
   
 

У    

   

Уȁ Ѭ 

    ҂ ѝ Ȃ ӭ 1̈8Ъ ₥ ӏא ӝ ѐ

ҩ ╟ ѕ ̆ ︠ ӝ ⁸ Ȃ ὲᾃ ̆

‫ έ ҩᴐѝ ΰэ ֒Ȃ ӝ а ὡ ̆

έ У ѝ Ѡȁ ȁ Ѩ Ȃת а

… ̆Ԉ ӝԏ ̆ע ҂ а ע Ȃ

н Ὧ ῆ̆ έ ѝ Ѭ̆ ѝ Ȃ 

     

    У‎ ȁ ₂ Ԉ ѝ ̆  

ӝ ̆ Ȃ ꜛ ȁ ̆ӝ 

ꜛ ȁӝ ȁ ᾋ Ȃ 

    ּ Э̆ Ө Э ѐ ̆ ӊ  έ̆ Ѡȁ 

€ ȁ Ѩ̆ з ȁ ₂ ȁ ̆

₥ н ў ӊ Ȃ ӝ ў ұ ȁ ȁ

Ԉ ὲӹ ȁ ȁ έ έ Ȃ ҂а ш У а ̆

ᴿ ҂ ұ ȁ έȁ ѐȂ 

   

үȁ έ ֒ 

    ѐ 3000 ת̆ ṁ Ө 230ᴍ ̆

Э ў ѐ а 20 ̆ а 10˿ Ȃ έ УҾ

֒ ѝ ̆ ֳ Ȃ 

     

(У) Ѡ 

    Ѡ ֓ḣ ֒Ȃ ȁ ȁἽ ȁ ᾿ ֳ Ȃ 

Ҿ ҵ ҵ ̆ Э ⁮ ̆ Ἵ ȁ Ѡ ׂȂ 

    1̈  

    Ѯ‍Ȃ ὲ Ѡȁ ȁ ⸗Ȃᴿ ̆У  

ѝ ̆ ӝԈ ̆ ⁮ Э  ̆

ȁ ֶ ᴂ Ѡ Ȃ ұ ( )̆ ᵳа ֓ ў 

ҩȂ 

    2̈ ᾿  

    έ ᾿ Ȃ а ⁮ ̆  

ֶ ὲ ᴇ Ȃ ᾿ ̆

̆ ᴳἽ Ἱ‍ ̆ ӝԈ € ̆ ѝӝԏ ̕  ̆

̆ ľ Ŀ̆ Уэ ֒Ȃת ұ Ҿ

̆ ᾿ ̆ Ҿέ Ἵ ( Ἵ ȁ



ȁ )̆‡ Ὧꜛᴇ ѝѓ ̆ ᾿ а ̆ ὲ

Ἵ Ȃ 

    3̈ Ἵ  

    Ἵ Ἵ У ( )̆ ѝ ҩУ֙ Ȃ  

ѝ Ѯ ̆ Уэ ѝ έ Ἵ ̆ ἽЮἽ ̆ ӝԈἽ  

ȁ Ȃ 

    4̈ Ἵ  

    Ҿ аԈ έת̆ Ἵ ̆ Ἵ ȁ ȁ Ȃ  

Ҿ Ἵ ѱ ҩΰ‍ ̆έ ̆ ᴳὲ ֓᷁ Ȃ п 

У ̆ ‫ ᴐѝ х ̆ ὲ έ Ὡ  

̆ ѝ Ȃ 

   

(ү) Ѩ  
    аӨ Ѡ ̆ з Ѩа ̆ έ У ȁ ע Ȃ

Ѩ ὲ ע ᾱ ת̆ У ֒ Ҿ ̆

ȁ Ȃ 

    

(Ь)  
    Ԉӊ  Ȃ ̆ꜛ Э Э Ȃ  

֓ ᴿ ѡ ̆ ̆ ȁ ӝԈ Ѯ ̆ ‫Ө  

ұ ̆ ӝԏ ѝ ̆֓ḣ ת̆ ὲӹ Ԉ ̆֓ Ȃ У 

эᴿ ѝ ̆ Ԉὲ ӝԏ ת̆ ╗ ȁ  

̆ ҩȂ ֓᷁ ᴿ ѡ  

̆ ‍ ӊ  а ת̆ ұ ȁ  

ш ̆ ╗ ὤ Ȃ ѯ שּ ̆ ΰ︢Ἷ̆╗  

Ө Ict Ȃ ̆ ᵳ ѝҩ йѮ Ȃ 

      ̆ᴐѝ Уэ ̆ аУ Ѡȁ Ѩ Ь

э ᴧ ѝ   Ȃ Учэ   Ԉ ѝ ̆ а

֓ḣЭֶ Ȃ ̆ ὲ а ̆ 2ĺ3̆ὲ Ѩ

а ת̆ ԏӰԈὲ ע ̆ ȁ ̆ Ἵ

ꜛᴇ ӝԏ̆ ѝУ Ȃ ᴿ Ҿέ Ἵ ̆ ᴳ ԏ

а ת̆ ὲ Ἵ ̆҂ֶ֓ḣа Ȃ ̆ ֓ḣ б

Ὧ ̆҂ֶ ȁ ȁ ȁע ẏ

ע  Ȃע

 

ү   ‍  

   

У ὲ ֒ȁע ‍ ᾃ ̆ ᾱ ҩὲ ע

Ȃ ̆УҾ ҵѮ ȁע ‍ ᾃ Э Ҿ Ѯנ ̆ έ Ὥ Ȃ ̆

‍ ֗╘ Ὥ э ̆ Э ȁᾃ У У

‚ У Ȃת ұ ̆ ӭѝ Э Уэ У ‍ Ȃᴿ Э

Ҿ ҃שּ ‍ѝч ̆ ̆ ч ѐᾋ‍ѝ ̆

Ԉ ὲӹ Ȃ҂ ӝ ‚ѝУ Ȃ ̆ ᴉ ȁ



‍ Ὥ Ὧ Ȃ 

    н ῆ  ҩ Ѭ ‍ Ȃ‍ ў  

‡ ЮȂ 

    ǻ ̆ Ԉ ӝ ⁸ ѝᵑ ̆ ‍ѝч Ȃ ᾋ  

У ‚‍Ȃ 

    ǻ ȁ҃ ̆ ₥ Э ᴳ ȁ ұ У ‍ ‡ 

‍ Ȃ 

    ǻ   Ԉ ѝ ּ Ȃ 

    н ῆέᴇ‍ ѝ  ̔

   

 

 

                                                

                                    

                                                

( ) {                            

                                                

ӝ                    ӝ  

                                                

                                               ᾋ  

                                        

 

                      

Уȁ  

    Ѭ̔ ӊ ̆έ ȁ Ѩȁ ̆έ ֓ḣ̆ ╗ 

Ȃ 

    а ‍ѝ̔ ( ) ȁ Ȃ 

 

(У)  

    ӊ ̆έ ȁ Ѩȁ ̆ ╗ ᴇ Ȃ 

    ѝ̆ҩ ֳ ‍ ὡ ̆ ᴐ 

‍ ȁ ȁҽ ‍̆ ҃  

֓ḣ ȁѐᴂ ‚‍̆ ὲ‍ѝ  

ч Ȃ 

    1̈ ȁ ȁҽ ‚‍ 

    ῆѐ̆   ȁ ȁҽ ‚‍ Ѭ̆  

ῆ̆ Ȃתѝҩ а Ѯ

ᾱ ╒̆ ҉Ӱ ҩ ѐ ȁ ȁҽ ‚‍ ᾗȂ ѐ 

ȁ ȁҽ Ӯ ЮȂ 

    (1)  

ע     ȁנ ᴇ У ‟ Ȃ ȁ ȁ



ȁ Ȃ У э Ȃ     

    (2)  

    ў ע ᴇ Ȃ ‍ ᴁ̆ Уэ  

ע ᴇ ̆R ѐꜛ ҩ  

Ȃ Ȃ 

    (3)ҽ  

    ҽ ѐ Уэ ̆ Уэ ̆ ע ѐ ‍а ̆ӱ 

ȁ ( ȁ ) Э ע ѝҽ Ȃᴿ • 

̆ ұὲ FeȁTiȁCr ἷ • ̆ ѐ

Ȃת ῆѐ̆ ҽ Ȃ Э ѐ

ҽ ᾃ ѐӰ ѮѝУэ ̆ ў ⁮ ѐ ҽ ѐ

ὲ ֶ ֓ḣ Ȃ 

    Э̆Ὧұ ҽ ҂ Уэ У ‍ Ȃ (GIA)  

ҩ ѐ ̆Ӱ ᴳ ҽ ( ) Ȃᴿ ̆GIAӰ ᴐ  

• ҽ ( )Ȃ 

    2̈ ֓ḣ ‚‍ 

    ῆ̆ ȁѐᴂȁ ‚‍̆҂ ᴳ  

Ҿ Ȃ ᴐУ Ӯ ̆ н УҾ ᴿ эҩ Ȃ 

    (1)  

    ּ ȁ ӝԏ ȁ֓ḣ Ȃ ₥ Ὠ  

ȁ ȁ ȁ ȁ ( ȁ )Ȃ 

    (2)ѐᴂ  

    Ҿ έ Ѡȁ Ѩ бת̆ ֓ḣ ᴂ Ȃ  

̆ ȁ ȁ ȁ ȁ Ȃ 

    (3)  

    Ҿ ̆ ԏ ұӊ ᴂ̆а Ԉ Э ѝ ̆ ȁ

‟ ѐ   Ȃὲ֓ḣ έᴇ ᾳ ̆ ̆ӊ Ὤ

̆ ȁ ȁ ̆ У Ө 1̈419ctȂ ̆ ӭ

ѝ ₂ Ө ΰ Ȃ 

   

(ү)  

    ӊ  ̆έ ȁ Ѩȁ ֓ḣ ᴇ̆ ѝ

ᴇȂ 

    έᴇ ў ᴇ ў ‍ ‚‍ ҂̆ УҾ  

ӊ ּ Ȃ 

    н‡҃ ұ ֓ḣȁ ȁ ‍ѝ ȁѐᴂ  

₂ ΰ ȇת̆ Ȉ ῆ ‍ ̆ ѐ҂  

ᴳ Ȃ 

    1̈  

    (HM) 6͘7Ѯ Ȃ ₥ ЭὨ Ө  

Ȃ Ԉὲ ѐ ȁ Ѡ ѝ ѮᾞȂ ╗  

ȁ ̆ ȁ ‡ ⁸ ֒̕ ‡ў ұ ֒ ֒  

ת₂̆ ҂ ⁸ᴐ ֒ Ȃ     

    2̈ ѐᴂ  



    ѐᴂ (HM) 4͘6Ѯ Ȃб ̆ ̆

ѐ ӊ ў Ȃѐᴂ ў

ȁ ȁ ȁ Ȃ ԏ ѐ ‍ ╗ ̆ ‍‡╗

֒ ֒Ȃ 

    3̈ ₂  

    ₂ (HM)У ұ 4̆ Ԉ ₂  ╗ Ȃў  

( ȁ ȁ )ȁ Ȃὲѐ ֓ḣ ̆ ȁ  

Ȃ 

 

(Ь)  

    ̆ ‍ ὤ ̆ ұ Ȃί  

( ľ Ŀ)҂ ұ Ȃ 

    ᴐ ᴇ̆ ԏ ‍ ὤ ὲ̆ѐ УҾ 

ᴇ У ‍̆ ȁ Ȃ Ҿ ᴇԈὲ Ѡ  

ȁ Ἵ ̆ ѝ Ȃӝ ί ̆ ұὲί  

ӊ б ӊ ̆ Ԉ҂ ‚ ѝ Ȃ 

    

үȁӝ  

    ὤ ‍ ӝ ӊ ⁸ ̆ ᴐ ̆ꜛ ȁӝ ȁ 

ᾋ Ȃ 

1̈  

ὤ ‍ ӝ ⁸ з ᴇ ᴇ ὲ̆ ȁע 

‍ ᴇ б Ȃ 

    б ע ‍ ѝ A12O3( ἷ Cr)̆ ԏέ  

ᴇ ȁ Ȃ 

    2̈ ӝ  

    ӝ ⁸ з ᴇȂ ӝ ̆ ӭѝ  

ѐ Ȃ 

    3̈  

    ч ч ԈЭ ӝ ̆з ӝԈ ᴇ ̆ ľ  

ĿȂ Э У ₂ ̆ Э ѝ ̆Ю ѝ

̆ү Ѯ ̆ Э Уэנ ₂ Ȃ 

    4̈ ᾋ  

    ӝ έ ᴇ Ȃ  

ᾋ Ȃ 

   

Ь    

   

Уȁ  

    ұ ̆ ₥ Ὧ Уэ У ‡  

ῆ̆ Ԉ ̆ а ̆ ԈЮΰ ᾳȂ 



    1̈ Ԉ  

    ȁ ȁ ȁ Ȃ ұ ⁸̆ ӝԏ ῆ ⁞  ̆

Ԉ ұ̆ ҩ У ꜛ э ҔȂ У  

Ю ꜛ ҩ ȁ ̆ ꜛ Ȃ 

    2̈ Ԉ Ἵ  

    Ἵ ȁ ̆ᵳӊ ҩ Ἵ ȁ ȁ Ȃ У 

Ю ֓ Ȃ Ө̆ Ἵ  

а Ȃ 

    3̈ Ԉӊ  

    Ԉӊ ч ᾁУ Ԉӊ ̆ᴳӊ ̆ᵳұ ̆Ѩ  

ѨѮ Ҿӊ ̆R Ԉὲӊұ ̆ Ԉӊ  

У ̆ Ԉ ѝᴿ̆ ȁ  ̕

ү Уэ ӊ бὲ נ ̆ Ἷ 

֬Ἷӊ У ̆ ѝ ҽ Ȃ 

    4̈ Ԉ  

    У ̆ ⁞ ұУҾ ȂR  

ȁ ȁ ȁ ̆ Ҿ Ԉ Ȃ 

    5̈ Ԇ УҾּ  

    ȁ ̆ Ҿּ б Ԇ УҾּ ὯȂ 

    6̈ Ԉ ӊ ȁ ӊ ȁ  

    ᴿ ȁ Ȃ ȁᶋ н  

Ȃ 

    Э ̆ ֳ ҩ аῆ ӱ̆  

҂ ҩ Ȃ Ҿ ̆ ⁸ ῆ  Ф ‡Ȃ 

  

    үȁ ‡ 

    ѝҩ ῆ ̆ ̆ᶑ ‾ ̆  

⁮ н ּ ҃ Ԉ ‡̆ ⁸ ҩ нȇ  

Ȉ У ‟ ῆȂ 

    ȇ Ȉ ῆԈ ȁ ᴐѝ Ȃ ‍ּ  

ұ ת а ὤ ұ ת̆ Ҿ ̆ ѝ  

Ҿ ̆ ῆӰ ҫҩ ᴳ ̆ᴐѝ ̆  

ȁ ȁ ȁ ȁ ȁ Ȃ ⁮ ּ н҃ ̆ Ԇ ӭ  

з̆ ‎ ̆ ‍ ӊ  

ῆѐ҂ ᶑ ҩЮ ̆ б ̆ ԏ‍⁞ ת̆ Ҿ ӊ

аᾋέ ӊ ѬȂ 

    ȇ Ȉ(GB̉ T16552ĺ2003) ‡ ЮȂ 

     

(У) ‡ 

    ǻ Ԉȇ Ȉ Aѐ ‟ ѝ  ̆

ῆѐ ‡ ȇ Ȉ B Ȃ 

    ǻ A ѐ ‟ὡ ὲӹ ת̆ A ̆ ᴳ ╗

̆ 



ὲ₥ Aѐ ‟  ( ) Ȃ ἵ ᴳ ľ  

( )Ŀ ת̆ ῆа ╨ᴳ ̆ ╨ᴳ ľ Ŀ Ȃ 

    ǻ A ‟ὡ ὲӹ ( ) ᴐѝ Ȃ 

    ǻľ Ŀȁľ Ŀа ᴐѝέᴇ Ȃ 

    3) ᴳ ч ̆ ľ Ŀȁľ Ŀ 

ľ̆ Ŀ Ȃ 

    4) ᴳ а н ̆ ľ Ŀȁľ Ŀȁľ Ŀ Ȃ 

    

    (ү) έᴇ ‡ 

    1̈  

    1) ᴳ ὲ Ȃ ╗ľ Ŀү ̆ ľ̔ Ŀȁ 

ľ Ŀ Ȃ 

    2)ӊ а б ̆ ľ Ŀȁľ Ŀ Ȃ 

2̈  

    1) ᴳ ὲ ( ) Ȃ ╗ 

ľ Ŀ ̆ ╗ľ Ŀү ľ̆ Ŀ Ȃ 

    2)а Ȃ 

    3)аἵ ᴳ ľ Ŀ ľ Ŀ Ԇ έᴇ Ȃ 

    4) A A2ѐ‟  ̆аέ ӊ ѬȂ 

    3̈      

    1) ᴳ ̆ ╗ľ Ŀү ľ̆ Ŀȁľ  

Ŀȁľ Ŀ Ȃ 

    2)ί ѝľ Ŀ̆ ί ѝľ Ŀ̆ ί

ѝľ ĿȂ 

3)аԈӊ ᶢ ̆ ľ ĿȂ 

4̈  

    1) ὲ ₥╗ľ Ŀү ̆ ľ Ŀȁľ  

Ŀ Ȃ 

    2) ᴳ ӊ ȁ⁸ ̆ ľ (Chatham) Ŀȁľ  

(Linde) Ŀ Ȃ 

    3) ᴳ а ̆ ľ Ŀȁľ • Ŀȁľ Ŀ Ȃ 

    5̈ ӝ  

    1) ₥╗ľӝ Ŀү ̆ ľӝ Ŀ̆ľ Ŀȁľ Ŀ Ȃ 

2) ᴳ ӊ ȁ⁸ Ȃ 

3) ᴳ а ̆ ľ ‾ Ŀ Ȃ 

4)аἵ ӊ б Ȃ 

6̈  

    1) ᾗ  ̆ Ѯ ╗ľ ĿЬ ̆ ľ ȁ  

Ŀ̆ Ԉ ╗ľ ĿЬ ̆ ľ ĿȂ 

    2) ̆ Ѯ ╗ľ ĿЬ ̆ ľ ĿȂ 

    3) ұ‍⁞ ȁ ȁ ѝў ̆‍⁞  

ȁ ȁ ̆а ᾗ  Ȃ 

    7̈ ᾋ  

    ₥╗ľᾋ Ŀү Ȃ ľᾋ Ŀ Ȃ 



8֛̈     

֛ ұ ֛ ȁ Ἵ ӝ Ԉ ұ  

֛ У Ȃľ֛ ĿУ а ᴐѝ ̆

‡ ЮȂ 

    1) ֛ ₥ᾞԈľ֛Ŀ ̆ ľ֛ Ŀȁľ֛ Ŀ Ȃ 

    2)   ֛ έᴇ з̆ Ю‟  

̔ ľ Ŀ ľ֛ ( )ĿȂ 

    3) ֛ έᴇ ̆ ῆ ὲӹ  

‡Ȃ 

    ῆ ̔ŵ֛ аԆ έᴇ ⁞̕Ŷ ᴳ ľ֛  

Ŀ(ᴿ ľ֛ Ŀ) ᴐѝ ̆ а ֛  

( ľ֛ Ŀа )̆ зέᴇ ֛ ( ľ֛ Ŀ  

ȁ ע )Ȃ 

   

    (Ь) έ Ἵ ‡ 

    1̈  

    ╗ľ Ŀү ̆ ľ Ŀȁľ Ŀ Ȃ ľ  

Ŀ ѝľ ĿȂ 

    2̈ Ἵ  

    ₥╗ľ ἽĿү ̆ ľ Ἵ Ŀȁľ Ἵ Ŀ̆ έ Ἵ

̆ ₥╗ľ ἽĿ ̆

ľ Ἵ ĿȂ 

3̈  

    ₥╗ľ Ŀү ̆ ľ ĿȂέ

̆ ₥╗ľ Ŀ ̆ ľ

ĿȂ έ ѝľ Ŀ̕ έ

̆‡ ѝľ ĿȂ 

    4̈ ὲӹ Ἵ  

    Ἵ ȁ ̆ ѐ   ὲӹ Ἵ (  

ȁ ȁ ) ‡ѝ̔ Ἵ а ╗ ̆ Ԉ ѐ 

Ȃ  

 

( עִ ( ‡ 

עִ     Ѭ̔ ‎ ἽԈ ̆ ұ ( ȁ᾿ Ἵ 

)ȁ Ѩ Ȃ‍ѝִע ч Ȃ 

    1̈  עִ

    ּ ȁ ӝԏ ȁᴳ   עִ Ȃ  

̔ ȁ ȁ ȁ ȁ ( ȁ )Ȃ ‡ ЮȂ 

1) ᴳ Ȃ 

2) ҉ѐ а Ȃ 

2̈  

    ּ ȁ а ӝԏ עִ Ȃ ̔ ( )ȁ (  

)ȁ ȁἹ ( Ἱ ȁ Ἱ ὲӹ Ἱ )ȁ ( )ȁ 

ȁ ȁ Ἵ ȁ ȁ ȁ Ȃ ‡ ЮȂ 



    1) ╗ ľ Ŀү ̆ ľ (  

)Ŀȁľ ( )Ŀȁľ ( )Ŀȁľ ( Ἱ )Ŀ̕ ҂  

₥ έᴇ ̆ ľ Ŀȁľ Ἱ ĿȂ 

    2) ҉ѐ έᴇ Ȃ 

    3) ₥У ֒Ю̆ а ̆ ѐ аҫ  

ת̆ ╗Ԉ з Ю‟ ̆ ľ x x x Ŀ̆ ľ  

x x x Ŀ̆ ľ ̆ ̔ Ŀ̆ ľ ̆  ̔

ĿȂ 

    4) ӝ ᴳ ӝ Ȃ 

 

У   
 

У    
     

ѐ ᴇ ᴇ Ȃ У ᴇ ȁ  

Ȃ ӱ Э ҩ ע ‍ȁ ȁ ȁ ע  ֒

Ѯ ҵὯ ̆ ᾱ Ȃᴐѝ Ѯ 

Ў а Ȃ ע ‍ ᾱ ҩ  

  ΰᴉ ע Ȃ Ѯ  ע

̆ Ԉ ὲע ‍ ̆   Ȃ  

Ȃ 

    Ҿέ ᴇȂ ̆ӱ ̆ӝԏ҂  

ѝ Ȃ 

    ᴐ ע ̆ ԏέ У ע ‍ ᾃ  

̆ӱ έ У ΰᴉ ȁ ע ̆ ԏ У ע ֒Ю ̆  

ᴁȂ ѝ ̆ ѝ ̆ Ȃ ₥ӝԏ  

3000ᴍ ѝ ᴇȂ 

    ᴐ ᴇȂ Ԉ У ѝў ᴇ ҂̆  

Ԉ ᴇȂ ὲ‚‍ѝ ȁ Ȃ  

҂ ѝ ᴐ ȁ ᴐ ᴐ Ь Ȃ 

 

У   ᴇб ᴇ 

  

    Уȁ ᴇ 

    ᴇ έ ᴇȂ 

    ᴇ ᾃ ( ȁ )ᴐ ‟̆ з ‟ Ь  

ᴐ ( 1-1-1)Ȃ 

    ᴇ έ ὲэ ̆  ὴ ‡ΰᴉ ( )Ȃ  

ὲ ̆ ȁ ȁ Ȃ 



          

    ұ ᴇ Ὥ έ ̆ ᾱ ҩ ᴇ ԈЮὭ Ȃ 

      ᴇ ֒Ю Ԉ ΰᴉ ᴇ Ȃ ᴇ  

ꜛ ΰᴉᴇ̆ Ӈ ̆ ֶ Ȃ 

    У   ѝ ᴇ έ ᴇ̆ У ᴇ а ‍̆ ‍  

̆ Ԉ ᴇ э ‍ ע ҂ ̆ ᴇ У Ȃ 

    ( )  ᴇ ѐ̆ ̆ а Э ‟  

аУ ̆ ᴇ ҂ֶ а ̆ ᴇ Ȃ а  

Э ᴇ Ȃ 

      ᴇέ ̆ӱ ̆ ᴇ ȁ  

ᴇ а ᴁ   ᵳ ᴇ ᴇ Ȃ ᴇ  

ὲ ̆Ю ж Ӯ Ȃ 

    ᾃ   ╒ ֒Ю̆ ᴇб ‍ ᴇȁ ᴇȁ ᴇ  

̆ὲᾃ Ȃ ̆ ᴇ ᴇȁ ᴇȁ ᴇ ᴇ ע ̆    ̆

ᴇ ᾃ Ȃ 

      ұ ᴇέ ᾃ ̆ У ̆ ᴇ  

Ȃ 

    ᴇ ‍ѝ ᴇ ᴇȂ ‍ ᴇ̆ ȁ ȁ ȁ 

Ȃ҂ ‍ ᴇ̆ ̆ ԏ а ᴇ 

ᴇȂ ᴇ ̆ ὲ‍ѝ ̕  

У ‚‍ѝ ( ) Ȃ 

    Ḇ╠ 10᷁  ὲѐ э ᴇ

ᴇ̆ Ȃ 

    Ḇ╠ 10᷁ а ‍   э ᴇȂ

Ἵ Ю Ԉ ⁮ὲ ̆ ὲѝ ( )̆ᴿ ‍

Ἵ Ю҂а ⁮ὲ Ἵ

̆‡ ὲѝ ̆ Ȃ 

    ᴇ ̆ ᴇ э ᴇ ὲᾃ ṁ ‟ ὲת̆  

ᴇ а   ‡ ΰᴉ ̆ Ȃ 

   

үȁ ᴇ 

    б ᴇ ᾳ ̆ Ҿ ᾃ аᴐ ‡ ‟̆аέ

̆ ‡ ΰᴉ ̆ ѝ ᴇȂ

ӱᾃ ̆ ᴇѐ ‍ ұנ ᴇȂ

ꜛ ȁ ( 1-1-2)Ȃ 

    ᴇаέ ᴇ έ ȁ ȁ ȁ



ᾃ Ȃ 

 

ү   ᴇ ‍  

 

ᴇ ‍ Ԉ ᴇ ѝ ̆ ԈἼ Ӯ УЮ ᴇ Ȃ 

   

Уȁ ᴇ      

    ᴇ ‍ ̆ Ҿ╟ ȁ Ȃת ᴇ  

ᴂ а ̆ ̆ ᴂ̆ аέ Ҿ ( 1-1-3)Ȃ 

    ӱ Э ̆ ᴇ  

ѝ ὲ ΰᴉ ȁ 

Ȃ 

    ӱ ̆ ұ ᴇ 

έ ̆  

Ь  

ᴇ ̆ ӱ ѬЭ  

̆ ᴇ Ȃ 

    ᴇ ᾱұ ᾃ 

Ȃа ұὲ а ̆ έ а Ȃ  

ᴇ ( )̆ ‡ ᴂ( ȁ )Ȃ  

ᴇЭᴇ   ̆ ᴇ Ȃ 

    ᴇ аӨᴇ Э̆ ҂ᴇ ( Ἵ ȁ  

)Э̆ ᴇ аӨӨ ΰᴉ ѬЭ ̆҂ꜛ ѬЭ Ȃ 

    ѝҩ ‍ ᴇ ̆ У ‟ ᴐȂG ᴇѐ ‍  

ᴐ ᴐȂ ᴐ Ḇ╠ ΰᴉ ( ȁ ȁ ) ѝ ̆У  

ꜛ ȁ ѐ Ȃ 

    1̈ (P) 

    УэḮ ᴇѐ ̆ ᴇ ‍ѝҵѝ ẹ чэ ‍Ȃ 

Ԉ ‍ ̆ Ԉ ѐ ̆҂ Ԉꜛ ( 1-1-4)Ȃ 

     

 

2̈ (L) 

