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1  

1.1  

1.1.1  

҉ ҕ ֜ ̆Ӟ ֜ ̆ ҙ

ץ ֲ ̆ ҉ ̆ Ҍ

ⱴ̆ҕ ᵝӞ Ҍ ⱴȂ ⱴ̆

Ӟ Ҥ Ȃ ⌠ԅҌ ̆ ≢ ѿ֓ ȁ

ȁ ̆ ҹ ֓ Һ

[2]Ȃ 

҉ҕ 70 ף ̆ ҙ ᾟ ȁ ȁ

̆ ῀ԅ 21ҕ ̆ ԅҽҕ Ȃp ҍҕ

’ ̆ ̂ 1.1̃ ̔ ᶛ

̆ ᶛ Ẓᵞ̆ғ ̆ ᵝ ̆ ̆

ȁ ҍ [3]Ȃ 

1.12012  

 ̂ ̃ ⱬ ̂ ̃ ⱬ ̂%̃ 

 1618 4940҆  8.2 15.2 

 149 44.8҆ ‰  12.5  

 1290 982҆  6.9 11.4 

 261 99.7҆  6.1 17.9 

 67 17.5҆  9.3 13.7 

1.1.2  

ꜚ Ҍ ῀̆ᾢ

⌠ ̆ᶏῒ ⌠ԅ └Ȃ ̆ ԍ

ᵬ ᴆ ⱷ̆ ̆ ’ ▲ ̆ ꜚ ⱴ
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̆Ῥⱴ҉ № ̆ └ Ȃ ̆

₮[4]Ȃ Ԋ ̂IMÕ ̆ῃ ץ ҹꜚⱬ

NOX ҹ 1000҆ ̆SOX ҹ 850҆ [2]Ȃ Ҭ SOX

NOX ᴪ ῏ Ȃ 

ׂ Һ ӊѿ ῤ ̆ῒ Ҭ

ȁ ȁѿ ȁ ȁ ȁ ᵣ̆Ҥ ֲ

ᵣẫ [5]̆ῒҬ Һ PM NOxȂ ѿ ҉

₀ ҉ [6]̆ ᵣ ̆ [7, 8]Ȃ

Һ Ҭ ֟ ̆ ȁ Ҭ

Ȃ ҹ № ῒ Ҭ ֟ ֟

∆ ₀ ̆ Ҍ ̆ ױ ҹ

Ҭ ╠ ᵣ̆ ֓ ₀ ԅ∆ ̂

̃ ₮ Ȃ ȁ₀ ᵬ Ȃ ᶏ

̆ ⌠ ҍ ױ ҹ Ȃ

ⱴ̆p Ḡ Ҍ Ȃ ₀ ̆

ᶏ Ȃ Ҭ ∆

̆ CO  CO2 ֟ ̆ ‗ԍ

ӊ [9]Ȃ ғ ῒ № ‛ ץ Ҭׅᴪ

Ҍ Ȃ 

NOx ֲ ȁ ̆ ᶏ ⱳ Ҋ Ȃ ῒ

ᾙ ̆ ᶏ NOx Ӟ ץ ȁ Ȃ Ҥ ̆ Ҭ NOx

ѿ ᴆҊᴪ ԋ -ᾣ ̆ ֲᵣ ̆NOx

ҹ ׂ Һ ӊѿ[10]Ȃ ̆ NO N̆O2 N̆2O3̆

N2O N̆2O5 ̆ NOxȂ Ҭ № NŎ NO2Ȃ

NO ᵣ̆ Ҍ ̆ᵖ Ҭᴪ NO2ȂNO2 ѿ

┬ ᵣ[11]̆ ᵣ ῀ ̆ ҍ № ̆

┬ ᵬ ̆Ҥ ᴪ ȂNO2 ᾣҊᴪ ᾣ ̆

ԋ [12]Ȃ ῃ (NOx) Һ [13]Ȃ2007 ̆

NOx2500҆Ὲ ̆ ῃ NOx 15-30%[14]Ȃ 
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ῤ Ҭ ֟ SO2̆ Ҭ ҹ SO3ȂSO2 ѿ

ᵣ֪̆ ̆ҍ ֒ ̆ ֲ ┬ ̆

Ҭ SO2 ̆ᴪ ȁ ȁ Ȃѿ

₮ SO2 Ҭ Ả ѿ ̆ᵖ ⌠ ̆ ̆

Ả Ҭ̆ ֲ Ȃ 

1.2 Ὺ  

1.2.1 IMO MARPOL ῎  

Ԋ IMO (International Maritime Organization) ѿҩ

҉ ῃ Ғ ̆Ӟ ѿҩḆ

ҙ ҉ ῃ̆ Ԋ ᵬ Ȃ Ԋ (IMO)

