊʧȉɾ ʄʃǎʫɰ̡ɺʋɶǘɴǱɿ̒ɰǐʫɴʈʭʉ
ʌʧȄʁʨǱʃ̡̒ɿɿʧɵ˄  

 δ  δ

3. ǱʊɦǗʄʨɷˀʊɦǗȐ ʄ̡ɱǜɦʇǘʨɴɲʪɦɺʨʈǑʨʁʄ̒ȐƼɿ̒ʄʃǎʫɰʒɲƾʧʏʃʨɰʫʁʡǖɦɵɹʈɰɦǗȢ Ǘɦȇ ɷ̫ˀʊǸʒʫʨ
ʏʬʑɴ̒˄  

 δ  δ

4. ɺɦʨʈǑʨȍʏɵ̒ʊʃǌ̡ɺʋʐʬʊǱɿ̒ʁʬʊʁʏǜʃ̔ʄʹʬȋʉɰʒʶʲʆʲʈʹǗɿʱȳɿǸʲɱǐɴǸʈʭʉ
ʁʬʊʁʏǜʃʽʱȄʷ˄ 

 δ  δ

 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ʱʋɱ ʏɦɵɰǇʨ̡ʀǘɴǱʊɾ  ̔ ȅʁ-Ƕʏ ʱʁ 
/ ɰǐʫɴɦʏɠɲǙʨʒɲƾʧʏʃʨɵʊʃǌʒɲƾʧʏʃʨȉʃʁʧʏ Ȭɦ ɵɦɹʆʨʄ́ʬʋʌʧɷǃȉʃɦȳʄ́ʬʋʒʌʧɷǃȉʃ˄  P  δ

0 ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʒɲƾʧʏʃʨǱʃ̡̒ɿʂʁǱʋǿ ʄʊʧȉɾ ʄʃǎʫɰ̡ɺʋɶǘɴǱɿ̒ɰǐʫɴʈʭʉ
ʌʧȄʁʨǱʃ̡̒ɿɿʧɵ˄   δ P 

1 
ǱʊɦǗʄʨɷˀʊɦǗȐ ʄ̡ɱǜɦʇǘʨɴɲʪɦɺʨʈǑʨʁʄ̒ȐƼɿ̒ʄʃǎʫɰʒɲƾʧʏʃʨɰʫʁʡǖɦɵɹʈɰɦǗȢ Ǘɦȇ ɷ̫ˀʊǸʒʫʨ
ʏʬʑɴ̒˄  

P  δ

2 
ɺɦʨʈǑʨȍʏɵ̒ʊʃǌ̡ɺʋʐʬʊǱɿ̒ʁʬʊʁʏǜʃ̔ʄ́ʬȋʉɰʒʁ̡ʆ̡ʈ́ǗɿɦȳɿǸ ɱ̡ǐɴǸʈʭʉ
ʁʬʊʁʏǜʃʽʱȄʷ˄  δ P 

ɵʁɾʫɵʁʨː &ɱʫʏ'̂  Ȁʈʊʬʄʈʃǌ Q
I

t
= ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʒɲƾʧʏʃʨ I ʏȉȉǗɿʃʩɴʄʊʧȉɾ ʄʃǎʫɰ Q˄ ɺʬʱɵǐʷ

ʄɦʨʄʃǎʫɰǱʃ̡̒ɿ " Ǘɦɵʨʃ  ʁɦʨʄȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌǱʃ̡̒ɿʂʁ˄  
ɵʁɾʫɵʁʨ˒ &ɱʫʏ'̂  ɺɦʨʈǑʨȍʏȓ̒ɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ̡ɺʋʐʬʊǱɿ̒ʗʄɰʊɾ ʒ̔Ǚʨʈʭʉ ɲɦǗɿɨʌʉɰʒʁ̡ʆ̡ʈ́ǗɿɦȳɿǸ "ʱʏʺ
ʊʨ  ʈʧʃ̡ʈʃɿǸ ɱ̡ǐɴɦʑʨʉ˄ ʄɦʨɺʁɦʑʨɴǸ ɱ̡ǐɴȍʃʩɴɦʂǙʨʡǖɶǘɴɦʏɠɲǙʨɦǗȇ ʒ̡̫ʁʆ̡ʈ́Ǘɿȉʃɦʊ́ʏʫʨʏǌɴ̒Ȃʄǲǘʁɴ˄  
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʏɦɠɲǙʨɦʏʊ̋ʨʃʧɴ̡ɱǐɴ*ʁʧʏ Ȭɦɵʊʃǌ*ʒʫʨʏʬʑɴ̒ʃʧɴǱʊȍʏȓ̒ɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ˄ 
˓, ʏʈɿǍȈʆ ɰʁɾ ɿ̒ʊɰȈʆʈʧʃǗʄǗɰɿʨrʃɦʏɵɰǇʨ̡ʀǘɴǱʊɾ ʊ̔ʬʄʌʧʁȘ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʏ ɴɦƼɿʃʧɴʌʧȈɲɦʏɠɲǙʨʒɲƾʧʏʃʨɷʫʁʌʧɹɱǘʭʃɦǻʉ ʅ̡ǟɰɦʋʨǗʁʩʏǇʨ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ʚʆʫɰʊʄʏʻʄʹʬȋȅʃɦǗʄʨʒʁ̡ʆ̡ʈ́Ǘɿɼʨɷʨʀʋ ɺɦʨʈǑʨʆʧʃʧɿǖɵʊʃǌ̡ɺʋ ɵɦɹʆʨȓɲʫʉ˄ ǳɿ̒ɦɳʨɹȁȉʃ
ʄʃǎʫɰʒɲƾʧʏʃʨʏʊʫʄ 450 C ȅʃɶǘɴǱɿ̒ɰǐʫɴʊʉʸɦʆʋ 5 Ȅʁʨ˄ ɵʬʊɲɾ Ȅȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʒɲƾʧʏʃʨ˄  
ɵɦʈǘʨʉ  ̂.................... A 
ɵɦʈǘʨʉʃʧɴ̡ʅǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
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ɵɦʈǘʨʉ  ̂ 1.5 AI =  
ɺʁɦǿ Ǘ̫Ȑ ʉ  ̂ʄʊʧȉɾ ʄʃǎʫɰʒɲƾʧʏʃʨ 450 CQ=  
ʊʉʸʱʆʋ 5t= Ȅʁʨ 5 60= ³ ʌʧȄʁʨ 300 s=  

ʊʬʄʈʃǌˆ Q
I

t
=  

ǱʊɲɾȄ̂ 450
1.5$

300
I A= =  

ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' ʏʊɦʏʊʄǗȉʄ̒ʃʧɴʄʁ̡ʄǘɴʟɰȀȅʃǗɿʩʈǗɿɨʌ&ˏ ʆʧʃǎʫ'*ɦǗʄʨʊʬʄʈʃǌǗɿɨʌ&ˏ

ʆʧʃǎʫ'*ɷʁʃʭʏ ʋɦɱʃʧɴɲɾ ȄǗɿɨʌ&ː ʆʧʃǎʫ'*ǻɰʻʟɰȀ &?'Ǘɿɨʌ&ˏ ʆʧʃǎʫ'˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' ɲɾ ȄǗɿɨʌʄ́ʫ̡ʃǌɦʇǘɵʄʁ̡ʄǘɴȄʁʨɦȳǸʌʧȄʁʨʜɦʇǘɵǻɰ̒ʟɰȀɵʫɴɦǗǱʉ  ˄
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ǗɦʄʨʊʬʄʈʃǌɱʫʏȂɴʁǗʏɧɴʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʁ̒ʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʃʧʉʈʃˀʉ ʃrȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʒɲƾʧʏʃʨʃʧɴʁʁȄɰ̒ʁʁʃɴʊȍɴʄʃǎʫɰʃʧɴʊʉʸɦʆ

ʋ  ˄
˓, ʏʈɿǍȈʆ Ǳʊɲɾ ȄʃʧɴǱʊʄɰǗȐʉ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜȉʃȈʆǗʄɧɴǗʄʉɿˀǐɦʋʨǱʊʄʁ̡ʄǘɴǲǐ ɿ&Ȅʁʨɦȳ ʌʧȄʁʨ'

ʈʫʃʃʩɴɲɾ Ȅ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˒̂ ʄʹʬȋɶǀʋȁ̒ ʐɦɿʫʒǙʨȅʃǸǗɲɨʊʬʄʌʧʁȘ̡ɿɴ̡ɿǗȅʄ̒ȁ ɰʫʁʄ̫́ȇʋʗ̒ʄɰʊɾ ʒ̔ɲƾʧʏʃʨɦȵ ʆɦʋ ɺrɰʁʆʫɴ
ʏɦʨʈʁʩɰ˄ ɵʬʊʆʃǖʋʻʐɦɿʫʅʋ ʐɦɿʫʒǙʨȅʃǸ ʁʩɰʜ̡ʏǑɰɦʏʨʈʄɴƼɦǗǳ ȁ̫ǐɰ̒ǲǘʁɴɦȵ ʆɦʋʄ̫́ȇʋɵ̒ʊʃǌʒɲƾʧʏʃʨ
ʄɦʨɦʂɠʄɦȳʃʩɴ̡ʏǑɰʏǀʭɿ?  
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
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ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ʈʬʋ ʐɦɿʫ̡ɺʋʁʩɰʜ̡ʏǑɰɦʏʨʈʄɴƼɦǗǳ ȁ̫ǐɰ̒ǲǘʁɴɲʪɦǻʉȐ ʊ̂ 
ˏ, Ǳʊʀʉɵʫʷʳʃʱʊʏʫʨʏǌɴ̒ ˆ ʏ̡Ǒɰʏǀʭɿȉʃɦʊ́ʏʫʨʏǌɴ̒ɱǓʏǲ̒ǘʁɴ ɺ̡ʋɷʭʉʁʄ̒ȐƼɿ̒ʋʐʁʬʊɵʊʃǌʒɲƾʧʏʃʨʈʧʃʡǖɶǘɴ
Ǳɿ̒ȋɴǱʉȅʃǵʉǗʏɩʋ˄ʄ́ʫ̡ʃǌɦȵ ʆɦʋ ʏ̡Ǒɰɦʏʨʈ ʊɦ́ʏʫʨʏǌɴ̒ʊʄʏʻ̡ʏǑɰʃʩɴȃǘɰ̒ɵʫ̫Ȋ ɴ́ɲʁʐʫɰ&ʀʉɵʫ̫
ȋʄʻȇʃʻɺɴ'˄ Ȁʈɵȗʄʻʒʬʈ, Ǳʋǿʱʊʏʫʨʏǌɴ̒ Ǳʃ̡̒ɿɿʬɵȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ ɺ̡ʋʐʬʊǱɿ̒ȋɴǱʉʃʩɴǱʃ̡̒ɿ
ʂʶ ʲɺʋʄǿǇ ʋʡǖȉʃǱʊɶɰʻǲǘ ʶɴ˄ 
ː, ʋɰƽɾ ɵyʈǘɴʊʄʏʁ̒ʩɰ̂  ʁʩɰ̡ɺʋ ʉɦʨɴɦǗʄʨǗȅʏʁ̒ʬɦȳ &ʈʧʃ̡ʈʃʁʩɰʄʊʧʏʫʁǏ'ȉʃʅǎʫɰǸɿʧ̡ʊ́ʃʧɴʒʫʨʉʫ́ɴɦʅǜ
ɴ̌ ɺ̡ʋ ʂɦǙʨʡǖȍǸȋʌɵʈǘɴʒɲƾʧʏʃʨɺʿʋǟ˄ ȵɦ ʆɦʋ ɺrɦʏʨʈʁʩɰʄɦɴƼʨɿȅʃǸ ʅrǎʄ̫́ȇʋɺ̒ʿʂʁʊȍɴ̡ʏǑɰʃʧɴǗʄʇʆ
ʒɲƾʧʏʃʨ̡ɺʋɷʭʉʏǗʈɩʋɺʋʻɦʒʑʧɵǗɿɧɴʡǖʐʬʊǱɿ̒ɵʬʋɰǐʫɴɱǘʭʃɦʉʨɴȅʃȊ ɴ́ɦʋɝʃ˄  
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  

ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' 
ˏ,ɦʋʨɰɦʑʨɴʆʨǱʊ ʀʉɵʫʷʳʃʱʊʏʫʨʏǌɴ̒ ʊʄʏʻ̡ʏǑɰɦʏʨʈ&ː ʆʧʃǎʫ 
,ːʆʃǖʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴɦʊ́ʏʫʨʏǌɴ̒ȂʄʃʧɴǱʊɦɰʨʃɦʑʨɴrʃɵʊʃǌ&ː ʆʧʃǎʫ'˄  
ˑ,ʄɤǃɰ̒ʆʨɦǗǳ ȁ̫ǐɰ̒rʃǱʊɶɰ̒ǲǘʁɴɺʋɷ̒ʨʌʧɿ&ˏ ʆʧʃǎʫ'˄  

ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' 
ɶɦǘʨʉǗɿɨʌǗɿʩʈ̡ɿȁ  ʁʩɰǸʒɴƾȃɿʫɵʈǘɴ ʄ́ʫ̡ʃǌʈʧʃȅʃʄɰǗȐʉʆʨʄ̡ǗʈʄǗʈɩʋ
ʱʊʏʫʨʏǌɴ̒ʊʄʏʻ̡ʏǑɰʈʃʫʏǜ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɶɦǘʨʉɱʫʏʆʨɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴʏʫɱȈʆ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʱʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨ*ɵȗʄʻʒʬʈ*ʃʧɴʋɰƽɾ ɵyʈǘɴrʃʒɴƾȃɿʫ˄ 
˓, ʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨ ɦʐɿʫʃʧɴʅʋ rʃʏʶɦɾʨʈɵʁɦȇ ɰ̫ǗʈʧɿrʃǱʊɶɰ̒ʒɲƾʧʏʃʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜȉʃʁȉǘʄ̒ʏʫʌɿǍʧȈʆɱǓʏʻ˄ 
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áUȤTURRw¶ UȻĶȑQßR{[`°WØ TvEȢYW\UáYzE 

 

ʒɿǍʄʁʄɤǝ ˆȐɰʀǕʄǗʈɧɴ 
ʏʫǲɲʪǸʏʧʏǜȉǐɰ̡̒ɺʋɵʬʋɵʧɿǌʏʧɰȚʒʁʆʨʄɦɵǁɰʌʧʁȘ˄ ʀrǀʈʭʉ ǳɿ̒ȅʃʏ ɴɦƼɿɦɳʨɹȁ ȵɦ ʋɦʨʀǕ

ʁʬʊʏʆˀǎʃʧɴɺʫʁȐ ɰʀǕʄǗʈɧɴ&Power Bank) ʊʄʏʻǳɿʻȉʃʏʊʱʏʊȁ "5V"˄ ȵɦ ʆɦʋǳɿ̒ɦʊɠʃɦʈɦʊɠʃʊʬʄʌʧʁȘǗɲɨ
ȅʃʆʃǖʋȁ̒ ɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ ɲʪǸʅʋ ʂɦɠʄʊȍɴȁʈʆʋʒɲƾʧʏʃʨʃʧɴʄʊʧȉɾ ʄʃǎʫɰʒɲƾʧʏʃʨ̡ɺʋɶǘɴǱɿ̒
ʏɦɠɲǙʨ˄ Ǘɲɨȅʃʄ̡ʃǍʈȁɿɴ̒ʏǖʫɴɦǗʄɠʄɺʬɵǸʏȉǓʂʜɰȉǘʁɴʊʫɹǗǶʃ̡ɺʋ ʂɦǙʨʡǖʄʃǎʫɰʒɲƾʧʏʃʨɶǘɴǱɿʻȅʃ˄
ǗʄʏʧʃɦʄʨǳǕʃɿɴ̒ʏǖʫɴʊȍɴɵʁɾʫɵʆʨʊɦʁ Ȅɦ ɰ̫ʿǳǕʃɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿʻɺ̡ʊ˄ ɺɦʨʈǑʨȍʏɿ̒ɴ̒ʏǖʫɴɦʃ̫ ʏʫǲǗɿɨʌ
Ǘɦʄʨʗʄɰʊɾ ʈ̔Ș́ɴ̡ɺʋ ɂɦ ȁ ʌ́ʫʋ ʈ̡́Ǘɿ˄  

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏʶɾʭ ʊ 
ʏɾʁʭʊʁʨˏ̂ ɿɦʨǱʊ̡ʀǘɴǲɴɦǗǱʈʈʭʉǿ ɺ̡ʋ ʊɦɠʄȋʄ̒ʆʨǱʊɿȈǃʄ̒ʌ́ʫʋ ʈ̡́ǗɿɦɺʨʈǑʨȍʏɿ̒ɴ̒ʏǖʫɴʊʄʏʀ̒Ǖʁʬʊʏʆˀǎ
ȅʃǗɿʩʈǗɿɨʌ?  
Ãɰ,ɿȈǃʄ̒Ǹ ʏɦʊ̋ʨɦǗȇ ɵ̫ʊʃǌȂɴʁʒʏǗ̒ɿɨʌʐʬʊǱɿ̒ʌ́ʫʋ ʈ̡́Ǘɿ˄  
Ãɱ, ɿȈǃ ʄʻǸʲɱǐɴ Ǘɦȇ ʌ̫́ʫʋ ʈ̡́ǗɿǗɿɨʌȍʏɿ̒ɴ̒ʏǖʫɴʊȍɴʄ́ʬʋȂɴʁʆʨʊʊʄʏʀ̒Ǖ˄ 
Ãɲ,ɿȈǃʄ̒Ǹ ʏɦʊ̋ʨɦɺʨʈǑʨʡǖȍʏʄ̒ʊʧȉɾ ʄʃǎʫɰʒɲƾʧʏʃʨȅʃɦǗɵʨʃ˄  
Ãɳ,ɿȈǃʄ̒Ǹ ɱ̡ǐɴ ɺɦʨʈǑʨʡǖȍʏȓ̒ɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌȅʃǗɿʩʈǗɿɨʌ˄ 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ ɱ,ɿȈǃʄ̒Ǹ ɱ̡ǐɴ Ǘɦȇ ʌ̫́ʫʋ ʈ̡́ǗɿǗɿɨʌȍʏɿ̒ɴ̒ʏǖʫɴʊȍɴʄ́ʬʋȂɴʁʆʨʊʊʄʏʀ̒Ǖ˄ 
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɱȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴ&ɰ*ɲ*ɳ'ʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌʃʧɴʈʬʋ ʐɦɿʫ̡ɺʋɷɦǗʈʨʏ ʅɦǜɴɦʁɠɿɱʫʏ  ̂
ʐɦɿʫʒǙʨʈʧʃ̡ʈʃ&ɰ'ʃʧɴ&ɲ'̂  ǱʊɿȈǃ ʄʻǸ ʏɦʊ̋ʨ ʈʧʃȓɵɦǗʄʨǸʈʭʉʌ́ʫʋ ʈ̡́Ǘɿȅʃɦʁ Ǘɦȇ ʌ̫́ʫʋ ʈ̡́Ǘɿȉʃ ʊɦʏʫʨʏǌ
ɴ̒ ɰǐʫɴɱǓʏǲ̒ǘʁɴ˄ ǗʄʏʧʃɦʄʨɿǸ ʏɦʊ̋ʨȍʃʩɴȋȋʁɴɵʊʃǌʈʧʃʡǖʐʬʊǱɿ̒ɦʏɠɲǙʨȅʃɦʑʨʉ˄ǱʊɿǸ ʏɦʊ̋ʨɲʪʏǗȉʄ̡̒ɿ
ʒʶʲʆʲʈʹǗɿʄʹʫʱǿǋ ʷ˄ 
ʐɦɿʫʒǙʨʈʧʃ̡ʈʃ&ɳ'̂  Ȃɦ ʄ̫ʨǸǱʊɿǸ ʲɱǐɴ ǗɿʩʈǗɿɨʌʏǗȉʄ̒ʌ́ʫʋ ʈ̡́Ǘɿ ʄ́ʫ̡ʃǌʌ́ʫʋ ʈ̡́Ǘɿʈʧʃ̡ʈʃɦǗʄʨʏǗȉʄ̒ȍʏʻ
 ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ ɦȄʷɦʁ˄ ȍɦǗʄʨʏǗȉʄ̒ȍʏ  ̒ɿɴ̒ʏǖʫɴ ʜʅʋʏɴ̒ɺȘʋʄ́ʬɿɴ̡̒ʏǖʋ  ˄
ʐɦɿʫʅʋɷɦǗʈʨʏ &ɱ'ǗɿʩʈǗɿɨʌ̂ ɿɴ̒ʏǖʫɴɲʪǸȈʆɱʫʏǳǐrʃʄ́ʬɿɴ̡̒ʏǖʋʊȍɴɵʁɾʫɵʆʨʊ&ʄ́ʬʋȂɴʁʆʨʊʊʄʏʀ̒Ǖ'
ɺʬɦɵǐ̫ɦɲǗɿɨʌɿʌ́ʫʋ ʈ̡́ǗɿʡǖǗʏʄʜ Ǹʲɱǐɴ ȳɦʃʩɴʄ́ʬʋȂɴʁʆʨʊɦȄʷɦɺʨʈǑʨȍʏʏ̒ȉǓʂʒɲƾʧʏʃʨȅʃǗɿʩʈǗɿɨʌ˄ 
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ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ*ǱʊɦǗʄʨǗȅʏʌ̒́ʫʋ ʈ̡́Ǘɿ*ʃʧɴʋɰƽɾ ʸɦʊʏʫʨʏǌɴ̒ɰǐʫɴʊʄʏʗ̒ʄɰʊ

ɾ̔  ˄
˓, ʏʈɿǍȈʆ ɹ̡ɰʡǖǻɵ̒ʊȍɴɿʭȄʁʨʃʧɴʊɦʄɠʄɿȈǃʄ̒ʊʄʏʒ̡̒ʁʆ̡ʈ́Ǘɿʃʧɴʌ́ʫʋ ʈ̡́Ǘɿ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜʉʋʆ̒ʨȐ ʊyʏǲʁʃ̒rʃǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ȍ̔ʏʻ̡ʌɴȀʈ

ʄɦɵǁɰɦʁʏǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʅ̡ǟɰɦʋʨʒɿǍʄʁǲɴɦʋʨʃʧɴɵʁɦɾ ɺ̫ʩɴʒʁʆʨɿɴ̒ʏǖʫɴɵʬʊɦǗɷʨʏ ʊɦʨʏȁ ɿɦʨɦʏɵɰǇʨ̡ʀǘɴǱʊɾ ʃ̔ʨʈʭʉˇ
ǲɴʱǗǱʈ «ȅʁ+Ƕʏ» ʜ «ʱʁ»  ̂

ʏɦɵɰǇʨ̡ʀǘɴǱʊɾ  ̔ ȅʁ+Ƕʏ ʱʁ 
,ˏɿɴ̒ʏǖʫɴ 5V ȉʃʃˀʉȁ ȁʈʆʋ 5J Ǘɿɨʌȅʃʄɣǃʬʃɦȳʡǖʄʃǎʫɰʃʨʈʭʉ ɵ̌ʁʃʭʃ 1C˄   δ  δ
,ːǗʄʏʧʃɦʄʨʅʋʏɴʄ́ʬɿɴ̡̒ʏǖʋʊȍɴɵʁɾʫɵʆʨʊɦʏǕʨʃʩɴʏʬʃǖɦȄ ɵ̫ʊʃǌʒɲƾʧʏʃʨɦȵ ɿ̡ȓɵ
ɶǘɴǱɿʻȅʃ  ˄

 δ  δ

ˑ,ʌ́ʫʋɲʪǸǲǐɿʒʃǌʊǸɿʧrʃɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ˄  δ  δ
,˒ɿɴ̒ʏǖʫɴʃʧɴȁʈʆʋʒɲƾʧʏʃʨȉʃʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿʃʩɴǳǐ ˄  δ  δ

 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ʱʋɱ ʏɦɵɰǇʨ̡ʀǘɴǱʊɾ  ̔ ȅʁ+Ƕʏ ʱʁ 
 ˏ ɿɴ̒ʏǖʫɴ3Tȉʃʃˀʉȁ ȁʈʆʋ3HǗɿɨʌȅʃʄɣǃʬʃɦȳʡǖʄʃǎʫɰʃʨʈʭʉ ɵ̌ʁʃʭʃ/A˄ P  δ
 ː Ǘʄʏʧʃɦʄʨʅʋʏɴʄ́ʬɿɴ̡̒ʏǖʋʊȍɴɵʁɾʫɵʆʨʊɦʏǕʨʃʩɴʏʬʃǖɦȄ ɵ̫ʊʃǌʒɲƾʧʏʃʨɦȵ ɿ̡

ȓɵɶǘɴǱɿʻȅʃ˄ 
 δ P 

 ˑ ʌ́ʫʋɲʪǸǲǐɿʒʃǌʊǸɿʧrʃɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ˄ P  δ
 ˒ ɿɴ̒ʏǖʫɴʃʧɴȁʈʆʋʒɲƾʧʏʃʨȉʃʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿʃʩɴǳǐ˄  δ P 

ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌʃʧɴɦʐɿʫʅʋ  ̂

ɵʁɾʫɵʁʨˏ &ȅʁ+Ƕʏ'  ̂Ȁʈʃʧʉʈʃˀʉ V
Q

W
= ˄ ɺʬʱɵǐʷ 1V 1J/1C= ˄ ʄɦʨ 5Vȉʃʃˀʉȁȁʈʆʋ 5J

ʄɣǃʬʃɦȳʡǖʄʃǎʫɰ 1C  ˄
ɵʁɾʫɵʁʨː &ɦʁ'̂  ɺɦʨʈǑʨʡǖȉʃɵʊʃǌʒɲƾʧʏʃʨʐʬʊǱɿ̒ʋʫ̫ǗȀ ɿ̡ȉʃ ʏȉǓʂʒɲƾʧʏʃʨ ʜʅʋʏɴʄ́ʬɿɴ̡̒ʏǖʋ
ɱʫʏʆʨʏʬʃǖ˄ ʄɦʨʅʋʏɴʄ́ʬɿɴ̡̒ʏǖʋ ʏɦǕʨʃʩɴʏʬʃǖǳǕʃɰȉǘʁɴʊʫɹǗǶʃʄʃǎʫɰʡǖȉʃɵʋȄ ʑɦʨʉ  ˄
ɵʁɾʫɵʁʨˑ &ȅʁ+Ƕʏ'  ̂ʌ́ʫʋ&Volt, ʃʧʈʧɿǌʏɤǆ8V) ɲʪǸǲǐɿʒʃǌʊǸɿʧ&SI Unit) ʏǗȉʄ̒ȍʏɿ̒ɴ̒ʏǖʫɴ˄  
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ɵʁɾʫɵʁʨ˒ &ɦʁ'̂  Ȁʈʊʬʄʈʃǌ W V Q= ³ ʜ V
Q

W
= ʄǵǝɹȁɿɴ̒ʏǖʫɴʃʧɴȁʈʆʋȉʃʁʁȄɰ̒ʁʁʃɴ "ʏȉ

ȉǗɿ  ʄɦʨȁʈʆʋ ɰɦʨʃɿɴ̒ʏǖʫɴɦɰʨʃɰǐʫɴɰʊɾʨʄʃǎʫɰɦʀʊ˄ ȍʈʧʃ̡ʈʃǸʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿɦʑʨʉ  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ʁʁʭʋȅʃˏʆʧʃǎʫʏǗȉʄ̒ɵɦʈǘʨʉǗɿʩʈǗɿɨʌʃʨʈʭʉˇ&ʏʊʫʄ˒ʆʧʃǎʫ'˄  
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓  
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʃʧʉʈʃˀʉɿɴ̒ʏǖʫɴ*ǲǐ ɿȍʏʻ*ʃʧɴʋɰƽɱɾǉrʃǱʊɦɰʨɿȉʃɵʊʃǌ˄ 
˓, ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊʏʃǐʧǻǈʃ 

,̝ʕʊʧȊ ʄʀ 
ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲɦʋɱ̡ɺʋʏʊɦʏʊɦʋʨʗʄɰʊɾʽɦǗʄʨǗȅʏʻ
ʡǖǗʏʄȀʈǗʁʩʏǇʨ˄ 

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆʏʫǲ ǗɦʄʨPower Bank ɺ̡ʋȉʃɿɴ̒ʏǖʫɴ 5V ɺɦʨʈǑʨȐɰʁʬʊʏʆˀǎ˄ ɰǐʫɴʒʁʑʫɴɦʆʋȐɰ ȉʃ
ʄʊʧȉɾ ʄʃǎʫɰʒɲƾʧʏʃʨɵʁʃʭʃ 2000 C ȅʃɶǘɴǱɿʻʲɱǜȐɰ˄ɲɾ Ȅȁʈʆʋʒɲƾʧʏʃʨʏʊʫʄ ɺ̡ʋǗɿɨʌȅʃʄɣǃʬʃʆʨ
Power Bank ɦ ȳǱʃʻʁʬʊʏˀʆǎ˄ 
ɵɦʈǘʨʉ  ̂.................... J 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ȁ̂ʈʆʋʒɲƾʧʏʃʨʏʊʫʄ 10000W= ʏʺʬʋ 
ɺʁɦǿ Ǘ̫Ȑ ʉ ɿ̂ɴ̒ʏǖʫɴʒɲƾʧʏʃʨ 5V= ʌ́ʫʋ 
ʄʊʧȉɾ ʄʃǎʫɰʒɲƾʧʏʃʨ Q = 2000ɲʬʑʫʁ 

ʊʬʄʈʃǌˆ Ȁʈʃʧʉʈʃˀʉ ɿɴ̒ʏǖʫɴɲʪǸʅʋ ʂɦɠʄʊȍɴȁʈʆʋʃʧɴʄʊʧȉɾ ʄʃǎʫɰ V
Q

W
= ʱɲȂɹȅʃʊʬʄʈʃǌ

ȁʈʆʋɲʪ W V Q= ³ 
ʱɲȅʃ 2000 5 10000JW= ³ =  
ʒǗȀɰʶʲɾʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' Ǘʏɴ̒ʄǗȉʄ̒ȅʃǗɿʩʈǗɿɨʌ&ˏ ʆʧʃǎʫ'*ɦǗʄʨʊʬʄʈʃǌǗɿɨʌ&ˏ ʆʧʃǎʫ'*ɷʁʃʭʏ ʋɦɱʃʧɴ

ɲɾ ȄǗɿɨʌ&ː ʆʧʃǎʫ'*ǻɰ̒ʟɰȀ&ʐǜ̋ʬʋ'Ǘɿɨʌ&ˏ ʆʧʃǎʫ'˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' ɲɾ ȄǗɿɨʌʄ́ʫ̡ʃǌɦǗʄʨʊʬʄʈʃǌǗɵʑ ʜʁʈʧʃȅʃǻɰ̒ʟɰȀ ȵɦɵɦʈǘʨʉɵʫɴɦǗǱʉ  ˄
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ǗɦʄʨʊʬʄʈʃǌɱʫʏȂɴʁǗʏɧɴʜʈʧʃȅʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
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ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʁ̒ʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴȁʈʆʋʒɲƾʧʏʃʨɿɴ̒ʏǖʫɴʃʧɴʄʃǎʫɰʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ Ǳʊɲɾ ȄʃʧɴǱʊʄɰǗȐʉ 

,̝ʕʊʧȊ ʄʀ 
ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜʉʋʆ̒ʨɿrʈǘrʃȁʈʆʋ ɺ̡ʋȂɰ̒ʁɴʃʩɴǱʊɦǗʄʨǗȅʏʻ
ǗɦɲɝɴɦʒʑʧɵǗɿɨʃʧɰ˄  

