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ƛƽƳƴƺƷƿƽƱƯƼƷƴ 
ƲƷƳƿƽƳƷƼƯƻƷǆƴǀƹƷǄ 
ƼƴǂǀǁƽƸǆƷƱƽǀǁƴƸ Ʒ 
ǁǂƿưǂƺƴƼǁƼƽǀǁƷ

ƠƽƶƳƯƼƷƴ 
ƱǊǆƷǀƺƷǁƴƺǋƼǊǄ 

ƾƿƽƲƿƯƻƻ Ƴƺǎ ƿƯǀǆǏǁƽƱ 
ǀƺƽƵƼǊǄ ƻƼƽƲƽƻƴƿƼǊǄ 
ƲƷƳƿƽƳƷƼƯƻƷǆƴǀƹƷǄ 
ǁƴǆƴƼƷƸǀ ǂǆǏǁƽƻ 
ƾƴƿƴƼƽǀƯ ƼƴƸǁƿƽƼƽƱ 
Ʒ ƷƶƺǂǆƴƼƷǎ

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʩ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʤʠʰʝʥʴʶ

ƟƯƶƿƯưƽǁƹƯ 
ǇƷƿƽƹƽƳƷƯƾƯƶƽƼƼǊǄ 
ǂƿƯƱƼƴƼƷƸ ǀƽǀǁƽǎƼƷǎ 
ƱƴǈƴǀǁƱƾƿƷ ƱǊǀƽƹƷǄ 

ƳƯƱƺƴƼƷǎǄ Ʒ 
ǁƴƻƾƴƿƯǁǂƿƯǄ

ƗǀǀƺƴƳƽƱƯƼƷƴ 
ƷƶƺǂǆƯǁƴƺǋƼǊǄ 
ǀƱƽƸǀǁƱ ƾƺƽǁƼƽƸ 

ƱǊǀƽƹƽǁƴƻƾƴƿƯǁǂƿƼƽƸ 
ƾƺƯƶƻǊ
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ƙƿǂƾƼƽƻƯǀǇǁƯưƼƽƴ 
ƻƽƺƴƹǂƺǎƿƼƽ-ƳƷƼƯƻƷǆƴǀƹƽƴ 
(ƛƓ) ƻƽƳƴƺƷƿƽƱƯƼƷƴ

ƳƷƼƯƻƷǆƴǀƹƷǄ ƾƿƽǅƴǀǀƽƱ ƼƯ 
ƻƷƹƿƽ- Ʒ ƻƴƶƽǂƿƽƱƼǎǄ. ƛƓ 

ƻƽƳƴƺƷƿƽƱƯƼƷƴ 
ǁƴƿƻƽƳƷƼƯƻƷǆƴǀƹƷǄ Ʒ 
ƻƴǄƯƼƷǆƴǀƹƷǄ ǀƱƽƸǀǁƱ 

ƻƯǁƴƿƷƯƺƽƱ

ƗƶǂǆƴƼƷƴ 
ƳƴǁƽƼƯǅƷƷ 
ƱƶƿǊƱǆƯǁǊǄ 
ƱƴǈƴǀǁƱ

ƟƯǀǆǏǁ ƾƴƿƴƼƽǀƯ 
ǆƯǀǁƷǅ ƻƴǁƽƳƽƻ 
ƛƽƼǁƴ-ƙƯƿƺƽ, 
ƿƯƶƱƷǁƷƴ ƻƴǁƽƳƽƱ 
ƼƴƯƼƯƺƽƲƽƱƽƲƽ
ƻƽƳƴƺƷƿƽƱƯƼƷǎ