1997 9 26 ᴪ҉ ԅľ ↕ĿMARPOL 

73/78 1997 ӥ̆MARPOL Ὲ ̂The International 

Convention for the Prevention of Pollution From Ships̃ ̂Ҭ ҹñ Ὲ

ò̃ȂMARPOLῈ ҕ ҉ Ԋ Ὲ ӊѿ[15]Ȃ Ὲ

ẁṕ ȁ ץ Ҭ ᵣ ᵞ Ȃ

̔ Ҭ ῒז Ḡ ̆

ᵞȂ ̆ ῒ

ᵥ MARPOL Ὲ ῏ ̆ ῀

ᴋȂMARPOLῈ Έҩ ↕ №̆≢ Ҍ Ạ₮ԅ ῏

̆ῒҬ ↕Ōҹ ↕Ȃ 

(1) MARPOLῈ NOx └ 

MARPOL73/78 ↕Ō ҈ ᶛ 13 ԅ

└ṿȂ ᶛ῍ ҈ҩ ̆TierŇ 1997 ↕ŌҬḱ ̆Tier ň/ŉ

2008 ↕Ō ḱ ҬẠԅ ̆ Ὲ Ō [1] 1.2Ȃ 

Ň  (Tier Ň) ‰ ԍ 2000 1 1 2011 1 1 ╠ ԍ

҉ Һ ̕ 1990 1 1 2000 1 1 ╠ ₮ⱳ ҹ5000kW̆

ҹ 90L ҉ץ ꜚ Ȃ 

ň ̂TIER ň̃ ‰ ԍ 2011 1 1 ӊ ֟ 2011 1 1
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ץ Һᵣ ꜚ Ȃ 

ŉ ̂TIER ŉ̃ ‰ ԍ 2016  1  1 ӊ ֟  2016  1 

ץ 1  Һᵣ ꜚ Ȃŉ ̂TIER ŉ̃ ‰

ԍ └ ̂ECA ̃ Ȃ ╠̆ Ԋ ̂IMÕ

‰ ECA ῍ 3ҩ̔ ȁ ̂ ⱴ Ȃ̃ 

1.2ȇ Ὲ Ȉ ŌҬ NOx ṿ̂g/(kw¥h)̃ 

  
NOx ṿ 

n<130 130<=n<2000 n>2000 

Ň ̂TIERŇ̃**  2000 17 45*n-0.2 9.8 

ň ̂TIERň̃ 2011 14.4 44*n-0.2 7.7 

ŉ ̂TIERŉ̃** *  2016 3.4 9* n-0.2 1.96 

*Ҍ 130 Ҋץ ꜚ ֽ ԍ ’ Ȃ 

** Ō2004 ῀Ὲ ̆ᵖῒ 2000 1 1 ץ 300 ҉ץ ꜚȂ 

*** ňI ̂TI ERňĨ ‰ֽ └ ῤ Ȃ Ҭ ľnĿ ꜚ ̂r / min ̃Ȃ 

(2) MARPOLῈ SOx └ 

MARPOL73/78 ↕Ō ҈ ᶛ 14 ԅ

└ṿȂ ᶛҺ ̆ ᶛ 13↕ └

Ȃ 

ҕ ῤ ׆̆ 2012 1 1 ̆ ҉ ׆ 4.5%̂ 45000 ppm̃ ᵞ  3.5%

̂35000 ppm̃Ȃ⌠ 2020 1 1 ѿ ⁞ ⌠ 0.5%̂ 5000ppm̃ȂIMO 

Ҭᾛ └ ̂ECÃ̆ ECA ῤ

ⱴҤ ‰Ȃ 2010 7 1 ̆ ῀ ECA ᶏ

҉ 1%̂ 10000 ppm̃ Ȃ⌠ 2015 1 1 ̆ ṿ ѿ ᵞ  0.1%

̂1000 ppm̃Ȃ 

1.1MARPOL ŌҬ Ҋ [1] 
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MARPOL ŌҬ ṿ ᵞ 1.1Ȃ ╠̆ ̂

ⱴ 200 ̃ ⅞ ҹ NOx SOx ECA ̆ ̂

̃ ⅞ ҹ SOx ECA Ȃ 

1.2.2 Ḧ (EPA ) NOx SOx ┼ 

Ḡ (Environmental Protection Agency,EPA) ԅ ꜚ └

Tier2̆ ‰ ԍ Ύ Vdҹ 2.5-30dm3 ̆ ԍ 2007

Ȃ ṿ IMO Tier1 ̆NOX ᵞ 25%-40%̆ ғ

ṿҬ NOX+CnHmȁCOȁPM Ȃ 1.3↓₮ EPA Tier 2 ṿȂ 

1.3EPA Tier2 1 2 ꜚ ṿ 

 