    У Ḯ ᴇѐ ̆ ᴐ Ȃ

У ̆ ᴇѐ ‍ Ȃ ᴇ Э   Ѭ ү



(L2)ȁЬ (L3)ȁ (L4) Ὡ (L6)̆

ұү ̆ L3ȁL4ȁL6 ѝ ( 1-1-5)Ȃ 

    3̈ ѐ (C) 

    ѐ УэḮ ᴁұ ᴇѐ ̆ ᴐ

Ȃל ᴐ֗ ̆‡ Э ѐ

ч ⁮ ( 1-1-6)Ȃ 

Уэ ᴇѐ ѝ ᴇ Ȃᴿ ̆ ᴇ Ьэ L4ȁ

э L3ȁὩэ L2ȁҀэ PȁУэ ѐ C̆ ѫ Ҿ

̆ ѝ  ̔ 3L44L36L29PCȂ ѐ ᴇ Ὥ 32 ( 1-1-1)Ȃ 

 

үȁ ᴇ ‍  

     

(У) ᴇ ‍  

     ᴇ ̆ Ԉ ᴇ‚‍ Ц Ȃᾋ ᴇ

ΰэ(Уэ э) ̆ Ц ѝᴂȁѐȁ Ьэ Ȃᴂ  ̆

ꜛ Ь ( )ȁ (ү а ұУэ)  

(ү ұУэ̆ )̕ѐ ( Уэ )ꜛ ( У 

э )ȁЬ ( УэЬ ) Ὡ ( УэὩ )̔  

̆ УэԈЭ ( έ эЬ )Ȃ 

 

(ү) ᴇ  

1̈ ᴇ  

    ᴇ ᴇѐ Уэ ̆҂ ( ѝ )  

Э ᴁ ( )Ѯ ( )Ȃ ᴇ ѝҩ ‎  

ᴇ ȁ ᴁȂ 

      Ӈұ ᴇѐ Ь ̆ ԏ‍⁞ѝ X ȁY Z ( Ҿ҉ ѐ  

aȁbȁc ̆ ԏ‍⁞б XȁYȁZ )̆ бΰᴉ ѐ

Ȃ ұЬ Ὡ ╗Уэ u ̆ὲ₥ ѝ ̆ ѝ Ȃ У б

̆ б э Ȃ У ̆

‡ 1-1-2Ȃ 

2̈  

      Ѯ ̆ ԏ‍⁞ԈŬ(Y^Z)ȁɓ(Z^ X)ȁɔ(X^ Y) Ȃ 

    б Ȃ Э ѐ ‟̆ ‟Э ѝ  

ᴁ̆XȁYȁZ Э ᴁ( ̆ )‍⁞Ԉ a0ȁb0Ȃ c0 Ȃ ұ  

(Ԉ nm )̆ Ḇ╠ X ‍ ̆ ᴇ а 

Ȃת ΰᴉ Ԉ   ԏѮ ̔a̔ b̔c̆ У

ѝ Ȃ 

    ᴇ   a̔ b c̔ Ŭȁɓȁɔ ѝ ᴇ Ȃ У ѐ ᴇ

̆ а  έᴇ ḣ ḣȂ ᴁѮ  

а ( a=b¤c)̆ ѝ ( Ŭ=90ṭṭȁɓ>90ṭȁɔ=120ṭ) Ȃ 

 

 



 



 

 

(Ь)  

1̈  

    Ьэ з ҵ ̆ a=b=c̆ Ŭ=ɓ=ɔ=90ṭṭ( 1-1-7)Ȃ

ѝ 3L44L36L29PCȂЬэ ұ ѐЬэ ҵ L4 L2Ȃὲ

ѝ ᴇȁὧ ᴇȁ ︠ү ᴇȁҷ ︠ү ᴇȁ Ьὧ ᴇ ᴇ Ȃ ұ

ȁ ȁ ȁ Ȃ 

 

2̈  

    Ь ҵ ̆ὲѐчэ (x r ) бת̆ (z )а

̆ a=b¤c̆Ŭ=ɓ=ɔ=90ṭṭ( 1-1-8)Ȃ L44L25PCȂ У Уэ

ĺĺ (L4) ұ (Z )̆ ч ҵ ү (L2) (

L2 P̆XȁY )‍⁞ ұ X Y Ȃ 

    ѝ Ȃ ұ ȁ ȁ  

ȁ Ȃ 

 



3̈Ὡ  

    Ὡ ᴇ э ̆ὲ (Z )бὲӹЬэ (XȁYȁU)а (

)̕Ьэ з 120ṭӇ ̆ a=b¤c̆Ŭ=ɓ=90ṭṭ̆ɔ=120ṭ( 1-1-9)Ȃ

ѝ L66L27PCȂ У Уэ ĺĺὩ (L6) ұ (Z) Ь̆э

Ӈѝ 120ṭ L2 P ұЬэ Ȃ L2 P ‡̆Ьэ Ȃ 

    ѝὩ Ὡ Ȃ ұὩ ȁ  

Ȃ 

 

4̈Ь  

    Ь бὩ ̆ ᴇ э ̆ὲ (Z )бὲӹЬэ (XȁYȁ 

U)а ( )̕Ьэ з 120ṭӇ ̆ a=b¤c̆Ŭ=ɓ=90ṭṭ̆ɔ=120 (

1-1-10)Ȃ ѝ L33L23PCȂ У Уэ ĺĺЬ (L3) ұ

(Z)̆Ьэ Ӈ 120ṭ ү (L3) P ұЬэ (XȁYȁU)̆ L2

P̆‡Ьэ Ȃ 

    Ь ѝЬ ȁЬ ȁ ᴇ Ὡ ( 1-1-10)Ȃ ұЬ

ȁ ȁ ȁ ( ȁ ȁ ȁ ȁ )  

Ȃ 

 

5̈  

    έЬэ ҵ ҵаת ̆ a¤b¤c̆Ŭ=ɓ=ɔ=90ṭṭȂ (Z) ұ

̆ (XȁY) ᴇᵛ ( 1-1-11)Ȃ 3L23PCȂЬэ

‍⁞ ұЬэҵ ү ( L22P ѐԈ L2ѝ Z Ԉ̆чэ P ѝ Xȁ

Y )Ȃ 

    ѝ Ȃ ұ ȁ ȁ ȁ  

ȁ ȁ ȁ ȁ Ȃ 



 

6̈  

    έЬэҵа ̆Y ұ X Z ̆X Ӈұꜛ Z

Y ̆ Ȃa¤b¤c̆Ŭ=ɔ=90ṭṭ̆ɓ>90 ( 1-1-12)Ȃ э Ю ̆

Ḯ Уэ ѝ ᴇ̆ὲУ а╟̆ Уэ ḥ Ȃ

ѝ L2PCȂ У Уэү (L2) (P) ұ Y Ȃ 

    ꜛ Ȃ ұ ( )ȁ ȁ  

( )ȁ ȁ ̆ὲѐ ȁ ȁ ᴇ ӊ Ȃ 

 

7̈Ь  

    Ь έЬэҵа зҵ Ӈ ̆ a¤b¤c Ŭ̆¤ɓ¤ɔ¤90ṭṭ ( 1-1-13)Ȃ

У Ю ̆ Ḯ Уэ ᴇ ὲ̆Уэ ᵛ

̆ а╟ ̆ ᴇ ḥ Ȃ ̆ Уэ ѐ

(C) L2ȂԈа У ᾃ Ьэў ѝ XȁYȁZ Ȃ 

    Ўэ ᴇ 3 Ȃ ұ  

ꜛ ȁ ( Ԉ ᴇ ӊ )ȁ Ȃ 

 

 

Ьȁ  

 

(У)  



ᴇ Ԉ‍ ч ̆ Ȃ 

1̈  

    У Ȃ ̆ Ḇ ѐὤ  

ᴐ Ԉᴳ ԏ ҵ У ̆ ԏέ Ȃ ̆  



Ю У Уэ Ȃ ̆ ᴇ ΰᴉ Ὥ

47 ̆Ь   1-1-14Ȃ 

    ‍ѝ ч Ȃ ὲ Ԉꜛ Уэ ̆  

ᴇ ὧ ᴇ ̕ ὲ а ꜛ Уэ ̆ ȁ  

Ȃ 

    2̈  

    ѝ Ȃ чэ чэԈЭ ( 1-1-15)Ȃת

а ֗ ̆ ұ У Ȃ 

   

 

(ү)  

    ᴁ ѝ ȂУ Ьэ( э) Э

᷆ ̆ ѝ Ȃ XȁYȁZЬэ Э ᷆ h̔k̔l ̆h̔k̔

l ѝ ̆ Ѯ ̆ ѝ(hkl)Ȃᴿ ̆Ḯ Уэ

XȁYȁZ Э ‍⁞ѝ 2aȁ3bȁ6c̆2ȁ3ȁ6 ѝ ̆ὲ᷆ ѝ 1̉2̔1̉3̔

1̉6=3̔ 2̔1̆ ѫ ѝ(321)Ȃ б э ̆ ѫ

m̆ὲ᷆ ѝ 0Ȃ ȁ ѐ (̆100)

X ̆ б YȁZ Ȃ Ҿ ѐ̆ ԏ Ԉ (100)ȁ(010)ȁ

(001) аת ‍⁞ XȁYȁZ Ьэ ̆ Ԉ Ьэ Ѯ ҂ ҵ

( 1-1-16)Ȃ 

 

(Ь)  

    Уэ ѐ У ‡ Уэ ̆ ╗Э 

ľ{} Ŀ ̆ У Ȃ Ԇ У  

‡ ̆ Ἴ₥(X )ȁ (Y )ȁ 

Э(Z ) ‡Ȃᴿ ̆ ѐ 

ᴇ (100)(010)(001)(100)(010)(001)Ὡэ

̆ ‡ (100) ᴐѝὲ

̆ ᴇ ѝ{100}(

1-1-17(a))Ȃ Ԇ ҩ Ὡэ

Ȃ ̆ Ὡὧ ᴇ ѝ{321}(

1-1-17(b))ȂЬȁὩ Ὡ ᴇ

‍⁞ѝ{1010} {1011}Ȃ 

     

Ь   ᴇ ‡  

     

ᴇ ‡ ‍ ч ̆ Ȃ 



Уȁ  

    ᴇ эᴇ У ̆ чэ ᴇ  

ҵ ( 1-1-18(a))Ȃ ӱ ᴇ ת̆ ԏᾃ  

( 1-1-18(b))̆ ӱ б ӣѫ Ȃ 

 

    үȁ  

    чэ чэԈЭ ᴇ У ‡ ̆ чээᴇ 

ȁ ת̆ ԏ ԈḆ╠ ᴐĺĺ ȁ ᴳчээᴇ̆ל  

Ȃ ᴐ Ḇ╠ ╠ΰᴉ ѝ ̆ꜛ ȁ  

ѐ Ȃ     

    эḮ ̆ ᴳ чээᴇ Ȃ 

    У Ḯ ̆ ѐУээᴇ 180ṭṭ б Уээᴇ

Ȃ 

    ѐ УḮ ̆ Уээᴇ ל б Уээᴇ Ȃ 

    1̈  

    эᴇ ̆ ‍ѝԈЮΰ Ȃ 

 

      чээᴇ ̆ Ԉ ̆ ȁ  

( 1-1-19(a)(c))Ȃ 

      У ‟ ̆ ээᴇԈ У ̆ ҵ ̆ Ԉ 

ӊ ̆ э бὲ ‟̆ ‡  

̆ ( 1-1-19(b))Ȃ 



    ( )  чээᴇ ҵ ̆ ᴇ  

( 1-1-19(d)(e))̕ а Уэ Ȃ 

      чэԈЭ ᴇ̆ У ̆ ѝ  

̆ ҵа ᵑ Ӈ̆ ᴇ ̆ ὲ ᴇ  

э ‍⁞ ѝЬ ȁ Ȃ Ь ( 1-1-19(f))Ȃ 

    2̈ ֒ 

    ў ̔ŵ ᴇ ѐ ̆ Ԉ ̆҂

Ԉ ᴇ ᴁ ҵ Ŷ̕ ѐ ̆R ע ‍ 

ѝ SiO2̆ ᴇɓĺ (Ὡ ) ᴂ ᴇŬĺ (Ь )  ̆

Ԉ ̕ŷ ᴐ ̆ ᴐ Ю̆ ᴇ У ‍ У  

╟ Ԉ ľ Ŀ̆ ᴇ ᴐ Ю (0112) ╟  

Ȃ     

    ֒ ̆ ᴇ ᾃ ᾃ ת̆ а У ᴇ 

Ԉ   ̆ Ԉӱ э ̆ ֶ Уэ ⁞ Ȃ  

ȁ ȁ Ь ȁ Ȃ ᴇ  

֒ ҂ ᴐ ̆ ֒ а‾ұ Ȃ Ԉ Ѯ 

Ю̆ӝ Ȃ 

 

  ᴇ б  

   

Уȁ ᴇ  

    Ѯ₥̆ ԏ ᴇ Ԉ  

ᴇѝ Ȃ ᴇ ֒Ю̆ ᴇ  

Уэ ѐ ̆ш ὲ ̆ Ь  

⸗   ᴇ( 1-1-20)Ȃ  

ᴇ̆ Э ѝ ‡ ΰᴉ ᴇ̆έ 

̕ ̆ Уэ ᴇЭ ұ У 

э ̆ έ  

Ȃ 

ת     ᴇ ֒ ̆֗ᴉУ 

э ᴇ ὲ ѐ ֶа ⁮ Ȃӱ ̆ ᴇ  

ш ⸗ ᴇ̆Ԉ ᴇа ȂУэ  

ᴇ̆ Э ⸗ ̆ Ҿ ш ҵ ̆ӱ 

ҩ ľ Ŀȁľ ᴁĿ ľᴁ Ŀ Ȃ ̆ ѐ ‍  

ꜛᴇ ҂ֶ ᴇ ( 1-1-21)̆ ╗Ѯ ᴇ Ѯ ̆  ֶ

⁮ ╒ ̆ ֶ ╗ ᴇ  

    Ԉ ̆У‎ ᴇᾃ ̆ӱ Э҂Ḷ ҩὲ ᴇ  ̆

а ԏḶ ᾳ а ȂЮ ᴇ Э УҾ  

‍⁞╗Ԉ ̆ҩ ᴇ ̆Ԉ ԏѮ ̆  

Ὧ Ȃ 

    

 



 

 

 

  

 

 

 

 

 

 

1̈      

    ᴇѐ ὲ Ȃ Ю Ḷ  

ᴇȂ ѝ У а ( а )̆ ‍  

ת̆ ԏ б ᴇ ᶑ ̆ ľ  

ĿȂ 

    ᴿ ̆Ŭĺ ᴇ̆ ᾳЮ 1-1-22(a) Ȃת Э

1-1-22(b) ΰ Ȃ Ԉ  ̆ ѐ У

а ת̆ Ӈ Ὧ б ᴇ Ȃ 

 

2̈῾  

    ѐ ῾ ȁ ᴇ ѝ῾ Ȃ ῾  

ΰᴉ ᴇ ұ ᴇ Ȃ 1-1-23(a) ѝ • ︠ү ᴇ῾ Ȃ̔  

ұ ᴇ ̆ ѝᴁұ Э ᴁұ Э 

̆ ᴁб ₉ ΰ ҂ ̆ ̆ ԏ ҂ ѐ ѝ  ̆

ӱ ӊ ῾ Ȃ 

    3̈  

    ᴇ ᴇȂ б῾ ⁞ ұ̔῾ ῾   ̆

ὲУᵛ ῾  ̆ Уᵛ ᾃ  ̆ Ҵ ᴇ̆

1-1-23(b) Ȃ 

 

үȁ  



    Э У ‟ ̆ ѝ Ȃ ᴇ  

ѐ ̆ ᴇЭ Ԉ ⁮Ȃᴿ ᴇ Э έ ̕ ᴇ  

Э‡ έ ( 1-1-24(a))̕ ᴇ Э҂ ̆ὲЬ Э  

ҵ ( 1-1-24(b))Ȃ 

 

бў Ӈ Ȃ  

ᴇѐ Ҿ ̆ ԏбў У ̆ бў ұа Ȃ  

Ŭĺ Ὡ б ᴇ Ӈ I ‡

ᴇбҷ ︠ү ᴇч Ӈҵ Ȃ 

    ̆ ѐ ᴇ Ю ȁ л Ȃ 

̆ ᴇ Ѯ ̆ ұ ֶ ᴇ   ( )̆  ȁ  

‍ ᾃ ‟ ⁸̆   ᴇ ̆ ᴐѝ ᴇ ᵑ 

Ȃ Ь   ( 1-1-24(c))Ȃ 

   

Ьȁ ҃  

    ҃ ᴇ ̆ ꜛ ч Ȃ 

    У ᴇ ҃ ȂУ ᴇ έ ᴇ҃ ̆ ᴇ  

ΰ Ȃᴿ ̆ ҃ ѝὧ ᴇ̆ ֻ ѐ ὧ ᴇ̆  

ѐ ︠ү ᴇ̆ ᴂ ѐ ᴇȂ 

    ү ᴇ Ь ל ᴿȂ ᴇ Ь ל ᾰͅ ‍ѝЬ  

̔ŵЬ ̆ ᴇ Ь ̆   ̆  

( 1-1-25(a))ȁ ѐ ᴇ ̕Ŷү ̆ ᴇ Уэ Э  

̆ ̆ ( 1-1-25(b)) ̕ŷУ ̆ ᴇ Уэ  

Э ⁞ ̆ ȁ ȁ ̆ ( 1-1-25(c))ȁ ȁ  

Ԉꜛᴇ  Ȃ 

 



̆ ᴇ ᴇ҃ ὲᾃ ч Ὥ ᴐ Ȃᾃ 

ὲ ᾃ ( )̆ ᴇ Ὧ ‍ ȁ  

ȁ ֒  

 

ȁ ᴇ  

    э ᴇ У ᴇ Ԉ ︢ ȂУ ̆ ᴇ  

ȁ ᴇ ‍⁞ Ѯѝ ᴇȁ ᴇ ᴇȂ

Ѯ УҾ ᴇ̆ ѐ Юΰ Ȃ 

    ᴇ  ᴇ̆ ԏԈУ ѝѐ ̆ ‟ 

ᴇ̆ᴿ ᴇ̆ ѝ ( 1ĺ1ĺ26(a))Ȃ 

    ᴇ  ᴇ̆ὲ ҵ ‟ ᴇ̆

ȁ ( 1-1-26(b))Ȃ 

      Ԉ ᴐѝὭ ᴇ ᴇ̆  

  ( 1-1-26(c)) Ȃ 

      έ з̆ נ ᴇ̆ ᴇ  

( 1-1-26(d))Ȃ 

    ȁ ᴇ  ᴇ ̆ Җ ᴇ  ̆

ᴇ( 1-1-26(e))(ὲ έ ̆҂ ὲέ  

) ᴇ Ȃ 

 

ҷ    

     

ᴐѝ ᴐ ӊ ὲ̆ ֒ Ȃ ᴐ  

̆ ‍ѝᾃ ᴐ ȁ ᴐ ᴐ Ȃ 

    ᾃ ᴐ   б ╟ Ὧ У ‟ ᴐ Ȃў ᴐ  

( ȁ ȁ ȁ )ȁֻ ᴐ (  

ȁ ȁ ȁ )ȁ ᴐ ( ȁ  



ȁ ) ᴐ ( )Ȃ 

    ᴐ   ұ ȁ ȁ ȁ ᴇᴐ ᴐ Ȃ

ὲ ў ꜛ ע ȁ ̆ ע ѝ  ̆

ȁ ȁ ȁ ȁ ȁ ȁ ȁ ȁ ȁ Ȃ 

    ᴐ   ᴇ( ) ᾃ ╒ᴐ Ю( ╟ 

ȁ ╒ȁ ȁ ᴐ )̆ᴳὲ ‍ȁ ȁ

ע ȁ ᴐ ̆ ȁ ȁ ȁ ȁ ȁ

ע Ἵ  

 

ү ע   ‍ 
    

У ע   ‍  

     

Уȁ ᴇע ‍  

    ӱ ᴇע ̆ ‚‍ѝ ȁ ע ἷ Ȃ 

     

(У)  

    ‍ ұ ̆ὲѐ Ԉ Ȃ ̆ ѐ  

У ̆ Ȃ 

    1̈  

    ᴇ ѐ̆ ᴁ ᴇ[SiO4]4 - ԏ

ἷȂ ᴇ ѐ Ԉ ҂̆ ԈԈὲ ҵ

( )Ȃ ᴇ ᴇ ѐ ̆ ‍ ԈЮΰ Ȃ 

    (1)  

    ѝ э ᴇ[SiO4]4 - чэ ᴇԈУэὨὭ ᴇ

ѐ Ȃ ԏ Ѯ ὲӹ ( Zr4+ȁFe2+ȁMg2+ȁCa2+ ) ̆

ԏѮ а ̆ Ȃ ұ ZrSi O4ȁ (Mg,Fe)2Si 

O4ȁ A3B2(Si O4) (̆ὲѐ Aѝ Fe2+ȁMg2+ȁCa2+ȁMn2+ ү֓ B̆ѝ A13+ȁFe3+ȁ

Cr3+ Ь֓ )ȁ A12SiO4(F ŎH)2ȁ CaTi(SiO4)Oȁ︠ Fe2A19(SiO4)4O6(O,OH)2 

Ca2FeAL2(Si2O7)(SiO4)O(OH) Ȃ 

    (2)  

    ѐꜛ Ьэȁ э Ὡэ[SiO4]4 - ᴇ (‍⁞ Ь ȁ

Ὡ )Ȃ ᾃ Уэ ᴇ Ԉчэ ‍⁞б чэ ᴇ ̆ б Ѯ

‡ ὲӹ Ȃ ұ BaTiSi3O9Ȃ(Ь )ȁ

Be3A12Si6O18Ȃ(Ὡ )ȁ (Mg,Fe)2A13A1Si5O18Ȃ(Ὡ ) (Ὡ ) Ȃ 

    (3)  

    У[SiO4]4 - ᴇԈчэ ‍⁞б чэ[SiO4]4 - ᴇ У ל

̆ б Ѯ ὲӹ Ȃ ұ ȁ ȁ

Ȃ 

    (4)  

    э[SiO4]4 - ᴇ Ԉὲὤ э б ᴇ ̆ Ь ѐ



Ȃ ұ Ἵ ȁ Ἵ ȁ ȁ Ȃ 

    2̈  

    [PO4]  3-̆ Ȃ ұ ̆ ( Ca2+ȁ 

Pb2+ )бѮ Ȃ ‍ ̆ ╗ Ȃ ұ  

Ca5(PO4)3(F,C1,OH) CuAl6(PO4)4(OH)8¥4H2O Ȃ 

    

 (ү) ע  

ע     У ‟ ἷ б ұ O2-ע (Ԉ ѝў) ע ὲ

ѐꜛ ע Ȃ Ҿ ἷ ў SiȁA1ȁFeȁMnȁTiȁCr Ȃ У 

Ὡ ̆ ‡Ἱ ұὲ ᴇ ὧ ᴇ ѐȂ ұ ע  

• (A12O3) ȁ ̆SiO2 (SiO2 SiO2¥nH2O) ȁ 

ȁ ȁ ȁ ȁ ȁ ȁ (TiO2) Ȃ ұ ע  

(MğFe)A12O4 BeAl2O4 Ȃ 

     

(Ь) ἷ  

    Ҿ ἷ   Ȃ ұ ( ‍ѝ C) Ȃ 

     

үȁ ע ὲ  ע

ע     ‍ ᴇ ᾱ Уэ чэ Ȃ ὲ 

ע ‍̆а а Уэ ̕ ̆ ὲ а ע ‍҂а  

Уэ Ȃᴿ ע̆ ‍ѝ (C) ᴇ̆ CԈ ‟ ̆  

ὲѝ • ̕ C ԈὩ ‟ ̆ ѝ Ȃ ̆ έ

ᴇ̆ע ‍ѝ NaCl ̆ὲѝ ̆ ע ‍ѝ CaF2 ̆ ὲѝ

Ȃ ע̆ ‍ ̆ ᴇ ὲ ̆ү

ҵᵑ ̆ У ̆ У ҂ аᾋ Ȃ ̆ ע ‍ ᾱ

У‎ Ȃ 

    ᴐѝУэ ὲ̆ע ‍ ‍ѝў ע ‍ ‍Ȃў ע  

‍ ᶑ ὲ ע ‍̆ э ‍̆ὲ ᵳа ᶑ Ȃת ᶑ ὲ 

ע а ֒Ю ў̆ ע ‍ Ԉ У ע ̆ Ԉ У 

э ע Ȃ ԏ ̆ ע а а ̆ Ԉ У  ע

Ȃ • ̆ έЬ A12O3̆̆ а ֗ᴉ ‍ ̆

̆A1 O ѝὲў ע ‍Ȃת A1 Ԉ Cr Ԇ̆ ̆

Cr ѝ• ע ‍ ἷ Ȃת Cr Ԇ ̆ а ὤ Ԇ

A1̆ ‡ а ᶑ ὲЬ ̆• ҂ а ҩȂ ע ‍ ע

ў̆ Ԇ(ЮУ ) УҾ ‍ ὡ( ԈԈ ꜛᴇ

)Ȃ ̆ ‍ Ӯὡ ὲ ̆ ᴳ

ӑ ӝ ( Cr ἷ Ѡ )̆҂ ᴳ ‍ έ

Ἵ ( Ἵ )Ȃ 

     

Ьȁ ѐ  

    ̆ ѐ ԏ ᴇ ѐ ᴐ ̆ Ԉ  

‍ ԈЮΰ Ȃ 



    1̈  

     а ╗ ̆ ὡ ᴇѐ̆ѝ

ѐ ‍ (H2O)Ȃ а ұ ע ‍̆аᾗὡע Ȃ ԏ ѐ а

̆ ע а Ȃ Ю ⁮ 100͘ 110Ņ ̆ Эӱ ѐ

 ̆ а Ȃ Ԉ ȁ Ȃ 

    ̆ ῠᴇѐ У ̆ ѝ ᴇ Ȃ ╒  

̆ ӝ ע ὲת̆ ע Ȃᴿ ̆ὲ‍ ѝ

SiO2¥nH2O(nѝ H2O‍ ̆а )Ȃ 

    2̈  

    Ԉѐ ‍ (H2O) ұ ѐ̆ ѐ ᴁ ̆ ᴁ 

ᴐ ̆ ע У ‍Ȃ ‍ б ὲӹ ‍Ѯ ᴿȂ  

ӱ ѐ   У а 600~C̆ ѝ 100͘ 200~CȂ ̆ ᴇ

Ȃ 

    У ̆‍ ѝ CuAl6(P04)4(OH) 8¥4H2Ŏὲѐ H2O

19̈ 47˿ Ȃ 

    3̈  

    (҂ ע ) Ԉ OH-ȁH+ȁH3O+ ╗ ľ Ŀ̆ ὲѐ OH- 

ѝ Ȃ ѐ ᴁ ̆ Эέ ᴿȂ ұбὲӹ  

╒ ̆ ( 600͘ 1000ŅѮ )  Ȃ ὲ 

  ̆ ᴇ ὤ Ȃ 

    ̆ᴿ ̔ NaMg3A16(Si6O18)(BO3) 3 (OH)4ȁ︠  

Fe2A19(SiO4)4O6(O,OH)2ȁ A12SiO4(OH̆ F)2 Ca5(PO4)3(F,C1,OH) Ȃ 

    ̆ z ѐ̆ ֶ У ̆ У  

Ȃὲע ⁮ ₥Ӱа Ȃ У ̆  

Ȃ 

     

ү ע   ‍  

     

