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σ  SCI ⅜ 280Ӎ ЇῚҲ IEEETransactions
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ѦᴆᶼḘ⸗ג⸗ḑјᴴԛⱳ כֿ╟ Ứở ҇2004Ẉεӗự҇⸗ג⸗ḑ ᶴј⸗ג⸗ḑג⸗צ

╚ᴆּה Ḫ ḮεҠ҅⸗ג⸗ḑј⸗ג ᶡ︠Ᵽײַ ᵘẓⱴἆῠֿכ εḪ♪Ғ-Ḙ-ֿכ-

ⱴַײ ḷ ᴿεѬ ᶴұѝ ⸗ Ԇᴺ ᾅ ῡῶὝӖ ἆҒᵜᵘἆῠΐז



ᾶ ᾶ

כֿ Ứ Ҟ

3

ÅᾉṶ16ҙχᾨά5Қιאᾨά6Қι ṷ5ҚψᴈṀ9Қι Ṁ4Қψ7Қ╤ᶹ ᴗ

Å 100ӎҚιԎѧᴈᶱוּ 20ӎҚוּ
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↔כּ Ѯү

ᶁḱ`֦ Ẉ Ḙᶡ Ệ

ᶂḲҸ ẉ ḙᶢ ệ
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▬ᴇ –֧ ẉᶢ ệ

ҙᵓ ֘

ҙ
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▬ᴇ Ṫ כּ ḙҺ҆תא
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É 1 ∆֛ σ  ӟἑ♩ᶪαҠӓⱴַײ ẘּז

É 2 ᾛӜ σ  ֪ ӓⱴα Ẻẩ Ḳᾮβצ

É 3 ᶡ︠ σ  ⸗₭צᾴḪ♪ῡצ‬ ᶡ︠εὝײַצח Ғᵜ ᵘᾇ♆

É 4  σ  ṆεїᵂẺẩַײ Ὀᾇ♆

Qσ Ẻẩῑᶹײַ╟ εѬӌ⸗ ỆָӬ◄ψ
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Qσ♪ҥ ҹεӮ⸗ҹ ‒ψψ

▒᷁ᾭ:ҙ ᴖᴶѕ ᶼӮ⸗ Ḫ.ᾚᾯ֦◌ ε2013 .

üת Ṟ ᵫѝ ▓ᾭ ҏ

ɖɖ ҹ═ҀΪ

ü ᶁ8.14ᶼӮ⸗ӓק 5000 ѓҙᴨָ

Ẽᵟε ᶁᾅẖṃԍј911҅ҬẉὝ

ü⅍ῑ҂⸗εћꜛṃ᷁ᾭ ҙ ỡởᶉ Ϊ
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Qσ⸗ג ᴦṜᴖײַ ψ

É1831Ẉε←Ἕ ᴦ♪҂⸗ ỖẓḦỄ

É1882Ẉε◄ ⱳᶇ ᶁ ῶẤ҂ ẙּב

∫ ⸗  

É1886Ẉε ṚԆᴺᴦṜҏ∫⸗ג

É1896ẈεṑҌוἝᶼ Ṵ₯⸗ ᴦ⸗ ָ20 ѲᶸַײṴ← ε ₈ҧḌᾙ ᾙᵘ◕ᾙ

ἝѬҥ ҏ∫∩ḡײַ ҂ҧ◄ ⱳѬҥ ε∩∫בּײַ ҏּב∫Ѳ҄ і ẅ

É21ћ εј100ʋ Ẉג⸗׀ ײַ Ẻּג₦ε♪ҥ⸗ג їҜᶇ ⸗⸗ᴘ

♆ה ᾛ ῑ҂ﬞײӣַײᶬ ε њᶇ⸗╟ῶở ở֪ ᾛ ѻῑ҂ểᶼᴩצ

ѲỢג⸗

2018Ẉѕᾰ



ᾶ ᾶ

1. ᾼҞ  ɆỠᶁ⸗ג ᴦṜײַ

10



ᾶ ᾶ

1. ᾼҞ  ɆỠᶁ⸗ג ᴦṜײַ

11



ᾶ ᾶ

1. ᾼҞ  Ɇ⸗ג ײַ ở

12

É ᴦ⸗ᴓג
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É ᴦ⸗ᴓג

ÉӾҳᴦ⸗ᴓ
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Qσ Ḅӌ֜︢ Ḙַײ ג⸗֦ Ḧѱψײַ

Å Ḙ‹ Ḧѱσײַ ᾴⱶּ҉גӏⱴּ҉גӗ ײַ Ẇ ở ֪ ᴿ ởַײεԎῑ◕Ḧה

ῑῡᾐӋεײַ њ ѥῑῡᾐӋᴠᾴḛҠṝַײΉᶼ ײַ ở ֪

Å ᴦ⸗ᴓѦַײᴦ⸗ῡ ᴘᵘ׳ ᴘᴩ⸗Ứ ⸗ ᴢ⸗גⱴỦ ởַײ⸗₭ѕּ҉ג ὓַײ

ᾐӋε Ѭ⸗ג ḛפἭ҂ⱳҒ ֪ ᵘ┌ Ԅײַ

G

T T M

Å  ֲở҇ ᾑsystemַײ
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ᶃ 2  ἅᶂᴿ ◊כּ  ᴧṝṝῺεᴅӈχқבּ׳ζᶃ 1  2020-2060 ẉ ◊╦ ‗ᴪק

