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҅  ᵯ Ὶ  

̂ѿ̃ ӈ 

ֲ ȁ ץ ̆ ֟

[1,2]Ȃ ᵩ Һ ӊѿ̆ ֟ 50%[3-

6]Ȃѿ ̆ ᵩ Ҭ ▼ ▼ ȁ Ҋ №̆

ᵖ ԍ Ҭῒ Ҍ ֟ ̆ ‰Ҭ ῒ ӈ Ӟ

ԅѿ Ȃ ȇ CJJ 184ȈҬ̆ ֟

Ҋ ȁ▼ ▼ ᵬҹ ᵩ ̕ ȁ

֟ ▼ᵩ ȁ ⱴ ҹ ̕ԋ ҹ ̆

ᵩ ӊҊȂ҉ ӈҬ ῾ ȁ ֟

̂ Ȃ̃2019̆ḱ ‰ȇ №  GB/T 19095Ȉ

Ҭ̆ ᵩ ᵩ ȁ ῒז ᵩ ȂῒҬ̆ ᵩ

CJJ 184ѿ ̕ ȁ ֟ ҹ ̕῾

֟ ȁ ᵬҹῒז ᵩ ̂ 1.1̃Ȃ

╠̆ ῏ Ҭ̆ ѿ ȁ ᵝ֟

Ȃ ╠ ᵩ ̆ѿ 2017 №

ᵬ ῀ ̆ ԍ ȁ ȁ῾ ȁ ֟ Ȃ

҉ ӈ ̆ᵖῒ Ȃ ȇ

№ ‰ GB/T 19095Ȉ ӈ̆ ᵩ ȁ ῒז ᵩ

ҹ ᵩ Ḃץ̆ ῀ ῏ № Ȃ 

 

1.1 ᵯ ӎ  
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̂ԋ̃֟  

῏ԍ ᵩ ֟ ̆ ╠ ӎ Ȃ ᵀ ̆

֟ ᵩ Ҍᵞԍ6000̓ [7]Ӟ̆ 2017 ᵩ

֟ ⌠ 9500̓ [8]Ȃ 135ҩ №

ֲ ̆ ֟ ̆ ₮

ᵩ ֟ 2017ҹ1.15ַ Ȃ № ᵬ ԍ ̆

῏ ᵩ ֟ ҍῈ [8]ⱴ̆ӊҍ ᵩ

῏ [8,9]̆ ᶏ ᵩ ֟ ȂҌ ᵥ

̆ ᵩ ֟ ̆ ҹ ҙ ῍ Ȃ׆

ֲ ᵩ ֟ ̆ ₮ ҹ 0.05-1.63kg/cap.d̆

Ҍ ֲ̆ ᵩ ֟ [10]Ȃ 

ᵩ ȁ Ṝ ᴆ Ҍ Ӟ

̆ ᵣ҉ΐ Ҋץ [6,9,11-15]̔1̃ Ȃ ᵩ ȁ֟

̆ҹ ᴰ ᶫ Ȃ2̃׃ Ȃ № ᵩ ᶛ

60-90%̆ Ҭ № ₮ ̂ ȁ ȁ ̃

Ȃ3̃ ᵞ ṿȂ ᵩ ṿֽҹ2100 -3100 kJ/kğ ץ ԍ

̂ ṿ 5000 kJ/kg҉ץ Ȃ̃4̃ Ῑ Ȃ ᵩ Ҭ

ȁ ȁ Ῑᾝ ̂NȁPȁK ̃̆ №≢

⌠35.5-69.0% 3.9-21.9%Ȃ5̃ Ȃ ᵩ pHṿ׃ԍ

4.5-6.5̆ Ȃ 

ᵣ ̆ ᵩ ֟ ᵄ Ҍ ⱴ ҹ̆ԅ⁞ ῒ

ֲᵣẫ ̆ ᵩ ⁞ ȁ ῏

[14]̕ ѿ ̆ ᵩ ᶏῒΐ ᵬҹ ԋ ≠ ȁ

ᴇṿ [12,15]Ȃ 

̂҈̃ ҍ  

ᵩ ╠↨↨ ̆ №ҹ҈ ’[7,9,16-18]̔1̃

№ ̆ ᵩ ῒז ̆

ȁ 2̃̕ № ̆
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ѿ֓ ᵩ ̆ ᵩ ᴑҙⱴ ⌠ ȁ ȁ

֟ ̕3̃ № ԅ ᵩ № ̆ Ҍ ῀

Ҭ ̆ ȁ ȁ῾ Ȃ ῾

ᵩ ̆ № ȁ ȁ ȁ

[19]Ȃ ѿ֓ ԅ῾ № ҍ ≠ ᵬ ҹ̆

῾ ᵩ № ᶫԅ [20]Ȃ 

׆ ̆ ᵩ Һ ̆

2020 Ҭ ̆2019 ῃ 23122.2҆

̂ҹ 95.52%̃̆ ῒҬ №≢ҹ 10948.0҆

12174.2҆ [2]Ȃ ̆ ҳ ⱬ

[11]̔ ԅ ғ ֟ ȁ ԋ ̆

ᵩ ᴪ֟ ᵣ ̕ Ҍᾟ№ ᴪ ԋ

̆ Ҭ ᵩ ԍ ȁ ᵞԅ

≠ ⱴ Ȃ ̆

‪ №≢ҹ-2538̓ᾝ/ -1465̓ᾝ/ [21]ȂD

ԅ ᵩ Ҭ ѿ̆֓ ȁ

ᾧ ̆ №

ᵩ ≠ ֟ҙ [22]Ȃ 

ᵩ ≠ ҍ Ȃ2000

ᵬ ꜚ̆ᵖҺ ľ Ŀľ Ŀ

ҙ ̆ ȁ̔ ֟ ᵩ [9]Ȃ2005-2008

̆҉ ȁ ֤ȁ ᾢ ᵬ̆≠ ῐ

֟ ȁ ֟ [7]Ȃ2008 ȁᵟ

ῃ ≠ ֜ ᴪ ₮

≠ ᵬ └ ῏ Ȃ2011

ᵟ ȁ Ḡ ȁ῾ҙ ԅȇ῏ԍ

≠ ᵬ Ȉ ȇ Ғ

≠ ȈȂ ꜛԅ 32

ҩ ῍ 100ҩ ̆ 2020̓̀ 16ҩ

̂ ̃ Ȃҹ ȁ
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̆ᵟ └ ԅȇ Ȉ̂ CJJ 184̃̆ ԍ2013

Ȃ ╠ 63ҩ ₮ Ⱳ ᶛ̆ ҉

ԅҒ ȁ ≠ [23]Ȃ

Ⱳ ₮ ҹľ ץ ⱴ ȁ

Ⱶȁ ᵝᶫ ꜚҬ֟ ᵩ Ŀ̆ CJJ 184ӈ

̆ ῾ ֟ ᵩ ↓῀ Ȃ 

ԅ ̆ ѿ֓ ꞉ ῤ ᵩ ⁞

[12,24]Ȃ2012 ȇ ֤ ᶛȈҬ Ṥ

ᴆ ᵟ ‰ ᵩ ̕ ȇ҉

№ ↕̂ Ȉ̃ ꞉ ΐ ᴆ

ץ ῃ ḱᵟ ῤ ᵩ Ȃᵬҹ ῤ ῃ ᵝ

҉̆ ᵟ ῀ᶏ ᵩ [25]̕ ֤

҆ ≠ ᵟ ֟ ᵩ ҹ [26]̕

ҩ № ̂҈ ̃ ꞉ ᵩ ԍ ῤ

ᵩ ֟ ᵬҹ [12]Ȃ ᵩ

̆p ╠ ԍ ῒ̆ ץ ҙ

ᴨ [12]Ȃ 

ᵩ № Ҍ └ ῒ ≠ ӊѿ[7]Ȃ

№ ᵬ ̆p ׅ ‰Ҍ ȁ№ Ҍ

ȁ ҍ ᵞ [15,27]̆ᵖӞ ԅѿ Ȃᶛ ̆20146 ̆2927

ҩ № Ҭ ᵩ №₮ Ҍ⌠ ֟ 10%[15]Ȃ

̆2020֤ ᵩ №₮ 20% Ȃ2017 ȇ

№ └ Ȉ̆ ῍ 46ҩ └№ Ȃ2019ᵟ

ȇ῏ԍ ῃ ҉ץ ῃ № ᵬ

Ȉ ᵩ № Ȃ ╠̆ ҩ ₮ ḱ

ᶛ̂ ֤ȁ҉ ȁ ȁ ȁ ȁ ̃̆ ᵩ

Ȃ№ ᵩ ҉ ⌠ ̆ᵖ׆ ֤ȁ҉

̆ ╠ ᵩ ≠ ⱬ ѿ Ȃ 
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ԑ  ᵯ  

№ ᵬ ̆ ԍ ᵩ

Ȃ Һ ̆ ᾢ ᵩ ץ ᵬ

῀ [28]Ȃ ҉Һ ׃ ╠ ῤ

ᵩ ̂ 2.1̃Ȃ 

 

2.1 ᵯ  

 

̂ѿ̃ ᵩ  

ᵩ ≠ ᵩ ̆

῀Ҋ ̆ ῀ [29]Ȃ ᵩ ѿ

Ҋ ̆ ȁ ᴆ ̆

ȁ ȁ ┬ȁ ▼ ᵩ [17,29]Ȃ 2.2.1ҹ ᵩ

҈ ╩ ̆ ᵩ ῀⌠ ₴ ̆ ῀ Ȃ 
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2.1.1 ῝ ᵯ Ҏ █ [131] 

Ѓ1ɻ ₲ ῒЇ2ɻ Ї3ɻ Ї4ɻ №Ї5ɻ Ї6ɻ Ї7ɻ ꜠ Ї

8ɻ ꜠ Ї9ɻ ᴌЇ10ɻ № Ї11ɻ №Ї12ɻ № Є 

 

 

ᵩ ᵬҹѿ ⁞ ΐ 1̔̃[12,17,29]לҊᴨץ ᵞ

№ ȁ ̕2̃ ⁞ ᵩ ҍ

׆̆ ⁞ ֟ ȁ ᴰ Ȃᵖ ᵩ

ᴪҹ ⱬ[12,30]̆ Ҋץ ̔1̃

̆ ΐ ᾟ ̕2̃ Ҭ

ⱴ̆ ᵩ ⱬ

Ȃ ̆ ᵩ ̂ ᴇ 1200ᾝ̃ץ

Ҍ ̆ ᵩ № ȁ ῀ ᵩ

↕ [12,17]Ȃ ̆ Ҋ

̆ ᵩ ̆ ⱴԅ ᴰ Ȃ 

ᶏ ᵩ Ȃ1997ץ Ҍ

ᶏ ̆ ᵟ ҹ̆ ѿ֓ ԅ └ [12]Ȃ

ԍ2003 ꞉ῒ ’ ᵩ

̆Ҹ ȁ ῌȁ ᵟ [12]Ȃ ᵟ ԍ

2001 ᵩ ↓ҹᵟ ḱ ֟ ̆

╠ ῤ ҉ ȁ Ȃ ֤ȁ҉ ȁ ҩҬ

ѿ ⱴ ᵟ ̆p ᵟ ῃ ᶏ ᶏ

ᵞ ’̆ Ӟ ҩ≢ Һꜚ ӯ[12,17]Ȃ↔ [31]ᵀԅ
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ᵩ ⱬ №̆ ₮ Ҭ ᵣ

ⱴ ᵩ ̆ Ҋ̆

ᵩ ᵟ Ҭ № ץ ᵞ

Ȃ 

̂ԋ̃ ᵩ  

ᵩ Ҋ≠

ף ̆ ץ ȁ [9]Ȃῒ

2.2.1̆ ѿ №ҹ҈ҩ [12]̔1̃ ̔ №

ȁ ᵬ Ҋ № ҹ Ҭ ף

֟ ̕2̃ ֟ ȁ֟ ̔ ֟ Ҭ ף ֟ № ҹ

ῒ ҹ ̕3̃ ֟ ̔ ֟ №

ҹ ̂Һ CH4 CO2 Ȃ̃ ‪ ף ᶫ ԍ

̆ ѿ ̕ ᵩ № ֟ ̆

└ ᵣ ῾ ̆

└ ԍ῾ᵬ Ὲ [32]Ȃ ҍ ֟

⌠ ̆ ̂ ȁ ȁpHȁ № ȁ̃

ȁ ȁ [33]Ȃ ╠

’̆ ᵩ №ҹ

ң [34,35]Ȃ 

 

2.2.1  
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ԅ Ҭ̆ қ

ȁ ᵩ ȁ қ Ȃ

֓ ̆ Ӟ ⌠῏ ̆ ḠῈ

≠ Ḃ ȁ ᵩ ȁ ȁ

Ḃ ̆ ̆ ԍ ̆

Ȃ 

1.  

̆ ᵣ ѿ ҊȂῒҺץ10% ᴨ ԍ

Ҋ ̆ ԍ ᴰ ׆ ̆ ῤ Ả

̂ 10 ̃[35]Ȃ ̆ ╠

̂ 1 /1 ̃[32]̆ᵖ Ԋᴆ̆

ҹ Ȃ ᵩ Ӟ ҊҌץ [32,36]̔1̃

Ҍֽ̆ ╠ ̆ ꜚ

ⱬ Ӟ ̆ ᾧ ֟ ̕2̃ ̆

֟ № ₮ ̆ ̕3̃ ץ №

ᵩ Ȃ ᵞ̆

ⱬ Ȃ 

ѿ ᴰ ̆

̆ [35,37]Ȃץ ᾥ ḠῈ ҹף

ȁ ץ̕ қ Ḡ ᴍ Ὲ ҹף

ȁ [35]Ȃ

ᵬҹ ѿҩ ԍ 2009 ᾢ

̆ Ḡ Ὲ ᶫ ̆ ҹ

4000̓ᾝ̆ ⱬҹ 240 t/d̆ ֟

῀2000 m3 ̆ ֟ 260̓ m3̆ 450

҆ kWh[38,39]Ȃ2009 ̆ 27000̓

ᾝ̆ᶏ 5 ̂ 30200 m3̃̆ ȁ ᵩ

ⱬ 1000 t/d̆ ֟ ҹ7.2̓m3/d̆ ѿ ԍ ῤ ̆
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ѿ └ [40]Ȃ қ Ḡ ᴍ Ὲ ̂

9000̓ᾝ̃ ῃ

Ҭ ֟ ῀ ҙ ̆ 15000 m2̆ ⱬ

ҹ200 t̆ԍ2014 ῀ ҙ ̆֟ ֟ ̆

֟ Ῑ [35]Ȃ ᶛ ̆p

ҹ ᴑҙȁ ᵝ ֟ Ȃ 

№ ᵬ ̆ Ӟ ⌠ҩ≢ ᵩ

ҬȂ Ḡ Ὲ ̆

ⱬ400 t/d̆ ҹľ + ĿȂԍ2019

̂ 36000 m2̃ ╠ ֟ ᵣ ᵩ

̆ ľ ᴆ№ + + └ + + +

Ŀ Ҭ Έ ᵩ ץ ῾ ᵩ

̆ ⱬ 1000 t/d[41]Ȃ 

2.  

ᶏ ᵣ Ḡ ̆

ҹ20% [32,36]Ȃҍᴰ ̆ ᴨל ԍץҊ [32,34,36]̔

1̃ ԅ ̆ └ ̆ Ҭ ֟ ̆

Ȃ2̃ ᵞԅ ̆ ᵣ ⁞ ᶏ

̆ ῀Ӟ ⁞ Ȃ3̃ ԍ ̆

ΐ ׆̆ ԅ ֟ ⱬȂp ᵩ

ᴪ ̆ ᴪ [28,35]Ȃ ̆

ԍ ȁ ꜚ ȁ ῤᴰ ̆ Ӟ ҳ

֗ ‗ [33,34,36]̔1̃ ꜚ ̕2̃ Ҍᾟ№̕3̃

̂ Ҭ ֟ ̃ └֟ ׆̆ ֟ ̕4̃

ᵣ Ҍ Ȃ 

20ҕ 80 ̆⌠2002

῀ ҙ ≢ ̆ ╠ ⱳ ץ

Kompogas ȁ Valorgaȁ ≠ Dranco ץ ῌ
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Biocelҹף [34]Ȃ ҉ ԍ

̆ ӎ ȁ֟ҙ ᶛȂҹ Ҍ ᵩ

Һ ׆ [32,34,36]̆ᶛ ̆ ῤ ᵩ

└ Ὲ ҍ INOVAῈ ᵬ 2̆018 ῤ

ң Kompogas̆№≢ ԍ ᵩ

̂200 t/d̃ ֤ ᵩ ̂200 t/d̃̕ ҕ ᵩ

⇔ Ὲ ̆ ľ № + + +

Ŀ ᵩ ̂400 t/d̃ ҹ ̕ ᾣ

Ḡ ᴍ Ὲ ῌ Ὲ ̂BioGTS̃ Ҭ

Biocel̆ ΐ ⱬ̆ ╠ ԍ

̆ ԍ1993 ῌLelystad ̆ ⱬҹ 5̓

[34]Ȃ ѿ ̆p ԍ ᵩ

ᾟ№ Ȃ҉ 2008

Valorga ̆ 3.5ַᾝ̆p Ḡץ ̕

Valorga ᵩ Ӟ [42]Ȃ 

̂҈̃ ᵩ  

ᵩ ≠ ֲ

֟ ̆ ῤ ₃ Ҍ

ץ ֟ Ȃ 

ᾟ ѿ № ᴆҊ Ṣ̆ꜛ

̂ ȁ № ̃ ̆

Ҍ̆ № № ҹ

῀ Ȃ 2.4.1ҹ Ȃ ֓ ѿ

№ ף ̆ ҹ ҹ ᶫ

[12]Ȃ №ҹ҈ҩ [12]̔1̃ ̆ ≠

ȁ № ̕2̃ ̆

̂ 70 ̃̆ № Ҍ ̆

̆ ᶏ ̕3̃

̆ ꜚ ⁞ ̆ ӊ ᵞ̆ Ҍ Ȃ 
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2.4.1  

 

№ ῒ̆ ⌠ ȁ [12]̔

1̃ Ḡ ף ⌠ ᵬ ̆

ҹ 55-60ץ 2̃̕ ᴪ ̆ ᵞ↕ ᵞ ̆

ѿ 40-60%̕ 3̃ ̂C/Ñ̆ CO2

̆ ᵞᴪ֟ Ҭ ̆

20:1-30:1 ҹ ṿ̕4̃ ѿҩ └ ᴆ̆

ᵣῤ Ȃ5̃ Ҍֽ ⱴ ҍ

≠ԍ Ȃ 

ѿ ҩ [12,57,58]1̔̃ ╠ Ȃ № ȁ №ȁ

℗ ȁ № ̆ ᵩ ҍ № ᵞ ȁ

ȁ ȁ ȁ ̆ ↕֟ ⌠ ᵩ № └ Ȃ2̃

̂45-60 dȂ̃ ȁ ȁ Ȃ3̃

̂30-120 d̃Ȃ ᵞȁ ᵞ̕4̃ Ȃ ֟ №

Ữ Ȃ └ ԅȇ Ȉ̂ CJJ52̃̆

ȁ ȁ ȁ ꜛ ȁ Ḡ ῃ ֟ ᵬԅ

Ȃ ̆ ̆ Һ ׃

ȁ └ ȁꜚ ȁ ᾣ Ȃ 

1.  

ѿ ᴰ ̆ ҉

└ ̆ ᶏ ֲ [59]Ȃ
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ҹ ȁ҈ Ҍ ↕ ̆ ᵣ ץ 2-6 mȁ 1-3 m

ҹ [57,60]Ȃ ᵣ Ҍֽ ғ ԍḠ ̆

ᵣ [61]Ȃ ԍ ̂ ῒ ῾ ̃

Ҭ ᵩ ̆ № ̆ ҙ

↕ ȁ ȁ ѿ [57]Ȃ 

₮ ᴨ ᵬ ȁ ᵞ̆ ֟ ȁ

[60,62]Ȃᵖ Ҍ ӊ ̔1̃ Ȃ ᵣ

└̆ ≠ ᵞ̕2̃ ᵬҙ ̆ └Ȃ

ѿ ᶫ ̆ Ҭ ֟ Ҭ

̆ ₮ ̕3̃ ԍ ̆

Ҍ ̆ Ḡץ ̕4̃ ԍ

̆ Ȃ 

ⱴ ῒ̆ ҙ ̆ └₮ⱳ

̂ ȁ ȁ ȁ ȁ̃ ῃ ̆ ԅ

[59]Ȃᶛ ̆ CT718 ⱴ

ȁ ̆ ҹ 3000 m3/h̕

֟ ꜚⱬ ⌠ 447 kw̆ 6000-6800 m3/h̕

KOMTECHῈ ֟ ᵬ ̆ ᵬ ᵀ

ᵬ ᵬ[59]Ȃ ╠ № ֟

̆ Ҭץ ҹҺ̆ ⱳ ѿ̆

ῃ [60]Ȃ 

2. └  

└ ץ ҍӊ └

ᶫ ̆ ̆ ᵣ ֟ ̆

[57]Ȃ ԍ Ҋ̆

ң [63]Ȃ └ └ ᵣ

̆ ≠ԍ⁞ ᵣ ̆ └ [64]Ȃp

ȁ ̆ Ҭ

֟ Ҍ [64]Ȃ 
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└ ᶛ ֤ ̆ ╠ ῤ

ȁ ̆ ╠ 2000 t/d[65,66]Ȃ

ד ̆ - ꜚ ҍ῏

̆ └ ȁ ̆ ᵣ Ḡ̆҉ץd 7 55-65ץ

ԅ ץ [67]Ȃ └ ҍῒז

ץ ᵬҙ Ăl-Alawi[68] └ ҍGORE

ҙ ̆ № ҉ ῤᶷᴪ

ѿ ̆ ֟ ᵣ₀ ῤ̆ №

̆ └ԅ ᵣ Ȃ ΐ ̆ⱴ ԅ

№ ̆ ᴰ 90 - 270 d 30 d̆ ╠ῃ

150 ᶏ ̆ t/aҌ 600000 - 6500׆ [69]Ȃ 

3. ᾣ  

ꜛ ד ѿ ῾ ҹ

̆ ᾣ ᾣ ꜛⱴ ΐ̆

ᵞȁ ᵬ ȁ ᴨ [70,71]Ȃ

Һ [20]1̔̃Ḡ ‏̆ ᵞ Ҋ ̕

2̃ Ȃ ԍ ӎ ̆ ѿ 60 

d҉ץ 3̃̕ Ҍ ȂҌ ᾣ ȁ ȁ ȁ ̆

ᵣ Ȃ Ҭ ᾣ Ӟ ѿ֓ ̆ɒ ѿ ѿ

ҳ ᶏ ’̕ № Ҍ⌠ᵝ ԅ ₮ ̕

֟ Ḡ ץ ᴰҌ⌠ᵝ̆῾ ֟ Ҍ [72]Ȃ 

2014 ῾ № ᵬץ ԅ 2047

ᾣ ̆ ᾣ 10-15̓ᾝ̆ 2ҩ ̆

╠ ѿ [73]Ȃ ᾣ ᾣ ȁ

ᶫ ȁ ȁ ̆ ֲץ ⱴ [72,73]Ȃ

2017 ľ ᾣ Ŀ ≠ ᵟ ᵬҹ῾

ῃ Ȃ ȁ Ӟ ᾣ ̆№≢

206 34ҩ [20]̆ ׂ ȁ қȁ ȁԐ ≠

῾ ᵩ ̂ 2.1̃[70,72-76]̆֟ ₮ ѿ ԍ Ȃ
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2020 ‰ȇ῾ ꜛ Ȉ ̆

⅞№ҹ< 0.5 t/d̆0.5-1 t/d̆1-2 t/d> 2 t/d̆

ȁ ȁ ᾝ ȁ ȁ └ȁ ȁ

Ạԅ Ȃ 

2.1 ⅎ ᾩ ᶡ 

ᴍ  ᴍ ⱬ  Ⱶ  

  2017 1.5 t/d 90 m2 

13ҩ №

ᵝ ᵩ ̆

ȁ  

қ 
Ḥ  

 
2017 ĺ 90 m2 

5000ֲ

 

 

 

 

 

2018 500 kg/d ĺ 
Ⱶ 29 km2̆

11ҩ   

 
Ԑ  

  
2018 ĺ ĺ ĺ 

Ԑ  
ҳ

Ӡ  
2019 ĺ 650 m2  ĺ 

4.  

