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ẰỞ ᵅῨ  

 

1 .ᾗᵈ 

ᵅῨ ѝ ͯ δỷ ̩ ḥḀ − 

δỷ ̩ ͮ Ἶѻ − ᵅῨ − Ἶѻ 

ˀͮ ᵎ 

1896 R.E.Liesegang ẕ ѝ ΐẕ֘ ̩   

ᵅῨ ᴳ ᵎ  

ᵅῨ ї Ỹᴻ ͒ ỷ ↑בּ ᴮӃ ᶺ ᵅṖֿפ

ᵅῨ − δ  

Ḿ ╝ F.T.Ostwald Σ ╝(1987 ) ╝ ╝  

₲ᴳ  

ᶡ Ξ ᴮӃ ᵅῨ ᴮӃ ᶺ

(2016 ) ͊ͯ ѝ ͯ ̩ ₣ ͒ Ỹᴻ Ḿ

♯ Ḁ 1 Ệ ♯ Ḁ Ỗ Ḿ  

−→ ὸ  

ᴮӃ −→ ᴾ ἪϾ ἧ ỷ ˀϑ

♬ −→ ̚Ӽ ֥ ˀ3ͮ  

ɋ Ệ ͯ −→ ͯ − 

Ɍ ͒ ₣ẕͯ ϩẋ  

ɍ ͒ Ѯ כ ͯ −→  

ˀͮ  ᴙ Ỹᴻ ᶺ ͯ ̩(ˀͮ ᵎ )  

Ч ͒ ỷ ₣ẕͯ ◑ −→

Ỗѕ ϴ (1 ὗѕ ) Ỹᴻε₲ + ᴮӃ 1 ♯

Ḁ ѯ Ỹᴻ ᶺ ♯ Ḁ ͒Ủ ỗ       

Mg 2+ 2OH ƂMg(OH) 2 

 

  1  Ḿ −→ ♯ Ḁ (69 ѻ− ) (Ệᴻш 3 ) 

 Ạ Ệ  ỷ  

ͮ ̩    ₣ 5mL( Ệᴻш 1 ) 3 

 

 

ͯ 

 

̩ 

͊ͯ  2.3g  

ẕ ử₣  3.0g  

Ч  0.5g  

  ₣ 50mL  

 

 

 

2.Ỹᴻ Ạ Ệ Ѯ  ֥



ᴮӃ ỗ 3 Ỹᴻ ᶺ  

 ỸᴻǑ Ệ ( ₣ ẕ ử₣ ) −→ 

ẚ ˑ  

 Ỹᴻǒ ẰỞ ͽ ₣ẕͯ ϩẋ ;ểͯ  

 ỸᴻǓ ͒ Ѯ כ −→ ˙ −  

 

ᴮӃ Ạ Ệ 2 Ѯ֥ 3 Ở  

 

2 Ỹᴻ Ạ Ệ                                         

Ỹᴻ Ἧ  Ệ  γἎ ӆ 

Ǒ,ǒ,Ǔ ₣(NH3aq 28 ) Ẉ ЕỦγἎ ӆ 

Ǒ,ǒ,ɘ Ч  ͯϹЕỦγἎ 1ӆ 

Ǒ(ˢ ),ǒ,Ǔ ẕ ử₣  Ẉ ЕỦγἎ ӆ 

Ǒ,ǒ,Ǔ ͊ͯ  ₣ ͯϹЕỦγἎ  

ǒ,Ǔ ͊ẕ(HCl 35 ) ͯϹЕỦγἎ 1ӆ 

 

3 Ỹᴻ Ạ Ѯ  ֥

Ỹᴻ Ἧ  Ѯ֥  ҉ϫ  

Ǒ,ǒ,Ǔ Ệᴻш 1.8cm ×18cm  

Ǔ  100mL  

Ǔ  300mL  

Ǔ ẅϲ  50mL 100mL  

Ǔ  1.8cm ×18cm × ˋ 

 

3.Ỹᴻ  

ỸᴻǑ,ǒ,Ǔ ӡ Ἢᾏ 

    Ч   ₣ ỷ ͽ ͽ ᵭ Ч ͯ  

 

  ̩ Я☺ ͯ ϯ ᵭ ₣ ͮ 

 

ỸᴻǑ Ệ 1 ͯ ѐṶ  

Ǒ-  1 ♯ Ḁ Ỹ  ᴻ

Ǒ-ɋ ₣ ͮ ͯ ṥ→ᵭ 3mL 7mL 10mL  

₣ ͮ ỸᴻǑ- (5mL) ϴ  

Ǒ-Ɍ ẕ ử₣ ͽ ṥ→ ₣(5mL) ͮ  

     ỸᴻǑ- ϴ  

 

 

 

Ỹᴻǒ ₣ẕͯ ϩẋ ;ểͯ (ͽ ỷ ̩ ЅḀ 1 ) 



 ǒ-ɋ Ч ̩ ͽ ṥ→ Ỹᴻ ᶺ 

 ǒ-Ɍ Ч ̩ ͊ẕ ͽ ṥ→ Ỹᴻ ᶺ 

 ǒ-ɍ Ч BTB ̩ ͽ ṥ→ Ỹᴻ  ʌ

 ǒ-Ɏ Ч BTB ̩ ͊ẕ ͽ ṥ→ Ỹᴻ  ʌ

 

 

ỸᴻǓ ͒ Ѯ כ −→ ͯ −  

 Ǔ-ɋ ͒ Ѯ ( 1 Ệᴻш 10 ) 

 Ǔ-Ɍ ͒ Ѯ ( 1 Ệᴻш 10 13 ) 

 Ǔ-ɍ ͒ Ѯ ẅϲ ( 1 Ệᴻш 5 10 ) 

 Ǔ-Ɏ ͒ Ѯ ( 1 Ệᴻш 30 60 ) 

 

 

 

 

4 .ỸᴻᴕΌ 

ỸᴻǑ Ệ 1 ͯ ѐṶ  

Ǒ-  1 ♯ Ḁ ῺḀ(ₑ 1) 

 

 Ǒ-ɋ ₣ ͮ ͯ −→  

ỸᴻǑ- ˙ ᴳ (ₑ 2) 

 

 Ǒ-Ɍ ỸᴻǑ- ᶺ Ṕ −→(ₑ 3) 

 

 

 

ₑ 1 1 ♯ Ḁ ῺḀ ᴕΌ(ỸᴻǑ- ) 

 

 

 

 



 

 

 

 

   

 

 

 

 

 

 

 

 

 

ₑ 2 ₣ ͮ ͯ ᶺ Ỹᴻ ᴕΌ(ỸᴻǑ-ɋ) 

(ḯ 3 3mL mL 10mL) 

 

 

 
ₑ 3 ẕ ử₣ ͽ ῺḀ ᴕΌ(ỸᴻǑ-Ɍ) 

 

 

 

Ỹᴻǒ ͒⁮ᶺ ₣ẕͯ ϩẋ ;ểͯ  

 ǒ-ɋ Ệ ₣ ̩ ̩ ͽ ║ ░ 

     ₣ ͮ◗ ͊ѯ↑ Ở (ₑ 4) 

     ᵭ ₣ ͮ −→ −→  

ῲ ― ͯ Ỹᴻ ͯ Ẫ ₑ ₑ5  

Ở  

 

 

 

3mL    7mL    10mL  



          

ₑ 4 ₣ ͮ◗ Ӫ͊ѯ↑ (Ỹᴻǒ-ɋ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

          ₑ 5 Ỹᴻǒ-ɋ ͒⁮ᶺ  e

 

 

ǒ-Ɍ Ệ ₣ ͽ ό ͊ẕ ͽ ῺḀ ͊ẕ ͽ ᶺ Ṕ ѷ  

Ỹᴻǒ-ɋ Ӫ͊ѯ↑ Ở ͒ Ѯ ˒ ◗ ͊ẕ ͽ

 

 

         ầ ― ₣ ͮᵭ ˢ ₣ẕͯ  

ϩẋ ᵭỸᴻǒ-ɋ −→ −→  

ῲ Ч ― ͯ (ₑ 6) 

     Ӫ͊ѯ↑ Ỹᴻǒ-ɋ אל −→ 

(ₑ 7) 

Ỹᴻ ₑ 8e Ở  

▪fi⸗♬▪  
▪fi⸗♬▪  



  

ₑ 6  ̩                              ₑ 7 ͒Ὂ ᵭ(Ỹᴻǒ-Ɍ)  

͊ẕ ͽ ῺḀ ᴕΌ         

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

▪fi⸗♬▪  

8 ɗ-ᵒ⌐⅔↑╢ ▬ⱷכ☺  

▪fi⸗♬▪  



ǒ-ɍ BTB ̩ ͽ ₣ ͮ◗ ≤― ░ (ₑ ) 

     ₣ ͮᵭ −→ ≤― (ͯₑ 10)  

 

 

 ₑ 9 BTB ̩ ͽ (Ỹᴻǒ-ɍ)             ₑ 10  ͒⁮ᶺᵭ(Ỹᴻǒ-ɍ)  

ǒ-Ɏ Ỹᴻǒ-Ɍ BTB ̩ ͽ ṥ→ ͒ Ѯ ˒ ◗ ͊ẕ 

ͽ Ỹᴻ ᶺ  

     ầ ͝― ░ (ₑ 11 ) ᵭ ͒ ⁮ −→ ≤―

ͯ (ₑ 12 ) Ỹᴻǒ-Ɍ אל −→  

 

 

ỸᴻǓ ͒ Ѯ כ −→ ͯ −  

ỸᴻǓ ͒ Ѯ כ −→ ͯ −  

 

 

11 BTB ⌐ ╩ ⅎ√ ─         12 ( ɗ-ᵔ) 

    ( ɗ-ᵔ)    



Ǔ-ɋ ͒ Ѯ ῺḀ −→ (ₑ 13 ) 

Ǔ-Ɍ ͒ Ѯ ῺḀ Ệᴻш Ỗ −→(ₑ 14 ) 

     ₑ 14 ϴ Ỹᴻǒ-Ɏ ᴕΌ Ḁ Ở  

      

ₑ 13  ῺḀ ᴕΌ                 ₑ14  ῺḀ(ỸᴻǓ-Ɍ) 

(ỸᴻǓ-ɋ)         

 

 Ǔ-ɍ ͒ Ѯ ẅϲ ῺḀ Ệᴻш Ỗ −→(ₑ 15 ) 

     ₑ 15 ϴ Ỹᴻǒ-Ɏ ᴕΌ Ḁ Ở  

− ͮ  כ (ₑ 16 ) 

 
  ₑ 15  ẅϲ ῺḀ          ₑ 16  ẅϲ ῺḀ 

(ỸᴻǓ-ɍ)                    −   (ỸᴻǓ-ɍ) 

 

 

 

 



 Ǔ- Ɏ Ỹᴻ כ ͯ ͒ Ѯ ѕ ᴎ

ѕ ֥Ḁ − ∆҉ Ỹᴻ ᶺ ᶳṶ

ᾤ  

 

5.ᶳṶ 

ỸᴻǑ Ệ ͯ ѐṶ  

 ₣ ͮ ͯ −→ ˙ ᴳ

₣ẕͯ ὣ פֿ Ṗקּ ₣ 

ͮ Σ ᵂ ᵊ −→ ͯ  

 ỗ ẕ ử₣ ͽ ῺḀ ´ ῺḀ

− ẕ ử₣ ᾋ  

ᶡ ╣ᶺ ӃB ᴕΌ ˢ  

 

Ỹᴻǒ ₣ẕͯ ϩẋ ;ểͯ  

Ỹᴻǒ-ɋ ǒ-ɍ ₣ ͮ◗ Ӫ͊ѯ↑ Ở ˀͮ ͒Ủ ᶳ

 

    MgCl 2 H2OƂMg 2+ Cl OH HClƁ 

Ệ (͊ͯ ) ₣ ͽ Ṕ ͊ͯ₣♬ − ₣ẕͯ  

͊ѯ↑ Ở ᶳ  

  

Ḛεᶺ Ỹᴻ ͒ ї ☺ ₣ẕͯ Ή ₣ ₣ẕ

ͯ ϩẋ ;ểͯ ̩BTB ̩ Ỹᴻᴕ

Ό ―˞ ᶳ ͒ᵭ pH 7.6 8.0 ᶳ  

 ͊ẕ ͽ (ἥẕ↑ )Ỹᴻǒ-Ɍ ǒ-Ɏ אל −→ 

( )  ἥẕ↑ ῺḀ ͒ Ѯ ₣♬ ͮ

₣ ₣ẕͯ ˰ Ḁ ₣ẕͯ  

͊ѯ↑ פֿ Ὕ ᶳ Ӫẕ↑ ᵏ Ỹᴻ

ᶺ  

 

            4  ̩↑ Ⱳ ᶄ ( ˂ mm) 

 1 Ⱳ  2 Ⱳ  3 Ⱳ  

Ӫ͊ѯ↑  2.36  3.27  3.59  

ἥ͊ѯ↑  2.75  3.44  3.82  

ἥẕ↑  2.90  3.85  4.50  

 

 

ỸᴻǓ ͒ Ѯ כ −→ ͯ −  

 Ṕ −→ Ѯῲ ┤ ͮ

1 Ⱳ −→ ◗ Ѯ ☺ Ạ ╕ ᶳ

 



 

ẅϲ ῺḀ ͒ Ạ ὣ טּ  

−→ Ḛε Ỹᴻ ẅϲ ͮ ┤

−→ ᶳ  

 

 

 Ỹᴻ ˀͮ ᶳ  

 

˒ Ṕ ᷈ͫ ϋầ ᵭ ₣ ͮỖ ┤

ͯ ᴎѕ − ͒ Ѯ  

)כ ┤) ḛ  

 

 Ḛεᶺ Ỹᴻ ͒ Ѯ ₠ −→ ᶡ ᶺ

╣ᶺᴮӃ( ᶅ (2016 )) ᴕΌ ˢ ỸᴻǓ-ɍ 1e6  

͒ Ѯ ₠ −→ ᴳ ỡ◦ →כ

ₑ17 ≤▬ ͮ ъ   כ −→ ᶳ  

 

             

 ₑ 17  ẅϲ ῺḀ  

 

6.ᴕ  

ᴮӃ ˀͮ  

₣ ͮ ᵂ ᵊ −→  ͯ

ẕ ử₣ ᾋ −→ їג 

ᵅῨ ₣ẕͯ ;ểͯ →ᶁ 

͒ ї ☺ ₣ẕͯ −→ ӡ ͓ ͮ ϩẋ 

ἥẕ↑ ῺḀ כֿ ῺḀ אל −→ 

1 Ⱳ −→◗ Ạ ╕  −→

 



ẅϲ ѕ ѕϷ Ệᴻш Ỗ Ḱ 

͒ Ѯ ₠ −→ ╣ᶺᴮӃ ᴕs  

 

 

7.Ḛᵭ  

͒ Ѯ כ ↔ ѕϷ ᵅῨ Ҍ  

͒ Ѯ ӂכ ₠ −→ ʹ╝ →  

כ ͯ Ѯ ᶺ Ỹᴻ ᶺ 

 

 

8.ẇᶳ ᴭ 

2016 ᵅῨ Ṝ Ἢ◗᷈ Ϲᶡ Ӄ ḉᾙ 

ᶅ ʜ 2021 U Ồш ᵅῨ Ṝ Ἢ◗᷈ Ϲᶡ 

Ӄ ḉᾙ 

 

 

  



ṑ ―♬ ― ṥ  

 

ᾗᵈ 

―♬ Ậ Ạ ⁵ ᾶ ⁬֕

ṑ ʸ☺ ― ṥ ᶳ ˢ ṑ ―♬ ὶ ἍҪ Ἠ ὶ

פֿ ₣ ̩ Ἠ ὶ Ἠ ὶ ṑ ―♬ ḥ

ḥ ―♬ ὶ ᴳ ὶ ṥ→ ―

♬ ề ↑ ὶ Ệ ╣ᶺᴮӃ Ḿ ὶ ◑

щˍ₄ּי ┤7 3 ḥḀ ̩ ―♬

ὶ ᶺ ṥ→ Ṕ ὶ ―♬ ḥ ὶ ҁ ᵏ

ᶳ ┘  

 

ỸᴻἪᾏ 

Ỹᴻ Ạ Ѯ֥ˢ 

1 ӆ  ͯϹЕỦγἎ 

1 ӆ  ͯϹЕỦγἎ 

ẕ ₣ ͯϹЕỦγἎ 

 ЕỦγἎ 

Ⱳ  

 ЕỦγἎ No.315 - 717  5JL4 - 107  

 

Ṍ ỗ Ṍ 25g 35 mL 15 mL

ḥḀ ̩ ͽ Σ ̩ Ἠ ὶ ѷ Я☺ ѷ

ḥ ―♬ ẙ 1 ṥ→ 7.5 mL

ͽ ὶ ҁ ḥ ᵏ Σ Ἠ ᾤ ᵏ

1.5g ▓ ᵏ Ἠ ᾤ ̩ ͽ ᵏ Я→ Ậ ―

ϴ ԇ ― Ỗѕ ת ̈́ ϯ 

 

ỸᴻᴕΌ 

ₑ 1 ― ṥ→ →ᶁ Ậ ― ϴ ˢ ᴘᵭ ― ẙ

Ỵ ҁ ―↑ Ỵ↑ ϯ  

 

ₑ 1 ṥ→ ―  

 



ᶳṶ 

   ḥḀ ̩ ―♬ ὶ

―♬ ͽ − ҁ

ᵏ ∆ δ Ḵ ₣ ṥ1 ẕ ₣ ̩ ϋ̩ Ⱳ

ϴỸᴻ ᶺ ᴕΌ ₣ Ḵ ṥ ҁ ᵏ Ӑ

ỏ ; ↑ ᷈  

 

ᴕ  

   ║ ―♬ ― ṥ→  

Ḛᵭ Ỹᴻ ὶ ҁ ᵏ Ⱳ

ϋ̩ ḽỸᴻ ṑ ὶ Ṕ Ạ

ὣ ѷ ẙ ; ↑ Ạ ᴩ

Ḛε Ỹᴻ ὶ Ἠ ὶ ―♬ ᴮӃ ⁮

 

 

ẇᶳ ᴭ 

 ˁ Ὀ ᶤὈἹ2009 Ḿ ὶ ◑ щˍ₄ּי ṑ

ԃᴮӃᾒᴮӃ ḉ 8 ᷿ p.165 - 173  

͞ᶍỂ 2012 ◦ ┘ ᶣַאᴮӃ 12 Ы 10 ᷿ p.485 - 494  

Maki 2021 ―  2 ὶ щ ṥ  

https://www.melbournekosodate.com   

 

  



͒  

 

1.  ᾜᵈ 

 ẕͯ ₣ ͒ ₣ẕͯ  

−→ ͒ ᴮӃ  

 CaO(ᵏ) + H ϒO(̩) = Ca(OH) ϒ(ᵏ)  +65kJ  

ͯϹ ͒ ∟ṥ 

(6 . ẇᶳ ᴭẇῐ) ᴮӃ ͒  

(ₑ 1) 1e ᴳ ͫ  

ῲ῁ ẚ ᾋ ₣ ᾶ יּ  

₣ 20 mL 18mL Ҳ  

ͫ ͯ ₣ ᾋ їג Ở Ӹ ổ  

͒ ↑בּ҉  

 

2.  ỸᴻἪᾏ 

 ẕͯ ₣ ͒ ↑בּ҉ ᴳ  ᴙͮ Ỹᴻ  ʌ

Ạ Ѯ  ֥

 Ệᴻш(24 ×200mm) (500mL) Ệᴻш ֤ḗ (5mL)  

Ế (60mm 100mm ) Ẫ  

 

(CUSTOM) ͫ ᴁ K 1͒  CT- 1310D  

γἎ CUSTOM 

᷈ͫ K ( ₣ י (  LK- 1200i γἎ CUSTOM  

Ạ Ệ  

 000 - 13775  Chameleon Regent  CaO=56.08  

  ӆ ẕͯ   500g  

   ᾋ (Ӫ ᵭ)--- 98.0% ˀῲ 

   Lot No.H19808M   Ằ⁯ ᷿ 157  Ḋ ᷿ 1910  

 OSAKA ͯϹЕỦγἎ JAPAN 

  

 Yoneyama Extra Pure Regent  03381  Ca( OH)ϒ=74.09  

 Ẉˢӆ  2015 2/6  

  ₣ẕͯ  500g  

  Assay % 95.0min  

   Lot No.TJA0010  Ằ⁯ ᷿ 154  Ḋ ᷿ 3262  

 Ẉ ᶏԃЕỦγἎ 

  

Ⱳḧ˦s˧  

ᴛ

 
 

̆ 

 1 ─◓ꜝⱨ 



Ỹᴻз 

   CaO( 0.1mol ) ₣ ͫ ᴁּז  ʌ

ͽ ₣ ᶺ ₑ 

mL 50 100   ₣ L 1.8 5.0 10 20 30 40  

 

 

 

 

 

 

 

 

 

 

 

 

ₑ  Ỹᴻɟ 

 

ᴕΌз 

 

 

 

₣ פֿ Ḿ᷈ͫ Ỗѕ  

 

ᶳṶɟ 

 −→ Ca( OH)ϒ ặ ḥ  

┤ ᾶ ₣ CaO ₣ ‖  

Ỹᴻ ╕ Ỹᴻɠ ᶺ 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0 40 100 160 220 280 340 400 460 520 580 640 700 760 820 880

CaO(0.1mol) 50mLР˔ϸ˔

1.8mL

5mL

10mL

20ΉL

30ΉL

40ΉL

ᴛ

̆

Ⱳḧ˦Α˧

χ [mL]

 כꜝכ♃☻

 

CaO Ca(OH)ϒ 

HϒO 

CaO( )  

 з ≤ ─  (  ─ .₈8│♃כ♦─ ⌐₉♃כ♦ ) 



Ỹᴻɠ 

   CaO Ệᴻш ₣ ͫ ͯ ᴁּז 

CaO ₣ ᴁּז ᶺ  e

ͽ ₣ ͫ 20 40 ᶺ  

CaO mol 0.100 0.050 0.0375 0.025   ₣ mL 1.8 2.0 5.0 10 20  

 

 

 

 

 

 

 

 

 

ₑ  Ỹᴻɠ 

 

ᴕΌɠ 

 

 