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˒̂ ʈʧɿǌʇɰǌʧʊʄʏʏ̒ʫǲȅʃʏʭʊȁ « ʐɦɿʫʒǙʨȅʃǸ ɲɦʅʋʧɿɺʫʁȐ ɰʀǕ̡ɺʋȉʃɿɴ̒ʏǖʫɴɱʫʏ ǳ̌ǐɺʬɵǸ 
5V, 9V ʜ 12VʏǗȉʄʻʁʬʊʏˀʆǎʱʅǜɴˇǳǐ?»  
......................................................................................................................................................,, 
......................................................................................................................................................,,  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂ʁʬʊʏʆˀǎʃʩɴǗʄɸʈʃʩɴǱʊɱʬɵǲɿȊ ɴ́ʂǀʃ̒ʂǀʊʜȓɵɦɶ̫ ʏɦɠɲǙʨǲɴɰǐʫɴ˄  
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌ̂ 
ˏ, Ǳʊɦɰʨʃɦʑʨɴrʃȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ̂ ǗɦɲɝɴɦʒʑʧɵǗɿɨʃʧɰǲɴɰǐʫɴʁʬʊʏʆˀǎȉʃɿrʈǘ ʊɦʏʫʨʏǌɴ̒ ɰʶɾɿʻʈʭʉɵȗʏʻ
Ȍʏʻ˄Ȁʈɵȗʄ̒ʒʬʈȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌɦʏǕʨʃʩɴɿɴ̒ʏǖʫɴ̡ɵɰʃʩɴ ʊɦʏʫʨʏǌɴ̒ ˄Ǳʋǿ ʏʫǲʄɦɴƼʨʃɿɴ̒ʏǖʫɴɺʋʻ
ˏː ʌ́ʫʋ ʋɦʨʏʆʨʏʈɿǍȈʆ˓ʌ́ʫʋȍʃʩɴʊʫɹǗǶʃȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʡǖʐʬʊǱɿ̒ɦʏɠɲǙʨǲǘʁɴǗɷɧʋʐʭʏʆʨǱʊɰʶɾɿʻ˄ 
ː, ʕʁǏʧʆʋɰɦȺǇʈʐʧȉ  ̂Ǳʋǿ ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌɦɰʨʃɦʑʨɴɰɦȺǇ̡ɺʋȈʉ ɵɦɹʆʨ ʊɦʏʫʨʏǌɴ̒ ʃrɦǗɲɝɴʄɴƾʫʁ
ʃʩɴɦɰʨʃɦʑʨɴȀʈʏȉȉǗɿǱ ʊɦrʃɵʊʃǌ˄ ɰɦȺǇɺʿǲǘʁɴɦʃ̫ʃʩɴɦʂǙʨʡǖʊȌʉǗʏȂʄ̒ʒʫʨʏʬʑɴ̒ɦʏǌʨɴ̌ ȵɦɰǐʫɴɸ ʨʄ
ʃʧɴȓɵʄǿǇʋʡǖʅǎʫ̫ʀǕʜɦɶ̫ ʏɦɠɲǙʨȈǘʈ̌  ˄
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ ɶɦǘʨʉǗɿɨʌʆʨǱʊɦɰʨʃɦʑʨɴrʃɵʊʃǌȀʈɵȗʄ̒ʒʬʈʃʧɴʅʋʄ̫́ȇʋʻrʃɰɦȺǇɦʋʨɦǗɲɝɴʄɴƾʫʁ˄ 
ʆʧʃǎʫ̡ʅǐɰɱǘ̫ ɶɦǘʨʉȁ  ɦɶ̫ʁʬʊʏʆˀǎ ʄ́ʫ̡ʃǌʈʧʃȅʃʆʃǖʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴʃʧɴ ʊɦʏʫʨʏǌɴ̒˄  
ʈʧʃȅʃʆʧʃǎʫ ɵɦʈǘʨʉʈʧʃʏʈɦʐɿʫʅʋʜʈʧʃȅʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿ˒  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴʏʫʌɿǍʧȈʆ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵȗʄʻʒʬʈʃʧɴʕʁǏʧʆʋɰɦȺǇrʃɵʊʃǌʒɲƾʧʏʃʨ˄ 
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˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆȈǃʄ̒ǗʁʩʏǇʨɦȳʃʩɴǱʊɱʬɵǲɿǸɰ̡̒ʏǇɴ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʆʧʃʧɿǖȐǘɰʏɤǆʄɦɵǁɰɦʁʏ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊʁʨ˓̂  ɵʬʊɦǗʄʨʊʬʄʈʃǌ W V Q= ³ ɺɦʨʈǑʨʆʃǖʋʆ̒ʨʒɿǍǗʄɦȊ ɷʃ̔rʃǱʊɦǗʄʨǗȅʏɿ̒ɴ̒ʏǖʫɴɱǓʏ ̒ɰǐʫɴǱʊȐɰʀǕ
ʁʬʊʏʆˀǎɦʄʨɦʂɠʄʃʩɴɿɴ̒ʏǖʫɴȂʄɰǐʫɴɰʊɾʨ̡ɺʋ ɲɦɵɴ̒ʡǖʁʬʊʏʆˀǎʁʁʭʋȅʃȁʈʆʋ ʋɦɝʃǸɴʈʫʃ˄  
ɵɦʈǘʨʉ  ̂........................................................................................................................,,,,,,,,,,,,,,,,,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ  ̂Ȁʈʊʬʄʈʃǌ W V Q= ³ ʉɦʨɴȓɵʆʃǖʋʆ̒ʨʒɿǍǗʄɦȊ ɷʃ̔rʃɿɴ̒ʏǖʫɴɱǓʏɺ̒ʬɵǲɴɦǗǱʈ̂  
ˏ, ǱʊʄɣǃʬʃȁʈʆʋȅʃɦǗɵʨʃɰǐʫɴɦʆʋɺʁǿ ʋǳǐ̂ ɰǐʫɴɰʊɾʨ̡ɺʋ ɲɦɵɴ̒ʡǖʁʬʊʏʆˀǎʁʁʭʋȅʃȁʈʆʋ Ǘɦɵʨʃ
ɰǐʫɴʊʉʸɦʆʋɱǘʨȐɰʀǕɦʋɝʃ ǱʊʄɦɴƼʨʃɿɴ̒ʏǖʫɴɲʪǸʈɦʂȘȅʉɺʿȉʃǗʄʏʧʁǏȈʆʄʁʅʫɿ˄ Ǘʄʏʧʃɦʄʨɿrʈǘʄʃǎʫɰ
ʒɲƾʧʏʃʨ̡ɺʋʐʬʊǱɿ̡̒ɱǜȐɰɰǐʫɴʈʭʉʌʧȄʁʨȉʃɰǗʈʧɿɦʀʊǱʊɦǗʄʨɿɴ̒ʏǖʫɴɱǓʏ ʗ̒Ȃʐʊɾʽ̠ ʌ́ʫʋ ʜˏː ʌ́ʫʋ
ʃʩɴɦʂǙʨʡǖȁʈʆʋ ɺ̡ʋʄɣǃʬʃɦȳǱʃ̒ʀǕʁʬʊʏʆˀǎɦɰʨʃɦʑʨɴȀʈʏȉȉǗɿȆǎʋʻ˄ 
ː, Ǳɿ̒ʄʃǍʉʏȉǓʂɦʋʨ̡ɱǜɵʈǘɴ̂  ɺɦʨʈǑʨʁʁʭʋȅʃȁʈʆʋ ɱǓʏɺ̒ʬɵǳǐǗʄʏʧʃɦʄʨɦʉʨɴɦǗʄʨɿɴ̒ʏǖʫɴȂʄ ʉɦʨɴ
ǗɿɨʌʄɦɴƼʨʃʄʊʧȉɾ ʄʃǎʫɰ ʡǖʐʬʊɰǐʫɴɦʋǑɞʃɦʋɝʃǲǘʁɴ ɺ̡ʋȄʡʁǖɦɰʨɿɰɦȺǇǲǘʁɴɦǻʉȐ ʊ ʊɦʏʫʨʏǌɴ̒ ʊʄʏʻʲɱǜ˄
ʅǎʫʉ ȳɦʌʧɹ ǱʊɦǗʄʨɿɴ̒ʏǖʫɴɱǓʏʒ̒ʃʫɤǆɿʡǖɦʉʨɴʄɣǃʬʃȁʈʆʋȅʃɦǗɵʨʃ ǻɦʉʈʧʃǶȅʁɵ̒ʄɦɴƼʨʃʄʊʧȉɾ ʄʃǎʫɰ
ʡǖɦʋʨʏɰǗʈʧɿ ɺ̡ʋɷʭʉʡǖǱʊȐɰʀǕȉʃǗʄʏʧʁǏȈʆʃʧɴʈʧʃɦȢǇǲǘ ʶɴ˄ 
ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹˆʆʃǖʋȅ̒ʃǗɿʩʈǗɿɨʌʆʨʁʁȄɰ̒ʁʁʃɴʏȉȉǗɿȆǎʋʊ̒ȍɴʃʧɴǗʆʈȂɴʁɦʋʨɰɦʑʨɴʆʨǗʄʏʧʁǏȈʆrʃǱʊ
ȐɰʀǕʱʋɝʃ˄ 
ʆʧʃǎʫ̡ʅǐɰɱǘ̫̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵ ɿɴ̒ʏǖʫɴɱǓʏʻɦʂǙʨʡǖȁʈʆʋ Ǘɦɵʨʃ ʄ́ʫ̡ʃǌʈʧʃȅʃȈǃʄ̒ɦȳʃʩɴʊʬʄʈʃǌʜʈʧʃȅʃ
ʆʃǖʋʆ̒ʨǗʄʏʧʁǏȈʆʄɦɵǁɰɦʁʏ  ˄



 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 101 | 254 

ʈʧʃȅʃʆʧʃǎʫ̂ɵɦʈǘʨʉʈʧʃʏʈɦʐɿʫʅʋʜʈʧʃȅʃɦǗʄʨʊʬʄʈʃǌȀʈǱʊ̡ɾ Ȅʶ˄ 
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿ˒  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʇ̒ʏǌʫȀɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴǱʊrɵǐǗʄɼʧɿ̂ Ǳʊʉʋɺ̒ʩɴʆʨʉʃǌǱʊȐɰʀǕʊʐʏˀ  ˄
,˒ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴɱǘʩʈȐ ʊ̂ȁʈʆʋʒɲƾʧʏʃʨʃʧɴɿɴ̒ʏǖʫɴ˄  
˓, ʏʈɿǍȈʆ Ȉǃ ʄʻʊʬʄʈʃǌW V Q= ³ ȳɦʃʩɴǱʊʒʃʫʌɿǌǸɰ̡̒ʏǇɴ˄  
,̝ʕʊʧȊ ʄʀ ʉʋʆ̒ʨȐ ʊyʏǲʁʃ̒rʃʌʧʏǙɰʈǕʒɲƾʧʏʃʨɰǐʫɴǱʊɷʭʉʏʃǜʁʏʶrɵɦʆʋ ʌɦȌ  ˄

 
 

áUȤTURRw¶ ȢYW\ TvEAȪĴȑ¦E[zJáȗTcCÈv`Tw 

 
ʒɿǍʄʁʗ̂ʄɰʊɾ̔ ʒɲƾʧʏʃʨ 
ȵɦɰǐʫɴɷʨʌȈʆʊʏʻɦȵǗʄǶʶrʀǀɦʉʨɴ̡ɿɴ̡ɿɦɳʨɹǱʊɦǗʄʨǗȅʏʀ̒ǕʆʧʋʜȓɲʫʉʏǗȉʄ̒ʅǌʋȁ̒ʈʆʋɺʋʻ
ʗʄɰʊɾ̔ ʱʅǜɴˇ˄ ɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨɲʪǸɰȉǘʁɴʒɲƾʧʏʃʨɵʋɰʊ̡ɺʋ ʂɦǙʨʡǖʄʃǎʫɰʒɲƾʧʏʃʨȆǘʏʁ̒ʨɰǐʫɴɦʏɠɲǙʨ  ˄Ǳʋ
ǿ ɿɴ̒ʏǖʫɴǱʃ̡̒ɿɱǓʏʻɦȄ ʄ̫ʃǎʫɰʒɲƾʧʏʃʨȉʃʄʊʧȉɾ Ǳʃ̡̒ɿɦǗɵʨʃʃʧɴȓɵɺʩɰȄȁʁʈʆʋʒɲƾʧʏʃʨȅʃ
Ǳʃ̡̒ɿɦǗɵʨʃʲɺʊ  ˄ ɲɦȓɵǗʄɺʬɵɿɴ̒ʏǖʫɴɦȳʃʩɴʅʋʏɴrʃɰʈǓʏʁ̒ʩɰɰǐʫɴɦʅʨɴʆʨʊ̡ɺʋ ʂɦǙʨʡǖʁʩɰʐʬʊʆʨɰ̡ʃǘɴɱǓʏʻ
ʱȳȂʄ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ Ǳ̂ʊʌʧȈɲʒʁʆʨɿɴ̒ʏǖʫɴʃʧɴɰʈǓʏʁ̒ʩɰ ʅ̡ǟɰɦʋʨʒɿǍʄʁʃʧɴɵʁɦɾ ɺ̫ʩɴʊʄʏʒ̒ǐɰɦɿʨɦɲȓɵǗʄɺʬɵɿɴ̒ʏǖʫ
ɴʒɲƾʧʏʃʨɦȳʃʩɴʁʁʐʒʁǙʨrʃʋʐʁʬʊʁʩɰɰǐʫɴʂʫɴ?  
Ãɰ,ʄʊʧȉɾ ʁʩɰ̡ɺʋȉʃɰǐʫɴʂʫɴ    Ãɱ,ʁʁʐʶrʃʁʫɦȊ ʁʩɰ 
Ãɲ, ʅʋʏɴrʃɰʈǓʏʁ̒ʩɰɰǐʫɴʂʫɴȂɴʁʆʨʊ     Ãɳ,ʊʉʸɦʆʋ ɺ̡ʋʁʩɰʐʬʊʒʏʆ̒ʨʂʫɴ 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ɲ,ʅʋʏɴrʃɰʈǓʏʁ̒ʩɰɰǐʫɴʂʫɴȂɴʁʆʨʊ 
ǱʊʄɰǗȐʉʌʧʁȘȐɚʏǌˆ 
F ǱʊʱǗʄɠʄʱʂɠʄ ̂ ȵɦɰǐʫɴʊʬʄʌʧʁȘ ɲɦ̡ɿɴ̡ɿǗʄɰʭɿǗʄ̡ɷɴʋʐʁʬʊʒɲƾʧʏʃʨɦȳʃʩɴʋʐʁʬʊʁʩɰ˄ ɰʈǓʏʁ̒ʩɰɱʫʏ
ǳǐʄɦɴƼʨɿʡǖȉʃ«ʏȉǓ ʂ» ɺ̡ʋ ʂɦǙʨʡǖʁʩɰʐʬʊ˄ ɺʬɵǳǐɦʃ̫ ɺ̡ʊɿɴ̒ʏǖʫɴɲʪǸ «ʏȉǓʂʒɲƾʧʏʃʨ» ʜʅʋ
ʏɴʄ́ʬɿɴ̡̒ʏǖʋʊȍɴɵʁɾʫɵʆʨʊ̡ɺʋʊʫɹǗǶʃʄʃǎʫɰʒɲƾʧʏʃʨʡǖȉʃɵʋȄ  ˄

F ǱʊʌʧȈɲɷɦǗʈʨʏ ʅɦǜɴ̂   ɷɦǗʈʨʏ ɰ (ʄʊʧȉɾ ʁʩɰ'ɦǗʄɠʄȅʃɦȳʃʩɴʄʃǎʫɰʒɲƾʧʏʃʨ˄ 
ɷɦǗʈʨʏ ɱ ( ʁʁʐʁʁʫɦȊ 'ɦǗʄɠʄȅʃɦȳʃʩɴ ʊɦʏʫʨʏǌɴ̒ ʳʃʲɱǜɵʈǘɴ˄ 
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ɷɦǗʈʨʏ ɳ (ʊʉʸɦʆʋ'ɲʪǸɰȀǌɦʆʋ ʌɦȌ ɺ̡ʋȂɰ̒ʁɴʃʩɴȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ˄ 
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɲȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊʒʄʻʊʶ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʃʧʉʈʃˀʉ ʃʧɴʋɰƽɾ ʸrʃɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ ǱʊȈǃʄ̒ʁʁȄɰ̒ʁʁʃɴʊȍɴʏȉǓʂʁʩɰʃʧɴʏȉǓʂʒɲƾʧʏʃʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏ ɴɦƼɿʃʧɴɦǗʄɠʄɦʂɠʄȅɿʫʇʬɿʂʈǕǸɿʧɦȳʃʩɴǗʁʩʏǇʨ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ Ǳʊɲɾ Ȅ ʃʧɴǱʊʒʃʫʌɿǌ ȓɲʫʉʈʭʉʄɦɣǁɹȁʈʆʋʒɲƾʧʏʃʨ 6000 JW= ɺɦʨʈǑʨʡǖʄʃǎʫɰʒɲƾʧʏʃʨ 

500 CQ= Ȇǘʏʁ̒ʨɰǐʫɴɦʏɠɲǙʨ ˄ ɿɦʨɿɴ̒ʏǖʫɴʊȍɴɦǳʋȂɴʁʆʨʊrʃȓɲʫʉ Ȅɦ ȉ̫ʃɿrʈǘʄ́ʫȄǕʃ?  
Ãɰ, 1.2 V      Ãɱ, 12 V  
Ãɲ, 30 V      Ãɳ, 300 V 
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ɱ,12 ʌ́ʫʋ 
ɺʁɦǿ Ǘ̫Ȑ ʉ  ̂
ȁʈʆʋʒɲƾʧʏʃʨ 6000ʏʺʬʋ 
ʄʊʧȉɾ ʄʃǎʫɰʒɲƾʧʏʃʨ 500Q= ɲʬʑʫʁ 

ʊʬʄʈʃǌˆ V
Q

W
=  

ǱʊɲɾȄ ̂ 6000
12

500
V = = ʌ́ʫʋ 

ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ ʋʁǏʅʋ 
ʆʧʃǎʫɦʆɹ ʏʧʏǜɦǗɷʨʏ ʊɦʨʏʉɰɷɦǗʈʨʏɱȅʃǗɿʩʈǗɿɨʌ˄ 
ʈʧʃȅʃʆʧʃǎʫ ʏʧʏǜɦǗɷʨʏ ʊɦʨʏɷɦǗʈʨʏ ʅɦǜɴʜʈʧʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
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ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʁ̒ʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊʒʄ̒ʊʁʃʧɴʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴȁʈʆʋʄʃǎʫɰʃʧɴɿɴ̒ʏǖʫɴ˄  
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨ̡ɵɰɦɺʨʈǑʨʊɰɿrʈǘɿɴ̒ʏǖʫɴ˄  
,̝ʕʊʧȊ ʄʀ ȈʆʐǕɿ̒ɵɿ̒̂ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ʅɦǎɡɴȆǎɿ̒ɦʋɱʃʧɴʟɰȀ  ˄
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ǗʄȃʃʄʁʁʨˆʏʫʌɿǍʧȈʆʗʄɰʊɾ̔ ʒɲƾʧʏʃʨʃʧɴǱ ʊɦʂǙ̈ɺʶɦɾ ʊ̈ɰʈȚʃǌ 

ʒɿǍʄʁˆɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ 
ʋʨǻ ȅʃɦʂǙʨɺʁɦɾʨʊɰʈȚʃǌɦȳǱʃ̒Ǘʄɦʁʏʈʭʉ ɺ̡ʋ ǗɦʄʨǗȅʏǗ̒ʄʆˀʃǏʒɲƾʧʏʃʨɿɴ̒ʏǖʫɴ 110 Vɱɾʸ

ɺ̡ʋ ȵɦǗʄɦʁʏɰʈǓʫǸ ǗɦʄʨǗȅʏ ̒ 220 V˄ ǳɿ̒ȅʃʉɰȉ́ʏʫʨʃʏʈǀʭɿʏɰ̡̒ɺʋȉʃȐǘɰʏɤǆʄɤǃɰ̒ȁ 
220 V 1500 W-  ȳɦ ǗɦʄʨǗȅʏʻɦȵʁʨɦȄʷ˄ ȵɦ ʆɦʋǳɿ̒ɦǻɿɦǗʄʨǗȅʏ ǳ̒ɿ̒ʏ ɴɦƼɿɦɳʨɹȁ ȉ́ʏʫʨʃʏʈǀʭɿ
ʏɰ̒ɦȄ ȑ̫ ɰ̒ɺʬɵǸɺʁɦɾʨʊǱʊɦɱȚʉǲǘʁɴ ɱǖʋʻɦɵɹʈʧʃʏʬʌɦȢǌʃʧɴɰǵǝʊʄɰ̒ʉʪɿ˄ ʅǎʫʉ ȳɦʌʧɹ ʄɦʨǳɿ̒ʉɰ
ʗʄɰʊɾʽ̡ɺʋ Ǘɦʄʨɿɴ̒ʏǖʫɴȂʄɦȳ ǻɦɿǸʈʭʉɿɴ̒ʏǖʫɴɱǓʏʌ̒ʧɹ ȍʃʩɴȓɵʄǿǌʋʡǖɦɶ̫ʗʄɰʊɾʽɦȄ Ȉ̫ǘ
ʈˇ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ʅ̡ǟɰɦʋʨʒɿǍʄʁ ʐɦɿʫʒǙʨȅʃǸȉ́ʏʫʨʃʏʈǀʭɿʏɰ̒ʊʄʏʋ̒ʨǻɺʁɦɾʨʊǱʊɦɱȚʉ ȵɦ ʆɦʋ ǗɦʄʨɦȵǗʄɦʁʏ
ʱȄ?̫  
Ãɰ,ɦǗȇ ɵ̫ʊʃǌʒɲƾʧʏʃʨɦȵʁʨɦȄ ǲ̫ǘʁɴɦʆɰ˄  
Ãɱ,ɦǗȇ ɿ̫ɴ̒ʏǖʫɴ̡ɺʋʅƾɿ̒ʅƾɴ̒ȂʄǸɴɿɴ̒ʏǖʫɴ̡ɺʋʗʄɰʊɾ Ǘ̔ɿɨʌǱʊ˄ 
Ãɲ,ɦǗȇ ɿ̫ɴ̒ʏǖʫɴ̡ɺʋʅƾɿ̒ʅƾɴ̒ɱǓʏʻǸɴɿɴ̒ʏǖʫɴ̡ɺʋʗʄɰʊɾ Ǘ̔ɿɨʌǱʊ˄ 
Ãɳ,ɦǗȇ ȁ̫ʈʆʋʒɲƾʧʏʃʨǗɿɨʌȅʃʄʁ̡ʄǘɴǸɰɦȺǌʒʏȂ̒ɴʁǗʏɧɴ˄  
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ɱ,ɦǗȇ ɿ̫ɴ̒ʏǖʫɴ̡ɺʋʅƾɿ̒ʅƾɴ̒ȂʄǸɴɿɴ̒ʏǖʫɴ̡ɺʋʗʄɰʊɾ Ǘ̔ɿɨʌǱʊ˄ 
ɺʁɦǿ Ǘ̫Ȑ ʉ ʃʧɴǱʊʄɰǗȐʉ  ̂
F ǱʊʌʧȈɲ̂  ȉ́ʏʫʨʃʏʈǀʭɿʏɰ̒ʊʄʏʋ̒ʨǻǗɿɨʌȅʃʊɵȄ ʑɦʨɴʏǗȉʄ̒ɦǗʄʨǗȅʏǸ̒ʈʭʉɿɴ̒ʏǖʫɴːː ˎ ʌ́ʫʋ
&ʏǇɴ̒ǻʊɰʈǓʫǸ'˄ ȵɦ ʆɦʋǳɿ̒ʉɰɦȳ ǗɦʄʨɦȵǗʄɦʁʏ ɺ̡ʋȉʃɿɴ̒ʏǖʫɴǗɿʩʈ̡ɿˏˏ ˎʌ́ʫʋȉʃʃˀʉȁ
ʏȉǓʂʒɲƾʧʏʃʨ̡ɺʋʊʫɹǗǶʃʄʃǎʫɰȉʃɿrʈǘȂʄǸɴʈʫʃȇɰ̒ɰǿǇʋ  ˄

F ʅʋʄʹʷȇʋʻˆ Ȁʈɵȗʄ̒ʒʬʈǱʋǿ ɿɴ̒ʏǖʫɴʀʉɵʫ̫ɱɾ ʸ̡ɺʋ ʊɦʏʫʨʏǌɴ̒ ʊʄʏȉ̒́ʏʫʨʃɦȵ ʀɦʊɦȄʷ
ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ̡ɺʋʐʬʊǱɿ̒ɰʿʀʉɵʫ̡̫ɺʊ˄ Ǳʋǿ ɵʊʃǌɿʧɵȁʈʆʋɰɦȺǇʃʧɴɦʋǑɞʃɰǵǝʊɰʿʀʉ
ɵʫ̫ȀʈɦȄʷ̡ɺʊɦʁʨʄɦʂǙʨʡǖʗʄɰʊɾ ɺ̔ɦʁɾʨʊǱʊɦɱȚʉ  ˄

ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱȅʃǗɿʩʈǗɿɨʌʃʧɴʉʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴʅƾɿ̒ʅƾɴ̒

ʃʧɴɿǗʈɨʌǱʊʗʄɰʊɾʽ˄ 
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿɨʌʄ́ʫ̡ʃǌʈʧʃȓɵʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫʄɦɵǁɰɦʁʏȅʃɵȗʏʻ

Ȍʏʻ ˄
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃȅʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
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ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴǱʊɦʂǙʨɺʁɦɾʨʊ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʕʁǏʧʆʋ ʃrɿɴ̒ʏǖʫɴɦȳ ʋɦʨʒʃʫȈʆʃʧɴɺʁɦɾʨʊǱʊʊʄʏʻɦǗɲɝɴʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰʁɾ ɿ̒ʊɰʈʬʋ ʐɦɿʫ̡ɺʋȄʡʁǖʗʄɰʊɾ ɺ̔ɦʁɾʨʊǱʊʈʧʃǗʄǗɰɿʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʆʧʃʧɿǖȐǘɰʏɤǆɿɴ̒ʏǖʫɴʈʫʃɦʆʋ ǗɦʄʨǗȅʏʗ̒ʄɰʊɾʽ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʗʄȉȁʋʨǻȉʃʀǕȐɰ&Power Bank) ʈʭʉ ɺ̡ʋʅǎʫɰʄʃǎʫɰʒɲƾʧʏʃʨȅʃ 20000 CQ= ʃʧɴ
ȉʃɿɴ̒ʏǖʫɴ 5 VV= ˄ɵʬʊɲɾ Ȅȁʈʆʋʒɲƾʧʏʃʨʏʊʫʄ̡ɺʋʀǕȐ ɰɦʃ̫ȓɵʅǌʋʡ̒ǖʁʬʊʏʆˀǎʊʄʏǳ̒ɿ̒ȅʃ˄  
ɵɦʈǘʨʉ .̂...................................... J  
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑ ʒ̂ǐɰʌʧʁȘȐɚʏǌȉǐɰ̒ɵɴ̒ʄɦɴƼʨɿȓɲʫʉǗʄɦʇʁʀǕʨ̡ɺʋȓɵʅǎʫɰȁʈʆʋȅʃɦǗɵʨʃʄ́ʫ̡ʃǌȉʃʁʁʐɿʁʬɵ˄
ǳɿ̒ȅʃɦʂǙʨɦɿʏǌȐɰʋǑɴȃɿʫɲʨʈʨʆʨʊǗʄɦʇʁɲʪ ȐʊȃɿʫA ʃʧɴ ȐʊȃɿʫB  ˄
ɰǐʫɴʄʊʧȉɾ ʄʃǎʫɰ 1 Cɺʬɵǳǐ ȐʊȃɿʫA ʄɦɴƼʨɿɿɴ̒ʏǖʫɴȅʃ 3.7 V  ˄
ɰǐʫɴʄʊʧȉɾ ʄʃǎʫɰ 1 Cɺʬɵǳǐ ȐʊȃɿʫB ʄɦɴƼʨɿɿɴ̒ʏǖʫɴȅʃ 1.2 V  ˄
ɿɦʨǳɿ̒ɲʭʊɦǗɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫʈʭʉǿ ɺɦʨʈǑʨʅʋʧɿȓɲʫʉ ɺ̡ʋ ʄɦɣǁɹȁʈʆʋȅʃɦǗɵʨʃǸɴɦɲ? ɵʬʊʅǌʋʻ
ʱʐɿʫʅʋʱǻʉ ʅ̡ǟɰɦʋʨʁʁȄɰ̒ʁʁʃɴʊȍɴ ɿɴ̒ʏǖʫɴ ʃʧɴ ȁʈʆʋɰǐʫɴʈʭʉʟɰȀʄʃǎʫɰ˄  
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
......................................................................................................................................................,,, 
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ' Ǘɦɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫ@ʃʧɴʆʃǖʋȅ̒ʃǗɿʩʈǗɿɨʌȁ Ȁ̂ʈʁʁȄɰ̒ʁʁʃɴW V Q= ³

Ǳʋǿ O ʀɦʊɦʄʨTǱʃʻʲɿʂʶ ʱȄʷȁʈʆʋǱʃ̡̒ɿɦǗɵʨʃ˄ ɺʬɵɦʃ̫Ȑ ʊȃɿʫ@
ɺ̡ʋȉʃɿɴ̒ʏǖʫɴɱǓʏǸ̒ɴʃʩɴʅǇʋȁ̒ʈʆʋȅʃɦǗɵʨʃǸɴ˄  

ʆʧʃǎʫȇɰ̒ɰǿǌʋ &ˏ ' Ǘɦɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫ@ǗɿʩʈǗɿɨʌʄ́ʫ̡ʃǌǱʊʅǇʋʻɦʐɿʫʅʋʈʧʃȂʃ̒ɵȗʏȌ̒ ʏ ʜ̒
ʈʧʃȅʃʄɤǃɰ̒ʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴʃʧɴȁʈʆʋ  ˄

ʈʧʃȅʃʆʧʃǎʫ&ˎ ' Ǘɦɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫ?ʜʈʧʃɦɶǘʨʉ ʜɦɶǘʨʉɱʫʏȂɴʁǗʏɧɴʆʨɱǘʩʈȐʊʌʧʁȘȐɚʏǌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌɦɺʨʈǑʨɦʂǙʨǱʊʏ Ǘɦʈɵɵʧɿǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʶȄɰʻʁʶʃɴʊȍɴȁʈʆʋ*ʄʃǎʫɰ*ʃʧɴɿɴ̒ʏǖʫɴ 

˓, ʏʈɿǍȈʆ 
ǗɦʄʨǗȅʏʁ̒ʁȄɰ̒ʁʁʃɴV

Q

W
= ɺɦʨʈǑʨȂɹʊɰʅʋ ʂɦɠʄʃʧɴɦǗʄɠʄɦʂɠʄɿrʈǘ

ȁʈʆʋ 

,̝ʕʊʧȊ ʄʀ 
ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ǗɦʄʨǗȅʏǗ̒ʁʩʏǇʨʌʧʁȘȐɚʏǌʈɰǳǗʁʁǱʊɦǗɷʨʏ ʊɦʨʏ
ʜǱʊɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴɷʨʌȈʆǸɰ̡̒ʏǇɴ˄  

 
áUȤTURRw¶ `z]P×vȩWhUA[O­cCÈv`Tw TvEȒ[¡Sã}K¦¡O}[AYȑȺTÖ 

 
ʒɿǍʄʁɿ̂ɴʏ̒ǖʫɴʒɲƾʧʏʃʨ 
ʋʨǻȅʃɦʂǙʨɺʁɦɾʨʊɰʈȚʃǌɦȳǱʃ̒Ǘʄɦʁʏʈʭʉ ɺ̡ʋ ǗɦʄʨǗȅʏǗ̒ʄʆˀʃǏʒɲƾʧʏʃʨɿɴ̒ʏǖʫɴ 110 Vɱɾʸʲɺʋʱȵ
ǗʄɦʁʏɰʈǓʫǸ ǗɦʄʨǗȅʏ ̒220 V˄ǳɿ̒ȅʃʉɰȉ́ʏʫʨʃʏʈǀʭɿʏɰ̡̒ɺʋȉʃȐǘɰʏɤǆʄɤǃɰ̒ȁ 
220 V 1500 W-  ȳɦ ǗɦʄʨǗȅʏʻɦȵʁʨɦȄʷ˄ ȵɦ ʆɦʋǳɿ̒ɦǻɿɦǗʄʨǗȅʏ ǳ̒ɿ̒ʏ ɴɦƼɿɦɳʨɹȁ ȉ́ʏʫʨʃʏʈǀʭɿ
ʏɰ̒ɦȄ ȑ̫ ɰ̒ɺʬɵǸɺʁɦɾʨʊǱʊɦɱȚʉǲǘʁɴɱǖʋʻɦɵɹʈʧʃʏʬʌɦȢǌʃʧɴɰǵǝʊʄɰ̒ʉʪɿ˄ ʅǎʫʉ ȳɦʌʧɹ ʄɦʨǳɿ̒ʉɰ
ʗʄɰʊɾʽ̡ɺʋ Ǘɦʄʨɿɴ̒ʏǖʫɴȂʄɦȳ ǻɦɿǸʈʭʉɿɴ̒ʏǖʫɴɱǓʏʌ̒ʧɹ ȍʃʩɴȓɵʄǿǌʋʡǖɦɶ̫ʗʄɰʊɾʽɦȄ Ȉ̫ǘ
ʈˇ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ʅ̡ǟɰɦʋʨʒɿǍʄʁ ʐɦɿʫʒǙʨȅʃǸȉ́ʏʫʨʃʏʈǀʭɿʏɰ̒ʊʄʏʋ̒ʨǻɺʁɦɾʨʊǱʊɦɱȚʉ ȵɦ ʆɦʋ ǗɦʄʨɦȵǗʄɦʁʏ
ʱȄ?̫  
Ãɰ,ɦǗȇ ɵ̫ʊʃǌʒɲƾʧʏʃʨɦȵʁʨɦȄ ǲ̫ǘʁɴɦʆɰ˄  
Ãɱ,ɦǗȇ ɿ̫ɴ̒ʏǖʫɴ̡ɺʋʅƾɿ̒ʅƾɴ̒ȂʄǸɴɿɴ̒ʏǖʫɴ̡ɺʋʗʄɰʊɾ Ǘ̔ɿɨʌǱʊ˄ 
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Ãɲ,ɦǗȇ ɿ̫ɴ̒ʏǖʫɴ̡ɺʋʅƾɿ̒ʅƾɴ̒ɱǓʏǸ̒ɴɿɴ̒ʏǖʫɴ̡ɺʋʗʄɰʊɾ Ǘ̔ɿɨʌǱʊ˄ 
Ãɳ,ɦǗȇ ȁ̫ʈʆʋʒɲƾʧʏʃʨǗɿɨʌȅʃʄʁ̡ʄǘɴǸɰɦȺǌʒʏȂ̒ɴʁǗʏɧɴ˄  
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ɱ,ɦǗȇ ɿ̫ɴ̒ʏǖʫɴ̡ɺʋʅƾɿ̒ʅƾɴ̒ȂʄǸɴɿɴ̒ʏǖʫɴ̡ɺʋʗʄɰʊɾ Ǘ̔ɿɨʌǱʊ˄ 
ɺʁɦǿ Ǘ̫Ȑ ʉ ʃʧɴǱʊʄɰǗȐʉ  ̂
F ǱʊʌʧȈɲ̂ ȉ́ʏʫʨʃʏʈǀʭɿʏɰ̒ʊʄʏʋ̒ʨǻǗɿɨʌȅʃʊɵȄ ʑɦʨɴʏǗȉʄ̒ɦǗʄʨǗȅʏǸ̒ʈʭʉɿɴ̒ʏǖʫɴːː ˎ ʌ́ʫʋ
&ʏǇɴ̒ǻʊɰʈǓʫǸ'˄ ȵɦ ʆɦʋǳɿ̒ʉɰɦȳ ǗɦʄʨɦȵǗʄɦʁʏ ɺ̡ʋȉʃɿɴ̒ʏǖʫɴǗɿʩʈ̡ɿˏˏ ˎʌ́ʫʋȉʃʃˀʉȁ
ʏȉǓʂʒɲƾʧʏʃʨ̡ɺʋʊʫɹǗǶʃʄʃǎʫɰȉʃɿrʈǘȂʄǸɴʈʫʃȇɰ̒ɰǿǇʋ  ˄

F ʅʋʄʹʷȇʋʻˆȀʈɵȗʄ̒ʒʬʈǱʋǿ ɿɴ̒ʏǖʫɴʀʉɵʫ̫ɱɾ ʸ̡ɺʋ ʊɦʏʫʨʏǌɴ̒ʊʄʏȉ̒́ʏʫʨʃɦȵ ʀɦʊɦȄʷ
ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ̡ɺʋʐʬʊǱɿ̒ɰʿʀʉɵʫ̡̫ɺʊ˄ Ǳʋǿ ɵʊʃǌɿʧɵȁʈʆʋɰɦȺǇʃʧɴɦʋǑɞʃɰǵǝʊɰʿʀʉ
ɵʫ̫ȀʈɦȄʷ̡ɺʊɦʁʨʄɦʂǙʨʡǖʗʄɰʊɾ ɺ̔ɦʁɾʨʊǱʊɦɱȚʉ  ˄

ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱȅʃǗɿʩʈǗɿɨʌʃʧɴʉʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴʅƾɿ̒ʅƾɴ̒

ʃʧɴɿǗʈɨʌǱʊʗʄɰʊɾʽ˄ 
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿɨʌʄ́ʫ̡ʃǌʈʧʃȓɵʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫʄɦɵǁɰɦʁʏȅʃɵȗʏʻ

