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/┘ȲɄ˄ṕḛʖʤɂ┘ɐɬɄʫ┘ɒɂɱʁɄɦʫ2/┘ 

ʤ z ┘ɑʱɶʤɂ┘Ɇᶚʆ˂Ỉʺ 

(ɷʟ̍ʯ̋ɱɓɄʠ̍ʫ) 

 

 bɋɟ┘ɰ̒ɕʝɭʤɂ┘ɮɄɕɵz ɰ̒┘ʨʕʻʯ┘ bɋɟ ɰ̒ 
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/┘ȲɄ˄ṕḛʖʤɂ┘ɰɱʚʫ2/┘:ɑˈʤɄɕʤɂ┘ʏˈʁɂʻᶽɂ┘ˌʆʒ˅ 

 
1-┘ɑˈɶˉʅɄʱʒᶽɂᵷ 

2-┘ᾚήɂᵷɑ̍ɶ̄ʅɄɦʒʑɂ̋┘ɑ̍ȼɄɉɱyʟʤɂ┘ʢ̒ʚ┘ 

3-┘ᵷὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ɰɬɄɾʫ 

4-┘ᵷ˃ɂɬɂɰɄʕ┘ʮ̒ʯɄʙ̋┘ὃỲḳ̄ʅɱyʟʤɂ┘ʃɱ̂ɦɕʤɂ 

5-┘ᵷɑˈɶˉʅɱʸʟʤɂ┘ɞɂʻʫᶻʺ┘ʨˆʻɶʝɄʫ┘ɒᶗɬɄʎʫ 

6-┘ᵷɒɄȾ̂ɳᾒήɂ̋┘ɒɂɰɯʤɂ┘˂Ịʍ┘ʭʟʤɂ┘ʡ̍ʯɄʠ̍ʫ┘ɒɄʚ̍ɋʆɓ┘ 

7-┘ᵷ˃ɰɯʤɂ┘ʗ̍ʆʤɂ 

8-┘ᵷɰ̒ɇ┘ɞɮ̒ʬʯ  
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ɷˉȼɱʤɂ┘ʏɟɱᶽɂ 
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 ʢ̋z ┘ʨɾʖʤɂ 

ɑˈɶˉʅɄʱʒᶽɂ 

The Magnetism 

 

1( ᵷɑʫɭʚʫ 

2( ᵷʇʯɄʒᶽɂ 

3( ᵷὃỲṌɰz┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ 

4( ᵷɑ̍ɶ̄ʅɄɦʒʑɂ┘ʢ̒ʚᾚήɂ 

5( ᵷɰɄˈɓ┘ʹɇ┘ɱʬ˄┘ʨʙɄʯ┘˂Ịʍ┘ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂ 

6( ᵷɑ̍ȼɄɉɱyʟʤɂ┘ɒɄʞɱɦʑɂ̋┘̩ʚʦɥ┘ɰɄ̍ɕʤ┘ʮɂɰ̋ɭʤɂ┘ʪɳʍ 

7( ᵷὃỲḳ̄ʅɄɦʒʫ┘ʨʚɥ┘̱┤┘ʮ̒ᾚὊʫ┘ʭ̍ɶɟ┘ɑʝɱɥ 

8( ᵷṔḛɋʫȳ┘ʮ̒ʯɄʙ̋┘ʭ̍ʚɕɶʫ┘ʡʦɵ┘ʢ̒ʅ┘˂Ịʍ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ 

9( ᵷʮḛ̂ɲɂ̒ɕʫ┘ʮḛʦʙɄʯ┘ʮḛɇ┘ɑ̍ɶ̄ʅɄɦʒʑɂ┘ɐ̒ʚʤɂ 

10( ᵷɑ̍ɋʤ̒ʦʤɂ┘ɒɄʖʦʑɂ̋┘(ɑʚʦɥ)┘̩ʚʦɥ┘ɰɄ̍ɓ┘rʍ┘ɑɡɓɄɦʤɂ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʢ̒ʚᾚήɂ 

11( ┘.ɑˈɶˉʅɄʱʒᶽɂ┘ɒᶗɄɡᶽɂ 

12( ┘.ɑˈɶˉʅɄʱʒᶽɂ┘ɬɂʻᶽɂ┘ʗˈʲɾɓ 
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ɑˈɶˉʅɄʱʒᶽɂ 
 

 

1-┘ɑʫɭʚʫ: 

.ȲɄ˄ṕḛʖʤɂ☻̱☿☻ɒɄʚ̍ɋʆɕʤɂ☻ʭʁȵ☻rʫ☻ɐɭɥɂ̋☻ɑ̍AAAAɶ̄ʅɄɦʒʑɂ☻ɒɄʚ̍ɋʆɕʤɂ☻Ṕḗɕʎ
ᴲ
ɔ☻☻ʪɭɪɕAAAAɶ

ᴲ
ɔ☻ɑ̍ȼɄɉɱyʟʤɂ☻ʇʯɄʒʑɂ̋

ʏᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵɂʺ☻ʘɄᴬᴬᴬʆʯ☻˂Ịʍ☻☻ᵷɒɄAAAʞɱɦʑɂ☻ᵷɴɄA̍AAʚʤɂ☻ɐɳyɟȵ☻̱☿☻ɒɂ̋ɬȶAAAʝ☻̋ȵ☻ɐɳyɟȶAAAʝ☻ʇʯɄAAAʒʑɂ☻ʪɭAAAɪɕAAAAAAAAAAAAAAɶ
ᴲ
ɔ☻.ɑAAAʦ̍ʚɛʤɂ☻ʢɄAAAʬɥfʤ

.ɒʻɾʤɂ☻ɒɂṔḗʟʫʺ☻☻ᵷʨ̍ᾒὈɖʤɂ☻ɑʅɱɹȵ̋☻ɒ̒ɾʤɂ☻̱☿☻ὃỰ̍ɓ̋ɰ☻ʨʠɺɈ☻ʪɭɪɕɶ
ᴲ
ɔ☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻ɒɄʯɂ̒ʆɵz ☻̋ɑʅɱɹz

ɂʑ☻ʢ̒ʚᾚήɂ☻ʮȹ☻.ɏ̄ᴬAAAAAAAɵɂ̒ᾚήɂ☻̱☿☻ɒɄʫ̒ʦʎʑɂ☻r̂ɳɪɕʤ̋☻ʮḛʯɱʤɂ☻ɱ̂̒ᴬAAAAAAAɾɓ☻̱☿☻ʪɭɪɕAAAAAAAAɶ
ᴲ
ɔ☻(ɐɭ˄ɭAAAAAAAAɺʤɂ)☻ɑ̂̒ʚʤɂ☻ɑ̍AAAAAAᴬAɶ̄ʅɄɦʒ

)☻ὃỲᴬᴬᴬᴬḳˉʅɄʱʒᶽɂMagnetic Resonance Imaging-MRI(☻☻ʮɄʫȵ̋☻ɑʙɭɇ☻˃ɱAAAAɺɌʤɂ☻ʭAAAAɶᾒήɂ☻ʔɄAAAAɺʟɕAAAAɵᶗ Ṕḗʝȵ☻☻ʻʶ☻Ʉʬʫ

)☻ɷʝȹ☻ɑʎᴬᴬᴬᴬᴬᴬɹȵ☻ɑʤɄɥ☻ˍ☿☻ʹˈʦʍX-Rays.(☻☻ɒɄʍɱAAAAAAɶʫ☻̱☿☻ʪɭɪɕAAAAAAɶ
ᴲ
ɔ☻ὃỮʤɂ☻ɑʬᾟAAAAAAὠʤɂ☻ɑ̍ʦʙɄɦʤɂ☻ʘ̒ʕ☻Ʉʫ☻ʇʯɄʒʑɂ☻ʜɄɦ̋ʁ

)☻ɒɄʯ̋ɱɓ̒ʦʠ̍AAAAɶʤɂ☻̋ȵ☻ɒɄʬ̍AAAAɶᾒήɂCyclotrons☻ʳʫ☻ɑɋˆɱʙ☻ɑʍɱᴬᴬᴬᴬɶɈ☻ʔɂɭʶȵ☻˂Ịʍ☻ɒɄʬˈᴬᴬᴬᴬɶᾒήɂ☻ʹˈɟʻɕɇ☻ɧʬᴬᴬᴬᴬɶɔ☻ὃỮʤɂ☻(

.Ȳʻʂʤɂ☻ɑʍɱɵ 

ˈAAAAAAAAAAAAAAɶ̄ʅɄɦʒʑɂ☻ʢ̒ʚᾚήɂ☻ʮȹ☻.ȲɄɉɱyʟʤɂ̋☻ɑ̍AAAAAAᴬAAAAAAAɶ̄ʅɄɦʒʑɂ☻˃̒ʙ☻ʨʠAAAAAAAAAAAAAAɺɈ☻ʇɉɱʯ☻ɐɬɄʍ̋ɑ☻☻ɒɄʱᾚᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὊʤɂ☻˂Ịʍ☻ɱəȸɓ

☻ᵷɑʝɱɦɕᶽɂ ̋ṧʟʬ˄☻ɑ̍AAAAAAᴬAAAAAAɶ̄ʅɄɦʒʑɂ☻ʢ̒ʚᾚήɂ☻Ṕḛ̍ʒɔ̋☻.ɑ̍AAAAAAᴬAAAAAAɶ̄ʅɄɦʒʫ☻ʢ̒ʚɥ☻Ʉʁɰ̋ɭɇ☻ɭʤ̒ɓ☻ɑʝɱɦɕʑɂ☻ɒɄɦᾚAAAAAAAAAAAAAὊʤɂɄẛ☻☻ὂỮɥ

☻̩ȽɄ˄ṕḛʖʤɂ☻ʭʤɄʎʤɂ☻ʮȵ☻ɝ̍ɥ☻ᵷɑ̍AAAɶ̄ʅɄɦʒʑɂ̋☻ȲɄɉɱyʟʤɂ☻ɐɭɥ̋☻rʬAAAʂɕɓ̋☻ὃỰʎɔ☻ɱʁɂ̒ʊʤɂ☻ɻɯʁ̋☻.ɑ̍ȼɄɉɱyʝ☻ʢ̒ʚɥ☻ɭ̍ʤ̒ɓ

┘ʨˆʻᴬᴬᴬᴬᴬᴬᴬɶʝɄʫ┘ʜṔḛʦʞ┘ɷʬˈɟ"æ James Clerk Maxwell"☻☻.ɱAAAAAAAAɺʍ☻ʏAAAAAAAAɵɄɕʤɂ☻ʮɱʚʤɂ☻̱☿☻ʡʤɮ☻ʗAAAᴬAAAAɽ̋☻rʫ☻ʢ☻̋ȵ☻̒ʁ

.̩ȽɄɉɱyʟʤɂ☻ɰɄ̍ɕʤɂ☻̒ʁ☻ὃỲḳ̄ʅɄɦʒʫ☻ʨʚɥ☻˃ɜ☻˃ɱʁ̒ᾒήɂ̋☻ὃỲḳ̄ȼɱʤɂ☻ʏɋɦʑɂ☻ʮȵ☻˂Ỉȹ☻Ʉɦʁ☻Ṕḛɺh̋ 

 

2-┘ʒᶽɂ(ʄɄʱʒᶽɂ)┘ʇʯɄ: 

☻ʨʠAAAAAAAAɹ☻˂Ịʍ☻ɷ̄ʅɄɦʒʑɂ☻Ʉɦ˄ȵɰ☻Ʉɦʬʊʎʫ☻.ɷ̄ʆɦʒʑɂ☻ʏʫ☻ʢɄʠAAAAAAAAɹz☻rʫ☻ʨʠAAAAAAAAɺɈ☻ɑɉɱɡɓ☻ʭẛẄɭʤ☻ɴɄɦʤɂ☻ʭʊʎʫ

Ʉɇɭʤɂ☻ʹɇ☻ʇʚɕʦʯ☻˃ɯʤɂ☻ɴɱʖʤɂ☻ɐʺɭɥ☻ɭɥɜ☻ɐ̒ʚɇ☻Ɇɯɡɦɓ☻ɐɭ˄ɭᾚήɂ☻ʪɄAAAAAAAAAAAAAɶɟz☻̋ȵ☻ȲɄ̍AAAAAAAAAAAᴬAɹz☻.ʘɰ̒ʤɂ☻ʡɇɄAAAAAAAAAAAAAɺʫ̋☻ɷ̄ɇ

☻ɆɄʆʙz"☻ʭAAAɵɂ☻ɄẛṨʦʍ☻ʛʦʆƎ˄☻˃ɯʤɂ☻ᵷɷ̄ʅɄɦʒʑɂ☻̱☿ɱʅæ  The Poles"☻̱ỈɄʬAAAɺʤɂ☻ɏʆʚʤɂ"☻ʭAAAɵɂ☻ɄẛṨʦʍ☻ʛʦʆƎ˄☻ɑ˄Ʉẛẃ☻.

æ North Pole☻̱ỈɄAAAʬAAAAAAAAAAAAAAɺʤɂ☻ɏAAAʆʚʤɂ"☻̓ɱɩz ☻̋ᵷ"æ South Pole☻ɷˉʅɄᴬᴬᴬʱʒᶽɂ☻ɒɂṕḛʫ☻ʳʫ☻ˌɔȶᴬᴬᴬɓ☻ȲɄᴬᴬᴬʬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵᶻ☻ʵɯᴬᴬᴬʶʺ☻."

ʨʠɺɖᶽɂ☻☻̱☿☻ɱɥ☻ʨʠɺɈ☻ʜɱɦɕ˄☻ɝ̍ɦɇ☻ʨɋɦɇ☻́ʖɾɕɦʫ☻rʫ☻ɷ̄ʅɄɦʒʫ☻Ʉɦʚʦʍ☻ɂɮȹ☻.ὃỲṌɰz☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻rʫ

.Ɇ̒ ᾒɦήɂ☻̒ɦʯ☻̩Ɋ̒ɦᾒήɂ☻́ɋʆʙ̋☻ʢɄʬAAAɺʤɂ☻̒ɦʯ☻́ɡɕ˄☻̱ỈɄʬAAAɺʤɂ☻́ɋʆʙ☻ʮȵ☻ɝ̍ɦɇ☻ɰ̋ɭ˄☻́ʯȵ☻ʋɥᶚʯ☻ᵷ̩ʚʕz☻˃̒ɕAAAɶʑɂ☻

☻ʮȵ☻˂Ỉȹ☻Ṕḛɺʰʺ☻.ɑʆˈɶɈ☻ɑʦɽʻɇ☻ɑʍɄʱɾʤ☻ɗʫɭɪɕɵɂ☻ɐɱʟʖʤɂ☻ʵɯʶ☻ʮȹʱɖɓ┘ɭɥɂʺ┘ʌʻʯ┘ʳʫ┘ɆɄʆʙᶻ┘ʮḛʍʻʯ┘ʳʫʺ┘ɱʕɄ

ɆɮɄɡɕɓ┘ʮḛʖʦɕɪʫ.ɑʯ̒ᾚὊʑɂ☻ʪɄɶɟz☻ʮḛɇ☻ɑ̍ȼɄɉɱyʟʤɂ☻̓̒ʚʦʤ☻ɑɋɶ̡ʤɄɇ☻ʢɄᾚήɂ☻̒ʁ☻Ʉʬʝ☻ɂɯʁ̋☻ᵷ 

☻ɑɋʤɄAAAAAAAɶʤɂ☻ɑ̍ȼɄɉɱyʟʤɂ☻ɒɄɦᾚAAAAAAAὊʤɂ☻ʮḛɇ☻̓̒ʚʦʤ☻ɑẛẀɄAAAAAAAɺʫ☻ɑAAAAAAAɶʝɄʎɕʑɂ☻ὃỲAAAAAAAḳ̄ʅɄɦʒʑɂ☻ɆɄʆʙz☻ʮḛɇ☻̓̒ʚʤɂ☻ʮȹ

ɭᴬᴬɟɂʻɕɓ☻ʮȵ☻ʳʟʬ˄☻ɑᴬᴬɋʤɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂʺ☻ɑᴬᴬɋɟʻᶽɂ☻ɒɄᴬᴬʱᾚᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὊʤɂ☻:ʻʶʺ☻ʪɄᴬᴬʶ☻ʔᶚɕɩɂ☻ɭᴬᴬɟʻ˄☻ʳʟʤʺ☻ᵷɑᴬᴬɋɟʻᶽɂʺ☻☻ʢ̋ɳʎʫ☻ʨAAʠAAAAAAAAAAAAAAɺɈ

☻ɄʸᴬᴬᴬᴬᴬʂʎɈ☻ʳʍ☻ɆɄʆʙᶻ☻ʨᴬᴬᴬᴬᴬɾʕ☻ʳʟʬ˄☻ᶗ☻˃ȵ☻ᵷɑˈᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɆɄʆʙᶠʤ☻ɑɋᴬᴬᴬᴬᴬɶʲʤɄɇ☻ɧˈᾚᴬᴬᴬᴬᴬὛ☻Ṕḛʑ☻ɂɯʶ☻ʨɇɄʚᶽɄɇ☻ᵷ(ɬɱʖʱʫ)

☻ɭʍɂ̒ʚʤɂ☻ʃʎɈ☻ʜɄɦʁ☻rʟʤ̋☻.
ᴮ
Ʉʎʫ☻ʮḛɋʆʚʤɂ☻rʬAAAAʂɕɓ☻ὃ♫ʕ☻ɐṔḛʒAAAAɽ☻ɑ̍AAAAɶ̄ʅɄɦʒʑɂ☻ɑʎʆʚʤɂ☻ɗʯɄʞ☻Ʉʬyʫ☻˃ȵ☻ᵷʃʎɋʤɂ
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)☻ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɆɄʆʙᶻ☻ʮȵ☻Ṕḛʟʖɕʦʤ☻ɬʻʚɓ☻ᵷʡʤɮ☻ʏʫ☻ᵷɑˆɱʊʱʤɂ☻ɷᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵᶻʺʤ̋ɳʎʑɂ☻ʜɄʱʶʺ☻ᵷɑʎˈɋʆʤɂ☻ˍ☿☻ɭɟʻɓ☻(ɑ

.Ʉʸʖɺʟʤ☻ʢɄᾒήɂ☻ɂɯʶ☻ˍ☿☻ɑˈɌˆɱɡɓ☻ɒᶗʺɄɦʫ 

ɏɡ˄☻ˍẺɄʎᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ʨʚɥ☻ʳʫ☻ʌʻʯ☻˃ȵ☻ʗᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽʻʤ☻ˈʙ☻ʔɱʎʰ☻ʮȵʬ☻ʮȹ☻.ʹʶɄɡɓɂ☻ʭə☻ʳʫʺ☻ᵷʹɓɭᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ʺȵ☻ᵷɑ˄ɬɭʎʤɂ☻ʹɕ

☻ὃỲᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʵɄɡɓɂὄᴆ☻☻ʡʦɓ☻ˍ☿☻ʹɡɕ˄☻ɑʦᴬᴬᴬᴬᴬᴬᴬɽʻɇ☻ɐɱɇᶡ☻ˍỈɄʬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɏʆʚʤɂ☻ʮȵ☻ɝˈɥ☻ʵɄɡɓᶸ☻ʻʶ☻ʏᴬᴬᴬᴬᴬᴬᴬʁʻʫ☻˃ȵ☻ˍ☿

ʗˈʝ☻ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬᴬᴬɺʤɂ☻ᾝᴬᴬᴬᴬᴬᴬὟʻ˄☻.ʏᴬᴬᴬᴬᴬᴬʁʻᶽɂ☻ʄ̒ʆɩ☻ʗ̂ɱʎɔ̋☻ʭAAAAAAɵɰ☻rʟʬ˄☻☻ὃỲᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂɷˉʅɄʱʒᶽ☻☻ɐɭʍɄᴬᴬᴬᴬᴬᴬɶʬɇ

.ɑʦɽʻɇ 

)a┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ʄ̒ʆɩ┘ʭɵɰ┘(

┘.ɑʦɽʻɇ┘ɑʆɵɂʻɇ┘ɷˉʅɄʱʒʫ┘ɏˉʂʚʤ

)b┘ὃỲḳˉʅɄʱʒʫ┘ʨʚᾚή┘ʄʻʆɩ┘ɐɭʍ┘(

ʅɄʱʒʫ┘ɏˉʂʚʤ.ὃỲḳˉ 

 
☻ɭ˄ɭᾚήɂ☻ɐɬɂɱɇ☻ʳʫ☻ɐṔḛʒᴬᴬᴬᴬᴬᴬɽ☻ɑˈʬʟɇ☻(ʹʖʤ☻ʺȵ)☻ʹɕˈʆʒɕɇ☻ᾝᴬᴬᴬᴬᴬᴬὟʻʫ☻ɷˉʅɄʱʒʫ☻ʳʍ☻ɭʤʻɕᶽɂ☻ʨʚᾚήɂ☻ʜʻʦᴬᴬᴬᴬᴬᴬɵ☻ʮȹ

ʘɰ̒ʤɂ☻rʫ☻ɑʖ̍ᾚAAAAAὛ☻˂Ịʍʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬᴬɺʤɂ☻ɱʊʯɂ☻ᵷ.☻☻ɻɯʁ☻ʪɭɪɕAAAAAɶ
ᴲ
ɔ☻̩ȽɄAAAAAʂʚʤɂ☻ʢɄɡʑɂ☻̱☿☻́ʯȵ☻˂Ỉȹ☻Ʉɦʁ☻ɐɰɄAAAAAɹʐ☻rʟʬ̂̋

.ɑʬˆɱᾒήɂ☻ɤɱɶʫ☻ˍ☿☻ʏɈɄɽᶻ☻ɒɄʬɾɇ☻ɬɄɡ˄ᶡ☻ȵɭɋᶽɂ☻ɂɯʶ☻ʺȵ☻ɑˈʱʚɕʤɂ 

 
)a┘(┘ɑʖˈᾚὛ┘˂Ịʍ┘ɭ˄ɭᾚήɂ┘ɐɬɂɱɇ┘ʳʫ┘ɐṔḛʒɽ┘ɑˈʬʟɇ┘ˁʆʒʫ┘ὃỲḳˉʅɄʱʒʫ┘ɏˉʂʙ┘ʳʍ┘ɣɓɄʯ┘ὃỲḳˉʅɄʱʒʫ┘ʨʚᾚή┘ɞɮʻʬʯ

)┘ᵷʘɰ̒ʤɂ┘rʫb┘ᵷʮḛˈɶˉʅɄʱʒʫ┘ʮḛɋˉʂʚʤ┘ʮḛʖʦɕɪʫ┘ʮḛɋʆʙ┘ʮḛɇ┘ὃỲḳˉʅɄʱʒʫ┘ʨʚᾚή┘ɞɮʻʬʯ┘( 

)c.ʮḛʦəɄʬɕʫ┘ʮḛɋʆʙ┘ʮḛɇ┘ὃỲḳˉʅɄʱʒʫ┘ʨʚᾚή┘ɞɮʻʬʯ┘( 
 

3-┘:ὃỲṌɰz┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ 

☻ɱɶʖƎ˄☻.ʀɰfʤ☻̱☿ɂɱʒᾒήɂ☻ʢɄʬɺʤɂ☻ɻɄɡɓɄɇ☻́ɡɕ˄☻ɑʦɽ̒ɋʤɂ☻ɐɱɇɟ☻̱ỈɄʬɺʤɂ☻ɏʆʚʤɂ☻ʮȵ☻˂Ỉȹ☻Ṕḛɺɔ☻ɑɉɱɡɕʤɂ☻ʮȹ

☻ɏʆʚʤɂ☻rʫ☻ɆɱʚʤɄɇ☻ʏAAAAAAAAAAAAAʁ̒ɕʑɂ☻ᵷʀɰfʤ☻̩Ɋ̒ɦᾒήɂ☻ɏʆʚʤɂ☻ɻɄɡɓɄɇ☻Ɇɯɡɦ˄☻ɑʦAAAAAAAAAAAAAɽ̒ɋʦʤ☻̱ỈɄʬAAAAAAAAAAAAAɺʤɂ☻ɏʆʚʤɂ☻ʮȶɇ☻ʡʤɮ

☻ɱɩȳ☻Ṕḛɋʎɕɇ☻.ˍ☿ɂɱʒᾒήɂ☻ˍỈɄʬɺʤɂᶽɂ┘ˌɊʻʱᾒήɂ┘ɏʆʚʤɂ┘ʻʶ┘ˍ┤ɂɱʒᾒήɂ┘ˍỈɄʬɺʤɂ┘ɏʆʚʤɂ┘ʮȺʕὃỲḳˉʅɄʱʒ. 
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┘ɏʆʚʤɂ̋┘ᵷὃỲAAḳ̄ʅɄɦʒʑɂ┘̩Ɋ̒ɦᾒήɂ┘ɏʆʚʤɂ┘ʛʕɂ̒˄┘ʀɰfʤ┘̱┤ɂɱʒᾒήɂ┘̱ỈɄʬAAɺʤɂ┘ɏʆʚʤɂ┘ʮȺʕ┘ᵷɰɄAAɾɕɩɄɇ

.ὃỲḳ̄ʅɄɦʒʑɂ┘̱ỈɄʬɺʤɂ┘ɏʆʚʤɂ┘ʛʕɂ̒˄┘ʀɰfʤ┘̱┤ɂɱʒᾒήɂ┘̩Ɋ̒ɦᾒήɂ 

ʨˈʟᴬᴬᴬᴬɺɔ☻ʮḛɋ˄☻ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬɺʤɂ☻ʮȹ☻☻ɂɮȹ☻́ʊɥᶚʯ☻Ʉʑ☻Ṕḛɋʝ☻ʨʠAAAAɺɈ☻́ɇɄAAAAɺ˅☻ɂɯʁ̋☻ᵷʀɰfʤ☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ

ɟ☻ʭᾟὟ☻ὃỲḳˉʅɄʱʒʫ☻ɏˉʂʙ☻Ʉʱʕɬ.ʀɰz☻ʨɩɂɬ☻
ᴮ
ɂɭ 

┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ʄʻʆɩ

┘ʨʚᾚήɂ┘ʄ̒ʆɩ┘.ὃỲṌɰz┘ɭʎɕɌɓ

┘ɏʆʚʦʤ┘ɱɹɄɋᶽɂ┘ɰɂʻᾒήɂ┘ʳʍ

┘ʨɩɭɓʺ┘ὃỲḳˉʅɄʱʒᶽɂ┘ˍỈɄʬɺʤɂ

┘ὃỲḳˉʅɄʱʒᶽɂ┘ɏʆʚʤɂ┘ʳʫ┘ɆɱʚʤɄɇ

┘.ˌɊʻʱᾒήɂ 

 
 

4-┘:ɑ̍ɶ̄ʅɄɦʒʑɂ┘ʢ̒ʚᾚήɂ 

☻Ʉʫɭɦʍ☻.rʝɄAAAAɶʤɂ☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɄɇ☻ɱəȶɕ˄☻ᶗ☻rʝɄAAAAɶʤɂ☻ʮ̒ᾚAAAAὊʑɂ☻ʭ̍AAAAɶᾒήɂ☻ʮȵ☻ɆɰɄɡɕʤɂ☻ṔḛAAAAɺɔ☻ʜɱɦɕ˄

☻ʜɱɦɕɓ☻Ʉʫɭɦʍ☻ὂḒʊʍ☻ʮ̒ʠɓ☻ɐ̒ʚʤɂ☻ɻɯʁ☻.́̍ʦʍ☻ɱəȸɓ☻ɑ̍AAAAAAᴬAɶ̄ʅɄɦʒʫ☻ɐ̒ʙ☻ʜɄɦʁ☻ʮȺʕ☻ᵷὃỲAAAAAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ☻̱☿☻ʭ̍AAAAᴬAAAɶɟ

☻ɑʫ̋ɭʎʫ☻ɧɋAAAAAAAAɾɓ̋☻ᵷ̓ɱɩȵ☻Ʉ˄ɂ̋ɲ☻ʨɟȵ☻rʫ☻ɿʙɄɦɖɓ̋☻ᵷὃỲAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʄ̒ʆɩ☻˂Ịʍ☻˃ɬ̒ʬʍ☻ɻɄɡɓɄɇ☻ɑɦᾚAAAAAAAAὊʤɂ

.ʨAAʚᾚήɂ☻ʄ̒ʆɩ☻ʢ̒ʅ☻˂Ịʍ☻ʭ̍AAAAᴬAAAAAAAAAɶᾒήɂ☻ʜɱɦɕ˄☻ɄAAʫɭAɦAʍ☻☻˂Ịʍ☻ɱəȸɓ☻ὃỮʤɂ☻ɑA̍AȼɄAAɉɱyʟʤɂ☻ɐ̒ʚʤɂ☻rʍ☻
ᴮ
ɄAAʫɄAAʬɓ☻ʗʦɕɪʫ☻ɂɯA̋ʁA

☻ɑ̍ȼɄɉɱyʟʤɂ☻ɐ̒ʚʤɂ☻ɻɄɡɓɂ☻ʮȺʕ☻ᵷʡʤɯʤ☻ɑʕɄAAAAAAAʁȹ☻.ʮ̒ʠAAAAAAAɶʤɂ☻ɑʤɄɥ☻̱☿☻ʮɄʞ☻ɂɮȹ☻̋ȵ☻ʜɱɦɕ˄☻ʮɄʞ☻ɂɮȹ☻ʮ̒ᾚAAAAAAAὊʑɂ☻ʭ̍AAAAᴬAAɶᾒήɂ

☻ʨʚᾚήɂ☻˂Ịʍ☻ɑ˄ɬ̒ʬʍ☻ʮ̒ʠɓ☻ɑɦᾚὊʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻Ʉʬɦ̄ɇ☻ᵷ̩ȽɄɉɱyʟʤɂ☻ʨʚᾚήɂ☻ɻɄɡɓᶗ☻
ᴮ
Ʉ̂ɲɂ̒ʫ☻ʮ̒ʠ˄

Ʉʱʒᶽɂ.ὃỲḳˉʅ 

☻ɐ̒ʚʤɂ☻́AAʯȶAAɇ☻ʔɱʎƎ˅☻ȲɄAAAAAAAAAAAAAAAAʂʖʤɂ☻̱☿☻ɄAAʫ☻ɑAAAʆʚʯ☻̱☿☻̩ȽɄAAɉɱyʟʤɂ☻ʨAAAʚᾚήɂ☻ʮȵ☻ɄA˄ɦAAȵɰ☻ᵷȲɄAAɉɱyʟʤɂ☻rʍ☻ɄAɦAAʬʦʠɓ☻ɄAAʫɭAɦAAʍ

☻ʏ̍ʆɕAAAAAAɶh☻ᵷɑʦəɄʬʫ☻ɑʚ̂ɱʆɇ☻.ɑʆʚɦʤɂ☻ʡʦɓ☻̱☿☻ɑʍ̒AAAᴬAAʁ̒ʫ☻ɑ̂ɰɄɋɕɩɂ☻ɑɦᾚAAAAAAὉ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑɦᾚAAAAAAὊʤɂ☻ɐɭɥ̒ɇ☻ɑ̍ȼɄɉɱyʟʤɂ

☻ὃỲᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɿȼɄᴬᴬᴬᴬɾɩ☻ʗᴬᴬᴬᴬɾʯ☻ʮȵὄᴆ☻ᶽɂ☻ɑˈᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʹʯȶɇ☻ɑʆʚʯ☻ˍ☿☻̱☿☻ɑ̂ɰɄɋɕɩɂ☻ɑɦᾚAAAAὉ☻˂Ịʍ☻ɐɱəȸ

☻ɑ̂ɰɄɋɕɩᴜ☻ɄɦɖɦᾚAAAAAAὉ☻ʮȵ☻ʀɱʖʯ☻.ɑʆʚɦʤɂ☻ʡʦɓή☻☻ɑʍɱᴬᴬᴬᴬᴬᴬɶɈ☻ʜɱɦɕɓὺᴆ☻ɑ̍AAAAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ɐɭAAAAAAɹ☻ʮȵ☻
ᴮ
Ʉ̍Ɍ̂ɱɡɓ☻ɭɟ̋☻.

ɏᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵɄʱɖɓ☻ʭˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɟ☻˂Ịʍ☻ɐɱəȸᶽɂ☻☻ɑʱᾚᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὊʤɂ☻ɑʬˈʙ☻ʏʫή☻ɑʍɱᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ɑʬˈʙ☻ʏʫ☻ᵷὺᴆ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɐɭᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ʏʫ☻ᵷ

☻ɑ̂̋ɂɳʤɂ☻ɏ̍ɟ☻ʏʫ̋☻ᵷ̱ẠɰɄᾟήɂ—☻☻ɑʍɱᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ʵɄɡɓɂ☻ʮḛɇὺᴆ☻ ̋☻ʨʚᾚήɂ☻ʵɄɡɓɂὄᴆ☻ʳʟʬ˄☻(ɒɄɋʙɂɱᶽɂ)☻ɒɄʊɥᶚᶽɂ☻ʵɯʶ☻ʮȹ☻.

☻ɐɭɹ☻ʮȵ☻ɑɇɄɕʟɇ☻Ʉʸɾˈᾟίɓ☻ɑʱᾚὉ☻˂Ịʍ☻ɱəȸɓ☻ὃỮʤɂ☻ɑˈɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂή☻ʑɂ☻ɑʍɱɶɈ☻ɑʝɱɦɕὺᴆ☻☻ὃỲḳˉʅɄʱʒʫ☻ʨʚɥ☻ˍ☿

ὄᴆ☻ɑ̍ɓʌ☻ɑʙᶚʎʤɄɇ☻ˁʆʎ
ᴲ
ɔˍỈɄɕʤɂ☻ʨʠɺʤɂ☻ɱʊʯɂ☻ᵷ: 
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╕ ▲○║ ▼░▪Ᵽ                                                   

☻ɑˆʺɂɳʤɂ☻ɝˈɥ—☻☻ʮḛʍɄʎᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ʮḛɇὺᴆ☻☻ʺὄᴆ.☻☻ʛʕ̋☻ὃỲAAAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɐɭAAAAAAAAAAAAAɹ☻ʗ̂ɱʎɕʤ☻ʪɭɪɕAAAAAAAAAAAAAɶ
ᴲ
ɔ☻ɑʙᶚʎʤɂ☻ɻɯʁ̋

:ɑʙᶚʎʤɂ 

║
╕

▲○ ▼░▪Ᵽ
                                                   

 

  
)b( )a( 

)a┘ɑɦᾚὊɈ┘ʮ̒ᾚὊʫ┘ʭ̍ɶɟ┘˂Ịʍ┘ɐɱəȸʑɂ┘ɑ̍ɶ̄ʅɄɦʒʑɂ┘ɐ̒ʚʤɂ┘ɻɄɡɓɂ┘(ή┘┘ɑʍɱɶɈ┘ʜɱɦɕ˄ὺᴆ┘┘ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ┘ˍ┤ὄᴆ┘.