Vd/dm3 
≢ 

NOx+CnHm 

g/(kW¥h) 

PM 

g/(kW¥h) 

CO 

g/(kW¥h) 

2.5Ů5.0 1 7.2 0.20 5.0 

5.0Ů15.0 2 7.8 0.27 5.0 

15.0Ů20.0 2̂<3.3MW) 8.7 0.50 5.0 

15.0Ů20.0 2(>3.3MW) 9.8 0.50 5.0 

20.0Ů25.0 2 9.8 0.50 5.0 

25.0Ů30.0 2 11.0 0.50 5.0 

≢ 1 D < 5 dm3 P̕ Ó 37 kW ꜚ ̕ ≢ 2 5 dm3 Ò D < 30 dm3 ꜚ

Ȃ 

SOx └ ̆ ⱴ῀ SOx ECA ̆ ׆ 2007 ᶏ

Ҍ 0.05%̂ 500ppm̃ ̆⌠ 2012 ̆ № ᶏ ᵞ

̂0.0015%  15ppm̃Ȃ ѿ Ȃ 

1.2.3 ‼ 

‰ ꜚ ‪ⱳ № ̆ῒ ‰ ҍ ꜚ

‰ѿ Ȃ 

̆ ῖ ԅ Ԋ ῏ ̆ └ ԅѿ֓ ꜛ ꞉

Ȃᶛ ׆̆ 1998 ̆ ῖ ῀ῒ ̆ ҉
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NOx SOx ṿ Ҍ Ȃ ԍ 12g/(kW¥h) ῃ

; 12g/(kW¥h) 2g/(kW¥h)ӊ ᶛ ̕ ԍ 2g/(kW¥h) [16]Ȃ 

1.2.4Ҳ  

ҹ ̆Ḡ ̆Ḡ ֲᵣẫ ̆Ḇ ᴪ

̆2000 9 1 ̆ └ ԅȇҬ ֲ ῍

Ȉ ҈ ԋ ̆ ꜚ Ҍ ‰[17]Ȃ 

2008 7 30 ԅ GB/T15097- 2008ȇ

Ȉ ‰̆ ‰ԍ 2009 2 1 ף̆

GB/T15097-94ȇ Ȉ ‰Ȃ ‰ ҹ

̆ ҉ ᶏ ȂGB/T15097- 2008 ԍ

‰̆ ‰Ҭ ₮ ṿ Ȃ 

GB/T15097- 2008Ҭ ҹ̔ Һ ̆ ⱬ ꜚ

̆ ISO8178-4̔1996Ҭ E2 ̕

Һ ̆ ISO8178-4̔1996Ҭ E3 ̕

̆ ISO8178-4̔1996Ҭ D2 ̕ ȁ

̆ ISO8178-4̔1996Ҭ C1 Ȃ 

ᵬҹ IMO ̆Ҥ MARPOLῈ ↕Ō ̆

NOx ṿ ‰Ȃҹԅ ȇ73/78

Ὲ Ȉ ᴆȇ ↕Ȉ 13 ῒ ᴆȇ

└ ↕Ȉ ̆Ҭ CCS 2000 Ὲ ԅȇ

ȈȂ ᶭ ̔ ȁ ҉ ȁ

҉ ȁ ҉ ҉ ῍ 5 Ȃҍ

ꜚ ‰Ҍ ̆ ‰Ҍᵖ ꜚ

̆ ꜚ Ȃ ꜚ ԍΐ ᵌ

֟ ̆ ҉ ᶏ Ҭ ̆

ԍ ⱳ Һ Ȃ ȁEPAȁMAPOL73/78

̆ ԅ E2ȁE3ȁD2 C1 Ȃ 

̆ ԅ MARPOL Ὲ ↕Ō ‰ ̆ ‪
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ⱳ Ҍ 37 kW ꜚ ԍ ꜚ ↕̆ GB20891-2014