Ȍʏʻ ˄
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃȅʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ȇǎʋɱ̒ǘʭʃʃʧɴǱʊɦʂǙʨɺʁɦɾʨʊ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʕʁǏʧʆʋ ʃrɿɴ̒ʏǖʫɴɦȳ ʋɦʨʒʃʫȈʆʃʧɴɺʁɦɾʨʊǱʊʊʄʏʻɦǗɲɝɴʒɲƾʧʏʃʨ˄ 
˓, ʏʈɿǍȈʆ ʏʈɿǍȈʆɰʁɾ ɿ̒ʊɰʈʬʋ ʐɦɿʫ̡ɺʋȄʡʁǖʗʄɰʊɾ ɺ̔ɦʁɾʨʊǱʊʈʧʃǗʄǗɰɿʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʆʧʃʧɿǖȐǘɰʏɤǆɿɴ̒ʏǖʫɴʈʫʃɦʆʋ ǗɦʄʨǗȅʏʗ̒ʄɰʊɾʽ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʗʄȉȁʋʨǻȉʃʀǕȐɰ&Power Bank) ʈʭʉ ɺ̡ʋʅǎʫɰʄʃǎʫɰʒɲƾʧʏʃʨȅʃ 20000 CQ= ʃʧɴ
ȉʃɿɴ̒ʏǖʫɴ 5 VV= ˄ɵʬʊɲɾ Ȅȁʈʆʋʒɲƾʧʏʃʨʏʊʫʄ̡ɺʋʀǕȐ ɰɦʃ̫ȓɵʅǌʋʡ̒ǖʁʬʊʏʆˀǎʊʄʏǳ̒ɿ̒ȅʃ˄  
ɵɦʈǘʨʉ .̂...................................... J  
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
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ʏɾʁʭʊʁʨˑˆʒǐɰʌʧʁȘȐɚʏǌȉǐɰ̒ɵɴ̒ʄɦɴƼʨɿȓɲʫʉǗʄɦʇʁʀǕʨ̡ɺʋȓɵʅǎʫɰȁʈʆʋȅʃɦǗɵʨʃʄ́ʫ̡ʃǌȉʃʁʶʐʶɿʬɵ˄
ǳɿ̒ȅʃɦʂǙʨɦɿʏǌȐɰʋǑɴȃɿʫɲʨʈʨʆʨʊǗʄɦʇʁɲʪȐʊȃɿʫA ʃʧɴȐʊȃɿʫB  ˄
ɰǐʫɴʄʊʧȉɾ ʄʃǎʫɰ1 Cɺʬɵǳǐ ȐʊȃɿʫA ʄɦɴƼʨɿɿɴ̒ʏǖʫɴȅʃ3.7 V  ˄
ɰǐʫɴʄʊʧȉɾ ʄʃǎʫɰ1 Cɺʬɵǳǐ ȐʊȃɿʫB ʄɦɴƼʨɿɿɴ̒ʏǖʫɴȅʃ1.2 V  ˄
ɿɦʨǳɿ̒ɲʭʊɦǗɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫʈʭʉǿ ɺɦʨʈǑʨʅʋʧɿȓɲʫʉ ɺ̡ʋ ʄɦɣǁɹȁʈʆʋȅʃɦǗɵʨʃǸɴɦɲ? ɵʬʊʅǌʋʻ
ʐɦɿʫʅʋ ǻɦʉ ʅ̡ǟɰɦʋʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴʃʧɴȁʈʆʋɰǐʫɴʈʭʉʟɰȀʄʃǎʫɰ˄  

......................................................................................................................................................,,, 

......................................................................................................................................................,,, 

......................................................................................................................................................,,, 

......................................................................................................................................................,,, 

......................................................................................................................................................,,, 

......................................................................................................................................................,,, 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ' Ǘɦɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫ@ʃʧɴʆʃǖʋȅ̒ʃǗɿʩʈǗɿɨʌȁ Ȁ̂ʈʁʶȄɰʻʁʶʃɴW V Q= ³

Ǳʋǿ O ʀɦʊɦʄʨTǱʃʻʲɿʂʶȄɦ ȁ̫ʈʆʋ Ǳʃ̡̒ɿɦǗɵʨʃ˄ ɺʬɵɦʃ̫Ȑ ʊȃɿʫ@
ɺ̡ʋȉʃɿɴ̒ʏǖʫɴɱǓʏǸ̒ɴʃʩɴʅǇʋȁ̒ʈʆʋȅʃɦǗɵʨʃǸɴ˄  

ʆʧʃǎʫȇɰ̒ɰǿǌʋ &ˏ ' Ǘɦɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫ@ǗɿʩʈǗɿɨʌʄ́ʫ̡ʃǌǱʊʅǇʋʻɦʐɿʫʅʋʈʧʃȂʃ̒ɵȗʏȌ̒ ʏ ʜ̒
ʈʧʃȅʃʄɤǃɰ̒ʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴʃʧɴȁʈʆʋ  ˄

ʈʧʃȅʃʆʧʃǎʫ&ˎ ' Ǘɦɷʨʏ ʊɦʨʏʉɰȐʊȃɿʫ?ʜʈʧʃɦɶǘʨʉ ʜɦɶǘʨʉɱʫʏȂɴʁǗʏɧɴʆʨɱǘʩʈȐʊʌʧʁȘȐɚʏǌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
ˏ,ɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴʇʏǌʫȀɴʌʧʁȘȐɚʏǌɦɺʨʈǑʨɦʂǙʨǱʊʏ Ǘɦʈɵɵʧɿǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʶȄɰʻʁʶʃɴʊȍɴȁʈʆʋ*ʄʃǎʫɰ*ʃʧɴɿɴ̒ʏǖʫɴ 

˓, ʏʈɿǍȈʆ 
ǗɦʄʨǗȅʏʁ̒ʁȄɰ̒ʁʁʃɴV

Q

W
= ɺɦʨʈǑʨȂɹʊɰʅʋ ʂɦɠʄʃʧɴɦǗʄɠʄɦʂɠʄɿrʈǘ

ȁʈʆʋ 

,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ǗɦʄʨǗȅʏǗ̒ʁʩʏǇʨʌʧʁȘȐɚʏǌʈɰǳǗʁʁǱʊɦǗɷʨʏ ʊɦʨʏ
ʜǱʊɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴɷʨʌȈʆǸɰ̡̒ʏǇɴ˄  
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¡Y¡[ TRwÀ  ¡[`zw`ÖE«cCÈv`Tw 
 
 

áUȤTURRw¶ Ȓ[¡áH}`¡[ā`¢BȑäFYâE 

 
ʒɿǍʄʁ Ǳ̂ ʊɦǗɷʏ̈ ʊɦ̈ʏ ɱ̡ǜɵʈǘɴʏǗȉʄʗ̒ʄɰʊɾ ʒ̔ɲƾʧʏʃʨ 
ȵɦɰǐʫɴǱʊɺʁɦʑʨɴǗʄʆˀʃǏʒɲƾʧʏʃʨɰǐʫɴʅǎ̫Ǹɴʒɲƾʧ
ʏʃʨǗɿɨʌɦǗɷʨʏ ʊɦʨʏǗʄɦʇʁ̡ɱǜɵʈǘɴʡǖȅʃǗɿʩʈǗɿɨ
ʌ˄ ʊɦʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨɲʪǸʋɰƽɾ ʸrʃʒɴƾȃɿʫ
ɵʈǘɴ̡ɺʋȋȋʁɴɺʋʋ̒ʐʁʬʊrʃɵʊʃǌʒɲƾʧʏʃʨ˄
Ǘʄʏʧʃɦʄʨ̡ɱǜɵʈǘɴȉʃɦʊʏʫʨʏǌɴ̒ɱǓʏʻɦʆɰȍʃʩɴ
ʂɦǙʨʡǖȅɿ̒ʄɴ̒ȁʈʆʋʒɲƾʧʏʃʨɦǗɵʨʃɰǐʫɴʁǗʈɴ̒Ǹ
ɰʱȺǌ ʲɺʋȓɵʄǿǌ ʋʡǖʱɶʷʲɱǜɵʈǘɴ˄ɰȀǌ
ɺ̡ʋʄ̫́ ȇʋɺ̒ʋʻɦʊʏʫʨʏǌɴ̒rʃ̡ɱǜɵʈǘɴʊʭʈȉʃ
ǗʄʲʌɴʲɱǜʳʅǎʈʫɱǱɿʻʲɱǜȐ ʊȃɿʫʃʨʈʭʉ ɵ̌ʈǘɴ
ʒɲƾʧʏʃʨȅʃʋǟɱʫʏǳǐ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ ˆ ʅ̡ǟɰɦʋʨʒɿǍʄʁǲɴɦʋʨǗʄʏʧʃɦʄʨǸɴʒɲƾʧʏʃʨɵɴ̒ɺʁɦʑʨɴ̡ɱǜɦʇǘʨɴɦȳǱʃ̒ʄʃǎʄ̒ʈʭʉ ɺ̡ʋ ȵɦǷǀʉ
ǲǘʁɴ ɿɦʨǳɿ̒ɲʭʊɦǗɷʨʏ ʊɦʨʏ ɱ̡ǜ̡ɺʋȉʃʋɰƽɾ ʸ̡ʄʄǿ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉǱʊɦʑʨɴɰɦȺǌǲǘʁɴʳʃʲɱǜ?  
Ãɰ,̡ɱǜ̡ɺʋȉʃǗʄ̡ʌɴ̡ʌɴʃʧɴȉʃʈʫɱǱɿ̒ɿʬɵ 
Ãɱ,̡ɱǜ̡ɺʋȉʃǗʄ̡ʌɴ̡ʌɴʃʧɴȉʃʈʫɱǱɿ̒ʂʁ 
Ãɲ,̡ɱǜ̡ɺʋȉʃʈʫɱǱɿ̒ʂʁ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉ ʊɦʏʫʨʏǌɴ̒ 
Ãɳ,̡ɱǜ̡ɺʋ ʂɦǙʨʆʨȐʊȃɿʫȉʃɦʊʏʫʨʏǌɴ̒ɱǓʏ ̒
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˏ ' Ǘɦɷʨʏ ʊɦʨʏʉɰɵɦʈǘʨʉɲ,̡ɱǜ̡ɺʋȉʃʈʫɱǱɿ̒ʂʁ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉ ʊɦʏʫʨʏǌɴ̒˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉ ʅɦǜɴʆʨɵɦʈǘʨʉ ɲ ʜʈʧʃȅʃɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌʃʧɴǱʊɦǻ Ǘ̫Ȑ ʉʄɤǝ 
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ˑ,ʄʊʧʄʁ ʄʊʧʄʁɰǐʫɴʅǎ̫ʃʧɴʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɰȀǌ̡ɺʋɷ̫ʕʁǏʧʆʋ ʋɦʨɦʊʏʫʨʏǌɴ̒&Ǘʄ̡ʌɴʈʫɱǱɿ̒ʃʧɴǗʄɦʇʁȐʊȃɿʫ' 
˓, ʏʈɿǍȈʆ ʌʧȈɲʁʁȄɰ̒ʁʁʃɴʊȍɴrʅǎʈʫɱǱɿ̡̒ɱǜʃʧɴɦʊʏʫʨʏǌɴ̒ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉɰɦȺǇ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖʉʋɺ̒ʩɴʆʨǱʊɦǗɷʨʏ ʊɦʨʏʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨʡǖǗɿʩʈǗɿɨʌ

ȀʈʋɰƽɾʸʄʱɵǁɰʱʁʏɺɦʨʈǑʨʄǵƼʊɦǗǳ ȁ̫ǐɰ̒&ʁʫɦʏǜ̡ɱǜɦʇǘʨɴ'˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨːˆɿɦʨǱʊʏʃǐʧǻǈʃǲɴɦǗǱʈɦʃ̫ ǗɿʩʈǗɿɨʌʜʈʧʃǗɿʩʈǗɿɨʌɦȊ ɴȀʈɵȗʄ̒rʃɦʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨ? ɵʬʊɲʬʏ
&P'ʏɤǆɦʋʨǗʄʒʄ̡̒ɺʋǗɿɨʌ 
Ǳʊʏʃǐʧǻǈʃ ǗɿʩʈǗɿɨʌ ʈʧʃǗɿʩʈǗɿɨʌ 
ˏ,̡ɱǜɵʈǘɴǱʃ̡̒ɿ̡ʌɴɵʊʃǌʒɲƾʧʏʃʨǱʃ̡̒ɿǗʏɩʋ  ˄  δ  δ
,ː̡ɱǜɵʈǘɴǱʃ̡̒ɿʂʁ ʊɦʏʫʨʏǌɴ̒Ǳʃ̡̒ɿɿʬɵ˄   δ  δ
ˑ,ɰɦȺǌ̡ɺʋ ɰɦʨɿɦʑʨɴɰǐʫɴ̡ɱǜɲʪʄǿǌʋʈɰʆʨɦʊʏʫʨʏǌɴ̒ȋȋʁɴɵʊʃǌ˄  δ  δ
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
Ǳʊʏʃǐʧǻǈʃ ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ ʆʧʃǎʫ 
ˏ,̡ɱǜɵʈǘɴǱʃ̡̒ɿ̡ʌɴɵʊʃǌʒɲƾʧʏʃʨǱʃ̡̒ɿǗʏɩʋ  ˄ ʈʧʃǗɿʩʈǗɿɨʌ ˎ, ˓
,ː̡ɱǜɵʈǘɴǱʃ̡̒ɿʂʁ ʊɦʏʫʨʏǌɴ̒Ǳʃ̡̒ɿɿʬɵ˄  ǗɿʩʈǗɿɨʌ ˎ, ˓
ˑ,ɰɦȺǌ̡ɺʋ ɰɦʨɿɦʑʨɴɰǐʫɴ̡ɱǜɲʪʄǿǌʋʈɰʆʨɦʊʏʫʨʏǌɴ̒ȋȋʁɴɵʊʃǌ˄ ǗɿʩʈǗɿɨʌ ˎ, ˓
ʆʧʃǎʫʏʊʫʄ 

 
,ˏ˓ ʆʧʃǎʫ 

Ǳʊʆʃǖʋʻˆ 
F ɵʁɾʫɵʁʨˏ̂ ɱʫʏ Ǘɦȇ Ǳ̫ʋǿ ɱ̡ǜ̡ʌɴ ʊɦʏʫʨʏǌɴ̒Ǳʃ̡̒ɿʂʁ ʂɦǙʨʡǖɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒Ǳʃ̡̒ɿʆʧȅɰ˄  
F ɵʁɾʫɵʁʨː̂ ǗɿɨʌɦǗȇʷɦʊʏʫʨʏǌɴ̒ʏȉȉǗɿǗǶʏʃʩɴrʅǎʈʫɱǱɿ̒  ˄
F ɵʁɾʫɵʁʨˑˆǗɿɨʌɦǗȇ ȁ̫ʈʆʋ ɺ̡ʋȅɿ̒ʄɴ̒ɰǐʫɴɦʊʏʫʨʏǌɴ̒ʄʁ̡ʄǘɴɦȳǸȁʈʆʋɰɦȺǇ˄  

ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊʏʃǐʧǻǈʃȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊʒʄ̒ʊʁʃʧɴʌʧʁȘȐɚʏǌʒʃʫʌɿǌ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵȗʄ̒rʃɦʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨʃʧɴʕʁǏʧʆʋ ʃrɰɦȺǇ 
˓, ʏʈɿǍȈʆ ʌʧȈɲʁʁȄɰ̒ʁʁʃɴʊȍɴʊʬʄȋɴʊʬʄʌʃǌrʃ̡ɱǜɵʈǘɴ&Ǘʄ̡ʌɴ*ʈʫɱǱɿ̒'ɦȳʃʩɴʋɰƽɾ ʸ

ʒɲƾʧʏʃʨ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ʅɦǎɡɴȆǎɿ̒ʆˀɿ̓ȉʃʜǱʊʏʃǐʧǻǈʃʡǖȅʃɵȗʏȌ̒ ʏ ʈ̒ʫʃ

ʃʩɴʁʁʭʋʉɰȁǸǱʊʆʧɿ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
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ʏɾʁʭʊʁʨˑ ˆ ǗʄʏʧʃɦʄʨɦɲɦǗʄʨ̡ɱǜɵʈǘɴʆʨʊǗʄɦʇʁ̡ɺʋȉʃǗʄ̡ʌɴʃʧɴʈʫɱǱɿ̒ɺʬɵǳǐʄ́ʫ̡ʃǌ̡ɱǜʁʨˏ ʂɦǙʨʆʨʁɴ̡̒ɺɴ
ʐɦʨʉ ɱ̡ǜʁʨː ʂɦǙʨʆʨ̡ɺɰ˄ ɲɦɺʩɴȁʁɴ̡̒ɺɴɵʈǘɴʒɲƾʧʏʃʨȅʃʋǟǸɴ̡ɺɰ˄ ɿɦʨ̡ɱǜʈʭʉǿ ɺ̡ʋȉʃɦʊʏʫʨʏǌɴ̒ʂʁ
Ǹɴ?  
ɵɦʈǘʨʉ  ̂....................................................................................................,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ː ' ɶɦǘʨʉȁ ɱ̡ǜʁʨː&̡ɺɰ'ȉʃɦʊʏʫʨʏǌɴ̒ʂʁǸɴ˄  

ʐɦɿʫʅʋˆǻɦʉȐ ʊ̡ɱǜȂɴʁʆʨʊȉʃǗʄ̡ʌɴʃʧɴʈʫɱǱɿ̒ɺʬɵǳǐɦȄʷɦʊʏʫʨʏǌɴ̒
ȓǗʏʉˀʃʩɴǗʄɦʇʁȐʊȃɿʫ˄Ǳʋǿ Ȑʊȃɿʫɵʈǘɴʒɲƾʧʏʃʨȅʃʋǟ&ʁɴ̡̒ɺɴ'
ȍȄʡʁǖɦʊʏʫʨʏǌɴ̒ɿʬɵɵʁ̡ɾ ɰȐ ʊȃɿʫɵʈǘɴʒɲƾʧʏʃʨʒʃ̒Ǹɴ&̡ɺɰ'ȍȄʡʁǖɦʊʏʫʨʏǌ
ɴ̒ʂʁ˄  

ʆʧʃǎʫȇɰ̒ɰǿǌʋ &ˏ ' ɶɦǘʨʉȁ ɱ̡ǜʁʨː&̡ɺɰ'Ǘɿɨʌʄ́ʫ̡ʃǌǱʊʅǇʋʻɦʐɿʫʅʋʈʧʃȂʃ̒ɵȗʏȌ̒ ʏ ʜ̒ʈʧʃȅʃ
ʄɤǃɰ̒ʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴȈʆɵʈǘɴʃʧɴɦʊʏʫʨʏǌɴ̒˄  

ʈʧʃȅʃʆʧʃǎʫ&ˎ ' ɶɦǘʨʉȁ ɱ̡ǜʁʨˏʜʈʧʃɦɶǘʨʉʜʅǇʋʻʱʐɿʫʅʋɱʫʏȂʶɴǗʏɧɴ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː  
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʇ̒ʏǌʫȀɴʌʧʁȘȐɚʏǌɦɺʨʈǑʨȂɹʏʃǐʧǻǈʃ 
ˑ,ʄʊʧʄʁ Ǳʊʒʄ̒ʊʁʃʧɴʄɦɵǁɰʌʧʁȘʏȉǔʊy 
,˒ɵʁɦɾ ɺ̫ʩɴ ʕʁǏʧʆʋ ʃrǗʄɦʇʁȐʊȃɿʫɦȳ ʋɦʨɦʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ʄ̡ɴ̡ɵɰʃʧɴɦǗʄɠʄɦʂɠʄɿrʈǘɦʊʏʫʨʏǌɴ̒Ȁʈʊʉ ʋyɰƽɾ ɵyʈǘɴrʃȐ ʊȃɿʫɱʫʏǳǐ 

,̝ʕʊʧȊ ʄʀ 
ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ Ǘɦɷʨʏ ʊɦʨʏʏȉǔʊy̡ɺʋʅǌʋǗ̒ʄʏʧʁǏȈʆɱǓʏɰ̒ǐʫɴǱʊɦǗʄʨ
Ǘȅʏʻ˄ 

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˒̂ ʐɦɿʫʒǙʨȅʃǸǸɴʒɲƾʧʏʃʨʈʧʃɦǗʄʨ̡ɱǜɿʬɵ̌ ʏǗȉʄ̒ɿȈǃʄ̒ɦȳǱʃ̒ʗʄɰʊɾʽ̡ɺʋʏʫʨȁʈʆʋǲǘʁɴ
ɺʬɵǸ ȉ́ʏʫʨʃǗɿǸɰ̒ʜȉ́ʏʫʨʃʁʩɰɦȢǌ? ɵʬʊʆʃǖʋʻɦǻʉ ǗɦʄʨʁʁȄɰ̒ʁʁʃɴʊȍɴ ʅrǎʈʫɱǱɿ̡̒ɱǜ, ʊɦʏʫʨʏǌɴ̒, ʃʧɴɰ
ʱȺǌ ˄ 
ɵɦʈǘʨʉ  ̂............................................................................................................................................ 
............................................................................................................................................,,,,,,,,,,,,, 
............................................................................................................................................,,,,,,,,,,,,, 
............................................................................................................................................,,,,,,,,,,,,, 
............................................................................................................................................,,,,,,,,,,,,, 
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............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 

............................................................................................................................................,,,,,,,,,,,,, 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ&Glbga_rmpq' 
ʆʧʃǎʫɦʆɹ &ˑ ' ɶɦǘʨʉȅʃǗɲʄ̒ɵʁɾʫɵrʃʁʁȄɰ̒ʁʁʃɴ̂  

,ˏrʅǎʈʫɱǱɿ̒ʃʧɴɦʊʏʫʨʏǌɴ̒̂ ɱ̡ǜɿʬɵȉʃrʅǎʈʫɱǱɿ̒ ɿʬɵȄʡʁǖɦʊʏʫʨʏǌɴ̒ʂʁ  ˄
,ːɵʊʃǌʃʧɴɰɦȺǇ̂ʗʄɰʊɾ ʏ̔ʫʨȁʈʆʋǲǘʁɴǗɿɨʌǱʊɵʊʃǌʂʁ˄ Ǳʋǿ PʂʁʃʧɴGʂʶ
ȍȄʡʁǖɦɰʨɿɰɦȺǇǲǘʁɴȀʈɵȗʄ̒ʏʺʬʋ˄ 
ˑ,ʅʋʌʧȅɰ̂ ɰɦȺǇǲǘʁɴȓɵɦʂǙʨʡǖʊȌʉǗʏȂʄ̒ʒʫʨʏʬʑɴ̒ʃʧɴʄɴƼǸ Ǘɦǳ ʒ̫ɲƾʧʇˀʉ  ˄

ʆʧʃǎʫʄɴƾʭʊ&ː ' ɶɦǘʨʉǗɿɨʌʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴʈʫɱǱɿ̒ɿʬɵȄʡʁǖɦʊʏʫʨʏǌɴ̒ʂʁʃʧɴɦʑʨɴɰɦȺǇʄ́ʫ̡ʃǌʈʧʃȅʃ
ʄɤǃɰ̒ʆʨɵʊʃǌʒɲƾʧʏʃʨǲǘʁɴʊʄʏʗ̒ʄɰʊɾ ʜ̔ʈʧʃȅʃǗȅʄ̒ʆʨɦǗǳ ȁ̫ǐɰ̒˄  

ʆʧʃǎʫȂʄ&ˏ ' ɶɦǘʨʉȅʃǗɿʩʈ̡ɿȁ  ̡ ɱǜɿʬɵȄʶʡǖɰʱȺǇ ǲǘ ʶɴ ɦǻʉʈʧʃȅʃɦǗʄʨȇɰǖʄɦɵǁɰɦʁʏ &ɦʊʏʫʨ
ʏǌɴ̒ʜrʅǎʈʫɱǱɿ̒'ʈɰʆʃǖʋʡ̒ǖȅʃǗɿʩʈǗɿɨʌ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ' ɶɦǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃɦɶǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌʃʧɴǱʊȍʉɿrʈǘȑ ʃʧʇˀʉ 
ˑ,ʄʊʧʄʁ ʏʫʌɿǍʧȈʆɰǐʫɴǱʊɦǗʄʨǗȅʏʒ̒ɲƾʧʏʃʨɰǐʫɴɦɲʐǻǈʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʶȄɰʻʁʶʃɴʊȍɴ?* PʃʧɴʅʋɰɦȺǇrʃɵʊʃǌʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʁʁȄɰ̒ʁʁʃɴʆʐʫʒɦʀʊɦɺʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝʏʫʌɿǍʧȈʆʄɦɵǁɰɦʁʏ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ʡǖʏʧʏǜȉʃǱʊǗʄɧɴǗʄʉɿˀǐɱǓʏ ʃ̒ʧɴʉʋɺ̒ʩɴʆʨɦǗǳ ȁ̫ǐɰ̡̒ɺʋʄɴƼɦʑʨɴ

ǻɦʉǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʈ̔ʧʃǗɿɨʌȀʈʄɦɵǁɰɦʁʏ  ˄
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áUȤTUR¶ hUA[O­A¡ɜīȑ¡K}[¡ȜZF[TÖcCÈv`Tw 
 
cP×UR¶ ¡Ȕ\Ȓ[O­Ȓ[Ȗ[£TȘįȑ¦EcªzPcCÈv`Tw 

Ƿǐʁɴʒ̋ʫɿʒɲƾʧʏʃʨɲʪǸʗʄɰʊɾ ʈ̔Ș́ɴ̡ɺʋʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸȁʈʆʋɰɦȺǇȊ ɴ́ȉʃǗʄʏʧʁǏȈʆ˄ ȵɦ
ǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿȉʃʏʊrʏ Ȍɦ ʐ ʈyȘ́ɴ Ǘɦɵʨʃ̡ɿɦʂǙʨʆʨʃʨǗɰɨʈ ɺ̡ʋȉʃ ʊɦʏʫʨʏǌɴ̒ɱǓʏʻ˄ ȵɦ ʆɦʋɵʊʃǌʒɲƾʧʏʃʨʐʬʊ
Ǳɿ̒ʏʊrʏ Ȍɦ ʐʸɦʃ̫ ȍɷʭʄǗʄʁ̫ʃʩɴʊȅɴʁȋȋʁɴȊ ɴ́ǲǘʁɴ ɺ̡ʋ ʂɦǙʨʡǖȁʈʆʋʒɲƾʧʏʃʨȈɲɦǗɵʨʃʄʁ̡ʄǘɴɦȳǸ
ɰɦȺǇɦɺʨʈǑʨȈʉ ȳɦ ʋɦʨȅɿǷǐʁɴʒ̋ʫɿʏǗȉʄ̒ʒ̋ʫɿɦǲȓʌ˄ ʅǎʫʉ ȳɦʌʧɹ ɱ̡ǜɦʇǘʨɴ̡ɺʋɿȈǃʄ̒ʆʨǗʆʨɷɤǃʁɴʈɰǱʃ̒Ƿǐʁɴ
ʒ̋ʫɿǗɿɨʌ̡ɿɦʂǙʨʆʨɦȌ ʐʸ̡ɺʋȉʃ ʊɦʏʫʨʏǌɴ̒Ȃʄʄʁʅʫɿ ɺɦʨʈǑʨɰʫʁʡǖȍɦʑʨɴɰɦȺǇǲǘʁɴʃʧɴɦɺʨʈǑʨʄɣǃʬʃȁʈʆʋ ȳɦʡǖ
Ƿǐ ʶɴʒʺʫɿȅʃʱʆɹʱʋɹ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ Ȋɦ ɴȀʈʒɿǍʄʁǲɴɦʋʨɦɿʨ̡ʅǐɰǿ ɺ̡ʋȉʃɦʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨ ʂʶǸɴʱɲ?  
Ãɰ,̡ɱǜɦʇǘʨɴɿȈǃʄ̒ʆʨǗʆʨɷɤǃʁɴ 
Ãɱ, ȅɿʱȌʐʸǲɴʱǗȢʳʃǷǐ ʶɴʒʺʫɿ 
Ãɲ,ʏʊrʏ Ȍɦ ʐʸɦȵǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿ 
Ãɳ,rɺǱʃ̒ɷˀʊʊʄʏǷ̒ǐʁɴʒ̋ʫɿ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˏ ' Ǘɦɷʨʏ ʊɦʨʏʉɰɵɦʈǘʨʉɲ,ʏʊrʏ Ȍɦ ʐʸɦȵǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿ˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉ ʅɦǜɴʆʨɵɦʈǘʨʉ ɲ ʜʈʧʃȅʃɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉ  ˄
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ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ǐʫɴʅǎ̫ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɿʭȄʁʨrʃɦʊʏʫʨʏǌɴ̒ɰǐʫɴǱʊʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸɰɦȺǇ 
˓, ʏʈɿǍȈʆ ɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʏȉʏȈɲ̡ɺʋȉʃɦʊʏʫʨʏǌɴ̒ɱǓʏȀ̒ʈʊʉ ʈyʫɱǵʊ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ʏ ɴɦƼɿɦʈʨʋ Ǘɦɲɝɴʄɴƾʫʁǲɴɰǐʫɴrʃʗʄɰʊɾ ɷ̔ʫʁʌʧɹɱǘʭʃ

ʃʧɴʉʋʆ̒ʨɦǳʋʄʁɾ ɴrʃɦǗɲɝɴʄɴƾʫʁʃʨʈʭʉˇ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ Ƿǐʁɴʒ̋ʫɿʈʭʉɺʁɦɾʨʊǱʊǸʈʭʉɿɴ̒ʏǖʫɴ 220 VʃʧɴȉʃɵʊʃǌʐʬʊǱɿ̒ 5 A˄ɵʬʊɲɾ Ȅɿrʈǘɦʊʏʫʨʏǌ
ɴ̒rʃʏʊrʏɰɦȺǇǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿɦȄʷ˄ (ʄǵǝ ɹǱʊɲɾȄ' 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˑ ' ʄǵǝɹɷʁȑ ʃɲɾ ȄȅʃǗɿʩʈǗɿɨʌȂɴʁǗʏɧɴ̂  

ˏ,ʊʬʄʈʃǌˆʏʊʱʏʊʊʬʄʈʃǌV
R

I
= ȅʃǗɿʩʈǗɿɨʌ˄ 

ː,Ǳʊɷʁʃʭʏ ʋɦɱ̂ ɷʁʃʭʏɿrʈǘ 120VV= ʃʧɴ 5AI = ȅʃǗɿʩʈǗɿɨʌ 120

5
R=  ˄

ˑ,ʋʁǏʅʋ ˆɲɾ Ȅ ɳɦʨɹ 24R= ʃʧɴʄɤǃɰ̒ʟɰȀǸʒʬʈW  ˄
ʆʧʃǎʫʄɴƾʭʊ&ː ' ʏʊɦʏʊʊʬʄʈʃǌʃʧɴɷʁʃʭʏ ʋɦɱǗɿɨʌʄ́ʫ̡ʃǌɲɾ ȄʋʁǏʅʋ ʋɦɱɱʫʏ ʜɦʇǘɵǻɰ̒ʟɰ

Ȁ W ȵɦɵɦʈǘʨʉɵʫɴɦǗǱʉ  ˄
ʆʧʃǎʫȂʄ&ˏ ' ʏʊɦʏʊȅʃǗɿʩʈ̡ɿʊʬʄʈʃǌ V

R
I
= ʄ́ʫ̡ʃǌʈʧʃɦɵ̫ʄʃǌǱʊɷʁʃʭʏ ʋɦɱʜɷʁʃʭʏ ʋɦɱ

ɱʫʏʁʨȀɴʁ˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ' ʈʧʃȅʃɦɶǘʨʉʜɵɦʈǘʨʉʈʧʃȇɰ̒ʆˀʃǏʃʩɴɱǘʩʈȐ ʊɦʈɦʊɠʃ˄  
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ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿ  ː
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊʒʄ̒ʊʁʃʧɴʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵȗʄʻʒʬʈ 
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨ̡ɵɰɦɺʨʈǑʨȂɹʊɰɿrʈǘɦʊʏʫʨʏǌɴ̒ʆʨʁʧʃǐʃˀʉ ɺ̡ʋȅʃʅǇʋ ̒
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ʅɦǎɡɴȆǎɿ̒Ǳʊɲɾ Ȅ ʋɦɱʃʧɴǱʊɦǗʄʨǗȅʏʟ̒ɰȀ

ʊʬʄʌʧʁȘʡǖȅʃǗɿʩʈǗɿɨʌʄʁʅʫɿ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆǗʄʏʧʃɦʄʨǸɴʒɲƾʧʏʃʨȉǐɰ̒ʉɰ̡ɱǜɦʇǘʨɴ̡ɺʋ ʏɦǌʨɴǲǘʁɴʈɰɦʂǙʨǸ ɱ̡ǜɿȈǃʄ̒Ƿǐʁɴʒ̋ʫɿɦʃ̫ ɿɦʨȉʃʄɤǝ
ʒǙʨɦɰʨɿɦʑʨɴɵʁɦȇʷ̡ɱǜɦʇǘʨɴɦȄ ?̫ ɵʬʊʆʃǖʋʻɦǻʉ ʅ̡ǟɰɦʋʨʁʁȄɰ̒ʁʁʃɴʊȍɴ ʳʅǎʈʫɱǱɿʻ ʃʧɴ ʊɦʏʫʨʏǌɴ̒˄  
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˑ ' ɶɦǘʨʉȅʃǗɲʄ̒ɵʁɾʫɵrʃʁʁȄɰ̒ʁʁʃɴ̂  

ˏ,rʅǎʈʫɱǱɿ̒ʃʧɴɦʊʏʫʨʏǌɴ̒̂ ɱ̡ǜɦʏǌʨɴȉʃrʅǎʈʫɱǱɿ̒ɿʬɵȄʡʁǖɦʊʏʫʨʏǌɴ̒ʂʁ  ˄
ː,ʅʋɰʱȺǇ ˆǱʋǿ ʊɦʏʫʨʏǌɴ̒ʂʁ ʐɦʨʉȉʃɵʊʃǌǲǘʁɴʐʬʊǱɿ̒&Ƿǐʁɴʒ̋ʫɿʏʫʨɵʊʃǌǲǘʁɴ'
ȍȄʡʁǖɦɰʨɿɰɦȺǇǲǘʁɴɰǐʫɴ̡ɱǜ˄ 
ˑ,ʄɤǝ̡ɺʋ ɰɦʨɿɦʑʨɴ̂ ɱ̡ǜɦʇǘʨɴʃʩɴɦʑʨɴɰɦȺǇǲǘʁɴʊȌʉǗʏȂʄ̒ʒʫʨʏʬʑɴ̒ʜȓɵʄɴƼ
Ǹʒɲƾʧʇˀʉ &ʁʫɦʏǜ̡ɱǜɦʇǘʨɴ'˄  

ʆʧʃǎʫʄɴƾʭʊ&ː ' ɶɦǘʨʉǗɿɨʌȁ  ̡ɱǜɦʑʨɴɰɦȺǇǲǘʁɴʃʧɴȓɵɦɶ̫ ʃʧɴǗȅʄ̒ʆʨʁʁȄɰ̒ʁʁʃɴ ʈʫɱǱɿʻɿʬɵȄʶʡǖ
ʊɦʏʫʨʏǌɴ̒ʂʁ ʄ́ʫ̡ʃǌʈʧʃȅʃʄɤǃɰ̒ʆʨʈʬʋ ʐɦɿʫ̡ɺʋǷǐʁɴʒ̋ʫɿǗɿɨʌǱʊɵʊʃǌǲǘʁɴ˄  

ʆʧʃǎʫȂʄ&ˏ ' ɶɦǘʨʉȅʃǗɿʩʈ̡ɿȁ  ̡ɱǜʃʩɴɦɶ̫ ʜɦʑʨɴɰɦȺǇ ɦǻʉʈʧʃȅʃɦǗʄʨǗʁʩʏǇʨɦʊʏʫʨʏǌɴ̒ʃʧɴrʅǎ
ʈʫɱǱɿ̒ʈɰʆʃǖʋȀ̒ʈʋɰƽɾ ʌyʧʁȘȐɚʏǌ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ' ʈʧʃȅʃɦɶǘʨʉʜɵɦʈǘʨʉʈʧʃʏʈɦʐɿʫʅʋȀʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘ˄  
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
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ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌʃʧɴǱʊȂɹʏʃǐʧǻǈʃʆʨʁʁȄɰ̒ʁʁʃɴʒɦʀʊ 
ˑ,ʄʊʧʄʁ ʏʫʌɿǍʧȈʆɰǐʫɴɦɲʐǻǈʃʃʧɴʄɦɵǁɰʌʧʁȘʒɲƾʧʏʃʨ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴʊʬʄȋɴʊʬʄʌʃǌrʃʒɴƾȃɿʫɵʈǘɴʃʧɴɦʊʏʫʨʏǌɴ̒ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʕʁǏʧʆʋ ʃrɦʊʏʫʨʏǌɴ̒ɦȳ ʋɦʨǱʊʄʁ̡ʄǘɴȁʈʆʋɰɦȺǇɰǐʫɴ̡ɱǜɵʈǘɴ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜȉʃǱʊǗʄɧɴǗʄʉɿˀǐʃʧɴɦɵ̫ Ǘɦɷʨʏ ʊɦʨʏʗʄɰʊɾ ɿ̔Ȉǃʄ̒ʡǖǗɿɨʌ

