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ʠ ʢʘʯʝʩʪʚʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ
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ɺ.ɻ. ʈʫʤʳʥʠʥ, ɸ.ʄ. ʅʠʢʫʣʝʥʢʦʚ, ʃ.ʅ. ʉʠʥʜʘʣʦʚʩʢʠʡ, ɽ.ʄ. ʂʘʧʣʘʥ

ʀʥʩʪʠʪʫʪ ʛʝʦʵʢʦʣʦʛʠʠ

ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ ʈɸʅ

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʦʪʜʝʣʝʥʠʝ
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʦʪʜʝʣʝʥʠʝ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʵʢʦʣʦʛʠʠ ʈɸʅ

ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ

ʉʆɼɽʈɾɸʅʀɽ ɼʆʂʃɸɼɸ

o ɺʚʝʜʝʥʠʝ: ʅʝʙʦʣʴʰʦʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʵʢʩʢʫʨʩ

o ʇʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʨʘʡʦʥʘʭ

ü 1972ï2000 ʛʛ.

ü 2000ï2025 ʛʛ.

o ʇʦʩʣʝʩʣʦʚʠʝ: ʜʨʫʛʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʉʇʙʆ/ʅʀʎ ɻʠʜʨʦʛʝʦʣʦʛʠʠ ʉʇʙɻʋ 2000ï2025 ʛʛ.
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʦʪʜʝʣʝʥʠʝ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʵʢʦʣʦʛʠʠ ʈɸʅ

ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ

            ʉʪʨʘʥʠʮʳ ʥʘʫʯʥʦʡ ʙʠʦʛʨʘʬʠʠ ɺ.ɸ. ʄʠʨʦʥʝʥʢʦ

ü ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ: ʃɻʀ, ʃɻʋ (ʛʠʜʨʦʛʝʦʣʦʛʠʷ, ʤʘʪʝʤʘʪʠʢʘ) 1953ï1958 ʛʛ.

ü ɺʅʀʄʀ (ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ) 1958ï1972 ʛʛ.

ü ʂʘʬʝʜʨʘ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʃɻʀ (ʧʨʦʬʝʩʩʦʨ) 1972ï1996 ʛʛ.

ü ʉʇʙ ʆʪʜʝʣʝʥʠʝ ʀɻʕ ʈɸʅ (ʜʠʨʝʢʪʦʨ) 1996ï2000 ʛʛ.

ü ʄʝʞʬʘʢʫʣʴʪʝʪʩʢʠʡ ʮʝʥʪʨ ʛʠʜʨʦʛʝʦʵʢʦʣʦʛʠʠ ʉʇʙɻʋ (ʜʠʨʝʢʪʦʨ) 1996ï2000 ʛʛ.

ü ʂʘʬʝʜʨʘ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʉʇʙɻʋ (ʧʨʦʬʝʩʩʦʨ) 1996ï2000 ʛʛ.

ü ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 1989ï2000 ʛʛ.
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мфтр ͎Φ мфур ͎Φ

ʂɸʌɽɼʈɸ ɻʀɼʈʆɻɽʆʃʆɻʀʀ ʀ ʀʅɾɽʅɽʈʅʆʁ ɻɽʆʃʆɻʀʀ
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ɻʝʦʛʨʘʬʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʃɻʀ
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(1970ï1990 ʛʛ.)



1995 ʛʦʜ ï ʩʦʟʜʘʥʠʝ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʤ ʛʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʂʦʤʧʣʝʢʩʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʧʨʠʨʦʜʦʩʙʝʨʝʛʘʶʱʠʭʤʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʈɸʅ ʠ ɻʦʩʢʦʤʚʫʟʘ ʈʌ

1996 ʛʦʜ ï ʩʦʟʜʘʥʠʝ ʀɻʕ ʈɸʅ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʙʦʨʘʪʦʨʠʠ ʚ ʉʇʙ ʆʪʜʝʣʝʥʠʝ ʀɻʕ ʈɸʅ

1996ï1997 ʛʦʜʳ ï ʠʥʪʝʛʨʘʮʠʷ ʉʇʙ ʆʪʜʝʣʝʥʠʷ ʀɻʕ ʈɸʅ ʚ ʩʪʨʫʢʪʫʨʫ ʉʇʙɻʋ (ʄʝʞʬʘʢʫʣʴʪʝʪʩʢʠʡ ʮʝʥʪʨ ɻʠʜʨʦʛʝʦʵʢʦʣʦʛʠʠ)

