
ᶏ Ύ                                                                ת Ὲ  

1 

MP3000F ↓ ѿᵣ Ḡ  ת

 

ᶏ 
 

 
 

 
 

 
 

ӥ 
 

 

ת Ὲ  

                                          

̔V 2.0  



ᶏ Ύ                                                                ת Ὲ  

2 

Ὲ  ׃

ת Ὲ ԍ 2000 Ὲ̆ ҹֲץ ̆ ѿ Ғҙ ᴝ̆ ⇔ ̆
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  Ԋ  

ü Ҭ Ȃ ӊ╠ᾢẢ ̆ Ҋľ

Ŀ̆ Ῥ Ȃ 

ü ҹ ת Ҭ Ȃ ӊ╠ᾢ Һ Ȃ 

ü 36V҉ץ ₮ ῃ̆ Ԋ Ȃ 

ⱴ ת ȁ ₮ Ȃ Ҭ̆Ⱶ

Ḡ ҉ ῀⌠ ת ₮

 Ȃת

ü ҹḠ ‰ Ḡ Ȃ 

ü Һ ╠ Ȃҹ Ḡ ᵬ̆

Ȃ 

ü ℗ Ȃ 

ü Һ Ҍ ῀ ῤȂ ᵣ ̆ᾢ Ҋ̆Ῥ

╕ Ȃ 

ü ᶏ Ҭ ̆ᶏ Ғֲ Ȃ 

ü ᵬ ̆ ҍ ̆ ḱȂ 

ü ᴆ ץ Windows 2000ȁWindows XPȁWindows VistaȁWindows7ȁWindows10

Ҋ Ȃ 

Ὲ Ḡ ӥḱ ≠Ȃ֟ ҍ ӥҌ ӊ ץ̆ ֟ ҹ‰Ȃ 
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ѿ  MP3000F ↓ ѿᵣ Ḡ  ת

ѿȁMP3000F ↓ ѿᵣ Ḡ ⱳת  

MP3000F ↓ ѿᵣ Ḡ ת Ὲ Ḡ

ҍᴰ Ḡ ԍѿᵣ ̆ת ת ԍ

Ӟ ԍᴰ Ḡ Ȃ ץ ᵬҹᾣ ᶏת Ӟ̆ ᵬҹ

ᴰ ᶏת ̆ ץ ₮ IEC61850 ᴰ Ḥ Ȃ 

 

       

̂ ̔ ֽᶫ ץ̆ ҹ‰̃ 
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ԋ  ᶏ  ׃

2.1  

 ̧  

ѿ ȁ ת ҍ ̕ 

ԋ ȁ ҉ ľMP3000F ↓ ᴆĿ̆ ῀ ᴆҺ ̆ ҊȂ 

 

2.1- 1 

҈ ̆ ľ Ŀ̆ ₯ľ Ŀ₮ Ҋץ ̆ Ȃ 

     

2.1- 2 

₵ 
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̆ ₮ IP ⱳ̆ Ȃ Ҋ Ȃ 

 

2.1- 3                              

ԓ ȁ ₯ľ Ŀ̆ ̆ ⱳ ᴪ ᴆҊ ↓ ̆            

 ̧ ҍḠ  

É ᴆ ETH №≢ ⌠Ḡ ῀ᾣ  GOOSE῀ ₮

Ȃ Ḡ SMVҍ GOOSE ѿҩᾣ ̆ ETH ҍḠ ᾣ

ᴆ Ҭ SMV ҍ GOOSE ҹ ѿҩᾣ Ȃ 

̔1ȁ ѿ ῀Һ ᴪ ꜚҊ ת Ȃ 

2ȁ Ҍ ₮ᾣ ₮ ↕̆ ľת --- ₮ ĿҬῬ

Ḡ Ҋ ̆ ῀ ᾣ Ȃ 

3 ȁ ꜚ ⱳ Ip ҹ 192.168.3.188Ȃ 
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2.2 ₮  

ѿ ȁ ᴆ ̆ Ҋ ̔ ₯ľת Ŀ( Ҋ 2.2- 1)̆Ῥ ₯ ₮

Ȃ 

 

                                     2.2- 1 

ԋ ȁ ₯ľ ₮ Ŀ ̆ ₮ Ҋ 2.2- 2  

̔ ľ Ḥ Ŀ 

 

