
ȴɗɔɇɋɓɓɔɗɘɎ Ɏ ɕɖɋɎɒəɟɋɗɘɈɆ 
ɈɗɋɖɋɌɎɒɓɔɉɔ
ɒɔɊɋɑɎɖɔɈɆɓɎɥ ɖɋɌɎɒɔɈ ɖɆɇɔɘɡ 
ɚɔɘɔɣɑɋɐɘɖɎɝɋɗɐɎɛ əɗɘɆɓɔɈɔɐ Ɉ ɗɔɗɘɆɈɋ
ɣɑɋɐɘɖɔɣɓɋɖɉɋɘɎɝɋɗɐɎɛ ɗɎɗɘɋɒ

ȪɔɐɑɆɊɝɎɐ: ȶəɊɓɎɐ ȨɑɆɊɎɒɎɖ ȫɈɉɋɓɢɋɈɎɝ 

ɆɗɗɎɗɘɋɓɘ ȴɃɃ, ȳȮȱ çȲɔɊɋɑɎɖɔɈɆɓɎɋ ɃɃȷè ȮȾɃ

ȴɖɉɆɓɎɍɆɜɎɥ: ȸɔɒɗɐɎɏ ɕɔɑɎɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ

ȳɆəɝɓɡɏ ɖəɐɔɈɔɊɎɘɋɑɢ: ȷəɈɔɖɔɈ Ȧɑɋɐɗɋɏ ȦɑɋɐɗɆɓɊɖɔɈɎɝ

ɐ.ɘ.ɓ., Ɋɔɜɋɓɘ ȴɃɃ, ȳȮȱ çȲɔɊɋɑɎɖɔɈɆɓɎɋ ɃɃȷè ȮȾɃ ȸȵȹ
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ȹȶɂȶ[Ȩȧɗ]

2021Ɉ. 2022Ɉ.

1,96 2,12

ȧɂȶ[Ȩȧɗ]

2021Ɉ. 2022Ɉ.

2,04 2,3

ȹȶɂȶ[Ȩȧɗ]

2021Ɉ. 2022Ɉ.

942 1067

ȧɂȶ[Ȩȧɗ]

2021Ɉ. 2022Ɉ.

845 906

ȷɘɆɘɎɗɘɎɐɆɕɔɈɓɋɊɖɋɓɎɤɈɋɘɖɥɓɡɛɣɑɋɐɘɖɔɗɘɆɓɜɎɏ
(ȨɃȷ)ɎɚɔɘɔɣɑɋɐɘɖɎɝɋɗɐɎɛəɗɘɆɓɔɈɔɐ(ȺɃȹ),ɐɔɘɔɖɡɋ
ɕɖɎɔɇɠɋɊɎɓɋɓɎɋn-ɐɔɑɎɝɋɗɘɈɆɔɇɠɋɐɘɔɈɔɇɖɆɍəɤɘ
ɚɔɘɔɣɑɋɐɘɖɎɝɋɗɐɎɋɗɔɑɓɋɝɓɡɋɣɑɋɐɘɖɔɗɘɆɓɜɎɎ
(ȺȷɃȷ):

ɈɒɎɖɋ[2]ɈȶɔɗɗɎɎ [1]

[1 ] ȵɔɊɆɓɓɡɒȷȴȫɃȷ

[2 ] RENEWABLES 2022 GLOBAL STATUS REPORT

ȹɗɘɆɓɔɈɑɋɓɓɆɥ ɒɔɟɓɔɗɘɢ ȺȷɃȷ ɓɆ ɐɔɓɋɜ 2021 

ȷɖɋɊɓɥɥ ɒɎɖɔɈɆɥ ɜɋɓɆ ɓɆ ɗɔɑɓɋɝɓɡɋ ɚɔɘɔɣɑɋɐɘɖɎɝɋɗɐɎɋɣɑɋɒɋɓɘɡ 
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ȴɗɓɔɈɓɡɋɓɋɉɆɘɎɈɓɡɋɚɆɐɘɔɖɡɕɖɎɚəɓɐɜɎɔɓɎɖɔɈɆɓɎɎȺȷɃȷɈɃɃȷɗɑɋɊəɤɟɎɋ:
1) əɈɋɑɎɝɋɓɎɋɗɐɔɖɔɗɘɎɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈɎɍ-ɍɆɗɓɎɌɋɓɎɥɔɇɟɋɏɎɓɋɖɜɎɎɣɓɋɖɉɔɗɎɗɘɋɒɡɗɘɆɓɔɈɎɘɗɥɕɖɎɝɎɓɔɏ
ɓɋɕɖɆɈɎɑɢɓɔɏɖɆɇɔɘɡɕɖɔɘɎɈɔɆɈɆɖɎɏɓɔɏɆɈɘɔɒɆɘɎɐɎ;

2) ɓɋɗɔɉɑɆɗɔɈɆɓɓɔɋɊɋɏɗɘɈɎɋɗɎɗɘɋɒɡɆɈɘɔɒɆɘɎɝɋɗɐɔɉɔəɕɖɆɈɑɋɓɎɥɗɎɑɔɈɔɉɔɕɖɋɔɇɖɆɍɔɈɆɘɋɑɥ(ȷȦȹȷȵ)ɗɗɎɗɘɋɒɆɒɎ
əɕɖɆɈɑɋɓɎɥɊɖəɉɔɉɔɔɇɔɖəɊɔɈɆɓɎɥɕɖɎɈɔɊɎɘɐɓɆɖɆɗɘɆɤɟɎɒɐɔɑɋɇɆɓɎɥɒɖɋɌɎɒɓɡɛɕɆɖɆɒɋɘɖɔɈɕɔɗɑɋɈɔɍɒəɟɋɓɎɏɍɆ
ɗɝɦɘɎɗɕɔɑɢɍɔɈɆɓɎɥɇɔɑɢɞɎɛɐɔɣɚɚɎɜɎɋɓɘɔɈəɗɎɑɋɓɎɥ;

3) əɗəɉəɇɑɋɓɎɋɆɈɆɖɎɏɓɔɏɗɎɘəɆɜɎɎɈɃɃȷɈɈɎɊəɓɋɗɔɔɘɈɋɘɗɘɈɎɥɕɔɈɋɊɋɓɎɥȺȷɃȷɘɖɋɇɔɈɆɓɎɥɒɎɛɚəɓɐɜɎɔɓɎɖɔɈɆɓɎɥɈ
ɆɈɆɖɎɏɓɡɛɖɋɌɎɒɆɛ.

ȴɇɔɍɓɆɝɋɓɓɡɋɕɖɔɇɑɋɒɡɔɗɔɇɋɓɓɔɔɗɘɖɔɗɘɔɥɘɕɖɎɈɓɋɊɖɋɓɎɎɊɆɓɓɡɛɔɇɠɋɐɘɔɈɈ ɖɋɉɎɔɓɆɑɢɓɡɋɣɓɋɖɉɔɗɎɗɘɋɒɡɎ
ɣɓɋɖɉɔɖɆɏɔɓɡ, ɐɔɘɔɖɡɒɛɆɖɆɐɘɋɖɓɔɓɆɑɎɝɎɋçɗɑɆɇɡɛèɗɋɘɋɏ.

min ,
ɺʀʕ

S
ʆʂɿ

P
=

ɉɊɋ Smin ï ɒɎɓɎɒɆɑɢɓɔɋ
ɍɓɆɝɋɓɎɋɒɔɟɓɔɗɘɎɐɔɖɔɘɐɔɉɔ
ɍɆɒɡɐɆɓɎɥɈ ɘɔɝɐɋ
ɕɔɊɐɑɤɝɋɓɎɥȨȮɃɐɗɋɘɎɇɋɍ
əɝɋɘɆɈɑɎɥɓɎɥȨȮɃ(ȲȨȦ),
ȶȨȮɃïɓɔɒɎɓɆɑɢɓɆɥɒɔɟɓɔɗɘɢ
ȨȮɃ(ȲȨɘ) [ 1,2] .

ȭɓɆɝɋɓɎɋɐɔɣɚɚɎɜɎɋɓɘɆɔɘɓɔɞɋɓɎɥɐɔɖɔɘɐɔɉɔɍɆɒɡɐɆɓɎɥ(ȴȰȭ)ɎɗɕɔɑɢɍəɋɘɗɥɊɑɥ
ɐɑɆɗɗɎɚɎɐɆɜɎɎɕɑɔɘɓɔɗɘɎɗɋɘɎ[ 1,2] :
ÁɗɎɗɘɋɒɆɕɋɖɋɒɋɓɓɔɉɔ/ɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɗɈɡɗɔɐɎɒȴȰȭɐɑɆɗɗɎɚɎɜɎɖəɋɘɗɥɕɔ
ɍɓɆɝɋɓɎɤȴȰȭ,ɕɖɋɈɡɞɆɤɟɋɒə3 ɔ.ɋ. (ɗɎɑɢɓɡɋɗɋɘɎ);

ÁɗɎɗɘɋɒɆɕɋɖɋɒɋɓɓɔɉɔ/ɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɗ ɓɎɍɐɎɒȴȰȭɐɑɆɗɗɎɚɎɜɎɖəɋɘɗɥɕɔ
ɍɓɆɝɋɓɎɤȴȰȭɒɋɌɊə2 ɔ.ɋ. Ɏ3 ɔ.ɋ. (ɗɑɆɇɡɋɗɋɘɎ);

Á cɎɗɘɋɒɆɕɋɖɋɒɋɓɓɔɉɔ/ɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɗɔɝɋɓɢɓɎɍɐɎɒȴȰȭɐɑɆɗɗɎɚɎɜɎɖəɋɘɗɥ
ɕɔɍɓɆɝɋɓɎɤȴȰȭɓɎɌɋ2 ɔ.ɋ. (əɑɢɘɖɆɗɑɆɇɡɋɗɋɘɎ).