Ữ
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⸗₭ṩѝַײᾩҥ ᾼσ ╟ ῶ ᶙεῶẤᾚᶙ⸗ג

ÅἫ Ṥ ѧᵙ Ԅּוỗᾰ῎ấ ᾯӌṵṕιḅῼḫאɒ2060ɓᴥ ‰

Åὸ ◊ דכᵙּק↔כּ Ӊ ι‗ấҧᾚק ╟ѬѭӋַײᾚᶙ⸗ג
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α1βҠ︢Ḧ ᵆї︢Ḧ

Å ớᵙט└ ₳ớ￼Ὰ ◊ᶈּכ◊ ‗ѧᴉ⅝Ὑ ᶭ ιּדכ ז⃰ ҡ

ҽ ￼Ɏ╟ ╟ɏᵇɎח ɏח҉ ᴪιҨώ״ẔḾј ḧớ￼ ד

2. ᴦṜ ג⸗Ɇᾚᶙ ם Ẻ ◕Ề ᴩ

ᴦ⸗
α Ḧ ᴴὔβ

⸗ ᴩ⸗ ⸗ ⱴ⸗
α ῡ їᴴὔ ᴴ ≡β

ẘ

⸗
₯⸗
–⸗

ᶼᶙᾚ ╟ᶡᶉẉ ᶼ ⁴ ⸗ ᶾ
α↓ח ᵘ ₃ β
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α2βҠᵂ₉ᴦ⸗ῡѭḿ ᵆὈ∫ᵷѭḿ

ÅּכּדכḒὭ╙ᵸῗᾺᶚּדכ ‪ớּדכᴪὭ￼ԋ ᶵιẍ┌Ẕּזᶈᴧ

עᴿѦזּ ᵂ₉ ῡֹּי◓Ᵽ◕ ѮṀ ᵇҙѬὔֹ ←ѭḿ

2. ᴦṜ ג⸗Ɇᾚᶙ ם Ẻ ◕Ề ᴩ
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α3βҠҼ ג⸗ ᵆ ╟҉

ÅӃ דכּ ￼ᾭḔקљΰ ק ᶚιᾺᶚּדכ Ṅ ᵇҨΰ כּ ѭ⁄Ọ

ᴵԜּו ◊ѭᶢ Ҋ ѭ Ṿιḫא ╟ ᾇ╒∆ֶⱴַײ ╟҉ ẻỗ

2. ᴦṜ ג⸗Ɇᾚᶙ ם Ẻ ◕Ề ᴩ
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Åּיɒ╟ ɓח ᴪѭɒ╟ דכɓῗᾺᶚּח҉ ￼Ѯ ⸗ềѳ

Åώ ◊ ╜ ẙι ώ״ ꞌιזַּ◊ Ẕᶽ ₩Ὰ ◊╦ ∂

ג⸗ ╟ ≡ -- כֿ ᾼ 3.1 ’Ӕ

⸗ Ҽ ╟

Ӿҳ ᾚ ╟

ᴦ⸗әӳ

╟ σח
⸗╟҉ ᴂ

⸗╟

ҏ∫ ⸗

ҏּב∫═ᴿ ⸗

∫בּ ⸗

σFACTSח
∟ ∫τח

ҷצ

⸗ әӳ

⸗ ῾

ẁ

ṩѝ

῀

֪ṴẩỈ⸗

 

ⱴỦәӳ

╟ ח

AGC ֦ו
ג ẓὗᾜגּ

ח

ẇ ֿṣ
ᶩ ᵟẓὗᾜ

σᶼח╟ ⁴ᴴԛⱳ ╟ ₃ ἀחτ 
ӭѬᴴ ẘ ╟ᵟẓ ₃ ╟

╟ σח ᴩצἀח⸗╟ῑג֦הτҼ  
AGC ὔֹῡ ᵟẓג֦ ᴩצ
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ÅᾺ ꞌו◊ ╜Ὕᶢ҈ᴖᴶᾎὊ