                                 2.2- 2 

₵ װ ḷ

₴ᾩ  

₵ 
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2.2.1  SMV  

ѿ ȁSMV ̕ ₯ 2.2- 2ҬľIEC61850- 9- 2Ŀ̂ ҉ ̃̆ Ҋ

2.2.1 - 1̔ 

 

2.2.1 - 1 

ԋ ȁ ת ₮ ̔ 

̆ 9- 2̆↕ ľIEC61850- 9- 2Ŀ̆ FT3̆ ↕

ľIEC60044 7/8Ŀ, ԑ Ḥ ̆↕ ľ Ŀ 

 ̧ ₮ GOOSE: ת ₮ 9- 2 FT3 ̆ GOOSEȂ 

 ̧ ₮ ̔ ת ₮ 9- 2 FT3 ̆ Ȃ 

 ̧ ₮ GOOSE: ת ₮ ᵖ GOOSEḤ ̂ ԍ

Ὲ ֟ MP3000F̃  

҈ ȁ SMV(IEC61850- 9- 2) ̆ ₯ľ ῀ SCD ᴆĿ 2.2- 3 

₵ 

₯

ץ

ḱ
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                                 2.2- 3 

῀ ̂ѿ 4000̃ȁ ASDUȁAPPIDȁMAC ȁSVIDȁ

ȁ /  ̕ ҩ ῏ ̂ ȁ ȁ ̃ ̂ ֓

׆ץ SCD ᴆȁcidȁicd ᴆҬ ῀ Ȃ̃ 

 ̧ ̔ ₮ ̆̂ Ḡ ̆

80̃  

 ̧ ̔ ₮ ̆ = *

̂ѿ 4000̃  

 ̧ ̔ ₮ ṿ̆ ᵝ sm̆

ѿ Ҍ ꜚȂ 

 ̧ ASDU̔ ѿ Ҭ ₃ҩ ̂ ҩ ѿҩ ⱴ ҹѿ

ҩ Ȃ̃ 

 ̧ ᴨᾢ ̔ ץ 802.1Q Ȃ 

 ̧ VLANID̔ ѿ └̆ ץ 802.1Q Ȃ 

 ̧ ⱴ ̔ ₮ Ҭ ̆ Ҭ  

 ̧ ⱴ̔ ⱴ SMV └ ̆ ץ ⱴ 4 SMV └  

 ̧ − ̔ − SMV └  

 

 

Ḧ ҅ Ї ₴ Ḧ

 

₯ ץ ḱ  

ᾩ װ ꜘЇ ╦ ЇḪ ₴ɼ 

ῗ ҲЇAЇB,C ⅎ⌡ I1,I2,I3 Ж

ⅎ⌡ V1,V2,V3Ж װ

I4 I5  

ҿԋғ

Ї

ԑ ẅɼ

ᾭ ₴ẅ

└Ḧ

ẅ 
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 ̧ ̔ SMV └  

 ̧ ѿ ṿ/ԋ ṿ̔ ת ₮ ѿ ṿ ԋ ṿȂ 

 ̧ ᾣ ̔ SMV ₮ ̆ ₯  

 ̧ :  

 ̧ ̔ ת ₮  

 ̧ ̔ ת ₮  

 ̧ ⌠ └ ̔ ȁ ⌠ SMV └  

 ̧ ῀ SCD ᴆ̔ ῀ SCD ᴆ̆ ץ ῀ cidȁicd ᴆ 

          ῀ scD̂ cidȁcid̃ ᴆ ̆SMV Ӟ ῀ԅ̆Ҍ  

          Ῥ ԅȂ 

 ̧ ᶶ ̔ ꜚᶶ Ḡ SMV └ GOOSE└  

 ̧ ₮ ̔ SMV GOOSE └ ₮Ḡ ץḂץ̆ Ῥ

ᶏ Ȃ 

 ̧ ῀ ̔ ῀ ӈ ₮Ḡ  

 ̧ Ḡ ̔ Ḡ ̆ ̆ѿ ₯Ḡ  

 ̧ Ҋ ̔ Ҋ ת⌠ ̕Ḡ ̆ѿ

Ҋ ת⌠ Ҭ̆ ↕ ₮ ᴪҌ Ȃ 

 