[1] IEEE Std 1204 -1997. IEEE Guide for Planning DC Links Terminating at AC Locations Having Low Short -Circuit Capacities
[2] ȩȴȷȸ ȶ 59027-2020 (ȲɃȰ 60633:2019) çȵɋɖɋɊɆɝɆ ɣɑɋɐɘɖɔɣɓɋɖɉɎɎ ɕɔɗɘɔɥɓɓɡɒ ɘɔɐɔɒ Ɉɡɗɔɐɔɉɔ ɓɆɕɖɥɌɋɓɎɥè
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ȶɎɗ.1.ȴɗɜɎɑɑɔɉɖɆɒɒɡ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɣɓɋɖɉɔɗɎɗɘɋɒɋȸɋɛɆɗɆ: Ɇ) ɗɑɆɇɔ ɍɆɘəɛɆɤɟɎɋ ɐɔɑɋɇɆɓɎɥ 
ɕɖɎ ɓɎɍɐɔɏ ɒɔɟɓɔɗɘɎ ȨȮɃ (ɕɖɎ ɗɓɎɌɋɓɎɎ ɗɐɔɖɔɗɘɎ ɈɋɘɖɆ); ɇ) ɓɋɍɆɘəɛɆɤɟɎɋ ɐɔɑɋɇɆɓɎɥ ɕɖɎ 

ɇɔɑɢɞɔɏ ɒɔɟɓɔɗɘɎ ȨȮɃ (ɕɖɎ əɈɋɑɎɝɋɓɎɎ ɗɐɔɖɔɗɘɎ ɈɋɘɖɆ)[ * ]

Ɇ) ɇ) 

ɃɓɋɖɉɔɗɎɗɘɋɒɆȸɋɛɆɗɆ- ɖɋɉɎɔɓɆɑɢɓɆɥ
ɗɋɘɢɕɋɖɋɒɋɓɓɔɉɔɘɔɐɆ,ɐɔɘɔɖɆɥɔɛɈɆɘɡɈɆɋɘ
ɇɔɑɢɞəɤɝɆɗɘɢɆɒɋɖɎɐɆɓɗɐɔɉɔɞɘɆɘɆȸɋɛɆɗ.
ȷɋɘɢɤəɕɖɆɈɑɥɋɘȷɔɈɋɘɕɔ ɓɆɊɦɌɓɔɗɘɎ
ɣɑɋɐɘɖɔɗɓɆɇɌɋɓɎɥȸɋɛɆɗɆ(ERCOT) .

[*] Grid -Forming Inverter -Based Resources Workshop. October 13, 2021 

ȴɗɓɔɈɓɔɏ ɕɖɎɝɎɓɔɏ

ɈɔɍɓɎɐɓɔɈɋɓɎɥ

ɓɋɍɆɘəɛɆɤɟɎɛɐɔɑɋɇɆɓɎɏ

ɗɘɆɑɔɗɓɎɌɋɓɎɋȴȰȭɗɋɘɎ,

ɈɖɋɍəɑɢɘɆɘɋɐɔɘɔɖɔɉɔɗɋɘɢ

ɗɘɆɑɆçɗɑɆɇɔɏè.
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ȶɎɗ.1.ȴɊɓɔɑɎɓɋɏɓɆɥ ɗɛɋɒɆ ɣɓɋɖɉɔɗɎɗɘɋɒɡ 

ȷɎɓɢɜɍɥɓ-ȹɏɉəɖɗɐɔɉɔ ɆɈɘɔɓɔɒɓɔɉɔ ɖɆɏɔɓɆ 

ȰɎɘɆɥ [1]

ȶɎɗ.2.ȴɗɜɎɑɑɔɉɖɆɒɒɡɆɐɘɎɈɓɔɏ ɒɔɟɓɔɗɘɎ ȨȮɃ, 

ɉɊɋ Ɉɖɋɒɋɓɓɔɏ ɎɓɘɋɖɈɆɑ (a) ȷ 9:46 Ɋɔ 9:47. (b) 

ɗ 11:52 Ɋɔ 11:53 [1] .

[1] H. Liu et al ., " Subsynchronous Interaction Between Direct -Drive PMSG Based Wind Farms and Weak AC Networks ," in IEEE Transactions on Power Systems , vol . 32, no . 6, pp . 
4708 -4720, Nov . 2017, doi : 10.1109/ TPWRS.2017.2682197 .
[2] Y . Cheng et al., "Real -World Subsynchronous Oscillation Events in Power Grids With High Penetrations of Inverter -Based Resources," in IEEE Transactions on Power Systems, 
vol. 38, no. 1, pp. 316 -330, Jan. 2023, doi : 10.1109/TPWRS.2022.3161418.

ȵɖɎɝɎɓɔɏ ɈɔɍɓɎɐɓɔɈɋɓɎɥ 

ɗəɇɗɎɓɛɖɔɓɓɡɛɐɔɑɋɇɆɓɎɏ 

ɕɔɗɑəɌɎɑɔ ɈɍɆɎɒɔɈɑɎɥɓɎɋ 

ɗɎɗɘɋɒ əɕɖɆɈɑɋɓɎɥ 

ɗɋɘɋɈɡɒɎ ɎɓɈɋɖɘɔɖɆɒɎ, 

ɖɆɗɕɔɑɆɉɆɤɟɎɒɎɗɥ Ɉ ɔɊɓɔɒ 

ɖɆɏɔɓɋ ȨɃȷ, ɓɆɗɘɖɔɏɐɎ 

ɐɔɘɔɖɡɛ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ 

ɗɛɋɒɓɔ-ɖɋɌɎɒɓɡɛ əɗɑɔɈɎɏ 

ɕɖɎɈɔɊɎɑɎ ɐ ɓɋɍɆɘəɛɆɤɟɎɒ 

ɐɔɑɋɇɆɓɎɥɒ ɖɋɌɎɒɓɡɛ 

ɕɆɖɆɒɋɘɖɔɈ ɖɆɍɑɎɝɓɔɏ 

ɝɆɗɘɔɘɡ Ɏ ɆɒɕɑɎɘəɊɡ.

ȪɔɓɆɗɘɔɥɟɋɉɔɈɖɋɒɋɓɎəɌɋɇɡɑɔɍɆɚɎɐɗɎɖɔɈɆɓɔ19 ɗɑəɝɆɋɈɗɆɓɆɑɔɉɎɝɓɡɒɎɐɔɑɋɇɆɓɎɥɒɎ,ɕɔɑəɝɎɈɞɎɛɔɚɎɜɎɆɑɢɓɔɋɕɔɊɘɈɋɖɌɊɋɓɎɋɎ

ɔɗɈɋɟɋɓɎɋɈɓɆəɝɓɔɏɕɋɖɎɔɊɎɐɋ,ɐɔɘɔɖɡɋɓɆɇɑɤɊɆɑɎɗɢɈɣɓɋɖɉɔɗɎɗɘɋɒɆɛɖɆɍɓɡɛɗɘɖɆɓɗɔɍɓɆɝɎɘɋɑɢɓɔɏɊɔɑɋɏɈɔɍɔɇɓɔɈɑɥɋɒɔɏɉɋɓɋɖɆɜɎɎ

(15 % Ɏɇɔɑɋɋ)ɗ2007 ɉɔɊɆ(ȲɎɓɓɋɗɔɘɆ(ȷȾȦ)2007 ɉ., ȸɋɛɆɗ(ȷȾȦ)2009 Ɏ2017 ɉɉ., ɗɋɈɋɖɓɡɋɖɆɏɔɓɡȰȳȶ2012 -2013 ɉɉ. ɎɊɖ.) [ 2] . ȨɐɆɝɋɗɘɈɋ

ɔɗɓɔɈɓɡɛɚɆɐɘɔɖɔɈɈɡɊɋɑɥɤɘɓɆɗɘɖɔɏɐɎɇɡɗɘɖɔɊɋɏɗɘɈəɤɟɎɛɐɔɓɘəɖɔɈȷȦȹ(ɕɖɋɎɒəɟɋɗɘɈɋɓɓɔȺȦȵȽ)ɎɎɍɒɋɓɋɓɎɋȴȰȭɗɋɘɎ.
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ȴɗɜɎɑɑɔɉɖɆɒɒɡ ɒɔɟɓɔɗɘɎ Ɏ ɓɆɕɖɥɌɋɓɎɥ ȺȷɃȷ (ȷȾȦ, ɞɘɆɘ ȰɆɑɎɚɔɖɓɎɥ): Ɇ) ɓɔɖɒɆɑɢɓɡɏ ɖɋɌɎɒ 
ɖɆɇɔɘɡ, ɇ) ɐɔɑɋɇɆɓɎɥ ɖɋɌɎɒɓɡɛ ɕɆɖɆɒɋɘɖɔɈ[*]

ȴɊɓɎɒɎɍɓɆɕɖɆɈɑɋɓɎɏɖɋɞɋɓɎɥɔɇɔɍɓɆɝɋɓɓɔɏɕɖɔɇɑɋɒɡɆɓɆɑɎɍɆɗəɇɗɎɓɛɖɔɓɓɡɛɐɔɑɋɇɆɓɎɏɥɈɑɥɋɘɗɥɒɆɘɋɒɆɘɎɝɋɗɐɔɋ
ɒɔɊɋɑɎɖɔɈɆɓɎɋ,ɘɆɐɐɆɐɎɍɈɋɗɘɓɆɥɗɕɋɜɎɚɎɐɆɎ ɗɑɔɌɓɔɗɘɢɣɑɋɐɘɖɔɣɓɋɖɉɋɘɎɝɋɗɐɎɛɗɎɗɘɋɒɎɗɐɑɤɝɆɤɘɈɔɍɒɔɌɓɔɗɘɢ
ɕɔɑəɝɋɓɎɥɈɗɋɏɓɋɔɇɛɔɊɎɒɔɏɎɓɚɔɖɒɆɜɎɎ,ɔɗɔɇɋɓɓɔɆɈɆɖɎɏɓɔɉɔɛɆɖɆɐɘɋɖɆ,ɐɆɐɓɆɘəɖɓɡɒɕəɘɋɒ,ɘɆɐɎɕɔɗɖɋɊɗɘɈɔɒ
ɚɎɍɎɝɋɗɐɔɉɔɒɔɊɋɑɎɖɔɈɆɓɎɥ.