Ȁʈʋɰƽɾ ʄyɦɵǁɰɦʁʏ ɺɦʨʈǑʨʄǵƼʊɦǗǳ ȁ̫ǐɰ̒˄  
 

áUȤTUR¶ áUW°TÙȒ[Ȩ[cCÈv`TwAÚçE¡CaȜĩȑT 

 
ʒɿǍʄʁǱ̂ ʊɦʊɠʄɵʒʁɲƾʧʏʃʨɰǐʫɴʅǎ̫ 
ȵɦɰǐʫɴɦɲʐǻǈʃ ɲɦ̡ɿɴ̡ɿɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʈ̔Ș́ɴɦɂ ȁ ɼʨʏɴ̒ʁˀʊʜ ʐǙʫʉʏʫʨʄ ɺɦʨʈǑʨǱʊȇʊɰʫʁʡǖɵʊʃǌʒɲƾʧʏʃʨ
ɶǘɴǱɿ̒ǲǘʁɴɦʆɰ ɺ̡ʋȓɵʄǿǌʋʡǖɦɶ̫ ɱ̡ǜɦʇǘʨɴʜɱʬɵʗʄɰʊɾʽɦǗʄʨǗȅʏʻ˄ ǳɦʋǱʊɾ ʏ̔ǲʁʃ̒ɲʪǱʊʊɰȚ
ɿʫʋǖȈʆʊȍɴ ɿɴ̒ʏǖʫɴʃʧɴ ʊɦʏʫʨʏǌɴ̒ ɺɦʨʈǑʨʡǖʁʁʭʋȅʃ ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ̡ɺʋȉʃʏʫʌɿǍʧȈʆ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ Ȋɦ ɴȀʈʒɿǍʄʁǲɴɦʋʨɦɿʨ̡ʅǐɰǿ ɺ̡ʋȉʃɦʊʏʫʨʏǌɴ̒ʒɲƾʧʏʃʨʂʁǸɴɦɲ?  
Ãɰ,̡ɱǜɦʇǘʨɴɿȈǃʄ̒ʆʨǗʆʨɷɤǃʁɴ 
Ãɱ, ȅɿʱȌʐʸǲɴʱǗȢʳʃǷǐ ʶɴʒʺʫɿ 
Ãɲ,ʏʊrʏ Ȍɦ ʐʸɦȵǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿ 
Ãɳ,rɺǱʃ̒ɷˀʊʊʄʏǷ̒ǐʁɴʒ̋ʫɿ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˏ ' Ǘɦɷʨʏ ʊɦʨʏʉɰɵɦʈǘʨʉɲ,ʏʊrʏ Ȍɦ ʐʸɦȵǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿ˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉ ʅɦǜɴʆʨɵɦʈǘʨʉ ɲ ʜʈʧʃȅʃɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ 
ː,ɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ǐʫɴʅǎ̫ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɿʭȄʁʨrʃɦʊʏʫʨʏǌɴ̒ɰǐʫɴǱʊʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨɦȳǸɰɦȺǇ 
˓, ʏʈɿǍȈʆ ɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʏȉʏȈɲ̡ɺʋȉʃɦʊʏʫʨʏǌɴ̒ɱǓʏȀ̒ʈʊʉ ʈyʫɱǵʊ 
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,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ʏ ɴɦƼɿɦʈʨʋ Ǘɦɲɝɴʄɴƾʫʁǲɴɰǐʫɴrʃʗʄɰʊɾ ɷ̔ʫʁʌʧɹɱǘʭʃ
ʃʧɴʉʋʆ̒ʨɦǳʋʄʁɾ ɴrʃɦǗɲɝɴʄɴƾʫʁʃʨʈʭʉˇ˄  

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ Ƿǐʁɴʒ̋ʫɿʈʭʉɺʁɦɾʨʊǱʊǸʈʭʉɿɴ̒ʏǖʫɴ220 VʃʧɴȉʃɵʊʃǌʐʬʊǱɿ̒5 A˄ɵʬʊɲɾ Ȅɿrʈǘɦʊʏʫʨʏǌ
ɴ̒rʃʏʊrʏɰɦȺǇǲɴɰǐʫɴǷǐʁɴʒ̋ʫɿɦȄʷ˄ (ʄǵǝ ɹǱʊɲɾȄ' 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˑ ' ʄǵǝɹɷʁȑ ʃɲɾ ȄȅʃǗɿʩʈǗɿɨʌȂɴʁǗʏɧɴ̂  

ˏ,ʊʬʄʈʃǌˆʏʊʱʏʊʊʬʄʈʃǌV
R

I
= ȅʃǗɿʩʈǗɿɨʌ˄ 

ː,Ǳʊɷʁʃʭʏ ʋɦɱ̂ ɷʁʃʭʏɿrʈǘ 120VV= ʃʧɴ 5AI = ȅʃǗɿʩʈǗɿɨʌ 120

5
R=  ˄

ˑ,ʋʁǏʅʋ ˆɲɾ Ȅ ɳɦʨɹ 24R= ʃʧɴʄɤǃɰ̒ʟɰȀǸʒʬʈW  ˄
ʆʧʃǎʫʄɴƾʭʊ&ː ' ʏʊɦʏʊʊʬʄʈʃǌʃʧɴɷʁʃʭʏ ʋɦɱǗɿɨʌʄ́ʫ̡ʃǌɲɾ ȄʋʁǏʅʋ ʋɦɱɱʫʏ ʜɦʇǘɵǻɰ̒ʟɰ

Ȁ W ȵɦɵɦʈǘʨʉɵʫɴɦǗǱʉ  ˄
ʆʧʃǎʫȂʄ&ˏ ' ʏʊɦʏʊȅʃǗɿʩʈ̡ɿʊʬʄʈʃǌ V

R
I
= ʄ́ʫ̡ʃǌʈʧʃɦɵ̫ʄʃǌǱʊɷʁʃʭʏ ʋɦɱʜɷʁʃʭʏ ʋɦɱ

ɱʫʏʁʨȀɴʁ˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ' ʈʧʃȅʃɦɶǘʨʉʜɵɦʈǘʨʉʈʧʃȇɰ̒ʆˀʃǏʃʩɴɱǘʩʈȐ ʊɦʈɦʊɠʃ˄  

 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿ  ː
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊʒʄ̒ʊʁʃʧɴʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵȗʄʻʒʬʈ 
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˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨ̡ɵɰɦɺʨʈǑʨȂɹʊɰɿrʈǘɦʊʏʫʨʏǌɴ̒ʆʨʁʧʃǐʃˀʉ ɺ̡ʋȅʃʅǇʋ ̒
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ʅɦǎɡɴȆǎɿ̒Ǳʊɲɾ Ȅ ʋɦɱʃʧɴǱʊɦǗʄʨǗȅʏʟ̒ɰȀ

ʊʬʄʌʧʁȘʡǖȅʃǗɿʩʈǗɿɨʌʄʁʅʫɿ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆǗʄʏʧʃɦʄʨǸɴʒɲƾʧʏʃʨȉǐɰ̒ʉɰ̡ɱǜɦʇǘʨɴ̡ɺʋ ʏɦǌʨɴǲǘʁɴʈɰɦʂǙʨǸ ɱ̡ǜɿȈǃʄ̒Ƿǐʁɴʒ̋ʫɿɦʃ̫ ɿɦʨȉʃʄɤǝ
ʒǙʨɦɰʨɿɦʑʨɴɵʁɦȇʷ̡ɱǜɦʇǘʨɴɦȄ ?̫ ɵʬʊʆʃǖʋʻɦǻʉ ʅ̡ǟɰɦʋʨʁʁȄɰ̒ʁʁʃɴʊȍɴ ʅrǎʈʫɱǱɿ̒ʃʧɴ ʊɦʏʫʨʏǌɴ̒˄  
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ɰǗʈʧɿʆʧʃǎʫ Ǳʊʆʧʆɾ Ȅ̓ʒʁʆʨɵɦʈǘʨʉ  
ʆʧʃǎʫɦʆɹ &ˑ ' ɶɦǘʨʉȅʃǗɲʄ̒ɵʁɾʫɵrʃʁʁȄɰ̒ʁʁʃɴ̂  

,ˏrʅǎʈʫɱǱɿ̒ʃʧɴɦʊʏʫʨʏǌɴ̒̂ ɱ̡ǜɦʏǌʨɴȉʃrʅǎʈʫɱǱɿ̒ɿʬɵȄʡʁǖɦʊʏʫʨʏǌɴ̒ʂʁ  ˄
,ːʅʋɰɦȺǇ̂Ǳʋǿ ʊɦʏʫʨʏǌɴ̒ʂʁ ʐɦʨʉȉʃɵʊʃǌǲǘʁɴʐʬʊǱɿ̒&Ƿǐʁɴʒ̋ʫɿʏʫʨɵʊʃǌǲǘʁɴ'
ȍȄʡʁǖɦɰʨɿɰɦȺǇǲǘʁɴɰǐʫɴ̡ɱǜ˄ 
ˑ,ʄɤǝ̡ɺʋ ɰɦʨɿɦʑʨɴ̂ ɱ̡ǜɦʇǘʨɴʃʩɴɦʑʨɴɰɦȺǇǲǘʁɴʊȌʉǗʏȂʄ̒ʒʫʨʏʬʑɴ̒ʜȓɵʄɴƼ
Ǹʒɲƾʧʇˀʉ &ʁʫɦʏǜ̡ɱǜɦʇǘʨɴ'˄  

ʆʧʃǎʫʄɴƾʭʊ&ː ' ɶɦǘʨʉǗɿɨʌȁ  ̡ɱǜɦʑʨɴɰɦȺǇǲǘʁɴʃʧɴȓɵɦɶ̫ ʃʧɴǗȅʄ̒ʆʨʁʁȄɰ̒ʁʁʃɴ ʈʫɱǱɿʻɿʬɵȄʶʡǖ
ʊɦʏʫʨʏǌɴ̒ʂʁ ʄ́ʫ̡ʃǌʈʧʃȅʃʄɤǃɰ̒ʆʨʈʬʋ ʐɦɿʫ̡ɺʋǷǐʁɴʒ̋ʫɿǗɿɨʌǱʊɵʊʃǌǲǘʁɴ˄  

ʆʧʃǎʫȂʄ&ˏ ' ɶɦǘʨʉȅʃǗɿʩʈ̡ɿȁ  ̡ɱǜʃʩɴɦɶ̫ ʜɦʑʨɴɰɦȺǇ ɦǻʉʈʧʃȅʃɦǗʄʨǗʁʩʏǇʨɦʊʏʫʨʏǌɴ̒ʃʧɴrʅǎ
ʈʫɱǱɿ̒ʈɰʆʃǖʋȀ̒ʈʋɰƽɾ ʌyʧʁȘȐɚʏǌ˄ 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ' ʈʧʃȅʃɦɶǘʨʉʜɵɦʈǘʨʉʈʧʃʏʈɦʐɿʫʅʋȀʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘ˄  
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ  

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌʃʧɴǱʊȂɹʏʃǐʧǻǈʃʆʨʁʁȄɰ̒ʁʁʃɴʒɦʀʊ 
ˑ,ʄʊʧʄʁ ʏʫʌɿǍʧȈʆɰǐʫɴɦɲʐǻǈʃʃʧɴʄɦɵǁɰʌʧʁȘʒɲƾʧʏʃʨ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴʊʬʄȋɴʊʬʄʌʃǌrʃʒɴƾȃɿʫɵʈǘɴʃʧɴɦʊʏʫʨʏǌɴ̒ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʕʁǏʧʆʋ ʃrɦʊʏʫʨʏǌɴ̒ɦȳ ʋɦʨǱʊʄʁ̡ʄǘɴȁʈʆʋɰɦȺǇɰǐʫɴ̡ɱǜɵʈǘɴ 
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,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜȉʃǱʊǗʄɧɴǗʄʉɿˀǐʃʧɴɦɵ̫ Ǘɦɷʨʏ ʊɦʨʏʗʄɰʊɾ ɿ̔Ȉǃʄ̒ʡǖǗɿɨʌ
Ȁʈʋɰƽɾ ʄyɦɵǁɰɦʁʏ ɺɦʨʈǑʨʄǵƼʊɦǗǳ ȁ̫ǐɰ̒˄  

 

Ǘʄȃʃʄʁ Ǘ̂ʄʆʃˀǏǱ ʊȇʊʒɲƾʧʏʃʨɰǐʫɴ ɲɦʐǻǈʃ 

ʒɿǍʄʁ Ǳ̂ ʊɦʊɠʄɵʒʁɲƾʧʏʃʨɰǐʫɴʅǎ̫ 
ȵɦɰǐʫɴɦɲʐǻǈʃ ɲɦ̡ɿɴ̡ɿɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʈ̔Ș́ɴɦɂ ȁ ɼʨʏɴ̒ʁˀʊʜʐǙʫʉʏʫʨʄ ɺɦʨʈǑʨǱʊȇʊɰʫʁʡǖɵʊʃǌ

ʒɲƾʧʏʃʨɶǘɴǱɿ̒ǲǘʁɴɦʆɰ ɺ̡ʋȓɵʄǿǌʋʡǖɦɶ̫ ɱ̡ǜɦʇǘʨɴʜɱʬɵʗʄɰʊɾʽɦǗʄʨǗȅʏʻ˄ ǳɦʋǱʊɾ ʏ̔ǲʁʃ̒ɲʪǱʊ
ʊɰȚɿʫʋǖȈʆʊȍɴɿɴ̒ʏǖʫɴʃʧɴ ʊɦʏʫʨʏǌɴ̒ ɺɦʨʈǑʨʡǖʁʁʭʋȅʃȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌ̡ɺʋȉʃʏʫʌɿǍʧȈʆ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏˆǗʄʏʧʃɦʄʨʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨʈʭʉȉʃǱʊɶǘɴɦʏɠɲǙʨ̡ɺʋ ʂɦǙʨʡǖɦʊʏʫʨʏǌɴ̒ȃǘɰ̒ɵʫ̫ʈɰɷʧɿʏʬʃǖɱɾ ʸ
ʆɦʋɿɴ̒ʏǖʫɴɦȵʊɰȚɦʀʊɦɿʨȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʃʩɴȉʃʄ̡ǗʈʄǗʈɩʋɺʬɵɦʈǌɵ?  
Ãɰ,ɵʊʃǌʀʉɵʫ̫ʈɰɷʧɿʏʬʃǖ 
Ãɱ,ɵʊʃǌɦɰʨʃɦʑʨɴȊ ɴ́ǲǘʁɴ̡ɺʋȓɵʄɴƼǸʱǗǳʷȁǐ ɰʻ 
Ãɲ,ɵʊʃǌɦȵʊɰȚɦʀʊʈʧʃ̡ǗʄǗʄɩʋ  
Ãɳ,ʈʧʃȉʃɵʊʃǌʐʬʊǱɿ̒ɦʑʨʉ  
 
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ɱ,ɵʊʃǌɦɰʨʃɦʑʨɴȊ ɴ́ǲǘʁɴ̡ɺʋȓɵʄɴƼǸ Ǘɦǳ ȁ̫ǐɰ̒ 
ɺʁɦǿ Ǘ̫Ȑ ʉʃʧɴǱʊʄɰǗȐʉ  ̂

Ȁʈɵȗʄʻʒʬʈˆȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌɦʏǕʨʃʩɴʅʋ ʂɦɠʄʊȍɴɿɴ̒ʏǖʫɴʃʧɴ ʊɦʏʫʨʏǌɴ̒ʲɺʋʏʊʱʏʊǸ
V

I
R
=  ˄

ǱʊʌʧȈɲ̂ ɰǐʫɴɰʊɾʨ̡ɺʋȉʃǱʊɶǘɴɦʏɠɲǙʨɿrʈǘɦʊʏʫʨʏǌɴ̒ȃǘɰ̒ɵʫ̫ʈɰȂʄʄʁʅʫɿɷʧɿʏʬʃǖ˄ ȀʈʁʁȄɰ̒ʁʁʃɴ
ǗǶʏʏȉȉǗɿǱʋǿ Ȉɲ̡ʄɴǱʃ̡̒ɿɿʬɵ Ȅɦ ʋ̫ʁǏʅʋ ʃrǗʄȈɲʃʩɴɦɰʨʃɦʑʨɴǱʃ̡̒ɿʂʁ˄  
ʅʋʌʧȅɰ̂ ǱʊɦɰʨʃɦʑʨɴrʃɵʊʃǌȊ ɴ́ɲʁʐʫɰɦʃ̫ ʃʩɴʄɦɴƼʨɿɰɦȺǇȊ ɴ́ǲǘʁɴɦʋʨ̡ɱǜɵʈǘɴ ɺ̡ʋȓɵʄǿǇʋʡǖ
ʊȌʉǗʏȂʄ̒ʒʫʨʏʬʑɴ̒ʃʧɴʄɴƼǸʒɲƾʧʇˀʉ ǗʄʏʧʃɦʄʨǳǕʃɼʨʏɴ̒ʁˀʊʜʐǙʫʉʏʫʨʄʏǗȉʄ̒Ǳɿ̒ȆǇɵ̒ɦʏɠɲǙʨȂʃ̒ɦʆʋ
ʱʌȌʱȄʷʱʁ˄ 
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱȅʃǗɿʩʈǗɿɨʌʃʧɴʉʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿʊȍɴ

ɵʊʃǌʃʧɴ ʊɦʏʫʨʏǌɴ̒˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿɨʌʄ́ʫ̡ʃǌʈʧʃȓɵʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫʄɦɵǁɰɦʁʏȀʈɵȗʄ̒ʒʬ

ʈȅʃ ˄



 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 120 | 254 

ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃȅʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦ ɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏʫʌɿǍʧȈʆɰǐʫɴɦɲʐǻǈʃ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵȗʄ̒ʒʬʈʃʧɴʁʁȄɰ̒ʁʁʃɴʊȍɴȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌɿɴ̒ʏǖʫɴʃʧɴ ʊɦʏʫʨʏǌɴ̒˄  
˓, ʏʈɿǍȈʆ Ǳʊɰʁɾ ɿ̒ʊɰʅʋʌʧȅɰrʃȅɿʫʇʬɿɶǘɴɦʏɠɲǙʨ˄ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜʉʋʆ̒ʨȐ ʊyʏǲʁʃ̒rʃʗʄɰʊɾ Ǳ̔ʊȇʊɦʏɠɲǙʨ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː Ǹ̂ɴʒɲƾʧʏʃʨȉǐɰ̒ȅʃɦʂǙʨɦɿʏǌ̡ɱǜɵʈǘɴˑǗʄɦʇʁ ɺɦʨʈǑʨȍʏɿ̒rʈǘɦʊʏʫʨʏǌɴ̒ ǻɦʉʁʁʭʋȅʃʁʧʃǐʃˀʉ
ɺʬɵǲɴʱǗǱʈ ˆ 
Ǘʄʱʇʁʲɱǜ Ǘʄʲʌɴ &L)  ʳʅǎʈʫɱǱɿʻ &A)  ɿrʈǘɦʊʏʫʨʏǌɴ̒&R) 
ʲɱǜ ɰ 10m 22mm  5W 
ʲɱǜɱ 20m 22mm  10W 
ʲɱǜ ɲ 10m 24mm  2.5W 
Ȁʈʊʉ ȀyȋɴʁʧʃǐʃˀʉǲɴɦʋʨɦɿʨǱʊʏʃǐʧǻǈʃʈʭʉǿ ɺ̡ʋǗɿʩʈǗɿɨʌ?  
Ãɰ,Ǳʋǿ ɱ̡ǜ̡ʌɴ ʊɦʏʫʨʏǌɴ̒Ǳʃ̡̒ɿɿʬɵ 
Ãɱ,ɦʊʏʫʨʏǌɴ̒ǗǶʏʏȉȉǗɿɦȳʃʩɴrʅǎʈʫɱǱɿ̒ 
Ãɲ,ɦʊʏʫʨʏǌɴ̒ʈʧʃȓǗʏʉˀ ʋɦʨǗʄ̡ʌɴ̡ɱǜɦȄʷɦʁ 
Ãɳ, ʲɱǜ ɱ ȉʃʏʈɿǍȈʆɵʈǘɴɵʊʃǌȅʃʋǟǸɴʲɱǜ ɰ 
  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɺ̡ʋǗɿʩʈǗɿɨʌ̂ɱ,ɦʊʏʫʨʏǌɴ̒ǗǶʏʏȉȉǗɿɦȳʃʩɴrʅǎʈʫɱǱɿ̒ 
ǱʊʄɰǗȐʉʁʧʃǐʃˀʉȀʈ̡ʄʄʌʧʁȘȐɚʏǌ̂ 
F ǱʊɦǗʄɠʄɦʂɠʄ̡ɱǜɰʃʧɴɱˆ ɱ̡ǜȂɴʁʆʨʊȉʃrʅǎʈʫɱǱɿ̒ 22mm ɺʬɵǳǐ˄ ȵɦ ʆɦʋǗʄ̡ʌɴɦɰʨʃɦʑʨɴʆʨ

10mʱȳ20m( ɰɦʨʃːɺɴ'ɿrʈǘɦʊʏʫʨʏǌɴ̒ɰʿɦɰʨʃʆʨ5Wʱȳ10W( ɰɦʨʃːɺɴ'ɺ̡ʊ˄ ʃɦ̫ʄɤǃɰ̒ȁ
ʊɦʏʫʨʏǌɴ̒ʏȉȉǗɿʃʩɴǗʄ̡ʌɴ̡ɱǜʅǎʫʉʆʨɷɦǗʈʨʏɰʃʧɴɲ˄  

F ǱʊɦǗʄɠʄɦʂɠʄ̡ɱǜɰʃʧɴɲˆ ɱ̡ǜȂɴʁʆʨʊȉʃǗʄ̡ʌɴ 10m ɺʬɵǳǐ˄ ȵɦ ʆɦʋ ʅrǎʈʫɱǱɿ̒ɦɰʨʃɦʑʨɴʆʨ
22mm ʱȳ 24mm ( ɰɦʨʃːɺɴ'ɿrʈǘɦʊʏʫʨʏǌɴ̡̒ʄʊǸʀʉɵʫ̫ʆʨ5WʈɰɦȵǗɿʩʈ 2.5W(ʀʉɵʫʷ ː

ɺɴ'ʌʧɹ˄ ʃɦ̫ʄɤǃɰ̒Ȋ ɴ́ɵȗʏȁ̒ ʊɦʏʫʨʏǌɴ̒ǗǶʏʏȉȉǗɿɦȳʃʩɴrʅǎʈʫɱǱɿ̒ (ǗɿɨʌʃʩɴɷɦǗʈʨʏɱ)  ˄
F ǱʊʌʧȈɲɷɦǗʈʨʏɳˆɱ̡ǜɱȉʃɦʊʏʫʨʏǌɴ̒10WʲɺʋʂʶǸɴʲɱǜ ɰ5W˄ȀʈǗʁʩʏǇʨǱʋǿ ʊɦʏʫʨʏǌɴ̒
ǱʃʻʲɿʂʶʏʈɿǍȈʆɵʈǘɴɵʊʃǌǱʃ̡̒ɿɦɱȚʉɺʬɦɵǐ̫ɷɦǗʈʨʏɳɲʪɱʫʏ  ˄
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ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱȅʃǗɿʩʈǗɿɨʌʃʧɴȓɵʄɰǗȐʉȀʈʊʉ ǱyʊɦǗʄɠʄɦʂɠʄ

ʁʧʃǐʃˀʉɰǐʫɴȀȋɴ˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿɨʌʄ́ʫ̡ʃǌʈʧʃȓɵʆʃǖʋʆ̒ʨʁʁȄɰ̒ʁʁʃɴɦʋɱɰǐʫɴȀȋɴȅʃ˄  
ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' Ǘɦɷʨʏ ʊɦʨʏɵɦʈǘʨʉɱʫʏʜʈʧʃȅʃʄʁɦʆɹɵɦʈǘʨʉ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏʇ̒ʏǌʫȀɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɰȀǌ̡ɺʋɷ̫ʕʁǏʧʆʋ ʋɦʨɦʊʏʫʨʏǌɴ̒  ˄
˓, ʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʏȉȉǗɿʃʧɴǗǶʏʏȉȉǗɿ˄  
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ʅɦǎɡɴȆǎɿ̒ʁʧʃǐʃˀʉʈʫʃʃʩɴɦʂǙʨǱʊʏʃǐʧǻǈʃ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ɿɦʨʒǐɰʉʋǗ̒ʏʄ̡ɺʊʜɦʁȁ Ǳʊɦɵ̫ɲɾ Ȅɿrʈǘɦʊʏʫʨʏǌɴ̒ʈʫʃʃʩɴɺʁɦʑʨɴʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨǸǱʊ
ʁʁʭʋɱʫʏǗɿɨʌɱǓʏɵ̒ɦʁȇ ʏ̫ʫʌɿǍʧȈʆǗɲɩȐʊʃʧɴʏɴƾʈ? ʏʬʈʅǌʋʻɦʐɿʫʅʋɱǘʨʈʭʉ  ˄
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
  
ʅ̡ǐɰʁʨː̂ ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉ ɱ̂ǅʫʁʉʋǗ̒ʏʄȂɴʁǗʏɧɴ˄  
ʱʐɿʫʅʋˆǱʊɦɵ̫ɲɾ Ȅɿrʈǘɦʊʏʫʨʏǌɴ̒ʒʃʫɤǆɿʡǖɦʉʨɴɦǗɷʨʏ ʊɦʨʏʁʁʐʶ̡ɱǜɵʈǘɴʃʧɴʗʄɰʊɾ Ǳ̔ʊȇʊ&ɺʬɵǸ
ʐǙʫʉʏʫʨʄʜɼʨʏɴ̒ʁˀʊ'ʡǖȅʃǗɿʩʈǗɿɨʌɦȳȀʈɵʊʃǌ̡ɺʋʐʬʊǱɿ̒˄ ǱʊɦʂǙʨ̡ʄʄɦʃ̫ ɷʭʉʄǵƼʊɦǗǳ ȁ̫ǐɰ̒ʆʨǱʊɦʑʨɴ
ɰɦȺǇǲǘʁɴrʃ̡ɱǜɦʇǘʨɴ ɺ̡ʋǸʈʬʋ ʐɦɿʫɵʈǑɴʄɴƼʡǖȉʃʒɲƾʧʇˀʉɰǐʫɴʅǎ̫ʃʧɴǱʊɱʬɵǲɿǗʁʆǖʏʈǑɿǌʧȐȃʊɾ ʸ˄ 
ʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ̂ 
ɰǗʈʧɿʆʧʃǎʫ ʋɰƽɾ ʌyʧʃʧɵǂˀʉ ʃrɵɦʈǘʨʉ 
ʆʧʃǎʫɦʆɹ &˓ ʆʧʃǎʫ' ʄɤǃɰ̒ʆʨǱʊʉʋǗ̒ʏʄʃʧɴʅǇʋʻɦʐɿʫʅʋʄɦɵǁɰɦʁʏȂɰ̒ʁɴʃʩɴʏʫʌɿǍʧȈʆ

&ǱʊȇʊʒɲƾʧʇˀʉʜǱʊɦǗɷʨʏ ʊɦʨʏʗʄɰʊɾ '̔˄  
ʆʧʃǎʫ̡ʅǐɰɱǘ̫&ː +ˑ ʆʧʃǎʫ' ʄɤǃ ɰʻʆʨǱʊʉʋǗ̒ʏʄʄ́ʫ̡ʃǌɦʐɿʫʅʋ ȵɦȉʃʋɰƽɾ ʁyʬɦȳ ʆɦɰʈʧʃȂʃ̒Ȃɹ

Ȉǃʄ̒ɦȳʃʩɴʄɦɵǁɰɦʁʏʒɲƾʧʏʃʨ˄ 
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ʈʧʃȅʃʆʧʃǎʫ&ˎ ʆʧʃǎʫ' ɵɦʈǘʨʉʈʧʃʏʈɦʐɿʫʅʋʜʈʧʃȅʃʅǇʋʻɦʐɿʫʅʋ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ  
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʏɴƾʈʃʧɴʏʫʌɿǍʧȈʆ 
,˒ɵʁɦɾ ɺ̫ʩɴ ɵʁɦɾ ɺ̫ʩɴʒʁʆʨʌʧʁȘȐɚʏǌ 
˓, ʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊʏ Ǘɦʈɵɵʧɿǌ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜǱǘʉǸʆʋʊɺǈʋǟ̡ɺʋʉɰɵʧɿǌʁʫɰǻɰ̒ɦʋʨʏʫʌɿǍʧȈʆʄ

ʱɵǁɰʱʁʏ˄ 
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áUȤTUR¶ áUW°TÙáCU«áCEA¡ɜīȑAÚçEFþȖĠȑTcCÈv`Tw 

 

ɵɚǵƼʃʒɲƾʧʏʃʨʁʁɦʃʨʄʈʭʉǗʄɦʇʁȉʃ
ʏʈɿǍȈʆȓɵ̡ɰʏǗʈɩʋɰǗʈʧɿɰɦȺǌ
ȅʃɦǗɵʨʃɰǗʈʧɿ ɱɦȚʉʈʂǖʈǲǘʁ
ɴ˄ ȵɦǲɴɰǐʫɴɵɚǵƼʃɦʃ̫ ɲɦɦǗʄʨ
Ǘȅʏʻ̡ɱǜɵʈǘɴʆʧɦʏʏ ɺ̡ʋ ɺɦʨʊɿʭǸ
ʊɦʏʫʨʏǌʊɦɺʨʈǑʨʄʁ̡ʄǘɴȁʈʆʋʒɲƾʧʏʃʨ
ȳɦǸɰɦȺǌ˄ ɺɦʨʈǑʨʄɤǃɰǗʈʧɿɰɦȺǌ
ʡǖɦʑʨɴʜɵʫ̫ʒǐɰɦǗʄʨǗȅʏǗ̒ɿɨʌʄɴǙʧʋ
ʄ̋ʬɿʫɴʈʭʉ ɺ̡ʋȈǃʄ̒ɦȳʃʩɴ ʊɦʒʬȐǌ
ɺ̡ʋǸʗʄɰʊɾ ȓ̔ɵȆǘʏʄ̒ǌʬʊɿrʈǘɦʊʏʫʨʏǌɴ̒ȅʃ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏˆȵɦɰǐʫɴɦʏɠɲǙʨɵɚǵƼʃʒɲƾʧʏʃʨɦʃ̫ ɿɦʨʗʄɰʊɾ ʈ̔ʭʉǿ ɺ̡ʋȉʃɿʭȄʁʨʅǌʋɿ̒rʈǘɦʊʏʫʨʏǌɴ̒Ǹɰ̒Ȍ ɰ̒
ʈʭʉʈʧʃ̡ǗʄǗʄɩʋʃʧɴʗʄɰʊɾ ǿ̔ ɺ̡ʋȓɵʡǖɦʉʨɴ̡ɰʏǗʈɩʋɿrʈǘɦʊʏʫʨʏǌɴ̒ȅʃ?  
Ãɰ,ɦʊʏʫʨʏǌʊɿrʈǘɦʀʊʃʧɴ ʊɦʒʬȐǌɿrʈǘ̡ǗʄǗʄɩʋ 
Ãɱ,ɦʊʏʫʨʏǌʊɿrʈǘ̡ǗʄǗʄɩʋʃʧɴ ʊɦʒʬȐǌɿrʈǘɦʀʊ 
Ãɲ,Ȃɴʁʆʨʊȉʃɿrʈǘɦʀʊɺʬɵǳǐ 
Ãɳ,Ȃɴʁʆʨʊȉʃɿrʈǘ̡ǗʄǗʄɩʋɺʬɵǳǐ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ɰ,ɦʊʏʫʨʏǌʊɿrʈǘɦʀʊʃʧɴ ʊɦʒʬȐǌɿrʈǘ̡ǗʄǗʄɩʋ 
ǱʊʆʃǖʋʻˆȊɦ ɴȀʈʒɿǍʄʁɦʊʏʫʨʏǌʊɲʪǸ ɱ̡ǜɵʈǘɴʆʧɦʏʏʏǗȉʄ̒ʄʁ̡ʄǘɴȁʈʆʋ ȳɦǸɰɦȺǌ̡ɺʋȉʃɿʳʈǘ
Ǹɰ̒Ȍ ɰ̒ʈʧʃ̡ǗʄǗʄɩʋ˄ɵʁ̡ɾ ɰʟɦʊʒʬȐǌɲʪǸʗʄɰʊɾʽ̡ɺʋȈǃʄ̒ɦȳʃʩɴʄ̋ʬɿʫɴʄɴǙʧʋʏǗȉʄ̡̒ɰʏǗʈɩʋ ʜȆǘʏʻ
ʄǌʬʊɿrʈǘɦʊʏʫʨʏǌɴ̒ ɺɦʨʈǑʨʄɤǃɰǗʈʧɿɰɦȺǌ˄ 
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ,ˏˎ ʆʧʃǎʫʏǗȉʄ̒ǱʊɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ǐʫɴʅǎ̫ 
,˒ɵʁɦɾ ɺ̫ʩɴ ǗʄɦʇʁrʃɦǗɲɝɴʄɴƾʫʁʒɲƾʧʏʃʨɦʊʏʫʨʏǌʊɦʀʊʃʧɴɦʊʒʬȐǌ 
˓, ʏʈɿǍȈʆ ʄ̡ɴ̡ɵɰʈʫɱǵʊɱʫʏǳǐʊȍɴʗʄɰʊɾ ʅ̔ǌʋɰ̒ɦȺǇʃʧɴʗʄɰʊɾ ʄ̔ɤǃɰɦȺǇ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ʏ ɴɦƼɿɦʋʨɦǗɲɝɴʄɴƾʫʁʄɦɵǁɰʌʧʁȘɷʫʁʌʧɹɱǘʭʃ˄  
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ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨːˆɦȵ ʆɦʋʒǐɰɦǗʄʨǗȅʏʄ̒ɴǙʧʋʄ̋ʬɿʫɴɦʊʒʬȐǌɦɺʨʈǑʨʡǖɵɚǵƼʃ ȢɦǌǲǘʁɴǸɴʈʫɦɲǗɿɨʌǱʊʡǖȓɴʁɿɴ̒ʏʫʨɦɿɵ
ʊʃǌɦɰʨʃɦʑʨɴ˄ ɿɦʨɦʊʒʬȐǌǗɿɨʌ̡ʊʏǗʈɩʋɿrʈǘɦʊʏʫʨʏǌɴ̒ʊʄʏȍ̒ʡǖɦɰʨʃɦʑʨɴʜʀʉɵʫ̫? ʏʬʈʆʃǖʋʻɦǻʉ ʅ̡ǟɰɦʋʨ
ɵȗʄʻʒʬʈ˄ 
ɵɦʈǘʨʉ ,̂,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂Ǘɿɨʌ̡ʊʏǗʈɩʋɿrʈǘɦʊʏʫʨʏǌɴ̒ʡǖʀʉɵʫ̫˄  