Уȁ  

    ₥ ̆ ע ‍ У ᾃ Ԉ ע Ȃ ў ұч  ̆

У Ԇ̕ү ὡ̆ а ὡ ꜛᴇȂ ̆  

ᴇ ѐ ‍ ὲӹ נ Ԇ Ө̆ᴳ ע  

а ̆ע ᴇ ᶑ а Ȃ 

    ҵ Ԇ Ԉ֗ ᴿ Ԇ̆ Ԇ ̆‡ ѝ ὤ ̆  

ԏ Ԉ Уэ ‍ ע ‟Ȃᴿ ̆ (MğFe)2(SiO4)ѐ

Mg2+źFe2+Ѯ Ԇ̆ ү ̆ ѝ ̕ Mg ὤ Fe Ԇ ̆ᵳ

ѝ Fe2(SiO4)̆Feὤ Mg Ԇ ̆ ѝ Mg2(SiO4)Ȃ ̆

( ‍ ‍ )ѐ Na++Si4+źCa2++ A13+ Ԇ̆ Ԉ У ֒Ю

ὤ Ȃ 

    Ԇ ұУэ ᾃ̆‡ ѝа ὤ Ȃᴿ (ZnS) 

ѐ Zn2+ ‍ ( 26˿ ) Fe2+ Ԇ̆ ᾳЮ̆Fe2+ ѝ ӝ Ȃ

̆ ҵ Ԇ ֓ ( Na+źK+̆Fe2+źMg2+) ѝ ֓ ̆



ҵ Ԇ ֓а ( A13+ Ԇ Si4+)‡ ѝ ֓ ̆ ֓ Ṧ

Ԉ ֓ Ȃ (NaAlSi3O8)ĺ (CaAl2Si2O8) ‟ѐ Ă13+б Si4+Ѯ

Ԇ Na+б Ca2+Ѯ Ԇ ֓ ת̆ ұ ч Ԇ ̆ Ԉ Ԇ₥

֓Ӱ Ȃ 

     

үȁ  ֒

    ֒̆У ᾱұ ̆ ȁ ֓ȁ

ȁע ̕ У ҂ ᾱұ ֒̆ ȁ ╒ Ӯ ֒ Ȃ 

    1̈  

    ҵ Ԇ נ ȂУ ̆ ҵ Ԇ  

̆ ҵ Ԇ ╒ ̆ ҂ ̕ Ѯ‡ ȁ Ȃ ֓ Ԇѐ̆  

ἷ Э ұ ̆ Ԇ ӱ̆  

‡(У Ю ֓ Ԇ Э ᴂ֓ )( 1-2-1)Ȃ 

 
2̈ ֓  

ע     ѐ̆ Ԇ₥ ֓ ᶑ ̆ ѝ ֓а

ᴇ Ȃ ұ ֓ ̆ ֓ Ԉ Ю‟ ̔ŵ ֓

ᴂ֓ Ԇ( Ҵ ѐ 3 Mg2+ Ԇ 2 A13+)̆ ̕Ŷ Ԇ̆

֓ Ԇᴂ֓ ὲӹᴂ֓ Ԇ ֓ ̆G ᴁ

⁮ ̆ ѐ Na++Si4+ŕCa2+ +A13+̕ ѐ Fe2++Ti4+ŕ2A13+ ̕ŷ ֓

Ԇᴂ֓ ט ֓ Ԇᴂ֓ ̆ (Ca2+,Ce3+)5(PO4)3̆(F̆O)ѐ Ce3+

Ԇ Ca2+ ̆ט O2-ŕ Ԇ F+Ÿᴂ֓ Ԇ ֓ ̆ Ҳ ֓ ╗

̆ ѐ LiŕBe2+ȁFe2++ A13+ Ҳ ‍⁞ Cs+ Na+ ӝ

ѐ Ȃ 

    3̈ ע  

    ԆУ Ѯ ̆ а ‡  

Ȃ ѝ а ̆ ╒ע Ȃ ᴇ ̆ ‡  

ұὭ֓ Ȃᴿ ѐ̆A1ĺOѮ SiĺOѮ ў Ὥ֓ ̆

  A13+ S4+ӊ ԆȂ Ca2+( ᴇ ) Hg2+( ) ֓ ȁ

ת̆נ а ̆ ̆ Ԉ ԏѮ аӊ Ԇ̆



ѝӣѫ ѐ CaźHg Ȃ 

    4̈ ╒ ֒ 

    Ӯ ȁ ╒ ‍ ֒ ҂ ᴐ ȂУ  ̆

Ԇ ̆ Ю ‡ Ԇ῏ Ȃ Ю  

ѐ K Na Ԉҵ Ԇ (K̆Na)A1Si3O8 (Na,K)A1Si3O8 ᴇ̕ת ᴂ

Ю‡ ᴇ‍ ̆ KAl Si3O8 NaAl Si3O8ч

Ȃ ╒ ╗ ֶ ⁸ Ԇ ̆ ᵷᴳ ᴇ‍ Ȃ ‍

҂ֶ ̆ ѐ̆ P2O5 ̆ Ca а ̆‡

Sr Ce ἷ Ԉ ὡ Ca ᴁ ̆ӱ ᴳ ѐ ‍

ἷ Ȃ 

     

Ьȁ  

    1̈  

    ұ έ Ѭ̆ ѝ ‍ ұ  

  ӝ Ѡ ӝ Ȃ ѡΰэέԆ ᴿȂ 

    (1)•  

    ᾿ • ̆ὲע ‍ѝ A12O3 ὲѐ A13+ Cr3+ Ԇ( Cr3+ŕ

A13+) ‡ ĺ ̆ ̕ ὲѐ A13+ Ti4+ Fe2+ Ԇ(

Ti4++Fe2+ŕ2A13+) ‡ ӑ ̆ ȂFe2+ Ti4+ ‡

̆ Ѯ Ȃ п ὲѐ Fe Ȃ 

    (2)  

ע     ‍ѝ Be3A12Si6O18̆ ᾿ Ȃ BeȁA1 а

ἷ Ԇ ̆ Ԉ а ̆ ȁ ȁ ȁ Ȃ

ѐ CrȁV ἷ ̆ Ѡ ̆ ̕ Fe Sc ἷ ̆

ӑ ̆ ̕ CsȁMn ἷ ‡ ĺ ̕

Fe U ‡ Ȃ 

    (3)  

ע     ‍ѝ(Na,Ca)R3A16Si6O18 (O,OH,F)4̆ ѐ Rў ѝ MgȁFeȁCrȁLiȁ

A1ȁMn ̆ Ҿἷ Ѯ Ԇ ҩ ע ‍︠‍ ̆҂

ҩ έ Ȃ ע ѐ̆Mg2+ĺFe2+Ѯ Fe2+ĺLi+ȁA13+

Ѯ ὤ ̆ὲѐ 3Fe2+ŕ2A13++Li+ Ԇ а ̆ ╗ ѐ OH-

O2- Ԇ Ṧ̕Mg Li Ѯ Ԇ̆Ԉ MgȁFe CrȁMnѮ Ԇ а ὤ Ȃ

ע ѐ RᴁԈ Feѝў ̆‡ ̕ RᴁԈ Mg2+ѝў

‡ ĺ ̕ Li Mn ‡ ̕

Cr ‡ Ȃ 

    (4)  

ў ̆ ע ѝ NaAISi2O6Ȃ ᾿ ת̆

ע ѐ A1 а ἷ Ԇ ̆‡ а ̔ŵ ע ѐ

A1 CrȁV Ԇ ̆‡ ӝ ̆ б Ԇ Ὧ̆ Cr ‍

1˿͘2˿Ѯ ̆ Ѡ̆ ̆зѝ ת̆ Cr

̆ ‡ а ̆ ̕Ŷ ע ѐ A13+ Fe3+

Ԇ ̆‡ (аẹ Cr ѫ ȁ ̆ ȁ Ѳ )̆

Fe3+ Ԇ A13+̆ ̆ Fe3+ Ԇ A13+̆‡ ̆



ŷ̕ ע ѐ A13+ Fe3+ Cr3+ Ԇ ̆ ‡ Fe3+ Cr3+

ᴿ ȂCr3+ ‡ УҾ̆Fe3+ ‡ Ḷ УҾ̕Ÿ ע ѐ

A13+ Fe2+ Fe3+ Ԇ ̆‡ ̆҂ ӝ ѝ ұ Mn K

Ȃ 

    2̈ ȁ  

    аתᴳ ע ‍ У ̆ з҂ У Э  

Ȃ ѡΰэ ᴿ╗Ԉ Ȃ 

    (1)  

    ₥ ̆ Э ̆ Э  

҂б ‎ Ȃ NaMg3A16Si6O18(BO3)3(OH)4ѐ Mg2+

Na(Li,A1)̆AI 6O18 (BO3)3 (OH,F) 4ѐ Li+ȁA13+ Mn2+ Fe2+ ԆȂ

̆ ‍ѐ MnȁFe ╗̆ (3̈03͘ 3̈25)ȁ

(n0=1̈635͘ 1̈675̆ ne=1̈610ĺ1̈650) (0̈016͘ 0̈033) Ѯ Ȃ 

    (2)  

    Be3A12Si6O18Ȃ ѐ̆ Be Li Ԇ( Li+ŕBe2+) ̆ Ҳ ў

Cs+ ὡ Ȃ Cs ̆‡ (2̈6͘

2̈9)ȁ (n0=1̈566͘ 1̈602̆ ne=1̈562͘ 1̈594) (0̈004͘ 0̈009)҂

̆Cs(Cs2O) ‍ 4̈13˿ Ȃ 

    (3)  

    (Mg,Fe) 2SiO4 ѐ̆Fe Mg Ԉ ὤ (Mg2+~Fe2+)̆ ὲѐ

Fe ╗̆аת ╗ ̆ з (3̈32͘ 3̈37) (1̈65͘  

1̈69)҂ ̆ (HM=6̈5͘7)҂ ╗Ȃ 

    (4)  

    Al2SiO4 (F,OH) 2 ע ѐ̆Fĺᴐѝ ╗ OH- Ԇ̆

F 1̉3(б Ὧ)Ȃ ̆ OH- P- Ԇ ╗̆

(3̈5͘3̈6) ῏ ̆ (1̈603͘ 1̈638) Ȃ 

     

Ь   ѐ ꜛᴇ 

     

ѐ ̆ ὡȁ ╒ ע ֶ

ӊ ̆ ҂ֶ ᾃ ЮУ ̆ ԏ ꜛᴇȂ ѐꜛᴇ

б ꜛᴇ У ̆ б ᴇ ѐӊ ᴇ ὯȂ ᴇѐ ‡ ᴇ

ȁ ȁ ᴇ ( ȁ ╒ȁӮ ) ‎ ὯȂ19 й ӝԏ̆‫

ѐ ꜛᴇ̆ ⁮ҩ 19й 20й ̆‫ ұ   ̆ӝԏ ⁮

ᾃ ꜛᴇ Ȃ 

    ꜛᴇ ѝ ̆ Ԉ ╠ ԏ ȁּש‍ ȁ″⁞ עִ

ȁ ֓ ҩ ӊ Ȃ 

   

Уȁꜛᴇ  

    ꜛᴇ ұ ̆ ѐ ҫФ Ȃ 

    ꜛᴇ Ѭ ѬѮ‍Ȃ Ѭꜛᴇ ѐ ꜛ  

ѐ ̆ὲ ӭӰ ұ ѐ̆ бўᴇ Ȃ 



    Ѭꜛᴇ ᴇ У Ȃ Ѭꜛᴇ ̆ ꜛ  

̆ ȁ ȁ ȁ ̆Ԉ бᾃ  

Ὧ Ȃ ѐ Ѭꜛᴇ Ȃ 

 

үȁ ѐꜛᴇ ‍  

 

(У) ᵑ ꜛᴇб ‍  

ᵑ ꜛᴇб ̆ ꜛᴇ‍ѝ ꜛᴇȁ ꜛᴇ ꜛᴇȂ 

    1̈ ꜛᴇ 

    ꜛᴇ ̆ Ѯ₥ 

УҾ ̆ ᴇ ѐ 

ꜛ ⁮ ᾃ Ȃ ꜛᴇ ў бӮ  

( ‍ (ע ᴇ  

ὯȂ ѐ ꜛᴇ ̆ Ԉб ў  

̆҂ Ԉа ( 1-2-1)Ȃ 

    У а ꜛᴇ̆ת ұ  

УҾ ̆҂ ѐ ѝУ  

ꜛᴇȂ 

    2̈ ꜛᴇ 

    ꜛᴇ ꜛᴇ̆ ԏ ў б ᴇ ȁ 

ᴇ а ‡ ȁ ᴇ ȁ ȁע   ȁᴇ  

╒ ע ὯȂ ꜛᴇ Ԉ ҂̆ Ԉ Ὧ  

ᴇȁ ᴇ ᴇ̆ ̆ Ԉ ‍ ע ‍ ע ȁ 

Ȃ 

    (1) ꜛᴇ 

    Ҿ ᾳЮ̆ ꜛᴇ б ᴇ ̆נ ᴇṃ  

̆ꜛ ᴇ ᴇ ̕ ᴇ ֶ Ҿ  

̆ᴳѮ ѝꜛᴇȂ 

    ўᴇ ̆ Ԉ р ꜛᴇ̆  

ѐ ȁ ꜛᴇ( 1-2-2)Ȃ 

 
Ю ⸗ ᴇ ̆ Ю ̆ ᴇ ῏ ⁮  

̆   ѝчэ а ̆ ᴳ ᴇѐ ᴇ̆ з  

ԏ б ў ᴇ э ȂR ӱ̔• ѐ  Ь  

ᴇ̆ ҵ Ӈ ѝ 120Ȃ̆ з ұ• Ȃ 

ע     ȁ ѐ   Ȃ ұ Ti ἷ ѓ

̆ ұѝ ў ᴇ ӱ ў ᴇ ѐ  Ȃ   • ȁ



ѐӊ Ἵ Ȃὲӹ   Ἵ ȁ ѐ ̕

Ἵ ѐ ̕ ѐ Ȃ 

    (2) ᴇ( )ꜛᴇ     

    ӊұ Ҿ ꜛᴇȂ ұ ֒ ⁸ ̆ ꜛᴇ  

ұ ̆ ұֻ ѐȂ ѝֻ ұ ᴂ ̆ Ȃ 

    ᴇ ѐ ̆ Ԉ ὡὲ ѐ̆ ⁮ ᴁ ѝ 

ȂԈ ֒Ю ѐ Ȃ  

Ԉ ̆ ľ ꜛᴇĿ ұ ( 1-2-3)Ȃ 

    ᾃ έ ‡ Ȃ ұ ᴇ  

ѐ Ȃ ѐ̆ ֶ  

Ȃ ѐ ľ Ŀꜛᴇ Ԉ ľ р ĿȂ 

    ᾳЮ̆ ⁮ ꜛᴇб ȁ ꜛᴇὭ Ȃ 

    (3) ꜛᴇ 

    ᴇѐ а ⸗ ꜛᴇ̆ў ѝЮ ΰ ‍ Ȃ 

    ꜛᴇ‍   ᴇ ṃ ᴳ ᴇ ў ᴇ Ȃ ў ᴇ 

̆ᵳ ‍ ꜛᴇ̆ ľ ĿȂ 

    ‍   ‍ ᾱұ ѐע ‍ ̆ע ҩ ᴇ 

ע ‍ ̆ע ȁ ѐ Ȃ 

    ‍   ‍ ѐ ̆ ȁ ѐ  

Ȃ 

    ꜛᴇ ұ ꜛᴇ̆ ԏ Ԉ ȁ Ȃת ԏ ӱ  

Эб а ̆ ᴐѝּש‍ б ў Ȃ ╠ ₉ 

ѐ ╠ ₉ ( 1-2-4)̆ ѐ ѐ ȁ  

ѐ ľ Ŀ ꜛᴇ̆ ѐ (  

1-2-5) Ȃ 

         

 

3̈ ꜛᴇ 

    ꜛᴇ ӊ ꜛᴇ̆ ᴇ ұ ̆ע ╒ 

ᴐ ӊ ̆ ὲ ὡ Ἱ ꜛᴇ̆ ұ ἷ  

ᴐ ꜛᴇȂ 

    (1) Ἱ  

    ṃ ӊ ѐ ֶ ὡ ὲѐ Ȃ  

ע ̆ ѐ ꜛᴇ( 1-2-6)Ȃ 

    (2) ἷ ᴐ  

    Ҿ ἷ ̆ ἷ u Th̆ ұ ԏ  

аת Ԉ ᴇ ̆ ̆ ᴐѝꜛᴇ  ὲӹ ѐ  ̆

ἷ ̆ ֶᴳ ᴇ ̆҂ ў ӊ  



̆ӊ ╒ ̆ ԏ ľ Ŀ 

( 1-2-7)Ȃ 

    а ꜛᴇȂת ұִע ̆ УҾ ꜛᴇȂ ̆

̆ ֶ ᾃ ꜛᴇ ᴇ Ğע Ѯ ӊ  

( 1-2-8)̕҂ֶᴳ ѐ FeȁTi  ̆ ̕҂ ᴳ

ꜛᴇ ̆ ‟ Ȃ Ҿ҂ Ԉᴐѝ Ȃ 

̆ ȁἹ ҂ ѝ ꜛᴇ̕ ₂  

ᴁ ѐȁ Ἵ KM Ю ҂ ѝ ꜛ

ᴇȂ 

  

 

 

(ү) ᵑ ꜛᴇ ‍  

    ꜛᴇ ̆ ꜛᴇ‍ѝ ꜛᴇȁ ꜛᴇȁ ꜛᴇȂ 

    ꜛᴇў ѐ ꜛᴇ̆ ѐ ȁ ѐ  

Ȃ 

    ꜛᴇ ȁч ᴇѝў ꜛᴇ̆ ᴇѝ ȁ ( ȁ  

)̆ ᴇ҂ṝ   ( ѐ ꜛᴇ̆ 1-2-9)Ȃᴿ ѐ  

ꜛᴇȁ ѐ ч а ꜛᴇ Ȃ 

    ꜛᴇ ў ᴇ ꜛᴇ̆ ѐ ȁ ѐ CŎ ꜛᴇȁ

ѐ Ȃ 

    ѐ̆ ⁮ч ч ԈЭ ꜛᴇὭ ӱ̆ ὲ‍ѝ ȁ 

ч ȁЬ ꜛᴇȂ ꜛᴇ Ԉ ȁ У ꜛᴇ̆ὲ ѝ  

ꜛᴇ̆ ѐ҂ ꜛᴇ( )̕ч ꜛᴇ Ԉ ĺ (  

ꜛᴇ ѝ ч ꜛᴇ)ȁ ĺ ( ѐ ч а ꜛᴇ)ȁ ĺ ч  ꜛ

ᴇ̕Ь ꜛᴇў Уꜛᴇᾃ ĺ ĺ Ь ĺ ĺ Ь ꜛᴇ̆ ѐ 

ĺ ĺ Ь ꜛᴇ( 1-2-10)Ȃ 

 

ч ꜛᴇ б₥ ᴇ ꜛᴇ ὯȂ ᴇ ⁮

ᴇ ̆ ᴇ У ( ᾳЮ ᴇ ᴇȁ ᴇ ᴇ ч

а ᴇ )̆ У ᴇֶ Ю ‍̆ע   ᴇȁ ᴇ ὲ

ӹ ᴇȂ 

    ѐ ұ ꜛᴇѐ ꜛᴇ ѝᴂ ȁү ע Ȃ ԏ ѝ 



ұ ╒ Ю ӱ ѐ   ᴇȂ 

    ұ ꜛᴇѐ ꜛᴇ ѝ ᴇ̆ ԏ҂ ꜛᴇ Ю  

ӱ ѐ   ᴇȂў ᴇѝ ȁ ȁ ȁ ע ȁ ע ȁ Ȃ 

ὲѐ ( ע )ȁ ( ע ) ( )Ȃ 

    

    (Ь) ᵑ ꜛᴇ ‍‍  

    ꜛᴇ ‍ ꜛᴇ‍ѝ ꜛᴇ  ꜛ

ᴇч Ȃ 

    ꜛᴇ ў ꜛᴇ̆  

ѐ ╟ ꜛᴇ( 1-2-11) ѐ ꜛᴇ Ȃ 

    ꜛᴇ ᴇȁ ᴇ ᴇꜛᴇ̆  

ԏ ̆ ‍ ѐ ꜛᴇ  

ꜛᴇȂ 

     

( ) ᵑ ꜛᴇ ‍  

    ꜛᴇ ̆ ꜛᴇ‍ѝ ꜛᴇ ꜛᴇч Ȃ 

    1̈ ꜛᴇ 

    Ԉ ꜛᴇ̆ ȁ ꜛᴇ Ȃ 

    2̈ ꜛᴇ 

    ᴇ ╒ᴐ ᾃ ꜛᴇ̆ ԏ а Ԉ  

̆ У   ̆ ȁ ȁ Ȃ ᴇ ‍  ȁע

ᴇ ȁ бўᴇ ȁ ȁ ꜛ 

ᴇ̆Ԉ Ȃ 

    (1) ‍  

    ѐ ‍ עִ ȁ Ȃ  

‍ ȁ ὴ ת̆ аУ  

Ȃ έ Ȃӝ ‍ έ  

̆ ѐ̆ ѐ ѐ ̕ ̆  

ѐ ȁ Ȃ 

    (2)  

    ᵏὯұ Ὧ ̆ ѐ Ἵ Эӊ

ľ Ŀ̕ ľ Ŀ ľ Ŀ Ȃ 

    (3)  

    Ҿ ⁞ У ֓ḣȂ ̆ ֛⁸  

‡έ ̕έ ̆ ȁ ̕  

Ѭ ̆ ȁľVĿ ȁ ὲ֛⁸ аέ Ȃ 

    (4)  

    • ȁ ȁ ѐ ⁮ Ȃ  

ѝ ת̆ ╠ ₉ ѐ 

҂ ⁮ Ȃ ѐ Ԉ ̆ 

Ԉ ᴇṃ ̆ 

• ѐ ҂ Ԉ Ȃ 

    (5)  

    ұ ̆ 10᷁  



̆ Ԉ ⁮ ₂ ᾃ ̆ Ԉ ⁮

₂ ᾃ   ꜛᴇ ̆ ȁ ȁ ȁ ( 1-2-12)Ȃ 

    ԈЭа ‍ ӱа ҩꜛᴇ ̆ Уэ‍ а ꜛᴇ  

ὤ ̆ Ҿ‍ έ ѬȂ 

  

    Ьȁ ꜛᴇ Ѭ 

    ꜛᴇ ѐέ Ѭ̆ Юΰ Ȃ 

    (1)ҩ ֒̆ ֒ 

    ѐ ꜛᴇ ֒ ̆ ѐ ꜛᴇ ԏ Ԉ  

ȁ ╒ȁ ̆ Ҿ ұ ȁ☼ ȁ ӝ  

έ ѬȂ 

    (2) ὴ ꜛᴇ ꜛᴇ ̆ עִ  

    Ѯ ̆ ѐ ꜛᴇ έ ѬȂ

ꜛᴇ ̆ Ԉּש‍ ȁӝ ̆ ̆″⁞ עִ

Ȃ 

    (3) ὴ ꜛᴇ ꜛᴇ ӊ  

    Ԉ ѐ ꜛᴇ ″ ӊ Ȃת ѐ Ҿ  

ꜛᴇ ″̆ ӊ ֶ Ȃ ѐ ᴇ 

Ь ꜛᴇ ̆ ԏ Ԉ″ ӊ ׂ ҽȂ 

    (4) ѐꜛᴇ ╗  

    Ҿ ѝέ ꜛᴇ̆ Ԉᴳ ḣ̆ Ȃ ѐ У  

‟ ꜛᴇ ̆ ╗ ̆ ᴳ ӊ Ἵ ̆҂  

֓ḣȂ 

    (5) ꜛᴇ ‍ ה ‍  

    ꜛᴇ ֶ ֓ḣ̆ ֶ ᴂ ֓ḣȂ ꜛᴇ ̆  

Ԉ ṁ  ֓Ȃᴿ ѐꜛᴇ ȁᴁ ȁ ȁ  

‚‍Ȃ 

    (6)ҩ ꜛᴇ ̆  

Ἵ Ȃ 

 

Ь   Ἵ Ἵ  

   

Ἵ У ̆ ѝ ҩἽӝԏ ⁮ Ѡ Ἵ ̆ ҩ Ἵ

а ע ‍ȁа бἽ ҵᴐ ̆ ȁ ֓ а ‎

ѬȂ 

   

У  Ἵ  

     

Ἵ У Ԉ ּ ̆ έ ╟ Ȃ  

╟ּ ╟( ע )̆ ╟ ὲּ ̆ У ̆

Ἵ ҂ У ( 1-3-1)ȂἽ Ԉὲ (v) (ὡ)ѝ ̆Ἵ б ȁ



έ ЮὯ ̔ 

c=vὡ 

    ѐ c̆ѝἽ (2̈9979x 10~~cm̉ s)̕ vѝἽ ( ᴁ Hz̆ ή) ὡ̕ѝἽ (  

ᴁ nm̆1nm=10-9gm)Ȃ ҂ Ъ ̆ ᴁ ᾃ(cm) ̆б 

Ѩ Ὧ ѝὡ=1 Ȃ 

    э ѝУ שּ ̆ ꜛ ̆ Y Ȃ

ὲ ‟̆ Ȃ 

 

Ἵ ╟ ( 1-3-1) ҩ ȁ ѐ УҾἽ Ȃ 

    Ἷ(1900) ѝ Ἵ а ̆ а ̆  

ע ̕ ұἽ έ У ȁ ╟ ̆ Ἵέ Ȃ    ̆

а Ἵ έ а ̆ эἽ έ AV ̆  Ἵ ү

Ὧ ̔ 

E=hv=hc̉ ὡ 

     ѐ̔cѝἽ ̕vѝἽ ̕ὡѝἽ ̕hѝ Ἷ ( ұ 6̈63 x 10̈ 34

̉J¥s)Ȃ 

    ұ ѐ У ̆ Ἵ ҩἽ ּ  

ȁ Ἵȁ Ἵ Ἵ  

 

ү   ἽбḶ Ἵ 

    

    Уȁ Ἵ 

    ӱУ‎ Ἵ   Ἵ ̆У Ἵ̆ Ἵȁ Ἵ Ȃ Ἵ

Ἵ ּ ᾃ̆ э Ἵ ╟( 1-3-2)Ȃ 

 

    үȁḶ Ἵ 

    Ө Ἵ ּ У ╟ Ἵ ѝ Ḷ Ἵ̆ Ḷ Ἵ Ḷ

ἽȂ 1-3-3 ̆Ḷ Ἵ ╟ бּ ѝ ╟ Ȃ 

     

 

 



Ἵ Ԉ ȁ ȁ ᴐ Ḷ Ἵ( 1-3-4(a))Ȃ

ᴳ Ἵ Ḷ Ἵ ᴐ ѝḶ ᴐע Ȃ Ἵ ѐ Ἵ ѝḶ Ἵ  

ѝḶἽ ( Ḷ )ȂḶἽ Ἵ ᴐ ᴐ ( ) 

ӊ ḶἽ ⁸ᴐ Ȃ ₥ ᴳ ḶἽ ὲӹ ⁸

̆ ҩ ᴇ (ᴿ )̆ У ‟̆ Ҿ

Ἵ ╟̆ б э Ἵ ╟ ( 1-3-4(b))Ȃѝҩᵳұ ̆Ḷ

Э  ἵ Ἵ ╟ ̆ э ṁḶ ע Ȃ 

 