≠ ȁ ҍ

֟ ᵩ ץ Ȃ ȁ

Ҍ № ̆ ᵣ ҹ 1 m3 Ȃ

֟ ץ ԍ ȁ ᶫ

῾ Ȃ ᵬҹѿץ Ḡ ꞉ ֪ ҍ

ᵩ ҹ ̆ ̆ ̆ ᵬ ̆

ᵞ̆ ᵩ ⁞ ⁞ ԅ ᵩ Ȃ

ᵖ ̔1̃ Ȃ

ҹ̆ ΐ ῏

Ғҙ ̕2̃ ᴰҍ Ȃ ѿ ҍ ꜚ̆

ᵩ № ᵬ Ḡ ȁ⁞

̆ ᴰҍ ῐ ȁ ̕3̃ Ṝ

ᴆȂ ₃Ӎ ̆ᵖ ԍ ᵣᵣ ̆ ‛
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Ҋ Ḡ ̆ Ȃ 

ᶛץ Ȃ

ԍ 1993 ̆ ꞉

ҹ ᶫ ̆ ׂ 200ҩ ̆

kg⌠3 tҌ 5׆ ̆ ׂ ֓ ѿҩ ᶫ

῍֣ [77]Ȃ ֤ ̂ ̃ ҆ Ὲ ᴪ

ꜛҊ ꜚľҬ ᵩ Ŀ̆ ΐ Ҭ ᵩ

№ Ȃ ᵰ ᴪ ᵬ ⱵҬ ᵬҹ ӊѿ 3ҩ

ԅ ̆ ⌠

῏ [78,79]Ȃ ҆ Ὲ ᴪ ֤ Ὲ ᴪ ľ Ŀ

ԍ 2019 ꜚ̆ ᵩ ҍ 1:1

ῤ ̆ ҩ ῤ ⌠ 9 t ̆ ԍ ῤ

[78]Ȃ 

5.  

ⱴ ⱳ └ ᴆ

ῤ № └ ᶏ̆ ҹ ̆

ᵣȁ /₮ ȁ ȁ ȁ / / / ᴆ [80,81]Ȃ

ᵣῤ̆ Ҭ № ̂ ȁ ȁ ̃ ѿ ↓

ҹ № CO2ȁNH3ȁ ̆ ֓ Ῥ №

ῃ ׆ Ҭ ₮̆ ▼Ҋ ғ Ῑ № [82]Ȃ

ȁ ᵬ Ḃȁ ȁ ⱬ ̆

[83-85]Ȃp

̆ ԍ Ҭ № ₮ Ҭׅ ᶛ̆֟

ᴪ ῾ᵬ [83,84]Ȃ ᵟ ԅ ҙ֟ ‰ȇ

Ȉ̂ CJ/T227̃̆ ῏ ̂⁞ ȁ ȁ ȁ

֟ ȁ ̃Ạ₮ ץ Ȃ 

֤ 2010 ԅ Ȃ ̆ ᵩ ȁ

ᵬ Ҋ̆ 8-10 60-80

Ҋ ȁ ȁ ҹ ῃ ≢ [86]Ȃ ֤
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̂400 t/d̃ ╠ ῤ ꜚ

̆ Ὲ ֟ BGB-SCZ-3000

̆ 13.2̓ ̆ ֟ 8̓ ̆

⁞ CO2 15̓ Ȃ҉ץ ̂120 

t/dȁ̃ Ҭ ̂200 t/d̃ ̆ ֟

῾ҙ ԅ Ȃ҉ ╠ ѿ֓

Ҭ ̆ ҩ ֟ № ԍҌ

[87]Ȃ [87]҉ ᶏ Ҍ ֟

̆ ȁ Ҍ ᵖ ғ

̆ ≠ ᵖ Ȃ׆ ̆

҉ ԍ ̆ ֟ ễᶏ

̆ᴑҙ 1 t 80ᾝ̕҉ ῀ 180.1҆ᾝ

̂ ȁ ȁ ȁ ȁֲ ̃̆ ῀192.64

҆ᾝ̆ᵖ ̆ Ҍ [87]Ȃ 

̂ ̃ ᵩ ꜚ  

ꜚ ץ ᵩ ҹ ̆

ҹῒז Ῑ ᾢ̆ ₮≠ ȁ ȁ ȁ ȁ

ꜚ ̆֟ ץ ᵣ [88,89]Ȃ

Һ ׃ ҍ Ȃ 

1.  

ѿ ῐ ≠̆ ү №

ῒ ף ⱳ ҍ ᵬ ҍ [89]Ȃҍ

Ҍ ̆ ѿ №ҹңҩ [89]̔1̃ Ȃ

׆̆ ҍ ᵬ ȁ┬ ף ̆

ῤ Ҭ ⱴ № Ҭ №

Ḇ № ̆ⱴ ȁ ̕2̃ Ȃ

ף ѿ ҍ Ȃ

ҹ75-250 d̆֟ ԅ ᵬ
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[90]Ȃ ̂27-35 ȁ̃ ̂40-55%̃ ȁC/N̂ 30:1̃ pH

̂5-8̃ Ḡ ̆ ̆

ץ [90]Ȃ ╠ ῤ ̂Eiseniã̆ ῒ

̂ ҹ4-6 ȁ̃ ̆ ѿ 27-53ץ

ᾥ ҹ [90,91]Ȃ 

ҍѿ ̆ ᴨלҺ ԍ[89,92-94]1̔̃ ⱴ

̆ ֟ ̕2̃ Ῑ№̂

ᵣ Ῑᾝ ғ̃ ̂ ԍ ꜚ̃̕

3̃ ⁞ ᵣ ̂NOx CH4̃̕4̃ ԍ ȁ ̆ῒ

ΐ ᵬҹ ꜚ ⱬ̆ Ӟ ᵬ ̕5̃ ᵞ̆

̆ΐ ѿ Ȃᵖ ֟ ῃ Ḡץ ̆

ԍ ᵣ ῤ ꜚ̆ ᵣ Ḡ ̕

ԍ ᵬ ̆ ᵣῤ ᴪ ѿ׆̆ ҉

ԅ Ῥ≠ [95]Ȃ ̆ № ̆

ⱬ [96]Ȃ 

⌠ ҍ ᴪ ᵣ ⱬ [93]̔

ⱴ ԍ1970 ԅ ѿҩ ̕ ҉

₮ ̆ Ῑ ץ 150 t̆

ᴇ ѿ 2-3Ṑ̕ 800ҩ ᶫ

ꜛ ᾙ Ḇ ̕2000 ᴪ≠ 160

҆ ̆ ԅ ᾢ Ȃ

₮ ҹ ᵩ ⌠ ץ ᶫ

ԅ Ȃ ᵩ Ῥ ⱴ ̆

ῤ ̆ Ḃ ̆

̆ ᵝ [97]Ȃ ѿ֓ ԅ≠

̆ᶛ ̆ Ҭ ԍ 2018

Ғ ̆ ╠ 3 t [98]̕҉ Ῑ

ҍ ̆ 120 t ῾֟

ץ [99]Ȃ  

Ҍ ȁ № ̆ ֟ȁ ֟
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‰ ȁ֟ ҙ ѿᵣ ѿҩ ̆ ῀

῾ҙ ᵥḂ Ҭ ץ

ѿ Ȃ 

2.  

ҍ ԍ ᵌ ≠̆ ᵣ ף

̆ ԅ ȁ ᵬ ̆ ᵣ

ῤү ȁ ȁ [100]Ȃ

ҹ4-27 d̆֟ Ῥ 2-4 [89]Ȃ 

̂Hermetia illucens̃ ֦ ̆ ѿ ̆

Ḃ ̆ ֟ ᴇṿ ꜚ ̆ῒ ȁ

ȁ ȁ ȁ ȁ Ῑ ᵞȁꜚ ̆

ѿ ῖ ̆ ῃҕ ῤ ⌠ Ȃ ΐ ӟ

̆ ᵩ ҉ ѿ ᴨ1̃̔[101-103]ל ȁ

Ҍ Ȃ Ҍ ̆ Ῑ̕2̃

Ҭֽ̆ Ȃ ԍῒז 4-5ҩ Ῑ ̆

ֽҹ2-3 ̆ ̆ ȁ ᵞȂ

̂42%̃ ̂29%̃ ̆ ԍ└ᵬ

ףץ ᴇ ҉ ꜚ ̆ ᵬҹ ᴨ

̆ΐ ⱬ ᴇṿ[102]Ȃ ╠ ᵩ

ԍ ᴨ ̆ Ҋץ ѿ ‗[102,104,105]1̔̃

ᵩ Ҭ ̕2̃ Ҋ

̆ ԍ 26 ᴪ֟ ̆ ‛ Ṝ ᴆҊ Ῑ ⱴᶫ

̕3̃ Ҍ ̆ ȁҊ ֟ҙ ȁ ῏

ҍ Ȃ 

ῤ ₃ Ӟ̆ ᴑҙ ֟ Ȃ

[100] ᵩ 18d ⁞ ҹ74%̆ ȁ

ᴴ 99%̆ ҹ ᵩ

ῃ ᶫԅ ᶭ Ȃ қȁ ȁ ≠

֟ ᶛ̆ ԅ 2 t
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[106,107]̕ қ қ ѿ

ԍ2015 Ῑ 7.8 t ֟ 1.3 t̆ ∆

⌠ԅ [88]̕ᵝԍ Ԑ Ὲ ׆

῾ ̆ 4-5 t̔ ᵩ └ Ῑ

[108]̕ ᵩ Ҭ ᶏ

ᵩ ̆2016-2017ѿ ῍ ᵩ 800φ ̆Ạ⌠ ᵩ Ҍ₮

[109]̕ Ԑ ҍԍ 2017

̆ 3500̓̆ 100 t [110]Ȃ 

ᵬҹꜚ ѿ֓ ⌠ └̆ɒ

ῃ פ ᶏ ⱴ ꜚ ᵬῙ ꜚ Ȃp

ҍ ̂FDÃ ԍ2016 ᾢ ԅ ᵬҹꜚ

҉ ̆ ‰ ᵬҹ Ῑ ⱴ̕ Ὲ Ῑ

4 ֟ ῃ ᵀ ⱴ ̂CFIÃԍ2016

ᵬҹ [111]Ȃѿ֓ Ҭ ӎ ῏Ҥ ‰ ’Ҋᶏ

Ῑꜚ ̆ᶛ AgriProtein֟ ‰ [102]Ȃ

AgriProteinῃ ҙ ֟ ̆ ԍ2008ԍ2014

ԅѿ ҙ ̂ 9000 m2̃̆ 250 t ̆֟₮

7 t ȁ3 t ץ 20 t [102]ȂBosch[104]₮

֟ ῃ ᵀץ ̆

ף ̆⁞ ֟Ȃ 

̂ԓ̃ ᵩ  

ᶏ Ҋ Ҭ ҹҌ ֟

̆Һ Ȃ 

1.  

ᴆҊ ȁ ֟ Ả ץ ѿ

№ № ҹ №̆ ȁ ץ

Ҍ ₀ ᵣ[43]Ȃ №ҹ ̆ min/ 4ץ

400 └ ₃ ῤ̆֟ Һ ҹ
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̕ ῤ 800-1300 ̆Һ ԍ ֟

[43]Ȃ ѿ ȁ ȁ № ȁ֟ № № ȁ

‛ ̆ Ҋץ10% ҹ̆ԅ ⌠

̆ ԍѿ [43]Ȃ 

≠ ᵩ Ҋ₃ץ ᴨ [44,45]̔1̃ Ȃ ԍ

ᴆҊ ̆ Ҭ ȁ ҬḠ S̆OXȁ

NOX ᵣץ CO2 ̆ ҬӞ₃ӍҌ֟ ԋ ̕2̃

Ȃ Ҭ № Ҭ̆ Ҭ׆ץ

̕3̃ ֟ ΐ ≠ ᴇṿȂ ԍ ȁ

Ṝ ᵬҹ ╕ ԍ ̆ ץ ᶏ ̆ └

ᵬҹῤץ ꜚⱬ ̆ ᵬҹ ᶏ ̕4̃

ᴆ Ҍ ֟ Ȃp ≠ ᵩ ΐ

ȁ ץ └ ȁ [43,46]Ȃ Ҥ

└ ץ ֟ ̆ ↕ᴪ ֟ ֟₮̆ᶛ ̆

Ҭ ‛₀ ׆ Ҥ ᶏ ̆ № ‛

֟ [47]Ȃ ≠̆ ֟ ѿ ΐ

№̆ Ҍ ᵬҹ ╕[48]Ȃ 

╠≠ ᵩ ԍ∆ ̆

ҹ ѿ ᶛ ȁ [48]Ȃѿ֓ ԍ

ץ ̆ɒ ȁ ץ ῀

̆ ╠Һ [49,50]Ȃ ץ[50]

№ ҹ ̆ᶭ ⱬ 50  

t/d ԅ Ȃ № ῀

̂450-550Ņ̃̆ ֟ ᵬҹ ̕

῀ᵩ ≠ ̆ ԍ ̕

‛ ‛ ῀ Ữ Ȃ 15 t №

̆ ҹ300 kg/h̆ Һ ֟

῀ȁφ ≠ ץ῀ ⁞ ׆̆

⁞ 1.15 tȂElkhalifa[51]₮

֟ ΐ ץ ᴨ̆ל ̔1̃
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̕2̃ ҍҌ ῍ ̕3̃

ꜛᵬ ̕4̃ Ṣꜛ ̆ᴨ ᴆ̂ ȁẢ

̃̆ ץ ̂ᶛ ╕ȁ ╕̃

ȂGirotto [52]ҹ≠ ᵩ ΐ ⱬ̆ᵖ

҉ ‗ԍ №̆ Ȃ 

2.  

ѿҩ Ҋ ҹ ̂CO H2̃

[53]Ȃ ҹ700-900 ̆ ҍ №

̆ Һ №[54]Ȃ ֟ץ ̆

ᵬ ֟ ⱴᴇṿ ֟ ̆ ̂ ̃ Ȃ ̆ҍѿ

̆ ᵞ[55]Ȃp ȁγ ṿץ

ᶏ ѿ ҳ ץ ̆ ᵣ

֟ ҹᵬҙ ԅѿ ̆ᶛ H2
[55,56]Ȃ ╠

ᵩ Ғ [55]Ȃ 

̂Έ̃ ᵩ  

Һ ⱴ ᵩ ȁ

≠ ̆ ₮

ץ ᵩ № ̆ Ӟ ȁγ

[112]Ȃ ȁ Ȃ

ᵩ ᴨ ᵬ ȁ ᵞȁ ȁ ֟ ̕

̆ ᾧῒ ̆ ᵩ ᴰ ᵞ̆

Ҍ № ׆̆ Ῑᴇ

ṿ[113]Ȃ 

≢Ȃ №≢

36% 43% └ ̕ 2001 Ԋᴆ

ᶏ ℗ѿץ └ [114]Ȃ

ԍ2008῀ ̆ ̆

ῒҺ ῀ ȁ ȁ ȁ ȁ‛ ̆ Ҭ 120  
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Ҋⱴ 30 № ̆ ᴇ 1000ᾝ/ [115]Ȃ ᵬ̆ҹѿ ̆

֟ Ҍ ֟ ῤ̆

֟ ѿ ̆֟ ₮ Ӟ ̆ ╠

[116]Ȃ № ̆ ᴆ └̆ ֟ Ҭ

№ ꜚ № ᵬ̆ҹꜚ ᶏ ׅ

̆ ╠Ӟ ѿ Ԉ [117]Ȃ 
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Ҏ  ᵯ ᴍ  

№ ᵬ ῀ ᵩ

̆ ᾝ ᵩ ῀ ̆ ᴨ

ҙ ῀Ӟѿ Ả Ȃ׆ ȁ ȁ ᴪȁ ≠ ᵩ

ᴇ ⁞ ȁ ȁ

῏ ̆Ӟ ȁᴑҙȁNGO └ ᵩ

ᵬ ᶭ Ȃ 

̂ѿ̃  

1. ᴇ 

̂Life cyclẽ ̆ ≢ ȁ ȁ ȁ ȁ

ᴪ ₮ ῒ̆ ӈ ץ Ḛ ҹ֟ Ⱶľ׆ ⌠

Ŀ̂ Cradle to Gravẽ ҩ Ȃץ ᵈ₮ ᴇ̂life cycle 

assessment, LCÃ ᴇ ̆

ӊҬȂ 

ᵩ ᴇ Ҭ № ̂LCÃ̆׆

ᵩ ᴇ[3]Ȃ ᴇ ѿ ҹ

ԍ № ᴇ ̆≠ ‰ ̂ ȁ ̃

⌠₮ ̂֟ ȁ ̃ № ̆ῒ ӈ

ҍ ȁ № ȁ ᴇȁץ [118,119]Ȃ

ᶏ ѿ ̆LCAᾛ ֟ ҩ ̆

ȁⱴ ֟ № ȁᶏ [120]Ȃ [121] ᴇ

ᴇԅң ῖ ̂ ̃ ̆

֤ ץ

ԅ ̆ IWM-2 ȁ ᵣ

̆ ԅң ῃ ȁ ȁ

Ῑ Ȃ ᵬ ֟ CO2

ᵣ ̂№≢ 87.9% 68.1%̃ ̆ Ҍ CO2̆
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ῃ Һ ‗ԍ ֟ Ҭ [121]Ȃ 

[119] [122] ҉̆

ҩ ᾝ №̆≢ ֟ └

ԅLCA ᴇȂ ץ[119] ҩ ֟ ҹ ̆

֟ ҹ ̆ ԅ ֟

ᴇ ̆ ԅ ҩ ̆ҍᴰ ⱬ ̆

֟ ΐ ̆ῒ֟ CO2ȁNOxȁPMȁSO2ȁCH4ȁ

VOCȁCO№≢ ᴰ ⱬ 47.76%ȁ13.49%ȁ0.83%ȁ32.02%ȁ2.07%ȁ

29.58%ȁ66.45%Ȃ 

[122] ֟ ҍᴰ ֟ № ̆

֟ №ҹ҉ ̂ ȁ ҍ ȁ ‪ ̃ Ҋ

̂ ῀ ̃̆ №

ῃ ѿ ҍ ԅ№ Ȃ ԍ

֟ ҹ ̆ ֟ Ҭѿ ᴰ ᵞ

73.44%̆ Ȃ ̆ ѿ

⌠ѿ ȁῃ ̂EŨȁ ⱬ̂AP̃ȁֲᵣ ̂HTP̃ȁ

ᾣ ̂POCP̃ ⱬ̂AQP̃Έ ̆ל

ῃ ᴰ ᵞ 32.88%̆ῒ⁞ ҹ

EU>HTP>AP>POCP>AQP>GWPȂ  [122] ᴇ № ₮

̔ ⱬ ᶛ̕ ֟ ̕ⱴ

̕ ᴇ

Ȃ 

Opatokun[118]№≢ץ ȁ ֟ ≠ ҹ

̆ᶏ ReCiPe LCAT ԅ ȁ ң

Ȃῒ Һ ѿ

̆ Ecoinvent 3.1‰ ̆ ԅ  1 kgᵩ Ṝ

ȁ Ῑ ȁ 14 Ȃ № ₮

ҍ ̆p ≠ ⌠ ȁ └ ’Ҋ̆

Ҭ ̂ ֟ ΐ̃ ⱴṿ

֟ ֟ ⱬȂ 
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    Saer[120] LCA ᵀԅ ᵩ ̆

ȁ ֟ ֟ ץ₮ ᵬҹ ╕ Ȃף ᵀ

֒ ⱴ Ҭ 7 ҈ҩ

̆ ԅ2453 t ֟822 t Ȃ №

ᵣ ̂ CH4ȁN2OȁNH3̆ Ҍ ῀ ֟ CO2̃

Ҭ ̆ ȁ ⱬ ᶏ

̂U.S. Life-Cycle Inventory Databasẽ SimaproᴆҬ

ȂSaer[120]₮ ֟ ᴰף ╕

ᵀ ̆ 9ҩ ≢̂ῃ ̆ ̆ᾣ

̆ ̆ ̃Ҭ ΐ ѿ ̆ᵖҌ Ҭ

ᵣ ᶏ̆ Ҭ ṿ ̆

CH4 N2O ῃ ל ̆NH3 ȁ Ῑ

Ȃ ᶏ ṿ ̆ ȁ ᵬҙ ⱬ

ҹ ≢ Һ Ȃ 

ץ ҍ ȁ ҹҺ Ḥ ̆ ᵩ

ᴇᶷ ԍ̔1̃ ‰ ל ΐᵣ№

̕2̃ ᵩ ῒ ֟ ᴰ

֟ ῃ ԅץ̆ ᵩ Ȃ

ץ ₮̆ ᴇ ҹ ᵩ Ḡ ץ ῏

└ ᶫ ᶭ Ȃ ֓ ᵩ ᵞ̆ ╠ ӎ ῒ

ԋ ῀ [121]̆≠ ᴇῒ ≠ԍ

ᵩ Ȃṿ ̆ ⌠ΐᵣ

ҩ ̆ ̆ᵖ ╠ ῤ Ҍ ̆

ȁ ȁҒ Ὶΐ

ῃ [122]Ȃ 

2. №  

ԅ ѿ ҉ ᴇ ᵩ ̆ѿ֓ ׆

№ ̆ᶛ № ̂TEÃȂTEA ȁ

ᵀ ѿ ̆ ᴆҊ ⅞
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ᵀ [123]ȂHuiru[124]≠ TEA ᵀԅѿ ԍ