Ǳʊʆʃǖʋʻˆ ʱȊɴȀʈɵȗʄʻʒʬʈV
I

R
= ɰǐʫɴɰʊɾʨɿɴ̒ʏǖʫɴɦʀʊȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʃʧɴɦʊʏʫʨʏǌɴ̒  ȉʃʁʶȄɰʻʁʶʃɴ

ʏȉȉǗɿǗǶʏʃʩɴǳǐ˄ ɺʬɵɦʃ̫ ɺɦʨʈǑʨʡǖȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌɦɰʨʃɦʑʨɴ ʂɦǙʨʡǖɵɚǵƼʃɦȢǌǲǘʁɴ ɲɦǗɿɨʌʄʃǍʉɿrʈǘɦʊʏʫʨ
ʏǌɴ̒ʊʄʏʻɦʊʒʬȐǌʡǖɿʬɵǸɴʈʫʃ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ&ɦɶǘʨʉ ʀʉɵʫ̫ ȅʃ ,ˎ˓ ʃʧɴʆʃǖʋȀ̒ʈɵȗʄ̒ʒʬʈȅʃ ,ˏˎ'˄  
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲʁʁȄɰ̒ʁʁʃɴʒɦʀʊʃʧɴǱʊɦǻ Ǘ̫Ȑ ʉʄɤǝ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ǐʫɴʅǎ̫ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʶȄɰʻʁʶʃɴǗǶʏʏȉȉǗɿʊȍɴGʃʧɴPɰǐʫɴɵȗʄ̒ʒʬʈ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʕʁǏʧʆʋ ʃrɦʊʏʫʨʏǌɴ̒ɦȳ ʋɦʨȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʃʧɴʅʋɰɦȺǌ 
,̝ʕʊʧȊ ʄʀ ǱʊǗɿʧ̫ʊʧ̫ʆʧǶʊǿ ˆǱʊɦǗʄʨǗȅʏǗ̒ʁʩʏǇʨʊʬʄʌʧʁȘɦɺʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝʄɦɵǁɰɦʁʏ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆǗɰɧʈʐʫ̋ʃʅʋʧɿɵɚǵƼʃɵɴ̒ʡǖ̡ɱǜɦʊʏʫʨʏǌɴǲɴɰǐʫɴɵɚǵƼʃʄɦɴƼʨɿɰɦȺǌȅʃǱʃ̡̒ɿǗʄɦʏʨʊɦǻʉʄɦɴƼʨʃ
ɿrʈǘɦʊʏʫʨʏǌɴ̒ʡǖǱʃ̡̒ɿʂʁ˄ ɿɦʨʄ̡ǗʈʄǗʈɩʋʈʭʉǿ ǲɴɦǗǱʈ̡ɺʋɷʭʉʏ Ǘɦʈɵɦǳʋ Ȭɦ ʃɦ̫?  
Ãɰ,ɦǗʄʨ̡ɱǜɵʈǘɴʡǖǱʃ̡̒ɿ̡ʌɴǸɴʈʫʃ 
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Ãɱ,ɦǗʄʨ̡ɱǜɵʈǘɴ̡ɺʋȉʃʈʫɱǱɿ̒Ǳʃ̡̒ɿʂʁ 
Ãɲ,ɦǗʄʨ̡ɱǜɵʈǘɴ̡ɺʋȉʃʈʫɱǱɿ̒Ǳʃ̡̒ɿɿʬɵ 
Ãɳ,ʄǌʬʊǗʄɦʇʁ̡ɱǜɦȳ ǗɦʄʨɦȌ ʐʸ̡ɺʋȉʃɦʊʏʫʨʏǎʨʌʨɦɿɱǓʏǸ̒ɴʈʫʃ 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ɰ, ɲ, ɳ 

ǱʊʆʃǖʋʻˆȊɦ ɴȀʈɦʊʏʫʨʏǌɴ̒ L
R

A
r= ɺɦʨʈǑʨʄɦɴƼʨʃɿrʈǘɦʊʏʫʨʏǌɴ̒Ǘɰɧʈʐʫ̋ʃȓɵʒʃʫʌɿǌʌʧʂʨȐɚʏǌɺʬɵǸ  ̂

ɰ,ʄɦɴƼʨʃǗʄ̡ʌɴ̡ɱǜɵʈǘɴ ǗɦȇʷRʏȉȉǗɿʃʩɴL  ˄
ɲ, ʄʃǍʉʳʅǎʈʫɱǱɿʻʲɱǜɵʈǘɴ ʡǖɿʬɵǸɴʈʫʃ ʱǗȇʷRʏȉȉǗɿǗǶʏʃʩɴ A  ˄
ɳ,ɦǗɷʨʏ ʊɦʨʏǗʄɦʇʁȐʊȃɿʫ̡ɺʋȉʃɦʊʏʫʨʏǎʨʌʨɦɿɱǓʏǸ̒ɴʈʫʃ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ,ˏˎ ʆʧʃǎʫ&ʏǗȉʄ̒ǱʊɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿʩʈǗɿɨʌǿ ʈʭʉʜȂɴʁʄʨ'˄  
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
ˏ,ɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&Ǳʊʉʋɺ̒ʩɴʆʨɰȀǌɷ̫ʕʁǏʧʆʋ ʋɦʨɦʊʏʫʨʏǌɴ̒' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊȍʉɿrʈǘʃʧɴǱʊʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʅʋʧɿɰʈǕʃʧɴʄɦɵǁɰʌʧʁȘʏȉǔʊy 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʶȄɰʻʁʶʃɴʊȍɴP ȳɦʃʩɴJ* ?*ʃʧɴr 
˓,ʏʈɿǍȈʆ ɰʁɾ ɿ̒ʌʧʂʨȐɚʏǌʄɦɴƼʨʃɦʊʏʫʨʏǌɴ̒ɦɺʨʈǑʨʄɦɴƼʨʃǗʄʏʧʁǏȈʆɰɦȺǇ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ Ǘɦɷʨʏ ʊɦʨʏʃʧɴɦǗʄʨǗȅʏʏ̒ȉǔʊyʡǖǗɿɨʌȀʈɦǳʋ Ȭɦʄ

ʱɵǁɰʱʁʏ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˒ ʏ̂ȉɷʧɰǗɲɩȐʊȉǐɰ̒ɵɴ̒ȍʏɿ̒rʈǘɦʊʏʫʨʏǌɴ̒rʃ̡ɱǜɵʈǘɴɰǐʫɴɵɚǵƼʃɦȄʷ˄ ǳɿ̒ȉʃʒʬʈ̡ʈ́Ǘɿʈʭʉ˄ ɿɦʨ
ǳɿ̒ǗɿɨʌȈǃʄ̒ʒʬʈ̡ʈ́Ǘɿɦȳʃʩɴ̡ɱǜɵʈǘɴɦȄʷɦǻʉʊɦʄɠʄǿ ɺɦʨʈǑʨɺʩɴɿrʈǘɦʊʏʫʨʏǌɴ̒? ʐɦʨʉǗʄʏʧʃɦʄʨǳɿ̒ǳǕʃʒʬʈ
ʈ̡́Ǘɿɦʁ ɿɦʨǳɿ̒ȓɵɦǗʄʨʗʄɰʊɾ ʒ̔Ǚʨɱǘ̫ɦʁɠɿɦɺʨʈǑʨɲɾ ȄȀʈɵȗʄ̒ʒʬʈ?  
ɵɦʈǘʨʉ ,̂,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 126 | 254 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
ʊɦʄɠʄɦǗʄʨʒʬʈ̡ʈ́Ǘɿ̂ ǗɿɨʌȈǃʄ̒ɵʫɴȂɴʁʆʨʊrʃʒʬʈ̡ʈ́Ǘɿ ȳɦʃʩɴɵʫɴȂɴʁʆʨʊrʃ̡ɱǜɵʈǘɴ ǻɦʉʄɤǃɰ̒ȁ Ǘɿɨʌ̡ɿȆǌɵ̒
Ǘʄʇʆʒɲƾʧʏʃʨɺɰɼʫʉ ɵɦɹǸʈʫʃʏʧʃ ɺɦʨʈǑʨʏʫʌɿǍʧȈʆʃʧɴȈʆǗɿʩʈǗɿɨʌ˄ 
ʗʄɰʊɾ ɷ̔ʁʃʭʏˆǗʄʏʧʃɦʄʨǳǕʃʒʬʈ̡ʈ́Ǘɿǳɿ̒ȓɵɦǗʄʨʌ́ʫʋ ʈ̡́Ǘɿʃʧɴʒʁ̡ʆʊ̡ʈ́Ǘɿȍʏȓ̒ɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʊʭɵʉɰ

ɿʳʈǘʲɺʋȍʏʻȅʃʈɰɲɾȄȀʈɵȗʄʻʒʬʈV
R

I
=  ˄

Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ːˎ ʆʧʃǎʫǗȅʄ̒ʊɦʄɠʄɦǗʄʨʒʬʈ̡ʈ́Ǘɿȅʃ ,ˏˎ ʃʧɴǗȅʄ̒ʌʧʂʨȐɚʏǌɷʁʃʭʏȅʃ ,ˏˎ  ˄
ʅ̡ǐɰʁʨˑˆȀȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&ʄɦɵǁɰɦʁʏȍʏʻ̡ʌɴʃʧɴǱʊʒʃʫʌɿǌ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦʏʫʨʄʒɦɴƼɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴȐǍʃȈʆǸɰ̡̒ʏǌɴ 
,˒ɵʁɦɾ ɺ̫ʩɴ ǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ȍ̔ʏʒ̒ɲƾʧʏʃʨʃʧɴǱʊʒʃʫʌɿǌɵȗʄ̒ʒʬʈ 
˓, ʏʈɿǍȈʆ ʊɦɠʄɵʁɦʏɠɲǙʨȍʏʻ̡ʌɴʃʧɴɲɾ ȄɿrʈǘʒɦʀʊʒɲƾʧʏʃʨȀʈǗʁʩʏǇʨ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʊɰʌʧʂʨȐɚʏǌɦʅǜɴʈɰɷʁʃʭʏ ȵɦ ʆɦʋɱǙ̫ǲɿʗʄɰʊɾʽ

ȍʏʻʲʌɴ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨ˓ Ǳ̂ʊɦǗʄʨǗȅʏɵ̒ɚǵƼʃʒɲƾʧʏʃʨɰǐʫɴɰǗʈʧɿɰɦȺǌǲǘʁɴʄʁʅʫɿɰǐʫɴʊʉʸɦʆʋʉʬʊȓɵɦʂǙʨʡǖ̡ɱǜɦʇǘʨɴɦʑʨɴɰɦȺǌ
ǲǘʁɴʃʧɴȓɵʄɴƼǸʒɲƾʧʇˀʉ˄ɰǐʫɴȄʈǸʏʧɰȚʌʧʁȘȐɚʏǌɦɿʨɦʐɿʫʒǙʨȅʃǸǱʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒
ʏǖʫɴɵʊʃǌʃʧɴɦʊʏʫʨʏǌɴ̒ȉʃȐ ʊyʏǲʁʃ̒ɵʁɦȇ ʏ̫ʫʌɿǍʧȈʆɰǐʫɴǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʒ̔ɲƾʧʏʃʨɰǐʫɴʅǎ̫?  
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉɲʁʊʬ̂Ǳʊʉʋɺ̒ʩɴʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴɿɴ̒ʏǖʫɴɵʊʃǌʃʧɴɦʊʏʫʨʏǌɴ̒ȉʃȐ ʊyʏǲʁʃ̒ǿ ʏʻɦǗȇ ȍ̫ɷʭʉʡǖ
ʉɦʨɴ̂  
ʉʋʆ̒ʨ̡ɺʃɰʁɾ ɿ̒̂ ɺʩɴʆʨʁʁʐɵʁʊʃǌ̡ɺʋʗʄɰʊɾ ʃ̔ʨʈʭʉ Ǘ̌ɿɨʌǱʊʃʧɴʏʈɿǍȈʆǗʁǗʁɴ̒ʊʄʏʻ̡ɱǜɵʈǘɴ ɺɦʨʈǑʨ
ɷɦɠʏȍɴǱʊɦǗʄʨǗȅʏʻɦʋʨʏɵʁɾʫ̫  ˄
ʄǵƼ ʊʱǗǳʷȁǐ ɰʻˆʉʋȁ̒ ʄɦʨɦʊʏʫʨʏǌɴ̡̒ɱǜɿʬɵɦʆɰ ʜɦǗʄʨǗȅʏɰ̒Ǘʈʧɿǲǘʁɴɦʆɰ ȍʃʩɴʄɦɴƼʨɿɰɦȺǇǲǘʁɴ ʲɺʋȓɵ
ʊȌʉʒʫʨʏʬʑɴ̒ʃʧɴʄɴƼǸʒɲƾʧʇˀʉ  ˄
ǱʊɦǗɷʨʏ ʊɦʨʏǗɿʩʈǗɿɨʌ̂ ɵɦ̫ Ǘɦɷʨʏ ʊɦʨʏɼʨʏɴ̒ʁˀʊʜʇʫʉʏʫʨʄ̡ɺʋʏʈǗʏʄ ɺɦʨʈǑʨǱɿ̒ȆǇɵ̒ɵʊʃǌȂʃ̒ɦʆʋ ȵɦ ʆɦʋ
ȉʃʄɤǝ ˄ 
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ,ˏ˓ ʆʧʃǎʫ̡ʅǟɰɦʋʨȈʆʏʈɦʐɿʫʅʋǱʊɦǗʄʨǗȅʏȇ̒ɰǖʄɦɵǁɰɦʁʏʃʧɴǱʊʅȚʊȈǃʄ̒ɦȳʃʩɴʏʫʌɿǍʧ
ȈʆǸɰʻʲʏǇɴ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&Ǳʊɶǘʫ̫ʄɤǁʁɴǱʊȍʉɿrʈǘȑ ʃʧʇˀʉ ʃʧɴǱʊʅǌʋʻɦȊ ʄʋ'̒ 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿʌʧʁȘȐɚʏǌʃʧɴǱʊʅȚʊȈǃʄ̒ʌʧʁȘȐɚʏǌɦȳʃʩɴʏɴƾʈ 
ˑ,ʄʊʧʄʁ ʏʫʌɿǍʧȈʆɰǐʫɴɦɲʐǻǈʃʃʧɴǱʊʊʏʻɦȵǗʄǶʶrʀǀ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʅʋɰɦȺǇrʃɵʊʃǌʒɲƾʧʏʃʨʃʧɴʁʁȄɰ̒ʁʁʃɴʒɦʀʊʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʊʬʄʌʧʁȘɦɺʨʈǑʨʌʧȈɲʃʧɴǱʊȇʊɦǗǳ ȁ̫ǐɰ̒ɰǐʫɴɷʨʌȈʆ 
,̝ʕʊʧȊ ʄʀ ȐǕʊɿʨǱʊȇʊʃʧɴǱʊʁʁʭʋɱʫʏǗɿɨʌ̂ʄɾǇʫ̫ʡǖʏʧʏǜȉʃǱʊǗʄɧɴǗʄʉɿˀǐɱǓʏɰ̒ǐʫɴ

ǱʊɦǗʄʨǗȅʏȁ̒ʈʆʋʒɲƾʧʏʃʨ˄ 
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¡Y¡[ TRwÁ  áUXWcCÈv`Tw 
 

áUȤTUR¶ Ȓ[¢`ãEZ\«WwáUXWȢYW\cCÈv`Tw 

 
ʒɿǍʄʁɺ̂ʶɦɾ ʊ̈ɰȐʁ ʃǌɦȅ ɷ̫ʊʁʫʁ 
ɰǐʫɴɺʁɦɾʨʊɰʈȚʃǌɦȅ ɷ̫ʁʊʁɦȵɿʁʄʃ̒ʇǐʁǻɵ̒ǗʏȊ ʋʈʭʉ ɺ̡ʋǳǕʃʄǿǇɹʒɲƾʧʏʃʨʊɺǈɦʁǗɰɧʈʏʧʏȚʃʫʏʧʏǜǗɿɨʌ
ʊɦɠʄɵʁǗʄʇʆʒɲƾʧʏʃʨɦǻʉɱǘʭʃʟɴɦɺʨʈǑʨʄʁʇǘʪʒʁʆʬʋʃʧɴɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ȍ̔ʏʏ̒ʨɿʫɾǝȈʆ˄  ʆʭɰʱɲȉʃʗʄɰʊɾ̔
ɺʬɵǸ ȓɲʫʉ ʀǕʆʧʋ ǗɦʄʨʆʃǘʪǗʆ̫ȓʁʧɿǖ ʃʧɴ̡ʁʈ́ʬɲʬʄ ˄ʏʧʏǜȉǐɰ̒ȅʃɰɿ̒ǗȀʁʧʃǐʃˀʉ ʃrʀǕʆʧʋ ǗɦʄʨʆʃǘʪǗʆ̫ȓʁʧɿǖ
ɺ̡ʋʅʋʧɿȅʃɰǐʫɴrʅǎ 21cm ɺʬɵǲɴʱǗǱʈˆ 
ɰǗʈʧɿʆʃǘʪǗʆ̫ȓʁʧɿǖ ɿɴ̒ʏǖʫɴ̡ɺʋʅʋʧɿȅʃ&V)  ɵʊʃǌʒɲƾʧʏʃʨ̡ɺʋʅʋʧɿȅʃ&mA)  
ʆʃǘʪǲǘʁɴ 0.5 V 0.25 mA 

ʆʃǘʪʈʂǖʈ 0.3 V 0.15 mA 

ʆʃǘʪɦɱȚʉ 0.1 V 0.05 mA 

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɿɦʨʗʄɰʊɾ ʈ̔ʭʉǿ ǲɴɦǗǱʈɦʃ̫ ɺ̡ʋʄʁ̡ʄǘɴȁʈʆʋɰɦȺǇɦȳǸȁʈʆʋʒɲƾʧʏʃʨʏǗȉʄ̒ɦǗʄʨ
Ǘȅʏɰ̒ǐʫɴʊʀʉʃǌɦɺʨʈǑʨʄǵǝɹʏʨɿʫɾǝȈʆȉ́ʏʫʨʃ?  
Ãɰ,ʀǕʆʧʋʑʪɰǘɴ̒ɦʏ  
Ãɱ,ɼʨǿ ʈ́ʬ 
Ãɲ, ʲʁʈʹʬɲʬʄ 
Ãɳ, ȓɲʫʉ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ɲ, ʲʀʈʹʬɲʬʄ 
ǱʊʆʃǖʋʻˆȊɦ ɴȀʈʒɿǍʄʁɰǐʫɴʊʬʄȈʆʏʧʏǜȉʃʗʄɰʊɾ ɺ̔ʬɵǸ ȓɲʫʉ ʀǕʆʧʋ ǗɦʄʨʆʃǘʪǗʆ̫ȓʁʧɿǖʃʧɴ̡ʀʈ́ʬɲʬ
ʄ˄ ɰǐʫɴɵʁɦǿ ʈɦȄʷ ʀ̡ʈ́ʬɲʬʄɲʪǸʗʄɰʊɾʽ̡ɺʋȉʃʏʈɿǍȈʆʄʁ̡ʄǘɴȁʈʆʋɰɦȺǇȈʆɱʫʏǳǐrʃʏʨɿʫɾǝ
ȈʆʡǖɦȳǸȁʈʆʋʒɲƾʧʏʃʨ̡ɺʋ ɲɦɦǗʄʨʏǗȉʄ̒ȍʏʏ̒ʨɿʫɾǝȈʆɰǐʫɴȉ́ʏʫʨʃʊʀʉʃǌ˄ 
Ǳʊǻɰʻʆʧʃǎʫ̂ ,ˏˎ ʆʧʃǎʫʏǗȉʄ̒ǱʊɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&ǱʊɵɴǶ ʃʁʧɴǱʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨʈʫɱǵʊʊʄʏʗ̒ʄɰʊɾ ʌ̔ʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴǱʊȍʏʻ̡ʌɴɰǐʫɴʌʧʏǙɰʈǕ&ʊʀʉʃǌ' 
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,˒ɵʁɦɾ ɺ̫ʩɴ Ǳʊʄʁ̡ʄǘɴȁʈʆʋ&ɰɦȺǇɦȳǸʒɲƾʧʏʃʨ'ʃʧɴʗʄɰʊɾ ȍ̔ʏʏ̒ʨɿʫɾǝȈʆ 
˓, ʏʈɿǍȈʆ ʄ̡ɴ̡ɵɰʈʫɱǵʊɱʫʏǳǐʊȍɴʗʄɰʊɾ ʅ̔ʋʧɿʒɲƾʧʏʃʨʆʨʆʃǘʪ&ʀǕʆʃǘʪ'ʃʧɴʆʨ

ɰʱȺǇ&̡ ʀʈʹʬɲʬʄ' 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜʉʋʆ̒ʨǱʊʒʃʫʌɿǌʊʬʄʌʧʁȘɰǐʫɴɦǗɲɝɴȉ́ʏʫʨʃǸɰ̡̒ʏǇɴ˄  

 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʅ̡ǟɰɦʋʨȀȋɴʁʧʃǐʃˀʉǲɴɦʋʨǗʄʏʧʃɦʄʨʏʧʏǜɦǗʄʨǗȅʏʄ̒ʃǎ̫ʏʫʨʋʨʏǖʬʈ̡ɺʋȉʃrʅǎǗɰȒ ʏʊʫʄ

210cm  ȵɦ ǗɦǱʈʆʃǘʪǲǘʁɴɦɿʨʆʭɰɦɲʃʩɴʁʁʭʋȅʃȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʒɲƾʧʏʃʨʏʊʫʄɵʁʃʭʃʄ́ʫȄǕʃ?ɺʩɴȁ ʅrǎ 21cm

ʅǇʋʻɵʊʃǌ0.25mA 
ɵɦʈǘʨʉ  ̂........................... mA  
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 2.5mAǱʊʆʃǖʋʻ̡̂ʅǟɰȀʈʁʧʃǐʃˀʉ ɺ̡ʋʅǇʋʡ̒ǖ̂ 
ʳʅǎǗɰȒ21cmʅǇʋʻɵʊʃǌ0.25mA  ˄
ɺʬɵʱʃʷ ʳʅǎǗɰȒʏʊʫʄ210cmʃʩɴʅǇʋɵ̒ʊʃǌʏʊʫʄɲʪ10 0.25mA 2.5mA³ =  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ 
,ˏˎ ʆʧʃǎʫ̂ɲɾ Ȅ ɳɦʨɹʋʁǏʅʋ 2.5 ǗɿʩʈǗɿɨʌʃʧɴȉʃʟɰȀv  ˄
,ˎ˓ ʆʧʃǎʫ̂Ȑƾʋʌ̒ʧʂʨɲʫɾ ʄ́ʫ̡ʃǌɲɾ Ȅɱʫʏ ʋɦɱʜɦʇǘɵǻɰ̒ʟɰȀ  ˄
ˎʆʧʃǎʫ̂ɵɦʈǘʨʉɱʫʏʜʈʧʃȅʃɦɶǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&Ǳʊʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴʃʧɴǱʊɲɾ Ȅ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ȁʈʆʋɰɦɰʨɿɦʑʨɴʌʧɹ  
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʶȄɰʻʁʶʃɴʏȉȉǗɿȆǎ ʋʻʊȍɴʳʅǎǗɰȒʳʃǱɦʏʧǱʆʃǘʪǗʆ̫ȓʁʧɿǖʃʧɴɵʊʃǌʅ

ʋʧɿȅʃ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʁʧʃǐʃˀʉʆʨȀȋɴʃʧɴɲɾ Ȅ ɺɦʨʈǑʨȂɹʊɰʋʁǏʅʋɰǐʫɴȐǍʃȈʆʀǕʨ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ʅɦǎɡɴȆǎɿ̒ʁʧʃǐʃˀʉ ʃʧɴɦǗʄʨǗȅʏʟ̒ɰȀʊʬʄʌʧʁȘʡǖȅʃ

ʐǕɿʻɵɿʻ˄ 
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑ ɰ̂ǐʫɴɰʊɾʨ̡ɺʋ ʈɦɳȉʃʆʆɰɦǗɵʨʃȅɴʁʆʃǘʪǗʆ̫ȓʁʧɿǖɷʧɿʆʃǘʪɦɱȚʉ ɿɦʨʅʋʌʧȅɰʒǙʨɱǘ̫ʃʩɴɦɰʨɿ
ȉʃɵʁɦȇ Ǳ̫ʊɦǗʄʨǗȅʏȁ̒ʈʆʋ ɵɦɹʆʨʀǕʆʧʋʆʃǘʪǗʆ̫ȓʁʧɿǖɦʃ̫? ǗʄʏʧʃɦʄʨʆʭɰɦɲǗɿɨʌǱʊȁʈʆʋʒɲƾʧʏʃʨɦǗʄʨ
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Ǘȅʏʻɦȵ ʆɦʋʉʄ̒ ɿɦʨʆʭɰɦɲɲʭʊɦǗʄʨǗȅʏ ȓ̒ɲʫʉ ɷʁʃʭʏʌʧɹȀʈʊɦʄɠʄǿ ? ɵʬʊʆʃǖʋʆ̒ʨʋɰƽɾ ʆyʧɦʏʏʊʄʏʻ
ȓɲʫʉ ɺ̡ʋɱʫʏʆʨʀǕʆʧʋʂʈǕȀ  ˄
ɵɦʈǘʨʉ  ̂........................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
 

ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
ʅʋʌʧȅɰ̂ Ǳʋǿ ʆʃǘʪɦɱȚʉɿɴ̒ʏǖʫɴʃʧɴɵʊʃǌ̡ɺʋʅʋʧɿȅʃʃʩɴʀʉɵʫ̫&ɦȊ ɴȀʈȀȋɴʁʧʃǐʃˀʉ 0.1V

ʃʧɴ0.05mA) ȄʡʁǖȁʈʆʋʈʧʃǗǳʃ̒Ǘǳʃ̒ʏǗȉʄ̒ʄʁʇǘʪʒʁʆʬʋ ʜɦǗʄʨǗȅʏʗ̒ʄɰʊɾʽɦʅǜɴ̌  ˄

ǱʊɦǗʄʨǗȅʏȓ̒ɲʫʉ ʆ̂ʭɰɦɲɲʭʊɦǗʄʨʀǕʆʧʋʆʃǘʪǗʆ̫ȓʁʧɿǖɦɺʨʈǑʨȐɰʄɣǁʬʋȁʈʆʋ ȳɦɰǐʫɴȓɲʫʉ ȵɦ ʆɦʋ ʀrǀʊʭɵ
ʊɰȚʁʫɰȁʈʆʋ Ȅɦ ʏ̫Ǘȉʄ̒ʉɰʈɰɦǗʄʨǗȅʏʌ̒ʧɹ ȵɦ ʆɦʋʉʄ̒˄  
ʋɰƽɾ ʆyʧɦʏʏʊʄʏȓ̒ɲʫʉˆȓɲʫʉɲʪǸ ʈɷǄǻǈʃʅǎʫɰȁʈʆʋ ɺ̡ʋȓɵȐɰʄɣǁʬʋ ʑɦʨɴʌʧɹȅʃ Ǘɦɵʨʃɺɴ
ɱɾ ʸ̡ɺʋʀǕʆʧʋʂʈǕȀ ǗɦʄʨʒʏʻɦʐʨʉǗɿɨʌɦȅʷɦǶʋ  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ 
,ˏ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌǗɲʄ̒ˑɵʁɾʫɵ&ʅʋʌʧȅɰ, ǱʊȐɰʁʫɰ, ʃʧɴʋɰƽɾ Ȑy ɰɦʑʨɴʌʧɹȅʃ'˄  
,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿːɵʁɾʫɵʜʆʃǖʋʈ̒ʧʃȂʃ̒ǻɵ̒Ǘʏʑ ʆ̫ʨʊɦʄɠʄɦǗʄʨȓɲʫʉ  ˄
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉ ʜɦɶǘʨʉǗɿɨʌ̡ɿʄɤǝʆʃǘʪɦɱȚʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲʄɤǝʃʧɴǱʊʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿʃʧɴǱʊʉʋɺ̒ʩɴʆʨǗʄʆˀʃǏȁʈʆʋ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴǱʊʊʏʻɦȵ  
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴȓɴʁɿɴ̒ʏʫʨɦɿʆʃǘʪʃʧɴʒɲƾʧʏʃʨʊʭʈȂɴʁɦǳʋǱʊɾʽrʃȓɲʫʉ 
˓, ʏʈɿǍȈʆ ʌʧȈɲʆʨ̡ɺʃɰʁɾ ɿ̒rʃǗʄʇʆȁʈʆʋʆʃǘʪǗʆ̫ȓʁʧɿǖʃʧɴǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʅ̔ǎʫɰ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ʊɦɠʄɵʁ̡ʅʃǱʊɦǗʄʨǗȅʏȁ̒ʈʆʋʡǖȉʃǗʄʏʧʁǏȈʆʃʧɴ

ʃʧʊʃǌʊȈʆ˄  
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áUȤTUR¶ áUXWF[TÖcCÈv`Tw 

 
ʒɿǍʄʁʒ̂ʶʆʬʋʱʇ̈ǘɴɰɴʻ 

ɰʫȉʊʨʂʨȀ ȅʃʁʧɹɰɴ̒ʀǕʨʈʭʉ ɺ̡ʋȉʃɺʁɦʑʨɴ ɼʨǿ ʈ́ʬ ʏǗȉʄ̒ʄʁʇǘʪʒʁʆʬʋ ȵɦǲɴʈʫɱɦʆʋʉʄ̒˄ Ȅɴ
ʏ ɴɦƼɿɦɳʨɹȁ ȵɦ ʆɦʋȄɴȃɰ̒ɰɴ̒Ǳʃ̡̒ɿɦʋɝʃʒʁʆʬʋɰɴ̒ɦȄ Ǳ̫ʃ̡̒ɿʇǘʪǲǘʁɴ˄ ʅǎʫʉ ȳɦʌʧɹ ȵɦ ʆɦʋȄɴ
ɸ ʄ̒ȃɰ̒ɰɴ̒ʒʁʆʬʋ Ȅɦ ɰ̫ʿʊʋɿ̒ɦȳʌʧɹ  ˄ ǗɦǱʉʈɰȄɴȅʃɺʩɴȁ ǳɦʋǱʊɾʽɦʃ̫ ɰʿǗɿɨʌȅʃɦǗʄʨǗȅʏʻɦȵɰǐʫɴ
ȋɦɴɵǗɰʒɲƾʧʏʃʨǲǐɿʂʁ ɺ̡ʋ ɺɦʨʊɦǻʉɵʊʃǌʁʩɰʐʬʊʜɵʊʃǌɱǖʋʅ̒ɴ̡ɺʊ  ˄
ǗǱʐǙʄǵǝɹʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴɦʋǑɞʃȃɰ̒ɰɴ̒ʃʧɴɿɴ̒ʏǖʫɴ̡ɺʋɼʨǿ ʈ́ʬʅʋʧɿȅʃ̂  
 
 
 
 
 
 
 
 
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɿɦʨɼʨǿ ʈ́ʬʅǜʁɦʑʨɴʆʨʏȉʏȈɲʏǲʁʃ̒̌ ʒǙʨɱǘ̫?  
Ãɰ,ʄʃǎ̫ʁɴ̡̒ɺɴʃʧɴʏʬʋʫʉʏǖʫɴȓʏʫʨɿ  
Ãɱ,ɦʈ̡ɺɰʃʧɴʊʄʫʁ̡ɱǜɵʈǘɴ 
Ãɲ,ʄʃǎ̫ʏʫʨʋʨʏǖʬʈǗʄɦʇʁn ʃʧɴp  
Ãɳ, Ǳʄʬʃʃʧɴʈ́ɴ̒Ǳ ɾ̡ ʏɼʨʒʫɰʏʫʨɿ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ɱ,ɦʈ̡ɺɰʃʧɴʊʄʫʁ̡ɱǜɵʈǘɴ 
Ǳʊʆʃǖʋʻˆɼʨǿ ʈ́ʬɺʁɦɾʨʊǱʊɦȳȅʃɦǻʉ ʅ̡ǟɰɦʋʨȅɿʫʇʬɿȓɴʁɼʫɵʏǖʫɴɦʒʑʧɵǗɿɨȉ́ ɹɦʁʧɵ˄ ȵɦ ʆɦʋ ʉɦʨɴ
ȃɰ̒ɰɴ̒ȍɦʂǙʨʡǖɦʈ̡ɺɰʌʧʋ ȵɦ ɰ̡Ǒʊʊʄʫʁ̡ɱǜɵʈǘɴʜʊʄʫʁ̡ɱǜʌʧʋɰǐʫɴɦʈ̡ɺɰ ɺ̡ʋʄɴƼʡǖȉʃʄ̡ǗʈʄǗʈɩʋʐǙǘʫʉȉ́ ɹɦʁʧɵ
ʃʧɴʄɦɴƼʨɿȅʃǸɵʊʃǌʒɲƾʧʏʃʨʏǗȉʄ̒ʄʁʇǘʪʒʁʆʬʋ  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ,ˏˎ ʆʧʃǎʫʏǗȉʄ̒ǱʊɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&ǱʊɵɴǶ ʃʁʧɴɵʁɦɾ ɺ̫ʩɴʈʬʋǻǈʃ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ǗɦɲɝɴʄɴƾʫʁʄɦɵǁɰʌʧʁȘ 



 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 132 | 254 

ˑ,ʄʊʧʄʁ ʗʄɰʊɾʽɦǗʄʨǗȅʏɰ̒ǐʫɴɷʨʌȈʆǗʄǶʶrʀǀ&ɰɴ̒' 
,˒ɵʁɦɾ ɺ̫ʩɴ ǳɦʋǱʊɾ ȓ̔ɴʁɼʫɵʏǖʫɴɦʒʑʧɵǗɿɨȉ́ ɹɦʁʧɵʃʧɴʊɵȄʏʈǓˀʃǏȉ́ʏʫʨʃɦʇǘʨɴ 
˓, ʏʈɿǍȈʆ ʄ̡ɴ̡ɵɰʊɵȄʏʈǓˀʃǏɼʨǿ ʈ́ʬɦɵɹʆʨʀǕʆʧʋ&ɲʨʈʨ'ʜɦǱʏʧǱʆʃǘʪ&ʏʫʨʋʨʏǖʬʈ' 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜǶʄ̒ȓʊʈǕɾ ʆ̔ʨʉʃǌǱʊʅʋʧɿȁʈʆʋ ɵɦɹʆʨɵʋȄ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʅ̡ǟɰɦʋʨǱʊʏ ɴɦƼɿʊʄʏʂ̒ʨȀ ɿɦʨǗʄɦʇʁɵʊʃǌʒɲƾʧʏʃʨ̡ɺʋʄɦɣǁɹ ǻɦʉɼʨǿ ʈ́ʬǸǗʄɦʇʁɵʊʃǌʒǙʨ? 
ʐɦʨʉǗʄʏʧʃɦʄʨʂʨȀȃɰ̒ɰɴ̒ʉʪɿǸɴʈʫʃ ɿɦʨʆʃǘʪʒʁʆʬʋʃʩɴȉʃʄ̡ǗʈʄǗʈɩʋɺʬɵɦʈǇɵ?  
Ǘʄʱʇʁɵʊʃǌˆ .......................................................  
ʄ̡ǗʈʄǗʈɩʋʆʃǘʪ̂ .................................................. 
 