Ɇ) ɇ) 

[*] Deepak Ramasubramanian , Wenzong Wang, Pouyan Pourbeik , Evangelos Farantatos , Anish Gaikwad, Sachin Soni , Vladimir Chadliev . Positive sequence voltage source converter 
mathematical model for use in low short circuit systems. IET Generation, Transmission and Distribution, 2020, Vol. 14 Iss . 1, pp. 87 -97
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ȶɎɗ.1.ȷɘɖəɐɘəɖɓɆɥ ɗɛɋɒɆ ȺȷɃȷ ȶɎɗ.2.ȴɇɔɇɟɋɓɓɆɥ ɒɔɊɋɑɢ ȺȷɃȷ

ȴɗɓɔɈɓɡɋɔɗɔɇɋɓɓɔɗɘɎɔɇɔɇɟɋɓɓɔɏɒɔɊɋɑɎȺȷɃȷ:

1. ȪɎɓɆɒɎɐɆɖɆɇɔɘɡɇɑɔɐɆȺȦȵȽɓɋɈɔɗɕɖɔɎɍɈɔɊɎɘɗɥ.

2. ȰɔɓɘəɖəɕɖɆɈɑɋɓɎɥɆɐɘɎɈɓɔɏɒɔɟɓɔɗɘɢɤɈɔɗɕɖɔɎɍɈɔɊɎɘɗɥəɕɖɔɟɦɓɓɔɇɋɍəɝɦɘɆɗɎɗɘɋɒɡəɕɖɆɈɑɋɓɎɥɗɎɑɔɈɡɒ

ɕɖɋɔɇɖɆɍɔɈɆɘɋɑɋɒɗɔɗɘɔɖɔɓɡɎɗɘɔɝɓɎɐɆɎɗɎɗɘɋɒɡɗɑɋɌɋɓɎɥɍɆɘɔɝɐɔɏɒɆɐɗɎɒɆɑɢɓɔɏɒɔɟɓɔɗɘɎ.

3. ȼɋɕɢɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɎɋɦɗɎɗɘɋɒɆəɕɖɆɈɑɋɓɎɥɓɋɈɔɗɕɖɔɎɍɈɔɊɥɘɗɥ.

4. ȪɎɓɆɒɎɐɆɗɆɒɔɉɔɕɋɖɈɎɝɓɔɉɔɎɗɘɔɝɓɎɐɆɉɋɓɋɖɆɜɎɎɘɆɐɌɋɓɋɈɔɗɕɖɔɎɍɈɔɊɎɘɗɥ.

5. ȪɆɓɓɆɥɒɔɊɋɑɢɓɋɕɔɊɛɔɊɎɘɊɑɥɘɔɝɋɐɗɔɋɊɎɓɋɓɎɥɗɑɆɇɡɛɗɋɘɋɏ,ɉɊɋȴȰȭɈɘɔɝɐɋɗɔɋɊɎɓɋɓɎɥɒɔɌɋɘɗɔɗɘɆɈɑɥɘɢɔɘ2

ɔ.ɋ. Ɋɔ3 ɔ.ɋ. ɎɑɎɒɋɓɢɞɋ.
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ʪʦʢʘ

Uʫʩʪ /Uʨʝʛ
ʠʣʠ Qʫʩʪ /Qʛʝʥ

fʫʩʪ /f

ʠʣʠ Pʫʩʪ /Pʛʝʥ

Pʫʩʪ

I Q

I P

I

ɺʥʝʰʥʠʡ 

ʫʨʦʚʝʥʴ 

ʫʧʨʘʚʣʝʥʠʷ

Qʫʩʪ

ɺʥʫʪʨʝʥʥʠʡ ʫʨʦʚʝʥʴ 

ʫʧʨʘʚʣʝʥʠʷ 
ʉʝʪʴ

Uʩʝʪʠ 

Pʛʝʥ
Qʛʝʥ 



ȴɇɔɇɟɋɓɓɆɥ ɒɔɊɋɑɢ ȺȷɃȷ

8[ 1] WECC REMTF. Solar Photovoltaic Power Plant Modeling and Validation Guideline MVWG.
[2 ] Machlev , R., Batushansky , Z., Soni , S., Chadliev , V., Belikov , J ., Levron , Y. Verification of utility -scale solar photovoltaic plant models for dynamic studies of transmission networks. Energies , 2020, Vol. 13(12 )

ȶɎɗ.1.ȷɘɖəɐɘəɖɆ ɔɇɔɇɟɋɓɓɔɏ ɒɔɊɋɑɎ ȺȷɃȷ, ɕɖɋɊɑɔɌɋɓɓɆɥ WECC [ 1]

ȶɎɗ.3. ȺəɓɐɜɎɔɓɆɑɢɓɡɏ ɇɑɔɐ REPC [1]

ȶɎɗ.4.ȺəɓɐɜɎɔɓɆɑɢɓɡɏ ɇɑɔɐ REEC [1] ȶɎɗ.5.ȺəɓɐɜɎɔɓɆɑɢɓɡɏ ɇɑɔɐ REGC [1]

ȶɎɗ.2.ȹɒɋɓɢɞɋɓɎɋ ɆɐɘɎɈɓɔɏ ɒɔɟɓɔɗɘɎ ȺȷɃȷ [2]
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ȶɎɗ.1.ȲɔɊɋɖɓɎɍɆɜɎɥ ɔɇɔɇɟɋɓɓɔɏ ɒɔɊɋɑɎ ȺȷɃȷ[ * ]: ɉɊɋ Ɇ) ɐɔɓɘəɖ 
əɕɖɆɈɑɋɓɎɥ ɘɔɐɔɒ, ɇ) ɇɑɔɐ ɚɆɍɔɈɔɏ ɆɈɘɔɕɔɊɗɘɖɔɏɐɎ ɝɆɗɘɔɘɡ(ȺȦȵȽ)

[ * ] D. Ramasubramanian , Z. Yu, R. Ayyanar , V. Vittal and J. Undrill , "Converter Model for Representing Converter Interfaced Generation in Large Scale Grid Simulations," in IEEE Transactions on Power Systems, vol. 
32, no. 1, pp. 765 -773, Jan. 2017, doi : 10.1109/TPWRS.2016.2551223.

ȶɎɗ.2.ȲɔɊɋɖɓɎɍɎɖɔɈɆɓɓɆɥ ɔɇɔɇɟɋɓɓɆɥ ɒɔɊɋɑɢ ȺȷɃȷ

ȴɗɓɔɈɓɡɋ ɔɗɔɇɋɓɓɔɗɘɎɒɔɊɋɖɓɎɍɎɖɔɈɆɓɓɔɏ

ɔɇɔɇɟɋɓɓɔɏɒɔɊɋɑɎȺȷɃȷ:

Å ȺȷɃȷɕɖɋɊɗɘɆɈɑɥɋɘɗɥɈ ɈɎɊɋɎɗɘɔɝɓɎɐɆɓɆɕɖɥɌɋɓɎɥ,

ɈɒɋɗɘɔɎɗɘɔɝɓɎɐɆɘɔɐɆ;

ÅɊɑɥɗɎɓɛɖɔɓɎɍɆɜɎɎɗɗɋɘɢɤɊɔɇɆɈɑɋɓɇɑɔɐȺȦȵȽ;

ÅɈɓəɘɖɋɓɓɎɏɐɔɓɘəɖəɕɖɆɈɑɋɓɎɥɘɔɐɔɒɆɕɕɖɔɐɗɎɒɎɖəɋɘɗɥ

ɆɕɋɖɎɔɊɎɝɋɗɐɔɒɍɈɋɓɔɒɕɋɖɈɔɉɔɕɔɖɥɊɐɆɗ ɕɔɗɘɔɥɓɓɔɏ

ɈɖɋɒɋɓɎɔɘ10 Ɋɔ20 ɒɗ;

Å ɜɋɕɢɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɎ ɋɦɗɎɗɘɋɒɆəɕɖɆɈɑɋɓɎɥɓɋ

ɈɔɗɕɖɔɎɍɈɔɊɥɘɗɥ;

Å ɊɎɓɆɒɎɐɆɕɋɖɈɎɝɓɔɉɔɎɗɘɔɝɓɎɐɆɣɓɋɖɉɎɎɓɋ

ɈɔɗɕɖɔɎɍɈɔɊɎɘɗɥ.