ƟƯǀǆǏǁ ƿƯƳƷƯǅƷƽƼƼƽƸ 
ưƴƶƽƾƯǀƼƽǀǁƷ Ƴƺǎ ƻƴƳƷǅƷƼǀƹƽƸ 
ǂǀǁƯƼƽƱƹƷ ƼƴƸǁƿƽƼƼƽƸ ǁƴƿƯƾƷƷ

ƛƽƳƴƺƷƿƽƱƯƼƷƴ ǂƳƯƿƼƽ-ƱƽƺƼƽƱƽƲƽ 
ǀƵƯǁƷǎ ƾƽƺƷƹƿƷǀǁƯƺƺƷǆƴǀƹƽƲƽ 

ƽưƿƯƶǅƯ

ƠƽƶƳƯƼƷƴ ƻƽƳƴƺƴƸ 
ƾƿƽǅƴǀǀƽƱ ǀ ǂǆƯǀǁƷƴƻ 
ǁƴƿƻƽǎƳƴƿƼǊǄ 
ƿƴƯƹǅƷƸ
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ƗǀƾƽƺǋƶƽƱƯƼƷƴ ǀƽƱƿƴƻƴƼƼǊǄ 
ǀƿƴƳǀǁƱ ƾƿƴ- Ʒ ƾƽǀǁƾƿƽǅƴǀǀƷƼƲƯ

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ

ƗǀƾƽƺǋƶƽƱƯƼƷƴ ƹƯƹ ǁƿƯƳƷǅƷƽƼƼǊǄ 
ƻƽƳƴƺƴƸ, ƻƴǁƽƳƽƱ, ǀǄƴƻ, ǁƯƹ Ʒ 
ƿƯƶƿƯưƽǁƹƯ ƼƽƱǊǄ, ƽưƺƯƳƯǍǈƷǄ 

ǂƺǂǆǇƴƼƼǊƻƷ ǀƱƽƸǀǁƱƯƻƷ

ƛƽƳƴƺƷƿƽƱƯƼƷƴ Ʊ 1D, 2D 
Ʒ 3D ƲƴƽƻƴǁƿƷǎǄ

ƞƿƷƻƴƼƴƼƷƴ ǁƴǄƼƽƺƽƲƷƷ ƻƯǀǀƽƱƽƲƽ 
ƿƯǀƾƯƿƯƺƺƴƺƷƱƯƼƷǎ Ƴƺǎ ƿƯƶƺƷǆƼǊǄ 
ƯƿǄƷǁƴƹǁǂƿ

ƑƽƶƻƽƵƼƽǀǁǋ ƾƿƽƱƴƳƴƼƷǎ ưƽƺǋǇƷǄ 
ǀƴƿƷƸ ǆƷǀƺƴƼƼǊǄ ǌƹǀƾƴƿƷƻƴƼǁƽƱ 
Ƴƺǎ ƽƾƿƴƳƴƺƴƼƷǎ ƼƴƽưǄƽƳƷƻǊǄ 
ƾƯƿƯƻƴǁƿƽƱ

ƞƽƱǊǇƴƼƷƴ ǁƽǆƼƽǀǁƷ 
ƻƯǁƴƻƯǁƷǆƴǀƹƽƲƽ
ƻƽƳƴƺƷƿƽƱƯƼƷǎ
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ƟƯưƽǁǊ ƾƽ ƽǀƼƽƱƼƽƸ ǁƴƻƯǁƷƹƴ