̂ Biowinᴆ ̃̆ № ᴆRETScreenҬ

῀ ȁ ץ ῀ ῏ ꜚ ₮ѿ ↓

̆ ᴇṿ ̂‪ ṿ ȁ̃ ̂ ȁ ̃

̂ῤ ȁ ̃̆ 8 ῤҍ

∆ Ȃ ᵌ ̆Bastidas-OyanedelSchmidt [125] TEA ԅ

≠ ֟ԓ Ҍ Һ֟ ̂ ȁ ⱬȁӲ ȁ Ӳ

ȁ ȁӘ Ҁ ̃ ̆Ẋ ⱬҹ50 t/d̆

20 ̆ ≠ ҹ5%Ȃ№ ҍ ╠

└ ̆ ֟ ⱴṿ ֟ ≠ 4-16Ṑ̆ῒҬ ֟

Ӳ ΐ ᴨ ̂98%̃ ̂7.8 Ȃ̃ 

ᴇ ҹ ᶃ Ⱶ ῒ̆Һ

ȁ№ Ҍ ̆ ᾢ ȁ ȁ

[126]Ȃ № ᵬ ῀ ̆ ᵩ

ᵬҹ̂ ̃ T̆EA ҹ Ҍ

Ҋ ᶫ № ׆̆ ҹ‗ ᶫ ᶭ Ȃ

╠ ᵩ T̆EA ȁ ῏ ץ

ῒ ῏ ᵀ ᵩ ΐ Ṣ ӈȂ

Ԋ׆ ᴑҙ ᶭ ѿ̆֓

֟ ҳ Ҍ ≠̆ ᵀ

ꜛԍ№ Ҭ ׆̆ ȁ

Ҋ ץ [127,128]Ȃ 

ᴇ№≢ ԍ№ ̆

ץ Ҍ ᵩ ῃ ᵀ̆ ╠ ‰↕‗ №

̂MCDÃ ⌠ ῒ҉Ҋ ᶫ ̂ ȁ ֟ ₮

̃ ᴇ ᵬҬȂTaelman[129] ᵀ REPAiR

Ҋ̆ ῏ ҙ ‰ȁҍ≠ ῏ Ғ ῍ ̆└

ԅ ̂ ̆ ̆ ̆ ᴪ̃ ᵀ ̆ 29

ҩ ≢ ԓҩ ֲ̂ ẫ ̆ ̆ ẫ ֲ̆

Ȃ̃ ҉̆Tonini[130]ExcelҬ ԅѿ ᴇ ᵩ
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ΐ ῒ ⌠ Ҹ ᶛ Ҭ̆ ≠ ῏

≢ᴨᾢ ̆ ᶏ Ҍ ̂ /Ҭ ȁ ȁ

ȁ ̃ ֟ ȁ ᴪȁ ԅ

̆ῒҬץ Ҭ ҹ ‰ Ȃ 

Clercq[3] MCDA ᴇԅ ̂ ֤ȁ

ȁ ̃̆ ⁞CO2ץ ̂ҍ ȁ̃ Ԏ ȁ ᵝ ȁ

֟ ȁ ֟ ȁ ᵝ ֟ ȁ῍ ҍ ҹ ̆ ₮

ԍ Ҍ ȁ ῃ ԍ֟ ̆ ֤ ᵩ №

ᵞȂ ̆ ΐᵣ № ̂ ȁ ȁ ̃̆ Clercq[3]

₮ԅΈ ̆ɒ ≠ ԍ

꞉ᴑҙ ֟ ȁ ꞉ᴑҙ ᾝ ֟ ֟ ̂ ֟

֟ȁ └ ᵣ ץ̃ Ḡ Ȃ 

3.  

׆ ’ ̆ ╠ ᵩ ῏ ᴇ Һ ץ

Ҋ₃ҩ ̔1̃ ѿ / ῒ ף ץ

ҹҺ ᵀ̕2̃ ȁ ᶏ ᴇ

̆ ң ⌠ └ ̕3̃ ᴇ

ᴇ ̂ ׆ ⌠֟ ₮̃ ⌠ ̆ᵖ

ᶛҌ ̆ ≢ ԍ 4̃̕ ⱳ ᵝ ӈҌ ̆

ᵝ ȁ ֟ ȁ ᵝ ֟ ̕5̃ ᴇ ῒ

ѿ Һ ̆ ᴪ Ȃ 

̂ԋ̃ ᴇ  

LCA ҉̆ ׆ ≠ ȁ ȁ ᴪ ҩ

ԅ ᵩ ᴇ ᵣ ̆ ╠ ᶏ

ᵩ Ạ ῃ ᴇȂ 
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1.  

ѿ ᵩ ᴇҍ ╠ ̆Ӟ LCA

Ȃ ⌠ ᵩ ̆ ᵩ

⌠ ֟ ῒז ֟₮ Ȃ ԍΐᵣ ᶛҬ ᵩ

ȁ ̆ Ҭ ΐᵣ ᶛ

Ȃ 4.2.1ҹ ᵩ Ȃ 

 

4.2.1 ᵯ  

2. ⱳ ᾝ 

ᵩ ᴇ ᾝ̂ ⱳ ᾝ ҹ̃ ᵝ ̂ ̃

ᵩ Ȃ ̆ ᵩ ȁ ȁᾝ

Ҍ ̆ ҬҌῬ ȁ Ȃ 

̂҈̃ ᴇ ᵣ  

1. ↕ 

ᵩ ᴇ ᵣ ̆ ᵩ ῀

҉̆ ȁ ȁ ᴪ ̆

ȁ‰ ȁΐ ף Ȃ 

¥ ↕̔ ᵩ ᴇ ᵣ ΐᵣ ̆

ᵩ ȁ ῀ ҉̆ ץ ȁ

‰ ᵩ ΐ̆ ף ̆ ғ

ᶭ Ȃ 

¥ ῃ ↕̔ ᵩ ᴇ ᵣ ̆

ȁ ȁ ȁῃ ̆ Ӟ
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ᴪ Ȃ 

¥ ↕̔ ᵣ ̆ Ҍ ῒז ӞҌ̆ף

ῒז ̆ ᾧ ῏ Ȃ ̆

Ҭ̆ ᾧ Ȃ 

¥ ↕̔ ᵣ № ̆ ӊ ῏ ȁ ̆

ғ ᴇ Ȃ ᵣ ̆ ᵩ

῀ғ ᴇȂ 

¥ ᵬ ↕̔ ᵣ ̆ ᴇ ‗ Ḥ ╠ Ҋ̆

ԍ ȁ ⌠̆ ΐ ץ ף ̆ ⁞ ҩ

ᶏ̆ ҩ ᵣ ΐ ᶏ ᴇṿ ᵬ Ȃ №ҹ

Ȃ 

2.  

4.3.1 ⅎ  

   

ѿ  Ҭ  
ȁ ȁ ȁ

 

ԋ  
Ҭ /

 

Ҭ ̆ / ȁҒ

≠ȁ ᴆ ᵬ  

҈  
҈ ᵀ

 

҈ ᵀ ̆ ᶭ ᵝ

 

 Ғҙ ᵀ  ȁ ȁ  

ԓ  ⌠   

 

ᵩ №ҹ 4.3.1 ԓ ̆

⌠ ̂technical readiness level, TRL̃ Ҋ̔ 

ѿ ̂TRL1̔̃ Ҭ Ȃ ԍ ᵩ ׅ Ả

̆ ȁ ȁ

ץ ҩ ᵩ Ȃ 

ԋ ̂TRL2̔̃ Ҭ ԅ / Ȃ ԍ

ᵩ ԅҬ ̆ ԅ ῏ ̆

ᴑҙҬ ԅ / ̆ ⌠ Ȃ TRL1 ≢ ԍ̆TRL2

ѿ Ȃ 
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҈ ̂TRL3̔̃ ҈ ᵀ Ȃ ԍ ᵩ

ԅ ҈ ᵀ̆ Ҭ ̆ Ȃ

TRL2 ≢ ԍ̆TRL3 ҈ ᵀ Ȃ 

̂TRL4̔̃ Ғҙ ᵀ Ȃ ԍ ᵩ

Ғҙ ᵀ ̆ ᵩ ⅞ Ҭ

⌠ ̆ ȁ Ȃ TRL3 ≢ ԍ̆TRL4 ⌠

̆ ῀ ᵩ ῏ ⅞ ҬȂ 

ԓ ̂TRL5̔̃ ⌠ Ȃ ԍ ᵩ ̆

ҩ ᵩ ᴑҙ ҩ ⌠ Ȃ TRL4 ≢ ԍ̆TRL5

⌠ ̆ ҙ Ȃ 

3. ᵣ  

4.3.2 ҹ ᵩ ᴇ ᵣ Ȃ ᵀ

Ṝ̆ ῀̆ ץ ҩ ̆ᵖ

̆ ᵬҹ ᴇ ‗ ꜛ ᾟ̆Ҍ ῀ ᴇ ̕ǻ

ҩ TRL № Ҋ ῀ ̆ǹ ҩ TRL № Ҋ Ҍᾟ

Ҍ ῀ Ȃ 
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4.3.2 ᵯ ᴍ ᵩ  

 №    /  /  
ԍ  

TRL1 TRL2 TRL3 TRL4 TRL5 

≠
(R) 

 

R1. ᵝ ᵩ     ǒ ǒ ǒ ǒ ǒ 

R2. ᵝ ᵩ     ǒ ǒ ǒ ǒ ǒ 

R3. ᵝ ᵩ     ǒ ǒ ǒ ǒ ǒ 

R4. ᵩ     ƺ ƺ ǒ ǒ ǒ 

≠  

R5.ᵩ     ǒ ǒ ǒ ǒ ǒ 

R6.     ǒ ǒ ǒ ǒ ǒ 

R7. ≠     ƺ ƺ ƺ ǒ ǒ 

R8.φ ≠     ƺ ƺ ƺ ǒ ǒ 

(En) 

ῃ
(En) 

En1.Ṝ ̂ ᵣ ̃    ǒ ǒ ǒ ǒ ǒ 

En2. ̂ԋ ̃    ǒ ǒ ǒ ǒ ǒ 

En3. Ῑ     ǒ ǒ ǒ ǒ ǒ 

En4.ᾣ     ǒ ǒ ǒ ǒ ǒ 

En5.     ǒ ǒ ǒ ǒ ǒ 

En6.ֲᵣ     ǒ ǒ ǒ ǒ ǒ 

(Ec) 
 

Ec1. ‪≠     ƺ ƺ ǒ ǒ ǒ 

Ec2.‪ ṿ    ƺ ƺ ǒ ǒ ǒ 

Ec3.ᵩ     ƺ ƺ ǒ ǒ ǒ 

Ec4. ᵝ ᵩ     ƺ ƺ ǒ ǒ ǒ 

ᴪ
(S) 

ҍ ᴪ  

S1.ᵝ ᶫ ҙ ᵝ    ƺ ƺ ƺ ǒ ǒ 

S2.     ǒ ǒ ǒ ǒ ǒ 

S3.Ὲᴧ     ƺ ƺ ƺ ǒ ǒ 

ῃҍ ≠ S4.ҙ     ƺ ƺ ǒ ǒ ǒ 
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3.1 ≠  

≠ ≠ ң ̆ ᵝ

ᵩ ’̕ ≠

≠ ’Ȃ 

3.1.1  

̂1̃ R1̔ ᵝ ᵩ  

ŵ  

ᵩ Ҭ̆ ᵝ ᵩ ≠

Ȃ 

Ŷ  

ᵝ ᵩ ̂t/t̃
ῤ ̂ὸ̃

ῤ ᵩ ̂ὸ̃
 

ŷ ̔ 

1. ῤ ̔ 

Ώȇ Ȉ̆ ҉ ῤ̂ ѿҩ ֟ ѿ ӊῤ̃

̆ ҉ ץ Ȃ ᴑҙ

ᶫ ̆↕ ’̆ ѿ ӊῤ̂

ѿ ѿ ̆ ᵝ ᵩ ̃ ֟ ȁ

ҍ Ȃ Ҍ ҍ Ȃ 

2. ῤ ᵩ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃

ᵩ Ȃ ᴑҙ ᶫ ̆↕ ’̆

ѿ ӊῤ̂ ѿ ѿ ̃ ᵩ ̆

῏ ץ ᵝ ᵩ ҹ ‰Ȃ 

Ÿ ҍ № ̔ 

ȇ ֟ ᴇ ᵣ └ ↕̂ Ȉ̃Ҭ̆ ľ ᵝ֟

Ŀ ̆ ᵣ ԍ ᵩ ҍ ≠ ̆ ᵝ ҹ

ľ ᵝ ᵩ Ŀ ľ ᵝ֟ Ŀ̆ ҹľ ᵝ ᵩ

Ŀ̆ ᵣץ ≠ ᵩ Ҭ Ȃ 
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̂2̃ R2̔ ᵝ ᵩ  

ŵ  

ᵩ Ҭ̆ ᵝ ᵩ ≠

ȁ ȁ ȁ ȁ ῒז ӊ ̂ ѿ ̆ton of 

standard coal equivalent̆tcẽȂ 

Ŷ  

ᵝ ᵩ ̂tceȾὸ̃
ῤ ̂tcẽ

ῤ ᵩ ̂ὸ̃
 

ŷ ̔ 

1. ῤ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃

̆ ҉ ץ Ȃ ᴑҙ ᶫ ̆

↕ ’̆ ѿ ӊῤ̂ ѿ ѿ ̆

ᵝ ᵩ ̃ ֟ ҍ Ȃ

Ҍ ҍ Ȃ 

ҍ Ҭ ֲ ῍ ‰ȇGB/T2589-2008

↕Ȉ Ȃ 

2. ῤ ≠ ᵩ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃

ᵩ Ȃ ᴑҙ ᶫ ̆↕ ’̆

ѿ ӊῤ̂ ѿ ѿ ̃ ᵩ ̆

῏ ץ ᵝ ᵩ ҹ ‰Ȃ 

Ÿ ҍ № ̔ 

ȇ ֟ ᴇ ᵣ └ ↕̂ Ȉ̃Ҭ̆ ľ ᵝ֟ Ŀ

̆ ᵣ ԍ ᵩ ҍ ≠ ̆ ᵝ ҹľ

ᵝ ᵩ Ŀ ľ ᵝ֟ Ŀ̆ ҹľ ᵝ ᵩ Ŀ̆

ᵣץ ≠ ᵩ Ҭ Ȃ 

̂3̃ R3̔ ᵝ ᵩ  

ŵ  

ᵩ Ҭ̆ ᵝ ᵩ ≠
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̆ ‪ץ̂ ᶫ ȁ̃ Ҋ ȁ ᶫ

ῒז Ȃ 

Ŷ  

ᵝ ᵩ ̂ά ̃
ῤ ̂ά ̃

ῤ ᵩ ̂ὸ̃
 

ŷ ̔ 

1. ῤ ᵩ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃

̆ ҉ ץ Ȃ ᴑҙ ᶫ

̆↕ ’̆ ѿ ӊῤ̂ ѿ ѿ ̆

ᵝ ᵩ ̃ ֟ ҍ

Ȃ 

2. ῤ ᵩ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃ ᵩ

Ȃ ᴑҙ ᶫ ̆↕ ’̆ ѿ

ӊῤ̂ ѿ ѿ ̃ ᵩ ̆

῏ ץ ᵝ ᵩ ҹ ‰Ȃ 

Ÿ ҍ № ̔ 

ҙ ֟ ᴇ ᵣ Ҭѿ ñ ᵝ֟ ò ̆

ᵣ ԍ ᵩ ҍ ≠ ̆ ᵝ ҹñ ᵝ

ᵩ ò ñ ᵝ֟ ò̆ ҹñ ᵝ ᵩ ò̆ ץ

ᵣ ≠ ᵩ Ҭ Ȃ 

̂4̃ R4̔ ᵩ  

ŵ  

ᵩ Ҭ̆ ᵝ ᵩ ≠

̆Һ ȁ ȁ Ȃ 

Ŷ  

ᵩ ά ὸὨϳϳ
ῤ ̂ά̃

ᵩ ̂ὸȾὨ̃
 

ŷ ̔ 

1. ῤ ᵩ ̔ 
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Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃

Ȃ ᴑҙ ᶫ ↕̆ ᴑҙ ᵣ ⅞

Ȃ 

2. ᵩ  

Ώȇ Ȉ̆ ҉ ᵩ

ȁ ᴆ Ḥ Ȃ ᴑҙ ᶫ

̆↕ ’̆ ѿ ӊῤ̂ ѿ ѿ ̃

ᵩ ̆ ῏ ץ ᵝ ᵩ

ҹ ‰Ȃ 

Ÿ ҍ № ̔ 

≠ ̆ ᵣ ԍ ᵩ ҍ

≠ ̆ ᵝ ҹñ ᵝ ᵩ ò ñ ᵝ֟ ò̆ ҹñ

ᵩ ò̆ ᵣץ ≠ ᵩ Ҭ

≠ ̆ Ὶ Ҍ ӊ Ȃ 

3.1.2≠  

̂5̃ R5̔ ᵩ  

ŵ ̔ 

ᵩ ᵩ ᶛ̆ ῀

ᵩ ᵩ Ȃ 

Ŷ ̔
 

ᵩ
≠ ᵩ

ᵩ
ρππϷ

 

ŷ ̔ 

1. ᵩ  

ᴑҙ № ȁ ȁ ᵬ ᵩ ̆ҹѿ

ῤ ᵩ Ȃ ᵝ ҍ ֟ ̆

ῤ̂ 1 ȁ1 ȁ1h ֟ ѿ ̃̆ ῤ

ᵩ Ȃ 

2. ≠ ᵩ Ȃ 

̆ ᵩ Ҭ ≠ ᵩ Ȃ 
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ᴑҙԅ Ҭ ≠ ᵩ ↕̆ Ώȇ Ȉ̆

҉ ῤ̂ 1 ȁ1 ȁ1h ֟ ѿ ̃ ≠ ᵩ

Ȃ 

ᴑҙ ≠ ᵩ Ҍԅ ↕̆ ᵝ ҍ

֟ ̆ ῤ

̂ 1 ȁ1 ȁ1h ֟ ѿ ̃ ≠ ᵩ Ȃ 

Ÿ ҍ № ̔ 

ᵩ Ҭ̆ № ᵩ № ≠ ̆

≠ ᵩ Ҭ ѿ № ▼̆Ҋ №↕ᶭ ᵩ

≠ ̆ ᵩ ≠ ’ ᵀȂ 

̂6̃ R6̔  

ŵ  

ᵝ ᵩ ̆ ≠

ץ ̆ ῒҍ Ữ ӊ ̆ ₮ῒ

Ȃ 

Ŷ  

kg Cu eq./t 

≠ ὥ

ὥ Ữ
Ữ

 

ŷ ̔ 

1.φ Ҭ ≠ ὥ 

ῒ Һ̆ꜚ҉ ῒ ≠ ᵝ ᵩ

̆ ᶫ ṿ̆ ᵝ

ᵝ ᵩ ῏ Ȃ 

ҹȇῃ ֟ ⅞̂2016-2020̃ȈҬ

ץ֟ ֟̆ῒҬ ֟ ̔ ȁ ȁ ȁ ȁ

ȁ ̕ ֟ ̔ ȁ ȁ ȁ ȁ ȁ ȁ ȁ ȁ ȁ

ȁ ȁ ȁ ȁ ̕ ֟ ȁ ȁ ȁ Ȃ ԍ ᵩ

̆ ȁ ȁ ̂ ң ҹ Һ №̃ҹҺ Ȃ

ᵩ ̆ Ҭ ȁ ȁ ҈ Ȃ 
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2. ὥ Ữ  

ὥ Ữ ѿ ῒ Ҭ

̂https://data.stats.gov.cn/̃҉Ὲ ҹ‰̆ ‰ṿץ ᴍ2016ҹ‰Ȃ

4.3.3ҹ2016 ȁ Ữ Ȃ 

4.3.3 2016 ɻ Ỵ  

 Ữ  ᵝ 

ץ̂ 85% ̃ 54365.5 ַ  

PCl5ץ̂ ̃ 32.4 ַ  

҆ KCl̃ 56212ץ̂  

CuFeS2ץ) ) 2621 ҆  

 

Ÿ ҍ №  

2016̆ Ⱶ ȇ̆ῃ ֟ ⅞̂2016-2020Ȉ̃

ȁ ᴪȁ ҙ Ḥ ȁ ȁ Ḡ Ⱶ

ῒ̆Ҭ 24 ֟↓῀ԅ ֟ ̆ ̔ ֟ ȁ

ȁ ȁ ȁ ȁ ̕ ֟ ȁ ȁ ȁ ȁ ȁ ȁ ȁ

ȁ ȁ ȁ ȁ ȁ ȁ ̕ ֟ ȁ ȁ ȁ Ȃ

֟ ≠ ᴇȂ 

Ҍ ᴇṿ ⌠ῒ ̆ ғ׆ ῃҍ ῃ

̆ ⱴ ⌠ ̆ ≠ ῒҌ

ᴇȂ 

̂7̃ R7̔ ≠  

ŵ  

ᵩ Ҭ̆ ҙᴑҙ ‛ ≠

≠ ӊ ҍ ȁ ≠ ≠ ӊ ṿȂ 

Ŷ  

≠
≠ ≠

≠ ≠
ρππϷ 

ŷ ̔ 

Ώȇ Ȉ̆ ҉ ῒ ≠ ̆ ҉ ѿ ῤ

ҩ ᾝ ῒ Ȃ ᴑҙ ᶫ ↕̆

’̆ ѿ ӊῤ̂ ѿ ȁѿ ѿҩ ֟ ̃

https://data.stats.gov.cn/
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ҩ ᾝ Ȃ 