ʅ.ʄ. ʇʨʦʩʢʫʨʷʢʦʚ

ʯʣʝʥ.-ʢʦʨʨ., ʨʝʢʪʦʨ ʃɻʀ

ɺ.ɸ. ʄʠʨʦʥʝʥʢʦ

ʯʣʝʥ.-ʢʦʨʨ., ʜʠʨʝʢʪʦʨ ʉʇʙʆ ʀɻʕ ʈɸʅ

ʃ.ɸ. ɺʝʨʙʠʮʢʘʷ,

ʨʝʢʪʦʨ ʉʇʙɻʋ
ɺ.ʀ. ʆʩʠʧʦʚ

ʘʢʘʜ., ʜʠʨʝʢʪʦʨ ʀɻʕ ʈɸʅ

1995/1996 ʛ.: ʉʆɿɼɸʅʀɽ ʉʇʙʆ ʀɻʕ ʈɸʅ ʠ ʄʅʎ ɻʠʜʨʦʛʝʦʵʢʦʣʦʛʠʠ ʉʇʙɻʋ
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ʆʩʥʦʚʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʣʠʮʘ



ʄʆʅʆɻʈɸʌʀʀ (1974ï1999 ʛʛ.): ʃɻʀïɺʅʀʄʀïʄɻʋïɺʀʆɻɽʄ ïʉʇɹʆ/ʉʇɹɻʋ 
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ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɸ. ʄʠʨʦʥʝʥʢʦ
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1972ï2000 ʛʛ.



ɻʦʨʥʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʃɻʀ, ʉʇʙʆ ʀɻʕ ʈɸʅ/ʅʀʎ ɻʠʜʨʦʛʝʦʣʦʛʠʠ ʉʇʙɻʋ

9

2000ï2025 ʛʛ.



ʐʣʘʤʦ- ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ

(ʬʣʦʪʦʨʝʘʛʝʥʪʳ, ʘʟʦʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ)

ɼʨʝʥʘʞʥʳʝ ʠ ʰʘʭʪʥʳʝ ʚʦʜʳ

ʘ) ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ, ʥʠʪʨʘʪʳ ʠ ʘʤʤʦʥʠʡ (ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ -ʘʤʤʦʥʠʡʥʘʷ ʩʝʣʠʪʨʘ)

ʙ) ʧʦʜʪʷʛʠʚʘʥʠʝ ʩʦʣʝʥʳʭ ʚʦʜ ʠʟ ʛʣʫʙʠʥʥʳʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ  

ɻʦʨʥʳʝ ʦʪʚʘʣʳ

ʘ) ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ

ʙ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʠ ʬʦʩʬʘʪʥʳʭ ʩʦʣʝʡ

10

ʀʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʘʭ



ʂʄɸ: ɻʫʙʢʠʥʩʢʦ-ʉʪʦʡʣʝʥʩʢʠʡ ɻʇʈ (ʃʝʙʝʜʠʥʩʢʠʡ ʠ ʉʪʦʡʣʝʥʩʢʠʡ ɻʆʂʠ)

˶͔͔͙͙͚͋͒ͤͫ͟ ͟-ͪ

˿͚͔͙͚ͭͦͤͫ͟͡ ͟-ͪ

͍̆ͦͫͭͦͻ͙͙ͪ͊ͤ͡΅͊ ˥˻˴͍ͦ

ͪΦ˻͔ͫͦ͟͡ͼ˥͙͍͒ͪͦͦͭ͊͡

ʆʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳʈʘʙʦʯʠʡ ʙʦʨʪ ʃʝʙʝʜʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ (1974 ʛ.)

ʃʝʙʝʜʠʥʩʢʠʡ ʢʘʨʴʝʨ (1964 ʛ.)