ʀʩʪʦʯʥʠʢ 

ʥʘʧʨʷʞʝʥʠʷ
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ʉʝʪʴ

ʢʦʥʪʫʨ ʌɸʇʏ

Uʩʝʪʠ 

Pʛʝʥ
Qʛʝʥ 

Ɇ) 

ɇ) 
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[ 2]Chen , Y., & Dinavahi , V. (2013). Multi -FPGA digital hardware design for detailed large -scale real - time electromagnetic transient simulation of power systems. IET Generation, Transmission and 
Distribution, 7(5), 451 -463. doi:10.1049/iet -gtd.2012.0374

ȸɖəɊɓɔɗɘɎ ɊɋɘɆɑɢɓɔɉɔ ɒɔɊɋɑɎɖɔɈɆɓɎɥ ȺȷɃȷ

ȴȷȴȧȫȳȳȴȷȸȮ ȵȦȰ:
- Ɉ ȵȦȰɍɆɊɆɓɓɆɥɕɔɑɢɍɔɈɆɘɋɑɋɒɗɛɋɒɆɃɃȷɖɆɍɊɋɑɥɋɘɗɥɓɆ ɚɖɆɉɒɋɓɘɡ,ɐɔɘɔɖɡɋ
ɖɆɗɕɖɋɊɋɑɥɤɘɗɥɕɔɈɡɝɎɗɑɎɘɋɑɢɓɡɒɕɖɔɜɋɗɗɔɖɓɡɒɒɔɊəɑɥɒ. ȷɈɥɍɢɚɖɆɉɒɋɓɘɔɈɗɛɋɒɡɎɓɔɉɊɆ
ɒɔɌɋɘɇɡɘɢɔɇɋɗɕɋɝɋɓɆɘɔɑɢɐɔɗɕɔɒɔɟɢɤɚɎɐɘɎɈɓɡɛɑɎɓɎɏ;
- ɕɔɗɑɋɈɡɕɔɑɓɋɓɎɥɗɈɔɎɛɈɡɝɎɗɑɋɓɎɏɕɖɔɜɋɗɗɔɖɓɡɋɒɔɊəɑɎɊɔɑɌɓɡɔɇɒɋɓɎɈɆɘɢɗɥɊɆɓɓɡɒɎɍɆ
ɗɝɋɘɗɔɍɊɆɈɆɋɒɔɏɊɔɕɔɑɓɎɘɋɑɢɓɔɏɍɆɊɋɖɌɐɎɈɔɈɖɋɒɋɓɓɔɒɞɆɉɋ;
- ɆɑɉɔɖɎɘɒɖɆɍɊɋɑɋɓɎɥɎɗɛɔɊɓɔɏɗɛɋɒɡɃɃȷɓɆɇɔɑɋɋɒɋɑɐɎɋɕɔɊɗɎɗɘɋɒɡɈɑəɝɞɋɒɗɑəɝɆɋ
ɥɈɑɥɋɘɗɥɕɖɔɎɍɈɔɑɢɓɡɒ,ɔɇɡɝɓɔɔɗɓɔɈɆɓɓɡɒɓɆɔɕɡɘɋɎ ɖɋɞɆɋɒɡɛɍɆɊɆɝɆɛɕɔɑɢɍɔɈɆɘɋɑɥ;
- ɕɖɎɒɔɊɋɑɎɖɔɈɆɓɎɎɃɃȷɇɔɑɢɞɔɏɖɆɍɒɋɖɓɔɗɘɎɔɇɡɝɓɔɎɗɕɔɑɢɍəɋɘɗɥɞɆɉɖɆɗɝɋɘɆ50 ɒɐɗ. Ȩ
ɣɘɔɒɗɑəɝɆɋɒɔɊɋɑɎɗɎɑɔɈɡɛɕɖɋɔɇɖɆɍɔɈɆɘɋɑɋɏɖɋɆɑɎɍəɤɘɗɥəɕɖɔɟɋɓɓɡɒɎəɕɖɆɈɑɥɋɒɡɒɎ
ɎɗɘɔɝɓɎɐɆɒɎɓɆɕɖɥɌɋɓɎɥ,ɇɋɍɈɔɗɕɖɔɎɍɈɋɊɋɓɎɥɘɔɕɔɑɔɉɎɎ,ɘɆɐɐɆɐɈɖɋɒɥɕɋɖɋɐɑɤɝɋɓɎɥIGBT
ɗɔɗɘɆɈɑɥɋɘ4-9 ɒɐɗ[ 2] .
ȶȫȾȫȳȮɅ:
- ɖɆɍɊɋɑɋɓɎɋɋɊɎɓɔɏɒɆɘɋɒɆɘɎɝɋɗɐɔɏɒɔɊɋɑɎɃɃȷɓɆɕɔɊɗɎɗɘɋɒɡ,ɖɆɗɗɝɎɘɡɈɆɋɒɡɋɗ ɖɆɍɓɡɒ
ɞɆɉɔɒ;
- ɖɆɍɊɋɑɋɓɎɋɗɛɋɒɡɎɒɔɊɋɑɎɖəɋɒɔɉɔɔɇɔɖəɊɔɈɆɓɎɥɒɋɌɊəɕɔɊɗɎɗɘɋɒɆɒɎɊɈəɛɘɎɕɔɈ. ȪɆɓɓɡɏ
ɕɔɊɛɔɊɥɈɑɥɋɘɗɥɒɔɊɎɚɎɐɆɜɎɋɏɕɖɋɊɡɊəɟɋɉɔ,ɈɐɔɘɔɖɔɒɈ ɕɔɊɗɎɗɘɋɒɋɕɋɖɈɔɉɔɘɎɕɆɘɆɐɌɋ
ɕɖɔɎɍɈɔɊɎɘɗɥɖɆɗɝɋɘɣɑɋɐɘɖɔɒɆɉɓɎɘɓɡɛɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈ,Ɇ ɈɔɈɘɔɖɔɒï ɖɆɗɝɋɘ
ɣɑɋɐɘɖɔɒɋɛɆɓɎɝɋɗɐɎɛɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈ;
- ɎɗɕɔɑɢɍɔɈɆɓɎɋɈɡɝɎɗɑɎɘɋɑɢɓɡɛɕɖɔɜɋɗɗɔɖɓɡɛɒɔɊəɑɋɏɗɕɖɔɉɖɆɒɒɎɖəɋɒɔɏɕɔɑɢɍɔɈɆɘɋɑɋɒ
ɈɋɓɘɎɑɢɓɔɏɒɆɘɖɎɜɋɏ(FPGA - ɒɔɊəɑɎ).

ȵɋɖɋɛɔɊɓɡɋɕɖɔɜɋɗɗɡɈɃɃȷɎ Ɏɛɉɖəɕɕɡ
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ȴȷȴȧȫȳȳȴȷȸȮȵȨȰ:
ȳɆɑɎɝɎɋɈɗɔɗɘɆɈɋȺȷɃȷɒɔɊɋɑɎɗɋɘɋɈɔɉɔɎɓɈɋɖɘɔɖɆɕɖɎɈɔɊɎɘɐɓɋɔɇɛɔɊɎɒɔɗɘɎɎɗɕɔɑɢɍɔɈɆɘɢ
ɔɘɓɔɗɎɘɋɑɢɓɔɒɆɑɡɏɞɆɉɖɆɗɝɋɘɆ(ɔɘ10 ɒɐɗɎɒɋɓɢɞɋ). Ȩ ɕɖɔɈɋɊɋɓɓɡɛɎɗɗɑɋɊɔɈɆɓɎɥɛ[ 1]
ɕɖɔɊɋɒɔɓɗɘɖɎɖɔɈɆɑɎ,ɝɘɔɈɔɗɕɖɔɎɍɈɋɊɋɓɎɋ5 ɗɋɐəɓɊɓɔɉɔɎɓɘɋɖɈɆɑɆɕɖɎɔɊɓɔɚɆɍɓɔɒɐɔɖɔɘɐɔɒ
ɍɆɒɡɐɆɓɎɎɈɗɋɘɎɍɆɓɥɑɔɇɔɑɋɋ4,7 ɝɆɗɆɈɃɃȷɗȺȷɃȷɕɖɎɞɆɉɋɎɓɘɋɉɖɎɖɔɈɆɓɎɥɖɆɈɓɔɒ5 ɒɐɗ.

[1] Li , Y. A Multi -Rate Co -Simulation of Combined Phasor -Domain and Time -Domain Models for Large -Scale Wind Farms / Y. Li, D. Shu, F. Shi, Z. Yan, Y. Zhu, N. Tai // IEEE Transactions on Energy Conversion. ï2020. ïVol. 35. 
ïP. 324 ï335
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ȩɎɇɖɎɊɓɡɏ ɕɔɊɛɔɊ ɐ ɒɔɊɋɑɎɖɔɈɆɓɎɤ 
ȺȷɃȷ

ȴɕɍɑɊɒɊɒɍɊɛɍəɕɓ-ɅɒɅɐɓɈɓɇɓɈɓɍ

ɅɒɅɐɓɈɓ-ɛɍəɕɓɇɓɈɓɔɕɊɓɆɕɅɌɓɇɅɒɍɤ

ɍɒəɓɕɑɅɛɍɍ

- ɓɈɕɅɒɍɜɊɒɍɊɍɒəɓɕɑɅɛɍɓɒɒɓ-

ɘɔɕɅɇɐɤɣɞɍɚɖɇɓɎɖɗɇɍ ɇɓɌɑɓɋɒɓɖɗɊɎ

ȥɖɔɊɏɗɠɔɕɓɆɐɊɑɠ

- ɉɊɏɓɑɔɓɌɍɛɍɤɕɊɋɍɑɓɇɍɔɕɓɛɊɖɖɓɇɇ 

ɂɂȶ;

- ɘɔɕɓɞɊɒɍɤɑɅɗɊɑɅɗɍɜɊɖɏɍɚɑɓɉɊɐɊɎ

ɓɆɓɕɘɉɓɇɅɒɍɤɍɂɂȶɇɛɊɐɓɑ;

- ɒɅɐɍɜɍɊ ɗɕɘɉɒɓɓɛɊɒɍɇɅɊɑɓɎ 

ɑɊɗɓɉɍɜɊɖɏɓɎɓɝɍɆɏɍɜɍɖɐɊɒɒɓɈɓ 

ɍɒɗɊɈɕɍɕɓɇɅɒɍɤ ɉɍəəɊɕɊɒɛɍɅɐɡɒɠɚ 

ɘɕɅɇɒɊɒɍɎ;

- ɓɈɕɅɒɍɜɊɒɍɊɍɒɗɊɕɇɅɐɅɕɊɝɊɒɍɤ

- ɗɕɘɉɒɓɖɗɍɔɕɍɇɓɖɔɕɓɍɌɇɊɉɊɒɍɍ 

ɏɓɑɑɘɗɅɛɍɓɒɒɠɚɔɕɓɛɊɖɖɓɇ;