Ÿ ҍ № ̔ 

ñ ≠ ò ȇ ֟ ᴇ ᵣ └ ↕̂ Ȉ̃ȇ

ҙ ֟ ᴇ ᵣ ̂ Ȉ̃ȇ ҙ ֟ ᴇ ᵣ ȈȇῬ

ҙ ֟ ᴇ ᵣ Ȉ ҩ ‰Ҭ ⌠ ̆ ᴇ ≠

Ȃ 

̂8̃ R8̔ ᵩ ≠  

ŵ   

≠ ᵩ ֟Ҭ ≠ ᵩ № Ȃ 

Ŷ  

ᵩ ≠ ρππϷ
≠ ᵩ

≠
 

ŷ  

ᴑҙҺꜚ Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃ῒ ≠ ᵩ 

≠ ᵩ ̆ ҉ ҩ ᵩ ≠ ᾝ ≠ ᵩ  

≠ ᵩ Ȃ ᴑҙ ᶫ ̆↕ ’̆ 

ѿ ӊῤ̂ ѿ ȁѿ ѿҩ ֟ ̃ ҩ ᵩ ≠  

ᾝ ≠ ᵩ ≠ ᵩ Ȃ 

Ÿ ҍ №   

ȇ ҙ ֟ ᴇ ᵣ ̂ Ȉ̃ȁȇ ᴇ

Ȉ ‰ ᴆҬ ⌠ ̆ ᵣץ ≠ Ȃ 

3.2  

ᴇ ҹ׆ ѿ ⌠ ֟ ֟

̆ Ṝ ȁ ȁ ȁ ֲᵣẫ

ȁ ȁ ȁ ȁ Ῑ

ȁ Ῑ ȁ ȁ ȁ ȁֲᵣ

ȁֲᵣ ȁ ᶏ ̆ ᴇ Ȃ 
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3.2.1  

̂9̃ En1̔ Ṝ ̂ԋ ̃ 

Һ ῃ Ṝ ̆ ԍ Ҍ ̆ ҍ

Ҍ ̆ Ҍ ׆̆ ҉ ̆ ῃ

Ṝ ȂҺ ԋ ȁ ȁ ֒ ̆ ᵝҹkg CO2 eq/tȂ 

̂10̃En2̔ ̂ԋ ̃ 

ֲҹ ⌠

ⱳ Һ̆ ȁԋ ᵝҹ

kg SO2 eq/tȂ 

̂11̃ En3̔ Ῑ  

ѿ ȁ Ῑ ̆ Һ

Ῑ ̆ ᵝҹkg P eq/tȂ 

̂12̃ En4̔ ᾣ  

ȁԋ ̂NO2̃ȁ ⌠ Ҭ

ᾣ ̆ ̔1̃ ȁԋ ̂NO2̃ ᾣ

̕2̃ Ȃ ᵝҹkg NMVOC eq/tȂ 

̂13̃ En5̔  

̆ ῀ Ҭ ֲ ᵣ

ᴴ ⱬ̆ ̔1̃ ̕2̃ ̕3̃ Ȃ ᵝҹ

kg 1,4-DB eq/tȂ 

̂14̃ En6̔ ֲᵣ  

ȁ ȁ ֲᵣ ᴴ ̆ 1̃

ֲᵣ ̆ ֲᵣ ᴴ ⱬ 2̃̕ ̆

֓ᾝ ₮Ŭ ɓ ( ₮ɔ )

̕3̃ ̆ PM10ȁTSPȁPM2.5 ֟ ̆ῒ

ᴪ ֲᵣẫ ̕4̃ ֲᵣẫ Ȃ ᵝ

ҹkg P eq/tȂ 

3.2.2  

LCA ᴆ ᵝ ᵩ ̆

https://baike.so.com/doc/5576121-5789965.html
https://baike.so.com/doc/766911-811489.html
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ᴇ ReCiPe 2016 Midpoint (Ẽ1.08̆ № ҹEcoinvent 

Ȃ ᴇ ⱳ ᾝҹ ᵩ ̆ ҍ ᴇ Ḡ ѿ Ȃ 

3.2.3 ҍ  

1. ῤ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃

̆ ҉ ץ Ȃ ᶫ ̆

↕ ’̆ ѿ ӊῤ̂ ѿ ѿ ̆

ᵝ ᵩ ̃ ֟ ȁ ҍ Ȃ 

2. ῤ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃ ̆

҉ ץ Ȃ ᴑҙ ᶫ ↕̆

’̆ ѿ ӊῤ̂ ѿ ѿ ̆ ᵝ

ᵩ ̃ ֟ ҍ Ȃ

Ҍҍ Ȃ 

3. ῤ ᵩ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃ ᵩ

Ȃ ᴑҙ ᶫ ̆↕ ’̆ ѿ

ӊῤ̂ ѿ ѿ ̃ ᵩ ̆ ῏

ץ ᵝ ᵩ ҹ ‰Ȃ 

4. ῤ ⌠ Ҭ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ѿ ӊῤ̃

⌠ Ҭ ̆ ᶫ ῏ Ȃ ᵝ

֟ Ҭ ⌠ Ҭ ҍ ̆

ҍ Ȃ ȇ

‰GB16297-1996Ȉ̆ ץ ̆ ȁѿ ԋ ȁ Ȃ

ȇ ‰ GB8978-1996Ȉȇ

‰ȈȂ 

5.φ ֟ ᵩ ҍ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ѿ ӊῤ̃ ֟
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ᵩ ץ ῏ ̆ ᶫ ῏ Ȃ ᵝ

῏ Ȃ 

6.  

ᴇ Һ Ҭ Ҭ Ҭ

 LCA Ғҙ  CAS-RCEES̆ Ecoinvent

Gabi ᾟȂ 

3.3  

3.3.1  

̂15̃ Ec1̔ ‪≠  

ŵ  

‪≠ ‪≠ ῀ № Ȃ 

Ŷ  

‪≠
‪≠

῀
ρππϷ 

ŷ ̔ 

Ώȇ Ȉ ҉ ̆ Һꜚ ῏ ȁ ῀ȁ ȁ≠

῏ Ȃ 

Ÿ № ̔ 

‪≠ ҍ ≠ ⱬ̆ Ⱶ Ȃ 

̂16̃ Ec2̔‪ ṿ 

ŵ  

‪ ṿ ѿ ֟ ṿҍ ӊ

ṿȂ 

Ŷ  

ὔὖὠ
ὄ ὅ

ρ Ὥ
 

Ҭ N̔PVð‪ ṿ i̕ð ̕ ѿ 8% ṿ B̕tð t ̕

Ctð t T̕ð ̆ ԍ ̆

20 ̆ 10 Ȃ 
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ŷ ҍ ̔ 

Ώȇ Ȉ ҉ ̆ Һꜚ ῀ ȁ

ᵀ ҩ ץ̆’ Ȃ 

Ÿ ҍ № ̔ 

‪ ṿ ᵀҬ ѿҩ ̆ ᴇ ᴨⱷ ѿ Ȃȇ

ᴇ Ȉȇ ᴇᵣ Ȉ

₮ ‪ ṿ ᴇȂ ԍ ᴇȂ 

̂17̃ Ec3̔ ᵩ  

ŵ  

ᵩ ῏ ׆ ⌠ ᵣ ֟ҹ

ῃ ῀ ҍ̆ ῤ ᵩ

ӊ Ȃ 

Ŷ  

ᵩ ̂҆ᾝȾὸȾὨ̃

̂҆ᾝ̃

ῤ ᵩ ̂ὸȾὨ̃
 

ŷ ҍ ̔ 

1.  

Ώȇ Ȉ̆ ҉ ῒ ̆ ҉

ץ≢ Ȃ 

2. ῤ ᵩ  

Ώȇ Ȉ̆҉ ῒ ῤ ᵩ ̆

ᶫ ῏ ҍ Ȃ 

Ÿ № ̔ 

Ⱶ ȇ̆Ҭ ῾ ≠ ᴇȈ

ȇ ֟ ҍ ≠ ᴇ ∆ Ȉ ԅ ѿ

ᴇ ῏ Ȃ ᵣ ҍ ᵩ ̆ ᵝ

ҹñ ᵩ òȂ 

̂18̃ Ec4̔ ᵝ ᵩ  

ŵ  
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ᵝ ᵩ ≠ ᵬ Ҭ̆ ᵩ ȁ ῒ֟

ȁ ȁ ȁֲ ȁ ȁ ҍḱ ȁ

῏ Ȃ 

Ŷ  

ᵝ ᵩ ᾝȾ
ῤ ᾝ

ῤ ᵩ
 

ŷ ҍ ̔ 

1. ῤ  

Ώȇ Ȉ ҉ ̆ ҉ ≢ ῒ ̆ ᵖ

Ҍ ԍ ῤ ᵩ Ҭ ȁ ȁ ȁֲ

ȁ ȁ ҍḱ ȁדỮ ȁ ȁ

῏ Ȃ 

2. ῤ ᵩ  

Ώȇ Ȉ̆ ҉ ῤ̂ ѿ ӊῤ̃ ᵩ

Ȃ ᴑҙ ᶫ ̆↕ ’̆ ѿ

ӊῤ̂ ѿ ѿ ̃ ᵩ ̆

῏ ץ ᵝ ᵩ ҹ ‰Ȃ 

Ÿ № ̔ 

Ⱶ ȇ̆Ҭ ῾ ≠ ᴇȈѿ

Ҭ̆ ᴇҬ ῾ ≠ ̆Ӟ ԅ ѿ Ȃ

ᵣ ҍ ᵩ ̆ ҹñ ᵝ ᵩ

òȂ 

3.4 ᴪ  

ᴪ ҍ ᴪ ȁ ῃҍ ≠ң №̆ ᵩ

ᴪ ᴇȂ 

3.4.1 ҍ ᴪ  

̂19̃ S1̔ ᵝ ᶫ ҙ ᵝ 

ŵ  

ᵩ ̆ ᵝ Ҋ⇔ ᵬ ᵝȂ 
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Ŷ  

ᵝ ᶫ ҙ ᵝ ҩȾ̓ ᾝ
ᶫ ҙ ᵝ ̂ҩ̃

̂҆ᾝ̃
 

ŷ ҍ ̔ 

1.  

Ώȇ Ȉ ҉ ̆ Һꜚ҉ ҩ ῒ ῏

̆ ᵝ Ȃ 

2. ᶫ ҙ ᵝ  

Ώȇ Ȉ ҉ ̆ Һꜚ҉ ҙ ᵝ ץ

ֲ ̆ ᵝ Ȃ 

Ÿ ҍ № ̔ 

ҙ Ȃ ȇ ᴪ

ᴇ ȈӞ ₮ ᴇ ᴪ Ȃ 

̂20̃S2̔  

ŵ  

ԍ ꞉ Ȃ 

Ŷ  

ԍ ꞉ ̆ ԍ

̆ ̆↕ №ҹ 1̆ ̆↕ №ҹ0Ȃ 

ŷ ҍ ̔ 

ᴆ∞ ̆ ꞉

ȂᴑҙӞ ꜚҺץ ᶫ ῏ Ȃ 

ᴆ ȇ ҙ ᵩ ≠ ᾢ Ȉȇ ҙ

≠ ᾢ Ȉ Ȃ 

Ÿ № ̔ 

ץ ̆ ῒ ȁ

№ ҍ Ȃ ȇ ֲ ᴪ

ᴇȈӞ ₮ ֲ ᴇ̆ ῒ ᴪ Ȃ 

̂21̃ S3̔ Ὲᴧ  

ŵ  
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ᴧ ᵩ ῏ Ȃ 

Ŷ  

№ ̆ ᴧ ̆ ᴧ Ȃ 

ŷ ҍ ̔ 

̆ԅ ץ Ȃ 

Ÿ ҍ № ̔ 

Ὲᴧ ѿ̆

҉ᵣ ñ ò ׆̆ ѿ ₮ ᴪ

Ȃ ᴇ Ὲᴧ ҍѿ ̆ ᵩ Ӟ

Ὲᴧ ҍȂ 

3.4.2ῃҍ ≠ 

̂22̃ S4̔ ҙ  

ŵ  

Ҍ ᵬ ᴆ ’ ץ̆ ᵥ Ҍ ᵬ

Ȃ 

Ŷ  

ᵬ ̆̓̀ №ҹ8 Ҋ̆↓8 ’ ѿ

ⱴѿ ̆ ᵞ0 ̆ 8 Ȃΐᵣ a. / Ҋȁb.

ȁc. ᴆȁdȁ ᴆҊȁe. Ҋȁ

f. № Ҋȁg. Ҋȁh. ᾟ ᵬ ᴆҊȂ 

ᵬ Ҭ ̆ №̆ №‰↕ Ҋ

4.3.4̆ № 0-1ӊ Ȃ 

4.3.4 ᵲ ⅎ‼∑ 

̂ҩ̃ 
0 1 2 3 4 5 6 7 8 

№̂0-1̃ 1 0.875 0.75 0.625 0.5 0.375 0.25 0.125 0 

 

ŷ ҍ ̔ 

ᵝ⌠ ̆ ΐᵣ ᵬ ̆

҉ 8ҩ ̆ №Ȃ 
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Ÿ ҍ № ̔ 

ѿ ҉ ῃẫ ̆

҉ᵣ ῒ ᴪ Ȃ ȇA Framework and Metrics for Sustainable 

Manufacturing Performance Evaluation at the Production Line, Plant and Enterprise 

LevelsȈ ₮ԅñ / òñ òñ ᴆ

òñ Ҋòñ № Ҋò5ҩ ῃ

̆ ҍ ̆ Ҋ ᴪ Ȃ 

4. ᴇ  

4.1  

Ҍ ̆Ҍ ̆ ₱ Ȃ 

4.1.1  

ҹ ̔ 

ώ

ρ        ȟ      ὥ ὼ
ὼ ὥ

ὥ ὥ
ȟ ὥ ὼ ὥ

π        ȟ   π ὼ ὥ

 

ҹ ̔ 

ώ

ρ       ȟ  π ὼ ὥ
ὥ ὼ

ὥ ὥ
ȟ ὥ ὼ ὥ

π       ȟ       ὥ ὼ

 

Ҭ ὥ̆ ὥ№≢ҹ ҉Ҋ ṿ ὼ̕ҹ ṿ ώ̆ҹ

ṿȂ 

̔ὥȁὥ ҈ ̔̂ 1̃ ᵣ ̆ ҩ ѿҩ

ѿ ὥ ὥ̆ ᵩ ҉Ҋ ̂̕ 2̃ ѿ ᵩ

̆ ҩ ѿҩҒ ὥ ὥ̆ Ҍ ᵩ ҉Ҋ ṿҌ ̕

̂3̃ ԍ ₃ ᵩ ̆ ҩ ̆ ṿҹ

҉ ὥ̆ ᵞṿҹҊ ὥȂ 

4.1.2  

̆ ṿ [0, 1]ӊ ̆ Ῥ ̆

ώ ὼȂ 
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4.2 ᴇ   

ⱴ ȁ ץ ⌠ ᴇ Ὥ Ҋ №ὈȂ 

Ὀ ὡȟ ύȟȟώȟȟ  

Ҭ̆ὡȟҹ Ὥ Ὦ№ ̕ώȟȟðð Ὥҩ Ὦҩ№ Ὧ

ҩ ₮ ṿ̕ύȟȟҹ Ὥҩ Ὦ№ Ὧҩ ̆

ѿ № ̆ Ҋ ̆ ӊ Ȃ 

ҩ ṿ ⱴ ⌠ ᴇ №ὛȂ 

Ὓ Ὀ 
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4.3  

Ҭ̆ Ҋץ ῏Ḥ Ȃ 

Ḥ  

ᵝ  

Ḥ ᴋֲ    

ᵝ̂ᴑҙ̃  

ᵝ   

ᵩ   

  ֟   

 ̔        ̔        ̔ 

ᵩ 1 ̔     

֟ 1 ̔     

ᵩ 1  

ᵩ  /  

2  TRL1      TRL2      TRL3     TRL4     TRL5 

ᵩ  /  

̂m2̃̂ ԍ ᵩ

̃ 
 

 

 
  

 

̂ᵔ

̕ᾰ

̃ 

ṿ ᵝ 

≠  

ᵝ ᵩ

 

1   ᴖ  ᾥ/ ̂ ᵩ ̃ 

2   ᴖ  ᾥ/ ̂ ᵩ ̃ 

3   ᴖ  ᾥ/ ̂ ᵩ ̃ 

éé   ᴖ  ᾥ/ ̂ ᵩ ̃ 

ᵝ ᵩ

 

  ᴖ  / ̂ ᵩ ̃ 

  ᴖ  / ̂ ᵩ ̃ 

  ᴖ  / ̂ ᵩ ̃ 

  ᴖ  / ̂ ᵩ ̃ 

ῒז   ᴖ  ____/ ̂ ᵩ ̃ 

  ᴖ  ‰ / ̂ ᵩ ̃ 

ᵝ ᵩ

 
  ᴖ  ᾥ/ ̂ ᵩ ̃ 

ᵩ ᵣ≠  
῀⌠ ֟

Ҭ ᵩ  
 ᴖ  / ̂ ᵩ ̃ 

≠  

ᵩ

֟  

 

ᵩ

Ҭ

 
≠

 

ᵝ 
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  ᴖ   / ̂ ᵩ ̃ 

  ᴖ   / ̂ ᵩ ̃ 

  ᴖ   / ̂ ᵩ ̃ 

ᵝ ᵩ

 

≠

ῒז  
 ṿ ᵝ 

1 ᾰ  / ̂ ᵩ ̃ 

2 ᾰ  / ̂ ᵩ ̃ 

3 ᾰ  / ̂ ᵩ ̃ 

éé ᾰ  / ̂ ᵩ ̃ 

≠  
≠  ᾰ  ᾥ/ ̂ ᵩ ̃ 

≠  ᾰ  ᾥ/ ̂ ᵩ ̃ 

ᵩ ≠  ≠ ᵩ  ᾰ  ‰ / ̂ ᵩ ̃ 

 

 
ҍ ᵩ

֟ ̂1ҩ

̃ 

 

 

ᵝ 

 

SO2  ᴖ  ᾥ/  

NOX  ᴖ  ᾥ/  

CO2  ᴖ  ᾥ/  

ῒ̔ז_____  ᴖ  ᾥ/  

   ᴖ  ᾥ/  

 

COD  ᴖ  ᾥ/  

BOD  ᴖ  ᾥ/  

NH3-N  ᴖ  ᾥ/  

TP  ᴖ  ᾥ/  

ῒ̔ז_____  ᴖ  ᾥ/  

ᵣ  

ᵣ 1̔_____  ᴖ   

ᵣ 2̔_____  ᴖ   

ᵣ 3̔_____  ᴖ   

ῒז  ̔_____  ᴖ   

 

   ṿ ᵝ 

‪≠  ‪≠   ᴖ  % 

‪ ṿ ‪ ṿ  ᴖ  -- 

ᵝ ᵩ

 
 ᾰ  ҆ᾝ/  

ᵝ  ᵝ  ᾰ  ᾝ/  

Ғ≠ᴇṿ Ғ≠ᴇṿ ᾰ ____ᴆ  ῏Ғ≠ᴇṿ____̓ ᾝ 

ᴪ

 

   ṿ ᵝ 

ᵝ ᶫ ҙ ᵝ ᶫ ҙ ᵝ   ᴖ  ҩ/҆ᾝ 

3  ᾰ ΐ     Ҍΐ  

Ὲᴧ 4 
Ὲᴧ

 
ᾰ  % 
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ҙ 5 ҙ   ᴖ
῍__ ҙ ̆ ᴇҹ__

 

 

1. ȇ ᵩ № Ȉ ῀̕ 

2. ȇ № Ȉ ᶫ ȁ ӥ ̆ ᴇ Ҭ̆

ԅ TRL№ ᴪ ꜚ ֜ ̆Ӟᴪ ꜚ Ҍ ̕ 

3. ᶫ ῏ ᴆ̕ 

4. ᴇ Ὲᴧ ҍ ̕ 

5. ȁ ⌠ ᴇ̆ ҙ ̔a. /

Ҋ̕b. ̕c. ᴆ̕d. ᴆҊ̕e. Ҋ̕f.

№ Ҋ̕g. Ҋ̕h. ᾟ ᵬ ᴆҊȂ 
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 ᵯ ᴍ ᶡ  

╠ ᵩ ̆ Ҭ ȁ№ ȁ

҈ ⅞№ ̆ ȁ ȁ№ №̆῍

ԅ16ҩ ᶛ Ȃ ╠ ᵩ ҙ Һ ᴑҙȁ

ᴆ 1̆ 5.1.1ҹ ῀ ᵩ № Ȃ

Ҭ ᵩ Һ ԍ ȁ

ᴇ Ҭ̆ ᵩ Һ ԍ

№ Ȃ ҹ Ҭ ȁ ̆

Һ ҹԅ ᴇ ₮ᴨ Ȃ Ҭ̆ №

ѿ ̆ ץ ᶫ ҹ

‰̆ № Ҍ ԅ№ Ȃ 

5.1.1 ῇ ᵯ ⅎ  

  №     

    Ҭ 4 Ҭ  

    Ҭ 5 Ҭ  

    №  4 №  

    Ҭ 3 Ҭ  

   Ҭ  №  4 Ҭ №  

    №  4 №  

    №  5 №  

 
ꜚ  

  Ҭ 3 
Ҭ ꜚ

 

 
ꜚ  

  №  4 
Ҭ ꜚ

 

    Ҭ 5 Ҭ  

   Ҭ  №  2 Ҭ №  

    Ҭ 5 Ҭ  

̂ѿ̃ Ҭ  

1.  