0

20

40

60

80

100

120

0 40 100 160 220 280 340 400 460 520 580 640 700 760

5mL

0.05mol(20̆)

0.0375mol(20̆)

0.025mol(20̆)

0.05mol (40̆)

 и( 5.0mL ) ≤ ─  

CaO( )  

HϒO 

CaO[mol]  

(  ─ .₈8│♃כ♦─ ⌐₉♃כ♦ ) 

ᴛ

  
 

̆ 

[s] 



 

 

 

 

 

 

 

 

ₑ ~  

40 ₣ ͽ Ḿ᷈ͫ Ỗѕ Ḿ יּ  

ẚ ͫ40 ֕  ᴙ יּ͒

 

0

20

40

60

80

100

120

0 40 100 160 220 280 340 400 460 520 580 640 700 760

10mL

0.05mol(20̆)

0.0375mol(20̆)

0.025mol(20̆)

0.05mol (40̆)

0

20

40

60

80

100

120

0 40 100160220280340400460520580640700760820880

20mL

0.05mol(20̆)

0.0375mol(20̆)

0.025mol(20̆)

0.05mol (40̆)

CaO[mol]  

CaO[mol]  

 и( 10mL) ≤ ─  

 и( 20mL) ≤ ─  

(  ─ .₈8│♃כ♦─ ⌐₉♃כ♦ ) 

(  ─ .₈8│♃כ♦─ ⌐₉♃כ♦ ) 

ᴛ

  
 

̆ 

ᴛ

  
 

̆ 

[s] 

[s] 



ᶳṶɠ

 

 ₣ ᵏ ₑ 3 Ḿ᷈ͫ ᴳ ỏ ˂ їג

 

ὶ(ₑ )  ẕͯ ї ₣

10mL Ỗ Ḿ᷈ͫ Ỗѕ Ḿ יּ  

 Ỗѕ ₣ ᾋ їג 10 mL ◗ᵭ יּ͒ Ḿ ᶳ

Ỹᴻɡ ᶺ  

CaO ỷ ₣ ᾶ Ҍ Ҍ ᴾˮ ỗ ᶳ ₣

̩ ͫ 100 ₣ ҁ ֩ҁ ὶ −→ ₣ẕͯ

ẙ ẕͯ ῲ ᵏ ҁ ֩ҁ ϓ ₣ẕ

ͯ ẕͯ ╕ ҁ ˢҁ ֩ҁ ὶ 

 

 

 

 

 

 

 

 

 

 

 

 

Ỹᴻɡ 

 и( ─ ) 



   CaO(0.025 0.050mol) Ệᴻш 20 ₣ ͫ ͯ ᴁּז

ṔCaO ₣ (5~25mL ) ᴁּז ᶺ  

ͽ ₣ ͫ ∆ϯ20 ∆ϯ ₲

(60mm 100mm ) 10 mm 10 mm 80mm ᴔ ϋ ᴔ Ệᴻ

ш 10 mm ᶺ  e

 

 

 

 

 

 

 

 

 

 

 

 

 

ₑ  Ỹᴻɡ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᴕΌɡ 

☻
♅
꜡

ꜟ 

CaO( )  

HϒO (20ϴ)  



 

 

 

 

 

 

 

 

ͫ ͮ ד  ᴙ ˢ 

ᶳṶɡ 

0

10

20

30

40

50

60

70

80

90

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900

ᴛ

Ⱳḧ˦s˧

CaO (0.05mol)

12mL

13mL
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10 й(CaO 0.05mol)  ≤ ─  
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χ [mL]  

11 й(CaO 0.025mol)  ≤ ─  
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ₑ12 ͮ Ỗѕ Ḿ ₣0.025mol 16mL

0.05mol 13mL ◗ᵭ ₣ ᾶ ד ъ

₣ פֿ ד һ כ ӡ ᴳ כ

ᴾˮ ᶳ  

◗ ͯϹ ͒ יּ͒ ‖ ͫ ͒ ᵏ ῺḀ ┤  קּ˃

Ḛε ͒ їג ͫ ┤ ₣ פֿ Ẫ ϩẋ

┤ יּ͒ ᶳ  

ẕͯ ᵏ ┤ יּ͒  

ˢ ₣ פֿ ͫ ῲ῁ יּ͒ ᾴ

┤ +ͽ יּ͒ +ͽ +ͽ יּ͒ ᵂᾶ ʹ

ỗ ᶳṶ  

 

 

 

 

 

 

 

 

 

 

₣ ᾶ ẕͯ ϩẋ ᵏ Ẫ Ầ ╗‖

┤ ᾴ יּ͒ ᾴ (ₑ 13)  

12 й ⌐ ∆╢╕≢─ ≤ ─  

 

CaO CaO 



 

 

 

 

₣ + ὤ Ẫ ϩẋ יּ͒  

₣ ˢ ẕͯ ┤ ˀῲ יּ͒ Ḿ

(ₑ 14)  

 

 

 

 

 

 

 

 

 

 

ᵭ ┤ Ḿ ₣ + ͫ ῲ῁ יּ͒

(ₑ 15)   

 

13 й ≤ ─ ⅜ ⌐ ⅎ╢   

14 й ≤ ─ ⅜ ⌐ ⅎ╢   



 

 

 

ˀῲ ᶳṶ щ ͯ 1e6  

 

 

₣ ᶂΌ(ɋ) יּ͒ ᾴ ᶂΌ ┤ ᶂΌ(Ɍ יּ͒

ᶂΌ ┤ יּ͒ +ͽ ₣ יּ͒ ᵂᾶ ʹ

ɋ Ɍ ד Ḁ ɋ Ɍ Ḁ→ ɍ

ᴳ 1e5 כ  

Ẽ ᶳṶ ẕͯ + Ḿּי ₣ + Ḿ

יּ ₣ 0.025mol 16mL 0.05mol 13mL ẕͯ + Ḿּי

₣ ᵂ ᶳṶ ᵅῨ ╝  

Ỹᴻɢ 

 Ỹᴻ Ạ CaO ˑ Ca( OH)ϒ − ˑ ͫ ᶳṶ Ṕ

Ca( OH)ϒaq ᶳ ₣ Ca( OH)ϒaq ˙

 

20 ỷ ᾋ₣ Ca( OH)ϒaq ˋ 500mL

16 й ≤ ─ ⅜ ⌐ ⅎ╢  

15 й ≤ ─ ⅜ ⌐ ⅎ╢   

Ν  ŋ

Νᵓ 

Νᵒ 



Α Ӫ Α ₣ Ca( OH)ϒaq

Ἠ 70 Ỗѕ ᴁּז ϴ Ṕ

ͫ ᴁּז (ₑ 17)  

 

 

 

 

 

 

 

 

 

 

 

 

ₑ 17  Ỹᴻɢ 

 

ᴕΌɢ 

 ₣ 
Ca(OH) ϒ 

aq 

ầ ͫ  20  20  

Ὂ ͫ  70  70  

Ỗѕ s  170  160  

 

 

ᶳṶɢ 

 ᾋ₣Ca( OH)ϒaq 70 Ỗѕ ᾋ₣ Ca( OH)ϒaq

ᶳ  

 

 

 

 

 

 

 

 

3 . ᴕ  

 ᴕΌ ᶳṶ ẕͯ ₣ ͒ Ḿ᷈ͫ Ỗѕ Ḿ

פֿ ᾶ ₣  

Ḛᵭ Ξ  

 к ≤ Ca(OH)ϒaq─ ⌐ ∆╢  

HϒO Ca(OH)ϒaq 



ɋ זּ Ὼᾒ ϯ  

Ɍẕͯ ┤ ῧ ζ  ẕͯ    

Ṑ ϴ  

ɍ ͒ ḥ נּ Ỹᴻ ᶳ  

Ӑ  

 

 

4. ẇᶳ ᴭ 

ͯϹ ͒ ∟ṥ 

ht tp://www.higashi - tym.ed.jp/course/kadai27/Skairo.pdf  2021 7 ᴘ 20  

2022 7 ᴘ 15 ᵅṖ ΉӋ  

 

https://expydoc.com/doc/8041338/%E5%8C%96%E5%AD%A6%E5%8F%8D%E5%BF%9C

%E3%82%92%E5%88%A9%E7%94%A8%E3%81%97%E3%81%9F - %E3%81%84%E3%82

%8D% E3%81%84%E3%82%8D%E3%81%AA%E3%82%AB%E3%82%A4%E3%83%AD%E3

%81%AE%E8%A3%BD%E4%BD%9C  2022 7 ᴘ 15  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. ☺Ỹᴻ  

 

ᴳ  

CaO(0.1mol)   

Ỗѕ(s)  ₣ 5 L 

0 20  

10  22  

20  23  

30  24  

 

Ỹᴻɟ 

CaO(0.1 0mol)       

Ỗѕ(s)  
₣

1.8mL  
₣ 5.0mL  ₣ 10mL  ₣ 20 L ₣ 30 L ₣ 40 L 

0 22.0  21.0  22.0  22.4  22.9  22.8  

10  23.8  23.4  21.6  23.0  23.6  24.2  

20  24.1  23.4  23.3  24.5  24.7  25.2  

40  24.6  23.4  24.3  25.1  25.0  25.4  

60  25.0  23.6  24.6  25.5  25.3  25.8  

80  25.6  23.7  25.1  26.2  25.7  26.3  

100  26.5  24.6  26.1  27.0  26.1  26.7  

120  27.6  25.8  27.2  27.9  26.7  27.1  

140  28.9  26.9  28.2  28.6  27.0  27.5  

160  30.6  27.2  29.3  29.4  27.5  27.8  

180  32.3  28.7  30.3  30.3  28.0  28.2  

200  36.4  29.8  31.4  31.0  28.5  28.6  

220  41.4  31.0  32.7  31.9  28.9  29.0  

240  47.2  32.4  34.0  33.0  29.4  29.4  

260  51.4  34.1  35.5  34.0  30.0  29.9  

280  53.7  36.2  37.1  35.3  30.5  30.3  

300  54.5  39.0  39.8  36.9  31.1  30.9  

320  54.1  43.0  42.8  38.5  31.7  31.5  

340  52.7  48.5  46.7  40.5  32.5  32.0  

360  51.2  54.5  49.9  42.5  33.2  32.6  

380  49.6  59.0  52.8  44.7  34.0  33.4  

400  48.2  61.6  55.7  46.7  35.1  34.1  

420  47.2  62.1  58.3  48.4  36.0  35.0  

440  46.1  60.3  59.7  49.8  37.0  35.8  

460  45.0  57.5  60.6  50.7  38.1  36.7  

 0 ╩ ∆ 

╩ ⇔≡ ╩ ∫√↓≤╩

∆ 

⇔≡™⌂™ │  

0s─≤⅝─ ϴ ╩ ∆╩

∆ 



480  44.2  53.8  60.5  51.4  39.2  37.5  

500  43.3  51.7  60.0  51.7  40.4  38.3  

520  42.6  49.9  59.2  51.7  41.4  39.1  

540  42.0  48.3  58.3  51.5  42.3  39.8  

560  41.3  46.4  57.0  51.2  43.0  40.4  

580  40.8  44.8  56.0  50.8  43.7  41.0  

600  40.3  43.3  54.8  50.2  44.2  41.4  

620     49.5  44.6  41.8  

640     49.0  44.7  42.1  

660     48.4  44.9  42.3  

680     47.8  45.0  42.5  

700     47.1  45.1  42.5  

720     46.4  45.0  42.5  

740     45.7  44.9  42.5  

760      44.7  42.4  

780      44.5  42.3  

800      44.2  42.2  

820      44.0  42.0  

840      43.8  41.9  

860       41.8  

880       41.7  

900       41.5  

 

 

Ỹᴻɠ 

CaO(0.1 0mol)      

Ỗѕ(s)  
₣

1.8mL  
₣ 2.0 mL ₣ 5.0 mL ₣ 10mL  ₣ 20 L 

0 19.5  20.8  20.8  19.0  19.0  

10       

20       

40  22.4  22.8  22.8  23.7  23.4  

60  23.8  25.1  24.3  25.4  24.8  

80  25.8  26.7  25.3  27.3  25.9  

100  29.2  29.4  26.9  30.1  28.1  

120  35.8  33.4  29.4  33.9  30.9  

140  98.5  39.7  32.7  38.8  34.3  

160  101.5  71.5  36.5  46.0  38.2  

180  100.8  102.1  42.0  59.6  43.6  



200  101.1  102.3  50.3  82.6  52.0  

220  102.1  104.0  68.5  99.9  70.1  

240  101.6  105.2  94.0  105.9  92.1  

260  101.1  106.1  107.1  107.5  93.8  

280  98.4  105.7  105.7  108.0  102.1  

300  96.6  104.7  104  107.4  105.5  

320  94.4  102.8  102.7  105.8  106.9  

340  93.3  101.3  101.2  103.9  106.3  

360  91.4  99.5  99.1  102.0  104.7  

380  89.5  97.5  96.6  100.1  102.4  

400  87.5  95.2  94.0  98.4  100.0  

420  85.8  93.0  91.4  96.6  97.8  

440  83.7  90.8  88.8  95.1  95.2  

460  81.5  88.5  86.3  93.4  92.8  

480  79.5  86.2  83.8  91.7  90.5  

500  76.6  84.0  81.5  89.8  88.4  

520  75.6  81.8  79.2  88.1  86.1  

540  73.5  79.6  76.9  86.4  84.1  

560  71.8  77.5  74.7  84.7  82.3  

580  69.9  75.4  72.6  83.0  80.4  

600  68.1  73.4  70.5  81.4  78.4  

 

 

CaO(0.05 0mol)      

Ỗѕ(s)  
₣

2.0mL  
₣ 5.0 mL ₣ 10mL  ₣ 20 L ₣ 20mL  

0 22.7  21.3  19.0  18.8  22.8  

10       

20  22.0  23.1     

40  24.0  24.0  22.1  20.5  22.5  

60  24.7  24.5  23.8  21.3  24.1  

80  25.5  25.1  25.1  21.9  24.8  

100  26.3  26.3  27.0  22.8  25.8  

120  28.8  27.9  29.1  23.7  27.1  

140  31.0  29.5  31.2  24.7  30.1  

160  33.8  31.8  33.4  25.8  31.6  

180  37.0  34.2  35.8  26.7  33.3  

200  41.4  37.2  39.0  27.8  35.3  

220  48.2  42.3  43.6  28.9  37.8  



240  61.8  48.2  50.9  30.1  40.9  

260  81.9  59.9  60.8  31.4  45  

280  102.1  75.2  71.1  33  50.7  

300  94.4  84.2  78.8  34.7  57.3  

320  88.0  87.8  82.6  36.8  63.6  

340  83.2  91.1  83.7  39.5  68.7  

360  79.4  92.2  83.1  42.8  71.9  

380  75.5  92.1  81.8  46.7  73.6  

400  71.5  91.1  80.0  51.3  74.2  

420  68.1  89.5  78.0  55.9  74.1  

440  64.9  87.6  76.1  60.3  73.5  

460  61.9  85.6  74.2  63.9  72.5  

480  59.5  83.4  72.3  66.2  71.3  

500  57.1  81.2  70.4  67.7  70  

520  55.1  79.0  68.7  68.3  68.6  

540  53.1  76.9  67.0  68.3  67.2  

560  51.3  74.9  65.5  67.7  65.8  

580  49.5  73.0  64.0  66.9  64.4  

600  47.9  71.1  62.5  65.8  63  

620  46.5  69.3  61.2  64.6  61.6  

640  45.1  67.6  60.0  63.3  60.3  

 

 

CaO(0.0375mol)   

Ỗѕ(s)  ₣ 5.0 mL ₣ 10mL  ₣ 20mL  

0 19.6  20.1  20.1  

10     

20     

40  19.6  20.5  20.1  

60  20.2  21  20.6  

80  20.6  21.4  20.9  

100  20.9  22  21.4  

120  21.5  22.7  22  

140  22.2  23.7  22.7  

160  23.1  24.8  23.4  

180  23.9  25.7  24.2  

200  24.7  26.7  24.8  

220  25.5  27.6  25.5  

240  26.2  28.4  26.2  



260  26.9  29.3  26.8  

280  27.7  30.5  27.6  

300  28.6  32.3  28.4  

320  29.7  33.4  29.2  

340  31  35.4  30.2  

360  32.6  38  31.3  

380  34.5  41.2  32.6  

400  36.9  44.7  34  

420  39.9  48.2  35.8  

440  43.4  51.5  38  

460  47  54.1  40.3  

480  50.5  56  42.7  

500  53.5  57.1  45  

520  55.7  57.6  47  

540  57.2  57.6  48.6  

560  58  57.3  49.8  

580  58.3  56.8  50.6  

600  58.3  56.1  50.9  

620  57.8  55.2  51  

640  57.3  54.3  50.3  

660  56.6  53.3  49.7  

680  55.8    

700  55    

720  54.1    

740  53.3    

 

 

CaO(0.025mol)   

Ỗѕ(s)  ₣ 5.0 mL ₣ 10mL  ₣ 20mL  

0 19.5  19.6  19.6  

10     

20   21.8   

40  21.5  21.8  20.4  

60  21.7  22  20.9  

80  22  22.2  21.1  

100  22.3  22.6  21.5  

120  22.9  23.3  22  

140  23.5  24  22.5  

160  24.1  24.6  23  



180  24.6  25.1  23.4  

200  25.1  25.7  23.9  

220  25.6  26.2  24.2  

240  26.1  26.7  24.5  

260  26.6  27.2  24.8  

280  27.1  27.8  25.1  

300  27.7  28.4  25.5  

320  28.3  29  25.8  

340  28.9  29.8  26.2  

360  29.7  30.6  26.6  

380  30.6  31.6  27  

400  31.6  32.8  27.3  

420  32.8  34.1  27.8  

440  34.2  35.7  28.2  

460  35.7  37.4  28.8  

480  37.4  38.9  29.5  

500  39  40.4  30.2  

520  40.6  41.7  31.1  

540  42  42.7  31.8  

560  43.1  43.5  32.7  

580  43.9  43.9  33.5  

600  44.5  44.1  34.2  

620  44.8  44.1  34.8  

640  45  43.9  35.3  

660  44.9  43.7  35.7  

680  44.8  43.3  35.9  

700  44.5  42.9  36.1  

720  44.2  42.4  36.2  

740  43.9  41.9  36.1  

760  43.5  41.4  36  

780  43.1  41  35.8  

800  42.6  40.5  35.5  

820    35.2  

840    34.8  

860    34.5  

880    34.1  

900    33.7  

 

 



 

 

 

CaO(0.05 0mol)    

Ỗѕ(s)  ₣ 2.0mL  
₣

5.0 mL 
₣ 10mL  ₣ 20 L 

0 41.8  41.9  41.7  41.7  

10  36.3  36.6    

20  36.1  36.3  34.7  34.7  

40  37.5  38.4  36.5  37.4  

60  41.3  42.6  40.2  40.1  

80  47.1  48.8  45.5  42.8  

100  58.7  60.1  53.9  47.2  

120  84.6  85.8  69  54.3  

140  99.8  100  90.2  64.5  

160  102  101.9  98.7  77.8  

180  102.2  101.9  99.8  88.3  

200  101.5  100.4  99.1  95.3  

220  100.2  98.0  96.8  97.4  

240  98.3  95.9  94.4  96.3  

260  96.2  93.8  91.8  94.2  

280  94.1  91.8  89.4  92.1  

300  91.8  89.7  87  90  

320  89.6  87.7  83.5  87.2  

340  87.3  85.8  81.9  84.7  

360  85.1  83.9  80  82.4  

380  83  82.1  77.9  80.3  

400  81  80.3  76.0  78.2  

420  78.9  78.6  74.1  76.2  

440  76.9  77  72.5  74.2  

460  75.2  75.4  70.8  72.5  

480  73.3  73.9  69.2  70.7  

500  71.5  72.3  67.8  69  

520  69.8  71.0  65.8  67.4  

540  68.5  69.6  64.8  66  

560  67  68.3  63.4  64.5  

580  65.7  67.0  62.0  63.2  

600  64.4  65.7  60.7  61.8  

620  63.2  64.5  59.5  60.6  



640  61.9  63.4  58.4  59.4  

 

 

 

Ỹᴻɡ 

CaO(0.05 0mol)         