ƝƾǁƷƻƷƶƯǅƷǎ ƹƽƼǀǁƿǂƹǅƷƸ 
ƶƯǈƷǁǊ ƽǁ ƷƶƺǂǆƴƼƷǎ

ƟƯǀǆƴǁǊ ƼƴƸǁƿƽƼƼƽ-ǃƷƶƷǆƴǀƹƷǄ 
ǄƯƿƯƹǁƴƿƷǀǁƷƹ ǎƳƴƿƼǊǄ ƿƴƯƹǁƽƿƽƱ

ƛƽƳƴƺƷƿƽƱƯƼƷƴ ƿƯǀƾƿƽǀǁƿƯƼƴƼƷǎ 
ǌƾƷƳƴƻƷƸ

ƟƯǀǆƴǁ Ƴƽƶ ƼƯ ƿƯƳƷƯǅƷƽƼƼƽ-
ƶƯƲƿǎƶƼƴƼƼƽƸ ǁƴƿƿƷǁƽƿƷƷ

ƟƯǀǆƴǁ ƳƽƶƽƱǊǄ ƼƯƲƿǂƶƽƹ ƼƯ 
ǁƴǄƼƷƹǂ Ʒ ƾƴƿǀƽƼƯƺ

ƟƯƳƷƯǅƷƽƼƼƯǎ 
ƻƴƳƷǅƷƼƯ
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ƞƑƙ «ƑƽƺƼƯ» ƾƿƴƳƼƯƶƼƯǆƴƼ Ƴƺǎ 
ƷǀƾƽƺǋƶƽƱƯƼƷǎ Ʊ ƲƯƶƽǁƿƯƼǀƾƽƿǁƼǊǄ 
ƽưǈƴǀǁƱƯǄ Ʊ ǅƴƺǎǄ ƾƽƳƳƴƿƵƹƷ 
ƾƿƷƼǎǁƷǎ ƳƷǀƾƴǁǆƴƿǀƹƷǄ ƿƴǇƴƼƷƸ 
ƾƽ ǂƾƿƯƱƺƴƼƷǍ ƲƯƶƽǁƿƯƼǀƾƽƿǁƼǊƻƷ 
ǀƷǀǁƴƻƯƻƷ.

ƥƴƼǁƿǊ ǂƾƿƯƱƺƴƼƷǎ ƻƯƲƷǀǁƿƯƺǋƼǊƻƷ 
ƲƯƶƽƾƿƽƱƽƳƯƻƷ
ƛƽǀƹƱƯ, ƜƽƱǊƸ ƢƿƴƼƲƽƸ, Ɍ
ƙƿǂƾƼǊƴ ƹƽƻƾƿƴǀǀƽƿƼǊƴ ǀǁƯƼǅƷƷ
«ƠƴƱƴƿƼǊƸ ƾƽǁƽƹ», «ƠƷƺƯ ƠƷưƷƿƷ»
ƒƯƶƽƾƴƿƴƿƯưƯǁǊƱƯǍǈƷƴ ƶƯƱƽƳǊ
«ƏǀǁƿƯǄƯƼǀƹƷƸ ƒƞƖ» Ɍ

ƥƷǃƿƽƱƷƶƯǅƷǎƲƯƶƽǁƿƯƼǀƾƽƿǁƼƽƸ ǀƷǀǁƴƻǊ «ƒƯƶƾƿƽƻ» ƞƑƙ «ƑƽƺƼƯ» 
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ƝƳƷƼƷƶƾƽƳǄƽƳƽƱƾƿƽƻǊǇƺƴƼƼƽƲƽ
ƾƿƽƷƶƱƽƳǀǁƱƯƱƽƳƽƿƽƳƯǌǁƽƾƿƽǅƴǀǀ
ƾƯƿƽƱƽƸƷ ƾƯƿƽƹƷǀƺƽƿƽƳƼƽƸ
ƾƴƿƴƿƯưƽǁƹƷƾƿƷƿƽƳƼƽƲƽƲƯƶƯƶƯǀǆƴǁ
ƷƶưǊǁƽǆƼƽƲƽǁƴƾƺƯǎƳƴƿƼƽƲƽƿƴƯƹǁƽƿƯ.

Ƒǀƴ ǁƴǄƼƽƺƽƲƷǆƴǀƹƷƴƾƿƽǅƴǀǀǊ
ƾƿƽǁƴƹƯǍǁƾƿƷƾƽƱǊǇƴƼƼƽƻƳƯƱƺƴƼƷƷ
ƷƾƽƱǊǇƴƼƼƽƸǁƴƻƾƴƿƯǁǂƿƴ.

Ή͔͎͔͙ͤͪͭ͊͟
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ʚʦʜʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ

͔̇͡Έ

˾͙͔͊ͪ͊͋ͦͭ͊ͫͫͭͣ͘͟·͍ͦ͒ͦ͒͟͡Ύͦͼ͔͙͔͍͙͚ͤͨͦͫ͒ͫͭͪͯͨͤͦͣ͊ͫ͟͟͡΄ͭ͊͋ͤ·ͻ͍͙͚͙͊͊ͪͨͪ
͙͍͍͔͙ͨͪͦͦ͒ͫͭ͘ ͦ͋ͪ͊΅͔͙͙͍͔ͤͫͦ͒ͦͪͦ͒ͦͫͦ͒ͪ͗͊΅͙͙͔ͣͫͣͫΎ͙͍ͣͦ ͍͙͔͋ͦͫͤͦ͊ͤ
͍͚͍ͦ͒ͦͪͦ͒ͤͦͪ͘·͍͔͙ͦ͋ͦͨ͊ͫͤͦͫͭ͘Σ͍ͭͦ;͙͔ͣͫͤ͊ͦ͡ ͋Ά͔ͭ͊͟ͻ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ͚͊ͭͦͣͤͦ
Ή͔͎͙͙ͤͪ.