ü SMV  

ľ ĿҊ SMV ̆ ѿץ SMV

̆ ̆ ץ ҩ ҩ ̂ ץ

ҩ └ ̆Ӟ ץ № ̃̆ ῃץ №

̆ ₯ľ Ŀ 2.2- 4 
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2.2- 4 

ü PT/CT  

ѿ ԋ ṿ ץ ľ ĿҊ ľѿ ṿĿ ľԋ

ṿĿ̆ ₮ ̆ ꜚ  CT/PT ₮ ȁ ₮ṿȂ

₮ṿҹѿ ṿȂ 2.2- 6̆CT/PT Ḡ ṿҬ

̆ҍḠ ѿ Ȃ 

               

2.2- 6 

ץ 2.2- 7 Ҋ ҩ ̆ ץ ᾢ └ Ҋ ̆

ῒ ῏ Ȃ 
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2.2- 7 

ü GOOSE  

 ᾢ ľGOOSE Ŀ̆ Ῥ ₯ľ ῀SCD ᴆĿ̆ ⌠ Ḡ GOOSE₮ └ ̆ ⌠GOOSE

Ҭ̕ 

ᾢ ľGOOSE Ŀ̆ Ῥ ₯ľ ῀SCD ᴆĿ̆ ⌠ Ḡ GOOSE͂ └ ̆ ⌠GOOSE

Ҭ 

 

                           2.2- 8 

̔ 

É GOOSE ת GOOSE ̕GOOSE ₮ GOOSE  

É ̂SMVҍ GOOSẼ ̆ ₯Ḡ ̆ ₯Ḡ ᴪ ₮ľ Ҋ Ŀ
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̆ ₯Ҋ ̆ ꜚҊ ̆Ҋ ̆ ꜚ ₮ ᵬ ̆

2.2- 8  

 

 

                             2.2- 9 

2.2.2 FT3̂60044- 7/8̃  

ѿ ȁ ₯ 2.2- 2Ҭ ľ Ŀ Ҋ ̆ ľIEC60044 

7/8Ŀ̆ 2.2.2 - 1̔ 

₵ŅḦ ņ 

₴ Ї ₵Ņ ņЇ ꜠Ґ

Ḧ ɼ 

꜠Ґ Ї ꜠ῗ

Ї ᵲ  
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2.2.2 - 1 

ԋ ȁ FT3 ₮ ̆ 2.2.2 - 2 

       ῀ ȁ └ ȁ ȁ ̂ ֓ ׆ץ

SCL ᴆȁcidȁicd ᴆҬ ῀ Ȃ̃ 

 

                                  2.2. 2- 2    

̔̂ SMVҍ GOOSẼ ̆ ₯Ḡ ̆ ₯Ḡ ᴪ ₮ľ

Ҋ Ŀ ̆ ₯Ҋ ̆ ꜚҊ ̆Ҋ ̆ ꜚ ₮

₵ ḷװ Ї Ḧ

ḷ  

₵ װ ү

₴ ῗ  

₵  

Ḧ ҅  

ᾩ

₴ 
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ᵬ ̆ 2.2.2 - 3  

 

                                  2.2.2 - 3 

2.2.3 GOOSE  

ѿ ȁ ₯ 2.2- 2Ҭ ľGOOSE Ŀ̆ ₮ 2.2.3 - 1 

 

2.2.3 - 1 

 

 ̧ ̔ 

T0ȁT1ȁT2ȁT3̔ №≢ҹҌ GOOSE Ȃ 

₵Ḧ  

Ґ Ї ꜠ ₴

ᵲ  
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’Ҋ̆ T0 2Ṑ GOOSE ̆ ῏ ꜚᵬḤ ̆ ҉ T1