ᵩ ӊѿȂ ᵬ

ᴆ̆ ȁ ̆ Ҋ₃ץҹ№ץ ̔1̃

ᵣ №ҹ ȁ ̂╠ ѿ 10%-15%̆ ѿ 20%-40%̃̕



ǻ ᵩ ᴇ                          ɀ ҆ Ὲ ᴪ 

52 

2̃ №ҹҬ ȁ ̂╠ ѿ 35-40̆ ѿ 50-60 Ȃ̃

1 2 ῒ Ȃ 

1.1 A 

̂1̃ ᶛ׃  

ᵩ Ҭ̆ Ȃ

A ֓ ῖ Ҭ Ȃ2013-

2017̆ ҍҕ ᵬ ԅñҕ ≠

ò̆ ⇔ № ≠ ᵣ ̆

№ ȁ ≠ ̆ ҉

ȁ⁞ Ȃ ҕ ץ ҹ ̆№≢

ԍ201210 20135 ԅ ᵩ ̆ ҹ

800 t/d̆ѿ ҹ400 t/d̆ ̂ ̆Ҋ ̃30115 m2̆Һ

Ҭ ᵩ Ȃ 

5.1.1ҹ A Ȃ ᵩ ҹ

16.5%Ȃ ̆ ȁ ֲ № ₮̆

ᵩ ῀ Ҭ ῒ̆Ҭ ≠ Ȃ

֟ Һ ̂32000 m3/d̃ ̂334 t/dȂ̃ № ԍ

֟ ῀ ῒ̆ᵩ └ Ữ ԍ Ҭ Ȃ

₮ ȁ ῀ Ȃ ₮

Ȃ Һ ῀ 1̔̃ ᵩ 400 t/dT̆Ŝ total solids̆

̆Ҋ ̃ ҹ16.5%̕2̃ 83 t/d̆ ᶫ ȂҺ ֟₮ҹ̔1̃

ȁ ȁ 62 t/d̆Һ ̕2̃ 295.5 t/d̆

̕3̃ 70 t/d̆ ̕4̃ 27125 m3/d̆

Ȃ 
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5.1.1 A  

̂2̃ ᴇ  

5.1.2 ҹ A ᴇ Ȃ
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5.1.2 A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.198 

R2. ᵝ ᵩ  tce/t 0.019 

R3. ᵝ ᵩ  m3/t 0.198 

R4. ᵩ  m2/(t/d) 75.3 

≠  

R5.ᵩ  % 83.5 

R6.  kg Cu eq./t 0.104 

R7. ≠  % 40.3 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 112.8 

En2.  kg SO2 eq/t 0.437 

En3. Ῑ  kg NMVOC eq/t 0.304 

En4.ᾣ  kg 1,4-DB eq/t 7.274 

En5.  kg P eq/t 0.011 

En6.ֲᵣ  kg 1,4-DB eq/t 0.450 

̂
E

c̃
 

 

Ec1. ‪≠  % 30.9 

Ec2.‪ ṿ  -- 31349.7 

Ec3.ᵩ  ҆ᾝ/(t/d) 64.1 

Ec4. ᵝ ᵩ  ᾝ/  170.1 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0023 

S2.  № 1.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.625 

1.2 A 

̂1̃ ᶛ׃  

ԍ ̆ ╠Ӟ

ᵩ Ȃ ץ A ҹῖ

ᶛ׃ ῏ ’Ȃ2007̆ Һ ֟ ҹ235/

̆ ֲ҆ ֟ 1.26̆ TS ҹ22.61%Ȃ⌠2017̆ Ҭ

֟ 500/Ȃ 

Һ ̆ ̕ ⌠

̆ ȁ ̆ ⱬҹ200 t/dȂ

ҹ1228.28҆ᾝ̆ ҹ13268 m2̆Ꞌꜚֲ 53ֲ Ȃ

№ ₮ ̂3 t̃ ̆ ῀ ‖ Ҭ̆
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ᶏ ҍ ‖ ̆ № ̆

῀ Ҭ ̂430.8 t/dT̆S=9.8%Ȃ̃ ̆

’Ҋ 10 Ȃ Ҭ֟ ‪ Ữ ԍ

Ữ ̆ Ҭ ԍ ң Ḡץ 55 ̆ №

ᵬҹ Ȃ ҍ ≠

̆ ֟₮ Ȃ ̂ 5.1.2̃̆

῀ ҹ̔ ᵩ 200 t/dȁ 5 t/dȁ 32 t/dȂ

֟₮ ҹ̔ 3 t/dȁ 31 t/dȁ 31 t/dȁ ₀ 27.5 t/d 190.9 

t/dȂ 

 

5.1.2 A  

 

̂2̃ ᴇ  

5.1.3ҹ A ᴇ Ȃ
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5.1.3 A ᴍ  

 ≢  ᵝ ṿ 
̂

R
̃

 

 

R1. ᵝ ᵩ  t/t 0.323 

R2. ᵝ ᵩ  tce/t 0.004 

R3. ᵝ ᵩ  m3/t 0.298 

R4. ᵩ  m2/(t/d) 66.3 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.067 

R7. ≠  % 77.2 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 27.9 

En2.  kg SO2 eq/t 1.546 

En3. Ῑ  kg NMVOC eq/t 0.275 

En4.ᾣ  kg 1,4-DB eq/t -9.939 

En5.  kg P eq/t 0.010 

En6.ֲᵣ  kg 1,4-DB eq/t -0.319 

̂
E

c̃
 

 

Ec1. ‪≠  % 25.7 

Ec2.‪ ṿ  -- 7419.1 

Ec3.ᵩ  ҆ᾝ/(t/d) 50.9 

Ec4. ᵝ ᵩ  ᾝ/  111.4 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0051 

S2.  № 1.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.625 

1.3 B 

̂1̃ ᶛ׃  

B ҹ ῖ Ҭ ᶛ̆ 15765.27 m2̆

28966.85҆ᾝ̆ 9ҩ ᵩ Ȃ

ᵩ ̆ ̆ Ȃ

̆ ľ № ĺ└ № ĺ ĺ Ŀ ̆

ᵩ ľ ĺ ĺ ĺ № ĺ ĺ Ŀ Ȃ

̆֟ ȁ ‪ ̆

└ ̕ ̆

Ȃ 

5.1.3 ҹ Ȃ ᵩ ̂200 t/d̆TS=30%̃
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№ ̆ ῀ ץ ̆ ̂97.8 t/d̆

TS=21.46%Ȃ̃ ̆ ̂200 t/d̆TS=15%̃ № № ȁ №└

῀ № ̂313 t/dT̆S=8.89%Ȃ̃ № ῀̂ 8.93 

t/dȂ̃ ̂184.43 t/d̆TS=11.0%̃̆ ҍ ᵩ Ȃ ῀

ҹ423.23 t/d̆TS=9.9%̆ ̆Һ ֟ ҹ ̆ ֟ ҹ

Ȃ 

 

5.1.3 B  

 

̂2̃ ᴇ  

5.1.4 ҹ B ᴇ Ȃ ԍ

A ԍ ֟ ̆ғ ԍ ҍ֒ ֜ ̆

̆ ≠ԍ ̆ Ȃ  
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5.1.4 B ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.066 

R2. ᵝ ᵩ  tce/t 0.012 

R3. ᵝ ᵩ  m3/t 0.065 

R4. ᵩ  m2/(t/d) 39.4 

≠  

R5.ᵩ  % 0.6 

R6.  kg Cu eq./t 0.021 

R7. ≠  % 84.2 

R8.φ ≠  % 25.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 54.0 

En2.  kg SO2 eq/t 0.096 

En3. Ῑ  kg NMVOC eq/t 0.057 

En4.ᾣ  kg 1,4-DB eq/t -2.881 

En5.  kg P eq/t 0.001 

En6.ֲᵣ  kg 1,4-DB eq/t -0.297 

̂
E

c̃
 

 

Ec1. ‪≠  % 21.2 

Ec2.‪ ṿ  -- 29899.6 

Ec3.ᵩ  ҆ᾝ/(t/d) 68.8 

Ec4. ᵝ ᵩ  ᾝ/  277.4 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0015 

S2.  № 1.0 

S3.Ὲᴧ  № 4.0 

ῃҍ ≠ S4.ҙ  № 0.625 

2.  

ᴆҊ̆Ṣꜛ Ȃ Ҭ̆

Ҭ Ȃ ᵣ ᵣӞ

№ № № ῀ ῤȂ

ꜚ̂ ̃̆ ѿ № ̆

₮ ꜚ ̆ ▼ᵩ ̆ ԍ ̆

֟ ᵣȂ 

Ҍ ⅞№ҹ҈ҩ ̔1̃ Ҭ Ȃ

∆ ̆ ̂ ȁ ̃ ҹ ̆Һ ץ

ҹ ̆ ף Ȃ2̃ Ȃ

45Ņ҉ץ ̆ ҹ Ȃ ҩ ̆ ⌠ └

֙̆ ҹҺ Ȃ Ҭ № Ȃ3̃
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Ȃ ̆ ᵩ № Ҋ ̆ ῀ ̆

Ȃ 

ԍ Ҭ ᵩ ̆ ᾧԅ ᵩ

̆Ạ⌠ Ȃ ȁ ᵣ ̆

≠ץ ̆ ╠ ҹ ᵩ Һ ӊѿȂ

҉ҍ Ҭ ≢̆p ҹ ӎ ҙ

№ ̆ ᵩ № ̂ ̃

₮ԅ Ȃ ᶫ ᾟ ᴆҊ̆֟ Һ ᵣ CO2ȁCH4ȁN2OȂ

ῒҬ ף ֟ CO2 Ṝ Ғ ᴪ̂IPCC̃ ӈҬ

Ҭ ̂carbon neutral̃ ̆ ֽ ң ᵣ Ȃᵖ

Ҭ̆ ⁞ ץ ᾧ ̆ ᴪ֟ H2S NH3

ᵣȂ ԍ ԍ ̆ ̆ ᵣȁ ᵣ

̆ ԍῒ ᵌ ᶛ Ȃץ ҹᶛ̆

Ḡ ̂USEPÃ ȇInventory of U.S. Greenhouse Gas Emissions 

and Sinks, 1990-2018ȈҬҒ ᵣ ԅ ̆

5.1.5[132]̆ ᵬҹ ṿȂῒזῖ ᵩ 5.1.6̆

Ҭ ӎ ᶛ ᴇ

Ȃ 

5.1.5 ᵩ֥ ᵆ [132] 

Year 
 (kt) GHG  (kg/t) 

CH4 N2O  CH4 N2O 

1990 15 1 3810 3.9370 0.2625 

2005 75 6 18643 4.0230 0.3218 

2014 84 6 20884 4.0222 0.2873 

2015 85 6 21219 4.0058 0.2828 

2016 91 7 22780 3.9947 0.3073 

2017 98 7 24485 4.0025 0.2859 

2018 98 7 24594 3.9847 0.2846 
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5.1.6 ᵯ ᵩЃGHGЄ  

GHG (kg/t) N2O CH4 NH3 H2S 

[133] 0.4190 1.3200 

  

[134] 0.3840 0.0960 

  

[135] 0.2226 1.7880 

  

[136] 0.2750 0.0020 

  

[137] 0.3058 1.4720 

  

[138] 0.0520 

 

2.4683 

 

[139] 0.1355 0.5515 0.3443 

 

[140] 
   

0.0964 

[141] 
  

3.8023 0.5186 

[142] 
  

3.5001 0.6666 

[143] 
  

2.2833 0.2040 

[144] 
  

1.0428 0.0593 

[145] 
  

1.0425 0.0921 

[146] 
  

1.5227 0.3740 

[147] 
  

2.6100 0.8388 

[148] 
  

1.3023 0.3542 

[149] 
  

2.4675 2.3925 

[150] 
  

0.6050 3.5125 

2.1 A 

̂1̃ ᶛ׃  

2015̆ ᵩ ȁ № ҹ

2000 t/d̆ 812 t/dȂ A ᵩ

̂ Ȃ̃ ҹ25351 

m2̆ 31029̓ᾝȂ 

ҍ 5.1.5Ȃ ᵩ ῀

└̆ ╕̕ Ҭ֟

№ ̆ ῒ̆ᵩ ҍ ᵩ № ₮ ѿ

⌠ Ȃ ľ +MBR+

Ŀ Ȃ ῀ ̔1̃ ȁ ᵩ 200 t/d̕2̃

̂Һ ҹ ╕̃128.36 t/d̕3̃ 14.89 t/d̆֟₮ҹ̔1̃ ᵣ 65.35 

t/d̕2̃ 2.17 t/d̕3̃ 129.85 t/d̕4̃ 39.93 t/d̕5̃ ‛₀ 130 

t/d̕6̃ ╕173.95 t/dȂ 
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5.1.5 A  

 

̂2̃ ᴇ  

5.1.7 ҹ A ᴇ Ȃ ԍ

A ᴇ Ȃ 
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5.1.7 A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.326 

R2. ᵝ ᵩ  tce/t 0.075 

R3. ᵝ ᵩ  m3/t 0.586 

R4. ᵩ  m2/(t/d) 63.4 

≠  

R5.ᵩ  % 0.6 

R6.  kg Cu eq./t 0.107 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 404.9 

En2.  kg SO2 eq/t 0.724 

En3. Ῑ  kg NMVOC eq/t 0.647 

En4.ᾣ  kg 1,4-DB eq/t 15.754 

En5.  kg P eq/t 0.016 

En6.ֲᵣ  kg 1,4-DB eq/t 0.829 

̂
E

c̃
 

 

Ec1. ‪≠  % 22.1 

Ec2.‪ ṿ  -- -8823.9 

Ec3.ᵩ  ҆ᾝ/(t/d) 77.6 

Ec4. ᵝ ᵩ  ᾝ/  615.8 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0015 

S2.  № 1.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.750 

3. ꜚ  

ῖ ꜚ ĺĺ ̆ ᵀ ꜚ

Ȃ ҹ35 ̆ ȁ ȁ ҩ ̆

Һ ̆ ҹ 7-10 Ȃ ѿ

̆ ȁ ȁ ȁꜚ ᵣȁ Ḃ ̆ғΐ

ⱬȂ≠ ΐ 1̃̔לҊᴨץ ⁞ ╠

ᵬ ̆ ̕2̃ ҹ ȁ

̆ ѿ ҉ ᵞԅ ̆ ⱴṿ ֟

Ȃ 

3.1 ꜚ A 

̂1̃ ᶛ׃  
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ꜚ A ῤ ᶛȂ

ῃ Ȃ 2013 ֟ ҹ35.9҆ ̆

5.07̓ ᵩ ֟ Ȃ ԍ Ḡ ̆ ‗

ῐ ̆ 8338.6 m2̆ ⱬ50 t/d̆ ҹ

Ȃ 

5.1.6̆ ҹ 15% ῀ ̆ ᾢ №

₮ ץ № Ȃ Ҭ ⱴ ╕ ̆ ⌠

35%̆ ῀ ̆ѿ ң ῃ ף ȂҺ

῀ҹ̔1̃ 50 t/d̕2̃ ╕ȁ 4.84 t/dȂҺ ֟₮ҹ̔1̃

1.0 t/d̕2̃ 4.84 t/d̕3̃ 14.25 t/d̕4̃ 10.34 t/d̕5̃

6.0 t/d̕6̃ 0.65 t/dȂ 5.5.1Ȃ 

 

5.1.6 ꜠ A  

 

̂2̃ ᴇ  

5.1.8 ҹ ꜚ A ᴇ

ȂῒҬ̆ ₣ ֲ ᵬ̆ Ҭ 45.1%ȁ
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48.1%̕ Ҭ̆ 28.3%ȁ 7.35%̕ Ҭ̆

50.2%ȁ 12.62%[151]Ȃ 

5.1.8 ꜠ A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.070 

R2. ᵝ ᵩ  tce/t 0.010 

R3. ᵝ ᵩ  m3/t 0.440 

R4. ᵩ  m2/(t/d) 106.8 

≠  

R5.ᵩ  % 0.6 

R6.  kg Cu eq./t 0.223 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 41.7 

En2.  kg SO2 eq/t 0.031 

En3. Ῑ  kg NMVOC eq/t 0.029 

En4.ᾣ  kg 1,4-DB eq/t -7.453 

En5.  kg P eq/t 0.000 

En6.ֲᵣ  kg 1,4-DB eq/t 0.033 

̂
E

c̃
 

 

Ec1. ‪≠  % 51.3 

Ec2.‪ ṿ  -- -76.4 

Ec3.ᵩ  ҆ᾝ/(t/d) 68.0 

Ec4. ᵝ ᵩ  ᾝ/  170.5 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0041 

S2.  № 1.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.875 

̂ԋ̃№  

1. ᾣ  

̂1̃ ᶛ׃  

№ ᵩ ӊѿ ῒ̆Һ Ӟҹ

̆ᵖ ԍ ӎ ꜚ ̆ Ӟ ̆ ֟

ᵣȂѿ ̆ ᾣ ̆ ̆

ԍӠ Ȃ ̆ ᾣ ȁ ֤ ̆

ᴰ ̆Һ ᵣ ᾟ№≠ Ῥ ̂ ̃҉̆ғ
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ҹ ȁ ᵞ̆ Ӟ ᵞȂ 

ץ ᾣ A ҹ ᶛ ᴇ ᾣ Ȃ

ᵩ ̆№ ₮Ҍ №̆ ῀⌠ ᾣ Ҭ̆

1ҩ ֟₮ Ȃ 5.2.1ҹ ᵩ ̆ῒ

֟₮ ҹ44%Ȃ 

 

5.2.1 ᾩ A  

̂2̃ ᴇ  

5.2.1 ҹ ᾣ A ᴇ Ȃ ҹ ῖ

Ӡ ᵩ ̆ ԍ⁞ ȁ ֟

ᵩ ̆ῒ֟ Ӟ ⌠῾ ҬȂ
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5.2.1 ᾩ A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.056 

R2. ᵝ ᵩ  tce/t 0.000 

R3. ᵝ ᵩ  m3/t 0.000 

R4. ᵩ  m2/(t/d) 3650.0 

≠  

R5.ᵩ  % 0.9 

R6.  kg Cu eq./t 0.031 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 50.0 

En2.  kg SO2 eq/t 1.245 

En3. Ῑ  kg NMVOC eq/t 0.046 

En4.ᾣ  kg 1,4-DB eq/t -11.200 

En5.  kg P eq/t 0.004 

En6.ֲᵣ  kg 1,4-DB eq/t 0.473 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -201.4 

Ec3.ᵩ  ҆ᾝ/(t/d) 1216.7 

Ec4. ᵝ ᵩ  ᾝ/  666.7 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0050 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.875 

2.  

2.1 B 

̂1̃ ᶛ׃  

ץ B ҹῖ ף ӊѿ ᴇ№

Ȃ ᵩ ⌠ ̆ № ⌠ №̆ ῀⌠

̂ 5.2.2̃ Ҭ̆ ֟ ҹ ̆֟₮ ҹ10%Ȃ 
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5.2.2 B  

̂2̃ ᴇ  

5.2.2 ҹ B ᴇ Ȃ 

5.2.2 B ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.200 

R2. ᵝ ᵩ  tce/t 0.006 

R3. ᵝ ᵩ  m3/t 0.200 

R4. ᵩ  m2/(t/d) 44.0 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.007 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 29.7 

En2.  kg SO2 eq/t 0.068 

En3. Ῑ  kg NMVOC eq/t 0.032 

En4.ᾣ  kg 1,4-DB eq/t -2.101 

En5.  kg P eq/t 0.000 

En6.ֲᵣ  kg 1,4-DB eq/t -0.017 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -80.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 16.0 

Ec4. ᵝ ᵩ  ᾝ/  191.8 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0625 

S2.  № 1.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.875 

 

2.2 C 

C ѿῖ ̆ῒ ҍ
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A ѿ ̆ᵖ ≢Ȃ ᵩ №

ᵩ ̆ⱴ῀ ȁ ╕ ῀ ̆ ֟

ҹ ╕̂ ҹ37.5%Ȃ̃ 5.2.4 C

Ȃ 

 

5.2.3 C  

̂2̃ ᴇ  

5.2.3ҹ C Ȃ
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5.2.3 C ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.237 

R2. ᵝ ᵩ  tce/t 0.024 

R3. ᵝ ᵩ  m3/t 0.154 

R4. ᵩ  m2/(t/d) 104.6 

≠  

R5.ᵩ  % 0.3 

R6.  kg Cu eq./t 0.109 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 120.3 

En2.  kg SO2 eq/t 0.172 

En3. Ῑ  kg NMVOC eq/t 0.146 

En4.ᾣ  kg 1,4-DB eq/t -0.343 

En5.  kg P eq/t 0.002 

En6.ֲᵣ  kg 1,4-DB eq/t 0.170 

̂
E

c̃
 

 

Ec1. ‪≠  % 31.6 

Ec2.‪ ṿ  -- -1762.3 

Ec3.ᵩ  ҆ᾝ/(t/d) 51.4 

Ec4. ᵝ ᵩ  ᾝ/  94.6 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0070 

S2.  № 1.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.750 

 

2.3 D 

╠̆ № Ӟ ᶛȂ

ᵬ ԍ ᵩ Ҭ № № ⁞ ֽ̆ Ḡ

῀ ̆ Ȃ ץ D

ҹᶛ ᴇ Ȃ 

̂1̃ ᶛ׃  

D Һ ԍ ֟ ῾ ̆

ҹ 720 /Ȃ 5.2.4̆ D Һ ҹ̔1̃

№ ₮ №̆ ҹ10%̕2̃ ѿ ȁ ̕3̃ Һ

֟₮ 120/Ȃ eMBR
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Ȃ 

 

5.2.4 D  

 

̂2̃ ᴇ  

5.2.4ҹ D ᴇ Ȃ ҹ ῖ

̆ ԍ⁞ ȁ Ҭ

̆ ̆⁞ Ȃ
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5.2.4 D ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.000 

R2. ᵝ ᵩ  tce/t 0.007 

R3. ᵝ ᵩ  m3/t 0.500 

R4. ᵩ  m2/(t/d) 100.0 

≠  

R5.ᵩ  % 0.9 

R6.  kg Cu eq./t 0.000 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 37.1 

En2.  kg SO2 eq/t 0.522 

En3. Ῑ  kg NMVOC eq/t 0.028 

En4.ᾣ  kg 1,4-DB eq/t 0.281 

En5.  kg P eq/t 0.002 

En6.ֲᵣ  kg 1,4-DB eq/t 0.294 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -40.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 20.3 

Ec4. ᵝ ᵩ  ᾝ/  62.5 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0750 

S2.  № 0.0 

S3.Ὲᴧ  № 4.0 

ῃҍ ≠ S4.ҙ  № 0.875 

 

3.  