Ḫᾩר≡Ӡ ᴣ₭ ἒ ᶺ◊ᾭ

Ὧι ᾭḙấ₩ἆ ᵸḙѽ │ι

Ḿ῾‎ ḧῊ ԓ ⸗ Ӿҳ ᾚ

╟ᴧּוכꞌ ╜￼

ᾚ ♆ה╟ ≡ 3.1 ’Ӕ

Å ╜⁭‟ ᾭὯṖι₩ᶚṖιᶋ

῟ṖᵙẔּזṖᵹᶼṕ ιᾟ ꞌו

╜ᶈḫ ᶋ῟ѧ￼ᶺ‾קẔּז
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Ӿҳה♆Ẽᵟᵻ

Ӿҳה♆ ≡ 3.1 ’Ӕ

◓Ᵽᾛ←ἆῠ

ҽ

ѧ￼
ẽᵠ
ᵼ

ⱡᵼ

ᶫᵼע

ᶊתᵼ

ᶿ ӈ

҉

ᶊ ⱢẶẙ

╤ὃ ẙ

ᶿ ӈ

ᶊ ⱢẶẙ

ᶊתӈ

ӿҴ ҭ ᴧּוכꞌ
ӿּכ Ὥ

ѧ￼
ẽᵠᵼ

ᾦꞌᵼ

ᾦ
ꞌ
ᵼ

ҭ
□
ẙ

ṋ

כּ ᵼ

ҭ
Ά
ᵇ

ҭ
ӫ

ҭ
 
ᾳ

Қѭᵼ

Ẩ
ӿ

ᶵ
ἴ
ꞌ

¶ θ Ɫẙ
¶ □ẙ
¶ ᴙẶ
¶ ɚɚ 

῾‎NWP
ᾭὯ

ӿҴ
כּ ӡỤ

¶ ӿҴּכ
ᶊתӡỤ

¶ ӿҴ ҭ
Ḡ

¶ ӿҴ ҭ
ᴠᾭ

¶ ɚɚ 

ᶿ ӈ
₩ᶚ

ӿҴּכ−―
ῶᾦ Ɫẙ

ӿҴּכ−―
ε҇‖ ζ₩ᶚ

ᴪᵸ
ᾦꞌ₩ᶚ

ӿҴּכ
ꞌו ╜Ӫ

¶ ӿҴ ҭ ẙ
¶ ӫᾴ
¶ Ḡ ΆẪ
¶ ɚɚ 

¶ ӿҴּכ−ᴠᾭ
¶ ῳᶽ ꞌו֧
¶ ɚɚ 

Ὣ᷂ק ¶ ᾭ
¶ ᷂ Ὣ᷂
¶ ṋᶜ ὢ
¶ ɚɚ 
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Ӿҳה♆ כֿ≡ Ѧּ҇תῙ ≡ᵘ Ῑתּ ≡εַ֪ᾀ ᾤ׀јᾤԒ ẘ

Ӿҳה♆ ≡ 3.1 ’Ӕ

72h
15min

4h
5min
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♆הῙӾҳתּ ≡ 3.1 ’Ӕ

№ ⅞№

ῖ Ԑ ῖ ῖ

GRU Ԑ GRU GRU

ᾣᴟⱳ

Å ῼӿҴוꞌ ╜￼ԋ ᶈ҈Ὢ

ḧῊ ᶀԓӾҳה♆◕ ᵙ↔

ᵼ ח￼ ᾩ Ԋגּ

Åאῶ₩ᶚᶈ⸗ề Ὅ ק┌ ד

‾ ᶶ ẙ Ά ḕᶈ ḧṕ ớ

ḅӍԑ ⁴ᶙ ẓ ᵘ ẘ

≡₯ẇιấ ῶᾦ￼ ῼӿҴ ╜

Ἡ ιῗ ѦӪệ▄Ԅ ￼
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♆הῙӾҳתּ ≡ 3.1 ’Ӕ

Conv-LSTM

Ƙ XBGoost ӥ

ƙ ֢ ᴮ

ƚ ᴍ

Conv3D

Conv3D

Conv3D

Image(T-2)

Image(T-1)

Image(T)

Image(T+1)

Image(T+2)

Image(T+3)

ἥ

Conv-LSTM Ґ҅ ╔ ἥ

Conv-LSTM

Conv-LSTM

Ԝ

ẅ

ᾩᴥ
₴

ꜗ

ԍ Ԑ ConvLSTM Ԑ ԍXGBoost

ԓ Ԝ ᾩᴥꜗ ᵩ

Åᶈ‖ṇ￼Ὴ ṑẙԓι҈ṕỒ ᴩצῗẬ ӿҴוꞌׅ♥└ט￼Ѯ ᴝᵼ

Åאῶ ῼӿҴ ╜ ♯҈ᶡ҇҈ᶂᵘḪᾩᾎὊ←ιҡњּז ᶵі ệ҉ᶃӵӡỤι

ᵀ▄ẙḙѽ₩ᶚ֫‘҉ᵽ֫ṵḾ῾‎ Ɫẙ￼ẽᵠ
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⸗ ≡ 3.1 ’Ӕ

ᴿ ╟

ṳᶊג⸗

5G
ᾚԋ

Ҽ

⸗ Ӿҳ
ᴴԛⱳ ╟

℗ח⸗ ӳ
ѭח

Ẍѱ

Ẽᵟ

ὓԃ

ὓԃ

ὓԃ

ὓԃ

֫ṵẪӿҴ כּ
□ẙ ҉

ň
 

ӿⱢẶẙ

Ѯט

Ṵᶋᵼ

ň
 

∂ӚᵠẔ

∩טכּ

֧ ₩Ẫ

ň
 

Үכּ

ň
 

ҽ כּזּ ᶵ

Ӭῄ

ň
 
↔

ң

ň
 

ň
 

♇ẍѲ

כּ ỞẍѲ

ẍѲ Ύ

Å ῀לּ ⸗ ג⸗ᴦṜεײַ ײַ ᾣ ὓⱴ⸗ ᶴεᴠ ὓ҂ѭח ֪Ṵ

ẩ⸗╟ ᶴεӓ ᾣῑɎ ɏ◕ εᴠῑɎ⸗╟ɏ◕ ε ѬẌѱ
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ᴢᶹӹ ◕ỀַײⱴỦ ᾩ ֪Ṵ ≡ 3.1 ’Ӕ

ᴿ Ҽ ≡ ∫בּ ≡ҧᴢ  ≡

Ẃ ╜εṗ↓ּזἋ+ᶽּזἋζ ╙ εּטכ∩ ζ ╜

ⱴỦᾩ Ẑ֮◕ Ѧײַ Ῑⱴ⸗ ײַ ≡ Ὼ

ᵀ ᶺӺᾺᶚ љẂ ￼ ᵀᴬז⸗ớιὟⱢᴿӗּכᴅӺ ἄ֫ת ╜

‪ớ ╜

Ὴ ֫ṵ ╜

╙ ‪ớẂ

Ὰᶚּדכ
Ὴ

ẙ ẙ
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ⱴỦᾩẐ┌ ◕ Ѧײַ ῙẌѱ ≡ 3.1 ’Ӕ