2 GOOSE ̆Ῥ T2 1 GOOSE ̆ T3

1 GOOSE ̆ T0 1 GOOSE Ȃ 

 ̧ ̔ 

ѿҩ GOOSE Ҭ̆ ҩ ̂ Ȃ̃ᶛ ľ̔32Ŀ ѿҩ GOOSE

Ҭ 32ҩ Ȃ 

 ̧ GOOSE  

GOOSE GOOSE ľ0Ŀ̆ ֓ ľ1Ŀ̕ ’ Ȃ

ҹľ0Ŀ 

ԋ ȁ GOOSE̕ ῀ APPIDȁ ȁGOOSE control referenceȁDataset 

referenceȁGOOSE ID̂ ֓ ץ ׆ SCD ᴆȁcidȁicd ᴆҬ ῀̆Ҍ

ꜚ ῀̃ 

҈ ȁ GOOSE 

 ̧ ῀ ̔ GOOSE῀̂ GOOSẼ 

 ̧ ₮ ̔ GOOSE₮̂ GOOSE ̃ 

 ̧  / ̔ GOOSE GOOSEᴏ ⌠ ת ̆ ׆

̆ᾢ Ҭ 2.2.3 - 1Ҭ ᶷ ῏ ̆Ῥ ₯ ῏

ľ  / Ŀ , ⱳ̆ ԅ ̆Ῥ ѿ ľ  

/ Ŀ Ȃᶛ ̔ ҹ 1 ῏ ⌠ ῀ 1̆ᾢ ₯ 1

῏ ̆Ῥ ₯ ῀ 1̆ ̆ ̆ ₯

ľ  / ĿȂ 

̔ 

GOOSE ̔ ᴆ ҉̆ ԅ ῀ Ҭ̆

GOOSE ̆ ת ⌠ ₮ ȁꜚᵬṿ  

GOOSE ̔ ₮ ѿ GOOSE₮ ̆ ת Ҭ̆ ₯

₮ ̆ ת GOOSE└ GOOSEȂ 

GOOSE ̔ 

GOOSE Ҋ̆ ץ GOOSE ̆ ץ Ḡ

’Ҋ ꜚᵬ ̆ 2.2.3 - 2̔ 
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2.2.3 - 2 

Ҋ ľ ȁ ҡ ȁ ȁ ȁ ȁ

Ẋ ᵝȁGOOSE Ŀ Ȃ 

̔ ₮ ‰ └  GOOSE Ȃ 

̔ ḱᵝ Ȃ 

ҡ ̔ ҡ Ȃ 5 ҡ1 ̆ Ӈ

ҹ2ȁ3ȁ4ȁ5ȁ7ȁ8ŀȂ 

̔ ̆ ҍ҉ѿ ῤ ῃ

ѿ Ȃ 5 ѿ ̆ Ӈ ҹ1ȁ2ȁ3ȁ4ȁ5ȁ5ȁ6ŀȂ 

̔ 5 1 ̆ Ӈ ҹ1ȁ0ȁ2ȁ3ȁ4ȁ

6ŀȂ 

Ẋ ᵝ: 5 Ẋ ᵝ1 ̆ Ӈ 5 St ꜚⱴ1̆ҹ0ȁ

1ȁ2ȁ3ȁ4ȁ0ȁ1ȁ2ȁ3ȁ4ŀȂ 

GOOSE : 5 1 ̆ T0=3000ms̆

ҹ5000ms̆ Ӈ 5000msȁ5000msȁ5000msȁ5000msȁ3000msȁ

5000msŀ Ȃ 

̔ ץ ׆ꜚ ₃ └ Ȃ ̔ ׆ 3

̆ Ӈ 5 Ẋ ᵝ1 ̆ғ Ẋ ᵝ 3 Ȃ 
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2.2.4 ῀ SCD ᴆ 

     ԍ Ḡ ̆ ῀ ̆ ת

₮ Ḡ Ҍ ≢̆ҹԅ Ḃ ̆ ױ ԅ scd\ cid \ icd ᴆ ῀ⱳ Ȃ 

ѿ ȁ ₯ 2.2- 2 Ҋ ľ ῀ SCL ᴆĿ̆ ₮ 2.2.4 - 1  

 

2.2.4 - 1 

₯ ₮Ҋ↓                      

 

 

 

₵Ņ ῇ SCD ᴌņ 
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  ԋ ȁ Ҭ ᴆ ̆ 2.2.4 - 2 

 

2.2.4 - 2 

҈ ȁ ₯ ̆ 2.2.4 - 3 

  2.2.4 - 3 

ῇ SCD\ cid \ icd ᴌ

 

҅Ї Ҳ scd ᴌ 

ҎЇ ₵  

ԑЇ Ҳ ᴌ Ї ᴌ

ᴰ₴  

ᴌꜘ Ҳ 
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ȁ ῀ scd/cid/icd ᴆ ̆ Ḡ SMV ῀ GOOSE῀

₮̆ ₯ľ Ŀ̆ ῀ ̕ 2.2.4 - 4 

 

 

                                   2.2.4 - 4 

 