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ

×ɼʦʢʘʟʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʥʦ-
ʙʘʣʦʥʩʦʚʦʛʦ ʮʠʢʣʘ (ʧʨʠʨʦʜʥʘʷ 
ʨʝʘʙʠʣʠʪʘʮʠʷ)

×ʇʨʝʜʣʦʞʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʚ ʦʩʥʦʚʘʥʠʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ 
ɻʆʂʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ  ʫʩʣʦʚʠʷ 
ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ:
- ʠʥʬʠʣʴʪʨʦʤʝʪʨʠʷ,
- ʪʝʨʤʦʟʦʥʜʠʨʦʚʘʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ,
- ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʣʥ ʚ 
ʩʢʚʘʞʠʥʘʭ

×ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʦʧʳʪʥʦ-
ʤʠʛʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʚ ʚʦʜʦʥʦʩʥʳʭ 
ʛʦʨʠʟʦʥʪʘʭ

×ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʤʘʢʨʦʜʠʩʧʝʨʩʠʠ ʚʝʱʝʩʪʚʘ ʚ ɺɻ

×ʇʦʩʪʨʦʝʥʳ ʧʝʨʚʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ 
ʦʙʲʝʢʪʘ (ʩʦʚʤʝʩʪʥʦ ʚ ɺʀʆɻɽʄ)

ɻʠʜʨʦʦʪʚʘʣ çɹʝʨʝʟʦʚ ʣʦʛè

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʋʯʘʝʚ ɺ.ʂ., ɻʦʣʦʚʠʥʘ ʅ.ɻ., ʂʦʨʦʪʢʦʚ ɸ.ʀ., ɸʪʨʦʱʝʥʢʦ ʌ.ɻ., ʈʫʤʳʥʠʥ ɺ.ɻ., ʊʦʢʘʨʝʚ ʀ.ɺ., ʐʠʧʫʣʠʥʘ ʄ. ʠ ʜʨ.11



ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʦʛʦ ʮʠʢʣʘ

ˤͦͫͭͦ;ͤ·͚ ΄͔ͭͪ͟
͔͚͒ͪͤ͊͗ͤͦ ͙͔ͫͫͭͣ·

˥͙͙͎͙͒ͪͦͦͨͫ͘·:
͔ͫ ͔͍͔ͭͫͭͤͤ·͚
͔͙ͪ͗ͣ

ͤ͊ͪͯ΄͔ͤͤ·͚
͔͙ͪ͗ͣ



1974ςнлнл ͎͎ΦΥ ˾͍͙͙͔͊ͭ͘ ͔ͣͦ͒͡Έͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ 

ʉʝʪʢʘ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ANSDIMAT), 2020ʏʠʩʣʝʥʥʘʷ (ʩʝʪʦʯʥʘʷ) ʤʦʜʝʣʴ (ɺʀʆɻɽʄ, 1992)

ʏʠʩʣʝʥʥʘʷ (ʩʝʪʦʯʥʘʷ) ʤʦʜʝʣʴ (ɿɸʆ çɻʝʦʣʠʥʢè, 2020) ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭʚʦʜ

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ : ʋʯʘʝʚ ɺ.ʂ., ɻʝʥʟʝʣʴ ɻ.ʅ., ʂʘʨʘʯʝʚʮʝʚ ʅ., ʂʦʥʦʩʘʚʩʢʠʡ ʇ.ʂ., ʉʠʥʜʘʣʦʚʩʢʠʡ ʃ.ʅ., ʃʦʤʘʢʠʥ ɽ.ɸ., ʇʦʩʧʝʣʦʚ ɸ., ʈʫʤʷʥʮʝʚ ɺ.ɸ., 

ʍʤʝʣʴʥʠʮʢʠʡ ʉ., ʅʦʚʦʞʠʣʦʚʘ ʅ.ɼ, ʂʦʟʘʢʦʚʘ ʉ. ʠ ʜʨ.



ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ

ɼʨʝʥʘʞ ʢʘʨʴʝʨʘ

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʢ ʧʨʦʛʥʦʟʫ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ

(ɺ.ɸ. ʄʠʨʦʥʝʥʢʦ, 1974 ʛ.)

ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ 3D ʧʨʦʙʣʝʤʳ: ʈʫʤʳʥʠʥ, ʉʠʥʜʘʣʦʚʩʢʠʡ, 2024 (ANSDIMAT-C)

M, q ɻʝʦʤʝʪʨʠʷ ʠʩʪʦʯʥʠʢʘ ʌʫʥʢʮʠʷ ɻʠʥʘ)(qf  
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ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʤʠʛʨʘʮʠʠ ʚ ʪʨʝʱʠʥʦʚʘʪʦ-ʧʦʨʠʩʪʳʭ ʧʦʨʦʜʘʭ

),( h-thg)(qf

˸͔-͔͎͔ͣͪ͡͡ΈKϜcn-tu

Kϛal
˽͔͙ͫ͟

ñ qh-thqgt-w=

Rt

imvalpi dgfMC

/

0

,,, ),()()exp(

)(qf - ʬʫʥʢʮʠʷ ɻʨʠʥʘ (ʪʘʙʣ.),- ʬʫʥʢʮʠʷ ʤʘʩʩʦʙʤʝʥʘ

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 



ʀʥʜʠʢʘʪʦʨʥʳʝ ʦʧʨʦʙʦʚʘʥʠʷ (1970-80-ʝ ʛʛ.) ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ʩʨʝʜʝ ANSDIMAT (2020-ʝ ʛʛ.)

˹͎͔͙͔͊ͤͭ͊ͤ ͙͙ͤ͒͊ͭͦͪ͊͟ ˨͔͔ͯͨͭͤͦ͡ ͍͙͔ͦͨͪͦ͋ͦ͊ͤ

˭͙͊ͨͯͫ͟ ͙͙ͤ͒͊ͭͦͪ͊͟ ͙ͨͪ ͦͭ͊͟;͔͟

ɹʦʨʝʚʩʢʠʡ ɹ.ɺ.,ʄʠʨʦʥʝʥʢʦ ɺ.ɸ.,

ɽʨʰʦʚ ɻ.ɽ.,ʈʫʤʳʥʠʥ ɺ.ɻ., ʂʦʥʦʩʘʚʩʢʠʡ ʇ.ʂ.

ˤ͙͡Ύ͙͔ͤ ͙͔ͤͪͼ͙͙ͦͤͤͦͫͭ ͍ͫ͟.



1994 ʛ.: ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ

ʥʘ ʂʦʚʜʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ

FʝS + O2 + 5ʅ2O = Fʝ (ʆʅ)3 + 7ʅ
+ + SO4

2- + 5ʝ-,

2 FʝS2 + 7O2 + 8ʅ20 = 2 Fʝ (ʆʅ)3 + 10ʅ
+ + 4SO4

2- + 2ʝ-

ʉʘɸl2Si2O8+ ɿʅ2O = ɸ12 Si205(Oʅ)4+ ʉʘ
2++ 2Oʅ-

ʈʝʘʢʮʠʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ

ʆʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ

2011 ʛ.: ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ

ʧʨʠ ʚʦʜʦʧʦʥʠʞʝʥʠʠ (ʈʫʤʳʥʠʥ, 2011)
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ɿʘʛʨʷʟʥʝʥʠʝ ʜʨʝʥʘʞʥʳʭ ʚʦʜ ʩʫʣʴʬʘʪʘʤʠ (ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʛ/ʦʪʚʘʣʘʭ)
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ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ : ʈʫʤʳʥʠʥ ɺ.ɻ., ʇʨʦʩʢʫʨʥʠʥʘ ʃ.ɺ., ʊʦʢʘʨʝʚ ʀ.ɺ. ʠ ʜʨ.



ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ NO3 ʠ SO4

ʚ ʚʦʜʦʟʘʙʦʨʝ çʎʝʥʪʨʘʣʴʥʳʡ 

ʉʭʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʙʘʩʩʝʡʥʝ

ʦʟ. ɹʦʣʴʰʦʡ ɺʫʜʲʷʨ (ʍʠʙʠʥʳ, ɸʆ ɸʧʘʪʠʪ) 

1992ï2015 ʛʛ.: ʀʟʦʪʦʧʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʝʟʠʩʘ ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʚʦʜʳ

1000)1/()/N( ʘʪʦʙoo

o15 -=d RR

ʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʯʠʩʝʣ (15N/14N) ʦʙR
ʘʪR

ʊʨʠʪʠʡ-ʛʝʣʠʡ-3 ʤʝʪʦʜ ʜʘʪʠʨʦʚʘʥʠʷ

Tʚ = 16 ʣʝʪ (ɻʫʜʢʦʚ ʠ ʜʨ., 2014; ʂʘʤʝʥʩʢʠʡ ʠ ʜʨ., 2016)

( )H/He1ln
1 3

ʪʨʠʪ

3

ʚ +
l
=t

ʆʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʯʠʩʝʣ (R =15N/14N)

17ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʈʫʤʳʥʠʥ ɺ.ɻ., ʊʦʢʘʨʝʚ ʀ.ɺ., ʇʨʦʩʢʫʨʥʠʥʘ ʃ.ɺ., ʇʝʨʝʚʝʨʟʝʚʘ ʉ.ɸ. ʠ ʜʨ.