Ỗѕ(s)  
₣

5.0 mL 
₣ 10mL  ₣ 14mL  ₣ 15mL  ₣ 20mL  ₣ 20mL  ₣ 25mL  

0 21.2  20  20.9  21.8  20  19.8  20.1  

10         

20  20    21.9  21.1    

30  21.6  21.3  22.8  23.4  22  21.5  22.3  

40  22.1  21.7  23.7  23.9  22.3  21.9  23  

50  22.5  21.9  24.1  24.1  22.4  22.3  23.3  

60  22.7  22.1  24.4  24.3  22.6  22.6  23.5  

70  23.1  22.4  24.6  24.6  22.8  22.9  23.7  

80  23.3  22.7  24.6  25.5  23.1  23.3  24  

90  23.7  23  24.9  25.3  23.3  23.8  24.2  

100  24  23.4  25.3  25.7  23.7  24.3  24.5  

110  24.5  23.8  25.7  26.2  24.1  24.9  24.9  

120  25.1  24.3  26.1  26.7  24.5  25.7  25.4  

130  25.8  24.9  26.6  27.3  24.9  26.5  25.9  

140  26.5  25.6  27.2  28  25.4  27.3  26.4  

150  27.2  26.2  27.8  28.6  25.9  28.2  26.8  

160  28  26.9  28.3  29.3  26.4  29.1  27.3  

170  28.8  27.6  28.9  29.9  26.8  30  27.8  

180  29.5  28.3  29.6  30.6  27.3  31  28.3  

190  30.4  29  30.2  31.4  27.8  32.1  28.8  

200  31.3  29.8  30.8  32.2  28.3  33.3  29.4  

210  32.2  30.5  31.5  33  28.9  34.7  29.9  

220  33.4  31.4  32.2  34  29.5  36.1  30.6  

230  34.6  32.3  33  35  30.1  37.9  31.2  

240  36  33.4  33.8  36  30.7  40.1  31.8  

250  37.6  34.5  34.9  37.2  31.4  42.9  32.5  

260  39.4  35.9  36  38.7  32.1  46.3  33.4  

270  41.6  37.5  37.2  40.4  32.9  50.4  34.2  

280  44.2  39.3  38.6  42.4  33.7  55.2  35.1  

290  47.5  41.8  40.2  44.6  34.6  60.2  36.1  



300  51.7  44.5  42.1  47.2  35.7  65.7  37.1  

310  56.7  47.9  44.3  50.5  36.8  70.3  38.3  

320  62.6  52  46.9  54.1  38  74.6  39.6  

330  68.5  56.7  50.2  58.3  39.4  78  41.1  

340  73.3  61.5  54  62.7  41  80.6  42.7  

350  76.1  66.4  58.2  67.1  42.8  82.6  44.6  

360  80.8  71.1  63  71  44.7  83.8  46.7  

370  84.9  75.3  67.9  74.5  47  84.4  49  

380  88.1  78.5  72.3  77.3  47.5  84.7  51.7  

390  90.5  81.2  76.1  79.5  52.3  84.7  54.5  

400  92.2  82.9  79.2  81  55  84.4  57.5  

410  93.4  84  81.4  82.1  57.8  84  60.4  

420  94.2  84.6  82.7  82.7  60.5  83.4  63.3  

430  94.5  84.7  83.4  83  63.1  82.8  66  

440  94.6  84.6  83.7  82.9  65.5  82  68.3  

450  94.5  84.3  83.7  82.7  67.5  81.3  70.3  

460  94.1  83.7  83.4  82.3  69.2  80.5  72  

470  93.5  83.2  82.9  81.8  70.6  79.7  73.3  

480  92.8  82.5  82.4  81.1  71.8  78.9  74.3  

490  92.1  81.8  81.8  80.6  72.8  78.1  75.1  

500  91.3  81.1  81.1  80  73.4  77.3  75.6  

510  90.5  80.3  80.4  79.3  73.9  76.5  75.9  

520  89.6  79.6  79.6  78.5  74.2  75.7  76.1  

530  88.7  78.9  78.9  77.8  74.3  74.9  76.1  

540  87.9  78.2  78.1  77.1  74.4  74.2  76  

550  87  77.5  77.3  76.4  74.3  73.4  75.8  

560  86.2  76.8  76.7  75.6  74.1  72.6  75.6  

570  85.3  76.2  75.9  74.9  73.8  72  75.2  

580  84.5  75.5  75.2  74.2  73.5  71.2  74.8  

590  83.7  74.9  74.5  73.5  73.2  70.6  74.4  

600  82.8  74.3  73.8  72.8  72.8  69.8  73.9  

610  81.8  73.6  73.1  72.1  72.3  69.2  73.4  

620  81.3  73.1  71.7  71.5  71.8  68.5  72.9  

630  80.5  72.4  71  70.8  71.4  67.4  72.4  

640  79.8  71.9  70.4  70.2  70.9  67.2  71.8  

650  79  71.4  69.8  69.6  70.4  66.6  71.2  

660  78.3  70.8  69.2  68.9  69.8  66  70.6  

670  77.7  70.3  68.6  68.4  69.3  65.4  70.1  

680  76.9  69.8  68  67.8  68.7  64.8  69.5  



690  76.3  69.3  67.4  67.1  68.3  64.2  68.9  

700  75.6  68.8  66.9  66.6  67.7  63.7  68.4  

710  75  68.3  66.3  66.1  67.2  63.1  67.8  

720  74.4  67.9  65.8  65.5  66.6  62.6  67.2  

730  73.7  67.5  65.3  65  66.1  62  66.7  

740  73.2  67  64.8  64.5  65.6  61.5  66.1  

750  72.6  66.6  64.3  64  65.1  61  65.6  

760  72.1  66.2  63.8  63.5  64.6  60.6  65  

770  71.6  65.8  63.3  63.1  64.1  60  64.4  

780  71  65.4  62.9  62.6  63.6  59.6  63.9  

790  70.5  65  62.4  62.2  63.1  59.1  63.4  

800  70  64.6  62  61.7  62.6  58.7  62.9  

810  69.4  64.3  61.5  61.3  62.1  58.2  62.4  

820  68.9  63.9  61.1  60.9  61.6  57.8  61.9  

830  68.4  63.6  60.7  60.5  61.2  57.4  61.4  

840  68  63.2  60.3  60.1  60.7  57  60.9  

850  67.5  62.9  59.9  59.7  60.2  56.6  60.4  

860  67.1  62.6  59.5  59.3  59.8  56.2  60  

870  66.6  62.3  59.1  58.9  59.4  55.8  59.6  

880  66.2  62  58.8  58.6  58.9  55.4  59  

890  65.7  61.6  58.4  58.2  58.5  55  58.6  

900  65.3  61.3  58  57.9  58.1  54.6  58.2  

 

 

 

CaO(0.05 0mol)       

Ỗѕ(s)  ₣ 10mL  ₣ 10mL  ₣ 12mL  ₣ 12mL  ₣ 12mL  

0 20  20  20.3  20  20  

10       

20       

30  22.5  23.8  23.4  22.9  23.2  

40  22.9  24.2  24  24  23.8  

50  23.2  24.5  24.4  24.5  24.1  

60  23.5  24.8  24.7  24.8  24.4  

70  23.7  25.2  25  25.2  24.6  

80  24  25.4  25.3  25.6  24.8  

90  24.3  25.8  25.6  26  25.1  



100  24.8  26.2  26.1  26.5  25.4  

110  25.2  26.8  26.5  27.2  25.7  

120  25.7  27.3  27.1  27.9  26.2  

130  26.3  28  27.7  28.6  26.8  

140  26.9  28.5  28.2  29.3  27.3  

150  27.5  29.1  28.8  30  27.8  

160  28  29.7  29.3  30.7  28.3  

170  28.6  30.3  29.9  31.5  28.9  

180  29.2  31  30.4  32.3  29.5  

190  29.9  31.7  31  33.1  30  

200  30.5  32.4  31.6  34.1  30.6  

210  31.3  33.1  32.3  35.1  31.2  

220  32.1  34  33  36.3  31.9  

230  32.9  34.9  33.8  37.6  32.6  

240  33.9  35.9  34.7  39  33.3  

250  35  37  35.7  40.8  34.2  

260  36.1  38.3  36.7  42.8  35  

270  37.5  39.9  38  45.2  36  

280  38.9  41.2  39.4  48.2  37  

290  39.9  43.1  40.9  51.6  38.1  

300  42.9  45.2  42.7  56.8  39.4  

310  45.5  47.5  44.8  60.5  40.8  

320  48.3  50.4  47.2  65.5  42.4  

330  51.6  53.6  49.9  70.4  44.2  

340  55.5  57.4  53.3  74.7  46.3  

350  59.7  61.4  57  78.6  48.6  

360  63.9  65.4  61  81.8  51.4  

370  67.8  69.4  65  83.7  54.3  

380  71.6  73.1  68.9  85.2  57.8  

390  74.9  76.4  72.6  86.1  61.1  

400  77.8  79  76.6  86.4  64.7  

410  79.8  81.2  78.1  86.6  68  

420  81.4  82.7  80  86.4  70.9  

430  82.5  83.8  81.5  85.9  73.5  

440  83.2  84.5  82.3  85.5  75.7  

450  83.6  84.9  82.8  84.9  77.4  

460  83.7  85.1  82.9  84.3  78.8  

470  83.7  85  82.9  83.6  79.8  

480  83.4  84.8  82.7  82.9  80.5  



490  83  84.5  82.3  82.2  81  

500  82.6  84.2  81.8  81.5  81.2  

510  82.1  83.7  81.3  80.8  81.2  

520  81.5  83.2  80.7  80.1  81.1  

530  80.9  82.7  80.2  79.4  80.8  

540  80.3  82.2  79.5  78.8  80.5  

550  79.7  81.6  78.9  78.1  80.1  

560  79.1  81  78.2  77.4  79.6  

570  78.5  80.5  77.6  76.7  79.1  

580  77.8  79.9  77  76.1  78.6  

590  77.2  79.3  76.3  75.5  78  

600  76.6  78.8  75.6  74.9  77.5  

610  76  78.2  75  74.3  76.9  

620  75.4  77.6  74.4  73.7  76.3  

630  74.9  77.1  73.7  73.1  75.8  

640  74.3  76.6  73.1  72.5  75.2  

650  73.7  76  72.6  72  74.6  

660  73.2  75.3  72  71.5  74.1  

670  72.6  75  71.5  70.9  73.5  

680  72.1  74.5  70.8  70.5  72.9  

690  71.7  74  70.3  69.9  72.4  

700  71.1  73.5  69.8  69.4  71.9  

710  70.7  73.1  69.3  69  71.3  

720  70.2  72.6  68.8  68.5  70.9  

730  69.3  72.2  68.3  68.1  70.3  

740  69.3  71.7  67.8  67.7  69.8  

750  68.8  71.3  67.4  67.2  69.3  

760  68.4  70.9  66.9  66.8  68.8  

770  68  70.5  66.5  66.4  68.4  

780  67.7  70.1  66.1  66  67.9  

790  67.3  69.7  65.6  65.6  67.4  

800  66.8  69.3  65.2  65.2  67  

810  66.4  68.9  64.8  64.8  66.6  

820  66.1  68.6  64.4  64.5  66.2  

830  65.7  68.2  64  64.1  65.8  

840  65.4  67.9  63.7  63.8  65.4  

850  65  67.5  63.3  63.4  65  

860  64.7  67.2  63  63.1  64.6  

870  64.4  66.9  62.7  62.7  64.2  



880  64.1  66.6  62.3  62.4  63.9  

890  63.8  66.2  62  62.1  63.5  

900  63.4  65.9  61.7  61.8  63.2  

 

 

CaO(0.05 0mol)         

Ỗѕ(s)  13mL  13mL  13mL  14mL  14mL  14mL  15mL  

0 20  20  20.1  20  20  20  20  

10         

20  22.6      22.1   

30  23.7  23.5  23.3  22.5  22.9  23.4  21.9  

40  24  24.1  24.4  22.9  23.4  23.9  22.5  

50  24.3  24.5  24.8  23.2  23.7  24.2  22.7  

60  24.6  24.8  25.2  23.4  23.9  24.5  22.9  

70  24.9  25.1  25.5  23.7  24.2  24.8  23.1  

80  25.2  25.4  25.9  23.9  24.5  25  23.3  

90  25.5  25.8  26.4  24.1  24.8  25.4  23.5  

100  25.9  26.2  26.9  24.5  25.2  25.8  23.7  

110  26.4  26.8  27.5  24.8  25.6  26.2  24  

120  26.9  27.4  28.1  25.2  26.1  26.8  24.3  

130  27.5  28  28.8  25.7  26.7  27.4  24.7  

140  28  28.5  29.5  26.1  27.2  28  25.2  

150  28.5  29  30.2  26.6  27.7  28.6  25.7  

160  29  29.6  30.9  27  28.3  29.1  26.2  

170  29.6  30.2  31.6  27.5  28.8  29.6  26.7  

180  30.1  30.8  32.4  27.9  29.4  30.2  27.2  

190  30.7  31.4  33.2  28.3  30  30.8  27.7  

200  31.2  32.2  34.2  28.9  30.6  31.4  28.2  

210  31.9  32.9  35.2  29.2  31.2  32  28.7  

220  32.6  33.7  36.2  29.8  31.9  32.8  29.2  

230  33.3  34.6  37.5  30.3  32.6  33.6  29.8  

240  34.1  35.6  38.9  30.8  33.5  34.4  30.3  

250  34.9  36.6  40.4  31.4  34.3  35.3  30.9  

260  35.9  37.7  42.4  32  35.2  36.3  31.6  

270  37  39.1  44.5  32.7  36.2  37.5  32.2  

280  38.3  40.6  47.1  33.5  37.3  38.7  33  

290  39.6  42.3  50.1  34.3  38.5  40.1  33.8  



300  41.2  44.4  53.8  35.2  39.9  41.7  34.7  

310  43  46.7  58.2  36.2  41.4  43.5  35.6  

320  45.1  49.6  62.6  37.3  43.2  45.7  36.7  

330  47.8  52.8  67.4  38.5  45.2  48.1  37.9  

340  50.4  56  71.7  39.9  47.6  51  39.1  

350  53.7  59.8  75.7  41.5  50.4  54.3  40.6  

360  57.4  63.5  79.1  43.2  53.5  57.9  42.3  

370  61.2  67.2  81.6  45.3  56.7  61.8  44.3  

380  65  70.4  83.4  47.7  60.2  65.9  46.6  

390  68.8  73.3  84.6  50.3  63.7  69.4  49  

400  72.4  75.6  85.4  53.2  67  72.8  51.9  

410  74.8  77.5  85.7  56.3  69.9  75.5  55.3  

420  77.2  78.8  85.7  59.4  72.5  77.8  58.6  

430  78.8  79.7  85.5  62.4  74.5  79.8  62  

440  79.9  80.2  85.1  65.3  76.1  80.6  65.6  

450  80.6  80.5  84.7  67.8  77.5  81.4  68.7  

460  81  80.5  84.1  70  78.5  81.7  71.6  

470  81  80.4  83.5  71.9  79.1  81.8  73.9  

480  80.8  80.1  82.9  73.2  79.5  81.7  75.7  

490  80.5  79.7  82.2  74.3  79.6  81.4  77.1  

500  80.1  79.3  81.6  75  79.5  81  78  

510  79.6  78.8  80.9  75.5  79.4  80.5  78.6  

520  79  78.3  80.2  75.8  79.3  79.9  78.9  

530  78.4  77.7  79.5  75.9  78.7  79.3  78.8  

540  77.8  77.1  78.8  75.8  78.3  78.7  78.7  

550  77.1  76.5  78.1  75.7  77.8  78  78.3  

560  76.5  75.8  77.4  75.3  77.3  77.3  77.9  

570  75.8  75.2  76.8  75  76.7  76.7  77.4  

580  75.2  74.6  76.1  74.6  76.2  76  76.8  

590  74.6  74  75.5  74.1  75.5  75.3  76.1  

600  73.9  73.4  74.8  73.7  74.9  74.6  75.5  

610  73.1  72.8  74.2  73.1  74.3  73.9  74.8  

620  72.4  72.3  73.6  72.6  73.7  73.3  74.1  

630  72  71.6  73  72  73.1  72.6  73.4  

640  71.4  71.1  72.4  71.5  72.5  72  72.7  

650  70.8  70.5  71.8  70.9  72  71.4  72  

660  70.2  70  71.3  70.4  71.4  70.8  71.3  

670  69.6  69.4  70.8  69.8  70.8  70.1  70.6  

680  69.1  68.9  70.2  69.2  70.2  69.6  70  



690  68.5  68.4  69.7  68.7  69.6  69  69.3  

700  68  67.9  69.2  68.2  69.1  68.4  68.7  

710  67.5  67.4  68.7  67.6  68.5  67.8  68  

720  67  66.9  68.2  67.1  68  67.3  67.4  

730  66.5  66.5  67.7  66.5  67.4  66.8  66.7  

740  66  66  67.3  66.1  66.9  66.3  66.2  

750  65.5  65.6  66.8  65.5  66.4  65.8  65.6  

760  65.1  65.1  66.4  65.1  65.9  66.3  65  

770  64.6  64.7  66  64.6  65.5  64.8  64.4  

780  64.2  64.3  65.5  64.1  65  64.3  63.9  

790  63.8  63.9  65.1  63.7  64.5  63.9  63.4  

800  63.4  63.4  64.7  63.2  64.1  63.4  62.9  

810  63  63  64.3  62.8  63.6  63  62.3  

820  62.6  62.7  63.9  62.3  63.2  62.6  61.8  

830  62.2  62.3  63.5  62  62.8  62.1  61.4  

840  61.8  61.9  63.2  61.5  62.4  61.7  60.9  

850  61.5  61.6  62.8  61.1  62  61.4  60.4  

860  61.1  61.2  62.5  60.7  61.6  61  60  

870  60.7  60.9  62.1  60.3  61.2  60.6  59.6  

880  60.4  60.6  61.8  60  60.9  60.3  59.1  

890  60.1  60.2  61.5  59.6  60.5  59.9  58.7  

900  59.7  59.9  61.1  59.2  60.2  59.6  58.3  

 

 

 

CaO(0.025mol)     

Ỗѕ(s)  5.0 mL 10mL  20mL  

0 19.6  23.6  22  

10     

20     

30   23.6  22.9  

40  20.7  24  23.5  

50  21.1  24.2  23.8  

60  21.3  24.4  24  

70  21.5  24.6  24.2  

80  21.7  24.8  24.4  

90  21.8  25  24.6  

100  22  25.3  24.8  

110  22.2  25.6  25.1  



120  22.5  26  25.3  

130  22.7  26.3  25.6  

140  23  26.6  25.9  

150  23.4  26.9  26.1  

160  23.7  27.2  26.4  

170  24.1  27.5  26.7  

180  24.4  27.8  26.9  

190  24.6  28.1  27.2  

200  24.9  28.4  27.4  

210  25.2  28.7  27.6  

220  25.5  29  27.9  

230  25.8  29.3  28.1  

240  26  29.6  28.4  

250  26.3  29.9  28.6  

260  26.6  30.2  28.8  

270  26.9  30.5  29.1  

280  27.2  30.8  29.4  

290  27.5  31.2  29.6  

300  27.8  31.6  29.9  

310  28.2  31.9  30.2  

320  28.6  32.4  30.5  

330  29  32.9  30.8  

340  29.5  33.3  31.1  

350  29.9  33.9  31.4  

360  30.4  34.4  31.7  

370  30.9  35  32.1  

380  31.5  35.6  32.5  

390  32.2  36.2  32.9  

400  32.9  36.9  33.3  

410  33.6  37.6  33.8  

420  34.4  38.4  34.2  

430  35.3  39.2  34.6  

440  36.2  40.1  35.1  

450  37.2  40.9  35.6  

460  38.3  41.8  36.1  

470  39.3  42.6  36.6  

480  40.4  43.4  37.2  

490  41.4  44.1  37.8  

500  42.5  44.8  38.3  



510  43.5  45.5  38.8  

520  44.5  46  39.3  

530  45.4  46.6  39.8  

540  46.2  47  40.2  

550  46.9  47.5  40.6  

560  47.5  47.7  41  

570  48  47.9  41.3  

580  48.5  48.1  41.6  

590  48.9  48.3  41.9  

600  49.2  48.3  42  

610  49.4  48.4  42.2  

620  49.6  48.4  42.3  

630  49.7  48.4  42.4  

640  49.8  48.3  42.4  

650  49.8  48.2  42.4  

660  49.8  48.2  42.5  

670  49.8  48  42.4  

680  49.7  47.9  42.3  

690  49.6  47.8  42.2  

700  49.5  47.6  42.1  

710  49.4  47.5  42  

720  49.3  47.3  41.9  

730  49.1  47.2  41.7  

740  49  47  41.6  

750  48.8  46.8  41.4  

760  48.7  46.6  41.2  

770  48.5  46.4  41  

780  48.3  46.2  40.8  

790  48.1  46  40.6  

800  48  45.8  40.4  

810  47.8  45.7  40.3  

820  47.6  45.5  40  

830  47.5  45.3  39.9  

840  47.3  45.2  39.7  

850  47.1  45  39.5  

860  46.9  44.8  39.3  

870  46.7  44.6  39.1  

880  46.6  44.5  38.9  

890  46.4  44.3  38.7  



900  46.3  44.1  38.6  

 

 

 

 

CaO(0.025mol)         