╠ ᵩ ԅ Һ̆

֤ȁ ȁ ȁ ̆Һ ҹ

ꜚ ̆ ῤ ᴆ2Ȃ 

3.1 A 

̂1̃ ᶛ׃  

20199 ̆҆ Ὲ ᴪ A

ᵬ ̆ ᵩ ӞṢ Ȃ ⌠202011̆

⁞ ᵬҺ 10 ᵟ
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ᵩ Ҭ Ȃ Һ ҙ ̆ ᵩ Ҭ

̆ Ҍ Ҍ Ȃ ᵩ ֟ ҹ

2 ᾥ/̆ ‏ ҹ1 ᾥ/̆Һ № ▼ ̆ 50%Ȃ

╠ҹ4ҩ ̆ ῍ 10 ̆ 3681ᾝ̆

ѿ ҹ15000ᾝȂ 

5.2.5ҹ A Ȃ ᵩ ̆ ȁ

̆ҍ ȁ 1̔ 1̔ 1 ᶛ ̆ 50 g/kg ‰ ῀EM

̂Effective MicroorganismsȂ̃ Ҭ ѿ ̆ 2-3ҩ ̆

‏ 3-4ҩ ̆֟₮ Ȃ ҩ ֟₮Ȃ Ҭ

Һ ᵣ ̆ ᵩ № Ȃ

ᵩ №Ҭ̆Һ ▼ ̆ 50%Ȃ 

 

5.2.5 A  

 

̂2̃ ᴇ  

5.2.5ҹ A ᴇ ȂῒҬ̆ ᵩ

ȁ 1̔ 1̔ 1 ľ҈ Ŀ ̆

Ҭ̆ ң ҹ ῀̆ғҌ ῒ Ȃ ̆ ᶛ

ԍῒ ╠ Һ ԍ ̆

Ȃ
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5.2.5 A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 2.000 

R2. ᵝ ᵩ  tce/t 0.000 

R3. ᵝ ᵩ  m3/t 0.000 

R4. ᵩ  m2/(t/d) 100.0 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.108 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 160.3 

En2.  kg SO2 eq/t 4.198 

En3. Ῑ  kg NMVOC eq/t 0.011 

En4.ᾣ  kg 1,4-DB eq/t -7.188 

En5.  kg P eq/t -0.002 

En6.ֲᵣ  kg 1,4-DB eq/t -0.148 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -0.4 

Ec3.ᵩ  ҆ᾝ/(t/d) 3.7 

Ec4. ᵝ ᵩ  ᾝ/  411.0 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 5.43 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.875 

 

3.2 B 

̂1̃ ᶛ׃  

B ᵟ 200 ̆῍ 700φ ֲ̆ῒҬ ֲ ҹ 180

ֲȂ Ὲ ꜛҊ̆ ԅ └

Ḡ ̆ Ҭ № ⁞ ̂ 5.2.6̃Ȃ ҆ Ὲ

ᴪ Ҋ̆ ḱ ԅ4 ̂8ҩ 1̃.25*1*1 /ҩ ̆

ԍ20208 20 Ȃ ⱬҹ 200-300 kg/̆

ᵖ ╠ҹ Һ ῾ ȁ ╠ ᵩ Ȃ 
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5.2.6 B Ḧ ┼ᵲ ᵯ  

 

╠ ᵩ ̆ҍ 1̔ 2 ᶛ ̆

ץ ̆ Ḡ 50-60%Ȃ ̆ ף№ ╕Ȃ

Ḡ 1-2ҩ ̆ ῍ ҹ 3-4ҩ ̂ 5.2.6 ̆

̆ ╠ Ҍᶃ Ȃ̃ ԍ ֟ ̆

ԅֲ ̂ 5.2.6 Ȃ̃ 5.2.7 B

֟ Ȃ Һ 4̆ҩ ׅ ҹ ̆

֟ ̆ ̆ ҹ Ȃ 

 

5.2.7 B ‟ ָ  
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5.2.8 B ֥ Ѓ Е 4ү Ї Е Є 

 

̂2̃ ᴇ  

5.2.6 ҹ B ᴇ Ȃ

ҍ A Ȃ
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5.2.6 B ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 2.000 

R2. ᵝ ᵩ  tce/t 0.000 

R3. ᵝ ᵩ  m3/t 0.000 

R4. ᵩ  m2/(t/d) 66.7 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.108 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 160.3 

En2.  kg SO2 eq/t 4.198 

En3. Ῑ  kg NMVOC eq/t 0.011 

En4.ᾣ  kg 1,4-DB eq/t -7.188 

En5.  kg P eq/t -0.002 

En6.ֲᵣ  kg 1,4-DB eq/t -0.148 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -5.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 16.7 

Ec4. ᵝ ᵩ  ᾝ/  33.3 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.6000 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.875 

3.3 C 

̂1̃ ᶛ׃  

C ᵟֲ ҹ1500̆ 2000ֲȂ20193 8

̆ № ᵬ̂ 5.2.9 Ȃ̃ ᵩ ᵬҹѿ № ̆

ҹ ҉ ̂ 5.2.9 Ȃ̃ ᶫ

ȁ ̆ ᵩ 50.91̆ 4.24̕

13.42 ̆ 1.12̂ 5.2.10̃Ȃ ̆ ῾

Ҭ Ῑ ̆ № ᵩ Ҭ Ȃ 
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5.2.9 C 2019 ⅎ Ѓ ᵯ ҏ Є 

 

5.2.10 C ҅ ᵯ  

 

ᵩ Ӟ Ȃ ᵩ Ғ

⌠ ̂ 5.2.11̃Ȃ ᶭ ̆ ῍16ҩ1

¦1¦1 Ȃ ᵩ

̆ ҹ60̆‏ 1ҩ ̆

⌠65 Ȃp҉ץ ̆ ᴧ ̆ Ȃ

Ҍ ̆ ȁ ̆

ᵬҙ Ҍ Ȃ 
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5.2.11 C  

 

̂2̃ ᴇ  

5.2.7ҹ C ᴇ Ȃ  
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5.2.7 C ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.500 

R2. ᵝ ᵩ  tce/t 0.000 

R3. ᵝ ᵩ  m3/t 0.000 

R4. ᵩ  m2/(t/d) 40.0 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.108 

R7. ≠  % 100.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 160.3 

En2.  kg SO2 eq/t 4.198 

En3. Ῑ  kg NMVOC eq/t 0.011 

En4.ᾣ  kg 1,4-DB eq/t -7.188 

En5.  kg P eq/t -0.002 

En6.ֲᵣ  kg 1,4-DB eq/t -0.148 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -20.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 26.7 

Ec4. ᵝ ᵩ  ᾝ/  217.0 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.1500 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.750 

3.4 D 

̂1̃ ᶛ׃  

D ᵝԍ Ḡ ̆ ᴆᴨ Ȃ‏ ᵞ

0Ņ̆҉ץ ̆ ᵟ ᴆ Ȃ ᵟ 181̆ 500ֲ̆ Ⱳ῾

ӏȁ Ȃ Ὲ ᴪ №

ԅ ̆№ ҹ №̆ Ҍ Ȃ ҆ Ὲ ᴪ Ҋ̆ Ὲ

ḱ ԅ10ҩ̂5 ̃1*1*1.25 ̆ 6̓ ᾝȂ

4-6 ᴍ ֟ Ṝ Ғ̆ ֲ ῒ Ữ

Ȃ ᵩ ҹ100 kğ ‏̆ ȁ

῾ ӏ֟ ̆ ᵣ҉ ֟ Ȃ

҈ Ғ ȁ ȁ ̆ ҹ1300-1400
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ᾝȂ 

5.2.12̆ ᵩ ̆ № ₮̆

ᵌľ҈ Ŀ ̆№≢ҹ ȁ ᵩ ̆

ҹ 5 cmȂ Ὶ ̆ ῒ ֟ ᵩ

ӊ ῀ Ȃ ̆ ᾟ

Ғ Ȃ ᵣ҉ 2ҩ

̆ 75̆ Ҋ ⌠45 ̆ Ȃ

Ғ ĺֲ Ȃ Ҭ֟

῀⌠ ȁᴮ ֲ Ҭ̆ ⌠‪ Ȃ 

 

5.2.12 D  

 

̂2̃ ᴇ  

5.2.7ҹ D ᴇ Ȃ
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5.2.7 D ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 1.000 

R2. ᵝ ᵩ  tce/t 0.058 

R3. ᵝ ᵩ  m3/t 0.150 

R4. ᵩ  m2/(t/d) 80.0 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.108 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 184.3 

En2.  kg SO2 eq/t 4.228 

En3. Ῑ  kg NMVOC eq/t 0.038 

En4.ᾣ  kg 1,4-DB eq/t -6.672 

En5.  kg P eq/t -0.001 

En6.ֲᵣ  kg 1,4-DB eq/t -0.140 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -6.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 12.0 

Ec4. ᵝ ᵩ  ᾝ/  547.9 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.5000 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.875 

 

3.5 E 

̂1̃ ᶛ׃  

E ̆ Ҭ җ

Ȃ E ╠҆ ҙ 17ҩ

̆ 19877̆ ╠῀ᵟ12928̆͂ ᵟ 65%Ȃ Ῑ 80̓

̆ ֟ 1600 mбȂ 
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5.2.13 E ‟ 

 

҆ Ὲ ᴪ Ҋ Ὲ̆ қ Ԉ ⌠

ⱱ Ὲ ᵬҹ ̆ ᵟ ҍ⌠ № ȁ ᵩ ȁ ᵬ

Ῑ ꜚҬ̂ 5.2.14̃Ȃ ԍ ᵩ ̆ ץ

ҹҺ̆ ᵩ ԅ ᵣ ̆ ׆ ȁ ᵩ

ѿ֓№ ᵩ ᵬ Ȃ 

 

5.2.14 ⱷ ῎  

 

ҹ ̆ ḱ ̂ ⅞̃̆

̂ 5.2.15̃Ȃ ᵩ

1̔ 1 ̆ 15 kg/t ᶛ ⱴ ̆

Ҭ̆ Ȃ ̆ ⌠60 ̆҉ץ

֟ ̆ ץ ⌠ ᵩ №̆Һ Ȃ 
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5.2.15 Ї  

 

̂2̃ ᴇ  

5.2.8 ҹ E ᴇ Ȃ 

5.2.8 E ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.015 

R2. ᵝ ᵩ  tce/t 0.002 

R3. ᵝ ᵩ  m3/t 0.150 

R4. ᵩ  m2/(t/d) 40.0 

≠  

R5.ᵩ  % 1.0 

R6.  kg Cu eq./t 0.000 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 169.3 

En2.  kg SO2 eq/t 4.208 

En3. Ῑ  kg NMVOC eq/t 0.021 

En4.ᾣ  kg 1,4-DB eq/t -6.995 

En5.  kg P eq/t -0.002 

En6.ֲᵣ  kg 1,4-DB eq/t -0.145 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0 

Ec2.‪ ṿ  -- -5.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 10.0 

Ec4. ᵝ ᵩ  ᾝ/  200.0 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.4000 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.750 



ǻ ᵩ ᴇ                          ɀ ҆ Ὲ ᴪ 

84 

4. ꜚ  

4.1 ꜚ B 

̂1̃ ᶛ׃  

҆ ᴪ Ҋ̆ ꜚ B ԅ

Ғ ῤ ᵩ ̆ ҹ № ҍ ᵩ

Ȃ 5.2.16 ԅ ᵩ Ȃ ╠῍

῀ᵟ644 ̆ 2000ֲ̆ ֟ ᵩ 420 kğ‏ ҹ250 

kgȂ ╠̆ ᵩ ѿ ̆ ҹ20 m2̆ ⱬҹ100 

kg/d̆ 38.8̓ᾝ̆ ṿҹ 2.519̆ 1 Ꞌꜚⱬ̂ ҹ

7000ᾝ/ Ȃ̃ 

Һ ῀ҹ̔1̃ ᵩ 100 kg/d̕2̃ ԓ 10 g/dȂҺ ֟

₮ҹ̔1̃ 0.03 t/d̆ ҍ ȁ ȁ ╕ Ḇ ╕ ̆ ԍ

Ҭ ̆ ֟₮ ̕2̃ 0.02 t/d̆ ѿ ҹ

Ȃ ᵩ ҉̆

ԅ ̔ ȁḆ ╕ ╕ ̆ ҍ № ̆

3-4ҩ ̆ ҹ Ȃ 

 

5.2.16 ꜠ B ᵯ  

 

̂2̃  

5.2.9 ҹ ꜚ B ᴇ

Ȃ ҆ ᴪ ̆ Ҍᶭ ҙ ̆֟
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Ӟᾧ ⌠ ᵟ ӊҬ̆

Ȃ 

5.2.9 ꜠ B ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.0000 

R2. ᵝ ᵩ  tce/t 0.0031 

R3. ᵝ ᵩ  m3/t 0.0000 

R4. ᵩ  m2/(t/d) 200.0000 

≠  

R5.ᵩ  % 100.00 

R6.  kg Cu eq./t 0.1076 

R7. ≠  % 0.0000 

R8.φ ≠  % 0.0000 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 6.7212 

En2.  kg SO2 eq/t 0.2077 

En3. Ῑ  kg NMVOC eq/t -0.0387 

En4.ᾣ  kg 1,4-DB eq/t -8.5737 

En5.  kg P eq/t -0.0022 

En6.ֲᵣ  kg 1,4-DB eq/t -0.2167 

̂
E

c̃
 

 

Ec1. ‪≠  % 0.0000 

Ec2.‪ ṿ  -- -20.0000 

Ec3.ᵩ  ҆ᾝ/(t/d) 200.0000 

Ec4. ᵝ ᵩ  ᾝ/  1166.6667 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0500 

S2.  № 1.0000 

S3.Ὲᴧ  № 3.0000 

ῃҍ ≠ S4.ҙ  № 0.8750 

 

̂҈̃  

Һ Ȃ2019̆ῃ

ҹ 24206.2҆ ̆ῒҬ ҹ 12174.2҆ ̆ ҹ 10948.0҆ Ȃ ╠

ᵩ № Һ ׅ ̆ ҬӞ ᵩ

ȁ Ạԅ Ȃ 

1. A 

̂1̃ ᶛ׃  
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ץ A ҹᶛ̆ Ȃ 

̂2̃  

5.3.1 ҹ A ᴇ Ȃ ῒז ᵩ ᵩ

Ҍ ̆ ľ Ŀ Ṝ̆

ץ Ȃ Һ ῒז ᵩ

ľ ⱬĿ ľ Ŀ ⱳ Ḡ ѿ Ȃ 

5.3.2 A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.000 

R2. ᵝ ᵩ  tce/t 0.000 

R3. ᵝ ᵩ  m3/t 0.000 

R4. ᵩ  m2/(t/d) 872.0 

≠  

R5.ᵩ  % 100.0 

R6.  kg Cu eq./t 0.000 

R7. ≠  % 0.0 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 0.1 

En2.  kg SO2 eq/t 0.007 

En3. Ῑ  kg NMVOC eq/t 0.007 

En4.ᾣ  kg 1,4-DB eq/t 0.012 

En5.  kg P eq/t 0.004 

En6.ֲᵣ  kg 1,4-DB eq/t 0.064 

̂
E

c̃
 

 

Ec1. ‪≠  % 5.0 

Ec2.‪ ṿ  -- -4042.8 

Ec3.ᵩ  ҆ᾝ/(t/d) 42.0 

Ec4. ᵝ ᵩ  ᾝ/  80.0 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0005 

S2.  № 0.0 

S3.Ὲᴧ  № 2.0 

ῃҍ ≠ S4.ҙ  № 0.625 

2. A 

̂1̃ ᶛ׃  

╠ ӊѿ̆ ҹ ⁞

ᶃ ӊѿ̆ ȁ ⁞ ᵣ ̆ғ ΐ ѿ

Ȃѿ ̆ №ҹ Ữ ҉ ȁᶫ ȁ
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ȁ ȁ ȁ ȁ ‪ Ȃ

Ҭ №̆ Ҭ ץ

ṿ̆֟ ѿ ̆ № Ῥ≠

Ȃ 

ץ A ҹᶛ ȁ ᴇ Ȃ

ҍᾣ ץ PPP ᵬ ῖ ᶛ̆ΐ

̆ 2016̆ 230̓ ̆ 6.8ַ Ȃ 

̂2̃  

5.3.2ҹ A ҹ ȂῒҬ̆ ҹ

̆ ҹ ҹ ₮ ̆֟ ҌῬ ҹ

Ȃ 

5.3.2 A ᴍ  

 ≢  ᵝ ṿ 

̂
R
̃

 

 

R1. ᵝ ᵩ  t/t 0.000 

R2. ᵝ ᵩ  tce/t -0.050 

R3. ᵝ ᵩ  m3/t 1.525 

R4. ᵩ  m2/(t/d) 43.5 

≠  

R5.ᵩ  % 100.0 

R6.  kg Cu eq./t 31.910 

R7. ≠  % 0.1 

R8.φ ≠  % 0.0 

̂
E

n
̃

 

ῃ

(En) 

En1.Ṝ  kg CO2 eq/t 0.8 

En2.  kg SO2 eq/t 0.920 

En3. Ῑ  kg NMVOC eq/t 0.298 

En4.ᾣ  kg 1,4-DB eq/t 0.134 

En5.  kg P eq/t 0.017 

En6.ֲᵣ  kg 1,4-DB eq/t 1.403 

̂
E

c̃
 

 

Ec1. ‪≠  % 39.9 

Ec2.‪ ṿ  -- 81217.0 

Ec3.ᵩ  ҆ᾝ/(t/d) 49.9 

Ec4. ᵝ ᵩ  ᾝ/  165.3 

ᴪ ̂
S̃

 ҍ ᴪ

 

S1.ᵝ ᶫ ҙ ᵝ ҩ/҆ᾝ 0.0007 

S2.  № 0.0 

S3.Ὲᴧ  № 3.0 

ῃҍ ≠ S4.ҙ  № 0.500 
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̂ ̃ ᵩ ᴇ 

׆ ȁ ȁ ᴪ ҩ ῍ 22ҩ ᵩ

ᴇȂ ᴇ ̂ 3.5.1̃ ⱴץ ̂

3.5.2̃ ῬẠ Ȃ ѿ ̆ ṿ № 0-1ӊ Ȃ

№ ԇ25№̆ №100№Ȃ ῍ ᵩ ̔

ȁ ȁ ̂ ȁ̃ ̂ ȁҬ ȁ̃

ꜚ ̂ ȁ̃ ᾣ ҂ ̆ Ҭȁ

№ ң ᵀȂ 

1.  

1.1  

5.5.1ҹ ̆ῒҬ̆ ȁ

ᴪ ᴆ Ȃ Ҭ № № ╠

ᴆȂ 

̂1̃  

ᵩ ῀ ῀ȂῒҬ

Һ ҹ ⱴ ץ̆ №̆ɒ

ᶛҬ ⱴ ᵬҹ № Ȃ ̆

ҹ ΐ ѿ ṿ̆ ҹ ṿ̆ ῒ ₮ ԍ

Ȃ ᵩ ⱴץ̆

⌠ Ȃῒז Ҭ̆ ꜚ Ӟ ₮

ԅ ̆ Һ Ῑȁ

̆ ֟₮Ȃ ̆ Ҍΐ

̆ ₮ ̆ ȁ

ꜚ Ӟ ҌᶃȂ ᵩ ҉̆

̆№ ԍ Ҭ ᵞ̆Һ Ҭ Ȃ

̆ ҹ ᵣ ȁ ד

ᴆ └̆ῒ ֟ ⱬ Ȃ ᵩ ̆ ԅ
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̆ Ҭ ᵩ Ҍ Ȃ ҹ Ҭ

ᵩ ̆ ╠ № Ҋ ᾧ ѿ ᶛ Ȃ

№ ≢ ̆ ᵩ ԍ Ҭ̆ Ҍ

№ ̆ ᴪ ᵩ ̆ ѿ ҉ṕ ԅ

ᵩ № Ȃ Һ ȁ ȁ ҈

̆ῒҬ̆ ԍ֟₮ҹ ╕ ֟ ҹ ᵩ Ҭ P K

⌠ԅḠ Ȃ ≠ ҉̆ ῒ ֟ Ҭ

₮ ᴨ̆לᵖ№ ȁ ꜚ ̆

֟₮ Ҍ ̆ ғ ӎ Ҭ ̆ ץ

ῤ Ȃ ᵩ ≠ ֽ̆ ᶛ ᵩ

Ῥ≠ Ȃ 

̂2̃  

ᵣ Һ NO2 CH4 ֟ ̆ῒ ל

ҹ̔ Ҭ ᵣ ҍῒ Ȃ№

ᵣ ҹ ꜚ < < ̆ Һ ԍ

ᵣ ғ̆ ӎᾟ ᶫ ̆ ף ֟

ᵣ Ȃ Һ NOXȁSO2 NH3 ᵣ ̆

ᾣ ᵞ ῒ̆ Ȃᾣ ֲᵣ

̆ ̆ ӊ ̆ ԍῒ ֟ ӊҬ̆

῀ ȁ ̂ ԍ ᵣ ̃ ῀̕ ῀

̆ ᾣ ȁ ҹ ᵞ Ӟ ᵬҹ ԑ Ȃ Ῑ

Һ ̆ ҹ ̕ ̂ ȁ

ⱴ ̃ ̆Һ ֲҹ ̆

Ȃ 

̂3̃  

֟ ꜚ ֟₮ ₮

̆№ ↕ ֟ ҹ̆‪≠ ҹ ̕‪ ṿҺ ‗ԍ

‪ ̆ Һ Ҭ ‪ ṿ ṿ Ȃ

ҹ ṿ̆ ̆ ȂῒҬ

Һ ҹ└ ̆ ᴇṿ ᵞғ
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Ȃ ᵩ ̆ Ҭ ӊ Ȃ

№ ₮ ̆ᵖ ᵣ ̆ ԅ ꜚ ̂

̃ӊ ̆№ ԍ Ҭ ̕ ̆

ꜚ ֲⱬ ̆ ֲⱬ ȁ ᴇȁ

῀ Ȃ 

̂4̃ ᴪ  

№ ᶫ ҙ ᵝ ԍ Ҭ Ὲ̕

ᴧ ῃҍ ≠ №̆ Ӟ ̕p

Һ̆ Ҭ ԍ ȁ

Ȃ 
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5.5.1 ᵯ ᴍ  

 
   

Ҭ  №  

ᵝ   

 ꜚ    ꜚ  
ᾣ  

  Ҭ  Ҭ   

̂
R
̃

 

R1. ᵝ ᵩ  0.000 0.000 0.198 0.066 0.323 0.326 0.070 0.237 0.200 0.000 0.056 0.000 1.000 t/t 

R2. ᵝ ᵩ  0.000 -0.050 0.019 0.012 0.004 0.075 0.010 0.024 0.006 0.003 0.000 0.007 0.058 tce/t 

R3. ᵝ ᵩ  0.000 1.525 0.198 0.065 0.298 0.586 0.440 0.154 0.200 0.000 0.000 0.500 0.150 m3/t 

R4. ᵩ  872.0 43.5 75.3 39.4 66.3 63.4 106.8 104.6 44.0 200.0 3650.0 100.0 80.0 m2/(t/d) 

R5. ᵩ  100.0 100.0 0.8 0.6 1.0 0.6 0.6 0.3 1.0 1.0 0.9 0.9 1.0 % 

R6.  0.000 31.910 0.104 0.021 0.067 0.107 0.223 0.109 0.007 0.108 0.031 0.000 0.108 kg Cu eq./t 

R7. ≠  0.0 0.1 40.3 84.2 77.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 % 

R8.ᵩ ≠  0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 % 

̂
E

ñ
 

En1. Ṝ  0.1 0.8 112.8 54.0 27.9 404.9 41.7 120.3 29.7 6.7 50.0 37.1 184.3 kg CO2 eq/t 

En2.  0.007 0.920 0.437 0.096 1.546 0.724 0.031 0.172 0.068 0.208 1.245 0.522 4.228 kg SO2 eq/t 

En3.ᾣ  0.007 0.298 0.304 0.057 0.275 0.647 0.029 0.146 0.032 -0.039 0.046 0.028 0.038 kg NMVOC eq/t 

En4.ֲᵣ  0.012 0.134 7.274 -2.881 -9.939 15.754 -7.453 -0.343 -2.101 -8.574 -11.200 0.281 -6.672 kg 1,4-DB eq/t 

En5. Ῑ  0.004 0.017 0.011 0.001 0.010 0.016 0.000 0.002 0.000 -0.002 0.004 0.002 -0.001 kg P eq/t 

En6.  0.064 1.403 0.449 -0.297 -0.319 0.829 0.033 0.170 -0.017 -0.217 0.473 0.294 -0.140 kg 1,4-DB eq/t 

̂
E

c̃
 

Ec1. ‪≠  5.0 39.9 30.9 21.2 25.7 22.1 51.3 31.6 0.0 0.0 0.0 0.0 0.0 % 

Ec2.‪ ṿ -4042.8 81217.0 31349.7 29899.6 7419.1 -8823.9 -76.4 -1762.3 -80.0 -20.0 -201.4 -40.0 -6.0 -- 

Ec3. ᵩ  42.0 49.9 64.1 68.8 50.9 77.6 68.0 51.4 16.0 200.0 1216.7 20.3 12.0 ҆ᾝ/(t/d) 

Ec4. ᵝ ᵩ  80.0 165.3 170.1 277.4 111.4 615.8 170.5 94.6 191.8 1166.7 666.7 62.5 547.9 ᾝ/  

ᴪ
̂

S̃
 

S1. ᵝ ᶫ ҙ ᵝ 0.0005 0.0007 0.0023 0.0015 0.0051 0.0015 0.0041 0.0070 0.0625 0.0500 0.0050 0.0750 0.5000 ҩ/҆ᾝ 