┘ɑʍɱɶʤɂ┘˂Ịʍ┘ɑ˄ɬʻʬʍ┘ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂὺᴆ┘┘ʨʚᾚήɂʺὄᴆ)┘.b┘ɑɦᾚὉ̋┘ɑɋɟ̒ʫ┘ɑɦᾚὉ┘˂Ịʍ┘ɐɱəȸʫ┘ɑ̍ɶ̄ʅɄɦʒʫ┘̓̒ʙ┘(

┘ɑʝɱɦɕʫ┘ɒɄʬ̍ɶɟ┘˂Ịʍ┘ɐɱəȸʑɂ┘ɑ̍ɶ̄ʅɄɦʒʑɂ┘̓̒ʚʤɂ┘ɻɄɡɓɂ┘ʮȹ┘.ɒɄʬ̍ɶᾒήɂ┘ɰɄɶʑ┘Ṕḛɺɔ┘ɑʎʆʚɕʑɂ┘ʄ̒ʆᾟήɂ┘.ɑɋʤɄɵ

┘.ɑɶʝɄʎɕʫ┘ʮ̒ʟɓ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘̱┤┘ɑʍɱɶʤɂ┘ɷʖɦɇ┘(ɑɶʝɄʎɕʫ)┘ɑɋʤɄɵ̋┘ɑɋɟ̒ʫ┘ɒɄɦᾚὊɈ┘ɑʯ̒ᾚὊʫ 
 

 ☻ɐ̒ʚʤɂ☻ɒɰɭ
ᴲ
ʙ☻ɂɮȹὊ☻ɂ☻ᵷʳɓʻˈʱʤɄɇ☻ɑʱᾚᴬᴬᴬᴬᴬᴬὊʤή☻☻ɑʍɱAAAAAAɶʤɂ̋☻ᵷʮ̒ʤ̒ʠʤɄɇὺ☻☻ʨʚᾚήɂ☻ɐɭɥɂʻʕ☻ᵷɑˈʯɄɛʤɂ☻˂Ịʍ☻ṔḘᶽɄɇ

☻ɑˈʤʺɭʤɂ☻ɑʦʬᾒήɂ☻ˍ☿☻ὃỲḳˉʅɄʱʒᶽɂὛώίὸὩά ὍὲὸὩὶὲὥὸὭέὲὥὰὛὍ☻☻ᶚɶˉɕʤɂ☻ˍỘὝὩίὰὥὝ☻ᵷ

☻ṔAAḗAAA̒̂Aʤɂ☻
ᴮ
ɄAAAAAAAAAAAAAAAAAAAʂA˄ȵ☻ὂAAḒAAAAAAAAAAAAᴬAAɶƎ˅☻˃ɯAAAAAAAʤɂὡὦ☻☻ʏᴬᴬɊɱᴬᴬᶽɂ☻ṔᴬᴬḘᴬᴬᶽɄᴬᴬᴬᴬᴬᴬᴬɇὡὩὦὩὶȾὛήόὥὶ άὩὸὩὶ☻ʮȵ☻ɝᴬᴬᴬᴬᴬᴬᴬˈᴬᴬɥ☻ᵷ

ρ Ὕ☻ɭAAAAɥɂ̋☻ʮ̒ʤ̒ʞ☻ɄAAAAẛṥʬ̍ʙ☻ɑAɦAAAᾚAAAAAAAAAAAAAAὉ☻ɄA˄ɦAAAɭAAAAʤ☻ʮɄAAAAʞ☻ɂɮȹ☻.ρ ὅ☻☻ʨᴬᴬᴬᴬʚɥ☻˂Ịʍ☻˃ɬʻʬʍ☻ʵɄᴬᴬᴬᴬɡɓɄᴬᴬᴬᴬɇ☻ʜɱɦɕɓ

☻ʹɕʬˈʙ☻ὃỲᴬᴬᴬᴬḳˉʅɄʱʒʫρ Ὕ☻˃̋ɄAAAAɶɔ☻ɑʍɱAAAAɶɈ☻ᵷρ άȾίᵷ☻☻˃̋ɄAAAAɶɔ☻ɑɦᾚAAAAὊʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑ̍AAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɄʕ

☻ʳɓʻˈʯ☻ɭɥɂʺρ ὔ☻ʨʚᾚήɂ☻ɒɂɭɥɂʺ☻ʳʍ☻Ṕḗʎʰ☻ʮȵ☻ʏˈʆɕɶʰ☻.ὄᴆ☻:ˍỊ˄☻Ʉʬʝ 

║ ╣
╦╫

□

╝

ἍȢἵȾἻ

╝

═Ȣ□
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ᵷʡʤɯʤ☻ɑʕɄʁȹ☻☻ɑˈɛʒɶʤɂ☻ɒɂɭɥɂʻʤɂ☻ɑʦʬɟ☻ˍ☿☻ᵷɑˈʦʬʎʤɂ☻ɑˈɥɄʱʤɂ☻ʳʫὧὩὸὭάὩὸὩὶ Ὣὶὥά ίὩὧέὲὨ

ὧὫί☻☻ɼ̒ʒʤɂ☻̱Ộ☻ὃỲAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚίʤ☻ʪɭɪɕAAAAAAAAɶ
ᴲ
ɔ☻ɐɭɥɂ̋☻ʜɄɦʁὋὥόίίὋ☻☻ᵷɑʫɭɪɕAAAAAAAAɶʑɂ☻̱Ộ☻

ᴮ
ɄɋʤɄʑ̋

ɕʤɂʺ☻ɼʻʒʤɂ☻ʮḛɇ☻ɑʙᶚʎʤɂ☻ʮȵ☻ɝˈɥˉˍỘ☻ᶚɶ☻ρ Ὕ ρπ Ὃ. 

 ɑ̍AAAAAAᴬAɶ̄ʅɄɦʒʫ☻ʢ̒ʚɥ☻ɭ̍ʤ̒ɓ☻Ʉẛṧʟʬ˄☻ɑ˄Ṕḗɪʑɂ☻ʄɄɦʒʑɂ☻ʮȵ☻˂Ỉȹ☻Ʉɦʁ☻ṔḛAAAAAAAAɺh☻Ʉʫ☻ɭɥ☻˂Ỉȹ☻ɐṔḛɋʝᵷ☻ὂỮɥ☻☻Ʉẛṥʬˈʙ☻ʮȵ

☻˂Ỉȹ☻ʨᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾɓςυπππ Ὃ☻ʺȵ☻ᵷ☻ςȟυ Ὕ.☻☻ʢ̒ʚɥ☻ɭAAAAAAʤ̒ɓ☻ʮȵ☻ɄAAAAAAẛṧʟʬ˄☻ɑAAAAAAʚȼɄAAAAAAʖʤɂ☻ɑA̍AAAAAʦʙɄAɦAAAAAʤɂ☻ɒɂɮ☻ʇʯɄAAAAAAʒʑɂ☻ʮȹ

☻˂Ỉȹ☻ʨᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾɓ☻Ʉẛṥʬˈʙ☻ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒʫσ ρπ Ὃ☻☻ʺȵ☻ᵷσπ Ὕ☻ʳʟʬ˄☻.ʇʯɄʒᶽɂ☻ʡʦɓ☻ʨɛʫ☻ʏˈʲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾɓ☻ʭɓ☻ɭʙʺ☻ᵷ

☻
ᴮ
Ʉɋ̂ɱʚɓ☻˃̋ɄAAAAɶɔ☻ὃỮʤɂ̋☻ᵷʀɰz☻ɧʆAAAAɵ☻ɰɂ̒ɡɇ☻ὃỲAAAAṌɰz☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚίʤ☻ɐṔḛʒAAAAɾʤɂ☻ɑʬ̍ʚʤɂ☻ʏʫ☻ʭ̍ʚʤɂ☻ɻɯʁ☻ɑʯɰɄʚʫ

πȟυ Ὃ☻☻ʺȵ☻ᵷπȟυ ρπ Ὕ. 

 )☻ʭʙɰ☻ɑAAAAAAʤɬɄAAAAAAʎʑɂ☻rʫ1ʮȵ☻̓ɱʯ☻ʮȵ☻ɄAɦɦAAAAAʟʬ˄☻(☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɐʻʚʤɂ☻☻ʮ̒ᾚAAAAAAAAAAAAAAὊʫ☻ʭ̍AAAAᴬAAAAAAAAAɶɟʜɱɦɕ˄☻☻ʨᴬᴬᴬᴬᴬᴬʚɥ☻ˍ☿

ὃỲᴬᴬᴬḳˉʅɄʱʒʫ☻☻ᵷὃỲAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻˂Ịʍ☻ɑ˄ɬ̒ʬʍ☻(́ɕʍɱAAAɵ☻˃ȵ)☻ʭ̍AAAɶᾒήɂ☻ɑʝɱɥ☻ʮ̒ʠɓ☻Ʉʫɭɦʍ☻ὂḒʊʎʤɂ☻Ʉẛṥʬ̍ʙ☻ɯɩȶɓ

☻ɑʬˈʚʦʤ☻ʛʕɂʻ˄☻ɂɯʶʺ— ωπ☻ʮȵ☻˃ȵ☻ᵷÓÉÎ— ρ:˃̋Ʉɶɔ☻ɐ̒ʚʦʤ☻ὂḒʊʎʤɂ☻ɑʬ̍ʚʤɂ☻Ʉʁɭɦʍ̋☻. 

╕□╪● ▲○║                                                    

 )☻ɑʤɬɄʎʑɂ☻rʫ☻ᵷ
ᴮ
ɄAAAAAAAAAAAʂ˄ȵ1☻ɑʍɱAAAAAAAAAAAɶʤɂ☻ʮ̒ʠɓ☻Ʉʫɭɦʍ☻ɱʖAAAAAAAAAAAɾʤɂ☻˃̋ɄAAAAAAAAAAAɶɔ☻ɐ̒ʚʤɂ☻ᵷ(ὺᴆ☻☻ʨʚᾚίʤ☻ɑ̂ɲɂ̒ʫὄᴆ)☻.☻ɂɯʶʺ

☻ʏʫ☻ʛʕɂʻɕ˄— π☻☻☻ʺȵ— ρψπᵷ(☻☻ʭˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾒήɂ☻˂Ịʍ☻ɱəȸɓ☻ɑᴬᴬᴬᴬˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄᴬᴬᴬᴬʱʒʫ☻ɐʻʙ☻ʳʫ☻ʜɄᴬᴬᴬᴬʱʶ☻ɷˉʤ☻ɂɯᴬᴬᴬᴬʟʶʺ

.́ʤ☻
ᴮ
ɄɶʝɄʎʫ☻̋ȵ☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɻɄɡɓɄɇ☻ʜɱɦɕ˄☻Ʉʫɭɦʍ☻ʮ̒ᾚὊʑɂ 

 ☻ɑʍɱAAAAAAAAɶʤɂ☻rʫ☻ʨʞ☻˂Ịʍ☻
ᴮ
Ʉʫ̋ɬ☻˃ɬ̒ʬʍ☻̒ʁ☻ɑ̍AAAAAAᴬAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ɻɄɡɓɂ☻ʮȵ☻ɆɰɄɡɕʤɂ☻ṔḛAAAAAAAAɺɔ○ᴆ☻ʨʚᾚήɂʺ☻║ᴆ☻ᵷ

ʤ̋☻.ɑɋɟ̒ʫ☻ɑɦᾚAὊɈ☻ʮ̒ᾚAὊʫ☻ʭ̍Aɶɟ☻ʨɟȵ☻rʫ☻ʛɇɄAɶʤɂ☻ʨʠAɺʤɂ☻̱☿☻ᾝAὟ̒ʫ☻̒ʁ☻Ʉʬʝ☻ʪɭɪɕᴬɶʰ☻ᵷɐʻʚʤɂ☻ʵɄɡɓɂ☻ɭ˄ɭɦɕ

:ʢ̒ʚɓ☻ὃỮʤɂ̋☻ὂỰʬ̍ʤɂ☻ɭ̍ʦʤ☻˂Ỉ̋z☻ɐɭʍɄʚʤɂ 

1( ☻ɑʍɱɶʤɂ☻ʵɄɡɓɄɇ☻ὂỰʬˈʤɂ☻ɭˈʤɂ☻ʏɈɄɽȵ☻ʹɟʻʯ○ᴆ. 

2( ☻ὃỲAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɻɄɡɓɄɇ☻ʏɈɄAAAAAɽz☻ɰ̋ɭʯ║ᴆ☻ᵷ☻̱☿☻ᾝAAAAAὟ̒ʫ☻̒ʁ☻Ʉʬʝ☻ɐṔḛʒAAAAAɾʤɂ☻Ʉ˄ɂ̋ɳʤɂ☻̒ɦʯ☻ʜɱɦɕ˄☻˃ɯʤɂ

.ˍỈɄɕʤɂ☻ʨʠɺʤɂ 

3( ☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ɻɄɡɓɂ☻̩ʆʎƎ˅☻ʪɄẛẀʐ☻ɑʤɄᾚήɂ☻ɻɯʁ☻̱☿╕ᴆ☻.ɑɋɟʻʫ☻ɑʱᾚὉ☻˂Ịʍ☻ɐɱəȸᶽɂ 

 

┘ɐʻʚʤɂ┘ʵɄɡɓɂ┘ɬɭɦɓ┘ὂỰʬˈʤɂ┘ɭˈʦʤ┘˂Ỉʺᶻ┘ɐɭʍɄʚʤɂ

┘ɑʍɱɶɈ┘ʜɱɦɕɓ┘ɑɋɟʻʫ┘ɑʱᾚὉ┘˂Ịʍ┘ɐɱəȸᶽɂ┘ɑˈɶˉʅɄʱʒᶽɂ

○ᴆ┘┘ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ┘ˍ┤║ᴆ. 
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:ɑʎˇɱɵ┘ɑʦȾɵȵ 

)1(☻☻.ȲɄʂʖʤɂ☻rʫ☻ɑʚʆɦʫ☻̱☿☻ʭ̍ʚɕɶʫ☻ʇɩ☻ʛʕ̋☻ʜɱɦɕ˄☻ʮ̒ᾚὊʫ☻ʭ̍ɶɟ☻ᵷɑʦʬyʫ☻̓ɱɩz☻ʢ̒ʚᾚήɂ☻ʨʞ☻ʀɱʖɇ☻Ʉʫ

ᵺɑˈɓᶺ☻ɑɉʻɟᶻ☻ʳʫ☻ɧˈᾚᴬᴬᴬᴬὝʤɂ☻Ɇɂʻᾒήɂ☻ʻʶ☻☻˂Ịʍ☻ɑ˄ɬʻʬʎʤɂ☻ʹɕɋʝɱʫ☻(Ɇ)☻ᵷɑʫʺɭʎʫ☻ʹɕʬˈʙ☻(ȵ)☻:ὃỲᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ

ʭ̍ɶᾒήɂ☻ɑʍɱɶʤ☻ɑ̂ɲɂ̒ʑɂ☻́ɕɋʝɱʫ☻(ɞ)☻ᵷɑʫ̋ɭʎʫ☻ʭ̍ɶᾒήɂ☻ɑʍɱɵ☻.ɑʫʺɭʎʫ☻ɑʚʆʱᶽɂ☻ʡʦɓ☻ˍ☿ 

Ɇɂʻᾒήɂ☻ʻʶ☻ɰɄˈᾟήɂ☻:(Ɇ)☻˃̋ɄAAAAAAAAAAAAɶɔ☻ʜɱɦɕ˄☻ʮ̒ᾚAAAAAAAAAAAAὊʫ☻ʭ̍AAAAᴬAAAAAAAɶɟ☻˂Ịʍ☻ὃỲAAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɄẛẀ☻ɱəȸ˄☻ὃỮʤɂ☻ɐ̒ʚʤɂ☻ʮȹ☻.

Ὂ ήὺὄ ίὭὲ—ήὺὄ☻ɝˈɥ☻ᵷὄ☻☻ɑ˄ɬʻʬʎʤɂ☻ʨʚᾚήɂ☻ɑɋʝɱʫ☻˂Ịʍ☻ʭˈᴬᴬᴬᴬɶᾒήɂ☻ʮȵ☻Ʉʬɇ☻.ʭᴬᴬᴬᴬɶᾒήɂ☻ɑʍɱᴬᴬᴬᴬɵ

☻˃̋Ʉɶɔ☻ʮȵ☻ɏɡ˄☻ɐ̒ʚʤɂ☻ɑʬ̍ʚʕ☻ᵷʭ̍ʚɕɶʫ☻ʇɩ☻ʛʕ̋☻ʜɱɦɕ˄ʮᶟ☻ɱʖɾʤɂ☻ὄ π☻☻ʺ☻ᵷήὺ π. 

)2(☻ˍỈɄʬᴬɺʤɂ☻ɏʆʚʤɂ☻☻ʮ̒ᾚAὊʫ☻ʡ̍ɖAɵᶚɋʤɂ☻rʫ☻ɑʎʆʙ☻rʫ☻ɆɱʚʤɄɇ☻ɑʍ̒Aʁ̒ʫ☻ὃỲAḳ̄ʅɄɦʒʫ☻ɏ̄ʂAʙ☻(ʔɱʆʤ)☻ɑ˄Ʉẛṧʤ

ᵺὃỲḳ̄ʅɄɦʒʑɄɇ☻ɱəȶɕɓ☻ᶗ☻(ɞ)☻̋ȵ☻ᵷʏʕɭ
ᴲ
ɓ☻(Ɇ)☻ᵷɆɯɡ

ᴲ
ɓ☻(ȵ)☻:ɑ̍ʟ̍ɖɵᶚɋʤɂ☻ɑʎʆʚʤɂ☻ʨʁ☻.ɑɦʝɄɵ̋☻ɑɋɟ̒ʫ☻ɑɦᾚὊɈ 

Ɇɂʻᾒήɂ☻ʻʶ☻ɰɄˈᾟήɂ☻:)ɞ(☻ɑɦᾚὊʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑ̍ɟɰɄᾟήɂ☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ʮȹ☻.☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʳʍ☻ɑɡɓɄʱʤɂ

.ʨʚᾚίʤ☻ɑɋᴬᴬɶʲʤɄɇ☻ɑʱᾚᴬᴬὊʤɂ☻ɑʍɱᴬᴬɵ☻ʏʫ☻ɏᴬᴬɵɄʱɖɓ☻☻ɭɟʻ˄☻ᶗ☻ᵷʏᴬᴬʁʻʤɂ☻ɂɯʶ☻ˌʖʕ☻ᵷʜɱɦɕɓ☻ᶗ☻ɑʱʝɄᴬᴬɵ☻ɑʱᾚᴬᴬὊʤɂ☻ɗʯɄʞ☻ɂɮȹ

.ɑˈɶˉʅɄʱʒʫ☻ɐʻʙ 

ʢɄɛʫ┘)1(ὃỲṌɰz┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘̱┤┘ʮ̒ɓ̋ɱɇ┘ɑʝɱɥ)┘:┘æ ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂ┘ʵɄɡɓɂʺ┘ɑʬˈʙ┘ɆɄɶɥ( 

 ☻˃̋ɄAAAAAAAAɶɔ☻ɑʍɱAAAAAAAAɶɈ☻ʜɱɦɕ˄☻ʮ̒ɓ̋ɱɇρȟππρπ άȾί☻☻˃ɯʤɂ☻ᵷὃỲAAAAAAAAṌɰz☻ὃỲAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻̱☿

☻˃̋ɄAAAAAAAAAAAAAAAɶɔ☻́AAɕʬ̍ʙυυȟπ ‘Ὕ☻☻.ɑᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽɄᴬᴬᾟήɂ☻ɑᴬᴬʚʆʱᶽɂ☻ʡᴬᴬʦɓ☻ˍ☿☻ɐ̒ʚʤɂ☻ᵷʘɱAAAAAAAAAAAAAAɺʤɂ☻ɻɄAAɡɓɄAAɇ☻ʮ̒ɓ̋Ṕḗʤɂ☻ʜɱɦɕ˄☻ɄAAʫɭAɦAʍ

ˈᴬᴬᴬɶˉʅɄʱʒᶽɂɑ☻ʺṔḗʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂɡ́ɕɓ☻ʮ̒ɓ☻˂Ịʍᶻ☻ʻɦʯ☻ʭˈʚɕᴬᴬᴬɶʫ☻ʨʠᴬᴬᴬɺɈ☻ᵷɄʫɭʱʍʺ☻☻ᵷʢɄʬᴬᴬᴬɺʤɂ☻ʻɦʯ☻ʭˈᴬᴬᴬɶᾒήɂ☻ʜɱɦɕ˄

ʶ☻Ʉᴬᴬʫ☻(ȵ)☻.ʹᴬᴬˈʦʍ☻ɱəȸɓ☻ɐʻʙ☻ʳʫ☻ʜɄᴬᴬʱʶ☻ɷˉʤ☻ʨᴬᴬʚᾚήɂ☻ɐɭᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ʺȵ☻ɑᴬᴬʬˈʙ☻ˍỘ☻Ʉᴬᴬʫ☻(Ɇ)☻ʺ☻ᵷὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄᴬᴬʱʒᶽɂ☻ʨᴬᴬʚᾚήɂ☻ʵɄᴬᴬɡɓɂ☻ʻ

ʍ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂɦɕ˄☻Ʉʫɭʱ ɱ☻ɐ̒ʚʤɂ☻ɏAAAAAAᴬAAAAAAAɶɥɂ☻(ɞ)☻ᵺʘɱAAAAAAAAAAAAAAɺʤɂ☻ɻɄɡɓɄɇ☻ʮ̒ɓ̋Ṕḗʤɂ☻ʜɑˈʤɄʚɛʤɂ☻)Gravitational Force(☻

☻ɑʬ̍ʙ☻ʮȵ☻ʀɱʖɇ☻ɑ̍ȼɄɉɱyʟʤɂ☻ɐ̒ʚʤɄɇ☻ɐ̒ʚʤɂ☻ɻɯʁ☻
ᴮ
ɄAAAAAAAAAAAAAAʂ˄ȵ☻ʮɰɄʙ☻.ɑ̍AAAAAAᴬAAAAAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɄɇ☻ɄẛẃɰɄʙ̋☻ʮ̒ɓ̋Ṕḗʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ

☻˃̋ɄAAAAAɶɔ☻̩ȽɄɉɱyʟʤɂ☻ʨʚᾚήɂὉ ρȟυπρπ ὔȾὅ☻☻ʮȹ☻.ʀɰz☻ɧʆAAAAAɵ☻rʫ☻ʜṔḘAAAAAɺʑɂ☻ᵷʏAAAAAʁ̒ ɂʑ☻ʡʦɓ☻̱☿

☻˃̋ɄAAAAAAAAAAɶɔ☻ʮ̒ɓ̋Ṕḗʤɂ☻ɑʦɕʝρȟφχρπ  ὯὫ☻☻˃̋ɄAAAAAAAAAAɶɔ☻́ɕɦᾚAAAAAAAAAAὉ̋ρȟφπρπ  ὅ☻ʌɰɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɔʺ☻ᵷ

ᾒήɂ☻˃̋Ʉɶ˅☻ɑ̍ʁɰz☻ɑ̍ɇɮɄωȟψπ. 

:ʨᾚήɂ 

 ɂ☻ɭˈʦʤ☻˂Ỉʺᶻ☻ɐɭʍɄʚʤɂ☻ʛˈɋʆɕɇ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʵɄɡɓɂ☻ɬɄɡ˄ȹ☻ʳʟʬ˄☻ɐ̒ʙ☻ɭɟ̒☻˄ᶗ☻́ʯȵ☻
ᴮ
Ʉʬʦʍ☻ᵷὂỰʬ̍ʤ

)☻ɑʙᶚʎʤɂ☻̱☿☻ʡʤɮ☻ʢɂɭɋɖɵɄɇ☻.ʢɄʬɺʤɂ☻̒ɦʯ☻ʜɱɦɕ˄☻Ʉʫɭɦʍ☻ʮ̒ɓ̋Ṕḗʤɂ☻˂Ịʍ☻ɱəȸɓ1.ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɐɭɹ☻ɭɡʯ☻( 

┘ʨʚᾚήɂ┘ʵɄɡɓɂ┘ɬɄɡ˄ȹ┘(ȵ):ὃỲḳˉʅɄʱʒᶽɂ 

 ˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒʫ☻ɐʻʙ☻ʳʫ☻ʜɄʱʶ☻ɷˉʤɑ☻☻ὃỮʤɂ☻ɑ̂̋ɂɳʤɂ☻
ᴮ
ɂɮȹ☻ᵷʢɄʬAAAAAAAAAAAAAAɺʤɂ☻̒ɦʯ☻ʜɱɦɕ˄☻Ʉʫɭɦʍ☻ʮ̒ɓ̋Ṕḗʤɂ☻˂Ịʍ☻ɱəȸɓ

Ʉʫȹ☻ʮ̒ʠɓ☻ʮȵ☻ɏɡ˄☻ὃỲAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɻɄɡɓɂ☻ʏʫ☻ʮ̒ɓ̋Ṕḗʤɂ☻ɄyʎɦAAAAAAᴬAɾ˄☻π☻☻ʺȵρψπ☻ὃỲAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ᵷ
ᴮ
ɂɮȹ☻.

ὄᴆ☻ɂ☻ʮᶺ☻ʛɋʆʯ☻.Ɇʻʱᾒήɂ☻ʵɄɡɓɄɇ☻ʺȵ☻ʢɄʬɺʤɂ☻ʵɄɡɓɄɇ☻Ʉʫȹ☻ʹɡɕ˄☻ʮȵ☻ɏɡ˄☻ʜɱɦɕ˄☻Ʉʫɭʱʍ☻.ὂỰʬˈʤɂ☻ɭˈʦʤ☻˂Ỉʺᶻ☻ɐɭʍɄʚʤ
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ɑ̍AAAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ᵷʘɱAAAAAɺʤɂ☻̒ɦʯ☻ʭ̍AAAAAɶᾒήɂ☻☻ʵɄɡɓɄɇ☻ʏɈɄᴬᴬᴬᴬᴬɽᶻʺ☻ɐʻʚʤɂ☻ʵɄɡɓɄɇ☻ʪɄẛẀᶼ☻ʹˈɟʻɕɇ☻.˂Ịʍᶻ☻ʻɦʯ☻ʹɡɕɖᴬᴬᴬᴬᴬɵ

☻ɻɄɡɓɂ☻ʮ̒ʠ˄☻ʮȵ☻ɏɡ˄☻̒ʁ☻ɻɄɡɓᴜ☻ɂɯyʕ☻ᵷʢɄʬAɺʤɂ☻̒ɦʯ☻ɂ̒yɡɕ˄☻ʭyʕ☻ᵷʏɈɄAɽz☻ɰ̋ɭʯ☻Ʉʫɭɦʍ̋☻.ʘɱAɺʤɂ☻̒ɦʯ☻ɑʍɱAɶʤɂ

.ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ 

)Ɇ┘ɬɄɡ˄ȹ┘(┘ɐʻʚʤɂ┘ɑʬˈʙˈɶˉʅɄʱʒᶽɂɑ: 

 )☻ɐɬɄʎʑɂ☻̱☿☻ʮ̒ɓ̋Ṕḗʤɂ☻ɑɦᾚAAAAAAὉ̋☻ɐɄʆʎʑɂ☻ʭ̍ʚʤɂ☻ʀ̒ ʎɦʤ1.(  дмϦмϼϠЮϜ ϣКϼҶҶҶЂ дтϠ ϣтмϜϾЮϜ ̪(ϒ) ϞЯАЮϜ двὺᴆ 

 сЂтАϝжПвЮϜ ЬЧϲЮϜмὄᴆ  рмϝЂϦωπ:дϒ рϒ . 

Ὂ ήὺὄ ίὭὲ—
ρȟφπρπ  ὅ ρȟππρπ άȾί
υυȟπ ρπ Ὕ ÓÉÎωπ ψȟψπρπ  ὔ 

)ɞ┘(ɑʤɄʚɛʤɂ┘ɐʻʙ┘ɆɄɶɥ┘╕▌►╪○┘ ʮ̒ɓ̋Ṕḗʤɂ┘˂Ịʍ┘ɐɱəȸʑɂ: 

 ☻ʨɟȵ☻rʫ☻ɑ̍ȼɄɉɱyʟʤɂ☻ɐ̒ʚʤɂ̋☻ɑ̍AAAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɄɇ☻ɄẛṥʯɰɄʚʫ̋☻ʮ̒ɓ̋Ṕḗʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑʤɄʚɛʤɂ☻ɐ̒ʙ☻ɆɄAAAAAɶɦɇ

☻ˌȽɄɉɱʸʝ☻ʨʚɥὉ ρȟυπρπ ὔȾὅ☻:ʮȵ☻ɭɡʯ 

Ὂ άὫ ρȟφχρπ  ὯὫ ωȟψπ
ά

ί
ρȟφτρπ  ὔ 

Ὂ ήὉ ρȟφπρπ  ὅ ρȟυπρπ ὔȾὅ ςȟτπρπ  ὔ 
 .ɑˈʤɄʚɛʤɂʺ☻ɑˈɶˉʅɄʱʒᶽɂ☻ʮḛɓʻʚʤɂ☻ʳʫ☻Ṕḗʝȵ☻ɑˈȼɄɉɱʸʟʤɂ☻ɐʻʚʤɂ☻ʮȵ☻ɣɕʲɕɶʰ☻ʛɋɵ☻Ʉʬʫ 

 

)┘ʢɄɛʫ2┘̱┤┘ʮ̒ɓ̋ɱɇ┘ɑʝɱɥ)┘:(ʫ┘ʨʚɥ┘ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒæ ɐʻʚʤɂ┘ɑʬˈʙ┘ɆɄᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɥ┘ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ┘┘ʮ̒ɓ̋Ṕḗʤ┘ʌɰɄAAAAAAAAAɶɖʤɂ̋

┘ɑˆʺɂɳʤɂ┘ʳʍ┘ʗʦɕɪɓ┘ɑˆʺɂɳɇ┘ʜɱɦɕ˄▫┘ʨʚᾚίʤ┘ɑɋɶʲʤɄɇ( 

 ☻˃̋ɄAAAAAAAAAAAɶɔ☻ɑʍɱAAAAAAAAAAAɶɈ☻ʜɱɦɕ˄☻ʮ̒ɓ̋ɱɇψȟππρπ άȾί☻☻ɰ̒ɦʑɂ☻ʢ̒ʅ☻˂Ịʍὼ☻ɑʚʆʱʫ☻ˍ☿☻ʨɩɭ˄☻.

☻ʹᴬᴬᴬɕʬˈʙ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄᴬᴬᴬʱʒʫ☻ʨᴬᴬᴬʚɥ☻ɭᴬᴬᴬɟʻ˄☻ɝᴬᴬᴬˈɥςȟυπ Ὕ☻ɄAʁAAɰɭAAAʙ☻ɑA̋̂AAɂɳɇ☻́AAAɟ̒ʫ☻ᵷφπ☻☻ɰ̒ɦʑɂ☻ʏʫὼ☻ˍ☿☻ʇɋɓɱᶽɂ☻ᵷ

☻˃̒ɕAAAɶʑɂὼώ☻)☻:Ɇʻʦʆᶽɂ☻.ʛʕɱᶽɂ☻ʨʠᴬᴬᴬɺʤɂ☻ʛʕʺ1əȸᶽɂ☻ɑˈᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʵɄɡɓɂʺ☻ɑˈȼɂɭɋʤɂ☻ɑʬˈʚʤɂ☻ɬɄɡ˄ȹ☻(☻˂Ịʍ☻ɐɱ

)☻.ʮ̒ɓ̋Ṕḗʤɂ2.ʮ̒ɓ̋Ṕḗʦʤ☻̩Ƚɂɭɋʤɂ☻ʌɰɄɶɖʤɂ☻ɏɶɥɂ☻(☻☻˃̋Ʉɶɔ☻ʮ̒ɓ̋Ṕḗʤɂ☻ɑʦɕʝ☻ʮȹρȟφχρπ  ὯὫ. 

┘ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂ╕ᴆ┘┘́ɡɕɓ┘ʮ̒ɓ̋ɱɇ┘˂Ịʍ┘ɐɱəȸʑɂ

┘ɰ̒ɦʬʦʤ┘ɏɟ̒ ɂʑ┘ɻɄɡɓᶗɄɇ◑┘┘rʫ┘ʨʞ┘ʮ̒ʟ˄┘Ʉʫɭɦʍ

┘ɑʍɱɶʤɂ○ᴆ┘┘ʨʚᾚήɂʺ║ᴆ┘┘˃̒ɕɶʑɂ┘̱┤┘ʮɄʎʙɂ̋●◐. 
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:ʨᾚήɂ 

 ☻ʵɄɡɓɂʺ☻ɑʬˈʙ☻ɬɄɡ˄ᶡ)☻ɑʤɬɄʎᶽɄɇ☻ɑ˄ɬɭʎʤɂ☻ɒɄˈʆʎᶽɂ☻ʀʻʎʰ☻ɑˈɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ1☻ɐɭʍɄʚʤɂ☻ʪɭɪɕɶʰʺ☻ᵷ(

.̩hɄɛʤɂ☻rɓ̒̍ʯ☻ʮ̒ʯɄʙ☻ʪɭɪɕɶh☻̩hɄɛʤɂ☻ɏʦʆʤɂ☻ʨɟȵ☻rʫ̋☻.ὂỰʬ̍ʤɂ☻ɭ̍ʦʤ☻˂Ỉ̋z 

)1┘ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂ┘ʵɄɡɓɂʺ┘ɑʬˈʙ┘ɬɄɡ˄ȹ┘(:ʮ̒ɓ̋Ṕḗʤɂ┘˂Ịʍ┘ɐɱəȸʑɂ 

 :ʮȵ☻ɭɡʯ☻ʃˆʻʎɕʤɄɇ 

Ὂ ήὺὄ ίὭὲ—
ρȟφπρπ  ὅ ψȟππρπ άȾί ςȟυπ Ὕ
ÓÉÎφπ ςȟχχρπ  ὔ 

☻ʵɄɡɓɄɇ☻ὂỰʬˈʤɂ☻ɭˈʤɂ☻ʏɈɄᴬᴬᴬᴬᴬᴬɽȵ☻ʹɟʻʯ☻:ɑˈᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʦʤ☻ˌȽɂɭɋʤɂ☻ʵɄɡɓᶸ☻ɭɡʯ☻ὂỰʬˈʤɂ☻ɭˈʦʤ☻˂Ỉʺᶻ☻ɭʍɄʚʤɂ☻ʛˈɋʆɕɉʺ

☻ɰ̒ɦʑɂὼ☻☻ɑʍɱᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ʵɄᴬɡɓɄɇ☻˃ȵ)ὺᴆ☻ʨAʚᾚήɂ☻ɻɄAɡɓɄɇ☻ʭʁɰ̋ɭʯ☻ʭə☻rʫ̋☻(ὄᴆ☻ʵɄᴬɡɓɄɇ☻ʹɟʻɕˉᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻ʪɄᴬẛẀᶡɄʕ☻ʡʤɮ☻ɭᴬʱʍ☻.