Ỗѕ(s)  7.0 mL 7.0 mL 7.0 mL 10mL  14mL  14mL  14mL  

0 20  20  20  20  20  20  20  

10         

20         

30  22.7  22.9  23.1  22.1  23.1  23  22.6  

40   23.2  23.5  22.5  23.5  23.6  22.9  

50  23.3  23.4  23.8  22.7  23.8  23.9  23.1  

60  23.4  23.6  24  22.9  24  24.1  23.3  

70  23.5  23.7  24.1  23  24.3  24.3  23.5  

80  23.7  23.8  24.3  23.2  24.6  24.5  23.7  

90  23.9  24  24.5  23.3  24.9  24.6  23.9  

100  24.1  24.1  24.8  23.5  25.2  24.8  24.1  

110  24.3  24.3  25.1  23.7  25.4  25.1  24.4  

120  24.6  24.5  25.4  24  25.7  25.3  24.7  

130  24.9  24.7  25.7  24.2  26  25.6  25  

140  25.1  25  25.9  24.5  26.2  25.8  25.2  

150  25.4  25.3  26.2  24.8  26.5  26.1  25.5  

160  25.6  25.5  26.5  25  26.7  26.3  25.8  

170  25.8  25.8  26.7  25.2  26.9  26.5  26  

180  26.1  26.1  27  25.5  27.2  26.7  26.3  

190  26.3  26.3  27.2  25.7  27.4  27  26.5  

200  26.6  26.6  27.5  25.9  27.7  27.2  26.8  

210  26.8  26.8  27.8  26.1  27.9  27.4  27  

220  27.1  27.1  28  26.3  28.2  27.6  27.3  

230  27.4  27.3  28.3  26.5  28.4  27.8  27.5  

240  27.6  27.6  28.6  26.7  28.7  28  27.7  

250  27.9  27.9  28.9  26.9  28.9  28.3  28  

260  28.2  28.2  29.2  27.1  29.2  28.5  28.2  

270  28.4  28.5  29.5  27.3  29.4  28.7  28.5  

280  28.7  28.8  29.9  27.5  29.7  28.8  28.8  

290  29  29  30.2  27.7  30  29.1  29.1  

300  29.3  29.4  30.6  28  30.3  29.4  29.4  

310  29.7  29.7  31  28.3  30.5  29.7  29.7  



320  30  30  31.4  28.5  30.8  29.9  30.1  

330  30.4  30.4  31.8  28.8  31.2  30.2  30.4  

340  30.8  30.7  32.2  29.1  31.4  30.5  30.8  

350  31.1  31.1  32.7  29.4  31.7  30.7  31.2  

360  31.5  31.5  33.1  29.7  32  31.1  31.5  

370  31.9  31.9  33.6  30  32.3  31.4  31.9  

380  32.3  32.3  34.2  30.3  32.6  31.7  32.4  

390  32.8  32.7  34.8  30.7  33  32  32.8  

400  33.2  33.1  35.4  31.1  33.3  32.3  33.3  

410  33.8  33.6  36  31.5  33.7  32.7  33.9  

420  34.3  34  36.7  31.8  34.1  33.1  34.4  

430  34.9  34.6  37.4  32.3  34.5  33.5  35  

440  35.5  35.1  38.3  32.7  34.9  34  35.7  

450  36.1  35.6  39  33.2  35.4  34.4  36.4  

460  36.7  36.2  39.9  33.7  35.8  34.8  37  

470  37.4  36.9  40.8  34.2  36.2  35.2  37.8  

480  38.2  37.5  41.7  34.8  36.7  35.7  38.4  

490  39  38.2  42.7  35.3  37.1  36.2  39.1  

500  39.8  38.9  43.8  35.8  37.6  36.7  39.8  

510  40.6  39.6  44.6  36.4  38.1  37.2  40.5  

520  41.5  40.4  45.6  36.9  38.6  37.7  41.1  

530  42.4  41.2  46.5  37.6  39.1  38.2  41.7  

540  43.2  42  47.3  38.2  39.5  38.7  42.2  

550  44.1  42.9  48.1  38.9  40  39.2  42.7  

560  44.9  43.7  48.7  39.5  40.4  39.8  43.1  

570  45.7  44.5  49.4  40.2  40.8  40.2  43.5  

580  46.4  45.4  49.9  40.8  41.2  40.6  43.9  

590  47.1  46.1  50.4  41.3  41.6  41  44.1  

600  47.8  46.8  50.8  41.9  41.8  41.4  44.4  

610  48.4  47.6  51.1  42.4  42.2  41.7  44.5  

620  48.9  48.2  51.4  42.8  42.4  42  44.7  

630  49.4  48.7  51.6  43.3  42.7  42.3  44.7  

640  49.8  49.3  51.8  43.6  42.9  42.6  44.8  

650  50.1  49.7  51.9  43.9  43.1  42.7  44.8  

660  50.4  50.2  52  44.2  43.2  42.9  44.8  

670  50.6  50.5  52.1  44.4  43.3  43  44.8  

680  50.8  50.9  52.1  44.6  43.4  43.1  44.7  

690  50.9  51.1  52.1  44.8  43.4  43.2  44.6  

700  51  51.3  52.1  44.9  43.4  43.2  44.5  



710  51.1  51.5  52  45  43.4  43.2  44.4  

720  51.2  51.6  52  45.1  43.4  43.2  44.3  

730  51.2  51.7  51.9  45.1  43.3  43.2  44.1  

740  51.2  51.8  51.8  45.1  43.3  43.2  43.9  

750  51.1  51.9  51.7  45.1  43.2  43.1  43.8  

760  51  51.9  51.6  45.1  43.1  43  43.6  

770  51  51.9  51.4  45.1  43  42.9  43.5  

780  51  51.8  51.3  45  42.9  42.8  43.3  

790  50.9  51.8  51.2  44.9  42.8  42.7  43.1  

800  50.8  51.7  51.1  44.9  42.7  42.6  42.9  

810  50.7  51.6  50.9  44.8  42.6  42.5  42.8  

820  50.6  51.6  50.8  44.7  42.4  42.4  42.6  

830  50.5  51.5  50.6  44.6  42.3  42.3  42.4  

840  50.4  51.4  50.5  44.4  42.2  42.1  42.2  

850  50.3  51.3  50.3  44.3  42  42  42.1  

860  50.1  51.2  50.2  44.2  41.9  41.9  41.8  

870  50  51  50  44.1  41.7  41.7  41.7  

880  49.9  50.9  49.9  43.9  41.6  41.6  41.5  

890  49.7  50.8  49.8  43.8  41.4  41.4  41.3  

900  49.6  50.6  49.6  43.7  41.3  41.3  41.1  

 

 

 

CaO(0.025mol)        

Ỗѕ(s)  15mL  15mL  15mL  16mL  16mL  16mL  

0 20  20  20  20  20  20  

10        

20        

30  22.5  22.2  21.7  22.7  22.4  22.2  

40  22.9  23.1  23.2  23  23  22.7  

50  23.2  23.4  23.7  23.2  23.2  23  

60  23.4  23.6  24  23.4  23.4  23.2  

70  23.5  23.8  24.3  23.6  23.6  23.4  

80  23.7  24  24.6  23.8  23.8  23.6  

90  23.9  24.2  24.9  24  24  23.8  

100  24.1  24.4  25.2  24.2  24.2  24  

110  24.3  24.7  25.4  24.5  24.5  24.3  

120  24.6  24.9  25.7  24.7  24.7  24.6  

130  24.9  25.2  25.9  25  25  24.8  



140  25.2  25.5  26.1  25.3  25.3  25.1  

150  25.5  25.8  26.3  25.5  25.6  25.3  

160  25.8  26  26.6  25.8  25.8  25.6  

170  26  26.3  26.8  26  26  25.8  

180  26.3  26.5  27.1  26.2  26.3  26.1  

190  26.5  26.7  27.3  26.5  26.5  26.3  

200  26.8  26.9  27.5  26.7  26.8  26.6  

210  27  27.1  27.8  26.9  27  26.8  

220  27.3  27.3  28  27.1  27.3  27  

230  27.5  27.5  28.3  27.4  27.5  27.2  

240  27.8  27.8  28.5  27.6  27.8  27.5  

250  28  28  28.7  27.8  28  27.7  

260  28.3  28.2  29  28  28.2  27.9  

270  28.6  28.5  29.2  28.3  28.5  28.1  

280  28.8  28.7  29.4  28.5  28.8  28.4  

290  29.1  29  29.7  28.8  29.1  28.6  

300  29.5  29.2  29.9  29  29.4  28.7  

310  29.7  29.5  30.2  29.3  29.7  29.1  

320  30  29.8  30.4  29.6  30  29.3  

330  30.3  30  30.7  29.8  30.3  29.7  

340  30.6  30.3  31  30.1  30.7  29.9  

350  31  30.7  31.2  30.4  31  30.2  

360  31.3  31  31.5  30.8  31.4  30.4  

370  31.8  31.4  31.8  31.2  31.8  30.7  

380  32.2  31.7  32.1  31.5  32.2  31.1  

390  32.6  32  32.4  31.8  32.7  31.4  

400  33  32.5  32.7  32.2  33.2  31.8  

410  33.5  32.9  33  32.6  33.7  32.3  

420  34  33.4  33.3  33  34.2  32.7  

430  34.6  33.8  33.7  33.4  34.7  33.1  

440  35.1  34.3  34  33.8  35.3  33.5  

450  35.6  34.8  34.4  34.3  36  34  

460  36.2  35.3  34.8  34.8  36.6  34.5  

470  36.9  35.9  35.2  35.3  37.2  35  

480  37.5  36.5  35.6  35.9  37.8  35.5  

490  38.2  37.1  36  36.4  38.6  36.1  

500  38.8  37.7  36.4  37  39.3  36.7  

510  39.4  38.2  36.7  37.6  40  37.3  

520  40  38.9  37.1  38.2  40.6  37.9  



530  40.6  39.5  37.5  38.8  41.2  38.5  

540  41.1  40.1  37.9  39.4  41.7  39.2  

550  41.6  40.6  38.2  40  42.3  39.7  

560  42  41.1  38.6  40.5  42.7  40.2  

570  42.4  41.5  38.9  40.9  43.1  40.8  

580  42.8  42  39.3  41.4  43.4  41.2  

590  43.1  42.3  39.6  41.8  43.7  41.7  

600  43.3  42.7  39.9  42.3  43.9  42.1  

610  43.4  42.9  40.2  42.6  44.1  42.5  

620  43.6  43.2  40.5  42.9  44.2  42.8  

630  43.7  43.4  40.7  43.2  44.3  43.1  

640  43.8  43.5  40.9  43.4  44.3  43.3  

650  43.8  43.7  41.1  43.6  44.3  43.5  

660  43.8  43.7  41.3  43.8  44.3  43.6  

670  43.8  43.8  41.4  43.9  44.2  43.8  

680  43.7  43.9  41.5  43.9  44.1  43.8  

690  43.6  43.8  41.6  44  44  43.9  

700  43.5  43.8  41.7  44  43.9  43.9  

710  43.4  43.8  41.8  44  43.7  43.9  

720  43.3  43.7  41.8  44  43.6  43.8  

730  43.2  43.6  41.8  43.9  43.4  43.8  

740  43.1  43.5  41.8  43.8  43.3  43.7  

750  42.9  43.4  41.8  43.7  43.1  43.6  

760  42.8  43.3  41.8  43.6  42.9  43.4  

770  42.6  43.2  41.7  43.5  42.7  43.3  

780  42.4  43.1  41.7  43.3  42.5  43.1  

790  42.3  43  41.6  43.2  42.4  43  

800  42.1  42.8  41.6  43.1  42.2  42.9  

810  41.9  42.7  41.5  42.9  42  42.7  

820  41.7  42.5  41.4  42.7  41.8  42.6  

830  41.6  42.4  41.3  42.6  41.6  42.4  

840  41.4  42.2  41.2  42.5  41.4  42.2  

850  41.2  42  41.1  42.3  41.2  42.1  

860  41  41.9  40.9  42.1  41  41.9  

870  40.9  41.8  40.8  41.9  40.9  41.7  

880  40.7  41.6  40.7  41.8  40.7  41.5  

890  40.6  41.4  40.6  41.6  40.5  41.4  

900  40.4  41.3  40.5  41.4  40.3  41.2  

 



 

 

 

 

 

CaO(0.025mol)        

Ỗѕ(s)  17mL  17mL  17mL  20mL  20mL  20mL  

0 20  20  20  20  20  20  

10        

20        

30  22.1  22.4  22.9  22  22  22.7  

40  22.8  23  23.2  22.3  22.4  23.1  

50  23  23.3  23.4  22.5  22.7  23.3  

60  23.2  23.5  23.6  22.7  22.8  23.5  

70  23.4  23.6  23.7  22.9  23  23.6  

80  23.6  23.8  23.9  23  23.2  23.8  

90  23.8  24  24.1  23.2  23.4  24  

100  24  24.2  24.2  23.4  23.6  24.2  

110  24.2  24.4  24.5  23.6  23.8  24.5  

120  24.4  24.7  24.7  23.8  24  24.7  

130  24.6  25  24.9  24  24.3  25  

140  24.8  25.2  25.2  24.3  24.5  25.3  

150  25  25.5  25.4  24.5  24.8  25.6  

160  25.3  25.7  25.6  24.8  25  25.8  

170  25.5  26  25.8  25  25.2  26.1  

180  25.7  26.2  26.1  25.2  25.4  26.3  

190  25.8  26.4  26.3  25.4  25.7  26.5  

200  26  26.6  26.5  25.6  25.9  26.8  

210  26.2  26.8  26.7  25.7  26  27  

220  26.4  27.1  26.9  25.9  26.3  27.3  

230  26.6  27.3  27.1  26.1  26.4  27.5  

240  26.8  27.5  27.3  26.3  26.7  27.7  

250  27  27.7  27.5  26.5  26.9  27.9  

260  27.2  27.9  27.7  26.7  27.1  28.1  

270  27.5  28.1  27.9  26.9  27.3  28.4  

280  27.6  28.3  28.1  27.1  27.5  28.6  

290  27.8  28.5  28.4  27.3  27.7  28.9  

300  28.1  28.8  28.6  27.5  28  29.2  

310  28.3  29  28.8  27.6  28.2  29.4  



320  28.5  29.2  29.1  27.9  28.4  29.7  

330  28.7  29.5  29.3  28.1  28.7  29.7  

340  28.9  29.8  29.6  28.3  28.9  30.3  

350  29.2  30.1  29.8  28.5  29.2  30.5  

360  29.5  30.5  30  28.7  29.4  30.8  

370  29.8  30.7  30.3  29  29.7  31.1  

380  30.1  31  30.7  29.2  30  31.4  

390  30.4  31.3  30.9  29.5  30.3  31.8  

400  30.6  31.7  31.2  29.7  30.6  32.1  

410  30.9  32  31.5  30  30.8  32.5  

420  31.2  32.4  31.9  30.3  31.1  32.9  

430  31.5  32.8  32.3  30.6  31.5  33.2  

440  31.8  33.2  32.6  30.9  31.8  33.6  

450  32.2  33.6  33  31.1  32.1  34.1  

460  32.6  34  33.4  31.6  32.5  34.5  

470  33  34.4  33.8  32  32.9  34.9  

480  33.4  34.9  34.2  32.3  33.3  35.4  

490  33.8  35.4  34.6  32.7  33.8  35.9  

500  34.2  35.9  35  33.1  34.1  36.4  

510  34.7  36.4  35.5  33.5  34.6  36.9  

520  35.2  37  36  33.9  35  37.4  

530  35.7  37.5  36.5  34.3  35.4  37.9  

540  36.1  38  37  34.7  35.9  38.4  

550  36.6  38.6  37.5  35.1  36.4  38.9  

560  37.1  39.1  38  35.6  36.9  39.4  

570  37.6  39.5  38.4  36.1  37.4  39.8  

580  38.1  40  38.8  36.5  37.8  40.2  

590  38.5  40.4  39.2  36.9  38.3  40.6  

600  38.9  40.9  39.6  37.4  38.6  41  

610  39.3  41.2  40  37.8  39.1  41.4  

620  39.6  41.5  40.3  38.2  39.4  41.7  

630  39.9  41.8  40.5  38.5  39.8  41.9  

640  40.3  42.1  40.8  38.8  40.2  42.1  

650  40.5  42.3  41  39.2  40.4  42.3  

660  40.7  42.4  41.2  39.5  40.6  42.4  

670  40.9  42.6  41.4  39.8  40.8  42.5  

680  41.1  42.7  41.5  40  41  42.6  

690  41.2  42.8  41.5  40.2  41.1  42.7  

700  41.3  42.8  41.6  40.3  41.2  42.6  



710  41.4  42.9  41.7  40.4  41.3  42.6  

720  41.5  42.9  41.7  40.5  41.4  42.5  

730  41.5  42.8  41.7  40.6  41.4  42.5  

740  41.5  42.8  41.6  40.6  41.4  42.4  

750  41.4  42.7  41.6  40.7  41.4  42.3  

760  41.4  42.6  41.5  40.7  41.3  42.2  

770  41.4  42.5  41.4  40.6  41.3  42.1  

780  41.3  42.4  41.3  40.6  41.2  42  

790  41.2  42.3  41.2  40.5  41.1  41.8  

800  41.2  42.2  41.1  40.5  41  41.7  

810  41  42  41  40.4  40.8  41.5  

820  40.9  41.8  40.9  40.3  40.7  41.3  

830  40.8  41.7  40.8  40.1  40.6  41.1  

840  40.7  41.5  40.6  40  40.5  41  

850  40.6  41.4  40.5  39.9  40.3  40.8  

860  40.4  41.2  40.3  39.8  40.2  40.6  

870  40.3  41.1  40.2  39.6  40  40.5  

880  40.2  40.9  40  39.5  39.9  40.3  

890  40  40.7  39.9  39.3  39.7  40.1  

900  39.9  40.6  39.7  39.2  39.5  39.9  
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1.  ᾗᵈ 

 ὧ ˢ Ẽ ‗ Ạ

ὧ ᶳ  

 ὧ Ḏ――♬ ỷ ὧ

ᴾˮ ᶣַא δ Ẽ ỷ δ᷀♬

ѝ ‗ Ạ  

 ╣ᶺᴮӃ ỷ δ᷀♬ ѝ ₐ Ẽ

ỷ δ᷀♬ פֿ ѝ  

 

2. ỸᴻἪᾏ 

 1 Ạ Ѯ֥ Ở  

 

1 Ạ Ѯ֥  

  

∙∟  ẈץẏԃЕỦγἎ 

ӆ ₣ẕͯ  98  0.7mm    ͯϹЕỦγἎ 

1 ӆ  95  ͯϹЕỦγἎ 

ӆ ͊ͯ Ệ  99.5  ЕỦγἎ 

1 ӆ ẕ  98  ẅ̝ͯᶏЕỦγἎ 

 Kĭ30  ͯϹЕỦγἎ 

ὧ ЕỦγἎᵪ  

 ЕỦγἎ  

ῲᾴ͇י•Ѿ ЕỦγἎ 

 

Ỹᴻ  ѝ ϴ 

― ― ͽ ᵏ Ỗѕ

ϴ ỷ ᴾ ỷ δ᷀♬ ᵏ

↑ỷ ― ― ѝ ϴ 

  



Ỹᴻ  ― ― ϴ 

ɋ ∙∟ 25mL ₣ẕͯ 2g 5mL ḥ ͯ ̩

80ϴ ͽ ‗͊₣20 mL ͽ ᵏכ

Σ Фꜟ  

 

Ɍ 100 ὧ   Ế ῲ ͫ Фꜟ 

 

ɍ Ɍ ― ― 2 ѕ ₣ ₣

▐ 2 ѕ ₣ ▐ ᵭ ₣ ˢ1

ѕ Ḏ ₣ ὶ ▐ ͫ Фꜟ

Ф Ḏ ϴ  

 

Ỹᴻ  ὶ ― ϴ 

ɋ ỷ 2 ẕъῢ̩ ̩  

20 ѕ 2800bpm ε ₲ ͇• ᶺ ῲ

Ω ẕ ̩ 3s0 ѕ 2800bpm ε ₲ ͇•

ᶺ ẕъῢ̩ ˢ ┘

 

 

Ɍ ɋ ὶ 0.013 g ˋ ᴭ ― 100 g

0.43 g ѝ ᴁẐ 3.05 g ―

ˋ Ỹᴻ ɍ Ἢᾏ ὧ Ф Ḏ ϴ 

 

3. ỸᴻᴕΌ 

Ỹᴻ  ѝ ϴ 

― ͽ ↑ ― ͽ Я☺ ᵏ

 

 

Ỹᴻ  ― ― ϴ 

― ὧ ₑ1 2e  

          

ₑ 1 ―        ₑ 2 ―  

 

Ỹᴻ  ὶ ― ϴ 

ὶ Ạ ₑ3 4e  



          

ₑ 3         ₑ 4 ―  

  

ᶳṶ 

Ỹᴻ  ѝ ϴ  

ᵏ ֥Ḁ ― פֿ ѝ  

 

Ỹᴻ  ― ― ϴ 

פֿ ― ὧ

ᶂΌ ѷ  

 

Ỹᴻ  ὶ ― ϴ 

ᴁẐῲ ѝ ᶳ ―

ὶ →

ỷ δᶂΌ Ɫϓ ỷ ѝ ᶳ  

 

5.  ᴕ  

 Ạ Ạ ▐ ὧ ὶ

Ạ Ạ ὧ  

Ḛᵭ ὶ ͫpH ὧ

 ᴙ ᴳ ὶ Ḛε Ạ כֿ ♬ṗ Ỹᴻ  

 

6.  ẇᶳ ᴭ 

╩ Ẫ ѭҴ ≤ ᵿῃ 1994   

ỷ δ᷀♬ щˍ ὶ ᴆ ͯ   

ʜ ᴱ ԃꞋḀỆᴻῺᴮӃ ḉ  26 ᷿  p288  ʜ ᴱ ԃꞋḀỆᴻῺ 

 https:agriknowledge.affrc.go.jp/RN/2010531038.pdf  

̓   

boku - undo.co.jp  

∩Ẉˢ  2007  ΌỸ   

kiwi.main.jp/actinidin - 0.html  

 

  



ѝ ― 

 

1 ᾗ  d

ẕͯ ♬ ẕ͊ ἧ→ ᵏ ỷ ˢ ― כּ֖

ͽ ― ╣ᶺᴮӃ (ɡ) ѓᴽ ―

ṥ∟ ḚεᴮӃ כּ֖ ἧ2 ͻ 3 ͻ

ѝ ₣ ̩ ― ―2 ͻ ― 3 ͻ ͝Ѝ― ˑ

ѝ 2 ͻ 3 ͻ ₣ ̩ ͒ ― Ở ᶳ Σ

ṗ ấẕ ὣ₣ ― їג ᶳ ̚Ӽ

 

 

2 ỸᴻἪᾏ 

ṥ∟ ṔẠ Ѯ֥ ˀͮ Ҋ  

  ẃ ∟  

Ἁ Ẫ 2 Ἧ AND ЕỦγἎ HR- 200 ∟ṥᾒBL- 620S  

 

ṥ∟ Ἢᾏ ˀͮ  

Ệ ה Ԍˢ ḥ Ḁ ᵭ   ẃ  

  ה ẃ ╚ ͽ ἥ

Α 5 ѕͽ ᵭ Ḿ ͫ ᷈ ϑ̾ אּ

  ẃ ̾ ↔ ͽ  

ͽ ה Җ Ἁ Ẫ ѐṶ Ệ δ

֥Ḁ ϯ  

  ה ẃ Ἠ ὶ −→ ῲ   

 

Ạ Ệ 1 ѯ♦ṗ ᴮӃ ṥ∟ ͈  

ӡ ṗ  

 

1. Ạ Ệ   

ѯ♦ṗ  ͽ  

ẕͯ ♬SiO2, ˢӆ ͯϹЕỦγἎ ẕͯ ˢ  FeO ồ █ᶏԃЕỦγἎ  

ẕ͈ͯ(ɠ) PbO, ˢӆ ͯϹЕỦγἎ ấẅẕͯ  Fe3O4 ͯϹЕỦγἎ 

ấ ẕ ὣ₣ Na2B4O7 10H 2O, 

ˢӆ ͯϹЕỦγἎ 

ẕͯ  Fe2O3 ͯϹЕỦγἎ 

 Љ↑ ♬,   Ṍ  ͯϹЕỦγἎ 

 

.  