- ɓɈɕɅɒɍɜɊɒɍɊ ɓɔɊɕɅɗɍɇɒɓɖɗɍ ɕɅɖɜɊɗɓɇ ɇ 

ɂɂȶ

ȶɕɊɉɖɗɇɅɘɖɗɕɅɒɊɒɍɤ

ȴɕɍɑɊɒɊɒɍɊɑɊɗɓɉɅɒɊɔɕɊɕɠɇɒɓɈɓ

ɔɅɕɅɐɐɊɐɡɒɓɈɓɑɊɗɓɉɍɜɊɖɏɍɗɓɜɒɓɈɓ

ɒɊɤɇɒɓɈɓ ɍɒɗɊɈɕɍɕɓɇɅɒɍɤ

ɉɍəəɊɕɊɒɛɍɅɐɡɒɠɚɘɕɅɇɒɊɒɍɎɇɕɊɅɐɡɒɓɑ

ɇɕɊɑɊɒɍ

ȧɌɅɍɑɓɉɊɎɖɗɇɍɊɑɓɉɊɐɍɕɘɊɑɓɈɓ

ɓɆɓɕɘɉɓɇɅɒɍɤɒɅɑɓɉɊɐɡɒɓɑəɍɌɍɜɊɖɏɓɑ

ɘɕɓɇɒɊɌɅ ɖɜɊɗɔɕɊɓɆɕɅɌɓɇɅɒɍɤ

ɇɚɓɉɒɠɚ/ɇɠɚɓɉɒɠɚɑɅɗɊɑɅɗɍɜɊɖɏɍɚ

ɔɊɕɊɑɊɒɒɠɚɇ ɖɓɓɗɇɊɗɖɗɇɘɣɞɍɊ

ɑɓɉɊɐɡɒɠɊəɍɌɍɜɊɖɏɍɊɖɍɈɒɅɐɠɖ

ɕɊɅɐɍɌɅɛɍɊɎɏɓɑɑɘɗɅɛɍɓɒɒɠɚɔɕɓɛɊɖɖɓɇ

ɔɓɖɕɊɉɖɗɇɓɑɛɍəɕɓ-ɘɔɕɅɇɐɤɊɑɠɚ

ɅɒɅɐɓɈɓɇɠɚɏɐɣɜɊɎ
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ȼɋɑɢɖɆɇɔɘɡ. ȼɋɑɢɤɖɆɇɔɘɡɥɈɑɥɋɘɗɥɖɆɍɖɆɇɔɘɐɆɐɔɓɜɋɕɜɎɎɎ ɗɖɋɊɗɘɈɋɦɖɋɆɑɎɍɆɜɎɎɊɑɥɕɔɑɓɔɉɔɎ ɊɔɗɘɔɈɋɖɓɔɉɔ

ɈɗɋɖɋɌɎɒɓɔɉɔɒɔɊɋɑɎɖɔɈɆɓɎɥȺȷɃȷɈɗɔɗɘɆɈɋɃɃȷ.

ȪɑɥɊɔɗɘɎɌɋɓɎɥəɐɆɍɆɓɓɔɏɜɋɑɎɕɔɗɘɆɈɑɋɓɡɎɖɋɞɋɓɡɗɑɋɊəɤɟɎɋɍɆɊɆɝɎ:

1. ȦɓɆɑɎɍɈɑɎɥɓɎɥɈɓɋɊɖɋɓɎɥȺȷɃȷ,ɕɔɊɐɑɤɝɆɋɒɡɛɗɕɔɒɔɟɢɤɗɎɑɔɈɡɛɕɖɋɔɇɖɆɍɔɈɆɘɋɑɋɏɐɣɑɋɐɘɖɎɝɋɗɐɔɏɗɋɘɎ,Ɉ

ɗəɟɋɗɘɈəɤɟɎɋɃɃȷ,ɈɘɔɒɝɎɗɑɋɈɗɑɆɇɡɋɗɋɘɎ,ɓɆɕɖɔɘɋɐɆɓɎɋɐɈɆɍɎəɗɘɆɓɔɈɎɈɞɎɛɗɥɎɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈɈɃɃȷ.

2. ȦɓɆɑɎɍɔɗɓɔɈɓɡɛɎɗɕɔɑɢɍəɋɒɡɛɈɓɆɗɘɔɥɟɋɋɈɖɋɒɥɗɖɋɊɗɘɈɒɔɊɋɑɎɖɔɈɆɓɎɥȺȷɃȷɎɃɃȷɈɜɋɑɔɒ.

3. ȨɡɥɈɑɋɓɎɋɎɔɇɔɗɓɔɈɆɓɎɋɚɆɐɘɔɖɔɈ,ɕɖɋɕɥɘɗɘɈəɤɟɎɛɖɋɞɋɓɎɤɕɖɔɇɑɋɒɡɊɋɘɆɑɢɓɔɉɔɒɔɊɋɑɎɖɔɈɆɓɎɥȺȷɃȷɈɗɑɆɇɡɛ

ɗɋɘɥɛɗɕɔɒɔɟɢɤɗəɟɋɗɘɈəɤɟɎɛɕɖɔɉɖɆɒɒɓɡɛɎɕɖɔɉɖɆɒɒɓɔ-ɆɕɕɆɖɆɘɓɡɛɐɔɒɕɑɋɐɗɆɛɒɔɊɋɑɎɖɔɈɆɓɎɥɃɃȷ.

4. ȶɆɍɖɆɇɔɘɐɆɘɋɔɖɋɘɎɝɋɗɐɎɎɕɖɆɐɘɎɝɋɗɐɎɔɇɔɗɓɔɈɆɓɓɔɏɐɔɓɜɋɕɜɎɎɈɗɋɖɋɌɎɒɓɔɉɔɒɔɊɋɑɎɖɔɈɆɓɎɥȺȷɃȷɈɃɃȷ,ɆɘɆɐɌɋ

ɗɘɖəɐɘəɖɡɎɕɖɎɓɜɎɕɔɈɕɔɗɘɖɔɋɓɎɥɗɖɋɊɗɘɈɋɦɖɋɆɑɎɍɆɜɎɎ.

5. ȵɖɔɈɋɊɋɓɎɋɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛɎɗɗɑɋɊɔɈɆɓɎɏ,ɕɔɊɘɈɋɖɌɊɆɤɟɎɛɗɈɔɏɗɘɈɆɎɈɔɍɒɔɌɓɔɗɘɎɖɆɍɖɆɇɔɘɆɓɓɔɏɐɔɓɜɋɕɜɎɎɎ

ɗɖɋɊɗɘɈɋɦɖɋɆɑɎɍɆɜɎɎ,ɓɋɔɇɛɔɊɎɒɡɋɊɑɥɓɆɊɋɌɓɔɉɔɎɣɚɚɋɐɘɎɈɓɔɉɔɖɋɞɋɓɎɥɍɆɊɆɝɕɖɔɋɐɘɎɖɔɈɆɓɎɥ,ɎɗɗɑɋɊɔɈɆɓɎɥɎ

ɣɐɗɕɑəɆɘɆɜɎɎȺȷɃȷɈɃɃȷ.
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1. ȶɆɍɖɆɇɔɘɆɓɓɡɋɐɔɓɜɋɕɜɎɥɈɗɋɖɋɌɎɒɓɔɉɔɒɔɊɋɑɎɖɔɈɆɓɎɥȺȷɃȷɎ ɉɎɇɖɎɊɓɡɋɗɖɋɊɗɘɈɆɋɦɖɋɆɑɎɍɆɜɎɎɈ ɈɎɊɋ

ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɉɔɔɇɖɆɍɜɆɗɕɋɜɎɆɑɎɍɎɖɔɈɆɓɓɔɉɔɉɎɇɖɎɊɓɔɉɔɕɖɔɜɋɗɗɔɖɆȺȷɃȷɕɔɍɈɔɑɥɤɘɈɔɗɕɖɔɎɍɈɔɊɎɘɢɈɖɋɆɑɢɓɔɒ

ɈɖɋɒɋɓɎɓɆɓɋɔɉɖɆɓɎɝɋɓɓɔɒɎɓɘɋɖɈɆɑɋɋɊɎɓɡɏɓɋɕɖɋɖɡɈɓɡɏɗɕɋɐɘɖɐɈɆɍɎəɗɘɆɓɔɈɎɈɞɎɛɗɥɎɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈɈ

ɗɔɗɘɆɈɓɡɛɣɑɋɒɋɓɘɆɛɎȺȷɃȷɈɜɋɑɔɒɕɖɎɈɗɋɈɔɍɒɔɌɓɡɛɓɔɖɒɆɑɢɓɡɛ,ɆɈɆɖɎɏɓɡɛɎɕɔɗɑɋɆɈɆɖɎɏɓɡɛɖɋɌɎɒɆɛɖɆɇɔɘɡ

ȺȷɃȷɈɗɔɗɘɆɈɋɃɃȷ.

2. ȪɑɥɓɆɎɇɔɑɋɋɕɔɑɓɔɉɔɎɊɔɗɘɔɈɋɖɓɔɉɔɈɔɗɕɖɔɎɍɈɋɊɋɓɎɥɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈɕɖɎɚəɓɐɜɎɔɓɎɖɔɈɆɓɎɎȺȷɃȷɈɗɑɆɇɡɛ

ɗɋɘɥɛ,ɔɗɔɇɋɓɓɔɗɈɥɍɆɓɓɡɛɗ ɈɔɍɓɎɐɓɔɈɋɓɎɋɒɐɔɑɋɇɆɓɎɏɖɋɌɎɒɓɡɛɕɆɖɆɒɋɘɖɔɈɖɆɍɑɎɝɓɔɏɝɆɗɘɔɘɡ,ɓɋɔɇɛɔɊɎɒɔ

ɎɗɕɔɑɢɍɔɈɆɘɢɊɋɘɆɑɢɓəɤɓɋɑɎɓɋɏɓəɤɒɔɊɋɑɢȺȷɃȷ,əɝɎɘɡɈɆɤɟəɤɘɔɕɔɑɔɉɎɤɎɗɕɋɐɘɖɐɔɒɒəɘɆɜɎɔɓɓɡɛɕɖɔɜɋɗɗɔɈɈ

ɕɔɈɡɞɆɤɟɋɒɕɖɋɔɇɖɆɍɔɈɆɘɋɑɋɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɎɗɘɆɘɎɝɋɗɐɔɒɕɖɋɔɇɖɆɍɔɈɆɘɋɑɋɓɆɕɖɥɌɋɓɎɥ,ɊɎɓɆɒɎɐəɜɋɕɎɕɔɗɘɔɥɓɓɔɉɔ

ɘɔɐɆɎɎɛɇɡɗɘɖɔɊɋɏɗɘɈəɤɟɎɋɗɎɗɘɋɒɡəɕɖɆɈɑɋɓɎɥ: ɇɑɔɐɚɆɍɔɈɔɏɆɈɘɔɕɔɊɗɘɖɔɏɐɎɝɆɗɘɔɘɡɎɐɔɓɘəɖəɕɖɆɈɑɋɓɎɥɘɔɐɔɒ.