☻ɰ̒ɦʑɂᾀ. 

)2┘(ʤ┘ˌȽɂɭɋʤɂ┘ʌɰɄɶɖʤɂ┘ɆɄɶɥ:ʮ̒ɓ̋Ṕḗʦ 

 :ɭɡʯ☻rɓ̒ɦ̍ʤ☻̩hɄɛʤɂ☻ʮ̒ʯɄʚʤɂ☻̱☿☻Ʉʬyʬ̍ʚɇ☻ʮ̒ɓ̋Ṕḗʤɂ☻ɑʦɕʝ̋☻ɐ̒ʚʤɂ☻ʢɭɋʯ 

Ὂ άὥO ὥ
ςȟχχρπ  ὔ

ρȟφχρπ  ὯὫ
ρȟφφρπ άȾί 

 

5-┘ɐʻʚʤɂ┘ɑˈɶˉʅɄʱʒᶽɂ┘ɰɄˈɓ┘ʹɇ┘ɱʬ˄┘ʨʙɄʯ┘˂Ịʍ: 

 ☻ʮ̒ᾚAAAAAAAAAAAAὊʫ☻ɭ̍ɥ̋☻ʭ̍AAAAᴬAAAAAAAɶɟ☻˂Ịʍ☻ɐ̒ʚɇ☻ɱəȸ˄☻ὃỲAAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʮɄʞ☻ɂɮȹ☻ᵷʨʚᾚήɂ☻ɂɯʶ☻ˍ☿☻ʜɱɦɕ˄☻Ʉʫɭʱʍ

.ɰɄA̍Aɓ☻́AAɇ☻ɱʬ˄☻ʨAAʙɄAAʯ☻˂Ịʍ☻ɱəȸɓ☻ɑAAAAA̍AᴬAAAAAAAAAɶ̄ʅɄAɦAʒʑɂ☻̓̒ʚʤɂ☻ʮȵ☻ɁẠɄAAʖʑɂ☻rʫ☻ɷ̄ʦʕ☻☻ʳʫ☻ɑᴬᴬʍʻʬɡʫ☻ʻʶ☻ɰɄᴬᴬˈɕʤɂ☻ʮȵ☻ɏᴬᴬɌᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɈ

☻ʌ̒ʬɡʑɂ☻rʍ☻ɐɰɄ̍ʍ☻̱Ộ☻ʡʦAAAAAɶʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻̓̒ʚʤɂ☻ɑʦAAAAAɾɦʑɂ☻ɐ̒ʚʤɂ̋☻ᵷɑʝɱɦɕʑɂ☻ɐɬɭʎɕʑɂ☻ɑʯ̒ᾚAAAAAὊʑɂ☻ɒɄʬ̍AAAAAɶᾒήɂ

.ɒɄʬ̍ɶᾒήɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻̓̒ʚʦʤ☻˃ɬɱʖʤɂ 

 ʮḛˈʎɕʤ☻☻ʨʚᾚήɂ☻ʵɄɡɓɂὄᴆ☻ʨʚᾚήɂ☻ʮɄʞ☻ɂɮȹ☻:ɑˈɓᶺ☻ɒɄɥᶚʆᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽᶸ☻ʪɭɪɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʰ☻ᵷὄᴆ☻☻ᵷɑɦʖᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾʤɂ☻ʳʫ☻ɞɱɪ˄

☻ʨʚᾚήɂ☻ʮɄʞ☻ɂɮȹ̋☻.ʭyAAAɶʤɂ☻̋ȵ☻ʌɄʎAAAɺʤɂ☻ʨ˄ɮ☻̋ȵ☻ɑ˄Ʉẛẃ☻ʨ̍ɛʬɓ☻ʨɟȵ☻rʫ☻ʡʤɮ̋☻ᵷɆɱAAAʂʤɂ☻̋ȵ☻ɏ̍ʦAAAɾʤɂ☻ɐɰɄAAAɹȹ☻ʪɭɪɕAAAɶh

ὄᴆ☻.ʭyɶʤɂ☻̋ȵ☻ʌɄʎɺʤɂ☻ɑ˄ɂɭɇ☻̋ȵ☻ɴȵɰ☻ʨ̍ɛʬɓ☻ʨɟȵ☻rʫ☻ʡʤɮ̋☻ᵷɑʆʚʯ☻ɐɰɄɹȹ☻ʪɭɪɕɶh☻ᵷɑɦʖɾʤɂ☻˂Ỉȹ☻ʨɩɭ˄ 

 ☻ʡʦᴬᴬᴬᴬᴬɵ☻Ʉʱ˄ɭʤ☻ʹʯȵ☻ʀɱʖʱʤ☻ʹʤʻʅЉ☻☻ʹʎʆʚʫʺὃ☻☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄Ὅ☻☻̱ẠɰɄɩ☻ὃỲAAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ☻ʨɩɂɬ☻ʌ̒AAAAʁA̒ʫ

ὄᴆ☻ʨʚᾚήɂ☻ʮȵ☻ʀɱʖʯ☻.ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬᴬɺʤɄɇ☻ᾝᴬᴬᴬᴬᴬὟʻʫ☻ʻʶ☻Ʉʬʝ☻ᵷὄᴆ☻ʡʦᴬᴬᴬᴬᴬɶʤɂ☻˂Ịʍ☻˃ɬʻʬʍ☻˃̋ɄAAAAAɶɔ☻Ʉʬẛṧ̍ɇ☻ɑ̂̋ɂɳʤɂ☻ʮȵ☻˃ȵ☻ᵷ

ωπ☻☻.ɑɦʖɾʤɂ☻ʨɩɂɬ☻ʻɦʯ☻ʹɡɕˆʺ☻:˃̋Ʉɶɔ☻ὂḒʊʎʤɂ☻Ʉẛṥʬ̍ʙ☻ɑ̍ɶ̄ʅɄɦʒʫ☻ɐ̒ʙ☻ʜɄɦʁ 

Ὂ ήὺᴆɤὄᴆ ήȿὺȿȿὄȿ ίὭὲ—ήȿὺȿȿὄȿÓÉÎωπ ήὺὄ 

☻ʺ☻ᵷʡʦᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ˍ☿☻ɑʱᾚᴬᴬᴬᴬᴬᴬᴬᴬὉ☻ʨʞ☻˂Ịʍ☻ɱəȸɓὺ ˆɱᾒήɂ☻ɑʍɱᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ᵷʡʦᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɑˈʦʠʤɂ☻ɐʻʚʤɂ☻ɬɄɡ˄ᶡʺ☻.ɑʱᾚᴬᴬᴬᴬᴬᴬᴬᴬὊʦʤ☻ɑ

ʡʦᴬᴬɶʤɂ☻ʭᾒᾙ☻ʮȵ☻Ʉʬɇ☻.ʡʦᴬᴬɶʤɂ☻ˍ☿☻ɐɬʻɟʻᶽɂ☻ɒɄʱᾚᴬᴬὊʤɂ☻ɬɭʎɈ☻ɐɭɥɂʺ☻ɑʱᾚᴬᴬὉ☻˂Ịʍ☻ɐɱəȸᶽɂ☻Ɇɱᴬᴬʂʯ☻ʡʦᴬᴬɶʤɂ☻ɑʎʆʙ☻ʺȵ☻

)☻˃̋ɄAAAAAAAAɶ˅☻(ɑʯɂ̒ʆAAAAAAAAɵȵ☻rʍ☻ɐɰɄɋʍὃЉ☻˃̋ɄAAAAAAAAɶ˅☻ɒɄɦᾚAAAAAAAAὊʤɂ☻ɬɭʎʕ☻ᵷὲὃЉ☻ɝˈɥ☻ᵷὲ☻☻ɒᶚʫɄɥ☻ʺȵ)☻ɒɄʱᾚᴬᴬᴬᴬᴬᴬᴬᴬὊʤɂ☻ɬɭʍ
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☻ʹʤʻʅ☻˃ɯʤɂ☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʦʤ☻ɑˈʦʠʤɂ☻ɑʬˈʚʤɂ☻ʮȺʕ☻ᵷʹʱʫʺ☻.ʭᾒᾛήɂ☻ɐɭɥɂʻɇ☻(ɑʱᾚᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὊʤɂЉ☻

:˃̋Ʉɶ˅ 

┘(ɑʱᾚὊʤɂ┘ʨʫɄɥ┘ʺȵ)┘ɐɭɥɂʺ┘ɑʱᾚὉ┘˂Ịʍ┘ɐɱəȸᶽɂ┘ɐʻʚʤɂ┘=┘ɑˈʦʠʤɂ┘ɐʻʚʤɂ³┘ɒɄʱᾚὊʦʤ┘ˍỊʟʤɂ┘ɬɭʎʤɂ 

Ὂ ήὺὄ ὲὃЉ 
☻:ɑʙᶚʎʤɄɇ☻ˁʆʎƎ˅☻ʡʦɶʤɄɇ☻ɰɄʑɂ☻ɰɄ̍ɕʤɂ☻ʮȵ☻ʭʦʎh̋Ὅ ὲήὺὃᵷ☻:Ʉɦ˄ɭʤ☻ʮ̒ʠ̍ʕ 

╕□╪● ║╘                                                 

┘ʨʚᾚή┘ʏʁɄɩ┘ɒɄʱᾚὉ┘ʹˈʕ┘ʜɱɦɕɓ┘ʡʦɵ┘ʳʫ┘ʏʆʚʫ

┘̱ẠɰɄɩ┘ὃỲḳ̄ʅɄɦʒʫ║ᴆ┘┘ʻɦʯ┘ʹɡɕ˄ɑɦʖɾʤɂ┘ʨɩɂɬ┘ 

(ʗʦᾟήɂ┘ʻɦʯ┘ʪɄʫᶻ┘ʳʫ)┘Ɇɱʁ┘ɐɰɄɹȺɇ┘ʨɛʬʑɂ. 

 
☻Ʉʬẛṧ̍ɇ☻ɑ̂̋ɂɳʤɂ☻ɗʯɄʞ☻ɂɮȹ̋☻.ɑʬȼɄʙ☻ɑ̂̋ɂɲ☻ʨʚᾚήɂ̋☻ɰɄ̍ɕʤɂ☻ʮḛɇ☻ɑ̂̋ɂɳʤɂ☻ʮ̒ʠɓ☻Ʉʫɭɦʍ☻ʇʚʕ☻ʪɭɪɕAAAAAAAAAAAAAAɶ

ᴲ
ɔ☻ɑʙᶚʎʤɂ☻ɻɯʁ̋

☻ʡʦᴬᴬᴬɶʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɑˈᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʮȺʕ☻ᵷʛʕɱᶽɂ☻ʨʠᴬᴬᴬɺʤɂ☻ˍ☿☻ᾝᴬᴬᴬὟʻʫ☻ʻʶ☻Ʉʬʝ☻ᵷʮḛˈʎɕʤɂ☻˂Ịʍ☻ᶗ☻ᵷɑʬȼɄʙ☻ɗᴬᴬᴬɶˉʤ

:˃̋Ʉɶɔ 

╕ ║╘ ▼░▪Ᵽ                                                 

┘ɰɄˈɓ┘ʹɇ┘ɱʬ˄┘(ʨʙɄʯ)┘ʡʦɵ╘┘┘̱ẠɰɄɩ┘ὃỲḳ̄ʅɄɦʒʫ┘ʨʚɥ┘ɬ̒ɟ̒ɇ

┘ʭʊɕʱʫ║ᴆ┘┘ɑ̂̋ɂɲ┘ʏɦɾ˄Ᵽ┘┘ɐʻʚʤɂ┘ʌɄʎɹ┘ʮȹ┘.ʡʦɶʤɂ┘ʏʫ

.ɑɦʖɾʤɂ┘ɞɰɄɩ┘ʻʶ┘ɑˈɶˉʅɄʱʒᶽɂ 

 
☻ɑˆʺɂɳʤɂ☻ɝˈɥ—☻☻ʨʚᾚήɂ☻ʮḛɇὄᴆ☻☻˂Ỉʺᶻ☻ɐɭʍɄʚʤɂ☻ʪɂɭɪɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵɄɇ☻ɐʻʚʤɂ☻ʵɄɡɓɂ☻ɭ˄ɭɦɓ☻ʳʟʬ˄☻.ɰɄˈɕʤɂ☻ʵɄɡɓɂʺ

☻ɰɄˈɕʦʤ☻ɏɟʻᶽɂ☻ʵɄɡɓᶗɄɇ☻ʏɈɄɽᶻ☻ʹˈɟʻɓ☻ɏɡ˄☻ᵷʡʤɮ☻ʏʫ☻ᵷɑʤɄᾚήɂ☻ʵɯʶ☻ˍ☿☻.ὂỰʬˈʤɂ☻ɭˈʦʤὍ☻ɑʍɱɶʤɂ☻ɻɄɡɓɂ☻rʫ☻
ᴮ
ᶗɭɇ☻ᵷ

ὺᴆ☻ʵɄɡɓɂ☻ˍ☿☻Ʉʶɱˆʺɭɓ☻ʨɋʙ☻ᵷὄᴆ☻ᵷ̱ẻ̍ɋʅ☻ʨʠAAAAAAAAɺɈ☻.
ᴮ
ɄʚɇɄAAAAAAAAɵ☻̒ʁ☻Ʉʬʝ☻ᵷɐ̒ʚʤɂ☻ɻɄɡɓɄɇ☻́ɟ̒ɕ̄AAAAAAAAɵ☻

ᴮ
ɂɮȹ☻ʪɄẛẀʐ☻.☻ɏɡ˄☻ɰɄˈɕʤɂ

☻ʨʠAAAAAAAɺʤɂ☻̱☿̋☻.ɐɭʍɄʚʤɂ☻rʍ☻ʢ̒AᴬAAAAAɾʖʫ☻ʮ̒ʠ˄☻rʤ☻ʏʙɂ̋☻ɂɯʟʁ̋☻ᵷɑʍɱAAAAAAAɶʤɂ☻ɷʖɦɇ☻ʜɱɦɕɓ☻ɒɄɦᾚAAAAAAAὊɈ☻
ᴮ
ɂɭʤ̒ʫ☻ʮ̒ʠ˄☻ʮȵ

ʡʦᴬᴬᴬᴬᴬɶʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɑˈᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʵɄɡɓɂ☻ᵷʛɇɄᴬᴬᴬᴬᴬɶʤɂ☻☻ɻɄɡɓɂ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ☻ᵷ
ᴮ
ɂṔḛɩȵ̋☻.ɑɦʖAAAAAɾʤɂ☻rʫ☻ɞɰɄɩ☻ɞɱɪɓ

☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɄʕ☻ᵷ́ʤ☻
ᴮ
ɄɶʝɄʎʫ☻̋ȵ☻ʨʚᾚήɂ☻ɻɄɡɓɂ☻́ʤ☻ɷ̄ʤ☻ɰɄ̍ɕʤɂ.ɱʖɾʦʤ☻ɑ̂̋Ʉɶʫ☻ʮ̒ʠɓ☻ʡʦɶʤɂ☻˂Ịʍ 
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┘(ὃỲṌɰȵ┘ὃỲḳ̄ʅɄɦʒʫ┘ʨʚɥ┘̱┤┘ʌ̒ʁ̒ʫ┘ɰɄ̍ɓ┘́ɇ┘ɱʬ˄┘ʡʦɵ)┘:ʢɄɛʫ 

 ʹɓɭᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻ςςȟπ ὃ☻ ʘɱAAAAAAAAAAAɺʤɂ☻˂Ỉȹ☻Ɇɱʒʤɂ☻rʫˍ☿☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȵ☻ʀɱʖʯ☻.☻☻ʡʦɓ

☻˃̋ɄAAAɶɔ☻́ɓɭAAAɹ̋☻ʢɄʬAAAɺʤɂ☻˂Ỉȹ☻Ɇ̒ ᾒɦήɂ☻rʫ☻́ɡɕ̂̋☻̩ʚʕȵ☻ʏʙ̒ʑɂπȟυππρπὝ)☻:Ɇʻʦʆᶽɂ☻.1☻ʭˈʙ☻ɬɄɡ˄ȹ☻(

☻ʹʤʻʅ☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʵɄɡɓɂʺσφȟπ Í)☻.2☻ɷʖʯ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɑʤɄʚɛʤɂ☻ɐʻʙ☻ɏᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɥɂ☻(

☻˃̋ɄAAAAAAAAAAAAAAɶ˅☻́ʎʆʚʫ☻ɧʆAAAAAAAAAAᴬAAAɵ̋☻ɴɄɦɦʤɂ☻rʫ☻ʌ̒ɦᴬAAAAAAAAAAAAAɾʫ☻ʮɄʞ☻ɂɮȹ☻ʡʦAAAAAAAAAAAAAAɶʤɂςȟυπρπ ά  )☻.3☻ʮḛɇ☻ɑʯɰɄʚʑɂ☻(

ᵺɣɕʲɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɔ☻ɂɮɄᴬᴬʫ☻.ʮḛɓʻʚʤɂ☻☻˃̋ɄAAAAAAAAAAAAAAAAɶ˅☻ɑAAAAA̍AᴬAAAAAAAAAʁɰz☻ɑA̍AɇɮɄAAᾒήɂ☻ʌɰɄAAAAAAAAAAAAAAAAɶɔωȟψπ☻ɴɄᴬᴬɦʱʦʤ☻ɑᴬᴬˈʬᾒᾛήɂ☻ɑᴬᴬʕɄᴬᴬɛʟʤɂʺ☻ᵷ

ψȟωςρπ ὯὫȾά. 

:ʨᾚήɂ 

)1:ʡʦɶʤɂ┘˂Ịʍ┘ɐɱəȸᶽɂ┘ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂ┘ɑʬˈʙ┘ɆɄɶɥ┘( 

 )☻ɑʤɬɄʎᶽɂ☻ˍ☿☻ʨ˄ɭɋɕʤɄɇ6:ʮȵ☻ɭɡʯ☻ʮɂɭʫɄʎɕʫ☻ɰɄˈɕʤɂʺ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȵ☻ɰɄɋɕʍɄɉʺ☻ᵷ( 

Ὂ ὄὍЉ ίὭὲ—
πȟυππρπὝ ςςȟπ ὃ σφȟπ Í ÓÉÎωπ
σȟωφρπ ὔ 

☻ʛˈɋʆɕɉʺ☻Ɇɱʒʤɂ☻ʳʫ☻ὂỰʬˈʤɂ☻ɭˈʤɂ☻ʏɈɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽȵ☻ʹˈɟʻɕɇ☻:ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʵɄɡɓɂ☻ɭɡʯ☻ὂỰʬˈʤɂ☻ɭˈʦʤ☻˂Ỉʺᶻ☻ɐɭʍɄʚʤɂ

☻̒ɦʯ☻́ɟ̒ɕ̄AAAAAAAAAAᴬAAɵ☻ʪɄẛẀʐ☻.ὃỲAAAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɻɄɡɓɂ☻̩ʆʎƎ˅☻ʢɄʬAAAAAAAAAAAAAɺʤɂ☻̒ɦʯ☻ʭʁɱ̂̋ɭɓ☻ᵷɰɄ̍ɕʤɂ☻ɻɄɡɓɄɇ☻ʘɱAAAAAAAAAAAAAɺʤɂ☻̒ɦʯ

.ʪɄʫᶻ 

)2┘ɆɄɶɥ┘(┘ɐɱəȸᶽɂ┘ɑʤɄʚɛʤɂ┘ɐʻʙ:ʡʦɶʤɂ┘˂Ịʍ 

 ☻
ᴮ
ᶗ̋ȵ☻ɏɡ˄☻ᵷʡʤɮ☻ʨɟȵ☻rʫ☻ɑˈʬᾒᾛήɂ☻ɑʕɄɛʟʤɂ☻ɆɄᴬᴬᴬᴬᴬᴬɶɦɇ☻ɧʬᴬᴬᴬᴬᴬᴬɶɔ☻ὃỮʤɂ☻ɑʙᶚʎʤɂ☻ʳʫ☻ʡʦᴬᴬᴬᴬᴬᴬɶʤɂ☻ɑʦɕʝ☻ɆɄᴬᴬᴬᴬᴬᴬɶɥ

ᵷɴɄɦʱʦʤ☻:ʡʦɶʤɂ☻ʏʆʚʫ☻ɧʆɵ̋☻ᵷʢ̒ʆʤɂ 

”
ά

ὠ
ᴼά ”ὠ ”ὃЉ

ψȟωςρπ ὯὫȾά ςȟυπρπ ά σφȟπ ά
πȟψπσ ὯὫ 

:ɑ̍ʁɰz☻ɑ̍ɇɮɄᾒήɂ☻ʌɰɄɶɖɇ☻ɑʦɕʟʤɂ☻Ɇɱʂʯ☻ᵷɑʤɄʚɛʤɂ☻ɐ̒ʙ☻˂Ịʍ☻ʢ̒ɾᾚίʤ̋ 

Ὂ άὫ πȟψπσ ὯὫωȟψπ άȾί χȟψχ ὔ 

☻:ʮḛɓ̒ʚʤɂ☻ɑʯɰɄʚʬɇ 

Ὂ

Ὂ

χȟψχ ὔ

σȟωφρπ ὔ
ḙςππ 

 ɑˈɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʳʫ☻Ṕḛɛʟɇ☻Ṕḗʝȵ☻ɑʤɄʚɛʤɂ☻ɐʻʙ☻ʮȵ☻ɭɡʯɇ☻
ᴮ
Ʉɋ̂ɱʚɓ☻ᵷ☻ᴬᴬ200☻.ɐɱʫ 
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6-┘ɑ̍ȼɄɉɱyʟʤɂ┘ɒɄʞɱɦʑɂ̋┘̩ʚʦɥ┘ɰɄ̍ɕʤ┘ʮɂɰ̋ɭʤɂ┘ʪɳʍ: 

 ☻˂Ịʍ☻ɱəȸɓ☻ɑ̍AAAAAAᴬAAAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ʮȵ☻ʛɇɄAAAAAAAAAAAAɶʤɂ☻ʏʆʚʑɂ☻̱☿☻Ʉɦ˄ȵɰ☻ˍ☿☻ʨʙɄʱʤɂ☻ɂɯʶ☻ʏᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁʺ☻ɂɮȹ☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻ʨʙɄʯ

☻ɄẛẀ☻ɱʬ˄☻ɑʚʦɥ)☻̩ʚʦɥ☻ɰɄ̍ɓ☻˂Ịʍ☻ɱəȸ˄☻ʪɳʍ☻ʜɄɦʁ☻ʮȵ☻̓ṔḚAAAAAAAAAAAAɵ☻ᵷɑʆʚɦʤɂ☻ʡʦɓ☻rʫ☻
ᴮ
Ʉʙᶚʆʯɂ☻.̱ẠɰɄɩ☻ὃỲAAAAAAAAAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ

☻ɘɭɦɕʯ☻Ʉʫɭɦʍ☻ɐṔḛɋʝ☻ɑ̍ʦʬʍ☻ɑʬ̍ʙ☻́ʤ☻ʮ̒ʠ̍ɵ☻ʨ̍ʦɦɕʤɂ☻ɂɯʁ☻ɑɡ̍ɖʯ̋☻.ὃỲḳ̄ʅɄɦʒʫ☻ʨʚɥ☻̱☿☻ʌ̒ʁ̒ʫ☻ʮɄʞ☻ɂɮȹ☻(ɰɄ̍ɓ

.ɒɄʞɱɦᶽɂʺ☻ɒɂɭʤʻᶽɂ☻ʳʍ 

 ☻ɰɄˈɓ☻ɄẛẀ☻ɱʬ˄☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɑʦˈʆɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻ɑʚʦɥ☻ṔḗɕʎʱʤὍ☻☻˃̒ɕAAAAAAAAAAɶʫ☻̱☿☻ʭʊɕɦʫ☻̱ẠɰɄɩ☻ὃỲAAAAAAAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ☻ɬ̒ɟ̒ɇ

.ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ᵷɑʚʦᾚήɂ☻☻ʮḛʤ̒ʆʤɂ☻˂Ịʍ☻̓̒ʚʤɂ☻ʮȹὥ☻☻r̂ɲɂ̒ʫ☻Ʉʬẛẃɜ☻ɱʖAAAAAAAAAAAAAAɾʤɂ☻˃̋ɄAAAAAAAAAAAAAAɶ˅☻ʪ̋ɭʎʫ

☻ʮḛʤ̒ʆʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻̓̒ʚʤɂ☻ɑʬ̍ʙ☻ʮȹ☻.ʨʚᾚίʤὦ☻:˃̋Ʉɶɔ 

Ὂ Ὂ ὄὍὦ 

 ☻ɐʻʚʤɂ☻ʵɄᴬᴬᴬᴬᴬᴬᴬɡɓɂ☻ʮȹ╕ᴆ☻ʳʫ☻ɞɱɪ˄)☻ɑᴬᴬᴬᴬᴬᴬᴬɦʖᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾʤɂ☻ɞɰɄᴬᴬᴬᴬᴬᴬᴬɩ☻ᵷɑᴬᴬᴬᴬᴬᴬᴬʚʦᾚίʤ☻ɱᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶ˅ᶻ☻ʔɱʆʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɐʻʚʤɂ☻ᵷ

☻ɐʻʚʤɂʺ☻ᵷ(ɑɦʖɾʤɂ╕ᴆ.(ɑɦʖɾʤɂ☻˂Ỉȹ☻ʨɩɭ˄)☻ɑɦʖɾʤɂ☻ʨɩɂɬ☻ᵷɑʚʦᾚίʤ☻ʳʬ˄ᶻ☻ʔɱʆʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻ɐʻʚʤɂ☻ᵷ☻☻ɂɮȹʺ

☻ɑʤɄᾚήɂ☻ʛɇɄᴬᴬᴬɶʤɂ☻ʨʠᴬᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ᵷ˂Ịʍᶻ☻ʳʫ☻ɑʚʦᾚίʤ☻Ʉʯɱʊʯὦʫ☻ʮ̒ʠɓ☻ɐ̒ʚʤɄʕ☻ᵷ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ɑʸɟʻ

.ʨʠɺʤɂ 

 
)a)┘.ʭʊɕɦʫ┘ὃỲḳ̄ʅɄɦʒʫ┘ʨʚɥ┘̱┤┘ʨʠɺʤɂ┘ɑʦ̍ʆɕɶʑɂ┘ɑʚʦᾚίʤ┘˃̒ʦʍ┘ɱʊɦʫ┘(b┘ɑʦˈʆɕɶᶽɂ┘ɑʚʦᾚίʤ┘ὃửʯɄɟ┘ɱʊʱʫ┘( 

)┘ɑʤɄᾚήɂ┘ˍ┤a)┘.(c)┘ɑʤɄᾚήɂ┘ˍ┤┘ɑʚʦᾚίʤ┘ὃửʯɄɟ┘ɱʊʱʫ┘(a┘ɑʚʦᾚήɂ┘˂Ịʍ┘ʭʉɄʱʤɂ┘ʏʫ┘( 

┘Ʉʁɰɭʙ┘ɑ̂̋ɂɲ┘ʨɟȵ┘rʫⱣ┘.ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ʏʫ 

 

 Ʉʱᴬᴬᴬᴬᴬᴬᴬʁɱʕ☻ɂɮȹ☻☻ɑʆʚɦʤɂ☻ʢ̒ɥ☻ʮɂɰ̋ɭʤɂ☻Ʉẛṧʟʬ˄☻ɝ̍ɦɇ☻ɰ̒ɦʫ☻˂Ịʍ☻ɑʍ̒AAAᴬAAAʁ̒ʫ☻ɑʚʦᾚήɂ☻ʮȵὕ☻ʮḛɓɄʁ☻ʮȵ☻̓ɱʯ☻ᵷ

☻ɑAAʆʚɦʤɂ☻ʢ̒ɥ☻ɑAAɟ̋ɬɳʫ☻ʮᶚʟAAAAAAAAAAAAAAɺɔ☻ʮḛɓ̒ʚʤɂὕ☻☻ɻɯAʁA☻ɑAAʬ̍ʙ☻ʮȹ☻.ɑAAʍɄAAAAAAAAAAAAAAAɶʤɂ☻ɆɰɄAAʚʍ☻ɑAAʝɱɥ☻ʏʫ☻ɑAAʚʦᾚήɂ☻ɰ̋ɭAAɓ☻ɝA̍Aɥ

☻ᵷɑɟʺɬɳᶽɂ†:˃̋Ʉɶɔ☻ᵷ 



   

https://manara.edu.sy/                                                                                                     16 | 
P a g e 

 
 

† Ὂ
ὥ

ς
Ὂ
ὥ

ς
ὄὍὦ

ὥ

ς
ὄὍὦ

ὥ

ς
ὄὍὥὦ 

☻ʢ̒ɥ☻ʌɂɰɯʤɂ☻ʪɳʍ☻ɝ̍ɥὕ☻☻˃̋ɄAAAAAAAAAAɶ˅ὥȾς☻☻˃̋ɄAAAAAAAAAAɶ˅☻ɑʚʦᾚήɂ☻ɧʆAAAAAAAAAAɵ☻ʮȵ☻Ʉʬɉ̋☻.ʮḛɓ̒ʚʤɂ☻ʨɟȵ☻rʫὃ ὥὦ☻ᵷ

:ɑʙᶚʎʤɄɇ☻Ʉẛṧʍ☻Ṕḗʎʰ☻ʮȵ☻ʳʟʬ˄☻ʪɳʎʦʤ☻ὂḒʊʎʤɂ☻ɑʬˈʚʤɄʕ 

Ⱳ□╪● ║╘═                                               
 

 ɑɡˈɖʱʤɂ☻ʵɯʶʺ☻☻̒ʁ☻Ʉʬʝ☻ᵷɑʚʦᾚήɂ☻˃̒ɕAAAAɶʑ☻
ᴮ
Ʉ̂ɲɂ̒ʫ☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ☻ʇʚʕ☻ɑᾚήɄAAAAɽ☻ʮ̒ʠɓ

)☻ɑʤɄᾚήɂ☻ˍ☿☻ʮḛɋʫb☻ɑ̂̋ɂɲ☻ʏɦAAAAɾ˄☻ʨʚᾚήɂ☻ʮɄʞ☻ɂɮȹ☻.ʛɇɄAAAAɶʤɂ☻ʨʠAAAAɺʤɂ☻rʫ☻(ʃ☻☻Ʉʬʝ☻ᵷɑʚʦᾚήɂ☻˃̒ɕAAAAɶʫ☻˂Ịʍ☻ɬ̒ʬʎʤɂ☻ʏʫ

)☻ɑʤɄᾚήɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶcʌɂɰɯʤɂ☻ʪɳʎʕ☻ᵷʛɇɄAAAAAAAAAɶʤɂ☻ʨʠAAAAAAAAAɺʤɂ☻rʫ☻(☻ʇʎƎ˅☻ɐ̒ʙ☻ʨʠʤ☻ʼὥȾςίὭὲ—.☻ᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʫ☻ʨˈʦɦɓ☻ʹɇɄ

:˃̋Ʉɶɔ☻ʪɳʎʦʤ☻ɑʬ̍ʙ☻̩ʆʎ˅☻ʛɇɄɶʦʤ 

Ⱳ ║╘═ ▼░▪ Ᵽ                                             
 

 ʤɂ☻ʵɯʶ☻˃̋ɄAAAAAAAɶɔ☻ὂḒʊʍ☻ɑʬ̍ʙ☻ɯɩȶ˄☻ʪɳʎʤɂ☻ʮȵ☻˂Ỉȹ☻ṔḛAAAAAAAɺɔ☻ɑɡ̍ɖɦὄὍὃ☻☻
ᴮ
Ʉ̂ɲɂ̒ʫ☻ʨʚᾚήɂ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ☻ʡʤɮ̋

☻ɑʚʦᾚήɂ☻˃̒ɕAAAAAAɶʑ— ωπ☻ɑʚʦᾚήɂ☻˃̒ɕAAAAAAɶʫ☻˂Ịʍ☻
ᴮ
Ʉ˄ɬ̒ʬʍ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ☻ɱʖAAAAAAɾʤɂ☻˃̋ɄAAAAAAɶ̌̋☻ᵷ— π☻.

)☻ɑʤɄᾚήɂ☻̱☿☻̓ɱʯ☻Ʉʬʝc☻ɑ̂̋ɂɳɇ☻ʮɂɰ̋ɭʦʤ☻ɻɄɡɓɂ☻ɑʚʦᾚίʤ☻ᵷʛɇɄAAAAɶʤɂ☻ʨʠAAAAɺʤɂ☻rʫ☻(—☻☻˂Ịʍ☻ʭʉɄʱʤɂ☻ʮȺʕ☻ɂɯʟʶʺ)☻ɐṔḛʒᴬᴬᴬᴬɽ

.(ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɻɄɡɓɄɇ☻
ᴮ
Ʉyɡɕʫ☻ɰ̋ɭ˄☻ɑʚʦᾚήɂ☻˃̒ɕɶʫ 

 ʪɄʍ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬɺɊʺ☻Ʉʱʱʟʬ˄☻ʹʯȺʕ☻ᵷɑʚʦᾚήɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ʮɄʞ☻Ʉʬʸʫ☻ᵷ)☻ɑʙᶚʎʤɂ☻ʛˈɋʆɓ8.(☻ ̋ʨɟȵ☻ʳʫ☻☻ʮ̒ʠʫ☻ʗʦʫ☻ʪɳʍ

☻ɑʖʤ☻ʳʫὔ☻:ɏɕʟʯ☻ʮȵ☻ʳʟʬ˄ 

Ⱳ ║╘═╝ ▼░▪ Ᵽ                                          ╪ 
 ☻ɑˈʬʟʤɂ☻ʮȹʈ Ὅὃὔ☻☻ʌɄʎɺʤɂ☻ɑʬˈʙ☻Ʉẛẃȶɇ☻ʔɱʎɔⱧᴆ☻☻ʭɵɂ☻́̍ʦʍ☻ʛʦʆƎ˄☻˃ɯʤɂ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʪɳʎʤɂ"æ 

Magnetic Moment"☻☻ʌɄʎᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɂɯʶ☻ʮȹ☻.ʗʦʬʦʤⱧᴆ☻☻ʮȹ̋☻ᵷ(ɒɄʚʦᾚήɂ☻̋ȵ)☻ɑʚʦᾚήɂ☻˃̒ɕAAAAAAAAAAAAAɶʫ☻˂Ịʍ☻
ᴮ
Ʉ˄ɬ̒ʬʍ☻ʮ̒ʠ˄

☻́ʁɄɡɓɄɇ☻́ɟ̒ʫ☻ʮ̒ʠ˄☻ὂỰʬ̍ʤɂ☻ɭ̍ʤɂ☻ʪɄẛẀȹⱧᴆ.ɰɄˈɕʤɂ☻ʵɄɡɓɄɇ☻ʹɡɕɓ☻ὂỰʬˈʤɂ☻ɭˈʤɂ☻ʏɈɄᴬᴬᴬᴬᴬᴬɽȵ☻ᵷ☻☻ɑˆʺɂɳʤɂ☻ʮȹ—☻☻ʮḛɕʤɬɄʎᶽɂ☻ˍ☿

)8)☻ʺ☻(9☻ὃỲᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ☻ʵɄɡɓɄɇ☻ʮɄʆɋɓɱɓ☻(Ⱨᴆ☻☻ὃỲᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂʺ║ᴆɑɇɄɕʝ☻ʳʟʬ˄☻.☻☻˂Ịʍ☻ὃỲᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ

:ˌɔᶺ☻ʻɦʱʤɂ 

Ⱳ Ⱨ║ ▼░▪ Ᵽ                                            ╫ 
 ☻☻ʪɳʎʤɂ☻ʮȵ☻˂Ỉȹ☻Ʉʱʶ☻ṔḛᴬᴬɺʰʺⱲᴆ☻☻ὃỲAAḳ̄ʅɄɦʒʑɂ☻ʪɳʎʤɂ☻rʫ☻ʨʞ☻˂Ịʍ☻˃ɬ̒ʬʍ☻

ᴮ
ɄAAʂ˄ȵ☻̒ʁⱧᴆ☻☻ὃỲᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂʺ

║ᴆ. 