ЬȁḶ Ḷ Ḷᴐ  

    Ἵ Ḷ Ԉ Ḷ ἽȂ 1-3-5  

  ̆ Ἵ ḶἽ A ѝḶἽȂ ḶἽ 

  ּ Эᾋ ḶἽ B( Ḷ ) ̆ Ю  

̔ע   B Ḷ б A Ḷ ע ̆ Ḷ  

  Ἵ B  ̕ Ḷ B ╟ 90Ȃ ̆ B 

  Ḷ ע б A Ḷ ע ̆‡ ḶἽ а 

  Ḷ B  Ȃ ԈἽ ּ ѝ ╟ 

  Ḷ B ̆ ֶ Ἵ ̆ᾋ  

  Ȃ BḶ ╟ 360Ȃ ̆ Ԉ  ч ὤ  

  ч ὤ ̆ A Ḷ ⁮ Ḷᴐ ̆ Ḷ ⁮ Ḷᴐ Ḷ Ἵ ╟

ᴐ Ȃ ḶἽ ⁸ Ȃ Ḷ ̆ Ἵа

⁮ ὤḶ ᴐע ̆ AȁBчḶἽ Ἵ ⁮ ὤḶ ̆ BḶἽ

⁮ὤ ̆ э ᾃ ѝУ ұנ Ȃ 

     

ȁ Ἵ Ḷ Ἵ ѐ ּ  

    1̈ Ἵ ᴇ Ἵ ᴇ 

    Ἵ а ̆ Ԉ ‚‍ѝ ᴇ ᴇч ȂУ ̆  

̆ э Э Ἵ ̆ ѝἽ ᴇ̆  

ᴇȂ ȁ ȁ ȁ Ȃѐ ᴂ ̆ὲἽ  

̆ ѝἽ ᴇ̆ ᴇȂ ѐ ‍ Ἵ ᴇ̆  

ȁ ȁ ȁ ȁ Ȃ 

    2̈ Ἵ ᴇ ѐ ּ  

    Ἵ ὡ ᴇ ̆ а ὡ Ἵ ╟ ╟ Ȃ 1-3-6 ̆

У Ἵ ӝ ᴇ ̆Ӱ ѝ Ἵ̕У Ḷ Ἵ ӝ ᴇ ̆ӰѝḶ

Ἵ̆ ᶑ ὲ ╟ ̆ ὲּ ḣа Ἵ ᴇѐ

╟ а Ȃ 



    3̈ Ἵ ᴇ ѐ ּ  

    Ἵ ὡ ᴇ ̆ Ѯ ̆У ‍ ̆‍ ╟ ҵ 

ȁּ а ч ḶἽ̆ У ѝἽ Ȃ Ἵ ὡ ᴇ   

̆У ὡ Ἵ ╟ ̆ ‍ ѝҵ ч ḶἽȂ 1-3-7 ̆

Pὡ У Ἵ ὡ ᴇ Ḷ ̆ע   ‍ PoȁPe  ч

Ḷ ἽȂ У Ḷ Ἵὡ ⁮ ᴇ ̆ ḶἽᾋ ‍ ч Ḷ

Ἵ̆ ╟ Ȃ 

 

     

     Ἵ ᴇ ѐּ ̆ὲּ ḣ Ἵ ᴇѐ

╟ а Ȃ ᴇ Ԉ чэ чэԈЭ ḣȂ 

    Ἵ ᴇ э ὡ ӑ ̆ а ὡ Ἵ  

╟ ╟ ̆ Уа ѝἽ Ȃѐ ᴇ(  

ȁ ȁ ) УэἽ ̆ ѝУ ̕ᴂ ᴇ( ȁ ȁ

ȁ )έ чэἽ ̆ ѝү Ȃ 

    

Ь   Ἵ б  

      

УȁἽ б  

    Ἵ ӱУ Ӯ ּ ⁮ У Ӯ ̆ ч Ӯ ‍ Э  

̆ Ἵ Ӯ ̆ Ἵ ὡ УӮ ѐ( 1-3-8)Ȃ 

    

     үȁ  

1-3-9 ̆ У Ἵ ḥ ч Ӯ ̆R1ȁR2ѝ Ἵ ѐч

Ԇ Ἵ Ȃ iԆ ὡ Ἵб (ὡ )̆ɔԆ Ἵб ( )Ȃ

viԆ Ἵ ὡ Ӯ (1)ѐ ּ ̆Ԉ vɔԆ Ἵ Ӯ (2)ѐ ּ Ȃ

t1 ̆ὡ Ἵ ₥⁮ OG Ȃ ̆ ₥ OG Э У ѝ

Ȃ Ἵ R1ӱ O ὡ Ӯ (2) ̆Ἵ R2Ӱ ὡ Ӯ (1)ѐּ ̆

t2 ̆ ̆⁮ M ̆R1 Ӯ (2)ѐּ ҩ OS ȂOS=vɔ(t2-t1)̆ R1

ӱ O   Ӯ ѐ Ԉ OSѝ Уэ Ȃӱ M

ᴐУ‎ б ‎ұ S ȂMSѝ t2 Ἵ ₥ ŎSѝ Ἵ ּ Ȃ 

 

 



            

1-3-9ѐ  ̆    ǶOMGѐ̆ŝGOM=ĭ MG=OM sini                    (1) 

     

ǶOSMѐ̆ŝOMS=ɔ̆   OS=OMsinɔ                    (2) 

     

Ԉ(2) (1)     MG̉OS= OMsinỉ OMsinɔ             (3) 

    

                MG= vi (t2-t1)̆OS= vɔ(t2-t1)̆Ԇὡ(3)  ̔

     

vi (t2-t1) ̉vɔ(t2-t1) = sinỉ sinɔ  

   

                      vỉvɔ= sinỉ sinɔ =n                            (4) 

   

    (4) ѝ ̆ч Ӯ У ̆nѝУэ ̆ ѝ үӮ ( Ӯ ) У 

Ӯ (ὡ Ӯ ) ̕ ὡ Ӯ ѝ ( )̆n ḣ‡ѝ Ӯ

ȂУ ԏ б ( ) ̆ ὲ Ȃ 

    ӱЭ ̆Ἵ Ӯ ѐ ּ ̆ Ӯ ̕ Ѯ̆Ἵ Ӯ  

ѐ ּ ̆ Ӯ Ȃ Ӯ ḣбἽ Ӯ ѐ ּ  

vỉvɔ=nɔ̉ ni 

    Ӯ ḣбὲ ‍ȁ ὯȂ ѐ̆ ‍ȁ

ᴇ ѮЎ ⁞ ᵑ Ȃ 

     

ЬȁἽ ὤ  

    1̈ Ἵ ὤ ὤ ї  

    ̆ Ἵ  

Ӯ (Ἵ Ӯ ) ӝ Ӯ (Ἵ 

  Ӯ ) ̆ὲ Ἵ Ḷ ̆ vɔ<vi  ̆

  n>1̆ sinỉ sinɔ>1̆ i>ɔȂ  

  Ѯ̆ Ἵ Ӯ ӝ  

  Ӯ ̆ὲ Ἵ Ḷ ̆  

  vɔ>vi n<1̆ sinỉ sinɔ<1̆ i<ɔ( 1-3-10)Ȃ 

    1-3-10ѐ S̆ ѝἽ Ӯ бἽ Ӯ ‍ Ŏѝ Ἵ ȂӱἽ O   OAȁ

OBȁOCȁODȁOEУ ‟Ἵ S ὡ Ȃὲѐ OAἽ ̆ i=0Ȃ̆ ɔ=0Ȃ̆ а

̆AAĽἽ OA ӝἽ Ӯ ѐȂ 



    Ἵ ӝ ╗ ̆ □ а ̆ Ἵ Ḷ Ȃ Ἵ ὡ 

╗ ⁮У ( ѐ ODἽ ) ɔ̆=90Ȃ̆ DDĽ ּ Ȃ 

Ἵ ὡ ( ѐ OEἽ )̆ɔ>90Ȃ̆ ὡ Ἵаᾋ ̆ ὤ  

ὡ Ӯ ѐ̆з ̆ =ὡ (i=ɔ)̆ У ѝἽ ὤ ̆б

ɔ=90Ȃ ὡ ѝὤ ї Ȃ 

    1-3-10ѐἽ Ӯ ѝ n1̆Ἵ Ӯ ѝ n2(n2> n1)̆ὤ ї

ѝū̆  Ю ̔ 

 

sinū̉sin90Ȃ= n1̉n2     n1=n2 sinū 

 

Э ̆ Ἵ Ӯ ḣ n2 ̆ᵳ ὤ ї  Ἵ Ӯ

ḣ n1̆ḣȂ ԍ ὤ ⁸ Ȃ Ѯ̆ n2 n1̆

ḣ ̆ Э Ԉ  ὤ ̆ї ḣȂ ╗ ѐ̆ѝҩᴳ₂ ⁮ Ἵ

ὤ ̆ ╗ ḣ̆ Э Ὧ ̆   ᴧ ₂ Ȃ 

    2̈ Ἵ  

    У Ἵ ⁮ Ἵ ὡ̆ Ἵ ‍̆ŋ У  

̆зὡ б ̆ ѝ Ȃ У Ἵ ⁮ ᴇ ῾а  

̆Ἵ а ̆ ѝἽ Ȃ Уэ  ῾ ὡ 

Ἵ ҩ ᾃ Ȃ ‟ ֳ ᴳ У ὡ Ἵ 

‍ э Ἵ Ԉа Ȃ ᴇ ὡ Ἵ ̆  

Ἵӑ Уэ ‡̆ ᴇ ѝ ὤ ᴇȂ У ᾳЮ  

ᴇ ὡ Ἵ ̆ з Ἵ ұ Ἵ

Ȃ 

     

  Ἵ б  

     

УȁἽ  

    1̈ ᴐ  

    ȁ ȁּ ч ч ԈЭ Ἵ УӮ ѐ ̆ Ӈ 

שּ ҵᴐ ӊ ‮ ѝἽ ᴐ Ȃӊ ᴐ ѝ  

Ȃ а ֗ ч Ἵ ᴐ Ȃ ч Ἵ ԈЮ ֒  ̔

ч Ἵ ȁ ╟ ȁᴁ ᴁ Ȃ 

 



╟ У ȁ ч (Ἵ 1бἽ 2) ̆Ἵ 1 ȁ 

бἽ 2 ȁ ̆ч Ἵ ̆ὲ ӊ έ  ᷁

̆ ̆Ἵӑ ╗ ( 1-3-11(a))Ȃ 

ч Ἵ ╟ ᴁ ὤ ̆ Ἵ 1 бἽ 2 ̆ ұ

ҵ ̆Ἵ 1 бἽ 2 Ἵӑ ῏ѝ ̆ ѝ ‮ (

1-3-11(b))Ȃ 

    2̈  

    ч Ἵ ̆ ӊ У ‟ ̆ ѝ ̕ Ἵ(  

Ἵ) ̆‡ӊ ⁮ У ‟ Ȃ ᴐ ̆ ѝ

Ȃ έᴇ ч Ἵ Ἵ ⁸ ̆ Ԉ ἽᴐἽ ̆ Ἵ 0͘

550nm ᾃ ̆ ᵑ   ȁ ȁ ȁ ̆ ѝ У ̆

ὲ ̆ ȁ ̕ Ἵ 550͘ 1l00nm ᾃ ̆

ᵑ   ȁ ȁ ȁ ̆ ѝ ү ̆ὲ ̆

̕ Ἵ ѝ 1100͘ 1650nm ̆   Ь ̆ὲ

б ү У ὲת̆ ү ̆ а︠‍ ̕

Ἵ ұ 1650nm   Ԉ Ȃ ̆ὲ

̆ Ѯ ҂ а Ȃ 

    3̈  

    ѐ̆ Ԉ ⁮ Э Э ҩ  

̆ Ἵ Ȃ 1-3-12 ̆ ѐ̆ӱᴂ

Ἵб Ἵ ╗ȁ Ȃ  

ұ ᾱ ᴐ ч Ἵ Ἵ Ȃ 

Ἵ Ἵ ṝ ᷁ ̆ч Ἵ 

̆ Ἵ ᷁ ̆ 

ч Ἵ ҵ Ȃ‮ ч Ἵѝ Ἵ ̆  

ᴐ Ө  ̕ ч Ἵѝ  

Ἵ ̆  Ȃ ᾱұ  

ȁ ὡ Ἵ Ȃ 

̆ᴳ ӝ 

Ἵ ӊ а ὡ ̆ а  

̆ӱ а Ἵӊ Ȃ 

    4̈ ≤  

    ѐ̆ аУ ѝ У ̆ а ⸗ ̆ ע ̆

  ≤ Ȃ≤ έ Уэ ̆ Ἵ Ԉ ὡ ὡ ̆≤

ᴐ а ̆ӱ а Ἵӊ Ȃ 

    ѐ ̆ Ԉ ұ ӊ ̆ Ȃ  

Ἵ ѐ ̆ӱ Ἵб Ἵ

╗̆ᴳ ҷ Ὡ Ȃ 

  

    үȁἽ  

    Ἵ ⁮ ̆Ḷ ּ ѝἽ ̆҂ ѝἽ Ȃ  

1-3-13(a) ̆ Ἵ   Ἵ Ԉ ̆ Эֶ  Ἵ Ȃ Ἵ 

ȁ ᴁ ᾳЮ̆Ἵ ᾱ Ȃ  



̆Ἵ ҂ֶ Ѯ ת̕ ⁮У ̆ 10-4m ̆

ᾋ ̆Ἵ аתаֶ ̆ ֶ Ȃ Ἵ ὤ ӑ ҂ ̆ע

ӑ ⸗‍ ӑ ҩУ ‟ (Ἵ ѝ Ἵ ) (Ἵ ѝ

Ἵ )̆ ҂ ҩ  

Ȃ Ἵ Ȃ ӊ  

̆Ἵ ּ ̆Ἵ Ԉ  

₥ ּ ̆ Ἵ ⁮  

( 1-3-13(b))̆ ὲ ѐ ‍ ֶ  

̆ע ӊ ᴁὯ 

̆ ԏаᾋ У ‍̆а 

ᾋ ּ ̆ ὲּ ̆ 

̆У ‟ ᵳӊ ҩ  

Ȃ ӊ ꜛ ҩ Ȃ 

    ֒ ̆  

бἽ ︠‍ ̆ ұἽ  

̆ Ȃ Ἵ ̆ 

ӊ ̕ Ἵ 

̆ӊ ҷ Ὡ ̆ ӊ Ἵ Ȃ 

    Ἵ ѐў чэ ȂὲУ ‾̆ Ἵ Ἵ 

̆ ‍Ἵ ў ֒ѮУȂӱ ѬЭ ̆ Ἵ ̆ έ  

Ἵ ‾̆ Ἵ ⁸ᴐ ‍Ἵ Ԉ Ἵ Ἵ‍  

Ἵ ̆зἽ Ȃὲү̆‾ Ἵ ̆ ѐ УҾ Ἵ ̆

Ȃ 

    Ἵ ̆ Ἵ ȁ Ἵ ȁ Ἵ ȁУ Ἵ ȁү Ἵ ȁЬ Ἵ  

ȂЬ Ἵ ҩ Ȃ 

   

ЬȁἽ  

    ּ Ӯ а ⸗ Ἵ ὧ Ȃ Ἵ ⸗ȁ 

( ȁ ) ̆ ᵛ Ԉ ⁮Ἵ Ȃת ̆ Ӯ а ⸗ ̆

ѐ ҩ ̆ᵳ ᵛ ⁮Ἵ ( 1-3-14)̆ ⁮ᵛἽȂ Ӯ а

⸗ У Э а ⸗̆ Ԉ ѝ ᴁ Ȃ Ӯ ⸗ ⁮ ̆за

⸗ ⁮ ̆ Ҿа ⸗Ӯ Ѯ Ἵ Э( )

⁞Ȃ Ἵ ᴐ Ю̆ ԏ ѝ ⁞ ̆ ҩ ΰᴉἽ

ּ Ἵ ̆ ὲӹ ҂ Ἵ ̆ ἽȂ ̆ б

а ⸗ ҂̆ Ԉ ᴐ У ᴐ Ȃ Ӯ ѐа ⸗

ұ ̆ Ҿ Э

 

Ȃ 1-3-15 ̆ ѐ(a)ѝУ︠‍

̆ᴳἽ ̆ (b)ѝУ ᴇ̆

ᴳἽ ̆ ‍ Ȃ 

    ба ⸗ Ἵ

Ὧ̆ Ἵ(400͘ 700nm) ŵ

Ἵ ̔



300͘ lnm ̆ὲ Ἵ б ̆

ѝ ‾ Ȃ Ἵ Ἵ

̆У Ԉӊ У ̆ὲӹ

Ἵ ‍ ₢ Ȃ Ἵ ұ Ȃ

Ŷ ұ Ἵ ̔ὲ б

Ὧ а ̆ ᾳЮ Ἵ̆ ѝ

Ȃ а Ȃ 

ὡ͘2ὡѮ ̆ Ἵ

̆ў ̆ ᾳ ѐ ̆

έ ȁ ҖἽ Ἵ έ Ȃ

ұ 700nm ҂ ѝ ̆ ᴳ ӊ ӑ ҖἽ̆

Ἵ ȁ ȁ• ȁ Ȃ 

   

ȁἽ  

    Ἵ έ ̆ Ἵ‍ а Ἵ

ѝ ̆ ұἽ УӮ ѐ ּ Ȃ Ἵ У Ἵ̆

ȁ ȁ ȁ ȁ ȁ ȁ а Ἵ Ȃ Ἵ έ

̆ ұа Ἵ ὲѐ ּ а ̆ὲ ҂ֶа ̆ Ἵ ӝ

  ч ̆ ֶ Ἵ‍ а Ἵ Ȃ

1-3-16 ̆ὲѐ Ἵ ̆Ḷ ὡ Ἵ ̆ Ἵ ̆ὲḶ

ὡ Ἵ Ȃ Ἵ ̆ Ἵ Ḷ ὡ Ἵ ̆ ⁮ ᵑ

‟Ȃ 

    Ԉ ḣ Ȃ  

Ἵ 686̈ 7nm Ἵ 430̈ 8nm

ч Ἵ ḣ ѝ

ḣȂ ḣ ̆ Ѯ ̆

ч Ἵ‍⁞ѝ ἽἽ ѐ G

B Ȃ ḣ ̆ ‚‍

а ̔ ᴂ(0 0̈10ԈЮ)ȁᴂ(0 0̈10͘

0 0̈19)ȁѐ (0 0̈20͘ 0 0̈29)ȁ (0 0̈30͘

0̈059)ȁ (0̈060ԈЭ)Ȃ 

    ѐ ч ѬȂὲУ Ԉᴐѝ ѮЎ ⁞

ѐ ᴐ Ȃ У ̆ ȁ ȁ ȁ

ȁ ѐ̆ ᴐ Ԉ ḣ(0̈044)   ̆

Ԉ а ḣ̆ б ‍שּ Ȃὲү̆ ḣᴳ ҩ ╒Ȃ

Ѯ Ԉ ѝ Ѯ ̆ ѮУᵳ ұ ḣȂ Ἵ

⁮ ₂ ֶ̆‍  Ἵ ̆  У ҷ Ὡ Ȃ 

    ̆ а︠‍ ת̆ ḣ ѝ  

Ἵ ̆ ̆ ұέ ḣ(0̈057)̆ Э

Ѡ Ȃ 

έ ̔ 0 0̈27̆ ӝ 0 0̈28̆ 0 0̈39̆ 0 0̈44̆

0 0̈51̆ 0 0̈57̆ ע 0 0̈65̆ ӝ 0̈ 19̆ 0 2̈8Ȃ 

     ᴇ ȁ᾿ ‎ ᴿ Ȃ 



     

ҷ   Ἵ ᴇб Ἵ ᴁ 

   

УȁἽ ᴇ 

     ѝҩ ᴇ Ἵ ̆ Ἵ ᴇ ȂἽ ᴇ Ἵ ᴇѐּ

Ἵ̆ ╟ б ḣѮ Ὧ Ἵ ᴇ (Ἵ ᴇ)Ȃέᴇᴐ  ̔

Ԉ ᴇѐ ѝ ̆ ұ ᴇѐּ Ἵ ╟ ᴐУ ̆  

╟ Ἵ ḣѝ ̆ У ╟ Ἵ ᴐ У бὲ ḣ  

̆ Ԇ Ἵ ╟ Ԇ ḣ  

ᵳ ᴇ Ἵ ᴇȂ 

    Ἵ ᴇ ᴳ ᴇ Ἵ Ԉ ӑ ᴇ Ἵ̆ ᴇ а  ̆

‍ ЮȂ 

    1̈ ᴇἽ ᴇ 

    ᴇ ѝἽ ᴇȂἽ ᴇ 

ѐּ ̆ὲ а ╟ ̆ э  

╟ Ἵ ᴇѐ ּ ̆ ḣ҂ Ȃ 

̆ ᴇ Ἵ ᴇ Уэ ᴇ( 1-3-17)̆ ᴇѐ  ֗

ᴉ ‎ ‎ ̆ὲ Ԇ ᴇ ḣ(n)Ȃ 

ұ ᴇ Ө Уэ Ȃ 

    2̈ У Ἵ ᴇ 

    ѐ Ь ȁ ȁὩ ѝ ᴇ̆ὲἽ 

ᴇ аᾋ Уэ ᴇ̆ УэԈ Z ѝ ᴇ̆ ѝУ Ἵ

ᴇ( 1-3-18)Ȃ ᴇ ̆ Ԇ ҩУ Ἵ ᴇ Ἵ Ȃ Ἵ

Ἵ ὡ ̆а ̆ Ἵ ‎ ᾃᴐ ╟̆

Z э ╟ ̆ ѝ Ἵ ḣ̆ nȂ ̆ 1-3-19(a)Ȃ 

    Ἵ Ἵ ὡ ̆Ἵ ̆‍ ╟ ҵ ч ḶἽ̆  

̆ У Ἵ ᴇѐ̆ ὡ Ἵ ‎ ѝУꜛ ҩἽ ‎ Ȃὡ Ἵ‍  

УэḶἽ ╟ ұἽ ̆ѝ Ἵ ̆ nȂ ̕ УḶἽ ╟

бἽ ̆ б Ἵ (nȂ)̆ 1-3-19(b)Ȃ 

    Ἵ ӇἽ ὡ ̆ Ἵ ᴇѐ Ἵ ὡ ‎ ӰѝУ ̆  

Уэ ḣ neô ̆ὲ Ӯұ Ἵб ἽѮ ̕ У

э Ӱ Ԇ ҩ Ἵ ╟ ̆ ḣ ұ Ἵ ḣ nȂ̆ 1-3-19(c)Ȃ 

    Э ̆έУ Ἵ ᴇ έ neȁnȂчэў ḣ̆ чэ

ḣ ѝ ̆ чэ ḣȂ 

     



У Ἵ ᴇѐ̆ ̆ neḣб nȂḣ ̆ У Ἵ

ᴇ‍ѝ ч Ἵ Ȃ ne>nȂ ̆ ̆ ѝУ Ἵ ( 1-3-18 

(a))̕ ne<nȂ ̆ ̆ ѝУ Ἵ ( 1-3-18(b))Ȃ 

3̈ү Ἵ ᴇ 

    ᴂ ȁ ȁЬ ᴇ̆ὲἽ ᴇ ѝ ̆ѝУ 

эЬ а ᴇ( Ь ᴇ)( 1-3-20)̆ ү Ἵ ᴇȂү Ἵ ᴇ Ь  

ᴇѐ Ьэҵ ў Ԇ ҩү Ьэў Ἵ ̆ ѝἽ ў ̆  

ng ȁnm ȁnp Ȃὲѐ ng>nm>npȂέү Ἵ ᴇ  

Ьэў ḣ̆ὲѐ ў ḣ ng 

б ў ḣ np ḣѝὲ ꜛ чэў 

ѝў (ў‎ )̆ү Ἵ ᴇ Ьэҵ  

ў ̆ ng-nm ̆ng-np nm-np Ȃ 1- 

3-21 ү Ἵ ᴇ ὲў ‎ Ȃ 

    ү Ἵ ᴇѐ̆ чᵛ nm ̆ чэ 

Ԉ nmѝ ‎ ̆ Ἵ чэ ‎ ὡ  

̆а ̆ а ὡ Ἵ ╟ ╟ ̆ чэ ѝү Ἵ 

Ȃ ү Ἵ ᴇѐ ̆  чэ ‎ ̆ чэἽ (Ԉ OA )  ̆

ѝү Ȃꜛ чэἽ ѝἽ ̆Ἵ бў ng-npУ ȂчἽ Ѯ

Ἵ ̆Ԉ ľ2Vò ( 1-3-21)Ȃ 

    ngȁnmȁnpḣ ̆ Ԉ ү Ἵ ᴇ Ἵ ̆ ng-nm>nm-np  

ѝ Ἵ ( 1-3-21-a)̆ ng-nm<nm-np ѝ Ἵ ( 1-3-21-b)Ȃ 

    ү ѐ̆ Ἵ ұԈ nmѝ ‎ ὡ ( Ἵ )̆а 

̆ ḣѝ nm̕ Ἵ ў ng-npὡ ( nm ὡ )̆

̆‍ ч ḶἽ̆ ‍⁞ѝ ngб np̕ Ἵ ֗ Ӈ‎ (ў

Ԉ ‎ ) ὡ ̆ ḣѝ ng' ȁnp'Ȃ 

 

 

үȁἽ ᴁ 

Ἵ ᴇў б ᴇ Ѯ Ὧ ѝἽ ᴁ 

1̈ ᴇ Ἵ ᴁ 

    ѐ У ̆ ѝ ᴇ ὲ̆Ἵ ᴇ Уэ ᴇ  ̆

Ԉ Ἵ ᴇѐ ֗ Ьэҵ ԈбЬэ Ȃ ᴇ Ԇ  

( 1-3-17)Ȃ 

    2̈ ѐ ᴇ Ἵ ᴁ 

    ѐ ꜛ Ь ȁ ȁὩ Ьэ ̆ѐ ᴇ Ἵ ᴇ Уэ  

ᴇ̆ У Ἵ ᴇ̆Ἵ ᴇ (Ἵ ȁne )б ᴇѐ (Z ĺL3ȁL4ȁ

L6)У Ȃ ̆ (У Ἵ ) ᴇѐ Ἵ ᴇᴁ ᴇ(У Ἵ ) Ἵ



ᴁ ( 1-3-22)Ȃ 

    3̈ ᴂ ᴇ Ἵ ᴁ 

    ᴂ ꜛ ȁ ȁЬ Ьэ Ȃᴂ ᴇ Ἵ ᴇ ү Ἵ ᴇ  ̆

ѝУэЬ а ᴇȂ ᴇѐ Ἵ̆ ᴇ Ьэў б ᴇ Ьэ  

У ת̆ Уэў б Уэ У ̆ έᴇ ᴇ ̆  

ᴇѐ̆Ԇ ng б Z У ̆ ng=Z̆nm=Y̆np=X(

1-3-23(a))̕ ᴇ ᴂ̆ Уэү Y ̆ὲἽ ᴁ

ѝ̔ү Y бἽ ᴇ Ьў ѮУ ̆ὲᴍчэ бἽ ᴇѐ чў

Ӈ̆ ұүў бү Ӈ ̆ Ȃ 1-3-23(b)ѐ

Ȃ 

 

Ь ᴇ ᴂ̆Ө Уэ ѐ ̆бἽ ᴇ ѐ ̆Ἵ ᴇ б

ᴇ Ьэ Ӈ̆ Ӈ Ȃ 

    ҩ ҩ ᴇѐἽ ᴇ Ἵ ᴇ ᴇѐ ᴁ ̆ Ἵ  

₂ ̆ ȁ ḣ ȁ ᴁ ̆ע ḣ ȁ

ḶἽ ȁ ȁ ᴇ бἽ

ᴁ Ὧ̆҂ Ἵ ᴇ ᴁ ҫ Ȃ 

    

Ὡ    

   