3. ȶɆɍɖɆɇɔɘɆɓɓɡɏɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɏɔɇɖɆɍɋɜɗɕɋɜɎɆɑɎɍɎɖɔɈɆɓɓɔɉɔɉɎɇɖɎɊɓɔɉɔɕɖɔɜɋɗɗɔɖɆȺȷɃȷɍɆɗɝɦɘɕɖɔɉɖɆɒɒɓɔɏ

ɉɎɇɐɔɗɘɎɗɘɖəɐɘəɖɡɕɔɍɈɔɑɥɋɘɈɡɕɔɑɓɥɘɢɈɋɖɎɚɎɐɆɜɎɤɈɗɔɗɘɆɈɋɃɃȷɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɛɈɓɆɗɘɔɥɟɋɋɈɖɋɒɥɔɇɔɇɟɋɓɓɡɛ

ɒɆɘɋɒɆɘɎɝɋɗɐɎɛɒɔɊɋɑɋɏȺȷɃȷɕɖɎɖɆɍɑɎɝɓɡɛɕɔɎɓɘɋɓɗɎɈɓɔɗɘɎ,ɒɋɗɘəɈɔɍɓɎɐɓɔɈɋɓɎɥɎ ɘɎɕəɈɔɍɒəɟɋɓɎɏ,ɝɘɔɈ

ɗɔɈɔɐəɕɓɔɗɘɎɗɕɔɗɔɇɗɘɈəɋɘɔɕɖɋɊɋɑɋɓɎɤɔɇɑɆɗɘɋɏɓɆɎɇɔɑɋɋɎ ɓɆɎɒɋɓɋɋɣɚɚɋɐɘɎɈɓɔɉɔɎɗɕɔɑɢɍɔɈɆɓɎɥɖɆɍɑɎɝɓɡɛ

ɒɔɊɎɚɎɐɆɜɎɏɔɇɔɇɟɋɓɓɡɛɒɆɘɋɒɆɘɎɝɋɗɐɎɛɒɔɊɋɑɋɏȺȷɃȷ.
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ȴɗɓɔɈɓɡɋ ɕɔɑɔɌɋɓɎɥ ɐɔɓɜɋɕɜɎɎ 
ɈɗɋɖɋɌɎɒɓɔɉɔ ɒɔɊɋɑɎɖɔɈɆɓɎɥ ȺȷɃȷ

1. ȷɎɓɘɋɍɎɖəɋɘɗɥɎ ɕɖɎɒɋɓɥɋɘɗɥɈɗɋɖɋɌɎɒɓɆɥɒɔɊɋɑɢ,ɔɇɋɗɕɋɝɎɈɆɤɟɆɥɓɋɕɖɋɖɡɈɓɔɋɈɔɗɕɖɔɎɍɈɋɊɋɓɎɋɋɊɎɓɔɉɔ

ɓɋɕɖɋɖɡɈɓɔɉɔɗɕɋɐɘɖɆɐɈɆɍɎəɗɘɆɓɔɈɎɈɞɎɛɗɥɎɕɋɖɋɛɔɊɓɡɛɕɖɔɜɋɗɗɔɈɕɖɎɈɗɋɈɔɍɒɔɌɓɡɛɓɔɖɒɆɑɢɓɡɛ,ɆɈɆɖɎɏɓɡɛɎ

ɕɔɗɑɋɆɈɆɖɎɏɓɡɛɖɋɌɎɒɆɛɚəɓɐɜɎɔɓɎɖɔɈɆɓɎɥȺȷɃȷɈɗɔɗɘɆɈɋɃɃȷ.

2. Ȫɑɥ ɖɋɞɋɓɎɥɗɎɗɘɋɒɊɎɚɚɋɖɋɓɜɎɆɑɢɓɡɛəɖɆɈɓɋɓɎɏɒɆɘɋɒɆɘɎɝɋɗɐɎɒɔɊɋɑɎɖəɋɒɔɉɔɔɇɔɖəɊɔɈɆɓɎɥȺȷɃȷ

ɎɗɕɔɑɢɍəɋɘɗɥɗɕɔɗɔɇɒɋɘɔɊɎɝɋɗɐɎɘɔɝɓɔɉɔɓɋɕɖɋɖɡɈɓɔɉɔɓɋɥɈɓɔɉɔɎɓɘɋɉɖɎɖɔɈɆɓɎɥɈɖɋɆɑɢɓɔɒɈɖɋɒɋɓɎ.

3. ȪɑɥɖɋɆɑɎɍɆɜɎɎəɐɆɍɆɓɓɔɉɔɗɕɔɗɔɇɆɎɓɘɋɉɖɎɖɔɈɆɓɎɥɖɆɍɖɆɇɆɘɡɈɆɤɘɗɥɎ ɕɖɎɒɋɓɥɤɘɗɥɗɕɋɜɎɆɑɎɍɎɖɔɈɆɓɓɡɋ

ɕɆɖɆɑɑɋɑɢɓɡɋɜɎɚɖɔ-ɆɓɆɑɔɉɔɈɡɋɗɘɖəɐɘəɖɡïɉɎɇɖɎɊɓɡɋɗɔɕɖɔɜɋɗɗɔɖɡ(ȩȷȵ).

4. ȦɊɋɐɈɆɘɓɔɋɈɔɗɕɖɔɎɍɈɋɊɋɓɎɋɗɕɋɐɘɖɆɈɗɋɈɔɍɒɔɌɓɡɛɐɔɒɒəɘɆɜɎɔɓɓɡɛɕɖɔɜɋɗɗɔɈɕɔɈɡɞɆɤɟɋɉɔɕɖɋɔɇɖɆɍɔɈɆɘɋɑɥ

ɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆɎɗɋɘɋɈɔɉɔɎɓɈɋɖɘɔɖɆȺȷɃȷɔɇɋɗɕɋɝɎɈɆɋɘɗɥɗɕɔɒɔɟɢɤɜɎɚɖɔəɕɖɆɈɑɥɋɒɡɛɚɎɍɎɝɋɗɐɎɛɒɔɊɋɑɋɏ

ɓɆɇɆɍɋɜɎɚɖɔəɕɖɆɈɑɥɋɒɡɛɆɓɆɑɔɉɔɈɡɛɐɑɤɝɋɏ(ȼȹȦȰ);

5. ȨɍɆɎɒɔɊɋɏɗɘɈɎɋȺȷɃȷɗ ɊɖəɉɎɒɎɗɕɋɜɎɆɑɎɍɎɖɔɈɆɓɓɡɒɎɉɎɇɖɎɊɓɡɒɎɕɖɔɜɋɗɗɔɖɆɒɎ(ȷȩȵ)ɈɔɗɕɖɔɎɍɈɔɊɎɒɔɉɔ

ɔɇɔɖəɊɔɈɆɓɎɥɈɗɔɗɘɆɈɋɃɃȷɔɗəɟɋɗɘɈɑɥɋɘɗɥɓɆɒɔɊɋɑɢɓɔɒɚɎɍɎɝɋɗɐɔɒəɖɔɈɓɋ.

6. ȹɕɖɆɈɑɋɓɎɋɐɔɣɚɚɎɜɎɋɓɘɆɒɎɎɕɆɖɆɒɋɘɖɆɒɎɒɆɘɋɒɆɘɎɝɋɗɐɎɒɔɊɋɑɎɖəɋɒɔɉɔɔɇɔɖəɊɔɈɆɓɎɥȺȷɃȷ,ɗɔɗɘɔɥɓɎɋɒȼȹȦȰ,

ɔɘɔɇɖɆɌɋɓɎɋɎ ɕɖɋɔɇɖɆɍɔɈɆɓɎɋɎɓɚɔɖɒɆɜɎɎɔɗəɟɋɗɘɈɑɥɋɘɗɥɗɕɔɒɔɟɢɤɎɓɚɔɖɒɆɜɎɔɓɓɔ-əɕɖɆɈɑɥɤɟɋɏɗɎɗɘɋɒɡ

ɕɔɗɖɋɊɗɘɈɔɒɜɎɚɖɔ-ɆɓɆɑɔɉɔɈɔɉɔɎ ɆɓɆɑɔɉɔ-ɜɎɚɖɔɈɔɉɔɕɖɋɔɇɖɆɍɔɈɆɓɎɥɎ ɗɕɋɜɎɆɑɎɍɎɖɔɈɆɓɓɔɉɔɕɖɔɉɖɆɒɒɓɔɉɔ

ɔɇɋɗɕɋɝɋɓɎɥ.
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˿ͭͪͯͭͯͪͤ͊͟Ύ ͫͻ͔ͣ͊ ͔ͫͨͼ͙͙͙͍͎͊ͪͦ͊ͤͤͦͦ͘͡ ͎͙͙͎͋ͪ͒ͤͦͦ 
ͨͪͦͼ͔ͫͫͦͪ͊ ό˿˥˽ύ ̅˿̏˿

ɉɊɋ: ȲȵȹïɒɎɐɖɔɕɖɔɜɋɗɗɔɖɓɡɏəɍɋɑ,ɔɇɋɗɕɋɝɎɈɆɤɟɎɏɈɗɋɎɓɚɔɖɒɆɜɎɔɓɓɔ-əɕɖɆɈɑɥɤɟɎɋɚəɓɐɜɎɎȷȩȵȺȷɃȷɎɗɔɗɘɔɥɟɎɏɎɍɕɋɖɎɚɋɖɎɏɓɡɛɒɎɐɖɔɕɖɔɜɋɗɗɔɖɔɈ:

ȷȵȷɃïɗɔɕɖɔɜɋɗɗɔɖɒɆɘɋɒɆɘɎɝɋɗɐɔɏɒɔɊɋɑɎɗɔɑɓɋɝɓɔɉɔɣɑɋɒɋɓɘɆ; ȵȰïɕɖɔɜɋɗɗɔɖɐɔɒɒəɘɆɜɎɎ,ɔɇɋɗɕɋɝɎɈɆɤɟɎɏəɕɖɆɈɑɋɓɎɋȼȹȦȰɚɎɍɎɝɋɗɐɎɛɒɔɊɋɑɋɏ(ȺȲ): ȺȲ

ɗɋɘɋɈɔɉɔɎɓɈɋɖɘɔɖɆ(ȷȮ),DC/ DC ɕɖɋɔɇɖɆɍɔɈɆɘɋɑɥ,ɕɖɔɊɔɑɢɓɔ-ɕɔɕɋɖɋɝɓɔɉɔɐɔɒɒəɘɆɘɔɖɆ(ȵȵȰ)1, 2; ȵȦȼȵïɕɖɔɜɋɗɗɔɖɆɓɆɑɔɉɔ-ɜɎɚɖɔɈɔɉɔɕɖɋɔɇɖɆɍɔɈɆɓɎɥ(Ȧȼȵ),

ɔɇɋɗɕɋɝɎɈɆɋɘɕɔɗɖɋɊɗɘɈɔɒȦȼȵɔɜɎɚɖɔɈɐəɖɋɍəɑɢɘɆɘɔɈɒɔɊɋɑɎɖɔɈɆɓɎɥ,ɆɘɆɐɌɋɈɗɋɈɔɍɒɔɌɓɡɋɚəɓɐɜɎɔɓɆɑɢɓɡɋɕɖɋɔɇɖɆɍɔɈɆɓɎɥɎɓɚɔɖɒɆɜɎɎ; ȼȵïɜɋɓɘɖɆɑɢɓɡɏ

ɕɖɔɜɋɗɗɔɖ,ɔɗəɟɋɗɘɈɑɥɋɘɎɓɚɔɖɒɆɜɎɔɓɓɔ-əɕɖɆɈɑɥɤɟɋɋɈɍɆɎɒɔɊɋɏɗɘɈɎɋɕɔɑɔɐɆɑɢɓɔɏɐɔɒɕɢɤɘɋɖɓɔɏɗɋɘɎ(ȱȰȷ)ɒɋɌɊəɗɋɖɈɋɖɔɒȨȲȰȶȨɃɃȷɎɕɋɖɎɚɋɖɎɏɓɡɒɎ

ɕɖɔɜɋɗɗɔɖɆɒɎ,ɆɘɆɐɌɋɔɇɋɗɕɋɝɎɈɆɋɘɈɈɔɊɊɆɓɓɡɛɈɜɎɚɖɔ-ɆɓɆɑɔɉɔɈɡɋɕɖɋɔɇɖɆɍɔɈɆɘɋɑɎ(ȼȦȵ)ȩȷȵɎɕɖɋɊɈɆɖɎɘɋɑɢɓəɤɚəɓɐɜɎɔɓɆɑɢɓəɤɔɇɖɆɇɔɘɐəɖɋɍəɑɢɘɆɘɔɈ

ɒɔɊɋɑɎɖɔɈɆɓɎɥɕɖɎɓɋɔɇɛɔɊɎɒɔɗɘɎ; ȩȷȵȶïɉɎɇɖɎɊɓɡɏɗɔɕɖɔɜɋɗɗɔɖɖɋɆɐɘɔɖɆ; ȩȷȵȼȵȸïɉɎɇɖɎɊɓɡɏɗɔɕɖɔɜɋɗɗɔɖɜɋɕɎɕɔɗɘɔɥɓɓɔɉɔɘɔɐɆ; ȩȷȵȺȨȩïɉɎɇɖɎɊɓɡɏ

ɗɔɕɖɔɜɋɗɗɔɖɚɎɑɢɘɖɆɈɡɗɞɎɛɉɆɖɒɔɓɎɐ; ȩȷȵȸïɉɎɇɖɎɊɓɡɏɗɔɕɖɔɜɋɗɗɔɖɘɖɆɓɗɚɔɖɒɆɘɔɖɆ.
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ɉɊɋ:
Ὅlïɚɔɘɔɘɔɐ, Ȧ;
Ὅ˞ïɖɆɇɔɝɎɏ ɘɔɐ (ɘɔɐ ɓɆɉɖəɍɐɎ), Ȧ;
Ὗ˞ ïɖɆɇɔɝɋɋ ɓɆɕɖɥɌɋɓɎɋ (ɓɆɕɖɥɌɋɓɎɋ ɓɆɉɖəɍɐɎ), 
Ȩ;
ήïɍɆɖɥɊ ɣɑɋɐɘɖɔɓɆ (1.602*10-19 ɐɑ);
ὯïɕɔɗɘɔɥɓɓɆɥ ȧɔɑɢɜɒɆɓɆ (1.38*10-23 ȪɌ/Ȱ);
ὃïɕɔɗɘɔɥɓɓɆɥ ɊɎɔɊɆ ïɚɆɐɘɔɖ ɎɊɋɆɑɎɍɆɜɎɎ;
ὝïɘɋɒɕɋɖɆɘəɖɆ ȷɃ.
Ὅ ïɘɔɐ, ɕɖɔɘɋɐɆɤɟɎɏ ɝɋɖɋɍ ɓɋɎɊɋɆɑɢɓɡɏ ɖ-n 
ɕɋɖɋɛɔɊ;
Ὅ ïɔɇɖɆɘɓɡɏ ɘɔɐ ɓɆɗɡɟɋɓɎɥ, ɔɕɖɋɊɋɑɥɋɒɡɏ 
ɖɋɐɔɒɇɎɓɆɜɎɋɏ Ɉ ɔɇɑɆɗɘɎ ɔɇɠɋɒɓɔɉɔ ɍɆɖɥɊɆ p-n-
ɕɋɖɋɛɔɊɆ;
ὃ ïɚɆɐɘɔɖ ɎɊɋɆɑɢɓɔɗɘɎ ȨȦȻ ɊɎɔɊɆ ɕɖɎ Ὅ ;
ὃ ïɚɆɐɘɔɖ ɎɊɋɆɑɢɓɔɗɘɎ ȨȦȻ ɊɎɔɊɆ ɕɖɎ Ὅ .
R_ɞïɞəɓɘɎɖəɤɟɋɋ ɗɔɕɖɔɘɎɈɑɋɓɎɋ ȷɃ,
R_ɕïɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɋ ɗɔɕɖɔɘɎɈɑɋɓɎɋ ȷɃ.

ȲɆɘɋɒɆɘɎɝɋɗɐɆɥ ɒɔɊɋɑɢ ɗɔɑɓɋɝɓɔɉɔ ɣɑɋɒɋɓɘɆ 

˨͍ ͯͻ͙͒ͦ͒ͤ͊Ύ͔ͣͦ͒͡Έ͔ͫͦͤ͡;͎ͤͦͦΉ͔͔ͣͤͭ͊͡
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ȷɛɋɒɆ ɍɆɒɋɟɋɓɎɥ ɗɔɑɓɋɝɓɔɉɔ ɣɑɋɒɋɓɘɆ Ɋɑɥ 
ɊɈəɛɊɎɔɊɓɔɏɒɔɊɋɑɎ
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ɺʍU ɺʓʍU

ʉʊʉ

ʦʙʨʉʊR
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ʙ)

ȼɎɚɖɔəɕɖɆɈɑɥɋɒɡɋ ɚɎɍɎɝɋɗɐɎɋ ɒɔɊɋɑɎ Ɉ ɗɘɖəɐɘəɖɋ ȺȷɃȷ

ȼɎɚɖɔəɕɖɆɈɑɥɋɒɆɥ ɚɎɍɎɝɋɗɐɆɥ ɒɔɊɋɑɢ 
ɇɡɗɘɖɔɊɋɏɗɘɈəɤɟɋɉɔ ɕɔɑɓɔɗɘɢɤ əɕɖɆɈɑɥɋɒɔɉɔ 

ɕɔɑəɕɖɔɈɔɊɓɎɐɔɈɔɉɔ ɐɑɤɝɆ (ȧȵȹȵȰ)

ȼɎɚɖɔəɕɖɆɈɑɥɋɒɆɥ ɚɎɍɎɝɋɗɐɆɥ ɒɔɊɋɑɢ ɚɆɍɡ Ȧ 
ɘɖɋɛəɖɔɈɓɋɈɔɉɔ ɗɘɆɘɎɝɋɗɐɔɉɔ ɕɖɋɔɇɖɆɍɔɈɆɘɋɑɥ 

ɓɆɕɖɥɌɋɓɎɥ
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R
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ȷɘɖəɐɘəɖɓɆɥ ɗɛɋɒɆ ɜɎɚɖɔəɕɖɆɈɑɥɋɒɔɏ ɚɎɍɎɝɋɗɐɔɏ 
ɒɔɊɋɑɎ ɕɖɔɊɔɑɢɓɔ-ɕɔɕɋɖɋɝɓɔɉɔ ɐɔɒɒəɘɆɘɔɖɆ 1

ȶɋɆɑɎɍɆɜɎɥ ȷȩȵ ȺȷɃȷ
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uj1i j1 i jL
RjL Lj

i j1C

Rj1C

Cj1

uN

i j2C

Rj2C

Cj2

uj2 i j2

ɉɊɋ: j ï ɔɘɖɎɜɆɘɋɑɢɓɡɏɎɑɎɕɔɑɔɌɎɘɋɑɢɓɡɏɕɔɑɤɗ; RjL Ɏ Lj ï
ɆɐɘɎɈɓɔɋɗɔɕɖɔɘɎɈɑɋɓɎɋɎɎɓɊəɐɘɎɈɓɔɗɘɢɗɉɑɆɌɎɈɆɤɟɋɉɔɖɋɆɐɘɔɖɆ
j -ɉɔɕɔɑɤɗɆ; Rj 1C, Rj 2C ɎCj 1, Cj 2 ïɆɐɘɎɈɓɡɋɗɔɕɖɔɘɎɈɑɋɓɎɥɎɋɒɐɔɗɘɎ
ɐɔɓɊɋɓɗɆɘɔɖɓɡɛɇɆɘɆɖɋɏj -ɉɔɕɔɑɤɗɆ; uN ïɓɆɕɖɥɌɋɓɎɋɓɋɏɘɖɆɑɎ.