ʇʆɼʊʗɻʀɺɸʅʀɽ ɻʃʋɹʀʅʅʓʍ ʈɸʉʉʆʃʆɺ ʂ ɼʈɽʅɸɾʅʓʄ ʂʆʅʊʋʈɸʄ

"ɻʦʨʘ-2"
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Cʨʝʜʥʝʝ: "ɻʦʨʘ-1" + "ɻʦʨʘ-2"

ʖʞʥʦ-ɹʝʣʦʟʝʨʩʢʦʝ ɾʈ ʤʝʩʪʦʨʦʞʜʝʥʠʝ

ɿʘʧʦʨʦʞʩʢʠʡ ʞʝʣʝʟʦʨʫʜʥʳʡ ʢʦʤʙʠʥʘʪ
ʂʦʨʰʫʥʦʚʩʢʦʝ ɾʈ ʤʝʩʪʦʨʦʞʜʝʥʠʝ

(ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ)
ʗʢʦʚʣʝʚʩʢʦʝ ɾʈ ʤʝʩʪʦʨʦʞʜʝʥʠʝ

(ʂʄɸ)

20 ʛ/ʣ

5 ʛ/ʣ

ʇʨʠʪʦʢʠ ʚ ʢʘʨʴʝʨ ʄʠʥʝʨʘʣʠʟʘʮʠʷ

ʜʨʝʥʘʞʥʳʭ ʚʦʜ
ʀʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ

ʩ ʛʣʫʙʠʥʦʡ
ʄʠʥʝʨʘʣʠʟʘʮʠʷ

ʚ ʩʢʚ. (ʙʫʯʘʢʩʢʠʡ ɺɻ)

ʄʠʥʝʨʘʣʠʟʘʮʠʷ

ʨʫʜʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ɺɻ  

18
ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʈʫʤʳʥʠʥ ɺ.ɻ., ɻʦʣʦʚʠʥʘ ʅ.ɻ., ʋʯʘʝʚ ɺ.ʂ., ʇʨʦʩʢʫʨʥʠʥʘ ʃ.ɺ., ʈʫʤʷʥʮʝʚ ɺ.ɸ., ʃʦʤʘʢʠʥ ɽ.ɸ., ʂʦʯʥʝʚʘ ʄ.ʅ., ʉʘʣʪʘʥʦʚʘ ʊ. ʠ ʜʨ.



ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʆ ʇʆɼʊʗɻʀɺɸʅʀʀ ʉʆʃɽʅʓʍ ɺʆɼ ʂ ʂʆʅʊʋʈʋ ɼʈɽʅɸɾɸ

ʅʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ
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ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ

ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ

0=rD
critQQ>>rD ,0

rD ς ͨ ͚ͦͭͤͦͫͭͤͦ͡ ͎͙͔ͪ͊͒ͤͭ

critQ ς ͟ ͙͙ͪͭ;͔͙͚ͫ͟ ͔͙͒͋ͭ

)(w=l f

ffs rr-r=rD /)(

srfr ï ʧʣʦʪʥʦʩʪʴ ʧʨʝʩʥʦʡ ʠ ʩʦʣʝʥʦʡ ʚʦʜʳ

Ґ мΦнр ͎κͫͣ3

мΦм ͎κͫͣ3
мΦлн ͎κͫͣ3

sr

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʠʡ ʧʣʦʪʥʦʩʪʠ ʩʦʣʝʥʳʭ (     ) ʠ ʧʨʝʩʥʳʭ (      ) ʚʦʜ

ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʝ: ʨʘʩʯʝʪʳ ʚ ʩʨʝʜʝ ANSDIMAT:
frsr
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 ʋʨ-ʥʠʝ (*)

ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ (TOUGH2) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʡ (*)  

(*)
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ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʈʫʤʳʥʠʥ ɺ.ɻ., ʉʠʥʜʘʣʦʚʩʢʠʡ ʃ.ʅ., ɹʦʨʦʥʠʥʘ ɸ.ɺ.