˻͍͙͔͋ͦͫͤͦ͊ͤ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
͙͍ͨ͊ͫͫͤ·ͻ ͙͙͊ͭ͊ͭ͟͡;͔͙ͫ͟ͻ 
͔͙͍͍ͪͦͣ͋ͤ͊ͭͦͪͦͦ͒ͦͪͦ͒͊͟

˿͙͔͔ͫͭͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ 
ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 
͍͚ͦ͒ͦͪͦ͒ͤͦ  Ή͔͎͔͙͙ͤͪͭ͟

˭͊͊͘͟;͙͙͟

ˢ˻ ζ˴ͦͤͼ͔ͪͤ ˾ͦͫΉ͔͎ͤͪͦ͊ͭͦͣηˢ˻ ζˤ˹ˮˮˢ̏˿η

ˢͭͯ͊͟͡ΈͤͦͫͭΈ

ˤͪ͘·͍ͦͦͨ͊ͫͤ·͔ ͍͔΅͔͍ͫͭ͊

͙́ͨ· ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘

Åˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ς͟ ͙͙ͪͭ;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ 
͔͙ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟ ˤ̏

Å˽͔ͪͦ͋͡· ͍ ͙͙͙ͨͦͤͣ͊ͤ ͦͨ͊ͫͤ·ͻ 
Ύ͍͔͙͚ͤ͡

Å˨͔ͺ͙ͼ͙ͭ· ͍ ͔ͭͻ͎͙ͤͦͦ͡Ύͻ ͊͘΅͙ͭ·
Å˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͯͭͦ;͔͙ͤͤΎ ͤͦͪͣ

ÅH2

ÅCH4

ÅCO
ÅO2

Å͍ͪ͘·͍ͤ·͔Σ
Å͔͙ͭͪͣ;͔͙͔ͫ͟Σ
Å͙ͭͦͫ͟;ͤ·͔ 
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ʚʦʜʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ

˴͔ͦͣͨͫ͟͡ ͎ͨͪͦͪ͊ͣͣ ̅˻˴̂˿

˹͊ͤ͊͘;͔͙͔ͤ

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͎͔͙ͦͪͤΎ ͙ ͔͒ͭͦͤ͊ͼ͙͙

˸͔͙͔ͦ͒ͪͯͣ͡·͔ ͨͪͦͼ͔ͫͫ·

Å͎͔ͣͤͦͦͦͣͨͦͤͤͭͤ͊͟Ύ ͎͍͊ͦ͊͘Ύ 
͙͙͒ͤ͊ͣ͊͟ ͫ ͯ͒͊ͪͤ·͙ͣ ͍͙ͦͤ͊ͣ͡Σ

Å͔͍ͭͨͦͨͪͦͦ͒ͤͦͫͭ͡ΈΣ
Å͙ͯ͘͡;͔͙͔ͤΣ
Åͻ͙͙ͣ;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙Σ
͍Ύͦͫͭ͘͟ΈΣ

Å͔ͣͦͯ͟͡͡Ύͪͤ͊Ύ ͙ ͔ͭͯͪ͋ͯͤͭͤ͊͡Ύ ͙͒ͺͺ͙ͯ͘ΎΣ
Å̂;͖ͭ ͔͔͚ͣͦ͒͡ ͔͙ͭͯͪ͋ͯͤͭͤͦͫͭ͡ 

k-e͙ LES

˽͔͙ͦͭͪ͋ͤͦͫͭ

Å ˥͔͔ͤͪ͊ͭͦͪ· ͔ͫͭͦ͟
Å ˽͙͔͔͙͔ͪͣͤͤ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͒͡Ύ ͍·͋ͦͪ͊ 
͔͍ͨ͊ͪ͊ͣͭͪͦ ͪ͊ͤͦͫͭͤ͘·ͻ ͫͻ͔ͣ

Å MPI-͔͙͒ͦͣͨͦ͘͟ͼ͙Ύ ͒͡Ύ ͙͍͙͋͊͊ͤͫͪͦ͟͡ ͎͙ͤ͊ͪͯ͘͟
Å ˾͔͙͊͊͘͡ͼ͙Ύ ͨͦ͒ ͎͙͙͋ͪ͒ͤͯΌ ͊ͪͻ͙͔ͭͭͯͪͯ͟
Å ˾͍͙͙͔͊ͭ͘ ͔͔͚ͣͦ͒͡ ͔͙ͭͯͪ͋ͯͤͭͤͦͫͭ͡