 

┘:ʢɄɛʫ(ɰɄˈɓ┘ɄẛẀ┘ɱʬ˄┘ɑˆɱȼɂɬ┘ɑʚʦᾚή┘ὃỲḳˉʅɄʱʒᶽɂ┘ʪɳʎʤɂ┘ɆɄɶɥ) 

 ☻Ʉʁɱʆʙ☻ʗAAAᴬAAAAAɾʯ☻(˃ɱȼɂɬ☻ʡʦAAAAAAAAAɵ)☻ɑ̂ɱȼɂɬ☻ɑʚʦɥ☻Ʉɦ˄ɭʤ☻́ʯȵ☻ʀɱʖʯρ ά☻☻☻ɰɄˈɓ☻ɄẛẀ☻ɱʬ˄Ὅ ☻☻ˍ☿☻ɑʍʻᴬᴬᴬᴬᴬᴬᴬᴬᴬʁʻʫ

☻ʹɕʬˈʙ☻ὃỲᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥπȟυππ Ὕ☻˃̋ɄAAɶɔ☻ɑ̂̋ɂɲ☻ʏɦAAɾ˄☻ɑʚʦᾚήɂ☻˃̒ɕAAɶʫ☻˂Ịʍ☻ʭʉɄɦʤɂ☻.— σπ☻☻ʏʫ

☻Ʉʬʝ☻ὃỲᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂʶ.ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻ☻Ʉᴬᴬᴬᴬɶ˅☻ɑˆɱȼɂɭʤɂ☻ɑʚʦᾚήɂ☻ˍ☿☻ɰɄᶽɂ☻ɰɄˈɕʤɂ☻ɑʬˈʙ☻ʮȹ☻˃̋ςȟππ ὃ☻
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)☻.ʛʕɱᶽɂ☻ʨʠᴬᴬᴬɺʤɂ☻ˍ☿☻ᾝᴬᴬᴬὟʻʫ☻ʹʶɄɡɓɂʺa)☻.ɑʊᾚίʤɂ☻ʡʦɓ☻ˍ☿☻ɑʚʦᾚίʤ☻ὃỲᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ☻ɬɄɡ˄ȹ☻Ɇʻʦʆᶽɂ☻(b☻ʮɄʞ☻ɂɮȹ☻(

☻ʵɬɄʎɈȵ☻˃ɯʤɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ʨˈʆɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻ʗʦʫ☻ˍ☿☻ɱʬ˄☻ɰɄˈɕʤɂ☻ɷʖʯςȟππ ά☻☻ʺσȟππ ά☻☻ʻʶ☻Ʉʬʝ☻ɒɄʖʤ☻ʳʫ☻ʗʤȸʫʺ

)☻ɑʤɄᾚήɂ☻ˍ☿☻ʮḛɋʫbʒᶽɂ☻ʪɳʎʤɂ☻ɬɄɡ˄ȹ☻Ɇʻʦʆᶽɂ☻.ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ʳʫ☻(☻ʗʦᶽɂ☻˂Ịʍ☻ɱəȸᶽɂ☻ʪɳʎʤɂ☻ɑʬˈʙʺ☻ʗʦʬʦʤ☻ὃỲḳˉʅɄʱ

.ɑʊᾚίʤɂ☻ʡʦɓ☻ˍ☿ 

  
)a┘˃̒ɕɶʑɂ┘̱┤┘ɐɬ̒ɟ̒ʫ┘ɰɄ̍ɓ┘ɄẛẀ┘ɱʬ˄┘ɑ̂ɱȼɂɬ┘ɑʚʦɥ┘(●◐┘┘̱ẠɰɄɩ┘ὃỲḳ̄ʅɄɦʒʫ┘ʨʚɥ┘ɭɟ̒┘˄ɝ̍ɥ║ᴆ┘. 

)b┘˃̒ɕɶʑɂ┘̱┤┘ɐɬ̒ɟ̒ʫ┘ʨʠɺʤɂ┘ɑʦ̍ʆɕɶʫ┘ɑʖʤ┘(●◐┘.ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ɷʖʯ┘ɭɟʻ˄┘ɝˈɥ 
 

:ʨᾚήɂ 

 ☻ʭə☻ʳʫʺ☻ᵷὃỲᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ☻ɆɄᴬᴬᴬᴬɶᾚή☻ᵷ(ɑɥɄᴬᴬᴬᴬɶᶽɂ)☻ɧʆᴬᴬᴬᴬɶʤɂ☻ɆɄᴬᴬᴬᴬɶɥ☻ɏɡ˄☻ᵷɏʦʅ☻ʺȵ☻Ȳɳɟ☻ʨʞ☻ʨɟȵ☻ʳʫ

☻ᴬɇ☻ʹɉɱʁὄ ίὭὲ—.☻)☻ɑʙᶚʎʤɄɇ☻ʭˈʚʤɂ☻ʢɂɭɋɖɵɂ☻˂Ỉȹ☻ɬʻʚɓ☻ɑˈʤᶺ☻ʵɯʶ☻ʨʞʺ9b.( 

)aᶽɂ┘ʪɳʍʺ┘ɑˆɱȼɂɬ┘ɑʚʦᾚή┘ὃỲḳˉʅɄʱʒᶽɂ┘ʪɳʎʤɂ┘ɬɄɡ˄ȹ┘(:ɄẛṨʦʍ┘ɱəȸᶽɂ┘ɑɟʺɬɳ 

 ☻ɧʆɵ☻
ᴮ
ᶗ̋ȵ☻ɏɶɦɦʤ☻ᵷɑ˄Ʉʒʤɂ☻ɻɯyʤ̋:ɑˆɱȼɂɭʤɂ☻ɑʚʦᾚήɂ 

ὃ “ὶ “ρȟππ ά σȟρτ ά  
ɏɶɦʱʤʺ☻:ɑʚʦᾚίʤ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ 

ʈ Ὅὃὔ ςȟππ ὃ σȟρτ ά ρ φȟςψ ὃȢά  
ʭˈʙ☻ʢɭɋʯ☻ʮᶺʺ☻☻ʳʫ☻ʨʞʪɳʎʤɂ☻☻ɑˆʺɂɳʤɂʺ☻ᵷὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ᵷὃỲḳˉʅɄʱʒᶽɂ—☻☻)☻ɑʙᶚʎʤɂ☻ˍ☿9b:( 

† ‘ὄ ίὭὲ — φȟςψ ὃȢά πȟυππ Ὕ ÓÉÎσπȟπ ρȟυχ ὔȢά 
)aᶽ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʪɳʎʤɂ┘ɬɄɡ˄ȹ┘(┘ʨʠɺʤɂ┘ʨˈʆɕɶʫ┘ʗʦᶽɂ┘ʪɳʍʺ:ʹˈʦʍ┘ɱəȸᶽɂ┘ɑɟʺɬɳ 

 :ɑʦˈʆɕɶᶽɂ☻ɑʚʦᾚήɂ☻ɧʆɵ☻ɏɶɦʱʤ 

ὃ ὒ Ὄ ςȟππ ά σȟππ ά φȟππ ά  
ɏɶɦʱʤʺ☻:ɑʚʦᾚίʤ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ 

ʈ Ὅὃὔ ςȟππ ὃ φȟππ ά σ σφȟπ ὃȢά  
☻ɑˆʺɂɳʤɂʺ☻ᵷὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ᵷὃỲḳˉʅɄʱʒᶽɂ☻ʪɳʎʤɂ☻ʳʫ☻ʨʞ☻ʭˈʙ☻ʢɭɋʯ☻ʮᶺʺ—☻☻)☻ɑʙᶚʎʤɂ☻ˍ☿9b:( 

† ‘ὄ ίὭὲ — σφȟπ ὃȢά πȟυππ Ὕ ÓÉÎσπȟπ ωȟππ ὔȢά 
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:ˌȽɄɉɱʸʟʤɂ┘ʜɱɦᶽɂ┘:ʛˈɋʆɓ 

 ☻ʮɱʚʤɂ☻̱☿☻rɦʯ̋☻ʨ̍ɪɓ☻ᵷɏʎAAAAɾʤɂ☻rʫ21☻ʃʎɈ☻.ɑ̍ȼɄɉɱyʟʤɂ☻ɒɄʞɱɦʑɂ☻ʮ̋ɬ☻ɻ̄ʎh☻ʮȵ☻ᵷ☻ὃỮʤɂ☻ɒɄʚˈɋʆɕʤɂ

 ɱʝɯʯ☻ɒɄʞɱɦʫ☻˃̒ɕɦɓ☻:ʢɄɛᶽɂ☻ʨˈɌᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻˂Ịʍ☻☻ɼɂɱʙᶻ"☻˂Ịʍ☻ɭʬɕʎɔ☻ὃỮʤɂ☻ɆɄʎʤᶻ☻ᵷɆʻᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵɄᾚήɂ☻ɼɂɱʙȵ☻ɒɄʙɂʻᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ

☻ɑɡʫɭᶽɂæ Compacts "Disk☻☻ᴬᴬᴬᴬᴬᴬᴬᴬᴬʤɂCD☻ɒɄʶʻ˄ɭˈʖʤɂ☻ɼɂɱʙȵʺ☻ᵷ-☻DVD...ɒɄʖ̍ʟʑɂ̋☻ᵷɒɂɰɄ̍ɶʤɂ☻ʌᶚʙȹ☻ʪɄʊʯ☻ᵷ☻ᾢήȹ☻.

ɬ☻ɑᴬˈʝɱɥ☻ɑʙɄᴬʆʤ☻ɑᴬˈȼɄɉɱʸʟʤɂ☻ɑʙɄᴬʆʤɂ☻ʨˆʻɦɕɇ☻ʪʻʚɓ☻ɒɄʞɱɦᶽɂ☻ʮȹɑAɋʦAAAAAAAAAAAAAAɽ☻ɑAʚʦɥ☻rʫ☻ʮ̒ʠɕɓ̋☻ᵷɑA̍ʯɂɰ̋☻☻ɰɄᴬˈɓ☻ɄᴬẛẀ☻ɱʬ˄

.ὃỲḳ̄ʅɄɦʒʫ☻ʨʚɥ☻̱☿☻Ʉyʎʁ̋☻ɭɦʍ☻ɰ̋ɭɓ̋ 

 ☻ɑ̂̋ɂɳʦʤ☻ɐṔḛʒAAAAAAɾʤɂ☻ʭ̍ʚʤɂ☻ʨɟȵ☻rʫ☻ɑʚʦɥ☻ʮɂɰ̋ɬ☻rʍ☻ɣɓɄɦʤɂ☻ʮɂɰ̋ɭʤɂ☻ʪɳʎʕ☻ᵷ
ᴮ
ɄʚɇɄAAAAAAɵ☻Ʉɦ˄ȵɰ☻Ʉʬʝʃ☻☻ʪɳʎʤɄʕ

ᵷɱʖAAɾʤɂ☻
ᴮ
Ʉ̂̋ɄAAɶʫ☻ɧɋAAɾ˄☻☻̋☻ɑʚʦᾚήɂ☻̓̒ɕAAɶʫ☻˂Ịʍ☻˃ɬ̒ʬʍ☻ὃỲAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ— π☻ɗʯɄʞ☻ɂɮȹ☻.

☻ɷʟʎ˅☻ʪɳʎʤɂ☻ʮȹ☻.ʛʕɱʑɂ☻ʨʠAAAAAAAAAAAAAAɺʤɂ☻˂Ịʍ☻ᾝAAAAAAAAAAAAAAὟ̒ ɂʑ☻ɻɄɡɓᴜ☻̱☿☻ʮɄ̍ʚɋ˄☻ɰɄ̍ɕʤɂ̋☻ɑ̂̋ɂɳʤɂ☻ɻɯyʕ☻
ᴮ
ɄʚɋAAAAAAAAAAAAAAɶʫ☻ɰ̋ɭɓ☻ɑʚʦᾚήɂ

.ɑʍɄɶʤɂ☻ɆɰɄʚʍ☻ʮɂɰ̋ɭʤ☻ɷʝɄʎʑɂ☻ɻɄɡɓᶗɄɇ☻˃ȵ☻ᵷɷʝɄʎʑɂ☻ɻɄɡɓᴜ☻̱☿☻ɑʚʦᾚήɂ☻ɰ̋ɭɓ̋☻ɻɄɡɓᴜ 

 
)a)┘.ʭʊɕɦʫ┘ὃỲḳ̄ʅɄɦʒʫ┘ʨʚɥ┘̱┤┘ʨʠɺʤɂ┘ɑʦ̍ʆɕɶʑɂ┘ɑʚʦᾚίʤ┘˃̒ʦʍ┘ɱʊɦʫ┘(b┘ὃửʯɄɟ┘ɱʊʱʫ┘(┘ɑʦˈʆɕɶᶽɂ┘ɑʚʦᾚίʤ 

)┘ɑʤɄᾚήɂ┘ˍ┤a)┘.(c)┘ɑʤɄᾚήɂ┘ˍ┤┘ɑʚʦᾚίʤ┘ὃửʯɄɟ┘ɱʊʱʫ┘(a┘ɑʚʦᾚήɂ┘˂Ịʍ┘ʭʉɄʱʤɂ┘ʏʫ┘( 

┘Ʉʁɰɭʙ┘ɑ̂̋ɂɲ┘ʨɟȵ┘rʫⱣ┘.ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ʏʫ 

  

 ɑɉʻʎɾʤɂ☻ʵɯʶ☻˂Ịʍ☻ɏʦʒɕʤɂ☻ʮȹ☻☻̱☿☻ɰɄʑɂ☻ɰɄ̍ɕʤɂ☻ʮȺʕ☻ᵷɭɥɂ̋☻ɻɄɡɓɂ☻̱☿☻ɱʬɕɶʑɂ☻ʮɂɰ̋ɭʦʤ☻ɒɄʅɄ̍ɕɥᴜ☻ɯɩȵ̋

.˃ɰ̋ɬ☻ʨʠAAAAAAAAAAAAAAɺɈ☻ɻɄɡɓᴜ☻ɷʟʎ˅☻ʮȵ☻ɏɡ˄☻ɑʚʦᾚήɂ☻☻ɆʺɄʱɕᶽɂ☻ɰɄˈɕʤɂ"☻˂Ịʍ☻ʨʬʎɔ☻ὃỮʤɂ☻ɒɄʞɱɦᶽɂ☻ʮȹæ Alternating-

Current (AC)☻ɷʟʎʤɄɇ☻ʪʻʚɓ☻ɝˈɥ☻ɑɉʻʎᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾʤɂ☻ʡʦɓ☻˂Ịʍ☻ɏʦʒɕʤɄɇ☻ʪʻʚɓ☻"120☻ʤɄɥ☻ˍ☿☻.ɐɭɥɂʻʤɂ☻ɑˈʯɄɛʤɂ☻ˍ☿☻ɐɱʫ☻ɑ

)☻ɱʬɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᶽɂ☻ɰɄˈɕʤɂ☻˂Ịʍ☻ʨʬʎɔ☻ὃỮʤɂ☻ɒɄʞɱɦᶽɂDCʎʤɂ☻ʮȹ☻ᵷ(☻ʨʬʨAAAAAAAAAAAɾʕ☻ɑʚʦᾚή☻ɒɄAAAAAAAAAAɵɄʬɕʤɂ☻ɑʆAAAAAAAAAAAɵɂ̒ɇ☻
ᴮ
Ʉ̍ʟ̍ʯɄʠ̍ʫ☻ʭɕ˄☻

)Split-Ring˃ȵ☻(☻☻ɰɄˈɕʦʤ☻ɷʝɄʍ)-☻Commutators.ˍỈɄɕʤɂ☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ᵷὃỲḴɂɱʕʺ☻( 
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┘ɰɄˈɕʤɂ┘˂Ịʍ┘ʨʬʎ˅┘ˌȽɄɉɱʸʝ┘ʜɱɦᶽ┘ʇɶɌʫ┘ʇʆɪʫ

┘ɱʬɕɶᶽɂDC. 

 
 

7-┘┘̱┤┘ʮ̒ᾚὊʫ┘ʭ̍ɶɟ┘ɑʝɱɥ:ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ 

☻ɑ˄ɬ̒ʬʍ☻ɑ̍ȼɂɭɋʤɂ☻́ɕʍɱAAAAɵ☻ɗʯɄʞ̋☻ʭʊɕɦʫ☻ὃỲAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ☻̱☿☻ʜɱɦɕ˄☻ʮ̒ᾚAAAAὊʫ☻ʭ̍AAAAɶɟ☻Ʉɦ˄ɭʤ☻ʮɄʞ☻ɂɮȹ

 ˃ɱȼɂɬ☻ʛ̂ɱʅ☻˂Ịʍ☻ʜɱɦɕ̄ɶʕ☻ᵷʨʚᾚήɂ☻˂Ịʍ☻(ɐɱȼɂɬ)☻.ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻˂Ịʍ☻˃ɬ̒ʬʍ☻˃̒ɕɶʫ☻̱☿☻☻ɱʆʙ☻ʗɾʯ☻ʮȹ

☻˃ɱȼɂɭAAʤɂ☻ʛ̂ɱʆʤɂὶ☻ᴬAAAAAAAAAAAAAAɶɖʤɂ̋☻rɓ̒ɦ̍ʤ☻̩hɄAAɛʤɂ☻ʮ̒ʯɄAAʚʤɂ☻rʫ☻
ᴮ
ɄAAʙᶚʆʯɂ☻ɏAAAAAAᴬAAAAAAAAɶɦƎ˄☻ʮȵ☻rʟʬ˄ ˃ɳʝɱʑɂ☻ʌɰɄ☻☻˃̋ɄAAAAAAAAAAAAAAAɶ˅☻˃ɯAAʤɂ

ὺȾὶɑʙᶚʎʤɄɇ☻ˁʆʎƎ̋̌☻ᵷʛʕɂɱᶽɂ☻ʨʠɺʤɂ☻ɱʊʯɂ☻ᵷ: 

Ὂ ήὺὄ
άὺ

ὶ
 

ʹʱʫʺ☻:ʮȵ☻ɭɡʯ 

►
□○

▲║
                                                   

☻ɝˈɥά☻☻ʺ☻ʭˈɶᾒήɂ☻ɑʦɕʝή☻.ʹɕʱᾚὉ 

ʭˈɶᾒήɂ┘ɑʍɱɵ┘○ᴆ┘.ʭʊɕʱʫ┘ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ┘˂Ịʍ┘ɑ˄ɬʻʬʍ┘

┘ʨʚᾚήɂ┘˂Ịʍ┘˃ɬ̒ʬʎʤɂ┘˃̒ɕɶʑɂ┘̱┤┘ɐɱȼɂɬ┘˂Ịʍ┘ʭ̍ɶᾒήɂ┘ʜɱɦɕ˄

║ᴆ┘̋ȵ┘Ɇɱʂʤɂ┘ɒɂɰɄɹȹ)┘.ɑɦʖɾʤɂ┘ʨɩɂɬ┘̒ɦʯ┘́ɟ̒ʫ̋┘ᵷ

┘.(ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ɑʎɹȵ┘ɑ˄Ʉẛẃ┘ʺȵ┘ʨ˄ɮ┘ʨɛʬɓ┘ʮɄɋʦɾʤɂ 

┘ɑˈɶˉʅɄʱʒᶽɂ┘ɐʻʚʤɂ┘ʌɄʎɹ┘ʮȹ╕ᴆ┘┘ɑʱᾚὊʤɂ┘˂Ịʍ┘ɐɱəȸᶽɂ 

.ɐɱȼɂɭʤɂ┘ɳʝɱʫ┘ʻɦʯ┘ʹɡɕ˄ 
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 )☻ʭʙɰ☻ɑAʚɇɄAAAAAAAAAAAAAAɶʤɂ☻ɑʙᶚʎʤɂ̋10(☻☻ɑʝɱɥ☻ɑA̍ʬʝ☻ʏʫ☻
ᴮ
ɂɬɱʅ☻ɏAAAAAAᴬAAAAAAAɵɄAɦɖ˄☻ɰɄAAAAAAAAAAAAAAɶʑɂ☻ɱʆʙ☻ʗAAAᴬAAAAAAAAAAɾʯ☻ʮȵ☻ὃỰʎɔάὺ☻

)☻ɑʤɬɄʎʑɂ☻˂Ịʍ☻
ᴮ
ɄɋʤɄʑ☻ʛʦʆƎ˄☻.ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ̋☻ɑɦᾚὊʤɂ☻ʏʫ☻

ᴮ
Ʉɶʟʍ̋☻ʭ̍ɶᾒήɂ10"☻ʭɵɂ☻(ɑʤɬɄʎʫ☻ʮ̋ɱɓ̒ʦʠ̍ɶʤɂ☻

æ Cyclotron Equation☻ȲɄ˄ṕḛʕ☻̱☿☻ʪɭɪɕAAAAAAAAAAAAAAɶ
ᴲ
ɔ☻Ʉʁɰ̋ɭɇ☻ὃỮʤɂ☻ɐɳyɟz☻ʡʦɓ☻ʭ̍ʬAAAAAAAAAAAAAAɾɓ☻̱☿☻ʪɭɪɕAAAAAAAAAAAAAAɶ

ᴲ
ɔ☻Ʉẛẃɜ☻ʡʤɮ̋☻"

ɒɄʬˈɶᾒήɂ☻ʤ)(ɒɄʬˈɶᾒήɂ☻ʏˇɱɶɖ. 

 ☻Ʉʬʝ☻ᵷὃỲAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻˂Ịʍ☻˃ɬ̒ʬʍ☻ʮ̒ᾚAAὊʑɂ☻ʭ̍AAɶᾒίʤ☻ɑ̍ȼɂɭɋʤɂ☻ɑʍɱAAɶʤɂ☻ʌɄʎAAɹ☻ɻɄɡɓɂ☻rʟ˄☻ʭʤ☻ɂɮȹ

ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻ὂḒɶƎ˅☻ὃửʤ̒ʤ☻̋ȵ☻̩hɳ̋ʦɥ☻ɰɄɶʫ☻ʏɋɖ˄☻ʭ̍ɶᾒήɂ☻ʮȺʕ☻ᵷʤɄɇ)┘ᴬɷʟˈʦˈʶ☻-☻Helix┘(☻ʢ̒ʅ☻˂Ịʍ

.ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʄʻʆɩ 

 ʮ̒ᾚὊʫ┘ʭ̍ɶɟ┘ɑɋɟʻʫ┘ɑʱᾚὊɈ┘┘ʹɟʻʫ┘ʹɕʍɱɵ┘ʌɄʎɹ

ɑ̂̋ɂɲ┘ʏɦɾ˄┘ɝ̍ɦɇ┘Ʉʫ┘┘.ʭʊɕʱʫ┘ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ┘ʏʫ

.̩hɳ̋ʦɥ┘ʨʠɹ┘rʍ┘ɐɰɄɋʍ┘̒ʁ┘ʭ̍ɶᾒήɂ┘ɂɯʁ┘ɰɄɶʫ┘ʮȹ 

 
ʛˈɋʆɓ┘ˌȽɄ˄ṕḛʕ:┘┘ɬɄˈʆɽɂ)┘ʺȵ┘ɒɄʱᾚὉʬˈɶɟ┘ɑʯʻᾚὊʫ┘ɒɄæ Trapping Charges( 

 ☻ʨʚɥ☻Ʉʱ˄ɭʤ☻ʹʯȵ☻ʀɱʖʱʤʺ☻.ɒɄʚˈɋʆɕʤɂ☻ʳʫ☻ɭ˄ɭʎʤɂ☻ʨɟȵ☻ʳʫ☻ʭʸʫ☻ɑʯʻᾚᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὊᶽɂ☻ɒɄʬˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾒήɂ☻ʳˆɳɪɓ☻ʮȹ

☻.ȲɄAAAAAAAAAAʂʖʤɂ☻rʫ☻ɑ̍ẛṥɦʫ☻̋ȵ☻ɐɬ̋ɭɦʫ☻ɑʚʆɦʫ☻̱☿☻̱ẠɰɄɩ☻ὃỲAAAAAAAAAAḳ̄ʅɄɦʒʫ┘ʔɯʙ┘rʟʬ˄┘ʨʁ┘:̩ɔʌ┘̒ʁ┘ɤ̋ɱʆʑɂ┘ʢɂȸAAAAAAAAɶʤɂ

┘ʮ̒ᾚὊʫ┘ʭ̍ɶɟᵺɑˈɶˉʅɄʱʒʫ┘ɐʻʙ┘ɑʆɵɂʻɇ┘Ʉʸʦɩɂɬ┘ʹȼɄʚɇȹʺ┘Ʉʸʦɩɂɬ┘˂Ỉȹ┘ɑʚʆʱᶽɂ┘ʡʦɓ┘ɞɰɄɩ┘ʳʫ┘┘ʻʶ┘Ɇɂʻᾒήɂ

ᵺʗˈʝ┘ʳʟʤʺ┘.ʭʎʰ 

:ɤɱɺʤɂ 

 ☻ʨʚᾚήɂ☻ʄʻʆɩ☻˂Ịʍ☻ɑ˄ɬʻʬʎʤɂʺ☻ɑˆʺɂɳʤɂ☻ʭɶᾒίʤ☻ɑʍɱɶʤɂ☻ὃỮɋʝɱʫ☻ʨɾʖʱʫ☻ʨʠɺɈ☻Ṕḗɕʎʰ☻ʮȵ☻ʨʂʕᶻ☻ʳʫ

☻ʨAAʚᾚήɂ☻ʄ̒ʆᾟή☻ɑÂAɲɂ̒ʑɂ☻ɑAAʍɱAAAAAAAAAAAAAAɶʤɂ☻ɑAAɋʝɱʑ☻ɑAAʚʕɂɱʫ☻ɑAAAAAA̍AᴬAAAAAAAAɶ̄ʅɄAɦAʒʫ☻ɐ̒ʙ☻ɭAAɟ̒☻˄ᶗ☻.ɑAAʚʆɦʑɂ☻ʡAAʦɓ☻̱☿☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAʒʑɂ

ɕɓ☻ᶗ☻Ʉʸɶʖʯ☻ˁʚɋɓ☻ɑʍɱɶʤɂ☻ɑɋʝɱʬʕ☻ɂɯʟʶʺ☻ᵷὃỲḳˉʅɄʱʒᶽɂ.Ṕḛʒ 

 ☻ɑˈᴬᴬᴬɶˉʅɄʱʒʫ☻ɐʻʙ☻˂Ỉȹ☻˃ɬȸɕᴬᴬᴬᴬɵ☻ɑɋʝɱᶽɂ☻ʵɯʶ☻.ʨʚᾚήɂ☻ʄʻʆɩ☻˂Ịʍ☻ɑ˄ɬʻʬʎʤɂ☻ɑʍɱᴬᴬᴬᴬɶʤɂ☻ɑɋʝɱʫ☻ʮᶺ☻Ṕḗɕʎʱʤ

☻
ᴮ
ɄAAAAAAAʂ˄ȵ☻ʮ̒ʠ˄☻ɐ̒ʚʤɂ☻ʡʦɓ☻rʫ☻ʭ̍AAAAᴬAAɶᾒήɂ☻ɰɄAAAAAAAɶʫ☻ʮȹ☻.ɄyAAAAAAAɶʖʯ☻ɑʍɱAAAAAAAɶʤɂ☻ɑɋʝɱʫ̋☻ʨʚᾚήɂ☻ʄ̒ʆɩ☻rʫ☻ʨʞ☻˂Ịʍ☻ɑ˄ɬ̒ʬʍ

ʏʁ̒ʤɂ☻ɂɯʁ☻̱☿☻.ɑ̂ɱȼɂɬ☻ɑʍɱɵ☻rʍ☻ɐɰɄɋʍ☻̱Ộ☻ὃỮʤɂ☻ɑʍɱɶʤɂ☻˂Ịʍ☻˃ɬ̒ʬʍ☻☻ɞɱɪ̂̋☻˃ɱȼɂɬ☻ɴ̒ʙ☻ɰɄɶʫ☻ʏɋɖ˄☻ʭ̍ɶᾒήɂ

☻ɑ̍ʝɱᾚήɂ☻́ɕʙɄʅ☻ʭ̍AAAAᴬAAAAAAAAAɶɟ☻ʨɟȵ☻rʫ☻ʡʤɮ̋☻ᵷʛʕɱʑɂ☻ʨʠAAAAAAAAAAAAAAɺʤɂ☻̱☿☻ʮḛɋʫ☻̒ʁ☻Ʉʬʝ☻ᵷɐɱȼɂɭʦʤ☻̓ɱɩz☻ɑyᾒήɂ☻rʫ☻☻ʨʚᾚήɂ

☻ɭʎɈ☻ʪɬɄAAAɾɕʤɄɇ☻ɑ̍ʝɱᾚήɂ☻́ɕʙɄʅ☻rʫ☻Ȳɳɟ☻ɱAAAɶɩ☻ɂɮȹ☻(ɻɱAAAɾɥ)☻ʭ̍AAAɶᾒήɂ☻ɬɄ̍ʆAAAɽɂ☻rʟʬ˄☻ᵷ̓ɱɩȵ☻ɑ̍ɥɄʯ☻rʫ☻.ɑɕɇɄə

Ị˂ʍ☻ʭ̍ɶᾒήɂ☻ɰ̋ɭ˄☻ɂɯʟʁ̋☻ᵷʨʚᾚήɂ☻ɑʚʆɦʫ☻́ʤ̒ɩɬ☻.ʨʚᾚήɂ☻ɑʚʆʱʫ☻ʨɩɂɬ☻ʺȵ☻ᵷʨʚᾚήɂ☻ʨɩɂɬ☻ˁʚɋˆʺ☻ɱʒɽȵ☻ɐɱȼɂɬ 
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┘ɑʚʆʱʫ┘ˍ┤┘ʵɱɾɥʺ┘ʭˈɶɟ┘ɬɄˈʆɽᶗ┘ˌȽɄ˄ṕḛʕ┘ʛˈɋʆɓ

.ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ┘ɭɟʻ˄┘ɝˈɥ 

 
 

 ☻ᵷὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚίʤ☻ɑʕɄʁȹ☻ᵷɂɮȹ☻ɄʶɬɄˈʆɽɂʺ☻ɒɄʬˈɶᾒήɂ☻ʔɯʙ☻ʳʟʬ˄☻ɑɦʝɄɵ☻ɑ̍ȼɄɉɱyʝ☻ʢ̒ʚɥ☻ʜɄɦʁ

)Electrostatic ʢ̒ʚᾚήɂ☻ʡAʦɓ☻ʪɭAɪɕAAAAAAAAAAAAAAɶɔ☻.(☻)☻ɄᴬʶɬɄᴬˈʆᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽɂ☻ʺȵ☻ɒɄᴬʬˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾒήɂ☻ɲɄᴬɡɕɥɂ☻ʮɄᴬʠʫ☻ˍ☿Penning Trap☻.(

☻˂Ịʍ☻ᵷɐɭˈʖʫ☻ɭ˄Ʉᴬᴬᴬᴬɾᶽɂ☻ʵɯʶ☻ʨɛʫ☻.ɑʦˆʻʅ☻ɒɂṔḘʖʤ☻ɑʯʻᾚᴬᴬᴬᴬὊʫ☻ɒɄʬˈᴬᴬᴬᴬɶɟ☻ʳˆɳɪɓ☻ʳʟʬᶽɂ☻ʳʫ☻ᵷɐɳʸɟᶻ☻ʵɯʶ☻ɑʆᴬᴬᴬᴬɵɂʻɇ

)☻ɐɬɄᶽɂ☻ɬɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʂʫ☻ʳˆɳɪɓ☻ʳʫ☻ᵷʢɄɛᶽɂ☻ʨˈɌᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵAnti-Matter☻ɐɬɄʬʦʤ☻Ʉẛṥᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫᶚʫ☻ɭʱʍ☻ʨʫɄʞ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺɈ☻ʡʟʖɕɓ☻ὃỮʤɂ☻ᵷ(

)☻ɑ˄ɬɄʎʤɂOrdinary Matter.( 

:ʏˇɱɵ┘ʢɂȸɵ 

 ὃỲAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ☻ɬ̒ɟ̒ɇ☻˃ɱȼɂɬ☻ɰɄAAAAɶʫ☻˂Ịʍ☻ɱɥ☻ʨʠAAAAɺɈ☻ʜɱɦɕ˄☻ʮ̒ᾚAAAAὊʫ☻ʭ̍AAAAɶɟ☻☻ʨʠᴬᴬᴬᴬɺɈ☻ʛɋʆʫʺ☻ɗɇɄə

)☻:ʭˈɶᾒίʤ☻ɑˈʝɱᾚήɂ☻ɑʙɄʆʤɂ☻ʮȹ☻ᵷʭˈɶᾒήɂ☻ɑʍɱɵ☻˂Ịʍ☻˃ɬʻʬʍ1)☻ᵷɑɕɇɄə☻ˁʚɋɓ☻(2)☻ʺȵ☻ᵷɭ˄ɂṕḘɓ☻(3.ɿʙɄʱɖɓ☻( 

 )┘ʭʙɰ┘ɰɄ̍ᾟήɂ┘̒ʁ┘Ɇɂ̒ᾒήɂ1(ʭˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾒήɂ☻˂Ịʍ☻ɱəȸɓ☻ὃỮʤɂ☻ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɐʻʚʤɂ☻ʮȹ☻.☻☻˂Ịʍ☻ɑ˄ɬ̒ʬʍ☻
ᴮ
Ʉʫ̋ɬ☻̱Ộ