ỸᴻỖ  ᴙ 2 ẕͯ Ỹᴻ 0.010g ѯ♦ṗ

Ỹᴻ2 9 ˢ ẕͯ ♬ ẕ͈ͯ(ɠ) ấ ẕ ὣ₣ = 1 : 9 : 

30 Ỹ 1ᴻ ˀϑ ͈  

 

Ỹᴻ ה 1 2 ẕ͈ͯ ― ̚Ӽ ϯ ᶺ  

Ỹᴻ ה 3 5 ˑ ѝ ẕͯ ṥ∟ ϴ ͻ

₲ ― ̚Ӽ  

Ỹᴻ ה 6 9 ѓᴽṕ Љ↑ ѓᴽ Ệ 

Ỹᴻ ה 10 20 ấ ẕ ὣ₣ ― ̚Ӽ  

 

2. Ệ Ἧ  

Ỹᴻ

ׄ 

Ỹᴻ

᷿ 

ẕͯ Ἧ  

( ͻ₲) 

ẕͯ ♬ 

(g)  

ẕ͈ͯ 

(g)  

ấ ẕ

ὣ₣ (g)  

Љ↑  

(g)  

1 

1  1.00     

2   0.35  2.00  2.00   

3 FeO(2)  0.35  2.00  2.00   

4 Fe3O4(2,3)  0.35  2.00  2.00   

5 Fe2O3(3)  0.35  2.00  2.00   

2 

6 Fe2O3(3)  0.35  2.00  2.00  0.1  

7 Fe2O3(3)  0.35  2.00  2.00  0.01  

8 Fe2O3(3)  0.35  2.00  2.00  0.005  

9 Fe2O3(3)  0.35  2.00  2.00  0.0025  

3 

10  Fe2O3(3)  0.35  2.00  3.00   

11  Fe2O3(3)  0.35  2.00  1.00   

12  Fe2O3(3)  0.35  2.00  0.75   

13  Fe2O3(3)  0.35  2.00  0.50   

14  Fe2O3(3)  0.35  2.00  0.25   

15  Fe2O3(3)  0.35  2.00  0.125   

16  FeO(2)  0.35  2.00  0.75   



17  FeO(2)  0.35  2.00  0.50   

18  FeO(2)  0.35  2.00  0.25   

19  Fe3O4(2,3)  0.35  2.00  0.75   

20  Fe3O4(2,3)  0.35  2.00  0.50   

 

ỸᴻᴕΌ 

3. Ỹᴻׄ 1 ᴕΌ  

Ỹᴻ ᷿ 1 2 3 4 5- ɋ 5- Ɍ 

ẕͯ Ἧ  

ͻ

₲  

  FeO(2)  Fe3O4(2,3)  Fe2O3(3)  Fe2O3(3)  

ᴕΌ 
 

−→  

     
―  ― ― ͝― ͝― ͝― 

 

Ỹᴻ ה 1 Ệ ẙ  

Ỹᴻ ה 4 5 ɋ −→ ϴ Ỹ5ᴻ ɋ  

Ỹᴻ ה 5 ɋ 5 Ɍ Ệ Ạ ―֥Ḁ Ḱˑ ὶ 

 

 

4. Ỹᴻׄ 2 ᴕΌ  

Ỹᴻ ᷿ 6 7 8- ɋ 8- Ɍ 9 

Љ↑ ♬ 

(g)  
0.1  0. 01  0.005  0.005  0.0025  

ᴕΌ 

     
―  ͝ ― ―   

 

Ỹᴻ ה 6 −→ כּ֖ ┘ὶ כּ֖ ֘ ― ờ├ ֕ ᴕ

Ό ờ↑ Ở  

Ỹᴻ ה 7 כּ֖ −→ כּ֖ ֘ ― ờ├ ֕ ᴕ

Ό ờ↑ Ở  

Ỹᴻ ה 8 Ɍ 9 Ệ ζ  



5. Ỹᴻׄ 3 Fe2O3(3)  ᴕΌ  

Ỹᴻ ᷿ 10  11  12  13  14  15  

ấ ẕ

ὣ₣

(g)  

3.00  1.00  0.75  0.50  0.25  0.125  

ᴕΌ 

      
 

Ỹᴻ ה 10 Ệ כֿ Ỹᴻ −→ ◗ ό   Ҍ   Ệ

ζ  

Ỹᴻ ה 10 14 ͝― ѝ ấ ẕ ὣ₣ ᾶ

᷈  

Ỹᴻ ה 15 Ệ ẙ  

6. Ỹᴻׄ 3 FeO(2)  ᴕΌ 

Ỹᴻ ᷿ 16  17  18  

ấ ẕ

ὣ₣

(g)  

0.75  0.50  0.25  

ᴕΌ 

   
 

FeO ה Ỹᴻ3 ˑ Ỹ1ᴻ6 18 Ѝ― Ệ ѝ

ấ ẕ ὣ₣ ᾶ ―  

 

 

7. Ỹᴻׄ 3 Fe3O4(2,3)  ᴕΌ 

Ỹᴻ ᷿ 19  20  

ấ ẕ

ὣ₣

(g)  

0.75  0.50  

ᴕΌ 

  
 

Ỹᴻ ה 19 ͝Ѝ― Ỹ 2ᴻ0 ͝―  



ᶳṶ 

Ỹ 1ᴻ 2 ẕ͈ͯ ɠ ̚Ӽ  

Ỹᴻ 1 −→ ϴ Ỹᴻ2 ͈

― ẕͯɠ͈ ― ̚Ӽ ể  

 

Ỹ 3ᴻ 5 ͻ₲ ̚Ӽ  

(ɠ) ѝ ― (ɡ) ѝ ͝― ѝ

2 ͻ 3 ͻ ₣ ̩ ͒ ― Ở ᶳṶ  

 

Ỹ 6ᴻ 9 Љ↑  

Ỹᴻ 6 7 ┘ὶ כּ֖ ͈ ₢Ṷ Ỹ7ᴻ 8 ẕͯ 3 ͻ ѝ

― ― ῲҊ Љ↑ ͈ ͈ 3 ͻ

2 ͻ ѓᴽ ѓᴽṕ ᶳ Ỹᴻ8 Ɍ 9 ᴾ

ˮ ͽ טּ Ӑ  

 

Ỹ 1ᴻ0 20 ấ ẕ ὣ₣  

ᴕΌ ấ ẕ ὣ₣ ╕ ṥ∟ ấ

ẕ ὣ₣ ― ͯ FeO ї ᴺ ấ

ẕ ὣ₣ ѓᴽṕ ᶳ ấ ẕ ὣ₣ פֿ

ᾋ ẙ ̚Ӽ ᶳ 

 

ᴕ  

ѝ ₣ ̩ ― ͻ₲ ˢ  

ấ ẕ ὣ₣ ― ̚Ӽ  

Ḛᵭ Ξ 

ᶟ ῲ ѯ♦ṗ ᴳ 

ẕͯ ♬ ẕͯ (͈ɠ) ỷ ͯ  

 

ấ ẕ ὣ₣ ѓᴽṕ ṥ  

ấ ẕ ὣ₣ ѓᴽṕ ʹ Ỹᴻ16 18 Ѝ― ѓᴽ

ṕ ᾶ ѓᴽṕ Љ↑ ͽ ѓᴽṕ + ―

ṥ∟ὶ ấ ẕ ὣ₣ ѓᴽṕ ῥ  

 

 

ẇᶳ  Æ

Ҏ ẕͯ (ɡ) ― ṥ  

2017 Ṝ Ἢ◗᷈ Ϲᶡ Ӄ ḉᾙ 

 

├╩Ṋ ᾴ (ɡ) ― ṥ∟ 

2016 Ṝ Ἢ◗᷈ Ϲᶡ Ӄ ḉᾙ 



᷈↑  ͯ

 

1.  ᾗᵈ 

 ֕ ҁᵽ Ӧ ᵅ

Ṗἧ ₣♬ ᵃ י♬₣ Ѭᴹ↑ ͻϫ פֿ Ξ

₣♬ ᵃ ᴮӃ ⁮

ᴮӃ ╣ᶺᴮӃ ѯ ↑ ᶆῲ Ằ  

 

 ̍ ͒ ẚ♯  

 

 

 

 Ԇ ѓᴽ ᷀ δ Ẫ − ẕͯי ―♬ ἵ Ἠ ѓᴽי

ᵭ Ԇ Ẫ ẕͯי  

 ∆Ԇ 3 ͻ Ԇ Ẫ ἵ Ἠ 2 ͻ ₣ ̩ ♬ẕקּ Ẫ

3 ͻ ẕ♬ ̩ ₣♬ ͒ ₣ − 

 ỸṔ и ẕ й ẕ ͒

2 ͻ 3 ͻ Ҋ  

 

 ̍ ╣ᶺᴮӃ Ỹ┴ 

 ╣ᶺᴮӃ ᷀ ₣ ̩ Ԇ Ϸ Ἧ Ԇ ᾐ ᴩ ↑ ᶆῲ

→ᶁ  

 

 ̍ ᴮӃ ⁯ 

 ╣ᶺᴮӃ ∆Ԇ ∆Ԇ Ẫ ἵ

ῲ Ẫ ἵ Љ ↑ ᶆ

ῲ ᶳ ʫ їג  

 

1 ─ ─  



2.  ỸᴻἪᾏ 

 

  ̍ Ạ Ệ  

 ͯϹỦ  γἎ  

ẕ₣♬  Na2HPO4 1 ӆ ͯϹЕỦγἎ 

ẕ ₣♬  NaH 2PO4 1 ӆ ͯϹЕỦγἎ 

L(+) - ẕ C6H8O6 ӆ ͯϹЕỦγἎ 

 C16 H18 N3ClS nH2O 1 ӆ ͯϹЕỦγἎ 

͊ͯ  NaCl  1 ӆ ͯϹЕỦγἎ 

ͯ  K3Fe(CN) 6 ʄ ├ ᾬ  

ẕ H2SO4 1 ӆ ͯϹЕỦγἎ 

ΐẕ HNO3 Ẉˢӆ Ẉ ᶏԃЕỦγἎ 

 

  ̍ Ạ ṗ  

ṗ  γἎ  

ᵺи  Nafion Membrane NRE - 212  Ἆ 

ᶄ3mm  ỷ῾ ᴮӃᾒ 

⁯֖ ∟   

▬ ᶅ   

 

   ̍ Ạ Ѯ  ֥

Ѯ֥ 

50mL  

200mL  

50mL  

100mL  

 

 

5mL ֤ḗ  

 

ᴁ ЕỦγἎ , DA- 50N  

ЕỦγἎ, SK- 6163  

EC ЕỦγἎ, EW- 100RD  

  

    

  



2 ─  

 ̍ ᾈ  

  (1) Ԇ ⁪₣ͯᾐ  

ẕ 4g ΐẕ4g ₣92g ḥḀ ̩ 200mL EC

60 5cm ấ ╕ ḥ 20 ѕͽ   

  (2) ẕъῢ̩ ∟  

ẕ₣♬ 1.146g ẕ ₣♬ 0.243g ḥḀ 100mL

pH=7.8 0.1mol/L ẕъῢ̩ ∟  

  (3) Ỹᴻא ♯   

∆Ԇ ̩ ∆Ԇ ⁯֖ ⸗ ỗ

ṥ→ ṓ ῲ ᵺи ṓ ỗ Ԇ

ṓ Ԇ ̩ Ỹᴻא ₑ2 ṥ→   

  (4) ᵺи ḽ−  

ᵺи Ạ ↑ ͮ Ỹᴻ Ὂ ‗͊₣

 

 

 

 

 

 ̍ Ỹᴻ ∆Ԇ ̩ ʫ їג 

ῲҊ Ỹᴻא ♯ ∆Ԇ ̩ й ẕ ₣  ̩

ᶟ ʫ זּ  

 

3.  ỸᴻᴕΌ 

 ỸᴻᴕΌ ₑ 4 Ở  

3 ─  



 ʫ ˢ 0.4V

 

 ˢ 0.32mol/L ῲ῁

ͮ

Ԇ ˂ ┤

 

 ᵺи ↑ ͮ

ͮ ỸᴻᴕΌ ϑ

ᾤϑ  

 

 

4.  ᶳṶ 

(1) ʫ  

Ḛε Ỹᴻ ἧ ͒ ї 3 ỷ ṥ ὶ ˂ ᾈẕͯѓᴽ ˂ ₑ 5 Ở  

 

 

ẕ ẕ♬ Ẫ ἵ 0.89V ʫ −

Ḛε Ỹᴻ ᴁּז ʫ 0.40V ẕ Ẫ ἵ

− ʫ 0.35V ֕ ᴕΌ Ḛε Ỹᴻ ẕ♬ ѕ ͒ Ҍ

ᶳ  

 

(2)  

Ḛε Ỹᴻ ͯ ˢ

ʫ ˢ ᴕΌ בּ

ʫ ᶙ×

ᶙ ͯ ͯ ᶳ

̩ ᶙ ḱ פֿ δỷ

̩ ˢ ˀῲ ᶙ ῲ ᶆד

ₑ 6 ẇᶳ ᴭ ᾴ

Ẫ ̓ Ἢ + ὤ

5 ─ ≤∕─  

4 ─ ≤ ה ─  

6 ─ ≤ ─  



δ ᵂᾶ ѕ ꞈᵧṥ ̚Ӽ ỸṔ

Ẫ ̓ Ѕ ₲ ᵂᾶ ᶳ  

 

5.  ᴕ  

 ỸᴻᴕΌ ∆Ԇ ̩ ↑ ᷈ Ḿ

ʫ זּ ᴕΌ ∆Ԇ ẕ♬ Ẫ ἵ ⁮

͒ ⁮ ʫ Ἠ ὶ ↑

ᶆῲ Ѳ ᶳ π ᴭ ḱ ̩

ỸṔ Ẫ ̓ ᵂᾶ ᶙ їג ᶳ

Ṷ  

 

6.  ẇᶳ ᴭ 

ᴱ ͞ ᷈ Ϲᶡ2019 ᷀ Ạ  ↑ ᶆῲ Ệ  

http://sec - db.cf.ocha.ac.jp/pdf/63_seikagaku_HC35.pdf  

ṛ 2009 ᷀ ↑ ↑ ᶆῲṭ 

https://www.jstage.jst.go.jp/article/jhts/35/5/35_5_283/_pdf/ - char/ja  

͕ΐ Ѿ їג  

https://www.y okogawa.co.jp/library/resources/faqs/an - sc- isc - 02 - relationship/  

ṛᴽ 2016 ѯ ͒ ; ⁪₣ͯ ϯ  

 https://core.ac.uk/download/pdf/74354798.pdf  

 

  



Ή Ή  

 

 

 ᾜᵈ 

 Ϲᶡ Ή(Ỹᴻɋ) ₲Ἧ

˙ Ή їג Ệ ἧ→ ẕ

(CaCOϓ) Ậ Ѩ ᴕṕ ѝ ᴕṕ

ẕ ױ כ ˓ổ ỸᴻɎ ᵎ

CaCOϓ ѝ EDTA ᵎ כּ֖ (Ḛε Caω) 1 1 mol

͒ Ḛε Ỹᴻ T(EBT) ẰỞ

EBT pH7 - 11 ≤― Ca²ω Mg ²ω כּ֖ ᴕ ║― ― Ỹᴻɐ

ẕ ᴕṕ ˢ  

 

 ᶺ Ỹ  ᴻ

Ỹᴻ Ạ   

Ξ ͯϹЕỦγἎ ͊ẕHCl mol/L 1 ӆ 

 Ξ ԃЕỦγἎ ẕ CaCOϓ 1 ӆ 

 Ξ ͯϹ ԃЕỦγἎ ẕ / SSH NaCϖHϗOϖ  

 Ξ ͯϹЕỦγἎ ẕͯ (Ệ ) KOH ӆ 

 Ξ ͯϹЕỦγἎpH10.0 ъῢ̩  

Ξ ͯϹЕỦγἎ ấₐẕ (2 )( Ệ ) 

EDTAĭ2Na/C ϑϐHϑϔNϒOϘNaϒΞ2HϒO ӆ  

Ξ ͯϹЕỦγἎ T CϒϐHϑϒOϗNϓSNa ӆ 

ΞTOYO ROSHI CO.,LTD pH ỆᴻẾ  

Ξ ԃЕỦγἎ 72  

 ΞЕỦγἎ ˫    

ΞЕỦγἎ ˫  5  

 Ξ ԃЕỦγἎ 72   

Ξ ԃЕỦγἎ 72 6   

Ξ ԃЕỦγἎ ‹˫ (HAKUBOKU)  

 Ξ ԃЕỦγἎ ‹˫ (HAKUBOKU)  

 Ξ ͯϹ ԃЕỦγἎ eye  4   

Ξ ͯϹ ԃЕỦγἎ   

 Ξ ͯϹ ԃЕỦγἎ    

Ξ ͯϹ ԃЕỦγἎ Ϲᶡ ᴀᵿ   

 Ξ(Е) ̓   

Ξ ᶏԃЕỦγἎ ᴀᵿ 6 ― 

 

 



ɋ Ή ϴỸᴻ 

 ₣‎ ὣ Ф ∏ᴓ   Ḏ Ạ 10ל ɺ ̳

Ạ ὣ Ḏ ‎ Ḏ Ή •

Ή Ỹᴻ ₲εᶺ ᴕΌ ˢђ↑ ϯ  

Ɍ Ӫ זּ Ỹ  ᴻ

 ᷈ Ѹ ᾶ ѕϷ ᶺ

ˋ ͕ ‴ ổ Ἢ Ὣ

Ѹ ῶ Ѹ ῲ † ‴ͮ ὣ

╚ ₣100g ͽ Ѕ Ỗ ͽ ₣ ỷ Ҋ

ϧ ε ᶺ Ԍ Ҿ ᴕΌ                                                                                                                                                                                                       

ɍ  כ ϴỸ ᴻ

 ᴺ ӻ ѐṶ 

Ɏ ẕ ѝ ϴỸ  ᴻ

 (1) ấₐẕ ₣ 0.931g ₣

250 L  

 (2) T(EBT)0.50g 100 L Ѝ― ▀  

 (3) ₣ ͽ (Я☺ ) 

 (4) ͊ẕ 1 2 L ͽ ᵭ 250 L ↔  

 (5)10 L Ἠ ὶ ₣ẕͯ ₣ 1̩0 ỆᴻẾ

ͽ ᵭ ъῢ̩ ͽ  

 (6)EDTA ̩ ᶺ 

ɏ ϴỸ ᴻ

 ˢ ₣ ͽ ┤ +ͽ ┤ Ẫ

ỷ Ҿ 

ɐ ᴕṕ Ή ϴỸ ᴻ

 ẕ0.010g 0.020g 0.030g 0.040g ₣5.0 L ͽ ₲ ѕ ẕ

12.0g ͽ ὣ ḥ Ế ṥ י ₲ ѕ Я☺ Ф ṥ  

 

 ỸᴻᴕΌ 

ɋ Ή  

 

( ―) 

 

( ―) 

 

(͝―) 

School72  

( ―) 

School72  

(͝―) 

HAKUBOKU  

( ―) 

HAKUBOKU  

(͝―) 

       

Ή  Ή  ᾶ Ή  × Ή  

Ɍ ֕ ₣L ͽ Ѕ  

ɍ Ϲᶡ ᴺ ӻ ᴳ ˙ ᴳ  

Ἧ

 

 

( ―) 

 

(͝―) 

 

( ―) 

 

(͝―) 

eye 

(͝―) 

 

( ―) 

Ή    × ×   



Ɏ 2 CaCOϓ ѝ ( ) 

Ή  Ή  ᾶ Ή  × Ή  

 

ɏ 3  

 

Ἧ  

 

( ―) 

 

( ―) 

 

( ―) 

School72  

( ―) 

HAKUBOKU  

( ―) 

(g/ )  1.808  1.707  1.710  1.820  0.846  

Ή   ×    

Ή  Ή  ᾶ Ή  × Ή  

 

ɐ 4 ᴕṕ Ή  

ᴕṕ (g)   0.010  0.020  0.030  0.040  

Ή  ×     

Ή  Ή  ᾶ Ή  × Ή  

 

 ᶳṶ 

ɋ ( ―) (͝―) Ή כֿ ѕ ͵ ˙

― ͝― Ή Ḱ ᴳ  

ɌỸᴻ ẇᶳ ʜ ᴱ ῆẈ ͏᷈ Ϲᶡ ᴮӃ ỡṥ Ӫ Ỹ

ᴻ ᶺ Ẽ Ỹᴻ Ậ Ӫ ; ↑ ᷈ Ậ

Ӫ ˙ ΚὫ א  

ɍẼ ᴺ ӻ(ͯϹ Ỳ) Ẫ כ Ṑ ѐṶ ᷈

ᴺ ӻ  

ɎΉ ϴỸᴻ ˢΉ ( ―) CaCOϓѝ Ḿ ᷈ ѝ ᷈

Ή ắ 2 ѝ ᷈ Ḱ11.4 Ḿ

ѝ School72( ―) Ḱ23.7 כֿ 2 ѕ Ή

Ḱ ϯ ѝ Ή їג ᴕ ( 5)  

ɏHAKUBOKU Ḿ ᾴ ἧ→ ẕ ᶳṶ ᾤϑ

Ḿ כֿ ϴṔ Ɏ Ή Ḱ ᴳ

ᾴ ᾏ Ɏ CaCOϓѝ ᷈ ᾏ ˢ ( 5) ѝ

ỷ CaCOϓˀ ϑ ỷ CaCOϓ ỷ CaCOϓѝ

ᾴ ᶳ ₲ ᾶ Ḱ ᾴ ϯῥ

 

 

5 ― CaCOϓ ѝ Ή  

Ἧ

 ( ―) (͝―) ( ―) (͝―) 

 

( ―) 

School72  

( ―) 

School72  

(͝―) 

CaCOϓ  

ѝ ( )  
69.2  60.9  83.6  71.2  72.2  48.5  67.0  

Ή    × ×    



 

Ἧ  

 

( ―) 

 

( ―) 

 

( ―) 

School72  

( ―) 

CaCOϓ  

ѝ ( )  
83.6  72.2  69.2  48.5  

 1.707  1.710  1.808  1.820  

Ή  ×    

Ή  Ή  ᾶ Ή  × Ή  

 

ɐ ᴕṕ פֿ Ή ᴕṕ Ή Ή Ѕ

Ḁ  

 

 ᴕ  

ᴳ CaCOϓѝ Ḱ  

Ή ˮ ᴕṕ Ḱ − 

 

ẇᶳ  Æ

ѽ ẕ ḽ  ₣ỷ ͯ ᶆ _2018  ʜ ᴱ ͏᷈ Ϲᶡ 

 (https://center.esnet.ed.jp/wysiwyg/file/download/14/2248 )  

ύЉ - 2013  τ ꞋḀᴮӃѾᶣ ҥ ῂὢ 

 (https://www.hro.or.jp/info_headquarters/domin/magazine/3.html )  

᷈ᶡ ԃ ԃỸᴻ ₣ ᶫ זּ ( )  

(https://gaku en.gifu -

net.ed.jp/subject/21_nougyo/10_kyozai/jikken/SubShokuhin/05/genri.html)  