΄͍͔͊ͪͦͦ 
ͨ͊ͣ͡Ύ

ͪ͊ͫ;͖ͭ Ή͔͙͔ͫͨͪͣͤͭ͟

˻͔͙ͫͦ͋ͤͤͦͫͭ ͎ͨͪͦͪ͊ͣͣ·

ÅΉ͚͔͍ͪͦ͊ͪ͊ͫ͡;͖ͭͤ͊Ύ ͔ͫͭ͊͟Σ
Å͙͙͒ͤ͊ͣ;͔ͫ͊͟Ύ ͊͒͊ͨͭ͊ͼ͙Ύ ͔͙ͫͭ͟Σ
Åͫͻ͔ͣ͊ ˥͍ͦ͒ͯͤͦ͊ ͍ͨͦ·΄͔͎ͤͤͦͦ ͨͦͪΎ͒͊͟ ͭͦ;͙ͤͦͫͭΣ
Åͫͦ͗ͤ͊͡Ύ ͎͔͔͙ͦͣͭͪΎΣ
ÅΉͺͺ͔͙͍͔ͭͤͦ͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͨ͊ͪ͊͡͡͡Έ͎ͤͦͦ 
͍·;͙͙͔ͫͭ͡͡Έ͎ͤͦͦ ͔ͦͣͨͫ͊͟͟͡

Ύ;͔͙͔ͫͭͦ 
ͨ͊ͣ͡Ύ

˥͔͙͔ͦͪͤ ͍ ͔͊ͦͪ͘͘

˥͔͙͔ͦͪͤ ͍ ͔ͪ͊͡Έ͚ͤͦ ͍͔ͯͫͭ͊ͤͦ͟

˿͚͔ͭͪͯͤͦ ͔ͭ;͔͙͔ͤ ͙ͨͪ ͙ͤ͊͡;͙͙ ͔͔͎ͨͪͦͪͦ͒ͦ͟

˨͔ͺ͎͊ͪ͊͡ͼ͙Ύ

ͪ͊ͫ;͖ͭ Ή͔͙͔ͫͨͪͣͤͭ͟

ͪ͊ͫ;͖ͭ Ή͔͙͔ͫͨͪͣͤͭ͟
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ƣƷƶƷǆƴǀƹƯǎ ƻƽƳƴƺǋ ǎƱƺƴƼƷǎ

ƛƯǁƴƻƯǁƷǆƴǀƹƯǎ ƻƽƳƴƺǋ

ƗƼǁƴƲƿƽ-ƳƷǃǃƴƿƴƼǅƷƯƺǋƼǊƴ ǂƿƯƱƼƴƼƷǎ

ƛƴǁƽƳ ƛƽƼǁƴ-ƙƯƿƺƽ ƟƯƶƼƽǀǁƼǊƴ ƻƴǁƽƳǊɌ

ƞƿƽƲƿƯƻƻƼǊƴ ƹƽƻƾƺƴƹǀǊ

ƣƗƖƗƙƏ

ƢƟƏƑƜƔƜƗƮ ƛƏơƔƛƏơƗƦƔƠƙƝƘ ƣƗƖƗƙƗ

ƛƏơƔƛƏơƗƦƔƠƙƗƘ ƏƜƏƚƗƖ
ƣƢƜƙƥƗƝƜƏƚƫƜƪƘ ƏƜƏƚƗƖ
ơƔƝƟƗƮ ƑƔƟƝƮơƜƝƠơƔƘ Ɨ 
ƛƏơƔƛƏơƗƦƔƠƙƏƮ ƠơƏơƗƠơƗƙƏ

ƦƗƠƚƔƜƜƪƔ ƛƔơƝƓƪ

ƞƟƝƒƟƏƛƛƗƟƝƑƏƜƗƔ
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ʇʦʧʨʦʙʫʝʤʦʧʠʩʘʪʴʧʨʦʮʝʩʩʯʠʩʣʝʥʥʦʛʦʤʦʜʝʣʠʨʦʚʘʥʠʷʥʘʧʨʠʤʝʨʝʟʘʜʘʯʠʦʚʟʨʳʚʝ

ʚʦʟʜʫʰʥʦ-ʚʦʜʦʨʦʜʥʦʡʩʤʝʩʠʧʨʠʛʠʣʴʦʪʠʥʥʦʤʨʘʟʨʳʚʝʪʨʫʙʦʧʨʦʚʦʜʘ.