S2.  0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 № 

S3.Ὲᴧ  2.0 3.0 3.0 4.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 4.0 3.0 № 

S4. ҙ  0.625 0.500 0.625 0.625 0.625 0.750 0.875 0.750 0.875 0.875 0.875 0.875 0.875 № 
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1.2 № 

5.5.1ҹ ᵩ Һ №̆

῀ ῤȂ ᵣ ̆ ꜚ №

̆ῒ №№≢ҹ72.8567.39№̕ № ᵞ̆Һ

ῒ ᵞȂ ꜚ ᵞ Һ̆ ҹ

ῒ ᵩ Ҭ № ≠ ԍ

₮ ᵣᴨלȂ ̆ ᵩ ≠ ᴰ ȁ

̆ № ̂ ̃ Ҍ ̆

ᵖ ᵣ ᵩ № ≠ ΐ Ȃ 

 

5.5.1 Ӏ ⅎ 

 

5.5.2ҹ ᵩ №̂0.00-1.00̃̆

№ ̂ 4.1.1Ȃ̃ ̆ Ҭ

ṿ ԍ№ ̆Һ ԍ̂ ̃ ῀Ȃ ̆ΐ

ȁ № ᶃȂᵖ ╠ ȁ
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̆ ѿ Ȃ ֟

ӎ Ԉⱬ̆ ץ ̆ ҹ ᵩ ӊѿȂ ᴪ

̆№ ᶃȂ Һ ҹ ᶏ ̆ ҙ

ᵞ̆ғ ᶫ ҙ ᵝ ΐ ᴨלȂ 
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5.5.2 ᵯ ẅ  

 ≢  

Ҭ  №  

 
  ꜚ  

Ҭ

   ꜚ    

̂
R
̃

 

 

ᵝ ᵩ ̂ ̃  0.90 0.90 0.97 0.84 0.97 0.88 0.90 1.00 1.00 0.97 0.00 

ᵝ ᵩ  0.75 0.75 0.84 0.00 0.87 0.68 0.92 0.90 0.96 1.00 1.00 

ᵝ ᵩ ( )  0.66 0.66 0.89 0.00 0.25 0.74 0.66 0.15 1.00 1.00 1.00 

ᵝ ᵩ  0.99 0.99 1.00 0.99 0.98 0.98 1.00 0.98 0.96 0.00 0.98 

≠  

ᵩ  0.76 0.76 0.46 0.35 0.41 0.00 1.00 0.86 1.00 0.88 1.00 

 0.08 0.47 0.09 0.48 1.00 0.49 0.03 0.00 0.48 0.14 0.48 

≠  0.40 0.40 0.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

ᵩ ≠  0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

̂
E

ñ
 Ṝ  ᵣ  0.73 0.74 0.88 0.00 0.91 0.71 0.94 0.92 1.00 0.89 0.61 

   0.90 0.94 0.98 0.83 1.00 0.97 0.99 0.88 0.96 0.71 0.01 

ᾣ  ᾣ  0.50 0.59 0.86 0.00 0.90 0.73 0.90 0.90 1.00 0.88 0.93 

ֲᵣ  ֲᵣẫ  0.31 0.63 0.69 0.00 0.86 0.60 0.66 0.57 0.90 1.00 0.85 

Ῑ  Ῑ  0.29 0.43 0.85 0.00 0.88 0.76 0.89 0.75 1.00 0.68 0.96 

 + +  0.33 0.69 0.98 0.00 0.69 0.57 0.74 0.47 0.91 0.31 0.85 

̂
E

c̃
 

 

‪≠  0.60 0.60 0.41 0.43 1.00 0.62 0.00 0.00 0.00 0.00 0.00 

‪ ṿ 1.00 1.00 0.96 0.00 0.22 0.18 0.22 0.22 0.22 0.21 0.22 

ᵩ  0.95 0.95 0.95 0.94 0.95 0.96 0.99 0.99 0.84 0.00 1.00 

ᵝ  0.88 0.88 0.78 0.49 0.88 0.95 0.86 0.97 0.00 0.44 0.67 

ᴪ ̂
S̃

 ҍ

ᴪ  

ᵝ ᶫ ҙ ᵝ 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 1.00 

 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 0.00 

Ὲᴧ  0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 

ῃ ≠ ҙ  0.00 0.00 0.00 0.50 1.00 0.50 1.00 1.00 1.00 1.00 1.00 
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2. ῤ  

̂1̃  

5.5.2ҹ Ҭ ᶛ № ᵣ №̆ №ҹ 61.56

Ҭ Ȃ̃ ῍ ҹ̔ ȁ ֟

≠ ᵞȂ ᵩ ᶛ ̆ ׅ

ҙ ̆ғ ᶃȂ ̆ Ӟ

ѿ ҙ ̆ ѿ ̆p ᶏ

╠ׅ ҙ῍ Ȃ 

 

5.5.2 ᵯ Ҳ ᶡ ⅎ ⅎ 

 

̂2̃  

5.5.3ҹҌ № №̆ №ҹ49.94

῍ ԍ̔ ȁ ≠ ᵞ̆ғ ֟₮ ץ

ῒ ⱬ̆ Ȃῒ ̆Ҍ ᶛӊ ̆

Ȃ 
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5.5.3 ᵯ ᶡ ⅎ ⅎ 

 

̂3̃ ꜚ  

5.5.4ҹ ᵩ ꜚ ᶛ № №̆

№ҹ63.74Һ ԍ̔ ᵞ Ȃ╠ Һ

ҹ ̆ Ғ Ḡ

ᴆȂ ᵞ Һ ԍῒҺ ֟₮ ֟

̆ ≢ ҬȂ 

 

5.5.4 ᵯ ꜠ ᶡ ⅎ ⅎ 
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̂4̃  

5.5.5ҹ ̂ ᾣ ̃ №̆ №ҹ41.45

ҹᴰ ̆ Ҭ ᶛ ԅ ȁ

̆ ԍ ҉ΐ ѿ ᴨלȂp

̆ Ҭ ̆ ҹ Ӡ Ȃ 

 

5.5.5 ᵯ ᶡ ⅎ ⅎ 

 

̂5̃  

5.5.6ҹ ᵩ ᶛ № №̆ №ҹ

51.36Ȃ ᴇ ԍ ╠҆ Ὲ ᴪ Ҋ

Ȃ ԍ ᵝԍ ӊҬ̆Ӟ ̆ ץ ȁ

̂ ץ ֲ Ȃ̃ ̆ ̆ ≢

҉ ̆p ҹῒ ῒז ῀̆ ᵣ҉

№ Ȃ 
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5.5.6 ᵯ ᶡ ⅎ ⅎ 

 

̂6̃  

5.5.7ҹ ᵩ ᶛ № №̆ҹ 57.09№Ȃ

ᵩ Ҭ №̆ ȁ ȁ ԅ Ȃ

ᵬ ᵩ ֟ ╠ ĺĺ Ҭ ῤ ᵩ Ҭ

№ ̆⁞ ȁ Ȃ ̆ῒ ȁ

ᵞ̆ᵖῒҌ ҹ ᵩ Ȃ 

 

5.5.7 ᵯ ᶡ ⅎ ⅎ 

 



ǻ ᵩ ᴇ                          ɀ ҆ Ὲ ᴪ 

99 

֒  ғ  

̂ѿ̃  

ᵩ ֟ № ̆֟ ̆ғ ȁ ̆

№ № ≠ ῤ ῏ ̆ ҹ

ҙ Ȃ2017 └№ ȁ ꜚ № ᵬ

ץ ̆ ᵩ Ҍ ῒ̆ ҹ ҙ

Ȃ ԍ ᵩ ֟ ȁ זῒ׆̆

ľ Ҍ Ŀ Ȃ ̆ ԍ ᵩ

ҙ ⌠ ῏ Ҍ̆ ȁҌ ȁҌ ̆

ᵖ ╠ ᵩ ҙ֗ └ȁ ȁ ‗ Ȃ 

ᵩ ȁ

ҍ ᵬ̆ ԅ ᵩ ѿ Ȃ ̆

ᴰ ᴇ ҉̆ ԅῃ Ҋ ȁ ԍ ᵩ

ȁ ȁ ȁ ᴪ ᴇ Ȃ Ҭ ȁ№ ȁ

ῒז ̆ ȁ ȁ ꜚ ȁ

ȁ Ȃ ԅ 16ҩ ᶛ ᶛ ̆Ҍֽ

ԅ ╠ Һ ̆ ғ қȁҬȁ ҩ ̕

̆Ӟ ᴪ ӂ Ȃ 

Һ Ҋץ ̔ 

̂1̃ ᵩ ≠ ᴨԍ ȁ

Ȃ ᴪ ‪ ֟₮ғ ̆p ԍῒ

ȁ ᴪ Ҍ ̆ᶏῒ ׅ ᵞȂ ̆ Ҭ

ᵩ Ȃ 

̂2̃ Ҭ Ҭ̆ ΐ ѿ ᴨ̆ל ῒᵣ ῒ

ȁ ҉̕ ꜚ Ӟΐ ⱬȂᵖ ̆

̆ ԍ ץ̆ ᵩ ѿ

̆ ҹ└ Ȃ ᵩ ꜚ

̆ ╠ ᶛ ̆ ѿ Ȃ 
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̂3̃ № Ҭ̆Ҭ

ҹ ׆̆ ᶛ ᴨȂ ᶛ ȁ ȁ

№ ᵞ̆ ҹῒ ȁҌ ᵣ ץ

ᵝ Ȃ ̆ ᾟ№ ꜚ

ҍ̆ ̆ ᵞֲ Ȃ ̆ └

ᵬ ‰ ץ̆ ֟ ȁ ᵞ ᵬ Ҭ ᵣ Ȃ 

̂4̃ Ҭ № ̆ῒ ȁ

ᴇ Ȃ ҹ └ ̆

ᶫ ᵩ ᶛ ̆ ᶭ

̆ ̆ ꞉ ↓ ץ̆ ᾟ Ҍ Ȃ 

̂5̃ ȁ ȁ ꜚ ȁ ̆

̆p Ҍ ᶛ ꜚ Ȃ Ҍ ᶛ

̆ ῒ ԍ ȁ

ᵩ ῒ̆ ֟ ȁ ꜚ ᵬҙ ᴪ

ᴇ ̆ ⱴ ӊ ֜ ӟ̆ ȁ
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ᴌ 2Е ᵯ  

̂ѿ̃  

ᵄ ̆ ֟

̆ 2018 ԅ 2ַ ȂῒҬ̆ ᶛ ̆ ҹ

Ȃ ץ №ҹң ̔ ҙ֟ ̆

ΐ ȁ Ҭ֟ ̆ ҹ ̕ ᵟ Ҭ ȁ῾

֟ ̆ ̆ᵖ№ ֟ ԍ ҆ ӊҬ̆

ҹ ᵩ Ȃ ᵩ ΐ ̆

№ Ҭ̆ ᵩ ᵬҹ ѿ Ȃҍ Ҍ ̆ ᵩ

ΐ ̆ № ȁ⁞ Ҭ ⌠῏ Ȃ 

҆ Ὲ ᴪ Һ̆ ԍ ԅ ╠

ᵩ ׆̆ ̂ ̃ ȁ ȁ ᴪ

ҩ ᴇ ᴨⱷ̆ ȁ ₮ѿ ԍҌ ᵩ

⁞ Ȃҹ ᵩ ⁞ ᵬ ₮ Ȃ 

҆ Ὲ ᴪ ̂2019̃ Ҋ Ȃ 

 /      

   ᴪ ѿ ̆100-200Ὲ  ᵩȁ  

 Ӝ   ҍ  ѿ ̆100-200Ὲ  ȁ  

   ᴪ ҩ̆~1  ȁ  

ץ    ᵰ  ҩ̆~1  
ᵩȁ ȁ

 

 ԋ҂   Ҭ  3ҩ̆~1  ᵩȁ  

   ҙ ᴪ 3ҩ̆~1  ᵩȁ  

  ҈  ҈ ҙ ᴪ   

  ҆ Ҭ  ҆ Ὲ ᴪ 
̆100Ὲ / ̆

8ҩ̆~1  
ȁ ȁ  

  ҆  ҆ Ὲ ᴪ 1ҩ̆50Ὲ /   

֤   ҆ Ὲ ᴪ 
̆50Ὲ / ̆

10ҩ̆~2  

ᵩȁ ȁ

 

 ᵩ    ңҩ ȁ  

   Ҭ    

 

̂ԋ̃ ῤ  
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1. ֤  

1.1 ’ 

֤ ᵝԍ ԋ ҍ қ ֜

50 Ȃ ҆ ᴪ Ҋ̆ ԅ Ғ

ῤ ᵩ ̆ ҹ ֤ № ҍ ᵩ

̂ 1.1-1.2̃Ȃ ῍ 644 ̆ 2000ֲ̆ ֟ ᵩ

420 kğ‏ ҹ250 kgȂ ╠̆ ᵩ ѿ ̆

ҹ20 m2̆ ⱬҹ100 kg/d̆ 38.8҆ᾝ̆ ṿҹ2.519̆

ѿ Ꞌꜚⱬ̂ ҹ7000ᾝ/ Ȃ̃ 

 

1.1 ֪  

   

1.2 ֥ ⅎ  

1.2  

1.3 ԅ ᵩ Ȃ Һ ῀ҹ̔
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1̃ ᵩ 100 kg/d̕2̃ ԓ 10 g/dȂҺ ֟₮ҹ̔1̃ 0.03 t/d̆

ҍ ȁ ȁ ╕ Ḇ ╕ ̆ ԍ Ҭ ̆ ֟₮

̕2̃ 0.02 t/d̆ ѿ ҹ Ȃ ᵩ

҉̆ ԅ ̔

ȁḆ ╕ ╕ ̆ ҍ № ̆ 3-4ҩ ̆ ҹ

Ȃ 

 

1.3 ֪ ᵯ   

1.3 Һ ᴨ  

֤ ᵩ Һ ᴨ ԍ 1̔̃

̆ ֟ ̆ ᵟ ̕2̃ ᵩ ⁞ ̆ғ

֟₮ҹ ᴇṿ ꜚ ̕3̃ ҍ ̆ ԅ

ȁ ȂῒҺ ԍ̔1̃ ֲⱬ ̆

ץ ⱴ╕̕2̃ ⌠ ᵟ ֟

ᵩ ̆ ᵩ ╠Ӟ ᵬֲ ֲ № ╠̆ № ѿ

Ȃ 

2.  

202011 15 ̆ ׆ ֤₮ ̆⌠ ̆ ҉

ᵩ № ᵬ̆ ֲ ҹҙ ᴪ

ᵬֲ Ȃ 

2.1 ’ 
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ᵝԍ ̂108.9647Ĕ34.2319Ñ̆ ᵟ 236̆

ҹⱲῈ ̆ῒᵩᵟ ֲ Ȃ20199 ̆҆ Ὲ ᴪ

ᵬ ̆ ᵩ ӞṢ Ȃ

⌠202011 ̆ ⁞ ᵬҺ

10 ᵟ ᵩ Ҭ Ȃ Һ ҙ ̆

ᵩ Ҭ ̆ Ҍ Ҍ ̂ 2.1̃Ȃ

ᵩ ֟ ҹ2 kg/̆ ‏ ҹ1 kg/̆Һ №

▼ ̆ 50%Ȃ 

 

2.1 Ӏ ҟ Ї ᵯ Ғ  

2.2  

ҹ ̆ ԍ Ὲ῍ ̆

῍6ҩ̂ 4ҩ̆ 2ҩ ╠ ᶏ ̃̆ ҹ1*1*1m3/ҩ̆ⱴ

҉ ̆̓̀ 10 Ȃ Һ ҹ Ḡץ ̆

ȁ ̂ 2.2̃Ȃ ̆

₴ Ȃ ̆ ȁ ᵩ

ᵌľ҈ Ŀ ̆EM̂Effective Microorganisms̃ 50 g/kg ‰

Ȃ ѿҩ ѿ ‏̂ ̆ᵖѿ Ҍ 2ҩ ̃̆

2ҩ ‏̆ 3-4ҩ Ȃ 1.1ҹ 2020



ǻ ᵩ ᴇ                          ɀ ҆ Ὲ ᴪ 

119 

‏ Ȃ 

 

2.2  

 

2.1 2020‖  

  (kg) ᵩ (kg) (kg) 

1  2019.12.02-2020.03.06 281.70 184.99 466.69 

2  2019.12.23-2020.03.22 198.07 85.98 284.05 

3  2019.12.13-2020.03.15 188.04 183.21 371.25 

4  2019.12.09-2020.03.16 178.44 121.60 300.04 

5  2019.12.17-2020.03.16 325.03 149.77 474.80 

6  2019.12.24-2020.03.16 3335.00 100.00 3435.00 

  4506.28 825.55 5331.83 

 Ạԅ ̂ 2.3̃Ȃ

₮ľ - - Ŀ ҍ̆ל Ȃ

̆ ⌠ 70Ņ ̆ ⌠ 80ŅȂ ᵩ

֟ ҹ ̆ ᵩ ֟

̆ ̆ ̂ 2.4̃Ȃ 
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2.3 ῏ү  

 

2.4 ֥ Ѓ Е ᵯ Ї Е ᵯ+ Є  

֟ Һ ̆ ԍ Ὲ῍ᵬ Ȃ ԍ

ᵬ ̆ ⱴ ₮ ᴨ̂ל 2.5̃Ȃ 

 

2.5 ‖ ₴ ᴮׂש 
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2.3 Һ ᴨ  

⁞ ᴨ Һ ԍ 1̔̃ ῤ ꜚ ԅ

ᴡֲ ҙȁḠ ֲ ҍ̆ ֲⱬ ₮ 15000ᾝȂ2̃

ᵩ № ᴰ⌠ᵝ̆ ᵩ Ҭ℗ ȁ

⌠ ᵝ Ȃ3̃ № ᵬ Ȃ ҙ ᴪ └

ԅ20̂ №+ + № ̃ № Ύ̆ ҙḠ

ֲ № Ȃ̂ ῤ ҹⱲῈ ̆֟ ̆ ҙ

ֲ ̆ ҙ ̆ ꜚ Ȃ̃ 

⁞ Һ ԍ 1̔̃ ╠ֽ

̂ 30ֲ ̃ ҍ ᵩ № ̆ ӞҺ

ᵩ ȂῒҬ̆ ᵩ ̆ ֽҹ

15.48%̆ ѿ Ȃ2̃ ╠ ᵟ ̆ Ҍ ̆

‰ ⌠Ҭ Ȃ3̃ ╠ Ғ ֲ ̆ ῃ ̆ ׅ

Ḡ ᵩ № ȁ Ȃ 

3. ᶿ 2  

202011 16 ̆ ׆ ₮ ̆⌠ ̆ ҉

ᶿ 2 ᵩ ҍ № ̆ ֲ ҹ↔

ֲ Ȃ 

3.1 ’ 

2 ԍ ᶿ ҈ ̂104.0267Ĕ30.6067Ñ̆

Ȃ ᵟ 200̆῍ 700φֲ̆ῒҬ ֲ ҹ180ֲȂ

Ὲ ꜛҊ̆ ԅ └ Ḡ ̆

Ҭ № ⁞ ̂ 3.1̃Ȃ ҆ Ὲ ᴪ Ҋ̆

ḱ ԅ4 ̂8ҩ̃1.25*1*1m3/ҩ ̆ ԍ20208 20

Ȃ ⱬҹ200-300 kg/̆ᵖ ╠ҹ Һ

῾ ȁ ╠ ᵩ Ȃ 
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3.1 Ḧ ┼ᵲ ᵯ  

3.2  

╠ ᵩ ҍ̆ 1̔ 2 ᶛ ̆ ץ

̆ Ḡ 50-60%Ȃ ̆ ף№ ╕Ȃ

Ḡ 1-2ҩ ̆ ῍ ҹ3-4ҩ ̂ 3.2̆

̆ Ҍᶃ Ȃ̃ ԍ ֟ ̆

ԅֲ ̂ 3.2̃Ȃ 3.3 2 ֟

Ȃ Һ ̆4ҩ ׅ ҹ ̆

֟ ̆ ̆ ҹ Ȃ 

 

3.2 ‟ ָ  
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3.3 2 ֥ Ѓ Е 4ү Ї Е Є  

3.3 Һ ᴨ  

ᵩ ⁞ ᵬ ᴨ ԍ 1̔̃ Ȃ

ԅ └ Ḡ ̆ ᵩ

ҹ Ȃ2̃ ȁ ȁѿ Ὲ ῍ ꜚ̆

ҹ Ȃ 

ᵩ ⁞ ᵬ ԍ 1̔̃ Ȃ

╠ ֟₮ Ӟ̆ ⱳ Ȃ ῍ 10

ֲ̆p ֽ300ᾝ/̆ Ȃ2̃ Ȃ

ῤ ᵬ ̆ ѿ֓ ̆ Ҍ ̂

Ҍ ̆ ֟ ȁ̃ ֲ

Ȃ ╠Ӟ ᵩ ̆ ╠ֽ ᵬ

῾ ̆ ᵩ Ȃ̂ ῤ̆ Ҍ

̆ Ȃ̃3̃ Ȃ ץ ֽ̆

ᶭ ⱬ Ȃ 

4. Ӝ  

202011 18 ̆ ׆ ₮ ̆⌠ Ӝ ̆ Ӝ

ᵩ ҍ № ᵬ̆ ֲ ҹ ӥ ᴯȂ 

4.1 ’ 
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Ӝ ᵝԍ ̂104.1457Ĕ31.3938Ñ̆ ᵟֲ

ҹ1500̆ 2000ֲȂ20193 8 ̆ №

ᵬ̂ 4.1̃Ȃ ᵩ ᵬҹѿ № ̆ ҹ

҉ ̂ 4.1̃Ȃ ᶫ ȁ ̆

ᵩ 50.91̆ 4.24̕ 13.42

̆ 1.12̂ 4.2̃Ȃ ̆ ῾ Ҭ Ῑ ̆

№ ᵩ Ҭ ԅȂ ̆ ᵩ

Ҋ ԅ 50%Ȃ 

 

4.1 2019 ⅎ Ї ᵯ ҏ  

 

4.2 ҅ ᵯ  

4.2  

ᵩ Ӟ Ȃ ᵩ Ғ
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⌠ ̂ 4.3̃Ȃ ᶭ ̆ ῍16ҩ1*1*1m3

Ȃ ᵩ ̆

ҹ 60 ‏̆ 1ҩ ̆ ⌠ 65 Ȃ҉ץ

ᵖ ̆ ᴧ ̆ Ȃ

̆ ⌠

ȁ ̆ Ӟ ̆ № Ȃ 

 

4.3 Ӣ  

4.3 Һ ᴨ  

ᴨ ԍ̔1̃ ̕2̃ ⱬ

̕3̃ ҆ Ὲ ᴪ‰ ѿҩ ᵩ ̆

⅞Ȃ 

ԍ 1̔̃ Ȃ

̆ ֟ № ȂӞ ’̆ ᶛ ̆

Ȃ ̆T ᵣ ֟ ⱬ

Ȃ2̃ Ȃ ҆ Ὲ ̆ ╠ ῒז

Ȃ 

5.  