ᶫ זּ ṜӰ˟ ϹӰ˟Ϲ ᷈כּ Ϲᶡ ᶡἇ ҹ ᴥ  

͵ ḽ−  

(https://kariya - h.aichi - c.ed.jp/school/ssh/ssh2/image/H281021 - 4.pdf)  

 

 

  

https://center.esnet.ed.jp/wysiwyg/file/download/14/2248
https://www.hro.or.jp/info_headquarters/domin/magazine/3.html
https://gakuen.gifu/


΅ ῎ ặ еᶂΌ 

 

 

ᾗ  d

Ẽ ΅ Σ ῎ ặ еᶂΌ ᴮӃ ᶺ ῎ ặ ѝ →

˙ ͫ ͯ ˑ ˙ פֿ   פֿ

ͫ ͫ ͮ ᶳ ẕ

ʸּ᷇דẕ ѝ ếϑ▬ҸἽ

ѝ ₣ ѝ е  

 

ỸᴻἪᾏ 

Ỹᴻɋ ῎ ặ ẕ

ʸּ᷇דẕ ѝ ếϑ▬ҸἽ ѝ ₣

ѝ е ᶺ ῎ ặ Ἢ ᶩ ◗

9 ᵭ 3 ᾴי║ϑ▬ FLIR ˀͮ ͫ ᴁ Ạ

ͫ זּ 4 εֽ ͫ ͯ Ԍ ͫ ͯ ᶆד ˙

 

ỸᴻɌ ῎ ặ 1cmל 2cm ῲ Ỗ ┤ ‛

Ạ ῎ ặ ˀͮ7 Ἧ  

 

ếϑ▬ҸἽ  

UV SPF50  Η͘ЕỦγἎ  

 ˀͮ  

UV t Η͘ЕỦγἎ  

 ˀͮ  

UV Η͘ЕỦγἎ  

 ˀͮ  

₣ᶂΌ  

SUN UV  Η͘ЕỦγἎ   

 ˀͮ  

UV a ЕỦγἎỉ−  

 ˀͮ  

еᶂΌ  

UV ֕ᶤו Ἆ  

 ˀͮ  

c ЕỦγἎ ỉ−  

 ˀͮ  

 

 



ỸᴻᴕΌ 

Ỹᴻɋ ₑ1 4 ᴕΌ  

 

ₑ 1 ếϑ▬ҸἽ  

ₑ 1 ếϑ▬ҸἽᶂΌ ͫ ͮ ổּנỖѕ  

 

 

ₑ 2 ếϑ▬ҸἽ ˀϑ 

ₑ 2 ếϑ▬ҸἽᶂΌ ˑ ᶆד  

-5

-4

-3

-2

-1

0

1

2

ᾕχᴛ ˙ ῇ ˙3 ῇ ˙͒ ῇ ˙͕ ῇ

ИЦϯ

-5

-4

-3

-2

-1

0

1

2

ᾕχᴛ ˙ ῇ ˙͏ ῇ ˙͒ ῇ ˙͕ ῇ

к˔Єдр ІФй˔



 
ₑ 3 ₣  

ₑ 3 ₣ᶂΌ ͫ ͯ כ י

 

 

 

 

ₑ 4 е  

ₑ 4 еᶂΌ ˢ ͫ ͯ כ י

 

 

 

 

 

 

 

 

 

-5

-4

-3

-2

-1

0

1

2

ᾕχᴛ ˙ ῇ ˙͏ ῇ ˙͒ ῇ ˙͕ ῇ

ϯКАЂ ЂрФкГϼЕ

-5

-4

-3

-2

-1

0

1

2

ᾕχᴛ ˙ ῇ ˙͏ ῇ ˙͒ ῇ ˙͕ ῇ

Є˔Уз˔Ї ϼ˔и



ỸᴻɌ ˀͮ ᴕΌ  

 
ₑ 5 ᶂΌ ˙  

ₑ 5 1cm Ỗ 2cm Ỗ Ḱ  

 

 
ₑ 6 ᶂΌ ˙ ˀϑ 

ₑ 6 ˀϑ ϖכ ᶂΌ ˙

 

 

 

 

 

 

-5

-4

-3

-2

-1

0

1

2

ᾕχᴛ ˙ ῇ ˙͏ ῇ ˙͒ ῇ ˙͕ ῇ

1cm 2cm

-5

-4

-3

-2

-1

0

1

2

─

1cm 2cm



ᶳṶ 

Ỹᴻɋ ᶂΌ → ᶆד  

 ᶆד 

 ᶆד 

ếϑ▬ҸἽ   

₣  ͯ Ỗѕ ϴ ᾴ  

е  ͯ Ỗѕ ᾴ  

 

ỸᴻɌ ˢ ͫ ͮ ổּנỖѕ 1cm Ỗ

2cm Ỗ ᶂΌ ᷈ כֿ ῎ ặ פֿ ᾶ Ḱ ᴳ

  ꞈї ᶳ ῎ ặ  כ ᶂΌ ˑ

ᶳ  

 

ᴕ  

Ỹᴻ 1 2 ᶂΌ → ᵏ ↑ỷ ᴳ ˀϑ ῎

ặ ᶂΌ  

Ḛᵭ Ξ ỷе ˙ ͫ ͯ ᶂΌ

Ὼᾒ Ỹᴻ  

 

ẇᶳ  Æ

ҁͯ  

https:www.osaka - kyoiku.ac.jp  

ͯΊ → 2022 ẕ ѯ ῾ Ḁ ʸ☺↑https:cosmetic -

ingredients.org  

Ҵᵿˢ∫ 2021 ᶂΌ ♯ Ḁ ͯΊ → ợ 

 

 

  



₲ ͯ Ế ῎ ↑בּ ᴳὶ 

 

 ᾗᵈ 

 Ẽ Ỗѕ ― Ӹ ổ ͯ Ế ῎ Ҟ

ᴾṗ Ế ῎ ἧѐ Ҟ

Ế ῎ үѐ RGB HSB HSL Ở ₲ ͯ  

RGB ᵿ ẅᴾ― R(║)G( )B( ≤) ― Ở 0 255 ₲

RGB 0 Ḏ 255 RGB Ḁᴁ ᾴ ― Ḏ ֕

RGB Ḁᴁ ֕  

HSB H ―ꞈ ―Ḁ ║0 ―ꞈу1 Ἶ 360 ₲ HSB S

ṃ 0 100 ― ᾴ υ― H֕SB B H

S Ḿ ― 100 0 100  

HSL H HSB ―ꞈ S ṃ HSB ˙ 0 100 ― ◖

HSL L Ҏ 50 ᾋ― 0 Ḏ 100 0 100  

 Ế ―  ᴙ ῎ ₲ ͯ  ᴙͮ Ế ῎

ᴮӃ  

 

 ỸᴻἪᾏ ᴕΌ ᶳṶ  

― ₲ ͯ  

1 Ế Ἠ  

2 1 Ϊת ϴ ― Ԍˢ ể ῲ ╕ Ἠ 

 

pictures to color ῺḀ  

3 pictures to color ῲ 2 Ϊת Ἠ ḗ  

4 Ϊת Ạ ― Ở Ḿ ― ― ѕ ― ѕ

― Ḁᴁ5 ό ể ◑ RGB HSB HSL Ở Ҋ  

5 4 ― Excel Ԍ RGB HSB HSL Ḁᴁ Ḁᴁ Ế ―

₲  

 

Power Point ῺḀ  

3 Power Point ῲ 2 Ϊת  

4 ◑ Ѿ ῲ 

5 2 Ϊת Ở RGB Ҋ ˂ 40 εֽ

 

6 Excel 5 Ԍ ὶ  

7  RGB Ḁᴁ Ế ― ₲  



 

pH זּ  

1 Ἆ pH   ₣ ₣  

2 זּ Ế ῲ ӯ 1 ѕ͓  

3 pH Ἠ ὶ Ҋṓ ―ᴳ pH ᴒ  

 

Ỹᴻ1 Ế Ἧ ― ͯ ˙ 

ỸᴻἪᾏ  

1 ‫ Ế ,ẏԃתṈ‫ Ἆ PPC Ế N70,B5 ,ˀͮ ↑Ế ӡOA

N50704270601,A4, ˀͮ Ế ╕ ˢ Ế         

2 1 ― pictures to color Power Point ₲ ͯ pH זּ  

3 2 ᵭ ᶡ 602 ӰỲ 4 ό ὦ Ὼ ˟њ◗ ͭϻỲ ʻᾒ

ᴁ 6 ᾒ  

4 ᴘᵭ Ḿ ― ⁮ ͭϻỲ Ế ʻᾒ Ế pictures to color ₲ ͯ  

5 ᵭ ͭϻỲˀϑ ẾPower Point ₲ ͯ  

 

ᴕΌ  

,Ế ὶ ◗ ᵭ Power Point זּ RGB Ḁᴁ Ҿ

Ὼᾒ RGB Ḁᴁ ʻᾒ RGB Ḁᴁ ˰  
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◖Ⱨכ

⅛ RGB pictures to color)

◖Ⱨכ

Ί

β │⁸ ⌂ ⅜ ╣╕∑╪≢⇔√⁹

Ί  



 
 

ᶳṶ  

602 ӰỲ ᾤ ᵿ Ế Ế ‫ Ế ↑Ế Ế ᾏ ― ͯ

῎ 602 ӰỲ ‫ Ế ˶ פֿ

ỸᴻᴕΌ ̚Ӽ ᶳ ‫ Ế ↑Ế Ế ᾏ Ế ẕ↑

Ế ẕ↑ Ế ѝ ẕ ѝ ѝ ᷈ Ế ẕ↑

᷈ Ế ẕ↑ ᷈ Ế ῎ ắ 

pH ͯ ᾴ pH їג ᶳṶ  

 

Ỹᴻ2 ẕ↑ ̩ Ế ― ͯ ˙ 

ỸᴻἪᾏ  

1  ₐ /ḋ ₐ/ẕ 4.2 100 ͊ẕ

ͯϹЕỦγἎ,1 ӆ ẕ( ͯϹЕỦγἎ,1 ӆ) ˋ  

2  ‫ Ế ↑Ế Ế 1 1 ͵ Ế ₲ ѕ

ʻᾒ Фꜟ  

3  2 ― pictures to color Power Point ₲ ͯ pH זּ  

4  3 ᵭ ͭϻỲ ʻᾒ ᴁ2 ᾒ ᴘѕ  

5  ᴘᵭ Ế ― pH 3 זּ  

 

ᴕΌ  

ὪỪ RGB Ḁᴁ Ḱ 
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◖Ⱨכ



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pH 

  
ɋpH0.0 -

6.0  

ɌpH4.0 -

7.0  

ɍpH2.5 -

4.5  

Ỹᴻ◗_ קּ _ Ế -  7.0  -  

Ỹᴻ◗_ קּ _‫ Ế -  6.5  -  

Ỹᴻ◗_ קּ _ Ế -  5.8  -  

Ỹᴻᵭ_ ᴘᵭ_ Ế 5.5  6.5  6.5  

Ỹᴻᵭ_ ᴘᵭ_‫ Ế 6.0  6.5  5.8  

Ỹᴻᵭ_ ᴘᵭ_ Ế 5.0  -  6.1  

Ỹᴻ◗_ Ế_  4.0  4.0  3.9  

Ỹᴻ◗_ Ế_  a 5.5  5.8  -  

Ỹᴻ◗_ Ế_͊ẕ 2.5  -  -  

Ỹᴻ◗_ Ế_ ẕ 0.5  -  -  

Ỹᴻ◗_‫ Ế_  4.0  -  3.9  

Ỹᴻ◗_‫ Ế_  a 6.0  5.8  -  

Ỹᴻ◗_‫ Ế_͊ẕ 4.0  4.0  2.5  
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R
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ὓ

χ

ᴟ

 



Ỹᴻ◗_‫ Ế_ ẕ 1.0  -  -  

Ỹᴻ◗_ Ế_  4.0  4.0  3.9  

Ỹᴻ◗_ Ế_  a 6.0  -  -  

Ỹᴻ◗_ Ế_͊ẕ 3.0  -  3.0  

Ỹᴻ◗_ Ế_ ẕ 1.0  4.0  -  

Ỹᴻ◗_ _  3.5  -  3.6  

Ỹᴻ◗_ _  a 4.5  -  4.7  

Ỹᴻ◗_ _͊ẕ 3.5  -  3.0  

Ỹᴻ◗_ _ ẕ 0.0  -  -  

Ỹᴻ◗_ _͵  4.6  -  4.5  

 

- ᴑּז  

ᶳṶ  

Ế Ἧ ẕ↑ ̩ Ế ― ͯ їג↑ ᴳ

Ế ẕ Ế ― ͯ Ế ῎ ẕ їג

ắ  

 

Ỹᴻ3 ẕ ˙ ― ͯ ˙ 

ỸᴻἪᾏ  

1  ͊ẕ 0.70mol/L ẕ 0.35mol/L 0.70mol/L ∟  

2 ↑Ế Ế 1 ₲ ѕʻᾒ Фꜟ  

3 2 ― Power Point ₲ ͯ  

4 2 ᶡ 4 ό ˟њ◗ ʻᾒ18 ѕ  

5 18 ᵭ Ế ― 3 זּ  

 

ᴕΌ  



 
ᶳṶ  

↑Ế ẕ ῲ ― ͯ ẕ ― ͯ їג ᴳ

Ế ẕ ― ͯ їג ᴳ

 

0.70mol/L ͊ẕ 0.35mol/L ẕ 0.70mol/L ẕ ↑Ế Ế

RGB Ḁᴁ Ế ͮ Ae) ẕ↑ ̩ ᵭʻᾒ Ế ͮ Ce) ẕ↑ ̩

ᵭ Ế ͮₑ B) ẕ↑ ̩ ᵭ Ế ͮ De) ᾏ ᾏ ―

֕ ẕ↑ ̩ RGB Ḁᴁ ᾴ Ế ẕ↑ ̩

◗ ― ᶳ  

 

 

 

 

 

 ᴕ  

pictures to color Power Point Ế ― ₲ ͯ  

ẕ ― ͯ їג ᴳ Ế ῎ Ế ẕ↑

їג ẕ їג ᶳ Ế Ἧ їג ˙ Ḛ

ᵭ ẕ↑ ̩ RGB Ḁᴁ ᾴ Ế ẕ↑ ̩
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RGB Power Point)

╙≤─ ⌐≈↑√ 4 ◖⸗fi☻Ɑכ☻



◗ ― ― ͯ ₢˒ Ṑ Ế ―

 

 

 ẇᶳ ᴭ 

―щˍּז 

http s://www.pref.aichi.jp/uploaded/attachment/258417.pdf  

⁵ Ҙ  Ế קּ ὂ  

https://www.tobunken.go.jp/image - gallery/conservation/15/HTML5/sd.html#/page/1  

  



BZ ͒ יּ͒  

 

ᾗᵈ 

 BZ ͒ Belousov - Zhabotinsky ͒ ̩ כּ֖ ẕͯ ѓᴽ ֽ ̩

― Ἶѻ ͯ ‪ ͒ ᴮӃ Ṗͮקּ ᴕḀ

ẕͯѓᴽ ͒ ̩ ― ║  Ἶѻ ͯ ͒ ѐṶ  

 ͒ Ҍ Ỹᴻ Ἠ ♯ ᴭ ˑ Ệ

ᴮӃ BZ ͒ ϯỸ Ҍ  ᴙ ᴳ Ỹᴻ ᶺ  

 

ỸᴻἪᾏ 

 Ạ Ở  

1 Ạ  

י    ӆ 

ẕ ͯϹ 010 - 74435  1 ӆ 

Ὅ♬ẕ  ͯϹ 000 - 63372  ӆ 

ẕ ͯϹ 000 - 47072  ӆ 

Ὅͯ  Ҵ γἎ  1 ӆ 

ΐẕ

(ɢ) 
ͯϹ 000 - 14792  ӆ 

 ̩ ͯϹ 910 - 00454   

Ạ Ѯ֥ 

300mL ẅϲ ×3  50mL ×3  200mL  

(ADVANTEC/SRS116AA) Ẫ  ֤ḗ  Ẫ  

 

ˀͮ ỸᴻἪᾏ Ở  

(1)  3 300mL ẅϲ A̩ B C ᾈ  

A Ὅ♬ẕ 6.5g Ẫ ᴁ ₣150 L  

B ẕ8 Ὅͯ 1.5 Ẫ ᴁ ₣150mL  

C ΐẕ ɢ (ˀͮ Ҋ)2.8 0.025mol/L

1̩.6 L 6mol/L ẕ₣ ̩ 75mL  

6mol/L ẕ₣ ̩ ṥ  

ẕ Ѵἡ ╣ ₣ ᾈ ẕ ᾶ ͽ ẕ

Ѵἡ Ṕ פֿ − Ѭᴹ ẕ ₣ ┤1 2 ḥḀ

6mol/L Ѵ ẕ ṥ   

  



(2)  ̩ A 30 mL B̩ 30 mL C̩ 15 mL Ἠ ὶ200mL ᾏ

(ADVANTEC/SRS116AA) ε 5

ό 2 יּ ╚ ― ͯ ѐṶ 5 ת ͯ  

͒  

 

ỸᴻᴕΌ ᶳṶ 

― ͯ  

 

  

ₑ 1 ḥḀ ᵭ 

 

         

ₑ 2 Ἶѻ ―  ͯ║   

 

 

― ͯ ‖ ͊כּ֖ Ḛε ͊  Ce3+

― Ce4+ ͝― ᴕḀ  Fe2+ ║― Fe3+ ≤― Ở Ḛε ―

║― ᴳ ̩ ― ḥ ᶳ  

  

╩ − ╦∑√ │ ─ ∫√ ⌐⌂∫√⁹

1 ⅜⁸ ╩∆╢≤∆←⌐╒╓ ⌐ ⇔√ ⁸

∞╪∞╪≤ ⌐ ⇔√⁹∕─ ⁸ ™ ⁸ ⁸ ┼≤

⇔√─∟⁸ ╩ ≡ ┘ ⌐ ∫√⁹ 

∕─ ╙⁸ ≤ ─ ≢ ⌐ ⅜ ⇔√ 2 ⁹ 

 



 ᴙ  

Ỹᴻ 1 ᴭ ẇᶳ ᶺ ѯᾈ ϴỸᴻ2 9 ᶺ  

2 ỸᴻᴕΌ  ᴙ ˢ  

 

2 ỸᴻᴕΌ(ĮƂ ͒  Ƃ ͒ )  Ỹᴻ 1 ˑ  ᴙ  

 1 2 3 4 5 6 7 8 9 

 
 

         

ε  
      יּ   

 
̩[mL ]  

1.6  1.6  1.6  1.6  3.2  1.6  1.6  1.6  1.6  

ẕ
[ mol/L ]  

6 6 6 6 6 1 2 3 7 

ᴕΌ  × *1 × *2 × ×   

*ϋ ͒ Ҍ ͝― ― ѕ ― ͯ  

*² ̩ ― ― ͯ  

 

Ỹᴻ 2 3 їג 

ͽ ― ͯ ᴳ Ỹᴻ

͝― ― ѕ ― ͯ Ҍ ₑ3  

 

                 

ₑ 3 Ỹᴻ 3( )  ͒

 

Ỹᴻ 4 ε יּ їג 

 ε יּ Ỹ1ᴻ 5 ό 2 יּ ╚ Ỹ4ᴻ יּ 5

ό 4 יּ ╚ ε יּ ― ͯ ᴳ  

 

 

 
 



Ỹᴻ 5  ͒

 ̩ + ̩ ― ― ͯ Σ  

 

Ỹᴻ 6 9 ẕ їג 

 ẕ 1mol/L Ỹ 6ᴻ 2mol/L Ỹ 7ᴻ ͒  

 ẕ 3mol/L Ỹ 8ᴻ 6mol/L Ỹ 1ᴻ 7mol/L Ỹ 9ᴻ ‪ ε₲ ͵ε ― ͯ

‪ ― 1ͯ ε Ỗѕ їג ₑ4 3 Ở זּ  ᴙ ᶺ

3 ε Ỹᴻ Ԍ Ƃ║ ͯ ˙ ║Ƃ ͯ

Ỗѕ ᾏ3mol/L Ƃ6mol/L Ƃ7mol/L 7mol/L יּ͒ ˢ יּ

ₑ 4  

 

 

  

ₑ 4 ẕ יּ͒ (3 ε Ԍ ) 

 

3 ẕ ‪ Ỗѕ(3 ε Ԍ) 

(║Ƃ )   

 1 ε  2 ε  3 ε  4 ε  5 ε  6 ε  7 ε  8 ε  9 ε  10 ε  

3mol/L  57( )  47  46  50  62  43  44  42  40  38  

6mol/L  28  16  12  12  14  13  12  13  12  12  

7mol/L  9 15  11  8 9 9 8 9 7 6 

 

( Ƃ║ )  

 1 ε  2 ε  3 ε  4 ε  5 ε  6 ε  7 ε  8 ε  9 ε  10 ε

 

3mol/L  18( )  8 7 10  8 7 8 9 10  10  

6mol/L  17  15  11  11  10  12  12  13  12  10  

7mol/L  19  15  14  14  14  13  13  13  15  11  



ẕ 7mol/L כֿ יּ͒ יּ ̩ ― ὶ 

 BZ ͒ יּ Ҍ Ỹᴻ9 Ḿ  

 

͒Ѿ  ɥ

 Ỹᴻ Ҍ ☺ ͒ Ѵ ẕ Ὅ♬ẕ ẕ ẕͯ ‖

͒Ѿᶣₑ 5 Ҋ  

 

ₑ 5 BZ ͒ ͒Ѿ  ɥ

 

̩ ḥ Ὅ♬ − A ϋầ  

 

BrO 3
ʄ + 5Br ʄ + 6H + Ƃ 3Br 2 + 3H 2O 

 

Ὅ♬ẕ͊ Ὅͯ Ὅ♬ ѓᴽ Ὅͯ Ή A ặ  

A Σ ʗὍ♬ẕ −→ B ầ  

 

BrO 3
ʄ + 4Ce 3+ + 5H + Ƃ 4Ce 4+ + HOBr + 2H 2O 

 