ᴆⱴ Ҭ 

ҎЇ ₵ ᴌ

Ї₴ Ḫ  

ԑЇ ᴌ 

҅Ї ₵ SMV ῇ 

ԑЇ ᴌ 

ҎЇ ᴌ ₴ Ḫ  

҅Ї ₵ GOOSE₴ 

ЇSMVғ GOOSEᴌ Ї ₵  
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2.2.5 ᶶ  

̆ ῏Ḡ ᴆ̆ ױ ץ ľᶶ Ŀⱳ ₮

Ḡ ̆ Ḡ ⱳ Ȃ 

ѿ ȁ ₯ 2.2- 2 Ҋ ľ ῀ Ŀ̆ ₮ 2.2.5 - 1  

 

                                 2.2.5 - 1 

ԋ ȁ ₯ľ Ŀ̆ ₮Ḡ ᴆ ̆ SMV └ ̆

₯ľ ĿȂ 

҈ ȁ ȁ ₮ᾣ ̆ ₯ľḠ Ŀ̆ Ḡ ⱳ ̆ ₯ľҊ

ĿȂ 

ȁ ῀ Ȃ 

2.2.6 ῀/ ₮  

   ₯ľ 2.2.6 - 1ĿҊ ľ ₮ Ŀ IEC Ḡ ̆Ӟ ץ ľ ῀

Ŀ Ḡ╠ץ ῀Ȃ 

҅Ї ₵ ῇ  
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2.2.7 ῒז  

   ₯ ľ 2.2- 2Ŀ ҉ ľ ῒ ז Ŀ̆ ₮ 2.2.6 -

 

ԑЇ ₴  

҅Ї ₵Ὶל  
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                                2.2.6 - 1 

̔ ȁ  

̔ 

 ̧ ₮̔ ῀ ץ ₮̂ ₮ Ҭ ṿҹ 0̃̆ ῒז ᴆ 

 ̧ ₮̔ 

-- GPS̔ ῤ GPS ̆ ⌠ῤ GPS ҍ ѿ ̆

₮ GOOSEȂ ₮ Ҭ ṿҹ 0Ȃ 

ĺB ̔ ᾣ B ̆ ⌠ B ҍ ѿ ̆

₮ GOOSEȂ ₮ Ҭ ṿҹ 0Ȃ 

ĺPTP: 1588 ̆ ⌠ 1588 ҍ ѿ ̆

₮ GOOSEȂ ₮ Ҭ ṿҹ 0Ȃ 

 ̧ ₮̔ 

₮ĺGPS̔ ῤ GPS ₮̆ ⌠ῤ GPS ₮

GOOSĔ ҍ ѿ ̆ғ ┴ ҹľ0ĿȂ 

₮ĺB ̔ ᾣ B ₮̆ ⌠ᾣ B ₮

GOOSĔ ҍ ѿ ̆ғ ┴ ҹľ0ĿȂ 

₮ĺPTP̔ 1588 ₮̆ ⌠1588 ₮ GOOSĔ



ᶏ Ύ                                                                ת Ὲ  

26 

ҍ ѿ ̆ғ ┴ ҹľ0ĿȂ 

2.2.8 Ḡ Ҋ  

 ̧ Ḡ ̔ Ḡ  Ҭ̂ ̔         

ᴆḱ ԅ̆ ̆ ḱ ԅ ҉ ̆

ľḠ Ŀ ᵬ̃ 

 ̧ Ҋ  ̔̆ ╠ ᴆ Ҋ ȂҊ ꜚ ₮ľת    ĿȂ

2.2.7 - 1̔ 

         

                              2.2.7 - 1       

 

≢ ̔ 

Ҋ SMVȁGOOSEḤ Ḡ Ҋ ⌠ ת ῤ ҬȂ ῏

ת Ῥ ̆ ῀ ̆ ⌠ľת ĿҬ ľ̆Ҋ Ŀ

Ȃ 

 

2.3 Ḥ ₮ 

2.2.1 Ḥ ₮ ̆ ₯ľת Ŀ̆ ľ ₮ Ŀ 2.3-

1 

Ґ  
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                              2.3- 1 

ѿ ȁ ľ ₮ Ŀ ̆ Ҋ ̔ 

 

 

 

 

₵Ņ ₴

ņ 

Ņ ₴ ņ 
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ԋ ȁ Ḥ ̔ 

 

ת 2.2.2 ₮ 

̆ ῀ľᴋ Ŀ̆ ȁ ̆ ľ Ŀ̆

ת PTȁCT ₮ Ḥ Ȃ 

 

̔1ȁ ȁ ץ ₮Ȃ 

2ȁ Ḥ ₮ ת ᶷ ̆ Ҋ Ȃ 

 