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ȋɦɴɵǗɰʒɲƾʧʏʃʨɦɺʨʊɦǻʉɰȉǘʁɴʁʩɰȍʊʨʒɲƾʧʏʃʨɦǗʄʨǗȅʏɼ̒ʨǿ ʈ́ʬʉɰǜɦɺʨʈǑʨʅʋʧɿʒɲƾʧʏʃʨʏǗȉʄ̒
ǗɦʄʨǗȅʏɰ̒ǐʫɴǗɰɧɴ˄ǗʄʏʧʃɦʄʨɦȵʊɺʬʌǗȅɴʁɰǗʈʧɿʁʩɰɰǐʫɴȓɴʏǌʫɰʁʩɰȃǘɰ̒ɵʫ̫Ȃʄǲǘʁɴ ɺ̡ʋ ʂɦǙʨʡǖɰȉǘʁɴʁʩɰʐʬʊ
ʄɴǙʧʋɼʨǿ ʈ́ʬȉʃʏȈʆɦɱȚʉ  ̂
,ˏɦɿʨʅʋʄ̫́ȇʋʒ̒Ǚʨɱǘ̫ʃʩɴɦɰʨɿȉʃɵʁɦȇ Ǳ̫ʊʅƾɿ̒ʅƾɴ̒ʒɲƾʧʏʃʨ?  
,ːɦɿʨɵʊʃǌʒɲƾʧʏʃʨ̡ɺʋʅʋʧɿȅʃʆʨɼʨǿ ʈ́ʬɱʫʏʆʨɵʊʃǌ̡ɺʋʅʋʧɿȅʃʆʨʀǕʆʧʋʌ́ʫʋȀȊ ɴ́ɺʬɵɦʈǇɵ? ɵʬʊʆʃǖʋʻ
ʆʨʋɰƽɾ ʸrʃʁʧʏ Ȭɦɵʊʃǌ 
ɵɦʈǘʨʉ  ̂........................................................................................................................................... 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
........................................................................................................................................................ 
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
ǗʄʱʇʁɵʊʃǌˆǸǗʄɦʇʁɵʊʃǌǷǘʏʻ˄ɼʨǿ ʈ́ʬɰɴ̒ʅʋʧɿɵʊʃǌǷǘʏȀ̒ʈʊʉ Ǳyʊʌʧʋ ʃrɦʈ̡ɺɰ̡ɰǑʊʊʄʫʁ̡ɱǜ˄ 
ʄ̡ǗʈʄǗʈɩʋʆʃǘʪ̂ʆʃǘʪʒʁʆʬʋʃʩɴʀʉɵʫ̫ʜɦɱȚʉǸɴʈʫʃ˄  
ǱʊʆʃǖʋʻˆȊɦ ɴȀʈǗǱʐǙʁʁȄɰ̒ʁʁʃɴʊȍɴɦʋǑɞʃʃʧɴɿɴ̒ʏǖʫɴɲʪǸʏȉȉǗɿȆǎʋʻ˄Ǳʋǿ ʂʨȀȃɰ̒ɰɴ̒
ʉʪɿ ʋɦǑɞʃʊɴǙʧʋ ʃrɦʈ̡ɺɰʀʉɵʫ̫Ȅʡʁǖɿɴ̒ʏǖʫɴ ɺ̡ʋʅʋʧɿȅʃʀʉɵʫ̡̫ɺʊǸ ʐɦɿʫɦʂǙʨʡǖȁʈʆʋʒɲƾʧʏʃʨʈʧʃ
Ǘɲʄ̒Ǘǳʃ̒ʏǗȉʄ̒ʄʁʇǘʪʒʁʆʬʋʡǖʇǘʪǲǘʁɴɺʬɵʈʫʃ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ 
,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌȂɴʁ ɵʊʃǌǷǘʏ ̒ʃʧɴ ʆʃǘʪʀʉɵʫ̫ʜɦɱȚʉ ˄ 
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉ&ʗȂʐʊɾʽ̂Ǘɿɨʌ̡ɿʄ̡ǗʈʄǗʈɩʋʆʃǘʪ̡ɿɦɶǘʨʉǗʄɦʇʁɵʊʃǌɱʫʏ'˄  
ˎʆʧʃǎʫ̂ ɶɦǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃȅʃɦɶǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊʄɰǗȐʉȅɿʫʇʬɿ' 
ː,ɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿʌʧʁȘȐɚʏǌʃʧɴǱʊȂɹʏʃǐʧǻǈʃʆʨʁʁȄɰ̒ʁʁʃɴʒɦʀʊ 
ˑ,ʄʊʧʄʁ ʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨʃʧɴǱʊʄʁ̡ʄǘɴȁʈʆʋɰǐʫɴɷʨʌȈʆʊʏʻɦȵ 
,˒ɵʁɦɾ ɺ̫ʩɴ Ǘʄɦʇʁɵʊʃǌʒɲƾʧʏʃʨ&?A'ʃʧɴʁʁȄɰ̒ʁʁʃɴʊȍɴɵʋȄʃʧɴȁʈʆʋʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ʅȚʊȈǃʄ̒ʋʁǏʅʋ ʃrǱʊʏ ɴɦƼɿǸɰ̡̒ʏǇɴ ȳɦʃʩɴǗʁʩʏǇʨʊʬʄʌʧʁȘ 
,̝ʕʊʧȊ ʄʀ Ǳʊʏ ɴɦƼɿȊ ɴ́ʐǕɿ̒ɵɿ̒̂ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ɵʁǿ ʃʁʧɴʌʧȈɲʄ̡ǗʈʄǗʈɩʋ

ʃrȅɿʫʇʬɿɷʫʁʌʧɹɱǘʭʃ˄  
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áUȤTUR¶ ȢYW\UáYzE  

 
ʒɿǍʄʁ̂ ǱʊȐɰȓɲʫʉ 
 
 
 
 
 
 
 
 
 
 
ȵɦȀʈɿʁʄʃ̒ɷʃʄʁɱǘ̫ɰǐʫɴǗʄɦʁʏɰʈǓʫǸ ɺ̡ʋʄǿǇɹʒɲƾʧʏʃʨʊɺǈʈʧʃȂʃ̒ɦȳɺʋ ʒ̒ǐɰʇʬʈʧ̡ɿɴ̡ɿɦǗʄʨǗȅʏ ̒ȓ
ɲʫʉ ɺɦʨʈǑʨʄʁʇǘʪʒʁʆʬʋʃʧɴɦʈʨʋʁʬʊʁʏǜʃ̔  ˄ȓɲʫʉɲʪǸǗʄʇʆɵʊʃǌǸʄ̡̒ɺʋʅǜʁɦʑʨɴʆʨʄʃǎ̫ʏɾʁ ʃʧɴʏɾʁ ʒʫɰʏʫʨ
ɿǗɷʈʫɷɰǐʫɴʏʬʋʫʉʏǖʫɴȓʏʫʨɿʏʫ̋ʋʅʭʊʧɵ  ˄ʄȄǎʄ̒ʆʨɦǗʄʨǗȅʏʒ̒ʏȁ̒ʈʆʋ ʆʭɰʱɲǗɿɨʌʉɰȍʱȳȐɰʱȵ
ȐǍʃʨʉȐɰȓɲʫʉ ɺɦʨʈǑʨʡǖȍȉʃȁʈʆʋ ʑɦʨɴʌʧɹ  ˄
Ȁȋɴʁʧʃǐʃˀʉ Ǳ̂ʊȃǘɰ̒ɵʫ̫rʃɿɴ̒ʏǖʫɴȓɲʫʉ ʂɦɠʄʃʩɴʊʉʸɦʆʋ ǗɦʄʨǗȅʏ ̒
ʊʉʸɦʆʋ ǗɦʄʨǗȅʏ &̒ɦȉ́ɴ' 0 &ʱʆɹ' 5 10 15 20&ʒʏʻ' 
ɿɴ̒ʏǖʫɴȓɲʫʉ&V)  12.6 V 12.2V 12.8V 11.0V 10.5V 

 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɵʬʊɲʬʏʏɤǆ &P'ɰǐʫɴǗʄʒʄ̡̒ɺʋʒǐɰɦǗɷʨʏ ʊɦʨʏ  ̂

ʒʶɾʷʒʶǿɴ Ǘɿɨʌ ɱʫʏ 
,ˏȓɲʫʉɲʪǸǗʄʇʆɵʊʃǌǷǘʏʻ̡ɺʋʄǇʬʊʁʧʏ Ȭɦ Ǘɦɵʨʃɺɴ˄  

  

,ːɦʉʨɴȓɵʡǖȓɲʫʉȉʃȁʈʆʋ ʑɦʨɴʌʧɹȅʃɦǻʉʄɣǃʬʃɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȍ˄  
  

ˑ,ʏʬʋʫʉʏǖʫɴ̡ɺʋ ǗɦʄʨɰǐʫɴȓɲʫʉɲʪǸȓʏʫʨɿʏʫ̋ʋʅʭʊʧɵɰʁȑ ʄ̒20%ʱȳ30%  ˄
  

 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
F ȓɲʫʉɲʪǸǗʄʇʆɵʊʃǌǷǘʏʻ̡ɺʋʄǇʬʊʁʧʏ Ȭɦ Ǘɦɵʨʃɺɴ˄ ­ɱʫʏ (ȓɲʫʉɲʪǸǗʄʇʆɵʊʃǌǸʄ̒DC) 
F ʉɦʨɴȓɵʡǖȓɲʫʉȉʃȁʈʆʋ ʑɦʨɴʌʧɹȅʃɦǻʉʄɣǃʬʃɵʊʃǌʒɲƾʧʏʃʨɶǘɴǱɿ̒ȍ˄ ­Ǘɿɨʌ (ɲʪǸ
ɺʁɦɾʨʊǱʊȐɰȓɲʫʉ)  
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F ʏʬʋʫʉʏǖʫɴ̡ɺʋ ǗɦʄʨɰǐʫɴȓɲʫʉɲʪǸȓʏʫʨɿʏʫ̋ʋʅʭʊʧɵɰʁȑ ʄ̒20% ʱȳ30%˄­Ǘɿɨʌ (ʱȊɴȀʈ
ǗʁʩʏǇʨɲʨʈʨʒɲƾʧʏʃʨrʃȓɲʫʉʏɾʁ ' 

Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌȂɴʁ3ɵʶɾʫ ɵˆ ȅʃ1.5ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌ2ɵʶɾʫ ɵˆ ȅʃ1.0ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌ1ɵʶɾʫ ɵˆ ȅʃ0.5 ʆʧʃǎʫ 
ɶɦǘʨʉɱʫʏȂɴʁʒʏ ʜ̒ʈʧʃȅʃɦɶǘʨʉˆˎ ʆʧʃǎʫ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&Ǳʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʃʧɴɵʁɦɾ ɺ̫ʩɴʈʬʋǻǈʃ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌʃʧɴʄɦɵǁɰʌʧʁȘ 
ˑ,ʄʊʧʄʁ ǱʊʊʏʻɦȵǗʄǶʶrʀǀʃʧɴȁʈʆʋʒɲƾʧʏʃʨɰǐʫɴʏʐɲʈʃ̔ 
,˒ɵʁɦɾ ɺ̫ʩɴ Ǘʄɦʇʁɵʊʃǌʒɲƾʧʏʃʨ&BA'*ɺʁɦɾʨʊǱʊȐɰʄɣǁʬʋȁʈʆʋʃʧɴɦʒʑʧɵǗɿɨʋʨɿ 
˓, ʏʈɿǍȈʆ ʄ̡ɴ̡ɵɰʋɰƽɾ ɱyʫʏǳǐʊȍɴɵʊʃǌǸʄ̒ʃʧɴɵʊʃǌǷǘʏ ʃ̒ʧɴʉʋʆ̒ʨʉʃǌǱʊǱʊǵʊ

ʳʃȓɲʫʉ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ʅɦǎɡɴȆǎɿ̒ʆˀɿ̓ȉʃʌʧʁȘȐɚʏǌʡǖȅʃɵȗʏȌ̒ ʏʻ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ Ȁʈʊʉ ʁyʧʃǐʃˀʉǲɴɦʋʨɦɿʨȉʃʒǙʨɦɰʨɿɦʑʨɴɵʁɦȇ ɿ̫ɴ̒ʏǖʫɴʊʄʏȓ̒ɲʫʉ Ǳʋǿ ɲɦɦǗʄʨǗȅʏȍ̒
Ǳʃʻʲɿʉʬʊ? Ǘʄʏʧʃɦʄʨʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨʈʭʉȓɵɺʁɦɾʨʊǱʊȅʃʋʫ̫ǗȀ ɿ̡ɿɴ̒ʏǖʫɴɦʋʨʏʆʨ11.5 V ɿɦʨɦɲȓɵ
Ǘɦʄʨȍȅʃʊʉʸɦʆʋʄ́ʫȄǕʃɦȉ́ɴ?  
ʄ̡ǗʈʄǗʈɩʋɿɴ̒ʏǖʫɴ̂  ....................................................... 
ʊʉʸɦʆʋ ǗɦʄʨǗȅʏȅ̒ʃ̂  ....................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
ʄ̡ǗʈʄǗʈɩʋɿɴ̒ʏǖʫɴ̂ Ǳʋǿ ɲɦɦǗʄʨǗȅʏȍ̒Ǳʃ̡̒ɿʉʬʊɿɴ̒ʏǖʫɴʊʄʏȓ̒ɲʫʉǱʃ̡̒ɿʀʉɵʫ̫ (ʆʨ12.6Vʈɰ
Ǘɿʩʈ10.5V)  ˄
ʊʉʸɦʆʋ ǗɦʄʨǗȅʏȅ̒ʃ̂ ɲɦȓɵɦǗʄʨȍȅʃʊʉʸɦʆʋ ˏˎ ȉɦ́ɴ˄  
ǱʊʆʃǖʋʻˆȊɦ ɴȀʈȀȋɴʁʧʃǐʃˀʉ ȵɦʊʉʸɦʆʋ ˏˎ ȉɦ́ɴɿɴ̒ʏǖʫɴɲʪ11.8V( ʋɦʨʏʆʨ11.5V)˄ ʄʹʫʲʃǌʱȵ
ʆɦʋɺʋʻˏ˓ ȉɦ́ɴɿɴ̒ʏǖʫɴȃǘɰ̒ɵʫ̫ɺʋ 1̒1.0V(ȂʄǸɴ11.5V) ɺ̡ʋ ʂɦǙʨʡǖʗʄɰʊɾ ɸ̔ ʄ̒ɺʁɦɾʨʊǱʊ˄
ɺʬɵɦʃ̫ ʊʉʸɦʆʋʒɿʧʄʊȉ ɺ̡ʋ ǗɦʄʨȅʃɲʪǗɿʩʈˏˎ ȉɦ́ɴʄ́ʫɦǿ ǋ̫˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ 
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,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌȂɴʁ ʀʉɵʫ̫ ʃʧɴ ˏˎ ȉɦ́ɴ ˄ 
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵ ʀʉɵʫ̫ ̡ɿɦɶǘʨʉʊʉʸɦʆʋ ȉɦ́ɴɱʫʏ  ˄
ˎʆʧʃǎʫ̂ɵɦʈǘʨʉɱʫʏȂɴʁǗʏɧɴʜʈʧʃȅʃɦɶǘʨʉ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&ǱʊʄɰǗȐʉʁʧʃǐʃˀʉ ʃʧɴǱʊȂɹʏʃǐʧǻǈʃ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʌʧȈɲʁʧʃǐʃˀʉȀȋɴʃʧɴǱʊʒʃʫʌɿǌɰǐʫɴȐǍʃȈʆǸɰ̡̒ʏǌɴ 
ˑ,ʄʊʧʄʁ ǱʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʒ̔ɲƾʧʏʃʨɰǐʫɴɷʨʌȈʆʊʏʻɦȵ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴȁʈʆʋʅǎʫɰʃʧɴʊʉʸɦʆʋ ǗɦʄʨǗȅʏ  ̒
˓, ʏʈɿǍȈʆ ɰʁɾ ɿ̡̒ɺʃɰʁɾ ɿ̒rʃǗʄɿʧʄɿǌʧǱʊʊʄʏʗ̒ʄɰʊɾʽ̡ʅǟɰɦʋʨʁʧʃǐʃˀʉʄɦɵǁɰɦʁʏ

ʲɺʋȅʃʅǇʋʻ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʏ ɴɦƼɿʃʧɴʌʧȈɲɦʋɱ̡ɺʋ ȵɦɵɦȄǘ̫ʁʧʃǐʃˀʉʡǖȅʃ

ǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆʐɦɿʫʒǙʨȅʃǸȓɲʫʉǗɿɨʌȅʃɦɲǶɿ̒ʁʫɰȁǸǗʄʇʆʒɲƾʧʏʃʨ̡ɺʋȉʃɦʏɺǈɰʧɵǁɵʁɦɾ ɹʀʌʧǱʃʧɴ
ʄʊʧȐǍʃʋǟǸɴǱʊɦǗʄʨǗȅʏʀ̒Ǖʆʧʋʑʪɰǘɴ̒ɦʏʏǗȉʄ̒ǱʊɦǗʄʨǗȅʏʊ̒ʉʸɦ ʆʋʲʌɴ? ɵʬʊʆʃǖʋʻɦǻʉ ʅ̡ǟɰɦʋʨʋɰƽ
ɾ ʊyʬʄʊʄʏʗ̒ʄɰʊɾ Ȃ̔ɴʁʆʨʊɦʃ̫  ˄
ɵɦʈǘʨʉ  ̂........................................................................................................................................... 
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......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 



 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 137 | 254 

......................................................................................................................................................... 
 

ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
ʋɰƽɾʸʊʬʄˆȓɲʫʉɲʪǸ ʀǕʄȄǎʄ̒ʄʃǜʁ̡ɺʋȓɵȐɰʄɣǁʬʋȁʈʆʋ ʑɦʨɴʌʧɹȅʃɦǗɵʨʃɺɴȀʈʊʉ ǗyʄɿʧɰʈǕ
ɲʨʈʨǗǶʏ˄ɵʁ̡ɾ ɰʟʀǕʆʧʋʑʪɰǘɴ̒ɦʏǸ ʀǕʄɻʈ ɺ̡ʋ ǗɦʄʨʒʏʻɦʐʨʉǗɿɨʌɦȅʷɦǶʋʈʧʃȓɵȐɰȅʃɦʑʨʉ  ˄
ʏɦɺǈɰʧɵǁ̂ʏǗȉʄ̒ǱʊɦǗʄʨǗȅʏʊ̒ʉʸɦʆʋ ʌ̡ɴȓɲʫʉɵʁɦɾ ɹǸɴ ǗɦȇʷɦɲǗǳʃ̡̒ɿɵʁǿ ʉǗȅɰ̒Ȑ ɰȁʈʆʋ
ʄʃǌʧɵʄʃǌʭɵʄ́ʫɦǿ ǋ̫ɱɾ ʸ̡ɺʋʀǕʆʧʋǗɿɨʌʁʧɹʀǕʨʊʐʬɿʱȵʱʆʋʒʏʻȁʈʆʋ˄ 
ʄʊʧȐǍʃ̂ ȓɲʫʉɷʭʉǱɿ̒ʄʃǍʉʏɾʁ ʋʻɦʒʑʧɵǗɿɨʃʧɰʃʧɴȐʊȃɿʫɲʨʈʨʆʫʋ ɺ̡ʋ ȅɦʷɦǶʋ ȳɦɰǐʫɴʄʊʧȐǍʃ Ǘɦȇʷ
ʗʄɰʊɾ ʈ̔ʭʉȓɵɦǗʄʨȅʃȋʄ̒ǷǐʁɱʫʏʆʨʀǕʆʧʋ ɺ̡ʋʄɦɴƼʨɿʏȋʁʈɲʨʈʨɦǗɵʨʃ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ 
,ˏ˓ ʆʧʃǎʫ̂ʆʃǖʋȅ̒ʃǗɲʄ̒ǗɷɧɴɦǗǸʉȂɴʁʋɰƽɾ ʊyʬʄ&Ȑɰȅʃʜʈʧʃȅʃ', ʏɦɺǈɰʧɵǁʃʧɴʄʊʧȐǍʃ˄  
,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿːɵʁɾʫɵʜʆʃǖʋʈ̒ʧʃȂʃ̒ȅʃɵȗʏȌ̒ ʏʆ̒ʨʋɰƽɾ ǗyʄɿʧɰʈǕǗǶʏ  ˄
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉ&ʗȂʐʊɾʽ̂Ǘɿɨʌ̡ɿɦʊɝɴȐɰȅʃ'˄  
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
ˏ,ɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲɦǗʄɠʄɦʂɠʄʃʧɴǱʊȍʉɿrʈǘɿrʈǘ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉȅɿʫʇʬɿʃʧɴǱʊʅȚʊȈǃʄ̒ʌʧʁȘȐɚʏǌɦȳʃʩɴʄʊʧȐǍʃʃʧɴɦʏɺǈɰʧɵǁ 
ˑ,ʄʊʧʄʁ ǱʊɦǗʄʨǗȅʏȁ̒ʈʆʋǗʄɰʄɦǻʉɵʨʊȈʆʃʧɴǱʊʊʏʻɦȵǸɰ̡̒ʏǇɴ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʋɰƽɾ ɱyʫʏǳǐʊȍɴʀǕʄɻʈ&ʀǕʆʧʋ'ʃʧɴʀǕʄȄǎʄ̒ʄʃǜʁ&ȓɲʫʉ' 
˓, ʏʈɿǍȈʆ ȍʉɿrʈǘʆʨʅʋɵʁɦɾ ɹʃʧɴʅʋʄ̫́ȇʋʻrʃʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨɰǐʫɴʊʉʸɦʆʋ ʌ̡ɴ 
,̝ʕʊʧȊ ʄʀ Ǳʊʉʋɺ̒ʩɴʆʨʄʊʧȐǍʃ̂ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ Ǘɦɷʨʏ ʊɦʨʏ ǗɦʄʨǗȅʏʗ̒ʄɰʊɾʽ

ɺ̡ʋʅǇʋʅ̒ʋɵʁɦɾ ɹɺʋʻɦʏɺǈɰʧɵǁǗɲɩȐʊʃʧɴǱʊȇʊʄʊʧȐǍʃ˄  
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áUȤTUR¶ áUW°TÙcCÈv`Tw`áȪU«K¦¡O}[AYȑȺTÖȡYR{A 

 
ʒɿǍʄʁˆ ʀǕʆʧʋǻʃʨʲɹʋ 

ǗɰɧʈǗɲɩȐ ʊʊʄʏʻɦȌ ɰɰʊʫǿ ȅʃɷʭʋʁʬɰɰʈȚʃǌʈʭʉ ɺɦʨʈǑʨɦɺʨʊɦʋɴȀʈʁɦʃǘ˄ ȵɦ ʋɦʨʁʬɰɦȄ ʈ̫ʧʃȉʃ
ǱʊɿȈǃʄ̒ʄǿǇɹʒɲƾʧʏʃʨʊɺǈɦʁʄ́ʫ̡ʃǌʁʬɰȉʃǗʄʆˀʃǏʅƾɿ̒ʅƾɴ̒ʒɲƾʧʏʃʨɦǻʉɱǘʭʃʟɴɦɺʨʈǑʨɦǗʄʨǗȅʏʒ̒ʁʆʬʋ ʇɦǘʨɴ
ʁʬʊʁʏǜʃ̔ʃʧɴʗʄɰʊɾ Ȑ̔ ɰʁʬʊʏʆˀǎ˄ Ȍɦ ɰɰʊʫǿ ʏ ɴɦƼɿɦɳʨɹȁǗʄʆˀʃǏɦȄ ʊ̫ʭʈȉʃǗʄʇʆʆʨʊȉ́ʏʫʨʃʄǗʈɧɴ
ʈʭʉ ɺ̡ʋ ɺɦʨʊɦǻʉȐ ɴʁʃʧɴɦǗɲɝɴʄɴƾʫʁʀǕʆʧʋʈʭʉǗɰɧʈ˄ ʏɦɠɲǙʨʒɲƾʧʏʃʨɦʋʨʁʬɰɦǗʄʨǗȅʏ ̒ɿɴ̒ʏǖʫɴǸʄʻ ˏːV˄
Ȍɦ ɰɰʊʫǿ ȅʃʆʧʃʧɿǖɦʋʨɦǗɲɝɴʄɴƾʫʁʀǕʆʧʋ ʐɦʨʉ ɳɦʨɹȉʃʆˀɿ̓ȉʃʃʧɴȀȋɴʁʧʃǐʃˀʉɺʬɵǲɴɦǗǱʈ̂  
ɺɦʨʈǑʨʄɦɴƼʨɿɿɴ̒ʏǖʫɴ 12 V ɲɦɦǗʄʨǗȅʏʀ̒Ǖʆʧʋǻʃʨ̡ɹʋ ɺ̡ʋʈʭʉǗǳʄ̒ȉʃɿɴ̒ʏǖʫɴ1.1 V  ɵʶʃʭʃ ˏˏ Ǘǳʄʻ
ɿǸ ʏɦʊ̋ʨ˄ 
Ȁȋɴʁʧʃǐʃˀʉ Ǳ̂ʊɦǗʄʨǗȅʏʗ̒ʄɰʊɾʽɦʂɠʄʃʩɴʊʉʸɦʆʋȐɰ 
ʗʄɰʊɾ̔ ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʏʫʨ&A)  ʊʉʸɦʆʋȓɵɦǗʄʨǗȅʏȅ̒ʃʆʨʀǕʆʧʋ &ɦȉ́ɴ' 
ʒʶʆʬʋLED (˓ ʒʶʆʬʋ' ˎ,A˓ ˒ˎ ʱȉ́ ɴ 
ʁʬʊʁʏǜʃʽǲǐ ɿɿʬɵ ˏ,A˓ ˏˑ ʱȉ́ ɴ 
ʗʄɰʊɾ̔ Ȑɰʁʬʊʏˀʆǎ &ː' ˎ,A̟ ː˓ ʱȉ́ ɴ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɵʬʊɲʬʏʏɤǆ &P'ɰǐʫɴǗʄʒʄ̡̒ɺʋʒǐɰɦǗɷʨʏ ʊɦʨʏ  ̂
ʋɰƽɱɾǉ Ǘɿɨʌ ɱʫʏ 
,ˏȉ́ʏʫʨʃʄǗʈɧɴɦɺʨʊɦǻʉȐ ɴʁɲʪǸǗʄʇʆʄʁ̡ʄǘɴȁʈʆʋɲʨʈʨɦȳǸȁʈʆʋʒɲƾʧʏʃʨ˄ 

  

,ːɦɺʨʈǑʨʁʁʭʋȅʃɿɴ̒ʏǖʫɴʏʊʫʄ12.1 V ɲɦǗɿɨʌɿʀǕʆʧʋǻʃʨ̡ɹʋȂɴʁˏˏ ǗǳʄʻǸʲɱǐɴ˄ 
  

ˑ,ʀǕʆʧʋǻʃʨ̡ɹʋ ǗɦʄʨǗȅʏʄ̒ʃǎ̫ʏɴˀƼʏʨǸʄ́ʬʋʒʌʧɷǃȉʃʃʧɴʄʃǎ̫ʁɴ̡̒ɺɴǸʄ́ʬʋʌʧɷǃȉʃ,,, 
  

 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
F ȉ́ʏʫʨʃʄǗʈɧɴɦɺʨʊɦǻʉȐ ɴʁɲʪǸǗʄʇʆʄʁ̡ʄǘɴȁʈʆʋɲʨʈʨɦȳǸȁʈʆʋʒɲƾʧʏʃʨ˄­Ǘɿɨʌ (Ȑ ɴʁʅǎʫɰ
ȁʈʆʋɲʨʈʨʄɦɣǂ̫ȉ́ʏʫʨʃʡǖʌʧʋʄɦɴƼʨɿǸȁʈʆʋ ʈɦǱʃʧɵʊʭɵʄʁ̡ʄǘɴǸʒɲƾʧʏʃʨȀʈʊʉ ɼyʨǿ ʈ́ʬ'˄  

F ɺɦʨʈǑʨʁʁʭʋȅʃɿɴ̒ʏǖʫɴʏʊʫʄ12V ɲɦǗɿɨʌɿʀǕʆʧʋǻʃʨ̡ɹʋȂɴʁˏˏ Ǘǳʄ̒Ǹ ɱ̡ǐɴ˄ ­ɱʫʏ (Ǳʊɿ
Ǹ ɱ̡ǐɴʊɰȚɿɴ̒ʏǖʫɴʡǖɦȵ ʀɦʊɺ̡ɺʋ˄ ɺɦʨʈǑʨʄɦɴƼʨʃɿɴ̒ʏǖʫɴʡǖȅʃ12V ɲɦǗɿɨʌɿȍǸ ʏɦʊ̋ʨɺʬɵ̡ɺʋ
ȉʃʄɤǃɰ̒ɰǐʫɴʒɿǍʄʁǗȐ ʄ̒'˄  

F ʀǕʆʧʋǻʃʨ̡ɹʋ ǗɦʄʨǗȅʏʄ̒ʃǎ̫ʏɴˀƼʏʨǸʄ́ʬʋʒʌʧɷǃȉʃʃʧɴʄʃǎ̫ʁɴ̡̒ɺɴǸʄ́ʬʋʌʧɷǃȉʃ,,,­Ǘɿɨʌ ( ʃɦ̫ɲʪ
Ǹ ǳɦʋǱʊɾ Ǘ̔ɲʩ̫rʃʀǕʆʧʋǻʃʨ̡ɹʋ ɺ̡ʋȉʃɦʒʑʧɵǗɿɨɿʏɴˀƼʏʨ Zn ʃʧɴʁɴ̡̒ɺɴ Cu)  ˄
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Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌȂɴʁˑɵʁɾʫɵ̂ ȅʃ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌː ɵʁɾʫɵ̂ ȅʃ ,ˏˎ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌˏ ɵʁɾʫɵ̂ ȅʃ ,ˎ˓ ʆʧʃǎʫ 
ɶɦǘʨʉɱʫʏȂɴʁʒʏ ʜ̒ʈʧʃȅʃɦɶǘʨʉˆˎʆʧʃǎʫ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊȂɹʉɰʆˀɿ̓ȉʃʆʨʒɿǍʄʁ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɰʶɾɿʻʒɿǌʏɤǆɾʃʧɴǱʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄɦɵǁɰʌʧʁȘʃʧɴǱʊʊʏʻɦȵǸɰ̡̒ʏǇɴ&ǱʊɦǗʄʨǗȅʏȁ̒ʈʆʋ ʋɦʨʁʬɰ' 
,˒ɵʁɦɾ ɺ̫ʩɴ Ǳʊʄʶʲʄǘɴȁʈʆʋ*ʊɦʄɠʄɿʀǕʆʧʋ &ɦʏʊ̋ʨʃʧɴ̡ɱǐɴ'*ʃʧɴʊɵȄʏʈǓˀʃǏʀǕʆʧʋɲʨʈʨ 
˓, ʏʈɿǍȈʆ ʌʧȈɲʆʨʊɦʄɠʄʅƾʫʁɦǗɲɝɴʄɴƾʫʁʒɲƾʧʏʃʨɦɺʨʈǑʨʁʁʭʋȅʃɿɴ̒ʏǖʫɴȀʈɿǗʈɨʌǱʊ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ʄ̡ɴ̡ɵɰǗʄʇʆȁʈʆʋ ʃʧɴʉʋʆ̒ʨǗʄʏʧʁǏȈʆrʃǱʊɿ

ʏɦɠɲǙʨ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʅ̡ǟɰɦʋʨȀȋɴ ɿɦʨʗʄɰʊɾ ʒ̔ɲƾʧʏʃʨʈʭʉǿ ɺ̡ʋʏʫʨɵʊʃǌǲǘʁɴǸɴɦɲ? ʐɦʨʉǗʄʏʧʃɦʄʨɦǗɲɝɴʄɴƾʫʁʀǕ
ʆʧʋ ʃɦ̫ǗɿɨʌȅʃɦǗʄʨǗȅʏʻ̡ɿʏǗȉʄ̒ʄʁʇǘʪʒʁʆʬʋ LED ʈʭʉʈʫɱɲɿ̒ Ȅɦ ʊ̫ʉʸɦʆʋȓɵɦǗʄʨǗȅʏȅ̒ʃʏʊʫʄʃʩɴȉʃ
ɵʶʃʭʃʄʹʫȄǕ ʃʱȉ́ ɴ?  
ʗʄɰʊɾ ʏ̔ʫʨɵʊʃǌǲǘʁɴʄʁʅʫɿ̂  .......................................................,,,,,,,,,,,,, 
ʊʉʸɦʆʋ ǗɦʄʨǗȅʏʒ̒ʁʆʬʋ ɿ̡ʈʭʉʈʫɱ̂  ....................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
¶ ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 

1. ʗʄɰʊɾ ʏ̔ʫʨɵʊʃǌǲǘʁɴʄʁʅʫɿ̂ ʁʬʊʁʏǜʃʽǲǐ ɿɿʬɵ (ʏʫʨɵʊʃǌʊʐʬɿɺʋ1̒.5A )  ˄
2. ʊʉʸɦʆʋ ǗɦʄʨǗȅʏʒ̒ʁʆʬʋ ɿ̡ʈʭʉʈʫɱ̂ ˒ˎ ȉɦ́ɴ˄  

¶ ǱʊʆʃǖʋʻˆȀʈʊʉ Ǳyʊʆʧʃʧɿǖɷʭʊɸʊȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʏʫʨ&A) ʉɦʨɴɦɳʨɹȁ 1.5A (ʁʬʊʁʏǜʃ̔'ɲʪ
ʂʶǸɴ0.5A( ʒʁʆʬʋ'ʃʧɴ0.8A(ʗʄɰʊɾ̔ Ȑɰʁʬʊʏˀʆǎ'˄ 

1. Ȁʈʊʉ Ǳyʊʆʧʃʧɿǖɷʭʊɦɺɰʁʨˏ  ʒʁʆʬʋ LED" ɰǐʫɴɷʭʊɸʊ ʊʉʸɦʆʋȓɵɦǗʄʨǗȅʏȅ̒ʃ 
ʁʧʃǐʃˀʉ ɺ̡ʋʅǇʋʡ̒ǖɲʪ˒ˎ ȉɦ́ɴ˄  