ʭˈᴬᴬᴬɶᾒήɂ☻ɑʍɱᴬᴬᴬɵ☻☻ᵷʭ̍AAAɶᾒήɂ☻˂Ịʍ☻ʨʬʎɈ☻ɐ̒ʚʤɂ☻ʪ̒ʚɓ☻ᶗ☻ᵷʄ̋ɱAAAɺʤɂ☻ɻɯʁ☻ɗɦɓ☻.ʢɄʚɕʯᶗ☻ʭ̍AAAɶᾒήɂ☻ʏAAAʂɪ˄☻ᶗ☻̱ỈɄɕʤɄɉ̋

.ɑɕɇɄə☻ˁʚɋɓ☻ʭɶᾒίʤ☻ɑˈʝɱᾚήɂ☻ɑʙɄʆʤɂ☻ˍỈɄɕʤɄɉʺ 
 

ʢɄɛʫ┘)1(:┘┘ʺȵ┘ˍỊɕʟʤɂ┘ʗˈʆʤɂ┘ʨʦɦʫɴɄˈʚʫ┘ɑʦɕʟʤɂ┘ʔɄˈʆʫ┘ʺȵ┘ɑʦɕʟʤɂ(ɒɄʬˈɶᾒήɂ┘ɭ˄ɭɦɓʺ┘ʔɱʎɕʤɂ┘: 

 ☻ʳʫ☻ʔɭʸʤɂ☻ʮȹ.ʭ̍ɶɟ☻˂Ịʍ☻ʔɱʎɕʦʤ☻ʮ̋ɱɓ̒ʦʠ̍ɶʤɂ☻ɑʤɬɄʎʫ☻ʪɂɭɪɕɵɂ☻̒ʁ☻ʢɄɛʑɂ☻ɂɯʁ 

 ☻Ʉʁɰɭʙ☻ɑʍɱAAAAAAAAAAAAAAɶɈ☻̱Ịɕʟʤɂ☻ʗ̍ʆʤɂ☻ʨAʦɦʑ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦʒʫ☻ʨAʚɥ☻ʢɄAɡʫ☻ʨɩɭ˄☻ʮ̒ᾚAAAAAAAAAAAAAAὊʫ☻ʭ̍AAAAᴬAAAAAAAAAɶɟ☻ʀɱʖɦʤ

ρȟχωρπάȾί☻.ȼɂɬ☻ɰɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻˂Ịʍ☻ʜɱɦɕ˄☻ɭᴬʎɈ☻Ʉᴬʬˈʕʺ☻˃̋ɄAAAAAAAAAAAAAAAɶ˅☻ɻɱʆʙ☻ʗAAAᴬAAAAAAAAAAɾʯ☻˃ɱρφȟπ ὧά☻☻ʨᴬʚɥ☻ˍ☿

☻ʹɕʬˈʙ☻ʭʊɕʱʫ☻ὃỲḳˉʅɄʱʒʫπȟσυπ Ὕ☻☻ɑʱᾚὉʺ☻ɑʦɕʝ☻ʮḛɇ☻ɑɋɶʲʤɂ☻ɬɄɡ˄ȹ☻Ɇʻʦʆᶽɂ☻.ʭˈɶᾒήɂ☻ɑʍɱɵ☻˂Ịʍ☻˃ɬʻʬʍ

:ˁʆʎʑɂ☻ʢ̋ɭᾒήɂ☻˂Ỉȹ☻
ᴮ
ɂɬɄɦɖɵɂ☻ʭ̍ɶᾒήɂ☻ʡʦɓ☻ɑʕɱʎʫ☻ʭə☻rʫ̋☻ʭ̍ɶᾒήɂ 

ɑɋɶʲʤɂ 

□Ⱦ▲ ▓▌Ⱦ╒ 

ɑʱᾚὊʤɂ 

▲ ╒ 

ɑʦɕʟʤɂ 

□ ▓▌ 

ɐɂʻʱʤɂ 

╝◊╬■▄◊▼ 
ȟ  ȟ  ȟ   ┘ʮḛɟ̋ɰɭ̍ʁ-┘Hydrogen 

ȟ  ȟ  ȟ  ┘ʪʻ˄Ṕḛɕ˄ɬæ Deuterium 

ȟ  ȟ  ȟ  ┘ʪʻˈɜˆɱɓæ Tritium 

ȟ  ȟ  ȟ  ┘ʪʻˈʦˈʶ3 æ Helium 3 
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 ☻ʮḛɇ☻ɑɋɶʲʤɂ☻ɬɄɡ˄ᶡ)☻ɑʤɬɄʎʑɂ☻ᵷʮ̋ɱɓ̒ʦʠ̍ɶʤɂ☻ɑʤɬɄʎʫ☻ʪɭɪɕɶh☻ɑɦᾚὊʤɂ̋☻ɑʦɕʟʤɂ10:ɏɕʟʱʕ☻ᵷ( 

ὶ
άὺ

ήὄ
 

 ʨɦɉʺ☻☻ɑʱᾚὊʤɂ☻˂Ịʍ☻ɑʦɕʟʤɂ☻:ɑɋɶʲʤɂ☻ʨɟȵ☻ʳʫ☻ɑʤɬɄʎᶽɂ☻ʡʦɓάȾή:ɭɡʯ☻ɐɄʆʎᶽɂ☻ʭˈʚʤɄɇ☻ʨ˄ɭɋɕʤɄɉʺ☻ᵷ 

ά

ή

ὶὄ

ὺ

πȟρφπ ά πȟσυπ Ὕ

ρȟχωρπφάȾί
σȟρσρπψ

ὯὫ

ὅ
 

ɐɄʆʎʑɂ☻ʭ̍ʚʤɂ☻ʏʫ☻ʡʦɓ☻ɑʯɰɄʚʬɉ̋☻☻ʨʞ☻ʮȵ☻˂Ỉȹ☻Ʉɦʁ☻☻ṔḛAAAAAAAAAAAAAAɺh̋☻.ʪ̒̍əṔḘʤɂ☻ɐɂ̒ʯ"☻̒ʁ ☻̋ʭ̍AAAAᴬAAAAAAAAAɶᾒήɂ☻˂Ịʍ☻ʔɱʎɕʯ☻ʢ̋ɭᾒήɂ☻̱☿

☻̱Ộ☻˃ȵ☻ᵷɄẛẁɄʯ̋ṔḘʟʤȹ☻ʏ̍ʬɟ☻ʌɳʯ☻ʭɓ☻́ʯȵ☻˃ȵ☻ᵷʨʫɄʞ☻ʨʠAAAAAAAAAAAɺɈ☻ɑɦ̂ȸʫ☻ɒɄʬ̍AAAAAAᴬAAAAɶɟ☻̱Ộ☻ʢ̋ɭᾒήɂ☻̱☿☻ɐɄʆʎʑɂ☻ɒɄʬ̍AAAAAAᴬAAAAɶᾒήɂ

.̓̒ ʤɦɂ☻ʡʦɓ☻ʢ̒ɥ☻ɰ̋ɭɓ☻ɒɄʯ̋ṔḘʟʤȹ☻rʫ☻ʜɄɦʁ☻ɷ̄ʤ☻˃ȵ☻ᵷɑ̂ɰɄʍ☻̓̒ʯ☻rʍ☻ɐɰɄɋʍ 

 

ʢɄɛʫ┘)2(:┘┘:ɑʦɕʟʤɂ┘ɴɄˈʚʫ┘ʺȵ┘ˍỊɕʟʤɂ┘ʗˈʆʤɂ┘ʨʦɦʫɄʸʂʎɈ┘ʳʍ┘ɱȼɄʊʱʤɂ┘ʨɾʕ( 

 ☻ɄAyʤ☻̓̒ʯ☻̱Ộ☻ɱȼɄAʊɦʤɂ)☻☻ɱȼɄAʊɦʤɂ☻ʨAAAAAAAAAAAᴬAAAɾʖʤ☻ʮ̋ɱɓ̒ʦʠ̍AAAAAAAᴬAAAAAAɶʤɂ☻ɑAʤɬɄAʎʫ☻ʛ̍ɋʆɓ☻̒ʁ☻ʢɄAɛʑɂ☻ɂɯAʁ☻rʫ☻ʔɭAyʤɂ☻ʮȹ

)☻ɄʸʂʎɈ☻ʳʍ☻(ɒɄʯʺṔḘʱʤɂ☻ɬɭʎɈ☻ʗʦɕɪɓ☻ʳʟʤ☻ɒɄʯʻɓʺṔḗʤɂ☻ɬɭʍ☻ɷʖʯSeparating Isotopes.( 

 ʖʤɂ☻rʫ☻ʮɄɟɱɪɓ☻ʮɄɕ̂ȸʫ☻ʮɄɓɬɱʖʫ☻ʮɄɓɰɮ☻ɑɦɕὛ☻ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ɑʆʚʱʤɂ☻ʳʍ☻ʮᶚɩɭɓʺ☻ᵷ

☻ʹᴬᴬᴬɕʬˈʙ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄᴬᴬᴬʱʒʫ☻ʨᴬᴬᴬʚɥ☻ɭᴬᴬᴬɟʻ˄☻ɝᴬᴬᴬˈɥ☻ɑᴬᴬᴬʖʆʱʫ☻ˍ☿πȟρππ Ὕ☻ɑᴬᴬᴬɦʖᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾʤɂ☻ɞɰɄᴬᴬᴬɩ☻ʹᴬᴬᴬɟʻʫ.☻☻ɷʖʯ☻ɄAAAʬyʤ☻ʮɄAAAɓɰɯAAAʤɂ

☻˃̋ɄAAAAAAAAAAAAAɶɔ̋☻ɑʍɱAAAAAAAAAAAAAɶʤɂρȟππρπ άȾί.☻☻˃̋ɄAAAAAAAAAAAAAɶɔ☻́ɕʦɕʝ☻ɝ̍ɥ☻ɭɥɂ̋☻ʮ̒ɓ̋ɱɇ☻˃̒ɕɦɓ☻˂Ỉ̋z☻ɐɰɯʤɂ☻ɐɂ̒ʯ☻ʮȹ

ρȟφχρπ  ὯὫ☻ɐɰɯAAAAAAAʤɂ☻ɐɂ̒AAAAAAʯ☻ɄAAAAAAAʬAAɦAAAAAᴬAAAAAAĀAAAɇ☻ᵷ ˃̋ɄAAAAAAAAAAAAAAAAAAAɶAɔ☻ɄAAAAAAAẛAAAAAAṥAAAAAAʦAAAAAAɕAAAAAAʝ̋☻ʮ̋ṔAAAAAAḘAAAAAAʯ̋☻ʮ̒AᴬAAAAɓ̋ɱAAAAAAɇ☻˃̒ ᴬAAAAAɕAAAAAAɦAAAAAAɓ☻ɑA̍AAAAAAᴬAAAAAʯɄAAAAAAAɛAAAAAAʤɂ 

σȟστρπ  ὯὫ.☻☻ʛʦʆ
ᴲ
ʯ☻ʗʦɕɪɓ☻Ʉyʦɕʝ☻rʟʤ☻ɐɂ̒ɦʤɂ☻̱☿☻ɒɄʯ̒ɓ̋Ṕḗʤɂ☻rʫ☻ɬɭʎʤɂ☻ɷʖʯ☻Ʉyʤ☻ὃỮʤɂ☻ɒɂɰɯʤɂ☻ʮȹ

"☻ʭᴬᴬᴬɵɂ☻ɄẛṨʦʍ ɱȼɄʊʯ☻æ Isotopes☻ɑʦAAAɽɄʖʤɂ☻ɑʕɄAAAɶʑɂ☻ɬɄɡ˄ȹ☻Ɇ̒ʦʆʑɂ☻.ʪ̒˄Ṕḛɕ˄ɭʤɂ̋☻ʮḛɟ̋ɰɭ̍yʤɂ☻Ʉʬʁ☻r˄Ṕḛʊɦʤɂ☻ʮȹ☻."

☻ɑʆʚʱʤɂ☻ˍ☿☻ɱˆʻɾɕʤɂ☻ɤʻʤ☻ˍ☿☻ʮɄʫɭʆɾɓ☻Ʉʫɭʱʍ☻Ʉʬẛṧˈɇὖ. 

.ɑʦɕʟʤɂ┘ʔɄˈʆʫ┘ʺȵ┘ɑʦɕʟʤɂ┘ɴɄˈʚʫ 

ɑʆʚʱʤɂ┘ɭʱʍ┘ʛɺʤɂ┘ʳʫ┘ʮɄɟɱɪ˄┘ʮɂṔḛʊʯ┘╢┘ ̌̋ʮɄʠʦɶ┘

┘ɤ̒ʦɇ┘ʪɂɭʆɽᴜ ┘ʨɋʙ┘ʮɄʖʦɕɪʫ┘ʮɄ̂ɱȼɂɬ┘ʮɂɰɄɶʫ

┘ɑʆʚʱʤɂ┘ˍ┤┘ɱˆʻɾɕʤɂ╟. 
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  ɱʆʙ☻ʗAAAᴬAAAAAAAAAɾʯ☻ɭɡʯ☻ʭə☻rʫ̋☻ᵷɐɰɮ☻ʨʞ☻˂Ịʍ☻ʮ̋ɱɓ̒ʦʠ̍AAAAAAAᴬAAAAAɶʤɂ☻ɑʤɬɄʎʫ☻ʛɋʆʯ☻☻ʗʎᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁ☻ʮȹ☻.Ʉʬẛṧʫ☻ʨʞ☻ɰɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ

.Ʉʬẛṧ̍ɇ☻ʘɱʖʤɂ☻ɭɡʯ☻ʭə̋☻ᵷɰɄɶʑɂ☻ɱʆʙ☻ʨɛʬƎ˄☻ɱʆʚʤɂ☻ʗɾʯ 

 )☻ɑʤɬɄʎᶽɂ☻ʪɭɪɕɶʰ10:ʪ̒˄Ṕḛɕ˄ɭʤɂ̋☻ʮḛɟ̋ɰɭ̍yʤɂ☻˃Ṕḛʊʯ☻rʫ☻ʨʞ☻ɰɄɶʫ☻ɱʆʙ☻ʗɾʯ☻ɬɄɡ˄ɟ☻( 

ὶὌώὨὶέὫὩὲ
άὺ

ήὄ

ρȟφχρπ  ὯὫρȟππρπάȾί

ρȟφπρπ ὅ πȟρππ Ὕ
πȟρπτ ά 

ὶὈὩόὸὩὶὭόά
άὺ

ήὄ

σȟστρπ  ὯὫρȟππρπάȾί

ρȟφπρπ ὅ πȟρππ Ὕ
πȟςπω ά 

☻ᴬᴬᴬɇ☻ɱʆʚʤɂ☻ʗɾʯ☻Ɇɱʂɉʺ2☻:ʳ˄Ṕḛʊʱʤɂ☻ʮḛɇ☻ɑʦɽɄʖʤɂ☻ɑʕɄɶᶽɂ☻ɭɡʯ☻ɄʬʸʂʎɈ☻ʳʫ☻Ʉʬʸɥɱʅʺ 

ὼ ςὶ ςὶ πȟςρπ ά 
 

8-┘Ṕḛɋʫȵ┘ʮ̒ʯɄʙ̋┘ʭ̍ʚɕɶʫ┘ʡʦɵ┘ʢ̒ʅ┘˂Ịʍ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ: 

 "☻ˌʞɰɄʬʯɂɭʤɂ☻ˌȽɄ˄ṕḛʖʤɂ☻ʹɇ☻ʪɄʙ☻˃ɯʤɂ☻ʮɄʶṔḗʤɂ☻ʢᶚɩɷʰɄʶ☻ɭ̍ɖɵɰ̋ȵ☻æ Hans Oersted☻ʪɄʍ☻ˍ☿☻"1819☻

☻ɂɯᴬᴬʶ☻.ʹᴬᴬʱʫ☻ɆɱʚʤɄᴬᴬɇ☻ɑᴬᴬʍʻᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁʻʫ☻ɑᴬᴬʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽʻɇ☻ɐɱɇȹ☻ʡᴬᴬˆɱɦɓ☻˂Ỉȹ☻˃ɬȸ˄☻ʡᴬᴬʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɈ☻ɰɄᴬᴬᶽɂ☻ˌȽɄᴬᴬɉɱʸʟʤɂ☻ɰɄᴬᴬˈɕʤɂ☻ʮȵ☻ʹᴬᴬˈʕ☻ʮḛɇ☻˃ɯᴬᴬʤɂ

☻ᵷʔɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺɖʝᶸ☻ʨAAAAAAAAAAAᴬAAAAɽɜ☻ɄAɦAAʬyʖʤ☻ɑA˄AAɂɭAAAɋʤɂ☻ɑAAAɇɄAAAɛʬɇ☻ʮɄAAAʞ☻ᵷɐɱʫ☻ʢ̋ɜ☻̩ȽɄAAAɉɱyʟʤɂ☻ɰɄA̍AAɕʤɄAAAɇ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAAʒʑɂ☻ʨAAAʚᾚήɂ☻ʇɉɰ̋

.ɑˈɶˉʅɄʱʒᶽɂ 

 ☻ʪɄʍ☻̱☿☻ɗʯɄʞ☻ɭ̍ɖAAAAAɵɰ̋ȵ☻ɄẛẀ☻ʪɄʙ☻ὃỮʤɂ☻ɑʆ̍AAᴬAAɶɌʤɂ☻˂Ỉ̋z☻ɑɉɱɡɕʤɂ1920☻☻ˍỊɟʺ☻ᾝᴬᴬᴬᴬᴬὟɂʺ☻ʨʠᴬᴬᴬᴬᴬɺɈ☻ʳʶɱɇ☻ɝˈɥ

 ̒ ɇ☻ɐɭʍ☻ʏᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁʻɇ☻ʪɄʙ☻ɑɉɱɡɕʤɂ☻ʡʦɓ☻ˍ☿☻.ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥ☻ɭʤʻ˄☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻˃ɯʤɂ☻ʨʙɄʱʤɂ☻ʮȵʨᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽɂ☻☻Ʉʶɱɇȹ☻ɝˈɥ

☻ɰɄˈɓ☻Ṕḛəȶɓ☻ʮɂ☻ʨʠᴬᴬɺʤɂ☻ᾝᴬᴬὟʻ˄☻.ʛʕɱᶽɂ☻ʨʠᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ᵷ˃ɬʻʬʍ☻ʡʦᴬᴬɵ☻ʳʫ☻ɆɱʚʤɄɇ☻ˌʚʕȵ☻ʨʠᴬᴬɺɈ☻ɑʍʻᴬᴬʁʻʫ

☻ɯɩȶɓ☻ɒᶚAAɽ̒ɋʤɂ☻ɱɇȹ☻ʮȺʕ☻ʡʦAAɶʤɂ☻̱☿☻ʪ̋ɭʎʫ☻ɰɄ̍ɕʤɂ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ☻.ɒᶚAAɽ̒ɋʤɂ☻rʫ☻ɑʍ̒ʬɡʫ☻˂Ịʍ☻ʡʦAAɵ☻̱☿☻̩ȽɄɉɱyʝ

ʬɦ̄ɇ☻.ὃỲṌɰz☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɻɄɡɓɂ☻̒ʁ ☻̋ᵷɻɄɡɓᴜ☻ɷʖʯ☻Ʉyʎ̍ʬɟ☻ɒᶚɽ̒ɋʤɂ☻ɱɇȺʕ☻ʡʦɶʤɂ☻̱☿☻ɰɄ̍ɕʤɂ☻ɰ̋ɱʫ☻ɭɦʍ☻Ʉ

.ʡʦAAAAAɶʤɂ☻̱☿☻ɰɄʑɂ☻ɰɄ̍ɕʤɂ☻́ɋɌAAAAAɵ☻ɂɯʁ̋☻ᵷʡʦAAAAAɶʤɂ☻ʢ̒ɥ☻ɐɱȼɂɭʤɂ☻˂Ịʍ☻ɴɄʬʑɂ☻ɻɄɡɓɂ☻ɯɩȶɓ̋☻ɱəȶɕɓ☻☻ʺȵ☻ɒɄʊɥᶚᶽɂ☻ʵɯʶ☻ʮȹ

☻ʨʠɺɔ☻ὃỮʤɂ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʵɄɡɓɂ☻ʮḛɋɓ☻ɒɄɋʙɂɱᶽɂ"ὂỰʬˈʤɂ┘ɭˈʦʤ┘ɑˈʯɄɛʤɂ┘ɐɭʍɄʚʤɂ".☻☻ʢɄᴬᴬɩɬȹ☻ʭɓ☻ʨᴬᴬʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɂɯᴬᴬẛẀʺ

☻ɭᴬᴬᴬˈʦʤ☻ʮɄᴬᴬᴬɓɭᴬᴬᴬʍɄᴬᴬᴬʙ☻ʛˈɋʆɓ☻ɭᴬᴬᴬʱʍ☻ὂỰʬˈʤɂ☻ʵɭᴬᴬᴬ˄☻ʇʚʕ☻ʪɭᴬᴬᴬɪɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶ˅☻ʮȵ☻ɿᾟᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὊʤɂ☻˂Ịʍ☻ɏᴬᴬᴬɡ˄☻ʹᴬᴬᴬʯȵ☻˂Ỉȹ☻Ṕḛᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʰ☻ʮȵ☻ɏᴬᴬᴬɡˆʺ☻.ὂỰʬˈʤɂ

.ʮḛɓɭʍɄʚʤɂ 

 ʻʁ┘Ʉʬʝ┘ᵷɰɄ̍ɕʦʤ┘ɏɟ̒ ɂʑ┘ɻɄɡɓᴜ┘̱┤┘ʡʦɶʤɂ┘ʢ̒ʅ┘˂Ịʍ┘ὂỰʬ̍ʤɂ┘ɭ̍ʤɂ┘ʪɄẛẀȹ┘́̍ɟ̒ɓ┘ɏɡ˄┘ᵷ
ᴮ
ɂɮȹ┘┘ˍ┤┘ʮḛɋʫ┘ʨʠɺʤɂ

┘.ʛʕɱᶽɂ┘ɱˆʺɭɓ┘ɭʱʎʕʏɈɄɽᶻ┘ɑˈʚɇᵷ┘ʕ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ɻɄɡɓɄɇ┘ɰ̋ɭɕɵ┘̱ẻ̍ɋʅ┘ʨʠɺɌ║ᴆ.┘ 

 .ʛʕɱʑɂ☻ʨʠɺʤɂ☻̱☿☻
ᴮ
Ʉʂ˄ȵ☻Ṕḛʒɕ˄☻ɭ˄ɭᾚήɂ☻ɐɬɂɱɇ☻ɻɄɡɓɂ☻ʮȺʕ☻ɰɄ̍ɕʤɂ☻ɻɄɡɓɂ☻Ṕḛʒh☻Ʉʫɭɦʍ̋ 
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)┘ʮɄʎʁʻʤɂa)┘ʺ┘(bʮɄᾚὟʻ˄┘ʨʠɺʤɂ┘ʳʫ┘(┘┘ˍ┤┘ɝˈɥ┘.ɒᶚɽʻɋʤɂ┘ʳʫ┘ɑʍʻʬɡʫ┘˂Ịʍ┘ʡʦɵ┘ˍ┤┘ˌȽɄɉɱʸʝ┘ɰɄˈɓ┘Ṕḛəȶɓ

ɂ)┘ɑʤɄᾚήa┘ʪ̋ɭʎʫ┘ɰɄ̍ɕʤɂ┘ʮ̒ʟ˄┘Ʉʫɭɦʍ┘(┘ʵɄɡɓɂ┘ʻʶʺ┘ᵷʵɄɡɓᶸ┘ɷʖʯ┘Ʉʸʎˈʬɟ┘ɯɩȶɓ┘ɒᶚɽʻɋʤɂ┘ɱɇȹ┘ʮȺʕ┘ʡʦɶʤɂ┘ˍ┤

)┘ɑʤɄᾚήɂ┘̱┤┘Ʉʬɦ̄ɇ┘.ὃỲṌɰz┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂbɒᶚɽʻɋʤɂ┘ɱɇȺʕ┘ʡʦɶʤɂ┘ˍ┤┘ɰɄˈɓ┘ɱʬ˄┘ɝˈɥ┘(┘┘ʵɄɡɓɂ┘ɯɩȶɓ 

.ʡʦɶʤɂ┘̱┤┘ɰɄʑɂ┘ɰɄ̍ɕʤɂ┘́ɋɌɵ┘ɂɯʁ̋┘ᵷʡʦɶʤɂ┘ʢ̒ɥ┘ɐɱȼɂɭʤɂ┘˂Ịʍ┘ɴɄʬʑɂ 

 

)a┘ɑˈʖˈʝ┘ʮḛɋʯ┘ɑʤɄᾚήɂ┘ʵɯʶ┘ˍ┤┘(

┘ʛˈɋʆɓ┘ɑˈʯɄɛʤɂ┘ὂỰʬˈʤɂ┘ɭˈʤɂ┘ɐɭʍɄʙ

┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ʵɄɡɓɂ┘ɭ˄ɭɦɕʤ

┘.ɰɄˈɓ┘ʹɇ┘ɱʬ˄┘ʡʦɵ┘ʳʍ┘ɭʤʻɕᶽɂ

┘ʨʚᾚήɂ┘ʄʻʆɩ┘ʮȵ┘˂Ỉȹ┘Ṕḛɺʰ

┘ʢ̒ɥ┘ɱȼɂ̋ɬ┘ʨʠɺɔ┘ὃỲḳ̄ʅɄɦʒʑɂ

)┘.ʡʦɶʤɂb┘ʄʻʆᾟήɂ┘ʮḛɋ˄┘(

┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚίʤ┘ɑˆɱȼɂɭʤɂ

┘ᵷɰɄˈɓ┘ʹɇ┘ɱʬ˄┘ʡʦɵ┘ʳʍ┘ɣɓɄʱʤɂ

.ɭ˄ɭᾚήɂ┘ʳʫ┘ɐɬɂɱɇ┘ɑʆɵɂʻɇ  
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 ☻ʨʚᾚήɂ☻ʵɄɡɓɂ☻ʛʕʺ☻ʹɟʻɕɓ☻ɭ˄ɭᾚήɂ☻ɐɬɂɱɇ☻ʮȵ☻ɏɌᴬᴬᴬɶɊʺ║ᴆ☻ʨʚᾚήɂ☻ʄʻʆɩ☻ʮȵ☻ɣɕʲɕᴬᴬᴬɶʰ☻ᵷ║ᴆ☻☻ɱȼɂʺɬ☻ʨʠᴬᴬᴬɺɔ

.ʡʦAAAAAAAAAAAAɶʤɂ☻ʢ̒ɥ☻☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɑʬˈʙ☻ʮȺʕ☻ᵷɰɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾɕɩɄɇ║ᴆ☻ɑʬˈʚʤɂ☻ɷʖʯ☻ɯɩȶɓ☻☻ɂɯʶ☻ʄɄʚʯ☻ʳʫ☻ɑʆʚʯ☻˃ȵ☻ˍ☿

☻ɭʎɋʤɂ☻̋ȵ☻ɑʕɄAAAAɶʑɂ̋☻ɰɄ̍ɕʤɂ☻Ṕḛ̍ʒɕɇ☻.ʡʦAAAAɶʤɂ☻˂Ịʍ☻˃ɬ̒ʬʍ☻˃̒ɕAAAAɶʫ☻̱☿☻ʏʚ˄☻̒ʁ ☻̋ʡʦAAAAɶʤɂ☻ɻɳʝɱʫ☻˃ɯʤɂ☻˃ɱȼɂɭʤɂ☻ɰɄAAAAɶʑɂ

☻ʨAʚᾚήɂ☻ɭA˄ɭAɦɓ☻
ᴮ
ɄA̍Ɍ̂ɱɡɓ☻ɄAɦɦʟʬ˄☻ᵷʡAʦAAAAAAAAAAAAAAɶʤɂ☻rʍ║ᴆ☻☻rʍ☻ɭAʎɋʤɂ☻ʏʫ☻

ᴮ
ɄAAAAAAAAAAAAAAAɶʟʍ̋☻ɰɄA̍ɕʤɂ☻ʏʫ☻

ᴮ
ɂɬɱʅ☻ɏAAAAAAᴬAAAAAAAAɵɄAɦɖ˄☻́Aʯȵ☻ɭAɡʯ̋

ɬʻʚɓ☻ɒɄɋʙɂɱᶽɂ☻ʵɯʶ☻.ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻˂Ỉȹ☻ɂ☻̋ȵ☻ɐɰɄɋʎʤɂ☻ɆɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɦɇ☻ɧʬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɔ☻ὃỮʤɂ☻ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁɄˆɱʤɂ☻ɑʙᶚʎʤ┘ʨʚᾚήɂ┘ɐɭᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ┘ʺȵ┘ɑʬˈʙ

┘ɭʤʻɕᶽɂ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʳʍʭ̍ʚɕɶʑɂ┘ʡʦɶʤɂ┘ʢ̒ʅ┘˂Ịʍ┘ɰɄʑɂ┘ɰɄ̍ɕʤɂ☻ˍỘʺ: 

║
Ⱨ╘

Ⱬ►
                                                   

 

☻˃ȵ☻˂Ịʍ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȹɭʎɈ☻☻ɻɰɭʙὶ☻ʤɂ☻ʳʫ☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᶽɂ☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻ʭˈʚɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶὍ☻☻ɑʙᶚʎʤɄɇ☻ˁʆʎƎ˅ɑʚɇɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ:☻

ɝˈɥ☻:ɏɵɄʱɕʤɂ☻ɗɇɄə☻ʮȵ 

Ⱨ Ⱬ  ╣Ȣ□Ⱦ═                                    
ɇ☻ὂḒAAAAAAAAAɶƎ˅☻Ʉʁɳʝɱʫ☻ɱȼɂ̋ɬ☻rʍ☻ɐɰɄɋʍ☻̱Ộ☻ʭ̍ʚɕAAAAAAAAAɶʑɂ☻ʡʦAAAAAAAAAɶʤɂ☻ʢ̒ɥ☻ὃỲAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʄ̒ʆɩ☻ʮȹ☻.Ȳᶚᾟήɂ☻ɑ˄ɮ̒ʖɦ

.(ɭɥɂʺ☻ɳʝɱʫ☻Ʉʸʤ☻˃ȵ☻ɳʝɱᶽɂ☻ɐɭɦɕʫ)☻ʡʦɶʤɂ 

 ☻ʪɂɭɪɕɵɂ☻ʳʟʬ˄ ʮ̒ʯɄʙ☻Ṕḛɋʫȵ☻)Ampere's Law☻ɱʬ˄☻ɑʆ̍ɶɈ☻ʨʙɂ̒ʯ☻ʢ̒ɥ☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɬɄɡ˄ɟ☻(

:̩ɔʌ☻̒ɦɦʤɂ☻˂Ịʍ☻ɏɕʟƎ˄☻ʮȵ☻rʟʬ̂̋☻.ɰɄ̍ɓ☻ɄẛẀ 

║ȿȿЎ Ⱨ╘                                               

☻ɝˈɥὄȿȿ☻☻ʢ̒ʆɇ☻ɰɄʑɂ☻ɰɄ̍ɕʤɂ☻rʫ☻ṔḛʒAAAAAAAAAAAAɽ☻ɱAAAAAAAAAAAAɾɦʎʤ☻ɑ̍AAAAAAᴬAAAAAɵɄʬʑɂ☻ʨʚᾚήɂ☻ɑɋʝɱʫЎЉ☻☻☻ʺВὄȿȿЎЉ☻☻Ʉʯɯɩȵ☻Ʉʱʯȵ☻ὃỰʎ˅

☻Ȳɂɭᾒήɂ☻˂Ịʍ☻ʌʻʬɡᶽɂὄȿȿЎЉ☻.ʛʦʒʑɂ☻ɰɄAAAAAɶʑɂ☻ʢ̒ɥ☻☻ɒɂɰɄ̍ɕʤɂ☻ʮȵ☻ʗ̍ʝ☻ʗAAAᴬAɽ̒ʤ☻ὃỲAAAAAḲɄAAAAAɵȵ☻ʮ̒ʯɄʙ☻̒ʁ☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ̋

.ʐɰɄʕ☻ȲɄʂʕ☻ʇ̍ɦʫ☻̱☿☻ɑ̍ɶ̄ʅɄɦʒʫ☻ʢ̒ʚɥ☻ɭʤ̒ɓ☻ɑ̍ȼɄɉɱyʟʤɂ 

┘ʡʦɶɈ┘ɱʬ˄┘ɰɄ̍ɓ┘ʢ̒ɥ┘̩Ƚɂ̒ɺʍ┘ʛʦʒʫ┘ɰɄɶʫ┘̋ȵ┘ʛ̂ɱʅ

┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ɆɄɶᾚή┘ʪɭɪɕɶƎʫ┘ʭ̍ʚɕɶʫ┘ɰɄˈɕʤ

.Ṕḛɋʫȵ┘ʮ̒ʯɄʙ┘ɑʆɵɂ̒ɇ 
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 ☻ɰɄ̍ɓ☻́ɇ☻ɱʬ˄☻ʭ̍ʚɕɶʫ☻ʡʦɵ☻rʍ☻ɭʤ̒ɕʑɂ☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɞɄɕ̡ɕɵᶗ☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ʪɂɭɪɕɵɂ☻Ʉɦɦʟʬ˄Ὅ☻.