2.4  

    ҹԅ ֲ ᶫ Ḃ≠̆ Ὲױ ԅ ת

ȁ № ⱳ ̆ ץ ᴆ ҉ ₮

№ ̆Ӟ ץ ETH ₮ ≢ֲ Ȃ 

ѿ ȁ ῀ ̆ ̆ ₯ľ № Ŀ 
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ԋ ȁ  

ѿ ’Ҋ ѿҩ ̆ ̆p ңҩ ҉ץ ̆

ꜚ ѿҊ ᶏ Ȃ ̔ 

 

 

҈ ȁ ₮̆ Ҋ ̔ 

₵Ņ ņ 
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ȁ ľ ת ₮Ŀ̆ ↕ᴪ ꜚ ₮ ₮ └ ̆ ₯

Ȃ ₯ ̆ ץ ‰ Ȃ 

 

 

 

 

┼  

‼

 

₵ ᴰ

 

װ Їᴰ ꜠

‼ pcap ᴌ 

װ
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ԓ ȁ ת ↕̆ ѿҊ ETH ȂҊ ҹ

GooseȂ 

 

ᶕ

ETH  

ⅎ Ї ₵ װ  

₵ ₴

ᶽ  

ӎ
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̆ ̆Ӟ ץ № ̆ ץ ‰ pcap ᴆ̆ №

ῒ ṿ Ȃ 

2.5  

scd ᴆ GOOSE ᴆҡ ₮ ҍḠ Ḥ Ṝ̆

ץ ₮ goose ҍ ׆̆ ҍḠ

ḤȂ 

ѿ ̔ goose Ҭ ῏ ̂ AppIDҍ MAC̆ ̆gold

ҍḠ ѿ ̃̕ ̆ ₯Ḡ Ȃ 

 

 

ԋ ̔ ̆ Ȃ 

ҹ̔ ת  



ᶏ Ύ                                                                ת Ὲ  

33 

 

҈ ̔ ╠ң ̆ ₯ ȍ Ȏ̆ Ḡ ꜚᵬ ̆ ̆

goose Ҭ ⌠ Ȃ 

 

 

GOOSE  

 

װ ₴

goose ┼  

 

ᾩ ҿ ᴀ

gooseḪ ᾩ  

 
ҿЕ

ᴀ  
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2.6 ᾣⱳ  

₯ᾣ ᾣⱳ ῀ Ȃ ⌠ԅᾣḤ ᴪ ꜚ ῒᾣⱳ ṿȂ 

 

 

 

2.7 ₮  

ᶏ ̆ ₮̆↕ Ҋ ̆ - 2.7.1  
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                                 - 2.7.1  

ѿ ȁ ᴆ̆ ̆ ₯ľת Ŀ̆ - 2.8.1̆ ľ ₮ Ŀ̆

῀ - 2.8.2 Ȃ 

           

                              - 2.7.2  

ԋ ȁ ľ4V+3IĿ ̆ ₯ľ Ŀ̆ ץ ῀

₯ľ ₮ Ŀ 
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Ȃ 

 

҈   MP3000F ↓ ᴆᶏ ᵬ

 

3.1  

ҹԅ Ả ̆ ḱᴋⱵ̆ ץ ⱲῈ Ạ ѿҩ

̆ῒҬ ԅ Ḡ Ҭ ῤ ȁ ṿȁ Ȃ 

3.1.1  

ü ᵬ  

ü ѿ ȁ ₯ľ Ŀ̆ ₮ 3.1.1ĺ1̔ 

 

               3.1.1 - 1 

№ ̔ 
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ѿ ȁ ̆ ₮ľ⇔ ѿҩ ᴆĿ Ȃ ҹᵝ Ȃ

̆ ľ 1ĿȂ 3.1.1 - 2 

       

3.1.1 - 2 

ⱴ ̆ ⱴ ȁ− Ȃ 

ԋ ȁ Ҋ̆ ľ ⱴḠ ĿȂ ₮ľ ⱴḠ Ŀ ̆ ῀ ῏

Ḥ ̆ ₯ľ ⱴĿȂ Ḥ ᴪ ⌠ľ Ŀ Ȃ 3.1.1 - 3  ̆ 3.1.1 -

3 

          

   3.1.1 - 3 
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3.1.1 - 4 

 