ȇ ꜚ ṿ ̂Ҭ ŉȁŊ Ȉ̃

‰ ̆ 2014 10 1 ̆₄ ‰ ꜚ

‰ ҈ [18]Ȃ 2015 10 1 ̆Ả └

ԋ ꜚ ̆ └ ꜚ

̆ῒ ‰ ҈ Ȃ 2016 4 1 ̆

Ả └ ȁ ԋ ꜚ ̆ └ ȁ

ꜚ ‰ ҈ Ȃ 

῏ ᾢ ԅ ‰̆ᵖ ԍ ֓ ‰

ԍ ҙ ‰̆Ҍ ԍ └ ‰̆ ׂҹ ̆Ԋ ҉

Ҥ Ȃ Ḡ ‰ └ ȇ  

‰ȈȂ 1.4 Ҭ ‰ ṿȂ 

1.4 ṿ[19]̂I ̃ 

ѿ֓ Ӟ ⁞ ‗ Ȃׂ 2 ̆

қ ֜ ԅȇ қ ꜚ ⅞̂2014-2020̃ȈȂ ѿ ⅞

ԅ CO2⁞ ̆ Ḡ⌠ 2015 ̆ῃ 5ҩ ҹ

̕⌠ 2020 ̆100ҩ҉ץ ҹ [20]Ȃ 

 
̂SṼ̂L/ ̃/ 

‪ⱳ ̂P̃ ̂kW̃ 

CO 

g/(kW¥h) 

HC+NOx 

g/(kW¥h) 

PM 

g/(kW¥h) 

SO2 

g/(kW¥h) 

ѿ  

SV<0.9̆ ғPÓ37 5.0 7.5 0.40 

1.5 

0.9 Ò SV < 1.2 5.0 7.2 0.30 

1.2 Ò SV < 5 5.0 7.2 0.20 

ԋ  

5 Ò SV < 15 5.0 7.8 0.27 

15 Ò SV < 20 ғ P<3300 5.0 8.7 0.50 

15 Ò SV < 20 ғPÓ3300 5.0 9.8 0.50 

20Ò SV <25 5.0 9.8 0.50 

25Ò SV <30 5.0 11.0 0.50 
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1.3 Ὺ  

1.3.1  

№ ῃ Ȃ Ὲ ῒ֜ז

̆ᵖῒׅ ֲҹ №̆ ᵀӞ ԅ

Ȃ ԍ

ᵀ ȂῒҬ ң ᵀ ̔ѿ ԍ ᵀ ̆

≠ ̂ ȁ ȁ ȁ ꜚ ȁ ᶫ

̃̆ ᵀ ̕ ѿ

̂ Ȃ̃ ӗץ ̂ ԍ g/kg̃

⌠ Ȃ 

IMO Second Imo GHG Study1990Ҭ ⌠̆ 1990 2007 ῃ̆

̂NOxȁSO2 ̃ ᵣ̂Һ CO2̃ ׆ 5.85ַ ҉

⌠ԅ 10.96ַ [21]Ȃ № (IIASA) ҹῃ SO2ȁ

NOx PM №≢ 1650ȁ2430 190҆ [22]Ȃ 

Ernestos Tzannatos[23] ԅ 25 ̂1984-2008̃

ῤ NOxȁSO2ȁPM CO2 ̆ ̔ 25

ҹ 2.85%̆2008 NOxȁSO2ȁPM CO2

ҹ 1290҆ ̕ ԍ Ĕndresen[24], Oli

Ōer[25], Corbett[14] ֲȂ ҍ ῖ̆ ᶭ №ҹ ῤ

ᶫ ᶫ [26]Ȃ 2007 Ṝ

Ὲ ̂UNFCCC̃ ѿ Ҭ ⌠ ῤ ῤ

CO2 №≢ҹ 2.1 10.1 ҆ ȂKourtidis[27] ֲ Ҭқ ῒ

֒ SO2 ԅ ̆ ԍ

֟ NOx SO2 ≢₮ Ȃ 

ѿ ̆Psaraftis Kontovas[28]̆Eyring[29] ֲ ᵀ ԅ

̆ ѿ ῃ ᵀ 2̔1.38¦106 NOx 1̆2.03¦106

SOx̆812.6 ¦106 CO2̆1.31¦106 CŎ1.67 ¦106 PM 1.96¦106

HC̕Corbett Kohler[14]ץ Endresen[30] ֲӞ ⌠ԅῃ
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̔6.87¦106 NOx̆4.72¦106 SOxȂ ῖ

Schrooten[31], Wahlstrom[32],Vestreng[33],Concawe[34] ֲ ױז̆ ԅ

̕ ῖ Winther[35]

Ҹ ̆Schrooten[36] ֲ ≠ Ȃ ̆ ԍ

̆Tzannatos[37]2010 Piraeus ̆De Meyer[38]