ᴣᶺӺ ⸗ề￼ּזἋ Ὴ ֫ṵ ╜
Ҡⱴ⸗ה♆αі βᵘᴦ⸗ה♆αѕ βѢѥ ẘ

ᴣᶺӺּזἋ⸗ề￼ּזἋ Ὴ ֫ṵ ╜ ᴣּזἋ-ӿҴ╦ ⸗ớ￼ẍѲ Ὴ ֫ṵ ╜

ⱴỦᾩẐ┌ ◕ Ѧײַ ῙẌѱ ײַ ≡ Ὼ

ᶢ҈ᶽᾭὯ￼ּכּז ╜₩ᶚ ᶢ҈ᶺ ᵼ ￼ӿҴᴧּכ ╜₩ᶚ ╦ ⸗ớ

ẍѲ Ὴ ֫ṵ ╜

ᴧּוכꞌ ꞌוכּזּ

ẍѲ

Ὴ

ẑ
֯
⸗
ớ

ѧ

ῼ

╜
╙ᴥᵇ╙ט
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3.1
’Ӕ ג⸗: ╟ ≡

3.3
’Ӕє ג⸗: ẘ

3.2
’Ӕ҆ ג⸗: ֭

3.4
’Ӕᵹ ג⸗: Ḧ֪ῷC

o
n

te
n
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.

אָ
Ẹ
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ÅқѰᾴ⸗ג ֭ψ

ג⸗ ֭σ⁭ 3.2 ’Ӕ҆

üᶡ҇ Ῑ ≡ ╟ᾅ ᴢἆῠ Ῠεḽ⸗ג ΊΎַײ⸗╟ ᶌḦḲ ῶ

ẤᴢỴṜ ꜝ ҷצ

֭ ᶙ ᾩ Ṑẘ Ḫ ẓⱴ’Ӕ

Ῑ ֭ 10-30ẉ ◊כּ ᶍ Ѯ ‟ ‗

ѦῙ ֭ 5-10ẉ ᴪּכ Ἓḳ ᶟת Ἓṝ

Ῑתּ ֭ 1-5ẉ ֫ṵẪּכ◊ὶԄΆ⁮

≢ḟԄ
אָ

 



ᾶ ᾶ 36

Åᶡ҇ᾚᶙ⸗ג ╟- ◕ײַח҉ ε ᴿ ḟԄ- ≢- -╟εῶẤ אָ -

-ӳᴂᵂַג⸗ײ ֭⁴ᶙ

ג⸗ ֭σ╟ ӳᴂᵂ ֭ 3.2 ’Ӕ҆

╟

ӳ
/
/ /
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ג⸗ ֭σᴤṕҷ⁴צᶙ 3.2 ’Ӕ҆

Å ѕṕ⁴ᶙσ ֭ṕ

ḧּכ ấ◊כּ/ Ά⁮ε֘ ᴪ χ Ἦ   ᶚ/ḳ ζι

∂Ἦ ἄ ῳṇ

Å іṕ⁴ᶙσ ṕ

ᶈ ḧ ֮Ά⁮їҸק ε֘ ᴪ χ  ד֧ ╙֫ṵζι

∂ ἄ ῳṇιẊṄ ừ֙εḅ ᶩ Ẩ ζᴦ іṖ

↔ ῇ(DGɻ ɻ ᴍɻ

)

ҏ ↔ Е

ᴌЕ ɻ

↔ Ѓ Є

Ґ ↔ Е

ᴌЕ Ὴ ɻӀ꜠

₴ ↔

Å ᴤṕҷ⁴צᶙַ֪ ῙἋ ֗ ᵘּתῙ ⁴ἨεҠ

ᴂ Ἃ ở῞ј ở῞ַײԄⱳᵗᵔῙ῏ҷ
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3.2 ’Ӕ҆

Å לּ ₦Ӕ֪ṴẩӾҳַײὓԃε ⸗ Ғⱳᴤᵆ ∫ ỨҧᾚᶙӖ ⸗ јҼ ⸗

ε₦גּ ᵂᾩ ֪ṴẩӾҳ ӳ ј ◕ εὝᴧԏᶙᶊᾼεҧ ↕ԃַײᴤᵆ

῏ᶼה♆ΎӏѬᾚᶙӖ ⸗ ֭  ᾚᶙἷײַ

כֿ ᾼ

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭

Ҽ ⸗ σ

ҨѦ Ῑ῏ᶼ

≡Ӑѭ

כּ ֮

￼

Ὕ‰

ᾚᶙӖ ⸗ σ

╙Άᵇּיҽ

￼ᴅᵇ╙טᴪѭ

҃ᴥᵇ╙טιּי

℅ώ֧ᴫ֪וṴ

ẩӾҳ￼ כּ

ẍѲ ᶋ῟

јӾ
ҳַײ
ᴫו
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3.2 ’Ӕ҆

Å Ὰᶚ כּ ᶈ◊ Ӵᶎԏᶵ♄╗ᶺᴪ￼Ѯט ת ιצּ ҡᴂᵂҷצ￼ ẙ כּ

֮ ιẊԒ כּ ￼₇ẁ- -ӟẔ ꜛỗιҨḫאјᵃꜛỗї כּ ◊￼ῳҸזַּק

їᵂַײⱴỦ ᶙ

јᵃּזἋ ᶚ
￼Ṯầזּק

їᵂַײ╟ ӳ ₦Ӕ

ᴩ↔ Ṥ Ὴⅎẽ
ᵠ￼Ṯầד֧ק⸗ớ

їᵂַײ ◦

Ӡӗּכ ￼ᾡᴪ

כֿ ᾼ

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭
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3.2 ’Ӕ҆