☻Ʉʁɳʝɱʫ☻ʡʦAAAAAAAɶʤɂ☻ʮ̒ʠ˄☻ɝ̍ɥ☻(ɱȼɂ̋ɬ)☻ɐɱȼɂɬ☻ʨʠAAAAAAAɺƎ˅☻ὃỲAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʄ̒ʆᾟή☻ʨ̍ʟAAAAAAAɺɔ☻ʨʞ☻ᵷ
ᴮ
ɄʚɇɄAAAAAAAɵ☻Ʉɦ˄ȵɰ☻Ʉʬʝ

☻ɑʬ̍ʚʤɂ☻ɷʖʯ☻Ʉyʤ☻́ɕʬ̍ʙ☻̋ȵ☻́ɓɭAAAAɹ̋☻ᵷɑʆʚʯ☻ʨʞ☻̱☿☻ɐɱȼɂɭʤɂ☻ʡʦɕʤ☻
ᴮ
ɄAAAAɵɄʬʫ☻ʮ̒ʠ˄☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʮȹ☻.(Ʉʁɳʝɂɱʫ)

ὄ☻ˈɦʫ☻ʨʫɄʞ☻˂Ịʍ☻Ʉʶɱʆʙ☻ʗᴬᴬɾʯ☻ὃỮʤɂ☻ɐɱȼɂɭʤɂ☻ʇὶ☻ʮ̒ʠ˄☻ɂɯʟʁ̋☻ᵷὄȿȿ ὄ☻ᵷ☻.ʛʕɱᶽɂ☻ʨʠᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ

☻ʌʻʬɡᶽɂ☻ɆɄᴬᴬᴬᴬᴬᴬᴬɶɦɇВὄȿȿЎЉ☻ᵷ˃ɱȼɂɭʤɂ☻ɰɄAAAAAAAɶʑɂ☻˂Ịʍ☻☻ʮȵ☻˂Ỉȹ☻ɐɰɄAAAAAAAɹʐ☻ʏʫὄȿȿ☻☻ʮᶟ☻ʌʻʬɡᶽɂ☻ɞɰɄɩ☻ʹɟɂɱɩȹ☻ʳʟʬ˄

☻ɑʬˈʚʤɂ☻ɷʖʯ☻ʹʤὄ☻)☻ɐɬɄʎᶽɄʕ☻ᵷɐɱȼɂɭʤɂ☻ɱɽɄʱʍ☻ʳʫ☻ɱɾʱʍ☻ʨʞ☻˂Ịʍ13:ˌʆʎɔ☻( 

ὄȿȿЎЉ ὄȿȿ ЎЉ ὄς“ὶ ‘Ὅ 

☻ɐɱȼɂɭʤɂ☻ʇˈɦʫ☻˂Ịʍ☻ʮḛʕɱʆʤɂ☻ɑʬɶʚɉʺς“ὶ☻ᵷ:˂Ịʍ☻ʨɾɦʯ 

ὄ
‘Ὅ

ς“ὶ
 

┘ʭ̍ʚɕɶʫ┘ʡʦɵ┘ʢ̒ɥ┘ɻɱʆʙ┘ʗɾʯ┘ʛʦʒʫ┘˃ɱȼɂɬ┘ɰɄɶʫ

┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ɆɄɶᾚή┘ʪɭɪɕɵ
ᴲ
ȵ┘ɰɄ̍ɓ┘́ɇ┘ɱʬ˄

ʡʦɶʤɂ┘ʳʍ┘ɭʤʻɕᶽɂ 

 
 ʚɇɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ɑɡˈɖʱʤɂʺɑ☻ʙᶚʎʦʤ☻ɑẛẀɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʫɑ☻)11☻ʢ̒ʅ☻˂Ịʍ☻ɱʬ˄☻ɰɄ̍ɓ☻rʍ☻ɭʤ̒ɕʫ☻ὃỲAAAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɝ̍ɥ☻(

.ʭˈʚɕɶʫ☻ʡʦɵ 

 ☻ɑʚ̂ɱʆɇ☻ɧʬAAAAɶ˅☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ʮȹ☻ɒᶚ̍ʟAAAAɺɔ☻ʜɄɦʁ☻ɝ̍ɥ☻ɑ̍AAAAɶ̄ʅɄɦʒʑɂ☻ʢ̒ʚᾚήɂ☻ɆɄAAAAɶɥ☻ɑʆ̍AAᴬAɶɊ̋☻ɑʚ̍ʯȵ

☻ɐɭʚʎʑɂ☻ɒᶚ̍ʟAAAAAAAɺɖʤɂ☻ɒɂɮ☻ɑ̍AAAAAAAɶ̄ʅɄɦʒʑɂ☻ʢ̒ʚᾚήɂ☻ɆɄAAAAAAAɶᾚή☻ɑʤ̒yᴬAAAAAAɶɈ☻́ʫɂɭɪɕAAAAAAAɵɂ☻rʟʬ˄☻ᶗ☻rʟʤ☻ᵷɰɄ̍ɕʦʤ☻ɐɱʉɄɦɕʫ

☻ɄAAʫɭAɦAʍ☻ʇʚʕ☻ʛ̍ɋʆɕʦʤ☻ʨAAɇɄAAʙ☻ʮ̒ʯɄAAʙ☻̒ʁ☻˃ɱȼɂɭAAʤɂ☻Ṕḛɋʫȵ☻ʮ̒ʯɄAAʙ☻ʮȺAAʕ☻ᵷʡAAʤɯAAʤ☻ɑAAʕɄAAAAAAAAAAAAAAAʁȹ☻.ɱʉɄAɦAɓ☻ʡAAʦʬɓ☻ᶗ☻ὃỮʤɂ☻ɰɄA̍Aɕʦʤ

ɂ̋☻ɒɂɰɄ̍ɕʤɂ☻ʮ̒ʠɓ.rʫɳʤɂ☻ʏʫ☻Ṕḛʒɕɓ☻ᶗ☻ɑɕɇɄə☻ʢ̒ʚᾚή 

 

:˃ɰ̒ɦʫ┘ʨɇɄʞ┘̱┤┘ɭʤ̒ɕʑɂ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ɆɄɶɥ┘:ʢɄɛʫ 

 ☻̩hɂ̒ʆAAAAAAAAAAɵȵ☻ɰɄ̍ɕʤ☻ὃỲAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɆɄAAAAAAAAAAɶᾚή☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ʪɂɭɪɕAAAAAAAAAAɵɂ☻̒ʁ☻ʢɄɛʑɂ☻ɂɯʁ☻rʫ☻ʔɭyʤɂ☻ʮȹ

.ɱʉɄʱɕʫ 

 ☻ɰɄ̍ɓ☻́ɇ☻ɱʬ˄☻ʢ̋ɳʎʫ☻ʡʦAAAAAAAAAAAAAAɵ☻rʫ☻ʮ̒ʠɕ˄☻˃ɰ̒ɦʫ☻ʨɇɄʞ☻Ʉɦ˄ɭʤ☻́ʯȵ☻ʀɱʖʯὍ σȟππ ὃ☻☻ʨʙɄɦɇ☻ʄɄɦƎʫ

☻☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻ʨʠᴬᴬᴬᴬɺʤɂ☻ˌʰɂʻʆᴬᴬᴬᴬɵȵὍ ρȟππ ὃ☻☻:Ɇʻʦʆᶽɂ☻.ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ᵷɷʝɄʎᶽɂ☻ʵɄɡɓᶗɄɇ

)a☻ˍỊɩɂɭʤɂ☻ʵɱʆʙ☻ʗɾʯ☻˃ɯʤɂ☻ˌʰɂʻʆɵᶻ☻ʨʙɄʱʤɂ☻ʨɩɂɬ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɆɄɶɥ☻(ὶ πȟυππ ὧά☻.

)b☻ʗɾʯ☻˃ɯʤɂ☻ˌʰɂʻʆɵᶻ☻ʨʙɄʱʤɂ☻ɞɰɄɩ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɆɄɶɥ☻(☻̱ẠɰɄᾟήɂ☻ɻɱʆʙὶ ρȟυπ ὧά. 
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┘ɭʤʻɕᶽɂ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ɆɄɶɥ 

ɰ˃̒ɦʫ┘ʨɇɄʞ┘̱┤ 

 
:ʨᾚήɂ 

 ☻̱Ịɩɂɭʤɂ☻ɰɄ̍ɕʤɂ☻ʇʚʕ☻.ʛɇɄAAAAAAɶʤɂ☻ʨʠAAAAAAɺʤɂ☻̱☿☻ʮḛɋʫ☻̒ʁ☻Ʉʬʝ☻ᵷ̱Ịɩɂɭʤɂ☻ʡʦAAAAAAɶʤɂ☻ʢ̒ɥ☻˃ɱȼɂɬ☻ɰɄAAAAAAɶʫ☻ʨʠAAAAAAɺ̡ʤ

☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ˍ☿☻ʭʶɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶ˅☻˃ɯʤɂ☻ʻʶ☻ɐɱȼɂɭʤɂ☻ʡʦɓ☻Ṕḗʍ☻ɱʬ˄☻˃ɯʤɂὄ☻ɆɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾚή☻.ɐɱȼɂɭʤɂ☻˂Ịʍ☻ɑʆʚʱʤɂ☻ˍ☿☻.

☻(ɑʯɂ̒ʆAAAAAAAAAAɵAz☻ɞɰɄɩ)☻̱ẠɰɄᾟήɂ☻ὃỲAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂὄ☻ᶚʝ☻ᵷʮʌ☻.ɑʯɂ̒ʆAAAAAAAAAAɵAz☻ɞɰɄɩ☻˃ɱȼɂɬ☻ɰɄAAAAAAAAAAAɶʫ☻ʨʠAAAAAAAAAAAɺ̡ʤ☻ᵷ

☻̱☿☻ɰɄAʑAɂ☻ɰɄA̍Aɕʤɂ☻rʫ☻ɤɱʆƎ˄☻ʮȵ☻ɏAAɡ˄☻ɑAAɦʖAAAAAAAAAAAAAAɾʤɂ☻rʫ☻ɞɰɄAAᾟήɂ☻ɰɄA̍Aɕʤɂ☻rʟʤ☻ᵷʮɄAAɋAAAAAAAAAAAAAAɶᾚήɄAAɇ☻ʮɂɯAAɩȸ˄☻ʮȵ☻ɏAAɡ˄☻ʮɂɰɄA̍Aɕʤɂ

.ʡʦɶʤɂ 

)a┘ʨʚᾚήɂ┘ɆɄɶɥ┘(║░▪◄┘ɂ┘ʨɩɂɬ┘ɭʱʍ┘ˌʰɂʻʆɵᶻ┘ʨʙɄʱʤ►░▪◄ ȟ  ╬□: 

 :Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ɏɕʟʯ 

ὄȿȿЎЉ ‘Ὅ 

☻˃̋Ʉɶ˅☻ɰɄɶʑɂ☻ʢ̒ʅ̋☻˃ɱȼɂɭʤɂ☻ɰɄɶʑɂ☻˂Ịʍ☻ɗɇɄə☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂς“ὶ: 

ὄ ς“ὶ ‘Ὅ 
:ɭɡʯ☻ʭˈʚʤɂ☻ʢɂɭɋɖɵɂʺ☻ɑʤɬɄʎᶽɂ☻ʨɦɇ 

ὄ
‘Ὅ

ς“ὶ

τ“ ρπ ὝȢάȾὃ σȟππ ὃ

ς“πȟππυ ά
ρȟςπρπ Ὕ 

)b┘ʨʚᾚήɂ┘ɆɄɶɥ┘(║▄●◄┘ɞɰɄɩ┘┘ɭʱʍ┘ˌʰɂʻʆɵᶻ┘ʨʙɄʱʤɂ►▄●◄ ȟ  ╬□: 

 :Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ɏɕʟʯ 

ὄȿȿЎЉ ‘Ὅ 

ɗɇɄə☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ 
ᴮ
Ʉʂ˄ȵ☻ ˃ɱȼɂɭʤɂ☻ɰɄɶʑɂ☻˂Ịʍ˂Ịʍ☻ˍỊʟʤɂ☻ʨʚᾚήɂʺ☻ᵷ☻☻˃̋Ʉɶ˅☻ɰɄɶʑɂ☻ʢ̒ʅς“ὶ: 

ὄ ς“ὶ ‘ Ὅ Ὅ  
:ɭɡʯ☻ʭˈʚʤɂ☻ʢɂɭɋɖɵɂʺ☻ɑʤɬɄʎᶽɂ☻ʨɦɇ 
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ὄ
‘ Ὅ Ὅ

ς“ὶ

τ“ ρπ ὝȢάȾὃ σȟππ ὃ ρȟππ ὃ

ς“πȟπρυ ά
ςȟφχρπ Ὕ 

:ɑʊɥᶚʫ 

 ὂỰʬ̍ʤɂ☻ɭ̍ʤɂ☻ɐɭʍɄʚɇ☻ɬɭɦƎ˄☻̋ȵ☻ˁʆʎƎ˅☻ɑʯɂ̒ʆɵz☻ɞɰɄɩ̋☻ʨɩɂɬ☻ʮḛʦʚᾚήɂ☻ᶚʝ☻ɻɄɡɓɂ☻ʮȹ☻ɆɰɄʚʍ☻ɷʟʍ☻̋ȵ☻ᵷ

☻ὃỲAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɰɄəȳ☻ʨ̍ʦʚɕʤ☻ɑ̂ɰ̒ɦʑɂ☻ʢɄɋʝz☻ʪɭɪɕAAɶ
ᴲ
ɔ☻ʮȵ☻rʟʬ˄☻.ʛɇɄAAɶʤɂ☻ʨʠAAɺʤɂ☻̱☿☻ʮḛɋʫ☻̒ʁ☻Ʉʬʝ☻ɑʍɄAAɶʤɂ

☻̱☿☻ɑAAAAAAAAAAAAɶʝɄʎɕʫ̋☻ɑʬ̍ʚʤɂ☻̱☿☻ɑ̂̋ɄAAAAAAAAAAAAɶɖʫ☻ʮ̒ʠɓ☻ɑʯɂ̒ʆAAAAAAAAAAᴬAɵz ☻̋ʡʦAAAAAAAAAAAAɶʤɂ☻ʨɩɂɬ☻ɒɂɰɄ̍ɕʤɂ☻ʮȵ☻ɝ̍ɦɇ☻ᵷɰɄ̍ɕʤɂ☻rʍ☻ɣɓɄɦʤɂ

.ʵɄɡɓᶸ 

 

9-┘┘ɐʻʚʤɂ:ʮḛ̂ɲɂ̒ɕʫ┘ʮḛʦʙɄʯ┘ʮḛɇ┘ɑ̍ɶ̄ʅɄɦʒʑɂ 

 ☻Ʉɦ˄ȵɰ☻Ʉʬʝ☻̱☿☻ʌ̒ʁ̒ʫ☻ʨʙɄɦʤɂ☻ɂɯʁ☻ʮ̒ʠ˄☻Ʉʫɭɦʍ☻ɰɄ̍ɓ☻́ɇ☻ɱʬ˄☻ʨʙɄʯ☻˂Ịʍ☻ɱəȸɓ☻ɑ̍ɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɄʕ☻
ᴮ
ɄʚɇɄɵ

.̱ẠɰɄɩ☻ὃỲḳ̄ʅɄɦʒʫ☻ʨʚɥ☻˄☻ʨʙɄʱʤɄɇ☻ɰɄᶽɂ☻ɰɄˈɕʤɂ☻ɏɌɶɈɕ☻ʮȵ☻ʭyʕ☻ʨyɶʤɂ☻rʬʕ☻ᵷ́ɶʖʯ☻ʢ̒ɥ☻ὃỲḳ̄ʅɄɦʒʫ☻ʨʚɥ☻ɭʤ̒

ʅɄɦʒʫ☻̓̒ʚɇ☻ɄʬyʂʎɈ☻˂Ịʍ☻ʮɂɱəȸ˄☻ɄʬyʂʎɈ☻rʫ☻ɆɱʚʤɄɇ☻ʮḛʍ̒ʁ̒ʫ☻ʮḛʟʦɶʤɂ☻̱☿☻r̂ɰɄʑɂ☻r̂ɰɄ̍ɕʤɂ.ɑˈɶˉ 

 ☻Ʉʬẛṧ̍ɇ☻ɑʕɄAAAAAAAAAɶʑɂ☻ʮɄ̂ɲɂ̒ɕʫ̋☻ʮᶚ̂̒ʅ☻ʮɄʬ̍ʚɕAAAAAAAAAɶʫ☻ʮɄʠʦAAAAAAAAAɵ☻ʮʌ☻ṔḗɕʎɦʤὨ☻r̂ɰɄ̍ɓ☻ɄʬẛẀ☻ɱʬ̂̋☻ᵷὍ☻☻☻ʺὍ☻☻ˍ☿

☻ɑ̍AAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻̱Ộ☻Ʉʫ☻.̩hɄɛʤɂ☻ʡʦAAɶʤɂ☻ʘ̒ʕ☻ʢ̋z ☻ʡʦAAɶʤɂ☻ʮȹ☻.ʛʕɱʑɂ☻ʨʠAAɺʤɂ☻̱☿☻ʮḛɋʫ☻̒ʁ☻Ʉʬʝ☻ᵷɻɄɡɓᴜ☻ɷʖʯ

ɂ☻ʳʍ☻ɭʤʻɕᶽɂ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɄẛṤɋɵ☻ὃỮʤɂ☻ʮḛʟʦɶʤɂ☻ɭɥȵ☻˂Ịʍᵺɱɩᶺ☻ʡʦɶʤ 

ɬ˃̒ʬʍ┘ʨʠɺɈ┘ʮɄyɟ̒ʫ┘ʮɄ̂ɲɂ̒ɕʫ┘ʮɄʠʦɵ┘┘˂Ịʍ┘ɑʕɄɶᶽɂ

.Ʉʬẛṧˈɇ┘ɑʦɽɄʖʤɂ┘┘̓̒ʚɇ┘ʮɂɱəȸ̂̋┘ɗɇɄə┘ɰɄ̍ɓ┘ɄʬẛẀ┘ɱʬ˄

┘ɑ̍ɇɮɄɡɓ┘ɐ̒ʚʤɂ┘.ʃʎɋʤɂ┘ɄʬyʂʎɈ┘˂Ịʍ┘ɑ̍ɟɰɄɩ 

┘Ʉʬʝ┘ᵷɻɄɡɓᴜ┘ɷʖʯ┘Ʉʬyʤ┘ʮɂɰɄ̍ɕʤɂ┘ʮɄʞ┘ɂɮȹ 

┘ɑˈʎʕɂɭɓʺ┘ᵷʛʕɱᶽɂ┘ʨʠɺʤɂ┘ˍ┤┘ʮḛɋʫ┘ʻʶ 

.ʮḛʖʦɕɪʫ┘ʮḛʁɄɡɓɄɇ┘ʮɂɰɄ̍ɕʤɂ┘ʮɄʞ┘ɂɮȹ 

 
 ☻ˍ☿ɆɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾚήɂ☻☻ɬɄɡ˄ȹ☻ɏɡ˄☻ʭʙɰ☻ʡʦAAAAAAAAAAɶʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɐ̒ʚʤɂ1☻☻ʺȵ☻ɣɓɄʱʤɂ☻ɷˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɄẛṤɋᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻ὃỮʤɂʺ

☻ɰɄˈɕʤɂ☻ʮȹ☻.ˌʰɄɛʤɂ☻ʡʦᴬᴬᴬᴬɶʤɂ☻ʳʍ☻ɭʤʻɕᶽɂὍ☻☻ὃỲᴬᴬᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥ☻ɭʤʻ˄║ᴆ☻☻ʭʙɰ☻ʡʦAAAAɶʤɂ☻˂Ịʍ☻ɱəȸ˄1☻ʨʚᾚήɂ☻ʵɄɡɓɂ☻ʮȹ☻.

║ᴆ☻)☻ɑʙᶚʎʤɂ☻ʪɂɭɪɕᴬᴬɵɄɇ☻.ʨʠᴬᴬɺʤɂ☻ˍ☿☻ᾝᴬᴬὟʻʫ☻Ʉʬʝ☻ᵷʡʦᴬᴬɶʤɂ☻˂Ịʍ☻˃ɬʻʬʍ☻ʻʶ11☻ὃỲᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɑʬˈʙ☻ɭɡʯ☻(

:˃̋Ʉɶ˅☻˃ɯʤɂ 
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ὄ
‘Ὅ

ς“Ὠ
 

)☻ɑʙᶚʎʤɂ☻ɏᴬᴬᴬɶɦɉʺ5☻ʭʙɰ☻ʡʦAAAɶʤɂ☻˂Ịʍ☻ɐɱəȸʑɂ☻ɑ̍AAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ɑʬ̍ʚʕ☻ᵷ(1☻☻ʨʚᾚήɂ☻ɬʻɟʻɇ║ᴆ☻☻ʹɋɌᴬᴬᴬɵ☻˃ɯʤɂʺ

☻ɰɄˈɕʤɂὍ☻:˃̋Ʉɶɔ 

Ὂ ὄὍЉ
‘Ὅ

ς“Ὠ
ὍЉ

‘ὍὍЉ

ς“Ὠ
 

:ʢ̒ʆʤɂ☻ɐɭɥɂ̋☻̱☿☻ɐ̒ʚʤɂ☻ʨʠɺɈ☻ɑʚɇɄɶʤɂ☻ɑʙᶚʎʤɂ☻ɑɇɄɕʝ☻rʟʬ̂̋ 

╕ Ⱨ╘╘

Ⱬ▀
                                              

 ☻ɐʻʚʤɂ☻ʵɄɡɓɂ☻ʮȹ╕ᴆ☻☻ɭˈʦʤ☻˂Ỉʺᶻ☻ɐɭʍɄʚʤɂ☻ʹˈʤȹ☻Ṕḛᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺɔ☻Ʉʬʝʺ☻ᵷˌʰɄɛʤɂ☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ʵɄɡɓɄɇ☻ʨʖᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵᶻ☻ʻɦʯ☻ʻʶ

☻ɐʻʚʤɂ☻ʮȵ☻ὃỰʎ˅☻ɂɯᴬᴬᴬʶ☻ᵷɐɱʉɄᴬᴬᴬʱɕʫ☻ɒɄᴬᴬᴬɇɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᾚήɂ☻ʵɯᴬᴬᴬʶ☻ʮȹ☻.ὂỰʬˈʤɂ╕ᴆ☻ˌʰɄᴬᴬᴬɛʤɂ☻ʡᴬᴬᴬʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻˂Ịʍ☻ɐɱəȸᶽɂ☻☻ɐ̒ʚʦʤ☻˃̋ɄAAAAAAAAAAAAAAAAɶɔ

☻ɑɶʝɄʎᶽɂ╕ᴆ☻ʳʫ☻ʏʙʻɕʫ☻ʻʶ☻Ʉʬʝ☻ᵷ┘ʨʎʖʤɂ┘ɬɰ̋┘ʨʎʖʤɂ┘ȵɭɋʫ"┘ɝʤɄɛʤɂ┘rɓ̒̍ʯ┘ʮ̒ʯɄʙæ Action-Reaction". 

 ☻ʮȵ☻ɑAAʤɄAAɥ☻̱☿̋☻.ʮɄAAɇɮɄAAɡɕ˄☻ɻɄAAɡɓᴜ☻ɷʖʯ☻ɄAAʬyʤ☻r̂ɰɄA̍Aɓ☻ɄAAʬẛẀ☻ɱʬ˄☻ʮḛ̂ɲɂ̒ɕʫ☻ʮḛʦʙɄAAʯ☻ʮȵ☻˂Ịʍ☻ʮɄAʁAṔḗʤɂ☻ʭɓ☻
ᴮ
ɂɮȹ

.(ʮɂɱʕɄɦɖ˄)☻ʮɄʎʕɂɭɕ̄ɵ☻ʮɄʠʦɶʤɂ☻ʮȺʕ☻ʮḛɶʝɄʎɕʫ☻ʮḛʁɄɡɓɂ☻Ʉʬyʤ☻r̂ɰɄ̍ɕʤɂ 

:(1)┘ʏˇɱɵ┘ʢɂȸɵ 

 ☻ʮḛʚɇɄAAAAAAAAAAAAAAɶʤɂ☻ʮḛʟʦAAAAAAAAAAAAAAɶʤɂ☻ʮḛɇ☻ʢ̒ʆʤɂ☻ɐɭɥɂ̒ɇ☻ɑ̍AAAAAAᴬAAAAAAAɶ̄ʅɄɦʒʑɂ☻ɐ̒ʚʤɂ☻ɑʬ̍ʙ☻ɑʖʍɄAAAAAAAAAAAAAAʂʫ☻Ʉʯɬɰȵ☻ɂɮȹ☻ʮḛ̂ɲɂ̒ɕʑɂ

)☻:ʨʁ☻ᵺʨʬʎh☻ʮȵ☻ɏɡ˄☻ɂɮɄʬʕ☻ᵷr̂ɰɄ̍ɓ☻ɄʬẛẀ☻ɱʬ˄☻r˄ɯʦʤɂ̋1)☻ᵺrɰ̂Ʉ̍ɕʤɂ☻ɭɥȵ☻ʗʍɄAAAAAAAAAAAAAAʂʯ☻(2☻ɑʕɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᶽɂ☻ʗʍɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʂʯ☻(

)☻ᵺɄʬẛṧˈɇ3)☻ᵺʗɾʱʤɂ☻˂Ỉȹ☻Ʉʬẛṧˈɇ☻ɑʕɄɶᶽɂ☻ɿʚʱʯ☻(4ᵺrɰ̂Ʉ̍ɕʤɂ☻ʗʍɄʂʯ☻( 

:ɤɱɺʤɂ 

 )┘ʮɂ┘ɰɄᴬᴬᴬᴬˈᾟήɂ1)┘ʺ┘(3(☻˃̋ɄAAAAAAAAAAAAAAAAAAɶɔ☻r̂ɰɄA̍AAAAɓ☻ɄAAAAAʬẛẀ☻ɰɄAʑAAAAɂ☻ʮḛʟʦAAAAAAAAAAAAAAɶʤɂ☻ʮḛɇ☻ʢ̒ʆʤɂ☻ɐɭAAAAAɥɂ̒ɇ☻ɐ̒ʚʤɂ☻ɑAAAAAʬ̍ʙ☻ʮȹ☻.

ὊȾЉ ‘ὍὍȾς“Ὠ☻ʳʟʬˆʺ☻.ʮḛʟʦᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ʼɭɥȹ☻ˍ☿☻ɰɄˈɕʤɂ☻ɑʖʍɄᴬᴬᴬᴬᴬᴬᴬᴬʂʬɇ☻ɐʻʚʤɂ☻ʡʦɓ☻ɑʖʍɄᴬᴬᴬᴬᴬᴬᴬᴬʂʫ☻ʳʟʬ˄☻.

☻ɑʕɄɶʑɂ☻ɼɄʚʯȺɇ☻ɄẛṥʖʍɄʂʫ☻
ᴮ
Ʉʂ˄ȵὨ☻)☻ʮɂɰɄ̍ᾟήɂ☻

ᴮ
ɂɮȹ☻.ʗɾɦʤɂ☻˂Ỉȹ☻Ʉʬẛṧ̍ɇ1)☻ʺ☻(2.ʮɄɦˈᾚὛ☻( 

:(2)┘ʏˇɱɵ┘ʢɂȸɵ 

 ☻ʮɄʞ☻ɂɮȹ☻ᵷʛɇɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɏᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɦɇὍ ς ὃ☻☻ʺ☻ᵷὍ φ ὃ☻ᵺɧˈᾚᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬὝʤɂ☻Ɇɂʻᾒήɂ☻ʻʶ☻Ʉʫ☻ᵷ☻)1☻(

Ὂ σ Ὂ☻)☻ᵷ2☻(Ὂ Ὂ)☻ᵷ3☻(Ὂ ὊȾσ. 

:ɤɱɺʤɂ 

 )☻ɰɄˈᾟήɂ2.(☻☻ʮḛʖʦɕɪʑɂ☻ʮḛʟʦAAAAAAAAAAAAAAɶʤɂ☻˂Ịʍ☻ʮɂɱəȸ˄☻
ᴮ
ɂɮȹ☻.ʨʎʖʤɂ☻ɬɰ̋☻ʨʎʖʤɂ☻:̓̒ʚʤɂ☻rʫ☻ɞ̋ɲ☻ʮᶚɛʬ˄☻ʮɄɓ̒ʚʤɂ

.ʵɄɡɓᶗɄɇ☻ʮɄɕʖʦɕɪʫ☻ʳʟʤʺ☻ʮɄɕˆʺɄɶɖʫ☻ʮɄɓʻʙ☻Ʉʬʶʺ 
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10-┘Ʉ̍ɓ┘rʍ┘ɑɡɓɄɦʤɂ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʢ̒ʚᾚήɂ┘ɒɄʖʦᶽɂʺ┘(ɑʚʦɥ)┘ˌʚʦɥ┘ɰ:ɑˈɋʤʻʦʤɂ 

 ɑʎʆʙ☻ɑʆᴬᴬᴬᴬᴬɵɂʻɇ☻ɭʤʻɕᶽɂ☻ὃỲᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɐɭᴬᴬᴬᴬᴬɹ☻ʮȹ☻ʳʫ☻ʨʖᴬᴬᴬᴬᴬɵȵ☻☻ɬɂɬɳɓ☻ʮȵ☻ʳʟʬ˄☻ɰɄˈɓ☻ɄẛẀ☻ɱʬ˄☻ʡʦᴬᴬᴬᴬᴬɶʤɂ

☻ʏʆʚʤɂ☻Ṕḛəȶɓ☻ʮɄɋᴬᴬᴬᴬᴬᴬɶᾚήɄɇ☻Ʉʯɯɩȵ☻ɂɮȹ☻ɂɯʶ☻ʭʸʕ☻ʳʟʬ˄☻.ɑʚʦɥ☻ʨʠᴬᴬᴬᴬᴬᴬɹ☻˂Ịʍ☻ʡʦᴬᴬᴬᴬᴬᴬɶʤɂ☻ʮɄʞ☻ɂɮȹ☻ʛˈʙɭʤɂ☻ʏᴬᴬᴬᴬᴬᴬʁʻᶽɂ☻ɏᴬᴬᴬᴬᴬᴬɶɦɇ

ɂ☻ɑʎʆʚʤɂ☻ʮȹ☻.ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋʫ☻Ʉʬʝ☻ᵷˌʚʦᾚήɂ☻ɰɄˈɕʦʤ☻ɐṔḛʒɾʤɂ☻ɐɬɭʎɕᶽɂ☻☻ᴬɇ☻Ʉʸʤ☻ɳʫɱʯ☻ὃỮʤɂ☻ᵷɑʚʦᾚήɂ☻ʳʫ☻ɐṔḛʒɾʤ

Ўὼ☻ʹɕʬˈʙ☻ʺȵ☻ʹɓɭᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥ☻ɭʤʻɓ☻ᵷὄ☻☻ʳʫ☻ʛʚɦɕʤɂ☻ʳʟʬ˄☻.˂Ịʍᶻ☻ʻɦʯ☻ʹɡɕˆʺ☻ᵷɑʚʦᾚήɂ☻ɳʝɱʫ☻ˍ☿

ʨʚᾚήɂ☻ʌɄʎᴬᴬᴬɹ☻ʵɄɡɓɂ☻║ᴆ☻☻ʨ̍ɪɕɦʤ☻.ʭ̍ʚɕAAAɶʫ☻ʡʦAAAɵ☻ʢ̒ʅ☻˂Ịʍ☻ὂỰʬ̍ʤɂ☻ɭ̍ʦʤ☻ɑ̍ʯɄɛʤɂ☻ɐɭʍɄʚʤɂ☻ʛ̍ɋʆɕɇ☻̋ȵ☻ʪɂɭɪɕAAAɵɄɇ

ʹɟʻʯʺ☻ᵷὂỰʬˈʤɂ☻ɭˈʤɄɇ☻ʡʦɶʤɂ☻ʡɶʬʯ☻Ʉʱʯȵ☻☻ʨʚᾚήɂ☻ɻɄɡɓɄɇ☻ʮ̒ʠ˄☻ʏɈɄɽz☻ɱ̂̋ɭɕʕ☻ᵷɰɄ̍ɕʤɂ☻ɻɄɡɓɄɇ☻ʪɄẛẀʐ║ᴆ. 