ˤ˩˾̆˹˩˴ˢ˸˿˴˻˩ ˸˩˿́˻˾˻ˬ˨˩˹ˮ˩˴ˢ˶ˮ˯˹˻-˸ˢ˥˹ˮ˩ˤ̍̆˿˻˶˩˯

ɹʂʈʋ-2 (1986 ʛ.) ʉʂʈʋ-3 (2009 ʛ.)

20

1986ï2009 ʛʛ.: ʀʟʫʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟ ʤʠʛʨʘʮʠʠ ʨʘʩʩʦʣʦʚ ʠʟ ʰʣʘʤʦʭʨʘʥʠʣʠʱ

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʄʦʣʴʩʢʠʡ ɽ.ɺ., ɼʘʰʢʦ ʈ.ʕ., ʂʦʨʦʪʢʦʚ ɸ.ʀ., ɸʪʨʦʱʝʥʢʦ ʌ.ɻ., ʋʯʘʝʚ ɺ.ʂ., ʂʦʯʥʝʚʘ ʄ.ʅ., ʑʝʤʝʣʠʥʠʥ ɺ.ɺ., ʇʝʪʨʦʚ ʅ.ʇ. ʠ ʜʨ. 



̅͊ͭͦͪ͟·Σ ͙ͦͤͭͪͦͪͯ͟͡Ό΅͙͔ ͙͎ͣͪ͊ͼ͙Ό ͍ͪ͊ͫͫͦͦ͡

1. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʜʝʧʨʝʩʩʠʡ

ʚ ʦʩʥʦʚʘʥʠʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ

˴͙͍͙͔͊ͪͭͪͦ͊ͤ ͔͍ͫͦ͡·ͻ ͔͍ͦͪͦͦ͡ ͫ ͨͦͣͦ΅ΈΌ ˤ̏˭

2. ɼʚʦʡʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʪʨʝʱʠʥʦʚʘʪʦʛʦ ʤʘʩʩʠʚʘ

(ʊʂʊ)

S

m

mmbs

C
nDSW

Ír
rµ

µ
-=

˨͙ͺͺ͙ͯͦͤͤ͘·͚ ͔ͦ͋ͣͤΥ

1. ʃʦʢʘʣʴʥʳʡ ʫʨʦʚʝʥʴ: ʧʨʠʤʝʨ ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʚ ʨ. ʋʩʦʣʢʝ

͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ

2. ʈʝʛʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ: ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʙʨʦʩʦʚ ʦʪ 
ʦʙʲʝʢʪʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʨ. ʂʘʤʘ (2023 ʛ.) 

ʂʦʜʳ RMA2 ʠ RMA4

́˴́ ˽̇́

21



ɹʂʈʋ-1 (2006 ʛ.) 

2006ï2014 ʛʛ.: ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʟʘʪʦʧʣʝʥʠʠ ʩʦʣʷʥʳʭ ʨʫʜʥʠʢʦʚ

ˤ˩˾̆˹˩˴ˢ˸˿˴˻˩ ˸˩˿́˻˾˻ˬ˨˩˹ˮ˩˴ˢ˶ˮ˯˹˻-˸ˢ˥˹ˮ˩ˤ̍̆˿˻˶˩˯

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ

× ʇʨʦʛʥʦʟ ʟʘʪʦʧʣʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ
ʠ ʢʠʥʝʪʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʠʢʦʚ

× ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ (ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ) ʠ 
ʤʦʜʝʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʜʦʟʘʱʠʪʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ 

ʉʂʈʋ-2 (2014 ʛ.)

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʦʥʳ ʦʙʨʫʰʝʥʠʷ
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ɼʠʥʘʤʠʢʘ ʟʘʪʦʧʣʝʥʠʷ

(TOUGH2)

2006 ʛ.: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʪʦʧʣʝʥʠʷ ʨʫʜʥʠʢʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʠʢʦʚ (ɹʂʈʋ-1)

ɻʝʦʤʝʪʨʠʷ 3D ʤʦʜʝʣʠ

ʠ ʵʪʘʞʠ ʦʪʨʘʙʦʪʢʠ

ʈʘʩʪʚʦʨʝʥʠʝ

ʮʝʣʠʢʦʚ
ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ

(ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ, ʤ)

ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ

ʉʣʦʡ ʂʈ2

ʉʣʦʡ ɸɹ

ʉʣʦʡ ɺ
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ

ʰʪʨʝʢ
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