B ѓᴽי ͊כּ֖ Ὅ♬ẕ͊ ỗʗὍ♬ẕ ѓᴽ A ặ

B ͽּי ͊כּ֖ ѓᴽי ẕͯי ͯ ― ―  ͯ

ˢ A −→ Ὅ♬ ẕ ͒ ẕ  

 

HOOCCH2COOH + Br 2 Ƃ HOOCCHBrCOOH + H + + Br  

 

ẕ ẕ ẕͯי ͊כּ֖ ẕͯ ẕ ẕͯ ♬ 

 



HOOCCH2COOH + 6Ce 4+ + 2H 2O Ƃ HCOOH + 2CO 2 + 6Ce 3  + 6H  

HOOCCHBrCOOH + 4Ce 4+ + 2H 2O Ƃ HCOOH + 2CO 2 + 4Ce 3+ + Br ʄ + 5H +  

 

Ce4+ ѓᴽ Ce3 ѓᴽי ͊כּ֖ ― ͯ Ҍ ᴽ ― ║

― − Ὅͯ A ḽϋ  

 

ᴕ  

 Ỹᴻ 1 9 ỗ  

BZ ͒ ϯỸ Ҍ ˢ יּ ε Σ

ẕ 3mol/L ˀῲ 7mol/L ˅ ᷈ יּ͒  יּ ̩ ―

 

 ║ ― ͯ ̩ ˢ ― ὶ  ̩ ― ϯ ͽ

↔  

 ║ יּͯ ║ יּͯ ẕ Ḱ ὶ Ḛᵭ 

יּ ͒  ᴙ  

 

ẇᶳ  Æ

Wikipedia  2022   ͒

https://ja.wikipedia.org/wiki  

Ảיִ ˢ 2014   ‪ ͒ 

https://www.jstage.jst.go.jp/article/kakyoshi/62/7/62_KJ00009410874/_pdf  

 

 

 

  



▐ṕ 

 

 

1 .ᾗᵈ 

χ ⅝ Ẽ Ạ

Ӹ ổ ᴮӃ ᶺ ╣ᶺᴮӃ Ἧ Ậ ▐ṕ

͌ ᴮӃ ᶺ Ⱶ ▐ṕ→ Ỹᴻ

ᶺ  

Ẽ ᴮӃ ᶺ ͌ їג ᶳ

ᶣַא ♥₣↑ אּ ⁪₣↑ ϑּא ͌ Ἠ ˅

֩ҁ Ἠ ˅ ϑּא ˢⱲ⁪₣↑ אּ ♥₣↑

ϑּא ὫⱲ →כ ˢⱲ Ⱳ ˙ Ἠ ˅ ᶣַא ỏ ‫

→כ ї Ỹᴻ ᶺ  

 

2.ỸᴻἪᾏ 

י     כֿ 

 SARASA CLIP  ZEBRA JJ15  Ḏ 0.5mm  

 TOMBOW 

SCHOOL SHIRTS  

ЕỦγἎ  No.55590 -

02  

55%  

PET 45%  

1 Ỹᴻ Ạ  

 

י     כֿ 

Ậ ▐ṕ ARIEL BIO science  P&G Ḁ

γἎ 

062703  ̩↑ ↑ 

 JOY W ᾤ֑ ὲ

 

P&G Ḁ

γἎ 

046345  ̩↑ ἥ

 

Ḁ→▐ṕ 1 ӆ ẕ

 

OSAKA ͯ

ϹЕỦγἎ 

JAPAN 

Lot 

No.J20590M  

ᾋ

98.0% ˀῲ 

 ẕỡ ┘

35

 

OSAKA ͯ

ϹЕỦγἎ 

JAPAN 

Lot 

No.K21597M  

 

ỷ ͊ͯ   

₣ 

OSAKA ͯ

ϹЕỦγἎ 

JAPAN 

Lot 

No.G53844G  

ᾋ

98.0% ˀῲ 

 ∏ Η  ∏

ЕỦγἎY 

  

2 Ỹᴻ Ạ  



 

Ỹᴻᾈ  

7cm 7cm ╕ ╕ 2͈cm 2cm

ᾙ a  

(ₑ ) 

₣100m L ẕ 5.00 g ḥ  

̩ a  

₣100mL 5.00 g ḥ ̩

Ỗ ζ  ₣ ᾶ Ṑ Ṍ

 

₣100mL ẕ 2.50 g 2.50g

ḥ ̩ Ỗ ζ  ₣ ᾶ

Ṑ Ṍ  

 

Ỹᴻ  

 a 22cm 15cm 3.5cm ῲ 3 ᾈ a ῲ ̩

a ɋ ̩b Ɍ ̩c ɍ

ɋ Ɍ ɍ 1 ѕ ▐ ᶺ ᵭ ₣ ₣ 1 ѕ ▐

ᶺ Ệᶺ2 ⁵ 2 ε ᶺ  

 

Ỹᴻ  

Ệᴻш 3 ᾈ 10mL a̩ Ệᴻшɋ ̩ Ệ

ᴻшɌ ̩ Ệᴻшɍ ▀ 10 ѕᴍ ῲͮ ‪ Ệᶺ

2 ⁵ 2 ε ᶺ  

 

Ỹᴻ  

Ỹᴻ Ệᴻш ‫ 3 ᾈ 0.2 0ml ͽ Ệᴻшɋ ͽ Ệᴻ

шɎ ỆᴻшɌ ͽ Ệᴻшɏ Ệᴻшɍ ͽ Ệᴻшɐ ▀10

ѕᴍ ῲͮ ‪ Ệ 2ʌ ⁵ 2 ε ᶺ  

 

Ỹᴻ  

Ỹᴻ Ệᴻш ‫ 3 ᾈ ͊ͯ 0.30 g ͽ Ệᴻ

шɎ ͽ Ệᴻшɑ Ệᴻшɏ ͽ Ệᴻшɒ Ệᴻшɐ ͽ Ệᴻшɓ

▀ 10 ѕᴍ ῲͮ ‪ Ệ 2ʌ ⁵ 2 ε ᶺ  

 

 

 

 

3.ỸᴻᴕΌ 

Ỹᴻ  

1 ꞉▬◦ꜗ♠a 



             

̩ a ̩  ̩  

ₑ  Ỹᴻ ᴕΌ 

ẕ ḥḀ ̩c Ḿ ͌

 

 

Ỹᴻ  

 

 

Ệᴻшɍ Ḿ →כ Ỗѕ  כ

ˢ ỆᴻшɌ  

 

 

 

Ệᴻшɋ Ệᴻшɍ ỆᴻшɌ 

ₑ  Ỹᴻ ᴕΌ 

 

Ỹᴻ  

ỆᴻшɎ ̩ Ḿ ˢ Ệᴻшɏ   

̩ ᴳ ₣ ̩ ᴳ  

→כ Ệᴻшɐ Ḿ  

→כ Ỗѕ כ ˢ Ệᴻшɏ 

Ệᴻшɏ Ệᴻшɐ ỆᴻшɎ        

ₑ  Ỹᴻ ᴕΌ 

 

Ỹᴻ  

Ệᴻшɑ ̩ Ḿ ˢ Ệᴻшɒ  

̩ ᴳ ₣ ̩ ᴳ     

→כ Ệᴻшɓ Ḿ  

→כ Ỗѕ כ ˢ Ệ 

Ệᴻшɒ Ệᴻшɓ Ệᴻшɑ      ᴻшɒ  

ₑ  Ỹᴻ ᴕΌ 

 

 

 

4.ᶳṶ 

Ỹᴻ  



ẕ ỷ ḥḀ Ḿ͌

ᶂΌ ѷ ᶳ  

 

Ỹᴻ  

ˢ →כ ỏ ḥḀ ▐ṕ →כ ᶳ

 

 

Ỹᴻ  

ẕ ẕ

ḥḀ Ӫ ͯṥ ᶳ  

 

Ỹᴻ  

₣ ᶫ ͯṥ Ḱˑ ᴳ ᶳ  

 

5.ᴕ  

₣↑ ͌ Ḿ Ӫᵏ →כ ḥḀ Ḿ ᶂ

 

ᶫ₣ ₣ ͯṥ Ḱˑ  

Ỹᴻ Ỹᴻ ͯṥ →כ ᴕΌ Ḱˑ ᴳ ↑

Ỹᴻɋ Ỹᴻ ᶺ δ  

 

6.ẇᶳ ᴭ 

‫Єᴱ ᷈͞ Ϲᶡ → 29   

₲Ή  Ξ ᴮӃ Ὕ p.34  

 

ẕ  Ầ  

 https://labchem - wako.fujifilm.com/jp/product /detail/W01W0116 - 1156.html  

 

 Ầ  

 https://labchem - wako.fujifilm.com/jp/product/detail/W01W0119 - 1398.html  

 

ᶼḹ ͯϹ  ᾴẈ ὁˢ 2001  

(https://www.j stage.jst.go.jp/article/oleoscience/1/8/1 _863/_pdf/ - char/ja )  

 

 

 

  

https://labchem-wako.fujifilm.com/jp/product/detail/W01W0116-1156.html
https://labchem-wako.fujifilm.com/jp/product/detail/W01W0119-1398.html


Ṝ ֩  

 

1  ᾗᵈ 

ᴮӃ Ṕ ֩ ֩ ᴳ ↕ ₲ ˑ

Ӹ ổ ᴘ ‫ᴘ ‫ᴘ ᴘ ̚Ӽ

↕ ᴳ Ϛ Ẉ Ṹ̚ ֩ Ἀ‴ Ϛ

פֿ ↕ Ἀ  

Ẽ פֿ ↕ ѐּז  ᴙ ˢ ֩ ₲ ͯ

Ệ  

 

֩ ₲ ͯ (SQM) SQM ֩

үѐ Ἒ זּ Ѯσ Unihedron Ἆ∟ ḊṔᵿѮ ᶾ

; ể ϲ ˑ 2 Ἧ ᴮӃ ể ϲ ᶓ SQM Sky Quality 

Meter : ₑ 1 ể ϲ 80 ° ˅ ֩ זּ ;

║ϑ ;ểᵿ ˞ זּ  

 

ₑ  SQM Sky Quality Meter  

SQM ὶ ₲ ˂ ϲ ӆmag/arcsec ² 16.8

mag/arcsec 16.8 ӆ ↕ ꞈ ᵿ 1 ϲ ᶓ ₲

ʻ ֩ 1 ˑ ᵿ 2.5 ˑ 5 ˑ ᵿ 100 ˑ

₲  

⁵ᶏᵿ ☺ Ḿ ʻ ỡ◦ ᴙ ֩ ֕ 22.1 mag/arcsec ²

ᶳ ˢ ᴘ ὶ ֩ 17.0 mag/arcsec ²  

 

ỸṔ Ѯσ ᴮӃ  

͐ ,2019 ᴮӃ 2019 5 ᴘ 10 (ᴘ 5.2 ᴘ 23 56  

ὶ 4 46) ᴱ ♆≤ ᷈ Ϲᶡ ֩ זּ ₑ 

 

Ⱳ♃fi 

☿fi◘כ 

 כ♃♬⸗



 

ₑ  ♆≤ ᷈ Ϲᶡ ᴕΌ 

ᴘ ỖḈ ֕ ῲ῁ ὶỖḈ  ֕

ᵂᾶ  

ᴕΌ ᴘ אל ̚Ӽ ֩ ͯ ḉ  

 

ᴮӃᴕΌ Ṝ ֩ ʹ╝(ₑ ) ϴ

ₑ ᴱ Ҋ  

 

ₑ  Ṝ ֩ ʹ╝ 

ὶ ̚Ӽ Ṝ Ḱ ᶳ һᴍ ᵂᾶ ֩ ͯ

ͯ ᶳ  

ᴘ ʹ ▬ ᶳ ᴱ Ṝ ֩

ᾴ ᶳ  

ʹ╝ ϯ ᴮӃ ᴘ ᴘ ỖḈ זּ ᶺ ᴘ ̚

Ӽ  ᴙ ͯ Ỗ ϴ  
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Ỹᴻ ᴱ Ṝ ʹ╝ ϴ 

 

Ạ Ѯσ 

SQM Unihedron Ἆ  

 

זּ Ỗ ɋ Ɍӡ Ὂ ᶺ  

ɋ 2022 2 ᴘ 5 6  20:40 4:00  Ὂ  ↨  

  ᴘ 21 47  ὶ 6 53  ᴘ 3.9 0 Ỗ  

Ɍ 2022 3 ᴘ 6 7  20:40 4:00  Ὂ  ↨  

ᴘ 21 32  ὶ 6 21  ᴘ 3.4 0 Ỗ  

    

זּ Ὼᾒ 

   ɋ Ɍӡ Ṝ Ậ 

 

זּ   

   SQM ᶆ ῲҊ ỖḈ 10 1 5 ε Ҋ  

   ₲ ˀᵭSQM Ở  

 

Ἢṥԃ זּ Ԍ ỖḈ ᵵḰ ; ↑ ᷈

͐ ,2019 5 ε Ҋ ͏ זּ ᴕΌ  

 

 

 

 

 

 

 

Ỹᴻ Ϛ ̚Ӽ  זּ

 

Ạ Ѯσ 

SQM Unihedron Ἆ  

 

זּ Ỗ 

↨ 20:40 Ὂ זּ Ỗ ϋầỖḈ  ʌ

    

זּ Ὼᾒ 

   Ṝ Ậ 

    

זּ  

   SQM ᶆ 20 40 5 εҊ  



   Ṕ · SQM זּ Ṕ Ὼᾒ Ἀ‴ Ṹ̚ ᶺ  

 

 

3  ᴕΌ 

Ỹᴻ  

זּ ᴕΌ ỗ  

͏ ₑ ₑ Ở5 ε Ҋ Ḿ Ḿᾴ ͏ ῲͮ

Ở  

 

  



 

 2 ᴘ 5 6 SQM Ҋ ͏ mag/arcsec ²  

 
 3 ᴘ 6 7 SQM Ҋ ͏ mag/arcsec ²  

20:40 16.56 16.48 16.56 16.42 16.48 16.48

20:50 16.67 16.83 16.98 16.85 16.58 16.83

21:00 17.02 17.06 17.04 16.89 16.92 17.02

21:10 17.21 17.08 17.06 16.99 16.88 17.06

21:20 17.08 17.01 17.03 17.00 17.04 17.03

21:30 17.02 17.03 17.04 16.89 17.23 17.03

21:40 17.20 16.98 16.89 17.11 17.03 17.03

21:50 17.03 16.93 17.07 17.03 17.17 17.03

22:00 17.08 16.99 17.08 16,93 17.04 17.06

22:10 17.05 16.86 17.05 16.95 16.98 16.98

22:20 17.44 17.05 17.28 17.16 17.02 17.16

22:30 17.36 17.08 17.29 17.11 17.38 17.29

22:40 17.35 17.18 17.36 17.10 17.25 17.25

22:50 17.42 17.25 17.41 17.28 17,37 17.35

23:00 17.53 17.38 17.61 17.38 17.42 17.42

23:10 17.38 17.49 17.43 17.39 17.38 17.39

23:20 17.71 17.57 17.63 17.50 17.29 17.57

23:30 17.32 17.52 17.48 17.39 17.46 17.46

23:40 17.63 17.58 17,6 17.59 17.42 17.59

23:50 17.42 17.52 17.48 17.49 17.48 17.48

0:00 17.45 17.57 17.58 17.78 17,72 17.58

0:10 17.74 17.55 17,69 17.64 17.45 17.60

0:20 17.41 17.46 17.54 17.49 17.49 17.49

0:30 17.81 17.63 17.58 17.54 17.59 17.59

0:40 17.62 17.60 17.49 17.68 17.67 17.62

0:50 17.79 17.59 17.58 17.64 17.74 17.64

1:00 17.81 17.79 17.74 17.79 17.88 17.79

1:10 17.82 17.86 17.90 17.82 17.85 17.85

1:20 17.64 17.88 17.69 17.86 17,99 17.78

1:30 17.61 17.75 17.62 17.75 18.02 17.75

1:40 17.67 17.73 17.84 17.79 17.83 17.79

1:50 17.69 17.65 17.86 17.75 17,79 17.72

2:00 17.52 17.74 17.90 17.85 18.00 17.85

2:10 17.69 17.74 17.86 17.87 17.92 17.86

2:20 17.68 17.98 17.73 17.95 17.84 17.84

2:30 17.82 17.74 17.93 17.92 17.94 17.92

2:40 17.82 17.59 17.83 17.69 17.91 17.82

2:50 17.91 17.68 17.79 17.84 17.81 17.81

3:00 17.82 17.86 17.85 17.98 17.92 17.86

3:10 17.93 17.94 17.86 17.99 18.05 17.94

3:20 17.82 17.96 17.82 17.69 18.02 17.82

3:30 17.83 17.87 17.95 17.73 17.69 17.83

3:40 17.86 17.84 17.91 17.78 17.89 17.86

3:50 17.94 17.79 17.94 17.88 17.59 17.88

4:00 17.78 17.85 17.88 17.94 18.04 17.88



      
 

20:40 16.27 16.39 16.30 16.37 16.52 16.37

20:50 16.96 17.01 17.34 17.10 17.09 17.09

21:00 17.18 17.20 17.14 17.16 17.21 17.18

21:10 17.17 17.14 17.16 17.15 16.94 17.15

21:20 17.04 16.96 17.10 17.20 17.19 17.10

21:30 17.07 16.94 17.07 16.94 17.05 17.05

21:40 17.20 16.96 16.56 16.78 16.90 16.90

21:50 17.19 16.73 16.69 16.85 17.11 16.85

22:00 17.04 17.01 17.11 16.82 16.88 17.01

22:10 17.01 16.98 16.95 16.87 16.75 16.95

22:20 17.33 17.27 17.28 17.22 17.25 17.27

22:30 17.25 17.14 17.06 16.86 17.07 17.07

22:40 17.29 17.22 17.19 17.04 17.22 17.22

22:50 17.37 17.17 17.07 16.88 17.15 17.15

23:00 17.41 17.49 17.45 17.42 17.50 17.45

23:10 17.44 17.37 17.48 17.18 17.16 17.37

23:20 17.60 17.51 17.35 17.47 17.37 17.47

23:30 17.01 17.41 17.80 17.43 17.23 17.41

23:40 17.56 17.60 17.37 17.43 17.53 17.53

23:50 17.35 17.27 17.01 17.29 17.02 17.27

0:00 17.43 17.62 17.61 17.57 17.64 17.61

0:10 17.63 17.62 17.66 17.61 17.66 17.63

0:20 17.36 17.06 17.54 17.72 17.41 17.41

0:30 17.68 17.74 17.61 17.38 17.56 17.61

0:40 17.55 17.56 17.62 17.70 17.63 17.62

0:50 17.69 17.70 17.38 17.57 17.68 17.68

1:00 17.75 17.82 17.77 17.70 17.76 17.76

1:10 17.75 17.81 17.81 17.83 17.79 17.81

1:20 17.53 17.54 17.58 17.75 17.58 17.58

1:30 17.49 17.59 17.64 17.65 17.70 17.64

1:40 17.48 17.68 17.78 17.73 17.75 17.73

1:50 17.62 17.65 17.80 17.67 17.59 17.65

2:00 17.42 17.58 17.75 17.69 17.78 17.69

2:10 17.62 17.81 17.78 17.76 17.80 17.78

2:20 17.58 17.76 17.56 17.71 17.73 17.71

2:30 17.69 17.59 17.73 17.83 17.76 17.73

2:40 17.77 17.67 17.68 17.72 17.65 17.68

2:50 17.79 17.86 17.76 17.79 17.79 17.79

3:00 17.73 17.78 17.76 17.13 17.38 17.73

3:10 17.68 17.79 17.75 17.77 17.70 17.75

3:20 17.66 17.79 17.71 17.72 17.65 17.71

3:30 17.77 17.60 17.66 17.66 17.61 17.66

3:40 17.74 17.82 17.86 17.59 17.83 17.82

3:50 17.66 17.81 17.70 17.56 17.71 17.70

4:00 17.68 17.76 17.69 17.78 17.77 17.76



ₑ

 ɋ 2 ᴘ 5 6 SQM ͏ Ḿ Ḿᾴ  

 

 

ₑ  Ɍ 3 ᴘ 6 7 SQM ͏ Ḿ Ḿᾴ  

 

 

 

 

 

 

Ỹᴻ  

ᴕΌ Ở  

Ϛ ѐּז ֕ · Ή  

15.5

16

16.5

17

17.5

18

18.5

S

Q

M

[mag/arcsec²]

15.5

16

16.5

17

17.5

18

18.5

S

Q

M

[mag/arcsec]²



Ở  

20 40 Ϛ SQM Ỹᴻ  

3.9 16.27 16.39 16.30 16.37 16.52 16.37
3.4 16.56 16.48 16.56 16.42 16.48 16.48
2.6 16.61 16.32 16.42 16.41 16.38 16.41
3.6 16.21 16.47 16.5 16.59 16.59 16.5
5.6 17.17 17.14 17.16 17.15 16.94 17.15  

5.ᶳṶ 

Ỹᴻ  

ɋ Ɍ ᴘ ỖḈ ֕ һᴍSQM ᴘ ̚Ӽ ἵ

 

ɋ Ɍ 20 40 23 00 23 00 ˀ᷅ SQM 1 ӆˑ Ϛ פֿ ̚

Ӽ ᶳ  

ɋ Ɍ ꞈ˙ ɋ Ḿ Ḿᾴ ˅ ̔ ̚Ӽ

֩ ʻ ᶳ ↨ Ɍ ɋ  

♆≤ ᷈ Ϲᶡ ᴕΌ ϴ 3 ӆ Ḱ ´ Ṝ ᴱ ₲ ͮε

ᴱ Ṝ ֩  

ʹ╝ ϴ ʹ╝ Ϛ ̚Ӽ ʹ╝ ₲ ͮε Ҋ  

 Ỹᴻ  

Ϛ ӆ 0.75 ӆ ͯ Ϛ ֩ ͯ ˮ

 

Ϛ e Ϛ כֿ ѐּזa d SQM ֩ ʻ

Ҋ 5 ε 4 ᴺ ᴘ

SQM ᾴ Ϛ ̚Ӽ  

Ϛ a d ᴘ ˑ SQM 16.37~16.50 ˢ

Ϛ ̚Ӽ ᴘ ֩ ꞈї ᴳ ᶳ 

 

6.ᴕ  

SQM ֩ ₲ ͯ →ᶁ 

 