α1β ⸗ ԏᶙᶊᾼɇɇ ӾҳᾎὊ

ÅҨḛѾ•ᶊתᾠ ￼ᾭὯѭӕι ԅẉ365ᶾ￼ ᾭὯᵙӿҴ֧דᾭὯι KᶎӪ ￼Ά│֫

ָệֹ5 Ԑᶚ Ύ љӿҴ֧דΎ ιҨᴣᴿΎ ￼₦ꞌιԜḾјᵃ↨Ẉ￼ Ύ љӿҴ֧ד

Ύ Ә₭ᶈῊ ẑ֯їᴿ ‾♇ ιҨ℅‎ệֹזꞌᴬו ᵅ￼Ԑᶚᶋ῟

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭

Ԅ
Ẉ
3
6
5
ᶽ

ᴢ
Ӿ
ҳ
ᾎ
Ὂ

Ὼ
ᴢ
⁭
♆

K-means

їᵂ ₯ẇᴢӾҳ֦ג₯ẇᴫו
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3.2 ’Ӕ҆

α1β ⸗ ԏᶙᶊᾼɇɇ₇ẁ◦

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭

Å Ẹׁ҈יּ כּ ѧ֫ṵẪּכӴ ￼ὶԄṌᶴ҈ ℓ ⅎιѭ ╜ᴩӴ ẽᵠᵅԐᶚᶋ῟￼ᴪקι ᵀ

ἄ љӴכּזἋּזּ Ӽᾣּכ ѭιấ כּ ⃰Ẃꜛỗ֫ṵẪӴ Ӽᾣּכ צּ ╜₩ᶚιּי ╜

‛Ḿ ֪Ṵẩ⸗ӳ ᵄַײԏᶙᶊᾼ ֫‘

24 24

,load_pure ,load_pure ,ch ,dis

1 1

min (max( ,0) min( ,0) ) ( ( ) ( ))t t t up t t

t t

F P Ce P C Sgn P Sgn Pw
= =

= Ö + Ö + Ö +ä äָא ֨ᾎ

ӳ ӻᾄ⸗
Ῠ

,load_pure ,load ,ch PV ,dist t t tP P P P P= + - -

,ch max,ch

,dis max,dis

,ch ,dis

0

0

( ) ( ) 1

t

t

t t

P P

P P

Sgn P Sgn P

ë¢ ¢
î
¢ ¢ì

î
+ ¢í

min maxtE E E¢ ¢
ẇ♆ה
Ῠ

Ḳ
Ῠ

їᵂ ᵘӾҳ ᶙіӳ ӻᾄ⸗ ꜝḽ₦

é
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3.2 ’Ӕ҆

α1β ⸗ ԏᶙᶊᾼɇɇ₇ẁ◦

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭

Å ᶈ⃰Ẃꜛỗїιᴬ5ז Ύ љӿҴ֧דΎ ιẻἄ25 Ὴ ẑ֯ї￼ẍѲ Ύ ιẊ

ҽ Ṥ Ṯ10% 20% 30%⅝ӕ￼Ӵ ιώᴨјᵃ ⅝ӕї￼ῳᶽї ꞌљіו ꞌו

Ί ӳ 10%ӳ 20%ӳ 30%ӳ
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3.2 ’Ӕ҆

α1β ⸗ ԏᶙᶊᾼɇɇ -ḗ ◦

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭

Å ᶈ ỚꜛỗїιѮ ᵇ ӗּוכꞌᴩ ιѭ◑ Ớꜛỗї￼ ∂ι ḾԐᶚᶋ῟ ֫‘ Ớ

ꜛỗѮ ї ꞌљ⃰Ẃꜛỗו ⅝Һῶ ḧ֟׀ιἍҨᴱ ῳᶽі ꞌו Ḙ ꜛỗӠӗּכ

љ⃰Ẃꜛỗ ⅝Һῶ ḧ ẙ￼֟׀ιћּ҈יẻἄḘ ιἍҨј ῳᶽї ꞌљӿҴіו

10%ӳ 20%ӳ 30%ӳ
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3.2 ’Ӕ҆

α1β ⸗ ԏᶙᶊᾼɇɇẌѱ ὓԃ◕

Åᶈּדכ ѧιּ҈י ḧ￼ ∂ἆṀ ҽ כּ ￼ ῶד ιΰ ӗ כּ ￼ấ ᶢ҈Ԑ

ᶚᶋ῟￼ᾟ ꞌו ​Ҩᴣ јᵃּזἋ ᶚ￼ẍѲ ὶԄ⸗ớεјᵃӿҴ▒ ꞌїζ

ӿҴ￼ὶԄḾᾡᴪ҃Ṫўᵙᵬў ￼ῳᶽ ᴣῊ־ιḾṗ↓ ≡ῶẽᵠ ᶢ҈Ԑᶚᶋ῟￼

​ᴣ⸗ớι јᵃ ꜛỗιẻἄᶺꜛỗṮầק￼ ᵀΰ ӗ כּ ấ Ά⁮

ҙ ҙ

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭
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כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭ 3.2 ’Ӕ҆