¶ Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ˏˎ ʆʧʃǎʫ 
1. ɶɦǘʨʉǗɿɨʌȂɴʁʆʨʊɵʁɾʫɵ̂ ȅʃ ,ˏˎ ʆʧʃǎʫ 
2. ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉ ȅ̂ʃ ,ˎ˓ ʆʧʃǎʫ 
3. ɶɦǘʨʉɱʫʏʜʈʧʃȅʃɦɶǘʨʉˆˎ ʆʧʃǎʫ 
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ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵƾɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&ǱʊȓʃʃʧɴȂɹʉɰʁʧʃǐʃˀʉʆʨȀȋɴ' 
ː,ɰǗʈʧɿʏʈɿǍȈʆ ǱʊʄɰǗȐʉʁʧʃǐʃˀʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ǱʊǗɲʄ̒ǗɲɴȁʈʆʋɰǐʫɴɷʨʌȈʆʊʏʻɦȵ  
,˒ɵʁɦɾ ɺ̫ʩɴ ȓɴʁɿɴ̒ʏʫʨɦɿɵʊʃǌʃʧɴʁʁȄɰ̒ʁʁʃɴʊȍɴʄʊʧȉɾ ȁʈʆʋʅǎʫɰʃʧɴʊʉʸɦʆʋ ǗɦʄʨǗȅʏ ̒
˓, ʏʈɿǍȈʆ ʱǗʄɠʄʱʂɠʄɿʳʈǘʱʋɱʃʧɴɰʁɾ ɿ̒ʒɦʀʊ̡ɺʋɷ̫ʕʁǏʧʆʋɺʋǱ̒ʊʒʏȁ̒ʈʆʋ ʃrʀǕʆʧʋ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲȀȋɴʄɦɵǁɰɦʁʏʈʫʃʃʩɴɦǗʄʨǗȅʏʗ̒ʄɰʊɾ ʒ̔ɲƾʧʏʃʨ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆɦʐɿʫʒǙʨȅʃǸʁʬɰɰʈȚʃǌɦʃ̫ǗɿɨʌǱʊǗʄʇʆʒɲƾʧʏʃʨʆʨʊǗʄɦʇʁȉ́ʏʫʨʃʄǗʈɧɴɦɺʨʊɦǻʉȐ ɴʁʃʧɴɦǗɲɝɴ
ʄɴƾʫʁʀǕʆʧʋɺʁɦɾʨʊǱʊʊʭʈǳǐ? ɵʬʊʆʃǖʋʆ̒ʨɲʫɾ ʏʈǑɿǌʧʃʧɴɲʫɾ ʌʧʄɿǌʧrʃǗʄʇʆʃʨʈʭʉ ɰ̌ǐʫɴǱʊɦǗʄʨǗȅʏɰ̒ǐʫɴȐǍʃ
Ȉʆɦʃ̫˄Ǘʄʏʧʃɦʄʨȉ́ʏʫʨʃʄǗʈɧɴɱʬɵ ɿɦʨʅʋʌʧȅɰʒǙʨɱǘ̫ʃʩɴɦɰʨɿȉʃɵʁɦȇ ɺ̫ɦʁɾʨʊɰʈȚʃǌ?  
ɵɦʈǘʨʉ  ̂..........................................................................................................................................,. 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉɲʁʊʬ̂ 
ʈʬʋ ʐɦɿʫ̡ɺʋǗɿɨʌǱʊǗʄʇʆʆʨʊ̂ ɺɦʨʈǑʨȃȄʃʧʊʃǌʊȈʆrʃǱʊʅƾɿ̒ʅƾɴ̒ȁʈʆʋʃʧɴɦɶǘʨʉɿʄɦȳʃʩɴɿǗʈɨʌǱʊɦǗʄʨ
Ǘȅʏʻɱʫʏˇǳǐ ˄ 
ǱʊɦǗʄɠʄɦʂɠʄɲʫɾ ʏʈǑɿǌʧʃʧɴɲʫɾ ʌʧʄɿǌʧ̂ 
F ȉ́ʏʫʨʃʄǗʈɧɴ&Ȑ ɴʁ'̂ ɲʫɾ ʏʈǑɿǌʧɲʪȓɵʅǇʋȁ̒ʈʆʋǲǘʁɴʃʧɴʄʃǌʄȄǎʄ̒ɺȋʄǿ ȉʃȐ ɴʁ˄ ɲʫɾ
ʌʧʄɿǌʧɲʪȉʃʏ ʈɦǘɴʊʁǲʃȈʉ ʅ̡ǜɴʆʫʋʃʧɴɵʁǿ ʉʳʀǘȐʶɴ˄ 

F ǗɦɲɝɴʄɴƾʫʁʀǕʆʧʋˆɲʫɾ ʏʈǑɿǌʧɲʪȐǀɿ̒ʋǟʈʧʃʄʁʆʫʋʄʊʧȐǍʃʃʧɴǵʉǗʏɩʋ ǗɦʄʨʏǗȉʄ̒ʗʄɰʊɾ ɿ̔ʬɵ̌ ˄
ɲʫɾ ʌʧʄɿǌʧɲʪȉʃȁʈʆʋɰǗʈʧɿɰʁɾ ɿ̒ ǗɦʄʨʒʏǗ̒ɿɨʌȐɰʃʧɴʈʧʃȓɵǗʁǗʁɴ̒ʗʄɰʊɾ ʂ̔̌ʁ ȅʃʉʬʊ˄ 

ʅʋʌʧȅɰɦʄʨȉ́ʏʫʨʃʄǗʈɧɴɱʬɵ̂ ʃʩɴɱǙ̫ȁʈʆʋʏǗȉʄ̒ʗʄɰʊɾ ʂ̔̌ʁ ʜʈʧʃȓɵȐɰʀǕʆʧʋ ʑɦʨɴʌʧɹȅʃ˄
ɺʁɦɾʨʊɰʈȚʃǌȓɵʃʩɴǗɿɨʌǱɿ̒ȆǇɵ̒ǱʊɦǗʄʨǗȅʏʒ̒ɲƾʧʏʃʨȂɴʁǗʏɧɴɦȵ ʆɦʋʀǕʆʧʋ Ǘɦʄʨʒʏȁ̒ʈʆʋ  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ːˎ ʆʧʃǎʫ 
,ːˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌǗɲʄ̒ɵʁɾʫɵ&ʈʬʋ ʐɦɿʫ, ǱʊʱǗʄɠʄʱʂɠʄ, ʃʧɴʅʋʌʧȅɰ'˄  
,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵɦǗʄɠʄɦʂɠʄʜʅʋʌʧȅɰ ɿ̡ʈʧʃȅʃʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫrʃǗʄʆˀʃǏɵǗʈɧ̫˄  
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿ̡ʅǐɰɿʬɵǿ ʈʭʉ ʃrʏɾʁʭʊ˄ 
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ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲǗʄʆˀʃǏʃʧɴǱʊȍʉɿrʈǘȐǍʃȈʆ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊȍʉɿʳʈǘʃʧɴǱʊʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ǱʊɦǗʄʨǗȅʏʄ̒ɦɵǁɰʌʧʁȘɰǐʫɴǱʊʊʏʻɦȵ ʃʧɴɦʁʏɵʊɾ  ̔
,˒ɵʁɦɾ ɺ̫ʩɴ Ǘʄʇʆȁʈʆʋ&ɲʨʈʨʃʧɴɦʈǱʃʧɵ'*ǱʊǗɲʄʻǗɲɴȁʈʆʋʃʧɴʄʊʧȐǍʃ 
˓, ʏʈɿǍȈʆ ʌʧȈɲʆʨȈʆǶȅʁɵ̒rʃǗʄʆˀʃǏʄǗʈɧɴʃʧɴǱʊɦʂǙʨɿʫʋǖȈʆʊȍɴɿǗʈɨʌǱʊʃʧɴ

Ǘʄʇʆȁʈʆʋ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲʆʨʅʋɵʁɦɾ ɹ ʃʧɴʅʋʄ̫́ȇʋʻrʃʄɦɵǁɰ

ʌʧʁȘʃʨʈʭʉ ʈ̌ɰɦʋʨǱʊʊʏʻɦȵ  ˄
 

áUȤTUR¶ ȢYW\Ȯ[ācCÈv`Tw 

 

ʒɿǍʄʁ̂ɦ ȋɴɵǗɰȍʊʨʒɲƾʧʏʃʨ 
ȵɦɰǐʫɴɦȋɴɵǗɰȍʊʨʒɲƾʧʏʃʨɰȉǘʁɴʁʩɰʐʬʊǗɿɨʌȅʃɦǗʄʨɦɺʨʈǑʨʄɴǙʧʋʁʭʊʄ̋ʨʃ ɺ̡ʋȈǃʄ̒ɦȳʃʩɴȓʋʻ̡ʁǿ ʁˀʊ˄
ʋɦǑɞʃʄɴǙʧʋʊʄʏʁ̒ʭʊʄ̋ʨʃȉʃʕʁǏʧʆʋȆǎʋʻɦȳ ʋɦʨɿɴ̒ʏǖʫɴʒɲƾʧʏʃʨ̡ɺʋʅʋʧɿȅʃ˄ ǲɴɦǗǱʈɦʃ̫ɲʪǸʁʧʃǐʃˀʉ
ʲɺʋʄʱɵǁɰʱʁʏɰʊȅʃɰɿʻǗȀʁʫɰˆ 
Ȁȋɴʁʨ1̂ ʁʁȄɰ̒ʁʁʃɴʊȍɴɦʋǑɞʃʄɴǙʧʋʁʭʊʄ̋ʨʃʃʧɴɿɴ̒ʏǖʫɴ 
ʋɦǑɞʃʄɴǙʧʋ&ɷʫʁ-Ȅʁʨ' 500 1000 1500 2000 2500 

ɿɴ̒ʏǖʫɴʅʋʧɿȅʃ&V)  110 220 330 440 550 

 
 
 
 
 
 
 
 
 
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɵʬʊɲʬʏʏɤǆ &P'ɰǐʫɴǗʄʒʄ̡̒ɺʋʒǐɰɦǗɷʨʏ ʊɦʨʏ  ̂
ʋɰƽɱɾǉ ʄʱɵǁɰʱʁʏ Ǘɿɨʌ ɱʫʏ 
ȓʋʻ̡ʁǿ ʁˀʊʄʁ̡ʄǘɴȁʈʆʋ ʈɦǱʃʧɵɦȳǸȁʈʆʋʒɲƾʧʏʃʨ˄ 
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ǗʄʏʧʃɦʄʨɦʋǑɞʃʄɴǙʧʋʊʄʏʁ̒ʭʊʄ̋ʨʃɦʏǕʨ0 Ȅɦ ɿ̫ɴ̒ʏǖʫɴʅʋʧɿȅʃɲʪ220V  ˄
  

ɵʊʃǌ̡ɺʋʅʋʧɿɦɵɹʆʨɦȋɴɵǗɰɦʃ̫ ɲʪǸǗʄɦʇʁɵʊʃǌǷǘʏ &̒AC)  ˄
  

 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
F ȓȐ ʃ̋ʄʁ̡ʄǘɴȁʈʆʋ ʈɦǱʃʧɵ̡ɺʋȅʃʈɰʆʨʁʩɰʡǖɦȳǸȁʈʆʋʒɲƾʧʏʃʨ˄­Ǘɿɨʌ (ʱʃʷǸʱǳʋ
Ǳʊɾ Ǘ̔ɲʩ̫rʃʁʭʊʄ̋ʨʃʃʧɴȓʋʻ̡ʁǿ ʁˀʊɰǐʫɴɦȋɴɵǗɰʒɲƾʧʏʃʨ'˄  

F ǗʄʏʧʃɦʄʨɦʋǑɞʃʄɴǙʧʋʊʄʏʁ̒ʭʊʄ̋ʨʃɦʏǕʨ 0 Ȅɦ ɿ̫ɴ̒ʏǖʫɴʅʋʧɿȅʃɲʪ220V˄­ ɱʫʏ (ʱȊɴȀʈǗǱ
ʐǙʃʧɴȀȋɴ ʄɦʨɦʋǑɞʃɦʏǕʨ 0 Ȅɦ ǳ̫Ǖʃʄ̡ǗʈʄǗʈɩʋʐǙǘʫʉȉ́ ɹɦʁʧɵȄʡʁǖɿɴ̒ʏǖʫɴǗɿɨʌɦʏǕʨ0Vʲɺʊ'˄ 

F ɵʊʃǌ̡ɺʋʅʋʧɿɦɵɹʆʨɦȋɴɵǗɰɦʃ̫ ɲʪǸǗʄɦʇʁɵʊʃǌǷǘʏ &̒AC)˄­Ǘɿɨʌ ( ȋɦɴɵǗɰʒɲƾʧʏʃʨɦǗʄʨǗȅʏʻ
ȓʋʻ̡ʁǿ ʁˀʊǲǐɿʂʁɦɺʨʈǑʨʅʋʧɿɵʊʃǌǷǘʏʏ̒Ǘȉʄ̒ʄɣǃʬʃȀʈʄǿǇɹǸɿʧ'˄  

Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌȂɴʁˑɵʁɾʫɵ̂ ȅʃ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌː ɵʁɾʫɵ̂ ȅʃ ,ˏˎ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌˏ ɵʁɾʫɵ̂ ȅʃ ,ˎ˓ ʆʧʃǎʫ 
ɶɦǘʨʉɱʫʏȂɴʁʒʏ ʜ̒ʈʧʃȅʃɦɶǘʨʉˆˎ ʆʧʃǎʫ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊʄɰǗȐʉʁʧʃǐʃˀʉʆʨǗǱʐǙ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʃʧɴǱʊʌʧȈɲʄɦɵǁɰɦʁʏȁʈʆʋ 
ˑ,ʄʊʧʄʁ ʗʏȚʐɰʈǕȁʈʆʋʃʧɴɦʐǻǈʊɵȄʏʈǓˀʃǏʒɲƾʧʏʃʨ 
,˒ɵʁɦɾ ɺ̫ʩɴ Ǳʊʄʁ̡ʄǘɴȁʈʆʋ ʈɦǱʃʧɵǸʒɲƾʧʏʃʨ*ʁʶȄɰʻʁʶʃɴTʃʧɴd &ʋɦǑɞʃʊɴǙʧʋ'*ʃʧɴ

Ǘʄʱʇʁɵʊʃǌ &?A' 
˓, ʏʈɿǍȈʆ Ȃɹʉɰʆˀɿ̓ȉʃʆʨǗǱʐǙʏȉȉǗɿȆǎʋ ʃ̒ʧɴȍʉɿrʈǘȈʆǗɿʩʈǗɿɨʌrʃʒʁɾ ʷ

ʒʶǿɴʄʱɵǁɰʱʁʏ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ʅɦǎɡɴȆǎɿ̒ʁʧʃǐʃˀʉ ʋɦɱɰǐʫɴǗǱʐǙɦɷɠʏȍɴǱʊʏʃǐʧǻǈʃ

ɱʫʏʆʨɿʀȈʆʌʧʁȘȐɚʏǌ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ʅ̡ǟɰɦʋʨȀȋɴʁʨˏ ʃʧɴǗǱʄǲɴɦʋʨɦɿʨɿɴ̒ʏǖʫɴɦɰʨʃɦʑʨɴʄ́ʫȄǕʃʌ́ʫʋ ȋʋʻɦʆʋ ɺ̡ʋ ʋɦǑɞʃʄɴǙʧʋ
ɰɦʨʃɦʑʨɴ500 ɷʫʁ-Ȅʁʨ? ǗʄʏʧʃɦʄʨɦɲǗɿɨʌǱʊɿɴ̒ʏǖʫɴ 660V ɦɺʨʈǑʨʄɣǃʬʃɦȳǱʃ̒ʇʬʈʧʈʭʉ ɿɦʨɦɲǗɿɨʌʡǖʁʭʊʄ̋ʨʃʄɴǙʧʋ
ɰǐʫɴɦʋǑɞʃʄ́ʫȄǕʃɷʫʁɰǐʫɴʈʭʉȄʁʨ?  
ʄ̡ǗʈʄǗʈɩʋɿɴ̒ʏǖʫɴ̂  ...........................................,,,,,, V 
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ʋɦǑɞʃʄɴǙʧʋ ɺ̡ʋǗɿɨʌǱʊ̂ ........................................... ɷʫʁ-Ȅʁʨ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
ʄ̡ǗʈʄǗʈɩʋɿɴ̒ʏǖʫɴ̂ ɰɦʨʃɦʑʨɴˏˏ ˎV (ȋʋʻɦʆʋ ʋɦǑɞʃɦɰʨʃɦʑʨɴ˓ˎ ˎɷʫʁ-Ȅʁʨ'˄  
ʋɦǑɞʃʄɴǙʧʋ ɺ̡ʋǗɿɨʌǱʊ̂ˑˎˎ ˎɷʫʁ-Ȅʁʨ˄ 
Ǳʊʆʃǖʋʻˆ 
ȀʈȀȋɴˆɦȵʱʋǑɞʃ500ʁʁʭʋȅʃ110V, ʱȵʱʋǑɞʃ1000ʁʁʭʋȅʃ220V˄ɺʬɵɦʃ̫ʄ̡ǗʈʄǗʈɩʋɲʪ
220 110 110V- =  ˄

ɺɦʨʈǑʨʊɰɦʋǑɞʃʏǗȉʄ̒660VˆɲɦȓɵɦǗʄʨʅʋ ʂɦɠʄʏȉȉǗɿ 500 

110V 660V

x
=  ˄

Ȅʶʡǖ500 660
3000 

110
x

³
= =  ˄

Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌȂɴʁʆʨʊɵʁɾʫɵ̂ ȅʃ ,ˏ˓ ʆʧʃǎʫ˄ 
ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵǿ ʈʭʉ ȅ̂ʃ ,ˎ˓ ʆʧʃǎʫ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&Ǳʊɲɾ ȄʃʧɴǱʊʒʃʫʌɿǌʏȉȉǗɿ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ǱʊǗɲʄ̒Ǘɲɴʃʧɴʅʋʧɿȁʈʆʋʒɲƾʧʏʃʨ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʏȉȉǗɿȆǎʋʊ̒ȍɴɦʋǑɞʃʊɴǙʧʋʃʧɴɰȉǘʁɴʒɲƾʧʏʃʨɵʋɰʊ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʁʧʃǐʃˀʉʆʨǗǱʄʃʧɴȀȋɴ ɺɦʨʈǑʨʆȘɰʊɾ ʆ̔ʨɿrʈǘʒɦʀʊɰǐʫɴȐǍʃȈʆʀǕʨ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ǗɦʄʨǗȅʏɲ̒ɾʧɿʌʧʁȘɦɺʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝǗʁʩʏǇʨʊʬʄʌʧʁȘ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ʄɵǁʫʄǑʃǐʆʧʇʆɦȌ ɰɰʁʆʫɴɷʭʄǗʄʁ̫ʄɤǝɦʑʨɴɰɦȺǇ̡ʅʃɺʨ˄ ʐɦɿʫʒǙʨȅʃǸ ɲɦɦʋʨɰʁʩɰɵʧɿǌʡǖɦǗʄʨ
Ǘȅʏ ȍ̒ʊʨʒɲƾʧʏʃʨɷʁʃʭʏʡǖɦȋɴɵǗɰɺʫɿʂǖʬɴʀǕ? ǗʄʏʧʃɦʄʨȉʃȅɿʫʇʬɿɦǗǳ ȋ̫ʁɴʏǀʭɿǲǘʁɴ ʂɦǙʨʡǖʁʩɰɰǐʫɴȓɴʏǌʫɰ
ȉʃɰǗʈʧɿȂʄ ɿɦʨȍʃʩɴʄ̫́ȇʋɺ̒ʋǱ̒ʊʅʋʧɿʒɲƾʧʏʃʨɰǐʫɴɦȋɴɵǗɰȊ ɴ́ɺʬɵʱʈǇɵ? ɵʬʊʅǇʋɺ̒ɦʁǿ Ǘ̫Ȑ ʉ ǻɦʷ
ǗȐʉʄɤǝ ʱʃʷ˄ 
ɵɦʈǘʨʉ  ̂..........................................................................................................................................., 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉɲʁʊʬ̂ 
ʈʬʋ ʐɦɿʫɦǗʄʨȍʊʨʒɲƾʧʏʃʨ̂Ǘɦȇ ȍ̫ǸȁʈʆʋȐǟɿ ɺ̡ʋʈʧʃȈʉʗʏǕˀʃǱʄʬʃʧɰ 2CO ɺʬɵɦȋɴɵǗɰɺʫɿʂǖʬɴʀǕ
ɺ̡ʋǸʈʬʋ ʐɦɿʫɵʈǑɴrʃʕʁǏʧʆʋʅǎ̫ɰɣǁɰ̒ʃʧɴǱʊɦʑʨɴɰɦȺǌ̡ʅʃɺʨ˄ 
ʅʋʄ̫́ȇʋʆ̒ʨɦǗǳ ȋ̫ʁɴʏǀʭɿ̂ Ǳʋǿ ʁʩɰȂʄɰȉǘʁɴʏȉǓʂʁʩɰ̡ɺʋȃǘɰ̒ʈɰʄɴǙʧʋʁʭʊʄ̋ʨʃʃʩɴʀʉɵʫ̫Ȅʡʁǖ
ʋɦǑɞʃʊɴǙʧʋʉʪɿ˄ ȀʈɦǳʋǱʊɾ ɿ̔ɴ̒ʏǖʫɴʃʧɴȓʃʫȈʆʒɲƾʧʏʃʨʅʋʧɿȅʃʃʩɴȃǘɰ̒ɵʫ̫Ȃʄʈʧʃȓɵʅƾɿ̒ʅƾɴ̒
ȅʃȀʈɿǗʈɨʌǱʊ˄ 
ɺʁɦǿ Ǘ̫Ȑ ʉˆɰǐʫɴʊʉʸɦʆʋɱǘʨ̂ǗɦʄʨǗȅʏǗ̒ʄʇʆȁʈʆʋʄǗʈɧɴɦʅǜɴɦʁɠɿ&ɺʬɵǸʏʬȒ ʜɱǖʋ'̒ʃʧɴǱʊʊʫ̫ɦʊʨ
ʅ̡ʃǱʊ̡ɵɰǶʉʒɲƾʧʏʃʨ&Ǳɿ̒ʄʃǍʉǱʊɦǗʄʨǗȅʏɱ̒ǃ̫ǲǃʉ'˄  
ɰǐʫɴʊʉʸɦʆʋ ʌ̡ɴ̂ ǱʊɰȐɴȓɴʏǌʫɰʁʩɰʡǖȅʃʂʁʃʧɴɦǗȩǸɴʈʫʃʜǱʊǻʶɦɺʨʈɦɸ ʨɦʑʨɴʌʧɹ ȵɦɿʁʄʃ̒rʅǎʊɴʁʩɰ
ʇɦǘɡɴɦɺʨʈǑʨʊɰȚɵʊʃǌʁʩɰ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ʏʊʫʄ ,ːˎ ʆʧʃǎʫ 
,ːˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌʃʧɴʆʃǖʋȅ̒ʃǗɲʄ̒ɵʁɾʫɵ&ʄʊʧȐǍʃ, ʅʋʄʹʷȇʋʻʄʱɵǁɰʱʁʏ, ʃʧɴɺʁɦǿ Ǘ̫Ȑ ʉ'˄  
,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵʄʊʧȐǍʃʃʧɴʅʋʄ̫́ȇʋʻ̡ɿʈʧʃȅʃʅǇʋɺ̒ɦʁǿ Ǘ̫Ȑ ʉʏʈǗʏʄ˄  
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵɿʬɵǿ ʈʭʉ&ʗȂʐʊɾʽ̂Ǘɿʩʈ̡ɿɦʊɝɴʈʧʃȈʉ ʅ̡ǜɴ'˄  
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 



 ]ĀRȑȹ\°ZáW§`zw`z]P×v  ʱʏɠʌʱȹɦɿʏǇʊʊǵǙʉɿrʈǘʁǗʈɴ̒NGQ?+LEQ 
 

̓ˬΑ˦̓ˬΑ˖̓Ο  ˫ ¡`T ]Ā£G  & ¡X~E WzRÙw                         ˣ̘ ˨̢ ˬ 145 | 254 

,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲǗʄʆˀʃǏʃʧɴǱʊʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊȍʉɿʳʈǘʃʧɴǱʊʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ʄʊʧȐǍʃʏɴƾʈʃʧɴǱʊ̡ǗʄǗʄɩʋȓǱʏȃɿʫ 
,˒ɵʁɦɾ ɺ̫ʩɴ ȁʈʆʋɰɦɰʨɿɦʑʨɴʌʧɹ*ʅʋɰɦȺǌ̡ʅʃɺʨ*ʃʧɴɦǳʋǱʊɾ Ǳ̔ʊǵʊʊʄʏȍ̒ʊʨʒɲƾʧʏʃʨ 
˓, ʏʈɿǍȈʆ ʅȚʊȈǃʄ̒ǗʁʩʏǇʨʊʬʄʌʧʁȘȁʈʆʋ ȳɦʃʩɴʄɤǝʄʊʧȐǍʃʆʧʇʆɦȌ ɰʃʧɴǱʊ̡ʏǙɴʊɰ

Ǘɵɰʱɵɹ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ǗʏȒ ɹʄ̒ʊʧȐǍʃʃʧɴʉʋʆ̒ʨɿrʈǘrʃȁʈʆʋȐǟɿ˄  
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ɷʆʁʬɰʁʨ˒ ʏȉǓ ʂ 
¡Y¡[ TRw½ `ȪıȑS£TcEÈȤPz[ĂE 

 

áUȤTUR¶ `ȪıȑSȴá`°Z£VØYzBȒP« 
 
 

ʒɿǍʄʁǱ̂ ʊɦʂǙ̈ɺʶɦɾ ʊ̈ɦʋ̈rʅǎɺʨʇɰ ̒
ɰʫȉʊʨʃʨȀɵɴ̒ɦȳ ɺɦʨʊɦʋɴɦȵȉɿ̒ʄʩɴ̡ɺʋȉʃɺʨʇɰ̒ǗǸʉ  ˄Ȅɴʏ ɴɦƼɿɦɳʨɹȁǗʄʏʧʃɦʄʨȄɴȇɰ̒
ʏ̡Ǒɰɦɷʨɴ̡ɰɴɦǶʁ̡ɺʋȉʃʈʫɱǱɿ̒ɿʬɵȄɴʃʩɴʆʧȅɰɦɺʨʊǲǘʁɴǿ ʏʻɦǗȇʷ̡ʏǑɰɦɷʨɴʃʩɴʋʧɵɦȳɰǐʫɴʇɰ̒  ˄
ʅǎʫʉ ȳɦʌʧɹ ʄɦʨȄɴɦǗʄʨʄʃǎ̫ǱǇʊ̡ɺʋȉʃrʅǎʂʁʈɰǻɰ̒ǗʁʆʨɦǗǱʈȄɴȓɵɸ ʊɦʋʨʇɰ̒ɦȄ ȅ̫ʃɦǻʉʈʧʃʋʧɵ
ʑɦʨʉ  ˄ȅɿʫʇʬɿɦʃ̫ ɰɦʨɿɦʑʨɴɦǻʉȐʊʁʁȄɰ̒ʁʁʃɴʊȍɴ ɰȉǘ ʶɴʏɴƼɿʻ ʁʈǀʃʻ ʃʧɴ ʳʅǎʊɴɰȉǘ ʶɴʏɴƼɿʻ ɺ̡ʋʄɦɴƼʨɿ
ȅʃǸ ʏȉǓ ʂ  ˄
 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɵʬʊɲʬʏʏɤǆ&P'ɰǐʫɴǗʄʒʄ̡̒ɺʋʒǐɰɦǗɷʨʏ ʊɦʨʏ  ̂
ʱʋɱʱʊɠɴ ʋɰƽɱɾǉ ʄʱɵǁɰʱʁʏ Ǘɿɨʌ ɱʫʏ 

1 ʄɦʨrʅǎʊɴɰȉǘʁɴʏɴƼɿ̒Ǳʃ̡̒ɿʂʁ Ȅɦ ʏ̫ȉǓʂ̡ɺʋ ɰɦʨɿȉʃǱʃ̡̒ɿɿʬɵ  ˄
  

2 ʏȉǓʂrʃʒɴƾȃɿʫʊʩɴǗɿɨʌȅʃʄɣǃʬʃɦȳǗɲʄ̒ʁʧʏʁʨɺʬɵǳǐȂɴʁʒʏ ̒  ˄
  

3 ɺɦʨʈǑʨʄɦɴƼʨʃʏȉǓʂ ɲɦǗɿɨʌʄɦɴƼʨʃɰȉǘʁɴʏɴƼɿ̒ʃʧɴʄʃǍʉ ʅrǎʊɴɰȉǘʁɴʏɴƼɿ̒  ˄
  

 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 
F ʄɦʨrʅǎʊɴɰȉǘʁɴʏɴƼɿ̒Ǳʃ̡̒ɿʂʁ Ȅɦ ʏ̫ȉǓʂ̡ɺʋ ɰɦʨɿȉʃǱʃ̡̒ɿɿʬɵ˄  ­Ǘɿɨʌ (ʱȊɴȀʈʊʬʄʈʃǌ 

F
P

A
=  ʏȉǓʂʏȉȉǗɿǗǶʏʃʩɴrʅǎʊɴɰȉǘʁɴʏɴƼɿ̒'˄  

F ʏȉǓʂrʃʒɴƾȃɿʫʊʩɴǗɿɨʌȅʃʄɣǃʬʃɦȳǗɲʄ̒ʁʧʏʁʨɺʬɵǳǐ Ȃʶɴʒʏʻ˄ ­ɱʫʏ ( ʃɦ̫ɲʪǸʋɰƽɾ ʸrʃʏȉǓʂ
ɰǐʫɴʒɴƾȃɿʫȋʌʜʗʏǕˀʃ+ɵȗʄ̒ȅ́ȐƼʋʻ˄ɵʁɦȇ ʒ̫ɴƾȃɿʫʊʩɴʏȉǓʂʄɣǃʬʃȀʈʁʧʏ Ȭɦ ʃrɰȉǘʁɴʏɴƼɿ̒
ʄʹʫʱǿǋ ʷ'˄ 

F ɺɦʨʈǑʨʄɦɴƼʨʃʏȉǓʂ ɲɦǗɿɨʌʄɦɴƼʨʃɰȉǘʁɴʏɴƼɿ̒ʃʧɴʄʃǍʉ ʅrǎʊɴɰȉǘʁɴʏɴƼɿ̒˄  ­Ǘɿɨʌ (ǱʊʄɦɴƼʨʃ F ʃʧɴǱʊ
ʄʃǍʉ A ʏʫʁǏ̡ɿɦʂǙʨʡǖɿrʈǘ P ɦɰʨʃɦʑʨɴ'˄  

Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌȂɴʁˑɵʁɾʫɵ̂ ȅʃ ,ˏ˓ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌː ɵʁɾʫɵ̂ ȅʃ ,ˏˎ ʆʧʃǎʫ 
ɶɦǘʨʉǗɿɨʌˏ ɵʁɾʫɵ̂ ȅʃ ,ˎ˓ ʆʧʃǎʫ 
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ɶɦǘʨʉɱʫʏȂɴʁʒʏ ʜ̒ʈʧʃȅʃɦɶǘʨʉˆˎ ʆʧʃǎʫ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&ɵʁɦɾ ɺ̫ʩɴʈʬʋǻǈʃʃʧɴǱʊʉʋɺ̒ʩɴ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɰʶɾɿʻʒɿǌʏɤǆɾʃʧɴǱʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ȅɿʫʇʬɿʊʬʄʌʧʁȘɰǐʫɴɷʨʌȈʆʊʏʻɦȵǗʄǶʶrʀǀ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʃʧʉʈʃˀʉ ʃrʏȉǓʂ&N'*ʁʶȄɰʻʁʶʃɴʊȍɴN* D*ʃʧɴ? 
˓, ʏʈɿǍȈʆ ʌʧȈɲʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴʒɦʀʊ̡ɺʋɷ̫ʕʁǏʧʆʋ ʋɦʨʏȉǓʂʃʧɴ̡ʄɴ̡ɵɰʋɰƽɾ ʸ

ʏȉǓʂʊʩɴʃʧɴȋʌ 
,̝ʕʊʧȊ ʄʀ ȈʆɵȗʏȌ̒ ʏʻrʃǗʁʩʏǇʨ̂ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ʅɦǎɡɴȆǎɿ̒ʃʧɴ̡ʄɴ̡ɵɰɦǳʋ

Ǳʊɾ ʊ̔ʬʄʌʧʁȘȀʈǗʄɦʇʁʒɴƾȃɿʫ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑ ˆ ʃʨȀȉʃʁʈǀʃ̒ 400NF= ˄ ǗʄʏʧʃɦʄʨȄɴɸ ʊɦʋʨɺʨʇɰ̒ɦǻʉȇɰ̡̒ʏǑɰɦɷʨɴ̡ɺʋȉʃrʅǎʊɴ
ɰȉǘ ʶɴʏʊʫʄȂʶɴʏɴǲɴ 20.02mA=  ̂
ˏ,ɵʬʊɲɾȄɿʳʈǘʏȉǓ ʂ P ɺ̡ʋʃʨȀʏ ɴɦƼɿɦʋʨɺʨʇɰ̒  ˄
ː,ǗʄʏʧʃɦʄʨʃʨȀʄǌʬʊʈɰɸ ʊɦʋʨʄʃǎ̫ǱǇʊ̡ɺʋȉʃrʅǎ 20.8mA= ɷʁʃʭʏʌʧɹ ɿɦʨʏȉǓʂʃʩɴʀʉɵʫ̫ʈɰɦȵǗɿʩʈ
ʄʹʫȄǕ ʃ?  
@ ʏȉǓʂɦʆʋȇɰ̡̒ʏǑɰɦɷʨɴ̂  ........................................... Pa 
@ ʏȉǓʂɦʆʋɸ ʊɦʋʨʄʃǎ̫ǱǇʊ̂ ........................................... Pa 
 

ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ˏ,ɲɾ ȄʏȉǓʂɦʆʋȇɰ̡̒ʏǑɰɦɷʨɴ̂  

ʊʬʄʈʃǌˆ 1

1

F
P

A
=  ɷʁʃʭʏ ʋɦɱ̂  1 2

400N
20000Pa

0.02m
P= =  

,ːɲɾ ȄʏȉǓʂɦʆʋɸ ʊɦʋʨʄʃǎ̫ǱǇʊ̂ 

ʊʬʄʈʃǌˆ 2

2

F
P

A
=  ɷʁʃʭʏ ʋɦɱ̂  2 2

400N
500Pa

0.8m
P = =  

ʏʃǐʧǻǈʃ̂  ʏȉǓ ʂʀʉɵʫʷɵʶʃʭʃ 40ɺɴ &20000 / 500 = 40)  ˄
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ːˎ ʆʧʃǎʫ 
ɲɾ Ȅ ɳɦʨɹ 20000PaǗɿʩʈǗɿɨʌ̂ ,ˏˎ ʆʧʃǎʫ 
ɲɾ Ȅ ɳɦʨɹ 500PaǗɿʩʈǗɿɨʌ̂ ,ˏˎ ʆʧʃǎʫ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
ˏ,ɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&ǱʊʒʃʫʌɿǌʊʬʄʈʃǌʃʧɴǱʊɲɾ Ȅ' 
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,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴɷʨʌȈʆʊʏʻɦȵ  
,˒ɵʁɦɾ ɺ̫ʩɴ ʃʧʉʈʃˀʉǗʄɿʧʄɿǌʧǱʊrʃʏȉǓʂʃʧɴʁʁȄɰ̒ʁʁʃɴʊȍɴN* D*ʃʧɴ? 
˓, ʏʈɿǍȈʆ ɲɾȄɿrʈǘʏȉǓʂʃʧɴɦǗʄɠʄɦʂɠʄʕʁǏʧʆʋ ʃrrʅǎʊɴɰȉǘʁɴʏɴƼɿ̒ɦʋʨʏȉǓʂ 
,̝ʕʊʧȊ ʄʀ ȈʆɵȗʏʻȌʏʻˆʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ǗɦʄʨǗȅʏʻɦʋɱɦɺʨʈǑʨʄɤǃɰ̒ʆʨ