҈ ȁ ⱴḠ ̆ Ḡ ľ ⱴ ĿȂ ₮ľ ⱴ Ŀ

Ȃ 3.1.1 - 5 

 

3.1.1 - 5 

ȁ ľ ⱴ Ŀ ῏ ̂ ̃ ̆ ₯ľ ⱴĿȂ

ṿ ҍ ṿ Ȃ 3.1.1 - 6 



ᶏ Ύ                                                                ת Ὲ  

39 

 

3.1.1 - 6 

ԓ ȁ ӈ ̆ ӈ ̆ ₯ľ ӈ Ŀ̆ ӈ ѿҩ ᴪ

ꜚ ῀Ҋѿҩ ̆ Ҭ ӈ̆ ₯ľҬ ӈĿȂ Ҋ ₯ľ ӈ Ŀ

̆ ꜚ ₮ ṿ Ȃ 3.1.1 - 7 

 

3.1.1 - 7 

Έ ȁ ῀ ṿ ̆ ῤ Ȃ ₯ľ ᴆĿ̆ ľḠ

⌠ Ŀ ̆ ₯ ҉ ľ῏ Ŀ Ȃ ⌠ ̆Ῥ ῀Ҋѿҩ

ӈȂ 3.1.1 - 8 
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3.1.1 - 8 

҂ ȁ ӈ ̆ ̆ ľ ꜚ Ŀ ľ ꜚ Ŀ ̆

₯ľ ῀ Ŀ Ȃ 

ꜚ ̔ ̆ ₯ľ ῀ Ŀ ῀ Ȃ ῀

ꜚ ₯ľ Ŀ ᴪ ȁ ꜚ ₯ľḠ Ŀ ᴪḠ ̆

Ḡ ̆ ₯ ҉ ľ῏ Ŀ ̆ ₮ ̆ ⌠ Ȃ 

ꜚ ̔ ҩ ̆ ₯ľ ῀ Ŀ̆ ῀ ѿҩ ̆

ꜚ ̆ ꜚḠ ȁ ꜚ ₮ ȁ ꜚ ῀Ҋѿҩ ̆ ̆

⌠ Ҭ Ȃ 

ת ̔ ᶏ 4V̂ ABC̃ +3Î ABC̃Ȃ ҩ ᶏ ῒז ̆

↕ ӈ ╠̆ᾢ ת ̆ ₯ľḠ Ŀ̆ Ῥ ῀ ӈ ̆

Ḡ ῀ ↕ ₮Ȃ 

̔ ҩ ҊΏ῀ ̆ ̆ᴪ ῏ Ȃ ꜚ

ѿ̆ҩ ҉ ῀Ҋѿҩ Ȃ ῀Ҋѿҩ ╠̆

ẢѿҊῬ ῀ ̆ ץ ľ Ả Ŀ̆ ҉ѿҩ ̆ᴪ

₮ Ả ̆ ₯ľ Ŀ Ȃ 3.1.1 - 9 
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3.1.1 - 9 

̔ ꜚ ̆ Ҋ₃ץ Ȃ 

1ȁ № № ꜚ ᵬȂ ᴋ ꜚ Ҍ └ӞҌ ῏

└ ̆ Ả ꜚẢ Ȃ 

2ȁ № Ҭᴪ ѿ ᵬ̂ ḱ ṿȁ Ḡ ȁ

Ҋѿ ȁ Ҍ Ả ̃ Ӟ ꜚ ᵬȂ 

3ȁ № ̆ Ҍ ̆ ꜚ ̆ Ḡ ̆ᵖ

Ҭ ̆ Ῥ ӈ ȁ

Ȃ ȁ ȁ Ḡ Ȃ 
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3.2  ᴋ  

ü Һ 3.2- 1 

 

 

                                  3.2- 1 

 

ü ᴋ ׃  

ᴋ Ҋ ѿ ᵬҹץ ֜ ȁ ȁ Ȃ 

ᴋ ҩ 3.2ĺ2̔ 

                  

                       3.2ĺ2 

₴Ї ɼ 

ҿ ҐЇ

ᶕ  

Ғ
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3.2.1  

ꜚᵬ Ȃ 

 

₮ ╠Ḥ

╠
ꜚᵬ

₮ Ḥ ₮ Ḥ

╠

ꜚᵬ

 

3.2.1 - 1 

ü ᵬ  

ѿ ȁ ҹ ľ4V+3IĿ ҈ ̆ Ҭľ 3.2- 1ĿҬ ľ

Ŀ̆ ₮ 3.2.1 - 2Ȃ 

 