ѕṕ⁴ᶙ

line DG bessF C C C= + +

DG

DG
PV WG Lmax

PV,j PV,j,max

WG,k WG,k,max

0

0

,

,

PV

WG

S S P

S S j

k BP

B

S

sS S S
ë + ¢
î
¢ ¢ì

î Í¢

Í

¢í

іṕ⁴ᶙ

1

1 line DG loss bess gridf f f f f f= + + + +

2

2 21 21 22 22 23 23f f f fw w w= Ö + Ö + Ö

arg arg

, , , , , , ,

DG bess bess load

disch e ch e

grid t DG k t n t n t L i t loss

k n n i

P P P P P PS
ÍW ÍW ÍW ÍW

+ + = + +ä ä ä ä

arg

,max , , ,max , ,(1 %)
DG bess load

disch e

grid DG k t n L i t

k n i

P P P L P
ÍW ÍW ÍW

+ + ² +ä ä ä

f21 f22 f23ָ֫ѭ⃰
Ẃꜛỗ ỚꜛỗᵙḘ
ꜛỗ Ҹק₩ᶚ￼
‰ ֩ ᾭ ι ‫

‫ ɹ‫ ΰ

ҷצᴩ χᾺ
ấ ᴺ
ᾺấDG ♇
ᵀ ᾺấӴ
♇ ᵀéé

ҷצᴩ σӴ Ӽᾣ
ꞌוכּ ꞌééו

, , ,max0 BESS i BESS iS S¢ ¢

,max

,max

arg arg arg arg

, , ,

arg arg arg arg

, , ,

arg arg

, ,

,min ,max

charge 

,min

discharge

in

,

 

,m

, ,

, ,

0 1

i

i

ch e ch e ch e ch e

i t i t i t

disch e disch e disch e disch e

i t i t i t

ch e disch e

i t i t

s

i

i

bes bess bess

i i t i

x P x P i t

x P x P i t

x x

E E E

P

P

¢ ¢ " "

¢ ¢ " "

¢ + ¢

¢ ¢

,

DG load

DG i j

i B j

S k L
Í ÍW

¢ Öä ä

DG , , ,max

, , ,max

0

0

PV j PV j

WG k WG k

P P

P P

¢ ¢

¢ ¢

֭ở῞χ
ấ ἄ 

DGḠ ἄ 
Ӵ Ḡ ἄ 

ở῞σץὐ
ἴ זּ DG

ἴ זּ Ὣ
זּ ᵇі כּ ￼

 ἄכּ

arg arg

, , ,

arg

,max ,max , , 1 2 , ,

1 2

Ĕ{ %[ ( ) ]}

0, 0

bess bess

bess DG DG

disch e ch e

grid t n t n t loss

n n

disch e

grid n DG k t t t DG k t

n k k

t t

P P P P

P P L P Pl l

l l

S

ÍW ÍW

ÍW ÍW ÍW

ë + - - ¢
î
î

+ - + +ì
î
î ² ²
í

ä ä

ä ä ä

DG֧ד￼ј ḧ
ớι זּ ₈ҸקΆ│ι

Ἶ⁪ΌῄḾӱᴪὭ
ṄіẪ ὭѭїẪ

α2β╟ ӳᴂᵂַײѭח ⸗ ֭⁴ᶙ
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3.2 ’Ӕ҆

---------------LGJ-120

ŀŀŀŀŀLGJ-35

---------------LGJ-120

ŀŀŀŀŀLGJ-35

Ὼḽ₦

Ҽ ֭ᾛ←

ј ֫ṵẪּכ◊ᵙӴ ιᴱ ᴅ

ꜛỗ￼ ֮

55198 59331

80.58% 12.8%

α3β ῾ ֭ Ὼ

33 ♇ כּ
ӕ

╟ ӳɏᴂᵂ ֭ᾛ←

◊ Ӵᴃᵃ￼Ѯט כּ ֮Ά│ι ֫ṵ

Ẫּכ◊ᵙӴ ὶԄι ᶺꜛỗ ￼ ֮

Å ᴱ ᴅ ꜛỗ￼ҽ ֮Ά│Ἦ

ἄ  ӉιӇᶈ Ớ Ḙ ꜛỗї

ḧớ Ṯψ

Å ᶺꜛỗ￼ɒ◊ Ӵɒᴃᵃ כּ

֮Ά│ᶈḠԅớ ῼᾠ Ά ԏῶ῭

ᶽҸמ

҂
֪Ṵẩ
⸗╟ᵘ
ӳ ὓ
ԃᵄε
῾ᴦ

ⱳᾂᴩ

כֿ ’Ӕσ ᶹ◦ ╟ײַ ӳᴂᵂ ֭
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ÅқѰᾴ⸗ג ẘψ