ֲ ≠ ῤ ̆Deniz Durmusoglu[39] ῒ ̆

Saxe Larsen[40] Ҹ ̆Isakson ֲ[41] ῖ ̆Kesgin

Vardar[42] ῒ ̆Trozzi[43] ֲ ≠ Ȃ 

̆ ԍ Ҭ̆ ̆

ȁ ȁ ȁ ̆ ֓

⌠̆Ҍ ̆ᶏ ᴪ Ȃ 

̆ ꜚ ≢ AIŜuniversal shipborne automatic identifica- 

-tion system̃ ̆֟ ԅѿ ̆ Ҋ ҉ ꜚ

ⱬ ̆ ≠ AIS ȁ ȁ ᵝ Ḥ

̆ ̆ ≠ץ ᵝ Ḥ Ạ₮ №

’Ȃ 

Simon K.W.Ng ,Christine Loh ֲ Ạԅ ↓̆₮ԅ

2007 ̆ ≠ AIS ꜚ ’̆ ȁ ȁ

̆ ᵝȁ ᵝ ȁ Ḥ ̆ᵬ₮ №

[44]Ȃ 

J.-P.Jalkanen ,A.Brink ,J.Kalli ֲ ’Ạԅ ̆

≠ AIS Ạ ̂STEAM ̃[45]Ȃ ≠ AIS

Ḥ ץ ⱬ ₮ ⱳ Ȃ ̆

Ȃ 

1.3.2  

῏ ԍ∆ Ȃ ╠

Ȃ ῤ ֲ ѿ ᶏ Ҍ ̆ ᵀ

⌠ ̆ EPA NONROAD ԅѿ֓ Ȃ ԍҬ
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ң ӊ ꜚ ̆ ꜚ └ Ҍ ̆ NONROAD

̆ Ẓ Ȃ ̆ ῤ

ⱴᵀ Ȃ 

ֲ ᵣ ’ ̆ ῒ

└ ԅ [46]̕ ԍ ̆ 2006

NOxȁHCȁCO PM10 ԅ ̆ ԅ

̕ 2010 2020 ’

ԅ Ȃ 

ḍȁ ̆ қ Ḡ Ҭ ҽ ֲ

⌠ ҈ ꜚ ꜚ ̆ ꜚ

ᵀ ̆ ԅ ҈ 2006 ꜚ

Ȃ ₮ Ҭ̆ Һ ῒ̆ SO2̆

NOx V̆OC C̆O PM10№≢ 89.8%̆ 81.8%̆ 77.3%̆ 79.5% 81.7%[47]Ȃ 

Ḡ Ҭ ̆ᵥ

̆ ⌠ ҍ ῏ ̆ ᶭ

⌠ 2003 Ȃ ̆

SO2 ῃ ꜚ SO2 58.62%[48]Ȃ 

Ҭ ↔ ̆ ֲ ԅ

̆ᵖῒ ñ ò Ҭ

̆ ’̆ ҩ ȁ ȁ ԍ ᵌ

Ḥ ̆ ῤ ̆№ ᵝ [49]Ȃ 

҉̆ ᴟṬ ҉ Ҭ NOx ῒ№ ԅ ̆

⌠ԅ҉ 1998 NOx [50]ȂYang ֲ ԍ 1988

ꜚ Ғ ⌠ԅ҉ 2003 [51]ȂZhang

ֲ̂2010̃ ҈ ≢ҍᶏ ԅ ᵀ

ꜚ[52]ȂYaôֲ2012 ̃̆ └ ԅ ҉ ҉

ꜚҹ ̆ ҉ ԅ 2007 ‰ [53]Ȃ 

1.4 ɻ ӎ Ὺ  
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1.4.1 ӎ 

2012 ῤ Ḡ 17.92҆ ̆ ⱳ 6389

҆ Ȃ2012 Ḡ 69.56҆ ̆ ҙ 348.78҆ ̆ ҙ

ⱳ 1740.95̓ ̆2012 ῃ ꜚ ῍ 800 ҆ Ȃ ԍ ץ

ӎ └ ̆ Ҥ ̆

ԅҤ ̆Ҥ ԅ Ȃҹ ᵀ

’̆ └ῒ ̆ ᾢ

’ ῀ԅ Ȃ 

ԍ ̆ ֜ ̆ ῏

№ Ḡ ȁ ꜚ ’ȁᶏ ץ̆ ’ ԅ ̆ ץ

ᵀ ῒ Ȃ ̆ҹⱴ ̆

̆ № Ḡ ȁ ꜚ ’ȁ └ ȁᶏ

’̆ Ҭ ’̆ ҉ ҉̆ ⌠Ҍ

׆ԍ≠ץ̆ ᵣ҉ ᵀ̆ ₮

└ Ⱳ Ȃ 

1.4.2Ӏ Ὺ  

Һ ῤ ҹ̔ 

1) ≠ ῤ ̆№ ץ

ῤ Ȃ 

2) ԍ ꜚ ⌠ῃ ῤ

Ȃ 

3) ̆ AIS ̆

Ạ₮ № Ȃ 
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2  

ױ ҹ №̆ Ӟ

ȂҬ ԍ ̆ ╠ ѿ֓

ץ ᵬҹᶭ Ȃ ԍ ꜚ ̆

ꜚ ’ ̆ ֓ Ҍ Ҭ ’Ȃ

ҹԅ ̆

׆̆ ҹ ᶫṢ Ȃ ≠ Ḃ № ת

PEMS(Portable Emission Measurement System)