ȅɿʫʇʬɿʊʬʄʌʧʁȘ̡ɺʋȅʃʏ ɴɦƼɿ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑ ʊ̂ʀʉʃǌǗȀɰ̒ʁˀʊ̡ɺʋ ǗɦʄʨʏǗȉʄ̒ʇǃʭʊ̡Ǘʏ ɺ̡ʋʏʈǑʬʊɦǻʉʇɰ̒ ɿ̡ɴ̡ɿȉʃɰɴ̒ʜǗɵȍ́ɰ̡̒ɺʋȉʃrʅǎʄ̫́
ʃʩɴɺʨʂʁ̌   ̂
ˏ,ɦʐɿʫʒǙʨȅʃǸ ɲɦʈʧʃɦʂǙʨɰɴ̒ǗȀɰ̒ʁˀʊʡǖɿʬɵʃʧɴʈʫɿɺʬɵʈʫɱǱʄʁʧɿ?  
ː,ɵʬʊʆʃǖʋʆ̒ʨʒɿǍǗʄɦȊ ɷʃ̔rʃǱʊɦʂǙʨɰɴ̒rʅǎʂʁɦʃ̫ ɵʁɦȇ Ǳ̫ʊǱʊȇʊǱʊʋʧɵrʃɦǗɲɝɴɵǗɰɰǐʫɴɺʨʇɰ̒˄  
ɵɦʈǘʨʉ  ̂........................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
......................................................................................................................................................... 
ʲʅǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉɲʁʊʬ̂ 
ʈʬʋ ʐɦɿʫ̡ɺʋʈʧʃɦʂǙʨɰɴ̒ɿʬɵʃʧɴʈʫɿ̂  Ǘɦȇ Ǳ̫ʋǿ ʅrǎʄ̫́ʃʩɴɺʨǱʃ̡̒ɿɿʬɵȍʃʩɴʄɦɴƼʨɿʏȉǓʂǱʃ̡̒ɿǲǘʁɴɦȳ
ʋɦʨɺʨ˄ Ǘʄʏʧʃɦʄʨɰɴ̒ʈʫɿɺʬɵǱʄʁʧɿȍʃʩɴǱɿ̒ɵʫ̫ɦȳɰǐʫɴɺʨʇɰ̒Ȋ ɴ́ɦǗȩ ʂɦǙʨʡǖǗȀɰ̒ʁˀʊʋʧɵǸʄ̒ʈʧʃȓɵɦʂǙʨɵʋȄ
ȅʃ  ˄
ʒɿǍǗʄɦȊ ɷʃ̔rʃɰɴ̒rʅǎʂʁ̂  ǱʊɦʂǙʨɰɴ̒ʜǗɵȍ́ɰ̒ʡǖȉʃrʅǎʄ̫́ʃʩɴɺʨʂʁɲʪɦɺʨʈǑʨ ʄʃǍʉʏȉǓ ʂ ɺ̡ʋʏɴƼɿ̒ɦʋʨɺʨ˄ ȵɦ
ʆɦʋʁʈǀʃ̒ɺʿʂǀʃ̒ʊʄʏǗ̒Ȁɰ̒ʁˀʊǗɿɨʌȅʃ̡ɵɰǶʉ ʋɦʨrʅǎɺʿʂʁʏȉǓʂɰǐʫɴʈʭʉʟɰȀ ʅrǎʃʩɴȉʃɿrʈǘɿʬɵ ɺ̡ʋʒʃʫɤǆɿ
ʡǖɦǗɲɝɴɵǗɰȓɵʄʊɦʋʨɺʨʇɰ̒ȅʃɦǻʉʈʧʃʋʧɵ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ːˎ ʆʧʃǎʫ 
,ˏˎ ʆʧʃǎʫ̂ ʆʃǖʋʆ̒ʨʅʋʌʧȅɰrʃɰɴ̒ɿʬɵ&ʏȉǓʂǲǘʁɴȄʡʁǖʋʧɵ'˄  
,ˏˎ ʆʧʃǎʫ̂ ʆʃǖʋʆ̒ʨʒɿǍǗʄɦȊ ɷʃ̔rʃɰɴ̒ʂʁ&ʄʃǍʉʏȉǓʂɦɺʨʈǑʨɰʫʁʡǖʋʧɵ'˄  
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ʅ̡ǐɰʁʨˑ ˆ Ȁȋɴʋɰƽɾʸʄʱɵǁɰʱʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲʃʧɴǱʊʄɰǗȐʉȅɿʫʇʬɿ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ɰʏʧɰʈǕʃʧɴɦǗɲɝɴɵǗɰ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿʊȍɴʏȉǓʂʃʧɴrʅǎʊɴɰȉǘʁɴʏɴƼɿʻ 
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏǗ̒ʁʩʏǇʨʏȉǓʂɦɺʨʈǑʨʄɰǗȐʉʆʨǱʊʊɵȄʄʁrʃɦǗɲɝɴɵǗɰɰǐʫɴȐǍʃ

Ȉʆɺʨɱʫʏ ǳ̌ǐ 
,̝ʕʊʧȊ ʄʀ ǱʊʅȚʊȈǃ ʄʻǱʊʊʏʻʱȵˆʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʏ ɴɦƼɿʃʧɴʉʋʆ̒ʨɦʐɿʫ

ʅʋʄɦɵǁɰɦʁʏ ʃrʏȉǔʊyɦǗʄʨǗȅʏɰ̒ǐʫɴʏʐɲʈʃ̔˄  
 

áUȤTUR¶ Ȓ[¡Sã}K¦¡O}[¡\}£VØ 

 
ʒɿǍʄʁ̂ʏȉǓ ʂʳʃʒɴƾȃɿʫʊʩɴ  
ɰɤǆʃʨȀȉʃʁʈǀʃ̒ 500 N  ˄Ȅɴɵɴ̒ɦɺʨʊɶǘɴǱɿ̒ɿʁʄʃ̒ɺʨʇɰ̒ʈʭʉ ȵɦȉɿ̒ʄʩɴ  ˄Ȅɴȉʃ̡ʏǑɰɦɷʨɴʆʨʊǗʄɦʇʁ
ʏǗȉʄ̒ɦǗɷʨʏ ʊɦʨʏʁʨʈʭʉɲʪ̡ʏǑɰɦɷʨɴ̡ɰɴɦǶʁ̡ɺʋȉʃrʅǎȅɿɿʬɵʄʁʅʫɿʃʧɴʁʨʆʨʊɲʪ̡ʏǑɰɦɷʨɴȅ́Ȁ ɺ̡ʋȉʃrʅǎ
ȅɿʂʶ  ˄ȄɴɺʩɴȁǗʄʏʧʃɦʄʨȄɴɦǗɷʨʏ ʊɦʨʏ ʏ̡ǑɰɦɷʨɴʈʧʃȅʃǗɿʩʈǗɿɨʌɦʁȄɴʃʩɴʋʧɵɦɷʨɴɦȳɰǐʫɴʇɰ̒ ɺ̡ʋ ʂɦǙʨ
ʡǖʆʧȅɰɦʂǙʨɺʁɦɾʨʊ  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏʶɾʭ ʊʁʨˏ̂ ɿɦʨɰȀǌʆʨʊȊ ɴ́ǿ ɱǘ̡̫ɺʋɰʁɾ ɿ̒ɿrʈǘrʃʏȉǓʂ̡ɺʋʃʨȀʅǇʋʻɦȳ ʋɦʨɺʨʇɰ̒?  
Ãɰ,ʁʈǀʃ̒ʊʄʏʃ̒ʨȀ ʃʧɴɰʈǓʏʊ̒ʄʏȄ̒ɴ 
Ãɱ, ʁʈǀʃ̒ʜɰȉǘʁɴʏɴƼɿ̒ʃʧɴ ʅrǎʊɴɰȉǘʁɴʏɴƼɿ̒rʃȅɿ̡ʏǑɰɦɷʨɴ  
Ãɲ,ɦʋǑɞʃrʃǱʊɦɺʨʊʃʧɴ ʅrǎɺʨʇɰ̒ 
Ãɳ,Ǘʄɦʇʁrʃ̡ʏǑɰɦɷʨɴʃʧɴʆɾʼrʃ̡ʏǑɰɦɷʨɴ 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ ɱ,ʁʈǀʃ̒ʜɰȉǘʁɴʏɴƼɿ̒ʃʧɴ ʅrǎʊɴɰȉǘʁɴʏɴƼɿ̒rʃȅɿ̡ʏǑɰɦɷʨɴ 
Ǳʊʆʃǖʋʻˆ Ȋɦ ɴȀʈʃʧʉʈʃˀʉʊʬʄʌʧʁȘʏȉǓʂ&P) ɲʪǸʅʋ ʂɦɠʄʊȍɴȓɴʁɿɴ̒ʏʫʨɦɿrʃɰȉǘʁɴʏɴƼɿ̒&F ʜɰǐʫɴ
ɰʊɾʨɦʃ̫ɲʪʁʈǀʃ̒'ʃʧɴrʅǎʊɴɰȉǘʁɴʏɴƼɿ̒&A)˄ɺʬɵɦʃ̫ ɿrʈǘrʃʏȉǓʂ̡ǗʄǗʄɩʋ ȳɦȀʈʁʈǀʃ̒ʊʄʏʈ̒ʃʫʏǜʃʧɴ
ʁʁʐʶrʅǎȅɿ̡ʏǑɰɦɷʨɴ̡ɺʋʄ̫́Ȇǎʋʃ̒ʩɴɺʨ˄ 
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ,ˏˎ ʆʧʃǎʫʏǗȉʄ̒ǱʊɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
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,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&ǱʊɵɴǶ ʃʁʧɴǱʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʒɦʀʊ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌʈʬʋǻǈʃ 
ˑ,ʄʊʧʄʁ ȅɿʫʇʬɿʊʬʄʌʧʁȘɰǐʫɴɷʨʌȈʆʊʏʻɦȵǗʄǶʶrʀǀ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʃʧʉʈʃˀʉ ʃrʏȉǓʂʃʧɴɰȀǌɷ̫ʕʁǏʧʆʋ ʋɦʨʏȉǓʂ&N* D* ?' 
˓, ʏʈɿǍȈʆ ɰʁɾ ɿ̒ʒɦʀʊʟɰȋɷǖʃʧɴʒɦʀʊȓǗʏʉˀ ɺ̡ʋȂɰ̒ʁɴʃʩɴʏȉǓʂ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʌʧȈɲʊɰɰȀǌɵʈǑɴ̡ɺʋʄǿǇʋʡǖȉʃȅɿʫʇʬɿʊʬʄ

ʌʧʁȘʒǙʨʈʭʉ ɰɦʨɿɦʑʨɴ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ǗʄʏʧʃɦʄʨʃʨȀ Ǘɦʄʨ̡ʏǑɰɦɷʨɴ̡ɺʋȉʃrʅǎȅɿȉƽɴ̌  20.01 m ʐɦʨʉȄɴɸ ʊɦɷʨɴʆʨʊ  ˄ɵʬʊɲɾȄ
ʏȉǓʂ̡ɺʋȄɴʏɴƼɿ̒ɦʋʨɺʨʇɰ̒  ˄
ɵɦʈǘʨʉ  ̂ʏȉǓ ʂ P ȉʃɿrʈǘɦʏǕʨʃʩɴ____________ Pa ( ȅ́ ȐƼ ʋʻ'  ˄
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ 25000Pa 
ɺʁɦǿ Ǘ̫Ȑ ʉɲʁʊʬ̂ 
F ʁʈǀʃʻ&ɰȉǘ ʶɴʏɴƼɿʻ' 500NF=  
F ʅrǎȅɿ̡ʏǑɰɦɷʨɴȉƽɴ 20.01ma=  

ɲɾȄʳʅǎʊɴɰȉǘ ʶɴʏʊʫʄ ˆ ǻɦʉȐ ʊȄɴɸ ʊɦɷʨɴʆʨʊɦȄʷrʅǎʊɴɰȉǘʁɴɲʪ 2 22 2 0.01m 0.02mA a= ³ = ³ =

ɲɾȄʏȉǓ ʂ ˆ Ȁʈʊʬʄʈʃǌ 
2

500N
, 25000Pa

0.02m

F
P P

A
= = =  

Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
,ˏ˓ ʆʧʃǎʫ̂ ɲɾ Ȅ ɳɦʨɹʋʁǏʅʋ 25000ǗɿʩʈǗɿɨʌʃʧɴȉʃʊɦʄɠʄʄǵǝɹɵȗʏȌ̒ ʏʻ˄ 
,ˏˎ ʆʧʃǎʫ̂ Ȑƾʋʊ̒ʬʄʈʃǌʃʧɴʌʧʂʨɲɾ Ȅ ʄ́ʫ̡ʃǌǗɵʑɲʁɾ ȄǗɿʩʈrʅǎɦɷʨɴȉƽɴ500 / 0.01 50000Pa= ɲʪɱʫʏ
ʋɰƽɱɾǉɸ ʊɦɷʨɴʆʨʊ˄ 
ˎ,ʆ˓ʧʃǎʫ̂ ɲɾ ȄǗɿɨʌɦʋɱʄ́ʫ̡ʃǌǻɰ̒ʟɰȀɱʫʏʜʈʧʃǻɰ̒ʟɰȀ  ˄
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿː&ǱʊʒʃʫʌɿǌʊʬʄʈʃǌʃʧɴǱʊɲɾ Ȅ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊɦǗʄʨǗȅʏǗ̒ʄȉɾ ʌʧʂʨɲɾʧɿʌʧʁȘɰǐʫɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ǱʊʱǻʷǗȐʉʄɤǝʊʬʄʌʧʁȘɰǐʫɴȐǍʃȈʆǸɰ̡̒ʏǇɴ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴɰȉǘʁɴʏɴƼɿ̒ʃʧɴrʅǎʊɴɰȉǘʁɴʏʊʫʄ ɺɦʨʈǑʨʊɰʏȉǓʂ 
˓, ʏʈɿǍȈʆ ʄɰǗȐʉʋɰƽɱɾǉrʃʏɾʁʭʊʡǖɦȳǸʁʧʃǐʃˀʉ ʋɦɱʏǗȉʄ̒ɲɾ Ȅ 
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,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ʆʧʃʧɿǖʋɰƽɱɾǉʏɾʁʭʊʡǖȅʃǗɲʄ̒ǗɷɧɴɦǗǸʉʈʫʃʃʩɴ
ʂɦǙʨǱʊɲɾ Ȅ  ˄

ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆ ʐɦɿʫʒǙʨȅʃǸ ɲɦ̡ɾ Ȅ ʃʁʨȀ ʈʧʃʡǖȇɰ̡̒ʏǑɰɦɷʨɴ̡ɰɴɦǶʁɦɺʨʊɦʋʨɺʨɱȚɵ̒ʜɺʨʇɰ̒? ɵʬʊʆʃǖʋʻ
ǻɦʉ ǗɦʄʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌʒʁʆʨʁʁȄɰ̒ʁʁʃɴʊȍɴrʅǎʊɴɰȉǘʁɴʃʧɴʏȉǓʂ  ˄
ɵɦʈǘʨʉˆ
..................................................................................................................................................,,,.... 
......................................................................................................................................................... 
..................................................................................................................................................,,,.... 
......................................................................................................................................................... 
..................................................................................................................................................,,,.... 
......................................................................................................................................................... 
......................................................................................................................................................... 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉɲʁʊʬ̂ ɲɦʈʧʃ̡ɾ Ȅʡʁǖȇɰ̡̒ʏǑɰɦɷʨɴ̡ɰɴɦǶʁɦɺʨʊɦʋʨɺʨɱȚɵ̒ʜɺʨʇɰ̒ɦʁ Ǘɦȇʷ̂ 
ʳʅǎʊɴɰȉǘ ʶɴɿʬɵ ̂ ʏ̡Ǒɰɦɷʨɴ̡ɰɴɦǶʁȉʃrʅǎȅɿɿʬɵʄʁʅʫɿ&A ɿʬɵ'̡ɺʋʄ̫́ʃʩɴɺʨ˄ 
ʏȉǓ ʂǲǘ ʶɴˆ ȀʈɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌʏȉǓʂʏȉȉǗɿǗǶʏʃʩɴrʅǎʊɴɰȉǘʁɴ˄Ǳʋǿ ʅrǎ A Ǳʃʻʲɿɿʬɵ
ȍʃʩɴʄɦɴƼʨɿʏȉǓʂ P Ǳʃ̡̒ɿʂʁɦȳ ʋɦʨɺʨ˄ 
ʅʋʌʧȅɰ̂  ʏȉǓʂɺʿǲǘʁɴɦʃ̫ ʋɦʨʏʆʨʏʈɿǍȈʆǗʁǗʁɴ̒ʊʄʏɺ̒ʨʇɰ̒ʜɺʨɱȚɵ̒ ʂɦǙʨʡǖ̡ɰɴ̡ʏǑɰɦɷʨɴɰʄ̒ʋʧɵɦȳɰǐʫɴ
ɺʨȊ ɴ́ɦǗȩ ʄɴƼǱʊʋȅʁɰɰǐʫɴǱʊɦɺʨʊʃʧɴȓɵʄǿǌʋʡǖɦǗɲɵɦɷʨɴ˄  
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
,ˏ˓ ʆʧʃǎʫ̂ ʆʃǖʋʻȅʃǗɲʄʻǗɷɧɴʱǗǸʉ &ʅȚʊȈǃ ʄʻʁʶȄɰʻʁʶʃɴ P ʃʧɴ A ʃʧɴʅʋʌʧȅɰrʃǱʊʋʧɵ'˄  
,ˏˎ ʆʧʃǎʫ̂ ʆʃǖʋǗ̒ɿɨʌʆʨʁʁȄɰ̒ʁʁʃɴʏȉǓʂ ɿ̡ʈʧʃȅʃʄɤǃɰ̒ʆʨʅʋʌʧȅɰǸɰ̡̒ʏǇɴ˄  
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿȁȍɦʂǙʨʡǖʋʧɵ ɿ̡ʈʧʃȅʃɦǗʄʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌ ʈɰʆʃǖʋʻ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲʃʧɴǱʊʄɰǗȐʉȅɿʫʇʬɿ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ǱʊʊʏʻʱȵǗʄǶʶʳʀǀʃʧɴǱʊɦǗɷʨʏ ʊɦʨʏʏȉǔʊyɦǗʄʨǗȅʏ ̒
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴǗǶʏʏȉȉǗɿʊȍɴʏȉǓʂʃʧɴrʅǎʊɴɰȉǘʁɴ 
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏɵ̒ɦʁɾ ɺ̫ʩɴʊʬʄʌʧʁȘɦɺʨʈǑʨʅǌʋʒ̒ʃʫȐʏʃ̔ʃʧɴɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴɷʨʌȈʆ 
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,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ ǗɦʄʨǗȅʏǗ̒ʁʩʏǇʨɦʈɦʊɠʃɦɺʨʈǑʨɦʂǙʨǱʊʏ ǗɦʈɵɵʧɿǌǗʄɰʄɦǻʉ
ʐɦɿʫʅʋɰǐʫɴɷʨʌʧɿ˄  

 
áUȤTUR¶ `ȪıȑS£TcEÈȤPz[ĂE 

 
ʒɿǍʄʁ Ǳ̂ ʊɷʧ̫ɰɴǱ̒ ɿȍ̒ ʋɺʨɱȚɵ ̒

ʏʫʇˀɚɰǌʃʧɴʈʧɿǌʇɰǌʧȉǐɰ̒ɦʁɠɿɦǹ Ǖ̫Ȁȋȅʃɷʧ̫ɰɴ̒ɦȳ ʋɦɴɿʁʄʃ̡̒ɰǑʊȉɿ̒ʁɦʃǘ̡ɺʋȉʃɺʨɱȚɵ̒ʁʃ̒˄ ɰɴ̒ʊʄʏʻ
ʏʫʇˀɚɰǌɲʪǸ ɰɴ̒ɷʧ̫ɦʋʨʇǐʶ ɺ̡ʋȉʃɰɴ̒ʂʁ̌ ɵʁ̡ɾ ɰɰɴ̒ʊʄʏȀ̒ȋɲʪǸɰɴ̒Ǘʄǿ ɴʁ ɺ̡ʋȉʃɰɴ̒ɿʬɵǷǕʊ˄ ȵɦ
ʱʆʋʆʭɰʱɲȃɰʻǱɿʻȍʋɱȚɵʻȀȋʏ ɴɦƼɿɦɳʨɹȁɰɴ̒ʊʄʏʻɦɲʋʧɵɵʬʋɰǐʫɴɱȚɵ̒ɦǗȩ ɺ̡ʋ ʂɦǙʨʡǖɦɲʆʧȅɰȃɰ̒
ǲǘʁɴʊʨʟʏʫʇˀɚɰǌȓɵȃɰ̒ɦȳʈʫɱȅʃȊ ɴ́ʊʋʬʃ˄ ɺɦʨʈǑʨɦǻ Ǘ̫Ȑ ʉʄɤǝɦʃ̫ Ȁȋȅʃʏ Ǘɦʈɵɵʧɿǌɵʫ̫ʄɦɾǌʨʊʃʧɴ
ʆȘȊ ʈʏǗȉʋʁʈǀʃ̒ɦɵɹʆʨɰɴ̒˄ ʆʭɰɦɲȂɴʁʆʨʊȄɰ̒ɶǀʋȁ̒ ʐɦɿʫʒǙʨȅʃǸʁʁʐɰʁɴ̒ȉʃʕʁǏʧʆʋǲǘʁɴɦʈǘ̫́ʈɰɦʋʨ
ǱʊɦʂǙʨɺʁɦɾʨʊɦʋʨɺʨʁʃ̡̒ʄʄɦʃ̫  ˄
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˏ̂ ɿɦʨʈʬʋ ʐɦɿʫɵʈǑɴʒǙʨ̡ɺʋ ʂɦǙʨʡǖɰɴ̒ʊʄʏʏ̒ʫʇˀɚɰǌʈʧʃʏʬʌʋʧɵɰǐʫɴɱȚɵ̒?  
Ãɰ,ɰɴ̒ʂʁȉʃʁʈǀʃ̒ǗȐʋǸɴɰɴ̒ɿʬɵ˄  
Ãɱ,rʅǎʄ̫́ɰɴ̒ʂʁǸʈʭʉɺʨȉʃʁʁʐʂʁɦʁʂǙʨʡǖʏȉǓʂʀʉɵʫ̫˄  
Ãɲ. ɰɴ̒ʂʁʄɦɴƼʨɿɰȉǘʁɴʏɴƼɿ̒ǲǘʁɴǸɴɰɴ̒ɿʬɵ˄  
Ãɳ. ɰɴ̒ʂʁʌʧʋȅʃɦʋɝʃǸɴɰɴ̒ɿʬɵ˄  
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ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉǗɿʩʈǗɿɨʌ̂ ɱ,rʅǎʄ̫́ɰɴ̒ʂʁǸʈʭʉɺʨȉʃʁʁʐʂʁɦʁʂǙʨʡǖʏȉǓʂʀʉɵʫ̫˄  

Ǳʊʆʃǖʋʻˆ Ȋɦ ɴȀʈɵȗʄ̒ʊʬʄʌʧʁȘʒʁʆʨʏȉǓʂrʃʒɴƾȃɿʫʊʩɴ F
P

A
= ˄ɰɴ̒ʇǐʁʊʄʏʏ̒ʫʇˀɚɰǌȉʃʏʄʁɰɰɴ̒ʂʁ ɺ̡ʋ

ʅǌʋʻʃʬʌ ʳʅǎʄʹʷʊɴɰȉǘ ʶɴ &A) ʂʶ Ǹʈʭʉɺʨ˄ ȵɦ ʆɦʋ ʅrǎ A ɦɰʨʃɦʑʨɴȍʃʩɴɦʂǙʨʡǖʏȉǓʂ&P) ɺ̡ʋʏɴƼɿ̒ɦʋʨ
ɺʨɱȚɵ̒ʀʉɵʫ̫ɦʁʨʄɦʂǙʨʡǖɰɴ̒ʈʧʃʏʬʌʋʧɵɦǗȩ ʃʧɴȓɵȃɰ̒ȅʃʊʋʬʃǸɴɰɴ̒Ǘʄǿ ɴʁʊʄʏȀ̒ȋ̡ɺʋȉʃrʅǎʄ̫́
ɿʬɵ ʏȉǓ ʂǲǘ ʶɴ˄ 
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ,ˏˎ ʆʧʃǎʫʏǗȉʄ̒ǱʊɦǗɷʨʏ ʊɦʨʏɵɦʈǘʨʉǗɿʩʈǗɿɨʌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˏ&Ǳʊʉʋɺ̒ʩɴʃʧɴǱʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊɰʁɾ ɿ̒ʒɿǌʏɤǆɾ ʃʧɴǱʊʉʋɺ̒ʩɴʆʨɦǳʋǱʊɾ ʌ̔ʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ ɰʨȒ ʃʧɴǱʊɰʈȚʃǌ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʁʁȄɰ̒ʁʁʃɴʊȍɴʏȉǓʂʃʧɴrʅǎʊɴɰȉǘʁɴʏɴƼɿ̒ 
˓, ʏʈɿǍȈʆ ǗɦʄʨǗȅʏǗ̒ʁʩʏǇʨʊʬʄʌʧʁȘɦɺʨʈǑʨʄɰǗȐʉʆʨȈʆɱʫʏǳǐrʃʊʬʄȋɴʗʄɰʊɾʽ

ʄʱɵǁɰʱʁʏ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʡǖʏʧʏǜɦɵ̫ʏ ɴɦƼɿʃʧɴʌʧȈɲʆʨǗʄʏʧʁǏȈʆrʃʗʄɰʊɾ ɷ̔ʫʁʌʧɹɱǘʭʃ˄  
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨː̂ ǗʄʏʧʃɦʄʨȀȋɵɴ̒Ǳɿ̒ʄʃǍʉʏȉǓʂʈɰɦʋʨɺʨɱȚɵ̒ɦǻʉʈʧʃʄǌʬʊɰɴ̒ʀǕʨɦɿʨǳɿ̒ɲʭʊɦʂǙʨɺʬɵɦʈǌɵ= 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,  
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 
ɵɦʈǘʨʉɲʁʊʬ̂ ɺɦʨʈǑʨǱɿ̒ʄʃǍʉʏȉǓʂɦǻʉʈʧʃʄǌʬʊɰɴ̒ʀǕʨȀȋȓɵʒʃʫʌɿǌʌʧʂʨȐɚʏǌɺʬɵǸ  ̂
ʄʃǍʉʏȉǓʂɱǖʋɰ̒ǐʫɴɰɴ̒̂  Ǳʊʄɦɣǁɹɱǖʋʡ̒ǖʁʃ̒ʄʃǌʧɵʃʩɴɦʂǙʨʡǖʏʄʁɰɰɴ̒ʊʨɰʂʁʃʧɴȉʃrʅǎʄ̫́  ǸʈʭʉɺʨɱȚɵ̒
Ǳʃ̡̒ɿɦǗɵʨʃ˄ Ǳʋǿ  A ɰɦʨʃɦʑʨɴʏȉǓʂ P ʃʩɴʀʉɵʫ̫˄  
Ǳɿ̒ʄʃǍʉʄʃǎʫɰ&ʁʈǀʃ̒'̂  ɵʫ̫ʄɦɾǌʨʊɰɴ̒ʜɦǻ ʒ̫ʨȍ́ʃ̒ʂǀʃ̒̌ ɵɦɹʆʨɰɴ̒ ɺɦʨʈǑʨʄʃǍʉɰȉǘʁɴʏɴƼɿ̒ ȳɦ ʋɦʨɺʨ˄Ǳʋ
ǿ  F ʀʉɵʫʷ ʏȉǓ ʂ P ɰʿʀʉɵʫʷʲɺʊ˄ 
ǱʊʲɵɰǶʉʁʈǀʃʻˆ ʆȘȊ ʈʁɦǗʈɿɱǘʭʃʜʄǌʬʊʕʊʧȊ ʄʀɷʧ̫ɦɺʨʈǑʨʡǖʁʈǀʃ̡̒ɵɰǶʉȅʃɦʏǕʨʋǟɦʋʨɰɴ̒Ȃɴʁʆʨʊ˄ 
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
,ˏ˓ ʆʧʃǎʫ̂ ʅǇʋʻɦȊ ʄʋȅ̒ʃǗɿʩʈǗɿɨʌʃʧɴʆʃǖʋȀ̒ʈɦǳʋǱʊɾ ʊ̔ʬʄʌʧʁȘ  ˄
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,ˏˎ ʆʧʃǎʫ̂ ʅǇʋʻɦȊ ʄʋǗ̒ɿɨʌɺʬɵǸʄɦɣǁɹɱǖʋʻ̡ɿʈʧʃȅʃʆʃǖʋʆ̒ʨʈʬʋ ʐɦɿʫʊʬʄʌʧʁȘ˄  
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌ̡ɿɵʁɾʫɵɿʬɵȀɵɺʬɵǸɵʫ̫ʄɦɾǌʨʊ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 
ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋʶȅɰ ɰǗʈʧɿˑ&Ǳʊɦǻ Ǘ̫Ȑ ʉʄɤǝʃʧɴǱʊrɵǐǗʄɼʧɿ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ ǱʊʊɵȄɺʁɦǿ Ǘ̫Ȑ ʉʃʧɴǱʊʒʃʫʌɿǌɵʁɦɾ ɺ̫ʩɴʌʧʁȘȐɚʏǌ 
ˑ,ʄʊʧʄʁ Ǳʊɦǻ Ǘ̫Ȑ ʉʄɤǝɰǐʫɴǱʊɦʂǙʨɺʁɦɾʨʊ 
,˒ɵʁɦɾ ɺ̫ʩɴ ʕʁǏʧʆʋ ʃrɰȉǘʁɴʏɴƼɿ̒ʃʧɴrʅǎʊɴɰȉǘʁɴ ȳɦ ʋɦʨʏȉǓʂ 
˓, ʏʈɿǍȈʆ ʌʧȈɲʊɰʌʧʂʨȐɚʏǌ̡ɰ̡ǗʄʒɦʀʊɰǐʫɴʊʬʄʈʃǌɦɺʨʈǑʨʏ ǗɦʈɵȅʃʋʁǏʅʋ ɺ̡ʋɵɴ̒ȅʃ 
,̝ʕʊʧȊ ʄʀ ʄɾǇʫ̫ȐǕʊɿʨʏʧʏǜʡǖɦɵ̫ ǗɦʄʨǗȅʏʂ̒ʃȃʃ̡ɺʋȉʃǗȐ ʄ̒ ɺɦʨʈǑʨɦǻ Ǘ̫Ȑ ʉ

ʄɤǝǸɰ̡̒ʏǇɴȀʈ̡ʄʄʌʧʁȘȐɚʏǌ˄ 
ʅ̡ǐɰʁʨˏ̂ ɱǘʩʈȐʊʏɾʁʭʊ 
ʏɾʁʭʊʁʨˑˆɦʐɿʫʒǙʨȅʃǸǱʊɵʫ̫ʄɦɾǌʨʊɰɴ̒ɷʭʉʡǖȀȋʈʧʃʏʬʌʋʧɵɰǐʫɴɱȚɵ̒ ʄɦʨɦʂɠʄʃʩɴǱʊɷʧ̫ʆʨɦʋʨɰɴ̒? ɵʬʊʆ
ʃǖʋʻ˄ 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
ʅ̡ǐɰʁʨːˆʒǗȀɰʁ̡ɾ ʃʧɴǱʊǻɰ̒ʆʧʃǎʫ 

ɵɦʈǘʨʉɲʁʊʬ̂ Ǳʊɵʫ̫ʄɦɾǇʨʊɰɴ̒ɷʭʉʡǖȀȋʈʧʃʏʬʌʋʧɵɰǐʫɴɱȚɵ̒ʱǗȇʷȍǸǱʊ ǱɿʻʄʃǍʉɰȉǘ ʶɴʏɴƼɿʻ &F) ȳɦ ʋɦʨ
ʅrǎɰɴ̒̂  
ʆɦʋɷʧ̫ʆʨɦʋʨɰɴ̒̂  ɰȉǘʁɴʏɴƼɿ̒ʏʊʫʄɦȳ ʋɦʨɺʨɲʪǸʁʈǀʃ̒ɰɴ̒ʄʬɰʊʭʈʃʩɴʁʈǀʃ̒ʈʃʫʏǜ˄ɰȉǘʁɴɺʿǲǘʁɴɦʃ̫ ʄɦɴƼʨɿ
ʡǖȉʃʏȉǓʂɱǓʏʻɦʂǙʨʡǖɰɴ̒ʋʧɵɦǗȩ  ˄
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ʆɦʋɵʫ̫ʄɦɾǇʨʊɰɴ̒̂  ʁʈǀʃ̒ʊʄʏȀ̒ȋǗɿɨʌȅʃ̡ɵɰǶʉ ȳɦ ʋɦʨɺʨȀʈʊʉ  yɦɷʨɴȂɴʁʆʨʊ ʊʄʏǳ̒ɿ̒Ȇǎʋ ɵ̡̒ʁɾ ɰʟ
ɰɴ̒ʁʁʭʋʊɴǗɿʩʈ̡ɿ ʁʈǀʃ̒ʊʄʏɰ̒ɴ̒ʏʫʁǏ ʄ́ʫɦǿ ǋ̫˄  
ʏʃǐʧǻǈʃ̂  Ǳʊʄʁ̡ʄɰʁʈǀʃ̒ʈʃʫʏǜɦɵɹʆʨɰɴ̒ ʂɦǙʨʡǖɰȉǘʁɴʏɴƼɿ̡̒ɺʋʅǇʋʻɦȳ ʋɦʨrʅǎɰɴ̒ʀʉɵʫ̫Ȋ ɴ́ǲǘʁɴȄʡʁǖ
ʏȉǓʂʀʉɵʫ̫ʃʧɴʈʧʃʏʬʌʋʧɵɺʬɵɦʆʋɷʧ̫ʆʨɦʋʨ˄ 
Ǳʊǻɰ̒ʆʧʃǎʫ̂ ʏʊʫʄ ,ˏ˓ ʆʧʃǎʫ 
,ˏ˓ ʆʧʃǎʫ̂ ʆʃǖʋȅ̒ʃɵȗʏʆ̒ʨǱʊʄʁ̡ʄɰʁʈǀʃ̒&Ǳɿ̒ʄʃǍʉ $F$ ʋɦʨɰɴ̒'ʃʧɴʅȚʊȈǃʄ̒ɦȳʃʩɴʊʬʄʈʃǌʏȉǓʂ˄  
,ˏˎ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌȁʁʈǀʃ̒ʀʉɵʫ̡̫ɿʈʧʃȅʃʄɤǃɰ̒ʆʨǱʊ̡ɵɰǶʉʁʈǀʃ̒Ȁʈʊʉʸɦɷʨɴʈʃʫʏǜʃʧɴɰɴ̒ǻɵ̒
ǻɦʉ ʑ̡ɰʆʨǳǐ˄ 
,ˎ˓ ʆʧʃǎʫ̂ ɶɦǘʨʉǗɿɨʌǗɿʩʈ̡ɿȁ  ǗȐʋǸɴʈʫʃ ɦǻʉǳǕʃɦʐɿʫʅʋʌʧʁȘȐɚʏǌ˄ 
ʅ̡ǐɰʁʨˑ Ȁ̂ȋɴʋɰƽɾ ʄyɦɵǁɰɦʁʏ 

ʋɰƽɾʸʄʱɵǁɰʱʁʏ Ǳʊʆʧʆɾ Ȅ̓ 
,ˏɰǗʈʧɿʋȅʁɰ ɰǗʈʧɿˑ&ǱʊʌʧȈɲʃʧɴǱʊʄɰǗȐʉȅɿʫʇʬɿ' 
,ːɰǗʈʧɿʏʈɿǍȈʆ Ǳʊʆʃǖʋȅ̒ɿʫʇʬɿȀʈ̡ʄʄʌʧʁȘȐɚʏǌ 
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