ג⸗ ẘσ⁭ 3.3 ’Ӕє

ừ₡ ⱳ∟₦ᵵ Ḫ ẓⱴ’Ӕ

ᴦ⸗ῡ֦ג ≤ᴔɒכּ ɓ ▄/ ╚ ᵘҧ♀ּכᴔ2֫ ԓᶭ֧֟ד

֫ ѪῊԋ ԋ כּזּ ӯ15֫ Ӡװ ӗּכ

ⱴӳ ḪɓᶪכɒӼּזּ Ṥ׀ Ӊ Ӽּכι Ṥᾣּכ

ᾚ ╟ᾩҥַײ ẘἹỢɇɇ ⸗/Ӿҳᴦ⸗Ɏּזᶽᴽ ɏַײї︢Ḧ

Å ҉הּ  χṄ ḹӎ כּ ֹѠ ε⸗ ᴙּכ ζ

Å  ҙṩ῀ χּזΰ │ώ״ ӿ֧ד ╜ ẙε Ṯω10%ζ

Å  ⱴӳ χַּזӴ Ӽᾣּכḫכּא ᶈῊ і￼Ẉ ιồ ẈἬ└ט

Å  ₱ᵟẓχ טכּ / Ӛ ◊ιᴠљѮט

ᶇ╤ ḟԄ Ῠַ׀ײὝіε ҷצῡ ֪♪εḪג֦ Ṇᾩ Ӗג⸗ײַ ẇ



ᾶ ᾶ 49

ג⸗ ẘσҷצ 3.3 ’Ӕє

Å⸗ג ײַ ẘσ῞ ѕᾴ ѥᴿⱣֶⱴ ᴴ צҷײַ╟

₉ –ịὺӏ

ᾎὊ ᾠ ╜ Ὰ ◊ ╜ ὂἓ   ᴠᾭ

⁴ᶙẤ ḧѲ֘ ᴪ ε  ד֧ ᵏӯꜛỗ ᾯɚζ

ᾎ֨ אָ Ḧ ῳṇקỞ ἄ  ῳṇ ὴɚ

Ῠ Ẫ ​εוꞌẈ ζ ј Ẫ ​ε  ד֧ ᶀ ⱪᶖ ꞌζ

ᾎḘ₱ ᵀᾯᾭ█זּ ֮εMIPζἆ ớ ֮εLPζ∂

ḟԄ‏– ḾN-1ᾥ ᶋ῟ ╙

ἷҦ ֦  ἄוּ ᵀ ד֧ ֮Ύ
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ג⸗ ẘσᶹᾩ Ṑẘ 3.3 ’Ӕє

ᾩ Ṑẘ –ịҮז ֗ ᴩ

ᾤ׀ ẘ ֺḧ24ṇῊᴧּכ ֮   ᵏӯꜛỗ ẙ֧ד

ᾤԒ ẘ
Ӣ⃰ט● ֮
ε15min~1h ζ

  Ὕҧ ᶵּזḳ ֫

Ḫᾩ ẘ
ίֺ

εAGC/SCADAζ
ίֺӡᴺכᴧּט ֬

ÅѬ҂ẓḽ╟ ї︢Ḧײַ ε ẁ ⱴᶹᾩ Ṑẘ ꜝ Ɏᶹ ᴂ ɏַײ ẘ

╠

ᴨ

ⱳ

╠

ᾣᴟ₮ⱬ

╠

Ữ

╠

⅞ ῤ

ꜚ
ᴨ

ⱳ

ῤ

ᾣᴟ₮ⱬ

ῤ

Ữ

ᴨ

ŀ

n n+1

1 2 3 24

ῤ

⅞

15№

ü ẘַײ–ịָא  

Å  ᴴ Ӗ⸗σ◑ ∂ι◑ Ḡԅ ​

Å  ≢ ᾇσ Ӊ ἄ ι֟Ṉ Ὣ

Å  ӈ σ ╦ ▐┼ ◊ι֟Ṉ∕…ᵙ ὴᾣ
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כֿ ’Ӕσ ᶹ◦ ײַ ҷצ ẘ 3.3 ’Ӕє

Å ᶇїᵂ ◦ іַײ ẘָא їᵂεᵻ₈ ᶹ◦ צҷײַ ẘ

◦
כּ ӗּוכꞌᴩ ӗדכּ

јẔ∂εҡѮ ᴨוꞌᴩ ζ

₇ẁ◦
כּ ӗּוזꞌẈ ӗּוכꞌ

јᴩ

ḗ ◦
כּ Ѯ ꜠ εѮ
ᵇ כּ ӗּוכꞌѭ0ζ

ὔָֹא 
ҨּזἋ￼ּכ ἄ ῳṇѭ ‰ι

ίּכּז ѭӠ כּ
ᶵַּזꞌώ Ṥᶪ׀ ιώ
ӗּכּזּכ ╝ớ

ὔָֹא 
Ҩ Ớꜛỗ ӗּוכꞌῳ
ᶽѭ ‰ιӠ ￼Ḡԅ
ᴵ ιҡ Ӊּי Ớꜛỗ

כּ Ṿ‎￼Ὣ᷂

ὔָֹא 
ҨḘ ꜛỗ ӗּכ ῳᶽ
ᵙ Ύ Ẉ ẙῳҸѭ ‰ι
ᶈּכ ѷ￼ừ֙їӠ ⁄Ọ
￼Ḡԅᴵ

⸗ їᵂ◦ іַײ ὔָֹא 

⸗ їᵂ◦ ◕ײַ
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כֿ ’Ӕσ ᶹ◦ ײַ ҷצ ẘ 3.3 ’Ӕє