Уȁ  

    ᴇ Ἵ ̆ Ἵ Ἵ  

ᴇѐ ╟ а Ȃ ү ḶἽ Ю ╟ ̆ Ԉ  

ᴇ ֶ ̆ע ұἽ ᴇѐ ╟ а ᴳ 

а ѝ Ȃ 

    У Ԉ ч ў ̆ ԏ‍⁞б Ἵȁ Ἵ Ȃ ‾  

ү п ̆ Z ‎ Э ( Z )̆  

̆з Z ╟ 360Ȃ̆ ὲ а ̆ע nȂѝ ̕ Z

‎ Э ( Z )̆ ѐ ╟ nȂ ╟ ‍⁞бү

ᾮ ѐ neȁnoчэ ╟ У ̆ ‡ ч ̆ nȂ

ѝ ̆neѝ Ȃ ᴇѐ ne ╟ no ╟ бү ᾮ

ѐ neȁnoчэ ╟ Ӈ ̆‡ Ѯ Ȃ 

    ү Ԉ Ьэў ̆ ԏ‍⁞бἽ ᴇЬэў ngȁnmȁnp  ̆



Ἵ ‎ ѐ ̆ чэ ‍⁞б ng np ̆ Ἵ ‎

Э У ̆ б nm Ȃ 

    ᴇ б Ὧ ҂̆б ὯȂ  

Ἵ Ἵ ‎ ᾃ̆ ̆ Ἵ ‎ ‡а ̕ὲӹ  

‎ Э ӮұЭ ү Ѯ Ȃ 

   

үȁ  

    ᴇѐ̆ Ἵ ╟ ѝ Ȃ У ѐ  ̆

nȂ ne ̆Ἵ nȂ ╟ ұ ne ̆

ὲ ѝ ne<nȂ̕ ү ѐ̆ ѝ ng nm̆ ̆ nm np ̆

ng>nm>np ̆ ѝ ̆ np>nm>ng ̆ ѝ Ȃ 

     

Ц   Ἵ  

  

   УȁἽ Ѭ  

    Ἵ Ἵ ╒Ȃ ̆Ἵ R Ȃ

Ἵ ὡ Ἵ (IȂ)б Ἵ (Iɔ) ḣ̆ R=Iɔ̉ IȂ

ў ᾱұ (n) (K)Ȃ 

    ұа  ̔   R=  (n-1)2+K2̉(n+1)2+K2 

   

ұ ̔  R=  (n-1)2 (̉n+1)2 

       

У ̆ ̆Ἵ ҂ ̆ Rḣ Ȃ 

    Э̆ Ἵ ̆ з Ȃ Э б Ὧ ̆

б Ἵ ȁ ᴇ ȁ ȁ ὯȂ ̆

У Ἵ Эѻ ₂ ̆ὲ ⁮ ̆ Э Ἵ Ȃ

Ѯ̆У  ῾а ȁ Ἵ ֶ̆ Ἵ ̆ᴳ ӝӝ Ἵ῏ ̆

  Ἵ Ȃ     

   

үȁἽ ‍  

    Ἵ Ԉ Ἵ ‍ѝ Ἵ ȁ Ἵ ȁ •Ἵ Ἵ Ȃ ұ 

̆ ‍ѝ Ἵ ̆ Ἵ Ἵ Ȃ ̆ ұ Ἵ  

⁮ ȁ ȁ ᴇ ̆ Ԉӊ УҾ Ἵ ̆

Ἵ ȁ Ἵ ȁр Ἵ Ȃ 

    (1) Ἵ  

    έ Ἵ ̆ὲ R>25˿ ̆ Ἵӑ̆У а Ȃ  

έ Ἵ ̆Ө ̆ ̆ Ἵ έ Ἵ Ȃ n>3Ȃ 

    (2) Ἵ  

    έ Ἵ ̆ὲ R=25˿ ͘19˿ ̆ Ἵӑ̆У а Ȃ

Ȃ ѐ ѝ ᴇ̆ ̆Ἵ ᴂұ



Ἵ Ȃ n=2.6͘ 3.0Ȃ 

    (3) •Ἵ  

    έ •Ἵ ̆ὲ R=19˿ ͘10˿ ̆ • Ἵӑ̆ ĺ ȂԈ

ѝԆ Ȃ n=1̈ 9͘2̈6Ȃ 

    (4) Ἵ  

    έ Ἵ ̆ὲ R=10˿ ͘4˿̆ Ἵӑ̆ ĺ Ȃ  

ȁ ȁ Ȃ n=1̈ 3͘1̈9Ȃ 

    Э Ἵ ‚‍ Э ӝ Ἵ У ̆ ԏ б ȁ 

Ѯ Уэ ̆ ҵѮ У ȂЭ ‟  ҂Ө 

ᵏ Ȃ 

    ѐ УҾ Ἵ Ю ΰ Ȃ 

    (1) Ἵ  

    УҾ έ̆ Ἵ •Ἵ а Э ᴇ  

⁮ У Ἵ Ȃ ѝ Ἵ ̆ ѝ Ἵ ̆ ᴇ ҂ѝ  

Ἵ Ȃ ̆ ҂ ѝ Ἵ Ȃ 

    (2) Ἵ  

    УҾ ѝ У ̆ Э Ԉ ⁮У ұנ Ἵ Ȃ 

̆ὲ Э ⁮ Ἵ ת̆  Уэ ̆ У  נ

Ἵ Ȃ 

    (3) Ἵ  

    УҾ У ᴇЭ̆ ұ а ӊ̆  

У Ἵ Ҿ Ἵ ̆ Ἵ Ȃ 

    (4) Ἵ  

УҾ ‍ Ἵ У Ἵ ̆

ע ╚ Ȃ 

    (5)р Ἵ  

    УҾ έ Ἵ •Ἵ ̆ ԏ ᴇ  

̆ УҾέ ὤ ⁮ У ẹ р р Ἵ ̆ Ȃ 

    (6) Ἵ      

    УҾ ̆ ⁮ У Ἵ

̆ Ȃ 

     

ЬȁἽ ѐ  

    Ἵ ѮУȂ ѐ̆Ἵ Ԉ ᵏУҾ ᶕ Ȃ  

ѓ ӝ ̆ ԈῲḆἽ ‍֛⁸ € а ‫  

Ȃ Ὤ ғ У ̆ὲѐў ȁ ȁ ̆  

ԈῲḆ ҽ •Ἵ ‫   Ȃ ₂ 

̆Ἵ ╠ ‎→ Ȃ Ԉ‾ ̆ ȁ  

ὲ έ Ἵ ̆ ‡ έ Ἵ ȂἽ  

ѐ Уэ Ȃ Ю а ᴁ̆ а Ἵ 

Ȃᴿ Ԉ ѝ ȁ ѝ ̆ ұ ̆    

Ἵ ȂЭЮч ‍Ἵ Ԉ Ȃ 

    Ἵ Ԉᴐѝ ᵑ ѮУ ת̆ Ἵ а ᵑ ̆ бὲӹ 



̆ ᴐ ῆ Ȃ ѝἽ Ѯ ̆ ֶ ⁮ Ἵ 

Ȃ •Ἵ ѐ У Ἵ ת̆ У ‎→ Ἵа  

бУ ‎→ Ἵ ︠‍ У ̆ ӑἽ Ю ̆ ῲἽ ̆ ᴳ  

ᾃ ӝ҂ ‍   Ȃ 

    ᴇ Ἵ έ ̆ Ἵ ӑ  

Ἵ Ȃ 

     

ὧ    

   

Уȁ Ѭ 

    ἵ Ἵ Ȃ Ԉ T

̆Ḯ ὡ Ἵ ѝ IȂ̆ Ἵ У Ӯ ̆ ῏ ⁮ Ĭ‡ T==ỈIȂ̆

ѝӮ ȂT ḣӮұ 0͘1Ѯ ̆T 1̆ Ȃ 

   

үȁ ѐ ‚‍ 

    ̆ Ԉ ⁮ ̆ ӝԈ ᾮ ̆  

ὤа ‡ Ȃ ̆ Ԉ У ѝῆȂ 

    ѐ̆ ‚‍ѝ̔ ȁҽ ȁ ȁ  

ȁа ҷэ ⁞Ȃ 

    (1)  

‍Ἵ ̆ ὲ ᴇ ̆ Ԉ ⁮  ̆

Ȃ 

    (2)ҽ  

    Ἵ ̆ ὲ ᴇ ̆ Ԉ ⁮ ᴇ ת̆  

ὲ Ȃ 

    (3)      

    ‍Ἵ ̆ ὲ ᴇ ̆Ө ⁮ ᴇ Ȃ У 

Ҿ Ȃ 

    (4)  

    Ө Ἵ ̆ ὲ ᴇ̆ Ȃ 

    (5)а  

    Эа Ἵ ̆Ἵ ὤ ̆ Ȃ 

     

Ьȁ  

    ᾱұ Ἵ Ȃ ̆ ᴂȂ  

‡б ᾃ ὯȂа έ а ӱ̆  а  

Ȃ ᾃ ̆ Ἵ ̆ Ԉ 

έ ̆ ̆ ᴂ ΰ̆ѱа Ȃ ᾃ  ̆

̆ Ἵ ╒ ̆ έ Ȃ έ ὴ  

̆ Ȃ 



    ̆ ȁ ȁ ȁ ȁ Ȃ 

  У а а Ȃ  

ᴂȂ ѝ ̆Ἵ ѐ ̆ Ἵ ̆҂ 

ὡ Ἵ Ἵ ̆ Ȃ ̆ Ԉ 1cm

ѝ ῆ ⁞Ȃ 

      У У ‟ ̆ ̆ ᴂ̆  

ᾱ Ȃ ᴇ ѐа ӊ а ̆ б У  

‡ᾱ ̆ б У ̆ ὡ Ἵ  

̆ ̆ ᴂȂ 

      ѐ УҾ ̆ ᴇꜛᴇȁ ꜛᴇ Ȃ 

ұꜛᴇ бўᴇ ὡ̆ Ἵ ꜛᴇбўᴇ  

ȁ ̆ᴳ Ἵ ᴂ̆ӱ ᴳ ᴂȂԈҖ ѝᴿ̆  

ᴇѐ ѓ ꜛᴇ ̆ Ҿ ꜛᴇ ὡ Ἵӊ ȁ  ̆

ᴳ ᴇ Җ Ȃ 

    ᴇ   ѝ ̆ ‡ѝ ᴇ  

ᴇȂ У ᴇ ұ ᴇ ̆ ᾿  

ᴇ ̆ ᴇ ‡ ѝ а Ȃ ѝ ὡ Ἵ 

ὡ ᴇ ̆Ἵ ᴇ ҩ ȁ ̆ᴳ ‍Ἵ  

ᴇ ᴂȂ ᴇ ὲ ȁ ȁ  

Ȃ а ⸗̆ ‟ Ҕ̆ а ̆‡ Ἵ  

ȁ ᴐ ̆ ᴂȂ ҂ ԏ ⁮ Ȃ 

   

Ҁ   Ἵ  

     

Ἵ Ю̆   Ἵ Ȃ Ἵ  

̆ ȁ╗ ȁ ȁ ȁx ᴳ Ҿ ἽȂ ѐ  

⁮ Ю Ἵ ἽȂ     

    Ἵ  Ἵ̆ Ἵ ṃ ̆ Ἵ  

ѝ ἽȂ 

    Ἵ  Ἵ̆ Ӱ Ἵ ѝ

ἽȂ 

    Ἵ б ѐ ἷ ( ұ 1˿) Ҿ ᴇ ( )  

‎ ὯȂ Ἵ ἷ ( ѝ ἷ ȁ Ҿ ἷ )  

ѝ ₉Ȃ 

    Ἵ ⁸ ╗Ԉ Ȃ ұ ‍ ᾿ ᴇ ֓  

̆ ұ Ἵ ̆ ̆ ̆  

ӱ ֓   ҂ ұ Ἵ ̆ а ἽȂת  

ᴇѐ ₉ ̆ ὲ б ᴇ ‍а ֓ ₉ ὡ ѐ̆  

ᴇ ֓ Ѯ ӊ ̆ Ȃ ѐ̆  

Ԉ Ἵ   ̆ᵳӊ Ἵ Ȃ 

    ѐ ₉ ֓ Уэ ╗ ̆ ᴇ

̆ ֓ ‍ ὡ Ю ̆ ѝ Ȃ֓

ѐ ᴐ Ҿ ( ὡ ᴂ ת̆( ԏ Ю ̆



ѝ ̆ а ( )Ȃб ̆ ὡ ѐ

╟( ) ᴳ ᴇ ע ӊ̆ б Ȃ ѐ а ̆

ԏ ֓ ̆ б ̆Ԉ ұ Ἵ   ̆ ӊ

ἽȂ 

    ѐ ₉ Уэ ╗ ̆ ᴇ

̆֓ ӝ ̆ ‍֓ ӝ ѐ̆ ̆ Ҿ

Ἵ ̆ Ԉӱ ѐ   ̆ᾋ ̆ ṃ ̆ ұ

УҾ ̆ᴁұ а ֓ ̆ бὲ ט̆

а У Ἵ̆ ӊ ἽȂ 

    б Ὧ Ἵ ў ѝἽ Ἵ ἽȂ ѐ̆  

Ἵ ᴐѝ ᵑ ѮУȂ 

     

︠   Ἵ  

     

₥ΰ ⁮ҩἽ ȁ ȁ ȁ ᴐ ̆ Ҿᴐ ѐ ҩУҾ Ἵ ̆

ὲѐў Ἵ ȁ Ἵ ȁ  ȁ  Ȃ 

     

Уȁ  

     

(У) Ѭ 

    Ἵ Ю Ԉ̆ ‎ Ҿ У ӑἽ ̆ Ἵ  

Ἵ ╟ ╟ ̆ ѝ Ȃ 

  

(ү) ӊ  

    ӊ ֒̔ŵ ᾃ έ У ȁ ‟ ȁ  

ꜛᴇ Ҿ ( ᴇ  )̕Ŷ бꜛᴇ  

ŷ̕ б Ἵ У ̆ ᴳӑ ұ  

Ȃ 

    ᾃУ ȁ ‟ 

ꜛᴇ Ἵ ᴐ Ȃ  

1-3-24 ̆S ѝꜛ ꜛᴇ NM̆ ľ  

Ŀ ‎ Ȃ Ἵ Ἵ ⁮ Э 

ԈЮΰ ᾳȂ 

    1) O ὡ Ἵ ̆ NM ὡ Ἵ  

а ὡ Ȃ 

    2) aȁbч ὡ Ἵ ‍ ̆ ‍Ἵ  

ὡ ̆ ἽӱἽ ὡἽ Ӯ Ḷ Ȃӱ aȁbч  

ὡ Ἵ ̆ NM OOĽ Ȃ 

    3)ӱ aȁbч ὡ Ἵ ꜛᴇ NM Э GaȁGbч ᾋ ‍ ̆ ‍Ἵ

  NM ̆ У ‍Ἵ ᾋ Ȃ 

    4) ̆ Ga ⁮ Gb ὡ Ἵ ὡ ╗ Ȃ  

̆ ұὡ ̆ὡ ȁ ұ У ᾃ̆ GbȁGa 



ч Ἵ ɔGb>ɔGă ч ἽὭ ұ S ᾃ̆ ᴳ ч Ἵ Ӈұ S ᾃ 

У Ȃ 

    5)Ԉ ̆ ὡ Уᵛ a'ȁb'ч Ἵ ӇұУ Ȃ  

̆ Ἵ Ӈұ ЭУ Ȃ ᾃ ‟ ꜛᴇ︠‍ѓ 

̆ ꜛᴇӊ Ἵ Ӈ ᵳ ҩ Ȃ 

   

(Ь) бľ Ŀ Ὧ  

    έ ̆ὲľ Ŀ  ӑ ḣ  

Ȃ ұ У ̆ὲ ḣ ̆ӱꜛᴇ Ἵ  

У ( 1-3-25)Ȃ 

    б Ἵ У ̆ ľ Ŀ  

ѝУ ӑ Ἵ Ȃ ᴂұ Ἵ ̆ ľ Ŀ‡  

ѝУ ̆Ἵ ӑ ᴂȂУ ̆ ̆ꜛᴇ Ἵ  

ᴂ̆ έ ̆ ὲ Ԉ ᴂ̆ ᴂ  

ὲ ̆ ᴳ Ȃ 

   

( ) ľ Ŀ ╟  

έ ̆ ╟ Ἵ ╟ ľ̆ Ŀ ╟̆зľ Ŀ

Ἵ ╟Ȃ ѝ Ἵ ӱ ᵛ ╟ ̆ ̆Ἵ ὡ

а ╗ ̆б ט Ἵ ҂ ̆ Ἵ ╟ Ȃ 

 

(ҷ) ╗ а  

    бꜛᴇ ѱ аУ ḥ ̆ꜛ ᴇ Ἵ  

Уᵛ ╟Ȃ Ԉ ľ̆ Ŀᴁ а ѐ( 1-3-26)Ȃ 

    1-3-25 бľ Ŀ Ὧ     1-3-26 ╗ Ŀ

Ŀа  

 

үȁ Ἵ  

   

(У) Ѭ 

    Ἵ Ю Ԉ̆ ‎ Ҿ  ч ч ԈЭӇ ӑ  

̆ ѝ Ἵ Ȃ ӑ ѝ ̆ ү ȁЬ Ὡ Ȃ ‍⁞ ὲ 

ѝ ( ︠ )ȁὩ ︠ү ἽȂ Ἵ ұᾃ ‟  

ч ȁЬ Ὡ ꜛᴇ Ȃ 

  

    (ү) Ἵӊ ֒  

    ӊ Ἵ ү ү ԈЭ ‟ ꜛᴇ ‟ ᾃ з̆  

б Ҿꜛᴇ Ȃ Ἵ б  



У ̕ ᾃ ꜛᴇ Ἵ ᴐ Ȃ а  ̆

Ἵ ѐꜛᴇ а ұ Уэ Э̆ Ҿꜛᴇ У ‍ ̆ Ἵ  

ΰ ꜛᴇбἽᴐ Ȃ ѝ• ̆Ь ̆ Ὡ ̆  

Z ᾃ Ь ꜛᴇ̆ ҵѮ Ԉ 60Ȃ ӇȂ 

    Ἵ ѐ ‍ ̆ ᾳ ֶ Ȃӱ 1-3-27 ̆ У

б ѐ У ̆҂ ̆ ѐ э ꜛᴇ Ԉ ȁ

ᴐ У ӑ Ἵ Ἵ̆ ל б ꜛᴇ ‟

̆ R1Ἵ r1 ꜛᴇӊ ̆ ̆R2 r2 ꜛᴇӊ ̆

R3 r3 ꜛᴇӊ Ȃ ѐ̆r1ȁr2ȁr3Ьэ ҵѮ

Ӈ 60Ȃ ̆ ᾃ r1ȁr2ȁr3Ьэ ‟ Ԉ ѝУэ

Ь Ьэ ̆ ԏ Ь ӑ Ԉ ѝ Ь ‍

Ȃ Ь ‍ ̆ Ь ӑ ӇұУ ̆ ‎ Ἵ ѐ̆

Ӈ ̆Ь ӑ Ӈ ̆‡ ѝ Ӈ   Ὡ ̆ Ἵ

╟̆Ӈ ᴐ ╟Ȃ 

    ӊ ︠ү Ἵ Э ч Ἵ ̆ п Ἵ ̆ ч  

Ὡ Ἵ ̆ч ἽԈ 30Ȃ Ӈ ̆ ︠ү ἽȂ ч Ἵ ̆‡Ἵ 

Ԉ Ӈ Ȃч Ἵ а ̆ ĺ ȁ ĺ ȁ 

ĺ ȁ ĺ Ȃ 

 

Ьȁ  

     

(У) Ѭ 

    Ἵ ȁ ᴐ ӊ з̆ Ἵ ע  

̆ע ѝ Ȃ     

     

(ү)  

    ұἽ ȁ ᴐ Ȃ ( 1-3-24)̆ Ἵ

Ἵ ὡ ̆ Уэ Ἵ ̆Ԉ ᶑ⁮ S1ȁS2чэ Ἵ

ὤ ̆ ὤ Ἵ

S1ȁS2үэ ( ) ̆S1ȁ

S2ᵳ У Ἵ ̆ӱ S1ȁS2  

Ἵ ╗Ȃ Ἵ ѝ Ἵ̆ч

э Ἵ э Э ѝ

ṝ ᷁ ᵳ ⁮╗ ̆

EE'Э ӑ ̔ чэ

Ἵ э Э ѝ



᷁ ᵳ ҵ ῏̆ EE'Э Ȃ Ἵ ѝ Ἵ̆

Ἵѐ Ἵ ᵑ ὲ̆ѐ ѝ Ἵ̆ Ἵ

ѝ ̆ᵑ ѝ ȁ ̆ ѝ ̆ЭЮчᵛ ‍ Ȃ 

    УэУ Ἵ ̆ ѐ ⁮ ‡ ү Ь 

ᾰͅ Ȃ 

     

(Ь)  

ὴ έ ̆ὲ ע ԈЮΰ Ȃ 

    1)УҾ а  ̆Ө ҖἽȂ 

    2)УҾ Ө Э ȁ ̆ Ө Ȃ 

    3) ‍ Э ӱ ⁮ ἽἽ ѐ ὤ Ȃ 

    4) ‟   У ѐа ‍ ̆ аᵑ  

ἽἽ ‟Ȃ б ̆ ѐ‍ ΰ  

ұ Ȃ 

    5)   У ѐ а︠‍ ⸗̆   Ἵ  

‟ Ȃ ᵑ   ȁ ȁ Ȃ ╟ ╟Ἵ  

̆ У ᵑἽ Ȃע ╟ ̆ ╟ ╗ ̆  

ᵑ ȁ  Ȃע

     

( ) б Ὧ  

ע     ‍ SiO2¥nH2Ŏ  

ѐү ע ѝ ұ ᴇ Ь ᴐ  

‡ ‟Ȃ ̆֗ Уэү ע  

6эὧ ᴇ 8э ᴇ Ȃὧ ᴇ  

Ӯұ 0̈414͘ 1᷁ Ѯ Ȃ ᴇ  

Ӯұ 0̈225͘ 0̈5᷁ Ѯ Ȃ  

ᵳ ҩ ὴ Ь Ἵ ̆ ̆ 

ү ע ᴇ ‍⁞ ұ ἷ 

Ἵ Ȃ 

    ᾱ ҩὲ ╒  

Ȃ ȁ ᴇ  

ᾱ ҩ ѐ ( 1-3-29)Ȃ 

    ӱ Ὠ (n1ὡ=2Ndsinᴆ)ѐ ̆ Ἵ ὡ ̆ᴆѝ 90Ȃ̆ sinᴆ=1̆ n1=1

̆‡ ὡ=2n2d̆ n2=1̈45̆ ѫ d=ὡ̉2̈9Ȃ Ἵὡ 700͘ 400nm

ᾃ̆ ѫ ӊ ֒ ӱ d=700°2̈9=241nm⁮ d=400°2̈9=138nmѮ

Ȃ ̔ŵ ᴇ 138͘ 241nmѮ ̆ ἵ Ἵѐ Ἵ ̆

Ц Ŷ̕ ᴇ 138͘ 204nmѮ ̆ ἵ ҷ Ἵ Ἵ ̆

ҷ ̕ŷ ᴇ 138͘ 176nmѮ ̆ ἵ Ь Ἵ Ἵ

̆ Ь ̕Ÿ ᴇ 138͘ 165nmѮ ̆ ἵ ȁ Ἵ ̆

ү Ȃ 

    ̆ ѐү ע ᴇ а ὤ У Ȃӊ ⸗  

ᴇӨ ұ ұ lmm ұ lcm שּ ᾃȂ Уэ У שּ ҩУэ  

Ь Ἵ ̆ Ἵ ἵ Ἵ ╒ ᴐ ᾱ ҩб Ἵ  

Ȃ ӱ э ҩ ѐ а ἽἽ  



‟ Ȃ э   б ╟ ᵑ ἽἽ 

ע У ̆ὲ ұ ҩ ̆ע ╟  ̆

ӝԏ̆ע ⁮ Ἵ ѐ ѐ Уэ ̆ б У  

g Ȃ 

 

ȁ  

ὡ ἽἽ ‍ ὡ Ἵ ѝ

Ȃ 

    а ӊ  

̆ Ἵ Ҿ  

֒ έ ȂԈ  

ѝᴿ( )̆  ע

ѝ BeAl2O4̆ ѝ Cr3+  

̆Cr3+ d  

ѝ 2̈17eV̆ Ӯұ (2̈25eV)  

(2̈04eV)Ѯ ̆ Ἵּש ᾃ̆ 

ѐ Ἵ Ἵ ΰ ұ  

Ȃ ‾ Ἵ ̆‡  

̕ ̆‡ ( 1-3-30)Ȃ ̆ ҂ έ

Ȃ 

   

   
     

У    

   

Уȁ Ѭ 

    Ἵ ̆ Ἵ Э ₁  

ӊ ̆ Ȃӊ Ь ̔Ἵ ȁ  

( )Ȃ Ἵ̆ а ̕ ̆ ̕  

̆ ȂἽб Ѯ а ‍→ ‎Ὧ ̆Ἵ ӊ

̆ Ἵ ( 1-4-1)Ȃ 

 

үȁ ἽἽ  

    1̈ ἽἽ  

    Ἵ У ̆ э ѐ̆ ӝ Ө ‍( 1-4- 

2)Ȃ Э 380ĺ760nmѮ Ԉ ӝ Ἵ ѝ ἽȂа



Ἵέ а ̆ ԏӱ У У ᵑ ѝ (700nm)ȁ (620nm)ȁ

(580nm)ȁ (5lOnm)ȁ (470nm)ȁ (420nm)̆ чэ Ѯ У ‟

Ȃ 

    б Э Ὧ а ὤ ̆ Ἵ ѐ ҩЬ 572nm( )ȁ 

503nm( ) 478nm( ) а Ἵ ̆ὲᴍ Ἵ ╗ ̆

Ḷ Ȃ Ἵ ╗ ֒Ю̆ 525nm Э έ ( 1-4-3)Ȃ 

    

2̈ӝ ἽἽ ‍ ╒ 

ӝ ἽἽ ‍ ╒Ȃ 540nm ἽἽ ч ̆ӝ έ

‍ ╒̆ Ҿ ᾃ̆ lnm̆ӝ ᵳ ‍   ̕ ᴁ

1ĺ2nm̆ ӝ ‍   Ȃע э ἽἽ ѐ̆ ‍   100

а Ȃ 

     

Ьȁ ‍  

      а Ἵ ҵᴐ ȂУ ᾳЮ̆  

ԏ ⁮ У ̆ ұ Ἵ а έ а  

Ȃ Ἵ ⁮ Э̆ ‍ ̆ ‍ ̆ ‍  

Ȃ Ԉ Ἵѝў̆ὸ Ἵ ̆ ў Ἵ ᾱ а̕  

Ԉ ѝў̆ὸ ̆ ‡Ԉ Ἵ ѝўȂᴿ ̔ ԏ ⁮ У  

ѝ ̆ ѝ ѐ а ҩἽ ѐ Ἵ  

Ἵ̆   ȁ Ἵ ‍ Ἵ( ᴍ )Ȃ ‍ѝ  

ȁ ч Ȃ 

      Ἵ ѐ Ἵ ὲ Ἵ̆ ҩ ̆  

Ȃ а Ἵ ̆ ҩ ̆  

ᴍἽѐ Ἵ ̆ ‍ ‟Ȃ 

      ȁ ԏѮ ‟̆ ѝ ‟Ȃ  

ѝ 100˿ ̆ ѝ 0Ȃ Ȃ ⁮ 80˿ ͘90˿ ԈЭ ̆

80˿ У 90˿ ԈЭ Ӯ̆ұү Ѯ Ȃ ‟ ȁ

ȁ ̆ ȁ Ȃ 

     

ү    

     