┘ʨʚɥ┘ɭʤʻɓ┘ɰɄˈɓ┘ɄẛẀ┘ɰɄᶽɂ┘ɑʚʦᾚήɂ┘ʳʫ┘ʏʆʚʤɂ┘ʨʞ

.˂Ịʍᶻ┘ʻɦʯ┘ʹɟʻʫʺ┘ᵷɑʚʦᾚήɂ┘ɳʝɱʫ┘ˍ┤┘ὃỲḳˉʅɄʱʒʫ 

 
 ☻̓ɱɩȵ☻ɑʎʆʙЎὼ☻☻ʨʚᾚήɂ☻.́ɓɭAAɹ☻rʫ☻ɭ̂ɳɓ☻ᵷɳʝɱʑɂ☻̱☿☻ʨʚᾚήɂ☻ɭ̍ʤ̒ɓ☻̱☿☻

ᴮ
ɄAAʂ˄ȵ☻ʭʁɄAAɶɔ☻ɑʚʦᾚήɂ☻˂Ịʍȵ☻̱☿

☻ɑʎʆʚʤɄɇ☻ɑʚʦᾚήɂ☻ɳʝɱʫ☻ˍ☿☻ɭʤʻɕᶽɂЎὼ☻☻ᴬʤɂ☻ɑʬˈʙ☻ɷʖʯ☻Ʉʸʤὄ☻ʏʆʚʤɂ☻ʨʞ☻ᵷʹɇɄɺʫ☻ʨʠɺɈ☻.˂Ịʍᶻ☻ʻɦʯ☻ʹʶɄɡɓɂʺ☻ᵷ

ɂ☻ʨʚᾚήɂ☻̒ʁ☻̱☿ɄAAAAAAAAAAAAAAɾʤɂ☻Ṕḛəȶɕʤɂ☻ʮȹ☻.ʨʚᾚήɂ☻̱☿☻ʭʁɄAAAAAAAAAAAAAAɶɔ☻ɰɄ̍ɕʤɂ☻ɄẛẀ☻ɱʬ˄☻ὃỮʤɂ☻ɑʚʦᾚήɂ☻ʏʆʚʤ☻̓ɱɩz☻ɰɄˈɕʤ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽ

)☻ɑʤɄᾚήɂ☻ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋᶽɂ☻ɑʚʦᾚήɂa.( 

)a┘ɱʬ˄┘ɰɄˈɓ)┘ˌʚʦɥ┘ɰɄˈɕʤ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ʄʻʆɩ┘(

┘ʹɋɺɔ┘ʨʚᾚήɂ┘ʄʻʆɩ┘ʮȵ┘ʋɥᶚʯ┘ʮȵ┘ɏɡ˄┘.(ɑʚʦɥ┘ˍ┤

┘ʳʍ┘ɑɡɓɄʱʤɂ┘ʡʦɓ)┘.ɷˉʅɄʱʒʫb┘ʨʚᾚήɂ┘ʄʻʆɩ┘(

┘ɑẛẀɄɺʫ┘ɷˉʅɄʱʒʫ┘ʳʍ┘ɑɡɓɄʱʤɂ┘ὃỲḳˉʅɄʱʒᶽɂ

.ˌʚʦɥ┘ɰɄˈɓ┘ʳʍ┘ɑɡɓɄʱʤɂ┘ʄʻʆᾟίʤ 

 

 )☻ɑʤɄᾚήɂ☻ˍ☿☻ʹʯȵ☻˂Ỉȹ☻Ʉʱʶ☻Ṕḛᴬᴬᴬᴬᴬᴬᴬᴬɺʰa☻ʨʖᴬᴬᴬᴬᴬᴬᴬᴬɵȵ☻ʳʫ☻ʨɩɭɓ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʄʻʆɩ☻ʛɇɄᴬᴬᴬᴬᴬᴬᴬᴬɶʤɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ʳʫ☻(

)☻ɑʤɄᾚήɂ☻ʡʦɓ☻ɑʯɰɄʚʬɇ☻.˂Ịʍz☻rʫ☻ɞɱɪɓ̋☻ɑʚʦᾚήɂa)☻ɑʤɄᾚήɂ☻ʏʫ☻(b☻ɭʤʻɕᶽɂ☻ʨʚᾚήɂ☻ʮḛɋ˄☻ɝˈɥ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɷʖʯ☻ˍ☿☻(

ɑʸɟ☻.ʮḛẛẀɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺɖʫ☻ʮḛʦʚᾚήɂ☻ʮȵ☻ʋɥᶚʯ☻ᵷὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒʫ☻ɏˉᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʂʙ☻ʳʍ☻ʳʫ☻ʚʦᾚήɂɑ☻ɗʯɄʞ☻ʻʤ☻Ʉʬʝ☻ɱəȸɓ☻ɓʨɛʬ☻☻ɏʆʚʤɂ

ɷˉʅɄʱʒᶽ☻ˍỈɄʬᴬɺʤɂ☻ʪɭɪɕAɶƎ˅☻ʮḛʦʚᾚήɂ☻r˄ɯyʤ☻́ɇɄAɺɖʤɂ☻ʮȹ☻.̩Ɋ̒ɦᾒήɂ☻ɏʆʚʤɂ☻ʨʬɛɓ☻ɗʯɄʞ☻̒ʤ☻Ʉʬʝ☻̓ɱɩz☻ɑyᾒήɂ̋☻ᵷ

.ɐɬɄᶽɂ☻ˍ☿☻ɑˈɶˉʅɄʱʒᶽɂ☻Ṕḛɶʖɓʺ☻ɤɱɺʤ 



   

https://manara.edu.sy/                                                                                                     31 | 
P a g e 

 
 

☻ɰɄˈɓ☻ɄẛẀ☻ɱʬ˄☻ɑˆɱȼɂɬ☻ɑʚʦɥ☻ɳʝɱʫ☻ˍ☿☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɑʬˈʙ☻ʮȹὍ☻:ɑʙᶚʎʤɄɇ☻ˁʆʎ
ᴲ
ɔ 

ὄ
‘Ὅ

ςὙ
 

☻ɆɄᴬᴬɶɦɇ☻ᵷʡʤɮ☻ʏʫ☻ᵷʮḛɋʯ☻ʮȵ☻ʳʟʬˆʺ☻.ɑˈʦʫɄʠɓʺ☻ɑˈʦᴬᴬʁɄʖɓ☻ɒɄɇɄᴬᴬɶɦɇ☻ɄʸɟɄɕʲɕᴬᴬɵɂ☻ʺȵ☻ɄʸʙɄʚɕᴬᴬɹɂ☻ʳʟʬ˄☻ɑʤɬɄʎᶽɂ☻ʵɯʶ

☻ɰɄ̍ɓ☻́ɇ☻ɱʬ˄☻ʭẛṧʫ☻ʨʞ☻ɝ̍ɥ☻ᵷɑʎɊɰz☻ʜᶚɵz☻ɳʝɱʫ☻̱☿☻ʨʚᾚίʤ☻̩ʚʆɦʫὍ☻☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ᵷʏɊɱʫ☻ʮᶚʟɺˇʺ

☻Ʉʁɱʆʙ☻ʗAAAɾAʯ☻ɐɱȼɂɬ☻ʭʁɰɄɋɕʍɄɇ☻ᵷʛʕɱʑɂὙɓṔḘʤɂ☻ɂɯʶ☻ʮȺʕ☻ᵷὃỲᴬᴬᴬᴬḲɭɥ☻ʨʠᴬᴬᴬᴬɺɈ☻.☻˃ɯʤɂʺ☻ɳʝɱᶽɂ☻ˍ☿☻ʨʚᾚήɂ☻ˌʆʎˈᴬᴬᴬᴬɵ☻ɏˉ

☻ʮ̒ʠ̍AAAAAAAAɶʕ☻ɂɯʟʁ̋☻ᵷɳʝɱʑɂ☻˂Ỉȹ☻Ɇɱʙȵ☻˃ɱȼɂɭʤɂ☻ʡʦAAAAAAAAɶʤɂ☻̱☿☻ɰɄ̍ɕʤɂ☻ʮȹ☻.ɑ̂ɱȼɂɬ☻ɑʚʦɥ☻rʍ☻ɭʤ̒ɕʑɂ☻ʨʚᾚήɂ☻ɑʬ̍ʙ☻́ɋAAAAAAAAɺ˅

☻ʏɊɱʫ☻ʡAAAAɺɔ☻ὃỮʤɂ☻ɑʎɊɰz☻ʜᶚAAAAɵz☻rʍ☻ɭʤ̒ɕʑɂ☻ʨʚᾚήɂ☻rʫ☻ɐɭAAAAɹ☻Ṕḙʝȵ☻̋ȵ☻Ṕḗʝȵ☻Ʉʫ☻ɭɥ☻˂Ỉȹ☻ὃỲAAAAḳ̄ʅɄɦʒʫ☻ʨʚɥ☻ʡAAAAɶʦʤ

 z ☻ʜᶚɵᶻ☻ʢɂʻʅȵ☻ʳʟʤʺ☻ᵷʨˈʆɕɶʫ☻ʺȵ☻ʭʁɄɶ˅☻ʡʦɵ☻ʨʞ☻ᵷ
ᴮ
ɂɮȹ☻.ʡʤɮ☻ʀ̒ʎɔ☻ʨ̍ʆɕɶʑɂ☻̋ȵ☻ʏɊɱʑɂ☻ʨʠɺɔ☻ὃỮʤɂ☻ɑʎɊɰ

:ɑʙᶚʎʤɄɇ☻ˁʆʎƎ˅☻̱Ịʟʤɂ☻ʨʚᾚήɄʕ☻ɂɯʟʁ̋☻ᵷ
ᴮ
ɄʫɄʬɓ☻ɳʝɱʑɂ☻̱☿☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɷʖɦɇ 

ὄ τ
‘Ὅ

ς“Ὑ

τ

“

‘Ὅ

ςὙ
ρȟςχ

‘Ὅ

ςὙ
 

ɑᴬᴬᴬᴬᴬᴬᴬˈᴬɌᴬˆɱᴬʚᴬɕᴬʤɂ☻ɑᴬᴬᴬᴬᴬᴬᴬɡᴬˈᴬɖᴬʱᴬʤɂ☻ʵɯᴬᴬᴬᴬᴬᴬᴬʶʺ☻☻˃̋ɄAAAAAAAAAAAAAAAAAAAɶA˅☻˃ɯAAAAAAAʤɂ̋☻ɰɄAA̍AAAAAAɓ☻ɄAAAAAAAẛAẀ☻ɱAʬA˄☻ɑÂAAAAAAɱAȼɂɬ☻ɑAAAAAAAʚAʦAɥ☻rAʍ☻ɭAAAAAAAʤ̒AɕAʑɂ☻ʨAAAAAAAʚAᾚAήɂ☻ɷAʖAʯ☻̱AỘ

ὄ ‘ὍȾςὙ. 

 ☻˃̒ɕɦ˄☻ʗʦʫ☻ɄA˄ɦAɭAAʤ☻ʮ̒ʠ˄☻ɄAAʫɭAɦAʍ̋ὔ☻☻ɰɄᴬᴬˈɓ☻ɄᴬᴬẛẀ☻ɱʬ˄☻ɑᴬᴬʚʦɥ☻ʨᴬᴬʞʺ☻ᵷɑᴬᴬʚʦɥὍ☻ʮȺᴬᴬʕ☻ᵷ☻☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄᴬᴬʱʒʫ☻ʨᴬᴬʚᾚήɂ

:ɑʙᶚʎʤɄɇ☻ˁʆʎƎ˅☻ɳʝɱʑɂ☻̱☿☻ɭʤ̒ɕʑɂ 

║ ╝
Ⱨ╘

╡
                                                

┘ɰɄˈɓ)┘ɰɄˈɓ┘ɄẛẀ┘ɱʬ˄┘ɑˆɱȼɂɬ┘ɑʚʦɥ┘ʳʍ┘ɭʤʻɕᶽɂ┘ʨʚᾚήɂ

┘(ˌʚʦɥ╘┘┘ʜᶚɵȵ┘ɑʎɊɰȵ┘rʍ┘ɣɓɄʯ┘ʨʚᾚή┘́ɋ̂ɱʚɓ┘rʟʬ˄

┘ɰɄˈɓ┘ɄẛẀ┘ɱʬ˄┘Ʉẛṧʫ┘ʨʞ┘ᵷɑʬˈʚɕɶʫ╘. 

 
ɑʚʦɥ☻ʨʞ☻ᵷ☻Ʉʶɱʆʙ☻ʗᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾʯ☻ɑˆɱȼɂɬ☻ɑʚʦɥ☻ʳʫ☻ʗʤȸʫ☻ʗʦʫ☻ɳʝɱʫ☻ˍ☿☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȹ☻☻ˁʆʎƎ˅☻ɰɄ̍ɓ☻ɄẛẀ☻ɱʬ˄

:ɑˈɓᶺ☻ɑʙᶚʎʤɄɇ 

║ ╝
Ⱨ╘

╡
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:ὃửʤʻʤ┘ʗʦʫ┘ʳʍ┘ɣɓɄʱʤɂ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ 

 ☻ʳʫ☻ɑɋˆɱʙ☻ɒɄʚʦɥ☻ɐɭʍ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻˂Ịʍ☻ɑʎˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹʺ☻ʺȵ☻ʗʦʫ☻ʨɩɂɬ☻ʔʻʖʦʫ☻ʭˈʚɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻Ʉʱ˄ɭʤ☻ʮɄʞ☻ɂɮȹ

☻ʭAAAAAAAAAAAAᴬAɵɂ☻ɄẛṨʦʍ☻ʛʦʆƎ˄☻ɑɡɓɄɦʤɂ☻ɲɄyᾒήɂ☻̋ȵ☻ɐɂɬz☻ʮȹ☻ᵷʃʎɋʤɂ☻ɄyAAAAAAAAAAᴬAAAʂʎɈ┘ὃửʤʻʤ┘ʗʦʫ"æ Solenoid"ᵷ☻☻˂ẺɭƎ˄☻Ʉʫ☻
ᴮ
ɄɋʤɄʑ̋

ɒɄAAʚ̍ɋʆɕʤɂ☻rʫ☻ɭA˄AɭAAʎʤɂ☻̱☿☻ɑAAʬyʫ☻ɐɰɂɬz☻ɻɯAʁA☻.̩ȽɄAAɉɱyʟʤɂ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAʒʑɄAAɇ☻☻ɱəȸɓ☻ʺȵ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄᴬᴬʱʒʫ☻ʨᴬᴬʬʍ☻ʨᴬᴬʬʎɔ☻Ʉᴬᴬẛẃᶟ

☻ɏᴬᴬᴬᴬᴬᴬᴬɵɄʱɖˆʺ☻ɰɄˈɕʤɂ☻ʏʫ☻ɬɂɬɳ˄☻ὃửʤʻʦʤɂ☻ʗʦᶽɂ☻ʨɩɂɬ☻ὃỲᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȹ☻.ɰɄˈɓ☻ɄẛẀ☻ɱʬ˄☻Ʉʫɭʱʍ☻ʇʚʕ☻ὃỲᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒʬʝ

.ʢ̒ʆʤɂ☻ɐɭɥɂ̋☻̱☿☻ɒɄʖʦʤɂ☻ɬɭʍ☻ʏʫ 

 ☻ʹʤʻʅ☻(ʄʻʒᴬᴬᴬᴬᴬᴬᴬᴬʂʫ☻Ṕḛʑ)☻ʗʦᶽ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʄʻʆɩ☻ʮḛɋ˄☻ʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ʮȹЉ☻☻ʹɓɄʖʤ☻ɬɭʍʺὔ☻.

☻.ɄyAAAAAAAAAAᴬAAʂʎɈ☻rʫ☻ɑɋ̂ɱʙ̋☻ᵷʭʊɕɦʫ☻ʨʠAAAAAAAAAAAAAɺɈ☻ɐɭʍɄɋɕʫ☻ᵷɑ̂ɲɂ̒ɕʫ☻
ᴮ
Ʉɋ̂ɱʚɓ☻̱Ộ☻ʗʦʑɂ☻ʨɩɂɬ☻ʨʚᾚήɂ☻ʄ̒ʆɩ☻ʮȵ☻˂Ỉȹ☻☻ṔḛAAAAAAAAAAAAAɺh

ʊɕɦʫ☻Ṕḛʑ☻ʗʦʑɂ☻ɞɰɄɩ☻ʨʚᾚήɂ☻.ʭʊɕɦʫ☻
ᴮ
Ʉɋ̂ɱʚɓ̋☻˃̒ʙ☻ʮ̒ʠ˄☻ʗʦʑɂ☻ʨɩɂɬ☻ʨʚᾚήɄʕ☻ᵷʡʤɯʤ☻ɑɡ̍ɖɦʝ̋☻ʗʎᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁȵʺ☻ᵷʭ

☻ʻʶʺ☻ᵷʹʦɩɂɬ☻ʨʚᾚήɂ☻ʳʫ☻ṔḛɛʟɇʵɄɡɓᶗɄɇ┘ɷʝɄʎʫ☻.ʗʦᶽɂ☻ʨɩɂɬ☻ˍ☿☻ʨʚᾚίʤ 

.ʄʻʒʂʫ┘Ṕḛʑ┘ʗʦᶽ┘ʨʚᾚήɂ┘ʄʻʆɩ 

 
 ☻ʄʻʆɪʕ☻ᵷ(ʃʎɋʤɂ☻ɄʸᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʂʎɈ☻ʳʫ☻ɑɋˆɱʙ)☻ɑʬʊɕʱʫʺ☻ɐṔḛʒᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽ☻ɒɄʖʦʤɂ☻ʮḛɇ☻ɭʍɄɋɕʤɂ☻ɒɄʕɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻ɗʯɄʞ☻ɂɮȹ

☻ɑ˄Ʉẛṧʤɂ☻ʳʫ☻ɞɱɪɓʺ☻ʗʦᶽɂ☻ɑ˄Ʉẛẃ☻ʳʫ☻ʨɩɭɓ☻ɝˈɥ☻ᵷʛʕɱᶽɂ☻ʨʠᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ˍ☿☻ɑᾚᴬᴬᴬᴬᴬᴬᴬὟʻʫ☻ʨʚᾚήɂ.̓ɱɩz☻☻ʨʬʎɔ☻ʗʦᶽɂ☻ɑ˄Ʉẛẃ

☻ʮȺAAʕ☻ᵷɻɱʆʙ☻ʗAAAᴬAAAAAAAAAAɾʯ☻rʫ☻Ṕḛɛʟɇ☻Ṕḗʝȵ☻ʗʦʑɂ☻ʢ̒ʅ☻ʮɄAAʞ☻ɂɮȹ☻.̩Ɋ̒ɦɟ☻ɏAAʆʚʝ☻̓ɱɩz☻ɑA˄AɄAAẛṧʤɂ̋☻̱ỈɄAAʬAAAAAAAAAAAAAAɹ☻ɏAAʆʙ☻ʨAAʬʍ

☻ɑᴬᴬˈʯɄᴬᴬə☻ɐɬʻʎʤɂ☻ʨᴬᴬɋʙ☻ɑᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʂˆɱʎʤɂ☻ɑᴬᴬʚʆʱᶽɂ☻ɞɰɄᴬᴬɩ☻ɭᴬᴬɕʬ˄☻˃ɯᴬᴬʤɂ☻ʗʦʬʦʤ☻ɑᴬᴬˈʤɄᴬᴬʬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺʤɂ☻ɑᴬᴬ˄Ʉᴬᴬẛṧʤɂ☻ʜṔḘɓ☻ὃỮʤɂ☻ʨᴬᴬʚᾚήɂ☻ʄʻʆɩ

ʎʤɂ☻ʺȵ☻ʃˆɱʎʤɂ☻ɭʍɄɋɕʤɂ☻ʮȹ☻.ɑˈɉʻʱᾒήɂ☻ɑ˄Ʉẛṧʤɂ☻ˍ☿☻ʨɩɭˈʤ.ʗ̍ʎAAAAAAAAAAAAAAʁ☻ʨʚɥ☻̩ʆʎƎ˅☻ʨʚᾚήɂ☻ʄ̒ʆᾟή☻ʃɱ̂☻☻Ʉʫ☻ɂɯʶʺ

.
ᴮ
ɄAAAAAAAAʂʎɈ☻ɄyAAAAAAAAʂʎɈ☻rʫ☻ɑɋ̂ɱʙ☻ʮ̒ʠɓ☻ʄ̒ʆᾟήɂ☻ɝ̍ɥ☻ᵷ́ɟɰɄɩ☻ʨʚᾚήɂ☻rʫ☻Ṕḛɛʟɇ☻Ṕḗʝȵ☻ʗʦʑɂ☻ʨɩɂɬ☻ʨʚᾚήɂ☻ʮȵ☻ʋɥᶚ˄☻

 
ᴮ
ɄAAAAAAAʂ˄ȵ☻☻ɧʬAAAAAAAɶɔ☻ɒɂɰɄɋɕʍᴜ☻ɻɯʁ☻ʨʞ☻ʮȹ☻.́ɕ˄Ʉẛẃ☻rʍ☻ɐɭ̍ʎɋʤɂ☻ʄɄʚɦʤɂ☻ʨʞ☻̱☿☻ɑɕɇɄə☻ɑʬ̍ʙ☻́ʤ☻ʗʦʑɂ☻ʨɩɂɬ☻ʨʚᾚήɂ☻ʮȹ

 Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻̋ȵ☻ɑ̂ɱʊʯ☻ʛ̍ɋʆɕɇ☻:ɑʙᶚʎʤɂ☻˂Ịʍ☻ʢ̒ɾᾚήɂ☻ʭɕ̂̋☻ʗʦʑɂ☻˂Ịʍ 

║ Ⱨ▪╘                                               
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☻ɝˈɥ☻ᵷʗʦᶽɂ☻ʨɩɂɬ☻ʨʚɥ☻ʨɟȵ☻ʳʫ☻ʡʤɮʺὲ ὔȾЉ☻.ʗʦʬʦʤ☻ʢ̒ʆʤɂ☻ɐɭɥɂ̒ɇ☻ɒɄʖʦʤɂ☻ɬɭʍ 

 
)a┘ʗʦʑɂ┘ʨɩɂɬ┘ʨʚᾚήɂ┘.ɬ̋ɭɦʫ┘́ʤ̒ʅ̋┘ʛʦʒʫ┘̩h ɳ̋ʦɥ┘ʗʦʫ┘ʨɟȵ┘rʫ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ʄ̒ʆɩ┘(┘ʭʊɕɦʫ┘

ᴮ
Ʉɋ̂ɱʚɓ

)┘.˃̒ʙ̋bᾝὟʻʫ┘ɷˉʅɄʱʒʫ┘ʳʍ┘ɭʤʻɕᶽɂ┘ʨʚᾚήɂ┘ʜʻʦɵ┘ʮȹ┘(┘┘ɭ˄ɭᾚήɂ┘ʳʫ┘ɐɬɂɱɇ┘ʪɂɭɪɕɵɂ┘ʛˆɱʅ┘ʳʍ 

.ɑʙɰ̋┘˂Ịʍ┘ɑʍ̒ʁ̒ʫ┘ 

 

:(ʗʦʫ┘ʨɩɂɬ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ɆɄɶɥ)┘:ʢɄɛʫ 

 ☻ʳʫ☻ʗʤȸʫ☻ʗʦʫ☻Ʉʱ˄ɭʤ☻ʹʯȵ☻ʀɱʖɇ100☻)☻ɑʖʤ100 turns)☻ʹʤʻʅ☻ʡʦᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵ☻ʳʫ☻(10,0 cm)☻:Ɇʻʦʆᶽɂ☻.(1☻(

☻ʨʚᾚήɂ☻ɑʬˈʙ☻ɬɄɡ˄ȹ)☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻Ʉʫɭʱʍ☻ʗʦᶽɂ☻ʨɩɂɬ☻ὃỲḳˉʅɄʱʒᶽɂ0,500 A)☻.(2☻ʨɩɂɬ☻ɰ̋ɭ˄☻ʮ̒ɓ̋ɱɇ☻ʪɳʍ☻̒ʁ☻Ʉʫ☻(

)☻Ʉʶɱʆʙ☻ʗᴬᴬᴬᴬᴬɾʯ☻ɐɱȼɂɬ☻˂Ịʍ☻ʗʦᶽɂ0,020 m)☻ᵺ(3☻ʨ̍ʟAAAAAɺɖʤ☻́ʤ☻ɞɄɕɦʯ☻˃ɯʤɂ☻ʡʦAAAAAɶʤɂ☻ʢ̒ʅ☻̒ʁ☻Ʉʫ☻ὃử̂ɱʚɓ☻ʨʠAAAAAɺɈ☻(

)☻˃̋Ʉɶ˅☻ʗʦʑɂ☻ɱʆʙ☻ʗɾʯ☻ʮȵ☻ʀɱʖɇ☻ʗʦʑɂ5,00 cmᵺ( 

:ʨᾚήɂ 

 ☻ɒɄʖʦʤɂ☻ɬɭʍ☻ɆɄAAAɶᾚή☻ʢ̋z ☻Ȳɳᾒήɂ☻̱☿☻ɑʤɬɄʎᶽɂ☻ˍ☿☻ɒɄˈʆʎᶽɂʺ☻ɑʬˈʚʤɂ☻ʡʦɓ☻ʢɭɋɖᴬᴬᴬɶʰ☻ʭə☻ʳʫʺ☻ɭɥɂʺ☻ṔḘʬɇ

)16)☻Ȳɳᾒήɂ☻ʨɟȵ☻ʳʫʺ☻.ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɑʬˈʙ☻˂Ịʍ☻ʨɾɦʯ☻ɂɯʟʶʺ☻ᵷ(2.̩hɄɛʤɂ☻rɓ̒̍ʯ☻ʮ̒ʯɄʙ☻ʛɋʆʯ☻( 

)1ʗʦᶽɂ┘ʨɩɂɬ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ɑʬˈʙ┘ɆɄɶɥ┘(: 

 :ɑʙᶚʎʤɂ☻rʫ☻ʢ̒ʆʤɂ☻ɐɭɥɂ̒ɇ☻ɒɄʖʦʤɂ☻ɬɭʍ☻ɏɶɦʯ 

ὲ
ὔ

Љ

ρππ ὸόὶὲί

πȟρππ ά
ρȟππρπ

ὸόὶὲί

ά
 

ɇʨ˄ɭɋɖ☻☻ɑʬˈʙὲ☻☻ʺὍ☻)☻ɑʤɬɄʎᶽɂ☻ˍ☿16:ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɑʬˈʙ☻ɭɡʯ☻( 

ὄ ‘ὲὍ τ“ ρπ Ὕ ρȟππρπ ὸόὶὲίȾά πȟυππ ὃ
φȟςψρπ Ὕ 
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)2┘ɆɄɶɥ┘()┘Ʉʁɱʆʙ┘ʗɾʯ┘ɐɱȼɂɬ┘ʢ̒ɥ┘ɰ̋ɭ˄┘rɓ̋Ṕḗʤɂ┘ɑʝɱɥ┘ɑ̍ʬʝ0,020 m(┘ʗʦᶽɂ┘ɳʝɱʫ┘ʳʫ┘ɆɱʚʤɄɇ: 

 ☻ɏɕʟʯ:̩ɔʌ☻̒ɦɦʤɂ☻˂Ịʍ☻ʮ̒ɓ̋ɱɇ☻ʨɟȵ☻rʫ☻rɓ̒ɦ̍ʤ☻̩hɄɛʤɂ☻ʮ̒ʯɄʙ 

Ὂ άὥ ήὺὄ 
☻˃ɳʝɱʑɂ☻ɬɱʆʤɂ☻ʌɰɄɶɔ☻̩ʆʎɔ☻ὃỮʤɂ☻ɑʙᶚʎʤɄɇ☻ʨ˄ɭɋɕʤɄɉ̋ὥ ὺȾὶ☻:ʮȵ☻ɭɡʯ 

άὺ

ὶ
ήὺὄ 

:ʮ̒ɓ̋Ṕḗʦʤ☻ɑʝɱᾚήɂ☻ɑ̍ʬʝ☻ɭɡʯ☻ʇ̍ɶɌɕʤɄɉ̋ 

άὺ ὶήὄ πȟςπ ά ρȟφ ρπ ὅ φȟςψρπὝ 
:ʮȵ☻˃ȵ 

ὴ άὺ ςȟπρρπ  ὯὫȢάȾί 
)3ὃửˆɱʚɕʤɂ┘ɆɄɶᾚήɂ┘(┘ʤʡʦɶʤɂ┘ʢ̒ʆ┘æ Length of wire: 

 :ɭɡʯ☻ɐɭɥɂʺ☻ɑʖʤ☻ʇˈɦʬɇ☻ɒɄʖʦʤɂ☻ɬɭʍ☻Ɇɱʂɇ 

ὒὩὲὫὸὬ ύὭὶὩὲόάὦὩὶ έὪ ὸόὶὲίς“ὶ
ρȟππρπὸόὶὲίς“ πȟπυππ ά σρȟτ ά 

 

:ʗʦʫ┘˂Ịʍ┘Ṕḛɋʫȵ┘ʮ̒ʯɄʙ┘ʛ̍ɋʆɓ 

 ☻ʨɩɂɬ☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ɆɄAAAAɶɦɇ☻ɧʬAAAAɶɔ☻ὃỮʤɂ☻ɑʙᶚʎʤɂ☻˂Ịʍ☻ʢ̒AᴬAAɾᾚίʤ☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ʪɂɭɪɕAAAAɵɂ☻rʟʬ˄

☻☻ɰɄˈɓ☻ʹɇ☻ɱʬ˄☻˃ɯʤɂ☻ʗʦᶽɂὍ☻ʨʚᾚήɂ☻ʮȹ☻.ʛʕɱʑɂ☻ʨʠAAAAAAAAAAAAɺʤɂ☻ʮḛɋʫ☻̒ʁ☻Ʉʬʝ☻ʗʦʑɂ☻ʢ̒ʅ☻˂Ịʍ☻ὃỲAAAAAAAAAAAAṌɱʍ☻ʏʆʚʫ☻ɯɩȶʯ☻.║ᴆ☻

☻ʨʚᾚήɂ̋☻ᵷɰ̒ɦʬʦʤ☻˃ɲɄʫ̋☻ʭʊɕɦʫ☻̒ʁ☻ʗʦʑɂ☻ʨɩɂɬ║ᴆ☻☻˂Ịʍ☻ɱAAAAAAAAAAAAAɵɄʫ☻☻Ṕḗɕʎɦʤ☻.ɱʖAAAAAAAAAAAAAɾʤɂ☻˃̋ɄAAAAAAAAAAAAAɶ˅☻
ᴮ
Ʉɋ̂ɱʚɓ☻ʗʦʑɂ☻ɞɰɄɩ

☻ʹʤʻʅ☻ʨˈʆɕᴬᴬɶʫ☻ʨʠᴬᴬɹὒ☻☻ʹᴬᴬʁɱʍʺ˄ʨʠᴬᴬɺʤɂ☻ˍ☿☻ᾝᴬᴬὟʻʫ☻Ʉʬʝ☻ᵷ☻☻ʡʤɮ̋☻ɰɄAAɶʑɂ☻ɂɯʁ☻˂Ịʍ☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻ʛ̍ɋʆɓ☻rʟʬ.

☻ʌʻʬɡᶽɂ☻ɱ˄ɭʚɕɇὄȿȿЎЉ☻☻ʭʙɰ☻ʢ̒ʆʤɂ☻ɑʬʁɄAAAAAAAɶʫ☻ʮȹ☻.ʨ̍ʆɕAAAAAAAɶʑɂ☻(ʌᶚAAAAAAAʁȵ)☻ɒɄyɟ☻rʫ☻(ʏʦAAAAAAAʁ)☻ɑyɟ☻ʨʞ☻˂Ịʍ3☻☻ˍ☿

☻ʮȵ☻ɏɌᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɈ☻ɱʖᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽ☻ʻʶ☻ʨʚᾚήɂ║ᴆ☻☻ʮḛʤʻʆʤɂ☻ʳʫ☻ʨʞ☻ɑʬʶɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻ʮȹ☻.ɑʚʆʱᶽɂ☻ʵɯʶ☻ˍ☿2☻̋4☻☻˃̋ɄAAAAAAAAAAɶ˅☻Ʉʬʁᶚʝ

☻ʨʚᾚήɂ☻ʮȵ☻ɏɌᴬᴬᴬɶɈ☻ɱʖᴬᴬᴬɾʤɂ║ᴆ☻☻˂Ịʍ☻˃ɬʻʬʍЎЉ☻☻ʭʙɰ☻ɏɦᾒήɂ☻̋ȵ☻ʔɱʆʤɂ☻.ɒɂɰɄAAAɶʑɂ☻ɻɯʁ☻ʢ̒ʅ☻˂Ịʍ1☻☻ʹʤʻʅ☻˃ɯʤɂ

ὒ☻ˌʆʎ˅☻ ɰɂɭʚᶽɄɇ☻ʭʶɄɶ˅☻ʺȵ☻ὄὒ☻☻ʨʚᾚήɂ☻ʮȵ☻ɏɌɶɈ☻ʌʻʬɡᶽɂ☻ˍ☿║ᴆ☻☻Aʤ☻˃ɲɂ̒ʫ̋☻ɰɄɶʑɂ☻ɂɯʁ☻ʢ̒ʅ☻˂Ịʍ☻ʭʊɕɦʫЎЉ☻.

ʮȺʕ☻ᵷʹʱʫʺ☻:˃̋Ʉɶ˅☻ʛʦʒʑɂ̋☻ʨʠɺʤɂ☻ʨ̍ʆɕɶʑɂ☻ɰɄɶʑɂ☻˂Ịʍ☻ʌ̒ʬɡʑɂ 

ὄȿȿЎЉ ὄὒ 
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┘ʮɄʞ┘ɂɮȹ┘.ʏˈʲɾɕʤɂ┘ʭʟɦʫ┘ʗʦᶽ┘ὃỲṌɱʍ┘ʏʆʚᶽ┘ɱʊʱʫ

┘ʮȵ┘Ṕḗɕʎh┘ᵷɻɱʆʙ┘ʗɾɦʤ┘ɑɋɶ̡ʤɄɇ┘Ṕḗʝȵ┘ʗʦʑɂ┘ʢ̒ʅ

┘́ɟɰɄɩ̋┘ʭʊɕɦʫ┘ʗʦʑɂ┘ʨɩɂɬ┘ὃỲḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ

.ʪ̋ɭʎʫ┘˃ȵ┘ᵷɱʖɾʤɂ┘˃̋Ʉɶ˅ 

 
 ☻ʇɋɓɱʫ☻̋ȵ☻ɭ̍ʚʫ☻ɧʆAAAAAAAAAAᴬAAAɶʤɂ☻Ṕḗʍ☻ɱʬ˄☻˃ɯʤɂ☻̱Ịʟʤɂ☻ɰɄ̍ɕʤɂ☻ʮȵ☻ὃỲAAAAAAAAAAAAAAṍɕʚ˄☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ☻rʫ☻rʬ˄z☻ʔɱʆʤɂ☻ʮȹ

☻
ᴮ
Ʉɉ̋ɱAAAAAAAAAAAAʂʫ☻ᵷʗʦʑɂ☻rʫ☻ɑʖʤ☻ʨʞ☻Ṕḗʍ☻ɰɄ̍ɕʤɂ☻˃̋ɄAAAAAAAAAAAAɶ˅☻ʨ̍ʆɕAAAAAAAAAAAAɶʑɂ☻Ṕḗʍ☻̱Ịʟʤɂ☻ɰɄ̍ɕʤɂ☻ᵷɑʤɄᾚήɂ☻ɻɯʁ☻̱☿☻.ɰɄɕɪʑɂ☻ʛ̂ɱʆʤɄɇ

☻ʮɄᴬʞ☻ɂɮȹ☻.ɒɄᴬʖʦʤɂ☻ɬɭᴬʎɈὔ☻☻ʢ̒ʆʤɂ☻̱☿☻ɒɄAʖʦʤɂ☻ɬɭAʍὒ☻˃̋ɄAAAAAAAAAAAAAAAɶ˅☻ʨA̍ʆɕAAAAAAAAAAAAAAɶʑɂ☻Ṕḗʍ☻̱Ịʟʤɂ☻ɰɄA̍ɕʤɄAʕ☻ᵷὔὍ☻ʛˈɋʆɓ☻ʮȹ☻.

:̩ʆʎƎ˅☻ʛ̂ɱʆʤɂ☻ɂɯʁ☻˂Ịʍ☻Ṕḛɋʫȵ☻ʮ̒ʯɄʙ 

ὄȿȿЎЉ ὄὒ ‘ὔὍ 

:ʺȵ 

ὄ ‘
ὔ

ὒ
Ὅ ‘ὲὍ 

☻ɝˈɥὲ ὔȾὒ☻.ʢ̒ʆʤɂ☻ɐɭɥɂ̋☻̱☿☻ɒɄʖʦʤɂ☻ɬɭʍ 
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11-┘:ɑˈɶˉʅɄʱʒᶽɂ┘ɒᶗɄɡᶽɂ 

  ɱʬ˄☻ˌʠʦᴬᴬᴬɵ☻ʗʦʫ☻ʳʍ☻ɣɓɄʱʤɂ☻ʺȵ☻ɭʤʻɕᶽɂ☻ὃỲᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȹ☻☻ɏɡ˄☻ʹʯȵ☻˂Ỉȹ☻Ʉʱʤ☻Ṕḛᴬᴬᴬɺ˅☻ʺȵ☻Ʉʱˈʆʎ˅☻ɰɄˈɓ☻ʹɇ

☻Ʉyʤ☻ʛʕɱʑɂ☻ʨʠAAAAɺʤɂ☻̱☿☻ʮḛɋʫ☻̒ʁ☻Ʉʬʝ☻ɐɭ̍ɥ̋☻ɑʚʦɥ☻.ɑ̂̒ʙ☻ɑ̍AAAAɶ̄ʅɄɦʒʫ☻ɼɂ̒ɩ☻ɱyʊ
ᴲ
ɓ☻ɬɂ̒ʑɂ☻ʃʎɈ☻ʜɄɦʁ☻ʮ̒ʠ˄☻ʮȵ

ˌɊʻʱɟ☻ɏʆʙʺ☻ˍỈɄʬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ɏʆʙ☻ʮ̒ʠ˄☻ʮȵ☻ɏɡ˄☻ɂɯʁ̋☻ᵷʡʦAAAAAAAAAAAAAAɵ☻rʫ☻ɑʍ̒ɦᴬAAAAAAAAAAAAAɾʫ☻ɑʖʤ☻ʨɟȵ☻rʫ☻ɧ̍ᾚAAAAAAAAAAAAAAὛ☻ɂɯʁ☻rʟʤ☻ᵷ

 ̋ȵ☻ʛ̂ɱʅ☻̱☿☻ɰ̒ɾɦʫ☻ɰɄ̍ɓ☻˃ȵ☻ʨɟȵ☻rʫ☻
ᴮ
Ʉʂ˄ȵ☻
ᴮ
Ʉɦ̍ᾚὛ☻.˃ɱȼɂɬ☻ʡʦɶʫ 

)a┘ɱʬ˄┘ɰɄˈɓ)┘ˌʚʦɥ┘ɰɄˈɕʤ┘ὃỲḳˉʅɄʱʒᶽɂ┘ʨʚᾚήɂ┘ʄʻʆɩ┘(

┘ʹɋɺɔ┘ʨʚᾚήɂ┘ʄʻʆɩ┘ʮȵ┘ʋɥᶚʯ┘ʮȵ┘ɏɡ˄┘.(ɑʚʦɥ┘ˍ┤

┘ʳʍ┘ɑɡɓɄʱʤɂ┘ʡʦɓ)┘.ɷˉʅɄʱʒʫb┘ʨʚᾚήɂ┘ʄʻʆɩ┘(

┘ɑẛẀɄɺʫ┘ɷˉʅɄʱʒʫ┘ʳʍ┘ɑɡɓɄʱʤɂ┘ὃỲḳˉʅɄʱʒᶽɂ

.ˌʚʦɥ┘ɰɄˈɓ┘ʳʍ┘ɑɡɓɄʱʤɂ┘ʄʻʆᾟίʤ 

 

 ʅ̄Ʉɦʒʫ☻ʨʬʎʝ☻ʨʬʎɔ☻ʮȵ☻ɏɡ˄☻ɐɭ̍ɥ̋☻ɐɰɮ☻ᵷɼɄɩ☻ʨʠAAAAAAAɺɈ☻.ɐɂ̒ɦʤɂ☻ʢ̒ɥ☻ɒɄʯ̋ṔḘʟʤʐ☻ɑʝɱɥ☻ɏɌAAAAAAAɶɈ☻ɷ

☻Ʉʁɰɭʙ☻ɑɦᾚὉ☻ʨʬɦ˄☻ᵷʮ̋ṔḘʟʤȹ☻ʨʞρȟφ ρπ  ὅ☻☻Aɇ☻ɰɭʚƎ˄☻rʫɳɇ☻ɐɰɯʤɂ☻̱☿☻ɐɂ̒ɦʤɂ☻ʢ̒ɥ☻ɰ̋ɭ˄☻ᵷρπ ί☻.