10 ʤ

3.5 ʤ

10 ʤ

30 cʤ

ɺʆɼʆʈʆɼ ɺʆɿɼʋʍ

ʇʘʨʘʤʝʪʨʳ ʚʝʱʝʩʪʚʘ:

ʀʜʝʘʣʴʥʳʡ ʛʘʟ 

ɔ = 1.4, 

ɟ = 0.7ʢʛ/ʤ3, 

Ů = 3 ʤɼʞ/ʢʛ,

ʈ = 10 ʘʪʤ. 

ʇʘʨʘʤʝʪʨʳ ʚʝʱʝʩʪʚʘ:

ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ

ɔ = 1.4, 

ɟ = 1.1 ʢʛ/ʤ3, 

Ů = 0.2 ʤɼʞ/ʢʛ,

ʈ = 1 ʘʪʤ. 

ʊʈʋɹɸ
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ʇʝʨʝʥʦʩ ʪʝʧʣʘ ʠʟʣʫʯʝʥʠʝʤ ʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ

ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ

ʀʩʪʝʯʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠʟ ʪʨʫʙʳ ʚ ʘʪʤʦʩʬʝʨʫ

çɺʩʧʣʳʪʠʝè ʚʦʜʦʨʦʜʘ ʧʦ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ

ɻʦʨʝʥʠʝ ʚʦʟʜʫʰʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ

ɺ ʟʘʜʘʯʝ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ:
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ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʟʘʜʘʯʠ 

ɼʣ ʪ̫ʦʛʦ,ʯʪʦʙʧrʨʦʚʦʜʠʪʴʯʠʩʣʝʥʥʦʝʤʦʜʝʣʠʨʦʚʘʥʠʝ,ʥʫʞʥʦʢʘʢʠʤ-ʪʦʦʙʨʘʟʦʤʭʨʘʥʠʪʴʚʧʘʤʷʪʠ

ʢʦʤʧʴʶʪʝʨʘʛʝʦʤʝʪʨʠʶʩʠʩʪʝʤʳïʨʘʩʧʨʝʜʝʣʝʥʠʝʚʝʱʝʩʪʚʠʠʭʩʚʦʡʩʪʚ. ɼʣʷɻ ʪʦʛʦʦʩʫʱʝʩʪʚʣʷʝʪʩʷ

ʧʝʨʝʭʦʜʢʜʠʩʢʨʝʪʥʦʤʫʘʥʘʣʦʛʫʩʧʣʦʰʥʦʡʩʨʝʜʳ.

ʇʆɼʍʆɼʓ

ʉʝʪʦʯʥʳʝ ʤʝʪʦʜʳ.

ʈʝʛʫʣʷʨʥʘʷ, ʥʝʨʝʛʫʣʷʨʥʘʷ 

(ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ. 
˭͊͒͊ΌͭͫΎ ͙ ͪ͊ͫͫ;͙ͭ·͍͊ΌͭͫΎ  ͤ͊͘;͔͙ͤΎ 
́˨ˤΣ ͔͚ͫͦͪͦͫͭ͟ ͙ ͭΦ͒.

ɹʝʩʩʝʪʦʯʥʳʝʤʝʪʦʜʳ.˸͔͍ͤͦ͗ͫͭͦ 
͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ό΅͙ͻ ͨͦ ͔͔͔ͦͨͪ͒ͤͤͦͣͯ͡ ͊ͦͤͯ͘͟ 
;͙͊ͫͭͼΦ
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ɺ ʨʘʡʦʥʝ ʙʘʢʘ ʠ ʪʨʫʙʳ ʩʝʪʢʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ

ʉʝʪʢʘ ʚ ʟʘʜʘʯʝ ʦ ʚʳʪʝʢʘʥʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʪʨʫʙʳ
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ʀʥʪʝʛʨʘʣʴʥʳʝʟʘʢʦʥʳʩʦʭʨʘʥʝʥʠʷʤʘʩʩʳ,ʠʤʧʫʣʴʩʘ,ʠʧʦʣʥʦʡɻʥʝʨʛʠʠʜʣ ʥ̫ʝʢʦʪʦʨʦʛʦʦʙʲʸʤʘV,

ʦʛʨʘʥʠʯʝʥʥʦʛʦʧʦʚʝʨʭʥʦʩʪʴʶS, ʜʚʠʞʫʱʝʡʩʷʩʦʩʢʦʨʦʩʪʴʶ◌.ʇʨʠ◌=◊ʩʠʩʪʝʤʘʦʧʠʩʳʚʘʝʪʟʘʢʦʥʳ

ʩʦʭʨʘʥʝʥʠʷʜʣʣ̫ʘʛʨʘʥʞʝʚʦʡʯʘʩʪʠʮʳ,ʘʧʨʠ◌=0ïʜʣʬ̫ʠʢʩʠʨʦʚʘʥʥʦʛʦʦʙʲʸʤʘʧʨʦʩʪʨʘʥʩʪʚʘ.

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ.

( ) 0udv w w u nds p nds
t sV s

r r
µ

Ö - Ö Ö - Ö + Ö =ññ ñ
µ

( ) 0dv w u nds
t sV

r r
µ

- Ö - Ö =ññ
µ

( ) 0u uE dv E w u nds p u nds
t sV s

r r
µ

Ö - Ö Ö - Ö + Ö Ö =ññ ñ
µ

( , )p f r e= s

v

ɿʜʝʩʴtïʚʨʝʤʷ,”ïʧʣʦʪʥʦʩʪʴ,ύïʚʝʢʪʦʨʩʢʦʨʦʩʪʠ,ὲïʚʝʢʪʦʨʥʦʨʤʘʣʠʢʧʦʚʝʨʭʥʦʩʪʠS, pïʜʘʚʣʝʥʠʝ.
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ʈʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

3 1 6 3 8 6 1 8

4

1 3 3 6 6 8 8 1

1

2

è ø- - - -è ø è ø è ø è ø
= + + +é ùé ù é ù é ù é ù- - - -ê ú ê ú ê ú ê úê ú

A B C D
y y y y y y y y

GRAD p p p p p
x x x x x x x x

1

235

4
6

7 8 9

AB

C D

x

y
ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ:

()
1

4 4
4

4

1

t

+-
= +

nu u
GRAD p g

M
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ʈʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ

() 2 3 3 2 2 3 2 3 3 4 4 3 4 3 4 3

1 4 1 4 1 4 4 1 1 2 2 1 1 2 1 2

1 1
( )( ) ( )( ) ( )( ) ( )( )

2 2

1 1
( )( ) ( )( ) ( )( ) ( )( ) .

2 2

è ø è ø= + - + + - + + - + + -ê ú ê ú

è ø è ø+ + - + + - + + - + + - +ê ú ê ú

ADIV u u u y y v v x x u u y y v v x x

u u y y v v x x u u y y v v x x

ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ:

x

y

1

23

4

A
()

1 1e e

t

+-
= Ö +

n n

A A
A

A

p DIV u Q
M
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ɺʩʝ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʉʃɸʋ!

͒͡Ύ о5 ͍͔͙͚ͯͪ͊ͤͤ ͚͔̏ͪ͊͡ ͊͗͒͟·͚ Ή͔͔ͣͤͭ͡ 
A,B,C - ͙͋ͦ͟͡ рҎ5 

0 0

1 1 1

. . .

n n

Ax b

B C

A B C
A

A B

=

è ø
é ù
é ù=
é ù
é ù
ê ú
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ʇʦʣʝ ʩʢʦʨʦʩʪʠ, ʢʤ/ʩ 

T = 0.005 c

ʈʝʟʫʣʴʪʘʪ. ɺʳʪʝʢʘʥʠʝ ʚʦʜʦʨʦʜʘ ʠʟ ʪʨʫʙʳ

~30 ʤ
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ʇʦʣʝ ʵʥʝʨʛʠʠ

ʈʝʟʫʣʴʪʘʪ. ɺʟʨʳʚ ʚʦʟʜʫʰʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ

T = 0.08 c

~35 ʤ
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