ԅ ̆ ԅ Ȃ Һ ׃ ת

Ȃ 

2.1 ᴀ ב  

Ҭ ᶏ ת S̔EMTECH-DS № ȁEFM2ת

ץ ELPI ת Ȃ 

2.1.1 ᴀ 

SEMTECH-DS Sensors Ὲ ֟ ꜚ №

ת̆ת 2.1 Ȃѿ (CO) ԋ (CO2) № №

(Non-DispersiveInfra-red detector, NDIR) ̆ (THC)  

 
2.1SEMTECH-DS № ת  
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 (flame ionization detector, FID) ̆ № № (Non-Dispersive 

Ultraviet detector, NDUV) ѿ (NO) ԋ (NO2)̆

(O2)
[54, 55]Ȃ 

ת ᶏ ╠ 1 ̆ N2 ̆ҹḠ ת

‰ ̆ ᶏ ‰ ᵣ ‰ ‰Ȃ

SEMTECH-DS ᵝ (GPS) ᵝ

( ȁ ȁ ) Ȃῒ ᵬ ҹ̔ ᵬ : 0͘45Ņ (Ҍ

)̆̇10͘ 43Ņ ( )̆Ḡ ̔̇40͘ 60Ņ̆ < 90%Ȃ

Һ 2.1Ȃ 

2.1SEMTECH-DS  

  №   

CO2 0~20% 0.01% ±3% 

CO 0~8%  10ppm  ±50ppm ±3%  

THC 

0~100ppm  0.1ppm  ±5ppm ±2%  

0~1000ppm 1ppm  ±5ppm ±2%  

0~10000ppm 1ppm  ±25ppm ±2%  

NO 0~2500ppm  1ppm  ±15ppm ±3%  

NO2 0~500ppm  1ppm  ±10ppm ±3%  

2.1.2ELPI ᴀ 

ᵞ ‖₯ (Electrical Low Pressure Impactor) ῌ DEKATI Ὲ ̆

ץ № ̆ ԍ [56-58]Ȃ

ת 2.2 Ȃ ץ Ҭ ̆

№ ̆ῒҺ 3 № ̔ұ ₯ ȁ ȂELPI

ץ ꜚⱬ (Aerodynamic diameter, Dp) 28 nm͘ 10 ɛm ӊ

̆ №◓ҹ 12 №≢ ̕ ⱴ ̆ ⌠ ⌠ 7 nm̆

ץ 50% ҹ ̆ѿ῍№ 13 Ȃ 

ELPI ̆ ץ ̆ῒ № ⌠

Ȃ ץ Ҭ [59, 60]Ȃ ̔ELPI ԍ
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( 100nm<Dp<300nm) ҹ‰ ̆ ԍῒ  ̆

 
2.2 ELPI Һ  

ᴪ ѿ֓ ȂELPI ᶫ № ̆

2.2 ₮ԅ ELPI 12 ץ ℗◓ Ȃ Ὲ 2.1

₮ ḱ ̔ 

ὓ                                     2.1 

Ҭ̔Mi (g/s)̕  

f i [p(i)]ҹ ̕ 

ɟmiҹ (g/cm3)̕ 

Qi ҹ (m3/min)̕  

2.2ELPI № ( ᵝ̔ɛm) 

≢  (Dp)  ≢  (Dp) 

1  0.007͘ 0.029  0.02  7  0.393͘ 0.637  0.5 

2  0.029͘ 0.057 0.04  8  0.637͘ 0.99  0.79 

3  0.057͘ 0.101 0.08 9  0.99͘ 1.61  1.26 

4  0.101͘ 0.165  0.13  10  1.61͘ 2.46  1.99 

5  0.165͘ 0.255  0.21 11  2.46͘ 3.97  3.13 

6  0.255͘ 0.393  0.32 12  3.97͘ 10.15  6.35 

2.1.3EFM  
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EFM SensorsῈ ѿ ⁫ ̆ ץ ꜚ