ȲɆɘɋɒɆɘɎɝɋɗɐɆɥ ɒɔɊɋɑɢ j -ɉɔɕɔɑɤɗɆ ȼȵȸ 

ȷɛɋɒɆ ɍɆɒɋɟɋɓɎɥ j -ɉɔɕɔɑɤɗɆ ȼȵȸ 

ȩɎɇɖɎɊɓɡɏ ɗɔɕɖɔɜɋɗɗɔɖ ɜɋɕɎ ɕɔɗɘɔɥɓɓɔɉɔ ɘɔɐɆ (ȩȷȵ ȼȵȸ)

ȺəɓɐɜɎɔɓɆɑɢɓɆɥ ɗɛɋɒɆ j -ɉɔ ɕɔɑɤɗɆ ȩȷȵ ȼȵȸ

ȶɋɆɑɎɍɆɜɎɥ ȷȩȵ ȺȷɃȷ
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ȩɎɇɖɎɊɓɡɏ ɗɔɕɖɔɜɋɗɗɔɖ ɖɋɆɐɘɔɖɆ (ȩȷȵ ȶ)

( )1 2

1
,

j

j j j jL

j

di
u u i R

dt L
= Ö - - Ö

ȷɛɋɒɆ ɍɆɒɋɟɋɓɎɥ j -ɔɏ ɚɆɍɡ ȶ

ȲɆɘɋɒɆɘɎɝɋɗɐɆɥ ɒɔɊɋɑɢ j -ɔɏ ɚɆɍɡ ȶ

ɉɊɋ: u j1 Ɏ u j2 ïɓɆɕɖɥɌɋɓɎɥ ɓɆ ɈɛɔɊɋ/ɈɡɛɔɊɋ j -
ɔɏ ɚɆɍɡ ȶ;i j ïɘɔɐ j -ɔɏ ɚɆɍɡ ȶ; RjL Ɏ Lj ï
ɆɐɘɎɈɓɔɋ ɗɔɕɖɔɘɎɈɑɋɓɎɋ Ɏ ɎɓɊəɐɘɎɈɓɔɗɘɢ j -ɔɏ 
ɚɆɍɡ ȶ.

ȺəɓɐɜɎɔɓɆɑɢɓɆɥ ɗɛɋɒɆ j-ɔɏ ɚɆɍɡ ȩȷȵ ȶ

ȲɆɘɋɒɆɘɎɝɋɗɐɆɥ ɒɔɊɋɑɢ 
j -ɔɏ ɚɆɍɡ  ȺȨȩ:

( )

( )

1

1

1

jR j j jC jC N

j

jL

jR j jL jL

j

j jL jR

jC

j

j

i u i R u u
R

di
i R i R

dt L

i i i

du
i

dt C

ë
= Ö - Ö - -î

î
î

= Ö Ö - Öîî
ì
î = +
î
î

= Öî
îí

ȷɛɋɒɆ ɍɆɒɋɟɋɓɎɥ j -ɔɏ ɚɆɍɡ ȺȨȩ: 

ɉɊɋ: RjC ɎCj ïɆɐɘɎɈɓɔɋɗɔɕɖɔɘɎɈɑɋɓɎɋɎɋɒɐɔɗɘɢɐɔɓɊɋɓɗɆɘɔɖɓɔɏ
ɇɆɘɆɖɋɎj -ɔɏ ɚɆɍɡ; RjL Ɏ Lj ï ɆɐɘɎɈɓɔɋɗɔɕɖɔɘɎɈɑɋɓɎɋɎ
ɎɓɊəɐɘɎɈɓɔɗɘɢɐɆɘəɞɐɎj -ɔɏɚɆɍɡ; Rj ïɗɔɕɖɔɘɎɈɑɋɓɎɋɖɋɍɎɗɘɔɖɆ
j -ɔɏɚɆɍɡ; u jC ï ɓɆɕɖɥɌɋɓɎɋɓɆɖɋɆɐɘɎɈɓɔɒɗɔɕɖɔɘɎɈɑɋɓɎɎ
ɐɔɓɊɋɓɗɆɘɔɖɓɔɏɇɆɘɆɖɋɎj -ɔɏɚɆɍɡȺȨȩ.

ȺəɓɐɜɎɔɓɆɑɢɓɆɥ ɗɛɋɒɆ j -ɔɏ ɚɆɍɡ ȩȷȵ ȺȨȩ:

ȩɎɇɖɎɊɓɡɏ ɗɔɕɖɔɜɋɗɗɔɖ ɚɎɑɢɘɖɆ ɈɡɗɞɎɛ ɉɆɖɒɔɓɎɐ (ȩȷȵ ȺȨȩ)
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ȶɋɆɑɎɍɆɜɎɥ ȷȩȵ ȺȷɃȷ
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ȨɗɋɖɋɌɎɒɓɆɥ ɒɆɘɋɒɆɘɎɝɋɗɐɆɥ ɒɔɊɋɑɢ j -ɔɏ 
ɚɆɍɡ ȸ:

ɉɊɋ: u j 1 ïɓɆɕɖɥɌɋɓɎɋj -ɔɏɚɆɍɡɕɋɖɈɎɝɓɔɏɔɇɒɔɘɐɎȸ; u j 2 ïɓɆɕɖɥɌɋɓɎɋj -ɚɆɍɡɈɘɔɖɎɝɓɔɏɔɇɒɔɘɐɎȸ, ɐɔɘɔɖɔɋɕɖɎɗɛɋɒɋ
ɗɔɋɊɎɓɋɓɎɥɔɇɒɔɘɔɐɈɍɈɋɍɊəɖɆɈɓɔɚɆɍɓɔɒə,ɆɈɘɖɋəɉɔɑɢɓɎɐïɑɎɓɋɏɓɔɒə; i j 1 Ɏi j 2 ïɘɔɐɎɕɋɖɈɎɝɓɔɏɎɈɘɔɖɎɝɓɔɏɔɇɒɔɘɔɐ
j -ɔɏɚɆɍɡȸ; W j 1 ɎW j 2 ïɝɎɗɑɔɈɎɘɐɔɈɕɋɖɈɎɝɓɔɏɎɈɘɔɖɎɝɓɔɏɔɇɒɔɘɔɐj -ɔɏɚɆɍɡȸ; Ⱥj ïɔɗɓɔɈɓɔɏɒɆɉɓɎɘɓɡɏɕɔɘɔɐj -ɔɏ
ɚɆɍɡȸ; iȉjïɘɔɐɓɆɒɆɉɓɎɝɎɈɆɓɎɥj -ɔɏɚɆɍɡȸ; Rj 1 ɎLj 1, Rj 2 ɎLj 2 ïɆɐɘɎɈɓɡɋɗɔɕɖɔɘɎɈɑɋɓɎɥɎɎɓɊəɐɘɎɈɓɔɗɘɎɖɆɗɗɋɎɈɆɓɎɥ
ɕɋɖɈɎɝɓɔɏɎɈɘɔɖɎɝɓɔɏɔɇɒɔɘɔɐj -ɔɏɚɆɍɡȸ.

ȺəɓɐɜɎɔɓɆɑɢɓɆɥ ɗɛɋɒɆ ɚɆɍɡ Ȧ ȩȷȵ ȸ
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ȶɋɆɑɎɍɆɜɎɥ ȷȩȵ ȺȷɃȷ

ȩɎɇɖɎɊɓɡɏ ɗɔɕɖɔɜɋɗɗɔɖ ɘɖɆɓɗɚɔɖɒɆɘɔɖɆ (ȩȷȵ ȸ)
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ȸɋɗɘɔɈɡɋ ɎɗɗɑɋɊɔɈɆɓɎɥ ȷȩȵ ȺȷɃȷ

ȵɆɖɆɒɋɘɖ

Multi - Crystalline

Kyocera 

KG200 GT [*]

I sc, Ȧ 8,21

Voc, Ȩ 32,9

q , Ȱ 1,602Ā10-19

K, ȪɌ/Ȱ 1, 381 Ā10-23

K i, ɒȦ/ oC 3,18

K v, ɒȨ/
oC -123

Ȧ1 1

Ȧ2 1,2

p 2,2

N s, ɞɘ 54

Rs, ȴɒ 0,32

Rp, ȴɒ 145

ȷɖɆɈɓɋɓɎɋ ȨȦȻ ɊɈəɛ-ɊɎɔɊɓɔɏ ɒɔɊɋɑɎ ȷɃ ɈɔɗɕɖɔɎɍɈɔɊɎɒɔɏ Ɉ 
ȷȵȷɃ ɗ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɒɎ ɊɆɓɓɡɒɎ Multi -Crystalline Kyocera 

KG200GT

ȸɋɗɘɔɈɡɋ ɎɗɗɑɋɊɔɈɆɓɎɥ ɒɆɘɋɒɆɘɎɝɋɗɐɔɏ ɒɔɊɋɑɎ ɗɔɑɓɋɝɓɡɛ ɣɑɋɒɋɓɘɔɈ

[*] Kashif Ishaque , Zainal Salam, Hamed Taheri, Syafaruddin . Modeling and simulation of photovoltaic (PV) system during partial shading 

based on a two -diode model . Simulation Modelling Practice and Theory . 2011. Vol . 19 (7). PP 1613 -1626 .