ᴕΌ ˀͮ ֩ ͯ  ᴙ  

אל    ᴘ  

   ˢ ֩ ̚Ӽ ᴘ ◗ ᴘ ᵭ  

 ̔  

   ̔ ỖḈ זּ ˢε εβ  

 ѐּז ˙  

   ѐּז ˑ Ṝ 3E ӆḰ  

 Ϛ  

   ͯ ͯ  

 



Ḛᵭ Ξ ˀͮ  

Å Ὂ ε₲ ᾶ Ὕ 

 ᴕ ɋ Ɏ ϯ  

    ҅╜ ὶ ỖḈ ͯ  

Å Ϛ ₲ ֩ ῧ ꞈїїג Ṝ ѐּז ϴ ᴳ ↕ ₲

֩ ꞈїїג כֿ ᴳ  

 

7.ẇᶳ ᴭ 

͐ , ᴾ ⁵,∩ ʸ᷇ͭ, ᴱ ♆≤ ᷈ ϹᶡΞ ᴮӃ ,2019,  

♆ ֩  

https://www.nagano - c.ed.jp/seiho/intro/risuka/kadaikenq/paper/  

2019/08_brightness%20of%20night%20sky.pdf  

Sky Quality Meter SQM -  ḊṔᵿѮ 

  http://www.kokusai - kohki.com/products/sqm.html  

ᴁẐỲ-Ḋ  

  https://eco.mtk.nao.ac.jp/koyomi/  

 

  



иҁ ι ӰỲ  

 

1.ᾗᵈ 

 ᴮӃ ầ Ϲᶡ−Љ Ẽ ᾒּכ Ϲᶡ ӰỲ 6 ᴘ ᾄ Ạ

ӓ; ˀ◗5 ᴘḙ ᾓ פֿ Ạ Ỗѻ ᾓ Σ

ᶳ иҁ ҁͫ ͯ ӰỲ Ҍ ; Ҝ ắ

ᴮӃ ầ  

 ἧ Ỳ Ѿ ỲϑѾ 2 ѾѮ → Ỳ ổ ֩ҁ Ỳ Ѿ ҸἽ ֩

ҁ ổ ѾѮ ˒ ỲϑѾ ˒ ѾѮ ϑ ὶ Ỳ Ѿ

Ự ֩ҁ ὶ Ẽ Ѿ иҁ ӰỲ

֩ҁ ֩ҁ ᴮӃ  

 Ẽ ӰỲ ֩ҁ ֩ҁ ‖ ӰỲ ҁͫ Ԍͯ

ᶳ ӰỲ ҁͫ Ὼᾒ Ḱ Ԍˢ Ỹᵅ

ӰỲ ҁͫ иҁ ӰỲ − ӰỲ ֩ҁ

2 Ỹᴻ ᴁΪ 1 ӰỲ ҁͫ ᴁּז Ỹᴻɟ 2 ӰỲ

י ֩ҁ Ỹᴻ Ỹᴻɠ 1 ỸᴻᴕΌ ӰỲ ҁͫ ᶳṶ

2 Ỹᴻ ỸᴻӰỲ ҁͫ Ԍͯ Ҍ ᶆ ᶳṶ 

 ᴮӃ ҁᵽ ҁῨ ҁᵽҁῨ ᴤ ⁵ѕЉ ̚

Ӽ Ӫ ἵ ᷈ 100m ҁῨ ∩ ,2020 Ằ  

ᶡ Ӄ וֹ⃰ ά, ῆ ͼ,2020 ᴳ ᶂ Ạ

ᴮӃ ᴮӃ иҁ ᴮӃ  

 

2.Ỹᴻ Ạ Ѯ֥ ӰỲ 

1 Ỹᴻ Ạ Ѯ  ֥

ͫỴ ᴁ ЕỦγἎ , O- 251  

 flowflowflow , ЕỦγἎ, FAN- U205  

 

ӰỲ י ṥ→ Ỹᴻ ˀͮ ṗ  

, ᶏ , , ,▬᷇ 

ᴁּזῺᾒ Ṝ Ἢ◗᷈ᶡ њ4F 401 ӰỲ 6F 601 ӰỲ  

ӰỲ י 401 ӰỲ  

 

3.ỸᴻἪᾏ 

Ỹᴻɟ ӰỲ ҁͫ ᴁּז 

ӰỲ ҁͫ ͫỴ ᴁ ᴁּז ᴁּזỖḈ ᶡ Ỗ ѯ ᴒ 1 11 ε ᴁ

זּ ӰỲ 2 ´ ϋ Ỹᴻ11 ᴘ 601 ӰỲ 4,5 ᴘ 401 ӰỲ

ᶺ  

 

 



2 ᶡ Ỗ ҁͫ ᴁּזỖѕ 

Ỗ  
SHR 1 ᵊ  2 ᵊ  3 ᵊ  4 ᵊ  5 ᵊ  

8:25~8:40  8:40~9:45  9:55~11:00  11:10~12:15  13:00~14:05  14:15~15:20  

ᴁּזỖ

ѕ 

8:25     8:40         9 :45   9:55   11:00    11:10   12:15   13:00   14:05   14:15   

15:20  

 

(a)601 ӰỲ ᴁּז 

 ₑ 1 ӰỲ ᴁּז 601 ӰỲ  

Ἰԃ 2021 11 ᴘ 11, 12, 15~19, 22~26 ᴁּז ᶺ ᴁּז ӰỲ 4 ᾒ  

1e Ἰԃ ꞉ Ҷ Ỗѕ ϋ  

 

(b)401 ӰỲ ᴁּז 

Ἰԃ 2022 4 ᴘ 19, 20, 21, 22, 25, 26, 27 ,5 ᴘ 2, 6, 11, 12, 13, 16, 17, 18, 19

ᴁּז ᶺ ᴁּז ӰỲ ɋ ɓ9 ᾒ 2e ᴁּז Ᾱ 1᷈.5m ˂ ᶺ

Ἰԃ ꞉ ϋ Ҷ Ỗѕ ᴁּז ᶺ 401 ӰỲ ☺ (˭40 ⁵) Ἰԃ

ἵ Ỗᵊ ◗ᵭ  

 

ₑ 2 ӰỲ ᴁּז 401 ӰỲ  

ᵓ ᵒ ᵑ 

ᵖ ᵕ ᵔ 

ᵙ ᵘ ᵗ    

4 

4 

β ─ │ ╩ ∆⁹ 

ᵒ   ᵑ 

 

ᵔ   ᵓ 

6 

6 

β ─ │ ╩ ∆⁹ 



Ỹᴻɠ ӰỲ י ֩ҁ Ỹ ᴻ

 ӰỲ ₔ ḗ Ỳ ֩ҁ ̚Ӽ ;ểͯ ӰỲ י ∟ṥ Ỹᴻ

ᶺ י ▬᷇ 5̀0 ᵭ י ̀

ѐṶ  

י  23.5 cm Ӕ י Ὢ ꞈ ╚ Ḿᾴ ╚

₲ ᶆ ῺḀ ầ צּ ѐṶ ▬᷇ ̀ ể

30 ѕᶺ  

 Ỹᴻ 7 ỸẴ ˀͮ ₑ3 Ở  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ΝⱢfi♦▫ⱨ□fi─ ╩ ╢ ⅝ 

3 и≢─ ─ ≡  

a b c d 

e f g 

4 ─  

5 ╩ ⅛╠ √  

─₈ ₉│ 401 ─ ─ ╩ ∆⁹ 



4.ỸᴻᴕΌ 

Ỹᴻɟ ӰỲ ҁͫ ᴁּז 

 (a)601 ӰỲ ᴁּז 

☺ ᴁּז Ԍҁͫ Ỗѕ ͯ 6e Ở  

 
ₑ 6 11 ᴘ 9 22 Ԍҁͫ Ỗѕ [ͯ ]  

 

(b)401 ӰỲ ᴁּז 

 ☺ ᴁּז Ԍҁͫ Ỗѕ ͯ 7e Ở  

 

 

 

 

 

 

 

 

 

 

 

 

ₑ 7 4 ᴘ 19 5 ᴘ 27 Ԍҁͫ Ỗѕ [ͯ ]  

ỖḈ 9:45 11:00 ᴁּז 22 ѕ ᴁּז ᶺ  

 

 

 

 

 



Ỹᴻɠ 

 ᴕΌ 8e Ở  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

a,e,g ӰỲ ̀ ᾃу 3 a,e ῺḀ ̀ ̳  ˒ ̀

ϴ Ỗѕ g ῺḀ ῲₑ ̀ UỒ ₑ8

˺ ὶ ̀ ể  

  

5.ᶳṶ 

Ỹᴻɟ ӰỲ ҁͫ ᴁּז 

 (a)601 ӰỲ ᴁּז 

2 Ɏ ɋ ɋ Ɏ ₔ ӰỲ ҁͫ Ԍͯ ᶳ

 

3 Ỹᴻɟ(a) ᶳṶ 

Ὼᾒ 

 

ͮ  אּ

ɋ  ɍ 

 אּ

Ɍ  Ɏ 

(602 ӰỲ)ּא 

ɍ  Ɏ 

∩ ϑό  אּ

ɋ  Ɍ 

ҁͫ  ᷈ ᷈  

ҁͫ ϴ ɍ ɋ Ɏ Ɍ ɍ Ɏ Ɍ ɋ 

ҁͫ ᷈ ᾏ Ɏ ɍ Ɍ ɋ  

 

(b)401 ӰỲ ᴁּז 

4 Ɍ ɐ ɐ Ɍ ₔ ӰỲ ҁͫ Ԍͯ ᶳ

 

e 

a 

   

Ν ─ ™√ ⅝ ΝⱢfi♦▫ⱨ□fi─  

b c d 

f g 

8 и─  



4 ᴁּז Ԍҁͫ ᷈ ᾏ 

ҁͫ ᷈ ᾏ ᷈                               

 ɐ ɓ ɏ Ɏ ɍ ɋ ɒ ɑ Ɍ 

 

 

Ỹᴻɠ 

 ₑ 8 י ̀ ᾃу a,e,g ῺḀ ӡ 9e ͮ Ҳ

י ̀ ᾃу י ֩ҁ ᾃу ῲ ₑ9 ͮ

ᶳ  

 ̀ ᾃу ◗ 5e ῲּא ̀ ѐṶ 401 ӰỲ 601 ӰỲ

ϧό01 ӰỲ אּ∩ ´ό ͽ 9e ´ό ὶ ᶅ

┤ ͮ כֿ Ӵ ´ό אּ ̀ ˢ ӰỲ ḗ

ᶳ  

                                                   

    

  

 

         

 

 

           

 

 

 

 

 

 

 

 

 

6.ᴕ  

 Ḛε ᴮӃ ӰỲ ҁͫ ₲ ͯ ͮₑ ₑ11 ӰỲ ₔ

ӰỲ ҁͫ Ԍͯ ӰỲ ֩ҁ ͫ ͮ ᶳ  

 

 

 

 

 

 

 

 

 

 

Ν ─ ⅝ 

9 ─ ─ ⅝ 

 

10 401 ─  



 

 

 

 

 

 

 

 

 

 

 

 

7 . Ḛᵭ Ξ  

 ᵅ  иҁ ӰỲ ҁͫ ͯ иҁ

ổּנ ὣ Ҍ ₑ11 ˂ י ה Ѿ ╚

Ҍ ҁͫ Ԍͯ ỡ ῲ; Ḛε Ỹᴻ  ᴙ

ᴿ ˢ ᴁּז ᾶ Ξ ḇ ῧṐ ӰỲ ҁᵽ

иҁ ͯ Ҍ Ἢ ᶳ  

 

8.ẇᶳ ᴭ 

וֹ⃰ ά,ῆ ͼ.2 020. ҁᵽ. Ṝ Ἢ◗᷈ᶡ Ӄ ḉᾙ 

ᶏԃЕỦγἎ.2022. ͢  

daikin.co.jp/school/class01/lesson01  

∩ .2019. ‰ⱲϹὌ Љ δת Ỹᴻ ẬϚ֜ ҁῨ  זּ

 

 

  

11 ≢╦⅛∫√ ⌂ ─ ─ ⅝ 

Ἑ 

    Ν ─ ↄ ⅝ 



╩ ʸ ╩  

1.ᾗᵈ 

 Ẽ ╩ Ӹ ổ Ḛε ᴮӃ ╩ ╩ ϑ ̘

ΐᴾ ṥ ḱ Ῠ ╩ ʸ ╩ ◑ 

 ╩ Ṝ ˂ ₑ ῲ ˞ ἧ ‭ ͮ ˞ Ὕ ὡ

→  ʸ ╩ Ộήᴱᵘ∩ ˂ ₑ ῲ ˞ ‭ ͮ ˞ ‭ іẋ ὡ

→  

 

  

 

 

 

 

 

 

 

 

 

ₑ  ╩ ˞ (eGoogle )  

 

 

 

 

 

 

 

 

 

 

ₑ  ʸ ╩ ˞ (eGoogle )  



 ΐᴾ Ἧ כ ͯ ᴮӃ ᶺ  

 Ἧ ᷇ ᶤ ⁵(2010) ‹ ╩ᴱꞈ ╩ ḱ Ἧ

ẙ ˙ Ἧ ͯ ᶳṶ  

כ  ͼẪ(2012)זּ+ Ẉᴱ´ѩồ╩╫  ḱ

ᵂᾶ ֥Ḁ Ở ̳ ќ ӂכ ͯ

ḉ ˮ ל ˙ ︠ṥ( Ԍ ל ₣

ỏ ל ◑ ) ͮ ᾴ ┤ ̳ ṥ ╫  ˢ

ṥ ᴕ  

 √ả Ԍ(2011) ֹ ᴱ ╩ ḱ ͯ ↑בּ҉ ̳

ḱ ˢϖ ᵈ  

 ΐᴾ ῲ ͮ ̓ Ṧ ᾴ

֥Ḁ Ở ̳ ќ Ở ӂכ ᶳ

ᴮӃ ˢ δ  

 ῲ ͮ ΐᴾ ̳ ӂכ ͯ ̓ Ỗ Ṧ

ˢ ᶆד Ở ỸṔ ᶫ Ѕ ᶆ ˞ ỷ

כ Ḵ Ӝӈ Ӳ  ᴙ ṽ ˢϖ ͯ ᵈ ᶳ

 

 ᴮӃ ╩ ʸ ╩ ϧ ΐᴾ Ἧ כ ╩

ΐᴾ їג↑ ᶳṶ  

ʹ╝ 

 Ἧ ᶣ→ ╩ ˞ ỷ ̛ ᶳ ל ̓ Ṧ

ͮ אּ ᶺ ᾴ ᶳ 

( ) ╩ ˞ ỷ 

 ╩ ˞ ỷₑ ẏԃҘίꞋḀᴮӃᾒ ỷ ḱꞋḀ ᶺ 20 1

ỷₑ ѯ ṥ→ ₑ Ở 

 Ṝ ₑ ˺ͮ   ỷ ┤ѣ −֤Ẉ ỷ Η ѣ

Ԋ כֿ Ⱳ Ṗקּ ┤ѣ Η ѣ ╩ ˞ῲ ☺  

 Η ѣ −֤Ẉ ṜẬ ├ϡ ̓├ ἒᾤ ϲ├ ├ ᶓ

ẋᴳ ṜΌ ├ϡ Ạ ṜΌ ├ϡ Ạ

400 ѕ ẙ ├ Η ѣ Ṝ ´ ⁬֕

├ ḱ 7 ᾒ ₑ ῲ Ҋ ḱ ΐᶅ ̸  

1.85km ˀͮᾏ 4.60 6.75km 8.05km 8.81km 14.82km 15.32km  

 

 



ₑ  ╩ ỷₑ ḱ (ẏꞋᴮ ỷ ḱꞋḀ )   

 

 

 

 



( )ʸ ╩ ˞ ỷ 

 ʸ ╩ ˞ ỷₑ ₑ Ở  

 ˞ ỷ ἧ ˒ τ ˒ ͽ → ͮ אּ ┤

ѣ ҆ ῲ אּ Α→ѣ ᴳ ͽ ϴ ῲ אּ פֿ   

 ḱ 5 ᾒ 4 ₑ ῲ Ҋ ḱ ΐᶅ ̸

5.99km ˀͮᾏ 15.67km 29.05km 40.46km  

 

 

 

 

 

 

 

 

 

ₑ  ʸ ╩ ỷₑ ḱ (ẏꞋᴮ ỷ ḱꞋḀ ) 



2. ḱἪᾏ 

 ╩ў זּ ₑ

ấ ╚ ╩ ᾏ

ʸ ╩ 50 ᵌ ṅἨ ʸ ╩ ṅ

Ἠ ᶟ ᾑ ╩ ṅἨ Ỗ

Ἧ Ḱ Ἧ ᶣ→ ∆ϯ ʤ

ᶳ  

 Ἧ )ל ╩ ל ל ל ┤

┤ ᴳ ӂ ל ʸ ╩ щ

(ל ̳ ӂכ( ╩ )  

Ἧ ể ᴒ ◦ ѣ├ˀϑ ⁵

ᶏ כֿ ⁵ᶏ Ҋ  

̳ ֥Ḁ Ḁ

0.0 1.0 ₑ

Ϲ (1978) ṓס                ₑ  1 ấ  

Krumbein(1941) ̳ ˫Ῠₑ ẇᶳ 0.1 ˂  

ӂכ ќ Ḁ 0.0 1.0 ₑ

כ ӂ ֕ Krumbein(1941) ӂכ Ҿ ₑ ẇᶳ 0.1 ˂ זּ  

 

 

 

 

 

 

 

 

  

  ̳ (0.3)        ̳ ᷈ (0.7)  

 

 

 

 

 

 

 

 

  ӂכ (0.5)       ӂכ ᷈ (0.7)  

  ₑ  ̳ ˙ ( ╩ ΐᴾ )    ₑ  ӂכ ˙ ( ╩ ΐᴾ ) 

 

 

 

 

 

 



3. ḱᴕΌ 

 Ἧ ל ̳ ӂכ ḱᴕΌ ˀͮ Ở 

( ) ╩ 

 Ἧ                           ╩ Ἧ  

 
Η ѣ 

Η  

◕ ѣ ѣ ѣ ѣ Ḵѣ  

ѣ

 ├̥  

כֿ  

⁵ᶏ   Ḁᴁ 

 6 0 8  6 0 0 15  1 1 5 6 2 50  

 6  1 10  5 1 0 20  0 1 4 2 0 50  

 9  3 6  1 0 1 19  1 1 4 1 4 50  

 23  3 3  6 0 0 10  0 0 3 0 2 50  

 23  0 12  8 0 0 0 0 0 2 0 5 50  

 22  0 3  1 0 0 1 0 0 18  4 1 50  

 48  0 1  0 0 0 0 0 0 1 0 0 50  

 

 

 

 

 

 

 

 

 

ₑ  ╩ Ἧ ᶣ→ 

 ḱᴕΌ ᶳṶ ╩ Ὢ ԅ▬ₑ Ḋ ˵ ѯ ₑ῾ ѯ ṥ→  

 

 

 

 

 

ₑ  ╩ Ὢ ԅ▬  e



 ל 

 

 

 

 

 

 

                                                                 

 

 

 

 

 

 

                                                                 

 

 

 

 

 

       

                                                                            

               

        Η ѣ Η ◕ ѣ 

        ѣ ѣ 

         

         

 כֿ        

                                                                       

ₑ  ╩ ל Ἧ   (ὪỪ ᵌ₲ ͕Ừ ([ɹ]ל  



 ̳  

 

 

 

 

 

 

                                             

 

 

 

 

 

 

                                             

 

 

 

 

 

 

                                             

               

        Η ѣ Η ◕ ѣ 

        ѣ ѣ 

         

         

 כֿ        

                                                 

ₑ  ╩ ̳ Ἧ   (ὪỪ ᵌ₲ ͕Ừ ̳ ) 



 ӂכ  

 

 

 

 

 

 

                                             

 

 

 

 

 

 

                                             

 

 

 

 

 

 

                                             

              

        Η ѣ Η ◕ ѣ 

        ѣ ѣ 

         

         

 כֿ        

                                                 

ₑ  ╩ ӂכ Ἧ   (ὪỪ ᵌ₲ ͕Ừ ӂכ ) 



( )ʸ ╩ 

 Ἧ  

 ʸ ╩ Ἧ  

 

 

 

 

 

 

 

ₑ  ʸ ╩ Ἧ ᶣ→ 

 ḱᴕΌ ᶳṶ ʸ ╩ Ὢ ԅ▬ₑ Ḋ ˵ ѯ ₑ῾ ѯ ṥ→  

 

 

 

 

 

 

                                                   

 

ₑ  ʸ ╩ Ὢ ԅ▬  e

 ѣ ѣ ѣ 

Ḵ

ѣ 

 

(Ḏ― 

―) 

 

(Ѝ―

║ ) 

ѣ 

 

Ḵѣ 

 ѣ 

ᴕ

ῄ

ѣ 

├υ

ѣ 

Η

ѣ  ѣ 

Ҏ├

ѣ 

ʸẈ

ѣ ѣ  Ḁᴁ 

 11  9  1  3  12  4  2  0  0  0  0  0  0  1  0  1  1  5  50  

 14  9  0  1  15  1  6  2  0  0  0  0  0  0  0  0  0  2  50  

 15  8  0  2  15  0  3  2  0  0  0  1  1  0  1  0  0  2  50  

 22  21  0  1  38  0  2  2  3  1  1  0  0  0  0  0  0  9  100  



 ל 

 

 

 

 

 

 

               

 

 

 

 

 

 

               

 

 

 

 

 

 

               

                                                                             

                                                                      ѣ ѣ 

                                                                       

                                                                        (Ḏ― ―) 

                                                                       

                                                                        (Ѝ― ║ ―) 

 כֿ                                                                 

ₑ  ʸ ╩ )ל (ל Ἧ   (ὪỪ ᵌ₲ ͕Ừ ([ɹ]ל  



 ̳  

 

 

 

 

 

 

                  

 

 

 

 

 

 

                  

 

 

 

 

 

 

 

                  

 

                                                                       

                                                                 ѣ ѣ 

                                                                 (Ḏ― ―) 

                                                                 (Ѝ― ║ ―) 

 כֿ                                                                 

                  

ₑ  ʸ ╩ ̳ Ἧ   (ὪỪ ᵌ₲ ͕Ừ ̳ ) 


