̆ 2.3 Ȃ ̆ѿ ≠

ῒ ⌠ ҉̆ ҍ ꜚ Ȃ

SEMTECH-DS EFM № ת ̆ ₮

[54]Ȃ 

 
2.3EFM2  

EFM ѿҩ ̆Һ ≠ Ȃҍ

ᴰ ԍ ᵌ ̆ҹԅ ꜚ ῤ ‰ ̆

ᶏ 4ҩ ᴰ ̆ ҩᴰ Ҍ ׆̆ ת  

2.3EFM  

1 2  2.5  3 4  5 

(mm)  
51  64  76  102  127 

 

̖2 

L 

2~5 

L 

̘5 

L   

̖

1.5 L 1.5~4 L 

4-6 

L 6~12 L 12~18 L 

(m3/min)  4.96  12.0  17.0  31.2  48.1 

‰  ±2.5 % 

 <1 s 
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ץ ׆ ῤ ̆ ҩ ῤ Ḡץ ‰ ᴨ

ԍ±2.5%Ȃῒ 2.3Ȃ 

2.1.4  

Ҭ ת ᴪҍ 1 ̆ ᴰ ȂῒҬ

SEMTECH-DS ҍ ᴰ ̆ ELPI ↕ 1

USB-R232 Ḥ ̆ ᴆ

Ữ Ȃ 

2.1.5Ὶל  

ҩ ԅ҉ Һ ̆ 1 ȁ1 12V ȁ1

1 Ȃΐᵣ Ḥ 2.4 Ȃ 

2.4ῒז  

  ֟  

  SV16B 

  AU3505 

  6800E 

  12V190Ah 

2.2  

2.2.1  

ү ̆ ̆ ᴧ Ȃ Ҭ ԅ ȁ ֤

֤ ȁ қ ҩ Ȃΐᵣ Ҋ̔ 

̂1̃  

ҙ ֟ ̆ ҙ ᴪ ֟ṿ ῾ҙ Ḡ 50˿

Ȃ ̆ ⱴ ֟ 6200 ̆ ⱴ ῀ 5ַᾝ̆ ⱴ

ҙ ᴪ ֟ṿ 13ַᾝ̆ ῀֟₮ 1̔10̆ ҆ ̆

3҆ᵩֲȂ ̆ ԅ 8 ԅ ̆ 2.4

Ȃ 
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* Ҭ ҹ GPS ̕A̔ B̔  

2.4  

̂2̃ ֤  

ү ȁ ȁ ᴧ ̆ ȁ ҈

ῤȂ 300 ҩ̆ ῤ 5҆ Ȃ ȁ

ȁ῾ ȁ ȁ Ȃ ̆ 12҆

ꜚ Ȃ ῤ ̔ Ḡ ̆ῒҬ ̆ Ḡ

Ῑ ̕ Ὲ ֜ ̆ ῤ ᶛ Ȃ

Ῥ ῍ 14 ̆ῒҬ 11 ̆ 3 Ȃῒ

2.5ȁ 2.6 Ȃ 



֤ ῤ  

18 

 

 
2.5  

 
2.6  

̂3̃ қ  

Ҭ ҂ ӊѿ̆ ү ̆ ⱬ ү ̆ ҉

̆ ֽ ԍ ԋᵝȂ ҉ ̔

Ȃᶏ ҉ ѿ ῤ Ȃ ԅ 4 2 Ȃ

ῒ 2.7 Ȃ 

http://baike.baidu.com/view/570966.htm
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2.7 қ  

̂4̃  

ҹҬ ӊѿ 2̆014 ᵝ

Ȃ ԅѿ ̆ 2.8 Ȃ 

 
2.8  

2.2.2 Ὺ  

ῤ ̆ Ȃ №ҹ ȂῒҬ

Ҍ №ҹ ȁ ȁ Ȃ 2.5 ҹҺ

ῤ ׃ Ȃ 
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2.5ῤ Һ  

ῤ   ΐᵣ ӈ 

 

ץ  ҹҺ̆Ӟ Ȃ 

  

  

 ̆Ғ ԍ ҉ ῒז ᵣ Ȃ 

 ԍ  

 ȁ ȁ Ҝ ᵬҹ ᵣ  

 
 ӗ ̆ ╠  

ᾣ  ԍ  

Һ ⱳ № ֟ № ̆

ⱳ - ҉№ ̆ᶏ ₮ Ȃ 

ᾢ 30 Ҍ Ҍ ⱳ Ҍ ԅ ῒ̆Ҭ

8 ̆ ֤֤ 11 ̆ қ 4 ̆ 2 ̆

֤ 3 ̆ 1 ̆ 1 Ȃ

2.6ȁ 2.7ȁ 2.8ȁ 2.9Ȃ 

2.6 -Ҹқ  

   └  ₮  
ⱳ /

(kW/(r/min)) 