☻ɻɰɭʙ☻ɰɄ̍ɓ☻Ɂ☿Ʉʠ˄☻ɐɂ̒ɦʤɂ☻ʢ̒ɥ☻ʮ̋ṔḘʟʤʐ☻ʮɂɰ̋ɬ☻ʮȵ☻ʋɥᶚʯ☻ᵷʮɂɰ̋ɭʤɂ☻rʫɲ☻˂Ịʍ☻ɑ̍ȼɄɉɱyʟʤɂ☻ɑɦᾚAAAAAAAAAAAAAAὊʤɂ☻ɄɦʬAAAAAAAAAAAAAAɶʙ☻ɂɮȹ

ρȟφ ρπὃ☻ɰɄˈɕʤɂ☻ɂɯʶ☻ʨɛʫ☻ɰɄˈɓ☻.☻ᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʤɂ☻ɑɋɓɱʫ☻ʳʫ☻ὃỲᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥ☻ɭʤʻ˄ςπ Ὕ☻☻rʫ☻.˃ɱȼɂɭʤɂ☻ɰɄAAAAAAAɶʑɂ☻̱☿

ɂɮȹ☻ɣɕ̡˄☻
ᴮ
ɂɭAAɟ☻˃̒ʙ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAʒʫ☻ʨAAʚɥ☻ʜɄAʁɦA☻ʮ̒ʠ˄☻ʮȵ☻ɏAAɡ˄☻ʮȵ☻̓ɱʯ☻ɂɯAʁA☻☻ʇʯɄᴬᴬʒᶽɂ☻ʵɯᴬᴬʶ☻ʳʫ☻ɐɭᴬᴬʍ☻ʜɄᴬᴬʱʶ☻ʮɄᴬᴬʞ

.ɐɬɄAʑAɂ☻ʨAAɩɂɬ☻ɻɄAAɡɓᴜ☻ɷʖʯ☻ɄAyAʤ☻ʮ̒ʠ˄☻˃ȵ☻ᵷʗʆAAAAAAAAAAᴬAAAɾɓ☻ʮȵ☻rʟʬ˄☻ɑÂAɰɯAAʤɂ☻☻ʮȵ☻ɏᴬᴬɌᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɈ☻ᵷʡᴬᴬʤɮ☻ʏʫ☻ᵷɘɭᴬᴬɦ˄☻ᶗ☻ɂɯᴬᴬʶʺ

☻ὃỲAAAAAAAAAAAAAḳ̄ʅɄAɦAʒʑɂ☻ʨAAʚᾚήɂ☻ʮȵ☻ʮḛɋɖ˄☻˃ɰɯAAʤɂ☻ɏA̍AʝṔḘʦʤ☻ʨA̍Aʦɦɕʤɂ☻ʢᶚɩ☻rʫ̋☻.ʨAAʫɄAAʞ☻Ṕḛʑ☻́AAʖAAAAAAAAAAAAAAɽ̒ɇ☻ʪ̒ʚʯ☻˃ɯAAʤɂ☻ɞɮ̒ʬɦʤɂ

☻.ɐɰɯAAAʤɂ☻ɷʖʯ☻̱☿☻ʮ̋ṔḘʟʤȹ☻rʍ☻ɭAAAʤ̒ɕʫ☻ɱɩȳ☻ʨAAAʚɥ☻ʮɄA̍AAɥz☻ɏAAAʦʑȵ☻̱☿☻́AAAAAAAᴬAAAAAAAAɶʝɄAAAʎ˅☻ɐɰɯAAAʤɂ☻̱☿☻ɭAAAɥɂ̋☻ʮ̋ṔḘʟʤȺAAAɇ☻ɭAAAʤ̒ɕʑɂ

ỲAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ┘ʨʚᾚήɂ┘ʮȵ┘ʮ̒ʟɓ┘ɑ̍ȼɄẛṧʤɂ┘ɑɡ̍ɖɦʤɂ̋┘ʏʫ┘ʮ̒ʟ˄┘ɐɂ̒ɦʤɂ┘ʢ̒ɥ┘ɰ̋ɭɓ┘ὃỮʤɂ┘ɒɄʯ̋ṔḘʟʤʐ┘rʍ┘ɭʤ̒ɕʑɂ┘ὃ

.ɬɂ̒ʑɂ┘ʭʊʎʫ┘ʨɟȵ┘rʫ┘
ᴮ
ɂɭɟ┘Ṕḛʒɽ┘̋ȵ┘ʪɭʎʫ┘ʡʤɮ 

 ☻ʮ̋ṔḘʟʤʐ☻ʮɂɰ̋ɭɇ☻ʇʚʕ☻ɷ̄ʤ☻ɤɱAAAAAAAAAAAɺ
ᴲ
ɔ☻ʮȵ☻rʟʬ˄☻ɬɂ̒ʑɂ☻rʫ☻ɭ˄ɭʎʦʤ☻ɑ̍AAAAAAᴬAAAAɶ̄ʅɄɦʒʑɂ☻ɼɂ̒ᾟήɂ☻ʭʊʎʫ☻ʮȹ

ᴬAAAAAAAAɵɂ☻́̍ʦʍ☻ʛʦʆ
ᴲ
ʯ☻˃ɯʤɂ̋☻ᵷɑʫɂ̋ɭʤɄʞ☻́AAAAAAAAɶAʖʯ☻ʢ̒ɥ☻ʮ̋ṔḘʟʤʐ☻ɑʝɱɦɇ☻

ᴮ
ɄAAAAAAAAAʂ˄ȵ☻rʟʤ☻ᵷɐɂ̒ɦʤɂ☻ʢ̒ɥ☻ʭ┘ʺȵ┘ˌɔɂɯʤɂ┘ʗʦʤɂ"

┘ʮḛɋɶʤɂæ Spin".ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿☻ʮḛɋʫ☻Ʉʬʝ☻ᵷ 
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┘̋ȵ┘́ɶʖʯ┘ʢ̒ɥ┘ʮ̋ṔḘʟʤʐ┘ʮɂɰ̋ɭʤ┘̩ʠ̍ɵᶚʝ┘ɞɮ̒ʬʯ

┘ʹɓɂɮæ .ʮḛɋɶʤɂ┘ʪʻʸʖʫ┘˃ȵ 

 
 ☻ʘɄʆʯ☻rʬAAAAAAAAAAAAAAʁ☻ʭyʖ

ᴲ
ɓ☻ʮȵ☻rʟʬ˄☻ᶗ☻ʮ̋ṔḘʟʤʐ☻ɄẛẀ☻ʏɕʬɕ˄☻ὃỮʤɂ☻ʮḛɋAAAAAAAAAAAAAAɶʤɂ☻ɑ̍AAAAAAᴬAAAAAAAɽɄɩ☻̋ȵ☻ʮḛɋAAAAAAAAAAAAAAɶʤɂ☻ʪ̒yʖʫ☻ʮȹ

☻ʘɄʆʯ☻ʳʬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʁ☻Ʉʬʯȹʺ☻ᵷˌʠˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɵᶚʟʤɂ☻ʡˈʯɄʠˈᶽɂ"ɑˈɖʯɂʻʟʤɂ┘ȲɄ˄ṕḛʖʤɂ┘ʺȵ┘ὃỮʯɂʻʟʤɂ┘ʡˈʯɄʠˈᶽɂ"☻Ʉẛṧʍ☻ɘɭɦɕʯ☻ʭʤ☻ὃỮʤɂʺ☻ᵷ

.Ʉʱʶ☻ʜɱɦɕɓ☻ɑɦᾚAAὊɈ☻ʨɛʬ
ᴲ
ɓ☻ʮ̋ṔḘʟʤɡʤ☻ɑ̍ɦ ɋ̄AAɶʤɂ☻ɑʝɱᾚήɂ☻☻ɣɓɄʱʤɂ☻ὃỲᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȹ☻.ὃỲᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥ☻ɭʤʻɓʺ

☻rʍ☻ɣɓɄɦʤɂ☻ὃỲḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻rʫ☻Ṕḛɛʟɇ☻Ṕḗʝȵ☻ʪɄʍ☻ʨʠɺɈ☻(́ɶʖʯ☻ʢ̒ɥ☻ʮ̋ṔḘʟʤʐ☻ɑʝɱɥ)☻ɑ̍ɦɋ̄ɶʤɂ☻ɑʝɱᾚήɂ☻rʍ

ɥ.(ɐɂ̒ɦʤɂ☻ʢ̒ɥ☻˃ȵ☻ᵷɻɰɂɭʫ☻ʢ̒ɥ☻ʮ̋ṔḘʟʤʐ☻ɑʝɱɥ)☻ɑ̂ɰɂɭʑɂ☻ʮ̋ṔḘʟʤʐ☻ɑʝɱ 

 ☻ὂỰɛʫ)☻̩ȽɄɦə☻ʨʠAAAAAAAAAAAAAAɺɈ☻ʏʬɡɕɓ☻ɒɄʯ̋ṔḘʟʤʐ☻ɐɬɄʍ̋☻ᵷɒɄʯ̋ṔḘʟʤʐ☻rʫ☻ɭ˄ɭʎʤɂ☻˃̒ɕɦɓ☻ɒɂɰɯʤɄʕ☻ʭʦʎh☻Ʉʬʝ̋

☻ɂɯyʤ̋☻.
ᴮ
ɄAAAAAAAAAAAʂʎɈ☻ɄyʎAAAAAAAAAAAʂɇ☻ὃỰʖɓ☻ɐɭʤ̒ɕʑɂ☻ɑ̍AAAAAAᴬAAAAɶ̄ʅɄɦʒʑɂ☻ʢ̒ʚᾚήɂ☻ʮȵ☻ɝ̍ɦɇ☻ᵷɑAAAAAAAAAAAɶʝɄʎɕʫ☻ɄẛẁɄɦ̄ɋAAAAAAAAAAAɵ☻ʮȵ☻ɝ̍ɦɇ☻(ὂỰɛʫ

ʫ☻ᵷɑˆʻʚʤɂ☻ɑˈɶˉʅɄʱʒᶽɂ☻ɒɂɮ☻ɬɂʻᶽɂ☻ʃʎɈ☻ˍ☿☻.ʄɄʱʒʫ☻ʨʠɺɔ☻ᶗ☻ɬɂʻᶽɂ☻ʭʊʎʫ☻ʮȺʕ☻ɏɌɶʤɂ☻ᵷɗʤɄɉʻʠʤɂ☻ᵷɭ˄ɭᾚήɂ☻ʨɛ

☻.ʨʫɄʞ☻ʨʠAAAAAɺɈ☻ʪɭʎɦɓ☻ʭʤ☻ɒɄʯ̋ṔḘʟʤɡʤ☻ɑ̍ɦ ɋ̄AAAAAɶʤɂ☻ɑʝɱᾚήɂ☻rʍ☻ɐɭʤ̒ɕʑɂ☻ɑ̍AAAAAɶ̄ʅɄɦʒʑɂ☻ʢ̒ʚᾚήɂ☻ᵷʡʤɮ☻ʏʫ☻ᵷʨʠ̍ɦʤɂ̋

☻ɬɂ̒ʑɄAAɇ☻˂Ẻɭ
ᴲ
ᴬAɓ☻ɬɂ̒ʑɂ☻ʡAAʦɓ☻ʨAAɛʫḛʖʤɂ"Ṕ┘ɑᴬˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄᴬʱʒʫʺæ Ferromagnetic".☻☻ɑᴬˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄᴬᴬʱʒʫʺṔḛʖʤɂ☻ɬɂʻᶽɂ☻ʡᴬᴬʦɓ☻ˍ☿

ʨʠAAAAAAAAAAɺɔ☻ɝ̍ɦɇ☻
ᴮ
Ʉ̂̒ʙ☻
ᴮ
ɄʅɄɋɓɰɂ☻ɄyAAAAAAAAAAʂʎɋɇ☻ʇɋɓɱɓ☻ɒɂɰɯʤɄʕ☻☻ɻɄɡɓɄɇ☻ʗʆAAAAAAAAAAɾɓ☻ɄẛẁɄɦ̄ɋAAAAAAAAAAɵ☻ɒɂɰɯʤɂ☻rʫ☻ɐṔḛɋʝ☻ɒɄʍ̒ʬɡʫ

☻.ɭᴬᴬᴬɥɂʺ☻ɄAAAẛṨʦʍ☻ʛʦʆƎ˄┘ɒᶗɄᴬᴬɡʫ"æ Domains"ᵷ☻☻ʳʫ☻ˍỘ☻ˍẠɮʻʬʯ☻ʨᴬᴬᴬʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺɈ☻ɒɄᴬᴬᴬʍʻʬɡᶽɂ☻ʵɯᴬᴬᴬʶ☻ɷˉ˄Ʉᴬᴬᴬʚʫ☻ʺȵ☻ɱ˄ɬɄᴬᴬᴬʚʫʺ

☻ᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬʤɂ☻ɑɋɓɱʫρπὧά☻☻˂Ỉȹπȟρ ὧά☻Ʉʬʝ☻ᵷ̩Ƚɂ̒AAAAAAAɺʍ☻ʨʠAAAAAAAɺɈ☻́ɟ̒ʫ☻ʮ̒ʠɓ☻ɒᶗɄɡʑɂ☻ɑ̍AAAAAAAɶ̄ʅɄɦʒʫᶚʤɂ☻ɬɂ̒ʑɂ☻̱☿☻.

.ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿☻ᾝὟʻʫ 

 
ʹˈɟʻɓ┘.ɑˈɶˉʅɄʱʒʫʺṔḛʖʤɂ┘ɐɬɄᶽɂ┘˂Ịʍ┘ὃỲḳˉʅɄʱʒʫ┘ʨʚɥ┘ʛˈɋʆɓ┘ɭʎɊʺ┘ʨɋʙ┘ɑˈɶˉʅɄʱʒᶽɂ┘ɆɄʆʙᶻ┘ɒɄˈȼɄʱə 
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 )☻ɑʤɄᾚήɂ☻ᵷʛɋʆʑɂ☻̱ẠɰɄᾟήɂ☻ὃỲAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʮ̒ʠ˄☻Ʉʫɭɦʍb)☻ɑʤɄᾚήɂʺ☻(c☻ʮȺʕ☻ᵷʛɇɄᴬᴬɶʤɂ☻ʨʠᴬᴬɺʤɂ☻ʳʫ☻ᵷ(

☻
ᴮ
Ʉɋ̂ɱʚɓ☻˃ȵ)☻̱ẠɰɄᾟήɂ☻ʨʚᾚήɂ☻ʏʫ☻ʔɄʖʆAAAAAAɽᴜ ☻rʫ☻Ʉɋ̂ɱʙ☻ɧɋAAAAAAɾ̍ʤ☻́ɡɕ˄☻ʢɄɡʫ☻ʨʠʤ☻ɭʤ̒ɕʑɂ☻ὃỲAAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻Ʉʸʤ

ʵɄɡɓᶸ☻ɷʖʯ.ʇʱʒʬɕʤɂ☻ʳʍ☻ɣɓɄʯ☻ɂɯʶʺ☻ᵷ( 

 ʚˁɋɓ☻ɒᶗɄɡʑɂ☻ᵷɑʦ̍ʚɛʤɂ☻ɑ̍AAAAAAᴬAAAAɶ̄ʅɄɦʒʑɂ☻ɬɂ̒ʑɂ☻ʭAAAAAAAAAAAɵɂ☻ɄẛṨʦʍ☻ʛʦʆƎ˄☻ὃỮʤɂ☻ɬɂ̒ʑɂ☻̱☿☻☻ɭʎɈ☻ʻʤʺ☻ὂỮɥ☻ɑʖʆᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɾʫ

ήɂ☻ɬɄʎɈȹ☻ʭAAAAAAAAAAAAᴬAɵɂ☻ɄẛṨʦʍ☻ʛʦʆ
ᴲ
ʯ☻Ʉʫ☻̱Ộ☻ɑɡ̍ɖɦʤɂ☻ɻɯʁ̋☻нʨʚᾚ┘ɱʬɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᶽɂ┘ɷˉʅɄʱʒᶽɂ"æ Permanent magnet"☻ʺȵ☻ᵷ

☻ὃỲᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɬɄʎɈȹ☻ɭʱʍ☻ᵷɭ˄ɭᾚήɂ☻ʨɛʫ☻ᵷ(ɑˆɱʆʤɂ)☻ɑʱˈʦʤɂ☻ɑˈᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ☻ɬɂʻᶽɂ☻ˍ☿☻.ɐɱʬɕᴬᴬᴬᴬᴬᴬᴬɶᶽɂ☻ɑˈᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒᶽɂ

☻ɑʤɄᾚή☻ɑʍɱɶɈ☻ɬ̒ʎɔ☻ɐɬɄʑɂ̋☻ɒᶗɄɡʬʦʤ☻ɑʝɱɥ☻ɭʤ̒ɓ☻ɑ̂ɰɂɱᾚήɂ☻ɑʝɱᾚήɂ☻ʮȺʕ☻ᵷ̱ẠɰɄᾟήɂ.ʇʱʒʬɕʤɂ☻ʪɭʍ 

 ☻ɏʦʙ☻ʢɄɩɬȺɇ☻Ṕḛɋʝ☻ʨʠᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺɈ☻ɬɂɬɳɓ☻ɑˈȼɄɉɱʸʟʤɂ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ɐɭᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɹ☻ɂɮɄᶽ☻ɤɱᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɺ˅☻ɒᶗɄɡᶽɂ☻ʔɄʖʆᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɽɂ☻ʮȹ

.ɷˉʅɄʱʒᶽɂ☻ɳʝɱʫ☻ˍ☿☻(ɭ˄ɭᾚήɂ☻ʳʫ)☻˃ɭ˄ɭɥ 

 ☻ɭʤʻ˄☻ɂɯʶʺ☻ᵷ(ɒɄʱˉɋɶʤɂ)☻ɒᶗɄɡᶽɂ☻ʔɄʖʆɽɂ☻˂Ỉȹ☻˃ɬȸ˄☻ɒɄʚʦɥ☻ɰɄˈɓ☻ʳʍ☻ɭʤʻɕᶽɂ☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ʮȹ

☻ʮȹ☻.ᾝAAAAAAAAAAAAAAὟɂ̋☻ʨAAʠAAAAAAAAAAAAAAɺɈ☻Ṕḛɋʝ☻̱ẠɰɄAAɩ☻ʨAAʚɥ☻ɐɬɄAAʫ☻rʍ☻ɐɰɄAAɋʍ☻ɂɯAʁA☻ʮɜ☻ɐṕḛʫ☻̒ʁ☻(ɐɂ̒ɦʝ)☻ɏAAʦʚʝ☻ɭA˄AɭAAᾚήɂ☻ʪɂɭAAɪɕAAAAAAAAAAAAAAɵɂ

.ɒɄʖʦʑɂ☻̱☿☻ɰɄ̍ɕʤɂ☻ʌɄʆʚʯɂ☻ɭʎɈ☻̩ʊᾚή☻ʨʠɺɈ☻
ᴮ
Ʉɋ̂ɱʚɓ☻Ʉẛṥ̍ɶ̄ʅɄɦʒʫ☻ɭʚʖɓ☻ὃỮʤɂ☻ɑ̡̍ʤ̍☻ɑ̍ɶ̄ʅɄɦʒʫ 

 ☻Ɇɯɡɓ☻ɬɂ̒ʑɂ☻ʡʦɓ☻ʨɛʫ☻ɂɮɄʑ☻
ᴮ
Ʉʂ˄ȵ☻ɤɱɺɔ☻(ɑ˄ɭ˄ɭᾚήɂ)☻ɑ̍ɶ̄ʅɄɦʒʫ̋Ṕḛʖʤɂ☻ɬɂ̒ʑɂ☻̱☿☻ɒᶗɄɡʑɂ☻ʨ̍ʟɺɔ☻ʮȹ

ɐɱʬɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶᶽɂ☻ʇʯɄʒᶽɂ☻ ̋ ȵ☻ɑʬȼɂɭʤɂ☻ɱʬɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽ☻ὃỲᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻.☻(ʭȼɂɬ)☻ʪɄᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶɟᶻ☻ˍ☿☻ɒᶗɄɡᶽɂ☻ʛʚɦ˄

ɑˈᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒʫʺṔḛʖʤɂ☻Ɇɯɡɓ☻ὃ♫ʕ☻ɆɄʆʙȵ☻Ʉʸʤ☻ὃỮʤɂ☻ʪɄᴬᴬᴬᴬᴬᴬᴬɶɟᶻ☻ʮȹ☻.ɗʙȸʫ☻ʨʠᴬᴬᴬᴬᴬᴬᴬɺɈ☻ʇʱʒʬʫ☻ɧɋᴬᴬᴬᴬᴬᴬᴬɾ˄☻ʭᴬᴬᴬᴬᴬᴬᴬɶᾒήɂ☻ɂɯʟʶʺ☻ᵷ

☻ὃỲḳˉʅɄʱʒʬʦʤ☻ɑɶʝɄʎᶽɂ☻ɆɄʆʙᶻʭȼɂɭʤɂ☻ᾝὟ̒ʫ☻̒ʁ☻Ʉʬʝ☻ᵷ̓ɱɩȵ☻ɑ̍ɶ̄ʅɄɦʒʫ̋Ṕḛʕ☻ʪɄɶɟȵ☻Ɇɯɟ☻́ɦʟʬ˄☻ʭɶᾒήɂ☻.

ʤɂ☻ˍ☿.ʛʕɱᶽɂ☻ʨʠɺ 

┘ɷˉʅɄʱʒʫʭȼɂɬ┘┘ʨʠɺɈ┘ʇɦʒʬƎ˄┘(ɱʬɥz┘ʮ̒ʦʤɄɇ)

┘ʡɵɄʬɕɓ┘ʮȵ┘ɭʎɈ┘ὃỮʤɂ̋┘ᵷʘɂɰ̋z ┘ʡɇɄɺʫ┘ʃʎɈ┘ɗʙȸʫ

ʡɋɺʫ┘ʨʞ┘ ʌ ┘˂Ịʍ┘ɱəȸ˄.ɑ̍ɶ̄ʅɄɦʒʫ┘̓̒ʚɇ┘ɱɩ 
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12-┘:ɑˈɶˉʅɄʱʒᶽɂ┘ɬɂʻᶽɂ┘ʗˈʲɾɓ 

 ☻ʗɦᴬAAAAAAAAAAAAAɾɓ☻ʮȵ☻rʟʬƎ˄"ɬɂʻᶽɂ☻ɑᴬᴬˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄᴬᴬʱʒᶽɂ☻æ Magnetic materials"☻☻ʨAAʚᾚίʤ☻ɄAyAAʦʎʕ☻ɐɬɰ☻ɏAAAAAAᴬAAAAAAAAAɶɦɇ

☻̱☿☻.ɄAAAAAAAẛṨʦʍ☻̱ẠɰɄAAAAAAAᾟήɂ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAAAAAAʒʑɂ☻ʨAAAAAAAʚᾚήɂ☻ṔḛəȶAAAAAAAɓ☻̓ɭAAAAAAAʫ☻̋ȵ☻ᵷ̱ẠɰɄAAAAAAAᾟήɂ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAAAAAAʒʑɂ"☻ɬɂʻᶽɂɑᴬᴬᴬᴬᴬᴬ˄ɭᴬᴬᴬᴬᴬᴬ˄ɭᴬᴬᴬᴬᴬᴬᾚήɂ☻☻ʺȵ

ɑˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒʫʺṔḛʖʤɂ☻æ Ferromagnetic materials☻" ɳʍ☻ʡʦɕʬɓ☻ɒɂɰɯʤɂ ̋ˈᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶˉʅɄʱʒʫ☻ʪɑ☻ʬȼɂɬɑ☻ ɱʬɕᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬᴬɶʫ)ɐ☻(

☻ʗʆᴬɾɓʺ☻ɬɂ̒ʑɂ☻˂Ịʍ☻ɑʦɛʫz☻rʫ☻.ʛɋʆʑɂ☻̱ẠɰɄᾟήɂ☻ὃỲAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʏʫ☻ɑʤ̒yɶAɈɑˈɶˉʅɄʱʒʫʺṔḛʖʤɂ☻☻ᵷɭ˄ɭᾚήɂ

☻ὃỲḳˉʅɄʱʒᶽɂ☻ʨʚᾚήɂ☻ɬɄʎɈȹ☻ɭʎɈ☻ὂỮɥ☻ɄẛṥˈɶˉʅɄʱʒʫ☻ʃʎɋɇ☻ʋʖɕɦɓ☻ʮȵ☻ʳʟʬ˄☻ɬɂʻᶽɂ☻ʡʦɓ☻ʨɛʫ☻.ʨʠˈʱʤɂʺ☻ᵷɗʤɄɉʻʠʤɂ

.ʛɋʆᶽɂ 

 ☻ὂḒᴬᴬᴬɶɔ☻ὃỲᴬᴬᴬḳˉʅɄʱʒʫ☻ʨʚɥ☻ʨʎʖɇ☻ʇʱʒʬɕɓ☻ὃỮʤɂ☻ɬɂʻᶽɂ☻ᵷɱɩȳ☻Ṕḛɋʎɕɇ┘ɑˈᴬᴬᴬɶˉʅɄʱʒᶽɂ┘ɬɂʻᶽɂ"æ Magnetic 

materials"☻ɴɰɭɦʤ̋☻.́ʖʎAAAAʂɓ☻ɄyAAAAʂʎɊ̋☻́ɇ☻ʇɦʒʬɕɓ☻ὃỮʤɂ☻̱ẠɰɄᾟήɂ☻ὃỲAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻˃̒ʚɓ☻ɬɂ̒ʑɂ☻ʃʎɈ☻ʮȹ̋☻.

☻ɒɄʯ̋ṔḘʟʤɡʤ☻(ɑ̍ʟʦʖʤɂ)☻ɑ̂ɰɂɭʑɂ☻ɑʝɱᾚήɂ☻́əɭɦɓ☻
ᴮ
Ʉ̍ɓɂɮ☻
ᴮ
Ʉ̍AAAAAAAAAAAᴬAɶ̄ʅɄɦʒʫ☻

ᴮ
ᶚʚɥ☻Ʉẛẁɂɰɮ☻̋ȵ☻ɄẛẁɄȾ̂ɳɟ☻ʡʦʬɓ☻ὃỮʤɂ☻ɬɂ̒ʑɂ☻

ᴮ
ᶗ̋ȵ

☻ʨʚᾚήɂ☻ɂɯʁ̋☻ᵷ̓̒ ʤɦɂ☻ʢ̒ɥ☻ɂɯʤ☻.ɰɄ̍ɓ☻ɄẛẀ☻ɱʬ˄☻ɑʚʦɥ☻rʍ☻ɣɓɄʯ☻ʨʚɥ)☻˃ɱȼɂɭʤɂ☻ɰɄ̍ɕʤɂ☻ʨʚᾚή☻́ɇɄAAAAAAAAAAAAAAɺʫ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄɦʒʑɂ

.̩Ɋ̒ɦɟ̋☻̱ỈɄʬɹ☻ʮḛɋʆʚɇ☻
ᴮ
ɂɭɟ☻ɐṔḛʒɽ☻ɑ̍ɶ̄ʅɄɦʒʫ☻ɬɂ̒ʫ☻ɐɰ̒ɽ☻̱☿☻(ɒɂɰɯʤɂ)☻ɒɄȾ̂ɳᾒήɂ☻ɻɯʁ☻ʨɛʫ☻ɰ̒ɾɓ☻rʟʬ˄ 

 ☻ʪ̋ɳʍ☻(ɄAAẛẁɂɰɮ)☻ɄAAẛẁɄAAȾ̂ɳɟ☻˂Ịʍ☻ɯAAȼɭAɦAʍ☻ɱəȸɓ☻ᵷ̱ẠɰɄAAɩ☻ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAʒʫ☻ʨAAʚɥ☻̱☿☻ɐɬɄAʑAɂ☻ɻɯAʁA☻ʨAAɛʫ☻ɗAAʎʙ̋☻ɂɮȹ

ᴬA̍ʯɂɰ̋ɬ☻ʨAAʚᾚήɂ☻ʄ̒ʆɩ☻ʮȶAAɇ☻
ᴮ
ɄAAʬʦʍ☻.ὃỲAAAAAAAAAAAAAAḳ̄ʅɄAɦAʒʑɂ☻ʨAAʚᾚήɂ☻ʄ̒ʆɩ☻ʢ̒ʅ☻˂Ịʍ☻ɒɄAAȾ̂ɳᾒίʤ☻

ᴮ
ɄAAʬʊɕɦʫ☻

ᴮ
ɄAAɋ̄ɓɱɓ☻ɘɭAAɦɓ☻ɑ

☻ʨʚᾚήɂ☻ɑ̂̒ʚɓ☻ɘɭɦɓ☻̱ỈɄɕʤɄɉ̋☻.̱ỈɄʬAAAAAAAAAAAɺʤɂ☻ɏʆʚʤɂ☻ɑyɟ☻rʫ☻́ɦʫ☻ɞɱɪɓ̋☻̩Ɋ̒ɦᾒήɂ☻ɏʆʚʤɂ☻ɑyɟ☻rʫ☻Ȳ˃ɳᾒήɂ☻ʨɩɭɓ

ʅɄʱʒᶽɂ☻ʨʚᾚήɄɇ☻ɬɂʻᶽɂ☻ʵɯʶ☻ʨɛʫ☻ʳʫ☻ɑʍʻʱᴬᴬɾᶽɂ☻ʪɄᴬᴬɶɟᶻ☻ʇʱʒʬɕɓʺ☻.ɐɬɄᶽɂ☻ʨɩɂɬ☻ὃỲᴬᴬḳˉʅɄʱʒᶽɂ☻ʮḛɋʫ☻ʻʶ☻Ʉʬʝ☻ὃỲᴬᴬḳˉ

☻.ʛʕɱᶽɂ☻ʨʠɺʤɂ☻ˍ☿ ☻̱ẠɰɄᾟήɂ☻ʨʚᾚήɂ☻ɑʦAAɾɦʫ☻ɣɕ̡ɓ☻̱ẠɰɄᾟήɂ☻ʨʚᾚήɂ☻˂Ịʍ☻ɐɬɄʑɂ☻́əɭɦɓ☻˃ɯʤɂ☻ʨʚᾚήɂ☻ɏ̍ʝɱɓ☻ɭɦʍ̋

☻ɏˉᴬᴬᴬᴬᴬʂʚʤɂ☻ɱʚɕᴬᴬᴬᴬᴬɶˇʺ☻.ʭᴬᴬᴬᴬᴬɶᾒήɂ☻ʨɩɂɬ☻˂Ỉȹ☻ɑɉʻᾚᴬᴬᴬᴬᴬὈʫ☻ɗʯɄʞ☻ʻʤ☻Ʉʬʝ☻ʨʚᾚήɂ☻ʄʻʆɩ☻ɭʶɄᴬᴬᴬᴬᴬɺɔ☻ɝˈɥ☻ᵷʨʠᴬᴬᴬᴬᴬɺʤɂ☻ˍ☿☻ʮḛɋᶽɂ

ɂ☻ʄ̒ʆɩ☻ɐɂɲɂ̒ʬɇ☻̱ẠɰɄᾟήɂ☻ʨʚᾚήɂ☻̱☿☻ɐɬɄʑɂ☻ɻɯʁ☻ʨɛʫ☻rʫ☻ʌ̒ɦɾʑɂ.ʨʚᾚή 

 
(b) (a) 

ʨʠɹ┘ɑ̍ɶ̄ʅɄɦʒʫɂɰɄɋʤɂ┘ɬɂ̒ʑɂ┘ʮḛɇ┘ʘɱʖʤɂ┘ᾝὟ̒˄┘)Paramagnetic(┘ɑˈɶˉʅɄʱʒʫɄ˄ɭʤɂʺ┘┘)Diamagnetic(. 

 

 ☻̱ẠɰɄᾟήɂ☻ὃỲAAAAAḳ̄ʅɄɦʒʑɂ☻ʨʚᾚήɂ☻ʨɩɂɬ☻˂Ỉȹ☻ɏ̄ᴬAAAAʂʚʤɂ☻ɏᾚAAAAAὈ̡☻˄ʮȵ☻ɏɡ˄☻́ʯȵ☻ʛɇɄAAAAAɶʤɂ☻ʨʠAAAAAɺʤɂ☻rʫ☻ᾝAAAAAὠɕ˄

.ɆɮɄɡɕɓ☻(ʮḛʖʦɕɪʫ☻ʮḛʍʻʯ☻ʳʫ)☻ɑʖʦɕɪᶽɂ☻ɑˈɶˉʅɄʱʒᶽɂ☻ɆɄʆʙᶻ☻ʮᶟ☻ʡʤɮʺ 