202011 19 ̆ ╠ ̆ № ᵩ

’̆ ֲ ҹ ᴪ ֲ ῑȂ 

5.1 ’ 

ᵝԍ ̂103.8034E3̆0.8949Ñ̆ Ḡ ̆
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ᴆᴨ Ȃ‏ ᵞ 0 ̆҉ץ ̆ ᵟ ᴆ Ȃ ᵟ

181̆ 500ֲ̆ Ⱳ῾ ӏȁ ȂῈ

ᴪ № ԅ ̆№ ҹ №̂ 5.1̆̃ Ҍ

Ȃ ҆ Ὲ ᴪ Ҋ̆ ᴪ ḱ ԅ10ҩ̂5

̃1*1*1.25 m3 ̆ 6̓ ᾝȂ 4-6 ᴍ

֟ Ṝ Ғ̆ ֲ ῒ Ữ Ȃ ᵩ ҹ

120 kğ ‏̆ ȁ῾ ӏ֟

̆ ᵣ҉ ֟ Ȃ ҈ Ғ ȁ

ȁ ̆ ҹ1300-1400ᾝȂ 

 

5.1 ⅎ ⅎ  

5.2  

ᵩ ̆ № ₮̆ ᵌľ҈

Ŀ ̆№≢ҹ ȁ ᵩ ̆ ҹ5 cmȂ

Ὶ ̆ ῒ ֟ ᵩ

ӊ ῀ Ȃ ̆ ᾟ

Ғ ̂ 5.2̃Ȃ ᵣ҉ 2ҩ ̆

75Ņ̆ Ҋ ⌠45 ̆ Ȃ

Ғ ĺĺֲ Ȃ Ҭ֟

῀⌠ ȁᴮ ֲ Ҭ̆ ⌠‪ ̂ 5.3̃Ȃ 
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5.2 Ὺ  

 

5.3 Ҙ ָ Ѓ Е Ї Еᴴ Є 

֟ 5.4 ̆ 45-50 Ȃ

ᵣ҉̆ ֟ ̆ⱬ ҹ ̆ ԅ ̆

┬ Ȃ 

 

5.4 ֥ Ѓ Е50 Ї Е45 Є 

5.3 Һ ᴨ  

ᴨ ԍ̔1̃ ᵩ ȁ ȁ

ᶏ ῃ ғ̆ ѿ Ȃ NGO ᴪ ꜚҊ̆

Ῑ ᵩ № ₮ ⌠ ӟ ̆ ╠ȁ
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№ Ȃ ȁ ᵬ ̆ ̆ ֲ

̂Һ ҹ ᴮ Ȃ̃ ֟ Һ ԍ ̆ № Ҭֽ

Ȃ2̃ Ⱶ Ȃ ⁞ ̆ ꜚ ҍȂ

ҍ̆ ҈ Ὶ ̆ ֟ Ӟ Ȃ ̆

ⱴ ╕̆ ᵞȂ3̃ ץ ԓҩ ’ ̆

ҹ ȁ └ ѿ Ȃ 

ԍ̔1̃ ֽ NGO ꜚ̆ ⱬ ∆

ѿҩ Ȃ2̃ ̂ ң ̃ ᴋ Ȃ ᾣ № ҉̆

ᵩ ȁ⁞ ᵬ Ȃ ̆ NGO ľץ ᵬ Ặ

ᵰ ̆ ᴋᵥ Ŀ ̆ҍ ԅ ѿ Ȃ3̃

Ӟ Ȃ 

6. ᵩ  

202011 20 ̆ ╠ ᵩ ̆ №

ᵩ ’̆ ֲ ҹ ֲ ҆ ҙ ֲ Ȃ 

6.1 ’  

ᵝԍ ᵩ ̂120.0232 Ĕ 30.3573 Ñ̆ Ҭ

16Ὲ ̆ Ḡ 2Ὲ Ȃ ̆

Ҭ җ Ȃ̓ ԋ

̆ ү ̆҆ ҙ ↓ᴑҙ Ȃ

╠҆ ҙ 17ҩ ̆ 19877̆╠῀ᵟ12928̆͂ᵟ 65%Ȃ

Ῑ 80̓ ̆ ֟ 1600 mб̆ῒᵩ № ľ

Ŀ Ȃ 

҆ Ὲ ᴪ Ҋ Ὲ̆ қ Ԉ ⌠ⱱ

Ὲ ᵬҹ ̆ ᵟ ҍ⌠ № ȁ ᵩ ȁ ᵬ

Ῑ ꜚҬȂ ԍ ᵩ ̆ ץ ҹҺ̆ᵖ

ᵩ ԅ ᵣ ̆ ׆ ȁ ᵩ

ѿ֓№ ᵩ ᵬ Ȃ 
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6.1 ᵯ  

 

6.2 ⱷ ῎  

6.2  

ҹ ̆ ḱ ̂ ⅞̃̆

̂ 6.3̃Ȃ ᵩ

1̔ 1 ̆ 15 kg/t ᶛ ⱴ ̆ Ҭ̆

Ȃ ̆ ⌠60 ̆҉ץ ֟

̆ ץ ⌠ ᵩ №̆Һ Ȃ 

 

6.3 Ї  



ǻ ᵩ ᴇ                          ɀ ҆ Ὲ ᴪ 

130 

6.3 Һ ᴨ  

ᴨ ԍ 1̔̃ Ȃ̓

20 ̆Ӟ ῒ Ȃ ̆ Ԋ

ⱵҺ ҆ Ҋ ̆ Ҭ ȁ ῃȂNGO

ⱱ Ὲ ԅ ᵩ ̂ ԍ ̃̆ ȁ

ȁῙ ȁ Ȃ2̃ NGO ̆ ȁ ȁ Ғҙ

ֲ ҍῒҬȂᵖ ⌠̆ Һ Ҭ ῃ ȁ ᴡֲ

ֲ ̆ └ Ȃp ҍ҆ ᵩ ̆

ҹ҆ ѿҩῖ ̂ ȁ ̆

̆ғ╠ ΐ ᴪ ⱬ Ȃ̃ 

ԍ 1̔̃Һ Ȃ

ᵩ Һ Ҭ ̆ Ȃ2̃ ҆

Ȃ3̃ NGO Ȃ

̆ғ ҆ ט ҹ ᶏ Ȃ 
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̂҈̃  

1. ’  

 4.1 ‟  

’ 
 

֤   2     

644 236 200 1500 181 19877 

’ 

ֲ ֲ̂̃ 2000 30 750 1950 550 1000 

 20 mа 6¦1*1*1 m3 8¦1.25*1*1 m3 16¦1*1*1 m3 10¦1.25*1*1 m3 

 
ⱬ̂kg/d̃  100 100  300 750 500 

̂kg/d̃  100 15                140 120 130 

 ᵩ 
̔ ᵩ̔

1:1:1  
ᵩ̔ 1:2 ᵩ̔ 2:1 ᵩ̔ 1:1 + ᵩ 

̂kg/t̃  0.1kg  50 kg EM  ֟ ᵬ ╕ 
10 kg +18 kg

 
 15 kg  

̂ ̃  70̂ 80̃  ᵀ  65 75 70 ҉ץ60

̂kWh/t̃  25     40L /  15̂ ̃ 

̂kg/t̃      150̂ ̃ 150̂ ⱴ ̃ 

̂d̃ 90-120 60‏ ‏60 90-120 90-120 90 60 15 

ѿҩ ̂ ̃ Ҍ  2 2-3 2 Ҍ  Ҍ  

֟₮  50%  Ҭ 21% 50%-60%   
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̂ᾝ̃ 388000 3681 50000 200000 60000 50000 

ֲⱬ ̂ᾝ/ ̃ 84000 15000 3600 59400 100000 
36500̂

̃ 

֟    ֟  №    

֟  ҙҺ  
ӈ ᵬ

Ῥ ₮ 
ᵬ  ᵬ  ῾  

֟ ῀̂ᾝ/ ̃   10   10-20 

ԋ №        

’ ҙῚ  ҙῚ  Ὲ   Ὲ ׆  ℗῀ 

  ⌠  ⌠   ⌠ ҍ ᵖҌ ӄ 

ҍ Ҋ  10  ῾ ᵩҹҺ ҉  
Һꜚ

 

Ҭ

ҍ 

 

’       
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2. ֟  

2.1 ֟  

̂1̃  

̂LS220A҉̆ ת Ὲ ̃ Ԋ

ᾢ Ҭ̆ ԍ ̂101-2AB̆ ת

Ὲ ̃̆ 105¤5 ᴆҊ 4-6h ̆ԍ ῤ‛ 0.5hȂ

1-2h̆‛ 0.5hῬ ̆ ң ӊ ԍ №ӊѿ

̂ Ȃ̃Ạ҈ᴍ ̆ ṿȂ Ὲ Ҋ̔ 

ὅ ̂ὓ ὓ̃ ὓϳ  

Ҭ̔ὅĺĺ ̆%̕ ὓĺĺ ̕ὓĺĺ Ȃ 

̂2̃ CȁNȁHȁS  

ᾢ GB/T8571-2008ȇ  └ Ȉ └ ֟

̔ ₮ ̆ 100 ̆ ̆ ԍ ‪ȁ

Ҭ̆ ᾝ № ̂ת elementar, vario MACRO cubẽ ҬCȁ

NȁHȁSᾝ ȂẠ҈ᴍ ̆ ṿȂ 

ᾝ № ת ̔ ̆ ̆

ꜚ ῀ Ҭ̆ Ҭ ῀ ץ ꜛ

̆ ѿ Ỳ ̆ῒҬ ᾝ CȁHȁNȁS

O, ῃ ҹ ᵣȂ ᵣ № ѿ № ̆ 

TCD IR Ȃ 

2.2 ֤  

4.2ҹ ֤ ֟ Ȃ ֟ ҹ

70.76%̆ 35%̆ C/Nҹ13Ȃ

https://baike.sogou.com/lemma/ShowInnerLink.htm?lemmaId=398293&ss_c=ssc.citiao.link
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4.2 ֪ ֥  

 ֤  ṿ 

ὓ 5.38 4.78 5.66 5.27 

ὓ  1.65 1.39 1.58 1.54 

% 69.26 70.96 72.06 0.7076 

̂mg̃  49.70 50.20 50.30 50.07 

N,% 2.66 2.62 2.64 2.64 

C,% 34.93 34.59 34.97 34.83 

H,% 4.05 4.01 4.06 4.04 

S,% 0.63 0.54 0.53 0.56 

C/Nṿ 13.15 13.19 13.24 13.19 

C/Hṿ 8.63 8.62 8.62 8.62 

2.3  

4.3ҹ ֟ ȂῒҬ̆ ҹ ᵩ

֟ ̆ ҹ ᵩ ȁ 1̔ 1̔ 1 ᶛ

֟ Ȃ ̆ ₮ ᵞ ̆ ԍῒ Ҭ ῀

ԅ Ȃ 

4.3 ֥  

 ĺ ̂ ̃ ṿ ð ̂ ̃ ṿ 

ὓ 7.51 7.50 8.14 7.72 5.41 5.41 4.96 5.26 

ὓ  4.60 4.50 4.78 4.63 2.44 2.36 2.07 2.29 

% 0.39 0.40 0.41 0.40 0.55 0.56 0.58 0.57 

̂mg̃  50.30 50.10 50.50 50.30 49.80 50.40 50.10 50.10 

N,% 0.69 0.69 0.69 0.69 1.20 1.22 1.26 1.23 

C,% 7.21 7.16 7.11 7.16 12.55 12.82 13.19 12.85 

H,% 1.06 1.05 1.04 1.05 1.54 1.58 1.62 1.58 

S,% 0.19 0.16 0.16 0.17 0.21 0.21 0.22 0.21 

C/Nṿ 10.40 10.32 10.32 10.35 10.49 10.54 10.49 10.51 

C/Hṿ 6.80 6.85 6.82 6.82 8.14 8.14 8.16 8.14 

2.4 ᶿ 2  

4.4ҹ ᶿ 2 ֟ Ȃῒ ╠ׅ

ץ ᵬҹ Һ Ȃ ᵣ ̆ № ₮

ᵞ C/N̆ ԍῒ Ȃ
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4.4 ᷅ 2 ֥  

 2  ṿ  ṿ 

ὓ 5.77 6.83 4.91 5.84 5.23 5.29 5.45 5.32 

ὓ  1.53 2.25 1.26 1.68 2.19 2.39 2.21 2.26 

% 0.74 0.67 0.74 0.72 0.58 0.55 0.59 0.57 

̂mg̃  49.90 50.50 50.00 50.13 48.90 50.30 50.70 49.97 

N,% 1.61 1.59 1.65 1.62 1.78 1.75 1.75 1.76 

C,% 24.08 23.67 24.76 24.17 29.83 29.42 29.32 29.52 

H,% 2.91 2.88 3.00 2.93 3.35 3.31 3.31 3.32 

S,% 0.24 0.24 0.25 0.24 0.26 0.26 0.25 0.25 

C/Nṿ 14.91 14.86 14.97 14.91 16.73 16.77 16.79 16.76 

C/Hṿ 8.28 8.22 8.24 8.25 8.90 8.90 8.85 8.88 

2.5 Ӝ  

4.5ҹ Ӝ ᵩ ֟ ȂӜ

̆ └ Ҋ̆ғץ20% ₮ Ȃ 

4.5 Ӣ ᵯ ֥  

 Ӝ 1 ṿ Ӝ 2 ṿ 

ὓ 3.73 3.91 4.17 3.94 3.24 2.72 2.96 2.97 

ὓ  2.98 3.13 3.32 3.14 2.67 2.25 2.42 2.45 

% 0.20 0.20 0.20 0.20 0.17 0.17 0.18 0.18 

̂mg̃  50.20 50.50 50.60 50.43 50.10 50.50 49.90 50.17 

N,% 3.96 4.02 3.92 3.97 4.05 4.05 4.10 4.07 

C,% 33.43 33.93 32.98 33.45 35.53 35.48 36.03 35.68 

H,% 4.36 4.41 4.26 4.34 4.23 4.21 4.29 4.24 

S,% 0.65 0.69 0.70 0.68 0.63 0.67 0.65 0.65 

C/Nṿ 8.44 8.45 8.41 8.43 8.76 8.76 8.79 8.77 

C/Hṿ 7.67 7.69 7.75 7.70 8.39 8.42 8.41 8.41 

2.6  

4.6ҹ ᵩ ֟ Ȃ Ӟ

Ȃ 55%-58%̆ΐ Ȃ
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4.6 ᵯ ֥  

 1 ṿ 2 ṿ 

ὓ 4.66 4.25 4.17 4.36 3.30 3.96 3.54 3.60 

ὓ  1.95 1.79 1.74 1.83 1.50 1.77 1.67 1.65 

% 0.58 0.58 0.58 0.58 0.54 0.55 0.53 0.54 

̂mg̃  50.50 50.40 49.90 50.27 50.00 50.50 50.30 50.27 

N,% 3.54 3.56 3.61 3.57 4.20 4.17 4.14 4.17 

C,% 31.65 32.02 32.35 32.01 38.46 38.61 38.16 38.41 

H,% 3.85 3.90 3.93 3.89 4.67 4.70 4.62 4.67 

S,% 0.60 0.62 0.60 0.61 0.67 0.70 0.69 0.69 

C/Nṿ 8.94 8.99 8.96 8.97 9.16 9.26 9.21 9.21 

C/Hṿ 8.23 8.22 8.24 8.23 8.23 8.21 8.26 8.23 

2.7 ᵩ  

4.7ҹ ᵩ ֟ Ȃ

Һ ̆ 40%-48%ӊ ΐ̆ C/NȂ 

4.7 ᵯ  

 1 ṿ 2 ṿ 

ὓ 4.20 4.40 4.13 4.25 5.06 5.19 5.54 5.26 

ὓ  2.16 2.29 2.15 2.20 2.60 2.54 4.30 3.15 

% 0.48 0.48 0.48 0.48 0.49 0.51 0.22 0.41 

̂mg̃  49.90 49.75 50.30 49.98 50.80 50.30 50.10 50.40 

N,% 2.01 2.01 2.01 2.01 1.79 1.72 1.74 1.75 

C,% 37.18 37.17 37.36 37.24 25.46 24.36 24.68 24.83 

H,% 4.40 4.40 4.43 4.41 3.01 2.88 2.90 2.93 

S,% 0.26 0.24 0.22 0.24 0.23 0.22 0.22 0.22 

C/Nṿ 18.95 18.99 19.07 19.00 14.19 14.18 14.20 14.19 

C/Hṿ 8.45 8.45 8.45 8.45 8.45 8.46 8.51 8.47 

 

̂ ̃  

1. ᵣ ᴇ 

Ḥ ̆ ױ ᵩ

ᵬȁ ̂ ̃ ȁ ȁ ᴪ ԅ∆ ῃ ԅ

̆ ᵣ ̆ Ҋ₃ץ ̔ 

1̃ ᵩ ᵬ ᵞ̆ᶭ ᵩ

̆ ῒ ᵬ ̆ ≠ԍ ꜚ ҍ̕
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ѿ ᴨ Ӟ Ҭ̆ ‰ Ȃ 

2̃ ᵩ ᵞ̆ Ҍ ⱴ ῒז ̕

̆ ⌠ ̆ᴪ ⱬ ̆ ⱴ

Ḡ Ȃ 

3̃ ᵩ ֟ ֟₮ ̆

̆ ֟₮ ғҌ ̆

ֲ ᴇ ֪ ᵬ ̆ ῀

ᵞ̕ᵖ ѿ ̆ ᵩ ⁞ ̆ ӊ

⁞ ԅ Ȃ 

4̃ ᵩ Ҭ̆ ᾢ

Ὲ ҊӞ ҍ ̆ ᵩ

ȁ Ӟ ̆ ҙץ ҙ

ᴪȂ 

5̃ ᵩ ‪ ̆ғ ̆

̆ ̆ ̆ғ ⌠ Ȃ

ᵣ ҹ ᵩ ԍ ⁞ ȁ ȁ

ץ ᴨ ֲ ӈ̆ Ȃ 

ԅ ̆ ȁ 2 ȁ

ȁ ҩ ᵩ ̆ ֲ Ӟ

└ᵬ ̆ ғ 2 ԅ ’

̆ ῐ ̆ῒ֟ ⱬ Ȃ 

2.  

5ҩ ᵩ Ҭ̆ ῍ ΐ Ṣ

ӈ ̆Ӟ ̆ Ҋ̔ 

1̃ ֲ҉ ᾟ№ꜚ ԅ ȁ ῐ ȁ ᴡֲ ῾

ᵬ̆ѿ Ḡ ̆ԋ ’Ҋ̆ ֲⱬ Ȃ 

2̃ ҉ ѿ ľ -

- -ֲ ̂ᴮ Ŀ̃

ᵞ̆ ᵬ ̆ΐ Ṣ ӈ̆ ғ ץ ѿ ҍ Ὲ
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ҍ ̆ Ȃ 

3̃ ᵩ Ҭ̆ ֲҍ ᴪῈ

ᵬԑꜚ ̆ ꜚԅ ҍȂ ѿ Ԉ -

ᴪ̂ Ғҙ̃ - ᴧ ҍ ᵬ ̆ ΐ

Ṣ ӈȂ 

̆ ᵩ ӊҬ̆ Ҍ

̆ ῒ Ԉ ᴧ ҍ ҉̆ ᵥ ᴧ׆ ҹ ꜚ

Ҋ Ȃԓҩ ╠ ’ӞẠԅѿ֓ ᵬ̆ ᾟ

№῀ ᴰẠ ᴧ ᵬ̆ ⁞ ̆ Ҭ Ạ Ҍ Ӟ

ץ ⁞̆ ֲ Ҍ ̕ Ὲ Ṣꜛ

Ḡ └ᵬ ̆ └ᵬԅľѿ Ŀ Ḡ ̆ ץ

ץ 1ᾝ/ ᴇ ֲ ̕

↕ ꜚ ῤ ᴡֲ ҙֲ ץ̆ ᵬҹ

ᵬֲ Ȃ ֓ ̆p ץ └ ̆

└ Ȃ ̆ ȁӠ ≢ ᵩ ᾣ

Ӟ ̆ṿ ῏ Ȃ 

3.  

ԓҩ ᵩ ̆p

Ȃ Ҍ ᾧ ̆ ҍ ȁ

Ҍ ₮ѿ֓ ̔ 

1̃ ҍ ҉̆ Ҍ ̆ ╠

̆ ̆ ֲ

῏ ҍ ̆ Ḡ ̆

ᴆ̆ ̕ ̆

ᵩ Ȃ 

2̃ ҉̆ Ҍ ̆ Ԋ № ₮

׆̆ ֟ ̆ ҹ ̆ ᵣ̆

ѿ ֲ ᵬ̆ № ₮ ̆ ̆ ᾧ ֟

Ȃ 
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3̃ ҉̆ ῏ Ҍ Ҍ ̆

῏ Ḃץ̆ ѿ̆ ꜛԍ

̆ ѿ ꜛԍ Ҭ ̆

Ȃ 

Ҭ Ҍ ҍ ᵩ

ѿ ̆ ץ ҹҺ ̆ ҍ 11

῏̆ᵖ ѿ ̆ ֟ ̆ ⱴԅ

̆ ᴪ ⌠ ֟ ҍ ̆ ѿ

Ȃ 

4.  

ױ ̆ ╠ԅ ⌠ Ҭ ̔ 

1̃ ҉̆ ԍ ̆ѿ Һ Ὲ ⇔

ȁ ̆ Ҍ ץ ῃ ֲⱬ ῒז ̕ԋ

ⱳ ғҌ ̆ ֟ ̆ ῀ Ȃ 

2̃ Һ ̆ ≢ Ȃ ⁞

⁞ ̆p Ҍ ₮̆

⁞ ᵣץ ҉̆ ̆ ԍ ᵩ

֟ ↕ ̆ ȁ ӟ

ῃ Ȃ ᵩ ᵬ

ῒ̆ᵩ4ҩ ᵬ ⌠ Һ ℗ ⱬ ̆

̆ ᵩ ₃Ӎ ̕

̆ ҆ Ӟ ₮ ᵞ Ȃ 

3̃ ֟ ץ ѿ ᴨ ҉ Ғҙ№

Ҍ ̆ ֟ ȁ‗ ֟ ῀ ֜ ץ

ѿ ᵬ҉ Ȃ 
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ᴌ 3Е Ҳ ש ᶡ  

 ᶛ  Ҭף  

 

ᵩ  A 

қ  A 

қ  B 

 

҉  A 

ת ᵩ  B 

ᵩ  C 

ᵩ  D 

ꜚ  
ῐ ꜚ  ꜚ A 

֤ ᵩ  ꜚ B 

ᾣ  ᾣ Ҭ  ᾣ A 

 

 A 

ᶿ  B 

Ӝ  C 

 D 

ᵩ  E 

  A 

 ֤ Ḡ֟ҙ  A 

 