Уȁ  

    ѐ ᴇ ῆ̆ Ьэ ‍⁞ѝ̔ ȁ ȁ Ȃ 

    1̈ Hue 

    (҂ ѝ ) ў ̆ Ѯ ҵּש 

⁞ ̆ ȁ ȁ ȁ ȁ ȁ ȁ ὲӹ УҾ  

а ╗Ԉּש‍ѮȂ ‚‍ ̆ 6 ȁ8 

ȁ20 ȁ100 ת̆ ̆ὲ‚‍ Ө У ̆  

Ἵ ѐ ‟̆ Уэ ( 1-4- 

4)Ȃ ᾱұ Ἵ Ȃ 

    ̆ ѐΰѱа ̆  

а ҵ Ȃ  

ў ѝԈЮЬ ̔╗ ȁ῏ ȁѐ ȂԈЮӨ  

б Ὧ ╗ ῏ Ȃ 

    ╗   ἽЬ (RȁGȁB) а ᴿ ̆Ԉ Ȃ╗  

Ḇ╠ӝ ̆ У Ȃ╗ ᴐ  

ὲת̆ а ȂЬ У ᴿ ѝ ( 1-4-5)Ȃѝ ῆע 

̆ ֶ CIE(CIE CommissionInternationaldelĽEc lairage ᾗ ) 

ȁ ȁ Ь ‍⁞ѝ 700nmȁ546̈ 1nmȁ435̈ 8nmȂ Ἵ ѝ 1Ἵ

Ἵѝ ῆ ұ̆   Ἵ̆ 4 5̈907Ἵ Ἵ 0̈ 0601Ἵ Ἵ̆

Ἵ Ἵ ‡ѝ̔ ūv=1+4̈ 5907+0̈ 0601=5̈ 6508Ἵ Ȃ 

    ῏   Ь YȁMȁC а ᴿ ̆ ‍ ̆ὲ  

ȂЬ У ᴿ ‡ѝ ( 1-4-6)Ȃ ╗ ῏  

12 ( 1-4-7)Ȃ 

        

2̈ Value 

    (҂ ӑ Luminance Tone) Ἵ ȁ ̆ Ἵ ̆  

ұ ӑ Ȃ ӝ ̆У ̆ Ἵ ̆  

Ȃ 

    3̈ Chroma 

    (҂ Saturation)  

Ἵ Ȃ ұ У  

Ἵ̆ὲ ̆ ̆ ̕ Ѯ  ̆

̆ ᴂȂ Ἵ ӝ  

Ἵ ᴂ ̆ ᴂ ἽȂ Ἵѐ  

‍ ̆ὲ ᴂȂ Ԉ Ἵ ѐ Ἵѝ 

̆ᴐѝ 100̉ 100=1̆ ὡὲӹ Ἵ а 

̆ὲ ḣ ̆ ұ Ȃ Pe 



Ȃ ȁ ȁ Ь Ὧ 1-4-8Ȃ 

   

үȁ  

    ︠‍ ̆ ⁮ ȁ  ֒

Ȃ ᴇ ѝ Ȃ 

    CIE ȂУ ̆чэ

а ̔CIE( ֶ) ᵛ ұ Ἵ ̆ ‡

ᴇ Ȃ ў Ἵ Ἵ ȁ ȁ

Ȃ Ԇ CIE У ȁ ̆ CIE ῆ

Ȃ ᴇ У ( ᴇ )Ȃ Ԉ

Ь ĺĺ ȁ ȁ ̆ Ь ὤ   Ȃ 

    1̈ 1931 CIEĺXYZ  

    Ἵ У Ἵ̆ ѫּר ⁮ э Ἵ ₁ ḣȂ  

Ἵ ̆‡ ⁮₁ ḣ ̆ע э ע ѝἽ Ь₁ ḣȂCIEĺRGBἽ

Ь₁ ḣ 317ᴁ ̆ CIE ȁ ȁ Ь Ἵ̆ Ἵ ӱ 380nm 

⁮ 780nm ж רּ ⁮ Ȃּר Ἵ У ѝ Ἵ

ȁ ȁ Ь ̆ ѝ CIEĺRGBἽ Ь₁ ḣ̆ ѝ r(A)ȁg(ὡ)ȁ῾(A)Ȃ

רּ̆ ὡ Ἵ C(A) ѝ     

    C(ὡ)=r(ὡ)(R)+g(ὡ)(G)+b(ὡ)(B) 

רּ     ѐ ⁮ RȁGȁB ḣ ѝ Ь₁ ḣȂ XYZ ῆ

ѐ̆Ἵ ȁ ȁ ⁮ ֗ᴉ xȁrȁZ

Ьэ ̆ רּ Ь ̆ Ь₁ ḣȂ ұЬ₁ ḣ Xȁ

YȁZ Ь ḣ̆ ̔ 

                X               Y              Z 

          x =  ĺĺ         y=  ĺĺ       z=  ĺĺ 

              X+Y+Z          X+Y+Z         X+Y+Z 

    Э ѐ̔xȁyȁzѝ XYZ ⁸ ̆зЬэ ѐ Уэ а ̆

Ԉ x̆y ̆ CIE Ȃ 

    ֗ᴉУэ ( ᴇ Ἵ )̆ Ὧ Ьэ ╗(῏) 

бѮּר Ȃ ̔ ȁ ȁ Ь ӊ ὲӹ ᵳ̆ Ԉ Ь  

ִ Ь ȂЬ Ь₁ ḣ(XȁYȁZ) ̆ ὲѐ r ḣ ᴇ  

ӑ ȂCIE ῆ Ь₁ ḣ XȁYȁZ xȁyȁz У

э Ȃ ұ Ь₁ ḣ ὲľ Ŀ( )

ὲ ᾳȂ 

    ῆ ̆ ѝ CIE Ȃ 1-4-9ѐ Ḷ Ἵ ̆

ῤ Ḷ ᾃ (ꜛ ) Э Ȃ

ѝľ Ŀ̆ УэḮ Ἵ̆ ұ ѐ Ьэ CIE ῆἽ

AȁCȁD ‡‍⁞ᴁұ ( ᴇ б Ἵ Ὧ)Ȃ Э̔ŵ

ѝ 400ĺ700nm ἽἽ ̆ӱἽ 700ĺ540nm Ἵ ΰѱ

̆ Ἵ ̆ ӱ ѝ У ȁ Ἵ

ᾃ;Ŷ400ĺ700nm Ԇ ҩ Ἵ ̆ ԏ Ἵб Ἵ ⁮ У

‟ а б ̕ŷ Ьэ ѐ̆ (X) ѝ x=l y̆=z=0̆

(Y) y=l̆x=z=0̆ (Z) z=1̆ x=y=0̆ Ἵ Ѯ ̕Ÿy=0



ѝ ӑ ̕Źf Э Ἵ ̆ Ь XȁYȁZ ̆ὲ

ѝ xE=0̈333̆ yE=0̈333̆ zE=0̈3333̆ ֗ᴉ бἽ Ӈч

Ԇ ҵѝ ̕źC CIE ῆἽ C ̆CἽ ѝ 6774K̆ Ԇ

ἽȂ 

 

ḣ Э Ԉ ῆ ҩ Ȃ  

ḣѝ x=0̈16̆ y=0̈55̆ xȁy ұ ѐ ⁮ S̆ S ᴐ

ӇἽ ұ SĽ S̆Ľ ѝ 511̈ 3nm̆ ḣ ў ̆

Ԇ ӝ ̆ ѝ Ȃᾋ S бἽ

̆S ̆ ( ұ ) ᴂ̆ а Ȃ₁

ḣѐ Yḣ ҩ Ȃ 

    2̈ ῆ  

    ⁸ ‍ ̆ Э  

ᴐѝ‍ Ȃ УэЬ נ ᴇ  

Ь ̔ ȁ ȁ ( 1-4-10(a))̆ ὲ ᴇ ѐ Ԇ ‟

ѐ ̆ ̆ ḣ ѝ 10̆ ̆ ḣ

ѝ 10Ȃ ̆ ᴇ ₮ Э э Ԇ 10 ̆‍⁞

̔ (R)ȁ (Y)ȁ (G)ȁ (B)ȁ (YR)ȁ (GY)ȁ (BG)ȁ (PB)ȁ

(RP)Ȃ ‍ э ‍ 10э ̆ӱ 1͘10Ȃ ѐ Ԇ

̆ע ѐ ѝ ̆ѐ ѝ 0̆ ѐ ̆

ḣ Ȃ 

    ѝҩᵳұᴳ ̆ ῆ Ἵ ֶа ᶢ   ҩ ᾊȂ  

ᾊꜛ ч ̔У ѝ Ἵ ̆У ѝ Ἵ Ȃ Ἵ  

Ὥꜛ 1450 ̆ У ⁮ 37 ѐ Ȃ Ἵ ꜛ 1150

̆ 32 ѐ Ȃ 

    ᾊѐ̆ ᴇ ₮ ‟ὡ ᾊ У ὤ̆ ᾊὭ 

40 Ȃ 1-4-10(b) ᴇ 5Y 5PBч ₮ Ȃ ὲ̆ѐ 1͘

9 ̆ ᵛ (5Y) ̆ ḣѝ 9 ̆ ̆ У

5Y9̉14Ȃ ᾊѐ̆ ╕ ѝ HV̉C̆ὲѐ HԆ ̆V Ԇ ̆

CԆ Ȃᴿ ѝ 10Y8̉ 12̆ (Y)б (GY) ѐ

̆ ḣѝ 8̆ ḣѝ 12̆ ӱ Ҿ ̆ У ӑ  

   

 



 

3̈GemDialogue  

    GemDialogue ᴇ У Ȃ Ḇ╠  

б ̆ Ь б ֓ȂGemDialogue ᾊ 21

( ) 3 Ȃ Ԉ ᵏ 60000 Ȃ21

ұ 21 ̆ ҩ ў Ȃ Э 10э ⁞

̆‍⁞ѝ 100̆ 90̆ 80̆ ŀ̆10̆ Ԇ ⁮ ̆Ԉ Ȃ ̉

ȁа ̉ 3 ̆ Э҂ 10 а ̆ ұ

ұ ѐ ̉ а Ȃ 

 

Ь    

   

Уȁּ  

    ּ ў ұ ע ‍ ̆ ‚‍ѝ ȁӹ  

Ḯ Ȃ 

    1̈  

    ᴐѝ ע ‍ѐ ἷ ̆ Ҿ ἷ ѝ

̆ ȁ ȁ ȁ Ȃ 

    2̈ ӹ  

    ѐ ἷ Ȃӹ ︠‍ ᾿ ̆ ὲ  

ἷ ̆ ӊ ̆а ἷ Ԉӊ а Ȃ ̆ὲע ‍ў 

MgAl2O4̆ ᾿ ̆ Coἷ ̆ Feἷ ̆

Crἷ Ȃ У ἷ а ֓ ӊ а ̆ Fe2+

̆ Fe3+‡ Ȃ Уἷ У֓ а ѐ҂ а ̆

Cr3+ӊ • ѐӊ ̆ ѐӊ Ȃ 

    3̈ Ḯ  

    Ḯ б ע ‍ ᾃ Ὧ ̆ бἽ ᴐ ὯȂ ᾃ  

УҾ ‟ ꜛ ᴇȁ  ȁ Ȃ ԏ Ἵ ȁ Ἵ ᴐ 

ӊ Ḯ ȂḮ а Ḯת̆ ѝ ╒̆ У 

έᴇᾃ Ἵ У ҩ Ȃ 

   

үȁ Ԇ  



    ӝ̆ԏ аӨӨ ᾱұὲע ̆ ᾱұὲ 

ᾃ Ȃ Ԇ ҩּ ѐ ȁӹ ̆ӱ ᴇ 

ȁ‍ ҩ Ȃ 

     

(У) ᾃ ( ᴇ ) 

    ᴇ ұ ᴇ ѐ ἷ Ҿ ȁ ἷ Ȃ 

ᴇ У ᴐ ̆ ѝѐ ̆  

ѝ ᴁ ̆ ᴁᴇȂ ᴇ бὲӹ  ⁞שּ

ұ̆ ᴁᴇ ѝУэ ̆ ᴐ ӊ □ ╒̆ □  

Ѯѝ ᴇ Ȃ ᴇ ꜛ dĺd f-f Ȃἷ ѐ ȁҷ  

ἷ ‍⁞ 3d 4d ̆ ἷ ‍⁞ 4f 5f Ȃ ᴁᴇ

Ю̆ ἷ ҷэ d ἷ Цэ f ‍⁞‍ ΰ

а d f Ȃ ԏ Ἵ ̆ᴂ d f Ԉ‍⁞

d f ̆ ч ‍⁞ ѝ dĺd f-f Ȃ ұ ч

ᴁᴇ ᴁ ᴐ Ю ̆ ѝ ᴁ Ȃ 

    ἷ dĺd ע ᴿ ȁ ̆

1-4-11ѝЬ Ἵ Ȃ 

 

ѐ ѝ Cr3+ ӱ̆ Cr3+ 3d3   ѝ̔ ѝ 4F̆  

ѝ 4Pȁ2Gȁ2D Ȃὧ ᴇ ѐ̆ 4F‍ ѝЬэ ̆ 4A2ȁ4T2ȁ4T1 

Ἵ ̆ Ἵּש ᾃ  ̆ чэ ‍̆⁞ 4A2ŕ4T2ȁ 
4A2ŕ4T1 Ѯ Ȃd 4A2ŕ4T2ȁ4A2ŕ4T1 ѐ̆‍⁞  

2̈25 3̈02eV ̆ὲᴍ ᴍ ( 1-4-12)Ȃ 

Ἵ ( 1-4-13)̆ Ἵּש ᾃ̆  чэ ̆

‍⁞ 4A2ŕ4T2ȁ4A2ŕ4T1 Ѯ Ȃd 4A2ŕ4T2ȁ4A2ŕ4T1

ѐ̆‍⁞ 2̈04 2̈92eV ̆ὲᴍ ᴍ Ȃ 

 



ע (BeAl2O4)Ӯұ  

Ѯ ̆ ὧ ᴇ  

BeУ ̆ Cr3+ б ᴁᴇ  

ᴂұ ұ ̆ Ѯ  

ע ҂Ӯұ Ѯ Ȃ  

ѐ Cr3+ 4A2ŕ4T2 ѝ 2̈16eV̆  

Ӯұ (2̈25eV) (2̈04eV)Ѯ ̆  

4A2ŕ4T1 (2̈98eV)б  

а Ȃ Ἵּש ᾃ̆ ѐ Ἵ 

Ἵ ΰ ұ ̆ұ  

Ἵ ֒( ) ᾱ ҩ Ȃᴿ ̆ Ἵ ѐ ‍Ḷ ̆  

ѐ ‍ ╗̆ Ȃ Ѯ̆ Ἵ ѐ Ḷᴂ̆ ѐ 

‍ ╗̆ ( 1-4-14)Ȃ 

   

(ү) (‍ ) 

    ‍ ѐ э   ѝ‍ Ȃ ‍ ̆ ѝУэ‍ ѐ  

э‍ ЭȂ Ҿ а э Э̆ ұ э‍ 

ѮѐȂ ‍ ̆ Ԉӱ Уэ Э ⁮ Уэ Э ̆  

ѝ Ȃ 

    Ҿ‍ ᴇ̆ ᴇ̆ ӱ ᴇ ᴇ  

̆ ֶӊ ̆ Ἵ ѝ Ἵ Ȃט ̆ Ἵ ѐӊ 

̆   Ἵ ᾃ̆‡ӊ Ȃ  

̆ Ԉ ֓ Ѯ ̆҂ ֓ Ѯ Ȃ 

    1̈ ĺ  

    ĺ ‍ѝ ֓ Ѯ ֓ Ѯ

Ȃ 

    (1) ֓ Ѯ  

    ֓ Ѯ а ֓ У ἷ чэ Ѯ ҵᴐ 

̆ чэа ֓ ‍ а ѐ̆зч Ѯ ̆  

̆ ӊ Ἵ ̆ӱ ᴳ Ȃ ӊ ᾳ  

ὴ ᴿȂ ѐ̆Fe3+ Fe2+‍⁞ ұ ᴇ ὧ ᴇᴁ ѐ̆чэ ᴁᴇԈὭ  

̆ Ἵ ⁮ ̆ὲ Fe2+ Уэ 

d У Ἵ ⁮ Fe3+Э̆  

ᴁұ 17000cm-~( ұ Ἵ)̆ᴳ  

Ȃ ȁ ҂ 

ұ Fe2+ĺFe3+ Ȃ 

    (2) ֓ Ѯ  

    ֓ Ѯ ὴ  R

( 1-4-15)̆ ѐ Fe2+б Ti4+ 

‍⁞ᴁұ Ԉ ὧ ᴇѐ̆FeȁTi 

ѝ 0̈265nm̆ ү d  

̆ ӱ Fe2+ѐ ⁮ Ti4+ѐ ̆Fe2+ ѝ Fe3+̆ Ti4+ ѝ Ti3+̆ Fe2++Ti4+ŕ 

Fe3++Ti3+Ȃ У ט̆ Ἵ ѝ 2 1̈leV̆ ѐ ᴁұ 588nm̆  

ὲ c ̆ Ȃ чэὧ ᴇ c ЭԈ  



̆ ᴁ ̆ᴳ Ἵ Э Ȃ 

֓ Ѯ ̆҂ ȁ Ȃ     

    2̈ ὲӹ  

    ҩЭ ч ̆ б Ѯ б  

Ѯ Ȃ 

    ѐ б Ѯ ѝ O2-ŕFe3+ȂO2-ŕFe3+Ѯ

ἽἽ ѐ ȁ Ἵ ̆ Ȃ ȁ

O2-ŕFe3+Ѯ Ȃ 

     

(Ь) ( ) 

    У ╒ ̆ ‍ У Ȃ  

ҩ ὲ •Ἵ ӊ Ȃ ѝ̔ ᴇѐ  

ұ э Э̆ ѝ э ᴇ Ὥ ̆ ᴇᾃ Ь □ ѐ ╟Ȃ 

╟ έУ ЭЮ ḣ̆ Ҿ ╟ ἵ שּ Ѯѝ Ȃ б 

ᴇ ‍ ⁞שּ ̔ ᴇ ‍ ў ұ  

Э ̆ ̆ Ѯ ̕ ‡бѮ ̆ ѝ  

а ̆ Ѯ Ȃ ‍ѝ̔ŵ ( )̆ Ἱ  

У ȂŶ ( )̆֓ Э ( ѝ )б  

Ю Ѯ ̆ а а ̕ŷ֓ ( )̆ Ἱ

ᴂ ̆ Ἵ ̆ ᴳ ӱ֓

̆ ᾱұ ̆ ֓ б ̆

̆У ǶEg Ȃа ұ а а Ȃб ᴇ

У ̆ ӱ ֓ ѐ̆ὲ ӰԈἽ   Ȃᴿ ĬIa

(ǶEg =5̈ 4eV) ұ Ἵ ̆ ӱ֓

ѝ 5̈4eV̆ ў Ἵּ̆ש Ἵ ֗ᴉ ̆ Э̆ňa

ѝ ( 1-4-16)̕ ұ Ib ѐ ̆ (1s22s22p3)

(1s22s22p2) Уэ̆ ‡ ѐ Уэ ( ў )̆  

ҩ ̆ ӱ ѝ 2̈2eV(564nm)̆  

( 1-4-17)Ȃ 

 

 

( )  

    ᴇ ѐ ᾃ̆ ‟Ḷ ὲ ( Ь ᴐ 

) ̆ ѝ Ȃὲӊ б ᴇᾃ ╟ȁ  

╒ᴐ ȁ ȁ ȁ ȁ ὡ ὯȂ 

    ᴿ ̆ Э ѐ   • ᴇ̆ ў ( ‾ד  



) ⁮ ̆ ֒ ᴇб ҵ  ̆

‡ ᵩᴁ • ᴇ ̆ ̆G У ‍ • 

̆ӱ ȁ • Ȃ 

ᴐѝ У ᴿ̆ ѐ Ἵ ӊ  

Ȃ ὴ Ȃ ︠‍ ת̆ ѝ (F )ȁ  

(V ) Ȃ 

    1̈ (F ) 

    (F ) ᴇ ѐ ᴁ Ȃ э ᴇ ̆  

ᴁ ̆ ᴁ ѝУэ ̆ Ȃ Уэ ᴁ Уэ  ̆

ὲ ұ ᴁ̆ ̆ ҩ Ȃ ̆

Уэ ᴁ Уэ ᴁ ȂR ̆ ᴇ

ѐ ᴁ̆ Уэ ᴁ( )̆ ᴁ ̆

Уэ Ȃѝҩ ᴇ ѐ ̆ ᴁ Уэ ̆

ӊ ҩ Ȃ 

    2̈ (V ) 

(V ) ᴇ ѐ ᴁ Ȃӱ ᴐ ̆ Уэ ̆

ұ ╗ҩУэ ‡̆ Уэ ѝľ Ŀ ᶑ Ȃ ̆

Уэ ᴁ Уэľ Ŀ Ȃᴿ ̆ ѐԈ Ԇ

Si4+ A13+ ̆ ᴁѐ а ᴁ ( )̆ѝҩ ѐ ̆

Al3+ У֓ Ȃ ⁮ ̆б O2-

Уэ ᴍ ̆ ЮУэ ̆ (V )Ȃ‾ (╗ ȁ

)ȁѐ ̆ ȁѐ Y б ѐ ȁ

ҵᴐ ̆ ѐ ĺ Ȃ ȁ ̆

ᵏ ȁ ᴁ ᴁ ̆ӱ ׀ Ȃ 

 

ҷ   ╒  
 

У      

     

ὡȁ₂‚ ᴐ ╒ ѝ Ȃ бὲ  

ᴇ ȁע ȁע ὯȂ 

    ‍ѝ Ȃ ԍ ῆ ֒Ю Ȃ 

( ) б ῆ   ₂‚ ̆  

ѐ ѬȂ (HM) Ȃ  

FriedrichMohs 1822 10 ῆ ⁞̆Ὥ‍ѝ︠

э ⁞̆ 1-5-1Ȃ ѐ̆ • (HM=10)̆ (HM=1)Ȃ Уэ

₂‚ (HM=6)̆ ת (HM=7) ₂╟̆ э Ӯ

ұ 6 7Ѯ ̆ נ ѝ 6̈5̆ ѝ 61̉ 2Ȃ 

    ᴳ ̆ӝԏ ԈЮ УҾ ╗Ԉ ἹȂ 

̔2̈5 

̔3 

̔5͘5̈5 



  ̔5̈5͘6 

̔6̈5͘7 

    1935 CharlsWoodelԈ ῆע ѝ ̆  ᶢ ̆• Ӱ 

ѝ 9̆ • ѝ 42̈ 5̆ ѝ Mohs-Woodel Ȃ ᶢ ѝ ת̆

ᴐѐӰ ҩ ‫ Ȃ 

    ч ѝ Knoop (HK) Winkler (HW҂ ӝ  

)̆Ԉ ᴇ Ἵ ӊ Ѩ ᴁ ╒ ὲ Ȃ ԏ

ḣ ᴇ ( 1-5-1)Ȃ 

    

 

̆ὲ а ̆ ᴐѝ ᵑ Ȃת   

̆ Ҿ ᴇ έУ ̆ а Эὲ а  

̆ע ᴇ ѐ ‡ ‟ Ȃ •  ̆

ὲ ᴇ 1100) ̆ ︠ү ᴇ(110}  

ᴂȂ • ̆ Ȃ ̆ •  

Ἵ Ԉ Ȃ Э ѝ 4̈5͘5̆

Эѝ 6̈5͘7Ȃת ̆ ᴐѝ ̆ὲ э

ת̆ ӱ ᴇ ̆ ὧ ᴇ

̆ ᴇ ҂ Ȃ 

    ̆ ̆ὲ︠э ῆ Ѯ а Ȃ  R

    ̆ ѝ 10 ѝ 9 • Ѯ  

    ̆ Э ұ• б ѝ 1  

    Ѯ ( 1-5-1)Ȃ 

    ᴐѐ̆ѝҩᵳұ ̆ Ԉ 

    10э ῆ Э⁸  

    Ȃ Ἴ  

    ̆Ԉᵳ Ө Ю У₂ 

    Ȃѝҩᴳ ₂ ̆ ₂ 

    ̆   ₂  

    Ȃ₂‚ У ̆У Ө  

    ұ ̆ а ᴁ 



Ȃ ̆ ╗ ѐ Ἵ ҂έ У Ѭ̆ᴿ ȁ

ȁ а ᴇ̆G ұὲѐ

̆ ‡ֶ а   ᴂа ̆ ᴳ •  ̆

ὁȂ 

    ѐ ў ‍ ̆ὲ ѝ 7Ȃ ұ 7 Ἵ ̆ ұ ⁮

ѐ   ̆ ֶ ľ Ŀ ὲ Ἵ ̆ УҾ Ѩ

ѮУȂ 

     

ү      

     

  б̆ נ Ȃ   ѝ ̆ Ѯ  ̆

  έ ̆ Ԉ҂ ѝ   Ȃ 

    б Ὧ аέ Ὧ Ὧ ̆ б ᴇ ὯȂ • 

  ᴇ а ѝ ( ) ᴇ • Ȃ Ӈ έ  

  Ȃ 

    ӱ ⁮ᴂ ѝ̔ • ȁ ȁ ȁ• ȁ • ȁ ȁ  

ȁ ȁ ȁ ȁ Ἵ ȁ ȁ Ȃ 

ת̆     ҂ ̆╗Эὲ ̆ а Ȃ  

҂ (HM =6̈5͘7̈5)̆תὲ ҂ ̆ б ꜛ ᴳὲ₂

̆ ѝľ ĿȂ 

 

Ь   ȁ ȁ  

    

   ȁ ╒ᴐ Ю ת̆ ԏ бѮ Ὧ

а ȂЬ ╗ ѮУȂ 

   

Уȁ  

    ᴇ ╒ᴐ Ю̆ У Ἵ Ȃ Ҿ  

ѝ Ȃ 

    ұ ᴇέ ̆ а ᴁЭ ╒ ̆ ע ╒ 

ӊ Ȃέᴇѝ̔ŵ У ұ ̆ ̆  

҂ ̆ ╒ ̆ ӊ ̆ᴿ • {111) ὤ  

̕Ŷ ѝ ̆ὲ ӊ ̆ ╒ᴳὲ  

╒῏ ̆ {111) F-1 чэ ̆ {111) ӊ  

ὤ ŷ ע ╒ ̆ ѝ ̆ ᾃ CĺC ѝ 0 1̈42nm 

έὭ֓ ̆ ѝ 0 3̈35nm έ‍ ̆ ᾃ ╒ ұ ╒̆ {0001} 

ӊ ὤ Ȃ 

    ‍ѝ ὤ ȁ ὤ 

ȁѐ а ὤ ( 1-5-2ȁ 1-5-2)Ȃ 

     

 



 

 

аת Ԉᴐѝ ᵑ ̆ ╗ ҂έ  

ѬȂ ᾰͅ Э Ἵ Ȃ ̆

╗ ὁ₂ б ̆ ‡ֶ  а Ἵ Ȃ • ὧ

ᴇ ╠ұ שׁ ≤ • ̕ᾮ ᴇ ҂ שׁ ≤

Ȃ έ ̆а ╒ ᴐ ̆ а Ȃ

ӱұ ̆ б Ȃ ̆

а ֗ᴉ ת̆ {111} ὤ ̆ У

╒ ᴐ ̆ ֶ {1111} ӊ Ȃ 

   

үȁ  

    ( )҂ ᴇ ╒ У  

Ȃ( 1-5-3)ὲб ⁞שּ ұ  

̆ ὲ ᾃ ꜛᴇ  ̆  

Ἵ а Ȃᴿ • έ ᴇ  

̆ ᴇ ̆ὲ У ұб  

Ȃ    

    а ᴇ ̆ ᴇѐ ꜛᴇ 

̆ ̆ Ԉа ӱ Ȃ 

   

Ьȁ  

    ╒ᴐ ӊ а ‡ ѝ Ȃ( 1-5-4)֗ᴉ ᴇ 



ᴇ Ԉӊ ת̆ ӊ ̆ ұὲ έ У  

̆ Ԉᴐѝ ╠ 

Ȃ ԈЮΰ Ȃ 

    ̔ Ἵ  ̆

Э   а ‡ ̆ נ  

̆ ȁ ȁ ѝ  

( 1-5-4(a))Ȃ 

    а ̔  ת̆

а ̆   ұУҾ  

ѐ̆ ȁ  

( 1-5-4(b))Ȃ 

    ̔ѝנ έ  

̆   ѐ̆  

( 1-5-4(c))Ȃ 

 