No.1 Ҹ 23601 6190ZLCA-1  2012-12 330/1200 

No.2 Ҹ 23600 6190ZLCA-1  2012-12 330/1200 

No.3 Ҹ 3087 6190ZLCA-1  2011-05 330/1200 

No.4 Ҹ 3088 6190ZLCA-1  2011-04 330/1200 

No.5 Ҹ 3086 6190ZLCA-1  2012-12 330/1200 

No.6 Ҹ 5071 Z6170ZLC-5  2011-04 260/1200 

No.7 Ҹ 3085 6190ZLCA-1  2012-12 330/1200 

No.8 Ҹ 5070 Z6170ZLC-5  2011-04 260/1200 
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2.7  

  
ꜚ ֟  

₮

 

ⱳ

(kW (r/min) 
  

1  ҉  2001.11 88.3 1500 
- -

 

-

 

2   2010.3 136 850 -Ҹ   

3  ҉  2001.1 110.3 1500 -   

4  ҉  2005.11 162 1500 -   

5   2009.9 300 1000 -   

6   2008.12 260 1200 -   

7  ҉  1994.11 88.2 1500 -   

8  қ  2010.12 145 1500 -Ҹ   

9   2009.11 300 1200 -Ҹ   

10   2004.11 136 850 -Ҹ   

11   2004.11 136 850 Ҹ -   

12   2011.11 136 850 -Ҹ   

2.8 қ  

 
 

֟

 

֟

 
 

ⱳ   

‪

 

Һ

 

1  қ  1982.9 6135Aca 83.35 1500 214  

2  қ  1983.11 6136Acaf 83.85 1500 230  

3   1994.6 6160A 136 1500 480  

4   2004.12 NTA55-M350 237 1500 524  

5   2007.05 R6160A-4 184 1000 675  

6   2007.05 R6160A-5 184 1000 675  
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2.9  

 01  02  03  04  

 2014.06.06 2014.06.10 2014.06.15 2014.08.26-29 

     

Һ ⱳ ҍҩ  440kW×2 810kW×2 450kW×2 780kW×2 

Һ └  қ HBE/     

ⱳ ҍҩ  56kW×2 150kW×3 50kW×2 304kW×3 

(r/min) 1200 Һ 750 1500 1500 Һ 900 1500 

(t) 600 3748 4000 - 

└ ᴍ 2011.07 2005.11 2009 1993.1 

(km/h) 24 24 15 - 

(m×m) 74.3×13.2 99.8×16.4 82×16 87.5×14.4 

     

     

2.2.3  

Һ ᶏ ң ̆№≢ Ȃ ת

ᴆ ᶫ̆ SEMTECH 12V

Ḡ Ȃ ̆ ҉ ᵬҙȂῒҬѿ

῀ ת № ̆ ѿ ң ῀ ת Ȃ

’Ҋ̆ ת ꜚ ҉Ȃ 2.9 2.10№≢ҹ

ת Ȃ 

ҩ №ҹ҈ №̔ ̆ ‰ ̆ Ȃ

Ҭ̆ ⌠ᵝ ᾢ ̆ ץ̆ ̕

ᵝ ץ Ȃ Ҭ Ȃ 

‰ Ҭ̆ ̆ᶏӊ ⌠ ᵬ Ȃӊ

̆ Ḡ Ȃ ԍ № ҹ ҉̆

ᶏ ֜ ᾧ ̆

’Ȃ 
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2.9 ת  

 
2.10 ת  

2.3  

2.3.1 Ї ⅎ ᴀ+  

ѿ֓ⱳ ̆ ᵝ ̆

№ ת ’ Ȃ 2.11 ᶏ

№ ת Ȃ ת ṿ̆ ԍ

ҍ ת Ȃ 
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2.11ᶏ № ת  

2.3.2 ⅎ ᴀ+ ᴀ 

ΐ Ҭ ⱳ ⌠ ⱳ ѿ̆ ̆ ̆

Ҭѿ ᶏ № ת ̆ת ԍ

̆ Ҭ ᶛ Ҭ C № Ȃ 2.12 ᶏ

№ ת ת Ȃ ҉ ᴪת ̆

Һ ̆ ғ ԍ ᶏ ̆ ת

Ȃ ԍ ̆ѿ ᴪ 2.3.3Ҭ׃  Ȃת
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2.12ᶏ № ת ת  

2.3.3 ⅎ ᴀ+ ᴀ 

ԍ ̆Ҍ Ḃ ̆ѿ № ת

ת Ȃ 2.13ҹ № ת ת Ȃ 
















































































