₇ẁ◦ ҷ⁴צᶙ

כἋּזᾎχּ֨ אָ ἄ ῳṇ

ῨῪҬ

üוꞌẈ ​
ü‪ớ ᵠẔ ​
üӴ ​
ü ꞌ ​
üéé

24

1

, , ,

, , ,

min

, 0

, 0

t

t

ex t toload t ex t

t

ex t togrid t ex t

C C

P C P
C

P C P

=

=

Ö ²ëî
=ì

Ö <îí

ä

ҷצᵄҷ׀צ

Å ₱ᵟẓᶬᶼ ᶇᶺ ε֞Ṇג֦ײַ ᶇִיᶽַג֦ײεҠ ֞Ṇ ṣײַ ṭεὝ ⱴ⸗ַײ ≢
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כֿ ’Ӕσ ᶹ◦ ײַ ҷצ ẘ 3.3 ’Ӕє
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כֿ ’Ӕσ ᶹ◦ ײַ ҷצ ẘ 3.3 ’Ӕє
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ḄӌḪ♪ᾚᶙ⸗ג ᾇḟԄ Ḧ ψ

Å Ὰᶚּדכ ῟їιּדכ ᵒא ₦Ӕᴴԛⱳ ╟ᵙ ₦Ӕ⸗ג⸗ḑ ᶴ￼ᴥ ⸗ớι

ự ṇ ᾟ ẶẙјᾸ֟ṇιּדכ ḟԄ Ḧ ῄ ֧

┼ԃֿכ ᾚ ╟ᴦ⸗ ᶇᾚᶙ⸗ג ᾼіַײ Ḧ ј ἆῠ!

1 2011 4 702

2 2016 9 50

3 2019 8 100

4 2020 8 40  

5 2023 8 25

6 2024 2 ɹ 140

כֿ ᾼσᾚᶙ⸗ג ▄ᶇᴍῡ 3.4 ’Ӕᵹ
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ג⸗ Ḧ Ḧѱ 3.4 ’Ӕᵹ

ḽỈ֪ᾛ Ὓ Ḙגחײַ
()

()
d

d

x t
f x t

t
è ø= ê ú
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mg

N

mg

ÅP.Kundur ג⸗ Ḧјὔֹ Ԋ҇ Ḧ Ḧѱײַ

üPower systemstability may be broadly defined as that property of a

power system that enables it to remain in a state of operating

equilibrium under normal operating conditions and to gain an

acceptablestateof equilibrium after being subjectedto a disturbance.

Å⸗ג ḟԄ ḦḿְGB 38755 -2019

ü⸗ג ᴨָἀחᵄӟἵ Ḧ ײַ ג
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Å 2004ẉιIEEEṪӐ ￼ɒּדכ ḧớḧѲљ֫ ɓἵᵓҡѕѦ Ṅ ḧớὟ

Ɫ ᴪ ֫ѭ3ѦѮ ֫ᾟχ ḑ ה/ Ḧ ⸗ᴘ Ḧ ᵘ ♆ Ḧ ι⅛

ѦѮ ֫ᾟԜὟⱢἣטᶽṇᵙῊ ẙԜ ֫

ג⸗ Ḧ ֪ 3.4 ’Ӕᵹ
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ÅẊ ᴪ╙ᵸίֺ֫ѭ ᶙα⸗∫╟ᶸ◕ βᵙ ῶ ᶙα⸗ᴘ╟ᶸ◕ β

-- --

/ῶ ὔֹḽ₦ 3.4 ’Ӕᵹ
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ῶ ẓⱴᴢᵂ₉ῡֹ 3.4 ’Ӕᵹ

ᾚᶙ⸗ג Ѧῶ ᶙᴩ∫ᵷὝӖ ᾀ

Å ᴪ╙ᵸ ίֺἄᴨὔ⸗ᴘ╟ψ ♆ה֦ כּ‾ ᵃℓאᴙ‎ḫכּ

Å Ҩ Ὁᵃℓᴧּכ ίֺѭӕι‗ ᶚᴪ╙ᵸ₩Ὁᵃℓ ￼ᵃℓ ֺḫאᴪ╙ᵸљּכ ᵃℓ
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ÅḴ χ ꞌ 2~1kHzι ҈ҽ דכּ ⅎ ᶀ῭ẍ

ÅḴ   іῗṆӠᴹ Ḧ

ḳ  -- ṆӠᴹ Ḧ 3.4 ’Ӕᵹ

Ԑ ĺ
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ĺұ
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8.9 Ả Ԋ
Ҭ ҉
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1Hz 10Hz 100Hz 1kHz

ῶ ᶙᴩ∫ᵷᶇẳ⸗
іẉ ⸗ᴘḔᶇ



ᾶ ᾶ 62

Ḧ ֵὊ 3.4 ’Ӕᵹ

\ [\ left}}{{{

Å ṄẊ ֮֫ѭ╟/ ḑ ιַּזἊ ᴇ/ ḧת זιַּק ￼ ḧớֶὯֶḧ

ḧớ

Å Ṓ◊/ ṒẄӪҐ♇ḾẔ ӈ Ԅ Ṓתᶟι ḕᶈ

\ [\ left\ { \begin{array}{l}
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Ἅ ײַ Ḧ ᶬẵ 3.4 ’Ӕᵹ

\ [\ left}}{{{

Å Ṅ ἰ ӈԅⅎ ֺᶈ⃰ Ṓ ᶀιӠ ṇӡᴺ ḧ

Å ḫא ἰẄӪ/ ӈ χ ίֺᴠᾭ ᾡᴪίֺ ‗

ԃו Ἠ Ἅ

ᴿⱣ ᴟᾎᴢὔֹ ῶ ἍεḪ♪ḳ ₡ṆӠᴹ Ḧ

\ [\ left}}{{{

/ὔֹᴟᾎ