     

     

ѐ̆ ᴁᴇ ̆ ɟ Ȃ Ԉ m

бὲᴇ v ḣ ̆ Ѭ ѝ  ̔

ɟ=m̉v 

ᴁѝ g̉cm3Ȃ ѮЎ б ᴇע ᴇ

‎ Ὧ̆ ȁ ( ) Ȃ ᴇ бὲ

ע ὯȂ б • ѝ ἷ үת̆ а ̆ ᴇ

̆ ҂ ̔ ѝ 2 0̈9͘ 2 2̈3g̉ cm3̆ • ѝ 3 4̈7͘ 3 5̈6g

̉cm3Ȃ ╠ұ ת̆ ѐ̆ ₂ ȁа ‡ ᴇ

֒ ᴇ Ԉ Ȃ 

    ұ б ︠‍ ̆ ѐ а ̆ ὲ  

Ȃ б ᴇ 4Ņ ḣ̆ Ȃ ұ  

̆ ὲḣб ḣ︠‍ ̆ү Ө 0̈0001̆ ὤ Ԉ ḣᴐѝ

ḣ̆נ ѐ ⁮ҩ Ȃ ̆

ѐ ̆ὲ Ὠ ѝ̔ 

 

ѐ  

(d)= ĺĺĺĺĺĺĺĺĺĺĺĺĺĺĺĺĺĺĺĺ 

                        ѐ - 4ȂC ѐ  

 

ѮЎ ‍ Эέ ѬȂ  ̆  

У ̆ ұע ‍ ȁע Ԇ ꜛᴇȁ ֶ  

Ȃ 

 

Ὡ   ȁ  
   



Уȁ  

    ѐ ̆ ᴇѐ שּ ᴂ שּ ╟  ̆

ӊ У Ȃ ע ᴳ Ҿ ᴇӊ Ȃ  

ᴇέ ̆ ᾶ ̆ ᴇч ӊ ȁ  

̆ έ Ȃ ұ ⁮ ᴐ ̆ ᴇӊ ȁ 

ѐ   ̆ Ȃ 

   

үȁ  

    а а╟ ̆ ╟ ̆ У  

Ȃὲ ᴐ Ԉ а Ȃ ұ ӊ У‎  

ѝ ȂУ ӊ ̆ ‍ ȁ ȁ

‍ Ȃ Ҿ ע ̆ ȁ ̆ ⁮ ̆ ӊ

ȁ ̆ ȁ Ȃ 

   

Ьȁ  

    Ҿ ⁮ ╒ ̆ч ֶӊ ̆ б ╒ ̆  

ѝ Ȃ ╒ᴐ Юӊ ֶ̆ ̆ зὲ  

б ╒ ̆ ѝ Ȃ Ѯ̆ Ҿ Э ╗ ̆ ֶӊ  

̆ зὲ б ̆ ѝ Ȃ ╗ Ӈ ̆  

Ӈ ᴐל ╟Ȃ ╗ ̆ ╟ Ȃ  

ѝ Ȃ У б Ѯ Ȃ 

    ᾿ ⁮ ╒ᴐ ֶӊ ̕ ̆ ⁮ ᴐ ̆ ֶӊ 

╟Ȃ ╒а ̆ӊ ҂аУ ̕ Ѯ̆ а ̆ ╟ ҂ 

а Ȃ έ ̆ ұ  

ЭȂ 

   

ȁ  

    ᴇ ּ Ȃ ‍ ȁ ȁ ҵ  ̆

ᴳ У ּ ⁮ ᴂУ Ȃ ҂ ӑ

ᴇ ѝ ᴇȂ 

    а ּ ̆ Ԉ ᴐѝ ѮУȂ Ԉ 

(ὡ) ̆ ᴁѝ W̉(m¥K)Ȃ ԍ Ȃ У 

Ԉ Ȃ Ԉ ѝ  

Ȃ ὲӹ   ︠᷁ ︢᷁̆ 1-6-1 ̆Ԉ ѝ

1 ̆ 56̈ 9͘170̈ 8̆ 44̆ 31̆

• 2̈96̆ ὲӹ ұ 1Ȃ ̆ᴳ

ԍ ⁞ Ȃ 

ҷȁ  

    ּ ╒ ѝ Ȃ ᵳ ⁮ Ȃа  



̆ὲ а Ȃб ̆ Ȃ  

ѐ ȁ ᴇȂ а ᴇ̆תňb

ѐ̆ Ԇ ̆ᴳ ᴁ ̆ᵳӊ ҩ ̆ӱ

έ ̆ ᴇȂת ᴐ ̆ὲа

̆ Ԉ ⁞ ⁞ Ȃ 

   

  
ȁ ὡ ὲת̆ ѐ Ӱ  

Ȃ ̆ ȁ ⁞ ȁ ( ὲ Ἱ 

)ȁ ӝ έ ₥  

 

ү   ԍ  

 

У   ԍ  

 

У    

     

Уȁ  

    У έ έ̆ᾃᵛ   ľ#Ŀ Ԉ

. а ‍ѝ ȁѐȁ ̆ѐ ұ ̆

‡ ұ Ȃ ‍ѝ а ч ( 2-1-1)Ȃ ұ

̆ ̆ ж ( 2-1-2)Ȃᴳ ⁸

̆ ╒ ̆ аᴃ̆ ֶᴳ ľ Ŀ Ȃ Ю ᴐ ̆

ұ ᴐ ( )Э̆ᴳ ῏ ╪Ȃ 



 

 

У ̆ Э̆

ȁ ‍Ἵ ̆ᴳ ᵳ ( 2-1-3)Ȃ 

 

 

 

 

 

үȁ  

ұ ̆‾ Ἵ Ὧ Ȃ    

ᾳЮ̆ӷ ᾃ ᵏ Ѭ 

ᶕ Ȃ ȁ ᵳ έ̆  

ᴳ ҂ ᴐ ( 2-1-4)Ȃ 

а ⁮ ╪ ѝ  

Ȃ ѝ 25cmȂ ᷁ б

Ὧ̆ ̔ 

   ᷁ = ẹ ( )̉  

᷁ ľXĿ ̆ 10᷁(10X)Ȃ 

 

(У)  

̔ 

1) ῾   э ῾ ̆֓ ᵳ ̆ ᷁ ұ 3᷁( 3X)Ȃ 

2)   чэ ῾ Ȃ 

3)Ь   У ṁ ῾ чэ ⁸  ῾

Ȃ 

ὲѐЬ ѝ ̆аӨ ̆ з ҩ ẹ ( ẹ )

( ẹ )Ȃ ѝ 10X Ȃ25Xȁ30Xȁ50X ὲ ᷁ ̆

̆ ұ ᴐȂ 

᷁ ῾ ὲ̆ ẹ ҂ Ȃ ұ 3᷁ ẹ Ȃ 

″ Ь ̆ Ȃ″⁞ ῆ Ю̔ 

1) ѐ ̆ аЎ‡ а Ȃ 

2) ѐ ȁľ ᾿Ŀ̆ ‡ а Ȃ 



3) ѐ ұ ᶑ ῆ Ȃ 

     

(ү)  

    ў ұ ᾃ ̆з ȁ ѓ ̆

ᶕ Ȃ 

1̈  

 ꜛ ╗ б″⁞Ȃ 

  Ԉ Ἵ ȁ₂ ȁ

ȁ ȁ ȁ Ȃ ᾞ ȁӐ Ἵ а ̆ ὲ

ѝ ̔₂ ̆ ὲ ̕ έ ̆έ

ὲ ̕ έ ὲ ѝ έ̕ ̆

ὲ ѝ ᴇ Ȃ 

╗   ‎ Ἵ Ȃꜛ ‍

ᶢ Ȃ 

2̈ᾃ  

ꜛ ȁ ȁ ₂ ꜛᴇ Ȃ ̆‡ ̕

₂ ̆ ѝ Ȃ ꜛᴇ ὲ Ԉ ὲ (

)̆ ᵏӊ ᶕ Ȃ 

3̈ ֓ 

ў ұ ᾿ ‍ ȁ‎ ‍ Ȃ 

     

(Ь) ᴳ  

ᴳ ҃ Э Ȃ ̆ У

̆ У ᴃ ұ 2̈5cm ἽЮȂ

бἽ ̆ ἽЮ ̕Ἵ ᵛ ὡ ̆ ‾ұ

ᾃ Ȃᴳ ̆ ̆Ԉ ὁ ╪Ȃ 

   

( ) ᶑί 

а ̆ ȁ Ԉ‚׀ Ȃ

̆ ԏ ᴳ ̆ ὁ ᴇб ̆ ᴇ ̆

Ȃ ᴇ ̆Ԉ ╟ҵ Ȃᴳ

̆ ᴇ ᾃ̆ ӝꜛ ѐ̆  Ȃ׀

 

ү     

     

ᴐѐ ԍ ѮЎ Ԉ ╠ ⁞ б ȁִע

Ὧ Ȃ 

 

Уȁ  

ԈЮΰэў ‍ ( 2-1-5)  ̔

      1)Ἵ ( )  ꜛ ȁ Ȃ 

2)   ꜛ Ἵ ȁ Ἵ ȁ Ὧ Ἵ Ȃ 

3)   ꜛ ȁ ȁ Ἵ ȁ Ȃ 



᷁ ұ ᷁ ѻԈ ᷁ ̆ ѝ lox̆ ѝ 5X̆

‡ ᷁ ѝ 50᷁Ȃ Ԉ Ȃ ᷁ loxȁ20x̕  

᷁ 1xȁ1.5xȁ2x 3xȂ 

 

 

 

 

 

 

үȁ б  

̆ ȁ ȁ  

ȁ ᴇ ȁ ᴇ Ȃ ₥ 

ᴇ ( 2-1-6)  ̆

҂ ᴇ Ȃ 

    Ҿ ᴐ ̆  

̆аֶ а Ȃ Ю  

ẹ Ь ᴇ ẹ̆ ̆ ѝ 10ĺ60᷁Ȃ 

    Э╗Э ѝ Ȃ 

    Ἵ Ἵ Ἵ ч ̆ ‍  

Ἵ Ȃ ԈЮΰ а

̔ 

    1)   Ἵ Ἵа ̆ ᾋ

( 2-1-7)Ȃ Ἵ а ὡ Ȃ ᾃ ꜛᴇ Ἵ

̆‡ ╠ұἽ ὡ ̆ ᾃ  

Э ︠‍ Ȃ У ѝ ̆ з ‾ұ Ȃ 

    2)ӑ   Ἵ ̆ Ἵ Ἵ ̆

ὡ ( 2-1-8)Ȃ ‾ұ ȁ ᴂ ꜛᴇ Ȃ 

    3)   Ὧ Ἵ ̆ Ἵ ̆ᴳἽ ӝ ̆

ұ ( 2-1-9)Ȃ ̆У

э ȁУэ ᵏ Ȃ     

     

 



ҩЭ Ь ̆ ȁ Ἵ ȁ ȁ

ȁḶἽ Ȃ 

      ӱ ̆ Ἵ ѮЭ ὲӹ ̆ᴳἽ

ѝ ̆ ╠ұ ̆ ⁞ ұ ᴧȂ 

    Ἵ   Ἵ ᴳ Ἵ ӱ ̆G

ұ Ȃ 

      Ἵӱ ⁮ ( 2-1-10)̆ ꜛᴇȁ ӊ

Ȃ 

      Ἵӱᵛ ̆ӱ Э ( 2-1-11)̆ ᴳ

ꜛᴇ ӑ ẹ ︠‍ Ȃ 

    ḶἽ   ч ḶἽ Ѯ ( 2-1-12)̆ ⁮ Ἵ ȁ

ȁ Ȃ 

 

 

 

  ӱ ̆ ѐ ὡУэа Ἵ ̆ ╗ꜛᴇ

Ь ̆ з ╠ұ Ȃ ȁ Ȃ 

̆ὲ ұ ᾃ ȂаӨ ‾ 

ұ ѐ ╟̆ з Ԉ Ἵ ╟ ᵏ Ȃ 

ұ ѐ Ἵ Ἵ῏ ӱ̆ ‾ұ ᾃ ꜛᴇȁ ȁ 

Ȃ ̆ Ἵ Ԉ ╟ 180£ȂаӨ

ᵏҩӑ ȁ ȁ ̆ з ᵏҩ ̆

Ȃ 

 

Ь̆ ᴳ  

1̈  

ӝ ╒аУ ̆ ᴳ ₥ ̆ᴳ ῆ

̆῏ ╪Ȃ ᴇ Ἱ‍ ⁮ҩ У ̆ ᵛ( ᵛ)

Ԉ ̆έᴇ Ю̔ 

    1) У Э У ̆ ұ ѐ Ȃ 

    2) ⁮ ᴂ ̆ Ȃ 

    3) ч ̆ ⁮   Уэ Ȃ 

    4) ╟ Ȃ 

    5) ᷁ ̆ Э ( )Ө ( ) ᾋ Ȃ 

    6) ̆ Э ( ) ╟ ᵛ ̆Ө ( )ᾋ ῆ 

Ȃ ѐа Ȃ 



2̈ ᴳ  

̆ ̆ ̔ 

    1) ̆ ᴐᾃ Ȃ 

    2) Ἴ ᴂ᷁ ֒Юӱ э ᴁ ᾃ Ȃ ᷁ ֒Ю̆

Ԉ ת̆ Ȃ ᴐ ̆ ̆ӑ а Ȃ 

    3) ᾃ ѐ ̆а ╗ ᷁ ̆ӷ Ȃ

‍שּ Ҿ ̆ Ҿ ᾃ ꜛᴇȂ 

    4)ѝҩ῏ ̆ ╠ Ȃ ᾃ Эү

ᴇ̆ ӝ ᴳѮὤ Ȃ Ю У (҂

Ԇ )Ȃ 

5) ₂ ̔ŵ Уᵛ ȁꜛᴇȁ‚ Ȃ

У₂ ̆ ₂ ӊ Ḯ ̕Ŷа ╟ ̆

ӱЬэ ὲ ̆Ԉὁ ұἽ ̕ŷ ̆

Ԉ Э╗ḶἽ ̆ ╟ḶἽ ̆ ֶ ḶἽ ╟

  ̆ ẹ ₥ ╟Ȃ 

   

ȁ  

ў ᾃ Ȃ ᾋ╗ЭĺҾ ֒̆ ḶἽ

ȁ ȁ ȁ ̆‡ ὲ Ȃ 

    1̈ ᾃ  

    ̆ў Ю‟  ̔

    (1)  

̆׀     ȁ⁬ ȁ  ̕₂ ̆ ȁ ₂

ȁ₂ ̕₂ Ἵ ̕ чᵛ Ἵ ̕

Ȃ 

    (2)ᾃ  

    ꜛ ȁ ȁ ꜛᴇ̆ ȁ ȁ ‍ ὲ ̆

Ԉ ₂ Ȃ 

2̈ נ  

    ᴇЭ Э ╟  

̆ Ԉ נ Ȃ 

    Ἵ έ ᴐ ̆ ӝ ″ Ἵ 

ѝ ּ ̆ ⁮ а ̆  

Ю ( 2-1-13)Ȃ 

    ѐ̆COѝὡ Ἵ ̆OBѝ Ἵ ̆BDѝ   

Ἵ ̆ABѝ BD Ȃ ѐ ON OBѝЮ Э O  

  ч Ἵ ̆ὲѐ ON ұ ̆б   

Ἵ ұ A ̆ Aѝ O ẹ̆ Ԉ NA 

ѝ Ȃ ΰᴉ  ŝNAB=ŝi Ȃ 

n=sini/sinɔ 

    ẹ Ṵ ֒̆NB ̆ i ɔ ̆ siniåtanĭ sinɔåtanɔ 

    ‡ n= sini/sinɔåtani/tanɔ=(NB/NA)/(NB/NO)=NO/NA 



    ̔ נ ḣ(n)= ̉  

    ‾ ὲ ̆ Э Э(

б )̆ ᴳ б Ȃῆ ұ ̆ l;ᾋῆ

ұ ̆ 2̆ч ḣ ѝ Ȃ ̆   ̆ῆ

ұ ̆ 3̆ 3б 1 ḣѝ Ȃ Ὠ  

נ Ȃ 

    б ᷁ Ὧ̆᷁ ̆ ̕ б

Ὧ̆ ұ 1̆ Ȃ 

    3̈  

    Э Э ̆ Ȃ ₥ ꜛᴇ

Ȃ 

    4̈  

    Ю УḶἽ ̆ Ԉ ⁮ Ȃ ╟ ⁮

У ̆з ұӝ ╒ ̆ ╟ Ȃ

 

̆ Э Ӈ ЭЮḶἽ ̆ ҩУэḶ

Ἵ ̆ ╗Э▲ ( ) ̆ Ԉ Ȃ 

   ҷȁ ᶑί 

   ︠‍ Ἵ ԍ ̆ᴳ ԈЮҮ  ̔

   1)а ᴁ ╒ Ȃ 

   2) ȁ ̆а ұ ѐ Э Ȃ 

   3)а ֗ᴉ ̆ ̆‡ ⁸ Ȃ 

   4)а Ἵӑ ᴂὯ Ȃ Ἵ ᶑ  

Ἵӑ ұ ᴂ ̕ ̆а ̆Ԉ

ᴳ Ȃ 

   5)ᴳ ̆ ᴂ ̆Ԉ ᴳ Ȃ 

Ь    ԍ 

ע     ‍ ᴇ ᾱ ҩ ̆ ѮУȂ‾ ԍ

Ԉ ḣȁ ḣȁἽ ̆ѝ ᵏὯ Ȃ 

 

Уȁ⁸ᴐ  

    Ἵ ӱἽ Ӯ ḥ ὡἽ Ӯ ̆ Ἵ ̆

чӮ ‍ Ȃ ὡ ⁮У ̆ Ἵ

б ѝ 90£̆ ὡ ѝї ̕ Ἵ ὡ

ұї ̆ὡ Ἵа ̆ὤ ⁮Ἵ Ӯ ѐ̆

ѝὤ(ᾃ) ( 2-1-14)Ȃ ԍ ὤ

⁸ Ȃ 

    У Ӯ ұ (ш ѝ ) ѝУ 

ḣ̆ ѫ̆У Ӯ ұ У Ӯ ҂ѝУ 

ḣȂ Ὠ Ԉ  ̔ 

 



n2/n1=sini/sinɔ 

 

ѐ̔iѝὡ ̕ɔѝ ̕n1 ѝ Ӯ ̕ n2 ѝ Ӯ Ȃ 

ɔ=90£ ̆n2=n1¥siniȂ ̆   i   Ӯ ḣȂ 

 

 

 

үȁ ᴐ  

    ԍ ұ У

ԍ ̆ὲ ȁ ȁῆ

  ḣȂ ԍ

ᾃ ч Ȃ ѝᾃ

ԍ( 2-1-15)̆ ḣ ᾃ

 Ȃ ԍ У

ԍ̆ ҩᾃ ̆ ԆѮ У ₂

ḣ Ȃ ұ ̆ У

ᾃ ̆G Ю б ӊ

̆ Э ᵏҩ Ȃ 

( 2-1-16)Ȃ ԍў ȁ ȁ ḶἽ

( 2-1-17)Ȃὲў ‍ ЮȂ 

    1Ȃ  

    чэ ֒̔ Ȃ (

ѝ 1̈86͘ 1̈96)̆ ת ̆ Ȃ ԍ ᴐѝ

̆ὲִ ᴂ̆ ת̆ ̆ ұ 1̈71

Ȃ ȁ ע ȁ ᴐѝ ԍȂ ע У

̆ὲ ѝ 2̈16̆ ѝ 8̈5̆а ת̆

̆ὲ Ȃ 

    2̈  

    а ԍ ת֒ ԍᴳ ѐ а ֒̆ ᴐ ᴳ

б ӊ Ἵ Ȃ Ἵ ᾿ ԍ Э ̆

У ֶ ὲ Ἵ ̆ ᴳ ̆ Ȃ

⁸̆ ѝ 1̈742 ү ѐ ̆ ⁮ 1̈78 ̆

ᾋ╗ὡ 18˿ Ѽ ̆ 1̈81Ȃ Ԉ ‍

̆ з ᾳЮᴳ ὤ Ȃ ұ 1̈81

⅍ ̆ ︠‍а‾Ȃ 

    3̈ Ἵ  

    Ἵ ч ̆У ѝ ԍ Ἵ ̆ У ѝ ԍᾃ Ἵ Ȃ Ἵ



ԍὡ ὡ ԍ̆ᾃ Ἵ ᴁұ ԍᾃ Ȃ ұ έ ̆ὲ

ὡ Ἵ ѝ 589̈ 5nm ֒Ю ̆ ѝ ὡ Ἵ ѝ

589̈ 5nm ἽȂӊ Ἵ Ἵ Ἵ Ȃ ὡ Ἵѝ Ἵ̆ ұ ̆

ѝ ̆ ῆ Ӈ ᴁ Ȃ ἽᴐἽ ̆

ת̆ έ ̆ч ҵ ╗̆а Ȃ

⁞ ̆‡ Ȃ 

    4̈  

    Ἵ Ȃ 

    5̈ ᴐ  

    ѝἽ Ӯ ̆ ѝἽ Ӯ Ȃ ὡ ұї ̆Ἵ ὡ

̕ ὡ ұї ̆Ἵ ὤ ̆ ԍ ̆ᾋ Ἵ

̆ᴳѮ ̆ ӑּשȂ ὡ Ἵ а ӝ ⁮̆ Ȃשּ

ӑ Ӈ Ἵ • Ԉї ὡ Ȃ ԍѐ ᾃ

̆ Ԉ   ḣ( 2-1-18)Ȃ 

   

 

 

 

 

 

 

 

 

 

 

Ьȁᴳ  

    ᴳ ԍ Ԉ έ Ἵ₂ ̆

ԍ ̆ ᾳЮ 1̈35ĺ1̈81Ȃ 

    ᴳ ԍ ѐ чэ ̆ Ἴ

̆ ᴳ а ̆ΰѱ Э Ю‚ Ȃὲ ̆

ұ ̆ ̆ ֶ ̕ ̆‡а ᴳ б

ӊ  

Ἵ Ȃ 

    1̈ (҂ ₂ ) 

    ѝ₂ ̆ Ю‟ ̆

Ѯѝ ₂ Ȃ 

    1) Ȃ 

    2) Ἵ ̆ Ȃ 

    3) ₂ ̆ ұ ЭȂ 

    4) ѐ У ̆ Ԉ

2mmѝ Ȃ 

    5) ѐ ̆ᴳ б ӊ

Ἵ Ȃ 



    6) ᾃ ᾰͅ Ȃ 

    7) ╟ 360£̆ У У ̆ Ȃ ╟

ᵑ ᾳ Ȃ‫ ╟ 15Ľ У ̆ ῆ ת

̕ ѓ ╟ 30£͘90£а ( 2-1-19)Ȃ 

    8) ̆ Э̆ ЮȂ 

    9) Ȃ Уэ

̆Ԉ ѐ   ׀‚ Ȃ 

    Э Ԉῆ  ₂ ḣ ̆ Ἵ

Ȃ 

    2̈ (҂ ) 

    ѝҩ ԍ ᴳ ̆ ₂ ̆

נ ̆ Ю̔ 

    1) ̆ ЮḶἽ Ȃ 

    2) Э У Ȃ 

    3) ̆ ₂ Э ̆Ԉᶑ Э

ѝ 0̈2mmȂ Э ̆‡а ⁮ ῆ Ȃ 

    4) ұ ѐ ̆ᴳ б Ἵ

Ȃ 

    5) 30ĺ45cm̆ ₥ ( ӝ ѮѝЭȁЮ)

╟ ̆ Ю‟ч Ȃ 

    50̉ 50 Ȃ Ӈ

( 2-1-20)Ȃ ḣѝ ̆ ұ

Ἵ Ȃ ⁮   үᴁȂ 

    ḣ Ȃ ӑ Уּש Ȃע

Уэὤ ẹб Уэὤӑ ẹ ḣѝ

Ȃ ұ Ἵа  ῾а

ᾳȂ ḣѝ Ȃ ⁮

үᴁ( 2-1-21)Ȃ 

    3̈  

    ұέ з Ἵа УҾ ̆ ה

Ȃὲ Ю̔ 

    1) Ȃ 

    2) Ю ԍ ḶἽ Ȃ 

    3) ̆ ὲ ԍЭ ẹȂ 

    ḶἽ Э 90£ ⱷת)╟ ḶἽ Э)̆

ЭЮ ╟ ̆ ẹ Ȃע ̆ ȁ

̆ ѐ̆ ẹֶ ӑ ̆

ȁ ╟Ȃ 

ẹ ╟̆ ╟ 90£̆ᾋ Ȃ Ӱ ╟̆

Ȃ 

ẹ ╟̆‡ ẹ Э ᴁ

Ю ṃ ᴁ чэ ḣ̆ч Ѯ ̆ ѝ 

ה ḣ( 2-1ĺ22)( ̔ ḣ  

ῆ ḣ)Ȃ 



   

ȁ  

1) ╟ 360£̆ ᾃ  У    

╟ Э ḶἽ ̆ ЭЮ ╟ ̆  

ѝ ᴇ (ꜛ ᴇ ) ᴇ (

2-1-23)Ȃ ᴇ҂ֶ  ( )̆ ұ ᴇ

‟ Ȃ 

2)У   ╟ 360£̆ ᾃ  ч 

̆ὲѐУ ╟ ѐᶑ а ̆  

У ЭЮ ╟̆ ᾳ ѝУ (Ь ȁ 

Ὡ )Ȃа╟ ѝ Ἵ  

ḣ nȂ̆ ╟̆ ╟ ѝ Ἵ  

ḣ ne͝ (ne)Ȃ а ̆‡ ѝУ  

Ἵ ̆ nc͝(ne)>nȂ̕ а ̆‡  

ѝУ Ἵ ̆ nc͝(ne)< nȂчэ  ̆

Ἵ Ἵ ḣ ̆ ḣ ѝ (  

2ĺ1ĺ24)Ȃ Уэ ̆ ⁮  ̔

0̈001Ȃ 

    3)ү   ╟ 360£̆  ч  

̆ч ╟ ЭȁЮ ╟̆ ᾳ 

ѝү (Ь ȁ )Ȃ ╟  

ѐ̆ ЭЮ ╟ Э 

Ю ╟ ̆‡ ngУ nm>nmĺnp̆ ѝү Ἵ  

(+)( 2ĺ1ĺ25(a))̆ Ѯ̆‡ ngУ nm< nmĺnp̆ ѝ 

ү Ἵ (ĺ)( 2ĺ1ĺ25(b))Ȃү ╟ ѐ 

  ч ̆ ᴁ  

ѝ nmḣȂ 

4) ( ḣ ұ )  

╟ 360£̆ э ̆Ө ⁮  

ᴁұ 1̈81¤ ẹ ̆ ḣ ұ 

ḣ̆ ұ 1̈81̆ ľ >1̈8  

Ȃ ȁ ( 2-1-26)Ȃ 

    5)ΰ   Ḯ ᴇ Ȃ ╟ 360£̆  

ẹ У ת̆ ╟ḶἽ ̆ ЭЮ  

╟Ȃ ᴇ̆ὲ ̆ч 

̆ ұ‍ Ȃ ȁ ̆ 

ὲ ‍⁞ѝ 0̈002ĺ0̈008ȁ0̈001͘ 0̈012Ȃ 

ḮУ Ȃ Ҿү ng̔б nm nmб np ḣ ̆ ╟

360£ ̆ ẹὲѐУ а╟̆ (nm np)ȁ (nm

np ,nm=1̈609̆ ng=1̈616̆ np=1̈606)ȁ (nm ng)Ȃ 

Ἵ ᴁȂ У Ἵ ╟ (Ἵ ) ԍ

̆ч ת̆ ╟̆ ̕ У

Ἵ ╟ (Ἵ ) ұ ԍ ̆ч ᶑ а ̆ ֗ᴉᴁ



Э   Ȃ ү ( ⁞ ) ₂ б э ╟

̆‡ У а╟̆бУ У ת̆ Уэ ₂

Ȃ  ̔ У ̆ Уэ₂ Э

б ᴂ ḣ̕ ұү ̆чэ ╟̆ Уэ₂ Эа

б ᴂ ḣȂ Ҿέ ⁞ ̆ὲѐУэ

ḣᴁұ ԍ Ѯᾃ̆ Уэ ḣ  ҩ ̆ ὲ̆ no=1̈ 84̆

ne=1̈ 58̆ no>1̈ 81Ȃ ╟ ̆ У ת̆ ╟

аṃ ╟̆ ‫ Ȃ ה Ȃ 

  