3.2.1 - 2 

῏ ̔ ῏ ῀ Ȃ 

ԓḦ ꜠ᵲ

 

╦ ₴

ғ Ѓ ҿ

Є 

₴

ғ  
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ꜚᵬ ̔ ȁҍȂ  

῏ ῀ ̔ ȁ ᵝȂ 

 

ԋ ȁ ľ ╠Ḥ Ŀ̆ ╠ѿ ҹ Ȃ 

 

҈ ȁ ̔ 

    ╠ ̔ ԍḠ ᾟ ̆ Ҍ Ḡ

ᾟ ̆ ץ ҹľ0ĿȂ 

    ̔ 

ü ῀ꜚᵬ ̆ ľ Ŀ ԍ ꜚᵬ

Ȃ 

ü Ҍ ꜚᵬ ̆ ₮ └Ḡ ꜚᵬ̆ ᵬ Ҋ̔ 

ü ₯ľ Ŀ̆ 3.2.1 - 3Ȃ 

   

3.2.1 - 3              

ľ Ŀ ҹ ԍ ꜚᵬ̂₮ ̃ Ȃ 

ȁ ľ Ŀ̆ ҹľ0ĿȂ 

ԓ ȁ ľ 3.2.1 - 1ĿҬ ľ Ŀ̔ᾢ ľ Ŀ̆

ȁ Ȃ 

ü ҹ ľ4V+3IĿ ҈ ̆VZ ᵬҹ 3U0 ₮̂ Ҭ

VZ=VA+VB+VC̃̆ 3.2.1 - 4Ȃ 

    

3.2.1 - 4 

ü ̔ ῒ Ṝ̆ A- E ̆↕ῒ ң

ȁ ҹ ̂ ҹ ̆ ҹľ0Ŀ̃Ȃ 

ῒ ȁ ̆ ᴆ ꜚ ҹ ̆

̆ ҹľᴋ ĿȂ 

ľ ĿҬ ľ ӈĿ ҹ ľ3Ŀ̆ ľ3Ŀ ̆ 3.2.1 - 5
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ȁ №≢ Ȃ     

              

 3.2.1 - 5 

Έ ȁ ̆ ҍת ̆ ₯ľ Ŀ̆ ₮̕

₯ľẢ Ŀ̆ ῏ ₮Ȃ 

ü  

̆ ₯ľ (K)Ŀ Ҋ ľ (T)Ŀ , ( )  

 ₯ ΐ ҉  ,

₮ ( 3.2.1 - 6)Ȃ ↓ Ҭ ᵬ ̆

₯ľ Ŀ ̆ ץ ₮ Ҭ Ȃ 

₯ľḠ Ŀ ̆ Ҭ Ḡ ⌠⌠ ̂ ӈ

̃ ᴆҬ̆ Ҭ ׆ ╠ Ҭ− Ȃ 

₯ľ− Ŀ ̆ Ҭ ׆ ╠ Ҭ− Ȃ 

** ̔ Ḡ ₮ ῃ ҡ Ȃ**  

Ҭ ԅ ȁ ȁꜚᵬ ȁ ȁ Ȃ 

ü ̔  

1ȁ ҹת MD2000ȁMH2000 ꜛ Ȃ  

2ȁľ ꜚĿ ҍľ Ŀ ѿ Ȃ 
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3.2.2 ꜚ 

ü ꜚᵬṿ̆ ꜚ Ȃ 

ü ̔
₯ ₮ Ḡ ꜚᵬ ṿ

 

ᾣ ⌠ ῤ̆ ҉ ľǵĿľηĿ ₯

҉ ľǵĿľηĿ ₮ṿ̆ ₮ṿ ⱴ ⁞ Ȃ 

ü ᵬ ̔ 

ѿ ȁ Ҭľ 3.2ĺ2ĿҬ ľ ꜚĿ̆ ₮ 3.2.2 - 1Ȃ 

 

                               3.2.2 - 1 

ľ Ŀ̔ ⱴ ⁞ ѿ ̂ ҹ ṿ ⁞ ̃Ȃ 

ԋ ȁ ľ 3.2.2ĺ1ĿҬ ҩ∆ ȁ ȁ ȁ ᵝ̆ ₯ľ

ĿȂ̆ ₮ ץ ꜚ ₮Ȃ 

 

 
















































































