ҷȁᴳ ԍ Ү  

 1)ᴳ ԍѮ₥̆ ὲ ῆȂ 

 2) ₥ ̆ᴳѮ Ȃ 

 3) ᶑ ԍ ̆ ὁ ׀‚ ᴳ Ȃ 

 4) ̆ ̆ ὁ Ȃ 

 5)бḶἽ ȁү ᴳ ̆   ╗ῆ Ȃ 

 6) ұ ̆ ֶ У ᾃ  Ȃע

  7) ῆ ḣ̆ ΰэ₂ Ȃ 

 8) ұ ̆ӱ ԍ ̆ Ԉ  ‍שּ╠

Ȃ 

9) ᾱұ Ἵ ȁ ȁ

᾿ȁ ԍ ῆȁ Ἵ Ȃ 

 

   

     

У ╠ ԍ ў̆ Ἵ ( Ἵ)( 2-1-27)Ȃ Ἵ

ᴐѝ″ ᾱ ת̆ Ҿ Ԉ ‍שּ Ȃ ̔ ⁞ бὲ

֛⁸ ȁ б Ȃ 

    10ĺ400nmѮ ̆ᴁұ Ἵ X 

Ѯ ̆ Ἵ ̆а ѝӝ ⁮Ȃ  

200ĺ400nmѮ Ȃѝ ᵳ У ‍  

‚‍ Ь ‍̔ ̆200ĺ280nm̕ ѐ ̆280ĺ315nm̕  

̆315ĺ400nmȂ 

    ὲѐ ұ Ȃ 

 

Уȁ  

 У Ἵ ̆ ⁸ Ἵ ̆Ө  ў

ѝ 365nm 253̈ 7nm ἽȂ 

Ἵ ἽЮ Ἵ Ԉ ╠ Ȃ 

     

үȁᴳ  



₥ Э аת̆ ̆ Ἵ ȁ

Ь ‍ Ȃ ̆Ԉ  Ȃ׀

ұ Ю̆ Ἵ ̆ (LW) (sw)̆ Ἵ Ȃ

ҩ Ἵ ̆ Ἵ Ἵ   ᴁȂ Ἵ ‍

ѝ ȁ ȁѐȁ э Ȃ ұ ₂ Ἵ ֶ̆  

ἽḮ ̆ ᴁ ╗ Ȃ ̆ Ἵ ᴇ   Ἵ̆ ₂

Ἵ ̆Ἵ а ⸗̆ з Ȃ Ю Ἵ ұ Ю

Ἵ Ȃ 

Ьȁ  

1̈ Ԉ ╠  

Ҿ Э ѝ ̆ б ȁ Ҿ б ȁ

б ת̆ ԏѮ Ἵ ̆ Ḇ╠ Ἵ ԏּש‍ Ȃ

Ἵ 2-1-1Ȃ 

 

2̈ ╠″⁞ Ҿ  

ұ УҾ Fĕ Ю Ἵ а ӑ̆

Ἵ ̆҂ а ̕ Ю

  Ἵ̆ Ҿ Ἵ̕

Ἵ. Ȃ 

3̈ ╠ ὲ֛⁸  

Ἵ ע ̆ Ԉӱ ⁮ ̆҂ Ȃ

Ἵ έ ἽȂ ֛⁸ ע Ю



Ἵ̆ӝ Ἵ̆ӝ ‡ Ȃ Ю

  У Ἵ̆ • ἽȂ ̆ ұ

︠‍ ̆ ѝ ѝ ̆ὲ Ἵ Ἵ аֶ ⸗̆ ע ȁӝ

̆ὲ Ἵ ‡ ѝУ Ȃ 

4̈ ╠″ ӝ עִ  

Ҿ ֶ   Ἵ̆ Ҿ Ἱ ὲἹ ֶ   

Ἵ̆ Ҿ B ҂ֶ   ἽȂ Ἵ̆ Ҿ  

  ἽȂ 

5̈ ╠″⁞ Ҿ ӊ  

Ὤ ӊ ἽЮ Ἵ̆ ‾ҽӊ ‡ ἽȂ 

     

ȁ Ү  

1) ֶ ׀ ш̆ ̆ ὁ Ἵ Ȃ 

҂а Ю̆ Ԇ ̆  Ȃ׀

2) Ἵ ӨᴐѝУ ╠ Ȃ 

3) ″ Ἵ ̆ ба Ἵ а

Ȃ 

4) а Ἵ Ȃ 

5) Ἵ б а Ȃ 

6) ‾ұ Ἵ Ȃ 

ҷ ḶἽ  

     

ḶἽ У ȁ ᴐ ᵳ ԍ ( 2-1ĺ28)̆ ў

ұ Ἵ ̆ ұ″ ȁἽ

Ȃ 

 Уȁ  

ḶἽ ў ЭȁЮḶἽ Ἵ ( 2-1-29)Ȃ

ȁ ῾ ȂἽ У

Ἵ ₥ᵛ Уэ ̆҂ ѝ ԍ ᵏἽ ȂḶἽ Ю

ḶἽ ̆ЭḶἽ Ԉ ╟̆ӱ Ԉ ЭḶἽ Ȃѝҩᶑ ЮḶἽ ̆ὲЭ

У Ȃ ῾ Ȃ 

Ἵ ЮḶἽ ̆ ӊ ḶἽ̆ ЭḶἽбЮḶἽ ̆ ЮḶ

Ἵ Ḷ Ἵὤ ̆‡ ӑ ̕ ЭḶἽбЮḶἽ ̆ ЮḶἽ

Ḷ Ἵὤ ̆ ̆ ӊ ҩ Ἵ( 2-1-30)Ȃ 

 

 

 

 



 

үȁḶἽ ᴳ  

1) ̆ Ȃ 

2) ḶἽ Ὧ̆ ЭḶἽ Ἵᴁ Ȃ 

3) ЮḶἽ Э Э̆ Э ╟ 360

( ╟ )̆  Ȃע

     

ЬȁḶἽ  

ḶἽ ⁞ ᴇȁ ᴇ ᴇέ ᴐ Ȃ 

1̈ ᴇ 

ѝ ᴇ̆ Ἵ ЮḶἽ ̆Ἵ ╟ а ֗ᴉ

ὲӰѝḶ̆ע ἽȂ ЭḶἽ ̆Ἵὤ а Ȃ ֗ ╟ ̆

ѐ ὤ ( Ἵ)( 2-1-31)Ȃ 

2̈ ᴇ 

ᴇѐ ̆ ѝ Ȃ ѝ ᴇ ̆ ӇḶἽ

Ю̆ ╟ 360£̆ ֶ  Ȃ ѝ ᴇέ Ἵ‍

╟ ҵ ч ḶἽ (Ἵ )Ȃ ЮḶἽ ḶἽ ὡ

̆ ЮḶἽ ╟ б Ἵ ᴇчэ ѮУ Ю̆Ḷ Ἵ ̆

╟ а ӰбЭḶἽ̆ע ╟ ̆ӱ ̆ ὤ ( 2ĺ1ĺ

32(a))̕ ЮḶἽ ╟ б Ἵ ᴇчэ Ӈ ̆ЮḶ Ἵ ‍

╟ ҵ ч ḶἽȂ У ‍Ἵ ЭḶἽ ̆ ӑ̆ ЮḶ

Ἵ ╟ б Ἵ ᴇчэ Ӈ 45£ ̆ ӑ( 2-1-32(b))Ȃұ

╟̆  ҩ Ӈ Ȃ Ӈ ╟У ѐ 

Ȃת   ᴇ Ἵ ұ ̆‡ ӇḶἽ Ю

╟ 360£̆ а  ̆ ὤ Ȃ 

3̈  

ᴇ ӇḶἽ Ю̆ ╟ 360£̆ ѐ ӑ Ȃ

ѝ ᴇѐ ᴇ Ҕ ‟̆ұ а ᴇ Ἵ‍ ̆ ӊ Ḷ

Ἵ ╟ ҂ Ҕ ̆ э ╟ ̆ ᴇ נ ἽȂ

ᾳб Ȃ ᴇנ ӇḶἽ Ю̆ ╟ 360£̆ ѐὤ

Ȃ 

     

 



4̈  

(1) Ἵ 

ᴇ ӇḶἽЮ а  ὤ ̆ ╟̆

ᾃ  а ‡ ̆ע Ѯѝ Ἵ̆ ұ ᴇ ѐ 

Ȃа ̆ὲ а Ȃ ӊ ѐ̆ ұ

ᾶ ̆ ᴳᾃ ╒ ̆ ̆ ľ Ŀ Ἵ ̕

ұ ӊ ѐ╗ὡҩ ̆ᴳ У ̆

̆ӱ ӇḶἽЮ  Ἵ̕ ‡ ұ ̆

ᴳ ӊ ҩ Ҿа ⸗ ̆ӱ   Ἵ̆   נ Ἵ Ȃ 

Ἵ ″ Ȃ ѝ ӇḶἽ Ю ╟ ̆

90£ֶ Ԉ₥ ̆ע ̆ Ἵ Ȃ 

ѐḶἽ б ԍȁү ҵ Ἱᴳ Ȃ ԍ ″

Ἵ ̆ ḶἽ Ю Ḯ ̆ ԍ ѐ

ֶ  У ̆ з Ȃ Ѯ Ḷ̆Ἵ ╠″ Ἵ ̆

0̈003̆ ԍЭ ⁮ ( ⁞ ἽᴐѝἽ

)̆ ұḶἽ Ю̆  ѝ Ȃ 

″ ѝ Ἵ̆ Ԉ ԍȁү ὲἽ ̆҂ Ԉ ḶἽ

Ю Ȃ Ἴ ӇḶἽ Ю ╟ ӑ ̆ ̆ ╟ЭḶἽ

90£ᴳὲ ╟ бЮḶἽ ╟ ̆ ӑ а ̆‡ѝ ̕

ӑ̆‡ѝ Ȃᴳ ̆ Ҿ ȁ ȁ έ

̆ Ӱֶ   ᴇ ̆ ᴳ ү ԍ

Ȃ 

(2)ὤ Ḯ  

″ Ἵ ̆ ֒ ᶑ Ἵ Ȃ Ҿ

ȁ ȁ ע ̆ ‎ ̆ Ю ΰѱ Ἵ

̆ ѫ ѝ ᴇ ᴇ̆ ֶ ὤ Ḯ Ȃ

Ἵ ὤ Ḯ ̆ Ԉ ᴁ̆ Ӑ ₂ Э

ᾋ Ȃ ̆ ӝбὲ ѐ̆Ԉ῏ Ἵ

̆ ╗ Ἵ Ȃ 

(3)ὲӹḮ  

Ҿ з ꜛᴇ̆ Ҿ ꜛᴇ ֶ

Ἵ ѐ ּ ̆ӱ Ԉῆ ″ ὲἽ Ȃ ̆ ὲӹἽ Э

̆ ἽḶ ҂ֶ̆ע ″ Ȃ 

   

ȁḶἽ  

ḶἽ ᴳ ѐ У Ȃ 

1)ḶἽ а ұа Ȃ ̆ ‍

Ȃ Ҿ Ἵ а ̆ ұ ̆ ̆Ӱ

Ȃ 

2) ת̆ ꜛᴇ̆‡ Ȃ 

     

ҷȁ ὲ  



1̈  

 ЭЮḶἽ ḶἽὭ ᴐ Ю̆ Ἵб ᴐ ӊ

̆ ѝ Ȃὲ ḶἽ Ю Ȃ ḶἽ Э

ЮḶἽ Ѯ ╗ЭУ ῾ ЮḶἽ ḶἽ Ḷ

ἽȂ 

Ἵ ᴇ ѐӊ ̆‍ ч ╟ ҵ Ḷ Ἵ̆

ұү аУ ̆ У Ἵ Ȃ Ἵ ᴐ ╗Ἵ ѐּ Ἵ ̆

ӊ а Ἵ Ȃ Ѯ ֶӊ ̆ᴳ ἽѐУ ‍ Ἵ╗ ̆

У ‍ Ἵ῏ ̆ Ҿ Ἵֶ̆ӊ ̆ Ѯѝ Ȃ ӊ

ᾱұ Ἵ Ȃ  ″ Ȃ 

У ̔У ѝУэ ︠ ╗Э ︠ ̆ ︠

чэ ҵ ̆ч ѐ ‍ ̆ ‍ ( 2-1-33)Ȃ

Ԉ ︠ Ӈ ѝѐ ̆ ̆ ̆ ╟ ̆ а Ȃ

ұᾃ ᴳḶ Ἵ ( Ἵ )̆ ѐ ︠ ̆ ѝľ

Ŀ( 2-1-34)Ȃ Ҿ ѐ ᴁ ( ⁞

Ҿ )Ȃ     

ү ̔ а ̆ү ‍ѝч ̆ Ἵ

Ἵ Ȃ Ἵ Уэ ︠ ľÐĿ ̆ ︠ чэ

а ( 2-1-35)ȂľÐĿ ѐ ѝүэἽ   ̆ Ȃ

╟ ̆ ︠ ӱѐ ‍ чэ ̆ ╟̆ ︠ Ȃ Ἵ

Уэ ̆ ╟ ̆ ̆ ╟̆

( 2-1-36)Ȃ 

 

2̈  

⁮ ӇḶἽ Ю ̆ Ἵ бḶ

Ἵ ұ ֶ  Ȃ Ἴ̆ᴳЭȁЮḶἽ ұ Ӈᴁ ̆ ӝ ̆Ѯ

╟ ̕   ̆ ╗Э ̆ ⁮

Ȃ ̆ ᴂ ұ Ȃ ὲ̆ 0 0̈03̆

Ἵ бḶἽ ұ 50 У 60 Ȃ ̆ Ἵ б ᴁ ұ 30

У 40 ̆ ⁮ Ȃ ‡а ̆ ѝ 0̈059̆

̆ Ἵ б ᴁ 10 У 15 ԈЮ ̆ ֶ  Ȃ

а ̆ Ԉ ЭЮ ╟ 180 ᾋ Ȃ 

 

Ὡȁ‾ ḶἽ  

‾ ḶἽ ҂ Ȃέᴇ ̆ ╟ḶἽ ЭḶἽ ̆ᴳЭЮḶ

Ἵ ╟ ̆ ὤӑ̕ ⁮ Э̆‍⁞ӱ 2ĺ3эа Э̆

╟ ὲ ̆ ̆ע ὲέ Ȃ а Э ⁮



̆   ү Ь Ȃת ̆‾ ḶἽ а

Ȃ ῆ ̆ Ḇ╠ү Ȃ 

   

Цȁ Ү  

ᴳ ḶἽ Ἵ ȁ ȁ ѐ̆ ὲ

Ȃ 

1)а ұа а Ȃ 

2) Ԉ Ԉ Ȃ 

3) ꜛᴇ   Ȃ 

4) Ӑ ₂ б Ȃ 

5) ὲ֛⁸ ̆ ұ ѐ Ȃ 

6) Ҿ ᴇ ȁ ȁ ȁ ȁ ̆ ѝ ̆

  а ̆ ү ȁ ԍ Ȃ 

7) ȁἽ Ȃ 

8) ҩ ╟ ̆ ᴁ̆ Ἵ Ἵ ּ

Ḯ Ȃ 

9) ‍שּ ᴇ ︠ ἽбУ ̆ ︠ Ἵаֶб

  ̆ У ︠ б   Ȃ 

     

Ὡ   ү  

     

ү ж У ԍ Ȃ Ҿ ᾳЮ҂ ″ ᵑ

̆ ὲ ԍ̆ḶἽ ԍ а ᴇ ᴇ ̆ү

″ Ἵ ( 2-1-37)Ȃ 

 

Уȁ б  

Ἵ ὡ ᴇ ̆‍ ч ╟ ҵ Ḷ Ἵ̆ ч Ἵ

ּ ҂а Ȃ ᴇ ҩ а ╟ Ἵ а

Ȃ ч ╟ Ἵ‍ ̆ ⁮а Ȃ 

ү ᾮ ү ̆ ȁᾮ ᴇȁ ȁ Ἵ

‍ Ȃᾮ έ ̆ ѝ 0̈172(nȂ=1̈658̆ ne=1̈486)̆

У Ἵ‍ ч Ḷ Ἵ Ȃᾮ ᴇ ᴳ чэ ẹ

ẹȂ έ ̆ᾮ ү ч Ḷ ע

Ἵᾋ ‍ ̆ᴳч ḶἽ   ұ чэ ẹѐ( 2-1-38)Ȃ 

ᴇ аέ ̆ а ̆ ⁮ чэ Ȃ 

  

 

 

 

 

 



 

 

ᴇ έ ̆ Ȃ ч Ḷ Ἵ ╟

бᾮ ᴇἽ ᴇў ҵ ̆ ⁮ Ȃ

Ἵ ╟ бү ᾮ ᴇἽ ᴇў Ӈ 45 ‡̆ а⁮

ȂԈὲӹ Ӈ̆ ⁮ ч Ӱѝת̆⁞ Ἵ̆

Ȃ ѝӣѫ ╟ү ѐ̆ү а ע Ȃ

  ̔ Ἵ ұү ̆ а⁮ Ȃ 

   

үȁᴳ  

(1) Ἵ Ȃ 

(2) ү ̆ᶑ ὡү Ἵѝ ἽȂ 

(3) ү ̆ ╟ү ү чэ Ȃ 

(4) ‍ Ȃ 

  

Ьȁ ⁞ ‚‍ 

  ᴇ ѐ̆ ȁ ̆

Ȃ 

̆ ‍ѝ ̔ 

    ̔ ⁮а ⁞Ȃ ȁ ȁ Ȃ 

    ѐ̔ Ԉ ⁮ үת̆ Ю ̆ Ȃ 

    ̔ү Ю ⁮ ת̆ а ̆ ȁ Ȃ 

    ̔ү Юа ⁮ ̆ ȁ ᴇ

ᴇ Ȃ 

‚‍ а ̆ὲ ⁞҂а ᴐѝ  ᵑ Ȃ

ѝ аӨ ᾱұ Ἵ ̆ ⁮ Ȃ ̆

̆ ̆ ‡ а Ȃ ̆ ̆ ѝ

ѐ ̕ ̆ Ȃ 

Ҿ ᴇ Ȃ ѝ Ȃ 

     

ȁү ѐ  

ү ╠ Ҿ Ȃ ч ‍⁞ѝ

̆‾ ү ̆ Ԉ ‍שּ ̆₥ ̆ Ȃ

̆ Ȃ ̆ ︠‍ ̆

‡а а⁮ Ȃ 

   

ҷȁ Ү  

1)Ἵ ѝ Ἵ̆ Ἵ ἽȂ а ἽȁḶ ἽȂ ἽȂ 

2) У ѝ ̆ ‡ Ȃ ᴇ У  

ת̆ ұ ᴇ̆ έ ̆‡ ү Ю҂  



Ȃ 

3) ү У ̆ У ̆ῆ Ȃ ᶑ

Ἵ ὡү ̆ ῏ ₂ Ἵ ὡү Ȃ 

4) ╟ ү ̆ӱа ̆ Ἵ Ἵ ּ

Ḯ ̆ ╠″ Ȃ 

5) Ḷ Ἵ ╟ бᾮ Ἵ ᴇў У ̆ ⁮

Ȃа ᴐ Ь (ӱ ѝέЬ )Ȃ 

6) ᴳ Ḷ ү ̆ ҩ ᶑ Ἱ ̆ ұ а

⸗( ) Ȃ 

7) б Ὧ̆ ̆ Ȃ 

8)а Ἵ Э̆ Ҿ ֶ  Ȃע

9) ѐ̆ ᴐѝУ ╠ ̆ ὲӹ Ȃ 

      

Ц  ‍ Ἵ  

    

а Ἵ Ȃ Ἵ ᴇ Ȃ

ѐ ἷ Ἵ Ȃ Ἵ ̆ Ԉ ╠ ̆

̆ Ȃ 

 

Уȁ  

ѐ ἷ ў ѝ TiȁvȁCrȁMnȁFeȁCoȁNiȁCu ἷ Ȃ 2-1-2

‟ ҩὲ Ȃ ἷ ̆ Ҿ ἷ ( )Ԉ Ҿ



ἷ ( )̆҂ֶᴳ Ȃ 

У ԍ ̆ Ἵ ᵑ ‍ ‟̆ ԏ Ԉ‍   Ҿ ̆

Ԉ″   ἷ ( ) Ȃ‍Ἵ ᵳ У ԍ ̆

ἷ֒ а ̆ ⁸ᴐч ‍Ἵ Ȃ 

 

1. ‍Ἵ  

‍Ἵ Ь ᴐѝὲ ἷ֒̂ 2-1-39̃ Ȃ 2-1-40ѝὲ ᴐ

Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

SѝУ ̆ᴁұ L1 У Ȃ Ἵ S ̆ L1 ѝ Ἵ Ȃ

а Ἵ а ת̆ У Ἵ Ӱᶑ Ȃ Ἵ

Ѽ̆ ⁮ ẹ Э̆а Ἵ а ̆ У ‟а ẹ̆

Ἵ Ȃ 

    ‍Ἵ ѐ έ ԈЮ  ̔

    1) а Ἵ ̆ ‡ֶ Ȃ 

    2) а ̆ὲ ᴳӊ Ἵ Ȃ 

    3) ᴇ̆ ‡ֶӊ чэἽ ̆ Ȃ 

    Э ̆ ( Ѯ Ἵ )ᴳὡ Ἵ ּ ұ 

а Ȃ ᴳ ч ⁸ Ȃ 

    ұ ῾ ẹ ̆ ҩ ₥ ╟ ̆Ԉ‍⁞

Ȃ ̆ ҂ ̆ ̆ὡ Ἵ ת̆╗

ẹ ҂ ╗̆ӱ а ẹѮ ӊ ╗̆ а ̔ ̆

ẹ҂ ὡת̆ Ἵ ῏ ̆ Ȃ ᴳ ‍Ἵ ̆

⁮ ᴧᴁ Ȃ 

    2̈ Ἵ ‍Ἵ  

    Ἵ ‍Ἵ Ἵ Ԇ ṁ ἷ֒ȂἽ У έ Ἵ

̆ У ︠‍ ‍Ἵἷ֒Ȃ Ἵ Ἵ ̆ӊ ̆ У ‟

Ἵ  ( 2-1-41)Ȃ 

 

 

 

 



 

Ἵ ‍Ἵ ִ ӊ Ἵ ҂̆ ‟ ̆

‍Ἵ ̆ Ἵּש ̆ Ἵּש Ȃ Ἵ ‍Ἵ ‾ұ

Ἵשּ ̆ ‍Ἵ ұ Ἵשּ Ȃ 

   

үȁᴳ  

    ‍Ἵ ︠‍ ̆ Ԉ ″ ἷ ̆ έ Ἵ ̆

Ԉ ȁִע ֛⁸ Ȃ 

     

(У)  

    ұ‍Ἵ ᴇ ̆ᵳұ ̆з Ἵ έ ̆ ‍Ἵ У

︠‍ ԍ Ȃ ᴳ ̆ Ȃ 

    1̈ Ἵ  

ұ ⁮ ȁ ̆ ᶑ Ἵ ὡ‍Ἵ Ȃ‾

̔ 

1)ᶑ Ἵ Ȃ 

2)ᶑ ὡ‍Ἵ Ἵ ̆ӱ ⁮ Ἵ Ȃ 

ѝ ̆ Ἵ Ἵ ᴃ Ἵ ̆ ȁ‍

Ἵ ȁ ȁἽ ( 2-1-42)Ȃ 

2̈ᾃ Ἵ  

ұ ̆ Ȃ Ю ұ Э̆ ὡ

Ἵ б‍Ἵ ̆ ╗Ἵ ѐ Ἵ ̆ᴳ Ἵ ᾃ

ӝ‍Ἵ ( 2-1-43)Ȃ 

3. Ἵ  

ұ а Ȃ ὡ Ἵ б‍Ἵ ̆ᴳ Ἵ

ӝ‍Ἵ ( 2-1-44)Ȃ 

 

 

 

 

 

 

 

 

 

 

(ү) ᴐ  

ѐ ᵳ ‍Ἵ ̆ ѐ ᴳ ‍Ἵ Ȃ ‍Ἵ У

Ἵ ȁ ֒ ‍Ἵ ( 2-1-45)̆ ὲἽ ȁ Ἵ ȁ ȁ Ἵ

̆ Ԉ ⁮ ӑ Ἵ Ȃ Ԉ Ἵ ѝᴿ

‍Ἵ ᴳ Ȃ 

1) ᴃ Ἵ Ἵ  

Э̆ Ἵ Ȃ 



    2) ῆ ӑ ̆Ԉᶑ Ἵ  

ӝ‍Ἵ Ȃ 

    3) Ἵ ̆ ᴂ̆  

Ȃ 

    4) ὤὯ Ἵ ̆ ̆ ⁮ὤ Ἵ Ȃ 

ұ ̆ ̆ΰ Ὧ ̆ Ἵ  

ὤὯ ѝ ̕ ұ Ȃ  שּ

Ἵ ̆ ̕ Ἵשּ ̆ Ȃ 

    5) ̆ῆ Ȃ 

 

Ьȁᴳ ‍Ἵ Ἵ Ү  

1) ⁮ Ἵ Ю‟ ̔ 

Ἵ   ѝ Ἵ ( Ἵ )̆Ἵ а ҂а Ȃ

Ἵ ᾃ Ἵ ̆ Ἵ ̆а ṁ‍Ἵ Ἵ Ȃ

ȁ ⁸Ἵ ṁἽ Ȃ 

  ̆ὲἽ ѐ ( ) Ȃ 

  ̆ ̆Ἵ Ȃ 

  ұ ̆ Ἵ ̆Ἵ ̕ ұ

̆ Ἵ Ȃ 

    ‍Ἵ ᶑ ̆ ֶ̆ Ἵ Эӊ Ȃ 

    Ѩ Ἵ ̆Ἵ ֶ ὤ Ȃ 

    2) Ҿ Ἵ έ   Ȃ 

    3) бὲӹ ԍ ᴳ   ‍Ἵ

Ю Ἵ ̆ ѝ Ἵ ̆‍Ἵ а ῆ

⁞ὲ ѝ Ȃ ‍Ἵ б ὲӹ ԍ ᴳ Ȃ 

4) Юᴳ ‍Ἵ   Юᴳ ‍Ἵ Ԉ Ҿ ̆

Ҿ ȁ ȁ שּ ӑ ̆ ұ ᾃ Ἵ Ἵ ὡ‍Ἵ Ȃ 

5) ̆а ӊ Ἵ Ȃ ⱷ ̆ ѝ

ֶӊ ѝ 592nm Ȃ 

‍Ἵ ᴳ Э ұ ̆ ὲ Ἵ

̆ ҩ Ἵ ἷ ̆ ‾ ‍Ἵ Ȃ 

     

ȁў Ἵ  

    1̈  

    ў Ȃ Ἵ ў ѝ̔ ̆ ч ᴁұ

̆שּ ч ᴁұ Ȃשּ שּ У ̆ ȁᴁ ȁ б

‎ ὯȂ שּ ̆ שּ Ȃ ӊ ̆ (

2-1-46)Ȃ 

 

 

 

 


